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Abstract. The present paper studies the energy size relationship
of minerals using a specially designed centrifugal crusher with
rotation frequency control. The feed particles are accelerated by
the rotating disc of the crusher and they crush on the opposite
vertical wall having the predetermined specific Kkinetic energy.
The mathematical modelling shows that the specific energy,
energy per unit mass of the particles, is independent of their mass
and is calculated to depend on the rotation frequency and the
disc diameter. Crystalline limestone, marly limestone and
serpentine samples are tested. The results obtained are used to
present the energy—size relationship and to compare the crushing
amenability of the rocks tested. A suggestion for further study is
to derive the mathematical model of the breakage curves and to
calculate the breakage energy for each size class using the model
to be proposed.

Keywords: centrifugal crusher, kinetic energy, grindability,
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1. INTRODUCTION

The energy—particle size relationship is very important in
mineral processing and in many cases it is difficult to assess.
In ball mills, for instance, only a small part of the energy input
is used for the size reduction of the particles. However, there
are some laboratory techniques that allow a direct
measurement of the energy provided for size reduction.

The most familiar laboratory technique is the drop weight,
according to which the particle to be crushed, having a mass
m, rests by its stable side on a solid horizontal metal surface
and a metal hammer, of mass M, is allowed to drop vertically
on it from a height h.

By the free fall, the initial potential energy E, =M -g- h
of the hammer, at height h, is transformed into kinetic
energy E, =M v*/2 at the time of contact with the
particle. Since E,=Ey one can calculate the energy provided for
size reduction by measuring the mass M of the hummer and its
initial height h. Some recent developments allow the direct
measurement of the impact velocity using high speed cameras
(Tavares et al.) [1]. The drop weight technique is examined
below in order to compare it to the technique of the centrifugal
mill proposed in the present study.

Assume a spherical particle of 10 mm in diameter with
density 2.7 (g/cm’) that is to be crushed by a free falling
hammer of 1 kg mass. If the specific energy to be applied on
the particle is 3600 Joule per kg of the particle or 1 (kWh/ton),
then the hammer has to be raised at a height of 0.52 m. At this
point, the potential energy of the hummer is 5.09 Joule. The
mass of the particle is 1.41 g and, consequently, the energy of
the hammer corresponds to specific energy 3600 (J/kg) of the
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particle, as demanded. In the case the particle is 20 mm in
diameter, then either the mass of the hammer should be
increased to 8 kg or it should be raised to 4.15 m.

On the other hand, in the case one wishes to allow the
particle drop by itself on a solid metal surface then, in the
absence of atmospheric air, one should raise the particle at a
height of 367 m in order to apply the same specific energy of
3600 (J/kg). It should be noticed that this height is
independent of the particle diameter and depends only on the
specific energy required. It is obvious from the above
calculations that it is not practical to accelerate a particle by
means of gravity especially in the absence of air in order to
control its kinetic energy.

In order to achieve an easier acceleration, the idea of the
present study is to use a centrifugal force that is generated by a
rotating disc and gives a kinetic energy to the particle at the
moment it escapes from the disc and crushes on an opposite
metal wall at a small distance from the periphery of the
rotating disc. By controlling the rotation frequency of the disc
one could easily control the kinetic energy of the particles at
the moment they escape from the disc.

II. DESCRIPTION OF THE CRUSHER

The equipment used is a locally made centrifugal crusher
described in detail by D. Stamboliadis [2]. It consists of a
horizontal rotating disc, 500 mm in diameter, surrounded by a
homocentric, cylindrical cell of 900 mm in diameter. The disc
rotation axis is vertical and is linearly and directly connected
to the axis of an electric motor through a cobbler. The rotation
frequency of the motor and, consequently, of the disc is
controlled by an inverter in the range of 700 to 2500 rpm.
Radially on the disc, there are two symmetric, vertical blades
that oblige any particle on the disc to rotate. The particles are
introduced at the centre of the disc, through a vertical shaft,
and are obliged to rotation by the radial blades. As a result of
the rotation, the centrifugal force acts on the particles and
drives them to the periphery of the disc along the blades. As
the particles move from the centre to the periphery of the disc,
their rotation velocity, which is vertical to the radius, increases
continuously and so does the centrifugal force that gives them
velocity on the direction of the radius. At the moment the
particles reach the periphery of the disc, they escape with the
two velocity components that are vertical to each other and
equal in magnitude, as calculated below. Their resultant is the
vector sum of the two velocities and its direction is at 45
degrees to the radius of the disc at the moment of escape. This
means that the resultant velocity vector is not vertical to the
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homocentric cell surrounding the rotating disc and the
particles will not crush on it at an angle of 90 degrees. In order
to ensure that the particles leaving the disc will crush on a
surface vertical to the direction of their velocity, the inner side
of the surrounding cell is lined by blades of hard steel at an
angle of 45 degrees to the radius. Figures 1 and 2 give an
outside and inside view of the crusher.

Fig. 1. External view of the crusher

Fig. 2. Internal view of the crusher

III. CALCULATION OF THE KINETIC ENERGY

The radius of the disk is R, and two radial blades are fixed
diametrically on the disc surface and oblige any particle on its
surface to rotate at the same frequency N. Let a particle of
mass M be at a distance r from the centre of rotation. The
peripheral velocity V;, at this point it given by Eq. 1:

v,=2-7-r-N (1)

A centrifugal force Fc acts on the particle that is related to
its peripheral velocity according to Eq. 2:

m ~vp2
F.= " ()

The centrifugal force moves the particle to the perimeter
with the acceleration calculated by Newton’s law given by Eq.
3:

Fo=m-y, (3)
Substituting (1) and (2) into (3) one has Eq. 4:
2
ve=(2-m-N) -r 4
From the laws of motion, one has the relationship between
the centrifugal velocity V., the time t and the centrifugal
acceleration given by Eq. 5, as well as the relationship

between the centrifugal velocity, the time and the radius given
by Eq. 6:

dv, B )
at Ve

dar_, ©
at ¢

Equating and deleting dt from (5) and (6) one has Eq. 7:

dv, dr

Ve o Ve

OR Vv -dv,=y,-dr (7

Substituting (4) into (7) one has the differential Eq. 8 that
relates the centrifugal velocity to the radius, that is, the
distance from the centre of the rotation:

V,-dv, =(2-7-N)*-r-dr (8)
The integration of (8) is given by Eq. 9:
v.=2-7-N-r+C )

For r = 0 then v,=0 and consequently C =0

59



Material Science and Applied Chemistry

2013/28

At the moment when the particle escapes from the disc, r
=R and the centrifugal radial velocity is given by (10):

V.=2.7-R-N (10)

At the same moment, the peripheral velocity is given by
Eq.11 as being equal but vertical to the centrifugal velocity.

V,=2-7-R-N (11)

The vector sum of these two velocities is the actual
escaping velocity V that is calculated using Eq. 12:

2 2 2
Vo=V, "+V, (12)
Taking into consideration (10) and (11), the final velocity is

given by Eq. 13 and has a direction of 45° relative to the
radius of the disc at the moment of escape.

Fig. 3. Crystalline limestone

V=22.-7.R-N o V=+2.-7-D-N (13

where D is the disc diameter D=2R.
The kinetic energy E of a particle with velocity V is given

by Eq. 14:

1 2
E=—-m-V 14
> (14)

Substituting (13) into (15), the kinetic energy of the particle
at the escape point from the disc is given by Eq. 15:

E=m-(2-7-R-N)*> or E=m-(7z-D-N)* (15)

The specific energy e=E/m is then given by Eq. 16 and is
independent of the particle mass:

e=(2-7-R-N)* or e=(z-D-N)* (16

Applying the above formula to the case described in the
introduction one calculates that for the particular crusher, with
a disc of 500 mm in diameter, the frequency required to
achieve specific energy e = 3600 (J/kg) or the same 1
(kWh/ton) is 2293 rpm and is independent of the size of the
particle. This frequency is within the capacity of the machine
manufactured.

IV. MATERIALS USED

Three different rocks are used, namely: 1) crystalline
limestone from the operating quarry of Hordaki near Chania,
2) marly limestone from the area of Akrotiri near Chania and
3) serpentine from the area of Mantoudi on the Island of
Euboea, Greece. Mineralogical examination of the samples by
XRD gives the results presented in Table 1, while the
microscopic structure of the samples, which appears in
polished sections, is depicted in Figures 3 to 5, respectively.

Fig. 5. Serpentine

60



Material Science and Applied Chemistry

2013/28

Table 1
Minerals Identified in the Samples by XRD
i Marl
CW stalline . Ay Serpentine
limestone limestone
Main . . Lizardite
minerals Calcite Calcite Clinochrysotile
Minorit Dolomite
inority . L . .
minerals Dolomite Ah_npmlum Clinochlore Dolomite
silicates

Crystalline limestone appears to be homogeneous, while
marly limestone contains pores as well as inclusions of
impurities of silicate minerals. Serpentine is not homogeneous
and the particle is made of smaller crystals in the form of
islands surrounded by a more or less inhomogeneous binder
that appears to be weathered and weaker than the healthy
crystals.

V. TECHNICAL PROCEDURE

The material tested (about 30 kg each) was crushed to -
30mm using a laboratory jaw crusher. The material was then
classified into the following size fractions of very narrow size
range (16-22.4 mm), (8-11.2 mm), (4-5.6 mm), (2-2.8 mm)
and (1-1.4 mm). The geometric average size of each size
fraction was calculated to be (18.9 mm), (9.5 mm), (4.7 mm),
(2.4 mm) and (1.2 mm), respectively. Each size fraction was
crushed in the crusher at different rotation frequencies using 1
kg of the particular feed size fraction at a time. The
frequencies used and the corresponding specific energies are
presented in Table 2.

TABLE 2
EXPERIMENTAL FREQUENCIES AND CORRESPONDING SPECIFIC ENERGIES
rpm 750 1000 1500 2000 2500
e=J/kg 385 685 1541 2739 4279
e =kWh/ton 0.107 0.190 0.428 0.761 1.189

The crushed product of each test was collected and
classified in size fractions using the screens of 16, §, 4, 2, 1,
0.5, 0.25, 0.125 and 0.063 mm. The mass distribution of each
product is the cumulative mass % finer than the corresponding
screen and is plotted versus the screen size in the same figure
for all the specific energies used. From such a figure one may
see the effect of the specific energy on the size analysis of the
products.

The relative screen size was defined as the ratio of a
particular screen used for the product to the upper screen
corresponding to the feed fraction used. For example, for the
feed size of 16-22.4 mm, the corresponding relative screen
sizes used are (22.4/22.4=1), (16/22.4=0.714),
(8/22.4=0.357), (4/22.4=0.179) and so on, while for the feed
size 4-5.6 mm the corresponding relative screen sizes used are
(5.6/5.6=1), (4/5.6=0.714), (2/5.6=0.357), (1/5.6=0.179) etc.
According to this definition, the cumulative mass % passing of
a product derived from a known feed size, for which a
particular specific energy was used, was plotted versus the

relative size. In the same figure one can plot the cumulative
mass % passing for all the products derived from all feed sizes
used having the same specific energy. This kind of
presentation allows one to see the effect of the initial feed size
on the size analysis of the products under the same energy
impact.

Finally, in order to compare the three different kinds of
rocks used for the tests one can plot in the same figure the
cumulative mass% passing for each material using the same
feed size and the same specific energy.

VI. EXPERIMENTAL RESULTS

The cumulative mass % passing of the products, from the
same feed size, produced at different energy inputs is plotted
in the same figure versus the screen size. These figures show
the effect of energy on the product size. The relative size was
defined as the ratio of a screen size of the product to the
maximum screen size in the feed. In the next series of figures,
the cumulative mass % passing of the products, for the same
energy input, produced from different feed sizes is plotted in
the same figure versus the relative size. These figures show
the effect of feed size on the size of the product for the same
energy input.

A. Crystalline Limestone

The cumulative mass % passing a certain screen is plotted
in Figure 6 versus the screen size for the same feed size 16—
22.4 mm for different specific energies. Similar figures can be
plotted for all feed sizes used, but all of them will show the
same trend.

Crystalline limestone, 16-22,4 mm

®

5

E —4—385)/kg

a ——551/kg

2 —1541

B — :

2 2739 Jjig
—12/9 Jjkg

5

L]

Screensize mm

Fig. 6. Crystalline limestone, feed size of 16-22.4 mm, Source (K. Kiskira) [3]

This figure shows that for the same energy input the
cumulative mass passing a certain screen is reduced as the
screen size decreases. At the same time, one may notice that as
the specific energy input increases, the cumulative mass finer
increases for the same screen size indicating that the product
becomes finer.

Figure 7 presents the cumulative mass % passing of
crystalline limestone products produced under the same
energy impact from different feed sizes versus the relative
size.
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Crystalline limestone, 685 J/kg C. Serpentine
100 The results obtained for serpentine are illustrated in Figures 10
® and 11 and are very similar to the ones obtained from the two
e ——1-14mm samples of limestone already tested.
ﬁ fil) =f=2-2 8mm
: == 1-5.6mm
£ 40 . ——2112mm Serpentine 16-22.4 mm
r_::: e 16-22.4 mm 101 W
E 20
3
o . £ =0
on
i 0.1 1 g M —— 385 I/kg.
Relative size g " —8— 635 /kg
.g —&— 1541 1/kpg
% a0 .
Fig. 7. Crystalline limestone, specific energy of 685 (J/kg) Z | ——2729)/kg
o 0 - 279 (kg
This figure shows again that the cumulative mass of the o M
product of a particular feed size decreases as the relative size 01 1 10

decreases. It also shows that for the same energy input of 685
(J/kg) the cumulative mass passing a certain relative size
increases indicating that the coarser particles break faster than
the smaller ones.

B. Marly Limestone

The results corresponding to marly limestone are presented
in Figures 8 and 9.

Marly limestone 16-22,4 mm

100
X g0
g
]
2 &0 —+—385J/kg
o
C /)7//// —m—535 I/kg
'*_3 40 / ——1541J/kg
>
S —=273S/kg
S 20 1 "

——427S J/kg

Screensize mm

Fig. 8. Marly limestone, feed size of 16-22.4 mm

The results from marly limestone are similar to the ones
obtained from crystalline limestone, but at the moment it is not
easy to make quantitative comparisons. This is to be done in
the following paragraph.

Marly limestone 685 J/kg

=X
<]
c
‘?
@ —p—1-1 A mm
3
a = 7-2.8mm
>
= == 4-5.6mm
S
£ e §-11.2 MM
=1
© 4= 16-22.4mm

0.01 0.1 1

Relative size

Fig. 9. Marly limestone, specific energy of 685 (J/kg), Source (K. Kiskira) [3]
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Fig. 10. Serpentine of 1 —22.4 mm, Source, (A. Emejulu) [4]

Serpentine 685 J/kg
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Relative size

Fig. 11. Serpentine, specific energy of 685 (J/kg)

D. Comparison of the Materials

The data above show a similar behaviour of the three
materials tested. The feed size and the specific energy input
are the main factors affecting the size analysis of the products.
A comparison of the grindability of the minerals tested is
provided below in Figures 12, 13 and 14, where the test
conditions are the same for all three materials.

Feed size 16-22.4 mm, energy 1541 J/kg
/

50 //

40

20

100

80

—4—>5erpentine

== Marly limestone
==Crystal limestone

Cumulative passing %

0 - }
0.1 1 10
Screen size mm

Fig. 12. Comparison of the materials, energy of 1541 (J/kg), feed size of 16—
22.4 mm
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Figure 12 indicates the results at the energy input of 1541
(J/kg) and feed size of 16-22.4 mm. One may see that the two
tested qualities of limestone have almost the same behaviour,
while serpentine breaks faster at high size ranges. Figure 13
shows the corresponding results for the same energy input for
the feed size of 4-5.6 mm. Here again the two qualities of
limestone have almost the same behaviour, while serpentine is
more difficult to break at this feed size.

Feed size 4-5.6 mm, energy 1541 J/kg
100 r—
=
b
£
W
-] —#—Serpentine
o
g == Marly limestons
E Crystal limestone
=3
E
=1
5]
10
Screensize mm

Fig. 13. Comparison of the materials, energy 1541 (J/kg), feed size 4-5.6 mm

Feed size 1-1.4 mm, energy 1541 1/kg
100 Al

o |

=
g
@ ——Serpentine
& 60
= == Marly limestone
]
= -
‘g aQ / Crystal limestone
=]
=
=]
3 20
u =
0.01 0.1 1

Screensize mm

Fig. 14: Comparison of the materials, energy 1541 (J/kg), feed size 1-1.4 mm

These figures show that serpentine breaks easier at coarse
feed size, but it becomes harder than the other rocks at finer
sizes.

VII. DiSCUSSION AND CONCLUSIONS

The results presented above show a similar behaviour of all
three rocks tested, and it can be summarized as follows:

For a given feed size the product is finer as the specific
energy increases and this is supported by the results presented
in Figures 6, 8 and 10.

For the same specific energy the coarser feed sizes give
relatively finer material. This conclusion is possible by using
the concept of relative size and the results are presented in
Figures 7,9 and 11.

The comparison of the resistance to breakage or the
grindability of the three rocks is shown in Figures 12, 13 and
14, drawn for the same energy input and different feed sizes.
These figures show that the behaviour of the rocks differs
depending on the feed size. This is more apparent with

serpentine, which at coarse feed size breaks easier than the
other rocks tested, while at fine feed size it is much more
difficult to break. One could explain this particular behaviour
comparing the crystal structure of the rocks presented in
Figures 3, 4 and 5. The crystalline limestone is a
homogeneous material, while serpentine is not. The particles
are made of smaller crystals in the form of islands surrounded
by a more or less inhomogeneous binder that appears to be
weathered and weaker than the healthy crystals. The crystals
are harder than the weathered material that binds them
together. Consequently, the coarser particles break across the
soft binder, which is easier to break than the smaller healthy
crystal.

The conclusions made above are more or less qualitative,
but one could draw more quantitative ones providing a
different treatment of the same results presented in Figures 15,
16 and 17. Each size class of the feed material is presented by
its average size, see technical procedure above, and is
represented by a different curve in the same figure. Each
figure shows the percentage of the material of the feed fraction
that has been crushed and has passed to a lower size class as a
function of the energy input. From these figures one may read
the specific energy required to crush 50% of the initial feed
size to a lower size class. This energy is defined as the
breakage energy of the specific size class for one of the rocks
tested. The results obtained are presented in Table 3.

TABLE 3
ENERGY-SIZE RELATIONSHIP
Breakage specific energy, J/kg
Feed size, Crystalline Marly .

. . Serpentine
mm limestone limestone
1.2 1100 1500 4500
2.4 780 950 2200
4.7 500 450 1100
9.5 280 310 320
18.9 245 250 230

This table shows that the breakage energy decreases with
size ant the relationship is drawn in Figure 18 with a log-log
scale. The equations that describe the energy—size relationship
are presented in the same figure for each rock tested.

Crystalline limestone
100
T
.—-——'_"'-_F-_—-—__
% "’#fﬁ‘:f:_-—;—f—- =
ﬁ ///ﬁ —34
5 / S
5 so e, 47
® A=
% / 9.5
3 25 A —18.9
0
0 500 1000 1500 2000 2500
Specific energy J/kg

Fig. 15. Breakage of crystalline limestone
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; for future research is to study inhomogeneous materials, such
Marly limestone . . .
—-— as serpentine, and probably to find different equations that
apply to coarse and fine particles.
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Fig. 18. Energy—size relationship

The equations of the curves that present the energy-size
relationship clearly show that the exponent is neither (-1) or (-
0.5) as the corresponding theories of Rittinger [5] and Bond
[6] suggest, but it can vary as proposed by Charles [7] and
Stamboliadis et al. [8].

The final conclusion of this study may be that it presents a
centrifugal crusher that gives the possibility to control the
kinetic energy of particles, when they crush on a wall, and
from the size analysis of the feed and the product to draw a
conclusion about the breakage of the material used and to
study the energy—size relationship. A suggestion for further
study is to derive the mathematical model of the curves
presented in Figures 15 to 17 and to calculate the breakage
energy using the model to be proposed. A further suggestion
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kinétisko energiju

Energija, kas nepiecie$ama, lai sadrupinatu kalnu iezu dalinas, ir viens no svarigakajiem faktoriem mineralu parstradé. Darba autori
apraksta centrb&édzes drupinatdju, kas izveidots, lai mineralu dalinam piedotu kontrolgjamu kin&tisko energiju, pirms to sagrauSanas,
triecoties pret cietu virsmu, kas ir perpendikulara to kustibas virzienam.

Drupinatdja galvena detala ir rot&joss disks, kas paatrina dalinas un piedod tam nepiecieSamo ipatnéjo energiju, pirms tas atdalas no diska
un sadriip, triecoties pret preti eso$o sienu.

Saskana ar izstradato matematisko modeli, Tpatngja energija, kas tiek pievadita petamajam dalinam (energija uz masas vienibu), ir atkariga
no rot&josa diska diametra un frekvences, bet nav atkariga no dalinu izmé@ra. Veicot eksperimentus, izejmaterialu - kristaliska un mergelaina
kalkakmens, ka ar kalnu ieZa serpentina dazada izméra dalinam centrbédzes drupinatdja tika piedots paatrinajums, lai tas iegiitu atSkirigu
ipatngjo energiju.

Sadrupinatas dalinas tika frakcionétas péc to izm&riem. legiitie rezultati paradija, ka rupjakas dalinas sadriip vieglak, neka smalkas.
Savstarpgji salidzinot pétito kalnu iezu sadruptsp€ju, redzams, ka rupjakas erodeto kalnu iezu dalinas sadriip vieglak, bet tas var bt loti
izturigas pret triecienu, samazinoties lidz nelielu veselu kristalu izm@riem. Liclas, bet veselas kalkakmens dalipas ir izturigakas pret
sadrupSanu, neka erod€ta serpentina dalinas. Tom&r mazakas serpentina dalinas ir gratak sadrupinat, neka vienada izmé&ra kalkakmens
dalinas.

Jebkuram pétitajam materialam, to sadrupinot 1idz mazakai dalinu izméru klasei, atkariba no pieliktas Tpatn€jas energijas, var atrast
energiju, kas ir nepiecie$ama, lai sadrupinatu 50% dalinu no noteikta izméra klases. So energiju defing ka noteikta izméra dalinu klases
ipatngjo drupinasanas energiju. Likne, kuru veido ipatngja drupinaSanas energija, kas attiecinata pret konkrétas izméru klases vidgjo
izm@ru, parada energijas - izméru sakaribu, kas ir drupinasanas sp&jas vienadojums. Eksponenta skaitliskai veértibai $aja vienadojuma nav
jabtt vienadai ar (-1) vai (-0,5), ka tas tiek parasti pienemts. To apliecina ieprieksgja publikacija iegiitie dati par iezu drupinaSanu lozu
dzirnavas.

Turpinot pétijumus, ir jaizstrada matematiskais modelis, lai procentuali aprakstitu dalinu izm&ru klasi, kas, materialam sadriipot, veido
mazako izme&ru klasi, ka pieliktas ipatn&jas energijas funkciju. Parametri, kas tiks izmantoti $aja modeli, laus novértét dazadu kalnu iezu un
mineralu sadrupinasanas raksturlielumus.

umac Crambonuanuc, Iumurpuc Craméonunanuc, Kupuaku Kuckupa, Uyksyaybem Imd10ay. JpodieHue MUHepaJbHbIX YaCTHIL,
KOHTPOJHPYS HX KHHETHYECKYI0 JHePruio.

OHeprus, HeoOXoAUMas I pa3pyLIeHHs YacTHLl TOPHBIX ITOPOJ, SBJISETCA BaXHEHIINM (akTopoM B nepepaboTke MUHepasoB. B pabore
aBTOPHl ONHCHBAIOT LEHTPOOEXKHYIO IPOOHMIKY, pa3pabOTaHHYIO, YTOOBl MPUAATh MHHEPATBHBIM YacTHIAM KOHTPOIHPYEMYIO
KHHETHIECKYIO HEPTHIO, Iepe] UX pa3pyLIeHHEeM IIPH yaape O TBEPIYIO TOBEPXHOCTb, PACHONIOKEHHYIO IIEPIEHANKYIISIPHO HAPaBICHUIO
ux nBrkeHus. OCHOBHOH 0COOCHHOCTBIO APOOMIKH SIBIISICTCS KOHCTPYKIHS POTHUPYIOMIETO JHCKA, YCKOPSIOMIEr0 YaCTHIBI U NIPHUIAIONIET0
UM HEOOXOOUMYIO YIENbHYIO SHEpPrui0 Iepei TeM, KaKk OHH OTPHIBAIOTCS OT JAWCKAa W pa3pymIaroTcss B pe3ysbTaTe ynpapa o0
MIPOTUBOCTOSIYIO CTEHKY.

B cootBercTBHM ¢ pa3paboTaHHONW MaTeMaTH4eCKOW MOJENbBIO, YAelIbHAas SHEprus, NpHUIaHHAs HCIBITYeMHUM YacTUIaM (PHEprusi Ha
€IMHHILy MAacChl), 3aBUCUT OT AMAMETPa U YacTOThI BPAIEHHs IUCKA, HO HE 3aBHCUT OT Pa3MEPOB YACTHII.

HcxomupiMu oOpa3naMu KpPUCTAIMYECKOTO HM3BECTHSKA, MEPrelsl M CEpIaHTHHA PA3IHUYHBIX pa3MepoB OBUIO MPHIAHO YCKOpEHHE IS
MPUOOPETEHH YaCTULAMH Pa3IMYHON yICIbHON SHEPTHH.

PazapoGnennsie yacTump! 6bUH (HPAKIUPOBAHHBI B 3aBICUMOCTH OT pa3MepoB dacTwull. IloydeHHbIe pe3yabTaThl OKA3aIn, 9YTO KPyITHbIE
JacTUIBl Opo0sTcs serde, yeM Mmenkue. CpaBHEHHE CIIOCOOHOCTH HCHBITYEMBIX OOpasIlOB TOPHBEIX IMOPOJ pa3pylIaThCs IMOKa3ajo, YTo
KPYITHBIE YaCTHUIEI 9POIMPOBAHHBIX TOPHBIX MOPOJ pa3pymIaloTcs ObICTpee, HO OHU MOTYT OBITh OUCHb YJapOIPOYHBIMH MPU IMPHOINKEHIH
pa3MepoB 4YacThI] K MajbiM Oe3nedekTHeIM Kpuctamiam. Cnennduuecku Oonblive, HO Oe3le(eKTHbIE YaCTHIBI U3BECTHSKA SIBISIOTCS
OoJyiee TPOYHBIMHU, YeM SPOAMPOBAHHBIC CEPIAHTHHOBBIE YACTUIBI TOPHBIX Mopox. OJHAKO MeNKHe CepIaHTHHOBBIE YacTUIBI - Oojee
MIPOYHBIE, YEM YACTHI[Bl H3BECTHSIKA SKBUBAJICHTHBIX Pa3MEPOB.
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JIis BceX MCHBITYEMBIX MaTepPHANIOB, B 3aBUCHMOCTH OT NPUAAHHOH YIEIbHOH SHEPrHuu, pa3apoOJICHHBIX 10 Pa3MEpOB, COOTBETCTBYIOIINX
MelbyaiieMy Kiaccy, MOXKeT ObITbh HaiiieHa SHeprus, HeoOxoxumas st paszpymenus 50% yacTHil COOTBETCTBYIOLIEro Kiacca pa3mepa.
Ota sHeprus KiaccuuuUpyercs Kak yAesbHas SHEprus paspyLIeHHs YacTHI MaTepHaloB ONPEAEICHHOro Kiacca pa3MmepoB. Kpusag,
XapaKTepu3yollasi OTHOLICHHE yJeIbHON SHEPTUH Pa3pyIICHUS K CPeHEMY pa3Mepy 4acTHUIl ONpPeeIeHHOro Kilacca pa3MepoB, OTpaXaeT
B3aUMOCBSI3b MEXIy dHEprueil paspylieHHs U pa3MepaMH pa3IpoOJICHHBIX YAaCTHL, M ONpPEIEIACT MPOM3BOAUTEIBHOCTh LIEHTPOOSKHOIM
npobmikn. YuciieHHOe 3HaYeHHWE YKCIOHEHTH! YPaBHEHUS HE JOJDKHO OBITH paBHOH (-1) miu (-0.5) xak 3TO 0OBIKHOBEHHO MPHUHATO. JTO
MOATBEPKAaeTCA NpeAnayIeil paboTol, paccMaTpuBaloeil [pobieHre TOPHBIX TOPOJ B IIApOBOH MEIBHHUIIE.

B manbreiimeii pabore pexoMeHyercst pa3paboTaTh MaTeMaTHIECKYIO0 MOJIEINb, IPOIEHTYIFHO OTPaXKaIOIIyI0 KIIacChl pa3MepoB YacTHII,
pa3apoOIyHHBIX Ha 4acTHIBI 0ojee MEJIKUX KJIacCoB, Kak (YHKIHIO OT NPHUIAHHON yAeiabHOW sHepruu. [lapaMeTpsl, UCIIOIb30BaHHEIC B
9TOI MOJIeIH, TTO3BOJISAT OLICHUTH (P (PEKTUBHOCTH APOOJICHHS PAa3IMYHBIX TOPHBIX IOPOJ U MUHEPAJIOB.
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