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Effect of graphite addition on impregnated
diamond bit properties

Graphite was used as a solid lubricant to reduce thermal damage in
diamond bit when drilling without coolant. Graphite was added to the bit matrix
material to reduce friction coefficient and heat. The influence of content, granularity,
and surface metallization of graphite on the mechanical property and dry friction
properties of the matrix, as well as the effect of diamond lifetime in the working layer
were studied. Results showed that the hardness, bending strength, and friction
coefficient of matrix gradually decreased with the increase in graphite concentration.
Meanwhile, the abrasion loss decreased first and then increased, and the lifetime of
diamond in the working layer gradually increased. With the decrease in graphite
granularity, the bending strength and friction coefficient of matrix gradually
decreased, whereas the hardness, abrasion loss of matrix, and diamond lifetime in the
working layer gradually increased. After surface metallization of graphite, the
hardness, bending strength, friction coefficient, and abrasion loss of matrix increased,
whereas the lifetime of diamond in the working layer decreased. This study lays a
foundation for drilling without water.

Keywords: graphite, diamond bit, mechanical property, dry friction
properties, lifetime of diamond.

INTRODUCTION

A long-term prospecting practice indicated that diamond drilling is
efficient [1]. However, bit burnt accidents frequently occur due to the thermal damage
of diamond, which seriously affects geological exploration. In the drilling process, the
reduction of diamond heat damage is achieved by the cooling action and lubrication
effect of drilling fluid [2]. However, cooling the diamond bit is difficult in areas
without water, such in the dry regions of western China or in the outer space [3].

Graphite is widely applied as a solid lubricant in grinding because of its re-
markable lubrication effect. Whether added to a grinding wheel or composite
material, or used as a coating, graphite could reduce the friction factor of the
friction pairs [4-9]. And the content and granularity of solid lubricant influence the
dry friction properties of composites. The influence on NiCr—Cr,05-Ag
composites, Cu-based P/M friction composites and graphite — PTFE dry lubrication
system is known [10—12]. When graphite is in the soft phase form in composite
materials, the dry tribological properties of composites are improved; however,
their mechanical properties, such as hardness and bending strength, are reduced
[3]. In the present study, graphite particles were coated with nickel by
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electroplating with optimum technology, as described previously [13]. The nickel—
coated graphite particles were then added to the bit matrix to improve the
compatibility of graphite and matrix material.

Then, graphite is added to the working layer of bit to make graphite—diamond
composite material, and its structure and properties are studied. A lot of works
have been devoted to the study of the properties of composite diamond-containing
materials based on metal matrices containing iron, copper, nickel, tin, tungsten
carbide, cobalt, obtained by powder metallurgy methods. The most significant
scientific and practical results on the formation of the structure of such composites
with improved mechanical characteristics were obtained in [14-23]. The positive
influence of chromium diboride (CrB2) [24-27], tungsten carbide (WC) [28] and
vanadium nitride [29] on the structure and properties of composites is known. The
properties of these composites are determined by the composition, structure and
morphology, which, in turn, depend on the properties of their constituents, methods
and modes of sintering. Some important properties of composites vary depending
on the force parameters of rock failure [30], contact temperatures [31-34], stress-
strain state of the matrix [35, 36], as well as placement of composites on the tool
working surface [37]. Nevertheless, in these works the influence of the graphite
addition on the mechanical and tribological properties of the composites under
consideration is not taken into account.

This study mainly investigated the influence of content, granularity, and surface
metallization of graphite on the mechanical properties (i.e., hardness and bending
strength, dry friction and wear properties) of the composite material, and lifetime
of diamond in the working layer.

EXPERIMENTAL

The basic formula of the matrix was 18 wt % WC, 9 wt % nickel, 3 wt % cobalt,
5 wt % manganese, 35 wt % bronze (663), and 30 wt % Fe. The basic formula of the
working layer was unchanged, in which 20 vol % (8.6 wt %) diamond was added,
and particle size of the diamond was 50/60 mesh. Samples were prepared by hot
pressing—sintering method under the following conditions: 945 °C sintering tempera-
ture, 15 MPa pressure, and 3 min holding time. The sample design is shown in Table.

Sample design table

Granularity Content Weight gain Sample
Sample . . . .
of matrix of graphite of graphite of graphite after | of working layer
(mesh) (wt %) metallization (wt %) | (with diamond)
1 0 I
2 100/120 0.6 0 2
3 100/120 1.2 0 3
4 100/120 1.8 0 4
5 100/120 2.4 0 5
6 40/60 1.2 0 6
7 60/80 1.2 0 7
8 80/100 1.2 0 8’
ith nickel-
9 (with nicke 80/100 12 36.36 o
plated graphite)
10 (with nickel- 80/100 12 4535 10
plated graphite)
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Three-point bending method was adopted to test the bending strength of the
sample on the WE-30 hydraulic universal material test machine, and the pressure—
velocity was 100 N/s. A sample of every formula was tested for five times, of
which the average was calculated as bending strength. An HR-150A Rockwell
apparatus was used for hardness test, and the sample of every formula was broken
down into three pieces. Every sample was tested at six points, and then the average
value of the 18 test points was obtained as the hardness.

Friction and wear between the sample and granite were analyzed by the MG-
2000A friction and wear test machine, the contact form is plate-on-plate, and the
type of relative motion is circled. The pressure was 2 MPa, the rotation rate was
0.94 m/s, and the time of dry friction was 10 min, the total distance of the relative
motion was 565 m. The wear resistance was measured by the quality loss before
and after the friction and wear test. The sample was washed by distilled water, dry
by oven, and weigh by the electronic scale with accuracy of 0.001g. The friction
coefficient was calculated by using the software of the MG-2000A friction and
wear test machine. There is initial run-in period in the friction coefficient curve,
and then become stability. Friction coefficient of a sample is the average of the
steady-state sliding period. And the calculation formula is as follows:

M

p="—A, (1)
n

where p is friction coefficient; M is friction torque, N-m; N is positive pressure, N;
R is radius of rotation, which is 0.03m; and 7 is sampling number of the steady-
state sliding period.

The sample of every formula was broken down into three pieces, and the value
is the average of the three.

The interface between the graphite particles and matrix on the fracture surface
of the sample after bending strength test and the surface morphology of the sample
after friction and wear test were observed by Quanta 200 type environmental
scanning electron microscope. After friction and wear test, the surface of the
sample was analyzed by energy spectrum.

RESULTS AND DISCUSSION

Binding properties of graphite and matrix

Figure 1 is the SEM image of the interface between graphite and matrix. Fig-
ure 1, a shows the SEM image of sample 8 with pure graphite, while Fig. 1, b
shows the SEM image of sample 10 with nickel-plated graphite. A large space
between graphite and matrix is observed, and the anchoring effect between them is
very weak in sample 8. No reaction, dissolution, or wettability was observed
between graphite and matrix. This finding can be attributed to the relatively stable
chemical properties of graphite and the absence of metallurgical effect on the
matrix material at sintering temperature. In addition, the interface energy of
graphite is relatively low; thus, wetting by matrix materials at high sintering
temperature is difficult. However, no evident gap is observed between the nickel-
plated graphite particles and the matrix material in sample 10, which indicates that
their interface bonding is close.

After plating, nickel can be evenly distributed over the entire surface of the
graphite particles, even in the dent on the surface of graphite particles. The
mechanical interlock function between the nickel plating layer and graphite is
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strong [13]. Furthermore, after hot pressing sintering process, graphite particles can
be partly dissolved in the crystal lattice of nickel in the form of elements due to the
high temperature. This process turns the simple mechanical interlock between
nickel and graphite into a solid solution bond with gradient variation, and the
interface between the two is strong [38]. The nickel layer and the copper in the
matrix are mutually illimitably soluble and form a solid solution with face-centered
cubic structure. A two-layer interface model is formed between graphite and matrix
materials, namely, graphite—nickel matrix. Each layer of the interface is relatively
solid, and the graphite is tightly bound to the matrix by nickel.

o
T

- e : : : p
Fig. 1. SEM images of the interface between graphite and matrix: sample 8 (a), 10 (b); x500.

Effect of graphite on the physical properties of the matrix

The values for samples 1-5 in Fig. 2 show that the Rockwell hardness and
bending strength of the matrix continuously decreased with the increase in graphite
content. Figure 1, a shows that the binding force between graphite powder and the
matrix is very weak. In addition, the graphite particles have low strength and are in
the soft phase form in the matrix which can lead to cracks or pores, thus reducing
the hardness and strength of the matrix [39].
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Sample number
Fig. 2. Hardness (/) and bending strength (2) of matrix.

The values for samples 3 and 6—8 shown in Fig. 2 demonstrate that with the de-
crease in graphite granularity, the Rockwell hardness of the sample gradually in-
creases, whereas the bending strength gradually decreases. The Rockwell hardness
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is obtained according to the indentation depth in the surface of the sample.
Research shows that the indentation range is approximately 10 times more than the
indentation depth [39]. If a soft phase exists in the indentation range, then the
indentation depth will increase, that is, the hardness decreases. Large graphite
particles in the indentation range lead to large indentation depth and low Rockwell
hardness. Therefore, with the decrease in graphite granularity, the hardness of the
sample is increased. Graphite brings pores or cracks into the matrix, which not only
cause stress concentration but also reduce the effective force area of sample
resistance to external force, thus reducing the stress that the sample can bear. When
the graphite content is certain, a small granularity leads to additional cracks and
pores; a small effective force area of the sample resistance to external force results
in low bending strength.

The values for samples 810 in Fig. 2 show that the hardness and bending
strength of the sample increase after graphite surface metallization. Graphite is
added to the diamond bit matrix to create self-lubricating composite materials, the
overall performance of which is affected by the poor physical and chemical
compatibility between graphite and matrix materials. In the process of sintering
pure graphite with matrix material, the matrix particles are only softened and
partially melted. Therefore, completely covering the graphite particles with low
surface energy is difficult. The interface structure of the two is loose, and the
interfacial bonding strength is low; hence, the interface can be easily cracked and
expanded by external forces, which leads to the decrease in sample strength. After
surface metallization, physical and chemical compatibility between graphite and
matrix improved, and interfacial bonding strength increased; thus, the overall
performance of the self-lubricating composite material improved. That is, the
surface metallization of graphite improved the bending strength of the composite
material. Increasing the interfacial bonding strength between graphite and matrix
barely affected composite hardness but reduced the gap between nickel-plated
graphite and matrix; that is, pore volume in the matrix decreased and hardness
increased.

Self-lubricating mechanism of graphite and matrix composites

After friction and wear test of samples 2—10 and granite, a ring of black circle is
observed on the granite surface. This black circle is the running track of the
sample, and the tactile feeling is greasy, thereby indicating the presence of graphite
coating. A considerable amount of friction heat is produced when the composite
material and granite wears and tears each other, and the coefficient of thermal
expansion of graphite and matrix are very different. Consequently, graphite is
extruded by thermal stress and coats the friction surface. In addition, during the
friction, graphite encounters friction and extrusion, which can make graphite fall
off from the composite material and coats on the friction surface. When a
considerable amount of graphite is coated on the friction surface, a layer of
lubricating film with a low shear modulus is formed [40].

From the energy spectrum analysis of the friction surface of sample 5 in Fig. 3,
a small amount of graphite is present on the sample friction surface, approximately
13-15 %. This finding indicates that the combination of graphite lubricating film
and matrix material is poor, but graphite combination with granite is excellent.
Therefore, when the lubricating film is formed on the granite surface, only a slight
graphite abrasion exists on the matrix surface. When a complete graphite lubricant
film is formed on the granite surface, the contact state of the friction pair turns
immediate contact between local minor region of matrix and granite into contact
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between matrix and soft and thin graphite lubricant film. The actual contact area of
the friction pair increases and the pressure decreases; hence, the matrix and the
granite only demonstrate elastic deformation, but no abrasive or adhesive wear is
present. Graphite has a lamellar structure, and its intermolecular bonding force is
very small. The shear strength of graphite is very low; therefore, slipping easily
occurs. Consequently, the graphite can slip between the friction pair, and the
sliding deformation occurs nearly exclusively within the graphite lubrication film;
hence, the deformation of the matrix material is very small. At this point, the wear
of matrix and granite is very slight; thus, graphite is anti-friction. When the
graphite content is small, it can only form an incomplete lubricating film or a small
graphite grinding dust on the friction surface, which also possesses anti-wear
performance.

KCnt
1.54 s Element wt % at %
CK 13.44 29
N OK 20.42 | 33.08
(RE I Si K 16.87 | 15.56
KK 1.88 1.24
Ca K 0.68 0.44
0.8 Mn K 2.97 1.4
Fe K 22.5 10.44
Ni K 4.96 2.19

0o 1 2 3 4 5 6 7 8 9 10 1l 12
Fig. 3. Energy spectrum analysis of the friction surface of sample 5.

When friction and wear test of the sample are worn, the graphite in the sample
is extruded by thermal and mechanical stresses and is then coated on the friction
surface. Consequently, graphite lubricating film is formed, and the friction
coefficient of the friction pair is reduced. When the lubrication film is destroyed,
the friction coefficient rises again, and the sample continues to be worn; therefore,
the new graphite is extruded to form a new lubricating film. During the entire
process of the friction and wear test, the formation, breakage, shedding, and
regeneration of the graphite lubrication film are continuously circulated.

Effect of graphite on the dry tribological properties of the matrix

The values for samples 1-5 in Fig. 4 show that the friction coefficient of
friction pairs decreases with increase in graphite in the matrix, whereas the
abrasion loss of the sample decreases first and then increases. When the graphite
content in the sample is low, the lubrication film formed on the friction surface is
incomplete, and the newly formed lubrication film cannot catch up with the
shedding of the old one. Friction and wear still occur between the sample and
granite; hence, the friction coefficient average of the entire process and the
abrasion loss of the sample are large. When the graphite content in the sample is
moderate, the lubrication film formed on the friction surface is complete, and the
newly formed lubrication film catches up with the shedding of the old one. The
entire friction and wear process always occurs within the graphite lubricant film;
hence, the friction coefficient average and the abrasion loss of the sample decrease.
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When the graphite content in the sample is extremely large, the friction and wear
also occur within the graphite lubricant film; hence, the friction coefficient average
is slightly reduced. However, the holes due to graphite loss increase; therefore, the
actual contact area between granite and matrix decreases, and the intensity of
pressure increases, thereby consequently increasing the abrasion loss of the sample.
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Fig. 4. Friction coefficient (/) and abrasion loss (2) of the matrix.

The values for samples 6-8 and 3 in Fig. 4 show that with the decrease in
graphite granularity, the friction coefficient of friction pair gradually decreases,
whereas the abrasion loss of matrix increases. This finding can be attributed to the
smaller density graphite than that of matrix, thereby making it difficult to realize
uniform material mixing. When the graphite content in the matrix is certain, the
small graphite particle leads to uniform graphite distribution in the matrix; forming
a complete lubrication film is easy when the friction coefficient is small. However,
when the graphite particles are extremely small, many holes due to graphite loss
uniformly distribute on the matrix surface, and the intensity of pressure increases,
thus increasing the abrasion loss of the sample.

The values for samples 8-10 in Fig. 4 show that the friction coefficient of
friction pair and the abrasion loss of matrix both increase after surface
metallization of graphite. This result can be attributed to the strong interface force
between matrix and nickel-plated graphite. Moreover, falling off from the matrix is
difficult for graphite. Consequently, the lubricating film formed in the friction pair
surface is incomplete, and the friction coefficient of friction pair and the abrasion
loss of matrix are both large.

Wear morphology analysis of the sample

Figure 5 shows the SEM figure of the wear morphology of samples 1 and 5. In
Fig. 5, the main wear form of sample 1 is adhesive wear, and the main wear form
of sample 5 is abrasive wear. The surface temperature of sample 1 without graphite
sharply increases during the process of friction with the granite, and severe plastic
deformation occurs on the matrix. The matrix is then daubed by the friction force.
Graphite falls off from the matrix when the sample 5 with 10 vol % of graphite rub
and wear with granite, and then become into lubricating film on the surface of the
friction pair. Consequently, the friction coefficient of the friction pair decreases,
and the increase in friction surface temperature is controlled. Therefore, plastic
deformation of the matrix is small, and the main wear formed is abrasive wear due
to hard particle in granite powder.
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b
Fig. 5. SEM images of the sample wear morphology: sample 1 (@), 5 (b); x300.

Effect of graphite on the dry tribological properties of the working layer

Figure 6 is the friction coefficient curve recorded by the software of the testing
machine in the process of friction and wear test. The x-coordinate is the sampling
point, and the y-coordinate is friction coefficient. It shows that the friction
coefficient is large and repeatedly changes at first; the friction coefficient then
stabilizes and become small after certain period. Figure 7 shows the scanning
electron micrograph of the diamond on the friction surface of the working layer
after the friction and wear test. From the figure, numerous grooves and cracks can
be observed on the diamond surface, and the diamond is broken and dull, thereby
indicating that the diamond completely failed. At first, the diamonds appear and
break the granite; hence, the friction coefficient significantly fluctuates.
Simultaneously, the temperature of the friction interface sharply increases, and the
performance of diamond sharply decreases, thereby producing hard particle in
granite-powder groove on the diamond surface. Cracks perpendicular to the friction
direction occur on the diamond surface by tensile stress. The diamonds are then
broken and become dull by normal load and friction, and severe thermal injury
finally occurs. Owing to the low abrasiveness of granite, the abrasion loss of matrix
is small, and the damaged diamond cannot fall off but still remained on the sample
friction surface. In this way, friction and wear only occur between a few diamonds
and granite; therefore, the contact area and friction coefficient are considerably
reduced.

Fig. 6. Friction coefficient curve of working layer sample.
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Fig. 7. SEM image of the failure diamond.

In the initial stage of the friction and wear test, the diamond breaks the granite,
and the resulting granite powder wears the matrix. Consequently, the graphite in
the matrix is extruded by thermal and mechanical stresses. The binding force
between graphite and matrix materials is weak, and the surface of granite is
continuously broken by diamond. Therefore, forming a lubricating film on the
surface of either is difficult for graphite. Moreover, graphite can form a lubricating
film on the diamond surface [41] and convert the contact between diamond and
granite to the contact between lubrication film and granite. When the graphite
lubrication film is damaged, the diamond continues to contact the granite. The
addition of graphite can prolong the time of diamond cutting granite, namely the
life of diamond.

The diamond lifetime of every sample can be calculated by the curve diagram
of its friction coefficient. As shown in Fig. 6, friction coefficient is large and
repeatedly changes from 0 to 600 sampling point, which is the period diamond cut
granite, namely the life of diamond. The calculation formula is as follows:

nT
= 2
where ¢ is the life of diamond, min; n is the number of sampling points during dia-
mond cutting granite; 7 is the testing time of the friction and wear test, which is 10
min; and N is the total number of sampling points during the friction and wear test.

The experimental results are shown in Fig. 8, with the increase in graphite con-
tent, the graphite lubricant film on the diamond surface is complete, and its
regeneration speed increases. Thus, the chances of wear between diamond lifetime
and granite are reduced, and the lifetime of diamond increases. With the decrease
in graphite granularity, the graphite distribution in the sample is uniform, and the
graphite lubrication film on the diamond surface is complete, thereby improving
the lifetime of diamond. The force between matrix and nickel-plated graphite is
strong, and falling off from the matrix surface is difficult for graphite.
Consequently, the lubricating film formed on the surface of the diamond is
incomplete, and the lifetime of diamond is shortened.

CONCLUSIONS

The results of this study reveal that the addition of graphite improved the dry
friction properties of the bit and the lifetime of diamond in the working layer but
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reduced the hardness and bending strength of the matrix. With the increase in
graphite, the hardness, bending strength, and friction coefficient of matrix
gradually decreased, but its abrasion loss decreased first and then increased. By
contrast, the lifetime of diamond in the working layer gradually increased. With the
decrease in graphite granularity, the bending strength and friction coefficient of
matrix gradually decreased, whereas the hardness, abrasion loss of matrix, and the
lifetime of diamond in the working layer gradually increased. After surface
metallization of graphite, the hardness, bending strength, friction coefficient, and
abrasion loss of matrix were increased, whereas the lifetime of diamond in the
working layer was decreased.

6

Life of diamond, min

1 2 3 4 5 6 7 8 9 10
Sample number

Fig. 8. Diamond lifetime of working layer.

The properties of the diamond bit, including hardness, bending strength, abra-
sion resistance, friction coefficient, etc., should be matched with the strata drilled.
In this study, granite was selected as the drilling object. The optimal method was to
add 2.4 wt % nickel-plated graphite with a particle size of 100/120 mesh in dia-
mond bit. With this method, hardness and bending strength of diamond bit reduced
a little, but dry friction properties of the diamond bit improved, and the life of
diamond improved remarkably.

Jna 3menwennss mepmiuno20 NOWKOOIICEHHs AIMA3HO20 IHCMPYMeHma npu
OypiHHI 6e3 0X0N00XUCYIOUOL PIOUHU 8 AKOCMI MBEPO020 MACMUNLA SUKOPUCTNO8Y8ANU 2pagim,
11020 000asau 00 mMamepiary Mampuyi IHCMpyMeHma OJid 3MeHuweHHs Koepiyichma mepms i
6UOLIeHHs. menad. JJOCIIONCEeHO 6NAUE 8MICIY, 3ePHUCMOCTI | Memanizayii nogepxHi epaghimy Ha
MEXAHIYHI 61ACMUBOCMI MA YMOBU CYX020 Mepms MAmpuyi, a maKodc 4acy YmpumManHs aimasy
6 pobouomy wapi. Pesynemamu noxazanu, wo meepoicme, MiyHicme Ha eueun i Koegiyicnm
mepmsi Mampuyi HOCMYno6o 3MeHWYIOmbcst 3i 36inbuenusm Konyenmpayii epagimy. I[Ipome
empamu 6i0 Oii mepms CHOYAMKY 3MEHULYBANUCA, a NOMIM 30IIbULYBANUCS, d HAC YMPUMAHHA
anmaszy 8 pobouomy wiapi nocmynogo 30inbulyeascs. 3i sMeHuweHHAM SpanyaapHocmi epagimy
MIYHICMb HA 8ueuH [ KoeiyicHm mepms mampuyi NOCMYno80 3MeHULY8aIucs, mooi K meep-
dicmb, empamu 6i0 mepms Mampuyi i 4ac YmMpUMAaHHs aimasy 6 poOoyoMy wapi nOCmynogo
s6invwysanucs. Ilicns memanizayii nosepxui epagimy meepoicmov, MiyHICIb HA 8USUH, KOe@iyi-
€HM mepms ma 8Mpamu 60 mepms Mampuyi 3poCmani, d 4ac YMpuUMants aimasy 6 pobouomy
wapi smenuiysascs. Lle 0ocaiodcenns 3axnadae ocnogy 05 Gypinns 6e3 UKOPUCMAHHS 60OU.

Kniouosi cnosa: epagim, pomb, mexaniuni e1acmusocni, 1acmueocmi cy-
X020 mepms, 4ac YmpuMaHHs aimasy.
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s ymeHbuleHUs MepMUYecKo20 NOBPENCOeHUs. AIMA3ZHO20 UHCIPYMEHMA
npu 6ypenuu Oe3 oxaaxcoaroujeli HCUOKOCMuU 8 Kauecmee meepooll CMA3KU UCNOIb308ANU 2Pa-
Gum, e2o 006asAIU K MAMEPUATY MAMPUYbL UHCIMPYMEHMA OISl YMEHbUIeHUs. KO puyuenma
mpenus u evioeienue menia. Mccie0osano enuanue co0epicaniis, 3epHUCIOCINU U MEMANIU3a-
Yuu NOBEPXHOCMU 2paduma Ha MeXAHUYecKue C80UCMBA U YCI08US CYX020 MPeHUs MAMpuybsl, a
makaice 8pemeny YOepircans aimasa 6 pabouem cioe. Pesynomamor nokasanu, ymo meepoocme,
NPOYHOCMb HA U32UO U KOIPDUYUEHm MPpeHus MAMpPUYbl NOCMENEHHO YMEHbUAIOMCs C Y8el-
yeHuem koHyenmpayuu epaguma. OOHAKO nomepu om Oelicmeus MmpeHus CHA4aia yMeHbula-
JUCh, d 3AMeM YEEeTUUUBANUCD, d 8PEMS YOEPICAHUsL dIMA3a 8 pabouem cloe NOCMENeHHO Yeeu-
yuganocs. C yMeHblueHueM SpanyIspHOCmU 2paguma npouHOCmy Ha u32ub u Kod3ghduyuenm
mpeHus. Mampuybl HOCIMENeHHO YMEeHbUWAUCH, M020a KaK MeepooCHb, Nomepu Om mpeHus
Mampuybl U 6pems yO0epicanus armasa 6 pabouem cioe nocmenenHo yseauwusanucsv. Ilocae
Memaniu3ayuy no8epxXHOCU epapuma meepoocms, nPpoOYHOCmb HA u32ub, KoIpPuyuenm mpe-
HUS U NOMepu Om MpeHus Mampuybl POCIU, d 6pems YOeplCaHus ammaza 6 pabouem cloe
VMEHbUWAACA. DMOo Ucciedo8anue 3aK1aoviéaem oCHo8y 0l bypenus be3 UCNOIb308aHUs B0ObL.

Knrouesvie cnosa: epaghum, pomb, mexanuueckue coticmea, c8olcCmaa cyxo-
20 mpenus, 8pems YOepAHCaHus aimasd.
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