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Abstract. In construction and related branches
of the national economy, there are many works
related to the destruction and movement of soil
(laying of communication lines, extraction of
minerals and building materials, reclamation and
military-engineering earthworks, etc.). Work
equipment, which implements the principle of
static soil destruction, is one of the most significant
criteria that determines the high energy intensity of
the work process of modern earth-moving
machines. Even the foreign equipment with which
state and communal enterprises are now equipped
has better characteristics only due to its novelty
and universal design. However, the main problem -
reducing the energy intensity of soil massif
development - remains unsolved.

The processes of destruction of working
environments are destructive. All real processes
are irreversible, that is, the entropy of an isolated
(closed) system can only increase. For open
systems, where there is an exchange of matter with
the environment, as well as energy and
momentum, entropy can decrease due to
replenishment of the system with matter and
energy, but the direction of natural processes does
not change.

Complex and non-linear processes of
development of work environments are
characterized by both directions of flow of the
components of these processes. The description of
the evolution of systems due to the movement of
working environments as degradation processes is
proven and scientifically substantiated by the
second law of thermodynamics, the evolution of
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the system in the sense of organization for all its
components - by synergy.

The constructive implementation of the
working bodies of construction machines in such a
way, when the co-direction of the destruction
processes with the flow of natural processes is
implemented, allows to significantly increase the
informativeness of the work of the construction
machine. Such processes lead to a drastic reduction
of resource costs per unit of production and
improvement of all parameters of the development
of working environments.

Considering the above, as well as the need to
reduce Ukraine's energy dependence on other
countries, there is a need to develop and create
low-energy, high-speed working bodies of
earthmoving machines.

When forming the face, it is necessary to take
into account that the destruction process must
coincide with the direction of the natural
destruction process in order to reduce energy costs.

Keywords: entropy, informativeness, synergy,
working environment, gravitational field, energy
intensity.

INTRODUCTION

For Ukraine, the characteristic features of
the execution of a number of earthworks are
characterized by the natural formation of a
layer of freezing up to 20 cm deep in the soil
massif after the winter seasons. In addition, the
natural composition of the top layer of the soil
iSs an environment with heterogeneous
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inclusions.  Such  properties of  soil
environments determine the peculiarities of the
trenching technology during the laying of
communications. Namely, the trench is formed
after several passes of the trencher, which
reduces the productivity of the machine. In
addition, works on the laying of
communication lines, as a rule, are performed
in a short time and in a limited space.

When creating trenches under communica-
tion lines, earthmoving machines destroy the
densest layer of the soil massif, and their
working bodies work in difficult conditions,
which causes them to wear out quickly and to
lay down large coefficients of safety margin
during design. The main types of work that are
performed at the same time combine complex
physical and mechanical processes, the im-
plementation of which requires the use of spe-
cial machines, which differ from ordinary ones
both in terms of work principles and structural
performance. Most of these machines use
high-speed operating devices, the principle of
operation of which is based on the theory of
dynamic soil destruction. [1, 2].

Until now, research in the field of devel-
opment of working environments was based
on the study of specific regularities and did not
touch general natural laws, which significantly
limited the possibilities of creating high-
quality models of the functioning of technical
complexes for the development of working
environments.

The direction of natural processes is deter-
mined by the second law of thermodynamics,
from which it follows that the entropy of an
isolated system can only increase, reaching a
maximum in the state of thermodynamic equi-
librium of the system. For open systems,
where there is an exchange of matter with the
environment, as well as energy and momen-
tum, entropy can decrease due to the replen-
ishment of the system with matter and energy,
but the direction of all real processes in the
direction of increasing entropy does not
change in open systems. In complex, non-
linear, unbalanced and open systems, organi-
zation processes can occur, when the orderli-
ness of the system increases due to the syner-
gistic openness of such systems.
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Thus, the processes of destruction of work-
ing environments in order to reduce energy
consumption should be co-directed with natu-
ral processes of destruction, and the construc-
tion of equipment, its working bodies, as well
as the working processes of this equipment
should be maximally informative in a syner-
gistic sense. [3-5].

The aim of the work is to analyze the fea-
tures of earthmoving equipment, the produc-
tion indicators of which take into account the
main provisions of energy saving and the justi-
fication of new approaches to the destruction
of the working environment by systems of
construction equipment, taking into account
the co-entropic directionality and synergistic
nature of these processes.

The task of this study is to determine the
area of application of low-energy dynamic
working bodies and the constructive and re-
gime implementation of co-entropy and syner-
gy of the destruction of working environments.

PRESENTING MAIN MATERIAL

The analysis of construction machinery and
its work processes, as well as the synthesis of
new working bodies and machines, is based on
the research of individual patterns of their
work. This direction of research in the field of
working environments is quite effective, but
the narrowing of the direction of research ac-
cordingly limits the positive effect of their
conduct.

The most energy-intensive of all earthworks
operations is the destruction of the soil, in
connection with which the development of
soils is distinguished by the methods of their
destruction, a characteristic type of energy
action.

With static mechanical destruction, the cut-
ting tool moves uniformly or with slight accel-
erations at a speed of up to 2-2,5 m/s. The
energy intensity of the mechanical destruction
of sandy and clayey soils, depending on their
strength and the design of cutting tools, is
0,05...0,5 (kW-h)/m3, up to 85% of the total
volume of earthworks is performed in this way
[6].

The traditional scheme of operation of
earthmoving machines is characterized by the
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fact that the energy from the engine is trans-
ferred to the working body with the help of
transmission,  pressure, running, traction
mechanisms in various combinations. This
leads to significant energy losses in the trans-
missions of these mechanisms and a decrease
in the efficiency of the machines. The need to
increase workloads and productivity leads to
an increase in the mass of machines and the
power of the engines installed on them, and
these indicators cannot grow indefinitely.

Machines that provide increased mechani-
cal and non-mechanical impact on the envi-
ronment by working bodies with a relatively
small mass, but with a separate special drive or
with the help of intensifiers, are devoid of the
listed disadvantages. Machines with non-
traditional high-speed working bodies are be-
coming more and more popular due to the pos-
sibility of creating large working loads and
speeds with a significant reduction in the
weight of the machine, as well as the possibil-
ity of increasing the useful power of engines
without increasing the size of the machines
and their total capacities.

The theory of the destruction of working
media under the action of high-speed loads of
various types takes into account changes in the
contact properties of the media, energy, speed
and shape of the working body, and the time of
destruction. The main principles and provi-
sions of this theory formed the basis of modern
calculation methods and the creation of work
modes and constructions of soil- and rock-
destruction equipment not only in Ukraine, but
also abroad.

The development of environments during
earthworks, as well as in the work processes of
their development during the functioning of a
complex of technical systems of construction
equipment, is connected with the load, defor-
mation and destruction of these environments
[7]. The effectiveness of the development is
evaluated by specific parameters: energy in-
tensity, specific productivity, mass specific
productivity and the general criterion of the
effectiveness of the complex of technical sys-
tems of construction and construction equip-
ment - specific entropy. The destruction of
working environments is a destructive process
— the process of destroying the structure of the
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working environment. All real processes are
irreversible, that is, the entropy of an isolated
(closed) system can only increase. When mat-
ter, energy and information can flow into an
open system, the direction of natural processes
does not change. To reduce energy costs for
the destruction of working environments, it is
necessary to form the work processes of tech-
nical system complexes in such a way that
physical fields are involved in the destruction
of these working environments (natural
movement occurs exclusively through the ac-
tion of four types of fundamental physical
fields). During the destruction of working me-
dia, their macro-movement occurs in the gravi-
tational field, therefore the form of the slaugh-
ter must be built in such a way as to use the
energy of the gravitational field as much as
possible for their destruction.

In complex, non-linear, unbalanced and
open systems, organization processes can oc-
cur, when the orderliness of the system in-
creases due to the synergistic openness of such
systems. Both directions of flow of compo-
nents of these processes are inherent in com-
plex processes of development of working
environments. The description of the evolution
of systems due to the movement of working
environments as degradation processes is
proven and scientifically substantiated by the
second law of thermodynamics, the evolution
of the system in the sense of organization for
all its components - by synergy [8,9].

Figure 1 shows the disk working attach-
ment of the earthmoving machine, the peculi-
arity of which is that its bottom is formed in
such a way that the soil to be destroyed is lo-
cated above the operating device [10].

This is achieved due to the fact that the
working body is inclined at an angle a in the

direction opposite to the feed rate V. In this

case, part of the soil destruction work is per-
formed by the gravitational field.

The force of gravity acting on the soil is di-
rected at the separation of soil particles from
the massif, moves the soil separated from the
massif to the end plane of the disk of the work-
ing body, then the disk takes the soil into the
dump due to the rotational movement. In addi-
tion, a small closed volume of soil located
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above the working body is subjected to stress
which

waves (deformations), reduces the

strength limit of the soil.

Fig. 1. Disk working body of the earthmoving
machine: 1- disk, 2— throwing elements, 3— cutting
elements

A similar advantage, in addition to several
others, is used by a conical cutter (Fig. 2). The
working body, developed by the department of
construction machines of KNUCA, has in the
axial section the shape of a truncated cone,
which is located with a larger base towards the
bottom [11]. The sides of the conical cutter
form a cutting edge with the base. Cutting and
casting elements are located on the side sur-
faces in concentric circles of different diame-
ters. They are located in concentric circles of
different diameters in such a way as to avoid
continuous cutting. To ensure the planning of
the bottom and walls of the trench, and addi-
tional transportation of soil outside the trench,
a cleaning casing is installed.

During the operation of the conical cutter,
part of the soil massif is destroyed due to un-
dercutting and cutting of the soil by the cutting
edge and cutting and throwing elements. The
destruction of the soil in the gaps between the
cutting and throwing elements arises from
stresses exceeding the strength limit of the
soil, which are formed from the superimposi-
tion of deformation waves in the massif due to
the high speed of rotation of the working body.
The shape of the conical cutter allows to en-
sure the destruction of part of the soil mass
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due to the gravitational field. The angle o at
the base is chosen to be smaller than the angle
d of the friction of the soil on the steel, which
ensures the rise of the soil along the surface of
the cone of the cutter, and the centrifugal force
acts in the direction of the open surface of the
massif, which allows the destroyed soil to be
thrown out of the trench. To prevent the de-
veloped soil from entering the trench again,
behind the cone cutter, a cleaning casing is
installed, which also profiles the bottom and
walls of the trench.
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Fig. 2. Cone cutter in working position: 1 — base
machine, 2 — cone cutter, 3 — drive of the working at-
tachment, 4— cutting and throwing elements, 5 — clean-

ing casing

In further research, the idea arose to mod-
ernize the conical milling cutter by dividing it
into two cones - upper and lower (Fig. 3).
Rolling bodies are installed between the upper
and lower cones. The cones rotate in opposite
directions and with different angular veloci-
ties. This prevents lateral efforts during the
development of the working environment. In
this way, the problem of ensuring course sta-
bility of the base machine is solved [12].

The gravitational field performs the greatest
part of soil destruction in the soil destruction
method implemented by high-speed equipment
(Figure 4), and especially by quasi-static
equipment (Figure 5). The essence of the
method of destruction of working environ-
ments of coentropic directionality is explained
by the following proposed constructions of the
working equipment.
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Fig. 3. Modernized conical milling cutter: 1 — upper
cone, 2 — lower cone, 3 — rolling elements, 4 — cutting

and throwing elements, 5 — cleaning casing

The method of soil destruction by high-
speed working equipment is implemented as
follows. When developing a trench with a
depth of H, the working attachment is located
in the lower part in such a way that it develops
the soil with a height of H—AH, that is, the
thickness of the soil AH is not developed by
the working attachment and remains undis-
turbed. The destruction of this part of the soil
occurs due to the force of gravity acting on the
roller. That is, the lower part of the trench is
developed by the working body due to the

movement of the riser with the speed Vg and

angular velocity o of the working body, which
is provided to the working body by the drive,
and the upper part AH is destroyed by the roll-
er due to the force of gravity F=mg, where m
is the mass of the roller and the separated soil
from the array (the roller also moves with

speed Vg and has the ability to move for some

distance in the vertical direction). Depending
on specific conditions, a dynamic force may
also act on the soil in the vertical direction.
Ruined soil due to the force of gravity falls on
the end surface of the working body and is
carried out of the trench by the excavator
shovels.
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The method of soil destruction by quasi-
static working equipment is implemented as
follows. The working body is located in the
trench similarly to the previous case. Due to
the fact that the working body consists of a rim
and spokes, the soil developed by the cutting
elements due to the inclination of the wheel at
an angle o in the direction opposite to the

feed speed Vi, under the influence of gravity,

enters the conveyor, and from it to the tray and
is removed outside the trench.

Due to the fact that a significant part of the
soil is destroyed due to the gravitational field
(the natural movement of matter in the physi-
cal field occurs in the direction from a higher
field potential to a lower field potential), the
energy consumption by the drives of the work-
ing body and the basic machine for the devel-
opment of the trench is significantly reduced,
that is, this method soil destruction is less en-
ergy-intensive. The design envisages an addi-
tional conveyor that can be installed separately
for the excavation of soil with a thickness of
AH, which is destroyed exclusively by the
gravitational field.

The Figure 6 shows a working body with
coentropic destruction of the working medium,
where the working medium is above the work-
ing body and the gravitational field does part
of the work of soil destruction. This realizes
the co-direction of the destruction with the
course of natural processes, and the working
body and its work process have increased in-
formativeness.

During the destruction of the working envi-
ronment with the formation of the work pro-
cess, the cutting force and energy consumption
are significantly reduced as follows. Accord-
ingly, the production of entropy decreases as a
result of involvement in the process of destruc-
tion of the gravitational field, the effect of
which is caused by a change in the angle of
inclination of the working body. Increasing or
decreasing the angle, respectively, decreases
or increases the share of the gravitational field
in the total energy of the work process [13].
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Fig. 4. Rapid ground-breaking equipment:

a — side view, b — front view; 1 — disk working body, 2 — rack, 3 — cats; 4 — drive of the working body

Fig. 5. Quasi-static soil demolition equipment:

a — side view, b — rear view (conveyor and tray not conventionally shown); 1 — disk working body, 2 — rack, 3 —

conveyor, 4— tray, 5 — roll, 6 — drive of working body

Experimental studies of the power parame-
ters of the disk working attachment confirmed
that when the angle of inclination of the disk
changes, competing problems arise, namely:
with a decrease in the angle of inclination, the
strength of soil resistance to destruction de-
creases, but at the same time, the productivity

34

of the working body also decreases, due to the
fact that the cross section decreases breakaway
trench. In addition, the smaller the angle of
inclination of the working body, the greater the
effect of self-collapse of the soil on the disk
plane.
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Fig. 6. Disk working body with co-entropy
destruction of the working environment

When the angle of inclination of the disc
increases, the resistance of the soil to destruc-
tion increases slightly, but the productivity of
the working body also increases, because the
cross-sectional area of the trench that breaks
away increases.

The graph (Figure 7) shows the dependence
of the performance of the disk working at-
tachment IT on its angle a of inclination. It
can be seen from the graph that the optimal
angle of inclination of the working body lies
within 65°...75°.

When o < 65° the working plane of the
disc is used inefficiently due to the reduction
of its working area, and when o < 75° there is
no phenomenon of self-collapse of the soil on
the disc plane, the productivity of the working
attachment also decreases.

The results of experimental studies show
that when the angle of inclination of the work-
ing body increases, the strength of soil re-
sistance to destruction P increases due to the
fact that the effect of self-collapse of the soil
decreases. At the same time, it was established
that the root mean square deviation of the cut-
ting force practically does not change when
the angle changes.
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Thus, under the condition of minimizing
dynamic loads and soil resistance to destruc-
tion, the number of soil-destroying elements in
one ring row, i.e., those that work according to
the “track in track™ scheme, should not exceed
4...5 pcs. In further studies, we assume that the
number of such elements m =4.

During the destruction of the working envi-
ronment with the formation of the work pro-
cess in such a way that the working body de-
velops the environment only in the lower part
of the trench, the cutting force and energy in-
tensity are significantly reduced. Accordingly,
the production of entropy decreases as a result
of involvement in the process of destruction of
the gravitational field, the effect of which is
caused by a change in the angle of inclination
of the working body. Increasing or decreasing
the angle, respectively, decreases or increases
the share of the gravitational field in the total
energy of the work process.

In addition, competing factors arise in the
work of working attachments, as was noted. In
the design of a disk working body with
increased co-entropy destruction of the
working medium, these competing factors act
together in one direction. A feature of the
design of the disc working body with
coentropic destruction of the working medium
is that the diameter of the disc D is greater
than the depth of the trench H, and in high-
speed earth-shattering equipment, the diameter
D is less than the depth of the trench H. Thus,
when the angle o of the working attachment
is reduced, the cutting force Fr decreases and
the development productivity increases
working environments IT at a constant power,
due to an increase in the feed rate Vg
(Figure 8).

Taking into account the above, experi-
mental studies were carried out for high-speed
earth-shattering equipment with the following
parameters: the diameter of the working body
D=0.5m, the depth of the trench being devel-
oped H=0.7m.
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Fig. 7. Dependence of productivity IT on the angle o of inclination of the disk
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When comparing the disc working body
with co-entropic destruction and the high-
speed earth-shattering equipment, it was
shown that the energy capacity at the corner is
o =60° equal to, respectively: for the work-
ing attachment with co-entropic destruction e
= 8.7 ki/m3; for high-speed soil-destroying
equipment e= 5.8 kJ/m3. In addition, the pro-
duction of thermodynamic entropy with all the
same parameters of the destruction of the
working medium is 1.5 times less in high-
speed soil-destroying equipment.

CONCLUSIONS
Thus, when organizing the work of destruc-
tion with competing factors acting in the same

direction, entropy production is reduced: due
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to the increased informativeness of the con-
struction of working bodies and the maximum
involvement of the gravitational field due to
the co-entropic directionality of the destruction
of working environments.

Such processes lead to a drastic reduction
of resource costs per unit of production and
improvement of all parameters of the devel-
opment of working environments.

The task of further research is the synthesis
of work equipment in the direction of increas-
ing informativeness and determining the regu-
larities of processes of destruction of working
environments by working bodies of increased
coentropic directionality.
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BpaxyBaHHs1 3aKOHOMIpHOCTel (Pi3HYHHX
npoueciB B KOHCTPYKUisIX po0oYnX opranis
AUHAMIYHOIr0 pyliHYBaHHS

Jleonio Ilenegint, Onexcandp Temepsamnux®,
Csimnana Komoywvka®, @eouwun Bozoan®

1234 Kuigcouti nayionanvnuii ynieepcumem
byOisHUYmMEA i apximekmypu

AHoTauis. Y OyJIiBHUITBI Ta CYMDKHUX 3 HUM
rajgy3six HapoJHOT0 TOCIoAapcTBa Oarato pooir,
IO TOB’s3aHi 13 pyHHYBaHHSM 1 NepeMilleHHIM
IpyHTIB (TIPOKJIaZiKa KOMYHIKAIlili, BHIO00YTOK
KOPHUCHHMX KOINAaJMH 1 OyAiBeIbHHX MaTepiaiis,
MENiOpaTHBHI Ta BIHCHKOBO-IH)KEHEpPHI 3eMIIsHI
pobotH Ta iH.). Poboue obnanHaHHS, sIKe peanizye
OPUHLUI CTATUYHOTO PYHHYBaHHS IPYHTY, € OJI-
HUM 13 HAWBaXXITUBIIIUX KPHUTEPIiiB, IO BU3HAYAE
BHCOKY €HEPrOEMHICTh POOOYOro IMPOLECY Cydac-
HUX 3eMJIepuiiHUX MamuH. HaBiTh iHO3eMHa TeX-
HiKa, SIKOI0 3apa3 OCHAIICHI JIep)KaBHI Ta KOMyHa-
JBHI MIANPUEMCTBA, Ma€ Kpalli XapakTepHUCTUKH
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JIUILE 3aBISKMA CBOIH HOBH3HI Ta YHIBEpPCAJIbHOCTI.
[Tpore ocHOBHA TpoOIIeMa — 3HIKEHHST €HEPTrOEM-
HOCTi pO3pOOKH IPYHTOBOTO MAacCHBY — 3aJIHIIAETh-
Csl HEBUPILICHOIO.

[Ipomtecu pyitHyBaHHS pPOOOYHNX CEPEIOBHII]
MaloTh JECTPYKTHBHHU XapakTep. Yci peanbHi
MPOIIECH HE3BOPOTHI, TOOTO €HTPOIis 130Jb0BAHOT
(3aMKHYTO1) CHCTEMHU MOKe JuIle 3pocTaTd. J{is
BIIKpUTHX CHCTEM, NI BiOYBaeThCsl OOMIH pedo-
BHHOIO 3 HABKOJMIIHIM CEPEIOBHIIEM, a TaKOX
SHEpTi€I0 Ta IMITyJIbCOM, EHTPOIisl MOKE 3MEHIIIY-
BaTHCS 32 paXyHOK HMONOBHEHHS CHCTEMHU PEUOBH-
HOIO Ta €HEPri€ro, aje CIPSIMOBaHICTh MPUPOTHUX
MPOIIECIB HE 3MIHIOETHCS.

CknazHi Ta HeiHIKHI TPOLIECH PO3BUTKY BUPO-
OHMYMX CEepEeAOBHUIN XapaKTepHU3YIOThCS o0boMa
HaTpsSMKaMH TPOTiKaHHS KOMIOHEHTIB IHUX TPO-
neciB. Onuc eBoNIOLii CHCTEM BHACHIAOK PYyXy
pobounx cepemoBHIN SIK MPOIECiB Aerpamarii 1o-
BE/ICHO Ta HAYKOBO OOIPYHTOBAHO JPYTHM 3aKO-
HOM TEPMOJHMHAMIKH, €BOJIOLiS CUCTEMH B CEHCI
oprasizaiii BCix il KOMITOHEHTIB — CHHEPTI€IO.
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KoHcTpykTHBHE BHKOHAaHHS pPOOOYMX OpraHiB
OyIiBENbHUX MAIllMH TaKWM YHHOM, KOJW pealizy-
€THCS CIIBHANIPSIMOK MPOIECiB pyHHYBaHHA 3 Tie-
pediroM MPUPOTHUX TPOIECIB, JO3BOJSE 3HAYHO
MiIBUIIATH 1HQOPMATHBHICTh POOOTH OyIiBENbHOT
MamuHA. Taki mpoIecH NpHU3BOMITH JO Pi3KOTo
3HWKEHHSI BUTPAT PECypCiB Ha OAWHUIIO MPOAYK-
mii Ta TMOKpalleHHS BCiX MapaMeTpiB PO3BUTKY
BHPOOHMYNX CEPEIOBHIII.

BpaxoByloun BUINEBUKIAJCHE, & TAKOXK HEOO-
XiHICTh 3MEHIIEHHS EHEPreTUYHOI 3aJeXKHOCTI
VYkpainu Bif IHMHEX KpaiH, BUHUKAE moTpeda y
po3po0Ili Ta CTBOPEHHI HU3bKOCHEPTCTHYHUX BHU-
COKOIIBUAKICHUX POOOYHMX OpraHiB 3eMIICPUIHUX
MaIlnH.

[Ipu popmyBanHi BHOOIO HEOOXITHO BPaxXOBY-
BaTH, III0 MpOIeC PyHHYBaHHS NOBUHEH 30iraThcs
3 HaMpsIMKOM IIPOIecy MPUPOJAHOTO PYHHYBaHHS 3
METOI0 3MCHINICHHSI CHEPTETUIHUX BUTPAT.

KuarouoBi cioBa: eHTpomis, iHPOPMATHBHICTB,
cuHepris, poboue cepeloBHUIIe, IpaBiTalliiHe MO-
Jie, eHePrOEMHICTb.
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