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Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
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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DYNAMIC ANALYSES OF A CLUTCH OF CRANK PRESS

Abstract. The paper studies the dynamic of a clutch of crank press. At present, the dynamic study of clutch of
the crank presses, with account of interaction with other blocks, is a priority. The crank press contains movable parts
and assemblies, the mass of which is from one hundred kilograms to several tons. These parts and assemblies are
connected cyclically by clutch of crank press with high speeds and they are subject to large dynamic loads. To simu-
late and analyze the movement of crank press with clutch, a software package: SimulationX is used. SimulationX is a
software package for modeling and analyzing the dynamics and kinematics of cars, industrial equipment, electric,
pneumatic and hydraulic drives, hybrid engines, etc. As a result of dynamic calculation, important dynamic para-
meters of the crank press clutch and working slide are determined. It is shown that dynamic loads sharply increase
almost in all blocks of the crank press when the clutch is switched on.

Key words: dynamics, crank press, clutch, slide, moment, oscillations, SimulationX.

Introduction. Crank press is a machine with a slide-crank mechanism, designed for stamping various
parts [1-5]. During the work of crank press, significant dynamic loads occur in blocks and mechanisms,
especially when it is turned on. These dynamic loads are associated with operational feature of the crank
press, which includes shock cyclic loads with sudden, almost immediate stops. In this connection, the
study of the dynamics of clutch of the crank presses, is of great interest. Figure 1 shows block diagram of
the press [1].

Figure 1 —
Block diagram of crank press:
1 - slide, 2 - crank rod,

3 - brake of crank mechanism,
4 - flywheel brake, 5 - flywheel,
6 - sheave, 7 - electric motor,
8 - drive shaft, 9 - drive gear,
10 - crank shaft, 11 - clutch,
12 - driven gear, 13 - crosshead
guide,

14 - wedge-type platten,

15 - press board

Operating principle of the crank press (see figure 1): the crankshaft 10 rotates about an axis and
activates through the crank rod 2 a slide 1 with punch. The press drive consists of an electric motor 7, a
V-belt drive and a flywheel 5. The press clutch 11 is located on the end of the crankshaft 10. Brake 4
serves to stop the press. Brake 3 serves to stop the crank mechanism of the press.

— 14—
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The drive of the press is carried out from an electric motor with a flywheel. Since the parameters of
motion of the actuating link — tool slide, depend only on the kinematic links of the main working mecha-
nism, crank presses are referred to uncontrolled machines with limited movement of the tool slide, equal
to the double radius of the crank or double eccentricity of the eccentric. Asynchronous electric drive
accelerates with power flywheel and all the guide links with the corresponding moment of inertia to the
steady angular velocity during the technological cycle and dispatches kinetic energy of the rotational
motion of the flywheel to it. In this case, the crank shaft and all driven members of the crank-slider
mechanism are fixed, the slide is in the upwardmost (initial) position. When the clutch 11 is turned on, the
crank shaft (cranked axel 10) is rotated, driving and driven members move together, the slide with fixed
upper die make a working stroke. After completion of the working stroke, the slide makes a return stroke.
If the press works by single stokes, then when the slide reaches its initial position, the clutch 11 is turned
off and at the same time the brake 3 is turned on. The slide stops in the upper (initial) position and the
work cycle is completed.

Feed clutch of the crank press. Coupling clutches and brakes are provided in the press drive system,
which make it possible to transmit motion to the actuator (operating mechanism) from the drive, but at the
right time, vice versa, to stop the slide of mechanism without turning off the electric motor [1].

Switching on and off, and interlocking of the clutch and brake are performed using the control system
[1]. The clutch, brake and control system form the so-called press start system, on the performance of
which the reliability and safety of operation of the press as a whole is depended. The press start system
works under difficult conditions — a large number of turning on per unit of time, on-off limited time
(<0.1c), absolute security in operation.

Crank press’s clutches should transmit moment of rotation up to 16 MNm and at the same time
ensure the life of the structure and dampen vibrations, arising during the coupling [2]. The presses start
systems and friction disc clutches most fully meet these requirements.

Disc clutches may be — single and multiple disc. Single-disc compact clutches with friction inserts are
widely used, manufactured from retinax ®K-16A, ®K-24A or ferodo (figure 2). In pair with inserts, discs
of steel 5, cast iron CU25 are working.

Gedyuas 4acme

/ ( (maxobux/
Ongpesi] duck % ’
- g =5 0

) H{;}}‘/ Y ——Haxumon Guck

4

1~ gpukyuonras bomabka
— 7
N N ™ bedosw duck
Bedomas vacme

(Gan/
Figure 2 — Scheme of a single-disc friction clutch

The moment transferred by the one-disk frictional clutch (figure 2):
Mm :Zf'qm .Rcr 'n.F;JC’

where f— friction coefficient f'= 0.35; ¢,, — friction surface pressure ¢,, = 0,6-1,2 Mna; R., — average insert
radius; » — number of inserts; F,. — work surface area of insert. Single-disc clutches transfer moment up to
140000 Hm, multiple-disc — up to 100 MNwm with ferodo coverings.

The scheme of the multi-disc friction clutch is shown in figure 3.

Moment, transferred by the clutch:

R
: 3
M, =[2nf -mp-dp: pg, = (R =) fa,m

R2
where g, =0.4-0.6 Mna (at 1, <180 06/min); g, =0.3Mmna (at 7, >180 06/min); f =0.35; m
— 15—
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Figure 3 — Scheme of the multi-disc friction clutch

Calculation of disc friction clutches. Calculation of disc friction clutches made on the transmitted
torque, specific force on the rubbing surfaces and the value of the wear rate (calculation for heating).

Original for the calculation is the nominal moment M g , operating on the main shaft, which is
driven to the clutch shaft. The required torque transmitted by the clutch [1]:

Mmp — ﬂMII;I
: imnm

where = 1.1-1.3 is a factor of safety, taking into account the inertia and oscillation of the coefficient of
friction;

H _ _H
My =my - Fy.
mg - reduced (modified) shoulder corresponding to the nominal angle &, ; PH - nominal force; I, 77, -

gear ratio and transmission efficiency from the coupling shaft to the main shaft (when installing the
coupling on the main shaft {, 77 = 1).

It is necessary that the torque transmitted by the coupling M 2 M ::p . Based on the moment
(torque) transmitted by the clutch (coupling) press M . » determine the force (effort) on the slider:
Mm

my

P =

The results of the calculation P, are entered in the table and build a graph of efforts on the slider
based on the moment transmitted by the clutch P, = f (). When the clutch is turned on, part of

expended energy goes into heat, causing heating of parts, friction inserts and linings. As an indirect
thermal calculation, a performance calculation is applied in terms of wear. For this, the work balance is
made when the clutch is turned on (at the initial moment, the speed of the driven disks due to slippage is
somewhat less). Over a period of turn-on of the coupling # - the leading part transmits the moment M,,,

moreover, during this time it turns for angle &, . The balance of work when the clutch is turned on is as
follows:

1. @’
_ L mPy
M, o, = —’"2 + M a, + Amp,

where /,,, — moment of inertia of clutch’s driven parts, reduced to clutch (coupling) shaft; M, — moment of
resistance of the driven parts; &, the angle of rotation of the driven parts in a time #; 4,,, — work spent on

friction in the clutch (coupling). Angles &, and &, can be determined from the equation of dynamics for

the driven parts.

— 116 ——
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do
]bm — Mm B Mc
dt
take up / b M P M . as a constant for the period ¢ (turn-on):
Ibma)M = (Mm _Mc)t

from where:

Ibma)M

t

Angular rotational rate of the driven part (at a known time ¢):
(M, - M)
I bm

Turning angle of driven disks (substituting instead ¢ its value):

Wy

I, o,
a =, t=—>2"M_
Mm - MC‘
Turning angle of driven part:
t t 2 2
M —M M —M t I, @
azzjwMt:I m C'tdt: m c .l _ bm "M
0 0 [bm Ibm 2 Z(Mm _Mc)
substituting in the equation of the balance of work &, n &, will get:
2
A = Mm . Ibm a)M
"M, -M, 2
: M : : :
Taking ——*—— = ¢,,= 1,05-1,16 (coupling on the main shaft) ¢, =1,25-1,35 (coupling on a

M —M,

transmission shaft).
If the friction work is divided by the area of friction surfaces F [m’] and multiplied by the actual

number of turn-ons per minute, we get the wear rate [1]:

zn

2
K, :O‘M'Ib;%p'nf[ S[Kizn]’

where p - use factor of number of moves, ny - calculated speed of the press, the values are given in table 1.

Table 1
Type of equipment ny P
1. Sheet-plate stamping press, ventilating, bending, high capacity cutoff <15 0.7-0.85
20-40 0,50-0,65

2. Also of average capacity
3. Horizontal forging machine, plate cutter (sheet metal shears), shearing and multi-function,

) 25-60 0,55-0,70
sheet metal press of average capacity

4. Hot forging crank driven press, embossing, high capacity varietal shears 70-110 0,30-0,45
5. Also of average capacity 40-70 0,45-055
90-120 0,20-0,45

6. Multi-operated sheet-plate stamping and shearing presses, high speed

[Ki-,] = 0.7-0.8 M J/M” min — single disk clutches with retinax inserts.
[Kin] = 0.4-0.5 M J/m* min — multi disk clutches with ferodo plates.

— 17—
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Formula shows that with decreasing @ the wear is reduced (but the moment is growing). After
checking the wear rate, the piston diameter is selected based on the pressure in the pneumatic cylinder.
pe=0,3-0,4MPa.

To improve the operation of the clutch, two-stage feed is made, and the pressure increases until the
time of the working operation. [1].

Dynamic model of a crank press with feed clutch. When modeling the dynamics of a crank press
with the feed clutch and simulation of the operation of the feed clutch, various software systems are used
[6-17].

To simulate and analyze the movement of a crank press with the feed clutch, this work uses a soft-
ware package: SimulationX [18].

SimulationX — is software for modeling and analyzing the dynamics and kinematics of automobiles,
industrial equipment, electric, pneumatic and hydraulic actuators, hybrid engines, etc. It is used for the
design, modeling, simulation, analysis and virtual testing of complex mechatronic systems. It simulates
the behavior and interaction of various physical objects of mechanics (1D and 3D), driving equipment,
electrical, hydraulic, pneumatic and thermodynamic systems, as well as magnetism and analog and digital
control systems. It performs the following tasks: system modeling in the time and frequency domains;
simulation of transient processes in linear and nonlinear systems or stationary simulation to calculate a
model in a periodic state (nonlinear or linear). Model libraries are divided by simulated physical
applications. Tools and interfaces complement SimulationX for integrated analysis of systems and
structure.

Figure 4 shows dynamic model of a crank press with feed clutch on the SimulationX software
package [19-22].

machirel switchSignal
inertial
.g!lﬁ—| E }
beltDrivel springDamperl gearl
inertia2 f‘m ineria3 Stk
—= P - L~ [ v ¢@=; :‘—L N
= - 4 O‘I inertiidqClutchl

o springDamper2 o

Inertiab I{Oﬁ\l inertias

L \ Loy | | |
loacFunction crankl

cel powerSensmdssl

— o
| | G it T )k F ' = o
A LA P .

9 5

Figure 4 — Dynamic model of a crank press with feed clutch on the SimulationX software package

The elements of the SimulationX library that were used to compile the model are shown in figure 5.
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Figure 5 — The elements of the SimulationX library

List of symbols (see figure 5) and description of the elements of the SimulationX library:

1 — Asynchronous motor. This element simulates the simple asynchronous motor. The model is
based on the stationary characteristics of the motor. This element models the asynchronous motor with
sufficient accuracy when simulating the drive of a machine. It simulates engine starting, transient and
steady-state processes, depending on the load and the speed of rotation of the shaft.

2 — Belt drive. This element models the operation of belt transmission, with the account of elastic-
dissipative characteristics. The model takes into account the reactions and movements in the bearings of
the pulleys of the belt drive that allows you to simulate the interaction of the transmission with the base.

3 — Spring - Damper — backlash. The model represents elastic and / or damped behavior between the
rotational links, with the possibility of taking into account backlash. Springs always acts in parallel with
the dampers.

4 - Inertia. This element models the moment of inertia of a rotary link. It is also possible to simulate
a variable moment of inertia.

5 — Gear. The Transmission element is an ideal converter of rotational movements and forces
operating between two components in a rotating mechanical system. It works as an ideal converter without
taking into account dissipation and, fulfills the specified gear ratio or the conditions of power balance in
input and output. The Transmission element allows you to model fixed and variable ratios for angles or
velocities in input and output.

6 — Disc clutch. The Model Disc Clutch is a component that turns on or interrupts the flow of torque
(and therefore power transmission) between the drive components. The model can be used to simulate
multi-plate clutch of machines or gearboxes. In addition, it is possible to simulate the friction of the brakes
(for example, an automatic transmission). Elasticity, damping and clutch friction parameters can be
considered. In transmission of the models, the clutch can be activated by a signal from the switch.

7 — External force. This type of element allows you to simulate the forces between two components,
or only on one component of the mechanical model. It provides universal, functional power transfer in the
mechanical model.

8 — Crank mechanism. The element models a slide-crank mechanism, taking into account the
backlash in the hinges, the elastic-dissipative properties of the connecting rod.

9 — Mass. This element models the mass of a linear link. Variable mass modeling is also possible.

Initial parameters of the model:

Crank press motor power W=0.5 kBT, rated engine speed n=450 rpm. The numerical values of the
dimensions, moments of inertia of the nodes of the crank press and the stiffness of the shafts are taken
from [1].

The nominal force developed by the slide of the slide-crank working mechanism in the area before
the extreme low point of the slide's stroke is modeled by a sine-wave signal generator (loadFunction) and
linear force (load) (figure 6). This load force depends on the angle of the crank. The maximum force is
reached at the lower point of the slide’s stroke and is equal to 4000n.
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Figure 6 — The nominal force, developed by the slide of the slide-crank working mechanism

Parameters of the feed clutch of the crank press are shown in figure 7.

[ Properties - discCluteh (Model) =
I'urmm-l(-.lrs| Free Definit tead 4t
Control
Clutch Control by kindCon: fwitch Signal and Max. Press-On Force JiRd .n hd
Switching Signal sW: inl -
Max. Press-On Force FpMax: 7200 N -
Force Build-Up Time s 0.2 H -
Clutch
Friction Surface Quter Dia. da: 118 mim -
Friction Surface Inner Dia. dic B8 mm -
Disk Thickness o F mm -
Mao. of Friction Surfaces ns: & -
Friction Surface
Sticking Friction Coefficient mul: 012 -
Slipping Friction Coefficient mu: 0.08 -

Figure 7 — Parameters of the feed clutch of the crank press

Simulation results: Feed clutch of the crank press is activated on the 10" second and connects the
moving flywheel to the actuator. Figure 8 shows the moment transmitted by the feed clutch.
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Figure 8 — moment transmitted by the feed clutch
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Figures 9 and 10 show the various data of the feed clutch of the crank press
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Figure 9 — Calculated data of the feed clutch a) relative angular displacement of the discs; b) relative angular velocity of the disks
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Figure 10 — Calculated data of the feed clutch a) turn-on power loss; 6) potential energy change of the clutch

Figure 11 a, b, c shows movement, speed, acceleration and load of the press slide.
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Figure 11 — Estimated data of the press slide a) movement; 6) speed; B) acceleration; r) load
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Conclusion.

1. The SimulationX software package allows one to simulate the dynamics of the feed clutch of the
crank press, taking into account its design parameters as part of the crank press, and the interaction with
all its nodes.

2. As the result of the dynamic calculation following is determined; moment transmitted by the feed
clutch, relative angular displacement of disks, relative angular velocity (speed) of the disks, turn-on power
loss and potential energy change of the clutch. The displacement, speed, acceleration, and load of the slide
of the crank press are determined at the moment of clutch turn-on and after movement.

3. Dynamic loads in the nodes of the crank press sharply increase at the moment of clutch turn-on.

4. When studying the dynamics of a crank press, it is necessary to take into account the design fea-
tures of the feed clutch, especially plate wear and adjustment, which requires further research of this unit.

5. Visibility of the models and graphical results are especially useful for students and engineers in the
study of the feed clutches of the crank presses.

A. K. Tyﬂemonl, AL A, ,H?KOMapTOBl, M. K. KyaTOBal, P. Xasmcuoranr®

'Axamemux O. A. JxomnacOeKoB aTHIHAAFRI MEXaHHUKA KOHE MallHHATaHy HHCTUTYTHI, Anmatel, KazakcraH,
2TypiK MalllMHa JKacay KaybIMAacThIFbl, 'asuanren, Typkus

KOCHIHAI BACHAKKA KOCBUIFAH KAJIFACTBIPFBIINTBIH JMHAMHUKAJIBIK 3EPTTEYI

Annoranusi. XXympicta Koc WiHai Gacrmakka KOCBUIFAH SKAJFATBIPFBINITEl JMHAMHUKAIBIK TYpPIE 3€pPTENIi.
Kasipri ke3ne 6acka TyHIHIEpIiH ©3apa dCepiH ecKepil, Koc HiHl Oacrakka KOCHUIFAaH JKaJFacThIPFBIIITHl THHAMHU-
KaJIbIK 3epTTE€y MaHbI3/bl Macese Oonbin oThip. Koc minai 6acnak maccacel 100 kugorpaMMmHaH OipHEIlle TOHHAFa
JIeiiiH OOJIAThIH KO3FAIMAIIbI OOJIIIEKTEp MEH TYHIHIepAEH Typajbl. YIIKEH TUHAMHUKAIBIK KYKTEMEMEH YIIKEeH KbLI-
JMAMJIBIKIICH 9Cep eTETiH KOC MiHl Oacmakka KOCHUTBUIFAH JKaJIFACTHIPFBIMNIKA OCBHI OOIICKTEpMEH TYHIHIIE MK
TYP/I€ KOCBUIBI OThIpabl. KOCBUIBUIFAH JKAIFACTBIPFBIIITE KOC HiHJI 0acmakThIH KO3FaJbICHIH MOJCIICH JKOHE
tanmay ymiH SimulationX OarmapiaManblK KOMIDIEKC KOMTaHbUIAbl. SimulationX OarmapiaMaiblK KOMIDIEKCI -
OHEPKAICINTIK KaOABIKTAp, DIIEKTP,- MHEBMO,- THIPOKETEKTEp, THOPUATI KO3FAITKBIIIL, aBTOKOJIKTEPIiH KHHEMa-
THUKachl MEH JUHAMHMKACBIH TaJJall jKOHEe MOJEJJey YUIH MaijanaHbuigbl. [IMHAMHKaNbBIK ecenTtey HOTHKECIHAe
KYMBICIIBI OYJIFAKTBIH OHE KOC MiHAI 0acnakka KOCBhUIBLIFAH KaJFaCThIPFBIIITHIH MaHBI3bl TUHAMHUKAJIBIK TTapa-
MeTpiiepi aHBIKTAIAbl. JKaIFacTRIPFBIITEL KOCKAH COTTE KOC HiHII 0acmaKThIH OapiblK TYHIHAEpAe JUHAMHKAIBIK
KYKTEMe YJiFasi 0acTaFraHbl KOPCETIITCH.

Tyiiin ce3nep: TMHAMUKA, KOCHIH/II 0acIaK, )KaJIFacThIPFHIII, OYJIFaK, MOMEHT, Tepoeric, SimulationX.

A. K. Ty.]'le].l.IOBl, A. A. JI:xomaptos', M. K. KyaTOBal, P. Xasucuorabr®

1I/IHCTHTyT MEXaHWKHW ¥ MamuHoBeaeHus uM. Y. A. JxonmacoekoBa, Anmvatel, Kazaxcran,
*Typeukas Acconuanus Teopun Maumn, Tazuanten, Typrms

JAUHAMUYECKOE UCCJIIEJOBAHUE MY®ThbI BKJIIOYEHUA KPUBOIIUITHOI'O IPECCA

AnHortanusi. B pabote nccnenyercs nuHamMuka My(Thl BKIIOUSHHS KPHBOILIMITHOTO Tpecca. B HacTosiee
BpeMs JJMHAMHYECKOE HCCIIeNOBaHUS MY(T BKIIOYEHHS KPUBOIIMIHBIX MPECCOB C YYETOM B3aMMOIEHCTBHUS C OC-
TAJILHBIMH Y3JIaMU SIBIISIETCS aKTyalbHOW 3anadeid. KpHBOIIMITHBIN Hpecc CONEpKUT MOIBHMXKHBIEC JIETANU U Y3JIbI,
Macca KOTOPBIX OT CTa KMJIOTPaMM JI0 HECKOJIBKHUX TOHH. [laHHbBIE JeTan ¥ y3JIbl HUKINIECKH MOKITIOYatoTCst My d-
TOW BKJIFOUEHHS] KPHBOIIHUITHOTO Ipecca ¢ OOJNBIIUMH CKOPOCTSAMH M Ha HHUX JACHCTBYIOT OONBIINE AWHAMHUYECKHE
Harpysku. [l MoJeMpoBaHus W aHaIM3a ABM)KCHHUS KPHUBOIIMITHOTO Npecca ¢ My(pTOH BKIIOYEHHS UCIIONb3YETCS
nporpamMMHBIA KoMInieke: SimulationX. SimulationX — mporpaMMHBII KOMIUIEKC I MOACTHUPOBAHUS W aHAJH3a
JUHAMHUKHA U KHHEMaTUKH aBTOMOOWJIEH, MHIYyCTPHAIBHOTO 000pyIOBaHUs, dJIEKTPO-, MHEBMO- U THIPOIPHBOJIOB,
THOpPHUIHBIX JBUTaTeNeil U T.A. B pe3ynpTaTe IMHAMHYECKOTO pacdeTa OIpe/esieHbl BaKHbIE AMHAMHYECKHEe Iapa-
MeTpbl My (Tl BKIIOYEHHSI KPUBOILHMITHOTO Ipecca U pabodero moisyHa. [lokazaHo, 4To AMHAMHYECKHE HArpy3KH
IPaKTUYECKU BO BCEX y3J1aX KPHUBOIIMITHOTO Ipecca Pe3Ko BO3PACTAIOT B MOMEHT BKJIIOUCHHUS MYy (TEHL.

KaioueBble ci10Ba: qiHaMKKa, KPUBOIIMIHEINA Tpecc, MydTa, mon3yH, MOMEHT, konebaunus, SimulationX.
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