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

KasakcmaH Pecnybrnukacbl YnmmbiK abliibiM akademusicbl «KP ¥FA Xabapnapbl. Xumusi
JKOHEe MEeXHO02Usl cepusichbl» fbifibIMU XypHarsbiHbiH Web of Science-miH xaHanaHraH HycKacbl
Emerging Sources Citation Index-me uHdekcmenyze kKabbindaHraHbiH xabapnaldbl. by
uHdekcmery bapbicbiHOa Clarivate Analytics komnaHusickl XypHanobl o0aH api the Science Citation
Index Expanded, the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke
Kabbinday mecerneciH Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, bacnawsinap
MeH MeKkemeriepee KoHmMeHm mepeHOiai MeH carnacklH ycbiHaobl. KP ¥FA Xabapnapbl. Xumus
XoHe mexHonoaus cepusickl Emerging Sources Citation Index-ke eHyi 6i30iH KozamOacmabIK yWiH
€H 63eKmi xoHe 6ederdi XumMusisibIK fbiribiMOap 6olbiHWa KOHMeHmMkKe adanobifbiMbi30bi 6irndipedi.

HAH PK coobwaem, 4ymo Hay4HbIl XypHarn «M3secmusi HAH PK. Cepusi xumuu u mexHorio2uii»
6611 npuHam 0ns uHOekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHOU eepcuu
Web of Science CodepxaHue 8 amomMm UHOeKcuposaHUU Haxodumcs 8 cmaduu paccMompeHus
komnaHuel Clarivate Analytics 0nsa OdanbHeluwez0o npuHamMus xypHana e the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npednazaem kayecmeo 8 arybuHy KoHmeHma 015 uccriedosameriell, agmopos,
u3damernel u yupexoeHul. BknoueHue Nssecmus HAH PK e Emerging Sources Citation Index
deMoHCcmpupyem Hawly npueepxeHHOCmb K Haubornee akmyarnbHOMY U 811UsimeribHOMY KOHMeHmy
M0 XUMUYECKUM HaykaMm Ot Haweao coobujecmea.
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SYNTHESIS OF CARBON NANOFIBERS BASED ON HUMIC ACID
AND POLYACRYONITRILE BY ELECTROSPINNING METHOD

Abstract. The article describes a method for obtaining carbon nanofibers (CNFs) based on humic acid
from oxidized coal of the Maikuben basin and polycarlonitrile (PAN) by electrospinning in laboratory
conditions. The value of the interelectrode voltage was 20-25 kV. The elemental composition was determined
and the surface morphology of the studied sample was studied, the type of modification of the carbon fiber
was revealed. As a result of energy dispersive X-ray spectroscopy and scanning electron microscopy (SEM),
the chemical composition of the initial CNF (C-48.73%) and the diameter of carbon fibers, which ranged
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from 148.6 nm to 1.36 um, were found. The processes of oxidation and carbonization of the obtained samples
were also carried out. The elemental composition of carbon after oxidation and carbonization was 87.75 and
89.16%, respectively, the diameter of the fibers was 117.5 nm -1.03 microns. The results of Raman scattering
of light (RS) of carbonized CNF showed the degree of graphitization - 23.97%, the ratio I (D) /1 (G) = 0.7, 1
(G) / 1 (D) = 1.4. The resistance of this material was 27 ohms. On the basis of SEM patterns of CNFs based
on humic acid and PAN, it was found that the structure of the sample after oxidation and carbonization retains
the original fibrous structure. It was also found that the diameter of nanofibers decreases from 1 pm to 117.5
nm, which may be associated with the release of volatile and heterogeneous components of the original
product and the formation of a more structural thin porous filament.

Key words: carbon nanofiber (CNF), humic acid (HA), polyacrylonitrile (PAN), electrospinning,

formation, oxidation, carbonization.

Introduction. Over the past few decades,
lithium-ion batteries (LIB) have been successfully
applied as rechargeable power supplies in various
electrical products such as MP3 players, laptops
and cell phones due to their long lifespan and
high energy density [1, 2]. However, their high
cost (about USD 5,000 per ton of Li2COs [3]) and
limited onshore lithium reserves [4] have limited
their further large-scale application in areas such as
hybrid electric vehicles. Therefore, a growing
concern lately is the abundant sodium on Earth
(about US $ 150 per tonne [2]), which also comes
from the alkaline family. Compared to lithium metal
anodes, sodium-based metal batteries exhibit a
lower theoretical energy density as a result of a
higher standard sodium reduction potential and a
lower specific capacity [2]. Similar problems with
lithium metal anodes are even more problematic for
sodium metal anodes due to the higher reactivity of
sodium metal and dendrite formation. The safety risk
of devices with metallic sodium electrodes at
ambient temperatures is also serious due to the low
melting point of sodium (98°C) [5]. Therefore, it is
important to develop true sodium ion batteries
(NIBs), in which sodium ions move between
electrodes in the form of a "rocking chair". This
design avoids the use of highly reactive sodium
metal. So far, a large number of promising cathode
materials, including NaCrO:, NaVeéO;;, NaFePOs,
Na:MPO4F u NasM: (PO4); (M = Fe, Mn, Co u Ni),
Na0,44 MnOz, NaNii3s Mnis Feis Oo. , Nazss
[MxMni— x] O2, NaMFs (M = Fe, Mn, V, Ni), were
developed [2-4, 6].

Materials. As a result of the fact that few
anode materials have been studied for NIB, the
selection of the appropriate anode materials has
become one of the most important tasks in the
development of highly efficient ~ NIB.
Unfortunately, the outstanding LIB graphite
anodes previously put on the market do not have a
high reversible capacity in NIB [7]. On the other
hand, many other carbonaceous materials such as
solid carbon [8,9], carbon fibers [10-13], carbon
nanotubes [14], graphene [15], carbon black [16],
cellulose [17]], polyparaphenylene [18], porous
carbon [19], carbon spheres [20] and petroleum
coke [21] have been found to facilitate the sodium
ion incorporation / extraction process. Carbon
nanomaterials, which are considered one of the most

electrical conductivity, heat resistance, environmental
friendliness, and costeffectiveness|[14]. Recentstudies
have shown that anodic morphology significantly
affects the electrochemical characteristics of NIBs
[8-15]. Thus, further use of carbon nanomaterials
can provide high NIB performance characteristics.
Although various carbon electrodes with excellent
mechanical and ionic transport properties have been
used in solar cells [22], fuel cells [23], supercapacitors
[24], and LIB [25], it is unlikely that the use of
nanocarbon anodes has been investigated at NIB.

Due to their outstanding tensile strength and
modulus, carbon nanofibers are commercially used
in structural composites for superior performance,
lightness, and ergonomics. The global carbon fiber
market is expected to triple in one decade and surpass
100,000 tonnes in 2020, worth over $ 3 billion.
While carbon fiber composites are currently used in
airplanes and some racing cars, the cost of CNF is
prohibitive for many other sectors of the industry.
The high price of CNF is directly related to the cost
and yield of the precursor from which it is obtained,
and the cost of its conversion.

Electrospinning as a universal methodology for
the manufacture of organic, inorganic, and hybrid
nanomaterials with controlled dimensions attracts
the attention of the whole world in the production
of random or oriented continuous nanofibers [26].
Controllable sizes and flexible compositions of
electrically spun nanofibers are increasingly being
investigatedforthetargetedstudyofelectrodematerials
in energy conversion and storage applications [27].
In addition, electrospinning has such advantages as
low cost, high yield, simplicity, efficiency, as well as
high reproducibility, applicability, and adaptability
[28]. Thus, the electrospinning method can be easily
applied for the manufacture of various components of
energetic materials, ranging from carbon nanofibers
to ceramic or metal electrodes [29]. On the other
hand, industrial scaling is still largely a challenge
for electrospinning, with a lot of room for further
improvement. For many types of materials, the
achievable lengths of nanofiber electrospinning are
still from hundreds of micrometers to millimeters,
which is insufficient for most industrial applications.
In such cases, the electrospinning method often shows
limited performance at the manufacturing stage [30].

promising candidates among a limited Tumber—of04 ——

anode materials for NIBs, have such advantages as
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Figure 1 - Schematic diagram of an electrospinning
installation with a stationary substrate

Although various anode material precursors
have been demonstrated, further improvements are
still urgently needed in terms of storage capacity,
long cycle performance and speed capability. On
the other hand, most electrode materials [14-17]
come from expensive chemical raw materials, which
are often associated with contamination. Thus, the
study of environmentally friendly anode materials
remains challenging. As one of the carbonaceous
precursors, biomass has been carefully studied for its
abundance, ease of access and low cost [31]. In the
light of previous studies of biomass carbon [31-33],
humic acid (HA) was chosen as the anode material
for NIB production. HA is a mixture of aliphatic
carbon chains and aromatic organic acids, soluble in
water under alkaline conditions, but insoluble under
acidic conditions [34]. On the other hand, HAs, as a
rule, are complex macromolecules of aromatic units
with bound peptides, amino sugars, aliphatic acids,
amino acids, and other organic components with a
molecular size ranging from about 10,000 to 100,000
[34, 35]. For their flexible chemical properties, these
complex carbonaceous materials are considered
variable linear polymers that have random helixes
of crosslinked bonds in a three-dimensional aspect.
As a biomass material with natural environmentally
friendly, renewable, low-cost characteristics and a
carbon content of more than 40 wt%, obtained from
coal, soil or wood, as well as a precursor of fulvic
acids and a product of lignin decomposition [36, 37],
HA can become potentially reliable a candidate as
anode materials.

In our proposed method of producing carbon
nanofibers, it includes the following stages:
preparation of raw materials, formation, stabilization
(to remove low molecular weight products of
destruction and the formation of crosslinked and
cyclic structures), carbonization (to remove hydrogen
and heteroatoms in the form of volatile compounds,
the final formation of carbon fibers occurs).

The aim of this work is to synthesize carbon
nanofibers by electrospinning from humic acid and
polyacryonitrile (PAN).

Methods.

The elemental and

composition, structure,

dimensions of CNFs were studied by energy
dispersive X-ray spectroscopy on an SEM device
(Quanta 3D 200i) with an EDAX attachment for
energy dispersive analysis. For the study, the samples
were fixed on a copper holder using conductive
adhesive paper. The energy of the exciting electron
beam in the analysis was 15 kV, the working distance
was 15 mm.

The study of the type of carbon modification
was carried out using Raman spectroscopy using the
method of Raman light scattering (RS). The Raman
spectra of the samples were recorded on an Integra
Spectra scanning probe microscope using a laser
with a radiation wavelength of 473 nm. Spectra were
recorded with a 20 second accumulation. The samples
were applied as a thin replica on a glass substrate. The
analyzes used a CCDs spectral detector, wavelength
K =632.8 nm (20 mV), the spectral line width was
2.08 cm’. Installation parameters: power - 35 mW,
solid-state laser, grating - 600/600.

Humic acid and polyacrylonitrile are dissolved
in N, N-dimethylformamide in an oven at 60°C
until homogeneous (Fig. 2). Composition: humic
acid - 5%, polyacrylonitrile (PAN) - 3%, N,
N-dimethylformamide - 92%.

= sty
+ —-N,N-]}imelh,\'lfnrmmide: ‘_. = i
.I. - q._.-f_i' Mgty st
Mixed on an i
e e electric stove -y
Humic acid Polyacrylonitrile 23080 C m" 1
PAN) until il i
homogeneous eelrospiating

process
Oxidation J
Carhonization

Figure 2 - Scheme of obtaining carbon nanofiber
based on humic acid and PAN

The reaction between humic acid and PAN is
presented below:

Next, the ready-made solutions are formed in a
laboratory electrospinning installation, for this the
ready-made mixture is drawn into an insulin syringe
and installed on a reversible motor, the prepared
solution is placed in a syringe, a charge is applied to
the tip of the syringe. Then the engine is turned on,
and with the appearance of the first drop, the opposite
charge is turned on. A charge of the same name is
attracted to a substrate with an opposite charge and
nanofibers are formed (Fig. 3). Nanofibers are cured
by evaporation of the solvent. The interelectrode
voltage was 25 kV, the distance between the receiver
and the syringe was 35 cm [39]. High voltage is the
basis for electrospinning.

An important factor in choosing the optimal
conditions for electrospinning is the diameter of
the resulting fibers. It was obtained by solvent
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evaporation (DMF) followed by solidification of
streams of polymer molding solution on a metal
collector. Therefore, the fiber diameter depends
mainly on the viscosity of the solution; the higher
the viscosity, which increases with an increase in the
polymer concentration, the larger the fiber diameter,
which varies in the range from several tens of nm to
microns [38].

The stages of stabilization and carbonization of
CNF were carried out in a laboratory reactor. CNF
samples are loaded into a horizontal cylindrical quartz
reactor. The CNF was stabilized at a temperature of
300°C in an air flow in a laboratory quartz reactor at
a heating rate of 5°C / min, the holding time was 1
hour.

After oxidation, the stage of CNF carbonization
was carried out in an inert argon atmosphere at a
temperature of 800°C, the heating rate was 5°C / min,
and the holding time was 60 minutes. Argon is fed
from a cylinder to the reactor at a predetermined flow
rate of 20 ml / min, which is set using a flow meter.

Results and discussion.

Electron microscopic images of nanofibers are
shown in Figure 3, where carbon nanofibers with a
diameter of 148.6 nm to 1.36 pum are clearly visible.
The elemental composition of the composite is: C -
98.48%, O - 0.77%, Si - 0.11%, Fe - 0.64%.

a) b) o)

Figure 3 - Electron microscopic images of carbon
fiber nanobased on humic acid and PAN:
a) x5000, b) x10000, ¢) x50000

The elemental composition was determined and
the surface morphology of the sample under study
was studied, the type of CNF modification was
revealed. As a result of energy dispersive X-ray
spectroscopy and SEM microscopy, a chemical
composition was found: C-48.73%. Figure 3 clearly
shows CNF particles with a diameter of 148.6 nm to
1.36 um. CNFs have a structure in cross section - a
rounded shape, structural elements take the form of
fibrils - threadlike formations.

The resulting fibers are stabilized, for example,
by oxidative treatment, making them infusible. For
this, CNFs were oxidized, as a result, low-molecular-
weight degradation products are removed and cross-
linked and cyclic structures are formed (Fig. 4).

¢)

Figure 4 - Electron microscopic images of oxidized
carbon nanofiber based on humic acid and PAN:
a) x5000, b) x10000, ¢) x30000

The results on a scanning electron microscope
showed CNFs with a diameter of 433.2 nm to 1.03
pum. Figures 4 show CNFs with smooth, filamentous
structures. Also visible are spherical agglomerates,
which appeared due to adhesion of fibers during
deposition and formation during drying. The
elemental composition of the composite after
oxidation is: C - 87.75%, O - 10.53%, Mg - 0.12%,
Al -0.25%, Si - 0.26%, C1 - 0.10%, K - 0.24%, Ca -
0.13%, Fe - 0.37%, Cu - 0.25%.

At the subsequent stages of high-temperature
treatment - carbonization at 800 oC, accompanied by
the removal of hydrogen and heteroatoms in the form
of volatile compounds, the final formation of carbon
fibers occurs (Fig. 5).

"a) T 5

Figure 5 - Electron microscopic images of
carbonized carbon nanofiber based on humic acid
and PAN: a) x5000, b) x10000, ¢) x50000

The results on a scanning electron microscope
after carbonization showed CNFs with a diameter
of 123.5 nm to 781.9 nm (Fig. 5). Elemental
composition of the composite: C - 8§9.16%, O —
8.22%, Na — 0.11%, Mg — 0.02%, Al — 0.20%, Si
—0.18%, Cl1 -0, 11%, K — 1.11%, Ca — 0.09%, Fe
—0.55%, Cu — 0.24%. The formation of cylindrical
fibers along the entire length of the fiber is observed;
it has been established that the structure of CNFs
after oxidation and carbonization retains the original
fibrous structure (Fig. 5).

Raman spectra were recorded to study the
degree of graphitization. The results of Raman light
scattering (RS) showed the degree of graphitization
- 23.97%, the ratio I (D) / 1 (G) = 0.7, I (G) / 1 (D)
= 1.4 (Fig. 6). The broad bands D (disordered part)
and G (ordered graphite structure) suggest that CNFs
contain partially graphitized carbon along with
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amorphous carbon. Graphitized carbon typically
consists of assemblies of graphite layers that are
expected to act to store ions in fuel cells. The ratio
of the relative intensity (ID / IG) of the D and G
bands indicates the degree of disorder of the carbon
structure. As shown in Figure 6, the ID / IG ratio
represents the conversion of disordered carbon to
graphite carbon during carbonization. The resistance
of this material was 27 ohms.
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Figure 6 - Cattle snapshot of a sample of carbonated
carbon nanofiber based on humic acid and PAN

Conclusion. On the basis of SEM drawings
of CNFs from HA + PAN, it was found that the
structure of CNFs after oxidation and carbonization
retains the original fibrous structure. It was also
found that the diameter of nanofibers decreases from
148.6 nm -1.36 microns to 123.5 - 781.9 nm, which
may be associated with the release of volatile and

heterogeneous components of the original product
and the formation of a more structural thin porous
filament.

Thus, the proposed method for producing CNFs
is based on the electrospinning method, which is the
most promising method of industrial production and
provides a product with a relatively high fraction
homogeneity, which determines the achievement
of strength characteristics for structural materials.
These characteristics make it possible to use CNF
obtained from HA and PAN as an electrode material
for batteries and supercapacitors. Batteries with high
energy density and long service life are widely used
in our daily life, such as electric vehicles, mobile
phones, laptops, etc.

The ecological effect of the research is to create
an environmentally friendly technology based on the
processing of secondary raw materials (coal mining
waste, like oxidized coals) for the production of
carbon fibers and composites based on them. The
creation of this technology will make it possible to
solve the ecological aspect of the disposal of this type
of waste with the receipt of an economically viable
product.
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I'VMHUH KbIIIKBIJIBI MEH NOJIMKAPUJIOHUTPUJI HET'TBIHJAE SJIEKTPOCIIMHHUHI
OJICIMEH KOMIPTEKTI HAHOTAJIIIBIKTbI CUHTE3JAEY

AnHoTamus. Maxkanana 3epTXaHallbIK JKar[aia SIEeKTPOCIIMPHUHAT dficiMeH MalikyOeH OacceiiHiHiH
xoHe mnonukapiaoHuTpuwiaaiH (ITAH) TOThIKKaH KeMipiHEH T'yMWH KBIIIKBIIBIHA HETI3JIENTeH KOeMIipTeTi
HaHotammbeikTapbiH (KHK) any omici cumarranraH. DIeMEHTTIH Kypambl aHBIKTAIIbl JKOHE 3EepPTTETreH
yiriHiH OeTki MOp(hOJOTHSACHI 3epTTeNi, KOMIPTEK TAIIBIFBIHBIH MOMUGUKAIUS TYpi aHBIKTAJIBL.
DHEProANCIePCUSIIBIK PEHTICH-CIIEKTPOCKOITNS JKOHE CKAaHEPIEHTIH AIeKTPOHIbl MUKpockonus (COM)
Hotmkecinae 148,6 am-ugen 1,36 mxm-re peiiinri 6acrankel KHT nuamerpi meH xuMusiblk Kypambr (C-
48,73%) aHbIKTanAbl. AJIBIHFaH ChIHAMAJIAPIBIH TOTBIFY JKOHE KOMIPTEKTEHY MPOLECTEpl e >KYPrizijii.
ToTpIFynaH )koHE KOMIPTEKTEHYIEH KeHiHI1 KOMIPTEKTiH 3JIEMEHTTIK KypaMmbl colikecinme 87,75 sxone 89,16%
KYpaJibl, TAMMIBIKTEIH quametpi 117,5 am -1,03 mxm. Kapoormzanusnanran KHT »xapbIKThIH KOMOMHAITUSITBIK
mrambipaybsiHbIH (QKKIL) HoTrxenepi apKplibl rpaduTTeHy 1opexeci anblKTanasl - 23,97%, 1 (D) /1(G)=0,7,
1(G)/1(D)=1,4. byn marepuannbif keneprici 27 Om kypanbl. ['ymus kpimksuisl mes [TAH werizingeri KHT
yirinepinig COM yarinepi Heri3iHAe TOThIFy MeH KapOOHHM3aIHsIIaH KeHiHT1 YIATIHIH KYPBUIBIMBI OacTarkbl
TaJIBIKTHl KYPBUTBIM/IBI CAaKTAUTHIHABIFBI aHBIKTaNbI. COHIal-aK, HAHOTAIBIKTAPIbIH AuaMeTpi | MKM-
ner 117,5 HM-re peiiiH TOMEHIEHTIHAITT aHBIKTAIABI, Oy 0acTanKbl OHIMHIH YIIKBIII JKOHE TeTePOTeH/Il
KOMITOHEHTTEPiHIH 0OIiHyiMEeH jKoHEe KYPBUTBIMIIBIK JKaFbIHAH JKiHIIIKe KeYeKTi XKIMIIeH H makaa 00IybIMeH
0OalJIaHBICTHI.
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CHUHTE3 YIJIEPOJHBIX HAHOBOJIOKOH HA OCHOBE 'VMUHOBOM KUCJOTHI
N NMOJIMAKPUOHUTPUJIA METOAOM SUVIEKTPOCIIMHHUHTA

AHHoTauus. B crarbe npuBegeHa METOIMKA MOTY4YEHUs! YIIEPOAHBIX HaHOBOJIOKOH (YHB) Ha ocHoBe
TYMHUHOBOW KHCIIOTBI M3 OKUCIIEHHOTO yriisi MaiikyOeHckoro Oaccelina u nonmkapuionutpuia (ITAH) meronom
3NEKTPOCIIMHHUHTA B Ja0OPATOPHBIX YCIOBHAX. 3HAUCHHE MEXKIIECKTPOIHOIO HaNpsLKEHHUs coctaBuiio 20-
25 xB. Ompenenen seMeHTHBIA cOCTaB M M3y4deHa MOP(OJIOrHs MOBEPXHOCTH HCCIEAYeMOro odpasua,
BBISIBJICH THUIT MOAU(HUKALUK YITIEPOAHOTO BOJIOKHA. B pesynbrare 3HEproiucnepcuoOHHON PeHTIeHOBCKON
CIEKTPOCKOIIMHM M CKHHHUpPYIOLIEH 3MeKTpoHHOH MuKpockonuu (COM) oOHapyKeH XUMHUYECKHH COCTaB
ucxonanoro YHB (C-48,73%) u quaMeTp yriiepoIHbIX BOJIOKOH KOTOPBIH cocTaBmi oT 148,6 M 10 1,36 MKM.
Taxske TpOBEAEHBI MPOLECCHl OKUCICHUSI U KapOOHM3ALMK MOMYYEHHBIX 00pa3LoB. DJIEMEHTHBIH COCTaB
yriaepoja nocje OKUCICHUs 1 KapOoHuzauuu coctasui 87,75 u 89,16 % cooTBECTBEHHO, IUAMETP BOJIOKOH
- 117,5 am -1,03 mMxM. Pesynsrarel komOuHaunonnoro paccesnusi csera (KPC) kapoonnszoBannoro YHB
rmokasain crernenb rpapuruzanuu — 23,97 %, coornomenue [(D)/1(G)=0.7 , I(G)/[(D)=1.4. ConpoTuBneHue
naHHoro Marepuana coctaBui 27 OM. Ha ocnoBanne COM pucynkoB YHB Ha ocHOBE r'yMHHOBOM KHCIIOTBI
u ITAH, ycranoBieHo, 4To CTpyKTypa 00pa3ua mocjae OKUCJICHHs U KapOOHM3ALMKU COXPAaHACT HCXOAHYIO
BOJIOKHUCTYIO CTPYKTYpy. Takxke ObUIO OOHapy>KeHO, YTO JUaMETP HAHOBOJOKOH yMEHbIIAeTcs OT 1 MKM
1o 117,5 uM, 4To MOXeT OBbITH CBS3aHO BBIACICHUEM JIETYYMX M FETEPOr€HHBIX KOMIIOHEHTOB HCXOIHOTO
npoaykTa 1 00pa3oBaHueM 0ojiee CTPYKTYPHOM TOHKOH MOPUCTON HUTH.

KioueBble  cjioBa:  ymiepogHoe  HAHOBOJOKHO, TYMUHOBAasi — KHCJIOTa,  3JIEKTPOCHMHHUHI,
MOJIMAKPUIIOHUTPHUII, HATPUEBO-MOHHBIE OaTrapeu, IUTHI-nOHHBIE OaTapen, OKUCIICHUE, KapOOHU3aLusl.
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