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Abstract

The article presents a scientifically based, improved methodology for the design calculation of the
parameters of a garbage truck’s sealing plate mechanism, developed through an analysis of scientific literature and
taking into account the wear of its hydraulic cylinder, in order to determine the main geometric, force, and speed
characteristics. The drive for the working components of the sealing plate mechanism is hydraulic and is powered
by the garbage truck’s pump station. The application of the proposed improved engineering calculation
methodology allows for a significant reduction in design time and avoids unnecessary costs associated with
conducting complex experimental and theoretical studies. Using the developed methodology, the main geometric,
force, and speed parameters of the garbage truck’s sealing plate mechanism were determined, taking into account
the wear of the hydraulic cylinder. It has been established that further refinement of the engineering calculation
methodology for the garbage truck’s sealing plate mechanism using a load-sensitive scheme requires additional
research.

Keywords: algorithm, design calculation method, hydraulic drive, consideration of wear, wear rate, wear
intensity, hydraulic cylinder, mechanism, sealing plate, garbage truck, municipal solid waste.

Introduction

One of the priority directions of modern mechanical engineering is improving the reliability and wear
resistance of machine executive mechanisms [1, 2], particularly in municipal equipment, which includes garbage
trucks [3], that are mainly equipped with hydraulic drives for their working components [4, 5]. One of the main
technologies for the primary processing of municipal solid waste (MSW), aimed at reducing transportation costs
and minimizing the negative impact on the environment, is the compaction of waste directly during loading into
the garbage truck. This approach makes it possible to significantly reduce transportation costs and decrease the
area of landfills required for MSW disposal, which is of great economic and environmental importance. The
process of compacting MSW in a garbage truck is carried out using a sealing plate, which is driven by a working
hydraulic cylinder. During operation, this hydraulic cylinder is subject to intense wear due to a large number of
operating cycles and high compaction forces caused by the nonlinear compression characteristics of MSW.
Hydraulic cylinders are typically made of alloy steels; however, to increase their service life, it is advisable to
apply wear-resistant coatings. The development of an improved method for the design calculation of the
parameters of the garbage truck’s sealing plate mechanism, taking into account the wear of its hydraulic cylinder,
will contribute to more effective planning of the renewal, maintenance, and repair of garbage trucks.

Analysis of recent research and publications
Article [6] presents an analytical and statistical study of a model range of specialized equipment, including

an analysis of its technical characteristics, for the purpose of developing a kinematic diagram of the compaction
mechanism in a garbage truck; calculations were performed based on a method for modeling the structure of
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component assemblies. The modeling was performed in SolidWorks Simulation. The developed kinematic
diagrams of the components and assemblies for briquetting and compacting MSW operate at the rated power
characteristics of the hydraulic equipment due to the distribution of drive power across the most energy-intensive
operations. The usage of the principles of moments of inertia and the gravitational forces of the own mass of solid
waste, made it possible to significantly (by 25%) reduce the energy intensity of the compaction process.

In [4], based on the results of computer modeling of the hydrodynamic processes of working fluid flow
through a hydraulic valve, the values of pressure losses were determined. To reduce these losses, a design
improvement to the hydraulic valve was proposed that does not affect its functional characteristics. Implementing
these changes made it possible to reduce pressure losses in the working zone of the hydraulic distributor, which
contributes to a reduction in total energy losses in the hydraulic drive system.

The research paper [7] studies the peculiarities of the process of pressing wood chips in screw presses and
analyzes the processes occurring in specific sections of the screw. The identified dependences make it possible to
calculate the loads on the screw flights and determine the power required to carry out the compaction process. In
addition, the level of raw material heating and the specific energy consumption arising during compaction were
determined.

Scientific article [8] presents a structural analysis of a garbage truck’s compaction plate. In the first stage,
parametric modeling was performed of the assembly consisting of the compaction plate, the counter-pressure plate,
the rear section of the garbage truck, and the material being compacted. Dynamic modeling of the solid waste
compaction process in the garbage truck was performed, and the mechanical stresses for the compaction plate were
loaded into the SolidWorks Simulation. The finite element method was used, resulting in the determination of the
values and distribution of equivalent stresses calculated according to the von Mises criterion, as well as the
displacements and relative deformations of the compaction sealing plate of the analyzed garbage truck.

An exponential dependence of the change in the wear rate of the working hydraulic cylinder of the garbage
truck’s sealing plate mechanism on the magnitude of the compaction force was established in [9]. Taking this
dependence into account makes it possible to improve the efficiency of maintenance and repair planning, which
generally contributes to the improvement of the operational characteristics of garbage trucks. To make the analysis
of the process more visual, a graphical relationship was plotted between the wear rate of the working hydraulic
cylinder of the sealing plate mechanism of a garbage truck and the compaction force, which confirmed the
sufficient consistency of the obtained results. It was established that for a Ukrainian-made KO-436 series garbage
truck, the wear rate of the working hydraulic cylinder of the sealing plate mechanism, in accordance with the
observed pattern, is 0.257 pm/h, and an increase in the pressing force from 30 MN to 150 MN results in a 3.6-fold
decrease in the wear rate of the working hydraulic cylinder of the hydraulic press mechanism. This result is
explained by the characteristics of the contact interaction between the working surfaces and the specifics of the
mechanism’s operation under different load levels.

The study [10] provides a comprehensive analysis of the kinematics and dynamics of the scraper pressing
mechanism in a garbage truck using numerical methods. To study the mechanism’s operation under actual working
conditions over a full cycle lasting 18 seconds, a multi-body model was developed and integrated with a hydraulic
simulation model. The model was validated by calculations at steady-state time points, which demonstrated high
convergence. The results showed that the mechanism operates in steady-state conditions almost all the time, with
hydraulic cylinder rod speeds ranging from 0.08 to 0.15 m/s. The speed and acceleration of the hydraulic cylinder
fluctuate significantly when the mechanism accelerates or decelerates; however, the effect of inertia is negligible.
The forces applied to the joints are greatest at the end of the pressing process. Notably, the force applied to the
joint connecting the scraper plate and the sliding plate is the highest: three times higher than that applied to the
joint between the sliding plate and the pressing hydraulic cylinder, and one and a half times higher than that
between the scraper plate and the scraper hydraulic cylinder. The results of the study can be applied to the design
process of garbage trucks in special and specialized vehicles in general or used as a guideline for improving
performance and optimizing the weight, force, and materials of the mechanism.

According to research data [11], among the main components of side-loading garbage trucks, the hydraulic
system has the shortest service life before failure, which is one of the key factors contributing to increased wear
and tear on these vehicles. According to the results of the study [12], the structure and most common causes of
failures in the hydraulic equipment of garbage trucks have been identified, among which hydraulic cylinders account
for 34.92% (wear of seals and cuffs, rod, failure of piston fasteners, rod bending, mechanical damage), hydraulic pumps
— 16.40% (wear of the working surfaces of the housing and gears, leakage through seals, formation of cracks in the
housing), pipelines and flexible hoses — 15.34% (hose ruptures, degradation of pipelines), and hydraulic distributors —
13.23% (wear of sealing elements and spools, housing cracks).

Article [13] presents several design options for compaction mechanisms in garbage trucks and conducts a
comparative analysis of their design and functionality. A kinematic analysis is performed on a mechanism used
for a wide range of compaction through translational motion. Determining the motion characteristics of the
working components of these mechanisms is necessary for a full understanding of their operation, especially for
designing and improving their functional parameters to achieve low energy consumption.

An analysis of the causes of typical technical failures in garbage truck units, presented in [14], showed that
a significant proportion of malfunctions (about 45%) is associated with hydraulic drive failure. The main causes
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of such failures are manufacturing defects resulting from the use of low-quality components, as well as significant
fluctuations in loads on working parts. Studies of working part failures indicate that the majority of malfunctions
arise from defects in heat treatment and deviations in geometric dimensions during machining (35%), errors during
assembly, adjustment, and tightening of threaded connections (30%), as well as poor-quality welding (30%). It
has been established that the majority of failures (80-90%) are caused by wear and corrosion damage to the
working surfaces of parts, with failure occurring after a critical level of degradation is reached, i.e., when the unit
or its assembly reaches its limit technical condition. In particular, approximately 28% of all failures of hydraulic
drive components occur in hydraulic cylinders, which is associated with wear of mating surfaces and deformations
of the piston rod and cylinder during operation. A durability analysis showed that the average service life of
hydraulic drive components, particularly hydraulic cylinders, is approximately one-third of their maximum service
life; that is, 45-55% of the service life specified by the manufacturer is not actually achieved. The majority of
hydraulic cylinder failures during the early stages of operation or after repairs are attributed to piston rods (31%)
and sealing cuffs (42%). In addition, an analysis of hydraulic system component failures revealed that the primary
manifestation of malfunctions is the loss of external and internal sealing caused by contamination of the working
fluid, which leads to disruption of the normal operation of the units.

The scientific article [15] describes a mechanism for compacting solid waste using a transfer mechanism,
which has been used with great success in the design of modern garbage trucks. In [16], a simulation using Finite
Elements Analysis method (FEA) was performed to analyze the behavior of a similar compression plate structure
in a garbage truck.

The study [17] provides a detailed distribution of the main causes of garbage truck failures, indicating that
the key factors contributing to malfunctions are external and internal leaks in hydraulic systems. In particular,
external leaks account for about 48% of all recorded failures and are mainly caused by damage to flexible hoses
and pipelines, as well as leaks in the sealing elements of hydraulic cylinders and other components. Such defects
lead to working fluid leaks, which negatively affect the overall functioning of the hydraulic system, reducing its
efficiency and increasing the risk of serious accidents. In addition, internal leakage is a significant and fairly common
cause of failures, accounting for approximately 36% of all malfunctions. This occurs due to a violation of the integrity
between the working chambers of hydraulic components, leading to the flow of hydraulic fluid into non-working
areas and a reduction in system pressure. Most often, such failures are observed in critical components of the hydraulic
system, such as spool valves, relief and check valves, hydraulic cylinders, and hydraulic pumps. Since these units
perform the primary functions of garbage trucks, their failure due to internal leaks significantly reduces the overall
performance and reliability of the equipment.

A study [18] found that “conical” wear of the hydraulic cylinder rod in the range of 0.2—0.4 mm along its
length prior to the first major repair leads to a 7.2% decrease in pressure in the hydraulic system, an 11.4% increase
in specific fuel consumption, and a 26% increase in carbon monoxide content in the exhaust gases. Further increase
in rod wear in the working section to 0.6—0.7 mm causes a 13.4% decrease in hydraulic system pressure, a 21.3%
increase in specific fuel consumption, and a significant increase in exhaust gas toxicity ranging from 25% to 59%,
exceeding permissible regulatory limits. A value of no more than 0.4 mm is proposed as the maximum permissible
wear limit for the geometric parameters of the hydraulic cylinder rod in the hydraulic drive systems of construction
and road machinery. In addition, it has been established that rod wear negatively affects the physicochemical
properties of the working fluid, in particular increasing the content of iron and mechanical impurities by
approximately two times, which requires more frequent replacement of the working fluid and leads to its
overconsumption. Overall, this significantly reduces the efficiency and durability of the hydraulic drive, shortening
its service life in construction and road machinery.

Article [19] presents a structural analysis of the wear parts in the compaction mechanism of a garbage truck.
3D parametric modeling was performed for the compaction plate, the dump body, the compaction material, the
push plate, and the wear parts. Dynamic modeling of the solid waste compaction process inside the body was
performed, and the mechanical stresses on the wear parts obtained as a result of the dynamic modeling were
imported into the finite element analysis module of the SolidWorks software.

The paper [20] notes that wear of sealing elements in hydraulic systems causes the gradual infiltration of
working fluid into non-operational cavities of hydraulic machines. Although this process is not always visible
externally, it leads to unproductive power losses in the hydraulic drive, which, in turn, causes excessive
consumption of fuel and lubricants, as well as a reduction in the power of the working components. Power losses
caused by seal degradation can result in non-optimal hydraulic motor operating conditions, which negatively
affects the overall efficiency of the hydraulic drive system. The mechanical system “hydraulic cylinder — sealed piston
— compressed hydraulic fluid” is examined, for which the relationship between the hydraulic cylinder’s efficiency and
the degree of leakage is established. The amount of piston sinkage when using VMGZ working fluid is also determined,
and the mechanism of fluid leakage through the hydraulic cylinder’s sealing elements is analyzed.

The authors of the article [21], in their analysis of operational observations of garbage trucks, found that
the largest proportion of failures is associated with wear and corrosion damage to the working surfaces of the
working equipment components. Failures of hydraulic cylinders caused by wear of mating surfaces and
deformations of the piston rod and cylinder during operation account for 32% of the total number of hydraulic
drive component failures. This situation is explained by uneven loading of the body and intense abrasive effects
under the demanding operating conditions of garbage trucks. An investigation into the causes of failures revealed
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that the primary factor is the wear of the working surfaces of key hydraulic drive components, specifically spools
and hydraulic manifold housings, as well as hydraulic cylinder rods. It has been determined that the dominant
failure mechanism is hydro-abrasive wear, which occurs as a result of untimely replacement of the hydraulic fluid
and the use of low-quality or worn sealing elements, such as hydraulic cylinder seals. This facilitates the entrance of
dust and wear products into the sliding zone, which accelerates the degradation of working surfaces. As one of the
promising methods for restoring worn parts in operation, chromium plating in a cold self-regulating electrolyte is
proposed, which ensures the production of high-quality chromium coatings with high productivity.

The paper [22] investigates a rear-loading garbage truck, which is considered as a system consisting of
several main components: the vehicle chassis, the truck body, a hydraulic cylinder, a compaction mechanism, and
a push plate. The garbage truck body is rigidly mounted on the chassis frame, providing a reliable structural
foundation for all operational activities. Located at the rear of the vehicle is the compaction mechanism, which is
responsible for receiving waste and initially compacting it before further transfer into the body. After initial
compaction, the waste is pushed into the garbage truck body by a scraper that interacts with the compaction
mechanism. Each load of compacted waste, as well as the portion of waste being loaded, is gradually pushed
toward the rear of the truck body. At the same time, the push plate continuously moves backward, creating the
necessary pressure for compaction and uniform distribution of waste throughout the body. The push plate assembly
consists of a front plate, frame, guide rail frame, cylinder supports, and other components. As a critically important
load-bearing component of rear-loading garbage trucks, the mechanical characteristics of this plate directly affect
the vehicle’s performance, determining the efficiency of loading, compaction, transportation, and unloading of
solid waste.

The scientific article [23] presents a nonlinear mathematical model that is described by a system of
differential equations with corresponding boundary conditions and characterizes the operation of the hydraulic
drive of a garbage truck’s compaction pressing plate mechanism, particularly during the static compaction of solid
waste, which is a significant stage in its initial processing. At the same time, despite the model’s high accuracy
and level of detail, it does not account for the effect of wear on the power hydraulic cylinder, which is one of the
key elements of the hydraulic drive. Ignoring this factor may limit the model’s applicability for long-term
forecasting of the mechanism’s performance under real operating conditions, where hydraulic cylinder wear
significantly affects the system’s performance and reliability.

The materials of the work [24], based on a detailed analytical study of a mathematical model, identify the
main dependencies of the functioning of vibrating and vibro-impact machines operating with a hydraulic pulse
drive equipped with a single-stage pulsator valve. The developed model made it possible to describe the dynamic
processes occurring in the hydraulic system and the machine’s working parts, as well as to analyze the nature of
pressure pulse formation and their effect on the kinematic and force parameters of vibrational motion. The study
established relationships between the design parameters of the hydraulic pulsation drive, its operating modes, and
the dynamic characteristics of the machines, specifically the amplitude and frequency of oscillations, as well as
the energy of impact pulses. The results obtained made it possible to determine the conditions for stable operation
of vibrating and vibro-impact machines, estimate the effectiveness of using a hydraulic pulse drive in various
operating modes, and formulate recommendations for optimizing the parameters of the pulse valve to improve the
performance, reliability, and energy efficiency of such machines, which is necessary for the further development
of a methodology for the design calculation of their parameters.

However, during the review of the available literature, the authors did not identify a comprehensive
methodology for the design calculation of the parameters of a garbage truck’s sealing plate mechanism that takes
into account the wear of its hydraulic cylinder.

Aims of the article

Development of a scientifically based, improved method for the design calculation of the parameters of a
garbage truck’s sealing plate mechanism, taking into account the wear of its hydraulic cylinder, with the aim of
determining its main geometric, force, and speed parameters.

Methods

The following methods were used in this study: analysis of scientific literature; synthesis of mathematical
relationships between the main geometric, force, and speed parameters of the equipment; and a systematic
approach to account for the interaction of all the machine’s subsystems.

Results

Figure 1 shows a schematic diagram of a garbage truck’s operation during the static compaction of
municipal solid waste (MSW), taking into account hydraulic cylinder wear [23], in which the following structural
elements and values are indicated: PP — pressing plate; HC — hydraulic cylinder; HD — hydraulic distributor; P —
hydraulic pump; SV — safety valve; F — filter; T — working fluid tank. The diagram also shows the following main
geometric, kinematic, and force parameters: pi, p2, p3, p4— pressures at the pump outlet, hydraulic cylinder inlet,
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hydraulic cylinder outlet, and filter inlet, respectively; Wi, W», W3, W4 — volumes of pipelines between the pump
and hydraulic distributor, hydraulic distributor and hydraulic cylinder inlet, hydraulic cylinder outlet and hydraulic
distributor, hydraulic distributor and filter; Op— actual pump flow rate; Sp — nominal cross-sectional area of the
distributor opening; Sy— surface area of the filter element; kr— specific filter capacity (not shown in the diagram);
Ha— dynamic viscosity coefficient (not shown in the diagram); D, d — diameters of the piston and rod; G,— weight
of the pressing plate; G.— weight of the hydraulic cylinder; Gy, — weight of the waste above the pressing plate;
Gw> — weight of the waste outside the pressing plate; Frr — friction force between the pressing plate and the guides;
Frw — the friction force between the MSW and the body; F¢c— the force developed by the hydraulic cylinder; 4;,
h>— the heights of the bottom and top of the press plate; b — the width of the press sealing plate (not shown in the
diagram);o— the thickness of the press plate;  — the angle of inclination of the press plate; x — the displacement of
the press plate.

Fig. 1. Schematic diagram of the hydraulic drive for the pressing plate during static compaction of MSW, taking into
account hydraulic cylinder wear

Let’s determine the area of the pressure chamber of the hydraulic cylinder in the garbage truck’s sealing
plate mechanism

Ser = 7tD2/4 [m?],

where Sc; — the cross-sectional area of the pressure chamber of the hydraulic cylinder in the sealing plate
mechanism of a garbage truck, m?; D — the diameter of the hydraulic cylinder piston in the garbage truck's sealing
plate mechanism, m.

The wear rate of the working hydraulic cylinder in the sealing plate mechanism of a garbage truck is
determined according to the formula in [9]:

v, =7.153-10¢ 1 470" msei [umys], @)

where v, — rate of wear on the hydraulic cylinder, pm/s; p, — pressure in the pressure chamber of the
hydraulic cylinder of the garbage truck's sealing plate mechanism, Pa.

Determination of the duration of MSW compaction in a garbage truck, taking into account the wear of the
hydraulic cylinder of the sealing plate [25]:

PRI S 1< R . [s], 3)
Bp mer(QP_ac) Bp(Qp_ac)

where a,, f» — approximation coefficients for the dependence of working fluid losses on the duration of
hydraulic cylinder wear; m, — the reduced mass of the moving parts, kg; 5, — the coefficient of approximation of
the dependence of the MSW compaction pressure on the duration of the process; Qp — actual pump flow rate, m?/s.
Let’s calculate the number of trips the garbage truck will make:

T-2l,/v

I — “4)
t,+20, /v+t,

Ry = Ayp
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where nwp — number of working days; 7 — duration of the workday, hours; /o — zero (initial) mileage, km;
v — speed, km/h; #; — loading time, hours; /; — distance to the solid waste landfill, km; ¢y — unloading time, hours.

Determination of the number of operating cycles of the hydraulic cylinder in the garbage truck’s sealing
plate mechanism:

Nepyc =Np VL , %)
c

where ¥ — the volume of the garbage truck’s body, m?; k. — solid waste compaction ratio; V¢ — volume of
the solid waste container, m>.
Determination of the wear of the working hydraulic cylinder in the compaction plate mechanism of the

garbage truck using the following formula:
u= Vutnc.HC [l,ll’l’l] (6)

The flow loss coefficient of the working fluid from the high-pressure region to the low-pressure region,
taking into account hydraulic cylinder wear, is determined using the formula [26]:

nD(8, +10u)
o= [m%/(N-s)], (7
12vpyrl

where dp — nominal clearance, m; v — kinematic viscosity of the working fluid, m?/s; pyr — density of the
working fluid, kg/m?*; / — length of the circular clearance, m.
Let’s calculate the friction distance

§ = 2X, 0 Mo pre [m], (3)

where xmax — length of stroke of the hydraulic cylinder in the sealing plate mechanism of the garbage truck,
m.

Determination of the wear rate of the hydraulic cylinder in the garbage truck's sealing plate mechanism
using the following formula:

I,=uls. )

Determination of the required chromium content in the protective coating of the hydraulic cylinder for the
sealing plate mechanism of a garbage truck [27]:

C., =1.36:10°1, + C1,.(9.08—0.416Cy,) +75.6 [%], (10)

where C¢, — chromium content in the coating Fe-Cr-Ni, %; Cr, — iron content in the coating Fe-Cr-Ni, %;
Cyi — nickel content in the coating Fe-Cr-Ni, %.
The parameters of the sealing plate mechanism on a garbage truck, taking into account the wear of its
hydraulic cylinder, calculated using the proposed method, are shown in the Table 1.
Table 1

The main parameters of the sealing plate mechanism on a garbage truck, taking into account the wear of
its hydraulic cylinder

Sci, m? Vipey, LM/S 1,8 np, trips neHe, cycles u,um | o, m’(N's) | s,m | I, pm/m | Ccr, %

9.5-103 7.15-107 74.9 719 14380 71 1.424-10-10 | 25884 | 2.97-10° | 46.6

The parameters of the sealing plate mechanism on a garbage truck, taking into account the wear of its
hydraulic cylinder, were obtained based on the following initial data: D = 0.11 m; p> = 9.68 MPa; Qp= 55 I/min;
0y =-3.573-10° m’/s; B> = 1.443-10"° m3/s%; m, = 330 kg; fr = 0.00217; nwp = 127 days; T= 8 hours; I = 3 km; v
=60 km/h; t3=0.389 hours; /; =30 km; ty =5.6-103 hours; V=10 m?; k. =2.2; Ve=1.1m> 6p=0.136 mm; v=
1.83-10” m?/s; pwr = 890 kg/m?; [ = 0.12 m; Xmax = 0.9 m; Cre = 25 %; Cni = 25 %.

The usage of the proposed improved method for engineering calculations of the parameters of a garbage
truck’s sealing plate mechanism, taking into account the wear of its hydraulic cylinder, makes it possible to
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significantly reduce design time and avoid unnecessary costs associated with labor-intensive experimental and
theoretical research.

The development of an improved method for engineering calculations of the sealing plate mechanism in a
garbage truck using a load-sensitive model requires further research.

Conclusions

Scientifically based improved algorithm for the design calculation of the parameters of a garbage truck’s
sealing plate mechanism, taking into account the wear of its hydraulic cylinder, is proposed, which allows to
determine its main geometric, force, and speed parameters. It has been established that the development of an
improved methodology for engineering calculations of the sealing plate mechanism of a garbage truck using a
load-sensitive scheme requires further research.
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Problems of Tribology 101

Bepeswok O.B., CaByasik B.I., Xap:xkeBcbkuii B.O., Ivanov S.Cv., AnekceeB A.€. YnockoHaneHuit
ITOPUTM 1H)KEHEPHUX PO3paxyHKIB MapaMeTpiB MEXaHi3My YLIJIBHIOIYOI IUIUTH CMITTEBO3a 13 YpaXyBaHHIM
3HOCY HOTO TiIpONMITIHIpA.

VY crarTi Ha OCHOBI aHaNi3y HAYKOBUX JITEpaTypHHX JKepesl po3poOIeHO HAyKOBO OOIPYHTOBaHY
YAOCKOHAJIEHY METOIUKY IPOEKTHOTO PO3pPaxyHKy IMapaMeTpiB MeXaHi3My YIIUTBHIOIOYOi TUTHTH CMITTEBO3A 3
ypaxyBaHHAM 3HOIIYBaHHS HOTO TiApOLMIiHApa JUIi BH3HAYCHHS OCHOBHHUX TI'€OMETPHUYHUX, CHJIOBHX 1
MIBUJIKICHIX XapaKTepuUCTHK. [IpmBoa poOOYMX OpraHiB MEXaHI3My YIIUIBHIOIOYOI IDIUTH € TiAPaBIIYHUM i
JKUBUTBCS Bil HACOCHOI CTaHIi CMITTEBO3a. 3aCTOCYBaHHS 3alpPOIIOHOBAHOI YIOCKOHAIEHOI METOIUKH
IH)KEHEPHOTO PO3paxyHKY J03BOJISE ICTOTHO CKOPOTHTH TPUBAIICTh MPOEKTYBAHHS Ta YHUKHYTH HEBUIIPABIAHUX
BUTPAT, [1OB’SI3aHMX 13 IPOBEICHHSAM CKJIaJHUX €KCIIEPUMEHTAIBHHUX 1 TEOPETUYHHX JIOCHTI/PKEHb. 3a JOTIOMOT OO
pO3p0o06IeHOi METOAMKH BH3HAUYCHO OCHOBHI T'€OMETPHYHI, CHJIOBI Ta IUBUJAKICHI HapaMeTpH MeXaHi3My
VIIUIBHIOIOYOi TUIMTH CMITTEBO3a 3 ypaxyBaHHSAM 3HOCY TigpoumiHapa. BcraHoBieHO, 1o mojaiblie
BIOCKOHAJICHHS! METOJHMKHM IH)XEHEPHOTO pPO3paxyHKy MEXaHi3My YIIUIBHIOIOUOi IUIMTH CMITTEBO3a i3
BUKOPHCTAHHSIM CXEMH Yy TJIMBOI 10 HABAHTaKEHHS MOTPEOYE JOAATKOBUX JIOCIIKEHb.

Kiaw4oBi ciaoBa: aaropuTM, METOIMKAa IPOEKTHOIO PO3PaxyHKY, TiAPOIPHBOM, ypaxyBaHHS 3HOCY,
MIBUAKICTH 3HOITYBAaHHS, IHTCHCHBHICTD 3HOCY, TiIPOIMITIHIP, MEXaHi3M, YIIIJIbHIOYA IIJTUTa, CMITTEBO3, TBEPII
MoOyTOBI BiIXOIH.



