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

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

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

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

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

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

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

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

C yBakeHunem,
BbaarorBopurebHblii ®oHa «XaabIK»!



Bac pepaxrop:
KYPBIHOB Mypar ’KypbIHYJIbI, XUMHUS FBUIBIMIAPBIHEIH JOKTOPSL, ipodeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukace!l ¥ITTBIK FBUTBIM aKaieMusichiHbIH npe3ueHTi, AK «J1.B. CokobCkuii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE IEKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopbl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankacel:

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

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

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

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

XOXMAHH J[Ixymut, Ceren ynusepcureriniy ®Papmauesruxa daxysapreTinin PapMakornosus
KadeapachHBIH MeHrepymrici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TTOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Bernrpust) H =38

POCC Camup, PhD noxropbl, Muccucunu yHUBEpCHTETiHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirel, Papmanust Mmektebinin npodeccopst (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Burannii, punocodus gokropst (PhD, (apmarerr), Pequnr yHHBepCHTETiHIH
npodeccopsr (Peaunr, Aurus) H = 40

TEJTAEB Bargar Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymreci, Kaszakcran PecnyOmukacer WHgycTpust koHe HWH(PPAKYpBUIBIMIABIK —JaMy
munucTpiiri (Anmarsl, Kasakcran) H = 13

DAPYK Acana Jlap, Xamnap ans-Mamxuaa [IsFsic MeuiHa KoJUIepKiHIH Tpodeccopsl, Xamaap
yauBepcuteTiHig Lsrpic Mmequiuna akynsreti (Kapaun, [Tokxicran) H =21

®A3bIJIOB Cepik /IpaxmMeTy.ibl, XUMHS FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
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opsiabOacaps! (Kaparausl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHs FHUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xumust koHe XUMMSUIBIK TexXHOJOTHsS HMHCTHTYTHI (Bimikek,
Kpiprezcran) H = 4

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

DAP3AJIUEB Barug Mekuaoribl, XuMys FBUTBIMAAPBIHBIH TOKTOPEL, podeccop, ¥FA akanemuri
(Baky, O3ipoaiixan) H=13

TFAPEJIMK Xempa, ¢unocodus noxropsr (PhD, xmmus), Xanplkapallblk Taza jKOHE KOJIaHOAIBI
XMW OJIaFbIHBIH XMHUS KOHE KOpIIaraH opTa OemnimiHiH mpe3uaeHTi (Jlonmon, Aurmms) H = 15

«KP ¥T'A Xa6apaapbl. XuMus K9He TEXHOJIOTHS CEPUACHD
ISSN 2518-1491 (Online),
ISSN 2224-5286 (Print)
Menmrikrenynri: «Ka3akctan PecnyOnukachiHBIH YITTBIK FbUIbIM - akagemusickly PKB  (Anmarer  k.).Kazakcran
PecnyOnukachIHBIH AKIapar jkoHE KOFaMIBIK JaMy MUHUCTPIIriHIH AKmapar kommteTinze 29.07.2020 x. Gepinren
Ne KZ66VPY00025419 mep3iMaik 6achLIbIM TipKeyiHe KOHBLTY Typalibl KyolliK.
TaKBIPBINTHIK OAFBITBI: OPeAHUKANBIK XUMUSL, OCUOP2AHUKALLIK XUMUS, KAMAU3, JNLEKMPOXUMUSL HCIHE KOPPO3US,
hapmayesmuKanblK Xumusi HeaHe MmexHoIOSULIAP.
Mep3iMIiiiri: )KbUIbIHA 4 peT.
Tupaxel: 300 nana.
Penakiusasiy MexeH-xaibl: 050010, Anmarer K., IlleBuenko ke, 28, 219 6eur., Ten.: 272-13-19
http://chemistry-technology.kz/index.php/en/arhiv

© Kazakcran PecriyOnukacelHbIH YITTHIK FUTbIM akagemusicel PKB, 2024

Pepakumsiabia Mekemkaiibl: 050100, Anmars K., Konaes k-ci, 142, «J1.B. CokonbCckuii aTblHAAFbI OTBIH, KaTaaH3
JKOHE HIEKTpoXuMus HHCTUTYThI» AK, ka0. 310, teint. 291-62-80, dakc 291-57-22, e-mail:orgcat@nursat.kz



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

Penaxkuuonnas xosuierus:

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

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

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

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

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

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

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

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

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

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

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

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

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

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npesunent Otnena XUMUH U OKpYsKaromieit
cpensl MexxIyHapogIHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15
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Abstract. Metal nanoparticles and metal oxides are promising antibacterial
agents. Currently, the use of metal nanoparticles and their oxides with antimicrobial
properties is exceedingly high, because in comparison with organic antibacterial agents
nanocrystalline metal oxides have greater durability, less toxicity, better selectivity and
heat resistance. The main promising direction for expanding the range and improving
the properties of linen materials of various compositions is the modification of existing
fibers and finished textile materials in order to give them new properties. The article
presents data on the development of linen materials with antimicrobial properties using
zinc nanoparticles. The synthesis of zinc oxide nanoparticles in aqueous medium in
the presence of stabiliser polyvinylpyrrolidone has been studied. Using electron
scanning microscopy, it is shown that zinc oxide nanoparticles of different structures
are formed. Studies have shown that the formed nanoparticles having a shape close to
the spherical and rod-shaped are stable, do not precipitate and do not change colour for
several weeks. And also, the effect of concentration of zinc, reducing agent, stabiliser
on the synthesis of zinc nanoparticles was investigated. Increasing the concentration of
initial reagents leads to the formation of particles, both rod-shaped, and needle-shaped,
and arbitrary shapes. It is shown that the addition of polyvinylpyrrolidone effectively
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reduced the coalescence between the nanostructures of zinc oxide nanoparticles, which
allows achieving a uniform particle size. Optimum conditions for the treatment of linen
materials with zinc oxide nanoparticles were developed. Antibacterial properties of
materials modified with zinc oxide nanoparticles were investigated. It is shown that
linen materials modified with zinc oxide nanoparticles have antibacterial activity against
bacteria and mould fungi.

Keywords: metal nanoparticles, zinc oxide nanoparticles, flax materials, polyvin-
ylpyrrolidone, antimicrobial properties
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AHHOTanmus. MeTalll )KoHe MeTaJll OKCUATEPIHIH HAaHOOOIIIEKTEePiHiH OoIamarbl
30p OakTepusira Kapchl areHTTep Oonblm TaObutagbl. Kasipri yakelTTa MHKpOOKa
Kapchl KacHeTTepl 0ap MeTayul HaHOO®JIIIEKTepl MEH OJIap/IbIH OKCUATEPIH KOJIJIaHy
eTe JKOFapbl, OUTKEHI OPTaHUKAIBIK bakTepusiFa Kapchl areHTTEPMEH CalbICThIPFaH/1a
HAaHOKPHUCTAIABI METa/NT OKCHUATEpPl OEpIKTIri JKOFaphl, YBITTBUIBIFEI TOMEH,
TaHJAMAJIBUIBIFBl MEH BICTBIKKA TO3IMIUTIIr JKOFapbl. OPTYpPIi KypamIarbl 3bIFBIP
MaTepranJapblHbIH aCCOPTUMEHTIH KEHEHTY MEH KAaCHUETTEpPiH >KaKCapTyIbIH HEri3ri
MEPCIEKTUBANBIK OarbIThI-ONapFa JKaHa KacueTTep Oepy MakcarblHAa OypbhIHHAH
0ap TaNMIBIKTap MEH JaiblH TOKbIMa MaTepualapblH e3repTy. Makanasa MBIpBIII
HaHOOOJIEKTEePiH KOJJaHa OTBIPBIN, MHUKPOOKa Kapchl KacwerTepi Oap 3BIFBIP
MaTepHajapblH jKacay Typalbl MAJIIMETTep KedTipiareH. [lolMBHHUIIHMPOINIOH
TYpaKTaHbIPFBIIIBIHBIH KATHICYBIMEH CYJIBI OPTa 1a MBIPBII OKCH /I HAHOOOIIIEKTePiHIH
CHHTE31 3epTTeI 1. DIEKTPOH bl CKaHEPIICY MUKPOCKONHSICHIH KOJIaHFaH Ke3/1e 9pTYpIi
KYPBUTBIMIAFbI MBIPBILI OKCH/IIHIH HAHOOOJIIIIEKTepi Maliaa 00IaThIHABIFbl KOPCETUITEH.
3epTTeyiaep KOpPCeTKeH/ICH, MillliHI cepablK KoHE TasKIIa TOPi3li HaHOOOJIICKTEep
TYpaKTHI, OipHelIe anTa inrHje TyHOara Tycrneli Hemece Tycin esrepreiini. Connaii-
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aK, MBIPBIII KOHIEHTPAMACHIHBIH, TOTHIKCHI3AaHABIPFBIILTHIH, TYPAKTaHIbIPFBIIITHIH
MBIPBIII HAaHOOGJIIEKTEPiHIH CHHTE3iHe ocepi 3eprreni. bactankel peareHTTEpAiH
KOHLEHTPALHUSICHIHBIH KOFapblIay bl TASKIIA TOPi3/li, HHE TOPi3/i )KoHE epiKTi hopMagarsl
OeumiekTep/iH maiina OonybiHa okeneni. [IOMUBHUHUITUPPOIUAOHIBI KOCY MBIPBIII
OKCH/Ii HAHOOOJIIIEKTePiHIH HAHOKYPBLUTBIMIAPHI apAChIH/IAFbI KOAIECIICHITUSHBI THIM/I1
TOMEH/JIETIM, OeJIIeKTep IiH OipKeNIKi MeIIepiHe KO KeTKi3yre MYMKiHIIK OepeTiHi
KOpCEeTiITeH. 3bIFbIP MaTepHaIIaPBIH MBIPBIII OKCUIHIH HaHOOOIIIIeKTepiMeH OHIEY T H
OHTAMNBI TIapTTaphl kacajiuel. HanoOemiiekTepMeH MoOAMMUKAIMSIAHFAH MBIPBIIIT
OKCHII MaTepHaIIaphIHBIH bakTeprsra Kapchl KaCUETTepi 3epTTenmi. by kepceTimreH
3BIFBIP MaTepHaIIaphl MBIPHII OKCHUIIHIH HaHOOOIIEKTepiMeH MOaUGUKAUIIaHFaH
OakTepusIIap MEH 3eHepre Kapchl OaKTepHsiFa Kapchl OSICeH TN 0ap.

Tyiiin ce3aep: meTamn HaHOOOIIIEKTEPI, MBIPBIII OKCHJII HAHOOOIIEKTEPI, 3bIFBIP
MaTepuanapsl, TOJIMBUHUIIHPPOIHUIOH, MUKPOOKA KapChl KacueTTepi

© B.P. Taycaposa, C.O. Abuakacona, JI.M. Kanumonauuna,
K.E. lllauxoBa, 2024
ANMaTUHCKUI TeXHOJIOTnYecKuil yHuBepcuteT, Anmarsl, Kasaxcras.
E-mail: birtausarova@mail.ru

UCCJEJOBAHUE AHTUBAKTEPUAJILHBIX CBOMCTB JIbHAHBIX
MATEPHAJIOB MOJIN®UITPOBAHHBIX HAHOYACTHUIIAMHU OKCHJIA
IUHKA

TaycapoBa B.P. — nokTop XuMH4eckux Hayk, npodeccop Kadeapbl XUMUH, XUMAYECKOW TEXHOJIOTUH U
9KOJIOTUH, AJIMATUHCKUI TeXHOJIOTHUeCKuil yHuBepcuret, AnmMarsl, Kazaxcran

E-mail: birtausarova@mail.ru. Orcid ID 0000-0002-2718-2102;

AonnkacoBa C.0. — KaHAMAAT TEXHUYECKHX HAyK, CEHHOP-JIEKTOp Ka(eapbl XUMHUH, XUMHYECKOIl
TEXHOJIOTUH U SKOJIOTUH, AJIMATUHCKUH TEXHOJIOTHYECKUH YHUBepcHuTeT, AnMarsl, Kasaxcran

E-mail: sandy ao@mail.ru. Orcid ID 000-0001-8322-4592;

Kamumonnuna JI.M. — KaHAWAAT TEXHUYECKUX HAyK, CEHUOP-JICKTOP Kadeapbl XUMUHU, XUMHIECKOIl
TEXHOJIOTUH U SKOJIOTUH, AJIMATUHCKHUH TEXHOJIOTHYECKUH YHUBepcHuTeT, AnMarsl, Kasaxcran

E-mail: kalimoldina.laila@mail.ru. Orcid ID 0000-0003-4397-9629;

lanxoBa ’K.E. — maructp, iekrop kadeapbsl XUMUH, XUMHYIECKOI TEXHOIOTHHU U 9KOJIOTUH, AJTMATHHCKHUH
TEXHOJIOTHYECKUI yHUBepcuTeT, Anmarsl, Kasaxcran

E-mail: zh.shaikhova@mail.ru. Orcid ID 0000-0002-5909-4182.

AHHoOTanus. HaHOUacTHIBI METAJUIOB M OKCHIOB METAJUIOB SIBIISIOTCS MEPCIICK-
THBHBIMH aHTHOAKTEPHAIbHBIMH areHTaMH. B Hacrosiiee BpeMsi HCIOJIB30BaHMS
HAHOYACTHL[ METAIJIOB M HX OKCHIOB C aHTMMUKPOOHBIMH CBOHCTBAMH OYEHb
BBICOKH, BEIb B CPAaBHEHHU C OPraHHYECKUMH aHTHOAKTEpHAabHBIMH CPEACTBAMH
HAHOKPHCTAJUINYECKUE OKCHIbl METAUIOB 00NanaroT OoJblIel JOITOBEYHOCTHIO,
MEHbIIEH TOKCHYHOCTBIO, JyYIled M30UpaTeIbHOCTBIO H TEPMOCTOUKOCTHI0. OCHOB-
HBIM TIEPCHEKTUBHBIM HAIPABICHHEM pACIIMPEHUS acCOPTUMEHTA W YITydIICHHS
CBOMCTB JIBHSAHBIX MaTepHaJOB PA3IUYHOTO COCTaBa SIBISETCS MOIU(HKAIMS YKe
CYIICCTBYIOIINX BOJIOKOH M TOTOBBIX TEKCTHIIBHBIX MaTEepHAIIOB C LIEIbIO MPUAAHUSI UM
HOBBIX CBOHMCTB. B cTaThe npencTaBieHsl JaHHbIE IO pa3padOTKe JIbHIHBIX MaTepHAaIoB
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C QaHTUMHUKPOOHBIMU CBOMCTBaMH C NPUMEHEHHEM HaHOUYacTHI HMHKA. VccrnenoBaH
CHHTE3 HAHOYACTHUI] OKCHJAa LUHKA B BOAHOM CpeAe B MPHUCYTCTBUHU CTabMIM3aTOpa
MOJIMBUHIINIUPONKOHA. [Ipy mpUMeHeHU! 31eKTPOHHO-CKaHUPYIOLEH MUKPOCKOTINN
MOKa3aHO, YTO (OPMHUPYIOTCS HAHOYACTUIBI OKCHAA LIUHKA PA3IMYHOH CTPYKTYpBHI.
HccnenoBanus mokaszaiy, 4TO 0Opa30BaBIIMECS HAHOYACTHULBI, HMEIoIue (Hopmy,
ONM3KYI0 K CepHUuecKOi, U CTEep:KHEOOpa3Hoil (OpMbI CTaOMIIBHBI, HE OCAXIAOTCS
1 HE MEHSIOT OKpacKy B T€UEHHE HECKOJIIbKMX HeJeNb. Takxke, UCCIET0BaHO BIHsSHUE
KOHIEHTPALUU IUHKA, BOCCTAHOBHUTEIS, CTAOMIN3aTOPa Ha CHHTE3 HAHOYACTHI LINHKA.
VYBennueHne KOHIEHTPALMH UCXOTHBIX PEareHTOB MPHUBOIUT K 00Pa30BAHUIO YaCTHUII,
KaK CTep:KHE00pa3HOH POPMBI, TaK U UITI000Pa3HOM, M TPor3BoIbHOM popMm. [lokazano,
YTO 700aBJICHUE TOTUBUHIINUPPOIHIOHA 3PPEKTUBHO CHUIKACT KOATECLIEHIINU MEXKTY
HaHOCTPYKTypaMU HAHOUYACTHIl OKCHJA IMHKA, YTO MO3BOJSAET JOCTUYD OJHOPOJHOIO
pasmepa dacTul. Pa3paboTaHbl oONTHMaibHBIE YCIOBHS 0OpaOOTKH JBHSHBIX
MaTepuanoB HaHOYACTUIIAMU OKCHAa LUHKA. VccrmemoBaHbl aHTHOAKTepHabHbIC
CBOMCTBa MaTepHuajIoB MOAU(PUIMPOBAHHBIX HAHOYACTHLIAMH OKcUa HuHKa. [Tokazano,
YTO JIbHSHBIE MaTepHaibl MOIU(PHUIMPOBAHHBIE HAHOYACTHUIIAMH OKCHIA LIMHKA
0051a1a10T aHTHOAKTEPHATIbHON aKTUBHOCTBIO K OaKTEPHSM U IJIECHEBBIM TPHOKaM.

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

Introduction

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

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

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

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

Research materials and methods

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

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

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

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

—CHQ—(|3H—
N__.O

<,

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

Results and discussion

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

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

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

Table 1. Concentrations of initial components

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

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

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

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

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

e

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

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

Table 2. Results of microbiological analysis

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

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

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