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Taking into consideration current realities and various factors, which create difficulties for the
effective functioning of Ukraine’s national economic system, the Agro-Industrial Complex of Ukraine acts as
the most stable part of it, that is characterized by conservatism and is one of the main and stable cross-sectoral
formations due to revenues. However, despite the strategic priority of the AIC, the high level of energy
consumption by domestic producers does not enable providing an appropriate level of competitiveness of
Ukraine’s AIC in domestic and foreign markets, at the same time the rationalisation of energy use necessitates
the substantiation of the energy-saving variant of its development by implementing energy-efficient machines
and technologies in the system of feed preparation and feeding animals.

In the technological process of feed preparation, the share of energy consumption for grinding can be
more than 50%. Thus, it becomes obvious that the profitability and competitiveness of the livestock industry
largely depend on the energy efficiency of realizing this technological operation, and the reduction of energy
intensity in this process is an urgent task. Modelling energy-saturated mechanical processes, particularly for
the grinding operation, it is necessary to consider structural-mechanical properties of the product, its ability
to deform in different modes of interaction with the executive body of the technological machine.

The six-link mechanical-rheological model, which is built by combining the simplest models of
rheological bodies and enables reproducing the structural and mechanical properties of the object of
processing — maize grain with the required degree of reliability, has been offered in the article.

Theoretical research of the rheological characteristics of the material, including the assessment of the
relative deformation of the maize grain in the grinding process using he impact-cutting method depending on
the moisture content and internal force factors, has been conducted. In the future, the obtained results will be
used to evaluate the parameters of plastic and elastic absolute deformations in the material while studying the
kinetics of the grinding process.

Key words: local stresses, deformation, elasticity, viscosity, rheological model, structural-mechanical properties.

F. 48. Fig. 5. Table. 1. Ref. 18.

1. Introduction

Scientists point outs that [1], feed preparation constitutes 45-50 percent of the cost of prepared
livestock products. In this case, the estimated energy costs for technological operations are distributed in the
following way: transportation — 10...20%,, dosing — 5...8%, grinding (including grain material) — up to
45... 65% of total costs, that is approximately 33% of the cost of finished products [1, 2].

In opinions of many scientists, a significant condition for the organization of complete feeding for
animals and poultry is the efficient use of grain feed and their rational preparation for feeding. The share of
concentrated feeds in the total feed balance is 29...32%. Among cereals, maize grain has the highest nutritional
value. It contains lots of carbohydrates, mainly starch (approximately 70%), fat (up to 6% or more), the amount
of protein (9-12%). Nutritional value of 1 kg of grain — 1,33 fodder units. and 67—73 g of digestible protein.
The efficiency of using grain without prior preparation is reduced by 10...20% [3, 4, 5, 6].

The most common ways of using grain in feeding animals is to introduce it into various feed mixtures
and compound feeds, crushed or in the form of flattened, extruded, micronized and so on. One of the main
ways of preparing feeds for feeding animals is grinding. Grinding is the main way of preparing grains for

49



Ne3 (114) /2021 TexHika, eHepreTHka,

% TpaHcnopT AIIK
E “ Vol. 114, No 3/ 2021

feeding animals, which allows increasing the digestibility of nutrients by 15-30% [4, 6].

Ibatullin I.1. and Zhukorskyi O.M. [6] believe that the degree of grinding influences the amount and
enzymatic activity of digestive juices, the rate of passage of food through different parts of the digestive tract
and, thus, the digestibility of nutrients and the productivity of animals. Consequently, the researches are aimed
at intensifying the process of grinding the material for further use in the feed preparation system under the
condition of reducing energy consumption and providing the required quality of the original product, are
relevant and have practical value.

The creation of modern high-performance technological systems, including, for example, the system
«crusher — grain material» is based on the mandatory justification of certain applied engineering and design
solutions. One of the stages of such design is to determine the patterns of the movement of the machine and define
the optimal parameters of the technological process on this basis. An essential aspect is the substantiation and choice
of the calculation model, which adequately reflects the real movement of the system «machine — raw materials».

The initial data for modelling the processes of mechanical grinding are information on the structural-
mechanical properties of the processable object [7, 8], the kinetics of deformation [9], the critical values of the
internal force factors at which the destruction of the structure occurs [10, 11]. The process and the nature of
the destruction of the grain result from the modes of its contact interaction with the executive body of the
crusher, including the configuration and geometric parameters of the impactors. So, to obtain a comprehensive
mathematical model that would cover the specifics of the contact interaction of the processable object with the
executive bodies of the machine is a necessary condition for the development and analysis of the mechanical-
rheological model of maize grain, which determines the research aim.

2. Research aim and objectives

The aim of the article is to assess the process of relative deformation of maize grain during combined
grinding by impact-cutting, developing and analysing the mechanical-rheological model of the material.

3. Materials and methods

The scientific provisions of the research are based on the mechanics of contact interaction, dispersed
mechanics, solid mechanics.

Having derived the equations of elastic and plastic deformation of grain, rheological methods of researching
dispersed systems, empirical constants and reference data on the structure, physical properties, chemical
composition, absolute mass, biological features of anatomical parts of a maize grain: germ, endosperm, outer and
inner pericarps have been used (Fig. 1a). The solution of analytical expressions and graphical interpretation of the
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Fig. 1. Maize grain: a) anatomical structure; b) rheological model; 1 — hull; 2 — endosperm; 3 — germ.

The object of the research is the structural-mechanical properties of a maize grain. The subject of the
research is the regularities of the process of deforming a grain under the action of external load of the cutting
edge of the crusher’s impactor.

4. Results and discussion

Maize grain is the only entire organic compound that is sharply heterogeneous in its structure, physical
properties, chemical composition, absolute mass, biological purpose of the anatomical parts.
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Thus, this processable object can be characterised as an elastic-viscous-plastic, colloidal, capillary-
porous body, with a protein framework, starch filler and cellulose hull, that makes it difficult to carry out
experimental assessment of mechanical-technological properties of the processable object. In order to
formalize the objective of researching the process of deforming a grain, we have proposed a simplified six-
link model of a maize grain as the most acceptable rheological model for a wide range of actions (Fig. 1b).

The proposed model is a sequential connection of the model of the Maxwell ideal body (describes the
elastic hull of the grain containing bound moisture), the body is a parallel connection of Hooke’s model of the
ideal-elastic body with Saint-Venant’s model of the ideal plastic body (describes the behaviour of floury
endosperm containing an elastic-plastic starch filler) and the model of the Kelvin body (describes the behaviour
of an elastic germ containing molecular moisture).

For a mathematical description of the behaviour of the proposed rheological model of the grain
(Fig. 1b) under the influence of the applied force F let us consider separately each of the three bodies listed

above: M, HStV and K. The Maxwell body (M) (Fig. 2) is a sequential connection of Hooke’s ideal-elastic
body (H) with Newtonian ideal-viscous fluid (N).
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Fig. 2. Rheological model of the a maize grain Fig. 3. Rheological model of maize grain
hull endosperm

As a wide-ranging uniform pressure in each material, regardless of its rheological properties, causes
elastic deformation, accompanied by tangential stresses, in each of these three bodies (M, HStV and K), under
the influence of the applied force, the same tangential stresses t will occur. [12, 13].

On the basis of the above mentioned, under the action of the applied force F, there is a tangential stress
7, which for each element M-body is the same:

T,=T,=71, 1)
and the deformation v, that occurs in M-body, is equal to the sum of the deformations of each of its elements:
V=N t7s- 2
The tangential stress T, that takes place in the H-body, can be determined according to Hooke’s law by the formula:
T=H Yo )
where the deformation, that occurs in the H-body, can be found:
T
’Yl = —, (4)
1

where: p is the shear modulus.
Differentiating equation (4), we shall obtain the equation of the strain rate that occurs in H-body:

G _1 dr. (5)
dt u dt
The tangential stress t, which occurs in N — body, can be determined by the formula:
_g. 92 (6)
T
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so we obtain the equation of the rate of deformation, that is taking place in the body:
drp _ = @)

dt  n

where n is the coefficient of viscosity.
Differentiating equation (2), we shall obtain the equation of the strain rate that occurs in M-body:
% = % + % . (8)
dt dt dt
Substituting equations (5) and (7) into equation (8), we shall finally obtain the equation of the strain
rate that occurs in M-body:
d_1d =z 9)
dt u dt g
HStV body (Fig. 3) is a parallel connection of the perfectly elastic Hooke’s body (H) with Saint-
Venant’s ideal-plastic body (StV).
When the elements are connected in parallel, the total voltage on the model is equal to the sum of the
voltages on each element, the tangential voltage T that occurs in HStV body, can be defined in the following way:

T=7,+T7,. (10)
The tangential stress t1, that occurs in H-body:
T =K Ty (11)

where: p is the shear modulus, v is the deformation, that occurs in H body.
The tangential stress 1, Which take place in HStV body is:

To =TT (12)
Tr is the shear yield strength.
Substituting equations (11) and (12) into equation (10) we obtain:
T=W-Y; +7Tq, (13)
In the case of parallel connection of elements the total deformation of model y is equal to the
deformation of each element:

Y1=Y2 =7 (14)
then the equation of deformation, that occurs in HStV body, can be expressed by the equation (13):
T—T
y7i
Differentiating equation (15), we obtain the equation of the strain rate, that occurs in HStV body:
dV_l.(df_dij. (16)
dt  u« \dt dt
As the shear yield strength is constant value tr = const, then equation (16) will take the following form:
dy _1 de, (17)
dt  u« dt

The Kelvin-Voigt body (K) (Fig. 4) is a parallel connection of Hooke’s ideal-elastic body (H) with
Newtonian ideal-viscous fluid (N).

T; ‘[P‘

!

Fig. 4. Rheological model of maize grain germ

The tangential stress t, that appears in K-body, can be found using the formula:
T=T1 +Ty. (18)
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According to Hooke’s law, the tangential stress 1 arises in H-body:
T =07 (19

where: p is the shear modulus, y1 is the deformation, which takes place in H-body.
The tangential stress t,, that occurs in N — body:
d
T,=19" ﬁ, (20)
dt

where: 1 is the shear viscosity coefficient.
Substituting equations (19) and (20) into equation (18), we shall obtain:

T=pu-y+n—. (21)
Differentiating equation (21), we shall obtain:
de = % +7- dzyz

ar _ : (22)
at “at T ae
then:
n d%, dp 1 dr 23)
w dtt dt o dt
Absolute deformation of model y:
Y1=72=7, (24)
After that the equation (23) will take the following form:
n d' dy_1 dr, (25)
w dtt dt ou dt
So the equation of the strain rate, that occurs in K-body, can be obtained:
dy _1 dc_n d% (26)

dt x dt u dtt
or:

d_1(de_, d7%), (27)
dt  u \dt dt?
Subsequently, let us consider a series connection of M and HStV bodies, in which the deformations,
which occur in them, are added:

Y= tY,- (28)
Differentiating equation (28), we shall obtain the equation of the strain rate that occurs in the M-HStV-body:
b _dy, O, (29)
dt dt dt

Substituting the equation of the strain rate, that occurs in the M-body (9), and the equation of the strain
rate, that occurs in the HStV body (17) in equation (29), we shall finally obtain the equation of the strain rate,

that occurs in the M-HStV-body:
%_l-dtJrr 1_dr, (30)

dt g dt 5 o, dt

or:
dy 1 dl’+i dr+t_ (31)

dt 4 dt g, dt g
The series connection of M-HStV and K bodies enables building the proposed rheological model of

grain (Fig. 2). Taking into consideration the above mentioned data, we shall find the deformation that occurs
in this series connection:

Y=ty (32
Differentiating equation (32), we shall obtain the equation of the strain rate that occurs in the M-HStV-K-body:
G _dy (33)

dt dt dt

53



TexHika, eHepreTuka
Ne3 (114) /2021 , €Hep )
AIIK
?—B - % TPAHCHOPT
Vol. 114, No 3/ 2021
Substituting the equation of the strain rate, that occurs in the M-HStV-body (31), and equation (27) in
equation (33), we shall finally obtain the equation of the strain rate that occurs in the M-HStV-K-body:

dt 4 dt g, dt 7w Ldt P ae
then:
2
dp_1 de 1 do_ <= i.ﬁ_ﬁ.d_g’, (35)
dt g dt g, dt 7w, dt o p, dt
or:

n, dfy dy 1 de 1 dr 1 dr = (36)
py dt® o dt gy dt g, dtop, dt g
As the proposed rheological model (Fig. 1b) structurally consists of three complex bodies (M, HStV
and K), but mathematically describes one body — grain, then the coefficients of elasticity and viscosity of these

bodies can be considered as equal:
=M, = Uy = 1 (37)

n=mn,=n. (38)
So equation (36) will take the following form:

2
ndy o _1de 1de 1dr 7 (39)
w dt® dt op dt o op dt o ou dt gy
Consequently:
2
ndy dy_3 dr 7 (40)
w dt? dt ou dt g
Dividing the left and right parts of equation (40) by E, we shall obtain:
H
dy I3 dy 3 dt+ﬂ_ (41)

dt2 5 dt 5 dt #?
The obtained expression is a second order differential equation. To solve it, we use the method of
Reduction of order derivatives by means of a transition. To do this, we shall denote:

dy
it (t)
2
dy _dz. (43)
dt*> dt
Then equation (41) can be written as a first-order differential equation:
dz_p , 3 dv_pt, (44)

dt 7 n dt 7’
The solution of this differential equation will be the expression of the following form:

—[Edt| [Fat
z=e 1 | ERL T dt+C, |- (45)
Ol dt ;72

Thus, like at the beginning of the process of grain destruction by impact cutting it is in a relaxed state,

arbitrary constant Co = 0:
[ Eat| [t
z=¢ f 3.0, e 1 dt|- (46)
° '3

n dt
The process of grain destruction of by impact cutting consists of three successive phases. The first
phase is the contact of the grain with the blade, resulting in a compression stress, which is characterised by the

magnitude of its deformation. The second phase occurs when the compressive stress reaches a certain limit
caused by the strength of the grain, and is manifested in the formation of cracks in it. The third phase is the
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ultimate destruction of the coherent structure [14].

Since maize grain is an aggregate of individual bodies of inhomogeneous structure, some of which
have a lower yield strength than others. If some force F is applied to the body, some parts of it are subjected
only to elastic deformations, and others begin to flow, after a while they are gradually released from stress and
it begins to distribute to more elastic parts of the grain, therefore, the stress in this part increases and
deformation increases [15, 16].

After the inverse transition according to equations (42, 43) we shall obtain:

_#q ats|
%:ej‘ont J-t E.ﬁ_'_/,t'zr .ej.oﬂ tdt . (47)
dt Ol  dt 7

Integrating equation (47), we shall finally obtain the equation for defining the value of deformation
that occurs in M-HStV-K body:

Vol. 114, No 3/ 2021

ut
_2ut _ut o
e T -1 e 7-1 (48)

2u Iz

y=1T

Since the structural and mechanical properties of the material are significantly affected by moisture
content, in table 1. the values of rheological coefficients for maize grain are presented at a moisture content of
13% to 26% [17, 18].

Table 1
Values of rheological coefficients for maize grain [18]
Moisture content W, % 13-14 16-17 19-20 22-23 25-26
Shear modulus, u (MPa) 8,61 5,07 3,05 2,43 2,25
Viscosity coefficient, n (MPa-s) 29,68 20,22 14,22 11,51 10,87
Strength limit, tmax. (MPa) 2,9 1,75 1,035 0,875 0,825

This values which have been obtained by other scientists and used by us as empirical constants for
solving equation (48) and graphical interpretation of the laws of deformation of feed grain (Fig. 5).

05

0,45

3

Fig. 5. Dependence of the relative deformation of maize grain on normal stresses at moisture
values: 1. W=13-14%; 2. W=16-17%; 3. W=19-20%; 4. W=22-23%; 5. W=25-26%.

6. Conclusions and further research prospects

Having analysed the graphical dependences (Fig. 5) we have concluded that the increase in the applied
force, as a consequence of normal stresses in the grain, leads to a nonlinear increase in its relative deformation.
At the initial stage of applying force to the grain, the material has mostly elastic deformations, as evidenced
by the characteristic shape of the curve. Thus, for grain relative humidity W = 25-26% within normal stresses
0... 0,38 MPa, there is a rapid increase in relative deformation to 0,08, the graphical representation of which,
with certain assumptions, can be described by the equation of the line (Hooke’s law).
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With an increase of 6 0,38... 1,65 MPa, the shape of the deformation curve changes slightly, and takes
the form of a parabola branch, which indicates the predominant plastic deformations occurring in the grain, until

its destruction at 1,65 MPa and deformation of 0,28. These conclusions will enable assessing the values of plastic
and elastic absolute deformations in the material while researching the kinetics of the grinding process.
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JOCIIIXKEHHS PEOJOI'TYHUX MAPAMETPIB ®YPAXKHOI'O 3EPHA B ITPOILIECI
KOMBIHOBAHOI'O YJAPHO-PI3AJIBHOI'O NIOAPIGHEHHSA

B cyyacnux peaniax ma epaxogyiouu HUHHUKU PI3HO20 pOOY, WO CMEOPIIMb Npobiemu 0
eghexkmueno2o YYHKYIOHYBAHHA HAYIOHANLHOL eKOHOMIUHOL cucmemu YKpainu, Aeponpomuciosuti KOMNiexc
OOHUM [3 OCHOBHUX MA CMAOINbHUX 34 00CcA2AMU HAOX00XHCEHb 00 OH0HCem)y Midceany3esux Gopmysats.
Ilpome nonpu cmpameeiuny npiopumemnicmo AIIK, sucoxuti pieens gumpam enepeopecypcié imyusHAHUMU
MOBAPOBUPOOHUKAMU He 00380JAE 3a0e3neyumuy  HANeNCHUll pigeHb KouKypenmocnpomodxcnocmi AIIK
Ykpainu na eHympiwinboMy ma 308HIUHBOMY PUHKAX, A pAYIOHANI3AYiA eHepeOBUKOPUCHANHI 00YMOBIIOE
HeoOXIOHicmb  OOTPYHMYBAHHA eHepeOOWadH020 8APIAHMY U020 PO3GUMKY ULIAXOM  3ACMOCYBAHHS
eHepeoepheKMUSHUX MAWUH | MEeXHOAO02IH, Y MOMY YUCTE 8 CUCTEMI NPUSOMY8AHHS KOPMI6 Ma 20016/l MEAPUH.

B mexnonoziunomy npoyeci npucomyeants KOpmie 4acmKka eHepeosumpam Ha noOpiOHeHHs Moxce
ckaadamu Oinvw, ak 50 %. Tomy cmae ouesuoHuM, wjo nNpuOYMKOGICb mMa KOHKYPEHMOCNPOMOICHICb
eany3i MEAPUHHUYMBA 6 3HAYHIL MIpI 3anedcamv 6I0 eHepeemuyHol egexmusHocmi peanizayii 0anol
MEXHON02TYHOT onepayii, a 3HUINCEHHS eHePeOEMHOCII Npoyecy € aKkmyarbHow 3adaveio. Y mooentoganti
EHEePeOHACUYEeHUX MEXAHIYHUX npoyecis, 30Kpema O onepayii noopiOHeHHs, HeOOXIOHO 6paxogysamu
CMPYKMYPHO-MEXAHIYHI 8IACTMUBOCMI NPOOYKMY, 30AMHICIb 1020 00 0eqhOPMYBAHHS 34 PISHUX PENCUMIB
63AEMO0IL 3 GUKOHABHUUM OP2AHOM MEXHONOSTUHOL MAUUHU.

B cmami 3anpononosano wecmuianko8y Mexamiko-peoiociuny Mooeib, AKa nody008aHa WIsIXOM
KOMOIHY8AHHA HAUNPOCMIWUX MOOenell Peolo2iuHux mil ma HAO0AE 3M02y 3 HEOOXIOHUM CHyneHem
00CmOosIipHOCME  GIOMBEOPUMU  CIMPYKMYPHO-MEXAHIYHI 61acmusocmi 0bekma 0bpobKku — 3epHa KyKypyosu
3Y008UOHOL.

Taxooic 30iticheH0 meopemuute OOCTIONCEHHS PeONIo2iUHUX XAPAKMEPUCTUK Mamepiany, 30Kpema
30TCHEeHA OYiHKa 8IOHOCHOI dehopmayii 3epHa KyKypyo3u 3y006U0HOI 6 npoyeci 11020 noOpiOHeHHs YOapHO-
PI3aNIbHUM CROCOOOM 8 3ANEeHCHOCTI 810 80I0208MICIY MA SHYMPIUWHbLO-CUNOBUX (Parkmopie. B nodarvuiomy
ompumani pesyromamu  OyOyms SUKOPUCMAHI OISl OYIHKU NAPAMEmpie WIACMUYHUX MA NPYHCHUX
abcomomuux deghopmayiti 6 mamepiani npu OOCAIONCEHHI KIHEMUKU NPoYecy NOOPIOHEHHS.

Knrouoei cnosa: noxanvhi Hanpysicenns, 0epopmayis, npysCHICMb, 8 S3KICMb, Peosio2iuia MOOeb,
CMPYKMYPHO-MEXAHIYHI 6AACTNUEOCII.

@. 48. Puc. 5. Tabn. 1. JIim. 18.

HNCCJIEAOBAHUS PEOJIOTUYECKUX MTAPAMETPOB ®YPAYKHOI'O 3EPHA B

NPOLHECCE KOMBUHUPOBAHHOI'O YIAPHO-PEXYHEI'O U3MEJIBYEHUSA

B cospemennvix peanusx u yuumuléas paxmopvi paziuunoco pooa, Komopwle co30arm npoodiemsl 0jis
aghgpexmugrozo DYHKYUOHUPOBAHUSL HAYUOHATLHOU IKOHOMUYECKOU cucmemul Yxpaunw,
AzponpomvlutieHHblll KOMIIEKC YKpauusl gvlcmynaem 6 poiu Haubojiee YCmouyusol ee yacmu, Komopdas
Xapaxmepuzyemcs KOHCeP8AMUSHOCMbIO U SGIAemcs OOHUM U3 OCHOBHBIX U CMAOUIbHBIX NO obvemam
nocmynienuti 6 0100cem Mmexcompaciesvix Gopmuposanui. OOHAKO HECMOMPs HA CMPAMESUHEeCKYIo
npuopumemnocms  AIIK,  6bicokuii  ypoGeHb  pacxo0o8  SHEPeOpecypco8  OmeyeCmEeHHbIMU
MOoBaApONpoOU3B00UMEIAMU He NO380Asem 00ecnedums HaoIexcaujuil yposeHs KoHKypenmocnocoonocmu AIIK
Yipaunvr na euympennem u eHewiHeMm pwIHKAX, a4 PAYUOHATU3AYUSL DHEPeONOmMpebieHus 00yCroenusaem
HeoOX00UMOCb  000CHOBAHUSL dHepzochepezaoweco Bapuanma €20 pazeumus nymem HPUMEHEHUs.
9HEP20IPPEKMUBHBIX MAUUH U MEXHOTI02UL, 8 MOM HUCTLE 8 CUCEMEe NPULOMOGIEHUSL KOPMO8 U KOPMACHUS
HCUBOMHDBIX.

B mexnonozuueckom npoyecce npucomogietus KOpmog 00718 IHEP2O3AMpPAm Ha USMeTbYEHUe MOJICEM
cocmasnsims 6onee 50%. Ilosmomy cmanogumcesi 04esUOHbIM, MO 00XOOHOCHIb U KOHKYPEHMOCNOCOOHOCMb
OmMpaciu HCUBOMHOBOOCMEA 6 3HAYUMENbHOU CMENeHU 3A6UCII OM dHEpeemu4eckoll 3ppexmusHocmu
peanuzayuu OAHHOU MeXHONO2UYEeCKOU Onepayuu, d CHUJICEHUe IHEPLOeMKOCIU NpPoYecca S6Isemcs
akmyanvhou 3a0aueil. B MoOenuposanuu SHepeoHAChIUeHHbIX MEXAHUYECKUX NPOYeccos, 8 Yacmuocmu OJisl
onepayuu UMenbueHus, HeoOXO00UMO YUUMbIBAMb CHPYKMYPHO-MEXAHUYeCKUue CeoUCmea npooyKma,
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cnocobrnocmb €20 K deghopmayuu npu Pasiudtblx PEICUMAx 63auUMOO0eicmeusi ¢ UCNOTHUMETbHBIM OP2AHOM
MEXHOI02UYECKOU MAUUUHDL.

B cmamve npednosceno wecmusgentyo MexaHuKo-peorocuteckylo Mooenb, Komopas noCmpoeHa
nymem KOMOUHUPOBAHUSL NPOCMENUUX MOOelell PeOIoSUecKUx mei u 0aem 603MONCHOCHb ¢ He0OX00UMOl
CMenenblo 00CMOBEPHOCHIL 80CCO30AMb CIMPYKIMYPHO-MeXAHUYeCcKue Ceolcmed 0ovexma 00pabomxu - 3epra
KYKYPY3bl 3Y006UOHOLL.

Takoice ocywecmeneno meopemuyeckoe Uccied08ane peoocuteckux Xapakmepucimux Mmamepuand,
6 YACMHOCTU OCYUJeCMBIEHA OYEHKA OMHOCUMETbHOU Oeghopmayuu 3epHa KyKypy3vl 3y0606U0HOL 8 npoyecce
€20 UsMeNbYeHUs YOaPHO-PeNCYUUM CROCODOM 6 3ABUCUMOCIU OM 81A20CO0EPIHCAHUS U GHYMPEHHE CULOBbIX
gaxmopos. B oanvheliuiem nonyuenuvie pe3yibmamsl 0yOym UCHONL306AHBL O OYEHKU napamempos
NIACMUYECKUX U YAPYeUX aOCOMOMHbIX 0eopmayull 8 Mamepuaie npu UCCie008anul KUHemuKu npoyecca
U3MenbueHUs.

Knrwouesvie cnosa: noxanvhvle nanpsicenus, oeghopmayuss, ynpyeocmn, 6:3KOCHb, PeosiocUdecKasl
MoOenb, CMpYKmMypHO-Mexanuieckue ceoucmad.

@.48. Puc.5. Taon. 1. Jlum. 18.
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