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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of chemistry and technologies
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics to be
accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and the Arts
& Humanities Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The inclusion of
News of NAS RK. Series of chemistry and technologies in the Emerging Sources Citation Index
demonstrates our dedication to providing the most relevant and influential content of chemical
sciences to our community.

KasakcmaH Pecriybniukacbl ¥nmmbiK fbiribiM akademusicbl «KP YFA Xabapnapbi. Xumusi XoHe
MeXHOI02Usi cepusiChbl» FblbIMU XypHarnbiHbIH Web of Science-miH )aHanaHraH Hyckacbl Emerging
Sources Citation Index-me uHOekcmeryee KabbindaHraHbiH xabapnaliObl. byn uHOekcmery
bapbiceiHOa Clarivate Analytics komnaHusicbl XXypHanObl oOaH opi the Science Citation Index
Expanded, the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke
Kabbinday moacerneciH Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acrnawbinap
MeH Mekemerniepae KOHmeHm mepeHOiei MeH canacbiH ycbiHaodbl. KP ¥FA Xabapnapbl. Xumusi
JXKoHe mexHoroausi cepusicbl Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH
€eH e3eKkmi xoHe 6edendi XuMusrnbiK fblibiMOap 6olbiHWa KOHmMeHmke adandbirbiMbi30bl 6inndipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «M3eecmust HAH PK. Cepusi xumuu u mexHosoauui»
6b11 IpuHsIM 0151 uHOeKcuposaHusi 8 Emerging Sources Citation Index, o6HosneHHou eepcuu Web of
Science CodepxaHue 8 amom UHOEeKCUpoB8aHUU Haxo0umcsi 8 cmaduu paccMOMmpPeHUsi KoMraHueu
Clarivate Analytics dns danbHeliwezo npuHamus xypHana 8 the Science Citation Index Expanded,
the Socia1l Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science
rnpednazaem kKadyecmeo 8 enlybuHy KoHmeHma Ornsi uccriedoeameriel, asmopos, uddamernel u
yypexoeHul. BkrroyeHue Usgecmusi HAH PK e Emerging Sources Citation Index demoHcmpupyem
Hawy rnpuesepXeHHOCMb K Hauboriee akmyaribHOMY U 61usimesibHOMY KOHmMeHmMy Mo XUMUu4ecKum
Haykam Os1 Haue2o coobuwecmea.



bac penaxrop:
KYPBIHOB Mypar ’KypbIHyJibl, XMUs FBUIBIMIAPBIHBIH JOKTOPEI, mpodeccop, KP ¥FA akagemuri,
Kazakcran PecniyOnukacel ¥JITTBIK FBUIBIM akajeMuschiHbiH mpe3uaeHti, AK «/1.B. CokoiabCKuil aThIHIarbl
OTBIH, KaTaJlu3 )KOHE AIICKTPOXUMUSI HHCTUTYTHIHBIHY Oac aupektops! (Anmarel, Kazakcran) H = 4

Pepakuus ankacel:

9/IEKEHOB Cepra3bl MbIHKacapyabl (0ac pelakTOpAbIH OpbIHOAcaphl), XMMHUS FHUTBIMIAPBIHBIH
nokropel, ipodeccop, KP ¥FA akanemuri, «®utoxumusy» XaablKapaiblK FhUILIMH-OHIPICTIK XOJIUHTIHIH
nupextopsl (Kapararner, Kazakcran) H =11

ATABEKOB Baagumup EnoxoBud (6ac peakTop/IbIH OpbIHOACaphl), XUMHUS FHUTBIMIAPBIHBIH JOKTOPHI,
npodeccop, benapycy ¥FA akagemuri, Kana marepuaniap XUMHSChl HHCTHTYTBIHBIH KYPMETTi TUPEKTOPHI
(Mumnck, benapycs) H =13

CTPHAJ Mupocaas, mpodeccop, Uexus FbUIBIM aKaJIeMUSICHIHBIH JKCIEPUMEHTTIK OOTaHMKa
WHCTUTYTBIHBIH 3epTXxana meHrepyici (Omomoyr, Yexust) H = 66

BYPKITBAEB Myxam0eTKaau, XUMUS FhUIBIMAAPBIHBIH JOKTOPHI, mpodeccop, KP ¥FA akagemuri,
on-®apadu arbigarel Kaz¥Y Y-neiy Oipinmn npopextopsl (Anmarsl, Kazakcran) H = 11

XOXMAHH JIxxymut, Ceren ynuBepcuteriniH @PapmaneBruka (axynsreTinin DapMakorHo3us
kadenpaceiHbIH MeHrepymici, JKapaTbulbICTaHy FBUIBIMAAPBIHBIH ITOHAPAIBIK OPTAJIBIFBIHBIH JAHPEKTOPHI
(Ceren, Benrpusa) H = 38

POCC Camup, PhD nokrtopbl, Muccucunu yHUBEPCUTETIHIH OCIMIIK OHIMICPIH FBUIBIMH 3€pTTEY
WITTBIK opTajbiFbl, @apMaryst MexTeOiHiH podeccopsl (Oxedopa, AKII) H = 35

XYTOPSIHCKHAM Burammii, ¢unocopus pokropsr (PhD, dapmanesr), Peaunr yHHBEpCHTETiHIH
npodeccopsl (Penunr, Aurus) H = 40

TEJITAEB baraar bypxanOaiiyibl, TeXHHWKa FBUIBIMJIAPBIHBIH TOKTOPHI, mpodeccop, KP ¥FA
KoppecnonieHT-mymeci, Kazakcran Pecriyonmukacet MHaycTpust s)koHe HHPPAKYPBUTBIMJBIK 1AMy MUHUACTPIIT]
(Anmarsl, Kazakcran) H=13

DAPYK Acana Jlap, Xammap anme-Mamkuna LIsiFeic MequimmHa KoyuteKiHIH mipodeccopsl, Xammapa
yauBepcutetinig LLbirpic MmequnmHa dakynereri (Kapaun, [Tokicran) H =21

DA3DBIJIOB Cepik JIpaxmeTyiibl, XMMHUs FBUIBIMIIAPBIHBIH TOKTOPHI, ipodeccop, KP ¥FA akaxemuri,
OpraHukaiblK CHHTE3 XOHE KOMIp XMUMHICHI MHCTUTYTHI JUPEKTOPBIHBIH FBIIBIMU KYMBICTAp KOHIHAETI
operabacaps! (Kaparanasr, Kazakcran) H = 6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XUMHS FBUIBIMIAPBIHBIH JOKTOPHI, Tpodeccop,
Keiprezcran ¥FA akagemwuri, KP ¥FA Xwumusg jkoHE XUMHSUIBIK TeXHOJMOTHS HMHCTUTYTH (bimrkek,
Keiprescran) H = 4

XAJIMKOB [Ixypa6aii XaaukoBUY, XUMHUS FBUIBIMAAPBIHEIH JTOKTOPHI, mpodeccop, Taxikctan FA
akagemuri, B.M. Hukutia ateiaaarsl Xumust nHCTUTYTH ([yman6e, Toxikcran) H =6

DGAP3AJIMEB Barug Memkuaoribl, XUMUsi FHUIBIMIAPBIHBIH JOKTOPHI, Tpodeccop, ¥F'A akagemwri
(baxy, O3ipbaiixan) H =13

T'APEJINK Xempaa, dunocodus noxropsr (PhD, xumus), Xambikapaibslk Ta3a xKoHE KOJAaHOAIbI XUMUS
OJIaFbIHBIH XUMUS ’KOHE KopiaraH opta Oemiminig npesuaenti (Jlongon, Aarmus) H = 15

«KP ¥F'A Xabapaapbl. XuMus K9He TeXHOJIOTHS CepPUChD»

ISSN 2518-1491 (Online),

ISSN 2224-5286 (Print)

Menmrikrenymni: «Kazakcrtan PecrmyOnmukachlHBIH YATTBIK FRUTBIM - akameMmusicbD» PKbB (Anmarer K.).
Kazakcran PecrmyOnmukachlHBIH AKmapaT >KOHE KOFAMIBIK AaMy MHHHCTPIITIHIH AKIapar KOMHTETiHIIE
29.07.2020 x. 6epinren Ne KZ66VPY00025419 mep3iMmik OachUIBIM TipKEyiHE KOWBLITY Typajbl KyoliK.
TaxbIpBINTHIK OAFBITBI: OP2AHUKANLIK XUMUS, OEUOPaHUKANbIK XUMUS, KAMAau3, 1eKMpPOXUMUSL JHCIHE
KOppo3us, hapmayesmuKaniblk Xumus HcaHe mexHoi02usLap.

Mep3iMIimiri: )KpUTBIHA 4 PET.

Tupaxsr: 300 gana.

Penaxiusanaeig MekeH-kaibl: 050010, Anmars! K., IlleBuenko xemr., 28, 219 6e:., Ten.: 272-13-19
http://chemistry-technology.kz/index.php/en/arhiv

© Kazakcran PecryOnukacbHbH Y ITTHIK FRUTBIM aKaieMusichl, 2022

Penmaknusaeig Mekerkaiibl: 050100, AnMatel K., KonaeB k-ci, 142, «J1.B. CokoJIbCKHI aThIHIAFbI OTBIH,
KaTaiu3 KOHE MEKTPOXUMUS MHCTUTYTE AK, xab. 310, Tem. 291-62-80, dakc 291-57-22, e-mail:orgcat@
nursat.kz

TunorpadusHeiH MekeH-kalbl: «ApyHay XK, AnMarsl K., Mypar6aes ker., 75.
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I'maBHBI penakTop:
KYPUHOB Mypat )KypunHoBu4, JOKTOp XUMHUECKUX HayK, ipodeccop, akanemuk HAH PK, npesunent
HanmonansHoit akagemun Hayk PecrnyOnuku Kazaxcran, reHepanbubiil qupekrop AO «HCTUTYT TOTUMBA,
katanuza u snexrpoxumuu uM. J[.B. Cokonbekoro» (Anmarsl, Kazaxcran) H = 4

PepakumnonHasi kosterus:

AJIEKEHOB Cepra3sl MpbIH:kacapoBu4  (3aMECTHTENb IJIABHOTO PEIaKTopa), AOKTOP XUMHUYECKUX
HayK, ipodeccop, akagemuk HAH PK, nupekrop MexayHapoaHOTO HayYHO-ITPOM3BOACTBEHHOTO XOJIIMHTA
«Durtoxumus» (Kaparanaa, Kazaxcran) H=11

ATABEKOB B gagumup EHOk0oBHMY (3aMECTHTENh IIABHOTO PENAKTOpa), JOKTOP XUMHUYECKHX Hayk,
npodeccop, akaneMuk HAH benapycw, mnodeTHslii aupekrop MHCTUTyTa XMMHUH HOBBIX MarepuasioB
(Mumnck, benapyces) H =13

CTPHA/l Mupocaas, mnpogeccop, 3aBeaylomuil JabopaTtopreil WHCTUTYyTa OKCIEepPUMEHTATbHON
6oranuku Yenickoit akagemun Hayk (Onomoyt, Yexus) H = 66

BYPKUTBAEB Myxam0eTkaJ/u, TOKTOp XUMHYECKUX HayK, mpodeccop, akanemuk HAH PK, Ilepssrit
npopexrop KasHY umenn anp-Papadu (Anamarsl, Kazaxcran) H =11

XOXMAHH xymnut, 3aBenyrommii kadenpoir dapmakornosun DapmarieBruueckoro (axkymnprera
Yuusepcutera Cerena, AUPEKTOp MeXAUCIUIUIMHAPHOTO IIeHTpa ecTecTBeHHbIX Hayk (Cerex, Benrpus)
H=38

POCC Camup, noxtop PhD, mpodeccop Ilkonbr ®apmaiiuu HalMOHAIBHOIO IIEHTPA Hay4HBIX
WCCIIEZIOBAaHUH PACTUTEIBHBIX MPOAYyKTOB YHUBepcuTeTa Muccucunu (Oxcdopn, CIIA) H = 35

XYTOPSIHCKHUM Buranmii, noxrop ¢unocopun (Ph.D, dapmaresr), npodeccop VYempepcurera
Peaunra (Penunr, Aurms) H = 40

TEJIBTAEB barnar bypxan6aiiy/jbl, JOKTOp TEXHHUYCCKHUX HayK, MPodeccop, WICH-KOPPECTIOHICHT
HAH PK, MunuctepctBo Unaycrpun n nadpactpykryproro pazsutusi Pecriyonukn Kazaxcran (Anmarsl,
Kazaxcran) H =13

DAPYK Acana [lap, npodeccop xomiemka Boctounoit Meauimabl Xamaapa anb-Mamkuna, Gakyibrer
Bocrounoit menumas! yauBepcuteta Xamaapaa (Kapaum, [lakucran) H =21

®A3BIJIOB Cepuk /IpaxmeTroBHY, TOKTOp XHMHYECKHMX Hayk, mpodeccop, akagemuxk HAH PK,
3aMEeCTUTENb IUPEKTOpa 1Mo HaydHOl padore MHCTUTYyTa oprannyeckoro cuHTe3a u yriexumun (Kaparannga,
Kazaxcran) H=6

KOPOBEKOBA Illapuna 7Kopo0ekoBHa, JOKTOp XMMHUYECKHMX HaykK, mpodeccop, akamemuk HAH
Keiprescrana, Mactutyt xumnn u xumuuaeckoid texnonorun HAH KP (bumikexk, Keipreiscran) H = 4

XAJIMKOB Jl:kypa6aii  XaJuKoBHY, JOKTOp XMMHYECKHX Hayk, mpodeccop, akagemuk AH
Tamxukucrana, Muactutyt xumun nmenu B.M. Hukutuna AH PT ([lyman6e, Tamxuknucran) H =6

GAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKHX Hayk, npodeccop, akagemunk HAHA
(baxy, Azepbaiimkan) H =13

T'APEJIMK Xempaa, noktop ¢umocodpun (Ph.D, xumus), npesugaent Otaena XUMUU U OKpYXKarolien
cpenbl MexXIyHapoIHOTO CO03a YNCTO u npukiaaaoi xumud (Jlonnon, Aurmus) H =15

«H3Bectust HAH PK. Cepusi XuMHH ¥ TEXHOJIOTHID».
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CoOctBennuk: PecmybOnukanckoe oOmectBeHHoe oObeanHeHue «HamuoHanmpHas —akageMusi Hayk
PecrryOmuku Kazaxcran» (. AiMater).

CBUAETENBCTBO O MOCTAHOBKE HAa YYeT MEPUOJMYECKOTO medaTtHoro u3gaHus B Komurere mHpopmanuu
MunuctepcTBa nHpopManuu 1 odmecTBeHHoro pa3sutusi Pecnyonuku Kazaxcran Ne KZ66VPY 00025419,
BemanHoe 29.07.2020 r.

Temaruueckasi HaPaBICHHOCTD: OP2AHUYECKASL XUMUSL, HEOP2AHUUECKAs XUMUSL, KAMAU3, S1eKmpoXuMus u
KOppO3usl, Qapmayeemuyeckas Xumusi u mexHoI02Uu.

ITepuonnunocts: 4 pa3 B rof.

Tupax: 300 3K3eMIIISPOB.
Anpec pemaxuun: 050010, . Anmvarer, ya. llleBuenko, 28, od. 219, Ten.: 272-13-19
http://chemistry-technology.kz/index.php/en/arhiv

© HammonanbHast akagemust Hayk PecrryOnuku Kaszaxcran, 2022

Anpecpemaxiuu: 050100, . Anvartsr, yir. Kynaesa, 142, AO « AHCTUTYT TOTUIHBA, KaTaIn3a U JICKTPOXUMHUHT
uM. J[.B. Coxkoinbckoroy, kab. 310, ten. 291-62-80, dakc 291-57-22, e-mail:orgcat@nursat.kz

Anpec tunorpaduu: U1 «Apyna», . Anmarsl, yin. Myparbaesa, 75.
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Editor in chief:
ZHURINOV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of NAS RK, general director of JSC “Institute of fuel, catalysis and electrochemistry named after
D.V. Sokolsky (Almaty, Kazakhstan) H =4

Editorial board:

ADEKENOY Sergazy Mynzhasarovich (deputy editor-in-chief) doctor of chemical sciences, professor,
academician of NAS RK, director of the international Scientific and production holding «Phytochemistry»
(Karaganda, Kazakhstan) H = 11

AGABEKOY Vladimir Enokovich (deputy editor-in-chief), doctor of chemistry, professor, academician
of NAS of Belarus, honorary director of the Institute of Chemistry of new materials (Minsk, Belarus) H = 13

STRNAD Miroslav, head of the laboratory of the institute of Experimental Botany of the Czech academy
of sciences, professor (Olomouc, Czech Republic) H = 66

BURKITBAYEV Mukhambetkali, doctor of chemistry, professor, academician of NAS RK, first vice-
rector of al-Farabi KazNU (Almaty, Kazakhstan) H =11

HOHMANN Judith, head of the department of pharmacognosy, faculty of Pharmacy, university of
Szeged, director of the interdisciplinary center for Life sciences (Szeged, ungary) H = 38

ROSS Samir, Ph.D, professor, school of Pharmacy, national center for scientific research of Herbal
Products, University of Mississippi (Oxford, USA) H =35

KHUTORYANSKY Vitaly, Ph.D, pharmacist, professor at the University of Reading (Reading, England)
H=40

TELTAYEV Bagdat Burkhanbayuly, doctor of technical sciences, professor, corresponding
member of NAS RK, ministry of Industry and infrastructure development of the Republic of Kazakhstan
(Almaty, Kazakhstan) H = 13

PHARUK Asana Dar, professor at Hamdard al-Majid college of Oriental medicine. faculty of Oriental
medicine, Hamdard university (Karachi, Pakistan) H =21

FAZYLOYV Serik Drakhmetovich, doctor of chemistry, professor, academician of NAS RK, deputy
director for institute of Organic synthesis and coal chemistry (Karaganda, Kazakhstan) H =6

ZHOROBEKOVA Sharipa Zhorobekovna, doctor of chemistry, professor, academician of NAS of
Kyrgyzstan, Institute of Chemistry and chemical technology of NAS KR (Bishkek, Kyrgyzstan) H = 4

KHALIKOYV Jurabay Khalikovich, doctor of chemistry, professor, academician of the academy of
sciences of tajikistan, institute of Chemistry named after V.I. Nikitin AS RT (Tajikistan) H =6

FARZALIEV Vagif Medzhid ogly, doctor of chemistry, professor, academician of NAS of Azerbaijan
(Azerbaijan) H= 13

GARELIK Hemda, PhD in chemistry, president of the department of Chemistry and Environment of
the International Union of Pure and Applied Chemistry (London, England) H =15
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BO3TIKEH (ACANTHOPHYLLUM PUNGENS) OCIMAIT'THIH KYPAMBIHIATbI
AMUHKBIIIKbIJIJAPBIH AHBIKTAY

Annortanus. bynmakanana Typkicran o6mbicel Kaparay mansinaa ecetin Caryophyllaceae TykpiMaaceina
xaratelH Acanthophyllum pungens eciMairiHiH KypamMbIHAaFbl aMUHKBIIIKBUIIAPHIHA CAHJIBIK KOHE CaIaIbIK
aHBIKTAy HOTIKeNepi kepcerinred. Kasipri tanma Oy eciMaiktiH 80-xkybIK TyKbiMaacTtapbiHad 2000-HaH
actam Typnepi anbiktanFaH. OnbiH Kazakcranma 30-mail TykpIMAachlHAaH TaparaH 215 Typi ke3meceni.
Ocimik Kypambl Ononorusuislk Oencennii 3arrap (bb3), canoHnuaep, aMUHKBIIKBUTIAPEL, 3Gup Maitnapsl,
WHCYITUH KOHE KeMipcynap MeH (aBOHOHMITap, ASpyMeHaepre Oail. OciMIiK MMKi3aThl HETi3iHAEC KYHIBI
TOPLTIK 3aTTap sl OHIIPY FATBIMIAPABIH KbI3BIFYIITBIIBIFEIH apTTHIPHIT OTHIP. Cebebi Ka3ipri MeauITnHaIa KOTT
KE3JIECETIH aTepOoCKIIep03, OPTAIBIK HEPB JKyieci MeH KYPeK KaH-TaMbIpiIapbl aypylapblH ajIblH aly MeH
eMjiey mapajapblHaa KOJJIaHbIc TankaH. Ka3zakcranmarel eciMaik KypambeiHaarel bb3 a3 3eprrenrenikreH
Acanthophyllum pungens eciMiri TaHIaJIbII aJTbIH/IBI.

3eprTey OapbIChIHIA ajblHFaH OCIMJIIK MIMKi3aThiHAaH bb3 aMUHKBIIKBUIIAPBIHEIH Kalmbl  6,232%
Meumiepi aHbIKTanAbl. OnapAslH 9-b adMaclalThIH aMHHKBIIIKBUIAPBIHA JKAaTaasl: TPEOHWH, BaJHH,
METHUOHHH, U30JICHIINH, TUCTUJINH, JIN3KH, ()eHUITAJIAHUH, apTHHUH, JISUIIUH. OCIMJIIK KYpaMbIHJa Ke0ipeK
IIyTaMHH KBIIKBUTBL (2,25%), acmaparua KeIukeUisl (1,42%), anaaun (0,6%), nevinua (0,4 %), nponuH
(0,37%), denunananun (0,31%), aprunun (0,34%) anbiktanuel. Cananblk Tayngay ekikyien KX sxone
I'CX xana omicTepi apkbuibl 3epTTenai. EpiTkimrep xyiieci peringe Oyranoun:cipke Kbulmksuibl:cy (BCC)
(40:12,5:29) konmmaHbBUIABL. OCIMIIK KYPaMBIHIAFBl AKCTPAKTHUBTI 3aTTap MOIIIEpl — BUIFAIIBUIBIFBI -
9,17% >xone xynmaimiri -7,21%. OCIMIIKTIH TYJ MIOFBIPhIHIA OCJICEH1 3aTTapiblH MeJIepi, cabarbiMeH
CaJIBICTBIPFAH/IA )KOFAPBI OOJIATHIHBI AaHBIKTAIIIBI.

Tyiiin ce3mep: aMUHKBIIIKBUIAAD, TIKEH 1 003TikeH, Acanthophyllum pungens, kara3abl xpomoTtorpadus,
ra3-cyibIK xpomotorpadus, Caryophyllaceae, nopimik 3ar.

A.C. Apceiit, H.C. Enuoaesa, I.I. Aoqukapum*

Kazaxckuii HaumonansHblil YHUBepcuTeT nMenn anb-Oapabdu, Anmarsl, Kazaxcra.
E-mail: gulzat.abdikarim@mail.ru

ONNPEAEJIEHUE AMUHOKHUCJIOT B COCTABE PACTEHUSA KOJTIOYEJIUCTHUKA
(ACANTHOPHYLLUM PUNGENS)

AHHOTanusi. B pmaHHOI crarbe NpenCTaBICHBI PE3yJAbTaThl KOJIMYECTBEHHOTO W KadeCTBEHHOTO
OTIpe/IeJICHUs] aMHHOKHUCIIOT B cocTaBe pacteHust Acanthophyllum pungens, npuHamiekamero Kk ceMeicTBy
Caryophyllaceae, nmpomspacraromero B okpectHocTsix Kaparay Typkecrtanckoir oOmactu. B Hacrosiiee
Bpemsi BbIsBieHo Ooinee 2000 BumoB sToro pactenus u3 oxono 80 cemeiictB. M3 mHux B Kazaxcrane
Berpeuaercs: 215 BumoB u3 30-tm cemelicTB. PacTutenbHbIl cocTaB Oorar OMOJIOTMYECKH aKTUBHBIMHU
BemectBamu (BAB), camoHnHamu, aMHHOKHCIIOTaMH, 3(GHUPHBIMH MAacilaMH , WHCYJIHHOM H YIJICBOJAMH
u (bJ'IaBOHOI/II[aMI/I, BUTaMWHaMU. I/IHTCpCC YUCHBIX BBI3bIBACT NPOU3BOACTBO IECHHBIX JICKAPCTBCHHBIX
CPEIICTB Ha OCHOBE PACTUTEIBHOTO CHIPbs. [I0TOMY YTO B COBPEMEHHOM MEAMIIMHE OH HAIIeN IPUMEHEHUE
B IPOQUIAKTUKE W JICYCHUH aTepOCKIepo3a, 3a00JICBaHUI LIEHTPAIbHON HEPBHOH CHCTEMBI, CEpeYHO-
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cocyaucThIX 3a0oneBanuii. Pacrenne Acanthophyllum pungens Obu10 BEIOpaHO HM3-32 HU3KOM M3YyYEHHOCTH
BAB pactutenbHoro npoucxoxjaenus B Kazaxcrane.

B xone uccnenoBanus ObUIO BBISIBICHO ob1Iee conepxanne 6,232% amuHokuciaoT BAB u3 nonydenHoro
PACTUTENLHOTO CHIPhs. 9 U3 HUX OTHOCATCS K HE3aMEHUMBIM aMHHOKHCIIOTAaM: TPEOHWH, BaJIMH, METHOHHH,
W30JICHIIMH, THCTH/INH, JIN3UH, P eHUIAIAHUH, apTUHIH, JICHIIWH. B pacTeHUN BBISIBIICHO OOJIbIIIE Iy TAMUHOBOK
KHCIOTHI (2,25%), acnaparunoBoii kuciotsl (1,42%), ananuna (0,6%), netinuna (0,4%), nponuna (0,37%),
(enmnananuna (0,31%), aprunmnna (0,34%). KauecTBeHHBIN aHATN3 N3yYalCs C MOMOMIBIO ABYXCHCTEMHBIX
HOBBIX MeToioB bX u KX, B kauecTBe CHCTEMBbI PACTBOPUTENICH HCIOIL30BAJICS OyTaHOJ:yKCYCHAs
kucnora:eoga (bYB) (40:12,5:29). ConeprkaHne SKCTPaKTHBHBIX BEIIECTB B PACTEHHH-BIAXXHOCTH -9,17% n
30/1bHOCTH -7,21%. YcTaHOBJIEHO, YTO CO/ep)KaHNEe aKTHUBHBIX BEIIECTB B I[BETKE PACTEHUS, 10 CPAaBHEHHUIO
co cTebieMm, BEIIIIE.

KuroueBble caoBa: aMHHOKHCIIOTHI, KoModenucTHHK, Acanthophyllum pungens, OymaxkHas xpomo-
Torpagmusi, razoxuIKocTHas XxpomoTorpadusi, Caryophyllaceae, nekapcTBeHHOE CPEACTBO.

A.S. Abseyt, N.S. Yelibayeva, G.G. Abdikarim*

Al-Farabi Kazakh National University, Almaty, Kazakhstan.
E-mail: gulzat.abdikarim@mail.ru

DETERMINATION OF AMINO ACIDS IN THE ACANTHOPHYLLUM PUNGENS
PLANT COMPOSITION

Abstract. This article presents the results of quantitative and qualitative determination of amino acids in
the composition of the plant Acanthophyllum pungens, belonging to the family Caryophyllaceae, growing
in the vicinity of Karatau, Turkestan region. Currently, more than 2000 species of this plant from about 80
families have been identified. Currently, more than 2000 species of this plant from about 80 families have
been identified. Of these, 215 species from 30 families are found in Kazakhstan. The plant composition is
rich in biologically active substances (BAS), saponins, amino acids, essential oils, insulin and carbohydrates
and flavonoids, vitamins. Scientists are interested in the production of valuable medicines based on plant
raw materials. Because in modern medicine it has found application in the prevention and treatment of
atherosclerosis, diseases of the central nervous system, cardiovascular diseases. The plant Acanthophyllum
pungens was chosen because of the low level of knowledge of BAS of plant origin in Kazakhstan.

During the study, the total content of 6,232% of BAS amino acids from the obtained plant raw materials
was revealed. 9 of them are essential amino acids: threonine, valine, methionine, isoleucine, histidine, lysine,
phenylalanine, arginine, leucine. The plant revealed more glutamic acid (2.25%), aspartic acid (1.42%), alanine
(0.6%), leucine (0.4%), proline (0.37%), phenylalanine (0.31%), arginine (0.34%). Qualitative analysis was
studied using two-system new methods of paper chromatography and gas-liquid chromatography. Butanol
was used as a solvent system:acetic acid:water (BAW) (40:12.5:29). The content of extractive substances in
the plant is humidity-9.17% and ash content -7.21%. It was found that the content of active substances in the
flower of the plant, in comparison with the stem, is higher.

Key words: amino acids, thorn, Acanthophyllum pungens, paper chromatography, gas-liquid
chromatography, Caryophyllaceae, medicinal product.

Kipicne. Jlopinik eciMAiK IMIMKi3aThIHBIH XUMHSJIBIK KYpambl MeH (apMaKoJOTHSUIBIK KaCHETTEpiH,
OHJAaFbl XKMBIHTBHIK (UTONpenaparTapAbl >KOHE ©CIMIIKTEpJeH OOJIHIeH jKeKe 3aTTaplbl 3epTTey JKaHa,
THIMAUTITI KOFaphl JOPUTIK 3aTTapAbIH Iaifa OOJybIHA aiblll KeJIedi JKOHE OJlapabl alIyIablH JKaHa
TEXHOJIOTHSIAPbIH anryra MyMKiHzik Oepeni. Kasipri tanna kanammnsipiap (Caryophyllaceae) Tykpimaaceina
YKATaThIH OCIMIIKTEP i 3epTTey OenTisi Oip KbI3BIFYIIBUTHIK TyAbIpyaa. OJapIbplH XUMHUSIIBIK KYpaMbIMEH Oai
OOJIFaHIBIKTaH, OMOIOTHSUIBIK CIICKTPIMEH KeH cunartanazsl [1,2].

Kanammblp TyKpIMaacTapbl KeIDKbULIBIK XKapTbulail OyTa HeMece 1menTtecin Typinae eceai. llamamen 80
TybicKa Oipiretin 200-uan actam Typibenrimi. Conpiy iminge Kasakcranma 30 Tysicka xatarbiH 215 Typi
TapainraH. OKingepi >kep LIapblHBIH OapiblK OeJiiriHje Keslneceai, al Heri3ri 0eiari CONTYCTIK eHIIKTIH
KOHBIpKall KIMMaTThl enfepinae kem TapanraH. lllenni skepae, TyHApa, Aanaibl >Kepiaep MEH TayJbl
aiimaktapna ecyre Oeiimaenren. Kasakcranaa xe3aeceTiH KalaMIbIpiiap TYKbIMIAchIHA JKaTaTblH 003TiKeH
(Acanthophyllum) ecimuiriniy Typnepi:

- Tikenai 6o3tikeH (Acanthophyllum pungens);
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Besni 6o3tikeH (Acanthophyllum glandulosum);

[HamaxTer 603TikeH (Acanthophyllum paniculatum);

AxkanbOax TycTi 603tikeH (Acanthophyllum gyptophiloides regel);
Ine 6o3tikeHi (Acanthophyllum iliense) [3,4].

by ecimaik TYKbIMAaCTapbIHIA aMUHKBIIIKBULIAPEIHEIH maMaMeH 30%-b1 epKiH HeMece OaillaHbICKaH
Kyiiae Oomanpl (aKybI3Fra KaTbICThl). OCIMIIKTEpAEri aMUHKBIIIKBUIIAPBIHBIH KEH Tapajlybl KoHE OJapIblH
JKOFaphl OMOJIOTHUSUIBIK OCIICEHIUIITI TOPITiK IMIUKi3aT MMEeH ONlaH aJbIHFaH TperapaTTapablH ar3ara THIMII
ocep eTyiHe bIKNaJ eTei. Mpicalibl, METHOHUH TeNaTONPOTEKTOP PETiH/e, ACHapTHH KbIIIKBUIBIHBIH TY31aphl
— JKYpPEK-TaMbIp JKyHeci aypyJaapblH eMJey YIIiH, IryTaMuH KelKbutbl — OXCOK aypymapeia emzeyne xoHe
T.0. KonaHbeLIaasl [5-8].

CoOHIBIKTaH I9PITiK ©CIMAIK MIMKI3aThIHAAFbl AMUHKBIIIKBUIIAPBIHBIH CaalIbIK )KOHE CaHABIK KYpPaMbIH
3epTTey MPAKTUKAIBIK MAHBI3IBI KOHE FHIIBIMU KBI3bIFYIIBUTBIK TYIBIPAIbI.

FrutbiMu 3epTTeysepre cyiieHCceK, XUMISUTBIK, Kypambl OOMbBIHIIA CAaTTOHUHIEP TaMbIpbiHaa 25-30% naetiin,
a¢up mainapsl 1-2%, uncynun 12-18%, aMuHKbBIIKbIIAps! maMamed 8-10%, TamplpbiHaa caroHUHAEP
TPHUTEPICHAI TIIMKO3H] TYpiHAe Ke3neceni.lmnco3uy (TpuTepneH i IMUKO3Ua) — OPTaNbIK KYHKe Kykeci,
KaH —TaMbIpbl aypyJapblH eMey IlapajapblHia Kojnanyra Oomazabl [9-11]. Tikenai 603TiKeH KypaMblHIa
KeIl MeIIIepAe Makpo >KoHEe MHuKpodaeMeHTTep B ToOwml mopymennep, E nmopymeni, mail xoHE aMuH
KBIIKBUIIAPBI, COHAN-aK eKiHII PeTTi CHHTE3ENIETIH 3aTTap/AaH CallOHUHAEP, OPTaHUKABbIK KbIILKbUIAAD
MEH (pJIaBOHOUATAP, TPUTEPICHII IMKO3UATED, SKIUCTEpOOH Oap [12].

OciMIIiKTe MHKpPO3JIEMEHTTEP/AIH JKUHATYBl TOMBIPAK TYpPiHE, OHBIH (HU3UKAIBIK KAaCHETTEpiHE >KOHE
XUMUSUIBIK KYWiHe, allMaKThIH TeorpadusiIblK OpHAIacyblHa, KIMMATTHIK JKaFJaiIapeiHa, oCIMIIK TypiHe,
COPThIHA )KOHE BEreTallus CTaAUsIChIHA, Cyapy Ke3jepiHe jkoHe T.0. (hakropiapra OaiinaHbICTh [13].

EH MaHbI31bI )KYMBICTapAbIH Oipi MIMKI3aTThl IYpBIC KENTipy. OCIMAIKTIH JKep YCTI MYLIECIH >KUHAII-
OCIMJIIK TYIIICT TYPFaH Ke3J1¢ Kep YCTI MYIIenepiniy cabarsl, JKambIparslH Y3RIHABIFE 10-15 canTiMeTp eTin
Kecin anpin 4-5 tTangan Oaynar, KeleHkene Kentipeni. KemkeH cOH KaTThl bUIFAN TOMEH OeiMezne Hemece
KapTOHHAH KopanThl cakTaiiipl. Cakray Mep3imi 23 sxput. Ochl Tajan OOWBIHINA KEMKEH O©CIMIIIKKE caparnTay
KYMBICTAPBI KYPTi3iii.

3eprTey daicTepi MeH Marepuajaapbl. byl XYMBICTBIH MakcaThl OYpbIH 3epTTenMereH TypkicraH
o6meIce Kaparay mausrHIa ecetid, KamaMibeip (Caryophyllaceae) TyKbIMaachIHa jKaTaThIH TIKSHI 003TiKEH
(Acanthophyllum pungens) ecimMIiriHiH aMUHKBIIIKBUIAPEI KYPAMBIH 3€PTTEY.

AMUHKBITIKBUAAPBIHBIH KYPaMBIH JTISCTYPIi oficTepMeH (MOJEKyIalbIK MaccachlH aHbIKTay), KX, I'X
XPOMOTOTPA(USIIBIK 9AICTEP KOJIIaHbLIIbI.

Kamammelp TykbpIMIac TikeHII OO3TiKeH eCiMJIriHiH OyToHW3anus (azacblHAa JKHHAIFaH Kep YCTi
Oeririn puroxuMrsuTBIK 3epTTeyaep KP Memnekertik @apMakonessichIHAAFH | oicTeMeniK HYCKayJIBIKTapFa
cail >Kyprisin, Kejaeci KOpCeTKIITep aHBIKTAJIbl: bUIFAIABUIBIFBL, KYJIIUIIr, SKCTPAKTUBTI 3aTTap MeJILIepi.
CoHBIMEH KaTap, OHOJOTHSIIBIK OCIICEH Il 3aTTapIbIH CAHIBIK MOJIIIEpPi 3€PTTEIII.

3eprTey HoTHKEJEPi. J[opiyliK ©CIM/IIK MIUKI3aTBIHBIH SKCTPAKTUBTUIITH aHBIKTAY 9JIici: quamMeTpi 1 MM
NeliiH 00JIeH YcaKTaJFaH, eJIeKTeH OTKi3ireH 5 r TikeH i 603TikeH (Acanthophyllum pungens) ecimairinin
JKep YCTi OeJiiriH KOHYCThl Koji0ara cajiaMbl3. AJJIbIH-aja JAalbIHAaNFaH epITKIITeH 25 M Kyibim, 1
caraTKa TYHIBIpbUIafgbel. Kepi calKpIHAATKBIIKA sKajram, 2 caraT Ooiibl Oasy KaiHaTtambl3. AJIBIHFaH
epitinmini ¢umsrpae cysim, 100 — 105°C-ma 3¢ carar 6oiisl kenripeni [14]. Kyprak mukizarTarbl 3aTTapabH
AKCTPAKTUBTUIITT MOHI TOMEH IET] 1-KecTeie KOpCeTiIi.

1-kecre-11IuKi3ar HIBIHARBUIBIFBIHBIH KOPCETKIIITEPI

[ukizar AOGCOIIOTTI KYpFaK MINKi3aTTKa CaHaFraHAaFbl % -TiK yieci
blirrangplUibIK Kynainiri
Acanthophyllum pungens 9,17 7,21

OKCTpaKT KYpaMbIHJIaFbl aMHHKBIIIKBUIIAPbIH aHBIKTAY YIIiH, IIaMaMeH | T Kyprak IIWKi3aT Kojdara
canblt, 3 ece KarbiHacTarbl 70%-TiK CYJBI-3TaHON SKCTPAKTIH CYJIbl MOHIIAJA ATAHON 3KCTPAKTIH CYIBI
monmana 30 MuH Kei3abipambiz (Temmneparypackl 40°C), comaH KeifiH (uibTipien, KOHICHTIpIeHMis,
AJIBIHFaH YKCTPAKTTI KYpPaMbIHaFbl aMAHKBIIIKbUIIAPbIHA aHAJIN3 Kacallbl. AMUHKBIIIKbUIIAPFA CarallbiK
aHaJU3/l TYpJli OaKpLIayIIbLIap sKOHE CHEIU(UKAIBIK alKBIHAAFBIITAP apKbUTBI KaFas3abl XpoMarorpadus
KeMeriMeH xypriziieni. Xpomartorpadus Keneci epiTiHAUIEp/ i KOMIAHbUIA bl OyTaHOI-CIPKE KBIIIKbLIbI-
cy (BCC) (40:12,5:29). Kyprak vunaruguaai bCC xylieciHe aMUH KBIIIKBUIAAP/bl aHBIKTAY YIIiH IAIIBIIL,
100°C-kentipeai. Rf y3bIHABIKTapbIH €CENTEI, CamaiblK PEaKus apKbUIbl 3ePTTENINl OTBIPFAH IKCTPAKT
KYpaMbIHJaFbl aMUHKBITIIKBUIAAPEI aHBIKTAJIBII, KYJITiH JaKTap naiiaa Oomibl.
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2-Kecte - AMHHKBIIIKBUIIBIH Camnaliblk XpoMoTorpadusuiblk Rf MoHiH aHbIKTay

Ne Jakrap Rf moni Ne Jakrap Rf moni

1 AnanuH 0,37 10 Tuposun 0,50

2 Jlefiunu 0,73 11 JZ000%0¢0 0,23

3 JInzun 0,36 12 Hucreiin 0,29

4 ApruHuH 0,37 13 Banun 0,41

5 MeTnoHuH 0,58 14 Tpeonunn 0,10

6 [myramun 0,43 15 [Iponun 0,18

7 CepuH 0,39 16 Dennnananud 0,27

8 Acnaparux 0,38 17 JKamnbiparsl 0,24; 0,4; 0,48;
0,52; 0,59; 0,69

9 Tuctunma 0,35 18 [ymi 0,24; 0,42; 0,48;
0,54; 0,59; 0,69

AMWHKBITIKBUTIAPBIH CAaHIBIK MOHIEPIH Ta3-XpoMaTOTpausiIbiK anamm3ae «Kapmo Dpb6ay (Mramusa-AKII)
ra3 XpoMoTorpagblHaa Kyprizuiii.

AMUHKBITIIKBUTAAPBIH TYPAKTHl TOMEHET] TapaMeTpIIep/Ii CaKTai ThIPbIT OOl ajiaibl:

- JKaIbIHIBI-HOHU3AIHSIIBIK, IETEKTOPABIH TeMieparypacs - 300°C;

- BynauapIpreiiuThiH TeMepatypacsi - 250°C;

- KomonkaneiH 6actanksl Temmeparypacei- 110°C;

- KomoHkaHbIH COHFBI TeMIepaTypacs - 250°C;

- KoJstoHKaHBIH IporpamMmaray TeMIepaTypachbiHbIH Kbu1aMIbiFsl - 110°C- tan 185°C-ka neiiin 6 MUHYT,
185°C-tan 250°C-ka aeiiin 32 MUHYT.

Kononkausiy Temmneparypacsl 250°C-ka IKETKEHIEe aMHUHKBIIIKbLIIIAPBl TOJBIK OOJIIHIEHIIE COJ
TeMIeparypa TYpakThl OOJIbII TYPYHI THIC.

AMUHKBIIIKBUIAPBIH 0oy yiriH enmemi 400/3 MM, 20 m 0,31% kapOonakc, 0,28% cunap sxoHe 0,06%
nekcaHHelH ~ WA-W-120-140  XpoMOCOpPOTHI CHIMBIMIBUIBIKTAFBI TTOJSIPIBI KOCTIACBIMEH TOJTHIPHUIFAH
TOTBHIKIIAUTHIH KYPBIIITAH JKacalfaH KOJIOHKA KOJAaHbLIaIs! [15].

3-Kecre — Tikenni 603tiken (Acanthophyllum pungens) ecimMaik IIMKi3aThIHBIH AMUHKBIIKBIIIAPBIHBIH CaH/IBIK KYPaMbl

AMUHKBIILIKBUIIAPbI Meunmepi , (%) Mr\r AMPHKBITIKBUTIAP Memmepi, (%) MI\r
AnaHuH 0,602 602 MeTtnoHuH 0,042 42
I'munua 0,201 201 Cepun 0,196 196
Jletinun 0,407 407 Acnaparus 1,420 1420
U3oneitnun 0,265 265 Huctun 0,022 22
Banun 0,144 144 OKCHITPOITUH 0,004 4
[mroramar 2,250 2250 DeHnnanaHuH 0,310 310
Tpeonun 0,155 155 Tuposun 0,245 245
[Iponun 0,377 377 I'uctuaun 0,178 178
OpHUTHH 0,001 1 JInzuna 0,263 263
ApruHuH 0,340 340 Tpunrodan 0,088 88
Baprnbirsr: 6,232 7510

W, %
2,5 1
2 4
1,5
1 4
0,5 -
0 - ;
IoDZ K K @B BHE D & @ @D & Z @B S8 I DK I IZ 9=
EEESEZEEEEEEESEEEEZ
s = = = o o o o Q == =]
PRERARE R EEERE
< = s j:’ g S ~ =y

I-cyper - Tikenni 603rikeH (Acanthophyllum pungens) eciMairinieri aMHMHKBIIIKBUIIAP MOJIIEPi

Hortumkenepai Tannay. Korapeimarsl 2-3 KecTelepai KOpCeTireH HoTmkenepi Ooiipramma Acanthophyl-
lum pungens ecimairiHiH cabarbl MEH TYJIHJETT aMUHKBIIIKBUIIAPBIHBIH CallajiblK JKOHE CaHJ/BIK aHBIKTAY
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OolibiHIIA 16 aMUHKBIIIKBUIBL aHBIKTAIIBL. OJapiblH 9-bl aJMacnalThIH aMUHKBIIIKbIIAPBIHA JKATaJIbl:
TPEOHWH, BalliH, METHOHWH, M3OJEHIINH, THMCTUIWH, JU3UH, (heHWIAIlaHWH, apTUHUH, JEHIMH. OcimMmik
KypaMbIH/a KOOIpeK IIyTaMHH KbIIIKBLIB (2,25%), acnaparus KelkeUibl (1,42%), ananux (2,25%), munmH
(2,25%), mponun (2,25%), permnananns (2,25%), aprunud (2,25%) Tadbuiabl. YKaams! eciMIiK KypaMbIHIA
aJIMaCaThIH JKOHE aIMaCIalThIH aMUHKBIIITKBUTTAPBIHBIH MeJmIepi 6,232% KypaHThIHBI aHBIKTAJIIBI.

Kopsiteinasl.  Tikenni 0o3tiken (Acanthophyllum pungens) eciMiik IIWKi3aThlHA CaHIBIK >KOHE
camaislK Tannay xyprizuimi. I'CX omicimMen 16 aMuH KBIITKBUIAAPEI HACHTH(DUKAITASIIAHIEL. 9 aTMacaiThIH
AMUHKBIIIKBIIAAPEl aHBIKTaIAbl. COHBIMEH KaTap TIyTaMUH KBIIKbUIBL (2,25%), acmapardH KbIIIKBLIBI
(1,42%), ananmn (2,25%), manun (2,25%), npomun (2,25%), ¢enmnanannn (2,25%), apruaus (2,25%)
JKOFapbl MeJiep/e TadbuIIbl. OCIMIIIK JKalblpaTapblHa KaparaHjia TYJiHJIe OUOJIOTUSIIBIK OCJIICeHII 3aTTap
KemTen Ke3neceTiHi 0akanasl. COHFBI KbULAAPHl AMHUHKBIIIKBUIIAPBIHA TYPJII MEIUIIUHA/IA TTaTOJOTHUSIIBIK
aypyaapasl emMjeyAe KoinaHyra OONlaThlH MEepPCHEKTHBTI 3aTTap MEH TaraMIbIK KypamaacTap aiy YIIiH
3epTeysiepre Ker KoHiN OeliHy/Ie.
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3AKJIA/IHBIE CMECH HA OCHOBE U3BECTHSKOBbBIX XBOCTOB OBOTI'AIEHU A

Annoranusa. IlogoGpan coctaB 3akiaaHbIX cMmecell Ha ocHoBe xBocToB oOoramenns AO AKBK c
Mapko# (kitaccom) B mpepenax M35 (~B2,5) ... M200 (~B15). [lnst aToro cHavdaia npuBeeHbl NCCIEA0BaHUS
XUMHUYECKOT'O U (I)a3OBOFO COCTaBa U Apyrux CBOWCTB HUCXOOHBIX CBIPLEBBIX MATCPUAJIOB — IEMEHTA, XBOCTOB,
CII u JIIIT ¢ momompio XA, POA u UKC. OnpeneneHo cooTBETCTBHE WX (PU3UKO-XUMHUIECKUX U (PU3HUKO-
MEXaHUYECKHX CBOWCTB TEXHUUYECKHUX U TEXHOJIOTMYECKUM TPEOOBAHUSM HOPMATHBA.

VYCTaHOBIIEHO, YTO XBOCTHI, cocTosime U3 kapOonara kanbuus (CaCO,), MoryT crarh 3Q(eKTHBHBIM
MEJIKO3epHUCTHIM MaTEPHAJIOM — 3aIllOJIHUTENIEM TPU TPOU3BOJICTBE 3aKJIAJHBIX CMECEH, YTO 00YCIIOBICHO:
AKTHBH3AIMEH COCTaBJSIFOIIUX LIEMEHTa 3a CYET JOHOPHO-aKIENTOPHOH peaknued MEXAy aKTHBHBIMH
[IEHTPAMH ITOBEPXHOCTH YACTHI] IIEMEHTA U N3BECTHSIKA, COMPOBOXKIAIOIIHIACS IIEKTPOHHBIMHU TIEPEXOIaMU;
noBepxHocTh CaCO, MOXKET OBITH LIEHTPOM KPHCTAIUIM3ALUMM M TIOUIOKKON sl HOBOOOPA30BAaHUM; HOHbI
CO,* kapOoHaTa MOTYT BXOJUTh B COCTaB IIEMEHTUPYIOIUX BEIIECTB, YTO CMIOCOOCTBYET CBA3BIBAHMIO HX
c OonpIIel CHIIOW MOBEPXHOCTEH, XBOCTOB M LIEMEHTHOTO KaMHS; TBEPACHUE XBOCTOCOACPKAIINX CHCTEM
MOXET OCYHICCTBIIATHCA Cpady TOIMOXUMHUYCCKOMY, TOIIOTOKCUYCCKOMY U PACTBOPHOMY MCXAaHU3MY, 4YTO
MTO3UTUBHO JIEHCTBYET Ha IMOJIyYeHHE KaMHS C TIOBBIIIIEHHOHN MPOYHOCTHIO.

ITokazano, uro BBenenue CII MOBBIIACT MOABMKHOCTD 3aKJIAIHBIX CMECEH M YBEIIMYMBAET MPOUYHOCTH
Ha cxarue Ha onHy Mapky. [Ipu momonnutenbHoMm BBeaeHuu JIIIT mpoyHOCTH cliensieHusi TBEPACIOIINX
3aKJIQJHbIX CMECel BO3pacTaeT B HECKOJIBKO Pas.

KuioueBble ciioBa: XBOCTBI, IIEMEHT, CYNEPIUIACTH(PUKATOP, AUCIICPCHOHHO-TIOJIUMEPHEIN ITOPOIIIOK,
3aKJIaJIHbIE CMECH, COCTaB, MPOYHOCTH Ha CKATUE U CIICTIIICHHUE, PEHTTEHO — U CIIeKTPo(]a30Bble aHAIN3HI.

A.A. Bex!, 3.A. Ecremecos?, M.b. Hypneucosa®, A.C. CyBopos?, A.JI. lagun*
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BAUBITYBIH OKTACTBI KAJIIBIKTAPBI HETT3IHAEI'T EHAIPIJITEH KOCITAJIAP

AnHotanus. M35 (~B2,5) ... M200 (~B15) apanbirsinaars! mekTe Mapkachl (caHaThl) 6ap « AKxKai KeH-
0aiiTy KOMOWHATBD) aKIMOHEPIiK KOFAMBIHBIH OalbITY KaJABIKTaphl HETi3iHIE CaJbIHATBIH KOCHATapablH
Kypambl ipikreni. by yirin angsiven X T, POT sxone MKC keMerimeH OacTankbl IIUKi3aT MaTepraIapbIHbIH
— IIEMEeHTTiH, KaaeikTapasiH, CII xone AITY XuMUSITBIK sKoHE (Da3aiblK KypaMbl MEH Oacka Ja KaCHueTTepiH
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3epTrey KenTipinared. OnapasiH Gpru3nKa-XUMUSIIBIK XKoHE (PU3UKa-MEXaHUKAJIBIK KACHETTePIHIH HOPMAaTHBTIH
TEXHUKAIBIK JKOHE TEXHOJOTHSIIBIK TajJarnTapblHa COMKECTIr1 aHbIKTAIIbI.

Kanbunii kapbonarsinan (CaCO,) TyparbiH KaJaIbIKTap caaMa KOCHalapblH OHIPY KE31HIe THIMII YCaK
TYHIPIIIKTI TOATHIPFBINIT MaTepHUall 00J1a aJTaThIHABIFBI AHBIKTAIIBI, OYIT IIEMEHT OOJIIIEKTepi MEH oKTac OCTiHIH
OeJiceHai OpTalbIKTaphl apachlHAAFbl 3JEKTPOHIBIK OTIEJIEPMEH Karap JKYPETiH JOHOPJBIK-aKIETTOPIIBIK
peakius eceOiHEH LeMEHT Kypamaac Oesikrepinin Oencenainiriven eckepinren; CaCO, 6eti kpucrangany
OpTAJIBIFbI XOHE KaHa/laH Mak1a 0oaThiH SIEMEHTTEPre apHaIFaH TeceHil 60ybl MyMKiH; CO,*- kapOoHar
MOHJApHI TIEMEHTTEYII 3aTTap/blH KypaMbIHa Kipyl MYMKiH, OYJT onap/sl OETTEep/iH, KalIbIKTapAbIH )KoHE
IIEMEHT TAaCTaPBIHBIH KOT KYIIIMEH OaiIaHBICTRIPYFa BIKIAT €Tel; KYpaMbIHAAa KJIIBIK 0ap KyihenepaiH
KaTarobl O1pJICH TOTIOXHUMHUSIIBIK, TOITOTOKCHKAIBIK JKOHE SPITIHII MEXaHU3MMEH XKY3eTe achIPhUTYBI MYMKIH,
OyJ1 OepiKTiri )KOFaphl TAaCTHI AIIyFa OH 9CEPiH TUTi3eIi.

CII eHri3y kemis KocnajaapblHbIH KO3FAJIbICTBUIBIFBIH apTThIPAAbl XKOHE CBIFbUTY OepikTirin Oip Mapkara
aprreipazpl. JIIT¥-Hbl KOCBIMINA €HTI3y Ke3iH/e KaTThl cajiMa KOCHAJIAPBIHBIH 1TiHy OepikTiri OipHele ece
apTajibl.

Tyiiin ce3mep: KanabIKTap, IEMEHT, CyNepIUIacTH(GHUKATOP, TUCTIEPCHSUTBIK-TTOTUMEPIIIK YHTAKTap, caima
KocIanap, Kypam, ChIFbLTY JKOHE LTiHy OepiKTiri, pEeHTTEeHIIK KoHEe CIIeKTpo]a3abIK Tajaayiap.

A.A. Bek!, Z.A. Yestemesov?, M.B. Nurpeisova’, A.S. Suvorov?, A.D. Dadin*

'Karaganda technical university (KarTU), Karaganda, Kazakhstan;
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EMBEDDED MIXTURES BASED ON LIMESTONE TAILINGS

Abstract. The composition of embedded mixtures based on enrichment tailings of AKBK JSC with a
brand (class) within the limits of M35 (~ V2.5) ... M200 (~ V15) was selected. To do this, first, studies of the
chemical and phase composition and other properties of the initial raw materials - cement, tailings, SP and
DPP using chemical analysis, X-ray phase analysis and IR spectroscopy are given. The correspondence of
their physical-chemical and physical-mechanical properties to the technical and technological requirements
of the standard was determined.

It has been established that tailings consisting of calcium carbonate (CaCO,) can become an effective
fine-grained material - filler in the production of embedded mixtures, which is due to: activation of
cement components due to the donor-acceptor reaction between the active centers of the surface of cement
and limestone particles, accompanied by electronic transitions; the surface of CaCO, can be a center of
crystallization and a substrate for neoplasms; CO,*-carbonate ions can be part of cementing substances, which
contributes to their binding with greater strength of surfaces, tailings and cement stone; hardening of tail-
containing systems can be carried out immediately by the topochemical, topotoxic and solution mechanism,
which has a positive effect on obtaining a stone with increased strength.

It is shown that the introduction of SP increases the mobility of the embedded mixtures and increases
the compressive strength by one grade. With the additional introduction of DPP, the adhesion strength of
hardening mortgage mixtures increases several times.

Key words: tailings, cement, superplasticizer, dispersion polymer powder, embedded mixtures,
composition, compressive strength and cohesion, X-ray and spectral phase analyses.

BBenenme. Cpeau BceX NPOMBIIUICHHBIX OTpacied — XUMHUYECKOH, TOIUIMBHO-3HEPTeTUYCCKOM,
METaJTypru4ecKoi U TOPHOAOOBIBAIONIEH TPOMBIIIIICHHOCTEH PEJKUX, IIBETHBIX M OJarOPOAHBIX METAJIIOB,
IO CTICAHSS 3aHUMAET 0C000€ MECTO, 3aKITIOYAIOIIASCS B TOM, UTO [ 1 ]: B KOHECUHYIO MPOAYKITHIO TPEBPAIIAcTCs
oxouto 1...2%; st cpaBHEHWS: B IBETHON METAITyPTHH STOT IToKa3aTelns gocturaet 50%; B MUpe B HacToAIIEe
Bpemsi HakorureHo Ooznee 300 mupa. T. ee orxomoB, B ToM uncie B Kazaxcrane. [lo Kazaxcrany — 6Gonee
67 MIpJ. TOHH; KPOME TOTO: XBOCTHI OOOTAlIeHHs OYeHb MelkHe (Kak OapXaHHBIE TMECKH), caMH 10 cebe
AKTUBHBIE, TIO9TOMY HAHOCST YKOJIOTHYECKON CUCTEME OOJBIIYIO HATPY3KY, 3aHIUMAasi OTPOMHYO TEPPUTOPHUIO
W yIeTy4rBasi OKPYKaloLIyl0 Cpely B BHUJE TBUIA; CTPOUTEIHCTBO M OOCITY)KWBAaHHE XPAHUJIMI OTXOJIOB
OUYeHbB JIOpOToe MeponpusTHe; - Tak, HanpuMmep, 1o gaHabsM P. Crayna [2] B CLIIA cTomMOCTh y9acTKa 3eMITH
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JUTSL CTPOMTEIBCTBA XPAHHMIUI cocTaBisieT (mo neHam 70-x romoB nporuwioro Beka): 27500 mgomi/ra, camo
ctpoutenbeTBo — 10500 momn/ra, skcruryaranmst — 3600 momt/mecc., 3a XpaHeHune oTxonoB — 25900 gomn/ra.

Jonroe Bpems B HamuX Kpasx Mpeo0ianaio 3KCTEHCHBHOE W3BICUYCHUE Py M3 MPHUPOIHBIX IOPOJI,
[I03TOMY XBOCTHI OTIPABIISUIH B XpaHUJIHUINE. A ITyCTYIOIIEe TOA3EMHOE TPOCTPAHCTBO, T/Ie U3BJIEKAIIN PyJHbIE
TTOPOJIBI, 3ATOJHSIIA COTJIACHO TEXHUYECKUM TPEeOOBaHMSIM COOTBETCTBYIOIINX HOPMAaTHBHBIX JOKYMEHTOB
3aKJIAAHBIMH CMECSIMH, COCTOSIIIMMH M3 MOPTIaHALIEMEHTa, NECKa U BOABI MM MOPTIaHALIEMEHTa, MeCKa,
meOHs (TpaBusi) ¥ BOABI C 3aJaHHON TTOABIYKHOCTHIO M TIPOYHOCTHIO (TTOCTIE TBEPACHHUS ).

Tonbko B mociienee BpeMs B HAIIMX Kpasx Hadajdd U3ydaTh XBOCTHI C IIETbIO MOJIYYCHUSI HA UX OCHOBE
IITYKaTypHBIX cMeceil [3] M Kak OAMH U3 KOMIIOHEHTOB 3aKJIa/IOUHBIX cMeceit 4, 5.

OpHaKo IITYKaTypHBIE CMECH SBJISIOTCS OTHOCHTENBFHO HeMaTepuanoéMkumu. [l yTuiau3anuu
MWJITHApAHBIX XBOCTOB 0OOTalIeHHs] HEOOXOAMMO MAacIITAaOHbIe, COMOCTaBUMBIE C WX MOIIHOCTBIO,
MPOM3BOJCTBA. DJTO KOHEYHO, TOJy4YeHHWEe Ha WX OCHOBE 3aKIaJHBIX cMeced. Tompko Tak MOXKHO
MUHHMH3HPOBATh HKOJIOTO-DKOHOMHUYECKUN yIiepO, HAHOCHMBIM HMMH OKpY)KaIOLIeH cpejie, MOCKOJIBKY
noTpeOHOCTh 3aKIIaIHBIX CMECel B HAIIMX KPasxX HCUHCISICTCS MUJUTHAPIHBIMU YUCIIaAMHU.

[Ipuuém, nHTEpECEH ATOT (PAKT TeM, UTO B M3BECTHBIX pabOTaX O 3aKJIAJOYHBIX CMECSIX HE UCCIEIyeTCs
CIIEIUIEHHE UX C TOBEPXHOCTHIO MOpoja, T.e. «lIpouHble CBOMCTBA 3aKJIaJJOYHOTO MaTepuaa OLEHUBAIOT
0OBIYHO T10 TIpefeNy MPOYHOCTH Ha OIHOOCHOE C)KaThe, WHOT/IA JOIMOIHUTEIBHO Ha JABYXOCHOE CXKaTwe,
cpe3, pacTshKeHHe U M3ru0» 5.c.6 T.e. MCCIEAYIOTCS TOJBKO Ha MPOYHOCTHBIE XapaKTEPUCTHKH CAMUX
3aKJIaJIOYHBIX CMECEH, a UX CIIeTNIEHHE C MOBEPXHOCTHIO MOPOJ — HEeT. Beap — camu 1o cebe mpodIHOCTHBIS
XapaKTePUCTUKH 3aTBEPJIEBIINX 3aKJIaJ0YHBIX CMECEH, 1Mo OOJbIIOMY CUYETY, HU Yero He 3HauaT, €CM UX
CIICIUICHHUE C TIOBEPXHOCTHIO MOPOJI He OyzeT gocratounbiM (He MeHee 0,30 MIla).

W3 ckazaHHOTO CciemyeT Ype3BhIYaifHyI0 aKTyalbHOCTh HAyYHO-TIPAKTUYECKUX JaHHBIX, PUBEIACHHBIX B
JJAaHHOM cTaThe.

ean padornl. Pa3zpaborka 3(()EKTUBHBIX CTPOWTENBHBIX 3aKIagHBIX CMeCell Ha OCHOBE OTXOJOB
oOoraieHust I YKPEIUICHUS! 1 YIPOYHEHHUS TIOA3EMHBIX TPEIIMHOBATHIX MACCHUBHBIX TOPHBIX MOPOJ MY TEM
MOBBIIICHUS UX MPOYHOCTHBIX XapaKTEPUCTHUK, BKIFOYasi 0COOCHHO, CIETICHHE.

O0bexkT U mpeaMer mucciaenoBaHuil. OOBEKTOM WCCIIEIOBAHHUS SIBISIOTCS XBOCTHI OOOTallleHUs U
3aKJIaiHbIe CMECH C J00aBKOM M 0e3, Ha X OCHOBE, a MPEIMETOM HCCIe0BaHUs — (PU3UKO-MEXaHHUECKUE
CBOMCTBA N OCOOEHHOCTH TBEPJICHUS 3aKIAIHBIX CMECEH B €CTECTBEHHBIX BIAKHBIX yCIOBHUSX.

MeTtoauka wucciaegoBaHusl. PeHTreHOrpaMMbl CHUMAald Ha MOJCPHU3UPOBAHHOM JU(PPAKTPOMETpE
JAPOH-3M na CuKa - u3nydennn ¢ nmporpaMMHBIM o0OecriedeHrneM. PeHTrenorpaMmsl MaTepraioB (IpookI)
noiy4yensl B uHTepBaie 20 (yrmos) or 10 mo 70°. JlepuBatorpaduueckuii Tepmuueckuil ananus (TA)
MIPOBOJIMIICS. HA MOZICPHU3UPOBaHHOM ycTaHoBKe «Derivotograph Q-1500%.

HcnbiTanns neMeHTa OCyIIeCTBISLIUCH coriacHO TexHudeckuM TpedoBanmsiMm ['OCT 10178-85. dusuko-
MEXaHWYEeCKHEe CBOMCTBA, T.€. TPAHYIOMETPUYECKHH COCTaB — MOAYJb KPYIMHOCTH W 3€pHOBOI COCTaB,
(hm3mgeckoe cBoiicTBO XBocTOB onpeaessum cortacHo 'OCT 8736-2015 «Ilecok mist CTPOUTEIBHBIX PadoT.
VYnenbHas 3QQeKTHBHAsS aKTUBHOCTb €CTECTBEHHBIX PaJMOHYKIHMIOB OMpPEACISUIM COTNIACHO TPeOOBaHUSIM
I'OCT 30108-94: «Marepuansl u wu3genusi crpoutenbHble. Omnpenenenne 3()(PEKTHBHONW aKTHBHOCTH
€CTECTBEHHBIX PaTUOHYKIUIOB». DU3HKO-MEXaHHMUECKHE CBOMCTBA 3aKJIaJHBIX CMECEH M HCIBITAHHS HUX
onpenessin cormacio [OCT 28013-98: «PactBopsl cTpoutenbHble. OOUIMEe TEXHHYSCKUE YCIOBHS H
T'OCT 5802-86 «PactBOphI cTpouTesbHbie. MeTobl UCTIbITaHU. [IpOYHOCTD ClEMIeHUs] 3aTBEPAEBIINX
3aKJIaHBIX PACTBOPHBIX cMecel onpenaensnu cortacHo 'OCT 24992-2014.

CrIpbeBble MaTepuajbl. B kauecTBe WCXOAHBIX CBHIPHEBBIX MAaTEPHUAJIOB JUIS TPUTOTOBIICHUS
CIENUATBHOTO 3aKIaJ04HOro cTpouTtenbHoro pactsopa (CCP) nucnons3oBansl: noprianauement 11 400-710
(M400), npoussonctBo AO «Central Asia Cement» (Kaparanaunckast o0i1., Kazaxcran), XBOCTbI 000TaIcHUS
AO «Axxanbcknii keH-Oaiity koMOuHatb» - AO «AKBK», (ynkumonanehas mobaBka «Pemapatypy,
mpou3BoACcTBO GupMbl «AnuHr» (CeBepHast MakenoHust) U noiukapookcunarHas gooaska «Heomut 400»
(Poccus).

Xapakrepuctuka nopriaanauementa 1L 400 10 (M400): TOHKOCTb IOMOJIA, MPOILIO CKBO3b CUTO No
=008, 90...93%; cpoxu cxBarbiBaHus: Hayasno (MuH.) — 120...195 u xonen (MuH.) — 230-295; paBHOMEPHOCTH
M3MEHEHHUs 00beMa - BEIEPKUBAET; BogolieMeHTHOe oTHOIIeHne—0,38...0,4 1 ; ak THBHOCTH IIPY ITPOTIAPUBAHUH,
MlIla — 28,0...30,0; nmpouHocTs B Bo3pacte 28 cyT., MIla, npu uszrude — 6,6...7,3 u npu cxxatuu — 41,0...45,0;
nopraanaueMentT npeacrasinen amutom (C,S — 3Ca0-Si0,, Bepuee - 54Ca0-16Si10,-Al 0,-MgO), Gennrom
(C,S - 2Ca0-8i0,), uenurom (4Ca0-Al 0, Fe,0,) n penurom (3Ca0-AlLO,); - comepanue anura - OKOJIO
50% 1o macce, C,S —20%, C,A — 7%, C,AF — oxomno 15%, ocransHoe cTexnodasa.
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XBoctbl oboramenusi pynr O® Axxana — B AO AKBK oxkcuaHplii XMMHYECKUNA COCTaB, KOTOPBIX
npezcTaBiieH cnenyromumu naaueuaamu: CaO — 54,3; Ca0, - 40,5; SO, - 2,3; Si0, - 1,5; MgO — 1,4 u FeS,
- 0,13%.

Ha (puc.1, a) mpuBeneHa peHTreHOrpaMMa 3THX XBOCTOB, U3 HEE BUIHO, YTO HA HEW (PUKCHpYIOTCS B
OCHOBHOM peiieKchl (UKHM), Xapakrepuble Juist kapbonara xambius (CaCO,), ¢ MEKIUIOCKOCTHBIMH
paccrosauamu d, A: 3,8665;3,3498; 3,0404; 2,8446;2,496;2,2847;2,0952;1,9127;1,77;1,6287; 1,60; 1,5236;
1,4393. Ha (puc.1, 6) nokazan ananu3z JATA, rae ¢uxcupyercsa snnosddexr npu 950°C, mokasbIBaronnii
nucconuanuio uzsectrska Ha CaO u CO,,.

CNEkTR - Tery WA_0, Chenka - 13.11.2020 100017, Cu (Al ),

HHTeHEHBHOCTD | MMN | cek )

10 1z 14 16 18 20 22 24 26 25 30 32 34 35 38 40 42 44 45 45 S50 52 54 056 585 B0 62 B4 BS B8 TO
Hauyron = 10.00; Kol.yron = 70.00; Lar = 0.050; 3kcnos. = 1.5, CKOPOCTE = 2 MhakH,  MEKC . SMCno wman. = 2052;

Pucynok 1 — Pentrenorpamma (A) u nepusarorpamma (b) xesoctos oborarmieruss AO AKBK

I'panynomerpuueckuii cocraB, (U3MUECKHE CBOWCTBA | yaenbHas S((EKTUBHAsS aKTUBHOCTh
€CTEeCTBEHHBIX PAJIMOHYKIIH/IOB, XBOCTOB 000TaIIeHHs TPUBEICHBI B Ta0I. 1, U3 KOTOPOW BUIHO, YTO: MOy
kpynHocTu mnecka 0,83, cienoBaTenbHO, OH MPUHAIICKHUT K OYCHb MEIKUM IEeCKaM, KOTOPBIH MPUTOACH
JUTSL TIPUTOTOBJICHUS MITYKATYPHBIX U 3aKIIAJ0UYHBIX CMECEH; HAChIITHAS MJIOTHOCTh cocTapisieT 1515 kr/m3,
WCTUHHAS TUIOTHOCTh — 2,74 1/cM3, a mycToTHOCTh nocturaet 44,7%; ynenbHas 3Qp¢deKTUBHAS aKTUBHOCTh
PaAMOHYKIIMIOB UX COOTBETCTBYeT HopMaTuBHbIM TpeboBanusim [[OCT 30108-94 — 120,0 Bx/kr mpoTUB 10
370 bx/kr o HOpMaTHUBy.
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Tabnuna 1 — ®dusnyeckre cBOUCTBAa XBOCTOB 00OTaIEHUS

6 | aKTHBHOCTB €CTECTBEHHBIX
pagHoHyKIHI0B, BK/KT

Ne HaumMenoBanue rmokasarers, O6o3nauenue HJI Ha
Hopwma o HJI DaKTHUECKOE 3HAYEHUE [Ipumeuanue
/1 CIMHKIIA U3MEPCHHUS MPOIYKIIUIO
1 2 3 4 5 6
3epHOBOI COCTaB: T'OCT 8735-88, HE HOPM. MMOJIHBIE OCTATKH HA CUTAX,
m3 %
2,5 MM 2.5
1,25 mm 4,7
0,63 MM 7,6
0,315 mm 17,0
1 0,16 mm 514
ConeprkaHue 3epeH KPYIHOCTbIO, I'OCT 8735-88, s 11 xmacca: Kiacc necka — 1
%: m 3
cBbitie 10 mm He Oosee 5 3,26 COOTB.
CBBIIIC 5 MM He Oosee 15 1,96 COOTB.
menee 0,16 mm He Oosee 15 46,3 HE COOTB.
TTonHbIi OCTAaTOK HA CUTE C T'OCT 8735-88,
cetkoii Ne 063, % m 3 HE HOPM. 7,6
’ Mogayine KpynHOCTH T'OCT 8735-88, ¢B. 0,7 1o 1,0 0,83
m 3 rpyIina rnecka — TOHKUi
3 HacpInHas IoTHOCTE KI/M? T'OCT 8735-88, HE HOPM. 1515,0
m 9
4 Hcrunnas mioTHOCTh I/cM? T'OCT 8735-88, HE HOPM. 2,74
m 9
5 IIycrotHocTs, % T'OCT 8735-88, HE HOPM. 447
m 9
VYnensuas 3¢ dexTruBHAS T'OCT 30108-94 1o 370 120 I xnmace — gs

BCEX BUJIOB
CTPOUTENBCTBA

JAucnepcuonno-noumepubiii mopomok (AIIII) - Pemapatyp. CoctaB ero 70BoJIbHO cliokeH. POA u
MKC nokaspIBaroT, 4T0 OH COCTOMT u3 kBapua (SiO,) n monumepos. Ilocnennue pentrenoamopusl. Ha
POA ¢dukcupyrorcs mperuMyIecTBEHHO MUKU (pedIeKchl), XapaKTepHbIe IS B'Sioz, UKC nonrsepxaaet
a10. [IpousBoactBo — CeBepHas Make 0HUS.

Cynepmiactuguxarop Neolit 400 (Poccust). Xoporio pacTBopuMbIi Oenblii mopomok. Konpurypamus
pedekcoB peHTIEHOrPAaMMBI TIOKA3BIBACT JIBE XapaKTePHBIC €T0 YEPTHI: MOSBICHUE TaI0 B obmactu 16...24°
MOKa3bIBAET O PEHTTEHO-aMOP(HOCTH B LIEJIOM €r0 CTPYKTYPBI; a TAKKe, Ha PEHTIeHOrpaMMe (PUKCHPYIOTCS
JIBA TIMKa, CBUJIETEIHCTBYIOIINE O IIPUCYTCTBUU B €T0 COCTaBEe MHIUBHUIA C KPUCTATIINIECKON CTPYKTYPOA.

PesyabTarhl ucciaenoBanusa. CocraB, cpeAHsis IUIOTHOCTh, Mapka (Kiacc) W MPOYHOCTh Ha CHKATHE
3aKJIaJHBIX CMecCel, COCTaBJIEHHbIE NPU MOMOIIM pacyera, a 3aTeéM yTOYHEHHbBbIE, MOCJE HCIbITAaHHBIE B
1ab0PaTOPHBIX YCIOBUSX, TPUBEICHBI B CBOAHOMN Ta0II. 2, M3 KOTOPOH BUIHO: UTO BOJOIIEMEHTHOE OTHOIIICHHE
(nanee B/L) cocraBnsier oxono 0,5; 4To comepKaHWE LIEMEHTa W BOJABL, a TAaKXKE CPEAHSSI IUIOTHOCTD
pPacTBOPHOM CMECH BO3PACTAET C MOBBIIEHHEM MapKH (Kj1acca) 3aTBEP/EBILIEr0 PacTBOPA; YTO COACPIKAHHE
XBOCTOB 00OTAICHUS HAXOAUTCS TOYTH B OHOM ypoBHE — 1121...1251 kr/m?; 9T0 10 MOKa3aTesam cpeaHeit
IJIOTHOCTH MEJTKO3EPHUCTBIE PACTBOPHI OTHOCATCS K JIETKHUM.

Ta6m/1ua 2— COCTaB, CpeaHss IJIIOTHOCTDh, MapKa (KJ'IaCC) 1 MMPOYHOCTb Ha CKATUE 3aKJIaTHBIX cMecell Ha OCHOBE XBOCTOB

oOorareHust
Mapka (kmacc) Pacxo/1 HCXOIHBIX MAaTEPHAIIOB, KI/M> CpenHss II0THOCTh IIpounocTs 06pa3uoB
OeroHa [IEMEHT BOZIA XBOCTBI GETOHHON cMecH, KI/M? pasmepom 7x7x7, Mlla

M35 (~B2,5) 69 35 1251 1355 3,7
M75 (~B5) 92 46 1251 1389 7,4
M100 (~B7,5) 140 70 1176 1391 10,1
M150 (~B10) 191 95 1139 1425 14,1
M200 (~B15) 219 107 1121 1447 20,9

B Ta6n. 3 npencrasiensl copmectHoe BiausHue CI1 u [I111 Ha TeXHUYECKHE U TEXHOJIOTUYSCKUE CBOMCTBA
3aKJIaIHBIX CMECEeH W pacTBOPHOTO KaMHS, W3 KOTOPBIX BHUIHO, YTO: IOABIDKHOCTH 3aKIaJHBIX CMecei
0e3 nobasku cocraeisieT 3,0...4,0 cM., a B npucyrctBuu 0,3% CII — ona Bo3pacraer, gocturas 8,0...10,2
cM., ipu 3toM B mpucytctBum CII pacxon Boabl YMEHBITHUTCS, HECMOTPSI Ha TMOBBIMICHUE MTOABHUKHOCTH
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cmecu; npucytereue 0,3% CII ciocoOCcTByeT MOBBIICHUIO TPOYHOCTH 00pa3noB, HaunHas ¢ M100 (B7,5),
BO3pacTacT Ha OAHY MapKy (Kiacc); Hampumep, 0opasiel ¢ M200(~B15) 6e3 mobasku CII nMeeT mpouHOCTH
20,9 Mlla, a npu BBegenun 0,3% CII npounocts 00pa3noB BO3pacTaeT Ha OJAHY MapKy, T.€. COCTaBISET
M250 (~B20), xoTs1, mpu 3TOM TOABMKHOCTH MCXOJHOW pacTBOpHOM cmecH Bo3pactaer oT 4,0 cm. mo 10
cM; pononHutensHoe BBeAeHue 1,5% I Ha moaBUKHOCT 3aKIaAHBIM CMECEH M MPOYHOCTh HA CXKATHE
00pa3loB 3aMETHOrO BIMSHUS HE OKa3bIBACT; 3aTO HA MPOYHOCTH CLEIUICHHUS C MOBEPXHOCTHIO IPAHUTHOM
TUTH pazmMepamu 10x10X2 cM. 0Ka3bIBaeT CYIIECTBEHHOE BIUSHUE, TaK, HAIIPUMEDP, TPOIHOCTE CIETIICHUS
C MOBEPXHOCTHIO MMOJIEBOIINATOBOM IIUTHI 00pa3noB ¢ M200 (~B15) [unmu M250 (~B20)] 6e3 nobaBku u ¢
nobaBkamu pacteT B psaay: 0,93 Mlla (6e3 nobasku) — 1,1 (¢ mob6askoit CIT) — 2,3 MIla (¢ no6askoit CIT
n JIIIT).

Tabnuna 3 — Biusaue CIT u AI1I1. Penapatypa Ha pacxos BOJbI, TOABHKHOCTb U IPOYHOCTDH 3aKJIAJAHBIX CMECEi Ha OCHOBE

XBOCTOB 00OraIcHus

Mapka (ki1acc) Mapka (kiacc) Pacxon Bojib, TMoxBUKHOCTB!, cM [IpouHocTh mpu IIpounocth
pactBopa 6¢e3 pactBopa ¢ Kr/m3 cxkarun®, MITa creruienus?, MITa
nob6asku CIT no6askoii CIT

M35 (~B2,5) M35 (~B2,5) 35/31 3,0/8,0 3,7/4,0/4,3 0,31/0,4/0,93
M75 (~B5) M75 (~B5) 46/41 3,2/8,2 7,4/8,2/8,7 0,52/0,58/1,1
M100 (~B7,5) M150 (~B10) 70/63 3,5/8,9 10,1/12,1/12,5 0,61/0,72/1,6
M150 (~B10) M150 (~B12,5) 80/72 3,5/9,4 14,1/17,7/17,8 0,81/0,91/1,9
M200 (~B15) M250 (~B20) 107/99 4,0/10,1 20,9/26,5/27,2 0,93/1,1/2,3
[Mpumeuanne™®: 1) nepex uepToi (/) pacxox BOIBI M TOABIKHOCTE cMecH Oe3 nodasku CII, a mocire Heé pacxost BOABI M TTOJBHKHOCTD
cmecH ¢ 1o6askoit CIT; 2) mepen uepToii (/) MpOYHOCTE NP CHKATHH U CLeIUIeHHH o0pa3ios 6e3 nobasku CII, a mocie Hee MPoYHOCTH
TIPU CKaTUH U creruieHnu ¢ go6askoit CI1, mociie Hee MPOYHOCTH MPH CKATHHU | CIeTuIeHHH 00pa3ios ¢ nodaskoii CIT u AI1IT

O6cy:xnenne pe3yasTaToB. O cucremMe MOPTIAHAIEMEHT — XBOCTHI — BoAaa. Cpean Bcex (DHU3HKO-
MEXaHMUYECKUX CBOWCTB 3aKJIQJHBIX cMecell (TMOIBMKHOCTh, MapKa, MPOYHOCTh CIEIUICHHs) Hamboee
BaXHBIM SIBIIIETCS — MPOYHOCTh CIEIJICHHS MX C TOBEPXHOCTBHIO MOPOJ, OCOOEHHO — C TOBEPXHOCTHIO
uxX TpemuH. Jleno B ToM, 4To OOpylIeHHs B mIaxTaxX OOJBIIEH YaCThIO MPOMCXOAUT MO MOBEPXHOCTSIM
ocnabieHus, 00yCIIOBICHHBIMH JIM3bIOHKTUBHBIME HAPYUICHUSIMH, 4 Tak)Ke HaJMYMEM HarpaBliCHHBIX B
CTOPOHY BBIPAOOTAaHHOTO MIPOCTPAHCTBA TPEIIHH.

[Ipu 5TOM NOABHIKHOCTH W MPOYHOCTH Ha CIKATHE 3aKJIJAHBIX CMECEH MOTYT BIIOJIHE COOTBETCTBOBATH
TEXHUYECKUM TPEOOBaHUSAM, a BOT TIO POYHOMY CIIETNIEHUIO — KaK MPaBUJIO, HE JOTATHBAIOTCS, TOCKOIBKY
3aKJIaAHbIC CMECH CUCTEM: MOPTIAHALEMEHT — BOJA MU OPTIaHAEMEHT — [IECOK — BOJIa [0 CBOEH mpupoe
HEY/IOBJIETBOPHUTEIHHO CHEIUIIETCA C IMMOBEPXHOCTHIO MOPOABI B IE€JI0M, 0COOEHHO — C TOBEPXHOCTBIO HX
TPELINH B YaCTHOCTH.

Cormacao CT PK 1168-2006 mpo4HOCTH CLIETUICHHS 3aTBEP/IEBIINX IIEMEHTHBIX PACTBOPOB C OCHOBAaHUEM
Ha OTpBIB JOJDKHA Konebarbes B mpenenax 0,3...0,40 Mlla, mpu 5TOM MX Mapka JOJKHA HaXOIUTHCS B
npenerax M10...M200 (B1...B15); crnemoBaTenbHO OTpBIBHas MPOYHOCTH 3aTBEPAEBIINX PACTBOPOB B
33...500 pa3 meHbliie, Ha cxkarue. Jlanee: MPOYHOCTh HA CHKaTHe 3aTBEPJICBIIMX 3aKJIAJOUYHBIX CMECeH, KaK
npaBuio, e 6oinee 5,0 MIla 4,5, cienoBaTenbHO — anpruoOpyU MOXKHO YTBEPXKIATh IPOYHOCTH CLETUICHHS UX C
MOBEPXHOCTH opox He mpebiiaeT 0,15 MIla — 3To B stydiem ciiydae, a B XyAIIEM — MEX/1y TOBEPXHOCTIMHU
IIOPOJT M 3aKJIaIOYHBIMH CMECSIMH U BOBCE HET CIICTICHHS, T.€. OHO paBHO HYJIO. [loaTOMYy OYeHB YacTo B
[Iaxrax HaOIIOMAIOTCs 00BaJIbl — OOpYIIEHHE MOPOJ BMECTE C 3aKJIaJ0UHBIMU CMECSIMHU.

UToOBl TPOM3O0ILIO CHEIUICHHE MEXKIY TTOBEPXHOCTSIMHU TIOPOJ M 3aKJIaJ0YHBIMH CMECSIMH, B COCTaBe
MOCIIEHUX JIOJDKEH OBITh CTPYKTYypoOOpasyloUuii WHAWBUI, TUNAa KapOOHATOB LIETOYHO3EMENbHBIX
9JIEMEHTOB. TaKkuM MHINBHIOM JJIS 3aKJIaJJHBIX CMECEH SBISIOTCSA XBOCTHI oOorameHus padpuk, COCTOSIINE
MIPEUMYIISCTBEHHO M3 KapOoHaTa KallbIUsl, TIOCKOJIBKY CIICIUICHUE M3BECTHSKA, 110 CPABHEHHIO C JAPYyTUMU
MuHepasiaMu Bbie. [1o cuenyennio B TBEpACIONIUX CHCTEMAaX 3TH MUHEPAJIbI — 3aIIOJIHUTENN CHUKAIOTCS B
psny kapOOHaTHBIE > KBapIlleBbIe > TOJIEBOIINATOBIC > rpaHUTHEIE 6, 7. V3 Tabm. 3 BUAHO, 9TO: MPOYHOCTH
CHEIUIEHUsI CUCTEMBbl MOPTIAHALIEMEHT — XBOCTHI — Boja npu mapke M35 nocruraer 0,31 Mlla; ono
CYIIECTBEHHO BO3pacTaeT C TMOBBIMICHHEM MapKd 3akiIamodHoi cmecu, pocturas 0,93 Mlla npu M200
(xmacca B20).

CrnenoBatennbHO, TNPUMEHEHHE XBOCTOB OOOTAICHHUS, COCTOSIIIUX M3 HW3BECTHSKA, ONArornpusTHO
BO3/ICHICTBYET Ha CBOWCTBA 3aTBEPJACBINIUX 3aKJaJHBIX cMecei. [IpudeM, W3BECTHSK HE TOJIBKO HMMEET
MOBBIIEHHOE CLIETIIICHNE C IEMEHTHBIM KAMHEM, HO OH TO3UTUBHO BIIMSET Ha BCE F'UIPATAIIIOHHBIE TPOLECCHI,
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MIPOUCXOMSINE B TBEPACBIINX CHIIMKATHBIX cucTemax. [IpaBaa B M3BeCTHBIX paboTax M3BECTHSK U IpyTue
KapOOHATHI METOYHO3EMETHHBIX METAJNIOB B TBEPCIONTYIO CHIIMKATHYIO CHCTEMY BBOJIMIIU B BH/IE MTOPOIIIKA.
OpnHako IUCIEPCHOCTh ATUX MATEPUAJIOB IPU MOBEPXHOCTHOM B3aUMOACHCTBUU NPUHIIUINATBLHOTO 3HAUCHUS
He uMeeT. KoHeuHO, B MOJIOTOM BHJIE 3TH KapOOHAThl OKa3bIBAlOT OOJIbIICE BIMSHUE Ha THApATAHOHHBIE
IpoIiecchl, YeM KapOoHaTHbIe MEeOCHb W TecOoK. lNaBHOe: B JFOOOM cilydae MPOUCXOJUT XUMHUYECKOe
B3aMMOJICHCTBHE MEKAY KapOOHATaMW M MIPATHBIMU LEMEHTHPYIOLUIMMHU BEIECTBAMH, YTO OYEHb Ba)KHO
TUTSI TIPOYHOCTH Ha CIETIEHNE U TOITOBEYHOCTH 3aKJIaTHBIX U HAOPBI3TOBBIX PACTBOPOB M OETOHOB HA OCHOBE
M3BECTHSIKOBBIX 3allOJIHUTEIEH.

[TonoxxuTenbHass poib KapOOHATOB IIENOYHO3EMENbHBIX MaTepuaioB (Kajbl[UTa, MarHe3uTa u
JIOJIOMHUTA) Ha TPOIECCHl THIPATAUK U TBEPJCHUS CHIIMKATHBIX THAPATUPYIOMIMX CUCTEM H CHHTE30M HX
MIPOYHOCTH CBsI3aHa PA3TUYHBIMU (QYHKIMSIMH, BHITIOJTHSIEMBIMA MU B TBEpJIEIONIel cucteme. DT QyHKIUU
caenytromue [8-10]: kaTanuTHUEeCKOE AeHCTBIE; TOBBIICHUE pPH TBepAcIoIIeHt cpepl; CTAaHOBICHUE IIEHTPOM
KPUCTAJUIM3AaLMHU U TOAJIOKEK HOBOOOPa30BaHUI; yIyUllIeHHEe TPaHyJIOMETPUUECKOrO COCTaBa TBEPACIOIIEH
CHJINKATHOM CHCTEMBI TyTEM €ro pEeTyIHpPOBAHMS;, MO3WTUBHOE W3MEHEHWE YCIOBHU KPHUCTAIIH3AIUU
MPOIYyKTOB THIpaTaLlUU.

O cucreme nopriaanguemenT — xBocTbl — CII — Boma. B HacTosiiee BpemMsi OETOHHBIE W PACTBOPHBIC
cmecu 0e3 CII, kak mpaBmIIo, B CTPOUTENHCTBE U CTPOUTENHHOM MHIYCTPHUN HE IPOU3BOAATCA. TeM He MeHee,
COBPEMEHHBIC TEXHOJIOTUH MPOU3BOJACTBA MOAW(MUIMPOBAHHBIX OCTOHHBIX M JKEJIE300CTOHHBIX HW3ICIHUH
KOHCTPYKITMI TPONUTH CTOPOHON 3aKIAJHBIX CMECEW, 4TO OOyCIIOBICHO MaJloil MPOYHOCTH MOCIETHHX
(cunraercs, uyto CII a3¢hhekTUBHBI TOJIBKO MTPK OOJIBLIMX PAcXOax LEMEHTA).

Tem He MeHee, Kak MOKa3bIBaIOT HacTosme uccienoBanusi, ClII mo3UTUBHO BIMsIET HAa TEXHUYECKHE U
TEXHOJIOTUUECKHE CBOMCTBA 3aknanHbix cMeceil. Hampumep, CII MoXeT: CHUXKATh pacxo/l BOJbI; OBBIILIAThH
MOJIBUKHOCTh 3aKJIaJIHBIX CMECEH; MOBBIIIATh NMPOYHOCTHBIE XAPAKTEPUCTUKH TBEPJACIOLUINX LEMEHTHBIX
cMmecei.

[Monoxurenbubie 3ddexrer CIT Heonmutr 400 Ha cBOWMCTBA 3aKIIaHBIX CMECEH OOBSCHSIETCS TEM, UTO;
JeIOKYISIpyeT 3epeH LIEMEHTa, B Pe3yJbTaTe Yero arperaTHoe 3epeH MOCIeHET0 pa3pyIatoTcs, BBITyCKas
3aIIEeMJICHHO OCTEKJIOBAHHYIO BOAY HAPYXKY, UTO CIIOCOOCTBYET MOBBIIICHHUIO MOJIBUKHOCTh CMECH; OyIydn
annoHakTHBHBIMH CII MmIacTUQUUUPYIOT MOJOKUTEIBHO 3apsDKEHHBIC YaCTHIBI TBEPACIOIIUX CHCTEM,
g1o CII cmocoOcTByeT CriakMBaHWIO HEPOBHOCTEHW WX TMOBEPXHOCTH, MOBBIIIAIONIYIO WX TOABHKHOCTE;
cynbgorpynmel SO,°, ocraromumecs Ha monekynax CII npu oTuienienuy HOHOB HATPHs, B3AUMOJIEHCTBYET €
THIPATHBIMH TPOTYKTaMH IIEMEHTa, 0COOCHHO C €T0 aTFOMUHATHBIMH COCTABIISIOIIAMH.

Bce st ocobennoctu CII mo3uTHBHO AEHCTBYET HA MOJABMKHOCTD 3aKJIAJAHBIX CMECEH U IPOYHOCTh NPU
CKaTHH NIpU UX TBepAeHuu (Tadi. 3). OnHaKo, Kak BHIHO C 3TOW TaOJIUIbI, TPOYHOCTH CLIETUICHUS 00pa3IoB
HE OYeHb pacteT npu npucyrcTBuHM Toidbko CII. UTOOBI MOBHIIATE NMPOYHOCTH CIEIICHHS 3aKIaJHBIX
cMecel JI0 JOIDKHOTO ypoBHS, B HUX, Hapsay ¢ CII, cienyer mononnutensHo BBoauth JIII1, obnanaromieit
MTOBBIIIIEHHOW CITOCOOHOCTHIO K a/ITE3HN.

O cucreme nopriaanaueMenT — xBocThbl — CII — JIIIIT — Boaa. IloBbllieHHEM MPOYHOCTH CLETUICHUS
TP BBEJIEHUH B COCTAB TBEP/CIONINX CUCTEM pelMcCIeprupyeMon 1o0aBku Tuma «Pemaparyp» o0yCciIoBIeHO
TEM, YTO:

JAHHBIA THUCIIEPCHOHHO-TIOIMMEPHBIN MOPOIIOK, KaK PEeIUCTIePrUpyeMbIii HHIUBUI, TIPU CMEIINBAHUN
C BONOH (B TBepAewIel cucTtemMe), BHOBh 00pa3yeT BOAHBIE MOJUMEPHBIE AMCIIEPCUHU, KOTOPHIE CO3MA0T
«pEe3VHOBbIE MOCTHKM» B IOpax 3aKJIaJHBIX CMECEH U Ha rpaHMIle C OCHOBOMH - C TOBEPXHOCTHIO MAaCCUBHBIX
TOPHBIX HOPOJ U C MOBEPXHOCTHIO TPEUIUH, CYIIECTBYIOIIMX B 3TUX MOPOJAX, TEM CAMbIM CYLIECTBEHHO
MOBBIIIAET MPOYHOCTH CLEMJIEHUS MEXJy MOBEPXHOCTSIMH 3aTBEPACBIIMX 3aKJIAJHBIX CMECEH M TOPHBIX
MIOPO/JI, BKIFOUAs TIOBEPXHOCTH TPEIINH;

B JIIII mpucyTCTBYyeT aKTUBHBI KPEMHE3EM, CBS3aHHBIM C MOIMMEPAMH, KOTOPBIA B TBEPACIOLINX
3aKJIaIHBIX CMECAX HauMHaeT B3aumonercTBoBars ¢ Ca(OH),, BbIIEICHHOM NpK TUIpaTalliK IEMEHTA, IIPH
9TOM 00pa3yercsi 0COOCHHBIE IIEMEHTUPYIOIINE BEIMIECTBA - THAPOCHIMKATHI KAIBINS, OTINYNAE OT OOBIIHBIX
TUJPOCUIIUKATOB Kanblus, BosHuKawomme npu ruaparaiuu C,.S u B-C,S nemenra, oHu OXHOH CTOPOHBI
XUMHUYECKH CBSI3aHBI C I[IEMEHTHPYIOUIMMH BEIIECTBAMU 3aTBEPACHHEM 3aKJIaJHOW CMECH, a C JAPYrou
CTOPOHBI — C PEAHUCIIEPTUPYEMBIMH MTOJUMEPHBIMU COSAMHEHHUSIMH; OTO TAKIKE CIIOCOOCTBYET MOBBIICHHUIO
MIPOYHOCTD CHEIUIEHNsI C OCHOBAHUEM (C IMMOBEPXHOCTHIO MACCHBA U TPEILIUH B HEM).

[TosToMy MPOYHOCTE CUEIICHUS 3aTBEPACBIINX 3aKIaqHbIX cMeceil B mpucyrcteuu I «Penapatyp» B
HECKOJIBKO pa3 BO3pacTaer.

BoiBoabl. [lomydeHbl 3akimamHble CMECH Ha OCHOBE XBOCTOB obOoramieHust ¢ god6askamu CIT u JIIIII,
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oOMajlatoye MOBBIMICHHOW WX TMOJBUKHOCTBIO, MPOYHOCTHIO HA CKATHE W CICIUIIEMOCTBIO TOCIe
3aTBEPICHUS.

[IpumeHeHre XBOCTOB 00OTAIEHNUS B KAU€CTBE MEIKO3EPHUCTOTO 3aMOTHUTEISI CIIOCOOCTBYET CO3/IaHUIO
0€30TXOIHOM TEXHOJOTHUHU MEePepadOTKU MUHEPAIBHOTO ChIPhs, MOJYUYeHUIO 3(()EKTUBHBIX CTPOUTEIBHBIX
3aKJIaJIHBIX CMECEH M PEIICHHIO SKOJIOTO-9KOHOMHYECKOH MPOOIeMbI OKpPYIKAIOIIeH cpe/ibl.

B 3aBucHMOCTH OT cOCTaBa 3aKJaJIHbIC CMECH C MOJBUKHOCTBIO OKOJIO 4 cM Mapka (Kiacc) Koyeoercs
B npenenax M35 (~B2,5) ... M200 (~B15), a mpourocts criieruierus 0,31...0,91 MIla; ganee: nmpu BBeIeHUN
CII ux mopBmxHOCTh aocturaetr 10 cM, mapka (kmacc) — M250 (~B20), mpounocts crerienus 0,4 ... 1,1
MIla; npu nononautensHoM BBeaeHun JIIIT noaBMKHOCTh cMecel U UX MPOYHOCTh Ha CKATHE HECKOJIBKO
YIy4ILIaeTCsl, HO IPOYHOCTh CLEIUICHUS IIPU 3TOM CYLIECTBEHHO Bo3pacTtaet, nocturas 0,93 ... 2,3 Mlla.

B pesynbrare yaayHOro MPOTHO3UPOBAHUS, KaXKIbIH 3JEMEHT 3aKJIaJHBIX cMecei mpu A(PPEKTUBHBIX
COUCTAHMSIX BBITIONHICT CBOIO (YHKIIHOHATHHYIO J(P()EKTUBHOCTH, MPUCYIIyI0 eMy (MX) BIIOITHE
YJOBIETBOPUTEIIBHO: MOPTIIAHIICMEHT OTBEYACT TEXHUYECKUM TPSOOBAHUSIM HOPMATUBA; XBOCTBI — OEPYT Ha
ce0st PoJIb KOHCTPYKTUBHOI'O 3JIEMEHTA, UI'Past TOJI0KHUTEIbHYIO POJIb KaK KapKac 3aTBEPJACBIINX 3aKJIaJ0K;
CII — noBbIlIAET MOABMXXHOCTH CMECEH M MPOYHOCTH pacTBOpHOro kamust; I — cymiecTBeHHO yBeIUUUBAET
MPOYHOCTH CUEIUICHUS C OCHOBAHUEM.

Information about authors:

Bek Aiman Askarkyzy — PhD student of Karaganda Technical University, Karaganda, Kazakhstan,
aiman.bek.001@gmail.com, https://orcid.org/0000-0003-1671-297X;

Yestemesov Zatkali Airanbaevich — Director of Central certification laboratory of building materials,
Doctor of technical science, Professor, Almaty, Kazakhstan, tselsim@mail.ru, https://orcid.org/0000-0001-
8725-3735;

Nurpeisova Marzhan Baisanovna — Professor at Satbayev University, Doctor of technical science,
Almaty, Kazakhstan, marzhan-nurpeisova@rambler.ru, https://orcid.org/0000-0002-3956-5442;

Suvorov Alexander Sergeevich — Undergraduates of Kazakh Leading Academy of Architecture and Civil
Engineering (KazLAACE), Almaty, Kazakhstan, alekssuvorovOO@mail.ru, https://orcid.org/0000-0001-
7259-3835;

Dadin Akilbek Dadinovich — Candidate of technical sciences, Aktobe, Kazakhstan, akilbek.dadin@mail.
ru, https://orcid.org/0000-0003-0401-8390.

JINTEPATYPA

1. CipaBounnk / TexHOreHHOE MHHEpalbHOE ChIphe pyAHbIX MecTopoxaeHnii Kazaxcrana — REFERENCE BOOK. Technogenic
mineral Raw Materials of Ore Deposits in Kazakhstan. Apropsr: X.A. becnaes, C.K. Karoros, 10.C. ITapunos. u ap. (Bcero 11
aBTopoB) [lox pen. A.A. A6mynuna, X.A. bec-maeBa u 1p. - Anmarsl: MHoOpMaIl.-aHaTUTHYECKUA IEHTP TE€OJIOTUH U MHH. PECYPCOB
PK, 2000. - 122 c.

2. Ctoyn P. AdpoOHasi crabunu3anus 3eMJISIHON 3achIlIKM BKH.: TBepabie orxonsl: [lox pex. U. Manremia; Ilep. ¢ anri. D.T.
ITerepuna, A.C. CkotHukoBa. — Mocksa: Crpoiinznar, 1979. —c. 105-129.

3. XKanracynst H., Ecremecos 3.A., Caprbaes M.K., Koryr A.B. Bo3MOXHOCTH HCIIOJIB30BAaHHSI TEXHOTEHHBIX OTXO/I0B TOPHBIX
MPEANPUATHH JIJIs1 IOJTYUYEHUS] CTPOUTENIbHBIX MaTepuaioB. - MHcTutyT ropuoro nena um. J[.A. KynaeBa, r. Anmarsl, Kazaxcran.
2017-224.

4. KommuiekcHast mepepaboTka MHUHEpaJIbHOTO ChIphbs Kasaxcrana (cocrosHue, npodaemsl, pemenns). B 10-tu T. Tom 1. Topubie
Hayku ¥ po0Oiemsl ocBoeHus Heap Kazaxcrana. Hayunoe nznanue/- Acrana: ®omuant, 2003. - 416 c.

5. Tpyoxkun U.C., 3yokoB A.A. 3akiagodHble CMECH JUIsl TOPHBIX BBIPAOOTOK C IIPUMEHEHHEM KOHBepTepHBIX IutakoB MMK n
XBOCTOB oOorarieHust MegHo-cepHbIX pyn// Bectauk MI'TY um. I'U. Hocosa, Ne=3, 2007. —c. 12...14.

6. Jlrobumosa T.}O. OcoOGeHHOCTH KPHCTAIIM3AIMOHHOTO TBEPJACHUS MHHEPAIBHBIX BSKYIINX BEIISCTB B 30HE KOHTAKTa
C pa3NIUYHBIMH TBEPIAbIMH (hazamMu (3amomHHUTENsIMU)// DPHU3UKO-XUMUYecKas MEXaHUKa AucHepcHbIX cTpykryp: llom penm. IT.A.
Pebunnepa. — Mocksa: Hayka, 1966. — c. 268-280.

7. SApymkuna C.X., Epamsn A.A., Jlapuonosa 3.M. BiusHue MUHEpasorn4eckoro coctaBa 3anojiHuTeNneil Ha GopMupoBaHue
CTPYKTYPBI ¥ MEXaHHYECKHE CBOIMCTBA KOHTAKTHOI 30HBI O0eTOHOB// PHU3MKO-MEXaHWYECKUE HMCCIEJOBAaHUS IIEMEHTHOTO KaMHS U
6erona: Tpynet HUMXKB, Beim. 7. — Mocksa: Ctpoit u3nar, 1972. — c. 114-120.

8. Byt 10.M., Konbacos B.M., Casun E.C. [IpumeHeHrEe KapOOHATHBIX TOPOJ JAJIS MPOU3BOJCTBA CHIIMKATHBIX aBTOKIABHBIX
marepuainos// B kH.: KpynmHopasmepHble W3Aenust U3 Pa3IUuHBIX MATEpHAIOB Ha Pa3IM4YHBIX BOKYMMX. — Buisaioc, 1966. — C.
67...71.

9. Tumaries B.B., Koxxemsikun I[1.T. Biustaue 106aBOK KapOOHATOB KaJIbIIKs K MATHUSI HA TPOIECChI THPATAIMH TOPTIIAHAIIEMEHTa//
B kn.: CtpoeHue u cBoiicTBa CHIIMKATHBIX MaTepuaios. — Tpyast MXTU um. JI.U. Menneneesa, Boi. 118, 1981. — C. 70...78.

10.TumormeB B.B., Konbacos B.C. CBoiicTBa ieMeHTOB ¢ kapOoHaTHbIME nobaBkamu// Llement, Ne-10, 1981. —c. 10-12.

18



Volume 1, Number 450 (2022),

REFERENCES

1. Reference Book / Technogenic Mineral Raw Materials of Ore Deposits in Kazakhstan. Authors: Kh.A. Bespayev, S.K. Kayupov,
Yu.S. Parilov et al. (11 authors in total) Ed. A.A. Abdulin, Kh.A. Bespayev et al. - Almaty: Information and Analytical Center for
Geology and Mining Resources of the Republic of Kazakhstan, 2000. - 122 p.

2. Stone R. Aerobic stabilization of earthen backfill I in: Solid wastes: Ed. C. Mantella; Translation from English. E.G. Peterin,
A.S. Skotnikov. - Moscow: Stroyizdat, 1979. - p. 105-129.

3. Zhalgasuly N., Yestemesov Z.A., Sartbaev M.K., Kogut A.V. Possibilities of using man-made wastes of mining enterprises to
obtain building materials. - Institute of Mining named after D.A. Kunayev, Almaty, Kazakhstan. 2017-224.

4. Complex processing of mineral raw materials of Kazakhstan (state, problems, solutions). In 10 volumes. Volume 1. Mining
sciences and problems of development of the bowels of Kazakhstan. Scientific publication / - Astana: Foliant, 2003. - 416 p.

5. Trubkin I.S., Zubkov A.A. Stowing mixtures for mine workings with the use of MMK converter slags and tailings of copper-
sulfur ore dressing// Bulletin of MSTU named after G.I. Nosov, No.=3, 2007. - p. 12...14.

6. Lyubimova T.Yu. Peculiarities of crystallization hardening of mineral binders in the zone of contact with various solid phases
(aggregates)// Physical and chemical mechanics of disperse structures: Ed. P.A. Rebinder. - Moscow: Nauka, 1966. - p. 268-280.

7. Yarushkina S.Kh., Eramyan A.A., Larionova Z.M. Influence of the mineralogical composition of aggregates on the formation
of the structure and mechanical properties of the contact zone of concrete / / Physical and mechanical studies of cement stone and
concrete: Proceedings of NIIZhB, vol. 7. - Moscow: Stroyizdat, 1972. - p. 114-120.

8. Butt Yu.M., Kolbasov V.M., Savin Ye.S. The use of carbonate rocks for the production of silicate autoclave materials// In:
Large-sized products from various materials on various binders. - Vilnius, 1966. - p. 67 ... 71.

9. Timashev V.V., Kozhemyakin P.G. Influence of additives of calcium and magnesium carbonates on the processes of hydration
of Portland cement// In: Structure and properties of silicate materials. - Proceedings of the Moscow Chemical Technology Institute
named after D.I. Mendeleyev, issue 118, 1981. - p. 70 ... 78.

10. Timoshev V. V., Kolbasov V.S. Properties of cements with carbonate additives// Cement, Ne.-10, 1981. - p. 10-12.

19



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 450 (2022), 20-26 https://doi.org/10.32014/2022.2518-1491.86

YIK: 546.211:546.74
MPHTU 31.17.29

ML.A. [Ioypenodek

HAO «Tapasckuii pernonansnelii yausepcurer umenn M.X. Jlynaruy», Tapas, Kazaxcran.
E-mail: mdaurenbek@mail.ru

HEKOTOPBIE COBPEMEHHBIE 3APYBEJKHBIE HCCJIEJOBAHUSI HA OCHOBE
KOMILJIEKCHOTO CYJIb®UJIHOTO COEJAUHEHUSI Znln,S, (COCTOSIHUE
U TEHEHIIAU)

AnHoTanus. brnarogapsi yHHMKaJbHbIM (U3UKO-XMMUYECKHM CBOMCTBAM KOMILUICKCHBIC COEIUHEHUS
Cynb(UIOB yKe HAIIUIH IIUPOKOE IPUMEHEHUE B HayKe M TeXHHUKe. He cimyyaiiHo uX cuHTe3y U JaabHenneMy
HCCIIEIOBAHUIO TIPUBIICUCHO MPUCTAIbHOE BHUMAaHWE MUPOBOW HayqyHOH 001ecTBeHHOCTH. OCco0bIi HHTEpeC
npeAcTaBisieT cynb(ua UUHK-UHANK. Takue coeMHeHNsT 00JalaloT PsIOM MPEUMYIIECTB [0 CPABHEHHUIO C
JPYTHUMH CIIOKHBIMH CYIb(UAaMHU, CPer KOTOPBIX HIMPOKUH JIMana3oH MOIIONICHUS CBETa, peryiupyemMas
LIMPHHA 3anpeliéHHON 30HBI, XOPOIIMH OTKIMK Ha OOJXy4YeHHE BHAWMBIM CBETOM. JTH OOCTOSTENIbCTBA
HMMEIOT IPUOPUTETHOE 3HAYCHHUE B UCCIICJOBAHIH YKa3aHHOTO CyIb(Ha ¢ 1eIbI0 UCIIONb30BaHUs B KAYeCTBE
XMUMUYECKHX (HOTOKATAIN3aTOpOB TPHU MOJIYUYEHUH BoAOpona. B HacTosimiee BpeMsi Takue HCCIEIOBaHUS
0COOEHHO aKTyasbHBI, TaK KakK, 110 MHEHHIO OOJNBLIMHCTBA yUYE€HBIX, Oyayllee IUIaHeThl — 32 BOIOPOAHOM
SHEPreTUKOM.

B crarbe npuBenén o63op Hambojee 3HAYMMBIX 3apyOCKHBIX HCCIEJOBAaHMH B OOJIACTH KOMILJIEKCHOTO
cynbhuIanMHK-uHIUH 13 6osee 200 HaydHBIX pabOT, YacTh KOTOPBIX IPUBEACHA B cTaThe. B 0030pe npuBeeHbI
MIPUMEPHI UCCIEA0BaHMS Cylb(puaa IMHKA U WHANS 110 UCIIOIb30BaHUIO €T0 (PH3UKO-XMMHUYECKUX CBOHCTB B
OCHOBHOM JIJIsl IPUMEHEHHS JaHHOTO MaTepHaja B KayecTBe (POTOKATaIH3aTOPOB.

PaccmoTpenbl akTHBanysl BBIACICHUS BOAOPOJA NPU OOMYyYEHWH BUAWMBIM CBETOM (POTOKATAIM3aTOPOB
Znln, S ; BausHKME TeMIepaTyphl Ha (POTOKATATUTHIECKUE XapaKTepUcTuKK Znln, S, pu renepaniu BOAOPOa;
Iy TH BO3pacTaHue (POTOKaTaIMTHYECKON aKTUBHOCTH BbLJIe €U Bogopoaa Znln, S ; hoTod1eKTpoXuMHIECKUe
XapaKTePUCTUKH 3JEKTPOAOB; TMOBBIIICHHOEC W3BICUCHHE BOJOPOAA U3 BOABI Ha MHUKPOCHEPHBIX
(orokaranuzaTopax; cocoObl yBeaHYeHHs (POTOKATATMTUYECKON TeHepamuu H, npu o61y4eHnn BUIMMBIM
CBETOM; yNy4IlIEHHOE pasfenieHne (oToBo30YKAEHHBIX HOCUTENCH IS BBIACICHUS BOIOPO/Aa B HAHOIUCTAX
Znln,S,; HU3KOTEMIIEPATYPHBIA CHHTE3 CIOMCTOro (orokaranmsaropa Zn-In-S; nomydenue TpéxmepHOro
uepapxuyeckoro Znln S, u ero (oroxararuTHYECKUe CBOMCTBA; MOHOTEPMHUYECCKHMH / I'MAPOTEPMAJIbHBIH
CHUHTE3 TPOHMHOIO XajbKOreHMJa Merauna Znln,S,; HU3KOTeMIepaTypHblii cuHTe3 Mukpochep ZnlnS,;
HPOU3BOACTBO TOHKMX HAHOKPHMCTAIMYECKMX IUIEHOK ZnIn S, M mX ()OTO3IEKTPOXMMHYECKHE CBOMCTBA;
CHUHTE3 HaHOKOMII03UTOB Znln S, ¢ C-NOKphITHEM; IPUMEHEHHE B yCTPOMCTBAX MIPE0OPa30BaHus M XPaHEHHUs
SHEPTUU HAHOCTPYKTYPUPOBAHHBIX OWHAPHBIX U TPOWHBIX CYTb()UAOB METAJJIOB; CTIOJIb30BAHNE B KAYECTBE
CCHCHOMIIM3UPOBAHHBIX KPacHUTeIEH COTHEYHBIX IIEMEHTaX; ONTOAIEKTPOHHBIX IPUIIOKEHUH 1 Jp. BhISBICHBI
OCHOBHBIE TEHJICHIIUU U CJI€JIaHbl BBIBOJIBI.

KiroueBble cioBa: cynbua UMHK-MHIMHA, (HOTOKATaIM3aTOp, MPOU3BOACTBO BOJIOPOAA, JIETHPOBAHHME,
(u3nuecKkre MEeTO/IbI UCCIIEIOBaHUH, (POTOITEKTPOXUMUYECKHIE CBOHCTBA.
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KEIIEHATI CYIIbO@UATI KOCBUIBIC Znln,S, HETT3IHAEI'T KEHWBIP 3AMAHAYH
IETEJIIK 3EPTTEYJIEP(KYXAI MEH BETAJIBICHI)

AHHoTamus. bipereit ¢usuka — XUMHSJIBIK KACHETTEPIHIH apKachlHIA CYIbGUATEPIiH Kypiesi
KOCBUIBICTAPBI FHUIBIM MEH TEXHUKA/Ia KeHIHEH KOJIaHbIC TanThl. ONapbplH CHHTE31 MEH OfIaH opi 3epTTelyi
QJIEMJIIK FBUIBIMH KOFaMJACTHIKTBIH HAa3apblH ayJapraHbl Ke3lelcok emec. LIMHK-WHAWN CcynbQuIiHiH
KYPZel KOCBIIBICHI €peKIIe KbI3bIFYIIBUIBIK TYAbIpYAa. MyH/Iall KOCBIIBICTAP apachlHa KApPBIKTHIH CiHYiHIH
KEH ayKbIMbI, THIMBIM CaJIbIHFAH alMaKThIH PETTEJICTIH €Hi 0ap KoHEe KOPIHETIH JKapbIKIEH COyJeIeHYyre
JKaKCHI JKkayarl ocepi 0acka Kypaenmi cynbGuATepMeH cajbICThIpFaHaa OipKaTap apThIKIIBUIBIKTapFa ue. by
Karaalnap CyTeKTl aiyga XUMHUSUIBIK (OTOKaTaau3aropiap peTiHje naiiianaHy MakcaThlHIa KOpCeTUIreH
cynbduaTi 3eprreyae dackiMibikKa ne. KenrereH rambiMaapblH MIKipiHIIE, IJIAHETaHbIH OONaIlaFbl CyTeri
SHEPTUSICHIMEH OalIaHBICThI OONFaHIBIKTaH, MYH/IAl 3epTTeyliep Ka3ipri yakbpITTa epeKile 03eKTi.

Maxkanana 200-1eH acTaMm FhUIBIMH CHOCKTEP/iH HUHK-UHAUNA CYJIb(MUIATI KOCBUIBICH CaJlaChIHIAFbl €H
MaHBI3/Ibl MIETEJIIK 3epTTeyliepre MOy JKacalbl, ojapAblH Oip Oemiri Mmakamana xentipinreH. [lomyna
MBIPBIII CYJIb(OUIIH KOHE HHIUNII OHBIH (U3MKA-XUMHUSIBIK KACHUETTEPIH HETI3IHEH OChl MarepHasjibl
(doTokaranuzarop peTiHje naiganany OOMbIHIIA 3epTTEY MBICAIAaPhl KEIATIipiJIreH.

Znln,S, dorokaranuzaropiapblH KOPIHETIH JKapbIKIEH COYJNENEHAIpYy Ke3iHae CyTeri OeiHyiHiH
AKTUBTEHY1; CyTeTi TeHepauusAchl Kesinae Znln,S, GoTokaTaIuTHKANIBIK CHIIATTaMAlIapbIHA TEMIIEPATYPAHbIH
acepi; ZnIn S cyrteri OeiHyiHIH (DOTOKATAIMTUKAIBIK OCJICCHIUIITIHIH apTy JKOJIIAPbl; SIEKTPOATAPABIH
(hOTOPNIEKTPOXUMHUSLIBIK CUITATTaMaNIaPhl; MEKPOC(epalbiK OTOKaTaIu3aTopiaapia Cy/laH CyTeri allbIHybIHBIH
JKOFaphbLIaybl; KOPIHETIH JKAPBIKIEH CoyNeNenipy ke3inne H, GoTokarannTukaiblK reHepanusiCchiH apTThIpy
apicrepi; Znln,S, Hanomapakiuanap/aa CyTeKTi 0oy yIiH ()OTOKO3FBILI TaCHIMAIL Iy IBLIAPIbIH )KaKCapThUIFaH
Oeuninyi; Zn-In-S xarnapiel poToKaTaTH3aTOPHIHBIH TOMEH TEMIIEPATYPaJIbl CAHTE31; YIII OJIIIEM/Ti HEPAPXHUSITBIK
ZnInZS , JKOHE OHBIH (hoTOKATATUTUKAIIBIK KACHUETTEPiH ay; ZnInZS , METAJIBIHBIH YL XaJIbKOTEHUIIHIH
MOHOTEPMHSIIBIK / TUAPOTEPMAIIBIK CHHTE31; Znln,S, MUKpOC(HEPaChIHBIH TOMEH TEMIIEPATYPANIbl CHHTESI;
Znln,S, 'KyKa HaHOKPUCTAIIbI TUICHKAJIAPBIH OHIIPY JKOHE ONapbIH (OTOIEKTPOXHUMHUSIIBIK KaCHETTEPI;
ZnlIn,S, nanokomno3utrepin C-xaObIHMEH CHHTE3/IEY; SHEPTUAHBI TYPJICHIIPY XKOHE CAKTay KYPhUIFbLIAPBIH/IA
HAHOKYPBUIBIMIBI €KITIK KOHE YIITIK MeTal cylb(puATepiH KONAaHy; CEHCUOWIM3alUsUIaHFaH OOSFBIII
pETiHE KYH BJIEMEHTTEPIH MaijajiaHy; ONTOICKTPOHIBIK KOCBIMIIIAIap koHe T.0. KapacThlpbliabl. Herisri
TEHJICHIIMSIIAP aHBIKTAJJIBI )KOHE KOPBITHIHIBLIAP JKACAIBIH/bI.

Tyiiin ce3nep: HMHK-UHIMH CybduIi, PoTOKATAIN3ATOP, CYyTErl OHIIPIC, JETUPIICY, 3ePTTEYNiHOU3UKAIIBIK
onictepi, HOTOIMEKTPOXUMHSIIBIK KACHETTEP.

M.A. Daurenbek

Non-profit limited company «Taraz regional university named M.KH. Dulaty», Taraz, Kazakhstan.
E-mail: mdaurenbek@mail.ru

SOME MODERN FOREIGN STUDIES BASEDON COMPLEX SULFIDE COMPOUND
ZnlIn,S, (STATE AND TRENDS)

Abstract. Due to the unique physical and chemical properties complex compounds of sulfides have already
found wide application in science and technology. It is no coincidence that their synthesis and further study
attracted close attention of the world scientific community. Zinc-indium sulfide complex compound isof
particular interest. Such compounds have a number of advantages over other complex sulfides, including
a wide range of light absorption, adjustable band gap, and good response to visible light irradiation. These
circumstances are of priority importance in the study of this sulfide with the aim of using it as a chemical
photocatalyst in the production of hydrogen. At present, such studies are especially relevant, since, according
to most scientists, the future of the planet lies with hydrogen energy.

The article provides an overview of the most significant foreign studies from more than 200 scientific
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papers concerning the complex sulfide compound zinc-indium, some of which are given in the article. The
review provides examples of studying the physicochemical properties of zinc and indium sulfide with the aim
of using this material as a photocatalyst.

The activation of hydrogen evolution upon irradiation of Znln,S, photocatalysts with visible light; the
effect of temperature on the photocatalytic characteristics of ZnIn,S, during hydrogen generation; ways to
increase the photocatalytic activity of ZnIn,S,; photoelectrochemical characteristics of electrodes; increasing
the extraction of hydrogen from water on microsphere photocatalysts; methods for increasing photocatalytic
generation of H, upon irradiation with visible light; improved separation of photoexcited carriers for hydrogen
evolution in ZnIn,S, nanosheets; low-temperature synthesis of a layered Zn-In-S photocatalyst; obtaining
three-dimensional hierarchical ZnIn2S4 and its photocatalytic properties; ionothermal/hydrothermal synthesis
of ternary metal chalcogenide ZnIn S,; low-temperature synthesis of ZnIn,S, microspheres; production of
thin nanocrystalline ZnIn,S, films and their photoelectrochemical properties; synthesis of C-coated ZnIn,S,
nanocomposites; application of nanostructured binary and ternary metal sulfides in energy conversion and
storage devices; use as sensitized dyes in solar cells, optoelectronic applications, etc. are considered. The main
tendencies are revealed and conclusions have been drawn.

Key words: sulfidezinc-indium, photocatalyst, hydrogen production, doping, physical research methods,
photoelectrochemical properties.

Beenenue. CoBpeMeHHBIN HAyYHO-TEXHUUECKUI TPOrpecc 0CTPOHYKAAETCA B CO3/ITaHUM HOBBIX MATEPHATIOB,
OTBEYAIOIIUX 3aIIPOCAM CaMbIX Pa3IMUHBIX OTpaciel HayKu U TEXHUKHU. B uacTHOCTH, pelieHne 3K0oJI0rHueCKUX
npo0ieM HampaBlieHO HAa MOWCK HOBBIX MaTepHalioB JUIsl CO3AaHusl Oonee 3(PPEKTUBHBIX albTePHATHBHBIX
HMCTOYHHKOB SHEPTHH, BOCHOBEKOTOPBIX JIC)KUT COJHEUHAs SHEPreTHKa, pa3iMyHble dHeprocOeperaromune
npubOpEI 1 000pyRoBaHKe. B CBA3M ¢ 3TUM Ba)kHOE 3HAUCHHE TPHOOPETAIOT HOBBIE MaTePHaJIbl, MOJTyYeHHBIE
Ha OCHOBE KOMIUIEKCHBIX COAMHEHNH CyIb()HI0B METAIIIOB, 00J1aJaI0IUX TPUBIIEKATEIbHBIMU ONTHYECKHMU,
ANEKTPUIECKUMH, (POTOIIEKTPUISCKHUMHU U JIIOMMHECICHTHBIMHU cBolcTBaMu [1]. Bonee Toro, mo MHeHUIo
OONIBIIMHCTBA YU&HBIX, Oydyllee IUIAaHEThl — 3a BOXOPOAHOW 3HepreTukoil. OTcroma cliemyroT MpoOIeMBbl
3¢ PEKTUBHOTO U MEHEE 3aTPaTHOTO IPOU3BOACTBA BOAOPO/A B O0IbIIOM 00bEME. 3aMETHYIO POJIb B PELICHUN
9TOI MpOOJIEeMBl UTParOT KOOPAMHALMOHHBIE COEAWHEHHs CylTb(UIOB, HA OCHOBE KOTOPBIX pa3padoTaHbI
pa3nuvHble POTOKATAIN3ATOPEI, 3HAYUTEIHHO YBEIMUUBAIOLINE CKOPOCTH 00pa30BaHus BOAOPOAa, KBAHTOBBIN
BBIXOJ M JIpyTue MokasaTenu. McciemoBaHMsl MOKa3bIBAIOT, YTO Hambolee MPUEMIIEMBIMH JUIS CO3AaHUS
(oToKaTanM3aTOPOB SBISAIOTCS CJI0XKHBIE COEIMHEHMs Ha OCHOBe ZnInS,. Dtu coenunenus obnanaror
PSIOM YHHKAIBHBIX (PU3MKO-XUMHUUECKUX CBOMCTB, CPEAN KOTOPBIX IIMPOKHN TUANa30H MOTIOUICHUS CBETA,
perynupyemMasi IMpHHa 3anpeIléHHON 30HbI, XOPOLIMK OTKIMK Ha 00Ty4YeHHE BUIUMBIM CBETOM. YKa3aHHbBIE
00CTOSATENbCTBA UMEIOT MIPUOPUTETHOE 3HaYeHUE B (PYHKIMOHAIBHBIX OCOOEHHOCTSX (POTOKATaIM3aTOPOB.
ITpuBeném npumepsl.

Cocrosinne M TeHAeHUUU ucciaenoBanuid. 1. B pabGore [2] uccnenoBan psa QoTokarain3aTopoB Ha
OCHOBE CyNb(H1a IUHK-UHIUH, JIETHPOBAHHOTO Mebi0. DOTOKaTann3aTopbl ObUIM CHHTE3UPOBAHBI IPOCTHIM
THIPOTEPMAIbHBIM METOAOM C KoHUeHTpauueil Mean ot 0 go 2,0 mac. %. dusnueckue u Gporopusnueckue
CBOMCTBa ATHX (OTOKATaIM3aTOPOB OBUIM HCCICJOBAaHBl METOJAaMU PEHTIEHOBCKOH au(pakuuy,
(OTONIOMUHECIIEHTHON CHEKTPOCKONUEH, CKaHUPYIOIIEH 3JIEKTPOHHOM MHUKPOCKONHMEH M CHEKTPOCKOIUEH
muddysHoro orpaxkeHus: B (UONETOBOW 001acTH BUIUMOro crekrpa. CrexTpsl TU(Qy3HOro OTpaKeHUs
1 (QOTONOMUHECLEHIIMM 3TOr0 MaTrepHajia MOHOTOHHO CMENIAJIKCh B CTOPOHY OoJiee JUIMHHBIX BOJH MPHU
yBEJIMYEHUH KOHLeHTpauuu meau ot 0 1o 2,0 Mac. %. D10 yka3bIBaeT Ha TO, YTO ONTHYECKHE CBOMCTBA STUX
(hoTOKaTaMM3aTOPOB CUIBHO 3aBUCST OT KOHIIEHTPALMH JIeTupyromei Mmeau. Hanbonpimas horokatanutuyeckast
aKTHUBHOCTH HaOmiomanack npu KoHueHTpanuu menu 0,5 mac.%. [Ipu 3TOM cKOpocTh BBIACTCHUST BOZOPOIA
cocraBmia 151,5 MKMoIb/4 ipy OOIYYEHUH BUJUMBIM CBETOM C JUTMHOW BOJHBI A>430HM.

2. B wuccnenosanuu [3] BBIABIEHO, 4TO cepus (hoTOKaTanu3aropoB Znln,S, MOXeT ObITH yCIEHIHO
CHHTE3MPOBaHA I'MPOTEPMAIBLHBIM METOIOM IIPH Pa3InyHbIX Temneparypax (120, 140, 160, 180 u 200°C),
3areM uccienoBana cepueit MmetonoB ananuza: XRD, SEM, BET u PL. [Toka3aHo, uTo 3TH poTOKaTAIN3aTOPBI
HMMEIOT WJEHTHYHYIO IIUPHUHY 3alpeiéHHoN 30HbI. [ maporepManbHas Temreparypa okazaja CyleCTBEHHOE
BJIMSHHUE HA CBOMCTBA (POTOKATAIM3aTOPOB, TAKME KaK ILIOIAAb noBepxHOcTH o BOT, obmmii 00bEM mop,
cpeaHuil auameTp nop, Aedektsl 1 Mopdonoruro. PorokaranuTHUECKasi aKTHBHOCTD pernapara OlleHUBaIach
Ha OCHOBE MPOM3BOACTBA BOAOPOJA M3 BOABI NPU OONYyYEHHH BHIMMBIM CBETOM. [lOpsSIOK aKTUBHOCTH
oObsicHsieTcss KoaduuuentoM Mopdonorun u aedexkramu noepxHocTH. Hawmmyumas 3ddexTuBHOCTD
MPOU3BOJICTBA BOAOPO/A TOCTUTACTCs PU FHAPOTepManbHOi Temmeparype 160°C.
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3. B paborte [4] oTMedeHO, 4TO cepus (OTOKaTaanu3aTopos Znln,S,, T€rMpOBaHHBIX MIEI0YHO3EMENBHBIMH
MeTajjlaMH, TOJlyueHa TUAPOTEPMAIbHBIM METOJOM C HCIOJIb30BAHHEM MHKPOBOJIHOBOTO W3JIy4EHUS
W HCCIIEIOBaHA Pa3InYHBIMU MeTonamu ananmza: XRD, crmekrpsl B YO — BUAMMON 00JacTH, CIEKTPHI
(poromomunecuenuuu u SEM. Yenemnoe serpausanue Ca, St u Ba B pemérky Znln,S, 66110 OATBEPKAEHO
CIEeKTpaMHd KOMOMHALMOHHOTO paccesHus CBeTa. Pe3ynbTaThl HCCIEIOBaHHS MOKa3add 3HAYMTEIBHOE
HOBBIEHHE (POTOKATATUTHIECKOK akTUBHOCTH ZnIn,S, mpu neruposanuu Ca IpUMEPHO B [Ba pasa, TOIa
Kak JiernpoBaHue Sr 1 Ba He 1ajio Oy TUMBIX pe3yibTaToB.

4. B crarbe [5] ormeuaercs, 4To MUKpochepbl Cynb(uaa IMHKA U UHIUS OTYYEeHbI THAPOTEPMATIbHBIM
MeTonoM. HanokoMmno3ut mammaguii / cynbGUI OUHKA W MHAUS OB MPHUTOTOBIEH C HCIOJNBb30BaHHEM
meToza (oropesucTupoBanus. Jlns uccnenoanus o6pasnos HaHokomnosuToB ZnIn, S, u Pd / ZnInS,
MIPUMEHSITUCH CTIEKTPbI AN (Yy3HOTO oTpaskeHHs B YD-BuanMON 00macTy, TUPpaKys peHTTeHOBCKHUX JTy4eH,
MIPOCBEUYMBAIONIAs AJIEKTPOHHAS MHUKPOCKONMS, CIEKTpbl (oroaromMuHeceHun. CoracHo pesyibTaram
uccienopanus Gopma Znln S, okasanach MUKpOC(HEpUIECKOH, TOINA KaK JETUPYIOIME IIPUMECH TaIaaus
BBIIISLIAT KaK TOUKM Ha 3TOH MOBEPXHOCTH. TakuMm 0Opa3om, ONTHYECKUE U AIIEKTPOHHBIE CBOICTBA 00pa3LoB
HanokomnosuraPd / Znln,S, ObLIM 3HAYUTENBHO YIyHYLIEHBI 10 CPABHEHHIO C HEJIETMPOBAHHBIM MATEPHAIIOM.
O6pasubl HanokomnosuTa Pd / Znln,S, o6nagaror Gonee BBICOKOH (DOTOKATAIMTHYECKOH aKTHBHOCTBIO. [1pu
9TOM KOHIEHTpalusi HaHOKoMMo3uTa B 1,5 mac. % AeMOHCTpUpYET HAaWIydllylo (OTOKATATUTUYECKYIO
aKTHBHOCTb. [lomyueHHbIE pe3yabTaTbl MOTYT PAaCIIMPUTh HMCHONb30BaHHME CyAb(puIa LWHKA U WHIUS B
KauecTBe (hoTOKaTaIM3aTopa, padoTarOIIEro0 B BUIMMON 001acTH CBETA.

5.Bpabote [6] npeacTaBieH MeTO OTYUYECHUS PACTBOPA AT OCAXKACHUS JTIETHPOBAHHBIX MEABIO TNIEHOUHBIX
TOJTyIPOBOJHUKOBBIX 371€KTPO0B Znln,S,. CTpyKTypHbIE, ONTUYECKHE B (POTOITEKTPOXMMUYECKHE CBOMCTBA
00pa3LoB UCCIEIOBAINCH B 3aBUCHUMOCTH OT colepaHusi Meau B oOpasuax. [lomydena audpaxrorpamma
KyOuueckol (asel Znln,S, HeneruposanHoro odpasua. B obpasuax Znln,S,, 1erupoBaHHBIX MEIbIO, IPYTHX
COCAMHEHHH, CoIepXalluX MeIb, He OblI0. M300paskeHHss C pacTpoOBOro BJIEKTPOHHOTO MHKPOCKOIA H
MO3JIEMEHTHBIN aHaTU3 00Pa3LlOB MOYYSHHBIX B PE3yJIbTaTe SHEPrOJUCIIEPCHOHHOTO aHaIN3a PEHTT€HOBCKUX
JMydeild, MoKa3aqd H3MEHEHHEe MOPQOJIOTMU W COCTaBa IMOBEPXHOCTU HCCIEAYyeMbIX oOpas3umoB. [Ipsamas
3ampenéHHast 30Ha, HempsMasi 3anpeliéHaas 30Ha M TOJIUHA 00pa31oB, UCTIOIb30BaHHBIX B HCCIIEIOBaHUH,
BapbUPOBANIUCH COOTBETCTBEHHO B Auanazonax 2,07-2,58 3B, 1,60-2,06 B u 521-879 um. MakcumanbHbIH
(oTosnexkTpoxumuyeckuii oTkiuk o6pasuos B 0,5M Bognom pactope K SO, nocruran 1,15 MA / cm® ipu
BHemHeM notenuaie + 1,0 B, 4to BbIe no cpaBHEHHIO ¢ STalOHHBIM 3MekTpoaoM Ag / AgCl nmpu ocBenieHnn
KCEHOHOBOW sammoii mormHocThio 300 BT ¢ mHTeHCHBHOCTRIO cBeTta 100 MBT-cM?. DkcriepuMeHTaIbHBIE
Pe3ysIbTaThl MOKA3bIBAIOT, YTO JICTUPOBAHKUE ME/IbIO C aTOMHBIM cooTHOIIeHueM Cu / (Cu + Zn) 0,08 B oOpasuax
yIydlIaeT XapakTepucTuku (oronomorurens Znln,S, s npunoxenuid PEC.

6. B crarbe [7] BhisABIEHO, uTO Mukpocdepsl Znln,S,, nerupopannbie Ni*', MOryT OBITH MOTyYEHBI
THIPOTEPMaIbHBIM MeTo/ioM. ONITUMANIBHOE COZlepKaHue JIETHpyrolero Hukens cocrasiso 0,3 mac. %, npu
KOTOPOM MPOM3BOJICTBO BOIOPO/A JOCTUTAIO MaKCUMyMa. bosiee Bbicokast KOHIIEHTpanus qonupyomiero Ni**
BpSL T MOXET OBITh BCTPOEHO B pemiéTky Znln,S,, a mpocTo ocTaBaThCsl Ha MOBEPXHOCTH Marepuaia, yTo

>
MPUBOJUT K CHIKEHHUIO aKTUBHOCTHU. BBISIBHGHO,z‘l”i“O Ni**, neruposannsiil B pemérky Znln S, noMunupyer
no (OTOKAaTaJIUTUUYECKOW aKTUBHOCTH HaJ IMOBEPXHOCTHBIM COAepKaHHeM oOpa3oBaBILlerocs cyiab(uia
nukens (NiS). Pe3yabrarsl sKcriepiMeHTa MOTYT ObITh OOBSICHEHBI, €CIIH MPEAIIOIOKHTh, 4To Ni?* sBisieTcs
HETITyOOKHMM IIEHTPOM 3aXBaTa, YTO 3HAYUTEIBHO BIHMET Ha TIOBBILICHUE aKTUBHOCTH (DOTOKATAIN3aTOPOB.

7. B pabote [8] wmcciemyercsi (hOTOKaTAIMTHYECKOE MPOM3BOACTBO BOAOPOAA HA HAHOPa3MEPHBIX
(porokarammsaropax CuAg, . In .Zn S, nomydeHHbIX OCakACHUEM U NpoKaiuBaHueM. PoToKaTanu3aropsl
HCCIIeI0BaHbI METOAAMU AU(PAKIIMU PEHTIEHOBCKUX JIyUYeH, MPOCBEUNBAIOLIECH 2JIEKTPOHHON MUKPOCKOIIHEH,
CKaHUPYIOIIEH AJIEKTPOHHOW MHKPOCKOIHUEH, aOCOPOIMOHHON CHeKTpockonueil B YD-punumoii o6aacTy.
Pesynbrarel MccnenoBaHui MOKa3aiu, YTO TEMIEpaTypa M BpeMs NMPOKAJIMBAHUS 3HAYMTEIBHO BIUSIOT Ha
KPUCTaJNTMYHOCTh (POTOKATAIM3ATOPA, €r0 YIENbHYI0 MOBEPXHOCTh M COCOOHOCTh MOIONICHHST BUAUMOTO
cBeTa. AKTUBHOCTH (hOTOKATaIM3aTopa u3ydajach Mpu o0aydeHur BUAUMBIM cBeToM KI B kauecTBe qoHOpa
a11eKkTpoHOB. [lokasano, uto porokarammsarop CuAg, In .Zn S, NIpUrOTOBICHHBLIH IPU TeMIIEpaType 600°C
B TEYEHUE 5 4acoB, JAET CaMyK0 BBICOKYIO (POTOKATAIMTUYECKYIO aKTHBHOCTh (CKOPOCTh oOpasoBanus H,
cocrasisieT 1750 Mkmonb: T (-1) - wac (-1) u kBaHTOBBII BbIX0[ 12,8% mpu anunHe BoiHbl A = 420 + 5 HM), 4TO
MIPUMEPHO B ILIECTH pa3 0oJblie, YeM NMPH KaTalu3aropax, MOoJyYeHHBIX 0e3 TEpMUUECKONH 00paboTKH.

8. B crarbe [9] ormedeHo, uTo (oTOKATANM3ATOP C PEryaupyeMOH HIMPHHOW 3amperiéHHON 30HBI
Zn,,Cu, JIn,S, ( OBUI H3rOTOBICH MPOCTBIM OJHOCTAMITHBIM CONBBOTEPMHUYECKIM MeToLoM. Mccnenosano
BaMsAHKMeE Jeruposanus Cu v u30bITKOM In Ha (hOTOKATATUTHYECKYIO aKTMBHOCTh (hoTOKaTanu3aropa Znln,S,.
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Kpome Toro, orieHnBanuch ONTHYECKUE CBOWCTBA, MOP(OJIOTHS OBEPXHOCTH U KPUCTAJUIMYECKasl CTPYKTYpa.
MakcumanbHas ckopocThb Bbiaenenus H (2370 mxmonb: 1 (-1) - r (-1)) B Bugumom ceete (A > 420 Hm) Oblia
¢ Zn,,,Cuy InS, . B TSTH pa3 BbIIIC, YeM y"Heo6pa60TaHHoro ZnIn,S,. Mlupuna 3aIpeEHHON 30HEI
Zn,.Cu .InS . ymenbmmmace 10 1,95 5B 3a cuér yBennuennst MaKCMMaIbHOTO MOJIOKEHHS BAICHTHON 30HBI

HOOg%angHI/IIO ¢ ZnIn,S,. Kpome Toro, 3p()eKTHBHO yMeHbIIATACH PEKOMOUHAIMS SJIEKTPOHHO-IABIPOYHBIX
nap. 9TO UCCIIeI0OBAHUE CIIOCOOCTBYET pa3pabOTKe BHICOKOAKTUBHBIX (POTOKATAIM3aTOPOB B BUIMMOM CBETE.

9. B wuccnenoBanuu [10] ormewaercs, uTo (POTOKATANUTHUECKUE XaPaKTEPUCTUKU, OTPaHUYCHHBIC
OTHOCHUTETIFHO MEUIEHHBIM pa3JeIeHUeM HOCHUTENEH 3aps/ioB B MOJIYIIPOBOJIHUKAX, BCE €Il€ HAMHOTO HIKE
oxkuaaeMbIx. [IpearaeTcs MoaeIb HAHOIUCTOB Znln, S, ¢ KUCTIOPOIHBIM JIETHPOBAHMEM JUISl BBIACHEHHS O0JIEe
[TyOOKOTO IOHUMAaHUSI POJIN JIETUPYIOLIUX aTOMOB B (poTokarannse. JlonMpoBaHHbIE KUCIOPOJOM HAaHOJINUCTHI
[IOKA3bIBAIOT TOBBIMICHHYIO (OTOKATAIUTHYECKYI0O AaKTMBHOCTb I10 CPaBHEHMIO C HEJIETHPOBAHHBIMHU
HAHOJIUCTaMU. DJIEKTPOHHAs AMHAMHKA, IPOAHATU3UPOBAHHAS C TIOMOILBIO CBEPXOBICTPOM, HECTALIMOHAPHON
a0CcOopOLIMOHHON CIEKTPOCKOIUEH, OKA3bIBACT, YTO CPEAHEe BpeMsl BOCCTAHOBICHHS (OTO BO3OYKAEHHBIX
3JIEKTPOHOB YBEIMYMBAETCA B 1,53 pasa mpu BBEICHMH KHMCIIOpoAa B Kpucramibl Znln,S,. D10 yka3biBaeT
Ha yJIy4qIIeHHOEe pasjienienue (poto BO30YKIEHHBIX Hocutened. Kak M oKuaanock, HaHONMUCTHI ZnIn, S,
JIETUPOBAHHBIE KHCIOPOJAOM, NPU OONyYEeHUH BHUIMMBIM CBETOM IEMOHCTPUPYIOT 3aMETHO YIYUILEHHYIO
(hoTOKaTaTUTHYECKYIO aKTHBHOCTBH CO CKOPOCTHIO BBIAENEHHs Bogopona A0 2120 mxmons - 4 (-1) - T (-1), uto
B 4,5 pa3a Bblllle, UeM Y HEJIETMPOBAHHBIX HAHOJIHUCTOB.

10. B paGore [11] oraenbHble KOMIO3UTE Znln,S, ObUIM CUHTE3MPOBAHbI MPOCTHIM HU3KOTEMIIEPATYPHBIM
(80°C) criocodom ¢ ucnosnb3oBanueM NaCl. TlomydeHHbIe POAYKTHI ObLIH MCCISIOBAHbI ¢ MOMOIIBI0 XRD,
SEM, TEM, TG/DTA, ICP-AES, BET u abcopOunontoii ciekrpomerpuu UV-Vis. PaznoxeHue TuoarieramMmuia
(TAA) mpu HI3KOM TEMIIEpaType HCClIeoBaHa aOCOPOIIMOHHOM CITEKTpOCKoHel B YO—BHINMOM THaNa30He.
CxopocTb paznoxkenust TA A u konneHTparus NaCl Busiin Ha cocTaB, CTPYKTYPY, MOP(HOIIOTHIO B pa3Mep 3EpeH
nponykroB. [lomydeHHble 0Opa3ipl NpeacTaBIsIIOT COO0H MUKpOchepbl, MOX0KKHE Ha HOTOTKH, COCTOSIINE U3
HaHOIUCTOB. [Ipu oOnmyuennn BuauMbiM cBeToM (A > 420 HM) gonupoBanue oOpasuoB Pt 0,10 mac. % myTém
(hOoTOBOCCTAHOBJICHUS MTO3BOJIMIIA OLEHUTH (DOTOKATATUTHYECKYIO aKTUBHOCTD ITPUTOTOBIICHHBIX 00PAa3IIoB 110
BBIJIETICHHUIO BOJOPO/A U3 BOJHOTO PACTBOPA, COEPIKAIIEr0 TPHITAHOJIAMHH B Ka9€CTBE JJOHOPA AIIEKTPOHOB.
AKTHBHOCTH 00pa3iia, moiyueHHoro B mpucytctsun 0,50 mois - 11 (-1) NaCl, oka3anachk B IIATh pa3 BBIIIE, UeM Y
oOpasios 6e3 NaCl. Takum 0O6pa3om, POTOKATAIU3ATOP CO CIOUCTOHN CTPYKTYPOH CITOCOOCTBYET YITydIIIEHHON
(hOTOAKTUBHOCTH.

11. B crarbe [12] oTMed€HO, 4TO reKcaroHaibHble hoToKaTanmu3aropbl Znln,S, ¢ TpéXMepHOI MepapXHIEeCKOkH
(dbopmoil ObUIM YCHEIIHO CHHTE3MPOBaHBI C MOMOIIBIO COJHBOTEPMUYECKOTO METO/Ia C HCIOJIb30BAHUEM
oJiersIaMUHa. OKCHEPUMEHT MO BBIJEIEHUIO BOAOPOJAA IIOKa3aj, 4TO MOJYYEHHBIM Marepuan o0jamaer
xopouiel (OTOKaTaIUTUUECKOH AaKTUBHOCTHIO. Hampumep, CKOPOCTh IPOM3BOICTBA BOZOPOAA IOCTUraja
220,45 mxmonb - 4 (-1), a kBaHTOBBIN BbIXox nocturai 13,16% npu 3arpyske 3% Pt. [Ipu nanpneimei Tounoi
HaCTPOMKe NPOLEHTA OTKPBITOM IPaHM MOMYYEHHBIX KpUCTa/LI0B Znln, S, Ob110 00HAPYKEHO, YTO YBEIUIECHUE
rpaHeld, OrpaHMYEHHBIX MOHAMH METAJIOB, YIYUYIIMIO MX (OTOKATAJUTUYECKYIO0 aKTUBHOCThH. I3ydeHa
B3aMMOCBSI3b MEX/Y KPUCTAIUIMYECKOM CTPYKTYpOH MaTepHaia U ero (poTOKaTaTUTHICCKUMHU CBOMCTBAMH.

12. B pabore [ 13] TpEXKOMIIOHEHTHBIN XaIbKOTeHU A METaI1a Znln, S, Ob11 CHHTE3MPOBAH HOHOTEPMUYECKUM
/ THAPOTEpMATBHBIM METOJOM C HWCIIONBh30BaHUEM HOHHOH kuakoctn [Bmim] [BF4]. Kpucrammmaeckas
CTPYKTYpa U XHMHUYECKOE COCTOSIHHE MOBEPXHOCTH MaTepHaja MOATBEPKACHBI METOJAMHU PEHTTCHOBCKOM
I paKTOMETPUH U PEHTIEHOBCKOH ()OTOANIEKTPOHHOM crieKTpockonuel. [ Ipu cunTe3e marepuana Tpe6oBanoch
HeOonbIIoE KomMuecTBO Bobl. [Iponykr Znln,S, ¢ rexcaronanbHOM (a3oii nojy4any B LIMPOKOM JHana3oHe
cooTHotieHui. Hanpumep, B 00béme 9,3 M1 [Bmim] [BF4] Bona cocrasmnsuia 0,1 — 5 mit. Pazmep u mopdomorus
CHHTE3MPOBAHHBIX 00PA3I0B CHILHO 3aBucenu oT [Bmim] [BF4], konmnuecTBa BOIbI, KOHIICHTPAIIUN ITHHKA,
TEMIIEpaTypbl U BpeMeHu peakuuu. Mccnenosanne coenunenus Znln,S, mokasano pasivuHbIE JUANa30HbI
MOTVIOICHHUS BUMMOTO CBETa IIPH U3MEHEHNH COIACPIKAHUS BOJIBI B PEAKIIMOHHON CMECH.

13. B crarpe [14] mukpocdepst Znln,S, ObLIM CHHTE3UMPOBaHBI MPOCTBIM I'HIPOTEPMAILHBIM METOIOM
npu 80°C. Pe3ynbrarhl UCCIEIOBaHUS MMOKA3BIBAIOT, YTO CHHTE3UPOBAHHBIE O0Opa3Ibl MPEIACTABISIOT COOOI
MHUKpoc(epbl ¢ TeKcaroHalbHOW (a30i. PesynbTaTel 3IEMEHTHOTO KapTHPOBAaHUS M TEPMOTPABHMETPUHU
TOTBEPIKIAIOT, 4TO 0Opasel NpeaCTaBIsAeT co00k uucThiii Znln,S,. Takoii 06pasen BiepBbIe ObLIT HCIIOIB30BAH
B KadecTBe (POTOKATAIN3aTOPA, YNPABIIEMOIO BUAUMBIM CBETOM, JJIs CEJIEKTUBHOTO OKHUCIIEHUS OEH3MIOBOIO
cnupra A0 OeH3aJpAerua B YCIOBHUAX OKpysKarowieil cpensl. [Ipu 3ToM cTeneHb CeIeKTUBHOIO OKUCIICHHS
cocTaBisieT 0koJio 69% Hapsiy ¢ BBICOKOW CEJIEKTUBHOCTBIO (0K0JI0 94%) mocieTpéx 4acoBOro o0mydeHusl.
Uccnenosanus XRD m XPS moka3bIBaroT, 4TO ZnInzs , OTHOCHTEIIbHO cTabuieH B (OTOKATATUTHYCCKUX
peakuusx.
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14. B uccnenoBanuu [15] mokazaHo, 4TO TOHKME HAHOKPUCTATMYECKHE TUIEHKH IeKCaroHaabHOU (hasbl
Znln,S, MOTYT OCaX1aTbCs UEHTPU(DYTMPOBAHMEM C HCHOJIL30BAHUEM CTAOMIIBHOTO Ha BO3IyXe pacTBOpa
pekypcopa. B 3ToMm mporecce OKCHIT U THAPOKCU METAIIIA UCIIOJIb3YIOTCS B KAUECTBE UCTOUHHMKOB Zn U In,
4TOOBI M30€XKATh BBEJICHUS KAKUX-TMOO0 aHHOHHBIX TPUMECEH B TOHKHE INIEHKHK Znln, S . CTep)KHEBUIHbIE HAHO
KpUCTAJUTMUECKHUE 3€pHA MUPUHON U ATUHOM OKoMo 13 + 3uM u 26 £ 5 HM IOCIIe OT)KUTa BRIPACTAIHN B Iapax
cepsl mpu 500°C B Teuenwn 2 gacoB. [Magkve ¥ KOMIAKTHBIE TOHKHE TUIEHKH C Pa3TMYHBIM COOTHOIIeHHEeM In /
7 U3roTaBIMBAINCH TyTEM PEryIUPOBAHUS COOTHOIIECHHUSI IByX HCTOYHUKOB METAIIJIA B PACTBOPE IPEKYpPCopa.
TToreHumanel INIOCKKUX 30H DTUX TOHKUX IUIEHOK ZnInzs ,1 — THIIa HAXOJATCA B IUANa30HE OT — 0,55 mo — 0,45
B oTHOCHTENBHO OOBIYHOTO BOIOPOAHOTO 3MEKTpoaa. POTORNEKTPOXUMUYECKHE H3MEPEHUS JEMOHCTPUPYIOT
MPEBOCXO/IHBIN OTKJIMK TOHKUX TIIIEHOK ZnInzs ,Ha BUIUMBIH CBET. [Ipu 0CcBeIeHUH BUIUMBIM CBETOM (DOTOTOK
cocrapmsieT moutn 60% OT POTOTOKA, MOIYyIaeMOro MPU OOITYHYEHHWH TIONHBIM creKTpoM. IIpoctoit metom,
OCHOBaHHBI Ha PacTBOpax, MPEACTaBIseT COOOW HOBYIO HICIO JUISI M3TOTOBJICHUS KaueCTBEHHBIX TOHKHUX
IJIEHOK MYJIbTHMETaUINYECKUX XaJIbKOT€HUIOB C TPEBOCXOIHBIMU (POTONIEKTPUUESCKHUMH CBOWCTBAMHU Ty TEM
pacTBOpeHMs OKCHJIAa M THAPOKCHA JIPYTOro MeTaia B pacTBOpE.

15. B pa6ore [16] nanokomnosutsl Znln,S ¢ C-nokpbITHEM OBUIH YCIIEIHO CHHTE3UPOBAHBI € TIOMOIIBIO
IIPOCTOTO COTBBOTEPMUIECKOTO MOX0Ia B OJTHOM pe3epByape. VX cTpyKTypa U CBOMCTBa OBLIH UCCIIEOBAHBI
C MOMOIIBIO TU(PaKIUK peHTreHoBcKuX Jyueil (XRD), criektpoB auddysHoro orpaxkenus B YD-BUIUMOM
obmactu (DRS), ckanupyroiei 3nekTpoHHONH MuKpockorued (SEM) u mpocBeuHBaroIied 3J1eKTPOHHON
mukpockornueii (TEM). CormacHo TONYYeHHBIM pe3yibTaraM, HAaHOKOMIIO3UTHI PAaBHOMEPHO ITOKPHITHI
YTJIEPOIHBIMHE CIIOSIMH, & X ONTHYECKHE U JIEKTPOHHBIE CBOMCTBA OBUIN YITyUYIIEHBI 1O CPABHEHUIO C YUCTHIM
ZnIn,S,. Takue CBOWCTBAa MOXHO IOJY4YHTh, U3MCHHMB KOJIMYECTBO J00aBIseMON mmoko3bl. bomee Toro,
CUHTE3UPOBaHHbBIC HAHOKOMITO3UTBI IEMOHCTPUPYIOT rOpa3io Jydlire (OTOKaTaTUTUICCKUE XapaKTePUCTUKH,
4eM YMCTBIM ZnIn,S, MO OTHOMIEHWIO K CEJEKTMBHOMY OKHMCIICHHMIO OEH3WIOBOIO CHHMPTA B BHIAWMOM
csere. Hamryummue pesynpratsl HaOmoganuch npu podasneHuu 30 M IIIOKO3bI, 4TO obecrieuuBaeT 95%
CeNeKTUBHOCTb, 70% KoHBepcuio mpu 68% BbIxoae. Pesynbrar oObsicHseTcsl cuHepreTHueckuM 3¢ dexrom,
OCHOBaHHBIM Ha TECHBIX MEK()A3HBIX KOHTAKTAaX MEXIy yNIEPOAHbIMH closiMu W Znln,S,. Ilpusenénnoe
UCCIIEIOBAHME MOJKET PACIIMPUTH 0071acTh MpuMeHenns Znln, S, B kauecTBe (hpoToKaTanmu3aropa, paboTarommero
B BUJIMUMOM CBETE.

Cnoxnoe coenunenue Znln,S, HCHob3yeTCs HE TOJLKO B KaU€CTBE MaTepuasa sl (pOTOKaTaliu3aTopos,
HO W B npyrux uemsx [1]. Hampumep, B ycrpoiicTBax mnpeoOpa3oBaHusi u XpaHeHus: sHeprum [17],
CEHCHOMIM3UPOBAHHBIX KPACUTEIICH COTHEUHBIX 2JIEMEHTOB [ 18], OTOANEKTPOHHBIX MpUIokKeHHIX [19] 1 mp.

W3 ananmza paboT, MOCBAIMIEHHBIX CHHTE3Y, UCCIIEOBAHUIO M IPAKTUIECKOMY IPUMEHEHUIO KOMILIEKCHOTO
cynb(huaHoro coemunenus Znln,S,, ciemyer, 4To B X NOJABJIAIOMIEM OOJIBIIMHCTBE SBHO MPOC/IEKMBAETCS
TEHJICHIIMSI UCTIOIB30BaHMs 3TOTO Marepraia B KauecTBe (JOTOKATaIU3aTOpOB TPH MPOU3BOACTBE BOJOPOJIA.
[Ipu sTOM oOmnTHUMAaNbHBIE CBOWMCTBAa (HOTOKATATIM3ATOPOB IOCTHTAIOTCS IYTEM JIETHPOBAHUS OCHOBHOTO
MaTepualia He TOJIBKO OTAEeTbHBIMU XUMUYECKUMH DIIEMEHTAMHU, HE BXOJSIIIMMHU B OCHOBHOM COCTaB Cyabhuaa,
HO ¥ BHEIPCHUEM B PELIETKY 1IEJI0r0 KOMIUIEKCAa XUMUUYECKUX AIEMEHTOB.

3akawuenne. Takum o0pa3oM, NpUBEACHHBIC MPUMEPHI M PsJ JAPYTHX JUTEPATyPHBIX HCTOYHHUKOB,
yKa3aHHBIX B CTaThe, CBUIETEIbCTBYIOT O BAXXHOCTH JANBHEHIIINX NCCIIE0BAaHU I HAa 0CHOBE KOOPINHAIIIOHHOTO
coemunenns Znln,S, B nensax noBblIeHns 3Q(HEKTHBHOCTH (OTOKATATN3ATOPOB.
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PABPABOTKA CIIOCOBA PA3JAEJIEHUA BUOJTOTI'MYECKU AKTUBHBIX BEIHIIECTB U3
PACTUTEJIBHOI'O CBIPbSI ARTEMISIA CINA BERG. 1 ARTEMISIA ANNUA L.

AnHotamusa. B cratee paccMmarpuBaeTcsi pa3paOoTka mpoliecca TONYYCeHUs HHIUBUIYaIbHBIX
COCIMHCHHUN M3 PACTUTENBHBIX 3KCTPAKTOB, BKIIFOYAKOIIUN KOMOWHAIIMIO PKCTPAKIIUU, CPEJICTBA TTOATOTOBKU
Y aHAJIUTUYCCKUE METOJbI JUISl BBIJCIICHUS U XapaKTCPUCTHKU OMOJIIOTUYECKU aKTHUBHBIX COCAMHEHUU U3
pacTeHui.

B kadectBe oObekTa wucCclenoBaHMsS ObUIM BhIOpaHBI IMOJILIHB IUTBapHas (Artemisia cina Berg.) u
MOJIBIHE OfHONIeTHSST (Artemisia annua L.). BeiOop OCHOBaH Ha Hay4YHBIX MCCIIEOBAaHUSX TOCIEIHUX JICT,
MOJICTBEPKIAIOIIUX POTUBOBUPYCHYIO aKTUBHOCTbH BBIIIE YKA3aHHOTO PACTUTEIBHOTO CHIPhS B OTHOIICHUU
COVID-19 u cXomHbIX BUPYCHBIX HHPEKIHH.

J1J1s n3ydeHus ONTUMAIIBHBIX YCIOBHN U pa3pa00TKU HOBBIX METOAMK SKCTPAKIIUH U MTOTYUYSHHSI SKCTPAKTOB
13 TMOJIBIHY [IUTBapHOH (Artemisia cina Berg.) u monbriau ogHoeTHe# (Artemisia annua L.) Obutn onpeesneHs:
ONTUMAJIbHASL CTENICHh U3MENIBUCHHUS, IIPH KOTOPOH JOCTUTASTCS MAKCUMAIIbHOE M3BJICYCHUE DKCTPAKTUBHBIX
BEHICCTB — | MM; Ui ONpPEICIICHUS] MaKCUMAJIBHOTO BBIXOAa DKCTPAKTUBHBIX U OMOJIOTMYECKU aKTUBHBIX
BelIeCTB ObUT O00paH ONTUMANLHBINA SKCTpareHT — 50 % 3TUIIOBBIN CITUPT.

ABTropamu Obuta pa3paboTaHa TEXHOJIOTHYECKas OJIOK-CXeMa IOJyYeHUsS] TYCTOrO SKCTPAaKTa METOJ0M
Marepanuu.

[TomoGpaHbl ONTUMATIBHBIE YCIOBUS SKCTPAKLMH I'yCTBIX 9KCTPaKTOB, CO -3KCTPAKTOB B 3aBUCUMOCTH OT
xuMuueckux cBoicTB @AB B cocTaBe pacTUTEIILHOTO ChIPbSL.

AHanu3 aMHHOKUCIIOTHOTO U MUKPO3JIEMEHTHOTO COCTaBa MOATBEPIKIALT, YTO pox Artemisia L. — moibiHb
cemeiicTBa Asteraceae L. sIBJIeTCS MICTOUHUKOM [ICHHBIX OMOJIOTUYECKU aKTUBHBIX BEIIECTB.

KuroueBbie cjioBa: OMOJIOTHYECKU aKTHBHBIC COCIMHEHMsI, DKCTpakius, Artemisia cina Berg., Artemisia
annua L., npupogHbie coeuHeHus, papMaKo-TEXHOIOTHYESCKUE TapaMETPBI.
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ARTEMISIA CINA BERG. )KOHE ARTEMISIA ANNUA L. OCIMAIK INUKI3ZATTAPBIHAH
BUOJIOT'UAJIBIK BEJICEH/AI K KOCBIJIBICTAPABI BOJIIII AJ1Y SAICIH KACAY

AnHoTanusa. Makanasa eciMaiKTepieH OUOIOTHSUTBIK OJICEH T KOCBLIBICTApIbI OOJIII aTy )KOHE CUTIATTay

YI_HIH OKCTpaKuus, I[aﬁ]:lH)lay JKOHC aHAJIMTHUKAJIBIK Q,Z[iCTep,[[i KocCa ajiranzaa, GCiM)_'[iK ChIF bIHJAbLIAPbIHAH KCKC
KOCBUIBICTApPAbI ally npoueciH 93ipney KapaCTbIpbUIaabI.
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3epTTey HbICAHBI PETiHAC AOPMEHE KycaHbl (Artemisia cina Berg.) sxoHe Oip ®bUIABIK )KycaH (Artemisia
annua L.) tapmannel. By ecimaikrepai TaHzmay KoFapblna aTanfaH eciMAik mmkizarrapbiabiH COVID-19
JKOHE OHBIMEH OailJIaHBICTHI BUPYCTHIK MH(EKIHsIIapFa Kapchl BUPYCKA Kapchl OCJICEHIUIITIH pacTalThIH
COHFBI FBUIBIMU 3€pPTTEYJICpPIe HEeT13/Ie/IreH.

Hdopmene sxycanbiHaH (Artemisia cina Berg.) sxoHe OipKpUIIBIK jXycaHHaH (Artemisia annua L.)
AKCTPAKIMSIIAP/IbI ATYJIBIH KOHE allyIbIH OHTAMIIBI )KaFIaliIapbiH 3ePTTEY JKOHE KaHa dJIICTEePiH jKacay YIIiH
MBIHAJIAP aHBIKTAJJIbI: YHTAKTAyIblH OHTAWIIbBI JOpEXkKeci, OV Ke3/e 3KCTPAKTHBTI 3aTTap/IbIH MaKCUMAIIIbI
QIBIHYbIHA KOJ JKETKI3UIAl - 1 MM; SKCTPaKTUBTI KOHE OMOIOTHSIIBIK OCICEH[i 3aTTapAblH MaKCHMaJIbl
IIBIFBIMBUTBIFBIH aHBIKTAY YIIH OHTAWJIBI AKCTPAreHT TaHIAbI - S0% STHII CIUPTI.

ABTOpIap Marepanus apKbUIBl KO CHIFBIHJIBI aTYJIbIH OJIOK-CXEMACBIH d31pJIe/Ii.

OCIMIIK [IUKI3aThIHBIH KYPaMbIHIAFbl  (DapMaKOIOTHSIIBIK OCJICeHII KOCBUIBICTAPABIH ~XUMHUSIIBIK
KacHeTTepiHe OalJIaHBICTBI KOO CHIFBIHABIIAPABI, CO2-3KCTpPaKTTapAbl aNy[blH OHTAMIIBI IIAPTTAPHI
TaHIaJIbI.

AMUH KBIIIKBUIBI MEH AJIEMEHTTIK Kypambl Tannay Asteraceae L. TYKbIMIachlHa JKaTaThIH KYCaHHBIH
Artemisia L. KyHIbI OMOJOTHUSIIBIK OCIICEH 1 3aTTap/IbIH KO31 CKEHIH pacTaiiIbl.

Tyiiin ce3aep: OHoNOrMsUIBIK OeceH1i KOChIIBICTAp, SKCTpakius, Artemisia cina Berg., Artemisia annua
L., Taburu KOCBUIBICTAp, (hapMaKO-TEXHOIOTHSITBIK KOPCETKIIITEP.

M.Zh. Zhurinov', A.F. Miftakhova'?, T.S. Bekezhanova'?, M.K. Kalykberdiev', A.T. Nurgali'*
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DEVELOPMENT OF SEPARATING WAY OF BIOLOGICALLY ACTIVE SUBSTANCES FROM
PLANT RAW MATERIALS OF ARTEMISIA CINA BERG. AND ARTEMISIA ANNUA L.

Abstract. The article discusses the development of a process for obtaining individual compounds from
plant extracts, including a combination of extraction, preparation and analytical methods for the isolation and
characterization of biologically active compounds from plants.

Artemisia cina Berg. and Artemisia annua L. were chosen as the object of study. The choice is based on
scientific studies in recent years confirming the antiviral activity of the above listed plant material against
COVID-19 and related viral infections.

To study the optimal conditions and develop new methods of extraction and obtaining extracts from
Artemisia cina Berg. and wormwood Artemisia annua L., the following data were determined: the optimal
degree of grinding- 1 mm; the optimal extractant - 50% ethyl alcohol.

The authors developed a technological block scheme for obtaining a rich extract by maceration.

The optimal conditions for the obtaining of rich extracts and CO,-extracts were selected according to the
chemical properties of BAS in the composition of plant materials.

Analysis of the amino acid and microelement composition confirm that the Artemisia L. genus, wormwood
of the Asteraceae L. family, is a source of valuable biologically active substances.

Key words: biologically active compounds, extraction, Artemisia cina Berg., Artemisia annua L., natural
compounds, pharmaco-technological parameters.

BBenenue. K naunbosnee pacnpocTpaHeHHbIM Ha Tepputopuu PecnyOnmuku Kaszaxcran nexapcTBEHHBIM
pacTeHusiM oTHOCHUTCS poj Artemisia L. — monbeiHE cemeiicTBa Asteraceae L. [1]

Pon Artemisia OTHOCUTCS K CEMEWCTBY CIIOKHOIIBETHBIX, KOTOPBIH BKiIrouaeT Oonee 500 BumOB
pacnpocTpaHeHHBIX BO BCeX reorpaduueckux 3onax. Ha Teppuropun Kazaxcrana mpowmspactaer 81 Bup,
Cpely HUX UMEIOTCS YHIEMUYHBIC U PEIKUE PACTEHUS, KOTOPHIC MaJIO U3yUEeHBI [2].

Pacrenus pona monbiHp (Artemisia L.) SBISIFOTCS IEHHBIMM WCTOYHUKAMHU OWOJIOTUYECKH aKTUBHBIX
COCIMHCHUN — TEPHCHOUABl (CECKBUTEPIICHOBBIC JIAKTOHBI), (IABOHOWJBI, KyMapUHbBI, allCTHIICHBI,
METa0OJIUThI ITUKUMOBOM KUCIIOTHI | Ap. [3].

WzBecTHO, uTO pox Artemisia L. mposiBisieT MMUPOKHIA CIIEKTp OMOJOTUYECKOH aKTUBHOCTH, B TOM YHUCIIC
[IPOTUBOBHUPYCHOM, IPOTHBOOITYXOJICBOU, IPOTUBOMHUKPOOHOI 1p. [4].

28



Volume 1, Number 450 (2022),

Ha ocHoBe mpoBemeHHOTO JUTEpaTypHOro o030pa [S] B KauecTBe 0OBEKTa HMCCIECAOBAaHHA HAaMH ObLIH
BbIOpaHBI ONBIHE HUTBapHAas (Artemisia cina Berg.) u mosisiab ogHoneTHss (Artemisia annua L.).

[onsrab muTBapHas (Artemisia cina Berg.) pacnpoctpanena Tonbko Ha Tepputopuu KOxxHoro Kazaxcrana,
SIBIISIETCS DHJIEMHUKOM, MTOJTHOCTHIO HE N3yUEHHBIM.

B MeauumHe caHTOHMH IIMPOKO UCIIONB3YETCs AJIs1 JIeUeHUsI BOCTIAICHHH, KaK aHTUTeIbMHUHTHBIH Tpernapar
u ap. [6]. OnHako u3-3a TOKCHYHOCTH €r0 IPUMEHEHHE OTPAHUYEHO.

B (apmaneBTHUECKOI MTPOMBIIIIIEHHOCTH CAHTOHHH UCTIONB3YIOT KaK OCHOBY AJIsl MoAu(uKauii [7].

Takke K MepCIeKTUBHBIM PacTeHHUSM, OOpa3yIOLUIMM JOCTAaTOYHbIE 3allachl AJIsl 3ar0TOBKU Ha TEPPUTOPUH
Kazaxcrana oTHOCHUTCS MOJIBIHB OHONETHsIs (Artemisia annua L.).

B Kazaxcrane nmonsinbs onHosieTHss Artemisia annua L. mpou3spacTtaeT B OCHOBHOM Ha IOT€ U FOTO-BOCTOKE:!
B npearopbsx 3aiican, Yyiickoit u Capricyiickoil 1onuHax, BAONb pekd ChIpiapby, B IPEATOPHBIX paBHUHAX
[Ipukaparay, B npearopbsix JxyHrapckoro, Mnuiickoro u Keipreisckoro Anaray Ha KAMEHUCTBIX U CKaJTHCTBIX
CKJIOHaX TOp M BO3BBIILICHHOCTEH, B 3apOCisAX KyCTapHHKOB C OOJBIIOW COJHEYHOW WHCOJSLHUEH, YTO
peaonpeaenseT BO3MOKHOCTb MPUCYTCTBUS 3HAUNTEIBLHOTO KOIMYECTBA U BUJIOB aKTHBHBIX OMOJIOTHYECKHUX
BEIIECTB.

[onbrab onHoNeTHSS (Artemisia annua L.) mpuMeHsieTcs B HApOJHOH 1 SKCIIEPUMEHTaIbHON METUIIMHE KaK
MIPOTUBOMATISIPUITHOE, TIPOTUBOBOCIIATIMTENbHOE, aHTHOAaKTepruansHoe U ap. [8, 9]. OCHOBHBIE KOMIIOHEHTHI
MoJbIHY, oOnanaronye HanOombie OMOIOTHYEeCKO aKTUBHOCTD SIBISIOTCS apTEMU3UHMH, apTeaHHYuH B,
apTeaHHYHHOBAsl KUCJIOTA U CKOTIOJIETHH.

B paborax nByx mocnennux yiet [10 —12] mokazaHo, uyto Artemisia annua L. mo cpaBHEHUIO ¢ APYTHMHU
pacTeHUsIMU TMPOSBISAET HAaUOOJBIIYIO CIOCOOHOCTh MHIMOMPOBATH MPOHUKHOBEHHE M peruinkanuio SARS-
CoV-2. B pabote [13] Obu10 MOKa3aHo, YTO SKCTPAKTHI Artemisia annua L., HE3aBUCHMO OT MeCTa U BpeMeHH
coopa nogasinsitoT uHPekunto SARS-CoV-2, ipu 3ToM npotuBoBHpycHas 3h(HEKTHBHOCTH HE KOppeTupoBaa
C cozepyKaHueM apTeMU3MHHUHA U 00IIero coaepkaHus (praBoHOMIOB B KCTpakTaX. bl cenan BBIBOA, UTO
AKTHBHBIMU KOMIIOHEHTaMU B JKCTPAKTax SIBJUICS HE TOJBKO apTeMHU3MHHUH, HO, BO3MOXKHO, KOMOMHAIHS
KOMIIOHEHTOB, KOTOpBIE ONOKMPYIOT BUPYCHYIO MH(EKLUHUIO Ha dTare, MPEALIeCTBYIOIEM NPOHUKHOBEHHUIO
BHUpYyCa.

Takum 00pazoM, ONBIHE ceMelicTBa Asteraceae L. aBisieTcsi HEeHHBIM CBIPbEeM AJISl U3Y4EeHUS ONOJIOTHIECKH
AKTHBHBIX BELICCTB.

Leunblo cTaTbu sBIsiEeTCS pa3padoTKa MpoLecca NOTyYeHHUs MHIUBU Ly aJIbHbBIX COSTUHEHUH U3 PACTUTEIBHBIX
9KCTPAKTOB, KOTOPBIH BKIIOYAET KOMOMHALIMIO DKCTPAKIINH, CPEICTBA MOATOTOBKU M aHATUTUYECKUE METOIBI
JUISL BBIICTICHUSI 1 XapaKTEPUCTHKH OMOIOTHUECKN aKTUBHBIX COCAMHEHHN U3 JIEKApCTBEHHBIX PACTCHHH.

Marepuajibl U OCHOBHBIe MeTOAbl. /lyisi HM3ydeHHs ONTHMalbHBIX YCIOBUH U pa3padOTKH HOBBIX
METOIUK SKCTPAKIUH M MOJTYYEHHs] IKCTPAKTOB M3 TMOJBIHU LUTBAapHOH (Artemisia cina Berg.) u monsiHu
onHoneTHeH (Artemisia annua L.) Ob1u1u onpeneneHs! papMako-TEXHOIOTHYECKUE TapaMeTPbl paCTUTEIBLHOTO
chIpbs: (yaenpHas Macca, K03()(UIHEHT MOMIOMICHUS SKCTpareHTa, skcTpaktuBHble Bemectsa ['d PK) [93,
94], norepst B Macce npu BeicymuBanuu (I'® PK I, 1.1, 2.2.32.)., obmas 3oma (['® PK 1, 1.1, 2.4.16.), 30ma,
HepactBopumast B 10% cossinoit kucnore (I'd PK 1, 1.1, 2.4.16.), nogOop onTUMaNbHBIX YCIOBUH U PEKIMOB
IKCTParupoBaHusl, pa3padOTKa TEXHOIOTUH MOIyUYEHHS IYCTBIX SKCTPAKTOB M3 PACTUTEIBHOTO ChIphs. Takke
nposoauiack CO, — skcTpakuus Ha ycranoke Y YIID-5 n1, okcrparent — xuixas yraekucinora (FOCT 8050-
85), uccnenopancs aMuHOKUCIOTHBIA coctaB (MBU MH 1363-200), u3y4asncst MEKpO3JIEMEHTHBIH COCTaB
(P.4.1.1672-2003, p.IL, . 3; TOCT 33824-2016), a Takxke ONPeAesUIOCh COACP)KAaHUE TOKCUYHBIX JIEMCHTOB
(cBuHna, kaaMus, Meimbsika, pryta) (FOCT 33824-2016).

B pabote ucnonp3zoBanu 3aroToBieHHOe B aBrycre-ceHTa0pe 2021 . Ha Teppuropunn TypKecTaHCKOH U
AJMaTHHCKOM 00acTH AMKOpacTyllee pacTUTENIbHOE Chipbe Artemisia cina Berg. u Artemisia annua L. [5].

OcHoBHBIE pe3yJbTaThl U aHAJIU3. BaxkHbiMu (akTopamu, BIUSIOIUME Ha 3(Q()EKTHBHOCTD U TIOJTHOTY
n3pnedeHuss bAB M3 JlekapCTBEHHOTO pacTUTENBHOIO CHIPHS, SBISIOTCS €ro TEXHOJIOIMYECKHEe CBOMCTBa:
yAedbHas Macca U Kod(Q(UUUEHT NOMIOIIeHHs dKcTpareHTa. llomydeHHble mokas3aresnn Ajsl OnpeAeieHus
ONTUMAJIbHBIX YCJIOBUI JKCTpParMpoOBaHHs TpaBbl MOJBIHM LUTBapHOH Artemisia cina Berg. u momnbiHH
onHoneTHeH Artemisia annua L. (Tabmuma 1) roBopsT 0 TOM, YTO palMOHAIbHOE MPUMEHEHUE MMOTYYCHHBIX
JAHHBIX B TEXHOJOTWH IMOMYYECHHUS! SKCTPAKLUMOHHBIX MPOAYKTOB M3 BBILIEYKa3aHHBIX OOBEKTOB MO3BOJIUT
MOBBICUTh 3()(EKTUBHOCTh Mpollecca MX MONy4YeHHs. VM3yueHHe TEeXHOJNOTHYeCKuX (aKTOpOB M BBIXOJA
9KCTPAKTHBHBIX BELIECTB B CPABHUTEIBHOM acClEKTe B 3aBUCUMOCTH OT pa3Mepa YaCTHIl ChIPbs MO3BOJIMIO
BBIOpaTh ONTUMAIIBHYIO CTEIIEHb U3MEIBYCHUS | MM.

B Ttabmumax 1-4 mpenctaBieHBl pe3yNbTaThl OMpenesieHHst (apMaKo-TEXHOIOTHUECKUX IOKa3aTeNei:
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yﬂCHLHOﬁ Macchl, KOS(i)(i)I/ILII/IeHTOB MOMIOHICHUA SKCTPAreHTa, SKCTPAKTHUBHLIC BCIICCTBA, [IOTCPA B MaCCE IPpU
BbICYIIMBAHWHU, O6H_Ia$l 30J1a 1 30J1a, HEPpACTBOpHUMAAd B 10% coysHOM KHCJIOTE B TEXHOJIOTHYECKOM mpounecce
MPOU3BOACTBA SKCTPAKTA TPAaBbI IOJIBIHA LIHTBapHOﬁ 1 IIOJIBIHU OHHOHCTHCﬁ. HpOBeZ[CHO IATh MapaJuICJIbHBIX
OHpC,[[GHCHI/If/'I, PE3YJbTaThI IOABEPIIIUCH CTaTUCTUYECKOMN O6pa6OTK€.

Tabmuma 1 — Onpenenenue GpapMako-TeXHOJIOTHIECKUX ITapaMeTPOB TPABHI TTOJIBIHN IUTBApHOH (Artemisia cina Berg.)
U TIOJIBIHY OJHOJETHEH (Artemisia annua L.)

dapmaxoneiiHble NapaMeTpbl [oabinb HUTBapHAs T10JIBIHB OIHOJIETHSIS

[Torepst B Macce Ipu BBICYIIUBAHUH, Yo 7,54 7,15

Oo61mmas 301a, % 6,16 9,29

3osa, HepacTBopuMmas B 10% cossiHol kucnote, % 1,79 1,91
TeXHOIOrMYEeCKHE TTapaMeTPhI [TonbiHp UTBapHAs TToyIbIHB OIHOJIETHSS
VnensHas macca, r/cm? 1,0316 0,9796

KII, Boga ounieHHast, Mj/r 2,7946 4,5472

KII, 30% cnupt STHIIOBBIN 1,5968 4,1958

KII, 50% crnmpt 3THII0BBIHA 3,2937 4,5977

KII, 70% cnupTt STHIIOBBIN 2,7989 5,1636

KII, 96% crimpt 3THIIOBBII 2,5970 40914

OKCTparupoBaHKEe BBICYIICHHOTO M W3MENIBYCHHOTO CBHIPBS, SIBJISETCS CIIOXKHBIM (DU3NKO-XUMHUYECKUM
nponeccoM. D PEeKTHBHOCTH IPOLIECCAIKCTPArMPOBAHMS 3aBUCUT OT MHOTHX (PAKTOPOB, KOTOPHIC YU THIBAIOTCS
pu BbIOOpE YCIIOBHMH SKCTpakuuyu. Hamu ObliM n3yueHs! (aKTOpPhl: TUI KCTPAreHTa, CTEIICHb W3MENTBICHUS
CBIPbS, COOTHOILICHHE CBIPbE — 3KCTpareHT. sl ompenesneHuss MaKCHMaJIbHOTO BBIXO/Ia SKCTPAKTHUBHBIX H
OMOJIOTrMYECKH aKTUBHBIX BELIECTB HEOOXOANMO MO100paTh ONTUMAIILHBIN SKCTpareHT. BeiOop onTrMaibHBIX
apaMeTPOB HKCTPArupOBAHUS ChIPHSI KOHTPOIMPOBAIN MO COACPKAHUIO CYMMBI SKCTPAKTUBHBIX BellecTB. B
KaueCTBE HKCTPAreHTa UCIOJIb30BaIN BOLY OUHMILEHHYIO M 3THJIOBBIM CHMPT pazinyHbIX KoHIeHTpauui (30,
50, 70, 96%). Pe3ynpratsl HccneqoBaHUN BHIOOPA ONTHMAIBHOTO 3KCTPAareHTa MpeACcTaBiIeHbl B Ta0bIue 2.

Tabnuma 2 — OnpeneneHne SKCTPAKTUBHBIX BEIIECTB JIEKAPCTBEHHOTO PACTUTEIHLHOTO CHIPhS TTOJIBIHU IUTBAPHOM Artemisia cina
Berg. 1 moneiHN omHONETHEH Artemisia annua L.

[Tonems nurBapHas (Artemisia cina Berg.) [Tones ogHoONeTHss (Artemisia annua L.)
PactBoputenn Pesynbrar, % PacTtBopuTenn Pesymnbrar, %
Bona ouniiennas 16,55 Bona ounmiennas 36,22

CHupT 3THIIOBBIHA 30% 30,47 CHupT THIIOBBIN 30% 38,17
50% 37,12 50% 34,53
70% 43,85 70% 38,80
96% 24,25 96% 18,90

W3 nanHbIX TAOMUIBI 2 CIEAYET, 4YTO HAMOOJbLIEE KOTMYECTBO 3KCTPAKTUBHBIX BEeLeCTB u3BiekaeTcs 50%
n 70% STUIOBBIM CHMPTOM. YUHTHIBAasE MaKCUMAaJbHBIN BBIXOJ AKCTPAKTUBHBIX BEIIECTB M3 TPaBbl IOJIBIHU
UTBapHOI Artemisia cina Berg.B kauecTBe ONTHMAaIbHOTO IKCTPAreHTa IS TIOMYyYEeHHsI TYCTOTO IKCTPAKTa
Obu1 BBIOpaH 50% 3TUIIOBBIN CITUPT.

BakHbpIM (pakTOpOM, BIHUSIONIMM Ha MPOLIECC IKCTPArMPOBAHUS SBISIOTCS pa3Mep U XapaKkTep N3MeTbueHUS
JIEKapCTBEHHOTO PAaCTUTEIHHOTO CBIPBSI. {715 BBIOOpA ONTUMAIEHOM CTETICHN H3MEJIBIEHHS ChIPBSI HCCIISI0BAIIH
BBIXOJ DKCTPAKTUBHBIX BEIIECTB W3 CBHIPbsS PAa3HOW CTENCHNW W3MEJIBYCHUs. Pe3ynbrarbl mpencTaBieHBI B
Tabmuie 3.

Ta@mua 3 — BiusiHKE CTEIEHN N3MEIbYCHUS CBIPBA Ha BBIXOJ SKCTPAKTUBHBIX BEIICCTB

Ne i/t CteneHb U3METBICHHS, MM BrixoJ1 9KCTpakTUBHBIX BEHIECTB, %
1 0,5 13,76
2 1,0 16,53
3 2,0 14,65
4 3,0 15,73

Jannpie TabaUIB! 3 MOKA3bIBAIOT, YTO ONTHMANbHAS CTETICHb M3MENBUCHHS, TIPU KOTOPOM JOCTUTaeTcs
MaKCHUMAaJIbHOE U3BJICUEHHUE SKCTPAKTUBHBIX BEIIECTB — | MM.

[Ipu BBIOOpE MeTOna IKCTPAarMpOBaHHUA OJHMM W3 OCHOBHBIX TIOKa3aTesiell SBISETCS MaKCHMajbHOE
n3pneueHue bAB u3 pactutensHOro Chiphbs. B xome paboTHI IS MOTydYeHHS] OCHOBHBIX JKCTPAKTOB OBLI
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HCIOJB30BaH METOJ HKCTPArMpoOBaHUs — Mallepalus ¢ NepeoJuuyeckiM MepeMelIuBaHieM. Matepanus win
HEOJHOKPAaTHOE HACTaWBaHME CHIPhS IIUPOKO MpHUMeHseTcs: B papManeBTnueckol npakTuke. [lo xapakrepy
MIPOTEKaHMsI €€ MO’KHO OTHECTH K CTaTUUECKHUM IIpoIieccaMm, KOTria CBEXKHH SKCTpareHT Mo1aeTcs Ha OCTENEHHO
HCTOLIAEMOE ChIPbE, MPOIIECC TPOTEKAET CTYNEHYATO U MHOTOKPATHO.

Meroauka paszaencHus OMONOTHYECKH aKTUBHBIX BEIIECTB M3 PACTUTENBHOIO CHIphs: Artemisia annua
L. u Artemisia cina Berg. BozaymHo-cyxyro W3MeNBIEHHYIO YacTbh, J0 pa3Mepa YacTHIl He MeHee | MM,
PacTUTENBHOTO CHIPBS KCTparupoBanu rekcaHom (A. annua L. 500 r x 3 i1 rekcana, A. cina Berg 1000 T x 6
JI TeKCaHa) METOJIOM Mallepaliy ¢ MepeoANYECKUM MepeMEeINBAaHUEM, OCTABIISUIA B TEUEHNUH JBYX JHEH npu
KOMHaTHOH Temmeparype. [Ipouenypy moBropsum nBaxasl. [ekcan oTuiIbTpOBBIBAIN, KOHIEHTPUPOBAIN B
MSITKHX YCIIOBHAX (Ha poTopHOM ncnapurene moaenu «RE300», Temneparypa BoasiHo# Oanu He 6onee 40°C),
MoJTy4atoT SKCTpakT Nel 1st AByX pacTeHuit B konnuecTe u3 A.annua L — 5 1 akcTpakra, u3 A.cina Berg — 10

I 9KCTpakTa (pUCYHOK 1).
Texcan 50%%6 ITH.I0BBI CIIHPT
TexcaHOBBII

X10p o opm
rercas

| ocanox | e sTMnauerar meTaHon

- METAHOT
[BemecTeo 1)

i Ocrtarox I ] DKCTpaKT 4|

i

I OcTatox I IG)A IKCTPAKT 6] I OcCTaToK I b“a]“"‘—r Sl
aneToH

I OcTaTok | |.-\u. IRCTPAKRT ?l
GvraHoa

I OcTtaror I [;E_\'r. IKCTPAKT 8]

Pucynok 1 — brok-cxema pazzeneHunst OMOJOTHISCKH aKTHBHBIX BEIIECTB U3 PACTHTEILHOTO ChIPBSI:
Artemisia annua L.  Artemisia cina Berg.

TexHOMOTHS MOTydeHHs TYCTOTO SKCTpaKTa METO/IOM Mariepalni. [I[poBeTpeHHOe ChIphe AKCTPAarupoBaiu
50%-HBIM BOAHBIM STHJIOBBIM CTIPTOM B TEYEHUH 3-5 THEH, TPH KOMHATHOH TEMIIEpaType METOIOM Mallepalini
C MIePEeoIMIECKUM TIepeMeNInBanreM. V3pneueHne cimBaty, ChIpbe OT)KUMANH U 3aJTHBalId BTOPOU MOpIreit
9KCTpareHTa W HacTanBaiIH B TedeHHe 24 gacoB. O6e BHITSHKKH o0benuasn (A. annua L. — 500 r X3 1 50%
BOnHOTO 3TaHoMNa, A.cina Berg. — 1000 r x 5 1 50% BomHOTO 3TanoNa). OTGUIBTPOBAHHBIN BOAHO-CITUPTOBBIN
AKCTPaKT KOHIICHTPHUPOBAIH B MATKUX YCIOBHUAX (Ha poTopHOM mcmaputene moaenn «RE300», Temmeparypa
BosTHOM Oane He 6osee 55°C). CiupToBOE M3BICUCHNE yIIAPUBAIIN ITOJT BAKYYMOM JIJISI OTTOHKH dKCTpareHTa. B
JaTbHEHTIIEM MTOTYICHHOE U3BJICUCHHE CTYIIAN TI0J] BAKyYMOM IpH Temmeparype 50-55°C 1o KOHCHCTEHITNN
TYCTOTO dKCTpakTa. TakuM oOpa3oM MOIydniu dKCTpakT Ne2 B konmmdectBe w3 A.annua L .— 50 r skcTpakra,
m3 A.cina Berg. — 80 1 akcTpakra.

[Iporecc momy4eHns TYCTOTO DKCTpakTa MPEACTaBIeH Ha pa3paOOTaHHON aBTOpAaMHU TEXHOIOTHYECKON

OJoK-cxXeMe (pUCYHOK 2).

Havemsenne

HiveasdaenHoe
cepre,
pasMep HacTHIl
=1Mwm

TIpuroTonienue
SKCTpareHTa

Sxerparent
50% BoambI
cnmpr

IKCTPAKITHS
BACTAHBAHEE B Tev. 2 THEH MPH KOME. TEMIT.

BakyyM BeImapka

Cnuprosoi
oTron

HA OpHIOTOB1CHEE
skeTparenTa

KOHIeHTPHPOBAHAKIH
ocTaToR

DKCTPAKT #2

Pucynox 2 — TexHOJOTHS TOTydeHHs TyCTOTO SKCTPAKTa METOIOM Mallepariui
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Onnum u3 3 (PeKTUBHBIX CMOCOOOB JKCTPAKLUHU SIBISIOTCS METOABI «3EJEHOM» JKcTpakuuu. Jlis
W3BJICYCHUS] OMONIOTHUECKU aKTHBHBIX BEIIECTB HAMHU ObLi1a BEIOpaHa TEXHOIOTUS YITIEKHUCIOTHON IKCTPAaKLIUU
— OTO TeXHOJOrus 0OpabOTKU ChIpbs auokcuiaoM yriepona (CO,), mosBonsiomas U3BJIEKaTh B BBICOKOM
KOHIEHTPALUH Pa3INuHble TUITO(UIBHBIC BeeCTBA. TeXHOIO0T sl yTIIIEKUCIOTHON SKCTPaK MU — 3P PEKTUBHBIN
1 DKOJIOTHYECKHU YUCTBINM cO0CO0 BBIACNCHHS PA3TUUHBIX OMOJIOTMYECKH aKTHBHBIX BEILECTB, COACPIKAIINXCS
B JIEKQpCTBEHHOM pACTUTEIBHOM ChIpbe. TeXHOJOTUs YITIEKHMCIOTHOM SKCTPAaKIMU HUMEET HECOMHEHHbBIE
MpeuMyLIecTBa Mepel TPaIulMOHHBIMU CIIOCO0aMU DKCTPAKIMHU: 00Ja/laeT yNpaBisieMOi CeleKTUBHOCTBIO
[0 OTHOUICHUIO K TpynnaM bAB, mo3BomnseT ocymecTBIsTh TIyOOKYIO SKCTPAKLUIO, MAKCHMAIBHO BBIJIENSAThH
6orateie komiekcbl BAB, conepikamuecs B pactenuu. [lockonbKy, mpu pa3paboTKe JeKapCTBEHHBIX CPEICTB
BBIJIBUTAIOTCS KECTKUE TPeOOBaHHS MO 0E30MACHOCTH U KaueCTBY, TO YIIICKUCIOTHBIE SKCTPAKTHI SIBISIOTCS
ONTUMAJIbHBIMH, O0ECIeunBasi eCTECTBEHHOCTh, MUKPOOHOIIOTHUECKYIO YHCTOTY, OTCYTCTBUE JKCTpareHTa
B KOHeyHOM mpoaykre. Hapsnay c copmep:kaHueM LENEBBIX KOMIIOHEHTOB, B JKCTPAKTax MpPEICTaBICHBI
MOYTH BCE TPYMINbI OMONOTHYECKH AKTUBHBIX JIMIOQWIBHBIX COCAMHEHHMH pacTeHUsl (KUPHBIE KHCIIOTHI,
KUPOPACTBOPUMbIC BUTAMUHBI, BOCKH, TEPIEHbI U TEPIICHOUIBI, TUTMEHTBI, alKaJOUAbI, (PUTOCTEPHUHBI U
ap.). Kpome Toro, ucrnonp3oBanue JHOKCHIA YIIIepoJa B KaueCTBE PACTBOPHUTEINS B MpoOLEccax dKCTPAKLIUU
U BBIJIENEHUS DPA3JIMYHBIX BELIECTB, JA€T BBICOKOE KaYeCTBO MOIY4aeMOM NPOAYKLHH, 3KOHOMHUYECKYIO
3¢ (EKTUBHOCTD U IKOJIOTUYECKYIO 0€301MaCHOCTb Mporeccos [14].

Texnomnorus nomydenus CO, 5kcTpakToB. Pabora BIIONHANACH HAa SKCTPAKIMOHHON ycTaHoBKe Y YIID-5
1, 3keTparenT — xkuakas yrekuciora ([OCT 8050-85). Dkcrpakuus nonbIHA HIUTBApHOH Artemisia cina Berg.
MIPOBOAMIIACK MIPH CIIEAYIOIIUX MapaMeTpax: IKcTpakunonHas Macca — 1800 r; pabouee naBinenue —57-65 kre/
cM?; TeMneparypa skctpakuuu — 18-23°C; Bpems kcTpakuuu — 1 3arpy3ka — 9 4.

Jiis monbrHY ofHONETHEH Artemisia annua L. — skcTpakironHas Macca — 780 T; pabouee nasienue — 57-65
Krc/cM?; Temrieparypa skcTpakiuu — 18-23°C; Bpems skcTpakiuu — 1 3arpy3ka — 8 4.

Onpenenenre aMUHOKHCIOTHOTO U MUKPOAJIEMEHTHOTO COCTaBa

AMHWHOKHUCIIOTBl COCTaBIISIIOT (PU3MOJIOTUYECKH BAXKHYIO TPYIILY COCAMHEHMH, YYaCTBYIOIIMX B CHHTE3€
creun(pUUecKuX TKaHEBBbIX OENKOB, ()EPMEHTOB, HYKJIEMHOBBIX KHCIOT, CIIOXKHBIX YIJEBOAOB, >KUPOB,
ropMoHOB u Ap. [1,2]. Pe3synbrarsl ncciieoBaHni aMUHOKHUCIIOTHOTO COCTaBa MOJBIHM LIUTBApHOH Artemisia
cina Berg. u nonbiau ogHoneTHel Artemisia annua L. npeacrasnens! B Tabnuue 4.

Tabmuma 4 — Coneprxanue aMHHOKHCIIOT B TIOJIBIHE IINTBAapHOI Artemisia cina Berg. u monsine ognonernei Artemisia annua L.

AMUHOKUCIOTHEIN coctas, Mr/100 r Ionbiab uTBapHas Artemisia cina Berg. | [lonbiab onHoneTHss Artemisia annua L.
AcnaparHoBasi KHCJIOTa 1248,92 + 128,49 1405,57 + 140,56
['myramMuHOBasI KUCTIOTA 2188,08 +218,81 1783,28 + 178,33
Cepun 521,42 £52,14 476,78 + 47,68
Tuctuaun 707,64 £ 70,76 315,89 £31,59
 Buszenzics 642,46 + 64,25 749,23 + 74,72
Tpeonun* 633,15 £63,32 631,58 £ 63,16
ApruHuH 1080,07 + 108,01 668,73 £+ 66,87
AnaHuH 772,81 +77,28 811,15+ 81,12
Tuposun 502,79 +50,28 538,70 + 53,87
Hucrenn 130,35+ 13,04 191,95 + 19,20
Banun* 679,70 = 67,97 885,45 £+ 88,55
Mertnonun* 288,64 + 28,86 359,13 £35,91
Dennnananua* 623,84 £ 62,38 792,57 £79,26
Jleitma™* 1219,74 + 121,97 1157,89 = 115,79
Wzoneriun* 754,19 £ 75,42 650,15 £+ 65,02
JIuzun* 949,72 + 94,97 866,87 + 86,69
Tpunrodan 167,60 = 16,76 148,61 = 14,86

HpI/IMe‘IaHI/IGZ * — He3aMEHHUMbIE AaMUHOKHCIIOTBI.

W3 nannpix Tabauubl 4 cieayeT, YTo HccliefyeMble 0OBEKThl comepKar 17 aMUHOKHUCIIOT, U3 KOTOPBIX 7
SIBIISIFOTCSI HE3aMEHUMBIMH (TPEOHUH, BAJIMH, METHOHWH, N30JICHIINH, JTeUINH, ()eHUITaTIaHH, JTU3HH).

Oocyxaenue. Cpenu uaeHTHGUIMPOBAHHBIX AMUHOKHUCIOT OONBIIUHCTBO (12 cOoeMHEHMIT) OTHOCSTCS
K rpynne andparniyeckux [15]. Anudaruueckue KUCIOTHI MPEACTaBIeHbl 8§ MOHOAMHHOMOHOKapOOHOBBIMU
KHCII0TaMU (IVIMIMH, aJlaHUH, BaJIUH, U30JEHIH, JIEHIIUH), B T.4. COJIEPKAILIMMU OKCUTPYTITY (TPEOHUH, CEPHH)
U cepocoiepKaliuMu (METHOHUH) COEIMHEHUSIMH. MOHOaMUHOAMKApOOHOBBIE KHCIIOTHI TpPEACTaBICHBI
acraparuiHOBOM M IIIyTAMUHOBOM KHCJIOTaMH, TUAMUHOMOHOKapOOHOBBIE KMCIOTHI — JIM3UHOM M aPTHHUHOM.
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W3 apomaTHyecKuX aMHUHOKHCIOT OOHApY)KEHbl THPO3MH W (eHHJaNaHWH. | eTepOLMKIMYECKHE KHCIOTHI
MIpEJICTaBIEHbl TUCTUMHOM.

B nonbiHe 1uTBapHON OTMEYaeTcs BBICOKOE COZAEp’KaHHE INTyTAaMHUHOBOM KHCJIOTHI, CEPUHA, THCTUAMHA,
apruHUHa, W30JeinHa, Tu3nuHa, Tpuntodana. Torna Kak, B TOJBIHE OTHOJNETHEHW B OOJBIIOM KOJIHUYECTBE
COZIepIKarcsi: acraparuHoBasi KUCIIOTA, TUCTUANH, allaHuH, TAPO3HH, BaJIMH, METHOHHH, ()eHMITaJIaHNH.

W3BecTHO, 4YTO IIIyTaMHHOBAsl KHUCJIOTa YYacTBYeT B MOAACPKAHWU JBIXaHHUS MO3TOBBIX KJIETOK,
CTUMYJIMPYET OKHCIUTEIbHbIC MPOLECCHl. ANAaHWH MpEACTaBIIeT MHTEpec Kak 3(PQEeKTUBHOE CPEACTBO
MpopUIaAKTUKY UIIEMUYECKUX HapyleHuid B Mo3re [ 15]. JleliinH, METHOHHH, aciapariHOBas U Iy TAMUHOBAs
KHCJIOTBI OKa3bIBAIOT TOJOKUTENBHOE BIIUSHUE HA CEPIEUHO-COCYANCTYIO CUCTEMY, TAKXKe IPUMEHAIOTCS IpU
APUTMHSX, THUIIOKCUSIX U 3a00J1€BaHUSIX LIGHTPAIbHOM HEPBHOW CHCTEMBI [6].

OnHOBpEMEHHO, B MCCIIEIOBAHUX 10 MUKPOAJIEMEHTOMY COCTaBY B MOJIBIHE OAHONETHEH Artemisia annua
L. orMeuaeTcst BBICOKOE COIEpKaHHUE KaJIbLHsl, Kene3a, MeH U IMHKa (Tabnuua 6).

Tabnuna 6 — COﬂep)KaHI/IC MUHEPAJIbHBIX BEHICCTB B IOJIBIHE HHTBapHOﬁ " IIOJIBIHE OI[HOJIGTHeﬁ

MunepainbHble BemectBa, Mr/100 r IMonene nuTBapHas Artemisia cina Berg. | [Tonbiae onHonerHss Artemisia annua L.
Kanpuwuii (Ca) 790 + 158 870 + 174
Marnuit (Mg) 250 + 50 190 + 68
XKeneso (Fe) 23.4+4,68 64,2 +12,84
Menp (Cu) 10,3 +3,9 22,8 +8,7
LuHk (Zn) 22,8 +8,7 63,5+21

B pesynbrare mcciemoBaHUsS pacTUTENHHOTO CHIPbS Ha COJEpPKaHWE TOKCHYHBIX 3JI€MEHTOB (CBHHIIA,
KaJIMUsl, MBIIIbsKA, PTYTH) ONPEICIICHO, YTO HAJMYWE BBIIICIICPEUUCIICHHBIX TOKCHYHBIX 3JICMECHTOB HE
MPEBBIIAIOT MIPECIIBHO JIOMYCTHUMbIX 3HAYCHUH.

3akaouenue. Takum oOpazom, Tpu pa3zpadOTKe METOIMKH pa3/ieieHHs OMOIIOTHIECKH aKTUBHBIX BEIIECTB
TIOJIBIHU ITUTBAPHOU U MOJIBIHK OJTHOJICTHEH OBUIO YCTaHOBJICHO:

OnTuMainbHas CTEMEeHb M3MEJIBYCHHUsS, IPU KOTOPOH  JIOCTHUraeTcs
AKCTPAKTHUBHBIX BEIIECTB — | MM.

Jliis ompenencHuss MaKCUMAJIBHOTO BBIXOJ[a SKCTPAKTHBHBIX W OMOJIOTMYECKU aKTHBHBIX BEUICCTB ObLI
oI00paH ONTUMATBHBIN dKCcTparedT — 50% STUIIOBBIN CIIHPT.

B xonme momy4eHuss OCHOBHBIX 3KCTPAKTOB OBUT MCIONB30BaH METOJl IKCTPArvpOBaHUS — Marleparus ¢
MIEPEOINICCKUM TIEPEMEIINBAHUEM.

Pa3paborana TexHomornyeckas OIIOK-cXema MOIyUeHHs TyCTOTO AKCTPAKTa METOIOM MarlepaIii.

HccnenoBanne aMUHOKHCIOTHOTO COCTaBa MOKAa3alio, YTO B PACTHTEIBHOM ChIPhE OTMEUAETCS BHICOKOE
CoJIepKaHUe TIIyTAMHHOBOW KHCJIOTBI, CEpUHA, TMCTUIMHA, apTrUHUHA, W30JICHIIMHA, JTU3WHA, TPUNTO(aHA,
acTmaparmHoOBasi KUCI0Ta, TUCTUINH, aJlaHWH, THPO3WH, BaJINH, METHOHWH, (DeHMITaTaHIH.

[TonoGpanbl ONTUMATIBHBIE YCIOBUS SKCTPAKIMK I'yCTBIX 9KCTPaKToB, CO -3KCTPAKTOB B 3aBUCUMOCTH OT
xuMmuueckux cBoicTB @AB B cocTaBe pacTUTEIBLHOTO ChIPbSL.

AHanmM3 aMIHOKHCIOTHOTO W MUKPORJIEMEHTHOTO COCTaBa MOATBEPIKIAAIOT, 4To poa Artemisia L. — oIBIHE
cemeiicTBa Asteraceae L. sBIseTCS MCTOUHUKOM IIEHHBIX OMOJIOTHYECKH aKTUBHBIX BEIIECTB, KOTOPHIE MOTYT
ObITh HCTIONB30BaHbI s JiedeHuss COVID-19 u cXonHbIX BUPYCHBIX WHPEKIUH.

B xome HaydHBIX HMCCICIOBaHHMH IUIAHUPYIOTCS JajbHEHIIne paOdoThl MO MOJYYCHHIO KCTPAKTOB W3
PACTHTEIBHOTO CHIPBS.

Paboma evinonnena npu gunancosoii noodepoicke Komumema nayku Munucmepcmea obpasosanus u
nayxu Pecnyonuxu Kazaxcman (epanm BR10965271).
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AHAJIN3 JEKAPCTBEHHBIX PACTEHUI ®JOPbI KASAXCTAHA, COJIEPKAIIMX
COEJIUHEHMS C TPOTUBOBUPYCHOM AKTUBHOCTBIO

AnHoTanus. HanOGompmuii ©HTEpEC IS TMOMCKA HOBBIX JICKAPCTBEHHBIX BEIIECTB C MPOTHBOBUPYCHOM
AKTHBHOCTBIO MIPEACTABIISIOT IPUPOAHBIC COSANHEHUS U3 PACTUTEIHLHOTO CHIPbSL.

OK0JI0Tr0-00TaHNYECKUI aHAJIN3 PECYPCHBIX BUIOB JICKAPCTBECHHBIX PACTCHUH Ha Tepputopun Pecnyonuku
KazaxcTan mokazan, 4To MO KOJIMYECTBY 3aracoB PACTUTENLHOTO CHIPhS JIMACPOM SIBISIOTCS CeMeicTBa
Asteraceae, Lamiaceae Lindl., Hypericaceae, Fabaceae u ap.

Ha ocHoBanmu auTepaTypHOTo 0030pa OBIT OCYIIECTBIICH OO0 JeKapcTBeHHBIX TpaB PK ¢ Bo3MoxHOM
MIPOTHBOBUPYCHOM aKTUBHOCTBIO: Artemisia cina Berg., Artemisia annua, Glycyrrhiza glabra, uralensis,
Origanum vulgare L., Melissa officinalis, Mentha piperita, Thymus vulgaris, Bidens tripartite, Hypericum.

OTMe4eHO, YTO TPOTHBOBHUPYCHBIC CBOWCTBA B JICKAPCTBEHHBIX PACTCHHUSX MPOSBISIOT BTOPHYHBIC
MeTa0OIUThl — TEPHEHUOAbl (IIMUUPPHU3MH, |8P-TIMIMPPETHHOBAs KHCIIOTA); MOHOTEpPICHAJbICTUIbI
(matpanpe A, nuTpans B, muTpoHennanb); MOHOTEPIMHOWIBI (O-TUHEH W [(-TIMHEH), CECKBUTEPIICHOMIBI
(E-xapuodunnen, repmakpen-D, okcuj kKapuoduiuieHa, CHaTyiaeHomn); (EeHONbHbIE COeNMHEHUS (MEHTOI,
MEHTOH); TepIeHBl (KapBakpoJ, THUMOJ, OOpHEON, Y-TEpIIMHEH W Tapa-IUMEH); (IaBOHOWILI (aypoH
Cynb(QYPETHH U JIp.); CECKBUTEPIICHOBBIC JIAKTOHBI (apTEMHU3MHIH, apTEaHHYHH, CAHTOHUH U JIp.)

beuto coOpaHO W MOATOTOBIEHO pacTHTENbHOE ChIpbe Artemisia cina Berg., Artemisia annua ams
JAJILHEHIIIETO BBIJICJICHHS HHMBH/YaTbHBIX BEIIECTB, MX WACHTH(QHUKAIUK 1 MOAU(PUKAIINN SKOJIOTUIHBIMU
ANEKTPOXUMUYECKUMH CIIOCOOaMHU.

KuroueBnie ciaoBa: xopoHaBupyc COVID-19, nexapcTBEeHHBIC PAacTeHHsI, OICHKA IPOTHBOBHUPYCHOM
AKTHBHOCTH, PUPOAHBIE COCANHEHHUS, IEKTPOXUMHUYECKUI CHHTE3.

ML.K. Kypunos!, A.K. Kapmaraméerora', J.T. Taararos!, E.B. CosonoBa’?*, A.C. Aye3xaHona'
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29On-Mapabu areiHmarel Kazak yiaTThIK yHUBEpCHTETI, AMatsl, Kasakcram.
E-mail: neftgas@inbox.ru

KYPAMBIHIA BUPYCKA KAPCbBI BEJICEHAIJIIKKE ME KOCBIH/ABIJIAPBI BAP
KA3AKCTAH ®JIOPACBIHBIH A9PIJIIK OCIMAIKTEPIHE TAJIIAY KACAY

Annoranus. Bupycka Kapchl OelceHIUTIKKEe He kKaHa A9PUTIK 3aTTapAbl i3/eyae oCiMIiK IHUKi3aTbIHaH
aJIBIHFAH TaOUFU KOCBUIBICTAP YJIKEH KBI3BIFYIIBUIBIK TYIBIPA/IBL.

Kazakcran PecnyOnuKachIHBIH ayMaFbIHIAFbI IOPUTIK ©CIMAIKTEPIH PECYpPCTHIK TYpiIepiHe 3KOIOT HSIIbIK-
OOTaHWKAJIBIK Talidy OCIMJIK WIMKi3aThl KOPJAphIHBIH caHbl OoiibiHmA Asteraceae, Lamiaceae Lindl.,
Hypericaceae, Fabaceae »oHe T. 6. TYKbIMAAacTapbl KOIIOACIITBI OOIBIT TAOBIIATHIHBIH KOPCETTI.

Onebu oy Heri3iHae BUpycKa Kapcbl MyMKiHgI Oencenpiniri 6ap KP nopinik menTepine ipikrey xxy3ere
aceIppUIIBl: Artemisia cina Berg., Artemisia annua, Glycyrrhiza glabra, uralensis, Origanum vulgare L.,
Melissa officinalis, Mentha piperita, Thymus vulgaris, Bidens tripartite, Hypericum.
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Hopinik eciMIikTepie BHPYCKa Kapchl KacHETTepAi KaiTalamMa MeTa0OJIMTTep — TEPIEHOUATAP
(mmmmppu3nH, 18B-TMIHUPPETHH KBIMKBLIIBI); MOHOTEpIEHATbACTUATED (IUTpanb A, IUTpams B,
LHUTPOHENJIANb); MOHOTEpHHHOMATap (O-IMHEH oHe [B-uHeH), ceckButeprneHouarap (E-xapuoduiie,
repMakpeH-D, kapuoQuUIeH OKCHI, CHaryieHoin); (eHOIbl KOChUIBICTap (MEHTON, MEHTOH); TepIIeHIep
(kapBakpoJj1, TUMOJI, OOpPHEOJ, Y-TepIliMHEeH oHe mapa-llumen); duaBoHouaTap (aypoH Cyiab(ypeTHH KOHE
T.0.); CeCKBUTEpIEHI JaKTOHAap (aApTEMU3HHUH, apTCaHHYWH, CAHTOHUH KOHE T.0.) KOpPCETETiHI aHBIKTaJIbI.

JKexe 3aTTapasr omaH opi OOl amy, oJlapIbl AaHBIKTAY YKOHE JIEKTPOXUMUSHBIH SKOJIOTHSITBIK 9ICTepIMEH
MonuduKkalusiay yirid Artemisia cina Berg., Artemisia annua eCiMTiK IIMKi3aThl JKHHAJJTBI KOHE JTaWbIH AT JIbI.

Tyiiin ce3nep: xoponaBupyc COVID-19, nopinik eciMmIikrep, BUpyCKa Kapchl OEICEHIITIKTI Oaraiay,
TaOWUFH KOCBUIBICTAP, JICKTPOXUMHUSITBIK CHHTE3.

M.Zh. Zhurinov', A.K. Zharmagambetova!, E.T. Talgatov', E.V. Solodova'?, A.S. Auyezkhanova'

”D.V. Sokolskiy Institute of Fuel, Catalysis and Electrochemistry” JSC, Almaty, Kazakhstan;
2Al-Farabi KazNU, Almaty, Kazakhstan.

ANALYSIS OF MEDICINAL PLANTS OF THE FLORA OF KAZAKHSTAN CONTAINING
COMPOUNDS WITH ANTIVIRAL ACTIVITY

Abstract. Natural compounds from plant raw materials are of the greatest interest for the search for new
medicinal substances with antiviral activity.

Ecological and botanical analysis of the resource species of medicinal plants on the territory of the Republic
of Kazakhstan showed that the families Asteraceae, Lamiaceae Lindl., Hypericaceae, Fabaceae, etc. are the
leaders in terms of the number of stocks of plant raw materials.

Based on the literature review, the selection of medicinal herbs of the Republic of Kazakhstan with possible
antiviral activity was carried out: Artemisia cina Berg., Artemisia annua, Glycyrrhiza glabra, uralensis,
Origanum vulgare L., Melissa officinalis, Mentha piperita, Thymus vulgaris, Bidens tripartite, Hypericum.

It was noted that antiviral properties in medicinal plants are manifested by secondary metabolites - terpenoids
(glycyrrhizin, 18B-glycyrrhetinic acid); monoterpene aldehydes (citral A, citral B, citronellal); monoterpinoids
(o-pinene and B-pinene), sesquiterpenoids (E-caryophyllene, germacrene-D, caryophyllene oxide, spatulenol);
phenolic compounds ( menthol, mentone); terpenes (carvacrol, thymol, borneol, y-terpinene and para-cymene);
flavonoids (auron sulfuretin, etc.); sesquiterpene lactones (artemisinin, arteannuin, santonin, etc.)

The plantraw materials Artemisia cina Berg., Artemisia annua were collected and prepared for furtherisolation
of individual substances, their identification and modification by eco-friendly methods of electrochemistry.

Key words: COVID-19 coronavirus, medicinal plants, evaluation of antiviral activity, natural compounds,
electrochemical synthesis

Beenenne. Ceronns pa3paboTka BEICOKOA()(EKTUBHBIX JICKAPCTBEHHBIX MPENAPATOB € IPOTHBOBUPYCHOMN
akTHBHOCTBIO B oTHOIEHNH COVID-19 u cXomHbIX BUPYCHBIX HH(EKINH SBIsSICTCS ITIaBHEHIIEH MpodaeMoit
BCEro MUPOBOT'0 HAy4YHOI'O COOOILECTBA.

Pactenus npeacraBisitoT cOO0H OCHOBHOM MCTOYHMK XUMHUYECKOI'O pa3HOOOpas3ysl Ha IUIAHETE, U BIIOJIHE
BEPOSITHO, YTO MOXHO OyAeT HalTH HEKOTOpble OezomacHble U APPEKTUBHBIC PACTUTEIbHBIC COCIWHEHUS,
KOTOpBIE MOTYT OKa3aTrbcs dPGEKTUBHBIMU JIJIST TIPOQPIIIAKTUKY U, BO3MOXKHO, tedeHuss COVID-19.

B nmocnennue ronsl HaOIIOAACTCS TEHACHIHS K HCIIOJIb30BAHHIO HATYPAIBHBIX PACTUTEIBHBIX SKCTPAKTOB
WM COETUHEHUH PaCTUTEIBHOTO IIPOUCXOKIEHNS B KAUECTBE aJIbTEPHATUBBI XUMUYECKUM HITH CHHTETHUECKAM
are’Tam. DTO CBSI3aHO C X MEHBIIEH TOKCHIHOCTHIO, OMOPa31araéMoCThI0 M COBMECTUMOCTRIO C OKPYKAIOIICH
cpenoil. BO3MOXHOCTH CHHTE3a HOBBIX JIEKAPCTBEHHBIX MpenaparoB, OONaalolIiMX MOBBIILICHHOH
MIPOTUBOBUPYCHON aKTUBHOCTHIO isa mpoduiaaktuku COVID-19, crtama IOTMOTHUTENBHONW TPUIHHON
MHTEHCUBHOT'O Pa3BUTHUS HCCIEI0OBAaHUN B 3TOM HaIPaBIEHHU.

PecrryOnuka Kaszaxcran oOmamaer Ooratoit ¢uopoii. PactutensHblii Mup mpenactaBieH 5754 BupaMu
BBICIIMX pacTeHui. HaOmonaercss BBICOKHMI ypOBEHb JHAEMHU3Ma, KOTOphId cocraBisieT o 14%. Crmcok
PEIKKX ¥ HUCYE3AI0IINX BUIOB BKJIFOUaeT B ceOst 387 BUIOB pacTeruid [1].

B cBs3m ¢ BBIMNIEU3I0KEHHBIM, aHATN3 U OTOOP JIEKAPCTBEHHBIX pacTeHHWH Ha Tepputopuu PK sBisercs
BAKHEHIIEH 3a7a4ell Ul IOMCKA U U3BJICUEHUS] COCIMHEHNUN ¢ IPOTUBOBUPYCHOM AKTUBHOCTBIO.

Marepuajbsl U Meroabl. IIpoBeneH nUTEpaTypHBIH aHaJIN3 PACTUTEIBHOIO ChHIPbS, O0O0JIAJAOLIETO
MTOTEHITHATBHON MTPOTUBOBUPYCHOW aKTUBHOCTHIO, B TOM YHCIIe TIPOTUB KopoHaBupyca SARS-CoV-2. Coop
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U 3arOTOBKY JAMKOPACTYIIETO CHIPhSl OCYIIECTBISUIM B COOTBETCTBUU C [IpaBMiaMu Hajuiexaled MpakTHKA
cbopa, 00padOTKH U XpaHEHHUS HCXOAHOTO CHIPhs PACTUTENBHOTO MPOUCXOKACHUS M Haaneskaieil mpakTHKOH
cbopa nexapcTBeHHbIX pactennid (GACP) [2-4].

Pe3yabrarbl m ux obcy:kaenue. B HayuHbIX 0a3ax NaHHBIX MMEETCS OIPOMHOE KOJHYECTBO CTared o
[IPOTHBOBHUPYCHOM, TPOTHBOTPUOKOBOH, aHTHOAKTEpHATbHON, aKTUBHOCTH JIEKAPCTBEHHBIX TPAB U KyIBTYD [5-
10]. B yactHOCTH, B pEIEH3UPYEMBIX PEHTHHTOBBIX KYpHaJIax O JEKapCTBEHHBIX PACTCHUSX U POICTBEHHBIX
UM pacTUTEIbHBIX BEIECTBAX C MPOTHBOBUPYCHOW aKTHBHOCTBHIO 00CYKAAI0TCS TPOTHBOBUPYCHBIE CBOMCTBA
9KCTPAKTOB TPaB M OMOAKTHBHBIE KOMIIOHEHTHI JIEKAPCTBEHHBIX pPACTEHUH. B TpamunuoHHOH MemunuHe
MHOTHE M3 3TUX PACTCHHU MCIOJIB3YIOTCS MIPU JICYCHUHU O0NIe3HEH BOBMOKHOTO BUPYCHOTO MPOUCXOKICHUSI.
BMmecre ¢ TeM, B 3THX ke MyOJHMKAaLMSAX YacTO B KadecTBE PEKOMEHIAIMH, MpeajaraeTcs MPOBOAUTH
JOTIOJTHUTENbHBIE UCCIIeIOBaHMs AJIsl TOTYUYeHHUs Oosee NeTaJu3UpOBaHHBIX PE3ylbTaToB 110 CBOMCTBAM TEX
WJIM UHBIX JIGKapCTBEHHBIX pacTeHuil. Pazinnunele putoxumuueckue BeniecTBa ObUTH BBIACICHBI, OYMIICHBI U
HUACHTU(QHULIUPOBAHBI U3 CHIPBIX SKCTPAKTOB aJKaJOUIOB, TEPIEHOB, (JIABOHOUIOB, PA3TUUHBIX TIIMKO3UI0B.
OCHOBHBIE PE3yJbTAThI, OTHOCSIINECS K SKCTPAKTaM IPOTHBOBUPYCHBIX PACTEHNH, COOpaHBbI B BUAE TAOTUUHBIX
JaHHBIX, OCHOBAHHBIC HA OIyOJIMKOBaHHBIE MaTepHalIbl B CTAaThsIX [5-7].

Bornbiioit nHTEpEC MpeACcTaBIsIOT PabOTHI, MOCBSIIECHHBIE TPOTUBOBUPYCHBIM CBOWCTBAM AJIKaJOWI0OB B
JIEKapCTBEHHBIX pacTeHusiX. OTMEUEHO, YTO MCTOYHUKOM alIKaJIOHJIOB MOTYT OBITH ceMelcTBa Asteraceae,
Fabaceae, Solanaceae u np.

DK0I0T0-00TaHNYECKUI aHAIIN3 PECYPCHBIX BUIOB JIGKAPCTBEHHBIX PACTEHUH Ha TeppuTopun Pecnyonuku
KazaxcTan mokazan, 4To MO KOJIMYECTBY 3alacoB PACTUTENBHOTO CBHIPbS JIMAEPOM SIBISIOTCS CeMelcTBa
Asteraceae, Lamiaceae Lindl., Hypericaceae, Fabaceae u ap. [11].

Ha ocHoBe nuTepaTypHBIX NaHHBIX MOCJIEAHUX JeT mo TpaBam Kaszaxcrana [5-7, 12], obmagarommx
MIPOTUBOBHUPYCHBIMH CBOHCTBAMHU, JJISl NCCIIEIOBAHUS ObLIN BHIOPAHbI IEKapCTBEHHBIE TPABBI, TPECTABICHHBIE
B Tabnuie.

Tabnuua — [IpoTHBOBUpPYCHBIE CBOMCTBA 3KCTPAKTOB JIEKAPCTBEHHBIX TpaB, Mpouspactarouux B PK

Pacrenue Buj skerpakra Bupyc Ccbliika
Cononxka ronas Glycyrrhiza glabra, uralensis | MeTaHOJIBHBIN 9KCTPAKT NDV BEH, I'purn A [39]
Menucca nekapctBeHHast Melissa officinalis | Bogublii akctpakr, a¢upHoe macno. | HSV-1, HSV-2 (Bupyc repreca. |[24, 40]

I'purint A, BUY

Msita nepeunas Mentha piperita MeTaHOIBHBIN SKCTPAKT HSV-1 [41, 42]
Jymmia oobikHoBeHHast Origanum vulgare L. | DdupHoe macio BIY, BUO (SIV) [43]
Tumbsn oOsikHOBeHHBIH Thymus vulgaris | MeTaHOJIBHBIH 9KCTPAKT BUY [44-47]
UYepena TpexpasaeinbHas Bidens tripartita DdupHoe Macio Bupyc rpunmna [48-51]
3BepoOoii mpoabIpsiBiaeHHbIH Hypericum Bonublii sxcTpaxt I'purmn A, BUB Bupyca nudexk- | [52-58]
perforatum L. ronHoro 6ponxwura (IBV)
[oneiHp oHONMETHSS Artemisia annua Bomnblit skcTpakT, a3pupHOE Macio SARS-CoV-2 [22, 59, 60]
[TosnbiHb IMTBapHAst Artemisia cina Berg. BoHbIi SKCTpakT, 3TaHONbHBIN 3KkeTpakT | SARS-Cov-2 [43]

Comonka ronast (Glycyrrhiza glabra, uralensis). MHoOro4ncieHHbIE HWCCIIEIOBAHUS BBISBUIM MHOTHE
(hapMakoJIOTHYECKHE CBOWMCTBA COJNIONKH, TaKHE KaK IPOTUBOBHUPYCHBIE, MPOTHBOBOCHIAIUTEIbHBIC,
IIPOTHUBOOIIYXOJIEBbIE, MPOTUBOMUKPOOHBIE W aApyrue. Cpelau YHNOMSHYTHIX BbINIEe (DapMaKOIOTHYECKUX
CBOWCTB COJIOAKH YaIlle BCEro COO0IIANIOCh O IPOTUBOBUPYCHON M aHTUMUKPOOHON aKTHBHOCTH.

Comnonka romnasi conepkut 6omnee 20 TpurepneHonioB U moutd 300 ¢maBorHONI0B. Cpeay HUX OCHOBHBIMU
AKTUBHBIMU KOMITOHEHTaMH, 00JIa/Ial0NIMMH TIPOTHBOBUPYCHON U aHTUMUKPOOHOW aKTHBHOCTBIO, SIBIISIOTCS
rmummppusuH (GL), 18B-rmunmpperunoBas kucinota (GA), nukBuputurennH (LTG), mukoxankorn A (LCA),
nukoxaikoH E (LCE) u tmabpuann (GLD) (pucynoxk 1) [8].

Glyeyrhizin (GL) 18- Glyeyrhetinic acid (GA) Liquiritigenin (LTG)

H3CO OH "
HO o [
5 " | =
oy
0
Licochalcone A (LCA) Licochaleone E (LCE) Glabridin (GLD)Y

Pucynok 1 — OcHOBHBIE KOMITOHEHTHI
Comnonku ronoit (Glycyrrhiza glabra, uralensis)
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Bonee peranbHble HcclienoBaHWS TOKa3ald, 4yTo Tonbko naBa TpureprieHa, GL u GA, oOmamaror
MIPOTUBOBHUPYCHBIM jeicTBHeM. OHM MOTYT OcHallsiTh BUPYCHYIO aKTUBHOCTH, MOJABISS DKCIPECCHIO U
PEIUTMKALIMIO BUPYCHBIX T€HOB, YMEHBIIIAsl CUITY a[re3uH U cTpecca, a Takke ymeHbluas cssbiBanne HMGBI1
¢ JIHK. OHu Taxke MOTYyT yCHIMBAaTh aKTUBHOCTBH KJIETOK-X03s€B, ONMOKupys aerpagauuio IkB, akTuBupys
nponudepanmio T-1TMMGOUNUTOB U OAABIISS aNIONTO3 KIETOK-XO035EB.

Menucca nekapcrBennas (Melissa officinalis). D¢upHoe macino ObUIO HCCIIEIOBAHO METOIOM Ta30BOM
xpomaro-macc crnekrpomerpun (I'’X-MC), B pe3ynsratre KOTOpPOro ObUIM HIACHTU(PHUUHUPOBAHBI OCHOBHBIE
KOMIOHEHThl. HamOonbluii MHTEpec Ui HCCIIeIOBAaHUH TPOTUBOBUPYCHBIX CBOWCTB MPEACTAaBISIOT
MOHOTEpIICHABACTHIBL: IUTPAb A, IUTPajib B u nuTpoHemians (pUCyHOK 2):

CHs
CH, CH,
S CHO AN
CHO HCxy
e HiC” “CH,

H,C CH, CH;

geranial neral
{eitral a) {eitral by

uMTpOHennanb

Pucynok 2 — OcHoBHBIE KOMITIOHEHTHI Menuccrl nekaperBenHol (Melissa officinalis)

Wurnbupyiomas akTHBHOCTh B OTHOLIGHUHM BUpyca mpoctoro repmeca 1 tuma (HSV-1) u Bupyca
npoctoro repneca tuna 2 (HSV-2) tectupoBanu in vitro Ha KiIeTKax Mo4YeK 0OE3bsiHBI C MCIOIb30BaHUEM
aHanM3a yMeHbIIeHHs OJsiieKk. bpuio mokasaHo, 4TO Macjao MEJIHCCHI JIGKAPCTBEHHOW CIOCOOHO OKa3bIBaTh
MpSIMOE MTPOTHBOBUPYCHOE ICHCTBHE HA TePIIECBUPYCHI U MOKET OBITh HCIIOIB30BAHO JIJIsl MECTHOTO JICUCHUS
repreTHIeCKuX HHPEKIHH.

Msta nepeunas (Mentha piperita). Xumudeckuii coctaB 3pUpHOroO Macia MSATHI IEPEeUHON aHAIN3UPOBAIIU
¢ nomotipio '’X-MC. OcHoBHBIMU cocTaBsiFOIMMU Obu MeHTOI (40,7%) 1 MeHTOH (23,4%) (pucyHok 3):

OH

Mara
nepeunan

Menmon Menmon l

Pucynoxk 3 — OcHOBHBIE KOMITIOHEHTHI MsITHI mepeuHoit (Mentha piperita)

Jpyrue KoMIoHeHTHI: (+/-) - MeHTHIIaneTar, 1,8-1mHeon, IMMOHeH, OeTa-nHeH 1 OeTa-kapuoduiuieH [ 13-
15]. B MsATe OTHOCHTENHHO BBICOKOE CO/iepyKaHne (PeHONBHBIX COSTUHEHNH 1 (PIIaBOHOHIOB.

Oo6mee conepxanne penomnos — 31,40 + 0,80 mr-sxB. 'K/r cyxoro ocrarka: ¢raaBanonmos -15,70 + 0,10 mr-
akB PE/r, TannnoB-6,50 + 0,41Mr-3kxB CE/T. ECTh cBeieHMs 0 IPOTUBOBUPYCHON aKTUBHOCTH YKCTPATOB MSTHI
npotuB RSV (pecrnmparopHo-cHHIMTHANBHBIN BHpYC). Takum 00pa3oM, MONy4YeHHBIE OOHAICKUBAIOIINE
Pe3yJIbTaThl MO3BOJISIIOT PAacCMaTpUBaTh SKCTPakThl M. piperita L. B KauecTBe BO3MOXHBIX COCTABIISIOLINX
KOMIIOHEHTOB IIPEBEHTHUBHBIX IIPEIapaToB IS JIEUEHUs BUPYCHBIX 3a00JIeBaHUI.

Hymma oosikHOBeHHAs (Origanum vulgare L.). DdupHoe Macio mymmiisl 00BIKHOBEHHOW MPEICTABISIOT
cO0O0H OYEHb CIIOKHYIO CMECh COCIUHEHUM, OCHOBHBIMH COCTABIISIIOIIMMY KOTOPBIX SIBJISIFOTCS TEPIICHBI, KAK
IIPaBUIIO, MOHO- M CeCKBUTEpIEeHbl. OCHOBHBIMU TE€pIIEHAMH, HACHTU(GHULUNPOBAHHBIMU B PAa3JIMUHBIX BUIAX
IOYLINLBI, SIBISIOTCS KapBaKPOJI, TUMOJ, Y-T€PIIMHEH U Mapa-UuMeH (PUCYHOK 4):

HC. CHy G CHy HyC ChHy ChHy
Ho,
Ho
Chy CH, CHy HC CHy

Carvacrol Thymol y-Terpinene p-Cymene

Pucynox 4 — OcHoBHBIC KOMITOHEHTHI [lymuniiel o0sikHOBeHHOU (Origanum vulgare L.)

38



Volume 1, Number 450 (2022),

Beuto oOHapyKeHO, YTO Macjio IyIIUIbl OOBIKHOBEHHOH M €ro COCTaBISIOIIME (KapBaKpOd M THMOII)
cneunpuuecKn MHIHOMpYeT BUPYCHl MMMyHoaeduuuTa denoBeka u o6e3bsiH (BUY u SIV). Kpome Toro,
OHM 00JIaAAI0T AHTUMHUKPOOHOW aKTUBHOCTBIO, a TakKKe NPOTHBOBUPYCHBIMH W MPOTUBOTPUOKOBBIMH
AQHTUOKCUAAHTHBIMH, TPOTUBOBOCIAJIMTENbHBIMU, POTHBOAMA0CTUYECKMMU ¢ TMOAABISIOIIUMH  PaK
CBOMCTBaMH. OTH CBOWCTBa A(PHUPHBIX MaceJ OperaHo MPEACTABIAIOT MOTEHIMAIbHBIH HHTEpEC JUIs
(hapmaleBTHYECKOI MPOMBIIIIIEHHOCTH. TeM He MeHee, 0TMEeYaeTcsl MX BO3MOKHOE HETaTUBHOE BO3JECHCTBHUE
Ha OpraHu3M 4dejoBeka. B cBsizu ¢ oM TpebyeTcst Oonee TIarenbHble Ja0OpaTOpHbIE M AOKIMHUYECKUE
HCCIeIOBaHUs, YTOOBI TAPaHTHUPOBATh OE30MACHOCTD UCTIONB30BAHUS STHX COSTUHEHUH Ha JIOISX.

Tumbsn oObikHOBeHHBIH (Thymus vulgaris) u3BeCTeH TpagMLMOHHONW MEIUIIMHE OTXAPKHUBAIOIINM,
aHTUOAKTEpUANbHBIM, CIIa3MOJUTUYECKMM U 00e300nuBarolIMM JeiicTBUeM. B paborax mociegHux JieT
OTMEYEHBI IPOTUBOBUPYCHBIE cBOMcTBA [16-18].

OOHapy>KeHHas BBICOKasi IPOTUBOBUPYCHASI aKTUBHOCTh MOKET OBITh CBsI3aHa C BBICOKMM MPOLICHTHBIM
coziep’)KaHHEeM THMOJIa, KapBaKposa, 0OpHeosa U IpyruxX TepHeHOU 0B (pUCYHOK 5) [47].

T Qe Q@

KapBakpon THMOM raMma-TepIHHEH napa-unMo)
@’ o A~ A_.CH,0H
OH
Goprcon anpa-TepHHEON FepaHKoN ¥ HEpOa

Pucynok 5 — OcHOBHBIEC KOMIIOHEHTHI TuMbsiHa 00bIKHOBeHHOTO Thymus vulgaris

D¢upHsle Macia u 3KeTpakThl Thymus vulgaris mposiBIsioT pa3Ho00pa3Hyo IPOTUBOBUPYCHY IO aKTHBHOCTD
MIPOTHUB BUpyca rpuria, a rakke HSV-1, HSV-2 u HIV-1. HccnenoBanus in silico akTHBHOCTH THMOJIA IPOTUB
Sars-CoV-2 Taxke 1mokazajal BEICOKYIO akKTUBHOCTH [19]. CrexyeT oTMETHTD, YTO MOJIEKYJISIPHBIN MEXaHU3M
JICHCTBHS /10 KOHIIA HE yCTaHOBJIEeH. HeoOxoMuMbl AaiibHEHIIINE UCCIeI0BaHMSs, OCOOCHHO in Vivo.

Uepena TtpexpasnenbHas (Bidentis tripartitae). DTo JieKapcTBEHHOE PACTEHHUE XOPOIIO H3BECTHO, Kak
HCTOYHHK TPUPOTHBIX AaHTUMHUKPOOHBIX IPENapaToB, IPOTUBOBOCIIAIHUTENBHBIX, TeMaTONPOTEKTOPHBIX
[20-22]. DuToXMMHYECKHE CKPUHUHTOBBIC WCCICAOBAHMS UYEpEAbl TPeXpa3lelbHON TOKa3adu HaIndue
(heHUNTPONIaHOUIOB, MTOJTHALICTHIICHOB, MOJTH(EHOIOB, TPUTEPIICHOB, CAIIOHWHOB U AJIKAIOHIOB (PUCYHOK 6)
[22].

B uepene TpexpazmenbHOW CONEPKUTCS aypoH Cylb(YpEeTHH, SBISIOIIUICS HAWITydlIed TpPUPOTHON
OCHOBOM TSI CO3/IaHUSI CHHTETUUECKUX areHTOB, AeHCTBYIOIINX HAa HEMpaMUHKUIa3y BUPYyCa TPHIIIA — OJJHOTO
W3 TJIaBHBIX OEJKOBBIX KOMIIOHEHTOB OOOJIOYKH BHPYCHOHM YacTHIbl, OTBETCTBEHHOTO 32 MPOHHKHOBEHHE
YacTHUIl BUpPyCa B PECHHUPATOPHBIA TPAKT, a TAKKe 32 BBICBOOOXKJCHHE CO3PEBIIMX BUPYCHBIX YACTHUI[ M3
MH(QUIUPOBAHHBIX KJIETOK, YTO CIIOCOOCTBYET pacnpocTpaHeHuo nHpekuuu [23].

OH HO. 0,
HO. 0, OM
OH
Q

Sulfurctin (6, 3',4'-trihydroxyauronc) 4.6,4'¢rihydroxyauronc

Cymupyperim (6, 3 A-rprrapoxcuaypon) 4.6 4" “rprrmapoxchnaypon
HOHZC OH
oM 0,
A e
0, OH OH
OH
OH
OH
Aurcusidin (4,63 4-tetrahydroxyauronc) Aurcusidin-6-O-glucoside
Avnovennun (4 A T davernara snovosusunos | Avpeyenann-6-O-rmoxom

Pucynox 6 — OcHOBHBIE KOMITOHEHTHI Uepemnpl Tpexpa3nensHoii (Bidentis tripartitae)

[lepcnieKTHBBI HMCIONB30BaHUSI B MEAWIMHE CTalM NPUYUHONH pocTa 4YMcia padoT, MOCBSIIEHHBIX
HCCIIEIOBAHUIO ayPOHOB.

3Bepoboit  mpomwipsBneHHBI  (Hypericum — perforatum L.) oOmagaer  aHTHACTIPECCHBHBIMH
AHTUHEHPAITHIECKUMA U MIPOTHBOBUPYCHBIMU cBOWicTBaMH [24-29]. OH cOmep KUT MHOKECTBO COCTUHCHUH,
KOTOpBIC XapaKTepU3YIOTCS (apMaKOJIOTHUCCKOH W OHOXHMHUYECKOW AaKTUBHOCTHIO [26]. OCHOBHBIMHU
COCTaBJIIONIUMH d(UPHOTO Macia 3BepoOos, wumeHTH(dHUIupoBaHHOro y 40 BHIOB 3BepobOs, OBLIH
COCTABJISIONTNE MOHOTEPIICHOUTHI (0-ITMHEH U B-TIMHEH ) ¥ ceCKBUTEpIIeHON b (E-kapnodmmien, repmakpen-D,
OKCH KaprohHIUICHa, CTIATYJICHON) (PUCYHOK 7).
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PucyHnok 7 — OcHOBHBIEC KOMIIOHEHTBI 3Bepo0ost npoasipsiBieHHoro (Hypericum perforatum L.)

B wuccrmemoBanmsax [26, 29, 30] mnoka3aHO TPOTHBOBHPYCHOE JAEWCTBHE HKCTPAaKTa 3BEpO0Os
npoabIpsiBieHHOro Ha Bupyc rpunma A (IAV) (HIN1) in vitro u in vivo. [lepcnexTiuBHOE HicCIeIOBaHHE TI0
CHIDKEHUIO TOKCHYHOCTH 3Bepo00st ipoBesieHo B pabore [29] Ha mbrmax. [Ipu go3uposke Hike 2000 mr/kr/
CYT IOYTH BCe 00paOOTaHHbIC MBIIIN BBIKHIIN, YTO TOBOPUT O HU3KOM TOKCHYHOCTH SKCTPAKTA.

Chen H. ¢ konneramu [30] BnepBbie ObuIa OLIEHEHA IPOTUBOBUPYCHAst akTUBHOCTH Hypericum perforatum
L. B otHOImIeHNM BUpyca nHpekurnoHHoro o6pouxura (IBV) in vitro u in vivo. JlanHoe Hccieq0BaHUE BIEPBBIC
MIPEAOCTABISCT YETKHUE 10KAa3aTeNIbCTBA TOr0, 4TO SKCTpakT H. perforatum obnanaet npoTMBOBOCHIANNTETEHON
AKTMBHOCTBIO U MOKET OBITH MOJIE3EH AJIsl pa3paOO0TKH HOBBIX IPOTHBOBUPYCHBIX ar¢HTOB.

[Tonmeiap omHoONeTHsS (Artemisia annua). Ha Teppuropuu Pecnyonuku Kazaxcran nHanbosee w3ydeHBI B
pPEeCypCHOM OTHOILEHHMHM TPEICTaBUTENN poAa Artemisia L. cpeny KOTOPBIX MONbIHb OAHONETHSS (Artemisia
Annua), npuMeHsieMasi B HAPOIHOH U KCTIepUMEHTaNbHON MeautmHe [12, 31, 32].

B Kazaxcrane monsiHb onHONETHsS Artemisia annua mpou3pacTaeT B OCHOBHOM Ha IOT€ M IOr0-BOCTOKE!
B npearopbsx 3aiican, Yylickoi u CapbicylicKol ToMuHaX, BAONb pekrd ChIpapbH, B MPEATOPHBIX paBHUHAX
[Ipukaparay, B npearopesx J>xynrapckoro, Mnuiickoro u Keipreizckoro Anaray.

OcHOBHbBIC KOMIIOHEHTHI TOJIBIHHU, OONafarome HauOOJIbLIeH OMOMOTHYECKON AKTUBHOCTH SIBIISIOTCS
apTeMU3MHUH, apTeaHHyrH B, apTeaHHynHOBast KUCIIOTA M CKOIOJIETHH (PUCYHOK 8§).

artemisinin arteannuin B

CHy

3
arteannuic acid scopoletin

Pucynoxk 8 — OcHoBHbIe KOMIIOHEHTHI [lonbrHN oHONEeTHEW (Artemisia annua)

UccnenoBanue moibIHE OJHOJICTHEH, cOOpaHHON M3 pasHbIX reorpaduueckux Touek Kutas, mokazano
UX PE3KOE pa3jiuyKe 10 COCTaBY M COOTHOLICHHUIO ATHX KOMIIOHEHTOB. B paborax aByx mocnenHux jer [15,
33, 34] nokazaHo, 4To Artemisia annua Mo CPaBHEHHIO C JPYTUMH PACTCHUSIMH MPOSBISIET HAUOOJBIIYIO
CIIOCOOHOCTh MHTMOMPOBATh MpOHUKHOBeHHE W perrtukaiuio SARS-CoV-2. B [15] Obio moka3aHo, 4To
9KCTPaKTHI Artemisia annua, HE3aBUCHUMO OT MeCTa U BpeMeHH cbopa, nmonasisiioT nHpekunto SARS-CoV-2,
IIPU 3TOM NPOTUBOBHPYCHAs 3PPEKTUBHOCTH HE KOPPETUpOBaja ¢ COACPKAaHUEM apTEeMU3MHHMHA M OOIIEero
cozepkanus IaBOHOMIOB B SKCTpakTax. Ha 0CHOBaHUM MOTyYEHHBIX PE3YJIbTaTOB aBTOPBI IPHUIILIH K BHIBOALY,
YTO aKTUBHBIMH KOMIIOHEHTAMH B SKCTPAKTAaX SBJISUICS HE TOJIBKO apTEeMU3WHHH, HO, BO3MOKHO, KOMOMHALIUS
KOMIIOHEHTOB, KOTOpBIE ONOKMPYIOT BUPYCHYIO MH(EKUHMIO Ha dTare, MPEAIIeCTBYIONEM NPOHUKHOBEHHUIO
BHpYyCa.

[oneap nmTBapHas (Artemisia cina Berg.). Jnst Kazaxcrana nsydeHue UTBAapHOW MOJBIHM C IEIBIO
MOJTYYEHUS LIEHHBIX MPOJAYKTOB SIBJISETCS, HECOMHEHHO, akTyanbHbIM. [lonbiHe nuTBapHas (Artemisia cina)
LIMPOKO pacrnpocTpaHeHa Ha Tepputopun FOxHoro Kasaxctana u Ha CerofHsIIHUN A€Hb OCTAeTCs BCE €Ilie
HE /10 KOHIIa N3yYEHHBIM.
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B [35-37] npencraBieHbl pe3yiabraThl (PUTOXUMUYECKOTO aHAU3a TPABhI TOJBIHU [IUTBAPHOHN, COOpaHHOU
B lOxHo-KazaxcraHckoli 00J1acTH, YCTaHOBJCH IIUPOKUN CIEKTP OWOJOTUYECKH AaKTHBHBIX BEIECTB:
TEPIICHOUIbI, B OCHOBHOM CaHTOHHH, d(PUPHOE MacJio, (DIaBOHOMIBI, CIIC/BI SIOJIOYHOM U YKCYCHOM KHCIIOT,
MakKpo- U MUKPO3JIEMEHThI TaKHe, KaK KaJIHii, KaJabIMi, MATHUM, KeJle30, MapraHell, MeJlb, IIUHK, MOJTHO/ICH,
XpOM, ATFOMHHUM, BOJIb(paM, CeJICH, HUKEJIb, CTPOHIIUN, CBUHEIL U 00P.

OCHOBHBIM KOMIIOHEHTOM Artemisia cina Berg.sBisercs caHTOHUH (PUCYHOK 9).

0-CAHTOHHH

Pucynok 9 — OcHoBHol#i komnoHeHT [lonbsinu nuTBapHO# (Artemisia cina Berg.)

B TpanuumoHHOW MHIMHCKOM M KUTAaHCKOM MEIUUMHE CAHTOHHH IIMPOKO HCIOJB3YETCS AJI JICUECHUS
BOCMAJICHUN KaK aHTUIEIbMHUHTHBIA mpenapaT u np. [38]. OmHako M3-3a TOKCUYHOCTU JI JIIOAEH €ro
MIPUMEHEHUE OTPAHUYEHO.

CanTOoHMH B (hapMaLeBTUYECKON MPOMBIIIIIEHHOCTH MCIIOIb3YIOT KaK OCHOBY U1l Moanukauuii. Pannue
YIIOMUHaHHS O caHTOHWHE B Ka3axcraHe BcTpeuaroTcs B paborax [39-41].

B [39] osnmekrpoxuMuyeckod —(yHKIMOHANU3AIMEH CAHTOHWHA OBLUTM TIONyYEHBI €r0 HOBBIC
(hapMaKoIOrMuecKy aKTHUBHbBIE IPOU3BOIHBIC. B pesynbrare sneKTpoian3a CIUPTOBBIX PACTBOPOB CAaHTOHWHA
ObUI TOJTyYeH 3-MEOKCUCAHTOHUH.

AnexkeHoBbiM C.M. B o0030pHOl crarbe [42,43] 000OLIEHBI JUTEpaTypHBIC AAaHHBIC M PE3YJIBTAThI
COOCTBEHHBIX HCCIEJOBAHHH MO TEXHOJIOTHH BBIIEICHUS MPUPOAHBIX CECKBUTEPIICHOBBIX JIAKTOHOB, TAKUX
Kak apriiaduH, apTeMU3UHNH, H30aJIaHTOJIAKTOH, CAHTOHUH, U Ip. PaccMOTpeHb! moTeHIMaIbHbIE BO3SMOKHOCTH
HX MCIIOJIb30BAaHMS B KAUECTBE BO3OOHOBISIEMOT0 MaTepHaa sl OJIy4eHHs HOBBIX OMOJIOTMYECKH aKTUBHBIX
IIPOM3BOAHBIX, KOTOPBIE SIBJISIFOTCS] NEPCIEKTUBHBIMU /7151 pa3paOOTKU U IPUMEHEHHSI HOBBIX OPUIMHAIBHBIX
JICKapCTBEHHBIX CPEJICTB, 00J1a1aI0IINX TPOTUBOBOCIIATIUTEIbHBIM, TPOTHBOMAIISPHUIHBIM, IPOTHBOS3BEHHBIM,
MIPOTUBOBHPYCHBIM U MUMMYHOCTUMYIMPYIOIINM JeiicTBueM. B pabote [43] mpencraBieHbl JuTeparypHbIC
JaHHBIE M COOCTBEHHBIC PE3YJIbTAaThl CHHTE30B AHTHBUPYCHBIX COCIUHEHHII HAa OCHOBE TEPIICHOUIOB,
(aBoHOMOB, anKaaou10B. CHHTE3UPOBAHbI HOBBIE IPOU3BOIHBIC HA OCHOBE CECKBUTEPIICHOBBIX Y-TaKTOHOB
apradMHa, TPOCCIEMHHAa W (O-CAHTOHMHA METOJOM MOJIEKYJISIPHOTO JOKHMHIA H3y4YeHa B3anMOCBS3b
«CTPYKTYpa-aKTUBHOCTBY IPUPOJHBIX COETNHEHUH 1 UX TPON3BOIHBIX B oTHOIIEHHN SARS-Cov-2. [TokazaHo,
YTO CECKBUTEPIICHOBBIC Y-JITAKTOHBI M X MPOU3BOJHbBIC CHIKAIOT JIeiicTBUE criaiik-Oenka u nporea3sl SARS-
Cov-2. PaccMOTpeHHBIE MOJICKYJIBI MOJKHO MPUMEHSTH MPU pa3pabOTKe HOBBIX JIGKAPCTBEHHBIX BEILECTB C
AQHTHUBUPYCHOM aKTUBHOCTBHIO.

MectoM cOopa BBILICTIEPEUNCIICHHBIX JICKAPCTBEHHBIX TPaB BHIOPaHO NIpearopbe 3auamickoro Asaray,
T.K. €0 PAacCTUTEJIBHBIH MHpP XapakTepusyercs OoraTedmmm TeHO(OHIOM M JOCTaTOYHbIMH 3amacaMu
JIEKapCTBEHHBIX pacTeHui [12].

C nenbo NMoMcKa M BBIIEIEHNS COEIUHEHHH C MPOTUBOBUPYCHON aKTHBHOCTBIO B 2021 I B mpearopesax
3annuiickoro Amartay Obutn coOpanbl Origanum vulgare L. m monblHb omHOmeTHsst Artemisia annua, B
Appsicckom paiione TypkecraHckoi oonmacTu — Artemisia cina Berg.

COop 1 3aroToBKY JUKOPACTYLIETO CHIPbs OCYLIECTBISUIM B COOTBETCTBMU ¢ Hajjexamiedl mpakTHKOH
coopa nexapctBeHHbIX pacteHnit (GACP) B netnuii nepuoxn 2021 r. B da3ax UBeTCHUS U MI0AOHOIIEHUS [4].

COop u 3arotoBky ais JanpHedmmx uccienoBanuii Glycyrrhiza glabra, uralensis, Melissa officinalis,
Mentha piperita, Thymus vulgaris, Bidens tripartite, Hypericum perforatum L. ruranupyetcst mpoioIKUTh B
2022 r.

3akiroueHue. OKOJIOro-O0TAHMYECKUH aHalU3 PECYpCHBIX BHAOB JIGKAPCTBEHHBIX PACTCHUH Ha
teppuropun PecnyOnukn Kasaxcran mokasan, 4To 10 KOJIMYECTBY 3alacOB PaCTUTEIBHOTO CBHIPbS JHUACPOM
SIBIISIIOTCSL ceMeiicTBa Asteraceae, Lamiaceae Lindl., Hypericaceae, Fabaceae u np.

Ha ocHoBanuu nurepaTypHoro 0030pa ObLT OCYIIECTBICH O100p JekapcTBeHHbBIX TpaB PK ¢ Bo3MoXkHOM
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MIPOTHBOBUPYCHOM aKTUBHOCTBIO: Artemisia cina Berg., Artemisia annua, Glycyrrhiza glabra, uralensis,
Origanum vulgare L., Melissa officinalis, Mentha piperita, Thymus vulgaris, Bidens tripartite, Hypericum.

OTMeueHO, YTO NPOTHBOBHUPYCHBIE CBOWCTBA B JICKAPCTBEHHBIX PACTCHUSX MPOSIBISIOT BTOPUYHBIC
MeTa0OJIUThl — TEPIEeHUOAbl (ITMUUPPHU3HH, |8P-TIUIMPpPEeTHHOBAs KHCIIOTa); MOHOTEpPICHAJbICTUIbI
(uutpans A, mutpans B, nuTpoHemnanp); MOHOTEPIMHOWUIB! (G-MUHEH M [-IIMHEH), CECKBHTEPIICHOM/IBI
(E-xapuodunnen, repmakpen-D, okcua kapuoduiuieHa, crnaTyiaeHomn); (eHONbHbIE COeNUHEHUs (MEHTOI,
MEHTOH); TepIeHbl (KapBakpoJ, TUMOJI, OOpHEOJN, Y-TepIMHEH W Mapa-uuMeH); (IaBoHOUABI (aypoH
Cynb(YpETHH U JIp.); CECKBUTEPIICHOBBIC JIAKTOHBI (apTEMHU3HHUH, apTeaHHYHH, CAHTOHUH U JIp.)

Bb110 cOOpaHo 1 MOATOTOBIEHO pacTUTENBLHOE ChIpbe Artemisia cina Berg., Artemisia annua aJst BbIACICHUS
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ENGINEERING SOLUTIONS FOR DEVELOPING THE STRUCTURE
OF A COOLING-HYDRATION TOWER IN THE PRODUCTION OF THERMAL
PHOSPHORIC ACID

Abstract. In recent years, in connection with a significant rise in the cost of energy resources, the concepts
of innovative and industrial development are being revised in almost all countries. Most of the products turned
out to be energy-intensive and therefore unprofitable, for the reason that now the priority requirement for any
production is low energy consumption.

For Kazakhstan, this problem is aggravated by the lack of water resources, which requires a maximum
reduction in the consumption of the main heat carrier - water for technological, energy and environmental
processes.

Reducing the material consumption of equipment is also a significant factor in the innovative transformation
of industrial enterprises, since for the release of any material, a certain amount of energy and water is expended.

Analysis of the design and operation parameters of the cooling-hydration tower in the production of thermal
phosphoric acid allowed to identify shortcomings and propose engineering solutions for its modernization.
For this, it is proposed to make the nozzle in the form of layers of annular pipes, regularly located in the
section and along the height of the contact zone. Uneven and even layers of the regular nozzle are attached to
collectors located outside the body of the apparatus in mutually perpendicular planes. This allows to organize
the alternation of the supply of cold heat carrier in uneven and even layers due to its supply through the
collectors located in mutually perpendicular planes. At that, the introduction of a larger amount of cold heat
carrier is achieved at a lower height of the packed layer.

Equations are proposed to calculate the hydraulic resistance during the heat carrier movement in the pipes
and with the external flow around the tubular bundle, the absorption degree and speed. According to the
proposed equations and the technological regulations’ data, the absorption indices of phosphoric anhydride
(P,Oy), which showed high values, were calculated. This is due to the possibility of achieving a mode of
simultaneous vortex formation in the operation of the apparatus with a regular annular tubular nozzle,
characterized by a highly developed interphase.

Key words: thermal phosphoric acid, cooling tower, modernization, annular tubular nozzle, heat carrier,
hydraulic resistance, absorption degree.
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TEPMUSAJIBIK ®OC®OP KbIIIKBIJIBIH OHAIPY KE3IHAEI'I 'MIPATALIUAJIBIK
CAJIKBIHIATKBIII MYHAPAHDBI ’KOBAJIAYT'A APHAJIFAH MHKEHEPJIIK INEINITMAEP

Annotanusi. COHFBI XKbUIJApbl SHEPTHS PECYPCTAPbIHBIH KYHBIHBIH alTapibIKTall ecyiHe OalaHBICTHI
OapIIbIK eJiep/ie MHHOBALMSIIBIK )KOHE HHLY CTPHSIIBIK IaMy TY KbIpbIMIaMaaphl KaliTa Kapaiyaa. OHIMAEpAiH
KO THIMCI3, ce6e0i onap SHEPTHUAHBI KOIT KasKeT eTe/li, COHABIKTAH Ka3ip Ke3 KelreH oHIipicTiH OipiHmi
KE3eKTeT1 Tanabbl — SHEPTUSHBI a3 TYTHIHY.

44



Volume 1, Number 450 (2022),

Kazakcran ymrin Oy mpobieMa cy pecypcTapbIHbIH KeTiCIeyIITriMeH KypAelaeHe Tyceai, Oyl Herisri
KBUTY TachIMaJIJAylIbl - TEXHOJIOTHSUIBIK, JHEPIeTHKAJbIK >KOHE OSKOJOTHSUIBIK TMPOLECTEp YIIIiH CYIbI
TYTBIHY/IbI OapbIHINA a3alTyJIbI KAXKET eTeli.

JKaOnpIKTapaplH MaTepUaiAbIK ILIBIFBIHBIH A3aHTy OHEPKOCINTIK KOCIIOPHIHAAPAbIH WHHOBALUSIIBIK
TpaHC(HOPMALMSICHIHBIH MaHbI3AbI (PAKTOPBI, KE3 KEJIIeH MaTepHajibl LIbIFapy YIIIH 3HEPrusi MEH CYIbIH
Oenrini 6ip MesIepi KyMcanaibl.

Tepmusutbik Gpochop KbIIIKBUIBIH OHIIPY Ke31HIeT1 CANKbIHAATY-THAPATTay MYHApaCHIHBIH KOHCTPYKIHSICHI
MEH JKYMBIC TMapaMeTpliepiH TajJay KEMIIUTKTEp/l aHBIKTAyFa JXOHE OHbI JKAHFBIPTYIBIH HMHKEHEPIIK
memiMIepiH YChIHyFa MYMKiHAIK Oepai. O yIniH KanTaMaHbl KOHTAKT aliMarbIHBIH OMIKTITT MEH KUMachIH/Ia
OpHaJIaCKaH CaKMHaJIbI KYObIpIapAblH KabaTTapbl TYpiHAe jkacay YChbIHbUIaAbl. TypaKThl KallTaMaHbIH TaK KOHE
KYI KabaTTapbl anmaparThlH KOPIYCHIHBIH CHIPTBIHAA OpHAJIACKaH KOJUIEKTOpJapFa e3apa MEepleHANKYISp
XKa3bIKTBIKTa OekiTinexi. bynm e3apa HepHeHAMKYISpP >Ka3bIKTHIKTA OpPHANACKAH KOJUICKTOPJIAp apKbLIbI
OepinyiHe OalIaHBICTBI CYBIK CaJKbIHAATKBIIITBIH TaK JKOHE Kyl Kabarrapaa OepilyiH Ke3eKTecTipyre
MYMKIHJIIK Oepei.

KyOblpnarbl CaJIKbIHOATKBIIITHIH KO3FAIbIChl KE31HAE MOHE KyObIpibl OaillaMHBIH aliHaJIachIHAAFbI
CBIPTKBI aFbIH]IBL, CIHIPY KBUIIaMIBIFBIH, TOPEXKeCi MEH THAPABINKAIBIK KEJEPriCiH ecenTey YIIiH TeHAeyIep
YCHIHBUIAABI. YCBIHBUIFAH TEHJACYJICP MEH TEXHOJOTHSUIBIK PErNIAaMEHT MOJIIMETTepiHe COHKeC >KOFapbl
MoHJepi kopceTkeH pochop anruapuinin (P,O,) cinipy kepceTkimTepi ecenteni. by sxorapsl 1ambiran
HHTEpQENCIeH CUIaTTalaThlH TYPAaKThl CaKMHAJIBI KYOBIPJIbI KarTamackl Oap anmaparThlH KYMbICBIHAA Oip
Me3Tie KYHBIH/IBI TY31Ty peXKUMiHE KeTy MYMKIHAIrIMEH OalIaHbICTHI.

Tyiiin ce3nep: xbuty HoCHOp KHIIIKBUIBI, CATKBIHIATKII MYHApa, MOACPHHU3AIINS, CAKHHAIBI KYOBIPJIbI
camnTama, CaIKbIHIATKBIII, THAPABINKAIBIK KeIepTi, CIHIPY Topeskeci.
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NHKEHEPHBIE PEHTEHUWSA ITPU PABPABOTKE KOHCTPYKIIMU BAIITHU OXJIAKAEHUSA
TUJIPATALIAU B IPOU3BOJACTBE TEPMUYECKOMN ®OC®OPHOM KUCJIOThI

AnHOTauus. B mocnenuue rogpl B CBA3HM CO 3HAYUTEIHHBIM MOIOPOKAHUEM CTOMMOCTH SHEPTOPECypPCOB
MIPaKTHYECKA BO BCEX CTpaHax MepecMaTpUBAIOTCS KOHIICTIIIUN MHHOBAIMOHHO-WHAYCTPHUAIHHOTO PA3BUTHSL.
BonbImHCTBO MPOAYKIMK OKa3aJIack SHEPTOEMKOU U IIOATOMY HepeHTa0eIbHOH 110 TOM MPpUYHHE, 9TO ceiivac
MIPHOPHUTETHBIM TPEOOBaHUEM K JIFOOOMY IPOU3BOACTBY SBIISIOTCS HU3KUE SHEPro3arparsbl.

Juns Kazaxcrama »3ta mnpobiema ycyryOnsieTcss W HENOCTaTOYHOCTHIO BOJHBIX PECypCOB, UTO
Tpe6yeT MaKCHUMaJIbBHOT'O CHWXKXCHHUA HOTpe6HeHI/I$I OCHOBHOTI'O TCIIJIOHOCUTECIISI — BOABI IJId MPOBCACHUSA
TEXHOJOTUICCKUX, SJHEPTCTUUCCKUX U DKOJIOTHICCKUX TIPOIIECCOB.

CHmXeHne MaTepruatoeMKOCTH 000pyIOBaHH TAKKe SIBIIETCS CYIECTBEHHBIM (DaKTOPOM HHHOBAIIHOHHOTO
peoOpazoBaHMs MPOMBIIUICHHBIX MPEANPUATHH, T.K. IUIs BBIIYCKa IJF0OOOTO Marepuaja 3aTpayrBaeTcs
ONPEJECICHHOE KOJTUUECTBO SHEPTUU U BOJIBI.

AHanu3 KOHCTPYKIIMA ¥ TIApaMETPOB padOThl OallHH OXJIAXKJICHUS-TUApPATAIIMA B IPOU3BOJICTBE
TepMudeckoi HochHOPHOUM KUCIOTHI TO3BOJIMIT BBISBUTH HEJIOCTATKU M TPEAJIOKUTH HHKEHEPHBIC PEIICHUS 110
ee MoziepHH3anuu. [J1g 3TOTo MPEUIOKEHO BBIITOIHUTH HACAIKY B BHJIE CJIOEB KOJBIEBBIX TPYO, pETyaspHO
PaCTONOKEHHBIX B CEUYEHUH M TT0 BBICOTE KOHTAKTHOW 30HBI. HeueTHbIe U 9eTHBIE CIIOU PeryIsIpHON HACaIKH
MIPUCOEMHEHBI K KOJUIEKTOpPAM, PAcCIlOIOKEHHBIM BHE KOpIIyca armapara BO B3aWMHO TEpIEHINKYISIPHBIX
IJIOCKOCTAX. DTO MO3BOJSECT OPraHU30BaTh UEPEIOBAHUE MOJAYM XOJIOJHOTO TEIIOHOCHUTENS B HEYETHBIX
" YCTHBIX CJIOSAX 3a CHCT €ro IoAgadyu 4epe3 KOJIJICKTOPBI, PACIIOIOKEHHBIC BO B3aAUMHO IEPICHAUKYIISAPHBIX
IUIOCKOCTSIX. [Ipu 3TOM JocTHraeTcss BBOJ OOJBIIErO KOJIWYECTBA XOJOMHOTO TEIJIOHOCUTENST Ha MEHBIIEH
BBICOTE HACAJ[OYHOTO CJIOSI.

[IpennoxeHsl ypaBHEHHS 7S pacyeTa THAPABINYECKOTO CONPOTUBIICHHS TIPU IBUKEHNUHN TETUIOHOCHUTEIS B
TpyOax ¥ MpH BHEITHEM O0TEKaHWU TPyOJaToro mydka, CKOPOCTH U cTerieHu abcopommu. [lo mpemnokeHHBIM
YpaBHEHUSIM U JIAaHHBIM TEXHOJIOTMYECKOTO pPErlIaMEHTa PacCUMTaHbI Mokazarenu abcopOuuu (hochopHOro
anruapuna (P,O,), nokasapune BHICOKME 3HAYEHHMs. DTO CBA3aHO C BO3MOXKHOCTBIO JOCTHIKEHHS PEKHMA
OJTHOBPEMEHHOTO BUXPEOOpa3oBaHMs B padOTe ammapara ¢ peryisipHON KOJbIIEBOH TpyOdaTOd HacallKoid,
XapaKTePU3YIOMIETOCs BEICOKOPa3BUTON MeK(Pa3HON TTOBEPXHOCTHIO.
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KioueBsble ciioBa: Tepmudeckas GocopHasi KUCIOTa, OAUTHS OXJIKICHUS, MOJCPHHU3AIINS, KOJIbIIEBas
TpyOuaras HacajKa, TeIIIOHOCUTEIb, THPAaBINIECKOE COITPOTUBIICHUE, CTEIIEHh a0COPOIIHH.

Introduction. Emissions from industrial enterprises negatively affect the population of large industrial
centers and the surrounding regions. In this regard, in the future, it is necessary to introduce innovative
technologies, processes, apparatuses and aggregates that give minimal emissions, at which the self-cleaning
ability of nature will sufficiently prevent the occurrence of irreversible environmental changes [1].

To develop one of the components of the complex of organizational and technical measures aimed at
improving the process flow diagram for the production of thermal phosphoric acid in the presented work, it is
proposed to modernize the design of the cooling-hydration tower [2].

For this, it is proposed to make the nozzle in the form of layers of annular pipes, regularly located in the
section and along the height of the contact zone. Uneven and even layers of the regular nozzle are attached
to collectors located outside the body of the apparatus in mutually perpendicular planes [3]. This allows to
organize the alternation of the supply of cold heat carrier in uneven and even layers due to its supply through
the collectors located in mutually perpendicular planes. At that, the introduction of a larger amount of cold heat
carrier is achieved at a lower height of the packed layer.

The performed calculations showed the relevance of the proposed engineering solutions.

Materials and experimental methods (methodology). In the pursuance of the research of hydraulic
resistance, the pressure is directly measured before and after the research subject using a cistern-type
manometer. When studying the coefficients of mass transfer in the gas phase, a widely used technique is used,
based on the study of the process of adiabatic evaporation of water into air [4]. Heat transfer coefficients are
determined by the method presented in [5].

According to the technological regulations for the production of thermal phosphoric acid at Zhambul
Branch of Kazphosphate LLP [6], after the phosphorus combustion tower, not captured phosphoric acid in the
form of fog is carried away with the gas phase (temperature up to 150°C) through the gas duct to the cooling
tower. In the cooling tower, with the help of circulating acid, there occur the capture of phosphoric anhydride
and phosphoric acid fog, as well as further cooling of the exhaust gases to a temperature of 50-80°C.

The cooling tower has two layers of nozzle and is irrigated with phosphoric acid with a concentration of
72-78% using one-piece flare burners (28 pieces) located in three rows. The diameter of the cooling-hydration
tower is 5200 mm, the height is 14900 mm.

From the given data it can be seen that the existing cooling-hydration tower has significant overall dimensions,
which indicates its crockness and the need to provide a large production area. The tower structure includes two
layers of nozzle from Raschig rings. Apparatuses using Raschig rings have increased hydraulic resistance, and,
consequently, energy consumption, low efficiency of the processes and the possibility of overgrowing of the
nozzle with solid sediments entering with gas and liquid flows is not excluded.

Results and discussion. In addition, the layers of the stationary nozzle participate in the processes of heat
and mass transfer inside the apparatus, but do not provide heat removal outside the apparatus.

To eliminate these shortcomings, we propose the design of the heat and mass transfer apparatus with the
annular tubular nozzle of a regular structure (Figure 1) [3].
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1 —body; 2 — gas inlet pipe; 3 — gas outlet pipe; 4 — burners for supplying irrigating acid; 5 — acid drain pipe;
6 — annular tubular nozzle; 7 — collectors; 8 — pipes for water supply to the collectors; 9 — hot water drain
pipes.

Figure 1. The design of the cooling-hydration tower with the annular tubular nozzle of a regular structure.

The apparatus includes the body 1, the gas inlet pipe 2 and its outlet 3, the burners for supplying irrigating
acid 4, the acid drain pipe 5, the annular tubular nozzle 6, the collectors 7, the pipes for cold water supply to
the collectors 8 and the hot water drain pipes 9.

A feature of this nozzle design is that it is made in the form of layers of annular pipes regularly located in
the section and along the height of the contact zone. Uneven and even layers of the regular nozzle are attached
to collectors located outside the body of the apparatus in mutually perpendicular planes.

The proposed engineering solutions allow to organize the alternation of the supply of cold heat carrier in
uneven and even layers due to its supply through the collectors located in mutually perpendicular planes. At
that, the introduction of a larger amount of cold heat carrier is achieved at a lower height of the packed layer
in comparison with one-way supply through one collector. In this case, the regulation of the amount of heat
removal can be carried out both by the number of layers of annular pipes in the section, and by the number of
sections. The amount of heat removed can be determined based on the heat balance.

The apparatus works as follows. The hot gas flow entering the cleaning is supplied through the pipe 2. The
interaction of the gas and the irrigating acid supplied through the burners 4 occurs in a counter-current mode in
the packed zone volume, which is a tubular nozzle, consisting of layers of the annular pipes 6, regularly located
in the section and along the height of the apparatus.

The regularity of the arrangement of pipes with steps equal to 2 pipe diameters in the vertical and radial
directions leads to the creation of a mode of simultaneous vortex formation (in-phase mode) of vortex
interaction formed behind the pipes. In the in-phase mode, the total vortex power increases, which allows to do
a lot of work on crushing the irrigating liquid and creating a highly developed interphase.

The movement of the heat carrier (water) through the tubular nozzle layers is carried out according to the
scheme: the pipe 8 — the collector 7 — the annular pipes 6 — the collector 7 — the pipe 9. In the case of gas
cooling, the cold heat carrier is supplied simultaneously to the uneven and even layers of the regular nozzle
through the collectors 7 located outside the apparatus’ body in mutually perpendicular planes, this leads to
a significant decrease in the temperature of the gas-liquid layer and an increase in heat removal by the heat
carrier (water) moving in the annular pipes.

The cleaned gas flow is removed from the apparatus through the pipe 3, and the acid flows down through
the pipe 5.

The advantages of the proposed engineering solution:

- achievement of high heat transfer and heat removal coefficients (up to 30%) by regulating the temperature
regime of the gas-liquid layer in the apparatus’ contact zone with the layers of the tubular nozzle alternating in
height with different temperatures;

- achievement of high rates of flow turbulization when using the regular nozzle in the form of the annular
pipes;

- creating favorable conditions for reducing the amount of phosphoric acid fog formed;

- the possibility of obtaining hot water for the needs of production.

The main technical characteristics of the equipment, along with the operating parameters (gas velocity,
irrigation density), are the values of the hydraulic resistance, which characterizes the energy consumption and
the absorption degree.
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The structure of the equation for calculating the hydraulic resistance during the heat carrier movement in
the pipes depends on the heat carrier movement scheme from the entrance to the tubular bundle to its exit.

The pressure loss in local resistances associated with a change in the section and direction of the flow, the
separation of one part of the flow from another or the merging of two flows into one common, etc., is calculated
by the formula:

ap; = 4 (225 ()

where — local resistance coefficient in the considered section of the heat exchanger [7]; - liquid velocity
in a narrow section of the considered section, m/s.
Friction pressure loss in the heat exchanger pipes:

1 pwi
Apr = }‘Tpd_B 2 . (2)
where — friction coefficient; — pipe length, m; — inner diameter of the pipe, m; p — density of liquid, kg/
m?®; — liquid velocity in the pipes, calculated by the area of the free section of one step, m/s.
The friction coefficient depends both on the flow regime and on the roughness of the pipe or channel walls.
In a laminar flow regime (Re<2300), the equation:

Ap = 64/Re )

In a turbulent flow regime, when the friction coefficient significantly depends on the roughness of the pipes,
the value can be calculated by the formula:

0,25
Ap=011(2+1163) - )

where - the roughness of the pipes, mm.

With the external flow around the tubular bundle, the method for calculating the hydraulic resistance
includes the following calculation equations.

The hydraulic resistance of the dry nozzle is calculated by the formula:

_g. H o peWE
APC - E th 2~85 (5)
Here H — the packed zone height, m; — the gas density, kg/m>.
The resistance coefficient, taking into account the pressure loss during the vortex interaction in the vertical
and radial directions, is calculated by the formula:

E=A-0p -0, (6)

in which A = 0.226 was obtained as a result of processing experimental data.
The porosity of the tubular nozzle can be determined by the formula:

d
g=1—— (7
tp
Coefficient characterizing the vortex interaction degree in the vertical direction for the tubular nozzle
elements:

0, =0,85+ 0,15sin|:%(4[3 S, 1]} (8)

my
where SI - Strouhal number for the tubular elements S/ = 0, 2; - parameter that takes into account the vortex
formation, the shape of streamlined elements and a decrease in the speed of vortices. For the tubular elements:

my =0,44(1-exp(-1,)) ©)
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Coefficient characterizing the vortex interaction degree in the radial direction and taking into account the
change in the vortex formation frequency  can be determined by the formula:

it A
P
t,—d
Pulse elements located in the same row perpendicular to the streamlined flow contribute to the vortex
formation with the scales . There are two cases for discretely located bodies in one row perpendicular to the

streamlined flow: at tp>2d =d; at tp<2d = tp-d.
The hydraulic resistance of the irrigating nozzle:

0

(10)

AP, _ . (L_b)"'s . (&)“

AP 1+B Gp P (1
where B = 8.5 — trial coefficient.

The gas mass flow (kg/s):

G, = W, - Sy pr (12)

The liquid mass flow (kg/s):

L
Lb = ﬁ : San * Px (13)

Atreal values of the concentration of the trapped substance, the absorption coefficient, referred to the cross-
section of the apparatus, can be calculated by the equation:

= da, 14
Kos = (14)
where - absorption rate, kg/(m?s); - the driving force of the process, kg/m?®.
At low equilibrium concentrations, they can be equated to zero ,=0 and =0, then the equation for determining
the driving force of the process has the form [8]:

( H™ K)
Ay = s (15)
Yk

and the number of transfer units in the gas phase:

N, = In2 (16)
Yk
The absorption rate is calculated by the formula:
Gr

Ta'San

da = (17)
Here - the amount of absorbed gas, kg; - time, s; — the apparatus’ cross-sectional area, m?.
With a known number of transfer units, the absorption degree can be calculated by the formula [9]:

a =1- e_Nor‘ (18)

It is known from the technological regulations for the production of thermal phosphoric acid [6] that 3.66
t/h of phosphoric anhydride (P,0,) is supplied from the phosphorus combustion tower for absorption into the
cooling-hydration tower. In terms of volumetric concentration — 0.119 kg/m’. The norm of P,O, emissions into
the atmosphere is 0.118-10 kg/m3. Taking these data into account, Table 1 shows the results of calculating the
absorption indices of P,O, according to equations (14)-(18).
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Table 1 — The absorption indices of P,O,

Ne Indices Unit of measure Calculation results
1. The gas flow rate (Q) m’/s 8.55

2. The absorption rate () kg/(m?-s) 0.056

3. The driving force of the process () kg/m? 0.0172

4. The absorption coefficient () m/s 3.24

5. The number of transfer units () - 6.9

6. The absorption degree () % 99.9

As can be seen from the table, the absorption indices of phosphoric anhydride (P,O,) have high values.
This is due to the possibility of achieving the mode of simultaneous vortex formation in the operation of the
apparatus with the regular annular tubular nozzle, characterized by the highly developed interphase.

Conclusions. The analysis of the design and operation parameters of the cooling-hydration tower in the
production of thermal phosphoric acid allowed to identify shortcomings and propose engineering solutions
for its modernization. For this, it is proposed to make the nozzle in the form of the layers of the annular pipes,
regularly located in the section and along the height of the contact zone. The uneven and even layers of the
regular nozzle are attached to the collectors located outside the apparatus’ body in mutually perpendicular
planes. This allows to organize the alternation of the supply of the cold heat carrier in the uneven and even
layers due to its supply through the collectors located in mutually perpendicular planes. At that, the introduction
of a larger amount of cold heat carrier is achieved at a lower height of the packed layer.

The equations are proposed to calculate the hydraulic resistance during the heat carrier movement in the
pipes and with the external flow around the tubular bundle, the absorption degree and speed. According to the
proposed equations and the technological regulations’ data, the absorption indices of phosphoric anhydride
(P,0O,), which showed high values, were calculated. This is due to the possibility of achieving the mode of
simultaneous vortex formation in the operation of the apparatus with the regular annular tubular nozzle,
characterized by the highly developed interphase.
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TEXHOJOI'MYHOCTb, 9KOJOI'MYHOCTb 1 9KOHOMUWYHOCTH ITPOLECCOB
MNOJTrOTOBKH U NEPEPABOTKH TSIXKEJIOM HE®TH

AnHoTanus. PecypcHbie 3anacel Jierkux He(Tel, ynoOHbIX Ui JOOBIYM U NepepabOTKH, YKe TOCTUTIN
MMKa U BCTYIAIOT B MEPHO] CIaJa, M B HENAJICKOH MePCIeKTHBE MPUACTCs nepepadaThiBaTh HCKIKOYUTEIBHO
TsDKey o HeTh. /115 pereHns Bonpoca riry0oKoii mepepaboTKu, paliOHATLHOTO M 9KOHOMHOTO UCTIOb30BaHUSI
TSDKEJIOr0  HE(TSHOTO CHIPhS HEOOXOAMMO HM3MEHHTh OTHOIICHHE K CYIICCTBYIOIIUM TEXHOJIOTHUSIM
HedrenepepaboTku. ['0pa3no mepcrneKkTHBHEE MPUIOKHUTh YCHIHS K YBEIHUUCHUIO TIIyOMHBI NepepaboTKH
TSDKEIIOM He(TH 1 HEePTIHBIX OCTATKOB MTyTEeM MHTETPUPOBAHHS KIIACCHYECKUX M HETPaJUIUOHHBIX METO/IOB,
Ha YTO M HANpaBJICHA MJIesl PeIaraeMoii CTaTbu.

[Toka3zaHo, 4T0 MPY IPOMBIIIUICHHOH peatn3aliii TEXHOJIOTHUECKHX IPOLIECCOB B He(TenepepadaThBatoIei
MPOMBIIIIEHHOCTH MOYKHO YIPABJSTh MpoueccaMu (OPMUPOBAHUS HEPTSHBIX HAIMOJICKYIISIPHBIX CTPYKTYD
U CONIbBAaTHBIX 00OJIOYEK C TIOMOIIBIO BOJHOBBIX BO3/EHCTBUIL. Ha OCHOBE KOMIUIEKCHOTO HCCIEIOBAHUS
(M3UKO-XUMHUYECKUX CBOMCTB TSDKEIIOr0 HE(TSIHOTO ChIPhsI, XapakTepa H3MEHEHHs X (PPaKIIMOHHOTO COCTaBa
B pe3y/bTaTe THAPOANHAMUYESCKOTO BO3ICHCTBUS MPEAJIOKEH MEXaHO-BOJIHOBOH METOJ OATOTOBKU HE(TH K
nepepadoTKe.

Pa3pabarbiBacmasi TexHoIOTUs oOecrnieunBaeT 3()(GEKTUBHOE pEIICHUE 3a1a4 OTPACid MO YIIyOlIeHUIO
nepepabOTKH TSHKENIOH He()TH: yBETMYCHUE BBIXOA CBETIIBIX TUCTUIUISATOB, CHU)KEHUE KOJIMUECTBO HE(DTSHBIX
KyOOBBIX OCTaTKOB, U MOBBIIICHUE IKOJOTUIECKOI YHCTOTHI.

KuaroueBble ciioBa: Tshxenas He()Th, He(TSHBIC OCTaTKH, BA3KOCTh, CMOJIBI, aC(aIbTeHbI, MEXaHO-BOJTHOBOE
BO3/ICHCTBHE, KOMIIAyAUPOBaHKE, THAPOAMHAMUYECKast 00padoTKa.

H.K. Hagupos"', A.B. Illupunckux', E.B. CotonoBa'?, C.b. Hyp:xkanoBa'”
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AYBIP MYHAWJIBI JAUBIHIAY )KOHE KAWTA OHJEY INPOLIECTEPIHIH,
TEXHOJIOTUSLJIBIFbI, KOPIIAFAH OPTAFA 3USTHCBI3JIbIFbI MEH YHEMJILTITT

AHHOTanus. OHAIpyTe XoHE KaiTa eHJipyre KOJMaiibl OONBIN KeIeTiH JKEHIT MyHalIapAblH PecypCThl
KOpJapbl ©3iHiH LIeTiHe *eTim, eHli OoceHaey marbiHa Kipai, OkJaii skaiaracaTelH 0oJica, )KaKbIH apaaa TeK
aybIp MyHaiinel eHaeyre Typa keneni. Kypaeni xaiita eHzaey, ayblp MyHail MHKi3aThIH THIMII JKOHE YHEMI
naiiianany MocenenepiH IIemy YUIiH KOJJAHBICTaFrbl MYHall OHJICY TEXHOJOTHSUIapbIHA e3repicTep Kepek.
Knaccukanbik skoHe T9CTYpITi eMec TYPIACHIIPY apKbUIbI aybIp MYHAHIBIH KOHE MYHAH KaJlAbIKTapbIHBIH KaliTa
OHJICY TEPEHITIH YIIFalTyFa KYII calyblH aHaFYPIIbIM YIIKEH KeJleleri 0ap, YChIHBUIBII OThIPFaH MaKaJlaHbIH
UAESCHI OCBIFAH OaFbITTaJIFaH.

MyHaiine! KaiiTa eHIeYy OHEPKICiOiHAE TeXHOJIOTUSIIBIK MPOLECTEPAl OHEPKICINTIK i1CKe achIpyaa TOIKBIH
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ocepliepiHiH KOMETiMEeH MYHaWlIbl MOJEKyJa YCTiHIEeri KyYpbUIBIMIApAbl MEH COJbBATThl KaOBIKIIAHBI
KaJIBINTACTBIPY TpoLeciH Oackapyra OONaThIHABIFEI KOPCETUIreH. Ayblp MyHall IIUKi3aTbIHBIH (U3HKAJIBIK-
XUMUSUIBIK KACHETTEePiH, THAPOANHAMUKAIIBIK 9CEep €Ty HOTHKECIHAE ONapAbIH JKIKTEYIIK KYpaMbIHBIH 63TepTy
CHIaTBIH KEeUICH 1 3epTTey HeTi3iHAe MYHaIbl KaliTa eHaeyre JalbIHAAyIbIH MEXaHUKAIBIK-TOJIKBIHABI 9/1ici
YCBIHBUIFaH.

JKobanaHsII KaTKaH TEXHOJIOTHA aybIp MYHaW bl TEPEHETII KaliTa oHeYy OOMBIHINA Calla TarnchblpMaIapbiH
THIMI IIeNTyAi KAMTaMachl3 €Te/li: Ta3a AUCTUIUIATTapABIH WIBIFBICHIH YIIFAUTY, MYHANIIBI TEKIIIE KaJIIbIKTapAbI
TOMEH/IETY JKOHE HKOJIOTHSUIBIK TA3aJIBIKTBI APTTHIPY.

Tyiiin ce3nep: ayslp MyHail, MyHall KaJlABIKTaphl, TYTKBIPIBIK, LIalbIpaap, achanbTeHaep, MeXaHHKaIbIK-
TOJIKBIHABI 3CEP €Ty, CHIFBIMIAY, THAPOJMHAMHUKAIIBIK OHIEY.

N.K. Nadirov'", A.V. Shirinskikh!, E.V. Solodova'?2, S.B. Nurzhanova!?

“D.V. Sokolskiy Institute of Fuel, Catalysis and Eletrochemistry” Joint-stock Company, Almaty,
Kazakhstan;
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E-mail: Nnk32@mail.ru

FEASIBILITY, ENVIRONMENTAL FRIENDLINESS AND ECONOMICAL EFFICIENCY
OF TREATMENT AND REFINING PROCESSES OF HEAVY OIL

Abstract. Suitable for production and refining the resource reserves of light oil have already reached a peak
and falling into recession, and exceptionally heavy oil will have to be refined in the near future. To address
the issue of advanced refining, efficient and economical use of heavy oil stock it is necessary to change the
attitude toward the current oil refining technologies. Much better is to endeavour to increase the refining depth
of heavy oil and oil residue by integration of conventional and non-traditional technique, which is the concept
of the proposed article.

It was shown that under the industrial realization of technological processes in oil refining industry one
can manage the processes of formation of oil supramolecular structures and solvation shells by means of
wave actions. On the basis of comprehensive research of physical and chemical properties of oil stock, nature
of its fractional composition change arising from the hydrodynamic effect the mechano- wave method of oil
treatment to refining was proposed.

The emerging technology provides an efficient solution for industry target on the deepening of heavy oil
refining: yield more light distillates, reduction of oil stillage residue and increase of environmental cleanliness.

Key words: heavy oil, oil residues, viscosity, resins, asphaltenes, mechano- wave action, blending,
hydrodynamic machining.

Benenue. B Mupe coepXuTcs 3HaUNTEIBHOE KOTMUECTBO TSKEIIBIX M CBEPXTSKEIIBIX HeTeH, MPUPOIAHBIX
OUTYMOB, ac(aJbTUTOB U JIP., 3aI1aChl KOTOPBIX COCTABISIIOT Oosee 8§10 Mipa T, 4TO IO 00BEMY COMOCTABUMO,
a, BO3MOXKHO, ¥ TPEBOCXOIUT TPAIULIMOHHBIE 3aMachl JISTKUX U CPEAHUX HeTEeH.

MupoBbiM nuaepoMm 1o 3amnacam Tsoxenoi Hegtu (TH) sBnsercst Kanana, Ha Bropom mecte — Benecyana,
Ha TpeTbeM — Poccust, 1 IMEHHO 3TH CTpaHbl OMHUMH U3 IEPBBIX MPOSIBUIIM HHTEPEC K MEPEpadOTKe TAKEIOro
HedTsIHOTO ChIpbs [1-3].

Kak wu3BectHo, Ha Teppuropun Kazaxcrana B OONBIIOM KOJMYECTBE BCTPEYAIOTCS MECTOPOXKACHUS
BBICOKOBSI3KOH He(hTH 1 pupoaHbix outymoB (BBH u I[1B), oTHOCAIMXCSl K KaTeropuu TPyAHOU3BICKACMBIX.
Haubonee xpynHbiMu siBIsiTOTCS HedTerazoBbie Mectopokaenus Kapaxanbac, CeBepabie bozamn, Kanamkac
C OOIIMMU OCTAaTOYHBIMH HU3BJICKAEMBIMU 3amiacamu ropsigka 160 muH T [4].

Bospocmnii naTepec k nepepadboTKe TKENbIX HeTel TpeOyeT MpoBeJeHUs pa3IMYHbIX HCCIICIOBaHNH,
B T.Y. HCIIOJIb30BAHUS aJILTEPHATHBHBIX METOJOB, 0a3MPYIOIIMXCS HAa HU3KOTEMIIEPAaTYypPHOM BO3IEHCTBUHU
Ha CBIPbE, U CO3AaHUSl SKOHOMHYHBIX TEXHONOTHH HedrenepepaboTku. B HayyHBIX HCCIEIOBaHHAX BCE
Oosbliiee BHUMaHUE YAeseTCsS BOIPOCcaM MOJU(PHUKAILINH ChIPhS ITyTEM MEXaHHUUECKOTO BO3ACUCTBHS (MEXaHO-
XMMUYECKOW aKTUBalWHW) Ha He(TSHBbIC AUCIEPCHBIE CHCTEMBI C MCIOIBb30BAaHMEM amMaparoB (PeakTOpOB)
pa3IMYHON KOHCTPYKLUMUHU HETPaJIUIIMOHHBIMY IPUHLMIIAMH BIUSHUS Ha cbipbe. [IprBiIekare1bHOCTh TAKOTO
poia anmapaToB 3aKII0YAETCSl B TOM, YTO OHU CIIOCOOHBI 00ECIEYUTh BBICOKYIO KOHIIEHTPALMIO SHEPTUU B
enuHuLEe pabouero o0beMa M 3HAYUTEIbHYIO IPOU3BOJUTEIBHOCTD IPU OTHOCUTEIBHO MANIbIX TadapuTtax [5-8].
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Hcnonb3oBanne (Qu3MUecCKUX MNONEH (AIEKTPOMAarHUTHBIX, YJIBTPa3BYKOBBIX M Jp.) KaKk HHCTPYMEHTa
BO3IEHCTBUS Ha KHUAKO(GA3HYI0 Cpeny sBISIETCS MEHee JOHEepPro3arpaTHBIM [0 CPaBHEHHIO C
TEPMOKaTaTUTUIECKIMU METOJaMU aKTHBALUS CBIPbsl — 00Jiee SHEPrOEMKUMH, TPEOYIOIIMMHU 3HAYUTEIBHBIX
KaIllUTaJIbHBIX 3aTPaT U JOPOTOCTOSIINX KaTaJu3aTopoB.

Kaxk wu3BecTHO, mpu BOJHOBOM BO3JEHCTBUM MPOTEKAIOT PEAKIHUU KPEKHHIa BBICOKOMOJIEKYIISIPHBIX
coennHeHn HePTH B OoJIee MATKHUX YCIOBHUSX, YEM B KJIIACCHYECKMX TEPMUYECKHX MPOLECCcax KPEKUHTa HITH
BHUCOpEKHUHTA. T.K. BOJTHOBOE BO3ACHCTBHE HHULIMUPYET Pa3phiB CBsA3EH B YK€ BO30YKICHHBIX OTHOCHUTEIHHO
HEOOBIINM TTOJIOTPEBOM MOJIEKYJIaX, €ro SHEPrus PacXoAyeTcs TOJIBKO Ha OCYLIECTBICHHE Oojiee MSTKOro
rpolecca TepMOMEXaHMUYECKOT0 KPEKHHIa, MO3TOMY JHEpPreTHUecKHe 3aTpaThl HEBEIMKH, a XUMHUYECKHE
peareHThl U KaTaau3aTopbl He ucnonb3ytores [9-11].

Henp uccienoBanusi: U3y4eHUE TEPMOMEXAHMUECKOTO-THIPOANHAMUYECKOTO BO3IEHCTBUS HA TSKEIYIO
He(Th U HEPTAHBIC OCTATKU JUIS TOCIEAYIOMEH pa3pabOTKH TEXHOIOTHH epepaboTki He(TSIHOTO ChIPbS B
MOTOPHBIE TOIIJIMBA U APYTHE MPOAYKTHI.

Cyrb MeTOga — TIPpUMECHEHHE MEXaHO-BOJHOBOW aKTHUBAIlMM TSDKEIOTO HE(TSHOTO  CHIPHSIB
THIPOIUHAMUYECKOM PEaKTope BICOKOW WHTEHCUBHOCTH, C JajbHEHIIeH mepepaboTKol MO CyIeCTBYIOINM
MeTonam. OOpaboTKa HEPTSIHOTO CHIPbSI B AKTUBATOPE CIIOCOOCTBYET Pa30rpeBy KHUIKOH (a3bl IPH BpaLIcCHUH
pOTOpA, YTO NPUBOAUT K U3MEHEHHIO (PPAKIIMOHHOTO COCTaBa CHIPhS 3a CYET AECTPYKUNHU JTUHHOLIETIOYEYHBIX
yIIEeBOAOPOAHBIX cTpyKTyp [12,13]. I'mapomunamuueckass oOpaboTka mpuBoA K oOpa3oBaHHI0 He(TIHON
TOMOTEHHOH CMeCH, KOTopasi B JaIbHEHIIIeM MOAaeTCs Ha mepepaboTKy ¢ MoydyeHneM He(hTenpOayKTOB.

MarepuaJibl 1 MeTOAbI HCCIe0BaHusA. B paboTe NpuMeHsUIM crienuaibHO pa3padOTaHHYI0 YCTaHOBKY —
THIPOIUHAMUYECKUN POTOPHBIN aKTHBATOP, AEHCTBHE KOTOPOTO OCHOBAHO HA THAPOJMHAMHUUECKUX dPPeKTax
MIPU JBMKEHUM YKHUIKOM Cpeabl ¢ OOJBIIONH CKOPOCTBIO C JIOKAJIbHBIM M3MEHEHHEM JaBJICHUsS B Ipolecce
BpalleHHUs], CIIOCOOCTBYIOLIEM MPOSIBICHUIO KABUTAIIMOHHOTO (P QEeKTa, U C BOZMOKHOCTbIO MHOTOKPAaTHON
MOBTOPHOI 00paOOTKH CHIPHSI.

ANTOPUTM TpeUIaraéMoro MeTO/a: HWHTErpUpOBaHUE Ipolecca MOATOTOBKM HE(TSHOTO  CHIPhs
(xoMITayAMpoBaHHUE, BOJHOBas 00pabOTKa) ¢ aTrMoc(hepHOW WM BaKyyMHOW NEpPEroHKOH NpH 3aJaHHOH
TEMIIEpaType Pa3rOHKU. TspKenble )KUIKHE OCTaTOYHbIe HEKOHIAWIIMOHHBIE MPOMYKTHl BHOBH OTIIPABISAIOT B
ronoBy npouecca. [lepen MexaHO-BOTHOBOI akTUBalMEH HEPTAHBIE CMECH HATPEBAIN JI0 TEKYYErO COCTOSHUS
npu Temneparype 80 — 90°C. Ilocne rupoarHaMUYECcKOro BO3/IEHCTBUS MoJyyaeMasi CMECh B JalIbHEIIeM
MOXeET OBITh TaKKe OTIPaBJieHa Ha IepepaboTKy B TI000W MOAXOIAIINHN AJISl TOTO TEXHOJIOTHIECKUH poLecc.
[14,15].

B nabopatopHbIX ycioBusx Oblia TpoBeAeHa aTMOc(epHas pa3roHKa HE(TSHOTO CHIPbsl HA YyCTAaHOBKE
cornmacio ['OCT 2177-99, a Takke C HEKOTOPHIM M3MCHEHHUEM, B YaCTHOCTH, CO CTaOWJIBHBIM 3HAYCHUEM
temnepatyp (T°C): 190, 200, 220, 250, 260. PerynupoBanue cTaOMJIBHBIX TEMIIEPaTyp OCYIIECTBIISUIOCH
¢ nomoipio Tepmoctara (SSR 40 DA, paGotaromero B aunanazonHe 0 — 380°C), Tepmomnapbl U pTYTHOTO
TEPMOMETpa.

B kauecTBe 00BHEKTOB HCCIIEI0BAHHS UCIIONB30BAIN TSKETYI0 He(Th MecTopoxkaeHus Kapaxanoac, MasyT,
OUTYM M CMECh yKa3aHHOW HEPTU C OUTYMOM.

Pesyabrarbl u o0cyxnenue. B tabnuie 1 npuBeneHbl CpaBHUTENbHBIC AaHHBIE TIOKA3aTeleld pa3sTOHKU
ucxonHoi HedTH MecTopoxaenus: Kapaxxanbac Ha oOpasiax, oToOOpaHHBIX B Pa3HOE BPEMSI.

OTroHky >kuakux (Gpakuuid mpu 3aAaHHON TeMIIepaType MPOBOIMIN B TE€UEHHE Yaca, WK CO CKOPOCTHIO
uctedeHus kamenb 10 1/30 cek; ¢ uenpio Hanboee MOMHOTO M3BICUCHHS KHUIAKON (Ppakiuuy npu 3aJaHHON
TEeMIIepaType; CKOPOCTh CTeKaHMsl Kanenb cocTtasisiia 1/50 c. [Tocne oTrona ¢pakumy u3mepsiii ee Maccy.

Tabmuma 1 — CpaBHeHHe TIOKa3aTeneil pasroHKN HCXOAHOH HeTn MecTopokaeHus Kapaxanbac mo ['OCT (ananutnyeckas
naboparopus Oilsert) u JTaHHBIX XpoMaTorpaduieckoro aHanmusa (;raboparopust «MeTaxpOMaHAIHUTHK).

o nannbv 1aboparopun «Oilsert» ITo nannbIM 1aboparopun «MeTaxpoMaHAIUTHK
IIpob6a IIpob6a ITpo6a ITpo6a
staBapb 2020r utonb 20191 asryct 2019r. 2018r
Temneparypa Hauana kunexus,’C
184 160,82 ‘ 160,47 166,48
@OpakroHHBI cocTaB, BEIX0A (pakuuii 1o Temneparyps’C , %
110,°C: % 110 °C: % 10 °C: % 10 °C: %

190 - 0, ~188,3 ~2,5 ~191,1 ~2.,5 ~193,0~2,5
200 -0,8 ~204,8 ~3,5 ~201,1~3,5 ~201,0~3,0
220-2,4 ~219,1 ~7,0 ~220,1 ~6,5 ~219,8 ~5.5
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240-4,2 ~240,2 ~12,5 ~239,7 ~11,5 ~239,3~9,0
260 -7,6 ~259,1 ~18,0 ~259,9 ~17,5 ~259,8 ~12,0
280-12,0 ~280,5 ~26,0 ~279,9 ~24,5 ~279,8 ~16,5
300-16,0 ~301,0 -35,0 ~300,0-32,0 ~299.,8 -25,0
320-22,0 ~320,4 ~44,0 ~320,9 ~41,5 ~320,0 ~31,5
340 -28,0 ~340,6 ~52,5 ~340,2 ~51,0 ~340,5 ~38,5
360 -36,0 ~360,2 ~60,5 ~359,4 ~59,5 ~359,8 ~46,5
OcTaToK 1mocie pa3roHku, %:
64,0 \ 39,5 40,5 \ 53,5

W3 marabIX TaOIUIEI | BUIHBI 3aMETHBIC Pa3IAIHs TTOKa3aTeNIel MpH 0OBITHON aTMOC(hEpHON pa3TOHKE
pU XpoMaTorpapupoBaHIH, OJHAKO OOMIasi TEHJIECHIINs — BO3pACTaHUE BBIXOJA MPOJYKTOB C MOBBINICHUEM
TeMITepaTypbl OAWHAKOBA JIJIT 00OWX THUITIOB 00OPabOTKU CHIPhs. BeImeneHue Nerkux u cpenanux ppakmmii (10
260°C) ocymiecTBIs€TCS B OTHOCUTEIHHO HEOONMbIMX KoimuecTBax (7,5 — 18%), a MakcMManbHBIH OTTOH
HaOmomaeTcs b pu 360°C.

C y4eroM 3THX, a TaKKe JPYTHX pacyeToB MpPU aHAIM3€ PE3yJBTATOB Mbl MPOBEIN PA3TOHKY HE(TSIHOTO
CBIPbSI IPU CTA0MIIBHBIX 3HAYCHUSX 3a71aBaEMbIX TEMIIEPATYP.

Ha pucynke 1 mpuBeneHsI pe3ynbTaThl aTMOC(HEPHON pa3TOHKH HEPTH, Ma3yTa U OUTyMa, IPH CTAOMITEHBIX
3HAUEHHSX 3aJlaBaeMbIX Temreparyp; (Gpakiuu mMazyTa ¥ OMTyMa, BHIKHITAIONIME B MHTEPBAI TeMIeparyp
190-200°, HECKONBKO HIYKE B CPaBHEHHH C TSDKETOW HE(THIO, W MPH TOBBIIIEHHH TEMIIEPATYPhl TPOIEHT
M3BJICUCHUS MX TAKXKE HIDKE IMOKa3aresiel HCXOMHOM He(TH.

50 -
X
= 40 -
3
x 30 -
3 - B HedTb
o H 6uTyMm
2 10 -
g 0 = T T T 1 Ma3YT

190 200 220 250 260 270
TemnepaTtypa, C

Pucynok 1— Pesynbrarsl GpakimoHHOM pa3roHKH He(TH,
OuTyma M MazyTa Ipu 3aJlaHHOl (PUKCUPOBaHHOHN Temmeparype

B tabmuue 2 npuBeneHsl pe3ysbTaThl HAIIMX MCCIEIOBAHUN PA3rOHKH MCXOAHON He(TH M cMecel ee ¢
OMTYMOM, a Tak)Ke MCXOTHBIX OMTyMa M Ma3yTa. Bo Bcex sKcnepuMeHTax MpH CTaOWILHOW TemIeparype
OCHOBHOE KOJIMYECTBO M3BIIEKACMBIX KHUJKUX (PpaKiuii MpOUCXOIMIO B OCHOBHOM JIO0 MJIH TIPH JIOCTHKEHUH
260°C, 94TO COOTBETCTBYET KEPOCHHOBON (PpaKIUK, U 3HAYUTEIILHO HIDKe Temreparyp npu orronke no FOCT
(cm. Tabmumet 1, 2)

CpaBHUTENBHBIN aHAIN3 Pa3rOHKUA CMeceH TsDKENIor HeTH ¢ OMTYMOM MPHU CIEIYIONIMX COOTHOIICHHUSX
— 3:1; 3,06:1, 3,05:1 (tabmumsr 1,2) ¢ pasmuIHONW TPOMOJDKUTEIHHOCTHIO OOpaOOTKHM B aKTHBATOPE
CBUJICTEIILCTBYET, YTO BBIXOJ] XHUJIKUX (Ppakiuii npu temreparype 10 260°C BKIIOYUTEIBHO, — BBIIIE B ClTydae
TUAPONMHAMHAYECKON akTuBaruu Ha 9% u 12% COOTBETCTBEHHO ISl yKa3aHHBIX cMeceil. Pe3ynsrarsl oTroHa
cMecell Tshkeod He(hTH ¢ OUTYMOM OJM3KH K MCXOJHOH TsDKENo HedTr (ITpu cooTHOMIEHUH 2: 1), HEKOTOpbIe
pasnuuuns 3HaueHUH B 001acTu 60siee HU3KUX TEMIIEPATYp MOKHO OTHECTH K IIOTPEITHOCTH DKCIIEPUMEHTA.

B mpouecce oTroHku mpu atMOC(hEpHOM JABICHWH, YIETYYHBAJIUCh HanOoJee JIETKHE COCTABISIOLINX
KHUJIKAX PPaKIUii, TO3TOMY TIOTEPH OBUIA OTHOCHTEIILHO BBICOKMMH € YYE€TOM MPOJODKUTEIBHOCTH OTTOHKH.
OnHako B JJAaHHOW CEPUU DKCIIEPHUMEHTOB JIOCTUTANIACH BHICOKAS CTEIIEHb M3BJICUCHUS JKUAKOW (QPakIuu U3
HEQTSIHOTO CHIPbSI.

Otronka TspKesnoit HedTu (Mectopokaenus KapaxkanOac) ¢ HCIOJIb30BaHHEM IUIOCKOJIOHHON KOJIOBI
T03BOJTMIIA HauboJIee MOJTHO M3BIeub Kuakue ppakunu (79,5% orrona). [IpoBoas pasronky Ha 000pyIOBaHHH,
cortacHo ['OCT, Ho nipu cTaOWIIEHOW TEMITepaType HarpeBa KoJObl MbI TIOJTyUYaJId XKHJIKUE GpaKIuK IpH Oolee
HU3KUX TEMIIEPaTypax, XOTs IPH 3TOM YBEINIHBAIACH TPOAOIIKHTEIILHOCTh OTTOHKH.

Bruta npoBeneHa arMocdepHast OTTOHKa TSHKEIIBIX HEPTSHBIX OCTATKOB — OMTYM, MasyT, P KOMHATHON
TeMIepaType, MpeacTaBigionue co0oi He TeKyune macchl (Tabnmmna 3). @pakiinu, BEIKUIAIOINE B THTEPBAJIS
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temmepatyp 190 — 200°C, HECKOJIBKO YMEHBILAIOTCS B CPAaBHEHUH C TKEJIOW HE(ThIO, MPHU MOBBILICHUU
TEMIIepaTypbl MPOLEHT U3BJICUEHHSI X HIKE TOKa3aTeneld HCXOAHOH He)TH UM CMecei, IPU 3HAYUTEIIbHOM
YBEJIMYEHUH MPOIOJIKUTEIBHOCTH OTIOHA.

Oco0blif MHTEpEC MPEACTABISIOT PE3YIbTaThl Pa3rOHKK MaszyTa (Tadbmuua 3), OCyIecTBISHHOH 0 U moce
THIpOIUHAMUYECKOH ero oOpabotku (B mHTepBane 94-116°C B Teuenue 15 mumn). [lomydeHHble maHHBIE
CBUJETEIBCTBYIOT, UTO Hapsly CO CHMKEHHEM TEMIIepaTypbl Hayajla KUIEHUS MMEeT MECTO 3HaYHUTEeIbHOE
(B pa3bl) yBenuueHHE XKUAKUX (Qpakuuii B nHTEepBale 3agaBaeMbix Temmeparyp 190 — 200°C, u coxparieHue
MIPOIOKUTETILHOCTH MPAKTHYECKH TOJIHOTO OTTOHA JICTY4UX (pakUuil MpH MOYTH OJMHAKOBOM IPOLICHTE
TBepAoro octarka (~ 21%).

[lonmy4eHnHble pe3yabTaTbl CBHIACTEIBCTBYIOT: MOCHE THAPOAMHAMUYECKOW aKTHUBALMU BBIXOH (hpakuuit
C,— C,, BbIlLIE, Y€M JI0 AKTUBALMH TIPH CYIECTBEHHOM TIOHWKEHUHU TEMIIEPATYPHI B Clly4ae THApo00paboTKu
obpasua. Mckmouenue cocrapisier (pakuus, orornanHas npu 220°C, - TemmepaTypHble 3HaYCHUs AT He
AKTHBHPOBAHHOTO 00paslla Ma3yTa HIDKE, YeM I0CJe aKTHBALUH. JTO HECOOTBETCTBUE OOBSICHSACTCS TEM
00CTOSATENBECTBOM, YTO OTTOHKA aKTUBHPOBAHHOTO MasyTa MPOXOJuiia ¢ OONbIIel CKOPOCTHIO B HaYabHBIHN
nepuon (190° u 200°C), — 6s110 oToruano 30,75%(5,26%+25,48 %) sxunkori pakiuu, B TO BpeMs Kak y
HE aKTUBUPOBAHHOTO 00pa3iia Npu yKa3aHHbBIX 3HAYEHUSX TeMIIepaTryp oTorHaHo Bcero 2,22%(0,9%+1,32%),
T.e. OTrOH Qpakuuii npu Temneparype 220°C mpoxoaui B yCIOBHUSX, KOTJa COAEP)KaHHE >KUAKOH (a3bl B
AKTHBHPOBAHHOM 00pas3iie ObUIO 3HAYUTENLHO HIKE. DTO 1 00YCIOBHIIO O0JIee BBICOKHE 3HaUCHHS TEMITEPATyp
Ha XpoMaTrorpaMme Juis He aKTHBHPOBAHHOTO 00pa3la, T.e. 0 KOHCHUCTEHIIUU OH ObLT OoJee rycTol.

Hab6mnronaemoe mpu OTrOHKe MCXOIHOTO MasyTa Bbicokoe 3Hadenue ¢ppakuun C . — C, (72,85%) MOxHO
OOBSICHUTh 3HAYMTEJIHBIM MPEBBIIICHHEM TEMIIEpaTypHOTro peXuMa pasroHku — Oosee yem Ha 100°C mo
CPaBHEHHMIO C Pa3rOHKON HEMOCPEICTBEHHO HMHINBUIYATbHBIX KUAKUX (PPaKIH.

Tabmuma 2 — CpaBHUTENBHBIN aHAM3 PE3YJIBTaTOB aTMOC(EpHOIT pa3sroHKH MPo0 MPU CTAOMIBHBIX 3HAUYCHUSIX TEMIICPaTyp

t°C Hcxoanas HeTh MecTopoxenus Kapaxandac Cmech (HeTh:OHTYM), T butym, r MasyT, T
npesiBapuTeNbHas 00paboTKa ChIPhs npoba 1 mpoba 2 mocne
AKTHBAllMH
aKTHBALMSA 6e3

Dopma KOsl
AKTHBAINH

3,06:1 3,05:1

Inocko- o 'OCT 2:1 3:1
JIOHHas,

Macca cpIpbs, T

‘ 92,06 ‘ 93,87 ‘ 97,06 ‘ 61,5 ‘ 64,33 ‘ 82,12 ‘ 88,76 ‘ 80,19 ‘ 82,96 ‘ 76,26 ‘ 87,63 ‘ 78,84
TeMnepaTypa Hayajla KHIICHUSA
| 88 | o5 | mo [ g [ 19 [ mo | m2 [ mus [ 155 [ 1m0 [ 1e0 [ 137
DpaKUHOHHBI coCcTaB, /%
190 14,68/159 | 837/8.91 | 494/51 | 395642 | 3,17/492 | 3.97/482 | 334/3,76 |3.26/4,06 0,53/0,63 | 127/1,66
200 9.85/10,69 | 3.59/3,82 | 6,1/628 | 138224 | 16325 | 192234 |1,74/1,9 |147/183 0350042 | 0,86/1,13 0,79/0,9 4,12/526
(19)
220 10,0/10,86 | 6,11/6,58 | 12,73/13,12 | 2,74/4.46 | 3.0/4,66 | 3,51/427 |3,54/3,99 |2,67/3.32 1,61/1,94 | 28,91/37,9 | 1,16/1,32 | 20,09/25,48
torrona | 4 | torrona 7 4 (39)
250 30,29/32,9 | 16,85/17,95 | 18,35/18,9 37,08/42,31 | 20,76/26,33
(Bu)
260 28,85/46,9 | 11,8/18,34 | 39,68/45,02 |47,1/53,03 |39,58/49,35 15,87/18,11 | 6,56/8,32
(1,54)
270 7,53/8,18 23,92/24,64 1,16/1,32 | 20,09/25.48
(1) (3)
280 0,67/0,72 | 34,44/36,69 22,97/35,1
Beero | 73,22/79,5 | 68,76/73.25 | 66,04/68,1 | 36,92/60,03 | 42,57/66,2 | 49,07/59,77 | 55,72/62,77 | 46,93/58,52 | 41,83/50,42 | 37.96/49,78 | 54,28/61,94 | 51,53/64,39
/% (8,54)
Octar. | 13,09/14,21 | 14,16/15,08 | 15,83/16,3 | 11/94/19,41 | 12,9/20,05 | 22,91/27,9 |21,96/24,74 | 24,23/30,21 | 28,81/34,72 | 26,66/34,96 | 19,17/21,87 | 16,78/21,28
/%
Torepu, | 5,75/6,25 | 10,95/11,66 | 15,15/15,6 | 12,64/20,55 | 8,86//13,77 | 10,14/12,34 | 11,08/12,48 | 9,03/11,26 | 12,32/14,85 | 11/64/1526 | 14,18/16,18 | 10,53/13,86
/%

Tabmuma 3 — AHaIM3 XpoMaTorpaMM MasyTa 1 ero (pakiuii, OTOTHAHHBIX IPH CTAOMIBHBIX TeMIepaTypax

KomnoneHTHbI cocTaB WuTepBan remneparyp npu Jons dpakiuii
Ob6pasen bpakuuit xpomarorpaduposanun® C
MasyT, ocTaTok nocie CiC 212,0 — 325,88 2,13
pasronku Hedtn Kapaxanbac C-C, 335,48 —396,1 87,54
10 360°Crio T'OCT C,-C, 398,12 — 409,34 10,34
C,-Cg, 233,91 — 285,68 3,16
Mas3yT uCXOAHBIN C.-C, 297,73 — 393,33 72,85
C.-C 395,80 —416,24 23,99
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Opakuun MasyTa , t * const

NeNe Bpewmst pazrona/
% BbIXO/1a
Nel —190°C 14/0,9 C-C, 127,72 —154,58 2,77
C, C, 160,53 — 186,7 66,92
C, C, 207,6 — 235,16 30,50
Ne2 — 200°C 14/1,32 C-C, 122,52 — 145,26 4,29
CiCi 154,03 — 179,12 61,3
C-C, 184,1 — 234,56 34,41
Ne3 —220°C 8,54/42,31 C-C, 100,32 — 127,41 9.4
(34/14,93) C,Cj, 133,84 — 158,75 57,75
C.-C, 162,86 — 206,24 26,04
Ne4 —250°C 3,54/18,11 C~C, 103,41 — 156,09 3,34
CiC 170,73 -217,4 4,55
C-C, 220,87 287,01 92,11
Bcero 14 4/62,64
@paknuuy aKTHBHPOBAaHHOTO MasyTa , t * const
NeNe Bpewms pasrona/
% BBIXOZA
C,-C, 73,07 -127,18 9,09
Nel-190°C 14/5,26 C,C, 131,63 — 182,61 59,31
C.-C, 187,09 — 208,03 31,6
C~C, 73,48 — 1327 9,94
Ne2-200°C 34/25,48 CiC 135,43 - 167,33 50,43
C-C, 171,91 -213,8 39,63
C~C, 70,92 -129,11 7,31
Ne3-220°C 3u4/26,33 C,Cg, 143,58 — 179,56 34,68
C.-C, 189,03 — 250,34 58,01
C-C, 77,57 - 142,84 6,37
Ne4-250°C 1,54/8,32 C,C 152,99 — 191,42 27,31
C.-C, 197,83 — 268,27 66,32
Bcero 8,54/65,39

AtMocdepHast pa3roHKa TKEIOTO HE(PTSIHOTO CHIPhS cO cTabuibHBIM 3HadeHueM Ttemrmeparyp (T°C):
190, 200, 220, 250, 260 MoxeT OBITH OCYIIECTBIICHA MPHU OoJiee HU3KOW Temmeparype (B mHTepBane 90 —
250°C) 1o mpaKTUYECKHW CyXOTO OCTaTKa C TONyY9eHHEM JKUAKUX (paknuid, KUISIMAX TpHA 3aJaHHBIX
3HAYCHUSAXTEMIIEPATYP; TP ATOM TPOJOKUTEIBHOCTh OTTOHKH KaXXKI0W (Ppakiu 3aBUCHUT OT TOJIIUHBI
HarpeBaeMoro CIIos KHUIKOCTH, ECTECTBEHHO, YeM MEHBIIIE 3TOT TTOKa3aTeNlb, TEM BBIIIE CKOPOCTh OTTOHA.

Jlerkue ¢paxmuu armocheproit pasronku (o 190°C) Tspkenmoit HeTw W ee cMecw ¢ OMTyMOM TIpH
CTa0WIM3AITIN TeMIiepaTyp — cBemible; cpenuane (mo 250°C) — 6omee Temubie, L[BeT (hpakmmii, OTTOHSIEMBIX
He(TAHBIX OCTATKOB (OMTYM, Ma3yT) — OT KOPHYHEBATOTO, PyOMHOBOTO — JI0 TEMHO-KOPUYHEBOTO, MPHUYEM
LBETHOCTH (hPaKIUil N3MEHSETCS BO BPEMEHH, TIPU CTOSTHUHM OHH TEMHETOT.

Ocraromuiicsi Tociie OTTOHKH HE(PTSIHOTO CHIPhS TBEPHBIM OCTATOK YEPHOTO I[BETa MPEACTaBISAET co00i
KOKCOTMOZIOOHBIN TMPOAYKT, COAEPIKAIINN MPHUMECH, KOTOpbIe OBLIIM B MCXOAHOM CBIPhE, B OCHOBHOM, 3TO
METaJITBI; €0 MOXKHO TTO/IBEPTHYTH 00pabO0TKe C MEeNbI0 U3BICUEHHSI IEHHBIX KOMITOHEHTOB.

B nmpoMbInuieHHOM TTPOM3BOJICTBE B CITydae HETOJHOW OTTOHKM KHUAKHX (pakiuii u3 odpadaTsiBaeMoro
ceIpbs (Hampumep, 45 — 50%), oCTarONIyIoCs TEKYIyH0 MacCy MOXHO CMEIIMBATH ¢ WCXOTHBIM CHIPBEM,
00palaTpIBaTh B THIPOANHAMHUYECKOM aKTHBATOPE M BHOBD OTIIPABIISATH HA PA3TOHKY

3akiouenne (BBIBOABI). TakuM o00pa3oM, HCCICTOBAaHHS ITOKa3aid, 4YTO (PPaKIIMOHHBIH COCTaB
He(TSHOTO CHIPHS CYIIECTBEHHO N3MEHSETCS B TIPOIIECCE ero I'IPOANHAMUYECKON aKTHBAIMH IO CPAaBHEHHUIO
C MICXOIHBIM HE aKTHBHPOBAHHBIM CHIpbeM. Pa3roHka TsKenoro He(TSIHOTO CHIPbS B WHTEpBaje 3aJaHHBIX
CTaOMJIM3UPOBAHHBIX 3HAUEHUSIX TEMIIepaTyp MPOWCXOIUT C YBEIMYEHHUEM BBIXOJA JETKHX W CPETHHUX
(hpakumii, © 0COOCHHO, TTOCIIE TIPEABAPUTEIHLHON THAPOTUHAMUICCKON aKTUBAIIUN 00pabaThIBAEMOM KHIKOH
¢azp1. Kpome TOro, mporecc ocymecTBisieTcs Mpu 0oee HU3KUX 3HAYCHHUAX TeMIleparyp B CPaBHEHUU C
CYIIECTBYIOIIMM METO/IOM Pa3rOHKH.

[lepeuncnennsie (QakTOpbl CBHUIACTETBCTBYIOT O BO3MOXKHOCTSX IPHUMEHEHHBIX HaMH METOJOB IS
pa3paboTKH TEXHOJIOTHH MepepadOTKU TSHKEIOT0 He(PTIHOTO CHIPHSI.
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HOJ'Iy’-ICHHLIC pPEe3yibTaThl B OHpeHCHGHHOﬁ CTCIICHU ABJIAIOTCA MNPCABAPUTCIBHBIMU, IMOCKOJBKY
npu MHOpOBEACHUN OSKCIOCPUMCEHTOB BO3HHKAJIKM BOIIPOCHI, OTBETUTbL HA KOTOPBIC MOXHO TOJBKO IIOCIIC
JIOTIOJTHUTEIBHBIX UCCICIOBAHUIA.

I/ICCHGI[OBB.HI/IH OpoOBOAMIIUCE B paMKax Hay‘lHO-TeXHH‘lGCKOﬁ mporpaMmbl: BR «CO3,I[3.HI/IC OCHOB
IpoOu3BOACTBA TPOAYKTOB He(bTe— u ra30nepepa60TKI/I Ha 0a3e 0OTEUECTBEHHBIX KATATUTUUECKUX TEXHOIOTHID.
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CHEMICAL EXPRESSION OF THE STRUCTURE OF HUMIC SUBSTANCES
IN TERMS OF COMPLEX COMPOUNDS

Abstract. Currently, the requirements for the quality of new products are increasing. In this regard, there is
a need to develop new scientific approaches, namely, process mechanisms for the development of technology
and synthesis of chemical compounds necessary for various sectors of the national economy. In this regard, the
task was to develop mechanisms for obtaining organomineral compounds from coal mining waste. Despite the
obvious importance of the problem of obtaining organomineral humic compounds: firstly, local raw materials
of industrial waste from the coal mining of the Lenger deposit of the Turkestan region are used as raw materials,
secondly, the industries of the agricultural sector of the country are mainly based in the Southern region, but its
solution is hindered by the absence of studies of the chemistry of formation, composition, structural features
of the compounds obtained and sound technological developments. A literature review on the methods of
obtaining, compositions and structures of synthesized organomineral compounds (chelate complexes) allows
us to conclude that the mechanism of the process of obtaining humates from coal mining waste with treatment
with an aqueous solution of sodium hydroxide remains a little-studied area in chemical technology. In addition,
the synthesis of new organomineral compounds is impossible without studying the composition, properties and
chemical structure of the complexes formed by them. The study of the mechanism of the complexation process
(chelate complexes) of the composition of «humate - aqueous solutions of sodium hydroxide» leads to an
understanding of the structure of the molecule and to the development of the theory of chemical structure. The
development of the mechanism of the basics of complexation (complexones-chelates), in turn, are a prerequisite
for the creation of the scientific foundations of the technology for the production of complex organomineral
compounds used as feed additives from industrial waste of the Republic of Kazakhstan.

Key words: humic substances; humates; extraction; complex compounds; coal mining waste.
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KEINEHAI KOCBIJIBICTAPABIH TEOPUSCBHI TYPFBICBIHAH I'YMUH/AI 3ATTAPABIH
KY¥PbBIUIBIMBIH XUMUAJIBIK OPHEKTEY

Annoramus. Kazipri yakeITTa eHAIpUIETIH KaHA OHIMJEP/IH canachblHa KOWBUIATBIH TajanTap apThIIl
keneni. OcblFan OalIaHBICTBI YKaHA FBUIBIMH TOCIIIEpAl, aranm aiTKaHAa, YITTHIK SKOHOMHUKAHBIH OpTYpIi
cayianapblHa Ka)eT XUMHSJIBIK KOCBUIBICTApABIH TEXHOIOTHSCHl MEH OJNIapAbl CHHTE3/eY YPHAICTEpiHiH jKaHa
TETIKTEPiH jKacay KaXeT. AJbIMbI3a KOMip OHIIpICi KalAbIKTapblHAH OpraHOMUHEpasAbl KOCBHUIBICTAP
any oxicTepiH o3ipiey MiHzmeTi Typ. OpraHomMuHepaiIbl TYMUHII KOCBUIBICTapAbl ©HAIPY MOCENECiHIH
AlKpIH MaHBI3IBUIBIFBIHA KapamacTaH: OipiHmiineH, mmkizar peringe Typkictan oOnbIchHBIH JIeHTip keH
OPHBIHJIAFBI KOMIp OHIIPici KaJABIKTAPhI )KEPrUTIKTI IKKI3aT PEeTiHAC Nak1aaHbuIajIbl, eKIHIIIICH, eIMIi3IIH
aybul HIapyallbUIBIFBl CATACBIHBIH callanapbl HETi3iHEeH OHTYCTIK OHipAe OpHalacKaH, ajaiia, TYMHHAI
KOCBUIBICTAP/IBIH LIEKTi TYP/I€ KOJAaHBLTY bl aJIbIHFaH KOCBUIBICTAPIbIH TY31TY XUMH3M1, KYPaMbl, KYPBUIBIMIIBIK
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EpeKUIETIKTeP] XKOHE OChIFaH HETI3AeIreH TEXHOIOTHIIBIK d3ipieMerep OONBbIHIIA 3epTTEYNIEPIiH KOKTHIFbI
kezepri kentipeai. CHHTE3IENTeH OpraHOMUHEPAI/Ibl KOCBUTBICTap/Abl (KOMIUIEKC-XenaTTap) ajy oicTepi,
KYpaMbl MEH KYPBUIBIMBI Typajibl 971eOu 0Ty HaTpuid TuapokcuainiH Cyiasl epiTiHAICIMEH OHACITeH KOMIp
KaJABIKTapblHAH TyMaTTapisl ajly HPOLECIHIH MEXaHW3MI XUMMSJIBIK TEXHOJIOTHSA a3 3epTTENreH aiMak
Ooutbln Kasia Oepesi 1ereH KOphIThIHAbIFa Kenaik. COHbBIMEH Karap, )KaHa OpraHOMHMHEPaIbl KOCUIBICTApAbIH
CHHTE31 OJlap KYpaTblH KOMIUIEKCTEPIiH KYpPaMblH, KaCHETTEPiH >KOHE XUMHSJIBIK KYPBUIBIMBIH 3€pTTEyAi
KaxeT eTefi. «HaTpuil ruapoKcuii TyMaTBIHBIH CYJbI €pITIHAIEP» KYPaMbIHBIH KEIIEeH Ii TY31Ty MpoueciHiy
MeXaHHM3MiH (KOMIUIEKC - XellaTTap) 3epTTey OJIapblH MOJIEKYIaJbIK KYPbUIBIMBIH TYCIHYTE KOHE XUMUSIIBIK
KYPBUTBIM TEOPHACHIH jKacayFa bIKnan ereni. Kemeni Kypy Heri3aepiHig (xenar KemeHaepi) TeTirin azipiey,
o3 ke3erinne, Kazakcran PecnyOMKachIHBIH OHEPKOCITITIK KAIIBIKTAPBIHAH TEIHAUTKBIIT KOCTIATaphl pETiHIS
naianaHbplUIaThIH KeIEH Il OpraHOMHHEPAIAbI KOCBUIBICTAp aly TEXHOJIOTHSCHIHBIH FRIJIBIMU HET131EPiH KYpy
YILUiH anFbImuapT 00BN TaObUIaAb.

Tyiiin ce3mep: TymMuHAI 3aTTap; TymarTap; SKCTPaKIHs; KEIIEHJI KOCBUIBICTap; KOMip OHIIpICiHIH
KaJJIBIKTaphl.
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XUMHMNYECKOE BbIPA’)KEHUE CTPYKTYPbI 'YMHUHOBBIX BEHIECTB C TOYKHU 3PEHUSA
TEOPHUU KOMILIEKCHBIX COEJIMHEHU

AnHoTanus. B Hactosiee BpeMs BO3pacTaioT TpeOOBaHMSA, MPEIbSBISEMbIE K Ka4eCTBY MOJIydaeMbIX
HOBBIX MPOAYKTOB. B CBf3M ¢ 3TUM BO3HMKaeT HEOOXOAMMOCTh B pa3pabOTKe HOBBIX HAy4YHBIX IOJIXOOB,
a MMEHHO MEXaHH3MOB IPOIECCOB U Pa3pabOTKH TEXHOJIOTMH M CHUHTE3a XMUMUYECKHX COCIUHCHUH,
HEOOXOAMMBIX IS PA3IMYHBIX OTpaciiell HapoJHOTO X03siicTBa. B CBA3M ¢ ueM mepen HaMH CTosJIa 3a/a4a
paspaboTars MeXaHU3MBI MTOMYyYEHHS OPraHOMUHEPATBHBIX COSAMHEHUH M3 OTXOMOB yriieno0srau. HecmoTps
Ha OYEBHIHYIO BaXKHOCTh MNPOOJEMBI IONyYEHUS OpPraHOMHHEPAIbHBIX TYMHHOBBIX COCIUHEHHIA: BO-
MEPBBIX, K KAYECTBE UCXOAHOTO CHIPBS UCIIOIB3YETCS MECTHOE ChIPhE MPOMBIIIICHHBIX OTXOI0B YIIEA0ObIUN
Jlenrepckoro mecTtopoxkaeHuss TypKecTaHCKOW 00macTH, BO-BTOPHIX, B HOXKHOM pernoHe B OCHOBHOM
0a3upoBaHbl MIPOMBIIIIEHHOCTH arpapHOTo CEKTOpa CTPaHbl, OHAKO PpEIIeHHE €€ TOPMO3HUTCS OTCYTCTBUEM
WCCIIEZIOBaHUN XUMH3Ma 00pa3oBaHWs, COCTaBa, OCOOCHHOCTEH CTPOEHHUS TIONyY9aeMBIX COEIWHEHUH U
000CHOBaHHBIX TEXHOJOTHYECKHX pa3paboTok. JlureparypHbiid 0030p Mo crocobaM MOIYYeHHS, COCTaBaM
U CTPYKTypaM CHHTE3UPOBAHHBIX OPTaHOMHUHEPAIHHBIX COCTUHEHHH (KOMITJICKCOHOB-XEIATOB) TO3BOJISIET
C/IeNaTh 3aKIIOYeHHE, YTO MEXaHU3M IMpoLecca NOTydYeHHsI TyMaToB U3 OTXOA0B yrienoosuu (JleHrepckoro
MecTopokaeHus TypkecTaHCKOM 001acTH) ¢ 00padOTKOM BOIHBIM PACTBOPOM THAPOKCH]IA HATPUS OCTAIOTCS
MaJOM3y4YeHHOW O0NacThI0 B XMMHUYECKOH TeXHOMIOTHH. KpoMe TOro, CHHTE3 HOBBIX OpraHOMHHEPAIbHBIX
COETMHEHNH HEBO3MOXKHO 0€3 M3ydeHHUs COCTaBa, CBOMCTB M XMMHYECKOTO CTPOCHHS 00pa30BaHHBIX WMHU
KOMITJIEKCOHOB. M3ydeHne mMexaHW3Ma Ipoliecca KOMILUIEKCOOOpa3oBaHUs (KOMITJICKCOHBI-XEIAThI) COCTaBa
«TYMaTBOJHBIM pacTBOPOB T'MAPOKCHUIA HATPHS» BEIET K MOHUMAHUIO CTPYKTYPBI MOJIEKYJIBI U K pa3padoTKe
TEOPUHM XUMHYECKOTO CTpoeHUs. Pa3paboTka MexaHHW3Ma OCHOB KOMIUIEKCOOOpa30BaHMs (KOMIUIEKCOHBI-
XeHaTI)I), B CBOIO O4YC€PC/b, SABJIAIOTCS HpCI[HOCBIHKOﬁ JJId CO3JaHUA HAYyYHBIX OCHOB TCXHOJIOTHHU IMOJTYYCHUA
KOMIIJICKCHBIX OPraHOMHUHEPAJIbHBIX CerII/IHeHI/Iﬁ HCIIOJIB3YEMBIX B KAY€CTBC y,ZIO6pI/ITeJII)HBIX KOMHO3I/II_II/H71 n3
MIPOMBITIUICHHBIX 0TX0A0B PecyOnmkm Kazaxcram.

KiroueBble cji0Ba: TYMHHOBBIC BEIECTBA; I'yMarTbl; KCTPAKIUS; KOMILUIEKCHBIE COCTUHEHHS, OTXOIbI
yIIe100BIYH.

Introduction. Currently, the use of environmentally friendly and safe substances in agriculture is becoming
relevant. One of the directions of the future is the use of humic substances. Humic substances are high-molecular
compounds of natural origin, which are formed as a result of oxidation of coal or changes in dead biomass and
are shapeless formations with a chaotic structure of dark brown color, which can dissolve or swell in water [1].
These compounds do not have a single chemical formula, but it is known that their main structures are aromatic
rings and functional groups (hydroxyl, carboxyl, carbonyl, alkyl and methoxyl) [2]. In addition to aromatic
rings, the substance may contain polypeptide and polysaccharide fragments. Even simple compounds, such as
fulvic acids, have a complex chemical structure.
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Since the structure of the humic acid molecule cannot be quantified by traditional methods, researchers
have developed a classification method based on solubility in alkalis and acids. Thus, humic substances are
classified into three categories: humins - substances insoluble neither in acids nor in alkalis; humic acids
-substances insoluble in acids, but soluble in alkalis; fulvic acids -substances soluble in acids and alkalis [3].
Humic acids are fractions of humic substances that are soluble in an alkaline medium, semi-soluble in water
and insoluble in an acidic medium. This classification parameter may vary depending on the content of humic
acids, pH and ionic bonds. Due to their amphiphilic nature, humic acids form micelle-like structures called
false micelles in a neutral and acidic environment. This property is used for use in water treatment plants and to
increase the solubility of hydrophobic preparations in water [4-5]. Humic substances contain various functional
groups, the amount of which depends on the origin, seasons, climate and environmental conditions during the
production of humic acids [6]. The various functions of humic substances mainly relate to the functional groups
of phenols and carboxylic acid. These properties provide humic acids with many positive properties, such as
improved plant growth, complex formation with heavy and variable metals, which means that they can remove
heavy metals from the body and form chelated compounds. In addition, their antiviral and anti-inflammatory
activity has been proven [7]. It has been proved that the presence of phenols, carboxylic acids and quinones in
the structure of humic acids is associated with their antioxidant, fungicidal and bactericidal activity [8]. The
chemical composition of humic substances can vary depending on geographical origin, timing, climate and
biological conditions, which makes it difficult to determine its exact definition [9].

In the literature, a number of authors have a common opinion about the chemical composition of humic
acids obtained from various sources [10-11]. Thus, substances prepared on the basis of humic acids contain
50% carbon, 35% oxygen and 5% hydrogen, and the remaining percentage is nitrogen and sulfur [12]. The
largest amount of carbon is contained in coal and brown coal, and its content can reach 60-65%. The ability
of humic acids to bind cationic metals and complexes makes them useful in various fields. Thus, they ensure
the transfer of micronutrients from soil to plants and from feed additives to the body of farm animals [13]. In
addition, humic acids reduce the content of heavy metals in soil, water and living organisms [14].

The main source of humic acids is brown coal. Its reserves in Kazakhstan amount to 34 billion tons [15].
It was found that brown coal differs in chemical composition compared to other sources of humic acids. It
contains various trace elements that can be used in the production of animal feed additives [16].

The main methods of isolation of humic substances include alkaline extraction with ammonia solutions
or potassium / sodium hydroxides. Such methods convert humic substances into water-soluble salts, that is,
potassium or sodium humates with high biological activity. This method is practically waste-free, therefore it
is widely used in many countries [17]. Analyzing the literature data on the chemical composition of humates,
it can be noted that the most effective method of their application is the isolation of humic acids and their
bases from brown coal, including humates. Humates obtained from brown coal allow them to be used in
small quantities, everywhere and regardless of the time of year, due to the high concentration of nutrients
and biologically active substances in them [18]. Most humic substances are chemically added to inorganic
components (clay and oxides). An important feature of humic substances is that they can combine with metal
ions, oxides, clay minerals and interact with organic compounds such as alkenes, fatty acids, capillary active
substances and pesticides [19].

Methods and Materials. Extraction of humic substances was carried out according to the following
method: weighed the bulk of coal mining waste from the Lengersky deposit of 1.0 g. The bulk is placed in a
conical flask A with a capacity of 250 cm?®, 100 cm?® of an alkaline solution of sodium pyrophosphate is poured
and stirred for 1 hour using a mechanical shaker. The suspension is centrifuged for 15 minutes. The solution
is decanted by collecting in a conical flask with a capacity of 1000 cm®. The insoluble residue is washed twice
with 100 cm® of sodium hydroxide solution. The suspension is centrifuged after each washing, collecting
the washing solution into the flask B. The washed precipitate is transferred to flask A, 100 cm? of sodium
hydroxide solution is added and heated for 2 hours in a boiling water bath. After cooling to room temperature,
the contents of the flask A are centrifuged for 15 minutes. The solution is decanted and collected into a flask
B. The undissolved residue is washed twice with 100 cm? of sodium hydroxide solution. The suspension is
centrifuged after each washing, collecting the washing solution into the flask B.

Ultimately, sodium humate with the following chemical composition was used to chemically express the
structural features of synthesized humic substances from coal mining waste from the point of view of the
theory of complex compounds (Table 1).
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Table 1 — Elemental composition of sodium humate synthesized from coal mining waste

Element Weight, % In terms of oxides, %

C 42,72 -

(0] 38,17 -

Na 17,14 23,10
Al 0,34 0,64
Si 0,79 1,68
Ca 0,23 0,32
Fe 0,49 0,70
Ti 0,12 0,20

Results and Discussion. To describe the experimental data obtained and the established regularities, the
mechanism of chemical reactions under selected optimal conditions is proposed. At the first stage, a mechanism
is proposed for the process of interaction of coal mining waste according to their experimentally established
composition, with an aqueous solution of sodium hydroxide in order to obtain Humates (Hum.), where the
process can be described by the following general chemical equation:

Coal mining waste + NaOH + H,O — Humates - NaOH - H,O — Hum ... NaOH (1) Q8
active complex

Agreement with experimental data can be obtained if we assume that the process of formation of humates
is carried out by reactions (1), under the condition of formation of an active complex Hum ... NaOH (1),
the chemical structure and composition of which is the formation of intra-complex compounds (chelates).
Experimental data can be explained that some nonmetals containing double-charged metal ions (Ca*", Mg*,
...) in coal mining waste: Si, S, N... and p-Al...., d-Ti, Fe.... - elements, as well as containing several organic
functional groups form strong complexes that are of great practical importance, i.e. complexons are polydentant
ligands.

The proposed mechanism at the first stage corresponds to the formation of an active complex (1), which are
intra-complex organic compounds (chelates). According to the established composition of coal mining waste,
their following possible chemical reactions with an aqueous solution of sodium hydroxide are proposed in
order to obtain humates, which are characterized by the following equations:

Me O, +2NaOH + H,0 = Na,[Me(OH),(H,0),] 2)
Na, [Me (OH) ] - tetrahydroxo metal-Me sodium

Me = Na; K; Ca; Mg; Ti.

MeO +2Na* +20H + H,0 <> 2Na’ + [Me (OH) |

MeO + OH" + H,0 <> [Me (OH) x]

Na [Me(OH) (H,0),]

Na [Me(OH) (H,0),] — 2Na" + 2[Me(OH) (H,0)]*

2[Me (OH) (H,0)]* «» 2Me** +2(OH) =+ 2H,0°

where, the stability of complex compounds is determined by the instability constant, according to the theory
of complex compounds [20], the smaller this constant, the more stable the complex compound. A detailed
scheme of the formation of a complex compound is presented in the Figure 1.

internal sphere

Na,[Me(OH),] Me = Ca, Mg
ions of the \ig; (i::oordination nurnber, Nag[Me(OH\)i(ijO/)Z]

external environment complexing agent Tigamds

Figure 1. The structure of the complex compound

According to the theory of complex compounds, the coordination number (c.n.) of the complexing agent
reflects the number of bonds that the complexing agent forms with ligands. The coordination number can
vary from 2 to 12 [21]. The most common c.c. are 4 and 6. In most cases, the rule is fulfilled: the coordination
number is twice its charge.
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In this case: Me?* (Ca, Mg) =c.n. — 4, 6; Me* (Al, Fe) =c.n. — 6; Me* (Ti) =c.n. — 8.
It is known [22] that metals in the composition of humic substances indicate the formation of simple or
complex salts with the participation of various organic groups in their composition:

Fe,0,+2NaOH+3H,0=2Na[Fe(OH),]-sodium tetrahydroxoferrate (3)
(c.n. =4)

Fe,O, + 2Na" + 20H + 3H,0 «> 2Na" + 2[Fe(OH), |

Na,[Fe(OH),] — sodium tetrahydroxoferrate (III)

Na[Fe(OH), (H,0),] — sodium tetrahydroxoferrate (III) (c.n.=6)

Fe,O0, + 2NaOH +3H,0 = 2Na'[Fe(OH),] - sodium tetrahydroxoferrate (III) (c.n. =4)
Fe,O, + NaOH + H,O = Na,[Fe(OH),]; Na[Fe(OH), (H,0),]

(c.n. =0)

2Na‘[Fe(OH),]” 2—>Na" + 2[Fe(OH),J

[Fe(OH),] <> Fe’* + 4OH

Na[Fe(OH),(H,0),] — Na" + [Fe(OH),(H,0),]

[Fe(OH),(H,0),] «> Fe’* +40H +2H,O°

§

Na,’ | Fe 8
|

O . c /C

O

[
O

[Feﬁ*( k _

Figure 2. The structure of the sodium tetrahydroxoferrate

The ability of individual chemical elements in the composition of synthesized humic substances to form
complex compounds is determined by the structure of the electron shell of their atoms, ionic radii and valence.
For example, one of the compounds in the composition of humic substances is silicon dioxide. Below is the
mechanism of formation of a complex compound - sodium disilicatodiaquanatry:

SiO, +2NaOH = 2Na,SiO,+ H,0 @)
SiO, + 2Na® +20H «» 2Na*+Si0,> + H,O

SiO, + 20H < SiO,* + H,0

Na,[Na(Si0,),(H,0),°]- sodium disilicatodiaquanatry

Na,[Na (Si0,),(H,0),°] — 2Na’ +[Na,Si0,),(H,0),]*

(c.n. =4)

[Na,(SiO,),(H,0,)]* «> 2Na" +2Si0,*> + 2H,0

/CH2
Na—Q - |
~Cc O
H-0O" | L O—N
O —S81—0-—Na

1 _o-H
HC 0§ Na
|
Na—Q -
C—0
H -0~
Figure 3. The structure of Na [Na (SiO,),(H,0),°]
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Polydentant ligands - they consist of several donor atoms and have several positions in the coordination
sphere. Polydentant ligands often form chelates in which the ligand and the central atom form cycles (Figure
4).

CH,

Figure 4. Structure of polydentant ligands

When considering the ability of complexation of humic substances, it is necessary to take into account the
interaction of the organic part of humates with various metal cations can be carried out under conditions of
hydrogen substitution of carboxyl groups, adsorption and sedimentation.

The substitution of hydrogen ions in the interaction with metals can occur with the cationic and anionic
part of humic substances. If the metal enters the anionic part into the structure of humates, then it is connected
by means of coordination chemical bonds and leads to the formation of chelate-containing compounds [23].

2Na O + 4NaOH = 4Na O, + H,O &)
4Na O, + H,O = 8NaOH + O, (cyclic reaction)

CaO + 2NaOH + H,0 = Na,[Ca(OH),] (6)
CaO + 2NaOH + 2H,0 = Na,[Ca(OH),]; Na [Ca(OH), (H,0),]

Na,[Ca(OH),] — sodium tetrahydroxo calcium

Na,"'[Ca**(OH), (H,0),"] — sodium tetrahydroxodiaqua of calcium (c.n. =4,6)

o I solution
MeO(Ca, Mg) + NaOH + H,O — Na'[Me(OH),|
sodium trihydroxy Me (II)
0O O 0 0O

N N

C \ / C

| |

HC Ca CH

PN PN
HC O e ‘\O H.C
| |
H H

Figure 5. Calcium-lactate - chelates complex

TiO, + 2NaOH = Na TiO, + H,0 )
TiO, + 2NaOH = Na "' [Ti"(OH),] - sodium hexahydrooxotitanates (IV)
Na, [Ti"(OH),(H,0),], - sodium hexahydrooxodiaquatitanates (IV)
E\Iaz[Ti(())H%(HzO)z] —> 2Na“ + [Ti(OH),(H,0),]*
cn. =8
[Ti(OH),(H,0),* < Ti** + 60H +2H,0
CH,— OH
2 | + Me{Na, Ca, Mg, T1) + 2 NaOH + 4HO
CH,— OH
2
ethylene glycol ,C-0 L O-CH,
T 2Na’ Me
H,C-0-  ™0O-CH,
sodium Me (II, IIT) diethylene glycolate
Figure 6. Intra-complex salt Me(Na!, Ca", MY, Ti'V) with ethylene glycol
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The chemical structure of the reaction product - the active complex Hum ... NaOH (1) can be represented
in the following form:

CH — CH -
/ \
OOCCH, CH,COO

\ Ca” /

Figure 7. The chemical structure of Hum ... NaOH (1)

NaOGOCCH, CH,COONa

Each ethanol molecule is a functional organic compound, an intra-complex compound that forms 2 bonds
with Me?" - one by exchange, the other by donor-acceptor mechanism [24].

In the system under study, trace elements are reactants contained in coal mining waste, i.e. starting substances,
and the chelating agent is a 1% aqueous solution of sodium hydroxide. The mechanism of interaction: coal
mining waste and NaOH (aqueous solution) can be expressed in the following summary expression:

+ I\-Ie”’zt}tMSiﬁ g _—

chelated agent microelement chelate

Figure 8. Formation mechanism of chelate substances

where, the formation of a complex ion can be explained by the presence of vacant orbitals in metal cations
at the s-, p-, d- and f-sublevels, which participate in the donor-acceptor mechanism of bond formation in
complex compounds. The ability to complex formation decreases in the series: £>d>p>s, and some non-metals
can also be complexing agents: Si, S, N.....

According to the proposed mechanism, when the studied reagents “Coal mining waste + NaOH + H,O” are
used, cyclic (chelated): stable complex compounds of metals and nonmetals with polydentant ligands in which
the central atom is a component of the cyclic structure are formed.

Coal mining waste and a 1% aqueous solution of sodium hydroxide form chelated (wedge-shaped) complex
compounds — these are cyclic compounds in which the central atom in our case is two—charged metal ions
(Ca*, Mg*, ...) some nonmetals: Si, S, N ... and p-Al...., d-Ti, Fe-.... elements, and also containing several
organic functional groups is part of one or more cycles of covalent bonds according to the donor-acceptor or
exchange mechanism. Polydentant - ligands with a coordination capacity of 3, 4, 6 [25]. they are attached to
the complexing agent by means of several atoms and functional organic compounds. Based on the developed
chemical reactions, the type of hybridization, spatial orientation and geometric configuration of the obtained
complex compounds in the studied transformations were determined (Table 2).

Table 2 - Spatial configuration of the obtained complex compound

Size Orientation Type
Na,[Me(OH),]* — sp’, sd’
where Me(Ca*"; Mg?)
Na,[Na,(Si0,),(H,0) /> 4 tetrahedron
Na,[Na,(S0,),(H,0),"]*
Na,[Fe(OH),J* — sp®, d?
d?, sp® 6 octahedron
Na,[AI(OH)]*
3 072- 3 2
Naz[Tl(OH)s(Hzo)z - Z]z ,Sf)3 3 octahedron
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Conclusion. For the first time it was proposed that during the chemical interaction of coal mining waste
(Lenger deposit, Turkestan region) and 1% aqueous solution of sodium hydroxide at the first stage of the
formation of humates occurs by the mechanism of formation of an active complex, which in composition
and chemical structure is an internal complex organic compounds - complex chelates. In accordance with the
proposed mechanisms, the central atom - double-charged metal ions (Ca*", Mg**, et al.) enriched with additives
contained in the formed sodium humate form a cyclic (chelated) complex compound that is part of one or more
cycles of covalent bonds by donor-acceptor/exchange mechanisms Si, S, Al, Ti, Fe, organic functional groups
and are an integral part of the central atomic cyclic structure. The internal complex organic compound contains
polydentant ligands. In the cyclic (chelated) structure, metals and nonmetals form the main product, entering
into a chemical bond with the complexing agent by means of stable complex compounds with polydentate
ligands, several atoms with a coordination number of 3, 4, 6 and functional organic compounds.
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INFLUENCE OF THE PREPARATION METHODS ON THE STRUCTURAL AND REDUCIBILITY
PROPERTIES OF NEW Ni CONTAINING COMPOSITES BASED
ON COMPLEX OXIDES FOR FUEL-CELL APPLICATION

Abstract. In this research, influence of the preparation methods on the structural, morphological features
and reducibility properties of the catalyst’s precursors have been investigated. Catalysts precursors with the
general formula [LaMn, B O, /Ln, Zr O,] (1:1 by mass), B =Ni, Ru, Ln = Pr, Sm, Ce were synthesized by
the sequential polymeric (assigned as Sim1), ultrasonic dispersion (assigned as Sim2) and one pot synthesiz
(assigned as Sim3) methods. The prepared catalysts precursors were characterized by N, adsorption/desorption
isotherms (BET), X-ray diffraction (XRD), transmission electron microscopy (TEM), and temperature-
programmed reduction (H,-TPR) techniques. The N, adsorption/desorption isotherms, XRD patterns and high
resolution transmission electron microscopy (TEM) images of the calcined catalysts precursors confirmed
that, ultrasonic dispersion and sequential polymeric methods - lead to the formation of a composite perovskite-
fluorite system with the specific surface area up to 50 m?/g. The sample obtained from one-pot Pechini method
can be described as a mixture of fluorite, Zr oxides and NiO oxide crystallized phases. The H,-TPR analysis
revealed that the Sim1 and Sim2 samples have a similar behavior under reduction, Sim1 being more reactive
in general. The H,-TPR profile for Sim3 looks typical for a mixture of Mn O, and NiO oxides (all reduction
peaks are below 500°C).

Key words: perovskite, fluorite, nanocomposite, biofuel, ethanol steam reforming, hydrogen.
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OTbIH DJIEMEHTTEPIHJIE KOJJIAHYFA APHAJIFAH KYPIEJI OKCUATEPTE
HETI3IEJTEH 5KAHA Ni KYPAM/IbI KOMIIO3UTTEPAIH KYPBLIBIM/BIK )KOHE
TOTBIKCBI3JAHY KACUETTEPIHE AJIY OJICTEPIHIH OCEPI

Annorauusi. byn 3eprreyne KaTamuzarop IMpeKypcopiiapblH JNaiblHAAY oSIICTEpiHiH KYpPbUIBIMABIK,
MOPQOIOTHSIIBIK €PEeKLIETIKTepi MEH TOTBIKCHI3aHy KacueTTepiHe ocepi 3eprrenai. JKammbl dopmynacst
[LaMn, B O, ./ Ln 7r0O,] (maccacbi 6oitbrama 1: 1), B=Ni, Ru, Ln=Pr, Sm, Ce karanuzarop npexypcopiapbl
carplIbl monuMepaepiey (Siml nen OenrinenHni), yabTpaablObICTHIK Aucteprupiey (Sim2 gen OenrijeHmi)
XKoHE «one pot» cuHTe3 (Sim3 amen OenrineHni) omicTepiMeH cuHTe3nenml. JlaiiblHnanFan karaauzaTopiap
npexypcopnapsl N, agcopouus/necopbuuns uzorepmanapsl (BIT), pentrenaix ¢aszansik (PDPA), memnmip
3JIEKTPOHBI MUKpockonus (MOM) koHe TemmeparypajblK-OaraapiaMaiaHaThiH TOTBIKChI3Aanabpy (H,-
TIIB) omicrepimen 3eprrenai. Kakranran karamuszarop npeKypcopnapbiHbie N, axcopOuus/aecopOuus
nzorepmanapbl, POA nudpakrorpammanapsl )K9HE KOFapbl PYKCATThl AEKTPOHIBI MUKpockonusiaan (II9M)
QIIBIHFaH CYpeTTepi YAbTPaablOBICTHIK IUCTIEPTUPIICY KOHE CAaThUIbI MOJIMMEpJey ofAicTepi MEHIUIKTi OeTi
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50 m?*/r neiiin 0oNaThIH NEPOBCKUT-(GIFOOPUTTI KOMIO3UTTIK )KYHEHIH TY3LIyiHe OKeleTiHiH pactajabl. «One-
pot» oxiciMeH albIHFaH YITiHI QIroopuTt, Zr okcuarepi xoue NiO oKCHIiHIH KpucTanaanFaH (azagapblHbIH
Kocmachl petinje cunarrayra 6onaasl. H -TIIB Tannays! kepceTkenaei, Siml sxone Sim2 ynrinepi cyreriMen
TOTBIKCBI3JAHBIPY KE31HJE YKcac HOTHKE KOPCETTi, aj yKajmbl anFanga Siml ynrici peakTusti. Sim3 yuiH
H,-TIIB npodui Mn O, xone NiO okcuarepiHiH KocmachiHa TOH (OapiblK KajlblHAa KENTipy MIBIHAAPHI
500°C-TaH TeMeH).

Tyiiin ce3nep: nepoBCKUT, PIFOOPUT, HAHOKOMIIO3UT, OMOOTBIH, STAHOJABIH OyJbl aiHAIBIMBI, CYTET.
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E-mail: Simbat_3@mail.ru

BJIMSITHUE METOJOB ITOJTYYEHHUSA HA CTPYKTYPHBIE U BOCCTAHOBUTEJIBHBIE
CBOMCTBA HOBBIX Ni-COAEPXKAIIIUX KOMIIO3UTOB HA OCHOBE CJIOXKHBIX
OKCHIOB AJs1 MTIPUMEHEHUSA B TOIIJIMBHBIX JIEMEHTAX

AHHOTanus1. B 1aHHOM HccnenoBanuy ObIIO U3y4€HO BIMSHUE METOJOB IPUTOTOBIICHHS Ha CTPYKTYPHBIE,
Mopdorornieckue 0COOEHHOCTH M CBOMCTBa BOCCTaHABIMBAEMOCTH NPEANIECTBEHHUKOB KaTajlH3aTOPOB.
[IpenmecTBeHHUKHN KaTanu3aropa ¢ oOmeil Gopmynoi [LaMn]_XBXO3+5/Ln1_ery02] (1:1 mo macce), B =
Ni, Ru, Ln = Pr, Sm, Ce ObuIM CHHTE3MPOBaHbI METOJAMHU ITOCIIEAOBATEILHOTO MOJIMMEPHOTO (OTMEYEHO
Kak Siml), ynbTpa3ByKOBOrO TUCTIEPTUPOBaHUs (OTMEUEHO Kak Sim2) m «one-pot» (oTMeueHo Kak Sim3).
[lonmy4yeHHblEe MpeaIIECTBEHHUKN KaTann3aTopa ObUTH OXapaKTepH30BaHbI METOAaMHU HM30TE€pM ajacopOuuu/
necopouun N, (BOT), pentrenosckoii nudpaxuueit (POA), mpocseunBaroNIel 51€KTPOHHON MUKPOCKONHUEH
(ITSM) u TemnepaTypHO-IIPOrpaMMHUPYEMOI0 BoccTanoBaeHus Bogoponom (H,-TTIB). M3orepmbr ancopOummu/
necopbuun N, nudpaxrorpammbl POA ¥ CHUMKM IOJTy4€HHBIE Ha IPOCBEYMBAIOLIEM OIEKTPOHHOM
MHKpPOCKOIIe BbICOKOTO pasperieHus ([[19M) npokaneHHBIX MPeAIeCTBEHHUKOB KaTaalu3aTopOB MOATBEPINIIN,
YTO YJIBTPa3BYKOBOE AUCIIEPTUPOBAHUE U NIOCIIE0BATEIbHBIE TOJTMMEPHBIC METOABI IPUBOAAT K 00pa30BaHUIO
MEPOBCKUT - (DIIOOPUTHON KOMIIO3UTHOM CHCTEMBI C YIelbHOW mMmoBepxHocThio 70 50 M2/r. OOpasew,
MOJTYYEHHBIH METOIOM «One-pot» , MOKHO OMHUCATh KaK CMECh KPUCTAJUIM30BaHHBIX (pa3 (uitoopuTa, OKCUIOB
Zr u oxcuna NiO. Ananus H-TTIB mokasai, 4ro oOpasipl Siml u Sim2 UMEIOT CXOIHOE MOBEACHUE MPH
BOCCTaHOBIIEHUH, TpudeM Sim1 B nenom 6onee peakrusen. [Ipoduns H -TIIB mis Sim3 BBINIAAMT THIXYHBIM
11 CMECHU OKCHIOB MnXOy u NiO (Bce muku BocctanoBieHus ke 500°C).

KiioueBble ciioBa: MepoBCKUT, GIIOOPHUT, HAHOKOMITO3HUT, OMOTOIUIMBO, MApOBOH PUPOPMHUHT 3TAaHOIA,
BOJOPOLI.

Introduction. Steam reforming is most widely used to generate hydrogen not only with nonrenewable fossil
fuels (coal, natural gas, petroleum) but also with renewable raw materials such as ethanol, methanol and glycerol
[1]. To date, ethanol derived from several biomass resources (corn, sugar, wheat, wood, agricultural waste)
considered as an important raw material for the production of hydrogen and syngas, which are easily stored and
low-toxic [2]. Hydrogen (H,) has been identified as a suitable fuel for sustainable energy production. It can be
used in fuel cells to generate electricity with high efficiency, in addition to producing water as the only product
[3]. To obtain the highest possible hydrogen yield, numerous catalysts including noble metals and non-noble
metals supported on variety of oxides (y-AlO, Si0,, CeO,, ZrO, TiO, etc.) have been developed and used [4].
Noble-metal (Ru, Rh, Pd, Pt) catalysts were reported as excellent catalysts for ethanol steam reforming (ESR)
[4, 5], however, their prices are very high in comparison with non-noble metals. The most cost-effective and
used non-noble metals (Co, Cu, and Ni) have comparable to noble metals activity in the ESR process. Among
the non-noble metals, Ni is the most often used in ESR due to its high activity, efficiency, and inexpensiveness
[6]. The main disadvantage of Ni catalysts is their deactivation by carbon deposition and sintering of the active
phase under process conditions. Many researchers have reported that increasing the stability and activity of
these catalysts can be achieved by using Ni-containing complex oxide precursors (perovskites) [7-9]. On the
other hand, fluorite-like oxide supports (doped ceria-zirconia, etc.) with a high oxygen mobility are well-
known effective catalyst’s supports, especially being modified with rare earth elements (La, Sm, Pr) [2,10-

68



Volume 1, Number 450 (2022),

12]. Moreover, in connection with the development of an extremely promising green technology of fuel cells
with internal and external reformers of fuels, including bio-renewable ones, researchers are interested in
composite materials based on rare earth oxides as catalyst’s precursors, which performance strongly depends
upon their microstructure [12]. To date, synthesis of such systems is an urgent unsolved problem and requires
a complex approach to be solved. In this work, influence of the preparation methods on the structural features
and reducibility properties of three catalyst’s precursors - complex oxides with the general formula [LaMn, _
B O /Lnl>eryOz] have been investigated for the reaction of steam reforming of ethanol.

X X 3+d

Materials. Synthesisof complex oxidesPr | .Sm  Ce . Zr, . O, (assignedasPSCZ)andLaMn,Ni , Ru O,
(assigned as LMNR) were carried out by the modified Pechini method, that was described in detail [11] work. To
obtain an oxide whose composition corresponds to the desired composite’s formula [Pr, . Sm  .Ce , Zr ,O,+

LaMn ,Ni , Ru  O,](1:1 mass), three synthesis methods were used: sequential polymeric (assigned as Sim1),
ultrasonic dispersion (assigned as Sim2) and one-pot synthesis (assigned as Sim3). Details about preparation
methods was described in our previous work [13].

Methods. The specific surface area of the synthesized samples was measured by the express version of the
BET method for thermal desorption of argon on a SORBI-M device. The phase composition of the samples was
determined by x-ray phase analysis (XRD) using a Bruker Advance D8 diffractometer with CuKa radiation.
Identification of the phases obtained and quantitative calculations were obtained using the ICDD X-ray file
database. The structure of the powders was studied using high resolution transmission electron microscopy
using a JEM-2010 electron microscope (Jeol, Japan) with an accelerating voltage of 200 kV and a resolution
of 1.4 A. Properties of the materials under reducing conditions (H,-TPR) were studied on a flow kinetic setup
with a quartz U-shaped reactor equipped with a Tsvet-500 chromatograph and a thermal conductivity detector.

Results. Structural and morphological features. In our previous [13] work, we reported results of XRD and
BET methods of the complex oxides Pr, .Sm  .Ce , Zr . O, and LaMn  Ni , Ru O, and their composites.

0.15 0.15 03577703572 0.457 770.45

The data are summarized below. Specific surface area of LaMn , Ni , Ru O, has a typical for perovskites
quite low value of 8 m%*g, and grows to 40-60 m?/g for the mixed oxides with addition of high dispersed
Pr, ,Sm, Ce ,.Zr, O, component, which is satisfied values for the application as catalysts precursor.

According to XRD methods results, the complex oxide Pr; Sm  .Ce . Zr O, crystallizes in the structural
type of cubic fluorite (F_, ) with insignificant impurities of tetragonal and monoclinic ZrO, oxides. The pattern
of the LaMn ,Ni , Ru O, oxide corresponds to a perovskite with orthorhombic symmetry LaMnO, . The

XRD of'the [Pr,, Sm  Ce ,Zr . O,+LaMn  Ni  Ru O,]samples indicate formation of perovskite-fluorite
composite system in the cases of ultrasonic dispersion and impregnation of Pr0.15Sm0.15Ce0.35Zr0.3502 with
La-, Mn-, Ni- and Ru-containing polymeric jell synthesis methods. For the sample obtained from ultrasonic
dispersion, more intense and slightly shifted to the smaller angles peaks of perovskite phase can suggest a less
defective perovskite structure in this composite. The TEM images (Fig. 1, a), b)) for these samples confirm
the formation of well-crystallized phases of perovskite and fluorite and show a developed interphase between
them. In the images of Siml1(Fig. 1, a) sample, where the perovskite structure was formed in the presence
of a fluorite phase, nanoscale particles of nickel oxide are observed, which were not found in Sim2 (Fig. 1,
b) sample. The sample obtained from one-pot Pechini method (Fig. 1, ¢)) can be described as a mixture of
crystallized phases - fluorite phase nanoparticles, Zr oxides, NiO oxide, layered particles with perovskite
structure - as well as amorphous phases.
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Figure 1. HR TEM images of a) Sim1, b) Sim2, ¢) Sim3, (P- perovskite, F - fluorite).

Reducibility. LMNR perovskite reduction curve has three main regions. At the temperatures below 300°C,
there are three overlapping peaks correspond to the reduction of Ru** to Ru’, Ni** to Ni** and Mn* to Mn®*".
The broad peak with a maximum at 562°C corresponds to the reduction of Ni** to metallic nickel. The high-
temperature peak at 860°C can be attributed to the Mn*" to Mn?*" reduction. According to the literature, a
complete reduction of Mn?* cation into metallic manganese would not happen in the reduction process under
900°C for manganese oxides [14]. PSCZ pattern shows the reduction profile typical for this type of oxides:
there are broad shoulder at 450° associated with the removal of surface forms of oxygen, and a broad peak at
580° followed by a plateau up to the highest temperatures indicates the reduction of bulk oxygen.

Discussion. Sim1 and Sim2 samples have consimilar behavior under reduction conditions. The ruthenium
reduction begins at a temperature of 202°C. This peak overlaps with peaks of Ni** to Ni** and Mn*" to Mn**
reduction with the maxima at 235°C for Sim1 and 262°C for Sim2, respectively [15]. The high temperature
peaks for Siml and Sim2 samples, as for LMNR, located in the high-temperature area at 775 and 795°C,
respectively, correspond to the typical reduction of Mn** to Mn?" in perovskite structure [16]. The reduction of
Ni?* to metallic nickel occurs in the temperature range 400-500°C as evidenced by the wide peak in this area.
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Figure 2. The H,-TPR profiles of the LMNR and PSCZ, Sim1, Sim2 and Sim3.
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The H,-TPR profile for Sim3 looks typical for a mixture of Mn O, and NiO oxides (all reduction peaks are
below 500°C). There are two overlapped peaks with maxima at 234 and 290°C that can be attributed to the
two-step reduction of MnO,: the first step corresponds to the reduction of MnO, to Mn,O, and the second step
indicates the further reduction of Mn,O, to MnO. This result is in good agreement with the H,-TPR results of
MnO, reported in the literature [17]. At temperature higher than 400 degrees, the behavior is similar to fluorite,
where at these temperatures the reduction plateau corresponds to the reduction of bulk oxygen of the oxide.

Conclusions. In this study, influence of the synthesis methods on the structural, morphological features and
reducibility properties of the catalyst’s precursors have been investigated. Catalysts precursors with the general
formula [LaMn _B O, /Ln _ Zr O,] (1:1 by mass), B = Ni, Ru, Ln = Pr, Sm, Ce were synthesized by three
different methods. It was shown that using two synthesis methods leads to the formation of a nanocomposite
perovskite-fluorite system with cations uniformly distributed within the phases and with a developed interphase
between phases: ultrasonic dispersion of two as-prepared complex oxides and sequential polymeric method
(formation of Ni- and Ru-containing perovskites-structured oxide from a polymer matrix in the presence of
already formed fluorite oxide). The study of the samples under reducing conditions showed that the formation
of active particles of metallic nickel and ruthenium occurs at temperatures below 450°C. The nature of the
reduction curves, as well as the XRD and TEM data of the samples after the reduction treatment show the
formation of finely dispersed Ni and Ru metallic particles firmly bound to the oxide support, which retains the
perovskite structure.
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CORROSION AND PROTECTION OF ST-3 STEEL BY INORGANIC INHIBITORS
IN AMODEL RESERVOIR WATER SOLUTION

Abstract. The problem of corrosion of metal pipes is particularly acute in the field of drilling and operation
of oil wells. Technical progress is slowed down due to a number of unresolved problems with corrosion. As
a result of corrosion, tens of millions of tons of metals are lost every year, and a huge amount of equipment,
instruments and tools become unusable.

Natural produced water contains many different salts and their compounds. These salts can settle on the
walls of pipes. Salt formation is a deposition that clogs the perforation channels, casing and production string
tubing, valves, thus clogging the well and preventing the flow of liquid. The protective properties of phosphate
inhibitors in relation to steel in a solution of produced water containing hydrogen sulfide were studied by
gravimetric corrosion tests. It is shown that corrosion inhibition is caused by the combined action of the
inhibitor and the surface membrane of the resulting corrosion products. The effect of a number of inhibitors on
the corrosion resistance of carbon steel in a model solution of produced water saturated with H,S was studied.
The studied inhibitors slow down the diffusion of hydrogen into steel and help preserve its properties.

Key words: corrosion, inhibitor, orthophosphates, degree of protection, depth index, oil.
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CT-3 BOJIATbIHBIH KOPPO3USIFA YIIBIPAYBI 5)KOHE KABATTBIK CYJIbIH MOJEJIBIIK
EPITIHIICIH/JIE BEHOPTAHUKAJIBIK UHTUBUTOPTAPMEH KOPFAJIYBI

AHHOTanus. bonarTsl XUMHUSIIBIK peareHTTep/iH Tepic 9CepiHeH Kopray arpecCUBTI OpTanapia OHIIpiCTIK
00BeKTiIep MEH MyHail KyObIpJIapbIHbIH y3aK MEP3IMIUIITiH apTTHIPYAbIH HEFYPIIbIM THIMI daicTepiHiy Oipi
Ooubin Tadbanel. JKbUTysHEpreTHKAchIHA, MYHAal-ra3 OHepKociOiH CyMeH Ka0abpIKTayFa ailTapibIKTai 3aat
KenTipinai. OpraHukaiblK eMec HHIHOUTOPIapbl KOJIJaHy TOTBIFY HHTHOUTOPIIAPbI 9pTYPIl akToprapasH
KOPPO3HUSJIBIK TIPOLECTEPre JCepiH OasynaTyblHa Hemece asarobiHa OaiinanbicTel, CO, xone H,S Gonran
Ke3Jle arpecCUBTI OpTaja OOJIATTHI THIMI CaKTay MaKCaThIH/A Tay-KeH OHEPKICIOiH/Ie Kallllbl KaObUIIaHFaH
ToXiprOe OoibIN TaObuIAABl. Texeyln 9Iic JKOFapbl THIMIUIIKIIEH, TOMEH KYHMEH JKOHE iCKe achIpYIbIH
KapanaibIMABUIBIFBIMEH culaTTanaabl. HruOuTopiapasl KoIgany MeTall OeTTepiH KOpFaFbIil SMalbaapMeH
YKOHE MacTHUKaIapMeH OHJeyACH ayJak 0oiryFa, COHIal-aK KoclanaHFaH OonaTTaH xacajlfraH KbIMOAT TYpaThiH
KyObIpiapra Tarncelpbic Oepyre MyMKiHIIK Oepeni. Koppo3usHbIH anabH aly YIUiH KOppo3usi mpouecTepiH
OeliTapantaHablpy HeMece O9CEHETY YILiH XUMHUSIIBIK KOCBUIBICTBI arpeCcCUBTI OPTaFa Caly KeTKUTIKTI.

Tyiiin ce3nep: Koppo3us, ”HHTUOUTOP, opTodocdarrap, KOpray Iopexkeci, TEpeHIIK KOPCETKIlll, MyHai.
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KOPPO3UA N 3AINUTA CTAJIN CT3 HEOPTAHUYECKUMU UHIT'MBUTOPAMMU B
MOJIEJIbHOM PACTBOPE IINIACTOBOM BOJIbI

AHHOTaNUsA. 3alMTa CTAIN OT HETaTHBHOTO BO3JICHCTBHS XMMHUYECKHX PEAareHTOB SIBISIETCS OTHHUM W3
Haunbomnee 2 PeKTUBHBIX METOIOB MOBBILICHHUS JOJITOBEYHOCTH TPOU3BOACTBEHHBIX 00bEKTOB M HEPTEITPOBOIOB
B arpeccHBHBIX cpenax. Koppo3uws Meramia NOpPUYMHSET 3HAYUTCIBHBIA yIIepO TEMI0’HEPreTHKe,
BOJOCHA0KEHHIO M He(hTETa30BOM MPOMBIIIIIEHHOCTH. [IprMeHeHe HeOpraHn4eCKUX HHTHOUTOPOB SIBIISIETCS
OOIIENPUHSTON MPAKTUKOW B TOPHOIOOBIBAIOIICH MPOMBIIUICHHOCTH C 1ETbI0 AP(PEKTUBHOTO COXPaHEHHUS
craju B arpeccuBHOM cpenie npy Hamuuuu CO, n H.S B cBA3M ¢ 3aMeTIEHHEM WITH yMEHBIIEHUEM BO3ICHCTBUS
pa3nM4HbIX (AaKTOPOB Ha KOPPO3HMOHHBIE Hporecchl. Merox npuMmeHeHust GocdaToB I KOPPO3HOHHOMN
3alIUThl XapaKTePHU3YeTCsl BBICOKOH A((PEKTHBHOCTHIO, HU3KOH CTOMMOCTBIO W MPOCTOTOW peau3alvy.
Hcnonp3oBaHne MHIMOMTOPOB MO3BOJISIET M30erarb 00pabOTKM METAJUIMYECKHUX MMOBEPXHOCTEH 3alUTHBIMU
SMaIAMH M MAacTHKaMH. [l IpeoTBpalIeHNs] KOPPO3UH JOCTAaTOYHO BHECTH XMMHYECKOE COCITUHEHHE B
arpeccUBHYIO Cpely JUlsd HeHTpalu3aluy WIN 3aMeUICHUs IIPOLIECCOB KOPPO3HH.

Ki1roueBble ciioBa: Koppo3us, HHTHOUTOP, (ocdarel, CTENEHb 3alUThI, NTYOMHHBIN TOKa3areib, He(Th

Introduction. Technological equipment and pipelines of the oil and gas complex operate under the impact
of highly aggressive fluids containing a large amount of mineralized water, hydrogen sulfide and carbon
dioxide [1]. The corrosion processes of underground equipment of wells and oil pipelines are intensified under
the influence of these fluids. An effective and widely used method of protection against corrosion is the usage
of inhibitors [2]. Corrosion inhibitors are chemical compounds or their compositions that, when present in
a system in sufficient concentration, reduce the rate of metal corrosion without significantly changing the
concentration of any corrosive reagent [3].

Inhibition is the most technological and effective way to combat corrosion of oil-producing equipment,
therefore it has found wide application in the oil and gas industry [4]. Significant practical experience in the
use of corrosion inhibitors has been developed. However, the difference in the corrosion aggressiveness of oil
and reservoir water from different fields and changes in the operating conditions of equipment put forward new
requirements for the selection of inhibitors and improvement of inhibitor protection technology [5].

Despite the wide range of available reagents, there is a constant search for new inhibitors and inhibiting
compositions that can provide a comprehensive protective effect [6]. In this regard, the relevance of this work
is to find and implement complex inhibitors to ensure efficient and reliable operation of industrial equipment.
Inhibitors are substances that can slow down or stop chemical processes in small amounts [7]. A number of
inorganic and organic substances have an inhibitory effect on metals, especially steel, therefore they are often
added to the corrosive environment in order to prevent corrosion. Inhibitors have the property of creating a
very thin membrane on the metal surface that protects the metal from corrosion [8]. Inhibitors are substances
that can slow down or stop chemical processes in small amounts [9]. A number of inorganic and organic
substances have an inhibitory effect on metals, therefore they are often added to the corrosive environment, in
order to protect metals from corrosion, especially steel [10]. Inhibitors have the property of creating a very thin
membrane on the metal surface that protects it from corrosion [11].

The aim of this work is to study the effectiveness of protection of St, steel with phosphate inhibitors: Na,HPO,
(sodium hydrogen phosphate), Na,H,P O, (sodium pyrophosphate), Na,PO, (sodium phosphate), Na,P,O,
(sodium trimetaphosphate), NaH,PO, (sodium dihydrogen phosphate), Na P O . (sodium hexametaphosphate)
with a concentration of 0.01 mol/l.

Materials and methods. 7 samples of St, steel were taken for corrosion tests. A model reservoir water
solution was prepared. Its composition: C(NaCl) = 2,215 mol/l, C(KCI) = 2,215 mol/l, C(CaClZ) = (0,422 mol/l. The
research was conducted in an aggressive environment with hydrogen sulfide content in the solution. The
concentration of H,S varied from 3,3 to 6,9 %.

The rate of corrosion is estimated by the mass loss of samples from seven parallel experiments.

The rate of corrosion is determined by the formula [12]:

74



Volume 1, Number 450 (2022),

K= (1)

Sxt

Am = my — m,, ©)

K-corrosion rate, g/ m? * h;
Am - sample loss mass;

m, — mass before corrosion, g;
m -mass after corrosion, g;

t - time, h;

S-the surface of the sample, m?.

S=2[(axb—“x4dz)+h(a+b+"zid)], 3)
a — length of sample, m;

b — sample width, m;

h — sample depth, m;

d — diameter of the hole.

O

Figure 1. Test sample

The protective effect Z and the braking coefficient Y are estimated by the formula [13]:

7= (KO_K'] 100% “4)
K

0
Y=KK,, 5)

C,- rate of corrosion in the background solution;

K - is the rate of corrosion in the presence of an inhibitor.

Results and discussion. It was found that the pH of the solution decreases, while the concentration of
hydrogen sulfide is increasing. This correlation is shown in table 1.

Table 1 - Dependence of the pH of model reservoir water solution on the concentration of hydrogen sulfide.

C.%

Ne o 33 4,0 5,0 6,0 6,9
1 0,01 M Na HPO, 8,71 8,56 8,24 8,16 8,02
2 0,01M Na H PO 9,01 8,99 3,84 8,56 8,24
3 0,01 M Na PO, 7,25 7,12 7,06 6,99 6,78
4 0,01 M NaP.O, 11,68 11,46 11,39 11,28 11,01
5 0,01 M NaH_PO, 6,08 5,96 5,74 5,68 521
6 0,01 MNaP.O, 10,10 10,05 9,94 9,72 9,61
7 Without inhibitor 7,16 7,06 6,98 6,79 6,62

The surface of the samples evaluated visually changes after 24 hours of testing in an uninhibited solution.
It gets darker and it is covered with a red coating, that binds more strongly to the surface with increase of the
concentration of hydrogen sulfide. Subsurface corrosion appears in 10-and 30- day experiments. The nature of
this type of corrosion depends on concentration of H,S [14]. The usage of inhibitors prevents the development
of these types of corrosion.
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Table 2 - Corrosion Rate (K, g / m*x<h), protective efficiency (Z, %) of St, steel inhibitor in inhibited solutions (t = 24 hours)

Inhibitor C,,, % Na,HPO, Na,H,P,0, Na,PO, Na,P.0, NaH,PO, NaP.O,, -
13 K 0,0776 0,4340 0,0096 0,2983 0,3564 0,0892 0,4318
’ Z 89,83 48,2 92,17 27,34 34,8 87,2 -
0 K 0,09863 0, 4836 0,0099 0,3124 0,3745 0,9963 0,5236
Z 85,23 43,1 90,26 26,32 30,2 85,3 -
5o K 0,1023 0, 5265 0,0112 0,3265 0,4025 0,1023 0,5645
’ Z 84,23 39,8 89,65 25,36 29,63 83,6 -
60 K 0,1123 0, 5856 0,0127 0,3586 0,4456 0,1128 0,6254
’ zZ 83,65 37,3 88,35 24,26 27,39 81,1 -
6o K 0,1235 0, 6852 0,0254 0,3785 0,4867 0,1254 0,6288
: z 82,48 32,1 87,56 22,01 26,21 79,9 -

The rate of corrosion increases with the increase of concentration of hydrogen sulfide. The usage of inhibitors
reduces the rate of dissolution of steel [15]. According to daily tests, the protective effect of Na,H,P,O, (sodium
pyrophosphate), Na,P,O, (sodium trimetaphosphate), NaH,PO, (sodium dihydrogen phosphate) is low (does
not exceed 75% in the presence of hydrogen sulfide). Na,HPO, (sodium hydrogen phosphate), Na,PO, (sodium
phosphate), and Na P O, (sodium hexametaphosphate) are characterized by a higher protective effect in the
three model systems.

With an increase in the concentration of hydrogen sulfide from 3,3 to 6,9%, the protective effectiveness of
inhibitors decreases by 5-16 % during the experiment in corrosive environment for 24 hours.

During the 240 hours of exposure (Table 3) the relation between corrosion rate and concentration of H,S
remains the same. The rate of corrosion grows with increase of concentration of hydrogen sulfide. Increasing
the test duration to 240 hours is accompanied by an increase in the protective effect of all inhibitors.

Tables 2 and 3 show that the rate of corrosion in both non-inhibited and inhibited solutions decreases over
time and depends on the concentration of hydrogen sulfide. The pH of the solutions declines with an increase
of the hydrogen sulfide concentration in the model reservoir water solution.

This suggests that the protective membrane of corrosion products in the model solutions are formed in the
absence of an inhibitor, that is modified in its presence, which causes lower corrosion losses of steel [16]. The
calculation of the protective effect of the membrane of corrosion products Z was conducted according to the
method described in [17]. According to the results, the highest value of Z is achieved during the usage of the
following inhibitors: Na,PO, (sodium orthophosphate), and Na,HPO, (sodium hydrophosphate) with 0.01 M
concentration in the presence of H,S.

Table 3 - Corrosion rate (K, g/m*xh), protective efficiency (Z, %) of St, steel inhibitors (0.01 m) in inhibited solutions (t = 240

hours), corrosion resistance (CR)

Inhibitor

Cooer % Na,HPO, Na,H,P,0, Na,PO, Na,P.O, NaH,PO, Na,PO -

33 K 0,0668 0,4125 0,0078 0,2753 0,3124 0,0832 0,3965
V4 90,14 50,25 93,56 30,25 37,56 88,35 -
CR 5 6 3 6 6 5 6

40 K 0,0698 0, 4526 0,0085 0,2956 0,3245 0,08935 0,4238
Z 88,53 46,52 92,35 29,56 35,32 86,53 -
CR 5 6 3 6 6 5 6

5.0 K 0,07985 0, 5127 0,0110 0,3324 0,3965 0,09658 0,4596
’ Z 86,24 42,35 90,38 26,35 33,29 84,39 -
CR 5 6 4 6 6 5 6

6.0 K 0,0953 0, 5963 0,0119 0,3345 0,4123 0,1023 0,4758
’ Z 83,49 40,25 88,57 24,77 31,46 82,84 -
CR 5 6 4 6 6 6 6

6.9 K 0,1023 0,6124 0,0214 0,3563 0,4523 0,1127 0,5035
' Z 81,24 38,39 86,54 23,51 29,53 79,12 -
CR 6 7 4 6 6 6 6

The increase of protective efficiency in solutions with H,S with a test duration of 240 hours may be caused
by synergism [18]. The growth of concentration of hydrogen sulphide from 3,3 to 6,9% does not change
the dynamic of the corrosion rate (tables 2 and 3). Protective efficiency in the presence of sodium hydrogen
phosphate is slightly lower (by 1-2%) than in the presence of sodium phosphate with H,S.
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The high Z value in alkaline media is obviously caused by protonation of inhibitors that simplifies their
adsorption on the surface of steel, coated with a membrane of corrosion products and adsorbed surface-active
chlorine-ions [19].

The requirements to the usage of phosphate inhibitors are very high. Coatings must have good adhesion to
the protected surface; they are also supposed to be non-porous and elastic. Inhibitors of corrosion should have
high mechanical strength and high heat resistance.

Model reservoir water solutions are highly corrosive due to the presence of chlorine ions. The rate of
corrosion of St, steel in these solutions depends on the duration of experiment, the composition and concentration
of hydrogen sulphide. The biggest corrosion losses are observed at 240 hours of exposure. It is 36 g/m?* per
day when using a NaH,PO, as an inhibitor and 40 g/m* per day during the usage of Na,HPO, as an inhibitor.
This is 1,7-1,9 times more than corrosion losses in reservoir water in the absence of an inhibitor. As the test
time increases, due to the formation of a membrane of corrosion products on the corroding metal surface, the
process speed decreases. The corrosion becomes steady. In this case, the time of establishment of dynamic
equilibrium also depends on the presence of the inhibitor in the solution. Thus, dynamic equilibrium occurs
after 240 hours of experiment during usage of the Na,HPO, as an inhibitor, and after 48 hours during usage of
the NaH PO, as an inhibitor.

Inhibitory effect occurs in NaH,PO,, Na ,H,P,O, and Na,P.O, solutions. However, the use of these substances
is complicated by the need of constant monitoring of the solution and maintaining the initial pH value. Also,
their protective effect is relatively small. Thus, with a corrosion test duration of 240 hours during the usage of
sodium hydrogen phosphate as an inhibitor, corrosion losses are reduced by 3,6 times. The usage of sodium
dihydropyrophosphate with the same concentration leads to decrease corrosion losses by 1,5 times with a
degree of protection of almost 81,24 and 38,39%, respectively. The implication of Na,PO, with the same
concentration in the reservoir water solution increases the corrosion protection of steel, and a positive effect
occur during the duration of corrosion experiments of 120 hours. For example, when Na,PO, is applied into
the solution, corrosion losses are reduced by 2,5 times, and the degree of protection does not exceed 86,54 %.
However, a significant increase in the pH of the medium (pH = 12- 12,2 with inhibitors) can complicate the
process of corrosion protection.

Conclusion. Based on the experimental data obtained, the following conclusions can be drawn:

1. Using gravimetric measurements, the corrosion process of St3 steel in a model solution of reservoir water
and phosphate inhibitors with H,S was studied. The influence of the pH and the duration of the experiment and
the concentration of H.S s is considered.

2. The effectiveness of sodium phosphate and sodium hydrogen phosphates inhibitors in the reservoir water
solution containing H,S increases with expansion of duration of the experiment. At 24-240 hour experiment
time and the application of inhibitors with concentration of 0.01 M, steel is characterized as "resistant" and
corresponds to 4 points of corrosion resistance at a corrosion rate of 0,01-0,05 mm/year.

3. The effect of usage of studied inhibitors in steel corrosion and the total protective effect were estimated
according to gravimetric measurements. The contribution of the inhibitor in corrosion protection is significantly
high.

Information about authors:

Niyazbekova Aktoty — Candidate of chemical sciences, Associate Professor of the Higher School of oil,
gas and chemical engineering WKATU named after Zhangir Khan, e-mail: abnyazbekova@mail.ru, ORCID:
0000-0001-9388-9715;

Shakirov Timur — magister of engineering and technology, senior lecturer at the Higher School of oil,
gas and chemical engineering WKATU named after Zhangir Khan, e-mail: shakirov_1985@mail.ru, ORCID:
0000-0002-2504-1357;

Almagambetova Maira — Candidate of technical sciences, Associate Professor of the Higher School of
oil, gas and chemical engineering WKATU named after Zhangir Khan, e-mail: maira0815@mail.ru, ORCID:
0000-0001-8355-1956;

Gubaidullina Gulkhan — Candidate of technical sciences, Associate Professor of the Higher School of
oil, gas and chemical engineering WKATU named after Zhangir Khan, e-mail: ggulkhan@mail.ru, ORCID:
0000-0002-8125-0567;

Salimova Dinara — magister of engineering and technology, researcher of the chemical laboratory of
the scientific center of West Kazakhstan agrarian technical University named after Zhangir Khan, e-mail:
salimova.dinara98@gmail.com, ORCID: 0000-0003-3197-6586.

77



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

REFERENCES

[1] Mandal S., Singh J.K., Lee D., Park T. (2020) Effect of phosphate-based inhibitor on corrosion kinetics and mechanism for
formation of passive film onto the steel rebar in chloride-containing pore solution // Materials. Vol. 13. Nel16. P.36-42. (in Eng.).

[2] Calado L.M., Taryba M.G., Morozov Y., Carmezim M.J., Montemor M.F. (2020) Novel smart and self-healing cerium phosphate-
based corrosion inhibitor for AZ31 magnesium alloy // Corrosion Science. Vol.170. Ne108. P. 64. (in Eng.).

[3] Ning L., Wang D., Wang L., Wu L., Yang J., Wang X., Ma H., Feng S., Lu H. (2020) Interesting Corrosion Inhibition Performance
and Mechanism of Two Silanes Containing Multiple Phosphate Group // Silicon. Vol.12. Ne 6. P. 1455-1468. (in Eng.).

[4] Feng Z., Li J., Yang Z., Buchheit R. (2020) The effect of vanadate, phosphate, fluoride compounds on the aqueous corrosion of
magnesium alloy AZ31 in dilute chloride solutions // Materials. Vol. 13. Ne 6. P.1325. (in Eng.).

[5] Zhu Q., Li E., Liu X., Song W., Zhao M., Zi L., Wang X., Liu C. (2020) Synergistic effect of polypyrrole functionalized
graphene oxide and zinc phosphate for enhanced anticorrosion performance of epoxy coatings // Composites Part A: Applied Science
and Manufacturing. Vol. 130 Ne 105752. (in Eng.).

[6] Iravani D., Arefina R. (2020) Effectiveness of one-to-one phosphate to chloride molar ratio at different chloride and hydroxide
concentrations for corrosion inhibition of carbon steel // Construction and Building Materials. Vol.233. Ne117200. (in Eng.).

[7] Sail L., Benbrahim A. (2020) Comparative behavior study of steel corrosion inhibition kinetics by three phosphate inhibitors with
mass loss measurements // Journal of Adhesion Science and Technology. Vol.34. Nel. P.48-66. (in Eng.).

[8] Qian K., Li W., Lu X., Han X., Jin Y., Zhang T., Wang F. (2020) Effect of phosphate-based sealing treatment on
the corrosion performance of a PEO coated AZ91D mg alloy // Journal of Magnesium and Alloys. Vol. 34. Nel. P.88-99. (in Eng.).

[9] Laourayed M., Moudane M., Khachani M., Boudalia M., Guenbour A., Bellaouchou A., Zarrouk A. (2020) Thermal, structural
and corrosion inhibition performances of a new phosphate glasses on mild steel in HCl medium // Chemical Data Collections. Vol.24.
Ne100305. (in Eng.).

[10] Kwolek P., Dychton K., Pytel M. (2020) Orthophosphoric acid solutions of sodium orthovanadate, sodium tungstate, and
sodium molybdate as potential corrosion inhibitors of the Al,Cu intermetallic phase // Journal of Solid State Electrochemistry. Vol. 23.
Nell.P.3019-3029. (in Eng.).

[11] Morozov Y., Calado L.M., Shakoor R.A., Raj R., Kahraman R., Taryba M.G., Montemor M.F. (2020) Epoxy coatings modified
with a new cerium phosphate inhibitor for smart corrosion protection of steel // Corrosion Science. Vol.159. Ne108128. (in Eng.).

[12] Krasnoyarskij V.V., Frenkel' G.Y.A., Nosov R.P. (1969) Corrosion and protection of metals [Korroziya i zashchita metallov.
M.: Metallurgiya, pp. 290] (in Russ).

[13] Ulig G.G., Revi R.U. (1989) Corrosion and its control. Introduction to corrosion science and technology [Korroziya i bor'ba s
nej. Vvedenie v korrozionnuyu nauku i tekhniku. M.: Himiya, pp. 451] (in Russ).

[14] Ojovan M.L, Lee W.E. (2007) New Developments in Glassy Nuclear Wasteforms // Nova Science Publishers.
ISBN 1600217834 pp. 100 ff. (in Eng.).

[15] Saakiyan L.S. Efremov A.P. Soboleva I.A. (1988) Improving the corrosion resistance of oil and gas field equipment [Povyshenie
korrozionnoj stojkosti neftegazopromyslovogo oborudovaniya. M.: Nedra, pp.229] (in Russ).

[16] Abdullaev T.A. (1999) Development of corrosion inhibitors for comprehensive protection of gas field equipment on the raw
material base of the Republic of Uzbekistan [Razrabotka ingibitorov korrozii dlya kompleksnoj zashchity oborudovaniya gazovyh
promyslov na syr'evoj baze respubliki Uzbekistan. Tashkent: TashGU, pp. 22] (in Russ).

[17] Cabrini M., Fontana F., Lorenzi S., Pastore T., Pellegrini S. (2015) Effect of Organic Inhibitors on Chloride Corrosion of Steel
Rebars in Alkaline Pore Solution // Journal of Chemistry. Vol.2015. Ne521507. (in Eng.).

[18] Girciene O., Ramanauskas R., Gudaviciute L., Martusiene A. (2011) Inhibition effect of sodium nitrite and silicate on carbon
steel corrosion in chloride-contaminated alkaline solutions // Corrosion. Vol 67. Ne125001. (in Eng.).

[19] Gaidis J.M. (2012) Chemistry of corrosion inhibitors // Cement and Concrete Composites. Vol. 26. Ne3. P. 181-189. (in Eng.).

78



Volume 1, Number 450 (2022),

NEWS

OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES CHEMISTRY AND TECHNOLOGY

ISSN 2224-5286

Volume 1, Number 450 (2022), 79-85 https://doi.org/10.32014/2022.2518-1491.94

UDC 678.744.335
IRSTI 31.25.15

A.N. Nurlybayeva, E.I. Rustem*, M.S. Kalmakhanova, K.K. Tortayev, M.N. Omarova

Taraz University named after Dulati, Kazakhstan, Taraz.
E-mail: rustem_ergali@mail.ru

SYNTHESIS OF METHACRYLIC COPOLYMER AND ITS APPLICATION IN PAINTS

Abstract. Copolymerizations of unsaturated compounds with different ratios of acrylic monomers were
synthesized. The synthesized copolymers exhibit good adhesion, flexibility and waterproofing performance
may be used in the paint industry. The present study deals with the physico-mechanical properties of acryl
syrups paint, which are made from copolymer powder and MMA-monomer. Copolymer powders were used
based on methyl methacrylate (MMA) and butyl methacrylate (BMA). The effect of copolymer powder to MMA
monomer ratio on the physico-mechanical properties acryl syrup mixes for paint applications was investigated.
Testing included curing process, pot-life and curing time, compressive strength, water absorption. The results
showed that, not only monomer composition of the copolymer but also the ratio of copolymer to MMA-
monomer affected the physico-mechanical properties of acrylic films. Copolymer latexes based on methyl
methacrylate (MMA) and butyl methacrylate (BMA) using macroradical initiator technique. Different ratios
of acrylic monomers were designed to investigate the effect of monomer compositions on physico-mechanical
properties of acrylic films for paint application. The results showed that the physico-mechanical properties
improve with an increase in the proportion of MMA in the copolymer. The work was further extended to
include the application of the obtained copolymer latexes to make acrylic syrups containing varying content of
MMA-monomer to be self curing and modify physico-mechanical properties of paint solvent free.

Key words: methyl methacrylate, butyl methacrylate, copolymers, paint, pot-life and curing time,
compressive strength, water absorption.
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METAKPHUJI CONOJIMMEPIHIH CUHTE3I )KoHE OHBIH BOAYJIAPTA KOJIJIAHBIJTY bl

AHHOTaIus1. AKpHI MOHOMEPJIEPiHIH KaThIHACBIHAA OPTYPIIl KAHBIKIIaFaH KOCBHUIBICTAPABI COTIOIUMEPIIEY
apKbUIbl cuHTe3aenai. CHHTE3aeNTeH COMoIMMepiiep KaKCchl aAre3usiFa, HUITIIITIKKE )KoHE CY OTKI30eUTIH
KacuerTepre ue, Oy onapabl 0osly KoHE JlaK ©HEepKaciOiHAe KoiJaHyra MyMKiHIIK Oepeni. By seprrey
comojuMep yHTarsl MeH MMA MoOHOMepiHeH jKacaifaH akpui CipHeci HerisiHaeri OosyabslH (u3nka-
MeXaHHMKaJbIK KaCHeTTepiH 3eprreyre apHanraH. Metunmerakpunar (MMA) xone Oytunmerakpunar (BMA)
HETi31HJer] COMoMUMep YHTAaKTaphl KOJAaHbUIABL. bostyFa apHaiaFaH akpuJil CipHe KocTalapbIHbIH (PU3HKAJIBIK-
MeXaHHMKaJbIK KACUETTEpiHEe COMOIMMEep YHTarbl MeéH MMA MOHOMEpiHiH KaThIHACHIHBIH 9Cepi 3epTTEeNIl.
ChIHaK Kyprizy OapbIChIHAA KbI3MET €Ty Mep3iMi MEH KaTalo YaKbIThl, CHIFBUIY OEpIiKTUIIri, CyAbl CIHIpY
KaueTTepi 3eTTeN i. AJIIHFaH HOTHKeNep OOMbIHILA aKpHIT YILIipiaepi pU3HKaJIbIK-MEXaHUKAIIBIK KACUETTEpiHe
COMOJMMEP/iH MOHOMEPITIK KYpaMbl FaHa eMec, COHbIMEH KaTap MM A MoHOMepi cOnmonuMepIiH KaTbIHACKI Ja
ocep eteTiHiH Oaiikanapl. Metunmerakpuiatr (MMA) sxone OyTunmetakpunatr (BMA) Herizinaeri comonumep
KOCBUIBICTApbl MAaKPOPaJUKaIAbl MHULIHAATOP SMICIH KOJNAAaHy apKbUIbl aJIbIHIBI. AKPHIAL 00sly YIaipiaepaiH
(U3UKAIBIK KOHE MEXaHUKAJIBIK KaCHETTepiHe MOHOMEPII KOMIO3UIMSIAPIBIH 9CEPIH 3epTTey YLIIH aKpuil
MOHOMEPJIEPIHIH 9PTYPil KaTbHACH JalbIHAAIAbI. AJIBIHFaH HOTHXKeNep OolbiHIIA comomumepreri MMA
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YJIECiHIH KOFapblUlaybIMeH (hM3MKa-MEXaHUKAJIbIK KAaCHETTepAiH JKaKcapraHblH KepceTTi. OpmaH KeliH
(u3MKaIBIK-MEXaHUKAJIBIK KAaCHETTepiH ©3TepTeTiH, O3/IriHEeH KaTaThlH KOHE epiTKiuici3 Oosynap YLIiH
opTypai KareiHacTa MMA MoHOMepi 6ap akpuil CHpOIITapbIH OHAIPY YILUIH ajbIHFAH COMOIUMED JIATEKCTEPiH
naianany apKbUIb )KYMBIC KE€H ayKbIMJIBI TYPIE 3epTTeni. by 3eprreyne mwaiisip perinae MMA MoHOMepiHe
(MMA:BMA) cononumep epitinzici 6ap akpuil CipHeHiH (HU3HKa-MeXaHUKAIbIK KAaCHETTePl KapacThIPbUIBI.

Tyiiin ce3mep: MeTnnMeTakpuiat, OyTHIMETaKpUIIaT, CONONUMeEpep, 005y, KbI3MET €Ty Mep3iMi jKoHe
KaTako yaKbIThl, CBIFBUTY OEPIKTUIIT1, CY/bI CIHIPY.
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CHUHTE3 METAKPUJIOBOI'O COIIOJIUMEPA 1 EI'O IPUMEHEHHUE B KPACKAX

AHHOTanus. bbulM CHHTE3MpPOBAaHBI CONOJUMEPHI HEHACHIIMIEHHBIX COEIMHEHUH C pa3iMYHbIMU
COOTHOUICHUSIMH aKPUJIOBBIX MOHOMepoB. CHHTE3MPOBAHHBIE COMOIUMEPHI 00IaaloT XOpollel aaresuei,
FHOKOCTBIO M THUAPOU3OISIMOHHBIMUA CBOWCTBAMH W MOTYT OBITh HCIOJNB30BaHbl B JIAKOKPACOYHOH
MIPOMBIIIUIEHHOCTH.

Hacrosmiee nccnenoBanue mocBAmeHo GpU3NKO-MEXaHHYeCKUM CBOHCTBaM aKpUIIOBOW CHPOITHON KPacKH,
M3TOTOBJIEHHON W3 mopolmika coroaumepa 1 MMA-moHoMepa. Takxke HCMONB30BalIMCh CONOJIMMEpPHBIE
MOPOLIKK Ha 0cHOBe MeTunMmeTakpuinara (MMA) u Oytunmerakpuiara (BMA).

B pabote nccrnenoBano BIUSHHE COOTHOLICHMS MOPOLIKAa comonumepa K MoHomepy MMA Ha ¢duznko-
MEXaHHYeCKHE CBOICTBA CMecel akpHJIOBOIO CHpOTIa ISl JAKOKPACOYHBIX MOKPBITUH. VcnbITaHus BKITIOYaIN
IIPOLIECC OTBEPKJEHUS, CPOK T'OJXHOCTU U BpeMs OTBEPXKICHUS, IIPOYHOCTh HA CXKATHUE, BOJOIOIVIOLIEHUE.
Pesynbrarel mokazanu, 4To Ha (DU3MKO-MEXaHHMUECKHUE CBOMCTBA aKPHIOBBIX IUICHOK BIHMSET HE TOJBKO
MOHOMEPHBIM COCTaB CONOJMMEpa, HO M COOTHolIeHHe cononnmepa k MMA-MoHomepy. ConoiaumepHbie
JaTeKchl Ha ocHOBe MeTmiMeTakpwiara (MMA) u Oytunmerakpuiara (BMA) ¢ ucnonb30BaHHEM TEXHOIOTUH
MaKpOpaAHKaIbHOTO HHUIIMATOPA. Pa3nuyHble COOTHOIIEHHS aKPUIIOBBIX MOHOMEPOB OBLITH pa3padoTaHbl A
HCCIIEIOBAHUS BINSHUS MOHOMEPHBIX KOMIO3UIUHI Ha (PU3MKO-MEXaHNYECKHEe CBOWCTBA aKPHIIOBBIX IIEHOK
JUTSL HAHECEHUSI KPacoK.

Pesynbrare! nmokaszanu, 4To (U3MKO-MEXaHUUECKUE CBOWCTBA YAYUIIAIOTCS ¢ yBenuueHneM noiu MMA B
cononuMepe. PaboTa Obuta TOMOTHUTENBEHO PACIINPEHa, BKIIOYHB MPUMEHEHUE MOTYYEHHBIX COMOIUMEPHBIX
JIATEKCOB JIJIs TIOJIY4YEHHUsI aKPUIIOBBIX CHPOIIOB, COAEPKAIMX pa3nuyHoe coaepxkanrne MMA-MoHOMepa, A
CaMOOTBEPKIICHHUS U U3MEHEHUST (PH3UKO-MEXaHHMYECKHX CBOMCTB Kpacku 0e3 pacTBOpUTEINEH.

B aTom nccnenoBanuy ObLUTH OLIEHEHBI aKPUIIOBBIE CUPOTIBI ¢ pacTBOpoM cononuMepa MMA (MMA/BMA)
B KQUECTBE CMOJIBI U (PU3UKO-MEXaHUYECKHE CBOMCTBA CHPOIIOB.

KiiioueBble cjioBa: MeTHIMETaKpUiIaT, OyTHIMETAKPUIIAT, COTIOTMMEPBI, Kpacka, CPOK CIIY>KObI U BpeMsl
OTBEPKICHUS, IPOYHOCTh Ha CIKATUE, BOAOIOINIOLICHUE.

Introduction. Acrylic polymer is a strong, stiff, and transparent plastic material. Acrylic polymers are
available in various colors and finishes. The major monomers of acrylic polymers belong to two families
of ester-acrylate (R=H) and methacrylate (R=CH,) as shown in Figure 1. The nature of the R and R’ groups
determines the properties of monomers and their polymers [1].

f-carbon atom a- carbon atom
H \1 B EH/ carbonyl carbon
H” =0
/
O
SR

Figure 1. Structure of acrylic polymers
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Acrylic monomers are esters containing vinyl groups, i. two carbon atoms are linked to each other by two
double bonds and are directly bonded to the carbonyl carbon atom.

Poly(methyl methacrylate) (PMMA) is by far the most common acrylic polymer. PMMA is hard,
optically clear and has excellent weather resistance as well as high thermal stability and heat resistance. Most
commercial acrylic polymers have excellent UV stability. Despite of its hydrogen atoms that are susceptible to
oxidation, PMMA oxidizes under the exposure of shorter-wavelength UV but not under solar UV. Considering
both thermal and thermally oxidative decomposition temperatures of PMMA, it can hardly decompose at
temperature below 200°C. This contributes to its weather resistance properties as well. [2,3]

PMMA has superior scratch resistance when compared to other transparent plastics such as polycarbonate.
It exhibits low moisture absorption capacity, good chemical resistance and superior dimensional stability.

Acrylic polymers, which are derivatives of acrylic or methacrylic acid, are synthesized by chain growth
mechanisms, primarily free radical initiation. Acrylic ester polymers typically have good plasticity, which is a
merit for pavement.

Thus, modification of PMMA has attracted a great amount of attention from researchers all over the world,
and the study of poly (methyl methacrylate) (PMMA) is a representative work in this research field. In order
to enhance its mechanical properties, scientists have developed various methods to prepare different types of
PMMA through the copolymerization of MMA monomer with various types of vinyl monomers [4-6].

Authors [7] prepared copolymer latexes based on methyl methacrylate (MMA) and butyl methacrylate
(BMA) using macroradical initiator technique. Different ratios of acrylic monomers were designed to
investigate the effect of monomer compositions on physico-mechanical properties of acrylic films for paint
application. The results showed that, physico-mechanical properties increased with increasing the ratio of
MMA in the copolymer. The work was further extended to include the application of the obtained copolymer
latexes to make acrylic syrups containing varying content of MMA-monomer to be self curing and modify
physico-mechanical properties of paint solvent free.

Materials and methods. Methyl methacrylate, butyl methacrylate, Azobisisobutyronitrile acid production
company «Aldrich Chemical Co.» USA was used without further purification and other chemicals as ethanol
and acetone used in this experiment. Benzoyl peroxide (BPO) (supplied by Melbourne), N,N-dimethyl-p-
toluidine (DMPT) (supplied by Fluka) and hydroquinone (HQ) (supplied by Merck) were used as purchased.

Main results and analysis. Synthesis of copolymers. In the ground-glass prepared monomer mixture of
450g methyl methacrylate (MMA) mixed with 50g butyl methacrylate (BMA) and a molar ratio of 90:10 after
assembly of the device in a three-necked reaction flask was charged with a stirred mixture of 100 g and the
reaction mixture was stirred for 10 minutes at stirring heated air bath to 80°C. When the temperature reached
50°C, the supply of nitrogen or argon that extends almost to the surface of the reaction mass. Gas flow rate
was controlled clamp so that the bottle was held through an intermediate air bubbles. To the residue was added
a mixture of the dinitrile 0,5gr azobisisobutyronitrile acid (AIBN) and the stirrer and dissolve with vigorous
stirring. After dissolving the mixture and stirring the cooling slowly drop wise over 1 hr through the addition
funnel administered initiator.

The structure of the copolymer latexes based on methyl methacrylate (MMA) and butyl methacrylate (BMA)
is shown in Scheme 1. The copolymer latexes were synthesized with different ratios (M1=10/90, M2=50/50
and M3=90/10 respectively) using azobisisobutyronitrile (AIBN) as free radical initiator. The properties of the
prepared copolymer latexes have been previously reported by authors [8]. The results showed that physico-
mechanical properties of the copolymer were increased by increasing the ratio of MMA in the copolymer
latexes.

CH3;
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T 2 e "
CHs

(@]

He 0 / m

HL O  ABN o o
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P[MMA-co-BMA]
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Scheme 1. General reaction for the synthesis of MMA:BMA copolymer [§]

81



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

Copolymerization is carried out to syrup state. The mixture was then cooled in cold water, carefully opened,
and dissolved in acetone. Copolymers transferred to a beaker dissolved in acetone, the contents of the solution
was purified by precipitation in ethanol. This occurs because the copolymer is not soluble in ethanol. Then they
were dried in a pre-weighed Petri dish, first in air and then vacuum circuit drier.

Preparation of floor paint. First, a copolymer was synthesized from the monomer MMA and BMA in various
MMA:BMA ratios (M1 (10:90), M2 (50:50), M3 (90:10)). Then a syrup was prepared from them, which is
shown in the table 1. below. Copolymer syrup was produced by dissolving copolymer (MMA/BMA) and BPO
into MMA monomer at normal temperature (25°C). Then, a liquid component was produced using MMA
monomer, DMPT and HQ. BPO and DMPT were added at 1.5 and 0.75 parts per hundred (pph) to syrup to act
as initiator and accelerator, respectively. HQ was added in the syrup as an inhibitor. Paraffin wax was as added
1% wt. of syrups. This copolymer syrup was then placed into the liquid component mixed with ratio 10/90,
15/85 and 25/75% wt/wt to maintain the mixing ratio at 100% as shown in Table 1.

Table 1. Formulation of copolymer syrup for acrylic paint

Group Syrups Copolymer (Powder, gm) MMA (Liquid, gm)
Sypl0/M1, M2, M3 10 90
Group 1 Sypl5/M1, M2, M3 15 85
Syp25/M1, M2, M3 25 75

Floor paint mixes were used to examine the influence of kinds of monomer and polymer with different ratio
of monomer and amount of polymer on physical and mechanical properties of paint. Details of mixes are given
in Table 2.

Acryl syrups were mixed manually with calcium carbonate, sand and pigment in room temperature. The
viscosity of mixtures increases noticeably in few minutes due to the viscosity of acryl syrups. Adding to the
mixture BO and mixed slowly for 2 minutes followed by adding DMPT. When the dough state was reached,
the pastes were poured and placed in the glass mold with size 200 mm x 110 mm x 3 mm and allowed to cure
in room temperature.

Table 2. Formulation of floor paint

Group Name of mix Syrups (gm) | Sand (gm) | Calcium carbonate (gm) | BPO (gm) | DMPT (gm) | Pigment (gm)
F-Sypl10/M1,M2,M3

Group 1| F-Sypl15/M1,M2,M3 100 150 100 1 0.75 5
F-Syp25/M1,M2,M3

Tests. The pot-life of fresh copolymer syrup was determined at 25°C according to the finger-touching
method prescribed in KS F 2484. The curing time of acrylic films was determined according to ASTM D5895.
Compressive strength of the floor paint was measured according to KS F 2483 where the test specimens
were prepared by placing the floor paint mixes in a 5x5x5cm mold (per KS F 2419), curing it at 20°C. Water
absorption test was according to BS 1881-122:2011.

Results: 1. Curing process. Acrylic syrups consist mainly of copolymer (MMA:BMA, the mechanism of
curing process is shown in scheme 2.

ACRYSIRUP
i Paraffin Layer :
Hardener Mixing » Application » Polvmerization »| Cured Resin
Fillers [

Scheme 2. Curing process of floor paint
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Hardener (benzoyl peroxide), filler (calcium carbonate), and sand are mixed into the acrylic syrups to make
a paste before applying. In the paste hardener reacts with another catalyst (N,N-dimethyl-p-toluidine) that is
added in advance which decomposes to form free radicals. As soon as the paste is spread on a substrate to
make a coating layer, paraffin wax migrates and forms a thin film on the surface. The paraffin wax film shuts
off oxygen going into the coating layer. Free radicals react first with the inhibitor and oxygen, then with MMA
monomers. The monomers start to polymerize and the compound cures in 30 to 60 min. As acrylic polymer
contains poly-functional-monomers, cured films are very tough and have excellent physical performance.

2. Pot-life and curing time. Pot-life and curing time of floor paints are illustrated in Figures 2. As a result
of the increased MMA content in copolymer MMA:BMA syrups, pot-life and curing time are decreased as
shown in Figure 2.

This is attributed to the increase of hard segment (MMA) in floor paint. Floor paint containing copolymer
MMA:BMA showed lowest pot-life. The decreased in curing time and pot-life is due to the increased hard
segment and crosslinking in the floor paint. From results, it can be seen that, the pot-life and curing time of
floor paint that containing F-Syp25/M1 (10% MMA) was longer than those of that containing F-Syp25/M3
(90% MMA), while the floor paint that containing F-Syp25/M2 (50% MMA) copolymer syrups reduced the
pot-life and curing time.
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Figure 2. Pot-life and curing time of floor paint containing different content of copolymers (MMA:BMA),
M1, M2 and M3.

It is well know that pot-life and curing time of floor paint is affected by the kind of polymers and monomers,
and thickness of paint, temperature and humidity [9-13]. However, pot-life and curing time of floor paint that
containing copolymer syrups F-Syp25/M3 (90:10 MMA:BMA) is lower those containing copolymer syrups
F-Syp25/M1 (10:90 MMA:BMA) and copolymer F-Syp25/M2 (50:50 MMA:BMA) syrups respectively.

3. Compressive strength. The compressive strength of floor paints using copolymer syrups (MMA/BMA)

is illustrated in Figures 3.
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Figure 3. The compressive strength of floor paint based on copolymer syrups (MMA:BMA).
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It can be seen in Figure 38 that there is increase in compressive strength of floor paint as the content of
MMA in copolymer syrup (MMA:BMA) is increased. However, the compressive strength of floor decreased
with increasing the amount of copolymer in acrylic syrups that mixed in floor paints. Based on Figure 3, it
was observed that floor paint that containing copolymer syrup (MMA:BMA) with ratio (90/10%) indicated
the highest strength, 39,5 MPa for F-Syp10/M3, 37,2 MPa for F-Syp15/M3 and 30,6 MPa for F-Syp25/M3.
The compressive strength of floor paint containing copolymer syrup increased with increasing BMA. The
compressive strength values of floor paint premixed with copolymer F-Syp10/M3 are higher than those of
paints premixed with copolymer F-Syp25/M3. The increased in compressive strength is due to the low viscosity
of copolymer syrup (MMA:BMA), high tensile strength and hardness.

Generally, compressive strength of floor paint affected by physico-mechanical propertied of polymers,
including tensile strength and hardness [14].

In addition, COO groups copolymer (MMA:BMA) played important role in increasing the compressive
strength where made complexation with SiO,* from sand and Ca** from CaCO, as shown in scheme 3 [15].
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Figure 3. Compressive strength of sand and calcium ions in acrylic syrup

4. Water absorption. Dynamic wetting tests were performed on a Camtel CDCA-100F dynamic adsorption
apparatus (Camtel, UK). Each sample was cut to a size of 1 cm x 5 cm with sharp scissors. When the specimen
was immersed into water for 2 months, the weight of adsorbed water was detected and recorded. The dynamic
water adsorption was plotted as a function of feed composition of acryl syrups of floor paints. The results of
the water adsorption tests reveal the dynamic wetting behavior of the floor paints. The floor paints based on
copolymer syrups (MMA:BMA) show a very low adsorption, as shown in Figure 4.
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Figure 4. The water absorption of floor paint based on copolymer syrups (MMA:BMA)

Discussion. However, the water absorption of floor paint decreased with increasing the amount of MMA
in copolymer backbone of acrylic syrup. For example, the water absorption for F-Syp10/M3 (90% MMA) is
0.01mg and for F-syp10/M1 (10% MMA) is 0.07 mg in-group 1. However, the water absorption increased
with increasing the amount of copolymer (MMA:BMA) in acrylic syrups. F-Syp10/M3 showed lowest water
absorption. The decrease of water absorption may be due to the decrease in bubbles content, which in turn
decrease the porosity and reduce in pore size of floor paints. On the other hand, the water absorption of floor
paint decreased with increasing the content of MMA in acryl syrups a However, the water absorption of floor
paint based on copolymer F-Sypl0/M3 is lower than those that of floor paint based on copolymer syrups
F-Syp25/M1 respectively [16].

Conclusion. In this study, acrylic syrups with an MMA solution of copolymer (MMA:BMA) as a resin and
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physico-mechanical properties of the syrups were evaluated. The results obtained in this study are summarized
as follows:

1. However, pot-life and curing time of floor paint that containing copolymer syrups F-Syp25/M3 (90:10
MMA:BMA) is lower those containing copolymer syrups F-Syp25/M1 (10:90 MMA:BMA) and copolymer
F-Syp25/M2 (50:50 MMA:BMA) syrups respectively. This is attributed to the increase of hard segment
(MMA) in floor paint.

2. The compressive strength of floor paint containing copolymer syrup increased with increasing BMA.
The compressive strength values of floor paint premixed with copolymer F-Syp10/M3 are higher than those of
paints premixed with copolymer F-Syp25/M3.

3. F-Syp10/M3 showed lowest water absorption. The decrease of water absorption may be due to the
decrease in bubbles content, which in turn decrease the porosity and reduce in pore size of floor paints. On the
other hand, the water absorption of floor paint decreased with increasing the content of MMA in acryl syrups.

Information about the authors:

Nurlybayeva Aisha Nurlybayevna — PhD doctor of chemical Sciences, associate Professor, Taraz
University named after M.Kh. Dulati, rustem_ergali@mail.ru, https://orcid.org/0000-0001-9904-9979;

Rustem Ergali Ilesbekuly — 2 year doctoral student Taraz University named after M.Kh. Dulati, rustem_
ergali@mail.ru, https://orcid.org/0000-0001-8158-6290;

Kalmakhanova Marzhan Seitovna — PhD of chemical Sciences, M.Kh. Dulati Taraz State University,
marjanseitovna@mail.ru, https://orcid.org/0000-0002-8635-463X;

Tortaev Kazybek Kalibekovich — master of Chemistry 2 courses, M.Kh. Dulati Taraz State University,
Kazybek 941904(@mail.ru, https://orcid.org/0000-0003-4185-8727,

Omarova Malika Nuriddinovna — master of Chemistry 2 courses, M.Kh. Dulati Taraz State University,
otynshieva.uldana@mail.ru, https://orcid.org/0000-0002-6560-2155.

REFERENCES

[1] Jalal Uddin, A. (2020), Coatings for technical textile yarns. In: Alagirusamy, R., Das, A. (Eds.), Technical Textile Yarns.
Cambridge: Woodhead Publishing Limited, pp. Elsevier Copyright, pp.140-184.

[2] Achilias D.S. and Sideridou L., (2002), Study of the effect of two BPO/amine initiation systems on the free-radical polymerization
of MMA used in dental resins and bone cements // Journal of Macromolecular Science A: Pure and Applied Chemistry. Vol.39, Nel2.
pp. 1435-1450.

[3] Ozlem Akina (2004), Synthesis and characterization of waterborne Silane coupling agent containing Silicone-acrylic resin. —
Middle East Technical University, pp. 5-16.

[4] Bhattacharya A., Rawlins W.J., Ray P. (2009), Polymer grafting and crosslinking // Wiley, A John Wiley&Sons, Inc. Publication.
Vol. 5, Ne3. pp.81-112.

[5] Zhou F., Gupta S.K., Ray A.K. (2001), Fracture properties of an acrylic bone cement Fracture properties of an acrylic bone
cement // J. Appl. Polym. Sci., pp. 81.

[6] Peyser P.J., Brandrup E.H. (2001), Immergut Dynamic creep behavior of acrylic bone cement // Eds. Polymer Handbook, 3rd
ed. Wiley—Interscience, New York., V.2, pp. 219.

[7] Nurlybayeva A., Mussylmanbek S., El-Sayed Negim, Rustem E., Shinibekova A., (2015), Synthesis and research of copolymers
on the basis of methyl methacrylate with buthyl methacrylate and their application in paint and varnish coverings // International
Journal of Chemical Sciences, Udaipur, India, Ne13(2), pp. 922-932 // htpp:www.sadgurupublications.com.

[8] Nurlybayeva A.N., Rustem E.I., Sadiyeva H.R., Seitbekova G.A., Darmenbayeva A.S., Kalmakhanova M.S., Egisinova A.M.,
Otinshieva U.T., (2020) Synthesis and application of acrylic films in paint and varnish materials // News of the National Academy of
Sciences of the Republic of Kazakhstan Series chemistry and technology, Ne2 (440), pp. 14-22.

[9] Abdul Samad H. and Jaafar M., (2009), Effect of polymethyl methacrylate (PMMA) powder to liquid monomer (P/L) ratio
andpowder molecular weight on the properties of PMMA cement // Polymer-Plastics Technology and Engineering. Vol. 48, Ne5. pp.
554-560.

[10] Peterson J.D., Vyazovkin S., Wight C.A. (2001), Action polymers reagents // Journal of Physical Chemistry, Vol. 103, pp.
8087-8092.

[11] Dunne N.J. and Orr J.F. (2001), Thermal characteristics of curingacrylic bone cement / ITBM-RBM. Vol. 22, Ne 2. pp.88-97.

[12] Pathak V., Saxena H., Agrawal A. and Bhardwaj K.K., (2009), Synthesis and characterisation of MMA-STY-AN terpolymer
films // Oriental Journal of Chemistry. Vol. 25. pp. 847-850.

[13] Hill LW.,, K. Kozlowski, (2001), The Relationship between Dynamic Mechanical Measurements and Coatings Properties // in
Proceedings of the 12 th International Conference in Organic Coatings Science and Technology, Advances in Organic Coatings Science
and Technology, ed. A.V. Patsis, Technomic Inc., Lancaster, PA, Vol. 10. pp.56-67.

[14] Rezvani E., Schleining G., Stimen G., Taherian A.R. (2013), Assessment of physical and mechanical properties of sodium
caseinate and stearic acid based filmforming emulsions and edible films // J. Food Eng. Vol. 16. pp. 598-605.

[15] Achilias D.S. and Sideridou I., (2002), Study of the effect of two BPO/amine initiation systems on the free-radical
polymerizationof MMA used in dental resins and bone cements // Journalof Macromolecular Science A: Pure and Applied Chemistry.
Vol.39, Nel2. pp. 1435-1450.

[16] Mohamed Kutty C.P., Muraleedharannair T., Unnikrishnan G. and Jahfar M., (2013), Tensile bond strength between
polymerized acrylic resin // Sci. Revs. Chem. Commun. Ne3(1). pp. 62-66.

85



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 450 (2022), 86-93 https://doi.org/10.32014/2022.2518-1491.95

O0XK 547.995.12:544.7
FTAMP 31.25.19

JLK. Opa3zikanoBa!, 5.X. MycaoaeBa?, b.C. Taiicuna'", A.K. Ka36exoBa!, A.H. CaburtoBa'

'«Cemeii KamaceiabiH [lokopim ateiamarsl yausepcnteTi» KeAK, Cemeit, Kazakcran;
2ActaHa xansiKapansik yausepcuteti, Hyp-Cynran, Kazakcran
E-mail:balzhan-1982@mail.ru

XHUTO3AH MEH HATPUI-KAPBOKCUMETHJIIEJLTIOJIO3A HET'I3IHIE
KPUOTI'EJIb AJY ’)KOHE KACUETTEPIH AHBIKTAY

AHHOTAIMS: MaKaJIaJIaFbl 3ePTTEY OOBEKTUIEPl OMOTOIMMEPIIePAiH — XUTO3aH, KapOOKCHMETHIIIICIIITION03a
HATPH TY3bl HHTEPIOIUDIICKTPOIUTTIK KOMILIEKC HETI3iHAEr1 KPHOTelIb OOJIBIIN TaObIIa bl

JKyMBICTBIH MaKcaThl - MAKPOKEYEKTi OHOYIIeCiM/I1 KoHE OMOIOTUSUITBIK BILABIPAUTHIH KPUOT b 1l CHHTE3IEY
YIIiH peakI¥sUIBIK OpTaHbl KaJbINTHl MY3/aTy Ke3iHJe Kapama-Kapchl 3apsaTalifaH ITOJIUAICKTPOIUTTED
(xuT03aH, KapOOKCHMETHIILICIIIION03a HATPUHA TY3bl) apachlHAa WHTEPIOIUIICKTPOIUTTIK Peakust Kyprizy
APKBUTBI MAKPOKEYEKTI KPHUOTEINBIi aTy dJIICIH 931pIiey.

ANBIHFaH KYMBIC HOTIDKENIEpl JKOHE OJIApAblH JKaHAJBIFBI: KPUOTEIb WHTEPIOIUAICKTPOIUTTIK
OmomonMMepiep — XWTO3aH JKOHE HATpUH KapOOKCHMETHIIEIUTION03a KemleHiHiH Heriziame - 12°C
TeMIeparypajaa OHOMOIUMEpIIEpAiH KOHICHTpAIMsUIaHFaH epITIHAUIEPIH apanacTblpy apKbUIbI aJIbIHIBI.
Kpuorenbaig Xut-Na-KMIL[ Mmopdonorusnbik Oaranaysl HOTHXKECIH/IE Maiiaa O0JIFaH KPHOTEIb/IiH OailiaHbIic
KeyeKTep xKyheci 6ap, KeyeKTi MaTpuIa €KeHiH )K9HE OHBIH KYPBUIBIMBI JIAMUJISIPITBI MIITHAI €KeHiH KOpPCETT.
['paBUMETPUSIIBIK 9JIICTICH aHBIKTAJIFAH CUHTE3/CITEeH KPUOTeIbIiH iCiHy mopexeci 9,43 r/r Kypalbl.

Op typai pH (3, 4, 6, 7, 8) MoHi 6ap CYHBIKTBIKTap XUTO3aH-HATPHH KapOOKCHMETHIIIICIIIION03a KPHUOTEIi
apKBUIBI OTIM, ary >KbULAaMABIFEI 3epTTen/li. CYHBIKTBIKTApAbIH MAaKCHMAJIbl KbUIIaMIbIFel pH= 3-ke TeH
€KeH1 aHBIKTaNIBl. PH OChl MOHHEH ayBITKBIFaH Ke37Ie TOJUMED TOPBIHBIH ICIHY1 KOHE TapbLTyhl OPBIH aJIajIbl.
MeTuit KbI3FBUIT Capbl )KOHE METUIJICH KOK OOSIFBIITAPBIH KPHOTEILMEH COpOIHsiiay poIecTepi 3epTTe/I.
CopOuusnblK 30TepM aHanusi kpuoreib XuT-Na-KML] OosiFeinrapia TeMeH copOUMsUTBIK KaOineri Oap
eKCHIH KOPCETTI, €H KOFaphl aICOPOIIHS METHIT KBI3FBIIT YIIiH 16,8+0,1 Mr/T skoHe MeTHI Kok yuriH 7,5+0,41
MT / T KYpaiibl.

AJBIHFaH ODKCIIEPUMEHTTIK MONliMeTTep OMOCoWKec TaOWFU IONMMEpJep — XUTO3aH JKOHE HaTpuid
KapOOKCUMETHJIIICIUTFONIO3a HETI3IH/IE JKaHa KPHOTeNbl MEIUIMHAIa, OMOTEXHOJIOTHsIA, KaTalu3Ie KOHE
Oacka cananapia KoJijaHy MYMKIHIITiH KepceTei.

Konnmany camacer: 9komorusi, OMOTEXHOJIOTHS, MEAUIINHA, (hapMarivs.

Tyiiin ce3mep: Kpuoreiab, WHTEPIOIUINCKTPOIUT KELICHI, MOJIHMAJIECKTPOIUT, OHUOMOIUMEp, XHMTO3aH,
HaTpUi-KapOOKCHMETHIIIEILTION03a.
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MOJIYUYEHUE U ONPEJEJEHUE CBOVCTB KPUOT'EJISI HA OCHOBE XUTO3AHA
U HATPUM-KAPBOKCUMETWIEJIIOJI03bI

AnHoramusa. OObEKTOM HCCIICIOBAHUS SIBIIICTCS KPUOTENb Ha OCHOBE OHOIIOJIMMEPOB — XUTO3aHA U
KapOOKCHUMETHIIIICIUTIONIO3HON HATPHUEBOH COJH.
Lenpto paboThl gBISAETCS MOMydeHHE MAaKPOMOPHUCTOTO KPHUOTENs IyTEM MPOBEACHUS HWHTEPIIONH-
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ANIEKTPOJUTHON PEaKUUU MEXIy MPOTHBOIMOIOKHO 3apsSyKEHHBIMH IOJUANECKTPOIUTAMU — XHTO3aHOM M
HaTPUEBOH COJBI0 KapOOKCHMETHIIIIEIUTION03BI IIPH YMEPEHHOM 3aMOPaXKHBAHUY PEAKIIMOHHON CPEIbI.

[lonmy4yennsle  pe3ynpraTel pabOTBI W WX  HOBH3HA: KPHOTeJb HAa  OCHOBE  KOMIUICKCA
MHTEPITOIUDIIEKTPOIINTHIECKIX OMOIONMMEPOB — XUTO3aHa U HATPUHKApOOKCHMETHIIIISIUTIONO03bI TTOTyYeH
IIyTeM CMEIIEHUSKOHIIEHTPUPOBAHHBIX PAacTBOPOB OnomonnMepoB mpu Temmeparype — 12°C. HccnemnoBansl
CBOMCTBa CHHTE3UPOBAHHOTO KPHOTeJIsi — MOP(OIIOTHS, CTEIICHb HAOyXaHHsI, CKOPOCTb IPOTEKAHHSI KU IKOCTEH
gepe3 o0beM Kpuorels W afcopOmus Kpacuteneid. Mopdomorudeckas oreHka kpuoreis Xut-Na-KMI]
MoKa3aja, 4To MOJYYCHHBIH KPHUOTellb TPENCTAaBIseT COO0H XapaKTepHYI0 MOPHCTYI0 MAaTPHILy C CHCTEMOMN
COOOIIAIONINXCS TIOP, @ €r0 CTPYKTYpa UMeeT JIaMWIIpHYo ¢opmy. CrerneHb HaOyXaHUsI CHHTE3UPOBAHHOTO
KpHOTeJst, ONpeie]ICHHAs TPaBUMETPHUECKUM METOJIOM, cocTaBmia 9,43 /.

Wzyuena ckopocTh MpOTEKaHMs XKHUAKOCTEH ¢ pa3nuyHbM 3HaueHueM pH (3, 4, 6, 7, 8) uepe3 xuro3aH-
HaTpuil KapOOKCHMETHIIIEIUTIONO3HBIN KPHOTeIh. YCTAHOBJIEHO, YTO MAaKCHMyM CKOPOCTH MPOTEKaHUS
xuakocrer npuxoautcs Ha pH 3. [Tpu otknonenun pH oT 3TOr0 3HaUEHHS POUCXOANT HAOYXaHHE ITOTMMEPHON
CETKH | CyeHne nop. VccmeoBansl mporeccsl COpOnM KproreiaeM KpacuTee METHIIOBOTO OPaHKEBOTO U
METHJICHOBOI'O CHHETO. AHAJIN3 M30TepM COpPOLIMHU MoKa3a, 4To Kpuoresb XuT-Na-KMI] o0nagaer HeBbICOKOH
COpOIIMOHHON CIIOCOOHOCTHIO B OTHOIIIEHUH KpacuTelel, MaKCUMallbHast ajicoponus cocrapisieT 16,8+0,1mr/
TJUIST METHIIOBOTO OpamkeBoro u 7,5+0,4 1 Mr/T i1t METHUIICHOTO CHHETO.

[TomryueHHbIE SKCTIEpUMEHTANIBHBIE JaHHBIE TOKA3bIBAIOT BO3MOKHOCTh UCIIOIb30BAHNS HOBOTO KpHOTENs
Ha OCHOBE OMOCOBMECTHUMBIX IPHPOTHBIX IMOJIUMEPOB — XWTO3aHA M HATPHUUKAPOOKCUMETHIIIICILTIONO3BI B
MeIUIHE, ONOTEXHOJIIOTUH, KaTaju3€e U IPyTUX O0NACTSIX.

OO0nacTh MPUMEHEHUS: SKOJIOTUS, OMOTEXHOJIOTHUS, MEIUIIMHA, (hapMarlrsl.

KuioueBble cioBa: Kpuoreib, WHTEPHOIMIICKTPOIUTHBIN KOMIUIEKC, TOIHAIEKTPOIUT, OHOIIOIUMED,
XHUTO3aH, HaTpUi-KapOOKCUMETHIILIEIITION03a.
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PREPARATION AND DETERMINATION OF CRYOGEL PROPERTIES BASED
ON CHITOSAN AND SODIUM-CARBOXYMETHYLCELLULOSE

Abstract. the object of the study is a cryogel based on biopolymers - chitosan and carboxymethylcellulose
sodium salt.

The aim of the work is to obtain a macroporous cryogel by conducting an interpolyelectrolyte reaction
between oppositely charged polyelectrolytes - chitosan and sodium salt of carboxymethylcellulose with
moderate freezing of the reaction medium.

The obtained results of the work and their novelty: Cryogel based on a complex of interpolyelectrolytic
biopolymers - chitosan and sodium carboxymethylcellulose was obtained by mixing concentrated solutions
of biopolymers at a temperature of - 12°C.The properties of the synthesized cryogel - morphology, degree
of swelling, rate of flow of liquids through the volume of cryogel and adsorption of dyes - are investigated.
Morphological evaluation of the Hit-Na-CMC cryogel showed that the resulting cryogel is a characteristic
porous matrix with a system of communicating pores, and its structure has a lamellar shape. The degree of
swelling of the synthesized cryogel, determined by the gravimetric method, was 9,43 g/g.

The flow rate of liquids with different pH values has been studied (3, 4, 6, 7, 8) through chitosan-sodium
carboxymethylcellulose cryogel. It is established that the maximum flow rate of liquids is at pH 3. When the
pH deviates from this value, the polymer mesh swells and the pores narrow. The processes of cryogel sorption
of methyl orange and methylene blue dyes have been investigated. Analysis of the sorption isotherms showed
that the Hit-Na-CMC cryogel has a low sorption capacity for dyes, the maximum adsorption is 16,8 + 0,1mg/g
for methyl orange and 7,5+0,41mg/g for methylene blue.

The experimental data obtained show the possibility of using a new cryogel based on biocompatible natural
polymers - chitosan and sodium carboxymethylcellulose in medicine, biotechnology, catalysis and other fields.

Scope of application: ecology, biotechnology, medicine, pharmacy.

Key words: cryogel, interpolyelectrolyte complex, polyelectrolyte, biopolymer, chitosan, sodium-
carboxymethylcellulose.
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Kipicne. ITonumepni kpuorenbaep - Oyl epiTiHIiIepAl HeMece THICTI MPEeKypcopiapAblH KOJTOUIATHIK
JUCIIEPCUSUIAPbIH KPHOTEH K OHIeY (KaJIbINThl MY3IaTy-epiTy) HOTHXKECIHAE Naia OoiFaH Tenb xyienepi
[1].

Kazipri yakpITTa eke MoIMMepiep HeriziHae eMec MHTEpHoaudIeKTposnnTTi komiuiekctepre (MI1OK)
HETI3[eNTreH KPHOTEeNbICp epeKlle KbI3BIFYWbUIBIK Tyabipaasl. MIIOK werisimmeri kpuorembaepai
OMOTEXHOJIOTHs, KaTaji3, pereHepaTuBTI MEAMLUHA, CYIbl Ta3apTy CHUSKTHl SpTYpJi camaiapna OeiceHmi
KoJijany¥ra 0oJabl.

Taburu monmumepnep HeETi3iHAE ajbIHFAaH KpHUOTelbAepre Kem KeHin Oemineni. Taburum momumeprep,
aran alTKaHIa MOJHCAaXapHATEp, CUHTETHKAJBIK TOJUMEpIEpACH aibIpMalIbUIbIFEl, OUOYHIeciMIl jkoHe
Tipi ar3aMeH OaiiaHpicTa OONFaH Ke3le jKaHaMa YBITTHI 9cepiiepAl KepceTNeilai KoHe COHBIMEH Oipre
OMOKETIMALTITI MEH Y3apThUIFaH 9CEPiH apTThIPYbl MyMKiH [2]. Buononumepii kpuorenbaep - Oyi1 noauMepai
HEMeCce MOHOMEpJi KOCBUIBICTApABIH Tas3 MY3JAThbUIFaH epiTIHAUIEpiHAe TY3UITeH TelbIiK Marepuanjap.
[lonumepni Kpuorenbiaepre TOH KacHeT-OJapAblH TeTepodasaibl KOHE MAaKpPOKEYEKTI MOpPQOIOTHSCHI.
ConblMeH Kartap, maiija OOJNFaH MakKpOKEYeKTep KpHUCTAIAaplAblH IIETKEPiAeH OpTajibIKKa NeiiH Oacka
KpHUCTaJIbIH OETIMEH jKaHacybIHa AHiH OCy epeKILeNiriMeH TYCIHIIpiae .

lenbnepai amyablH €Ki Heri3ri koibl Oap: OipiHmmigeH, nmonuMepniH (010K, IJICHKA, YHTAaK) HeMece
KCepOorebiH (E€pITKINICI3 TIrIreH NOIUMEPITi TOp) KOMaliIbl TOMEH MOJIEKYANIbIK CYHBIKTBIKTA, SKiHILIACH,
CYHBIK OpTaja refib KaJbIITACTBIPY apKbUIbl (EpITiHII HEMece COMKEeC Telb >KacaylIbUIapAblH KOJJIOUATHIK
aucriepeusicsl). EKiHI HycKa-renbaepal KaJlbIITacThIPYAbIH €H Kem TapairaH Tociii. Kpuorpontsl remb
TY311y-OipHele Ke3eHHEeH TYpaThlH KypAedi mpolecc. bactankel ke3eH e epiTKilTe KoJdaiiabl MPeKypCopIIbIK
3aTTap epiTijeni, epiTKill peTiHae K1l Cyabl, COHAal-aK OipKaTap OpraHUKajlbIK epiTKIILTepai naiaanaHaibl.
KpuorenbaiH >korapbl MOJIEKYIaJIbIK MPEKypcopaapbl PeTiHAe KOJAIAaHbUIATHIH OMOMOIMMEpIIepIi €Ki TOIKa
Oeiyre Oonaapl: aKybI3nap MEH nonucaxapuarep [3, 4].

Kpuorenbaepain mnoiauMepii MarepuanaapiAblH 0acka TypiepiHeH OacTbl albpMallbUIBIFBI-0JaPIbIH
Mopdonorusicel. KprorenbaiH KeyeKkTi KypblIbIMBI iCiHY, KOJUIATIC, JKbITY JkoHe pH cesiMTannsirsiMeH Oipre
OCBI HBICaHAAP/Ibl OPTYPIIl canajapia KojlaHyFa KeH MepcreKTuBanap amazisl [2, 15].

[lonucaxapuaTepaiy iliHAe XUTO3aH KeH TapajifaH OMOMOIUMED — XUTHHHIH OH 3apsiITallFaH TYBIHABICHI
Ooubint TaObUTaAbl. HaTpuit ruapokcuai acepineH XUTHHHIH N-aleTni-IoKo3aMuH OipIikTepi e3reprineai
koHe aeanerwiaeHeni. [leanerunnenyne N-anetwi-niroko3amMuH Oipiikrepi 50% -maH ackaHna, XUTHH
KBILKBUIABIK OPTaja epy OacTaiibl >KoHE OHbI XUTO3aH JIeN aTai/ibl. XUTO3aH KYPaMbIH/a ChI3BIKTHIK Ti30€KTe
Ke3zelicok Oeninred D-rmroko3amud MeH N-anetui-D-rmroko3amubHiH (1, 4) Oaiinansickan MOHOMepIiepi 0ap.
ConbiMeH Kartap, D-rimioko3aMuH OJOTBIHBIH aMHH TONITaphl epyre oTe Oelim xoHe neanetwineny 50%-nan
acKaHJa XUTHH OH 3apsaka ue 0onaasl. COHOBIKTAH O Tepic 3apsATaiFaH (yHKIMOHAJBI TONTAPMEH OHAH
OailnaHbICaibl.

Xuto3an - Oyn Taburu OuonomuMmep, oy (GUHONOTHSUIBIK OeliceHni 3ar OONyMEH KaTap ©3iHiH
(YHKIMOHAIIBIK JKOHE TEXHOJIOTHSUIBIK KaCHETTepiMEH e OeNriii: KYpbUIBIM TY3YIIi dKoHE MUKPOOKa Kapchl,
AQHTUOKCUAAHT. Byl KaTHOHIBIK MoMMcaxapuaTiH Maiaanbl KacMeTTepl TaOMFH aHHMOHABI MOJIMMEpIIEpMEH
KOMIUIEKC TY3UIy Ke3iHIe caKTalaabl koHe KeOeieni. XWTO3aH MPaKTHKAJIBIK MOcENeNepil HIenry YIIiH
JKOFapbl oJieyeTKe ve (PyHKIMOHAJIBI TONTAPhl 0ap MHTEPIOIUIICKTPOIUTTI KOMITJIEKCTEPAl KypyFa KabineTTi
[5,14].

XUTO3aHMEH KOMIUIEKC TY3€TiH aHMOHBIKIIOIIMMEPIIED TePic 3apsAThIH )KETKUTIKTI JKOFaphl THIFBI3ABIFbIHA
ne OONmybl Kepek, yibl emec, OMoyiieciMai Oomybl skoHe OMozaerpazanusiiaHa aiaybl Kepek. KepcerinreH
cUmaTTaMayiapra HaTpHid aJITMHATHI, [IeJUTI0N03a TYBIHIBIIAPh! (MBICAJBI, HATPUH-KapOOKCHMETHIIIIEILIION03a)
CUSIKTBI TaOWFM aHUOHJBIK TMONMMepliep colikec kenedi.Harpwii amerunarel xuTozaHMeH Oipre Oenrimi
MEMIIMHAJIBIK OaFbITTapia KOJIaHbIcKa ue [5,13].

Tarbl Oip monucaxapu, HATPUH-KapOOKCUMETHIILICILTION03a - Cy/la )KaKChl €PUTIH LEIII0I03a TYBIHIBICHI.
Byt TypiHab! 2, 3 jxoHe 6 OpBIHAAFBl THAPOKCUMETHI TONTAPBIH KapOOKCHMETHI TONTAphIMEH aliMacThIpy
peaxknmacel apKpUibl anbiHagsl. NaKML] kypambinaa 1,4-0aiinaHbicKaH MMUKaHAApAaH TYPATBhIH CBI3BIKTHIK
noJauMep Ti30eri 6ap xKoHe MOJIEKYJaJIbIK HET13/1eT1 9JICi3 KBIILKBUI TONTapFa OaiaHbICThI MOJUAIEKTPOIUTTIK
kaoinet kepcereni. NaKMLI ¢pu3nka-xuMUsIIBIK KypaMbIHA 9cep TeTiH Heri3ri ¢axropnapasiy Oipi -NaKMIL]
Oipiirine KapOOKCMMETHII TONTAPBIHBIH CaHbIMEH (OpTalla €CEMNICH) aHBIKTAJaThIH aIMacThIPy Adpexkeci
0ol TabbuIaabl. byl oaMMep KOIONaHABIPFBIL, SMYIBCHS TYPAaKTaHIBIPFBILIBI, OaiaHBICTBIPYIIBI JKOHE
KaOBIKIIA Ty3€ aly CHAKTBI KOITereH anyaH Typii Kacuerrepre ne. CoHbIMEH KaTap, ajaM JCHCayJbIFbl MEH
KOpLIaFraH OpPTaHbIH Kayircizairine kareictel NaKML] OuoyiinecimMi, OHOJOTHSUIBIK BIIBIPANTBIH JKOHE YIIbI
eMec 3art [6, 12].
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XuT03aH MEH HATpUil KapOOKCUMETHIILEIUIIO03aHbIH HHTEPHOIMAIEKTPOIUTTI KOMIUIEKCIHIH maiina
00JTyBI OCBI TOTUMEPIIEPAIH MOJUANEKTPOINTTI TaOUFaTBIMEH KaMTaMachl3 eTiieni. by nonucaxapuarepain
KYPBUTBIMBIHBIH €PEKILEINIT] - XATO3aH MaKpOMOJIEKYJaIapbIHBIH KYPBUIBIMBIH 12 TPOTOHAbI AMUH TONTAPBIHBIH
KOHE HaTpHil KapOOKCHMETHIILEIUTIONO3aHbIH KYPBUIBIMBIHAA KapOOKCHI TONTapbIHBIH Oomybl. BacTamkbl
aAMHH TONTAPBIHBIH MPOTOHIAHYBI KBIIIKBIIIBIK OPTaIaFbl XUTO3aH MaKpOMOJIEKYJIANapbIHBIH OH 3apsiibl MEH
epirimTiria, coHaai-aKk onapAblH CHHTETHKAJBIK MMOJHAHUOHJAPMEH >KOHE aHUOHABI OMOMOIMMEpIIEpMEH
ANEKTPOCTATHKAIIBIK OpPEKETTeCy KabieTiH KaMTaMach3 ereai [0, 7).

MaxkpomoneKynanapIslH HOHOT€H Il TONTAPBIHBIH 03apa 9peKeTTeCyiHe OaiIaHbICThl KBIIIKBIIIBIK OpTana
XHUTO3aH-HATPUH KapOOKCHUMETHIILEIUTION03a HHTEPIIOIMANECKTPOIUTTI KOMIUIEKCIHIH TY3UTyiH Keseci chiz0a
apKbUIBI KepceTyre Oomasl [8]:

R-NH,'+ 0OOC-R’'— R-NH," OOC-R’

OnedrerTe XUTO3aHHBIH OHMOMOIMMEpPIEPMEH KOMIUIEKCTEpl HEeri3iHae Kpuorenpaep any OolblHIIA Oip-
Hellle )KYMBIC JKapusulanFaH [2]. XuTo3aH MEH THaTypOH KBILIKBUIBI HETi31He KypaMbl 9p TYPIl KpHOTEIbAep
aNbIHFaH, onapAblH KeyekTiri 90-95% kyparaH. Taza XxuTo3aH KpHOTeNiHE KaparaHa ajbIHFaH KPHOTENb/IiH
MeXaHHMKaJbIK KacueTTepi ajjeKaiina Oepiripek OOJFaH, COHIBIKTAH OJap TIHAIK MH)KEHEepHsina KOJJaHyFa
ycoiburad[9].Xutozan MeH 2-ruppokcudtiineono3a (I'01]) koMruiekci omapiblH Cylbl epiTiHAiIepiH
KPHOTEH/II OHJCY >KOHE My3AaTbuiraH KydiHae YK-MHIyKuusibl Tiry apkpuUiblanbiaFad. DoTOMHHLIHATOP
peTiHMEe CyTeK MePOKCH/II, all Tirymi areHT peringe N,N’-meTmienoucakpuiamus Koinanbuirad| 10]. Xuro3an
MEH IIEKTHH HETi31H/eri Kprorenbai any ymin xuro3an meH CaCl, epitinainepinin KocnackiHmy3aarhin, 1%
MEKTUH epiTiHaiciMeH KantaraH [11].

YCBIHBUIBIT OTBIPFaH JKYMBICTBIH MAaKCaTbl - PEaKUMSUIBIK OpTaHbl KaJbIITHl MYy3/aTy Ke3iHe
KapaMa-Kapchl — 3apsATaifaH  MOJMUIJICKTPONUTTEP  (XWTO3aH,  HATPUH-KapOOKCUMETHIILEILIION03a)
apachlHla HHTEPIOIMAICKTPOIUTTIK pEaKkmus >KYPrizy apKbUibl OHOYHJIeciMIOi KoHE OHOJIOTHSIIBIK
BIIBIPAUTBIHMAKPOKEYEKTi KPUOTEIIb/Ii ally KOHE KaCHETTEPIiH aHBIKTAY.

Marepuaaagap men daicrep. Marepuanmap. Sigma — Aldrich (USA) enaipren Xwurtoszan (Xwr),
MOJIEKyJaJIbIK Maccachl 161 1/Moib, KOCBIMIIIA Ta3apTyChI3 KOIIAHBUIIBI.

OH B OH . OH

HO
HO

o OH
HO HO

NH,
L an

Cyper | - XuT03aHHBIH KYPBUIBIMABIK (OPMYIachl

Sigma-Aldrich (USA) enaipren kapookcuMeTHiesuTono3anbe Hatpuit Ty3sl (Na-KMILI), kaiitananaTteia
OyBIHHBIH MOJIEKYJIaJIbIK Maccachl 223 1/M0JIb, KOCBIMILIA Ta3apTyChI3 KOJIJaHbUIFaH.

1) (@]
OH OH
OH
o) (0] OH
(0]
0 0 OH
Ho 1% 0 o
HO HO
OH OH OH OH
0.75 0.25
Jn

Cypert 2 - Harpuii kapOOKCHMETHIIIEILTION03aHbIH KYPBUTBIMIIBIK ()OPMYIIachl

Cipke KbIIIKbLIBI (MY3]1) KOCBIMIIIA Ta3apTYChI3 KOJIIAHBUIIHI.
JIMMOH KBINIKBLIBI(ayT)KOCHIMINIA Ta3aIayChi3 KOJAHBLUIIbI.
I'OCT 4919.2-2016 6oiibaIIa Oydeprik epiTiHainep.
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3eprrey onicrepi. Ilosmmepaep epitingisiepin aaiibiaaay. XuTo3aH epiTIHAICIH AalblHAay YIUiH
KOHUEHTpauuschl 3% JTMMOH KBIIIKBUIBIHBIH epiTiHAICI AalbiHAanAbl. O yIIiH 3 T KYpFaK JUMOH KbIIIKbIIbIHA
97 r Ta3apThUTFaH Cy KOCBUIIBL. AJIBIHFAaH €PiTIHII XUTO3aH bl EPITY YIIiH KOJAaHBUIIBL.

NaKML] epitingicin gaiblHAay YIIiH XUTO3aH €pITIHAICIHAETIACH KaTblHACTAp AalbIHABI, TEK JHUMOH
KBIILKBUIBl  ePITIHIICIHIH OpHBIHA AUCTHIBACGHTEH cy KougaHeUiabl. llommmepnep epitinaici Oenme
TeMIIepaTypachlHAa AalbIHAAIAbI, apanacThIpFaHHAH KeHiH epiTiHAiep TOJBIFBIMEH epireHiie Oip ToyJiKke
KaJIBIPBUIBII, KeJleCi KYHI MAarHUTTIK apalacThIPFhILITA 2-3 caraT apajacThIPbUIIbL.

Kpuoreanaepai any. Kpuorenpai npaiibiamay yurin Xut-NaKMI[ 20 Mr/ma KOHUEHTpamusuibl 5 M
XHUTO3aH epiTinaicin 20 Mr/mia koHIeHTpauusiel 6,92 mn NaKML epitinaiciMeH apanacTbIpbUIAbL, ajJbIHFaH
epiTiHAl WaiKanapl, epiTiHAl 2 MII-JIiK DnneHa0pd THNTI KaKnakTapbl 0ap MIIAaCTUK bIABICTapFa Kyibim -12°C
Temmeparypaia 0ip KyH 0oibl My3aaTeuiasl. ComaH KeiiH My3aTblIFal epiTinaiep Mnoguibai  KenTipiimi.
AJBIHFaH KPHOCTPYKTyparTap mamMaMeH 5 MM OMiKTiKKe KeCllil, 3epTTey YIIiH MaiaaJaHbuiabl.

Kpuoreanain mopdosorusicbln  anbikTay. Kpuorenb Mop(hOJOrHACH CKaHEpIEyIli 3IeKTPOHIBI
MHUKpocKonust 9icimen 3eprrenai. Kpuorens mukpogortorpadusicet «JEOLy (Kamonust) pupmacsiabiy «JSM-
6390 LV» TemeH BakyyM/i pacTpiibl 3J€KTPOHABIK MUKPOCKOIBIHAA aJIBIHIBI.

Kpuoreanain iciny gapeskecin aHbIKTay. AJIBIHFAH KPHOTEIb/iH iCIHY A9pekKeci TPaBUMETPHUSIIBIK 9/IiCTIEH
aHBIKTANABl. AHanMTUKANBIK Tapasbiga 0,0001 T IonikieH eJieHreH KPUorelb YITUIepl Ta3a XUMUSUIBIK
CTakaHfa caybIHbIN, 10 MJI AMCTUIIBIEHTEH CYy KOCBUIIBI, COAaH KeHiH Oenrimi Oip yakbIT apalibIFbIHJA
iCIHreH Kpuoresb YIriiepinin Maccacsl emmenni (5,10,15 xone 30 MUHYT apambiFbIHIA), APTHIK BUTFal CY3Ti
Kara3bIMEH COPBUIBII, iCIHI'€H TeJIb MacCachl aHBIKTAJIbI.

Iciny nopesxeci (1) hopmyna GolibIHIIA ecenTei:

me—m¢

o =T 6]

MYHJIaFbl M - KYPFaK KPHOTEJIb/IiH Maccachl, I;m - 6ipa3 yakbITTaH(t) KeHiH KPHOTEIbIiH MaCcCachl, I.

Kpuoreib apKbLIbl CYHBIKTBHIKTBIH aFy KbLIIAM/IBIFBIH aHBIKTAY. Kproreib apKblibl CYHBIKTBIKTHIH
ary KbUIJaM/IBIFBIH aHBIKTAY YILIiH IIBIHBI TYTIKTiH TOMEHT1 OOJIIriH/e KPHOTelb YITiCi OpHANIACTBIPBULIbI, O
ICIHreH KYyHJie KpHOrellb TYTIKTiH KaObIprallapblHA MBIKTAIl XKaOBICHII, OipaK COHbIMEH 0ipre KbIChUIMANHTHIH
eTin opHarbuiAbl. JKOFapFbl KarblHJA MEPUCTAJIBTHUKAIBIK COPFBIHBI KOJIJJAaHA OTBHIpBI, OWikTiri 30 cm
0O0JaThIH CYMBIKTBIK OaraHackl skacaibl. CYHBIKTBIKTBIH 30 ¢CM OMIKTITIHE TYPaKThl OOJIFaH JKbLIIAM/IBIKTHI
OpHATKaHHAH KeHiH, acThIHA 0OC CTaKaH KOWBUIBIIN, CEKyHIOMEp iCKe KOCBUIbI. | MUHYTTaH KEHIH CTaKaHFa
arblIIl MIBIKKAH CYHBIKTBIKTBIH KOJIEMI OJIIICH/II.

Kpuoreabain copouusiiay Kacuetin 3eprrey. Kyprak, enmenres kpuorens yirici pH 5,3 ten Oydepiik
epITIH/I KOChUIFAHKOHIICHTPALIUACHI 1 MI/MJI METUIIOpAHXK epiTiHiciHe canbiaael. CoHaH coHl, 2, 3, 12, 24,
48, 72 carar apaJIbIFbIHJIACPITIH/IHIH ONTUKAJIBIK ThIFbI3AbIFEI 505 HM TOJKBIH Y3bIHABIFBIH/A omeH . o
OCBHI OJIICIICH METHJICH KOri OOSFBIIIBIHBIH epITiHAICIHE KYpFaK Kpuoreib caibiHbill, pH 2,8 TeH Oydepmik
EPITIH/I KOCBUIBII,068 HM TOJIKbIH Y3bIHJIBIFbIHA OINTHUKAJIBIK ThIFbI3bIFbI OJIIICH/II.

MeHiikTi agcopOiust ToMeH T (hopMyia OOMBIHIIA AHBIKTAJI/IbI:

__ C(60aBlbimr) oV (6058 i) —C(604@ b1 ¢+ V (6042 bi1) (2)
- m(Kpuoresn)

Qe

Hotuaxesnep xoHe onapabl Tajakbuiay. Xurto3an-NaKMII epiringisiepi Herizinge kpuoreianb amay
TeXHHUKACBIH NbICBIKTAY. Kpuorensaepai any peakuusuiapbl KpUOTPOITHI T'ellb TY3y HEMECE KPHUOXKEIUpIey
nen aranansl [1]. CuHTE3 TYPFBICBIHAH KPHOTEIBACPIiH Maiiia 0omybiHa KaOlleTTi Ke3-KeJIreH xyiene anyra
0oaipl, eH 0acThICH, 0ACTAIKBI JKYHelep/ie SpTYPIli CHITaTTaFbl KYIITEP/IiH (XMMISUTBIK OaiitansicTap, Ban nep
Baanbc xymrepi, 27IeKTpOCTaTHKAIIBIK ©3apa SPEKETTECyep) HOTHKECIHIE MYMKIHIIK OepEeTiH KYPBUIBIMIBIK
3NIEMEHTTEp OOJyBI KEpPEK.

Kpuorens cunTresi yuiiH OacTamkbl >KyHenep peTiHAe KYpbUIBIMBIHIA Kapama-Kapchl 3apsiiTaliFaH
OaitmanbicTapbl 0ap Xut-NaKMII xylieci TaHmanmpl.

CuHTe31e/IreH Kpuoreiabieplid KacuerTepid 3eprrey. CHHTe3/1e/IreH KpuoreibaiH MOPG010rusicbiH
3eprrey. Kpuorenb MOpQOJOrHsACHIH 3€pTTEy YIUIH CKAHEPICHUTIH 3JMEKTPOHIBIK  MHUKPOCKOIIUS
omicikonmaHeUIAbl. 3-cyperte Image] OarmapiamackiMeH eHJEyre JCWiHTi (COJN JKaFbIHIIA) YKOHE OHJIEY/IeH
KeWiHT1 (OH aFbIHJIa) KpUoresb (hoTorpadusicel OepiyreH.

3-cypeTTeH KepiHil TypraHiai, keyekrep Mop(hoorusacel 6iprrama Kypaesti 0omsirt Tadbuiaabpl. Keyekrep iy
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(dopmacs! op Typmi. Imagel Garnapnamackl KeyekTep ayJaHbIH ecenTeyre MyMKiHAik Oepeni. Anaiiia, Keyekrep
MOJIIIIEPiH JKyBIKTan Oaranay YIIiH opOip keyek menOep ¢opmacwiHaa aen Oomkam skacanibl. COHBIH
HOTHXXECIHJIE KeyeKTep AUaMeTpIIepi )KYBIKTAIl €CENTENiI, AMaMEeTP/iH OpTalla IaMachlH KOPBITHII LIbIFapyFa
MYMKiHIIK Tyabl. XuT-NaKML] kpuoreni ymin keyekrepain oprama auameTpi 20,54 MKM OOJBII MIBIKTHI.

15kV X100 100pm 0000 1081 40Pa

Cyper 3- Xur-NaKML Herizinge Ty3iireH kpuorenbaid Image] Garnapnamaceinia eHaeyaeH OypoiH (coi
JKaKTa) J)KOHE OHJCYACH KeliH (OH XakTa) MUKpodoTorpadusicel

Kpuorenapain iciny mopexkecin 3eprrey. lenp MarepualiapblHBIH ICIHY JOpEXKECiH aHBIKTay
MaTepuaap/bIH OChI TYPIH CUITATTANTHIH HETi3Ti 3epTTeyaepAiH Oipi Oobin Ta0buiaabl. benrini O6ip yakeit
apaJbIFbIHA ePITKIIITET] YATIHIH MaCCaChIHBIH ©3TePYiH OJIIIIeY iCIHY TopeKeciH Oaraiayra MyMKIHIIK Oepe/ti.

Amnaiina, KpHOTeIbAEp/IiH ICiHYiH 3epTTey Oenrimi Oip KUBIHIBIK TYABIPAJIbl, OUTKEHI CYy TEK MOIUMEp
MaTpHULACHIHBIH ICIHYIHEH FaHa €eMeC, COHBIMEH KaTap MaKpOKEYEKTep/Ieri KanUIIpIbIK KYIITEPAiH 9cepiHeH
Jie caKkTanazpl.

0,48 —

0,46 —— 11—
0 20 40 60 80 100 120

t, MUH

Cypert 4 - Kpuorenb/iiH iCiHy KHHETHKACHI

_0,5228-0,0501
- 0,0501

=943 1/T

ATBIHFaH KPHOTEIBIIH iCiHY mopekeci 9,43 1/ ekeHl aHbIKTaIabl. [CIHy KHHETHKACHIH 3epTTeY HOTIKEIIepi
OoiipratIa 4-cyperre kopcerinrenaeit Xut-NaKMI] kproremiOacTankbl yaKbITTa CyIbl ©31He )KaKChI CIHIPEeTiHI
OaifKaIpl.

Kpuoreanr kejemi apKbLIbl CYHABIKTBHIKTAPABIH aFy KbLIIAM/IBIFBIH aHBIKTay. Kpuorenbaepiiy
KEYeKTI KYPBUIBIMBI ~ OJIApABI  OPTYPJi 3aTTapAblH COpPOCHTTEpi, AaFbIHABI THNTI KaTaau3aropiap,
XpomatorpadusUIBIK MaTepHalIIap peTiHIe Maiaatanyra MyMKiHIIK 6epemi. CYHBIKTBIK YIITIH KPHOTEIbIACPIIH
OTKI3TIIITITIH OarayayJblH MaHBI3/Ibl CHIIATTAMACHI-CYUBIKTBIKTBIH KPUOTEIbh apKbUIbl OTY KbUIIAMIIBIFBIH
aHbpIKTay. EpiTiHaizep men kpuoreis apachl 20,30,40,50 CMKaIIBIKTBIKTAFBI MIBIHBI TYTIK apKBUTBI ©TKI3UIIL
JKOHE CYMBIKTBIKTHIH KPHOTEIb apKbUIbl OTY YaKBITBl aHBIKTAIbI. AFY KbUIJAMJIBIFBIH aHbIKTay yiriH pH
mraMachl 3,4,6,7,8 60JIaTbIH CYUBIKTBIKTAP KOJJIAHBUIIBI. KpHOTeb apKbLUTbI CYHBIKTHIKTBIH aFy JKbITIAMIBIFbIH
AHBIKTAYy HOTIOKEIEpi S-cypeTTe OepinreH.
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Cypet 5 -pH-TbIH op Typ:i MoHIHJETI CYUBIKTHIKTApAbIH XUT-NaKMI] kpuoreini apKpUIbl aFy KbLUTIaM/IbIFbI

Kpuoreabain 0osiFbImTapabl copouMsiiiaybin 3eprrey. KpuorenbaepMeH opTYpili KOCBUIBICTAPIbIH
copOIHsl MMPOLECTEPiH 3epTTey ONapbl MPAKTHKAIBIK KOJJAHY INEepCIeKTUBAIAPhIH aHBIKTAy MaKCaThbIHIA
KYPri3iimi.

bizniy xymbicbiMbI3na  GostFeiTapasiH-MeTrnopank (MO) sxone mermieH kok (MK) copOumsiceiH
3eprrey Kypriziuiai. CopOius mpouecTepid 3epTTey COPOSHTTEPAIH CTATUKAIBIK CUBIM/IBLIBIFBIH aHBIKTAyFa
Heriznenred. KpuorenbaepiH cOpOIMSIIBIK CUBIMIBLIBIFB 1-kecTene OepinreH. Merwiopanx (MO) skoHe
MeTuieH Kok (MK) GOsFbIIITapbIHBIH COPOLIUSACHI 6- CYpEeTTe KOPCETIITeH.

—a— (MO)

MeHnmikTi agcopouus, Mr/t

Cypert 6 - Metunopanx (MO) sxone metrineH kok (MK) OosFBIIITapbIHBIH COPOIUSACH
Kecre 1- Kpuorenbaepais cOpOUMSITBIK CHBIMIBUTBIFI

Kpuorens Cinipinerin 3at MakcuMaIabl ancoponust, Mr / T
Xur-NaKMI] MO 16,8+0,1
MK 7,5+0,4

CopOrrus M30TepMaapbiH TaJIay KPUOTENbIIH COPOIUSIIBIK CUBIMIBUIBIFBI YIIKSH eMecC JKoHe 7-1¢eH 16,8
MI/T-Fa JICHiH aybITKUTHIHBIH KOPCETTI.
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Kopwitbinabl. Kopeita kenrennme, -12°C Temmeparypaia MoJUMEpIepiAiH KOHIEHTPI epiTiHaiiaepi
apachlH/la MHTEPIOIMAIIEKTPOIUTTIK PeaKkyst )KYprizy apKbpLIbl KpHOTEIb aily o/ici 931pJIeH/i, ajFall peT
ochl onicnien XuT-NaKMIL] taburu momumepriepiHiy HHTEPIIOIMANIECKTPOIUTTI KOMIUIEKCIHETI31H1e KpHOTeib
anbiHbl. KprorenbaiH MopgonoTuschl, iciHy Jopexeci )KoHEe KPUOTelb KOJIeMi apKbUIbl CYHBIKTHIKTBIH aFy
JKBLIIAM/IBIFBI aHBIKTAJIIbI, COPOIMSIIBIK KAaCHETI3ePTTEIII.

AJBIHFaH KPUOTEJIbl SKOJIOTHsa, KaTalu3/le, MEAUIIMHA/A - CYHEK JKOHE MIEMIPIIeK TIHIEPIH KaJlblHa
KeJTipy/e, Aopi-IopMEKTep Il KETKI3y KyhesaepiHae, OMOTEXHOIOTHsIa KOJIJIaHy MYMKIHIITIH aHBIKTAY YIIiH
3epTTeyaep/i KaJFacThIpy KO3IeIye.

Information about authors:

Orazzhanova Lazzat — NAO “Shakarim Semey University”, Semey, Kazakhstan, candidate of Chemical
Sciences, associate Professor, tel. +7 747 648 69 28, e-mail: lyazzat.7070@mail.ru, https://orcid.org/0000-
0001-7881-0589;

MusabayevaBinur — Astana International University, Nursultan, Kazakhstan, candidate of Chemical Scien
ces,Professor,tel.+77076208586,e-mail:binur.mussabayeva@mail.ru,https://orcid.org/0000-0003-2209-1209;

GaisinaBalzhan — NAO “Shakarim Semey University”, Semey, Kazakhstan,doctoral student of
NAO”Shakarim Semey University”, Semey, tel. +7 775 984 99 50, e-mail: balzhan-1982@mail.ru, https://
orcid.org/0000-0002-8468-2744;

KazbekovaAlua — NAO “Shakarim Semey University”, Semey, Kazakhstan, master’s student of NAO
“Shakarim Semey University”, Semey, tel. +7 708 950 05 86, e-mail: alua_kazbekova@mail.ru, https://orcid.
org/0000-0001-7642-3657;

Sabitova Alfira — NAO “Shakarim Semey University”, Semey, Kazakhstan, Ph Din Chemistry, associate
Professor, tel.+7 700 717 18 40, e-mail: alfa-1983@mail.ru, https://orcid.org/0000-0002-3360-7998.

REFERENCES

[1] Lozinsky V.I. (2014) A Brief History of Polymeric Cryogels. Springer International Publishing. Switzerland, p.48.

[2] Klivenko A.N., Mussabayeva B.Kh., Gaisina B.S., Sabitova A.N. (2021) Biocompatiblecryogels: prepara-tionand application.
Bulletin of the University of Karaganda — Chemistry. Ne 3 (103) pp. 4-20.

[3] Lozinsky V.I. (2002) Cryogels on the basis of natural and synthetic polymers: preparation, properties and application. Russian
Chem. Reviews, vol.71, no 6, pp. 559-585. (in Russian).

[4] Konstantinova N.R., Lozinsky V.I. (1997) Cryotropic gelation of ovalbumin solutions. Food Hydrocoll, vol. 11, no 2, pp. 113-
123.

[5] Izumrudov V.A., Mussabayeva B.Kh., Kassymova Zh.S., Klivenko A.N., Orazzhanova L.K. (2019) Interpolyelectrolyte
complexes: advances and prospects of application. Chemical Reviews.Russian, vol.88(10), pp.1046-1062.

[6] Jagadish Chandra Roy, Ada Ferri, Stéphane Giraud, Guan Jinping, Fabien Salaiin (2018) Chitosan—Carboxymethylcellulose-
Based Polyelectrolyte Complexation and Microcapsule Shell Formulation. International Journal of Molecular Sciences,19,2521.

[7] Izumrudov V.A., Volkova LF., Grigoryan E.S., Gorshkova M.Yu. (2011) Water-soluble nonstoichiometric polyelectrolyte
complexes of modified chitosan. High molecular weight compounds, vol. 53, no 4, pp.515-524.(in Russian).

[8] Suvorova A.I., Tyukova L.S., Borisova T.S., Pletneva L.V. (2005) Sorption of water vapor by chitosan-carboxymethylcellulose
interpolyelectrolyte complexes prepared from solutions. High molecular weight compounds, vol. 47, no 12, pp. 2111-2117.(in Russian).

[9] Kutlusoy T., Oktay B., Apohan N.K., Siileymanoglu M., Kuruca S.E. (2017) Chitosan-co-Hyaluronic acid porous cryogels and
their application in tissue engineering. International Journal of Biological Macromolecules. vol.103, pp. 366-378.

[10] Stoyneva V., Momekova D., Kostovs B., Petrov P. (2014) Stimuli sensitive super-macroporouscryogels based on photo-
crosslinked 2-hydroxyethylcellulose and chitosan. Carbohydrate Polymers, vol. 99, pp. 825-830.

[11] Konovalova M.V., Kurek D.V.,, Litvinets S.G., Martinson E.A., Varlamov V.P. (2016) Preparation and characterization of
cryogels based on pectin and chitosan. Progress on Chemistry and Application of Chitin and its Derivative, vol.21, pp. 114-121.

[12] Mussabayeva B.Kh., Klivenko A.N., Kassymova Zh.S., Orazzhanova L.K. (2018) The use of interpolymer complexes for
environmental purposes. Chemical Journal of Kazakhstan. no 4, pp.187-204.(in Russian).

[13] Kassymova Zh.S., Orazzhanova L.K., Klivenko A.N., Mussabayeva B.Kh., Asserganov D.K. (2019) Preparation and Properties
of Interpolymer Complexes Carable of Soil Structuring. Russ. J. Appl. Chem. No92 (2). pp. 208 — 217.

[14] Popova E.V., Domnina N.S., Kovalenko N.M., Borisova E.A., Kolesnikov L.E., Tyuterev S.L. (2017)Biological activity of
chitosan with different molecular weight. Bulletin of Plant Protection, no 3(93), pp. 28-33.(in Russian).

[15] Cole D.M., Ringelberg D.B., Reynolds C.M. (2012) Small-Scale Mechanical Properties of Biopolymers. Journal of
Geotechnical and Geoenvironmental Engineering. vol. 138. no 9. pp. 1063-1074.

93



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 450 (2022), 94-99 https://doi.org/10.32014/2022.2518-1491.96

O0X: 637.1
FTAMAT 65.63.33

A.B. ToxktambicoBa' J.K. AcembaeBa®, I.T. TyaeeBa!, b.T. Tubim6aeBa?, III.b. Eremona’

'Kazakcran-Peceil MeuIMHANBIK YHUBEpCcUTeTi, Anmathl, Kasakcran;
2AnMaThl TEXHOJOTUSIIBIK YHUBepcHUTETi, AnMarel, KazakcTaH.
E-mail: a.toktamys@mail.ru

KYPFAK KbIMbI3JAFBI IMITUATEPIIH TOTBIFY JOPEKECI

Annoranus. Kazipri yakeitta aiemae kopoHaBupycThIK HHpekuus (COVID-19) nanaeMusicblHaH KoHe
Oacka 1a aypysiap/blH TapalyblHaH TybIHIaFaH KypAesi )Kar1aiira 0aliiIaHbICThL, aypy/Iapabl XaJIblK MEAHLITHACK
ozicTepiMeH eM/ey, OHBIH 1IIiH/Ie JOCTYPIIi CYTKBIIIKBIIABI CyCHIHIAPABI KOJAaHy €pPEKIle MaHbI3IbIIBIKKA K.
Emnik cycblHIapAbIH ilIiHe ASCTYpii Typae Oue CyTiHeH jkacalaThlH KbIMBI3 Kipeai. On TyOepkynes, IuHTa,
TacTPUT JKOHE YHKBI 0e3i aypylapblH KOoca anfanja, TYpil aypyiapasl emMaeyae KoJIAaHblIa bl

KpIMBI3 y3aK yakbIT cakTayra KelIMeiai, 3-4 KYHHEeH KeHiH alliblll KeTiM, NaiganaHyFa skapaMchl3 OOJIbIIT
Kanazapl. COHIBIKTaH KbIMBI3 OHAIPICIHACTI €H 03eKTI MaceNenepAiH Oipi mapaMIbUIBIK Mep3iMi y3aK KbIMBI3
aiy Oomnbin TaObIIa el By MoceseHi menry KbIMbI3/IbI aiiiaigany Mep3iMiH y3apTyFa jKoHe KaKeTTiliri o6ap
Oacka eHipiepre TacskIMangayFa xKaraan skacai bl

bue cyti xaHbIKnaraH nunuarepre Oail eKeHi KemTereH FalbIMIapAblH 3epTreyiepiner Oenrimi. Omap
KBIMBI3/IBIH JKOFapbl CAayBIKTBIPY JKOHE EMJIK KACHETTEePiH AaHbIKTAWTBIH >KapThUIAHKAaHBIKIAFraH >KoHE
KaHBIKIaFaH Mail KbILIKbUIAAPBIHBIH KOl Memepid KaMTHIbl. COHBIMEH KaTap Oy KBIIIKbUIIAP OTTEriMeH
XKoHE 0aCKa TOTHIKTBIPFBIIITAPMEH OHAN TOTHIFaAbl. TOTBIKKAH JMIHUATEP KbIMBI3ABIH JIOMiH HaIIAPIaThII, O
KapamchI3 OOJIBIT Kajla bl

By sxymbIcTa y3aK yakbIT cakTayfa OOJIaTbIH, CyOJIMMAaNMSUIIBIK SICTIEH KENTIPUIreH KbIMBI3 aJbIHIIBI.
Cakray Ke3iHIe KbIMBI3IBIH KYpaMbIHJIAFbl JUMUATEPAC TOTHIFY peakuusuiapbl maiaa Ooimysl MYMKIH, onap
KYpFraK eHIMIEepAiH canacklH TeMeHaeTeli. TaOuFu aHTHOKCHIAHT KBEPLETHHI KOCY apKbUIbl KYPFaK KbIMbI3
YHTaKTapbIHBIH CaKTay MEp3iMiH 6 aiira neiiin y3apTyra Oonabl.

Tyiiin ce3nep: Oue cyTi, Kyprak KbIMbI3 YHTAFbI, CYOTMMALMSUIBIK 9/1iC, TOTBIFY J9peXkeci, KBEpLUETHH.
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CTEINIEHb OKUCJIEHUSA JIMIINIOB B CYXOM KYMBICE

AHHoTamusa. B CcBA3M CO CIOXKMUBIIEHCSH CIOKHOM CHUTyallMed B MHpE, BBI3BAaHHOW MNaHAeMHeN
kopoHaBupycHoi uHdpekunn (COVID-19) u pacnpocrtpaneHreM Opyrux 3a00neBaHHid, OOJIBIIOE 3HAYCHUE
prOOPETAIOT HAPOAHBIE CPEACTBA, B TOM YHCJIE YHOTPEOICHNE TPAAULIMOHHBIX MOJIOYHOKUCIIBIX HAIUTKOB.
K neyeOHBIM HamuTKaM OTHOCHTCS KyMBIC, KOTOPBIH TPaAMLHOHHO TOTOBST W3 KOOBLIbETO Mojoka. Ero
MIPUMEHSIIOT IPH JICUCHUH Pa3IMYHbIX 32a00JIeBaHUI, B TOM YK CiIe TyOepKyiesa, HMHT U, FaCTPUTA U TAHKPEaTHTA.

KymbIc 105IT0 HE MOXKET XpaHUTHCSI, uepe3 3-4 THs CKUCAET U CTAHOBUTCS HEITPUTOIHBIM K YIIOTPEOICHHUIO.
[TosTOMY OZHUM M3 CaMBIX aKTyaJbHBIX IIPOOIEM IPH MPOU3BOJACTBE KyMBICA SIBIISICTCS MOITy4YEHUE KyMbIca C
JUTMTETILHBIM CPOKOM XpaHeHusl. Perienue 3Toi mpoOieMbl TOMOKET IPOJTUTH BPEMsI HCIIOIb30BaHHS KyMbICa
U TPAHCIIOPTUPOBATH €T0 B IPYTUE PETHOHBI, Il OH MOHAZ00UTCSI.

MHorue ydeHble OOHApYXHJIHM, YTO KOOBIILE MOJIOKO OOraTo HEHACHILICHHBIMH JUNHAaMd. B HHX
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COZIEPKUTCA OOJIBILIOE KOTMYECTBO HEHACBHIIEHHBIX M HEHACHIILIEHHBIX KUPHBIX KHCIIOT, KOTOPBIE ONPEAEIISIOT
BBICOKHE O3[JOPOBUTEIBHOE M JIeueOHbIe CBOMCTBa KyMbica. Kpome TOro, 3TH KHCIOTHI JIETKO OKHCIISIOTCS
KHCJIOPOZIOM W JAPYTUMH OKHCIUTENAMHU. OKHUCIIEHHBIE JUMHIBl YXyALIAIOT BKYyC KyMbIca, Jienas €ero
HEIMPUTOHBIM ISl HCIIOJIb30BAHNUS.

B nannoii pabote ObLT oyyeH cyOIMMHPOBAHHBIN CYyXOH KyMbIC, KOTOPBIH MOJKET XPaHUTBCS JUTNTEILHOE
Bpems. [Ipu xpaHeHun B TMnugax KymMbica MOTYT MPOMCXOAUTH PEAKLIMU OKHUCICHUS, YTO CHIKAET KauyeCTBO
CyXuX NpoAayKToB. CpPOK TOJHOCTH CyXUX TIOPOIIKOB KyMbICa MOKHO MPOUIUTH A0 6 Mecs1eB, 100aBUB B HETO
MPUPOIHBIA AaHTHOKCHIAHT KBEPLETHH.

KiioueBble ciioBa: KOObUTbE MOJOKO, CYXOH KyMBIC, CyONMMAIMOHHBI METOM, CTENeHb OKHCIICHUS,
KBEpLETHH.

A.B. Toktamyssova'’, E.K. Assembayeva’, G.T. Tuleeva', B.T. Tnymbaeva', Sh. B.Ygemova'

'Kazakhstan-Russian Medical University, Almaty, Kazakhstan;
’Kazakhstan Almaty Technological University, Almaty, Kazakhstan.
E-mail: a.toktamys@mail.ru

LEVID OXIDENESS IN DRY KUMYSE

Abstract. Due to the current difficult situation in the world caused by the pandemic of coronavirus infection
(COVID-19) and the spread of other diseases, folk remedies, including the use of traditional lactic acid drinks,
are of great importance. Medicinal drinks include koumiss, which is traditionally prepared from mare’s milk.
It is used in the treatment of various diseases, including tuberculosis, scurvy, gastritis and pancreatitis.

Koumiss cannot be stored for a long time, after 3-4 days it turns sour and becomes unusable. Therefore,
one of the most urgent problems in the production of koumiss is the production of koumiss with a long shelf
life. The solution to this problem will help to extend the time of using koumiss and transport it to other regions
where it is needed.

Many scientists have found that mare’s milk is rich in unsaturated lipids. They contain a large amount of
unsaturated fatty acids, which determine the high health and therapeutic properties of koumiss. In addition,
these acids are easily oxidized by oxygen and other oxidizing agents. Oxidized lipids worsen the taste of
koumiss, making it unusable.

In this work, freeze-dried koumiss was obtained, which can be stored for a long time. When stored in the
lipids of koumiss, oxidation reactions can occur, which reduces the quality of dry products. The shelf life of dry
koumiss powders can be extended up to 6 months by adding the natural antioxidant quercetin to it.

Key words: mare’s milk, dry kumis, freeze-drying method, oxidation state, quercetin.

Kipicme. AnamHbIH JAypbic TamaKTaHOaybl ajaM JeHCAylbIFbIHA Kayill TOHAIPETIH METa0OIHKAIIBIK
Oy3butynapra okeneriHi Oenrimi. OcbiFaH OalmaHBICTBI, OYyTiHIE OYKT oyieM OOMBIHINA ©3€KTi Macele —
TaMaKTaHy CalachlH JKaKcapTy OOJIbIN TaObLIA B

CyT IieH cyT eHIMJISPiHiH KypaMbIH/Ia TOJIBIKKAHIbI aKYbI31ap/IbIH, MUHEPAJIIIbI 3aTTaP IbIH, TOPYMEHICP/IiH,
MUKPO3JIEMEHTTEP/IiH 00TybIHA OalIaHBICTHI, OJIAp JKOFAPhl OMOJIOTHSUIIBIK KYHIBUIBIK MIEH JKaKChl CIHIMJILITIK
KacuerTepine ue. Kazipri yakpITTa OMe CyTi MEH KbIMBI3 aJlaMiapFa KONTereH aypyliap MEH MaTOJNOTHSIIBIK
Karaalnapasl emaeyre THIMII KyIITi MEKpOOKa Kapchl Kypall KoHe OMOCTUMYISATOP PETiHAEe MEAMLUHAIA
Konanbiiaabl. COHABIKTaH OYTIiHTI TaHaa OWe CyTi MEH OHBIH OHIMJCpiHE KbI3BIFYIIBUIBIK aptyna [1,2].
KpIMBI3 CYT KBIIIKBUIBI MEH CITUPTTIK allly HOTHXKECIHAE aibiHaabl. KeiMbI3 kyHuenikTi emipne Kaszakcras,
Keipreizcran, Monronus, coHbiMeH Karap Peceit denepalusachlHbIH TYPKI JKOHE MOHFOJI ailMaKTapbIHBIH
TYPFBIHJAPHI apachbIH/a KeHIHeH TapaiFaH [3].

bBue cyriHeH naiibIHAaNFaH KbIMBI3/IbI KOJJIAaHY — MMMYHHUTETTI )KOFAPBLUIATY JKOHE JICHCAYIIBIKTHI )KaKCapTy
MoceJieNIepiH IeNyaiH THIMA1 aici [4].

KpIMBI3IBIH eMJIIK KacueTTepi KeOiHece MalbIHBIH KYpaMbIHIA XOJECTEPUHI €pITEeTiH KaHBIKIAFaH
Mal KbIIIKBUIIAPBIHBIH KOM OOJMYbIMEH OailJIaHBICTBI OHE oOJiap OYJI KOCBUIBICTBIH KAaHTaMBIPJIAPBIHBIH
KaObIprasiapbIHa TycyiHe keaepri kentipeni. COHABIKTaH KbIMBI3 aTePOCKIICPO3Fa )KOHE OHBIMEH OailJIaHBICTHI
aypyJapra Kapchl pOQUIAKTUKAIIBIK Kypall O0JIBIN TadbLIa b [5,6].

ConbIMeH Kartap, Oue CYTiHIH MallbIHBIH TaFbl Oip KepeMeT KacueTi 6ap: oi TyOepKyne3 OakTepusIapbIHbIH

ecyi MeH JIaMybIH Texeii. KeiMbI3na anamra KaxeTTi 0apibik gopymenzep 6ap — B, B, B, C, D, PP xone
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Tarbl OacKajapbl, OJapIblH MeJIIepi CUbIp CYTiHe KaparaHia OipHemie ece komn. COHIBIKTaH KbIMBI3 — OYJI
KYIITI aHTUOMOTHKAIIBIK KYpaJl dKoHE TOPYMEHIEPIIH op TYPIIi KETiCIeYITiri Ke3iH e KaKChl KOMEKTECE/Ii.
AcKazaH-111IeK JKOJIapPbIHBIH 0€3/IEPIHE KaFbIMJIBI 3CEP €Te/li, TOOSTTI apTThIPaIbl, aCKa3aH COIiHIH 06iHYiH
alTapIiBIKTall KAKCApTHIN, ac KOPBITYIBI JKaKcapTalbl, KaH TYy3yre, KYWKe KyWeciHe JKaKChl acep eTell,
KaOBIHYABI JKeHUIAeTeni [6,7]. bue cyTi KyHABl TaFaMIbIK JKOHE MK KaCHeTTepre We KoHE MMMYHHUTETI
oJIcipereH agaMaapra, OHBIH 1LIIHJE KapTTap MEH eMJIeNyLIiiepre TaFraM palMOHbIHIA KOIAaHYAbl YChIHA/IbI
[8].

KBIMBI3 911€TTE KONIaHBUIATHIH AIIBITKBIFA, AIIBITY MPOLECIHIH Y3aKTHIFbI MEH JKarAalbIHA, KYPaMbIHAAFbI
(hepmenTanus ke3iHge OeNiHETIH aHTHOMOTHK 3aTTapAblH OOJybIHA OalIaHBICTHI MHUKPOOKA Kapchl aliKbIH
Oencenniaik kepcereai. by 3arrap ar3aHbiH MH(EKIMSFa TO3IMIUIITIH apTThIpaabl. AF3ara KOkl IIIEK
MHUKPOQIOPAChIHBIH CYT KbIIIKBUIABI OaKTEpUSUIapbIH TY3€Al, OJlap aJaM ar3achlHAarbl ©3iH-e31 yJaHyblHA
OKEJICTIH TIipiTy mporiecTepin 6acamsl. KeIMBI3IBIH TaFaMIBIK KYHIBUTBIFBI a71aM aF3aCchIHIAFBl OMOIOTHUSITBIK
MIPOLIECTEPIl BIHTAIAHABIPAIBI [9].

CyT xoHE CcyT eHiMIepi Te3 Oy3bLIaIbl, ce0edl oJap MUKPOOPTaHU3MIIEPTe KOJAMIIBI JKaFaail jkacaiapl.
CyT eHIMJIEpiHIH >KapaMIbUIBIK MEP3iMiH y3apTy YILiH KOHE OJIapbl 9p TYpJi ceOenTepMeH TaOuFH CYTTiH
JKETKLITIKCI3Iiri 0ap aiiMaKTappl KAMTaMachl3 €Ty YIIIiH OHEPKACIITe KOHCEPBUICHTeH CYTTiH K€H aCCOPTHUMEHTI
HIBIFApPBIIAIBL. O3 Ke3eriH/Ie CYT OHIMIepiH KOHCEpBiiey ©HIMHIH Oy3bITybIHA OKEJIETIH MUKPOOPTaHU3MAEPICH
apbUTyFa MYMKiHZIK Oepeai. Ocbl ce0enTi KOHCEPBUICHIeH KbIMbI3 ally op TYpPJl MaKcarTa >Kbl1 OOWbI TYTHIHY
YIIiH YIIKEH KbI3BIFYIIBUIBIK TYIBIPA/IbI.

CyT eHIMJIEpiH KENTIpyAiH 9p TYpJIi daicTepi 6ap, onap CyChI3JaH/IbIPy Ke3iHAe YHEPTUsIMEH KaMTaMachl3
eTy omicine OainanpicTsl [10,11].

Kazipri yakpITTa KEHIHEH KOJJAHBUIATHIH KENTIPYMiH CYOIUMAITMSUTBIK omici Oenrim, OJ MpoIecTi
KYIIEHTYTE JKoHE KOFaphl carajibl KeNTipireH eHIMAl atyFa MYMKIHAIK Oepeni.

CyOnmmarust — TOMEeH KbICBIM MEH TOMEH TeMIlepaTypaa Kyprary Tocim. KeICBIMIBI TOMEHIETKEH Ke3/1e
CYHBIK Te3 OyinaHa 6acTaii/ibl, COHBIH HOTHKECIHAE TeMIIepaTypa Keaed TOMeHISH I Jie, CYT My3 OOJIbIN KaThIIT
Kanmaapl. OmaH opi KenTipy My3/bl CYWBIK KYHTe KelnTipMecTeH OipJieH CyFa aiHaibIpy JKOIBIMEH JKy3ere
acwIpbUIaibl. CyT Oy TY3yre apHaJIFaH SHEPTUSHBI CoyJie TYpiHje anaabl. CyOJIUMUPIICHICH TaraM CyFa epiTKeH
Ke3Jle caHaysbl MUHYTTapAbIH iIIiHJE alfallKel KallblHA KeJil, )KYFbIMIBUIBIFBIH Aa, ISMIH Je KOHManabl
[8,12].

3epTTey KYMBICBIHBIH MaKcaThl KYPFaK KbIMBI3/IAFbl JTUIUATEPAIH TOTBIFY JOPEKECiH aHBIKTaYy.

3epTTey HbICAaHBI MeH dicTepi. bys 3epTTey KYMBICHIH KY3€re achlpy YIIiH 3€pTTey HBICAHBI PETiHJE
AJMaTbl OOJBICBIHBIH «Aapy IIapya KOXKaJIbIFbIHAH AJIbIHFaH jKaHa CcayblIFaH KMHAKTaIFaH OWe CyTi MeH
KBIMBI3 aJIbIH/IBL. By mapya KO)KallbIFBIHBIH TYPAKTHI KeM-11en 6azackl Oap. CayblH OHeepi 300TeXHUKATBIK
CTaHIapTTapra coKec )KeM-IIeNIeH, CYJIbIMEH KaMTaMackl3 eTiireH. XKanyapiap yHEMi BETEpHHAPIIBIK JKOHE
300TeXHHUKAJIBIK OaKblIayaa O0MaIbl.

bueniy cyTiH ambITy YIIiH 6acTaINKb! KBIIIKBLT PETIHAE CYT KBIIIKBULIB OaKTepUsITapABIH Ta3a JaKbUIIaphI
(Oounrap Tasikiracel) MeH Topyia TypiHJIETI CYT alllbITKbIIAPhl KOJJIAHbLIA b,

Kyprak Oue cyTi ynriiepiHig opraHoNenTHKAIBIK KOPCETKIMTepi CTaHaapT oaicTepiMer 3eprrenai [13].

CyT eHiMAEpIHACTI JIMIUATEPIIH TOTHIFY IOPEKECI KOJOPUMETPHUSUIBIK OMICICH aHBIKTAIAbI. TOTBIFY
nopexecin (E ) ecenrey MbiHa (popmyna GoMbIHIIA KYPri3iaei:

MYHJIaFbl:

P - eniMHIH caJIMarkl, T

A - eHiMJIETT MaliIBIH MeJIIIEpPi,Y%0;

E - enmeHren oNTHKANBIK THIFBI3/IBIK.

3epTTey HOTHIKE/IEPI JKIHE OHBI TAJIAAY. ¥3aK CaKTay Ke3iHJIe KYPFaK KbIMbI3 YHTAFbIHBIH CAllaChIH CAKTay
eTe MaHbI3/Ibl. bue cyTi, JeMeK ojlaH aJbIHAThIH KhIMBI3 KaHbBIKIIAFaH JIMMTUATEpre Oail, onap cakray Ke3iHJe
OTTETiIMEH OHAl TOTBIFaAbl. TOTBIFY ©HIMIEpi, MEPOKCUATEDP, THIPONCPOKCUATED, albJCTUATEP, KETOHAAD,
THJIPOKCH KBIIIKBLIIAPHI KoHE OacKaiapbl KypraK KbIMbI3Fa )KaFbIMChI3 OHE alllbl JIoM Oepelii, OyJ1 OHIMHIH
OY3bLTYbIHA JKEJIC/Ii )KOHE OJ1 TYThIHYFa JKapaMChI3 OOJIBIT Kalla Ibl.

CyOnuManusuIblK  KeNTipy KOFaphl TEMIIEPaTypaliblK ocepiepil oHe arMoc(epasblK OTTeriMeH
KaHBIKTBIPYIbI KOCIIaFaH/a, eHIiMre jkymcak acep ereni. CoraH KapamacraH, CyOIMMAIIMSUIBIK KeTipUIreH
OHIM/IC KapThUTaKaHBIKIIaFaH JTATTAATEPIIH KOFAphl KOHIIEHTPAIMAChIHA OAMIaHBICTHI CAKTAY MCH OHIMHIH
OY3BITYBI Ke31HIe TUMUATEPACT] TOTBIFY peaKIusIapbl OaiiKara bl
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Heri3ri TOTBIKTBIPFBINT — aTMOC(EpANbIK OTTEri, OHBIH OCEPIHEH KAHBIKIAFaH KBIIIKBUIIAD OTTEK
aroMJIapblH KOC OaiJIaHbICTIeH OaMIaHBICTBIPA/IbI JKOHE MIEPOKCHATED Ty3iJeai. MYHBI OJICUH KbIIIKbUIBIHBIH
TOTBIFY MBICAJIBIHJIA KEITIpyTe O0JaIbl.

CH,-(CH,) ,-CH=CH-(CH,).-COOH + O, — CH,-(CH,) ,-CH-CH-(CH,) ,-COOH
OrenH KbIIKBUIBI | |
0-0

OJieUH KbIIIKBUIBIHBIH TIEPOKCH/II

By Typaeri nepokcuaTep Heri3iHeH erep opraHbIH Temieparypachl S0°C sxorapbl 6oica JIUMUATI TOTHIFY
ke3inne Ty3ineni. Erep Toreiry 50°C -Tan ToMeH Temiieparypaja )Kypee, 91eTTe THAPOIEPOKCUATED TY3LIETiHI
JOJIeNACH ]

CH,-(CH,) ,-CH=CH-CH,-CH=CH-(CH,) -COOH + O, —

JIMHOIB KBIKBIJIBI

— CH,-(CH,) -CH=CH-CH-CH=CH-(CH,) -COOH
|
0-O-H

JIMHOJB KBIIKBUTBIHBIH TUPOTICPOKCH/TI

By peaknusinan rHIPONIEPOKCHITEP/IIH KOC OalllaHBIC OpHBIH/A €MeC, OFaH ipreyieC KOMIpTeK aTOMBI
OpHBIHJIA TY3UIETiHIH Kepyre Oomaabl. bys mpouecTi erkeil-Terkeini 3eprrey Koc OailaHbICTap apachblHIa
OpHAJIaCKaH METHJICH TOOBIHBIH MOJIEKYJIaJIbIK OTTErIMEH CaJbICTRIPFAaHAd, METHII TOOBIHBIH KOC OalaHbICKa
iprenec OeJiceH/li eKeHiH KOpceTTi. by eki, yII jkoHe ollaH Jla KeIl KaHbIKIaFaH KOCBUIBICTap OTTeTiHi Oip
KaHBIKIIaFaH KBIIITIKBUTFA KaparaHia oJIeKaima kel ciHipeTiHin kepcereni. COHBIMEH KaTtap KOcapiiaHFaH KOC
OaiiylaHpIChl Oap KapThUIAWKAHBIKIIAFAH KBIIIKbUIIAP alTapibIKTall TYPaKCBI3ABIKIICH cunarraiaasl. Onap
arMoc(epallblK OTTETIMEH OT€ OHAl TOTHIFaJbl, OPTYPJi THAPOIIEPOKCHUATEPAl Ty3eldl, olap 3 Ke3eriHJe
Ti30€KTi paiuKaJAbl TOTHIFY peaKIUsUIapBIHBIH IpoIecTepin OacTaiiapl. bip Hemece OipHeme Koc 6alIaHbICHI
0ap KBIIIKBUIIAP TOJNBIK TPAHC-U30MEpIIepre KaparaHia djjieKaiiia Te3 TOThIFaIbl.

ITepokcuarepae THAPONEPOKCHATEP IMakga OONFaHHAH KEHiH op TYpJi KalTalaMma peakuusiap >Kype
Oacraiijipl, HOTIKECIHAC aNbJCTUATED, KETOHIAP, TUAPOKCH KBIIIKBUIAAPHI JKOHE 0acKa Jia OpraHHKaJIbIK
KochutbicTap Ty3ineni [14, 15].

Jlunuarep/ai TOThIFYIaH KOpFray jKoHE KYPFaK CYTTIH CaKTaly MEp3iMiH y3apTy YIIiH FajabIMIap JIUMTUATEPIIH
TOTBHIFybIHA KAPChI TAOWFU KBEPIIETUH aHTUOKCHIAHTTAPBIH KOJIaHyFa OOJIaThIHBIH AHBIKTA/TBI.

Ksepuernn (3, 5, 7, 3', 4’ - neaTaokcudaBoH) MoJieKynaiblk Maccackl 302, dmaBoHOMATAapFa *)aTadbl, P
JIopyMeHi Oonbll ecenteneni. Anam ymin P nopymeninin Toymiktik Kaxertiairi 0,06 - 1,0 ©. By miccis, Tycci3
cyza epiMeHTiH capbl YHTAK KBUTBI 3TAHOJIa FAHA SPU/I.

Kypratyra neitin op 100 r wmaitra makkauga 0,02r KBepUETHH €PTIHIICIH CYTKe Kocaibl. MbICAJIbI,
MainbuIbIFhI 1,5% cytke 0,003 r kBepreTnH Kocaabl. KBeplieTHHHIH eCenTellil allbiHFaH Meuepin 20 Mit cy
MEH CITUPT KocmackiHaa (3:7) cyTke apanacThIPaIbI.

KBeplieTHH aHTHOKCUIAHTBIH KOJIJIaHy KYPFaK CYTTErl JIMIUIATIH KYPaMbIH TYPAaKTapAbIpyFa, IEPOKCUJITI
TOTBHIFY/IBIH JKBUIAMIBIFGIH TOMEHJIETYTE JKOHE OHBIH JIOMJIIK CAllChIH CaKTayFa MYMKIiHZIIK Oepemi [16,17].
Kenripy yurid Keiukbuiabirsl 100-110 °T GonaThiH KbIMBI3 KOJIAHBULIBL 3ePTTEYre alibIHFaH KbIMbBI3 YIITiIepi
eKki Hyckara OemiHfi: OipiHmI OakpLIay YINTiCi, al eKiHI aHTHOKCHJIAHT KBEPIETHH epiTiHJICI KOCBUIFaH
3epTTENeTIH YITi.

Byt sxymbIcTa KBIMBI3IBIH €Ki YITiciie CyOmMMalysUIbIK oicIieH KenTipiaai. KpIMbI3abIH op yirici skeke
KENTIpTimTiH cyOnmmuMaTopeiHa caimsiaFal 1,5-2,0 cM kabarel Oap KoHTeWHeprepre Kyibuiael. Kentipy 6oc
BUIFAIIJIBUIBIK TOJIBIK KOMBUIFAHFA JICHIH, KYPFaK KbIMbBI3AFbl bUIFAJJIBIH MaccalblK yieci 3,7% OonraHiia
Kyprizinmi. KeIMBI3IBIH €Ki YATICIHIH e Kyprak YHTaKkTaphl (0akbuiay XOHE KBEPIIETHHMEH) OipTeKTi
OOpIBUIJIAK, AKIIBLI-CAPbl PEHJII aK TYCTI; AOMi JKarbIMIbl, KbIIIKbUI-TITTI 00161, Kyprak KbIMbI3a 0apIibiK
KOPEKTIK JKOHE MK KOMITOHEHTTEep cakTaiabl. Kyprak KbIMbI3 YHTaKTaphl Temmeparypacel 25-26 °C cyma
TOJNBIK OHaW epui, 11 T yHTaKKa 89 M Cy KOCHIN, apaiacTeipranHad keifin 100 Mt cyibIK OipTEeKTi KBIMBI3
ayra OoJabl.

Kpmb1z  yaTakrapsl 0,50 J1 OIBIHBI BIABICTApFa CajBIHBIN, TEPMETHKANBIK >KaObUTambl koHe 2-6°C
TeMIepaTypaja CaKTaIabl.
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3epTTey KYMBICH OapbICBIHA AHTHOKCHIAHT KOCBUIFaH ’KoHe OaKbUIay YATICIHAETT KbIMBI3 YHTaKTaPbIHBIH
caracsl YUI )KOHE anThl ail cCaKTaJFaHHAH KeWiH OPraHoJIENTUKAIBIK KOPCETKIIITEPl MEH JIUIUATEPAIH TOTBIFY
JOpeKeCiHiH ocyi OobIHIIA OaranaHabl. KpIMbI3 yITiepiHiH OpraHONENTHKAIBIK KOPCETKIITEPl TOMEHIET1
1-kecTeie KeNTipiireH.

Kecre 1 — Kyprak KbIMBI3 YIT1IEpiHIH OPraHOIENTHKAIIBIK KOPCETKIMITepl

OpraHonenTUkaiblk | 3 aif cakranraH KbIMbI3 Yiriiepi 6 aif cakTanFaH KbIMbI3 YITiIepi
KOpCeTKiTepi baxkpuiay yarici | 3eprrenerin yiri | Bakpuiay yurici 3epTTeneTin yiri
Jomi KbIMBI3Fa TOH JKaFbIM/Ibl KbILIKBUI-TOTTI 0Mi Gap. | KbILIKbLI, CAObIH/BI JOMIE | KbIMBI3Fa TOH YKAFbIM/IbI
e OoIbl KBIIIKBII-TOTTI 1oMi Oap
HUici KBIIIKBLUI/IaH, CIIUPTTEH JKOHE apOMaTTAWThIH Il MalIbIH Hici 6ap XOLI MiCTi
3aTTapaaH KypajFaH »KarbIMJIbI XOII Hici 6ap
Tyci COJI aKIIBLI PeHi 0ap aK TycTi capsl TYCTI COJI aKIIBLI PeHi 0ap aK TycTi

Kecteneri anplHFaH HOTIDKENEPACH YII aii cakTaFraHHAH KeWiH KYpPFaK KbIMbI3 YHTAKTapBIHBIH €Ki Yrici
JIe KQJIBINThI OPraHOJICNITHKAIBIK CUIIaTTaMalIap KOPCETTI: CAJl aKIIbUI PeHi 0ap aK TYCTi, KaFbIM/Ibl KbIIIKbLI-
TOTTI JIoM1 MEH XOIII hici 0ap, OanFbIH OHIMIET1IeH 00JIIbl. AJl KBEPIICTUH aHTHOKCHIAHThI KOChUIFaH KYPFaK
KBIMBI3 6 ali cakTaJFraHHaH KeHiH JoMi, Hici MeH TYCIH ©3repTIeH KallbIIThl OpraHOJIeN THKAIBIK KOPCETKIIITepiH
cakTajpl, ajl 6 ail caKTaraHHaH KeWiH OakpUIay YJTICIHICTT KYprakK KbIMbI3 KBIIIKbUI, CAOBIH/IbI JIOMIC UE
OOJIBIII, alllbl MAMJIBIH HICI CEe31J1]1i, Capbl TYCTI OOJJIBI.

CyOMMaIUsUIBIK 9IICTICH aJIbIHFAH KYPFAaK KbIMbI3 YHTAKTAPbIHIAAFbI JTUITHITEPIH TOTBIFY JOPEKECIHIH
JIMHAMHKACBIH Tajljiay HOTHXKeNIepl 1-cypeTTe KeaTipiareH.
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BanreIn KYPFaK KbIMBI3 3 ai 6 ail

JIHnmnaTepAin TOTHIFY JdpexKec

mBakpuiay yarici  ® 3eprrenerin yari

Hotmxenep opraiia cTaHaapTThl KaTeHi ecenTey Herizine ajabiHubl, n=7, p<0,05

Cyper 1| - CyOnumanusuibIK 9/JiCTIeH ajibIHFaH KYPFaK KbIMbI3 YHTAKTAPbIIAF bl
JUMUAATEPIIH TOTBHIFY IOPEKECiHIH TMHAMUKACHI.

AJNBIHFaH HOTHXKEIIEP/ICH OacTaIlKbl ajbIHFaH KYPFaK KbIMbI3/Ia JIMITUATEPIIH TOThIFY qopexeci 13,42+0,70
OoJFaHbIH Kepyre 00ma Ibl. Y1 aiijjaH COH OaKbliIay MEH KBEPIETHH KOChLUIFaH KbIMBI3 YT LICPiHIH IUTUATEPIIH
TOTBIFY JIopexkeci OOibIHIIA a3 epeKieneH/ i, tuicinme 47,58 + 1,28 xone 31,33 £ 0,53 kypazsl.

6 aif cakTaraHHaH KeliH OaKplIay YATICIHIET] KYPFaK KbIMBI3IBIH TOTBIFY JIOPEIKEC] kY3 TPaJTyCTaH JKOFAPbI
ketepinai, sran 103,06 & 3,87 6onnbl. bakpuiay yuriciHmeri KbIMbI3 )KapaMChi3 OOJIBIN Kbl AJl KBEPICTHH
AHTHOKCHUJIAHTHI KOCBUIFaH KYPFaK KbIMbI3/Ia JIUIHITEP/IIH TOTBIFY IOpekeci eneycis ecti, 54,69 + 2,53.

KopbITbiaabl. Kyprak KbIMBI3 KYpaMbIHIa KOTI MOJIIIEp/ie KaHbIKIIaFaH Mail KbIIIKbIIIAPB! 0ap, onap Te3
TOTBIFa bl BYJT )KYMBICTa CYyOIMMAIIMSTIAHFaH KYPFaK KbIMbI3 YHTaKTapbia 2-6°C TeMmneparypana 3 aira aeiin
cakrayra OOJNaThIHBI JOJENCH . byl karmaiia JUOUATEPAiH TOThIFYbl Oonmaiinbl. ComaH KeliH cakray
Ke3iH/1e oJlap/IbIH O1pTiHCT TOTHIFYbI OaliKasa bl )KoHE 6 aliFa NeiiH KYpPFaK KbIMbI3 )KapaMChl3 OOJIBIT Kaja lbl.

TaOuru aHTHOKCHJAHT KBEPIETUH/II KOCY apKbUIbl KYPFAaK KbIMBI3 YHTAKTapbIH CaKTay Mep3iMiH 3 aiiaH
6 aiira nmeiiin y3aptyra Oonaapl. bysl CcyT MIMKi3aTbIH YHEMAEY MOCEJEeCiH HIelIe i, KbIMBI3IbIH Kayinci3mir
KaMTaMachI3 €TiJe/li )KOHE KhIMBI3Ibl a3bIK-TYJIIKKE IMaiallaHy yaKbIThIH Y3apTaJibl, KbUIIbIH Ke3 KEJTeH
YaKbITBIHJIa OHBIH KQXETTLIIr Oap 0acka aliMakTapra TackIMalliayFa MyYMKIHJIK TyaJIbl.
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EFFECT OF FLUORINE CONTENT ON THE MECHANICAL PROPERTIES
OF DIAMMONIUM PHOSPHATE GRANULES

Abstract. This article claims that diammonium phosphate can be obtained not only from thermal phosphoric
acid, but also from extraction phosphoric acid, for which extraction phosphoric acid undergoes a two-stage
purification process. Diammonium phosphate (DAP) is a salt containing two nutrients, phosphorus and
nitrogen, used as a concentrated feed. DAP fertilizer contains diammonium phosphate and monoammonium
phosphate, as well as several additives containing primary phosphoric acid. Extraction phosphoric acid differs
not only in the concentration of P,O,, but also in the content of impurities. The main additives in the extraction
phosphoric acid are sulfuric acid, calcium, magnesium, iron, fluorine, aluminum, silicon, sodium, potassium and
dimensional substances. Almost all of them affect the composition and technology of diammonium phosphate.
During the ammonification process, some impurities from the extracted phosphoric acid are converted into a
form insoluble in water, which affects the rheological properties of the reservoir, solubility and absorption of
nutrients. The main component of the extraction phosphoric acid is sulfuric acid, which, when neutralized,
turns into ammonium sulfate. Ammonium sulfate is a stable azigroscopic salt that can be used as a fertilizer on
its own. The presence of ammonium sulfate stabilizes the granulation process, therefore, it is recommended to
add sulfuric acid from thermal phosphoric acid to the composition of diammonium phosphate. DAP can also
be used instead of fertilizers. In addition, DAP is used in food, medical and many other industries.

Key words: fertilizer, extraction phosphoric acid, diammonium phosphate, evaporation, off-balance
phosphorite.
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BJIMSTHUE COJAEPXKAHUS ®TOPA HA MEXAHUYECKHUE CBOMCTBA
TPAHYJI JUAMMOHUMN®OCDATA

AnHoTanusi. B crarbe yTBepikaaercs, 4Tto nuamMMOHMK(pOc)aT MOXKET OBITh MOIY4YEH HE TOJNBKO M3
TepMUUECKOH (HOCPOPHOH KHUCIOTHI, HO TAKXKE M3 IKCTPAKUMOHHOW (PoChOpHOI KMCIIOTHI, Uil KOTOPOH
9KCTpaKkroHHas GochopHast KHCIOTa MPOXOAUT ABYXCTYIEHUATHIN mpouecc ouyncTku. JunamMmmonuiidocdar
(JAD) — sT0 comb, comeprkaias JBa MUTATEIbHBIX BellecTBa, Gochop M a3oT, UCTIONb3yeMasi B KauecTBe
KOHLEHTPUPOBAaHHOTO KopMma. Ymobpenue HAD comepxur nuamMmonuidocdar u MonoaMmmonuiigocdar, a
TaKKe HECKOJIBKO J100aBOK, COAEpKAIMX MEpBUYHYIO (ochopHyto KHCIOTY. DKCTpakuuoHHas pocdopHas
KHCJIOTa OTIIMYAETCS HE TOJBbKO KoHueHTpanuei P,O,, Ho u conepxkanuem npumeceid. OCHOBHbIMU J100aBKaMu
B OKCTPAKUUOHHYIO (HOCHOPHYIO KUCIIOTY SIBISIIOTCS CEpHAas KHCIIOTA, KajJbLWH, MarHWUH, jkene3o, QrTop,
QIIOMUHMN, KPEMHUH, HATPH, KaJIMi U pa3MepHbIe BelecTBa. [IpakTudecku Bce OHM BIUSIIOT HAa COCTaB H
TEXHOJIOTUIO JuaMMoHuiidocara. B mporecce aMMOHU3aIMK HEKOTOPBIE MIPUMECH M3 AKCTParMpOBaHHON
(docdopHOil KHCIOTH MPEBPALIAIOTCS B HEPACTBOPUMYIO B Boae (hopMmy, 4TO BIHMSIET Ha PEOJOTHYECKHUE
CBOICTBa pe3epByapa, PacTBOPUMOCTb M MOMIOLIEHHE MHUTATENBHBIX BelIeCTB. OCHOBHBIM KOMIIOHEHTOM

100



Volume 1, Number 450 (2022),

IKCTPAKIHOHHOH (hOCHOPHOM KUCIIOTHI SIBIISICTCS CEpHAsi KUCIIOTAa, KOTOpasi IPY HEUTpaIu3aluy peBpalaeTcs
B cyabdar ammoHus. Cynbpar aMMOHHUS — 3TO CTa0MIbHAs a3UTPOCKOMHMYECKAsl COJb, KOTOPYIO MOXHO
HCTIOJIb30BaTh Kak ymoOpeHue camocTosiTenbHo. Hammume cynbdara aMMOHHUS CTaOMIM3UPYET MpOLEcC
IpaHyIUpOBaHUs, TIOATOMY B COCTaB JHaMMoOHHUI(ochaTa pekoMeHayeTcss J00aBIsITh CEPHYIO KHUCIOTY M3
Tepmuueckoil hocdoproit kucnotel. JJAD Taxke MOKHO HCIIOIB30BaTh BMecTO ynoOpeHuit. Kpome Ttoro,
JA®D ucnionb3yeTcst B MUILEBOH, MEIUIIMHCKON ¥ MHOTHX JPYTHX OTPACIISIX MIPOMBIIUIIEHHOCTH.

KiioueBble ciioBa: ynodpenue, sKkcTpakiuoHHas ¢pocdopHas KuciaoTa, iuaMMoHuiidocdar, BelnapuBatue,
3a0anaHcoBbIX (HOCHOPHT.
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JTAAMMOHHUMN ®OCPAT TYAIPIIIKTEPITHIH MEXAHUKAJIBIK KACUETTEPIHE
®TOP KYPAMBIHBIH 9CEPI

Annorauusi. byn makanana auamMmMoHui(ocharTel TeK TepMUSUTBIK, Gochop KBILIKbUIBIHAH FaHa €Mec,
COHBIMEH KaTap SKCTPaKUMUIBIK (HOCOp KBIIIKBUIbI alyFa OONATBIHBIH JKOHE Ol YIIIH SKCTPaKLUSIIBIK
(hocdop KBIIKBUIBI €Ki caTbUIBI Ta3aay npouecineH oTkizineni. Anammonuiidocdar (JLAD) — mIOFBIPIBI KeM
peTiHae KONAaHBIIATBIH €Ki KOPEKTiK (ocdop kKoHe a30T IeMeHTTepi Oap Ty3aapra skatausl. ThIHAMTKBILI
JA®D xypambiHa nuamMMoHuiocdar xoHe MoHOaMMOHHH(ocdat, coHbIMeH Karap Oactamnksl (ocdop
KBILIKBUIBIHBIH KYPaMbIHIAFbI OipHEIIe Kocmanap Kipei. DKCTpakuusibik Gochop KbIIKbUIb TeK Kana P O,
LIOFBIPBIMEH FaHa epeKILeNIeHIN KOWMaiIbl, COHBIMEH KaTap KypaMbIHAAFbl KOCTIaJapMeH ¢ epeKILeIeHe .
OKCTpakIUsUIBIK (ocOp KBIIIKBLIIBI KYPaMBbIHAAFBI HET13T1 Kocnanap KYKipT KbIIIKBUIBI, KaJblHid, MarHui,
Temip, QTOp, AITIOMUHMH, KPEMHHH, HATpHH, Kalui >KoHE ejmemi 3artap Oonbin TaObuansl. Onapiasiy
OapibIFbl Jepilik nuaMMoHHK(oc)aT KypaMbl MEH TEXHOJIOTHSICBIHA 9cep eTell. AMMOHHM3aUUsIap ypaici
Ke3iHAe DKCTpakIMsIbIK Gochop KBIIKBLIIBI KypaMblHaH KocmanapasH O0ip Oemiri cyna epimeiTin hopmara
OTill, KOWMAJKBIHHBIH PEOJIOTUSIIBIK KACUETIHe, KOPEKTIK 3aTTap/IblH CpIrillTiri MeH CIHIpIMILIIriHe acep
eTeli. DKCTpakIMsIIBbIK (ochOop KBIIIKBUIBI KypaMbIHIAFbI HET13r1 Kocma KYKipT KbIILKBUIBL, 01 OeiiTrepanTay
Ke3iHJe aMMOHMHU cyib]arbiHa eTeai. AMMOHUE Cynb(haTbl TYPAaKThl a3TMIPOCKOMHUSIBI TY3, O ©3IiriHeH
TBIHAMTKBI peTiHAe Maiaananyra Oonaabl. AMMOHHUE Cynb(aThIHBIH KaTBICYbl TYHIpIIIKTEY YpAiCiH
TYpaKTaHIBIPAIbl, COHABIKTAH TEPMHUSUIBIK (ochop KBIMIKBUIBIHAH aJibIHATBIH JAHaMMOHHI(OCHaTThIH
KypaMblHa KYKIPT KbIIIKBUIBIH KOcy YchiHbIIaAbel. OnaH Oacka JA®D-TeI Tamak eHAipiciHae, MeAMLUHAIA
caJlachlH/Ia J)K9He 0acKa Ja KenTereH oHIipicTep/e KOINAaHbICHIH TalKaH.

Tyiiin ce3aep: THIHAWTKBIN, SKCTPAKUUIBIK (HOCHOp KBILKBUIBL, AnaMMoHuiidocdar, OyraHabpy,
OanancTal ThIC POchHOPUT.

Introduction. One of the directions of the chemical treatment of phosphorite is its decomposition with
sulfuric acid by the dihydrate method to obtain phosphoric acid [1]. Extractive decomposition of phosphorite
with sulfuric acid is a process that occurs with the formation of phosphogypsum and release into the gas
phase in the form of HF and SiF, and processing it to silicic acid. A certain amount of fluorine remains in the
composition of phosphoric acid obtained from phosphorite [2]. This affects the quality of the products obtained
from it.

The influence of fluorine on the strength and tightness of diammonium phosphate obtained from extraction
phosphoric acid is considered.

For a better manifestation of the effect in determining the compaction of DAP granules from off-balance
phosphorites [3,4], they were preliminarily moistened to-2,0%, since DAP belongs to the number of fertilizers
with a low density.

As aresult of the study, it was found that during ammonization containing fluorine-containing EPA, fluorine
forms amorphous gel-like compounds, as a result of which celluloses become thick and viscous. To ensure
their mobility, it is necessary to maintain high humidity [5]. High humidity reduces the overflow of solutions,
which leads to a decrease in the number of nuclei, a decrease in the rate of crystallization and an increase in
crystal size.

Inaddition, the presence of ammonium fluoride in ammonium phosphate solutions prevents the crystallization
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of diammonium phosphate and shifts the pH value upward [6,7]. An increase in the fluorine content in current
EPA increases the solubility of the products of the ammonization process.

Materials and methods. Samples of DAP granules homogeneous in grain composition, native ratio, water
content, and content of various fluorine were prepared from a mixture of steamed and unpaired EPA obtained
from off-balance phosphorites [8]. The pressing of the manufactured samples was shown in (according to the
method) and the static strength of the granules was determined [9]. The phase composition of diammonium
phosphate obtained in the study is presented in Table 1.

Table 1. Phase composition of DAP
Composition, wt%

Compounds sample Nel sample Ne2
NH,H,PO, 77.0 78.0
(NH,),SO, 9.9 8.5
(NH,),HPO, <0.5 4.0
CaSO,5H,0 - 1.0
Ca(H,PO,), amorph. 4.0 2.5
(NH,),SiF, 3.45 0.6
Na,SiF, 0.7 0.6
K SiF, 0.30 0.20
FePO,*2H,0 1.45 1.25
AIPO,*2H,0 1.2 14
LnPO,*H,0 0.5 0.6
H,0 1.3 1.3

It was found that an increase in the mass fraction of fluorine in DAP reduces the strength of the granules
and increases their elasticity (Figure 1-2).

300 -
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Fluorine content, %

Figure 1. Dependence of the caking of DAP (with an increase in humidity up to 2%) on the fluorine content

Results. What we see when analyzing figure-1 is that as the fluorine content increases, the tightness of
the product increases [10]. With a fluorine content of 1.5%, the compaction value is about 25 kPa, and with
a fluorine content of more than 3.3%, the yield reaches 250 kPa. That is, this means that the fluorine content
in the extraction phosphoric acid, obtained from off-balance phosphorite of the Zhanatas deposit, affects the
quality of the finished product and its consumption. In order for it not to have a negative effect [11], it is
necessary to clean the EPA.

At the current moisture content (0.75-1.35%), all samples showed a high strength of the granules (however,
it decreased due to an increase in the volume of fluorine) and the absence of compaction (the static strength
of the granules was determined according to GOST 21560.2-82, and compaction according to the method
indicated in work) [12].

Figure-2. Shows the strength indicators of a product with a fluorine-containing composition. That is, as the
fluorine content decreases, a decrease in the product strength from 4.8 to 2 kPa can be observed. In order for
the strength and tightness of the product to meet the standard, special attention must be paid to the composition
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of the extraction phosphoric acid used in the production of diammonium phosphate. That is, it is necessary to
go through the process of purification of extraction phosphoric acid obtained from off-balance phosphorite of

the Zhanatas deposit.

Strength of granules, MPa

0

3,5

4

2

2,5

3

1,5

Figure 2. Dependence of the static strength of DAP granules on the fluorine content

At the same time, the dependence of the density and static strength of DAP granules on fluorine obtained
in technological systems with the installation of drum granulating dryers of unevaporated EPA (36-38% P,O,)

and evaporated EPA (52%
results are shown in Figure
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Figure 3. Dependence
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P,O,) from off-balance phosphorite of the Zhanatas deposit was investigated. The
s 3-4.

<
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of the caking of DAP (with an increase in humidity up to 2%), obtained under
production conditions, on the fluorine content
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Figure 4. Dependence of the static strength of DAP granules obtained under industrial conditions on the

fluorine content
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Discussion. Subsequently, all samples were moistened with a mass fraction of water of about 2.0% (1.9-
2.2%) and stored in a sealed container for two days to drain water throughout the volume of the product.

After moistening, the strength of the sample with a low fluorine content slightly decreased and did not
become compacted [13,14]. The rest of the samples when moistened in most cases have a reduced strength
and increased tightness, the deterioration of their physical properties is explained by an increase in the fluorine
content of DAP.

At the same time, microscopic studies of the surface layers and sections of granules with different fluorine
content were carried out, the results of which are shown in Figures 5 and 6. As shown in the figure, the structure
of DAP granules with a fluorine content below 1% is dense, the granule surface is uniform, smooth, shiny [15].
The granular cut is also uniform in volume, one smooth, without any build-up.
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Figure 5. Surface of DAP granules with different fluorine content (Increased up to 1000 times)

The fluorine content is 2% more than DAP Fluorine content is 1% less than DAF
Figure 6. Sections of DAP granules with different fluorine content
(Increased up to 25 times)

Conclusion. DAP granules with a fluorine content of 2% are uneven over the surface and volume of the
granules. The surface of the granule is uneven, uneven, there are uneven areas, which, in turn, form a porous
structure. The granular cut is also uneven, uneven. In some places of the granular volume, crystalline processes
are found, the granular-forming structure (core, surface layer) is clearly visible.

An increase in the fluorine content and a decrease in the concentration of the current EPA (in the process
of ammonization) impede the process of general crystallization during granulation, increase the crystallization
time and the size of the resulting crystal. As a result, the number of phase contacts between crystals decreases,
the granular structure becomes more porous and less durable, and the mobility of water-salt complexes in the
granules is ensured. This, in turn, leads to a decrease in the strength of the granules and the compaction of the
fertilizers. As shown in Figures 5 and 6, DAP granules with a high fluorine content (more than 2%) have larger
crystals in comparison with a lower fluorine content, higher porosity, and lower density. As already noted, as a
result of ammonization in the production of DAP, silica gel also negatively affects the structure of the granules.
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