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MODELING THE ELECTROMECHANICAL SYSTEM
OF DRUM FLYING SHEARS USING LAGRANGE
EQUATIONS

This article presents mathematical modeling of the electromechanical
system of drum flying shears in the conditions of the rolling mill
CWBRM-1700 of JSC «Qarmet» based on the Lagrange equations of
the second kind. The study is aimed at developing a dynamic model that
takes into account the interaction of electric drives, kinematic links and
cutting elements under high speeds and loads. The aim of the work is to
develop a mathematical model of the electromechanical system of drum
flying shears of the rolling mill CWBRM-1700 based on the Lagrange
equations of the second kind, taking into account elastic deformations,
inertial characteristics and external loads. Generalized coordinates, forces
and moments acting in the system are determined, taking into account the
technological features of the transverse metal cutting process. Based on
the Lagrange equations, differential equations of motion are obtained that
describe the dynamics of the system. An analysis of the influence of the
parameters of electromechanical components on the accuracy and stability
of the shears is carried out. The results of the study allow us to quantitatively
evaluate the influence of elastic connections in the mechanical structure
of flying shears on the kinematic characteristics of the upper and lower
cutting drums, as well as to determine the amplitude-frequency parameters
of the resulting dynamic loads. The developed mathematical model creates
the possibility of precise optimization of technological cutting modes,
a significant increase in energy efficiency and a significant reduction
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in dynamic loads. This study can be useful for specialists in the field of

automation of rolling production and design of electromechanical systems.
Key words: modeling, multimass system, electromechanical system,

electric drive, hot rolling mill, elastic connections, drum flying shears.

Introduction

Continuous wide-band rolling mill (hereinafter referred to as CWBRM-1700)
of JSC «Qarmet» are complex electromechanical systems in which an important
role is played by equipment for transverse cutting of metal, in particular, drum
flying shears. The efficiency of their operation directly affects the quality of
products and the productivity of the entire mill [1; 2, P. 18]. However, the dynamic
processes that occur during cutting of a moving strip are accompanied by significant
mechanical loads, vibrations and elastic deformations, which requires an accurate
mathematical description of the system to optimize control and increase reliability
[3; 4; 5]. In this regard, the use of Lagrange equations of the second kind for
constructing a mathematical model of drum flying shears seems promising, since
this method provides a systematic account of kinetic and potential energy, as well
as dissipative forces [6; 7].

The scientific novelty of the study lies in the application of the Lagrangian
formalism for modeling a multi-mass system of flying scissors taking into account
real operational factors, which allows for more accurate prediction of the dynamic
operating modes of the equipment.

Materials and methods

Drum-type shears with an inclined upper knife are installed between the
roughing and finishing groups of stands of the hot rolling mill «1700» of sheet
rolling shop 1 of JSC «Qarmet» and are designed for cutting the front and rear
ends of the rolled product (Figure 1).
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Figure 1 — General view of drum shears (a), process flow diagram and
electromechanical equipment layout diagram (b) of drum shears of the hot
rolling mill «1700»: S1, S2 — existing strip presence sensors; S3 — strip
presence sensor (DELTA IRIS); SS — lane presence sensor (DELTA Rota —
Sonde); SV — lane speed sensor (DELTA Velas DL 4068); VS — strip speed

At present, a reversible thyristor DC electric drive with independent excitation
is used as an electric drive for flying shears at the CWBRM-1700 hot rolling mill.
The shears are driven by two DC electric motors through a cylindrical gearbox.
A double-anchor DC electric motor of the P19-75-7K type with independent
excitation is used as a DC drive motor. Double-anchor motors are often used
in flying shear electric drives due to their lower moment of inertia compared
to single-anchor motors of the same power. The P19-75-7K type motor has the
following technical characteristics: rated power — 1750 kW, armature voltage —
600 V; rotation speed — 190 rpm; rated current — 2980 A. The excitation windings
are powered by built-in exciters of the SINAMICS 6RA8095-4GV62-0AA0 TC.
The converters are selected with the required parameters of the built-in exciters.
Figure 2 shows the electrical circuit diagram of the drum-type flying shear drive.
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Figure 2 — Electrical schematic diagram of the drum-type flying shear drive

Mathematical modeling of a DC motor.

‘When modeling a DC motor with separate excitation, the following generally
accepted assumptions are used:

1) the excitation current has a constant value;

2) we neglect the saturation value both along the main magnetic flux contour
and along the scattering contour;

3) we do not take into account the influence of the eddy current circuit;
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4) the machine is fully compensated, i.e. the influence of the anchor reaction
is absent.

The system of equations of a DC motor in canonical form has the well-
known form:

dl,
L:r ﬂ‘!‘ U..-I. _ki?"l:u_!ﬂﬁr_

R I
J dar

where L~ is the total inductance of the armature circuit, H;

R, — total active resistance of the anchor circuit, Ohm;

U, —armature voltage, V;

I, — armature current, A;

® — and the angular velocity of the anchor 1/s;

J — moment of inertia of the anchor, kg m2;

keh — engine flux coefficient, V's;

M_ — moment of resistance of the electric drive, N-m.

Also in this work we will neglect the discreteness of the operation of the
adjustable thyristor converter, using modeling based on average values.

One of the most common methods of mathematical modeling of complex
mechanical systems is the use of Lagrange equations. The most important
characteristic of a mechanical system is the number of degrees of freedom (DOF,
the degrees of freedom) [8]. In many scientific fields, the degrees of freedom of
a system are understood as the number of system parameters that can change
independently of each other.

For mechanical systems, the number of degrees of freedom H is equal to
the number of independent coordinates that completely describe the state at an
arbitrary point in the system.

These coordinates are called generalized coordinates and are denoted by the
symbols q,, q, ... q H. Thus, the number of degrees of freedom is simultaneously
the minimum necessary number of coordinates with which it is possible to cover
all possible states of the system. [9, P. 164]; [10]. Accordingly, the first and
second derivatives of generalized coordinates are called generalized velocity and
generalized acceleration.

In practice, simultaneously with generalized coordinates it is advisable to
use auxiliary coordinates, which are determined from generalized coordinates by
constraint equations. These coordinates are redundant, but they increase clarity
when studying the operation of mechanical systems.

(1

kg I, — M.
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The behavior of an arbitrary mechanical system can be exhaustively
described by the well-known Lagrange equations of the second kind in generalized
coordinates, which have the following form:

d A i
= J - 0= 1,2 H )

where L = (K — P) — Lagrange function;

K, P —respectively, kinetic and potential energy of a mechanical system;

Q, is a generalized force of non-potential nature.

Generalized forces Q, can be found from the sum of elementary works during
virtual displacements:

OW =@y Fgy+ Q-89 + -+ Qu * Fan @)

Equating the coefficients of variations of generalized coordinates.

Since we are considering the motion of an electromechanical system of
drum shears, in which all elements perform a rotational motion, we can make the
following simplifying considerations:

1) the potential energy of the system under consideration includes only the
energy of elastic deformation of individual elements of the system that have
elastic properties;

2) to simplify the formulas, it is advisable to use the twist angle of the elastic
element as a generalized coordinate for elements with elastic properties.

As shown in [9, p. [164]; [10], the Lagrange equations of the second kind
(2) can be represented in expanded form in the form of a system of second-order
differential equations:

{'—'I l'!;:""l: ‘%_'."""l.v"'!.v' TR i I il TR 1 Rl
LR FTRR alP PRl PR iU PR PR TRE P o= B ek s PR Rl r
By " B Gy RSy By gy gy F O g # t o T = P (4)

where rrhcbd are the generalized inertial coefficients; rrhebd are the
generalized quasi-elastic coefficients.

For the sake of compactness of presentation, we present equation (4) in
vector-matrix form:

A if+Cqg=0 (%)
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where g, § are the column vectors of generalized coordinates and their second
derivatives of dimension [1xH]; A, are square matrices of generalized inertial
coefficients and generalized quasi-elastic coefficients of dimension [HxH]; £ is
the column vector of generalized forces of dimension [1xH].

Generalized inertial and quasi-elastic coefficients are found from the condition
of equality of the coefficients of quadratic forms of the kinetic and potential energy
of a mechanical system, respectively.

Let us compose the Lagrange equations of the second kind for a mechanical
system of drum shears.

The calculation scheme of the mechanical system of drum shears can be
significantly simplified by the following assumptions:

1) due to the insignificant length of the shafts connecting the drive motors
with the reduction gear, it is permissible to neglect their elastic- viscous properties
and exclude them from the calculation scheme. elastic-viscous elements [c1, bl]
and [c,, b,];

2) due to the absence of elastic-viscous properties in the drive unit, it is
advisable to present this unit as a single-engine unit, with an engine of double
power and double the moment of inertia.

Taking these assumptions into account, we obtain the following three-mass
calculation scheme of the mechanical system of drum shears, Figure 3.

01, 01, M; C3 " P3, 03
\ - i I, -\,_"..- ! \\ 33
J1 / ] | =1
bs M
Ca s Py, 04
-1 Ja

J2 —

Figure 3 — Simplified three-mass calculation scheme
of the mechanical part of drum-type shears

In the calculation scheme of Figure 3, the moment of inertia of the first mass
J1 includes the moments of inertia of the two drive motors. Mass J2 includes both
the moment of inertia of all elements of the reduction gear and the moment of
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inertia of the distribution gear. Masses J3, J4 represent the upper and lower drum
of the drum shears with their own moments of inertia.
The elastic-viscous elements [c3, b3] and [c4, b4] model the shafts between
the distribution gear and, respectively, the upper D1 and lower D2 shear drums.
As the first generalized coordinate we will take the absolute value of the
rotation angle at the beginning of the kinematic chain:

1 = ¥ (6)

As the second generalized coordinate we will take the twist angle of the
elastic shaft 2-3, which is equal to the difference in the angles of rotation of the
ends of this shaft:

Ja = ¥3 — )

Accordingly, we will take the angle of twist of the elastic shaft 2—4 as the
third generalized coordinate, which is equal to the difference in the angles of
rotation of the ends of this shaft:

3=y — 4 (3

Let us express the positions and angular velocities of the shafts of the
kinematic scheme through generalized coordinates:

# o

¥: s f
1

‘-5’.'“:"3‘}:"'-":':- )

q
Wy =iy T, —"'.'-"'I_I

Definition of inertial coefficients. Let us formulate an equation for the kinetic
energy of the mechanism and represent it as a function of generalized coordinates:

1 3 . . -
K _EII.II.! Gy +|r.-\.'-c||-_. +.r3'-u|-3 +|r-l "“"-i:]
1 : ; : i (10)
* T-":-": L T PR R PR

Substituting equation (9) into (10) after reducing similar terms, we obtain
the following equation:
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The kinetic energy of a mechanism can be represented as a complete quadratic
form, which in the case of a mechanism with a number of degrees of freedom has
the following form:

1 5 . 2
K = 5{-‘1__- + PR Y PRET TR Sl - PO MR PO - PR P LR

(12)

+2ny gy Oy iy )

By equating equations (11) and (12), we obtain an equation for the matrix of
inertial coefficients included in equation (5):

A= - L (13)

Definition of quasi-elastic coefficients. To determine the matrix of quasi-
elastic coefficients, we will compile an equation of potential energy for the
mechanism of drum shears. The potential energy of the mechanism is equal to the
sum of the potential energies of all elastic-viscous links and, taking into account
the adopted generalized coordinates, can be represented by the following equation:

;-3 + G- q3) (14)

Representing the kinetic energy equation (14) in the form of a complete
quadratic form similar to (12), we obtain the following expression for the matrix
of quasi-elastic coefficients:

g 0 0
p=0 © 0 (15)
o0

Definition of generalized forces. In addition to the torque of the electric drive
M1 and the moments of resistance of the drums M3 and M4, it is necessary to
take into account the moments of resistance of the dissipative forces R, and R,
arising during the deformation of shafts 2-3 and 2—4, respectively.
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Taking into account the adopted generalized coordinates, the equations for
dissipative forces can be expressed as follows:

Ry= by -lg; —ge) =B - (16)
Ry =0y gy —gul =8, 05
The equation of work for small virtual displacements of the drum shear
mechanism has the form:

EW =M, Sgy—M; Sp; — My S, — Ry 8g2— Ry &g (17)

Substituting into (17) the equations of relations (9) after reducing similar
ones, we obtain the following expression:

Myt M
) gy (Mt b )

W = .- (M, | -

—dgy - (My + by - §y)

Thus, the column vector of generalized forces for the drum shear mechanism
can be represented in the form:

My + M,

]

Q= | o, 4 by 4) (19)
(M, + b, - &)

For the convenience of mathematical modeling, it is necessary to divide
expression (19) into two components: external forces and internal viscous forces
depending on the derivatives of the generalized coordinates.

Taking into account such a transformation, we write the vector-matrix
equation of the mechanical system in the form:

A-f=B-§+C-gq+M-T (20)
In this equation, the matrix A is defined above by equation (13). The matrix
C=-D:
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R L
= |0 c, 0 21
g 0 -G
According to (18), matrix B will have the form:
a 0 [H}
B = [u S (22)
a o by
Column vector of external forces T has the form:
M,
T = | M, (23)
M,
Then the matrix M will have the form:
1 I
o 24
M=ls -1 o 24
0 0 1

Let us solve equation (20) with respect to the highest derivative. We multiply
both parts of the equation on the left by the inverse matrix of generalized inertial
coefficients A —1 . We obtain the equation:

J=A B-g+A7 Cog+AVFoT
d=K g+Log+M T 25)

The matrix structural diagram that implements the solution of equation
(25) is shown in Figure 4.

53



TopaiireipoB yHHBepcuTeTiHIH Xabapibicel. ISSN 2710-3420. Onepeemuxanvik cepusicol. Ne 4. 2025

L

Nika
Nik

K

Figure 4 — Matrix structural diagram implementing the solution of the equations
of a mechanical system in the form of Lagrange equations of the second kind

Coordinate transformation for observing the state of the model. The
mathematical model of a mechanical system based on the Lagrange equations of
the 2nd kind usually does not contain variables corresponding to the real angles
of rotation of the shafts and the angular velocities of individual elements, which
causes inconvenience when analyzing the model.

The actual rotation angles of the shafts and the angular velocities of the
individual elements can be calculated based on the values of the generalized
coordinates. In the case of the mechanical system of drum shears, Figure 5, these
expressions are obtained above and are presented by formula (9).

Proper angular velocities are calculated using the same expressions, written
relative to the first derivative of the rotation angles and generalized coordinates.

In matrix form, these expressions can be written as follows:

p=Fga=F4§ (26)

where ¢, w are respectively the column vectors of the proper rotation angles
and angular velocities of the elements of the mechanical system; F is the coordinate
transformation matrix.

In the case of a mechanical system of drum shears, we assume that the column
vectors of the proper rotation angles and angular velocities of the elements of the
mechanical system have the dimension [1x4], taking into account the mass J,.

Then, in accordance with equation (9), the coordinate transformation matrix
will have the form:
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Solving equations in MATLAB. To solve the differential equations of a
multimass mechanical system in the form of Lagrange equations, presented in
vector-matrix form by equations (25, 26), we use the MATLAB program, optimized
for performing vector - matrix calculations. Based on the matrix structural diagram
implementing the solution of the equations of a mechanical system in the form
of Lagrange equations of the second kind, Figure 4, a mathematical model of
the mechanical part of drum shears was developed in the MATLAB/Simulink
environment, presented in Figure 5.

TE [} TE . .
TLY [T v F:._I#:_'_,_,.ﬂ J J
TLd [T Tt I
= I'i i TR F-\'- .-.'.-.* 1 —‘
.,__ |

Figure 5 — Mathematical model of the mechanical part of drum shears in the
MATLAB/Simulink environment

¥YTTYY

This model is universal, suitable for calculating an arbitrary mechanical
system whose equations are presented in the form of Lagrange equations. The
specificity of the object under study in this model is determined by the structure
of the matrices K, L, M and the coordinate transformation matrix F. It is also
necessary to correctly form the input vector of moments TV. The calculation of
the numerical values of the parameters of the mathematical model of drum shears,
Figure 5, is performed in a separate, pre-executed MATLAB script.

The results of the mathematical model of the mechanical part of drum shears
are presented in Figure 6.
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i i i (KL

Figure 6 — Results of the mathematical model of the mechanical
part of drum shears

The mathematical model considered the transient process of starting the drum
shears under the action of a constant driving moment TE. At the time t =1 s, the
balancing moments of resistance TL3 and TL4 are applied to the shear drums.
When calculating the moments of inertia of individual elements of the mechanical
part, the mathematical model takes into account the difference in the diameters
of the upper and lower drums of the flying shears. Figure 6 shows a fragment of
the transient process containing the process of applying loads to individual drums
and transition to a steady state.

Results and discussion

The paper presents a fairly general approach to the synthesis of a mathematical
model of mechanical systems in the form of vector-matrix equations with respect
to generalized coordinates using the Lagrange equations of the second kind. Using
the proposed approach, a mathematical model of the mechanical part of drum
shears has been developed, presented in the form of a three-mass mechanical
system taking into account the finite elasticity of mechanical connections. When
calculating the parameters of the mathematical model of drum shears, real mass
and size characteristics of drum shears installed on the continuous wide-strip mill
CWBRM-1700 of JSC «Qarmet», Temirtau, were used.

MATLAB/Simulink was used to solve the equations of the mathematical
model of the three-mass mechanical part of the drum shears.
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The obtained results allow us to estimate the influence of elastic connections
in the mechanical part of flying shears on the movement of the upper and lower
drums, to estimate the magnitude of dynamic loads in the mechanical part. The
difference in the movement of the upper and lower drums is due to the difference
in the diameters of these drums.

The disadvantages of this study include the absence of direct current drive
motors in the proposed model, which would allow us to clarify the nature of the
processes occurring when a load is applied.

As a direction for further research, it is proposed to consider the possibility
of complicating the equivalent mechanical circuit of drum shears.

Conclusion

A universal approach to the synthesis of equations of multi-mass mechanical
systems with elastic connections and internal viscous friction based on the
Lagrange equations of the second kind is proposed.

A mathematical model of the mechanical part of the drum shears of the
continuous wide-strip mill CWBRM-1700 of JSC «Qarmet», Temirtau, was
synthesized, presented in the form of an equivalent three-mass system.

The solution of the equations of this model is performed using MATLAB/
Simulink.

The obtained results allow us to evaluate the influence of elastic connections
in the mechanical part of flying shears on the movement of the upper and lower
drums, and to evaluate the magnitude of dynamic loads in the mechanical part.
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12KaparaHibl HHAYCTPHUSIIBIK YHUBEPCHTETI,

Kazakcran Pecnyonukacer, Temipray K.;

SKpusoii Por ynTThIK yHHBEpCHTETI, YkpanHa, Kpusoii Por k.
22.05.25 x. bacmara TYCTI.

04.11.25 . Ty3eTynepimMeH TycTi.

05.12.25 . OachlIn mbIFapyra KaObLIIaH bl

JATPAHK TEHJEYJIEPIHE HETI3JEJTEH BAPABAHJIBI
YIIKBIP KAWIIBLJIAPIBIH DJIEKTPOMEXAHUKAJIBIK
JKYWECIH MOJEJBLIEY

byn maxanaoa eximwi munmeei Jlacpanoic menoeynepi neeizinoe
«Qarmety AK YEKI)KO-1700 uremoey opuazvl dcazoaivinoa dbapabanobwl
Katiubliapovly 91eKmpoMeXaHUKAaIblK JHCYUeCiH MameMamuKaiblk
MoOenboey YCbIHbLI2AH. 3epmmey Ho2apvl HCblIOAMObIKMAD MeH
ACyKmemenep Hcaz0aublHOa dIeKMp HCemeKmepiniy, KUHeMAMUKAIblK
OainanbLICMapobly JcoHe Kecy dIeMEeHmMMmMePIHiY 03apa SpeKemmecyi
ecKkepemin OUHAMUKATBIK, MOOeb dcacayea basvimmanzat. Kymvicmoly
maxcamol cepnimoi 0eopmayusanapobl, UHEPYUSIILIK, CURAMMAMANAPObl
JHCOHE CLIPMKBL JHCyKkmemenepOi eckepe omovipuin, 11 munmi Jlaepanoic
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menOeyaepi neeizinde YKIKO-1700 uremoey oprazvinbly bapabanovl
KAUUbLIapbiHblY DJEKMPOMEXAHUKALBIK HCYUCCIHIY MAMeMamuKAaiblK,
MoOeniH dcacay 6oavin madwLiaovl. Memanovl KenideHey Kecy npoyecitiy
MeXHON0USANBIK epeKulenikmepin eckepe Omulpbuln, Jicytiede dpeKem
ememin JHCANNbLIAH2AH KOOPOUHAMMAD, Kywmep MeH MOMeHmmep
anvikmanovl. Jlaepansc meyoeynepinen dtcyueniy OUHAMUKACHIH
CUnammaimolH K032a1blCmoly OUp@epenyuanovbi meyoeyiepi alblHaAobL.
DIeKmpoMexXaHuKanvly, KOMNOHEHMMEPOiY Napamemplepiniy KauubiHbIY
0o10iel MeH MmypaKmolibl2blHA 9Cepin manoay Jicypeizindi. 3epmmey
Homudicenepi KAuublHbIY MEeXAHUKANbIK KYPbLIbIMbIHOA2bl CepRiMOi
batinanvlcmapovly Jco2apavl JcoHe momenei Kecy 6apabanoapvitbiy
KUHEMAMUKALbIK, CURAMMAMANAPbIHA 9CePin caHOblK bazanayad, CoHoatl-
ak nauoa 601ameii OUHAMUKATILIK HCYKMeMeIepOiy, aMAAUMYOANbIK-
HCULNIK Napamempiepin aHblKmayaa MyMKIiHOIK Oepedi. O3ipaeHeeH
MAMeMamuKaiolK MOOelb KeCyOiH MEeXHOLOSUSLIIK PEeHCUMOePiH 0ol
OHMAULAHObIPY2A, IHEPeUs MUIMOLLIZIH e0dyip apmmblpyed HCOHe
OUHAMUKATIBIK, JCYKmemeepOl aumapiviKmai momeHoemyae MyMKIHOIK
bepedi. bByn zsepmmey uremoey 6HOIPICIH ABMOMAMMAHOBIPY JHCOHE
ANEKMPOMEXAHUKATILIK, HCYUeepOi Hcodanay caiacblHodzbl MAManoap
YUtin naioanvt OOYbl MyMKIH.

Kinmmi co3dep: mooenvoey, kon maccanvi rcylie, SIeKmMpOMeXaHuKaibik
Jucytie, dneKmp dHcemezi, bICMbIK WeKmey OpHazbl, cepnimoi batianvicmap,
bapabanovl KaviuwLiap.

*0. E. bamwipbex’, I A. Cusaxosa’, B. K. Teimiox?

12 KaparanIMHCKUI HHTY CTPHATBHBIH YHHBEPCUTET,

Pecnyonuka Kazaxcran, . Temupray;

SKpuBOpOXKCKHIA HAIIMOHATIBHBIN yHUBEPCHUTET, YKkpanHa, Kpusoit Por.
IMoctynuno B pegaxnuto 22.05.25.

IToctynuno c ucnpasienusmu 04.11.25.

IIpunsaro B neuars 05.12.25.

MOJIEJIMPOBAHUE SJIEKTPOMEXAHHUYECKOMN CUCTEMBbI
BAPABAHHBIX JIETYUHX HOKHHUI] HA OCHOBE
YPABHEHUM JIATPAHKA

B 0annoii cmamve npedcmagneno mamemamuueckoe MOOEIUPOBAHUe
NeKMPOMEXAHUYECKOU cucmemvl 6apabannblX Jemyyux HOJNCHUY 8
yenosusix npokamuoeo cmana HIITIC-1700 AO «Qarmety na ocnose
ypasHenuti Jlazpansica emopozo pooa. Hccredosanue nHanpasieHo nHa
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paspabomky OUHAMUYECKOU MOOenU, YYumvleaouiel 3aumooeicmaue
INEKMPONPUBOOOS, KUHEMAMUUECKUX CBSI3€el U PEXCYWUX dNIEMEHMO8 8
VC0BUSX BbICOKUX CKOpocmell u Haepy3ok. Llenvio pabomel aensiemcs
PazpabomKa Mamemamuseckou MoOeiu ieKmpoMexaHuuecKol CUcmembl
bapabanueix temyuux HodxcHuy npoxamuozo cmana HIITIC-1700 ua
ocnoge ypasuenutl Jlaepanoca Il poda c yuemom ynpyeux oegpopmayuii,
UHEPYUOHHBIX XAPAKMEPUCMUK U GHEWHUX Hazpy30K. OnpedeeHbl
06006WénNbIEe KOOPOUHAMbL, CUIbL U MOMEHMbL, OeliCMBYIouie 8 cucmeme,
€ YUEMOM MEeXHON02UUECKUX OCODEHHOCMEL NPoYecca NONePeuHoOll pe3Ku
memanna. Ha ocnose ypasnenuii Jlazpanoica nonyuenvt ougpgepenyuanvhoie
VpasHeHus 08UdICEHUsl, ONUCLIGAIOWUEe OUHAMUKY cucmembl. [Iposedén
aHanu3 GIUSAHUS NAPAMEMPO8 dJIeKMPOMEXAHUYECKUX KOMNOHEHMO8
HA MOYHOCMb U cmabuirbHocmb pabomel HodcHuY. Pezyromamol
UCCAC006AHUsL NO3BONAION KOTAUUECTNBEHHO OYEHUMb GIUAHUE YNPYSUX
CB53€ll 8 MEXAHUYECKOU CIPYKIMYPe JeMYYUX HOJCHUY HA KUHEMAMUYecKue
Xapakmepucmuky 6epxHe20 U HUNCHE20 pexcywux bapabanos, a maxoice
onpederums amMnAUMYOHO-YACMOMHbLIE NAPAMEMPbL BOZHUKAIOUJUX
Ounamuueckux Hazpy3ok. Paspabomannas mamemamuyeckas mooens
co30aem GO3MOICHOCHb MOYHOU ONMUMUZAYUU TNEXHOTI02UYECKUX
DPEdHCUMOB PE3AHUSL, CYUeCMBEHHO20 NOBLIULEHUS DHEP2OIPPEeKMUSHOCTU
U 3HAYUMENbHO20 CHUJCEHUs OUHAMUYECKUX Hazpy3ok. [annoe
uccredosanue modcem Ovimv NOE3HO OISl CHEYUAIUCMO8 68 00aacmu
aABMOMAMU3AYUU NPOKAMHO20 NPOU3BOOCTNEA U NPOEKMUPOBAHUS
INEKMPOMEXAHUHECKUX CUCTHEM.

Kutouegvle cnosa: mooeruposanue, MHozomaccosas cucmema,
INEKMPOMEXAHUYECKAsL CUCTeMd, DJIeKMPONPUEod, cman copsadei
npoKamKu, ynpyaue cés3u, bapabantvle jemyyue HoJNCHUYbI.
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