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IN REFERENCE TO THE RESEARCH
OF PIPE BELT CONVEYOR

Abstract. The article considers the initial provisions of the research and design of conveyor transport that
allows to transport bulk cargo in safety.

At the same time, it is noted that there is a need for a harmless impact on the environment, especially in long-
distance routes transporting with vertical and horizontal bends, as well as with a minimum number of reloading
nodes.

The review and analysis of the standard sizes of existing conveyors shows certain advantages of the
technological nature of the pipe belt conveyor (PBC).

The considered construction of PBC, in comparison with existing ones is formed with a closed belt tray due to
support devices placed along the perimeter of the transportation line of bulk cargo.

It is indicated that when the belt with the load moves simultaneously behind the roller support, due to some
collapse of the belt the relationship between the cargo particles and the belt decreases and the system "transported
cargo — conveyor belt" is in an active stress state. This circumstance makes it possible to ignore the active phase at
high transport speeds.

It is revealed that the main advantages of conveyor transport are a high level of labor productivity, achieved by
automating the operation of equipment and low production costs. The problems are the need to split the transported
cargo, accurate reconciliation of transition areas, coordination of drives and synchronization of movements, easily
adjustable in the course of work, subject to certain initial construction conditions.

The tractive calculation of the PBC by circumventing the contour, as with traditional conveyors, allowed us to
determine the force of resistance to the movement of the belt, the load pressure along the cross section, and the forces
acting on the lower and side rollers.

A computer 3D model of the PBC was created by using the SolidWorks software product, which includes:
creating special support elements and roller supports that twist the belt into the pipe, selecting metal construction
elements and calculating their strength, roller supports, and supporting conveyor devices.

The stress-strain state of the belt is shown and a model of the PBC under load is constructed, a load map that
allows analyzing the distribution of various internal reactive force factors, i.e. forces and moments that occur in the
elements of the design model.

Key words: bulk cargo transportation, conveyor belt, pipe belt conveyors, ring roller supports, computer
modeling, stress-strain state of the belt.

Introduction. Nowadays a modernized type of conveyor systems called pipe belt conveyors (PBC)
are becoming widely used in production [1,2].

It is characterized by the efficiency of in-line transportation of bulk cargo over long distances having
routes with vertical and horizontal bends with a minimum number of reloading nodes.

Elimination of losses of transported cargo, isolation of dust-like, hot, aerating and chemically
aggressive cargo from the impact on environment are the main prerequisites for creating new highly
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efficient systems for horizontal and steeply inclined movement of bulk cargo [2-4]. The closed transport
system not only protects the transported material from external influences, but also allows to avoid loss
and leakage of cargo.

This type of conveyor system serves cement and power plants, port loading and unloading
complexes, as well as the chemical, steel and mining industries [5].

The first PBC concept was introduced in 1978 by the Japan Pipe Conveyor Company, which received
patents worldwide.

The basis for the patent was the ability to form a so-called conveyor pipe using a unique belt design
and special pipe-forming roller supports.

Bridgestone Corporation acquired all rights to the system developed by the Japan Pipe Conveyor
Company and granted Krupp Robins, Inc. exclusive marketing rights in the United States., Bridgestone in
cooperation with Krupp Robins, Inc. has developed and refined the limited original technology [6].

Today, PBC systems are used by such companies as: Koch, ContiTech (Germany), Noyes (France),
Nova (Italy), Dosco (UK), Simplicity (India), Krupp Robins (USA), Young Poony (Korea) and Sistemas
(America), etc. [5,6].

In the Republic of Kazakhstan, there are many industrial sectors that transport various materials by
bulk density on both mountain landscapes and plain quarries (Temirtau, Sokolov-Sarbay), where the use
of this type of conveyor is advisable [2,7]. The issues of separating sand from water and transporting them
to the working body of a mini and small hydroelectric power station due to the energy of a swirling jet are
set out in [8,9]. All this shows the relevance of the problem under consideration in the Republic of
Kazakhstan, as well as on a global scale.

Description of the considered construction. In general the PBC is a closed curved system for
transporting bulk materials. The technological novelty of the conveyor costruction (figure 1) is forming a
closed belt tray using support devices placed along the perimeter of the tray intended for transporting bulk
cargo. For this novelty the patent of the Republic of Kazakhstan No. 32227,2015 was obtained [7].

It consists from a drive 1; a grooved support 2; a belt 3; a metal structure 4; a tubular part of the belt
5; a support 6 and a tension station.
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Figure 1 — Pipe belt conveyor

In the loading and unloading zones the system is in an open belt conveyor form. After loading the
bulk cargo, the belt is formed into a pipe shape overlapping with special roller supports at a certain
distance and then guided by the same roller supports. In the unloading zone, the belt automatically opens
after the idle end station and transfers the material to the destination.

The main problems of such conveyor systems are the need of the transported cargo fragmentation,
accurate reconciliation of transition sections, coordination of drives and synchronization of movements,
which are easily regulated in the operation process, subject to certain initial design conditions [2].

When using PBC, it is possible to transport materials at an angle. Because of the special belt and its
orientation, the conveyor can change the trajectory with a radius of less than one meter. The transported
material is isolated, easily loaded and unloaded in the necessary places, and you can also use the reverse
branch to transport other material in the opposite direction [3,4,10].

The results of traction calculation. The PBC traction calculation was performed using the contour
bypass method as for traditional conveyors.
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Due to changes in the structure of the stands, the distributed forces of movement resistance that occur
on the loaded and empty branches of the linear part of the PBC differ significantly from similar forces that
occur on traditional belt conveyors.

At the same time the belt is supported by grooved roller supports and when moving inside the ring
roller supports it is deformed which leads to a force of resistance to movement and vice versa [11-14].

Analytically, it is extremely difficult to solve the problem of deformation of a pipe-shaped belt with
sides connected by overlapping and loaded with an uneven load along and across [15-18].

There is also a second task to determine the force of movement resistance from pressing the
supporting rollers into the lower lining of the pipe-shaped belt and vice versa.

When the loaded belt is moving, immediately behind the roller support due to some collapse of the
belt the relationship between the cargo particles and the belt is reduced, and the system "transported cargo-
conveyor belt" is in an active stress state. Therefore, at high transport speeds, the active phase can be
ignored.

Then the force of resistance to the movement of the belt can be determined by the formula:

W, =(a+bv) 9(0)+C,-P+Cr-Fy, N (1)
where P and F — radial and axial loads, N; Cpy Cr — radial and axial load coefficients, C, =16- 1073,
Cr=15" 1075, ©¥(0) - ambient temperature coefficient during the rotation of the rollers;

a, b — coefficients considering the constructive sealing of assembly and the amount of lubrication [12].
The pressure from the cargo across the cross section is distributed as follows [7,11,13]:

p(p.a)=R-p-g[C(a)da, Pa )

sina

where C(a) = (cos 2¢ + cosa) - (cos?a + - ) — passive pressure function; C(a) = (cos 2¢ + cosa) -

(cos?a + m - sin®a) — active pressure function; ¢ — the angle that characterizes the filling degree of the
belt cross section; m — the mobility coefficient of cargo; a — the current inclination angle of the considered
site to the horizontal; p — bulk density of cargo, kg/m®; R — radius of the pipe-shaped belt, m.

coly 1 '
Ppas (a) = Ppas ;p = ERpglp f Cpass (a)da, N/m (3)
' l’ 1 ’
Pact (@) = Dact ;p = ERpglp f Cact(@)da, N/m (4)
Then the equation of total load is determined as follows:
Ps(a) = Ppas(@) + pace (@) = %Rpgl;; f(Cpas(a) + Coee(a))da, N/m ®)

The equivalent concentrated load acts on the roller from the load within the angle A6, and on the
section of the belt width AB=RA®, (Figure 2).
A force that acts on the lower roller:

T
Pyy =2P, =2 i 0,0075-1.27 = 0.00996 kN = 9.06 N

Loads that are applied to the lower side rollers:

b 1 s
sz = Pp6 = %Rng ;p = ERpglp fzz(cpas(a) + Cact(a))da: N (6)
6
. L 5T
T ’ >y
Pp3 = PpS = ngpg;p = ERpglp fzz (Cpas(a) + Cact(a))da' N (7)
2

At the moment DS-SolidWorks software is one of the most popular and widely used software
packages in the world. It includes a wide range of integrated CAD/SAM modules and more than
500 specialized applications. In this regard, PBC modeling was performed using DS-SolidWorks.
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Figure 2 — B-B cross section of a loaded pipe belt with loads

Figure 3 shows the stress-strain state of the belt with a width of 800 mm and a load transport speed of

2.5 m/s. It can be seen that the middle part under the belt is the most loaded. The constructed model of
PBC is loaded at various cargo, the material density is 1.1-1.6 t/m°.
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Figure 3 — Stress state of the loaded pipe belt

The map of loads made it possible to analyze the distribution of various internal reactive force factors
(forces and moments that occur in the elements of the construction model). Using the settings of the dialog
box, the results of the components and normal stresses in the X and Y axes plane of the local coordinate
system of the structure can be viewed (figure 4).

The stress map showed the maximum stress at the joints of the construction, but there is a sufficient
strength reserve 0,4, = 179 MPa.

A 3D computer model of a pipe belt conveyor was performed using the SolidWorks software product,
which includes: creating special support elements and roller supports that twist the belt into the pipe,

selecting metal construction elements and calculating their strength, and roller supports - supporting
conveyor devices.

Figure 4 — Stress-strain state of the belt
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Torsional oscillations of the PBC occur during the operation of the PBC, so research have been
carried out using the finite element method. As the speed of the conveyor belt increases, the lowest natural
frequency decreases and tends to zero [10,14]. The Hamilton-Ostrogradsky principles are used to describe
the PBC movement. To determine the rotational movement of the tubular conveyor belt, consider a linear
section of the PBC.

To illustrate the application of the developed approach, consider a straight section of pipe belt
conveyor with the following parameters: a = 16 m — linear section length of the conveyor; R = 0.108 m
— average radius of the pipe circumference; § = 0.06 m — belt thickness; G = 0.16 - 10® Pa — shift
modulus; ¥ = m — the angle that characterizes the filling degree of the belt cross section with a load;
p =800 kg/m3 — coal density; p, = 1200 kg/m3 — belt density; p = 1223 kg/m3 — given density;
Lyror. = 5.12-107*i* — moment of inertia of the pipe rotation; I o, = 0.15-107*i* — moment of
inertia of the cargo rotation; pl, = 0.63 kg - m — linear mass moment of inertia; GI,, = 29.3 N - m? —
torsional cross-section stiffness; v = 0 + 5 m/s — speed of the conveyor belt.

The inertia and stiffness matrices of the n™ rod element having a length a,,, the torsional stiffness of
the section (GI,)™, and the linear mass moment of inertia (pI,)™, where p is the reduced density of the
pipe with the load, I, is the polar moment of inertia of the pipe cross section with the cargo, taking into
account (6) are equal to:

M, =ply | H,(2)T H,(2)dz, = pl, — d
Of -2
&slf%@mmm@m—vj%@wmm@w=

an—1 0

Let’s consider a section of the PBC as two finite elements containing three nodes. The inertia and
stiffness matrices of individual finite elements using the formulas (9) are equal to:

My =My =202 (10)
Ky =K, =221 (2) ][1 - (11)
The corresponding global degrees of freedom have the form:
A=l @2
A=loio @3

In node 1 of the PBC, the rotation angle ¢, (t) is zero.
By satisfying the boundary conditions we obtain a characteristic equation for determining the
eigenfrequencies of torsional vibrations can be obtained in the form:

wolii- I, F1-orlt o

By taking into account the dimensionless frequency parameter v, = f% equation (14) can be
0

rewritten as:

awl[ 2, -l Y=o =
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p=—= (16)
T v\
24[1—(%) ]
By solving the quadratic equations (10) and (11), we obtain the eigenfrequencies w; < w, for the
finite element model of the PBC can be obtained:

vo [5—-3V2 | v\?]
wlz—"j—\/_24 1—(—)

a 7 Vo

5+3v2_ | 2]
wzzv_o]_fz“_(l)

a 7 Vo

These values are the upper bound for the true natural eigenfrequencies.
In the intermediate cases, figure 5 shows the dependence of the lower dimensionless eigenfrequency

&= % from parameter v for different values of a. The solid line corresponds to a=5 m, dotted —a=10 m,
0

dashed — a=20 m, dash-dotted — a=40 m.

Consideration shows that as the speed of the conveyor belt increases, the lowest natural frequency
decreases and tends to zero. As the length of the straight section of the conveyor increases, the lower
frequency decreases.

The computer simulation was performed in the SIMULINK system, which is included in the
MATLAB application package. Using typical SIMULINK blocks a block diagram of the system was
assembled, including a conveyor belt contour, a drive and tensioning device. A mathematical model of the
PBC movement was created:

X = Ax + Bu
y=Cx+Du a7

------- - -

00 2 2 6 8

Figure 5 — Dependence of the dimensionless lower eigenfrequency on the speed of the conveyor belt

where x — belt speed; Ax, Cx — static tractive force ("tractive force" in short) that must be applied to a
tractive organ in order to move it at a constant speed, N; Bu — the inertial resistance to movement of the
belt, N; y — total tractive force developed by the drive, N; Du — braking force that occurs when the brakes
are closed, N.
All forces in (2) are applied to the circumference of the drum drive.
Equation of motion in the start-up phase:
Y = Enax = AFom = 1001;)171\, (18)

where F,,, — the maximum tractive force that can be approximated based on the nominal tractive force
F,om and the multiplicity of the starting torque of the engine 4; N,,,,, — nominal capacity of the drive, kW;
9 —nominal speed of the traction body, m/s; n — drive efficiency coefficient.

—— 4 ——



ISSN 1991-3494 6. 2020

The development of the PBC movement model allowed us to determine transient processes by the
speeds of generalized coordinates when starting the conveyor at a speed of 2.5 m/s. Determination of
rational technological parameters is the task of further research.

Conclusion. As the world experience shows, PBC are one of the alternative installations for
transporting bulk cargo in a closed way.

The results of the traction calculation of the developed conveyor by circumventing the contour, to the
necessary extent allows to set the movement resistance force of the belt, the pressure from the cargo along
the cross section, the forces acting on the lower and side rollers.

The results of PBC computer modeling in 3D using the SolidWorks software product and the
developed mathematical model allows to describe the change in the tension of the PBC along the linear
part of the PBC and reveal the essence of the ongoing process when using the conveyor.

The research of the stress-strain state of the belt with a width of 800 mm, a transportation speed of
2.5 m/s and a material density of 1.1-1.6 t/m® shows that the middle part under the belt is the most loaded.

In further improvements to the conveyor and its operation technology it is necessary to ensure
accurate reconciliation of the transition sections, synchronization of movements, easily adjustable during
operation if the initial conditions are met.

B.T. CasaMﬁaeBal, 0. H. CaMOFHHZ, B. b. TormﬁaeBal,
XK. KaCLIM66K0B3, M. MaxaHonl, B.E. I[mymmﬁaenl, A. C. Kun:ke6aena’
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KYBbIPJIbI TACIIAJIBI KOHBEMEP/II 3EPTTEY MOCEJIECI

AnHoTanus. Makanaia cychIMaibl )KYKTI KOJI OOHBIHIA caKTall, TACKIMANayFa MyMKIH/IIK OepeTiH KOHBehep-
7 KeJIKTiI 3epTTeyre »oHe )kobamayra Heri3 OojaTelH OacTamKel >Karmaiap KapacTelppiiraH. COHBIMEH Kartap,
KOpIIaraH OpTaFa 3USHCBI3 9PEKETi, dcipece, Tpaccalarbl TiK jkoHE KoJjbey OYpBUIBICTApPMEH albIC KAIIBIKKAa TAChI-
Manjay >kKoHe THeN-TYcipy TYHiHIHIH a3 Ke3[IeCeTiHi )KaibIHAa alThUIaIbI.

KonnmaHsicTarsl KOHBeHepepIiH HaianaHbUIaTbIH CTAHAAPTTHI OJIIIEMICPiHE XKYPTi3UITeH IOy MEH Taliay
KyMbIcTapbl KyObIpibl Tacnanbl kKoHBeitepniH (KTK) TeXHONOTHSIIBIK CHNATBHIHBIH OENTiii apThIKIIBUIBIKTAPBIH
KepceTel.

Kapacreipbuiran KTK KOHCTPYKIUSCBIHBIH Ka3ipri KOJJIaHBICTaFbl TYPIHEH ePeKIIeiri, TachMaIaHaThIH CYChI-
MaJibl XKYK NepruMeTpi OOHBIMEH OpHAJIaCKaH TIPEK KYPhUIFbUIAPBI €ceOiHEH TYHBIKTaIFaH Tacra JOTOKTap/IaH Typaibl.

Tacma xykneH Oipre Oip yakbITTa KO3FaJlFaHa POJIMKTI TIpEKTEH KEiiH TaclaHblH KeiOIp TycTaphl JKajmasThiH-
JIBIKTaH, JKYK TIEH TacraHblH OeiKkTepi apachlHAa e3apa OailylaHbic SJCipelil KoHE «TachIMalJaHaThIH KYK —
KOHBEHepIIiK Tacra» jKyleci akTUBTI KepHEyJl jkaraaibiHia Oonmansl. byt skarmail TackIManiayablH KOFaphl JKbLUI-
JAaMIBIFBIHIAFBI OCTICCHI (a3aHbl ecenTeMeyre MyMKIHIIIK Oepei.

Kongeiiepmik KemikTiH 0acTbl apTHIKIIBUIBIFBI — JKaONBIK JKYMBICBIH aBTOMATTaHIBIPY J>KOHE OHIIPICTIK
IIBIFBIHIIB a3aHTY KOJIBIMEH KOJI KETKi3eTiH eHOeK OHIMIHIH KOFaphl ACHreli eKeH/IIr1 aHbIKTaFaH. byFaH KaThICTHI
GacTer Mocenenep — Keiidip 6acTanKel KOHCTPYKTHBTIK IMIAPTTApAbI KYMBIC OaphICHIHA CaKTay apKBUIBI KEHIT PeT-
TEHTIH TachIMAJIJAHATBIH JKYK YCAaKTay Ka)KETTeliri, aybICaTbIH Yy4YacKelepAi JIoJI aHbIKTay, JKETeKTepAl Colkec-
TEHJIIPY OHE KO3FaJIbICThl CHHXPOHH3AIHSLIAY .

KouTypasiH 0oiibiMeH aifHamy acepiHeH xky3ere ackan KTK tapTeIMIbIK ecedi JocTypsii KOHBeHepepai maima-
JlaHy Ke3iHJerifiel, Tacna KO3FaJIbIChIHA KeAepri KYIITep.i, KOJIeHEeH KMMAachlHa JKYK KbICBIMBIH, aCTHIHFBI JKOHE
Oyitipyik pOJMKTEpre acep eTeTiH KYIITep/i aHbIKTayFa MYMKIHIIIK Oepei.

SolidWorks 6arnmapnama eHimin naiinanana oteipsir, 3D KJIK-na KOMIOBIOTEpITiK MOJIENTh KacaJIbl, OFaH MbIHA-
Jap KipeJi: JIeHTaHbl KYObIpFa aifHabIpaThIH apHalibl TIpEK AJIEMEHTTEpI MEH POJIMKOTIOpasIap acay, MeTaul KOHCTPYK-
ST QJIEMEHTTEPIH TaH 1Ay JKOHE OJ1apJIbIH OepiKTIriHe ecenTey, pPOIMKONop, KOHBEHEpiH KOJ1ay KYPhUIFbUIapHI.

TacnaneiH kepHeymik-nedopmanusiianran Kyii skoHe KTK-zmiH KyKneH caimak TYCipuIreéH MOJemi TYpFbI-
3BUTFaH, TYPJi iOIKi peakTHBTI KYIITIK (axTopiap OeIiHICiH, SFHA KOHCTPYKIMS MOJENiHIH JIeMEHTTepiHIe maiaa
0OJaTHIH KYIITEP MEH COTTI TaJiayFa MYMKIHIIK OepeTiH )KYKTeMenep KapTackl KOPCeTiIreH.

Tyiiin ce3mep: CychIMaNbl JKYKTEpHi TachkIMaliay, KOHBEHEpNiK Tacma, KyOBIpJIBI Tacmaiel KOHBeHep,
CaKWHAJIBI POJIMKTI TipeKTep, KOMITBIOTEPIIIK MOAEIIBACY, TACTIaHBIH KEPHEYIIiK-1ehopManusaIaHFad KyHi.
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K BOITPOCY UCCJIEJJOBAHUS TPYBYATOI'O JIEHTOUHOTI'O KOHBEMEPA

AHHOTanus. B craThe paccMOTpEHbI HCXOAHBIE MOJ0XKEHUS K MCCIEJOBAaHUIO U MIPOCKTUPOBAHUIO KOHBEHEp-
HOTO TPaHCIOPTA, MO3BOJIAIONIETO TPAHCIIOPTUPOBATH CBHITyUYHe IPy3bl B COXPAHHOCTH.

INpu 3TOM OTMEUEHA HEOOXOAUMOCTD OE3BPEJHOTO BO3JEHCTBHA Ha OKPYKAIOLIYIO Cpe/ly, OCOOCHHO IIPU TPAaHCIIOP-
THUPOBKE Ha OOJBIINE PACCTOSHHS TPACCHI C BEPTHKAIBHBIMH W TOPH30HTAIBHBIMHE M3rHOaMH, a TAK)KE MUHHMAIlb-
HOM YHCJI€ IEPETPY309YHBIX Y3JI0B.

BrimosHeHHBIH 0030p ¥ aHATIM3 HCIOJIB3YEMBIX THIIOPAa3MEPOB CYIIECTBYIONINX KOHBEHEPOB IMOKa3hIBAET OIpe-
JIeIIEHHBIE TIPENMYIIIECTBA TEXHOJIOTHUECKOTO XapaKkTepa TpyodaToro ieHTouHoro kouBeiepa (TJIK).

PaccmarpuBaemast koHcTpykums TJIK, B oTimgue OT CymIecTBYIOMHUX, chopMHUpOBaHa C 3aMKHYTHIM JIOTKOM
JICHTHI 32 CUET OIOPHBIX YCTPONCTB, pa3MEIIECHHbIX 110 IEPUMETPY JIUHHH TPAHCIOPTUPOBAHMS CHITYYHX TPY30B.

YKka3zaHo, 4YTO IIPU JBM)KEHUH JIEHTHI C TPY30M OJTHOBPEMEHHO 3a POJIMKOOIIOPOH, BCIEACTBHE HEKOTOPOTO pa3-
BaJIa JIGHTHI, B3aUMOCBS3b MEX]y YaCTULAMU I'py3a U JICHTOW CHMIKAETCS U CHCTEMa «TPAHCHOPTUPYEMBIA Ipy3 —
KOHBEHepHasl JICHTa» HaXOAWUTCS B aKTHBHOM HAIPSHKEHHOM COCTOSHHM. JTO OOCTOSITENILCTBO IIO3BOJISIET HE
YUUTHIBATh AKTUBHYIO (pazy Ipu BHICOKMX CKOPOCTSIX TPAHCIIOPTHPOBAHMSI.

BrIsBIE€HO, 4TO ITaBHBIE JOCTOMHCTBA KOHBEHEPHOIO TPAaHCIOPTa —BBICOKUI ypOBEHb NPOU3BOAUTENBHOCTU
TpyZa, JAOCTUTAaeMBId IyTEM aBTOMATH3alMK paboThl 0OOPYHOBaHWS, W HHU3KHE MPOW3BOJACTBEHHBIE 3aTparhl. A
npoOieMaMu, IPUCYIIUMH UM, SBIISIFOTCSI HEOOXOANMOCTD IPOOJICHUS TPAHCIIOPTUPYEMOTO T'Py3a, TOYHAs BHIBEPKA
MePEXOHBIX yJacTKOB, COTJIACOBAHME MPHBOAOB M CHHXPOHM3ALMS JIBI)KCHHH, JIETKO PEryIupyeMble B Ipolecce
paboTHI IpH COOIIOACHNN HEKOTOPBIX IEPBOHAYABHBIX KOHCTPYKTHBHBIX yCIOBHH.

Brmonaennsiit taroserii pacder TJIK meromom 00xoma mo KOHTYpPY, Kak MPH WCHOIB30BAHUH TPATUIIMOHHBIX
KOHBEHEPOB, MO3BOJIMI ONPEAEIUTh CHILy CONPOTHUBIICHUS IBIKCHUIO JICHTHI, JABJICHUE OT TPy3a IO HOINEPEIUHOMY
CCUCHHIO, CHJIBI, HCﬁCTByIOHlPIC Ha HHKHHUE ¥ OOKOBBIE POJIMKU.

Cocrasnena kommbioTepHas mozaens B 3D TJIK ¢ wucmosnp3oBanueM mporpammuoro npoaykra SolidWorks,
BKJIFOUAIOIIasl: CO3[JAaHNE CHEUATIBLHBIX OTIOPHBIX DJIEMEHTOB M POJIMKOOIIOP, 3aKPyUUBAIOLIMX JICHTY B TpyOy, BHIOOD
JIEMEHTOB METAJUIOKOHCTPYKIMM M pacdyeTa UX Ha INPOYHOCTb, POJIMKOONOp, MOANEPKUBAIOLINX YCTPOUCTB
KOHBeliepa.

[TokazaHo HampspKeHHO-1e(OPMUPOBAHHOE COCTOSIHUE JIGHTHI M moctpoeHa moxenb TJIK mpu HarpyxkeHun
rpy30M, KapTa Harpy3oK, MO3BOJIIONIAs NPOAHATU3UPOBATh PACIPEACICHHE PAa3IHUHbIX BHYTPEHHHX PEAKTHBHBIX
CHJIOBBIX (DaKTOPOB, T.€. CHJI 1 MOMEHTOB, BOSHUKAIOIIMX B JIEMEHTAX MOJIEITH KOHCTPYKIIUH.
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PBI, KOJIBIIEBBIE POIMKOOIIOPHI, KOMITBIOTEPHOE MOACINPOBAHUE, HAMIPSKEHHO-1E(OPMUPOBAHHOE COCTOSIHHE JICHTHI.
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