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Abstract

Coal combustion by-products are generally divided into fly ash, bottom ash and flue gas desulfurization waste. Globally, thermal
power stations are producing over 600 million tonnes of fly ash per year of which only 25% is utilised. Pond ash is weathered ash
which was deposited into an ash pond or lagoon by wet or dry methods comprising fly ash and/or bottom ash in variable proportions.
Traditionally fly ash is mostly used in the production of cement, concrete and geopolymers.

Several Mongolian fly ashes and pond ashes were evaluated by XRD, XRF, particle size analysis, BET, SEM, TEM and gamma
spectroscopy methods. Here we report the latest results on the preparation of geopolymer type concrete, light-weight gaseous
concrete and bricks from fly ash and pond ashes. TEM and BET methods revealed that pond ashes have a porous and agglomerated
microstructure. The specific surface area of pond ash was about ten times higher than fly ash because of the partial dissolution of
soluble compounds into the pond water.

Geopolymer-type concrete produced at semi pilot scale indicated that the quality of produced products was comparable with
those prepared with ordinary Portland cement (OPC).

As-received pond ash was used in the preparation of geopolymer-type light-weight concrete with products achieving a
compressive strength of 3.17 MPa and volume weight of 900 kg/m’. Pond ash mechanically activated for 30 min. was also used in
geopolymer-type paste preparation which resulted in a product with a compressive strength of over 15 MPa.

Use of fly ash and pond ash in the production of geopolymer-type paste, mortar, concrete and lightweight gaseous concrete has
been demonstrated. These uses substantially reduce greenhouse gas emissions and decrease the environmental problems associated
with the long term storage of ashes deposited into ponds.

Keywords: coal combustion by-products, characterization, radioactivity, building materials, geopolymers, light-weight concrete,
microstructure
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AHHOTaNMSA

ITo6GouHbIe TPOAYKTHI CHKUTAHUS YISl OOBIYHO JIEINISATCS HA JICTY4He 30JIbl, IIJIAKA M OTXOIBI OT CEPOOYUCTKH JBIMOBBIX I'a30B.
MupoBBI€ TEIIOBBIE 3TIEKTPOCTAHIINH €KETOJHO Mpou3BoAAT Ooxee 600 MUIIMOHOB TOHH JIETy4Yel 30I1bl, U3 KOTOPBIX MCIIOIb3YETCs
TOJBKO 25%. Bra>kHBIMHU MM CyXMMH CTIOCOOAMH JIETy4He 30716 yJIaBIMBAIOTCS U B UTOTE 331€PXKUBAIOTCS B MPYyAaX MK OacceiHax
1 TaKUE «IIPyJIOBBIC 30JIbD» COAEPIKAT JICTYUyIO 30JIy W/HIIH HITAK B Pa3IMIHBIX MPONOPIUIX. TpaJlilOHHO B IPONU3BOICTBE IIEMEH-
Ta, 0€TOHA M TEOMOINMEPOB B OCHOBHOM HCIIONB3YIOTCS JIETYIHE 30JIBI.

Heckobko JIeTydnx 301 ¥ 0CagoYHbIX 30J1 U3 BOZOEMOB MOHTOJINH OLICHUBAJIMCH METOIaMU PEHTI€HOBCKOH nudpakunu, POA,
aHanu3a pasmepoB dactul, bOT, COM, TOM u meromamu ramma-crnexrpockonuu. TOM u meron BOT nokaszanu, 4ro npynosble
30JIBI UIMEIOT HOPHUCTYIO M arJIOMEPUPOBAHHYIO0 MUKPOCTPYKTYpY. Y IeJIbHasl IUIONIAAb IPYAOBOI 301161 ObLIA IIPUMEPHO B AECSTH pa3
Ooublie, YeM y JieTydeil 307161 BCIEICTBHE YaCTHYHOIO PAaCTBOPEHHMS B BOJIOEME PACTBOPHMBIX COeAMHEHHH. B aToli pabore MbI co-
o0IaeM 0 MOCIEIHUX pe3yJIbTaTax IO IPHUIOTOBJICHHUIO OETOHA I'eONOJIMMEPHOrO THIIA, JISTKOBECHBIX ra300€TOHA M KHUPIHYEH U3
JeTy4eit 307161 ¥ IPYAOBBIX 3011

beToH reonoauMepHOro THMa, MOMYYEHHBIH B MOMYNPOMBIIITIEHHOM MacIiTabe ¢ MCIOIb30BAHHEM TIPYAOBOH 30IIBI, OKa3ajcs
COIOCTAaBHMBIM IO KadeCTBY C OETOHOM, M3TOTOBIECHHBIM M3 OOBIYHOTO MOpTIaHAneMeHTa. IIpymoBas 301a 6e3 DOMOTHUTEIBHOM
00pabOTKH HCITONB30BANTACH B IPUTOTOBICHHUH JIETKOTO OETOHA TEOMOIMMEPHOTO THITA ¢ POYHOCTHIO HA CXKaTHE JOCTHTraBmien 3,17
MIla u ¢ o6beMubIM Becom 900 kr/ M. IpynoBas 30712 MeXaHOAKTUBHPOBAHHS B TeueHHe 30 MUHYT OBUI TakKe HCIIOIb30BaHA B
MIPUTOTOBJICHHUH TTACTHI T€OMOJIMMEPHOTO THUIIA, YTO NPHUBENIO K MOJYYESHHUIO MPOIYKTa C IPEIeioM INPOYHOCTH IPH CXaTHU Ooiee
yeMm 15 Mlla.

B paboTe npoieMOHCTPUPOBAHO UCIIOIB30BAHME JIETY4eH 30761 U IIPYA0BOH 30JIbI B IPOM3BOJICTBE IACTHI T€OMOJIMMEPHOTO TH-
1a, CTPOUTEIBHOTO PAcTBOPa, OETOHA U JIETKOTO ra3obeToHa. Takoe MCIOIb30BaHHE MO3BONUT CYMIECTBEHHO COKPAaTUTh BBIOPOCHI
MApHUKOBBIX Ta30B M YMEHBIIHTh KOJIIOTMYECKHE MPOOIEMBI, CBI3aHHBIE C AJTUTEIBHBIM XPAHEHHUEM 30I1bI, IEOHUPOBAHHON B BO-
JIOEMBI.

KiioueBble c10Ba: TOOOYHBIE IPOMYKTHI COKUTAHUS YITISL, XapaKTepHU3alns, paJHOaKTHBHOCTh, CTPOUTEIBHBIC MAaTEPHAIIBI, T€0-
TIOJIMMEPBI, JISTKUH OETOH, MUKPOCTPYKTYpa
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1 Introduction

In the 1920’s the terms fly ash and bottom ash began to be used after installation of more efficient
combustion equipment [1]. Depending on the coal type, impurities and a power plant’s operation, up to 30%
of inorganic constituents of the original coal reports to by-products [2]. The main coal combustion by-
products are fly ash which is separated from the flue gas and bottom ash which is collected from the bottom
of the boilers. The chemical and mineralogical compositions of the ash change primarily due to variations in
the feed coal. The mineralogical composition may also differ with season and electricity demand at the time
of the power production with high demand resulting in the coal burning at lower temperature thus changing
both ash mineralogy and unburnt carbon content.

Coal combustion by products is considered to be among the most abundant wastes in the world with 650
to 750 million tonnes produced annually [3, 4]. The worldwide average utilization rate of coal combustion
by-products is approx. 25%. The unused fraction is likely to be deposited into an ash pond and stored. There
is strong interest in recycling these coal combustion by-products because of their abundance and
environmental problems caused by keeping these ashes in the ash pond. For instance, in 2008 in the US, 42.3
million tons of ash was landfilled. It was estimated that 100 to 500 million tons of ashes have been
stockpiled in United States landfills since the 1920s [5]. There are many reviews on sustainable ways to
utilize ash products [2, 3, 6], but few methods have been adopted at significant scale.

In Mongolia, as in the rest of the world, the most utilized ash is fly ash. Previously it has been utilized for
geopolymer type concrete production [7] and for preparation of geopolymer type binder materials [8].

In this report we summarize our latest results on utilization of coal combustion by products for
preparation of geopolymer type concrete, mortar and light weight concrete.

2 Experimental

Ashes from the 4™ Thermal Power Station (TPS) of Ulaanbaatar city were collected. The 4™ TPS uses two
sources of coal, Baganuur and Shivee ovoo. Fly ashes from both coals and pond ash were used as raw
materials. Pond ash from the Darkhan city TPS was also examined.

Several different materials were prepared from the coal combustion by-products:

1. Preparation of geopolymer type binder materials from mechanically activated pond ash.

2. Preparation of lightweight gaseous concrete from pond ash.

3. Preparation of geopolymer type concrete from the fly ash.

For the geopolymer type binder, pond ash from Darkhan city TPS was mechanically activated in a
planetary mill for up to 30 min, it was then chemically activated using 8M NaOH and finally cured at 70°C
for 20h [8].

Lightweight gaseous concrete was prepared from the pond ash of the 4" TPS of Ulaanbaatar city. Various
ash and sand compositions were activated using 6, 8 and 10M NaOH solution and cured at 70°C for 20h.
Aluminium powder (75um) was added as 0.5% of the dry weight of ash+sand as the gas forming agent.

Geopolymer type concrete was prepared from Baganuur and Shivee ovoo fly ashes of the 4™ TPS of
Ulaanbaatar city. Fly ash samples were mixed with aggregates and activated using 8M NaOH solution and
cured at 70°C for 20h. Detailed experimental procedures are shown elsewhere [7, 9].

The chemical composition of the ashes was determined by X-ray fluorescence (XRF) and specific surface
area by BET analysis. The mineralogical composition of the fly ashes and synthesised samples was
determined by X-ray diffraction (XRD). Morphology of fly ashes was observed by SEM and TEM.
Radiation measurements were performed by gamma ray spectroscopy according to Mongolian standard
MNS 5072:2001. Compressive strengths were measured with a universal testing machine (UTM). Densities
of the specimens were measured by weight and geometric volume ratio.

3 Results and Discussion

3.1 Characterization of coal combustion by-products

The chemical composition of the different ashes is shown in Table 1. Table 1 indicates that there is some
variation in chemical composition with time, the changing composition of the coal with time makes this
inevitable. The XRD patterns of the Baganuur fly ashes (not shown) collected in 2011 and 2013 years were
almost identical with relatively minor variation in the proportion of the phases present. XRD patterns of the
Baganuur and Shivee ovoo fly ashes and as well as pond ashes from the 4™ thermal power station and
Darkhan power station are shown elsewhere [7, 8].

Table 2 shows BET surface area and pore volume of the ashes. From the BET data it can be concluded
that pond ash has a higher specific surface area than fly ash, this can be attributed to partial dissolution of ash
phases in the pond water resulting in a more porous structure for pond ash.
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Table 1. Chemical composition of ash products (wt.%)
Power station C::lll/r?:h Si0, | ALO; | Fe;05 | CaO | MgO | MnO | SO; | K;0 | StO | TiO,

Ulaanbaatar Shivee-ovoo,

339 12.2 9.9 30.8 6.4 1.2 3.7 0.7 0.4 0.4

4™ power station 2011
Ulaanbaatar Baganuur,

4™ power station 2011 55.2 14.2 10.6 15.0 1.6 0.3 1.2 1.3 0.3 0.3
Ulaanbaatar Baganuur,

4™ power station 2013 51.18 | 13.02 | 149 | 1447 | 1.74 | 0.53 0.61 1.34 - 0.51
Ulaanbaatar

rd . Pond ash 52.3 15.5 10.1 16.6 1.9 0.1 1.4 1.5 0.2 0.3
4" power station
Darkhan TPS Pond ash 51.2 28.6 11.0 34 1.7 - 0.3 1.7 0.1 1.5

Table 2. BET surface area and pore volume of ash samples

Sample name Specific surf%zlce area, | Pore Volurge, ml/g
BET m’/g (x10™)
Fly ash, Shivee ovoo, 2011 1.04 1.49
Fly ash, Baganuur, 2011 2.75 2.12
Ash pond, 4rd TPS, 10.13 49 4
Darkhan TPS, ash pond 9.96 20.2

Fig.1 and Fig.2 shows SEM and TEM micrographs of the used fly ashes and pond ashes.

Figure 1: SEM micrographs of the (a) Baganuur and (b) Shivee ovoo fly ashes,
and pond ashes from (c) 4™ TPS and (d) Darkhan TPS

The SEM clearly shows the presence of <5um cenospheres in the fly ashes, these become noticeably
rougher and more agglomerated in the pond ash samples. The roughening of the cenosphere surface is due to
dissolution of soluble phases in the pond water and is commensurate with significant increase in BET surface
area. The increase in agglomeration may be due to cementing of the spheres by precipitation of silica
previously dissolved in the waters.

TEM micrographs fully support the SEM micrographs and BET data of the ash products. The rough sur-
face of the cenospheres in pond ash is due to the presence of a semi transparent gel formed from the silica
dissolved from the fresh ash. It is clear that in order to increase reactivity of the ash products, especially the
low reactivity porous pond ashes, it is necessary to use some pretreatment, such as mechanical activation.
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Figure 2: TEM micrographs of particles of the fly ash from (a) Baganuur
and (b) Shivee ovoo and pond ash from (c) 4™ TPS and (d) Darkhan TPS

3.2. Preparation of geopolymer type binder materials from mechanically activated pond ash.

Pond ashes from Darkhan TPS were milled for up to 30 minutes. Even the initial 5 min. of milling leads
to a uniform low porosity microstructure. Moreover, mechanical amorphization of the crystalline phases in
the pond ash was also observed [8].

Mechanical amorphization of the crystalline compounds was evaluated by measuring the crystallite size
decrease of the mullite and quartz in the ash. An alkali-activated geopolymer-type paste milled for 5 minute
showed the same compressive strength (~3 MPa) as raw pond ash. The geopolymer-type binder prepared
from the 30 minute milled pond ash results increased compressive strength to 15 MPa. The higher strength
with increasing milling time is could be explained by the higher extent of amorphization and low porosity of
the ash samples leading to an increase in the cement phase formed upon alkali activation. Obviously, binder
phase is more dense and low porous. less dense for the raw sample and more dense for the 30 min milled sample.
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Figure 3: Sorption isotherms of raw and 30 min. milled pond ash
based alkali activated material
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The N, sorption-desorption isotherms (Fig. 3) for
the raw sample and 30 minutes milled sample based
alkali activated material indicates that the alkali
activation of raw material lead to a cement of less
. ia is iy A 1o density, i.e. higher surface area, compared to the 30

P/Po min milled samples which seems to be more dense
with a smaller surface area.

Both specimens show hysteresis loops due to presence of mesopores, which are formed in the geopolymer
network. The shape of the loops is same type for both specimens. But there is a difference between the two
isotherms on the initial adsorption point. Raw pond ash based alkali activated materials clearly have more
micropores than 30 minute milled pond ash based materials. Therefore, again the cement possessing higher
strength is related to the formation with a lower concentration of micropores, i.e. a more dense material.

The higher density follows on from having a more compact structure due to improved packing of the
particles leaving less void space.

Mechanical milling is one possible method for treating pond ash in order to prepare alkali activated
materials with the acceptable mechanical properties.

Adsorbed volume, ml/g

=
L

sraprasere st o 30 min. milled pond ash based
alkali activated material
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3.3. Preparation of lightweight gaseous concrete from pond ash.

Lightweight gaseous concrete from the pond ash of 4™ TPS preparation procedure was same as was for
Darkhan pond ash based lightweight concrete [10]. Fig.4 shows change of the compressive strength with
alkali solution concentration and ash:sand ratio.

2
nf 1.8 ) ) ) )
E 16 Figure 4: Change of compressive strength of lightweight
=4 concrete with ash:sand ratio
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=
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% 0 6 -
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E0s
O 0 ] The general trend is that compressive strength
3070 40-60  50-50  60-40  70-30 increased with ash content. This behaviour is
Ash: sand not-unusual because increased ash content will
lead increased binder content in the lightweight

concrete. The highest compressive strength was observed for the sample containing 70% ash and 30% sand
activated with 8M NaOH solution.
The Al powder reacts with water in an alkaline environment liberating bubbles of hydrogen gas which
form pores in the concrete, according to the following reaction:
Al(s) + 3H20(1) + OH_(aq) — AI(OH)_4(aq) +3/2 HZ(g)
Therefore pore size should depend on the particle size distribution of the aluminium powder and the
homogeneity of mixing throughout the mixture prior to activation.

Figure 5: light micrograph of the lightweight concrete

Figure 5 shows a micrograph of a cut and polished
section of concrete. Clearly, the pore size and pore
distribution of the porous concrete was not uniform. A
more effective method for homogeneous dispersal of
: ¥ the aluminum powder is required in order to produce
o TR A - _ § porous concrete with uniform size and distribution of

w5 S : pores.

3.4 Preparation of geopolymer type concrete from the fly ash.

Geopolymer type concretes were successfully prepared from the Baganuur fly ash [7]. However, as
discussed previously there is chemical and mineralogical composition variability of the fly ashes with
collection times. A further important variable in the ash is the level of radionuclides, the range of end uses of
the concrete may be limited by the radioactivity according to international standards.

Geopolymer concretes prepared from the Baganuur fly ash collected in 2011 show compressive strength
of over 30 MPa, while from Shivee ovoo fly ash over 20 MPa. Baganuur fly ash collected in 2013 showed
some changes in chemical composition, but mineralogical variation was small. Geopolymer type concrete
prepared from the Baganuur fly ash in 2013 showed a compressive strength of 30 MPa. The detailed
experimental procedure used has been described previously [7, 9]. Moreover, geopolymer type concrete from
the 2013 was tested in outside environmental condition.

Fig.6 shows geopolymer type concrete kept outside during the 2013 to 2014 winter (Average temperature
is -20°C-25°C). Practical use of geopolymer type concrete as paving block shows a quite well mechanical
properties and freeze resistance. The main difference between the Baganuur fly ashes collected in 2011 and
2013 was radionuclide activity. There is almost a fourfold difference between the ashes. Table 4 shows
isotope activity of used ashes and geopolymer type products. According to Mongolian standard MNS
5072:2002, radioactivity of building materials used indoor condition must be below 370 Bg/kg. Therefore, if
prepare building material from the Baganuur fly ash collected in 2013 it must be below 370 Bg/kg.
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Figure 6: Geopolymer type concrete after keeping outside in winter
condition

For preparation of geopolymer type concrete was
used gravel aggregate with an average size of 3.8 mm.
Isotope activity of the geopolymer concrete prepared by
addition of 80% of gravel aggregate reduced to 196
Bqg/kg resulting in no hazard to human health.

Radiation characteristic of the coal combustion by-products is highly variable and can be at levels which
are known to affect human health. However, the present research shows that it can be reduced by dilution of
low radiation aggregates that dilute the ash’s radiation.

Our results were supported with semi pilot scale production of geopolymer type concrete. Semi pilot scale
produced concrete also showed compressive strength over 30 MPa.

Table 4. Isotope activity of ash samples and geopolymer concretes

Isotope activity, Bq/kg Radium

Ne Products Ao, P Aso, equivz]gzr/lli éRacq),
1 Baga?;g‘lr Sy ash 242.4 311 381.6 314.4

2 Shivee(%(l"l’)ﬂy ash 262.8 48.7 215.6 3427

3 Baga‘(l;(‘)‘lr Sf;y ash 1169.2 26.9 355.1 1233.6

4 Geopolymer cz);%rzt;:(yboaie;g gﬁegigea;l;;: )ﬂy ash (2011), 378 156 8314 129

5 Geopolymer co?:sr;:tgs‘tzzsida(g)grilgl;\t/:e; (5):)2,0)0 fly ash (2011) 548 172 384.9 152.6

6 Geopolymer cz)a?silrf;tgo/l:aje:g gileg;iagg;:) fly ash (2013) 1192 131 697.9 1957

Conclusion

Coal combustion by-products of the Mongolian thermal power stations represent potentially useful raw
materials for building materials production. Chemical composition and radiation characteristics of the coal
combustion by-products are not constant and vary significantly with time. From mechanically activated pond
ash geopolymer type binder with compressive strength of 15 MPa can be prepared. Lightweight concrete
prepared from pond ash with ash to sand ratio of 70:30 showed a compressive strength of 1.85 MPa and
density of 1100 kg/m’. There is little influence of chemical composition variation of fly ash on mechanical
properties of the geopolymer type concrete. Radiation characteristics of the geopolymer building materials
can be tailored with addition of low radiation aggregates.
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JucneprupoBaHne HAHOPaA3MEPHOTO AMOKCH/IA KPeMHHs B 6a30BOM MOTOPHOM MacJie
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AHHOTaNMSA

B crartbe npuBeneHs! pe3ysbTaThl SKCIIEPUMEHTOB 0 AUCTICPTUPOBAHUIO HAHOPA3MEPHOTO IIOPOIIKa AUOKCHIA KpeMHHUs B 6a30-
BOM MOTOpHOM Macie. MccenoBanust MpoBOAMINCE Ha yIbTpa3ByKoBol ycraHoBke (r. Cankr-IlerepOypr). YcTaHOBKa 1O3BOJISIET
paboTaTh B pexMMe KaBUTAIlMM Ha pe30HaHCHOW yactoTe ~ 23 kI'i. MomHoCTh yJIbTPa3ByKOBO# ycTaHOBKH coctaBisieT 630 Br.
Hanopa3MepHbIii OPOLIOK TMOKCHAA KPEMHHUS ISl OITBITOB OBLT MOTYUYeH IyTeM HCIIapEeHUH MCXOIHOTO BEILIECTBA 10| BO3ACHCTBH-
€M BJIEKTPOHHOTO My4Ka, CO3[JaHHOro yckoputeneM. IlomydeHHyto 106aBKy nCCIEI0BAIM HAa UCTIBITATENLHOM CTEH/E B 1a0OpaTOpUH
JBC B gBuratene Poccuiickoro nponsBoacTBa.

KiioueBble c10Ba: HAaHOPa3MEPHBIH MOPOIIOK; YIBTPa3ByK; aKyCTHUECKash KaBUTALMS; 0a30BO€ MOTOPHOE MACIIO; JUCIEPTHPO-
BaHHE

Dispersing the Nanosized Silica in the Base Motor Oil

N. S. Khiterkheeva, A. V. Nomoeyv, P. A. Boloev, V. V. Radov, A. P. Rinchinov,
D. Zh. Sambilov, S. B. Batoroev "
"Buryat State University, LLC «NANOHIT»
Smolin Str. 24a, Ulan-Ude 670000, Russia, tel.: +79021608113, e-mail: nanohit69@gmail.com

Abstract

Yje paper presents the results of experiments on the dispersing the nano-sized silica powder in the base motor oil which have
been conducted using ultrasonic installation (St. Petersburg). The installation allows working in a mode of cavitation at a resonant
frequency =~ 23 kHz. The ultrasound power was 630 watts. Nano-sized silica powder for the experiments was obtained by
evaporation of the raw material under the the action of the electron beam produced by an electron accelerator. The resulting additive
has been investigated on a test bench in the laboratory of the internal combustion engines in the engine of Russian production.

Keywords: nano powder; ultrasound; acoustic cavitation; base motor oil; dispersion

B BypsarckoM rocy1apCTBEHHOM YHUBEPCUTETE B TEUEHUE Psiia JET BEAYTCS UCCIEIOBAaHUA IO JUCIIEp-
THPOBaHUIO HAHOPAa3MEPHBIX TIOPOIIKOB B 06230BOM MOTOPHOM Macie. B mpeapiaymux myOonuKkamnmsx paccka-
3BIBAJIOCH 00 MCCIIEIOBAaHUH JUCIIEPTUPOBAHUS HAHOPAa3MEPHOTo mopoinka Meu [1]. Ha 3Ty Temy nonydeHsl
MaTeHTHl Ha n300peTeHud [2, 3]. B ogHOM U3 MccnemoBaHNEeM Hapsay ¢ HAHOPa3MEPHBIM MOPOIIKOM Mean
ObUT OMpoOOBaH MOPOLIOK AMOKCHAa KpeMmHus. Ilocne McmbITaHMA METaNTMYEeCKUX IUIACTHH Ha MallnHe
TPEHUS C MPHUCATKAMU B MOTOPHOM Maciie, 00pa3iibl ObUIH UCCIIEAOBAHBI C MOMOIIBIO CKAHUPYIOUIETO MUK-
POCKOIIa, PacIoI0KEHHOTO B IIEHTPE 00IIero Mmoyib30BaHusl BocTouHO-CHOUPCKOTO TOCY1apCTBEHHOTO YHH-
BEpCHUTETa TEXHOJOTHH W ympaBieHus. Ha oOpasiie, KOTOPBIM HCIBITHIBAJICS C MCIIOIB30BAHUEM MPHUCAIKH,
coJieprKalliell MCIepTrUpOBaHHbIN MOPOIIOK AUOKCHAA KPEMHHUA, ero Ciebl ObUIM Hal/leHbl B Ka4eCcTBE Ha-
MIOJTHUTENS B KaBepHaX Ha IMOBEPXHOCTH MeTaia (cM. puc. 1 u tabn.1). DTH npenBapuTenbHBIE UCCIIEA0Ba-
HHUS NOKA3aJId, YTO HAHOPAa3MEPHBIN NHOKCHI KPEMHHS YIy4llaeT YCIOBUS TPEHUS U NMPENOXPAHSET TPY-
LIFecs MOBEPXHOCTH.
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