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OBTAINING OF ANTIBACTERIAL COATING WITH SILVER
NANOPARTICLES ON A TITANIUM IMPLANT
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Abstract. The formation of a microbial biofilm around implants is the main
cause of postoperative complications, disruption of the osseointegration process,
even leading to loss of biomaterial. Obtaining antimicrobial coatings in order to
extend the life of implants in the body is a relevance of research. Coatings based
on Na-carboxymethylcellulose (Na-CMC) and chitosan (Chit) with silver
nanoparticles (AgNP) were obtained by the multilayer assembly method (layer-by-
layer, LbL) to modify the surface of medical titanium implants and impart
antibacterial properties to them. The surface of any substrate is not developed; for
this purpose, the surfaces of titanium samples were activated by two methods. The
wetting angle of titanium implants after etching was determined by the sessile drop
method. The results showed the formation of a hydrophilic surface after the
activation of titanium implants. The scheme for obtaining Na-CMC/Chit coating
with AgNP is shown. Ascorbic acid was chosen as the reducing agent. Scanning
electron microscopy revealed that when using 1 mM silver nitrate, the average size
of AgNPs varies in the range of 40—95 nm. Bringing the concentration of a solution
of silver nitrate to 0.01 M leads to an increase in the size of silver particles and their
aggregation. The kinetics of the release of silver ions in physiological saline was
studied to assess the prolongation properties of the coating with AgNP. The largest
release was observed in the first 24 hours with a further decrease in the dose of
silver ions passing into solution. Determination of antibacterial activity was carried
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out by disk diffusion method. Coatings containing AgNP inhibited the growth of
Escherichia coli bacteria.

Key words: antibacterial coatings, silver nanoparticles, chitosan, Na-
carboxymethylcellulose, LbL method
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TUTAHABI UMIIVIAHTAT BETIHIE KYMIC
HAHOBOJILIEKTEPI BAP BAKTEPUSAT A KAPCBI " KABBIH AJTY

AHHoOTaNUs. NmmutanTaHTTapbIH alfHaJIacBIHIA MHUKPOOTHIK
OMOXKaOBIHHBIH Taiia OOJybl OmepalusiiaH KEeWiHr1 acKbIHY, OCTCOMHTErpalus
YypAiciHiH Oy3bUTybl TiNTi OMOMaTepHasIblH iCTEH IIBIFYBIHBIH HeTi3ri ce0edi
Oouibill  TaOBUTAJBI. AF3allaFbl UMIUIAHTTAPABIH KbI3MET €Ty Mep3iMiH y3apTy
MaKCcaThIHIa MHUKPOOKa KapcChl KaObIH ally 3€PTTEYIIH ©3€KTI TaKbIPHIOBI OOJIBII
TaObUIaAbl. MeANIIMHATBIK TUTAH UMILTAHTTAPBIHBIH OCTiH MO UKAIMIIAY KOHE
onapra OaKTepHsIFa KapChl KACUETTEP OPHBIKTHIPY YIIiH KON Ka0aTThl KbIHHAKTAY
omici (layer-by-layer, LbL) kxemerimeH xymic HaHoOemmekTepi Oap Na-
kapOokcumetmiemnono3a (Na-KMII) skxone xwurtozanm (Xwur) HeriziHgeri
aObIHIapabl anbiHAbl. Ke3-kenreH KarThl TOCEHIMTiH OeTik Kabarbl OenceHmi
eMec, OChl MakcarTa TUTaH HWMIUIAHTATTAphIH OHJIEYy €Ki oJicleH JKy3ere
achIpbUIBI. OHICYJACH KEWIHIT THUTAH HWMIUIAHTATTAPBIHBIH KYFY OYPBIIIBI
TaMIIBIHBIH KaTTHI JIeHe OeTiMeH aHacy 9JliCi apKbUIbl aHBIKTaNbl. HoTmkenep
TUTaH WUMIUIAHTTApbIH OeJICEHIIpreHHeH KeHiH ruapodwibal OSTTiH TY3iNreHiH
kopcetTi. Kypambinna AgHB 6ap Na-KMI/Xut Herizinaeri >xaObIHHBIH ajiy
cxeMachl KkopceTini. TOTRIKCHI3NaHABIPFBIII PETiHAE ACKOPOWH KBIITKBLUTHI TAHIAIl
anerHAbl. KoHneHnTparusacel 1 MM KyMic HHTpaThl €piTIHIICIH KOJNJIaHFaH Ke3[e
AgHbB oprama wmemmepi 40-95 HM apanbIFbIHIA ©3TEPETiHAIrT CKaHepI eyl
AIIEKTPOHIBI MUKPOCKOTIHS 9/1iCiMeH aHBIKTaIbL. EpiTinai kornerTparusceH 0,01
M neitiH skeTkizy OeJIIIeKTep MeJNIIEPiHiH apTybl MEH oNapiblH Oip-OipiMeH
Oipiryine anpim keneni. Kypambiana AgHB Oap xaObIHHBIH y3apThUIMAaIIbI
KacueTiH Oaraiay YIIiH TY3/bl epiTiH/IiIe KYMiC HOHJAPBIHBIH 06JIiHY KHHETHKACHI
3eprreninai. EpiTiHIire oTKeH HMOH MONIIEpiHiH €H Kol maMacel 24 carar
KeJIeMiHJIe TIpKeJJIi, apbl Kapai OyJI IaMaHbIH TOMEH/IET1 Oalikannbl. bakrepusira
Kapchl OesiceHauniri quckim auddy3usuibik o/1ici kemeriMeH anbIKTanbiHabl. AgHB
Oap xabbrH xabbrHaap Escherichia coli 6akrepusicbHbIH ocyiH Texei. Ocpuaiima
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anplHFaH ke KaOartel jkaObiH (AgHB 6ap Na-KML/XuT) MeauiMHaIbIK-
OMOJIOTHSIIBIK KOJIAHY VIIH YIIKEH TOTEHITHAIFa e O0Iyhl MYMKIiH.

Tyiiin ce3mep: OakTepusra Kapchl XaOblH, Kymic HaHO OeIIeKTepi,
xuTo3aH, Na-KapOOKCHMETHIIIIEIUTIoN03a, LbL omici
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IHOJIYYEHUE AHTUBAKTEPUAJIBHOI'O IOKPBITUS C
HAHOYACTHUIIAMMU CEPEBPA HA TUTAHOBOM UMIIVIAHTE

Annotamnus. PopMupoBaHre MUKPOOHOW OHOTIEHKH BOKPYT UMILIAHTOB
SIBIISIETCS. OCHOBHOW MPHYMHOW TOSBJIICHHUE ITOCIECONEPAIIIOHHON OCIOXKHEHUH,
HapylIeHHEe TMpolecca OCTEOMHTErpaluy JaXe NPUBOIALIMM K IOTEpH
Oouomarepuana. [lomydyeHre NpOTHBOMUKPOOHBIX MOKPHITUH C LENbI0 TPOAJICHHUE
CpOKa JKW3HM HWMIUIAHTOB B OpPraHu3MeE ABJIACTCA aKTyaHLHOﬁ TEeMOH
uccrnenoBanusi. Merogom wmynbrucioiHoir  cbopku  (layer-by-layer, LbL)
MOJTY4YeHBl MOKPBITHS Ha OCHOBe Na-kapOokxcumerwinesmtonossl (Na-KML) u
xuro3aHa (Xurt) c¢ HaHouactunamum cepebpa (HUAg) ans moamdukanyu
IOBCPXHOCTH MCEOAUIMHCKHNX TUTAHOBBIX HUMIIJIAHTOB u InpuaaHus UM
aHTHOAKTEpHUATBbHBIX CBOUCTB. Il0BepXHOCTH 1000 NOATIOKKH HE pa3BUTA, C 3TON
LEJBI0 AKTHBALMIO ITOBEPXHOCTEH THUTAHOBBIX OOpasloOB MPOBOAWIN JABYMS
MeToaMH. MeToIoM Jexalel Kaluld ONPENEIEH YroJl CMauuBaHUS TUTAHOBBIX
HUMIUIAHTOB IOCTIe TpaBieHus. Pe3ynpraTel mokasanu oOpa3oBaHue ruipoduiIbHON
MOBEPXHOCTH TIOCJIE AaKTHBAaLUUM TUTAHOBBIX MMIUIAHTOB. IlokasaHa cxema
nony4enust nokpbiTin Na-KML/Xur ¢ HHAg. B kauecTBe BocCTaHaBIUBAIOIIETO
areHta Obula BbBIOpaHa acKOpOMHOBas KHCIOTa. MeETOJOM CKaHHpYIOIeH
3NIEKTPOHHOM MHKPOCKOIIMHM BBISBICHO, YTO MpPU HCIOIb30BaHMKM |MM HuTpara
cepebpa cpeanumii pasmep HUAg, Bapeupyetcs B untepsaie 40-95 um. JloBenenue
KOHIICHTPAIlMA PacTBOpa a30THOKUCIOro cepedbpa mo 0,01 M mpuBomur X
YBEJIMUEHUIO Pa3MEPOB YaCTUL cepedpa U K UX arperauuu. MccnenoBana KUHETHKA
BBICBOOOK/IEHHSI MOHOB cepedpa B (DM3HONOTHYECKOM PACTBOPE [UIS OICHKH
MPOJIOHTHpYIoIIero cBoHTBa MoKpeITHH ¢ HUAg. Camoe 6o1b110€ BEICBOOOXKIEHHE
HaOIonajaochk B TepBble 24 yaca ¢ JaJbHEHIINM yMEHBIIIEHHEM J03bI HMOHOB
cepebpa neperenmwii B pactsop. Onpenenenre aHTHOAKTEpHATFHOW aKTHBHOCTH
npoBoAMiN AucKonupy3noHHbIM MeTonoM. [lokpeitust comepikamme HYAg
uHrnomupoBanu poct Oaktepuii Escherichia coli. Muorocnoitnas nokpsitust (Na-
KMII/X3 c HHAg) mony4deHHas TAKIM 00pa3oM MOTYT UMETh OOJBIITON TOTEHITHAI
IUIS1 METUKO-OMOJIOTHUECKUX TIPUMECHEHHI.

KioueBble cioBa: aHTHOAaKTEpUAIbHBIE TOKPBHITUS, HAHO YaCTHLIBI
cepebpa, xuro3aH, Na-kapOoKCHMETHIIIeITon03a, LbL MeTon

155


mailto:balzhan.savdenbekova@gmail.com

ISSN 2224-5227 2. 2023

Introduction

In practical medicine, implants made of various materials are used, which
differ from each other in chemical nature, physical characteristics, etc (Patel &
Gohil, 2012). However, not all implants can withstand the harsh conditions of the
organism, and therefore fail soon. Implant rejection may be due to poor bone
integration or biofilm formation (Quinn et al., 2020). Thus, the development of
antibacterial coatings has become an important area of scientific research.

Currently, there are the following strategies for obtaining antibacterial
polyelectrolyte multilayer coatings (PEMs) a: prevention of adhesion of
microorganisms, b: killing by contact, c: killing by releasing active compounds near
the implant (Seon et al., 2015).

The first two strategies for prolonging the life of the implant in the
organism are not effective compared to the third method. Since the coatings are
resistant to adhesion, they do not kill bacteria, but only due to the formation of a
strong hydrophilic surface repel microorganisms (Xu et al., 2018). Contact-killing
films are limited by surface functionalization, that is, in the absence of positively
charged groups on the surface, the coatings are inactive against negatively charged
bacteria (Qin et al., 2018). In this regard, there is a growing interest in obtaining
PEMs containing an active component that exhibits a prolonging action against
microorganisms due to the release of an antibacterial agent. Various antibiotics,
antiseptics (Rakhmatullayeva et al., 2023) and active particles such as silver and
gold nanoparticles, etc. are used as antibacterial agents in such coatings (Urrutia et
al., 2012; Zhou et al., 2014).

The most common antimicrobial agents introduced into coatings are (Ag")
ions (Woo et al., 2008) and silver nanoparticles (AgNP) (Daengngam et al., 2019).
The composite structure obtained on the surface of titanium implants should
provide a slow release of Ag", thereby exhibiting long-term antibacterial activity.
Layer-by-layer self-assembly is a universal method in which a multilayer structure
is created on a Ti surface by depositing alternating layers of oppositely charged
polyelectrolytes (Ariga et al.,, 2022). Due to biocompatibility, multilayers
consisting of positively charged chitosan and negatively charged hyaluronic acid
(Jeon et al., 2015) carboxymethylcellulose (Rakhmatullayeva et al., 2023) and
heparin (HEP) (Li et al., 2019) are widely used for drug delivery and release
control.

In general, silver particles or ions are introduced into coatings by two
methods: by impregnation into pre-assembled films with further reduction if
necessary, or directly during assembly. In the work, the authors introduced AgNP
into the coating after obtaining a polyelectrolyte reservoir (Fu et al., 2006). Films
previously deposited on the substrates which have free carboxylic acids or sulfonate
groups were immersed in a solution containing Ag” ions. Due to ion exchange with
protons, silver ions enter the interlayer space. Subsequently, they were reduced to
AgNP using NaBHj or irradiation with light in the UV range.

The authors in (Li et al., 2019) work obtained a coating with AgNPs for
dental implants, which were biosynthesized by a simple “green” method. Chitosan
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has been used not only as a stabilizer and reducing agent, but can also be used as a
polycation in PEMs. After obtaining a solution of chitosan-NPAg, an assembly was
designed with a combination of heparin, thereby including NPAg in the
composition of multilayer during the PEMs process. These coatings promoted not
only the adhesion and proliferation of human gingival fibroblasts, but also provided
a continuous release of Ag* for 28 days before healing of mucous membrane.

In (Fu et al., 2006) work, a similar reservoir of chitosan/heparin was used
to load AgNPs. Ascorbic acid was used as a reducing agent, which is a “soft”
organic acid due to their low toxicity. Well-dispersed nanoparticles with a size of
10—40 nm had a bactericidal effect against Escherichia coli (E. coli), and also
showed no cytotoxicity.

Despite the large number of works aimed at solving this problem, there are
relatively few practical results in obtaining antimicrobial coatings with long-term
antibacterial activity. Therefore, the aim of this study is to obtain multilayers on the
surface of titanium implants based on chitosan and sodium carboxymethylcellulose
containing an antibacterial agent of silver nanoparticles, to evaluate the prolonged
action of AgNP embedded in PEMs, and to determine their antibacterial activity.

Materials and methods

Characteristics of materials and reagents. Low molecular weight chitosan
(MW=50-190 kDa) with a degree of deacetylation of 75-85 % (Sigma Aldrich)
and Na-carboxymethylcellulose (Na-CMC) (MW=700 kDa, Sigma Aldrich) were
used as polyelectrolytes. The following reagents were also used in the work: low
molecular weight polyethyleneimine (PEI) (MW=750 kDa, Sigma Aldrich),
AgNOs (99.8-100.5 %), glacial acetic acid, acetone, ethyl alcohol (96 %), sulfuric
acid (98 %), hydrogen peroxide (37 %). All reagents were used without any further
purification. Medical titanium implants served as substrates.

Surface treatment of titanium implants. Since the surface of the titanium-
based implant is hydrophobic, the layering of polyelectrolytes on its surface was
carried out only after activation. For this purpose, two etching methods were used:
in the first case, titanium implants in the form of plates were treated with a solution
of concentrated sulfuric acid with the addition of hydrogen peroxide (“piranha”
solution) for 15 minutes, then washed with a large amount of distilled water. In the
second case, titanium implants were polished with sandpaper, then they were
immersed alternately in solutions of acetone and ethyl alcohol. The process ended
with washing with distilled water.

Obtaining of multilayers with silver nanoparticles. The obtaining of
multilayers with silver particles was carried out by the LbL multilayer assembly
method. To bind the multilayers to the substrate, titanium implants were first
immersed in a 0.01 M solution of polyethyleneimine (PEI) for 30 minutes, which
is a cationic polymer with complexing properties. As a result of this process, the
surface of titanium implants acquires a positive charge due to the protonated amino
groups of PEIL

The obtaining of multilayers began with the deposition of Na-CMC on a
PEI layer fixed on the surface of titanium implants. Further, to remove non-
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adsorbed particles, the substrate was washed with distilled water. The subsequent
immersion of these samples in a chitosan solution leads to electrostatic interaction
between the functional groups of the polyacid with the polybase and the formation
of the first bilayer. A similar process was also carried out after the application of
chitosan. By repeating this cycle, coatings with the required number of bilayers
were obtained. The concentration and pH of the polyelectrolytes are 0.01 M and 4,
respectively.

The synthesis and incorporation of silver nanoparticles into thin films was
carried out as follows. Coated titanium implants were immersed in AgNOj3 solution
(1 mM and 10 mM) for 12 hours. The solution was kept in a cold place to avoid
oxidation of silver. Subsequent reduction (“in situ”) of silver ions (Ag") to silver
nanoparticles (Ag®) was carried out using a 0.01 M solution of ascorbic acid. The
samples were stored in a dark place prior to the study.

Scanning electron microscopy. The surface structure was studied by
scanning electron microscopy (SEM). SEM images were taken with an Auriga
scanning electron microscope. Titanium implants were attached to the SEM stand
with conductive tape. The surface of the samples was coated with Au-Pt by
microwave plasma spraying for 10 seconds at a discharge voltage of 1 to 3 kV.

Determination of contact angle. The contact angle was determined using
the sessile drop method at room temperature and normal pressure. The apparatus
"DSA100-KRUSS GmbH" was used. The average droplet diameter averaged 2—5
mm.

Study of the release of silver ions in saline. To assess the release of silver
ions, titanium implants with coating were immersed in freshly prepared phosphate
buffer (pH-7.4) for 24 h and stored in a dark place. Then samples were taken and
the implants were immersed in a fresh solution. The amount of silver ions that
passed into solution every 24 h was determined by atomic absorption spectroscopy.

Determination of antibacterial activity. The determination was carried out
by the disc diffusion method in agar-agar on a dense nutrient medium by comparing
the sizes of the zone inhibition of the growth of test microbes. E. coli was used as
a reference strain for antibacterial testing. 20 ml of nutrient agar were poured into
sterile Petri dishes. The thickness of the agar layer affects the results of the
determination; therefore, the indicated amount of the nutrient medium was strictly
controlled in the experiments. Muller-Hinton medium and Sabouraud agar were
used as a nutrient medium.

To obtain lawns, a homogeneous suspension of bacterial cells in
physiological saline was prepared, corresponding to the standard of 0.5 units of
turbidity according to McFarland. The bacterial suspension was applied with a
sterile swab to the agar surface in three different directions. 5-10 minutes after
inoculation, the dried agar surface was brought into contact with a titanium implant
with antimicrobial properties. The dishes were left at room temperature for 30
minutes, and then, without turning, were incubated in a thermostat at a temperature
of 28-37°C for 24 h. The formation of a transparent zone around the sample is an
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indicator of the antibacterial activity of the obtained materials. Zones of inhibition
of microbial growth were measured with a millimeter ruler.

Results and discussion

Surface treatment of titanium implants. Implants used in medicine, upon
contact with oxygen, are naturally covered with an oxide layer, 3-10 nm thick,
characterized by low chemical reactivity, affecting biocompatibility and roughness.
In addition, when stored in the open air, the surface of the biomaterial becomes
contaminated due to physical adsorption. Also, as is already known, the surface of
any substrate is not developed, which consequently makes it difficult for chemical
reagents to “stick” to the surface of the material (Lu et al., 2012). Therefore, the
first step in obtaining the coating is the preparation of the active surface of the
implanted products.

One of the methods to increase surface energy and improve implant
integration is acid etching. The authors (Buuser et al., 2004) have shown that a
sandblasted and acid-etched (SLA) surface provides tighter bone-to-implant
contact than a conventional standard surface. A similar goal was achieved in
(Giavaresi et al., 2003) using a 25 % HF solution followed by passivation with a 25
% HNO; solution.

As a result of the analysis of various etching methods, in order to improve
the surface characteristics, we activated titanium implants in two ways: 1) polishing
with sandpaper followed by washing successively with acetone and ethyl alcohol
2) treatment with a “piranha” solution (a mixture of sulfuric acid and hydrogen
peroxide). The authors (Quinn et al., 2020) studied coatings against a strain S.
aureus that can cause orthopedic infection. Most bacteria are hydrophobic and can
cause various infections. Hydrophilic surfaces are more desirable when interacting
with biological fluids, cells and tissues of the body, compared to hydrophobic ones
(Nazarov et al., 2018).

The results are shown in figure 1. due to the heterogeneity of the surface of
real titanium implants, the contact angle was determined using 5 points.

2

Fig. 1. Angle of contact of titanium implants with water
(a) the surface of the titanium implant before processing;
(b) surface after polishing with sandpaper followed by treatment with organic solvents;
(c) after etching with “piranha” solution
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Wettability describes the interaction of a water drop with a surface. A
wetted surface is hydrophilic and will have a contact angle of <90° while a non-
wettable surface is hydrophobic and will have a contact angle of >90 ° (Quinn et
al., 2020). As shown in figure 1 (a) before etching, the contact angle of titanium
implants is in the range of 89-93.7°. After etching the surface of titanium implants
with organic solvents (figure 2 b), this value was 70-80.6°. Treatment with the
“piranha” solution reduced the contact angle to ~ 62° (figure 2 ¢), which indicates
the formation of a hydrophilic surface. The formation of a less hydrophilic surface
in the first way is due to the fact that the use of emery polishing leads to the disposal
of only adsorbed grains of abrasives obtained during storage of the biomaterial in
the open air. Sequential processing with organic solvents makes it possible to
remove fatty impurities. At that time, the use of a "piranha" solution reduced the
wettability of the surface by 30 °. Such changes are explained that sulfuric acid,
which is part of the “piranha” solution, dissolves the oxide film and thereby
excludes the surface polishing process. Hydrogen peroxide is a "provider" of
atomic oxygen, which oxidizes organic and inorganic impurities that are on the
surface of the samples.

Obtaining a coating with AgNP. Silver nanoparticles embedded in a
polymer matrix are of great interest due to the large surface area that is in contact
with bacteria and physicochemical properties dependent on size/shape. In addition,
polyelectrolytes, which are the basis of coatings, have a pronounced potential to
inhibit the aggregation of AgNPs, control the release of Ag*, and thereby provide a
stable antibacterial effect and reduce cytotoxicity.

As already reported above, AgNP films were obtained by dipping a coated
solid substrate into a silver nitrate solution with further in situ reduction (fig. 2).
Since the coating was obtained at pH-4, as can be seen from the figure, part of the
carboxyl group (about 25 %) remains in the protonated form (COOH), and part of
the deprotonated CMC groups binds to the amino groups of chitosan. Further
holding of the film in the AgNOs solution will immediately lead to the replacement
of the CMC proton by Ag".

COOH cooa coon VHZ &)
00. VHz 004g w12 0. VHz
+ recov el" VH
(™ VHZ introduction of [Ag 1 N VHz NH3 2
GOOH CcooH cooug CO0Ag COOR cooH
oo c00- ¥ “coo- 3004 €00~ €00~ EOOH ) oo~
S EEe 2 G

Fig. 2. “In situ” reduction of Ag™ to AgNPs in a PEMs coating

After the immobilization of Ag* in the coatings, in situ chemical reduction
was carried out using ascorbic acid. The choice of ascorbic acid (1 mM) as a
reducing agent is associated with the low toxicity of the agent and can be carried
out as follows (Fu et al., 2006):
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2Ag" + C¢HsOp — 2Ag° + C6HeOg + 2H" (D

Proton ions released from the reaction make it possible to regenerate
carboxyl groups. Thus, the polycation is again ready for Ag" rebinding.

In the study, silver nitrate was used at a concentration of 1 mM and 10 mM.
As can be seen from Figure 3a, at a concentration of 1 mM, the size of silver
particles fluctuates in the range of 40-130 nm, this is due to spontaneous “in situ”
reduction and the process is difficult to control, as a result of which the formation
of randomly arranged particles is observed, however, the average particle size was
~ 70 nm. However, as the concentration increases to 10 mM, the particle sizes reach
up to microns (Fig. 3b). This is because with an increase in concentration,
undoubtedly, more silver ions enter the ion exchange and the large particles that
formed were a potential center for attracting more particles in themselves. Since
not only particle size but also surface distribution is important, it can be observed
from figure 3a that at low concentrations the surface is not completely covered with
AgNPs. But, an increase in the concentration of silver nitrate will not only lead to
aggregation of AgNPs, but also a large number of micron-sized particles can be
seen distributed over the surface. This contributes to the showing of less
antibacterial activity due to a decrease in the surface area which contact with
bacteria. In addition, the process of particle aggregation is explained by the
presence of a large amount of AgNPs, which leads to their enlargement.

The surface structure, distribution, shape, size, and content of silver
nanoparticles in the obtaining multilayers were studied by scanning electron
microscopy and SEM EDX. Figure 3¢ shows the results of EDX spectroscopy; it
was revealed that silver is present in the composition of the multilayers. However,
since this method provides information only on the elemental composition, it is
possible that, in addition to metallic silver, silver oxide may also be present in the
sample.

Fig. 3. SEM images of the surface of coating (Na-CMC/Chit) with AgNPs
(a) AgNO3— 103 M; (b) AgNO3 — 102 M;
¢) EDX spectrum of the sample

Thus, the size of nanoparticles in multilayers and their distribution over the

surface can be controlled by choosing the initial concentration of AgNO:s.
Since a surgical wound heals within 10-14 days, we also decided to
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investigate the release of an antibacterial drug in phosphate buffer in the presence
of saline for 14 days. Figure 4a shows the results obtained for the system (Na-
CMC/Chit)ios with AgNPs where the concentration of AgNOs in the initial solution
was 10 3 M. As can be seen from the figure, the maximum release of Ag” reached
~ 0.054 mM/day during the first day. However, the further release of silver ions
decreases, which is a positive factor, since the continuous release of silver is not
recommended due to cytotoxicity to host cells. The minimum concentration of
silver ions that passed into the solution was observed on the 14th day, which is
0.0012 mM/day. The release of silver ions from the coating is explained by the fact
that in aerobic solutions, metallic silver passes to Ag,O (Lopez-Carballo et al.,
2013). Then the metabolism of the bacterium creates an acidic environment to
convert of silver to its ionic form.

ClAgH (107 My

12 3 4 5 6 7 8B 9 10 1 1213 1

Days
a

Fig. 4. (a) Release of silver ions from (Na-CMC/Chit)10.5 coating with AgNP;
(b) antibacterial activity against E. coli bacteria
(1) implant without coating; (2) multilayer coatings (Na-CMC/Chit)10 without AgNP;
(3) coatings (Na-CMC/Chit)10.5 with AgNP

The release of silver ions in solution was not monotonous, which is
explained both by the presence of aggregates on the surface and by the uneven
distribution of nanoparticles between layers, which leads to different ion migration
kinetics. However, it should be noted that not all of the silver ions are released from
the coatings during the postoperative period. The initial burst of Ag" release
prevents immediate colonization of bacteria on the Ti surface after surgery (Li et
al., 2019). Then a sustained release of Ag" is needed to resist bacterial invasion
from the outer edges of the wound until the healing mucous membrane.

The antibacterial activity of the obtained samples was determined on the
museum strain of E. coli the bacterium. Figure 4b shows the results illustrating the
antibacterial activity of the samples. The inhibition zone (IZ) around the original
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titanium implants is 0 (sample 1). As can be seen from the figure, in samples 2 and
3, an inhibition zone is observed, and for the sample coated with layers (Na-
CMC/Chit)yo, it is 2.8 £ 0.01 mm, while for the sample (Na-CMC/Chit)ios with
AgNPs the size of the zone inhibition increases to 5.1 = 0.03 mm. The appearance
of an inhibition zone around sample 2 is possible presence of a positive charge on
the last layer, which further led to the destruction of the microorganism due to the
contact killing properties. For both samples (2, 3) the appearance of [Z is associated
with the presence of a film coating. However, it should be noted (sample 3) that the
coating with AgNP was applied on silicon wafers not on titanium implants. The
indication of the antibacterial effect for the 3rd sample is mainly due to the adhesion
of the cell membrane of AgNP occurs, the change in its penetration, as a result,
affects the respiratory system of cells. Therefore, this leads to the death of the
bacterium. In addition, the antimicrobial effect of AgNPs is due to the penetration
of particles into bacteria and the release of Ag”, which interacts with thiol groups
or phosphates that are part of the DNA/protein bacteria (Lopez-Carballo et al.,
2013).

Conclusion

Coatings based on chitosan and sodium carboxymethylcellulose containing
silver nanoparticles were obtained by the method of multilayer assembly on the
surface of titanium implants. To improve the adhesion of hydrophilic
polyelectrolytes to the substrate, the surface of the implants was treated in two
ways. Etching with a solution of concentrated sulfuric acid with the addition of
hydrogen peroxide made it possible to obtain a more hydrophilic surface compared
to the second method.

The mechanism of formation of multilayers is determined by the acid-base
interaction of the polyacid with the polybase, which is accompanied by electrostatic
interaction. Multilayer coatings based on Na-CMC and chitosan served as a
reservoir for AgNPs, which maintained a prolonged release of silver ions for 14
days. Research was conducted to determine the antibacterial activity of the obtained
coatings against E. coli strains. Coatings with/without AgNP were active showing
5.1+ 0.03 mm and 2.8 + 0.01 mm zone of inhibition, respectively.

The obtained results in the present work point to the prospects of research
in this direction. In the future, it is planned to establish the kinetic features of the
release of silver, to conduct more detailed research of the antibacterial activity of
coatings in order to identify the optimal conditions for obtaining nanocoating with
the required properties.

REFERENCES

Ariga K., Lvov Y., Decher G., 2022 — Ariga K., Lvov Y., Decher G. There is still plenty of
room for layer-by-layer assembly for constructing nanoarchitectonics-based materials and devices //
Physical Chemistry Chemical Physics. - 2022. - T. 24. — Pp. 4097-4115.
https://doi.org/10.1039/d1cp04669a.

Buser D., Broggini N., Wieland M., Schenk R.K., Denzer A.J., Cochran D.L., Hoffmann B.,
Lussi A. & Steinemann S.G., 2004 — Buser D., Broggini N., Wieland M., Schenk R.K., Denzer A.J.,
Cochran D.L., Hoffmann B., Lussi A. & Steinemann S.G. Enhanced bone apposition to a chemically
modified SLA titanium surface // Journal of Dental Research. — 2004. — T. 83. — Pp. 529-533.

163



ISSN 2224-5227 2. 2023

https://doi.org/10.1177/154405910408300704.

Daengngam C., Lethongkam S., Srisamran P., Paosen S., Wintachai P., Anantravanit B.,
Vattanavanit V. & Voravuthikunchai S., 2019 — Daengngam C., Lethongkam S., Srisamran P., Paosen
S., Wintachai P, Anantravanit B., Vattanavanit V. & Voravuthikunchai S. Green fabrication of anti-
bacterial biofilm layer on endotracheal tubing using silver nanoparticles embedded in polyelectrolyte
multilayered film // Materials Science and Engineering. — 2019. — T. 101. — Pp. 53-63.
https://doi.org/10.1016/j.msec.2019.03.061.

Fu J., Ji A, Fan D. & Shen J. 2006 — Fu J,, Ji A., Fan D. & Shen J. Construction of
antibacterial multilayer films containing nanosilver via layer-by-layer assembly of heparin and
chitosan-silver ions complex // Journal of Biomedical Materials Research - Part A. —2006. — T. 79. —
Pp. 665-674. https://doi.org/10.1002/jbm.a.30819.

Giavaresi G., Fini M., Cigada A., Chiesa R., Rondelli G., Rimondini L., Torricelli P., Aldini
N.N. & Giardino R., 2003 — Giavaresi G., Fini M., Cigada A., Chiesa R., Rondelli G., Rimondini L.,
Torricelli P, Aldini N.N. & Giardino R. Mechanical and histomorphometric evaluations of titanium
implants with different surface treatments inserted in sheep cortical bone // Biomaterials. —2003.—T.
24. —Pp. 1583—1594. https://doi.org/10.1016/S0142-9612(02)00548-3.

Jeon S., Yoo C.Y. & Park S.N., 2015 — Jeon S., Yoo C.Y. & Park S.N. Improved stability and
skin permeability of sodium hyaluronate-chitosan multilayered liposomes by Layer-by-Layer
electrostatic deposition for quercetin delivery // Colloids and Surfaces B: Biointerfaces. — 2015. —T.
129. — Pp. 7-14. https://doi.org/10.1016/j.colsurfb.2015.03.018.

Li W, Yang Y., Zhang H., Xu Z., Zhao L., Wang J., Qiu Y. & Liu B., 2019 — Li W,, Yang Y,
Zhang H., Xu Z., Zhao L., Wang J., Qiu Y. & Liu B. Improvements on biological and antimicrobial
properties of titanium modified by AgNPs-loaded chitosan-heparin polyelectrolyte multilayers //
Journal of Materials Science: Materials in Medicine. — 2019. — T. 30. — Pp. 1-12.
https://doi.org/10.1007/s10856-019-6250-x.

Loépez-Carballo G., Higueras L., Gavara R. & Hernandez-Muiioz P., 2013 — Lopez-Carballo
G., Higueras L., Gavara R. & Hernandez-Murioz P. Silver ions release from antibacterial chitosan
films containing in situ generated silver nanoparticles // Journal of Agricultural and Food Chemistry.
—2013.-T. 61. — Pp. 260-267. https://doi.org/10.1021/j£304006y.

Lu H., Zhou L., Wan L., Li S., Rong M. & Guo Z., 2012 — Lu H., Zhou L., Wan L., Li S.,
Rong M. & Guo Z. Effects of storage methods on time-related changes of titanium surface properties
and cellular response // Biomedical Materials (Bristol). — 2012— T. 7. — Pp. 055002.
https://doi.org/10.1088/1748-6041/7/5/055002.

Nazarov D.V., Smirnov V.M., Zemtsova E.G., Yudintceva N.M., Shevtsov M.A. & Valiev
R.Z., 2018 — Nazarov D.V., Smirnov V.M., Zemtsova E.G., Yudintceva N.M., Shevtsov M.A. & Valiev
R.Z. Enhanced Osseointegrative Properties of Ultra-Fine-Grained Titanium Implants Modified by
Chemical Etching and Atomic Layer Deposition // ACS Biomaterials Science and Engineering. —
2018.— T.4.—Pp. 3268-3281. https://doi.org/10.1021/acsbiomaterials.8b00342.

Patel N. & Gohil P, 2012 — Patel N. & Gohil P. A review on biomaterials: scope,
applications & human anatomy significance // International Journal of Emerging Technology and
Advanced Engineering. —2012. — T. 2. — Pp. 91-101.

Qin S., Xu K., Nie B, Ji F. & Zhang H., 2018 — Qin S., Xu K., Nie B., Ji F. & Zhang H.
Approaches based on passive and active antibacterial coating on titanium to achieve antibacterial
activity // Journal of Biomedical Materials Research - Part A. — 2018. — T. 1069. — Pp. 2531-2539.
https://doi.org/10.1002/jbm.a.36413.

Quinn J., McFadden R., Chan C.W. & Carson L., 2020 — Quinn J., McFadden R., Chan
C.W. & Carson L. Titanium for Orthopedic Applications: An Overview of Surface Modification to
Improve Biocompatibility and Prevent Bacterial Biofilm Formation // IScience. — 2020. — T. 23. — Pp.
101745. https://doi.org/10.1016/.is¢1.2020.101745.

Rakhmatullayeva D.T., Ospanova A.K., Bekissanova Z.H.B., Jumagaziyeva A.B.,
Savdenbekova B.E., Seidulayeva A.A. & Sailau A.G., 2023 — Rakhmatullayeva D.T., Ospanova A.K.,
Bekissanova Z.H.B., Jumagaziyeva A.B., Savdenbekova B.E., Seidulayeva A.A., & Sailau A.G.
Development and characterization of antibacterial coatings on surgical sutures based on sodium
carboxymethyl cellulose/chitosan/chlorhexidine // International Journal of Biological

164



Reports of the Academy of Sciences of the Republic of Kazakhstan

Macromolecules. — 2023. — T. 236. — Pp 124024. https://doi.org/10.1016/J.1IJBIOMAC.2023.124024.

Séon L., Lavalle P., Schaaf P. & Boulmedais F., 2015 — Séon L., Lavalle P, Schaaf P. &
Boulmedais F. Polyelectrolyte Multilayers: A Versatile Tool for Preparing Antimicrobial Coatings //
Langmuir. — 2015. — T. 31. Pp. 12856—12872. https://doi.org/10.1021/acs.langmuir.5b02768.

Urrutia A., Rivero P.J., Ruete L., Goicoechea J., Matias I.R. & Arregui F.J., 2012 — Urrutia
A., Rivero PJ., Ruete L., Goicoechea J., Matias L.R. & Arregui F.J. Single-stage in situ synthesis of
silver nanoparticles in antibacterial self-assembled overlays // Colloid and Polymer Science. —2012.
—T. 290. — Pp. 785-792. https://doi.org/10.1007/s00396-012-2591-4.

Woo K.J., Hye C.K., Ki WK., Shin S., So H.K. & Yong H.P., 2008 — Woo K J., Hye C.K.,
Ki WK., Shin S., So HK. & Yong H.P. Antibacterial activity and mechanism of action of the silver ion
in Staphylococcus aureus and Escherichia coli // Applied and Environmental Microbiology. — 2008.
—T.74.—Pp. 2171-2178. https://doi.org/10.1128/AEM.02001-07.

Xu G., Liu P,, Pranantyo D., Neoh K.G. & Kang E.T., 2018 — Xu G., Liu P, Pranantyo D.,
Neoh K.G. & Kang E.T. Dextran- and Chitosan-Based Antifouling, Antimicrobial Adhesion, and Self-
Polishing Multilayer Coatings from pH-Responsive Linkages-Enabled Layer-by-Layer Assembly //
ACS Sustainable Chemistry and Engineering. — 2018. — T. 6. — Pp. 3916-3926.
https://doi.org/10.1021/acssuschemeng.7b04286.

Zhou B.,LiY., Deng H., HuY. & Li B., 2014 — Antibacterial multilayer films fabricated by
layer-by-layer immobilizing lysozyme and gold nanoparticles on nanofibers // Colloids and Surfaces
B: Biointerfaces. — 2014. — T. 116. — Pp. 432-438. https://doi.org/10.1016/j.colsurfb.2014.01.016.

165



Reports of the Academy of Sciences of the Republic of Kazakhstan

MA3MYHbI
OU3UKA
A.A. KagpipaHoBa
KOCMOJIOTUAJA PYTHON BAFJIAPJTAMAJIBIK )KACAKTAMACBIH KOJIJIAHV............... 5

K. Kenecoaes, L11. PamankyJoB, M. Hypusunosa, A. Ilarraes, H. Mycaxan
STEM JKOBAIJIbIK OKBITY/IbIH BOJIAIIAK ®U3UKA MAMAHIAPBIH JASPIIAYAAFBI
EPEKIIEJIIKTERPL......c.coiiiiiiiiiiiiiiiccee e 19

A.H. Kapsimoaii, H.A. CanaubaeBa, C.T. Tokrayrannesa
OPTA MEKTEIlI ®U3UKA KYPCBIHIAA OKBITYIA KYPIEJIUIIK JOPEXECI ©PTYPII
TAIICBIPMAJIAPJIBIH K¥PBIJIBIMBLL.........cooiiiiiiiiiiiiiiceecsee e 27

JI.LK. TacranoBa, A.3. Bekeuies, I'. C. bacbaeBa

TUTAH JJUOKCHUAI HAHOBOJIIIEKTEPIMEH MOIU®UKALUAJIAHFAH SITIOKCUATI
IHAMBIP HETBIHAEIT KOMIIO3UTTI MATEPUAJIIAPIBIH KbUTY-OU3MKAJIBIK
KACHETTEPIH BEPTTEV....coiiticieiieteteettee ettt ettt ettt sta b seessesaaessessaessanseenis 34

3.C. Ytemaran0etos, I .H. HurmeroBa, B.T. Ypoucunosa, K.C. AcremecoBa, I K. TypabioexoBa
AJIETEPHATUBHBIN U PACIIMPEHHBI BAPUAHT METOJIA ITPOI'OHKU (AJITOPUTM
TOMACA) UYMCJIEHHOTO PEIIEHUS 1-OM KPAEBOM 3AJIAUM JIJISI JIMHEMHBIX
MUOOEPEHIIMAJIBHBIX YVPABHEHUI BTOPOI'O TTOPSIIIKA. ... 42

XumMus

X.BgiMmaHona, A.CadurtoBa, b.Myca6aeBa, b. BasixmeroBa
MOUBUIABI X)XKOHE T¥3KAJIA T¥31bl KOJIJAEPIHIH TABUFU BAJIIIBIFBIHBIH ©JIEVETTI
TABUFU PECYPC PETIHAEI'T XUMUWSJIBIK-MUHEPAJIOTUSIJIBIK CUTIATTAMACHIL............ 58

A. AcanoB, C.A. MamemoBa, A.A. AcaHOB
OHTYCTIK OHIP CA3/lbl MHWHEPAJIJAPBIHBIH, KOJIJIOUJATBI-XUMUAJBIK JXOHE
PEOJIOTUSJIBIK KACHETTEPL......ooiiiiiieieeeeetee ettt s 75

b. Umanranauesa, I, PaxMeTOBa, B. ocanosa, P.7KanaimeBa
T¥PMBICTBIK XXAFJAUAA TABUFU 3ATTAPJIAH CABBIH XKXACAY TEXHOJIOT' USICEHI...94

A.C. Hckakosa, 3.)K. Ceiinaxmerosa, 3.K. Acembaesa, /I.LE. HypmyxanGerosa, A.H. Apanaesa
XKAPTBUUIAI KAHBIKITIAFAH MAW KbIIIKBUJIZAPBIMEH BAMBITBUUIFAH JX¥YMCAK
IPIMIIIKTIH CAITACBIH BEPTTEV.....c.oiiiiiiiieiriciieeieireentetereetcenretee ettt 108

A.b .Kaiibinoek, M.A. I[lgceﬁaesa, C.A. CoiabikbaeBa, C.C. Ackanbaes, I.E. bepranaesa
«JIMKAMEPO» BUJAU COPTBIHBIH, CO2-ChIFbIHABICBIHBIH, ®UTOXUMUAIIBIK
CAPATITAMACDL ...ttt et st ettt et e st et e st sbeesaeeenees 118

JL.M. Kanumoaauna, I.C. Cyaranraszuesa, C.O. AdbuiakacoBa, 7K.E. IllauxoBa

KOJIIKTEPJEH IIBIFATBIH TA3JAPMEH ATMOC®EPAJIBIK AYAHBIH  BETKI
KABATBIHBIH JIACTAHY JEHIENMIH KOMIPTEIT TOTBIFbIHBIH KOHIIEHTPAITHASCHI
BOMBIHIIIA AHBIKTAY..........oooveiveeeieecseesieeseeeesessees s s essessesssss s s s sssensens 127



ISSN 2224-5227 2. 2023

F.H.VKanMaTaeBa, I.®. CaruroBa, B.1. Tpycos, C.A. CakubaeBa, I A.TakubaeBa
MAM OHEPKOCIBI KAJIIABIKTAPBIHBIH JSJIACTOMEPIIK KOMIIO3UIUAJTAPIBIH
KACHETTEPIHE OCEPLL......cctiiieeieeeeee sttt st e s e e snseesaennseenseas 139

B.E. CaBaenéexoBa, /I.T. Paxmarynnaesa, /K.b. Bekucanosa
TUTAHAblI UMIUIAHTAT BETIHAE KYMIC HAHOBOJIIIEKTEPI BAP BAKTEPUSFA
KAPCBI FABDBIH AJTY ..ottt ettt sttt st sttt et e st e e s aaeeneees 153

H.C. Tanac6aesa, T.C. Bait:ikymanosa, C.A. Tynrarapoga, A.O. Aiinaposa, G.G. Xanthopoulou
METAHHbBIH CUHTE3-TA3FA JEWUIH KATAJIUTUKAJIBIK TOTBIFYDBI.......ccoveveieiirnnnn 166

B.P. Taycapoga, 7K.E. lllauxoBa, C.0. Aguakacosa, [.0K. Ixxaman6aesa, C.C. EreyoaeBa
MBIC HAHOBOJIIIEKTEPI BAP IEJUIIOJO3/IbI TOKBIMA MATEPUAJIIAPBIH
MOJUDPUKATIUAIIAY, KACUETTEPI MEH AJIBIHVYBL........cooviiieiiiieeiiciecteeteeeeeeveeeeie e 180

KP ¥TFA akanemuk H.C. ByKTYKOBTBI 75 KACBIMEH KYTTBIKTAY. ... .ceeuveeveerreereennreeieesveenseesnesnseens 194



Reports of the Academy of Sciences of the Republic of Kazakhstan

COJJEP)KXAHUE
OU3UKA
A.A. KagpipaHoBa
NCTIOJIb3OBAHUE ITPOTPAMMHOI'O OBECIIEYEHM S PYTHON B KOCMOIJIOTU........... 5

K. Kenec6aes, L11I. PamankyoB, M. Hypusunosa, A. Ilarraes, H. Mycaxan
OCOBEHHOCTU TIIPOEKTHOI'O OBYYEHUA STEM B IIOAIOTOBKE BYAVIIUX
CIHEUAJIACTOB ITO @U3HKE.........ccocoiiiiiiiiiiiiiiiciictceceeeesete e 19

A.H. Kaprimoaii, H.A. Cangubaesa, C.T. Toxrayrainesa
CTPYKTYPA 3AJJAHWU PA3JIMYHOM CTEINEHU CJIOXKHOCTU IIPM OBYYEHMU HA
KYPCE ®U3UKU CPEAHEM ITKOJIBL.........cooiiiiiiiiiiiiiiiceceeeeee e 27

JI.LK. TacranoBa, A.3. Bekeues, I'. C. bacbaeBa*

UCCJIEJOBAHUE TEIUIO-®M3UYECKUX CBOMCTB KOMIIO3UTHBIX MATEPHAJIOB
HA OCHOBE ASIIOKCHUIHOU CMOJIbI MOIUGUIIMPOBAHHBIX HAHOUYACTULIAMU
JIAOKCHUIA TUTAHA. ...ttt st ettt ettt e bt e tesbeensesaeensesaeeneensas 34

3.C. YremaranOeros, I .H. HurmeroBa, B.T. Ypoucunosa, K.C. AcremecoBa, I K. TypibiGexoBa
AJIFTEPHATHUBHBIA U PACIIMPEHHBIA BAPUAHT METOHA ITIPOTOHKU (AJITOPUTM
TOMACA) YUCJIEHHOTO PEIIEHUSA 1-O KPAEBOM 3AIAYM JUUISl JIMHEMHBIX
JUOOEPEHLIMAJIBHBIX YPABHEHUI BTOPOI'O TTIOPSIJIKA........oooeocveevecee s 42

XumMus

X. Akum:kaHoBa, A. CadutoBa, b. Myca6aeBa, b. BasxmeroBa

XUMMNYECKASI 1 MUHEPAJIOTUUYECKAS XAPAKTEPUCTUKA IIPUPOJHBIX I'PSI3EN
COJIEHBIX O3EP MOWBLULIBI U TY3KAJIA KAK IOTEHIMAJIBHOTO IIPUPOIHOIO
PECYPC AL ...ttt ettt ettt ettt sttt et e st et e st e b e e st e st e eatenb e st esb e seente b e eseenbeeseensenaeentensean 58

A. AcanoB, C.A. MamemoBa, A.A. AcaHOB .
KOJUIOMAHO-XUMHWYECKHUE W  PEOJIOTMYECKUE CBOUWCTBA TJIMHUCTBIX
MUHEPAJIOB FOXKHOTI'O PEITTIOHAL..........ooieiieiieieeteie ettt ettt ettt steetae v sssessessaessesseesna e 75

b. Umanranuesa, [.A. PaxmeroBa, b.b. /locanoBa, P. ’/KananueBa
TEXHOJIOTUA M3IOTOBJIEHUSA MBUIA M3 TIPUPOJHBIX BEIIECTB B BbBITOBLIX

VCTTOBHISIX ...ttt s 94
A.C. UckakoBa, 3.)K. CeiinaxmeroBa, J.K. Acembaena, /I.LE. Hypmyxan0etroBa, A.H. ApandaeBa
NCCIIEJOBAHNE KAYECTBO MSTKOI'O CBIPA, OBOT'AIIIEHHOI'O
TNMOJIMHEHACBIIIEHHBIMU X XVPHBIMU KUCIIOTAMI.........ccoviiviieiiiniciinicieircenceneeieeen 108

A.B. Kaiibin0ex, M.A. [l1ocebaeBa, C.A. CoiabikdaeBa, C.C.pbAckanbaesn, [.E. bepranaesa
OUTOXUMUYECKOE  UCCIIEJOBAHUE  CO:-O0KCTPAKTA  COPTA  TIIEHUIIBI
"TIAKAMEPQO" ...ttt st ettt et st et e bt e ateesat e eabeenanesabeenaeeenes 118

JI.M. Kanumosauna, I.C. CyaranrasueBa, C.O. A6uikacosa, 7K.E. Illauxosa

OITPEAEJIEHUE VYPOBHS 3ATPSA3HEHHS TIPU3EMHOI'O CJIOSS ATMOCOEPHOI'O
BO3/IVXA OTPABOTAHHBIMU I'ABAMU OT ABTOTPAHCIIOPTA I10 KOHIIEHTPALIM
OKCHIIA YTTIEPOIA......ciiiieetieieeieeteettet ettt ettt ettt ste et e sbe s s esbesseessasssessessaessasseessesseessessenssenss 127



ISSN 2224-5227 2. 2023

IH. Kaamaraesa, I.®. CarutoBa, B.1. prcog, C.A. CakubaeBa, [ A. Takub6aeBa .
BJIIMAHUE OTXOIOB MACJIOZI(I/IPOBOI/I IMPOMBIIIJIEHHOCTU HA CBOWCTBA
DJIACTOMEPHBIX KOMITOBUIIMU.........ooeiieiiieiieciie ettt sva s e 139

B.E. CaBaenéexoBa, /I.T. PaxmarynnaeBa, /K.b. Bekucanosa
IOJIYUEHUE AHTUBAKTEPUAJIBHOI'O ITOKPLITHUSA C HAHOYACTULIAMU CEPEBPA HA
TUTAHOBOM UMITITAHTE........ooiiieieee ettt ettt e e e snseensaesenaens 153

H.C. Tanac6aesa, T.C. baii:xkymanoBa, C.A. Tynraraposa, A.Q. AiinapoBa, G.G. Xanthopoulou
KATAJIMTUYECKOE OKHUCJIIEHUE METAHA B CUHTE3-TA3.......oooiiiiiieieeeeeeeeeiee 166

B.P. Taycaposa, K.E. IllauxoBa, C.O. AduiakacoBa, [.2K. [I:xamanbaesa, C.C. EreyboaeBa
MOJUPUKALINA HEHHIOHO§HBIX TEKCTUJIbHBIX MATEPUAJIOB HAHOUYACTULIAMU
MEJU, TTOJTYUEHUE M CBOUCTBAL........cooiiiiieeieeiteee ettt ettt sve et sveesae e eneennes 180

[oznpasnenus akagemuka HAH PK BykTykoBa H.C.....cc.oooiiiiniiiiiiiiiiiiicceeeccecceceee 194



Reports of the Academy of Sciences of the Republic of Kazakhstan

CONTENTS
PHYSICAL SCIENCES
A.A. Zhadyranova
USING PYTHON SOFTWARE IN COSMOLOGY ....coveutniiuiiereninieiinieieninieeniertneeieeeresesseveneeseeenenenee 5

K. Kelesbaev, Sh. Ramankulov, M. Nurizinova, A. Pattaev, N. Mussakhan
FEATURES OF STEAM PROJECT TRAINING IN THE PREPARATION OF FUTURE
SPECIALISTS IN PHYSICS.....oeioieeeeeeeeese ettt ettt sttt sttt ettt sbeeneasbesnaenaeas 19

A.N. Karymbai, N.A. Sandybayeva, S.T. Toktaugalieva
THE STRUCTURE OF TASKS OF DIFFERENT DEGREES OF COMPLEXITY WHEN
STUDYING IN A HIGH SCHOOL PHYSICS COURSE........ccccoiiiiiiiiiieieeieeereeceeeeeeeene 27

L.K. Tastanova, A.Z. Bekeshev, G.S. Basbayeva

INVESTIGATION OF THE THERMAL AND PHYSICAL PROPERTIES OF COMPOSITE
MATERIALS BASED ON EPOXY RESIN MODIFIED WITH TITANIUM DIOXIDE
NANOPARTICLES.... .ottt ettt ettt ettt et e b e st et e e st ebeeseentesseensenseensesseensanses 34

Z. Utemaganbetov, G. Nigmetova, B. Urbisinova, K. Astemessova, G. Turlybekova

ALTERNATIVE AND EXTENDED VERSION OF RUN METHOD (THOMAS ALGORITHM) OF
NUMERICAL SOLUTION OF 1-O0Y EDGE PROBLEM FOR LINEAR DIFFERENTIAL
EQUATIONS OF SECOND ORDER........ccocoiiiiiiiiiis terieeiietieeeiesteetesteeee e esaesseessessesssessesssessesseens 42

CHEMISTRY

Kh. Akimzhanova, A. Sabitova, B. Mussabayeva, B.Bayahmetova
CHEMICAL AND MINERALOGICAL CHARACTERISTICS OF THE NATURAL MUD OF THE
SALT LAKES MOIYLDY AND TUZKALA AS A POTENTIAL NATURAL RESOURCE............ 58

A. Assanov, S.A. Mameshova, A.A. Assanov
COLLOID-CHEMICAL AND RHEOLOGICAL PROPERTIES OF CLAY MINERALS OF THE
SOUTHERN REGION......couitiiiiiiiiitiiie ettt sttt ettt ettt sttt siee et sate e bt e saeesbeesaeeenees 75

B. Imangaliyeva, G.Rakhmetova, B.Dossanova, R. Zhanaliyeva
TECHNOLOGY OF MANUFACTURING SOAP FROM NATURAL SUBSTANCES IN
DOMESTIC CONDITIONS.....c.ootiirietiiiiet ettt ettt ettt et ese ettt sae st s e seeseeenesenaenen 94

A.S. Iskakova, Z.Zh. Seidakhmetova, E.K. Assembayeva, D.E. Nurmukhanbetova,

A.N. Aralbaeva

STUDY OF THE QUALITY OF SOFT CHEESE ENRICHED WITH POLYUNSATURATED
FATTY ACIDS.... oottt ettt et e et e es —eeseeesbeesseesaseaseeesbeebeessseesseessseenseesssesaseans 108

A.B. Kaiyngbek, M.A. Dyusebaeva, S.A. Sydykbayeva, S.S. Askanbaev, G.E. Berganayeva
PHYTOCHEMICAL STUDY OF CO2-EXTRACT VARIETIES OF WHEAT "LICAMERO"......118

L.M. Kalimoldina, G.S. Sultangazieva, S.O. Abilkasova, J.E. Shaikhova
DETERMINATION OF GROUND-LEVEL AIR POLLUTION BY VEHICLE EXHAUST GASES
BASED ON CARBON MONOXIDE CONCENTRATIONS.......ccceooteitieieieeeieieeteere e 127



ISSN 2224-5227 2. 2023

G.N.Kalmatayeva, G.F. Sagitova, V.I. Trusov, S.A. Sakibayeva, G.A. Takibayeva
THE EFFECT OF WASTE FROM THE FAT AND OIL INDUSTRY ON THE PROPERTIES OF
ELASTOMERIC COMPOSITIONS . ...ttt et et e e et e e aa e e earaa e 139

B.E. Savdenbekova, D.T. Rakhmatullayeva, Zh.B. Bekisanova
OBTAINING OF ANTIBACTERIAL COATING WITH SILVER NANOPARTICLES ON A
TITANIUM IMPLANT ...ttt ettt ettt ettt et este st e e st e besseetesseensesseensesseensansennes 153

N.S. Talasbayeva, T.S. Baizhumanova, S.A. Tungatarova, A.O. Aidarova, G.G. Xanthopoulou
CATALYTIC OXIDATION OF METHANE TO SYNTHESIS GAS......coooiiiieeeeeeeeeeees 166

B.R. Taussarova, Zh.E. Shaikhova, S.O. Abilkasova, S.S. Yegeubayeva , G.J. Jamanbayeva
MODIFICATION OF CELLULOSE TEXTILE MATERIALS WITH COPPER NANOPARTICLES,
PRODUCTION AND PROPERTIES

Congratulations to academician N.S. Buktukov on his 75th birthday.........c..ccoceeieiininiinininnen. 194



Publication Ethics and Publication Malpractice in the journals of the National
Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http:// www.elsevier.com/publishingethics and http://www.elsevier.com/journal-
authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of
Kazakhstan implies that the work described has not been published previously (except in
the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see http://www.elsevier. com/postingpolicy), that it is not under consideration for
publication elsewhere, that its publication is approved by all authors and tacitly or explicitly
by the responsible authorities where the work was carried out, and that, if accepted, it will
not be published elsewhere in the same form, in English or in any other language, including
electronically without the written consent of the copyright-holder. In particular, translations
into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification,
fraudulent data, incorrect interpretation of other works, incorrect citations, etc. The National
Academy of Sciences of the Republic of Kazakhstan follows the Code of Conduct of the
Committee on Publication Ethics (COPE), and follows the COPE Flowcharts for Resolving
Cases of Suspected Misconduct (http:// publicationethics.org/files/u2/New_Code.pdf). To
verify originality, your article may be checked by the originality detection service Cross
Check http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide
corrections, clarifications, retractions and apologies when needed. All authors of a paper
should have significantly contributed to the research.

The reviewers should provide objective judgments and should point out relevant
published works which are not yet cited. Reviewed articles should be treated confidentially.
The reviewers will be chosen in such a way that there is no conflict of interests with respect
to the research, the authors and/ or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and
they will onh accept a paper when reasonably certain. They will preserve anonymity of
reviewers and promote publication of corrections, clarifications, retractions and apologies
when needed. The acceptance of a paper automatically implies the copyright transfer to the
National Academy of sciences of the Republic of Kazakhstan.

The Editorial Board of the National Academy of sciences of the Republic of Kazakhstan
will monitor and safeguard publishing ethics.

ITpaBuia opopMiTeHHS CTaThy JUIA ITyOIMKALMK B XKypHAaJIe CMOTPETh Ha caiTe:
www:nauka-nanrk.kz
ISSN 2518-1483 (Online), ISSN 2224-5227 (Print) http://reports-
science.kz/index.php/en/archive
3aMecTuTeNb IUPEKTOpP OT/AeNa H3aaHus HayuHbIX )XypHanoB HAH PK P. JKoaukwisu
Penakropsr: M.C. Axmemosa, J.C. Anenos
Bepctka Ha xomnbiotepe I./]. JKaowipanosoii Iloqmucano B neuats 30.06.2023.
®opwmar 60x88'/s. Bymara ocetnas. [leuars - puzorpad. 22,0 n.i. Tupax 300. 3akas 2.

Hayuonanvnas akademus nayk PK
050010, Anmameur, yn. Lllesuenxo, 28, m. 272-13-19



	БАЯНДАМАЛАРЫ                                                       2023  2
	ДОКЛАДЫ                                                                       2023   2
	REPORTS                                                                                                    2023  2

	UDC 517.624.2
	© Z. Utemaganbetov1, G. Nigmetova1, B. Urbisinova1, K. Astemessova2*,
	G. Turlybekova2, 2023
	1Caspian University of Technology and Engineering named after Sh.Yessenov, Aktau, Kazakhstan;
	© З.С. Утемаганбетов1, Г.Н. Нигметова1, Б.Т. Урбисинова1,
	К.С. Астемесова2*, Г.К. Турлыбекова2, 2023
	© З.С. Утемаганбетов1, Г.Н. Нигметова1, Б.Т. Урбисинова1 ,
	К.С. Астемесова2, Г.К. Турлыбекова2, 2023
	Описание алгоритма
	Формула обратного хода:
	Численные примеры

	Описание алгоритма. Организация прямого хода
	Организация обратного хода
	Численные примеры
	Publication Ethics and Publication Malpractice in the journals of the National Academy of Sciences of the Republic of Kazakhstan


	биооо
	© Kh. Akimzhanova1*, A. Sabitova1, B. Mussabayeva2, B.Bayahmetova1, 2023
	©Х. Әкімжанова1*, А. Сабитова1, Б. Мұсабаева2, Б. Баяхметова1, 2023 ж
	Введение
	Солёные озера Мойылды и Тузкала располагаются в северной области Казахстана и содержат большие объемы нативной грязи, толщиной слоя около 0.6 м. Они были популярны среди местного населения издревле. Если на базе грязевых запасов озера Мойылды создан е...
	Материалы и методы эксперимента
	Образцы отбирали из района, где добывается грязь, методом точечных проб глубиной до 20 см в одном слое через каждые 5м в радиусе источника и подвергались дальнейшему квартованию согласно ГОСТ 17.1.5.01-80. На рисунке 1 обозначены координаты места отбо...
	Также были определены содержание подвижных форм азота в нитратной форме согласно ГОСТ 26951-86 потенциометрическим методом; фосфора и калия по методу Мачигина согласно ГОСТ 26205-91; серы  фотометрическим методом согласно ГОСТ 26490-85. Были определен...
	© Л.М. Калимолдина, Г.С. Султангазиева, С.О. Абилкасова*, Ж.Е. Шаихова, 2023
	Алматинский технологический университет, Алматы, Казахстан.
	E-mail: kalimoldina.laila@mail.ru
	ОПРЕДЕЛЕНИЕ УРОВНЯ ЗАГРЯЗНЕНИЯ ПРИЗЕМНОГО СЛОЯ АТМОСФЕРНОГО ВОЗДУХА ОТРАБОТАННЫМИ ГАЗАМИ ОТ АВТОТРАНСПОРТА ПО КОНЦЕНТРАЦИИ ОКСИДА УГЛЕРОДА
	Аннотация. Автомобильный транспорт является одним из источников загрязнения окружающей среды. В настоящее время воздействие транспорта на окружающую среду является наиболее актуальной и актуальной проблемой современного общества. Актуальность исследов...
	Ключевые слова: угарный газ, химические загрязнители воздуха, автомобиль, коэффициент токсичности, выхлопные газы
	The impact of a vehicle on the environment can be divided into positive and negative effects. Each type of positive effect can be matched by one type of negative effect. Chemical pollutants emitted by motor vehicles enter directly into the surface lay...
	Carbon monoxide (CO) is an odourless gas. Its MAC in the working area is 20 mg/m3. At concentrations of 300 to 600 mg/m3 people are easily poisoned, at 1,800 mg/m3 people are severely poisoned. Toxicity of exhaust, combustion and exhaust gases emitted...
	The methods of calculation of amount of chemical pollutants from motor transport emissions in the city have been developed taking into account the vehicles working on liquefied petroleum gas. The calculation of emissions of chemical pollutants from mo...
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	Aiman N., Gulnaz S. & Alena M., 2018 ― Aiman N., Gulnaz S. & Alena M.  The characteristics of pollution in the big industrial cities of Kazakhstan by the example of Almaty. J Environ Health Sci Engineer 16, (2018). Рp.81–88. https://doi.org/10.1007/s4...
	Kashin F.V., Aref’ev V.N., Kamenogradskii N.E. et al., 2007 ― Kashin F.V., Aref’ev V.N., Kamenogradskii N.E. et al.  Carbon dioxide content in the atmospheric thickness over central Eurasia (Issyk Kul Monitoring Station). Izv. Atmos. Ocean. Phys., (20...
	Ang Yu, Yiqun Wei, Wenwen Chen, Najun Peng, Lihong Peng, 2018 ― Ang Yu, Yiqun Wei, Wenwen Chen, Najun Peng, Lihong Peng. Life cycle environmental impacts and carbon emissions: A case study of electric and gasoline vehicles in China, Transportation Res...
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	Исследования проводили   методами:
	ИК - спектрального анализа на приборе ИК-Фурье спектрометр ShimadzuIRPrestige-21 с приставкой нарушенного полного внутреннего отражения (НПВО) Miracle фирмы PikeTechnologie (рис. 1).
	Из результатов испытаний полученных вулканизатов видно, что прочность при растяжении у вулканизатов с ШРС (образец 1) на 2 % выше, а с ШРЖКВС (образец 2) на 1,57 % выше, относительное удлинение образца 1 на 3,48 % выше, а образца 2 на 4,52 % выше по с...
	Вывод
	Нами получен шинный регенерат с использованием отходов масложировой промышленности. Результаты испытании показали, что отходы масложировой промышленности обеспечивают технические характеристики эталонного регенерата при использовании в шинном регенерате.
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