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CeBocthsiHoB IBaH BsiuecsiaBoBHY, TOKTOP TEXHIYHUX HAYK, Tpodecop
BinHMIbKHI HalllOHATBHUI arpapHUil YHIBEPCHTET
IBanuyk SIpociaB BoroguMupoBuy, KaHAUIAT TEXHIYHUX HAYK, TOEHT
BinHUIbKHIT HAITIOHATHPHAN TEXHIYHUN YHIBEPCUTET
Kpagenp CeiTiiana MukoJiaiBHa, aCHCTEHT
BinHMIbKHI HalllOHATBHUI arpapHUil YHIBEPCHTET

There are schemes of equipment for dehydration of damp dispersive waste of food productions (spirit
grain, beer pallets, beet pulp, coffee and barley slag) analyzed in this article. These wastes at the majority of
food enterprises of Ukraine are poured out onto the ground and that leads to environment pollution. However,
in case of dehydration of these wastes to humidity 20 — 25%, they can be used as valuable additions to
agricultural forages or as high-energy fuels. Thus, the problems of waste utilization and protection of nature
from pollutions are resolved simultaneously. Besides, the enterprise gets a profit from the sales of forage
additions or fuel. The known equipment for mechanical dehydration, for example, the screw-presses and the
decanter centrifuges, provides the waste final humidity no less 74 — 76%, therefore waste demand of an
additional drying after the dehydration at this equipment. That brings to a significant increase of energy
expenses. An application of the vibro-blowing dehydration at the installations with the hydraulic pulse drive
provides waste final humidity 20 — 25%, but these installations are complex by design, have big dimensions
and high cost. A drying in pulverizing or in vacuum dryers is most power-consuming dehydration method
(expenses of energy - 740 + 2248 kW h/ ton of dehydrated waste). Equipment for the chemical and biological
dehydration is the large multiple-unit complexes with low specific productivity. Therefore, article authors offer
a scheme of the installation with the combined unbalanced and hydraulic drive that has a relatively simple
design, compact dimensions, high reliability and at the same time, in correspondence with the authors’
estimation, will provide necessary, above indicated humidity. Also equations for determination of the main
working parameter — the pressure in the press-form of the proposed installation are presented in the article.

Key words: installation for dehydration, damp dispersive waste, food productions, combined
unbalance and hydraulic drive.

Fig. 6. F. 16. Ref. 12.

1. Definition of problem

There is a problem of utilization of damp dispersive waste (spirit grain, beer pallets, beet pulp, coffee
and barley slag) that is actual for the food enterprises of Ukraine and other countries. In the majority of cases
these waste are poured off at the special land plots or in the nearest ponds and this causes severe pollution of
the environment. But if to realize the waste dehydration to humidity 20 — 25% theirs hard phase can be used
as a valuable addition to agricultural forages or as high-energy fuel. So to solving of the problem utilization of
damp dispersive of food productions it is necessary a highly effective method and an equipment for waste
dehydration that provide a full automatized continuous working process, with given productivity and humidity
20 — 25% of dehydrated waste. This equipment must be reliable and simple in utilization and in repair.

2. Analysis of the latest research and publications
There are several dehydration methods of damp dispersive materials: mechanical, thermal, chemical
and biological [1]. Also different combinations of the specified main dehydration methods are widely used.
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The mechanical method is realized at the screw presses and at the decanter centrifuges (fig. 1), which
provide high productivity of the working process. But after dehydration at this equipment waste humidity
makes up 74 — 76% [2], therefore it is necessary to perform their additional drying for achievement of this
specified value. This feature causes an additional significant energy expense for the whole process. The author
of article elaborated and researched a scheme of an installation with the hydraulic pulse drive for the three-
stage two-component vibro-blowing dehydration of food production waste [3] (fig. 2). In accordance with
calculations, this installation can provide a constant working process with productivity about 792 t of
dehydrated waste per h; their final humidity 20 — 22% and power-consuming 6,78 kW h / t of dehydrated
waste. However, shortcomings of this installation are design and operational complexity, high level of noise
and vibrations in course of operation, high cost. Also the hydraulic pulse drive that is used in this installation
can not be reliable enough in the conditions of a mass-line production.
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Fig. 1. Photos of a screw press (a) and decanter centrifuge (b)
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Fig. 2. Scheme of an installation with the hydraulic pulse drive for a three-stage two-component vibro-
blowing dehydration of food production waste:
1 —tank with waste; 2, 8, 11, 12, 13, 19 — hydro-cylinders; 3 — crinkled hose; 4 — inertia louds; 5 — bearing;
6 — walking beam; 7 — chisel; 9, 24, 28 — adjusting screws; 10 — bed; 14 — holder; 15 — press-form;
16, 21 — openings for filtrate; 17 — portion of waste; 18, 27 —springs; 20 —tank for filtrate; 22, 29 — dampers;
23 — pivot rod; 25 — band conveyer; 26 — vibro-table

25



TexHika, eHepreTuka
Ne3(110) /2020 , €Hep )
:%-‘—— AIlIK

’_L‘EKK? % TPpaHCIOPT
Vol. 110, No 3 / 2020
The same shortcomings are typical for the scheme of the installation that was elaborated in the research [4].
A thermal equipment for dehydration — spray, drum, rolling and vacuum driers [5] (fig. 3) — provide
waste final humidity 6 — 8%, but they are the most power-consuming machines (expenses of energy 740 +

2248 kW h/ ton). In course of operation of spray driers some part of dehydrated material is remained at the
inner surfaces of the drier chamber and some part goes away with air outwards [6].

Fig. 3. Photos of a spray (a) and drum (b) driers

Chemical dehydration methods are realized by the way of an addition to the processed material of
various reagents (sulfuric acid or extractants) with a further heating or boiling of the resulting suspension, and
removal of the solid phase by a centrifugation or filtration [7]. Most widespread methods of the chemical group
are coagulation, flotation and extracting [2, 5]. Their general advantages are simplicity of process and
equipment (fig. 4). The disadvantages of the coagulation are high cost, difficulties with preparation, storage,
transportation and dosage of coagulants. In addition to that, their application leads to a rapid corrosion of the
inner surfaces of the tanks of a dewatering equipment [7]. Also chemical methods often have a quite low
process productivity and after their realization waste have a relatively high final moisture content (about 60%
for fruit cake) [8, 9].

Fig. 4. Photo of a press-extractor

The examples of biological methods of dehydration are the cultivation of fodder yeast on molasses
bard, the processing of alcohol bard in biogas, the coagulation of proteins and the aerobic cultivation of yeast
on filtrate. In fact, all these methods are a combination of mechanical, biological and thermal methods of
dehydration [9, 10].

The disadvantages of these technologies are a significant complexity and duration of implemented
processes. The disadvantages of the equipment for their implementation are design complexity, as well as high
cost of it production and operation [11]. For example, to ensure of a reliable and smooth operation of all
elements of the biological complex for a cultivation of fodder yeast (fig. 5), the specified yeast quality
indicators, a large number of control and regulation devices and an automated control system are required [4,
6, 8]. In general, the processes of the biological dehydration of damp dispersed waste require of significant
consumption of electricity, water, compressed air and chemicals. The surfaces of the plate heat exchangers for
a cooling are quickly contaminated by waste solid particles and salts during an operation, and therefore need
to be periodically cleaned or washed. It is also necessary to strictly observe the rules of a technical operation
of heat exchangers [10]. This equipment has considerable capacity and dimensions, relatively low productivity
and consists a number of high-alloy steels, bronze, brass and aluminum elements. At the plants with a capacity
of more than 4000 dal of alcohol per day yeast machines with a volume of 600 m? are installed. In this case,
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the air flow rate for aeration is 50 - 65 m® per 1 m? of the processed waste, and the turnover of the apparatus
(duration of processing in it of waste) is 12 hours or more [11]. The installation is equipped with a turbo-

blower with a capacity of 10000 m3/ h of air that is brought in operation by an electric motor with a capacity
250 kW.

Fig. 5. Photo of a biological complex for a cultivation of fodder yeast

According to the results of the conducted analysis of methods and an equipment for a dehydration of
food production waste we can make a conclusion that for achievement of final waste humidity 20 — 25%,
productivity of working process 30 — 40 t dehydrated waste per 24 h (this corresponds to the productivity of a
middle alcohol plant) and with a minimal power-consuming (no more than 5 — 10 kW h / t) most effective are
a mechanical method of dehydration and the equipment which provides the vibro-blowing loading of processed
waste.

3. Aim of research
The aim of this study is an elaboration and research of the highly-effective installation with the
combined unbalance and hydraulic drive that provides a continuous fully-automatic three-staged working
process of the vibro-blowing dehydration of the waste portion in the closed type press-form. At the same time,
this installation must have a relatively simple design, compact dimensions, high reliability, provide necessary,
above indicated final waste humidity, productivity and energy efficiency.

4. Results of the research

At the fig. 6 presented authors developed the scheme of an installation for the three-staged vibro-
blowing dehydration of food production waste in the closed type press-form.

The waste 19 from the main production of a food enterprise by the piping 1 in the direction of an arrow
are feed in the tank 1 and accumulated there. For the dehydration of waste the dampers 8 with help of two
hydro-cylinders 6 (see also the section A - A at the fig. 6) are opened and the waste portion 26 through the
crinkled rubberized fabric hose 7 under an impact of own gravity fills the area between the punch 10 and base
13. Then the dampers 8 are closed.

At the first stage is realized a static pressing of the portion 26 in the installation press-form for an
elimination from it of free liquid [1]. Thus with help of four hydro-cylinders 12 (see also the section A — A at
the fig. 6) the punch 10 is pressed to the portion 26 with a force that slowly and gradually increases from a
minimal to maximal value. This allows with a minimal energy expenses separate a most part of free and some
of capillary connected liquid [1]. The filtrate, eliminated from the portion 26, flows out press-form through the
small openings in the punch 10 and dampers 23 walls. These openings are covered from inside by a filtering
metallic net (at the scheme the openings and the net are not showed). The net detains waste solid particle and
allows to pass it liquid phase. The ensuing from the press-form filtrate is accumulated in the tray 27, in the
sloping platform 15 and from there it goes to a rundown (from the tray 27 a filtrate flow out by the flexible
piping that is not shown at the scheme).

At the second stage of the working process dehydration the hydraulic drive is switched off, the head
ends and rod ends of the hydro-cylinders 12 are connected with the rundown. At this stage the electric motors
of the unbalance vibration exciters 6 are switched on. The exciters rotate in an opposite directions but with the
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same velocity. As a result punch 10, waste portion 26 and base 13 are brought in a vertical oscillatory swinging

movement. An effective braking of the installation executive elements at the end of their up and down strokes

provide the springs 18. In a horizontal space the press-form is supported by the springs 5, fixed at the supports

4. As the result the waste portion 26 is exposed by a vibration inertia loading. The solid particles of the portion

move with an accelerations, which in 3 — 10 times more than the acceleration of gravity — g. All this provide a

transmission of solid particles in a state of the vibro-boiling [1]. In this state takes place a periodical and even

redistribution of solid particles in the press-form volume with a more and more dense setting and with a liquid

elimination from spaces between solid particles [1]. So from waste is removed not only free capillary connected
liquid, but also adsorbtive connected liquid and all this occurs with minimal expenses of energy and time [1].

A-A
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Fig. 6. Scheme of an installation for the three-staged vibro-blowing dehydration of food production waste
in the closed type press-form:

1 — piping for a supply waste from the a main production; 2 — tank for waste; 3 — column; 4, 11 — supports;

5, 18 — springs; 6, 12, 20 — hydro-cylinders; 7 — crinkled rubberized fabric hose; 8, 23 — dampers;

9 —unbalance vibration exciter; 10 — punch; 13 — base; 14 — power barrow; 15 — sloping platform;

16 — filtrate rundown; 17 — foundation; 19 — waste from a main production; 21 — roller; 22 — door hinge;

24, 25 — rubber seals; 26 — portion of dehydrated waste; 27 — tray for filtrate; 28 — cross-bars

A most intensive regime of the loading of the waste portion is provided at the third stage of the working
process dehydration, when it is exposed by the vibro-blowing loading that create unbalance exciters 9 and
simultaneously by the static loading, which realize the hydro-cylinders 12. After elimination from the portion
26 of free liquid and most part of capillary connected liquid the high of the portion is decreased and the punch
10 at the end of each its downstrokes will hit at the supports 11. These collision momentums are transmitted
to the particles of the portion 26 and provide a more effective dehydration process with elimination of remained
capillary connected liquid and most part of adsorptive connected liquid. Thus, the proposed installation
provides from stage to stage a more and more intensive loading of the waste portion with a stable productivity
of the dehydration and with a maximal effective use of energy and time.

After achievement of the necessary humidity of the waste in the press-form (this parameter can be
determined with help of a corresponding sensor, fixed at the inner surface of the base 13) the drive of the
hydro-cylinders 20 is switched on. The pistons of these hydro-cylinders are went down, providing an opening
of the dampers 23 and an unloading of the portion 26 from the press-form at the sloping platform 15. The
dehydrated waste slide down over this platform in the power barrow 14 or at a belt conveyer. After that the
drives of the unbalance vibration exciters are switched off, the dampers 23 are closed, the punch 10 with help
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of hydro-cylinders 12 is got up in the upper position and the dampers 8 are opened. The new portion of waste
from the tank 2 fills the installation press-form and then begins a next cycle of the waste dehydration.
Equations for determination of the forces: F;(t) — on the upper executive element and F;;(t) — on the
lower executive element of the installation, relatively of a vertical axis y at the first stage of the above described
working process of dehydration have an appearance
m G+ 9) — aw O — Yu) — cwr — Yu) — ow — Rpg - sign(yp — yi) —

wd} _ n-d%) _ md}

~Fppr () + ke [pa(®) - (52 - E5) = 0, 2] = ()5 (1)

my(Gu + g) + aw (O — yu) + cw Y —yu) + ow + Frpr () +

+Rys - sign(yy — yp) — Cs()’n + Yp) =F(); t =0+ trexp 2)

where are: m; — the mass of the upper executive element of the installation that includes the masses

of punch 10 — my, unbalance vibration exciters 9 — mey, rods and pistons of hydro-cylinders 12 — my, 155,
hydro-cylinders 6 — mcgyz, dampers 8 — mggy: m; = My, + Meg+ Mep12s+ Meezt Mygs;

my; — the mass of the lower executive element that includes the masses of base 13 — my, hydro-
cylinders 20 — mc,o5, Waste portion 26 — myy,, dampers 23 — mg,3s: My = My + Mgz + Mypt Mazss;

a,, — a coefficient of a viscous friction between the waste solid particles in the press-form [1];

¢,y — a coefficient of a elasticity of waste solid particles [1];

a,, — an yield point of waste solid particles [1];

R, —adry friction force between the surfaces of the base 13 and the piston 10;

Frpr(t) — a friction force in the sealing of the pistons and the rods of the hydro-cylinders 12 that
depends from a pressure on the both sides of the piston and the rod, diameters of theirs, a width of the sealing
and its friction coefficient [12];

k. —a number of the hydro-cylinders 12;

pq(t) —apressure of the working liquid in the hydro-cylinders 12 rod ends (corresponds to a discharge
pressure, with the provision of a resistance head [12]);

p,- — a pressure of the rundown in the hydro-cylinders 12 head end;

d,, —a diameter of the hydro-cylinder 12 piston;

d, — a diameter of the hydro-cylinder 12 rod;

csy —a summary stiffness coefficient of the springs 18;

¥, —a precompression of the springs 18;

Y1, ¥ir — moving of the masses my, my;

texp — @ duration of the first stage that is experimentally determined, with help of a real prototype of
the elaborated installation; it is a time from the beginning of the counting out up to the moment of a conclusion
of free liquid intensive separation of from the press-form.

Then a pressure p,,;(t) in the medium of the portion 26 at the first stage can is determined as

. . n-d%, md2 n-d%,
Fi(E)+F 1 (6) ml(yn+g)+mn(yn+g)4-[pd(t)-(T—T>—prT —cs(yir+yp)
pwl(t) = Spw = Sy

where is S, — a cross-section area of the portion in the section that contacts with the punch 10.

At the second stage of the dehydration process, when is used only the installation unbalance drive, a
stable oscillation cycle of the press-form with the waste can be divided into two phases:

Phase 1 — a moving of the press-form from its lowest position up to a complete stop;

Phase 2 —a moving of press-form from the top to its lowest position.

Equations for determination of the forces F;(t) and F;;(t) at the phase 1 of second stage of the
dehydration process have an appearance.

Fa@®) —miOQr+9) —aw @ —yu) + e —yu) +
+0w — Rpy - sign(y; — yi1) — Fppr (6) = Fi(0) ; (4)

;t=0+ tiexp, 3)

Ryy » sign(yy —y) + Cs(yp - J/u)—mn(jhl +9) —
. . 30
—aw Oy —y) — cwuy —y1) — 0w — Frpr (0) = Fiy (1) t = e ®)
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where are: n, — a linear rotation frequency of the unbalance vibration exciters 9; F,;(t) — a driving
force, is created by the vibration exciters that is changed in accordance with an equation
F;(t) = Fycosw, - t = 2-m,m?d n2k,co
t=0+T,, = O—w—_0+i—‘: (6)
where is F, — a centrifugal force created by a rotation of the unbalance vibration exciters 9;
— a rotation circular frequency of theirs;
m,, d,, k., T, . — mass, circle diameter of the rotation, amount and period of rotation of the vibration
exciters.

A pressure p,,;;—1 (t) in the medium of the portion 26 at the phase 1 of second stage can is determined

as

(t) = Fa@®)—my(G1+9)—myu@u+9)+2-c,y 01—y +¢s(Vp—y11)—2-Rpp-sign(y1—yi)—2-F fpr(t) 30

jt==. (7

Pwir-1
w Spw Ne

Equations for determination of the forces F;(t), F;;(t) at the phase 2 of second stage of the dehydration
process have an appearance
Fa@®) +miGh+9) —aw@r —yu) — cwr — yi) —
=0y, — Ry - sign(y; — yi1) — Frpr (8) = Fi (D) ; (8)

Ry + sign(yy — y1) + ¢s(yi — ¥p)+muGn + g) —
30

—ay O —y1) —cwu =y — oy + Fppr (£) = Fyy(0), £ = o )
A pressure py,;;—» (t) in the medium of the portion 26 at the phase 2 will be
Do () = Fd(t)+m1(y1+g)+mu(y11+g)+cs§:::—yp)—2.aw+z.R,,f-SLgn(yu—yz); ¢t = i_(:. (10)

At the third stage of the dehydration of the waste portion in course of utilization of the unbalanced and
hydraulic drives simultaneously, equations for determination of the forces F;(t), F;;(t) at the phase 1 of an
oscillation cycle of the vibration exciters can be recorded as

Fa(®) —m(Gh + 9) — [Pd (n i nfg) —pr nfg] -
—ay, (V1 = yu) + cwr — yi) + 0w — Ry - sign(yy — yi) — Frpr (8) = Fi(0); (11)
Ryf - sign(yy —yp) + Cs(yp - 3’11)—"111(3711 +9) —
=y =) — i — Y1) — 0y — Fppr (t) = Fyy(0), t = 131_2' (12)

where is p; — an adjusted discharge pressure of the working liquid in the hydro-cylinders 12 rod ends.
A pressure p,,;;;—1(t) in the medium of the portion 26 at the phase 1 of third stage can is determined

as
() = Fa(t) =m@r + g)=muGu + 9)+2 - cwr —yu) + Cs()’p 3’11)
Pwii-1(t) = p dr g |
w =2 Ryp - sign(y; — i) — 2+ Fypr (8) — k¢ [Pd (n P e |/ oo
=3 (13)

ne’
Equations for determination of the F,(t), F;;(t) at the phase 2 of third stage of the dehydration have
an appearance
Rk d? -d3
Fa(®) + (i +9) + ke [pd (B2 -=5) - p 22| -

—ay, (V1 —yi) — e —yn) — Ryf - sign(y; — yi1) — Fppr (£) = Fi (1) ; (14)

Rys - sign(@y — y1) + cs(vir — yp)+muGin + 9) —
. . 30
=y — 1) — e — Y1) — oy + Frpr (£) = Fy(0), t = o (15)
A pressure py,11—2 (t) in the medium of the portion 26 at the phase 2 of this stage will be

Fa(®)+m(F1+g)+my(G+g)+kc:

dp _md} md} ST
pa- = | [tes(Vir—yp) —2-0w+2-Rp psign(i—y1)

Pwir—2(t) = ;

Spw
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t=—. (16)

A value of the pressure p,, (t) in the medium of the dehydrated waste portion in the press-form at
different stages and phases of the installation working cycle allows to determine of a productivity of the
dehydration process that is one of most important characteristics of it efficiency.

5. Conclusions

1. There are different methods and equipment for dehydration of waste food productions that have
various disadvantages. For example, a mechanical dehydration at the screw presses and the decanter
centrifuges do not provide a necessary humidity of waste — 20 + 25%. Elaborated earlier schemes of the
installations with the hydraulic pulse drive for a vibro-blowing mechanical dehydration are very complex and
expensive in the realization. The thermal method is power-consuming (740 + 2248 kW h/ ton). The equipment
for a chemical and biological dehydration is large multiple-unit complexes with the low specific productivity.

2. Therefore for an improvement of a technology and equipment for a dehydration of waste food
productions the authors of the article offer a scheme of a installation that realizes a method of the three-staged
mechanical dehydration in the closed press-form, with an utilization of the static and vibro-blowing loading.
The proposed installation is equipped with a combined unbalance and hydraulic drive. The installation has a
relatively simple design, compact dimensions, high reliability and in correspondence with an authors
estimation, will provide the necessary, above indicated final humidity of dehydrated waste with minimal
energy and time expenses.

3. Also the equations for determination of the main working parameter — the pressure in the press-form
of the proposed installation are presented in the article. These equations can be used in further theoretical
research of the installation and for an elaboration of it design procedure.
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PO3POBKA TA JOCJII’KEHHS BUCOKOE®EKTUBHOI YCTAHOBKH JIJIS
BIBPYJAPHOI'O BHEBOJHEHHS JUCIIEPCHUX BIIXOJAIB XAPYOBUX BUPOBHUIITB

B oaniti cmammi npoananizosami cxemu ycCmano80K O/ 3HEB0OHEHHS 80I02UX OUCNEPCHUX 8i0X00i8
Xapuosux eupoOHUYmME (cnupmogoi bapou, nUSHOI OpoOUHU, OYPAKOBOZO JHCOMY, KABOBO2O MA SUMIHHO2O
wnamy). L{i 6ioxoou na binvuiocmi xapuosux nionpuemcme Yxkpainu suiuearomvbCs Ha 3eMak, Wo NPU3800Ums
00 3a0pyOHeHHsI HABKONUWHbO20 cepedosuwya. OOHaK 6 pa3i 3HeBOOHeHHA YUX i0xo0ie do eonozocmi 20 -
25% 6oHU MOdCYmMb OYmMU BUKOPUCAHT 8 AKOCMI YIHHUX 000A80K 00 CIIbCLKO2OCHOOAPCHKUX KOPMi6 abo &
AKOCI BUCOKOCHEP2eMUYHO20 NAAu6d. Takum YuHOM, 8 KOMNIEKCi SUpiuylomsbcsi npobnemu ymunizayii
8i0X00i8 1 30epedicenHsi npupoou 6i0 3a0pYOHeHb, KPIM MO020, NIONPUEMCIEO OMPUMYE NPUOYMOK Gi0
peanizayii kopmosux 006a6ok abo namusda. Bioome obraouamnus 0151 MEXAHIUHO20 3HEBOOHEHHS, maKe K
WIHEKO8I npecu ma 0eKanmepHi yeumpugyeu, 3abesneyye Kinyesy 8oa02icmo 8i0x00ie 74 - 76%, momy npu ix
BUKOPUCMAHHT 8I0X00U 8UMa2aroms 000amkogoi cyuxu. Lle npuzeo0ums 00 3HAUHO20 30INbUIEHHS BUMPAM
eHepeii. 3acmocysaHus 6iOpP0YOaApHO20 3HEBOOHEHHS HA YCMAHOBKAX 3 2IOPOIMNYIbCHUM NPUBOOOM
3abe3neuyc Kinyegy onocicme 6i0x00ie 20 - 25%, oonax ocmanui KOHCMPYKMUGHO CKIAOHI, MAIOMb 8ENUKI
eabapumu i sucoxy eapmicmo. CyuKa 8 po3nuno8aIbHux abo 6aKyyMHUX CYUAPKAX € HANOITbU eHeP2OEMHOIO
(6umpamu enepeii 6io 740 0o 2248 kBm-200 Ha MOHHY 3HEB0OHEHUX 8i0X00I8), A 0ONAOHAHHSA 015 XIMIUHO20 i
0i0N102IuH020 3HEBOOHEHHS SIGNSAE CODOI GenuKi 0a2amoKOPRYCHI KOMMWIEKCU 3 HUZLKOIW NUMOMOIO
npoodyxmugnicmio. Tomy asmopu cmammi RPONOHYIOMb cXeMy YCMAHOBKU 3 KOMOIHOBAHUM 0eOANaHCHUM A
2I0pABNIUHUM NPUBOOOM, KA MAE GIOHOCHO NPOCHY KOHCMPYKYII0, KOMRAKMHI PO3MIPU, BUCOKY HAOIUHICMb |
6 MOt Jice Hac, 3a OYIHKOI a8mopis, 3a0e3neuums HeoOXIOHY, 3a3Ha4eny suuje gonozicms. Taxosc 6 cmammi
HaseOeHi PiBHAHHS 01 USHAYEHHS OCHOBHO20 POOOY020 napamempa — mucky y npec-gopmi nponoHosanoi
VCMAHOBKU.

Kntouosi cnosa: ycmanogka 01 3He800HEHHs, 80102I OUCNEPCHI 8i0X00U, Xap4osi eupoOHUYmMEa,
KOMOIHO8aHUU 0ebanancHull ma 2iopasiidHutl npusio.

Puc. 6. @. 16. Jlim. 12.

PA3PABOTKA U UCCJEJOBAHUSI BBICOKO®®EKTUBHOM YCTAHOBKH JIJIsI
BUBPYJAPHOI'O OBE3BOKUBAHUS JUCIHEPCHBIX OTXOA0B ITNUIEBBIX
nPOU3BOACTB

B oannoti cmamve npoananuzuposamvi cxemvl YCMAHOBOK Ofisi 00E360HCUBAHUS  GIAICHBIX
OUCNEPCHBIX OMX0008 NUUWESHIX NPOU3BOOCTE (CRUPMOBoU Oapobl, NUGHOU OPOOUHBI, CEEKOILHO20 HCOMA,
KOgelnoeo U AYMEHHO20 waama). Omu omxoovl HA OONLUWUHCMEE NUUesbIX npeonpusmuil Yxpaunvl
BBLIUBAIOMCS. HA 3eMI0, YMO HNPUBOOUM K 3aASpA3HEeHUl0 OKpycarouell cpeovl. Oonaxko 6 ciyuae
0be360icueanuss Smux omxo0os 0o enaxcuocmu 20 — 25% ouu mozym 6vimv UCNOIB308AHBI 8 KAYECHGe
YEeHHbIX 000AB80K K CENbCKOXO3AUCMBEHHBIM KOPMAM UNU 8 Kauecmee BblCOKOIHEP2eMUecKo20 MONIUGA.
Taxum 0bpazom, 8 KOMHIEKCe Peuaromcs npooiemvl YIMUI3ayuu omxo008 U COXPAHeHus npupoovl om
3aepsA3HeHull, Kpome MmMo20, Npeonpusmue noiydaem Npudvblic Om pearu3ayui KopMosvlx 000a8oK uiu
monauea. Mzeecmmnoe 060pyoosanue 08 MEXAHUUECKO20 00€3604CUBANUS, MAKOe KaK UIHEKOo8ble Npeccol U
dexanmepHvle yenmpughyeu, odbecnedugaem KOHeUHylo GIANCHOCHb 0mx0008 74 - 76%, nosmomy npu ux
UCTIONIL308AHUU OMXO0ObL MPedyIom 0ONOIHUMENbHOU CYWKU. MO NPUSOOUM K 3HAYUMETbHOMY VEeIULeHUI)
sampam suepeuu. Illpumenenue 6ubPOYOapHO20 00€360HCUBAHUL HA YCMAHOBKAX C 2UOPABIUYECKUM
UMRYILCHBIM NPUBOOOM 0becneyusaem KOHEeYHYI0 GaadCHOCMb omx0008 20 - 25%, oonaxo nocredHue
KOHCIPYKMUBHO CJLOJICHBL, UMEIom Oobliue 2adapumsl U 8blCOKYI0 cmoumocms. CyuKa 8 pacnovliumeibHbix
WU BAKYYMHBIX CYWUTKAX A6Isemcs Haubonee sHepeoeMkou (3ampamol duepauu om 740 0o 2248 kBm-u na
MOHHY 00€3600CEHHBIX OMX0008), 4 000pY008anue Osi XUMUYECKO20 U OUONOSUUEeCK020 00e360MCUBAHUS
npeocmasisiem  coboui  KpynHole — MHO2OKOMHOHEHMHble  KOMNAEKCbL ¢ HU3KOU  VOelbHOU
npouszgooumenvHocmoio. Ilosmomy aemopsl cmamvu npediazarom cxemy YCMaHOBKU ¢ KOMOUHUPOBAHHBIM
0e0ananHcHbiM U 2UOPABIUYECKUM NPUBOOOM, KOMOPAs umeem OMHOCUMENbHO NPOCMYI0 KOHCHPYKYUIO,
KOMHAKMHble pazmepbl, BbICOKYIO HAOEHCHOCMb U 8 MO dce 6peMs, N0 OYeHKe asmopos, obecneuum
HEoOX00UMYI, YKA3AHHYIO 8blude 8adliCHOCMb. Taxdice 6 cmambe npuseoeHvl YpasHeHus 015 ONpeoeieHuUs.
OCHOBHO20 paboue2o napamempa npednazaemol YCmaHo8Ku — 0asieHus 8 npecc-ghopme.

Kntouegvle cnoea: ycmanoska 0nsi 00€3604CUSAHUS, 6ANCHblE OUCNEPCHblE OMX0O0bl, NUUjesble
npou3800Ccmed, KOMOUHUPOBAHHBIN OeOANAHCHBLI U 2UOPABTUYECKUL NPUBOO.

Puc. 6. @. 16. /Ium. 12.
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