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MODIFIED TEXTILE FABRIC-BASED WEARABLE
TRIBOELECTRIC NANOGENERATOR

Abstract. Triboelectric nanogenerators (TENG) are gaining
huge interest due to their mechanical energy harvesting ability and
active sensing applications. Especially, development of wearable
TENG 1is of high importance allowing harvesting the energy of
human motions to autonomously power small-scale personal devices.
TENG would be useful for biomechanical energy harvesting if the
triboelectric materials used in the nanogenerator fabrication are non-
toxic, comfortable for wearing, and scalable. Common textile fabrics
with improved triboelectric properties can be applied for fabricating
wearable TENG to harvest the energy of human motions. In this work,
we developed unique fabric triboelectric pair by chemically modifying
cotton fabric with  3-aminopropyltriethoxysilane (APTES) and
perfluorodecyltrichlorosilane (FDTS) to obtain tribo-positive and tribo-
negative  materials, respectively. The TENG fabricated from
corresponding materials exhibits remarkable triboelectric energy
harvesting during testing with peak-to-peak open-circuit voltage (V) of
about 4 V and short-circuit current (I ) 250 nA and, in addition, we
demonstrated the ability to charge capacitor.

Key words: triboelectric effect, nanogenerator, textile electrode,
chemical functionalization.
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MOIUPUIHUPIEHI'EH TOKBIMA MATA HEI'I3IHAET'T
KHUUIETIH TPUBO2JVIEKTPJIIK HAHOT'EHEPATOP

AnnoTtauus. Tpubosnekrpinik Hanorenepatopiaap (TOHI') mexaHukaibIk
SHEprus *KUHAy KalineTiHe jkoHe OelceHl ce3y KongaHOanapbiHa Oaiina-
HBICTBl YJIKEH KBI3BIFYIIBUIBIK TyABIpaabl. ©Ocipece, IIaFblH KeJeMIl
KEKe KYpBUIFbUIApPJbl aBTOHOMJIBI TYpAE KyaTTaHIbIPY VIIIH ajaaMm
KO3FaJIBICBIHBIH ~OHEPrHsCHIH JKMHAyFa MYMKIHIIK O€peTiH KHIIeTiH
TOHI'-1i mambITyablH MaHbI3bI 30p. Erep HaHoreneparop eHuipicinue
KOJIZTAaHBUIATBIH TPUOORJIEKTPIIIK MaTepraiiap 3UsiH eMeC, KUIOTe bIHFaiIbl
KoHe MaciTadTanarsiH 6osca, TOHIT GnomexaHUKaIbIK SHEPTUSHBI KUHAY
YUIiH nainananeiateiH efi. JKakcapThUlFaH TpUOOINEKTPIIIK KacueTTepl
0ap KapamailblM TOKbIMAa Marajapbl ajaM KO3FaJbICBIHBIH JHEPrUsICHIH
kuHay yuiH kuinetin TOHIennipy yIIiH KOngaHbUIybl MYMKiH. byn
KyMmbIcTa 013 TpuOO-OH >XKoHE TpUOO-Tepic Marepuaiapibl aiy YIIiH
MakKTamarachlH 3-amuHomnponuitTpuerokcucuiaunmen (AIITOC) xone
nepdropoaeunnrpuxiopcuiaanmet (O TC) XUMUATBIK TYPIACHIIPY aPKBLIbI
Oipereit MaTajan TpUOOINEKTPIIIK KyIl xKacaablk. Colikec MaTepuaiapiaH
xacanran TOHIT anieik TyibikTany kepueyi (V) mamamen 4 B-ka xkoHe
KbicKa TyibiKTamy Ttorel (I ) 250 HA-re xepceTkimrepine ue OoiblIm,
ChIHAKTap Ke3iHIe KepeMeT TPUOOIIEKTPIIK SHEPrHsl >KUHAY >KOHE OFaH
KOcCa, KOHJIEHCATOP Il 3apsiATay KaOlJIeTiH KOPCEeTTi.

Tyiiin ce3nep: TpuboIeKTPIiK 3 (eKT, HAHOTeHEePATOP, TOKbIMA JJIEK-
TPOJbI, XUMHUSIIBIK MOAM(PUKALIUS.
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HOCHUMBIA TPUBOJIEKTPUUECKU HAHOTEHEPATOP
HA OCHOBE MOJIN®UIINPOBAHHOM TEKCTUJIBHOM
TKAHUA

AnHoTauusi. Tpubosnekrpuueckue HanoreHeparopsl (TOHI') mpus-
JIeKaroT OOJBIION MHTEpPEC BCIEACTBUE MX CIOCOOHOCTH cOOpa MeXaHH-
YeCKOM SHEpIUu U IPUMEHEHHUS B KaUe€CTBE aKTUBHBIX CEHCOPOB. OcoOEHHO
BBICOKYIO Ba)XHOCTb HUMeeT paszpaborka Hocumoro TOHI, naromas
BO3MOXKHOCTh COOpa SHEPTHH JBWKEHUH YellOBeKa, C 11eJIbI0 aBTOHOMHOTO
MUTAHUS MEJIKUX MepcoHaNbHBIX ycTpoiicTB. TOHI Obu1 OBl monesen
e OMOMEXaHU4ecKoro cOopa 3HEpruH, eciu Obl TpUOOITEKTpUUECKUE
MarepHabl, UCIOIb3yeMble IIPU U3TOTOBJICHUN HaHOTeHeparopa, ObUTu Obl
HETOKCHUYHBIMH, YTOOHBIMH JUIS HOIIEHUS U MaciuTabupyemMbiMu. OObIuHBIE
TEKCTUJIbHBIE TKAaHU C YJIYYIIEHHBIMU TPHUOODIEKTPUUECKUMU CBOMCTBAMU
MOTYT TNPHUMEHATHCS Uil M3roToBieHuss Hocumoro TOHIT mis cOopa
SHEpruu ABMKEHHI yenoBeka. B aToit pabore Mbl pa3paboTaiu yHUKAIbHYIO
TEKCTHIIbHYIO TPUO0IEKTPUUYECKYIO [Tapy Iy TEM XMMU Y€ CKOM MOTU(PUKALINN
XJIOMYaToOyMasKHOW TKaHU 3-amMuHONponuiaTpusTokcucuiaanom (AIITIC)
u nepdropaenmaTpuxigopcunanom (GUATC) s momyuyeHus Tpubo-
MOJIOXKUTEIBHOTO M TPUOO-OTPULIATETILHOIO MaTepHUajoB, COOTBETCTBEHHO.
TOHI, U3roToBIEHHBIN U3 COOTBETCTBYIOIINX MAaTEPUAJIOB, IEMOHCTPUPYET
3HAUUTENbHBIA COOp TPUOOINEKTPUUECKON PHEPTUU BO BPEMsl UCTIBITAaHUN
C JIBOMHBIM AMIUIUTYIHBIM HamlpsyKEHUEM OKoJIo 4 B M TOKOM KOpOTKOro
3aMbikaHus 250 HA u, 6onee TOro, Mbl MPOJAEMOHCTPUPOBAITIU CIIOCOOHOCTh
JUTSL 3apsIKK KOHZIEHCATOopa.

KiarwueBble cioBa: TpuOosiekTpuueckuil 3¢ (hekT, HaHOreHepaTop,
TEKCTHJIbHBIN JEKTPO, XMMUYECKast MOTU(PHUKALIHS.

Introduction. Scientists and engineers have been devoting efforts towards
the development of the new energy sources alternative to fossil fuels (Fan
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et al.,, 2016). In recent years, mechanical energy harvesting has attracted
attention not only to deal with the global energy crises, but also to develop
energy supply for micro-sensors and portable personal electronic devices
(Song et al., 2021, Wang, 2013). Several energy harvesting devices have
been demonstrated to transform mechanical energy into the electrical energy
based on different effects, including electromagnetic (Ahmad et al., 2018),
piezoelectric (Manchi et al., 2021) and triboelectric (Wu et al., 2019) effects.
Among these proposed technologies triboelectric nanogenerators (TENGs)
based on triboelectric effect and electrostatic induction successfully
demonstrate efficiency in transforming ambient mechanical energy into
electrical energy. The TENG has demonstrated a collection of excellent
merits such as a flexible structure, lightweight, environmental friendliness,
relatively low cost, wide-range of materials choices and ability to drive low-
power electronics via converting biomechanical energy into electricity (Lin
etal., 2016).

Materials and methods. The conjunction of contact electrification
and electrostatic induction is the basic principle behind the TENG and the
primary model of TENG, made of two different materials separated by a
gap can be considered as a capacitor with varying capacitance, was based
on Maxwell’s displacement current (Wang, 2017). Based on this principle,
TENG operates in four different modes; 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 (Figure 1)
(Dharmasena et al., 2019). When two triboelectric materials with different
electron affinities come into physical contact, tribo-charges are separated and
transferred from one material to the other. The surface of the material with
higher electron affinity becomes negatively charged, while the other surface
becomes positively charged with an equal amount. When the two materials
separate, the tribo-charges in the interfacial regions too are separated,
inducing an electrical potential difference between electrodes, and driving
free electrons to flow back and forth in the external circuit to maintain the
electrostatic equilibrium.
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Figure 1. Four basic operation modes for TENG

The materials used as triboelectric layers are diverse and include natural
and synthetic polymers, metals, and inorganic materials (Zhang et al.,
2020). The material choices are of great importance for TENGs since the
triboelectric effects of the materials are fundamental for TENGs. Higher
output performance and additional functionalities can then be realized by
physical and chemical modifications. Chemical modification of triboelectric
layer surface has attracted interest because the modification can tune
the surface triboelectricity, which can boost the output of the TENGs
(Nurmakanov et al., 2021, Wang et al., 2020). This approach has great
importance in future studies since it offers a way to tune the triboelectric
effect of materials. Moreover, to design a TENG for a particular application,
apart from choosing appropriate pair of materials, several parameters need
to be considered, such as power density, stability, flexibility, wearability and
sustainability.

In particular, a triboelectric textile can be a unique source of energy in
which the energy can be harvested from human motions. Textile provides
intrinsic porous structure and high surface roughness, traditionally used for
protection, warming. Considering the rapid growth in small-scale portable
and wearable electronics, realizing textiles with additional functionalities is
of great significance, such as energy harvesting and energy storage. Several
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approaches, such as nanopatterning and chemical modification, have been
reported to transform various textiles into triboelectric materials (Liu et al.,
2019, Zhang et al., 2016).

So far, many studies have mainly focused on coating fibers and textiles
using PDMS and nanoparticles. However, these require multi-coating
processes, complex procedures and special equipment, which limit their
scalable production. In this work textile triboelectric nanogenerators based
on cotton fabric were developed by using facial chemical functionalization
process utilizing silane-based self-assembled monolayer (SAM) molecules.
The triboelectric properties of the cotton cloth were modulated by introducing
amino- and fluoro- groups on its surface. Moreover, textile conductive
electrode based on Ppy was developed to realize fully textile TENGs.
Chemical modulation was proven to improve the triboelectrification and thus
output electrical signal. The proposed textile fabric TENG fabricated from
modified cotton fabric demonstrated an electrical output while tapping with
a human hand. The output electrical characteristics of TENGs with different
tribo-pairs were examined, further the possibility of charging capacitor was
shown which is vital for application.

Experimental. Design of the textile TENGs. The structure of the typical
developed textile TENG is depicted in Figure 2. First, as triboelectric pair
cotton and polyester fabrics were chosen, these fabrics were attached to a
conductive textile electrode by using special adhesive textile glue. Then
triboelectric fabrics with attached electrodes were stacked to arch-shaped
polyethyleneterephtalate (PET) using double-sided adhesive tape.

Tribo-positive material (cotton
fabric or APTES/cotton fabric)

PET (body)

Electrode
(Ppy/cotton fabric) [[

Tribo-negative material (polyester
fabric or FDTS/cotton fabric)

Figure 2. Schematic of the arch-shaped TENG

Conductive fabric electrode preparation. An experimental part of the
conductive fabric electrode preparation has been carried out by the well-
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known in situ polymerization process which is an easy, cost-effective, large-
scale, single-step, and low-temperature process technique. The preparation
of the conductive fibers has included fibers pretreatment (removing
impurities) and polymerization. Here pristine cotton fabric was coated with
Ppy by immersing fabrics in a 0.5 M pyrrole solution and then FeCl,,p-
toluene sulfonic acid were added to this solution. Subsequently, the resulting
solution and the impregnated fabric were then left for 20 min at 0-4°C for
polymerization. Subsequently, the cotton fabric was cleaned with deionized
water and dried in an oven at 60°C for 2 h and then Ppy coated conductive
cotton electrode was obtained.

Preparation of triboelectric materials.

Cotton fabric contains a cellulose content of up to 90%,thus, the hydroxyl
groups of the cellulose in cotton can react with silanes that have different
polarities, leading to materials that have different surface energies and tribo-
polarities (positive or negative surfaces).

A facile method to transform cotton into positive and negative tribo-
material was applied where the cleaned cotton fabric was soaked in
3-aminopropyltriethoxysilane (APTES)/isopropyl alcohol (5% v/v) in
perfluorodecyltrichlorosilane (FDTS)/hexane solution (1%v/v), respectively,
followed by rinsing it in isopropyl alcohol and drying in air.

Characterization and Measurements.

The morphology of the fibers was studied with scanning electron
microscopy (Zeiss Crossbeam 540) and the surfaces of the silane grafted
textiles were investigated using Fourier-transform infrared (FTIR) and
X-ray photoelectron (XPS) spectroscopies.

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

Results and Discussion. First, the surface morphology of the cotton fabric
before and after coating with Ppy was investigated by using SEM. Figure 3a
shows the SEM image of bare cotton fabric revealing that it was composed
of the intertwined micro-fibrous framework. In contrary, SEM image of
Ppy coated cotton fabric as shown in Figure 3b clearly demonstrated that
the conducting polymer (i.e., Ppy) was grown on each micro-fiber and also
indicated that the nanoparticles-like Ppy was uniformly distributed on the
surface of micro-fiber. Such nano-architectures of Ppy on the micro-fibrous
framework of cotton fabric can offer high conductivity for an electrode.
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e

Figure 3. SEM images of the a) initial and b) coated with Ppy cotton fabric surfaces

Further, the surface morphologies of pristine cotton, APTES and FDTS
grafted cotton fabrics were investigated by SEM as shown in Figure 4. Figure
4a shows the SEM images of cotton before grafting with silanes showing the
intertwined micro-fibrous framework, but after treatment with APTES there
is no big difference between the morphology of micro-fibrous framework
of pristine and APTES-grafted cotton fabrics. However, after treating the
cotton fabric with FDTS, the presence of fluoroalkylsiloxane film on the
cotton fibers was clearly seen as demonstrated in Figure 4c.

Figure 4. SEM images of a) pristine, b) 3-aminopropyltriethoxysilane (APTES) and c)
perfluorodecyltrichlorosilane (FDTS) coated cotton fabric

Functional group modification of the cotton surface was investigated by
Fourier transform infrared spectroscopy in attenuated total reflectance mode
(ATR-FTIR) with a frequency range of 500-4000 cm™.The ATR FTIR spectra
of the pristine cotton fabric and functionalized with APTES and FDTS
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fabric samples are presented in Figure 5. Pristine cotton and functionalized
cotton spectra display the typical cellulose absorption bands at around
3280-3330 cm™! (OH stretching vibrations) which blurred the characteristic
N-H asymmetric and symmetric vibrations in the primary amine group
from the APTES. Stretching vibrations at around 2890 cm'was attributed
to -CH,vibration, 1250-1470 cm™ (CH), and multiple peaks around 1025-
1160 cm! corresponds to C-O-C vibrations from cellulose absorption bands.
The appearance of amine N-H bending vibration at 1571 cm™! present in the
spectrum of APTES modified cotton fabric confirmed the presence of the
APTES on the cotton fabric surface. On the other hand appearance of -CF
stretching vibrations at 1141 cm™ in the spectrum of FDTS modified cotton
fabric confirmed the presence of the FDTS on the cotton fabric surface.

R

Transmiftance, a.L.

APTES-cotton fabaic
—— pristine cotton fabric
FDTS-cotton fabric

A0 emeachime
T v T v T v

Elelela] BI500 jclalele] 2500 2000 1500 plelele] 500

Wavenumber, crm’’

Figure 5. FTIR spectra of the pristine cotton fabric, APTES and FDTS functionalized
cotton fabrics

Moreover, the surface elemental composition of APTES and FDTS
functionalized cotton fabrics were investigated by XPS. Figure 6 depicts
the wide-scan spectra of the functionalized with APTES and FDTS cotton
fabrics. Bands at around 532.1, 399.8, 285 and 102.7 ¢V of APTES modified
cotton fabric represent Ols, Nls, Cls and Si2p, respectively. The binding
energy peaks for N1s and Si2p has shown the successful grafting of APTES
on the cotton fabric surface. XPS spectrum of FDTS modified cotton revealed
characteristic four bands at around 689, 533.1, 291.4 and 103.2 eV represent
Fls, Ols, Cls and Si2p, respectively. The binding energy peaks for F1s and
Si2p has shown the successful grafting of FDTS on the cotton fabric surface.
Results of FTIR and X-ray photoelectron spectroscopies show that silanes
were successfully introduced on the surface of cotton fabric.
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Figure 6. XPS survey spectra of functionalizedwith APTES and FDTS cotton fabrics

The output voltage and current of developed textile triboelectric
nanogenerators are shown in Figure 7 and Figure 8, respectively. The output
performance of TENGs fabricated from pristine polyester and cotton fabrics
(polyester-cotton), i.e., without any chemical functionalization, APTES-
cotton against polyester fabric (polyester-APTES/cotton) and APTES/
cotton fabric - FDTS/cotton fabric was also measured. Here, the output
peak-to-peak open-circuit (V, ) voltage of the TENG fabricated from pristine
polyester and cotton fabrics was about 1.5 V, while TENG fabricated from
APTES/cotton fabric and polyester fabric demonstrated a slightly higher
output voltage close to 2.5 V. Notably, the combination of FDTS/cotton and
APTES/cotton fabrics triboelectric pair exhibited the highest output voltage
of 4 V.

5
polyester-cotton
polyester-APTES/cotton
41 —— APTES/cotton-FDTS/cotton
3 -
>
S 24
S
o
>
1 4
0 -
-1
T T T T T T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9

Time, s

Figure 7. The output voltage of polyester-cotton, polyester-APTES/cotton fabric and
APTES/cotton fabric-FDTS/cotton fabric-based TENGs
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The peak-to-peak output current follows the same trend as the output
voltage. The triboelectric nanogenerator constructed from the pair of pristine
cotton and polyester fabric demonstrated the output short-circuit current (I )
equal to 50 nA, whereas the TENG made of cotton modified by APTES
and polyester showed higher output current compared to TENG based on
pristine cotton and polyester fabrics and it was equal to 200 nA. The highest
output current demonstrated the TENG where as tribo-surfaces served
chemically functionalized cotton fabric. Particularly, the tribo-negative and
tribo-positive surfaces obtained by FDTS and APTES functionalization of
cotton, respectively. The corresponding TENG demonstrated the maximum
peak-to-peak short-circuit output current of 250 nA. This enhanced electrical
performance of APTES/cotton fabric-FDTS/cotton fabric TENG is due to
chemical functionalization of the material, where the presence of amino- and
fluoro- functional groups on the surface enhanced its triboelectric properties.

250 - polyester-cotton
1 polyester-APTES/cotton
—— APTES/cotton-FDTS/cotton
200

Current, nA
> @
o @)
| |

a
o
1

o
1

-50 -

0 1 2 3 4 5 6 7 8 9
Time, s

Figure 8. The output current of polyester-cotton, polyester-APTES/cotton fabric and
APTES/cotton fabric-FDTS/cotton fabric-based TENGs

The electrical energy from the TENG is usually alternating, while a direct
current is needed to derive most of the electronic devices. Hence, energy
storage devices are required to store energy from the textile fabric TENG.
The capability of the APTES/cotton fabric-FDTS/cotton fabric TENG to
charge the capacitor is shown in Figure 9. Here, a circuit integrating the
TENG with a full-wave bridge rectifier and a capacitor was constructed.
The charge-discharge curve under periodic motion is illustrated in Figure
7a, where a 0.1uF capacitor was charged up to about 0.7 V in 4.5 seconds.
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Figure 9. Charging a 0.1 pF capacitor by APTES/cotton fabric-FDTS/
cotton fabric TENG

The proposed TENG based on cotton fabric modified with APTES and
FDTS proved to be a potential candidate for mechanical energy harvesting
for small scale electronic applications. Furthermore, corresponding fabric
TENG can be further studied to scavenge energy from different human parts.

Conclusion. In conclusion, an inexpensive and easily fabricated wearable
TENG on the base of natural textile fabric functionalized with APTES and
FDTS was demonstrated. Herein, the tribo-positive and tribo-negative
surfaces were obtained by introducing functional groups containing amine
and fluorine, respectively. Corresponding TENG exhibited maximum V_
and I values of 4 V and 250 nA, respectively. The developed TENG can
be applied for upcoming wearable electronic applications because of its
potential to harvest small mechanical energies of human motion.
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YM. AxmeacapuH —  KpyHNHEHIIMHA  yUYCHBIH-IHIMKIIONEIUCT,
ruaporeosor, reorpad, skouor, I'epoit Conmanuctuyeckoro Tpyna, nuoHep
ruznporeonoru B KazaxcraHe, oquH M3 caMblX SIPKMX IpEICTaBUTENIEH
OrecTsIIel KOropThl YYEHBIX, C €r0 IMEHEM CBS3aH PACLBET Ka3aXCTAHCKOM
Haykd. OH SBJISETCS aBTOPOM YHUKAJIBHOM METOIMKH IOMCKA MOA3EMHBIX
BOJI B 30HE 3aCYLIUINBBIX ITyCTHIHb.

Ero Tpynel, HayuHble OTKpBITMSI HAaMHOIO MEPEXWIN YYEHOro, U
aKTyaJIbHOCTb WX B YCJIOBUSX Je(UIMTAa MPECHOM BOABI HA IUIAHETE
Yype3BbIYaifHO Bo3pacTaeT. PaboTas B CIIOKHBIX KIMMAaTUYECKUX YCIIOBUSIX,
OH 00cJieIoBaJl OTPOMHBIE MPOCTPAHCTBA 3HOMHBIX IE€CUYAHBIX ITYCTHIHb
Kazaxcrana u Cpenneil A3uM, CUMTaBIIMECS COBEPLICHHO O€3BOIHBIMHU,
UCXOJS M3 HayYHBIX IIPEINOCBIIOK, OTKPbUI MHOTOYUCIIEHHBIE 110136 MHbIE
MOpsi, 03epa, pPeKH, pacmudpoBad U OOBIACHWI HUX MPOUCXOKICHHUE,
OIIPENEIWII PECYPCHl U HAMETHII IIIMPOKUE NEPCIIEKTUBBI UX UCIIOIb30BaHU
Ha OJ1aro yesoBe4YecTBa.

Ilocne ycnemHon 3auThl KaHIUAATCKON auccepranud B MOCKOBCKOM
reosioropasseiouHoM uHctuTyTe MM. C. Opmxonukunaze B 1940 ronmy,
no comnacosanuto ¢ Buue-npesugeHTom AH CCCP, axkanemuxom O.1O.
[IImuaroM, ObLT HampaBiieH B Ka3aXCTaHCKUH ¢winan AKaJeMHHd Hayk
CCCP B 1. Anima-Arte, /1€ UM BIiepBble OblI co3aaH CeKTop rUApOreosoruu
U MH)KEHEPHOU T'€0JIOTHH.

BropaBenukoiiOteuectBeHHOMBOIHBI(1941-19451T) V.M. Axmencadun
OpraHHU30BaJl ¥ BO3IVIaBUJI KOMIUIEKCHYO DKCIIEIULIMIO B IIy CTBIHHBIE pAallOHBI
pecryOiauKH Ui BBIABICHHUS BO3MOKHOCTEH HAXOXKICHUS M COJCpIKAHUSA
9BAaKyMpPOBaHHBIX Ha BOCTOK 3aBOZOB, NPEANPHUATUI U CKOTA: IPEICTOSIIO
BBISICHUTb, UMEETCS JIM B IYCTBIHAX JOCTAaTOYHOE KOJUYECTBO MOA3EMHBIX
BoJ. Okazanoch, 4To B oOcienoBaHHBIX pailonax FOxnoro Kaszaxcrana
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MecYaHble IMyCTHIHU He OE3BOJAHBI MU B HHUX HIMPOKO PACHpPOCTPaHEHBI
T00pOKaUYeCTBEHHBIC ITOA3EMHBIE BOJIBI, IIPUTOHBIC IS UCIIOJIb30BAHMS.

B 1947 . YM. Axmencadun 3amuTuil AOKTOPCKYIO JUCCEPTALUIO B
Mockse. B 1951 roay Beimyctun Oombiryto mMoHorpaduto «Ilomzemubie
BOJIBI TECUAHBIX MACCUBOB IKHOW yactu Kaszaxcrana». B atoit pabore u
B pslie CTaTeil BIEpBbIE B OTEUECTBEHHON U 3apyOexHOU TUApOTeooTur
BCECTOPOHHE OCBEIIAETCS MH(UIBTPAIMOHHOE MIPOUCXOXKICHHE,
HAKOILJICHHE, PAcHpOCTPAaHEHHE PETHOHANBHBIX PECYpCOB TMOA3EMHBIX
BOJI, METOJOB HUX ONpeJesieHus. BbIgBIEHHbIE TpPU D3TOM PECYpChI
N0OPOKaYeCTBEHHBIX MMOI3EMHBIX BOJ AAJIM MOIIHBIN UMITYJIBC K Pa3BUTHIO
apUIHON THIPOTCOIOTHH.

B roael ocBoeHus IIeHHBIX 3eMmenb Y. AxmencaduH BO3IIABHII
ruaporeonorndeckue uccienaopanus B CeepHom Kazaxcrane. 3mech
OBLITH ONpeIeTIeHbI TIEPCTICKTUBHBIE BOJOHOCHBIE TOPHU30HTHI, COJIEPIKAIIINE
3HAYUTEIIBHBIC 3aI1achl MOA3EMHBIX BOJI, 3 CUET KOTOPBIX PeIlIeHa mpodiiemMa
BooobecneueHust 400 IEIMHHBIX COBX030B, KOJIX030B, MHOTHX PallOHHBIX
LIEHTPOB, JKEJIE3HOJOPOKHBIX CTAHIUH | T.I.

BboneeuerBeptu Beka Y. Axmencadun u3yda riyOMHHYO THIPOTEOI0T IO
apuIHBIX pailoHoB. [Ipu 3TOM UM ObUIH YCTaHOBIICHBI HAYYHbBIE TTOJIOKEHUS,
HMEIOIIME TEPBOCTEIICHHOE 3HAu€HHWE HE ToJIbKo i Kazaxcrana, HO
U N1 MHOTHUX 3acCylUIMBBIX pa3BUBAIOMIMXCS cTpaH. OHM MO3BOIHIN
€My BIEpPBbIE B HUCTOPUU THIPOTEOIOTMUYECKUX HMCCIENIOBAaHUI y HAaC U 3a
pyOexoM co3naTh U OmyOnuKoBaTh (yHIAMEHTAIbHbBIE IPOTHO3HBIE KAPThI
apTre3uaHcKkux OacceitHoB (¢ MoHorpadwusimu), BbIIBUTh 70 apTe3MaHCKHUX
0acceiHOB, OIIEHUTH COJEP)KAIIMECS B HUX OTPOMHBIC BEKOBBIC 3aItachl
NO0OpOKAUYeCTBEHHBIX  TOJ3EMHBIX BOJ, paBHbIE 7,5 TPUUIMOHAM
KybomeTpoB (comsmepumbie ¢ oobemMom 70-u o3ep banxarr), exeromHo
BO300HOBIISIFOIIMECS B pazMepe 48 MIpI.Ky0. METPOB.

B 1951 rony VY. Axmencadun u3dbupaercsi 4iIeHOM-KOPPECIOHIEHTOM, a
B 1954 — akanemukom Akanemuu Hayk Kazaxckoit CCP. B 1965 1. Bnepsbie
OpraHu3oBajl eIMHCTBEHHBIN B cucteme Akaaemuil Hayk CCCP Uucturyr
THAPOTCOIOTHU U THIPOPUZUKH.

Ero kpynHble Hay4HbIE JOCTHKEHHS MO3BOJIUIN 00€CTIEYUTh MOI36MHON
Boziol okosio 69 roponoB Ka3zaxcraHna, 4 ThICSYM HACENEHHBIX IYHKTOB,
00BoAHUTH 115 MiTH.Ta macTOuI, opocuTh 10 60 THICAY Ta 3eMEb.

OO6nanas napoM Hay4yHOTO MPEABHACHUS W OOJNBIIUM IMPAKTHUYECKUM
ombIToM, Y. AxmencaduH BbICTyHal MPOTHUB CO3JIAHUS HEKOTOPBIX
THIPOTEXHUYECKUX COOPYKEHMM, MOTYIIMX BbI3BATh OSKOJIOTUYECKUE
karacTpodsl. Bo MHOrOM ero mporHo3sl MOATBEPAUINCE. OH €TMHCTBCHHBIN
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HE TIOJINTKCAJT 3aKJIFOUCHHUE MTPABUTEILCTBEHHONW KOMUCCHH O CTPOUTEILCTBE
KbI3bUIKYMCKOTO KaHama, T.K. 3TO MPUBENO Obl K YMEHBIICHUIO IPUTOKA PEKU
Cripnapbu B ApalibCKoe MOpE U TEM CaMbIM CITIOCOOCTBOBAIIO OBl YChIXaHHUIO
ApaiabCKoro Mopsi.

BasxubIM BopocoM npo0ieMbl 0XpaHbl OKPY>KaroIiel cpeibl Oblia 0OXpaHa
o3epa banxanr B ¢Bsi3u co cTpouTenbcTBOM Karmuaraickoro BOJoXpaHIIHINA
Ha peke Mmu. CTpoHuTenbCcTBO M 3a00p 3HAYUTEIBLHOTO KOJIMYECTBA BOIBI
n3 pekun My Ha ero 3amojiHEHHE MOINIM IPUBECTH 03epo banxam k
ydacTu ApalbCKOro MOpsi, T.e. K YCBIXaHHIO €ro KPYIHOH aensThl. Emy
noTpeboBaIuCh OONBIINE YCUIIHS, HAyYHbIE J0Ka3aTeIbCTBA, B TOM YHCIIE
U Ha MPaBUTEIHCTBEHHOM YpPOBHE, YTOOBI MMOKA3aTh HELEIeCO00pa3HOCTh
CTPOUTENILCTBA BOJIOXPAHUIIUINA U, YK BO BCSIKOM ClIydae HEe J0 MPOEKTHOM
oTMeTKU. B pesynbrare ynmajioch OTCTOATh MHUHHUMAJbHYIO OTMETKY
3aMOTHEHUST BOJOXPAHWIMINA W HEPaCIIMPEHHUS PHUCOBBIX IUIAHTAIMA B
HU30BbAX peku Mnu. Takum 06pa3zom yaanock crnacta o3epo bamxam xors
OBl Ha TIEPHO/T 3aITOJIHCHHSI BOJOXPAHMIIHIIA.

OH TaKxxe 000CHOBAJ ITOJIOKEHHE, UTO CTPOUTEIILCTBO THAPOTEXHHUECKUX
COOPY)KEHHUH Ha peKax, MPOTEKAIOIIMX B IYCTBIHHBIX palOHAX, MOXET
MoBJIeYb 32 cO00H yChIXaHHE BOJIHBIX OaccelHOB (03ep), B KOTOPbIE OHU
BIaJAI0T. B 30HaX C MOBBIIIEHHO celicCMUYECKOM aKTUBHOCTHIO — YCHIIUBATh
O0aJTLHOCTB 3eMJIeTpsiICeHUH. B TO ke BpeMsl MpaBHIIBHOE HMCIIOIb30BaHUE
MOJI3€MHBIX BOJ B 3TUX PaOHAX CHUXKAET OAJITIbHOCThH 3€MJICTPSICCHHIA.

YM. AxmencaduH SBISUICS PBAHBIM TMPOTUBHUKOM IEPEOPOCKH
Cubupckux pek B Kazaxcran u Cpennioro A3uto. COBMECTHBIMU YCUITHSIMU
¢ yuenbiMu apyrux Pecnyomuk CCCP npunsiTHE 3TOro pelieHus Obuio
MIPUOCTAHOBJICHO.

YM. AxwmencaduH SBISICTCS OCHOBATEIEM THIPOTCOJIOTHUECKON
HayKHd M cO3JaresieM IIKOJIbI apuaHoi reojoruu B Kazaxcrane. MM Obuio
MOATrOTOBJIEHO Oonee 60 KaHIUAATOB M JOKTOPOB Hayk. Kpome HaydHOM
paboThl, 3aHUMAJICS IMPEINOJAaBATEIbCKON JEATEIBLHOCTBIO, 3aBEIOBaJ
Kadenapoil TUAPOreoIOrud U WHKEHEPHOU reosioruu B KazaxckoMm ropHo-
MeTauryprudaeckom uHeturyte. B 1949 rony emy ObU10 IpHCBOEHO 3BaHUE
npodeccopa.

YM. Axwmencadun OblT rocymapcTBeHHbIM festeneM. B 1955-59
roznax u3dupascs aemnyraroMm u wieHoMm [Ipesunuyma BepxoBHoro Cosera
Kazaxckoit CCP IV co3biBa.

B 1955-60 rr. YM. Axmencadun Obutl wieHoMm [maporeosoruyeckoi
cekuuu HanmmonansHoro komuteta reojoroB KOHECKO. On HeogHOKpaTHO
oka3zpiBaj momoIb uepe3 KOHECKO B ruporeonornyeckux uccie10BaHusIxX
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BO MHOTHUX CTpaHax Mupa, B aBrycre 1960 r. oH cuenan JIokjaj Ha
TUAPOT€0I0OrHYeCKOM CeKIMU MexTyHapOAHOTO T€0JIOrMYEeCKOro KOHrpecca
B Konenrarene. B 1979 1. nmpoBoausi MeXayHapoAHbIE KypChbl MO JIMHUU
FOHEII B Mockse, Anma-Ate u YnMKEHTE 110 SKOJIOTHH IMacTOUII MUpa, Ha
KOTOPBIX MPUCYTCTBOBAIU MpPEACTaBUTENN adpUKAHCKUX, apaOCKUX CTpaH
U ApreHTUHBI, HEOJHOKPATHO KOHCYJIBTHPOBAJ IO BOIIPOCAaM OpPOILIEHUS
3aCyLUIMBBIX 3€Mellb IpeacraBuTeneil ApcTpanuu, W3pawns, Benrpuw,
®panuun u Kyseiita.

YM. AxwmencapuH HarpaxJIeH MHOTHMH IIPaBUTEIbCTBEHHBIMHU
narpagamu CCCP. B 1969 rogy oH Obul HarpakJeH BbICIIEH Harpaaon
CCCP, emy 6110 npucBoeHo 3Banue ['epos Counanuctuueckoro Tpyna.

Y.M. Axmencadun onyonukosain okoso 500 neyaTHbix padboT: u3 Hux 18
MoHoTpaduii 1 18 ruAPOreoIOrnIeCcKuX Kapr.

Y4uuThIBas 3aCIYTH YUYEHOTO, TOCJIE €0 CMEPTHU €ro UMs ObLJIO IPUCBOCHO
co31aHHOMY UM HCTUTYTY THAPOTEOI0OTHH U TUAPO(DU3UKH, OTHON U3 YIUIL
Anma-ATsl, yaeOHOMY 3aBeicHHIO Ha ero poauHe B CeBepo-KazaxcTanckoit
00J1acTH.

100-ntetue yuenoro nmpooguioch nog srugoit KOHECKO.
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CAJIBIKOBOW AJLJIBI
BANCBIMAKOBHBI

1 mrons 2022 roga Ha 76-M TOY KU3HU MOCIE HEMPOJODKUTEIBHON 00Ie3HI
ckonuanacs CagpikoBa AJiiia balicbiMakoBHA — TOKTOP PU3NKO-MaTEeMaTHIECKUX
HayK, akajeMuk MexayHapoanoit Epasuiickoit akamemun Hayk (IEAS),
3aBeaylomas jaboparopueid pernoHaibHoi ceiicMmunoctn TOO MHWucTtHTyTa
ceiicmonornn MYC Pecnybnuku Kazaxcran.

Anna baiicbiIMakoBHAa — W3BECTHBIM YYEHBI, HAy4HbBI pPyKOBOJUTEID
[IporpamMmer  «OneHKa CEHCMHUYECKOH OIACHOCTH TEPPUTOPHMA obmacTedl u
roponoB Ka3zaxcraHa Ha COBpEMEHHON Hay4YHO-METOJUYECKOM OCHOBE», OIMH
U3 aBTOPOB KapT celicMHYecKoro paiioHupoBaHust Teppuropun Kaszaxcrana
pa3HOM NeTalbHOCTH U CEHCMHUYECKOTO MUKpPOPAHOHMPOBAHUS TEPPUTOPUHU T.
ATnMarsl, BXOAALINX B IEPEUEHb HOPMATUBHBIX JOKYMEHTOB, PENIAMEHTHPYIOIINX
MIPOEKTUPOBAHUE U CTPOUTEILCTBO B CEIICMOAKTUBHBIX pernoHax KazaxcraHa.

Anna balicbiIMakoBHa pojuiIack B ceMbe ciyskamiero B ropozae llIbivkeHTe
HOxno-Kazaxcranckoit obnmactu 14 mas 1946 ropma, cpa3dy mociie OKOHYaHHS
JlennHrpaackoro By3a Hayasa paboTaTh B ceKTOpe ceiicMoioruu npu MHcTuTyTe
reonorun Axanemun Hayk KazCCP, na 6a3ze kotoporo B 1976 r. 6611 chopmupoBan
WncTtutyT ceiicMonornu. 37ech OHAa 3alUTHIIA KaHAWJATCKYIO JUCCEPTAIMIO B
1992 1., a 3atem B 2010 I. — TOKTOPCKYIO Ha TeMy «CelcMOIOTHYECKUE U T€0JIOr0-
reoU3MYECKUe OCHOBBI BEPOSTHOCTHOW OIIGHKH CEHCMHYECKOM OMacHOCTH
Kazaxcrana».

Anna baliceimakoBHa — aBTop Oosiee 160 Hay4HBIX M HAyYHO-METOIUYECKUX
pabor, B T.4. 7 MoHOTpaduii (B cOaBTOpPCTBE) B 00JIACTH M3yUEHHsI 0COOCHHOCTEH
MPOSIBIICHUST 3EMJICTPACEHHH, pa3pabOTKU METOOUKH JIOIr0- M CPEJHECPOUHOTO
MIPOTHO3a 3eMJIETPSICEHUH 1 OLEHKH ceiicMuyeckoi omacHocTH. Ee Monorpadus
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«Celicmuueckasi onacHOCTh Tepputopun Kazaxcrana» (Anmarel, 2012, 267 c.)
SIBISIETCS. (PyHIaMEHTAIBHBIM TPYIOM, TJ€ W3JI0KEHBI Pe3yJIbTaThl MHOTOJIETHUX
WCCIIEZIOBAaHUN OCOOCHHOCTEH CEHCMHYHOCTH ¥ CEHCMHYECKOTO peXuMa
tepputopun Kazaxcrana. Kuwura «3emnerpsicenus Kazaxcrana: mNpUYMHBI,
MOCIICAICTBHS U celicMuvecKasi Oe3ormacHOCTh» (B coaBTopcTBe, Acrana, 2019,
290 c.) siBisieTCS HAYYHO-TIOMYJISPHBIM H3JaHHEM O COBPEMEHHOM COCTOSTHUU
po0OIeMBbl U3ydeHHs 3eMieTpsiceHuil B Kasaxcrane, riie OTMEYeHBI BCe TPYIHOCTH
MIPOTHO3a 3EMJICTPSICEHUI W OTBEICHO MECTO HAyYHBIM W OOIIECTBEHHBIM MepaM
MIPOTHUBOCTOSIHUS CTHXUH — CEHCMO3aIIuTe.

Ha mpotskennn MHorux net Ama balickiMakoBHa ObLTa YYEHBIM CEKpeTapeM
MEXBEIOMCTBEHHOW KOMUCCHH IO ITPOTHO3Y 3eMJICTPSCEHUH U ITPE/ICTaBIISIIA HAIITY
CTpaHy B MEXAYHApPOIHBIX opraHuzanusx. OHa aKTUBHO COTPYAHHYAJA CO BCEMHU
CEHCMOIOTHYECKUMU YIPEKICHUSIMU, ObLITa YISHOM Pa3IIUIHBIX PECITyOIIMKaHCKAX
KOMUCCHH, YhTana Kypc JIEKIHA M0 CHEeIHaTbHOCTH «CeHCMOTIOoT s Ha Kadeape
reopusuku KasHTY um. CarnaeBa. Ee HeoqHOKpaTHBIE BBICTYIIIICHHUS 110 PAANO U
TEJICBHUJICHUIO, MHOTOYHCIICHHBIE NHTEPBBIO B CPEACTBAX MACCOBOH MH(DOpMAaIiH
ObUTH HaIlpaBlIeHbl HAa HM3JIOKEHHE 3HAHWM O 3eMIICTPSCEHHSX — MPUYMHAX WX
BO3HUKHOBEHHSI, CBSI3aHHBIX C HUMH OITACHOCTSAMH, METOJaX WX HW3yYeHUs W
BO3MOXXHOCTSIMH TIPOTHO3A.

JIto60Bb K ceficmonorun Aina balickiMakoBHa COXpaHWIIa 10 KOHIA xu3HH. J[o
MTOCJICZIHETO JTHS OHA OCTaBajach Ha paboTe, BKIAJbIBas B Hee BCe (hHU3MUECKUE
W JyUIeBHBIE CHIIBI, SBISIE COOOM MpUMep MPEJaHHOTO M CaMOOTBEPIKEHHOTO
CIIy’)KEHUS HayKe, BbICOYAMIIell pabOTOCIOCOOHOCTH ¥ OTBETCTBEHHOCTH,
1[eJIeyCTPEMIIEHHOCTH, YYTKOCTH U OECKOPBICTHSI, HEPABHO/YIITHOTO OTHOIIEHUS K
MO00H XU3HEHHOH cutyaruu. 3acmyru CaapikoBoit A.b. oTMedeHBl Memanbio 3a
BKJIaJ B HayKy B yecTh 30-nerusa HezaBucumoctu PK, rpamoramu, numnmomamu.

bnaromapss BBICOKMM TpO(ECCHOHANBHBIM M JIMYHBIM KauecTBaM Aumia
BaiickiMakoBHa T0Ih30Banach OE3yCIOBHBIM aBTOPUTETOM CPEIU Ka3aXCTaHCKHX
1 3apyOeXHBIX crenuaincToB. OHa MPOXHUIA TOCTOMHYIO JKH3HBb YBa)KaeMOTO
YeloBeKa, TITyOOKOT0 MBICTUTENS U MPEIaHHOTO CBOEMY JIely y4eHoro. bomee 45
neT oHa Obua BMecTe ¢ MmyxeM E.T. CafbIkoBbIM, WMes ChIHA M YETBEPHIX BHYKOB.

1 uronst 2022 mepecTano OUTHCS ceplille dTOW YIWBUTEIBHOMN KEHITUHBI, HO B
HaIIUX Cep/Iax Bcerna Oy/IeT )KUTh CBeTIIast TaMsITh 0 Hell. MbI OyieM TOMHHTB ATLTY
BaiichiMakoBHY Kak TITyOOKO MHTEITUTEHTHOTO, OT3BIBUMBOTO, KH3HEPATOCTHOTO,
HEOOBIYAIHO JIEATEIILHOTO YeJI0BEKa M TAIAHTIUBOTO YYeHOTO. Ee yxom — Oosbinas
notepst st Haykn Kazaxcrana. Ammbl baiiceimakoBHBI CaIbIKOBO# OOJBIIE HET C
Hamu. Ho ocranock ee Oorareiimee HaydHOE HACTeNUe, YYSHUKHU, KOTOPbIE OyIyT
MIPOJIOIDKATH JIEJI0 CBOETO HacTaBHUKA. OcTanachk 100pasi maMsITh 00 TOM CBETIIOM,

AYHICBHO ICAPOM YCIIOBCKE.

OT UMeHH COPATHUKOB U KOJLJIeT Mo padore
npodeccop A. HypmaramoeToB
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