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WEARABLE TEXTILE PDMS-PPy/NYLON FIBER-BASED TRIBOELECTRIC
NANOGENERATOR

Abstract. Scavenging energy from alternative renewable and widespread resources is considered as one of
the effective approaches to meet the ongoing energy demand for sustainable development. Among many types
of energy, mechanical energy is abundantly available in our daily surroundings and its conversion to electricity
is considered to be a promising approach to meet the needs of human life. The triboelectric nanogenerator
(TENG) is a promising technology for converting ambient mechanical energy into electricity. Textile-based
TENGs are attracting huge attention due to their light weight, flexibility and scalability. Conductive fibers
coated with triboelectric materials can be applied for fabricating TENG to harvest the energy of human
motions, but current nanogenerators are mostly prepared from metal wires/foils coated with a dielectric, thus,
lack durability and wearability. In this work, we developed a unique composite triboelectric yarn comprising
polypyrrole (PPy) coated fiber electrode coated with polydimethylsiloxane (PDMS). We show that the PPy
adheres extremely well to the nylon fiber producing a uniform and stable conductive coating. Moreover,
PDMS coated polypyrrole/nylon composite yarn exhibits remarkable triboelectric energy harvesting during
testing with a peak-to-peak open-circuit voltage (V, ) of about 11 V and short-circuit current (I )) 130 nA. In
addition, we demonstrated the dependence in output performance using various fabrics with motion relative
to a PDMS-PPy/nylon-based TENG textile and the ability to charge capacitors.

Key words: triboelectric effect, nanogenerator, textile electrode, polypyrrole, polydimethylsiloxane.

Introduction. Nowadays tremendous research efforts are committed to finding alternatives to fossil
fuels energy sources and technologies for their conversion into electrical energy. The supply of energy is
crucial for smart mobile electronics, sensors, and wearable devices and most of these devices are powered
by batteries, but batteries have drawbacks like the need for recharging, short life, safety issues. Therefore,
the supply of sustainable energy from clean and indispensable energy sources is the key to solve the energy
supply problem, which is of vital importance for smart electronic devices. Mechanical energy is an infinite
source of energy and converting it to electricity is viewed as a promising energy conversion approach [1, 2].
Among many suggested technologies triboelectric nanogenerators (TENGs) based on triboelectric effect and
electrostatic induction successfully demonstrate efficiency in transforming ambient mechanical energy into
electrical energy [3, 4].

The working mechanism of TENGs is based on contact and then separation or sliding against each other of
two different triboelectric materials with opposite polarities (Figure 1) [5]. Electrostatic charges of opposite
polarities are developed on the surfaces of tribo-materials due to charge redistribution during the contact.
Generally, sliding motion and vertical contact-separation motion are two main motions that can be used in
a TENG to convert mechanical energy into electrical energy. Lateral sliding and freestanding designs of
TENGs are based on sliding type, whereas pressure and vibrations are converted into electricity in vertical
contact-separation and single-electrode modes [6].
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Figure 1 — Four basic operation modes for TENG

The triboelectric effect takes place during the contact between any different in natural materials and we
daily experience it, but the causes of triboelectricity are still not fully investigated. The main suggested cause
of triboelectricity is the redistribution of surface charges during the contact between two materials which
stems from different electron affinities in molecular and material structure, thus, one material loses electrons
and the other material gains them leading to the generation of triboelectric charges on the surface [7]. The
materials were classified according to their relative ability to provide or gain electrons into triboelectric
series [8]. Generally, non-conductive materials easily maintain a charge and are thus are often used as
triboelectrification layers, on the other hand, metal wires or foils and ordinary natural or synthetic yarns/
fabrics coated with conductive metals, carbonaceous particles have been used as an electrode in TENGs.

Based on the four basic working modes, a variety of structures have been developed for TENGs to harvest
different types of mechanical energies: vibrational, rotational, sliding, pressing and bending, energies of
water drops, wind, ocean, and acoustic sound waves [9]. In particular, wearable TENGs have gained attention
due to the possibility of their integration with personal mobile electronic devices and the harvesting energy
of human motions [10]. Textile TENGs can be fabricated by applying textile manufacturing techniques
such as weaving, knitting, and sewing. Weaving and knitting are the most common techniques for textile
manufacturing, and many reported textile TENGs are fabricated through these processes [11]. The structures
of textile TENGs can be classified into the following categories: 1D fiber TENGs, 2D and 3D textile TENGs
[12]. The characteristic of 1D fiber TENG is that every single fiber/yarn is an electricity-generating TENG;
these TENGs with 1D configuration have been reported to generate electricity when stretching, bending, or
pressing the fibers [13]. The textile 2D TENGs have a planar textile structure; therefore, they expose more
surface area for the triboelectrification and, thus, usually have better performance compared to 1D TENGs.
Moreover, 2D TENGs can be directly realized on the fabrics as planar single/multi-layered structures with
large-scale production [14]. The textile TENGs with the 3D structure are produced by the spatial formation
of 2D warp- or weft-knitted fabrics, 3D braiding [15].

The main challenge in developing textile-based TENGs is the lack of durability when using ordinary metal
wires or foils as an electrode, moreover, many suggested methods for fiber-based electrodes coated with
metal nanoparticles are time-consuming and involve expensive techniques which can restrict the large-scale
production and application of TENGs.

In the present work, we developed a new textile TENG based on polypyrrole coated nylon fiber as an
electrode and PDMS as a triboelectrification layer. Polypyrrole (PPy) was deposited on nylon fiber through
single-step low-temperature in-situ polymerization. Afterward, PPy coated nylon fiber was coated with
polydimethylsiloxane (PDMS) and lastly composite PDMS-PPy coated nylon yarn was utilized for knitting
PDMS-PPy/nylon fiber-based textile TENG. The proposed TENG demonstrated an electrical output while
tapping with the human hand. The output electrical characteristics were examined relative to different fabric
tribo-materials, further, the possibility of charging capacitors was shown which is vital for the application.
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Materials and methods. 7extile TENG preparation: an experimental part of the conductive fiber
preparation has been carried out by the well-known in situ polymerization process which is an easy, cost-
effective, large-scale, single-step, and low-temperature process technique (Figure 2). The preparation of the
conductive fiber has included fiber pretreatment (removing impurities) and polymerization. Nylon fiber was
initially scoured with 4% NaOH and 2% Na,CO, solutions at 80°C for 4 h to remove the impurities from the
surface. After that nylon fiber was immersed in a 0.5 M pyrrole solution and then 1M FeCl,, 0.02M p-toluene
sulfonic acid were added to this solution. Subsequently, the resulting solution and the impregnated fiber
were then left for 20 min at 0-4°C for polymerization. Lastly, the PPy coated nylon fiber was washed with
deionized water (DI water) and dried in an oven at 60°C for 2 h.

The triboelectrification layer was prepared by coating above prepared PPy coated nylon fiber with PDMS.
The first PDMS solution was prepared by mixing the base and curing agent (Sylgard 184) at a ratio of 10:1.
Then PPy coated nylon fiber was immersed into viscous PDMS solution for coating, lastly, after immersion,
it was placed into a hot oven to allow PDMS to be cured at 130 °C for 1.5 h.

Initial nylon PPy coated

PDMS-PPy
fiber nylon fiber

coated nylon fiber

solution

Figure 2 — The preparation process of PDMS-PPy coated nylon fiber.

The PDMS-PPy/nylon fiber-based TENG textile was prepared by knitting PDMS-PPy/nylon fiber-based
TENG yarns into planar fabric TENG.

Characterization and Measurements.

The morphology of the fibers was studied with scanning electron microscopy (Zeiss Crossbeam 540) and
the stress-strain behavior of the composites was studied using a Universal Testing Machine (model WDW-3).

The output short-circuit current and open-circuit voltage of the textile TENG were measured by a Stanford
low-noise current preamplifier (SR570) and a digital oscilloscope (Tektronix 2002C), respectively.

Results. In Figure 3 the images obtained using SEM of the initial and composite PDMS-PPy/nylon fibers
are shown.

100

Figure 3 - SEM images of the a) initial, b) coated with PPy nylon and c)-d) PDMS-PPy nylon fiber.
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A tensile-strength test was performed to evaluate the mechanical properties of the PDMS-PPy/nylon

composite yarn. Representative stress-strain curves for pure nylon and composite PDMS-PPy/nylon yarns
are presented in Figure 4.

! pristine nylon
—— PDMS-PPy/nylon

Stress, MPa

T d T Y T T T T T T r
0.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0
Strain, %

Figure 4 - The stress-strain curves of pristine and composite PDMS-PPy/nylon fibers under tensile
loading.

The open-circuit voltage and short-circuit current of PDMS-PPy/nylon TENG were measured. Since
any two different dielectric materials exhibit a triboelectrification, therefore, for demonstration, a series of
different fabrics have been tested with motion relative to a PDMS-PPy/nylon-based TENG textile.
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Figure 5 - Output voltage of the as-fabricated PDMS-PPy/nylon textile TENG interacting with various
commercial fabrics.

The peak-to-peak short-circuit current during the relative motion to PDMS-PPy/nylon-based TENG textile
of cotton, polyester, wool, nylon fabrics is shown in Figure 6.
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Figure 6 - Output current of the as-fabricated PDMS-PPy/nylon textile TENG interacting with various
commercial fabrics.

TENG generates AC electrical pulses and therefore an energy storage unit like a capacitor or battery is
needed to power electronic devices. The capability of the PDMS-PPy/nylon fiber-based TENG to charge the

capacitors is shown in Figure 7. Here, a circuit integrating the TENG with a full-wave bridge rectifier and a
capacitor was constructed.
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Figure 7 —Charging a capacitor by PDMS-PPy/nylon fiber-based TENG: a) Typical charge-discharge
curve for capacitor b) Voltage-time relationship at different load capacitances.

Discussion. SEM image of bare fiber clearly demonstrates that it comprised the interlaced microfibrous
network and the surfaces of microfibers of bare fiber appear almost smooth (Figure 3a). Whereas, the
macromolecules of PPy could be seen between the interlaced microfibrous network of nylon fiber after coating
as shown in Figure 3b. Figure 3¢ demonstrated the PDMS coating on PPy/nylon fiber, it can be seen that fiber
was smoothly uniformly coated, moreover, Figure 3dshows a cross-sectional image of composite yarn which
confirms the coating of PDMS on PPy/nylon fiber. As shown in Figure 4 the pure nylon experienced the
stress of 5.4 MPa and demonstrated a strain limit equal to 2.7%. On the other hand, PDMS-PPy/nylon yarn
has shown lower stress resistance, 3.3 MPa, this physical deterioration is due to thermal treatment taking
place while coating PDMS layer on PPy/nylon, but composite yarn demonstrated higher elasticity with a
strain limit equal to 3.5%. The results of tensile strength evaluation suggest the composite yarn possesses
considerable elasticity and, thus, is suitable for TENG fabrication.

The output voltage during the relative motion to PDMS-PPy/nylon-based TENG textile of cotton, polyester,
wool, nylon fabrics is shown in Figure 5. When the PDMS-PPy/nylon-based TENG textile exhibits motion
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relative to a common cotton textile an open-circuit peak-to-peak voltage (V) of [13.5V can be generated. A
slightly higher V_of about 4 V was observed when using polyester fabric. Wool fabric demonstrated V__equal
to 5V, while the maximum output peak-to-peak voltage of about 11 V was demonstrated by nylon fabric.

The output current when using different fabrics as a counter tribo-layer follows the same trend observed
for the output voltage. The lowest output current of nearly 60 nA demonstrated PDMS-PPy/nylon-based
TENG textile against the cotton fabric, on the other hand, the highest peak-to-peak I of about 130 nA has
PDMS-PPy/nylon-based TENG textile with nylon fabric. When the PDMS- PPy/nylon based TENG textile
exhibits motion relative to a common polyester textile a short-circuit peak-to-peak current of 7790 nA can
be generated, while I of about 110 nA was observed when using wool. The variations in V. _and I coincide
well with the triboelectric series, where two materials with large differences in the tribo- _series cause high
charge density, therefore, a higher output. Thus, PDMS and nylon fabric are two pairs with large opposite
triboelectrification properties. The charge-discharge curve under periodic motion is illustrated in Figure 7a,
where a 0.1pF capacitor was charged up to about 1 V in 4 seconds. Furthermore, the TENG was able to charge
the capacitors with different capacitances, here, as shown in Figure 7b the higher the value of the capacitor,
the slower the voltage will rise. Initially, the capacitors were charging at the highest speed followed by a
gradual decrease which is due to the difference in time-constant values of capacitors.

Consequently, it is safe to anticipate that the TENG textile based on PDMS coated conductive PPy/nylon
fiber is universally applicable in terms of fabrication knitted TENG and can work with various tribo-surfaces
and can easily charge capacitors. Because of the unique structure of the developed knitted textile TENG and
output electrical profiles the potential portable, flexible TENG can be further studied to scavenge energy from
different human parts.

Conclusion. In conclusion, an inexpensive and easily fabricated flexible TENG on the base of nylon fiber
coated with PPy and PDMS was demonstrated. Herein, as an alternative to metal nanoparticles, the PPy was
utilized for coating nylon fiber for electrode fabrication. Further, PPy coated nylon fiber was coated with
PDMS, such PDMS-PPy coated nylon fiber was knitted into fabric TENG. Corresponding TENG exhibited
maximum V_and I  values of 11 V and 130 nA, respectively. On the other hand, the ability of PDMS-PPy/
nylon TENG to charge capacitors was also revealed which is promising to power small-scale devices and
sensors. The developed TENG can be applied for upcoming wearable electronic applications because of its
potential to harvest small mechanical energies of human motion.

Acknowledgments. This workwas supported by the research grant AP08052143 ““Development of wearable
self-charging power unit” from the Ministry of Education and Science of the Republic of Kazakhstan.

Hypmakanos E.E.', Kaaumyaauna I.C.2, Kpyunnun P.IL!

"MmxeHepus sxoHe IUPIBIK FeUTBIMIAp MekTeO1, HazapbaesYuusepcureri, Hyp-Cynran, Kazakcran;
’MexXaHHKaJbIK )KOHE adpOFaphIIITHIK HHXeHepHs Kadenpackl, HKeHepus xoHe UPIIBIK FHUTBIMIAP
MmekTe01, HazapbaesYnusepcureri, Hyp-Cynran, Kazakcran.

E-mail: yerzhan.nurmakanov(@nu.edu.kz

KHALJIETIH IIMC-III1 / HEMJIOH KIBIHE HETI3EJITEH TEKCTIJIb
TPUBOJJIEKTPUKAJIBIK HAHOT'EHEPATOPBI

AnHoTanus. Banamanel KaHApPTHUIATBIH KOHE TAOWFATTa KCH TapajFaH pecypcTaplaH SHEprHs any
TYpPaKThl JaMyfa KaKeTTi DHEPTHs CYPaHBICHIH KaHAFaTTaHABIPYABIH THIMII TOCUIIEpiHiH Oipi OombIm
caHayajipl. JHEPTUSHBIH KONTETeH TYPIEPiHiH iITiHIe MEXaHUKAIBIK SHEPTHs O13/1iH alfHaIaMbI3/1a OTe KOl
OOJIFaH/IBIKTaH, OHBI JIEKTP SHEPTUSCHIHA aHAJBIPY apKbUIBI aJlaM OMipiHJIET] PHEPTHs KaXKEeTTIIKTepiH
eTeiTiH 30p MyMKiHzIiri 6ap. Tpuboanekrpiuik Hanoreneparop (TOHI) Kopumaran opTaHbIH MEXaHUKAJIBIK
SHEPTHUACHIH DIIEKTP SHEPTHSICHIHA TYPJCHAIPE alaThlH MEPCHEKTUBANBI TEXHOJOTHS OONBIN TaObLIAIbI.
Byriane tekctunbre Heriznenred TOHI canMarbIHBIH KEHUTIITIHE, MKEMIITITIHE )KOHE ayKBIMIBI MOIIIepe
OH/IIPLTy MYMKIHJIITiHE OAalJIaHBICTHI VIIKEH CYPaHBICKAa e OOJBIT OTHIP. TPHOOAIEKTPIIiK MaTepraIiapMeH
KalTaJfaH OTKI3Till TallIBIKTapIbl aJaM KO3FaJbICBIHBIH JHEPruschiH JkuHaiiThiH TOHI skacayra
KoNJlaHyFa Oonajabl. Anaiifia, TOK HaHOTEHEpaTopyiapbl KeOiHece MUAJICKTPHKIICH KANTallFaH METasll
chIMIapaan Hemece (ObrajaH JailbIHIaTaThIHABIKTaH, OCpPIKTITT TOMEH JKOHE Te3 TO3aJbl. byJl KyMbicTa
oi3nomuaumeticuinokcad (IIJIMC) rxoHe NMOMUMUPPOIMEH KalTalIFaH TAIIIBIKTBI AIEKTPOATAH TYPAThIH
Oiperell KOMITO3UTTIK TPHOOIIEKTPIIK KIiNTepHai MalbIHAABIK.bi3 MOMUIUPPOIABIH HEWJIOH TaJlllbIFbIHA
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eTe KAaKChl KalObIca OTHIPHIN, OIPKEIKi KOHE TYPaKThl OTKI3riml OeTTik Kabdar TY3eTiHIH KOPCETTIK.
ConbiMen katap, [IAMC kanranraH NOJIMIUPPON/HEHIOHHAH TyparelH uipinrim >xin TOHIT tectiney
Ke3iHJIe OTe KOFaphl TPUOOIIEKTPIIIK IHEPTHUSIHBI KUHAKTAY KaCHETTEePiH KOpCceTTi. ATar aiiTkanna, 0i3aiH
naiteraarad TOHI amrbik Tiz0ekTeri mbIHHAH mIbiHFA AeiiiH 11 B mamaceiana kepHey meH 130 HA KbicKa
TYHWBIKTay TOTbIH WbFapasl. ConbiMeH Katap, 013 [IIMC-nonunuppon/aeiinon nerizingeri TOHI™ Tokpima
OyHBIMIapbIHA KAaTBICTHI KO3FAIBICHI Oap op TYpI i Marajapisl KOJJAaHa OTBIPHIT, OHIMIITIKKE TOYEIAUTIKTI
YKOHE KOHJISHCATOPIIAP/IbI 3apsATay MYMKIHIITIH KOPCETTIK.

Tyiingi ce3mep: TpuOodneKkTpmik 3¢PGeKT, HaHOTEHEpaTop, TEKCTHIBI SJIEKTPOJ, MOIUITHPPOIL,
MOJUANMETHIICHIIOKCAH.

Hypmakanos E.E.", Kaaumyaauna I.C.2, Kpyuunun P.IL!

'TlIxona nrxeHepun u M poBbIX Hayk, Hazapbae Yuusepcuret, Hyp-Cynran, Kazaxcran;
?JlenapTaMeHT MEXaHHYIECKOM M a9POKOCMUYECKON HHKeHeprH, [1Ikona nikeHepuu U UdpPOBBIX HAYK,
Hazap6aeB Yuusepcutet, Hyp-Cynran,Kazaxcran.

E-mail: yerzhan.nurmakanov@nu.edu.kz

HOCHUMBIN TEKCTUJIbHBIN TPUBOJIEKTPUUECKUI
HAHOTEHEPATOP HA OCHOBE PDMS-PPy/HAHJIOHOBOM HUTH

AnHotanus. [loxydyenue sHEpTUU U3 aTbTEPHATUBHBIX BO30OHOBISIEMBIX M LIIMPOKO PACHPOCTPAHEHHBIX
PecypcoB cuuTaeTCs OMHUM U3 3(PGEKTHBHBIX MOIXOA0B K YAOBJIETBOPEHHUIO TEKYILETO CIIpOca Ha SHEPTUIO
IUIs1 yCTOMUMBOTO pa3BuTHs. Cpeay MHOTHX BUIOB SHEPIMH MEXaHHUECKas SHEPIUs B JOCTYITHA U300MITUH B
HallleM HOBCEIHEBHOM OKPYXXEHHUH, U €€ MIPpeoOpa3oBaHue B IEKTPUUECTBO CUUTAETCS MHOTOOOCIIAIOIINM
MOAXOIOM JUIsl  YAOBJICTBOPEHHUSI HYXXJ UEJIOBEYECKOM JKMU3HENEATEIbHOCTH. TpuOO3JIeKTpUYeCcKui
nanoreHeparop (TOHI) siBiseTcst mepclieKTUBHOM TEXHOJIOTMEH MpeoOpa3oBaHusl MEXaHUUECKOH SHEPIHU
OKpy»Karoliei cpeasl B anekTpuuecTBo. TOHIT Ha TEKCTHIBHONW OCHOBE NMPUBIIEKAIOT OTPOMHOE BHUMAaHHE
Onarozmapsi CBOEMY JIETKOMY BecCy, TMOKOCTH M MacuTtadupyemocTd. lIpoBoxsmye HUTH — BJIEKTPOJIHI,
MOKPBITBIE TPUOORIEKTPUUECKUMH MaTeprajaMi, MOTYT ObITh MpUMEHEeHbI Al u3rotosienust TOHIT ms
cOopa 3HEepruy ABMKCHUI 4ellOBEKa, HO COBPEMEHHBIC HAHOTEHEPATOPbl B OCHOBHOM M3TOTaBIMBAIOTCS
U3 METAJUIMYECKUX MTPOBOAOB/(OJIBIH, MOKPBITHIX TUIEKTPUKOM, YTO HE 00ECIIEUMBACT JOJITOBEYHOCTh U
H3HOCOCTOMKOCTb. B manHON pabote Obuia pa3paboTaHa yHUKaJIbHAsi KOMIIO3UTHAsE TPUOOIEKTpUUECKast
HUTb, COCTOALIAS M3 BOJOKHA, MOKPBITOTO MOJMIMPPOJIOM B KaueCTBE BIICKTPOAA, Jajiee — IOKPHITOTO
nomugumermiicuiiokcadoM (IIJIMC). Mbl nokasaiy oueHb XOPOLIYIO aAr€3HI0 IOJIMIUPPOIIa K HEHIIOHOBOMY
BOJIOKHY, 00pa3yIoIIero OAHOPOAHOE U CTa0MIBHOE IPOBOAALIEE TOKphITHE. KpoMe Toro, KoMIo3uTHasi HUTh
U3 MOJUNUppoIIa/Haitiona, nokpsitoro I1I/IMC, neMoHCTpUpyeT 3HAYUTENBHBINA COOp TPHOOIIEKTPUIECKON
SHEPTUU BO BPEMS HCIIBITAHUN C JBOMHBIM aMIUIUTYAHBIM HampsbkeHHeM okoio 11 B U TokoM KOpOTKOro
3aMmbikanust 130 HA. Kpome Toro, Mbl HpOAEMOHCTPUPOBAIM 3aBHCHUMOCTb BBIXOJHOW MOIIHOCTH B
3aBUCHUMOCTH OT HMCHOJIBb3YEMBIX Pa3IMYHBIX TKAHEH C ABMKCHHEM OTHOCHTEIBHO TKaHU Pa3padOTaHHOTO
TOHI na ocnose [1IIMC-nonunuppos/Hailiona, a Tak)ke BO3MOXXHOCTb 3apsiKaTh KOHIEHCATOPBI.

KitroueBbie ciioBa: Tpulo3nekTpudeckuii 3 ek, HAHOTeHEPATOP, TEKCTHIILHBIHI AIEKTPO, OIUIIUPPOIL,
MOJIUIUMETHIICHUIIOKCAH.

Information about the authors:

Yerzhan Nurmakanov — PhD, Research Assistant, School of Engineering and Digital Sciences,
Nazarbayev University, Nur-Sultan, Kazakhstan. Tel.+77077564412, e-mail: yerzhan.nurmakanov(@nu.edu.
kz, https://orcid.org/0000-0002-0404-1833;

Gulnur Kalimuldina — PhD, Department of Mechanical and Aerospace Engineering, School of
Engineering and Digital Sciences, Nazarbayev University, Nur-Sultan, Kazakhstan. Tel. +77751445841,
e-mail: gkalimuldina@nu.edu.kz, https://orcid.org/0000-0001-9185-3217;

Roman Kruchinin — MSc, Research Assistant, School of Engineering and Digital Sciences, Nazarbayev
University, Nur-Sultan, Kazakhstan. Tel. +77029614113, e-mail: roman.kruchinin@alumni.nu.edu.kz.

172



Reports of the Academy of Sciences of the Republic of Kazakhstan

REFERENCES

[1] Fan F.R., Tang W., Wang Z.L. Flexible Nanogenerators for Energy Harvesting and Self-Powered
Electronics //Advanced Materials. 2016, Vol. 28, P. 4283-4305.https://doi.org/10.1002/adma.201504299.

[2] Dharmasena R.D.I.G., Silva S.R.P. Towards optimized triboelectric nanogenerators //Nano Energy.
2019, Vol. 62, P. 530-549.https://doi.org/10.1016/j.nanoen.2019.05.057.

[3] Wang Z.L. Triboelectric Nanogenerators as New Energy Technology for Self-Powered Systems and
as Active Mechanical and Chemical Sensors. ACS Nano. 2013, Vol. 7, P. 9533-9557. https://doi.org/10.1021/
nn404614z.

[4] Fan F.R., Tian Z.Q., Wang Z.L. Flexible triboelectric generator // Nano Energy.2012, Vol. 1, pp. 328-
334.

[5] Wu C., Wang A.C., Ding W., Guo H., Wang Z.L. Triboelectric Nanogenerator: A Foundation of the
Energy for the New Era // Advanced Energy Materials. 2019, Vol. 9, p. 1802906. https://doi.org/10.1016/j.
nanoen.2012.01.004.

[6] LinZ.,ChenJ., Yang J. Recent Progress in Triboelectric Nanogenerators as a Renewable and Sustainable
Power Source // Journal of Nanomaterials. 2016, Vol. 2016, p. 5651613. https://doi.org/10.1155/2016/5651613.

[7] Kim W.G., Kim D.W., Tcho L.W., Kim J.K., Kim M.S., Choi Y.K. Triboelectric nanogenerator:
Structure, Mechanism, and Applications //ACS Nano.2021, Vol. 15, P. 258-287.https://doi.org/10.1021/
acsnano.0c09803.

[8] Zou H., Ying Z., Guo L., Wang P., He X., Dai G., Zheng H., Chen C., Wang A.C., Xu, C. Wang Z. L.
Quantifying the triboelectric series //Nature Communications.2019, Vol. 10.https://doi.org/10.1038/s41467-
020-15926-1.

[9] Wang W., Yu A., Liu X,, Liu Y., Zhang Y., Zhu Y., Lei Y., Jia M., Zhai J., Wang Z.L. Large-scale
fabrication of robust textile triboelectric nanogenerator /Nano Energy. 2020, Vol. 71, p. 104605. https://doi.
org/10.1016/j.nanoen.2020.104605.

[10] J. Liu, L. Gu, N. Cui, Q. Xu, Y. Qin, R. Yang. Fabric-based triboelectric nanogenerator // Research.
2019, Vol. 2019, p. 109163. https://doi.org/10.34133/2019/1091632.

[11] Zhang L., Yu Y., Eyer G.P,, Suo G., Kozik L.A., Fairbanks M., Wang X., Andrew T.L. All-Textile
Triboelectric Generator Compatible with Traditional Textile Process //Advanced Materials Technologies.
2016, Vol. 1, p. 1600147. https://doi.org/10.1002/admt.201600147.

[12] Xiong J., Lee P.S. Progress on wearable triboelectric nanogenerators in shapes of fiber, yarn, and
textile // Science and Technology of Advanced Materials. 2019, Vol. 20, P. 837-857.https://doi.org/10.1080/
14686996.2019.1650396.

[13] He X., Zi Y., Guo H., Zheng H., Xi Y., Wu C., Wang J., Zhang W., Lu C., Wang Z.L. A highly
stretchable fiber-based triboelectric nanogenerator for self-powered wearable electronics // Advanced
Functional Materials. 2017, Vol. 27, p. 1604378. https://doi.org/10.1002/adfm.201604378.

[14] Paosangthong W., Torah R., Beeby S. Recent progress on textile-based triboelectric nanogenerator //
Nano Energy. 2019, Vol. 55, pp. 401-423.https://doi.org/10.1016/j.nanoen.2018.10.036.

[15] Dong K., Peng X., An J., Wang A.C., Luo J., Sun B., Wang J., Wang Z.L. Shape adaptable and
highly resilient 3D braided triboelectric nanogenerators as e-textiles for power and sensing //Nature
Communications.2020, Vol. 11.https://doi.org/10.1038/s41467-020-16642-6.

173



Reports of the Academy of Sciences of the Republic of Kazakhstan

COJIEP)KAHUE
BUOTEXHOJIOT S

Abaii I' K., FOnpamobaes F0.A., Yomanos Y.U., CaBuyk C.B., bep:xanoBa P. K.
NCCIIEJOBAHUE MUKPO®JIOPHI KO3bEI'O MOJIOKAKAK OFBbEKTA HYTPULIEBTUYECKOI'O
TIMITAHIIS ...ttt ettt e et e e ettt e et e e e eabaeeeatbeeetbeeesbeeeassseesassaaessseeenssasansseeessssaeanssenan 5

HNmanb6aeBa M.K., ApsinoBa P.A., Macanumon 7K.K., [IpocexoB A.1O., Cepuxdaii I'.
BE3JIAKTO3HASI 3AKBACKA HA OCHOBE ITPOBMOTUYECKHX LITAMMOB
JIAKTOBAKTEPHIL ......ovvoiiieieiiiei st 12

Ken:kexanoBa ML.b., Mamaea JI.A., Beroxun C.C.,Tynexb6aeBa A.K., KaiicapoBa A.A.
TEXHOJIOI'MYECKAS OLUEHKA TTPUT'OJJHOCTU SABJIOK, BEIPAIIIMBAEMBIX B
®EPMEPCKHX XO35MCTBAX TYPKECTAHCKOU OBJIACTU JIJ151 UX [IEPEPABOTKU

B SABJIOUHDBIE UHITCDBL......ciiiiiiiiiiiiiiecie ettt s 22
Hacues b.H., Bymnes A.C. .
OOPMHUPOBAHUE MACJIIMYHBIX AI'POLIEHO30B B 30HE CYXUX CTEIEMU.......cccccoenirrennnne 30

OoyxoBa A.B., MuxaiijioB H.C., Hukutun JI.A., KyJIbMaIgOBa H.U., AapaskoB A.B.
MACHAA ITPOAYKTUBHOCTb MOJIOJHAKA CBUHEU 1 BETEPUHAPHO - CAHUTAPHASA
OLIEHKA MACA HA ®OHE ITPUMEHEHU A [TPOBUOTUYECKUX TTPEITAPATOB..............ocan.. 37

Oneros A.B., CtpeabnukoB A.U., CemenoB B.I'., Ucxan K.7K., Baiimykanos J[.A.
BJIMSHUE I'PYIIIT KPOBU CUCTEMBI D HA MOJIOYHVY1O ITPOJAYKTHMBHOCTH KOBbIJI
TAKEJIOBOS3HDBIX TTOPO/L......ccotiieiieeiie ettt ette et ettt et e teesaeesteeesseeesaeessseesnseesnseesnseeenneeenses 43

Paxpimikan 7K., AmmumoBa B.A., beiicenoBa P.P.
ITPOBJIEMA 3ACOJIEHHOCTHU TIOYB KASAXCTAHA U TTYTU UX PEIIEHUA. ... 48

CoiabikoB LK., Baiioosos A.E., Aundexk H.b., Tokmosinaes A.b., AonukagupoBa A.A.
K METOJJUKE BbBIBOPA TEITJIOBOI'O HACOCA V151 ®OPMUPOBAHN A HOPMKWPOBAHHOI'O
MUKPOKIIMMATA B )KUBOTHOBO/JJUECKOM ITIOMEIIEHU...........cccoociiiiiieiieciiecee e 56

CansipoBa I A., UnenoBa 3.A., baiizkurutos /K., ZKamusiaosa C.M.
AHAJIN3 BUJOBOI'O PASHOOBPA3U S TAJIO®NJIBHOTI'ODJIOPUCTUYECKOI'O KOMITJIEKCA
XPEBTA KETIIEH-TEMUPIIHK .........oocuiiitiiieeeeeeeeeee et 65

XUMHNYECKHUE HAYKHN

Abunbmar:kanoB A.3., UBanoB H.C., Anean6aeB U.E.
NCCIEJOBAHUE DHEPTETUYECKHNX XAPAKTEPUCTUK BTOPUYHOI'O ChIPbA
C AJIMATHUHCKOTO TTOJIUTOHAL . ......oeii ettt ettt ettt ettt e ettt e e ettt e e esnaseeesnssaeesssseeesnsseeeesseeens 73

BeiiceeB C.A., HaykenoBa A.C., Caraes M.U., UBaxHiok I K., TynexoaeBa A.K.

PEKOMEH/JIALIMHU I10 OLIEHKE PUCKOB HA PABOUMX MECTAX IPEAIIPUSITUI 1O
IMTPOU3BOJICTBY ITMILEBBIX PACTUTEJIBHBIX MACEJI HA OCHOBE KPUTEPHEB
MEXJIYHAPOJIHOI'O CTAHJIAPTA ISO 45001 ...t e 82

Baroga 3., ’KanracoB K., bekrypeena I'., CanapranueBab., Javier Rodrigo-Ilarri
BJIMAHUWE CBUHELICOAEPXAIINX IIJIAKOBBIX OTXO10B HA BE3OITACHOCTD
KUBHEIESTEJIBHOCT ...ttt ettt ettt e e et e e e eaba e e e s nabeeeeennraeeeesnnnes 94

HdepraueBa ML.b., Xycypoa .M., Ily3uxoBa /I.C., JleontheBa K.A., [lanuenko I1.B.
XUMUYECKOE OCAXJIEHUE INOJIYITPOBOAHWMKOBBIX TOHKUX IINIEHOK CYJIbOW I
MOIMIL BUCMY TA ..ottt ettt ettt ettt et et et ettt b ettt e te e b e 100



ISSN 2224-5227 5.2021

Mxeanbioaea U.M., Kaupoexos K., CyiimoaeBa C.M.
UCCJIEJJOBAHUE ®U3UKO-XUMHNUYECKNX U AHTUOKCHUJTAHTHBIX CBOMCTB
I'YMUHOBBIXKUCITOT,BBIAEJTEHHBIX M3 Y TS ... 109

Epmaramoer B.T., Kazankanosa M.K., Kacenoa /K. M.
[TOJIYYEHUE KOMITIO3UTA HA OCHOBE I'VMHUHOBOM KUCJIOThI U OKCHUJIA KPEMHUSI...119

3apunoBa I0.A., I'magkux T.M., bureasaueBa M.T., /IbsiukoB B.B., FOmxkoB A.B.
METOAUKA UBMEPEHUM S JIMHEWHBIX KOOOOUIIMEHTOB ITOIJIOIEHUA TAMMA-
KBAHTOB HA IIYUYKE MEINIIMHCKOI'O YCKOPUTEJIA ELEKTA AXESSE...ccccciiiiiniee 126

Hopaumosa K.Y., [loaumberosa I.C., bopanrasuesa A.K., Utkyaosa IlI.C., boseydaes E.A.
KATAJIMTUYECKOE OBE3BPEXNBAHUWE ITEUHOI'O TA3BA ®OCDOPHOTI'O [TPOU3BOJCTBA
U TIYTH EF'O JAJIBHEUIIEN YTHIIBALIN. ..o 136

Habsicoa IY., AxmetoB H.K., Ka3bi6exoBa C.K., KacbimOekoBa /I.A.
YCTPAHEHUE ITPOTUBOPEUYNHA B TABJIMIE JT.M.MEHIEJIEEBA.........ccoiiiiieiiieeeeeeee e 144

Hcaesa A., Kopran6aen b., Boanenko A., JKymangynnaes /1.
N3YYEHUE BJIMSHUSA PEXXUMHBIX TTAPAMETPOB HA THJIPOAMHAMUWYECKHUE
3AKOHOMEPHOCTHU PET'YJISIPHOM TPYBUYATOM HACAJIKH......oooeeveeeeeeeeeeeeeeeeee e 151

HypasioexoBa A.K., Kynaiidepren A.A., {rocedaeBa M.A., Uopaxum M., Kennc K.
XUMHYECKUIH COCTAB ARTEMISIA SEROTINA. ......cooovoiieieciee e 158

Hypmaxkanos E.E., Kanumyaauna I.C., Kpyuunun P.II.
HOCHMBIN TEKCTUJIbHBINA TPUBORJIEKTPUYECKUI HAHOTEHEPATOP HA OCHOBE
PDMS-PPy/HAMJIOHOBOW HUTH........oooiiieiiiiiiiiee ettt ettt 166

Hypra3snna A.E., llloko6aes H.M.
[IOJIYYEHMEME/THOT'O TIOPOIIIKAB ITPUCYTCTBUU HUTPUJIIOTPUMETHI-®OCDPOHOBOM
KHICTIOTDBL .ottt ettt ettt ettt bt et sb e ettt be et sttt et sbe et e bt ebnenae e 174

Taxkuobaena A.T., Kacenos P.3., lemen O.B., AnneBa M.P., bakutaep A.A.
BBIJIEJIEHUE BETVYJIMHA 13 BEPECTBI BEPE3bI KUPI'M3CKOM (BETULAKIRGHISORUM)
METOJIOM VJIBTPABBYKOBOM AKTUBALIMI. ........oveeeeeeeeeeeeeeeeeeeeeeeeeee e 182

VYpa3zos K.A., I'pudxoBa O.J1., TameeB A.P., Paxumona A.K.
BJIMSHUE COCTABA KOMITJIEKCA TIOJIMAHUJIMHA HA ®OTORJIEKTPOXUMUWYECKHUE
CBOMCTBA TOHKUX IIJTEHOK CZTSE ...ttt 189

OUBNYECKUE HAYKHA

BarbipbexoBa M.b.

VBEJIMYEHUE MHBECTULIMOHHOM BbITOJIbI OT MCITOJIB30BAHU S
JIELIEHTPAJIN3PBAHHOM CUCTEMBI ERP B COEPE VIIPABJIEHUSI KOMMEPYECKOM
HEZBUIKITIMOCTDBHO. ...ttt ettt sttt ettt be e et e bt e b e nae 198

KaobL16exoB K.A., AonpaxmanoBa X.K., Bunraiikun B.E. , CaiinaxmetoB II.A., Ucaes E.b.
PACYUET U BU3YAJIM3ALMA IBXKEHW ST YEJIOBEKA C ITAPAIIIIOTOM........oooooviieeeeceeeeee 210

Ma3sakoB T.JK., CameToBa A.A.
KIIACCUDUKALIMI MATEMATUYECKNX MOJIEJIEN JIECHBIX U CTEITHBIX I[TOXKAPOB....... 219

MlonaryuaoB O.A., UcmansioBa A.A., Kopsiuko B.II.
BA3bl 3HAHUU DKCIIEPTHbBIX CUCTEM JIJIA PEILIEHUSA 3AJJAY BETEPUHAPUMN.................... 226

236



Reports of the Academy of Sciences of the Republic of Kazakhstan

MA3MYHbI
BUOTEXHOJIOTUSA

Aobaii I' K., FOapambaes F0.A.,Homanos Y.U., CaBuyk C.B., bep:xanoa P.2K.
HYTPULEBTUKAJIBIK TAFAM OBBEKTICI PETIHAE EIIKI CYTIHIH MHUKPO®JIOPACBIH
BEPTTEY . et e et e e ettt e e e et e e e ettt e e e e eaa e e e eetteeeeeeataeeeeeareeeeeenaaeaean 5

HNman6aeBa M.K., ApsinoBa P.A., Macanumos 7K.K., [IpocexoB A.1O., Cepuxbaiikpizbl I.
JJAKTOBAKTEPUSAITAPABIH [TPOBMOTUKAJIBIK IITAMJAPBIHAH HEI'T3IHAE
JIAKTO3ACBI3 AIIIBITKDBL....c..eoiiiiiiiiiniieteeeesce ettt sttt sttt 12

Ken:kexanoBa ML.b., Mamaena JI.A., BeroxunC.C.,Tyaex0aeBaA.K., KaiicapoBaA.A.
TYPKICTAH OBJIBICBIHIAFbI ®EPMEPIIIK IIIAPYAILLBIUJIBIKTAPJAOCIPUUIETIH AJIMAJIAP/IbIH
AJIMA KBITBIPJIAYbIH OHJIEYTE X KAPAMJIBUJIBIFBIH TEXHOJIOTUAJIBIK BAFAJIAV................ 22

Hacues b.H., bymnes A.C. .
KYPTAK JAJIA KATJAUBIHIA MAWJIbI ATPOLIEHO3JAPABLI KAJIBIIITACTBIPY................c...... 30

OodyxoBa A.B., Muxaiiios H.C., Hukutun /I.A., Kyasmakosa H.H., Anbasikos A.B.
LIOILIKA TOJIHIH ETTI ©HIMIJIITT )KOHE ITPOEMOTUKAJIBIK ITPEITAPATTAP/BI KOJIJAHY
ASICBIHIAETTI BETEPUHAPUSJIBIK-CAHUTAPUSAJIBIK BAFAJIAY. ... 37

Oneros A.B., CtpeabnukoB A.U., CemenoB B.I'., Ucxan K.7K., Balimykanos JI.A.
D XXYUECIHIH KAH TOIITAPBIHBIH, AYBIP )KXYK TACBIMAIJIJIAYIIbI T¥KbIM/Ibl BUEJIEP/IIH
CYT OHIMIUIIITHE OCEPL......ooiiiiiiiieeieeie ettt sttt ettt e sateeseteessseeensaesnsaesnaeennseennsens 43

Paxsimikan K., AmmumoBa B.A., beiicenoBa P.P.
KA3AKCTAHIAYHBI TOIIBIPAKTBIH TY¥31IAHY MOCEJIECI )KXOHE OJIAPJbI IIELTY
B O 1] D 12N o Y E PSR PRRUUSRPRR 48

CoiapikoB I1L.K., baiioosoB A.E., B.niuﬁelc H.b., Tommgnnaes A.B., 90nikanipoa A.A.
MAJI IHAPYAILUBIJIBIFbI KOPA-XKXAWBIHIAA KOJIAWJIBI MUKPOKJIMMATTbI KAJIBIIITACTBIPY
YILIH XXbIJTY COPFBICBIH TAHJIAY OJICTEMECI.........ooiiiiiiiiieeeeeee et e 56

CansipoBa I A., UnenoBa 3.A., baiixkiritoB /LK., ZKomunosa C.M.
TAJTOOWJIBAI TYPJEPAIH ©OPTYPJIIIITTH TAJTJAYKETITIEH-TEMIPJIIK )XOTACBIHBIH
OJIOPUCTUKAJIIBIK KEIITEHI ...ttt st ee e 65

XUMMUA FBIJIBIMJIAPBI

Adunbmar:kanos A.3., UBanos H.C., Hyprasuna A.E., Anenn6aes U.E.
AJIMATBI TTIOJIMTOHBIHAH KAJIFAH T¥PMBICTBIK KATTBI KAJIABIKTAPIBIH,
OHEPI'ETUKAIJIBIK CHUITATTAMAJIAPBIH BEPTTEV....coiiiiiiiiiiiiiieeeeeeececececieee e 73

BeiiceeB C.A., HaykenoBa A.C., Caraes M.U., UBaxuniok I K., TynexoaeBa A.K.

ISO 45001 XAJIBIKAPAJIBIK CTAHIAPTBHIHBIH KPUTEPUMJIEPI HET'I3IH/IE OCIM/IIK MAVIBIH
OH/IIPETIH KOCIITIOPBIHAAPIBIH, X KX¥MbIC OPBIHJIAPBIH/IAYbI TOYEKEJIJAEP/I BAFAJIAY
BOVIBIHIITA YCBIHBICTARP. ...ttt et e e s e s e s e seseeees e eses e eeeeeeeseseeeesaeeeseenees 82

Baroga 3., ’KanrtacoB K., bekrypeena I'., Canapranuena b., Javier Rodrigo-Ilarri
K¥PAMbBIH/JIA KOPFACBIH BFAP KOXIbI KAJIJIBIKTAPbIH TIPIIUIIK ETY
KAVYITICIBHITTHE OCEPLL ...ttt sttt sttt et sb et nbeesbeesbee 94

Nepradesa M.b., Xycyposa I'M., Ily3ukosa /I.C., JleontbeBa K.A., Ilanyenxo IL.B.
BUCMYT Mo CYJIboU KAPTbUIAN ©TKI3I'LI )K¥KA KABBIKIITAJIAPBIHBIH
XUMUAJIBIK SAICIIEH TYHIDBIPBITTYDBL.....cooiiiiiiiiiiieeete et 100



ISSN 2224-5227 5.2021

Mxennbioaea U.M., KaiibipoexoB K., Cyiimoaea C.M.
KOMIPAEH bOJIHIIT AJIbBIHFAH I'VMIUH KbIIIKBIIIAPBIHBIH ®M3UKA- XM AJIBIK

Epmaramoer B.T., Kazankanosa M.K., Kgceﬂosa K.M.
I'VMUH KbILIKbUIbI )KOHE KPEMHUWUW TOTbIFbl HEI'3IHAE KOMITO3UT AJIV......ccvvveeeene. 119

3apunoBa 10.A., I'magkux T.M., bureasaueBa M.T., /IbsiukoB B.B., FOmxkoB A.B.
ELEKTA AXESSE MEJAUILIMHAJIBIK Y AETKIIIIHIH COYJIECIHJE CbhI3bIKThIK
TAMMA-KBAHT CIHIPY KODODOUIMEHTTEPIH OJIIIEY OIICI.......cooiiviiieeeeeeeeee 126

HNopaunmosa K.Y., [loanmoberoBa I.C., bopanra3zuesa A.K., UtkyJosa LII.C., boieybaes E.A.
OOCDOP OHJIIPICIHIH, [TELI TA3BIH KATAJIMTUKAJIBIK TAZAJIAY )XOHE OHbI OJIAH
OPI KOJEIE JKAPATY JKOJIJIAPDBL. ..ottt 136

Habscosa Y., AxmetoB H.K., Ka3zbi0exoBa C.K.L KacbimbexoBa JI.A.
AN. MEHJIEJIEEB KECTECIHIH, KAPAMA-KAUWIIBIIBIFBI )KOHE OJIAPIBI XOIO.................... 144

Hcaesa A., Koprantaes b., Bosinenko A., JKymanynnaes /1.
PEXXUM ITAPAMETPJIEPIHIH T¥PAKTbBI K¥BbIPJIbI CAIITAMAHBIH I'MIPOJJMHAMUKAJIBIK
SAHABIIBIKTAPBIHA OCEPIH 3EPTTEV.....coiiiiiiiiiiiieeeeseecee sttt 151

HypabioexoBa A.K., Kynaiioepren A.A., {iocebaeBa M.A., Uopaxum M., Kenic 7K.
ARTEMISIA SEROTINA XUMMSIIBIK K¥YPAMBDBL......coooiiiiiieeee e 158

Hypmakanos E.E., Kanumynaauna I.C., Kpyunnun P.II.
KHUUIETIH ODAMC-IIIT / HEWJIOH XXIBIHE HEI'I3AEJI'EH TEKCTUJIb TPUBOSJIEKTPUKAJIBIK
HAHOTI'EHEPATOPDL........ooiiiiiiiii ettt s e s 166

Hypra3snna A.E., llloko6aes H.M.
HUTPUJIIOTPUMETUII ®OCOOH KbIIIKbIJIBIHBIH KATBICYBIMEH MbIC ¥YHTATBIH AJIY.....174

TakubaeBa A.T., KacenoB P.3., /lemen O.B., AnueBa M.P., bakutaeB A.A. .
BETYJIMH/I YIIBTPAJIBIBBICTBIK AKTUBTEHAIPY ©JICIMEH KbIPFbI3 KAWBIH,
KABBIFBIHAH (BETULAKIRGHISORUM) BOJIIIT AJIV...cciiiiiiieiieceeeee e 182

YpaszoB K.A., I'pudkoBa O.JI., TameeB A.P., PaxumoBa A.K.
IMOJINMAHMNIJINH KOMITJIEKCI K¥PAMBIHBIH CZTSE )X¥KA KABBIKIITAJIAPBIHBIH
DOOTODBJIEKTPOXUMUAJIBIK KACUETTEPIHE OCEPIL.........ooooiiiiiiiieee e 189

OU3UKA FBLJIBIMJAPBI

BareipéexoBa M.B.

KOMMEPLIUSJIBIK XXbUIXBIMAWTBIH MY JIIKTI BACKAPY CAJIACBIHJIA
OPTAJIBIKTAH/IBIPBIJIMAFAH ERP XXYWECIH KOJIJAHY/IbIH MUHBECTHULISJIBIK
TTAMJIACBIH APTTBIPY........oooioieeeeeeeeeeeeeoeeeeeeeee e n e 198

Kaob16exoB K.A., AonpaxmanoBa X.K., Bunraiikun B.E., Caiinaxmetos IL.A., IiIcaes E.b.
IMAPAILIOTIIEH CEKIPTEH AJJAMHBIH, KO3FAJILICBIH ECEIITEY MEH BEMHEJIEY................ 210

MasakoB T.JK., CameToBa A.A.
OPMAH JXOHE JJAJIA ©PTTEPIHIH MATEMATUKAJIBIK MOIAEJIAEPIHIH
KITACCHU®UKALIMSICBL.......oooiiieeee ettt et e e et e e e etae e e veeeeaeeeenns 219

onarynos O.A., UcmannoBa A.A., Kopsiuko B.II. .
BETEPUHAPUA MIHAETTEPIH IHEHTYT'E APHAJIFAH CAPAIITAMAJIBIK XXYWEJIEPIAIH
BITIIM KOPBLL......oiiiiiiiii e et s et 226



Reports of the Academy of Sciences of the Republic of Kazakhstan

CONTENTS
BIOTECHNOLOGY
Abay G.K., Yuldashbaev Yu.A.,Chomanov U.Ch., Savchuk S.B., Berzhanova R.Zh.
STUDY OF THE MICROFLORA OF GOAT'S MILK AS AN OBJECT OF NUTRACEUTICAL
INUTRITION. ...ttt et e ettt e s bt e ettt e st eeeteeessseeanseeessseesnsaeaasseeansseeanseaansseeanseesnseesnnseesnsneennseenn 5

Imanbayeva M.K., Arynova R.A., Masalimov Zh.K., Prosekov A.U., Serikbay G.
LACTOSE-FREE STARTER CULTURE BASED ON PROBIOTIC STRAINS OF LACTOBACILLII.....12

Kenzhekhanova M.B.,Mamaeva L.A., Vetokhin S.S.,Tulekbayeva A.K.,Kaysarova A.A.
TECHNOLOGICAL ASSESSMENT OF THE SUITABILITY OF APPLES CULTIVATED IN FARMING

TURKESTAN REGION FOR PROCESSING INTO APPLE CHIPS......cceoiiiiiirieenieeeneeeeene 22
Nasiyev B.N., Bushnev A.S.
THE FORMATION OF OIL-BEARING AGROCENOSISES IN THE ZONE OF DRY STEPPES............. 30

Obukhova A.V., Mikhailov N.S., Nikitin D.A., Kulmakova N.I., AldyakovA.V.
MEAT PRODUCTIVITY OF YOUNG PIGS AND VETERINARY MEAT ASSESSMENTIN
THE BACKGROUND OF APPLICATION OF PROBIOTIC PREPARATIONS.........coovvieeiieeeeeeeeeeeee, 37

Onegov A.V., Strelnikov A.IL., Semenov V.G., Iskhan K.Zh., Baimukanov D.A.
INFLUENCE OF BLOOD GROUPS D ON DAIRY PRODUCTIVITY OF HEAVYDRAFT MARES......43

Rakhymzhan Zh., Ashimova B.A., Beisenova R.R.
THE PROBLEM OF SOIL SALINITY IN KAZAKHSTAN AND WAYS TO SOLVE THEM................... 48

Sydykov Sh., Baibolov A., Alibek N., Tokmoldaev A., Abdikadirova A.
ON THE METHOD OF CHOOSING A HEAT PUMP FOR THE FORMATION OF A
NORMALIZED MICROCLIMATE IN A LIVESTOCK BUILDING........cccteieiieieieeeceeee e 56

Sadyrova G., Inelova Z., Bayzhigitov D., Jamilova S.
ANALYSIS OF THE BIOLOGICAL DIVERSITY OF THE HALOPHILIC FLORISTIC COMPLEX
OF THE KETPEN-TEMERLIK RIDGE........ccciociiiiiiiiiiiiiiiiicet et 65

CHEMICAL SCIENCES

Abilmagzhanov A.Z., Ivanov N.S., Nurtazina A.E., Adelbayev LE.
STUDY OF ENERGY CHARACTERISTICS OF SOLID HOUSEHOLD WASTE FROM THE
ALMATY LANDEILL.....otiiitieeie ettt ettt ettt e st e et essteeesteeesteeesseesnseessseeensaeenseeensseesnseesnseeans 73

Beiseev S.A., Naukenova A.S., Sataev M.IL., Ivakhnyuk G.K., Tulekbayeva A.K.
RECOMMENDATIONS FOR RISK ASSESSMENT AT WORKPLACES OF ENTERPRISES
PRODUCING EDIBLE VEGETABLE OILS BASED ON THE CRITERIA OF THE

INTERNATIONAL STANDARD ISO 45001 ...ttt ettt eveeeeaee e 82

Bagova Z., Zhantasov K., Bektureeva G., Sapargaliyeva B., Javier Rodrigo-Ilarri
THE IMPACT OF LEAD-CONTAINING SLAG WASTES ON THE LIFE SAFETY....cccooeiiiiiieieeene 94

Dergacheva M.B., Khusurova G.M., Puzikova D.S., Leontyeva X.A., Panchenko P.V.
CHEMICAL DEPOSITION OF BISMUTH IODIDE SULFIDE SEMICONDUCTOR THIN FILMS......100

Jeldybayeva I.M., Kairbekov Zh., Suimbayeva S.M.
INVESTIGATION OF PHYSICO-CHEMICAL AND ANTIOXIDANT PROPERTIES OF HUMIC
ACIDS ISOLATED FROM COAL.....ctiitieieiieteeeeeee ettt ettt ettt et et e ssesae st eneeeneeseenaense e 109



ISSN 2224-5227 5.2021

Yermagambet B.T., Kazankapova ML.K., Kassenova Zh.M.
PREPARATION OF A COMPOSITE BASED ON HUMIC ACID AND SILICON OXIDE..........cccccc.... 119

Zaripova Y.A., Gladkikh T.M., Bigeldiyeva M.T., Dyachkov V.V., Yushkov A.V.
METHOD FOR MEASURING LINEAR GAMMA RADIATION ABSORPTION COEFFICIENTS AT
THEELEKTAAXESSEMEDICALACCELERATORBEAM........ccciiiiiiiiiiiicicciceeeeeeee e 126

Ibraimova Z.U., Polimbetova G.S., Borangazieva A.K., Itkulova S.S.,Boleubaev E.A.
CATALYTIC PURIFICATION AND WAYS FOR UTILIZATION OF FURNACE GAS OF
PHOSPHORUS PRODUCTION.......ccutiitiiieiieieeiteieeie ettt et esteebeesseesbeessaesseesseesseesseesseasseessesssesssesssennes 136

Ilyasova G.U., Akhmetov N.K., Kazybekova S.K., Kassymbekova D.A.
ELIMINATION OF CONTRADICTIONS IN THE TABLE OF D. I. MENDELEEV.........cccccoveviiivenene. 144

Issayeva A., Korganbayev B., Volnenko A., Zhumadullayev D.
STUDY OF THE INFLUENCE OF OPERATING CONDITIONS ON THE HYDRODYNAMIC
REGULARITIES OF AREGULAR TUBULAR PACKING........ccccoiiiiiiiiniiieiniiceeeeeeee e 151

Nurlybekova A.K., Kudaibergen A.A., Dyusebaeva M.A., Ibrahim M., Jenis J.
CHEMICALCONSTITUENTSOFARTEMISIASEROTINA.......ccioiiiiiiiieieieeseeeceeeeeeeee 158

Nurmakanov Y.Y., Kalimuldina G.S., Kruchinin R.P.
WEARABLE TEXTILE PDMS-PPy/NYLON FIBER-BASED TRIBOELECTRIC
NANOGENERATOR........coi ettt ettt ettt e et e e st e et eeesteesteeeensaeesseeensaeesnseeesnseesnseesnnnes 166

Nurtazina A.E., Shokobayev N.M.
OBTAINING COPPER POWDER IN THE PRESENCE OF NITRIL OTRIMETHYL
PHOSPHONIC ACID.....cuteiieieitteeeeete ettt ettt ettt ettt ettt et es et e bt e ae et e s teest et e bt sbeententeebeeneeneenseane 174

Takibayeva A.T., Kassenov R.Z., Demets O.V., Aliyeva M.R., Bakibayev A.A.
ISOLATION OF BETULIN FROM BIRCH BARK (BETULA KIRGHISORUM) BY THE
ULTRASONIC ACTIVATION METHOD......ccuiiiiiiiiiieiesi ettt 182

Urazov K.A., Gribkova O.L., Tameev A.R., Rahimova A.K.
EFFECT OF THE COMPOSITION OF THE POLYANILINE COMPLEX ON THE

PHOTOELECTROCHEMICAL PROPERTIES OF CZTSE THIN FILMS........cccooiiiiiiiiiiiieeeeee 189
PHYSICAL SCIENCES

Batyrbekova M.B.

INCREASE IN INVESTMENT BENEFITS FROM THE USE OF A DECENTRALIZED ERP SYSTEM

IN THE FIELD OF COMMERCIAL REAL ESTATE MANAGEMENT.......cccciiiiiiiiiiiieececeeee 198

Kabylbekov K.A., Abdrakhmanova Kh.K., Vintaykin B.E., Saidakhmetov P.A., Issayev Ye.B.
CALCULATION AND VISUALIZATION OF A MAN PARACHUTING DOWNWARD..........ccc.c........ 210

Mazakov T.Zh., Sametova A.A.
CLASSIFICATION OF MATHEMATICAL MODELS FOR FOREST AND STEPPE FIRES.................. 219

Shopagulov O.A., Ismailova A.A., Koryachko V.P.
EXPERT SYSTEMS KNOWLEDGE BASES FOR SOLVING VETERINARY PROBLEMS.................. 226

240



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.

[TpaBuia opopmieHHs CTaThu A7 MyOIUKAIUK B )KYPHAJIE CMOTPETh Ha CalTe:

www:nauka-nanrk.kz

ISSN 2518-1483 (Online),
ISSN 2224-5227 (Print)

http://reports-science.kz/index.php/en/archive

Penaxroper: M.C. Axmemosa, A. Bomanxwizwi, /[.C. Anenos, PK. Mpsabaesa
Bepctka Ha xomnbtotepe 1. /]. JKadviparosoti

ITonnucano B mevars 15.10.2021.
®dopmar 60x881/8. bymara odcernas. [leyars - pusorpad.
8,5 m.a. Tupax 300. 3axa3 4.

Hayuonanvnas akademus nayx PK
050010, Anmamut, ya. Lllegyenxo, 28, m. 272-13-19





