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Science offers to researchers, authors, publishers, and institutions sets it apart from other
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sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmMpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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DETERMINATION OF DISSIPATIVE PARAMETERS
OF CRANK PRESS

Abstract. The paper considers the determination of the dissipation coefficients of the crank press’s assemblies
(units). Slide-crank mechanism of the press performs stamping of various parts. In such a case, there are significant
dynamic loads in the assemblies and connections of the press. Work features of the crank press are connected with
shock cyclic loads. Dynamic research of crank presses, at present, is a critical task. Dynamic model of the crank
press is represented as an oscillatory system with many degrees of freedom. The dynamic model of the crank press
consists of lumped masses connected by elastic-dissipative elements. To calculate the dynamic model of the crank
press, it is required to determine dissipation coefficients of individual sections of the drive shaft. Determination of
the dissipation coefficients is of great complexity. In the case of vibrations of elastic systems, energy is dissipated in
machine parts and mechanical energy is transferred into thermal. Losses of mechanical energy are caused by forces
of inelastic resistance, called dissipative forces. The amplitudes of the resonance oscillations, the conditions for the
excitation of parametric oscillations and self-oscillations depend on the dissipation coefficients. The determination of
dissipative coefficients is based on available information on the dissipation coefficients of individual elastic-
dissipative elements of the system. An example is given for determining the coefficients of dissipation of the crank
press. The dynamic model of the crank press was compiled on the program complex SimulationX. The obtained
results show that the dynamics of oscillations of the drive shaft of the crank press changes significantly after
adjustment of the coefficients of dissipation.

Key words: dynamics, crank press, hardness (toughness), dissipation, paccesiHue, oscillations, SimulationX.

Introduction. Crank press is a machine with a slide-crank mechanism, designed for stamping of
various parts [1-3]. When the crank press operates, significant dynamic loads occur in machine compo-
nents. These dynamic loads are associated with operation aspect of the crank press, which is in shock
cyclic loads. The research of the dynamics of crank presses is of great interest. Figure 1 shows the struc-
ture chart of the press [1].

= | Spelee

Figure 1 — Structure chart of the crank press
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Principle of operation of the crank press (see figure 1): the crank 1 rotates about the axis 2 and drives
the slider 4 with the punch 5 through the crank rod 3. The piece 6 is processed by moving 6 and fixed
7 parts of the punch. The press drive consists of an electric motor 8, a V-belt drive 9 and a flywheel 10.
The muff of the press 11 is located between the flywheel 10 and the crank 13. Brake 12 serves to stop the
press.

The crank press contains moving details and components, the mass of which is from hundred kilos to
several tons. These details and components are cycled at high speeds and they are subject to large dynamic
loads. To study the dynamics of the crank press, different dynamic models are worked out [4-9]. Figure 2
shows the dynamic model of the crank press. The dynamic model consists of lumped masses connected by
elastic-dissipative elements.

J1 €1 g2 C2 g3

B1 B2 B3

C3 4

Figure 2 — Dynamic model of the crank press

The following identifications are introduced in the dynamic model (Figure 2): J1 - reduced moment
of inertia of the engine rotor and pulley wheel, J2 - reduced moment of inertia of the flywheel and the
brake, J3- reduced moment of inertia of the crank and executing mechanism, J4 reduced moment of inertia
of the muff; C1 - V-belt drive stiffness coefficient, C2 - stiffness coefficient of the shaft section between
the flywheel and the crank, C3 - stiffness coefficient of the shaft section between the crank and the muff,
B1 - V-belt drive dissipation coefficient, B2 - dissipation coefficient of the shaft section between the
flywheel and the crank, B3 - dissipation coefficient of the shaft section between the crank and the muff.

Inertial and stiffness parameters for the dynamic model are easily determined by known methods
[4-9]. Determination of the dissipation coefficients is of great complexity.

Determination of dissipative coefficients of multi-degree-of-freedom oscillatory system. Dissi-
pative forces have a great influence on machinery motion. Key reasons, causing power dissipates in the
machinery joints are: forces of friction in kinematic couples and external friction between links of
mechanism and surrounding environment; viscosity forces, arising in places of contact of elements of the
fixed joints. At oscillations of elastic mechanical systems there is a dissipative forces in the joints of
machine parts, in elastic elements, there is a transition of a mechanical power to thermal power.
Dissipative forces, are forces of inelastic resistance due to which the mechanical power is lost [8-19].

Amplitudes of resonance oscillations, conditions of initiation of parametrical, subharmonic
oscillations and self-oscillations depend on magnitude of dissipative forces. [8]

Dissipative forces have significant effect on oscillating processes with the frequencies close to natural
frequencies [8-11].

For mechanical systems with one degree of freedom the resistance force, arising at oscillations, is
defined as follows [8]:

R =—|R(q,¢lsignq, (1
where g - is the generalized coordinate, describing oscillating process. Sometimes the module of resis-
tance force does not depend on the generalized coordinate q. At viscous resistance, arising at small
vibration speeds in liquid or gas R = —b g, where b - is the dissipative coefficient. Usually for problems
of dynamics of machinery, the module of resisting force depends on the generalized coordinate and
depends a little on vibrospeed, in such a case resisting force is called positional R = —|R(q)|sign q. If
|[R| = P = const, the force of dry (or Coulomb) friction takes place. Also positional - viscous friction is
available, at which R = f(q) q.

Division of the elastic dissipative force on elastic and dissipative components is conditional, and
generally physically impossible. For engineering calculations efficient approximate methods are applied to
assess an influence of dissipation on oscillating processes. The engineer has only restricted initial
information in the form of some integral characteristics, such as a dissipation coefficient Y or logarithmic
decrement A, which are received experimentally at single-frequency modes.

— 103 =——



N E W S of the Academy of Sciences of the Republic of Kazakhstan

In figure 3 the graph of restoring force with account of dissipative properties is shown. The graph has
two edges, top corresponds to loading, and lower - unloading. The square of the figure, restricted by the
edge of loading and X axis, corresponds to the work spent at deformation, and the square of the figure,
bounded above by the second edge - to the work made by elastic element when unloading. At the same
time the shaded area which contour is called a hysteresis curve is proportional to the work spent in one
cycle for passing the forces of inelastic resistance. The ratio of this dissipated power to the work spent at
deformation is called a dissipation coefficient 1 [8].

F

X

Figure 3 — The graph of the restoring force with account of dissipative properties:
1 - loading curve; 2 - unloading curve

The large number of dissipative factors, complexity and variety of the processes accompanying the
oscillating phenomena lead to the fact that at the solution of engineering tasks it is necessary to resort to
the dissipation parameters received from an experiment [16, 17]. In some cases an experiment determines
dissipation coefficients of separate construction elements or joints, in other - some given values peculiar to
the whole mechanism, knot, etc. Dissipation parameters usually are defined at single-frequency oscil-
lations in the mode of damped free oscillations or in the resonance mode at forced oscillations. In the first
case we have extinction process (figure 4) for which the dissipation coefficient can be defined as [§]

y 2
V= 1-| = P
4
where A; and A,, two successive value of oscillation's amplitude divided by one period.

x|

A, W

Figure 4 — Damped oscillations graph

o . A
Logarithmic decrement is a parameter A = [n (A—l) . From here

2
Yp=1-e2

At small values 4 we have P = 2. In the most general case parameters 1 and 1 are not constants,
and can depend on amplitude and oscillation frequency. From the analysis of the experimental data it is
known that dependence of parameters of dissipation on oscillation frequency is shown very poorly.
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The range of change of parameters of dissipation depending on various conditions is rather wide. So,
average value of coefficient 1 for roller bearings fluctuates from 0,2 to 0,6; for dry cylindrical and conic
joints from 0,03 to 0,15, and for well-greased surfaces coefficient 1 reaches value 1.

Reference data for many mechanisms of textile and polygraph machineries, machines, light industry
machineries, etc., show that given dissipation factor i , stays within the range of values 0.4 <y <
0.65 [8]. These values can be used at scoping calculation when there is no possibility of obtaining more
precise information from an experiment.

Oscillatory system with one degree of freedom. Let's consider the equivalent linearization of
dissipative forces in oscillating system with one degree of freedom. Let's comprise differential equation of
the system with one degree of freedom [8]:

mg +cq = F(t) — [R(q,q)|signq , 2

where m, ¢ - the reduced mass and reduced stiffness coefficient; F(t) — is a driving force.

As dissipative force is non-linear a differential equation (2) is also non-linear. Because dissipative
forces very slightly influence the frequency of free oscillations, and only defines a level of oscillation’s
amplitude at a resonance. In view of small influence of non-linear dissipative force on oscillating process,
this oscillatory system is called quasi-linear. For the non-linear force —R(q, §) we can find energetically
equivalent linear force R = —b q. Lets F(t) = F, + sinwt, then under the stationary forced oscillations
q = Asin(wt — y). At the same time the energy dissipated in one period [8]

21

AE = AJ |R(Asing, wAcos@)cosp| dp = PpcA?/2
0

On the other hand, AE = mbA?w. Hence
b = AE/(nA%w) = Yc/(2nw) 3)

In the formula (3) frequency of a driving force w can be replaced by natural frequency k, dissipative
forces influence strongly the oscillating process near this frequency [8].

The value AE corresponds to the area of hysteresis curve. Thus, from (3) follows that dissipative
properties at the mono-harmonic mode are defined by the area of hysteresis curve and do not depend on
the form of this loop. Dissipation coefficient i does not depend on amplitude if size AE is proportional to
amplitude square [8]. It occurs at the linear resistance force or resistance force proportional to the first
degree of amplitude.

From the analysis of the experimental data it is obtained that dissipation factor ¥, and logarithmic
decrement A poorly depend on an oscillation frequency [9] . Then, according to the formula (3) value of
coefficient b in inverse proportion to an oscillation frequency.

Oscillatory System with multi degrees of freedom. Let's consider the equivalent linearization of
dissipative forces for oscillating system with multi degrees of freedom. The dynamic model of oscillatory
process is quasilinear because, non-linear dissipative forces have negligible influence on natural
frequencies and forms of oscillations [8,9].

System of differential equations of model with H degrees of freedom looks as follows:

aq +cq=Q 4
where a,c — are square matrixes of inertial and quasi-elastic coefficients; q — is the vector-matrix
(column) of the generalized coordinates; Q — is the vector matrix of non-conservative forces.

In the vector of generalized forces dissipative component R(q, ), we present as

R=-bgq
where b — is the square matrix of equivalent dissipative coefficients; q — is the vector of generalized
velocities.
The task is to find value of dissipative coefficients bj,, the determination of which would base on the

available information about the dissipation coefficients (or logarithmic decrements) of the individual
elastic and dissipative elements of the system.
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For purely viscous friction, where the force of resistance is proportional to the first order of velocity,
for describing the dissipative properties, we usually use the dissipation function of Rayleigh ®5, which
characterizes the intensity of the change in the total energy of the system E.

1dE
Op = —5—= Zzzb,yq,qv

i=1v=

However, for frequency-independent dissipation the coefficients bj,, are unknown, and as the task is
to change non-linear system by linear equivalent, here approximate approach is used.
Let us introduce the normal (main) coordinates 6,,7r = 1, H

H
a; = Z .Bjr 0
=1

where B}, - are the shape coordinates, determined without taking into account the dissipative forces.
Then the system of differential equations (4) can be written as follows
a'd+co=Q" (5)

where a* = BTap , ¢ = BTcp — are the diagonal matrixes of inertial and quasi-elastic coefficients after
the transition to the normal coordinates; q, Q* - are the vector-matrixes of the normal coordinates and non-
conservative generalized forces; 8 — is the matrix of the shape modes coefficients.

When drawing up equation (5) the assumption of the absence of dissipative connections, between
different oscillation modes was used [8].

Let’s introduce in every equation of the system (5) equivalent dissipative force R, = —b;:6,.. Then

a;0, + by0, + c;0, = F*(t),

H
= 2 Q; Bjr
=

Dissipation coefficient Y., corresponding to r mode, is determined as

Yr = Z] 19 C]:B]T‘/Z 1.31r

Hence with (3) r — dissipative coefficient is determined by formula

where

ok, L (6)

b; =

where

k, = /Cr/ar ,7¥ =1,H , - r - natural frequencies of the system.

Example. Let’s consider the definition of the dissipative coefficients of the crank press (figure 1).
Dynamic model of the crank press (figure 2), we will count on the software package SimulationX [20].
Figure 5 shows the dynamic model of the crank press on the software package SimulationX [21-24]. The
drive shaft of the press rotates at a speed of w = 80 rad/c.

ClEl C2B2

Figure 5 — The crank press model on SimulationX
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Initial data:
moments of inertia of disks

J1=05kg-m?J,=10kg-m?,J; =5kg-m?], = 0.6 kg - m?,
stiffness coefficients
¢1 = 0.16-10*N -m/rad,c, = 3.5 10°N - m/rad,c3 = 3.5- 10°N - m/rad
Let’s take as the assumed initial values of the dissipation coefficients
by =50N-m-c/rad,b, =60N - -m-c/rad,b; = 60N -m-c/rad. @)

Determine the natural frequencies of the system (figure 6).

Natural Frequencies and Modes\Natural Frequencies

Eigenvalues
No. Value f [Hz] f [HzZ] D [-] Time Caonstant [s]
(undamped) (damped)
fi -0.35855+10.118 i 1.6113 1.6103 0.035414 2.789
f2 -1.0132+310.26 i 49.38 49.379 0.0032658 0.98694
f3 -5.5907+813.69 i 129.51 129.5 0.0068706 0.17887

Figure 6 — The natural frequencies of the system

Take the values of dissipation coefficients from work [9], ¥, = Y, = Y3 = 0.5.
Determine revised values of the dissipation coefficients by formula (6),

b; =237N-m-c/rad.,b, =557 N-m-c/rad, b; = 214N -m - c/rad. ®)

Revised values of dissipation coefficients (8) substantially differ from the initial values (7).
Figure 7 shows oscillation charts of the 4" disk (of the crank press actuator) (figure 7a) with the
initial and revised values of the dissipation coefficients (figure 7b).

C282dphi rad
M : : : : I
|‘h| I||I |‘I ! ! ! '

| ' ']'.Ial

I |y : : : : ez

C282dphi

=
=4
)

(a) (©)
Figure 7 — Oscillation of the 4™ disk (of the crank press actuator): a) with initial and 6) revised data of dissipation coefficients

From the graphic charts figure 7 a, 6 it can be seen that the dynamics of the executive mechanism
(actuator) of the crank press differ greatly because of the correction of the dissipation coefficients.

Conclusions. The method of determination of the dissipation coefficients of oscillatory system with
many degrees of freedom was worked out.

The method is based on the assumption that nonlinear dissipative forces have negligible effect on the
natural frequencies and oscillation modes.

Certainty of determination of dissipation coefficients depends on values of dissipation coefficients

only, which must be determined experimentally, taking into account the design of the assembly units of
mechanism.
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Method of determination of dissipation coefficients of oscillatory system with many degrees of
freedom was applied to refine the coefficients of dissipation of the crank press.

Dynamics of oscillations of the drive shaft of the crank press differs after the refinement of the
dissipation coefficients.

This method of determination of dissipation coefficients is suitable for various machines with cyclic
mechanisms.
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A. K. Tynewos, A. A. /[zxomapToB
O. A. Jl)xonnacOekoB aTbIHIAFBl MEXaHUKA JKOHE MalllMHATaHy HHCTUTYTHI, AnMaTsl, Ka3zakcTan
KOCHUIH/AI BACITAKTBIH ITUCCUTTAIUAJIBIK IIAPAMETPJIEPIH AHBIKTAY

AnHotanus. JKyMmbIcTa KOCHHIIK Oacmak TYHIHIHIH JUCCHUNATTHIK KO3(D(HUIIEHTTEPiHIH aHBIKTAIYbl Kapac-
THIPBLIAbL. BacmaKkThiH KOCHHII-CHIPFAKThl MEXaHU3Mi OpTypiti OesmiekTepii KanbimTaiasl. Ockl Ke3ne Oacmak
KOCBUIBICTAPBIH/IA )KOHE TYHIHJIEPIHC [IaMabl THHAMHUKAJIBIK KYIII nakina 0onaapl. Kocuini OacakThlH epeKIIeiri
UK COKKBUIBI KYIIKe OainmaHpIcThl. KocHiHIl OacmakThiH AMHAMHKAIBIK 3€pTTENyl Ka3ipri yakKbITTa MaHBI3/IbI
Macene Oonbin oTblp. Kocwinni GacmakThlH AMHAMHUKAIBIK YITiCI KONTEreH epKIiHIIK Iopexernepi O6ap TepOeic
JKyHeci cusKThl Oomnbin Keneni. Kocuinai 6acrakThlH AMHAMUKAIBIK YITICI CEepIiMIIi-TUCCUITaTHBTI 3JIEMEHTTEPMEH
JKaJFFaHFaH IIOFBIPIIAHFAaH Maccaiapiad Typansl. KocwiHai OacmakTeIH TUHAMUKAJIBIK YIITICI ecenTey VIIiH JKEeTeK
OinmiriHiH keke OeIiKTepiHiH muccHumnaiys Kod(pPHUIHEHTTEpiH aHBIKTay Kepek. Juccumanus Kod(hOHUIHEHTTEepiH
aHBIKTAy YJIKCH KHBIHIBIK TYFbI3ampl. CepmiMii kyiie TepOemiciHAe MalWHa TYHIHAEPiHIE SHEPTHs IIaIIbIpaybl
’KOHE MEXaHUKAJbIK SHEPIHSHBIH JKbUIy SHEPrHsChIHA aifHamybl Oomambl. MeXaHHMKalblK SHEPTHSHBIH JKOFAIybI
cepmiMci3 Kenepri KyITepaid acepiHeH 00J1ajpl, ojlap TUCCUIATHBTI KYIITEp JAen atajaabl. Pe3oHaHcTh TepbemicTep
aMIUTUTYIAchl, aBTOTEPOLTiCTEep >KOHE MapaMeTpPHKaIBIK TepOemicTepli KO3ABIpY Karmalbl AuccHmarus Kodddu-
UeHTepine OaianpIcTl 60saabl. Juccunanus KodQPUIMEHTTEPiHIH aHBIKTATYbl — )KYHEHIH jKeKe CepriMi IUCCH-
MATHBTI 3JIEMEHTTEPIHIH HIambipay Ko3(G(GUIMEHTTEepl Typasibl KOJI JKETIMI aKmapaTTapra HerizgenreH. Kocuinmi
OacnakTelH nuccunanys kKo3((GUIUEHTTepiH aHbIKTay OOWBIHIIA MbIcan kenTipiireH. Kocuinni GacnakTelH anHa-
MUKaJBIK yirici SimulationX OargapiamaiblK KeIISHIHIE KYPbULABL. AJBIHFaH HOTWDKENIEPICH JUCCHINAIMs Kodd-
(GuIMeHTTepl HAKThUIAHFAHHAH KeWiH, KOCHIHAI OacmakThIH KEeTeK OUIriHiH TepOenic IWHaMUKachl TyOereimi
©3TepeTiHiH Kopyre 00Ia bl

Tyiiin ce3aep: mMHAMUKa, KOCHIHI Oacmak, KaTaHIBIK, IUCCHUITAIN, Iamasipay, Tepoeric, SimulationX

A. K. Tynemos, A. A. lxxomapToB
WHCTHTYT MeXaHUKH UMaImuHOBeAeHUS UM. Y. A. J[xonmacOekoBa, Anmatsl, Kazaxcran
OIIPEJAEJEHME JUCCUITATUBHBIX TAPAMETPOB KPUBOIIHUITHOI'O IMTPECCA

Annotanusi. B pabore paccMmatpuBaercst onpeneneHne Ko3(p(OUIMEHTOB AUCCHIIAUNI Y3JI0B KPUBOIIUITHOTO
npecca. KpHBOLIMITHO-TION3YHHBI MEXaHU3M IIpecca BBINOJHSET IITAMIIOBKH pa3IW4HBIX jaeTtaneld. Ilpu stom
BO3HMKAIO 3HAUYUTENbHBIC IUHAMUYECKHIE HAarpy3KH B y3Jlax ¥ COeIUHEHHSX npecca. OCOOEHHOCTHIO PaboThl KPUBO-
IIMITHOTO Tpecca CBA3aHBI C YAAPHBIMU UKIMYECKUMH Harpy3kamu. J[MHaMUuecKoe HCCIeI0BaHHE KPHBOLIUITHBIX
NPECCOB, B HACTOSILEE BpeMs, SIBISIETCS aKTyalbHO# 3amaveil. [[mHaMu4ecKass MOJIe)Ib KPUBOILMITHOTO Mpecca Mmpej-
CTaBJISIETCS, KaK KoyeOaTebHasi CHCTeMa CO MHOTUMH CTEIEHsIMH cBOOOBI. JIMHaMUuecKasi MOJeIb KPUBOIIUITHOTO
npecca COCTOUT U3 COCPENOTOYEHHBIX Macc, COCAMHEHHBIX YIPYro-AMCCUIIATHBHBIMU dyeMeHTamu. Jl1g pacuera
JUHAMHYECKOW MOJIeNH KPHBOLIMIIHOTO Ipecca, TpedyeTcs onpeneseHne KodpOUINEeHTOB IUCCUTIAUI OTACIBHBIX
Y4acTKOB HPUBOAHOTO Bana. OnpeneneHue Ko3pQUIUESHTOB JUCCUIIALMI PEACTaBISIET OOBIIYIO CI0XKHOCTD. [Ipn
KOJ'Ie6aHI/ISIX YOpyrux CUCTEM HNPOUCXOIUT PACCCAHMUE SHCPIMU B Y3JlaX MAIUH W MPOUCXOAUT HEpEXod MeEXa-
HUYECKOM 3HEPruu B TEILIOBYIO. [loTepu MEXaHUYECKOM SHEPIUU BbI3BIBAKOTCS CUJIAMU HEYIIPYIOI'O COIPOTUBIICHUS,
Ha3bIBAEMBIMU JIUCCUMATUBHBIMU cwilaMH. OT K03((UIMEHTOB OUcCHNAnMy 3aBHCSAT aMIUIMTYIbl PE30HAHCHBIX
KoJieOaHMH, yCIIOBUS BO3OYKICHUS MapaMeTpuieckux KojeOaHuii u aBTokone6anuii. OnpeneseHne TMCCUIaTUBHbBIX
k03(h(uIKeHTOB Oa3upyeTcss Ha JOCTYIMHOW MH(OpManuy 0 K03(h(GHUINEHTaX paccesHUs OTACNIBHBIX YIPYTOAUCCH-
NaTHBHBIX AJIEMEHTOB CHCTEMBI. [IpuBeneH npumep 1o onpeaesieHnio Ko3)(GHUIHEHTOB TUCCHIALNA KPUBOIIUITHOTO
npecca. JluHaMudeckas MOJENb KPUBOIIMITHOTO Tpecca Oblla COCTaBIeHa HA IPOTPaMMHOM KoMImiekce Simula-
tionX. IlonydeHHbIe pe3ysbTaThl MOKA3BIBAIOT, YTO AUHAMHKA KOJIeOaHHI IPHBOJHOIO Balla KPHUBOLIMIIHOIO Ipecca
CYIIECTBEHHO W3MEHSETCA I10CiIe YTOUHEHH KO3((DHUIIEHTOB AUCCUIIAIINI.

KiroueBble ¢jioBa: TMHAMUKA, KPUBOIITUITHBIN MPECC, KECTKOCTh, TUCCUIIANNS, paccesHue, kojaebanus, Simu-
lationX.
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