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INTEGRATED STUDY OF THE EFFICIENCY
OF GRINDING MATERIAL IN AN IMPACT-CENTRIFUGAL MILL

Abstract. Grinding processes, which are very common and occurring in almost any industry and agriculture,
require large energy costs and are associated with irretrievable losses due to wear of working units of grinders. It is
generally recognized that reduction in specific energy costs is possible when using mills in which grinding will be
carried out mainly due to the impact loading of a material. The results of studies of a single impact grinding of
materials with various physical and mechanical properties, depending on the impact velocity and design features of a
grinder in an impact-centrifugal mill, are presented. Experimental dependences of impact-centrifugal grinding are
presented. Graphic dependences of the median particle mass distribution of a ground material depending on the
number of blades are obtained. The number of blades for a given rotor diameter (0.4 m) was 4, 6, 8, 12 pcs. The
graph shows that when grinding chalk, the number of blades does not significantly affect the quality of grinding.
When grinding sylvinite and in particular gypsum stone with an increase in the number of blades to 8, the grinding
fineness improves, i.¢., the median particle size decreases, however, with a further increase in the number of blades,
the dispersed composition of the products remains almost constant. The analysis of known data on the theory of
impact grinding is given, on the basis of which the principles of creating new energy -efficient machines for grinding
materials, in particular to reduce energy costs, were formed.

Key words: impact loading of a material, impact-centrifugal mill, critical fracture initiation velocity, fractional
composition, particle mass distribution median.

Introduction. Grinding processes are widespread in all industries, including agriculture. The
grinding process requires high energy costs and is associated with an irretrievable loss due to wear of
working units of grinders. The drive power of mills in cement production is measured in thousands of
kilowatts. In a number of works [1], it is noted that about 10% of the world’s electricity and several
million tons of high-grade steel are consumed for grinding, and even more [2-5] according to statistics
from the US mining and processing industry. The high energy costs are explained not only by the large
volumes of processed materials, but also by the fact that the machines used for grinding, especially for
grinding, are characterized by extremely low efficiency [6].

It is generally recognized that reduction in specific energy costs [7,8] is possible when using mills in
which grinding will be carried out mainly due to the impact loading of a material. It was established by
experiments that the average work of grinding by impact is approximately 42% of the work of grinding by
crushing. Upon impact, the compressive force arises in a certain section so quickly that a crack is formed
before the equilibrium energy distribution necessary for breaking is established in the particle [9].

To reduce energy costs, optimal impact loading of the material to be ground should be ensured with
minimal effort and a high degree of fracture in one working cycle, avoiding excessive overgrinding.
Therefore, a very important characteristic of the impact grinding process is the critical fracture velocity
(Vip), 1.e. the velocity of impact loading of the material particle at which its ensured fracture begins. This
indicator (V,) will determine the minimum rotor velocity with hammers or blades in almost all designs of
impact-centrifugal grinders. Practically all researchers working in the field of impact grinding were
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involved in theoretical and experimental studies to determine the critical fracture initiation velocity (V).
Today, a large number of mathematical dependences are known to determine V', for example, the formula
of Academician V.P. Goryachkin [10] and Professor G.I. Pokrovskiy [11]:

Vo= (3 F ()

A different theoretical approach showed a similar dependence in collaboration with Academician of
the Ukrainian Academy of Sciences V.N. Poturaev [12]; dependences proposed by V.P. Romandin [13],
P .M. Sidenko [14], E. Reiners [15] do not differ significantly.

Since the critical velocity (V,,) at which the fracturing impact begins depends, first of all, on the
mechanical properties and density of a piece of material, all of the above dependences can be represented
in general form:

Ve :f(o'p’E’pm) 2)

However, the experimental results for determination of V,, given in [10] show that the actual critical
velocity is several times higher than that obtained from the theoretical dependences given in the above
works.

In the works of V.A. Bauman [16], B.V. Klushantsev [17], in the formulas for determination of V,,,
the size of the initial material fed to grinding is additionally taken into account. All researchers agree that
the determining factors are the mechanical properties and density of the material, however the design
parameters of the grinder, which should be taken into account on the basis of experimental studies, also
have a significant effect [18-22].

The dispersed composition of the material crushed by impact loading will also depend on its
mechanical and physical properties, to a large extent on the velocity of impact loading and the design
features of the grinder [19,20]. Therefore, specific dependences for determining the critical velocity (V,),
as well as the dispersed composition of the grinding products should be found experimentally.

To study the process of single impact grinding, an experimental plant of the impact-centrifugal mill
was used. The analysis of the fractional composition of grinding products was carried out using the
method of mechanical classification (sieving) on sieves. At the first stage of experimental studies, the
process of single impact grinding was studied. The studies were carried out on the experimental plant
shown in figure 1.

The main unit of the plant is the impact-centrifugal mill, consisting of the cylindrical body 1 coated
inside by the rods 2. The cover 3 with the bearing unit 4 and the shaft 5 in the center for rotation of the
disk 6 with the blades 7 is attached to the upper part of the body. The shaft 5 is driven with V-belt
transmission from the electric motor 8. The disk rotation velocity was varied over a wide range by
changing the motor velocity using a high-frequency controller (inverter). The initial material for grinding
in the mill was fed from the hopper 9 by the screw feeder 10. The screw was driven from the electric
motor 11 through the reductor-regulator 12, which made it easy to control the amount of material fed to
the mill. In addition to the material, air entered the mill through the holes 13 in the cover 3. The conical
collector 14 is attached to the lower part of the mill, where the ground material is poured and periodically
removed through the shutter 15 from the mill. Air from the mill was removed through the tube section
16 ending with the filter sleeve 17. The studies were carried out using the reflective rods 2 of square cross
section with a side of 14 mm “option a” and a round “option b” with a diameter of 14 mm. The diameter
of the working disk at the ends of the blades was 0.4 m.

As the material for the experimental studies there were used: lime granules after the furnace, with the
size of (2 — 8) - 10° m; gypsum stone with the particle size of (2 — 10) - 10° m; chalk with the particle
size of (2 — 10) - 10° m; sylvinite with the particle size of (2 — 15) - 10° m; ammonium sulfate crystals
with the particle size of (2 — 8) - 10~ m; grains of wheat and barley; ammophos granules with the particle
size of (2 — 5) - 10” m; pyrolysis products of rubber products (2 — 5) - 10”° m; oil coke (2 - 5) - 10~ m.

After each of the experiments, the analysis was carried out according to the fractional composition of
grinding products. Currently, a large number of methods and their modifications are known for
determining the dispersed composition of both dusts and ground materials [22].

The simplest and sufficiently accurate method is the method of mechanical classification (sieving) on
sieves. For the experimental studies of the fractional composition of grinding products, the authors used a
set of standard sieves with a minimum hole size of 0.063 mm and a maximum of 4 mm.
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Ry =100-e72"  or Dy =100 (1 — e29") ()

where b and n — empirical constants.

Since the physical and mechanical properties of the material, the rotor velocity, and the mill
productivity will affect the dispersed composition of the materials being ground, the Rosin-Rammler
formula is somewhat modified by introducing an additional parameter O, to take these parameters into
account, after which it takes the following form:

s§\" 5\
R(sy =100 - e_b(a) or Dy =100" [1 — e_b(m) ] 6)

where 85, — particle mass distribution median, i.e., the particle size at which the mass of all particles is
smaller or larger than 50%.

The influence of the material’s physical and mechanical properties both on the grinding quality and
on the material’s critical fracture initiation velocity according to theoretical concepts should be sought in

the form of the relationship:

(e2
8y = k—== (7)
vE P,
The influence of the rotor velocity is most conveniently expressed through the tangential rotor
velocity at the ends of the blades. Then the empirical equation for determining the median particle mass
distribution will have the following form:

c

Sy = k—=2=V'G" (8)

Ep

where £, /, m — constants determined on the basis of the experimental data shown in figures 2-4;
V. — tangential rotor velocity at the ends of the blades, (m/s); G — productivity of the mill, (kg/s).

However, for many materials that were ground, data on the tensile strength o, and elastic modulus £
are absent in the reference literature. P.M. Sidenko [14] explains this by the fact that there are a lot of
factors influencing the mechanical strength of materials and, in the first place, on ¢, and £, and besides,
they are variable. Therefore, to calculate the grinding efficiency, it is necessary to use “grinding
coefficient”. It is determined experimentally and its value is available in the relevant literature.
Considering the above, in the formula (8), the expression taking into account the physical and mechanical
properties of the material was replaced by the coefficient ¢, which takes into account primarily the
strength properties of the material and was found on the basis of experimental data for each ground
material. When processing the experimental data, the values of the exponents / and m and the coefficient &
in the equation 8 were determined. Ultimately, the equation for determining the particle mass distribution
median has the following form

M

8so = 2,71CV %G 9)

The value ¢ for the ground materials has the following value: grain (barley) C=0.25, lime and chalk

(C=0.05, crystals of ammonium sulfate C=0.1, ammophos (C=0.12, gypsum stone (C=0.16, sylvinite
(=0.08, oil coke C=0.08, solid pyrolysis products of rubber products C=0.075.

When processing the experimental data, the values of the empirical constants »=0.68 and »=0.75
were determined in the Rosin-Rammler formula and then it has the final form:

-0 68(i o7e
D(5) =100 [1 —e 550) ] (10)

In determining the critical velocity, the fracture initiation, taking into account the data of various
authors, for example [15], was taken to be the velocity when the initial material was split into pieces, the
largest of which is equal to the half of the initial.

The studies were carried out on the experimental plant (figure 1). The change in the rotor velocity
was controlled using a high-frequency controller. The experiments were carried out on gypsum stone,
sylvinite, granules of lime and grain. The size of the initial particles was close to 6 mm. When the plant
was operating with the certain rotor velocity, ten pieces of the initial material were fed to the grinding.
After the grinding, the mill turned off, the shutter opened, and visual observation, as well as sieving on the
laboratory sieves, determined the size of the ground material. When the maximum size of the ground
particles was very close to the half of the initial, the experiments on this material were terminated.

— 102 ——
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The full material velocity was calculated by solving numerically the differential equations of particle
motion in the mill rotor [22]. The processing of the experimental data showed that there is a clear
relationship between the coefficient ¢ and the critical velocity, which is understandable since it takes into
account the strength properties of the material and then:

Vip=224-C (11)

Thus, the critical velocity for the materials will be as follows: grain (barley) V,, = 56 m/s, ammophos
Vip = 29 m/s, lime V,, = 11,2 m/s, crystals of ammonium sulfate V,, = 224 m/s, gypsum stone
Vi, = 39 m/s, sylvinite V., = 19 m/s, solid pyrolysis products of rubber products V', = 16.8 m/s, oil coke
Vi =17.92m/s.

In addition to the mill design developed and studied by the authors, other industrial impact grinders,
for example, hammer and ball industrial, have found wide application in industry. In particular, it is
known that in a hammer mill no more than 17% of energy is spent on grain grinding by impact, and the
rest is spent on grinding by abrasion. Therefore, when developing new mill designs, it is necessary to
strive for the grinding process to be carried out mainly due to the impact, and for this purpose it is
necessary to study the impact phenomenon itself.

Conclusions. 1. The experimental studies on the impact-centrifugal grinding of the materials were
carried out taking into account their physical and mechanical properties, impact loading velocity,
productivity and geometrical parameters of the grinder.

2. The processing of the experimental studies allowed to determine the optimal geometrical
parameters of impact centrifugal grinders and, based on the Rosin-Rammler formula, obtain the
mathematical dependence describing the dispersed composition of the grinding products depending on the
physical and mechanical properties of the material, the impact loading velocity, and the grinder
performance.

3. Based on the experimental studies and the processing of the experimental data, the mathematical
dependences were obtained for calculating the productivity and the dispersed composition of the grinding
products in impact-centrifugal mills.

A. Jenanckmnii’, E. (I)enaponnql, A. Kosanena', B. l"o.ﬂyﬁeBz,
b. Kopran6aes?, I. Capcenexy.mr’, JI. Kymaay/uiaes®

'Bemapych MEMIICKETTiK TEXHOTOTHAIBIK YHHBEPCHTETi, MuHCK, Beapycs;
M. Oye3oB arbigars OrTyCTiK Kazakcran MeMIekTTik yuuBepcnTeri, Ibnvkent, Kazakcrau

EKIIHAI OPTAJAH TEIIKIII JUIPMEHJAE MATEPHAJIJIbI
YCAKTAY THIMALUITTH KEINEHAI 3EPTTEY

AnHoTaHsA, OHCPKOCIN MICH aybUT MAPYAIMBLIBIFBIHBIH KC3 KCITCH CATACHIHAA KCH TAPaFaH YCaKTay yACpici
Ipi PHEPTETHKABIK IIBIFBIH/IBI TAJIAI €TEAI )KOHE YCATKBIMI ;KYMBIC TOPANTAPBIHBIH TO3YBIHA OAHIAHBICTHI KAHTAPHIM-
CBI3 IUBIFBIHFA YINBIPATAAbl JKammsl 3HEPTHs INBFBIHBI AWIPMEHII HMaWaaldaHy OapbIChIHAA A3ar0BI MYMKIH, OHZA
yCakray HETi3iHGH MaTepHaimbl COKKBIMEH JKYKTEY €ceOIHEH »Ky3ere achlppuiambl. KymbIcTa EKmiHAI OpTamaH
TETKII JUipMEHAL 3epTTCY OOMBIHINA KOHABIPFHI Cy10achl OepiiareH. TokipuOeik 3epTTey YIIiH Keleci MaTepHai-
Jap MaiIaTaHBUIIBL TICIITEH KEHiHri Ok TyHipmiri, emmewmi (2-8)-107 w; Gemmek emmemi (2-10)-10~ M rumc Tacsr;
Gemmex ommemi (2-10)-10° M Gop; Gemmek emmemi (2-15)-107 M cuisBuEET, Gommek emmemi (2-8)-107 M
AMMOHHI CYTh(DaTHIHBIH KPHCTATIAPHT, OHAAH MEH apna AoHi; 6emmek emmemi (2-5)-107 M aMmModoc TyHipmrikTepi;
Oemmek emmemi (2-5) <107 M PC3CHKE TCXHUKANIBIK, OYHBIMIAPABIH MHPOH3 eHIMAEpi (2—5) -10° M, MYHa# KOKCBI
COKKBLIBI XKYKTCY >KbLTIAMIBIFBIHA >KOHE CKITHAI OPTAAAH TEIIKIII AHIPMEH/IC YCAKTAFbIIITHIH, KOHCTPYKTUBTIK EPEK-
HICTIKTEPiHE OAMIAHBICTHI TYPIl (PH3HKANBIK JKOHEC MEXAHHUKAIBIK KACHETTEPI 0ap MaTepHaiaapabl Oip PeT COKKBLIbI
YCaKTay VACPICIH 3¢PTTCY HOTIKEICP] KenTipiareH. EXmiHai opTagaH TeMKIIT YHTAKTAYIBIH TOKIPHOCITIK TOY I
ychHbUFaH. Kanak caHpiHa OAHITAHBICTHI YCAKTAIFAH MATEPHAN OOIMIEKTEP MACCACHIHBIH MEIHAHIBIK TAPAILY bIHBIH
rpaMKATBIK TOYCAALNITT anbHABL POTOPOBIH OCHI AHAMETpPiHE apHAIFaH Kypek casel (0.4 m) 4, 6, 8, 12 maHaHBI
Kypamsl. Kectene kepeerinmrenac, Oy1 CoTTe Maiganay Oop CaHBI JKAYBIPBIH aca 9CCP CTICHTIH Camachl TAPTHUIFAH.
CuIBBHHHTTI YCAaKTayJa ’KOHE dCipece THUIIC TACHIH KAIAK CAHBIHBIH 8 TOHHAFA JACHIH YIFA0 apKbLIbI )KAKCAPTHI-
TATBL, SFHA OONIICKTCPAIH MBIC MOJIIICPI a3addbl, alai1a KalaK CAHBIHBIH OJAH Opi YIFAFOBIHAA 6HIMHIH JHCICP-
CHSUTBIK KYPaMBI iC JKY31HAC TYPAKTHI OOJBINT KANAABL. ¥PMaJbl YCAKTay TCOPHACH OOHBIHINA OCITiNI ICPSKTEPre
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TaNAAy >Kacaibl, COHBIH HETi31HIEC MaTepHaNJapabl YCaKTay YIUiH, aTam alTKAHIA, SHEPTH IIBIFBIHBIH A3aHTY YIUiH
’KaHA IHEPTOTHIM/II MAIMHAIAPABI KYPY HPHHIUNTEP] KATBINTACTHL. JKYpri3iireH Tanaay Heri3iHAe SKMiHAlI OPTanaH
TETKII AWiPMEHHIH KYPBUIBIMBI 33ipieHl. ¥ CaKTaNAThIH MaTCPHai PETiHAC CHJIbBHHWT KOHE THIIC TAchl HaWaa-
JAHBUIABI, MaTepHal OOWbIHIIA XYKTeMe 480 Kr/c, poTOpAbIH altHaMNy >KbIITaMAbEbl 1450 afie/MuH 60nabl. ¥ cakTa-
JATBIH MaTepHal PETiHAEC CHIbBHHHT >KOHE THIIC TAChl NMAWJANAHBLIABL, Marephan OoWbiHmA kykreme 480 kr/c,
POTOPABIH alfHATY >KeUTIAMABIFGI 1450 atts/MuH Oonnbl. Anmaiaa YHTaKTay camachblHa OWIKTIKTI OJaH 9pi YIFaNUTy aca
acep eTmei .

Tyiiin ce3mep: MaTepHanIabl COKKBIMEH KYKTEY, CKITIH/II OPTAAaH TEIKINI AUIPMEH, KOHBUTY OACBIHBIH KYpACIi
SKBUTIAMIBIFBL, (PPAKIHSITBIK KYPAMBIHAAFBI OOIIIEKTEP MACCACHIHBIH TAPaTy MEIHAHBL

A. Jesnancknii’, E. (I)enaponnql, A. Kosanena', B. l"o.ﬂyﬁeBz,
B. Kopran6aes?, I. Capcenterymnr’, JI. Kymaayiaen?
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KOMILVIEKCHOE HCCJIIEAOBAHHUE 3®@®EKTUBHOCTH U3MEJIBYEHUA MATEPHAJIA
B YAPHO-HEHTPOBEXHOU MEJBbHHUIIE

AnnoTtamust. [Iporieccsl H3MENbUYCHIS, SBILSIFOIUCCS BEChMA PACTIPOCTPAHCHHBIMH M BCTPSUAFOIIMMUCS TPAK-
THYCECKH B OO0 OTPOCIH MPOMBIIUICHHOCTH M CEIbCKOM XO3SIHCTBE, TPEOYIOT OONBIINX SHEPTETHICCKUX 3aTPaT U
CONPSDKCHBI ¢ OC3BO3BPATHBIMH MOTCPAMH B CBA3H C M3HOCOM PabOYUX y3710B H3METbUUTEHCH. OO0IIe- mMpHU3HAHO,
YTO CHIKCHHE YACIBHBIX 3aTPAT SHEPTHH BO3MOKHO IPH HMCIIOJIB30BAHUH MEIBHHIL, B KOTOPHIX H3MEIbUCHUE Oy AET
OCYIIECTBILITHCS B OCHOBHOM 34 CUET YIAPHOTO HATPY>KeHM Marepuana. B paboTe mpeacrasicHa cxeMa yCTaHOBKA
IO HCCICAOBAHHIO Y IAPHO-ICHTPOOCKHOW MEJILHHUIBI. B KauecTBe MaTepuana [l SKCIICPUMCHTAIBHBIX HCCIIEI0BA-
HHH ¥CTIOJTb30BATHCH: TPAHYIBI M3BECTH NMOCTE MeuH, pasMepoM (2 —8)-10” M; THICOBBIH KAMEHB C PA3MEPOM
yactui (2 - 10)-107 m; Men ¢ pasMepom yactur (2 — 10)-10” M; CHIBBHHHT C pasmepom yactui (2 — 15)-107 m;
KPHCTAJUTHI CyIb()aTa aMMOHHSA C pa3MepoM dactur (2 — 8)- 107 M;3CPHO IIICHUIIBI H TIMCHS, TPAHYIIBI aMmModoca ¢
paszMepoM gacTun (2 — 5)- 107 M; MPOAYKTH MHPOTH3A PE3HHOTEXHIUCCKHX m3aemit (2 — 5)-107 m; He(yTaHOM KOKC
IIpuBeaeHBI Pe3yaBTATHI HCCICAOBAHHNA MPOLECCA OJHOKPATHOTO YIAPHOTO M3MEIBUCHHUA MATEPHATIOB PA3IHYHBIX
(pM3MUECKUX W MEXAHUYECKHX CBOMCTB B 3aBHCHMOCTH OT CKOPOCTH YJAPHOTO HATPYXEHHA M KOHCTPYKTHBHBIX
0COOCHHOCTEH M3MEIBUUTEII B Y IAPHO-TIICHTPOOCKHOH MembHHIIE. [Ipe1CTaBIeHBI 3KCIEPUMEHTAIBHBIC 3aBUCHMOC-
TH YJApHO-LIECHTPOOCIKHOTO HM3MenbucHm. [lomyueHsl rpauuecKue 3aBHCHMOCTH MEIHAHHOTO PACIpeIe/ICHHS
MACCBI YACTHUI[ H3MENBYCHHOTO MATEpHaja B 3aBHCHMOCTH OT YHCIA JOHATOK. UHUCIO JNOMATOK A JAHHOTO
muamerpa poropa (0.4 m) cocrasuio 4, 6, 8, 12 mr. Y3 rpaduka BHIHO, YTO MPH H3MCIBFUCHAN MEJIA YHCIIO JIOTIA-
TOK HE OKA3bIBACT CYHICCTBCHHOTO BJIMSHMS HA KAUeCTBO mMoMoma. [Ipu M3MeIbueHUN CHIBBUHITA H B OCOOCHHOCTH
THICOBOTO KAMHSA C YBEIHYCHHEM YHCNA JOMATOK 0 8 TOHHHA MOMOJA YIyUIIACTCA, TO €CTh MEAHAHHBIA Pa3Mep
YACTHI[ YMEHBINAETCA, OJHAKO MPH AATbHECHINEM YBEIMYCHHH YHCIA JONACTEH AUCIEPCHBIM COCTAB MPOIYKTOB
OCTaeTCd MPAKTHYECCKH MOCTOAHHBIM. [IaH aHATH3 M3BECTHBIM JAHHBIM IO TCOPHH YVAAPHOTO HM3MEIBUCHUA, HA
OCHOBAaHMHM KOTOPHIX OBIIM C(OPMHUPOBAHBI IPHHIMIBI CO3TAHHS HOBBIX SHEProd((ECKTUBHBIX MAIIMH I
H3MEJIbUCHHSI MAaTCpPHAJOB, B YACTHOCTH U CHIDKCHHS 3HEprozarpar. Mcxoas W3 MpOBEIECHHOTO aHANW3a, ObLIa
pa3paboTaHa KOHCTPYKIMS VIAPHO-IICHTPOOCKHONH MENBHUNBL. BIMSHHE BBICOTHI JIOMATOK HA KA4YECCTBO
H3METBYCHUA MATEpHaia MPOBOAMIOCH MpH ee¢ m3MeHeHuH oT 0,04 1o 0,12 M. B xadecTBe M3MENb4aeMOro Mare-
pHana WCIOJIB30BAINCH CHIBBHHAT W THIICOBBIH KAaMEHb, HATPY3Ka IO Marepuany cocrapipiia 480 Kr/4, CKOpocTh
BpameHus poropa — 1450 o6/mMuH. 11 000MX MaTEpHANOB YBEIMHYCHHE BBICOTHI JomaTok ot 0,04 mo 0,08 merpa
3HAYUTEIBHO VIIyYIIACT KA4eCTBO IMOMOJA, YTO HM300pPaKEHO HA pUCYHKE 6. OmHAKO JanbHEHINEE yBEIUUCHHC
BBICOTBI HA KAYECTBO MOMOJA CYIICCTBEHHOTO BIMSAHHA HE OKA3BIBACT. BIMAHME BBICOTHI JIOMATOK HA KAYECTBO
H3METBYCHUA MATepHala MpoBOAWIOCH mpH e¢ m3McHeHmu oT 0,04 go 0,12 M. B kavecTBe H3MEIBYACMOTO
MaTepHana HCIOIb30BATHCH CHJIBBHHHT W THIICOBBIH KaMEHb, HArpy3ka Mo Marepumaiy cocraBmuia 480 Kr/d,
CKOpPOCTh BpameHud poTopa 1450 o6/muH. 11 000MX MAaTCPHAIOB YBSIHICHHC BBHICOTHI J1omaTtok ot 0,04 mo 0,08
METpa 3HAYMUTEIBHO YIYYIIAeT KauecTBO Momoia. OJHAKO JaTbHEHINEE YBEIMUYCHUC BBICOTHI HA KAYECTBO IIOMOJIA
CYIICCTBEHHOTO BIMAHMA HE OKA3BIBACT.

KimoueBbie ci0Ba: y1apHOE HArpy’>KCHHE MaTEepHala, yIAPHO-IECHTPOOSKHAS MEIbHHIEA, KPUTHUCCKAS CKO-
POCTh Havana pa3pymeHus, (PaKIHOHHBIN COCTAaB METMAHA, PACTIPEICICHAE MACCHI YACTHII.
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