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LLIeHUs SIBJISIETCSI afanTalusl K CUucTeMe YIpaBJeHUs
3JIEKTPOMEXaHUYECKOUN CUCTEMOIA.

IIpakTyeckasi 3HayMMoCThb. [TapanenbHbIii poooT,
COCTOSILIMI U3 TPEX PhIYAroB, MPUCOEAUHEHHBIX C TO-
MOIIbIO KapJAHHbBIX LIAPHUPOB K OCHOBAHUIO, SIBJISIET-
cs1 Hanboree 3(pheKTUBHBIM, KOTIa HEOOXOIMMO OBICTPO
OCYILIECTBJISITh IEPEMELLICHUE T10 CJIOKHOM WX IIPOCTOM
TPaeKTOpUU, OTHOBPEMEHHO U3MEHSISI KOOPAMHATHI X,
Y U Z. OTOT haKT AenaeT aKTyaJabHOM 3am1auy pa3padoT-
KM aJIrOpUTMa MOJYYEHUSI MATEMATUUYECKUX BbIPpAXE-
HUK 111 OMHOBPEMEHHOTIO YNPAaBJIECHUS 3JEKTPOIBU-
rarejisiMM fieJisTa-podora. [TomydyeHHbIe MaTeMaTUYECKUe
BbIpaXKeHUsI TSI TIPSIMOM U 0OpaTHOM 3a1a4 KWHEMaTH-
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Purpose. To construct and analyze electromechanical system model for hydrotransport used at factories, that will
be able to take into account changes related to equipment wear, and also produce the accumulation of technical changes
caused by the exploitation of the pipeline system.

Methodology. The dynamic model of the electromechanical system of hydrotransport is developed on the basis of
data about physical parameters of hydrotransport systems, received empirically. It is based on the methods for identi-
fication of dynamic systems in the form of differential equations for elements of the inside-factory hydraulic transport
technological object.

Findings. A model of the electromechanical system of hydrotransport is developed. Verifications of homogeneity
by the Fisher’s and Bartlett’s criteria showed the homogeneity of the estimates of the variance of reproducibility. For
the Fisher’s criterion rating was 2.59; for the Bartlett’s criterion verification showed that the coefficient is significant
at the level less than 0.02, and this is indicating the reliability of the calculation of the correlation matrix.

Originality. For the first time a model for systems of the hydraulic transport, based on the Jeffcott’s multi-mass
rotor models, was applied. While modelling, wear of equipment in process is taken into account.

Practical value. Efficiency of usage of Jeffcott’s multi-mass rotor models based model, has been proven. It allows
describing the behavior of an object in specific technological regimes reliably and improves efficiency of the pro-
cesses.

Keywords: dynamic modeling, Jeffcott’s rotor, multi-mass model, hydrotransport

© Udovyk I. M., Simonenko A. 1., Zhukova O.A., Prykhodchenko S. D., 2018

112 ISSN 2071-2227, HaykoBun BicHuKk HI'Y, 2018, N2 1




IHOOPMALIWHI TEXHONOTII, CUCTEMHUN AHANI3 TA KEPYBAHHSA

Introduction. The share of mining and metallurgical
production in Ukraine in 2010 accounted for 22.8 % of
all electricity consumed in the country. At the same time
from 40 to 70 % of the cost of mineral processing is spent
on the transport systems used at enterprises of mining in-
dustry. That is why the problem of reducing energy con-
sumption on the hydrotransportation of materials inside
enterprises is one of the most important tasks of modern
mining and processing complex and Ukraine in general.

Monitoring of performance characteristics of slurry
pumps, which are widely used for ore beneficiation, can
give from 9 to 21 % of power consumption save, where the
upper limit depends on structural improvements, and the
lower one depends on timely and full servicing of pumps.
Foregoing information shows, that the urgent task is to
develop integrated methods for control and diagnostics
of the hydraulic system.

Analysis of the recent research and publications. From
the work [1] we can conclude that the results of hydro-
transportation systems vibro-diagnostics are able to de-
tect most emergency and pre-emergency conditions of
hydrotransport, used at factories. However, vibro-diag-
nostic systems are often not included in Automatic Tech-
nique Processes Control Systems neither as inside-fac-
tory hydraulic transport nor as enterprise ACS because
of their low reliability, and need for further development
of the main technological equipment, for installation of
transducers, bad operating conditions, latest [2]. But near-
ly all modern control systems contain sensors that con-
trol basic electrical stats, such as: current consumption,
the voltage, and power consumption [1, 2]. Therefore, it
was decided that it would be better to construct the min-
ing and processing enterprise hydrotransportation diag-
nostic system, based on data from sensors which are al-
ready installed in the process control system of mining
and processing enterprises.

Moreover, preliminary research studies [1] showed
that the availability of information about the mechanical
parameters of hydrotransport system and spectrogram
of instantaneous active power, which is consumed, give
an idea of the current vibrating activity of inside-factory
hydraulic system. This allows using research in the field of
vibro-diagnostic results, for the diagnosis of inside-factory
hydrotransport system (IFHTS) according to the stats of
the instantaneous active power consumption spectrum of
slurry pump drive motor.

The analysis showed that most of the models are ei-
ther based on empirical data and are poorly applicable
for constructing ACS of hydrotransport system with dif-
ferent material components and the geometry of pipes,
or do not take into account the processes of wear and
pre-crash situation the control of which is particularly
important for the current diagnosis [3—5].

Objectives of the article. Thus, the goal of this re-
search is to build models of Electromechanical systems
for inside-factory hydrotransport applicable for the anal-
ysis of technological processes of hydrotransportation,
that can take into account changes as a result of equip-
ment wear and the accumulation of technical changes,
caused by the operation of the pipeline system.
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Methods. For models of electromechanical inside-
factory hydrotransport system building identification me-
thods of dynamic systems in the form of differential equa-
tions for elements of the inside-factory hydraulic trans-
port as a technological object will be used.

Presentation of the main research and explanation of
scientific results. Operational diagnostics of hydrotrans-
port systems allows determining the type of the defect
occurring and the amount of repair work needed for its
elimination before the onset of the emergency and pre-
emergency status of the system. It is desirable to include
estimates of the pre-repair and post-repair conditions in
process of diagnosis of hydrotransport system.

It is advisable to monitor the oscillations, produced
by the system, for condition control of hydrotransport
system. As shown in [1], such variations have a propor-
tional influence on the consumption of system energy,
which allows you to replace the process of vibro-diag-
nostics of hydrotransport system with the process of en-
ergy diagnostics. The identification of such fluctuations
should be done comprehensively and not only for discrete
components, but for the entire spectrum of vibrations in
general, due to the ambiguity of stochastic relations be-
tween the technological parameters.

The basic premise of electromechanical unit energy
diagnostics technologies is the scope of development and
practical implementation of methods for isolation and
estimation of informative parameters of the technical con-
dition of the diagnosed object on the characteristics of en-
ergy consumption of the facility.

Vibrations are caused by disturbing forces which arise
when machines work. The sources of vibrations can be
either elements reciprocating motions, or unbalanced mass-
es, such as rotors of electrical machines, shafts and bear-
ings, rotations as well as rotation of any elements of the
mechanism, in which imbalance, wear and tear can ap-
pear due to inaccuracies of manufacture or constructive
features of the machine. Frequency of the forced hydro-
transport system oscillations is determined by the fre-
quency of disturbing force. If disturbing force occurs
due to rotation of an unbalanced mass with angle veloc-
ity o, then frequency of forced oscillations is equal to ®,
while the vibrational displacement of the unit is changed
by the harmonic law y = u(?)-sin(ft) where y is displace-
ment of unit, m; u(?) is the amplitude of displacement,
m; t is time, sec; f is forced oscillation frequency, Hz.
The physical basis of energy diagnostics method is the
law of energy conservation. Conducted simulation mod-
eling excluding the nonlinear characteristics of interac-
tion showed 98.2 % correlation between the results of
vibro-diagnostics and energy diagnostics, which suggests
the possibility of using energy diagnostics, based on pre-
vious research results in the field of vibration diagnostics.

Based on the work of [1, 2, 5], we will take jet slurry
pump, the dynamic model proposed in [1], which was gi-
ven the parameters of the engine SAM315S54, that has been
used at 2 EP Poltava GOK, as a primary hydrotranspor-
tation system host.

Structural diagram of a simulation model, implement-
ed according to [6] gives the opportunity to consider pro-
cesses with the greatest approximation to the real AD,
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which is useful in research of static and dynamic mo-
des, Fig. 1.

Typical single hydrotransport system consists of re-
ceivers and pressure tanks with necessary valves, pipe-
lines, slurry pump (EE), an electric motor, the system of
measuring instruments and devices required to fill slurry
pump with liquid before start-up. In addition, hydrotrans-
port system elements list includes such components as:
starting device of motor, slurry pump and assemblies of
automatic control SP and inside-factory hydrotransport
system (IFHTS) in general. The structure of isolated sin-
gle inside-factory hydrotransport system is shown in Fig. 2.
In terms of mining and processing, the inside-factory hy-
drotransportation system consists of sequential and par-
allel single systems.

Based on the results of Jeffcott-Laval’s [2, 7] multi-
mass rotor systems research studies as well as above said,
it is possible to present Fig. 3 as a mechanical component.
Then the total electro-mechanical circuit can be repre-
sented as Fig. 4.

As shown in [2, 3], the condition of slurry pump im-
peller may be represented in Jeffcott-Laval’s form of ro-
tor. This model involves the elastic deflection of unit ro-
tating element from the axis of rotation, which allows mak-
ing simulation of wear in process. Extrapolating this re-
search to all rotating elements IFHTS, in the form of a ro-
tating mass with changing in process of wear, eccentricity,

+) X
U, 1/r, 1/a, V0a
=i p(Va)+1 S
) ©—, 10
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O
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Fig. 1. Structural diagram of a simulation model of AD in
stationary coordinate system

Fig. 2. Structure of elementary hydrotransport system:
1— receiving tank; 2 — intake grid, 3 — receiving valve; 4 —
suction pipe; 5 — mounting damper; 6 — vacuum gauge;
7— pump. 8§ — electric motor; 9 — pressure gauge; 10 —
control flap; 11 — check valve; 12— flow meter; 13 — pres-
sure pipe; 14 — receiving tank
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can give an ability to model all the rotating elements of
hydraulic system mining and processing enterprise, i.e.,
it is acceptable to assume a slurry pump as Jeffcott-La-
val’s multi-mass rotors system.

To confirm this thesis, simulations, which were made
in Matlab, were designed in stages to test the parts of the
IFHTS model. So, at the first stage, IFHTS management
is to limit the critical speed of rotation. Then undamped
critical speed and the relative damping will be expressed
as follows [4]

kc
®, =4]—;
m

E=——:
2k-m

m_ -r
g=_U u’

m

where m is the rotor mass; ¢ is the coefficient of damping;
k is the stiffness coefficient; m,, is the unbalanced mass; 7, is
the distance from the disk center to the center of mass; ® is
the speed rotation; j = %/—_1 ; tis the time variable.

The first stage of constructing a model based on a Jeff-
cott-Laval’s rotor system, was the construction and mod-
eling of single-mass model, that simulates the rotor of the
drive motor SAM315S4 with deflection (Fig. 5), which is
the first element of the system.

Relying on technological parameters of the mecha-
nism, for slurry pump model 5-Grk8 we assume that the
rotor mass = 450 kg, unbalanced mass = 100 kg, , = 0.01,
£ =100%*0.01/450 = 0.002222 and ¢ = 562, m =450, k =

281250, o, =, /% =25, reaction of the rotor is defined
as equation (1).

€ -

IG(s) = (1)

$2+2-5-E0, + 0

The analysis of rotor model transition function graph
revealed that the system response has the character of dam-
ped oscillations, with the transition to the constant vibra-
tion activity, as expected when damping coefficient = 0.03.

For submission of the slurry pump in Jeffcott-La-
val’s rotors form it is believed that every moving element
of the mechanism is represented in the form of Jeffcott-
Laval’s rotor, connected to the adjacent elements of the
elastic connection (Fig. 6). Then slurry pump model block
diagram expressed in the form of multi-mass rotors sys-
tem, excluding drive motor shaft, can be represented as the
circuit shown in Fig. 7.

The mathematical description of the pressure-flow cha-
racteristics of the pump is written in the following form [8]

H=hy-o*+b-0-r,-¢*, )
where 4 is the corrected pressure of the idling pump; b

is the coefficient characterizing the linear relationship be-
tween pressure and pump flow; 7, is the coefficient char-
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w1 - Density of the pulp
w2 - The size of solid

w4 - Length of the inlet

w7 - Worn seals
w8 - Wear of bearing rollers
w9 - Presence of air
w10 - Level of silting
w11 - Level of cavitation, tearing and
vortex formation
w12 - Bearing wear
w13 - Wear of the bearing shell
w14 - Lubrication level in bearings
w15 - Leakage level
w16 - Level of friction in bearings

w21 - Length of pressure
pipeline
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Fig. 3. Diagram of the mechanical components of the IFHTS model
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Fig. 4. Electro-mechanical diagram of Inside-factory hydrotransport system model
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Fig. 5. Simulation of bending of a rotor of the drive motor
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a

Fig. 6. Jeffcott’s model of the rotor, connected to adja-
cent elements by the elastic connection:
a — Jeffcott rotor physical model; b — Jeffcott rotor simpli-
fied model with dampers and springs (Muszyriska A.)
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Fig. 7. Structural scheme of slurry pump model, expressed
in the form of multi-mass system rotors

acterizing the internal hydraulic resistance of the pump;
o — is the frequency of rotation; ¢ is the pump flow.
The first two members in equation (2) determine the
process of energy transfer from the impeller of the liquid,
and the third member determines the centrifugal pump to-
tal losses, which are proportional to the square of perfor-
mance. We denote the dynamic component of the charac-
teristic of centrifugal pump to obtain the dependencies
characterizing the behavior of the pump in the dynamics

z:ho'ﬂ)2+b0'(,0.

The dynamic characteristics of the pump that takes
into account transitional processes in it can be represent-
ed in the form [4]

T, -d—j+z:b~m+ho-m2,

or

7= (b-o+h - o?).

Typ+1

It should be noted that the pump system FT — AE
(Fig. 8) with feedback speed represents a unified mecha-
nism, which has a multi-mass swing system that is com-
posed of a rotor motor, the bearing system and impeller
ofthe pump. The element, that reflects dynamic charac-
teristic of the pump that takes into account transients, is
added to this impeller.

It is necessary for separate pipeline sections not to
enter the phase of active mechanical resonance caused by
compressors, pumps or the unsteadiness of flow in order
to guarantee that piping system is free from excessive vi-
brations. To achieve this goal, frequency of the excitation
forces and mechanical natural frequencies of the pipeline
need to be calculated.

The actual oscillation frequency of pipeline sections
often deviates from the theoretical frequency, as config-
urations that exist in the real factory pipelines have bound-
ary conditions that differ from the ideal values. Howev-
er, theoretical research studies [3, 7] provide a valuable
starting point for understanding the behavior of pipeline
vibration. To obtain a model of hydrotransport system, ele-
ments are added sequentially to the pump model (Fig. 7)
to simulate the interaction of the pump with pulp and the
pipeline. Current hydrotransport system consists of tree
pipes connected at 90° angle; length of each pipe equals 3
meters. That construction takes the actual situation of
the pipeline, the way it is shown in [1], can influence the
vibrations of the pulp, i.e., to produce change of the pow-
er expended in pumping the pulp required when consid-
ering a full model of the system hydrotransportation. To
determine the parameters of this level we will refer to [,
8—10], where F, = 75.8A(D/L?),A=23.4,D=0.1, L=3,
which gives the value of the frequency of vibration of 19.97,
i.e. fully confirming the assumption of vibratory activity

K2 Shafi

Pump
Pulp
interaction

Fig. 8. Structural scheme of the model slurry pump, coupled with AD expressed in the form of multi-mass rotors system
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caused by the bending of the pipeline. Then the formula
of the transfer function of the additional link will be ex-
pressed as a formula for vibrational level of the second order

1

Wp)s—————,
(p) T2p? +2eTp+12

.1 . .
where p,, =%ij?\/1—§2 =o* jo;, aisthe attenua-

tion coefficient; o is the angular frequency.

The unit attached to the system and simulating the
interaction of the pump with the pulp, allows obtaining the
following data on a frequency response for slurry pump,
filled with pulp (Fig. 4). Entering the unit into the result-
ing system-level model the interaction of pump and pipe-
line, which transported the pulp, we get the following data
for frequency response for IFHTS (Fig. 9). The study fre-
quency response is made at linear models of the auto-
matic control system (ACS) developed in the “MATLAB
Simulink”.

To check the adequacy of the model of the Electro-
mechanical system of hydrotransport, the following ac-
tions were performed:

1. The experiment was carried out at Poltava GOK [11].

2. A range of harmonic energy-information of the in-
dications of the model of the Electromechanical system,
hydraulic concentrator, was calculated.

3. The experimentally obtained values and values ob-
tained using the model, were subjected to correlation and
spectral analysis.

4. Homogeneity was checked according to the crite-
ria of Fisher and Bartlett, which showed the homogene-
ity of the estimates of the variance of reproducibility, for
the Fisher test rating was 2.59; for the Bartlett criterion
test showed that the coefficient is significant at the level
less than 0.02, indicating that the reliability of the calcu-
lation of the correlation matrix.

5. On the basis of previously collected data, the ad-
equacy of the proposed models was tested by comparing
the variance of reproducibility of the average value of the
response function s and variance of adequacy.

In the actions described above the following results
were obtained: assessment of the adequacy of the model
and the experimental data showed that the estimate of the
variance adequacy of the model is significantly less than
the table values, which confirms the high accuracy of con-

102 10! 10° 10 102 10° 10*
Angle frequency (rad/sec)

Fig. 9. Frequency response for IFHTS phase flotation 2
EP PGOK
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vergence of theoretical and experimental data and adequa-
cy of the proposed model.

Conclusions. Thus, the proposed IFHTS model using
the method of linear elements based on the use of multi-
mass rotor models of Jeffcott-Laval, allows you to simu-
late the wear of the equipment, which in this model is pro-
vided by changing the coefficients of the transfer functions
of individual units. In studies of the dynamics of the pipe-
line transport it is important to reliably describe the be-
havior of the object in specific technological regimes. It is
worth noting that the hydrotransport system is a complex
stochastic object because of on-going technological pro-
cesses of various nature, in particular hydrodynamic, heat
and mass transfer. Mathematical modeling of the dynam-
ics of pipeline systems must include: calculations of op-
erational modes, including transient ones, in the normal
mode of operation; analyses of potential emergency and
pre-emergency situations associated with a deviation from
normal operating conditions. To assess the behavior of the
system in these modes, it is necessary to pre-model all pos-
sible states, which will significantly accelerate the determi-
nation of the current status of the system, which in turn
will allow a more qualitative analysis of the situation.
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Mera. [TobynoBa Ta aHa1i3 MOfieJli €J1eKTpOMeXaHiy-
HOIi CUCTEMU TiIPOTPAHCIIOPTY 30arauyBajbHUX (HaOpPUK,
1110 3MOXe BPaxOBYBAaTU 3MiHU, MOB’s13aHi 3i 3HOIIEHIC-
TIO0 OOJTaIHAHHS, a TAKOX HAKOMUYYBaTH TEXHIYHi 3Mi-
HU, BUKJIMKAHi eKCIUTyaTalli€lo TPyOOIPOBiTHOI CUCTEMU.

Mertoauka. InHamMiuHa MOJENIb eJIeKTPOMEXaHIYHOT
CHICTEMH TiIpOTPAHCITOPTY pO3pO0JIeHA HAa OCHOBI JAaHUX
npo (i3nYHi TapaMeTpH TiapPOTPAHCIIOPTHUX CUCTEM, OT-
puMaHuX eMITipnyHo. BoHa 6a3yeThes Ha METOIAX iIeH-
TAbIKaLl IMHAMIYHUX CUCTEM Y BUIJISIAL AucbepeHILi-
aJIbHUX PiBHSIHB 1715 €JIEMEHTIB TEXHOJIOTTYHOro 00’ €KTa
TiIpaBIiYHOrO TPaHCHOPTY BCEPEAUHI 3aBOMY.

PesyabraTu. Po3pobiieHa Moaesb eJIeKTpoMeXaHiYHO1
CHUCTeMU TigpoTpaHcnopty. [lepeBipka OMHOPIAHOCTI 3a
kpurepiem Dimepa it baptierra mokaszana oqHOPITHICTH
OIIiHOK nucriepcii BimTBoptoBaHocTi. st kputepito Di-
wepa 3HaueHHs 0ys10 2,59; s nepeBipku KpUTepito
baptaerra Oysio moka3aHo, 1110 3HAYEHHST KOeilLliEHTY
Ha piBHi MeH1Ie 0,02, 1110 BKa3y€e Ha HaMiiiHICTh po3pa-
XYHKY KOpPeJISILiiHOT MaTpULIi.

HaykoBa HoBH3HA. YTiepiie Oysia 3aCTOCOBaHa MO-
JIeJIb JIJIsl CUCTEM TigpaBJivHOTO TPAHCIIOPTY HA OCHOBI
Mojeseit 6aratomacoBux potopis JIxeddkorra. [Tpu
MOJIETIOBaHHI BPaXOBYEThCS 3HOC OOJamHAHHS Y TIPO-
1eci (pyHKLiOHYBaHHS.

IpakTiuna 3naumnmicTb. bysa noBeaeHa e(eKTUBHICTh
BUKOPUCTAHHS MOJIeJi baraToMacoBUX poTopiB [Ixked-
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dxorTa. Lle mo3BosIsgE HAMITHO OIMTMCATH MIOBEAIHKY 00’ €K-
Ta B KOHKPETHMX TEXHOJIOTIUHUX pexXruMax i miIBUIIM-
TN e(DEKTUBHICTb ITPOLIECIB.

Kimouosi ciioBa: duramiure modearosanus, pomop icegh-
@promma, Myabmumacoea moodens, 2i0pompaHcnopm

Hean. [TocTpoeHue 1 aHaIM3 MOAEY JIEKTpOMEXa-
HMYECKOI CUCTEMbI THAPOTPAHCITOPTa 000TaTUTEIbHBIX
(habpuk, KOTOpast CMOXXET YIUTHIBATh U3BMEHEHUSI, CBSI-
3aHHBIE C U3HOCOM OOOPYIOBAaHUsI, a TAKXKe TIPOU3BO-
IIATh HAKOTJICHNE TEXHIIECKUX U3MEHEHUI, BBI3BAHHBIX
SKCIUTyaTaleil TpyoorpoBOIHON CUCTEMEL.

Metomuka. IrHaMirdecKast MOIEIb 3JICKTPOMEXaH!-
YECKOM CUCTEMBI THIPOTPAHCITOPTA pa3paboTaHa Ha OC-
HOBE TaHHBIX 0 PU3NIECCKUX MapaMeTpax TUAPOTPaH-
CITOPTHBIX CUCTEM, MOTYyYeHHBIX SMIprdecku. OHa oc-
HOBaHa Ha MeToNaxX UACHTU(DUKALIMN JMHAMUYECKUX CU-
cTeM B Bue 1uddepeHIIMaIbHbIX YPAaBHEHU M IS 31e-
MEHTOB TeXHOJOTUYECKOIro 00beKTa IMIAPaBINYEeCKOro
TpaHCIIOpPTa BHYTPU 3aBOJIA.

Pesynbratbl. PazpaboTaHa Mozesb 3JIeKTpOMeXaHU-
YECKOI CUCTeMBbI THUIpoTpaHcropTa. [IpoBepka ogHO-
poaHoctu 1o kputeputo @uiiepa u baptierra nmokasza-
JIa OMHOPOTHOCTh OLIEHOK IMCITEPCUU BOCIIPOU3BOIN-
Moctu. 1t kputepust @uinepa 3HaueHne 06110 2,59; m1sa
MIpOBepKM KpuTepust bapTierra 6bI10 MOKa3aHO, YTO KO-
3¢ GULIMEHT 3HaYnTeJIeH Ha ypoBHe MeHee (0,02, 4To yKa-
3bIBACT HA HAICXKHOCTH pacyeTa KOPPeJISIIIMOHHOM Ma-
TPUIIBI.

Hayunas HoBu3Ha. BriepBrie ObLia IpUMEHEeHa MO-
JIeJIb IUIS1 CUCTEM TMIPaBIMYeCcKOro TpaHCIopTa Ha oc-
HOBE MoJejieii MHOTOMacCcoBbIX pOTopoB JxkedbhdKoT-
ta. [Ipy MoIeTMPOBaHUM YUUTBHIBAETCSI U3HOC 000PYIO-
BaHMs B TIpoliecce (PyHKIIMOHUPOBAHUSI.

IIpakTHyeckas 3HauMMocThb. brlta nokazaHa apdex-
TUBHOCTb MCITOTb30BAHMST MOIEIM MHOTOMACCOBBIX PO-
TopoB JIxkeddKoTTa. DTO IMO3BOJIIET HAAEKHO OIHICATh
TTOBeNICHIE 00BEKTAa B KOHKPETHBIX TEXHOJIOTMUECKUX Pe-
KMMax 1 TTOBBICUTH 3(D(EKTUBHOCTD ITPOLIECCOB.

KimoueBsie ciioBa: dunamuueckoe modeauposatue, po-
mop ucegpdpxomma, myassmumaccosas modens, 2uopo-
mpancnopm

Pexomendosano 0o nybaixauyii dokm. mexH. Hayk
B.B. Txauosum. Jlama naoxoodxcenns pyxonucy 28.12.17.
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