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Physical and mechanical properties of carbon nanotube (CNT) powders depend on the method of their synthesis
and chemical refinement. In order to create new composite materials that contain CNT powders as a filler, it is
necessary to achieve functionalization of powder surface.

Functionalization of MWCNT-A brand CNT powder surface using pulse processing by high voltage electric
discharges (HVED) in liquid leads to changes in distribution of its particles by size, a decrease in amorphous carbon
content and in powder thermostability. Sedimentation separation of powder after HVED processing leads to
formation of powder in three size ranges (0.118-0.139, 2.639-20.895 and 2.44-33.701 um). Thermochemical
modification of CNT powders leads to an increase in specific surface area, total volume of pores and micropores,
their mean radii, a decrease in impurities content, changes in distribution of its particles by size, a decrease in
amorphous carbon content and in powder thermostability. Electrochemical reconstruction of the surface of
specimens of initial MWCNT-A brand CNT powder allows decreasing impurities content, free energy of surface
saturation by water vapor, specific magnetic susceptibility, electrokinetic potential as well as increasing specific
surface area, pores total volume and hydrogen adsorption.

Consecutive application of these methods leads to a decrease in impurities content in MWCNT-A brand CNT
powder and to changes of its physical and chemical characteristics. Mass share of impurities decreases 3.7 times,
mass share of soluble impurities decreases 7 times, specific magnetic susceptibility increases 5.2 times,
electrokinetic potential increases 7.8 times. Specific electric resistivity increases 1.3 times, which leads to changes of
adsorption and structural characteristics of powder: specific surface area increases 1.4 times and free energy of
surface saturation by water vapor decreases by 11.9 %, which means that surface becomes more hydrophobic. As a
result of such changes, rate of hydrogen adsorption on powders surface increases by 46 % and the current density at
the potential of —0.6 V increases by 50 %.
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Currently the interest to nanosized materials be situated inside carbon nanotubes and on their
in the world is growing. Carbon nanotubes outer surfaces.
(CNT) are of special interest among such Physical and chemical properties of carbon
materials.  Scientific ~ progress  promotes nanotubes depend on the method of their
intensification of nanomaterials production, synthesis and chemical refinement. Creation of
including carbon nanotubes, which can be used new materials with the use of CNT often
in technical areas connected with biology, demands functionalization of their surface,
medicine, ecology. which can be performed in different ways:
During the synthesis of carbon nanotubes, — filling the inner space of CNT with media that
thread-like structures of cylindrical shape are change their electric, magnetic and mechanical
formed, which can be multilayered or single- properties;
layered with diameter of 0.8—5.0 nanometers and — attachment of different functional groups to the
length up to hundreds of micrometers. Impurities ends of nanotubes;
that consist of catalytic metals, that are used in — substitution of portion of carbon atoms by
CNT production, as well as of amorphous carbon atoms of different elements;
in form of carbon black and graphitized —opening of double bonds on the surface of
inclusions, fullerenes and other nanoparticles can nanotubes by attachment of different reagents.
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Determining the regularities of the impact of CNT as a filler for composite materials [2],
methods of CNT nanopowders functionalization adsorbents [3] etc.
on their physical and mechanical properties is an A wide range of CNT powders brands is
urgent task for creation of new composite developed in Ukraine for application in different
materials. areas. However, values of physical and chemical

High strength of 2-3.5 GPa, elastic modulus characteristics of CNT powder can vary in vide
of 220-700 GPa [1] and developed specific range so they do not reflect the range of powder
surface area open prospective for application of particles size, its homogeneity by size and

energetic condition of its surface (see Table 1).

Table 1. Basic physical and chemical characteristics of MWCNT-A brand CNT powder, which is produced
according to regulatory acts of Ukraine

Indicator Nanopowder MWCNT - A
Specific surface area (BET), m?/g 110-200
Total pores volume, ml/g 0.2-0.4
Average pore radius, A 60-100
Mass fraction of impurities, % 1.5
Mass fraction of soluble (Ni, Mg, Fe) impurities, % 0.70
Mass fraction of amorphous carbon impurities, % 0.50
Specific electric resistance, Q-m 0.0006
Specific magnetic susceptibility, 10® m*/kg 100.0
It is known that modification of powders can sedimentation  separation,  thermochemical
be performed in gaseous or liquid medium. processing and a full cycle of powder surface
Chemical and energetic condition of CNT modification, which includes all of the above
powders surface can be changed using physical treatments and ends with an electrochemical
and chemical methods, which leads to changes of treatment were studied.
powders physical and chemical characteristics, High voltage electric discharge processing of
first of all their specific surface area, adsorption specimens was performed at the Institute of
capability and hydrophilic-hydrophobic balance Pulse Processes and Technologies of NAS of
of their surface [4-6]. Functionalization of CNT Ukraine (Mykolaiv). Processing parameters were
powders surface must be performed in order to as follows: integral energy of 0.6 MJ, working
make them suitable for efficient application. voltage of 50 kV, discharge circuit inductance of
Functionalization leads to obtainment of fine 0.6 uH, concentration of solid phase in liquid
nanotubes powders, which are homogeneous by (distilled water) 1:50 [6].
their size and have given energetic state of Sedimentation separation of powders on
surface [3]. three fractions of suspension after their HVED
The goal of present work is to determine the processing was performed during 48 h.
regularities of the impact of different methods of Separation was performed under static
CNT powders surface modification, that are conditions. Hereinafter modification and studies
performed in liquid medium, on physical and were performed using the powder of medium
chemical characteristics of treated powders. fraction, content of which was 60 % of initial
specimen mass.
METHODOLOGY Thermochemical modification was
Studies were performed using specimens of performed using the mixture of chromic acid and
CNT powders, produced at V.N. Bakul ISM of sulfuric acid (method No. 3), mixture of nitric
NAS of Ukraine from the product of pyrolysis of acid and sulfuric acid (method No. 2) and alkali
CVD-synthesis, performed by “Alit” company melt (method No.l) by heating and subsequent
(Zhytomyr, Ukraine). Specimens of powder of normalization of surface by washing with
MWCNT-A brand before and after their distilled water at boiling temperature until
modification by pulse processing by high voltage washing water shows neutral reaction.

electric ~ discharges (HVED) in liquid,
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Cathode electrochemical processing was
performed in a cell with platinum reticulate
electrodes and a membrane in the electrolyte
(0.1 N sulfuric acid solution). Polarization
current was 0.5 A.

Specimens of powders were studied using a
complex of common experimental methods.

Mass share of impurities according to
SSTU 3292-95 [7], specific magnetic
susceptibility [8], free energy of surface

saturation by water vapor [9], and specific
electric  resistivity [10] were determined.
Electrokinetic potential was determined using
method of electrophoresis with “Dzeta-potential-
analyzer” device, made by Micromeritics
company [11]. Adsorption and structure
characteristics of powder (specific surface area,
specific pores volume and mean pores radius)
were determined using method of adsorption and
structure analysis (ASA) with a “NOVA 2200~
(Quantachrome, USA) gas adsorption analyzer
[12, 13]. The structure of specimens was studied
with the use of a PEM-UM transmission electron
microscope and a NeoScope JCM-600 scanning
electron microscope. Distribution of powder
particles by size and powders homogeneity were
determined with a “SEISHIN LMS-30” device,
made in Japan.

Studies of the process of hydrogen
adsorption of powder surface were performed

using a P-5848 potentiostat and 0.1 N solution of
sulfuric acid [14].

Thermal stability of powder was determined
according to derivatograms obtained using a
“Q1500” derivatograph.

RESULTS AND DISCUSSION

Results of studies of the impact of HVED
processing and sedimentation separation of
studied specimens on the characteristics of CNT
powder are given in Figs. 1-4.

Fig. 1 shows that the mean diameter of powder
particles before processing was 40.188 um and
90 % of its mass was concentrated in size range of
11.84-115.7 um. After HVED processing mean
size of CNT powder decreases to 8.41 um and the
largest share of its mass is concentrated in the size
range of 4.07-40.5 um.

The data represented in Fig. 2 indicate that
sedimentation separation of material after its
HVED treatment leads to significant changes in
the particles distribution by their size, namely to
concentration of particles (5% of total mass)
with the size range of 0.118-0.139 um in the
upper layer (Fig. 2 b), while in the middle layer
60 % of total particles mass with the size range
of 2.639 to 20.895 um is concentrated (Fig. 2 c)
and in the lower layer 35 % of particles total
mass is concentrated with the size range of
2.44-33.701 um (Fig. 2 d).
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Granulometric characteristics of the sample of initial CNT powder (/) and of that after HVED processing (2)
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Fig. 2. Granulometric characteristics of the original sample of CNT (a), sample of CNT after HVED processing
and sedimentation separation: upper layer (b), middle layer (c), lower layer (d)
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Fig. 3. Microstructure and electron diffraction of the initial sample (a) and of the sample after HVED processing
and sedimentation separation (middle layer) (b)
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Electron diffraction patterns of MWCNT-A
brand initial powder (Fig. 3 a) contain circular
reflexes of carbon nanotubes, intensive halo of
amorphous carbon and a lot of impurities.
Electron diffraction patterns of CNT powder
after HVED processing indicate that the content
of amorphous carbon is decreased (intensity of
amorphous carbon halo is decreased), while the
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intensity of CNT circular reflexes increases
(Fig. 3 b).

TG curves of studied specimens indicate that
resistance to oxidation by air oxygen is different
for initial and processed powder. The
temperature of the oxidation initiation of parent
material is 560 °C while for material after HVED
processing it decreases to 370 °C (Fig. 4).
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Fig. 4. Thermograms (TG curve) of the CNT samples before (/) and after HVED processing (2)

20KV - X40,000 0.

c

i %

Fig. 5. General view of carbon nanotube powders (results of electron microscopic studies) obtained with a
NeoScope JCM-600 scanning microscope: a — MWCNT-A powder before modification; powders after
modification b — MWCNT-1; c — MWCNT-2; d - MWCNT-3
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Thus it is experimentally found out that HVED
processing leads to changes in powder particles
distribution by size, a decrease in amorphous
carbon content and a decrease in powders thermal
stability. Sedimentation separation after HVED
processing leads to formation of powder of three

different size ranges (0.118-0.139, 2.639-20.895,
and 2.44-33.701 pum).

Results of studies on the impact of
thermochemical modification on the
characteristics of studied powders are shown in
Fig. 5 and Table 2.

Table 2. Adsorption-structural characteristics of carbon nanotube powders: MWCNT-A before modification
powder and after its modification: MWCNT-1, MWCNT-2, MWCNT-3

Meaning
Indicator Nanopowder Modﬁe‘:/g;n;pzwder
MWCNT-A -
before MWCNT-1 MWCNT-2  MWCNT-3
The gnethf)d of thermochemical modification No. 1 No. 2 No. 3
modification
Content of amorphous carbon, % 7.2 5.0 2.0 0.0
Specific surface area (BET), m?%/g 136.0 138.4 147.3 153.8
Volume of micropores, ml/g 0.5954 0.6756 0.7265 0.6539
Total pores volume (DFT), ml/g 0.3088 - 0.3610 -
Total volume of cylindrical pores (DFT), ml/g 0.3150 0.3190 0.3670 0.3230
Average pore radius, A 87.57 97.63 98.67 85.01
Microporus radius (DR), A 93.39 27.12 86.08 28.36
Pore radius (DFT), A 6.739 - 16.92 -
Radius of cylindrical pores (DFT), A 25.510 25.510 25.510 11.410
Adsorption energy, kJ/mol 13.920 9.587 15.103 9.166
Free energy of saturation of the surface by 370 405 48.9 524

water vapor, J/mol-g

As a result of thermochemical modification
of the specimens of brand MWCNT-A initial
powder, which was performed according to
methods No 1, 2, 3, three different powder
modifications were obtained: MWCNT-1
obtained by method No. 1, MWCNT-2 obtained
by method No.2 and MWCNT-3 obtained by
method No. 3.

Fig. 5 indicates that the powder after
modification is visually different from the initial
powder, as it has different quantity of nanotubes
“clews” with knots and thickenings as well as
different number of scattered homogeneous
tubes.

The data given in Table2 indicate that a
decrease in X-ray-amorphous carbon content leads
to an increase in specific surface area of powders
by 1.8-11.5 % as well as to increase in total pores
area and volume of cylindrical pores while radii of
cylindrical pores decrease and free energy of
surface saturation by water vapor increases.

Results of studies on physical and chemical
characteristics of powders have shown that, if
compared to initial brand MWCNT-A powder,

372

1.5, 3.6 and 7.2-times decrease in X-ray-
amorphous carbon content in different modified
powders leads to a decrease in total impurities
content (as an incombustible residue) by 20.9,
27.3, and 40.9 % respectively, 1.7, 2, and 3 times
decrease in  soluble impurities content
respectively and, to 1.2, 1.5, and 3.1 times
decrease in nickel content respectively while
specific magnetic susceptibility decreases 2, 2.4,
and 5 times respectively and specific surface are
increases by 1.8, 4.8, and 11.5 % respectively.

Thus, it has been experimentally found out
that thermochemical modification of CNT
powder leads to an increase in specific surface
area, total pores volume, micropores, and their
mean radii as well as to a decrease in impurities
content.

The results of the study on the effect of
surface modification of the sample of the
original MUNT-A powder on its characteristics
(Fig. 6) are represented by the cathodic
potentiodynamic curves of hydrogen adsorption
on the surface of the original powder (curve 1),
after the modification of HVED treatment by
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treatment and  sedimentation  separation
(curve 2), a complete cycle of modification
(curve 3), in which thermochemical treatment is
carried out according to method 3.

As it follows from the data shown in Fig. 6,
adsorption of hydrogen on powders surface takes
place in the range of negative potentials of 0.1 to
0.6 V. At the potential of — 0.6 V the process of
hydrogen adsorption transforms to process of its
excretion. After this value only excretion of
hydrogen takes place. At the potential of —0.6 V
current density of hydrogen adsorption on initial
MWCNT-A brand powder (Fig. 6, curve 1) is
2 mA/cm?, which is significantly lower than the
value of current density of hydrogen adsorption

for powder after sequential processing: HVED
processing and sedimentation sedimentation
separation, which is 2.8 mA/cm? (Fig. 6, curve 2)
and also much lower than the value of current
density of hydrogen adsorption for powder after
full modification cycle which is 3 mA/cm?
(Fig. 6, curve3). The rate of hydrogen
adsorption on the surface of modified powder is
higher by 46.4 % as compared to the value
characteristic for initial powder.

Table3 shows the physico-chemical
characteristics of the powder MWCNT-A before
and after the full cycle of modification, in which
the thermochemical treatment was carried
according to method 3.

Table 3. Physical and chemical characteristics of carbon nanotube powder MWCNT-A before and after full cycle

of powder surface modification

Meaning
. Nanopowder Nanopowder
Indicator MWCNT-A MWCNT-A
after modification before modification
Average particle diameter, um 8.409 40.18
Specific surface area(BET), m*/g 156.7 136.0
Total pores volume, ml/g 0.462 0.3088
Average pore radius, A 87.0 87.57
Mass fraction of impurities, % 0.4 1.5
Mass fraction of soluble (Ni, Mg, Fe) impurities, % 0.1 0.70
Specific electric resistance, Q-m 0.0008 0.0006
Specific magnetic susceptibility, 10® m3/kg 20.0 100.0
Electrokinetic potential, V 0.105 -0.817
Free energy of surface saturation by water vapor, J/mol-g 35.7 37.0
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Fig. 6. Potentiodynamic cathode polarization curves of adsorption and hydrogen removal from a 0.1N solution of
H>SO4 on the surface of carbon nanotube powder MWCNT-A (/) and sequential processing: HVED
processing and sedimentation (2) and after sequential application of HVED processing, sedimentation,
chemical modification and after electrochemical reconstruction of the surface (3)
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As it follows from the data shown in
Table 3, full cycle of CNT powders surface
modification, which is considered in present
work, leads to a decrease in impurities content,
free energy of surface saturation by water vapor,
specific magnetic susceptibility and
electrokinetic potential as well as to increase in
specific surface area, pores total volume and
specific electric resistivity. Besides, such a
modification of powders leads to an increase in
hydrogen adsorption.

CONCLUSIONS

Comparative analysis of physical and
chemical characteristics of specimens of initial
MWCNT-A brand powder and powder after
modification using pulse processing with high
voltage  electric  discharges in  liquid,
sedimentation separation, thermochemical and
electrochemical processing have shown that:
1.HVED processing leads to changes of
powders particles size distribution, a decrease in
amorphous carbon content and powder thermal
stability. Sedimentation separation of powders
after HVED processing leads to formation of a
powder of three different size ranges, namely —
0.118-0.139, 2.639-20.895 and 2.44-33.701 pm.
2. Thermochemical modification of powders
leads to an increase in specific surface area, total
pores volume, micropores, their mean radius as
well as to a decrease in impurities content.

3. Electrochemical reconstruction of specimens
surface of initial MWCNT-A brand powder
leads to a decrease in impurities content, free
energy of surface saturation by water vapor,

specific magnetic susceptibility and
electrokinetic potential as well as to an increase
in specific surface area, pores total volume, and
hydrogen adsorption.

Consecutive application of pulse processing
with high voltage electric discharges in liquid,
sedimentation ~ separation,  thermochemical
modification and electrochemical reconstruction
of surface promotes refinement of impurities and
changes of physical and chemical characteristics
of specimens of initial MWCNT-A brand
powder. Mass share of impurities decreases
3.7 times, mass share of soluble impurities
decreases 7 times, specific magnetic
susceptibility decreases 5.2 times and
electrokinetic potential increases 7.8 times. A
1.3 times increase of specific electric resistivity
occurs, which leads to changes of adsorption and
structure characteristics of powder: specific area
of powder surface increases 1.4 times and free
energy of surface saturation by water vapor
decreases by 11.9 %, which means that surface
becomes more hydrophobic. As a result of such
changes, an increase takes place in hydrogen
adsorption of powders surface rate by 46 % as
well as an increase of current density at potential
of — 0.6 V by 50 %.

Consecutive application of pulse processing
with high voltage electric discharges in liquid,
sedimentation separation, thermochemical and
electrochemical processing of CNT ensures
obtainment of fine powders, homogeneous by
their size, with low content of impurities and
hydrophobic energetically active surface.
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Dizuyni i izuKo-ximiuni eracmugocmi nopowikie eyeneyesux nawompybox (BHT) 3anexcamv 6i0 cnocoby
cunmesy i XiMiYHO20 ouuujeHHs. J[Isi CMBOPEeHHsT HOBUX KOMNO3UYIUHUX Mamepianis, 00 CKIAdy SKUX 6X00sMmb
nopowku YHT sik nanosurosaui, neobXioHa (yHKYIOHANI3ayisi noeepxHi nopowkis. Buxonanus ¢ynxyionaniayii
nosepxti nopowikie BHT mapxu MYHT-A i3 3acmocy8anusam imnyabCcHoi 06poOKU 6UCOKOBOIbIMHUMU e1eKMPUYHUMU
pospadamu (BEP) 6 piouni npuzgeooums 00 3MiHU PO3NOOILY YACMOK NOPOWKY 34 PO3MIDAMU, 3MEHULEHHS 6MICImY
amopgroeo gyeneyio, 3uudCeHHs mepmocmitikocmi nopowky. Cedumenmayiinuii nooin nopowxy nicisi BEP
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00poOKU  npu3800umMb 00 YMBOPEeHH NOPOWKYy mpbox Oiana3zoHie posmipie (0.118-0.139, 2.639-20.895,
2.44-33.701 mxm). Tepmoximiune moouixysanna nopowky BHT npuzeooums 00 30invuienHs Numomoi nioufi
NOBEPXHI, CYMAPHO20 00’ €My NOp, MIKpONop, iXHb020 cepeOHbO20 paodiyCy, 3HUNCEHHS 8MICY OOMIUOK, 00 3MIHU
PO3NOOITY  HACMUHOK HNOPOWIKY 30 PO3MIDAMU, 3MEHUIEHH MICIY aAMOpP@HO20  8Veieylo,  3HUIICEHHS
mepmocmitikocmi nopowlky. Enekmpoximiuna pekoncmpyKkyis no8epxHti 3paska suxionozo nopowky mapku MYHT-A
npu3800UMb 00 3HUNCEHHSI BMICTY OOMIWOK, BLIbHOT eHepeil HACUYEeHHs NOBEPXHI Napamu 600U, RUMOMOT MAZHIMHOT
CRPUTIHAMAUBOCI, eleKMPOKIHEMUYHO20 NOMEHYIANy;, 3POCMAKHIO NUMOMOI NIOWI NOo8epxHi, 00’emy nop,
aocopoyii 600HIO.

Iocnioogue 3acmocysanHs yux Memooié CHPUSE OYUWEHHIO 6I0 OOMIWOK I 3MIHI  (DI3UKO-XIMIUHUX
Xapaxkmepucmux 3paska 8uxionoco nopowxy mapku MYHT-A. 3menutyemuvca macosa uacmxa domiuwok 6 3.7 pasu,
MAco8a HACMKA  PO3YUHHUX OOMIWOK 68 7 paszie, numoma MdeHimHa chnputuamausicms 6 5.2 pasu,
enekmpokiHemuunull nomenyian 6 7.8 pazu. Biobysaecmuvca 3pocmanna numomozco enekmpoonopy 6 1.3 pasu, wo
npu3800UmMb 00 3MiHU AOCOPOYIUHO-CIMPYKMYPHUX XAPAKMEPUCTIUK NOPOWKY: NUMOMA NIOWA NOBEPXHI NOPOUIKY
spocmac 8 1.4 pasu, sinvHa eHepeia HACUUEHHSA NOBEPXHi napamu 600u 3uHuxcyemsca na 11.9 %, mobmo nosepxus
cmae Oinvu 2iopogobroio. B pezynvmami 6i0bysacmvcsi 3pocmanhs weUOKOCmi adcopoyii OOHIO HA NOBEPXHI
nopowxy Ha 46 % i 3pocmanns cycmunu cmpymy na 50 % npu nomenyiani —0.6 B.

Knrouosi  cnoea: nopowku  eyereyesux — HAHOMPYOOK,  MOOUQIKYBAHHS — NOPOWKY,  (DI3UKO-XIMIYHI
Xapaxmepucmuxu
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Qusuueckue u GU3UKO-XUMULECKUE CEOUCMBA NOPOUIKO8 Yenepoouvix Hanompybok (VYHT) zasucsm om cnocoba
CUHMe3A U XUMUYECKOU oyucmxu. /s co30aHust HOBbIX KOMHOZUYUOHHBIX MAMEPUALO8, 8 COCMAE KOMOPbIX 6X005M
nopowrxu YHT 6 kauecmee nanonnumenei, Heodxo0uma QyHKyuoHaiu3ayus no8epXHOCHU NOPOUKOS.

Buinonnenue gynxyuonanuzayuu nosepxnocmu nopowkoe YHT mapxu MYHT-A ¢ npumenenuem umnyibCHOU
00pabomku  8bICOKOBOILMHbIMU  INekmpuyeckumu paspsoamu (BOP) 6 owcudxkocmu, npueooum K U3MEHEeHUIo
pacnpeoenenus 4acmuy HOPOWKA N0 pPAZMepam, YMEHbUEHUIO COOEPAHCAHUSI AMOPPHO2O Y2aepood, CHUICEHUIO
mepmocmotikocmu nopowxa. Cedumenmayuonnoe pazoenenue nopowxa nocie BOP obpabomku npusooum K
obpazoganuio nopowka mpex ouanazonog pasmepog (0.118—0.139, 2.639—20.895, 2.44—33.701 mxm).
Tepmoxumuueckoe moougpuyuposanue nopouwika YHT npusooum x ysenuuenuio y0eabHol niouaou nogepxHocmu,
CYMMApHO20 00beMa Nop, MUKDONOP, UX CPEOHe20 PAOUYCA, CHUICEHUIO COOePIICAHUsl npumecell, K U3MEHEHUIO
pacnpeoeienus. Yacmuy HOPOUIKA NO PA3MEPAM, VMEHbUUEHUIO COOEPIHCAHUSL AMOPPHO2O Yerepood, CHUNCEHUIO
MEPMOCMOUKOCIU NOPOWKA. DIEKMPOXUMUYECKASE PEKOHCPYKYUSL NOGEPXHOCMU 06pasya ucxo0H020 NOpouKa
mapxu MYHT-A noseonsiem cuusumv codepoicanue npumecetl, C60O0OHYIO IHEPIUI) HACLIYEHUS NOBEPXHOCIU
napamu 600u, YOeIbHYI0 MACHUMHYIO 60CHPUUMYUBOCTIb, DNEKMPOKUHEMUECKULl NOMEHYUAL, NOBbICUMb YOeLbHYIO
nIoWads nOGePXHOCMU, 06beM Nop, a0copoyuio 6000pPood.

Iocnedosamenvhoe npumeneHue 3mMux Memooo8 CHOCOOCMEYem OUUWEHUIO Om Npumeced U UMEHEeHUIO
QUBUKO-XUMUYECKUX Xapakmepucmux oopaszya ucxo0Hoz2o nopowka mapku MYHT-A. Ymenvwaemcs maccogas
donsi mpumeceil 6 3.7 paza, maccosas 0015 pacmeopumvlx npumecei 6 7 pas, YOelbHAs MACHUMHASA
socnpuumMuu8ocmy 6 5.2 pasa, snekmpoxkunemuyeckuil nomenyuan 8 7.8 pasza. Ilpoucxooum gospacmarue y0envHo2o
anexmpoconpomugienus ¢ 1.3 paza, umo npugooum K uzMeHeHuio a0copOYUOHHO-CMPYKIMYPHBIX XAPAKMEPUCINUK
nOpowKa: yOeibHdas Naowadb NOEEPXHOCMU Nopouwika eospacmaem 6 1.4 pasza, c800600HAsL dHEPIUsi HACLIUEHUS
nogepxnocmu napamu 600l chudicaemcsa na 11.9 %, mo ecmv nosepxnocms cmanogumcs bonee 2uopogoobuoi. B
pesyrvmame ye2o npoucxXooum 603pacmanue cKOpocmu aocopoyuu 6000800a Ha NOBEPXHOCMU Nopouwika Ha 46 % u
6o3pacmanue nromuocmu moxa Ha 50 % npu nomenyuane —0.6 B.

Knrwouesvie cnoea: nopowrxu yenepoonvlx HAHOMpYyOOK, MOOUDUUUPOSAHUE NOPOUIKA, QUIUKO-XUMUYECKUE
Xapakmepucmuxu
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