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Purpose. To define conditions of replacing a single-frequency vibro-exciter with a dual-frequency one in the form
of a passive auto-balancer in the vibration machine with a translatory rectilinear motion of the box.

Methodology. Elements of the theory of vibration machines and classical mechanics for creation and the analysis
of mechanic-mathematical models of the basic and modernized machines are used.

Findings. Parameters of the modernized machine (with the dual-frequency vibro-exciter in the form of the passive
auto-balancer) are selected analytically at which the amplitude and frequency of slow vibrations of its box are equal to
the amplitude and forced oscillation frequency of the box of the basic machine (with the single-frequency inertial
vibro-exciter) with a translatory rectilinear motion of the box.

The results allow calculating parameters of resonant vibration machines with dual-frequency vibro-exciters in the

form of passive auto-balancers.

It is established that the frequency of slow vibrations of the modernized machine is influenced by a stiffness coef-
ficient of supports while the amplitude of these vibrations is influenced by a coeflicient of forces of viscous resistance

of the support.

Modernization of the screen of GIL 42 allowed reducing the total mass of the rotating parts of the vibro-exciter by

3.4 times.

Originality consists in definition of conditions of replacing the single-frequency inertial vibro-exciter in the vibra-
tion machine with translatory rectilinear motion of the box with the dual-frequency vibro-exciter in the form of the

passive auto-balancer.

Practical value consists in the possibility to design the new power efficient and high-performance vibration ma-
chines combining advantages of resonant and dual-frequency vibration machines.
Keywords: inertial vibro-exciter, dual-frequency vibro-exciter, unbalance, vibration machine, auto-balancer, screen

Introduction. Power efficient resonant vibration ma-
chines are the most perspective among vibration ma-
chines [1].

By means of the small drive, the resonant mode of
vibrations gives possibility to set in motion boxes of
screens, great in the area, with the minimum consump-
tions of energy [2].

Substantial increase in productivity of vibration ma-
chines is provided by using two and more frequency vi-
bro-exciters in them [3]. So, at vibrations of the box
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(platform, sieve, etc.) with lower frequency the main
technology process in the form of separation, boltings,
etc. is carried out. Vibrations with higher frequency pro-
vide self-cleaning of the box and change of mechanical
properties of the processed material that increases pro-
ductivity of the main technology process [4].

In work [5] influence of multi-frequency vibrations of
screen surfaces of vibrating screens with continuous distri-
bution of modes of frequency on efficiency of separation of
finely dispersed bulk materials is considered. Resistance of
multi-frequency vibrations to change of technology load-
ing and dynamic parameters of the screen is proved.
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In work [6] the possibility of forming the significant
polyharmonic vibrations by input of the vibration ma-
chine in the superharmonic resonance of the second
order is established.

The conducted stand research studies completely
confirmed availability of essential technology advantages
of crushing materials in the biharmonic field of vibrations
in comparison with traditional harmonic oscillation [7].

Industrial tests showed considerable advantages of
the screen with the biharmonic operating mode com-
pared to the screen with the harmonious mode [8].

The vibration equipment with the biharmonic mode
of vibrations allows receiving high technology rates and
can be applied to the broad range of fineness and quality
of coaly materials for the purpose of receiving commod-
ity products [9].

In work [10] the possibility of simultaneous oscillat-
ing, rotary and shock motion is considered. It is offered
to use the shock elements allowing one to receive an ad-
ditional impact on particles of the material which is dif-
ficult to yield to screening.

Therefore, creation of the vibration machines inte-
grating advantages of resonant and dual-frequency vi-
bration machines is topical. It will allow receiving power
efficient machines with the increased productivity.

The existing ways of excitation of dual-frequency vi-
brations do not allow arranging automatically the lowest
frequency under the resonance frequency of vibrations
of the box.

Analysis of the recent research. The authors offered
the effective way of excitation of dual-frequency vibra-
tions by means of passive auto-balancers. Their use is
based on the specific mode of motion of the rotor with
the auto-balancer (biharmonic one), arising at small re-
sistance forces to motion of corrective weights in rela-
tion to the rotor. In this mode the rotor rotates with the
above resonance frequency, and corrective weights in
the auto-balancer cannot catch up with it, practically
gather and rotate with the smallest resonance frequency
of vibrations of the rotor, rather than adapt to it.

For today, the theory of such vibro-exciters has not
been developed, there are no recommendations on de-
sign and calculation of general parameters of vibration
machines with vibro-exciters in the form of passive au-
to-balancers.

Unsolved aspects of the problem. In work [11] kinemat-
ic schemes of the modernized vibration machines are of-
fered and by means of 3D modeling it is established that
within a wide range of parameters of the machine, the
auto-balancer works as two separate independent vibro-
exciters. The first is formed by corrective weights. It creates
slow resonant vibrations of the box for performance of the
main technology process. The second vibro-exciter is
formed by unbalance mass on the auto-balancer housing.
It creates fast vibrations for performance of an auxiliary
process (cleaning of the working surface of the sieve, etc.).

The possibility of change of characteristics of dual-
frequency vibrations has been established by change of
total mass of corrective weights, unbalance mass on the
housing of the auto-balancer, and frequency of rotation
of the shaft on which the auto-balancer is mounted.
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Ranges of parameters which ensure occurrence of
dual-frequency vibrations are defined. Assumptions
concerning the origins of dual-frequency vibrations are
formulated [12].

According to results of 3D modeling, the stand at
which the box carries out translational vertical motions
is created. The conducted research studies confirmed
the possibility of use of the auto-balancer for excitation
of dual-frequency vibrations.

Unresolved are questions of selecting parameters of
the modernized machine with the dual-frequency vi-
bro-exciter. For this purpose it is necessary to formulate
a criterion of replacement of the single-frequency vibro-
exciter with a dual-frequency one, to construct Me-
chanics and Mathematics models of the basic and mod-
ernized machines, to investigate these models.

Objectives of the article. The article aims to define
conditions of replacing the single-frequency vibro-ex-
citer with a dual-frequency one in the form of the pas-
sive auto-balancer in the vibration machine with trans-
latory rectilinear motion of the box.

Presentation of the main research. Description of the
system. Let us consider the basic machine with the sin-
gle-frequency vibro-exciter (Fig. 1, a).

Vertical displacement of the box is determined by the
coordinate X. We designate stiffness coefficient of the sup-
port as C,. We designate coefficient of viscosity of the sup-
port as Hj,. The single-frequency vibro-exciter is used as
the source of vibrations. It consists of unbalance mass M,,
rotating at rotating speed of the rotor w,. Position of un-
balance mass M, is defined by radius r, = r and angle ®,.

In the modernized machine (Fig. 1, b), the dual-
frequency vibro-exciter is used. It consists of unbalance

mass D on the housing of the auto-balancer and cor-

rective weights of total mass M. We denote stiffness co-
efficient of the support as C and coeflicient of viscosity
of the support as H.

With the auto-balancer working as a vibro-exciter, its
corrector weights almost come together. Therefore, we
shall consider them as a single unit. Corrective weights
rotate with the lowest frequency of eigentones of the box
of the machine ®,,,. Their position is defined by radius

r,, and angle o,,.7. Unbalance mass D rotates at rotating
speed of the rotor o,. Its position is defined by radius r,;
and angle o,.

We believe that the exciters weight do not signifi-
cantly affect the total weight My of the box of basic or
modernized machine.

The parameters characterizing dynamics of the basic
and modernized machines are specified in Table 1.

Differential equation of motion of the modernized ma-
chine in the dimensional and dimensionless form. With
use of the theorem of motion of center of mass, it is pos-
sible to deduce the following differential equation of
translatory motion of the box (without gravity forces)

MzX +HX +CX = rmMcofez sinw,, 1+ rdf)cof sinw £, (1)

where points over the coordinate of X designate time de-
rivatives, and other designations are interpreted in Ta-
ble 1.

ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2017, N2 1



®I3BNKA TBEPAOTO TINA, 3BATAYEHHA KOPUCHUX KONAJNWNH

Thus, the dynamics of the modernized machines is
influenced by nine dimensional parameters

M, HCr, 1, M0, ,Do.

m’d’

b

Fig. 1. Scheme of the machine:
a — basic one; b — modernized one

Let us enter the new parameters (specified to the ra-
dius of r of mass of corrective weights and the unbalance
on the auto-balancer housing)

>

M=lmyr, p=lip 2)
r

r
Then the equation (1) will take the form
M X + HX +CX = (Mo}, sinw, t+ D sinw 7). (3)

For further simplification of the form, the differen-
tial equation of motion will be written as a dimension-
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Table 1
Machine parameters
Parameter\machine basic modernized
Stiffness coefficient of the support | C,, N/m C, N/m
Viscosity coefficient of the Hy,,Nc/m | H, Nc/m
support
Unbalance mass My, kg -
Machine box lump My, kg Ms, kg
Circular rotating speed of the Wp, TPS | Oz = O, IPS
unbalance/corrective weights
Circular rotating speed of — ®,, IPS
unbalance mass
Radius of rotation of the rp=r,m —
unbalance
Radius of rotation of unbalance — rg, M
mass
Distance from the longitudinal — Ty M
axis of the rotor to the center of
mass of the corrective weight
Unbalance mass — D, kg
Total mass of corrective weights — M, kg

less form. Let us enter characteristic scales: /* — for dis-
tance; t* — for time. Let us enter new dimensionless
variables: & — distance; T — time. Then

* *

X=I¢ t=t1 X:i—*ﬁ’; X:i—f,’, (4)
where the stroke behind value means the derivative on
dimensionless time.

*2

t
Substituting (4) in (3), after multiplication by —,

M,
we will deduce
, Ht _, Ct?
TR AT
z z (5)
=L ﬁwfe sin(o, t*r)+£mft*2 sin(w, 1) |-
r\M, o <M,

Let us choose characteristic scales for the purpose of
the maximum simplification of the form of differential
equation of motion. Let

=== [ =r—a’ 17
C M,
(6)
rm o, ., r M,
- t =1, T=—2 = |
M, I Mot

Then the equation (5) will take the form

.. D’ .
7 & +&=sin(0, 1 1) +——rsin(0 7). (7)

m\/MZC Mo,
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In the vibro-exciter formed by corrective weights the
latter ones get stuck at the resonance frequency of vibra-
tions of the box. Therefore, with small forces of viscous
resistance in support

O = |—=—0; xt'=—. (8)

Substituting (8) in (7) we finally deduce such differ-
ential equation of motion of the machine in the dimen-
sionless form

E” +2hE +& =sinT+dn’sinn, 9)
where such dimensionless parameters are entered
~ 1 H o ~ D
2 mC ®,; M

Thus, the dynamics of the machine is influenced by
three significantly different dimensionless parameters:

h characterizes resistance forces in supports; n charac-
terizes the ratio of the frequencies excited by the vibro-

exciter; d specifies the ratio of unbalance masses.

The similarity theory allows suggesting that dual-
frequency vibrations will only occur within a certain
range of the dimensionless parameters.

Steady state motion of the modernized machine. Direct
substitution can verify that a particular solution of the
differential equation (9), corresponding to the steady
state motion of the machine, is the sum of two such
components

(=8, (D+E (1), (11)
where
COST .
€. (D)= Y (12)
dn’® . .
£ (1)=- [(n* =D)sinnt+2hncosnt]. (13)

(n* =1’ +4n’n’

The component (12) describes slow vibrations of the
box with natural resonance frequency. The component
(13) describes fast vibrations of the box with rotating
speed of the rotor.

In a dimensional form, the steady state motion of the
machine (11) has the form

. Mro
X(=IE ()= —T’“cos((o -

rez
Dro’(M,o’ -C)
H'o!+(M,0’-C)
DrH®’ cos(o 1)
CH’o? +(M,0 —C)*

sin(w, 1) - (14)

In case of small forces of viscous resistance in sup-
ports, H is relatively small and the law of biharmonic
vibrations (14) can be presented approximately in the
form
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Mro Drey’
X(1)= —Tmcos(m t)—%sin(mrt) =

rez M (,Or_C

~ T (15)
_ MO0, cos(o 1) Dryo, sin( 7)
- H rez M (,02 _ r/”

5

It follows from formulas (14, 15) that amplitude of
slow vibrations of the box is directly proportional to the

total unbalance of corrective weights Mrm, and ampli-
tude of fast vibrations of the box is directly proportional

to the unbalance Dr, on the auto-balancer housing.

Differential equation of motion of the basic machine in
the dimensional and dimensionless forms. Using the the-
orem of motion of center of mass, it is possible to receive
the differential equation of motion of the box of the ba-
sic machine in the dimensional form

M X +HX+CX=rMo;sin(,).  (16)

For reduction of this equation to the dimensionless
form we use the same dimensionless variable & from (4)
and the same scales (6) for distance and time.

Substituting (4) in (16), after multiplication by

*2
—, we will deduce
M

z

Ht ey C,t”? - 17rM,o; sin(w,1 1)
M M '

E_,” + _
z Xz MEI

17)
As © = ®,,,, from (8) we will deduce

" =1/o, (18)

Let us transform the equation (17). In its left part we
substitute (18), we deduce

H, C
gl
Mo, M o,

Let us introduce into consideration the resonance
frequency of vibrations of the box of the basic machine

o, =4/C,/M,. (19)

In the right-hand side of equation (17) we substitute
(6), (18), we deduce
2
rM—”m”%sin T= &sin T.
Mo, rM M
Finally we deduce such differential equation of mo-
tion of the machine in the dimensionless form

1 .
&"+2u§’+F§ =msinT, (20)
where the following dimensionless parameters are entered
H M
p=t o O, My 1)
2M oo, , M

Thus, the dynamics of the basic machine is influ-
enced by three dimensionless parameters: p character-
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izes resistance forces in support; k specifies ratio of fre-
quencies; m characterizes ratio of masses.

Differential equations of motion (9) and (20) describe
motions of the box, respectively, of the modernized and
basic machines in identical scales of distances and time.

Steady-state motion of the basic machine. Direct sub-
stitution can verify that a particular solution of the dif-
ferential equation (20), corresponding to the steady state
motion of the machine, has the form

mk*[(k* —1)sinT +2uk’ cos1]

{:ﬂb(’c): (kz _1)2 +4u2k4 (22)
Let us enter parameters
A=(k*=1)>+4p2k*,
-1 . 2uk?
cosP = T ; sinf= jZ , (23)

where B is an oscillation phase. Then the law of vibra-
tions (22), after transformations, takes the form

mk?

E,(1)=- \/Z sin(t+p). (24)

In the dimensional form, the law of vibrations (22)
has the form

Mbru)z
Ab
X[(M, o, —C,)sin(o,t)+ H,0, cos(®,1)].

X,(1)=-

X

In the dimensional form the law of vibrations (24)
has the form

2
X, ()= —msm(mbt +B), (25)

Ja,
where
A, =(M,0;-C,)’+H, w;;
Zwi _Cb Hb(l)b . (26)

Ja Jo

At small resistance forces in supports, H, is relatively
small and the law of motion (25) takes the form

cosP = ; sinf=

Mre? .
Xb(t) = —msm(wbt). (27)

Selection of parameters of the modernized machine.
A criterion is proposed according to which the modern-
ized machine is to perform the basic process just as the
basic machine does. For this purpose slow vibrations of
the box in the modernized machine have to correspond
to forced oscillations of the box of the basic machine,
both in frequency and in amplitude.

We define stiffness coefficient of supports C of the
modernized machine from the condition that the fre-
quency of slow vibrations of its box ®,,, equals to frequen-
cy o, of forced oscillations of the box of the basic machine
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From this condition we find
C= ij 5 (28)

In the basic machine the forced oscillation frequency
of the box of the machine is less than the frequency of its
eigentones (o, < w,). Therefore, rigidity of supports of the
modernized machine becomes less than in basic (C < Cp).

For further selection of parameters of the modernized
machine we use the condition that the amplitude of slow
vibrations of the box of the modernized machine has to
equal to amplitude of forced oscillations of the box of
the basic machine.

Let us equate amplitudes in laws of vibrations (14)
and (25)

2
Mro,, _ M, ro,

H \/AT, '

From where, taking into account that o,,, = ®,, we

find
M
H= VA, 2
Mo, b (29)

which is the exact formula for definition of coefficient of
viscosity of supports.

As H, = 0, it is offered to determine H by the ap-
proximate formula

H:

(M0, ~C,). (30)
bwb

Thus, the frequency of slow vibrations of the mod-
ernized machine is regulated by selection of stiffness co-
efficient of supports C, and the amplitude is regulated by
selection of coefficient of forces of viscous resistance H.

It is essential that the selected coefficients of stiffness
and viscosity of the modernized machine supports do
not depend on the rotor speed. Therefore, there is a pos-
sibility of change of this frequency without influencing
slow vibrations of the box.

Example of calculations. GIL-42 screen is modern-
ized.

Parameters of the basic machine are:

My =2300 kg; M, = 125 kg; C, =45 - 10° N/m; o, =
=161ps; r,=r=0.2 m.

Parameters of the modernized machine.

Parameters whose value is defined by parameters of
the basic machine are:

My =2300 kg; ®,,, = 16 1ps.

Parameters whose value can be changed are:

M=30kg; D=7kg; r=0.15m; ®p> 16 ps.

These values are within the range of parameters (at a
distance from its boundaries), which ensures that dual-
frequency vibrations occur [9]. Therefore, these param-
eters can be varied within certain limits.

At first we define stiffness coefficient of supports, N/m.

C=wlM,; C=(16-2-3.14) -2300=23.24-10".

65




®I3NKA TBEPAOTO TINA, 3BBATAYEHHA KOPUCHUX KONAJINH

Having the coefficient of stiffness of supports C we
can define coefficient of viscosity of supports H by the
approximate formula (30), N - s/m

~30-[2300-(16-2-7)> —45-10°]

=51.94-10".
125-(16-2-m)

H

Let us notice that modernization of the machine al-
lowed reducing the total mass of the rotating parts of the
vibro-exciter by 3.4 times.

The law of motion of the box of the basic machine
(27), m

125-0.15-(16-2- 1) 2
2300-(16-2-)> —45 000 000
=-8.7-107sin(100.53-7).

X, (0= sin(16-2-1-1) =

The law of motion of the box of the modernized ma-
chine (15), m

30-0.15-16-2 1

5194000

7-0.15- (o, 2-m)’

- 2300-(o, -2-m)* —23240000

=-8.7-10"cos(100.53 1) —

1.96-107° -wf

o

X(t)=- cos(16-2-w-t)—

sin(w,-2-m-1) =

sin(6.28- 7).

As can be seen from the last two equations, the slow
vibrations of the box of the modernized machine coin-
cide with the vibrations of the box of the basic machine.
From the last equation it is seen that the fast vibrations of
the box of the modernized machine can be changed dur-
ing operation of the machine by changing the rotor speed.

Conclusions and recommendations for further re-
search. The criterion of replacing the single-frequency
vibro-exciter with a dual-frequency one is formulated.
According to the criterion the modernized machine is to
perform the main process as the basic machine does. For
that reason, the slow vibrations of the box of modernized
machine are to correspond to the vibrations of the box of
the basic machine both in amplitude and in frequency.

The simplified Mechanics and Mathematics models of
the basic and modernized machines allow determining pa-
rameters of the modernized machine which provide this.

It is established that:

- the amplitude of slow vibrations of the box is di-
rectly proportional to the total unbalance of corrective
weights Mrm, while the amplitude of fast vibrations is
directly proportional to the unbalance Dr, on the auto-
balancer housing;

- frequency of slow vibrations of the modernized
machine is regulated by selection of stiffness coefficient
of supports C, whereas the amplitude is regulated by se-
lection of coefficient of forces of viscous resistance of
supports H.

Modernization of the screen of GIL 42 allowed re-
ducing the total mass of the rotating parts of the vibro-
exciter by 3.4 times.
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The received findings allow calculating parameters
of resonant vibration machines with dual-frequency vi-
bro-exciters in the form of passive auto-balancers.

In the further research it is planned to construct a
precise mechanics and mathematical model of the mod-
ernized machine to search ranges in the space of dimen-
sionless parameters, providing excitation of dual-fre-
quency vibrations.
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Merta. Bu3HauuTh yMOBU 3aMiHU OJTHOYACTOTHOI'O
BiOpO30yaHMKA HA JBOYACTOTHUI Yy BUTJISAI TTACUBHO-
ro aBrobajaHcupa y BiOpoOMalllMHi 3 MPSIMOJIHITHUM
MOCTYyNaJIbHUM PYXOM KOpoOa.

Metoauka. BuxkopucTtaHHsS eeMeHTIB Teopil Bi-
OpoMalllMH i TEOPETUYHOI MEeXaHiKU JIJisl CTBOPEHHS i
aHaJizy MexaHiko-MaTeMaTUYHUX Mopeeit 60a30Boi Ta
MOJIEpHi30BaHO1 MalLIUH.

Pe3ynbTaTu. AHATITUYHO MiAiOpaHi mapamMeTpu Mo-
IIEPHiI30BaHOI MaIIMHM (i3 TBOYACTOTHUM BiOpO30YII-
HUKOM Y BUTJISII TTACUBHOTO aBTOOAJIaHCHpa), 3a SKUX
aMILTiTyga i yacToTa MOBUILHUX KOJMBaHb 11 KopoOa
PIBHSIETbCS aMIUIITYII W 4YacTOTI BUMYILIEHUX KOJHW-
BaHb KopobOa 0a30BOi MalIMHU (3 OJXHOYACTOTHUM
iHepLiAHUM BiOPO30YIHUKOM) i3 MPSAMOJIHIAHUM IO~
CTYMaJIbHUM PYXOM KOpoo0a.

OTpuMaHi pe3yJbTaT 103BOJISIIOTh PO3PAXOBYBATU
MapaMeTpy Pe30HAHCHUX BiOpOMAIIMH i3 TBOYACTOT-
HUMMU BiOpO3OyTHUKAMU Y BUTJISIII MACUBHUX aBTOOA-
JIAHCHUPIB.

YcTaHOBIIEHO, IIIO Ha 9aCTOTY MOBITbHUX KOJIMBAaHb
MOJIEPHI30BaHOI MallIMHU BIUIMBAE KOeilliEHT XKOp-
CTKOCTi OMNOp, a Ha aMIUNTyny — Koe(illi€HT CHII
B’SI3KOTO OTIOPY.

Monepnizauist rpoxoty 'l 42 mo3Bonuiaa 3MeH-
IIUTU CyMapHYy Macy 00epTOBUX YaCTUH BiOPO30yIHM-
Kay 3, 4 pa3u.

HayxoBa noBusna. [lossirae y BU3HaueHHi YMOB 3aMi-
HU 3BMYAITHOTO iHepLiliHOro BiOpo30yaHMKa Y BiOpoMa-
LIWHI 3 TPSAMOJIIHIMHUM TTOCTyTNaJbHUM PYXOM KOpobOa
Ha IBOYACTOTHUI Y BUIJISII TACUBHOTO aBTOOAIAHCUPA.

IIpakTnyna 3HaummicTh. [losisirae B MOXJIMBOCTI
IIPOEKTYBaHHSI HOBUX €HEProeMEKTUBHUX i BUCOKO-
NPOAYKTUBHUX BiOpOMAIIMH, 110 MOEIHYIOTh y CcO0i
rnepeBaru pe30HAHCHUX 1 JABOYAaCTOTHMUX BiOpoma-
IIVH.

Kmouosi cinoBa: inepyiiinuii 6iopo36yonux, deouac-
momHuuil 8iopo306ydHuK, debarawnc, gibpomawiuna, agmo-
banawncup, epoxom

Hens. OnpeneanTsb yCaoBUSI 3aMeHbl OJHOYACTOT-
HOTO BUOpPOBO30OYIMTENS] HAa IBYXYACTOTHBIM B BHIE
TIACCUBHOTO aBTOOAJIaHCHpa B BUOpPOMAIIMHE C TIpS-
MOJIMHEHHBIM MOCTYIIATEIbHBIM ABIKEHIEM KOpOOa.

MeTtoauka. Vcrionb3yroTCsT 3JIeMEHTHI TEOPUH BU-
OpOMAIIMH U TEOPETUYECKON MEXaHUKU It CO3AaHMUs
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®I3NKA TBEPAOTO TINA, 3BBATAYEHHA KOPUCHUX KONAJINH

¥ aHAJIN3a MEXaHNKO-MaTeMaTUICCKIX MoIesieii 0a30-
BOW U MOJIEPHU30BAHHON MAllIVH.

Pe3syabraTbl. AHaIUTHYECKU TTOAOOpaHbI Mapame-
TPbl MOIECPHU3UPOBAHHON MAIIMHBI (C JBYXYacTOT-
HBIM BUOPOBO30yIUTENIeM B BUIE MTACCUBHOTO aBTOOA-
JJaHCHpa), MPU KOTOPBIX aMIUIUTYyAa M 4acToTa Mel-
JICHHBIX KOoJileOaHUl1 ee KOopoba paBHSIETCS aMIUIUTYIE
U 4acTOTe BbIHYXACHHBIX KOJebaHUil Kopoba 6a30B0i
MallMHbI (C OJHOYACTOTHBIM MHEPLIMOHHBIM BUOPO-
BO30yIUTENEM) C TIPSIMOJUHEHHBIM MOCTYIATeIbHbBIM
JNBUXKEHHUEM Kopoba.

[TomyueHHBIC pe3yabTaThl ITO3BOJSIOT PACCUUTHI-
BaTh MapaMeTPhl pe30HAHCHBIX BUOPOMAIINH C IBYX-
YaCTOTHBIMU BUOPOBO3OYIUTEIISIMU B BUIIE TTACCUBHBIX
aBTO0AJIAHCUPOB.

YcraHOBIEHO, YTO HA YaCTOTY MeJJICHHBIX KoJie0a-
HUI MOIEPHU3UPOBAHHON MaIlIMHbBI BIUSET KO3 du-
LIMEHT XECTKOCTU OIOp, a Ha aMILIUTYIy 9TUX KoJieba-
HUI BAusieT — KO3GhdUIIMEHT CUJI BI3KOTO COMPOTUB-
JIEHUsI OTop.
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Monepausamus rtpoxota I['WMJI 42 mo3Boamia
YMEHBIIUTh CyMMapHYIO MacCy BpaIlaloIINXCs YacTeit
BUOpPOBO3OynuTENs B 3,4 pasa.

Hayunas noBuzna. CocTOUT B OIpeneeHnu ycio-
BMU 3aMEHbI OJIHOYACTOTHOIO MHEPLUOHHOTO BUOPO-
BO30yaUTEJISI B BUOPOMAILIMHE C TIPSIMOJIUHEIHBIM TT0-
CTyIaTeJIbHBbIM JBVMKEHUEM KOpPOoOa Ha ABYX4YaCTOTHBIN
BUOPOBO30OYIMTENb B BUAE IMACCMBHOIO aBTOOAaH-
cupa.

IIpakTyeckas 3HaYUMOCTb. COCTOUT B BO3MOXHO-
CTU TIPOEKTUPOBAHUSI HOBBIX 3HEProd(pdOEeKTUBHBIX 1
BBICOKOTIPOM3BOIUTEILHBIX BUOPOMAIIINH, COBMEIIIa-
IOIINX B ce0e MPEenMyIIecTBa Pe30HAHCHBIX U ABYyX4Ya-
CTOTHBIX BUOPOMAIIIVH.

KimoueBble cioBa: unepyuontblii 8u6po6030y0umens,
deyxuacmomHulii 8ubpo8o3dydumens, debarauc, eubpo-
Mawuna, agmobaiancup, epoxom

Pekxomendosano 0o nybaikauii dokm. mexH. HAyK
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