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Summary. Increasing productivity and reducing energy costs of the process of operation of screw devices
and technological lines of processing complexes, where they are installed in agricultural sector, in the first stage
depends mainly on the throughput capacity of loading hoppers. At the same time, the need for rational management
of the flows, that have quite significant random deviations from the measure of average of the root crops flow, is quite
an urgent task. The objective of investigation is to increase the efficiency of screw conveyor-crushers by developing
a mathematical model which functionally describes the technological process of movement of the material in the
loading hopper. The article provides an analysis of the process root crops movement in the screw conveyor loading
hopper through the development of deterministic mathematical models that describe and determine the quantitative
indicators of per second feeding of root crops to the auger depending on the hopper loading.
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Statement of the problem. The development of effective technological processes of
operation of screw devices, that provide simultaneous crushing and movement of large root
crops should be based on integrated methods of solving technical tasks, the implementation of
which will improve the technological performance and expand the functionality of screw
conveyors-crushers of root crops [1].

These technological and constructive tasks are realized by developing new or improved
methods of substantiation of technological process and calculation of structural and kinematic
parameters and operating modes of screw conveyor-crushers of root crops.

Increasing productivity and reducing energy costs of the process of operation of screw
devices and technological lines of processing complexes, where they are installed in agricultural
sector, in the first stage depends mainly on the throughput capacity of loading hoppers [2, 3].

At the same time, the need for rational management of the flows, that have quite
significant random deviations from the measure of average of the root crops flow, is quite an
urgent task [4, 5].

Analysis of available research. It is found that the way of movement of a body in a
loading hopper depends on the physical and mechanical properties of the product, the frictional
properties of the walls of the main feeding part (throat) and the aperture (discharge outlet) of
the hopper bottom, as well as their structural and geometric shape, and parameters [6, 7].

In works [8-11] it is proved, that the geometrical form of aperture (discharge outlet) of
the bottom and its dimensional parameters have a predominant influence on the discharge
characteristics of hoppers. Predominantly the bottom part of production hoppers for bulk
materials is made in the form of a truncated cone, pyramid, or volumetric trapezium.

In addition, it is generalized, that this effect is due because such forms of a hopper
bottom of a hopper provide a uniform distribution of the product body particles over the cross-
sectional area of the aperture of the hopper [12].
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Mathematical model of functioning of the screw conveyor loading hopper

Such movement of the product reduces the pulsating character of their movement,
caused by the presence of dynamic consolidated formation of discrete product particles in the
hopper [13, 14].

In addition, the bottom of such hoppers must comply with the condition according to
which the given angle of external friction of the body ¢ should be less than the angle of

inclination of the hopper bottom wall «, to the horizontal plane [15].

However, compliance with these requirements for the design of the hopper does not mean
that the hopper is a hopper with a rational throughput capacity. This requires another condition,
that is the condition of rational shape, that forms the bottom discharge outlet of the hopper.

Objective of investigation. To increase the efficiency of screw conveyor-crushers by
developing a mathematical model which functionally describes the technological process of
movement of the material in the loading hopper.

Statement of the task. In general, technological efficiency of any loading hopper,
which is a component of a conveying device, depends on the coordination of its structural
geometric shape (conical, pyramidal, cylindrical, combined), method of movement (hydraulic,
normal, mixed) and transportation of loaded materials, size and mass parameters, and physical
and mechanical properties of conveyed materials with general design of screw conveyor or
technological line in which it is installed, as well as the actual needs of the production necessity.

Slot hoppers are widely used in agricultural machinery. However analytical questions
on definition of the shape of a longitudinal cross-section of a hopper, that provides required
throughput capacity of root crops, are not solved sufficiently. The need for such solution is due
to different characteristics of root crops compared to bulk material and discrete processes of
their evenly flowing output.

In the first step of developing a mathematical model that describes the process of
functioning of a hopper (Fig. 1) of a screw conveyor-crusher of a product transportation, we
take the starting points, assumptions, and simplifications:

- feeding part 2 of a hopper (Fig. 1) is taken as a truncated rectangular pyramid; we
indicate its height by h_, and dimensional parameters of its top — base by a, xb._;

E.(ai:b;)

Figure 1. Functional diagram of the hopper: 1 — root crops; 2 — feeding part; 3 — discharge outlet; 4 —
auger; 5 — spiral coil of the auger; 6 — cover
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- the discharge outlet 3 of the hopper is taken as a rectangular parallelepiped; we indicate
the height of the pyramid by h,, and dimensional parameters of the bottom — base by a, x b, ;

- in the working space of the hopper most of the root crop 1 is in horizontal position,
that is, the longitudinal axis of the root crop is parallel to the horizontal plane;

- the movement of the root crop in the hopper to the screw obeys the law of normal motion.

There is a need to develop a mathematical model that describes the process of movement
root crops in the loading hopper to the screw conveyor, and coordinates or ensures the required
throughput of the root crops and the productivity of the auger.

Presentation of the material. Suppose the quantity of root crops that flows into the
main body of the hopper (feeding part) in relative time t is G, (t), the number of root crops
accumulated in the hopper in the intermediate stage of the production cycle (or the stock of
roots crops) is G, (t), and the number of root crops that leave the discharge outlet (or the
consumption from the stock) is G, (t). In this case, the root crops stock G, (t) and the retention

capacity of this stock characterize the accumulation of material during the entry of the root
crops to the feeding throat and the consumption of root crops from the stock, while the stock
allows to compensate for the effect of eddy in the flows.

Hence a condition for increase in the root crops stock is G (t)>G,, (t), and a condition
for decrease in the root crops stock is G, (t)<G., (t).

In this context, the equation describing the resultant mass flow rate of the root crops
looks like

dG, (t)
dt

=G, =G, (t)- G, (t)= 4G, (1), @)

where 4G, (t) —Iis aremaining stock of root crops in the intermediate stage of the production cycle.

For further analysis, we express the current imaginary technological flows as the actual
product, or the appropriate quantitative mass flow of root crops, thus:
- the bulk quantity of the root crops Gn(t)that enter the feeding part of a hopper at a

relative time t is

G,(t)= Kis, (t)m,, + Kag, (M, + ...+ Kia, (t)my =

n =120 )
= Z[KlGn (t)my, + Kag, (M, + ..+ Kia, (t)mki]
i—1

where Ky ,Kyg ... Kig —respectively is the number of root crops of the 1st, 2nd, ..., i -size

mass group, that enters the feeding part of a hopper, pcs.; m,,,m,,,....m,; respectively is the

weight of a root crop of 1st, 2nd,..., 1 -size group, that enters the feeding part of a hopper, kg;
- the bulk quantity of root crops stored in the hopper or root crops stock Gz(t) in

relative time t is

G,(t)= Kis, (t)m,, + Kag, (O)me, + ..+ Kig, (t)my =
. pi=1,2,...,n, (3)
= Z[KlGZ (t)m,, + Kz, (Omy, + ...+ Kig, (t)mki]
i-1

where Ky ,K,g ..., Kig, —respectively is the number of root crops of the 1st, 2nd, ..., I -size
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mass group, which is stored in the hopper, pcs.;
- the mass number of root crops that leave the discharge outlet of the hopper, or
consumption from the stock G, (t) in relative time t is

G,,(t)= Kie, (t)my, + Kae, (Omy, + ...+ Kic. (t)myg =
N vi=1,2,...,n, )
= Z[KlGC (t)my, + Kae, (Omy, + ...+ Kic. (t)my, ]
i1

where Ky ,K,g_,....Ki, — respectively is the number of root crops of the 1st, 2nd, ..., i -size
mass group, which leave the discharge outlet of the hopper, pcs.

Substituting (2)—(4) in equation (1) we obtain
n [KlGZ (t)- K, (t)+ Kis, (t)Jmkl + [Kzez (t)- Ko, (t)+ Ko, (t)Jmkz Tt

=] + [KiGZ (t) - Kig, (1) + Kig, (t)]mki _ _ 4G, 1) (®)

If we assume that the shape of the root crops is conical, which corresponds to the shape
of most large root crops, then we can state that

3 3
_ 704 Ly _ zDar . M . i7

= y m, = ; =,
2" 2atg(05a,,) ¢ 24tg(05a,)

m 6
“ 12 2419 (0,5¢,,,) ©

where V,, —is the volume of root crops of the 1st size mass group, m?;
7, — is specific weight of root crops, kg / m?;
D,, —is diameter of root crops of the 1st size mass group, m; L,, is length of root crops of the

1st size mass group, m;
a,, — Is a cone angle of growth of root crops of the 1st size mass group, deg.;

Dy, .- D — is diameter of root crops of the 2nd, ..., i -size mass group, m;
— is a cone angle of growth of root crops of 2-nd, ..., I -size mass group, deg.
According to (6) the dependence (5) looks like

Qi

[sz (t)- Ky, (t)+ Ky, (t)]tg(f;;)
3 TV ﬂDsZ - |
déﬂ + [Kzez (t)- Kyg, (t)+ K, (t)]ww+ = 4G, (t)dt (6)
fin, 00K, 0+ e O]

The dependence between the current stock (remaining root crops stock in the
intermediate stage of the production cycle) and the resulting mass flow rate of the material stock
change is obtained by integrating the equation (1).

In this case

G, (t)=[[G,(t)- G, (t)bt = [ 4G, dt. 7)
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Taking into account (2)—(4) and (6), the integral equation (7) will look like:

0 K P2 0 0] 2|
[ 4G, dt = | z% tg(O,ngl) tg(05a,,) " ®
i=1 Dy
+ [K3Gn (t)— K3Gc (t)]tg(0,5ak3)

The obtained dependence (8) is a mathematical model written in a general integral form
and that characterizes functioning of a hopper of screw conveyor-crushers of root crops or a
process of movement of root crops at a relative time t, or the nature of the change between the
current remaining stock of root crops and the resulting mass flow rate of the material stock
change in the hopper, depending on the mass and size composition of root crops under condition
of their normal movement.

According to the provisions of [17] is known that in any cross-section of a hopper under
condition of normal movement of root crops the flow velocity of the product & (m/s) is
governed by the law of dry friction (Coulomb’s law) and is defined by the well-known formula

19: Gn.n — Gn.n — Gn.n (9)

Fa(z) Falxaiya) Falagsby)
where G, — is the volume flow rate of the root crops, or the resulting volume flow rate of the
material stock change, m?/s;
F,(a, b, ) is area of the cross-section dimension of the feeding part of the hopper at a height z;, m°.
Then the single-piece volume flow rate of root crops G, (pc. m%s), or the resulting

volume flow rate of the material stock change in the feeding part of the hopper of a screw
conveyor-crusher of root crops can be found by the formula (4)
According to (8) we have:

S 1

Dy Di2 Dy
LK Lo b Kye X2 p Ky ok
B Zl 24{ o tg(05a,)  *tg(05a,,) @ Ctg (O,Sak3)} (10)

n.n t

Then, according to (8), (10) and under accepted conditions, the root crops flow velocity,
or 9., (pc. m/s) and acceleration a_, (pc. m/s?) of the consumption of root crops from the

hopper stock according to (9) of the feeding part is determined by the formula:

i K Dkgl + K le2 + K DI:(33
g -7 Cotg(05a,) P tg(05ey,) o tg(05ay,) _ (11)
o 24 [in (azi ;bzi )]t
3 D} D; D]
K k1 +K k2 +K k3
- dd, d ﬂlz—.‘:L|: e tg(05¢y, ) e tg(05e,) o tg(0,5ak3)} . (12)
o dt dt| 24 [in (azi ;bzi )]t
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Mathematical model of functioning of the screw conveyor loading hopper

According to Fig. 2, the root crops flow velocity, or the rate of consumption of root
crops &, ,; (pc. m/s) from the hopper stock is within the average range of 0.6 to 1.06 m/s, the
acceleration a_ ; (pc. m/s?) of consumption of root crops from the stock according to Fig. 2.3
is within the average range of 0.5 to 2.0 m/s?.

Putting in dependence (12) the acceleration of consumption of root crops from the stock
as a,, =g, where g —isgravitational acceleration (m/s?) and differentiating the function (12),
we find the ratio between actual remaining quantity of mass of root crops and acceleration of
consumption of root crops from the hopper stock or we obtain a differential equation for
consumption of root crops from the hopper at a relative time t, if the cross-sectional fraction is

in (Xzi ; yzi ): in (azi ;bzi )

i K lel + K D|:<32 + K D|33
z Gl % g(05ay,) o tg(05a,) % tg(05¢,s) _ 13)
24y, [in (azi by )]t

o
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Figure 2. Dependence of change: a — root crops flow velocity as a function 9. i = fg(a,;b, )
b — acceleration of root crops flow as a function a.,i = f.(8,iit)
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Having differentiated the equation (13) we obtain

T D; D} D;

e K Tkl K 2 K 3
d 242_1:[ 1G°tg(0,5ak1)+ ZG°tg(0,5ak2)+ 36°tg(0,5ak3)} (@)
dt [Fi(a by) ]t = 0Fal@ 14

dF, (a,;b,) ,

dt TS lel sz Dk33
Ko ——8—+K K .

’ {24t Z{ S ig(050y)  g(05a,) tg(050,)

[F.(a,:b, )]

Let’s integrate the differential equation (14) by separation of variables

3 D2 D2 D2
A K Tk 4 K __—kz2 4 K k3
{24 §|: 1Ge tg(0 50‘k1) 2Ge tg(0 5ak2) 3Ge '59(015ak3):|}> dt
I in (azi ’ bzi )t B
d':zi (azi ; bzi
gt ) (15)
gF,(a,:b, )+ 2 =
= [F. (a,:by, )] dt
2
r & D2 D2 D2
_r K Kkl 4 K —_—"kz2 4 K _ —k3
~ JL24t2 E[ e 1g(0 5ak1) 2% 1g(0 5ak2) 3Ge t9(0150‘k3):|}

The solution of the differential equation (15) looks like:

T3 Ds1 lez Ds3
=S Ky — 4K +K =
sz{ 1% 905a) 2 1g(05ay,) < t9(05ay)
T 3 D2 D3 D3
_ K $ K k2 K k3 b
E.(z) 24t§|: o tg(0a505k1)+ e tg(osak2)+ e tg(0!5ak3):| 4(@aiba) ' (16)
= A\Z. X
8 I (aZI’b )
><thz _ ng'i(azH zi )
in(azi b2|)
where th is a hyperbolic tangent;
T3 D2 D3 D}
A=Y Ky — 4K 4K k3
{24%{ Cotg(05ay) o tg(05a,,) tg(0,5ak3)ﬂ )
dt -
=gF; (azi b, )X
_ . 17)
T Dk31 Dsz Dk33
- 7+K +K a ibz
1] 2 Z[ S tg(05ag) 2 1g05ay,) T tg08ag) )
x<1-th°| |- -1
in (azi ;bzi)
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If in formula (17), (18) time t—>oo, or if in formula (14) we assume that

T 3 D}, D}, D2, :
N— YK ———+Kyg ——2—+Kzg ——=>—|¢/dt=0 and multiply the
2405 T 9(05x) T g(05e,) T t9(05a)

obtained formula by total bulk weight of root crops y,, we get maximum permissible mass

consumption of crops from the hopper stock at time t =1 second, or respectively, the required
maximum entry of root crops G (kg/s) to the discharge outlet of the hopper, or the

maximum possible consumption of the root crops if the cross-section F, (X, ;Y )= F, (a,;b, )
is a conditional instant aperture, i.e.

[Tt =6 [Tl

+ .0-1- ,

dt [ (au b, )] dt

C.Z.max

0: g}/kFu(asz

or

. ngi a2| ' M7zi
Gc.z.max =Yk in (azi ’bzi )\/ ((a b ))

zi?

(19)

The area of the cross-section F,(a, ;b,;) of the instant aperture of discharge outlet
of a hopper is determined by the formula F,,(a, ;b, )=b, 2r,, where p_, r, —is the length
and hydraulic radius of the aperture, m. Still 2r, =a_; <b,. The coefficient of filling of the
hopper is Kk, .

Then the function (19) will look like

ga.b.
G <y.a:b .k —— 44 20
C.z.max 7/k zZi~¥zi™s \/ (al,b2|) ) ( )

and the flow velocity of the root crops or the rate of consumption of root crops 4, , (pc. m/s)
from the stock of the discharge outlet when F, (x,;y,)=F,(a,;b,) is

07~0

3
Z[Kchmkl + Ko, My, + K3Gcmk3]

19 — i=1 (21)
c.0 !
[ (ao ’ bo )]7kt
or
3 D] D} D]
K k1l + K k2 + K k3
9 zié e t9(0’50‘k1) 2e t9(0,50‘k2) 3 tg(0a50‘k3) _ (22)
R [Fs (aq:b, )l
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The rate of acceleration a, , (pc. m/s?) of consumption of root crops from the stock, or
the maximum possible consumption of root crops if the cross-section F,(x,;y,)=F,(a,;b,)
is the aperture of the hopper is determined by the formula

& Dy Dy, Dys
Ko — b Ky 2 Ky 8
X - dy _d ﬂé Cotg(05ay,) ot tg(05ay,) ot tg(05a,s) (23)
od )24 [Fo (030, )}

Based on a graphical analysis, it was found that the root crops flow velocity, or the
rate of consumption of root crops &, , (pc. m/s) from the stock is within the average range
of 2.0 to 3.0 m/s, the acceleration a, , (pc. m/s?) of the consumption of root crops from the

stock according is within the average range of 0.6 to 6.0 m/s2.
Having compared (14) and (23), we can write that

T 3

Dk31 Dk32 Dk33
= VA
S (0.5¢,) " g (0.5, e t9(0,5¢,,) L

3

iz KlG DiiJr Kze D7k32+ Kse D7k33 F (a ‘b )
y 24t ‘19 (0’5ak1) Ctg(0’5“k2) ‘g (0,5ak3) e th? _gFo'(ao;bo) 1k
Fi(a,:b,) S R )

(29

Then the required maximum permissible per-second bulk entry of root crops to the auger

Geomx (K9 /'s), or the maximum possible consumption of root crops if the cross-section

F.(x;;y,)=F,(a,;b,) is an aperture of a discharge outlet of hopper by analogy with (2.27)
is determined by the formula

Gc.o.max = Yk l:o (ao ;bo )k3 - F,oao.;bo) = 7kaob0k3 - & ’ (25)

In this case, a rational technological operation of the screw conveyor-crusher is
possible under the condition that the per-second entry of the root crops G, ..., to the auger

is less than or equal to the productivity of the screw conveyor-crusher. Thus, to determine
the actual number of discrete root crops that come out of the discharge outlet to the auger,
we must find the lowest minimum of the function (20) or the lowest value of the function
G,., = f(z) in the interval 0 <z<h,. As a rule, during the research the function
u=(G,,) =¢(z) is considered.

Setting the derivative of the function u=(G,, ) =¢(z) to zero, or
u'=(G.,)* = ¢'(z)=0, we get a differential equation that describes the surface of a hopper,
which ensures maximum entry of the root crops to the auger.

FZ.U (aZ.U ;bZ.U )FZ,TU (aZU ; bZ.U ) = 3[FZ’.U (aZ.U ;bZ.U )]2 h (26)
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After integrating into equation (26) under initial conditions F,, (0)=F,(a,;b,),

u?™u

F.,(0)=F/(a,;h, ), we obtain the ratio between areas and abscissa of cross-section of a hopper,

zZ.u ur~u
which characterize the maximum flow rate of root crops.

aU’bU : F ( u1bu)
qu(azu’bzu) (au1bu)[\/ ( )( o () ) J: Gc.u.max Tk u(au'bu)k g(a (27)

a,:h a,:h a,:h,)

ur™u urru ur=u

Expressing formula (28) as regard to F(a, ;b, ) and substituting values F/(a, ;b, ) into

u?™u u?™u
function (27), we obtain a functional dependence between area F,(a,;h,) and ordinate z for
the maximum possible bulk quantity of root crops, coming out of the discharge outlet or
consumption from the stock, and the area of the cross-section of the discharge outlet of the

hopper

2
€.0.max

(a0 )= F (ah )k3/\/buzg[|:u(a”;bu)] 2 (29

where ne F,(a,;b,)=2a,b,, &, is half the width of the aperture of the discharge outlet, m;

u?r™u u~u?

b, — length of the aperture of a discharge outlet, m.
If we assume that F,(a, ;b,)=F,(a,;b, ), then we have:

u’r™u 0’~0

F.(ag:b,) |. b )k
orer \/bO_ZQ[FO(ao;bo)] X, (30)

2
G “c.0.max

or
Gc.o.max = 27kboxok3 ( \ —0X, / X; ) ) (31)

Assuming that x, =05a,, and x| =05(a, )' = (05h.ctga, ) =-05tger,, then according
to formula (31) the maximum per-second entry of the root-crops of the discharge outlet of
the hopper to the auger, taking into account the coefficient of the hopper filling
k., or the maximum consumption of root crops G from the stock is determined by the
formula

C.0.max

Gc.o.max = 7kb0aok3 (’\/ gao / tgag ) ! (32)

Fig. 3a shows the dependence of changes in the maximum consumption of root-crops
G, , mex from the stock as a function G = f(a,;b, ), Fig. 3b shows it as a function

Gc.o.max = f(ao )

C.0.max
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Figure 3. Dependence of changes in the maximum consumption of root-crops G from the stock as a

C.0.max

function: a— G o e = T(8,30, )56~ G o mex = (@, )51, 2,3~ respectively, b, =0,21;0,26; 0,31 m

The obtained dependence (32) can be used for theoretical analysis of estimated
productivity of a screw conveyor-crusher of root crops and for substitution of structural and
kinematic parameters of its parts.

According to Fig. 3, the value of maximum per-second entry of root crops through the
discharge outlet of the hopper to the auger or the maximum consumption of root crops G
from the hopper stock is in the range from 0.9 to 2.4 kg/s.

Conclusions. The smooth process of product transportation by parts of a screw
conveyor-crusher is described by mathematical models (30)—(32).

Thus, the maximum per-second entry of root crops through the discharge outlet of the
hopper to the auger or the maximum consumption of root crops G ... from the hopper stock

is in the range from 0.9 to 2.4 kg/s, depending on the dimensions of the discharge outlet.

C.0.max
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YK 631.361.2

MATEMATHYHA MOJEJIb TIPOLHECY ®YHKIHIOHYBAHHA
3ABAHTA’KYBAJIBHOI'O BYHKEPA HIHEKOBOI'O KOHBE€EPA

Biktop bapanoBcbkuii; Bitauii [Ianbkis; Poman Komap;
boraan bepexkenko; Oaer KopoJab

TepHoninbcokuu HaYioHaAIbHUL MeXHIYHUL YHigepcumem imeHi leana 1lynios,
Tepnonins, Ykpaina

Peztome. [liosuwennss npoOyKmuGHOCHI mMa 3MEHWEHHSl eHepeemUYHUX 3ampam npoyecy podoomu
WIHEKOBUX NPUCMPOI8 | MEXHONIO2IYHUX Il nepepOOHUX KOMNILEKCI8, 0e B0HU 6CIAHOBIIEHI 8 CEKMOPI a2papHoco
BUPOOHUYMBA  3A2ANIOM, HA NEPWIOMY emani 8 OCHOBHOMY 3aiedcumb 6i0 NPONYCKHOI 30amHOCi
3asanmasicysanvhux oymxepis. Ilpu ybomy HeoOXiOHicmb payionanrbHo20 KepySanHs MAKuMu NOMOKAMU, SKi
Mawoms 0080 3HAYHI GUNAOKOGI GIOXUNEHHs 6i0 CepeOHbol GelUudUHU NOMOKY KOPEHenaodis, — 00CUmb
akmyanvha 3a0ada. Tomy memor 00CHiodicenHs € Ni0BUWeHHs eheKmusHoCmi npoyecy podomu WHeKOBUX
KOHBEEPIB-NOOPIOHIOBAYIE  WIIAXOM PO3POONEHHS MameMamuynoi mooeni, AKa @QYHKYIOHANbHO ONUCYE
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Mathematical model of functioning of the screw conveyor loading hopper

MexXHON02TUHUTL NpoYyec nepemiujeHHs Mamepiany 6 3a8anmanicy8albHOMy OYHKepi ma y3200cye abo 3abesneuye
HeOOXIOHY NPONYCKHY 30aMHICMb KOPeHenni00ie i npoodykmusHicme uwihexka. Haeedeno meopemuunuil ananiz
npoyecy nepemiujeHHs KOPeHeni00i8 y 3a8anmaicy8arbHoMy OYHKepi WHEK08020 KOHBEEPA WIAXOM PO3POOIEHHS
0emepMIHOBAHUX MameMamuyHux Mmooenetl, AKi OnuUCyloms ma GUHAYAIMb KIIbKICHI NOKASHUKU CEeKYHOHOT
nooaui Kopereniooie 00 WHeKd 3a1eHCHO 8I0 3a8anmadiceHus oyukepa. Ompumano mamemamuiny mMooennb, Ky
3aNUCAHO 6 3A2ANbHOMY IHMEZPANbHOMY 6U2IA0l Ma AKA XApaKmepusye npoyec QYHKYIOHYBaHHA OyHKepd
WIHEK08020 MPAHCNOPMePA-noopibHI08aUa KopeHneniodie abo npoyec nepemieHHs Kopeneniooia y 8i0HOCHOMY
yaci 1, abo xapaxmep 3minu Mixc NOMOUHUM 3ATUMKOBUM 3ANACOM KOPEHENN00i8 i Pe3yIbmyiouor Maco8oio
8UMpPAmMoI0 3MiHU 3anacy mamepiany 6 OVHKepi 3a1edHCHO 8i0 MAc08020 POIMIDHO-QPAKYIUHO20 CKAAOY
KOpeHennoodie 3a yMosu ix HopmanibHozo pyxy. Ompumana mooeisb Modice 6ymu 3aCmoco8aHa 01 NPOBeOeHH s
MeoPemuiHO20 AHANI3Y PO3PAXYHKOBOI NPOOYKMUSHOCHI POOOMU WHEK08020 MPAHCROPMEPA-nOOPIOHIO8aAYA
KOpeHenno0ig i 00SPYHMYSAHHA KOHCMPYKMUGHO-KIHEMAMUYHUX —NaApamempie 1020 pobouux opeawis.
Bcemanosneno, wo weuokicmo sumikanHs KOpeHennioois, abo weuoKicms CRONCUBAHHS KOPEHeNn100is i3 3anacy
3HAX00UMbCA y cepedHix messcax 6io 2,0 0o 3,0 wm. m/c, NPUCKOPEHHS. CHOXCUBAHHA KOPEHeNna00i8 i3 3anacy —y
cepeonix mescax 6i0 0,6 0o 6,0 wm. m/c?. 3uauenns MaKcumManbHo20 CeKYHOHO20 HAOX00JICEHHs KOPenenioois
yepes GUXIOHY 20pNI0GUHY OYHKepa 00 wHeKd, ab0 MAKCUMATbHE CHONCUSAHHA KOpeHnennoodis i3 3anacy Oynkepa
3Haxooumwcs y dianasoni 6i0 0,9 do 2,4 ke/c.

Key words: kxopenennoou, euxiona 20piosuna, CeKyHOHA ROOAHd, 3ANAC KOPEeHenaoois, eumpama
KOpenennoois, weuoKicms UMiKaAHHs, NPUCKOPEHHS BUMPAM KOPeHenno0is.
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