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The article is devoted to the problem of ensuring effective cleaning of grain materials at minimal
electricity consumption, which is relevant for wartime conditions and unstable energy supply. Based on
elements of probability theory, a mathematical model of the sieve separation process for sieves with slots of
variable size has been developed and the dependence of cleaning efficiency on the design parameters of the
sieve and the speed regime has been theoretically substantiated. The relationship between the live cross-
section coefficient of the sieve cloth and the specific energy consumption of the process has been analytically
established: it is shown that an increase in the live cross-section coefficient from k; = 0,50 to k; = 0,95 reduces
the specific electricity consumption from 0.35-0.55 to 0.18-0.28 kWh/t. The condition for automatic self-
cleaning of sieves with slots of variable size was derived, which eliminates the need for a separate cleaning
device and provides savings of 0.08-0.15 kWh/t. The theory of gravitational aspiration of the grain flow was
developed: an expression for the ejection velocity of air in a vertical channel was obtained and it was shown
that at a productivity of 10 t/h and a free fall height of 1.0 m, an air flow velocity of = 0.94 m/s is achieved,
sufficient for the separation of light impurities without external energy consumption. It is substantiated that
the use of string screens with a live cross-section coefficient of 93-99% in combination with a gravitational
aspiration zone allows reducing the total specific electricity consumption from 0.75-1.20 to 0.18-0.35 kWh/t
(savings of about 74%). The concept of a minimum-energy grain cleaning machine based on four functional
blocks is proposed: a string screen, a lightweight vibrating screen, a gravitational aspiration zone and a
LiFePO4 battery power module with a capacity of 10-20 kWh, suitable for power supply from battery stations
or photovoltaic panels in conditions of power outages.

Keywords: grain cleaning machine, blackout, energy saving, sieve separation, aspiration, variable-
sized slots, string sieve, gravity blowing, probability theory, mathematical model.

Eq. 4. Fig. 9. Ref. 9.

1. Problem formulation

The separation of wet dispersed systems is a widely encountered and technologically important class
of processes in the food processing, manufacturing, and related industrial sectors. These processes span a
diverse range of applications, including the production of fruit and vegetable juices, jams, and purées; the
extraction of sunflower and olive oils; the pressing of fat from meat cracklings in meat processing operations;
the separation of whey from curd mass in cheese production; the fractionation of cocoa liquor into cocoa butter
and press cake; and the dewatering of wet dispersed waste streams generated by food manufacturing facilities
— such as distillery stillage, brewery spent grain, sugar beet pulp, and coffee or barley slurry [1, 2]. These
processes are fundamental to ensuring product quality, maximizing raw material utilization, and reducing the
volume of waste requiring further treatment or disposal.

Despite their widespread industrial importance, the aforementioned separation processes are
characterized by substantial energy consumption and comparatively low processing throughput. These
limitations have driven considerable research and engineering activity directed toward the improvement of the
equipment employed in their implementation. The principal directions of such development efforts include
enhancing energy efficiency and increasing productive capacity, as well as improving operational reliability,
reducing material consumption, simplifying structural design, and lowering the overall capital and
maintenance costs of the working machinery [1, 2].
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2. Analysis of recent research and publications

Figure 1 presents the schematic of a hydraulic press designed for juice extraction from vegetables and
fruits, as well as for oil production [1]. The primary advantages of this equipment are its structural simplicity
and high operational reliability. However, its main drawbacks include a considerably long working cycle
duration and the inability to consistently achieve low final moisture content in the pressed product, since the
middle layers of the material within the press mould remain insufficiently loaded during compression. To
compensate for this shortcoming, the raw material is placed into burlap or polyester fabric packets
approximately 50-80 mm thick prior to loading into the press mould, and intermediate steel plates are
employed to improve uniform compression throughout the material volume. The inherent inefficiency of the
loading scheme in this press design necessitates increasing the hydraulic system pressure to 80 MPa or more
during the working process [1], which leads to a significant rise in energy consumption and places considerable
demands on the hydraulic components.

Figure 2 presents the schematic of a roller press [1], which features a more complex construction and
lower operational reliability compared to the previously described machines. Furthermore, achieving the
lowest attainable values of final product moisture content (20—25%) on this equipment requires a substantial
reduction in processing throughput, creating an inherent trade-off between product quality and productivity
that limits its practical applicability in high-capacity industrial settings.

The belt press shown in Figure 3 offers a processing throughput ranging from 6 to 16 tonnes per hour
of raw material, enables an increase in liquid yield of up to 80%, and reduces the working cycle duration to as
little as 4 minutes [1]. However, a notable disadvantage of this machine lies in the substantial mechanical loads
imposed upon its executive elements — belts made from polymeric perforated fabric or woven mesh — resulting
in accelerated wear and frequent replacement requirements, which increase operating costs and reduce overall
equipment availability.

Figure 4 illustrates a screw press intended for continuous high-throughput operation [1]. While this
design offers advantages in terms of process continuity and productivity, it incorporates a structurally complex,
difficult-to-manufacture, and rapidly wearing executive element — the screw conveyor (3). An additional
limitation of this equipment is the relatively high final moisture content of the product following pressing,
which reaches 74—76% in the dewatering of wet dispersed food production waste streams [2], rendering further
drying or mechanical dewatering necessary in many applications.

Decanter centrifuges (Figure 5) represent a comparatively high-throughput solution for the separation
of dispersed systems; however, they are characterized by considerable structural complexity and demanding
operational requirements. The final moisture content of the product discharged from these units is no less than
74%, which necessitates subsequent mechanical dewatering or thermal drying stages, thereby increasing the
overall energy consumption and capital expenditure associated with the processing line.
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Fig. 1. Diagram of a hydraulic press: Fig.2. Scheme of a roller press:
1 — guide columns; 2 — fixed plate; 3 — traverse; 1 — loading pipe; 2 — drums; 3 — chamber for the
4 — channel for collecting squeezed liquid; 5 — pressed product; 4 — passage slot; 5 — cover;
plunger; 6 —working cylinder; 7 - pump 6 — weight
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Fig. 4. Schematic of a screw press:
Fig. 3. Diagram of the PVK-12 belt press 1 — perforated cylinder; 2 — housing; 3 — screw;
4 — pressure chamber; 5 —cone
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Fig. 5. Scheme of a decanter centrifuge:
1 — drum motor; 2 — coupling; 3 — gearbox; 4 — drum bearing; 5 — drum; 6 — screw; 7 — housing;
8 — separation zone; 9 — adjustment ring; 10 — product feed; 11 — feed pipe; 12 — drum bearing;
13 — clarified liquid outlet; 14 — screw bearing; 15 — distributor; 16 — solid phase discharge; 17 — screw
motor

Figure 6 presents the schematic of an installation designed for multi-stage dewatering of wet dispersed
food production waste [3]. This configuration represents a more advanced approach to the separation process,
wherein the material undergoes successive dewatering stages rather than a single compression cycle. The
multi-stage principle allows for a progressive reduction in moisture content at each consecutive stage, thereby
enabling the achievement of significantly lower final moisture values in the processed product compared to
single-stage pressing equipment. By distributing the mechanical load across multiple sequential operations,
the installation reduces the peak pressure requirements at any individual stage, which contributes to lower
energy consumption per unit of processed material and decreases the mechanical stress imposed upon the
working elements. Furthermore, the staged approach provides greater flexibility in process control, allowing
operators to adjust the parameters of each individual stage in accordance with the specific rheological
properties and dewatering characteristics of the processed material. This is particularly advantageous when
handling wet dispersed waste streams of variable composition and moisture content, such as those generated
by food manufacturing facilities operating with seasonal raw materials.

The installation provides preliminary dewatering of the waste material within the press mould 19 of
the hydraulic press, followed by liquid removal during the passage of the material through the conical
constriction 20, in the screw press 28, and within the closed press mould 7 under the influence of a static
compressive force generated by the hydraulic cylinders 1 and the combined masses of the counterweights 2,
the traverse beam 3, and the punch 5. Additional dewatering is achieved through vibratory impact loading
applied by means of vertical reciprocating displacements of the plungers 23 of the hydraulic impulse drive of
the installation, operating at frequencies of up to 150 Hz and amplitudes of up to 2 mm [4]. This combination
of static compression and high-frequency vibratory impact loading creates favourable conditions for the
intensive expulsion of liquid from the dispersed material, as the dynamic component effectively disrupts the
capillary and adhesive forces retaining moisture within the solid matrix, thereby enhancing the overall
dewatering efficiency beyond what is achievable by static pressing alone.

According to the results of theoretical calculations and experimental investigations [2], the final
moisture content of distillery stillage, brewery spent grain, and coffee slurry following vibratory impact
dewatering on the experimental prototype of the installation does not exceed 20-25%, with a processing
throughput of dewatered waste material of 20—25 tonnes per hour and a specific energy consumption of 2.7
kWh per tonne. These performance indicators represent a considerable improvement over those achievable

159



TexHika, eHepreTHka,
Nel(132) /2026 TpaHcnopt AIIK

P Technology, energy,
~ ISSN: 2520-6168 Vol. 132,Ne 1 /2026 agriculture transport AIC

with conventional single-stage pressing or centrifugal separation equipment, particularly with respect to the
final moisture content and specific energy consumption. However, significant drawbacks of this installation
are its high structural complexity and substantial material consumption, which result in elevated manufacturing
costs, increased equipment mass and overall dimensions, and greater demands on installation, maintenance,
and repair operations.
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Fig. 6. Scheme of the installation for multi-stage dehydration of food industry waste:
1, 4,8, 11, 12, 16, 23 — hydraulic cylinders; 2 — inertial loads; 3 — movable traverse; 5 — punch;
6 — portion of waste; 7 — press mold; 9, 17, 26 — dampers; 10, 15, 18 — tanks; 13, 19 — hydraulic press;
14 — coupling; 20 —diffuser; 21 — channels; 22 — springs; 24 belt conveyor; 25 — hole; 27 — rubber-fabric
sleeve; 28 — screw press; 29 — electric motor

The same observations apply to the installation for two-component spatially complex vibratory impact
dewatering of wet dispersed materials investigated in reference [5]. This equipment, while demonstrating
promising dewatering performance characteristics, similarly suffers from considerable design complexity,
which limits its practical applicability in industrial settings where simplicity of construction, ease of
maintenance, and cost-effectiveness are important operational requirements.

3. The purpose of the article

The objective of the present study is to develop and investigate improved equipment for the separation
of heterogeneous dispersed systems incorporating a hydraulic drive mechanism, which must ensure a final
moisture content of the processed material within the range of 20—25%, adequate processing throughput, and
a simple and reliable constructional design.

The formulation of this research objective is driven by the identified limitations of existing separation
equipment, as outlined in the preceding analysis. The target final moisture content of 20-25% represents a
demanding performance criterion that only a limited number of currently available machine designs are
capable of achieving, and those that do typically involve considerable structural complexity, high material
consumption, or significant energy expenditure. The requirement for adequate processing throughput reflects
the practical demands of industrial-scale food production facilities, where continuous or high-capacity batch
operation is essential for economic viability. Finally, the emphasis on structural simplicity and operational
reliability addresses the well-documented shortcomings of existing high-performance separation equipment,
which frequently suffers from accelerated wear of working elements, demanding maintenance requirements,
and elevated capital and operational costs. The simultaneous satisfaction of all three criteria — low final
moisture content, sufficient productivity, and constructional simplicity — therefore constitutes a challenging
yet practically important engineering problem, the solution to which forms the central focus of the present
investigation.
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4. Results and discussion

Fig. 7 shows a diagram of our proposed installation with a hydraulic drive.
7
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Fig. 7. Improved hydraulically driven unit for separating heterogeneous disperse systems:
1 -tank; 2, 6, 9, 15, 16 — hydraulic cylinders; 3 — punch, 4 — mold; 5 — plates; 7, 19 — dampers; 8,
12 —seals; 10 — plates; 11, 14 — holes; 13 — frame; 17 — belt conveyor; 18 — tray; 20 — pallet;
21 — flexible hose

The processed material is fed periodically in batches from the hopper 1 into the press mould 4. The
feeding is carried out via the chute 18 upon opening of the electromagnetically actuated gate valve 19. Once
the press mould has been filled, the hydraulic drive of cylinder 2 is activated, by means of which the punch 3
descends and hermetically seals the press mould from above (the punch sealing elements are not shown in the
schematic). The hydraulic drives of cylinders 6 and 16 are then engaged, and their pistons advance toward one
another. As a result, the pressing plates 5, connected to the pistons of cylinders 6 and 16, move toward the
interior of the press mould and interleave with one another (see View A in Figure 8). This action causes the
batch of material within the press mould to be compressed, thereby expelling the liquid phase from the solid
matrix. The expelled liquid flows out through the small perforations 11 in the pressing plates 5 (see also Detail
I in Figure 8). Each pressing plate consists of two flat panels 10 separated by a frame 13 fitted with sealing
rings 12. The perforations 11 in the plates are covered on the outer surface by a metallic filter mesh (not shown
in the schematic). The expelled liquid phase thus passes through the mesh and perforations 11 into the interior
cavity of the plates 5, from where it is discharged through outlets 14 and flexible hoses 21 into the collection
tray 20. Analogous small perforations, covered on the inner surface with a metallic filter mesh, are also
provided in the walls of the press mould 4 (not shown in the schematic), through which the liquid separated
from the material batch drains into the collection tray 20.

Upon completion of the separation process, the pistons of cylinders 6 and 16 and the associated
pressing plates 5 are retracted in opposite directions until the plates 5 have fully withdrawn from the press
mould 4. The hydraulic drives of cylinders 2, 9, and 15 are then activated. By means of cylinders 9 and 15, the
gate valves 7 are displaced in opposite directions, thereby opening the lower cross-section of the press mould
4 (the end faces of the gate valves 7 are equipped with seals 8). The working stroke of cylinder 2 is initiated,
which drives the punch 3 downward to eject the batch of separated material from the press mould onto the belt
conveyor 17. The punch 3 is subsequently raised to its upper position, the gate valves 7 are closed, and the
pressing plates 5 are returned to their initial position as shown in the schematic. The gate valve 19 is opened
and the next batch of material to be processed is fed into the press mould 4, whereupon the described cycle is
repeated.

The principal advantage of this design is its structurally simple, rational, and reliable construction,
incorporating a hydraulically actuated drive of proven practical performance, which offers compact overall
dimensions and delivers high specific power output. The design of the installation ensures uniform loading of
the material batch throughout the volume of the press mould and provides effective drainage and removal of
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the expelled liquid phase from the processed material.Figure 8 presents a further improved hydraulic drive
installation configuration for the separation of heterogeneous dispersed systems.
A
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Fig. 8. Scheme of an improved hydraulically driven unit for separating heterogeneous disperse systems:
1, 8, 9 —cylinders; 2 — hopper; 3 — damper; 4 — punch; 5 —tray; 6 — press mold; 7 — belt conveyor;
10, 11 - plates; 12 — pallet

The processed material is fed periodically in batches from the hopper 2, through the open
electromagnetically actuated gate valve 3 and along the chute 5, into the press mould 6. Once the press mould
has been filled, the material feed from hopper 2 is interrupted and the hydraulic drive of cylinder 1 is activated,
which drives the punch 4 downward and compresses the batch of processed material within the press mould 6.
The liquid expelled from the material batch exits through small through-perforations in the punch 4 and the
press mould 6, which are covered on the inner surface with a metallic filter mesh (not shown in the schematic),
and drains into the collection tray 12. Upon completion of the working process, the punch is raised by cylinder
1 to the position shown in cross-section B-B of Figure 8. The hydraulic drive of cylinder 8 is then activated,
which withdraws the lateral wall-plate 11 from the press mould 6 and opens the latter (see also View C in
Figure 8). By means of cylinder 9 and wall-plate 10, the batch of separated material is ejected from the press
mould onto the belt conveyor 7 (see also View C in Figure 8). Following this, the punch 4 is raised to its upper
initial position and the plates 11 and 10 are returned to the positions shown in cross-section A—A of Figure 8.
The gate valve 3 is opened and the next batch of material to be processed is fed from hopper 2 into the press
mould 6, whereupon the described separation cycle is repeated.

The principal advantages of this design are its compact overall dimensions, high operational reliability,
and a reduced number of hydraulic drive units compared to the previously described configuration, as well as
the provision of intensive and uniform loading of the processed material throughout the entire volume of the
press mould. The projections on the working surfaces of the press mould and the punch promote intensive
movement of the dispersed material particles in multiple planes during loading, ensuring their uniform
redistribution throughout the mould volume and facilitating the effective expulsion of liquid from the
interstitial spaces between particles. This surface geometry feature represents a significant constructional
refinement, as it addresses one of the fundamental limitations of conventional flat-surface pressing equipment
— namely, the tendency for non-uniform stress distribution within the material batch, which results in
inadequate dewatering of the central regions of the pressed volume and consequently elevated final moisture
content in the discharged product.

A further improved installation for the separation of heterogeneous dispersed systems is presented in
Figure 9.

The material to be processed is fed in batches from hopper 1 through the open electromagnetically
actuated gate valve 7, along chute 8, into the press mould 10. Once filled, the press mould is sealed from above
by punch 3, the drive of which is provided by hydraulic cylinder 2. The hydraulic drives of cylinders 5 and 15
are then activated, and their pistons execute a counter-directional motion. In doing so, the pressing plates 10
and 16, connected to the piston rods of the hydraulic cylinders, compress the batch of material within the press
mould and carry out the separation process (see also View B in Figure 9). The liquid expelled during this
operation drains through small perforations in the plates 10 and 16, which are covered on the inner surface
with a metallic filter mesh (not shown in the schematic). Each of the plates 10 and 16 consists of two flat panels
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21 and 23 (see Detail I in Figure 9), separated by a frame 20 fitted with sealing elements 21. The liquid flowing
through perforations 17 is thus collected in the internal cavity 18, from where it exits through outlet 19 via

flexible hose 25 and drains into the collection tray 24.
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Fig. 9. Scheme of an improved hydraulically driven unit for separating heterogeneous disperse systems:
1 —tank; 2, 5, 6, 14, 15 cylinders; 3 — punch, 4 —mold; 7, 11, 13 — flaps; 8 —tray; 9, 21 seals; 10,

16 — plates; 12 — belt conveyor; 17, 19 — holes; 18 — cavity; 20 — frame; 22, 23 — plates; 24 — pallet;
25 — flexible hoses

Upon completion of the separation process, the plates 10 and 16 are returned to their initial positions by
means of cylinders 5 and 15. Gate valves 11 and 13, actuated by auxiliary hydraulic cylinders 6 and 14, are then
opened, whereupon the dewatered batch of processed material is ejected by punch 3 onto the belt conveyor 12.

Where additional dewatering of the material batch is required, a supplementary compression stage is
performed with gate valves 11 and 13 in the closed position and plates 10 and 16 returned to their initial
positions, during which the batch is compressed within the press mould in the horizontal plane by punch 3.
Following this supplementary compression stage, the batch is discharged from the press mould in the manner
described above. To initiate the next separation cycle, punch 3, plates 10 and 16, and gate valves 11 and 13
are returned to their initial positions, gate valve 7 is opened, and the press mould is again filled with the material
to be processed.

The principal advantages of this configuration are its structural simplicity, the possibility of implementing
the design on the basis of commercially available standard hydraulic machines and components, as well as the
provision of conditions for maximally complete mechanical separation of the dispersed system throughout the entire
volume of the press mould and across multiple loading planes. In the authors' assessment, this design offers the
broadest technological versatility for the implementation of various loading modes and compression schemes during
the processing of a wide range of heterogeneous dispersed systems, making it particularly well-suited for industrial
applications involving materials of variable composition and rheological properties.

The following section presents the analytical relationships for determining the principal operating
parameters of the installation shown in Figure 9. It is assumed that the material being processed is coffee slurry
with an initial moisture content of 90-95%, which, owing to its low concentration of dispersed solid particles,
may be classified as a Newtonian fluid [6, 7]. The pressure differential generated by plates 10 and 16 during
compression of the material batch within the press mould is determined by the following expression [7]:
AV - E,

, 1)
4

AV —changing the volume of the mold 4; V, — initial mold volume (before the start of portion compression);
Ap —increase in pressure due to change in volume; E, — bulk modulus of water — liquid phase of coffee sludge [7].

Change 4V in time we find as

dAV

l
7=2.snvu=z.lnhnvu=2.lnhn?”‘;05t3t,[,, (2)

Ap =
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where S, — slab area 10; 1., h, — its length and width; v, — average speed of the cylinder stroke 5;
tp, |, — duration and length of the cylinder stroke.
The flow rate of liquid removed from the processed material flowing out of the mold is found as
w-d? 2-A
Qp =21 4 ZNolnhn —p’ @)

B

where u, — the flow rate of hole 17 in plate 22 (see external element | in Fig. 9) [7]; do — hole diameter;
n, — number of holes per unit area of the plate 22; p, — density of water.
Power N,, necessary for the working stroke of the plates 10, 16, from which the power of the pump of
the hydraulic drive of the cylinders 5, 15 is calculated, can be calculated as
Ny =2 SpopvyAp, 4
where S, — cylinder piston area 5.

5. Conclusion

1. Based on the results of the conducted analysis of the design configurations of known equipment for
the separation of heterogeneous dispersed systems — including hydraulic, screw, belt, and roller presses, decanter
centrifuges, and installations for vibratory impact dewatering of wet dispersed materials — it has been established
that each of the aforementioned machine types possesses inherent shortcomings and requires further
improvement. In particular, hydraulic presses fail to ensure uniform compression of the processed material batch
throughout the entire volume of the press mould, which leads to insufficiently complete separation of its
components. Furthermore, the working process of this category of equipment is characterized by high energy
consumption, low processing throughput, and inadequate levels of mechanization and automation, all of which
limit its practical applicability in modern high-capacity industrial production facilities.

2. Taking into account the identified limitations of existing equipment and the current requirements of
industrial production, the authors propose improved configurations of hydraulic drive installations for the separation
of heterogeneous liquid systems. The proposed designs are characterized by a simple and reliable construction,
consist of unified and commercially available hydraulic machines and components, ensure uniform compression of
the processed material throughout the entire volume of the press mould, and provide high processing throughput.
These characteristics collectively address the principal deficiencies identified in the reviewed equipment and
represent a meaningful advancement in the engineering of separation machinery for wet dispersed systems.

3. The paper also presents the analytical relationships for determining the principal operating
parameters of one of the proposed installations, namely: the pressure differential generated within the press
mould during the separation process, the flow rate of the liquid expelled in the course of the operation, and the
power required for the execution of the working process. These relationships may be employed in further
theoretical and experimental investigations of the proposed equipment, as well as in the development of a
systematic methodology for its engineering design and parameter calculation, thereby providing a foundation
for the practical implementation and industrial scaling of the proposed technical solutions.
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I'TAPABJIIYMHO KEPOBAHI PO31JIbBHI YCTAHOBMU /U151 CUCTEM BOJIOI'OI'O
JUCIIEPT'YBAHHS

Po30inenns 6onocux oucnepcHux cucmem € 0OHUM i3 HAUOINbUL NOWUPEHUX | MEXHONI02IYHO BANHCIUBUX
KIacie npoyecie y xapuositl, nepepoOHill ma CYyMINCHUX 2aLy35iX NpomMuciosocmi. [lani npoyecu oxonmooms
WUPOKULL CNeKMP 3ACMOCY8AHb, BKII0UAI0YY BUPOOHUYMBO BPYKMOBUX MA 0804eBUX COKI6, OdceMis i niope,
OMPUMAHHA COHAWHUKOBOI Ma OIUBKOBOI 0Jlil, BIONCUMAHHA JHCUPY 3 M'SICHOI WKBAPKU HA NIONPUEMCMBAX
Mm'sconepepobroi npomucio8ocmi, BIOOKPEMIEHHS CUPOSAMKU 6I0 CUPHOI Macu y SUpOOHUYmMeEi cupy,
PO30iNeHnHs mepmoo Kakao Ha MAcCio i HCOM, A MAKOHC 3HEBOOHEHH S B0N02UX OUCHEPCHUX 8i0X00i8 XapiO8ux
BUPOOHUYME — 30KpeMa CRUpmMosoi bapou, nugHoi OpobuHu, OYPSAKOBO20 HCOMY, KABOBO2O MA AUMIHHO2O
wnamy. Li npoyecu gidieparoms eusnauanviy pons y 3a0e3nedenHi 3a2aibHoi egpekmusHocmi upooHuymaa,
AKoCcmi 20mo8oi NPoOYyKYii ma eKOHOMIYHOI OOYLIbHOCMIE IONOBIOHUX NPOMUCTOBUX ONePayiil.

Pazom 3 mum, 3a3uaueni npoyecu xapaxmepuzyromucs 3HAYHOI eHEPLOEMHICINIO Ma GIOHOCHO HU3LKOIO
NPOOYKMUBHICMIO, WO  3YMOBNIOE  NPOBEOEHHS  MACUIMAOHUX — HAYKOBO-OOCTIOHUX —MA  IHJICEHepHO-
KOHCIMPYKMOPCLKUX pOOim, CHPAMOBAHUX HA NIOBUWEHHST epeKmUBHOCE 0OIAOHANHS, WO GUKOPUCTHOBYEMbCSL
ona ix peanizayii. OCHOBHUMU HANPAMKAMU MAKUX YOOCKOHANEHb € NIOBUWEHHS eHepeemUudHOl eghekmueHocmi ma
NPOOYKMUSHOCMI  pobO4020 Npoyecy, a MaKoXdC 30LIbUWeHH eKCHAyamayitinoi HAOiUHOCMI, 3HUMCEHHS
MamepianloeMHOCMI, CHPOWEHHs KOHCMPYKYIT Ma 3MeHUEeH S 3A2albHOL 8apmMOChi poOOYUX MAULUH.

Kpumuunuii ananiz naagnoco 061a0HaHHA OA pO30iNeHHs. OUCNEPCHUX CUCMEM BUABNAE CYMMESI
00MedICEHHsL 8 YCIX OCHOBHUX MEXHON02IYHUX Kamezopiax. Tpaduyitini ciopaseniumi cmamuyHi npecu He
3abe3neuyoms 00CMAamHbo HU3bKOI KiHYeB0i 6071020cmi nepepobiieno2o npooyKmy ma ne 30ammi 3a00601bHUMU
BUMO2U WOOO HeOOXIOHOI NPOOYKMUBHOCMI CYYACHUX NPOMUCIO8UX nionpuemcms. Bibpayitine npecoge
0011a0HANHS, NONPU NesHI nepesazi, HepiOKO GIOPI3HAEMbCS 3HAUHOIO KOHCIMPYKIMUBHOIO CKAAOHICTNIO, HU3bKOIO
EKCHIIYamayiiHo HAOIIIHICIIO, 4 MAKONC CIMEOPIOE THMEHCUBHI wyM i 8iopayii nio uac pobomu, wo He2amueHo
BNIUBAE SIK HA YMOBU Npayi, max i Ha 008208iuHicmb 0braoHaHHA. [lInexkosl npecu 3 ereKmpomexaniyHum
nPpUBOOOM, HEe36aXCAIOYU HA 3a2ANbHOBIOOMI nepesazu y 3abe3neuenti besnepepeHocmi pobouozo npoyecy, ne
00360/15110Mb 00CAMU HEOOXIOHO20 CMYNEHs PO30ileHHs KOMNOHeHmi6 oucnepchoi cucmemu. Kpim moeo, ix
poboui enemenmu € KOHCMPYKMUGHO CKIAOHUMY MA NIO0AIOMbCA NPUCKOPEHOMY 3HOULY8AHHIO, WO NPU3B0OUND
00 30inbUIeHHs GUMPAM HA MeXHIUHe 00CTY208Y6aAHN MA CKOPOUEHHS MEPMINY CyHCOU.

YV 6ionogiob na 3a3maueni mexHoNO2iUHI HEOONIKU ABMOPAMU 3ANPONOHOBAHI YOOCKOHANEHT
KOHCMPYKMUBHI cXeMu 2i0pasiiyHux npecié 015 po30iIeHHs 60A02UX OUCNEPCHUX CUCeM. 3anponoHoeaHi
KOHCmpYKYii npusnaveni 01 3a6e3neyenHs 8UCOKUX NOKA3HUKIE egekmueHocmi pobouo2o npoyecy npu
30epeosicenni npocmoi, miynoi ma Haoilinoi koucmpykyii. Kpim mozo, y cmammi HageOdeHi ananimuuHi
3a1€ICHOCNI MA MemOOUKY PO3PAXYHKY OCHOGHUX POOOUUX NAPAMEMPI8 3anpOROHO8AH020 0OIAOHAHHS, U0
CMBOPIOE MEOPEMuUYHy 0CHOBY 0151 U020 THICEHEPHO20 NPOEKIYBAHHS ThA NPAKIMUYHOZ0 GNPOBAOICEHHSL.

Knwuogi cnosa: ziopasniunuil npugio, oucnepcHa cucmema, npoyec po3oilents, npooyKmueHiCmy,
EeHep2OCNONCUBAHHAL.
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