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APPLICATION OF HOLLOW CATHODE GLOW DISCHARGE
IN THE PROCESSES OF THING METAL FILMS DEPOSITION

Bolotov M. G.

INTRODUCTION

Thin metal films are widely used in various fields of modern industry.
However, the most widespread use thin-film elements have got in the
different electronics technological processes, for instance, in manufacturing
of semiconductor devices, in laser and nonlinear optics to provide polarizing,
illuminating or mirror properties to optical elements etc.

Currently there are two main groups of methods for deposition of thin
metal film coatings: chemical vapor deposition (CVD) and physical
vapor deposition (PVD) which differentiate from each other with the
process of obtaining a film-forming flux of atoms, ions or molecules.
Nowadays, much attention is paid to physical vapor deposition (PVD)
methods in which the atoms and metal molecules required for the
synthesis of coatings are obtained by means of processes involving the
evaporation of a target'. The main representatives of this group of
methods are the sputtering by the cathode’s spots of vacuum arc
discharge, electron and ion beams, thermal vacuum evaporation,
magnetron sputtering and so on.

The experience of industrial application of such technologies, made it
possible to identify along with the advantages their main cons, mainly
due to the low deposition rate, poor coating uniformity, poor adhesion to
the substrate surface, limited processing surfaces, and the like.

Recently, a gas-discharge plasma of abnormal glow discharge with a
cold cathode in crossed electric and magnetic fields at pressures below
1 Pa for generating of necessary fluxes of atoms and molecules in order
to obtain metal film layers is been used. The results of studies performed

! Plasma assisted physical vapor deposition processes: A review / R.F. Bunshah,
C.V. Deshpandey. J. Vac. Sci. and Technol., A3 (3), 1985, p. 553-560.
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in? and® showed that the usage of low-pressure gas-discharge plasma
initiated in a magnetic field allows to obtain of metal coatings in
thickness close to homogeneous on substrates with a large surface area.
The high sputtering rate, the absence of overheating of the substrate’s
surface, the relatively low degree of contamination of the films makes
this method a very effective source of directional atoms and metal ions
suitable for deposition of coatings.

At the same time, there is no any data regarding the usage as a source
of spray particles for the cultivation of metallic films on dielectric
substrates of low-temperature ionized plasma of hollow cathode glow
discharge without the applied peripheral magnetic field at the traditional
pressures of 1 to 100 Pa. The simplicity of the design, the long life
expactancy of the target (cathode) between replacements, the low cost of
the equipment compared to the magnetron systems have made it quite
economically effective and relevant to investigate the usage of hollow
cathode glow discharge for thin metal films deposition.

1. Experimental procedure

As a source of ionized plasma of glow discharge (further GD),
burning in the hollow cathode is used. A diode plasmoionic discharge
scheme in which the voltage was applied between the hollow cathode
(material of the future film) and the anode was implemented (Fig. 1).

The processes of formation and growth of thin-film metal coatings
using gas-discharge technologies are determined by the coherence of a
number of factors: the size and relative spatial position of the target and
the substrate surface, the pressure in the vacuum chamber, the current
and voltage in the discharge gap, the deposition time, etc*®.

2 Bonbykos B.I1. PacnbuieHne MumieHH Ha [HE IIOJIOTO KaToJa HCTOYHHUKA
OBICTPBIX MOJIEKYJI Ta3a B HEOJHOPOJAHOM MAarHUTHOM mone. Becmuux MITY
«CTAHKHH». 2014. Ne 2. C. 111-117.

® Merems A.C., I'puropseB C.H. Tnerommit paspsiy ¢ 3IEKTPOCTATHIECKUM
yIepkaHHEeM SJIEKTPOHOB: (H3MKa, TeXHMKa, mpuMmeHeHHs. Mocksa : ULl MI'TY
«Crankuny, «Iuayc-K». 2005. 296 C.

* Bolotov G.P., Bolotov M.G., Prybytko 1.0., Kharchenko G.K. “Diagnosis of
plasma glow discharge energy parameters in the processes of treatment small
diameter long tubes”, in Il International Young Scientists Forum on Applied Physics
and Engineering (YSF), Kharkiv., IEEE. 2016, pp. 116-119.
DOI: 10.1109/YSF.2016.7753815

® CVD-processes by hollow cathode glow discharge / A. Hellmich, T. Jung,
A. Kielhorn, M Ribland. Surf. Coat. Technol. 1998, V.98, p. 1541-1546.
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Fig. 1. Experimental scheme: 1 —anode; 2 — support; 3 — glass substrate;
4 — the direction of the evaporated metal; 5 — hollow cathode;
6 — vacuum chamber; 7 — glow discharge plasma

In this regard, the purpose of our research was determination the
influence of these technological parameters on the thickness of the
coating layer, the deposition rate and the adhesion value of films with a
glass base during deposition in low-temperature plasma of a hollow
cathode GD.

The influence of the dimensions of the cathode cavity’s original
aperture on the thickness of film layer was determined using cathodes
with a diameter of 40 mm and 20 mm with a surface area of 5024 mm?
and 2512 mm?, respectively. The height of target (cathode) in both cases
was 40 mm. The diameter of the anode ring remained unchanged during
the studies and was 50 mm. Thus, the surface anode’s area was 300 mm®.

The influence of the technological mode parameters of deposition
was determined by alternating them within the following limits: the
distance of the cathode substrate L..s = 5... 30 mm, the discharge current
lg =25... 100 mA, with the voltage on the electrodes fluctuating within
400... 800 V. The deposition was carried out in argon environment at the
gas pressures of 26... 60 Pa. The deposition time varied from 15 to
60 min. Before deposition, the training of the emitting surface of the
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cathode was carried out at a current of 15 mA in argon medium for
2 min. in order to clean it up from various contaminants and creating of
free release of the target atoms. The substrate was also pre-treated by the
chemical etching in hydrofluoric acid for 1 min. and then washed in
distilled water.

The adhesive strength of the copper films with the glass substrate was
determined by the method of indentation in accordance with the
methodology described in®. Fig. 2 show the scheme of installation for
determining the adhesion value of thin films with the substrate surface.

Fig. 2. Scheme of device for determination of coatings adhesive
properties: 1 —table; 2 — movable platform; 3 — sample;
4 — electric motor; 5 — dynamometer; 6 — indenter;
7 — vertical load; 8 — counterweight; 9 — directing rails

The basis of this technique is the assumption that the adhesion of the
coating to the substrate is provided by the layers directly adjacent to it.
The adhesive strength of the copper film with the glass substrate can be
calculated by the following equation:

Fa=R-F-F, (1)

where F; - the force required to move the indenter through the
coating under a vertical load P;, when a coating remains on the trace, the
amount of which does not exceed 5% of the total trace area of the
indenter; F, — the force required to move the indenter through the coating
under vertical load P, when, on the indenter track, the clear glass is not
less than 5% of the total area of the trace; F; - force arising from the
movement of the indenter head on glass under vertical load P, — P5.

® Musuka TOHKMX METAIMYECKHX M IONYNPOBOAHHKOBEIX CIOEB. Ycnexu
@usuueckux nayk. T. LIl. Bem. 4, 1954, c. 561-602.

4



The adhesive strength is determined by the equation:

Fa
P = % ) (2)

where S — area released by the indenter on the glass during its passage
in 1 sec was determined by follow equation:

L
s=d, 3)

where d — the track width from the indenter needle; L — the total
length of the track; t — move time.

2. Deposition of thing metal films in low temperature plasma
of hollow cathode glow discharge

Fig. 3 shows the dependence of the thickness of the copper film
obtained by spraying cathodes with a diameter of 20 mm and 40 mm on
a glass substrate. The deposition was carried out at fixed values of the
discharge current Iy = 100 mA in argon medium at a pressure in the
discharge chamber 26 Pa for 30 minutes. The cathode — substrate
distance has been varied within the limits of 10... 30 mm. The voltage at
the discharge gap was 600... 800 V, respectively.

8, um 10 = —

Le-s, mm

—a—DkedOmm —8—Dk<20mm

Fig. 3. Dependence of the thickness of the copper film layer &
on the cathode-substrate distance L. deposited on glass substrates



The experimentally obtained dependencies show that the thickness of the
condensed layer increases as it approaches the outlet of the cathode cavity.
Thus, reducing of L. from 30 mm to 10 mm in our experiments inevitable
led to increasing of the thickness of the layer of copper film by 3..5 times
with a marked deterioration of its homogeneity. The unevenness of the
thickness of the films obtained at a distance of 30 mm doesn’t exceed
5...8%, while for films obtained at a distance of 10 mm from the cathode
such uniformity is maintained only at a distance of 10... 15 mm from the
center of the substrate and at a distance of 20 mm reaches 30%.

Fig. 4 shows the graphs of the radial distribution of the thickness of the
metal coating layer on a glass substrate with a size of 60 x 30 mm. Point 0
on the graph is the centre of origin of the film. Reducing of the cathode-
substrate distance, obviously, leads to a certain increase in the temperature of
the substrate, which is primarily due to the increasing of bombardment
intensity of its surface by heavy atoms. In turn, substrate heating, causes an
increase in the time of diffusive displacement of particles and migration
processes on its surface, thereby contributing to the growth of the film layer
thickness. However, in our experiments, further reduction of the L distance
to 5 mm entailed the significant slowdown in the growth of the coating layer.
The thickness of such films is about 3... 4 um less than the thickness of the
films obtained at L. = 10 mm. This effect, in our opinion, can be associated
with two main processes: mechanical separation of deposited metal atoms on
the substrate’s surface under bombardment by rapid gas ions, and their
evaporation due to local heating by argon’s ion flux (thermal atomization).

18

=018 -

&, pm o ) 2=
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Fig. 4. Radial distribution of copper films thickness on a glass substrate
deposited at a distance of: 1) 10 mm from the cathode cavity;
2) 30 mm from the cathode cavity



Experimentally obtained dependences (fig. 5) show that increasing of
the discharge current leads to a rapid raising in the thickness of the metal
coating condensed layer. Thus, going up of the Iy value from 25 mA to
100 mA, in our experiments, led to an increase in the thickness of the
copper film within 0.5 ... 10 pm and 1 ... 16 um for cathodes with a
diameter of 40 mm and 20 mm, respectively.

> 1
O, um

0 20 40 60 80 100 120
M mA

e D40 mm =8 Dk=20mm

Fig. 5. Dependences of the copper films thickness 6 on the magnitude
of the discharge current l4 obtained at an argon pressure
of 26 PA and a deposition time of 30 min

The greater thickness of the copper film obtained by sputtering of the
cathode with a diameter of 20 mm is due to a more intense ionization
and, accordingly, emission processes in the middle of the cavity than to a
cathode with a diameter of 40 mm. This is due to the fact that at constant
pressure in the discharge chamber, reducing the diameter of the cavity
leads to a certain increasing in current density because of decreasing in
the length of the dark cathode space dy ’, 8. Accordingly, the flow of ions
increases, bombarding the surface of the target, thereby intensifying the

" Bolotov M.G., Bolotov G.P. “Criterial definition of the limits of glow discharge
energy stability in welding”. 2019 IEEE 2nd Ukraine Conference on Electrical and
Computer  Engineering, UKRCON 2019 - July 2019. P. 497.
DOI: 10.1109/UKRCON.2019.8879992

8 G.P. Bolotov, M.G. Bolotov I.V. Nahorna. “Hollow cathode glow discharge as
a heating source in welding and brazing”. 2017 IEEE 1% Ukraine Conference on
Electrical and Computer Engineearing, UKRCON 2017. pp. 1197-1202.
DOI: 10.1109/UKRCON.2017.8100441



process of sputtering of its material. In the studied range of deposition
mode parameters variation, the discharge current density varied within
5... 20 A/m’ for a cathode with a diameter of 40 mm and 10... 40 A/m*
for a cathode with an aperture of 20 mm.

Fig. 6 shows the dependence of the copper films thickness on the
pressure of argon in the discharge chamber deposited at a current
I = 100 mA for 30 minutes. The pressure in the discharge chamber
varied within 26... 66 Pa, with the discharge voltage Uy = 600... 900 V.
The distance of the cathode-substrate was 10 mm.

16 "
. N
14 \
12 \
8,um ¢ 5 \\
LMt < N\ o
b \ N
6 e
\u ~=
\-\ -~ - -
2 T— -8
—
0
0 10 20 30 40 50 60 70
P, Pa
e Dk=40mm =8 Dk=20mm

Fig. 6. Dependence of coating thickness 6
on pressure in discharge chamber P at discharge current
I =100 mA, distance L.s=10 mm and deposition time 30 min

Changing of argon pressure in discharge chamber from 26 to 66 Pa
leads to a rapid decrease in both the thickness of the film itself and the
rate of its deposition on the glass substrate for both studied cathodes by
8 ... 10 times. This gives grounds to consider this parameter as the most
important in the processes of thin film coating extensions. In this case,
the decisive length of the free path of both the atomized target atoms and
the working gas ions, whose value decreases with increasing pressure, is
crucial. Since, in a result of increasing the collisions number with the
residual gas molecules, they lose their energy and change the trajectory
of their motion, which leads to a decrease in the coefficient of
atomization of the material and to a decrease in the flux density of the
deposited particles on the substrate surface accordingly. However, the
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decrease in the gas gap pressure leads to increasing in the length of the
dark cathode space that separates from the walls of the cavity compresses
the cathode part of the plasma so that it begins to resemble an electron
beam. This causes the decreasing of the condensation area on the
substrate surface. The uniformity of such films in thickness does not
exceed 15... 25% for cathodes 40 and 20 mm, respectively.

It should be noted that the deposition rate and the thickness of the
coating layer also depend on the intensity of the bombardment and the
target’s material atomization by the positive ions of the working gas. The
voltage at the electrode gap determines their energy, or rather by the
magnitude of the cathode drop in U, potentials®. This is due to the fact
that almost all the discharge voltage is concentrated in its cathode part,
since the anode potential drop and the discharge column in the sum do
not exceed 15...20%.

In case of a GD with a hollow cathode, the determination of the
magnitude of the cathode drop in U.’s potentials is due to some
difficulties, which are due, first of all, to the cathode geometry. As in the
hollow cathode conditions it doesn’t possible to ensure the equidistant of
all points of its surface from the anode. In this regard, the current density
and the cathode potential drop across the cavity surface are not
constant™.

In'!, a technique that allows considering the ionization processes in
the cathode layer of a glow discharge with a hollow cathode to determine
the value of U, with satisfactory agreement with the experiment is
proposed.

The proposed expression combines the discharge voltage with the
pressure in the discharge gap and looks as follows:

se=—Ping-Ly, (4)

0 0 0

® Mockanes .M. Paspsix B nonom katoze. Mockea : Dueprus. 1969, 181 c.

10 Bolotov G.P., Bolotov M.G. “Determination of external stabilizing resistor
value in the glow discharge power supply while welding”, IEEE 37th International
Conference “Electronics and Nanotechnology ELNANO’2017”, pp. 365-369,
April 2017. DOI: 10.1109/ELNANO.2017.7939780.

n Hukynun C.II. «Tnerommii pa3psan ¢ HONbIM KaToIOM B JJIMHHBIX TPYOKax»»
KTD. 1999. Ne 6 (69) c. 36-39.
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where U, is the cathode potential drop; Uy — discharge burning
voltage at pressure P; P — pressure in the chamber; Py is the critical
pressure at which discharge burning becomes impossible.

TS
= a y 5
Po 4\ o, ©)

where k — the Boltzmann constant; T — gas temperature; S, — the area
of the anode; y — the ion-electron emission factor; V — the volume of the
cavity; o; — the ionization cross section.

The discharge’s burning voltage Uy is determined by the equation:

W E W
:——‘,——z—’

U
ey e ey

(6)

where W — the average energy lost per ionization; E; — the ionization
threshold energy.

The calculations performed by this methodology has subsequently
allowed us to determine the energy of the fast argon atoms with which
they fall to the surface of the cathode and causing its atomization. The
deposition rate was defined as the ratio of the thickness of the film to the
duration of its production.

0006
0,005
0,004
V. um'sec g3
0.002

0,001

Q
150 200 250 100 350 A00

Ei eV

e kv 20mm el D=4 0mm = Dk»20mm s Dk = 40revm

Fig. 7. Dependences of the deposition rate of copper films on a glass
substrate on the ions energy which bombarding the cathode surface
at argon pressures in a gas chamber of 26 Pa and 53 Pa
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Fig. 7 shows the dependences of the rate of the copper films growth
on the energy of argon ions obtained at pressures in a discharge chamber
of 26 Pa and 53 Pa for 30 min for cathodes with a diameter of 20 mm
and 40 mm. The discharge voltage varied from 400 to 800 V.
Dependences show that with increasing of eU value from 192 eV to
384 eV, the deposition rate of metal coating increases almost linearly for
cathodes of both diameters. The different slope of the curves also
indicates a significant effect of argon pressure in the gas chamber on the
film deposition rate.

a) b)
Fig. 8. Microstructure of Cu films deposited on a glass substrate
at a energy of atoms of 192 eV for 30 min with the gas pressure
of 53 Pa (a) and 26 Pa (b)

Fig. 8 shows the microstructure of Cu films deposited on a glass
substrate at the energy of atoms of 192 eV for 30 min with the gas
pressure of 53 Pa and 26 Pa.

The microstructure of a Cu film obtained at a gas pressure of 53 Pa
characterizes by the less homogenious structure, rather than film which
we’ve got at a pressure of 26 Pa. So then, at a pressure of 53 Pa the fast
argon atoms form structural defects “islands” on the surface of the
substrate, which are the condensation centers of the future film.

Also, was established that, increasing of the pressure in the discharge
chamber from 26 Pa to 53 Pa leads to a significant slowdown of the film
condensation process, which is caused by the partial loss of kinetic
energy of both the atomized atoms of the target material and the fast
argon ions due to their collisions.

11
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Fig. 9. Dependence of adhesion of copper coatings on their thickness

Fig. 9 shows the dependence of the adhesion of copper films on their
thickness obtained at a deposition rate of 0.0053 pum/sec and a current
density of 15 A/m? and 29 A/m? for cathodes with a diameter of 40 mm
and 20 mm, respectively. From fig. 8 follows that in the range of
thicknesses of 0.5... 1.2 um obtained during deposition from a cathode
with a diameter of 40 mm, the adhesive strength changes within the
range of 38... 32 MPa. With further increase in thickness of the
deposited films, their adhesion with the glass surface of the substrate
deteriorates dramatically. Thus, in the thickness range of 1.5... 9 um, for
both cathode diameters, the adhesion strength decreases from ~ 17 MPa
to 1 MPa, and at 6 = 12... 16 pm the adhesion strength drops to almost
zero and is approximately 0.41... 0. 24 MPa. Such dependence, in our
opinion, is explained by the increase of internal stresses in the body of
the coating with rising of film thickness.

3. Optimization of thin metal films deposition process
in hollow cathode glow discharge

As mentioned earlier, the formation and growth of metal films in a
plasma of glow discharge is multifactorial, ie, defined coherence of a
number of parameters, which greatly complicates the control of
deposition process. In this regard, the ways of optimizing the conditions
of technological process of deposition of thin-film in glow discharge
with the hollow cathode effect were considered.
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The definition of these parameters in the traditional way in this case
is complicated, so their choice was performed by the “swing” method,
when the change in the desired parameter was fixed while deviating one
of the technological parameter from some average value by 25% in the
direction of increasing and decreasing of it*%.

The model was introduced into the set of parameters, taking into
account the possibility of determining their quantitative assessment. As
the parameter of optimization the thickness of the copper film (5, pm)
deposited on a glass substrate was determined. As the variable factors the
cathode-substrate distance L. (X1), discharge current Iy (X2), the
magnitude of the pressure in the discharge chamber P (X3) and the
deposition time t (X4) were taken.

To minimize the effects of random measurement errors, each
experiment attempt was repeated 5 times. The intervals of variation of
factors and their numerical values at the upper and lower levels are
shown in the table. 1.

Table 1
Levels and intervals of factors variation

The levels of variation

Variation The lower The

Factors intervals, Basic upper

level,
AX (X,=—1) level level,
v (X;=+1)
Th_e cathode-substrate 10 10 20 30
distance (L..5), mm
Discharge current I3, mA 25 50 75 100
Pressure in the discharge

chamber P, Pa 20 20 40 60
Deposition time t, sec 20 20 40 60

The optimization parameter is the thickness of the copper film 8, um

In order to determine the influence of the varying factors on the value
of the optimization parameter, a full factor experiment, the matrix of
which has the form 2* was used.

The linear model of this experiment looks like this:

Y1= Do+ X1 +02 XoH05 X3 +D4 Xy, (7)

2 Hopux ®.C. MaremaTHueckie MeTObI IUIAHUPOBAHUS JKCIIEPUMEHTOB B
MeratoBenennn. Mocksa : MUCHUC, 1972. 105 c.
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The calculation of the coefficients for the corresponding factors was
carried out according to the next equation **:

N
Z‘xjiyi
= 1=

b

J

,j=0,1,....k 8)

N
where ' x, — the algebraic sum of the elements vector — the column
i=l

of each factor; i — the experiment number; j — factor number;
N — the number of experiments.

The coefficient by was found as the arithmetic mean of the
optimization parameter, by = 5,987, with b; = -1,125; b, = 2.913;
bs = -1.375; by = 2.475.

It is known that the magnitude of the coefficient at the corresponding
factor determines its contribution to the value of the optimization
parameter, ie, the greater the numerical value of the coefficient, the
stronger the factor will affect the optimization parameter. In this regard,
it can be concluded that the discharge current and deposition time are the
most positively influential parameters, as the optimization parameter
(thickness of the deposited layer) increases with their numerical value.
Most negatively, among the studied parameters, the process of deposition
of the coating in the glow discharge with a hollow cathode is influenced
by the increase in the distance of the cathode substrate and the pressure
in the discharge chamber, which is evidenced by the minus sign at the
corresponding coefficients.

The calculation of the optimization parameters yl1 performed by
equation 1 showed a significant discrepancy with respect to the
experimental data (Table 2).

¥ Amrep IOJI TlnaHMpoBaHHE OKCIEPHMEHTA NP TOMCKE ONTHMAIBHBIX
ycnosuii / FO.I1. Annep, E.B. Mapkosa, 10.B. I'panosckuii ; [Tox pen. FO.I1. Annep.
Mocksa : Hayka, 1976. 278 c.

14



Table 2
The results of the experiments

5 3 28 2 2
g2 N e Eleg,
ERC S |EE€§s|Ecze
N Level of factors 28| 28 |82, |58528¢
* 2 c 2 Sc® | SccE|Scsg =
Exp. &S .- 5.8 a SSocE |BSSE s
gs = 3= = SE23S |52 S8
< 8 T S 288E |2eS8E
8E | EE |FETZI|FES
X, | Xo | Xa | Xs | BB AR a8 =
mm mA Pa sec © © © ©
1 10 50 20 60 6 8,05 6,3 59
2 30 50 20 20 2,5 0,85 2,5 2,5
3 10 100 20 20 9 8,9 8,74 8,9
4 30 100 60 60 10 9 10,54 10,13
5 10 50 20 20 4 3,1 3,712 41
6 30 50 60 20 1 -1,9 0,99 1,12
7 10 100 60 20 35 6,2 3,8 3,6
8 10 100 20 60 16 13,9 16,3 16,13
9 30 100 20 20 45 6,7 5,04 4,6
10 10 50 60 60 5 53 47 51
11 10 50 60 20 14 0,35 1,7 1,3
12 30 100 60 20 2,2 3,93 1,7 2,1
13 30 50 20 60 2,9 58 3,6 2,9
14 30 100 20 60 14 11,63 13,5 13,9
15 30 50 60 60 1,8 3,05 18 18
16 10 100 60 60 12 11,13 11,74 11,26

This means that the analyzed process is a complicated system that
cannot be described by a linear model. Therefore, for the sake of purity
of calculations, it is necessary to consider not only linear terms b1x1 but
also triple interactions of factors.

Thus, given the pairwise interactions of the factors, the regression
model will look like this:

Y2=Do+b1 X140y Xo+H03 X3 H04 Xg D1o Xeo+D13 Xpa+
+D14X14+023°X23+024 X4+ D34 X34 (14)
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The regression equation with the effect of triple factor interactions:

Y3=Do+D1-X1+02 Xo+03 X504 X4 D12 X12+D13 X135+ 014 X1+ D3 X 05+
+D24 X4+ 034 X34H0123 X123+ D124 X124+ D234 X234H0134 X 134; (15)

The triple coefficients of the equation have the following values:
b123 =0,137; b124= 0.387; b134= -0.275; b234 =-0.138.

The results of the calculation of the regression equations, taking into
account the effect of paired and triple interactions (y2, y3) of the studied
factors are given in Table 3 indicates that the model has a sufficiently
high accuracy with regard to triple bonds, as evidenced by the
considerable similarity between the experimental results.

Regression and correlation analysis were performed to determine the
relationship between the independent variables and the optimization
parameter (copper film thickness).

One of the main indicators that determine when conducting
correlation analysis is the value of the Pearson multiple correlation
coefficient (r), the calculation of which was carried out according to the
following equation

r= (% =x)(¥; = Y) (16)

0= |2p=

(X| - X) (y| )_/)2

.i

J

where (x-%) and (v,-Y)* — the square of the difference of the
arithmetic mean of x and y.

Hence r = 0.916, indicating a statistically strong relationship between
the varied parameters.

The second major parameter of the correlation analysis that
determines the relationship between the varied factors and the
optimization parameter is the multiple determination coefficient (r2),
r2 = 0.84, i.e. the variance of the dependent variable is 84%. Thus, we
can say that this set of independent variables (variable parameters) 84%
affects the optimization parameter, the remaining 16% of the variation is

¥ pacrpurun JI.A. CraticTiueckne MeTosI oncka. Mocksa : Hayka, 1968.
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provided by the influence of other parameters not taken into account in
the model. This is a high result.

The conducted regression analysis is presented in form of a graph in
fig. 10.

Estimated values of y
14
16
"
12
10

Predicted values of y

4y ey & y2 = Repression line

Fig. 10 The diagram of scattering of optimization parameter values

The significance of each of the equation’s coefficients was checked
independently using the Student’s t-test and constructing a confidence
interval. Firstly, it is necessary to find the variance of the regression
coefficient, which is calculated by the equation™:

S,.,}
Sbj2 = 6TH); 7)
where Srep2 — the variance of reproducibility; N is the number of
experiments.
Take into account the number of experiments conducted

simultaneously, the reproducibility variance is defined as:

NN -
(Yo = ¥%)
S, =L ; (18)
8i0 NN _1 1

15 AijiBassn C.A. CTaTHCTHYECKOE MCCIEOBAHHE 3aBHCUMOCTEH. MoOCKBa |
Meramnyprus, 1966.
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where »° — the arithmetic value of optimization parameter; 3]0 —the

arithmetic value of optimization parameter obtained in parallel
experiments; NN — the number of parallel experiments. In this regard, in
our case NN-1 =4,

The calculated value of the Student’s t-test is determined by the next
equation:

bl
t = 5, (19)

where |b;| the absolute value of the coefficient.

The calculations made by the eq. (19) are presented in the form of
table 3. Comparison of the results of the calculation with the table value
of the Student’s t-test shown that for our number of degrees of freedom
equal to t = 1,795 it can be said that the coefficients b,, bs, b, are
significant in the range of confidence 0,9. The coefficient b; can be
neglected. Building a confidence interval confirmed the previously
obtained results. The absolute value of the first criterion by is less than
the upper bound of the confidence interval, indicating that it is not
significant.

Table 3
Summary table of results
8 _ L
S © @ e
2 s © S S S
+ - Q s g = Q
= 885 S E S g 8
0.2 258 O EsS c
[T Rz ey = s [=}
S o= = O = C © fra]
= E 8™~ g [y ©
>3 2% o C o C o= 2 £ £
é °© ~ o <) 3 -‘3 2 <) $ 'g 2 E 8 E
£E5&FfgsLy S 2
(=]
“8> “8% e
bo=5,987 - - -

b,=-1,125 1,712 -0,608 -1,642
h,=2,913 4,431 1,347 2,742 0,916 0,84

b;=-1,375 2,092 -0,832 -1,286

h,=2,475 3,766 1,144 2,265

18




CONCLUSIONS

Thus, the principal possibility of obtaining thin-film glass coatings
deposited in the plasma of a glow discharge initiated in a hollow cathode
at argon pressures in a gas chamber 26...53 Pa is shown.

It was found that at a Cu film thickness of 0.5... 1.2 um obtained
under these conditions, the adhesive strength fluctuates within
38...32 MPa and decreases rapidly with the subsequent film expansion.

By means of using the statistical methods, it was found that among all
the technological parameters, the most significant influence on the processes
of formation and growth of thin-film metal coating is the discharge current I
and the deposition duration t. It was found that the distance of the cathode-
substrate L. and the pressure in the discharge chamber P lead to a
significant decrease in the thickness of the deposited film.

It is established that the constructed regression mathematical model
allows to obtain the results of theoretical calculation with 4...6% error
relative to experimental ones.

Conducted correlation and regression analyzes showed that the
obtained model is statistically significant within the confidence limits of
0.9. The value of the multiple correlation coefficient is at 0.916, which
indicates a close relationship between the input parameters and the
optimization parameter.

The analysis found that the optimization parameter (copper film
thickness) of 84% is described by the influence of the set of investigated
mode parameters, the remaining 16% of the variation is provided by the
influence of other parameters not taken into account in the model.

SUMMARY

The work considers the application of low temperature plasma of
hollow cathode glow discharge for a thin metal films obtaining on a glass
substrates at a gas pressures of 1 to 100 Pa. The substrate — cathode
distance varied in a range of 5..30 mm. The discharge current
lg = 25... 100 mA, with the voltage on the electrodes fluctuating within
400... 800 V. It is shown that at a Cu film thickness of 0.5... 1.2 um
obtained under the given conditions, the adhesive strength fluctuates
within 38...32 MPa and decreases rapidly with further film expansion.
Also, by using of mathematical modeling with statistical methods
showed the feasibility of controlling the process of thin films deposition
in plasma of glow discharge by two main technological parameters,
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namely the strength of the discharge current and the duration of
deposition.

It is established that the constructed regression mathematical model
allows to obtain the results of theoretical calculation with 4...6% error
relative to experimental ones.
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A MODERN TECHNOLOGY OF TEACHING
AND TESTING MICROCONTROLLER SYSTEM DESIGNERS

Bondarenko V. E.

INTRODUCTION

Microcontrollers (MC) are computers executed on one microchip.
They are used in many spheres of human activity. Microcontrollers are
intended for management of various electronic devices. The interaction
between units of a micro-controller is made according to a program.
Such a program is incorporated in the microcontroller. Unlike
microprocessors of personal computers, microcontrollers contain built-in
additional devices. These devices carry out tasks under the control of the
microprocessor nucleus of the microcontroller.

An increased demand for microcontroller systems requires training of
design systems experts. This problem was discussed in* which described
the training platform of the PIC (Programmable Interface Controller)
microcontroller, made by the Microchip Technology Incorporation.
Hedle? discusses a course in microcontroller system design which can
help students to improve learning results.

It helps students to develop knowledge and technical skills in
microcontroller system design. Hardware was developed for the
laboratory using the Motorola 68HC11 microcontroller. The group of
authors® share their experience of teaching microcontroller system design
with the help of the SK40C PIC starter Kit. General problems of

! Hsiung S., Ritz J., Jones R., Eiland J. Design and Evaluation of a
Microcontroller Training System for Hands-on Distance and Campus-Based Classes.
Journal of Industrial Technology. 2010, v. 26, Ne 4, p. 1-10.

2 Hedley M., Barrie S. An Undergraduate Microcontroller Systems Laboratory.
IEEE Transactions on Education , 1998, v. 41, Ne 4, p. 17-25.

% Che Fai Yeong, Hisyam A. R., Su E., Lee Ming A Hands-on Approach To
Teaching Microcontroller. Systemics, Cybernetics and Informatics, 2013, v. 11, Ne 1,
p. 55-59.
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technology of satellite and mobile communication in modern distance
education are discussed in*°.

Analysis shows that existing works only partially address the
microcontroller system design problem.

Therefore, this article features a technology of teaching
microcontroller system designers. This technology is based on a Web-
site, which is used for receiving theoretical knowledge. It uses a
simulator which can help to project variants of a system and its software.

The technology uses the hardware (Arduino Uno), which allows
students to construct real microcontroller systems. The final stage of
design is development of a project printed-circuit board.

This technology can improve education quality, thanks to more
effective reflecting of all sides of microcontroller system design.

In view of the aforesaid, this paper describes a technology of teaching
microcontroller system design. This educational technology can be
applied to all forms of training. However, it is particularly helpful for
part-time and distance forms of learning. Such students do not have
stable contact with teachers. As usual, they are located at large distances
from an educational institution. However, the stable contacts of students
with the tutors determine the quality of education.

This paper is organized as follows:

Section 1 is an introduction outlining the problem of teaching
microcontroller systems designers. Section 2 describes the structure of a
training complex, which consists of several subsystems that guarantee
quality of the students’ training as microcontroller system designers.
Section 3 contains the main results of the paper. It describes the
technology of expert teaching of micro-controller system design. Section
4 describes in detail seven projects which allow students to receive
practical skills in microcontroller system designing. Section 5 presents
the conclusion and the main results of the paper.

1. The structure of training complex
This technology is based on the use of a training complex. It allows
students to study the discipline “Designing of microcontroller systems”

* Bondarenko V.E. Technology of Satellite and Mobile Communication in
Modern Distance Education. Second International Conference Modern (e -)
Learning, July, 2007, Bulgaria. Proceedings, ITHEA, Sofia, 2007, c. 120-127.

® Bondarenko V.E. Mobile Communication Technology as a Tool of Educational
Process. Information Technology and Knowledge, 2007, v.1, Ne 1, p. 78-80.
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in stationary and remote modes. This is useful especially for the students
of distance courses. The general structure of the training complex is
shown in Figure 1.

WEB-sits. documentation. | , Lhe local computer network

e-mail
The systems of MC systems ’ ‘ ‘
designing H ‘
The systems for MC || N =
programming \
The MC stand &
\

The Internet ‘

Figure 1. General structure of the training complex

As it is shown in Figure 1, the training complex consists of several
subsystems. Each of the subsystems forms a certain technological stage.

1. The first stage allows students to see Web-site with theoretical
papers. They can find the literature about the designing of
microcontroller systems. They can receive a tutor’s consultations by
email and Skype. Finally, students receive tasks for designing.

2. The second stage is projection of the circuit of the received task.
Such projection is made with the help of the core ISIS of the Suit Proteus
Professional Version 8.6 (the firm Labcenter Electronics). The example
of such projection is shown in Figure 2.

3. The third stage is necessary for designing the software which
provides the correct work of the projected system. All software is written
in the programming language C. This software is projected with the help
of the integrated development environment CodeVisionAVR
Version 3.12 (the firm HP Info Tech). A result of such projection is the
program which can be written in the microcontroller memory of the
circuit that was projected at stage 2.

4. The fourth stage is the simulation stage. It is based on stages 2
and 3. A student can simulate on the computer the functioning of the
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projected microcontroller system. They can estimate the quality of the
project in different modes.

5. The fifth stage allows students to realize the project on the stand
(Arduino Uno) with the real equipment, where students can investigate
the quality of the project functioning.

6. The sixth stage gives possibility to make a printed board for the
projected system. Such a printed board is projected with the help of the
core ARES of the Suit Proteus Professional Version 8.6.

2. The technology of the work with the training complex

First, students study the theoretical material about the AVR-
microcontrollers. Such documentation is placed on the system web-site.

Further, students receive the tasks of growing complexity. The tasks
will allow students to receive professional skills in microcontroller
systems designing. These tasks are formulated in seven laboratory works.
The laboratory works allow students to comprehend most aspects of the
microcontroller system design. The student receives a task for designing
(stage 1).

They develop the basic scheme of the projected device, using the core
ISIS of the Suit Proteus Professional Version 8.6 (the firm Labcenter
Electronics) (stage 2).

The proposed alarm system can be used for a bike or scooter. It is
assembled on the AVR ATmega8 microcontroller. An example of such a
scheme of a sound alarm system, which was worked out on the basis of
the microcontroller ATMegas8, is presented in Figure 2.
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Figure 2. The scheme of the alarm system
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Next, the student develops the program for the microcontroller
(stage 3). The program is made with the help of the integrated
environment CodeVisionAVR Version 3.12 (the firm HP Info Tech).
This program ensures the solution of necessary tasks in the projected
microcontroller system.

The program of the speaker sound has the following form. The
smaller delay in the delay msfunction, the higher the sound frequency.
This program is written in C language.

#include <mega8.h>

#include <delay.h>

void main(void)

{ DDRD=0xFF;

while (1)

{ if(PINB.0) // The SW1iswitch check

{PORTD=0b11111111;

delay_ms(1); //Sound frequency control

PORTD=0b00000000;

delay_ms(1); //Sound frequency control

s

The program is connected to the microcontroller project in the core
ISIS of the Suit Proteus Professional, and the modelling of the projected
system is carried out (stage 4). If the functioning of the model does not
correspond to the technical requirements, the student comes back to the
design of the basic scheme (stage 2), or to the development of the
program and carries out necessary updating (stage 3). If a student feels
the necessity to receive additional theoretical knowledge, they go back to
stage 1. This process is repeated until the project model meets the
technical requirements.

Further, the projected system is realized on the stand (Arduino Uno)
with the real equipment (stage 5), to investigate the quality of its
functioning. Such realization will be shown in the next section. If the
project does not work according to the requirements, it is carried out the
transition to the above described design stages (stages 1-4). Where it is
carried out: 1) reading of theoretical papers, 2) the updating of the
scheme, 3) the input of the changes in the program, 4) modelling of the
new variant of the project, 4) realizing of a new variant of the project on
the stand.

When the project works adequately to the requirements, it is carried
out the designing of a printed-circuit board for projected system (the
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stage 6). Such a printed-circuit board is projected with the help of the
core ARES of the Suit Proteus Professional Version 8.6. The core ARES
uses a scheme of a system which was projected with the help of the core
ISIS (the stage 2).

3. Development of laboratory works based
on the platform Arduino Uno

3.1. Objectives for the practical works

The stand for seven laboratory works uses the following equipment:

the Arduino Uno, a breadboard, a sensor module hydrocarbon gases
and smoke (MQ-2), a sensor temperature and humidity (DHT-11), the
LCD 16x2 with the 12C module, a module real-time clock (DS3231), an
infrared receiver, a remote controller, a buzzer (speaker), LEDs,
resistors, connecting wires.

All necessary equipment is shown in Figure 3.

Figure 3. Equipment, which is needed for laboratory works:

a breadboard (1), a gas sensor MQ-2 (2), a temperature and humidity
sensor DHT-11 (3), an LCD module (4), a real-time clock (5), an
infrared receiver (6), a remote controller (7), a buzzer (8), LEDs(9),
resistors (10), connecting wires (11), the Arduino Uno (12)
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3.2. Laboratory work 1

This work has several goals: 1) Familiarization with the board
Arduino Uno. 2) The installation of the necessary software. 3) Design of
the first project which includes a circuit with the LEDs and C-program.
This program allows the blinking of the LEDs.

The equipment of this work is: the Arduino Uno board, resistors,
LEDs, connecting wires.

To get started with the Arduino Uno board, students download and
install the software Integrated Development Environment (IDE). The
software is on the official website http://www.arduino.cc/en/Main/
Software.

We install the IDE, and it is launched. Further, we choose the
Arduino Uno board (Figure 4) and the COMS3 port (Fig. 4.3), to which it
connects.
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Figure 4. The choice of the working board Arduino Uno in the IDE

The essence of the first laboratory work is to connect three LEDs and
to write a sketch (C-program) that will light the LEDs alternately at
intervals of five seconds.

You can keep in mind that LEDs have two contacts ( «+» and «-»).

A resistor needs to be set between the LED and the voltage source to
prevent combustion of the LED.
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Figure 5. The choice of the working port (COM3)
of the Arduino Uno in the IDE

The contact «+» will be connected with the information port of the
Arduino Uno which has voltages from 0 to + 5V through a resistor to control
the power supply of the LED. The contacts «-» of the LEDs should be
connected with the common rail «-». Connect in such manner: the green
LED to the port nine, yellow LED to the port 10 and red LED to the port 11.

Assemble the circuit as shown in Figure 6.

In order to light the LED, it is sufficient to apply the voltage (+5V) to
the port to which this LED is connected. For this we should determine
the port position (OUTPUT) for information transfer with the help of
function “pinMode (port_number, OUTPUT) and then submit to this
port the voltage (+5 V) with the help of the function “digitalWrite
(port_number, HIGH)".

Figure 6. The circuit of laboratory work 1
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The LED can be switched off with the help of the function
“digitalWrite (port_number, LOW).

Now we write the sketch (C program) and upload it to the project.

void setup () {

Serial.begin (115200)

/I Set the speed of information exchange with Arduino

pinMode (9, OUTPUT);

/ Set the port 9 to position of information transfer

pinMode (10, OUTPUT);

/I Set the port 10 to the position of information transfer

pinMode (11, OUTPUT);

/l Set the port 11 to the position of information transfer

}

void loop () {

digitalWrite (11, LOW); // The red LED turns off
digitalWrite (9, HIGH); // The greenLED lights
delay (5000); // delay 5 seconds

digitalWrite (9, LOW); // The green LED turns off
digitalWrite (10, HIGH); // The yellow LED lights
delay (5000); // delay 5 seconds

digitalWrite (10, LOW); // The yellow LED turns off
digitalWrite (11, HIGH); // The red LED lights
delay (5000); // delay 5 seconds

}

After downloading this sketch and the system activation, the LEDs
will alternatively glow. First, the green LED lights up (Figure 7), the
yellow LED will glow after five seconds, then the red LED will glow
after next five seconds.

The objective of this work is to learn how to work with the sensor
DHT-11, to implement data reading of the current temperature and
humidity, to bring this information to the monitor of the serial port.

The equipment of this work consists of the equipment of the previous
laboratory work, a temperature and humidity sensor DHT-11, resistors
and connecting cables.

The work with additional modules and sensors demands libraries. We
need a library for work with the temperature / humidity sensor which is
used the laboratory work. This library can be found on various websites
and forums.
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Figure 7. The demonstration of the green LED glows

3.3. Laboratory work 2

We should add the library to our IDE after loading the library.

The attaching of the library to the sketch is made with the line:
#include <stDHT.h>

Now we connect the sensor. It has four contacts, but we will use only
the first, second and fourth. The first contact is connected to the bus
voltage (+ 5V). Contact two is an informational contact. It is connected
directly to the second port of the board Arduino Uno. The fourth contact
is connected to the voltage bus (- ground connection).

To prevent deterioration of the sensor, between the + 5V voltage
contact on the sensor output and information output, you need to install
the resistor.

The LEDs that were used in the previous laboratory work will signal
the surrounding temperature. The green LED lights up if the temperature
is below 20 degrees. The yellow LED will switch on if the temperature is
between 20 and 30 degrees. And the red LED will switch on if the
temperature is above 30 degrees.

The current temperature can be obtained by using the function
“sens.readTemperature (port_numb®r)The humidity can be found
with the help of the function “sens.readHumidity (port_numbet)

Assemble the circuit as shown in Figure 8.
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Figure 8. The circuit of laboratory work 2

We turn to the writing of the sketch:

#include <stDHT.h> // The library uses with the probe DHT-11
DHTsens (DHT11); // Specify the type of temperature sensor
void setup () {

Serial.begin (115200)

I Set the speed of information exchange with Arduino
pinMode (2, INPUT);

/I Set the port 2 receiving position information

pinMode (9, OUTPUT);

/I Set the port 9 to position information transfer

pinMode (10, OUTPUT);

/I Set the port 10 to the position information transfer
pinMode (11, OUTPUT);

/I Set the port 11 to the position information transfer
digitalWrite (2, HIGH);

/I Serve a voltage on the port 2

}

void loop () {

int t = sens.readTemperature (2) - 2;

[/l The variable to store the current temperature

int h = sens.readHumidity (2);

/l The variable to store the current humidity

/I The green LED lights if the current temperature is below of 20
degrees
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if (t<20) {
digitalWrite (9, HIGH);
}

else {

digitalWrite (9, LOW);
}

/I The yellow LED lights if the current temperature is from 20 to
30 degrees

if (t>=20 && t<30) {

digitalWrite (10, HIGH);

}

else {

digitalWrite (10, LOW);

The red LED lights if the current temperature is above 30 degrees
if (t>=30){

digitalWrite (11, HIGH);

}

else {

digitalWrite (11, LOW);

}

/I The output information collected on the Serial Port Monitor
Serial.print( "HUM:");

Serial.print (h); // Output humidity

Serial.print( "%");

Serial.print( "TEMP:");

Serial.print (t); // Output Temperature

Serial.print( "C");

Serial.print( "\ n");

}

We download the sketch and observe data of humidity and
temperature on the monitor (Fig. 9).
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Figure 9. The monitor of the serial port

3.4. Laboratory work 3

The objective of this work is the connection of the LCD, to show
information collected by sensor DHT-11.

This work needs the following equipment: equipment of the previous
laboratory work, an LCD size 16x2 with the 12C module, connecting
wires.

ATmega microcontrollers support the 12C interface. The SDA data
line on the board Arduino is connected to analog port 4, and the clocking
SCL line is connected to analog port 5. The Arduino has the regular
library “ Wi rfoethe work with the 12C protocol.

The 12C module allows us to control devices that require an 8-bit bus
with the help of just two contacts using the protocol 12C. Thanks to this
module, the quantity of ports which are needed to connect the LCD to
Arduino is reduced from 16 to 4.

We should download and connect the library* Li qui dCr tost al _

interact with the LCD via the 12C module.

The sketch must define the LCD address and its dimension. This is
done by using the function “LiquidCrystal_I12C lcd (0x3F, 16,2), where
Oh3F is the display address and 16,2 is the LCD size. After this, the
display is initialized by the function “lcd.init () and turns on the lights
using function “lcd.backlight ().

We should put the cursor of the display to the necessary position
using the function “lcd.setCursor (position in row, position in columm)
before the information output. Output symbols are written on display
with the help of function “lcd.print ()”.
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Typically, such displays have a limited number of characters
available for output. We can do new characters with the help of an array
of the type “byte” and the function “Icd.createChar (J.This array will
meet the desired pixels on the display (1 in needed bits).

We can write the Celsius degree symbol (°) as such array degree in
the sketch:

bytedegree [8] =

{ 0b01100,

0b10010,

0b10010,

0b01100,

0b00000,

0b00000,

0b00000,
0b00000

¥

General connection diagram is shown in Figure 10.

Figure 10. The circuit of laboratory work 3

The sketch is shown below.
#include <stDHT.h>
/I The library for using with temperature and humidity sensor
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DHT sensor (DHT11);

/I Specification of the type of temperature sensor
#include <Wire.h>

/I The library for work with 12C module

#include <LiquidCrystal_I2C.h>

/l The library for work with display
LiquidCrystal_I12Clcd (0x3F, 16,2);

/l Specification of the address and the size of the display
bytedegree [8] =

{
0b01100,
0b10010,
0b10010,
0b01100,
0b00000,
0b00000,
0b00000,
0b00000
j3
void setup () {

Serial.begin (115200)

/I Setting the speed of information exchange with Arduino
pinMode (2, INPUT);

/I Settingof the port 2 for receiving information

pinMode (9, OUTPUT);

/I Setting the port 9 for information transfer

pinMode (10, OUTPUT);

/I Setting the port 10 for information transfer

pinMode (11, OUTPUT);

/I Setting the port 11 for information transfer

digitalWrite (2, HIGH);

I/ Serve voltage on port 2

Icd.init ();

/I Initialize display

Icd.backlight ();

// Enables backlight display

}

void loop () {

int t = sens.readTemperature (2) - 2;

/I variable to store the current temperature



int h = sens.readHumidity (2);

I/l The variable for storing the current humidity

/I The green LED lights if the current temperature is below 20
degrees

if (t<20) {

digitalWrite (9, HIGH);

}

else {

digitalWrite (9, LOW);

/I The yellow LED lights if the current temperature is 20 to 30
degrees

if (t>=20 && t<30) {

digitalWrite (10, HIGH);

}

else {

digitalWrite (10, LOW);

}

/[The red LED lights if the current temperature above 30 degrees

if (t>=30){

digitalWrite (11, HIGH);

}

else {

digitalWrite (11, LOW);

}

// Output collected information on the display

Icd.setCursor (0, 0);

/I Set the cursor to the zero position

Icd.print ("TEMP:");

Icd.print (t);

// Output temperature

Icd.createChar (1, degree);

Icd.setCursor (7, 0);

Icd.print (char (1));

/I Create the degree symbol and its output

Icd.print ("HUM:");

Icd.print (h);

Icd.print( "%");

// Output of information collected on the Serial Port Monitor

Serial.print( "HUM:");
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Serial.print (h);
Serial.print( "%");
Serial.print( "TEMP:");
Serial.print (t);
Serial.print( "C");
Serial.print( "\ n");

}

The results of this sketch are shown in Figure 11. The title TEMP
shows the current temperature. The title HUM shows the level of
humidity.

Figure 11. The results of laboratory work 3

3.5. Laboratory work 4

The objective of this work is the connection of the gas sensor MQ-2
to the Arduino Uno board. We should connect one red LED that will
indicate a high concentration of hydrocarbon gases and smoke in the air.
The projected system will give to the LCD information about the current
level of the gas concentration.

This work needs the following equipment: the equipment of the
previous laboratory work, a gas sensor module (MQ-2), a LED,
connection wires.

A student should connect the module using these contacts: the first
(the voltage + 5V), the second (ground) and the fourth (analog
information). The fourth contact is connected to analog port Al.

We should load the library “TroykaMQ” for work with this module. The
operator of the microcontroller program “#define PIN_MQ2 port_numbét
specifies the port number to which the information contact of the sensor is
connected. The function “MQ2 mqg2 (PIN_MQ2J creates the object for use
with gas sensors. We should transmit to this object the port number. The
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function “pinMode (port_number, INPUT) sets the number of the
information reception port.

The module MQ-2 must be calibrated in order to receive correct
values while scanning information from the environment. Such
calibration is made in two stages. First we use the function
“mg2.heaterPwrHigh (J for heating of the probe, and then values are
calibrated using the function “mg2.calibrate (}.

The calibration takes a minute, so the screen can display a primitive
animation which is determined by such code:

Icd.setCursor (3, 0);

Icd.print( "LOADING™);

delay (1000);

lcd.print(".");

delay (1000);

Icd.print( ".");

delay (1000);

lcd.print(".");

delay (1000);

Icd.setCursor (10, 0);

Icd.print (*™);

We can use the function “analogRead (port_number) for
determination of the gas concentration level in the air.

The LED will indicate a high concentration of gas and smoke. It is
connected to port 6. If the gas concentration exceeds 300 units, the LED
switches on.

Assemble the circuit as shown in Figure 12.

Figure 12. The circuit of laboratory work 4
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The results of the system work are shown in Figure 13.

Figure 13. The results of laboratory work 4

3.6. Laboratory work 5

The objective of this work is to connect a real-time clock, set it up
and display the current time.

This work needs the following equipment: the equipment of the
previous laboratory work, the Real Time Clock Module (DS3231),
connecting wires.

The Real-time clock module is self-powered by batteries. This allows
you to store data for a long time without an external supply of the
module. The DS3231 uses the first four contacts to connect. Connect the
GND contact to the ground, the VCC contact should connect to +5V,
SDA and SCL contacts are connected to the ports on Arduino Uno.

We must download library “iarduino_RTC’ for using the module
DS3231. Determination of the module type is made with the help of the
function “iarduino_RTC time (RTC_DS3231) The clock starts with this
function “time.begin (J. The first time you must set the time. This is done
by using the function “time.settime (seconds, minutes, hotitsAfter
successfully setting the clock, you must remove or comment out this
function.

The results of this system work are shown in Figure 14.

Figure 14. The results of laboratory work 5
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3.7. Laboratory work 6

The objective of this work is to connect an infrared (IR) sensor so as
to enable setting the clock from the remote control.

This work requires the following equipment: equipment from the
previous laboratory work, an infrared sensor, a remote controller,
connection cables.

The IR module uses all three contacts to the connection. The first
contact connects with the ground, the second contact connects with the
voltage +5V, and the third contact connects to port 3.

It is possible to control the Arduino Uno via a remote controller. You
need to know remote key codes in the hexadecimal form. We can find
them online if a remote controller is from the known brand. In our case,
the type of the remote controller is LG AKB33659511. The codes of the
main keys for the remote control are given.

We must download library “IRremoté’ to use the infrared module.
The function “IRrecvirrecv (port_number) defines a port that is
connected to the module.

3.8. Laboratory wek 7

The objective of this work is to connect a buzzer (speaker) for an
audio alert about the high gas level. The alarm project will enable the
alert at the time which will be set with the help of the remote controller.

This work needs the following equipment: the equipment from the
previous laboratory work, the buzzer, connecting wires.

The buzzer (speaker) uses three contacts for connection with the
system. The first contact connects to the ground. The second contact
receives information from port 9, from which a melody will be
transmitted. The third contact is connected to the voltage +5V.

We should load library “ N e w T ofor eising the speaker. The
function “NewTone (port_number, pitch, duratioiiymakes sounds.

We can take the example code of the manual clock setting of the
previous laboratory work to create an alarm.

Figure 15 shows the process of setting up the alarm clock from the
remote controller.
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Figure 15. The alarm clock setting

It is necessary to design the printed-circuit board of the project after a
successful final test of the project. The scheme designed in the core ISIS
is transferred to the core ARES. The optimal tracks of the printed-circuit
board will be designed with the help of the core ARES of the Suite
Proteus Professional. Development of the project is completed at this
stage.

However, the realization of the project is possible on the next levels
of teaching (a course project design or a bachelor degree project design).

The considered technology is intended not only for full-time students.
Such students can work directly in their university laboratories. It can be
used in remote training, which is especially important for distance
students.

The Arduino Uno board is not expensive, and all students can have
such a microcontroller board at home. Internet communication (Skype,
E-mail) with a tutor can help to recognize and solve technical problems.

CONCLUSIONS

The technology of remote microcontroller study was developed at the
Kiev International University. So far, the implementation of this
technology has been carried out only partially. Manufacturing of a
printed-circuit board has not been realized yet, and it is given as a home
task for advanced students.

This technology is used for the preparation of specialists of various
forms of training. However, we observe the efficiency of the technology
in the distance form of training. Distance students do not have stable
possibilities of direct communication with teachers and this technology
makes such communication more active.

The implementation of this technology has resulted in an increase in
students’ grades by 20% on average. With distance students, the increase
was 27% on average. In the future, the technology will be further
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developed for training and testing in the disciplines Computer
Electronics and Computer Circuit Engineering.

SUMMARY

This paper describes a teaching technique of microcontroller system
designing. Designing of microcontroller systems demands theoretical
knowledge as well as practical experience. Therefore, this technique has
several stages.

First, students receive theoretical knowledge of basic principles of
microcontroller system designing. Students can receive this knowledge
from the university WEB-site. There are many multimedia courses. They
explain in what manner students can use equipment and software.
Further, students learn the C-programming for AVR microcontrollers.
The next stage of the learning is working out a project. A project has a
system circuit and C-programs which support the microcontrollers
functions. Further, a project is simulated with the help of the ISIS
subsystem of the Proteus simulator. Such simulation helps students to see
the quality of the project functioning. They can look through several
variants of the project and select the optimal variant of a circuit and a
C program. The next stage of designing projects is their realization with
the help of real equipment. The authors propose a technique of receiving
practical experience in microcontroller system design. This technique is
based on the microcontroller board Arduino Uno. The Arduino Uno is a
microcontroller board which uses the ATmega328P microcontroller. The
Arduino Uno allows students to construct real microcontroller devices.
A real project should be realized on a printed-circuit board. Such a
printed-circuit board is projected in the ARES subsystem of the Proteus
simulator. Seven laboratory works of different complexity developed by
the authors lead students step-by-step to receiving professional skills.
These works allow students to receive the first experience in
microcontroller systems designing. Besides teaching, this technique has
tests which can estimate students' practical skills. This technique allows
students to do a lot of projects of various complexity. It will give
students a deeper experience in the designing of microcontroller systems.
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MPUHLUIIM, METOIU TA IPUMOMU MPOCTOPOBOI
OPTAHI3AIII MICTOBYJIIBHOI CHCTEMM
3AKJAIB OXOPOHH 310POB’SI

Byaax 1. B.

BCTYII

OmanM i3 TIPIOPUTETHUX 3aBIAaHb YpsAmy YKpaiHH, BUKOHAHHS SIKOTO
npormcaHo B Konctutywii Hamoi aepxaBu, € (OpMyBaHHSI e(QEKTUBHOI
apXITEeKTypHO-MICTOOY/IIBHOI CHCTEMHU 3aKJIaJiB OXOPOHH 3J0pOB’s, SKa
MOKJIMKAaHA Ha 3a0e3MeUYeHHs SKICHOK OpraHi3allielo Ta AOCTYIHICTIO JUIS
BCIiX KaTeropii HaceneHHs. [y pearizaiiii OKpeclIeHOTo 3aBIaHHS, Ha JKallb,
BHHHKAE HU3KA IEPEIIKOJ], TOB’SI3aHUX 13 MOJITHYHHMH, SKOHOMIUHHMH,
MaTepialbHO-PECYPCHUMH, COIATbHAMY, PETiOHATBHUMH Ta  IHIIUMHU
¢axkTopamu. JIy1st JOCSTHEHHS SIKICHUX 3MiH B apXiTeKTypHO-MICTOOYAIBHII
OpraHizaiii CHCTEMH OXOPOHH 3JI0pPOB’S ChOTOJHI B YKpaiHi MOTpiOHO
JIOKOPIHHO TIEPEOCMUCIIHTH Ta MepeOyayBaTH yCTATCHY MaiKe 3a CTOMITTS
MEpEeXKy JMKYBaIbHUX 3aKiaiiB. DYHKITIOHYIOUA Mepexka 3aKiialiB OXOPOHH
30poB’st YKpainu Oyia po3poOiieHa 1 peaizoBaHa y paAsHCHKUH mepioj,
IITKOM BIATIOBIAIOYM Mil0OYMM Ha TOW Yac TPHHIMIIAM 1 MeToIaMm
OpraHizailii, THIIOJNOTI, HOPMATHBHUM JOKYMEHTaM, pI3HOMAaHITTIO
JIKapChKOi  crieriaiizanii, MOMXJIMBOCTSM PECYpCHOro Ta (hiHAHCOBOTO
3a0e3neyeHHs. Ha skayb, HaWOLIBIT TyMaHHa JI0 JFOUHH, Oe30IIaTHa Jis
TPOMaJIsiH i OJJHA 3 KpallWX B CBIiTi 32 PIBHEM OXOIUICHHS HACEJICHHS, IS
MOTY>KHA apXiTeKTYPHO-MICTOOYIIBHA CHCTEMa JIKyBAIBHUX 3aKNaliB 3a
HU3KOI0 00CTaBUH CHOTOJHI HE CIIPOMOKHA B TIOBHOMY 1 HAJIGXKHOMY 00CSI31
BUKOHYyBaTH CBOi ¢yHkmii. Cepen OCHOBHHX BaJ apXiTEeKTypHO-
MicToOy/iBHOI Oprasizamii MEAWYHOTO OOCIYroByBaHHS B YKpaiHi,
PO3IISIHYTHX Y MONEPENHIX JOCTIIKEHHSIX , HEOOXITHO MiJKPECIUTH TaKi:
1H(AHTUIBHICTH Ta HEOPO3BUTOK IIEPBHHHOTO PIBHS MEIIYHOI JOTIOMOTH,
HaJIMIpHA KUTbKICTh, yOITIOBaHHS 3aKJIA/IIB Ta CIICIiai3allis TOCIITAILHOTO
piBas. KoxkHa 3 OKpecieHMX MpoOieM BHUKIHMKAE OaraTOpiBHEBI IOXIiTHI
OOTSDKECHHS, SIKI y CYKYHNHOCTI 3 BIiICYTHICTIO PETyJISIPHHX ITOKPOKOBHX
pedopm ramysi Ta 1 HemodiHaAHCYBaHHSIM, IPU3BEIH JI0 KPU3UCHOT CUTYAITii

! Bynax 1.B. [lepexymoBu peopraisamii Mepeki TUTSYNX TIKYBATBHAX 3aKITaMiB
VYxpaiau. Cyuacni npobremu apximekmypu ma micmoobyoysanna. Kuis, 2017. Ne 47.
C. 444-450.
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B OXOPOHI 310pOB’st Hawoi Kpainw. [1inTBepmKEHHSIM CITyTye Te, 10 KOJIICh
3pa3KoBa Opraisauisi OXOpoHH 370poB’st Ykpainu, y 2017 p. orpumana
135 mice 3 148 MOXIMBHX y PEHTHHTY piBHS PO3BHTKY MEIWLIMHH B
KpaiHax cBiTy, 3Haxomsguuchk mnozamy Cymany (131-e wicue), Ipaky
(132-¢ micrie), Adranicrany (133-e micre), Magarackapy (134-e micue) i
mopsn 3 Konro, Awnronoro, VYranmoro, Hirepieto Ta iHIMMH
apPUKAHCHKIMH KpaiHaMK’,

1. Meau4Hi nepenyMoBH PO3BUTKY
MicTOOYAIBHOI cCTEeMHM 3aKJIa/liB 0XOPOHHM 310POB’sl

st BI/IpiH.IeHHH CUTYallii, 0 cTanacs, y JOCTiDKEHHI MiCTOOYaiBHA
CHCTEMa 3aKJaliB OXOPOHH 3/10pOB g POSIUISMAETECA K  CKIajiHa
iepapxiuyHa CTPYKTypa, OCHOBHUMH 1epapx11{H1/1M1/1 KOMITOHCHTaMH SIKOi
BHCTYIIAIOTh MiCTOOYIBHI MEpEKi 3aKJIa/liB IEPBUHHOTO, BTOPUHHOTO Ta
TPETHHHOTO  PIBHIB ~ MEIUYHOTO  OOCIYrOBYBaHHS  HACEJICHHS.
3anpornoHoBaHa KOHIIETIis 0a3yeThCsl HA CHCTEMHOMY IiJXO0/1, 32 SIKOTO
3a3Ha4YeHi MEpPEekKi € CKIAJIOBUMH CIEMEHTaMH IUTICHOI CHUCTeMH
OXOpPOHH 370pOB’s  YKpaiHH, BOJIOQIIOYA TMPH I[OMY IEBHOIO
ABTOHOMHICTIO, BUKOHYIOYHM BJIACHI (YHKINi, a TakoX 3a0e3Meuyrouun
MMOCTYIOBICTh 1 JOCTYIHICTh HACENIEHHS JIO OTPUMaHHS CyYacHUX 1
SIKICHUX MeAMYHUX mocyr. KoHuenis € pesysbTaToM aHaﬂi3y Teopii Ta
NpaKTHKH aleTeKTypHO MlCTO6yIl1BH01 ogramsaun 3aKJIa/liB OXOPOHU
3I0POB’ST B npomzumx KpaiHax cBiTy>*”, a TAKOX MOCTPAaITHCHKUX
KpaiH, sIKi TOCSITIIH YCITIXIB Y apXiTeKTYpPHO-MicTOOYIIBHOT peopraHizartii
JKYBAJIBHUX 3aKJIAIIB.

IlepcriexkTiBa 3aKOHOMIPHOTO PO3BHUTKY MICTOOYIIBHOI CHUCTEMH
3aKJIafiB OXOPOHH 3/0pOB’S YKpaiHM NMOBMHHA (pOpMyBAaTHCh Ha OCHOBI
HOBUX  3aCAJIHMMHX  MEIMTHUX NPUHIMIIB, OTOJNOMECHUX y MeKax
HanpsMy ~pedopmH  Tamysi’, cepex SKMX ~OCOGIMBO  BArOMHMH

2 The Legatum Institute: pedTHHT PO3BUTKY MEAMIIMHU B KpaiHax cBiTy B 2017 p.

Eynax [.B. CyyacHuif 3aKkOpIOHHUH JOCBiI MPOEKTYBaHHS €HEProe()EeKTUBHUX
mikapenb  (mocBinm  Cinramypa). Cyuacui  npobnemu  apximexmypu — ma
Mzcmo6ydyeaHHﬂ Kwuis, 2018. Ne 50. C. 332-440.

Bynax [.B. JlocBin opram3au11 CHUCTEMHU OXOPOHU 3)10p03 a1y Cnony'-lel-mx
[IItatax Amepuku Ta OpaHIii i3 BH3HAUCHHSAM Y HHUX MICIS MEpexi AUTIIHMX
niKyBanbHUX 3aknaniB. Cyuacui npobnemu apximekmypu ma micmo6yoysanns. Kuis,
2018. Ne 52. C. 165-173.

° Bymax LB. ApXiTeKTypHO-MiCTOGY/NiBHA OpraHisamis 3aKTajiB OXOPOHH
3nopos’ss Himewunnn Tta BemmkoOpuranii. Cyuacui npobnremu apximexmypu ma
micmobyoysanna. Kuis, 2019. Ne 53. C. 126-134.

MiHictepcTBO 0OxopoHHM 3m0poB’si: HamionampHa crparerisi pedopmyBaHHS
CHCTEMH OXOPOHH 370p0B’si B YKpaiHi Ha nepiox 2015-2020 pokiB.
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BUSIBJISIFOTHCSL HACTYITHI: OPI€EHTOBAHICTh HA JIIOJCH, OPIEHTOBAHICTh Ha
pe3yJbTaT Ta OpPIEHTOBAHICTh Ha BTUICHHS. OpicHmosanicmsy Ha nooell
O3Hauae, II0 CHUCTeMa IOBMHHA BINOBIJATH Cy4YacHHUM IoTpedam
CycHniyibcTBa. SIKICTh OpraHizamii Ta yMOB HaJaHHS MEIUYHHX ITOCIYT,
3MATHICTh QJanTyBaTWUCS IMiJ] MIHJIMBI TIOTpeOM Ta MOXKIHBOCTI
BHUCTYIAIOTh (PYHIAMEHTAILHOIO OCHOBOKO Yy TIpoleci pedopMyBaHHS
CHCTEMH OXOpPOHH 310poB’s. CTpyKTypHa HOOYIOBa CHUCTEMH OXOpPOHHU
3/I0POB’Sl CKJIQA€ThCS 3 HU3KM COLUAIBHUX IHCTHTYLIH, 37IaromxeHa
poboTa SKUX 3aJICKUTH BiJI 3JTar0KCHUX BIIHOCHH MDK KOMITOHEHTAMH
CHCTEMH, BKITIOYAIOUM YIPABIIHCHKI, TOCTAYATBHI 1 OTPUMYIOUN MEINIHE
00CITyroByBaHHS, HAYKOBO-IOCIITHUIIBKI 1 OCBITHI Miapo3aimm Tomio. [lei
MEIUYHUN TOPUHIUN  CBIAYMTH MPO  HEOOXIAHICT  3a0€3MCUCHHS
JOCTYITHOTO  (DYHKI[IOHATBHOTO  Ta  apXiTEeKTYpHO-MiCTOOYAiBHOTO
B3a€MO3B 3Ky ~ MDK  MICTOOYIIBHUMH  MEpPEeXaMH  MEIWIHOTO
00CITyrOByBaHHS Ta iX BiINOBIAHAMH CKJIQJIOBHMH 3aKJIaaMHd OXOPOHH
3I0pOB’Sl y PI3HOMAHITTI THUIB PO3IUIaHYBaHb MICHKHX Ta CLIbCHKUX
noceneHb YKpaiHu. B acmekTi MequuHOro oO0CIyroByBaHHS HiTed meit
NPUHLIUI HAaHOUIBII PO3KPUBAETHCS y 3MICTI KOHLEMLIl AUTSIYOTO
JIIKYBaJBHOTO KOMILUIEKCY — 3a0e3MeUeHHs SKICHOTO Ta JOCTYITHOTO
JIKyBaHHS JiTeHd, 3 MOMJIMBICTIO BHOOPY y pI3HOMAHITTI CydYacHHX
3aKJIaJliB OXOPOHH 3I0pOB’S, MAaKCHUMAaJIbHO HAONMKEHUX JIO MICIh
MPO>KUBAHHSI MAIIIE€HTIB.

Ilpunmun  opienmoganocmi  na  pe3yrsmam — HAIICHUH  Ha
3YMOBIICHHS TPHHHATTS pIlIEHh Ha YCIX PIBHIX oOpraHisamii Ta
yOpaBliHHS ~ cpepd  OXOpPOHH  3J0pOB’Sl Ha OCHOBI  KIHIIEBOT
PE3yIBTATUBHOCTI MEIUYHOI JOTIOMOTH, €(EKTHBHOCTI BHKOPHUCTAHHX
pecypciB Ta KOIITIB, KOMIUIEKCHOi OI[IHKM pPEe3yNbTaTy disIbHOCTI
MarieHTaMu. 3 METOIO IiJIBUILIEHHS PE3YNbTAaTUBHOCTI CHCTEMa OXOPOHH
3I0pPOB’Sl TOBMHHA IHTETPYBaTH CYYacHHH IOCBII MEHEIKMEHTY Ta
YIpaBIiHHS, pOOOTa SKUX ITOB’s3aHa 3 PETYJISAPHOIO OIIHKOIO BUKOHAHHS
eTalliB Ta KiHIEBHX PE3yJbTaTiB, BHECCHHS HA I[iif OCHOBI NMPOMO3HUILH
IOJI0 YIOCKOHAJICHHS Ta TOKpAILEHHS MOAANbIIOl poOOTH, BUSBICHHS
MEPCHCKTUBHUX IUIAXIB PO3BUTKY Ta YCYHEHHS Hee(heKTUBHUX
eJleMeHTiB. Bka3aHuil MPUHIMIT CBITYUTH MPO BAXKIUBICTH 32I0BOJICHHS
moTped CYCHiIbCTBA HE KUIBKICHUM, a SKICHUM pPIBHEM 3a0e3MeUcHHS
MEAWYHOTO  OOCIIyrOBYBaHHS, MNP0  HEOOXIAHICTH  CKOPOYCHHS
Manoe(heKTUBHOI, 3acTapiinoi Ta MyOJbOBaHOI MHOXHHHU JIKYBAJIBHHUX
3aknaniB. IlpuHIMI BKasye Ha NPIOPUTET PO3BUTKY MiCTOOYAiIBHOL
Mepexi [IMJ] mis momepemkyBaHHS TOCTPHX CTaHIB 3aXBOPIOBAHOCTI
HACEJICHHS, 3HI)KEHHSI HAaBAaHTKEHHS Ha TOCIITANIBHI PiBHI.

MenuvHuil NPUHLKI OPIEHMOBAHOCMI HA 6MijleHHsl CTIPSIMOBAaHUM Ha
AKTHBI3AIIII0 MOCTIZIOBHOI MiATOTOBYOi POOOTH 10 OTPHMAaHHS HaMiueHUX
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Pe3yIIbTATIB, OpraHi3allii MOHITOPUHTY, PO3POOKH MEXaHI3MiB KOpEryBaHHH,
4acoBUX Mex peartizarii. [Tpoexuis 3MicTy IpUHIUITY HA TEMY AOCI1HKEHHS
MIIKPECITIOE 3HAYUMICTD JUHAMIYHOTO Ta 3MIHHOTO CKIIAJJHUKA PO3BUTKY
MICTOOY/IIBHOI CHUCTEMH 3aKJIaJliB OXOPOHH 3II0POB 11, HOIpe6y y i
CHHEPreTHYHNX MpOLecaX, caMoopraH13au11 caMoperyn;[un Ta aganTarii
i MIHITUBI z[eMorpa(bmHO COITIaJTBHI, MO THIHO-eKOHOMIYHI,
eIiIeMIONIOTiYHI, MiCTOOY/IIBHI Ta iHII YMOBH, MOJIMBOCTI Ta BHKJIHKH.
Jnst peanizaiii 3a3HaueHOro NPHMHIUIY B OpraHi3allifo apXiTeKTypHO-
MICTOOY/IIBHOI CHCTEMH 3aKJIajiB OXOPOHH 3I0POB’S MOTPIOHO JOMydaTH
MO3WTHBHI PHCH PHHKOBUX BITHOCHH, KOHKYPEHIl{, MOHITOPHUHTY
e(EKTUBHOCTI, JTOCBiJl BIPOBAKECHHS 1 pOOOTY SKMX MOXKHA CHOCTEpIraTu
HA TIPAKTHI TIPUBATHUX MEIUYHUX 3aKJIAJIIB.

OkpiM PO3MIIAHYTUX MEIWYHUX MPUHIUIIB Ta TOJOXEeHb, CIil
BIIMITUTH 3arajbHi TNPUHIWIN, NPUTAMAaHHI Cy4acCHOMY PO3BUTKY
apXITEeKTYPHO-MICTOOYIIBHOT ~TPOEKTHOI MisUTBHOCTI, Cepel  SKHX:
THYUYKICTh, BapiaTUBHICTh, 0araTo(QyHKIIOHAJIBHICTb, €CTETU3ALlSL
MPOCKTHUX PillieHb. [Ipunyun enyukocmi TOJATAE y TPaHC(HOPMATUBHUX
SKOCTSX, y 3a0e3leueHHi MOXKJIMBOCTI Ta YMOB [UIS IPOBEICHHS
KOpEryBaHHS 1 YJOCKOHAJICHHS JIIKYBAIBHUX IPOIECIB, 3MIHH METOIIB
1 opM MEIUYHO-TEXHIYHOTO OOCIYrOBYBaHHS, 3aJIXKHO BiJl TOTPeO
1 MOXXIMBOCTel HaceneHHs YkpaiHu. B OunbmmocTi KpaiH 3 BHCOKHM
pIBHEM pO3BUTKY CHCTEMH OXOPOHH 3I0POB’S PO3MOBCIOKEHHMHU
BHUSBIJINCH IHHOBAIIMHI METOAM MEIWYHOTO OOCIYrOBYBaHHS, Taki SK:
TeJIeMEIUIIVHA, IHTePaKTHBHI, BiJIcO Ta eJICKTPOHHI 3aCOOM CITIIKYBaHHS,
KOHCYJIbTaIlil, 00TOBOPEHB, TIEPEBIPKH JIarHO31B T4 METOJIIB JIIKYBaHHS,
HABYAHHS Ta iHIII °. 3a3HAYeHi HOBITHI METOJI OpTraHizalii MeIuYHOTO
o0cCITyroByBaHHs, 6€3yMOBHO, CJi/l BIiTHOCHUTH JI0 JOIIOMIKHUX 3aXO/IiB,
sKi, OJHAaK, TOTPeOyIOTh BpaxyBaHHS T Yac apXiTEKTYpHO-
MicTOOYIIBHOT OpraHi3aiii CUCTeMH, OCOOMBO Y CUTBCHKIH MiCIIEBOCTI,
Ie He 3aBKIU € MOMIIMBICTb CTBOPEHHS IIOBHOIIIHHOI MEIUYHO-
MatepiaiabHOi  Oasu.  [lpumyun  eapiamuewocmi  ma  bazsamo-
@yHryionanbhocmi mig 4Yac (QopmyBaHHS MiCTOOYIIBHOI CHUCTEMH
JIKYBAJIBHUX 3aKJIa/iB Ta KOMIUIEKCIB, CKIIQJIOBHUX MEpEX BCIX pIBHIB
MEIWYHOTO  OOCIYrOBYBaHHS BH3HAYa€ JUHAMIYHI  BIACTHUBOCTI

" Bulakh 1., Kozakova O., Didichenko M. The innovative trends in architecture
and urban planning of health care institutions. International Journal of Innovative
Technology and Exploring Engineering. Bhopal, 2019. Vol. 9. Issue 1. Pp. 317-323.
DOI 10.35940/ijitee.A4111.119119

8 Bulakh L, Kozakova L., Didichenko M., Chala O. Health Care Architectural
and Urban Plannlng Systems In The Unlted States of America and France.
International Journal of Innovative Technology and Exploring Engineering. Bhopal,
2019. Vol. 9(2). Pp. 1622-1627. DOI:10.35940/ijitee.B7377.129219
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LTICHOCTI, i OKpPEeMHX CKJIQJIOBUX EJIEMEHTIB, 3 MOXKIIHUBICTIO B pasi
notpebu nepenpodinizaiii JiKyBalbHOrO 3aKjany abo WOro BiIAijIeHb,
3MIHM  CTPYKTYpH Ta  MiCTKOCTi. [lpumyun ecmemuszayii ma
iHOugioyanizayii Tiependadae aKTHBI3AII0 TOTCHIINA JIKYyBaJIbHUX
BJIACTUBOCTEH 30BHIIIHHOTO Ta BHYTPIIIHBOTO CEPEIOBHUINA MEIMIHIX
OyxmiBenb, OJIarOycTpOl0 Ta JAW3aiiHy JaHmmadTy IX TEpUTOpIH,
3 ypaxyBaHHIM IHIUBIITyalbHUX TMOTPeO Ta OCOONMBOCTEH JromeH
1 ocobnuBo mitei. TpuBanuii yHiikoBaHHH Ta THIIOBO-1HIYCTpiaTbHUH
MiJXiT 0 TMPOCSKTYBaHHS Ta OYIIBHHUIITBA 3aKJIaJliB OXOPOHHU 3I0POB’S,
MpUTaMaHHUN TOCTPAISHCEKUM KpaiHam, Ha JKailb, OyB CHPSMOBAaHHHA Ha
CTBOPEHHS 1 (YHKIIOHYBaHHS JIIKYBAIBHOTO 3aKJIaAy Ha 3pa3ok
«MallMHW» IS JIIKYBaHHS 3HEOCOOJIEHOTO HACeleHHs, 0e3 «3alBux»
O3HaK KpacH, JIIOASHOCTI, BITIYTTA CIIiBMAcIITaOHOCTI Ta Cl'[iB‘{yTTSIg.

2. Ilpouecu Ta NPHHIMIIA 32AKOHOMIPHOI0 PO3BUTKY
MicTOOYAIiBHOI cCTEeMHM 3aKJIa/liB 0XOPOHHM 310POB’sl

Hns peanizamii HOBUX MEAWYHUX IIOJNOKEHD, 3aTABHUX CYYaCHHX
MPUHIMIIB PO3BUTKY MiCTOOYAIBHOI MPOEKTHOI IisIBHOCTI, Oepydu 10
yBaru riao0aipHi ponecu ypoaHizaliii MiCbKOTO CEpeIOBUIIA OJHOUYACHO
3 OOMEXEHHSM Yy BUIBHHUX 3€MENbHHX pecypcax, PUTMy 1 TeMIry
CYCIUIBHOT'O XHTTS, @ TAKOX BIJICYTHICTh HEOOX1AHOTO 3a0€3MeUeHHs y
(iHaHCYBaHHI cpepH OXOPOHU 310pPOB’sl YKpaiHH, BapTO IIYKATH HOBUX
MIPUHIIMIIB MiCTOOYIIBHOTO PO3BUTKY CHCTEMH, 11 CKIIQJIOBHX MEPEK.
BinmroBxyrourch BiJ pyHAaMEHTAIBHOT Tpiaan BiTpyBis nmpo CyTHICTH
apXiTeKTypH, Yy JOCHI[UKEHHI IPOMOHYIOThCSA MAaTpHLsl CTPYKTYpo-
(dbopMyrouUnX  MICTOOYMIBHMX  MPOIECIB  MOOYIOBH  NPHHIUIIB
JUHAMIYHOTO PO3BUTKY CUCTEMH AMTSIYMX JIIKYBAIBHUX KOMIUICKCIB.
3anponoHOBaHa MATPHUIS [JO3BONSE CHCTEMAaTH3YBaTH Ta OIHCATH
MPOIECH, SKI XapaKTepHi JJig JAWHAMIYHOTO PO3BUTKY CKJIAJIOBHX
KOMIIOHEHTIB MiCTOOYHIBHOI CHCTEMH 3aKJIaJiB OXOPOHU 3J0POB’Sl —
MictoOyniBHux Mepexx mnepBunHoi ([IMJI), BTOopmHHOI (BM/JI) Ta
tpetrHHOl (TMJI) Menu4HOi NOMOMOTH, a TaKOoX 3arajlbHOCHCTEMHI
3aKOHOMIpHI SBUIIA.

[eprma cxonuHKa Ta i€papXiyHUU piBEHb CHCTEMH — MiCTOOYHiBHA
Mepeka 3aknanis [IM/] BimnoBigae 3a «MinHICTEY 1 «popMy» mOOyIOBH
CHCTEMH, BHUCTYMAalO4YH TMpPU [bOMY MaTepiaJlbHOK  OCHOBOIO
3aKOHOMIPHOTO PO3BHUTKY CHCTEMH AWTSIUYMX JIKYBaJbHUX KOMIUIEKCIB.

® Bulakh 1.V. Artistic and Aesthetic Formation and Evolution of Architectural
and Urban Planning Space. Science and Innovation. Kyiv, 2019. Volume 15.
No 5(5). pp. 57-66. DOI: 10.15407/scine15.05.057
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Hactymuuit piBeHp — MicToOyaiBHa Mepexa 3aknaais BM/J] Bigmosinae
33 «KOPHUCTBY 1 CTPYKTYPHY MOOY0OBY CUCTEMH, BUCTYIAIOYU TIPU [IEOMY
(YHKITIOHAIEHOIO OCHOBOIO 3aKOHOMIPHOT'O PO3BUTKY CUCTEMU JIUTIYUX
JIiKyBalbHUX KOMIUIEKCIB. TpeTiil iepapxiuHuil piBeHb — MicTOOYAiBHA
Mepexxa 3aknanis TMJI, morpebye posmmpeHHs Tpiamu Birpysis 3
BBEIICHHIM «YHIKQIBHOCTI» OpraHi3aliifHoi MOOYyIOBH CHCTEMH,
BHUCTYMAIOYM TMPH LBOMY CIOPaJUYHOI OCHOBOK 3aKOHOMIPHOTO
PO3BUTKY MICTOOYIIBHOI CUCTEMHU.

3araibHOCHCTEMHI TIPOIECH, SKi BOJHOYAC MPUTAMaHHI SK OKPEMHUM
eJeMEHTaM CHMCTEMH, Tak 1 1i LIJICHOCTI, BiAIOBIZAIOTH 3a HOIIBHICTE
CHCTEMH, BHCTYMAIO4YM FapMOHIHHOIO OCHOBOIO MOOYIOBU 1 JMHAMIYHOTO
PO3BUTKY MicTOOYIIBHOT cucTeMH. J[MHaMIYHAa OCHOBA 3araJIbHOCUCTEMHHX
MIPOLIECIB CUCTEMHU BiJIMOBIZIA€ 338 «MIIHICTbY», CHHEPreTHYHa OCHOBA — 3a
«KOPHCThY», IHIMBIAyaJbHA OCHOBA — 3a «Kpacy» IOOYIOBH 1 3aKOHO-
MIpHOI'O PO3BUTKY MICTOOYIIBHOI CHCTEMM 3aKNQJiB OXOPOHU 37I0pPOB’S.
CyKymHICTh 3alpONOHOBAHUX 3 MEPEXKEBUX Ta 3 3aralbHOCHUCTEMHHX
MPOLIECiB  BHCTYNWIA MAIPYHTIM JUIS  (QopMyBaHHA Matpuii 3 24
BIZMOBIIHUX ~ 3aKOHOMIPHUX  CTPYKTYPO(QOPMYIOUHMX  MICTOOYIIBHUX
npuHimniB (6 ©OasoBux Ta 18 MOXiMHMX) JIUHAMIYHOTO PO3BUTKY
MICTOOY/IIBHOI CHCTEMH 3aKjajiB OXOPOHH 3/I0poB’s. ba3omi mpuHIMIH
BIZITOBIZIAI0Th 32 TIOOYIOBY MICTOOYIIBHHX PiBHIB CHCTEMH Ta il ILTICHOCTI,
MOXifHI TPUHIMIM YTOYHIOIOTH [if0 0a30BHX y pI3HOMAHITTI BUIIB
TOCEJICHB, a TAKOXK Ha 3aralbHOICPKaBHOMY PIBHI.

[Mepmuit  6a3zoBUil npunyun posocepeddicenisi CIPSIMOBAHUN Ha
oughpakyio Ta po3ralyX’eHicTb MicTOOyAiBHOI Mepexi 3aknaniB [TM/]
nuiaxoM 11 moApiOHEHHS 110 CTaHy, IO BiAMOBiZa€ JOCTYMHOCTI Ta
motpedbaM  cycnuibcTBa. [IpuHIMIT — po30CepeDKEHHS —Mependadae
JUHaMIuHy CTPYKTYpY, SKa Ma€ XBWJICHOAIOHMN 3MiHHUIT XapakTep, 1110
J03BOJIsIE 301NMBIIYBAaTH Ta 3MEHIIYBaTH KilbKicTh 3akiamgis I[IM]] y
CTPYKTYpP1 HaceJeHUX IyHKTIB 3aJIKHO BiJ AeMOrpagiqHO-COIiaTbHUX
Ta ypOaHICTHYHHWX SBUIN, TOMUTY Ta TNOTped Ha Meau4He
oOcmyroByBanHs. Ha nep>kaBHOMY piBHI IpHHINI TpaHCHOPMYETHCS y
MOXIMHUA TPUHIUI  PO32ALYHCEHICMb, METOI0  SIKOTO  BHCTYIIA€
(opMyBaHHS PI3HOMAHITTSA JIKYBAIbHUX 3aKJaiB IEPBHHHOI JAHKA 3
MOKPHUTTAM JIOCTYITHOTO METUYHOTO 00cmyroByBaHHs 10 90% HaceneHHS
KpaiHd. Y MICBKOMY CEpEeIOBHII HAHKPYIMHIMINX, KPYITHAX Ta BETHKHX
MICT TIPOIMOHYETHCS BUIO3MIiHA MPHHIUITY Y SIBUIIC JOKAIbHOCH, TIO
MOB’S3aHO 3  TETEPOr€HHOI0  CTPYKTYpPOIO  MICBKOi  TKaHHHH,
HEOJTHOPIHICTIO KUTBKOCTI 1 IIIIBHOCTI HACENCHHS Y PI3HUX MiCBKUX
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palioHaX, a TaKOXX XBHJICTIONIOHOIO YaCTKOK JTUTSIUOI KaTeropii B HHUX.
JUts Tpynu cepelHiX Ta MalliX MICT, a TaKOX CUTLCHKOI MICIIeBOCTI, B
SIKUX CIIOCTEPIraroThCsl HAWMEHIIl MOKa3HUKU MIUIBHOCTI 3a0yJ0BH Ta
MIPOXKUBAOYOTO HACEIICHHS, NIPU IIbOMY 30UIBIIYIOTHCS PEKOMEHIIOBaHI
HOpPMAaTHBHI 3HA4YCHHS, TNPHUHIAI HAOUpae BUPKEHHS Oemepmino-
eéanocmi, TOOTO HaMMEHIIOI MPOCTOPOBO-4ACOBOI 3MIHIOBAHOCTI Ta
BIJIHOCHOT CTaOUILHOCTI.

Jlpyruii  OCHOBHWM TIPUHIMI  KOMMJIEKCHOCMI  BIINOBIZaE  3a
KOHTPYEHTHICTb, YHIBEPCAJBHICTE Ta 0araTonpoQLIbHICTh JIKyBaJIbHHUX
3aKJIaJ[iB BTOPHHHOT MiCTOOYIIBHOT JTAHKH MEIMYHOI TOTIOMOTH, iX B3aEMHY
Y3TOJDKEHICTh MK cOOOI0 Y CKIIaJli IUTICHOCTI cucTeMu. Biamosizaroun 3a
(yHKITIOHYBaHHS MICTOOYIIBHOT CHCTEMH JIKYBaJbHUX 3aKJIadiB Ha
JIep)KaBHOMY ~ piBHI, TPHHLMII XapaKTePH3YETbCA 5K  CUHME3YBAHHS
OCHOBHHX THITIB BTOPHHHOTO TOCIITAIBHOTO PIBHA Ha NIIAXY 3a0€3IIeUeHHS
TTOBHOITIHHOKO JIIKAPHSHOIO JIOITIOMOTOI0 YCiX BIKOBHUX KaTeropiil HaCENICHHS.
Jst MICBKOTO CcepefioBUIlla HAWKPYIHIMINX, KPYMHUX Ta BEIUKHX MICT
aKTyallbHUM 3HA4YCHHSAM TPHHIWIY BUSBISIETECS — NOGMOpeHHs  abo
pennikayiss, TOOTO 3HAXOPKCHHS HEOOXIIHOI KUTBKOCTI Ta MICTKOCTI
nikapeHs BMJI nursixom iXx HoBTOpeHHS (aje He JyOTIOBaHHS) Y MeKax
MICBKHX TEPHTOPIi B y3rOHKEHOCTI i3 PEKOMEHIOBAHMMHU HOPMATHBHHUMH
MOKa3HWKaMH. ['pyma cepemHiXx Ta MalMX MICT, TEPUTOPIl CUIbCHKOI
MicreBocTi HoTpedye TpaHchopMallil 3HaUSHHs NPHHIUILY Y po3cisiumsa abo
Oucnepcito, TOOTO 3a HEOOXiAHOCTI JAOIMYCTUMA OpraHizamis ApiOHUX
JIKapeHb IHTEHCHBHOTO JIKYBaHHS 3 METOI JIOTPUMAaHHS HOPMATHBHHX
paiyciB TOCTYITHOCTI a00 iX 3MEHIIECHHS, y pa3i He3aJOBUILHOTO CTaHy
TPAHCTIOPTHOI 1H(PACTPYKTYpH, 3 OFHOYACHUM BiXwieHHsM (y Oik
30UTBIICHHS) BiJl PEKOMCHIOBAHMX 4YaCOBUX ITOKA3HWKIB 1HIIMX THIIIB
nikapens BM/I.

Tpertiit 3acagHUuMil NPUHIMI ippecyrapHocmi, SKUN BiANOBiNae 3a
MiCTOOYIIBHY Oprasizalfiro Mepeki 3aKiaaiB TPETUHHOI MEIUYHOI
JIOTIOMOTH,  cIpusi€  (OPMYBAHHIO  HEPETYISIPHOTO  PO3MIIIEHHS
CTeLiali30BaHNX Ta YHIKaJIBHHUX JIiKapeHb Ta iX KoMIiulekciB. Ha piBHi
JIepKaBHOI OpraHizamii MICTOOYMIBHOI CHCTEMH 3aKJajiB OXOPOHH
3IIOPOB’SI JTisl MPUHIIMITY CIIPSIMOBYETBCSI HA nOIspU3ayiio, MOKIAKaHy Ha
3a0€3MeUYCHHS TePUTOPIAbHO-IUIAHYBATBHIX (PYHKIIOHATBHUX 3B’SA3KiB
MDK CIIeIiali30BaHNMH JIKApHIHUMHU CTPYKTYpPaMH B MEXaxX TEpPUTOPii
Kpaian. Y pa3i  posMmimenas 3aknanis TMJ y cepemoBumIi
HANKPYMHIINX, KPYITHAX Ta BEIHKUX MICT MPHHIMII OTPUMYE O3HAKH
KOHYyenmpayii, TOOTO TIOUIYKY CTaHy piBHOBAard y MOTEHII Ta motpedi
crerjamsamii MeIMYHOI JOINOMOTM Ta BIiAIIOBIAHOI IOLIIBHOCTI.
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CyKyIHICTh CEpelHiX, MalliX MICT, CLIbCbKa MICIEBICTh BHUMAarae
BHJIO3MIHM TIPHHIUILY Y  po3piodicenicmb, IO TIOB’SA3aHO 13
YHEMOXIIUBIICHHSIM 3a0€3MEUCHHST MMOKPUTTS SKICHUM CIELiali30BaHUM
MEJMYHUM OOCITYrOBYBaHHSIM TEPUTOPIH 3 PO3PIIHKCHO IIIIBHICTIO
MIPOXKUBAKOYOTO HACEJICHHS, BOJHOYAC 3 MOTPEOOI0 1 KOHIEHTpAaIli Ha
perioHabHUX (TOCHITAaIbHUX) PIBHIX.

BnpoBamkeHHss 4eTBepTOro 0a30BOr0 NPUHLUIY GpaxmairbHOCmi
CTBOPIOE YMOBH JIJISl aKTHBI3allii 3JaTHOCTI MICTOOYMIBHOI CHCTEMH
3aKJIaJiB OXOpOHH 37I0POB’S [0 JAMHAMIYHOTO Ta 3aKOHOMIPHOTO
CHUHEPIreTUYHOT0 PO3BUTKY Y IPOCTOPI 1 Yaci Ha OCHOBI caMoopTraHizallii,
caMOperyJIsAIlii IUIIXOM yTBOPEHHS caMOmoAiOHuX cTpykTyp. Ha piBHi
3araJbHOJICP)KaBHOrO (OPMYBaHHSA MicTOOYIIBHOT MeEpeki 3aKialliB
OXOPOHM 3JIOpOB’S MPHUHIMII TPAKTYETbCA AK  msAdxNCiHHA  abo
ampaxmopizayis, nependayae MHOXKHUHY CTaHiB (eramiB) abo TOYOK
(hazoBOro mpocropy AUHAMIYHOI MiCTOOYIIBHOI CHCTEMH JIKYBaJbHHX
3aKJajiB, 0 SKOi BOHA MpPsSIMye y Yaco-IPOCTOPOBOMY BuMipi. PiBeHb
MICBKOTO CEpEIOBUINIA HAWKPYIHIIIHNX, KPYIMHHUX Ta BEIHUKHUX MICT
moTpeOye IHTepIpeTalii MPUHIIMITY SIK Memabo1i3m, TOOTO THHAMIYHOTO
CTaHy OHOBJICHHS KiJBKOCTi, MICTKOCTI Ta JIOKami3amii CKJIaJI0BHX
€JIeMEHTIB MICTOOYJIBHOI CHCTEMH JIKYBaJbHUX 3aKJIaJiB LUIIXOM
MOMIEPEAHBOTO iX PO3MIMICHHS Ha OCHOBI TPAaHWYHAX HOPMATHBHHUX
MOKAa3HUKIB Ta TIOCTYIIOBOIO KOPETyBaHHS B  Y3TO/PKEHOCTI 3
MPOTHO3HUMH Ta 00’ €KTHBHHUMH IOTpeOaMH Ta MONHUTOM CYCIHiJIbCTBA.
I'pymy cepemHix Ta MalMX MICT, TEPUTOPii CLIBCHKOT MiCIIEBOCTI
JIOLIJIBHO PO3MIISJIATH 3 TO3MINT n06mopiosants abo iTepallii B acreKTi
301IBIIEHHS THIIB 1 KiTBKOCTI JIIKYBaJIbHUX 3aKJa/iB, IX TEPUTOPiaTbHOL
KOHIIGHTpalii 0 TIOCTYIIOBOTO HAOMIKEHHS OO HOPMAaTHBHHX
pPEKOMEHIAITIH.

Hacrynuuit 3acaHUduid PUHIAT — KIACMEPHICHb, BIITIOBITATBHUN 32
TEpUTOpiaIbHE YTBOPESHHS BCEPEIMHI MICTOOYTIBHOT CHCTEMH 3aKJaJiB
OXOpOHHU 3/I0POB’S BIJIHOCHO aBTOHOMHHMX OJWHHUIL (KOMIUIEKCIB), SIKi
3a0e3MeuyoTh TOBHUM IMKJI MEIWYHOTO OOCITYroByBaHHS 3a TIEBHUM
HanpsiMoM. [IpomoHyeThesl Taka KiacH(ikaiis MEIUYHHX KIACTEepiB: 3a
MicToOyiBHUM piBHEM (TIEPBUHHOTO, BTOPUHHOTO, TPETUHHOTO MEIIIHOTO
00CITyroByBaHHS); 32 TCPUTOPIATIEHUME MEKaMH ((YHKIIIOHYBAaHHS HU3KH
00’€HAHUX IKYBaJbHHX 3aKIAIiB HA BH3HAYCHIH TEpUTOpii perioxHy,
MicTa); 32 podieM KOMIIOHEHTIB (JTiKyBaJlbHi, OCBITHI, HAYKOBO-IOCITiTHI
3aKJIajM, CKIIaJI0BI MEIMYHOI TPOMHECIIOBOCTI 1HIII CYIyTHI Ta JOTOMIXHI
CTPYKTYpH); 3a HampsMOM cremiamizamii  (IuTsdi, KapIioNoriuHi,
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OHKOJIOTIYHi, TICHXOHEBPOJIOTiYHi, HE(POJIOTiuHi, TpaHCIUIAHTAIIHI Ta
HI Criemiani3oBaHi JIKapHi), 32 BIKOBOK KaTEropi€ro MaIli€HTiB (AUTsIYe,
Jopociie, HaceleHHs MOXWwiIoro BiKy). OcoOiuBicTe Ta  crienugika
MEOUIHUX KJIacTepiB MONSrae€ B TOMY, IO HA MULIXY OO €MEPKCHTHHX
pe3yiIbTaTIB B HHUX MOXYTh OYyTH 3alisHi KOMIIOHGHTH 3 pI3HHX
MicTOOy/iBHUX PIBHIB Ta MEPEX MICTOOYIIBHOI CUCTEMU 3aKJIafiB OXOPOHU
37I0pOB’s, @ TAaKOXK 3 IHIIMX CyMDKHHX Ta JONOMDKHHX cdep (OCBITHBOI,
HAYKOBO-JIOCTIZIHOT, TPOMHCIIOBOI Ta THIIHX ).

Ha neprxaBHOMY piBHI OpraHi3ailii MicTOOY/IIBHOT CUCTEMH JIIKYyBAIHUX
3aKIa[iB TPUHLUN BUAO3MIHIOETBCA y HAmNpsMi  inmezpanbHocmi
Y MiCEKOMY CepeIOBHIII HAMKPYITHIIINX, KPYITHUX Ta BEJIMKUX MICT, Y SKHX
OJTHOYACHO ICHYIOTh Pi3HI THIM KJIACTEpHUX OO’€IHaHb, [OIbHA
IHTEpHpeTalis TPUHIHUITY SK KOHCORO08aHicmb, TOOTO (OpMyBaHHS
PI3HOOIYHMX BHYTPIIIHIX Ta 30BHIIIHIX B3a€MO3B’S3KIB MK OKPEMHMH
KJIaCTepaMU 3 METOI0 eMEp/IKEHTHOTO Pe3yJIbTaTy 3a paXyHOK 00’ €IHAHHS,
iHTerpalii Ta 3ryproBaHOCTI. ['pyma cepeiHiX Ta MaluX MICT, TEPUTOPIi
CUTbCbKOI ~ MICIIGBOCTI ~ BHMAararoTb  TpaHchopMarlii  NpHHIUITY
y Komymayiinicms (JaT. commutatio — 3MiHa, commutare — 3MIHIOBATH),
sKa TIOB’s13aHA 3 TIONIYKOM Ta BCTAHOBJICHHSM 3B’S3KIB MDK OKPEMHMHU
JIKyBIPHUMHU 3aKjIafaMH, iX KOMIUIEKCAMH Yy IIEBHIM TepuTOpiasbHiit
OJMHULI Ta I103a 11 MEXKaMHu.

OcTaHHI} CTPYKHEBUH MPHUHIIUI — CEOEPIOHICMb, IKUNA TIOKITUKAHUHA
CTBOPUTH MiAIPYHTS U iHAUBIAyai3anii apXiTeKTypHO-MiCTOOYIIBHUX
MPOSKTHUX pIilleHb A 4Yac (OpMyBaHHS MicTOOYIIBHOT CHCTEMH
3aKJIalliB OXOPOHHU 370poB’s. Ha 3araipHOmEpkaBHOMY IUTaHYBaJIbHOMY
piBHI TNPHUHIMI OTPUMYE O3HAK pezionanbHoCcmi, $Ka Tependadae
IHTErpamilo HU3KK TEPUTOPiaIbHUX OCOOIMBOCTEH, MOTpiOHOCTEH Ta
MOTEHIIIH y NTWHAMIYHOMY PO3BHTKY MICTOOYIIBHOI CHCTEMH 3aKjaJliB
OXOpPOHHU 37I0pOB’s. PO3yMiHHS NPUHIMNY SIK i0eHMuyHOCMI OUUIBHO
ypa3l TIUIaHyBaHHS JIKYBalbHUX 3aKJaliB y MiCTOOYAiBHOMY
CEPEJIOBHII HAWKPYITHIIINX, KPYITHUX Ta BEIUKHAX MICHKHX IOCEJICHb.
VY npoMy pasi iIeHTHYHICTh HalliJIeHa Ha yB’SI3KY CYKYITHOCTI BIUTHBOBHX
30BHIIIHIX Ta BHYTPIIIHIX (PaKTOPiB, PI3HOMAHITTS CEPEIOBHUII MiCHKHX
KOHTEKCTIiB, OTOYyI04Ol 3a0y/IOBH Ta MEPCIEKTHB PO3BHUTKY KOXKHOTO
OKpeMoro i c@opMoBaHOrO Micta. Y MICTOOYIIBHOMY CEpEIOBHIII
CepelHiX Ta MalMX MICBKMX TIIOCEICHb, a TaKOX UL TEPHUTOPIH
CUTBCHKUX HACEICHUX MYHKTIB AOIIBHA IHTEpHpETallis NPUHIUNY Yy
3HAYeHHI IHiyianizayii, TOB’A3aHOT 3 TOTPeOO Yy HOBIM po30ymoBi
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MiCTOOYiBHOT CHUCTeMM JIIKYyBaJbHMX 3akjaliB, 1 akTuBamii, Yy
1HMBIyaTbHOMY BH3HAUEHHI Ta IMOCTYIIOBOMY KOpETryBaHHI mapameTpin
(YHKI[IOHYBaHHS Ta TUHAMIYHOTO PO3BUTKY.

3. Metoau i npuiiomn popmMyBaHHS i pO3BUTKY
MicTOOYAiBHOI cHCTeMH 3aKJIa/IiB 0XOPOHHU 310POB’A

OOrpyHTYBaHHS MPUHLUIIIB TEpUTOPiaNbHOT oprasizarii
MICTOOYIIIBHOI CHUCTEMM 3aKJIaIiB OXOPOHHU 3JI0POB’Sl CTAJIO MiAIPYHTIM
JUIs BHU3HAUYEHHS METONIB pealizalii Mepexki AUTSIYUX JKyBaJIbHUX
KOMIUIEKCIB. 3 OIJIsIly Ha OKTaeApTHICTh OCHOBOIOJIOXXHUX MPHHLUIIIB
MICTOOYIiBHOTO (DOpPMYBaHHS CHCTEMH JIKYBAJIBHHX 3aKJIaiB Ta
TECEPaKTOBICTh KYMYJSTHBHOI MAaTpHINl 3acafHH4YMX Ta IOXITHUX
MPUHLHUIIB Y JOCIiKEHHI POIOHYeThest 6 Tpyn MeTofiB i 18 mpuitomis
ix peamizamii. Ilepma Tpyma, sKka MMANOPSAKOBaHA —TPUHIIHITY
PO30CepeIKEeHHS Ta CIIPSIMOBaHa Ha PO3TATYKSHHS MiCTOOYAIBHOT MEpexi
MEPBUHHOI JIAHKH, CKJIAIAEThCS 13 MeToAy Audy3ii Ta HU3KU HpPHHOMIB
(po3moniny, HacW4YeHHS, JOCTaTHOCTi). Jlpyra rpyma, 3acHOBaHa Ha
MPUHIMITT  KOMIDIEKCHOCTI 1 BIANOBIHA 3a YHIBEPCAIBHICTH Ta
6araTonpo¢iIbHICTh JIIKYBAIbHUX 3aKJIajiB BTOPUHHOI JIAHKM MEIUYHOL
JOIIOMOTH, CKJIQAeThcAd 13 MeETOAy NOMi(OHIUYHOCTI Ta NpUHOMIB
aHCcaMOJICBOCTi, pUTMIYHOCTI, acHMeTpH4HOCTI. TpeTs rpyma, o’ s3aHa i3
MPUHLUIIOM IpPETYNSpHOCTI MICTOOYIIBHOI OpraHizaiii TrocmiTaabHOI
Mepeski TM/L, ciipssMOBaHa Ha HEpETYISIPHE PO3MIIIEHHS CIIEIiali30BaHIX
JKapeHb, PEaT3yeEThCS METOIOM  BHOIpKOBAacTI Ta  IpUHOMaMH
NpUETHAHHS, BIMOKPEMIICHHS, TpyHyBaHHA. UerBepra rpyma, sKa
CKJTaJIa€Thc 3 METONy TEHEPaTHMBHOCTI 1 MPHHOMIB MOEIHAHOCTI,
BIIMIHHOCTI Ta MOMIOHOCTI, MAKOPIOETHCS il MPUHIMITY (HPAKTATBHOCTI,
0 BIAMOBIA€ 32 CAaMOOPTaHI3aIll0 Ta CAMOPETYJISAIII0 MICTOOYIIBHOI
CHCTEMH 3aKJIaJliB 0X0p0HI/I 310poB’s. [I’sta rpyna merony CKynquH;I Ta
MPUIOMIB B3a€MO3B’I3KOBOCTI, 1HTerpau11 Ta PO3CIIOBaHHS, IOB’sI3aHA i3
TOPUHIUIIOM ~ KJIACTEPHOCTI, SKi Y cyKyHHOCTl CTaBIATH HA MeETi
TepHUTOpiaJbHE YIPYIyBaHHS Ta B3a€MO3B’SI30K PI3HOPIJHHUX JIIKYBaJIbHUX
KOMIUIEKCIB, B TOMY YHCI IHUTSUOi crpsMoBaHocTi. OcTaHHS Tpyma,
MpE/ICTaBICHa  METOAOM  KOHTEKCTYaIbHOCTI  Ta  NpUHAOMaMH
MPOTUCTABJICHHSI, TATIMIICECTY Ta HOBAIIIMHOCTI, 3B’A3aHa i3 aKTHBAIII€I0
NPUHLUIY ~ CBOEPIAHOCTI,  BiONOBimae 3a  caMOOyTHICTH  Ta
THIUBITyasTi3amito apXITEeKTYPHO-MIiCTOOYIIBHOTO MIPOEKTYBaHHS
HLTICHOCTI MICTOOYIIBHOT CHCTEMH 3aKJIaIiB OXOPOHH 37I0POB s
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Memoo  Oughyzii — Tpolmec HACHYEHHS MICBKOI TKaHHHU
TUTIOJIOTIYHAM PI3HOMAHITTSIM 3aKJIaJliB IEPBUHHOI MEIUYHOI JOIIOMOTH,
3 METOK BUPIBHIOBAHHS 1X KOHIIEHTpAllii 0 HOPMaTUBHUX IOKa3HUKIB 13
ypaxyBaHHSM IIUIBHOCTI TPOXKHUBAIOYOTO HACEICHHS Y CYKYIHOCTI
IUIAaHYBaIbHUX OAMHHMIBL TEpUTOpii MichKOro cepefposuima. Ha
3arajJbHOMEPXKABHOMY piBHI (OpPMYyBaHHS 1 PO3BUTKY MiCTOOYAIBHOL
CUCTEMH JIIKYBAIBHUX KOMILUIEKCIB MeTOI MU(y3il BMHKAE JTII0 npuiiomy
HacuyeHHs, SIKUH KOperye Mipy 3pOcTaHHS ab0 crmajaHHA KiIBKOCTI i
MOTYXKHOCTI 3aKJaJiB TEPBUHHOI MEIWYHOI JIAHKH Yy CYIUIEHOMY
TepUTOpiaJIbHOMY  BUMIpi  KpaiHu.  [lputiom  pos3nodiny  abo
eKCTparyBaHHs, SKHW TIependadae po3MOAT MIChKOI TepuTopii Ha
JUISHKY 13 PI3HUM XapakTepoM 3a0ynoBH (ICTOpUYHA, TUIIOBA, BUCOTHA,
MaJIONOBEpXOBa, YHIUIGHEHA Ta IHII) Ta BIAMIHHOK KUIBKICTIO
HACEJICHHS, JOUIJIbHO BUKOPUCTOBYBATH Yy MICBKOMY CEpEIOBHIII
HaMKpyMHINX, KPYNHUX Ta BeJUKUX MicT. Ha miif ocHOBI 00MparoThCs
ontuMaibHi TMNU 3aknaais [IM/], popmyroThcst BinoOBiAHI KOMOiHaLT 3
iX HepIBHOMIpPHUM PO3MIIIEHHSIM y PI3HOMAHITTI CTPYKTYpH Micta. [[is
IPYNHU CepefHiX Ta MaNUX MICT, a TaKOX CLIBCHKOI MICLIEBOCTI METOA
qudy3ii JOUUIBHO 3IIHCHIOBATH NUISXOM BUKOPHUCTaHHS HpULioMy
docmamuocmi, TIOKIHMKAaHOTO Ha OpraHi3amilo JpiOHHX OCepelKiB
HagauHs [IM/] y HaceleHHX ITyHKTaX 3 HU3BKOKO IIUIBHICTIO 3a0YR0BH
Ta MPOXHUBAIOYOTO HACETICHHSL.

JIJ1s osICHEeHHS IIISIXIB peatizallii nmepioi rpynyd MeToAy 1 mpuioMiB
JIOIIJIFHO TIPOaHAI3yBaTH ICHYIOUHE CTaH Ta HAJAaTH MPOIO3MINII 100
(hopMyBaHHA  CKJIaJIOBUX KOMIIOHEHTIB JWTAYOTO  JIIKYBaJIbHOTO
KOMIUIEKCY Ha piBHI Mepexi 3akiamiB [IMJ] y mexax M. Kuesa.
Hespakatounm Ha Kpaimidi B KpaiHi pIBEHb PO3TATYKEHOCTI Mepexi
KOMyHaJIbHMX  Ta  npuBatHux  3akimanie  IIMJ,  ocobamBo
CKOHIICHTPOBaHHUX y IIEHTPAJIbHHUX Ta ICTOPUYHMX MICHKHMX 30HAX, aHAJI3
MOKA3HUKIB MIUIBHOCTI MPOXXKHBAIOYOTO HACEJCHHS IO PI3HHX MICHKUX
JTUITHKAaX CBIMYUTH MPO HECTauy MEAUYHHX 3aKjiaiB Ha nepudepii ta y
palioHax 3 aKTHUBHHUM BUCOTHHM JXUTJIOBUM OyAiBHUITBOM. KoMOiHamis
MIPUHIHITB PO30CEPEIDKEHHS Ta JIOKAIBHOCTI JO3BOJISIE PO3MICTHTH HOBI
MicCIlsl JUIsl HaaHHs MeauaHuX nociayr [IM/] B 3aiexHOCTI Bii HASBHUX
Ta MPOTHO3HMX MOTPed Ha MICBKUX IUISHKAX 3 MPHUCKOPEHHM TEMIIOM
KUTIOBOIO OymiBHUITBA. BHKOpUCTaHHS MeToAy IUQY3ii T03BOJISIE
HACHTUTH MICHKY TKaHWHY THITOJIOTIYHUM pi3zHOOapB’siM 3axmanis [IM]]
JI0O CTaHy, BIAMOBIHOTO J0 HOPMATHUBHHUX ITOKA3HUKIB, MILIBHOCTI
HacesneHHsA. [IpuiioM po3mofimy KOperye 3armoBHEHHS IPOOIEeMHHX
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JTUISHOK MIiCBKOi TEpHTOpii 3 TO3MINI XapaKkTepHUX OCOOIMBOCTEH
3a0y10BH, ii BUCOTHOCTI, YIITLHEHOCTI Ta iH.

Memoo nonigponiunocmi, NMpU3HAYECHUN JUI aKTUBI3AI{i MPUHLUILY
KOMILUIEKCHOCTI Ta TepuTopianbHOi TpaHchopmarii OGaraTonmpodiapHUX
JiKapeHb 3a 6 CTYNEHSAMH IHTCHCHUBHOCTI JIKYBaHHS, 3 OJHOYAaCHOIO
IHTErpali€r0 AUTSYMX BIIAUIEHb Yy CTPYKTYpY iX (YHKIIOHAIBHOL
NoOyIOBU 3 METOI0 YCYHEHHs CIelianizallii roCHiTaJbHUX 3aKJIajiB 3a
BIKOBUMHM O3HaKaMH. Peaizallii MeToqy Ha 3arajibHOJCpP)KaBHOMY DiBHI
(GopMyBaHHSI CcTa€ MOXKJIMBOIO TiJ] BIUIUBOM HPULOMY AHCAMONEBOCHI,
BIAIMOBIJHOTO 33  PI3HOMAHITHICTb  (DYHKLIOHAIBHOI  CTPYKTYpH
TOCHITAILHOI MEpEeXi BTOPUHHOI JAHKH MEIUYHOTO OOCITYrOBYBaHHS
HaceleHHs KpaiHu. [lputiom pummiynocmi, TOOTO PO3MIPEHOCTI 1
Y3TOJKEHOCTI TEPUTOPIATBHOTO PO3MIIIEHHS THIIOJOTIYHUX PI3HOBU/IIB
nikapedb BMJI J0ITBHO BHKOPHCTOBYBATH y MICBKOMY CEpEIOBHIIT
HAWKPYITHIIINX, KPYITHAX Ta BEJIUKHUX MICT. JIJIs TpyIy cepemHixX Ta MaJIuxX
MICT, @ TaKOXX CUIbCBKOI MICIIEBOCTI METOJ]l MOMi(pOHIYHOCTI JOUIILHO
3OICHIOBATH IIUIIXOM BUKOPUCTAHHS — NpULiomMy acumempuyHocnii,
MTOKJIMKAHOTO Ha (POPMYyBaHHS HEPIBHOMIPHOI CTPYKTYpH MiCTOOYMIBHOL
Mepexi nikapenb BM/I, 1110 noB’s13aH0 3 feMorpadivyHorw po3piKeHICTIo
MIPO>KUBAIOYOr0 HACEIEHHS Ta HE3HAYHOIO IIUIBHICTIO 320y IOBH.

Drroctpariero MexaHi3MiB il JIpyroi rpynmd MeETOXy 1 TpPHHOMIB,
MOB’SI3aHUX 13 TPUHIUIIOM KOMIUIEKCHOCTI, CIYTy€ JiarHOCTHKA
ICHYIOUOT'O IOJIOKEHHS Ta HPOMO3MLii M0A0 (OpMYyBaHHS 1 PO3BUTKY
CKJIQJIOBUX KOMIIOHEHTIB JUTSYOTO JIKYyBaJILHOTO KOMIUIEKCY Ha PiBHI
MicToOyaiBHOT Mepexi 3aknanie BM/] Ha mpuknani M. Kuepa. 3rigHo 3
MPOBEJICHUM Y JIOCIHI/PKEHHI aHalli3oM iCHYIOYOro CTaHy TOCHITalbHOI
MEpeXi  HecmelializoBaHMX  JIKapeHb Ta  0coONMBOCTEH  iX
MicTOoOyIiBHOrO po3MimeHHs B M. KueBi ¢ynkiionye 16 O6araro-
npodiNnpHUX JIiKapeHb, MPH3HAYCHUX ATl OOCIyrOBYBAaHHS JIOPOCIOL
kareropii HaceneHHs (KuiBchbka Micbka KiiHiuHA JikapHsa No 1-Ne 10,
No 12, Ne 14, No 15, Ne 17, Ne 18 ta OnexcanapiBChKa KJIiHIYHA JiKapHS),
3 skux 12 3akiajiB 3HAXOIAThCS y MPaBOOEPEXHIM YacTHHI MicTa, a
4 mikapHi 3a0€3MeYyI0Th TOCHITaIbHY MEIUYHY IOMOMOTY TOPOCIAM
MEIIKAHISIM MicTa Ha JIIBOOEPEXiKi CTOJHI ACpXKaBH. XapaKTCPHUM
HEIONMIKOM  (aKTHYHOTO TEPUTOPIATBHOTO PO3MILICHHS JIiKapeHb
MICTOOYIIBHOI Mepexi BTOPHHHOI MEIWYHOI JIAHKH BHCTYIA€E iX
3TYpPTOBAHICTh Ta IyOJIIOBAaHHS, SIKE OCOOJIMBO BHPaKEHE B ICTOPUYHIM
yacTuHi MicTa. OKpiM I1OTO, YaCTHHA 3 IMX JIIKApEHb MOOyHOBaHA Y
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nepmid  momoBuHI XX cTopidus, Mae (i3WYHE  3HOIICHHS,
HEepaIioHATLHO BUKOPUCTOBYE 3eMENbHY MIIJISTHKY.

[IporonyeTscst HacTynHWil mepeposmofin: 4  GaraTonpodinbHi
JikapHi iHTeHcHBHOTO JiKyBaHHS (KWiBchbka MichbKa KJIiHIUHA JIiKapHS
MIBUJIKOI MEIUYHOT oroMory, KruiBckka Michka KimiHiuHA JikapHs Ne 8,
KuiBchbka Michbka KIiHIYHA JIKApHSA IHTEHCHBHOTO JIiKyBaHHS Ne 3,
KuiBcbka Michka KiiHiuHa JikapHa Ne6); 2 jikapHi BiJHOBHOI'O
nikyBaHHs (KuiBcbka Michbka KiiHiuHa jikapHs Ne 2, KuiBchbka Michbka
KJiHiuyHa nikapHa Ne 14); 4 mikapHi minaHoBoro jikyBaHHs (KuiBchka
MicbKa KiiHiuHa dikapHs Ne 1, KuiBcbka Michbka KiiHIYHA JiKapHs Ne 4,
KuiBchka Michka kimiHigHA JikapHS Ne 9, KwuiBcbka Michka KIliHIYHA
mikapas Ne 12); 2 xocmica (KuiBchka Michbka KiTiHIYHA JikapHS Ne 7,
OnekcaHapiBcbka KJIiHIYHA JiKapHs); 2 JKapHI MEIUKO-COLiaIbHOI
noromoru (KuiBchka Michka kiiHiuHA JikapHs Ne 17, KuiBcbka Michbka
KIiHIYHA JrikapHsS Nel8); 6 mepuHATANBHUX NEHTPIB  (ITOJOTOBHMA
Oymunok Ned4, Ne7, TIAI, Isida, Adonis, Jleneka), 2 mMmoOIOroBUX
OynuHKM (TONOTOBUH OynuHOK Tipu KWIBCBKIA MiCBKIM KIIHIYHIN
nikapui Nel, momorosuit 6yanaok Ne 5).

VY KueBi ¢yHkuionye 11 KOMyHadbHHX IOJOTOBHX OyIMHKIB Ta
3 mpuBaTHi, OLIBIIICTE 3 SAKWUX B3TiMHO 3 TEPUTOPIATFHHM aHAJI30M
KOHIICHTPYIOTHCS TIOPYY OJMH 3 OJHUM, THM CAaMHM JYOJFO0UN (PYHKITIT.
[Ipono3utisivu 11010 MICTOOYAIBHOTO pO3TAIllyBaHHS 3a3HA4YEHHUX
JKyBaJbHUX 3aKJIa/iB BUCTYNAIOTh TaKi: HAJaTH CTaTyC MEPUHATAIBHIX
LEHTPIB 6 MOJIOroBUM OynuHKaM (3 TpUBAaTHUM Ta 3 KOMYHAJIBHHAM) Ta
3QJUINATA 2 TIOJIOTOBUX OYJIWHKH, SKi PIBHOMIPHO OXOILTIOIOTH
TepuTopito Micta. IHImII HasgBHI MOJOTOBI JIKapHi NPONOHYETHCS
nepenpodimoBaTd  miA iHON  (YHKIIT a00 BUKOPUCTOBYBATH SIK
MepPHHATAIBHI IIEHTPHU MPUBATHOT UM 3MIIIAHOT (GOPMHU MiAMOPSIKYBaHHS
Ta (QiHaHCyBaHHSA. Y  NEPCHEKTHUBI  HEOOXIAHO  BIAIITYBAaHHS
MIePHHATAIBHUX IEHTPIB y nepudepinid wyactuHi ['onociiBchkoro ta
JleCHSIHCHKOTO paioHiB.

Memoo eubipxogocmi pU3HAYCHUH ISl BUSBJIICHHS Ta IPYHTOBHOTO
aHaJi3y TPOBIHMX HANpPsMIB JIKYBaJbHOI TiSUTBHOCTI JIKapHSIHUX
CTPYKTYpP 3 METOI0 BHUSBJICHHS a00 CIPOCTOBYBaHHS JOIUIBHOCTI IX
crnemiamizamii ¥ npuemHaHHS 10 MicTOOYIiBHOI MeEpexi TPETUHHOTO
MeJMYHOTO 3a0e3mneueHHs. [lputiom epynysawHs HNO3BOJIIE HA PiBHI
TepuTopii  nmepkaBm  3abe3mednTd  (POpPMYBaHHS — MicTOOYHiBHOT
CIIELiaIi30BaHOT TOCHITAIBHOI CUCTEMH, SIKa CTBOPIOE HEOOXITHI YMOBH
Ta MOTEHIIil JJIs MPOTPECUBHOTO Ta IHHOBAIIMHOTO PO3BUTKY JIOKAJILHUX
OCepelKiB 3 JIKyBaJbHUMM, OCBITHIMH, HAyKOBO-IOCHIAHUMH Ta
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EKCIIEPUMEHTAITLHO-BUPOOHNYMMH (DYHKIIsIMU. [Iputiom 8i0oKpemierHs
MOB’sI3aHUI 3 BHOKPEMJICHHSM Ta (DOpMYyBaHHSM CIEIialli30BaHUX Ta
YHIKaJIbHUX JIIKapeHb Y MICBKOMY CEpEIOBHII HAHKPYNHIIINX, KPYITHUX
Ta BEIMKUX MIcT. I Tpymu CcepeaHix, MalluX MICT, CIIbChKOL
MICIIEBOCTI, METOJI BHOIPKOBOCTI Peai3y€eThCs 3aBIISIKH BUKOPHUCTAHHIO
nputiomy nNpuEOHaHHA, TIOKIUKAHOTO HA TIOIIYK 1 BCTAHOBJIEHHS
TEPUTOPiaTbHUX 3B SA3KIB 3 HAMOIMDKUMMU CTIEIIaTi30BaHIMH 3aKIaJaMu
MicToOyIiBHOT Mepexi JtikapeHs TM/I.

J1st NOsICHEHHs IUIAXIB pealti3alii TpeThoi rpynu MeTony i npuiloMis,
MOB’S3aHUX 13 MPHUHIUIOM IppETYJISIPHOCTI, Y JOCIIPKCHHI MPUBOJUTHCS
JIarHOCTHKA Ta PEKOMEHAIll MO0 PO3BHTKY CKIIAJIOBUX KOMIIOHEHTIB
JTSYOTO JTIKYBJIBHOTO KOMIUIEKCY Ha PpIiBHI MICTOOYIIBHOT Mepexi
zaxnanis TMJL y mexax M. Kuepa. SIk CBIiTUUTBH aHAI3 TEPUTOPIAIBHOTO
po3MileHHs icHyrounX B KueBi AWUTSUYMX JTIKapeHb, iX OCHOBHA YacTHHA
3HAXOJIMThCS Ha MpaBoOepexHii yacTuHi Micta (16 JikapeHs) i e 1 — Ha
niBomy Oepesi micta. 3 17 qUTSYMX JKapeHb 3 CKJIANAOTh CIIeNiani3oBaHi
JWTSYl  JTIKyBalibHI  3akimamd  (IHQeKIiiHaWHA, TyOepKyJbO3HHH  Ta
Helpoxipypriuauii nipo¢iti), 10 — koMyHallbHI Ta 4 TPUBATHI JIKapHi
JTSYOTO TIpU3HAYEeHHS. BpaxoByroui BHINEHaIaHi IMPOIO3MIII CTOCOBHO
HTerparii TUTSYNX BiIAUICHB y CKiIaf 22 JiKapeHb MICTOOYIIBHOI Mepexi
saxnanis BMJI KueBa, mnpomoHyeTbcsi Takuil po3MOALT: OpraHizamis
1 yHIBEpCHUTETCHKOI JIKApHI, JO CKJIAIYy SIKOT BXOIATh CyMDKHI 332 MICIIEM
po3tamryBanHs KuiBchka Michka AuTsda KitiHiuHa Jikapas Ne 2, KuiBchka
Miceka KiiHiuHa JjikapHs Ne3 Ta momoroBuii OymuHOK Ne 6; 4 mursdi
CIICIiaTi30BaH] JIIKapHI  PecIyOIKAaHChKOTO 3HAYEHHS 3a MpodiaeM
mikyBaHHS: KwuiBcbka Michbka JUTSYa KITiHIYHA iHQEKIIHHA JTiKapHS
(indexmifianit npodins), HACII «Oxmaraut» (OHKOJOTIYHMM TPOodiis),
KuiBcbka Michka auTsya KiiHiuHa JtikapHs Ne 1 (Hedponoriunmii Ta
Kapmiooriyaiii  mpodine),  Jursaua  wiiHiuHa  JikapHa Ne 7
(Hetipoxipypriunuid mpodisib); 4 auTsAdi JikapHi: JuTsda kiiHiYHA JTiKapHS
No 4, Jlutaua wnmiHiuea nikapHs Ne 6, Jlutsua kiminiyHa Jikapas Ne 8,
Jlutsga xotiHivHa JtikapHst Ne 9.

Memoo eenepamusrocmi OKIMKaHUN Ha aKTUBI3aIil0 JUHAMIYHOTO
Ta 3aKOHOMIPHOT'O CHHEPIeTMYHOTO IPOCTOPOBO-YaCOBOTO DPO3BUTKY
MICTOOYIIBHOI CHCTEMH 3aKJIaIiB OXOPOHH 3I0POB’S, i CTPYKTYypHHX
iepapXiyHUX TEPUTOPIaJbHUX MEpeK U JKyBaJbHUX KOMIDICKCIB
IUIIXOM IIOCTYIIOBOi CaMOOprasizamii Ta CaMOpPETyNALii CKIaJI0BHX
KOMIIOHEHTiB. Ha gepkaBHOMY MicTOOymiBHOMY piBHI  MeTOJ
BIIPOBAIDKYETHCS UE€PE3 NPpUtiom NOEOHAHOCMI, Iisl TKOTO BUSBISETHCSI Y
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TEPUTOPIaJIbHIA MPOEKIIil Ta KOperyBaHHI NUIAXIB peaizalii 3arajbHOro
3MICTOBHOT'O BEKTOPY PO3BHTKY MiCTOOYMIBHOI CHCTEMH JIKyBaJIbHUX
3aKJajiB 3aJCKHO Bifl CYKYMHOCTI 0COOIMBOCTEHl perioHiB KpaiHu.
Ipuiiom  6iominnocmi TIOB’SI3aHWUM 3 JUHAMIYHUM  OHOBJICHHSIM
KOMIIOHEHTIB MictoOynmiBHux Mepexx [IMJ, BMJ[ ta TMJ vy
MICTOOYIIBHOMY CEpeAOBUILI HAUKPYIHIIINX, KPYITHUX Ta BEIUKUX MICT
3aJ€KHO B HM3KM 3MIHHMX BHYTpILIHIX Ta 3O0BHIMIHIX (DaKkTopiB
PO3BUTKY Ta (YHKIIOHYBaHHSA. [Iputiom nodibrocmi, IpU3HAYCHUH IS
TEPUTOPIH CepelHIX Ta MaJMX MICT, CLIbChKOI MICIIEBOCTI IO3BOJISIE B
pa3i moTpeOM 3MEHIIYBATH MICTKICTh Ta MOTYXKHICTh JIIKYBaJIbHUX
3aKJaJiB 3  METOK  JIOCTYIIHOTO  3a0e3leYeHHs  MEIIKAaHIIIB
MAaJIOHACETICHHUX MTyHKTIB MEAUIHOIO TOTTOMOTOIO.

Memoo cxynuenna TOKIMKAHUI Ha CyMapHy IHTETPaTHBHICTh
CKJIQIOBMX  KOMITOHEHTIB ~MEIUYHHX  KJacTepiB, 3a0e3Meuyroun
THTIONIOTIYHE  PI3HOMAHITTA IUTICHOCTI JIIKYBaJbHHX YIPYITyBaHb.
Iputiom  83aemo36’sa3K060cmi, cuna il SKOTO PO3KPUBAETHCS HA
JIepKaBHOMY TUTaHYBaJILHOMY PiBHI opraHi3allii MicToOyIiBHOT CHCTEMH
3aKJIaJIB  OXOPOHHM  3JIOPOB’S,  BIJINOBia€e 3a  BCTAHOBJICHHS
KOMYHIKalliHHUX 3B’A3KIB  MDK OKPEMHMH TIpylmaMH  MEIUYHHX
KnactepiB. [lputiom inmeepayii' y cepeoBUIl HaUKPYIHIMINX, KPYTHUX
Ta BEJIMKHX MICT aKTHBI3y€ BHWKOHaHHS (YHKII MEKUIbKOX PpiBHIB
MEAUYHOTO 0OCIYrOBYBaHHS B MEXaxX OJHOTO JIKYBaJIFHOTO KOMILIEKCY
abo 3aknany. [lpuiiom po3citoganHs y CEpElOBUIII CEPEIHIX Ta MaJMX
MICT, CIJIbCBKOi MICIICBOCTI CKEPOBYE BEKTOpP (OPMYBaHHS MEIMUHHUX
KJIACTEePIB y HANpPSIMYy PO3PIIKCHOTO PO3TayKCHHS MiCTOOYIIBHOTO
pO3MillleHHsT JIIKyBaJIbHUX 3aKJIajaiB, 3 METOK TMOIMEPeIKeHHs iX
KOHIICHTpaIlii Ha MEeBHIH TepUTOPIi 1, K HACTIIOK, 3MEHIICHHS paaiycy
MEJWIHOTO OOCIYTOBYBaHHS HACEICHHS.

Memoo rommexcmyanvHocmi Tiependavae iHIUBIAyaTbHUN IIIISX
(hopMyBaHHS 1 PO3BUTKY MICTOOY/IBHOI CUCTEMH JIIKYBAIBHHUX 3aKJIAJIIB
VYkpaiHu 3 ypaxyBaHHSM KpaIlloro CBITOBOTO JOCBiIYy Ta TECHICHIIIH
TEPUTOPIaIBHOTO  PO3MIIIEHHS CYKYHHOCTI OyZiBelb METUYHOIO
npu3HaueHHs. Ha  3aranpHOJepKaBHOMY  PiBHI  NPOIOHYETHCS
BUKOPHUCTAHHS HpULioMy HpPOMUCMAGIEHHs, 3MICT SKOTO TMONSTaE y
OCMHCJICHOMY 3iCTaBIEHHI (PaKTUYHOTO CTaHy MICTOOYIiBHOI CHCTEMH
3aKJIaJiB OXOPOHM 3J0POB’s, 1 CKJIQJOBUX MEPEekK Ta JIKyBaJbHUX
KOMILICKCIB 3 TPOTHO3HHM CTaHOM, TOIIYKOM BIIXWJICHb Ta PilICHb
moA0 KoperyBaHHS. [lputiom nanimncecmy y MICBKOMY CEpEIOBHII
HANKPYMHIMNX, KPYOHUX Ta BEJIUKHUX MICT NPU3HAYCHUN IS
ypaxyBaHHS ICTOPUYHO 3HAYYIIUX JTiKYBAIGHUX OYIiBENb Ta YCTaHOB, iX
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iHTerpamii, 30epe)KeHHI Ta OHOBJICHHI y MeXaxX TNepCHeKTUBHOTO
PO3BUTKY  MicToOymiBHOT  cucteMu. [lputiom  Hosayiimocmi 'y
MICTOOYIIBHOMY CEpEIOBHILI CEPeIHIX Ta MajMX MICBKUX IOCEJIEHb,
TEPUTOPIH CIIBCHKUX HACENICHUX ITYHKTIB JIO3BOJISIE BIIPOBaKYBATH
HOBi ()OpMH OpraHizailii MeIMIHOTO OOCITyTOBYBaHHS HACEIICHHSI.

BUCHOBKHA

1. JlocmikeHHsT MICTOOYIIBHOT CHCTEMH OXOPOHU 370POB’S, TUTaHb
00’eTHAHHS Ta B3a€EMHOI Y3TOPKEHOCTI CKJIaIOBUX €JIEMEHTIB LIICHOCTI
MPOBEAEHO Ha MiAIPYHTI CHUCTEMHOTO IIJXOAY, SKWI JI03BOJIMB
PO3TISHYTH MEpEeXY JHUTAYMX JIKYBaJIbHHX 3aKJIaiB K i€papXidHo
MIATOPSAKOBAHY IUTICHICTh JIIKYBAJILHUX KOMIUIEKCIB, 1HTETPOBAHHUX Y
TOCHITaNbHI KIACTEPHU Ta OKPYTH, B SKUX 00’ €THYIOTbCS 1 B3a€EMOJIIOThH
CJIEMEHTH CHCTEMHM — MICTOOYIiBHI Mepexi 3aKiajiB pPi3HUX piBHIB
MEIUYHOT JOTIOMOTH.

2. Po3rnsHyTO Ta HAayKOBO OOIPYHTOBAaHO HOBHUiIl MiCTOOYIiBHMH
00’€KT — JUTSYUI JIIKyBAIBHUH KOMIUIEKC, SKWH HaOyBa€ MIJTICHOTO
XapakTepy 3aBISKH YHNOPSAKOBaHIN MOCITIZOBHOCTI MEPEX JIIKyBAIBHHUX
3axnaziB nepsuHHoro ([IMJ]), BropunHoro (BM/), tpetunnoro (TM/I)
piBHIB MeawuHOi normomord. JIiKyBaHHS HiTeli Ha INEPBUHHOMY PiBHI
MEAUYHOro OOCIyroBYBaHHS BinOyBaeThes y 3akiagax [IMJl y mexax
CIMEIHOT MEeJIMIIMHU, Ha BTOPUHHOMY PiBHI — B 1HTETPOBAHHUX IUTSYUX
BiZIINEeHHIX NikapeHs BM/], Ha TpeTHHHOMY piBHI — Yy CHeLiaNi30BaHUX
JUTSIYUX Ta IHIUX JTikapHax TM/I.

3. KoHmeniisi MepcrneKTUBHOTO PO3BUTKY MICTOOYMIBHOI CHCTEMH
3aKJa/iB OXOPOHH 3[0pOB’S 0a3yeThCsl HA CHUCTEMHOMY MiAXO/,
BpaxoBy€ HOBI 3acaJHW4l MEAWYHI TIOJOXKEHHS Ta MPUHIIMIIY,
NMpUTaMaHHi ~ Cy4YacHiH  apXiTEeKTYpHO-MIiCTOOYIIBHIA  MPaKTHIII.
3anponoHOBAaHO MATPUII0 NPUHLUUINB JUISI Pi3HUX THUIIB MIiCHKOTO
Cepe/IOBHUIIIA, SIKa CKIAJAeThCs 3 6 0a30BUX Ta 18 MOXIAHUX MPHUHIMUIIIB!
po30cepeKeHHS  (PO3Trally’KeHICTh, JIOKaIbHICTh, JACTEPMIHOBAHICTD),
KOMIIJICKCHICTb (cunTE3yBaHH, IIOBTOPEHHH, PO3CIsSIHHS),
ipperymsipHicth  (TONSpU3allis,  KOHICHTpAIis,  PO3PIDKEHICTH),
¢dpakTanpHICTh (TSOKIHHSA, MeTaOoJi3M, MMOBTOPIOBAHHS), KIACTEPHICTH
(IHTETpabHICTh, KOHCOJIJIOBAHICTh, KOMYTAIIHICTD), CBOEPIAHICT
(perioHaNbHICTD, 1EHTUYHICTD, iHimiami3amis). ChopmynboBani 6 rpymn
METOMIB 1 18 MpakTUYHUX MPUHOMIB peaizarlii.

60



AHOTAIISA

PosriissHyTO aKTyadbHICT JTOCIHIPKEHHS IHTaHb MiCTOOYIIBHOTO
PO3BHTKY CHCTEMH 3aKJIQJiB OXOPOHU 3JI0pOB’S B  yMOBax
pedopmyBaHHs MemuuHOl chepu. He3Bakaroum Ha Te, IO JAepikaBa
BHUTpayae 3HauHy yactTuHy BBII Ha oxopoHy 310pOB’s, SKICTh 1 PIBEHb
MEIWYIHOTO 3a0e3neueHHs B YKpaiHi 3amumaeTscs He3aqoBuibHuM. Lle
SIBUIIIC BUKJIMKAHO THUM, IO YKpaiHChKa CHUCTEMa OXOPOHH 3JI0POB’S €
TPOMI3ZKOK0 Ta 3acTapiioro, B TOMY UYHCII B apXiTeKTypHO-
MICTOOYIIBHOMY acIeKTi, 0a3yrouuch Ha PaAsSHCBKIN opraHizariiHiit
Mojeni. CkIagHy CHUTyalil0 MPOBOKYKOTh TJIMOMHHI HEAONIKH,
HakonmueHi 3 80-x pp. XX cT. y HaIllOHaNbHIH CHUCTEMiI OXOpPOHH
3II0pOB’sl Yepe3 BIICYTHICTh MOETAITHOI MoOJepHizamii. 3 1miei mo3umii y
JOCHI/DKEHHI ~ 3alpONIOHOBAHI  MPHHIMIM, METOOM Ta NPUHOMHU
TEPUTOPIaIbHOI OpraHizalii MiCTOOYIBHOI CHCTEMH 3aKJIaIiB OXOPOHH
3I0pOB’sl. MaTpHIld IPUHIUIIB JJIs PI3HUX THIIB MICHKOTO CepEIOBHIIA
CKIafaeThes 3 6 0a30BUX Ta 18 MOXITHUX MPUHLHUIIB: PO30CEPEHKEHHS
(po3ranmyXeHicTh, JIOKAJIBHICTh, JETEPMIHOBAHICTH), KOMIUIEKCHICTh
(cMHTEe3yBaHHS, IIOBTOPEHHSI, PO3CIAHHS), IpperyasApHICTE (TOJIAPHU3ALIi,
KOHIEHTpAIlisl, PO3PIHKEHICTh), (QPaKTANbHICTh (TSXKIHHI, MeTabomIi3M,
MOBTOPIOBAHHSI), KJIACTEPHICTh (IHTErpalIbHICTh, KOHCOJIiJOBaHICTb,
KOMYTaIlifHICTB),  CBOEPITHICTh  (PETiOHANBHICTh,  1IECHTHYHICTH,
IHIIIasTi3aIist).
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THE METHOD OF EXPRESSING THE UNCERTAINTY
OF DYNAMIC MEASUREMENTS

Vasilevskyi O. M., Didych V. M.

INTRODUCTION

To correctly assess the reliability of dynamic measurement results, it
is necessary to demonstrate quantitative values of the quality of such
measurements™?. Without knowing these values it is impossible to
compare the results of dynamic measurements with each other or with
the reference value. Obviously, there is a need to develop methods for
assessing the qualitative characteristics of dynamic measurements. The
task is complicated by the fact that in the course of dynamic
measurements it will be necessary to take into account the transient
modes of measuring devices (MD), during which the signal at the output
will change significantly®*. Such changes are due to the internal device
of MD, consisting of a variety of different masses and springs,
capacitances and inductances and other inertial elements, which in turn
lead to the emergence of dynamic uncertainty. Static MD conversion
equation is not applicable in dynamic mode. Therefore, to describe the
relationship between the output data y(t) and the input values x(t) of the
measuring devices, it is necessary to go to differential equations”.

This research was conducted into the basic metrological characteristics
displayed when developing new designs of measurement means for the

1 ISO/IEC 17025:2005, General requirements for the competence of testing and
calibration laboratories (Geneva, Switzerland, 1SO, 2005), 28 p.

2 Vasilevskyi O.M. Methods of determining the recalibration interval
measurement tools based on the concept of uncertainty, Tekhn. Elektrodin. 6,
81 (2014).

%s. Eichstéddt, A. Link, C. Elster, Dynamic Uncertainty for Compensated Second-
Order Systems, Sensors, 10, 7621 (2010).

*Vasilevskyi O.M. Metrological characteristics of the torque measurement of
electric motors. International Journal of Metrology and Quality Engineering, 8,
7 (2017).

5 8. Eichstidt, C. Elster, I. M. Smith and T. J. Esward, Evaluation of dynamic
measurement uncertainty — an open-source software package to bridge theory and
practice, J. Sens. Sens. Syst., 6, 97-105 (2017).
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evaluation of physical quantities, which is seen to be a crucial issue in
science, the solution helping to ensure the uniformity of measurements and
the identification of core and additional errors (uncertainties) in the
measurement of a given type of measurement means.

Therefore, the scientific task of creating methods for estimating the
uncertainty of dynamic measurements that would meet international
requirements for evaluating the characteristics of measurement quality
remains relevant.

1. Basic theoretical information
In case the equation of the measuring transducer is represented in the
form

Y = KX, 1)

where X is input signal which describes the measured value of the
physical quantity; K¢ is the coefficient of the conversion of the
measuring device and Y is output signal which describes the
measurement result, the mathematical expectation for the input signal
will be equal to M[X], and the mathematical expectation of the output
signal will be equal to

M[Y] = KeM[X], )

where M[Y] and M[X] are the corresponding mathematical
expectations of the output and input signals of the measuring device,
respectively®.

The spectral density of the input signal X(t) has the form’

Hx(e) = 1im (2T)"'| X (jw)|” when T — oo, €)

where X(jw) is the Fourier image obtained by replacing the value in
the operand of the image X(s) by the values of s for jw; T is the time of
observation; w = 2xf.

® Vasilevskyi O.M., Yakovlev M.Yu., Kulakov P.l. Spectral method to evaluate
the uncertainty of dynamic measurements, Tekhn. Elektrodin. 4, 72 (2017).

" Gihan Gomah, A traceable time interval measurement with a reduced
uncertainty. International Journal of Metrology and Quality Engineering, 6,
301 (2015).
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The expression for the spectral density of the output signal can be
represented by the expression®

Hy(@) = lim (2T)" |Y (jo)|" when T — o (4)

The relationship between the images of the output and input values
gives us an expression for the transfer function of the measuring device®

Ke(s)= =2, 5)

where Y(s), X(s) are the operator images of Y(t) output and X(t) input
signals, respectively; k, q are the order of the derivatives of Y and X,
respectively; A,, By are the coefficients of the differential equation.
Therefore, we can write that

H, (0) = |KC (ja))|2 Hy (a)), (6)

where Kc(jw) is the frequency characteristic of the measuring
transducer®.

The spectral density of the error signal, reduced to the input, will be
equal to

8 Esward T.J., Elster C., Hessling J.P., Analysis of dynamic measurements: new
challenges require new solutions, in Proc. of XIX IMEKO World Congress on
Fundamental and Applied Metrology (2009).

® Vasilevskyi O.M., Kulakov P.I., Ovchynnykov K.V., Didych V.M. Evaluation
of dynamic measurement uncertainty in the time domain in the application to high
speed rotating machinery. International Journal of Metrology and Quality
Engineering, Volume 8, Article Number 25, 2017 (pages 9). DOI:
10.1051/ijmqe/2017019.

10 Oleksandr Vasilevskyi, Pavlo Kulakov, Dmytro Kompanets, Oleksander M.
Lysenko, Vasyl Prysyazhnyuk, Waldemar Wojcik, Doszhon Baitussupov, A new
approach to assessing the dynamic uncertainty of measuring devices, Proceedings
Volume 10808, Photonics Applications in Astronomy, Communications, Industry, and
High-Energy Physics Experiments 2018, 108082E.URL: https://doi.org/10.1117/
12.2501578.
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H, (a)), (7

Kc — frequency characteristic of the measuring device for ® = 0.
The dispersion of the output signal o, for dynamic measurements

can be defined as the square root of the integral of the spectral density of
the output signal over all frequencies

. 12
oy =x " UHY (a))da)j . (8)

Taking into account the equations (3) and (6) above, the dispersion of
the output signal o, (8) can be represented on the basis of the spectral

density of the input signal and the frequency characteristic of the
measuring channel used (measuring means)

. 12
oy =7 (T'IHKC (ja))|2 |X(ja))|2 de , 9)

where |KC (ja))| is the frequency response module of the measuring

device, used for dynamic measurements™*.
Similarly, the variance of the error signal, reduced to the input, will
be equal to

2

K. (jo) q
K.

12
X (jo) de . (10)

Oy = 2 {]2
0

1 Vasilevskyi O. M. EVALUATION OF UNCERTAINTY OF THE RESULTS
OF DYNAMIC MEASUREMENTS, CONDITIONED THE LIMITED
PROPERTIES USED THE MEASURING INSTRUME. 9 International Workshop
on Analysis of Dynamic Measurements. 2016. Berlin, Germany (9—-10 November,
2016). URL: http://mathmet.org/resources/DYNAMIC2016/Vasilevski,-Alexsandre-
Dynamic-uncertainty.pdf.
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The frequency response module of the measuring device is
determined by the formula

K (jo) = (2> (0) + b (@), (11)

where a(w), b(w) are respectively, the real and imaginary parts of
the frequency response MD K. (jo) 1

The spectral function of the incoming signal X(jw) is related to its
time function X(t) by the Laplace expression

X(s) = [ X (t)ear. (12)

When the input signal passes through the measuring device
(measuring channel), distortions arise associated with the limited
properties of the measuring channel and as a result, the main harmonics
of the input signal under study appear pulsations wo. To study the
measurement uncertainty, a certain frequency wq is allocated from the
entire frequency spectrum, which is associated with the limited nature of
the measuring device.

For a finite time interval, the infinity sign may be replace by the total
observation time T.

The dynamic error of the measuring transducer, brought to the input,
in the time domain can be represented by the expression

AX(t) = ﬂ"/2JGAXe'/‘”’dw =z
, o (13)

DJAXcos(a)t)daHjJ.aAXsin(wt)dw}
0 0

12 vasilevskyi O.M. A frequency method for dynamic uncertainty evaluation of
measurement during modes of dynamic operation, Int. J. Metrol. Qual. Eng., 6, 202,
(2015).

3 Bartoli C., Beug M.F., Bruns T., Elster C., Esward T., Klaus L., Knott M.,
Kobusch M., Saxholm S. and Schlegel C., Traceable dynamic measurement of
mechanical quantities: objectives and first results of this European project, Int.
J. Metrol. Qual. Eng., 3, 3, (2012), 127-135.
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Consequently, the dynamic error that occurs due to the limited
properties of the measuring device can be estimated in the time domain
based on the model equation of the spectral function of the input signal
and the frequency response of the measurement (13).

It is obvious that expression (13) consists of real and imaginary parts,
and when evaluating an error, it is necessary to analyze the amplitude
value of the dynamic error, expression (13) needs to be converted to the
form

512

IAX (1) = m ﬂ‘l/zo'AXcos(a)t)dwT + [Iﬁ-vz%sin(wt)dw] ] . (14)

When, for instance, prior knowledge about the amplitude of the
frequency spectrum of the measurand is available in terms of a frequency
function, then equation (14) can be rewritten in the form

7F

. , 512
{ J. ”*I/ZJAXCOS (a)t) dw] + [ J. ﬁil/ZUAXSin (a)t) da)] ] ’ (15)
0 0

aX (1) -

with Fs=1/T the sampling frequency.

According to GUM™ Supplement 2, the uncertainty associated with
the estimation error is then given as the variance of the corresponding
rectangular probability distribution, i.e. the dynamic uncertainty of the
measuring device can be estimated from the formula

u,(t) = \/{ﬂj ﬂ"/ZGAXCOS(a)t)da)] (”_[ 70 ysin (ot)do /\/_ (16)

To confirm the proposed theoretical basis for estimating the dynamic
uncertainty of measuring instruments, we will perform a study of the
characteristics of the change in dynamic uncertainty by the example of a
vibration acceleration measurement using an accelerometer.

Y“Evaluation of measurement data. Guide to the expression of uncertainty in
measurement, JCGM 100, GUM 1995 with minor corrections, 1st edn. (2008).
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2. Experimental research
The differential equation describing the dynamic relationship of the
input and output values of the vibration acceleration measuring
transducer has the form

2
d Xé(t) L 94X
dt dr

+ R X, (1) = 5cos(a)ot) : 17)
m

where F(t) = Fcos(ayt) is the harmonic forced power of the

oscillation of the surface of the object (input value); Fq is the force
amplitude; wy is the angular frequency of forced power; Xy(t) represents
the the mechanical vibrations of the inertial mass; m is the mass of the
accelerometer; ¢ is the damping variable; k is the equivalent rigidity of

the piezoelements, /= c/2m is the damping coefficient; 4, = Jk/m is

the critical value damping coefficient™.

The accelerometer is located on the electrospindle of the engine and
performs spot metering of the vibration in the frequency®® range from
6 kHz t(1)7 10 kHz, which is created by the operation of the roller bearings
(Fig. 1)™".

The electrospindle is a mechanical system consisting of a metal
spindle body, an mounting system to asynchronous motor, rolling
bearings and a shaft that is mechanically connected to the motor rotor
and designed for operation at ultrahigh angular speeds (Fig. 1). It must
provide a high peak power and constant action power, maximum radial
and axial stiffness, maximum rotation speed, high demands on accuracy
and performance. The use of electrospindles with an integrated motor for
high-speed machining is possible for a number of practical applications
where the required spindle speed can be 8000 rpm.

15 vasilevskyi O.M., Kulakov P.I., Dudatiev I.A., Didych V.M., Kotyra Andrzej,
Suleimenov Batyrbek, Assembay Azat, Ainur Kozbekova Ainur, Vibration
diagnostic system for evaluation of state interconnected electrical motors mechanical
parameters, Proc. SPIE 10445, Photonics Applications in Astronomy,
Communications, Industry, and High Energy Physics Experiments 2017, 104456C
(Au?ust 7,2017); doi:10.1117/12.2280993.

% Podzharenko V.O., Vasilevskyi O. M. Diagnostics of technical condition of
electromechanical systems for the logarithmic decrement. Proceedings of Donetsk
National Technical University. 88, 138-144 (2005).

7 Vasilevskyi O.M. Means for measuring the dynamic torque electric motors and
an analysis of its accuracy, Vymiriuvalna tekhnika ta metrolohiia, 73, 52-56 (2012).
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Fig. 1. Constructive drawing electrospindle

One of the most critical components of any high-speed electrospindle
is the bearing system. The electrospindle should have high speeds of
rotation, transfer the necessary torque and power to the tool, have good
load capacity and a long service life. Bearings must meet all these
requirements.

To ensure trouble-free operation, regular maintenance and diagnosis
of bearing assemblies are necessary to determine the incipient defects.
These defects are determined at frequencies from 6 to 10kHz'.
Therefore, the measurement of vibration in this frequency range is an
actual scientific task, which allows to determine the incipient defects at
early stages and to perform maintenance of the bearing units according to
actual need™.

To study the dynamic characteristics of measuring device that are
used for dynamic measurements, one must resort to differential equations

18 |EC 60747-14-4:2011, Semiconductor devices — Discrete devices — Part 14-4:
Semiconductor accelerometers (IEC, Switzerland, 2011).

19 vasilevskyi O.M., Calibration method to assess the accuracy of measurement
devices using the theory of uncertainty. International Journal of Metrology and
Quality Engineering. 2014, 5.04: 403.
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describing the dynamic relationship between output and input quantities.
Therefore, the frequency characteristics of measuring devices are very
convenient for compiling a model equation for dynamic measurements
and estimating uncertainty, which is caused by the limited properties of
measuring devices in the dynamic mode of operation, with sinusoidal
input signals. In addition, in the frequency domain, it is possible to
investigate a complex sinusoidal signal, which is vibration.

The equivalent circuit of the measuring channel of vibration
acceleration®® shown in Figure 2.

Accelerometer Cable Previous

' amplilicr

Jo I |
|

Fig. 2. Equivalent circuit measuring channel of vibration

R,
C.

In figure 2 is designated: Q, — electric charge; Ry — accelerometer
resistance; C, — accelerometer capacity; R, — resistance of the connecting
cable; C. — capacity of the connecting cable; R, — resistance of the input
circuit of the preamplifier; C, — capacity of the input circuit of the
preamplifier; Ry — resistance of the feedback loop; Crf — capacity of the
feedback loop; K — preamplifier; U; — output voltage of preamplifier;
BF — bandpass filter; NE — non-linear element; Ky, — transfer coefficient
BF; K¢ — feedback factor BF; OA — operational amplifier; SC — scale
converter; K, — amplification factor SC; Ny — code analog to digital
converter.

2 vasilevskyi O.M., Kucheruk V.Y., Bogachuk V.V. Gromaszek K.,
Woicik W., SmailovaS., Askarova N. The method of translation additive and
multiplicative error in the instrumental component of the measurement uncertainty.
Proc. SPIE 10031, Photonics Applications in Astronomy, Communications, Industry,
and High-Energy Physics Experiments, 2016, 1003127 (September 28, 2016).
DOI:10.1117/12.2249195.
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The uncertainty budget of the constituent elements of the measuring
channel of the acceleration in relative units is shown in Table 1. On the basis
of an experimental study of the uncertainty budget of the measurement
channel of the vibration acceleration (Tab. 1), a the relative value of the
combined standard uncertainty was calculated without taking into account
the dynamic component of the uncertainty, which is 0.36%.

Table 1
Uncertainty budget of the constituent elements
of the measuring channel of vibration acceleration
value of The expa_nded
relative uncertainty o
Elements uncertaint (coverage factor Distribution
% Y. 1 1.96 at confidence
level 95%), %
Accelerometer 0.3 0.59 Uniform
(rectangular)
Prellmlnafy_ charge 0.02 004 Uniform
amplifier (rectangular)
. Uniform
Bandpass filter 0.2 0.39 (rectangular)
Scale converter 0.01 0.02 Uniform
(rectangular)
ADC 0.005 0.01 Uniform
(rectangular)
Background noise 2.14-10° 4.19-10° Normal
The combined standard
uncertainty (i, ) 0.36 0.71 Normal
Mean value 2.93 m/s’

The transfer function of the measuring device will take the form of

KMM

H(s) = =t
(s) s* +2hs + h}

(18)

where Kyw is the coefficient of proportionality of the measuring
channel of vibration acceleration.

Turning to the domains of frequency and separating the real and
imaginary parts, we obtain an expression for the module of the frequency
characteristics of the measuring device for vibration acceleration
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K | K 1/2
K ; :| MM MM , 19
Kol \(jo) +2h(jo)+ K| Lf‘ —20’h} + 40K +h;‘} (19)

mK

The input signal Fm™ cos(myt) of vibration acceleration has the
form of

X (jo) = joF, (o} +(jo) ) m", (21)

where @, is the cyclic frequency input vibration acceleration, which

ranges from 6 to 10 kHz that is, with a minimum value of 18,849.5 and
the maximum value is 31,415.9 radians/second.

The main number of defects manifest themselves by excitation of
high-frequency vibrations in the frequency range of 6-10 kHz and it is
for this reason that the boundary values of the range (less than 6 kHz,
greater than 10 kHz) are chosen as the minimum and maximum input
harmonic signals ®0, which is included in equation (14).

The module image of the input vibration acceleration is written as

|X (jo) = oF, (a)g -’ )71 m'. (22)

From source literature®; it is known that the amplitude of forced
harmonic power Fo is 3-10*m. The mass of the accelerometer® is
m = 4-.10°kg. The damping variable for the piezoelectric
accelerometers is equal to 0.5, equivalent rigidity of the piezoelements is
k = 2, and the minimum observation time T = 300 s. The proportionality
factoSr or gain Ky of the measuring channel of the vibration acceleration
is 10°.

2L T Bruns, M. Kobusch, Traceability of dynamic force and torque calibrations
by means of laser-Dopplerinterferometry, Proc. SPIE 5503, 602-607 (2004).
22 Broch J.T. Mechanical Vibrations and Shock measurements. 2nd edition. Briiel
& Kjeer (1984).
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Substituting the resulting values of the module of the frequency
characteristics (19), (20) and the image of the input signal (22) in equation
(10), we obtain an expression for the evaluation of the variance of the error
signal of vibration acceleration in the spectral area, reduced to the input

) 12
|z [(k(hkz ~@)-m(h® - o*) ~dmoth ) + 4k2w2h2} (23)

do

0 2Tim (e - a)z)(m(h,(2 -’ )2 +4maw’ i )2

To represent the characteristicsof the changes in the uncertainty in the
dynamic measurement vibration acceleration in the time domain, which
is caused by the inertial properties of the measuring transducer in its
dynamic mode we must express a Fourier expression for inverse
transformation in the form of (15).

Since expression (15) consists of real and imaginary parts, and in
assessing the uncertainty we are interested in the amplitude value of
dynamic uncertainty, expression to evaluate the dynamic uncertainty (16)
can be written as

uy(t) = Hﬂf EI/ZO'AXCOS(a)t)da)J +{T ﬁ'/zaAXsin(a)t)dw] ] /\5 (24)

Equation (24) was solved using the Maple 12 mathematical package,
taking into account expression (23). With a given minimum frequency of the
input signal of vibration acceleration of 6 kHz and a given observation time
of 300 s, the value of dynamic uncertainty is 0.156 m/s* (Fig. 3). If the
observation period increased to 600 s with a vibration acceleration input
frequency of 6 kHz, the dynamic uncertainty value decreased to 0.116 m/s’
(Fig. 4). The nominal value of the signal of the vibration acceleration of the
bearings of the motor of the motor is 2.93 m /s°. The characteristics of the
change in the dynamic uncertainty of the vibration acceleration measurement
as a function of the time variable obtained using the Maple 10 mathematical
package are presented in Figures 1 and 2 with a minimum frequency of the
input signal of vibration acceleration of 6 kHz with an observation time of
300 s and 600 s, respectively.

Substituting the values of the above shock coefficients into
expressions (23) and (24), we obtain the amplitude value of the dynamic
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uncertainty of the measurement of the vibration acceleration, which is
0.088 m/s?, while the frequency of the input signal is the vibration
acceleration of 10 kHz, and the time of observation of the vibration
acceleration T = 300 s (Fig. 5). If the observation time increases to 600 s
at the same frequency of the input vibration acceleration signal, the value
of dynamic uncertainty decreases to 0.064 m/s® (Fig. 6). The
characteristics of the change in the dynamic uncertainty of measurement
as a function of the time variable obtained using the Maple 12
mathematical package are presented in Figures 3 and 4 with a maximum
frequency of the input vibration acceleration signal of 10 kHz with an
observation time of 300 s and 600 s, respectively.

Based on the proposed spectral method for estimating the uncertainty
of dynamic measurements, an estimate was obtained of the uncertainty of
dynamic measurements of the vibration acceleration of the electric motor
spindle roller bearings. The proposed approach is based on mathematical
models of the spectral function of the input signal of the vibration
acceleration and frequency characteristics of the measuring transducer to
accelerate the vibration. This in turn makes it possible to take into
account the values of dynamic uncertainties when estimating the total
uncertainty of measuring the vibration acceleration.

To calculate the maximum relative value of the uncertainty of the
dynamic measurement of vibration acceleration, we divide the obtained
maximum value of dynamic uncertainty 0.156 m/s* (Fig. 3) by the

nominal value of the vibration acceleration of X = 2.93 m/s?, as a result
of which we obtain®

Cuy(Y) 0.156
= U0 W 0095 = 915619006 - 5.3295. 25
Uy = =5 100% = 5 557100% = 5.32% )

When calculating the relative value of the uncertainty of the dynamic
measurement of vibration acceleration from formula (23) and (24) for the
frequency of 6 kHz and the observation time 600 s, we obtain 3.96%
(Fig. 4). At a frequency of 10 kHz and an observation time of 300 s
(Fig. 5), we get the relative dynamic uncertainty of the measurement of

Byasilevskyi O.M., Kulakov P.I, Didych V.M. Technique Of Research
Uncertainty Dynamic Measurements Of Vibration Acceleration Of Rotating
Machines. 10SR Journal of Electrical and Electronics Engineering (IOSR-JEEE).
2016. Volume 11. Issue 5. Ver. I11. PP. 34-39. DOI: 10.9790/1676-1105033439.
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3 %. At a frequency of 10 kHz and an observation time of 600 s (Fig. 6),
we get the relative dynamic uncertainty of the measurement of 2.18%.

up(f) | mis?
016

.14+

012

01

t,s

Fig. 3. Uncertainty of dynamic measurement of vibration acceleration
at a frequency of 6 kHz and observation time of 300s

The uncertainty budget of the dynamic measurement of the vibration
acceleration for the observation time of 300 s and 600 s at frequencies of
6 and 10 kHz is shown in Table 2. The maximum value of dynamic
uncertainty is 5.32% at a frequency of 6 kHz at a observation time of
300 s (Tab. 2).
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Fig. 4. Uncertainty of dynamic measurement of vibration acceleration
at a frequency of 6 kHz and observation time of 600s
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LS

Fig. 5. Uncertainty of dynamic measurement of vibration acceleration
at a frequency of 10 kHz and observation time of 300s

The relative combined uncertainty measurement of the vibration
acceleration, taking into account the relative dynamic uncertainties @

(Tab. 2) and the relative combined standard uncertainty o, (Tab. 1), is
calculated by the formula

{ic =03 +1% =532 +0.36 =5.33%. (26)

Thus, the maximum value of the relative combined uncertainty of the
vibration acceleration measurement is 5.33% with an observation time of
300 s and a frequency of 6 kHz. At a monitoring time of 600 s at a
frequency of 6 kHz, the combined uncertainty value is 3.98%. At a
frequency of 10 kHz at a observation time of 300 s, the combined
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uncertainty is 3.02% and at a observation time of 600 s at the same

frequency of 2.21%.

Uncertainty budget of the constituent elements
of the measuring channel of vibration acceleration

Table 2

> Qe 8 X
g 2l e EDS =
“{\n 2 Py ._Nﬂ c O .-9('\1 [
E| 2 E |EE| sg&¢ ==
a I = - c © 8 o - —_
= =] bl c > 2 T =0 s ;
c = b= (=] T ¢ D +—= X
3 S °Z 5 |w=s| T283 s 2
S > % < SIS S Cwe © 5
o c e c o © T = - % 3
I & > 59 a0 2.2
(<5} =} 0 o C = > o E
= o 2 > S o852 >3
o O 25 g
LL F2g =)
6 300 | 0.16 0.32 5.32
The vibration 293 6 600 | 0.12 0.24 3.96
acceleration ' 10 300 | 0.09 0.18 3
10 600 | 0.06 0.12 2.18
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o

Fig. 6. Uncertainty of dynamic measurement of vibration acceleration

at a frequency of 10 kHz and observation time of 600s
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CONCLUSIONS

The spectral method for estimating the uncertainty of dynamic
measurements proposed by the authors allows calculating the amplitude
values of dynamic uncertainties without contradicting international
requirements for assessing the quality of measurements — the concept of
uncertainty. In turn, this approach helps to ensure uniformity of
measurements, which makes it possible to compare the results of
dynamic measurements carried out by various measuring instruments
and to conduct tests by various laboratories in leading countries. The
proposed method was tested in assessing the dynamic uncertainty of
measuring the vibration acceleration of a roller bearing of an electric
motor, which proved its validity and efficiency.

The described approach to estimating the dynamic uncertainty of
measuring instruments can be used for any measuring instruments that
are characterized by dynamic components of any type.

SUMMARY

A spectral method for estimating the dynamic uncertainty of
measuring instruments based on a mathematical model of the frequency
characteristic of a measuring instrument and a model of the spectral
function of an input signal is presented. The model equation for
estimating the amplitude value of the dynamic measurement uncertainty
is obtained, which is caused by the limited properties of the measuring
devices when a measuring signal passes through it in dynamic operation
modes. A mathematical simulation of the characteristic of the dynamic
uncertainty variation during the passage of a measuring signal through a
measuring transducer is performed using the dynamic model of a
vibration transducer as an example. Thus, the maximum value of the
relative combined uncertainty of the vibration acceleration measurement
is 5.33% with an observation time of 300 s and a frequency of 6 kHz. At
a monitoring time of 600 s at a frequency of 6 kHz, the combined
uncertainty value is 3.98%. At a frequency of 10 kHz at a observation
time of 300 s, the combined uncertainty is 3.02% and at a observation
time of 600 s at the same frequency of 2.21%. It helps to ensure the
uniformity of measurements and enables comparison of the results of
dynamic measurements made by different measuring devices and testing
by different laboratories of leading countries.
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OCOBJIMBOCTI TEXHOJIOT'TI INTABJIEHAX CUPIB
JIKYBAJIBHO-TIPO®IJIAKTHYHOI'O CITPSIMYBAHHSA
I3 KPIOITIOPOIIKOM «BYPAK»

I'ayak 1O. P., I'yrnii b. B.

BCTYII

CyudacHi TeH/IeHIIiT PO3BUTKY Xap4YOBHX TEXHOJIOTIH OCTAHHIMU POKaMHU
CIIPSMOBaHI Ha BHPOOHUITBO KOHKYPEHTHO-3ATHOTO ACOPTHUMEHTY,
MpU3HAYeHOTO sl 3a0e3Me4eHHs  PalliOHAJIbHOIO,  MOBHOILIIHHOTO
30aJlaHCOBAaHOTO — 3 eJieMEHTaMH (YHKI[IOHAILHOTO, 037I0pPOBYOTO
1 MacoBOTO XaquBa}H{ﬂl’z. CyyacHa CKIaJHa €KOJOTiYHa OOCTaHOBKA
B YKpaiHi BUMarae CTBOPEHHS NMPOIYKTIB, B TOMY UHCII 1 MIABJICHUX CHPIB,
3 PpI3HOMaHITHUMH HAalOBHIOBaYaMH Ta 0i0J00aBKamMH, B TOMY YHCIHi
13 JIKAPCHhKUMHU POCITUHAMH  Ta crewism®®®. Sk Bigomo, JIKYBaJTBHI
BJIACTUBOCTI XapUOBUX JIKApPCHKUX POCIWH 3yMOBJIEHI HAsBHICTIO B HUX
0I0JIOTYHO AKTUBHUX PpEYOBHMH, BKIIIOYAIOUM PI3HOMAHITHI BiTaMiHH,
MIKpPO-, MAKpOEJIEMEHTH 1 PI3HOTO POy q)epMeHmG.

! Bilyk, O. Substantiation of the method of protein extraction from sheep and
cow whey for producing the cheese «Urda» / O. Bilyk, N. Slyvka, B. Gutyj,
H. Dronyk, O. Sukhorska. Eastern-European Journal of Enterprise Technologies.
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Kaminarides, S. Effect of added milk and cream on the physicochemical,
rheological and volatile compounds of Greek whey cheeses / S. Kaminarides,
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AKTyanbHICTh BUKOPHCTAHHS JIKapCBKUX POCIHH, B UYHUCIO SIKUX
BXOJUTHh 1 OypsKk y ¢opmi KpiolOpoIKy, 3HAYHO 3pociia OCTaHHIMH
pokamu. BukopucTaHHS Hpomykmii KpiOT€HHHX TEXHOJOTIH J03BOJISE
e(EeKTUBHO TEPEepOOUTH pPOCIHHY, 30epirimu HaWOUIBII MOXIIMBY
KUIBKICTh ~ OIOJIOTIYHO ~ AKTUBHUX  PEYOBHH Yy  TPUPOITHOMY
criBBinHOMmEHH]. IIpy nboMy X KOHLIEHTpaLlis 301IbIIY€ETHCS 1 Y AECSITKU
pa3iB MiABHUILY€ETHCS PiBEHb 3aCBOEHHS OpPraHi3MoM .

MakcHuMaJIbHO-KOPUCHOT Jii MOJIOYHHUX TPOAYKTIB Ha OpraHi3M
MOXHa JIOCSITTH, BUKOPHCTOBYIOUHM Ii 0i0j00aBKM SIK HAIIOBHIOBadi, B
TOMY YHCII 1 3 METOI0 JIIKyBaHHA Ta MNPOQUIAKTUKH LIKIJUIMBOI Aii
HeraTUBHUX (aKkTOpiB cepefoBUINa . B I1bOMy IUTaHI BUKOPHCTAHHS
KpIOTIOPOIIKIB SIK 01000aBOK JI0 «MOJIOYHOD» OCHOBH, BMiJIe IX
MO€AHAHHS Hece y co0l BENHKI MepCHEeKTUBH SIK Y COLIAIBHOMY, TaK i
010JI0T0-TEeXHOJIOTIYHOMY rrani M.

BpaxoByroun BuIlleHaBeICHE, BUBUEHHS BIDIMBY 3aCTOCYBaHHS
HOBOTO BITYHU3HSIHOTO KpionopomKy «Bypsik» B TeXHOJIOTIT COJIOAKOTO Ta
COJICHOTO IUTABJICHUX CHPIB BUIAETHCS HAM IEPCIICKTHBHUM HAIPSIMOM
JNOCHiDKEHb HE IIMIIe 3 TIOTJSNYy CTBOPSHHS HOBHX BITYH3HSHHUX
MOJIOYHHX INPOXYKTIB JIIKyBaIbHO-TIPO(ITAKTUYHOTO CHPSIMYyBaHHS, ajie
W pO3MIMpEHHs TPAJHULIMHOIO acOPTUMEHTY MOJIOKOIepepoOHHX
MIAIPUEMCTB, 10 BHPOOJIAIOTH AHAJIOTIYHY MPOIYKII0 HOBOTO
TTOKOJIIHHS.
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! Caguenkona JI.B., AkiMoBa M.C. BUBUYCHHS TOKCHYHOCTI KPioToapiGHEHOro
HOPOILIKY apOHii YOPHOIUTITHOI. Acnexmu po36umky @apmayesmuyHux ma MeOusHux
docnidocenv Ha cyuacHomy emani: mamepianu 1V Bceykpaincvkoi Haykoeo-
npakmuyHoi KoHpepenyii 3 mixcnapoonolo yyacmio, M. Jlyrancok, 27-28 Gepesns
2014 p. C. 105.
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1. AHaJi3 JiTepaTypHUX JaHUX Ta MOCTAHOBKA NMPo0JeMHU

Sk Bi3HAYAOTH YHMCJICHHI TOCIIAHUKH, OCTAHHIMH POKaMH HOBITHI
TEXHOJIOT1] MOJIOUHHUX (YHKIIOHAJIBHUX HNPOAYKTIB MEpeayciM MOBHHHI
OyTH CIpsMOBaHI Ha 30epeKCHHSI KOPUCHUX PEYOBUH MOJIOKA, OCKUTBLKU
MOJIOKO € TIPUPOJHUM (DYHKITIOHATBHUM HpOHyKT0M12’13'14. B Toii xe uac
CTPIMKO 3pOCTa€ poJib HAMOBHIOBAYIB IIiJ] YaC BUPOOHHIITBA MOJOYHOI
npoaykiii. CycIiibCTBO HEBIIMHHO BUMAarae BIOCKOHAJICHHS HAsIBHUX Ta
CTBOpPEHHS III0pa3 HOBHX TEXHOJIOTIH TMPOJYKTIB, B TOMY YHCII
1 MJIaBICHUX CHUPIB 13 IXHIM HOPMATUBHMM YHCEIBHHUM CKJIAJOM
IIPONIOHOBAHMX HANoBHIOBauiB'°. BaX/IMBe 3aBIAHHS HAMIOBHIOBAYIB —
[l MiJBUIICHHS O10JOTIYHOI, XapuoBOi Ta TEXHIYHOI SKOCTI, & TaKOX
LIHHICTH BUTOTOBIIOBAHUX HpO,I[y1(TiBl7’1

Ha meit yac mepeBary MaroTh Ti NPOAYKTH, SKi 3JaTHI OYHIIATU
OpraHi3M BiJ pamioOHYKIIJIB, BXKMX METAIB, NUIAKIB, 3a0€3MeUyIOTh
HOoro HOpMaJIbHE (PYHKITIOHYBaHHS Ta IiIBUIIYIOTh PE3UCTCHTHICTH IO

12 Ha, M. In-Depth Characterization of Sheep (Ovis aries) Milk Whey Proteome
and Comparison with Cow (Bos taurus) / M. Ha, M. Sabherwal, E. Duncan,
S. Stevens, P. Stockwell, M. McConnell, A. EI-Din Bekhit, A. Carne. PLoS ONE.
2015. Vol. 10. Issues 10. 0139774 DOI 10.1371/journal.pone.0139774.

¥ Horyuk Yu.V. Kukhtyn M.D., Perkiy Yu.B., Horyuk V.V., Semenyuk,
V.1. Identification of Enterococcus isolated from raw milk and cottage cheese
“home” production and study of their sensitivity to antibiotics. Scientific Messenger
LNUVMBT named after S.Z. Gzhytskyj. 2016. Vol. 18, Ne 3(70). P. 44-48.

4 Nagovska V., Hachak Y., Gutyj B., Bilyk O., Slyvka N._Influence of wheat
bran on quality indicators of a sour milk beverage. Eastern-European Journal of
Enterprise Technologies. 2018. Vol. 4, Issue 11 (94). P. 28-34.

5 samilyk M. Improving the technology of soft sour milk cheese by increasing
biological value. Scientific Messenger of Lviv National University of Veterinary
Medicine and Biotechnologies. 2017. Vol. 19, Ne 80. P. 33-37.

8 Cimeka H.B. HoBa pelenTypa IMmiaBIeHHX CHpIiB i3 eXiHAICEI0 Ta CTpaB 3
HBOTO. Te3u Oonogideii Bceykpaincvkoi Haykoso-npaxmuuHoi KOH@epenyii moi.
8UeHUX 1 cmyOeHmie «AKmyanvHi NUMAHHA PO36UMKY XAPHOBUX 6-8, PECHOPAHHOZ0
2-6a i mopeisniy. Xapkis. 2010. C. 27-89.

7 TMykiscokuit I, Typunn 1., Cimeka H., Muxaitmunska O. Bukopucranmhs
POCIMHHOI CHPOBHHH B TEXHOJIOTIi CHPKOBUX Mac. Haykoeuii gicHux JIb6iecvrkoeo
HayioHANbHO20 YHigepcumemy 6emepuHapHoi meouyunu ma OiomexHonoz2itl imeHi
C.3. Dicuyvrozo. 2015. T. 17, Ne 4. C. 105-109.

®  Vkpamsen AM., Pamesckas T.A., Bamexka O.H. Mopdonorus
KPpUCTAJUIMYECKUX DJIEMEHTOB HAHOCTPYKTYPbI CJIIMBOYHOI'O Macjla € KpHO-
MOpOoLIKaMH paCTUTCIbHBIMU IMUIIEBBIMU. Kunemuxa u mexanusm Kpucmaiiusayuu.
Kpucmannusayus ons nanomexnonozuii, mexuuxu u meouyunst : \l medjcoynap. nayu.
xong., 23-26 cent. 2008 r. : Te3ucel qoxi. Meanoso (Poccus), 2008. C. 190.
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HECTIPHATINBUX  (DaKTOPIB HAaBKOJMIIHBOTO CEPENOBHINA  CIOXKH-
BauiB™

Jdyxe TepCHeKTHBHUM € 30aradeHHs MOJIOYHHX MpPOIYKTIiB
BiTaMiHAMH Ta MiHEpAILHUMH PEUYOBHHAMHU 32 PaXyHOK JOJaBaHHS IO
HUX POCITMHHUX 010/100aBOK y pi3HUX arperatHux ctaHax. CTBOPIOIOTHCS
HOBI TPOYITH, M TaK 3BaHI KOMO1HOBaHi, — JIIKyBaJIbHO-TIPOiTak THYHI
MPOIYKTH

OCHOBHMMH  METOJOJIOTIYHMMH  TiaxogamMu 10  (HOpMyBaHHS
(YHKLIIOHAIEHUX MPOAYKTIB €: 2

— TEeXHOJIOTIYHA CYMICHICTh MJIETUYHHUX JOOABOK 3 OCHOBHUMH
KOMITOHCHTaMH XapYOBUX CHCTEM;

— 30epexeHHa O0ioJOriuHOI  aKTUBHOCTI  A00aBOK MiJg  4ac
KYJIIHAPHOTO 00pOOITKY 1 30epiraHus;

— TIOJNINIIIEHHS SIKOCTI MIPOAYKIIiT 32 PaXyHOK BBEACHHS B PELCTITYPY
J00aBOK;

— (opMmyBaHHA (Hi310I0TIUHOT MIHHOCTI MPOIYKTY (YHKIIIOHAITBHOTO
Xap4yBaHHS;

— igeHTU(iKaLig NI€ETUYHUX 100aBOK 3 BU3HAYEHOKO Oi0JOTIUHONO
aKTHBHICTIO;

— Meauko-0ioJoriyHa  OWiHKA  KyJTiHApHUX  HPOAYKTIB Ui
(hYHKIIIOHAIBEHOTO Xap4YyBaHHSI.

OCHOBHMM TPHHIUIIOM CTBOPEHHS (DYHKI[IOHATBHUX TPOAYKTIB
MOJKHa BBaXXaTu 3MiHHeHH5[ 3I[OpOB’H JIIOIMHA 1UISIXOM  BIUUIMBY Ha
BH3Ha4eHi (i310JI0TIUHI peakilii opraHiamy

OcTaHHIMH pOKaMH Ha apeHy 0i0J00aBOK AaKTHBHO BHXOMATH
yncneHHi kpiogoOaBku. Tak, A.O. Ilamenko (2016) 3ampomnonyBaia
BUKOPHCTOBYBAaTH  Kpiomopomiok «['apOy3» miasi  MPOMHUCIOBOTO

' Sadowska-Rociek, A., Mickowska B., Cieslik E. Assessment of nutrient
content in selected dairy products for compliance with the nutrient content claims.
Journal of Microbiology, Biotechnology and Food Sciences. 2013; 2(Special
issue):1891-1897

CaguenkoBa JI.B., Hemsarux O./1., Tepaunko L.1., Pokorsacpka B.B., AkiMoBa
M.C., Bypuesa O.M., Kynaupkaesa €.B. Jlikapcbki poCIHHH SIK JHKEPETO CTBOPCHHS
HOBHX JiKapchkux 3aco0iB / JIyrancek : CIIJl Pe3nik B.C., 2012. 64 ¢

2 Mazapakn A.A. Texzomoris HPOAYKTIB (PYHKIIOHATBHOTO IMPU3HAYEHHS. /
A.A. Masapaku, M.I. [lepeciunnii, M.®. KpaBuenko. Kuie : KuiB. Hail. TOpr.-ekoH.
yHiBepcret. 2012. 116 c.

22 Cyupoxman 1.B., 3aropomus B.M. ToBapo3HaBCTBO IPOJYKTIB (YHKIIOHAIEHOTO
npu3HaYeHHs / HaBY. TociOHuK s crynentiB BH3. Kuis, 2009. 544 c.

I'pex O.B., Ckopuenko T.A. TexHomoris KOMOiHOBaHHMX TPOJAYKTIB Ha
MouoyHiit ocHoBi : [Tinpy4anuk / HYXT. Kuis, 2012. 362 c.
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BHPOOHHUIITBA COJOAKHX Ta COJICHUMX CHPKOBHX Mac JIKyBaJbHO-
MPO(DITaKTHYHOTO HATIPSMY.

H.I. Tuneiixo (2016) po3pobuna a1 DPOMHUCIOBOTO BUPOOHUIITBA
pelenTypy COJNEHUX CHPKOBHX Mac JIKYBIbHO-NPODIIAaKTHIHOTO
HampsMy i3 KpionopomkamMu «Mopcbka KarycTay Ta <<Bp01<1<0ni».24

A. InpiHcbka 1 cmiBaBTOpu (2017) peKkOMEHAYIOTh BUKOPHCTaHHS
kpionopomkis «l"apOy3», «AmapaHt», «bpokkom» Ta «Mopcbka
KarycTa» sk 010100aBOK 10 «MOJIOYHOI OCHOBWY KHCJIOMOJIOUHOTO CHDY,
a TaKkoX IJaBJeHOro cupy «JomammHiit». O. I'pabapuyk, A. LibiHCbKa,
B. KoGepriok (2018) mnpomnoHyrOTh BHUKOPHUCTAHHS KpiOIOPOLIKIB Y
TEXHOJIOTIl  MOJIOYHHUX  TPOAYKTIB  JIIKYBAIBHO-NPODITAKTHIHOTO
HATIPAMY>.

0. JlicoBebka, O. Ilynmeiixo (2018) po3pobuinn NpOMHUCIOBI
pelenTypu  MOJIOYHHX  HPOAYKTIB  JIKYBaJIBHO-NPO(IIAKTHIHOTO
HaIpsSMY 3 KPiOTIOPOIIIKOM 13 MOPETPOTYKTiB

I Taki mociipkeHHS aKTHBHO IIPOJIOBXKYIOTHCS Ta PO3LIMPIOIOTHCS
Ioci.

BpaxoByroun BuIleHaBeAECHE, BUKOPUCTAHHS KPiOIIOPOLIKIB, B TOMY
YHCIIi 1 IPOITOHOBAHOTO HaMM Kpiomopoluky «bypsik», Sk m0omaTKoBHX
peLenTypHUX CKJIAJHUKIB B TEXHOJIOTi COJIOAKUX 1 COJICHUX IUIaBICHUX
CHpIB € IKaBUM, OIPaBIAHWM, KOPHUCHUM IS HAYKH, 3 HOXAJBIINM
SKHAIIBUALLIAM BIPOBAJKEHHSM y BUPOOHUYUIA LUK
MOJIOKOTIEPEPOOHUX MiAPUEMCTB YKpaiHu.

Tpamuuifino OypsAK Mae INMUPOKUI CIIEKTP 3aCTOCYBaHHS B HapOJIHIH
MEJIUIIMHI, 3aBJISKA CBOIM KOPHUCHHM 1 IUTFOIIMM BiacTHBOCTSM. KopucHi
BIIACTMBOCTI Oypsika 3yMOBJICHI HAsBHICTIO B KOPEHEIUIOHAX pI3HHX
BiTaMiHiB, OeTaiHy, MiIHEPAJIbHUX PEUOBHH, 010()JIaBOHOIIIB. BoknuBaeThCs K
3araIbHO3MIIHIOIOYMI MPOAYKT, IO TIOKpAIlye TPaBICHHS 1 OOMIH
pedoBuH. KobanmbeT, mo MicTUTbCS B OypsiKy, IOIOMAara€ OpraHizmy
cHHTe3yBaTH BiTaMiH B12, a ioj 3axWiae IUTOBUAHY 3a03y, 30epirae

2 Tavak, H0.P. 3acToCYBaHHS POCIHHHOI Gi0f0GABKH B TEXHONOTIi MUIABICHHX
cupiB / FO.P. I'auak,0.P. Muxaiimuipka. 36ipnux mamepianieé naykosoi kongepenyii
«O300posui xapyosi npodykmu ma Oiemuyni 000asKu: mexHonozii, Axicme ma
oesnexar. Kuis : HYXT, 2014. C. 31-32.

[npinceka A. Benmipka A., Ilpucrancekumit P. Kpiomopomku B sKOCTI
6iomobaBok y monounux npoaykrax JIITH. AxryanbHi 3amadi cydacHHX TEXHOJIOTIH
6 30ipHUK Te3 MAOMOBiZAeH H. T. KOH(epeHUil MOJOAMX YYEHHX Ta CTYICHTIB.
TepHomine, 2017. C. 174-175.

% Jlicoscpka 0., [ymeiiko O. Po3pobka perentyp mosnounux npoayktis JITH i3
KPiOTIOPOILIKOM i3 MOPETIPOAYKTiB. /Jui cmydenmcoioi nayku y JIHYBM ma BT imeni
C.3 Dicuyvkoeo: Mamepianu cmyoenmcuokoi konghepenyii. JIbeis, 2018. C. 110-111.

88



nmam’sITh 1 mpane3aatHicTh. Jyxe BaXIMBOIO PEYOBHHOIO, IO MICTITHCS B
OypsiKy, € OeTaid, 610JOTIYHO aKTHBHA PEYOBHHA, HEOOXIMHA ISl IOBHOTO
3acBO€HHs Oinka. beraiH HACTITHKM aKTHBHUH, IO JO3BOJISIE 3aCBOIOBATU
0Ky, 10 MICTATBECS B M’sici, Maibke Ha 100%. JloOpe momimmryeTscs
po0oTa TIeUiHKHY i i€t OeTaiHy, Mo BXOAUTH JI0 CKIany OypskiB. Bypsk
MICTUTb 3HaUHY KUIbKICTh MIHEPAIBHUX CIIONYK. 30KpeMa, BCi OioMeTanu —
HaTpii, KaJiid, MarHid, Kajbpliil, Mapratenp, 3amiz0, KOOAIbT, Millb, LIUHK,
MoJiOIeH. bypsik MICTHUTP YHCIIeHH] BiTaMiHH (3 po3paxyHKy Ha 100 rpamis
nponykry): Biramin A — 0.01 wmr, Biramin B1 — 0.02 mr, Bitamin B2 —
0.04 mr, Bitamin B3 — 0.1 wmr, Bitamin B6 — 0.07 mr, Biramin B9 —
13.0 mkr, Bitamia C — 10.0 mr, Bitamin E — 0.1 mr, Bitamia PP — 0.2 mr?.

Metoto pobGoTu Oyiia po3poOKa HOBOI TEXHOJIOTIl COJOJIKUX Ta
COJICHUX CHPKOBHX Mac 3 BUKOPHCTAHHAM KPIOTIOPOIIKY «BypsiK».

JlIs OCATHEHHS ITOCTaBICHOT METH HEOOXiMHO OyJI0 BUPIIIMTH P
3aBIaHb:

— OOIpyHTYBaTH AOLIIBHICT BUKOPUCTAHHS KPIOMOPOLIKY «Bypsik»
Y TEXHOJIOT11 COJICHOTO 1 COJIOJIKOTO IIJIABJICHOTO CHPY;

— JOCTIAATH OPTaHOJENTHYHI TMOKAa3HUKH COJOIKHX Ta COJCHHX
TUTABJICHUX CHPIB 13 BUKOPUCTAHHIM KPiomopomky «bypsky;

— JIOCTIIUTH OCHOBHI (DI3WKO-XIMIUHI ITOKa3HWKH COJIOJKHX Ta
COJICHUX IIABJICHUX CHPIB 13 KP1OTOPOIIKOM «Bypsik».

2. Marepiaj Ta MeTOIH TOCTiIKEHb

[TnaHoM HayKOBHX JOCIIKEHb OYJIM TependadeHi eKCIIepUMEHTH B
YMOBax HayKoBoOi Jlabopatopii kadeapu TEXHOJIOTIi MOJOKa 1 MOJIOUHUX
MpoAyKTiB JIBBIBCBKOTO HAIIOHAJIBHOTO YHIBEPCUTETY BETCPHHAPHOL
MEJUIMHN Ta 6ioTexHooriH iMeHi C.3. [KUIbKOTo Ta Ha BUPOOHHUIITRI.

Jns pocnifkeHb BUKOPHCTOBYBaIM Kpiomopouiok «bypsk». [lo3u
MPOTMOHOBAHOI ()iTOJ00aBKU PO3POOIISINCH HA OCHOBI PEKOMEHIOBaHUX
JTOOOBUX HOPM CIIO’KHBAHHS TUIABICHOTO CHPY IUISA Pi3HUX BIKOBUX TPYI,
TMKyBaTbHO-IPOPIMAKTHIHUX 1103 OiomobaBku. CaM KpiOMOPOIIOK
BHOCHJIM O€3II0CEPEHBO Y CUPHY CYMIII MTepe/t TUIaBJICHHSM.

B s1k0CTI MOJIOYHOT IPOTOTHUITIB HAMH BUKOPHCTAHO:

1. JInsg cupy cONEHOTO IUIABJIEHOTrO i3 KpiomopomkoMm «Bypsk» —
penenTypy TpaauIlifHOTO TIaBJIEHOTO cupy «PocCiiichKHii».

2. dnst cHpy COJIOIKOTO IUIABJIEHOIrO i3 Kpiomopomkom «Bypsk» —
peUenTypy COIOAKOTO ILIABICHOTO CUPY «DpyKTOBHID».

2z MycynbmanoBa M.M.  KoMOMHMpOBaHHBIE  MOJOYHO-PACTHTEIbHbIE

HpORYKThL. Monounas npomviunennocms. 2006. Ne 5. C. 72-73.
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[Mepmum  eramoM HayKOBHX JOCHTIDKCHb OYyJIO 3arlaHOBAaHO
pPO3pOOKY pelentyp HOBOTO IUIABICHOTO CHPY 13 KpPiOMOPOIIKOM
«bypsik» Ha 0a3i BKa3aHUX MPOTOTHUIIIB.

KoMmoHeHTH cyMilii JUTst TIaBJICHHS TIOTIEPETHBO FOTYBAITUCH 3T1IHO
3 BHMOTaMH TEXHOJOTIYHUX IHCTPYKIIH TMiI dYac BHUPOOHMIITBA
IUIaBJACHUX cupiB. IlnaBneHHs cymimni 3MiHCHIOBAIM MpU TeMIEpaTypi
80-82°C. Bubip Ta mormryk 103 CKJIaTHHUKIB TPOBOIUBCS:

—3a 30epeKeHHSI MaKCHUMaJIbHO HAOMIKEHHX HOPMATHBHUX Xapak-
TEPUCTHK TUIABJICHOTO CHPY;

—3a0e3MeUeHHs] CMaKOBUX XapaKTEPUCTUK IUIABICHOTO CHpY i3
JIOJTaBaHHSIM ITPOMIOHOBAHO1 010100aBKH.

Jociimkeras mpo6 ToToBOT MPOAYKINT 3MIHCHIOBAINA BiIIOBIIHO 11O
I'OCT 26809-86 «Monoko i MOJIO4HI IpoxykTu. [IpaBuna npuitmaHHs.
Metoau Bigbopy i miaroroBka npo6 anamizy» ta JJCTY I1SO 707-2002
«Mouoko 1 MonouHi ipoaykTH. HactanoBu 3 Binbupanss npoo»; J1CTY
ISO 5538:2004 «Monoko i MONOYHI MPOAYKTH. BigOupanHs mpod.
KOHTpOJIb 32 SKICHUMH TIOKa3HHKAMU»

3. Pe3yabTaT A0C/IiIzKeHb Ta iX 00rOBOpPeHHs

3.1. Po3po0ka penentyp njiaBjaeHOro cHpPY: (COJIEHOT0 Ta COJIOAKOI0)
i3 BUKOpucTaHHAM Kpionopomky «bBypsik»

3.1.1. Cup nnaBneHW® CONEHMNI

Cup, BUOpaHMiA HAMH SIK TIPOTOTHI — TUIABJICHUH CHp «POCIHCHKUNY,
HAJICKUTh A0 IUIaBJICHUX cupiB «CupH IIaBieHi CKHOKOBi». IlnaBneHi
CHpH IIi€l TPymH XapaKTepH3YIOThCS IIEBHUM CKIAIOM JKHPY y CYXid
PEYOBHHI, BMICTOM BOJIOTH, KyXOHHOT COJIi, MalOTh NMeBHY BenuunHy pH i
CBOi OpraHOJNIENTHYHI XapaKTEPUCTUKH, IO BIAPI3HAIOTE iX Yy
TEXHOJIOTIYHI Ta TOBAapPO3HABUIA XapaKTEPHUCTHIN I[bOTO  BHIY
TTPOYKITI.

Ilix dwac migbopy peUenTypHHX CKIAJHHUKIB JIsI  COJEHOTO
IUTaBJICHOTO CHUPY 3a OCHOBY HaMu Oyino BHOpaHO 0a30By peLEnTypy
IUTaBJICHOTO cUpY «PoCifiChKHID).

VY pesynbTaTi MpOBENEHUX JOCHTIHKEHb Ta YUCIEHHHUX JeryCTallii
Oyyo BiZiOpaHO ONTHMANIbHY, HA HAll MO, peuentypy (tabn. 1), me

2 samilyk M. Improving the technology of soft sour milk cheese by increasing
biological value. Scientific Messenger of Lviv National University of Veterinary
Medicine and Biotechnologies. 2017. Vol. 19, Ne 80. P. 33-37.
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HE3HaYHy YaCTHHY CaMoro CyXOro 3HEeKHUpeHoro mosoka (30,6 mpotu
33,6 Ha 1 000 Kr roTroBoro MpoAyKTy) Yy JOCTIIHOMY 3pa3ky Oyio
3aMIHEHO Ha TPONOHOBaHWN Kpiomopomok «bypsak». KinbkicTs
BHECCHHS  IIPONIOHOBAHOTO  Kpiomopomky  «bypsx»  BU3HaYMIH
OpPTraHOJICNITHYHI BIACTHBOCTI JIOCHITHMX 3pa3KiB, iX BIAMOBIIHICTh
TPaIULIHHIA TPOIYKIIii — COEHOMY IUIABICHOMY CHPY — «IIPOTOTHITY».

Tabmuns 1
PexomennoBaHi penentypu miapjaeHoro cupy «Pociiicbkniny
Ta CUP coJIeHMii 3 KpionopomkoM «Bypsik»

Cup nnapieHui
Ne CupoBuHa «Pociiicnkuiby I3 xpionopomkom
«Bbypsak»

1 Cup «Pociiicbkuii» 380,0 380,0

2 Cup « OJTaHACHKHI» 385,0 385,0
Moinoko KopoB’sde cyxe

3 3Hexupene (M4 CP 96%) 336 29,6
Cywmimn Tpumodmidocdar

4 Hatpiro (M1 CP 20% ) 102,0 102,0

Macno «CenstHCBKe»

5 (vmu CP 75% , mux 72,5% ) 334 334

6 Bona nutHa 102,8 102,8

7 Kpionopomok «bypsik» - 4,0

8 Bcesoro 1020 1020

9 Buxin 1000 1000

Y po3pobiieHOMy HaMU Ta MPOIOHOBAHOMY BHPOOHHIITBY COJIICHOMY
IUTaBJIeHOMY cupi (Tabs. 1.) CKJIQAHUKH 3alpONOHOBAHO Yy TaKUX
KinmbkocTsX (i3 po3paxyHky Ha 1 000 Kr roToBOro MPOAYKTY): CHP
cuayxHuil npioHmi  «[omnmanacekuit» — 385,0 Kr; cup CHYY)XHUH
npiOHU «Pociiicbkuii» — 380,0 KT MOJIOKO KOPOB’siue Cyxe 3HEXKUPEHE 3
MY CP 96% — 29,6 kr; macmo «CensHcbke» — 33,4 Kr ; HaTpid
¢dochoprokucnuit (20% p-uH) — 102,8 xr; Boma mutHa — 102,8 KT Ta
Kpiomoporrok «bypsik» — 4,0 kr.

Ax  3acBigUMIM  PE3yNbTAaTH JETYCTAIlifHOI OILIHKH YHCICHHUX
JNOCHITHAX 3pa3KiB, caMe I pelentypa 1 oTpuMana HalKpairy
OPTaHOJICTITHYHY OIIiHKY.

3.1.2. Cwunp nnaBneHWUh conopgkwuii

Cup, BuOpaHMiI HAMH SK MPOTOTHII IUIABJICHOTO CHPY HAJEXHUTbH 0
IUTaBJICHUX cupiB «CUpy IUIaBieHi conoaki». [lnasneni cupu miel rpynu
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XapaKTEePU3YIOThCS TaKOX MEBHHM CKJIAJOM XHPY y CyXili pedoBHHI,
BMICTOM BOJIOTH, KYXOHHOI COJIi, MalOTh MeBHY BenuuuHy pH i1 cBoi
OPTaHONENTUYHI XapaKTePUCTHUKHY, IO BiAPI3HSIOTH X y TEXHOJIOTIUHIN
Ta TOBapO3HABUIN XapaKTEPUCTHUII TaHOTO BUIY MPOIYKIIii.

[lin wac madopy peuenTypHUX CKIQJAHUKIB JUIS  COJIOJKOTO
TUIABJICHOTO CHPY 3a OCHOBY HaMu Oyso BHOpaHO 0a30BY pelentypy
IUTaBJICHOTO cUpy «DpyKTOBHI», Y CKIAA SKOTO, MOPST 3 CHUYKHUM
cupoMm «['ommaHncekui»y, HOPMAaTHBHUMH BHMOTaMH IepeadadeHo
JIOIaBaHHS CyXOTO 3HEXHPEHOTrO0 MOJIOKa, Macjia CeISHCBKOTO, COJi-
wiaButens  (Tpunoiidocdary  HaTpilo), KHCIOMOJOYHOTO  CHPY
HEXXHUPHOTO Ta HaIiBKUPHOTO, PPYKTOBOT €CEHIIIi Ta BOJAN ITUTHOI.

VY pesynbTaTi MpOBENEHUX MOCTIHDKCHb Ta YUCICHHHUX JeryCcTarlii
Oya0 BimiOpaHO ONTHUMANBHY, Ha Hall MOMISAA, peunentypy (tabm. 2).
He3nauny dWacThHy camMoro cyxoro 3HEKHPESHOTO MOJIOKAa B MpPOIECi
HAayKOBOTO TMIONIYKY Yy JOCIIZHOMY 3pa3Ky OyJio 3aMiHEHO Ha
MpornoHOBaHuK  Kpiomopomok  «bypsk».  KinbkicTh ~ BHECEHHS
KpIOTIOPOIIKY BH3HAYMJIM OPTaHOJENTHYHI BIACTHBOCTI JOCHIIHUX
3paskiB, iX BIAMOBIAHICTG TPAAWIIHHIA TPOAYKIIT — COJNOIKOMY
IUTABJICHOMY CHPY — IPOTOTUIY «DPYKTOBHIN.

Tabnus 2
PexoMenIoBaHi penenTypu miaBjaeHoro cupy «@pykroBuiny
Ta i3 kpionmopomkom «Bypsk»

CupoBuHa mig yac Cup nnasJjieHUi
BHTOTOBJIEHHS TJIABJIEHOTO . i3
Ne . «DpyKkTOBHI» .
cupy Tpaauuiiinoro A Kpionopomkom
. . TpaguuiiiHmit
Ta i3 KpionopomkoM «bypsak» «bypsix»
1 Cup cuayxHHAN z{p£6HI/m 82.4 82.4
«"onnanacbkuit»
2. CHp KUCIIOMOJIOYHUN HEXKUPHUN 1145 1145
3 Cup K.I/ICJ'[OMOJ'IUO‘II:I/II/I 1442 1442
HariBKUpHAH 9%

Monoko KOpoB’sde cyxe
4 3aexupene 3 MU CP 96% 618 58,8
5. Macso BepiiKkoBe 2135 2135
6. EceHuist ppykroBa 1,0 -

Harpiit pocdopHOKMCHiT
7. (20% p-1) 51,9 51,9
8. Iykop micok 257,5 257,5
8. Boja nutHa 103,2 103,2
9. Kpionopomiok «Bypsik» - 3,0
10. Bceboro 1000 1000
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Y pe3ynbTaTi HAmUX EKCIIEPUMEHTIB MH TaKOX HaMarajmcs
MaKCHUMAJIBHO 30€perT HOPMATHBHI OPraHOJENTHYHI XapaKTePUCTUKH
Ta TEXHOJIOT1YHI mapaMeTpud MOJIOYHOI OCHOBU (ITUIaBJICHOTO CHpY) Ta
KpIOTIOPOIIIKY, 3HAWTH 1X ONITUMAJIbHE CITiBBIIHOIICHHS.

[lin wac mgdopy penentTypHUX CKJIAIHUKIB IS COJIOJKOTO
IUTABJICHOTO CHPY BIAMOBIAHO cUp «DpPyKTOBHIT», y CKIAA PEUEHTypH
SIKOTO, TOPSIT i3 CHYYXHUM cupoM «[ OJUTaHACHKUID», HOPMATUBHUMH
BAMOTaMH Tepen0adeHo JONABaHHSA CYXOTO 3HEKHUPEHOTO MOJIOKa,
Maclla CENITHCHKOTO, KUCIOMOJOYHOTO HEXHPHOTO Ta HAIMIBXHPHOTO
KHCJIOMOJIOUHOTO CHpIB, €CEHIil (PyKTOBOi, IYKPY, COJi-ILIaBHUTEIS
(Tpunomidocdaty HaTpit0) Ta BOIU IMUTHOI.

Sk oCHOBY HamMu BHOpaHO BIANOBIAHY pPELENTYypy CHPY
«DpykToBui». PoboTta perycramiiiHoi komicii Jo3Bosmia BHOpaTH
ONTHMAaJbHy. 3a peHenTypHHM CKJIagOoM IPONOHOBAaHWK HAMH
JOCTITHAN TUTaBJICHHHA CUP BHPI3HABCSA NMEBHUMH 3MiHAMH HE JIMIIE Y
KUIBKICHOMY CKJIaJli, ajie i YCYHEHHSIM 13 peLenTypH COJIOAKOI eCeHIIii Ta
3aMiHM  HE3HauyHOi  KUIBKOCTI  CYXOro  3HEKHPEHOTO  MOJIOKa
MIPOTIOHOBAaHUM KpiomopomkoM «bypsik», sika CyTTEBO He BIUTMBAla Ha
(hopMyBaHHSI OPraHOJICITHKH, OJTM3bKOT 10 OPraHOJICTITHKH TPOTOTHITY —
cupy I1aBiIeHOro «@pyKTOBUIL».

VY 3amporoHOBaHOMY HaMH COJIOJKOMY IDIABJICHOMY CHpi CKIaIHUKA
3allPONIOHOBAHO y TaKHX KiNbKoCcTAX (i3 po3paxyHky Ha 1 000 xr
TOTOBOTO MPOIYKTY): CHpP CHUYXHHUI npiOHMHA «[ onmaHAChKuiy —
82,4 xr; cup KHCIOMOJIOYHWHA HexupHuit — 114,5 «xr; cup
KHUCIIOMOJIOUHUH HamiBXupHUH 9% — 144,2 KT; MOJOKO KOpPOB’sIUe Cyxe
saexxupene 3 MU CP 96% — 58,8 xr; macmo BepmkoBe — 213,5 kr;
HaTpiit PpocpoprokucTmii (20% p-H) — 51,9 kr; ykop micok — 257,5 Kr;
Boza muTHa — 103,2 kr Ta kpionopomniok «bypsik» — 3,0 xr (Tadm. 2).

Ax  3acBigUMIM Pe3yNbTaTH JETYCTAIliiHOI OLIHKA YHCICHHUX
JOCTIIHUX 3pa3KiB, caMe IIs pelentypa 1 OTpuMaiga HaHkpamry
OPTaHOJNCNITHYHY OIIiHKY.

3.2. TexHoJI0TiYHI XapaKTePUCTHKHU Ta 0aJIbHA OLliIHKA
IUIABJIEHUX CHPIB i3 BUKOPUCTAHHAM Kpionopomky «bypsik»
3riJHO 3 HOPMATUBHUMH BHMOTaMH II10JI0 HOBOT 4M MOJU(IKOBAHOI
MpoAyKiii i OIliHKa Ta BHU3HAYEHHS TEXHOJOTIYHUX SKOCTEU CHPY
€ OCHOBHUM (DaKTOpOM JUIS BCTAHOBJICHHS PIiBHS IiH JUIS KOXHOTO
MPOAYKTY, JO3BOJISIE BHSBIATH, a IMOTIM 1 JIKBIZyBaTH MOMKJIMBI
HEIOJIKHY M1 4ac IX BUTOTOBJIEHHS.
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Ax BiIOMO, TIOBHOI[IHHA OIliHKAa TEXHOJIOTIYHOI SKOCTI CHpY
3a0e3MeUyeThCs 32 PAaXYHOK BUKOPHCTAaHHA MPSAMHUX YA HETPSMHX
METOJIIB BHUMIpPIOBaHb 3a JOMOMOIOK MNpuiamiB. Sk OpaAMi MeToau
MOXXYTh OyTH BHKOPHCTaHI BHUMIPIOBaHHS Xap4YOBHUX KOHCHCTCHIIIH 9H
aHalli3 CKJIAJIOBHX €JIEMEHTIB, IO BiAMOBIAAIOTH 3a (HOpMyBaHHS
apomary cupy. [1i yac mpoBeIeHHS HEMPSIMUX BUMIPIOBaHb JTOCITITHUKH
3BEpTalOTBCI  JI0  XIMIYHMX 1  ()EPMEHTaTUBHUX  ACIIEKTiB,
BHKOPHCTOBYIOYH MiKPOCKOITIIO 1 pi3Hi (Pi3UUHI METOIN JTOCIIKEHb.

Cepen OpraHONENTUYHUX XapaKTEPUCTUK OCOOJIMBE 3HAYCHHS B
OLIHII SKOCTI MPOAYKLIii MaoTh 3amax, CMakK, KOHCHCTEHIIisl, KOJip
CHpHHX BHpPOOiB. BaknmBe 3HaUeHHS MArOTh TaKOK TOBAPHUI BHIIISI
MPOAYKIIii — CTYIIHb HAIMIOBHEHHS YITAKOBKH, NIUTBHICTH 1 IPABHIIBHICTD
(acyBaHHs, 11 30BHILIHIA BUTIIAL.

JlonaBaHHs 10 perienTypu Kpiomopomky «bypsk» NpHBeno MeBHOT
3MIHH OPTaHOJISNTHKH JTOCTIIHUX 3pa3KiB MPOITOHOBAHMX COJICHOTO Ta
COJIOJIKOTO IJIaBJIeHOTO cUpy (Tabm. 3, 4).

Tabnunsa 3
OpraHoJienTHYHI NOKA3HUKHU IJIABJIEHOT0 cupy «Pocilicbkuii»
Ta COJIEHOro 3 KpionopomkoM «Bypsik»

Tpaguniitnmii . .
Ha3ssa P/UIIIHHH IInaByenwnii cup i3
Ne IJIABJICHH I .
MOKa3HNKA .o . Kpionopomkom «Bypsik»
«PociiicbKuii»

CuTHHI CMaK, 371€TKa COJICHHA,

Bupaxenuii cupuuii . .
CTOpOHHIX 3amaxy i CMaKy He

1 Cwmaxk 1 3amax

KHUCITyBaTui
BHSIBJICHO
. ITnactuyna, 37€rKa B mi iJIbHA, 3JIETKA MPYIKHA,
2 | Koncucrenuis ’ PY IUJIbHA, 3JIETKa MIPY’KHa,
MpYyKHA HAsBHUI 30BHIIIHIH OIHCK
L Biz cBiTI0-KOBTOTO 10 PoxeBwii, oTHOpITHUH
3 Komip Ticra A A » OLHOPLL
3KOBTOTO 10 BCii Maci
BigcyTHICTE PUCYHK
Bug Ha eyt PHUCYHKY, ) )
4 o3Di3i JIOTTYCKAETHCS BincyTHicTh pHCYHKY Ta ITyCTOT
posp HAsIBHICTh MYCTOT
S [ToBepxHs 4ucTa, HE .
30BHINIHIT [ToBepxHs umcTa, HE MiACOXIIA,

5 icoXJja, He

BUIIIS ) . OnmcKyJa
3amicHsBina

AHai3 OpraHoNENTHYHUX O3HAK COJEHOI'O IDIABJICHOTO CHpPY i3
KpiomopomkoM «bypsk», HaBeneHUX y Tabnwmi 3, BKa3ye, MO JOCITiIHI
3pa3Ku CHpy 30epiraioTh B Mipy HIUIBHY, 3JIeTKa MPYKHY KOHCHCTEHILIIO,
HAsBHUW 30BHIIIHIA ONHCK, MAalOTh XapaKTePHUU OPHUTIHATBHUN CMakK 1
3amax (CHUTHUH CMak, 3JieTka colieHuH). JloCmimHi 3pa3kd 30BHI Maiu
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CKOPHHKY, Ha po3pi3i — CylibHy Ma3enoaiony macy. Komip mocmigaux
3paskiB OyB pOXKeBU, OMHOPITHUHN TI0 BCiii Maci.

30BHIIIHS NOBEPXHS JOCTITHUX 3pa3KiB (Kpy>KKU, OPYCKH) UuCTa, HE
MiJIcoXJia, OMCKyYa.

VY HacTymHIif cepii eKCHepUMEHTIB OyJ0 TPOBEACHO TOCIiIKCHHS
OPraHoJENTHKNA COJOAKOTO IIIABIEHOTO CHPY 13 KpPiOIOPOIIKOM
«BypsK».

Tabmuws 4
OpraHojienTHYHI MOKA3HUKHU COJIOJKOIO IJIABJIEHOI0 CUPY

«@PpyKTOBHID Ta €OJOAKOr0 3 KpionopoumkoM «bypsik»
No HazBa Tpaguuiiinuii njaaBJjaeHui InaBaenwuii cup iz
B MOKA3HMKA «DPpYKTOBHII» Kpionopomkom «Bypsik»
Comoakuii, 3j71erka . .
.. CoIoIKuiA, CTOPOHHIX
. KHCJTYBaTHH 13 BUPAXKCHUM
1 CMmaxk i 3amax . CMaKy Ta 3amaxy He
CMaKOM 1 apOMaToM
BUSIBIICHO
JIIMOHY, aneIbCuHY
Hixna, miactuuna
2 | Koncucrenmis Hikna, miacTuuna OITHODiTHA; 30BHI HAsIBHUI
OJICK
L 3yMOBJICHUI1 BHECEHUM SlckpaBo yepBOHUI
3 Komip ticTa y PABO HCPBOHMH,
CMaKOBUM HAIIOBHIOBAYEM OJTHOPITHHH 1O BCid Maci
BincyTHicTh pHCYHK .
. eyt PHCYHIY, CyuinpHa pyXHa Maca,
4 | Bun Ha po3pisi JIOMTYCKAETHCS HAsABHICTh
3BEPXY HasBHA CKOPHUHKA
MyCTOT
5 3oBHIMHII [oBepxHs uncra, HE [oBepxus yncra, HE
BUTJIS MiICOXJIa, HE 3aILTICHSBIIA igcoxJia, OJIMCKyda

AHami3 OpraHOJENTUYHUX O3HAK COJOAKOTO IUIABIEHOTO CHpY i3
KpionopoiikoM «bypsk», HaBeleHUX y TaOuIl 4, BKa3ye, 10 JOCIiIHI
3pa3ku cupy 30epiraloTb HiKHY, TUIACTUYHY KOHCHUCTEHIIIIO, HasBHUNA
30BHIIIHIA ONHCK, MAIOTh XapaKTEpPHUH OpPUTIHAIBHHNA CMak 1 3amax
(comonmkuii, TMPUEMHUH, CTOPOHHIX 3amaxy 1 CMaKy HE BHSIBICHO).
JlocimHi 3pa3ky 30BHI Malld TOHEHBKY KipO4Ky, Ha po3pi3i — CyHiIbHY
MazenonibHy Macy. Komip mocmimaux 3paskiB OyB SICKpaBO USpBOHHH,
OHOpIHUKA TO0 BCid Maci. 30BHINIHS TMOBEPXHs JOCTIAHUX 3pasKiB
(KpyXKu, OpycKn) 4mcTa, He MiAcoXIa, OINCKyYa.

Y mopampmoMy  AOCTHUDKYBamd — (DI3MKO-XIMIYHI — BIIACTHBOCTI
TPaJUIIHHUX TPOTOTHIIIB CHPIB 13 JIOJAaBaHHAM 0i10700aBKH —
Kpiomopomiky «Bbypsik».

Ax BUAHO 3 TaOMUII 5, MOCHiAHI 3pa3Ku CHPY IUIABJICHOTO COJICHOTO
¢acyBamuch y TpaguuiiiHi popmu (6aTOHUMKH) Ta Yy (OPMH KPYKKIB.
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Maca pocnigHux 3paskiB cupy Oyna B Mexax 100 r. Tak, MmacoBa 4acTka
KUPY Y CyXilf pe4OBHHI CKIafae y NPoAyKTi — 45,6% (y TpanuiiiiHoMy —
45%). llpenctaBieHi MAOCHIAHI 3pa3ku CHPY XapaKTepU3yBAIUCh
3MIHCHUMH BEJIMYMHAMH MAacOBOi YacTKH Boyioru — 45,4% mpotu 45,0;
ta com — 2,4 mporu 2,0% y koHTpomi; a pH mocmimHuxX 3paskiB
IJIABIIEHOTO CHPY 13 KpPIOMOPOIIKOM BIAMOBIAHO CKIagaB 5,6, M0
BiZITOBiZJa€ HOPMAaTHBHIM BHMOTaM.

Tabmurs 5
®Dizuko-ximMiuHi nokazHNKM nJaBJjeHoro cupy «Pociiicbkmii»

TA COJIEHOro 3 Kpionopowmkom «Bypsix»
Bwmict, %
No Hasga cupy JKMPY B | BOJIOTH, | cOJIi, pH ®opma
h cyxiii He HE cupy i maca (1)
pevoBHMHi | MeHIIe | MeHIIe
Hopmarusai
BHUMOTH, LI0JI0 Gaton
1 > 45 50 2,0 5,6-5,7 Macoro
IUIABJICHOTO CUPY
-y . 100r
«Pociiicekuit»
6atoH
Cup IUT1aBIeHUH 3 b/;zz)c(;) }1?
2 KPiOTIOPOIIKOM 45,6 454 2,4 5,6
KPYKKH
«bypsik»
Macoro
100 T

PesynbraTit nociimkeHb (Bi3MKO-XIMIYHUX TIOKAa3HHKIB IJIABJIEHOTO
COJIOJIKOTO CHUPY HaBelleH1 y Tabuuili 6.

Sk BUIIHO, TOCHITHI 3pa3Ku CHPY TAKOX (acyBaIHCh SIK Y TPaAUIIiiHI
(dhopmu (OaTOHUMKH), TaK 1 y (HOPMHU KPYKKIB. Maca IOCTiHHUX 3pa3KiB
cupy Oyna B Mexxax 100 r. B Toif e gac MacoBa 4acTka XHUPY y CyXiit
pedoBuHi ckmamae y npoaykti — 30,4% (y tpamumiiinomy — 30%).
[Ipencrapiieni DOCTiAHI 3pa3Ku CHPY XapaKTePH3yBaIUCh 3MIHCHHUMH
BEJIMYMHAMH MacoOBOi 4aCcTKHU BoJioru — 27,6% Ta caxaposu — 27,6% a pH
JOCHITHUX 3pa3KiB IUIABIEHOI'O CHPY i3 KPiOMOPOIIKOM BiJIIOBiIHO
CKJIanaB 5,6, 110 3arajoM BiIOBiTa€ HOPMATUBHAM BUMOTaM.

Sxumu He Oymm O (i3UKO-XIMIUHI XapaKTEPUCTHKA HOBHX YH
MOIU(IKOBAaHMX MPOAYKTIB s MOTEHLIHHOTO CHOXXHMBada BKpaif
BaXJIMBY pOJIb BiJirpaloTh Bi3yaJbHI Ta CMAaKOBI XapaKTCPHCTHKH
TPOJTYKIIii.

VY 3B’A3Ky 13 IIUM MPOBEJCHHS JETyCTAIlifHOI OIIHKH Xap4YOBUX
MPOJYKTIiB, B TOMY YHCJIi 1 HOBUX MOJIOYHHX, € HEOOX1THUM.
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Tabnuns 6

DizuKo-XiMiuHi MOKA3HUKH COJIOIKOTO MJIABJIEHOTO CUPY
«DpyKTOBHII» TA COJIOAKOr0 3 Kpionopomkom «Bypsik»

Bwmict, %
®opma
Ne Hazsa cupy JKHpPY B | BoJiorH, | caxapo3u, | pH i Maca
a cyxiif He He cupy )
Pe4oBHMHi | MeHIIe MeHIIe
Cup mIaBiIeHui
QMU THAN Garon
1 R ¥ 30,0 39 25 57 | wmacoio
COJIOJIKHUIH 100 ¢
«DPpyKTOBUI»
6aToH
Cup miaBneHui i3 1\/11%%) o
2 KpPi0OIIOPOIIKOM 30,4 27,6 25,2 5,6 ’
«Bypsix» Kpys i
Macox
100T
Tabnurs 7

Pe3yabTaTu Aerycraniiinoi OL[iHKH COJIEHOTO MJIABJIEHOT0 CHPY
«Pociiicbkuii» Ta cojieHOro 3 Kpionopomkom «bypsak»

PesyabTaTu aerycranii
TpaauuiiiHOr 0
pcoljml;lcoro IInaBaenoro cupy
Kpionopomkom
Hasga TLUIABJIEHOTO CHPY Bypsie»
No | TOKa3HHKA KiJIbKiCTH «Pociiicskuii»
" | mIaBJIEHOro oaxiB 5 e 5 S
cHpy s = T A s = T A
g 5 =B g 5 =B
S £ d S E
= A Ze 5 Ze
b1 & g &
1 | Cwmak i3amax 15 1 14 1 14
2 | Koncucrenuis 9 1 8 0 9
3 Kouip Ticta 2 0 2 1 1
Bun Ha
4 AL HE 2 0 2 0 2
po3pisi
OBHIIIHIH
5 3 2 1 1 2
BUJI
6 Bcroro 30 27 28
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Tabnums 8
Pe3yabTaTu Aerycraniiinoi oiHKH NJ1aBJeHOro cupy «@pyKTOBUiID)
Ta COJIOIKOTO0 3 Kpionopouikom «bypsik»

PesyabTaTn gerycranii
cup i3
TLIABJICHOTO CHPY Kpionmopoukom
Ha3zsa «DpyKTOBUID BypaK»
N MOKA3HHUKA KiabkicTh
® | maaBienoro Gaxis g g g s
cupy s E £ E g E £ g
= S € d 5 S g <
Elle = © Elle = ©
b = b &
1 Cwmak i 3amax 15 1 14 1 14
2 | Koncucrenuist 9 0 9 0 9
3 Komip ticTa 2 0 2 0 2
4 Bun na 2 0 2 0 2
po3pisi
5 30BHIIIHIN 2 0 1 1 1
BUJ,
6 Bceworo 30 1 29 2 28

[IpoBenmena Hamu JAerycTallifiHa OIliHKA 3pa3KiB IUIABJICHOTO CHPY
COJIOJIKOTO Ta COJICHOTO Pi3HOI KUPHOCTI 13 JOJaBaHHSAM KPIOTIOPOIIKY
«Bypsik» 3acBigunia BiAMOBIIHO To 28 OamiB ais KoxHOTO 3 30 Oani
MOXJIMBHX, IO  CBITYMTH NP0  HOPMATUBHY  BiJIOBIJHICTBH
TOBapO3HABYMX XapaKTePUCTHK (Ta0i. 7 Ta 8).

3.3. Ouinka diooriyHoi HIHHOCTI NJIABJIEHUX CHPIB
i3 BUKkopucrtanuam kpionopomky «bypsix»

Orminka 610y0Ti4HOI IIIHHOCTI HOBUX YU MOJU(IKOBAHUX XapUOBUX
MPOJYKTIB OIIHIOETHCS 32 BMICTOM OiOJIOTIYHO aKTUBHUX PEYOBUH, B
TOMY YHCITI BITAMIHIB.

JomaBaHHs 10 CKNaay IUIABICHUX CHUPIB Kpiomopomky «bypsk» He
JUIIe HAJa€ MPOAYKIiIl HAIEKHOTO TOBAapHOTO BHIVISAY Ta

MpUBaOIMBOrO KOJNBOPY, aje | MiABHOIyE y HHUX BMICT BIiTaMiHiB
(tabm. 9, 10).
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Tabnus 9
Bwmicr BiTamiHiB y ni1aBiaeHomy cupi «Pocilicbkuii»
Ta COJIEHOMY 3 KpionopomkoM «Bypsik»

Ne HasBa mpoxvKT Bwmicr BiTraminiB, Mr/100r npoaykry
n/n PORyKTy B-kapoTun B1 B2 PP C
1. Crput ruiapiexi 0,08 0,02 | 0,39 | 0,15 | 1,2
(HOpMaTHBHI BUMOTH)
2. Cup mnasnenuii «Pocificbkuiny 0,09 0,02 1036 ]014]13
3.  Cup nuiasienuii 3 0,14 0,04 | 0,44 | 0,18 | 1,9
KpionopoukoM «bypsik»
Ta6ymns 10

Bwmicr BiTamiHiB y niiaBieHomy cupi « @pykToBuin»
Ta COJOAKOMY 3 KpiomopomkoM «Bypsik»

Ne HasBa mpovKT Bwmicr BiTraminiB, Mr/100r npoaykry

n/n POAYKTY B-kapoTun B1 B2 PP C

1. Crpy numasnexi 0,08 0,02 [ 039 | 015 | 1,2

(HOpMAaTHBHI BUMOTH)

2. Cup TUTABIICHHH TpaHILiHHH 0,10 003 | 041 | 016 | 1.4
coJ101Kuii «DPYKTOBHII»

3. Cup TUIABIICHHH CONIOJIKHIA i3 0,12 004 | 042|016 | 1,5
KpiomoporikoM «Bypsik»

VY BUIEHaBEJCHUX TaOJMLAX HaBEIEHO BITaMIHHMH CKIag y
IUTaBJICHUX CHpax TPaguLifHOro BHPOOHHUIITBA Ta MPOTOTHUHAX 13
3MIHEHOI0 PEIENTYPO0 MUISIXOM 30aradeHHs KpiomopomkoM «bypsik».

SAx BUAHO i3 IU(POBOro Marepiany, IOCHIAHI 3pa3Kd IUIABICHOTO
CUpY 13 KPIOMOPOIIKOM MM ITiJBUIICHI MOPIBHSAHO 13 TpaauIliftHUMU
CHpaMM BEJIMYMHM HOPMATHBHO Ilepen0adeHuXx BiTaMiHiB. AHai3
TaOMMYHUX JAaHUX 3aCBiMYMB  OiNbIIMH  HPUPICT HOPMATHUBHO-
nepen0ayeHnx  BITaMiHIB Y  COJCHOMY  IUIaBJIGHOMY CHpi 13
KpIOTIOPOIIIKOM TIOPIBHSHO 13 TUIABJICHHM COJIOJKUAM cupoM. Lle, Ha Hamny
JIYMKY, TIOB’S3aHO 13 OUIBIIOI PEHENTYPHOI KUIBKICTIO CcamMoro
kpiomopommky. Crix 3a3HaudTH, MO0 KPIOTEXHOJOTIS 3a0e3medye
30epiranHs MPUPOAHUX BITaMiHIB Y KPiOMOPOIIIKAX.

3.4. IToxka3Huku Oe3neKH NJIABJIEHUX CUPIB
i3 BUKOpHcTAaHHAM Kpionopomky «Bbypsik»
3rigHO 3 BUMOTaMH HOPMATHBHUX BHUMOT JI0 IOKa3HUKIB Oe3MeKH
Xap4YOBUX TMPOAYKTIB OOOB’S3KOBO BiJIHOCATH JIOCHI/DKEHHS BMICTY
TOKCUYHHUX EJIEMEHTIB Ta MIKPOOIOJIOTiuHI JOCTIIKEHHS. Y 3B 53Ky 3
UM HaMU OyITH TPOBEACHI JOCIHIIKECHHS BMICTY BaXKKHX METAJIB y BCIiX
3pasKax IUIaBJICHOTO CUPY COJIOAKOIO Ta COJICHOTO.
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VY rtabmungx 11 Ta 12 HaBemeHi pe3ynbTaTd IOCHIKEHb BMICTY
BaXKHX METaJliB Y HOCIIAHUX 3pa3Kax MJIABJICHOr0 CUPY TPaAULiiiHOTO —
IPOTOTHUITY Ta BIATIOBIAHOIO i3 KPioNOpOoUIKOM «Bypsik».

Tabmuns 11

BmicT Baskkux MeTalsiiB y 3pa3kax IiiaBJjieHOro cupy «Pociicbkuiny
Ta COJIEHOro 3 KpionopoumkoM «Bypsik»

BMicT BaXKKHX MeTaJiB Yy IJIaBJIeHUX cupax (Mr/Kr)
~ D © ~ — o )
. 532 22| 82 | 29 | 22 | =& | 22
JocainxyBan 20 | =8 % © " © 5 © & o) ©
Ne . gN | ES| FAN a N a N g g
13pasku £ | E=| BH £ E e £ =
=Q ERo) =09 =0 E o =0 < O
5 O |[25| =© &~ 0O Qo S M QO
= = = = = o =
Hopmarusni
1. | Ppmmormno 03 | 02| 02 | 002 | 40 5,0 -
UIABJICHUX
cHpax
Cup
2. [JIaBIEHUI 0,24 0,07 - - 2,7 3,8 -
TpaauLiHHAN
Cup
3. | [EBICHMHIS g5 10,06 | - - 2,7 38 -
KPiOIOPOIIIKO
M «bypsik»
Tabmuus 12

BMmicT BaikKUX MeTalliB y 3pa3Kax COJ0KOr0 MJaBJeHOr0 CHPY
«@pyKToBHii» Ta 3 KpionopomkoMm «Bypsik»

BwmicT BasKKHX MeTaJliB y IJIaBJeHUX CHPaX (MI/Kr)
o 3 s Q ™~ — )
» 9D S ™ N © e [a2] a9
JocainxyBani 2D ,: g ¢ D 52|53 |8=8| °3
Ne N Es | FN AN | AN |20 Y| 8N
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AHani3 nmmgppoBoro Marepiaay MoKas3as, 0 Y BCIX JOCTIIHUX 3pa3Kax
CHpY IUIABJICHOTO SIK TPAIUIIHHOrO BHPOOHMIITBA, TAaK 1 aHAJOTIYHHX i3
KpiomopormkoM  «Bypsik» KOHIIGHTPAIlisl TAKUX BAKKUX METAIIB, K
CBUHEIb, KaJMii, MUII'SIK Ta PTyTh, Oyla Ha 2—3 MOPAAKU HIDKYE Bif
TPaHUYHO JOMYCTUMHUX BENIUYMH. Y TOH ’Ke Yac BHSBIICHA AHAJIOTIYHA
TEHJICHIIS IOJ0 OUIBII BHUCOKHMX KUIBKOCTEH MIHEpAILHHX CJIEMEHTIB y
COJIEHHX 3pa3Kax IUIABJIEHOIO CHPY IOPIBHSAHO i3 COJOIKMM IUIABICHUM
CHPOM 13 KPIOMOPOIIKOM, JI¢ KUIBKICTh OCTAaHHBOTO Y PEIenTypi € Jemio
MEHIIIOIO.

He MeHII BaXTMBUMH NMOKa3HUKAMH OE3MEKH Xap4OBHX IPOAYKTIB €
MIKpOOIOJIOTIYHUHM KOHTPOIb TIOTOBOI mpoaykuii. B Vkpaini ans
opraHizamii Ta TPOBEACHHS MiKpOOIOJIOTIYHOTO KOHTPOJIIO KEPYIOTHCS
HACTaHOBaMH, BUKIIAJICHUMH B HOPMAaTUBHIA JOKyMEHTAIlil Ha CHPOBHHY
Ta FOTOBY IPOJYKIIIIO, CAaHITAPHUMU NPABUIAMH, IHCTPYKIISIMU 3 MUTTS
Ta ne3iHdekuii o0nagHaHHs, a TAKOXK IHCTPYKII€I0 3 MiKpoOioJOriyHOTO
KOHTPOJTIO BUPOOHHIITBA HA TIAMPUEMCTBAX MOJIOYHOT TPOMHUCIOBOCTI.

vy BUPOOHUITBI TUIaBJICHUX CHpiB BUKOPUCTOBYIOTBCS
(YHKIIOHAIBHO HEOOXifHI iHrpemieHTH ((epMEeHTHI Ipemnapar,
3aKBacKu a0 3aKBallyBaJIbHI MpemapaTH, COJi-IIaBUTENI, CiIb, ITYKOP
TOILIO); Xap4oBi JOOABKH (3aryilyBadi, CTaGLIi3aTOPH, EMyIbraTopH,
apoMaTH3aTOPH, OapBHUKHU, KOHCEPBAHTH TOIL[O) HamnoBHIOBaYi (PpyKTH,
OBOUI, CIICLi, 3]ICHb, TOPIXU TOIIO) Ta Pi3Hi HEMOJOYHI KOMIIOHCHTH
(pocnuHHI XUPHU, HEMOJIOYHI OLTKH, M SICHI IPOAYKTH TOIIO). YCi BHIH
Ta TPYIH JONOMIDKHOI CHPOBHUHM Ta KOMITOHEHTIB MOBWHHI BiJIIOBiaTH
BUMOI'aM YHHHUX HOPMATHBHHUX JOKYMEHTIB Ha I[i MPOAYKTH.

[Tig gac OIiHKK OTPUMaHMX JAHWUX BCTAHOBJICHO, IO SIK TPaaWIliiHA
MPOAYKIliS, TakK 1 JOCTIIHI 3pa3kK¥ MaJld HaJeXHI MiKpoOioJOTivHi
MOKa3HUKM, 10  TO3UTUBHO  XapakTepH3ye K  «KYJIbTYypy»
TEXHOJIOTIYHOTO TIpoliecy, Tak 1 cami NpoaykTH. B Toit sxe uac
MIKIJYIMBOT Ta HeOe3newyHol Mikpoduiopu BUsBIeHO He Oyno. Crin
3a3HAYMTH, 0 KOHCEPBYIOUA Jisl IHrPEIIEHTIB CO Ta IyKpy OyJia Jenio
PI3HOIO — CHITBHINION Y pa3i 3aCTOCYBaHHS COJI .

TakuM 4YHMHOM, Ha OCHOBI TIPOBEACHUX JOCTIIKEHb MOXHA
Bi3HAYUTH, [0 BHUKOPHUCTAHHSI SK CHPOBHHH [UII BHPOOHHIITBA
IUTaBJICHOTO CHPY COJOAKOTO Ta COJEHOIO 13 BUKOPHCTaHHAM
Kpiomoporky «bypsik» Ha OCHOBiI mJIaBieHOTO cupy «Pociiicbkuit» Ta
«DpyKTOBHIT» € BHIIPABIAHUM, a OTPHMaHa MPOIYKIisA € Oi0NOTiYHO
IHHOIO, Ma€ HAJEkKHI TOBAPO3HABYI XaAPAKTCPHCTHKH, MOKAa3HUKU
Oe3mekn 1 PO3MIMPIOE ACOPTHMEHT BITYM3HSIHOI MOJIOYHOI MPOAYKIN{
JKyBaTbHO-TIPO(IIAKTUIHOTO CIPSMYBAaHHS B Y KpaiHi.

BUCHOBKHA
1. OOrpyHTOBaHO IOUITBHICTH BUKOPUCTAHHS KPIOMOPOIIKY «Bypsx»
B TEXHOJIOTII COJIOAKOTO Ta COJICHOTO TIIIABIEHOTO CHPY.
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2. 3ampomoHoBaHa 0iomo0OaBka  Kpiomopomok  «bypsk» €
CTaHJIAPTHOKO KPioJ00aBKOIO, 110 HE MOTpeOye CYTTEBOTO YCKIIATHECHHS
TEXHOJIOTIYHOTO TMPOIECY BUTOTOBJICHHS IUIABJICHOTO COJICHOTO Ta
COJIOJTKOTO CHPY JIIKYBIBHO-TIPODITAKTHIHOTO CIIPSIMYBaHHSL.

3. Po3poOiieHO BUPOOHWYI pENENTypH COJIGHOTO Ta COJIOAKOTO
TUTABJICHOTO CHPY 13 BUKOPUCTAHHIM KPiOomOpoIKy «Bypsik».

4. JlocmIpKeHO  OpraHOJENTHYHI, TEXHOJOrYHi, OioJorivHi
BIIACTHBOCTI Ta IOKa3HWKH OE3MEeKH IOCTITHUX 3pa3KiB IDIABICHOTO
COJICHOTO Ta COJIOJKOTO CHPY i3 BUKOPHCTAHHSAM KPiOTOpOHIKY «bypsiky.
BcranoBiieHO TMOMIMIIEHHST SKICHUX ITOKa3HWKIB JIOCTIIHHUX 3pa3KiB
MOPIBHAHO 3 TPaJMIIHHAMHU 3pa3kamu. [lnaBieHi cupu 3a yMOB
3aCTOCYBaHHsS Kpionmopomky «bypsk» Mamu TpHEMHUN TOBapHUI
BUTJISAL.

5. JlocmimHi 3pa3Kd IUIABJICHOTO CHPY 13 KpIOMOPOIIKOM MAaJH
MiJBUILEH] MOPIBHAHO 13 TPAAULIHHUMH CHPaMH BEIMYMHU HOPMATUBHO
nependaueHux BiTamiHiB. BusBieHi 3MiHM y BeNWYMHAX BITaMiHiB
CBIJYaTh TIPO IMJIBUINECHHS OIOJIOTIYHOI IIIHHOCTI TPOIYKINi Ta
BiJIMOBITHOCTI HOPMATUBHUX BUMOT.

AHOTALISA

OcTaHHIMH pOKaMH TIEPCIECKTHBHAM € 30aradyeHHs MOJOYHUX
MPOJYKTIB BiTaMiHAMH Ta MiHEpaJbHUMHA PEYOBHHAMU IUIIXOM
JOJITaBaHHSI 0 HUX POCIUHHHUX 010700aBOK y PI3HHUX arperaTHUX CTaHaX.
Came ToMy MeTOI0 poOOTH Oyna po3poOka HOBOI TEXHOJIOTII CONIOAKHX
Ta COJCHHUX CHUPKOBHX Mac 3 BHUKOPHCTAHHSIM KpPiOMOpOIIKy «Bypsk».
Jo3u mpomnoHoBaHOi  (PiTOMOOABKH  pO3pOOISUTUCHE HA  OCHOBI
PEKOMEHIOBaHUX JTOOOBHX HOPM CIIOXKMBAHHS IUIABJICHOTO CHPY IS
Pi3HUX BIKOBHX TPYN Ta JIKYBaJIBHO-TPO(MITAKTUYHUX 103 01000aBKH.
CaM KpiOIOpOMIOK BHOCHIIM OE€3MOCEpeIHRO Y CHPHY CYMIII Tepen
miaBneHHs M. Ha OCHOBI MpOBEJAEHHUX JOCHIIPKEHb OOIPYHTOBAHO
JOIUIBHICTh BUKOPHCTaHHS KpiOHMOpomKy «bypsk» y TexHoJorii
COJOAKOTO Ta  COJEHOTO  IUIaBIeHoro  cupy.  JlocmimkeHo
OpraHONIENITHYHI, TEXHOIOT1YHi, 010JIOTIYHI BIACTHBOCTI Ta MOKA3HUKU
0e3MeKn JOCIiIHUX 3pa3KiB IIABJIEHOTO COJIEHOTO Ta COJIOAKOTO CHpY i3
BHKOPHUCTAaHHsIM Kpiomopomky «bypsk». BcraHoBieHO moinmeHHs
SIKICHMX TTOKA3HWKIB JOCIITHUX 3pa3KiB IMOPIBHAHO 3 TPaJUIiHHUMH
3paszkamu. [11aBJeHi cupu 3a yMOB 3aCTOCYBaHHS KPiOMOPOIIKY «bypsk»
MaJId TIPUEMHUI TOBapHHI BUTIISN, a TaKOXXK BHCOKHI BMICT BITaMiHIB.
BusiBieni 3MiHM y BeJMYMHAX BITaMiHIB BKa3ylOThb Ha ITiJBUIICHHS
Oiosmoriunoi IIHHOCTI MNpPOXYKLii Ta BiANOBIAHICTE HOPMATHBHUM
BHAMOTaM.
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ELECTRIC INSULATION TECHNOLOGIES
AND CHARACTERISTICS OF MICRO-ARC OXIDATION
OF ALUMINUM ALLOYS OF DIAMOND GRINDING
WHEEL WRAMEWORKS*

Gutsalenko Yu. G.

INTRODUCTION

Microarc oxidation (MAO), also plasma electrolyte oxidation (PEO)
in European terminological practice, used to modify surfaces of valve
metals has recently gained a new impetus. The successful use of the
MAO coatings in many industries is based on their high functional and
performance characteristics determined by their unique physical and
mechanical properties, with a sufficiently wide thickness range (from
several to hundreds of micrometers) and high adhesion with a base?.

MAO technology is a promising surface finishing process that allows
you to obtain a wide range of coatings with various properties according
to the requirements of their use®.

In combination with other methods, namely, electric arc deposition*
and extraction-pyrolytic decomposition®, it allows the creation of
polyfunctional (antiware, heat- and corrosion-resistant, dielectric,
catalytic, etc.) coatings for the surfaces of nonvalve metals. The
employment of slurry electrolytes in this method widens the scope of its
application to novel fields, in medicine and biology in particular®.

! The author is grateful to colleagues for discussing of research planning and
results, as well as assistance in their implementation: V. V. Belozerov and
A. |. Makhatilova (MDO in the AFM mode and X-ray diffraction analysis),
E. K. Sevidova and 1. I. Stepanova (MAO in the GS mode), L. I. Pupan (electron
microscopy).

2 Mikheev, A.E., Terekhin, N.A., Statsura, V.V. et al. Bulletin of Machine
Building. 2, 56-63 (2003).

3 Famiyeh, L., Xiaohu, H. Mod. Concept Material Sci. 2 (1), 000526 (2019).

4 Student, M.M., Posuvailo, V.M., Veselivs’ka, H.H. et al. Mater. Sci. 53 (6),
789-795 (2018).

5 Rudnev, V.S., Medkov, M.A., Yarovaya, T.P. et al. Journal of Applied
Chemistry 85 (4), 621-628 (2012).

® Borisov, A.M., Krit, B.L., Lyudin, V.B. et al. Surf. Eng. Appl. Electrochem. 52,
50-78 (2016).
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Despite the extensive experience in the use of MAO coatings and the
development of numerical modifications of the method’, in recent years
the technology has become intensively developed due to the widespread
use of light metals and aIons (aluminum, titanium, magnesium) in
different industrial sectors®. The need for providing stable characteristics
of coatings — high hardness, low porosity, required tribological
properties, corrosion resistance, wear resistance, thermal and electrical
insulation parameters — has also increased®. Traditional MAO methods
do not exhaust all possibilities, and there is a renewed interest in
investigation to develop new prospects for the effective application of
the coatings appear. Today’s interest in investigating the dielectric
properties of micro-arc oxide coatings on aluminum alloys is related to
the instrumental application of such alloys in diamond grinding
wrameworks, which require electrical protection in hI?h performance
technologies with direct current feed to the treatment area

The little information available on investigation of the dielectric
properties of the coating prepared using MAO leads to the conclusion
that their characteristic, namely ohmic resistance and dielectric strength,
substantially depend on the metal grade and electrolysis conditions™.

Optimization of the contributing factors that affect the MAO process is
performed based on one or more key coating quality criteria, as defined by
the operation conditions. These usually include wear resistance, corrosion
resistance, dielectric properties, thermal resistance etc.

However, much less attention is devoted to the study of
microgeometry in applied research, in particular, to roughness and
surface morphology. In most cases, these characteristics are of minor
importance for the quality evaluation of MAO layers, except decorative
coatings. The significance of the above characteristics is even more
offset when the process involves removing the poorly adhered outer
layer, which contributes to coating roughness increase.

" Suminov, LV., Belkin, P.N., Apelfeld, AV. et al. Plasma-electrolytic
modification of the surface of metals and alloys: Book 2. Technosphera, Moscow
(2011).

8 Walsh, F.C., Low, C.T.J., Wood, R.J.K. et al. Trans. Inst. Metal Finish. 87 (3),
122-135 (20009).

® Filyak, M.M., Kanygina, O.N. Bulletin of the Orenburg State University.
9 (158) 240-243 (2013)

YGutsalenko, Yu.G., Sevidova, O.K. Reliability of instrument and optimization
of technologlcal systems. 40, 35-43 (2017).
! Tokarev, A.V. Bulletin of the Kyrgyz-Russian Slavic University 12 (10),
106-110.
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At the same time, certain applications of MAO coatings require
considering the surface roughness and morphology of the produced
surfaces, besides their key functional properties. The combination of the
microgeometry (predominantly, mean profile deviation R, which is the
most informative roughness indicator) and surface morphology
characteristics allows to create complementary surface quality evaluation
systems for many practical applications of MAO coatings.

Feasibility study of using MAO layers as electrical insulation
(dielectric) coatings on metal wrameworks of diamond grinding wheels™
demonstrated that their bore surface R, roughness index must meet
specific requirements and be equal to 2.5 um, according to the drawings.
Similar requirements can be also applied to other parts with rigid joint
connections.

At the same time, the connection between porosity as a structural
component of the surface of coatings with their dielectric properties®
which are decisive when used in a diamond-abrasive tool with direct
current to it in combined electrophysical grinding processes is extremely
poorly understood™.

The purpose of this work to study MAO technology capabilities as
applied to deformable aluminum alloys and evaluate the dielectric
properties of the resulting coatings, influence of factors on the roughness
and morphology of the surface of dielectric coatings and to determine the
rational conditions of their formation.

1. Organization of experiments and research

The experimental samples were made of deformable aluminum alloys
D16T (1360) and AK6 (2124) GOST 4784-97 (ISO 209-1) which are
used for the manufacturing of the diamond grinding wheels
wrameworks.

The dimensions of the samples are 20x15x1.5 mm (D16T — sheet
hire) and &30 mm, 5 mm thick (AK6 — calibrated bar). The initial
surface roughness amounted to from R, = 1.2 um (on samples from
AKG®B) to R, = 1.6 um (on samples from D16T).

12 Sevidova, E., Gutsalenko, Yu., Rudnev, A. et al. LNME: Advances in Design,
Simulation and Manufacturing Il: DSMIE 2019 Conf. Proc., 302-310 (2020)

® Gutsalenko, Yu.G., Sevidova, E.K., Stepanova, I.I. Surf. Engin. Appl.
Electrochem. 55 (5), 602-606 (2019).

4 Gutsalenko, Yu.G. Diamond-spark grinding of high functionality materials.
Cursor, Kharkov (2016).
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The coatings were formed in indentical conditions in the three
samples. The data were registered by measuring the respective
parameters in five points for the different sides of of each sample. The
error of the measurtment results did not exceed 10%.

Two electric modes of MAO most widely employed in the modern
technology, namely an anode galvanostatic (GS) one and a mode of auto-
falling power (AFP) using an anode-cathode (alternating) current, were
investigated. The processes were accomplished using transformer and
capacitor power sources, respectively.

The investigations in the GS mode involved the influence of anode
current density on the dielectric properties of the formed MAO coatings.
The current density amounted to 5, 7.5, 10, and 15 A-dm. The duration
of the electrolysis was determined using the principle that in each
experiment, the same charge of electricity flow through the electrolysis
unit. Following the calculations, durations of oxidation of 40, 26.6, 20,
and 13.3 min were used.

In the AFP mode, the influence of the duration of the MAO process
(1 and 2 h) in various electrolytes on the electrophysical characteristics
of the coatings was evaluated. The initial current density was 20 A-dm .

On the basis of the published data and the results of preliminary
experiments, for research have been taken three electrolytes of the alkaline-
silicate group: first — 12 g1 LG (LG is a technical solution of the sodium
liquid glass (sodium silicate) with the specific mass of 1.4 g-sm); second —
2gLtKOH+ 12 gL LG; third— 1 gL KOH + 6 g'L ™ LG. For the sake
of simplicity, the electrolyte compositions are hereinafter denoted as 0:12,
2:12, and 1:6, respectively. The temperature of the solutions was maintained
within a range of 20-35°C.

The thickness of coating was determined by a nondestructive method,
using the eddy current thickness indicator NOVOTEST TP-1.

The specific volume resistivity py and electric strength E were
adopted as main characteristics of insulating properties. The volume
resistivity was measured according to GOST 6433.2 using a
teraohmmeter E6-13 at an operation voltage of 100 V. The reading of
parameters was accomplished over a minute after the voltage was
switched on.

The breakdown voltage was determined for an alternating current
(50 Hz) using a laboratory set-up that included a high voltage
transformer, a protective resistor 5 kQ, and a scheme for smooth
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regulation of the voltage. The measurtments started from the high
voltage value.

X-ray diffraction analysis of the coatings was performed using an
X-ray diffraction meter DRON-3 with monochromatic radiation of a
copper anode in the range of angles 20 within 15 to 50°, chosen taking
into account the most probable phase composition of the coatings that
can be expect on the basis of previous investigations™.

Surface roughness, the arithmetic mean profile deviation R,, was
measured by Surtronic 3+ profilograph-profilometer (Taylor Hobson) on
the base length of 0.8 mm.

The quality evaluation of the morphological condition of the surface
layer was performed by optical microscopy using a USB-microscope
Supereyes B0O08 and scanning electron microscopy (SEM) in secondary
electron imaging mode by means of a JEOL JSM-840 microscope.

Preliminary research using panoramic micrographs (with a
magnification of 15...50) allowed to determine the general
morphological characteristics of the coating surface layer and to analyze
the surface structure homogeneity based on the total area of samples,
and to identify the presence of pores and their relative counts. The color
effect features allowed to qualitatively assess the presence of different
phase components.

The scanning electron microscopy analysis (with a magnification of
100...1000, significantly greater depth of focus and imaging at an angle
o = 45°) allowed to qualitatively evaluate the microrelief, i.e. amplitude
parameters, the shape of the structural elements of coatings, surface
patterns, stages of pore formation, pore size and depth. The research was
conducted on the local area, technologically stable and pre-defined
coating sections.

2. Dielectric properties of coatings

Analysis of the thicknesses of the MAO layers formed in the AFP
mode shows (Table 1) that their value predictably depends on the
composition of electrolytes and the electrolysis duration; moreover, the
temporal factor predominates. In general, the thickness of coatings on
D16T alloy is greater than on AK6 ones. The advantage increases with
the transition to more aggressive electrolytes containing in its
composition caustic alkali — from 25...30% in a solution of 0:12 to

5 Dehnavi, V., Liu, X.Y., Luan, B.L. et al. Surf. Coat. Tech. 251, 106-114
(2014).
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80...90% in a solution of 2:12. The probable reason of this difference is
the different etching rate of intermetallic compounds entering into
alloys'®,

The thickness of the coatings prepared in the GS mode does not in
fact depend on the current density, but it depends on electrolyte
composition. As in the AFP mode, the minimal thickness (29 pum) forms
in a diluted alkaline-silica 1:6 solution and the maximal thickness
(37 um) forms in a 2:12 solution (see Table 1).

Table 1
The thickness of the MAO coatings on deformable alloys under
various electrolysis conditions, pm

Electrolyte
0:12 [ 212 | 16 0:12 | 212 | 16
Grade L . GS mode, (electrolysis
of AFP mOde‘z'g'[t\'iIiﬁzr,rem density time)-(current density) = 200
alloy : A-min-dm

electrolysis time, hours current density, A-dm

1 2 1 2 1 2 5 [15 ] 5 |15 ] 5 |15

D16T | 80 | 150 | 100 | 210 | 70 | 170 | 42 | 43 | 44 | 45 | 36 | 38

AK6 | 60 | 120 | 55 | 120 | 40 | 90 | 33 | 34 | 37 | 37 | 30 | 29

Obviously, the silicate component plays a decisive role in the rate of
growth of MAO layers.

The subsequent measurement of the coatings dielectric
characteristics, its specific volume resistivity py and the electrical
strength E indicate (Fig. 1) the predominant effect of thickness on their
values. In particular, an increase in the oxidation time, and,
correspondingly, of the thickness, in two times on the AK6 alloy, led to
the deterioration of the py index in 4...5 times in all electrolyte solutions
(see Fig. 1, a). Less pronounced this effect was displayed on the alloy
D16T - the corresponding decrease was 1.9...2.5 times (see Fig. 1, b).

The fact that dielectric properties of MAO coatings worsen when
their thickness increases can be explaned by inhomogeneity of the
structure of the coating itself, which increases when the thickness of the
oxide layer increases, and mullite, sillimanite, and other phases,
distinguished by lower values of py than for Al,O; appear in its
structure. Moreover, the effect of trapping the current-carrying

16 Chigrinova, N.M., Chigrinov, V.E., Kukharev, A.A. Powder metallurgy 5/6,
13-23 (2001).
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electrolyte ions and improvement of the conditions for migration and
diffusion of the ions of alkali earth metal (in our case K+ and Na+) ander
the action of temperature®’ negatively influences the py value.

The best index p, provide coatings on both alloys, formed in alkali-
silicate electrolyte 1:6, the lowest —in 1.7...4 times, in a solution of 2:12.
In general, the coatings obtained within 1 hour in the thickness range
40...60 um on the AK®6 alloy and 70...100 um on the D16T one are
characterized by high specific resistivity (in the range (1...9)~109 Q-m),
but the relative advantage of this index (in 2...2.5 times) have MAO
layers on AKG6.

The electrical strength of the coatings (see Fig. 1, c, d), like the
specific resistivity, unambiguously decreases with increasing thickness,
although the total breakdown voltage in this case increases. The latter is
associated with a decrease in open porosity and end-toend defects, which
are a trlouble spot, since the electrical strength of the air in them is only 3
Veum ™.

7 Pavlyus, S.G., Sobornitskiy, V.I., Sheprut, Yu.A. et al. Electronic Processing
of Materials 3, 34-36 (1987).
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Fig. 1. Dependence of specific volume resistance (a, b) and electric
strength (c, d) of the MAO coatings of AK®6 (a, c) and D16T (b, d) alloys
from the time of oxidation under the AFP mode in different electrolytes:

1-0:12;2-2:12;3-1:6

The reasons for the E deterioration with increasing the coatings
thickness are the same, which lead to deterioration py — heterogeneity,
the presence in the composition of aluminum oxides of different
structures as well as mullites, sillimanites and other compounds with
lower dielectric properties.
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The index E is less dependent than py on the alloy grade and the
electrolyte composition, but a slight advantage of 10...30% is observed in
MAO coatings formed in a 1:6 electrolyte solution; in this case the value
of E reaches 13...14 V-.um .

Both electrophysical parameters (py more substantially) depend on
the electrolyte composition. It can be said that for the AFP mode the
coating formed in a 1:6 solution exhibit the best dielectric properties and
those formed in a 2:12 solution exhibit relatively worse characteristics
(Fig. 1).

Analysis of the dielectric properties for the coating prepared in GS
mode for both alloys, AK6 (Fig. 2, a, ¢) and D16T (Fig. 2, b, d) allowed
to note tendency when the current density j increases. This can be
associated with the increase in porosity that is typical for GS modes and
the saturation of the composite coating by electrolyte elements.

The difference between the py values of the coatings formed in
various electrolytes is more pronounced. The best result was found for
the liquid glass solution 0:12; the worst result was obtained for solution
2:12, which was lower by a factor of 1.6-1.9.

The presented results are in qualitative agreement with the values of
the forming voltage that become settled at the end of the MAO process in
each solution independently of the current density. Respectively, the
greatest voltage was observed in the silicate 0:12 electrolyte — 560 V on
AKB®6, and 580 V on D16T; the least one of 520 V in the alkaline-silicate
2:12 electrolyte on both alloys. One of the reasons that the parameter py
becomes worse in the 2:12 solution may be already noted above in the
analysis of results in the AFM mode the elevated concentration of ions of
alkaline metal, in it that leads to a relatively greater concentration of
these ions in the composition of the coating.
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Fig. 2. Dependence of specific volume resistance (a, b) and electric

strength (c, d) of the MAO coatings of AK6 (a, ¢) and D16T (b, d) alloys

from the anode current density under the GS mode in different
electrolytes: 1-0:12; 2—-2:12; 3-1:6

The character of the variation of the electric strength of the coatings
versus the investigated factors for both alloys — AK6 (Fig. 2, ¢), and

D16T (Fig. 2, d), as could be expected is similar to the dependence of the
specific resistance on them. In particular, for electrolitytes 0:12 and 2:12
the tendency of diminishing of the parameter with the increasing of the
current density (curves 1 and 3) is retained or becomes even stronger; the
influence of the qualitative and quantitative composition of the
electrolytes is to some degree smooth (curves 2 and 3). The best values
of the electric strength in GS mode — in 1:6 and 0:12 solutions.
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Table 2
The main phase composition of MAO coatings on AK6 alloy
at various conditions of their electrolysis in time 1
(M — mullites (3Al,05-2Si0,); y and a. — y and a. phases of Al,O5)

Grade Electro i t
of Mode - . ’ Phase 1/1 , %
alloy lyte Adm? | wmun ln | Qp
0:12 30 60 M, v, halo 0.46 5
AFP 2:12 30 60 M, v, halo 0.83 8
1:6 30 60 v, M 3.8 40
75 | 266 | Mataces, | 555 | g
D16T 0:12 halo
15 13.3 M, v, halo 0.62 6
GS 212 5 40 v, M, a traces 1.6 16
’ 15 13.3 M,y 0.88 9
16 5 40 v, M 1.8 18
’ 15 13.3 v, M 1.89 19
0:12 20 60 v, M 1.34 13
AFP 2:12 20 60 M,y 0.33 3-5
1:6 20 60 y, M traces 10 100
012 5 40 v, M 1.19 11
AK6 15 13.3 v, M 0.96 10
] 5 40 v, M 2.5 25
GS 2:12 15 13.3 v, M 2.4 24
16 5 40 v, M 2.4 24
’ 15 13.3 v, M 5 50

In general, from comparison the electrophysical parameters of MAO
coatings formed on both alloys using the two electric modes, it can see
that the results related to the choice of the efficient electrolyte
composition correlate. In all cases, the 1:6 and 0:12 solutions exhibit
distinct advantages.

Analysis of the results of X-ray diffraction investigations (see
Table 2) shows that the phase composition of the coatings, in particular,
the quantity of y — Al,O;z and its relationship to the mullite phase by
radiation intensity (I, / 1;,) or relative estimation of the values of this ratio
(Qp, %) are not the determining parameters for the dielectric properties.

Obviously, these parameters of MAO coatings respond to the integral
influence of all the components of the composite substance, including the
radiotransparent and unidentified ones. This first of all relates to the ions of
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alkaline metals that worsen the dielectric properties of the coatings™®; the
quantity of the ions can be determined using an X-ray spectral
microanalysis.

3. Morphology and microgeometry of coatings

On Fig. 3, R, values demonstrate that the surface roughness of both
studied alloys after MAO, especially oxidated in the AFP mode, increases
significantly. The rate of increase of its absolute value depends on the
electrolyte composition and process duration in the AFP mode, and reaches
a factor of 4...6, compared to the baseline R, value. A two-fold increase of
the electrolysis time and, therefore, of coating thickness (Table 1) results in
further R, increase. However, roughness increase associated with this factor
is not very significant and constitutes 10...20 % (Fig. 3, a, b). The roughness
increase proportional to the coating thickness can be explained by a
significant coating destruction®®, if the power of the solitary visually
observable spark discharges increases. It is also possible to state that coating
roughness is almost independent from the components of the oxidated
alloys, but it is more sensitive to electrolyte composition.

In particular, the lowest R, value (25-40 % lower) is fixed in 1:6
solution with the minimal LG concentration. The effect of LG
concentration is critical for this coating surface characteristic, if all the
other factors of the MAO process being equal. This result fully correlates
with the conclusions of the research? regarding the correlation between
the increasing roughness and silicate concentrations.

In the GS mode the rate of roughness increase is generally somewhat
lower and is a factor of 2...5. Under conditions of indifference of the
coating thickness to a change in current density (Table 1), R,
dependences not only from the electrolyte composition but also of
current density are manifested (Fig. 3, c, d). Last mentioned dependency
is not monotonic, but extremal in 0:12 and 1:6 solutions. In fact, R, index
increases in the range of 5...10 A-dm? and subsequently drops as
current density increases till 15 A-dm2. The smoothing effect could be
well observed even with no auxiliary optical devices: the structure and
color of the oxidated surface became significantly more homogenous
with this current density.

'8 Martin, J., Leone, P., Nomine, A. et al. Surf. Coat. Tech. 269, 36-46 (2015).

% Hussein, R.O., Northwood, D.O. In: Developments in Corrosion Protection,
201-239. InTech, Rijeka, Croatia (2014).

2 Chernenko, V.I., Snezhko, L.A., Papanova, I.I. Obtaining of coatings by
anode-spark electrolysis. Leningrad, Chemistry (1991).
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Fig. 3. Dependences of surface roughness of the MAO coatings on the
time of oxidation in the AFP mode (a, b) and current density in the GS
mode (c, d) of AK6 (a, c) and D16T (b, d) alloys in different electrolytes:
1-0:12;2-2:12; 3-1:6

The enhancement of R, index at j = 15 A-dm * can be accounted for
the Joule’s heat release (~ j°), which is sufficient at this current density
for fusion and melting to occur both within the coating layer and on the
surface structures, in particular, fusion and melting of aluminum oxides
and silica. A presence of concentrated alkali in 2:12 solution can offset
this effect due to an increased etching action of the harsh component
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(KOH), which results in the monotonic R, increase proportional to the
current density.

Similarly to the alternating current oxidation under the AFP mode,
the minimum roughness value of dielectric coatings produced under the
GS mode is achieved in the 1:6 electrolyte.

It was noted above that on both alloys, the best indicators of specific
volume resistance are provided by coatings also formed in the electrolyte
1:6.

The electric strength of the coatings (see Table 1 and Fig. 1 together),
as well as the specific volume resistance, decreases with increasing
thickness. The latter is associated with a relative increase in open
porosity (Fig. 4) and through defects, the electric strength of the air of
which is only 3 V-pm .

10"

Fig. 4. Microphotographs of the surface of the diamond grinding wheel
wramework from AK6 aluminum alloy with a local MOA coating

The results of the electron scanning microscopy morphological

research of the MAO coatings on AK6 alloy (Fig. 5) allow to make some
generalizations.
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Fig. 5. Morphology of the surface of MDO coatings on AK6 alloy
after AFP mode in 1 (a, ¢, f) and 2 (b, d, g) hours in different
electrolytes: a, b —-0:12; ¢, d-2:12; f,g-1: 6

In particular, it is possible to state that all MAO coating surfaces
produced under the AFP mode using alternating current have a well-
developed relief with alternate peaks and valleys formed by separate
conglomerates of compounds of the outer layer.
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Open and closed pores were observed on all samples in the largest
field of vision of optical microscopy (1.2 mm, magnification x100). The
size, relative counts and pore depth depend upon the PEO mode
(electrolyte composition, duration of electrolysis).

Comparing the surface morphology of samples oxidated by the same
electrolyte at different time points (see Figures 5, aand 5, b; 5, cand 5 d;
5, f and 5, g), it is possible to state that the morphological structure
becomes more developed and demonstrates more prominent relief with
clear boundaries of particles in all dimensions.

This qualitatively correlates with the results of analysis of roughness
Ra, which also shows a tendency to increase with the electrolysis time
increasing. The R, change for AK6 alloy after AFP mode in various
electrolytes (see Fig. 3, a) occurs in the ranges of 6.6..7.5 um;
7.5...7.8 um and 4.7...6.0 um, respectively.

Comparing the morphology of the MAO coating surfaces produced
by various electrolytes, it is possible to conclude that the difference is the
most pronounced for 2:12 solution (see Fig. 3, c and 3, d).

The surface morphology produced in this solution is smoother and
characterized by less marked variance of amplitude parameters and
convexity of the surface conglomerate particles of the coating materials,
as compared to surfaces oxidated in 0:12 and 1:6 solutions.

Another prominent morphological feature is a relatively high
accessible porosity of this coating. Pore sizes range from 2 to 10 um and
more, some of them (predominantly, larger size pores) are quite deeply
expanded. These circumstances can impair (i.e. increase) the R,
roughness index, which was observed during the research (see Fig. 3).

On the other hand, increased porosity, particularly accessible
porosity?*, can contribute to the impairment of the isolation properties
which was confirmed by the results of previous research?.

The critical factor that contributes to the characteristic surface
morphology in 2:12 solution is most probably the alkaline component of
the KOH solution and its destructive action, which increases
proportionally to the alkaline concentration. This can be indirectly
confirmed by more moderate surface relief in 1:6 solution, where KOH
concentration is twice as low (see Fig. 5, f and 5, g).

2L Curran, J.A., Clyne, T.W. Acta Mater. 54 (7), 1985-1993 (2006).
2 Gutsalenko, Yu.G., Sevidova, E.K., Stepanova, l.I. et al. Probl. At. Sci.
Technol. 114, 125-127 (2018).
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An insignificant pore percentage is recorded on this surface (which is
lower compared to the surface produced in 2:12 solution), pore sizes
decreasing to 1...6 um. The electrolysis time increased to 2 hours results
in a further reduction both sizes and quality of open pores.

In this research, the CEM study results were considered as
supplementary. At the same time, they enable to interpret the coating
characteristics observed by means of other techniques. This particularly
pertains to the roughness parameters and dielectric properties.

Based on the morphology research results, it is possible to state that
1:6 alkaline-silicate solution (1 gL KOH + 6 g'L™* LG) is the most
appropriate electrolyte for MAO coatings formation with minimum
values of roughness and porosity. It is important that the best indicators
of the dielectric properties of coatings were obtained with alternating
current in the AFP mode in this particular solution.

CONCLUSIONS

In general, both modes of the formation of MAO coatings provide
sufficiently high parameters for py and E. At the same time, the absolute
values of parameters py and E are greated by a factor of 1.5-2.5 for the
coatings on AK6 and 1.2-1.9 for the coatings on D16T which are formed
using an anode-catode (alternating) current in the AFP mode at the
comparable thicknesses. This may be the reason to choose this mode as a
basis method for the development of technology of formation of isolation
coatings on aluminium frameworks of diamond-abrasive wheels to
provide an expansion of technological capabilities  of machine tool
technical grinding system for realization of combined electrophysical
processing.

Established results do not contradict the conventional knowledge,
since studies of other features of the functional quality of coatings at
comparable thicknesses have established that the MAO layers obtained at
alternating current are more homogeneous and less defective?, and this
obviously also has a positive effect on the barrier electrophysical
parameters.

It is established that the best results of the dielectric properties on
both alloys — py = (4...9)-10° Q-m and E = 13...14 V-.um * — provides
moderately concentrated alkaline-silicate electrolyte 1:6 with relative

2 Bakovets, V.V., Polyakov, O.V., Dolgovesova, I.P. Plasma-electrolytic
anodic processing of metals. Science, Novosibirsk (1991).
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mass contents of potassium alkali and sodium silicate respectively
lgL and 6 gL

Based on the research, it was established that the formation of dielectric
insulation coatings on the surface of D16 and AKG6 alloys using the MAO
technique results in an increase of the output R, value by a factor of 2...6,
depending upon the electrolysis conditions: electrolyte composition,
electricity mode, process duration (coating thickness). It was established that
the lowest R, value for both alloys and electrical modes (AFP and GS) was
provided also with the electrolyte composition 1:6.

Under the conditions of the GS regime of the formation of coatings of
equal thickness, the roughness of their surface depends on the density of
the anode currentj This dependence, within the studied values of j (up to
15 A-dm ), is extreme for solutions of 0:12 and 1: 6.

Microscopic studies of the surfaces of MDO coatings allow to state a
qualitative  correlation of their morphological features with
microgeometric roughness estimates. Taking into account the results of
morphological studies of open porosity of coatings increases the
objectivity of choosing a rational electrolyte composition for the
formation of electrical insulating coatings not only in terms of roughness,
but also in terms of functional indicators.

SUMMARY

The presented work is focused on the development of technologies
for the formation of electrical insulating coatings on aluminum
frameworks of diamond-abrasive wheels, which provide the expansion of
technological capabilities of machine tool technical grinding systems for
the implementation of combined electrophysical processing. The
technological capabilities of electrical insulating microarc oxidation as
applied to deformable aluminum alloys of grades D16T (1360) and AK6
(2124) GOST 4784-97 (ISO 209-1) used in the manufacture of
frameworks of diamond grinding wheels in the tool industry were
studied. The studies were carried out for two main in practice microarc
oxidation of electric modes — anode galvanostatic with a transformer (up
to 600 V) current source with a current density of up to 15 A- dm?in the
experiments and auto-falling power on the anode-cathode (alternating)
current from a capacitor current source with a current density of
20 A-dm™. The technological medium of microarc oxidation in the
performed studres consisted of alkaline-silicate group electrolytes with
zero, 1 and 2 g'L ™" KOH concentratron in the presence of sodium silicate
at levels of 6 and 12 g-L™". The temperature of the aqueous solutions was
maintained in the range from normal to 35 °C. The influence of the time
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of the microarc oxidation process was evaluated in a auto-falling power
mode. The data of roentgenologic studies, conventional and electron
microscopy of the obtained coatings, and control of their roughness are
presented and analyzed. It has been shown that microarc oxidation by its
nature worsens the roughness of machined initial surfaces. The data of
x-ray studies, conventional and electron microscopy of the obtained
coatings, and control of their roughness are presented and subjected to
analysis. It has been shown that microarc oxidation by its nature worsens
the roughness of machined initial surfaces. At the same time, the extreme
nature of the dependence of the average microroughness height on the
anode current density during microarc oxidation in the calvanostatic
mode in electrolytes with a low concentration of the alkaline component
was revealed and explained. It was shown that the data of microscopic
visualization of the coating surface qualitatively correlate with the
microgeometric and dielectric functional parameters of the coatings. The
dielectric quality of the obtained oxide coatings was evaluated by the
specific volume resistance and electric strength. The rational conditions
for the formation of dielectric coatings on the studied aluminum alloys
are determined. Information is presented for the practical implementation
of the development of local electrical insulating coatings of a high-
performance processing technology tool with the introduction of electric
discharge energy into the cutting zone to maintain the functionability of
grinding wheels with a diamond-metal composition of the working part.
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MOJEJII I METOAHU NPEACTABJEHHS APXITEKTYPHUX
PIINIEHb KPUTUYHOI IT-IHOPPACTPYKTYPHU

Hoporuii 5. 10.

BCTYII

VY HaykoBiff JiTepaTypi 3yCTpi4aroTbCs Pi3HI cgopMam)Hi 1 He-
(opMaNbHI OMHCH PO3MOIIICHUX CHCTEM (PC)l'Z'. XapakTepHOI
BractuBicTio PC € HasgBHICTH B3aEMOMIIOYMX KOMIIOHEHTIB CHCTEMHU.
Y it poboTi OCHOBHa yBara NPUIUIAETHCS MOJICIIOBAHHIO Ta
BepUdikamii Moneneld o0coOJMBOTO KJIacy pO3MOAUICHHX CHCTEM —
kputnaHuM I T-iHQpacTpykTypaMm, ToMy aaii mig kommoHeHTamu PC
PO3YMIIOTECS] B3a€EMO/IFOYI MPOLIECH, KPUTHUHI Ta HeKpuTHuHi. [Iporecu
BHUKOHYIOTBCSI Ha OJTHOMY a00 JEKITbKOX OOYUCITIOBAIBHHUX TMPUCTPOSIX.
VY 3aralbHOMY BHIIAJKy OOYHCITIOBAJIbHI TIPHUCTPOI MOXKYTh OyTH
¢i3uyHO BiAnmaneHi oAWH BiAg onxHOro. Y Il poOOTi 3aTpuMKa, IO
BUHUKA€ IiJl 4Yac Mepenayi JaHWX, HE BPaxXOBYEThCSA, 1 B3a€MOJiA
MIPOIIECIB BBAYKAETHCSI MUTTEBOIO.

Jami mix po3noineHo cucTeMoro 0yJIeMo MaTu Ha yBasi KpUTHUHY
IT-indpactpykTypy.

Jliis aHanizy mOBEIIHKA PO3MOIICHOT CUCTEMH YacTo SIK Mojaens PC
BHKOPHCTOBYIOThCS Tpam3miiiini cucremn (Transition System, TC)”.
KirouoBUMHU CKITagHUKaMH CHCTEMHU MEPEXOJiB € MOHATTA CTaHy i
nepexony. Cram TC e abcTpakii€o cTaHy pO3MOAUICHOI CHCTEMH.
VY crani TC BimoOpakeni 3HadeHHS CTPYKTyp Oux mpouecis PC,
HEOOXimHUX JUIsi aHadily 11 mMOBeHiHKH. 31 CTaHy MOJENi MOXe
3IACHIOBATHCS TEPeXia B oJHEe a00 KijbKa HACTYMHUX cTaHiB. [lepexin
BIJIMOBiIa€ JIOKaIBbHINM a00 KoMyHiKaIiitHii noAil PC, mo MOAET0eThCS.

! Tel G. Introduction to Distributed Algorithms. Cambridge: Cambridge
University Press, 2000. P. 610.

2 Tanenbaum A., van Steen M. Distributed Systems: Principles and Paradigms.
Upper Saddle River: Create Space Independent Publishing Platform, 2016. P. 704.

3 van Steen M., Tanenbaum A.S. A brief introduction to distributed systems.
Computing. 2016. Ne 98 (10). C.967-1009.

Tenennxk C.D., igm. Meroasl HCCIENOBAHUS  CBOMCTB  BBICOKO-

NPOU3BOAUTEIBHBIX HHPpacTpykTyp. O030p. @yHOamenmanvuvle u NPUKIAOHLIE
npobremvl ungopmamuxu u ungopmayuonnvix mexronoauti. 2015. Ne 1. C. 3-13.
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TC MOXyTh CYNpPOBOJIKYBATHCS PO3MITKOIO CTaHIB Ta/ab0 TepexoliB.
VY 11boMy pa3si TOBOPATH MPO po3MideHi Tpan3umiiHi cuctemu (Labelled
Transition System, PTC)S. Y pobori BukopucroytoTscsi PTC 3
PO3MITKOIO CTaHIiB 3HAYCHHSAMH OyJCBHX 3MIHHHX 1 PO3MITKOIO
Mepexo/IiB Ha3BaMH KOMYHIKamiiHuX fmiil. Ilix yac moOymoBm moneni
oyaytotecsi PTC mpouecie PC. Mogens Bciei PC yTBOproeTbcs B
pesynbTati napanensHoi komnosuuii PTC nporecis.

1. Po3miveni Tpan3uuiiini cucremu

Hexait 3amaHa MHOKMHA MOXIIMBHX MITOK miii A. Jlii BiZITOBiIarOTh
KiacaMm ekBiBasieHTHocTi moxmii E. [puxmagamm niii MoxyTh OyTH:
BiJICWJIaHHS / OTPHMaHHS IOBIJIOMIJICHBL IMPOIECOM a00 KOMITOHEHTOM,
3MiHa CTaHy Ipoliecy a0o KOMIOHEHTY ToIo. Jlani MaeThcs Ha yBasi, 110
Bci gii PTC mamexars MHOXMHI A. B MHOXHHI TakoX 3HAXOOUTHLCS
CreliajibHa HeCIOCTepeXKHa Tisl T.

Osnauenns 1.1. PTC nHasuBaetses wictka (S,S°, A/R,Y,L), B skiil
S — cKiHUCHHA MHOXMHA CTaHiB, S° — MIMHOKHMHA S [I0YATKOBUX CTAHIB
cucreMu, A <€A — CkiHYeHHAa MHOXXHMHA MITOK fiii, R — BigHOmeHHs
MEPEeXOoJIiB Ha MHOXKHHI Sx AxS, Y — MHOXHHA 3MIHHUX CUCTeMH, L —

dyHKIis posmiTky cTamiB L:S — 2%,

Jaii 6yJeMO BUKOPHCTOBYBATH 3aITHC s—a>t , Mo o3Havae (s,a,t) eR
aas S,teS,aeA. 3a 10IOMOrow BiTHOIICHHS R 3a1ar0ThCs MOKIUBI
BapiaHTH JUCKPETHUX MEPEXOAIB 3 OAHOTO CTaHy 1o iHmoro. Ilepexoau
CYIPOBOKYIOTHCS MITKaMH JTiHA.

i KoKHOTO CcTaHy Se€S 3a jomomororo (yHKINT L 3amaroThbes
3HAYEHHS 3MiHHUX 3 MHOKMHM ), B CTaHi S.

3a 10MOMOTr 00 CUMBOJTY 4/ OyneMo mo3HadaTti MHOKUHY Beix PTC.

Osnauenna 1.2. Cxinuenaum musixom n B PTC (S,S5°, 4, R, Y, L)

HA3UBA€TLCI Taka CKIHYEHHA [OCHIJOBHICTH CTaHIB Ta  AOik
S;,Qy...sd, |,S,, AKI UYEPrywThes, mo s, €S5,a,€ A ua  BCiX

n-1>%n>
1<i<ml<j<n 12 (5,a,s,,)eR nmna Bcix I1<i<n.
HeckiH4eHHUM MUISXOM Ha3WBA€ETHCSA TaKa HECKIHUEHHA TOCIIIOBHICTD
CTaHiB Ta il §,d,,...,d, |,5,,..., AKI YEPTYIOThCA, IO §; € S,a; € A s

n-1>%n>**

i<l,j>1ra(s;a,s,)e R mascix i > 1.

s Kpeigeiit C.JI., Makcumerr A.H. Bepudwukanus mnporpaMMm: COCTOSHHE,
npobnemsl, pe3yiabratsl. Kubepnemuxa u cucmemnuiii anaiuz. 2013. T. 49. C. 3-14.
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Hani ckiHYeHHUH 1UIIX = = S,,4,,...,4, |,S5, OyIeMO MO3HA4YaTH SK
Ay 5ees @y

s o> s

n

a  HECKIHUCHHHH IUIIX T =S,0),..cs A, (,S,,..., K

ay ey a;

s, — 8, —>... Jng ckingeHHOT0 a00 HECKIHYEHHOTO HUIAXY T 3aIHC

suf(m, k) o3Hauae cydikc IULIXY T, IKUH IOYNHAETHCS 3 CTAHY S, .
Osnauenns 1.3. JIng musaxiB Ha MHOXKHHI CTaHiB § BU3HAYMMO TaKy

dyHKIiI0 cTamiB, sKi 3ycTpivaroThes Ha muiAxy, PrS:ST OS¢ —25.

ooy A
Cran s e PrS(n) mns uwsxy n=s, — S, —... TOAI 1 TUIBKK TOMI,
KOJIU 3HalaeThes Take i > 1,1mo s = 5,.

Osnauenna 1.4. Hexait 3amana PTC M =(S,S°, A, R,>,L) Ta

Ap sy by sy
mxa o' =s, — §,, o= — f 1 npu mpomy S, =1¢ . Toxi
byyeesbyy

KOHKATEHAII€Io IUIAXIB o 1 o Ha3BeMO IUIX oL =8, — 1, — 1.

Ay sy

Jaii OymeMo mo3HavyaTH KOHKaTEHAITIo IUIIXIB o' 1 a” Ik o =o' ca”.
Osnauenna 15. Jlna PTC M =(S,S°,A,R,>,L) cran teS

HA3MBAETbCS JOCSDKHUM 13 CTaHy S €., SKIO 3HaWAeTbCsA [EsKUit
a b
CKIHYEHHMH IUIAX o = §—S;...5, = CTaH { Ha3UBAETHCS JOCSKHUM,

SIKIIIO BiH € JIOCSDKHUM 3 JIeKOT0 movatkoBoro ctany PTC.
Osnauenna 1.6. Hexait 3amana PTC M =(S,S°,A,R,>,L) Ta

¢GbyHKIIST mepeiiMeHyBanHs Jiii ren: A — A'. Toxi pesynbraToM
ren

sacrocyBanHs ¢yHkuii ren go PTC M (mosnauaetscst sk M ) € Taka
PTC M, =(S,,S,A4,,R,%,, L), mo:

—Bipui pisrocti S, = 8,8 =8°,4, =A,R =RY, =X,1, = L),

—mepexin (S,a,f) € R BUKOHYeTbCS TOMI 1 TIMBKKA TOMi, KOJIU
(s,ren(a),t) € R..

B mnopaneiiomy OymeMO BHKOPHCTOBYBATH CIEIIaNbHY (QYHKIIIO
ren’ pommcyBaHHS iHOeKkcy i nism PTC, sxa BimoOpakae KOXHY Hi0 @
Ha JiI0 a; .

Osnauenna 1.7. Hexait 3amama PTC M =(S,S°, A, R,>,L) Ta
¢Gyukiis mouarky mepexoay bg: R—S. Tomi pesymsraTom
3actocyBanHsi (QyHKLil bg 1m0 7, € R (nmo3Hauaerhest sk bg(r)) € cran
[04YaTKy repexony 7, T00to bg(r) € s,,s, €5 .
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Osnauenna 1.8. Hexait 3amana PTC M =(S,S°, A, R,>,L) Ta
¢byHKmist  kiHmg  nmepexony end: R— 8. Tomi  pesymbraToMm
3actocyBanHs QyHknii end mo 7 € R (mo3Hawaersest sk end(r;)) €
CTaH KiHI niepexony 7, T06tTo end(r) € s;,5, € §'.

1.1. ACMHXpPpOHHAa nNnapanenbH

PosrnstHeMo nepeBonoiOHMi xBuiieBUi anroput™ sik npuknag PTC.
B anropurmy npuilMaroTh yuacTh HpPOLIECH TPbOX THIIIB: KOPCHEBUIl
nporiec-iHimiaTop (mpototun Root); mporiec, sSKuil BiANOBiIa€e JIUCTOBIM
BEpILMHI KOMYHiKaliiiHoro naepea (mpototun Inner); mpouec, SKuii
BIJTOBila€ BHYTPIIIHIM BepIIMHI KOMYHIKalliifHOrO AepeBa (IPOTOTHUI
Leaf).

3a aJropuTMOM TIPOIIEC-IHIIIIaTOp TIOCHJIA€ MOBIIOMIICHHS CBOIM
Ham@aakaM. Ilpomecu Tumy Inner OTpUMYIOTH TOBIZOMIJICHHS Bif
0aTBKIBCHKOTO TPOIECY Ta HAJICWIAIOTH HOTO Jaji CBOIM HaIlallKaM.
[ponecn Ttumy Leaf oTpuMyIoTH MOBIMOMIIEHHS, 3alyCKAIOTh 3amady
OpUNHATTS pIlIEHHS Ta HAJACWIAIOTh Y BIANOBIAL MiATBEPAXKECHHS.
[Iponecu tumy Inner, oTpUMaBIIHM IMiATBEPPKEHHS BiJ BCIX HaIaJIKiB,
TaKO’ 3aITyCKAIOTh 3a[auy IPUHHATTS PIlIeHHS, MIiCII YOTO MepeaaloTh
MiATBepKeHHS 0aThKiBCHKOMY TPOIIECY.

Ha puc. 1 mpeacrasneni niarpamu PTC mnporotumiB mporecis
anroput™y st OinapHoro aepeBa. Ctanm PTC 300pakeHi y BUTILAII
eninciB. IlouyaTkoBi cTanu: S,,f,,4,. llepexonu nosHauarOThCAd IiIMU
rcv_left, rcv_right, snd_left, snd_right. Tist 3 npedikcom rcv Biamosigae
OTPUMAaHHIO TIOBiIOMIICHHS, a [ist 3 mpedikcom Snd Bimmorizae Bianpasii
noBigomieHHs. [lepexoau, afs sSKUX HE BKazaHa MiTKa, MO3HAYeHi
Ti€ro T.
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Puc. 1. liarpamu PTC npoueciB Tuny Root, Inner, Leaf

Jis ommcy mpaBun B3aemoxaii Ha PTC Bu3HauaeThbes oreparis
napanenbHoi KOMIOo3uIlii. 3a T01moMOror i€l onepailii OynIyeTscs HOBa
PTC, sxa Mopmenmtoe acMHXpPOHHE BHMKOHAHHS Ta CHHXPOHHUN OOMiH
noBigomiieHHsAME ABoX BuXimHux PTC. Matoun PTC Bcix mporeci E,
MoxkHa mobynysBatu PTC Bciei E, BUKOHyIOUM iTEpaTMBHO OIEpAaIliio
napanenbHOi KOMITO3MILI.

Osnauenns 1.9. Hexait samani PTC M, =(S,,S8’,4,,R.,%,, L) Ta
M, =(S,,Sy,A4,,R,,Y,, L) Taki, mo

SNS, =G AnA =033 n>, =00

Hexaii Tako 3a71aHa CHHXpOHi3aIliiiHa mapa

A= ),AcA, :A—>A,.

Toni momens M =(S,S°, A, R,Y,L) Ha3uBacThca TNapaneibHOIO
komnosutiero PTC M, i M,, sxuo:

—BipHI CIiBBiAHOLICHHS

0 0 A
S=58x8,8=8'x8,A=A4UA\(AUA), T =3, UY,,
—Bipuo L:S — 2>, L((s,,s,)) = L(s)) U L(s,),
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— BigHomeHHA R < (S, xS,)x Ax (S, x.S,) 3amaeTbcsi HACTYIHUM
guaOM: ((S,u),a,(?,v)) € R TOHi 1 TITBKU TOJi, KOJH BUKOHYETHCS OJTHA
3 TPHOX YMOB:

a) BUKOHYETBCA TepexiJ nepoi moneni: (s,a,t) € R,u=v;

0) BUKOHYyeThCA Iepexin apyroi moaeni: (#,a,v) e R,,s =t¢;

B) BHUKOHYETHCS CUHXPOHHUI 00MiH MTOB1TOMIICHHSIMU:
(s,b,1) e R,(u,b,v) e R,a=r.

PosriissHeMo  omeparifo  KOMIO3WIN Ha TPHKIAAI  XBHUIHOBOTO
anroputMmy. Hexait M, i M, — PTC nBox npornecis, orpumannx 3 PTC

nporotumiB Inner ta Leaf BimmoBigHO NHUIIXOM MMepeiiMeHyBaHHS 3a
1 . 2

IomoMororw  QyHkiid ren' i ren’. Bu3HAYMMO CHHXPOHI3aTOp
A=(A,) HACTYITHAM IHHOM: A ={snd_left,,rcv_left,},
snd_left, = rcv_parent,,rev_left, = snd_parent,. Toxpi upuxiagamu
nepexonis PTC M = M, |, M, e nacrynui nepexonu:

—BHYTPIIIHIN epexif nepuoro npouecy (s,,7,) —>(s,,%,) .

— BHYTpIIIHIN Iepexif Apyroro mpouecy (s,,%)—>(s;,1,)

—KOMYHIKallilHU nepexin 00ox mpouecis (s,,7,) —(s,,%,) .

M =PR|..|P, ne R,..., P, — PTC npouecis PC.

1. 2. Leaxi npumkKknaagn BUKOPUCT

CydacHi BHMOTHM [0 TPOTPAMHOTO 1 TEXHIYHOrO 3abe3rnedyeHHs
cydacHuX iH(opmamiiHux cucteM Ta KputuuHux IT-iHppacTpykTyp
CIOHYKalOTh O PO3POOKH HOBHX METOHIB iX TIPOEKTYBaHHS,
OoOTpyHTYBaHHS Ta KOpekTHOi peamizamii. I[IpomoHoBaHWiI MeTON
MIPOEKTYBAHHS UTIOCTPYETHCS MPUKIIAaMH CHHTE3Y CEPBiCiB KPUTHUHHUX
IT-indpacrpykryp tumy PaaS (Platform as a Service), laaS
(Infrastructure as a Service), SaaS (Software as Service).

laaS 3a3Buyaii Haae yHi(ikoBaHi amapartHi i MpOrpaMHi PecypcH, aje
B JICSIKHMX BHITAJKAX 1 Ha IHPpacTpyKTypHOMY piBHI 1 yctaHoBkH 110 3
OMmJaTol0 pay as you go (3a Mipolo BHKOPHCTaHHS). 3aMOBJICHA
iH(ppacTpykTypa MOXe IuHaMiuHO Macmrabyeatucs. Ha 6asi takoro
migxoay mooymosani Amazon EC2 Service i Amazon S3.

PaaS Hamae Oinbll BHCOKMH piBEHb CEpBiCy, IO JO3BOJISE
pO3poOIsATH, TecTyBaTH 1 BIPOBADKYBAaTH BIACHI  3aCTOCYHKH.
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BOynmoBana wmacmTaboBaHiCTh  Hakiagae OOMEXEHHS Ha  THII
pO3pOOIAIOTECA. SICKpaBUM TPHKIAAOM peami3allii Takoro MigXxoay €
cepsic Google App Engine.

SaaS mpononye rorose crerianizoBade 10, 1mo Beae K0 CrpoIIeHHs
BHKOPHCTaHHS JTOJIATKIB 1 0 3MEHIIIEHHS BUTPAT Ha po3poOKy. OmHNM 13
YyJOBUX NPUKIAAIB peaiizawlii 3a TakuM migxoaoM € Salesforce Ta ii
OHJIAWHOBA CHCTEMA YIIPABIIHHS BiJTHOCHHAMH 3 KITI€EHTAMH.

Ockinbku B kputHaHUX IT-iHPpacTpyKkTypax 30cepemKkeHi OTykKHi 1
JOCUTH JIOPOTi pecypcH, BHUHHKAaE TmpodiaemMa I1X e(eKTUBHOrO
BUKOpHUCTaHHs. lle crac MOXIMBHM 32 paxyHOK IPaBIIBHOTO
MPOEKTyBaHHA Ta peamizamii kputnyHoi IT-iHdpacTpykrypu, a B
MOJANBIIOMY BHUKOPHUCTAHHAM ONTHMAIIBHIX METOHIB Ta AITOPUTMIB
PO3MOIiNy, YIIPABIIiHHSA 1 IUCTIETYEPYBAHHS PECYpPCiB 1 HABAHTAXKEHHS Ha
OCHOB1 KOMITJICKCY BiATIOBITHUX MaTeMaTHYHUX MOJIENICH 1 METOIIB.

Ipuknao 1. Cummes Kpumuunozo npoyecy 01 KPUMuuHoi
1T —inbpacmpmeypu6'7. Po6Goty, moB’s3aHy 3 3amyCKOM KPUTUYHOTO
MpOIeCy, MOXHa TPEACTABUTH Y BUTJSAI B3aEMOMIl CKiHYEHHOL
MHOXHHH TIJICUCTEM. Y TepMiHAX TPaH3UI[IHHUX CHCTEM 3aCTOCYBaHHS
MOJKHA TIPEJICTABUTH Y BUTIISII CHHXPOHHOTO TOOYTKY HacTymHuX TC:

1. a) TC [..N — iHKamCyjro€ [ii, 1[0 BUKOHYIOTHCS BHHATKOBO IS
MOITYKY Ta BHIUICHHS IICBHHX IOTPIOHMX pecypciB. 3alie)kHO BiX
CKJIQIHOCTI Ta PO3MOAUIEHOCTI MiJcUCTEMa BUAUICHHS KOHKPETHOTO
pecypcy Moke OyTH SIK OJAMHUYHOIO CHCTEMOIO 31 CTPOro MOCITiOBHIUMHU
mepexojaMu, TaK 1 MaTH lepapxidHy CTpykTypy. OCHOBHI Jii, 0
HajexaTh 10 30HW BinosigameHocTi TC 1.N: a) momyk pecypcy; 0)
BUJIUJIEHHS PECypCy; B) BUKOPUCTaHHS peCypcy; T') IOBEPHEHHS pecypcy
B myin pecypciB. TC y ¢opmaibHOMY BHIIISIAI MOXKHA IPEICTABUTH
TaKUM YHHOM:

A=(S,S" A, R Y, L)=({0,1,2,3},0,{ready,search _rtes A,
res_A_alloc,released}, R,Y., L}

®  Jlopormii SLIO. TlpoekryBamms kpuTHuEmx  IT-imdpacTpykTyp 3

BUKOPUCTAHHAM pO3MIUEHHX TpPAaH3WIIHHUX cucteM. Mamepuanvl V 3aoumnou
Hayunou Kongpepenyuu «DPynoamenmanvhvle U NPUKIAOHbIE UCCIEO08AHUL 8
cospemennot Haykey. Xapbkos. 2017, P. 48.

Hoporuii  S1.10. MonemoBannst  kputnunux  IT-inppactpyktyp 3
BUKOPHUCTaHHIM PO3MiUEHHX TpaH3MLiitHUX cucteM. Mamepianu VI Misxcnapoonoi
Haykoeo-npaxmuunoi xkougepenyii (I  Mixcnapoonuii  cumnosziym  «llpakmuyne
3aCMOCY8aHHsl HENIHIHUX OUHAMIYHUX cucmem 6 ingokomynikayisixy, PREDT-
2017). 9-11 nucronana. Yepniswi. 2017.
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Crpykrypa TC npencraBnena Ha puc. 2.

RESOURCE A  ody  seachrsf s f olboc

teleased
Puc. 2. Crpykrypa TC BuaijieHHs1 pecypcy

MHokuHa ctaHiB Taka: 0 — MOYaTKOBHM cTaH, | — cTaH TOTOBHOCTI,
2 — pecypc 3HalIeHO, 3 — pecypc BUILIICHO, pecypc 3BUTLHEHO.

2. e) TC N+ — iHKamcymro€ 1ii, 110 BUKOHYIOTHCS BUHITKOBO JUIS
3aIyCKy KPUTUYIHOTO MPOILIECY.

TC y hopManbHOMY BUTIISII MOXKHA TIPEJACTABUTH TAKAM YHHOM:
A=(S,5", A, R>,L)=({0,1,2,3,4,5},0,{ready,res _A _alloc,
res_B _alloc, proc _start, proc _killed, released}, R, Y., L}

Crpykrypa TC myia BUMNajKy BHKOPHCTAaHHS IBOX BHUJIB pPECypcy
TpeACTaBIIeHa Ha puC. 3.

asSEMBLE P whAdk mEde

0 & & 0 §

wbsed
Puc. 3. Crpykrypa TC 3anmycKky KpMTUYHOIO npolecy

pooc sttt peoe Hibd

MHoxnHa cTaHiB Taka: (0 — MOYaTKOBHM CTaH, | — CTaH rOTOBHOCTI,
2 — pecypc A BuaineHo, 3 — pecypc B Bunineno, 4 — kputuaHuii mporec
3aIMyIIeHo, 5 — KPUTHYHUI MPOIEC 3HUILEHO, PECYPCH 3BLUTBHEHO.
Pesynbratom  wminiMizoBaHoi kommnosumii  TC jansg  BuUIaaky
BHUKOPHUCTaHHS 2-X pecypciB Oyae HactynHa TC (auB. puc. 4):

A=(S,S°ARY,L)=({0.9},0,ARX L},

O0e A={ready,search res A,search res B,
res_A_alloc,res_B_alloc, proc_killed, proc_start,released}
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Puc. 4. Crpykrypa komno3uuii TC

Ipuxnao 2. Bzaemoodis 06ox SAAS-cucmem (Oysice cnpoujena
Mo0enb).

[IpencraBuMo Halry B3a€eMOJI0 cHcTeM y TepMiHax TC:

1. a) TC 1..2 — iHKaICyIO€ 1ii, 10 BUKOHYIOTHCSI BHHATKOBO LIS
MEBHUX MOTPIOHMX pecypciB. OCHOBHI [ii, IO HaleXaTh N0 30HH
BinnosinaneHOCTI TC 1..2: a) oTpuMaHHs AaHUX (pecypcy) 3 CUCTeMU; 0)
3amuc JaHuX (IOBEPHEHHS PECypCy) B CHCTEMY.

Crpykrypa TC npencraBineHa Ha puc. 5.

SAAS[saas 1.saas ZFsusTRESQURCE -l sigta
1 )

(s L suas 2} s yeillela

Puc. 5. Crpykrypa TC 1..2

2. a) TC 3..4 — iHKanCyItoe 1ii, 0 BUKOHYIOTHCS KOXKHOIO CUCTEMOIO
SaaS npu B3aemonii 3 iHmow. OCHOBHI Mii, IO HaJeXaTh 10 30HH
BignoBigansHocTi TC 3..4: a) oTpuMaHHA JaHUX (PeCypcy) 3 CHUCTEMH;
0) 3anmc naHuX (IOBEPHEHHS PECYpCy) B CUCTEMY; B) OOMIH JaHUMH MK
CUCTEMaMHU; I') O4iKyBaHHS (TUB. puC. 6).
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TAAS Shas 1SAAST

-
=
-
-
2
=)
P % -
{n)

Puc. 6. TC cucrema SaaS

MinimizoBana xommnosuuigs TC 1.4 pmae MOXIMBICTP NOOAYUTH

B3a€EMOJIIO JBOX CHCTEM SaaS, sKa BKIOYa€ B3a€MHHH OOMIH
iHdopmariiero Ta ii 00poOKy (auB. puc. 7).

Pregrateleen

Puc. 7. Komno3uuia TC B3aemonii cucrem SaaS

MpepcTaBneHHA

a p X i-i THedupraycpTup YKKpTUyT pi
Ha 6a3i

PO3MiIi HEeHMUX TpaH3IMUI At

Y mili cTaTTi PO3TIANAETHCS METOA MPEACTABICHHS apXiTEKTYpU
kputnuHoi  IT-iHdpacTpykTypn, skuif OTpuMaB Ha3By METOLY
MIPENICTABIICHHS. Ta OOIPYHMYBAHHA OU3AUHY KPUMUUYHOL apXimexmypu
(Rationale and Evaluation of Critical Architecture Design, RECAD).
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RECAD wmae Ha MeTi JIOMIOMOTTH apXiTEKTOpaM CTBOPIOBATH Ta
JOKYMEHTYBATH apXiTeKTypHHM IU3aliH 3 aKICHTOM Ha apXiTeKTYpHi
pimenHs Ta o0rpyHTyBaHHs npoekTy. RECAD oXoIutioe Tp THITN 3HaHb
apXIiTeKTypH: TMPOCKTHI IUTAHHSA, MPOEKTHI PIMICHHS Ta pPe3yJbTaTh
npoektyBaHHA. Ili 00’€kTH 3HaHb TIPEACTaBICHI CTaHIAPTHUMH
o0’extamu  yHipikoBanoro  mogemoBanHs (UML).  IIpoGnema
NPOEKTYBaHHS — Ile Martepiaii, sKi BIUIMBAlOTh Ha TPHHHATTS
TU3alHEePChKUX / MPOCKTHUX pillleHb. L[ CyTHICTH IHKAmCylltoe Taki
MOHATTS, SIK (DYHKI[IOHAJIbHI BUMOTH (HAIPUKIIAJ, CLEHapii Ta fgiarpama
cmiBmpani), He(QyHKIIOHaIbHI BHMOTM (HamlpHKIad, BCi aTpuOyTn
SIKOCTI) Ta KOHTEKCTH TPOEKTy. BoHa Takok ¢ikcye iHdopMaliio mpo
MPOEKTHI  pINIEHHA Ta OOIPYHTYBaHHS TIPOEKTy. PesynbTatn
MIPOEKTYBAHHS BKIIOUYAIOTh B cebe oTpuMaHi pimeHHs. [Ipuknanamu e
KJIaCH, KOMIIOHEHTH, iHTepdelic Ta crmocid BUKOpUCTaHHS. Bynb-sakwid
IHAMBIMYyaTbHUM THIT 00 €KTY apXIiTEeKTYPHOTO 3HaHHS (IKCYEThCS
LUIIXOM 3aCTOCYBAaHHS 3a3alieriib BH3HAYCHOIO TErOBOTO IIA0IOHY
crepeotuity. KoHmenTyansHa MOJeIb MiAXOY MPEICTaBICHA HA PUC. 8.

®daktrano RECAD mipencraBisieTbes alUKIIUHUM Tpadom, SKHid
noB’si3ye eneMeHTd apxitekrypu CAE 3 enemeHTamMn OOIpyHTyBaHHS
apxitektypu AR 3a nonomororo HampasiieHoro BinHommenHs ARtr. CAE e
KPpUTHYHUM a00 HE KPUTUYHUM apXiTEeKTypHHM €JIEMEHTOM, SIKUH
npuiiMae yuacte 'y Piwenni sk BXigHe 3HaueHHs (Momusayitina
npuuuna) abo sK BuxigHe 3HaueHHs (Pesymomam Ousainy). AR
SHKAICYTIoE pe3yinbTaT OOrpynmyeanus apximexkmypu I Piwenns.
Ockinbku AR Mae BigHomreHHs tuny 1:1 3 Piwennsm, s JaHOTO
MiAXOAY BIH TPEACTaBIslE TOUKY HPUHHATTS  pIOICHHS MO0
oOrpyHTyBaHHs  apxitektypu. Bimnomenns wix CAE Tta AR
MPEJICTABJIIETHCS 3a JIOMIOMOTOK HarpapiieHoi acomiamii ARLr, ska €
MPUIMHHO-HACHTIIKOBUM 3B’ 3KOM.

O3nauenns 1.10. Mopenb RECAD - e PTC
RECAD = (CAE,CAE°, AR, A, R,Y, L), ne CAE — MHOUHA By3JIiB, 110
MPEICTABIAIOTh KPUTHYHI Ta HEKPUTHYHI CIIEMEHTH apXiTeKTypH,
CAE’ — nigmuoxuna CAE MoOYaTKOBUX CTAHIB €JIEMEHTIB apXiTEKTypH,
AR — MHOXWHa BY3IiB, 5IKi IPEACTABIAIOTH OOTPYHTYBAHHS apXITEKTYpH,
A — ckiHUEHHAa MHOKHWHA MITOK [iii, ), — MHOKMHA 3MiHHHX CHCTEMH,

L — ¢yukmis posmitku enementiB L: CAE —2*, R — MHOXHHA
R c (CAE x AR) U(ARx CAE) HanpaBieHMX 3B’sA3KiB MK BY3JIaMH,

JUISL SIKOi BUKOHYIOTBCSI TaKi YMOBH:
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1. Bei By3nu AR moBuHHI OyTH acormiiioBaHi 3 xoua O OIHOMO
NPUYMHOI0 Ta OJHUM HACHiKOM, ToOTO miust Vr e AR icHye Taka
npuunHa e € CAE , mo (e,r) € R 1 icuye takmii Hacnmijgok e’ € CAE,

r :
mo (r,e') e R;
| «CARS
le
'}’-“ ’ Kissadcns anluics HAsdoma owmka
™ A
' '
- h: L
banrnorm Gayrnce s
\\ I.
\ ! [
! 3 J [ Ofsexcuns
ofecexyoNonmye -\‘ -t - 7)"
: *AR» samesomaee”  L— )
| OBrpysrynanss apaivecry -
mEpanaosye
Piasemnn l( - 'rno’w '_.>l
oo m e x
' L >~ - —~1
/ ' \ -~
': J "\‘ nm\m)‘r‘t&%ﬁvv
PeTpImTITON ! 2 Wi - ]
! COANCYRNC BanNeay AasTepmnaTannt pxiTesTIpR
'
¢ \
[CAE | ’ b3
| Pesranrar xmsaduy | té \\\J
Dpofseun Havore

Puc. 8. Konnenryaasna mogeas RECAD

2. He icHye miMHOKMHU 3 MHOKHHHU R, sika YTBOpIOE HaIpaBJICHHUMA
UKL

OcCHOBHOIO (JOPMOIO MOJIENBHOI KOHCTPYKLIi € MUIIX BHIY
{CAE,,CAE,,...} > AR, > {CAE_,CAE,,...}, ne CAE,,CAE, -
Bxoayu, abo npuumnu pimenHs AR,, a CAE,,CAE, — Buxomu, a6o
HaciIku 1poro pimeHHs. Ha puc. 9 npencrapnena UML niarpama, sika
JEMOHCTPY€ O3HAUEHY MOJENBbHY KOHCTpPYyKLio. KpaTHICTH BiTHOIICHB
JliarpaMu Mokasye, o MoTuBailiiHi Ta pesynbryroui CAE e Henyctumu
MHOKHHaMH, 3’€HaHUMH depe3 eanHuil enemeHT AR . OOmexeHHS
VHIKaJIbHOCTI Ha Jiarpami Bu3Hadae, mo kokHuid ekzeMusip CAE He
MOKe OyTH BioOpaskeHHM OLTbIIE, HiXK OJUH pa3.

138



CCAE» «ARIM» AR
: o - AR
CAE 1. MICTHTR/MOTHRYC ! N
AR
HIPHHAS +aacninok
s «ARt»
1., Haze 1
+HACTIOR FOPHTRAA

{uniquej

Puc. 9. lIpuunHHO-HACTIAKOBUH 3B’ 130K MiK CAE TA AR

Hampaeneni 3B’s3ku ARIr mipencTaBisAOTh NPHUYMHHO-HACIIIKOBI
pimnomenna. CAE mpusBoguts mo AR uepes motupamiro aGo

obmexenns Piwenns, AR cBoewo ueprow renepye CAE  tumy
Pezynomam ouszatiny, maroun Ob6rpynmyeanns apximexmypu. CAE
MOke OyTH OJHOYACHO BXIJIHHUM 1 BHXIJIHUM, SKIIO BUKOPHUCTOBYETHCS
Ui ABOX Piwieny. Y SKOCTI BXiTHOTO BiH MOXXE MPEACTABIATA COOOIO
apreakT HACTYITHUX THITIB: BUMOTa, MPEIEACHT, KJac, iIMIUIEMEHTAITis.
Sk BUXITHUI — HOBUH 200 TIEpETIITHYTHH €JIEMEHT JH3aiHY.

B RECAD apxirekrypui enementu CAE ¢ apredaxramu, sxi
(hOpMYIOTh YACTHHH JU3aliHy apXiTeKTypw. BoHM BKIItOYaroTh Oi3HEC-
moTpeOH, sKi TOTPIOHO 3aJ0BOJILHUTH, TEXHIUHI Ta OpraHi3ariiHi
O0OMEXEHHS, 1110 HAKJIAJAIOTHCS Ha MPOEKT apXiTeKTypH, MPHUITYLICHHS,
SIKI TTOTPIOHO TMEpeBIpUTH, Ta 00 €KTH IWM3aiHy, SKi € Pe3yIbTaToM
apXiTEKTYPHOTO MPOEKTyBaHHS.

EnemeHTH apxiTekTypu MOXYTb TakoX OyTu kiacudixkoBani 3a
TOYKAMH 30py Ha apxirtekTypy. IIpmumna Takoi kiacudikaiii — matu
MOJIMBICTh (DOKYCYBAaTHCh Ha PI3HUX acCIeKTax MPOEKTHOTO PIlllCHHS.
B ipomy  nmocmimkeHHi, 3rimHO 3 pesynbraTamu  aHanizy DOAII,
BUKOPHCTOBYIOTBCSI TOUKH 30py Ha apxiTtekTypy migxoxy TOGAF. Jlns
kiacu(ikanii BUKOPHCTAHO TaKi TOYKH 30pYy Ha apXiTekTypy: Oi3Hec-
Jorika, piBeHb JaHUX, 3aCTOCYBaHHS, TEXHOJIOTII. A TaKOX J0JaHy HOBY
TOYKY 30py Ha apXiTeKTypy, OpPI€HTOBaHY Ha KPUTUYHI €JIEMEHTH.

Ha puc. 10 nmpencramena UML-miarpama — xmacudikarii
apXITEeKTYPHUX €JEMEHTIB BIAMOBITHO JIO TOYOK 30py Ha apXiTeKTypy.
bi3Hec-opieHTOBaHA TOYKA 30py Ha apXiTEKTypy BKIIOUAE apXiTEKTYpHI
SIIEMEHTH, TaKi K (QYHKIIOHATBHI Ta He(QYHKIIOHANEHI BUMOTH, Oi3HeC-
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CEpe/IOBHIIIC, CEepeNoBHUIIe 1HPOPMAIIMHOT CHCTEMH, TEXHOJIOTIYHE
cepenosuiie. Lle ocCHOBHI JpaiiBepy MPOSKTYBaHHS apXITEKTYPH.

- 1 v i | [— Coptasasmus Temmasechuss
L e cogeranma " i
| | PH—-
|
- Mase sl yanen Mazeal | Meest
Glierc epicumenssa 1o e P
oy e apireanyvpy
NE—— I J SN
I A
< ]
| \
i z s
i rmvwmans an sewd Teuns sogy e Towa mpym Twwes gy =
TONRS Jogy m ey, aprivenipy, v,
apsiresryy SRR ARG - -
serveem Py e T
[ ]
% x )
Apttrenrype i
akaepe e

Puc. 10. UML-ngiarpama kiaacudikamii apxiTeKTypHHX eJieMeHTiB
Bi/IOBiIHO /10 TOYOK 30py Ha aApXiTeKTypy

ApXITEKTypHUI €JeMEHT sSK MOTHBAIliiHA TPUYHMHA MOXE OyTH
MIPE/ICTABICHUH Y BUTIISAI:

— (pyHKIIOHATBHUX Ta HEPYHKIIOHAJIBHUX BUMOT;

—MPUNYIICHh — JOKYMEHTYBAaHHS HEBIIOMHUX a00 OYiKyBaHb HaJa€e
KOHTEKCT ISl IPUAHSATTS PillICHHS;

—00MexeHb — MOXYTh OyTH TEXHIYHOTro, Oi3HEC, OpraHi3amidiHOTro
a00 TPUPOTHOTO XapaKTepy;

—00’eKTiB u3aiiHy — MOXYTh BIUIMBAaTH 4Yepe3 CBOIO TOBENIHKY Ha
IM3aiH apXiTeKTypH.

VY BUIIIAAL pe3yabTaTy AW3aiiHy apXiTEeKTypHHH €JIeMEHT Moxe OyTu
MIPECTaBIECHUN SIK:

—00’€eKTH AM3aifHy — MOXYTb OYyTH Pe3yJbTaTOM DIIlIEeHHS CTOCOBHO
apXITEKTYpH, SIKi 38JI0BOJIBHSAIOTH TIEBHI MOTHBAIIiHI IPUYHHU;
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—YTOYHEHI 00’€KTH TU3aiiHy — MOXKYTh OYTH YTOYHEHI B pe3yJbTati
MPUMHATTS BiATIOBIAHUX PillIEHb.

Y poMy JociimkeHi nepeadadaeThes, o O13HEC-OpIEHTOBAaHA TOUKA
30py BKJIIOYa€ BUMOTH Ta Qakrtopu cepenoBuin. CTBOPEHO II'SITH
Kareropiii 0i3Hec-Opi€HTOBaHOI TOYKM 30py Ha apXiTEKTypy, SKi
ONMUCYIOTHh PIi3HI ACIEKTH BIUIMBY Ha apXiTeKTypHui amsaiH. Le i €
apxiTeKTypHi JpaiiBepu. CHCTEMHI BHMOTM BKIIIOYalOTh B cebe
(dyHKIIOHANBHI Ta He(YHKITIOHANIBHI BUMOTH. Taka Kiacudikaris
JIO3BOJIIE  apXITEKTOpYy IMiJi Yac aHali3y BIICHIJKOBYBATH IIPOLEC
OOTPYHTYBaHHS PillIeHb 10 CHEUU(BIYHUX KIIACIB KOPSHEBHUX MPHYHH.

Enementnn «J/lu3aiiH  apXiTeKTypu» € pe3yJIbTaTOM IPOIeCy
MpOCKTYBaHHA. BoHU KiacudikoBaHi 3a HACTYIHUMHU TOYKaMHU 30py Ha
apxXiTeKTypy:

—OpIEHTOBaHI Ha JaHi — OTPUMaHI Ta BHKOPHCTOBYBaHI 3acTo-
CYHKaMH;

—OpIEHTOBaHI Ha 3aCTOCYHKM — JIOTiKa OOpOOKH 1 CTpyKTypa
MPOrPaMHOT0 3a0e3MeUeHHs, KpUTHYHI Ta HEKPUTHYHI CEPBICH;
—OpIEHTOBaHI Ha TEXHOJOIii — TEXHOJOril Ta CepeJoBHUINA, SKi

BUKOPHUCTOBYIOTBCS JJIsI BIIPOBA/DKCHHS Ta PO3TOPTAHHS CHCTEMH,
KPUTUYHI Ta HCKPUTUIHI KOMIIOHEHTH.

Minxin RECAD Hamae MOXIUBICTh BHKOPHCTOBYBATH TpPH THIIH
OOTpYHTYBaHb apXiTEKTypH: KIIbKICHUH, SKICHAH Ta 3a JOMOMOTOIO
QIBTEPHATUBHOI apXiTEeKTypH. SIKicHe OOIPYHTYBaHHS MPEJICTABIISIE
nporiec o0IPyHTYBaHHS Ta apIYMEHTH y TEKCTOBiil ¢opMi, pakTHUIHO, 3a
Ta MPOTH JIJIs1 KOKHOTO MPOEKTHOTO pinieHHs. KibKicHe 00TpyHTYBaHHS
BHKOPHCTOBYE Pi3HI KpUTEpil MiJ Yac OIIHIOBaHHS MPOCKTHHUX PIllICHb.
Tpertiit THn nepenbayae ITOKYMEHTYBAaHHS Ta 30epiraHHs BiJKUHYTHX
IPTEPHATUBHUAX MPOSKTHUX pIllleHb Ta iX MNOAANBIIMHA Heperisiy 3
METOIO OIIHKH JIOCTATHOCTI HasBHUX MapaMETPiB OIIHIOBaHHS HAasBHUX
apXIiTEeKTYPHUX TMPOEKTIB, a TaKOX JJii MailOyTHHOr0O BUKOPUCTAHHS B
IHIIUX TPOEKTax.

Cuin 3a3HaYUTH, MO APXITEKTYPHE PIMICHHS MOXKE CBOJIOLIOHYBATH 3
gacoM. llpuumHOIO IIBOMY MOXYTh OYyTH SIK 3MiHH B Oi3Hec-Tiporecax
MmiATIpUEMCTBA, Tak 1 3MiHM  caMoro  Oi3Hec-cepeJoBHINA.
EBoromionyroun, MO>KHA BTPATHTU BUXITHUN apXiTEKTYPHUH IPOEKT Ta
OIMC TIpOLecy OOTPYHTYBaHHS PillleHb MIONO MBOTO MPOEKTy. Tomy
MOTPIOHO SKUMOCH YMHOM 30epiraTh BCIO iCTOPIIO €BOJIOLII MPOEKTY.
Jns 1pOro  TPONOHYEThCS BHKOPHCTOBYBAaTH PO3IIMPEHY MOIETb
RECAD.
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Osnauennss 1.11. Posmmpena wmoxens RECADe - ne PTC
RECADe = (CAE,CAE°, AR, A, R,>, L), Ha skili 3amaHa Oi€KTHBHA
¢byukuis  BimoOpaxeHHs S :(CAE — CAE,)) U(AR —» AR,) wmix
apXiTeKTYPHUMHU eJIeMeHTaMU a00 00IPyHTYBaHHAMU apXITEKTypH, J€:

RECAD,,, =(CAE,,,CAE,,, AR, A, R, Zotrs L) —

aKTyaJbHa MOJICNb apXITEKTYPH, i BHKOHYIOTHCS HACTYITHI YMOBH:

—CAE,, < CAE,

cur

— AR c AR,

cur

-A < A,

cur —

- Z:cur - Z’
— CAE), c CAE",

cur

~ L, :CAE,, — 2%,

‘cur

~ R, < RN((CAE,, x AR, ) U(AR, xCAE.,)),

cur cur

—He iCHy€ IIIMHOXKHHY 3 MHOXXUHU R, , KA YTBOPIOE HallpaBJIeHHUIT

LIUKIT;

RECAD, = (CAE,,CAE}, AR, R,,Y,,L,) — icTopuuna Mojenb
apXITEKTYpH, 1 BAKOHYIOTHCSI HACTYITHI YMOBH:

— CAE, c CAE,

— AR, c AR,

-4, c A,

-2, <2,

— CAE) < CAE®,

— L, : CAE, — 2%,

- R, c RN((CAE, x AR,)) (AR, xCAE))) ;

—He iCHye HiIMHOXXUHU 3 MHOXHMHH R, , IKa yTBOPIO€ HaIpaBJIeHHUIT
LUKIT;

1 JUISL IKUX BUKOHYIOTBHCSI HACTYTIHI YMOBH:

1. CAE, = CAE\ CAE,,,,
. AR, = AR\ AR ,,
A, = AR\ 4,
zh = z\zcura
. CAE) = CAE’ \ CAE),,
L =L\L

cur *

o U A WN
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Ha puc. 11 npencrasnena Bignosinna mogens UML-niarpama.

+CAEssh W eCAEsE
«CAE~ 1 | aCAEs
CAEcur > CAER :
“ARssfs W AR
AR 1 1 AR
ARcor > AR \

Puc. 11. UML-niarpama po3mmpenoi moaesi RECADe

Imnnemenmayin  nioxooy RECAD 3a odonomocoro UML. ns
iMIieMeHTanii  apxirektypHoro einemeHTty CAE BH3HaueHO HOBHMH
crepeotunt  <<CAE>>. lleii cTepeoTun pO3MIUPIOE MOMIIUBOCTI
UML-KOHCTPYKTIB THIy «O0’€KT» Ta «KJIac» IMOAO MiATPUMKH
BIIACTMBOCTEH BiJICTeXKYBaHOCTI Ta KpuTHuHOCTi. Lle o3Hauae, mo 10
ICHYIOUMX KOHCTPYKTIiB JOMAIOThCS JOMATKOBI XapaKTCPUCTHKH Ta
aTpuOyTH 3 METOI TOKpAaIICHHS NpoIlecy OOIPYHTYBAaHHS PIilllCHb.
HonatkoBi arpubytu ctepeotuny <<CAE>> iMIuleMeHTOBaHI SK
TeroBaHi 3HaueHHs (tagged values):

—elementlD -~  yHikameHMt  izeHTH(DIKATOP — APXiTEKTYPHOTO
CIIEMEHTY;
—elementVersion — 1ine umcno, sKke iAeHTH(DIKYE  BEPCiiO

apXITEeKTYPHOTO €JIEMEHTY 1 BUKOpHCTOBYeThes 1iist mojeni CARELe;
—elementType — Tum eJIeMEHTY BiAMOBIIHO 10 BBEACHOI Kiacu(ikarii
3a TOYKaMH 30py Ha apXiTeKTypy;
—elementSubType — migTum egeMeHTy BIiANOBIAHO 10 BBEAEHOI
KJIacugikariii 3a TOUKaMu 30py Ha apXiTeKTypy;

—currFlag — mpanoperp akryansHocTi enementy (“Y” — ocraHHs
Bepcis, “N” — icropuuna Bepcis);
—criticalFlag — mpamopens  kputnunocti  enementy (VY

KPUTHYHUH efleMeHT, “N” — HeKpUTUUHUIN eJIEMEHT);
—lastUpdateDateTime — gac ocTaHHBOT MOAM]IKAIIi €ITEMEHTY;
—author — aBrop 3miH;

—documentLocation — wicrie po3ranryBaHHs Oy/Ib-SIKHX 30BHIIIHIX

JIOKYMEHTIB, SIKi OITUCYIOTh €JIEMCHT.
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Ilin wyac mepeBipku BifcTe)KyBaHocTi mapamerpu elementType Ta
elementSubType mo3BossiroTe 0OHMpat (GOKyC, MO0 SKOTO MOTPIOHO
NPOBECTH JOCTIIKeHHs apxiTekTypu. [lapamerpu elementVersion ta
currFlag mo3BonsrOTH BiICTEXKYBaTH IMIPOIEC EBOJIOINl apXiTEKTypH,
criticalFlag — xpuTHYHICTD eTeMEHTIB Ta MPOIIECIB.

3 METOI0 MOJIETIOBAaHHS 0i3HEC-OpPi€EHTOBAHUX TOYOK 30pY, SKI MICTATh
BUMOTH, (DaKTOpM CepeloBHIl Ta TIPUITYIIEHHS BHKOPHCTOBYETHCS
crBopenmid crepeotun <<CAE>> s posmmpenns enementie UML, Taknx
K KJ1ac, 00’€KT, aprehakT Ta npeneeHt (puc. 12).

+«CAEs

CAE

rags
author =
criticalFlag =
conrFlag =
data_source =
docomentl ocation =
elementll) =
elenentSubtyps =
elemectType =
elementVersion =
lzstUpdateDmteTime =

-

- \ \
sextendss arxtendss wextendse wextence
P - Ir A' ~ ve
e N Y .
L ¥ N S _—
ametackisse smetachisse «metachsse sauetacinssy
Object Use Case Class Artefact

Puc. 12. Posmupenns ejaementiB UML crepeorunom <<CAE>>

BukopucTtanHs TakuxX €JIEMEHTIB JO3BOJIIE CTBOPIOBAaTH MOJENi 3
PI3HAMH TOYKaMH 30py Ha apXiTeKTypy.

Hdusa  iMIuieMeHTaiii  €JIeMEHTY  «OOIpYHMYGAHHS  DIleHHs)
BHUKOPHUCTAHO cTepeoTunt <<AR>>, sxuii posmupse moxausocti UML-
KoHCTPYKTY «[laker». JomaTtkoBi atpubytn crepeormry <<AR>>
IMIUIEMEHTOBaHI SIK TETOBaHI 3HAYCHHS:

—arlD — ymikaneHM ineHTH(iKAaTOp eneMeHTy «OOIpyHTYBaHHS
apXITEKTYpU»;

—currFlag — mpamopers aktyanpHOCTI enemenTy (“Y” — ocTaHHS
Bepeis, “N” — icropuuna Bepcis);
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—criticalFlag — mnpamopers  kputuyHocTi  enementy (Y
KpUTUYHUH eneMeHT, “N” — HeKpUTUUHUH eJIeMEHT);

—lastUpdateDateTime — yac ocTaHHBOT MOAMDIKALIT €TEMEHTY;

—author — aBrop ocobw, sika MpuiiMae PirreHHs.

Ha opuc. 13 mpencraBmena UML-miarpama B3aeMO3B’SI3KiB
crepeoTnniB <<AR>> ta <<AAR>>. Ix imMmiemenTamis 6a3yeTscs Ha
KOHCTPYKTI «Ilaker». AR Moke BKIIFOYAaTH HyIJlb a00 Oiibllle eIEMEHTIB
AAR (0OrpyHTYBaHHS aJbTEPHATUBHOI apXiTEKTYpH) 3aJIeKHO Bij
KIJIBKOCTI BIJKMHYTHX JIbTEPHATHBHHUX NPOEKTHUX PIllIeHb.
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Puc. 13. UML-ngiarpama B3aeMo3B’fI3KiB cTepeoTHIIB
<<AR>> 1a <<AAR>>

Crepeornn  <<AAR>> Hamae malnoH i1 JOKyMEHTYBaHHS
IBTEPHATUBHUX MTPOCKTHUX PIIIeHb, SKi OYIIU BIIKAHYTI.

Bimnomennss mik CAE Ta AR mnpeacraBiseTbes 3a JOMOMOIOIO
HaIpaBIICHOI acoMiallii 3 HOBOCTBOPEHUM CTepeoTUIOM <<ARtr>>.

Bgeneni mogeni RECAD ta RECADe 103BONSIFOTh TPEICTAaBUTH Ta
ONMCATH OKpeMi KOHKPETHI TPOEKTHI pIlIeHHS IIOJ0 CHCTEM,
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KOMIIOHEHT Ta TPOIIECiB, SKi BXOAATh O apXiTeKTypu KputmuHOi [T-
IHppacTpyKTypH.

Busnaunmo g momeni RECAD 1i acMHXpoOHHY mapaieibHy
kommo3utiito (O3uauenns 1.12).

O3uauennsn 1.12. Hexaii 3agani PTC

RECAD, = (CAE,,CAE}, AR, A,,R .Y, L)

ta RECAD, = (CAE,,CAE}), AR, A,, R,,Y,, L,)

Taxi, 0

CAE, N"CAE, =D, AR N AR, =0, A nA, =3,>,n>, =.

Hexaii Takox 3a1aHa CHHXpOHi3alliiiHa mapa

A= (A,_),A c Al,_ : A — A,. Toni Mmozenn

RECAD = (CAE,CAE°, AR, A,R,>,L) = = RECAD, |, RECAD,
Ha3MBAETHCS MAPAIENEHOK KOMITO3UIIIE0

PTC RECAD, i RECAD,, sxuo:

— BIpHI CITiBBITHOLIICHHSA

CAE = CAE, x CAE,, AR = AR x AR,,S° = S} x S},

A=A VA\(AUA), T =3, U,

— BipHo L:CAE — 2>, I((cae,,cae,)) = L(cae,) v L(cae,),

— BiJHOUICHHS
R c ((CAE, xCAE,) x Ax (AR, x AR,)) U ((AR, x AR,) x Ax(CAE, x CAE}))
3amaeThcst HacTymHuM yuHOM: ((S,u),a,(t,v)) € R Toni i Tinbku TOAi,
KOJIM BUKOHYETBCS OZIHA 3 TPOX YMOB!

a) BUKOHYETBCA TepexiJ nepioi moneni: (s,a,t) € R,u=v;

0) BUKOHYyeEThCA Iepexin apyroi mojeni: (#,a,v) e R,,s =t;

B) BHUKOHYETHCS CHUHXPOHHUI 00MiH MOBiJJOMJICHHSIMU:
(s,0,1) e R,(u,b,v) e R,a=r.

TakuM YMHOM, MOJAENb AapPXiTEKTYPHOTO pIMICHHA KPUTHYHOI
IT-indpacTpykTypn  MOXKHAa  TNPEACTABUTH  HACTYIHUM  YHHOM
(Oznauenns 1.13).

Osnauenns 1.13. Mogenp apXiTeKTypHOro pimeHHs KputuaHoi IT-
THPPACTPYKTYpH BH3HAYAETHCS Y BUIILIAI MApaICIbHOI KOMIO3HUIIIT BCiX
OKPEMUX IPOEKTHHX PIllIeHb I0JI0 CHCTEM, KOMIIOHEHT Ta IIPOIIECiB, AKi
BXOIATh 1O apXiTeKTypu KputudHoi IT-iH(pacTpykTypH, 3amaHux y
Bursni PTC RECAD, to6to: M = RECAD, |, .|, , RECAD,, ne
RECAD,,...,RECAD, — Bimnosigai PTC, A,,...,A,, — 3agaHi Ha
MOJIEIi ITapH CHHXPOHI3aII].
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3. Bepwudi kK aHia a6 azoig eMTedi

VY meronmax Bepudikamii mogeneit (BM) cnenudikamnii PC 3a3Buyaii
3aJal0TbCSL 3@ JOMOMOroK0 (OopMysl TEMIOpalbHOI JIOTIKH YKa3aH
HeIOMYCTHMBIHA MCTOYHUK.. DopMynn TeMIopaabHOI JIOTIKH OMUCYIOTh
TAMYAcOBI  BJIACTUBOCTI OOYMCICHb (TOCTIOBHOCTEH MMEPEXOIiB)
Mojeni. Haiibinbiie 3acTocyBanHs B MeToAi BM oTpumanu soriku gepes
obuncnenb (Computational Tree Logic, CTL), miniitHoro uacy (Linear
Time Logic, LTL) i y3aransHenns o6ox norik — norika CTLW Orysin
MeTOiB Bepudikalliif Mojenell HaBeICHO B pO6OTi8.

3aoaua eepuixayii moodeneii apximekmypHux pileHb KpPUMUYHUX
IT-ingppacmpyxmyp. 3anada Bepudikamii Moaenel apXiTeKTypHUX pPillleHb
kputiaHEX [ T-1HPpacTpykTyp GOPMYITFOETHCS HACTYITHAM YHHOM:

3aoaua 1.1. lana monens apxitekrypHoro pimenuss M = P, ||||Pn,

ne B,..,P, — PTC RECAD xputnunoi IT-indpactpykTypu. 3anana

n
¢dbopmyna (crneuudikallis) ¢ TEMIOPAIbHOI JIOTIKA BITHOCHO 3MiHHHX
Moxeini M. HeoOXigHO TiepeBipUTH BHKOHYBaHICTh (OPMYIH ¢ MOJIENTI
M (nosnavaerscs sk M |= ).

3aoaua eepughixayii napamempuzosanux mooenel apxXimeKmypHux
piwens kpumuunux IT-ingppacmpyxmyp.

VY niif po0OTI po3risgaeThCsa y3arajJbHEHHS NMpobieMu BepHdixamii
Moxenei. Metoau Bepudikamii 3acTocoByroThcst g0 Monened KITI,
npencrapiieHux y purisini UML-nmiarpam, mo ckiiafaroThes 3 KiHICBOT
MHOXXHHH €JIEMEHTIB apXiTEeKTypH Ta OOIpYHTYBaHb, 3aJaHNUX Y BUIJISII
PTC. Sk 3a3navanocs y BcTymi, icHytoTh KITI, uncio npoueciB B Skux
3aJIC)KUTh BIJ] TMOYAaTKOBOI KoH(QIrypamii abo Hactpoiikn KITI, a
MHOXHMHA TakuX KOH(pirypamiii HeckiHdeHHa. [Ipum npomy dwHCIO
mpoleciB He 3MiHIeThCs mif yac podotu. [Jms KITI, B sxux ywcno
MPOIIECIB  3aJICKUTh BiJl TOYATKOBOI KOHQITrypallii, MOXyTb OyTH
moOymoBaHi MOJIENI 3 KIHIIEBUM YHUCIIOM CTaHIB JUIS KOXKHOT ITOYATKOBOT
KoH(piryparmii cucremu. OCKiNbKM MHOXHHA MOYaTKOBUX KOH(Iryparriit
HECKIHUCHHA, TO 1 MHOKHHA MOJEJIeH apXITeKTypHHX PIlICHb 3 Pi3HUM
YHCIOM MpOIECIiB HECKiHUeHHA. Bepudikaris IeKiTbKOX, BUIIAJKOBO
o0paHNX MoJeneH, 3 Ii€i MHOXHHH HE TapaHTye BUKOHYBaHICTh
cnenmdikamii Ha BCIX MOAENAX MHOXHHH. [ Takux CHCTEM

8 Dorogyy Y.A SURVEY OF PARAMETRIC MODEL VERIFICATION
METHODS. Scientific Journal «Science Rise. 2020. VVol. 12. No. 41. pp. 42-47.

147



po3TIAaeThCA 3aj1ada, SKa B 3arajJbHOMY BHUMAIKY (QOPMYIIOETHCS
TaKUM YHHOM:

3a0aua 1.2. ]JlaHo HECKIHYEHHE CIMEMCTBO CKIHUEHHUX MOJENIEH
apxitektypaux pimens KITI Y ={M,}, mapamerpusoBane 3a
napamerpoM n € N . 3amana popmyna (crenudikallis) ¢ TeMIOPaTbLHOL
norikn. HeoOXiqHO mHepeBipuTH BHKOHYBaHICTH (GOPMYIH ¢ Ha BCIX
monensix Y, to6to M, |=¢ s Beix n. Lg 3amaga B siteparypi
oTpuMala Ha3By Bepuikarii mapameTpu3oBanux moueneit (BIIM).

ITocranoBka 3anadi 1.2 notpeGye yTOUHEHHS, OCKIIbKM B 3arajabHii
MOCTAHOBIIl SIBHO HE BKa3yeThCs CIOCIO BU3HAueHHS ciMeilcTBa F Ta
cnenudikamii ¢. Tomy dakTuuHO OyneMoO po3rifAaTH HACTYIMHUH
BapiaHT 3ajaui 1.2.

3aoaua 1.3. JlaHO HeCKiHUEHHE CIMEHWCTBO CKIHYCHHHX MOeei
apxitektypaux pimens KITI Y ={M,}, mapamerpusoBane 3a

napamerpoM n e N . Koxna monens M, = Q| B |..| P, cxknamaerscs 3

PTC ¢ikcoBanoi momeni RECAD (@ Ta n exsemmmipis PTC
aJbTepHATUBHUX Mozenel P . 3adikcoBana kiHneBa MHoxuHa [ < Y

IHIEKCIB allbTepHATHBHUX MOJEJICH, 110 CIIOCTEPITaloThCs, EK3EMILAPIB
nporotuniB P . Crenudikamis ¢ TEMIIOpPadbHOI JIOTIKH 3ala€ThCs

BIIHOCHO 3MiHHUX BU3HaYeHuX mozaeneid P,i e I ta 3minaux moxeni Q
. HeoOxigHo mepeBipuTH BUKOHYBaHICTh (OPMYIH ¢ Ha BCIX MOJEISIX
cimeiictBa Y, T00T0 M, |= @ M5 BCiX .

®DakTHYHO, B TIOCTaHOBII 3ana4i 1.3 BUKOPUCTOBYEThCS NUILE OJHA
¢ikcoBaHa MOJENb Ta EK3EMIULIPiB MPOTOTUIIB . MOXHA PO3IIsIATH
BapiaHT 3ajadi, B SKOMY HPHUCYTHI JEKUIbKa (hIKCOBAaHHX MOJEICH Ta
JIeKiJIbKa allbTepPHATHBHUX MOJIeJIel , a MOZIeNb , A€ . B nesikux Bumaakax
I 3amaya 3BOOMTHLCA [0 IIOCTAaHOBKM 3amadi 1.3 3a JOIOMOIOIO
noOymoeu PTC Momeni 'y BUIJISIII MapaieIbHOT KOMITO3HUIIT MoJienel , a
PTC nporotuny y Burisiai napaiensHoi kommosunii PTC mpoTtoTumis .

3amponoHoBaHa TocTaHOBKa 3amad y Burisaai (1.1-1.3) mos3Bomse
3acTocyBaTH Jis Bepuikamii moOyZoBaHHX MOJENEH MIHUPOKE KOO
(dopmarnizoBaHHX METONIB BepH(iKail HapaMeTpU30BaHUX MOJIEIEH,
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3amanux y Bumaai PTC. V it po6oTi mis Bepudikamii modymaoBaHuX
MoOJIeJIeid BUKOPHUCTAHO OJIMH 3 METO/IiB TIONTYKY iHBapiaHTIB .

4. Kpurepiii onTUMaJIBLHOCTi NPOEKTYBAHHS
Ta ¢pynkuionyBanns KITI

Ilin uwac aHamizy mpolecy MNPOEKTYBaHHS HOBOI KPUTHUYHOI
IT-inppacTpyKkTypH HOTPiOHO BpaxoByBaTH:

—BENHKY BapTICTh Ta CKJIAAHICTH CTBOPIOBAaHOI KPHUTHYHOI
IT-inppacTpykrypH;

—HasBHICTb CYYaCHMX METOJOJOriH, 3aco0iB Ta IHCTPYMEHTIB il
CTBOPEHHL.

Kputnuna  IT-iHdpacTpykTypa TOBMHHa  CTBOPIOBaTHCh 32
HACTYITHUMH IPUHIATIAMHA:

—MiHIMI3aIlis YUCETBHOCTI HEOOXITHOTO JIFOJICHKOTO MPOQeciiHHOTO
pecypcy Ta JOCSATHEHHS BCTAHOBICHMX LIeH eKcIUIyatamii 3a
MiHIMAJIBHHAX BHTPAT I[LOT'O PECYPCY;

—MiHIMI3aIlisl 3araJibHOT TPHUBAIOCTI POOIT, SAKI TPOBOIATHCS IS
kputnuHoi IT-iHdpacTpykTypH;

— MiHIMI3aIlis qacy 3HIDKEHHS TOTOBHOCTI KPUTHYHOT
IT-indpactpykTypH;

—MiHiMi3alis  4yacy  BIIHOBJIGHHS  TOTOBHOCTI  KPUTHUYHOI
IT-inppactpykrypu;

—MiHIMi3aIlis] CTOPOHHBOTO BIUIMBY IIiJ 4Yac MPOBEICHHS POOIT 3
kputHuHOO IT-iH(ppacTpykTyporo;

—3aXWIIeHICTh KpUTHYHOT IT-iHQpacTpykTypH Bill MOXIIUBUX
HECAHKIIOHOBAHMX JIii;

—MakcuMmizaiiss epeKTUBHOCTI KputmuHOi IT-iHdpacTpykrypm, ii
PECYpCiB Ta CTPOKY 11 CITy»KOH.

Amnaniz IT-iHppactpykryp Ta kputnunux IT-iHdpacTpykTyp, minen
iX (YHKI[IOHYBaHHS, CTPYKTYpH Ta B3a€MO3B’SI3KIB MK €JEMEHTaMH
JI03BOJISIE BU3HAYMTH HACTYITHI OCHOBHI X 0COOIMBOCTI:

—HasBHICTh METH (DYHKIIIOHYBaHHS, III0 BU3HAUa€E i MpHU3HAUCHHS Ta
xapakTep (GyHKIIOHYBaHHST,

—HasIBHICTh BEJIMKOI KiTBKOCTI PI3HOMAHITHUX 00’ €KTIB yIIpaBIIiHHS,

—HasBHICTB 1€papXiqHOI CTPYKTYPH YIIPABIIHHS;

® Konnov |. Parameterized Model Checking by Network Invariants: the
Asynchronous Case. LICS Workshop Algorithmics on Infinite State Systems.
Dubrovnik, Croatia. 2012.
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—HAasABHICTh METH Ta WJICH YNpPaBIiHHSA JIs KOXHOTO IiJpiBHA
iepapXivHOl CTPYKTYpH;

—HasBHICTb BEJIMKOI KIJIbKOCTI BHYTPIIIHIX 3B’A3KIB Yy KOXHIN
MACKCTEMI MIXK 11 eJIeMEHTaMUu;

—Oe3nepepBHa 3MiHa cTaHy (QyHKIIOHYBaHHS €JIEMEHTIB IiJICHCTEM i
CHUCTEMH B IIJIOMY, KIiJIbKOCTI ii €JIEMEHTIB Ta IiJICUCTEM, KPHUTEpiiB
(hyHKIIIOHYBaHHS.

Ockinbku B kputnyHux IT-iHppacTpykTypax 30cepekeHi NOTYKHi 1
JOCHTh JIOPOTi pecypcH, BHHHKae IpodieMa iX e(eKTHBHOIo
BHKOpHCTaHHS. Lle cTae MOXIIMBHM 3a PaxyHOK pO3MOJILTY, YIIPABIIHHS i
JIMCIIeTIePyBaHHs pPecypciB, YIPaBIiHHSA HaBaHTAXXEHHSIM Ha OCHOBI
KOMIUIEKCY  BIANMOBIAHMX  MaTeMaTUYHUX Mojelell 1  MeTOoliB.
dopmarizaris  1pobieMH  e(pEKTUBHOTO BUKOPUCTAHHS PECypcCiB
IpuBeNa 10 3a7a4 HEWiTKOTO IPOrpaMyBaHHA ™ 3 IIHPOKMM BHGOPOM
KpUTepiiB onTuUMizamii 1 BpaxyBaHHAM KPUTHYHOCTI, PECYpCHHX,
YaCOBMX, TEXHOJOTTYHMX Ta IHITHX OOMEKEHD.

Jlis  (GhopMyBaHHS KPHUTEPil0 ONTHMAIBHOCTI TMPOCKTYBAaHHS 1
nojaneioro  (yHKUiOHYyBaHHS — kpuTuuHoi  IT-iHdpacTpykTrypn
MIPOTIOHYETHCS] BUKOPUCTATH HACTYITHY MHOKHUHY ITapaMeTpiB

—IOCTYIIHICTh — BHW3HAYa€ MOXJIMBICTH MaTH JOCTYH JO BCiX
HasIBHUX pecypciB 3 OyAb-sK0i TOUKH B OyAb-sIKHH Yac;

—HaJIAHICTh — BU3HAYAE MOXJIMBICTH OE3MEPEPBHOTO KOPUCTYBAHHS
HasiBHUM (yHKITioHasoM KpuTn4Hoi IT-iHdpacTpykTypu;

—>KUBYYICTh — BH3HAYa€ MOKIMBICTh BHUKOHYBAaTH CBOi (yHKIIi y
pasi BTpaTH pecypciB, MiJICHCTEM TOIIIO;

—3a0e3MeyeHicTh — BU3HAYa€ TIOKA3HUK MaKCHUMaJbHOI KUTBKOCTI
MIPOIIECIB Ta CEPBICiB, 10 0OCTYTrOBYIOThCS;

— BIJIHOBJIFOBaHICTh — BHU3HAYa€ IMOKA3HUK TPHUBAJIOCTI BiTHOBJICHHS
TOTOBHOCTI JI0 €KCILTyaTallii;

—CGKOHOMIUHICTh — BHU3HAYa€ I[MOKa3HUK BHTpAT PI3HOMAHITHUX
pecypciB Ha 3a0e3medeHHS (yHKUIOHYyBaHHS KputuuHoi IT-iH(pa-

CTPYKTYpH;

10 ju B. Theory and Practice of Uncertain Programming. UTLAB, 2009.

1 Noporuii SLIO., Jlopora-Ieariok O.0. Kpurepiii onrnmanbHOCTI o0y 0BH
kputnuHoi IT-iHdpacTpyKTypH. Akmyanvhi npobremu po36umKy HAYKU [ MEXHIKU:
Mamepianu opyzoi midichapoonoi naykoeo-mexuiunoi kongepenyii, 20 rpynus. Kuis.
2015. P. 10.
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—O0e3meyHiCTh — BH3HAYAE ITOKA3HUK HEMOMJIMBOCTI BHKOHAHHS
HECaHKI[IOHOBAHUX JIil, CIPAMOBaHHUX Ha MOPYIICHHS POOOTH KPUTUIHOL
IT-inppacTpykrypu un ii yacTuH;

—allanTUBHICTh — BHU3HAYa€ MOXJIMBICTh KputnuHoi [T-iH(pa-
CTPYKTYpH IMHAMIYHO pearyBaTH Ta aJamlTyBaTUCS 10 3MiH y Oi3Hec-
Ipoliecax, HassBHUX pecypcax i Take iHIIe;

— CTPOK JKUTTS;

—e()eKTUBHICTh — BU3HAYAE MOXKIIMBICTh MOEIHAHHS BUIIE3TaTaHUX
mapaMeTpiB B KO)KHOMY OKPEMOMY BHIIAJIKY ITi/I BU3HAUCHY 3a1ady.

[lin vac dopMyBaHHS BHMOT KPHUTEPIlO MPOEKTYBaHHS KPUTHYHOL
IT-iHQpacTpyKTypr HEOOXiJHO TaKOX BPaxOBYBaTH OCOOJIHBOCTI
pO3B’sI3yBaHMX Hero 3amad. Crij 3a3HA4YWTH, 10 BH3HAYCHHS BCi€l
MHOXMHH TIapaMeTpiB HE MOKHAa IIOBHICTIO 3BECTH JIO CHCTEMH
(opManizoBaHuX Tpolenyp, 00 JesKi 3 HUX BHUMAraroTh SKICHOTO
aHamisy. /g Takoro aHaizy CiiJ BUKOPUCTATH METOJ CTPYKTypH3allii,
SIKUA  JTO3BOJIAE TIOJAUIMTH 3aJady Ha Tia3aaadi, BH3HAYUTHCH 3a
JIOTIOMOT'OI0  eKCIepTiB abo 0e3 HHMX 3 MEeTOAaMM PO3B’S3aHHS IUX
mig3azay, oOMEXEHHSIMH BUKOPUCTAHHSA LIUX PO3B’S3KIB Ta METOIAaMHU
MTOETHAHHS PO3B’S3KiB.

BpaxoByroun BHKIAJEHI AaCHeKTH Ta CTail JKUTTEBOIO IHUKIY
kputnuHoi IT-iHdpacTpykTypu, HNpONOHYETHCS OCOOIUBO 3BEPHYTH
yBary Ha HACTYIHI MHUTAaHHSA I Yac CTBOPEHHS KPUTHIHOI
IT-indpacTpykrypu:

—(opmyBanns 00pa3y kpurnunoi IT-iHppacTpykTypH;

—BU3HAYCHHS IJIeH, moOymoBa JiepeBa IicH Ta BHOIp IDIAXIB iX
JOCATHEHHSA, (OpPMYBaHHS BHMOT Ta KPHUTEPIl0 ONTUMAIBHOCTI
kputnuHoi IT-iHpacTpykTypH;

—OIlIHKYy  albTePHATHBHUX  BapiaHTiB  MOOYAOBH  KPUTHYHOL
IT-indpacTpykTypH;

—00TpYHTYBaHHS BUOOPY apXiTEeKTYPHHUX PIllICHb.

O6pa3 kputnunoi IT-iHppacTpykTypu GopMyeTbesi 3 BpaxyBaHHIM
mporHo3y 1l poO3BHTKY Ta HapoOiTok. Ilpm mnpoMy momepenHbo
BHU3HAYAIOThCA CTPYKTypa Kkputwunoi IT-iHdpactpyktypu (TOOTO
mepemik i  HAaSBHUX Ta MOXKIHUBHX CKJIAQTHHUKIB, MOXIIHBHX
KOHCTPYKTHBHHUX pIIICHb 1 Take iHIIE), YMOBH EKCIUTyaTallii (Tmepemik
XapaKTepPHUCTHK, [0 BH3HAYAIOTh YMOBH BHKOPHCTaHHS;, (hakropu
30BHIIIHBOTO CEPEAOBUINA, IO BIDIMBAIOTH HAa (PYHKIIOHYBaHHS, i TaK
Jaui).
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HactynmHuit kpok — BU3Ha4CHHS 1iNiel QyHKIIOHYBaHHS cucTeMu. Ha
JAHOMY eTarti MOTPiOHO BpaxyBaTH BUMOTH 3aMOBHHKA, CTaH TEXHIYHOTO
Ta HAyKOBOT'O PO3BUTKY B JaHiil ramy3i. Ha 6a3i itepaTuBHOTO mpouecy
BH3HA4YCHHS IiJIel (DyHKIIIOHYBaHHS OyIy€eThCS JAEPEBO MIJICH Ta MUISAXIB
iX MOCATHEHHS, SKE IMOKPHBAE BCi E€JIEMEHTH CHCTEMH Ta eTamu ix
eKciutyatanii. BuKOHyeTbcs ~ OWiHKA  MOMJIMBOCTI  JOCSTHEHHS
noctaBieHux nireil. [loOynoBane nepeBo jae MOXIIHMBICTb BU3HAYHUTH
OCHOBHI BHMOTH 110 KpUTHYHOI IT-IHPpaCTpyKTYypH, a TaKOX MOKIIUBI
pEKOMEH/IAIi M0 KOHCTPYKTUBHHM DIIICHHSM OKPEMHUX MiICHCTEM Ta
€JIEMEHTIB.

JUis  BH3HA4YeHHS HaHOUTBII KWMOBIPHOTO BapiaHTy TOOYIOBH
kputnuHoi IT-iHGpacTpykTypH MOTpiOHO:

— OI[IHUTH MOXJIUBICTb SIKICHOTO CTpHOKa B PO3BUTKY Ha 0a3i HOBUX
TEXHIYHMX 1J€EH;

—OIIIHUTH MOJJIUBICTh PO3BUTKY Ha 0a3l IONEpeAHiX pilleHb
HIJISIXOM MOKPAIIEHHS OKPEMHX XapaKTepPHUCTHK.

[lizcymoByloun Bce BHIIECKa3aHE, TMPONOHYETHCS BU3HAYUTH
JOCSDKHICTh TIOCTaBJIIHHX Hepen kputuuHoto [T-iHpacTpykTyporo
Lijel IIIIXOM BU3HAYEHHS y3arallbHeHUX MOKa3HUKIB (PO JesKi 3 HUX
3TaIyBaJIOCh BUIIIE).

V3aragbHeHI MOKa3HUKW BH3HAYAIOTHCS 3a JIOIIOMOTOIO BiATIOBITHUX
MaTeMaTHUYHHUX MoJelieH, ski OymayloThcs Aisl KokHOI kputudHOoi IT-
1HPPACTPYKTYPH.

3amaua moOynoBu kputudHOI IT-iHppacTpyKTypH HaJIeKUTH 0 3a1a4
6araToKpUTEPiaIbHOTO aHAJi3y 1 B 3araJIbHOMY BUIAJIKy Ma€ HACTYITHUN
BUTJIAI

Uy =0pU(X) @)

ac:

U, —ontuMaibHe pillleHHs;
x={x, |i=1.n},x € D_ — BeKTOp €KCIUTyaTALlIHHUX TIAPAMETPIB, a
D, — muoX)uHa 0OMEXKEHb IMX MapaMeTpiB;
U={U,|i=1.n},UeD, — BekTop y3araibHEHHX EKCILTya-
TaliiHUX BUMOT, a [, — MiZIMHOKHMHA 1X JIOMYCTUMHUX 3HAYCHB,

Op — oTepaTop ONTHUMI3allii.
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[lin yac omiHku edekTBHOCTI pobotu kputuuHoi IT-iHdpa-
CTPYKTYpH Ha paHHIX CTadisX CTBOPEHHS NOTPIOHO BpaxoByBaTH
BUTpATH Ha peani3allilo, OCKUIbKU HAsBHICTh PeCypciB OOMexeHa.

B zarampHOMYy BHIAZKy IS KOXKHOTO OKPEMOTO  BHIAIKY
(dbyHKIIOHYBaHHS KpUTH4YHOI IT-iHGpacTpyKTypy 3aada 3BOAMTHCS JO
NOLIYKy  KOMIIPOMICY ~ MIX  HEOOXIAHUMHM  XapaKTEepPUCTHKAMU
¢yHkuionyBaHHA. Hampukiman, B OJHOMY BHIIAIKy BHMAaraerbcs
MaKcHMaJibHa Oe3leka (QYHKIIOHYBaHHS, a BCi 1HIII XapaKTePUCTUKU HE
Taki BaXJIUBi, B IHIIOMY — HOTPIOHO 3a0E3MEUUTH MAKCUMAIbHY
HaJ[IHICTh QYHKLIOHYBaHHSI.

BUCHOBKHA

Y umii  craTTi  NpencTaBieHWH  JEeTANbHUH  ONMUC  METOIY
MPENICTaBJICHHS apXiTekTypu KputmuHOi IT-iH(ppacTpykrypu Ha 0asi
po3mmpeHnx KoHCTpykTiB UML, HaBeJeHO OCHOBHI 0a30Bi eleMEHTH
MaTeMaTHYHOTO  amaparty  pO3MiYeHHX  TPaH3ULIHHHUX  CHCTEM,
BUKOPHUCTAHUX [UIA OIKCY MOJENEH NaHOTO METOAY IIPEICTaBICHHS
apxiTeKTypu y (QopMalli3oBaHOMY BUTJISAI. 3ampONOHOBAHWNA METO
JI03BOJISIE TPEJICTABUTH CaM IPOLEC BiTOOpakeHHs MPOILeCy MipKyBaHb
IIO0 APXITEKTYpH KpUTHUYHOI IT-apXiTeKTypH B JOCUTH 3py4HUil cr1ocio
Ta JTa€ MOXJIMBICTh TOCIIJHUKY HAaKOIUYYBATH iICTOPIIO ITUX MIpKYyBaHb.
Takox mpezacTaBieHa aganTamis 3a1a4i Bepudikanii mapaMeTpru30BaHIX
MoOJIeJIel, sKa JIO03BOJISIE 3acTOCyBaTH JJjs Bepudikamii Mojemnei
apXITEeKTYPHHUX TPOCKTIB, npeacTaBieHux y Buriasmi UML-miarpam i
(dhopmamizoBannx y Bursii PTC mMaTeMaTHYHUWE amapar TeMIopaabHUX
JIOTIK i, SIK PE3yJbTAaT, A03BOJISIE BUKOPUCTOBYBATH JUIS PO3B’sI3aHHS Li€l
3a/1a4i IIMPOKE KOJIO PI3HOMAaHITHHX METOJIB BepHdikallii Moaenei 0e3
X 3HAYHOTO JTOOTPAIFOBAHHS Ta MOIU(IKAITIT.

AHOTALIA

Y craTti po3rNMANarOThC THMTaHHSA, TIOB’s3aHI 3  MPOOJIEMOIO
MPEICTABICHHS MPOCKTHUX pIllleHh MIOA0 AaPXITEKTypH KPUTUIHOL
IT-indpacTpykTypH.

[o-nepmre, HaBEIEHO ONMHC MATEMAaTHYHOTO amapaTry pPO3MIYeHUX
TPAaH3UIIHAX CHCTEM, OCHOBHI O3HAUYCHHS, SKUH BHKOPUCTAHO IS
BU3HAYCHHsSI MATEMATUYHHUX MOJCICH TMPEICTABICHHS apXiTeKTypH
kputnaHoi  IT-inppactpykrypu.  Haemeni — geski  mpukiamu
BHKOPUCTAHHSI [BOT0 MAaTEMAaTUYHOTO amapary s IPEICTaBICHHS
CKJIQJIHUX CHUCTEM 1 TIPOIIECiB.
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[To-mpyre, B cTaTTi HABEACHO NETATHHUIN OMUC METOIY 3aCTOCYBaHHS
posmmpennx UML-miarpam ams mpencTaBiieHHS TPOSKTHHX DIlllCHb
mono apxitektypu kputnuHoi IT-iHppactpykrypu. Omnmcani OCHOBHI
Woro ememMeHTH Ta cmocid0 mepexoxmy Bim UML-miarpam  mo
(opMami3oBaHUX MaTEeMaTHYHHX Mojelled Ha 0a3i  po3MiueHHxX
TpaH3HULIHHAX CHCTEM.

3anponoHOBAaHO CHOCIO0 BUKOPUCTAHHS paHille CTBOPEHUX METOIB
BepHUdiKaIlii mapameTpu30BaHUX MOJIENEH IIJISXOM BH3HAYEHHS HOBOI
MMOCTAHOBKY 3a/1a4i Bepudikallii, ska J03BOJIIE e 3pOOHTH.

[To-Tpete, BU3HAUCHO KPUTEPii ONTHMAIBHOCTI MOOYI0BH KPUTHYHOT
IT-indpactpykrypH.

PesynbraTi, BHWKJIaneHI B CTaTTi, JONOMOXYTh JOCIiIHHKAM
1 po3poOHMKaM apXiTeKTypd KpUTH4YHUX IT-iH(ppacTpykTryp BHOpaTH
HaHOUTBII MPUAATHUM BapiaHT cTparerii NPUHHATTA PINICHb I 4Yac
MPOCKTYBaHHSA BJACHOI  apXiTeKTypH, a TaKOX O3HAHOMHUTHCS
3 KpUTEPiAMH ii MPOSKTYBaHHS Ta OLIHKH, 3 CHOCOOAMHU INpECTaBICHHS
MPOEKTHUX pillleHb. BapTo MaTH Ha yBa3si, 10 He iICHY€E yHIBEpCAILHOTO
X0y, SKHA O IMiIIHAIIOB JJIs pO3pOOKH OyIb-IKOT apXiTEKTypH, TOMY
TaK BaXJIMBO BH3HAYUTH CJIA0Ki Ta CHJIBHI CTOPOHM KOXKHOTO 3 HHX Ha
eTamni IpPOeKTYBaHHS CHCTEMH, a TaKOX KpHTepil HmpoekTyBaHHsS. Bifn
TOTO, HACKIJIBKH BipHO OYJIO BH3HAUEHO IIi KpUTepii, Oyme 3anexaTd
1 BUOIp KOHKPETHUX TEXHOJIOTiH, 1 MporpaMHOro 3a0e3MeUeHHs, a TAKOX
YCIIIIHICTh TPOCKTYBAHHSI.
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®OPMHUPOBAHUE KOMIIO3UIIUOHHbBIX MATEPUAJIOB
IIPU N3IOTOBJIEHUHU BOAOPA3PYIIAEMBIX
D®OPMOOBPA3YIOIIUX SJIEMEHTOB

Kynpssues I1. T'.

BBEJAEHUE

B HacTosee BpeMs B paziIMUHBIX OTPAciIAX HApOAHOIO XO3SHCTBA
IIMPOKOE MPUMEHEHUE HAIUTH BoJOpa3pyllaeMbie (popMooOpasyromime
9JIEMEHTHI, HCIONb3YeMbIE TMPH HAMOTKE W3JENUHA M3 TOJIMMEPHBIX
KOMIIO3ULIMOHHBIX MaTepHUajIoB, MPH JIUThE METAIJIOB U IutacTMacc. [lox
TEPMHUHOM  «KOMITO3WLMOHHBIA  Marepuasr» OOBYHO  MOHHUMAIOT
CTPYKTYPHO-HEOJIHOPOJIHBIE CHUCTEMBI, TIIOJyYe€HHbIE B pe3yJibTare
CMEIIEHUS] HECKOJBKUX Pa3HOPOAHBIX KOMIIOHEHTOB W OOJaarolne
CBOMCTBaMHM,  OTCYTCTBYIOLUIMMHM Y  HCXOAHBIX  MaTepHajoB.
B cooTBeTcTBHM C 3TUM OmpeAeNeHreM, K KOMIIO3UTaM MOYKHO OTHECTH
BCE FeTePOTCHHBIE CUCTEMBI, IPEICTABIIAIONINE COO0I COUeTaHUs ABYX U
Ooylee XMMHUYECKUX BEIISCTB MM PA3MUYHBIX (a3, IPU ITOM MEXKIy
(hazaMu B KOMITO3UIIMOHHOM MaTepuaie JOJDKHBI HaOIIOAaThCS YETKO
0003HaueHHbIE TpaHUIBI paznena. K TakuMm marepuanaMm OTHOCATCS U
BojopaspymaeMeie  (hopmooOpasyromie  dmeMeHTe..  OCHOBHOE
MPUMEHEHUE ATH MaTepuajbl HAlUIM MPU H3TOTOBJIEHUM PaKETHBIX
JIBUTATENIel Ha TBEPJIOM TOIUIMBE.

Pakernsie nBuratenu Ha TBepaoM Torumse (PTT) sBastorcs ogHM
13 HanboJjee BaKHBIX TUIIOB PAKETHBIX JBHUTATENEH, HMEIONINX ITHPOKOE
MpakTHYecKoe npuMeHeHne. OHU HUCTIIONB3YIOTCA B PaKeTHOW, PaKEeTHO-
KOCMHUYECKOW M aBHAIIMOHHOW TeXHUKE. JKHUAKOCTHBIE 0aUITMCTHYIECKUE
paketsl kak B CLIIA, tak u B Poccun BBITECHSIOTCSA TBEPAOTOILTMBHBIMU
pakeTamu, ¥ B HACTOAIICEC BPEeMs OHHU TMOJHOCTHIO 3aMEHWIIM PAKETHI C
KPP/, 3aHuMas Tenepb MOHOIIOJBHOE IIOJIOKEHHE B 3TOM Kjlacce
BOOPYIKSHHS .

PATT wucnone3yroT B JIE€TaTelbHBIX amnaparax MHOIMX THUIIOB:
OaJUTMCTUYECKUX  paKeTaX, KOCMHUYECKHX CHUCTeMax | paKeTax-

! JTaspos JL.H., Jymun O.C., CoxonoBckuiit M.M. 1 ap. KOHCTPYKIMH PaKeTHBIX
nBurareneil Ha TBepaom TtoruBe / [Tox oOmi. ped. wi. kopp. PAH, n.1.H., mpod.
JLLH. JlaBpoBa Mocksa : Mammunoctpoenue, 1993. 215 c.
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HOCHUTEJSIX, KPbUIATBIX PaKeTax U caMoJIeTaX, 3€HUTHBIX U aBUALIMOHHBIX
paketHbix Komriuiekcax. PJITT ncmonb3yroTest Kak B KA4YeCTBE OCHOBHBIX
MapIleBbIX JBUTATENeld pakeT, TaKk M B KauyeCTBE BCIIOMOIaTeIbHBIX
JBUTaTeNIel JJI yIpaBJIeHUs Pa3IMYHbIMU JIETATENbHBIMU allllapaTaMH,
OTIEJICHUS PAKETHBIX CTYNEHEH W OTACNBHBIX OJOKOB, IS TOPMOKEHHS
U MATKOM MOCAJKH, aBapUIIHOrO CHaceHusi KOCMUYECKUX Kopabneil u
WHAUBUIYyaJIbHBIX KaICyJl MHJIOTOB.

OcHOBHBIM KOHCTPYKTHUBHBIM 31eMeHToM PITT sBisiercs kopiryc
neurarens. Kopmyca PHATT Moryr wumers pasiuuHyto ¢opmy:
HWINHAPUYECKYI0, KOHMYECKYI0, C(HEpUYECKYl0, OBATOHIHYI WU
ToponaHyro. Bo3moxHbI 1 KoMOMHHpOBaHHEIE (hopMBI Kopiyca. Kopmyc
MOXET OBITh LENBHBIM WM Pa3hbeMHBIM, pa3feiCHHBIM Ha CEKIIWH,
UMEIOLEe OThEMHBIE THMINA. B KauecTBE COBPEMEHHBIX MAaTepHalIOB
KOpILyca MPUMEHSIOT CTEKIIOMIACTUKH, OPIaHOINIACTUKH, YTIEINIACTUKH.
B psime cirygaeB HCHIONB3YIOTCS KOMOWHAIIMN PA3IMIHBIX MAaTSPHAJIOB.

CunoBass 000/OYKa KOpIyca B BHAE KOKOHa MOXET HMETh (opMy
OBAIOWA BpAIlICHHUS, Iapa, 00OJIOYKH C IMTHHAPHYECKOW (KOHUYECKO)
YacThIO M AHUIIAMH Pa3MYHON (OpMEL JaMeTp mepemHero MmoMOCHOTO
OTBEPCTUSI OOOJIOUKM KOpPIyca B BHJIE KOKOHA OIPENEISIOT HCXOAT W3
HEOOXOAMMOCTH pa3MELICHHs Y3JI0B  BOCIUIAMEHHTENS, aBapUilHOTo
BBIKIIIOUEHHUS], TEJIEMETPUM M Tak jgainee. JluameTp 3aIHEro IOJIFOCHOTO
OTBEPCTUS ONpPEAENSACTCS YCIOBUSIMH KOMIIOHOBKH COIUIOBOTO OJIOKa H
Koprryca. Kpome Toro, 3Th OTBEpCTHS SIBIISIIOTCSI TEXHOJOTMUYECKHMU
3JIEMEHTAMH [IPU U3TOTOBJIEHUN KOPITYCOB METOJIOM HAaMOTKH.

PasButre 31Ol 00aCTH TEXHHUKH CBSI3aHO C Pa3paOOTKON M IMMPOKUM
BHCAPCHUEM HOBBIX KOHCTPYKIIMOHHBIX MATCPHAJIOB, CPEAU HHUX BaKHOC
MECTO  3aHUMAlOT  BOJIOKHHUCTbIE  KOMIIO3MLMOHHBIE  MaTepHaIbl.
HempepriBHast cryioBast HAMOTKA — OIMH M3 HANOOJIee PacIpOCTPaHEHHBIX U
BBICOKO3(D()EKTHBHBIX METOJIOB CO3AAHMSI KOMIIO3MLOHHBIX 000JI0YEK
BpaleHus. TEeXHOIOTMYECKON OCHACTKOM MPH MX W3TOTOBJIECHUHM METOAOM
HAMOTKH SIBIISIFOTCS (POpMOOOpa3yIoIIie KOHCTPYKIMHU H orpaBku. [Ipu
9TOM JIEHTa, 00pa30BaHHAsI CUCTEMON HUTEH, IPONUTHIBAETCS TOTUMEPHBIM
CBA3YIOLIMM M C 3aJIlaHHBIM TEPBOHAYAIbHBIM HATSHKCHUEM YKIIAIbIBACTCSA
Ha OMpaBKy. YHUKaJIbHbIE CBOWCTBA HEMETAIMYECKUX KOMIIO3UIIHOHHBIX
MaTepuaoB IO3BOJSIIOT HE TOJNBKO CYIIECTBCHHO ITOBBICHTH KadeCTBO
koHCTpyKimu PJITT, yMeHbIIMTH NACCUBHYIO MacCy, HO U YMEHBILIUTb
CTOUMOCTb U TPYJOEMKOCTb U3TOTOBIICHHUSI.

KoHCTpyKIIMM KOpPITYCOB THIa KOKOHa 00pasyloTcs B IPOIecce MX
HaMOTKH M3 KOMIIO3UIIMOHHBIX MaTCpPUaAJIOB. Bapm/lpyﬂ COOTHOIIIECHUEM
KOJIBLEBBIX M CHUPAJbHBIX CIIOEB, yCWIMBas (apMUpys) TKaHSIMHU,
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METaJUTMUECKON (PONBroif, cHenuasbHO HAaMOTAaHHBIMHU calipeTKaMu,
W3MEHSII IIMPUHY JICHTHI, YTOJ HAMOTKH, HATSHKCHUE JICHTHI, CTEIICHBb
apMUpOBaHUS  (PUCYHOK HAMOTKH, KpPEIUIEHUS CJOEB), MOXKHO
BapbUpOBaTh TpeOyeMble CBOWCTBa KOHCTPYKIMH B  IITHPOKOM
nuamnasone. [Ipu co3maHmM TakuxX KOPIYCOB HEOOXOAWMO YUIHTHIBATDH
3aBUCHMOCTh XapaKTEPHCTHK KOMITO3HI[OHHOTO MaTepHana oT (PU3UKO-
MEXaHMYECKHX CBOMCTB TEIUIO3AIUTHOTO U TePMETU3UPYIOILETo
MOKPBITUA BHYTPEHHEH IMOBEPXHOCTH KOpIIyca, KOHCTPYKIUH U
MaTepHana ONpaBKU (OCHACTKU) JUIS U3TOTOBJICHUS KOPITyca.

IIpu npoeKTUPOBAHUHU KOpIyca CIELyeT YYUTHIBATh YCajO4HbIE
XapaKTePUCTHKH MaTepHana CHJIOBOM OOOJOYKH, TEXHOJIOTHYECKOM
OCHACTKA W  TEIUIO3AIIUTHBIX MOKPHITHH. Takue BO3ICHCTBHA
MPOMCXOAAT Kak B TIIpollecce HAMOTKH, B TMPOIECCe OTBEPXKICHUS
MaTepHaia KopIyca IBUTATeN s, TAK U B MIPOIIecCe N3TOTOBICHUH 3apsa.
OTH BO3OCHCTBUS HMEIOT JOCTaTOYHO OONBINYI0 JIMTEIHFHOCTD
(mo 30 cyrok), temmoBoe (50-70°C) wm cummoBoe (2,0-3,0 MIla)
BO3ICHCTBHE, M TPH H3TOTOBICHHW IBHUTATENS TPOHCXOIHUT YyCaaKa
HCTIOJIBb3YeMbIX MATCPHAIIOB 2

Cunoaast 000704Ka MpoCTEHIINX KOPIMycoB Tula kokoHa (Pucynok 1)
SIBIISICTCS. HECYIIMM 3JI€MEHTOM KOHCTPYKIMU M IIPEeICTaBiIseT co0Ooit
TeNO BpameHns (C AHUIMAMH ¥ MWIMHApHYECKOM dacThio). OHa
W3TOTAaBIMBAETCS METOJOM HAMOTKH AapMHUPYIOLIET0 MaTrepuaiga Ha
CIICOHAJIbHO TMOATOTOBJICHHYIO OIIPpaBKY. I[J'IH HaMOTKH HCIIOJIb3YIOTCA
HUTH, JKTYTHl WIN JICHTHI, MPOIHUTAHHBIE CBSA3YIONINM KOMIIOHEHTOM.
[TosrydenHast TakuM 00pa3oM KOHCTPYKIIHMS TOJBEpracTcs NajdbHEUIIeH
TepMOOOpabOTKE U OTBEPXKIACHUS W  YINPOYHEHHS CBS3YIOIIETO
KOMITOHEHTA.

2 Cokomoscknii M.M. Passutue KOHCTPYKTHBHO-KOMIIOHOBOYHEIX ~ CXEM

KPYHNHOTAa0apUTHBIX pPaKeTHbIX JBUTaTeled TBEpAOro TOIUMBA. H36ecmus
Poccuiickoii Axademuu nayx. dnepeemuxa. Ne 2, 2003, c. 97; ®@axpyrauHoB U.X.,
KorenshukoB A.B. KoHcTpykuus M IpOEKTHPOBaHHME PAKETHBIX JIBHUraresnei
TBepIOro TorBa. Mocksa : MamuHoctpoenue, 1987; CyxonoeBa A.A. UucneHHbIN
aHaIN3 HAIPSDKCHHO-Ie(GOPMHUPOBAHHOTO COCTOSHUS M OLIGHKA IMPOYHOCTH OMPABOK
JUIS HAMOTKHU KOMIIO3UIIMOHHBIX o6ostouek. [lepms : III'TY, 2000.
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Pucynok 1. le1bHOMOTAHHBI OPraHOMJIACTUKOBBII KOPIYC TUIA
«KkokoH» mapuieBoro asuraressi PATT 151291 Tpernbeii cryneHu paket
157K60 u 157K961 pa3padorku u npouszsoacrsa HIIO «Mckpa», [lepmb

CunoBast o0oylouka KOPIyCOB THNA KOKOHa  (hOpPMHUPYETCs
CIMpabHOM HAMOTKOM, IIMIMHIpUYECKass dYacTh €€ YCHJIMBaeTCs
TaHI'€HLUUAIBHBIMU CJIOSIMU HAMOTKH. B MOJSAPHBIX OTBEPCTHUSIX CHUIIOBOM
000JIOYKH 3@ CUeT AaJre3MOHHBIX COEIMHEHUI KpemsTcs 3aKiaJHble
(haaHLbI.

C y4eToM CKa3aHHOTO BBIIIEC BKHOM MPOOJIEMON NMPH U3rOTOBICHUH
W3JeNUN TUIA KOKOHA SIBJIAETCS KOHCTPYKLUS U MaTepHual onpaBku. J[is
o0ecreyeHus] TEXHOJIOTUYHOCTH KOHCTPYKIHM, H3rOTaBIUBAEMBIX U3
CTEKJIOIUIACTUKOB, OPraHOIUIACTUKOB WJIM YIJIEIJIACTUKOB METOJOM
HAMOTKH,  OOBIYHO  WCHOJB3YIOTCS  MHOTOPa3OBBIE  OIPAaBKH,
W3TOTOBJICHHBIC W3 METAUIOB M IutacTMacc. OJHAKO HCIOJIB30BaHUE
TaKUX ONpPaBOK JJISI M3rOTOBJIEHMS LIETbHOMOTAHHBIX M3AENUI BecbMa
3aTPyIHEHO II0 KOHCTPYKIHMOHHBIM cooOpaskeHHsM. [lodToMy Takue
ONMpaBKH OOBIYHO HCIHOJB3YIOTCA S  M3TOTOBICHUS OTAEIBHBIX
JJIEMEHTOB ~ KOKOHA, TaKMX KaKk LWIMHAPUYCCKUI KOpIyc W
3aKpyrJeHHble KpbIIKKA. Takod MOAXOX dalle HCIOJIb3YeTcs MpH
W3TOTOBJICHUM HE OYEHb OTBETCTBEHHOI'O EMKOCTHOTO OOOpYAOBaHMS,
HCToNb3yeMoro B rpaxaanckux mensax. ns PIATT cekuoHHbIN moaxon
HCIIOJNIB3YETCS PENIKO, TaK KaK HAJIMYUE CTHIKOBOYHBIX LIBOB MPUBOIUT K
PE3KOMY CHIDKCHHMIO TPOYHOCTH BCEH KOHCTPYKIUH, a MCIOIb30BaHHE
METAJUTMUECKUX (DIIaHIIeB MPHUBOIMT K YBEIWYCHUIO Koddduimenta
MacCOBOI'O COBEPILEHCTBA — OTHOLIEHUSI MAacChl KOHCTPYKLUH K Macce
3apsma TBepmoro TorumuBa. Hampumep, mist kpymHoradaputasix PATT
YPOBEHb MAacCOBOTO COBEPIICHCTBA Ul BEPXHHMX CTyNEHEH pakeT
cocraeiser He 6oee 0,08.
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Omnpagka, B CBOIO O4epe/lb, JODKHA 00ecreunBaTh 3alaHHyI0 Gopmy
U pa3Mephl M3TOTaBIMBAEMO KOHCTPYKIUH B YCIOBUSIX KOHTAaKTHOTO
JaBJICHHUSI CO CTOPOHBI (hopmupyromeiics obomouku. OmpaBka TOHKHA
HWMETh CJIeIYIOIIIe CBOMCTBRA:

—HMMETh TIPOCTYIO hopmy;

—HMMETh MHHHMAIBbHOE YHCJIO Pa3beMOB, HAKIAIHBIX WA
JOTIOJTHATENHHBIX BKIABIIICH;

—TaKXe MO3BOJIATH CHUIMATh OTBEPKACHHYIO IETANIb,

—o0ecreunBaTh OCECUMMETPUYHYIO (QopMy JgeTamud 0e3 pe3KHx
MepenaoB MO TONIIHHAM.

OTH mapameTpsl 00SCIeYNBAIOT PABHOMEPHYIO YCAIKy U YCTPAHSIOT
Je(hopMaIrio TOTOBOTO TPOIYKTA.

Konctpykmus xoprryca PJITT ¢ ero snemeHTaMu JOKHA TTO3BOJSTH
MPUMEHEHUE TaKUX OIPABOK, HAa KOTOPBIX Pa3rPy30YHbIC MAHKETHI
3apsIoB (3aKOHIIOBKH, YMEHBIIAOIIUE KOHICHTPALUH HANPSDKCHUN 110
KOHIIaM TBEPJOTOIUIMBHOTO 3apsiia) M BHYTPCHHHE TEIUIO3ALIUTHOE
MOKPBITUE MOI'YT W3TOTABIMBATHCS B CIMHOM TEXHOJOTHYECKOM
nporecce usrorosyieHus kopnyca PJITT, To ecTh He TpeOYIOT OTAEIBEHON
MPUKIICHKH TIEPEUUCIICHHBIX JIEMEHTOB Ha TOTOBBIH KOPITYC.

[Ipu o3TOM cremyeT Bcerna YYWTHIBATh, 4YTO B OTIMYHE OT
METAJUTUUECKUX KOHCTPYKIIHH, TJi¢ OOHAPYKEHHBIC MTOCIIEe U3TOTOBJICHUS
nedeKTsl (HampuMmep, B CBapHBIX IIBAaX) MOTYT YCTPAHATHCS, KAaueCTBO
TOTOBOTO CTEKIOIDIACTHKOBOTO KOPITyca W3MEHHTH YK€ Helb3s. JTO
IpEaABbABIIACT HUCKIIFOYUTCIIBHBIC Tpe6OBaHI/I$[ K HaMOTOYHBIM
TEXHOJNOTHYECCKUM  TIpolleccaM,  IMPUMEHSIEMOMY  0OOpYIOBaHHUIO,
OCHACTKE TEXHOJOTHYecKoro mporecca. [lpu co3mannn MaTepuana IUis
ONPAaBKHU CIIEAYET Y4YMTHIBATH YCaJOYHBIE XapaKTEPUCTHKHW Marepualia
CHJIOBOM 000JIOUKH U TEIUTO3AIUTHBIX TOKPBITHH.

Takne TpeOOBaHWS MOTYT OBITH OOCCIICUCHBI TOJBKO OIPaBKaMH,
H3roTaBJIMBaCMbIMH U3 KOMIIO3UIMOHHBIX MaTCpHUAJIOB. HpI/I 3TOM OHH
JOJIXKHbBI O6J'Ia)laTL YHUKaJIbHBIM O6’I)e,Z[I/IHeHHI)IM KOMIIJICKCOM
XAMUYECKUX U (PU3MKO-MEXaHHYECKHX CBOKMCTB, TaKMX KaK BBICOKAs
MIPOYHOCTH, BBICOKAsl YHPYTOCTh, MaJbIH KOA(PQPUIHMEHT TCPMHUECKOTO
pacuIMpeHnss ¥ OJHOBPEMECHHO JIErkas pPacTBOPUMOCTH B BOfE. OTO
CBOWCTBO OCOOCHHO BaXKHO JJIS YAAICHUS OIPaBKH U3 TOTOBOIO KOPITyca
TUTIA «KOKOH», TIOCJIC MPOBEACHUS BCEX TEXHOJIOTHMYECKHUX IPOIIECCOB.
[lepCreKTUBHBIM ~ HAMpaBICHHEM II0 CO3MAHUIO MAaTCPHAIOB IS
W3TOTOBJICHUS OMpPaBOK SIBISIETCS  pa3paboTKa BOAOPa3pyLIaeMBIX
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MaTEepPHAIOB, 00JIAIAIOIINX BEICOKOH MPOYHOCTHIO U CIIOCOOHBIX JIETKO U
OBICTPO pa3pymIaThCS MO ACHCTBHEM BOJIBL

HauGonpliee pa3BuTHE HA POCCUHCKUX MNPEANPHUITUSX PAKETHO-
KOCMHYECKOM oTpaciu MOJTyYHIIN OlpaBKM  Ha  OCHOBE
KOMIIO3MLIMOHHOT'O MaTepuajga W3 KBapLEBOIO IeCKa M CBA3YIOLIETo
noauBUHWIOBOTO cnupta. IlonuBununoBsli cnupt (IIBC), nomydeHHsbIH
U3  MNOJMBUHUWIAIETaTa,  SBISETCA  TAKTUYECKUM  IOJIUMEPOM.
Kpucrammanocts [IBC o0ycnoBneHa HaiudueM OOJIBIIOTO YHCIIA
TUIPOKCUIIBHBIX IPYyNN B nonuMmepe. Ha KpUCTAINIMUHOCTH MHONHMMeEpa
TAaKXKe OKAa3bIBAIOT BJIMSHHUE MPEJIBICTOPUS TOJNYUYECHUS MOJIHMEpa,
Pa3BETBIEHHOCTb, CTENEHb TIHAPOIM3a W THUIl  pacHpeAeseHUs
OCTAaTOYHBIX AaLETaTHbIX Ipymil. Yem Bhllle CTENeHb THUAPOJN3a, TEM
BhbIllIe KpucTauuHocTh obOpasma [IBC. [lpu tepmuyeckoir o6paboTke
MIOJIHOCTBIO OMBUIEHHOT'O MPOJYKTa €r0 KPUCTAJUIMYHOCTH MOBBIILIAETCS
Y IPUBOJUT K CHMXKEHUIO €0 pacCTBOPUMOCTH B BoJie. YeM BhILIE YHCIIO
ocTaTouHbIX aneraTtHeix rpynn B IIBC, Tem MeHble oOpa3oBaHUe
KpUCTAJUIMYECKUX 30H. VCKIIOYeHHeM Uil pacTBOPUMOCTH SIBISETCA
amopdusiii [IBC. Beuay Manoit MCXOMHOW KPHCTAIMYHOCTH TOJIUMED
(HE3aBHCHMO OT MOJIEKYJIIPHOI MACChI) XOPOILIO PACTBOPSETCS B BOJE °.

OnHako MX CYLIECTBEHHBIM HEAOCTATKOM SIBISJIOCH TO, YTO IOCIIE
TEPMHUUYECKOTO0 BO3AEUCTBUS BO BpeMsl TEXHOJIOTMYECKOIO IpoLecca
nsrorosieHus kopryca PJATT npoucxonuna yacTudHas IeCTPYKLUsS
MOJIMBUHWIIOBOTO ~ CIIMPTa,  pE3ylbTaTOM  KOTOPOH  SIBISIIOCH
3HAYUTEJIbHOE CHIKEHHE €ro pacTBOpUMOCTH B Boje. Ilpu aToM moutu
HE YJAJOCh IOBBICUTH CKOPOCTh DPACTBOPEHHS 3@ CYET IOBBILICHUS
TeMIeparypsl, a o00paboTka ee ¢ IIOMOIIBI0 CTPYyH HEpPErpeToro
BOJISIHOTO TIapa Takke He JaBajia Oodbiroro 3dgdekra. MHorma mporece
pa3MbIBaHUA ONPAaBKU 3aTATMBAJICA MOYTH Ha HENEIIO.

Pemute 31Ty mpobiemy ymamock AByMs crocobamu. OIHMM U3
CIOCO0OB SBIJIOCH CO3MaHUE KOMITO3UIIMOHHBIX MaTepHAaIOB Ha OCHOBE
YKHUJIKOTO CTEKJIa, OTBEP)KIAEMOI0 MPH HOPMAIbHBIX YCIOBHUSX 3a CYET
ylalieHus Blaru. Bropoll cmoco® OCHOBaH Ha HCMOJb30BaHHUU
PaCTBOPHUMBIX B BOAC XUMHUYCCKUX COG}II/IHCHI/Iﬁ JUIsT CO3JaHUus TaKOI'O
KOMIIO3UTA.

K wmarepmanam [is WM3rOTOBICHHSA BOJOpa3pyliaeMbix (popmo-
00pa3yloNx AJIEMEHTOB MPEABSABIAIOTCS CICIYIONINE OCHOBHBIC
TpeOOBaHUs: BBICOKAs MPOYHOCTh TPH MOBBIIEHHBIX TEMIIEpaTypax

% Boiiko B.B. CHHTe3 MOIMBHHHIOBOTO CIIUPTa B BOJHO-CIIMPTOBBIX Cpelax :
quc. kaua. xuM. Hayk. 02.00.06 : Mocksa, 2004, 112 c.
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skcmryaranuu (10 200°C u BbImIE), XOpolias pa3MbIBA€MOCTh BOJIOU
WIA BONHBIMH pAacTBOPaMH IIOBEPXHOCTHO-aKTUBHBIX  BEIIECTB,
TEXHOJIOTHYHOCTh W3TOTOBJICHHS JJIEMCHTOB, HE NEQHIUTHOCT M HE
TOKCHYHOCTH KOMITOHEHTOB. Pemaromee BiHssHHE Ha KadecTBO
HAMOTAHHOTO H3AEIHS W Ha KOX(PQUIHCHT peann3alii HPOYHOCTHBIX
CBOWCTB TOJUMEPHBIX KOMIO3UIIMOHHBIX MATEPHANIOB OKAa3bIBAIOT
CIICAYIOIIUE  XAPAKTCPUCTHKH  MATEPUANIOB, HCIONB3YEMBIX  JUIS
W3TOTOBJICHUS  BOJOpa3pyliacMbIX  (OPMOOOPA3YIONIMX  IJIEMEHTOB:
MPOYHOCTHEIC, YIpyrue, AehopMaluOHHBIC, TEIUIO(GU3NIECKUEe U TaK
Janee.

B pesynprare SKCIepUMEHTAIBHBIX HCCIEAOBAHUN 10 ONPEISICHHIO
YpOBHA KOHTAaKTHBIX [HAaBICHHH W aHaIW3a HAIpsHKEHHO-Ie(hOopMH-
POBAaHHOTO COCTOSIHHSI B CHCTEME «(pOpMOOOpa3yIomMid 3IEMEHT
(ompaBka) — 0000YKa» OBUT C(HOPMUPOBAH KOMIUIEKC HEOOXOIMMBIX
XapaKTepPUCTHK MaTepHhalia Uil BOAOPa3pyIIaeMbIX (HopMooOpa3yIommx
3JIEMEHTOB.

B Hamel mnpempigyiiei paboTe caeinaH MOIPOOHBINH  aHANIH3
TEXHOJIOTHH W3TOTOBJICHUS BOAOpPA3pyIIAeMBIX  (HOPMOOOpa3yIOIIHX
U3JICTNiA, HaIpUMep, JIMTCHHBIX CTEP)KHEH, MPUMCHSIEMBIX TPHU JIHTHE
METAJIOB M IUIACTMAcC, a TAKKe W3JCIHUN THIAa «KOKOH» M KOpITyCOB
PAKETHBIX JBHTaTENeH Ha TBEPIOM TOILIMBE . BHUTO MOKA3aHO, YTO OHH
MOTyT 6I)ITI> HCIOJB30BaHbl JJId M3TOTOBJICHUS BOJOPACTBOPUMBIX
OIIpaBOK, MPUMEHACMBIX IPHU HU3TOTOBJICHUU I/I3,Z[€J'II/II>1 N3 TOJIMMEPHBIX
KOMITO3UIIMOHHBIX MATEPHAIOB METOJOM HaMOTKH WM BBIKIAIKH C
WCTIONE30BAHNEM CBS3YIOMINX, TPEOYIOMINX ITOBBIIICHHBIX TEMIIEPATyp
OTBEpPXKJEHMUSI M B YCIOBHUAX MEXaHWYECKUX HampspkeHui. IIposenen
aHaJ M3 BO3MOXKHOTO HWCIONB30BAaHMS PA3NUYHBIX BOJOPA3PYIIAEMBIX
MaTepHaIOB U CO3aHUS MOINOOHBIX wm3fenuit. [IpoaHanmm3upoBaHBI
CBOMCTBA BOJOPA3pyHIaCMbIX KOMIIO3UIIMOHHBIX MAaTCpHUaiOB HA OCHOBE
KHUJIKOTO CTEKJIa M BO3MOXKHOCTH MX HCIIONH30BAHUS IJISI H3TOTOBJICHUS
orpaBoK. Ha ocHOBe MpoBeIeHHOTO aHANK3a CAeTaH BEIOOpP OCHOBBI LIS
H3rOTOBJICHUA OCHOBBI [JId HU3IrOTOBJICHHSA OIPAaBOK Ha OCHOBE
BOZIOpa3pymaeMblx  MaTepuasnioB. [IpoBeaeH  aHanmu3  (U3UKO-
MEXaHHYECKHX CBOWMCTB TAJOTCHHUIOB INEJOYHBIX METALIOB U
MPOM3BEJIeH 0OOCHOBAaHHBIN BHIOOP BEIIECTB OCHOBBI, MOIXOSIINX IS
HU3TO0TOBJICHUS BOJIO0pa3pyniacMbIX KOMITO3MIITMOHHBIX MaTepuaioB.

* Kudryavtsev P. Composite materials for manufacture of water destroyable
form-forming equipment. Journal “Scientific Israel- Technological Advantages”.
Vol. 20, Ne 1, 2018, pp. 40-45, ISSN: 1565-1538.
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[pennokeHa peuentypa MW TEXHOJOTHS W3TOTOBJICHHS H3ICIHHA U3
BOJIOpa3pyliaeMbiX MaTepuanoB. [IpoBeieH aHanu3 MPOLIECCOB IMPH
Pa3pyIICHUU 3TUX MAaTEPUAIIOB TIOCIIE HX UCTIOJIb30BAHUSL.

Takum 00pa3oM, CTaHOBATCS AaKTYalbHBIMH pPa3pabOTKa HayYHbBIX
OCHOB MOJYYCHHUsS] MATepHAIOB MIJIsi M3TOTOBJIEHHS BOIOPa3PyIIAEMBbIX
(hopMOOOpa3yIONIMX SJIEMEHTOB C 3aJaHHBIMH CBOMCTBAMH U IIOHCK
METO/IOB IICNICHANIPABICHHOTO PErYIMPOBaHUS WX CBOHCTB. OIBIT
MpPEABIAYIIMX HUCCIEAOBAHUN II0Ka3blBaeT, 4YTO Takhe pa3paboTKu
BO3MOXXHBI Ha OCHOBE NPEJICTABICHUN (PU3NKO-XHMMUYCCKOW MEXaHUKU
JMCIIEPCHBIX CTPYKTYyp. Hawano pa3BUTHIO HCCIEIOBAaHUN B OITOM
HampaBJieHMH ObUTO ToNokeHo B paborax II.A. Pebunmepa u ero
IIKOJTBL .

1. Bonopa3pymaeMbie KOMIO3MIMOHHbIE MATEPHUAJIBI
HA OCHOBeE KM/IKOT0 CTEeKJIA 1JIsl H3rOTOBJIEHHS ONPABOK

HatpueBoe »uakoe CTEKIO IIUPOKO MPHUMEHSETCS B JUTCHHOM
MPOW3BOACTBE JUIS HW3TOTOBJICHUS JINTCHHBIX (OpM W  PazIMIHBIX
(hopMOBOYHBIX cMecell. [l TpoBemEeHUS OKCIEPUMEHTOB  OBLIO
WCIIONB30BAaHO  BBICOKOMOJYJIBHOE HATPHUEBOE KHIKOE CTEKIO ¢
CHJIMKATHBIM MoaylieM N=2.7+3,0 u BBIIIE, IUIOTHOCTh CTEKIA
1400+1420  xe/m°.  Tlpomecc  OTBEpKIEHHS  JKHIKOTO  CTEKIIA
COHpOBO)K)Z[aJ'ICﬂ HpOHBJ’IeHI/IeM AATrC3UOHHBIX CBOI71CTB K HAIIOJIHUTECIIHO
KBapIEBOMY TIECKY M OCYILECTBJISUICSA MPH €CTECTBEHHOM (Ha BO3/yXe)
WIM HCKYCCTBEHHOM (HarpeBoM, MPOJYBKOW TEIUIOTO  BO3IyXa)
BBICYIIIMBAHUH CMECH. B OTIWYHe OT M3rOTOBIEHUS TUTEHHBIX (1)opM6, B
JAHHOM TIPOIIECCE CTapalluCh MAaKCHMaJbHO W30eXaTh pa3pylICHUs
JKUJIKO-CTEKOJIBHOH OCHOBBI, YTOOBI B JaJIbHCHIIEM HE YMEHBIIHUTH
pacTBOPHMOCTH €TO B BOJIE.

Kpome storo, amst TOCTHKEHHS BBICOKOH MPOYHOCTH TaKOTO MaTepuaia
HE0OX0IUMO J00UBaThCs HarOOoJIee TWIOTHOW YIIaKOBKOM 3epeH mecka. J[is

s Pebunnep I1.A. TloBepXHOCTHEIE SBICHHS B TUCIEPCHBIX cUcTeMax. DU3UKO-
XUMHUYecKass MexaHuka: M30p. Tp. Mocksa : Xumus, 1979; AGpamcon A.A. u
yxun E.JI. (pex.). [IoBepXHOCTHBIE SIBIEHHS M IIOBEPXHOCTHO-aKTHBHEIE BEIECTBA.
Mocksa : Xumus, 1984.

6 Kyxosckuit C.C., JIacc A.M. ®opMbl U CTEpKHU U3 XOJOIHOTBEPACIOIINX
cMmeceil. MockBa : MamuHocTpoenue, 1978. 24 c.; Kopuees B.U., FOpruncon E.H.,
Ky3smuH B.A. OnbIT pa3zpaboTKy U IPUMEHEHUS CBA3YIOIIUX AT JETKOBBIOMBaeMbIX
bopmoBounbix cMmeceit. Jlenunnrpan : JIZTHTII, 1986. 26 c.; Kudryavtsev P., Figovsky
O. Advanced Nanomaterials Based on Soluble Silicates. Journal Scientific Israel -
Technological Advantages, Vol. 16, Ne 3, 2014, p. 38-76.

163



9TOro, MOMHMO JaBicHUS (OpMOBaHUS, TpeOyeTcsi MCHOIb30BaHNE
HAIONHUTENS C OIPEICNICHHBIM PAacIpeieNicHIeM 3epeH M0 pasMepaM |
UCIIONB30BaHHUE KUKOIO CTEKIIA ¢ ONTHMAJIBHOI BSI3KOCThIO. IIpu aTOM 15t
MOTy9YaeMBbIX MaTePHAIIOB UX IPOYHOCTH 3aBHCHT OT COICPKAHMS YKUIKOTO
CTEeKJIa B CHCTEME. DTa 3aBICHMOCTD IIPOXOIUT Yepe3 OCTPHIA MAKCUMYM, H
ee BUJI NIPEe/ICTaBIIeH Ha Pucynke 2.
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Pucynok 2. 3aBucumMocTh npejeJia IpOYHOCTH HA pa3pbiB
KOMIO3MIIHOHHOTO MATEPHAJIA OT COAePKAHMS KUIKOT0 CTEKJIa
(Na,0:3,3Si0,, p = 1,39 1 / % BwrpamGoBannoii BuGpammeii cmecn
¢ kBapueBbIM neckom (0,625 M M) nocJie cylmiku 10 MOCTOSIHHOTO Beca
npu 130°C: P — Pazpymalomee Hanpsi;keHre NP C:KATHH 1J1s1 00pa3ioB
KOMIIO3MIIMOHHOTI0 MaTepuaJa, MIla. X — copepaxaHue xKUIKOro CTEKJIa
B KOMNO3UIKHU, Macc. Y03 Y — cojiep:kaHue KBapIleBoro necka, macc.%.
1 — 3xcnepuMeHTaNbHBbIE TOUYKH; 2 — aIPOKCUMUPYIOIIast pyHKIUSA

Jis TOBBILIEHUS] TEXHOJIOTMYHOCTH W3TOTOBJIEHHUS MaTepuana u
TOBBIIIEHUSI CKOPOCTH €r0  PAacCTBOPEHHUs] TIOCJIE  HUCHOJIb30BAHUSA
HEOOXOIMMO CHM)KEHHUE COZICPIKaHMS KUIKOTO CTEKJIa B KOMIIO3UINH, TIPH
OTHOBPEMEHHOM COXPAaHEHHMH €€ NMPOYHOCTHBIX CBOMCTB. B CBsA3M ¢ 3TMM
ObUTM TPUMEHCHBI JIOTONHUTENbHBIC IEHCTBUS IS YBETHUCHISI
IUIOTHOCTH KOMTIO3WIIMHA. MakCHUMajbHasi IUIOTHOCTh ObLIa JOCTHTHYTa
MPUMEHEHUEM  IOJIMAKMCIIEPCHOM  TMEeCYaHOW  CMeCH, CHIKEHHEM
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KOHILIEHTpALlUK KHUJIKOIrO0 CTEKIa U NPUMEHEHHEM METOJa IPEeCCOBaHMs
chIpoit cmecu nipu pasnenun 1,0+1,2 Mlla. JlanHbie AeWCTBUS MO3BOIMIN
CHM3HTH COJIEPKAHUE KHUIKOTO CTEKIIa B KOMITO3ULIUH.

Takum o0Opazom, Obula pa3paboTaHa KOMIIO3UIHS —CIICAYIOIIETO
COCTaBa: KBaPIEBHIH 1ecok §7%, MOJIOTHIN KBapIIEBbI MECOK 8%, KUAKOE
crekio 5%. IIpodyHOCTh MOJYYEHHOro KOMIIO3UIIMOHHOIO Marepuaa
Mocje BBICYIIMBaHUA cocTaBuia 5+8 Mlla, npu WUCIBITAHUM Ha W3THO.
Ilocne wmsrorosinenus xopmyca PIATT omnpaBky ynaBaloch BBIMBITH B
TE€YEHUE HECKOJIBKUX YacCOB.

Hanbomee cymiecTBEHHBIM IIyTeM YIIY4IICHHS Pa3pyIIaeéMOCTH
KUJIKOCTEKOJbHBIX KOMIIO3ULUM, TPUMEHSEMbIX M HW3TOTOBJICHUA
OIIPABOK, SIBJISIETCSI CHU)KEHUE COJIEPIKaHUs JKUAKOTO CTeKJIa B MCXOIHOU
cMmecu. OMBIT MPOM3BOJCTBA TOKA3al, YTO YIYUIICHHE pa3pyliaeMOCTH
TaKuX CMecell CTaHOBUTCA 3aMETHBIM IIPU CHIDKEHMHM MacCOBOHM I0JHU
JKHIKOro crexiia B cMecu oT 658 no 3% u Menee. Takoe cHmKeHHE
CoJIep>KaHMsI CBSI3YIOIIETO XKHUJKOTO CTEKJIa B CMECH, 0e3 yXy/IIeHHus ee
MIPOYHOCTHBIX CBOWCTB BO3MOXKHO TIPH YCJIOBUM TOBBIIICHUS BSKYIINX
CBOWCTB CBS3YIOLIETO MM Pa3paboTKe HOBBIX BSDKYLIMX KOMITO3HMLIMHN Ha
€r0 OCHOBE.

OCHOBHBIMM TyTAMU CHIDKEHHMS COAEp)KaHMUSA JKUIKOLO CTeKJIa
B KOMITO3UIIUSX SIBJISAIOTCS:

— OBBIIICHUE CTAOMIIFHOCTH COCTaBa U CBOMCTB JKUAKOTO CTEKIIa;

—TIOBBIIICHHE KavyecTBa (POPMOBOYHBIX II€CKOB, MPEXKIE BCETO
C MO3UIIMHI CONIEPHAHMS MBUICBHIHBIX (DPaKIInii;

—IPUMEHEHHE CIEUUANbHBIX IPUEMOB aKTHUBALIMU TIOBEPXHOCTH 3€pEH
KBapIEBOTO IIeCKa, OOECIECUMBAIOIINX MPOSBICHHE BBICOKOIIPOYHBIX
a/IFe3MOHHBIX KOHTAKTOB Ha IPaHMILIE «OKHUIKOE CTEKIIO — KBapID»;

— ONTUMU3AIHS TEXHOJIOTHUECKUX TPUEMOB MPHUTOTOBJICHUS] CMECEH C
MO3UIIMH O0ecreveHs] TIOJHOTO U CBOEBPEMEHHOTO B3aWMOJICHCTBHS
KOMINOHEHTOB cMecH. Crofa BXOIUT TIOCIIEOBATENbHOCTh BBEIACHUS
KOMITOHEHTOB, CIIOCOOBI X BBEIICHHUS U TaK Jajce;

—COBEpIICHCTBOBAHHWE  aNIApaTypHOro  O(QOPMIICHHS,  KOTOPOE
o0ecneynBaeT TIIATENFHOE CMENICHNEe KOMIIOHEHTOB CMECH IPU HHI3KOM
COJICp)KaHUH JKHAKOTO CTEKJIa W HWU3KOH BIIaXXHOCTH MPHTOTABIMBACMON
cMecH;

—o0ecrneueHne yCIOBUiA PABHOMEPHOTO paciipe/ielIiCHUs aBICHUs TIPH
MPECCOBAHUU H3IENUA, YTO OCOOCHHO Ba)KHO IS KPYITHOTaDapHUTHBIX
H3JICTINIL;

—HaIpaBjeHUe YAYYIIEHUs Pa3pyllaeMOCTH KOMITO3MLUI Ha OCHOBE
KHUJIKOTO CTEKJIa BKIIOYACT NPUHIMITHATIBHOE W3MEHEHHE COCTaBa H
(UBUKO-XUMHYIECKOH MPUPOIBI >KUAKOTO CTekia. Peanmmsarms Takoro
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MOAXOAa BO3MOXKHA 3a CYET Iepexojia B O0JIaCTh BBICOKOMOIYJIBHBIX
KHUIKUX CTEKOJ (IIOJHCHIMKATOB), CO 3HAYEHHEM CHIIUKATHOTO MO
4+10 ¥ CHIDKSHUS COACPIKAHUS TIPHUMECEH KabIHs 1 ATFOMUAHHS.

B xadectBe mepcneKTHBHOW MOIUGBHUIMPYIOMIEH JT00aBKH, s
CO3IaHMs KOMIIO3HMIIMOHHBIX MAaTEepPHAIOB HA OCHOBE J>KHIKOTO CTEKJa
TIPE/IIOKEHbl TEXHHUECKHE JTHrHOCYMb(hOHaTE . Harmm mccieoBanms
MoKa3ajii, 4YTO  JIMTHOCYNb(OHAaThl  OKAa3bIBAIOT  CYLIECTBEHHOE
BO3JICHCTBHE HA TIPOIIECCHI TBEPICHUS U CTPYKTYPHPOBAHUS KOMITO3UIIHI
Ha OCHOBE JKHUAKOro crekyia. OHM yIydIIaroT MPOYHOCTHBIC MOKA3aTeNn
Marepuaia. Beenenue B cocta jKUAKOro crekna 3% JUrHOCYIb()OHATOB C
MOBBHIIICHHBIMHA MOJEKYJSIPHBIMH MacCaMH IPHUBOAWT K MOJYyYCHUIO
TOHKOIIOPHCTOH  CTPYKTYPBI  (DOPMHUPYIOIETOCS  TeNs,  BBICOKOH
BOJIOHETIPOHUIIAEMOCTH, MTPOYHOCTH MaTepHaia U JTOCTH)KEHHIO BBICOKHX
AKCILTYaTalMOHHBIX MTOKa3aTeNeH.

OmHako CBsByONIME MaTepHalbl Ha OCHOBE JKHIKOTO CTEKIa
B OOBIYHBIX YCIOBHAX HA BO3AYXC OTBEPXKIAIOTCA HEOOPATHMO',
B Pe3yJIbTaTe B3aUMOJCHCTBUS WLIEJIOYHOM CHJIMKAaTHOW COCTaBJLIOLIEH
¢ CO; Bosmyxa. [IpoGmema yxymiieHHs pPacTBOPHMOCTH KOMITO3UTOB,
MOCIIE 3aBepIICHHsT BCEX TEXHONOTHMYECKUX IHWKIOB, OBDIa perieHa
C UCTIONIb30BaHUEM B KadeCTBE OCHOBHI KOMIIO3UTAa — TaJOTCHHIOB
IETOYHBIX METAJJIOB.

2. BbIGOp 0CHOBBI JIJI1 H3rOTOBJIEHHS] OCHOBBI JIJIsl H3TOTOBJICHUS
OIPAaBOK HA 0CHOBE BOJI0PA3PYyIIAEMbIX MATEPUAJIOB

Kak u3BecTHO, BCe rajgyprudeckue MPOU3BOACTBA UMEIOT OOJBIIYIO
npo0JeMy, CBSI3aHHYIO CO CJIEKHUBAEMOCTBIO MHHEPAIBHBIX —COJIeH,
0COOEHHO TPU HMX TpaHCTIOPTHPOBKE. CIEKMBAEMOCTh — 3TO CBOMCTBO
MOPOIIKOOOPAa3HbIX  BEIECTB, XapaKTEPHU3YIOIIEe WX CKIOHHOCTh K
TIepexoly B CBS3AHHOE, YIUIOTHEHHOE cocTosHue . IIpodHOCTh GpHKeTa
CONIM HA3bIBACTCSl CTENCHBIO CIIEKUBAaeMOCTH. Ee BemuuuHy OOBIYHO
M3MEPAIOT B CIAMHUIAX JaBlieHus (k/la), mpu KOTOPOM MOHOJIMTHBIH
oOpazer| onpeaeneHHONH GopMbl paspymiaetcs. Clie)KUBaeMOCTb 3aBUCHT
OT TPaHyJIOMETPHYECKOr0 COCTaBa, BIAXHOCTH BEILECTBA, HAIUYHS
npuMeceid u Ipyrux QaktopoB. MUHHUMAaNbHAs BIKHOCTH BEIIECCTBA,
BBIIIIE KOTOPOW TPOMYKT MOXET CIIEKHUBATHCS, OOBIYHO COCTaBIISIET OT

" Lebo, S.E., Gargulak, J.D. and McNally, T.J. Lignin. Kirk-Othmer
Encgclopedia of Chemical Technology, John Wiley & Son, (2001).

Kudryavtsev P., Figovsky O. Advanced Nanomaterials Based on Soluble
Silicates. Journal Scientific Israel - Technological Advantages, Vol. 16, Ne 3, 2014,
p. 38-76.

Tepemenko A.I'. T'MIpOCKOIMYHOCTE M CIIEKHBAEMOCTh PAaCTBOPUMBIX
BemecTB. M31-Bo ToMckoro nmonurexHuueckoro yausepeutera, 2011. 79 c.
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0,05 mo 1 macc.%. I'mrpockonuveckue MpoIecchl W MPOIECChl CIICKH-
BaeMOCTH PAaCTBOPHMBIX BEIIECTB SBIITIOTCS JBYMsI CTOPOHAMH OIHOTO U
TOTO XK€ MacCOOOMEHHOro Mpolecca, B KOTOPOM Y4YacTBYIOT ra3oBasi,
KUIIKask ¥ TBepaast Gasbl.

CrexxrBaeMOCTh — 3TO CBOMCTBO IHCIEPCHOTO BEIIECTBA, CBS3aHHOE
C MPOIIECCOM TIEPEHOCA BOABI W3 MEKKPHCTAIUIMTHOM KHIKOW (has3bl
BTa30Byl0 a3y, Mpu OTHOBPEMEHHOM BBIICIICHUU W3 JKUAKOH (has3bl
TBEPAOTO BEIIECTBA B 30HE KOHTAKTA OTICIBHBIX KPHCTALIOB. Takum
00pa3oM, KPUCTALTMIESCKIE MOCTUKH MEKAY KPHCTAUIAMU PaCTBOPUMOTO
BEIIECTBA BO3HHMKAIOT TOJHKO IPU BBHICYIIMBAHUM BEIIECTBA. SIBICHHE
CIISKUBAEMOCTH OIIPEACISICTCS. He BIAYKHOCTBIO MPOAYKTA, a JecopOrmeit
BJIaTM U3 BJIKHOTO MPOAyKTa. V30BITOYHAS BIQXKHOCTH HMPOIYKTA — JTO
TOJIBKO HEOOXOJMMOE YCIOBHE IMpollecca CIeKHMBaeMOCTH. MeXaHH3M
CIISKUBAEMOCTH dYepe3 00pa3oBaHWME KPHCTALUTMUECKUX MOCTHKOB IIPH
MPOXOKICHUHN TUTPOCKOINYECKAX ITIPOIIECCOB SIBIICTCS OCHOBHBIM IS
pacTBOpuUMBIX BemiecTB. OAHAKO Ha 3TOT OCHOBHOM IIPOIIECC MOTYT
HaKJIaJpIBaThCsA U JIpyrue peakuuu. Hampumep, BO3MOXKHO 00pazoBaHHUE
COJICBBIX MOCTHKOB TMpPU OXJIKICHHU BJIAXHOTO MPOAYKTa. Tarke
BO3MOXKHO BIMSHHAE XUMUYECKHX PEaKIUH, MPOAOIDKAIOIINXCS IOCIIe
W3TOTOBJICHUSI TIPOAYKTa, B TOM WUHCJIE CBS3AaHHBIX C OOpa3oBaHHEM
KpUCTAILIOTUAPaToB. bomnbinoii 3pdekT okazpiBaeT yBeIrMueHUE MIOMIAIN
KOHTaKTa MEXIy TpaHyJaMHy 3a cYeT MeJIkoaucnepcHoi (paxiuu. Kpome
TOTO, CICKHBAEMOCTh MOXKET BO3HHKATh B pe3yjbTare aehopmaruu
YaCTHI] COJH TION NEHCTBHEM MEXaHHUYCCKUX HArpy30K U Pa3pyIICHHUS
YACTHI] O] ICWCTBUEM BHEIIHUX YCUJIMU U JPYTOE.

CymecTByeT OOJbIIOE KOJMYECTBO PabOT, MOCBSAIIEHHBIX OOphrde
ITUM 3(1)(1)61<T0M10. OpHaKo MBI PEMIIN YCHIUTh 3TOT 3(PQEKT u

10 Tepemenko A.I'. ['MrpOCKONMMYHOCT U CIEXKHBAEMOCTh PACTBOPUMBIX
BemiecTB, M3n-Bo Tomckoro mnoimrexHWYeckoro yHuBepcurera, 2011. 79 c.;
Xamckuit E.B. Kpucranmnuueckue BemiectBa M MPOAYKTHL. MeTOABI OLEHKH U
COBEPIICHCTBOBaHMUSA CBOWCTB. MockBa : Xumus, 1986, 224 c.; BomkoB B.A.
Pa3zpaboTka TEeXHONOTMH OCHOB HECIECKHBEMOCTH XJOpHAa Kanus. ABTopedepar
KaHA. aucc., Jlemmnrpan, 1986.; IloitnmoB B.3. OcHOBBI TEXHOJOTHH HEKOTOPBIX
KPUCTAIUIMIECKUX MPOAYKTOB C 3aJJaHHBIMU CBOHCTBaMH. ABTOpedepar JOKT. AMCC.,
Iepmb, 1998; UepemanoBa M.B., Iloramo U.C., Iloitmo B.3., IlomoBa K.B.,
Amudeposa C.H. Bmmsane ycnoBmit XpaHeHUs U TPAaHCIHOPTHPOBKH Ha (PU3MKO-
MEXaHUYECKHE CBOMCTBA IpaHyJIMPOBAHHOIO Xjopunaa kKamus. Becmuux IIHUIIY.
Xumuveckas mexnonozusn u 6uomexnonozus. 2012. Nel3.; Zurimendi J., Bolivar C;
Rafael A. Anti- caking composition. United States Patent Ne 4,772,308, Current
International Class: B01J 2/30; CO5C 1/02; CO5C 1/00; C05G 003/00; C05C 001/02;
CO5C 003/00. 20.09.1988; FOpkuna M.U. HccrnenoBanue mpolecca yCTpaHeHHS
CIISKUBAEMOCTH XJIOPHUCTOTO KaJlMs C IIOMOIIBIO 100aBOK (eppolraHuia U aMUHOB :
aBTopedepar kaum. aucc., [lepms, 1974,
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UCTIONB30BaTh €r0 UIS CO3IAHUS BOJIOPa3PYIIAEMBIX KOHCTPYKIMOHHBIX
KOMITO3HIIIOHHBIX MaTepHualioB. BEIOMpas KOHKPETHBIC OCHOBBI IS
W3TOTOBIICHUSI ~ MAaTEPUAJIOB  OMpPABOK, HEOOXOAMMO  YYHTHIBATH
crnenyromue (axkTopsl. Mcmonap3yeMble Ui 3TUX IeIei COMM He TOIDKHEBI
00pa3oBBIBATh  KPUCTAUIOTUAPATEL. JTO  OOYCIOBIEHO TEM, YTO
KPHUCTAUIOTUAPATE CIIOCOOHBI BBIACIATH BOAY IPU JTOCTATOYHO HH3KHUX
TEeMIlepaTypax © COOTBETCTBEHHO pacTBOPITBCS B  CBOGH ke
KPUCTALIOTUAPaTHOH Boze. Takoil addekT XapakTepeH, HaIpuMep, s
[nay6epoBoii comu, Mupabwmra — Na,SO,10H,0Y.  [pyrum
HEIOCTaTKOM KPHUCTAIOTUAPATHBIX COJICH SIBISCTCS BO3MOXKHOCTH HX
ruaponnza W Oojplmas ycagka mpu ToTepe Boxel. Eme omHMM
HEIIOCTATKOM HEKOTOPBIX COJICH, KOTOPBIA HCKITIOYAET BO3MOKHOCTH HX
MPUMEHECHUS] B KaYeCTBE OCHOBBI JJI1 M3TOTOBJICHUS OIPABOK, SBIICTCS
Hamgre (a30BBIX IEPEXONOB IIPH TEMIEpaTypax B IHAa30HE OT
KOMHATHOH JIO0 TEMITepaTyphl SKCINTyaTaIlHH.

Takum  o0pa3oMm, COJNH, KOTOpPbIE MPUTOMHBI JUIS  TAaKOTO
UCIIONIb30BaHUS, JIOJDKHBI OBITh JJOCTATOYHO JICHICBBIMH U  IIHPOKO
pacmpoCTpaHeHHBIME B TIpupojae. Kpome TOro, OHM JODKHBI HMETh
BEICOKYIO PacTBOPHMOCTh B BOZE. TakuMH CBOHCTBAMH OOJamaloT
BEIIECTBA, WMCIOIINE NPEHMYIIECTBCHHO HOHHYIO KpPHCTaJUTMIECKYIO
pemietky. W3 MHOXeCTBa MOJOOHBIX COCIMHEHUH MOXKHO BBIIEITUTH
TPYIINYy TaJOreHUJOB IIEIOYHBIX, IICIOYHO3EMENBHBIX METAUIOB U
amMMoHus. OpHAKO W3 OJTOH TPYNIBI MBI yOaJMM  TaJOTCHHUJIBI
MIETOYHO3EMENbHBIX METAUIOB, TaK KaK MOCIeTHHUE O0NANaroT BBICOKON
THTPOCKOIIMYHOCTRI0O W 00pa3yI0T MHOJKECTBO KPHCTAILIOTHIPATOB. JTO
CBOﬁCTBO, KaK MbI YK€ OTMCYa/IN, ABJISICTCSA HEAOCTATKOM IIPU PCUHICHUA
MOCTaBJICHHOM 3aJauu.

B macrosmiee BpeMs mpupoga MEXaHHYECKHX CBOWCTB HOHHBIX
KPHUCTAUIOB H3y4YeHAa 3HAYUTEIHHO IIydIle, 4YeM KaKuX-HOO IPyrux
KpucTawioB. OfHA W3 TMPUYMH XOPOIIEr0 MOHMMAHUS CBOWCTB HMOHHBIX
KPUCTAUIOB 3TO TPOCTasl MNPUPONA XUMHUYECKOW CBSI3U, KOTOpas
00yCIIaBIMBaeT UX CTPYKTYPY U CBOUCTBA. J[pyrasi — 3aKJIt04aeTcs B TOM,
9TO IUTACTHYECKYIO NeQOopMalMi0 B ITHX KPHCTAUIAX MOXHO OBLIO
W3y4aTh OYEHb JETAIBHO IIyTeM HENOCPEACTBEHHOTO HAOIOACHUS
HAIMYUS W JIBWDKCHUS IHCIOKAIMd B WX cTpykType. [Dmactmueckoe
TCUYCHUC u XPYIIKOE pa3pyuicHue SABIIAFOTCA reTepOrcHHbIMU
MpoIeCcCaMH, MOITOMY, H3MEPEHUEM TOIBKO TOMOTSHHBIX MEXaHHUECKUX
mapaMeTpoB, TaKHX, Kak HalpskeHue, aehopMamus U CKOPOCTh
nedopMaIii, HEBO3MOXKHO JAOCTHYh CYNIECTBEHHOTO MOHHMAHUS STHX

1 Hill, J.C. Johann Glauber's discovery of sodium sulfate. Sal Mirabile Glauberi.
Journal of Chemical Education. 1979, Vol.56, No 9, p. 593.
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ABIeHUH. {7151 TOro 4TOOBI MPABMIIBHO CBSI3aTh TOMOTCHHBIE MAPAMETPEI
C SIBICHUSMH aTOMHOTO MaciiTaba, HeoOXOJMMO MMETh BO3MOXKHOCTB
u3y4yaTbh HEOJHOPOIHOCTH — JUCIOKAlMU U TPEIIUHBI — CaMU MO cede.
Bosnpmoii mporpecc B 310l 00nacTd ObLT JOCTUTHYT €IIe B KOHIIC
mpouuioro Beka . HekoTtopsle CBOWCTBAa HMOHHBIX KpPHCTAJIOB
00YCIIOBJIEHBI T€M, YTO OHH COCTOST W3 JIOKAJIbHO 3apSDKEHHBIX HOHOB,
OJHAKO OoJsbIIas YacThb MEXAHUYECKUX CBOWCTB, HMEET MPSAMYIO
aHAJIOTHIO CO CBOIMCTBaMM METAIIIMUECKUX U KOBAJEHTHBIX KPUCTAJLIOB.

Cunbl  CBSI3M B UACAIBHOM HOHHOM KpHCTaJUle  SBISIOTCA
UCKITIOUUTENBHO  JJIEKTPOCTATUYECKUMM,  Tak  4To  Haubosee
YCTOMYMBBIMM ~ CTPYKTYpPaMH  OKa3bIBAIOTCS IUIOTHO  YIIAKOBAHHBIE
pPEIIETKH THNA XJOPHUCTOrO HATPHUsA WM PEIIETKH THUIA XJIOPHUCTOrO
nesusi. Kpome Toro, Tak Kak CHUJIBI CBSI3U 3aBUCST TOJIBKO OT PACCTOSHUS
MEXIy HOHAMHM W HE 3aBUCST OT YIVIOB MEXAY COCEISIMM, YIpYyTHe
HNOCTOSIHHBIE ~ JOJDKHBI HOAYUHATBCS  COOTHomeHusM Komm  amns
JUHENHHBIX AedopMarui 35", Aror (hakT Cy)KaeT YUCIO UHTEPECYIOLINX
Hac BEIIECTB JO HECKOJBKUX IIEJIOYHO-TAJIONJHBIX KpPUCTAIJIOB,
Bkirogas NaCl. OxHako MBI He OyeM ITOTHOCTRIO OTPaHUYNBATHCS ATUM
CIIMCKOM, @ PacCMOTPUM HEKOTOPOE KOJUUYECTBO LIEJIOYHO-TAJIOUIHBIX
KPHCTAJIIOB M HECKONBKO JPYTUX KPUCTAIUIOB, KOTOPBIE UMEIOT PELIETKY
THUIIa XJIOPUCTOTO HaTpus. Kpucrammsl ramoreHuIoB pyOuIus ¥ Le3us
paccMmaTpuBaThCsA He OyIyT BCIEACTBHE TOTO, YTO OHH CPABHHUTEIHHO
MaJIO HUCCJICAOBAaHbI U HE MOTYT OBITH MPUMCEHCHBI JIs1 HalIUX Lleﬂeﬁ
BBUJIY CBOEH PEIKOCTH U JOPOrOBHU3HBI.

CpolicTBa LIENOYHO-TAIOUAHBIX KPUCTAIIOB H3Yy4YEHBbI JOCTATOYHO
xopouto. Takue BEIMYMHBL, KaK SHEPIUsS CBSI3U U YIPYTHe NOCTOSIHHBIE,
MOTYT OBITh PACCUUTAHBI C TIPHEMIEMON TOYHOCTBIO M3 CBOMCTB aTOMOB,
COCTABISIIOIMX OSTH KPUCTAIBL. YNPYrHe MOCTOSHHBIE SBIISIOTCS
Hanboyiee BaXXHBIMU MEXaHHUYECKHUMHU napamMeTpaMm KpuUCTAJIIOB, TakK
KaK OT HMX 3aBUCST BCE JpYyrue MexXaHMueckue cBoiicTBa. Hampumep,
Y KPHCTAJUIOB C MaJIbIM MOJYJIEM YHPYTOCTH OOBIYHO TPYIHO OXHAATH
OOJIBIIIOTO COMPOTUBICHUS ITACTUYECKOMY T€UEHHIO.

OHeprus KpUCTALIMYECKON PEIIeTKH OmpeaessieTcsl OamaHcoM CHil
HOPUTSDKEHUS] U OTTAIKUBAHUSI MOHOB, 00Pa3yMOLINX JAHHYIO PELIETKY.
OCHOBHYIO 4acCTh SHEPTUU CBSA3U 3TUX KPUCTAIIOB COCTaBIIAET IIPOCTOE
JNIEKTPOCTATHIECKOE B3aUMOJACHCTBHE MEXIy HOHAMH, a HM3MEHCHHUE

2 Iunman JIx., MexaHuueckne CBOWCTBA HWOHHBIX KPHUCTAUIOB. Ycnexu

@usuueckux nayk. 1963 1. 80, Bpm. 7, c. 455-503.
¥ Kopo6os B.W., Ouxos B.d. Xumuueckas kupeTuka. Beexenne ¢ Mathcad/
Maple/MCS5, M., l'opsiuast muaus —Tenexom, 2009, 384 c.
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ANEKTPOCTATHICCKON SHEPTUH NPH AePOpMaIK JaeT OCHOBHOM BKIA1 B
Moy ympyroctd. CTaOWIBHOCTH CTPYKTYPHI HOHHBIX KPHCTAJLIOB
oTpenenseTcss 0aJaHCOM CWJI TPUTSHKCHUS U OTTAIKUBAHHSA. DHEPTHS
OTTAJKUBAaHMS B MOHHBIX KPHCTAJUIaX BO3ZHHUKAET IO JABYM IPHYHHAM.
OTHMH ~ TpUYMHAMH  SBISIIOTCS  CHUIBI  OTTAIKWBAHUS, KOTOpEIE
MOSIBIISIFOTCS, KOTJIAa JJICKTPOHHBIE O0Jlaka WMOHOB HAYHHAIOT Iepe-
KPBIBAThCS MPU JAOCTATOYHO TECHOM COJIMKEHHHM MOHOB JIPYT C JPYTOM
pu 00pa3oBaHUU KpPHCTAILIA.

[epBas mpuunHA 3aKIFOYACTCS B TOM, YTO MEPEKPHITHE dJICKTPOHHBIX
00JIaKOB  JOJDKHO TPUBOJWTH K YMEHBIICHUIO BEJIMYMHBI 3apsaa
OTPHIATEIHHOTO MOHA 33 CUET Ka)XIOTO COCETHETO IIOJIOKUTEIHHOTO
HOHa W HAo00pOT. DTOT 3((EeKT yMEeHbIIaeT NPUTHKEHUE MEKIY
HMOHAMH TIPU YMCHBIIICHUH PACCTOSHUS MEXTy HIUMHU.

Bropas mpuumHa 3akmo4aeTcs B TOM, YTO IIPH IEPEKPHITHU
JJIEKTPOHHBIX O0JAKOB YMEHbBIIACTCI O0bEM, B KOTOPOM MOTYT
JIBUTaThCs  JNEKTpOHbL. COMNIAaCHO TPHHIUIY HEONPEISTICHHOCTH
[efizenbepra, 3T0 O3HAYaeT, 4YTO KUHETUYECKAsh DHEPIHS DIIEKTPOHOB
JIOJDKHAa BO3pacTaTh, M TaKUM 0Opa3oM IIOJMHAS DHEPTHS CHCTEMBI
CTPEMHUTCSI YBEIMYUTHCS, BBI3BIBAsI OTTAIKUBAHUE HOHOB.

CymiecTByeT TOBOJIBHO XOpOLIEE COITTACHE MEXIY pe3ylbTaTaMu
MOJYy3MIOUpPUIECKOr Teopun bopHa — Maiiepa, KBaHTOBO-MEXaHUYECKOU
TCOPUHU U OKCICPUMCHTAJIbHBIMHU JAaHHBIMU OHEPrunM CHJI CBSA3U B
IICJIOYHO-TAJIONIHBIX KpUCTAJUIaX, MPUBCACHHBIX B pa60Tax14. Ha
pUCYHKE 3 TpeACTaBIICHBI STH NaHHBIE B 3aBUCHUMOCTH OT OOpaTHOI
BEeJIMYMHBI  PACCTOSHHUS ~ MEXIy  OMIMKAWIIIMH  COCEOsIMH B
KPUCTAJUIMYECKON PEIIETKE COOTBETCTBYIOIUX TaJOr€HU/IOB IIEI0YHbIX
METaJIIOB.

[IpencraBnenHrle Ha pHCYHKE 3  [MaHHBIE YKa3bIBAIOT HAa
CYILIECTBOBAHHE XOpOILIeld 00paTHO MPONOPLUHOHANBEHON 3aBUCHMOCTH
SHEPTUU CHJI CBS3M  OOpaTHON BEIMYMHBI PACCTOSIHHAS —MEXIY
OMMKaWIIMMK COCESIMA B KPHCTATMYECKON pemieTke. Eciu sHepruro
3JIEKTPOCTATHYCCKOTO B3aUMOJEHCTBUs onHOro nona U; B HOHHOM
KPUCTAJUle TPEACTABUTH, KAK ObLIO yKAa3aHO B paboTe ~, B BHJIC

¥ TI'uaman JIx., MexaHn4yeckue CBOMCTBa HWOHHBIX KPHUCTAUIOB, YCHEXU
¢mudeckux Hayk, 1963 T. 80, BbiL. 7, c. 455-503; Hearmon R.F.S. The Elastic
Constants of Anisotropic Materials, Rev. Mod. Phys., 1946, Vol. 18, Issue 3, p. 409;
Slaughter W.S. The Linearized Theory of Elasticity, Springer, 2002, 512 p. ISBN:
978-1-4612-6608-2

15 Morris D.F.C., The lattice energies of the alkali halides, Acta Cryst. Vol. 9, 2,
p. 197 (1956). doi: 10.1107/S0365110X56000498
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YpaBHEHUS B COOTBETCTBUM ¢ 3akoHOM KyioHa, TO mOIy4uM
BBIpAXKEHUE:

., 4o
7. l (1)
Inel I | paccTOsHHUS MEXIy HOHAMH i H J, Zj — 3apsi/ HOHA ,
€ — 3apsJI DIEKTPOHA, &9 — IIEKTPUUYECKAs IOCTOSHHASL.
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Pucynok 3. Koppe/sinusi SJHepruu cuJi ¢BA3HU LIEJT0YHO-TATOHIHBIX
KpuCTa/L10B'® 0T 06PATHOI BEIMUMHBI PACCTOSTHHS MEKILY
O KAHIIMMHU cOCEASIMU B KPHCTAINYECKOI pelieTke
(r Pl o Pi.). HoHHBIE pafiyCBl B3SITHI IO LIKAJTe
KPHCTALIOrPagMUeCKHX HOHHBIX PAIUYCOB B eHHUIAX P

[Ipy HOpPMHPOBKE paccTOSIHUA MEXAY HOHAMH Ha BEJIUYHUHY
pacCcTOSHUS MEXIy ONMKaWIIMMHU TPOTUBOIOIOKHO 3apsKCHHBIMH
noHamu D (koTropoe 3aBHCUT OT NapaMeTpOB KPUCTAIITMYECKOH

% I'unvan Jx., MexaHu4eckne CBOWCTBA HWOHHBIX KPHUCTAIOB. Ycnexu
@usuueckux nayx. 1963 1. 80, Bbim. 7, c. 455-503; Hearmon R.F.S. The Elastic
Constants of Anisotropic Materials, Rev. Mod. Phys., 1946, Vol. 18, Issue 3, p. 409.

Y Harrison W.A. Solid State Theory. Dover Publications, Inc. New York, 1980.
541 p.
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pelETKY, TUMa CTPYKTYpPbl KpPUCTaUla M HOHHBIX  PaJuycoB
CTPYKTYPHBIX 3JIEMEHTOR), TIOJTyYIM:

. aQ a aQ
Y

.[u_ ‘l ]'O .[u_ ,OU (2)

rae M — nmocrossHHas MagemyHra.

Jas kpucramnndeckoi pemérku tuna NaCl, ¢ 3apsnamu noHOB +1 u
KOOPAMHALMOHHBIM YHCIOM 6, KOHCTaHTa MajenyHra UMeeT BeTHIHHY
M=1,747558. [ns crpykryp trma CsCl ¢ KOOpIMHAIIMOHHBIM YHCIIOM 8
OHAa HECKOJBKO BBIIIE U cocTaBiaseT BenuuuHy M=1,763. Takum
00pa3oM, /Ui OOJBIIMHCTBA TAJIOTEHUIOB HIETIOYHBIX METAJIOB JOKHA
cobOmrogaTeCcst 00paTHO MPOMOPIHOHATBHAS 3aBUCHMOCTh 3HEPIUH CHII
CBSI3M OT PpAcCTOSHUS Ha PACCTOSIHME MEXIy OnrmKalumu
Pa3sHOMMEHHO-3apSDKEHHBIME HMOHaMU. OTOT (akT M HaOmrojaercst Ha
Pucynxke 3.

OHeprus Cui CBA3U SABIIETCS (PYHIAMEHTAIBHON XapaKTEepUCTUKOM,
HamnpsIMyI0 CBSI3aHHOM C YHNPYTUMM TIOCTOSIHHBIMH U IPOYHOCTHBIMHU
XapaKTepUCTUKaMH KPHCTAJUIOB. YTIPYTHE IOCTOSHHBIE MOXHO Tpy0o
OIICHUTH clieayroImM oopa3oM. Cria F, ¢ KoTopoii OJIMH MOH JIeHCTBYET
Ha Jpyroi, B 3aBHUCUMOCTH OT I — PACCTOSIHUS MEXIy HHUMH, OyneT

paBHa: 'O —. Takum 06pa3oM, HaNpsHKEHKUE OyAET MPUMEPHO PABHO:
P )

Ipu sToM mubdepenImal HapsHKEHHs B 3aBUCHMOCTH OT | Oymer
HUMCTHh BUJ

)
_<'-l

Q, =~ — 4)

—a

Onnako puddepeHnnan HampsHKSHUS PEICTaBIIeT cOO0U BETUIUHY
Q, 0Q- (5)

rne £ — momyns ympyroctu; Q- — muddepeHnman aedhopMarum.
OTcroa Moay4aeM UTOrOBOE COOTHOIICHHE ISl MOTYJISI YIIPYTOCTH
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Yrpyrue mocTosHHbIE SBISIOTCS HauOojee BaKHBIMA MEXaHUYECKUMHU
napaMeTpaMmi KpHUCTAUIOB, TaK Kak OT HHUX 3aBHCSAT BCE JIpyrHe
MeXaHWYecKue CBOWCTBA. Harpumep, y KpHCTaUIOB C MajibiM MOIYJEM
VIPYrocTd OOBMHO TPYIHO OXKWAATh OOJBIIOTO  CONPOTHBICHHUS
IUIACTUYECKOMY TEUEHHIO U Pa3pYILEHUIO.

3HaueHUs1 YNPYrUX TOCTOSHHBIX, OMNpeJeSIeHHbIE SKCIIEPUMEHTAIBHO,
MPUBE/ICHBI B 0030pax M YaCTHYHO ObUTH M3MepeHbl Hamu. Ha pucynke 4
IIPE/ICTABJIEHbl CPeIHUE 3HAUYECHHUs MOIYJEH YIPYrocTH Ul KpUCTaJUIOB
raJOreHUI0B LIEJIOYHbIX METAJUIOB U aMMOHMs. [IpencTaBieHHble JaHHbIE
OBUIH [TOTy4YeHBI IPH KOMHATHOM TeMIieparype.

E. 10‘ MPa

200 220 240 260 280 300 320 M0 360 180
D, pm

PucyHnoxk 4. 3aBucuMOCTb MOYJIl YIPYTOCTH KPUCTAJLI0B
raJOreHHAHBIX CoJIel IMeJIOUHBIX MeTAVIOB U AMMOHMUS B 3aBHCHMOCTH
OT PACCTOSIHUS Mem):[y OMMKAHIIMMU cOCeASIMHM B KPUCTAJINYECKOI
pewerke (  piL o ».). MoHHBIE paaHyChI B3SITHI 110 uncane

Kpnnannorpaqueckux MOHHBIX PAHYCOB B eIMHHIAX PN

18 Hearmon R.F.S. The elastic constants of anisotropic materials-11, Advances in
Physics, 1956, Vol. 5, Issue 19, p. 323-382; Huntington H.B. The Elastic Constants
of Crystals, Solid State Physics, 1958, Vol. 7, p. 213-351; ®ypman A.A., llpaiioman
C.C. IlpuroroBneHue u 04uCTKa paccoia, Mocksa, «Xumusn», 1966, 232 c.

¥ Harrison W.A. Solid State Theory. Dover Publications, Inc. New York, 1980.
541 p.; Brazhkin V.V., Grimsditch M., Guedes I., Bendeliani N.A., Dyuzheva T.I.,
Lityagina L.M. Elastic moduli and the mechanical properties of stishovite single crystals,
Phys. Usp. Vol. 45, p. 447448, 2002; DOI: 10.1070/PU2002v045n04ABEH001162
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[IpencraBneHHple Ha pHCYHKE JMJaHHBIE MOTYT OBITH aIIpo-
KCHUMUPOBaHBI CIIEAYIOLIUM BBIPAKEHUEM

0 HD @)

Koa¢pduimenTsl 3TOro ypaBHEHHS, pPacCUMTaHHBIE II0 METOIY
HANMEHBIINX KBAajApaToB, MMEOT Bemmumy a=3,00-10""°, b=505.
Hexoropoe paznmume 3HAaYeHHH IMTOKa3aTeis CTEIEHH OT PACCTOSHUS
MEXIy OmmxaluMH COCEeASMH B  KPHCTAUIMYECKOM  pelIeTKe,
MOJY4E€HHON TEOPETHYECKH U Ha OCHOBE SKCIEPHUMEHTANbHBIX JaHHBIX,
YKa3plBaeT HA TO, YTO TEOPETHUYECKHE BBHIKJIANKHA OBUIM CHETAHBI C
HEKOTOPBIMH JOMYIICHUSIMH M HE YIUTHIBAIOT BCEH IMOTHOTHI (haKTOPOB,
OKa3bIBAIOIIMX BIUSHHE HA MEXAaHUYECKHE CBOMHCTBA KpPUCTAJIIOB
TaJIOTCHUAHBIX cojieil. OOHAKO B IENOM IaHHBIE Pe3ylIbTaThl NAI0T
ONMM3KYI0 TEHAEHIMIO, TaK KaK pa3iire B IIOKA3aTeIIX CTENCHH B
pasmepe npumepHo 20% He sBIgeTCs] KpUTHUHBIM. [1o3TOMY Ha OCHOBe
9THX TPEACTABICHUN MOXKHO YK€ CIENaTh KaueCTBCHHBIE MPEICKa3aHusI
MOBEIICHUST T€X WIIM MHBIX BEIIECTB W OCYIIECTBIITH BEIOOP BEIIECTB,
MOIXOIAIIUX ATl CO3aHUs TpeOyeMBIX MaTepHaIOB.

B pesynbrare aHamu3a IpEACTABICHHBIX BBIIIE JAaHHBIX U3
OTPOMHOTO MHO)KECTBa MHHEPAIBHBIX COJIEH MOXHO OCTAaHOBUTHCS Ha
JIBYX UX HPEACTaBUTENAX. TaKUMHU TMOIXOMSAIIMMH COJSIMU SIBIISIOTCS
XJIOPHU/IBI HATPUS U Kalusl. Y 3THX COJICH JOCTATOYHO XOPOIIO U3YyUEHBI
UX MEXaHW4YecKhe W (U3MUYECKHE CBOICTBA, YTO IaeT XOPOIIYIO
MEPCHEeKTUBY IUISI CO3JaHWS BOIOPa3pyIIaAeMBIX MAaTEpHAlOB Ha HX
OCHOBE.

PaccmaTpuBas BOIIpOC HM3TOTOBJICHUS MaTEpUANIOB IUISA OMPABOK U3
KOMITO3UTOB Ha OCHOBE TAIOTCHHUIOB IIEIIOYHBIX METAIIIOB, HEOOXOIUMO
OCTaHOBHTCSI HA MX MEXaHHYECKHX U (H3UKO-XMMHYECKUX CBOWCTBAX.
MexaHHYeCKUM CBOHCTBaM KPHCTAJUIOB TAJIOTEHHIOB MICTOYHBIX
METAaJUIOB, U, B YaCTHOCTH, XJIOPUIa HATPHS, TOCBSIIICHO MHOTO PadoT.
Emie A.®. Nodde B cBoei pa60T620 NoJIPOOHO 00CYXK 1] MEXaHUYECKHE
cBOMcTBa xyopuaa HaTpus. OH oOpaTiiI BHUMaHHE Ha TOT (aKT, 4TO B
HanOOJIBIIEM NTPOTUBOPEUNH C TIPECKa3aHUAMH SJIEKTPHUECKOH TEOpUH
KPUCTAIUIMYCCKUX PEIICTOK OKAa3bIBACTCS IPOYHOCTH TBEPABIX Tell.
MaxkcuManpHasi BeTHMUMHA cBs3M B Kpuctamiax NaCl Ha ocHOBaHUH
TEOPUHU KPUCTAITMUECKUX pelIeToK nonydaetcs nopaaka 3000 MlIla nys

2 Hodpe A.D. Us6panmbie Tpyasl. Tom I. MexaHuueckue U 3IEKTpUUYECKHE
cBolicTBa KpHcTauios. M3a-Bo «Haykay, Jlenunrp. ota., Jlennnrpan, 1974, ctp. 1-327.
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ClTydast BCECTOPOHHETO pacTshkeHus. OIHOCTOPOHHEE PACTSDKEHHE TIPH
KOMHATHOM Temmeparype nobkHO nate okono 2000 MIla. Omgnako
HAOJFOICHHAS TIPOYHOCTH OTAENbHBIX KpucTaiwioB NaCl Ha pacTsxeHue
cpennem coctaBisier 4,3 MIla. [loHmwkenne Temmeparypsl 0
TeMIeparypsl xkuakoro asora (—195,75°C) He BIuseT 3aMETHBIM
o0pa3oM Ha MPOYHOCTh KaMEHHOW cosid. Takke OHa MpPaKTUYECKHU He
u3MeHnsiercst mpu Harpese 10 200°C (PucyHok 5).

100 ¢
Oa, Mlla
80 F
®E Mlla
% 60 b
=
-
5] o __o 0 P
S 40 P o
20 F
0.0 < + .
200 0 200 400 600 S00

Temueparypu, °C

PucyHnok 5. TemneparypHasi 3aBHCHMOCTb Ipejie/ia MPOYHOCTH (0)
u MoayJas ynpyroctu (E) kpucrannos NaCl

Cne;[yeT O6paTI/ITI> BHHUMAaHUC Ha TO, YTO B PCAJIbHBIX MaT€pHajiax
OPpOYHOCTL M3MEpsAJIaCb HE Ha OJWHOYHBLIX KpUCTAJIaX, a Ha
KPUCTAIDTMYCCKAX KOMIO3UIHAX. DTO O0BICHIIOCH TeM, uTo mpu 200°C
npeAen ympyroctu Kpuctama manaer no 4,3 Mlla, to ectp paBeH
npeneny npoyHoctu. Takum oOpaszom, mpu Temneparypax Beie 200°C
mpenen YIpYrocTH OKasbIBaeTCsl HIDKE TMpenena mpodHocTH. llpu
YBEJIMYEHUHM Harpy3kd BHayaje IOCTHUTaeTcsl Mpenaes YIOPYrocTH, U
HAauMHAETCSl IUIACTHYecKas JeopMariys, Hapyllalomas pemeTky
kpuctauia. Kak Obuto oOHapyxkeHo emie A.D. Hodde, mporece
IUTACTHYECKOM NeopMaIid 3HAYHUTEIHFHO YBEIUYHUBACT IPOYHOCTH
KpHCTaJlIa

2 Hodde A.D. Uzbpannsie Tpyasl. Tom [. MexaHudeckue U 3JIEKTPUUESCKUE
cso%zcma KpHCTaILIOB. Jlennnrpan : M3n-so «Hayka», 1974. ctp. 1-327.
Cwm.
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[IpouHOCTs OAWHOYHBIX KPUCTAUIOB HAa PACTSHKCHHE IMPHUMEPHO B
500 pa3 MeHbllle, YeM BBIYMCICHHBIH MaKCHMYM ISl CHJI CIICTUICHHS, W
pa3pbIB HACTYMAET MPEXkKAE, YeM MOXKET OBITh 3aMEUCHO CYIECTBEHHOE
OTKJIOHeHHe OT 3akoHa ['yka. Jlaxke mactudecku ne(opMHpOBaHHEIC
KpUCTAILTBI 00yiafaroT B 40 pa3 MeHbIIEH MPOYHOCTHIO, YeM CIIe/I0BAJIO
Ol oxxuaaTh. HabmogaeMblii pa3pbiB MIPHU pacTsDKEHUN HE UMEET HUYero
o0IIero ¢ MCTMHHOW MPOYHOCTbIO. MOXHO JIeTKO TMOHSThb, YTO
MTOCTETIEHHBIN YaCTHYHBIA Pa3phIB TPEOyeT ropa3ao MeHbIIEH CHIIbI, YeM
pa3pblB OHOBPEMEHHO IO BCEMY IONEPEYHOMY cedeHUuto. JlomycTum,
HampuMep, 4YTO Ha OOKOBOH TOBEPXHOCTHU PACTAHYTOTO CTEPIKHS
CYIIECTBYET Majias, HO OUeHb pe3Kas TpeluHa. PacmpeneneHue yCumii
OyZIeT TakoBO, YTO Ha Kpal0 TPEIIMHBl yCHWIHE OyIeT Ype3BBIYaiiHO
KOHIEHTPUPOBaHHBIM. Ecin paamyc KpUBU3HBI JIHA TPEHIMHKH
JNOCTaTOYHO MaJ, OTHOIICHWE YCWINSA Yy Kpas TPEIIUHBI K CpeaHEMY
YCHJIMIO Ha BCE MOMEPEIHOE YCIITHE MOKET OKa3aThCs BEChbMa OOJBIINM,
YTO UMEET MECTO B pealbHOM KpHCTaJIIE.

Ecmu otiM  oOBsicHseTcs Majas MPOYHOCTh KPHCTAUIOB Ha
pacTsbkeHHe, TO, OYEBHIHO, COCTOSHHE IIOBEPXHOCTH, C KOTOPOH
HAuMHAIOTCS HAApPBIB M pas3pylleHue o0pas3ua, JODKHO —UIpaTh
CYIIECTBEHHYIO pPOJIb: B TaKOM CIydae HEOOXOAMMO HaWTH erle
oOBsicHeHHe TOMY (DakTy, 4To HaOJrojaeMast IPOYHOCTh Ha PACTsHKEHUE
nocrossHHa B mpegenax 10%. BausHue cOCTOSHMSA MOBEPXHOCTH Ha
MIPOYHOCTh KAMEHHON COJM BIEPBbIE OBLIO MOKAa3aHO 8%, IIpouynocTs
KPHUCTAIDIOB KAMEHHOW COJIM 3aBUCHT HE TOJBKO OT OPUCHTAIMU yCHIIUS,
HO W OT OpPHEHTALWH BHEIIHUX IIOBEPXHOCTCH, OTPaHHMYMBAIOLINX
KPHCTaJLIL.

A.®. Hobhde c corpymHukamMud OOHAPYKWIH SPPEKT, KOTOphIA B
JanpHeHIIeM HOIydiI ero uMs . MIMu Obo 00HApYKEHO, YTO IPOYHOCTH
KPHUCTAJIOB KAMEHHOM COJIM 3HAUUTENIFHO BO3pACTala P UX MOTPYKESHUH
B ropsuyio Bomy. [lpemem mpounoctm Bo3pactan mo 300 u nmaxke Ao
1600 MIla. Dt 3HayeHUs Yyxe OJHM3KO TOIXOMAIT K TEOPETHUCCKOM
npounoct 2000 MTla. Tpexae yem HacTynaa pa3pbiB, JOCTUTAJICS MIPEIET
YIIPYTOCTH, COOTBETCTBYIOILMM ITpU KOMHATHOM Temneparype 9 Mlla, u B

2 Joffe A., Lewitzky M. Uber die Kohisionsfestigkeit von Steinsalz, Zeitschrift
fur Physik. 1929, Bd. 35. S. 442-445.

% Hodde A.O. UbpanHsie Tpyabl. Tom I. MexaHndeckue W 3JeKTpUUYECKUE
cBoiicTBa KkpuctamoB. W3n-so «Hayka», Jlenunrp. otn. Jlemunrpan, 1974.
ctp. 1-327; dypman A.A., benpaer M.IIL., Cokxono W.JI. IloBapenHas coijb.
[Tpon3BOACTBO M MPUMEHEHHE B XUMUYECKON MPOMBIIIJICHHOCTH. MockBa : XUMHs,
1989. 272 c.; Schmid B., Boas W., Crystal Plasticity, Springer, Berlin, 1936.
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MOMEHT, KOTJa TPOUCXOAMI Pa3phIB, KPUCTALT OKAa3bIBAJICS IDIACTUUCCKH
nedopmupoBaHHBIM. M3MepsBIIasicss MPOYHOCTh ObLIA, TAKAM 00pa3oM, He
MPOYHOCTHIO OJIMHOYHOT'O KpHUCTaJlIa, a MIPOYHOCTHIO
MONMKPHUCTAIUTMYECKOT0 00pa3oBaHMs. TeM HE MeHee, 3TOT pe3yibTaT
SIBJIICTCS CYILIECTBEHHBIM, 0O OH ITOKA3BIBACT, YTO BHYTPECHHSSI IIPOYHOCTD
KaMeHHOH conu He MeHble 1600 Mna, n 4To KpUCTALIbl KAMEHHOM COJU
MOTYT BBIJIeP)KaTh IIOJI00HBIE YCUITHS.

A.®. Nodde neiictBue Bompl W 3(h¢eKTa pacTBOpPEHHS BHICT B
cnemyromeM. [Ipu pacTspkeHnH CoM B BOJIE PacTBOPSIETCS €€ TIOBEPXHOCT.
PacTBOpeHHe MOBEpXHOCTH BiedeT 3a CO0OH ynajgeHHe IOBEpXHOCTHBIX
TpeIMH ¥ IOBEPXHOCTHBIX IHCIOKALMHA, HA KOTOPBIX BO3HUKAIOT
JIOKaJIGHEIC TIePeHANPSDKEHNS, BEAyIIHe K pa3pbiBy. Ecimu ynamits neekTst
pacTBOpeHHEeM, MOXHO  Harpy3uTh KPHCTaI JI0  HAlpsDKEHUH,
MPEBBIIIAIOIINX €T0 XPYIKYI0 HPOYHOCTh, W JOBECTH WX IO 3HAUCHU,
COOTBETCTBYIOIINX TpeIeny YIpyrocTi. IIpr MOCTIDKEHMH HanpsDKEHHH,
COOTBETCTBYIOIIMX ~ TIpeledy  yHNpPYrOCTH, HACTyHmaeT —IUIacTHYecKas
nehopMarsi, CONPOBOKIAIOIIASCS OONBITNM YIUTMHSHHEM U YIIPOIHEHUEM
Marepruana. PacTBopeHme BemeT K TIOBBIIICHHIO BEIMYUHBI XPYIIKOH
MPOYHOCTH /O 3HAYCHMS, COOTBETCTBYIOLIErO BeNIMYMHE Mpejena
ynpyrocty. [1oBblIIeHHas IJIACTHYHOCTH COJIN B BOJIE SIBIISIETCS CIISICTBUEM
BO3MOKHOCTH IIEPEBOJIA €€ BBILIE [IPEE/A yIPYTOCTH

IToBepXxHOCTHBIE YCIIOBHMSI HE OKa3bIBAIOT OOJBIIOrO BIMSHHMS Ha
OCHOBHOM ISl TIACTUYHOCTH gl)aKTop, a HMMEHHO Ha TMOJIBUKHOCTh
JHCTOKAIMH. BbUTo OGHapy’keHO™, 4TO NpeieN TeKYYeCTH KpHCTAILIOB
NaCl He dYyBCTBHTENEH K ITIOBEPXHOCTHHIM YCJIOBHSM, a HAIpsDKEHUCE,
TpeOyemoe uisl ABIKeHHUs auciokanuy B kpuctawie NaCl, He 3aBHCHT OT
BBIICPKKH HA BO3yXe, B BOXC M B Macie’ . OGpaboTKa MOBEPXHOCTH
BIMSET HAa HAKIOH AWAarpaMMbl HampsDkeHHe — AedopMaims B 00JIacTH
J1ehOPMALIOHHOrO yIPOUHEHN s . BaKHbIM BBIBOIOM SBJISCTCS TO, HUTO
apdpekr Hodde sBisercs  cienacTBUEM — yCTpaHSHHS  OOJNBIIMX

% schmid B., Boas W., Crystal Plasticity, Springer, Berlin, 1936.

% Byraenko JI.T., Ps6bix C.M., Byraecako A.JI. [loutn moiHast cucTeMa CpeHUX
HOHHBIX KpHCTAJUIOrpa()UuecknX paguycoB U €€ HCIIOIb30BaHUE JUIS OIPENeNICHUS
MIOTEHIMANIOB HOHM3AIMN. Becmuux Mockoeckozo ynusepcumema. Cepus 2. Xumus.
2008, T. 49, Ne 6, c. 363-385.

I'mnman JIx., MexaHnueckre CBOWCTBA MOHHBIX KpPHUCTAJUIOB. Y CIHEXH
¢mngeckux Hayk. 1963 1. 80, Boim. 7, c. 455-503.

8 Bbyraenko JI.T., Ps6ex C.M., byraenko A.JI. Iloutn nomHas cucrema cpeHuX
MOHHBIX KPHCTAIOrpadHYECKUX PaJuyCOB U €€ HCIIOIb30BaHHUE IS OIpeaeTICHHs
HNOTeHLMANIOB HOHU3AIMU. Becmuuk Mockoeckozo ynueepcumema. Cepusi 2: Xumus.
2008, T. 49, Ne 6, c. 363-385.
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MOBEPXHOCTHBIX 1€(PEeKTOB IyTeM pacTBOpeHusI Kpuctawia. Ecium kpucranm,
MPEeIBAPUTENIFHO CMOYEHHBIH, THIATENFHO BBICYIINTh, HE JaB €My
pearupoBaTh ¢ BO3JyXOM, OH OCTA€TCs IIACTUYHBIM TTOYTH HEOTPAaHUYEHHO
nonro. C Ipyroit CTOPOHBI, €CIIH B Macce MPUCYTCTBYIOT TBEPBIC YaCTHUIIBL,
TO OHM MOT'YT OBITh ICHTPaMH BO3HUKHOBEHHS TPEIIMH B KpUCTAIIIE .

Oddexr Hodde Tarke ObLI HAMH HCIONB30BaH MpPU  pa3pabOTKe
BOJIOpa3pyILLaeMbIX KOHCTPYKLUMOHHBIX MaTtepuayioB. [lpu 3TOoM 3TOT
a¢pdekr ObLT JOMONHHUTEIHPHO YCHJICH 3a CYET BBEJCHHSA B COCTaB
KOMITO3UIIMK  JIOTIOTHUTENIbHBIX ~ BELIECTB, KOTOPHIE BBICTYNAIOT Kak
MOBEPXHOCTHO aKTUBHBIE MMPOAYKTHI, CO3/1aBasi HA MOBEPXHOCTH KPHCTAIIIOB
CONM 3AIUTHYIO IUICHKY. Takke OBUIM BBENEHBI JO0ABKH, KOTOPEIC
W3MEHSIOT CBOWCTBA BOIHO-COJIEBBIX PACcTBOPOB, PETYIHPYS IIPOLIECC
KPHUCTAUTM3AIMN COJIM TP MX BHINAPUBAHHUH.

3. Bogopa3spyuiaemble KOMIO3HIHOHHbIE MATEPUAJIBI HA OCHOBE
raJI0TeHH/I0B IeJIOYHBIX METAJIOB /LISl H3TOTOBJIEHHSI OTIPABOK
ABTOpamu OBUTH 3aIIaTeHTOBAHBI BOIOpa3pyIIaeMble KOMITO3UIIOHHEIE
Marepuagbl HAa OCHOBE TaJOTCHUIOB INENOYHBIX METAUIOB  JUISA
M3TOTOBNICHUS ONPABOK ', Peammsaiys WieW, 3aI0KEHHOH B JIaHHOM
MaTeHTe, MO3BOJISIET IMOBBICHTH MPOYHOCTH (POPMOOOPA3YIOUINX H3IEIHHA.
3T0 mpHBENO K CHIKEHUIO Opaka IpH MPOU3BOACTBE OTIMBOK M KOPITYCOB
M3IIENNI THIIAa «KOKOH». [IpH 3TOM ynanoch MOBBICUTH YJIeJIbHOE JaBJICHHE
JUThS. ¥ HaMOTKHM, TE€M caMblM ObUIa pacIIMpeHa HOMEHKJIaTypa
M3TOTOBISIEMBIX m3nenmil. [IprMeHeHHe HOBBIX MAaTEpUaliOB MO3BOIIIIO
CHU3UTh BEC ONPAaBOK, NPH COXPAaHEHWH 3aJaHHBIX IPOYHOCTHBIX
nokazareneil. Kpome Toro, ynanoch CHU3UTH Pacxol JOPOrOCTOSIIMX
MAaTepHaJIoB 1 yIyUIINTh YKOHOMIUYECKHE TTOKA3aTeN! MPOU3BOICTRA.
Hacrosmmass  pabGota  OTHOCHTCS K =~ MATCpUATIOBEACHHIO IS
MAIIMHOCTPOCHUA, a HWMCHHO K H3IOTOBJICHHIO BOJOPACTBOPHUMBIX
(hopMOOOpasyroNMX ~ W3NENUIA,  HAapuUMep,  JIUTEHHBIX  CTEP)KHEH,
NPUMEHAEMBIX TIPH JUTE METAUIOB W IUIACTMACC, M MOXKET OBITh
WCHONB30BAaHO  JUIL  M3TOTOBJIGHUS  BOJIOPACTBOPUMBIX  OIPABOK,
NPUMCHACMBIX TIPU HAMOTKC WM BBIKJIAIKE I/I3IIGJ'[I/H71 N3 TIOJMMCPHBIX
KOMITO3HIIMOHHBIX ~ MAaTepHajioB ¢  HCIOJB30BAaHHEM  CBA3YIOIINX,

29 0y 2

%0 Kynpssues IL.I. XKypasnes C.I'., boros B.A., Kisukun 10.C., JlaBpos JL.H.,
Nnanosa O.I1., Hosropoauesa M.M., Illaput .M., JleonoB A.A., Panymes A.B.,
beruues B.II. Komnosunus TSt U3TOTOBJICHUS BOJOPacCTBOPUMBIX
¢bopmoobpasyronux m3nenuid, A.C. CCCP Ne 1696097 no 3asBke Ne 4634416/33 ot
9.01.89, ony6u1. 5.1. Ned45 ot 07.12.91.
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TpeOYIONIMX TOBBIIICHHBIX TEMIIepaTyp OTBepkAcHus. Llempio paboTsl
SBIIICTCS ~ TIOBBIIIEHWE  TPOYHOCTH,  CHIDKeHHE  Kod(dummeHTa
TEMIIEpaTYpHOTO  paCIIMpeHHs COCTaBa W  CHIDKEHHE CTOMMOCTH
W3TOTOBJICHHS COOTBETCTBYIOIIIX IIPOIYKTOB.

B kadectBe OCHOBBI [UI1 CO3MaHWS Marephana ObDla BBIOpaHA
BOJIOpAacTBOpMMasl ~ CONb,  XJIOPWA  HATpus. B nmonomHeHne K
BOZIOPAaCTBOPHUMON COJIH pa3paboTaHHas KOMIO3HIIMS BKIIIOYAET pas3INyHbIe
NO0aBKM, KOTOpBIE CIIy)Kar B KauecTBe CYINepIuIacTH(UKATOPOB,
BBICAJIBAOIINX areHTOB, a B Ka4yecTBE PpAaCTBOPHUTENS KOMIIO3UIIUS
COIEPIKUT BOY.

[lo asHamormm ¢ OETOHHBIMH CMECSIMH B COCTaB pa3pabOTaHHOM
KOMIIO3UIIMK BBOAWTCS — cyrepruiactudukarop. OcHOBHOW — (hyHKumeiH
cymnepruiacTuGuKaTopa sSBISETCS 3HAYUTEIBHOE MOBBILICHNE MOIBIKHOCTH
TOTOBOH K IIPUMEHEHHIO CMECH. VICIIONb30BaHNe CYyNepIUIacTH(HKATOPOB B
cocTaBe  paspaboTaHHOW CcMecH B  KOMOWHAIMH €  JIPYTHMH
MOIMMULMPYIOIMMHE  T00aBKaMH  TO3BOJIAET CO3JaBaTh IUIACTUYHBIE
KOMIIO3WIINY, TpeJHA3HAUYCHHBIC KaK Ui BHOPAIMOHHOTO, TaK W I
MEXaHHIECKOTO MPECCOBAHIS TOTOBBIX M3EIHIH.

B kadecTBe cynepruiacTudukaTopa HCroIb30BaHbl MOAU(PUIIMPOBAHHEIE
TEXHUYECCKUC JIMTHOCYJTh(paHATBL Mexanusm JCHCTBUS
CYTIEpPIUIACTU(UKATOPA YIIPOLMIEHHO MOXKHO TIPEACTABHUTH CICAYIOLIAM
obpazom. Tak kak cynepmiacTU(HUKATOPbl OTHOCATCS K TOBEPXHOCTHO
aKTHBHBIM BEILIECTBaM, TO UX OCHOBHOE CBOMCTBO 3aKJIFOYAETCSl B TOM, YTO
MOJIEKYITB TAKHX BEIIECTB aJCOPOUPYIOTCS Ha MOBEPXHOCTH YACTHIl COJH,
oOpa3yss TOHKHMA MOHO- WIHM OHMOJEKYJSIPHBIH CJIOH, TIpH 3TOM
yMEHbIIaeTcs MexdasoBasg SHEprust CUHEIUIEHHS W o0Jyerdaercs
Jesarperaisi dacTul comd. [Ipm 5ToM BOma, BXOASIIAs B COCTaB
KOMIIO3HIIMH, UTPAET POINIb IUIACTH(UIUPYIOmEeH cMa3ki. B nomonHeHwe k
aToMy 3(hdeKTy, amcopOMpPOBaHHBIA CIIOH CIJIAXKUBAET IIEPOXOBATOCTD
YacTHIl COJIM, YMEHBINAs TEM CaMbIM KO3(D(PHUIMEHT TPEHUS MEXKITy HUMU.
Kpome TOro, B pesymprare amcopOmuM CyHepruiacTH(HKATOp CO3IaeT
OJHOMMEHHBII JJIEKTPUUECKUI 3aps) Ha IOBEPXHOCTU YacTHIl TBEPIAOH
Ga3pl W  UCKIIOYaeT BO3MOXHOCTH HMX  CIEIUICHHS 32  CYeT
ANIEKTPOCTATUYECCKUX CHIT U TOTIOJHUTEIHFHO CHIDKACT BA3KOCTH CYCIICH3HHU.
B mporiecce aeruaparaiyu mpoMCXOAUT POCT KPUCTAILIOB coutk. [1pu atom
MOCTENEHHO MPEKPAIAeTCss OTTAIKHMBAIOIEE JEHCTBHE OIHOMMEHHBIX
SIIEKTPUYECKOTO 3apsia, ¥ CyCIIeH3Hs TepSeT MOIBIKHOCTD, OHA TBEp/ICET.

J006aBKH JIMTHOCYIH()OHATOB BEITOTHSIIOT B KOMIIO3UIIMH HECKOIBKO
¢yukimii. OHE OTHOBPEMEHHO SIBISIOTCS CYNEPIUIACTU(HKATOPAMH H
ces3yrommMu.  Kak  cymepruiacTuUKaTopel,  JIMTHOCYJIb(OHATHI
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OTHOCSTCA K TIOBEPXHOCTHO AaKTHUBHBIM BEIIECTBAM, W HMX OCHOBHOE
CBOHCTBO 3aKJIIOYAETCS] B aACOPOLIMH Ha IOBEPXHOCTH YaCTHI[ COIIH,
o0pa3ys TOHKHHA MOHO- WIH OWMOJEKYISPHBIA CJIOW, MpPU ITOM
YMEHBIIAeTCS MexX(a3oBas dHEpPrus CICIUICHHs U oOierdaercs
paspylleHne arperatoB, 0Opa3oBaHHBIX dacTUIaMu coid. [Ipm sToM
BOJa, BXOMAAIIas B  COCTaB  KOMIIO3WIIUM,  WIPACT  POJb
mwractuduimpyromeid  cmasku. To, 4YTO JUTHOCYNIBb(OHATHI  ele
BEIIONMHSIOT W (PYHKIMIO CBS3YIOIIETO, CTaJI0 IIOHATHO MOCIE WX
WCTBITAHUS MIPH MOJIYICHHH 00pa3IoB HA TUOKCUIE KPEMHHS B KAUeCTBE
JICTIEPCHOH (hasbl.

Vcnonb3oBaHHbBIe JUTHOCYIB(OHATEI COAEPKaT B CBOEM COCTaBE
85% OCHOBHOTO BEIIECTBAa B BUE COJNEH JIMTHOCYIb(POHOBHIX KHCIOT C
KAaTHOHOM, COOTBETCTBYIOIIUM OCHOBAHHUIO, WCIIOJIb30BAHHOMY MPH
BapKe LEJUTI0NI03bI, U 10 15% MuHepanbHBIX CoJieil CepHUCTON U cepHON
KHCIOT. HaMm B SKcIlepUMEHTax HCIIONB30BAINCh TEXHUYECKUE
JUTHOCYTh()OHATEI €  HATPUCBHIM  OCHOBAHHMEM  IPOU3BOJCTBA
Commkamckoro L[BK mo OCT 13-183-03 mapku A. JIurHOCYTB(QOHATHI
WIN Cyab(QUPOBAHHEIN JIMTHIH IIPEICTABILIOT cOO0M BOZOPACTBOPUMEIE
AQHMOHHBIC TTOJUAJICKTPOIUTHL. OHU SBILSIFOTCSA MTOOOYHBIMH TPOTYKTAMU
MPOM3BOICTBA IPEBECHOM IIEIUTIONO3bI TIPU UCIIOJIE30BAHUN TEXHOJIOTUU
CynbOUTHOI BAPKH LIEIUTIONO3BI

Bonpmas penurHudukanys B CyAb(QUTHONH BapKe BKIIOYACT
KHUCJIOTHOE DACIIEIUICHUE B(I)I/IEHLIX CBs3€il, KOTOPBIC COCTHHSIOT
MHOTHE KOMIIOHCHTBI JIMTHHHA .. IeKTpPOQMIbHBIE KapOOKATHOHDI,

3 Gargulak, I. D., Lebo, S. E. and McNally, T. J. (2015). Lignin. In Kirk-Othmer
Encyclopedia of Chemical Technology, John Wiley & Sons, Inc (Ed.).
doi:10.1002/0471238961.12090714120914.a01.pub3; Pang B., Yang S., Fang W.,
Yuan T.-Q., Argyropoulos D.S., Sun R.-C., Structure-property relationships for
technical lignins for the production of lignin-phenol-formaldehyde resins, Industrial
Crops and Products, Vol. 108. 2017. P. 316-326. ISSN 0926-6690. URL:
https://doi.org/10.1016/j.indcrop.2017.07.009.

% pang B., Yang S., Fang W., Yuan T.-Q., Argyropoulos D.S., Sun R.-C.,
Structure-property relationships for technical lignins for the production of lignin-
phenol-formaldehyde resins, Industrial Crops and Products, Vol. 108, 2017, P. 316-
326, ISSN 0926-6690. URL: https://doi.org/10.1016/j.indcrop.2017.07.009; Sjostrom
E., Chapter 4 - LIGNIN, In Wood Chemistry (Second Edition), Academic Press, San
Diego, 1993, P. 71-89, ISBN 9780080925899, https://doi.org/10.1016/B978-0-08-
092589-9.50008-5; Gellerstedt G., Henriksson G., Chapter 9 - Lignins: Major
Sources, Structure and Properties, In Monomers, Polymers and Composites from
Renewable Resources, edited by Mohamed Naceur Belgacem and Alessandro
Gandini, Elsevier, Amsterdam, 2008, P. 201-224, ISBN 9780080453163. URL:
https://doi.org/10.1016/B978-0-08-045316-3.00009-0.
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MOJy4eHHbIE B XO/e pacuiemieHuss 3Qupa, pearupyroT ¢ HOHAMH
oucyiabpdura (HSO3), 4T00b HaTh CYIBGOHATHI.

ROR'+ H'— R"+ ROH
R+ HSO;5— R-SO3H

[lepBu4uHBIM MeCTOM ISl pacIieIieHusT >(upa SBISETCS AaTOM
yriaepona OOKOBOW LN, MPUCOSANHEHHBIA K apOMaTHYECKOMY KOJIBITY.
[IpuBeneHHBIE HMKE CXEMBI CTPYKTYPHI SIBIISIIOTCS CXEMATHYHBIMH, TaK
Kak JIMTHUH W €ro nipomBzoz[HbIe SIBISIFOTCSL  CJIO)KHBIMH  CMECSIMH
mommMepoB. I'pynmel R™ u R® Moryr OBITH caMbIMH pa3HOOOpPa3HBIMH
TpyNIaMH, BCTPEUAIOIIMMHUCS B  CTPYKType pasiuuHbIXx  (opm
MPUPOAHOrO JTUTHHUHA. CynL(ng?f)BaHne MIPOUCXOAUT B OOKOBBIX LICTISX,
a HEe Ha apOMaTUYECKOM KOJIbLIe™

OH SO4H
RQ ® R? R2

® S}
H~ HSO3

i O 9 "9

R! (0] R 0. 1

“CH;, “CH, R O“CH3
Lignin Benzylsulfonic Acid

JInrHOCYITB()OHATEI MMEFOT MIMPOKHE THATIA30HB MOJIEKYIIIPHOI MacChl
U HIMPOKOE MOJIEKYISIPHOE MaccoBoe pacnpeneneHre. OHO U3MEHseTcsl B
muanasone ot 1000-140 000 Jansmon. It MUrHOCYIB()OHATOB XBOHHBIX
TOPOJ] CPemHsIsI MOJICKYJISIpHAsI Macca MOJIEKYJ JIMTHOCYIb()OHATOB MMEET
Gorlee HI3KHE 3HAYCHIS, ¥ OONee BHICOKHE [T IHCTBEHHBIX TIOpoy- . Takoe
CTpPOCHHE MOJIEKYJI OTpe/IeNisieT CBOMCTBA TEXHUYECKHX JTMTHOCYIb(OHATOB
U XapakrepusyeT MX Kak aHuoHakTuBHble IIAB. Texuuueckue

¥ Sjostrom E., Chapter 4 - LIGNIN, In Wood Chemistry (Second Edition),
Academic Press, San Diego, 1993, P. 71-89, ISBN 9780080925899,
https://doi.org/10.1016/B978-0-08-092589-9.50008-5.

3 Gargulak, . D., Lebo, S. E. and McNally, T. J. (2015). Lignin. In Kirk-Othmer
Encyclopedia of Chemical Technology, John Wiley & Sons, Inc (Ed.).
doi:10.1002/0471238961.12090714120914.a01.pub3; Sjostrom E., Chapter 4 -
LIGNIN, In Wood Chemistry (Second Edition), Academic Press, San Diego, 1993,
P. 71-89, ISBN 9780080925899. URL.: https://doi.org/10.1016/B978-0-08-092589-
9.50008-5.
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JIMTHOCYNTB()OHATOB TPOSBILIIOT CBS3YIOIIHE, KIEALHE, JHUCIIEPIUPYIOLINe
CBOICTBA, HE TOKCHYHBI, XOPOIIIO PACTBOPUMBI B BOJE ™ .

Kakx wu3BeCTHO, SJEKTPONUTHI OKA3bIBAlOT CHIIBHOE BIMSHHE Ha
pPacTBOPUMOCTh HEINIEKTPOJINTOB M, COOTBETCTBEHHO, HEIIEKTPOIUTHI
OKa3bIBalOT BIHMSHHE HA PacTBOPHMOCTH SJIEKTPOIUTOB. OTH SBICHUSA
GBUIM ONHCAHBI B MHOTOYHCICHHEIX PaGoTax . OHU MOTY4HIA HA3BAHUS
BBICAIBAaHUS W BCAIMBaHWA. TakuMm o00pa3oMm, BBOJIS B COCTaB
pPacTBOPOB MEKTPOJIUTHI, MOKHO 3a CYET 3THUX I(P(HEKTOB YMEHBIIHUTH
pPacTBOPUMOCTh JJIEKTPOIUTOB B BOJE M JOOUTHCA YCKOPEHHS HX
kpuctammsanun. MccnenoBanus BiumsHus NaCl Ha pacTBOpHMOCTB
pa3THYHBIX BEIIECTB B BOAE INOKA3alM, YTO BHICAIMBAIOIIEE NEHCTBUE
3aBHCUT U OT IPUPOABI HedJleKTponuTa. Pasznmane B peiictBun coneil Ha
HEJJIEKTPOJIUTHI CBA3aHO C OpHEHTAaIMeil MOJEKyJa BOABI B T'MAPAaTHOM
cdepe nona. Kornma katrnoH 00paszyeT THAPAaTHBIH KOMIUIEKC, MOJIEKYJIIBI
BOJBl OPHUEHTHPYIOTCS TaKHM 00pa3oM, 4YTO IPOTOHBI HaXOHATCS
CHapyXH KOMIUIEKCHOTO HOHA. 3a CYeT BOJOPOJHBIX CBS3eH K ITHM
IPOTOHAM MPUTATHBAIOTCS MOJEKYIbI HEANEKTpoIuTa® . Tak, Hampumep,
IWIONBHBII MOMEHT MOJEKYJbl TJIMIEPHHA COCTaBIISET BEIHMUYHHY
p = 2,56 6. CoOTBETCTBEHHO, AJS XJOPUAA HATPUs BBICAIIMBAHME
coctaimsier mopsaaka  3,5%. IlocKodbKYy — IVIMIIEpHUH  SIBISETCS
pacnpoCTpaHeHHBIM, HE JOPOTHM M HE TOKCHYHBIM IPOAYKTOM, TO OH
ObUI BBIOpaH B KQUECTBE BHICAJTUBAIOLIECH JOOABKH.

Kpome Toro, BBeneHHe n100aBOK JMTHOCYNIb(OHATA U TIIMIEPUHA B
KOMIIO3HIIMIO TIO3BOJISIET YCHIUTh ekt A.D. HModde, KoTopblit ObLT
omycaH BeIe. Boga B HCXOIHOW KOMITO3HIINH PacTBOPSAET Ae(EeKTH Ha
MOBEPXHOCTH KPHUCTAJUIOB COJM W 3aJle4MBaeT MHUKPOCKOITHYECKUE
TPEIIMHEI, SBIIONINECS KOHIIEHTPATOpaMH HANpsDKCHWH B MaTepHale.
B cBoro ouepenp, IJieHKa W3 JUTHOCYJIb(oOHaTa, oOpasyromascs Ha
MOBCPXHOCTU KPUCTAJUIOB COJIM, 3alllMIIACT UX OT MOABJICHHS HOBBIX

% PacmnpeHI/Ie HCIIOJIB30BaHUA TCXHHYCCKHUX J'II/IFHOCyIIB(i)OHaTOB B HapOJHOM
XO03SMCTBE: MaTepI/IaJ'H)I BCE€COKO3HOT'O HAYYHO-TEXHHYCCKOI'0 CEMHHapa. MOCKBa,
1967. C. 62; YynakoB M.A. IIpoMbIieHHOE HCIONB30BaHNE JTUTHHHA. MOCKBaA :
JlecHas mpombInieHHOCTD, 1972, C. 62.

% Sergeeva V.F., Salting-out and salting-in of non-electrolytes, Russ. Chem.
Rev., 1965, wvol. 34, 4, p. 309-318. URL: https://doi.org/10.1070/
RC1965v034n04ABEH001446.

3 Sergeeva V.F., Salting-out and salting-in of non-electrolytes, Russ. Chem.
Rev., 1965, wvol. 34, 4, p. 309-318. URL: https://doi.org/10.1070/
RC1965v034n04ABEH001446.
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TpeumwmH u Aedekros. Hanmune rauneprHa B cocTaBe chopMUPOBaHHOMN
IUIEHKHU TAKXX€ JOTIONHUTEIBHO YCUIINBACT €€ 3alIUTHBIN d(PPeKT.

Xnopun ~ HaTpus  Teped  HUCIOJNb30BAaHHUEM  U3MENbYald |
WCTIONB30BaNIM  (paknuio pasmepoM Menee 0,5 mm. Texaudeckue
JTUTHOCYTh(OHATEI WCIIONB30BAJII B BHIEC HATPHUEBBIX COJEH B
MOPOIMIKOOOPAa3HOM  COCTOSHMU. X pacTBOpsiIM B HEOOXOIUMOM
KOJIMYECTBE AMCTWLUIUPOBAHHON BOIBI M B MPUTOTOBJICHHBIN PacTBOp
NOOaBISUIM  pacdeTHOE  KOJNMYSCTBO  IJIMIEpUHA  KBATH(HUKAIIU
«YHUCTBINY. 3aTeM TOTOBUIN KOMIIO3HLUIO U3 MONYyYCHHOTO pacTBopa U
TBEpPAOro xJyopujaa Hartpusa. [IpurotoBneHHe MCXOAHBIX cMeceit
3aJaHHOTO COCTaBa OCYIIECTBILIIOT B CMECHTEIISIX MEPHUOIMYECKOTO
IeHcTBUA ¢ z-00pasHbiMH JomacTsamu Tpu 20+5°C. Ilocme storo
KOMITO3UIIMK (OPMOBAIM IOCIOWHBIM YIUIOTHEHHEM B Ipecc-hopMmax
pasmepom 400 300 45 MM Cc UCHOJB30BaHWEM BHOpaAlMH H
BeicymmBany B neun mnpu 105°C B teuenme 35 gac. U3 momydeHHBIX
3arOTOBOK  BBIpE3aJM  00pasmbl A HCHOBITAaHMH  pa3MepoM
40 40 80 mm. [lepen umcnbITaHHAMH OOpa3slbl MOJBEPrajH CYIIKE IO
nmoctosiHHOro Beca mpu 130°C. HcmpiTaHus 0Opa3sioB IMOJYYEHHOTO
BOJIOpPA3pyLIa€MOro KOMIIO3UTHOTO MaTepuana IMpOBOJIWIN IyTeM
U3MEepeHHss NPOYHOCTH Ha CKaTHe Ha HCIBITAaTEIbHOW MallMHe.
UccnenoBanue CBOWCTB 00pas3loB TPOBOIMIN B 3aBHCHMOCTH OT
COoACpKaHHUdg B KOMIO3UIUU: BOABI U HI/IFHOCyHI)(l)OHaTa HaTpus.
OmnperneneHne XapakTepPUCTHK IPOBOAWIM II0 TPEM MapaijieIbHbIM
oOpasnamM. Pe3ynbTaThl HCIIBITAHUI MpeNICTaBIeHbI Ha PrcyHKe 6.

Kax BmgHO W3 pucyHKa 6, TpPIMEHEHHE YKa3aHHOW KOMITO3HIIIH
TIO3BOJIACT IIOBBICUTH TMPOYHOCTH Ha cXKaTtue Marepuaia
(hopmoobpasyronmx m3aenuid g0 15,0-20,0 MIla. cnsitanus Matepraia
npoBomwMck Tpu  Temreparype 203 . [loBemmenme —TeMmeparypbl
MPOBEIEHHS MTPOYHOCTHBIX UCTIBITaHUM 10 1503 TmOKa3ano, YTo MPOYHOCTh
Marepuajia CHWxkaercsi B cpenHeM a0 80% OT 3HaYeHWH MPOYHOCTU TPH
203 . V3 mpencTaBICHHBIX JAaHHBIX BHIHO, YTO OCHOBHBIM (DaKTOPOM,
OTPEICISIONINM POYHOCTh MaTepHana, SIBISCTCSl COAEpXaHHWE BOJABI B
ucxonHoi kommnosuimy. Cam 1o cebe TUrHOCYIIB(POHAT He HeceT (DyHKIUH
csyromero. M3 pucyHka 6 XOpoLIO BUAHO, YTO OH SIBJISIETCS TOJIBKO
MozupuImpyromen 1o6aBkol. OIHAKO HX COBMECTHOE IPHCYTICTBHE C
BOJIOM JaeT OOJNBIION CHHEpreTHYecKuil 3(h(eKT, KOTOPHIN BBIpaXKaeTcs B
HAJIMYMH HA TPEACTABICHHOM PHCYHKE MOIIHOrO Makcumyma. Hamwdwme
TaKOTO MakKCHMyMa eIlle pa3 TIOATBEPXKIAeT CyllecTBOBaHHE 3(hdeKTa
A.®. Nodde.
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Pucynoxk 6. IIpoyHoCTh HA CskaTHe BOAOPA3PYIIAEMOI0 KOMIO3UTHOIO
MaTepHajia B 3aBUCHMOCTH OT CO/IeP:KAHHMS B KOMIIO3MIIMH: BOABI H
JIMTHOCY/Ib()oHATA HATPH4. [6] — Paspymialoniee Hanpsi;keHHe NPH

CKATHH 1151 00pa3oB U3 KOMIIO3UTHOI0 MaTepuaJa, MIla;
X — OTHOLLIEHHE coAep:KaHusl BoAbI K cogep:xanuio NaCl B komno3unnu;

Y — OTHOLIICHHE CO/IeP:KAHMSA JTUTHOCY/Ib(oHATA HATPHSA K COAEPKAHUIO

NaCl B komno3uuun. 1 — Tpexmepusiii Bua; 2 — U3oannun

[lpn WBroTOBIEHMH W3JENMH W3 KOMIIO3HMLMOHHBIX MAaTepUasioB
METOZOM HAMOTKH Ba)XKHBIM IIOKazaTeleM SsBIsIeTcS Kod(hdUImeHT
muHeHHOro Tepmuueckoro pacmmupenns (KJITP) wartepmama. 3t0
CBS3aHO C TEM, YTO NPU HarpeBaHuH (HOPMOOOPAa3yIOIIEro MaTepHaia
WiIxn OIpaBKU B IIPOLECCEC HU3TOTOBJICHUSA I/I3,Z[€J'II/II71 paCcuImpeHue
Martepuajia MOXKET IIPUBECTU K 3HAYUTCIIbHBIM BHYTPCHHUM
nedopMalysaM, BILIOTH JIO WX paspymieHus. [lodToMy BakHOW 3amadeid
SBISUIOCH ~ MONMyYeHHE  MATepUalioB C  HU3KAMH  3HAUYCHHSIMHU
K03 (PHUITMEHTOB JINHEHHOTO TEPMUIECKOTO PACIIUPEHHSL.

Ompenenenne KO3(QUIMEHTOB JTUHEHHOTO TEPMUYECKOTO PACIIUPEHUS
MPOBOJMJIM  Ha YCTAHOBKE [0 JWJIATOMETPUYECKHM HM3MEPEHUSM |
HU3Yy4EHUIO TEPMOMEXAHMYECKUX CBOMCTB mnosmmepo — YUII-70M.
VYcraHoBka oOecrieurBaeT aBTOMAaTHYECKOE M3MEPEHHE M PErHCTPalHio
nedopmaruii, BO3HHKAIOIIMX IIPU OIJHOOCHOM CKaTHUH HCCIIEIyeMOTrO
oOpasziia mox  OCHCTBHEM  Pa3IMYHBIX  (PUKCHPOBAaHHBIX — HArpy3oK.
Wcnbitanuss NpoBOAMIM B PEXHUME IWIATOMETPUUYECKUX HW3MEPEHHH —
yaensHOe naBineHne B juanasone 06 Mlla. B psge ciydaeB 370
COOTBETCTBYET BEJIMYMHAM KOHTAaKTHBIX [aBIICHWH, WMEIOIIMXCSA HpH
HaMOTKE I/IS}IGHI/Iﬁ M3 TIOJIMMCPHBIX KOMITIO3MIIMOHHBIX MAaTCpUajioB Ha
paspyiaeMble ornpaBKu. Pe3ynbTaThl TEpMOMEXaHHMUYECKHX HCCIIEIOBAHUN
JUISL Pa3IMYHBIX 00pa3IloB NPEICTaBIICHbI Ha PrcyHKe 7.
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IIpuBeneHHbIE pE3YNBTATHl CBHUACTENBCTBYIOT O BO3MOYKHOCTH
perynupoBanus KJITP marepuana npu cXuUMaroolled Harpyske IIyTeM
BBEJCHUS B COCTaB KOMIIO3ULIMU TIJHUIEPUHA B  KOJIHUYECTBE
0,1+1,2 macc.%. Takum oOpa3om, mpeyiaraeMasi KOMITIO3UIUS 00Jagaer
mo4té B 2 pasa Oonbiieil MPOYHOCTHIO IO CPABHEHHUIO C M3BECTHBIMH
cocraBamMu. Pa3paboraHHas KOMIO3MIHMS Takke 0ONafaeT MEHBIINM
Ko3(pUIIMEeHTOM JUHEHHOr0 TEMIEpPaTypHOrO pacUIMpPEeHusi, 4YTo
MO3BONSET, B YAaCTHOCTH, UCIOJNB30BaTh €€ IpPU H3TOTOBICHUU
KPYITHOT'a0apUTHBIX H3IEIHIL.

o 0 40 o *

Static pressure, Ag/cm®

Pucynok 7. Pe3yjibTaThl HCCIEIOBAHUSA TEPMOMEXAHUYECKUX CBOICTB
MOJIyYeHHBIX MATEPHAJIOB. 0, — KO3 (PUIIHEHT JIMHEHHOT0 TEPMUYECKOTO
pacmupenusi. JCH — surdocyanponar Harpus. I' — raunepus.

1 — o6pa3zen coctaBa NaCl — 86%, JICH — 6%; I' — 0,1%; H,0 - 7,9%.
2 — oopasen coctaBa NaCl — 90%, JICH —4%; I' — 0,5%; H,0 - 5,5%.
3 — o6pasen coctaBa NaCl — 93%, JICH —1%; I" - 1,2%; H,0 - 5,0%

Ha ocHOBe mpoBeJICHHBIX UCCIIEIOBAHNN MOYKHO PEKOMEHIOBATh IS
CO3/IaHUSl  BOJOpA3pyIIa€MbIX  KOHCTPYKLHMOHHBIX  MaTepUalioB
KOMITO3UIINU W3 XJOPUAA HATPUS, JIUTHOCYIH(POHATOB, TIUIECPUHA TPU
CJICIIYIOIIEM COOTHOIICHHH KOMITOHEHTOB B Macc. %o:

—Xnopua Hatpus — 86,0+93,0;

— Texaudeckue TUrHOCYIB(POHATH — 1,0+6,0

—I'munepun — 0,1+1,2

—Bona — OcranbHoe.
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4. Onpeaenenue CKOPOCTH PacTBOPeHUs
BOI0pa3pyLIaeMbIX MaTepPHAJIOB

BaxxHbIM CBOHCTBOM, OMIPENEIISIONIM BO3MOXKHOCT HCIOJIb30BaHUS
KOMITO3UIIMK ISl W3TOTOBIICHMS BOAOPa3pyIIaeMBIX MaTepHaJoB,
SIBIISIETCSL CKOPOCTh UX PACTBOPEHUS B BOZAE IMPU yHAJCHUU ONMPABKU U3
BHYTpPEHHEW T0JIOCTH TroToBoro m3zaenus. [Ipornecc pactBopeHus cosneil B
BOJIE MOXKHO TIPEJICTABUTH B BHJE TPEX CTAIMIA:

—paspymieHne  KPUCTAUIMUECKOH  pEemIeTKH COJMH  OJyaromaps
W3MEHEHUIO DJIEKTPOCTATUYECKUX CHJI TPH TOMAJaHUH COJH B Cpexy
C OOJIBIION TMANEKTPUYECKON TIPOHHUIIAEMOCTEHIO;

—TUIpaTanys HOHOB COJIH;

—IIPOHMKAHWE MOJIEKYJ BOJABI K IIOBEPXHOCTH pacTBOPAEMOTO
KpHCTaIDIa ¥ IIEPeX0/l THAPATUPOBAHHBIX HOHOB BIIIYOb PacTBOpA.

Iocnenusst cragust HamOoJiee MPONOJDKUTENBHA, IO3TOMY IPOLIECC
pactBopeHusi cBoAMTCH K Ju(dy3uM pacTBOpsieMOro BellecTBa U3
MOTPaHUYHOM TUICHKH B OKpYXalolIyro cpemy. OmHako omHou muddy3nn
HEJOCTATOYHO LTS TIOHNMAHUSI SIBIICHUH, TIPOUCXOISIIIX MIPU PAaCTBOPEHUN
comi. JInsg STOrO JOIDKHBI YYHTHIBATBCS TAKXKE THIPOIMHAMHYECKHE
YCIIOBUSI, BIVSHAE CHITBI TSDKECTH U BI3KOCTH PacTBOPA.

B nmreparype uMeroTcs ykazaHUs, UTO IUTABJIEHAsl IOBAapEeHHASI CONb
pacTBoOpsieTcsl MeIJICHHee NPUPOJHOW COJM, a CHHTE3UpOBaHHAs
MOBapeHHasi COJIb PacTBOpSAETCS ObICTpee MPUPOJHON KaMEHHOW COJIH.
OnHako MPOBENCHHBIC YKCIIEPUMEHTHI MTOKA3aIH, YTO MPUPOAa CONH He
BIIMSIET HA CKOPOCTH €€ PACTBOPEHMs .. B mpolecce pacTBOPEHHS CONU
HauOollee MEIJICHHOH SBISIETCS CTaJus MaccollepeHoca, a CKOpPOCTb
mporecca B IETIOM OIPENENsIeTcsi CKOPOCThIO MMEHHO JTOW CTaauH.
Takum 00pa3oM, KHHETHYECKHE 3aKOHOMEPHOCTH TaKOro Ipolecca
OIIPE/ICNIAIOTCS 3aKOHOMEPHOCTSIMH JJOCTABKH BEILIECTBA OT OBEPXHOCTH
TBepaoi (as3el U3 30HHI pacTBOpeHUs. KMHeTHKa yKa3aHHBIX MPOLECCOB
siBIsieTcst Tudy3noHHoN KuHeTHKoW. OHA OmpeAeNsieTcs, B OCHOBHOM,
CKOpPOCTBIO JTU(GQY3UH HMOHOB COJIM U3 HACHIICHHOIO pacTBOpa
y MMOBEPXHOCTH PaCTBOPSEMOr0 KpHUCTAIa COMM B O0OBEM pacTBopa
C MEHBIIIEW KOHLIEHTpaIuen

% Kcemsenko B.U., Komomosa I'.H. Teopernueckre OCHOBBI MPOLIECCOB

nepeg)a6on<u rajgyprudeckoro celpbs. Mocksa : Xumus, 1982, 328 c.

3 ®dypman A.A., llIpaitoman C.C. [Ipurorosienue u ouncTka paccoia. Mocksa :
«Xumusy, 1966, 232 c.; Kcenzenko B.U., Kononosa I'.H. Teopernueckue oCHOBBI
HPOLIECCOB MepepabOTKH TallyprudecKoro ceipbsi. Mocksa : Xumus, 1982, 328 c.
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C TOYKM 3peHUs TEPMOJAMHAMHUKHN JIBHKYIIUM TTOTSHIIMAIOM JIF000T0
BBIPABHUBAIONIETO IMPOIECCa SABJISETCS POCT SHTPONHH. B OONBITUHCTBE
MPAKTHUYECKUX CIy4aeB NBWXKYIIEH CUION siBisiercs KoHIeHTpauus C,
W3MEHEHUE KOTOpOi 00YyCIOBIUBACT MOAJEPKAHUE TOTOKOB BEIIECTBA.
[ToTtox wacTui BemiecTBa NPOMOPLUHUOHAICH TPU OSTOM TPATUCHTY
KOHIEHTPAIMK U ONMUCHIBAETCA MEPBBIM 3aKOHOM Duka:

00— (8)

rJie TUIOTHOCTh IIOTOKa BemecTBa U [Cm'zs'l] MPOTIOPIIMOHATIFHA
kodpdurmenty mudpdysun O [szs'l] U TPAJUCHTY KOHIICHTPAIUH.
Bropoii 3akoH ®uka CBS3bIBaCT MPOCTPAHCTBEHHOE W BPEMEHHOEC
HM3MEHEHUS KOHIeHTpalvn (ypaBHeHHE U y3un):

rée 1 16 16
—, —O—. O— ©)
Tort wt Tw
Kosdpdunuenr muddysun O 3aBucut 0T Temmepatypbl. B psime
cllyyaeB B IIHUPOKOM HHTEpBaje TeMIEpaTyp 3Ta 3aBHUCHUMOCTb
MPENICTaBIIACT COO0H ypaBHeHUEe AppeHuyca:

0 0Q— (10)

Ecnmu nuddysus sBusercs cTauMOHApHOW, TO paclpeneseHue
KOHIICHTPallM! Pearrpyromiero BelecTBa He 3aBUCHT OT BPEMEHH, W B

ypaBHeHHe DuKa caeayeT NoJ0KUTh —  TL Torna oueBUIHO, YTO

’

— Tu— OEéEi o

B Hawate W BO BpeMs NpPOTEKaHHs MPOIecCa PacTBOPEHHS
KOHIICHTpAIIUsT PACTBOPSIOIIECIOCS BEIIECTBA HA MOBEPXHOCTH TBEPIOi
¢dazer  C; Oompme, dvem oObemHas koHneHTpaims Cp.  Ecmm
MPEIOJIOKUTh, YTO U3MEHEHHE KOHIICHTPAIIUH TIPOUCXOIUT B IIpeaesiax
HEKOTOPOTO cJios | , Ha3biBaeMOro AW(PQPY3MOHHBIM, TO TOTJA MPH
JIMHEMHOM XapaKTepe 9TOr0 U3MEHEHHS UMEEM

T6 6 0

Tw 1 (1)

187



U3 310r0 ypaBHEHHs XOPOIIO BHUAHO, YTO YCKOPUTD MPOLIECC MOXHO
yMeHbIIasi  TOJMMHY  AUPPY3HOHHOrO  CIIOS WM YMEHbIas
KOHLICHTPAllMI0  pacTBOPSAEMOrOo MPOJYKTa B  OCHOBHOW  Macce
pactBoputens. Jlns ciaydas HecTallMoHapHOW nwHeWHoW auddysumy,

Korma — T uMeeM pocT 3(PQPEKTUBHOW TOMIIMHBI U} y3HOHHOTO
CJI0sI, KOTOpasi yBEJIMYMBAETCSA MTPONOPLUUOHAIBHO KBaJAPATHOMY KOPHIO
U3 BPEMEHH PAaCTBOPEHHS

1 W 00 (12)

OTOT (hakT yKas3bIBaeT Ha TO, YTO CKOPOCTb PacTBOpPEeHUs OymeT
YMEHBIIAThCA HE TOJIBKO 32 CUET POCTa KOHIIEHTPALMH PACTBOPEHHOTO
BeIlecTBA B 00OBEME pAcTBOPHTENS, HO M 3a CYET POCTa TOJIIMHEI
(G dy3HOHHOTO co5.

VYcraHoBI€HAa ~ 3aBUCHMOCTh ~ MEXIY  KOHCTAHTOM  CKOPOCTH
pacTBOpEeHHS W BEJIMYMHOM OTHOCHTENBHOM BS3KOCTH  pacTBOPA,
HACBIIIEHHOTO PACTBOPSIEMOI COJIbIO, YTO MOATBEPXKIACT MIPEAIIOTI0KCHUE
O CYIIECTBOBAHMM Yy MOBEPXHOCTH KpHUCTaUIa pPacTBOPSEMOM COJIH
MeX(}azHOro cj0s pacTBOpa, IIOYTH HACBIIEHHOTO PacTBOPSEMOH
comsio™.  Bsskocts aTOro  Ccros ompezenser CKopocTh aupdy3uu
pacTBOPSEMOM COJIM U TaKHM 00pa30oM BIIUSIET HA CKOPOCTh PACTBOPEHUSL.

Oco060 BaXHBIM (DaKTOPOM SIBIAETCS IepeMelnBaHue pacTBopa. [Ipm
OYEHb MHTCHCUBHOM IIEPEMEIIMBAHUU IIPOLIECC PACTBOPEHMS IepecTaeT
ObITh AU(QyY3MOHHBIM, TO €CThb IpEKpalaeTcss TOPMO3SIIEe BIMSHUE
TpeThe cTagmu. B oTcyrcTBMe mepemenmBaHMs (Kak, HamlpuMep, B
TPUPOIHBIX  YCIOBHSX  TIOA3EMHOTO  BBIMIENAYMBAHHA)  CKOPOCTH
pPacTBOPEHHSI COJICBOTO IUIaCTa B OCHOBHOM OyIeT OIpeesThest
ko3 durmeHToM MU Py3ur HOHOB COJTU. Tarke TOJOKHUTEITBHOS BIIMSHHE
Ha CKOPOCTb PAacTBOPEHHMS COJTHBIX MOHOJIMTOB OKa3bIBaeT LUPKYJLALNS
pactBopoB. braromaps IMpKyNAIME, PpacTBOPSIOIINE paccoibl OymyT
WHTCHCUBHO M TypOYyJEHTHO IEpeMEIINBAThCS, COOTBETCTBEHHO COJIEBOI
MOHOJIUT OYJIET PacTBOPATHCS 3HAYMTEIEHO OBICTpEE.

,HIIH YHOpOIEeHUs aHajin3a OKCICPUMCHTAJIbHBIX  OaHHBIX 10
W3yYCHHWIO  MPOIECCOB  BOJHOTO  paspymieHHs  pa3pabOTaHHBIX
MaTepHaloB JUIl U3rOTOBJICHUS OMPABOK MOKHO OTOHTH OT AETAIBHOIO

4 Kopo6or B.M., OukoB B.®. Xumuueckas KuHeTHKa. BpeneHue c¢

Mathcad/Maple/MC5. Mockga : T'opsiuast aunus —Tenexom, 2009, 384 c.
41 Oypman A.A., llpaiioman C.C. IIpurorosnenue u ourctka paccona. Mocksa,
«Xumusy, 1966, 232 c.
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paccMOTpeHHUs] MEXaHuW3Ma TIporecca pacTBopeHus. Ero MoxHO
paccMaTpuBaTh KaK IPOCTYI0 TETEPOTEHHYI0 XHMHYECKYIO PEaKIIHIO,
MPOTEKAIOIIYI0 Ha OCHOBAaHWH 3aKOHA JEHCTBYIOIUX Macc. [Ipu 3ToM
UL €e ONMCaHWsS MOKHO HWCIIONB30BaTh KIACCHYECKHE YpaBHEHUS
XUMHYECKOW KUHETHKH. B  Takoil ¢GopMylIHpOBKE ypaBHEHHE,
OIUCHIBAIOIIEE TIPOIIECC PACTBOPECHUS, OYIET UMETh CIICAYFOIIHIA BU/:
. PQO . i
rme W — CKOPOCTh PEAKIMU pacTBOpeHHs. B maHHOU cucreme ais
yno0cTBa 00pabOTKH AKCIEPUMEHTATIBHBIX JaHHBIX CKOPOCTh PEaKIfu
pacTBOPEHHsI PACCMATPHUBACTCS B EAWHHUIAX CKOPOCTH JIMHEHHOTO
MIEPEMEIIICHIUS PAaCTBOPSIOIICHCS TIOBEPXHOCTH;

QY — KOHCTaHTa CKOPOCTH PEaKLHMH PACTBOPEHHS, 3aBUCAIIAS OT
TEeMIIepaTypsl MMpoIiecca, TeOMETPUH YaCTHII COJIH, THAPOTMHAMIUECKIX
YCIIOBHH €ro MPOTEKaHWS U B HEKOTOPHIX CIy4asXx OT KOHIIEHTPAIUH
COJIU B PacTBOPE;

€ — MOPANOK PeakiuH, ¢ y4eTOM ITPOCTOTHI PEAKIUK ¥ HAMYMA B
MpoIIecCe TONBKO OMHOTO PAaCTBOPSIEMOTO KOMIIOHEHTA, MOXET OBITH
NPHUHAT PAaBHBIM € P;

“Y— muromaap MOBEPXHOCTH pasaena (a3 MEKIy TBEPIAOH CONbIO U
KOHTaKTHUPYIOLINM C HEH pacTBOPOM.

Kak yxe oTMewanoch, CKOPOCTb PAaCTBOPEHHUS COJHM BO3PacTaeT C
POCTOM TEMIIEPATYPHI. PeSyﬂLTaTbI N3YUCHUS BJIUSAHUA TECMIIEPATYPbl HA
MPOIIeCC PacTBOpEHHs TMPEACTaBICHHI Ha pHCYHKE 8§, B BHIC
3aBHCHMOCTH KOHCTAHTBI CKOPOCTH OT TeMIeparypsl. Paccuntannas s

9THX JaHHBIX JHEPTUs aKTHBAI[UH TPOIECCa PACTBOPEHHS COCTABJISCT
E.«=17.2 kl{orc/monn.
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PucyHok 8. 3aBHCHMOCTh KOHCTaHTBI ckopoctH (K) pacTBopenust
XJIOPH/a HATPHUS OT TeMIepaTypbl

BoJibi0ii OMBIT MO0 W3YYEHUIO CKOPOCTH PACTBOPEHHS] MOHOJIUTHBIX
00pasoB coMu ObUT HAKOIUIEH B pe3yJbTaTe pa3padOTKH METOJI0B
MMOA3EMHOTO PACTBOPEHUS coneir®. Ommpasice Ha 3TOT ONBIT, MBI
W3YYWJIM BIIMSHUE PAa3IUYHBIX ()AaKTOPOB HAa CKOPOCTh PACTBOPEHHS
MOHOJIMTHBIX OOpPa3lOB XJIOpHAA HATpUs B YCIOBHUAX CBOOOJHOU
KoHBeKIMU. [Ipm 3TOM OBIIO OOHApPYKEHO CYIIECTBCHHOE BIHSHUC
HaTpaBIICHUS CHJIBl TSHKECTH 1O OTHOIICHHIO K  TIOBEPXHOCTH
MOHOJIUTHBIX 00pa31LiOB IIPU X PACTBOPEHUHU.

3aBucumocts ckopoctd W u KOHCTaHTBI ckopocTd K pactBopenwus
COMM OT €€ KOHICHTPAalH B pPacTBOpe TMPH MPOXOKACHUH
MacCOOOMEHHBIX TMPOIECCOB B YCIOBHUSX CBOOOJHOW KOHBEKIIMU
npuBeneHa Ha puc. 9 u 10. Ha pucynke 9 Takxe mpencTaBlieHbl JaHHBIE
M0 CKOPOCTH PAaCTBOPEHHS MOHOJUTHBIX OOPAa3IOB COJH, IIOBEPXHOCTH
KOTOPBIX PacTONOkKeHa MO0/l pa3HBIMH yriaMu 0 1Mo OTHOIIEHHIO K JTUHUU
TOPU30HTA.

42 Oypman A.A., llpaiioman C.C. [Ipurorosnenue u ourctka paccona. Mocksa,
«Xumus», 1966, 232 c.
43 0y, 42
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Coavne!

PucyHnok 9. 3aBHCHMOCTb CKOPOCTH PACTBOPEHHS COJIM
OT KOHLIeHTpauuu ee B pacteope npu 25 °C. Yribl HaK/JI0HA
pacTBopsieMoro oopasua paBubix 90 u 180°. PacTBopenue npoBoaunioch
B YCJIOBHSIX CBOOO/IHOI KOHBEKIIMH. YTJIbI HAKJIOHA O MOBepXHOCTH
pacTBopsieMoro oopasua cocraJisiiin 90 u 180°. Pacuersl npoBeaeHbl
HA OCHOBE IAHHBIX, PEICTABJICHHBIX B padore™

Henuneiinpiii xapakrep pyaknun W(C) o0ycioBieH CyIeCTBEHHBIM
n3merenneM koHctanTel K(C) ckopoctu pactBopenuss NaCl B
3aBUCHMOCTH OT KOHLICHTpallM¥M COJM B pactBoputeine. Kak cienyer u3
pucynka 10, 3toT 3ddekr ocoOeHHO 3ameTeH B 00IaCTH BBICOKHX
KOHIIEHTpalmid coi. DPGPEKT TeOMETPUN PACIIOIOKEHUS 00pa3IoB Mo
OTHOIICHHUIO K HAIPaBJICHHUIO CHJIBI TSHKECTH BeCbMa 3aMeTeH, OCOOCHHO
npy OONBIION KOHIEHTPAIMM PacTBOpa. MOXKHO HPEANOIOXKHUTH, UTO
3TOT 3¢ (deKkT O0OYCIOBICH IBWXCHHEM O00jee KOHIEHTPUPOBAHHBIX
pacTBOpPOB IMOJ AEWCTBHEM CHIIBI TSDKECTH B HIDKHIOIO YacTh COCyHa, B
KOTOPOM  MPOUCXOIUT pacTBOpeHHe o0pa3noB. IToT  3dddekt
MPAaKTUICCKU NPUBOJUT K JIOHOHHI/ITGHI)HOﬁ KOHBCKIIMU U YMCHBIIICHUIO
TOJIIUHBI TU(P(HY3HOHHOTO CITOSI.

* Schmid B., Boas W., Crystal Plasticity, Springer, Berlin, 1936.
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Pucynok 10. 3aBUCMMOCTH KOHCTAHTBI CKOPOCTH PACTBOPEHUS
NaCl @O ) or ee konuentpamun (C, K I ) BBoxHOM pacTBope npu
pasauyHoii Temneparype (1-10°C; 2-25°C). PacTBopeHue NpoBOANIOCH
B YCJOBHMAX CBOOOIHON KOHBEKIUH /Il BePTUKAJIBHON NOBEPXHOCTH
odpa3zua coau (0=90°). Pacuersl ObLIM NPOBEIEHBI HA OCHOBE IAHHBIX,
npeacTaBJeHHbIX B paﬁoTe45

Kak Opuio mokazaHo B pa60TeA6, MpU PACTBOPEHUH COJH B
TeOJIOTMYECKHX IUIacTaX OoJbIIOe 3HA4YEHHE HMMEeT Yrojl HakJIOoHa
pacTtBopsironieiicss moBepxHoctd. Ha pucynke 11 mokazaHo, 4910 C
YMEHBIIICHUEM YTJIa HAKJIOHA PACTBOPSIOIICHCS MOBEPXHOCTH CKOPOCTh
BBIIIEIAYMBAHNASA PE3KO CHMkKaeTcs. OcoOeHHO ATOT 3PQEeKT 3ameTeH
npu yrie wMenee 90°. Ilpm moa3eMHOM BBINIETAYUBAHUN  COJNEH
9KCIUTyaTalusl CKBaXXMHBI TPEKPAIIaeTCs, ©CIM Yroj HAKIOHA CTECHKH
JIETIPECCOHHONH BOpPOHKHM cTaHOBUTCcS MeHee 30+40°. Kpome Toro,
MpeKpameHne  JKCIDTyaTallid  CBS3aHO C  OTJIOKCHHEM  Ha
pPACTBOPSIIOIIMXCS ~ TOBEPXHOCTSAX  HEPACTBOPUMBIX  BKIIIOUCHHH,
MPECTbHBIA YTOoJl SCTECTBEHHOI'O OTKOCAa KOTOPBIX COCTABJIICT TAKKE
30+35° IloaTOMy pacTBOpEHHE COJM LENeCOOOpa3HO BECTH TaKUM
o0pa3zoM, 4TOOBI pPEeaKIMOHHAS ITOBEPXHOCTh HAXOAWIACH IO TaKUM

yIJIOM, KOTOPBIM 3HAUUTENIBHO MpPEBBINIAET IPEACIBbHBIM  yroi
PacTBOPEHHSI.

5 Schmid B., Boas W., Crystal Plasticity, Springer, Berlin, 1936.
% Kcemsenko B.U., Komomosa I'.H. Teopernueckre OCHOBBI MPOLIECCOB
nepepaboTKU ralnyprudeckoro ceipbsi. Mocksa : Xumus, 1982, 328 c.
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Puc. 11. 3aBHCHMOCTH CKOPOCTH PACTBOPEHUS] KAMEHHOI COJIM B B0
0T yrjia HaKJI0HA pacTBopsiioeiicsi nopepxHoctu. Temneparypa:
47
1-0,5°C; 2-15°C; 3-25°C

B cmydae pa3MbIBaHHS COJEBBIX OINPABOK OONBIIMX pPa3MEpOB,
0c00EHHO B KOpITycax KpyMHOTaOapUTHBIX PAaKETHBIX JBHUTATEICH, STOT
MIPOLIECC JKEJIATEIbHO BECTH NP BPAILICHUH KOPITyca ABUraTelsi BOKPYT
LEHTpalIbHOM ocH. DTO0 OyaeT MNPHUBOAUTh K YCPEOHEHUIO YIJia
pacTBOPSIOIIEHCS MOBEPXHOCTH, K TypOYIH3alNy TSUCHUSI PACTBOPA H K
JIOTIOJIHUTENIFHOMY €ro IepeMelInBaHui0. Bce 3TO B COBOKYIHOCTH
OyZeT NPUBOANTH K YCKOPEHUIO TPOIIecca pa3pylICHUs OMPaBOK.

Kpome TemmepaTyphl, yriia HakiOHa MOBEPXHOCTH PACTBOPEHUS U
KOHIEHTpAIlMM COJM B PAacTBOpE, 3aMETHOE BIUSHUE HA KHUHETHKY
PacTBOPEHHS COJIM OKa3bIBAeT MEPEMEIIMBAHUHM PACTBOPA, & MMEHHO
CKOPOCTh IBWKEHHS PACTBOPHUTEIST OTHOCHTEIHHO ITOBEPXHOCTH COIIH.
D¢ dexT yckopeHHs Tmporecca pPaCTBOPSHHS CONM IPH JIBIKECHUH
pacTBopuTeis OOYCIOBJICH YMEHBIIEHHEM TONIIMHBI AU((Yy3HOHHOTO
MOTPAHIYHOTO CJI0SI, YTO MPHUBOAUT K YBEIMICHUIO KOHCTAHTHI CKOPOCTH
pactBoperns. OH Takke O0YCIOBIICH OTPBIBOM IIOTPAHUYHOTO CIIOS TIPU
ABWKCHUU KUJIKOCTHU MPOTHUB TCUYCHUA CJIOA WJIH IIPU €€ Typ6yIIeHTHOM
JIBWKEeHWW. Hamnmuwe mop B CTpyKType 0Opas3loB CONH  TaKxke
CIIOCOOCTBYET YCKOPDEHHIO €€ pacTBOpPEHHsS, OCOOEHHO 3a cuer
MIPOTEKAHUS PacTBOPA Yepe3 CII0H COTH.

4 Kcemsenko B.M., Komonoea I'H. Teoperrnueckre OCHOBBI MPOLIECCOB

nepepaboTKu rajJypruieckoro coipbs. Mocksa : Xumus, 1982, 328 c.
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Kpome Toro, coBepmieHHO He 00s3aTelbHO JTOOWBATHCS IOJHOTO
pacTBOpeHHsT MaTepualia ONpPaBKH TMPU €ro BhIMBIBAaHMH. BroHe
JOCTaTOYHO JOCTHYh YACTHYHOTO PACTBOPEHHS, IPHU KOTOPOM
HApYIIUTCS MOHOJIMTHOCTh Marepuaja ONpaBKM M MPOH30HIeT ee
paspylieHne ¢ o0pa3oBaHHEM CYCIIEH3MU COJHM B €e pacTBope. Jrta
CYCIICH3Us MOXET OBITh JIETKO YyAaleHa W3 KOpIyca WU3ACHHsS H
HCTIOJIb30BaHa HIOBTOPHO, nocie COOTBETCTBYIOIIETO
KOHIUIIHOHUPOBAHHSL.

5. PacueT INIOTHBIX YIAKOBOK KOMIIOHCHTOB JHCIEPCHOI (a3bl

Kak yxe oTrMewanocs B Haiied Mpenblaylien pa60Te48, MIPOYHOCTH
BOJIOpa3pymIaeMbIX  KOMIO3WIIMOHHBIX ~ MAaTepHaioB BO  MHOTOM
OIIpe/IeNIAeTCsl TUCIEPCHBIM COCTaBOM HAIIOJHUTEIS,, HCIIOIb3YEeMOT0
Opy WX NONydeHWd. B ciaydae OONBIION KOHIEHTPAIUH YaCTHUIIBI
JUCTIEPCHOTO  HAITOJIHUTENSA PACIOJOXKEHBI OJM3KO MEXITy COOOM.
Co3naBaeMble MHKPOYACTHULIAMH CHJIOBBIE TIIOJISI IEPECEKaroTCsl M
OKa3bIBAIOT B3aMHOE BIMSHHE IpYyr Ha Ipyra, YTO CYIIECTBEHHO
OTpa)kaeTcsl Ha CBOMCTBaX KOMIIO3WTA YK€ Ha MakpoypoBHe. [Ipu sTom
3aBUCHMOCTB CHJIBI B3aMMOJAEHCTBHS MEXKIY COCEIHUMH BKJIIOYECHHSIMH
OT BEJIMYMHBI 3230pa MEX/Y HUMH UMEEeT 3HAUUTEILHYIO HEJIMHEHHOCTb.
B cBs3M ¢ 3THM MOXXHO KOHCTaTHPOBATh, YTO MMEHHO CTPYKTypa H
TOIOJIOTHS 3allojHEeHHsT o0beMa MarepHaja IHMCIePCHBIMU YacTHUIAMH
HaIOJIHUTECIIA SABJIACTCA OJIHHUM nus3 OCHOBHBIX q)aKTOpOB B
(dopMmupoBaHHN 1e(OPMAMOHHBIX M IMPOYHOCTHBIX CBOMCTB BBICOKO-
HAIOJIHEHHOTO 3¢PHUCTOTO KOMITO3HTA.

Kak wu3BecTHO, MpPOYHOCTh MATEPUAIOB HA OCHOBE CTPYKTYPH-
POBaHHBIX IUCIIEPCHBIX CHUCTEM 3aBHUCHT OT IMOPUCTOCTH W THaMeTpa
HCXOIHBIX JUCIEPCHBIX YACTHI[. DTa CBSI3b OMICHIBACTCS IMITUPUICCKAM
ypaBHEHHEM, alNPOKCHUMHUPYIOLIMM 3aBUCHMOCTh IIPOYHOCTH 00pa3LioB
XPYNKUX MOJHKPUCTAIUIOB OT KOMOWHUPOBAHHOTO 3 (eKTa MOPUCTOCTH
u pasmepa 3epeH. Ona OpUTa pa3zpaboTaHa HAa OCHOBE DJKCIIEPUMEH-
TalbHBIX  JAHHBIX, UMelomuxcss B Jureparype. llomyueHHas
3aKOHOMEPHOCTD 6BUIa MpoBE€pE€HAa Ha JaHHBIX, IIOJYYCHHBIX [JId

* Kudryavtsev P. Composite materials for manufacture of water destroyable
form-forming equipment. Journal “Scientific Israel- Technological Advantages”,
Vol.20, Ne 1, 2018, pp.40-45, ISSN: 1565-1538.
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0o0pa3IoB OKkchaa TOpusi M KapOuaa Xxpoma. JTa 3aBHCUMOCTb MOXKET
. 49,
ObITH onucana popmysoi Kayncena™ .

0 VI AGDOHY (14)

rne P — mpodHocTh Marepuana; K — mepecyeTHBIH K0d(h(UIMEHT;
d — mmamerp wactuir gucriepcHoi ¢aser; a, b — koHcraHTh; o —
MMOPUCTOCTh C(HPOPMUPOBAHHOW CTPYKTYPBI. YpaBHEHHS NpeyiaraeMou
(opMBI OBUTH COITOCTABIICHBI HA OCHOBE SKCIEPHUMEHTAIBHBIX JaHHBIX H
MO3BOJISIIOT B ONPEETICHHOMN CTENeHH MpeIicKa3aTh 3HaYeHUsl TPOYHOCTH
¢ TtouHocthio 10 +10%. Bapuanmm mnpoucxomsT Kak CIIEICTBUE
TEMIIEPATYPHI, TPH KOTOPOI 00pa3Ibl OBIIIM U3TOTOBICHBI. JTOT (QaKTop
OKa3bIBaCT JAOMOJHHUTEIHHOE BIMSHUE HA TPOYHOCTh 0€3 yyeTa TOro, YTO
00YCIIOBIICHO Pe3yNbTHPYIOUIMMH N3MEHEHUSIMH IIOPUCTOCTH U pa3Mepa
3epHa. DTO SBIICHHE HAXOAUT CBOC OTPaKEHHE B YMCHBIICHUH
BEJIMYUHBI KOHCTAHTHI D, mporcxosiiieM ¢ yBeTHueHnEM MaKCUMATbHOM
TEeMIIepaTypsl  M3TOTOBIEHHWA oOpa3moB. BHe 3aBucHMOCTH  OT
UMEIOINXCS OTPaHMUCHAN STO ypaBHEHHE HMeeT (pyHIaMEHTAIbHOE
3HaueHue. Y3 3TOro COOTHOIICHUS CIIeyeT OJHO3HAYHBINA BHIBOJ O TOM,
YTO IS TOJY4YEeHHs MaTepHalla ¢ MaKCHUMalbHBIM YPOBHEM (HU3UKO-
MEXaHHMYECKHX  XapaKTepPUCTHK  HEOOXOAMMO  IMOOHWTBCS  €ro
MHUHHUMAaIbHOU MMOPUCTOCTU u, COOTBETCTBCHHO, MaKCHMaJIbHOU
MJIOTHOCTH YIAKOBKH YaCTHIL AUCTIEPCHOM (ha3bl.

B paGore™ mpuBeneH 0630p OCHOBHEIX METOJOB HCCIIGIOBAHHS
TCOMETPUN CTPYKTYp M3 CIy4aifHO paCIONOKEHHBIX YACTHI[ KPYTJIOH
(hopMBI. IIpennoxen ANTOPUTM KOMITBFOTEPHOTO CUHTE3a
MPOCTPAHCTBEHHBIX CHUCTEM W3 MOHO- M MOTU(PPAKIHMOHHBIX TUIOTHBIX
CIlyJaliHBIX YIIAKOBOK JKECTKHX cep ¢ 3apaHee 3aJaHHOW CTENCHEBIO
HanofHeHus. [IpoBelleHO HccleoBaHUe CTPYKTYPHBIX XapaKTEPUCTHK
YHCICHHO CHHTE3MPOBAHHBIX CIyYaifHBIX T€OMETPHUSCKUX cucTeM. [lims
IBYX(PaKIMOHHBIX  HAMONHEHWH  yCTAHOBICHBI  ONTHMAIIbHBIC
IpaHyJOMETPUYECKHE COCTABHI.

* Knudsen F.P. Dependence of Mechanical Strength of Brittle Polycrystalline
Specimens on Porosity and Grain Size. Amer. J. Ceramic. Soc. 1959, V.42, No 8,
P. 376-387. URL: https://doi.org/10.1111/j.1151-2916.1959.th13596.x

% Garishin O.C., Moshev V.V., Modelling of mechanical behaviour of
damageable particulate composites, Theoretical and Applied Fracture Mechanics,
Volume 31, Issue 1, 1999, Pages 61-66, ISSN 0167-8442. URL:
https://doi.org/10.1016/S0167-8442(98)00067-6.
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JUig perynspHbIX IJIOTHBIX MOHOJUCIIEPCHBIX YIAKOBOK CTEIEHb
HaIlOJIHEHUs €CTh BEJIMYKHA, CTPOro OIpeleseHHas Ul KaKIoro THUIla
CTPYKTYPBI, U MOXET OBITh JICTKO BBIYHCIICHA TCOPETHYCCKU. TaK, JUIs
KyOW4ecKoi pemeTku ee 3HadeHue paBHO 52.36%, a uia mioTHeureit
reKCaroHaJpbHOM YynakoBKU cocTaBisgeT 74.05%. DkcrnepuMeHTalbHO
yCTaHOBJ‘IeHOSl, YTO AJISl CIIy4allHOW MOHOAMCIEPCHOU CTPYKTYpPBHI H3
chepuyecKrx AIIEMEHTOB IMpe/eNibHAsl CTETIeHb HATIOJIHEHHUS! COCTaBIIseT
okoso 63.7%. DTo 3HaueHHE JIEKUT NPUMEPHO IOCPEIUHE MEXKAY
HAIMOJTHEHUAMH, XapaKTePHBIMU ISl KyOMYecKOoil M reKcaroHaJbHBIX
YIIaKOBOK, MpHUYEeM JIOKaJbHbIE (DIYKTyallud MO 00BEMY CTPYKTYpPBI
MoryT gocturath A0 10% ot cpemnero 3nauenust . OTcroma ciemyer,
9TO B pEalbHBIX CTPYKTypax MOOBOJIBHO CIIOKHO IOOHWTHCS BBICOKOI
IJIOTHOCTH 3allOJHEHUS W TaKHe 3a/layd PeIlaroTcsl TOIBKO METOJaMH
CO3/1aHUS MOJIMAMUCIEPCHBIX CTPYKTYp, B KOTOPBIX Mallble YaCTHULIbI
3aHUMAIOT IIYCTBIE€ IMPOCTPAHCTBA MEXAY KPYHHBIMH YIaKOBaHHBIMU
yactuuamu. Ilpu sTom eme Oonee MeJKHEe YacTUIBI 3aHUMAOT
ocTaBIIrecs 0oJiee Mable TTOJIOCTH.

[InoTHOCTP yHAKOBKM IUCIIEPCHOIO MaTepuana C HENpepbIBHBIM
pacnpeneneHreM 4acTuIl 0 pa3MepaM MOKHO PaccuUTaTh M0 METOTUKE,
OIHUCAaHHOU B pa6OT653. B coorBercTBUM C ITOH METOOUKOW IPUHSATO
CUMTaTb, YTO K IUIOTHBIM OTHOCATCS JAUCHEPCHBIE MNPOAYKTHL,
MOJTy4aeMble U3 COBOKYITHOCTH ()paKIIHii HAITOJHUTENEH, THaMeTp 3epeH
B KOTOpPBIX yMEHBIAeTCSs B 2 pa3a OT ¢pakuuu K ¢pakoud, a
KOJIMYECTBO  COOTBETCTBYIOIIMX (pakiuifi IO BeCy COCTaBIIACT
0,7+0,9 moneit OT Macchl MpenpIymeil Gpakiui. ITO YUCIO HA3bIBACTCS
KOSq)(bI/IHI/IeHTOM COBIIAACHUSA M IIOKa3bIBA€CT B KAaKOM COOTHOLIICHHH
HAXOIUTCS JaHHAs (paKIus O OTHOIICHUIO K TpEenbIayInel GpaKkmuu ¢
0O0JIBIITUM pa3MepOM YaCTHIL.

['panynomMeTpudeckuii cocTaB, HEOOXOAUMBIN JIs1 CO3/IaHUS TUIOTHOM
YIIaKOBKHU ITUCIIEPCHOTO MaTepHala, ONpeaeIsieTcs Mo ypaBHeHuto (15)

%1 Scott G.D. Radial distribution of the random close packing of equal spheres.
Nature. 1962. V. 194, Ne 9. P. 956-958; Scott G.D., Kilgour D.M. The density of
random close packing of spheres. Brit. J. Appl. Phys. Ser. 2. 1969. V. 2. P. 863-866.

Baiiman JIx. Mogenn Oecnopsimka. TeopeTwueckas (GH3MKa OTHOPOIHO
HEYNOpAJ0YeHHbIX cucTeM. Mockaa : Mup, 1982. 592 c.
%% PriGbes M.A. AcdanstoBbie 6eronst. Mocksa, 1969. C.300.

196
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O OO OO WO E OO p Tt hp (15)

rae ) — BECOBOE KONMYECTBO MepBoil Gpakumu; K — xoddduuuent
cbera; N — konmyecTBo (pakiuid. Takum 00pa3oM, BECOBOE KOJIHMYECTBO
1-it ¢pakmum Moxer ObITH paccuutaHo 1o (opmyne (16), a BecoBoe
KOJIMYECTBO KAXKHOH M3 MOCIEAYIOMNX (DPAKIHid, COOTBETCTBEHHO IO

dopmyne (17):

a
o PLZ2 P (16)
U 0
© o P A7)

B kauecTBe mpuMepa TakMX pacueToB B Tabmuie | mpeacTaBieHBI
pe3ynbTaThl  pacdeTa IUIOTHOH YIAKOBKH JUCHEPCHBIX (a3 ¢
pasNUYHBIMU  KOX(Q(QUIUEHTAMH COBHAJICHMA. Jlng HamisgHOCTH
MOJy4aeMbIX pe3yJbTaTOB OBbII BbIOpaH ciydaif, Korja JUCIEPCHBIN
MaTepHal COCTOUT U3 TPEX Pa3INIHBIX (PPaKIIHii.

Ta6mumna 1
Pe3yabTaThl pacyera MJIOTHOH YIAaKOBKH
COCTABA MOJHIMCIEPCHOr0 MaTepuaia

Coaep:xanue ¢ppakuuu, Bec. %
Pparcui, M M K=07 K=08 K=09
0,315+0,2 45,66 40,98 22.37
0,2+0,1 31,96 32,78 26,23
menblie 0,1 22,37 26,23 29,89

B kadecTBe ONTHMANBFHOTO TPAaHYIOMETPHYECKOTO COCTaBa OBLIH
BBIOpaHbl Ppakiyn ¢ kKodduimenToM copmaneHus 0,7, Tak Kak B 3TOM
ciiydae TOTPeOyeTcsl MEHbIIee KOMMYECTBO (DPaKIMU CO CPEAHUM
JUAMETPOM YaCTHI dcp<10'4 M. BpIxon Tako#t (hpakimpu mpH pasMolie
(bpakMOHNPOBaHUN OOBIYHO OYEHb Mal M €ro HM3TOTOBICHHE TpeOyeT
JOTIOJTHUTEIFHOTO BPEMEHH M JHEPro3arpar Ha pa3MoJl HCXOIHOTO
Marepuara.

B choydaliHBIX ymakoBKaxX HECKONBKHAX (pakiuid IHCIEPCHBIX
MaTEepPHAIOB HAIMIOJHEHHE SIBJISCTCA (DYHKIECH OT pa3nuuuii B pa3Mepax
yacTull, WX (GOpPMBI M COOTHOIIECHUS OOBEMHBIX JoNiel (pakiuii.
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B pa60TaxS4 npeUIokeH  (EHOMEHOJIOTHUECKUI  METOJl  pacdera
MOPHUCTOCTH sl ABYX W Oonee ()paKIMOHHBIX HACBHIIHBIX CMeEceH,
OCHOBaHHBII  HAa  JaHHBIX, MONMYYEeHHBIX U3 OOIIMPHBIX
SKCIEPUMEHTAIBHBIX HcciefnoBannil. [1o ux MeToanke OTHOCHTENbHAs
omuOKa B OIEHKE IOPUCTOCTH [UIT CMECEeH, COCTOSIINX W3 IBYX
¢bpakuuii, gexana B quanasone ot -10 1o +20%, a a1t CUCTeM U3 TpexX u
geThIpex (pakiuii pa3dpoc cocTaBisiI OT -15 10 +25% 1o cpaBHEHHIO C
ONBITHBIMH ~ JAaHHBIMH, TO  €CTb  IPOUCXOIOIIO  HEKOTOpOe
CHCTEMATHYECKOE 3aBBIICHIE PACUETHBIX 3HAaYeHWil. B pabore™ 5TOT
MOAX0/ 0000IIeH Ha cIydai CTOXaCTHYECKUX CTPYKTYpP C HeNPEpHIBHBIM
pacrpenesneHneM JacTHIl IO pa3Mepam.

[Ipenmoxennsit mMeron OBDI HAMH HOPadOTaH AN HCCIETyeMOU
cuctembl. C y4eTOM BHECCHHBIX KOPPEKTHPOBOK W B CBS3U C
YHHUBEPCAITBHOCTBIO IPAMEHEHUS TIPEIOKEHHOW METOIUKH pacueTa Iy
IOPYTUX AACKPETHBIX MPOIYKTOB, CUMTAEM LEIECOOOPa3HBIM IPUBECTH
ero B OoJiee MOJIHOM BHIIE.

BBenem HekoTOpEIE 0003HAUCHIS:

| — mons- i-i ¢pakuumM B IPOAYKTE;, W — Macca i-i ¢paxuuu, 2
0 — Macca HaBeCKH NPOJYKTa IPH PACCEBE, 2; Q ~— CpeaHuii JuameTp i-
i dpaxmun, mm; Q, 'Q — MeHbIIMA ¥ OONBIINA THAMETPH (PpaKIvH,
mm; QO ~ — IpUBEICHHBIN TUaMeTp MPOLYKTOB (MP.M., IP.K. — MEJKOT0 U
KPYITHOTO COOTBETCTBEHHO), MM; | — KOI(DQUIMEHT TOPUCTOCTH, JOIH
el.; "+ «— HachllIHAs IJIOTHOCTb INPOAYKTA, 2/CM’; Pyy — YH€bHas
IUIOTHOCTE TPOyKTa, o/car’; ¥, K — Gespasmeprbie KodduimeHTsr; Xy,
Xm — 00BEMHBIE JIOJIH MPOIYKTOB.

INocnenoBaTeNnbHOCT PacUYETOB 3aKIIIOYASTCS B CIEAYIONIMX IIarax.
Ompenensiem:

— TOJIF0 KaXXIOH (DpaKIiK B CMECH TBEPIBIX IUCIIEPCHBIX (ba3

T (18)

—cpenaHuii JuameTp Gpakiuid KOMIIOHEHTOB CMECH

* Wieckowski A., Strek F. Porowatosc mieszanin cial sypkich. Mieszaniny
dwusktadnikowe. Chemia stosowana. 1966. Ne IB. P. 95-127; Wieckowski A., Strek
P. Porowate rial sypkich. Mieszaniny wielosktadnikowe. Chemia stosowana. 1966.
Ne 4b. p. 431-447

% Upanos B.A., Momes B.B. IlnoTHOoCcTh YNakOBKM CBITyYHX Cpen.
Cmpykmypnas mexanuka HeoOHopoonwix cped. Cepanosck, 1982. C. 19-27.
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0 - ¥ n (19)

—HpHBeI[eHHI)IfI, CpeI[HeBBBeIHeHHBIﬁ AUAMETP KOMIIOHCHTOB CMECHU

O - Q-J n (20)

& p 5N (21)

—OTHOMICHUC MPUBCACHHBIX TUAMCTPOB KOMIIOHCHTOB CMECU

W (22)

8

Beenem xoapdunuent K, sBistomuiicss GyHKIued ko3¢ ¢uimeHTa
OTHOUICHUS [IPUBEAECHHBIX AUAMETPOB KOMIIOHEHTOB CMECH:

. P W
V] 23
wop v P W (23)

56 o
Ha ocHOBaHmm JHTEpaTypHBIX HAaHHBIX ~ ONTHMAJbHBIA COCTaB

CMECH, COCTOSIIEH W3 JBYX KOMIIOHEHTOB U KOX(PQUIMEHT ee

MTOPUCTOCTH, MOYKHO PACCUMTATh IO YpaBHEHUAM (24), (25) u (26):

S OB OO p & pN (24)
& oM O A (25)
& p @
d 0N om oo P % (26)
p & a

% Wieckowski A., Strek F. Porowatosc mieszanin cial sypkich. Mieszaniny
dwusktadnikowe. Chemia stosowana. 1966.Ne IB. P. 95-127; 52. Wieckowski
A., Strek P. Porowate rial sypkich. Mieszaniny wielosktadnikowe. Chemia
stosowana. 1966. Nedb. p. 431-447.
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Jist coXXKHOM cMecH, COCTOSIIEN Kak MHHHMYM M3 CMECH JBYX
¢pakuuii, BO3MOXHBI JBa BapHaHTa pPEUICHUS B 3aBHCUMOCTH OT
cooTHomeHus: koddduimenToB nponaykroB. I[lpu ycioBum, ecnm
KO3(GUITMEHT TTOPUCTOCTH KPYITHOTO MPOJYKTa OOIBIIE, YeM MEIKOTO,
TO ONTUMAJIBHBINA COCTaB HAXOAMUTCS U3 paBeHCTB (25) u (26).

Hcxonmss W3 TpPUBENCHHBIX BBINIE BBIPAKEHHH, PACCUUTHIBACM
ko3 duruent Ki:

o wop ¢y

(27)
we W pow

BrrunciisieM 00BbEMHEIC A0 TNPOAYKTOB B CMECH OITUMAJIBHOIO
cocrana:

; (28)

p
a a

. v a
(V) .
p U p

O p (29)

[loncraBuB onTHMaNbHBIE 3HAUYCHHUS OOBEMHBIX NOJICH B ypaBHEHHUS
(25) unu (26), BeIYKCISIEM MUHUMAIIBHBINA KO3()QHUIIUEHT MTOPUCTOCTH:

d o . — (30)

Ecnu k03¢ ¢uImMeHT nopucTocT KpynHOTo HPOJIyKTa MEHBIIE, YeM
MEJIKOTO, TO ONITUMAJILHBINA COCTaB HaXOJWM W3 ypaBHeHUH (24) u (26).
Ortcrona paccuutsiBaeM ko3¢ ¢unueHt Ky:

o
o wou (31)
w o y P W

Omnwmpasce Ha paccUuTaHHbIC KOI()(UIIMEHTHI, BEIYUCIUM OOBEMHBIC
J0H (paKIUii B CMECH ONITUMAIBHOTO COCTaBa!

o . — (32)

w p (33)
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[ToncTaBuB NOTy4YeHHBIE ONITUMANIBHBIE 3HAYSHHUS OO BEMHBIX JI0JIEH B
ypaBHeHus (24) win (26), BBIYUCINM MHHAMAIBHBIA KO3(duIment
MOPHCTOCTH:

& & 0 —o P 5 % 9 (34)
p a a a pp U
Ortcroza ornpenenuM IUIOTHOCTD YITaKOBKH MOTYYEHHOH cMecH:

pTT

da o (35)

[Ipu pabGote ¢ CHIIyYUMH TPOIYKTAaMH YIOOHEEe IOJb30BAThCS HE
O00BbEMHBIMH, a MAaCCOBBIMH JIOJSIMH KOMIIOHEHTOB. Iy 3TOrO
HEOOXOMUMO  YYUTHIBATh IUIOTHOCTh HCIHOJIB3YEeMBIX  MPOJYKTOB.
MaccoByro J10JTt0 KOMIIOHEHTOB BBIYHCIIsAEM 110 (popmyiie (36):

G- O (36)

Brruucnsem CYMMY MacCCOBBIX Jlojell KOMIIOHEHTOB U COACpIKaHNEC
KOMIIOHCHTOB B CMECH IIPH BBIPAKCHUN Ka)l(,[[OfI J0JIM B IPOLCHTAX:

pTT

(37)

Paspaborannas MeTonuka ObUla peajan3oBaHa B BHJIC MPOrPAMMBI
pacdera IIOTHOW yMakoBKHU. VICXOOHBIE JaHHBIE IS pacueTa IDIOTHOU
YIaKOBKH JUCIIEPCHBIX IPOIYKTOB IIPUBEACHHI B TabuIe 2.

PesynbraTthl  pacueta = HEOOXOAMMOTO  COOTHONICHHS  JBYX
MOJIMTUCTIEPCHBIX MPOIYKTOB MPUBEACHBI B TabMHIIE 3.

Tabmuua 2
I/ICXO}]HLIC JAaHHBbIC 1JIA pac'{eTa
IJIOTHOM YIIAKOBKHM M CIIEPCHBIX MPOAYKTOB
Ne Ne Cocras TBepaoii dep, Py Puacs Iopucrocrs,
KOMIIO3MIIMK | MPOAYKTa cpeabl M M Krd|kr %
1 XJopun HaTpHi | g1 | 9165 | 1237 57,1
I KpPYNHO3EpHHUCTBIH
2 Xuopunkamis | o5 | 989 | 1218 615
MCHK03epHI/ICTBII/I
3 ITecok KBapIEeBbIit 0,20 2600 | 1602 61,6
" 4 Keapu 1 045 | 2600 | 1418 545
TIBJICBUIHBIN
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Tab6muma 3
Pe3yabTaThl pacyera ynakoBKH JBYX HOJHINCIEPCHBIX TPOAYKTOB

Ne Mooxvir BecoBas 10J1st MaxkcumajibHasi INIOTHOCTH
KOMIIO3ULHH pory X), mac.% ynaxoBku (V) %
NaCl 84.5
! KCI 15,5 839
MECOK 84,4
1 Kgapreas 156 83,2
BLTb

CocraBsl cMmeceil TBepapIX (a3 IUCIEPCHBIX HMPOIYKTOB, YKa3aHHBIE
B Tabnuue 3, HUCHOJB30BAIUCH B KOMIIO3UIMSX [UIA TOJXY4EHUS
BOJIOpa3pyILIaeMbIX MaTepHAJIOB.

6. Pe3yabTaThl HCNIBITAHUIA
MOJy4YeHHbIX KOMIIO3ULIMOHHBIX MaTepHAI0B

[Ipr W3roTOBICHWMM W3HENUI W3 MOJIMMEPHBIX KOMIO3HUIIHOHHBIX
MaTepHalIoB METOJOM HAMOTKU HA ONPABKY OTBEP:KJICHUE MOJIydaeMBIX
MaTepHAaIOB OCYIIECTBIISICTCS IPHU TOBBIMIEHHOH TemmepaTtype. B cBs3u
C OTUM BaXHBIM IIOKa3aTelleM SBISETCA TEPMHUYECKas CTOMKOCTD
MaTePHAIOB, UCIIONB3YEMBIX IS M3TOTOBJICHHSI ONPaBOK. B co3maHHBIX
HaMM KOMIIO3UIUAX JIMMUTUPYIOIIMM TEPMOCTOMKOCTE KOMIIOHEHTOM
SIBIISTIOTCS. TEXHUUYECKHUE JINTHOCYIB(OHATHI, KOTOPHIE HCIIONB3YIOTCS B
KadecTBE MOOABOK CO CBS3YIOIIUMH U CYNEPIUTACTH()UIIIPYIOITHMMHU
cBoiictBamMu. C IeNbI0 YCTAHOBJIEHHUS TpeAena WX TEPMHUUIECCKOM
CTOMKOCTH OBUIM TPOBEAEHBI TEPMOTIPABUMETPHUCCKHE HCCICIOBAHHS
HCTIONE30BAHHBIX B JKCIEPHUMEHTAaX TEXHHUUYECKHX JHTHOCYIH(POHATOB.
OTH WHcclenoBaHMA TNPOBOAWINCHE Ha JaepuBarorpage Q-1500 D.
ITosyueHHble pe3yabTaThl IPEACTaBIEHbBI HA pUCYHKE 12.

[IpoBeneHHbIE WCCIIEIOBaHWS TOKa3alW, YTO B  HWHTEpBaie
temmneparyp oT 80 1o 160°C mpoucXoauT yaaneHue CTPYKTypHPOBAHHOM
(¢u3MUeCKN CBSI3aHHOM BJIard. DHEprus axkTHUBAIlMM 3TOTO Ipollecca,
BBIYUCIICHHAS! METOIOM HAaMMEHBIINX KBAIPAaTOB M3 TEPMOrPAPHUSCKHX
JIaHHBIX, cocTaBisieT 38,5+1,1 k/x/Moab. MakCUMyM CKOPOCTH MOTEPU
Beca o0pasiia B 3TOM mpoliecce coctapisier 115+53 .

[oBeienue temnepatypbl 10 200°C mpakTHUECKH HE BBI3BIBAET
mporecca  JECTPYKUMH — MCHOJb30BAHHBIX ~ TEXHUYECKUX  JIUTHO-
cynbpoHaToB. Hawanmo mporecca WX JeCTpyKIMH HAOIOAeTCs TIO
JoCTIKeHun Temneparyp 215+2203 . DOHeprus akTHBAIMM 3TOTO
mpolecca, BbIUUCICHHAasT METOAOM HAUMEHBIIUX KBaApaToOB U3

202



TepMorpaduveckux  JIaHHbIX, cocraBimsier  64,0£1,5  kJlx/Monb.
MakcuMyM CKOpOCTH IOTepH Beca o0pasua B pe3yiabTraTe ero
TEPMUYECKON NeCTPYKLUH cocTaBisieT 285+5°C.

0,10
5 0,05
-10 0,00
a5 F 20,05
%20 0,10 dp/dt
225 0,15
30 0,20
235 025
N
40 " " — 30

0 S0 100 150 200 250 300 350 400
t.2C

Pucynoxk 12. Pe3yabTarbl TePMOrpaBUMeTPHYECKUX HCCJIEJOBAHU I
TeXHHYeCKHX JIMTHOCY.1b(OHATOB

[lpuBeneHHble BEHINIE PE3YyNbTATHl  IMO3BOJSIIOT — PacCMaTPUBATDH
TEXHHYECKUE JIMIHOCYNb(OHATHI B KayeCTBE MEPCHEKTUBHBIX JI00aBOK
CO CBSBYIOUIMMH H CYNepILIaCTH(QULIMPYIOIIMMHA CBOMCTBAMHU  JUIs
MaTepUaNOB  BOAOpPAa3pymiacMbIX  (OPMOOOPA3YIONIMX  AJIEMEHTOB
MOBBIIIEHHOW TEIUIOCTOMKOCTH, CIIOCOOHBIX paboTaTh B  YCIOBHSX
TEPMHYECKOTO  OTBEP)KICHUS  IOJMMEPHBIX  KOMIIO3MIIMOHHBIX
MaTepPHAaIOB.

B kadecTBe CBS3YIOLIETO M CYNEPIUIACTH(UKATOPOB IMPUMEHSIIHCH
BOJIHEIC PACTBOPBI JIUTHOCY/IE(OHATOB C YIPOUHSIOUIAMH JOOABKAMU®’
PesynmpraTtel m3MepeHHsT (PHU3MKO-MEXaHMUYSCKHX XapaKTEPHCTHK U
TUTOTHOCTH TIOJIy4€HHBIX 00pa3loB pa3pabaTbBaeMbIX MaTepHAJIOB
MIpeICTaBJICHBI B Ta0OHIIE 4.

" Kudryavtsev P. Composite materials for manufacture of water destroyable
form-forming equipment. Journal “Scientific Israel- Technological Advantages”
Vol. 20, Ne 1, 2018, pp. 40-45, ISSN: 1565-1538.
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Tabmuna 4
Du3NKO-MeXaHHYECKHEe XapAKTEePUCTUKH 00Pa31oB
MOJIy'IeHHBIX MATEPHAJIOB

Ne Pazpymaiouiee Hanpsizkenue npu cxxatuu, Mlla P
KOMIO3HIUH O 20 3 G 1503 krd n
| 14.0 9.0 1700
I 43.0 27.0 2000

HpuMettaHue: cocmaes KomMno3uyuu 6 coomeemcmeuu ¢ mabn. 3

Bosee BricOKHE 3HAYEHUS Gy Y KOMIIO3ULIMU HA OCHOBE KBapLIEBOTO
MecKa OOBSICHSIOTCS TEM, UTO HCIIONIB3YyEeMBIE IUCIIEPCHBIE MPOMYKTHI
MMENU MEHBIIYI0 KPYNHOCTh. Ilo3TOMYy yBEIMYMBAJIOCH KOJIMYECTBO
KOHTAaKTOB Ha €IWHUILYy CEYCHHUs, YTO B KOHEUYHOM CUeTe MPUBOIUIO K
YBEIIMYCHHUIO TPOYHOCTH MaTepHaa.

BBIBO/bI

B Hactosmed  pabore  mpoBedeH ~— aHanM3 — TpeOOBaHUM,
MPEIbSBIIEMBIX K (DI3HKO-XUMHICCKAM U MEXaHHYECKHM CBOIMCTBAM
MaTepUaoB, HCIOIB3YEMbIX [JIi HW3TOTOBJICHHS BOAOPa3pyLIaeMbIX
¢opmooOpazyronmx u3nenuil. VM3yueHsl CBOICTBAa BOJOPA3pYIIAEMBIX
KOMITO3UIIMOHHBIX MaTepHajoOB Ha OCHOBE JKHIKOro cTekia. Ha ocHoBe
aHanmm3a (PU3UKO-XUMHUYECKHX WM MEXaHHYECKUX CBOWCTB pPa3IMUHBIX
XUMHYECKUX  COCJUHEHWH  MPOM3BENEH  BBIOOP  OCHOBHI  JUIA
W3TOTOBJICHUS (hopMooOpasyroIux 171631 (53 0317 Ha OCHOBE
BoJIOpa3pymaeMeix MarepuanoB. [Ipm pa3paboTke BomopaspymIaeMbIxX
KOHCTPYKIIMOHHBIX MAaTe€pHaloB HaMH OBUI HCHOIB30BaH 3(pdekr,
oTkpeIThI A.D. Nodde.

Pazpaboranbl BogopaspymaeMple KOMITO3UIMOHHBIE MaTepUallbl Ha
OCHOBE TaJOICHUAOB INENOYHBIX METAUIOB JJISi  H3TOTOBJICHHS
(hopMoOOpa3yrOIIKUX U3ACTUA M ONMPABOK JJIsi HAMOTKHM M3JCIHHA THIIA
«KOKOH». Kommozumus TaKxKe COIEPIKUT TEXHUIECKHUEC
JTUTHOCYNb(OHATEI M TIHMUEPUH TPHU CIEAYIOMEM COOTHOIICHUH
HUHIPEAUEHTOB, Macc. %: Xxjopun Harpus 86+93; TexHudeckue
nmurHocynbdoHnaTel 1+6; rmnepun 0,1+1,2; Boma ocTaibHOE.

BaxxHpIM CBOHCTBOM, ONpPENESIOUIMM BO3MOXHOCTh HCIOIb30BaHUS
KOMIO3UIIMKA JUIS WM3TOTOBJICHHUS BOJOPA3pYyIIAEMBbIX MaTEepHAJIOB,
SIBIISICTCSL CKOPOCTh UX PACTBOPEHUS B BOZAE IMPU YHAJICHUU ONMPABKU U3
BHYTPEHHEW MOJIOCTH roToBoro u3aenus. [IpoBeneHs! ucciaeroBaHus Mo
OTIPEIETICHNIO CKOPOCTH PACTBOPEHHUS BOJIOPA3PYIIAEMBIX MAaTEpPHAJIOB B
BOJIC U NPEATIOKEHBI MyTH YCKOPEHHsS 3TOTO Iporiecca. MccnemnoBano
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BIIMSTHUE PA3IMYHBIX (PaKTOPOB HA MIPOIECC PACTBOPEHHS U 00OHAPYKEHO
BIMSIHUE TEOMETPHH IIOBEPXHOCTH pa3pyIlaeMoro Marepuaia Ha
CKOPOCTb €r0 pa3pyLICHUs MoJ{ AefiCTBUEM BOJIBL.

Ucnonp3oBanne B KadecTBE  CyHepIUiacTU(HUKATOpa  JIMTHO-
cynb(oHAaTa HATPUSA W BBEICHHE B COCTaB CMECH TIHICPHUHA IIPH
YKa3aHHOM  COOTHOIIEHMHM KOMIIOHEHTOB  IIO3BOJSIET  MOBBICUTH
MPOYHOCTh MaTepHalia NMpH OJJHOBPEMEHHOM CHIDKEHHH Kod((HIMeHTa
TemmeparypHoro paciupenus (KJITP).

Hcnonp3oBaHue yKa3aHHOM KOMIIO3UIIMM MO3BOJIAET IOBBICUTH
MIPOYHOCTH (POPMOOOPA3YIONINX M3, YTO BeJIeT K CHIDKSHHUIO Opaxa
OTJIIMBOK, BBI3BAHHOTO IPEKICBPEMCHHBIM pa3pyIICHHEM JUTCHHBIX
CTep)KHEH, W TIOBBHICHTH VIECIBFHOE IaBIICHWE JHThI W TEM CaMbIM
paclIMpUTh HOMEHKIATYPy U3TOTABIMBAEMBIX U3AEIHUN U aCCOPTUMEHT
nepepabaTeBaeMbIX, MaTepHaNoB. lcrmomp30BaHHEe KOMITO3HMIUH IS
W3TOTOBJIEHUS BOIOPACTBOPUMBIX OIPABOK, IPUMEHSIEMBIX IIPH HAMOTKE
U3JEeNNi W3 IMOJIMMEPHBIX KOMIIO3UIIMOHHBIX MAaTepHalioB, IO3BOJIUT
MOBBICUTh TPOYHOCTHBIC XapPAaKTEPUCTHKH MaTepHaja H3Ienuil. OTo
JNOCTHTAETCs 3a CYET IMOBHIMICHHUS HATSDKEHHS apMUPYIOMIMX HHUTEH U
COOTBETCTBEHHO YPOBHS KOHTAaKTHBIX JaBJICHHH IPU HAMOTKE M3/ENUii,
YTO JAaeT BO3MOXHOCTb YMEHBIIUTh WX BEC MNpPU 3aJaHHOM YpOBHE
MPOYHOCTHBIX ~ TOKaszaTeleld, CHHU3UTh  pacxXol  JOPOTOCTOSIITHX
MaTEepHAJIOB.

Ha ocHOBe M3NOXXEHHBIX B HacToAlIEH paboTe OOLIMX MPUHIUIIOB
c(OPMHUPOBAHEI MOJXOIB K CO3MaHUIO BOAOPA3PYIIAEMBIX KOMITO3HITHHA
U TONYYeHHIO HAa WX OCHOBE BOAOPA3PYIIACMBIX MATEPHANOB C
BBICOKUMMH (bI/ISI/IKO-MexaHI/I‘ICCKI/IMI/I XapaKTCPUCTUKAMU.

Pemenne sToW 3amaudM CBA3aHO C pa3pabOTKOW HAyYHBIX OCHOB
MONMYYCHUs] MATEepPHANOB Ui HM3TOTOBICHHS  BOJOPA3PYIIACMBIX
(hopMO0OOpa3yIOIIKUX IIEMEHTOB C 3aJaHHBIMUA CBOWCTBAMH M MOHMCKOM
METOJIOB IICJICHATIPABIICHHOTO PETYIMPOBAHMS HX CBOMCTB. [IpemnoskeH
MEPCHCKTUBHBIA METOJ TONyYCHUS MAaTepUalioB Ui H3TOTOBJICHUS
BOJIOpa3pyLIaeMbIX (hopmMoobOpazyromux 3JIEMEHTOB nyTeM
CTPYKTYpOOOpa30BaHUSI MCXOIHON TUCIIEPCHON CHCTEMBI B pe3ynbTaTe
BBIJETIeHNs HOBOHM (a3l w3  pactBopoB. Ilokasano, d4ro B
HCCIICAOBAHHBIX CHUCTEMAX MOKHO }IO6I/ITLC${ 3HAYUTCIIbHOI'O U3MCHCHUA
WX CBOWCTB 3a CYeT BapbUPOBAaHUSA (PPAKIFIOHHOTO COCTaBa
HAIlOJIHATENA, pa3sMepoB M GopMbl BKmodeHHH. CTpyKTypa TakuX
MaTepuajoB OIpENeNIAIONMIM 00pa3oM OKa3blBaeT BIMSHHE Ha WX
IIPOYHOCTHBIE  cBoWcTBa. IIpu mpoBeneHMM 3KCIEPUMEHTOB IO
MOJTYYEHHIO BOOPa3pyIIaeMbIX MaTepHalioB B paboTe MCIOJIB30BAINChH
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KOMITOHEHTBI JAUCIEPCHOM (Da3bl HA OCHOBE XJIOPHIOB HATPHS, KAIUI U
JIHOKCHIA KPEMHHS Pa3IHYHOIO T'PaHYJIOMETPHYECKOTO cocraBa. Bo
BCEX CIIy4asX MCIOJIb30BAIUCH BOJOPACTBOPUMBIC OPraHOMHHEPATBEHBIC
NO00aBKM B BHJC TEXHHYECKUX JHUTHOCYIb(hoHAaTOB. J[0OaBKH
JIUTHOCYTb()OHATOB  BBIMIOJIHAIOT B  Pa3pabOTAHHBIX  KOMIIO3UIHSIX
HECKONBKO  (yHKImA. OHH  OZHOBPEMEHHO SBIIOTCS — CyIep-
mwracTuGukaTopaMd M CBA3YIONIMMHU. [loNydeHHBIE  pe3yIbTaThl
MMOKA3aJIH, YTO TEXHUYIECKUE JINTHOCYIB(GOHATH MOYKHO HCIIOJIB30BAThH B
Ka4eCTBE MEPCIEKTUBHBIX T00ABOK, KOTOPHIC 00JIaMal0T CBS3YIOIIUME U
CynepIuacTuGUIMPYIOIUMU CBOICTBAMU JUTS MaTepHajoB
BOZOPa3pymaeMbIX  (OPMOOOPA3YIONIMX  DJIIEMEHTOB  IOBBIIICHHOM
TEIUTIOCTOUKOCTH, CIIOCOOHBIX paboTaTh B YCIOBHSAX TEPMHUYECKOTO
OTBEPXICHUS TOJTUMEPHBIX KOMITO3UIIMOHHBIX MaTEPUAIIOB.

AHHOTALIUSA

Hacrosimast pabota OTHOCHTCSL K 0O0JacTH MAaUIMHOCTPOCHUS, a
AMEHHO K HW3TOTOBJICHUIO BOJOpa3pymaeMbX (HopMooOpa3yroImx
W3/IETIUH, HApPUMEDP, JUTEHHBIX CTEP)KHEW, MPUMEHSEMBIX IPH IJUTHE
METAJIJIOB U TUIaCTMAacc, a TaKKe M3JENUN THIA «KOKOH» U KOPIIyCOB
pPakeTHBIX NIBUTATe]eld Ha TBEpAOM ToIuiuBe. KpoMe TOro, oHM MOTYT
OBITH WCIONB30BaHBI JJIsI M3TOTOBICHHS BOIOPACTBOPHMBIX OIIPABOK,
MPUMCHACMBIX npu HU3roTOBJICHHUU I/IS,Z[BJII/II‘/‘I nu3 MOJIMMCPHBIX
KOMIIO3UIIMOHHBIX MaTe€pHajloB MCTOJAOM HAMOTKU WM BBIKJIAJKHU C
WCTIONE30BAHNEM CBS3YIOMINX, TPEOYIOMINX ITOBBIIICHHBIX TEMIIEPATyp
OTBEPXKICHUS W B YCIOBUSIX MeXaHWUYECKHX HampspkeHuil. [IpoBemen
aHallM3 BO3MOXHOTO HKCIOJB30BAHUS PA3IMYHBIX BOJOpa3pyIIaeMbIX
MaTepHaIOB U CO3AaHUS MOINOOHBIX wm3fenuid. [IpoaHanm3upoBaHEBI
CBOICTBA BOJOPA3PYIIAEMBIX KOMITO3HIIMOHHEIX MaTepHaioB HA OCHOBE
KHUAKOT'O CTCKJIa U BOBMOXXHOCTH HMX HCIIOJIB30BaHUA AJIA U3IOTOBJICHHUA
orpaBoK. Ha ocHOBe mpoBeIeHHOTO aHaIH3a CIeTaH BEIOOP OCHOBHI IS
W3TOTOBJICHUS OCHOBBI TSI HW3TOTOBJCHHS OINPAaBOK HAa OCHOBE
BOJIOpa3pyliaeMbix — marepuaiioB. llpoBemeH  aHanu3  Qu3HKO-
MEXaHHYCCKUX CBOMCTB TaJIOTCHU 0B ICJIOYHBIX METAJJIOB 4
mpou3BeeH 000CHOBAHHEIM BBIOOP BEIICCTB OCHOBBI, TIOAXOSIINX TS
HU3TO0TOBJICHUS BOJIO0pa3pyniacMbIX KOMITO3MIITMOHHBIX MaTepuaioB.
[Ipeanoxkena penentypa M TEXHOJOTHS HW3TOTOBJICHUS H3ACIUM W3
BOZOpa3pylIaeMblX MaTepuasioB. [IpoBeneH aHanu3 MPOLIECCOB MpPU
pa3pyLIEHUHU 3TUX MaTEPUANIOB TOCIIE UX UCTIOIb30BAHUS.
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PROSPECTS FOR THE USE OF ALCOHOL INFUSIONS
IN ALCOHOLIC BEVERAGE TECHNOLOGIES
FOR RESTAURANTS

Kuzmin O. V., Rudyi V. V.

INTRODUCTION

Nowadays, the use of vegetable raw materials in the technology of
alcoholic beverages is being increasingly used in restaurants’. Due to the
content of antioxidants (vitamins, flavonoids, tannins, organic acids,
etc.), plant raw materials are capable of exhibiting antioxidant
properties”>*. Antioxidants include substances that can inhibit the radical
oxidation of organic and macromolecular compounds®. Antioxidants are
able to reduce the output of oxidation products®: hydroperoxides,
alcohols, aldehydes, ketones, fatty acids and the like.

A wide range of alcoholic beverages is based on the use of a variety
of vegetable raw materials. Semi-finished products (aromatic alcohols,
infusions, alcoholic juices, fruit drinks, etc.) are prepared from vegetable
raw materials. On the one hand, the use of vegetable raw materials
allows you to shape the taste, aroma, color of alcoholic beverages. On

! Kuzmin 0., Kovalchuk Y., Velychko V., Romanchenko N. Improvement
technologies of aqueous-alcoholic infusions for the production of syrups. Ukrainian
Journal of Food Science. 2016. 4 (2). pp. 258-275.

2 Breiter T., Laue C. Kressel G., Groll S., Hahn A. Bioavailability and
antioxidant potential of rooibos flavonoids in humans following the consumption of
different rooibos formulations. Food Chemistry. 2011. 128 (215) pp. 338-347.

3 Dube P, Meyer S., Marnewick J. L. Antimicrobial and antioxidant activities of
different solvent extracts from fermented and green honeybush (Cyclopia intermedia)
plant material. South African Journal of Botany. 2017. 110. pp. 184-193.

* Sentkowska A., Pyrzynska K. Investigation of antioxidant interaction between
Green tea polyphenols and acetaminophen using isobolographic analysis. Journal of
Pharmaceutical and Biomedical Analysis. 2018. 15910. pp. 393-397.

5 Steenkamp V., Fernandes A.C., van Rensburg C.E.J., Jiger A.K. Antioxidant
scavenging potential of South African export herbal teas. South African Journal of
Botany. 2004. 70 (4). pp. 660—663.
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the other hand, when using vegetable raw materials, there are difficulties
in ensuring the constant and predictable quality characteristics™® of
alcoholic beverages.

To date, the antioxidant properties of the prescription components
and their combinations have not yet been well studied. Some studies
require a mechanism for the influence of prescription components® on
the level of toxicity of alcoholic beverages. Some components are
potentially capable of increasing chronic ethanol toxicity.

The wide range and variety of alcoholic beverages is coupled with the
ability to mix alcohol with many ingredients. Due to the different
proportions of water-alcohol infusions of vegetable raw materials in the
process of blending leads to new flavors that are completely different
from each other, as well as their different beneficial properties.

But among all the useful properties, the main thing will be to change
the redox reactions™’,*. Redox reactions affect the ratio of energy to
support homeostasis. Homeostasis — relativity of dynamic constancy of
composition and properties of internal environment and stability of basic
physiological functions of an organism. This ensures the vital activity of
any organism. The magnitude of this rate depends on the ratio and
concentration of oxidized and reduced substances in the body, including
substances coming from food and beverages, so one of the main factors
in the regulation of redox reactions is the redox potential.

In the production of cocktails in restaurants, one of the possibilities of
influencing the antioxidant properties of the product is the extraction of
vegetable raw materials into alcoholic raw materials. This can improve
organoleptic performance and the benefits of alcoholic cocktails.

7 Dietrich 1., Kuzmin O., Mikhailenko V. Comprehensive evaluation of the hot
sweet soufflé dessert quality. Ukrainian Journal of Food Science. 2017. 5 (1).
pp. 92-102.

8 Kuzmin O., Levkun K., Riznyk A. Qualimetric assessment of diets. Ukrainian
Food Journal. 2017. 6 (1). pp. 46-60.

® Frolova N., Ukrainets A., Sylka 1., Nemirich A., Kuzmin O. Separation of
terpenes from lemon essential oil by selective fractionation under a vacuum. Eastern-
Euro(g)ean Journal of Enterprise Technologies. 2019. 2/11 (98). pp. 32-36.

0 Gerolis L.G.L., Lameiras F.S., Krambrock K., Neves M.J. Effect of gamma
radiation on antioxidant capacity of green tea, yerba mate, and chamomile tea as
evaluated by different methods. Radiation Physics and Chemistry. 2017. 130.
pp. 177-185.

1 Gullén B., Eibes G., Moreira M.T., Herrera R., Gullén P. Yerba mate waste:
A sustainable resource of antioxidant compounds. Industrial Crops and Products.
2018. 113. pp. 398-405.
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Due to the extraction of vegetable raw materials into alcohol-
containing raw materials, the enrichment of nutrients is obtained, which
leads to an increase in the antioxidant properties of the solution.

These circumstances determine the relevance of the topic of
scientific work, which is the development of water-alcohol infusions of
vegetable raw materials in the technology of alcoholic beverages in
restaurants. Creating low-toxicity alcoholic beverages through the
introduction of herbal infusions with antioxidant properties allows
restaurant establishments to create new products. This distinguishes them
from competitors, creating a favorable image of an institution that cares
about protecting consumers from the negative effects of alcohol.

The purpose of the work is to develop the scientific bases of
antioxidant activity of water-alcohol infusions from vegetable raw
materials and to identify the most promising plants as sources of natural
antioxidants in the creation of alcoholic beverages in restaurants.

When achieving this goal, it is necessary to solve the following
problems:

— to substantiate the prospect of using water-alcohol infusions from
vegetable raw materials in the production of alcoholic beverages;

— to establish the value of the restorative capacity of water-alcohol
infusions from vegetable raw materials;

— to conduct an organoleptic evaluation of water-alcohol infusions
and to determine their prospects in alcoholic beverage technology;

— identify the most promising sources of natural antioxidants for use
in alcoholic beverage technology;

— identify the best modifications of alcoholic beverages;

—to develop the prescription composition of alcoholic beverages.

Object of study: characteristics and quality indicators of water-
alcohol infusions from vegetable raw materials: organoleptic
characteristics  (color, smell, taste); physicochemical indicators
(hydrogen index — pH level, redox potential).

Subiject of study: vodka with a volume fraction of ethyl alcohol —
40% (control); vegetable raw materials — tea products; water-alcohol
infusions from vegetable raw materials; cognac.

Research methods: redoxmetry — determination of antioxidant
capacity of water-alcohol infusions of vegetable raw materials; pH-
metric; methods of determining organoleptic parameters.

Research methodology. The vegetable raw material was ground to
3x3 mm, placed a 4 g sample in glass vials, filled with 100 ml alcohol-
containing solvent with 40% vol. The vials were closed with lids for
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10 days with stirring. The infusions were filtered and studies were
conducted to determine the hydrogen index, which was measured on a
pH meter in the pH level mode with a combined glass electrode. The
redox potential was measured in the potential measurement mode with
the combined redoxmetric platinum electrode.

The scientific novelty is:

— identification of groups of water-alcoholic infusions for the
production of alcoholic beverages by antioxidant activity: infusions with
low activity (from 0 to 100 mV) — 0 samples; infusions with average
activity (from 100 to 200 mV) — 12 samples; infusions with high activity
(from 200 mV) — 1 sample;

— the minimum theoretically expected value of redox potential (RPyin)
for water-alcohol infusions has been determined, which has a value from
283.8 mV (infusion of yellow tea) to 465.3 mV (infusion of hibiscus tea),
and the actual measured of redox potential (RP4) — from 92.5 mV (infusion
of yellow tea) up to 228 mV (infusion of hibiscus tea);

— the minimum value of the restorative ability (recovery energy —
RE), which is equal to — 123.2 mV and is characteristic for the
honeybush infusion, and the largest value of 237.3 mV is the water-
alcohol infusion from the hibiscus tea;

— found that the pH level for water-alcohol infusions has a value from
3,245 (infusion of hibiscus tea) to 6,27 (infusion of yellow tea), that is,
the infusions have reactions from acidic to neutral;

— establishment of the most promising samples of water-alcohol
infusions, which have received high organoleptic characteristics and can
be recommended in the technology of alcoholic beverages — the infusion
of hibiscus tea and red tea — 9.66 points.

Testing of research results. The main provisions and results of the
experimental work were tested during the tasting of new developments at
the Department of Technology of Restaurant and Ayurvedic Products of
the National University of Food Technologies.

The socio-economic importance of the results obtained is the
creation of semi-finished products — water-alcohol infusions of vegetable
raw materials for alcoholic beverages with improved consumer
properties.

1. Characterization of the technological process
of alcohol production
Water-alcohol infusion is a semi-finished product of liqueur-vodka
production, which is prepared by infusion of vegetable raw materials
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(aromatic and non-aromatic) in aqueous-alcoholic solution with a
strength of 40% to 90%, according to the technological instruction and
the technological regulations with the observance of state sanitary rules
and regulations.

Water-alcohol infusions are obtained by extraction with water-alcohol
liquid of dried vegetable raw materials. In the process of extraction, the
phenomenon of diffusion based on equalization of concentrations
between the solvent and the solution of substances contained in the plant
cell is used. This equalization of concentrations is expressed in the
gradual mutual penetration of two substances bordering each other, and
is caused by the chaotic motion of molecules, their kinetic energy.

The degree of extraction of soluble substances depends on the degree
of grinding of raw materials; the ratio of raw materials and water-alcohol
mixture; the concentration of alcohol in the aqueous-alcohol mixture;
duration of infusion; numbers of raw material bay; mixing frequencies;
temperature.

The simplest method of extraction is double infusion (maceration) at
normal temperature, which consists of the following operations: raw
material acceptance and weighing; sorting of raw materials and disposal
of waste; waste weighing; grinding of raw materials; preparation of
water-alcohol mixture of the required strength; loading of raw materials
into a full container; pouring raw materials with a water-alcohol mixture;
infusion of raw materials with a water-alcohol mixture with daily stirring
for 5-14 days, depending on the type of raw materials; draining and
pumping the infusion of the first drain into storage compartments and
measuring the volume of infusion received; the second raw material feed
with an aqueous-alcoholic mixture; re-infusion of raw materials with
water-alcohol mixture with daily stirring for 5-10 days; draining,
pumping and measuring the volume of the infusion of the first and
second drains; mixing of infusions of the first and second drains;
unloading of spent raw materials from an insulated container;
evaporation of the alcohol remaining in the raw material.

Due to the infusion of tea products in the aqueous-alcoholic
environment is extracted tannins substances, caffeine, vitamins, organic
acids, essential oils, minerals, which lead to an increase in antioxidant
properties and increase the time of sale of finished products.

2. Classification of tea products
Tea products include a group of foodstuffs including tea with
additives, tea drink, instant tea, instant tea with additives, soluble tea
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drink, liquid concentrate of tea, liquid concentrate of tea with additives,
liquid concentrate of tea drink, cold tea, and mate, hibiscus tea, rooibos,
honeybush, catuaba.

Tea with additives is a food product containing at least 50% by
weight of tea and other components.

Tea drink is a food product made from vegetable raw materials with a
possible addition of tea in an amount of not more than 50% by weight
and other components.

Instant tea is a dry food product soluble in water at the temperature
specified in the manufacturer’s instructions and containing at least 1.0 g
of dry tea extract per 1 dm3 infusion and containing no other
components. Instant Tea with Supplements is a dry food product soluble
in water at the temperature specified in the manufacturer’s instructions
and containing at least 1.0 g of dry tea extract per 1 dm® infusion and
containing other components.

Instant tea drink is a dry food product soluble in water at the
temperature specified in the manufacturer’s instructions, with a possible
content of dry tea extract of less than 1.0 g per 1 dm? infusion and a total
content of dry tea extract and dry vegetable extract of not less than 1.0 g
on 1 dm® infusion. The presence of other food components is allowed.

Liquid tea concentrate is a liquid food product soluble in water
containing at least 1.0 g of dry tea extract per 1.0 dm® infusion and
containing no other components. Liquid tea concentrate with additives is
a liquid food product soluble in water containing at least 1.0 g of dry tea
extract per 1 dm® of infusion and containing other components.

Liquid tea beverage concentrate is a liquid food product soluble in
water, with a possible dry tea extract content of less than 1.0 g per 1 dm?®
infusion and a total dry tea extract content and dry vegetable extract of at
least 1.0 g per 1 dm® infusion. The presence of other food components is
allowed.

Cold tea is a liquid food product containing a dry tea extract and / or a
dry vegetable extract in a total concentration of at least 1.0 g per 1 dm®,
ready for consumption. The presence of other food components is
allowed.
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3. Characteristics of the raw material used in the studies

Black tea'? is a type of tea that is obtained by completely or almost
completely oxidizing the leaf of the tea bush.

Yellow tea is a rare variety of high quality Chinese tea. Yellow tea
is generally similar to green tea, but has some differences in production
technology, namely the slow drying stage. This technological technique
gives the yellow tea a special flavor, for which it is appreciated.

Red tea is the most fermented tea that is called in China for its
infusion color. It is characterized by burgundy, amber and chestnut
shades, rich aroma and a tart taste.

White tea is a low-oxidized type of tea. White tea has an extremely
delicate aroma, which very easily absorbs the surrounding scents. That
is why tea collectors are forbidden from eating onions, garlic, and
spices, otherwise they can ruin the original flavor of the tea.

Green Tea® — the kind of tea that is achieved through the
processing of tea leaves: wilting + partial drying + twisting + drying.
The main task in the manufacture of green tea — to preserve its
biologically active natural substances contained in the tea leaf. That is
why the process of making this kind of tea is not “aggressive” and is
subordinated to the goal of preserving the nutrients in the leaf. Green
tea contains a large amount of caffeine and with prolonged brewing it
can start to get bitter. Properly brewed green tea contains a unique
blend of vitamins, trace elements and other nutrients (such as plant
proteins).

Mate>'®" (Paraguay Tea) is a dry leaf of an evergreen shrub of
Paraguayan holly. Mate is known for its supposedly rich healing

2 Gulua L., Nikolaishvili L., Jgenti M., Turmanidze T., Dzneladze G.
Polyphenol content, anti-lipase and antioxidant activity of teas made in Georgia.
Annals of Agrarian Science. 2018. 16 (3). pp. 357-361.

13 Gerolis L.G.L., Lameiras F.S., Krambrock K., Neves M.J. Effect of gamma
radiation on antioxidant capacity of green tea, yerba mate, and chamomile tea as
evaluated by different methods. Radiation Physics and Chemistry. 2017. 130.
pp. 177-185.

14 Sentkowska A., Pyrzynska K. Investigation of antioxidant interaction between
Green tea polyphenols and acetaminophen using isobolographic analysis. Journal of
Pharmaceutical and Biomedical Analysis. 2018. 15910. pp. 393-397.

5 Gerolis L.G.L., Lameiras F.S., Krambrock K., Neves M.J. Effect of gamma
radiation on antioxidant capacity of green tea, yerba mate, and chamomile tea as
evaluated by different methods. Radiation Physics and Chemistry. 2017. 130.
pp. 177-185.
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properties and contains a lot of caffeine. The drink should be bitter.
Has a specific aroma. The taste is reminiscent of strong green tea.

Hibiscus™ tea is a sweet-sour-flavored drink of bright red color,
made from dried Rosella flowers. Hot tea is drunk as a cool drink in the
heat.

Rooibos™ — a drink obtained by brewing dried crushed leaves and
shoots of Aspalathus linearis.

Honeybush® — a drink (“herbal tea”), which is made from some
species of South African plants belonging to the genus Cyclopia.

Catuaba® — made for the infusions of the bark of a number of trees,
originally from Brazil. The bark infusion is used in traditional Brazilian
medicine as a stimulant and central nervous system stimulant.

4. Materials and methods
The main tool that provides the vital activity of any organism and
regulates the ratio of the amount of energy to maintain homeostasis (the
relative dynamic constancy of the composition and properties of the
internal environment and the stability of the basic physiological
functions of the body) and spent on the regeneration of cells of the body,
is a change in the rate of reactions of organisms. This rate depends on the

16 Gullén B., Eibes G., Moreira M.T., Herrera R., Gullon P. Yerba mate waste:
A sustainable resource of antioxidant compounds. Industrial Crops and Products.
2018. 113. pp. 398-405.

7 pamela T. A. N. Kungel, Vanesa G. Correa, Rubia C. G. Corréa, Rosely
Aparecida Peralta, Rosane M. Peralta. Antioxidant and antimicrobial activities of a
purified polysaccharide from yerba mate (llex paraguariensis). International Journal
of Biological Macromolecules. 2018. 11415. pp. 1161-1167.

18 Nasir A. Siddiqui, Hanan M. Al-Yousef, Tawfeq A. Alhowiriny, Perwez Alam,
Rehab H. Abdallah. Concurrent analysis of bioactive triterpenes oleanolic acid and f-
amyrin in antioxidant active fractions of Hibiscus calyphyllus, Hibiscus deflersii and
Hibiscus micranthus grown in Saudi Arabia by applying validated HPTLC method.
Saudi Pharmaceutical Journal. 2018. 26, pp. 266-273.

19 Joubert E., de Beer D. Phenolic content and antioxidant activity of rooibos
food ingredient extracts. Journal of Food Composition and Analysis. 2012. 27 (1).
pp. 45-51.

2 3. D. van der Merwe, D. de Beer, S. Swanevelder, E. Joubert, W. C. A.
Gelderblom. Dietary exposure to honeybush (Cyclopia) polyphenol-enriched extracts
altered redox status and expression of oxidative stress and antioxidant defense-related
genes in rat liver. South African Journal of Botany. 2017. 110. pp. 230-239.

2l Jean Paul Kamdem, Elekofehinti Olusola Olalekan, Waseem Hassan, Ige
Joseph Kade, Jodo Batista Teixeira Rocha. Trichilia catigua (Catuaba) bark extract
exerts neuroprotection against oxidative stress induced by different neurotoxic agents
in rat hippocampal slices. Industrial Crops and Products. 2013. 50. pp. 625-632.

218



concentration and the ratio of oxidized and reduced forms of substances
in the body, so one of the most significant factors regulating the
parameters of redox reactions is the redox potential.

The redox potential quantitatively determines the activity of ions in
redox reactions and characterizes the deviation from the ionic balance of
free electrons, whose change in concentration leads to a change in the
electron charge of the liquid medium. In addition, the redox potential
characterizes the biological activity of the liquid medium, which affects
biological systems and allows the energy of these processes to be
evaluated. The positive value of the redox potential is due to the decrease
in the activity of the electrons in the solution, which indicates the
oxidizing ability, the redox potential with the negative value is
determined by the increase in the activity of the electrons and indicates
the restorative capacity.

At redoxmetry (measurement on a platinum electrode relative to a
chlorine silver reference electrode) the redox potential of the internal
environment of a healthy human body is less than zero (-100... -200 mV). In
this case, the redox potential of drinking water from the urban water supply
network, depending on the location of the water intake, the time of year, the
water treatment system (except for electrochemical activation) is always
greater than zero (+100... +400 mV).

These differences of redox potential of the internal environment of
the human body and drinking water mean that the activity of electrons in
the internal environment of the body is much higher than the activity of
electrons in drinking water. In the body there is a necessary change in the
redox potential of drinking water due to the consumption of electrical
energy of cell membranes, is energy of the highest level, energy, which
is actually the end product of the biochemical chain of nutrient
transformation. The amount of energy consumed by the body to achieve
the biological compatibility of water is proportional to its amount and the
difference of the redox potential of water and the internal environment of
the body.

In addition to drinking water, a person consumes water and water-
alcohol mixtures, food, the redox potential of which is positive. When
such products get into the body tissues, electrons are removed from cells
and tissues, which are 80-90% composed of water. As a result, the
biological structures of the organism (cell membranes, cell organoids,
nucleic acids, etc.) are subjected to oxidative destruction, the organism
wears out, ages, and vital organs lose their function.
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When aqueous solutions (food) with a negative redox potential close
to the values of the redox potential of the internal environment of the
human body enter the body, the electrical energy of the cell membranes
is not spent on the correction of the activity of the electrons of aqueous
solutions (food), so the products are immediately assimilated because
they have biological compatibility under this parameter.

If aqueous solutions (food) have a redox potential more negative than
the redox potential of the internal environment of the body, then they
feed it with this energy, which is used by cells as an energy reserve of
antioxidant protection of the body against the adverse effects of the
external environment.

We can conclude that in order for the human body to optimally use in
the metabolic processes agqueous solutions (food), the values of redox
potential must correspond to the values of redox potential of the internal
environment of the organism, or have more negative values.

The quantitative characteristic of the acidity or alkalinity of the
aqueous medium is the hydrogen index (pH), which is determined by the
activity of hydrogen ions (ay’) or, otherwise, by the ratio of the
concentration of hydroxonium ions HsO" and hydroxyl OH", whereas the
acidity and alkalinity characterize the quantitative content in the aqueous
medium capable of neutralizing with alkali and acid.

The pH of aqueous solutions is in the range from 0 to 14. If the water
content of H3O" is reduced compared to OH ions, then the water will
have an alkaline reaction (pH>7), with an increased content of
H3O" ions — acidic (pH<7 ), with equal concentrations of H;0" ions and
OH’ — neutral (pH=7).

There is a relationship between the redox potential and the pH level,
which is expressed by the fact that when the pH of the water changes by
1 unit. by the addition of sodium hydroxide or hydrochloric acid, the
redox potential changes accordingly by about 59 mV — increases with
decreasing pH and decreases with increasing it.

To evaluate the pH and redox potential (RP) of solutions, the
following formula is valid:

RPin=660— 60-pH, mV 1)

where RPi, — the minimum theoretically expected value of the redox
potential; pH — the hydrogen index of the test solution.
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The acquired values of RP,, are compared with actual measurements
of RP, of solution. The shift of the redox potential towards the recovery
values, as the recovery energy (RE), is determined by the formula:

RE=RPin— RP4t, mV 2

where RE — the energy of recovery (restorative capacity); RP,¢ — the
actual measured redox potential of the solution.

It can be concluded that the use of water-alcohol infusions from tea
products with specified values of redox potential, will allow their use as
semi-finished products for the production of alcoholic beverages, which
are able to change the speed and direction of redox processes in the
body, regulate biological and slow down negative processes in the
human body. The result will be a product with protective restorative
properties.

5. Results and discussions

In the first stage, water-alcohol infusions were created according to
the following scheme. Teas (black, red, yellow, white, green) and tea
products (mate, hibiscus, rooibos, honeybush, catuaba) were placed in a
container for infusion and spent the first pour in the volume of water-
alcohol mixture and infused for 5 days at room temperature, periodically
stirring the raw materials. During the first bay infusions of the 1st shower
were received. A second feed of the raw material was carried out with an
aqueous-alcoholic mixture, followed by infusion for 5 days. In the
process, infusions of the second shower were received. The obtained
infusions of the 1st and 2nd drains were mixed and received water-
alcohol infusions. After all stages of preparation of water-alcohol
infusions, their studies were performed according to organoleptic and
physicochemical parameters (Table 1. and Fig. 1-7).

The control sample of the aqueous-alcoholic solution at t=20° C has a
value of pH=5.63, RPi,=322.2 mV, RP.=181.0 mV, RE=141.2 mV.
Organoleptic control properties with an overall score of 9.50 points.

The sample of infusion of black tea at t=20° C has a value of
pH=5.48, RPin=331.2 mV, RP,=1525 mV, RE=178.7 mV.
Organoleptic control properties with an overall score of 9.62 points.
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Table 1

Characteristics of water-alcohol infusions of tea and tea products

. Hydrogen ‘
Raw materials Organoleptic index, pH RPmin, | RPact, RE,
values, scores . mV mV mV
units
Water-alcohol 9,50 5,630 3222 | 1810 | 1412
mixture
'”f“S"’[‘egf black 9,62 5,480 3312 | 1525 | 1787
'”fus'oqe‘: yellow 9,63 6,270 2838 | 925 | 1913
Infusion of red tea 9,66 5,550 327,0 146,5 180,5
'”f”S'O{‘er white 9,64 6,230 2862 | 970 | 1892
'”f”S'O{‘egf green 9,63 6,160 2004 | 1050 | 1854
Infusion with mate 9,63 5,735 315,9 131,1 184,8
Infusion of 9,66 3,245 4653 | 2280 | 2373
hibiscus
Infusion of 9,60 5,500 330,3 | 1760 | 1543
rooibos green
Infusion of 9,63 5,410 3354 | 2095 | 1259
rooibos
Infusion of 9,58 5,440 3339 | 1855 | 1484
honeybush green
Infusion of 9,56 5,210 347,7 | 2245 | 1232
honeybush
Infusion of 9,65 5,420 3351 | 1685 | 1666
catuaba

The minimum theoretically expected value of the redox potential
(RPmin) for water-alcohol infusions ranges from 283.8 mV (infusion of
yellow tea), to 465.3 mV (infusion of hibiscus tea), the actual measured
redox potential of the solution (RPyy) — from 92.5 mV (infusion of

yellow tea) to 228 mV (hibiscus tea infusion).

The minimum recovery energy (RE) — 123.2 mV and is characteristic
of the honeybush infusion, and the largest value of 237.3 mV is water-
alcohol infusion from the hibiscus tea.

The pH level for water-alcohol infusions ranges from 3.245 (infusion
of hibiscus tea) to 6.27 (infusion of yellow tea), ie infusions have
reactions from acidic to neutral.
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Fig. 6. Physicochemical characteristics of water-alcohol infusions
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Fig. 7. Physicochemical and organoleptic characteristics
of water-alcohol infusions

The most promising samples of water-alcohol infusions, which have
high organoleptic characteristics and can be recommended in the
technology of alcoholic cocktails — infusions of hibiscus tea and red tea —
9.66 points.

The groups of water-alcohol infusions for the production of alcoholic
cocktails by antioxidant activity were determined: infusions with low
activity (from 0 to 100 mV) — 0 samples; infusions with average activity
(from 100 to 200 mV) — 12 samples; infusions with high activity (from
200 mV) — 1 sample.

For blending of alcoholic beverage was added (Table 2): water-
alcohol infusion of tea products — 38,49%, coghac — 7,54%, vanillin
1:10 — 0,01%, sugar syrup 65,8% — 53,08 %, citric acid — 0.28%,
“color” — 0.6%, rectified ethyl alcohol and water — based on the strength
of 20% (Fig. 8).
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Table 2
Ingredients content

Water-alcohol vanillin Sugar Citric
infusion of tea | Cognac,% 1:10 % syrup acid. % Color%
products,% T 65,8%0,% !
38,49 7,54 0,01 53,08 0,28 0,6
0,60% @ Water-alcohol infusion
0,28% of tea products,%
O Cognac,%
38,49%
O Vanillin 1:10,%
53,08%
O Sugar syrup 65,8%,%
B Citric acid, %
0 01%/ \7154% [} C0|OI’, %

Fig. 8. Blending of alcoholic beverage

CONCLUSIONS

The established perspective of ways of forming consumer properties
and expanding the range of alcoholic cocktails is the use of different
infusions of tea products. Such substances or their combinations are
intended to improve the organoleptic properties of beverages, to give
them stable therapeutic and prophylactic properties — to promote the
promotion of human health (antioxidant, membrane-stabilizing effect,
enhancing redox reactions and enhancing the normalization of the action
hormonal status of the body).

SUMMARY

Creating low-toxicity alcoholic beverages allows a manufacturing
company to market new products. It is these products that distinguish the
range of manufacturers from the range of competitors, creating a
favorable image of the company, which cares about protecting
consumers from the negative effects of alcohol on the basis of the latest
technologies.
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Thus, the study of redox reactions occurring during the manufacture
of water-alcohol infusions is important to ensure their stability and safety
for consumption.
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HAHOTEXHOJIOI'IA TA HIA'OTOBKA )
CYYACHOTI'O IHXKEHEPA Y CBITJII PEAJII3ALIL
INPUHIMIIIB I 3ABJAHDb BOJIOHCBKOI'O ITPOLECY

Manumen B. B.,, I'ab A. 1.

BCTYII

CporojiHi CBITOBa CIUIBHOTA JKMBE B OYIKyBaHHI YeproBOTO
TEXHOJIOTIYHOTO TPOPUBY, IIOB’SI3aHOTO 3 PO3BHUTKOM 1 BHBUCHHSIM
TEXHOJIOTIT 3 BUIUM CTYIIEHEM 3aCTOCYBAaHHS MEPCICKTHBHUX HAYKOBUX
po3pobok. OCHOBHI HaAil IpU IILOMY TIOB’s3aH1 3 HAHOTEXHOJIOTI€I0, KA
oIepye CTPYKTypaMH i3 po3MipaMu TOPSIIKY HAHOMETpa.

Hanotexnouorii me nepedyBaroTh Ha CTafil MOYaTKOBOIO PO3BUTKY,
MpoTe BXKE 3apa3 MOXKJIMBOCTEH ICHYIOUMX TEXHOJIOTIH IOCHTH, LI00
CTBOPUTH 3 JEKUIbKOX MOJIGKYJI JesKi IpoCTi MeXaHi3MH. BoHw,
KEepPYIOUHCh CHTHAJaMH, IO HAIXOIATh 330BHI  (AaKyCTHYHHMH,
€JIeKTPOMArHiTHUMH  TOILO), 3MOXYTh  MAaHIMyJIIOBaTH  IHIIUMHU
MOJICKYJIaMH 1 CTBOpIOBaTH co01 TOMiOHI mpucTpoi abo CKiIamHimm
MexaHi3MH. Ti & CBO€I0 4eproro 3MOXKYThb BHTOTOBHMTH IE CKJIATHIII
mpucTpoi i Tak fanmi. BpemTi-pemrt el exkcroHeHHiHHMHA mporec
MpuUBele JO CTBOPCHHS MOJIEKYJSIPHHX pOOOTIB — MEXaHi3MiB,
MOPIBHSHUX 32 PO3MipaMH 13 BEJIMKOI MOJICKYJIOO, 10 MalOTh BJIACHHN
yOynoBaHMM KOMI'IOTEp. Y BUTOTOBJICHHI TAaKUX HAHOKOMII IOTEPiB
HEMa€ HIYOro (paHTACTHYHOTO, AKTHBHI EJICKTPOHHI €JIEMEHTH TaKhX
PO3MIpIB yKe OTpHMaHi B 1aGOPaTOPHUX yMOBax ">,

IIpupomHo, 1m0 B OYIKyBaHHI NEBHUX Hafil, NOB’s3aHUX i3
3aCTOCYBAHHSM MPHUHIIMIIOBO HOBOTO MIAXOMY IO TEXHOJIOTIi, CBITOBI
IHBECTHINIT B IfO TaTy3b MOCTIHHO 301IbIIyIOTHCA. CITiJl BIIMITHTH, 110

! Qeitaman P.D. BHM3Y NOJNHBIM-TIONIHO MeCTa: MpPUIJIALIEHHE B HOBBIA MHp
¢bwmsukn. Poccutickuti xumuyueckuti scypuan. 2002. T. 46, Ne 5. C. 4-6.

2 Bydauenko A.JI. HaHoXuMust — pssMoit MyTh K BBICOKUM TEXHOJIOTHSAM HOBOTO
Beka. Yenexu xumuu. 2003. T. 72, Ne5. C. 419-437. https://doi.org/10.1070/
RC2003v072n05ABEH000795

® Tananuyk I1., Manuue B. CTaHOBIGHHS i PO3BHTOK HAHOTEXHOJIOTIil y CBITI i
B YKpaiHi: BHKOPHCTaHHS IHTENEKTyalbHOTO KamiTamy, TEHJCHIl pPO3BUTKY.
Vuieepcumem « Yxpaina». 2009. Ne 10-11. C. 3-4.
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OCTaHHIMH pOKaMu cTBOpeHo moHan 16 000 «HaHOKOMIIaHiH», 1 iX
KUTBKICTh TMOCTIHHO 3pocTae. Ha 1ie 11e HakJagaeThCs po3dapyBaHHS,
noB’si3aHe 3 OyMOM y PO3BUTKY KOMIaHiil B ramysi iHpopMauiftHuX
TEXHOJIOT1H, sIKi CTPIMKO po3BHBaIUCA B 90-1 pOKH, JIABHHOMOAIOHO
HapoIIyIOYH DPIiBeHb KamiTaji3allii, a MmoTiM 0araTo XTO 3 HUX 3a3HaB
Kpaxy. Pazom 3 muM po3poOku B Trany3l HaHOMaTepiaiB,
HAaHOIHCTPYMEHTIB, HAHOEGJNEKTPOHIKM 1 HaHOOIOTEXHONOTii  BXke
MMOYHNHAIOTH MPUHOCUTH KOMEPIIiIHHY Bignady.

IIpoBinHi KpaiHM CBITYy JaBHO OLIHWIM IHHOBAIIMHUI NOTeHIian
HAHOTEXHOJIOTIH 1 CTBOPWJIM BIJAMOBiAHI HamioOHAJIbHI mporpamu. Ha
gactky CIIIA HuHI mnpumagae NpUOIM3HO TPETHHA BCIX CBITOBUX
IHBECTHINIH y HAHOTEXHOJIOTiI. [HII ToJOBHI IpaBli Ha ILOMY IO —
€pporneiicekuit Coro3 (mpudmuszao 15%) i Anownis (20%). HocmimkeHns
B il cdepi aKTUBHO BEIYThCSA TaKOXK y KpaiHax koymmiaboro CPCP,
ABcrpanii, Kanmani, Kwurai, IliBgennii Kopei, I3paim, Cinramypi i
TaiiBani. Ilpore VYkpaiHa B 1pbOMY HampsAMi 3HAYHO BIJCTAa€ BiX
TEXHOJIOTIYHO pPO3BHHEHMX KpaiH, IPUYOMY BiJCTaBaHHA Mae€ HE
TEXHOJIOTIYHHUH, a THTEeNeKTyaIbHUI XapakTep. J{iHCHO, HalaroIKeHHS
BHUPOOHUIITBA IIJISIXOM 3aTy4eHHsI 3apyODKHUX 1HBECTHUILIH 1 CTBOPEHHS
HOBHX MIiJIPHUEMCTB HE BHUPIIIyE MPOOJIEM y PO3BHUTKY CYCIHiIbCTBA,
3BOJISTYM KpaiHy MPOCTO IO JpKepela JaemeBoi pooodoi cum. HeoOximHo
HacaMmIlepell pPO3BMBAaTH OCBITY B IiH ramysi, MiJBHIIYBaTH piBEHb
MiJITOTOBKH 1H)KEHEPHUX KaJpiB, UMM 3aBXKIU CJIaBHUJIacid Halla KpaiHa.
UYepes 11e MiaroToBKa iHKEHEPHUX KaJpiB MOBHHHA KapAHHAIBHO SKICHO
SMiHHTHCS .

1. BukopucTaHHsi HAHOTEXHOJIOTii i HaHOMAaTepiaJjiB —
OJUH i3 BU3HAYAJIbHUX YMHHHUKIB HAYKOBOT0, EKOHOMIiYHOI0
i 000POHHOI0 PO3BUTKY /IepPKaB
3apa3 MPaKTHYHO y BCIX CyYaCHUX BUIIMX HABYABHUX 3aKianax
BHKJIJIaf0Th Kypc HaHOTeXHOJIOTIi. [IpupoHo, mo e BinOyBaeThes i B
VYkpaiHi, IpoTe BiAUyBa€ThCS SKACh HEBU3HAUEHICTh Y BUOOPI MaTepiamy
1 B moOyoBi JekuiitHoro mpouecy. s 1b0ro MoXHa 3arpoNOHYyBaTH
HACTYIIHY TpOrpamMy KypCy IIi€i TUCHWIUTIHY, TPU3HAYCHOTO, IIBH/IIIC,
JUISL CTYZIGHTIB CIICIialIbHOCTEH, OB’ A3aHUX 3 eJeKkTpoHikoro. ITporte, Ha

4 Tananuyk II., Mamumes B., Jlunosa JI. Ocsita XXI cromirtsa. Camo-
BU3HAUYCHHS OCOOMCTOCTI B KOHTEKCTi iHTerpamii YkpaiHu 10 €BpOMEHCHKOro
iHTeneKTyajgpHoro mpoctopy. Oceima  peciony. Ilonimonoeis,  ncuxonocis,
xomynirxayii. 2009. Ne 3. C. 206-213.
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HaIly OyMKy, 3HAHOMCTBO 3 OCHOBHHUMH IIOHSATTSMH HAHOTEXHOJIOTi{
MMOBUHHE YBIMTH J0 apceHally iHXeHepa OyIb-fKO1 CIemiadbHOCTI.
Binpasy 3a3HaunmMo, 110 IporpaMa Kypcy Hapasi Ma€ peKoOMeHIalliitHuii
XapakTep i TOBUHHA IIe 3a3HaTH KapAMHAIBHUX 3MiH 1 IepepoOoK.

OTXe, OCHOBHE 3aBIaHHS IOJSTA€ B TOMY, IIOO CTYAEHTH IMiCIs
3aKiHYEHHS Kypcy Oyiau B 3MO31 PO3YMITH 1 ClipuiiMaTu Taki MOHSATTS:
0COOJMBOCTI MPOBIZHOCTI B HaHoOMacmTabaX, TEeXHIKa BHUPOOHMIITBA
HAaHOIPUCTPOIB,  METOAWKA  BHKOPHUCTAHHS  HAHOTEXHOJIOTIYHHX
HIPUCTPOIB. J[1s IbOr0 JOCTATHRO 12 OCHOBHUX JIEKIIIH 3 TEM:

1) OCHOBHI BeTMYMHU i MACIITA0W B HAHOTATY3i;

2) TEXHOJIOTisi BAPOOHHIITBA 1 EKCIIEPUMEHTAIBHOTO TOCTI IKESHHS,

3) eneMeHTH KBAaHTOBOI MEXAHIKH 1 CTATUCTHYHOT (Di3HKH;

4) TyHemIOBaHHS,

5) 0qHOETEeKTPOHHUI TPAH3KCTOP;

6) HamiBIPOBITHWKOBI HAHOCTPYKTYPH Ha MTOBEPXHI,

7) eneMeHTH Teopil IPOBiTHOCTI B HAHOIPHCTPOSIX;

8) omHOBHMMIpHI IPOBIIHUKH;

9) KBaHTyBaHHS OIOPY, KBAHTOBHI TOUYKOBHUI KOHTAKT;

10)ByruneneBi HAHOTPYOKH;

11)enemeHTH KBaHTOBOI Teopii iH(MOPMAILiT i KBAHTOBI KOMIT TOTEPH;

12)6ioHaHoeneKTPOHIKa.

IIpupomHo, mO0 Taki IIMPOKI NUTAHHS HEMOXXJIMBO BHKJIACTH B
JIEKIIHHOMY KypCi, TOMY O0COOJIHBA yBara Ma€ MpHUIUISATHACS CaMOCTIHHIN
po0OTiI 1 TPOBEJACHHIO KOHCYNbTallid. PazoM 3 muM BaxiIuBO, MI00
KOHCIICKTHBHO JICKIIIHHUI Kypc MICTHBCS Ha CTOPIHIII JIEKTOPA B MEPEKI.
3 iHmoro 60Ky, cborosiHi B IHTEepHETI Bjke Tak 0araTo JEKLUIHHUX KypcCiB
Ta iH(OpMalii 3 HAHOTEXHOJIOTiH, MO NPOOJEMH, BHPIIICHHIO SKUX
SKpa3 1 CIYyXHTh IeH JeKIIHHUKA Kypce, OyayTh Juime y BHOODI
Martepiaiy.

Crnig 3a3HaYMTH, IO OCTAHHIM YacOM CIIOCTEPIraeThCs IIeBHA
TEHJEHINS IIOAO 3HIDKCHHS BapTOCTI  EKCIEPHUMEHTAIBHOTO I
TEXHOJIOT1YHOTO YCTAaTKyBaHHS. IHIIMMH cloBamH, HE TOTpiOHO GaraTo
rpomiei, mob KymuTH, HAPHUKJIAA, YCTAHOBKY 3 TYHENIBHOI MIKpOCKOMIl
a0o 3 emiTakcii 3a IPOCTOI0 METOAWKOI0. TOMY TOJIOBHE — 3HATH, IO
Tpeba 1 MOokHA 3poOuTH B miH ramysi. 3 iHImOro OOKy, TYT HaBiTh
HallMEHIIMI pe3ynbTaT NPHUBEPTAE BEIHKY yBary — Ie, IO CyTi, i
BU3HAYAETHCS Ha3BOIO «HAHOTEXHOJIOTIs».

3a OaraTbMa NPOTHO3aMHM PO3BHTOK HAHOTEXHOJIOTIH BH3HAYUTH
obmmuust XXI cromitrs. OCKIIBKM HAaHOHAYKH HE € CIEHialbHOIO
rajmy33[i0 3HaHb, IOCTIHKEHHS B HAaHOPO3MIpHIN ramy3i BemyThcs H y
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¢izumi, i B ximii, 1 B 6i0j10ri1i. A 1IIe YacTile — Ha CTUKY HayK. Baximusi
HAaHOIPOEKTH MAIOTh MUKTady3eBHH XapakTep i BHMaraioTh HOBHX
OpraHizalifHuX MIXOAIB AJS iX peamizalii Ta BiANOBIAHOT MiATOTOBKU
KaJIpiB.

Hanonayka 3apomunach Ha CTHKY (i3UKH KOHICHCOBAHUX CHCTEM,
HeopraHiyHoi Ta ¢isnyHOi Ximii, OioxiMii, eNeKTpoHIKH 1 €
IHTETpyBaJBHOIO HAyKol THIy KiOepHeTukn. Bona BimoOpakae
Cy4yacHy, TIpUTaMaHHy HacaMIlepe]] eJCKTPOHIIl, TEeHIASHII 0
MiHiaTIOpHU3alii Ta BU3HAYAa€ MEXi 3MEHIIEHHS CTPYKTYPHHUX OJMHHIIb
PI3HOMaHITHUX NPUCTPOiB. Y MEBHOMY CEHCl HAaHOHAyKa € CBOEPITHUM
MICTKOM MiXXK aTOMHO-MOJICKYJISIPHUM Ta KOJIOITHO-TUCTIEPCHUM PIBHAMH
MaTepiaJbHUX 06’eI<TiBS, .

VY acmexTi BUTOTOBJICHHS Ta BUKOPUCTaHHS HAaHOPO3MIpHHUX 00’€KTIiB
HAaHOTEXHOJIOTIF0 MOXKHA pPO3MIAIATH SK TPOIeC CTBOPSHHS 1
BHKOPHMCTaHHS MaTepiajiB HaHOPO3MIPHOTO MaclTa0y Ha piBHI TPyl
aTOMiB, MOJEKYNl 1 HAAMOJCKYJISIpHUX CTPYKTyp. HaHocTpykTypH,
BHTOTOBJICHI 3 TakuX «OyIiBeNbHHX» OJOKIB, € HaHMCHITUMH
00’ €KTaMH, CTBOPEHUMH JIFOTUHOIO.

HanomerpoBuii nianazon BumipiB posmipamu 1-100 HM BinkpuBae
HOBI1 BJIACTUBOCTI ¥ MiJIX0AM 0 BUBYCHHS PEUOBHHU. B 11bOMYy niana3oHi
KapAHHAIBHO 3MIHIOETHCS YMMAJIO (DI3MYHUX Ta XIMIYHHUX BJIIACTHBOCTEH.
B HBOMY TaK, sk Hime, OMU3BKO CXOIAThCS (i3uKa, XiMmig i Oiorioris Ta
CIiZi O4YIKyBaTM Ha TIOSBY HOBHMX SIBHI] 1 eQeKTiB, HOBHX
(hyHIaMEHTaJIbHUX TPUHIHINB, SKi TEHIATbHO IPOTHO3YBaB Jaypear
HoGemiBchkoi mpemii B ranmysi ¢izuku P. deiiman me B 1959 p.

HeoOxigHO BiAMITHTH, II0 HAHOMETPOBI 00’€KTH J00pe Bijomi Iie 3
MO3aMUHYJIOTO 1 MHHYJIOTO CTONITh, 5K, HANpPUKIAN, KOJOIM YU
TeTepPOreHHI KaTali3aTOpH, SKi BKJIIOYAIOTh HAHOYACTHHKH HA TIOBEPXHI
HociiB. OHaK B OCTaHHE JecATHpiuusl XX CTOJITTA OKPECIWIIUCA TaKi
TIOHATTS, SIK HAHOKJIACTEP, HAHOCTPYKTYpa 1 MOB’s3aHi 3 HUMU SIBHINA, Ta
BUAUTHIICS B OKpeMy raiy3b (i3uko-xiMmii. Lle crajocsi roJOBHUM YHHOM
BHACJIIOK 3HAYHOTO MPOTPeCcy B OTPUMaHHI M JOCIiKEHHI HAHOOO €KTIB,
MOSIBM HOBUX HaHOMAaTepialiB, HAHOTEXHOJIOTIH 1 HAHOMPHUCTPOIB.
CuHTe30BaHI HOBI TIFAaHTCHKI HAHOKJIACTEPU POy MeTaiiB, (ymepeHu i
BYIJICIIEBI HAaHOTPYOKH, YMMAJI0 HAHOCTPYKTYp Ha iX OCHOBI Ta Ha 0asi

® PuiGankuaa M. Hanorexnomnornu st Beex. Nanotechnology News Network,
2005. 444 c.
Annpuesckuii P.A., Paryns A.B. HanocTpykrypHble Martepuaibl. Yuel.
nocoOue aJ1s CTyA. BbicuL. yueO. 3aBenenuii. Mocksa, Academia, 2005. 192 c.
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CYNpaMOJICKYIISIPHUX TIOPUIHUX OpraHIYHMX Ta HEOPraHIYHHX IOJIMEpiB
Tomo. JIoCATHYTO MOMITHOTO Tporpecy y METOJaxX CIOCTePEKEHHSI —
BUBUEHHS BJIACTUBOCTEH HAHOKIACTEPIB 1 HAHOCTPYKTYp, OB SI3aHOTO 3
PO3BUTKOM TYHEIIFHOT 1 CKaHyBaJIBbHOI MIKPOCKOIii, PEHTICHIBCBKUX Ta
ONTUYHMX METOIB 3 BHKOPHUCTAHHSIM CHHXPOHTOHHOTO BHIIPOMiHFOBAaHHS,
ONTUYHO{ JIa3epHOI, PaXiouacTOTHOI, MeccOayepiBChKOI CIEKTPOCKOIIl
toro. OTxe, npeaMeT (Bi3UKo-XiMil HAHOKIIACTEPIB Mae BKIIFOYATH CIIOCOOH
OTPUMAaHHS HAHOKJIACTEPIB 1 HAHOCTPYKTYp, IX BIACTHBOCTI Ta
BUKOPUCTaHHS Yy BHUIVBIAI HaHOMaTepialiB, IO MAawThb BUXIJ Ha
HAHOTEXHOJIOTIIO.

Cepenl OCHOBHHX CKJIQJHHKIB HAyKH INPO HAaHOMAaTepianu W HaHO-
TEXHOJIOTI] MOYKHA BUIIIUTHA TaKi':

— (¢yHnaMEHTaNbHI JOCIIMKEHHS BJIACTHBOCTEHl MaTepialiB Ha
HaHOMACIITAOHOMY DiBHI;

— PO3BHUTOK HAaHOTEXHOJOTIH SK [UIS IICCIPSIMOBAHOTO CTBOPEHHS
HaHOMATepiamiB, TaKk 1 U1 MONIYKy Ta BUKOPUCTAHHS MPUPOTHHUX
00’€KTIB 3 HAHOCTPYKTYPHUMH €JICMCHTaMH;

— CTBOpPEHHS TOTOBHX BHUPOOIB i3 BUKOPUCTAHHSAM HaHOMATEpialiB Ta
iHTerpauis HaHOMaTepiaiB 1 HAHOTEXHOJOIiM y pi3HI ramysi
MIPOMMCIIOBOCTI Ta HAYKH;

— PO3BHUTOK 3aco0iB 1 METOHIB JOCTI[DKCHHS CTPYKTYpH Ta
BJIACTUBOCTEW HAHOMATEpPialliB, a TAKOK METOJIB KOHTPOJIO i aTecTarii
BUPOOIB 1 HamiB(paOPUKATIB I HAHOTEXHOJIOTIH.

[Mouarok XXI CTOMTTS O3HAMEHYBABCSI PEBOJIOMIMHIM ITOYATKOM
PO3BUTKY HAHOTEXHOJIOTIM Ta HaHOMarepiamiB. BoHM BXe BHKO-
PHCTOBYIOTBCS Y BCIX PO3BHHEHMX KpaiHAaX CBITY Y HaHOUIBII 3HATYIIMX
cdepax JOACHKOT JISIIBHOCTI (IIPOMHUCIIOBOCTI, 0OOPOHI, iH(pOpMAaITiitHIN
chepi, pamioeTCKTPOHIIli, EHEPreTHIli, TPAHCIOPTI, OIOTEXHOJOTIT,
MEIUITNHI). AHaJ3 3pOCTaHHS 1HBECTHIIN, KITHKOCTI myOmikamii 3 1aHoi
TEMAaTUKW 1 TEMINB BIPOBADKCHHS (YHIAMEHTALHUX Ta MOIITYKOBHX
PO3pOOOK JTO3BOJISIE 3pOOUTH BHCHOBOK TIPO T, IO B HaiOmmx4i 20 pokiB
BUKOPUCTAHHA HAHOTEXHOJIOTIH 1 HaHOMaTepiaimiB Oyle OIHMM i3
BU3HAYAJBHUX YHMHHHUKIB HAyKOBOTO, EKOHOMIYHOTO Ta OOOPOHHOTO
PO3BUTKY JIepkaB. 3a 0OaratbMa TIPOTHO3aMH  CaMe€  PO3BHTOK
HAHOTEXHOJIOTIH BHU3HAYNTHL 00muyayst XXI CTOIITTS, MOAIOHO 0 TOrO, SIK

" Banosn B.M., Konmakos A.I'., Anbivos M., Kporos. A.M. Hanomarepuanesl.
Knaccudukanusi, 0COOEHHOCTH CBOWCTB, NMPUMEHEHHE W TEXHOJIOTH IOJIYy4YCHUs.
MockBa, MexxayHapoaHbIH YHUBEPCUTET MPUPOABL, 00IIecTBa U yenoBeka «JlyOHay,
2007. 125 c.
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BIIKPUTTS aTOMHOI €Heprii, BUHAXiJl Jlazepa 1 TPaH3UCTOpAa BH3HAYMIIH
oOmmyust XX CTOMTTA. A JesiKi eKCHepTH HaBiTh IependadaroTh, IO
XXI cromiTra Oy[e CTONITTSM HAHOTEXHOJIOTIH (3a aHAJIOTIEI0 3 THM, SIK
XIX cTOmTTS Ha3sWBAIM CTONITTSM Tapw, a XX CTOJNITTA — CTOJITTSIM
aToma i KOMIT' 10Tepa).

JdocsrHeHHs B po3poOlli Ta  BHUIOTOBJICHHI  HAHOCTPYKTYP
HalOIBIIO MIpOI0 BU3HAYAIOTHCS PIBHEM PO3BUTKY TEXHONOTIH, sIKi
JAf0Th 3MOTY 3 aTOMHOIO TOYHICTIO OTPHMYBaTH HaHOCTPYKTYPH
HeoOXimHOI KOH(irypamii Ta pO3MIPHOCTI, a TaKOX METOIIB
KOMILJICKCHOT JIIarHOCTHUKH BJIACTHBOCTEH HAHOCTPYKTYP, BKIFOYAIOUU
KOHTPOJIb y MpoIieci BUroToBieHHs (in SitU) i kepyBaHHS Ha HOTO OCHOBI
TEXHOJIOTIYHUMH TIporiecaMu. BakiTMBi HayKOB1 1 TEXHIYHI JOCSATHEHHS,
110 IPYHTYIOTECSI HA PO3YyMIiHHI i KepyBaHHI MPOLIECaMU Ha PiBHI aTOMiB
1 MOJIEKYJ1 — HaHOPIBHI, — 3JIHCHIOIOTBCS B JIA0OPATOPISAX YChOTO CBITY.
Hampukmag, MOXJIMBICTH KepyBaTH CHHTE30M  MaTepiayiB  Ha
HaHOPO3MIpHOMY piBHI BXKE€ 3apa3 Ja€ 3MOTy CTBOPIOBATH HOBI HaHO-
MaTepiajay 3 IMOJIMIICHHMH BJIacTHBOCTAMU. HoBH3HA HaHOMaTepialiB
BHXOJUTH 3 TOTO, IO 31 3MEHIIICHHSM PO3MIPIB CTPYKTYPHHX €JICMCHTIB
BOHM HAOyBalOTh MPUHIMIIOBO HOBUX BJIACTHUBOCTEH. Y BijianeHiit
MEepCHEeKTUBI HAHOTEXHONOTI NMpHUpeueHi Ha Ie OUIbII PEeBOTIOLiNHI
JNOCSTHEHHS 3 MOXJIMBAM BIUIMBOM TIPAKTHYHO Ha BCl ramysi
MIPOMHCIIOBOCTI, BKJIFOUAIOUH €HEPTETHKY, OXOPOHY 3JI0POB’s, 00OPOHY,
TpaHCOpT 1 enekTpoHiky. Hamaroum wmarepiamam Ta cucTeMam
MPUHIMIIOBO HOBHX SKOCTEH, HAHOTEXHOJIOTIl 3a0e3MeuyioTh IpOorpec
MPAKTUYHO B YCIX ICHYFOUMX Taly3sX TEXHIKH Ta MPOMHCIOBOCTI. | 1e
CIpaBJi Tak, TOMY II0 HAHOTEXHOJIOTI KEPYIOTh CTPYKTYPOIO MaTepii Ha
aTOMapHOMY piBHI, TOOTO Ha PiBHI, 3aTaJbHOMY JUIsI BChOTO KHBOTO M
HexuBoro. ChOTOIHI BOHH € OCHOBOIO OUTBIIIOCTI 1HHOBAI[IHHUX PIllICHb
y BCiX cdepax JIHOACHKOT MisbHOCTI. YM #meThCs MpPO TEHETHKY,
KJIIOHYBaHHS, OakTepii a00 MIKpOOpraHi3Mu, YH PO HOBI MaTepiaid Jyis
aBTOMOO1ICOYIyBaHHS, IPOJYKTH 1 Tally3l MeTaIyprii — CKpi3b 1 BCIOIU
IHHOBAIII}HI pIlIEHHS TaK Y 1HAKIIE MOB’S3aHi 3 HAHOTEXHOIOTisIMHU. Ls
iHTerpyBajbHA POJIb HAHOTEXHOJOTIH BHCYBAa€ X Ha OJHE 3 MEPIIUX
MicIlb Y chepi KpUTHYHHX TEXHOJOTiH, 0e3 PO3BHUTKY SKHUX CHOTOIHI
JKOJHA Jep)KaBa CBITY HE MOXKE MPETCHAYBAaTH HAa KOHKYPEHTHHIA
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TEXHOJIOT1YHUI PO3BUTOK 1 CTBOPEHHS CBOET 1HTEIEKTYaIbHOT BIACHOCTI
y cdepi HayKu i TEXHOJIOTIIA.

Ha oxamp, cy4acHa cucTeMa HaiileHa Ha  (OpMyBaHHS
BY3bKOCIICIIIaNII30BaHUX «TBHHTHKIBY» 3aCTapiJioro MEXaHi3My, a HE Ha
TapMOHIMHO PO3BHHEHUX IIIOJCH, sIKi caMOCTIHHO MHCHATh. Hepimko
MOJKHA 3YCTPITH JIIOAMHY, IO MPEKPACHO PO30OHMPAETHCS, HANPHUKIAM, Y
KOMIT'IOTEpHIM TeXHIII Ta NporpamMyBaHHi, ajle HpU IbOMY 30BCIM
HEe3HalioMa 3 JOCATHEHHSAMH CydacHOI XiMii, 61010Tii a00 HaBIaKH.

SlckpaBUM MPHUKIATOM MDKIUCIUILTIHAPHOTO MUCIICHHSI, IO JOCSTIIO
BUJATHUX PE3YJIbTATIB Y PI3HUX Taly3sX HayKu i MHUCTeLTBa, OyB TeHiil
Jleonapso na Bimui. Moro He MOXHA HA3WBATH JIMIIE BYCHHM, JIHIIE
XYJOXKHHUKOM, JIHIIIe apXiTeKTOpOM ado Jiniie imkeHepoM. JleoHapao na
BiHui cBOiM TpHKIAZOM TMOKa3aB MOXKJIUBICTH IUTIAHOTO TOETHAHHS
PI3HUX 3HaHb 1 BMiHb B OJHIHM JIFOJUHI, 0 O TaM HE CTBEPIKYBAIH
aJIeTITH «BY3bKOCTICIIATI30BAHOTO T IXOIY.

Jo pedi, SKIIO TOBOPUTH TMPO 3B’S30K HAHOTEXHOJOTIH 3
(byHIaMEHTATEHAMH HAayKaMH, TO MOJKHA CKa3aTH, IO MPAKTUIHO OyIb-
SIKUM TIpeIMET 3 THUX, 110 BUBYAIOTHCA B IIKOJI, TaK YU iHAKIIEe Oyre
MOB’s3aHUM 3 TEXHOJOrisiMU MaiOyTHboro. HalloueBuaHimie mporHo-
3YEThCA 3B 30K «HaHO» 3 (Pi3MKOI0, XiMmiero Ta Oionoriero. O4YeBHUIHO,
came IIi HayKW OJiepKaTh HAMOUIBIINI MOIMTOBX IO PO3BUTKY Y 3B’S3KY
13 HAHOTEXHOJIOTIYHOIO PEBOJIOIIIEI0, 110 HAOMMKAETHCS. AJle HE TIJIbKU
BOHHU. be3 po3Butky iH(popManitHUX cucTeM (OCOOIMBO TAKMX rairy3en
iHQOpMATHUKH, SK INTYYHWH IHTENEKT, KOMIT'FOTEpHE MOJICITIOBAHHS,
poboToTexHiKa TOIIO), (YyHIAMEHTAILHOO 0a30l0 SKHX € Mare-
MaTHYHUIN anapaTr, HEMOXXJIMBI MPOEKTYBAHHS I CTBOPEHHS NPHCTPOIB
HaHOECJICKTPOHIKH.

2. Bi3Hec B rasy3i HaHOTeXHOJIOT i

HocsrHeHnHss B po3poOIli Ta  BHUTOTOBJICHHI  HAaHOCTPYKTYP
HaHOUTBIIIO MIPOI0 BH3HAYAIOTHCS PIBHEM PO3BUTKY TEXHOJIOTIH, SKi
Jal0Th 3MOTY 3 aTOMHOI TOYHICTIO OTPHMYBaTH HaHOCTPYKTYPH
HeoOXximHOi KOH(irypamii Ta pO3MIpHOCTI, a TaKOX METOMIB
KOMIUTIEKCHO{ [[IarHOCTHKH BJIACTHBOCTEH HAHOCTPYKTYpP, BKIIIOUAIOUH
KOHTpOJIb y mporieci Burotomenus (in Situ) i ympasminHsS Ha #HOroO
OCHOBi TEXHOJIOTIYHUMH TpollecaMd. 3a OararbMa MPOTHO3aMH, came

8 TpetwsikoB 10.[1., l'yaunun E.A. OcHoBHBIC HanpaBieHUs QyHIaMEHTAIBHBIX U
OpPHEHTUPOBAHHBIX HCCIENOBaHMH B 00NacTH HaHOMATEpUANlOB. Ycnexu Xumuu.
2009. T. 78, Ne 9. C. 867-888. https://doi.org/10.1070/RC2009v078n09ABEH004029
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PO3BUTOK HAHOTEXHOJIOTIH BH3HAYUTH 00in4ust XXI cronitTs, moaioHo
JI0 TOTO, SIK BIIKPHUTTS aTOMHOI €Heprii, BUHaxXija Jlazepa i TpaH3UuCTopa
BU3HAUWIH o0maust XX cromirrs

Cporo/iHI y BITYM3HSHIA HAHOTaTy31 MOTPIOHO HE MpaioBaTd abo
poOuTH Kap’epy, a cTBoproBatH Oi3Hec. SIKIIO BU OyJeTe YeKaTH MOKH
XTOCh JIaCTh BaM Po0OYi MicLis, TO MOXETE HE T0UEKATUCS LIbOTO HiKOJIH.
ChOrofiHi HAHOIHIYCTPii TOTPiOHI JIFOAM, SKi 3AaTHI HE TITBKKA Ha
HEHMOBIpHI BIIKPHUTTS, ajie ¥ yMIIOTh BUTOTOBJISITU MTPOAYKIIIFO, & TAKOXK
pearnizoByBaTu i Ha pHUHKaX, AOJIAOYM BCi MOXIMBI mepemkoau. Illo
3HaYuTh poOuTH Oi3Hec? lle o3Havyae mpUIyMaTH MIOCH HOBE, MOTIM 1€
OIOCh BUTOTOBHTH, a IICII LBOTO TpoAaTd. Tak ock, HpUAYMATH
HEJIETKO, 3pO0HTH IIIe Bakue, alie HailBayKue — IPOJaTH.

2. 1. l HBecTHMUI i

Ineecmuyii — Te HacmpaBIl He IO IHIIE, SK BKIameHHS. s
pPO3BUTKY Oyap-1KOro Oi3HeCy MOTpiOHI BKJIAJAEHHS: TIpollei, dacy,
3MI0HOCTEH — 3 METOIO IX MOAAIBIIOTO MPUMHOXKEHHS. OCTaHHIM YacoM
yce  OuTbIlle  JAJICKOTJISTHUX — IMIANPUEMINB, SAKI  PO3YMIIOTh
MEPCIIeKTUBHICTh Ta EKOHOMIUHY BUTOAY HAaHOTEXHOJIOTiH, BBAYKAIOTH 32
Kpalle BKJIaJaTH KOIUTH Yy BHUCOKOTEXHOJOTiYHI TMpoekTH. OOcsr
iHBecTHii y HanoTexHoJoril y CIIA 3a pi3HUMH OIliIHKAMHU CTaHOBHTH
Ha chorofHi Bix 50 1o 60% Bix Bcix cBiToBUX iHBecTHiiid. Ha Ykpainy x
npunagae Menme 0.5% CBITOBHX «HaHOiHBecTHIil». [ winboBa
Jiep)KaBHa TIporpaMa IMITPUMKHA HAHOTEXHOJIOTIH B3araji TUIBKH
HaPOJKYEThCS.

2. 2. MpmobébyTKOBI CTb i

HeoOximHO 3p03yMiTH 1 IPUIHATH SIK HAJEKHE OJHY MPOCTY ICTHHY:
JIOXiJ Bil IHBECTHII MOXXHA OTpPHMATH, JIUIIEe MPUUHSABIIM Ha cebe
neBHUH pu3uK. Y Oyab-skoMy Oi3Heci MM OUTBIMIKAN MPHOYTOK BHU
X04eTe OTPHMATH, THM Ha OUIPIIMHA pPU3UK BaM JOBENCTHCS WTH.
€ Oi3HecH CTiMiKi, 31 3pO3yMUIMMH TpaBWIAMH TpH, 3PO3YMUIMMHU
MPOJYKTaMU 1 3pO3yMIIMMH pWHKamMu 30yTy. Jios HHX 3a37qaerinb
BiZoMi maHi BijJadl Ha BKJIaJEHWN KarliTaj, 1 3a3BM4Yaii BOHAa HEBEIHKA,
OCKIJIBKM J0Opa TPOTHO30BaHICTh IBOTO Oi3HeCy NMPUBAOIIOE BENHKY

o Crapoctun B.B. Marepuansl ¥ METO/IbI HAHOTEXHOJIOTHH. Y4ebHoe mocobue.
Mocksa, «bunom. Jlaboparopus 3Hanuii», 2008. 431 c.

° Tonosun 10.U. Beenenue B HaHOTEeXHONOTHIO. MOCKBa, «MarmHocTpoeHue-1»,
2003.112c.
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KIUTBKICTh KOHKYpeHTIB. Jlo Takoro pojay Oi3Hecy HallexKaTbh, HAlIPHUKIIA],
aBTO3aIpaBHi CTaHIlii a00 poaax eleKTpoeHeprii. TyT MOXKIHBI 30UTKH
B OKpEMi HECHPUSTIHMBI TEpioAH, MPOTe MIOJ0 3arajlbHOI BETHYHHU
BKJIAJICHOTO KarliTajdy BOHU HEBEIHKI.

3 iHmoro 00Ky, € pU3UKOBaHi Oi3HECH, SKi TIOB’s3aHi 3 PO3POOKOIO 1
MPOCYBaHHSAM Ha PHHKU HOBUX MPOAYKTiB. Po3po0Ka ix BUMarae gacy ta
rpoeii, i ToMy 3a3maneriap nependadnTH, Y BUHAE PO3POOUTH CIIpaBIi
XOPOIIHA MPOAYKT 1 4u OyJie BiH MOTIM NPUAHATHIA CIIOKUBAYaMH, JTyKE
CKJIanHO. Pu3uk HeBmaui takoro Gi3Hecy IyxKe BEIUKUI — ax J0 MOBHOI
BTpaTH IHBECTOBAHOro Kamitamy. [IpoTe, SKIIO MOTaNaHUTh, MOXKHA
BHSIBUTHCS TIEPIIAM 1 €IWHHUM BHUPOOHHKOM TOCTPO 3aTpeOyBaHOTO
MPOAYKTY 1 3a PaxyHOK IIbOTO OAEP>KYBaTH MPOTATOM MEBHOTO dYacy
nyxe BHCOKi mpuOyTtkum. Il[o0 Hasmormaté Bac, KOHKYpPEHTaM
JIOBEJIETHCSI 3aTPATUTH YUMAJIO Yacy 1 pecypciB.

Y Oi3Heci MPUOYTKOBICTh 1 PH3UK WIyTh IUIY-O-IDIIY, iCHYIOTH
OTHOYACHO. PU3MK — 1l Te, Ha MO JOBOMUTHCA HTH, SKIIO XOYEI
JOCSTTH TIOCTaBIIEHOI METH, aie 0araTto XTO BHSBIAIOTHCS 1O HBOTO
MPOCTO TICHUXOJIOTIYHO HE TOTOBHUM. JSIKIO iHBECTHII y OaHKIBCBHKI
BKJIQIM MalOTh MepenadadyBaHUi pe3ybTaT, TO MPO HAHOTEXHOJOTIYHI
MPOEKTH IBOTO CKa3aTH HE MOXKHA, OCKIIBKH JKUTTEBI IMOBOPOTHU
MPAKTUYHO HemepenadavyBaHi. Bbynb-skuil MiANpPHEMENh ITiATBEPIUTD,
mo 70 96% cBoro yacy BiH BHTpaudae Ha OOpOTBHOY 3 «pU3UKaMN», IO
BUHHUKIN — DPI3HUMH HEY3TO/DKEHOCTSIMHU, 3005IMH Ta HEOUYiKyBaHHUMHM
yCKJIaIHeHHsIMH. ToMy, 1100 BKJQJaTH TpoIli Yy HemnependadyBaHe,
Tpeba TocTapaTHCs Bce HemepeabadyBaHe MPOpaxyBaTH. 3a CIIOBAMH
OJIHI€T MyApOT JIIOJMHU, «TOW, XTO HEe BUUTHCA NiepeadadaTy i 3anodiratu
pU3UKaM, pPHU3UKYE CaM BHSBUTHCSA PU3UK-(PAKTOPOM, BIIILIKYE
MapTHEPIB, IHBECTOPIB 1, 3BUUYAHO K, TPOIIIi».

KinpKicTh pU3MKiB NPONOpLitHA KITBKOCTI B3a€EMO3B’SI3KIB MPOEKTY 3
HABKOJIMIIHIM cepenoBumieM. [locTadyambHUKA MOXKYTh MIPOAATH MOTaHy
CHpPOBUHY, TMapTHEPH MOXKYTh IIIBECTH, TOKYIIIM MOXE He
cromo0aTHCs TOBap, MOAATKOBA TEXK TYT SK TYT .. 3arajoM, YuM
ABTOHOMHIIIIUI MPOEKT, TUM BiH HAIHHIIIN.

3a pi3HUMH [IaHWMH, JECATh POKIB TOMY B HAIlill KpaiHi YacTka
YCIIIIHUX Oi3HEC-TIPOEKTIB cepenl ycix ModaTKiBIiB ckiamaiga 5-10%.
Coorogui 1ei mokasHMK crTaHoBuTh MeHme 0,5%. Came Taka
WMOBIPHICTH TOrO, IO Yac, CHJIM 1 TPOINi, BKJIAJACHI B IPOEKT,
MOBEpHYThCS 3 MNpuOyTKOoM. OTxke, 3aHATTS Oi3HecoM B YKpaiHi,
0COOJIMBO HAHOTEXHOJIOTIYHUM, HE IS JIFOJIeH 31 CTaOKMMH HEPBaMHU.
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2. 3. KOHKYypeHUi A

Konxypenyia — e XoH(IIKTHE CYNEPHHULTBO 32 JOCSTHEHHS KPaLTuX
YMOB iCHYBaHHs, ()YHKI[IOHYBaHHsS Ta PO3BUTKY. SIKIIO CbOTOJHI Balla
MPOJYKIliA 3aTpeOdyBaHa PHHKOM, TO He (hakT, IO 3aBTpa XTOCh HE
3poOUTh TE K came, aie JemieBnie 1 skicHime. Tomy, mo0® OyTh
yCHIIHUM y Oi3Heci, MOTpiOHO He TINbKKU CTBOPUTH 1 BECTH iloro, a i
0e3nepepBHO PO3BUBATH CBOI KOHKYPEHTHI IT€peBaru:

— Haykogo-mexHiuHi nepeeacu (AKICTb HAyKOBHX JIOCIIDKCHb,
MOXJIMBICTb PO3POOKM Ta BHPOOHMIITBA HOBHX TOBapiB, CTYIHb
OBOJIOJIIHHSI ICHYFOUUMH TEXHOIOT1IMH);

— 8upobHuui nepesacu (HU3bKI BUTPATH Ha BUPOOHHUIITBO MPOAYKII,
SIKICTB TIPOAYKIIii, TOBHOTa BHUKOPHCTAHHS MOKIMBOTO YCTaTKyBaHH,
BUTIZIHE MiCLIE3HAXO/PKEHHS 3 TOYKH 30py TPAHCIOPTYBaHHS, JOCTYII JIO
kBasi(ikoBaHOi po0OOYOi CHIIM, BHCOKa NPOJYKTHBHICTH IIpalli,
MOKJIMBOCTI BHUPOOHHMIITBA Pi3HOI MPOAYKIli, BUKOHAHHS 3aMOBJICHb
CIIOXKUBAYIB);

— mopeosi nepesacu (IIMPOKa Mepexa 30yTy, JOCTYI TOKYIIIB IO
TOBapy, HASBHICTh BIIACHWX MAarasWiHiB, HHM3bKi BHUTpaTH Ha NPOJaX,
IIBUJIKA TOCTABKA);

— Mmapxkemuneosi nepegazu (BUCOKa KBasiikallis CHiBpOOITHHKIB
BIIUTY TIPOJaxiB, TEXHIYHA IMITPUMKA, aKypaTHE BUKOPHUCTAHHS
3aMOBJICHb, PI3HOMAHITHICT,  TPOAYKIli, MHCTEHTBO MPOJAXIiB,
MpUBabIIMBI IU3aliH 1 yIIaKoBKa, TapaHTii);

—  npogeciiini  nepesacu  (0cOONUMBUII  TamaHT, HOY-Xay,
KOMIIETCHTHICTh, YMIHHS CTBOPIOBATH €()EKTUBHY peKaMmy, 3JaTHICTh
MIBUAKO TEPEBOAMTH TOBAapH 31 CTaaii pO3pOOKHM B TPOMHCIOBE
BHPOOHHIITBO);

— opeanizayiini nepesacu (piBeHb 1HGHOPMAIIHHUX CUCTEM, 31aTHICTh
IIBUJIKO pearyBaTH Ha 3MiHIOBaHi CHTYallii, JOCBiT);

— iHwi nepesacu (CIPUATIMBUAN IMIIDK 1 perryTallisi, HU3bKi BUTPATH,
BHTIJIHC pPO3TAllyBaHHS, NPUEMHI B CHUIKYBaHHI Ta JOOPO3HUIMBI
CHIBpOOITHUKHM, MOCTYN Ha (hiHAHCOBI PHUHKH, IPaBOBA 3aXHUILIEHICTH)
TOIIIO.

Ko Ha puHKY 6araTo KOHKYpEHTIB, KOKHOMY 3 HHX JICTA€ThCS HE TaK
yxe ¥ Oarato mnpHOYTKYy, TOMYy €IMHMII crmocid 3pooutn Oi3HecC
HaJe(eKTHBHIMH — II¢ MO30YTHCS KOHKYPEHII] Ta CTaTH MOHOIIOJICTOM.
Maemo Ha yBa3i BUIATHUI BUHAXII — Te, YOTO IIe HIXTO, KPiM Bac, He BMi€
pobutn. [lokw IO KOHKYpEHTH pPO3BiAYyIOTh, SK I BaM BJIAEThCHA, BH
3MOKeTe 3po0UTH HOBHII BUHAXIT, 1 Bac y)ke He Ha3morHatu. bimn Ieiite Tak
1 3pobuB — BiH mpocto BuHaWImOB DOS B Toil Yac, KOJMH HIXTO Mpo Ie He
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3amucimoBaBcs. A komu ycmix DOS mpuBaOuB 0e3iid KOHKYPEHTIB, BiH
BuHanmoB Windows 1 cTaB Hall0oararIoro JIFOJUHOKO B CBITI.

He 3a0yBaiite npo Te, 110 MOKH BU KepyeTe CBOIM Oi3HecOM, Ballli
KOHKYpEHTHI TIiepeBard — BWHAXONH, CIPOMOXKHOCTI, TallaHT —
MPAIOOTh Ha Bac. SK TUTBKHM BH MPOJAIH 1X YyXiii KOMIIaHii, BH CTa€ETE
HaliMaHUM TpalliBHUKOM — mpoierapeM. Komu BoHM po30epyThes y
BalllOMy BHHAXO/l1, BU cTaHeTe M He MOTPiOHI 1 BTpaTuTe CBOI MepeBary.
Takuit 3aK0H MIPUPOTHOTO BiAOOPY.

2. 4. |l Hpopmauyi A

Jloxoau Bim IHBECTHINH TpPSIMO TMPOMOPLIHHI SKOCTI iH(opMaIii,
sikoro BH BoJogiere. Hemapma bimn ['eiitc ckazaB, o B HOBOMY CBITi
YCIiXy JOCSTHE TOW, XTO HABYUTHCS MPABWIBHO IIOBOJUTHUCS
3 iHopMaIli€ro, a BXKe BiH Ha Il cripaBi pO3yMI€ThCS SIK HIXTO I1HIITHH.
Sxmo BU 3HaeTe, aKilii K0T KOMITaHii BUPOCTYTh Y IIiHI, a AKi BIAAyTh,
BH MOXXETE MHUTTEBO 3apOOJIITH KyIy TPOILICH, OJHAK, MO0 OTPUMATH
Taky iH(opMaIlifo, MOTPIOHO JTOCKOHAJIBHO 3HATH BCE, IO JIETHCS B
KOXHIM KommaHii. Sk oTrpumarn OaxkaHy iH(popMarllifo, mo0 BUTITHO
iHBecTyBaTH cBoi rpomri i1 4ac? OCHOBOI JOPOTOIIHHOTO 3HAHHA
€ po3Biaka. Po3Bizka Ta e pa3 po3BifKa — 3p03yMijo, y paMKax 3aKOoHY.
HaHnoiHgycTpis Mae Taky KUTBKICTh B3a€EMO3B’SI3KiB, IIIO JIOCHTH IPOCTO
BIZIKPUTH 04l 1 «HarOCTPUTHU ByXay, 00 Ii3HATUCS IPO BCe HEOOXinHe,
1 HaBITh MOHAJ T€ HPU LBOMY iH(POpPMAIlS MOXE MOTPANUTH 1O Bac y
PYKH Pi3HUMH HITSIXaAMH:

— MoHiTopuHT 3MI, 110 HaNeXaTh 10 MOTPiIOHOT ray3i;

— IIJISIXOM PO3BUTKY KOHTAKTIB 3 €KCIIEPTaMU Ta aHAITHKAMHU;

— yepe3 CIiBpOOITHUIITBO 3 KOJIEraMH Ta iIHBECTOPaMHU;

— 3a JIOTIOMOT'OX0 BUBUYEHHSI 3pa3KiB MPOYKIIii KOHKYPEHTIB;

— 3a JIOTIOMOTOI0 ONIEPATUBHOI pOOOTH Ta 3 IHIIMX DKEPEL.

2.5. EKoOHOMI Ka

Bepyun 1o yBarm Bce BHIIECKa3aHe, CGHOPMYJIIOEMO OCHOBHI
MPUHIMAIN Mail0yTHROI HAHOEKOHOMIKH:

— eenukuil 00cse 3HAHL 00360 CMBOPIOGAMU  eheKMUGHIULI
mawuny. YuM Oinbplie BM 3HA€Te, TUM Kpamli NMPOAYKTH BU MOXKETE
cTBopuTH. [0 BMHAaXOy NIBHTYHAa BHYTPIIIHBOTO 3TOPSHHS HE OYJo
JMTaKiB, a IO BIAKPUTTSA TYHEIBHOTO e(eKTy HE MOIIIO BimOyTHCS
JOCIIDKEHHS BipyCy TIOTIOHOBOI Mo3aiku (BTM).

— CTBOPEHHS eheKMUBHIUUX THCMPYMEHMIB 8I0KPUBAE MONCTUBICID
CMBOperHs. we epeKmusHiUX IHCMpPYMeHmie y Oinbuiill KiibKoCmi.
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B Gionoriuniii eponroriii nosisa JIHK no3Bonmia «ekcrepuMeHTyBaTh 3
OUTKOBUMH CTPYKTypaMmu Habarato mBwHIIe i edekruBHine. Takox sk
BHMHaXiJl KOMIT'FOTepiB i 3ac00iB koM 1oTepHoro mMonentoBaHHs (CAD)
JIO3BOJIMIIO 0araTopa3oBO TPUCKOPUTH 1 CIIPOCTUTH PO3POOKY HOBHUX
MAIIH.

— yuM weuowli Komn'romepu I uum ix Oinvuie, MuM weUOULe
pobaamsbcs  8IOKpumms i po3poonsiiomuca  eQeKmuHiui  MauuHu.
3rajgaiiMo icTopito 3 po3MU(PPOBKOI TeHOMa JIOAWHH ab0 TporpaMu
HAHOMOJICTIOBAHHS, MOXJIHMBOCTI  SIKMX  MPSIMO  3aJeXaTh  BiJ
MPOJAYKTUBHOCTI KOMII FOTEPIB.

— asmomamuzayis ma pobomuzayii  0036014€  GUPOOIAMU
eghexmueHiwi npooykmu wieuouie, oeweswe i 6 OLIbWIN KIIbKOCHII.
VYsaBiMo c00i pydyHe BHPOOHHUIITBO COTEHb MiIBHOHIB KOMIAKT-IMCKIB
a00 xo4a 6 oJIHIET HAHOTPYOKH.

TaxuM 9yrHOM, KO’KHa KOHKYPEHTHA IIepeBara J0IoMarac B pO3BUTKY
BCIX IHIIMX KOHKYPEHTHHX IepeBar i, HABIAaKH, KOXHA CIAOKiCTbh
BiIOMBA€ETLCSA HA IHIIMX CTOpPOHAX Oi3HeCy. Y pe3yibTaTi pO3pUBY Mix
JepXKaBaMM, KOMIIAHISIMH 1 JIFOJBMH, IO PO3BUBAIOTHCSI 3 PI3HOIO
HIBUJIKICTIO, 3pocTe OiNbIle, HiXK CHOTOAHI, PO3PUB MiX JIIOJbMH Ta
TBapuHamu. Omoice, epa HAaHOMEXHOI02Il NOKA3YE, XMO HA WO 30AMHUIL.
Hitouu wieuoko ma 3 po3ymom, 6 Hill MOJCHA 3apobumu Minbsapou, a
JAiHylouucy i 6e3smypOoOmHO NONUBAlouU NUBO, BOOHOUAC CMAMU
Heanoepmanvyem.

2. 6. MpoekTyBaHHA 6i 3
3pocTaHHsl TOMYNSAPHOCTI HAHOTEXHOJIOTi cepeli HAceJICHHS B
MOEIHAHHI 31 CIIOKOHBIYHHUM TMIParHEHHSIM 10 «XaJlsIBH» IPHBEPTAE
0araTo HErpaMOTHUX 1 TPOCTO HedecHWX Joaed. Hanorexnosorii
3IaI0ThCS IM TakoW cOo0l CKaTepTHHOI-CaMOOPAHKO, 3a JIOTIOMOTOO
SIKOT MOKHA 30araTuTHcs 3a Hid. [HBecTOpHM Bke MO ByxXa 3aKuaHi
HICEHITHHIICIO THIy «BIYHMX JBUTYHIB, IO YepHalOTh CHEPril0 3
HAHOCBITY» MW «030pOBUMX OpPEIOKiB MArHITHHUX 1 HAaHOTEXHOJOTii».
Tax Hexaif ke Ball IpoeKT Oyze I HUX KOBTKOM CBIXKOT'O MOBITPSL.

2.7. OuiHkKa TexHoOnNnor

CrioyaTtky Ba)KJIMBO IMPABWIILHO OIIHUTH BHHAXIJ, KU BH XOYETE
3pOOHUTH OCHOBOIO MaiOyTHBOTO Oi3Hecy. lle HaiBaxIUBIMINH KPOK —
BiJl HBOT'O 3aJEKHUTh YCHINIHICTH YChOTO MpoekTy. CrpaBni BapTiCHUI
BHHAXi — II¢ T, IO 30i7blIye KOPUCHUHN e(EeKT MPOLYKTY B IECITKH i
COTHI pa3iB 0e3 ICTOTHOTO MOTIpIICHHS IHIIMX ITOKa3HUKIB. Yepes
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MIBUIKOTUTMHHICTh TEXHOJIOTIYHUX 3MiH y Taiy3i Ha HaHBUTOHYCHINIHIA
BHHAXIJ MO)XE IIBHIKO 3HAWTHCS BIOCKOHAJIEHHWM 3aMIHHHUK, a TO H
30BCIM BMSBUTHCS HEMOTPIOHUM Yy Pe3ysbTaTi PO3BUTKY KOHKYPEHTIB.
Tomy HermoraHo MaTH YsIBJICHHS PO iH(OpMAITiio 1 IIIaHyBaHHS UyKHX
pO3po0OOK, aKTHUBICTIB KOHKYPEHTIB, HAYKOBI cTaTTi TOImo. JlJis 1bOTO
CYTh BHHAXOIy pO30MBAcThCS HAa MaJeHbKI KoMmoHeHTH. Cepen HUX
BUJUIAIOTBCS KIIIOYOBI, CKIAJ0BI «HOY-Xay» 1 BOHM IIOBUHHI OYyTH
0c3yMOBHO HOBWUMH, YHIKaJIbHUMH 1 dYepe3 Ti YW 1HIN TPUYHHU
Ba)XKOJOCSDKHUMU JUTSI KOHKYPEHTIB.

B Vkpaini uepe3 HU3BKUM piBeHb PO3BUTKY 3aKOHOJABYOrO
pETyIItoBaHHS BIMHOCHH y cepi iHTENeKTyalbHOI BIACHOCTI HOBHHKA
4acTO HAJIC)KHUM YHMHOM HE O(OPMITIOETHCS, aje BiJ IIbOTO HIKyIU HE
3HUKA€E, a MPOJIOBXKYE OYTH MPUCYTHHOIO B TOMY UM iHIIOMY BHUIJISII Ta
30epirae CBOIO IIHHICTH JJIS MiANPHEMCTBA, a TAKOX JIJISI KOHKYPEHTIB,
SKi  TocTaparoThess 11 po3noOytu. TyrT  edekT  yKpaiHChKOTO
MATeHTYBaHHS, HE MiJKPIMJICHOTO MIKHAPOIHUM, IIBHIIIC HETATHBHUM,
OCKUIBKH 3MYINy€e 3asBHUKA PO3KPUTH OaraTo JeTalieil TEeXHOJIOTI.
VY pe3ynbraTi BITYM3HAHUK pPO3POOHHMK HAWdacTile Ji3HAETHCS TIPO
MOBHUI E€KOHOMIYHMH TIOTEHLIal CBO€i TEXHOJOIl BXE€ Y BHIJIII
MPOAYKTY KOHKYPEHTA Ha MPHUJIABKY.

Onne 3 pimeHs 1iei mpobiemu 3amnporonyBas e 500 pokiB ToMy
reHianpHUil BueHWit Jleonapmo na Binui. Curyamis i3 3aXuCTOM
IHTEJEeKTyalbHOI BJIACHOCTI B CepeaHbOBiuHil Itamii Oyma mpubiuzHO
TaKOI0 CaMol0, K y Cy4JacHid YKpaiHi, TOX, ITOOOIIYHCH, IO MPOEKTH
MaliuH OyayTh BKpajeHI W peaiizoBaHi 0e3 Horo Bimoma — ToOTO 0Oe3
CIUIaTA TOHOpapy, — BHHAXIJTHUK HABMHUCHO BHOCHB Yy CBOi KPECJICHHS
HEBEHKI MoMuITKH. Hanpukiia, yke ToJi BiH pO3POOHB MPOEKT «TaHKAY
— TPOXM CXO0XYy Ha Uepernaxy MalmHy. Ajsie sKimo mnoOymaysatu 1i 3
BUKOPHCTAHHAM BHXITHHX KPECJICHb, BOHA HE 3MOXE pYyXaTHCS:
IIeCTepiHKN OYAyTb mpocTo OioKyBaTH ogHa omHy. CydacHi iHXXKeHepH,
SIKI 3apaad IiKaBOCTI OyIyrOTh MOJelNi 3a mpoekTamu JleoHapmo, 0e3
0cOoONMMBUX 3YCWIb 3HAXOMITh INOMMIKY Yy KpecleHHiX nAa Bindi,
i MamMHaA CHpaBAl pyXaeThCs. AJie e JIeTKO 3pOOWTH 3a Cy4acHOTO
PO3BHTKY HAYKH, a JUIsl TEXHIKIB YaciB BimpomkeHHsS Takuii 3aXucT OyB
HETIOCHJIbHUM 3aBIaHHSM.

2.8. OuyiHKa PpPUHKY
3a3Buuail cami TBOpPII IHHOBAIii HE IO KIHIA YSIBIBIIOTH COOI
BJIACTUBOCTI OTPHMAHOTO MPOAYKTy BHACTIJOK HecTadi yacy i rpormei
Ha JeTajbHI JOCIKCHHSA. ToMy HEOOXiJHE IOCTI[HKEHHSI CaMOro
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OTPUMAHOTO HPOIYKTY, OCKIIBKM O€3 3HAHHS BJIACTUBOCTEH HOBUHKH
(Haifyacrinmie JOCUTh HEOUIKYBaHWX) PU3HK 3MIHCHEHHS MapKETHHTOBOI
noMuwiku Onu3bkuit 10 100%. Lle HOpManmbHO W JIOTIOMOXE 3T0J0M
IPaMOTHO OPraHi3yBaTH MMOCTiHHE BJOCKOHAIICHHS MPOIYKTY BIIIOBIIHO
no morped kiieHTiB. UuMm Oinblle YHIKAIBHUX, KOPUCHUX 1 YyIOBUX
BJIACTUBOCTEH B BIJKPUETE 1 BUBUUTE B MPOAYKTi, TUM LIMPIIUM Oyne
HOoro pHHOK 1 MeEHIIE Hajiiiae ckapr. BaxianBor 0COONUBICTIO
HaHOTEXHOJIOTII SIK Taiy3i € il 0araTorpaHHiCTh Ta 0e3J1iY HeCIToMiBaHuX
HanpsMiB 3aCTOCYBaHHS MPOJYKTIB 1 TeXHONOTiH. ToMy HasBHICTb X0ua
0 AEKiTbKOX MAPTHEPCHKUX HAHOTEXHOJIOTIYHUX BUPOOHUITB MiJ 4ac
CHUCTEMHOT0 aHalli3y MOTEHIIHHUX TMporpaM IiX po3poOOK J03BOJISIE
JOCATTH 4YHMaJioi EKOHOMIl 3a pPaxyHOK CHHEPreTHYHOrO e(eKTy.
Cunepretnunuii (cucteMHuMi) edekT — 1l 30LIBIIEHHS CyMapHOI
e(eKTUBHOCTI JIBOX MPOIIECIB ITiJT Yac iX CHUIbHOT pOOOTH.

Hixto He crane KymyBaTH TOBapH TUTBKH TOMY, IIIO BOHH «HAHOY,
CKOpillle HABIAKH: MOYYBIIM Lie, KJIIEHT 3rajae OyAb-sKy CTAaTTIO IPO
mKomy (QynepeHiB A MUIICH, a «HAHOTEXHOJIOTIUHICTBY MPOMYKIIi
3aIliKaBUTh Xi0a 110 MHUTHWKA, ajle XK ¢ He TOW iHTepec, SKOTO0 BH
xouere. By MoBHHHI am’sITaTy, 110 YMM HaTXHEHHINE BU CTABUTECH JIO
MPOEKTY, TUM Oinblia HMOBIPHICTH HasBHOCTI B HBOMY IOMMJIOK,
PHU3HKIB, TIPOTHPIY, HA sSKI He 3BEepHYNIM yBaru. Hatipemenvhiwe cuio
nepegipaAmu npasuIbHiCms CyONCceHs, AKI 30a10MbCs HAM 04eBUOHUMU.

{06 nmpoaykT nmpuHic mpuOYTOK, BiH MOBUHEH MAaTH BUCOKWH TOIUT,
TOOTO OyTH KIIIEHTOPIEHTOBaHWM. Y  Jiajio3i 3 MOTCHIIHHUM
CIOKMBAYEM IEPEKOHANUTECS, M0 IPOIIOHYETE PIllICHHs HOTo mpobiiem, a
HE MPOCTO TEXHOJOTIYHY «3aMOPOUKY».

HacnpaBai icHyroTh JBa BUAM HaHONPOAYKIii. OIHI TPOIYKTH
SIBJISIOTE  COOOF0 BJIOCKOHAJICHHS 3BHUYAHHMX TOBapiB — JOBrOBIUHIII
M’sui, JIermr i MIIHIIN pakeTKH, He3aTYIUTIOBAaHI HOXI Ta CBepiyIa,
HAJMOTYXHI OaTapedku, KOMITaKTHINI auciuiei tomo. BoHW MaroTh
CTIMKI pUHKH, 1 BH 3aBXJIH 3HAETE, XTO Oy/Ie MOKYIIIEM i K MPOCYBaTH
npoaykmito. 3 iHmoro OOKy, TYT BaM MPOTUIIIOTh BEJIHYE3HI
KOHKYPEHTH, L0 TPaIOIOTh y I Tamy3i MECSATIINTTAMHU (a Jeski —
HaBITh CTONITTSIMH).

Iami — He MaioTh aHanoriB Ha pHHKY. CaMOOYMCHI TOKPHTTS,
HAaHOTPYOKHM, aHTHOAaKTepiadbHI  HAHOYACTMHKM 1  CKaHyBaJIbHI
MIKPOCKOITH MaJl0 CXOXI Ha Bce, 10 OyJo paHilie, i TOMy, 3 OJHOTO
00Ky, HE 3aBXKIU 3pO3yMLJI0, KOMY 1 SIK iX 3aIpOIIOHYBATH, a 3 1HIIIOTO —
BH caMi CTBOPIOETE HOBHI PHHOK, HAa SKOMY IOKH IO HIKOT'O HEMae
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(sIK110, 3BHYAIHO, BU JIETE IOCUThH MIBUJKO 1 OXOPOHSETE CEKPETH CBOET
HOBHWHKH).

2.9. Po3pob6bka NpoOeEeKTYy

BuBuuBmm Bci acrmektd MaHOyTHBOTO Oi3Hecy, TIocTapaiTecs
OLIIHUTH CHEKTP MOXIMBUX CLEHapiiB PO3BUTKY MOAIA 1, BiAMOBiIHO,
po3moail IMOBIpHOCTI JOXOAIB 1 pu3ukiB. Ilicisi HBOTO MOYHMHAETHCA
HaHOUTBIIT TBOpPYA YaCTUHA — PO3POOKA MPOEKTHOI cTpaTerii. A TOYHIIIE,
CHUCTEMM CTpaTerifi, BapiaHTH SKUX OOMEXEHI JHIIEe Ballo
BHHAX1UIMBICTIO 1 JiJIOBOIO eTukoro. lLle moxe OyTu sK mpocte
KpEAUTYBaHHS, TaK i CKJIQJIHA CUCTEMa OTIepaIlii 31 3TUTTs, OTJIMHAHHS,
mepeiavi TEXHOJIOTIH, CTBOPEHHS CHUIBHUX MiaNpueMcTB Tomo. KoxxHa
CTpaTeris Mae CUCTEMY CIICHAIiB, 32 SIKUMU MOXXYTh PO3BHUBATUCS MOl
(K10 AKHMICh TapaMeTp KOHTPOJIIOETE BH, TO HOro Bapiarlii
MTOPOJIKYIOTh PI3HI CTPATETii, SKIIO HOTO KOHTPOJIOIOTH CHJIM, BaM HE
MmiJBiIagHi, TO Horo Bapiamii MOPOKYIOTH pi3Hi creHapii). CyTtb
3aBJaHHS B TOMY, II00 Ha KOKEH CIICHApill, KM MOBEPHETHCS IO Bac
JIOJIs, BU MaJld CBOKO €(PEKTHBHY CTpaTerito. 3p0o3yMijio, pi3Hi cTpaTerii i
CIICHApii BUSBIIAIOTHCS XUTPUM YHHOM TeperieTeHuMH. [lmanyBaHHs
HaHOOI3HECY — CIIpaBa HEMpoCTa.

2.10. 301 "CHEHHSA NPOEKTY

Ilicns Toro, sK IHBECTHIlifiHE PpIMICHHA NPUHHATO, 1HBECTOP
HaHIMOBIpHIIlIe JOPYYUTh BaM BUKOHAHHS pO3pOOJICHOT BAMH CTpATETHii.
[lpy wHbOMY aKTHBHICTH BAIIOTO YIPABIIHHSI IPOEKTOM MOXKE
BapiroBaTHCA Bil TUXOTO CIIOCTEPEKEHHS 10 OyAiBHMIITBA HAyKOTpamdy,
3MIHH MiCIIEBOT aJIMIHICTpAaIlil Ta KOJOBOi 0OOPOHH 110 CIIPOO 3aXiTHUX
1 CXITHMX KOHKYPEHTIB TPHKPUTH Baml TNpoekT. OIHAK [bOMY
HEMOJKJIMBO HABYWTH JIMIIIE 32 KHUTaMH, SIK 1 TJIaBaHHIO ab0 O0oHoBOMY
MHUCTENTBY. MOKHa JTUIIIE PO3IIOYATH i HABUUTHCS CAMOMY.

Sx 6auynMo, HAaHOTEXHOJIOTIT B YKpaiHi, BCyneped yChOMY, BCe-TaKu
HabUpaloTh XOAy. IX PO3BUTOK JacTh HamIili KpaiHi €IMHMIA IMaHC
MOBEPHYTUCSI B YHCJIO CBITOBUX JIAEPIB Y HAYKOBil, EKOHOMIUHIiH
i moMiTHYHIA cepax, a TaKoXK BHPIMMUTH 0arato EKOHOMIYHHX,
TEepUTOpiaTbHUX 1 femMorpadidaux mpobuem.

BUCHOBKHA

[IpoBigHUMH KpalHaMH CBITY BH3HAYEHO IHHOBAIIMHWI IMOTEHIIIANT
HAHOTEXHOJIOTIK 1 CTBOPEHO BiAMOBiJHI HAI[IOHANBHI MPOTPaMH.
BincraBanus VYkpaiHm B i Tady3i Mae HE TEXHOJOTTYHHH,
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a IHTeJIeKTyaIbHUH XapakTep. Hacammnepe HeoOXiTHO pO3BUBATH OCBITY
B Ii}i Tay3i, MiIBUITYBATH PiBEHB MiATOTOBKH IHKCHEPHUX KaIPiB.

OCHOBHMMH TEMaTHKaMU CYYaCHHX TIporpaM 1 KypciB 3
HAaHOTEXHOJIOTIH € Taki: OCHOBHI BEJIMYMHU 1 MacIiTaOW B HAHOTATy3i;
TEXHOJIOTisI BHPOOHMIITBA 1 EKCIIEPUMEHTAIBHOTO  JIOCIIIKCHHS;
€JIEMEHTH KBAHTOBOI MEXaHIKHM i CTAaTHCTHYHOI (Pi3WKH; TYHEIIOBAHHS;
OJTHOCNIEKTPOHHUHN TPaH3UCTOP; HAMIBIPOBIIHUKOBI HAHOCTPYKTYPH Ha
MTOBEPXHI; €JIEMEHTH TEOPii MPOBIAHOCTI B HAHOTIPUCTPOSX; OJHOBUMIpPHI
MPOBIIHUKY, KBAaHTYBaHHs OIOpPY, KBAHTOBUI TOYKOBHU KOHTAKT;
BYIJICLICBl HAHOTPYOKM; €JIEeMEHTH KBaHTOBOI Teopii iHpopmamii i
KBaHTOBI KOMIT I0TepH; O10HAHOCIEKTPOHIKA.

JlocmimkeHHsT B HAHOPO3MIPHIN Tady3i BEAYThCS MPAKTHYHO B YCIiX
(yHIaMEHTaNbHUX HAayKax, a TOYHILIE — HAa CTUKY HayK. YCli BaJIHMBI
HAaHOIPOEKTH MAIOTh MUKTady3eBHH XapakTep i BHMaraloTh HOBHX
OpraHi3amiiHUX MIXOMIB JJIs iX peamizalii Ta BiAMOBIAHOI MiATOTOBKH
KaJIpiB.

OCHOBHMMH CKIAQIHUKAMH HAyKd IIpO HaHOMarepiand H HaHO-
TEXHOJIOTIT €: (pyHAaMEeHTaIbHI JOCTIKSHHs BIACTHBOCTEH MaTepiaiB
Ha HaHOMacIITaOHOMY piBHI; PO3BUTOK HAHOTEXHOJOTIH sK Ui
LIIECTIPAMOBAHOTO CTBOPEHHS HaHOMATepiajiB, TaKk i JUIsl MOIIYKY Ta
BUKOPHUCTAHHSI IPUPOTHUX 00’€KTIB 3 HAHOCTPYKTYPHUMH €JIEMEHTaMH;
CTBOPEHHsSI TOTOBHX BHMpPOOIB 13 BHUKOPHCTaHHSM HaHOMAaTepialiB Ta
iHTerpalis HaHOMAaTepiaiB 1 HAHOTEXHOJOTIM y pi3HI ramysi
MIPOMHCIIOBOCTI Ta HAYKH;, PO3BUTOK 3acO0IB 1 METOJIB JOCIIKCHHS
CTPYKTYpH Ta BIIACTHBOCTCH HaHOMAaTepialiB, a TaKOX METOJIB
KOHTpPOIIO ¥ aTecTamnii BUpoOiB 1 HamiBhaOpUKaTiB Al HAHOTEXHOIOTIH.
JlocsTHEHHST B PO3pOOIli Ta BUTOTOBJICHHI HAHOCTPYKTYP HaWOLIBIION
MIpO0 BU3HAYAIOTHCS PIBHEM PO3BUTKY TEXHOJIOTIH, SKi JAIOTh 3MOTY 3
aTOMHOI0  TOYHICTIO  OTPUMYBATH  HAHOCTPYKTYpH  HEOOXimHOI
KOH(QIrypamii Ta pO3MIPHOCTI, a TaKOX METOMIB KOMILICKCHOI
IIarHOCTHKY BIACTHBOCTEH HAHOCTPYKTYP.

[TigkpecneHo BaXKJIMBICTh €KOHOMIYHMX NMHUTAaHb y PO3BUTKY Taily3i
HAaHOTEXHOJIOTi, a came: po3ropTaHHs Oi3HeCy, 1HBECTYBaHHS,
CIIiBBITHOIICHHS IpUOYTKOBOCTI Ta PHU3HKY, BHU3HAYEHHS
KOHKYPEHTHOTO cepenoBuina. [linkpeciieHo, 1o T0X0Iu Bij iHBECTHINN
IpsAMO TPOTOpIiiHi sKocTi iHopMmarii. CdopMyas0BaHO OCHOBHI
NPUHIWIN ~ MaiOyTHROI HAHOEGKOHOMIKH. [loka3aHO MOXKIHBICTH
MOMIEPEAHBOI OIIIHKM TEXHOJOTii Ta pHWHKY ii crmokuBauiB. Hamano
peKOMeHalii Moo po3poOKM Ta peamizaimii MPOEKTIB y Tamysi
HAHOTEXHOJIOTIH.
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AHOTAIISA

JlocmimKkeHO MUISIXW PO3BUTKY HAHOTEXHOJIOTII Ta MIATOTOBKH
Cy4acHOrO IHXEHepa B CBITJII peaiialii NPUHIUIIB 1 3aBJaHb
Bbononcekoro Mpo1Iecy. 3anponoHoBaHa nporpama Kypcy
HAaHOTEXHOJIOTIA  JUIS  CTYACHTIB  IHXKCHEPHUX  CIEIiaJbHOCTEH.
BuokpemiieHO OCHOBHI CKIaJHMKM HAyKd MpO HaHOMAaTepiamu U
HaHOTexHoyoril.  PosrmsHyro mpoGiemu  QopmyBanHs — Oi3Hecy,
iHBeCTHINNH, NpUOYTKOBOCTI Ta pPHU3MKY, KOHKYpeHIi, iH(opmarrii,
CKOHOMIKH, NPOEKTYBaHHs Oi3HEeCcy, OIIIHKM TEXHOJOIi B ramysi
BHUPOOHUILITBA HaHOMaTepialiB. 3pobieHo OLIIHKY PHHKY
HaHOTeXHOJIOTiH. HamaHo pekomenmanii momo po3poOku Ta pearizarlii
MPOEKTIB y il Tamy3i. PO3TIsSHYTO BUKOPHUCTaHHS HAHOTEXHOJIOTIH 1
HaHOMaTepialiB SK OJWH 13 BHM3HAYAIbHUX YWHHHKIB HAyKOBOTO,
€KOHOMIYHOTO i 00OPOHHOTO PO3BUTKY JEpiKaB.
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EKOJIOI'TYHI ITPOBJIEMUA CTAJIOI'O PO3BUTKY
TA 3BEPEKEHHSA HABKOJIMIIIHBOI'O CEPE/IOBHUIIIA
B KOHTEKCTI HABUAHHS CTYJIEHTIB

MagaueB B. B., Hlaxuin 1. b.

BCTYII

Cepilo3HUM  CHOHYKQJILHUM Ta 00 €IHYBAILHUM  MOMEHTOM
y 00poTh0i 3a 30epekeHHS JOBKULIS € TaK 3BaHI «3elicHI» pyXHW Ta
«3eneni» TexHonorii 2. [loYaToK «3eNeHOMY» pyXy GY/I0 TOK/IAAEHO IIe
B 60-1 poku XX CTONITTSA, KOJU TPOMAACHKICTh [liBHIUHOI AMEpHKH Ta
3axigHoi €BpoIM, sSKa BHCTYNMae 3a 30epe)KEHHS HABKOJHIIHLOTO
cepeoBHIIa, JIOMOTJIacst HIOCHJICHHS HPUPOTOOXOPOHHOTO
3aKOHOJIaBCTBA W KOHTPOJIO 332 BHUKOPUCTAHHSM TOKCHYHHX XIMIKaTiB
y PI3HHX TaJy3sX CKOHOMIKH Ta coriaibHoi chepu. Okpim mTpadHuX
CaHKLii 1 3a00pOHM 3aCTOCYBaHHSA psIy OCOOIMBO HeEOE3MEeUHUX
XIMIKaTiB, TMOCHJIMIACH yBara JO TIOIIYKY MEHII TOKCHYHHX
3aMIilyBaJbHUX XIMIYHUX PEUYOBHH, aJIbTEPHATUBHUX TEXHOJIOTIH
eHepro- Ta pecypco3depexxeHHs. binpiie Toro, 3akoHoAaBYo OyB
YBEJCHUH TOKCUKOJOTIYHMI KOHTPOJIb OTPUMAHMX 1 3aCTOCOBYBAaHMX
XIMIYHHX PEUYOBHH Ta MaTEPiaiB.

Busnauenns «aenenoi» ximii, npuidaate I[FOITAK, Take: «3erneHa
XiMif — BIIKPUTTS, po3poOKa i BUKOPUCTAHHS XIMIYHHUX NPOIYKTIB Ta
MPOIIECIB, SKI 3MEHITYIOTh 400 BUKJIFOYAIOTH BUKOPUCTAHHS i YTBOPCHHS
IIKIJJTMBAX PEYOBHH». BU3HAUeHHS NpsSMO BKazye Ha HEOOXITHICTH
YpaxyBaHHs MOXJIMBUX HETAaTUBHUX SBUI LIS Ha CTa[[i.l. CTBOPCHHA
HOBHX CITOJNYK, IIPO IIO paHille TOCTITHAKA YacTO HE 3aMHCITIOBAJIHCS.
[Tone Amnacrac Ta J[Ixon Kopuep chopmymroBamu 12 NpUHIHMITIB

! Tapacosa H.I1., Hederios O.M., Jlyrun B.B. Xumudeckue npoOneMsl yCTOHIUBOTO
pa3BUTHA U COXpaHeHus OKpyxaromiell cpempl. Venexu xumuu. 2010. T.79, Ne 6.
C. 491-492. URL : https://doi.org/10.1070/RC2010v079n06 ABEH004149.

2 Jlykamienko T.®., Manumes B.B. Exonociuna ximis. HaB4anpHuii mociOHUK 10
cnenkypcy «EkosoriuHa XiMis» [UIsl CTYIEHTIB HampsMIB MiArOTOBKH «XiMiuHa
TEXHOJIOTis Ta iHkeHepisny, «Exororisny, «bionoris». Kuis : YHiBepcureT «Ykpainay,
2012.269 c.
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«3eJeHo» XiMmii, sSKi cTaad HHUHI KITACHIHUMIL. i npuHOMM, SKi
PO3KpUBAIOTh NMpakTHUHI actiekTy Bu3HadeHHs [FOITAK, € Takumu:

— 3an00iraHHsl yTBOPEHHIO B1IXOJIiB,;

— parioHasbHe (€eKTUBHE) BUKOPUCTAHHS BUXIJTHUX PEarcHTIB;

— 3HW)KEHHS 3arpo3 MPOIIECIB 1 MPOJYKTIB CHHTE3Y;

— KOHCTPYIOBaHHS «3€JICHUX)» MaTepiaiB;

— BUKITIOYCHHS BUKOPUCTAHHS HEOE3MEYHHUX JOMOMIKHUX PEarcHTiB;

— eHepro30epeKeHHs B XIMIYHHX MPOIIecax;

— BUKOPUCTAHHS BiTHOBJIIOBAHOI CHPOBUHH;

— 3MEHILIEHHS YUClia TPOMDKHUX CTalill TEXHOJOTTYHUX MPOLIECIB;

— BUKODUCTaHHA KaTaJli3aTOpiB JUIA TPUCKOPEHHS  XIMIYHHUX
MPOIIECIB,;

— Oiopo3knanaHHs I OTPUMaHHA CHOJYK, Oe3meyHux Hjs
HABOJMIITHBOTO CEPEIOBHUINA;

— 3a0e3MeUeHHs] aHATITHYHOTO KOHTPOJTIO B PEaIbHOMY Yaci;

— MOTEePEDKEHHS MOXITUBOCTI TEXHOTCHHUX aBapii.

1. IlpeaMeT A0CTiMKEHHSI €KOJIOTIYHOT HAYKH,
€KO0JIOrYHA CUTYAIlifl ChOTO/IEHHS TA eKOJIOTiYHA OCBiTa

TepMiH «eKOJOTis» CTAaB OCTAHHIM YacOM  «YCEIPOHUKHUMY
1 «BCEOCSDKHUMY». bBynb-sika Hayka CBOTOAHI 0€3 BUIAUMHUX 3YCHIIb
YCTaHOBIJIIOE CBOIO MPEIMETHY Taly3b €KOJOTIYHUX JOCHTIHKEeHb. TaKkuii
(eHOMCHANBHUM  3JI€T  EKOJIOTIYHOI0 HampsAMy  HeOe3MiaCTaBHHUH
1 TOTpeOye YTOYHEHb.

TepMiH ekonoeis Buepine BXUB y 1866 poli HIMEIBKUN yYCHHHA
E. Texkenb. Bin moxoauTh Big rperpkux ciiB O0iKOS, 1m0 03HAYaE mim,
MOMEIIKaHHs, Micue mepeOyBanHs Ta l0gos — mHayka. Tak I'ekkenb
Ha3BaB HayKy, @0 BHBYAaE€ OpraHizamito Ta (yHKI[IOHYBaHHS
Ha/IOPraHi3MOBUX CHCTEM Pi3HHUX PIiBHIB: BHJIB, MOMYJIALii, 610II€HO31B
ta Oiocepu. CrouaTKy med TepMiH BHKOPHUCTOBYBABCS TOMi, KOIHU
HIIIOCS TPO BUBYCHHS B3a€MO3B’SI3KIB MK POCITHHHUMH Ta >KHBHMHU
CHUIBHOTaMH, 1[0 BXOJIATH JI0 CKIIaAy CTIHKHUX Ta OPraHi30BaHUX CHUCTEM,
SKi CKJIAJHCS y TPOLECi €BOJIONIl OpraHiYHOrO CBITY 3 HaBKOJIUIIHIM
CEPEJIOBHUILIEM.

Hacnpagni, mpeamMeToM JOCHTIIKEHHS €KOJIOTI] € JIeTallbHe BUBUCHHS
3a  JONOMOTOI0  KUTBKICHMX  METOMiB  OCHOB  CTPYKTYypH Ta
(GYHKIIIOHYBaHHS TPUPOTHUX Ta CTBOPEHHX JIIOJHHOI cHCTeM. JKuBa

% Anastas P., Eghbali N. Green Chemistry: Principles and Practice Chem. Soc.
Rev. 2010. V. 39. P. 301-312. URL : https://doi.org/10.1039/B918763B.
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mpUposa, Mo OTOo4Yye Hac, — Iie He Oe3lagHe, BUMAIKOBE IOE€THAHHS
KUBUX iCTOT. BOHa € CTIHiKOI0 OpraHi30BaHOK CHUCTEMOIO OPraHiYHOTO
CBITYy, IO ckjajacs B mpoueci Horo esomowmii. LleHTpanbHe Micie
B €KOJIOTii mocimae npobiemMa TUHAMIKHM W YHCENLHOCTI MOIYJISIT
1 MexaHi3MIB 11 perymroBaHHS. TyT BUSBJISETHCS 3HAYMMICTH YYacCTi
MNOMYJIAIMHUX (KOHKYpEHLIst 3a TKy) Ta OIOLEHOTHYHHX (XMIKaKiB,
napas3uTiB, 30yJHUKIB 3aXBOPIOBAHHS ) MEXaHI3MIB.

Cepell OCHOBHHX 3aB/IaHb €KOJIOTii MOXHA BUJIUIATH TaKi:

— IOCHIKEHHST OCOOMUBOCTEN oOpraHizauii >XUTTSA, B TOMY YHUCII
y 3B 3Ky 3 QHTPONOTCHHHM, IO € PEe3yJIbTaTOM JIOJICHKOI MisUTBHOCTI,
BIUTMBOM Ha MIPHUPOIHI CHCTEMHU;

—CTBOpPEHHST HAyKOBOi OCHOBM  pAlliOHANbHOI  eKCIuTyaTarii
010JI0TIYHUX PECYpCiB;

—IPOTHO3YBaHHS 3MiH MPUPOJH ITiJI BILTHBOM TisTIBHOCTI JIFOIMHH;

—30epeKeHHs cepeloBUILa iICHYBaHHS JIFOJHH.

30anaHCOBaHICTh B3aEMOBITHOCHH JIFOAWHH 3 BHJIAMU, ITOMYJISIIISIMA
Ta CHILHOTaMU MOXe OyTH JOCSITHYTA 3a paXyHOK KOMIUIEKCHHUX 3yCHJIb
13 OOKy JMIOJUHM IUISIXOM EKOJOTIYHOI periaMeHTallii rocroaapchkoi
JUSUTBHOCTI, IIJIECTIPSIMOBAHOTO, €KOJIOTIYHO BHIIPABJAHOTO BIUIMBY Ha
BUJIM, TOMYJSIii Ta €KOCHCTEMH, LUIIXOM EKOJOTTYHOTO BUXOBAaHHS
HiAPOCTAIOYHX ITOKOTIHb.

3aBOsKM BOMY MOXKe OyTH po3B’s3aHo Oarato  mpoOiem
TOCIIOIaPCHKOT MIsITLHOCTI CYCHIIBCTRA!

1) inTeHcudikallist BApDOOHHUIITB sy Tany3ei;

2) 30epexeHHs Ta 3a0IaKEHHS] CHPOBUHH;

3) oXxOpoHa iICTOPHYHHX Ta apXITEKTyPHUX MaM’ATOK;

4) 30iMbIICHHST 4Yacy eKCIUTyaTtamii MPOMHCIOBHX Ta >KHTIOBUX
KOMILJICKCIB;

5) 30i7BLICHHSA TPHUBAIOCTI JKUTTA Ta 3HIKCHHS 3aXBOPIOBAHOCTI
JI0JIel B yMOBaxX ypOaHi30BaHOTO CEPEIOBHIIA;

6) BIOCKOHATCHHS MEXaHi3MIB B3a€MO/Ii1 CYCITITHCTBA Ta IPHPOJIH.

XapakTepHOIO PHCOI0 SKOJIOTII € Te, [0 BOHA HE HAJIGKUTH JI0 YKCIa
HayKOBUX JUCIUILIIH 13 IPOCTOIO JIHIHHOIO CTPYKTYPOIO, OCKIJIbKH BOHA
€ MDKIUCHMIUTIHAPHOKW. Y TpoIleci CBOTO PO3BHTKY Ta OCBOEHHS
JIOAWHOI0 HOBHX IUCHUIUTIH €KOJIOTIYHI 3HAHHS MOBHHHI HETIEPEPBHO
HaKOMUYyBaTUCs. EkoIoris € crinmpHOI0 6a30t0 criBmpari (axiBIiB ycix
HaNpsIMKiB: HATYPaNiCTIB Ta IH)XKEHEPiB, EKCIEPUMEHTATOPIB Ta BUCHUX-
TEOPETHKIB,  O10JOTiB,  MaTEMaTHKIB,  E€KOHOMICTIB,  MEJMKIB,
METEOpOJIOTIB, ISl SKUX EKOJOTIYHI 3HAHHA € MPOCTO HEOOXiTHHMH.
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HalyTTst KOXHOI0 JIOAMHOK EKOJIOTIYHHMX 3HaHb Oyae CIpHITH
N0alIMBOMY CTaBJICHHIO 10 TNPUPOAM, 30CpeXeHHIO ii Ta MEHIIIH
KIJIBKOCTI yrapiB 3 ii OOKy y BiAIOBiAb 3a Oe3IyMHE CTaBJeHHs 10 Hel.
Yce Oinpme moneil Oepe y4yacTh |y  JISUIBHOCTI 3 OXOpPOHH
HaBKOJIMIITHHOTO CEPEIOBHUINA, a €KOJIOTiS CTA€ BCE BAKIMBIIION IS
KUTTA JIOAWHU 1 11 iCHyBaHHS Ha IuIaHeTi. Jymatu riobaibHO, a misTu
JIOKAIBHO — OCh AKTYaIbHHI €KONOTYHIIA AEBi3 CHOTOICHHS .

CydacHuii cTaH HaBKOJUWIIHHOTO  IMPHUPOAHOTO  CEPEIOBHUIIA
MEPEeKOHINBO CBIUUTh, IO (DAKTH, SKI AETCPMIHYIOTH 3arOCTPEHHS
eKOJIOTIYHOI  cuTyamii, 00’€KTMBHO  [HifOTb y  OyIb-KOMY
IHAYCTpiaIbHOMY CYCIIJIBCTBI HE3aJIEKHO BiJ COIIATBHO-EKOHOMIYHOTO
Jaay, aje 3HAYHO KOPEIOYKCh (TOCHITIOI0YHCH a00 TOCTa0IIOI0YNCh)
YUHHUKAMH TEXHIKO-TEXHOJIOTIYHOTO, a TOJOBHE — EKOHOMIYHOIo Ta
COIIIOKYJIBTYPHOTO TOPSIKY, PIBHEM pO3BUTKY JEeMOKpatii y cdepi
MOJITHKA Ta TOCIONApCTBA, MOXKIMBOCTSMH BIUTUBY TpPOMAIsH Ha
LEHTPH 1 NPOLIeCH IPUHHATTS PillleHb TOLLIO.

Hamr gac — 1ie mepion TOTaIBHOI €KOJIOTIYHOT OCBITH, KOJH OCHOBH
€KOJIOTIYHHX 3HaHb BHKJIAJAIOTh YCIM, IMOYMHAOYM 3 JUTSIOTO BIKy —
B IIKOJIAX Ta IHCTUTYTaX, Ha PI3HUX CeMiHapax 1 KypcaX, MO paaio i
Tene0aueHHIO — Ta 3aKIHYYIOYM MiJABHIIEHHSAM DIBHS €KOJIOTIYHOI OCBITH
KEpIBHUKIB YCIX PaHTiB Y BCIX KpaiHaX, Ha BCIX KOHTUHEHTAX. Y OUIBIIOCTI
KpaiH CBITy €KOJIoris cTana 000B’SI3KOBOIO JMCIMILIIHOI B yCiX MIKOJaX i
BHUIIMX 3aK/aJaXx OCBITH, B 0arartboX BHIIMX HABYAIBHUX 3aKlaax
cTBOpeHO Kadenmpu abo (akyabTeTH eKOJIOTIYHOro MpodiTro, MpoBeaeHO
COTHI €KOJIOTTYHHX HAIlIOHAJIBHUX 1 MDKHAPOIHUX CEMIHAPIB, KOH(EPEHITIH,
3’131iB. BennKy eKomoro-nmpocBiTHULBKY poOOTy MPOBOAATE Y BCHOMY CBITI
OpraHizailii «3eJICHUX», TOBAPHUCTBA 3 OXOPOHU IPUPOJIH, Cepell HUX Taki
BizioMi, sik «['pinmicy, «JlerambieHTe» Tomo. LI BaxmBi 1S TMBLTIZAIT
MPOIIECH  €KOJIOTi3allii CBIZOMOCTI HaceleHHs, (OPMYBAaHHS HOBOTO —
€KOJIOTIYHOTO  CBITOTIAAY, HOBOI — EKOJIOTIYHOT KYJBTYpH IUTKOM
XapaKTepHi 1 it YKpaiHuL.

3a ocTaHHi 5 pOKiB y HalIii aepkaBi TaKoX po3poOJICHO porpamu i
KOHIIEMIi PpO3BUTKY CKOJOTIYHOI OCBITM ¥ BHXOBaHHS, BHIAHO
MOCIOHWKM ¥ MiIPYyYHWKH 3 EKOJIOTii, CTBOpPEHO JecsATKH Kadenp i
(aKyIpTeTIB €KOJOTIYHOTO MPO(MITI0 B iHCTUTYTaX Ta YHIBEPCHTETaX,
3armovyaTKkyBajiocss 06arato >KypHaTiB 3araJlbHOCKOHOMIYHOTO, €KOJIOrO-

4 Jlykamenko T.®., Mansimes B.B. dopmupoBaHue 3K0JI0THUECKOH KOMIIETEH-
THOCTH — BaXHAasl COCTABJISIOIIAs SKOJOTHYECKOro 00pa3oBaHMs. ODKonocuueckas
xumusi. 2012. T. 21. Ne 4. C. 252-256.
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€KOHOMIYHOTO, eKoyioro-reorpadiuHoro 3micty («Olikymena», «CBiT y
JoNoHAX», «IIpomicoky, «[lapocTok», «PigHa mpupoay» TOIIO).

Ille B 1975 p. yyacHukH MIiXHApOAHOTO CEMiHAapy 3 €KOJOTiuHOI
ocitn (benrpan, IOrocnapis) 3ampomoHyBagM TJIO0AIBHY CXEMY
€KOJIOIYHOI OCBITH. BinmoBigHO 10 mi€l CXEMH TOJOBHOK METO
€KOJIOTIYHOI OCBITM Mae OyTH (GOpMyBaHHS B HACCICHHS IUIAHETH
YCBIIOMJIGHHSI TOTO, IO JAOBKULISIM HEOOXiTHO OMiKyBaTHCA ¥ IO Ui
npOro Tpeba MaTH BIIAMOBIAHI 3HAHHS, JAOCBIN, YMIiHHS, MOTHBAIi Ta
3000B’43aHHS SIK JUI 1HAMBIAYalbHOI, TaK 1 AT KOJEKTUBHOI poOOTH
3a/uIsl MOPATYHKY Oiocepn Ta 3amobiraHHs MalOyTHIM €KOJOTIYHUM
KatacTpodam.

CphOTO/IHI aKTHBHO PO3BHBAIOTHCS SIK (hopMallbHA SKOJIOTIYHA OCBiTa
(y mkonax, BWIIMX HAaBYATBHUX 3aKiajgaX, IHCTHTYTaX IIiJBUIICHHS
kBarmi(ikamii), Tak 1 HedopMmambHa (32 JOIMOMOIOI0 3acO0IB MacoBOi
iHpopMarlii, KiHO, My3eiB, BHCTaBOK, 3aXOJiB MPHPOJIOOXOPOHHHX
TOBAPHCTB TOLLO).

Konneniis ocBiTi B YKpaiHi IOBUHHA BPaXxOBYBaTH Oe3MpeleICHTHY
IHTErpaTUBHICTh €KOJIOTil, 11 Opi€HTAIlil0 Ha BUBYCHHA CQepu
Oe3nocepeHiX XKUTTEBUX IHTEpeciB JIOAMHU. Bin ¢opMmyBaHHS LUX
3HaHb 3QJIC)KUTh NICBHUIN PiBEHb CTABJICHHS JIOJUHH IO HABKOJIHUIIHHOTO
CepeIOBHIIa, TOOTO He JIUIIIe 3HAHHS 1 pO3yMiHHS, alie i BUXOBaHHS. Bin
IIUX 3HaHb 3AJIEXKUTh CaMe ICHYBaHHS JIIOACTBA 1 Beiel MmaHeTn 3emis.

[ligBuieHHsT KyJabTYpH TpOMaAsH YKpaiHM y CHUIKyBaHHI i3
MPUPOJIOFD, CKOJIOTIYHA IAroTOBKA KajJpiB B YMOBax CKJIaJHOTO
MEPEXiAHOTO TIEPioay MArOTh BAXKIIMBE JIEp)KABHE 3HAYCHHS, OCKIIBKH
MOKJIMKAaHI JIOTIOMOITH y BHPIIMICHHI >KUTTEBO BAXIUBUX COLIANBHO-
€KOHOMIYHHX, €KOJIOTO-€KOHOMIYHHX 1 T€OOJIITUIHUX MTPOOIIEM.

B ocraHHe necATHIITTS B CHCTEMI €KOJIOTIYHUX HAyK 3’SBHJIUCH HOBI
HAyKOBi 1 HABYaJIbHI AUCIUIUTIHU: €KOJIOTiSI MiCT, €KOJIOTiS 0COOMCTOCTI,
€KOJIOTisST JUTHHHM TOINO. 3asBHjia INPOo ceOc¢ 1 BH3HAYCHA SK OJHA
3 BOKIUBUX CKJIAQJOBHUX YACTHH CHCTEMH CKOJOTIYHUX TUCIHUILTIH
colliajbHa €KOJIOoTis. 3 Orfisay Ha 1€ € HEOOXIHICTh PO3IIMPUTH 1 TO-
HOBOMY C(OPMYJIFOBATH MPEAMET MOCITIDKCHHS Ta BHBUCHHS 3arajbHOL
1 COIIiaJbHOT EKOJIOTII.

AHai3 TEHJCHIIH TIOOaTbHUX, PETIOHATBHUX 1 JIOKAJIBHHUX 3MiH
y IPUPOAHUX €KOCHUCTEeMax Ta Oiocepi 3aranoM CBIIUUTD PO HATAJIbHY
notpedy (opMyBaHHS y CTYACHTIB CKOHOMIUHHX CHEMiadbHOCTeH 13
METOI0 HaOyTTd TIPYHTOBHHX €KOJIOTIYHHUX 3HaHb Ta KYJIBTypH
CIUIKyBaHHS 13 IPHUPOAOI0 HEOOXiMHMX HABHYOK pallioHAJIBHOTO
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MIPUPOIOKOPUCTYBAHHS, €KOJIOTI3alii MPaKTHYHO BCIX HaBYAIBHUX
JIUCLIUILIIH.

ToMy HaBuanmpHMI Kypc «OCHOBU €KOJIOTiD» 3aiiMae ChOTOAHI
HaJIe)KHE MiICIle cepel  HAaWroJOBHIMMX Ta  (QyHIaMEHTAILHUX
quciMIDIie. HadaipHa mporpama 3 Kypcey, 1o pekomenmoBana MOH,
po3po0biieHa 3 ypaxyBaHHAM CYYaCHHX BHMOT JIO PIBHS CKOJOTIYHHX
3HaHb, HASBHOCTI 0a30BHX EKOJIOT1YHMUX 3HaHb, OTPUMAHUX Y IIKOJIi,
CBITOBOTO i BITYUM3HSHOTO JAOCBIY.

OO0cHT eKOJIOTIYHOTO MaTepiady, OTPUMAHOTO CTYACHTAMU BHACIIIOK
YCIIIIHOTO 3aCBOEHHS Kypcy «OCHOBH €KOJIOTI1», TOBUHEH 3a0€3IIeUUTH
PO3YMIHHSI €KOJIOTiUHOi aKCiOMaTHKH, c(HhOpMYBAaTH B KOXXKHOTO 3 HHUX
0COOMCTE CTaBJICHHS JI0 €KOJIOTIYHHMX IMPOOJIEM CBITY, PIJHOTO Kparo,
a TaKOX ranxy3i MaiOyTHBOT AisUTEHOCTI, IO OCOOIHMBO BAXKIIUBO B MEXKax
HAIIOTO JOCIIJKCHHS, IOMOMOITH BPaxOBYBAaTH EKOJIOTIYHI BHUMOTH
1 CTaHZapTH TiJ 4Yac BHPIIICHHS IH)KEHEpHUX Ta IHIIUX 3aBJaHb,
3abe3meuynTy 3anac QyHJaMEHTAIbHUX 3HAHb I KOHIENTYaIbHUX OCHOB
Cy4acHOl eKOJIOTii, JOCTAaTHIA I TOJANBIIOr0  TMOTTHOJICHHS
1 YIOCKOHAJICHHSI €KOJIOTIYHOi OCBITH, CIPSIMOBaHOI Ha €KOJIOT1YHO
Oe3neyuHy >KUTTENISIIBHICTb.

Kype «OcHoBH exornorii» BKIo4ae iHGopMalio Npo GpyHIaMEHTaIbHI
TEOpeTHYHi, TJIOOAbHI EKOJIOTIYHI 1 PecypCHO-Taly3eBl EKOJIOTIUHi
mpoOaeMH, CTpaTerio, TAKTHUKY 1 METOAM iX PO3B’SI3aHHS JIOKAIBHOTO,
HAIlIOHAJILHOTO 1 TNI00AJIBHOTO piBHIB. 3MICT Kypcy «OCHOBH €KOJOTii»
MoOY/IOBaHO Ha OCHOBI Cy4YacHHX YSIBJICHb IPO CYTHICTb, CTPYKTYPY, LTI
1 3aBJaHHs €KOJIOTIi, i 3HAYEHHS B JKUTTI CYCIIBCTBA, MICIE 1 3B 530K
3iHmMMH Haykamu. CuCTeMa OTpUMAHMX Ha Iiif OCHOBI 3HaHb Mae
3a0e3neuntd  (OPMYBAaHHA UITKHX 1 OOIPYHTOBaHHMX ySBJIECHb IIPO
B3a€EMOJIIIO 1 B3a€MO3B 30K YCIX KOMITOHCHTIB y MPUPOIHUYIN, COIATbHIN
1 TeXxHOMOT4YHIM cdepax, mpo crTpareriro 1 TaKTHUKYy 30EpeKCHHS
1 CTaOITHLHOTO PO3BUTKY MKHTTS Ha 3eMTi.

Ha wmamy nymKky, y B3B’S3Ky 3 BHKIQICHHM OYEBUIHOIO
€ HEOOXIAHICTh 3MIiH Yy CTPYKTYpi €KOJOTi4HOI OCBITH, OHOBJICHHS ii
3MICTy, pEali30BaHOTO B CHCTEMi TPAIUIIIMHMX 1 HOBUX HAYKOBHX
MOHSITh, TUAAKTHYHO 1 METOAMYHO IMOB’SI3aHUX 13 PI3HUMH OCBITHIMH i
OCBITHBO-TIPO(ECIHHUMH PpIBHAMHU; TOTPiOHE OHOBICHHS TEXHOJOTIH
HaBYaHHS €KOJIOTii, CIIPSIMOBAHMX Ha peai3allifo MporpaM HerepepBHOL
OCBITH, HABYAIIbHUX ITJIaHIB JUCIHILTIH PI3HUX PiBHIB 3aCBOEHHS.
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2. CTpyKTYypa Ta 3MicT eK0JI0ri4HOI OCBITH Y BULIHMX HABYAJbHUX
3akjagax Ykpainu. Ii MeTogo/0riuna ocHOBa Ta NPUHIMIH

OcTaHHIM 9acoM iCTOTHO TOCHIHBCS BIUIMB JFOJUHH Ha TPHPOIY.
3a octanHi 40-50 pOKIiB IIOJACTBO BCTUTIIO TPOUTH OiIbIy YaCTHHY
NUIAXY, KW BIJJIUISE TUTAHETY BiJl eKoJoriyHOo1 katactpodu. IIkimmmsi
BHUPOOHUUYI 1 TOOYTOBI BIIXOAU CTANIU CYTTEBO NEPEKPUBATH MOMKIIUBOCTL
6iocdepu om0 X MPUPOTHOI mepepodku ¥ HelTpanizamii. Bonu cramm
HarpoMaJpKyBaTHCS B aTMOcQepi, BOJII, IPYHTI ¥ BHSBIISATH PYHHIBHY Jit0
Ha MPUPOAHI LMKIH, IO CKJIAJAIHUCSA MiTbHOHM pokiB. Jlemami Oinblie
MOCUIIIOEThCA HECTaua CHUPOBMHHHUX PECYpCiB, MOXE HACTaTU 3arpos3a
HeCTavi KUCHIO i MMTHOT BOJIH.

YpaxoByrOUH 3HAYMMICTh EKOJIOTIYHOI OCBITH, CIIiJl BU3HAYUTH 11
npupoay H 3aBAaHHSA. 3 OISy Ha Te, IO 3aXUCT 1 MOMIIMIIECHHS
CepeIOBHIIA MOTPEOYIOTh BKJIIOYCHHS B II0 JISUTBHICTh IMUPOKHUX MAac
HACEJICHHS PI3HOTO BiKy, PIBHS OCBITH 1 pi3HOI NpodeciiHOT opieHTaIlii,
€KOJIOT1YHa OCBiTa MOBMHHA OYTH MPUCTOCOBAHA A0 BCIX IIUX KaTeropii
HAaCeJICHHS, PO3BUBATH B HUX PO3YMIHHS HEOOXITHOCTI MiIATPUMYyBAaTH
€KOJIOTTYHY PIBHOBAry B CEpeIOBHIII, IO OTOYYE JIFOJIUHY, 1 3a100iraTiu
HeOesreli, sika Mo)ke 3arpoKyBaTH JIFOAMHI B pasi ii mopyIeHHs.

IcHyI0TB pi3HOMaHITHI TPaKTYBaHHS €KOJOriuHOI ocBiTH. Hampukian,
IyMKa, IO CJiJ JaTH 3HAaHHSA ¥ PO3BHHYTH 3HATHICTH OIIHIOBATH
CTaHOBHIIE Ta 0AUYUTH KOMILJIEKCHI MPOOJIEeMH CTOCOBHO CEpEIOBHIIA.
Takox € AymKa, IO CKOJOTiYHAa OCBiTa MOBHHHA BHOCUTH BKIJAaJ
y popMyBaHHS KOHCTPYKTUBHOTO IIIXOLY IO CEpEeNoOBHINA — SIK
y dimocodcrkoMy, Tak i B mparMaTHIHOMY IUIaHi. € pO3yMIiHHS TOTO, IO
€KOJIOTIYHAa OCBITA ITOBMHHA 3aliMaTHCA CTaBJICHHAM JIIOOWHH 10 1l
MPUPOAHOTO Ta IITYYHOTO CEPEIOBHINA, MAc OXOILUTIOBATH MpPOOIeMHU
HAaCeJICHHs, 3a0pyJIHEHHS, BUKOPUCTaHHS peCcypciB, 30epeKeHHs
npupoan. MoxHa cka3aTy, 10 B Pi3HUX BU3HAYCHHSIX MPHUCYTHS OMHA i
Ta caMa JyMKa: €KOJIOTiYHa OCBITa — II€ OCBiTa i3 TJI00AJIBHUX YMOB
ICHYBaHHS JIIOJICTBA 1 CTpaTerii 30epeKeHHS [IMX YMOB TP MOCTIHHOMY
MOJIIIICHH] SKOCTI JKUTTS. METOI EKOJIOTIYHOT OCBITH € PO3BUTOK
ySBJEHb IPO OCHOBHI XapaKTEePUCTHKH CEPEJOBHIIA, L0 OTOYYIOTh
JIIOJTUHY, BIJHOIIICHHS B Hill 1 10 Hei, HA OCHOBI YOTO JIFOIMHA TIParHe 110
30epeKeHHsI 1 TIOJIMNIIEHHS CepeIOBHIIA.

o cyri, exosoriyHa OCBiTa B paMKaxX HaBYAaHHS Ma€ 3pOOUTH BHECOK
Y HOBHH MIJIXiJl Y CTAaBJICHHI JIOIUHH IO CBOTO CEPEIOBHIINA — SIK €THOCTI
OPUPOAHOTO 1 IMITYYHOTO, TIOB’SI3YIOYM 3HAHHSI  NPUPOTHHINX
1 CyCIJIBHUX HayK IPO CEPEIOBUIIE K €TUHUIA 1 HEOOX1JHHUIA KUTTEBUI
MPOCTIp JIOMUHH, SIKUA MOXHA 30€pEerTH 1 IPH MOCTIHHOMY PO3BHTKY
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Hayku 1 TexHiku. OJIHaK €KOJOTiYHa OCBiTa MOKE POOWTH BHECOK HE
JUIIe y CTpaTerito iCHYBaHHSA, a W Yy TIONINIICHHS SKOCTI JKUTTA
B KOHKPETHHUX CEPEe/IOBHINAX.

MeTom0JIONYHOK OCHOBOK €KOJIOTIYHOI OCBITH CJIiJl BBa)KaTH Takl
MIOJIOKEHHS:

1. Csir MartepianbHuil sBis€ COOOH CKIIQAHY CHUCTEMY 3B’f3KiB
1 B3a€MOB1JTHOCHH, TOOTO 3MiHHU HOTO €JIeMEHTIB B3aEMO3yMOBJICHI.

2. 3axucT MpUpOAU SIBIILE COOOIO 3aCTOCYBaHHS 3aKOHY BiJIHOCHH
1 B3a€EMHUX il 10 ICHYIOTh Y MaTepiaJlbHOMY CBiTi.

3. JlromuHa 1 CyCHIBCTBO — HACTIJOK EBOJIOIII JKUBOi MPHUPOAU
(CycHinbCTBO 1 IPHUPOJIA CTAHOBIATH HEMOIUIBHE CYNIEPESUIINBE IIiIIe).

4, 3mian B Oiocepi, MMKIWIMBI Ul JIOJUHH 1 CYCIUILCTBA,
3yMOBJIEHI BiJICYTHICTIO a00 HEJOCTATHICTIO 3aXOMAIB Y pEryJIIOBaHHI
B3a€EMOJIIT CYCITIIBCTBA 1 TIPUPOJIH.

5. Icuye BIIMB TpUpPOOM HA TEMIH PO3BUTKY CYCILIBCTBA, ale
BIJICYTHil BIJIMB IIPUPOAU HA XapaKTep CYCHiIbHUX BigHOCHH’.

Buxonsun 13 mporo, €KoJoriyHa OCBiTa HaMara€ThCs BIAMOBICTH Ha
3aIUTaHHS:

— sKI HACHIKH 3pocioi iHTeHcu@ikamii B 00MiHI Martepiero
1 eHepriero MK IPUPOJIOIO 1 CYCIIiNBCTBOM;

— sKi HaWBaXXJIUBIII 3MIHH B CHCTEMI B3a€MOBIJTHOCHH Y Oiocdepi;

— sKI HACHJIKKM Mae BBEACHHSA J0 OilochepH BeTHKOi KiTBKOCTI
HOBUX PEUYOBHH 1 €JIEMEHTIB;

— K1 CyCIiJIbHI JeTePMIHAHTH CTaBJCHHS CYCHIBLCTBA 10 IPUPOIH
1 YM TOBMHEH 3aXHCT MPUPOAM BinOyBaTHCA uepe3 TalbMyBaHHS
TEXHIYHOTO MIPOTPECY;

— B YOMY CYTh BiJIIIOBINAJBHOCTI JIFOJMHU 33 CTaH HaBKOJIMIIHHOTO
cepenoBuia?

Exonoriuna ocBita Mae 3a MeTy (OpPMyBaHHS EKOJOTIUHOI
CBIJIOMOCTi, BOHa POOWTh BHECOK y PO3BUTOK YSBICHHS IMPO Te, IO
MOPYIICHHST E€KOJOTIYHOI pPIBHOBard HEOOOB’SI3KOBO CYIIPOBOIKYE
TisUTbHICHE CTaBJICHHS JO NPHPOIM, al¢ BHHHKAE B PaMKax IMEBHHX
COIIaTbHO-eKOHOMIYHUX BiTHOCHH. EKOIIOTiYHA OCBiTa TIOBUHHA POOUTH
BHECOK Y PO3YMIHHS TOTO, IIO 30€peXeHHs Cepe/OBHIIA JIOIMHU CTaE
BaXJIMBOIO KATETOPi€I0 B CHCTEMi WIHHOCTEH CYCHIIBCTBA i BOHO

5 IIpobnemu ocsimu. Hayk.-meron. 36. Kuis : 3MH, 1998. Bumn. 14. 232 c.
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MOBUHHO CTaTH TIPEIMETOM ETHYHOTO CTaBJICHHS JIONeH mo ix
MIPUPOTHOTO 1 CYCIUTEHOTO CEPEIOBUIIA.

Taki 1Tl eKOJIOri4HOI OCBITH 3YMOBIIIOIOTH i IPUCYTHICTD HE JIUILE HA
BCIX CXOIIMHKaX CHCTEMH OCBITH, a ¥ y JOIATKOBiH, HETIEPEpPBHIHA OCBITI.
VY rajy3i BUIIOi OCBITH HE iCHYE KOHIIETITYaJIbHO 1 3MICTOBHO MOOYI0BaHOT
CHUCTEMH €KOJIOTIYHOI OCBITH M BHXOBaHHS, SKa BIANOBimaja O BUMOraM
CYCHIIBCTBA, 38 BUHATKOM OKPEMHX IIPEAMETIB Y HaBUaIbHKX Iutanax BH3,
B SKHX Ma€ OyTH MpoONieMaTHKa 3aXHCTy CEpelOBUINA. Y HaBUAJIBHHX
Iporpamax 3 iHIIUX MpeMETIB eKOJIOTTYHI MpoOIeMu SKIIO 1 MPUCYTHI, TO
BUKJIa/IeH] ()parMEHTapHO i B HEBEIIMKOMY 00CsI31.

Kypc «OcHOBHM €KOJOTi(» € CKIQJ0BOK YaCTHHOK HaBYAIBHUX
IUIaHIB YCiX HAMpPSIMIB INITOTOBKM CIEIIAICTIB 13 BHIIOK OCBITOIO
1 BXOIUTh N0 OJOKYy AWUCIUILIIH NPHUPOJHUYIO-HAYKOBOI IiTOTOBKH.
Kypc Bkmowae iHpopmamiro mnpo (yHIAMEHTadbHI TCOPETHYHI,
MI00aTbHI  €KOJIOTIUHI 1 PecypCHO-Taly3eBl EKOJOTIUHI TPOOJIeMH,
CTparterio, TAKTUKY 1 METOH 1X BHpIIIEHHS JOKAJIFHOTO, HAlllOHAJIBHOTO
1 TTI00AJIEHOTO PIBHIB.

I3 npyroi monoBuHU 70-X POKIB €KOJOTIYHA OCBiTa B YKpaiHi cTae
000B’s13k0BOI0.  Cro4aTKy iCHyBaB cCHOpaguuHMi  (DaKyJIbTaTHB,
mpUcBSIYeHNH oxopoHi mpupoau. Ilicms TOimicekoi KoH¢pepeHmii mifg
erimoro OOH (1988) BuknamanHs HaOyBae TEBHOI CHCTEMHOCTI. 3a
pO3MOBaMH  TPO  BaXIJIMBICTh  €KOJOTIYHOI  OCBITH  JIMIIMIOCS
HETIOMIU€HUM CHpaB/Ai OCHOBHE 1 NPHHIUIIOBE: 3MIHMIIACS Mapagurma
€KOJIOT19HO1 OCBiTH. CIIOYaTKy METO0 0yII0 (hopMyBaHHS IICHXOJIOTITHOL
HACTAaHOBM HA palliOHaJbHE MPHUPOIOKOPHCTYBAHHS, OXOPOHY IPHUPOIU
B3araji. Temep cTaBUTHCS 3aBAAHHS (OPMYBATH EKOJOTIYHY CBiJIOMICTb,
KYIBTYpY, MOpallb, €TUKY. T0OTO MparMaTHKy 3acTyNWIH CBITOTIISIHI
LIHHOCTI.

CporofHi iCHYIOTh Pi3HI TEHJCHIIi €KOJIOTIYHOi OCBITH CTOCOBHO
npiopurety (GopMmyBaHHS THX a00 IHIIMX MIACTPYKTYpP CEKOJIOTIYHOI
cBiloMOCTi. BiAMmoOBiTHO 70 cTpaTeriuHuX OpieHTaIliii B EKOJOTIYHIN
OCBITI ICHYIOTH TPU OCHOBHI MiJXOAH A0 MPOOIeMH 3MiCTy €KOJIOTi4HOT
ocsiti’. Iepmmii migxix moB’sBaHuil i3 (OPMYBAHHSIM EKOJOTTYHHX
ysiBIIeHb. J{Is CTYJNEHTIB BHIIOI IIKOJM CHOTOIHI MPaKTHYHO HE iCHYE
KOHIENTYyallbHOI Ta 3MICTOBHO TOOYJOBaHOT CHCTEMH EKOJIOTI4HOI
OCBITH, 332 BHHSTKOM Xi0a IO Ookpemux mpenmertiB. pyruit mimxim —
(dopMyBaHHS cTaBiieHHS 10 npupoau. OOHMpaloThes Taka eKoJIOTigHa

® Kopcax K.B., Ilmaxorik O.B. OcHoBH exonorii : Hapd. MOCi6H. 3-¢ BHI.,
nepepo0. i gom. Kuis : MAVII, 2002. 296 c.
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iHpopMarlliss 1 Taki BHOW JiSUTBHOCTI, SKi Iepen0dadaroTh B3aEMHHU
cy0’ekta 13 mpupoaoro. TpeTidt minxim MmoB’si3aHuid 13 (OpMyBaHHIM
TEXHOJIOT1i B3aeMO/IiT 13 IPUPOAOIO.

Exomoriuna ocBita i3 cepenuHu 80-X PpOKIB HEBIUHHO BXOIHUTH
B OCBITHIO TIPaKTHKy, OJHAaK 0€3 KOJHOTO ITO3UTHBHOTO e(eKTYy.
OcHOBHAa mpUYMHA B TOMY, IO e€KojoriuHa ocBiTa 80-X poKiB
Opi€HTOBaHa Ha TepOapTChKy MEeAaroriky, M0 /i€ 3a NPUHIUIOM
BUXOBAJBFHOTO HAaBUAaHHSA. DBHXOBaHII HAKONMUYYIOTH EKOJOTIYHY
iH(pOpMAIlito, EKOJIOTIUH] 3HAaHHS, ajle eKOJOTiYHa KyabTypa MpH LbOMY
He PopMyeThes. SIK HACTIIOK MaeMO EKOJIOTIYHO 00i3HaHY H €KOJOTIYHO
HEBHUXOBaHY OCOOHWCTICTh, K4, BOJIOJIIOYHM CKOJOTIYHUMH 3HAHHSIMH,
MPOSIBIISIE  aKTHB EKOJIOTIYHOTO BaHAalmi3My. ToMy HEBIIKJIQIHUM
€ pO3pOOJICHHS ~ CTpaTerii  eKOJIOTIYHOTO  BUXOBAHHA,  OCKUIBKH
BBAXAETHCSA, IO 3IIMCHIOETECS BOHO aBTOMAaTHYHO — pPa3oM 3
SKOJIOTIYHMM HaBUaHHAM. SICHa pid, mporiecH HaBYaHHS I BHUXOBaHHA
TICHO MOB’s3aHI MiX €000, XO4Ya CKOJIOTIUYHE HAaBYAHHS — II¢ BJIACHE
CKJIaJloBa YacTHHA TPUPOJTHUYO-HAYKOBOI OCBITH, a EKOJIOTiYHE
BHXOBaHHS Ma€ I[IHHICHHH acIeKT, a/pke NepeaycCiM iaeTbes Ipo
(opMyBaHHS IICHXOEMOLIINHHOI cepu CTyneHTa.

Juia mpaBwiibHOI OpraHizamii €KOJIOTIYHOI OCBITH # BUXOBaHHS Y
BHIMX HABYAIBHUX 3aKJIadax, IIABHINCHHS i1 S(QEKTHBHOCTI CIiJ
KepYBATUCS TAKUMH [TPUHIUITIAMH:

— TICPIIOYEPrOoBE 3aBJAHHS EKOJOTiYHOI OCBITH — (opMyBaHHS
HAYKOBHX YSABJICHb NPO Oiocdepy Sk yHIKAIbHY OOONOHKY 3emii, e
ICHy€ KWTTS, — €KOJIOTiYHAa OCBiTa INOBHHHA ITOB’S3yBaTH 3aCBOEHHS
HAayKOBHX YSABJIGHb Ipo Oiocepy 3 PO3BUTKOM JiaJICKTHUHO
CYIIEPEWINBOT €THOCTI «Oiochepa — T0ACTBOY;

— EKOJIOTIYHI TpoOJieMH TICHO TIOB’s3aHI 3 JeMorpagpiuHAMH,
CHePreTUYHUMH, TPOJAOBOIBYMUMU W CHPOBHHHUMH MPOOIEMaMH.
Exoioriuna ocBiTa miepeOyBae Ha CTHKYy HayK PO TPUPOAY 1 IPO
moauHy. ToMmy mim 4yac po3poOJieHHS MUTaHb MPO 3MICT Ta (QOopMH
po0OTH, METOAM 1 METOJMKH €KOJIOTIYHOTO BUXOBAHHS BUXOATH i3 TOTO,
10 BOHO € OJHHMM 13 HaWBaKJIUBIIIMX HAMPAMIB 3a0€3MCUCHHS CHHTE3Y
MNPUPOAHUX 1 COIIabBHAX HAayK Yy TPOleCi HaBYAHHS, BUXOBAaHHSI
1 OCBITH;

— eKoJloTiyHa oOcBiTa Mae (OpMyBaTH HAYKOBi YSBJICHHA IIPO
comiarbHe KOPIiHHS DIIOOANTFHUX EKOJOTiYHHX mpodneM. I[IpoGiemu
B3a€MO3B 513Ky MPUPOAM 1 CYCHUIBCTBA TICHO MEPEIUTITAIOTHCS
3 IIMPOKUM KOJIOM €THYHUX | €CTCTUYHUX [THUTaHb;
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— HaBKOJIMIIHE CEPEJOBHUINE, MPUPOIHE i CTBOPEHE JIIOACTBOM, Ma€
pO3TIAMATUCH K €IWHE IiJie, MIXOAWTH JIO HOTro  OIHKH
1 XapakTepUCTUK CJiJA 3 EeKOJIOTIYHHX, EKOHOMIYHHX, COIL[abHUX,
3aKOHOJIaBYMX, KYJIBTYPHHUX 1 €CTETUYHUX MTO3UITIH;

— T, SKi CTOCYIOThCSA PO3YMIHHS Ta BHpIIICHHS Ipo0JieM,
MOB’S3aHUX 13 HABKOJIMIIHIM CEPEJOBUILIEM, MAalTh OYTH YITKO
BHOKPEMJICH] 3-TIOMIX I[iJICH OCBITH Ha BCIX PIBHSIX 1 BCIX CEKTOpax;

— Mae OyTH y3roJUKCHHWH TOW BKJIAJ, SKUH Pi3HI Talny3i HayKd
MOBHHHI BHECTH B PO3YMIHHSA HABKOJHIIHEOTO CEPElOBHINA 1 B
PO3B’s13aHHs Horo npobiseM, poOIaYy NpH LbOMY OCOONUBHUIT aKIIEHT Ha
PO3BUTKY BiTHOCHH, SIKi JIO3BOJISIOTh MPUHAMATH CHOCIO KUTTS 1 MOJei
PO3BHTKY, IO HE CHPaBIAIOTh HETATUBHOTO BIUIMBY Ha SKIiCTh
HaBKOJIMITHHOTO CEPEIOBUINA;

— EKOJIOTIYHA OCBiTa Ta BUXOBaHHS IOBHHHI OyTH O€3MEepepBHUMH i
SIBJIATH COOOIO MIJICHCTEMY B CHCTEMI BHIIO1 OCBITH;

— HeOOX1IHO AOTPUMYBATUCS MIXAUCUUILUIIHAPHOTO MiAXO0MY, TOOTO
pO3TIAMAaTH  EKOJOTIUHI THTaHHA He SK OKpeMi JUCIUIUTIHH, a,
HacaMIiepes, SIK IPUHIAI, 33 SKOTO BCi AUCHUIDIIHA HABYAIBHOTO IDIaHy
MPOHM3aHI iesiMu 30epekeHHA AOBKULIA. Lle mae 3Mory oTpuMaTH
L[iTiCHE YSBJIECHHS MPO HABKOJMIIHE CEPElOBHIIE, 030pOiTH MaHOyTHIX
CHEIIAIIICTIB 3ac00aMU e(heKTUBHOTO BIUIMBY HA HHOTO;

— BHACIIZIOK MDKTaTy3€BOTO XapakTepy MpooyieM i3 HaBKOJUIIHBOTO
CepeIOBHUIIA MiATOTOBKA KaJpiB MOBWHHA 3/1HICHIOBATHCH TIEPEBAYXKHO HA
PiBHI criemiaizarii;

— EKOJIOTIYHa OCBiTa 1 BUXOBaHHS TIOBHHHI OpIEHTYBaTHCh Ha
aKTHBHY B3a€MOJIIO JIIOAMHU i3 HPUPOJOI0, MOOYIOBaHYy Ha HAayKOBiH
OCHOBI, Ha OIIIHIOBAaHHI1 JIFOJJUHU SIK YaCTHHU TPUPOJIH;

— €KOJIOT1YHI 3HAHHS, JOTIOBHEHI IIHHICHUMH OPIE€HTAIISIMH, TIOBUHHI
CTaTH OCHOBOIO €KOJIOTIYHOI KyJIbTYPHU i €KOJIOTT1YHOTO MUCIICHHS.

P03BHTOK €KOJIOTIYHOT OCBITH NMPHUBIB J0 BUAUICHHS ii CrierudiqHuX
0co0IUBOCTEIH:

1) ycBimOMIICHHSI CKIIAHOCTI OXOPOHH HABKOJIHIIIHBOTO CEPEIOBHINA
Ta il BUBYCHHS 3 TIO3UIIIi CACTEMHOTO aHAIIi3Yy;

2) yCBIZIOMJIEHHS TJI00AIBHOTO XapaKkTepy eKOJIOTIYHHX MPOOIIeM;

3) MKIUCUMIUTIHAPHHUM TTIX1T;

4) ypaxyBaHHS Ta TMi3HAHHA 3B’S3KY EKOJOTIYHHUX mpobiem 3
€KOHOMIYHUMHU, KyJbTYPHIUMH Ta COIIATbHUMH MPOOIEMaMI;

5) pi3HOMaHITHICTH JKEepesl 3HAHHS Ta METO/[iB HABYAHHSI.

ExosoriuHy ocBiTy HEOOXiJIHO 3BECTH HE CTUIBKU 0 TepelaBaHHS
3HaHb 3 OKPEMHX TeM, CKUIBKH J0 (OpMYBaHHS €KOJOTi9HOTO
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cBiTorsay. EKOHOMICT, SIKHH MUCIINTh, IOBUHEH PO3YMITH MPUYUHHO-
HACJIIKOBI 3B’SI3KM Y MPUPOJHUX SBUIIAX, YMITH MPOCTSKUTH, B TKOMY
B3a€MO3B 13Ky BOHU 3 IHIIMMH SIBUIAMH LIUPIIOi cucTeMH. EKOJOriuHi
i1l TOBUHHI cTaTH 0a3MCHUMH LIJIIMU EKOHOMIKH.

3a octanHi 15-20 pokiB MUTaHHS €KOJIOTIYHOI OCBITH Ta BUXOBAHHS 31
cdepu IUCKYyCiid TPO MPaBOMIPHICTH €KOJOTTYHOI OCBITH 3MICTHIIOCA Y
IUIOIIUHY 11 IMpakTHuHOI peanizauii. Ll o6cTaBUHA 3HAYHO BIUTMBA€E Ha
Meaaroriky ¥ cydacHy CHCTEMY OCBITH. 30Kpema, poOUThCS crpoda
MEearoriYHOr0  OCMHCJICHHS  KIIOYOBUX JUIL  CYYacHOi  €KOJOTil
KaTeropii — cBiJOMOCTi, MOpaji, €THKH, KyJbTypH Ta IHIIUX TMOHSTb,
MPaBOMIPHICTb iICHYBaHHS SKUX IIIe HEJTABHO Pilllyye 3arepedyBanacs, K
TaKMX, MO0 HIOMTO CTOSTH HAJ MOPALIIO CYCHUIBCTBA, a JIOJUHY
CTaBJIATh Y MO3UIIO CIINOr0 MOKJIOHIHHS Tepel MPUPOAOI0, TOIi SIK
CIPaBXHIM 3aBIaHHAM EKOJIOTIYHOI OCBITH, Ha JYMKY iJI€OJIOTIB BiJ
OCBITH, CJIiJ] BBAXKATH «HAYKOBE OOTpYHTYBaHHS 1epeOymoBu 6iocdepu B
1HTepecax JIOINHUY.

ExoioriyHa ocBiTa pO3BHBaE KOMYHIKATHBHI MOXKITUBOCTI JIFOJUHH
yepe3 cydacHW iH(QOpMAIliitHO-3B’I3KOBUH MIHIMYM KOXKHOT JIFOJTUHH.
Exonoriuna ocBita y BUIIOMY HABYAILHOMY 3aKJali i IHOPSIIKOBYETHCS
OCHOBHIl MeTi — JaTu MoJIoAl CBIiTONISAAHI miHHOCTI. Tomy mpeamer
eKoJIorii Mae OyTH BiHECEHHM A0 0a30BHX IUCIMILIIH T'YMaHITapHOTO
LUKITY.

AHani3zyloun ep>aBHi HaBYaJIbHI IPOTPaMu 3 €KOJIOTii, MU BUSBUIN
CIPSIMOBaHICTh Ha ()OPMYBAHHS CKOJIOTIYHOT CBIZIOMOCTI Y CTY/CHTIB, Ha
pamioHaNbHe BHUKOPHCTaHHS IMPHPOJHUX PECYpPCIB, KUIBKICTh 1 SIKICTh
SIKMX I[OPIYHO 3MEHIIYETHCSL.

JloGip 3MICTy €KOJOTIYHOI OCBITM 1 BHXOBaHHS Yy BHIIOMY
HaBYAJILHOMY 3aKjiaji rependadae TEBHUM HaOIp 1 3MiCT HaBYAJIbHUX
MpeIMETiB, CTPYHKY 1ii CHCTeMy, B3a€MO3B’S30K 1 TIIOCIiIOBHICTh
BBEJICHHS, BU3HAUCHHS 3HAHb, YMiHb 1 HABHYOK, IKUMH MYCHTB BOJIOMITH
MaiOyTHIH (axiBelb 3 EKOHOMIKH, & TaKOX CHCTEMY IOHSITTEBO-
TEPMIHOJIOT1YHOTO anapary.

Y BUIIMX HAaBYAIBHUX 3aKlaJax YKpaiHW 37iHCHIOEThCS €IuHA
(6a3oBa) exosoriuna ocBiTa. [i ocHOBOIO € iHTerpoBanmii kypc «OcHOBU
€KOJIOTIT», SAKMM BKIIOYAE HAMBAXKIMBIII  aCIEKTH  €KOJIOTIYHOI
Mpo0JIeMH 1 BpaXxoBYeE MEBHI KOHIENTYaJIbHI TIOJI0KCHHS.

— Ilpupomne cepenosuiie (Oiocepa) €  camMOperysTiBHOIO
CUCTEMOI0, sKa TepedyBae y CTaHI JMHAMIYHOI PIBHOBAaru i BUSIBIISE
CTIHKICTh y JOCHTH IIMPOKOMY, ajie KiHIIEBOMY Miana3oHi 30BHIIIHIX
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BIUIUMBIB. BOHO Hakiagae meBHI OOMEXEHHsS HAa TEeMIM 1 Macliradu
COIIaJIbHO-€KOHOMIYHOTO PO3BHTKY JIIOJCTBA, SIKIi 3YMOBIIOIOTHCS
pO3MipaMu IDTaHETH 3eMild, 3amacaMu i pPecypciB, MOMKIHBOCTSIMH
caMOperyJIsIii 1 MATpUMaHHS PIBHOBArH.

— CraH TPHPOIHOTO CEpPEeNOBHINA HAa CYYaCHOMY €Tall PO3BUTKY
JIFOACTBA € HACTIKOM B3aeMOJii Hloro 610J10ri4HUX 1 (pi3MYHUX ACIEKTiB
3 acCmeKTaMH COIiaJbHO-€KOHOMIYHOTO 1 KYJIBTYPHOTO PO3BUTKY
cycminberBa. Ekonoriuni mpo6ieMu MaroTh TII00ATBHUHN, PeriOHaTbHIM,
HalllOHaJIBHUN 1 MicueBuil xapaxTep. AHami3 ycix HpoOjeM MOBHHEH
3[1HCHIOBAaTHCS Y BIANOBIAHOCTI 3 iX MpPOSIBOM, HA OCHOBI BpaXyBaHHS
MEBHUX BUMOT €KOJIOTIYHOTO, EKOHOMIYHOTO i MOJIITHYHOTO XapakTepy,
BHUXOJISTYH 3 PECYPCHUX MOMIIUBOCTEH IPUPOIHOTO CEPEIOBUILA.

— BuCHakeHHS TPHUPOJHUX PECYpCiB IUIAHETH, 3a0pyAHCHHS
CepeJIOBHIIA ¥ TIOPYIIEHHS MPHPOIHOI PIBHOBArd BHACHIIOK CTHXIHHOT
JiSUTBHOCTI JIIOACTBA HEMMHYYe NpHU3BeAe J0 3aralbHOIUIaHETapHOL
eKoJIOriyHOi Kpu3u. [loTpiOHO iCTOTHO 3MIHUTH BHPOOHUYY OCHOBY
TiSTBHOCTI JIFOZICTBA, BUXOIMIYM 3 PECYPCHHUX MOXIHBOCTEH IUIAaHETH
3emiis, HEOOXiTHOCTI TEXHOJOTIYHOT MOJIepHi3alii BUpOOHUIITBA, sIKE O
MaKCHMAJIBHO BIIMCYBAJIOCA B O10JIOT1UHI [IUKIIK TPUPOJH.

[lin yac ¢opMyBaHHS y CTYICHTIB OCOOWCTICHOTO CTaBJICHHS [0
€KOJIOTTYHO1 JIMCHOCTI BAXKIIMBO YITKO OKPECIIOBATH KOJIO €KOJIOTTYHHX
mpobieM ychOoro JIFOACTBA, CBOEI KpaiHM 1 cBO€i micueBocTi. Jlume 3a
IUX YMOB MOYKHa MPOBOJUTH CIIpaBi epeKTUBHY poboTy. Tak, mix yac
BHBUEHHS TeMH «EKoJoriuHi mpoOiieMu OOOJIOHOK 3emili», a came
nuTtanHsg «Ekonoriuni mpo0ieMu BOJHOTO Cepe/IoBHUIIA 1 HOTO OXOPOHaY,
HEOOXI1THO 3BEPHYTH yBary CTYJACHTIB Ha 0OMEXEHICTh BOJHHX PECYPCIiB
Hamoi kpainu. JIJig miIKpeclieHHsT BaXKJIIMBOTO 3HAYCHHS BOJU B YKHUTTI
JIOAWHU MOXKHAa BUKOpHcTaTh cioBa AHTyaHa ae Cent-Ex3tomepi:
«Boga, T He Maem HiI cMaky, Hi 3amaxy, TeOe HEMOXIIMBO OITUCATH,
TO0OOFO0 HACOJOMKYIOCS, HE 3HAIOUH, IO TH Take. He MoXKHa cka3zaTu, 1o
TH HEOOXIHA JUTS JKUTTS, TH — CAME JKUTTS.

JuoakTHIHUME ~ yMOBamu  (DOpMYBaHHsS €KOJIOTIYHHUX 3HaHb Y
CTY/ICHTIB €KOHOMIYHHX CITCI[IaIbHOCTEH € TaKi:

Ipunyun nayxogéocmi. Woro cytHicts — yci dakTw, 3HAHHS,
MOJIOKEHHSI 1 3aKOHM, IO BHUBYAIOTHCSA, IOBHHHI OYTH HAayKOBO
MpaBWIBHI, TaK CaMo, SIK 1 CIIOCi0 O6I‘pyHT;'B8.HHS[ MTOJIOXKEHB 1 3aKOHIB Ta
(hOopMyBaHHS IOHSTH Y MPOIECi HABUAHHS .

7 Ckpuniko T. ExoJoriuHuii acrmekT OCBITHBOT AisUIBHOCTI YKpaiHINIB HaiJaBHi-
wux 4yaciB. Ocsima i ynpaeninns. 1998. Ne 2. C. 112-121.
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THpunyun cucmemamuunocmi ti NOCAI008HOCMI HAGYAHHA TIEpeadadae
CUCTEMHICTh y POOOTI CTYIEHTIB (CHCTeMaTHYHE BiJBiAyBaHHS 3aHSTH,
yBara Ha JICKIIisIX, CHCTEMaTHYHE [TIOBTOPSHHSI HABYAJIHLHOTO MaTepiaiy).

Ipunyun oocmynnocmi Haewanus. Peanmizaimis 1HOTO TPHHIUITY
nependavae:  BpaxXyBaHHS ~ pIBHA ~ PO3BUTKY;  IHIWBIIyaJbHUX
0COOJIMBOCTEH; TOTPUMAHHS MPABHJI: BiJl IPOCTOTO — JI0 CKIAIHOTO, BiX
BiJOMOT0 — JIO HEBIIOMOTO, BiJl OJIM3LKOr0 — JI0 JAJIEKOTO.

Ipunyun 36’a3xy Hasuawna 3 owcummsm. Peamizamiro 1pOT0
MPUHIMITY 3a0e3MeUyIOTh: BUKOPUCTAHHS Ha CEMIHApaX IKUTTEBOTO
JOCBily CTYJCHTIB; 3acCTOCYBaHHS HAaOyTHX 3HaHb Yy IPaKTHUHIH
JUSUTBHOCTI; PO3KPHUTTS TPAKTUYHOI 3HAYMMOCTI 3HaHB; Oe3mocepenHs
Y4acTh CTYICHTIB Y TPOMAaJICBKOMY JKHTTI.

Memoo exonociunoi  ioenmugbixayii TONATaE B  IEAATOTIYHIN
aKTyaiizamii 0coOMCTOT MPHUYETHOCTI JIOAWHHU JO TOTO UM IHIIOTO
MIPUPOTHOTO 00’€KTa, CHTYallili, 0OCTaBHH, B IKHX BiH nepeOysae. Llei
METOJ| CTHUMYJIIOE TIPOLEC TCHXOJIOTIYHOTO MOJETIOBAaHHA CTaHy
MIPUPOTHUX 00’ €KTIB, CIPHSE KpalioMy PO3yMIiHHIO IIbOTO CTaHy, IO
MOTJIMOIIOE  ySBIICHHS IIKOJIAPIB Tpo AaHuid 06’ekt. Kpim Toro, 1ei
MEXaHi3M aKTyali3ye BiJIIOBiAHY IOBEAIHKY IIOAO LIOTO 00’ €KTa.

Memoo exonoeciunoi emnamii Mae Ha METi TIEAATOTIYHY aKTyai3allito
CIIBIIEPEXMBAHHS JIIOAWHU 32 CTAaH IPHPOJHOTO OO0 €KTa, a TaKOX
cmiBuyTTst iomy. lle cTHMyIO€ NPOEKLiI0 OCOOMCTHX CTaHIB Ha
MPUPOAHI 00 €KTH Yepe3 OTOTOXKHEHHS 3 HUMH (CIIBIECPESKUBAHHS), a
TaKOX MEPESKUBAHHSI OCOOMCTHX €MOIlIM Ta MOYYTTIB 13 PUBOIY CTaHY
NpUPOTHUX  00’€KkTiB  (cmiBuyTTs). TakuM 9HHOM  (POPMYETHCS
cy0’exTH(iKallis IPUPOAHUX 00’ €KTIB.

Memoo exonociunoi peghnexcii onsrae B MeqaroridyHii akTyaizarii
caMOaHaIi3y JIIOJMHOI CBOIX Jiif Ta BYMHKIB 3 TOYKH 30py iX
€KOJIOTTYHO1 JouiabHOCTI. Lleil MeTom cTUMyIIO€ YCBIIOMIIEHHS TOTO,
SKAA BHUIILL MOXE MaTH MOBEIIHKA IJIOIWHU, 1 TOYKH 30py THX
MPUPOTHUX 00’ EKTIB, SKHX BOHA CTOCYETHCH.

Y paxoByl04H AOCBiJ CHELIATICTIB y Iady3i €KOJOTYHOIO BUXOBAHHS,
MOXKHa BHIUINTH YOTHPH THIH CTYACHTIB 3a iX IICHXOJIOrO-
TUAKTHIHAME OCOOJTHBOCTSIMHU.

1. e Ti, XTO HABYAETHCS Yepe3 MOUyTTs. BOHM UyTiuBilI 10 JIroIei
Ta OTOYCHHA. TOMy BOHM Kpalle HaBYAIOTHCS dYepe3 Crerupidamit
JOCBiJI, MCHIIIE OPIEHTOBaHI HA aBTOPHTETH, HDK IHII, HE NIYKAIOThH
TEOPETUYHUX IMIAXOIIB IO BHPIMICHHS MpoOJIeMu, OUTBIIY JOIOMOTY
OTPUMYIOTh Bifl AWCKyCili Ta poOOTHM B mHapax, TOMY B HaBYaJIbHHX
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CUTYyaIlisIX OUTBII BIJKPHTI, MIBHJIKO AQJalTYIOThCA 10 HUX Ta [IIOTh
MEPEBAYKHO 1HTYITHBHO.

2. Ti, XTO HaBYA€ThCs, CIIOCTEPIralOuM Ta CIyXalud. YUHi Ta
CTYACHTH Ii€l TPYNH JMOBIPSIOTH JIUINE PETEIBHOMY IOCHTIKCHHIO Y
(hopMyBaHHI BUCHOBKIB, HaJIAalOTh IIEPEBAry CHTYAIISM, SIKi IO3BOJISIOThH
iM OyTH 00 ’€KTMBHUMHM cIOCTepirauamu. BoHM chuparoTbes nuIIe Ha
0coOMCTI JOyMKH Ta BIi4yTTS Hif dYac (OpMyBaHHA MOMNIAIIB Ha
KOHKPETHY MpoOJieMy, MOXXYTh OayWTH pi3HI HEPCHEKTHBH 1 YacTo
IIYKaIOTh CYTh MpeaMeTa. ToMy BOHHM OLUIbIIE PO3KPHBAIOTHCS HA
JICKIISIX Ta IEMOHCTPALILSX.

3. Ti, XTO HaBYAEThCS Yepe3 MUCIIeHHS. L[ rpyma sironelt BAHAXOIUTh
AHAIIITUYHI, KOHIENTYalbHI IMiIXOJH Y BHPIIICHHI MpoOJIeMH, Hamae
nepeBary BUHATKOBO JIOTIYHOMY MHCIEHHIO Ta DPalliOHAJIbHIM OIiHII.
Bonu OinmbIn opieHTOBaHI Ha pedi Ta CHMBOJIHM, Kpalle HAaBYAIOTHCSA B
ABTOPUTAPHO CIPSMOBAHUX CHUTYaIlisIX, sKi 0a3yIOThCS Ha TEOpiiX Ta
CHHTETUIHOMY aHalli3i; 4aCTO CIIPOCTOBYIOTh «BHHAXIIJIHBEY» HABYAHHS i
BiJIaIOTh IIepeBary CHCTEMAaTHIHOMY IUIAHYBAHHIO Ta HABUAHHIO.

4. Ti, xTO HaBUaEeThCA yepe3 Ait0. OCTaHHIO TPYITy CKIaNaloTh TiHOBI
oco0wu, sIKi JIOBIPAIOTh BUHATKOBO €KCIIEPUMEHTAM 1 Kpalle HaBYAIOThCS,
KOJIM MAalOTh MOXKJIMBICTh Y3SITU Y4acTb Y IIPOEKTi abo AucKycisx. BoHu
ITHOPYIOTb JICKITiT Ta 1HIII MAaCHBHI (OPMH HABYAHHS Ta BUXOBaHHS.

BUCHOBKHA

«3elleHl  pyxu» Ta «3€JeHI TEXHOJIOTI» € CHOHYKaJIbHUM Ta
00’€THYBaIbHUIM MOMEHTOM y OOpoThOi 3a 30epeKeHHS JTOBKULISL
[IpakTiuHe  3acTOCyBaHHS  «3€JieHOi  XiMii»  TPYHTYEThCS  Ha
BHKOpHCTaHHI 12 TpHWHIMWMIIB: 3amo0iraHHs YTBOPEHHIO BIIXO/IIB;
pamioHanbHe  (€(peKTHBHE) BHKOPHCTAHHS  BUXIJHHUX pEarcHTIB,
3HIMKEHHSI 3arpo3 IpOIECciB 1 IPOAYKTIB CHHTE3y; KOHCTPYIOBAHHS
«3EJICHNX» MarepianiB; BHUKIIOYCHHS BHKOPUCTAHHS HEOC3IMEUHUX
JIOTIOMDDKHUX PEarcHTIB;, eHepro30epekeHHs B XIMIYHUX Mpoliecax;
BUKOPUCTAaHH Bi}IHOBJHOBaHO.I. CI/IpOBI/IHI/I; 3MCHIIICHHSA qucia
NPOMDKHMX ~ CTamiifi  TEXHOJOTIYHHX  TPOLECIB;  BHUKOPHCTAHHS
KaTalli3aTopiB A MPUCKOPEHHS XIMIYHHX TPOIECiB; 010pO3KIagaHHsS
JUIS. OTPUMaHHS CTOJIYK, O€3MeYHUX U1 HABKOJHUIIHLOTO CEPEIOBUINa;
3a0€3MEUYCHHS  QHANITUYHOTO  KOHTPOJIO B pEalbHOMY  dHaci;
MOTIEPEKEHHST MOYKIIMBOCTI TEXHOTCHHHX aBapii.

OCHOBHMMH 3aBJaHHSIMH €KOJIOTIl €: JOCTI/DKEeHHS OCOOIHMBOCTEH
opraHizamii >KHTTS, B TOMY YHCII B 3B’SI3Ky 3 QHTPOIIOTEHHMM, IO €
pPE3yNbTaTOM IFOACHEKOI MiSUTBHOCTI, BIUIMBOM Ha TPUPOIHI CHCTEMU;
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CTBOPEHHS HAyKOBOi OCHOBHM palliOHAIBHOI eKCIuTyartallii 0i0JoTiyHuX
pecypciB; TPOTHO3YBaHHS 3MIH MPHPOTU TiX BIUIMBOM JisUTBHOCTI
JIFOJTMHU; 30epe)XeHHsI CepeJOBHIIA ICHYBaHHS JIFOIUHU.

Bupimenns mux 3aBIaHb DOIOMOXKE PO3B’S3aHHIO TAaKUX MPOOIEM
TOCIOIAPCHKOT  MISTIBHOCTI CYCIUIBLCTBA: IHTEHCH(]IKAIlisl BHPOOHHIITB
pany ramysed; 30epexeHHs Ta 3aOlIa/PKEHHS CHUPOBHMHH; OXOpOHA
ICTOpUYHUX Ta  apXITEKTYpHHUX MaM’SITOK; 3OULIBLIEHHS  Yacy
eKCIUTyaTamii MPOMMCIOBHX Ta J>KUTJIIOBHX KOMIUICKCIB; 30UIbIICHHS
TPUBAJIOCTI JKUTTSA Ta 3HIDKEHHS 3aXBOPIOBAHOCTI JIIOJEH B yMOBax
ypOaHi30BaHOTO CepeZOBHUINA; BJOCKOHAJEHHS MEXaHI3MiB B3aeMOJii
CYCITUIBCTBA Ta MPHUPOJIH.

3anpornoHoBaHW! HaBUANbHUN Kypc «OCHOBH €KOJIOTiD» 3aiime
HaJIe)KHE Miclle cepell HaHTOJOBHIMMX (YHIAMEHTAIBHHUX JUCLMIUIIH.
HapuanpHa mporpama Kypcy po3poOiieHa 3 ypaxyBaHHSAM CydacHUX
BHMOT JIO PIBHS €KOJIOTIYHHX 3HaHb, HASABHOCTI 0a30BHX EKOJOTIYHUX
3HaHb, OTPUMAHUX y HIKOJi, CBITOBOTO ¥ BITYM3HSHOIO AOCBiTy. 3MICT
Kypcy «OCHOBHM €KOJIOTii» MOOYJOBaHO HAa OCHOBI CydYacHHX YSBJICHB
CYCHUIBCTBA, MICIle ¥ 3B’SI30K 3 iHIIMMHU Haykamu. CucteMa OTpUMaHUX
Ha Iifi OCHOBI 3HaHb Mae 3a0e3neuuTd (OpMyBaHHA UITKUX 1
OOIpYHTOBaHUX ysBIEHb IIPO B3aEMOJII0 1 B3aEMO3B’A30K YCIX
KOMIIOHEHTIB y MPUPOAHUYIHN, COLIaNbHIN 1 TEXHOJOT1UHIN cdepax, mpo
CTpaTerio 1 TakTUKy 30epeXeHHS ¥ cTabiIbHOTO PO3BUTKY XXHUTITS Ha
3emuti.

AHOTAIIISA

JlocimkeHo eKoJIoTiUHI IPOOIEMH CTAIOTO PO3BUTKY Ta 30epeKeHHS
HAaBKOJIMIITHHOTO CEPENOBHINA B KOHTEKCTI HAaBYaHHSI CTYACHTIB.
HaBeneno mepenik OCHOBOMOJNIOKHUX MPUHIUIIB ,,3€€HOT  Ximii”.
Po3riissHyTO OCHOBHI 3aBIaHHS €KOJIOTii Ta MPOOJIEMH TOCIIONaPCHKOi
OisTBHOCTI  cycminbeTBa.  CTaH  cy4dacHOi  €KOJIOTIYHOi — OCBIiTH
CIIBCTABIIEHO 3 EKOJIOT1YHOIO CHUTYAII€I0 ChOTOJCHHS. 3allpOMOHOBAHO
Kypc «OCHOBH €KOJIOTil», IO BKJIIOYAE TEOPETHUYHI, CTpaTeTiuHi,
TaKTH4HI TpobOiemu. HaBeneHO CTPYKTYypHHEM 3MICT LBOTO Kypcy.
3anponoHOBaHO METOOJIOTIYHY OCHOBY €KOJIOTiYHOi OCBITH y BHIIHX
HaBYAIILHUX 3aKajax. BH3HAYeHO TNpeaMeT MOCHTIKeHHS, OCHOBHI
3aBJJaHHS Ta MDKAUCIUIDTIHAPHUHA XapaKTep eKOJIOTTIHOT HAyKH.
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OIIHKA EOEKTUBHOCTI MOAEJII IAPAMETPUYHOI'O
CHUHTE3Y JIJI1 BABOPY EJIEMEHTHOI BA3H
CHUCTEM YIIPABJIIHHA TEXHOJIOT'TYHUMH IMTPOLECAMU
BUPOBHUIITBA PEA

Mocbnan /1. B., ®omoBcbka O. B.

BCTYI1

BypxyMBHIA PO3BUTOK MIKPOEIEKTPOHIKH 32 OCTaHHI 25 POKiB 3po0HB
OUEBUJHUM PO3YMIHHS TOTO, IO HEOOXiHAa paJWKalbHAa 3MiHA Ta
BIIOCKOHAJICHHS METOJIB CKJIaJaHHsA BHUPOOIB i Bcix oOmacredt ii
3acTocyBaHHS. MiHiaTropu3amis panio- eleKTpoHHuX amapatiB (PEA)
Mpu3BeNa JI0 TMOBCIOJHOTO BUKOPUCTAHHSA TEXHOJIOTii MOBEPXHEBOTO
MoHTaxy (SMT — Surface Mount Technology) 3amicTe KJaCHYHOTO
BuBimHOoro MoHTaxy (THT — Through Hole Technology), npu
BUPOOHMYOMY CKJIQaHHI eNeKTpPOHHUX MonymiB 0 i 1 CTpyKTypHHX
piBHiB. Lle nano He TUTPKK 3MEHIIEHHS Maco-Ta0apUTHUX MapaMeTpiB, a
W 3HAaYHEe MJIBWIICHHS SKOCTI Ta HAMIHHOCTI BHPOOIB 3aBISKH
3aCTOCYBaHHIO OUIBII Cy4acHHUX MartepialliB 1 KOMIIOHEHTIB. BaxxnuBum
(hakTOpPOM € 3HAUHE 3MEHIIECHHS TPYIOMICTKOCTI BUPOOHHUYNX LUKIIB i3
MOIAJIBIINUM 3HIKCHHSIM COOIBapTOCTI BUPOOIB 1 JOCATHEHHS CY4acHOTO
TEXHIYHOTO PiBHJ, IO Binmosigae cygacanM cranmapram (ISO 9000).

ITinBueHHs KOHKYPEHTOCTIPOMOXKHOCTI POAYKILii, 110
BHITYCKA€ThCSA, B TEpUIy Yepry 3alekuTh Big e()EeKTUBHOCTI
(yHKIIIOHYBaHHS TMIiANPUEMCTBA B IioMy. IlpH IbOMy MaKCHUMyM
MO>KJIUBOCTEH y JAHOMY HAIPSIMKY MOKE OyTH peasli3oBaHUM TiJIbKH B
TOMY BHIIAJIKy, SKIIO TEXHOJOTIYHI MPOIECH € ONTHMi30BaHUMH 3a
€IMHUM KpHUTepieM onTuMizamii. HasBHICT JEKUIBKOX BapiaHTIB
BHUpIIICHHS TaKOTO 3aBJaHHS MPHU3BOIUTH JO 3ajJa4di  BHOOpPY
Halkpaioro Bapianty TexHojoriuHoro nporecy (TII), sikuif Mae Ha3By
ONTIMAJBHOTO. 32 CBOEIO CYTTIO TaKi 3MiHU TEXHOJOTIYHOTO IMPOIECY
BiJIIOBiAAIOTh CTPYKTYPHil ONTHMIi3allii, X04a 4acTo IyCTO IUIyTaloTh Iie
MOHATTS 3 BU3HAYCHHSAM CKCTPEMAIILHOTO KEPYBaHHS 3a IKHMOCH OJHUM
BXITHUM MTapaMeTPOM.
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Po3poOnieHHst  €mMHOTO  KpUTEpit0  €(EKTUBHOCTI  BUKOPHCTAHHS
pecypciB’ 1ana MOXIIMBICTD 3alpOIOHYBATH 3aralbHy [EPBUHHY OLIHKY,
MPOTE TEXHOJOTiS HOr0 MPAaKTUYHOIO BHUKOPUCTAHHS TOPKAETHCS HU3KU
MOMEHTIB, SIKi BUMaratoTh OUIBII JIOKJIQMHOTO po3risamy. Lle crocyerncs
BU3HAYECHHS BapTICHUX OIIHOK TEXHOJOTTYHUX TIPOAYKTIB, OCOOJIMBO
3HOWIEHHS pOOOYOro MexaHi3My, SKHMH peaiizye 0a3oBy (yHKIirO
JOCIIKYBaHOi crcTeMn’. TAKHM YHHOM, OJHOIO 3 3a1a4 JAHOI POOOTH €
rapaMeTpuyHa ONTHMI3allisg, MO 0a3yeThCcs Ha IMJICTaBi JOCIIHKCHHS
CYMapHOr0 BIUTHBY Ha0Opy BXITHHX MapaMeTPiB HA PEKUMH MPOBEICHHS
TEXHOJIOTIYHUX MIPOLECIB 31 3MIHOO NAapaMeTpiB BUX1THUX MPOTYKTIB.

OHUM 13 TIONIMPEHNX TEXHOJIOTTYHUX TPOIIECIB BUPOOHHIITBA KOPITYCIB
Ta kKoXXyXiB PEA € xonomne ymcrose mramiyBanss (XJIIII), sike mo3Bose
BUTOTOBJIITH BUPOOM 3 TMiJBUILEHOI IMPOAYKTHBHICTIO 1 KoedillieHTOM
BUKOPHUCTAaHHS METally, 3HIDKEHIMH €HeproBUTparamy . Ha motounmit gac
MEXI TMPOMHCIOBOrO  BHKOpucTaHHS TexHoyorii XJIII  mocrtiiHO
PO3LIMPIOIOTECS B HAIPSMKY YCKJIaJHEHHs TeOMeTpHYHOI (hopMu BUPOOIB,
CKOPOYCHHS KUIBKOCTI IEPEXOJiB IMTAMITYBaHHs, 3HIKEHHS COOIBapTOCTI
BHPOGIB, 110 30LIBLIYE KOHKYPEHTOCIIPOMOKHICTb BKA3aHOT TEXHOIOTTI .

OcHamenns TexHosoriunux npouecis XJII sBisie coboro BaxnBe
3aBJaHHA, OCOOIMBO B Cy4aCHHX YMOBAaX, KOJH JUIS AOCATHEHHS BHIIIE-
HaBEJCHUX IMOKa3HUKIB HEOOXiTHA MOJepHi3allis HaIBHOTO 00JaTHAHHS
Ta CHUCTEM MOro praBJIiHHSIS. Taka MopepHi3amis IOB’si3aHa 3
YIPOBAXKEHHSAM HOBITHIX CHCTEM AaBTOMATHYHOTO YIIPaBIiHHSA, SKi
moOymoBaHi Ha Cy4acHOMY e€JeMEHTHOMY OasWci, Ta OIlIHKHA IX
e()EeKTUBHOCTI.

! Lutsenko I. Deployed model of extremal system operation for solving optimal
management problems. Eastern-European Journal of Enterprise Technologies. 2014.
5/2(71). P. 61-66. DOI: 10.15587/1729-4061.2014.28592.

2 Lutsenko I. Optimal control of systems engineering. Development of a general
structure of the technological conversion subsystem. Eastern-European Journal of
Enterprise Technologies. 2015. Vol. 1, Issue 2 (73). P. 43-50. DOI: 10.15587/1729-
4061.2015.36246.

 Knemor I'M. IudopMariiiiHi KOHCTPYKTOPCHKI MACHBH IITAMIIB XOJOXHOI
JIICTOBOI ITAMITOBKU. Bicnux Inoiceneprnoi akademii Yrpainu. 2010. Ne 3. C. 74-T77.

* Kamoxuuit B. JI. Xomnoxne HITaMITyBaHHS BHPOOY 3 IBoMa (iaHIsMH 13
JIUCTOBOI 3arOoTOBKM LIISXOM BHKOPHUCTAHHS OMNEpaliii BUTATYBaHHS, po3fadi i
0Ca/KyBaHHA. 30ipHux Haykoeux npays I1o1magcbkoeo HAYIOHAILHO2O0 MEXHIUHO20
ynigepcumemy im. [1O. Konopamioxa. Cep.: Ianysege mawunodyoysanus,
6yoienuymso. 2013. Ne 2. C. 105-110.

[Mlamapian 10.€., TitoB B.A., Hocap €.A. Hampsmku MomepHizarii
mramyBanbHoro obnaananus. Journal of Mechanical Engineering NTUU «Kyiv
Polytechnic Institute». 2011. Ne 62. C. 92-94.
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O6nagnanns ans XJIII B 3arambHOMY BHIAJKy SBJISIE COOOMO
CKJIaNHi, 0araTOKOMITOHEHTHI i€papXiuyHi CTPYKTYypH 31 CKIIQJHHMH
B3a€MO3B’SI3KAMU CKJIaJIOBHX €JIEMEHTIB Ta Ma€ BEJIMKE PI3HOMAHITTA
KOHCTPYKIIIM, IO BiJPI3HIIOTECA 332 KOHQITypalli€ro, BUKOHYBAaHHUMH
(hyHKIISIMH, CTYIIEHEM YHIBEPCAIBHOCTI 1 THIi3aIllii, 110, Y CBOIO Uepry,
BUKIIMKA€ HEOOXIOHICTh aHaizy Oe3qiyl eJeMEeHTIB, BUKOHAHHA
KOMIIOHYBaJIbHUX POOIT, 3A1HCHEHHS 1HXEHEPHUX PO3PaxyHKIB H iH.

TOMy aKTyaIbHHMH € pO3pOOICHHS Ta CTBOPEHHS TEXHOJOTA’,
MaTeMaTHYHUX Mojeneil (OPMOYTBOPEHHS BHPOOIB, MPOEKTYyBaHHS
MITAMIIOBOI'O OCHAIICHHS Ta IPOTHO3yBaHHS HOrO OBrOBIYHOCTI 3
METOI0 3a0€3MeUeHHsS eKCIUTyaTallifHOT HaJIHHOCTI W JTOBTOBIYHOCTI
MaIlIMH, arperaris i neTaneﬁ7.

VY naniif poG0OTI BUKOPHCTaHI BiIOMi HAyKOB1 HAIIPSIMKH, MOB’SI3aHi 3
pPO3pOONICHHSM ~ MoOIeNell  mapaMeTpUYHOro  CHHTE3Y  CHCTEMH
ABTOMATHYHOTO YIPABIIHHS .

YpaxoByrouM BHIE3rajaHe, MOKEMO BHU3HAYHTH, 110 METOK JTaHOI
poboTH € po3poOICHHS y3araJbHEHOT MOEI MapaMeTPHIHOTO CHHTE3Y
cucteM aBToMatu3oBaHoro ympabiiHHA (CAY) Ta okpeMuxX Mojuener
napaMeTpuyHoro cuHresy eneMeHTiB CAY, gki O3BOJSATH 3 €IWHUX
KPUTEPiaJbHUX TMO3UIIM KOMIUICKCHO BHPINIMTH 3aa4y CHUCTEMHOIO
cuntesy CAY 3a OaraThMa KpHUTEpISIMEH 3 HACTYITHOIO OIIIHKOIO
e(peKTUBHOCTI OOpPAaHUX PIIIEHB.

1. MeToa onTUMAJILHOTO YNPABJIiHHA B €HEPTrOEMHHX
TEXHOJIOTiYHUX npoiecax BupooHunTea PEA
[TigBUIIEHHS! KOHKYPEHTOCIPOMO>KHOCTI MIiANPUEMCTBA B MEpLILY
Yepry 3aJeKUTh Bil e()EeKTUBHOCTI HOro MOTOYHOro (PYHKI[IOHYBaHHSI.
[Ipr bOMY MaKCHMyM MOKJIMBOCTEH y IOMY HANpsIMKy MOXe OyTd
pearti3oBaHui TIABKH B TOMY BUIAJKY, SKIIO Hidi (GYHKIIOHYBaHHS BCiX

® Kamoxmnit B.JI. CrBopeHHst iHQOPMAIIHHIX TEXHONOTIH peamizarii

IHTEHCHBHOTO IUTACTHYHOTO Je(pOPMYBaHHS MaTEepialiB Ta TIOBEPXHEBOTO 3MIITHEHHS
MpPH BHUTOTOBJICHHI Jeraneil ans 3a0e3ledeHHs HamiifHOCTI Ta JIOBFOBIYHOCTI
mrammiB: 3BiT mpo HJP (3aximrou.). HTVY «KI1l». 2010.

Mocenan [1.B., HaymoBa E.A., Boponmn A.B., Jlparobeukuii B.B.
KoppekTupoBka pe:rMOB YIPOUYHEHUs TUIACTHYECKUM Ae(OpMUpOBaHUEM. Becmuux
Hay. mexn. yn-ma «XIIH» : c6. nayy. mp. Temam. evin. : Hunosayuonmvle
mexnonocuu u 06opyoosanue 00pabOmMKU Mamepuaro8 6 MAUUHOCMPOCHUU U
memannypeuu. — Xapbkos : HTY «XITH». 2014. Ne 43(1086). C. 117-122.

Hesmomos LIII., Tokapea O.B. ABromMaTnuHe ympaBiiHHS TEXHOJIOTIYHHUMH
00’exramu: [Tinpyqynuk. Kuis : HAY, 2018. 200 c.
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CHCTEM MiANPHUEMCTBA € Y3TOMKCHUMH, a TMPOIECH IHX CHCTEM
€ ONTHMI30BaHUMHU 32 €JMHUM KPUTEPIEM ONTHUMI3aIlii.

CTBOpEeHHS MOAEN LiNbOBOI PO3TOPHYTOI OIepalii I03BOIMUIO
PO3POOUTH €NUHUN KpUTEPi €PEKTUBHOCTI BUKOPHUCTAHHS PECYPCIB.
OpHak TEXHOJIOTiS HOTO MPAKTHIHOTO BUKOPHUCTAHHS TOPKAETHCS HU3KH
MOMEHTIB, 1[0 BUMAralTh OUTBII JOKIATHOTO P03’ ICHEHHS.

Ile crocyerbcss TOOYDOBH apXiTEeKTypH KEpOBaHOI CHUCTEMH
1 BU3HAYCHHS BApTICHUX OIIHOK TEXHOJIOTIYHHX IMPOJYKTIB, OCOOIHMBO
3HOIICHHS po0OYOro MexaHi3My, W0 peanidye 0a30By (yHKII0O
JOCITKYBaHOT CHCTEMH.

3arajgbHOI0 TCHIICHITIEI0 CUCTEMOTEXHIKH € CIPUHHATTS cuctem CAY
SIK 00’ €KTIB, TEXHOJIOT1UHI TIPOIIECH SKUX MMiJIATAI0Th 0nTHMi3aui'1’9.

[IpakTuaHoMy BUKOPHUCTaHHIO TPUHIIATIB ONITHMAJIBEHOTO
VIpaBIIiHHS 3aBa)Ka€ HEBH3HAUYCHICTH, IMMOB’s3aHA 3 IMIMIHOIO TIOHSTH,
KOJIU TIOITYK €KCTPEMYMY BH3HAYAIOTH SIK ITOLTYK ONTHMYMY.

IIpu 11pOMy MOXXIIHBI II’SITh OCHOBHHX BapiaHTiB. BuOip ympaBiiHHA
TPYHTYETBCS:

— Ha TIOIIYKY eKCTPEMyMY AESIKOTO TeXHITHOTO TTapaMeTpa;

— Ha  GKOHOMIYHOMY  TIOKa3sHMKY  (mpuOyTKy, BHUTpaTax,
PEHTa0ENbHOCTI);

— Ha CHHTCTHYHOMY IIOKa3HHKY, III0 00 ’€JIHye €KOHOMIiuHI Ta
TEXHI4HI TapaMeTpH 0araToKpuTepiaabHOT ONTHMI3alii;

— Ha MiHiMi3alii yacy;

— Ha MakcuMizarii HpOZ[yKTI/IBHOCTilo.

[Ipn oMy 3arajabHOBIOMO, IIO 13 JBOX BapiaHTIB yIpaBIiHHS
KpalluM BBaXa€TbCcsl TOW, SAKUA € Outbin  edexTuBHUM. To0OTO
ONTHMAaJbHUM, 32 BH3HAYCHHSIM, € VIPABIIiHHA, sKe 3a0e3redye
HaWBUIIY e(DEeKTHBHICTh MPOIIECY B PaMKax HAKJIAJICHUX OOMEKCHb.

Takox 3aranbHOBIZIOMO, IO AJIS peajti3allii TeXHOJIOTIYHO1 oneparrii
MOTPIOHI TPOIYKTH MEPETBOPSHHS Ta CHEPreTUYHI, & HAa BUXOJI, MICHS
3aBEpIICHHIO TEXHOJIOTIYHOT  omepallii, (OPMYETbCS  CIOKUBUMMA
OpoayKT. Y mporeci (yHKIIOHYBaHHS TEXHiKa 3HOLIYETHCS, INO
MPU3BOAUTG [0 CHOXXKHMBAaHHA TEXHIYHOTO TPOAYKTY y BHIVIAAL
3HOIIEHHS.

® Lutsenko I., Fomovskaya E. Identification of target system operations. The
practice of determining the optimal control / Eastern-European Journal of Enterprise
Technologies 2014. Ne.6(2(78)). P. 30-36. DOI: 10.15587/1729-4061.2015.54432.

10 Zhang, S., Zhang C., Han G., Wang Q. Optimal Control Strategy Design Based
on Dynamic Programming for a Dual-Motor Coupling-Propulsion System / The
Scientific World Journal. 2014. Vol. 2014. P. 1-9. DOI: 10.1155/2014/958239.
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[pyHTYIO4MCh HAa CKa3aHOMy, MOYKEMO CTBEP/UKYBAaTH, MIO
e(EeKTUBHICTh  Omepallii 3aleXHTh BiA BIIOMHX EKOHOMIYHHX
MOKA3HUKIB, TAKUX SK BUTpPATU (RE)", npubyTok abo AojJaHa BapTiCTh
(PE-RE) i penrabensnicte [(PE-RE)/RE]. Jlyxke 4acTto HeameKBaTHO
OIHIOITh  €(PEKTHBHICTh JOCITIKYBAaHOI oOrmepallii B 3aralbHOMY
BUMNAJKy, OCKUIBKM IIi BHMpa3H, SK MiHIMYM, He MO0OyJOBaHi 3
BUKOPUCTAHHSIM BCiX 0a30BUX MOKA3HUKIB I[LILOBOT OMepaLtii.

Te x MOXHa cKa3aTh 1 TPO CHpoOOU OIiHIOBaTH €()EKTUBHICTH,
CIIMPAIOYHCh HAa TOKA3HUK «4acy abo MPOIyKTUBHICTS.

He BUMpaBNIsAOTH CUTYalil0 1| CHHTETHYHI TOKa3HUKH, B SKUX, HA
JOJATOK JIO CKOHOMIYHHMX TIOKa3HHKIB, INTYYHO JIOJaHI SKiCh
TEXHOJIOTIYHI MapamMeTpu. AHAJIOTIYHI apryMEeHTH MO>KHa TPUBECTH i
1010 6araT0K2pMTepianLHoro MiAXOMyY.

Y poGoti'? 3amporoOHOBaHO MOKA3HUK e(eKTHBHOCTI BUKOPHUCTAHHS
pecypciB, SKHH CIHPAEThCA HAa 0a30BI MOKAa3HHWKH IIIHOBOI OIeparlii.
Takox  poO3rISNAETbCss  MpoOjaeMa  MPAKTUYHOTO — BHUKOPHCTAHHS
pO3pOOJICHOTO  KpUTEpil0 I BHPIINICHHS 3aBHaHHSA  IONIYKY
ONTUMAIBHOTO VIIPABIIHHA, IO 3a0e3ledye BUXIM HAa HaHOLIBII
e(eKTUBHY IIJIbOBY OIEpallifo.

CyTb moinArae B TOMY, IO JAJs BUPILICHHS 3alla4 MOAIOHOTO THUILY
HEMOJXJIMBO BUKOPHUCTOBYBATH KIIACHYHI METOAM dYepe3 OCOOJIMBOCTI
TEXHOJIOTIYHUX OIepaliil, SKICTh BUXITHOTO MPOAYKTY SKUX 3aIEKUTh
BiJl 4acy.

KpiM TOro, MOXJIHBICTh ITOBHOIIIHHOI ONTHMI3allii MoXe OyTH
OTpUMaHa TUTBKH B TOMY Pa3i, KOJU JTOCIHIPKYBAaHHH MPOIEC HE ITOETHYE
B co0i JeKiJbKa TEXHOJOTIYHMX oOmepariif, a BHOIp aJeKBaTHOTO
KpUTEpIl0  ONTHMi3alii He O03Ha4ae aBTOMATHYHE OTPHUMAaHHS
JIOCTOBIPHOTO pe3yJbTaTy 03 TMOBHOTO BpaxyBaHHsS BCIX 3HAYYIIMX
YUHHUKIB.

Tomy MeToro gaHoT poOOTH € TOCIIIKEHHS (PaKTOPIB, MO BILTUBAIOTH
Ha TIPOIleC ONTHMI3allii CUCTEMH aBTOMATHYHOTO  YIPaBJIiHHS
TEXHOJIOTTYHUMH TIpoliecaMy BUPOOHHUIITBA enieMeHTiB PEA.

Buxonsum 31 ckazaHOTo, 3aBAaHHSAMH, BUPINIATH SKI HEOOXITHO IS
JOCSTHEHHSI TIOCTaBJICHOI MEeTH, OyJin 0OpaHi Taki:

1 Lapygin Y., Prokhorov N. Cost Management in the enterprise. Eksmo, 2007.
102 p.
12 utsenko I. Identification of target system operations. Development of global
efficiency criterion of target operations / Eastern-European Journal of Enterprise
Technologies. 2015. Vol. 2, lIssue 2 (74). P. 35-40. DOIl: 10.15587/1729-
4061.2015.38963.
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— BU3HAYCHHS 3HOUICHHS BUPOOHMYUX MEXaHI3MIB y 3aJIe)KHOCTI Bif
YIpaBIiHHS;

— BHU3HAYEHHS KUIBKICHUX IHTETrpajbHUX MapaMeTpiB BXiTHHUX 1
BHXIJIHUX MPOJYKTIB CHCTEMH Y BapTICHUX BEJIMYHHAX, SKi MOXYTh OyTH
MTOPIBHSAHUMH;

— BU3HAUeHHS e()eKTHBHOCTI IITLOBOI orepanii Ha OCHOBI CHTHAaTypH
METH, B 3aJIEKHOCTI BiJ| yIIPABIIiHHS;

— OIliHKa peakilii KpUTEepilo Ha 3MiHYy BEJIMYMHH BAapPTICHOI OIIIHKH
BUXIZHOTO MPOJYKTY;

— IHTepIpeTaLis pe3yabTaTiB JOCTIPKEHHS.

2. Y3araabHeHa MoOJieJIb NapaMeTPHYHOr0 CUHTe3y ejieMeHTiB CAY
Ilicns BubGopy Tumy 1 Buxy mramnyBaibHHX npecis (LIT)
BH3HAYAIOTHCS BHMOTH 1 OOMEXKEHHS Ha CHCTEMH aBTOMAaTHIHOTO
ynpaninasg (CAY) ta 11 enemenTn. Okpemi Mozeli OLIHKKA Ta BUOOpY
CAY i1i eeMeHTIB BIIHOCATBCA J0 3aBJaHb [MapaMEeTPUIHOTO CHHTE3Y.
3aBmgaHHSA TapaMETPUYHOTO CHHTe3y eneMeHTiB CAY moisrae B
Takomy >4,

Bigomo: ©Oesmiu  enementis CAY ES ={ES™} ES={ES"},
m=1m".

Bsenemo 3minny, X, =1{0;1}, ne X, =1, axmo m-ii enemenr
CAY obpanmii o -ro THIy W -T0 BURy, X,,, =0 B iHIIOMY BUIaIKy.

mo
Koxna CAY, xapakTepu3yeThCsl HU3KOO MOKA3HUKIB:
—PYHKUI OHanNnbHI
1) nagiiiaicte enementiB CAY — N, ;

mow !

2) HampauoBaHHs Ha BigMoBy enemenTiB CAY — NOT,,

ow 1

3) cratnyna momuika eaementis CAY — CTE

mow !

4) xinetnuHa nommika enementis CAY — KE

mow !

5) gac perymoBanHs enemenTiB CAY — TR,

ow 1

6) nepeperymoBanHs enemeHTiB CAY — PR

'mow !

B Hopd P., bumon P. CoBpemeHnnsle cuctemsl ynpasieHus / Ilep. ¢ aHrm.
B.U. Kombuiosa. Mocksa : Jlabopatopust bazossix 3uanuii, 2002. 832 c.

¥ Mapk JI., Maxkeit C. C60p JaHHBIX B CHCTEMAX KOHTPONSA H YIpaBiIeHHUs.
Mockga : I'pyrmma UT, 2006. 504 c.

15 I'yaskoB I'.1., Ilerpenko O.H., PatkeBuu E.I1., Cumonenkos O.JI. Cucrembl
aBTOMAaTH3HMPOBAHHOIO YNpPAaBIEHUS eNeKTpo-lipuBotamMu. MockBa : HoBoe 3HaHue,
2007. 400 c.
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7) amrutityna ¢uykryanii enementiB CAY — SF,

mow !

8) criiixicTs enementis CAY — PU,, . ;
9) obcsr enementiB CAY - G, ;

mow !

10) Bara enementis CAY — P, ;

mow 1
11) TtemmeparypHuil nianmasoH ekcrryatamii enemeHTiB CAY -

TRE,,.;

12) niana3oH BoslorocTi ekciuryaraii enementis CAY — DVE,
—BUTpPAaATHI

1) Bapricts enementiB CAY — C,

mow !

2) yac npoekryBaHHs eneMenTis CAY — TPR, ;

3) KinpKicTh criokuBaHoi eHeprii enementiB CAY — PEN, .

Sk npusatHi kputepii a1 Bubopy CAY MoxyTh OyTH:
— MakcUMaJIbHA HaailHICTh exemeHnTiB CAY:

" w’

3
NCAy = maxz Zz Nmomeow ; (1)

m=1 o=1 w=I

— MaKCHMaJIbHEe HAIpaI[IOBaHHS Ha BiTMOBY eleMeHTiB CAY:

3 0" w
NOT*Y =max) > > NOT,, X,,,; 2)

m=1 o=1 w=1

— MiHIMaJbHa cTaTUYHA MOMuUIIKa eneMeHTiB CAYVY:

CTE™ —minY S S CTE,, X, ; @3)

m=1 o=1 w=1

— MiHIMaJbHa KIHETUYHA MOMUIIKA eleMeHTiB CAY:

0" W’

3
KEY =min)_ KE, X0 4)

m=1 0=1 w=l

— MiHIMaJIBHUN Yac peryinroBaHHs eaeMeHTiB CAY:

TRCAy = min i oz WZ TRmomeow ; (5)

m=1 o=1 w=1
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— MiHIMaJIbHE IIepeperyoBanHs eneMenTiB CAY:

3 0" w
PRCA-V = min ZZZPRmomeow ; (6)

m=1 o=1 w=I

— MiHIManbHa aMIuTiTyIa QuryKTyarii enemeHTiB CAY:

3 0" W
SFY =min > YN SF, X, (7)

1

<

m=1 o=1

=
Il

— MaKCHMaJIbHa CTINKIiCTE etemenTiB CAY:

3 0" W
PUY =maxy > > PU,,, X0 (8)

m=1 o=1 w=I

— MiHIMaIbHUK 00car enemenTiB CAYVY:

0" W’

GCAV = min i z Z Gmomeow ; (9)

m=1 o=1 w=I

— MiHIMaibHa Bara ejieMeHTiB CAYVY:

3 0" W
P“Y = min Z z P.X,..; (10)
m=1 o=1 w=1
— MiHiMaJIbHA BapTicTh eneMeHTiB CAY:
3 0" W
CY = min Zz CowXoow i (12)
m=1 o=1 w=1
— MiHIMaJTFHHUI Yac MPOCKTYBaHHs eneMeHTiB CAY:
3 0" W
TPR“Y = min z Z Z TPR, .. X o (12)

m=1 o=1 w=1
— MiHIMaJTbHA KUTBKICTB CIIOXMBaHOI eHeprii enemeHTiB CAY:
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3
PEN” —min> Y'Y PEN,, X, . (13)

Ob6nacte fgomycTMMUX pillleHb i vac BUOOpy enemeHTiB CAY
BHU3HAYAETHCS TAKUMU OOMEXECHHSIMMU:

— HagiliHicTh enemenTiB CAY nmoBunHa 6yt Ginblre 3agaHoi Ny':

iiNmome >N, m=1,3; (14)

ow —
0=1 w=1

— HalpalloBaHHS Ha BiAMOBY eneMeHTiB CAY noBuHHa OyTH Oinblie
3apanoi NOT;":

S S NOT,, X, = NOT"; m=13; (15)

mow =
o=1 w=1

— cTaTHYHa TIOMUJIKa eeMeHTiB CAY MoBHHHA OyTH MEHIIE 3aJ1aHol

CTE :

S CTE,, X, <CTE";m=13; (16)

ow —
o=1 w=1

— KIHeTHMYHA NMOMIIKa eneMeHTiB CAY moBHHHA OyTH MEHINE 3aaHoi
KE:

0w

> > KE,,X,,, < KE{;m=1,3; (17)

o=1 w=1

—yac perymoBannsi ejzemenTiB CAY mae Oytu meHie 3amanoro TR :

S TR, X,, < TR m=13; 18)
0=1 w=1

— niepeperyitoBanns eeMenTiB CAY Mae Oytu MeHe 3amanoro PR;":

”3

ZiPR;";m=l,3; (19)

o=l w=1
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— ammutityna ¢uykryanii enementiB CAY moBuHHa OyTH MEHIIe
3amanoi SE":

o W

SF. X,  <SF:m=13; (20)

mow“> mow —
o=1 w=1

— crifikictb enementiB CAY noBunHa OyTtH Oinbiie 3aganoi PUS" :

OZEPUMOWXW > PUY;m=1,3; (21)
o=1 w=1

— mapamMeTpu koxkHoro enemenra CAY (GX,, — mupuna, GY,

mov

noxkuna, GZ,  — BHCOTa), MOBUHHI OyTH MeHme 3amanux GX;',

GY,",GZ!":

o

Z Wz GXmanmow < GX3m
o=1 w=1

0w

)

=1
3

GY, X  <GY' m=13; (22)

mow

S

S

M= 1M

GZmow < GZ;”

mow —

o=1 1

=
I

— para enementiB CAY noBuHHa OyTH MeHIe 3aganoi A" :

DZWZOPmOVXmow Sf’}m’P:L:;’ (23)

o=1 w=1

— TeMIepaTypHUH Jiama3oH ekciniyatanii enemenTiB CAY mnoBuHEH
OyTu Oinbiue HIWKHBOT Mexi TREY;, 1 menme Bepxupoi Mexi TREY; :

3 0

TRE}, <> Y TRE,, X,,, <TRE},;m=173; (24)

0=1 w=1
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— Jiama3oH BOJIOTOCTI ekcrutyarailii eaemeHnTiB CAY moBHHEH OyTH
Oinbiue HKHBOI Mexki DVEY, 1 menmie Bepxuboi Mmexi DVEY, :

ow —

DVEZ, SZZDVEmOWXm <DVER;m=13; (25)
— BapTicTh enemenTiB CAY noBunHa 6yTH MeHIe 3ananoi C5' :

zz mow mow < Cm - 133' (26)

0=1 w=1

— Yac NpoeKkTyBaHHA eneMeHTiB CAY Mae OyTH MeHIIE 3aJaHoro

TPR!":

Q
o8

T
)

TPR, X, <TPR';m=1,3; 7)

1

=}
o
=
]

— KUIBKICTh CIIOKMBaHOI eHeprii eixeMeHTiB CAY Mae OyTu MeHIe

samanoi PEN;":

aw
S
>

PEN, X, <PENI;m=13; (28)

mow —
1

S
I
=
I

— 3 6e3miui enemenTiB CAY Moxe OyTd 0OpaHHi TITBKH OTUH:

o w

Y X, =lm=1,3, (29)

o=1 w=1

Maremarraai Mozeni (1) — (29) BimHOCHTBCS 1O 3aBHaHb JIHIHHOTO
0araToKpuTepiaIbHOTO  JMCKPETHOTO  TPOTpaMyBaHHS 3  OyJeBHMH
3MIHHMMHK. IX pillleHHs B 3aralbHOMY BHIVISZI MpPEACTABiSE 3HAUHI
TPYIHOINI, K dYepe3 CKIAIHICTh OOYMCICHb, TaK 1 3-3a MOXIIMBOCTI
ineHTH(IKAIl ASKUX XapaKTePUCTUK TUIBKH y TPOIeci (PyHKIIOHYBaHHSI.
Jns ii cripoieHHsT MPOBOAWTHCS 1i JIEKOMIIO3UIIIS HA 3aBJaHHS OIIHKH i
Bubopy emementiB CAY — wmikpokontponepa (MK), dwacroTHOrO
nieperBoproBada (UIT), BuMiproBaibHOro neperBoproBada (BIT).
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3. BuOip Tumy i BUugy MikpokoHTpoJiepa
MiKpOKOHTpPOJIEPH MOXXYTh BHKOHYBAaTH O€3JIi4 THIIOBHX (DYHKIIIH
3aBISKU BOyIOBaHOMY OONanHAaHHIO. [l BHKOHAHHS MOCTAaBICHOT
TEXHIYHOI 3a7adi Mo)kKe 3HAJOOMTHCS TIeBHHH HalOip BOYIOBaHOTO
oOagHaHHS, OTXKE, He MOXKE OIliHIoBaTUCS edekTuBHicTh MK, ski He
1617
MaloTh IaHOTO O0JIaTHAHHS
Binomo:
. . 1 I 1.
— 6e3miu tunis MK CAY" ={CAY,},0=1,0;
. . . 1 1
— 6e3niu BuaiB B koxkaomy turmi MK CAY) = {CAY,},w=1,w".

Otxe, 3minnHa X,,, =1, skmo MK obpanuii 0 -ro Tumy w -ro BuULy,

ow

X,

low
HeoOximHo Bu3Haumtd Tun 1 Bug MK, skuil XapaKkTepH3yEThCS
HU3KOIO IMOKA3HUKIB:

—PYHKUI OHanNnbHI

1) magiitaicts MK 0 -To THITY W -TO Buzmy — N,

=0 B iHIIOMY BUIAJIKY.

ow !

2) HanpairoBaHHs Ha BigMoBy MK o -ro tuny w -ro Buny NOT, ;

3) takroBa wacrota MK 0 -ro Tary w -ro Buny — T

4) o6c¢sr Flash MK o -ro tuny w -ro suny — VF,  ;
5) xinbkicth noptiB y MK o -ro tuny w -ro Buny — KVP,
6) oocsr EEPROM MK o0 -ro ity w -ro Bugy — VE,
7) 06csir RAM MK o -ro tuny w -ro Bugy — VR, ;
8) temmeparypHuii nmiamaszon podorm MK o0 -ro tumy w-ro Bumy —
TD,
9) cnoxuBanus exeprii MK o -ro Tuny w -ro Buny — PEN,
—-BUTpaTHI
1) Bapricte MK 0 -ro tuny w -ro Buny — PEN,

ow !

ow !

ow!
ow !

ow !
Sx npusatHi kpuTepii it Bu6opy MK MoxyTh OyTH:
— MakcUMalibHa HafiiHicTh MK:

16 [Tapp O. IlporpammupyeMble KOHTpOJIEpBl. PyKkoBOACTBO I HMHXEHepa.
Programmable Controllers: An Engineer’s Guide. Mocksa : bunom. JlaGopatopus
3nanuit, 2007. 520 c.

Y Tpammepr B. Usmepenue, yIpaBlIeHHE U peryaupoBaHue ¢ momoipso AVR
MHKpPOKOH-TposiepoB. Messen, Steuem und Regeln mit AVR-Mikrocontrollem.
Mockaa : MK-IIpecc, 2006. 208 c.
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0] WU
MK .
NY =maxy Y N, X,,,;
1 w=1

— MAaKCUMAJIbHC HANIPAllFOBAHHS Ha Bi,I[MOBy MK:

NOT" = maxS " NOT,,, X

o=l w=1

low 1

— MakcHMaJjbHa TakToBa yactota MK:

TF = maxozwzuTEoleaw ;

o=1 w=1

— MakcuMaiisHui oo0csar Flash MK:

1 0

VY™ = maxy S VF,

low

Xlow ;

o=l w=1

— MaKCUMaJlbHa KUTbKicTh TIOpTiB y MK:

1 0

KVvpPYE = maxii KVP,,, X i

o=1 w=1

— MaxkcuManbHuit 0ocssr EEPROM MK:

1 0

VE"™ = maxy S VE, X,

low“™ low 1
o=l w=1

— MakcuMaiibHu# 00csr RAM MK:

ol

VR = maxz%‘ VR, X

low 1
o=l w=1

— MiHIMaJIbHE cIIOKMBaHHS eHeprii MK:
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(30)

(31)

(32)

(33)

(34)

(35)

(36)



0

PEN"® = min ¥ ¥ PEN, X,

ow 37)
o=1 w=1
— MiHiMaIbHa BapTicTh MK:
PEN"® = min ZPENI()WXIOW . (38)
=1 w=1

OOmacTe TONMYCTUMHX pillleHb MiJ 4ac BuOOpy THmy i Bumy MK
BU3HAYAETHCS OOMEKEHHAMI:

e . . . ATMK .
— Haaiiinicts MK noBunna OyTtu Gibiue 3aganoi Ny :

OZWZNIUWXIOW = N3MK; (39)

o=l w=1
— HampauooBaHHA Ha BiAMoBY MK moBuHHE OyTu Oinblie 3a1aHOTO

NOT/¥

S S NOT,,, X,,, > NOT; (40)

low“*low =
0=1 w=1

) . MK .
— TakToBa yactora MK noBunHa 6ytu Oinbiie 3amanoi 1F," :

OZ Wz TEoleow 2 TF;MK ’ (41)

o=l w=1

— 06¢sar Flash MK nosunen OyTu Giblie 3a1aHOr0 VF3MK :

OZWZCIOWXIGW < CBMK ’ (42)

o=l w=1

. . . . MK
— KinbKicTs noptis y MK mae 6y Ginbuie 3ananoro KVP™ :
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OZWZKVPIOWXIUW 2 KVR?MK7

o=1 w=1

— 06¢sr EEPROM MK nosusen 6ytu 6inbire 3aganoro VE™

OZWZVEIGWXI()W 2 VE3MK;

o=1 w=1

— o6csir RAM MK noBunen 6yTu 6inbie 3agamoro VR

SSVR,, X, > VRS

Tow“* low =
o=1 w=1

(43)

(44)

(45)

— TemmeparypHuil nianma3oH po6otn MK mnoBuHeH OyTH Oinblie

. . MK - . . i
mmkaboi Mexxi TDyy i mene Bepxuboi Mexi TDM" :

MK .
low < TD3B '

DY < S ¥TD,,, X,

o=1 w=1

MK
— cnoxkuBanus eneprii MK mae 6ytu menmie 3aganoro PEN;™ :

0] 0

S°SPEN,,, X,,, < PEN™

low —
o=1 w=1

. . MK
— Bapricth MK nosunna 6ytu Meniue 3ananoi C; - :

o W
MK .
z Clanlow < C3 1

o=1 w=1

— 3 6e3mivi Tumis i BUniB MK Moxe Oyt 00OpaHMid TUTBKA OIUH:

o W

> X, =1.

o=1 w=1
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(48)

(49)



Matremarnuna mojieib (30) — (49) BiTHOCUTBCS 10 3aB/aHb JIIHIKHOTO
0araToKpUTEepiaIbHOTO JWCKPETHOTO TPOTpaMyBaHHA 3 OyJIEBUMHU
3MIHHUMU.

4. Bubip Tumny i BUaAy 4acTOTHOI0 NMepeTBOPIOBaYa
Bigomo:
— 6esmiu Tumis UIT CAY? = {CAY?,};0=1,0;
— 6e3niu BB y koxuomy Tami UIT CAY?, = {CAY?,,}; w=1,w".
Orxe, 3minHa X,,, =1, sxmo, YII obpanuii 0 -ro TUmy w -ro BUIy,
X, =0 B iHIIOMY BUIAJIKY.
HeoOximHo BuzHaunTy v 1 Bua UIl, sKi XapaKTepHU3yeThCs HU3KOO
MTOKA3HUKIB:
—PpyHKUIi OHanNbHI
1) magiitaicts YII 0 -ro THITY W -TO BUmy — N,,, ;
2) HanpantoBanHs Ha BinmoBy UII o -ro tuny w -ro Buny — NOT,,, ;
3) motyxHuicts UII 0 -ro Tumy w - ro Buny — DW, ;
4) gacrora BuxinHoi Hanpyru Ul o -ro tumy w -ro Buny — FU,,, ;
5) cryminsb 3axucty UIl o -ro Tuy W -ro BUOY — SZ,,,;
6) TemreparypHuil mianazoH podotu UIl o -ro Tumy w-ro BHIY —
KUZow ;
7) kimbKicTh BOynoBaHuX peryasTopie B UIl o -ro tumy w -ro BUay —
KUZow ;
8) obcsr YIl o -ro tuna w -ro Buga — G, ;
9) Bara YIl o0 -ro tuma w -ro Buma— P, ;
—BUTpPAaATHI
1) Bapticts YII 0 -ro Tumy w -ro Buny — C,,, .
Sk npuatHi kputepii gt Bu6opy 111 moxyTs OyTH:
— MakcuMaibHa HagivHicts YIl:

Nq” = maxoz wz N2uwX20w 7 (50)

o=1 w=1

— MaKCUMaJIbHEC HallpallltOBaHHA Ha Bi,I[MOBy YIT:

2 0

NOT"™ = max¥ ¥ NOT, X, : (51)

o=l w=1
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— MakcUMalibHa MoTyxHicTh YI1:

DW= maxy S DW,, X,

o=1 w=1

ow ;
— MaKcUMallbHa YacToTa BuxXinHoi Hanpyru YIT:

FU = maxS S FU, X,

o=1 w=1

— MaKCHUMAaJILHUH CTyMiHb 3axucty YIT:

SZ = maxS ¥ 57

20w

X2ow ;

o=1 w=1

— MaKCHUMaJIbHa KiNbKiCTh BOYAOBaHUX perymnsropis UIl:

0

KU = maxy S KU, X,,,

o=1 w=1

— MiHIManbHUH 00car Ull:

0 W
77 .
G = min G2owX2ow ’
o=1 w=1
— Mi"iMansHa Bara YIT:
. 02 WO
P = min 1)2(JWXZOW ;
o=1 w=1
— MiHIManpHa BapTicTh UII:
- 02 w()
C™ =min (O, S
o=1 w=1
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(52)

(53)

(54)

(55)

(56)

(57)

(58)



OO6nacTh JOMYyCTUMUX pimieHb Npu BuOOpi Ty i Buay Il
BU3HAYAETHCS OOMEKECHHSIMHU:
— HagiinicTs YI1 nosuxHa Oytu Oinbiie 3amanoi VU, =1:

02 0

ZWZNZ()WXQOW 2 N;{H ; (59)

o=1 w=1

— HampamroBaHHs Ha BiaMoBy UIl moBuHHa OyTH Oljiblle 3aJaHOTO

NOT;™ .

0> w

NOT;DWX20W = NO];”] ; (60)
o=1 w=1

, . . qr
— notyxHicts YIT nounHa 6yTH Ginbie 3ananoi DWW, :

OZWZDVVZ()WXZOW = DVV;IH ; (61)
o=1 w=I

— yacrora BuximHoi Hampyru YII moBmHHa OyTH OllbIIe 3amKaHOl
ar
FU;™:

o> W

FU.

20w

X.

20w

> FU;"; (62)

0=1 w=

— crynink 3axucty Ul noBuuHa 6yTH Ginbime 3amanoi SZ; "
()2 WU
ZZSZ2OWX20W 2 SZSLI” 7 (63)
o=1 w=1

— TeMmepaTrypHui fiamazoH po6otu UYIl moBuHeH Oyt Oinmblie

. N . .
awkHboi Mexi 1Dy, i meniue Bepxusoi mexi 1D,y :

TD?:IIIJ SZZTD XZow STD;Ié]’ (64)

20w
o=l w=1
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— KiNbKicTh BOyJOBaHUX peryisaropiB B UIl moBuHHO OyTH Olnbine
a1 .
samanoro KU, :

2 0

ZKUZ()WX2OW 2 KU;’”1 (65)

o=1 w=1

0

— mapamerpu 4Il (GX,,, — mwupuHa, GY,

ow JIOBXKHHa,

GZ,,, — BucoTa), 1oBuHHI OyTh MeHme 3axannx GX. ;”7 , GY;’” , GZ;’” :
iﬁGwaXZow <GX;"
|
ZZG ron Kooy < GV (66)
P
ZZG row Kooy < GZ3"
P s

. i
— para YII moBuHHa OyTH MEHIIE 3a1aHOT P3

o 0

<

P

20w 20w

<P, (67)

=z
'L

o=1

. . Y.
— apricth UII noeunna 6ytr menme 3ananoi C; - :

o 0

C

20w 20

» <G (68)

o=l w=1

— 3 0e3miui Tumis i BuAiB YII Moxe Oyt 0OpaHuii TITBKU ONH:

02 0

Z Xy =1. (69)
o=1

-l

S

<

Maremarnuna mojieib (50) — (69) BiTHOCUTBCS 10 3aB/IaHb JIIHIKHOTO
0araTOKpUTEpiaIbHOTO JWCKPETHOTO TMPOrpaMyBaHHS 3 OYJIEBHMH
3MIHHUMU.
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5. Bubip Tuny i Bu1y BUMipioBajibHHUX NepPeTBOPIOBAYIB
Binomo:

— 6esmiu Tamis BIT CAY® = {CAY>};0=1,0";
— 6e3niu BuaiB B koxuomy tuni BIT CAY, = {CAY’ };w=1w".

Orxe, 3minHa X, =1, saxmo BII obOpanuii 0 -ro tumy w -ro BUAY,

ow

X.

3ow
Heo0Oxinno BuzHaunTy Tin 1 Bua BII, sKi XapakTepu3yeTbcss HU3KOO

MTOKA3HUKIB:

—pyHKUIi OHanNnbHI

1) magiitaicts BII 0 -ro Tammy w -ro Bumy — N,

=( B iHIIOMY BHIIAJIKY.

ow 1

2) nanpantoBaHHs Ha BinMoBy BII o -ro Tumy w -ro Bugy — NOT,,,;
3) niamaszon Bumipy BII o -ro tuny w -ro Buny — DI, ;

4) nuaamivaa TouHicTh BII 0 -ro THIY W -TO BUny — DO, ;
5) cratnuna TouHicTk BII 0 -ro Tumy w -ro sugy — SQ,,, ;

6) xoediuient nepersopenns BII o -ro tumy w -ro suny — KPR, ;
7) mOTyXHicTh BUXigHOTO curHamy BIl o-ro tumy w-ro Buoy —

WS,
8) criiikicts BII 0 -ro THIY W -TO BURy — PU,

ow 1
ow
9) o6csr BII o -ro Tumy w -ro Buny — G,,, ;
10) Bara BII o -ro tuma w -ro Buga — P,
—-BUTpaTHI

1) BapTicts BII 0 -ro Tuna w -ro Buga — C.

3ow "

ow ?

Sx npusatHi kpuTepii a1 Budopy BIT MoxyTh OyTH:
— MakcUMalibHa HafiiHicTh BIT:

NB” = maxoz Wz N3owX3ow ; (70)

o=1 w=1

— MaKCHUMaJIbHE HaIlpaIfoBaHHs Ha BiiMoBy BII:

3 0

NOT™ = max¥ ¥ NOT,,, X,

o=1 w=1

(71)

ow !

— MaKCHUMaJIbHUH Tiama3oH Bumipy BII:
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DI™ = max¥ ¥ DI, X,

3ow ow ; (72)
o=1 w=1
— MakcUMalibHa JUHaMivyHa TouHicTh BII:
03 wO
BIl .
DQ = maxz z DQ30WX3(JW ’ (73)
o=l w=1
— MakcUMallbHa cTaTMYHa TouHicTh BII:
()3 W(’l
BIl .
SQ = maxz Z SQ30WX30w ’ (74)
o=1 w=1
— MaKCUMaJIbHUH KoedilieHT nepersopeHHs BII:
03 WO
KPR®" = maxz Z KPR, X,,,; (75)
o=1 w=1
— MaKCHUMaJIbHa MOTYXXHICTh BUXiAHOTO curHairy BIT:
03 WO
WS = maxz ZWSMXW ; (76)
o=1 w=1
— MakcHUMaJibHa cTilikicts BIT:
- 03 WP
PUP" =max) > PU,,X,,; (77)
o=1 w=1
— MiHiMaabHUH 00csr BIT:
03 WU
BIT . .
G" = min G, X5 (78)
o=1 w=1

— Mi”IManbHa Bara BIT:
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P —min ¥ Y P, X

3ow ; (79)
o=1 w=1
— MiHiManbHa BapTicTh BIT:
C* =min) > C,, X, (80)

o=l w=1

OO6nacte JONMYCTMMHUX pilleHb Ipu BuOOpi Tumy 1 Buxy BII
BHU3HAYAETHCS OOMEKEHHIMU:

o . . . BIT .,
— Haiinicts BIT noBunHa Gytu Ginbiie 3amanoi Ny :

03

SN, X > NI, 81)

o=1 w=1

— HampalroBaHHs Ha BiaMoBy BII moBuHHA OyTH OinbIlIe 337aHOTO

NOT}"

3 0

Y NOT,,, X, > NOT 82)

w
3ow“* 30w =
o=l w=1

. . . . . BI .
— nianason Bumipy BIT nosusen 6ytu Oinbiue HuwkHboi Mexki DIy, i

. : BIT .
MeHIe Bepxuboi Mmeski DI 57"

prr < ¥ b1, x

3ow

< DI (83)

o=1 w=1
. . . . BII .
— AWHaAM14YHa TOYHICTH BII noBuaHa 6yTI/I OLIbIIIE 3aaHO1 DQ3 .

03

ZZDQ30WX30W 2 DQSBH 7 (84)

o=l w=1

) . . Bl
— cratnyna TouHicTh BIT nosunna 6ytu Gibie 3amanoi SQ; :
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3 0

SQ}OWX3OW 2 SQ3”” ; (85)

1

[

=

o=1

<
|

— Kkoeoiuient nepersopeHHs BIl moBuHeH OyTH Ounblne 3amaHOrO

KPR

3 0

KPR, X,, > KPR (86)

Bow <" 3ow —
1

0"

=

o=1

=
I

— TOTYXKHICTh BUXiHOTO curHany BII moBuHHA OyTH Olnble 3a1aHOT

WS

0w

ZW 3ow 30w 2 WSB” (87)

o=1"w=1

. . . BIT
— criiikicts BII nosunna 6ytu Ginbiue 3aganoi PUS :

ZZPU30W 3ow 2 PUB” (88)

o=1 w=1

IMapamerpu BII (GX,,, — mwupuna, CY,, — noexuna, GZ.

3ow

. BIT BII BIT
BHCOTA), NOBUHHI OyTn Menue 3ananux GX; ", GY;™", GZ; :

ZZGX30WX3UW <GX"
o=1 w=1
> 2.GY,, X, <GY (89)
o=1 w=1
CZS(: 3ow < GZB”
o=1 w=1

. p BIl
— Bara BII nosunna 6yt MeHmie 3aganoi Py~
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o w

Z Z P30w 3ow ])33” ; (90)

o=1 w=1

. . BIT
— Bapricth BII noBunHa 6yru Menmie 3ananoi Cy

i WZ C3owX3ow < C3B” ; (91)

o=1 w=1

— 3 Oe3miui Tunis i BuAiB BII Moxxe Oyt 0oOpaHuil TUNBKK OAMH:

S
s

3
©

X, =1. (92)

S)
I
<

N

Matemarnanaa mojieitb (70) — (92) BITHOCHUTBCS 10 3aBJaHb JIIHIKHOTO
0araTOKpUTEpiaIbHOTO JWCKPETHOTO TPOTpaMyBaHHS 3 OYJICBHMHU
3MiHHUMU.

Bbiok cnionydyenns (BC) BUOHpa€eThcs B 3aI€KHOCTI BiJl TUIIIB 1 BUJIIB
obpanux 6yokiB 1T i enementis CAY. Monens Bubopy Tumy i Buxy bC
aHaJIOT1YHA AJIS PO3IVITHYTUX BHIIE eneMeHTiB CAY.

6. Moaess BUGOpy THIIB i BU/IiB 3B’ A3KIB
Mmizk 6s1okamu LTI Ta etemenramu CAY
VYci 6moku 1T 1 enementn CAY iHdopmaniiiHO MoB’s3aHi OIUH 3
OTHUM 1 I 3B’SA3KH BIJOOpaXeHI B MATPHUIAX IHIMICHTHOCTI, SIKi
SIBISIIOTh  COOOI0 KBaj[paTHI MaTpHIll po3MipHicTiO V' +m' 3amoBHEHI
OJTMHUIIMH 200 HYJSIMH, OJUHHIS BCTAHOBIIOETHCS, SIKIIO € 3B SI30K
Mix oOpanuMu komnoneHTamu 111, Hy b — B IHIIIOMY BUIAJIKY.
JUIs  mapaMeTpUYHOTO CHHTE3y 3B’s3kiB MK Omokamm IIIT i
enementamu CAY OyB BBeznenuii mapamerp U, = {0,1}.

Jnst cuaTe3y IUX 3B SI3KiB BIIOMO:
. . . S
— 6e3miu tumis 38°s3kiB ST = {ST°}, s =1,5";
— Gestiu BuiB 38 a3KiB B kokHoMy THH ST ={ST" }; y =1,)".

Beenemo sminny X, =1{0;1}, ne =1, axkmo obpana minis

lsy
3B’SI3Ky §-TO THUTMy d—M-TO BHJIYy MK 1 1-M OJOKamH i elneMeHTamu
LIIT CAY, X,,, =0 — B inmomy Bunazxy.

alsy
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HeoOxigHo Bu3HAuuTh TUN 1 BUI 3B sA3KiB Mix Omoxkamu IIT 1

enemenTamu CAY 3a 00paHUMU KPUTEPIIMHU 1 OOMEKCHHSIM.

KosxeH Tum 1 BUA 3B’S13KiB, XapaKTePU3yeThCsI HU3KOK NTOKA3HUKIB.

—PpyHKUIi GHanNbHI
1) napiiinicts 38°s3Ky — Ny, ;

2) HamparfoBanHs Ha BinMoBy 38’s3ky — NOT, ;

3) mepeIKo03axXuIIeHICTh 3B™13Ky — PZ,

4) mBnakicts nepenadi qannx — VD,

—-BUTpaTHI

1) Bapricts 38’3y — C ), .

[MapameTpuuHmii cuHTE3 3B’SA3KY MiK OJOKaMHU 1 eJeMEeHTaMHu

CAY MoOXHa OL[IHUTH 32 TAKUMHU KPUTEPISIMHU:
— MaKCHMaJlbHa HaJIHHICTh 3B’ I3KY:

S.

v'i+m'v'+m' s’
) = max NﬂlsyUa[ ansy;
/=1 s=1 y=1 ’

‘<

FO(X

alsy

a

<
I

a+xl;vU, =1

— MAaKCUMAJIbHC HAallpallFtOBAHHA Ha BiI[MOBy 3B’$I3Ky:

viem'v'iim' s’y

F(X,,) = max > NOT, U,X

alsy alsy ’

S
+

a =1 s=1 y=1

a+l;vU, =

— MaKCHMaJIbHa MEePETKOI03aXUIICHICTh 3B 3KY:

viam'viem' s' ¥y

FC( alyy) = max z z P alsy alvy’ .

a=1 [=1 s=1 y=1

a+xl;vU, =1

— MakCUMaJlbHa MIBUIKICTh Tiepeadi TaHuX:
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(93)

(94)

(95)



§4

max S SVD. UL X

alsy ulsy’ .
a=l1 1 s=1 y=I1 ’ (96)

FO(X

ulsy

~
Il

a+l;vU, =

— MiHIMaJTbHa BapTiCTh:

viem'viem' sty
) = min C,.U.X

FC .
( ) alsy™ al“* alsy > . (97)

alsy

~
I

a=1 1 s=1

<
I

a+xl;vU, =1

O6nacTh IONMYyCTUMHUX pillleHb MiJ 4ac BHOOPY THUITY 1 BUIY 3B S3KY
BHU3HAYAETHCS OOMEKEHHSIMU!

o . . . al
— HaJIIHICTb KOXKHOTO 3B 3Ky IIOBHHHA OyTH Oiiblle 3a1aHoi /V,

s =
Nas*UaX“[’Y ZNal;
SZ:I: ; Isy™ al Y 3 (98)

al=1v+m;a=+l;vU, =

— HampalioBaHHS Ha BiAMOBY KOXKHOTO 3B’SI3Ky IOBHHHA OyTH
. !
oinbie 3ananoro NOT," :

NOT, U, Xay > NOT;
SZI: yz; alsyY al y 3 (99)

al=1v+m;a=l;vU, =

— MEPeIIKOI03aXUIEHICTh KOKHOTO 3B’3Ky MOBHHHA OyTu Oinblie
. !
saganoi PZy

U, Xas > PZ%;
alvy Isy 3 (100)

L+mia=l;vU, =

©“
<
L

-
Me

8
-~
Il
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— IIBUAKICTh Tepejadi JaHUX KOXKHOTO 3B’S3KYy IOBHHHA OYTH
OibIIE 3a0aHOT VD;”:
sy =
Z ZVDH,WUH,XHLW > VDY,
s=1 y=1 (101)

al=1v+m;a=l;vU, =1

. wal .
— BapTICTh KOXKHOTO 3B’ 13Ky MOBHHHA OyTH MeHmIe 3a1aHoi Cy'

sy =
C, U, Xauy>C";
; ; alsy™ al Isy 3 (102)

al=1v+mia=l;vU, =1

— 3 0e3diui THITIIB 1 BHIIB KOXXHOTO 3B’SI3Ky MOXKe OyTH OOpaHuit
TIJIBKH OJUH:

'

S ) == —_—
> Xay =lLial=1v+mia=l (103)
s=1  y=1
Marematnyna wmojenb (93) — (103) BigHOCHTBCS JO 3aBIaHb

JHIAHOTO 0araTOKPUTEPIAIbHOTO JAMCKPETHOTO TMPOTpPaMyBaHHS 3
OyJeBHUMHU 3MIHHUMH.

7. Moaess BUOOPY MPOrpPaMHOro 3acody

g imiraniiinoro moaesoBanusa HITT
Jist oriHky e exTuBHOCTI 0O6panoro Habopy 61okis 11T i enemenTiB
CAY HEeOOX1IHO MIPOBECTH iMiTariiine MOIEJIOBAaHHA  1X
¢yukiionyBanus.  Ile  MoxiImBO  3poOMTH 32 JJONOMOTOIO
crnemianizoBaHoro mporpamaoro 3aco0y (I13). Ha manuii vac Bimoma
BeJMKa KUTbKicTh [13, siki 3a0e3medyroTh YHCENbHI CIIocOOM 1 MEeToIu
MOJICITIOBAHHS OJHOTO 1 TOTO X Mpormecy ado 00’€KTa, M0 O3BOJISIE
MOJICITIOBATH CKJIaAHI cucTeMH. [ KOXKHOTo criocody nependadeHi cBoi
Habopu 0i0mioTeyHnX eneMeHTiB. ToMy 3aBIaHHS IMOJSrae B TOMY, 00
BuOparu Taki I13, siki 3a0e3medars po3B’si3aHHS 3a3HAYCHOTO 3aBIaHHS
Ta HagaayTh, MICIAS TPOIECY MOJICIIOBaHHS, MakeT iH(opmamii B
3pYYHOMY BHUTJIAAI A mojanbmioro anamizy edexkruBrocti IIII. Tlix
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yac peamizamii 1ux (yHKIIA TMOBUHHI 3a0e3nevyBaTH MiHIMalbHI
BHTpPATH Yacy Ta (iHAHCIB.

Binomo 6e3mniy I13 monemoBanas M = {M},t =17, ge ' — aucino
[13 MonenroBaHHs, KOXKEH 3 SAKHUX 3a0e3nedye MOXJIHMBICTb MOOYIOBU
iMiTamiifHo1 Moeni GpyHkionyBaHHs cuHTe3oBanol [T 11 CAY.

Beenemo sminny X, ={0,1}, me X, =1, sxmo BuGpano ¢ -uii

nporpaMHuii 3acié mogemoBanns, X, =0 — B iHIIOMyY BHIIAKy.

Koxna imiraniiina Monens, mo cuntesyerbcs 13 MonemtoBaHHS,
XapaKTePU3y€eThCs HU3KOIO IOKa3HUKIB!
—PYHKUI OHanNnbHI

1) anexBaTHICTh IMITaLlIHHOT MOJIEN — A,m ;

2) kumekicte mapametpiB III, mo BimoOpaXkaroThCs iMiTaIliHOT
MOZEIIIO; I,”3;

3) KiNBKICTh €JIEMEHTIB iMiTaliifHOI MOJIEIi, SIKi MOXKHA peJaryBaTH —
UR,"3;

4) MamMHHUAK Yac, HEOOXiTHWN JuUIs poOOTH iMiTamiiHOl Mojeni —
TMt”3 ;

—BUTpaTHI

1) Bapricts 113 — C/7;

2) wac cunTe3y imitauiitaoi moxeni — TSM,™ .

Bubip II3 wmogemoBanns LIl Mae mnpoBOAWTHCH 3a TaKHUMH
KpUTEPisAMHU:

— MaKCHMaJlbHa aJIcKBaTHICTh IMITALIIITHOT MOJIEII:

A =max > A" X,; (104)
t=1

— MakcuMallbHa KimbkicTh mapametpiB LI, mo BimoOpakaroThes
IMITALIMHOT MOJEIIIIO:

.
m _ ny .
I =max ) 1" X,; (105)
=1
— MaKCHMaJjbHa KUJIBKICTh €JIEMEHTIB IMITAI[IHOT MOIEI, SIKI MOKHA

penaryBaru:
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t' —_~
UR™ =max Y UR™X,; (106)
t=1

— MiHIMQJIBHUH MaIIWHHUK Yac, HEOOX1THUN I poOOTH iMiTaIiiHHOT
MOJEII:

TM™ = max iTM,’”)?,; (107)
[
— MiHiManbHa BapTicTh [13:
Cc" = maxictm)?,; (108)
=1
— MiHIMaJTbHUM Yac CUHTE3Y iMiTauiiHOI Mozei:
TSM'™ = max i TSM™X ; (109)
=1

Ob6nacte nmomycTUMMX pilleHb miJ dac BuOopy II3 Bu3HadaeThCs
OOMEKEHHSIMHU
— aJICKBAaTHICTh IMITAI[IfHOI MOJIeNi TIOBUHHA OyTH Oijblle 3amaaHol

3.
A
S om 3
> APX, > AP (110)
t=1
— KutbKicTh mapametpiB LI, mo BigoOpa)xarThcs IMiTaIHHOT
. 3.
MOJEILTO, Ma€ OyTH Oinbine 3aganux 5 .
S 3
Y IPX, 2 1 (11)
=1
— KUIBKICTh €JIEMEHTIB IMiTalliiHOl MOeNi, SKi MOXHA pelaryBaTH,

. 3.
mae 6ytu Gisbiie 3amanoro UR;™ :
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t’ —_—
S UR™X, > UR™; (112)
t=1

— MallMHHUN Yac, HeOOXiAHUH I poOOTH iMiTamiiiHOT MOJENi, Ma€e
3 .
OyTtu Menmie 3ananoro TM;" :

> TM/PX, > TM;”; (113)
t=1

. . I3,
— Bapricth [13 noBunna Oytn menme 3amanoi C; :

f’ —
> CEX, 20 (114)

t=1
— Yac CHHTe3y IMiTamidHoi Mojeni Mae OyTH MEHIIE 3aJaHoro
TSM 3”3 :

t' —_
S TSM™ X, > TSM/"; (115)
t=1

— 3 6e3mivi [13 moxe Oyt BUOpaHO TLTHKU OHE:

i -1. (116)

=

)

~

HaBenena maremarmuna wmoxens (104) — (116) BigHOCHTBCS 11O
3aBJIaHb JIIHIHHOTO 0araTOKpUTEPIaTbHOTO JUCKPETHOTO MPOTPaMyBaHHS
3 OyJICBUMH 3MIHHAMH.

BUCHOBKHA

Y poboti po3pobieHO y3aralibHEHy MOJENb IapaMeTpHYHOTO
cuare3y CAY Ta okpemi MoJeli mapaMeTpUYHOTO CHHTE3y €IEMEHTIB
CAY. Ui Momeni H03BONSAIOTH 3 €IWHUX KPUTEpPiabHUX MO3UILH
KOMIUTEKCHO BHPIIINTH 33/1ady cucTeMHoro cuaresy CAY 3a Garartbma
KpHUTEPIsSIMHU.
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Po3pobiieHo Mozmenb omiHKKM i BUOOpPY THITIB 1 BHJIB 3B’S3KIB MiX
omokamu 11T i enementamu CAY. 1lg Monesb, Ha BiqMiHY BiJ HasBHHUX,
JIO3BOJISIE OIIIHUTH 3a OararbMa KpUTEpisIMU BC1 THITH 1 BUAU 3B’ SA3KiB, 110
MictsaThbest B LI i BuOpatn edekTuBHY.

Jlani Momeni BHKOPHCTOBYIOTBCS IIJI 4Yac TIPOCKTYBaHHS Ta
MOJIEpHI3allii CHUCTeM yIpPaBIiHHA IITAMIIOBOIO OCHAINEHHS Ta
MPOTHO3YBaHHSA HOTrO  JIOBrOBIYHOCTI 3  METOW  3a0e3ledYeHHS
eKCIUTyaTaliiHol HaaidHOCTI W JOBrOBIYHOCTI MAIllMH, AarperaTiB
1 JeTanci.

AHOTALISA

Y gmaHiii poOOTI pPO3MISHYTI KpHTepii ePEKTUBHOCTI MoOJeseH
MapaMEeTPUYHOTO CHUHTE3y CHUCTEMH aBTOMATUYHOTO  YIIPAaBIIiHHSA,
a TaKOX po3po0JICHI MaTeMaTHUYHI MOJEN MiJIBHINCHHS €()eKTUBHOCTI
1 ONIEPaTUBHOCTI TPUUHATHX pIlIEHb TIiJl Yac CHHTE3y CHCTEM
ABTOMATHU30BAHOI'O YIPABIIHHS 32 PaXyHOK OOTPYHTOBAHOTO BHOOPY ii
eneMeHTIB. [laHi Mojeni BHKOPHCTOBYIOTHCSA IIiJI 9ac TPOCKTYBaHHS
IITaMIIOBOTO OCHAIIEHHS Ta IPOTHO3yBaHHS HOTO MOBIOBIYHOCTI 3
METOI 3a0e3MeueHHs eKCIUTyaTalliifHOT HaJiMHOCTI W JIOBrOBIYHOCTI
MalllMH, arperatiB 1 jaeraneld. Po3poOneHo y3araqbHEHY MO/IENb
napamerpuyHoro cuHTesy CAY Ta OKpeMi MOAelNi MmapamMeTpHYHOTrO
CHHTE3y CKIagoBux eneMeHTiB CAY (MIKpOKOHTpoJep, 4YacTOTHHH
MEpeTBOPIOBAY, BHMIPIOBAJIBHUI IepeTBOproBad). Yci Iii Mojerni, Ha
BIIMIHY BiJI HasSBHHX, JIO3BOJIIOTH 3 €JIMHUX KPUTEPIaTbHHUX TO3MINIH
KOMILICKCHO BHPIMUTH 3amady cucteMHoro cuHtesy CAY 3a GaratbMma
KkputepisMu. Po3poOiieHo MoJienb OLiHKH 1 BUOOpY MPOrpaMHOTrO
3a0e3MedeH s JUI IMITAIlifHOTO MOJCITIOBaHHS (YHKIIOHYBAaHHS SK
YChOTO  TEXHOJIOTIYHOTO  IPOIeCy  BHPOOHHITBA  EIEKTPOHHHX
komrnoHeHTiB PEA, Tak 1 okpemMo KoxxHoro ii OJOKy, WIO JacTb
MO>KJTMBICTD TIABUIIUTH €(DEKTUBHICTH MPOIECY MOICIIOBAHHS IIISIXOM
CTBOpeHHS BCix eyleMeHTiB TII, B3aeMO3B’I3KiB MK HHUMH 1 aIrOPUTMY
pobotu CAY.

CyyacHe  mpmiagoOyayBaHHS  PO3BHUBAETHCS B HANPSIMKY
aBTOMAaTH3alii BUPOOHHWITBA 3 INMUPOKHUM BHKOpHCTaHHIM CAY,
BIPOBADKCHHSI THYYKHX TEXHOJIOTIH J03BOJISIE IMBHIAKO 1 €()EeKTUBHO
nepeOymOByBaTH TEXHOJOTIUHI MPOIECH Ha BUTOTOBICHHS HOBHX
BHPOOIB.

3acrocyBanuss CAY 103BoIsi€ 3HAYHO MiNBUINUTH MPOTYKTUBHICTDH
oOJlafiHaHHS, THYYKICTh BHPOOHHUIITBA, CKOPOTHTH  YHCEIBHICThH
pPOOITHUKIB, a 3HAYHTh, 3HU3UTH YACTKYy pPYYHOI Hpami i CyTTEBO
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MIJBUINUTH SKICTh 1 HAAIWHICTh TPOIYKIIil, [0 BUITYCKAETHCS. Y 3B SA3KY
13 UM pO3pOOJICHHS CHCTEM YIPABIIHHS JJIsS BIIPOBA/DKCHHS B HasBHE
HEaBTOMAaTH30BaHe OOJIaJHAHHA 1 11X 3acTOoCyBaHHS I  4ac
MPOSKTYBaHHS HOBHMX AaBTOMATH30BaHUX KOMIUICKCIB  JIO3BOJIMTH
MIJBUIINATH SKICTh TMPOAYKIIii, IO BUMYCKAETHCA 1 3HU3UTH SKOHOMIYHI
BUTPATH, 110 € aKTyaTbHUM 3aBJaHHIM.
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DISCRETE-PULSED ENERGY INPUT (DPIE)
IS A PERSPECTIVE WAY TO DEVELOP RESOURCE AND
ENERGY SAVING TECHNOLOGIES IN THE FOOD INDUSTRY

Obodovych O. M., Sydorenko V. V.

INTRODUCTION

According to the International Standard Industrial Classification of
All Economic Activities (ISIC), food production is classified in the
manufacturing industry, with its own divisions, which include food
production, beverage and tobacco production; in the food production
subdivision, 13 sectors are identified, including dairy, butter and fat,
starch, bakery, sugar, macaroni, ready-to-eat food, livestock feed
production.

The production of beverages covers the production of soft drinks and
mineral water, the production of alcoholic beverages obtained mainly
through fermentation, beer, and wine, the production of distilled
alcoholic beverages.

All the diversity of food processing technologies is related to the
implementation of processes, which can be divided into four main
groups: mechanical, hydromechanical, thermal, mass transfer. A large
and promising section of technology — biotechnology — is currently under
development?.

The basic processes in food technology include mixing,
homogenization, dispersion, emulsification, heating. One of the priority
areas for technology advancement in the food industry is the effective
combination of multiple processes and the intensification of these
processes over time and by degree of impact.

One of the methods that allow to successfully solve the problem of
intensification of these processes is the method of discrete — pulsed

! Weaneu B.H., bakun U.A., PataukoB C.A. [Iporeccsl u annapaThl MUIIEBBIX
NpPOU3BOACTB : ydeOHoe mocobue. / KeMepoBCKHMT TEXHOIOTMYECKMH HHCTUTYT
nuieBoi npomeinuieHHoctu.Kemeposo, 2004. 180 c.
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energy input (DPIE), developed at the Institute of Engineering
Thermophysics of NAS of Ukraine?.

The method is implemented in several types of equipment, the most
common of which is the rotor-pulsating apparatus (RPA), or high shear
mixer (HSM), high shear reactor (HSR), rotor-stator mixer, or high shear
homogenizer in English literature. The RPA usually consists of coaxial
stator (-s) located in the housing, and a rotor (-s) in the form of shells
with rectangular holes cut through them®.

In the food industry, a common application of high-shear mixers is to
create emulsions of both high and low viscosity (salad dressings, sauces,
curd fruits and dairy desserts, mashed potatoes, sauces, creams). In these
products, high-shear mixing also helps disperse thickeners. High shear
mixing is also employed to disperse artificial sweeteners and clouding
agents in fizzy drinks. High-shear mixers are utilized both for processing
of single and multiphase systems. In single phase systems they are very
efficient in blending miscible liquids of very different viscosities (e.g.,
corn syrup and water); in multiphase systems they are used to emulsify
immiscible liquids (e.g., mayonnaise, sauces), to deagglomerate and
uniformly disperse (nano) particles in liquids (e.g., salt and sugar in
water, corn flour in water), and also to suspend fine air bubbles (e.g., ice
cream)”.

In past years, the DPIE method was used in the technology of
production of condensed milk®, for the intensification of the production
of glucose-fructose syrups®, homogenized soybean paste preparation for

2 Mukpo- 1 HaHOYypOBHEBBIE Tporecchl B TexHomorusx AMBD: Temarudeckuit
cOopHUK crateld /mox oOmei pen. A.A. JommHckoro; MHCTHTYT TeXHUYECKOU
terutodmsukn HAH Ykpannsl. Kuis : Akanemmepronuka, 2015. 464 c.

% Haxopuesckuit A.U., Bacox B.M., Peokkosa T.C. THapoIdHAMHKa POTOPHO-
MyJIbCAI[OHHBIX aNMapaToB. MuowcenepHo-pusuueckuti scypran. 2002, T. 75, Ne 2.
C. 58-68.

* Rodgers T. High-Shear Mixing: Applications in the Food Industry / T. Rodgers,
L. Trinh. Elsevier BV. 2016. URL: https://doi.org/10.1016/B978-0-08-100596-
5.03095-X.

® Bacox B.1. UHTeHCHMHKAIHS TEXHOIOTHI IPOM3BOACTRA CTYIIEHHOrO MOJIOKA
C caxapoM IOCPEACTBOM POTOPHO-IYNbCAllMOHHBIX ammaparoB / B. W. Bacok,
A. H. O6omosuu, M. II. Mapteinenko, A. P. Ko6a, O. A. TopsueB. [lpom.
mennomexnuxa. 2005. 27, Ne 1. C. 38-41.

O6onoBny  A.H. Hurencudukanuss NpOU3BOJCTBA TIJIOKO30-(PPYKTOZHBIX
CHPOTIOB 3a CUeT MexaHoxumudeckoit aecrpykuun / A.H. O6onosuy, M.A. Xubuna,
JLLA. Bopsik, A.A. O6onosuu, A.U. Tecns. [lpomviuinennas mennomexnura. 2006.
T. 28, Ne 3. C. 44-49.
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baby food developed and implemented on the basis of the method”??,

etc.

1. Application of the DPIE method in technologies
for processing starch-containing raw materials

One of the most important types of food raw materials is cereal
grains. Cereal grain is the raw material for a number of food industries,
and its pre-treatment to release starch and other nutrients is necessary.

Studies of the influence the DPIE method on processing starchy raw
materials were carried out to determine the dependence of its quality of
processing on the following factors:

— physical factors (angular speed of rotation of the rotor, velocity of
the flow of medium, the gap between the rotor and the stator, the
frequency of flow pulsations , the number of processing cycles) on the
average surface size of the particles:

— influence of thermal effects on its dispersion.

The studies were carried out on an experimental setup, the appearance
of which is presented in Fig. 1.

In the first stage of the experiments, the angular rotational speed of
the rotor and the number of processing cycles were changed. The angular
speed of rotation of the rotor was changed by means of a frequency
converter. Table 1 shows the dependence of the change of the average
surface particle size on the angular speed of rotation of the rotor and the
number of processing cycles of the water/grain mixture. The gap
between the stator and the rotor was 500 microns.

These data suggest that with increasing number of processing cycles
and angular speed, the surface average particle size of the processed
grain raw materials decreases.

" Bacok B.U. JucnepcHblit aHaIM3 COEBOM MacThl, MOJyYeHHOW NpPU POTOPHO-
mynbcanoHHoi romorenm3anu/ b.M. Bacok, M.A. Ilupoxenko, /I.B. BymaBka.
Tpom. mennomexnuxa. 2003. T. 25, Ne 4. C. 88-92.

I'pumenxko A.B., Tepneuxas S.T., Illapxosa H.A., Kyxorckumii 3.K.
Pa3paboTka BBICOKOOCIKOBBIX KOMITO3MIIMI Ha COEBOW OCHOBE Ui JIe4eOHO-
npo¢unakruueckoro nutanus / A.B. I'pumienko, S.T. Tepneuxas, H.A. [lapkosa,
€ K. Kyxotckuii. [Ipom. remnorexnuka. 2003. T. 25, Ne 4. C. 115-116.

® Illapxosa H.O. OcoGmuBocTi TeXHONOTIi BHPOGHHMLTBA COCBHX MPOAYKTIB /
H.O. IllapkoBsa, E.K. XKykotcekuii, I'.B. I'pumienxo. Ilpom. mennomexuuxa. 2004. T.
26, Ne 6. C. 93-96.
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b)

Fig. 1. Experimental setup to determine the effect of the processing
of starchy raw materials by the DPIE method on its quality properties.
a) view of the setup; b) the rotor-stator assembly

Table 1
The dependence of the surface average particle size of grain raw
materials on the angular speed and the number of processing cycles

Number of 1 Surface average
Sample Angular speed, s ™. S

cycles particle size, pm.
1 3 700
2 5 570
3 10 180 500
4 20 420
5 30 350
1 3 660
2 5 510
3 10 300 400
4 20 310
5 30 260
1 3 640
2 5 480
3 10 420 390
4 20 280
5 30 220

In subsequent studies, the effect of the gap thickness between the
stator and the rotor on the dispersion process was studied. The angular
speed was unchanged at 300 s™.
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Fig. 2. Dependence of the surface average particle size of the grain raw
material on the thickness of the gap and the number of processing
cycles. : ¢ -300 pm ; m — 500 pm; x - 700 pm

The curves shown in Fig. 2, indicate that as the gap between the stator
and rotor decreases and the number of processing cycles increases, the
surface average particle size decreases.

The dispersion is influenced by the amount of solid phase in the
processed medium®™. Experiments were conducted to determine the
effect of the solid phase content on the average surface particle size. The
solids content of the mixture was 10, 30, 50% by weight of the
water/grain mixture. The studies were carried out at an angular speed of
rotation of the rotor 300 s™, the gap between the rotor and the stator
500 pum, a frequency of flow pulsation of 3 kHz. The data of the
experiments are presented in Fig. 3.

10 Nomumckmit A.A., Bacok B.1. PoTtopHo-umnynbcHbIN anmmapat. 2. JIokanbHbIH
UMITYJIbCHBIA Harpes >KUAKOCTU. [Ipomviuunennan mennomexnuka. 1999. T. 21, Ne 1.
C. 3-5.
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Fig. 3. The dependence of the surface average particle size of the grain
raw material on the amount of solid phase and processing cycles

The graph shows that with the increase in the amount of solid phase
and processing cycles, the surface average particle size decreases. It is
most effective to process grain raw materials with a solids content of
50%. However, after 20 processing cycles, all particles have a surface
average size of less than 300 microns. This is because in the processing
of the mixture shock loads occur not only due to the contact of solids
with the working surfaces of the RPA, but also with each other. The
more solid phase in the mixture, the greater the shock load of the
particles among themselves.

It is known that in a number of technologies related to grain
processing, it is pre-soaked™.

In the process of grain soaking, the aim of changing the structure of
the protein, which binds starch grains, weakens the bonds of starch
grains, converts the grain shell from semi-permeable to fully penetrated,
is achieved'?. Soaking grains is one way of softening them. The grain in
the water absorbs moisture and increases in volume; the hydration of
cellulose membranes increases their elasticity. Water creates layers

1 Manbues I1.M. TexHONOTHS GPOAMIBHBIX MPOU3BOACTB. 2-€ W3L., Mepepab.
nor. Mocksa : [Tumesast mpomsitieHHOCTb. 1980. 596 c.

12 Jlinen A.A. TexHONOTIS KPOXMAJIO Ta KPOXMAaJICIIPOAYKTIB: HaBY. MOCIOHUK.
Kuis : HYXT, 2003. 168 c.
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between the constituent parts of the grain that exhibit lubricating and
propping effects, which significantly weakens the bonds between the
membranes, the embryo and the endosperm. In the experiments, the grain
was soaked at 40—48°C for 24—48 hours to moisture of 35-45%.

It is determined that during soaking, 5-7% of soluble grain
substances pass into the solution. Therefore, when processing the
water/grain mixture in the RPA, used water, which had previously been
soaked grain.

Limiting the temperature of soaking to 48°C is associated with the
possible start of grain starch gelatinization.

Soaked grain with a moisture content of 35-45% was processed
together with the water in the RPA to an average particle diameter of 300
um. At the same time, a study was conducted on the treatment of a
water/grain mixture in RPA with not soaked grain.

The dependence of the change in the average particle diameter of the
water-grain mixture on the number of treatment cycles and moisture is
presented in Fig. 4.

g 1500
= 1400
¥ 1300 +
1200 +-
1100 +

:

900 +
800 —+
700 +
600 +
500 +
400 +
300

200 +
100 + v v Y - Y v .
0 S 10 15 20 25 30 35
number of processiag cycles

surface average particle size,

Fig. 4. Dependence of change of the surface average particle size, pm
of the water/grain mixture on the number of processing cycles
and grain moisture: 1 - 12%; 2 - 35%; 3 - 40%; 4 - 45%

Curve 1 in Fig. 4 corresponds to the processing of a mixture of not

soaked grain with a moisture content of 12% with water. Curves 3, 4, 5
correspond to the processing of grain soaked to moisture of 35, 40 and

305



45% respectively. It is found that the increase in grain moisture because
of soaking allows reducing the number of processing cycles from 30 to
20-23 to achieve an average particle diameter of 300 um.

In subsequent studies, the influence of moisture of soaked and not
soaked grain on temperature change during processing in RPA was
determined (Fig. 5).

70

oC

temperature,

0 10 20 30 40 50
number of processing cycles

Fig. 5 The dependence of the temperature of the water/grain mixture
on the number of cycles with grain moisture:
1-12%; 2-35%; 3-40%; 4-45%

This figure shows that the general tendency of all curves is to
increase the temperature of the mixture with increasing number of
processing cycles. From 5 to 25 cycles of treatment, the temperature of
the mixture rises much less than 25 and above. This is because in the
initial processing period the dispersion is not very large. With the
increase in the number of processing cycles over 25, the particle size
becomes 300-500 microns.

With this particle size and temperature of 30-35°C, the s starch
gelatinization begins, which extremely increases the viscosity of the
medium. With increasing viscosity, the dissipation energy increases and,
as a consequence, the temperature increases. The higher the moisture
content of the grain, the more swollen it becomes, the intermolecular
bonds weaken and the dispersion process is faster. Consequently, the
starch is faster gelatinized and the temperature rises faster. With
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increasing grain moisture from 12 to 45% at 30 treatment cycles, the
temperature rises from 30 to 40°C.

According to the results of the experiments, it can be concluded that
pre-soaking the grain for 48 hours with water at a temperature of 45°C,
has a positive effect on its further processing in RPA.

The duration of dispersion is reduced by 20-25%, the temperature of
the mixture is increased by 1.2-1.3 times faster and the power
consumption of RPA is reduced by 15-20%.

Reducing the number of processing cycles leads to a reduction in the
duration of the dispersion process and a reduction in energy costs™.

Research results have improved the technology of preparation of wort
of alcohol production™.

Adding to the process the rotor-pulsating apparatus allowed to reduce
energy consumption by 30% in the process of boiling, to reduce the
duration of the process twice, to reduce the loss of fermentable
substances from 8... 10% to 2... 4%, to increase the yield of alcohol by a
unit of raw material by 1.5 ... 3.0%.

The dispersion of starchy raw materials and their boiling are also
steps in the production of liquid feed for cattle, in particular pigs. The
main part of the compound feed is cereals, because they contain in such
large quantities the following vital elements: carbohydrates, minerals,
vitamins. Improvement of the technology of preparation of liquid feeds
by the use of RPA as a disperser-mixer of water-grain mixture has led to
significant economic effect™®,

¥ O6omosna A.H., JIsivaps. A.JO. OcoGeHHOCTH MepepaboTKH BIaKHOTO 3epHA
B poTopHO-TiynbcannonHoM ammapate (PIIA). Enepeemuxa ma asmomamuxa, 1999.
Ne3.C.119-123.

¥ O6omoBra A.H. CoBepIICHCTBOBAHHE TEXHONOTHH TIPHTOTOBICHHS CyCla W3
KPaxMaJlOCOAEPXKAIIET0 CHIPbS B CIHUPTOBOM IIPOM3BOJCTBE C NPHMEHEHHEM
IICKPETHO — HMITyJbcHOro BBonma sHeprun / A.H. OGomosuu, T.JI. I'paGosa,
A.P. Koba, O.A. T'opstueB. [Ipom. mennomexnuxa, 2007. 1. 29, Ne 4. C. 59-63.

O6omoBma  A.H. CoBepHIeHCTBOBaHHME TEXHOJOTUH  HPHUTOTOBICHUS
KOMOHMKOPMOB ISl CEITbCKOXO3SHCTBEHHBIX JKHBOTHBIX C HPHUMEHEHHEM MeToja
JMCKPETHO-MMITyJIbcHOTO BBOAA >Heprun (JJVIBD) / A.H. O6omosud, A.1O. JIsiMaps,
B.B. Cunopenko, U.H. Muposnen, A.C. bauunckuit. Haykosuii eicnux HYBIIT 174,
2012. C. 148-153.

16 O6onmoBuy A.H. HMcnonp3oBaHue IUCKPETHO-UMITYJIBCHOTO METOAA BBOJA
sHepruu (JIUBD) mis WHTCHCH(UKAIMK MPHUTOTOBICHUS JKAAKHX KOPMOB IS
CEeNbCKOXO3SMCTBEHHBIX JKMBOTHBIX Ha oOcHoBe Oapabl / O6Gomonu A.H.,
Cunopenko B.B., JIeimaps A.1O., Muponen M.H. BiOpariii B TexHilli Ta TEXHOIOTIAX.
2013, Ne 2 (70). C. 190-195.
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2. Application of the DPIE method in biotechnology

The high dispersion ability of the rotor-pulsating apparatus has been
effectively used in the processes of absorption of poorly soluble gases,
primarily due to the creation of a sufficiently high specific surface
contact phase’’. The main mechanism of gas phase dispersion was the
crushing of gas bubbles under the action of shear stresses in the gap
between the rotor and the stator®.

The dissolution of oxygen, which is also a poorly soluble gas, in the
culture fluid underlies the technology of growing baker's yeast
Saccharomyces cerevisiae.

The rate of dissolution of oxygen for tubular and box bubbling air
distribution systems at an air flow rate of 100 m? per 1 m® of aerated
medium per hour is about 1.4-1.6 kg / m? - h. Given that the rate of its
absorption of yeast is 1.5-2 kg / m® - h, it can be concluded, that the
process of gas distribution in the aerators is one of the inhibiting factors
in the technology of cultivation of yeast, and the improvement of the air
distribution system is relevant.

To study the process patterns of oxygen absorption in the culture fluid
using the DPIE method in the process of deep cultivation of aerobic
microorganisms a setup (fermenter) was designed shown in Fig. 6a. The
RPA was the aerator-mixer, the rotor-stator assembly of which is shown in
Fig. 6b. In order to ensure the conditions of the cultivation process, the
system provided an air supply system to the culture fluid. The optimal
temperature regime in the fermenter was ensured by the circulation of the
coolant in the heat exchange jacket. The variation parameters were the speed
of rotation of the rotor assembly and the thickness of the gap between rotor
and stator, and the associated parameter, the shear flow rate.

The Saccharomyces cerevisiae yeast nutrient medium is typically a
water/grain mixture (wort) with nitrogen and phosphorus nutrition.
Molasses, a by-product of sugar production, is an alternative nutrient
medium for cultivation of Saccharomyces cerevisiae. Molasses with a
solids content of 3 to 10% were used in the studies.

' JlommHckmit  A.A. DHeprocGeperaoumie aGCOpOLMOHHBIE TEXHONOTHH B

MPOM3BOICTBE ra3upoBaHHbIX HamMTKOB/ A.A. Jlomuuckuit, B.U. Bacok, O.K. IlleTankos,
A. W. Yaiika. [Ipom. menromexnuxa. 2001. T. 23, Ne 4-5. C. 137-140.

18 Kopnromenko JI.A. Ancopbuus TMOKCHAA yriaepoAa BOAOH MPU UMIYJIbCHOM
BhICOKODHEepreTuueckoM Bosneiicteun / JI.A. Koputomenko, B.W. Bauanues,
T.U. bonpnapeBa. U3s. BY30s, Xumus u xumuvecxas mexnonocus. 2003. T. 46,
Beim. 5.
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In Fig. 7 shows the dependence of the concentration of dissolved
oxygen in the wort on the number of cycles of treatment, at a speed of
rotation of the rotor assembly 47.75 rpm. The volume of liquid was 60 |,
the period of one cycle — 40 sec.

Analyzing the curves of Figs. 7 it can be determined that with
increasing concentration of solids in the nutrient medium, the solubility
of oxygen decreases. However, given that the equilibrium concentration
of dissolved oxygen in molasses solutions is much lower than in water, it
is sufficient to process the medium in two cycles to achieve these values.

a) b)

Fig. 6. Experimental setup (fermenter) to study the patterns of oxygen
absorption in the culture fluid using the DPIE method in the process
of deep cultivation of aerobic microorganisms: a) appearance;

b) the rotor stator assembly

Studies to determine the technological parameters of cultivation were
carried out with an initial concentration of yeast 20 g / I. The volume of
the culture fluid was 60 liters. Yeast was cultivated for 8 h. The variation
parameter was the shear flow rate.
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Figure 8 shows the dynamics of the accumulation of

east mass

during the cultivation period at a shear flow rate of 114 10° s™, which

was optimal in this series of studies.
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Fig. 7. Dependence of dissolved oxygen concentration on the number

of processing cycles at dry matter concentration: o — water; m — 3%;
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Fig. 8. Dynamics of yeast accumulation
at the shear flow rate of 114 10%s™

On the basis of the obtained data, the values of the specific rates of
growth of the yeast with a solids content of 3 to 10% were calculated.
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The results of the calculations are presented in Fig. 9. It is found that
with increasing flow shear rate, the specific rate of growth of yeast
increases. Its maximum value is reached at a flow rate of 114 - 10° s,
With the further increase of the shear flow rate, the specific growth rate
decreases. As the solids content in the culture fluid decreases, the
specific rate increases, which is explained by the higher solubility of
oxygen in less concentrated media.
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Fig. 9. Dependence of specific growth rate of yeast on the shear flow rate

at the dry matter concentration in the nutrient medium:
A —10%;m—5%;+¢-3%

On the basis of the data obtained on the accumulation of yeast
biomass at the last stage of cultivation, the rate of oxygen transfer in the
culture fluids was determined. In determining the effect of DIVE
mechanisms on the mass transfer rate, an important factor is the gap
between rotor and stator, the effect of which takes into account such an
indicator as the shear flow rate, which is defined as the ratio of the
velocity of the medium flow in the radial direction to the thickness of the
gap between rotor and stator.

Data showing the dependence of the oxygen mass transfer rate on the
shear flow rate at different solids content in the culture fluid are
presented in Fig. 10.
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Fig. 10. Dependence of oxygen mass transfer rate on shear flow rate
at dry matter concentration: A —10%; m —5%; ¢ - 3%

It is determined that with increasing flow shear rate, the oxygen
transfer rate increases. The optimal range of values of the flow shear rate
is in the range 90 - 114 - 10% s™. It has also been found that the rate of
mass transfer decreases with increasing solids content in the medium.

Analysis of the results of the studies suggests that increasing the shear
rate to 114 - 10°s™* intensifies the value of the specific rate of growth of
yeast at different concentrations of solids in the medium. With an
increase in the shear flow rate of more than 114 - 10° st the specific rate
of yeast growth decreases. There may be several factors behind this.

The first is that the increase in the rate of mass transfer promotes
faster and more complete entry of nutrients into the yeast cell, which
may exceed the amount required for their vital activity. In this regard,
cell growth is slowed or stopped altogether. Excess oxygen and nutrients
in the yeast cell can lead to its death.

Another factor is that in order to achieve a high rate of dissolution of
oxygen, “rigid” conditions for the processing of the medium in the RPA,
i.e. high angular speeds of rotation of the rotors, pulsation frequencies,
shear flow rates, are required. At the same time, high shear stresses are
formed in the gap between rotor and stator, which can lead to the
destruction of the cell wall.
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In order to test these assumptions, the effect of flow shear rate on the
physiological state of yeast cells was studied. The results of the studies
are shown in table 2.

Table 2
The dependence of the number of damaged cells (million cells)
on the shear flow rate in the RPA

Shear flow rate, duration of processing, h
10%st 0 1 213|456 ]|7]38
85,46 2 2 21213 |3|4|4]4
114 2 2 2133 |4|4|4]5
125,4 2 3 3|5|5|6]|6]|9]10
bubbling 2 2 2121121122 )|3]3

It is found that with increasing flow shear rate from 85.46 to 125.4
the number of dead cells increases.

CONCLUSIONS

The method of discrete-pulsed energy input, as a method that
intensifies the processes of heat and mass transfer in two or
multicomponent gas-liquid, liquid-solid systems, has been widely used in
various industries, in particular the food industry. The application of the
DPIE method allows reducing energy costs for the processes of mixing,
homogenization, dispersion, emulsification, heating, the duration of these
processes, and the amount of equipment.

SUMMARY

The section presents the results of applying the method of discrete
pulsed energy input (DPIE) in food technology. Examples of the use of
the method and rotor-pulsating apparatuses in which it is implemented in
several technologies are considered. The results of the application of the
DPIE method in the technologies for processing starch-containing raw
materials are presented. The influence of the ratio of water to grain, the
number of processing cycles, the angular speed of the rotor, the thickness
of the gap between the rotor and the stator on the degree of dispersion of
the grain is considered. The effect of preliminary soaking of grain on the
efficiency of its processing in a rotor-pulsating apparatus is considered. It
has been determined that the optimal processing regime is the following:
the ratio of grain to water is 1: 2, the rotor angular speed is 300, the
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thickness of the gap is 500 um, the number of processing cycles is 20.
The research data on the cultivation of Saccharomyces cerevisiae yeast
using rotor- pulsating apparatus as an aerator-mixer are presented. It was
found that the maximum specific growth rate of yeast, equal to 0.25 s™
during cultivation for 8 hours, is achieved at a shear flow rate of
114 - 10%s™
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MAT'HITOPE3UCTHUBHI BJIACTUBOCTI INIIBKOBUX
MATEPIAJIIB EJIEKTPOHIKH 3 PI3HOIO APXITEKTYPOIO

Oaunonsopeus Jl. B., Ilpouenxo L. 1O.

BCTYII

IInpoke BUKOpUCTaHHS IUTIBKOBUX MaTepialiB y MiKpOEIEKTPOHILl,
CITIHTPOHIIlI 1 CEHCOPHIM TEXHII MOCTIHHO CTHMYIIOE JTOCIIIDKEHHS TXHIX
(hI3MYHMX BJIACTUBOCTEH Ta BUBYCHHS TEMITEPATYPHHUX 1 KOHIICHTPAIIIHUX
epekTiB y eneKTpodi3MUHUX Ta MAarHITOPE3UCTHBHUX BJIACTUBOCTSX,
OCKUIbKM B TaKHMX CHCTEMaX MOXYTh CTaOUT3yBaTHCS TpaHyJIbOBaHI
W ymopsimkoBaHi  TBepAi po3umHHM (T.p.) Ta iHTepMeTamimHi a3y,
(opMyBaTHCSI  MarHiTHi iHTep(beﬁcl’z. Ilin BIMBOM TeMmepaTypu
1 30BHIIIHBOTO MAarHiTHOTO TIONSI TMPOSBIISAIOTHCS OCOOIMBOCTI B3a€MOJIi
HOCITB 3apsiTy 3 MEKaMH TOJIUTy, MarHITHUHMA MOMEHTaMH aTOMIB, TPaHy i
JnoMeHIB Ta (oHOHamMH. BcTaHOBIEHHS OCOONMBOCTEW BIUIMBY Pi3HHX
¢akTopiB Ha (Di3MYHI BIACTUBOCTI 0OaraToIIapOBUX, TIPaHYIbOBAHHUX
1 0araTOKOMITOHEHTHHX, Y T.4. BUCOKOCHTPOITIHHHX, TLTIBKOBHUX MaTepialiB
HeoOXiHe A1 CTBOPEHHS  €JIEMEHTIB  CEHCOPHOI  €JIEKTPOHIKH,
OITOEJIEKTPOHIKa 1 CHiHTpOHiKI/IS'A'S. [yXe BaXJIMBUM € BHUBUCHHS
ocoOMMBOCTeH  ()OPMYBaHHS  CTPYKTYpHO-(Da30BOTO  CKJIaLy — IUTIBOK

! campbell I.A., Fert A. Transport properties of ferromagnets. Ferromagnetic
Materials. Edited by E.P.Wohlfarth. 1982. V.3. P .747-800.

2 Grunberg P., Schreiber R., Pang Y.,. Brodsky M.B, Sowers H. Layered
magnetic structures: evidence for antiferromagnetic coupling of Fe layers across Cr
interlayers. Phys. Rev. Lett. 1986. V. 57, Ne 19. P. 2442-2445. DOI
10.1103/PhysRevLett.57.2442

3 ®ept A. IIpoucxoxiaeHue, pasBUTUE U IEPCIEKTHBB CHUHTPOHHUKH. Ycnexu
usuxu memannos. 2008. T. 172, Ne 12. C. 1336-1348.

* Berkowitz A. E., Mitchell J.R., Carey M. J., Young A.P., Zhang S., Spada F.E.,
Parker F.T., Hutten A., Thomas G. Giant magnetoresistance in heterogeneous Cu-Co
alloys. Phys. Rev. Lett. 1992. V. 68, Ne 25. P. 3745-3748. DOI
10.1103/PhysRevLett.68.3745.

s I'pron6epr I1.A. OT CTUHOBBIX BOJIH K THTAHTCKOMY MarHUTOCOIPOTHBIICHUIO U
nanee. Yenexu gusuxu memannos. 2008. T. 172, Ne 12. C. 1349-1358.
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B YMOBaX TEepPMOOOPOOKH, BIUIMBY MAarHiTHOTO noms®’. 3ayBaXuMmo, 1110
MYJIBTHINAPH, TPAHYJIBOBaHI IUTIBKOBI MaTepiaid 1 BHCOKOSHTpPOIIHHMX
cmaBiB (BEC) HanexaTb 10 cUCTeM, Y SIKMX CHIH—3aJIEXHE PO3CIIOBaHHS
enektponiB (C3PE) mpoBimHOCTI peamnmizyeTbcsi B e(EKT TiraHTCHKOTO
MarHitooriopy (I'MO). TIlepexim &m0 MarHITOPE3UCTHBHUX CTPYKTYP
BiIOyBaeThcs, KOMU JOMiHye BHecok y BeanuuHy MO pae C3PE Ha
iHTepdeiicax ad0 HA MArHITHUX IpaHyJaX CHCTEM Ha OCHOBI MarHiTHHX i
HEMarHITHUX METalliB TOPIBHAHO 3 PO3CIIOBaHHAM CJIEKTPOHIB Ha
MAarHiTHUX MOMEHTAaX JOMEHIB a00 IXHIX CTiHKax.

Po3pobnennii 6:1M3bKO AECATH POKIB TOMY HOBHH KJac METaJeBUX
T.p., T.3B. BEC, € yHiKadpbHUM KJIacoM 0araTOKOMIIOHCHTHHX
MarepianiBa'g'l. BEC wMicTaTh HEe MEHII 5 OCHOBHHX METaJICBHX
eJIEMEHTIB, aTOMHHUHI BiJICOTOK KOXKHOTI'O 3 SIKMX cKiagae Bifg 5 1o 35%.
B otpumanux crutaBax  BijmOyBaeThcs  (OpPMYBaHHS  OJHO(A3HOTO
CTablJIPHOTO TBEPIOrO pO34YHMHY 3aMinieHHs (mepeBaxHo [TIK- a6o
OLIK-rpaTku), KU € OJHOYACHO BUCOKOMIIITHUM 1 TEPMOJUHAMIYHO
cTiikuMm. [lpuyMHAa [HOrO — BHCOKA CEHTPOIS 3MINIyBaHHS, SKa
3abes3redye CTaOLTI3aIi0 yYTBOPEHHS TBEPIOTO PO3YHMHY ¥ 3amoOirae
¢opMmyBaHHsA iHTepMeTanmimHUX a3 y mporeci KpHCTani3aui'1'11.
Brnactuocti BEC 3Ha4HOIO Mipor0 BH3HAYarOThCs BILIMBOM IPOIIECIB,
SIK1 HE 3aBXKIM MPUTaMaHHI TPaIUIliiHIM OaraToejIeMEHTHHM CIUIaBaM, a
caMe: BIUIMB €HTPOMIi 3MIIIyBaHHS; BIUIMB BUKPUBJIICHHS KPHCTAIIYHOL
rpaTku cpOpMOBAHOIO TBEPAOTO PO3UMHY; BIUIUB YIOBUIbHEHOT AU(Y3ii

® Tiwari A. Effect of addition of Ni on the structure and giant magnetoresistance
in Fe—Cu films. Physica B: Condens. Matter. 2007. V. 387. P. 63-68. DOI
10.1016/j.physb.2006.03.029.

" Hiep V.V. , Chau N. , Hong D.M. , Luong N. H. High coercivity and giant
magnetoresistance of CoAg, CoCu granular films. J. Magn. Magn. Mater. 2007.
V. 310. P. 2524-2526. DOI 10.1016/j.jmmm.2006.11.136.

8YehJ.W., Chen Y. L., Lin S. J., Chen S. K. High-Entropy Alloys — A New Era
of Exploitation. Mater. Sci. Forum. 2007. V. 560. P. 1-9. DOl 10.4028/
www.scientific.net/MSF.560.1

% Vorobiov S.I., Kondrakhova D.M., Nepijko S.A., Poduremne D.V., Shumakova
N.I., Protsenko l.Yu. Crystalline structure, electrophysical and magnetoresistive
properties of high entropy film alloys. J.Nano- Electron. Phys. 2016. V.8, Ne 3.
P. 03026-1-03026-5. DOI 10.21272/jnep.8(3).03026.

10 Bereznyak Yu.S., Opielak M., Odnodvorets L.V., Poduremne D.V., Protsenko
1.Yu., Shabelnyk Yu.M. Crystalline structure and physical properties of high-entropy
film alloys. J. Nano- Electron. Phys. 2019. V.11, Ne 2. P. 02026-1-02026-6. DOI
10.21272/jnep.11(2).02026

1 yeh J.-W. Recent progress in high-entropy alloys. Ann. Chim. Sci. des
Matériaux. 2006. V. 31. Ne 6. P. 633-648. DOI 10.3166/acsm.31.633-648.
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Ta edekT nepemimyBaHHs. Bucoka temmeparypHa crabinbHiCTH BEC
3a0e3mnedye MEepCIEeKTUBU iX BUKOPUCTAHHSA JJIS MACHBHUX EJIEMEHTIB
IHTErpaJbHUX MIKPOCXEM 13 Hallepe]l 3aJaHOl0 CTPYKTYpOIO IIapiB Ta
3HAYEHHSIM POOOYHX TTapaMeTpiB.

1. MeToauka NiAroTOBKH 3pa3KiB Ta MarHiTOpe3UCTUBHI
BJIACTHBOCTi 0araromapoBHX IIIBKOBUX MaTepiaJiB

Oco0yuBy yBary JOCHTIIHUKIB NPHUBEPTAIOTh TUTIBKOBI CHUCTEMH, B
SKUX BiIOyBa€TbCA YTBOPCHHS HEOOMEKCHHUX T.p. i3 MOKIHBOIO
MOJAJbIIOK CTablmi3aliel0 B HHUX TI'PaHyJIbOBAHOIO CTaHy 2 Ie
MOB’sI3aHO 13 CIOCTEPEKYBaHUM B TaKMX cucteMax sBuiiem ['MO, me
MepeBaXKae CIiH-3aJIe)KHE PO3CIFOBAaHHS HOCIIB €JICKTPUYHOTO CTPYMY Ha
rpaHyliax MAarHiTHOI KOMIIOHEHTH, IO pPO3TAallOBaHA B HEMAarHIiTHii
Matpuili. HamMu  BHBUamMCS  MAarHiTOPE3WCTHBHI  BJIACTHBOCTI
JIBOKOMITOHEHTHHX a00 0araromapoBHX IUIIBKOBUX CHCTEM Ha OCHOBI
Co, Fe, Cu, Ag, Au Ta iHIIUX METaNiB, sIKi OTPUMYBAJIKCSA B BaKyyMHil
kamepi (p = 10°-10™ [Ta). OcamkeHHsT MPOBOAMIIOCH MPH TeMIIepaTypi
300K ma migxmagku (IT) i3 amopdrOro curamy abo TPUPOIHO
OKcHcIeHoro Si (i1 MarHiTOpe3UCTUBHUX JOCTIIXKEHb) Ta Ha CKOJ
kpuctany NaCl, Ha sxuii onepenHs0 OyJI0 OCAIPKEHO ILTIBKY BYIVICIIO
TOBIIMHOKO mpubau3Ho 30 HM (1 eJIeKTPOHHO-MIKPOCKOIIYHUX
nocnipkens). CroenianbHa CHCTEMa 3aciliHOK Ja€ 3MOTY B OJHOMY
TEXHOJIOTIYHOMY MpOIleCi OTPUMYBAaTH SIK OJHOIIAPOBI IUTIBKH, Tak
1 OararomrapoBi cucremu, y T.4. i BEC, Metomammu omgHouyacHOi abo
MOIIapOBOi KOHACHCAIlIT KOMITOHEHT.

Y BUNAAKY CUCTEM 3 OOMEXKEHOK B3a€EMHOI0 PO3UHUHHICTIO JIS
YTBOPEHHSI TBEPAUX PO3YMHIB 3aCTOCOBYBAINCH METOIU OJHOYACHOTO
ocamkenHs kommoHeHT (Co i Ag) abo momapoBOTO OCaKEHHS
HaaTOHKKX IapiB (ToBmmHOO O =0,5-3 HM). V BuUmaaky cucrem i3
HEOOMEXEHOI0  B3a€MHOI0  PO3YHMHHICTIO  KOMIIOHEHT  METOIOM
MOCITIZIOBHOT KOHJICHCAIlli IIapiB i3 HACTYITHOK TEpMOOOPOOKOIO Oyin
onepxkani rpanyneoBati T.p. Cu (Co), Cu(Fe), Ag(Co), Ag(Fe) Ta in.
ToBmMHA OKpPEMHUX MIAPIB IMJIIBKOBOI CUCTEMH KOHTPOJIIOBANIACS JBOMA
METOAaMH: Yy Tpoleci KOHACHCANii 3a JOIOMOTOK KBapIOBOTO
pe30HATOpA, a MiCIsI OCAIKEHHS — METOJI0M ONTHYHO]I iHTephepoMeTpii.

12 Arana S., Castafto E., Gracia F.J. High temperature circular position sensor
based on a giant magnetoresistance nanogranular AgxCol-x alloy IEEE Sens. J. B.
2004. V. 4. P. 221-225.
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Konnentpamist i-0i KOMIOHEHTH y IUIIBKOBHX  Marepiaiax
00paxoByBaIach, BUXOIM4H 3 1X eexkTuBHOI ToBIHHM (0;):

Pfdfufl

¢ =— ,
Zpidiu;l
in1

1

e pi — TYCTHHA, i — MOISpPHA Maca BIJIMOBIIHOTO €JIEMEHTY,
N — 3arajpHE YHCJIO KOMIIOHEHT, a IOTIM YTOYHIOBAJach METOJIOM
€Hepro-aucrnepciiHoro aHamizy. BinnantoBaHHs 3pa3kiB MPOBOJMUIOCH B
iaTepBaii temnepatyp Bim 300 mo 900 K. Tlomanbmii mocimimkeHHs
CTPYKTYpHO-()a30BOr0 CTaHy 1 IPOBEICHHS €JIEKTPOHOrpadidHOro
aHaji3y MPOBOIWIKCH 32 IOMOMOTOI0 IPOCBIUYIOYOTO EIEKTPOHHOTO
MIKPOCKOITY TICJIS 0XOJIOKEeHHS 3pa3kiB 10 300 K.

JocmigkeHHs MarHiTOPe3UCTUBHUX BJIACTUBOCTEH IMPOBOAMIIOCS HPH
KIMHATHIA TeMIeparypi 3 BHKOPHCTAHHIM YOTHPUTOYKOBOI CXEMHU B
30BHIIIHBOMY MarHiTHoMy moui Big 0 g0 600 mTi. IIpu meomy ctpym OyB
HalnpaBlIeHUH  TMapajeNpHO  IUIOIIMHI  3pa3ka, a  BHUMIPIOBaHHS
MAarHiTOOIIOPY MPOBOAWIIKCS Y TPHOX T€OMETPIAX — MO3IOBXKHIM (JTiHii
MAarHITHOT 1HAYKI{ B HamparJIeHI B3IOBX HaNpsMYy MPOTIKAHHSA CTPYMY),
TOTIepeYHii (JTiHii B HarpaBleHi MEPHeHIUKYIISIPHO JO JIHIT MPOTIKAHHS
CTpyMy) Ta NEPHEHIUKYJSIpHIM (MiHIl B NepneHIUKyJSpHI IUIOMMHI
3pa3ka). BenmuuumHa Mar”iToomopy BH3HAYajacs 3a CIHiBBIIHOIICHHSIM
MO = AR/R(0) = (R(B) — R(0))/R(0), ne R(B) i R(0) — omip muriBku npu
3aJjaHoOMy ToJi 1 0e3 moms. s OIiHKHM aHi30TPOIHOI'0 MAarHiTOONOpY
HaMH BUKOpUCTOBYBanocs chisBianomenns AMO=3AR/(R(B)| +2R(B).),
ne R(B)| i R(B)L — 3HaueHHs ONMOpY IUTIBKM TIpH TNapajesbHii
1 mepneHANKYISIpHii reomeTpii BuMiproBanas MO.

MarHiTope3uCTHBHI BIACTHBOCTI IIIBKOBUX CHCTeM Ha OCHOBi Fe i
Cr abo Cu BuBUaymch Ha mpukiani wmynerumiapis [Fe/Cr]/I1 Ta
[Fe/Cul/II, ne n = 15 — KinbKicTb (ParMeHTiB, sKa 3a JAHHMA®
€ ontumanbHoI0. J{ns muiBkoBoi cuctemu [Fe/Culis 3o/l mokazano, 1o
npu 3aranbHii TorwHiI cuctemu 70-100 HM ciocTepiraeThbcss HACHICHHS
sanexnocrei  AR/R(0) i B Bim 3arampHOi TOBIMMHM. JlaHi
MarHiTOPE3UCTUBHUX  BHMipioBaHb B  MynbTumapax [Fe/Cr]/I1

13 Baibich M.N., Broto J.M., Fert A., Vandau F.N., Petroff F., Eitenne P., Creuzet
G. , Friederich A., Chazelas J. Giant magnetoresistance of (001)Fe/(001)Cr magnetic
superlattices. Phys. Rev. Lett. 1988. V.61. P. 2472-2475.
DOI 10.1103/PhysRevLett.61.2472.

320



mpencTaBieHi Ha puc. 3. SIK BHIOHO, UIS IBOX IUTIBKOBHX CHCTEM 3
aTOMHOIO KOHIeHTparmielo 45 1 50 a1.% Fe xapaktepHa i30TpOIHICT
noneoBUX 3anexHoctedr R(B), ToOTO HesanmexHo Bim reomeTpii
BHMIPIOBaHHSI CIIOCTEPIraeThCs 3MEHIICHHS BEMYMHH EJICKTPOOIIOPY B
Mar"HiTHOMY IIOJi, IIO0 € XapakTepHOr o3Hakoro ['MO. s iHmux
cucteM 3 TOHKUMH (< 2 HM) ab0 BiTHOCHO TOBCTUMH (4 HM) mapamu Cr
XapakTepHa aHi3oTporis 3anexxHoctedd R(B), momi6Ho 1o ¢hepoMarHiTHUX
IUTIBOK, 1 TMepeBakaHHs BEMYHMHH MarHitoornopy (MO) B NOB3I0BXKHIM
reoMeTpii y NOpIiBHSIHHI 3 ABOMa iHIIUMHU reoMeTpismu. TepmMoobpodka
3paskiB y mmpokomMy iHTepBaii Temreparyp (300 + 900 K) B 6inmbmrocti
BHITQIKIB TIpHBEJa 0 HE3HAYHOTO 3pOCTaHHA BenwuuHH MO y Bciid
TPbOX TEOMETpisX TpH TemrepaTypi BigmamoBanHs 71, = 500 K
icnmamanHi — npu momanbmomMy BiamamoBanHi g0 900 K, a Takoxk
3HHKHEeHHI0 o3Hak MO B nBox 3paskax mpu T, = 900 K. HeobximHo
BiZI3HAYNTH BeNWKi 3HaueHHs Bs B cucremax 3 o3nakamu ['MO
(> 200 MTa), mO XapakTepHO I MYJIBTHIIAPIB 13 CITIH-3aJCKHHM
pO3CitoBaHHIM eJIeKTpoHiB. OCOOIHMBOCTI TiCTepe3UCy B IMUX IUTIBKaxX
BHUPAXAIOTHCSI B HASBHOCTI MOABIMHUX MiKIB HAa MAarHiTOPE3UCTUBHUX
memiax (puc. 1 a) 1 BENUKUM 3HAYEHHSMH KOEPIUTHBHOCTI
B.(3,3+ 18,0 MTn), mo MoXe TMOSCHIOBATUCSA MepeMarHiuyBaHHIM
mapiB Fe. VY aHi3oTpomHHX 3pa3kax Ha oOcCHOBI ¢parmenty Fe/Cr
CIIOCTEPIraeThecsl 3HaYHE 3MEHIIeHH BenuanuHu Bs (1o 30 + 40 mTn), mio
ICTOTHO BIUIMBa€ Ha 4yyTIuBICTh MO 10 MarHiTHOTO MHois. 3a3BHYAif
BEJIMYMHA YYTIMBOCTI Sgp Y HEBIINAJIEHUX 3pa3KaX CTAHOBHTH
0,4 + 3%/Tn, a ana Binnanenux no 900 K ne mepesumrye 0,9 %/ T
Y wMymerumapax Ha ocHoBi Fe i Cu'® (puc.2) mnpu  aromiit
KoHIeHTpamii Cre > 50 aT.% cmocTepiracTbCss aHi3OTPOIis TONHOBHX
sanesxHocted R Bin B, a, ax nacminok, i AR/RgBix B.

Heo0xigHo Big3HauuTH, 110 1i1g BeanunHa MO B OiBIITIOCTI BUITAIKIB
He nepesuirye 0,05%. [Ipy MEHIINX 3HAYCHHSX Cpe aHI30TPOIIIS 3HHKAE,
a BemmumHa MO 3mHayno 30umpmyetbes (mit [Fe(1,6)/Cu(1,7)]15/11
(Cre =48 %) AR/R;=0,1+0,2 %), mo MOXe CBIIUYUTH TPO HASIBHICTH
I'MO B mysipTHIIApax Ha OCHOBI (parmenTa Fe/Cu.

14 Konppaxosa J[.M., labensuuk FO.M., Cunamenko O.B., IIpouenko I.IO.
CrpykTypHO-(a30oBuil cTaH, enekTpo(i3uyHi Ta MAarHETOPE3HCTHBHI BIIACTHBOCTI
TBEpANX PO3YMHIB Y IUTIBKOBHX cucTeMax Ha ocHoBi CO i Cu abo Ag ta Fe i Cr a6o
Cu. Yenexu ¢usuku metamios. 2012, T. 13, Ne 3. C. 241-267.
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Puc. 1. 3anexknicte MO Bia iHayK1ii MArHITHOTO 10JIs1 4151 IJIIBKOBOY
cucremu [Fe(2,3)/Cr(2,8)]1s/I1: HeBigmaaewoi (a, 6) i Bixnmaaenoi

10 T; =500 (B, 1) i 900 K (1, €) B 1BOX reoMeTpisix — MOB3/10BKHiii
(a, B, 1) i monepeyHiii (0, r, €). Y Ay’KKaxX BKa3aHa TOBIIMHA B HM

TepmooOpoOka 3paskiB 10 850K mpuBOmUTHL 70 HE3HAYHOTO
3MCHINICHHSI MarHITOPE3UCTHBHOTO e(pEeKTy B TpPhOX TI'COMETpisfX, a 3a
PaxyHOK MEPEBAXKHOTO 3POCTAHHS MOJIT HACHUYeHHs Bs — Mo 3MeHIeHHs
gyyTmuBocTi  Sg.  Takok  HEOOXiTHO  BiI3HAYWTH  HAsABHICTH  Ha
MAarHiTOPE3UCTUBHUX 3JICKHOCTIX TICTEPE3UCy 1 MAarHiTHOrO HAaCHYCHHS
TIPY MaITNX TOJISX, 0 CIIPUYUHSE JOCUTDH BEINKI 3HAUCHHS YYTIUBOCTI J0
MarHitHoro mons (B 3paskax i3 Ocy=1,7 HM BenmumHa Sp gocsrae
0,6-14 %/Tm). ¥V Bumaaky 1uiiBkoBoi cuctemMu Ha ocHoBi Co i Cu
MAarHiTOPE3UCTHBHI  BIIACTUBOCTI  JOCTIKYBAIUCH IUISI  TPUIIAPOBHX
crpykryp Co/Cu/Co/Il (puc.5) i3 pi3HOIO KOHIICHTPAIIEK MAarHiTHOI
KOMIIOHEHTH. XapaKTepHHUM I HUX € BiACYTHICTH aHizoTpomii MO B
3QICKHOCTI BiJl TEOMETpii BHMIPIOBAHHS, IO, SK BXE 3a3HAYAIIOCH,
sBIsSIEThCsT  03Hakoro ['MO. Bigmitimo, Mo Tmepexif aHi30TPOITHHUIMA
MO —I'MO mnpoxoauTb y BHIAAKY, KOJHM JOMIHYIOUHH BHECOK Yy
BemmunHy MO  BHOCHTH  CHiH-3QJIGKHE PO3CIIOBAHHSA  EIEKTPOHIB
MPOBITHOCTI Ha iHTepdelicax MarHeTHK/HEMarHITHAN MeTal ab0 MarHiTHAX
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rpaHyjax y MOPiBHSHHI i3 PO3CiFOBaHHSM Ha MAarHITHUX MOMEHTaxX JIOMEHIB
Ta ix crigkax. Ciig BiMITHTH, III0 MAarHITOPE3UCTUBHI BJIACTHBOCTI
PO3NITHYTUX Hamu TUTiBKOBUX cucteM Co/Cu/Co/Il TepMocTaOiIbHi: Ticis
BimmamoBanust 10 7,=700 K crnocrepiracthcsi He3HAYHE 3MEHIIICHHS
BermarHA MO, 110 TaKOK XapaKTepHO 1 TS BEUYMHY MO HacHIeHHS B,
Bomroyac  Tepmoobpobka  3paskiB  Co(14)/Cu(9)/Co(14)/11  (puc. 3)
OPU3BOUTH A0  3MCHINCHHS  MAarHITOPE3UCTHBHOTO  e(eKTy B
MIePIICHINKYIISIPHIN TeOMeTpii Ta HOro 30UIBIICHHS B IHIITUX TEOMETPIsX, 110
TaKOX MPUTAMAHHO 1 Jy1s1 1HAYKLIi Bs MaraiTHOTO oM (Bix 140 no 24 mTn
— B NEpIEHAUKYISIpHIH, Ta Bix 35 no 39 MTn — B nmoB30BkHIl reomerpii).
Hns zanexsocti MO BiJ KOHUEHTpalii cc, NPU TPbOX TE€OMETPIsX
BUMIPIOBaHHsI ~XapakTepHe 30UTbllleHHS 3HadeHHs MO 3 pocTom
koHneHTparii atomiB Co B cucteMi. OCOOIMBO Iie TIOMITHO Yy BHIAAKY
norlepeyHoi TeoMerTpii, B SKiH NpH KOHIeEHTpauii cc, =60 ar.% MO
craHoButh 0,2%, Ta nipu 87 ar.% — 0,4%. Skio nopiBHIOBAaTH 3HAYEHHS
IHIYKIT HACHYEHHS TPU PI3HUX TEOMETPISX, TO 3a3HAYMMO, IO JUISA
MEPIICHANKYIIPHOI BOHO € HAHOLIBIINM, 110 TIOSICHIOETHCS IPUCYTHICTIO B
1iif TeoMeTpii BiCi B&YKKOTO HAMarHiTyBaHHSL.

AR‘/RS‘ % ‘ ‘ AR/Rs, %
0,10} o 0.0} 8]
0,05+ 1 0,02+ g
0,00t . | s o000~ . . . X
-100 0 100B, 100 0 1008,
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Puc. 2. 3anexnicte MO Big iHayKuii MaraiTHoro noss ajs niBKoBoi
cucremu [Fe(1,6)/Cu(1,7)]15/T1: HeBinnajeHoi (a, B) Ta BiinajaeHoi 10
Ts =850 K (B, ) y noB310B:KHiii (2, 6) i nonepeuHniii (B, r) reomeTpisix

HocmimkyBani miiBkoBi cuctemu mnpu 3HadeHHsx MO =0,1-0,4 %
XapaKTEPU3YIOTHCS JOCUTHh BETMKMMH 3HAUCHHSAMHU BEJIMYMHHM YyTJIUBOCTI
JI0 Mar”itHoro moJjst. HaiiOiipie 3HaueHHs Sg 3a(iKCOBAaHO ISl CUCTEMH
Co(14)/Cu(9)/Co(14)1T 1 cxmamae 22%/Tn B mONEpeyHiii TreoMeTpii.
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Y BUIaJIKY 3MCHIICHHS! TOBLIMHH POMDKHOIO HeMarHitHoro mapy Cu Bix
9 10 6 HM moOJNie KOEPIUTHBHOCTI 3MCHIIYETHCS Bimx 200 mo 100 mTm,
BIIMOBIHO, 3HAYCHHS YYTJIMBOCTI MATHITHOTO TOJNSA TIPH  I(bOMY
30utBIIyeTRC Big 1,2 mo 2,8 %/MTn. I3 maHux pe3ynbTaTiB BHTIKAaeE, 10
HWKHIA MardiTHUH Imap aae OubIMii BHECOK y BenmuuuHy MO, i
30UThIICHHS] HOTO TOBIIWHH TPH3BOJIUTHL JI0 30LTBIICHHS KOSPIIMTHBHOCTI
CHCTEMH.

2. MarHiTope3ucTUBHi BJIaCTUBOCTI
IrPaHy/1bOBAHHUX ILTIBKOBHX CILIABIB
IloTpebu CTPIMKOrO PpO3BUTKY CY4aCHOrO HampsMy MarHito-
€JICKTPOHIKH — CITIHTPOHIKM BUSBWIN IIUTy HH3KY HOBHX HEBUPIIIEHHX
3a1a4 y (i3uii MIiBKOBOIO MaTepialo3HABCTBA.

0
AFV R% % AR/Rs, %

031 9 4

40 -20 0 20 408B,

ARIRs, % ARIR, %

-400 -200 0 200 400B, -400 -200 O 200 400B,

Puc. 3. 3anexknicte MO Bia iHaykuii MarHiTHOro moJisi AJ1s NJIiIBKOBOT
cucremu Co(14)/Cu(x)/Co(14)/11, neBiznaseHoi (a, B, 1) Ta BignajaeHoi
no T, =700 K (@, r, €), y no3noBxHiii (a, 6), nonepeuHiii (8, r)

Ta NeprneHANKYJIAPHIN (1, €) reoMeTpisix BUMipoBaHHA. X =6, 7, 9 HM
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[To-mepiie, OCKINBKH €IIEMEHTH CIIHTPOHIKKM (DYHKIIOHYIOTHh TIij
J€0 30BHINIHIX MAarHiTHHX TIOJIB, BHHHWKJIA I0Tpeba B HOBHUX
LMIBUAKOJIIOYMX Ta BHUCOKOTOYHHUX JaTYMKaX MArHIiTHUX TMOMIB Pi3HUX
nianaszoHiB. [To-apyre, Bxke BioMi (GyHKIIOHATBHI €JIEMEHTH MAIOTh PSJT
HEJONIKiB, IO 3yMOBJICHI IXHHOK HECTAOUTBHICTIO IIiJl BIUTHBOM
30BHIIIHIX (i3MUHMX MOMdiB. J[ng BUpiMIEHHS IUX HUTaHb MOCTIMHO
3’SIBJISIFOTHCS. TIPOTIO3HIIIi 3aCTOCYBaHHS MPUHIMIIOBO HOBUX MATHITHHX
MaTepiajiiB, HaNpUKIAX CYNEpMOJIEKYISIPHHUX, Ipad)eHOBHX, HA OCHOBI
Mar”HiTHUX HAaMiBIPOBIIHUKIB, HAHOYACTHMHOK 1 T.1. [Ipouecu cmin-
3aJICKHOTO PO3CIIOBAHHS EJNEKTPOHIB Yy MPHIAJOBUX CTPYKTypax
CIIHTPOHIKH TPOTIKAIOTh Y IUIONIMHI MEX MOJIUTY OKPEMHUX MAarHiTHUX i
HEMarHiTHUX IrapiB. ToMy BIacTHBOCTI BCi€i CHCTEMH 3aJekaTh BiX
MeToay i OTpUMaHHA Ta 0coOIMBOCTEH (POPMYBAHHS MEX MOIUTYy MIiX
mapamu. Tak, BigoMo, IO B MYJBTHIIAPaX HAa OCHOBI YIBTPATOHKHX
MarHiTHAX 1 HEMarHiTHHX @IapiB IiJ 4Yac TOBUIBHOI KOHICHCAIIIi
YTBOPIOIOTBCSl CYINEpPrpaTKH, a 3acTOCYBaHHA IIBUAKOIO TEPMIYHOTO
OCa/DKCHHSI TPU3BOIUTH IO YTBOPEHHS TBEPOUX PO3YMHIB B THX XKE
CHCTEMaX.

JIBOKOMITOHEHTHI TpaHyJIbOBaHI CIUIABM MOXKHA OTPUMATH JBOMa
MeTogamu. TpaauuiiHUM cTaB METOJl OJIHOYACHOI KOHAEHCAIII] i3 IBOX
mwkepen (Me;+Me,/I1), akiit y po6oTi 0yB BUKOPHCTAHUH 1T OTPUMAHHS
rpaHyJbOBaHUX IUTIBKOBUX CIUIaBiB. B iHmWMIA crmocid oTpumaTu
IPaHy/bOBAHUI CTaH IUTIBKOBUX 3pa3KiB MOXKHAa BUKOPHCTOBYIOUH
METOJIMKY TomapoBoi kouaeHcamii  (Mep,/Mey/I1) 3  momanbnimM
BiIMATFOBaHHSM 0 pi3HUX Temmepatyp (400 — 900 K), mo BinOyBaeThes
3 TOCTIHHOIO IIBMIKICTIO HarpiBaHHS-oxoJo/pkeHHA 2 K/xB Ta
130TEpMIYHMM BINMATIOBAHHAM IPH 3aJaHiid TeMIlepaTypi MPOTATOM
15 xpunrH. OCcOOIMBO MiTKPECITHMO, IO 32 TAKHX METOIB (DOPMYBAHHS
BKa3aHUX THUIIB IUTIBKOBHUX CHCTEM Y HUX MOXJHBa peainizamis MO,
aHizoTpomHOro MarHitoornopy (AMO) Ta edexkry I'MO. {06 yHuKaTH
BIUTUBY CTPYKTYPH IMIIKIAJKH Ha CTPYKTYPY JOCTIIKYBaHUX TUTIBOK 1,
SIK HAaCNiIOK IIbOTO, HANpPUKIa[, Ha il MarHiTHy aHi30TpOmilo, SK
MiAKIAAKA BHUKOPHUCTOBYBAINCS IUIACTHHHM KPEMHIIO 13 MPHUPOIHUM
mIapoM OKCHAy. Y JesSKHX IUTIBKOBHX CHCTEMax MOXIIHBA pearizalfist
yMOB ()OPMyBaHHS TIPaHyJIbOBAHOTO CTaHy MAarHiTHOI KOMIIOHEHTH
Haiibinpiry cXuIbHICTB JI0 1IHOTO, SIK TOKa3yI0Th JOCIIKCHHS, BUSBUIIN

15 Koltunowicz T.N., Bondariev V., Odnodvorets L.V., Protsenko S.I.,

Shumakova M.O., Tkach O.P. Electrophysical properties of granular film alloys.
Vacuum. 2019. V. 164. P.165-169. DOI 10.1016/j.vacuum.2019.04.015.
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cuctemu Ha ocHOBI Co Ta Cu 1 MeHII0r0 Miporo — Ha ocHoBi Co 1 Au abo
Ag. Ha puc. 4 HaBenieHa MIKpOCTPYKTYypa TpaHyinboBaHoro T.p. Ag (Co)
Ta BIJIMOBIJTHA EIIEKTPOHOTpama.

Puc. 4. MikpocTpykTypa Ta BignoBigHa iii eilekTpoHorpama
rpaHyJiboBaHoro crany 1.p. Ag(Co), chopMoBaHOro HAa OCHOBI
JABoLIApPOBOI ILIiBKOBOI cuctemu Ag(40)/Co(30)/I1.
Hudppamn 1 i 2 no3nayveni pedexcu Big rpanya Co

['panysnpoBaHi CIIaBH, Ha BiAMIHY BiJl IHIIUX CTPYKTYP, HE MArOTh y
CBOEMY CKJIaJ[i CTPYKTYPHO CYIUIBHUX INApyBaTHX YTBOPSHb MAarHiTHOL
KOMIIOHGHTH 3 JIOMEHHOIO CTPYKTYpOr. MarHiTHi TpaHyJdd B IHX
CIUIaBax MAaroTh TTUPOKHHA niamazo” MAarHiTHOro oJIs
nepemMarHiuyBanHus. ToMy mioma mif KpuBoro MO Habarato OinbIna,
HiDK B iHmMX Bunagkax. Ha puc. 5 mpencrasieni 3anexsnocti MO npu
MO370BXKHIM  TreoMeTpii BUMIPIOBaHHS JJIs  IUTIBKOBUX  CHCTEM
Co(10)/Ag(20)/Co(10)/TT ta Co(6)/Au(15)/Co(5)/11, BimmameHux 10
T, =800 K, y sxux BimOynocs yrBopeHHs rpanyn. g MO miniBKoBuX
TpaHylIbOBaHUX CIUIaBiB Ha OCHOBI Ag Ta Co XxapakTepHa BeIUYHHA
0,40-0,50% mpu 3aranmpHi KOHIEHTpamili cc, = 38 at.%, a mnpu
30inbiIeHHI KoHIEeHTpalii atomie Co BenmnunHa MO crouaTKy 3pocTae
Maibke B Tpum pasm (MO =1,5-1,8%; cc,=60ar.%), a morim
smenmyerbet (MO=0,4-0,5%  npu  cco=70ar.%) (puc.5).
TepMoBiAMaTOBaHHS MPU3BOAUTE 0 HE3HAYHOTO 3POCTAHHS BEITHIMHU
MO mpu 7, =800 K Ta i#oro 3menmenss npu 7, = 900 K y Bcix Tppox
reoMmetpisx BuMiproBanHs MO. Ha puc. 6 HaBeneni 3anexHocTi it MO
BiJl iHJYKIIii 30BHIITHHOIO MAarHiTHOTO TOJIA CBIXKE CKOHJIEHCOBAaHUX Ta
tepmoctabimizopaaux g0 750 K mmiBok (FetAg)/I1 i3 3araibHONO
KOHIIEHTpALI€I0 cag = 70 atr.%.
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Puc. 5. 3anexxnicts MO Bin innykuii MarHiTHOro moJist Ipu MO3A0BKHIMH
reoMeTpii BUMipIOBaHHS ISl INTIBKOBUX CHCTEM
Co(10)/Ag(20)/Co(10)/11 (a) Ta Co(6)/Au(15)/Co(5)/II (6) BizmaseHux
a0 T,=800 K
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Puc. 6. 3anexxnicts MO Bij iHayKuii 30BHIIHBLOT0 MATHITHOTO MOJISI
s miaiBkoBoi cucremu (Fe+AQ)/I1 nmpu 3aranbHiii KOHIEHTpaLii
Cag = 70 a1.% y HeBinnasenomy (a) Ta Bignanenomy a0 T, = 750 K (0)
cTaHaX NPH N0310B:KHii reomerpii BumiproBanusas MO. Ha BcraBui
BKa3aHa 3arajibHa TOBIIMHA B HM

XapakrepHa ISl TPaHYIbOBAaHOTO CIDIaBY 3allekHICTh MO Bix
30BHIIIHBOTO MAarHiTHOTO TOJIS CIIOCTEPIra€ThCs HaMU B HEBIAINATICHUX
IUTIBKOBUX 3pa3kax 13 JOCHTh BHCOKMMH 3HaueHHAMH MO mpu
KIMHATHIA TeMIepaTrypi BUMIpIOBaHHsA. 3MeHIICHHs BenuuanHn MO
(puc. 6 0) micis BiANAMIOBaHHA MOXKHA TOB’A3aTH 31 30UTBIICHHSIM
CepeIHhOTO po3Mipy rpanyn a-Fe, mo 3MmeHmye eQeKTHBHICTH CIiH-
3aJICKHOTO PO3CIIOBaHHS €JIEeKTpPOHIiB. Y ImriBKax Ha ocHOBI Au i Co
MarHiTHi rpagynmi Co MaioTh ACUI0 MCHII PO3MipH, MPO IO CBiIYAThH,
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HaNpUKIII, TaHi p06OTI/116, 3rijHO 3 skuMH po3mipu rpanyn ['IIT-Co y
CIIIaBi, OTPUMAHOMY METOJOM OJHOYACHOI KOHJEHCAIil KOMIIOHEHT,
3MIHIOIOTBCS B Mexax 2,5-10 HM y 3aleXHOCTI Bif TemIlepaTrypu
TepMOOOpOOKH. TakuM YHHOM, Yy TUTIBKOBHX CHCTEMax 3 OOMEKEHOIO
PO3YMHHICTIO  KOMmoOHeHT tuny (Mej+Mey/Il), sk  mpasuio,
CTa0UIi3yI0ThCS JInIIe 0OMEKEH] TBEpAl PO3UMHU 13 a00 TBEPAl PO3UUHU
0€3 eJIEMEHTIB IPaHyIbOBAHOI'O CTAHY.

3. Maruiroonip i riraHTcbkuii Marairoonip
Y BHCOKOCHTPONiHUX IIIBKOBHUX CIIaBaxX

B ocTtaHHE OECATHIITTS TPOBOIATHCS I1HTEHCHBHI JOCIIIKCHHS
KPUCTAIIIYHOT CTPYKTYpPH 1 MEXaHIYHUX BJIACTUBOCTEH HOBOTO KIIACY
MaTepiaigiB — BHcokoeHTpomidHuxX cmiaBiB (BEC), Ha mnokparieHni
BJIACTHBOCTI SIKHX BIEPIIE 3BEPHYIM yBary aBTopd . OCKUIBKH L
crutaBu (hOpMYIOTECS Ha 0cHOBI 5—13 enemeHTiB (B ocHoBHOMY 1ie I'TIK i
tyromnaBki OLIK a6o I'llIK meTanu), TO BOHM MalOTh BUCOKY €HTPOIIilO
smimyBaHHA (ASpix), Y BEC BHSBIAIOTBCA OLTBII CTiMKiMH (azu y
unsini OLIK wm T'IIK T.p. y MOpiBHSAHHI 3 IHTEpPMETATiTHUMH
CIOJIyKAMH Ta IHIIMMH CKJIQMHUMH CTPYKTypaMH. 3aleKHO Bij
KOHIIEHTpalii OKpPeMHX KOMIIOHEHT (Hampukiaax aTtoMmiB Ni) Moxe
omHoyacHo cradimzysarucs ['TIK 1 OIIK TBeg)ni po3umny, e OLIK Moxe
Oytu T.p. a-Fe(Cr) abo intepmeranin AINi '8 Amanis gosBouse 3poOuTH
BHCHOBOK, mo cradimizamis I'IIK ado OIIK moBHICTIO BHU3HAYAETHCS
CepeIHBOI0  KOHIIGHTPAI€l0 BaJCHTHUX CJICKTPOHIB HA  aToM,
pPO3MIIIEHUX Y BAJICHTHIA 30HI CIUTaBY: TPW KOHIICHTpAIii MEHIIIH
7,2 en/at yrBoproethest OLIK daza, mpu 7,2 — 8,2 en/at — crabinizyeTbes
neodazoBuid ckiman ['TIK+OLIK, 1 mpu KoOHIEHTpamisx, OiIbIIHX
8,2 en/at — I'IK, — ¢a3a 1.p. BEC. VY nitpuasiit ¢pa3i BEC Ha ocHOBi Al,
Cr, Nb, Ti ta HamiBmpoBigHuka Si Takoxk crabimizyerbes ['IK ¢a3a.
dopmyBaHHS OAHO(GA3HOTO TBEPAOTO PO3YUHY 3aMIlllEHHS, 3aMiCTh

18 Vrenken H., Kooi B.J., de Hosson T.M. Microstructure and properties of giant
magnetoresistance granular Au80Co20 alloys. J. Appl. Phys. 2001. V. 89, Ne 6.
P. 3381-3388. DOI 10.1063/1.1325381.

YYeh J. W, Chen S. K., Lin S.J, Gan J. Y., Chin T. S., Shun T. T., Tsau C. H.,
Chang S. Y. Nanostructured high-entropy alloys with multiple principal elements:
novel alloy design concepts and outcomes. Adv. End. Mater. 2004. V.6. P. 299-303.
DOI 10.1002/adem.200300567.

18 Kapners M.B., Makapenko O.C., Muciusuenxo O.M., Top6aus B.®. Brums
Ni Ha ¢a3oBuil CKiax, MIKPOCTPYKTYPY Ta MEXaHi4Hi BJIACTHBOCTI CHCTEMH
BucokoentponiiHux crasiB AICrCoCuFeNix (x = 0; 0,5; 1; 2; 3). Haykosi sicmi
HTYY «KIIl». 2014. T.2. Ne 46. C. 46-52.
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(dopmyBaHHa OaratodasHoro 3’€JHAHHSA, CYyNEepeunuTh NpaBwiay (a3
['160ca, sike BU3HA4Ya€ KUTBKICTh (Pa3 3aJeKHO BiJ KIJTBKOCTI €JIEMEHTIB
(3okpema, B 1IecTH- ab0 CEMHEJIeMEHTHHUX CHCTeMax TIOBHHHO
(dhopMyBatucs, MiHIMyM, ciM ab0 BiciM piBHOBXKHHX (a3 BIAMOBIIHO).
Opnak BUINEBKa3aHe MpaBwio He i€ y Bumaaky BEC, Tomy mo B
iXHpOMY BHIAAKy (GopMyBaHHA  (a30BO-CTPYKTYPHOTO  CKIATy
PEryIIOETHCS EHTPOIIEIO 3MIITYBaHHS.

V BHIAJIKY BiJIXHIIEHHS CEPEIHBOTO aTOMHOTO pajiyca il B o 8
BUKPHBIICHHS KPUCTATIYHHX TPATOK BIUIMBAIOTH HA HANpPYKEHO-
neGopMOBaHUIA CTaH MaTepiaimy, IO IO3HAYAETHCS Ha BIACTHBOCTIX
OJIEp)KyBaHWX MaTepiamiB. 3MIHOK KOHIICHTpAIii JUIIEe OIHOTO
CKJIQJIOBOTO €JIEMEHTY 3, HAlPHUKIAJ, II’ITH MOXHa JOOUTHCS 3MiHU
CTPYKTYpH BiZ aMOpP(HOI 10 KpPUCTATIYHOI, a 3a BIACTUBOCTIMH —
301JbIIEHHS TUTOMOTO  €JIEKTPHYHOTO OIOPY BHACTINOK 3MiHH
HIJIBHOCTI TOYKOBUX Ae¢ekTiB. Toil ¢akT, mo KokeH aToM CKJIaJl0BOTO
enemenTa BEC Moke 3 0IHAKOBOIWO HMOBIpHICTIO 3aiiHSATH TOH abo
IHIIMA BY30J1 y KPUCTANIYHIA Tparili, BIUIMBAE Ha KIHETHKY Iu(y3ii.
Pi3HOpimHICTE aTOMIB NMPHBOAMTH 110 3MIHH IMOTCHINIAIBHOT SHEprii Mix
By3JIaMH KpHCTaTiYHUX rpaTok. Takum uymHoM, y BEC crnoctepiraetses
MiHIMaIBHAN KoedimieHT mudysii. Ile BmmmBae Ha 6e3miu (akTopis,
HalpUKIaa, pICT 3epeH BiIOYBAETbCA IOBUIBHINIE, 30UIBIIYETHCS
MIIHICTh TiJ 4Yac TepMiuyHOi 0O0poOkH, OiNbIIOK € WMOBIPHICTH
(opMyBaHHS HAHOCTPYKTYp 1 HaHOpPO3MipHHX (opMmyBaHb. OcTaHHA
ocobmuBicTh BEC — 11e HasBHICTH Tak 3BaHOTO e(heKTy MepeMilTryBaHHs.
VY nesxux Bunaakax y BEC ¢opMmyroTscs, okpiM ocHOBHOI (ha3u, iHII —
SIK YIIOPSAKOBAHI, TaK 1 HEYIOPAIKOBaHI — (a3u.

Hamu BHKOpHCTOBYBaIHMCH I1Ba BapiaHTH ()OPMYBaHHS ITTIBKOBHX
BEC: onpnowacHa Ta momapoBa KoHAeHcaris. [lepmmii BapiaHT
peanizyeTbesa NUISIXOM OJHOYacHOi mozgaui Hampyru (1o 20 B) nHa Bci
Bunapauku. [miBkoBi BEC (3arampnHa ToBmmHa 3paska mxo 100 HM) Ha
ocuoBi Fe, Ni, Co, Cu, Al i Cr ¢opMmyBanuch 3 BHKOPHUCTAaHHIM
BakyyMHOi ycraHoBku tumy BVYII-5SM (tuck p -~ 10°-10" Ia).
BHKOPHUCTOBYIOTBCSA METOAM TMOIIAPOBOI ab0 OJHOYACHOT KOHICHCAIIIT
5-6-Tu MeTaiB Ha migkIaaky i3 cutany ado SiO,/Si. Iix yac momapopoi
KOHJICHCAIlil TOBIIMHA OKpPEeMHX IIapiB BapiroBanachk Bim 10 mo 30 HM.
ToOBIIMHM IITIBOK KOHTPOJNIOIOTHCS in Situ METOIOM 3a JOTOMOTOI0
KBapuoBoro pesonaropa tumy PI-08 3 wactororo 10 MI'm (TounicTh
10%). Yac BignmamoBaHHA  EKCHCPUMEHTAJIBHUX  3pasKiB  IpH
MaKCUMaJbHIA TemrmepaTtypi ckiagae 15 XBWIMH, a IIBUAKICTb
oxonomkerHs — 3 K/xs.
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[Ticns  romoreHizanii NULIXOM TEPMIYHOTO BiINAIOBAHHS 3pa3KiB
dopmyerbess  T'LIK-baza  TBepmoro posumny BEC i3 mapamerpom
a = 0,360 — 0,365 um (y cruaBax Ha ocuHoBi Cu, Cr, Fe, Ni ta Co) abo
a = 0,402 — 0,405 um (y crutaBax Ha ocHOBi Al, Cr, Fe, Ni ta Co), To0TO
IUTBKKA  CTalOTh omHodasHuMu. BuMiproBanHs wmarHiTooropy (MO)
3IIHCHIOBANOCS Y TPhOX TEOMETPLSX: TO3JOBXKHIM (BEKTOp cTpyMy i
IHAYKUI MarHiTHOro MOJMA NapalelbHI Ta JekaTh y TUIOLUIMHI ILTiBKU
(/|| B)), nonepeuniit (J + B) ta nepnenaukymspsiit (J L B). 3arasHa
TOBIIMHA OararomapoBux IUTiBok — 60-80 HM, poGounmit cTpym mix yac
BUMiproBanHs oropy — 10 MA. EHepro-nucriepciiiHi cekTpu Bill 3pa3KiB
JOBOMISTH BHCOKY YHCTOTY OTPUMAHUX IUTIBOK. 3arajbHa XapaKTEPHCTHKA
wiiBkoBux BEC i pe3ynbratu BuMiproBanHs MO HaBesieHi B Ta0m. 1.

EnexkTpoHHO-MIKpOCKOMIYHI JOCTIIKEHHS BKa3ylOTh, 10 Y BUXITHOMY
craHi (Imicas KOHZEHCAIll) KpUCTATiuyHa CTPYKTypa BHKIIOYHO JTHCIICPCHA
(cepenHi po3mipu kpuctamiTiB L < 10 HM), X04a y BUIIAIKY BiAIaTIOBAHHS
3paskiB 1o 850 K mopang i3 1i€0 BHUCOKOIMCIEPCHOIO  (ppakiiiero
(hopMyeTbCs CTPYKTYpa 3 BemuuuHO0 L 10 50 HM.

XapakTep eJIeKTpOHOTpaM BKa3ye Ha Te, 1110 Ha CTaii KOHIEHC Al y
miBkoBux BEC ¢opmyerscst asi I'LIK 1 OLIK ¢a3u (1. 3B. daza B2).
®opmysanns 'LIK1 i T'LIK2 ¢a3 nos’s3aHe 3 HE3aKiHYCHICTIO MPOIECY
¢opmyBanusa T.p. BEC, xoua mig vac BignamoBaHHS 3pa3skiB g0 850 K
BiZiOyBa€eThcsl TOMOTeHi3allis ciuaBy 1 ¢opmyBanHsa Ha ocHoBi I'LIKI1 i
I'IK2 T.p. BEC i3 T'LIK permiTkoto.

Tabmumst 1
3arajbHa XapaKkTepUCTHKA 3pa3KiB i pe3y1bTaTH BUMIPIOBAHHS
MO npu T = 300K

EnemenTHmii ckaan 3pa3kiB R, Om
Ne micJIsl BignajaoBaHHsi Tg K npu MO, %
(KoHLEHTpAaLif, aT.%) B=0Ta
1 CusNiz3FeCosAlg/IT 750 134.0 0.30 (1)
2 CusNipsFezC0sAl/11 800 1232 8_‘82 8
33.0 0.15 (|
3 Co,oNi4CuyoFesgAlg/TT 800 25.0 0.17 (+)
25.0 0.20 (1)
47.0 0.15 (|
4 Co,oNizsCuygFespAl;s/TT 800 48.0 0.17 (+)
48.4 0.30 (1)
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Ckopime 3a Bce oana i3 ['IK ¢a3 i3 camoro mouatky popmyBanacs
sk T.p. BEC, a iHma mpexacraBisiia co0or MeracTaOiunbHY (a3y Ha
ocHoBi Al i Ni, ska mij yac BiAmaMOBaHHs po3nanacs. TepMooOpoOka
3pasKiB CIIpHS€E 3TIKOBYBAHHIO JC(EKTIB 1 JEIKOMY BIOPSIAKYBaHHIO
T.p. Pedrekcn Big okcuniB Al,O3 Ta Cr,O3 MarOTh TOYKOBHH XapakTep i
Majy IHT€HCHBHICTb, IO TOB’S3aHO 3 MaJIOK0 €()EeKTUBHOIO TOBIIUHOIO
mapiB Cr i Al. Kpim toro, Bigmitumo, mo Big OLIK ¢asu (daza B2)
¢bikcyroThest nBi myxke cmabkmx JiHii (200) 1 (220), i npu UBOMYy
HailOinbm iHTeHcuBHa JiHIA (110) He Qikcyerses. CepenHe 3HaYEHHS
napamerpa I'LIK pemritku T.p. Kyxe J00pe y3roaKyeThes 3 BIIIOBIAHUM
napamerpom i T.p. Cu(Ni) a = 0,352 — 0,366 am ’

Hocaimxenns MO y miiBkax BEC O0ymu nposezneni B reomerpii CIP
(cTpyM y TUIOMIMHI IUTIBKM) TPH TPhOX B3aEMHUX OPIE€HTAIISIX
MarHiTHOTO TIOJIS: TTOB3JIOBXHIN, IMOTIEPEYHId Ta TEepHEHAUKYISAPHIM.
Ockinpku I'IIK 1.p. BEC —tumnoBwii ¢epoMarHetnk 0e3 eJIEMEHTIB
IpaHyJIbOBAHOTO CTaHy, TO B HBOMY Ma€ MIiCIe aHi30TPOIHUM
Mmaraitoorip (AMO). Edekr Bimnamopanus g0 800 K npusBoguts 10
nesikoro  30inmpmieHHs  amrunitymd  MO.  OTpumani  pe3ynbTaTd
OJHO3HAYHO BKa3yloThb Ha peanizanito AMO i3 BiJHOCHO MaJoOl
ammutity010 110 0,13%, 110 moB’si3aHo 3 MaJIMMHU TOBUIMHAMH TUTIBOK (0
40 am). Benumke 3HayeHHS B, sfKe Mae€ MiCIle B I[bOMY BHIIAJKY,
PO3KHJIOM DPO3MIpIB TpaHyi 2 ma sKux, B CHIy DI3HUX TNPHUYMH, HE
peanizyerbes C3PE. Ha puc. 7 HaBeneHi Tunosi 3aexHocti MO y Tpbox
reoMeTpisx BUMIptoBaHHs Ha mpukiaami Bk CozNijsCusgFespAls/Tl.
Awmmityna MO cknanae 0,15-0,17% y TppOX reoMeTpisix BUMipIOBaHHS,
a Moro mojpoBa 3aJEXHICTh BKa3ye Ha peamizauito epekry 'MO. Mu
poOMMO BHCHOBOK, IO TaKe pPO3CIFOBaHHS BIIOYBa€ThCA Ha KBa3i-
rpaHyjax, OCKIJIbKH JKOJHOTO IHIIOTO MEXaHI3My He MOXKHa 3ampo-
IIOHYBATH.

JocmimkeHHss  CTPYKTYpHOTO Ta (ha30BOrO0  CTaHy, MAarHito-
PE3UCTUBHUX BIacTUBOCTEH TUTiBKOBHX BEC mo3BONSIIOTE 3p0o0UTH Taki
BHUCHOBKH: TIPY KOHJICHCAIIi] TUIIBOK TOBIIMHOK 10 30 HM i3 MOAaJIbIINM
BignmaieHHsM g0 800 K moxna cdopmyBatn omHopimni miiska BEC 3
I'IK rpaTkoto i mapameTpaMu, OJH3BKHMHU A0 TapaMeTpiB HATHIIKOBOL

¥ Kaninivenko C.M., Tkau O.IL, I'puuanoBcbka T.M., Opnoasopeus JI.B.
TepMope3nCTUBHI BIACTHBOCTI IUIIBKOBHX TBEpAMX po34yuHIiB Ha ocHoBi Cu Ta Ni.
JK. nano- ma enexmponnoi gizuxu. T. 7, Ne 4, 2015. C. 04048-1-04053-5.

2 Masyp IO.II., Ocramenko P.B., Cemensko M.II. BrimB pi3HuX THIIB
nedopmanii  Ha  enektpoomip  BHcOKoeHTpomiiiHOro cromy CrMnFeCoNi.
Hanocucmemu, nanomamepianu, nanomexnonocii. 2016. T. 14. Ne 4. C. 539-551.
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komrnoHeHTH Cu abo Al; 3anexunicts MO BiJ iHIYKIIi MardiTHOTO TMOJIS
Mae Bci o3Haku ['MO, 3aBIsKM 4OMy MOXHa 3pOOHTH BHCHOBOK IIPO
peamizanito B 1miiBkoBux BEC  chiH-3a1eXHOTO  PO3CirOBaHHS
eqlekTpoHiB. BimHocHO Mana ammutityna MO moB’s3aHa, miepin 3a Bce,
BHCOKOIO TemmepaTyporo BuMiproBanHs (300 K) Ta mManorw TOBIIUHOIO
3pasKiB.

MR_ % e MR
0.8 ME o>
“

ash 100 150 0 50 300 B ml

Puc. 7. Hoasbosi 3anexnocti MO ais niaiBkosoro BEC, chopmoBanoro
Ha ocHoBi cuctemu C0(20)/Ni(14)/Cu(19)/ Fe(29)/Al(18)/II mics
BiznanwoBanus 10 810 K no3noB:kHb0i1 (2) i nepnenaukyJisipHoi (6)
reoMeTpiii BUMipIOBaHHA

BUCHOBKHA

Hamu npoananizoBaHi JiTepaTypHi JaHi Ta pPe3yJbTATH BIACHUX
JOCTIPKEHb MarHITOPE3UCTUBHUX BIACTHBOCTEH TPHOX THIIIB ITiBKOBUX
MaTepiaiiB eJeKTPOHIKH: OaraTromapoBUX ILIIBOK, ab0 MYyJIBTHIIAPIB;
TpaHylbOBAHMUX  IUTIBKOBHX  CIUIaBiB Ta  0araTOKOMIIOHCHTHHX
(BUCOKOEHTPOIIHHUX) TBEPAUX PO3UHMHIB. 3a pe3ylbTaTaMH JOCIHIHKEHb
MO>KHa 3pOOHTH TaKi BUCHOBKHU.

1. ¥V mympTHOIapax, B SKHX YITKO 30€piracTeCs IHAWBIAYalbHICTH
OKpEeMMX HEMarHiTHUX 1 MarHiTHMX miapiB, y pe3ynsTati C3PE Ha
iHTepdeticax peanizyerscs epext MO, aMIuTiTya sIKOTo 301IBIIy€eThCS
ITiJ] 9ac 3MEHINICHHSI TeMIIepaTypy BUMipIOBaHHSI.

2. Y mynpTHIIapax abo 0araTonapoBUX IUTIBKOBUX CHCTEMaX, B KX
Mae Micie HeoOMexeHa ab0o YacTKOBO OOMEKeHa pPO3YMHHICTh
CIIEMEHTIB, MOXKE peali3yBaTHCsA SK 3BUYAMHHN  aHI30TPOIHUMA
MAarHITOOIIp 32 BIACYTHOCTI ab0 CyIepIapaMarHiTHOTO XapaKTepy
rpanyn, Tak i epekr I'MO npu omHOIOMEHHOMY 200 6araToJI0MEHHOMY
XapakTepl HaHOTpaHylI, Ha skuX peanizyerbess C3PE; amrutityna edexry
TAaKOK BH3HAYAETHCSA TEMIIEPATYpPOI0 BHMIPIOBAHHS 1 3arajbHOIO
TOBIIHOIO 3pa3Ka.
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3. Y rpaHynbOBaHHMX IUTIBKOBHX CIUIaBaX, C(OPMOBaHHX IIijJ dYac
OJTHOYACHOI ab0 TOMmAapoBOi KOHACHCAIl MarHiTHUX 1 HEMarHiTHHX
KOMIIOHEHT 31 3HAYHOIO B3a€MHOK PO3UMHHICTIO, YTBOPIOETHCS CUCTEMA
MarHiTHUX TpaHyll, Ha skux peanisyerbcs C3PE i, sk Hacmigok 1soro,
epext 'MO.

4. Y BUCOKOGHTpOMIHHMUX IUIIBKOBUX CIUIaBaX CIIOCTEPIraeThcs SIK
aHI30TPONMHUH, TaKk 1 TIrQaHTCbKHM MarHiToomip; IXHS BHCOKa
TeMIlepaTypHa  CTaOUIBHICTH  JO3BONsE€  po3risgatdk BEC sk
MOTEHLIaTbHUN MarHiTOPE3UCTUBHUI MaTepiall eNeKTPOHIKH.

PoGorta BHKOHaHA B paMKax AepKOrO/LKETHOI TeMaTuku MiHicTepcTBa
ocgity i Hayku Ykpaiau Ne 0118U003580 (2018-2020 pp.).

AHOTAIISA

Y po0oTi mpoaHali30BaHi JiTepaTypHi JaHi Ta pe3yJbTaTH BIACHUX
JOCTIDKEHh MarHITOPE3UCTHBHHUX BJIACTUBOCTEH IDIIBKOBHX CHCTEM i3
Pi3HOIO apXiTeKTyporo. PO3IIISHYTI TpU TUIH IUTIBKOBUX MaTepiaiiB, sKi
3HAXOIATHCS IMIUPOKE 3aCTOCYBAHHS B CJCKTPOHIII Ta CEHCOPHIH
TexHimi. MoBa iijie mpo 6araromapoBi CHCTEMH, B T.4. MYJbTHUIIAPH,
rpaHyJbOBaHI Ta O0araTOKOMIIOHEHTHI (BHCOKOCHTPOIiiiHi) TUIiBKOBI
craBu. OnucaHa METOQWKa OTPUMaHHS LUX TPhOX THUIIB MartepiajiB,
KOHTPOJItO iX ()a30BOr0 1 EIIEMEHTHOTO CKIIQAy Ta BUMIpIOBaHHS
MarHiToonopy. IIpoanamizoBani ymMOBH peainizaliii aHi30TPOIHOTO Ta
riranTcekoro Mmartiroomnopy. IlinkpecmroeTscs, mo Ii e(peKkTH MaroTh
BXJIMBE 3HAYCHHS 3 TOYKHM 30py NPHUKIAJTHOTO acleKTy (i3HKH 1
TEXHIKH ITIBKOBUX MaTepialis.
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MPOEKT ABTOMOBLIBHOI CHCTEMHA
I3 CHJIOBUM 3BY/I’KEHHAM KOJINBAHb
Y TEXHOJOI' TYHIH IIJIAT®OPMI

Hetpos JI. M., Ocenuinin M. I'.

BCTYII

XapakTep MOBEIIHKM KOHCTPYKIIi aBTOMOOUIBHUX CHUCTEM 3aJICKUTh
Bil OaraThoxX mapameTpiB. JIJsS CHpOIIEHHS MoJeNi aBTOMOOITBHOI
CHCTEMH IPOBiJHI CBITOBI aBTOMOOUIEHI BUPOOHUKHU BPaXOBYIOTh TiNbKH
HaHOUTBII BaKITMBI OCOOJIMBOCTI B KOHCTPYKINI Ion0 jaedopMyBaHHS
HECYy4YMX CHCTEM aBTOMOOULTIB. Hanpwkiam, TBEepHiCHI BIACTUBOCTI
BH3HAYAIOThCS JedopMallisiMi KOHCTPYKIIii, 10 0arato B YoMy 3aJiexxaTb
BiJ ioro HamiifHOi ekcrutyartamii. s ofep)kaHHS KapTUHHU 3aJICKHOCTI
MEepPEeMIlICHHS W CHJIM BiJ Yacy MOXKHAa BHKOPHCTOBYBATH MO
Maxkcemna # KensBina (puc. 1, 2), mis Oinbll  yAOCKOHANEHOI
eKCIUTyaTalii aBTOMOOLIBHOI CHCTEMH MOXE OyTH 3alpOIIOHOBAHO
MOJIEJIb 3TiHO 3 PHC. 3t

KoedimieHT npyKHOCTI B IUX MOJIEISAX 3aIekKaTh BiJl XapaKTEPUCTHK
MaTepiajgiB i TeOMETPUYHUX MapaMeTpiB MPOEKTOBAHOI aBTOMOOIIBHOL
CHCTeMH. 3aBISKH UM MOJIEIIIM MO>KHA 3aIIPOIIOHYBAaTH KOHCTPYKTHBHI
€JIEMEHTH, SIKi CTBOPIOIOTH YITOBUTBHEHHS 1 CHIIOBUH BIUTUB, IO TIFOTh HA
ABTOMOOITFHY CHCTEMY TIiJI Yac HOro po3roHy Ta pyxy.

Beprnanknit B.B. CnenmanusupoBaHHBIM ITOJBIDKHOW COCTaB TPY30BOTO
aBTOTpaHCIOpTa: YueOHOe MocoOMe Uil CTYAEHTOB BY30B, OOyYalomuxcs II0
CHEUANTPHOCTH «ABTOMOOMIIE- W TPAaKTOPOCTPOSHHE» HAIPABIECHHS IOJATOTOBKH
JUIIOMUPOBAHHBIX CIELHAIUCTOB «TpaHCIOPTHBIE MAlIMHBI M TPAHCIOPTHO-
TEXHOJIOTMYECKHE KOMIUIEKCEI». MockBa : MI'TY «MAMM», 2005. 48 c., ¢. 22-26.

Canku H0.H. YacToTHBII METOJ] OLIGHKH KypCOBOH yCTOHYMBOCTH aBTOMOOHIISA
Ha OCHOBE €ro Mojejed B BHJEC CHCTEM C MHOTHMH CTEICHSIMU CBOOOIBI H
HEJIMHEHHBIM B3auMOJAEHCTBHEM IMIMH ¢ 0poxHbIM mokpbitieM / H0. H. Cankuw,
M. B. I'ypbsinoB; nox o6m. pex. }O. H. Cankuna. YiesHoBck : Yal'TV, 2011. 243 c.
C. 29-30.
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ki k2

Pucynok 3. 3mimiana mogesn*

. *e: W — WeUOKicmb agmomobinsa, m — maca agmomooins;
'Q, 'Q — koeiyienmu scopcmrocmi; C — koegpiyicum 8 sizkocmi

Taki cxemMaTHyHI MOJENi MOXYTh OyTH 3aCTOCOBaHI AJSI MEPBICHOI
ONTHMi3alii KOHCTPYKIi aBTOMOOUTBHOI CHCTEMH W 3MCHIICHHS
PECYPCHOMICTKHMX PO3paxyHKiB MeToaoM B cepenoBuini Excel, MatLab.
[HIIIM MAXOIOM 0 aHATITHYHOTO MOJEIIOBAHHS PYXy aBTOMOOLTBHOL
CHCTEMH € CHEPreTHYHHH, IO 3aCHOBaHWH Ha Tepemadi eHeprii y
KOJIMBAIBHOMY pPYCi NpPYKHOi CHCTEMH, sIKa IIEPETBOPIOETHCS Ha
KIHeTHYHY EHEpril0 aBTOMOOLTHHOI CHCTEMH MiJ] 9ac TEXHOJOT1YHOTO
po3’enHaHHS Hecydoi cuctemMu. Jlms po3B’s3aHHS Takoi CKIATHOL
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1H)KEHEpHOT 3aj1a4i MO’KHA BUKOPHUCTOBYBATH KOMIT FOTEPHI IPOTpaMu Ta
CHeIialibHI MporpaMu IS po3paxyHKiB B cepenosuili Excel, mpu qomy
mepeBara  BinjaBamacs ~— aHAIITHYHUM  METOAaM  pO3B’SI3aHHA
mudepeHialbHuX piBHAHb. OCHOBHI METOAHM PO3PaxyHKIB CKJIQJIHUX
MPOIIECIB TIepEMIIIEHHs] aBTOMOOUTBHOT CHCTEMH I0JaHO B poOoTax
ITerposa JI. M2

3acTocoBaHl pPO3pPaxyHKOBI METOAM, SIKI 3aCHOBAaHI Ha TOMY, LIO
MPOBOJIUTLCS BU3HAYCHHS KapTUHH Jedopmariii, MOTIM OTpUMaHi
KOe(Ili€eHTH BHUKOPUCTOBYIOTH y PO3paxyHKax Ui IOJATBIIOTO
MIPOEKTYBaHHS aBTOMOOUIFHOT CHCTEMH.

MaxkcumalibHa MBUAKICTh PYXY aBTOMOOUTBHOT CHCTEMH CTaHOBHUTH
05m3bK0 70 KM/TOJ, 1110 3yMOBIICHO MOKITUBICTIO 3HEXTYBATH MPOIIECOM
3aHOCY 32 EKCTPEeMaJIbHMX YMOB ii pyxXy Ta 3MiIleHHI pyXoMoi
miarGopMu Mg 4ac ii TepecyBaHHS BIiTHOCHO HECY4Ol CHCTEMH.
OCKINIbKH BIJICYTHE JIPOCENTIOBAHHS TOBITPS Y KOJUBAIBHIA CHCTEMI, a
3rimHo 3 3akoHOM Jlkoyns-ToMIICOHA HaBiTh MiJ Yac APOCENIOBAHHSI
MOBITPS. B ITHEBMOPE30OHATOpaX TeMIleparypa He Oyne 3MIHIOBATHCE.
OTxe, BpaxoBYBaTH TEMIICPAaTypHI PEKUMH, II0 BHHHUKAIOTH IIiJ Yac
HarHiTaHHS TOBITPs, HEAOUUIbHO. IIpM 1IbOMYy OTpUMaHa IIBUAKICTH
JacTh 3MOTY 3a0€3MeYHTH MaKCUMAaIbHY aKyMYJISLil0 peKylepoBaHOi
eHeprii, 10 TaKoX 3YMOBJIEHE BIPOBADKEHHSIM  YIPaBIIiHHSA
HHeBMO,Z[I/IHaMi‘IHI/IM IIOIITOBXOM. I[J'IH PEryjItOBaHHd TTO4YaTKOBOI'O
CTyNmeHsl 3apsAku OaJoHIiB-pecuBepa, SKUH BHKOHYE  (DyHKIiO
AKyMyJIATOpa, HEOOXITHO 3apsKaTH 3aJICKHO BiJl YMOB EKCILTyaTallii.
BpaxoByroun, 1m0 THEBMAaTHYHA HAKONMHYyBaJIbHA aBTOMOOLIbHA
CHCTeMa MPECTaBIIsge COOOI0 HE JIMIIE JOAATKOBUI CHIIOBHH pymIiil, a i
TaKOK CHCTEMY TalbMyBaHHS, KIIMaT-KOHTPOIb Ta  CHCTEMY
OXOJIOJKCHHS B KOJMBAJIBHIM CUCTEMi, TO PO3PaXyHOK pPalliOHAILHUX
napaMeTpiB KOJIMBaJbHOI CHUCTEMH Ta ii Mach HEOOXiHO MPOBOJIUTH B
KOMIUTEKCI, SK eauHe 1iie. OTe, MPOBEICHHS aHai3y TUHAMIYHUX
HAaBaHTAXEHb JIAHOK KOJHMBAJBHOI CHCTEMH, CHCTEMH B PEXHMI
MEepeMillleHHs ~ aBTOMOOLNS, CKJIAJHHMKIB  PE30HATOPHOTO  BY3Ja,
BH3HAYEHHSI 3aKOHOMIPHOCTEH KOHTAKTHOTO THCKY KOHCTPYKTHBHHMH
mapaMeTpaMu EIIEMEHTIB CHCTEMH HAa TEXHOJOTIYHY ImatopMmy Ta
YIOCKOHAJICHHS KOHCTPYKIIi1 i’ €THAHHS TEXHOJIOTIYHOI IUTaThopMHu Ta
Hecydoi TmaTopMH 3 PO3TIHHMM CKJIQIHUKOM 32  JIOIIOMOTOIO

2 ITerpoB JI.M. Teopis omnTumizawii SKICHUX MOKa3HMKIB KOJICHOTO pYIIis.
Tpyowi Odecckozo noaumexuuueckozo ynueepcumema, 2010. Beim. 1(33)-2(34),
c. 65-69.
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BCTAHOBJICHHsI paIliOHAIBHUX MapaMeTpiB PE30HATOPIB PEKyIepaTopiB
Hecy4oi miaargopMu, Mo Ja€ MOXKIUBICTh BCTAHOBHUTH THUCK TIOBITpS, a
TOMy M aMIUIITYAy pe30HATOpiB, MiJ dYac IiX poOOTH B pexumi
PEKYIIEpaTHBHOTO PE30HYBaHHS 3a MOTPIOHOK JTUHAMIKOIO PO3TOHY
ABTOMOOIUTPHOI ~ CHCTEMH Ta BH3HAYCHHS YyMOB 1  CIOCOOIB
HNiATPUMYBaHHs AMHAMIKHM PyXY aBTOMOOLIBHOI CUCTEMH 32 BiIOBLAHOL
JUHAMIKHU 3MiHU TUCKY B OaJIOHI-pecHuBepi 31 CTUCHEHUM MOBITPSIM.

1. O8’exT gociikeHb
HesanexHo Big KOHCTPYKILIi MiABICKM TEXHOJOTIYHOI IuIaTGopmMu
ABTOMOOITBLHOI cHUCTeMH OyJeMO BHXOIUTH 3 TOrO, MO0 KOXHa 3
ITHEBMOPE30HAHCHUX CHCTEM 3a/IaHa Y BUTIISI TEBHOT (byHKui’l'3:

"0="0(),

net=1,2,..., MOPSIIKOBHI HOMED THEBMOPE30HATOPA.

PosrastHeMoO mpocCTilly aBTOMOOUIBHY CHCTEMY, SIKa MEepeMillyeThes
mig giero mpumycoBoi cunu F(t). YV moOuit MOMEHT yacy Ha BaHTax
Macor m, SKHH 3HAXOAWUTHCS Ha TEXHOJOTIYHINA TuiatdopMi, Ji€ nBi
CWIN: CWIa TPYKHOCTI THYYKOTO €JIEMEHTa, SKa MPOIOpIliiiHa
3MILIEHHIO TEXHOJIOTuHOI uatgopmu X, Ta 3MyllyBaibHa cuia F(t),
sKa 3MIHIOETbCS y dYaci 3a 3aKOHOM, BHU3HAYCHUM ITiJI €THAHHIM
TEXHOJIOT1YHOT IIaT(HOPMH JI0 paMH aBTOMOOUTLHOT cucTeMu (puc. 4, 5).

Jdns cTBOpeHOi  aBTOMOOIIBHOI ~ CHCTEMH  DIBHSHHS — pYyXY
TEXHOJIOTIYHOT IIaTGopMu 3 BaHTaXKEM Barord m JaudepeHIiine
PIBHSIHHS OyJie MaTH BUTIIS:

m—+cx = "0, @

ne C = H/M — KoOpcTKicTh NPYXHOrO enemeHta; O — 30yIKyroda
cHia.

Moninuemm obuasi wacThHU piBHSHHA (1) Ha Macy m, OTpUMYyeEMO
PIBHSHHS pyXy aBTOMOOUTBHOI CHCTEMH, sSIKa 3alpOIIOHOBAaHA 3TiTHO 3
puc. 4.

—+wX=—, (2)

3 IImuar I'. Tapamerpuueckue koneGanus: Ilep. ¢ nem. Mocksa : Mup, 1978.
336 ¢.c 13-14
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e w =—

Puc. 4. ABTomM00i1bHA cucTeMa: C — JKOPCTKiCTH OMOPHOI MOBEPXHi;
M — ekcIIyaTaliifHa Maca; X — KOOPAUHATA KOJUBAHHSA

F(t)
i
e T < X

Puc. 5. Ilixn’eqxnanns TexHoJ0rivHol muiargopmu 10 aBTOMOOIILHOL
cuctemu: F(t) — 30ymkyroua cuia; C — sOpCTKICTh Mif’€AHAHHSA
TEXHOJIOTIYHOI IaT(OPMH 10 paMH aBTOMOOI;

M — Maca TeXHOJIOTYHOI IJIaT(GopMH; ©®— HANPSAIMOK PYyXy
TeXHOJIOTi4YHOI n1aTdopmu

PosrastHemMo pyx aBTOMOOUNBHOI CHCTEMH, KOJMHM BOHA BiguyBae
MOIITOBX, NPUKIAICHUN Y MOMEHT 4acy t = T, a Jif0 IMOCTIHHO Iifouoi
cur O npuBeeMo 10 ouHHII (puc. 6).

B 3amponoHoBaHOMY BHIAIKy PyX aBTOMOOUIBHOI cucTeMu Oyie
BHKOHYBATHUCH 3T1THO 3 PIBHIHHSM:

—+toX=—
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Pimenns Ttakoro piBH}IHHH IIOBUHHE 3aJ0BOJIBHATH ITOYaTKOBUM

4
ymoBaMm: X = (0; — = 0, mpu t = T, Ta TOBUHHO YSIBJISITH CYMY  3arajJbHOTO
pillleHHs BIATIOB1IHOTO OAHOPIAHOTO PIBHAHHS:

.

® =0 sinot + O cosmt

Ta mpuBaTHOTO (OKPEMOTO) PillIEHHS 3a1aHOTO PIBHAHHS

W=—-=-
®

3arajpHUNA BUTIISA

X=W +® =0 sinot + 0 cosot + -

BukopucraBmm — 1mo4aTKoBi

YMOBH,  3HaxOAWNMO
interpyBanus C1 ta C2

IOCTIHHI

Ta Toni

(2]
X=——

Ocranns ¢popMyia Oyne BU3HAUATH 3aKOH PYXy THYYKOTO €JIEMEHTA,

SIKHA  3HaXOJMUTBCSI TMiJ] TEXHOJIOTiYHOW Iuiatdopmoro (puc. 7).
MakcumanbHe 3HaYCHHSI 3MILCHHS X CKJIA/IaE:
W =-

ToOTo BABIYI MEpPEBUILYE TIEPEMIIICHHS, K€ BUKIHUKAHE CTAaTHYHOIO
niero 3mymryBansHOI cun F = 1.

4

JI.D. Dabcronsn IuddepeHnpanbHble  ypaBHEHHMS M BapHAlMOHHOE
ucuucienns. Mocksa : Kuura mo Tpebosanuto, 2012. 424 ¢. ¢ 115-119.
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Pucynok 6. 3asnexxnicTb 30ymKyrouoi cuum F Ta mosxy Bin wacy mii

Mnuoxenns Cf(t) Oynemo chopuiimMatu SIK Jil0  IPUBEAEHOI
30ymkyrouoi cuk F(t), sika 3a0e3mneuye pyx aBTOMOOLIS.

2. MeTtoau i anropurmMu

PosriisHeMO pyx aBTOMOOIIBHOI CHUCTEMH, 3allOJISHUA ITHEBMO-
PE30HATOPHUMH TPUCTPOSIMU. 3 IIEF0 METOI0 B aBTOMOOUIBHY CHCTEMY
pe30HATOpHI HpHUCTPoi (ITHEBMOpe3oHaTopH) (puc. 8) mpuiiMeMo, IO
3aKOH PyXy aBTOMOOUIBHOT CHCTEMH MiAKOPAETbCS 3MiHI jaedopmartii
3YCTUICHHS CHEPreTUYHOTO MOMAYIS 3 TEXHOJOTIYHHM MOXAYJIEeM Y
ursani f = f(t). [TomomkeHHsT THyYKOrO eJeMEHTa y IEBHHM MOMEHT
yacy nopiHioe X — f. TIpu poMy cuiia IpYKHOCTI TPYKHOTO €IeMEHTa
6yne nopisuroBati: C(x — f)

Toni audepentiiine piBHAHHS pyXy aBTOMOOLTBHOI cucTeMu Oyxe
MatTH BUTJISL

m—=C(x-f)=0

Po3pinuMo 00uaBI YAaCTHMHM PIBHSHHS Ha Bary TEXHOJOTIUHO]
m1aTGOpPMHU Ta OTPUMYEMO PIBHSHHS:

—t o X=—,

PiBasiHHIO (4) BiANOBimae cxema pyxXy aBTOMOOUIS 3 PyXOMOIO
TEXHOJIOTIYHOIO TaThopMoro (puc. 7).
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Pucynok 7. Cxema aBTOMODijsl 3 pyXOMOI0
TEXHOJIOTTYHOI0 NJIAT(OPMOI0

Mmuoxennst Cf(#) BiZHOCMMO 1O Jii IPUBEACHOT BUMYIICHOI CHIIH
F(t), sxa cripusie pyxy aBTOMOOLITBHOT CHCTEMH.

3. PiBHsIHHA PyXy aBTOMOOIJIBHOI cUCTEMH
mij Aiero 30y1:Ky040i cuiu
Cxema 3arajbHOTO BHIJISILy aBTOMOOUIBHOI CHCTEMH 3 PYXJIHBOIO
TEXHOJIOT1YHOO MIaT(HOPMOI0 MMOKa3aHa Ha pHc. 8.

Pucynok 8. Cxema 3arajibHOro BUIJISIIy AaBTOMOOLILHOI CHCTEMH
3 PYXJIHBOI0 T€XHOJIOTIYHOI0 MaTdopMolo: 1 — 6anoH-pecuBep;
2 — onopHi koJieca; 3 — nemndep; 4 — BaxeJi pyxy;

5 — nueBMoOpe3oHaTOpPH; 6 — Hecy4a cucTemMa

Meton Bapiamii BiTbHMX MOCTIMHWUX JJiIi BHU3HAYCHHS 3MIiHH
30yIKYI0U01 CHITH.
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YacHe pimeHHst piBHIHHS (2):
—twX=— (3)

Ma€ BUIIA:
®= 0 sinot + 6 coswt (4)

Ipuitmemo, mo BenuuuHu Cl ta C2 OynyTh He NOCTIHHMMH, a
3MiHHUMH. B pesympraTi BU3HAYEHHS [UIAXY  IMEpEeMilIeHHS
aBTOMOOWUTHHOI cucTeMHu X(t) Oyme CHpsSMOBaHO Ha BH3HAUEHHS JBOX
(yHKIIH-IOCTIIHIX, SIKi 3MiHIOIOTECS 3 dacoM: Cy(t) Ta Co(t)°.

IIponudepenuitoemo piBHAHHS (4), B sxomy moctiiiai Cl1 ta C2
OyayTh 3MIHHUMH:

— =0 wcoswt - 0 wsinmt + —sinot + —cosot

[IpuiiMemo, mo cknaguuku O Sinot + O COS®t He BIUIMBAIOTH HA
IHTEHCHUBHICTh PYXy aBTOMOOUIBHOI CUCTEMH, 2 TOMY

—sinwt + —coswt =0 (5)

PiBHSHHS A1 BU3HAUEHHS IIBUAKOCTI PyXy aBTOMOOIIBHOI CHCTEMHU
NpUMe BUTIISA:

— =# wcosot - # wsinot (6)

[IponudepentiiroBaBim piBHIHHA (6), OTPUMYEMO PIBHSHHS IIOJO
MIPUCKOPEHHS, 3 IKUM PyXa€eThCs aBTOMOOUIbHA CHCTEMA:

—=-# o sinot-# o cosot + — wcoswt - —msinwt  (7)

igcraBumo y piBHsHES (3) piBEsHHES (4) Ta (7) oTpEMyeMO
PIBHSHHS 3B’S3Ky 3MIHHHUX MOCTIHHMX Ta 30yMKy04oi cmid, sKa
3a0e3mevye nepeMileHHst aBTOMOOUTEHOT CHCTEMHU:

® Auzpe AHro. MaremaTrKa JUIst 2JIeKTpO- W paMorHKeHepoB. Mocksa, 1965 r.,
780 ctp. ¢ mmn. C. 315-316
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—cosot - —sinot = — 8)
[TincraBuBmu (5) Ta (8), 3ax0MMO MOXiAHI — 1—

— = ——COSt;
[

— —sinmt
[2)

[icns inTerpyBanHs otpumyemo cucremy koedirientis C1 Ta C2

o _
" @ h 9
s (©)

e © N

ne 0 1a & — koediuieHTH, SKi BU3HAYAKOTH KOOPAUHATH 3MIlLIEHHS
TEXHOJIOT1YHOT TIaTHopMHU.

[Micas migcraHoBku piBHAHHS (9) y piBHAHHS (4) OTpUMYEMO
PIBHSHHS MEPEMIIIEHHs TEXHOIOTIYHOT MIaT(hOPMHU:

x=— i @b, 'Ot Qédt QtHEdd, Ot i @& QF
+0 sinwt+ 0 coswt (10)

[Moennytoun inTerpanu B piBHAHHI (10), oTpuMyeMoO crpoieHe
PIBHSHHS EPEMIIIEHHS aBTOMOOUIBHOT CUCTEMHU

x=0 sinwt+ 6 cosot+—  "OF i @0 tQot (11)

3 piBasgaHEsA (7) micnsd OuQEpeHIiIoBaHHS OTPUMYEMO PiBHSIHHS
HIBHJKOCTI, 3 IKOI0 MOX€E PYXaTHCh aBTOMOO1TbHA CHCTEMA!

— =06 wcoswt-6 wsinot+—_ "OT Géd o TQt (12)

3HaueHHS Koe(illieHTIB KOOpPAWHAT 3MIIEHHS TEXHOJOTTYHOT
WIaThOpPMHA 3HAXOIUMO, KOJNM NPU3HAYUMO TpadiuHi KOOpIUHATH
MOYaTKy BiJUTIKY PyXy aBTOMOOINBHOI cucTeMu. [lpumitmMemo, mo mpu
t=0 mepemimenns noyanoch X = 0, =@ . Toxi, 3rigHO 3 PiBHAHHAMH
(10) Ta (12) orpumMyemoO
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31 3Ha4YeHHSAM HaOyTUX KOC(QiLi€HTIB KOOPIUHAT 3MIILECHHS
TEXHOJIOTIYHOT IU1aTGOpMH 3HAXOIMMO PyX aBTOMOOUIFHOT CHCTEMHU:

x:(bcoswt+zsincot+—ww "Oti "@&0 tQft

Y dopmyiti cKIIaIHUKH, SKI HE 3HAXOMATHCS il 3HAKOM iHTerpaa,
BHU3HAYalOTh PyX aBTOMOOUIbHOI cucTemMu Ha ii mouaTky. CKIaaHUK 3i
3HAKOM 1HTerpaja BU3HaYaTuMe Air0 30ymxyrouoi cunu F(t).

4. Pe3yabTaTH 10CHi1:KeHb
PesynbpTaTi JOCHIKEHb BIUIMBY Ha PyX aBTOMOOLUIBHOI CHCTEMHU
BHXITHUX mapameTpiB (t — gyac, C — >KOPCTKICTh HPYKHOTO €JICMEHTa,

® — KoJoBa 4acToTa, F — 30ymxyroda cuna) mpeacTaBiieHi Ha rpagikax
(puc. 9-14).

Puc. 9. 3ajiexkHicTh nepemilieHHs] aBTOMOOLJILHOI cUCTEMH
Bi/l JKOPCTKOCTi MPY’KHUX eJIeMEeHTIiB
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Puc. 10. 3ane:xHicTh nepeminieHHs1 aBTOMOOIILHOI CHCTeMH Bil yacy

Puc. 11. BniauB ekcruryataniifHoi MacH Ha KOJIMBAHHS TeXHOJIOTiYHOI
n1aT¢opMH 3 OAHOYACHHM IepeMillleHHSIM aBTOMOOLILHOI cHCTeMH
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Puc. 12. Bnuius 30y1:KyH040i CHIN
HA MepeMillleHHsI ABTOMOOLILHOT CHCTeMHU
w
m

Puc. 13. BuzHayeHHsI ONTHMAJBHOI 30HH KOJOBOI YaCTOTH
Bil BILINBY Ha Hel MacHu
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Puc. 14. Jliarpama 30Hu po00TH NHEBMOPE30HATOPIB

BUCHOBKHA

1. CtBopeHO aBTOTPAHCHOPTHY CUCTEMY 3 JMHAMIUYHO-PO3’€N-
HaHMMH EKCIUTyaTallitHUMU Baramu.

2. 3amporoHOBaHO TEOPETHYHY TEXHOJIOTII0 «BHUTATYBAHHS OIHI€T
Bary aBTOTPAHCIIOPTHOI CHCTEMH BiTHOCHO JIPYTOi Ta HABIAKH.

3. Po3po0ieHo MaTeMaTH4Hy MOJE/b aBTOTPAHCIIOPTHOI CHCTEMH 3
B3A€MOBHTATYBAHHSAM ~PYXOMHX Bar —OJHa BiTHOCHO JApYroi s
BIIIPAIIOBAHHS PyXy Wi€i CHCTEMH IMiJ Ji€f0 IHEBMOPE30HATOPIB 3
MiHIMaIEHUMHA BUTpaTaMHn eHepFll.

AHOTALIA

Y cTarTi pO3TISIHYTO MOXKIIMBICT CTBOPEHHSI aBTOTPAHCIOPTHOI
CHCTEMH 3 AMHAMIYHO PO3’€IHAHUMH EKCIUTyaTalliiHUMM BaramH, siki y
MpOoIeci B3a€EMHOTO 3MIIIEHHS BIAMPAIbOBYIOTh CHIY 30YIKCHHS Y
HATIPSIMKY PYXY, o TIO3BOIISIE mporiec MepEeMIICHHS
aBTOTPAHCIOPTHOTO 3aco0y TEPETBOPUTH HA IPOLEC «BUTSITYBAHHS»
OJIHI€T Barv BiJHOCHO JIPYTOi Ta HABMAKH. 3 II€I0 METOK TEXHOJOTIYHA
mwratpopmMa Oylra pyxoMoO I €QHAHA IO 3arambHOI Tardopmu 3a
JIOTIOMOT' 010 TTHEBMOPE30HATOPIB.

Po3pobneHo maremMaTW4yHy MOJENb ABTOTPAHCHOPTHOI CHCTEMH 3
B3a€EMOBUTATYBAaHHSIM PYXOMHX Bar OJHA BIIHOCHO Jpyrol s
BiJIIPaIfOBaHHS PyXy Mi€l CHCTEMH WiX [i€I0 MHEBMOPE30HATOPIB 3
MiHIMaJBPHUMH BHTpaTaMu eHeprii. PesymbraTh po3paxyHKIiB 10
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OTPUMAaHOMY JU(EpPEHIIIHHOMY pIBHSHHIO IOKa3aJld 30HY HaHOiIbII
e(eKTUBHOI POOOTH IMTHEBMOPE30HATOPIB.

Po3rnsHyTO  MOXIIMBICTE ~ CTBOPEHHS  TEOPETHYHOTO  MAKETY
ABTOTPAHCIIOPTHOI CHCTEMH 3 MHEBMATHYHUMHU PE30HATOPAMH, PYX SIKOI
3abesmneuye 30ymKyoda cuiia. AJbTEpPHATHBHUAM JDKEPEIOM eHepTii yis
CWJIOBHX YCTaHOBOK aBTOMOOUIBHHUX CHCTEM MOX€ OyTH BHKOPHUCTaHO
CTHCHYTE TOBITps, K¢ HAKOIMHMYCHE y ITHEBMOPHCEBEPi, sSKa IOTIM 3
MMHEBMOpECHBEpa BUKOPHUCTOBYEThCS Yy  ITHEBMOPE30OHATOpax  sK
MEXaHiuyHa eHEepris y epeTBOPEHHI MOTeHIIIATBHOT €HepTii Ha KIHSTHYHY
SHEPTil0 PyXy TEXHOJIOTIYHOI TIIAaTGOPMHU.
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BILJIMB PI3HUX METO/IIB TEPMIYHOI OBPOBKHU
HA TEXHOJIOI'TIO M’AACHUX JEJIKATECIB
CHEIJAJIBHOI'O TPU3HAYEHHSA

Hemyk JI. B., Cimonona I. 1.

BCTYII

XapuyBaHHS € OJIHAM 13 HAMBaKJIMBIITUX YAHHHKIB, 110 BU3HAYAIOTh
CTaH 3J0pOB’s HacelleHHs. PalfioHasibHe Xap4yyBaHHS HeoOXimHe st
HiATPUMAHHA HOPMAJILHOTO (DYHKIIOHYBaHHS 3JI0pPOBOTO OpraHi3my.
M’sco 1 TIPOAYKTH 3 HHOTO € OJHUMM 3 HAWIIHHINIMX B XapdyBaHHI
mogrHU. ToMy BIOCKOHANICHHS ACOPTUMEHTY M SICHHX IIPOIYKTIiB
MOBUHHI TPYHTYBAaTHUCA Ha KOHLEMIl 30aTaHCOBAaHOTO Xap4yBaHHS i
BpPaxOBYBATH €HEPreTUYHY, O10JIOTIUHY Ta XapyoBY LIHHICTh KOXHOTO
npo;:[yKTyl‘z‘S. Oco0nuBe Miclle 3aiMaroTh MPOAYKTH CIEIiabHOTO
MpU3HAUYeHHS 3 MiABHUIICHOI Oi10JOT1YHOO IIiHHiCTIOA. 3HaYHUM
MOTIUTOM KOPUCTYIOTHCSI B YKpaiHi M’5ICO MTHULII Ta KPOJisi. YPaxoBYHOUH
BHCOKY O10JIOTiUHY I[IHHICTB, M’ICO IHIWKIB Ta KPOJIB PEKOMEHIYIOTh
BKIIIOYATH B MEHIO IIIOJSIM VYCIX BIKOBHX IPYI, a TaKOX IIHPOKO
BUKOPHCTOBYBATH B JIIKyBaIbHOMY XapuyBaHHI " .

! Peshuk L.V., Galenko 0.0., Budnik N.V. Use of collagenase in technology
gerodietetic products. Journal of food and packing science, technique and
technologies. 2014. 2(3). P. 8-11.

Memyk JI.B., Tamyk O.I, Mockamok O.€. IHHOBamiiiHi M’SCHI TPOIYKTH.
Xapuosa npomucnogicms. 2015. 17. C. 64-67.

% Simonova 1., Peshuk L. Galenko J. Microscopic examinayion of chops with
content of lentil flour. Ukranian Journal of Food Science. 2019. Volume 7. Issue 1.
P.16-26. DOI: 10.24263/2310-1008-2019-7-1-4.

* Brenes A., Viveros A., Chamorro S., Arija I. Use of polyphenol-rich grape by-
products in monogastric nutrition. A review. Animal Feed Science and Technology.
2016. Volume 211. P. 1-17. DOl.org/10.1016/j.anifeedsci.2015.09.016.

> Dal A., Simona B., Marco C. M., Szendré Z., Gerencsér Z., Matics Z.,
Castellini C., Szin M., Zotte A. Effect of diet and packaging system on the oxidative
status and polyunsaturated fatty acid content of rabbit meat during retail display.
Meat Science. 2018. VVolume 143. P. 46-51. DOI.org/10.1016/j.meatsci.2018.04.004.

Crioci6 BHpOOHMIITBAa CHPOB’SUICHUX NPOAYKTIB i3 M’sca IHAUKIB i KPOJiB
«Topino»: mar. Ha BuHaxix 104679 Ykpaina: MIIK 51 A 23 C 11 /00 ITemyx JI.B.,
Humox O.10., y6sra O.M; Bracauk HYXT. Ne a201214239; 3agsn. 13.12.2012;
omry61. 25.02.2014, Bron. Ne 10.
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Oco0MBO KOPHCHO M’SICO IHIWKIB Ta KpOJIB ISl JITEH, JOJeH
IIOXHIIOrO BiKy # 0Ci6’, MO CTPaIAKOTh HA 3aliBy BAry, OCKLIBKH Ma€
HEBUCOKY KajopiitHicTs (736,38 Ta 765,67 k/[x). HaykoBii mpaiioTh
HaJ MOXIIMBICTIO BHUKOPHCTaHHS 1HIWKIB Ta KpOJIB Y TEXHOJOTIAX
KoBOac, KOMYEHOCTEH, ToOCiYeHHX  HamiB)aOpuKaTiB, M’ ICHHUX
KOHCCpBaXB. BuBueHo XiMiYHHI CcKIax (QpUKaneNboK, TraMOyprepis,
COCHCOK, WIMHOK Ta pyieTi’. ['0TOBi BHpOGH XapaKTepU3YIOTHCS
30aJIaHCOBAaHUM aMIiHOKHCIOTHUM Ta JKAPHO-KHACIOTHUM CKJIaIIOM,
OaraTi Ha MiHEpaJdbHI PEUYOBMHU TaKi SK KabIli, 3amizo, ¢ocdop,
MarHii, Kanii, HaTpiil, ek’

I3 MeTor MOMOBKCHHS TEpMiHy 30epiraHHsi TOTOBHX BHpOOIB B
PeLenTypy BBOISTH MPHPOXHI AHTHOKCHIAHTH . Po3MapwH, miaBiis,
YCPBOHUI Ta YOpPHHU TIepellb, MaHOpaH, eKCTPAKT BHUHOTPATHHUX
KiCTOYOK anrquyIOTL OKHCHEHHS JIIMIiB Ta IOAOBXKYIOTH TEPMiHH
36ep1raHH;1 BHpOGiB'2. B OCTAHHI POKH AKTyaIbHHM B TEXHOJOTISX
M’SICHUX BUPOOIB € BUKOPHCTAHHS OJICOPE3HHIB.

Bonu € ckimagHO0 0araTOKOMIIOHEHTHOIO CYMIIIIIIO HATypalbHUX
OpPTraHIYHUX PEYOBHH, SKi B TOPIBHSAHHI 13 MNPSHOIIAMH MICTATh Y
10 pa3ziB Oinbie edipHUX OJill, OKPIM aHTHOKCUAAHTHUX BJIACTHBOCTEH,
MOKPALIYIOTh OPTaHOJIENTHYHI MOKAa3HUKH TOTOBHX BHPOOiB. OCKiIbKH

" Jos¢ Manuel. Identification and quantification of turkey meat adulteration in
fresh, frozen-thawed and cooked minced beef by FT-NIR spectroscopy and
chemometrics.  Meat  Science.  2016. Volume 121. P.  175-181
DOl. 0rg/10 1016/j.meatsci.2016.06.018.
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during chilled storage. Meat Science. 2018. Volume 141. P. 36-43.
DOL. 0rg/10 1016/j.meatsci.2018.03.014.
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additions in rabbit meat burgers Prellmlnary evaluation. Food processing and
precervatlon 2019. Volume 133,3. P. 1-10. DOI.org/10.1111/jfpp.13894.
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Volume 26(1). P. 124-134. DOI.org/10.1016/j.jfda.2016.12.012.
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YacTKa M’SICHUX MPOAYKTIB CHEIiaIbHOTO Xap4YyBaHHS 13 M’sica IHIUKIB i
KpOJIiB Ha pUHKY YKpaiHu He3HAYHa, aKTyaJbHUM € BUPIIICHHS 3aBIaHb
010 pOS%OGJ‘IeHHH TEXHOJIOTT] M’SICHUX AEIIKATECHUX MIMHOK 13 JaHOI
CUPOBUHH

1. TexHoJI0riYHNIi TpoLec BUTOTOBJICHHS Je/1iKaTeCHOr0 MPOAYKTY —
IIMHOK i3 M’sica iHANKIB Ta KPoJIiB

MeTta poOOTH — PO3pOOJICHHS TEXHOJIOTIT IEMKATEeCHUX MPOAYKTIB 13
M’sica IHIUKIB Ta KpOJIB, JOCHIIPKEHHS PI3HOTO BIUIMBY TEPMid4HOL
00poOKkM (BapiHHS, KONTIHHSA Ta 3amikaHHd) Ha (i3uKO-XiMiuHi,
(hyHKIIIOHATEHO-TEXHOJIOT1YHi, MIKpOOIOJIOTIYHI ~ XapaKTePUCTHKH
TOTOBOTO TMPOAYKTY Tiax uwac 30epiraHHsa. OO’€KT IOCHIKEHb —
TEXHOJIOT1] IIMHOK 3 M’sica 1HAUKIB Ta KPOJIiB.

A BUpOOHMIITBA MIMHOK METOJOM MATEMAaTHIHOTO MOICIIOBAHHS
II0JI0 ONTHMAJIBHOTO BMICTY OlJIKa B pelenTypi TOTOBOTO MPOIYKTY 32
HE3aMiHHUMH aMiHOKHCIIOTaMH BCTAHOBJIGHO CITiBBITHOIICHHAX M 5ICO

iHaMKa 1 kpoas 65 g0 35 kr (tabmmmsg 1). 3a KOHTPOJBL B3SITO PYJIET
«Kypsauii» TY Y 15.1-30978685-006-2001.

Tabmums 1
Penentypa muHku B3 M’sica iHAuKa i KpoJist
OcHOBHA CHPOBHMHA, KT
Iaauka 65
Kpounst 35
IIpsinowi Ta fonomizxkHi MmaTepiann, r Ha 100 Kr HecoJIeHOI CHPOBMHH
Cinp xapuoBa 2200
Hitput Hatpiro 0,005
Orneope3nH pUMCBHKOTO 08
KMUHY '
Orneope3uH nepIfro 6i10ro 1
Bona 307

TexHOMOTIYHUA  [poIleC  BHUPOOHUITBA  INIMHKH  [POBOIMBCS
BIJIMTOBITHO JIO TEXHOJIOTIYHOT IHCTPYKIIIT 1 CKJIaaBCs 3 TAKUX €TaIliB:

— BXiJHE KOHTPOJIIOBaHHS 1 MpUHMAaHHS CHPOBHHHU Ta MaTepialiB;

— TATOTOBKAa CHPOBHHH Ta MaTepialiB;

— TpurotyBaHHs dapury;

8 Dalle A., Zotte C., Celia Zs., Szendrd. Herbs and spices inclusion as feedstuff
or additive in growing rabbit diets and as additive in rabbit meat: A review. Livestock
Science. 2016. Volume 189. P. 82—90. DOI.org/10.1016/j.livsci.2016.04.024.
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— BuU3piBaHHA (apry;

— HAaIlOBHEHHs 000JIOHOK (aprirem;

— TepMiuHa 00poOKa;

— KOHTPOIIOBAHHS SIKOCTI TOTOBOT MPOIYKIIii;

— MAapKyBaHHs, NaKyBaHHs, 30epiraHHs.

TepmiuHy 00poOKY AOCTIMHUX 3pa3KiB IIUHOK MPOBOAMIN TPhOMa
criocobaMu: BUTOTOBJICHHS IIMHKK BapeHOI MPOBOJMIM B TepMOKaMmepi
«Novotherm» 3a TakuMH eTamaMH TepMOOOPOOKH: MiACYIIyBaHHS 3a
temriepatypu  45-50°C 10 TMOSBHM POXKEBOTO KOIbOpY apmry i
MiJICUXaHHs OBEPXH1 0O0IOHKH, 00XKapIOBAHHS AUMOM 3a TeMIEpaTypu
85-90°C, BapiHHA y INTYYHHX OUIKOBUX 000NOHKAX «bimko3un»
(temmieparypa 75+£2°C (40-80 XBHIIHMH)); OXOJOUKCHHS 2-3 TOIAWHHU
XOJIOJHHUM TOBITpsM 110 Temnepatypu 8°C B TOBIII OaTOHY.

TepmiuHy O0OpOOKY IIMHKM KOIYEHO-BapeHOI MpPOBOIWIH B
TepMoKkaMepi «Autotherm» TakuM YUHOM: TiACYIIYBaJIK 1 00XaproBaIH
Oaronn 15-30 xB. 3a Temmeparypu 605 °C, BiIHOCHOI BOJIOTOCTI
noBiTpst 10-20% 1 MBUAKOCTI pyXy HOBITPA 2 M/C; KONTIHHS MPOBOMIH
Bizmpasy micis oOkaproBanHs Bix 10 mo 25 xB. 3a Temneparypu 75+£5°C
0 JOCATHEHHS B IIEHTpi OartoHy Ttemmeparypu 71+1°C; BapiHHA Y
HITyYHUX OLIKOBUX OOOJIOHKAaX TNPOBOAWIM 3a Temmneparypu 75+2°C.
TpuBasnicts BapiHHS — 55-60 XB. Ha 1 KT MacH NPOAYKTY B 3aJICKHOCTI
Bin niamerpa OatoHy 40-60 XB., OXOJOPKEHHS MPOBOIMINA XOJOTHUM
MOBITPsIM 10 Temmnepatypu 8°C B TOBIII OaToHY.

BUTOTOBIEHHS IIMHKM 3all€4yeHoi MPOBOAMIM B >KapoyHid madi
«ATpo-Tepm»: MACYIIyBaNM 3a TeMmmeparypu 55-65°C, BigHOCHOI
BotorocTi 30% mpotsirom 25-30 XB.; 3amikaHHS HMPOBOMWIA 32 Pi3HUX
TEMIIEPaTypHUX PEXKUMIB A0 AOCSITHEHHS TEMIEpaTypH B LIEHTPi OaTOHY
72+1°C: Ha mepmniii cramii TepMOOOPOOKHM 3aIlikaid 3a TeMIIEpaTypu
120°C go mocsrHeHHS Temmeparypu B ToBmli OatoHy 28 °C; Ha mpyriit
cramii 3amikamu 3a TemmepaTypu 130 °C mo Temmeparypu B TOBIII
Oarony 35°C 1 ma Tperiii — 3amikanmu 3a Temmepatypu 140°C mo
temneparypu B 0aroHi 72°C. OXO0NOMKYyBald XOJOAHUM IOBITPSIM 0
temneparypu 8°C.

[lin yac BUKOHAHHS IOCTI/KEHb BHUKOPHUCTOBYBAJIM TaKi METOMH:
¢i3uko-XiMiyHi  (MacoBa dYacTKa BOJIOTH, OilKa, JKHPY, 30JIH,
aMIHOKHCIIOTHMH  cKJan); (yHKIIOHAIBHO-TEXHOJIOTIUHI  (BOJIOTO-
yTpUMyloua, BOJIOT03B’513y104a, KUPOYTPUMYIOUa 3/1aTHOCTI,
IUTACTHYHICTB); MIKPOOIONOTivHI (3aralmbHa KUTBKICTH ME30(iTEHIX
acpoOHHUX Ta (PaKyIbTATUBHO aHACPOOHHX MIKPOOPTaHi3MiB, OakTepiit
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TPYIH KUIIKOBOT MAJIOYKH (KOJTi(pOpPMHU), TATOTCHHUX MIKPOOPTaHi3MiB,
B T. 4. cymbQiApeayKyBaIbHUX KIIOCTpHUIiHA, Oaktepiit pomy Proteus,
Salmonella, Staphylococcus aureus, L. monocytogenes)™. Bigmochy
010JI0TiUHY IIHHICTh MPOAYKTY 1 Oe3MevHicTh BH3HAYCHO in Vivo Ha
TecT-opranismax Tetrahymena pyriformis™. Anaiis eKcliepUMEHTAIBHIX
JAHUX TIPOBOJIIIIN 3 BUKOPHCTAHHSAM METOIIB PO3PAXYHKY CTATUCTUIHOL
JIOCTOBIPHOCTI PE3yJIbTaTIB HOCIIiKEHb.

2. Pe3yJbTaTH A0C/IiIZKeHb AeJIIKATECHOr0 NPOIYKTY —
HIMHOK i3 M’sica iHANKIB Ta KPoJIiB

BukopucranHs B penenTypi M’sca iHAWKA 1 KpOJisi MPHU3BOIUTH IO
MOKPANICHHS SKICHUX IMOKa3HUKIB TOTOBHX BHpPOOIB, 30KpeMa
OiosoriuHoi miHHOCTI. 3a BMICTOM ©Oilka po3poOJieHi IIMHKU
mepeBakaloTh KOHTpols Ha 41% (mmHKa BapeHa), 42,1% (mmHKa
KomueHo-BapeHa), 43,5% (mmHKa 3amedeHa). 3a BMICTOM JKHPY — Ha
53,9% wmeHie mopiBHAHO 3 KOHTposieM (Tabia. 2). Omxe, po3poOieHnit
MPOJYKT Ma€ JIETWYHI BIACTUBOCTI.

Tabnurs 2
XimiuHmii CKJI1a]1 rOTOBUX BUPOOIB
Ne Haiimenysa BwmicT Kauto-
n/ HHS BH zﬁ BOJIOTH, Binok, % Kup, % 302, % piiiHicTh
n pooy % KkJK
1 KonTpois 65,41+1,0 | 12,30+0,1 17,42+0,07 | 4,87+0,01 862,39
2 IHumxca 67,28+1,1 | 20,91£0,1 | 9,30£0,04 | 2,61+0,01 717,19
BapeHa
Iunnaka
3 KOITIEHO- 66,83+0,9 | 21,2540.4 | 9,39+0,05 | 2,51+0,02 709,66
BapeHa
4 [Hurica 65,94+1,0 | 21,77+02 | 9,59+0,05 | 2,72+0,01 725,94
3arncycHa

Ockinpku ¢apmr mig yac BUTOTOBIEHHS IIMHOK BHKOPHCTOBYBABCS
OIWH, a TepMiuyHa o00poOka — pi3HAa, HAaMM [POBEJCHO aHAII3

14 Mapxosma LI 3miHu MikpoGioOTiYHIX MOKa3HHKIB HATIBKOIMEHHX KOBGAC y
npoteci 36epiranns. Haykosi donosioi Hayionanvnozo ynisepcumemy biopecypcie i
npupoookopucmysanus  Yxpainu. 2015. Ne 3. Pexum pocrymy: URL
http://nbuv.gov.ua/UJRN/Nd_2015_3 18.

%% Drachuk U., Simonova I., Halukh B., Basarab I., Romashko I. The study of
lentil flour as a raw material for production of semi-smoked sausages. Eastern-
european journal of enterprise technologies. 2018. Ne 6. 11 (96). P. 44-50.
DOI:10.15587/1729-4061.2018.1483109.
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AMIHOKHCJIOTHOTO CKJIaQy IIMHOK BIAMOBIAHO JIO TEMIEpaTypHHUX
pexuMiB. Y Qapiir BMiCT HE3aMiHHAX aMiHOKHCIIOT CTAaHOBUB 5,03 Mr Ha
100 mMr mpomykTy, y BapeHi muHII — 4,64, y 3anedeHiit — 4,98, y
KOITYeHO-BapeHid — 4,39. J[insi MOHITOPHHTY BIUIMBY TEMIIEPATypHUX
PeKHMIB Ha SKICHHU Ta KUTbKICHUH CKJIaJ] OUTKY TPOBOJMIIM BUBYCHHS
aMIHOKHCJIOTHOTO CKJIaJly TOTOBHX BUpOOiB (Tabx. 3).

Tabnunsa 3
AMIHOKHCJIOTHHI CKJIa] IIHNHOK

KinbkicTb, Mr aminokuca0oTu/100 Mr npoaykry
. Komyeno-
AMiHOKHCI0TA Bapena 3aneueHa
dapm BapeHa
HIMHKA HIMHKA MK
HezaminHi aMiHOKHCIOTH
Basin 0,617 0,445 0,612 0,537
Jletiumn 1,061 1,063 1,092 0,940
[307€iinmH 0,562 0,415 0,546 0,477
Jlizun 1,192 1,156 1,224 1,062
MertioHiH 0,291 0,378 0,221 0,207
DeHinanaHin 0,572 0,532 0,574 0,507
Tpeonin 0,734 0,650 0,715 0,658
Tpuntodan He nocmipkyBanu
Bceroro
He3aMiHHHX 5,029 4,639 4,984 4,388
AMIHOKHUCIIOT
3aMiHHI aMiHOKHCIIOTH
lictuana 0,430 0,487 0,451 0,397
Apritin 0,851 0,857 0,871 0,778
Acmapar. k-Ta 1,343 1,315 1,255 1,133
Cepun 0,638 0,629 0,637 0,561
I'nyramis. k-Ta 2,772 2,670 2,761 2,458
[ponin 0,613 0,546 0,550 0,541
ninyH 0,636 0,647 0,639 0,579
AnaHiH 0,832 0,846 0,854 0,741
uctun 0,130 0,119 0,148 0,118
Tupo3ux 0,506 0,416 0,492 0,425
Betoro samirin 8,751 8,532 8,657 7,732
aMiHOKHUCIIOT
Cyma: 13,780 13,171 13,641 12,120

Y 100 Mr poIyKTy MiCTUTHCS TIEBHA KJIbKICTh O1JIKa, a BiAMOBIIHO,
1 aMIHOKHUCIIOT. AJie B MPOIIeCci TePMidHOi 0OpOOKH B PI3HUX MPOIYKTAX
Mo-pi3HOMY BHIUIMNACS Bonora. Hampukmaz, y 3amedeHii MMHIN JIHIIe
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65,94% Bomnoru, B TOH 4ac 5K y BapeHii 1 — 67,25%. Tomy Mae micre
aHall3 K BMICTY aMiHOKHCJIOT B TOTOBHX IMpOAyKTax Ta (apmri, Tak i
BMICTy aMiHOKHCIIOT Oe3lOocepeHb0 B OUIKYy 3 ypaxyBaHHAM pi3HOI
KUTBKOCTI BOJIOTH B TOTOBHX IHPOMyKTax. [3 Tabmumi 3 BUAHO, IO
3arajbHa CyMa aMiHOKHCIIOT 3alle4eHOT NIMHKKM CTAaHOBHUTH 13,64 Mr, 110
Ha 13,08 Mr Oinblie HiX, Yy KOMUEHO-BapeHil, Ha 11,56 mMr — HiX y
3amnedeHiif, Ha 0,47 Mr — HiX y BapeHii.

SanexHicTh MK~ OlOJIONYHOK  I[IHHICTIO OIKIB 1 IXHIM
AMIHOKHCIIOTHHM CKJIaJJOM MOXKe OyTH IUIE 332 yYMOBH JIOCTaTHBO
BHUCOKHX IIBHJIKOCTEH MEPETPABIIOBAHHS OUTKIB (hepMEHTaMH TPaBHOTO
TpakTy. 3a aMiHOKHCIOTHHUM CKIIQJOM 1 aHaTITHYHUM PO3PaXyHKOM
MTOKA3HUKIB 010JIOTIYHOT I[IHHOCTI MOYKHA OTPUMATH YSBJICHHS JIAIIE PO
MOTEHUIHHY I[IHHICTh OLIKOBOIO KOMIIOHEHTY MpOAYKTY. OCKIUIBKH
OpTaHi3M IOAWHN BHKOPHUCTOBYE HE BCE, IO HAIXOAWUTH 3 DKEIO, a
TIIBKA T€, 10 TMIicIsA TEepeTPaBIIOBAaHHS y TPaBHOMY TpPAaKTi
BCMOKTYETbCS CTIHKAMH KHUIIEYHUKA y KpoB. OMHUM i3 OCHOBHHX
MMOKA3HUKIB, 1[0 BU3HAYA€ OIOJIOTIYHY IIHHICTh XapYOBUX TPOIYKTIB, €
CTYIiHb TIEpETpaBleHHS OIIKIB  MPOTCOMITHYHHUMH  (PepMeHTaMHU
IUTYHKOBO-KHMIIIKOBOTO ~ TpakTy. Jlis JOCHi[DKEHHS IhOTO  HaMU
MPOBECHO SKCIIEPUMEHT Ha KyIbTypax KiIiTHH iH(y30pii Tetrahymena
pyriformis. Boruu B MoOp(oJOridHOMY acmekTi € KITHHaMH, a B
¢izionoriyHOMy — ITICHUM opraHi3aMoMm. Tomy nepeTpaBieHHs OiIKiB
TpaBHUMH (PepPMEHTAMHU B yMOBaXx iN ViVO MOKHAa BUKOPHCTOBYBATH ISt
MPOTHO3YBaHHA CTYNEHS 1X YTWIi3amii opraHiaMoMm. I3 MeToro
BH3HAYEHHsI 3aCBOIOBAHOCTI PO3POOJIEHUX IIMHOK B yMOBax i in Vivo B
MOPIBHSHHI 3 KOHTPOJIBHUM 3pa3KOM BH3HAUEHO BiHOCHY O0i0NOTidHYy
LIHHICTD.

BinmHocHa GioJorivyHa IMIHHICTE TOCTIAHUX 3pa3KiB 13 BUKOPUCTaHHIM
JIaHOi CHPOBWHM TIEPEBUIILYE KOHTPOJIb ¥ cepeHboMy Ha 28%. 30kpema,
B INWHII BapeHid, KOMYCHO-BApPCHiM, 3ameyeHid Ied IOKa3HUK
cTaHOBHUTh, %: 88,94; 89,34 ta 96,68. lle MOSCHIOETHCS IIBHIKICTIO
PO3BUTKY KIITHH Biuactux iHGy3opiit Tetrahymena pyriformis —
KUTBKICTh  KJITHH, $KI BHPOCIM Ha TIOKUBHOMY CEpEJOBHUIN 3
BHKOPHCTaHHSIM KOHTPOJBHOTO 3pa3Ka, CTAHOBUTH 288,34, a MOCIiaHUX,
K1/Mm° — 421,18; 423,70 Ta 456,51 BignosigHo (Tabm. 4).

Sk BUAHO 3 maHWX TaOn. 6, y 3pa3Ky IIMHKH 3aledeHoOi BiTHOCHA
0ioJIOTivHA IHHICTH Ma€ TEHACHINIO IO 3pOCTAHHS i CTAHOBUTH 96,68 %.
Taxuii pe3yapTaT MOSICHIOETBCSA pelenTypHuM ckianoM. Koedimient
epexTuBHOCTI BUKOpucTanHsa Oinka (KEBB) opramismom y mocmigHux
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3paskax muHOK ckianae 0,19 — 0,22% mo Ha 35% Oinble MOpiBHSAHO 3
KoHTpoyieM. EdekTuBHiCTh OlonoriunHoi mii mijg 9ac 3acBOIOBaHHS Oislka
(EBJl) momo KOHTPOJBHOTO 3pa3ka 3HAYHO BHUIA Y IIHMHII 3alle4eHii
(93,34 %) Tta xomueHo-Bapeniii (84,5). CranmapTH3oBaHa BiZHOCHA
OinkoBa edextuBHicTh Qapmrie  (CBBE) mnoBHIima mopiBHAHO 3
KOHTpOJIEM y 3aleyeHii Ta KomueHo-BapeHid mmmHLi. Lleii mokasHuk
cTaHOBUTh 462,37% Tta 418,5%. I'ipiiiM NOKa3HUKOM Y MOPIBHSHHI 3
KOHTPOJIEM XapaKTePU3YIOThCS IMIMHKA BapeHa.

Tabmuws 4
[opiBHsIbHA XapaKTepUCTUKA BiTHOCHOI 0ios10riuyHOT HIHHOCTI
i BigHOCHOI epeKTMBHOCTI BUKOpHUCTAHHS OijIKa A0CTiTHUX 3pa3KiB

. ) = g = X
£ S = S g =g ..
S| E fe | «cEE: | EZG i
B} g EE % EcZA SHE g g =521
=z <z = > & « = 0 o=
) = 2 = Q=O\= =z m M ®i= = o =@=m
3 o= 25 |S s =3 .Eégm =g ETE0
g bt 5= |EES 5| B&EcAi¥ EFZm Sz E<
=3 > 22 .Ef.;m_ oz &< z._‘“m S0 g
2 e REmS| ZZEE 2558 | 2g8%
2 | 5 Ec TEE | 228 SE¢E
© © 4 =
Kascin 100 | 47325 | 100 0,04 - -
MOJIOKa
Konrponb
pyrer 12,3 | 28834 | 60,92 0,14 - 298,66
CKYpSTUHI»
IHumxa 209 1 42118 | 8894 0,19 82,85 410,41
BapeHa 1
Iunka 212
KOITdeHO- 2| 42370 | 8934 0,19 84,5 418,50
BapeHa
wika | 217 1 45651 | g6 68 0,22 9334 462,37
3areueHa 7

Tpumimka: 3a emanon 8UKOPUCMOBYBANU NOJICUBHE CePedosULye 3 Ka3eiHOM
Monoka
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Pucynoxk 1. Mopdounoris kaitun indys3opiii Tetrahymenapyriformis
3a KyJbTHBYBAHHS B cepeJoBHuinax: 1 — kazeiHoM MoJ10Ka;
2 — KOHTpoJIeM; 3 — i3 HINHKOI0 BapeHo10; 4 — i3 IIMHKOI0
KOIYeHO-BaPeHOI0; 5 — i3 IIMHKOIO 3a1Ie4eHO0I0

Crnigy 3ayBaXWTH, IO IiJi 4ac TMPOBEJCHHs JOCHTIHPKCHHS BILTUBY
JIOTIOMDKHOT CHPOBHHH Ha JKHTTEIISIIBHICT HAMIIPOCTINIMX OpraHi3MiB
MopdoJIOTiYHMX 3MiH KIITMH BiliyacTux iHdysopiid Tetrahymena
pyriformis ue BusBiaeno. Iudysopii, BHpoIIeHI Ha cepemoBHINAX i3
JOCHIAHUMHU  3pa3skaMu, OIiTbII OKpYIJ, Kpalle IporiIsaaaloThes,
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KUTBKICTh KIIITHH 3pOCTa€ TOPIBHIHO 3 KOHTposieM. OTXe, BUKOpUCTaHa
CUpPOBHUHA HE MICTUTH IIKIUIMBUX Ta HEOE3MEYHHUX CITONYK.

BusHaueHHs (yHKIIOHATBHO-TEXHONOTIYHUX BiactuBocteln (DTB)
Ja€ TOBHY VSIBY IPO M SICHY CHCTEMY, ii CTPYKTYpY, 3OaTHICTB
MOTJIMHATA Ta YTPUMYBATH BOJOTY IIiJl Yac TEIUIOBOI OOpOOKM.
VYpaxyBaHHS (YHKIIOHAEHO-TEXHOJOTIUYHUX BIIACTHBOCTEH M SICHOI
CHPOBUHHU JTO3BOJISE PAI[iOHATFHO BUKOPUCTOBYBATH ii, MPOTHO3YBATH Ta
HaNpaBJICHO PETYIIOBATH SIKICHI XapaKTePHCTUKH TOTOBHUX BHUPOOIB.
Pesynpratit HOCHiIKEHb (YHKI[IOHATBHO-TEXHOJIOTTYHUX BIACTHBOCTEH
M’cHHX (apIuiB HaBeaeHo B Tabmuii 5.

Tabnuus 5
DYHKIIOHAJIBHO-TEXHOJIOTiYHi BJAaCTHBOCTI M sicHuX (apuuiB
(=} ] ;
= g = s ] . A
X2 . g g3 5
< - N A o=
S B = ‘. £ £ =g £E&
g g '3 = 2.2 5 .2 PR
o S =z S = g = £ 35
2] S 2 > B E B 59
= = ] e = S = <
m & 2 = 5= =
o = M o
N = = =
m = é

Kontpons 87,1+1,1 | 90,5+0,7 71,4+1,1 83,3%1,1 7,76+0,1

dapir MUHKK
BapEHOI,
KOITYEHO- 89,3+0,9 | 72,6+0,9 73,8+1,0 84,8+1,2 8,53+0,1
BapEHOI,
3ane4yeHol

[IuHKY BapeHa, KOIUEHO-BapeHa Ta 3alleyeHa BUTOTOBIEHI 3 OHOTO
(dapmy, TOMy JUIS BU3HAYCHHS CTaOLIBHOCTI (apiieBoi emylbCil,
BoJI03B’s13yrouoi (B33), kupo- (OKVY3) ta Bomoromornmnarouoi (BY3)
3MaTHOCTEH BigOupanu jMine OMUH 3pa3ok. JlochmifHI 3pa3K IIMHOK
nepeBakanu KOHTpoib 3a BB3 dapmry mo 3aramproi Bojorm Ha 2,2%,
KVY3 — na 2,4% 1a BY3 — mo Ha 1,5% Kkpaiie, HiX Yy KOHTPOJIBHOMY
3pa3Ky BiAmoBigHO. [ImacTWYHICTh MIMHOK BapeHOi, KOMYEHO-BapeHOI,
3amedeHoi Buma Ha 0,77% 3a KOHTPOJb i CTAaHOBUTH 8,53%.

OnmHuM i3 BaXIMBHX (aKTOpiB, KM HEOOXiTHO BPaxOBYBATH IIiJ
yac BUPOOHHIITBA IIMHKOBUX BUPOOIB, € iXHS 3AaTHICTH 30epiraTu sAKicHi
XapaKTEPUCTHKH MPOTATOM YCHOTO TEPMiHY MPUIATHOCTI.

st BUpOOHHIITBA MIHOK BAPEHOI Ta BaAPEHO-KOIMICHOI BUKOPUCTAHO
mwrydni  GiikoBi oGomonku «BimkosuH». IXHiMM mepeBaramu €
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€JIACTUYHICTh, 3a0€3TeUeHHsI CTa0lIBHOCTI JliaMeTpy, 30epiranus GopMu
BHPOOY TIiJT Yac OXOJIOKEHHS Ta Y Tporieci 30epiraHHsi, BUCOKA Mapo- Ta
ra30MpPOHUKHICTh, OTPUMAHHS TPATUIIHHOIO CMaKy Ta HATypaJbHOTO
BUTIISNY TpoAyKTy. Kypsua mkypka Oyia BHKOpHUCTaHa IS 3aIl€deHOL
IIMHKH. [3 METOI 3aXUCTy TOTOBHX BHPOOIB BiJl OKHCITIOBAJILHOTO
MICYBaHHS BUKOPHCTOBYBAIH OJCOPE3UHH PUMCBHKOTO KMHHY Ta OLIOTO
nepio. IXHA i cHpsAMoBaHA HAa GIOKYBAHHS AKTHBHUX pajHKAIlB y
JIAHITFOTOBUX PEAKIisIX OKHCHeHHS. OKHUCICHHS JIIMiIIB TOYMHAETHCS B
CYOKIITHHHHUX  MeMOpaHax y  ¢pakmii  BHCOKOHEHaCHYEHHX
¢dochomnimiaiB. 3AaTHICTS 10 OKUCICHHS HEHACHYCHUX XUPHHUX KHUCIIOT,
0COOJTMBO 13 IBOMA 1 O1ITBIIIE TTOBIHHUMH 3B’ sI3KaMHU, ITiJ] 9ac 30epiranHs
MIPU3BOJIUTH JIO MPOTIPKAHHS 1 MOTIPIIEHHS KOJLOPY M’sica. 3MiHH AKOCTI
IIMHOK IPOXOIATh 3a B3AEMOIOB’SI3aHUMH HAmpsMaMH — OKHCHI,
MiKpOOIOJIOTIYHI ¥ (i3uUHI MpolecH. Buxoasuu i3 boro, My JOCITI WA
3MIHH TTOKa3HUKIB OKWUCHEHHS JKHPY Ta MIKPOOIOJOTIYHUX IMOKA3HUKIB
LIMHOK i yac 30epiraHHsl.

[gponiTHyHi Ta OKWUCHIOBAJIBHI IEPETBOPEHHS  JIMiAiB, IO
BiIOYBAIOThCSA 332 TPHUBAJIOTO 30CpiraHHsA, IMEPEeBaKHO HE MIKpOOHOTO
noxomxkeHHd. IIpoTe B JINOMITHYHUX OakTepisX, IUTICEHI Ta i1HIIKX
MIKpPOOPTaHi3MiB MICTATbCS (PEPMEHTHI CHCTEMH, IO CIPUYHHSIOTH
TIIPONITHYHI Ta OKWUCHIOBAJIbHI IepeTBOpeHHs mimimiB. Jlimasu mux
MIKpPOOPTaHi3MiB aKTHBHO KaTami3yloTh Tifpomi3 mimimiB. HaiiOinbim
YYTIUBUMH J0 OKHCHIOBAJIBHOTO MEPETBOPEHHS € HEHACHYCHI JKUPHI
KHCIIOTH Ta HACHYEHI JKUPHI KHCIOTH 3 KOPOTKHM JIAHIIFOTOM.
BuicokoMoeKyIISIpHi )KUPHI KHCJIOTH CTIHKIIII IO TAKHX ITEPETBOPEHb.

ITix gac 36epiraHHs BiIOyBaeThCS TiIPONITHYHUN pO3Maj, TIHOMHA
SKOTO  BH3HAYAETHCSA  BMICTOM  BUTBHMX  OJKHPHHX  KHCIOT 1
XapaKTEePU3YETHCS BETUUYNHOIO KUCIOTHOTO YHCia. [iApoTi30BaHMiA KUp
no0pe 3acBOIOETHCS OPTraHi3MOM JIIOAWHH, OAHAK MpH TIIHOOKOMY
TIAPOJIi3i JKHAPHI KHUCIIOTH, IO YTBOPIOIOTHCA Y BEJIMKIH KUIBKOCTI,
CIPHUSIOTh PO3BUTKY OKHUCHHX TporieciB. Iig yac MOCHiKEHHS BMICTY
JICTKUX JKHPHUX KHUCIOT BUPOOM BBaXKAIOTh CBDKHUMHM, SKIIO BMICT
JMETKUX KUPHHUX KuciIoT crtaHoButh 10 4,5 MrKOH/r, cymHuiBHOI
cBixkocTi — 4,9 no 9 MrKOH/r, HecBikumu — Oinbire 9 MrKOH/r.

[Tix gac 30epiranHs mWUHOK 3a TemiepaTypu 0...6 °C HaKOIMYEHHS
JETKHUX JKUPHUX KUCIOT aKTHBHO croctepiranock Ha 10 mo0y, me BoHU
MaJId CYMHIBHY CBIXICTb, a micis 15 nmib — 3incysamuch. HakonmdaeHHs
JIETKUX JKUPHUX KUCIIOT Y KOHTPOJILHOMY 3pa3ky 3poctae Bix 5,140,03
1o 11+0,01 mr KOH/r.
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[Micas 10 mobu 30epiraHHs KOMMYEHO-BapeHa Ta BapeHa IIMHKH
HaOyJIM TIOKa3HWKa CyMHIBHOI cBixkocTi — 4,2+0,04 ta 4,4+0,02, a micis
15 ni6 30epiraHHs KiTBKICTh JIETKUX KUPHUX KHUCIOT 3pocia 1o 9,0+0,02
Ta 9,5+0,02, BUpoOH Oymu 3incoBaHi (PUCYHOK 2).

mr KOH/r

SN ODNS
Hinnm
I

1S i
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15 20
 Korrposs :.: 37 _{i*""*ﬁ | 12
® [1[mmKa 3anedena | 22 | 3.1 [ 0 | 8,‘3 | o4
= lxa KOIYEHO-BapeHa _il [ 3_,1_ -_I:Z_ | 9 | 98
8 L mxa Bapera 0 3.5 44 | 9.5 10

Pucynok 2. lunaMika 3MiHU JIETKHX KUPHUX KUCJIOT JIMiiB LIHHOK
nix yac 36epiranns, MrKOH /r

[lunka, ymakoBaHa IiJ BAKYyMOM I[IMMH BHPOOaMH, Ha MOYATKY
EKCIIEpUMEHTY OyJia CBIXKOI0. BMICT JIETKHX KUPHHUX KHCIOT Y KOHTPOJII
cranoBuB 2,5+0,01 MmrKOH /r y mmHIi 3amederiif i KOMIeHO-BapeHid —
2,2+0,01, y muHm Bapeniit — 2,4+0,01 mr KOH /r. Pict kinmpkocTi
JIETKUX YKUPHUX KHCIOT NoMiTHHM Ha 10 Ta 15 neHp 30epiraHHs, 1o
BIAMOBiZae iX CyYMHIBHIH CBDXOCTi, 30KpeMa B KOHTPOJI IX BMICT
ctanoBuB 5,2+0,01 Tta 8,5+0,02 BimmoBimHO, y IIMHII 3aMe4eHid—
4,6+0,02 ta 5,5+0,02, muHII KomueHO-BapeHi— 4,8+0,01 Ta 6,2+0,01,
mmHI BapeHid — 4,94+0,02 ta 7,1+0,01 mrKOH /r. To6to Ha 5 moby
30epiranHs yci JOCTiIHI NIMHKKA OYJIH CBIXKUMH.

3a pesynapTaTaMy JOCHIDKEHb BCTAHOBJIECHO, IO BHUpoOu Oymu
3inicoBani micns 20 JHIB, OKpIM IIMHKH 3aIlle4eHol, ska Oyia CyMHIBHOI
CBIXKOCTi, BMICT JIETKHX XHPHUX KUCIOT cTaHoBUB 8,9+0,02 MrKOH/r.
HakonuveHHs TETKUX JKUPHUX KHUCIOT KOHTPOJILHOTO 3pa3Ka MepeBakae
X BMICT y IIMHII 3aneueHii Ha 25% Ta cranoBuTh 12,2+0,01 MrKOH/T;
y IIMHKaX KOITYEHO-BapeHid Ta BapeHid Iel IOKa3HHK CTaHOBHUTH
19,7+0,02 ta 10,9 £0,01 MmrKOH /r (pucyHnoxk 3).
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Pucynok 3. Ilunamika 3MiHH JeTKUX KHPHUX KUCTIOT JiMiIiB IIHHOK,
ynakoBaHHUX nix Bakyymom, MrKOH /r

3MiHH KHMCJIOTHOTO 4YHCJa HIMHOK, IO 30epirajuch y XOJOJWIBHUX
yMOBax, MOXXHa Hpociiakysaty mmicias 10 moOu 36epirans. 3a 3MiHOO
3HAYeHHsI IILOTO TIOKa3HWKa Micis 15 mi0 MOXXHa CTBEPIKYBAaTH IIPO
NICYBaHHs BUPOOIB.

VY KOHTPOJBHOMY 3pa3Ky KHCIIOTHE YHCIO Ha 5 moOy 30epiraHHs
craHoBHTH 3,6+0,01, a Ha 15 m00y — 6,2+0,02 mr KOH /r. ¥ mocmigHux
3pa3Kkax Iei MOKa3HUK HIDKYHUHA, HK Y KOHTPoOIi Ha 5 100y 30epiranHsa
(MrKOH/r): munka 3anedena — 36%, mmHKa KoryeHo-BapeHa — 33,3%,
mHHKa BapeHa — 25% (pucyHok 4).
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PucyHok 4. /luHamika 3MiHM KMCJIOTHOIO YHCJIA JiMiliB IIHHOK,
ynakoBaHux nig Bakyymom, MrKOH /r
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[Micas 10 ni6 30epiraHHS MpoIeCH OKHCHEHHS JKUPIB HaWOUIBII
IHTEHCHUBHO TPOXO/STh Y KOHTPOJIBHOMY 3pa3Ky, L0 CBIIYUTH PO HOTO
ncyBanHs (4,3+0,03 mr KOH/r), y mocmigaux 3paskax gepe3 15 ni6
30epiraHHs KHCJIOTHI 4YWcia 3HaxomsTbes B Mexkax 4,9+0,04 Ta
5+0,01 mr KOH /r, To6TO 3imcoBaHi.

VY muMHII 3anedeHii, yrnakoBaHiil Ml BAKyyMOM I/l Yac MpOBEICHHS
JOCII/UKEHb, KHCIOTHE YHCIO OYJI0O HIDKYMM, HDK Y KOHTpOM, i
CTaHOBWJIO Ha 5 100y 30epiraHHs y ImWHIN 3amedeHin — 2,3+0,02,
y mmmHIi Bapeniid — 2,7+0,01, wa 10 moby — 2,7+0,01 ta 2,8+0,02, Ha
15 no6y — 4,0+£0,01 Ta 4,7+0,01. V 3amedeHiil WWHII KUCIOTHE YUCIO
OyJIO MEHINUM, HIDK Yy KOHTPOJNI 1 IIMHKAax 3 PI3HOK TEPMiYHOIO
00pOOKOIO (PHCYHOK 5).
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Pucynoxk 5. /luHaMika 3MiHH KHCJIOTHOIO YHCJIa
gimigiB mmmuku, MrKOH/r

[Tepebir OKHCITIOBAIBHUX TMPOILECIB Yy KOHTPOJIBHOMY 3pa3Ky
MPOXOAMTH iHTEHCHUBHImE. JOCHiaHI 3pa3KH INMWHOK 30epiraroTh CBOI
SIKICHI TIOKa3HUKH, X TIEPOKCUHE YUCIIO micis 5 ai6 36epiranus Ha 60%
MeHIIe, HiK y KoHTpoui, micist 10 xi6 — Ha 50% MeHIne, HiXK y KOHTpOII,
i micis 15 16 30epiranns — B cepeaabomy Ha 30%. I1ix yac 301bIIeHHS
MEPOKCHUIHOTO YHCIIa KHUPY Y IMIMHKAX 3 SIBJISIOTHCSI O3HAKH MTPOTiPKAHHS
CMaKy 1 HEIIPUEMHOTO 3aIaxy B MPOLECi 3HAUEHHI IIEPOKCUIHOTO YHCTa
xupy 0,2% Jo.

3MiHH TMEPOKCHIHOIO 4YHCIa JKHPY JOCATAIOTh MaKCHMAaTbHUX
MOKA3HHKIB, 32 SKUMH MOXHA IMIATBEPIUTH IICYBaHHS BHUPOOIB TMiCI
15 ni6 36epiranns 3a temmeparypu 0...6°C y BCiX JOCIITHUX 3pa3Kax,
BOHH 3HaX0IAThcs B Mexax Bix 0,11+0,04 mo 0,12+0,02 %J,.

[icmst 20 ni6 36epiraHHs B yCiX BUPOOax CIIOCTEPIraeThCs yTBOPSHHS
MEPeKUCiB, MO NPU3BOIATH IO OCIHM3HEHHS Ta 3MIHH iX 3amaxy.
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VY KoHTpoIBHOMY 3pa3ky mepokcuaHe yuciio ctaHomio 0,20+0,02%J,,
a B mocmigaux — Bix 0,15+0,03 no 0,18+0,04 %J, (pucyHok 6).
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Pucynok 6. lunaMika 3MiHU NEPOKCUIHOTO YUCJIA JiliIiB NHOK,
YHNAKOBAHHUX Mix BakyymMoM, %J,

OpHak 3a OJHAaKOBMX YMOB 1 pi3HOro BHIy 30epiraHss
(BUKOpUCTaHHA BAaKyyMHOTO IIaKyBaHHS) I1HTCHCHUBHICTH  POCTY
MEPOKCUIHOTO 4YWcla He oJHakoBa. Tak, yepe3 5 nmi0 30epiraHHs B
XOJIONWIBHUX yMOBaxX 3HAUCHHS IEPOKCHIHOTO YHCIA CTaHOBHUIIO
0,0540,01 %J, B koHTpOIBLHOMY 3pa3Ky, a uepe3 10 ni6 — 0,08+0,02% J,,
micis 15 gio — 0,12+0,02 % J, .

[lepokcuane YHCIO KUPY B NOCHITHUX 3pa3Kax IMHHOK 3HAYHO
MEHIIIe, 30KpeMa B 3ameueHiid micist 5 7i6 30epiraHHs BOHO CTaHOBHTH
(% J,) 0,02+0,02, micast 10 xi6 — 0,04+0,03, micas 15 ai6 — 0,08+0,01
(pucyHox 7).
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Pucynok 7. lunamika 3MiHH IEPOKCHIHOTO YHCJIA HINHOK,
yHaKoOBaHUX MIix BakyymoMm, % J,
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Ha pesynpTat gociijpkeHbp BIUIMBAa€ BMICT BOJIOTH y BHUpOOax,
CHpOBUHA, TepMiuHa 00poOka. OneopesuHH, L0 BXOAATh A0 CKIALy
pelenTypyu IIMHKW, 37aTHI TPU3YNUHATH OKUCHIOBAIBHI IPOIECH
TrOTOBUX BHpOOIB Ta TOJOBXKYBaTH TepMiH 30epiraHHsa. KoHTpombHMIA
3pa3ok pyinery «Kyps4oro» BTpaTHUB CBOI SIKICHI MMOKa3HUKH IMicis 5 1i0
30epiraHHs, a ynakoBaHui i BakyymoM — micist 10 1i6. HatomicTs ycei
JOCII/THI 3pa3Ky IIMHOK XapaKTepH3yBaJIUCh CTaOUIEHUMH MTOKa3HHUKAMH
sikocTi. IIponecu ncyBaHHs B HUX po3nouanucs micns 10 116 36epiranss,
YIaKOBaHHMX ITiJT BaKyyMOM — Iticist 15 0.

JlocmimkeHHs IMHOK 32 TIOKa3HMKaMH  OE3MeKH, 30Kpema
MiKpOOIOJIOTTYHIMH TTOKa3HUKAaMH, TPOBOAMIM Tiicys 15 nib 30epiranHs
3a temmepatypu 0...6 C. JocmimkyBaiu Ha BMICT KUTBKOCTI
Me30(1IbHO-aepOOHHX 1 (PaKyIbTaTUBHO-aHAEPOOHUX MIKPOOPraHi3MiB
(Tabmuns  6). bakrepii Tpynu KHIIKOBOI Maavukd (Ko (opMHu),
Staphylococcus aureus B 1 r mpomykTy, HaTOTEHHHX MIiKpPOOPraHi3MiB
pomy Salmonella, L. monocytogenes B 25 T  OpoOAyKTY,
cynbdiTpeayKyBalbHUX KIOCTpUAiH, Oakrtepiii pomxy Proteus B 0,1 r
MPOAYKTY He OyJI0 BUSBICHO.

Tabiuus 6
Mikpo0ioJIoriyHi NOKa3HUKH INHHOK
g 28| &
= =S ==
g g 229 | 5 5E £3S
3 : SEg | cE%| 3k
= 3 = E ) 5 &8 A=
= < Ez~ = s =
« 4 = > = = 5 s =]
Q ] EIR3) |- /M g‘ =) = E
8 s s 20 g = 2z
= EA=t
MA®AM, K 1
KonTtoponn « ? .YO BT 1x10° 1,9x10° . ne
MPOAYKTY, HE OLTbINA, HIXK BIiJINIOBI1a€
[Husxa KMADAM, K.yo Bl r 1x10° 2,7x10? BiJIMIOBi1a€
3areveHa NPOJYKTY, He Oisibla, HiXk
[Hurca KMA®AM, KYO B 1 T 3 N
KOITUEHO- . . 1x10 3,5x10 BIJIITOBITa€
MPOJYKTY, He OiibIna, Hix
BapeHa
I MA®AM, K 1 . .
HHKa K ’ .VO BLT 1x10° 3»,9)(102 BIJIITOBIJIA€
BapeHa TPOAYKTY, He OifIbIla, HiXK

KinekocTi  Me3o¢inbHO-acpoOHUX 1  (haKyIpTaTHBHO-aHAEPOOHMX
MikpoopraHismie (KMA®AM) y KOHTPOIBHOMY 3pa3Ky IICPECBHIIHB
JOITyCTUME 3HAYCHHS 1x10° KYO B 11 IPOIYKTY 1 CTAHOBUB 1,9x10°,
10 HE BIATIOBiZa€ BUMOTaM 3a MM ITOKa3HUKOM Ta Hece MOTEeHIIHHY
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HeOe3neKy. 3araiibHe OakTepiasibHe OOCIMEHIHHS JOCHITHHUX 3pa3KiB
IIMHOK 3HAXOIWJIOCh Y MeEXaxX HOPMH, HAWMCHIIMHA ITOKa3HUK OyIo
BHSIBJICHO B IIMHLL 3ameyeiii — 2,7x10% KYO B 1 T MPOIYKTY.

VY pe3ynpTaTi IPOBEICHHUX TOCTIHKEHb BCTAHOBJICHO, IO BaKyyMHA
yIaKoBKa 3J7laTHA TOJOBXKUTH TEPMiH 30epiraHHs NPOIYKTY BTpPHUYI,
OCKUIBKH MaTepiad, 3 KX BHTOTOBIISIOTH TOJICTUIICHOBY YITaKOBKY,
MaroTh Kpamii Oap’epHi BiracTuBOCTi. ONEOpPE3HHH, IO BXOIATH A0
CKJlally  peuentypd  JOCHIAHUX  3pa3KiB  IIMHOK,  BOJIOIIIOTH
AQHTUOKCUIAAHTHUMH BIIACTUBOCTSAMH T4 MPU3YNUHSIIOTH PO3BHUTOK
MIKpOOPTraHi3MiB y TOTOBHX BHUpOOax.

BUCHOBKHA

1. 3a aMiHOKUCIIOTHUM 1 >KUPHO-KUCIIOTHUM CKJIaJIOM ONTHUMi30BaHO
penentypy AeliKaTeCHOTO BUPOOY — IIMHKH (BMicT M’sica iHanka — 65%
Ta Kpoiist — 35%) Ta yTHITapHICTIO i OpraHi3MoM.

2. AHami3 pe3ynbTaTiB yceOiYHOTO OLIIHIOBaHHS PO3POOJIEHUX HTMHOK
3a Pi3HUX YMOB TEIJIOBOT 0OPOOKM CBITYUTH MPO JAOCTATHHO BUCOKI IXHI
XapakTepUCTUKH:  (DI3MKO-XIMiYHi,  OpPraHOJENTHYHi,  CTPYKTypO-
MEXaHiYHi, Ta BUCOKY O10JIOTIYHY IIHHICTb.

3. BcraHOBIIEHO BIUTMB TepMIidHOT 00poOKM (BapiHHS, KONTIHHS Ta
3amikaHHg) Ha 30epekeHHS aMIHOKHCIOTHOTO CKJIaJy TOTOBOTO
MPOAYKTY B TaKii MMOCIIIOBHOCTI: IIMHKA 3alleYeHa, BApeHa Ta KOMYEHO-
BapeHa.

4. JloBeaeHO IMMIABHIICHHS BIZHOCHOI  O10JOriYHOI  LIIHHOCTI
po3pobneHnx mHUHOK (Ha 28% MOpiBHIHO 3 KOHTpolieM). Pict kmituH
indysopii Tetrahymena pyriformis € cBigdeHHSM MO3UTHBHOTO BILIUBY
Ha 3aCBOIOBAHICThH MPOIYKTY.

5. BcranoBneHo, 110 30epiraHHS IIMHOK B 00OJOHIN «BiTko3uH»
(BapeHa Ta BapeHO-KOMMUEHa) Ta B Kypsdid MmKypi (IIMHKA 3aredyeHa)
BrposoBk S5 mi6 3a Temmeparypu 0...6 C Tta 15 nmib, momatkoBo
3allaKOBAHUX Y BaKyyMHill yIakoBIli, HE MPU3BOAUTH O CYTTEBHUX 3MiH
OPTaHONENTHYHUX, (Pi3UKO-XIMIYHUX 1 MIKPOOIOIOTIYHMX TTOKA3HUKIB.

6. PesynmpTaT JOCTIIKEHD MIKPOOIOJOTIYHHAX MMOKA3HUKIB TTOBHICTIO
MiATBEP/DKYIOTh  OTPHMaHI JaHi IIOMO KHCIOTHOTO 4YHCIA Ta
MEPOKCHIHOTO YHCIIA i 9ac 30epiranHs po3poOIeHUX MINHOK.

AHOTAIIISA

TeopeTnyHO OOIPYHTOBAHO Ta EKCIEPHMEHTAIBHO IATBEPIHKEHO
JOIUTEHICTh BAKOPUCTAHHS B TEXHOJIOTIi ACTIKATECHUX M’ SICHUX BHPOOIB
(LIMHOK) MiETHYHOTO M’sica iHIMKA Ta KPOJS 3 METOI0 IOKpAIIECHHS
010J10T14HOI MIHHOCTI, TEXHOJIOTIYHUX Ta OPTaHOJICNTHYHUX TOKA3HHKIB
SKOCTi, TaJbMyBaHHS JIECTPYKTHBHHX IMEPETBOPEHb Yy  IPOIECi
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30epiraHHs TOTOBOTO MPOJYKTY 3 BUKOPHUCTAHHSM PI3HUX MaKyBaJIbHUX
MaTepiamiB. ¥ 3B’S3Ky 3 HEJOCTaTHHOIO HAYKOBOIO iH(OpPMAIIEI0 MIOI0
KOMOIHYBaHHS M’sica IHJUKIB Ta KpPOJIB y TEXHOJOTl AETiKaTeCHUX
MPOJYKTIB CIICIIAIbHOTO TPU3HAYCHHS JeTallbHE BHUBYCHHS XiMiYHOTO
ckiamy, (i3MKO-XIMIYHHMX, (YHKIIOHAILHO-TEXHOJOTIYHAX BIJIACTH-
BOCTEH, CTPYKTYpO-MEeXaHIYHUX XapPAKTEPUCTHK PO3POOIICHUX IIMHOK 3a
pI3HHX METOAIB TEPMIYHOrO OOpOOJIIHHS (BapiHHS, KONTIHHA Ta
3amikaHHg) Ta MOKA3HUKIB JWHAMIKM 3MiH Yy Ipoleci 30epiraHHs Mmae
COIIaIbHO-EKOHOMIUHE 3HAUeHHS JUIS TOAANBIIOTO BIPOBAKEHHS
JIAaHOT TEXHOJIOTI1 Ha MIAMPHUEMCTBAX M’ SICHOT Tay3i YKpaiHu.
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DEVELOPMENT AND IMPLEMENTATION METHODS
MULTICRITERIA EVALUATION OF EFFICIENCY ENERGY
SAVING ACTIVITIES IN THE FIELD OF HEAT SUPPLY

Polyvianchuk A. P., Belousov 1. V., Semenenko R. A.

INTRODUCTION

In recent years, a significant number of cities in Ukraine, in
particular, Kyiv, Kharkiv, Lviv, Ternopil, Chernivtsi and others. have
joined the Covenant of Mayors on Climate and Energy", which provides
for the holding municipal authorities measures to significantly reduce
greenhouse gas emissions by 30% by 2030. Achieving this result
requires a new strategy for the use and development of the municipal
energy system, which envisages increasing the environmental safety of
boiler plants and thermal power plants through the introduction of
innovative  high-efficiency  energy-saving,  environmental and
economically sound technologies?. This strategy should take into account
such problems of the Ukrainian economy as: outdated technologies and
equipment for thermal energy production, high energy consumption and
material costs exceeding 2-3 times the corresponding indicators of
developed countries; lack of modern environmental protection systems,
lack of appropriate legal and economic mechanisms that would
encourage the development of environmentally friendly technologies,
environmental protection techniques, etc.® At the same time, stimulating
the effective consumption of thermal energy by users will allow reduce

! The Covenant of Mayors for Climate and Energy Reporting Guidelines /
Covenant of Mayors & Mayors for climate and energy. Adapt Offices and the Joint
Research Centre of the European Commission, 2016. 78 p.

2 Alibekova A., Shaimerdenova G., Agilbaeva M. Ecolodica problems of thermal
power plants. Journal of Industrial Technology and Engineering. 2013. Bum. 4(09).
Pp. 40-44,

8 BapnamoB I'.b., [dimuk I1.C. OcHoBHi 0coOMHMBOCTI peaiizamil NPUHIKIY
€KOJIOTIYHOI PIBHOBAark Ha €KOJOTiYHOMY 00’€kTi. Monoouti éuenuii. 2016. Bum. 1,
4. 3. C. 104-107.
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the resource consumption of urban heating networks, which will reduce
environmental pollution and reduce greenhouse gas emissions®.

Actual scientific task that confronts the communal sector of the
economy today is to increase the informative methods for assessing the
effectiveness of measures energy saving in the areas of heat supply and
heat consumption. To solve this problem, the effectiveness of the
measures under study should be considered as a complex value, which
takes into account the energy, environmental and economic
consequences of their implementation.

The purpose of this work was to create and practical implementation
method of multicriteria assessment of the effectiveness of energy saving
measures with thermal energy of buildings by indicators of energy,
environmental and economic effects. To achieve this goal, the following
tasks were solved:

1) the creation of a multi-criteria method for evaluating the
effectiveness of energy conservation measures in the field of heat supply;

2) realization of the created method for assessing the effectiveness of
energy-saving measures recommended for implementation at full-scale
facilities.

1. The method of multi-criteria evaluation
of the effectiveness of energy-saving measures
The essence of this method is that the overall effectiveness of energy-
saving measures is considered as a 3-component vector E, components of
which are energy — E;, environmental — E,; and economic — Ey;, effects of
their implementation (Fig. 1).

* Mamsiperko B.A., Illep6Gax .€. AHami3 CIOKMBAHHS NATHBHO-CHEPIeTHIHHX
pecypciB Ykpainu Ta iX paiioHanbHOTO BUKOpUCTaHHs. Bicnuxk HTY «XIIl». Cepia:
Enepeemuuni ma menniomexuiyni npoyecu ti ycmamxysauusa. 2013. Bum. 14(988).
C. 118-126.
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Fig. 1. Components of the overall effectiveness of energy conservation
measures in the field of heat supply

At the same time, the following indicators are used to assess these
components of overall efficiency:

— for energy effect E;: absolute — AQ (kW-h) and relative — 6Q (%)
value of the saved amount of thermal energy for the heating period,
which are determined by the formulas:

AQ = Qtotl - QtotZ ' (1)

where Quu and Qo are the total heat losses due to the building
enclosure during the heating period before and after the implementation
of energy-saving measures, respectively, KWh;

8Q — QtorlQ_ Qtot2 -100% : (2)
tot 1

— for environmental effect E;;: mass (volume) of fuel saved — AMge
(kg) (AVie (M?), reduction of mass of greenhouse gas emissions, in
particular — of CO, and pollutants — AM,, (kg):

AQ
AM,, =3,6-22 3
Sue Q ()

1

where Q, — the lower heat of combustion of the fuel, MJ/kg;
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AM
A Vfuel = —fuel ’ (4)

Puel

where pruel — density of fuel, kg/m?;
AM,, =3,6-107 - K, -AQ, (5)

where Kp — coefficient pollutant emissions®, g/GJ;

— for economic effect E;;;: reduction of payment for the amount of
heat consumed during the heating period - AC,. (UAH) and for fuel -
ACfuel (UAH):

AC, =9,6-10% ¢, - AQ, 6)

where ¢y, — the cost of a unit of thermal energy according to the set
tariffs®, UAH/Gcal;

AC;y =107 ¢y - AV, Y

where ¢ — the cost of fuel according to the set tariffs, UAH/ton or
UAH/ths. m°.

At assessment energy effect criteria El total heat loss fluxes across
enclosing building structure — Qo 1 Qurp are determined using the
formula’ (Fig. 2):

4
Qfm‘ = [Zkl ' E +C- Minfj . (tin _tout) = khl ' (tin _tout) ’ (8)
i=1

where ki — the heat transfer coefficient through the ith fencing
structure, W/(m*K)); F; — the surface area of the i-th fencing structure,

s Kynasnoga I. BusHaueHHs 00CATiB BUKHIIB CTAIliOHAPHUMHE JDKepPETaMH. BicHuk.
Odpiyiiino npo nooamxu. 2016. Bum. 32(889). C. 32-37.

Tapudpu Ha TermoBy eHeprito [y OrokeTHux ycraHoB. KIT «XapkiBcbki
teroBi  Mmepexi». URL  :  http://www.hts.kharkov.ua/KPHTS_v2_public_
info_tarify.php.

HUcauenko B.II., Ocumnosa B.A., Cyxomen A.C. Temonepenaya : y4eOHUK s
By30B. DHeprus, 1975. 488 c.

373



m% ¢ — specific heat of air, J/(kg'K); Miy,— mass air flow rate at

infiltration, kg/s; ti, — indoor air temperature, °C; toy — outside air
temperature, °C.
kn — heat loss coefficient, that is determined by the formula

4
ky =Yk F+c M. ©)
i=1
Qs Qs oo
(Hea! ’uya (ivough ‘/(\\ S~ ﬁ:_k
e cediing) /r\ ~ 5
L T Qi = 2'Q;
toul o
I tin :,“{., Q
) Q3 ﬂ (Moat m:s through
fHoat :x::‘;?m g = windows)

QZ (Hoat loss through
the foar)

Fig. 2. Ingredients total heat losses through enclosure structures
building

The presented method provides for the possibility of increasing
performance indicators by adding new indicators in the components of
overall efficiency. In particular, to the metric group, characterizing the
economic effect of an energy-saving measure can be added to the
payback period of capital investments.

2. Evaluation of the effectiveness of energy-saving measures
recommended for full-scale object Ne 1

Description of the object of researctAs full-scale object Ne 1 a
fragment of the administrative building was chosen for research
O.M. Beketov National University of Urban Economy in Kharkiv
(O.M. Beketov NUUE), in which are located: a lecture hall, a laboratory,
a conference hall and offices of the university administration. This is a
three-story building with two external walls and two internal walls

adjacent to heated rooms with a total heated area of 225.3 m? (Fig. 3).
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(79.2 m?)

—vummmoh® v

Fig. 3. Full-scale object Ne 1 for studying
the efficiency of heat consumption

As a result of a full-scale survey of buildings, the structural
parameters of the building envelope necessary for thermal calculations
were obtained. According to witnesses, the average actual cost of the
specific heat consumption for the entire administrative building in the
heating season of 2019 was Cayerag = 97.5 KWh/m?. The selected part of
the building has two external walls and window openings facing north.
The ratio of the total area of window openings to the area of external
walls significantly exceeds the average for the entire building. Based on
this, it can be assumed that the value of the specific heat consumption in
the selected section of the building will exceed the average value of the
specific heat consumption for the entire building in accordance with the
readings of the counters. The average temperature inside the building
during the heating season of 2019 was tj, = 18°C.

Investigated energy conservation evefror full-scale object Ne 1
recommended use smart home technology for control thermal modes
building premises using the HERZ Smart Comfort automated system®.
This system is a kit of components for controling the thermal mode of
premises using a smartphone. The kit includes (Fig. 4):

8 HERZ Smart Comfort: aucraniuonsoe ynpasienue koMmpoprom goma. URL :
https://voltar.com.ua/news/herz-smart-comfort-distantsionnoe-upravlenie-
komfortom-doma.html.
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— electronic heat regulators ETKF +;

—window opening sensor;

— room thermostat;

— switching module Cube +;

— thermal switch Eco SWITCH +.

Using the HERZ Smart Comfort system is as follows. All radiators in
the building are equipped with electronic heat control ETKF +.
A programmable room thermostat is installed in each room, which
measures the temperature in the room and gives commands to the heat
regulators to open or close them. You can directly control the electronic
thermal regulator in accordance with the temperature of the air in the
room, however, its efficiency decreases at the same time, since the
regulator is installed directly on the radiator and curtains, direct sunlight,
and other factors can affect its operation. The room thermostat can be
installed at the optimum height, where external factors will not affect it.
Each window must have a window open sensor installed. To control
thermostats using a smartphone, the system must be equipped with a
Cube + module, which is located next to the router and provides an
Internet connection. The Eco SWITCH + thermal mode switch is used
alone for a full-scale object, it is installed in the corridor and turns on
when the last employee leaves the building.

Window opening
ETKF + sensor

Room
thermosist

ETKF + Cuba +

Fig. 4. Key elements of the HERZ Smart Comfort automated system

376



Automated control for thermal modes building premises is as follows.
A room thermostat measures the temperature in the room and through the
heat controllers changes the amount of coolant passing through the
radiator. When a window opens in a room, the window open sensor is
activated and the room temperature is automatically maintained at 17°C
(factory setting) or at another level set by the user. Using a wall
thermostat, the hourly temperature change is set depending on the heat
generation mode. For example, during the day from 8-00 to 17-00 in the
event that no one is in the room, a temperature of 16° C can be set, which
returns to 22° C after 17-00. In general, during the day you can set 6
tuned thermal conditions in the rooms. At the same time, these modes
can be controlled using a smartphone on which special software is
installed.

Justification of the expediency of using an energgving masure

Advantages of HERZ Smart Comfort. The main factor ensuring the
effectiveness of this heating system in the rational use of thermal energy
is the dynamism of control. The temperature in each room is maintained
exactly as needed at the moment, which provides HERZ Smart Comfort.

Features of HERZ Smart Comfort:

— the temperature is controlled and controlled in each room;

— it is possible to control the heating using a smartphone or laptop via
the Internet;

— automatic temperature change in the room is provided at certain
intervals (up to 6 periods per day);

— it is possible to remotely control the temperature in the premises
when changing preset settings;

— minimized heat loss during ventilation.

According to the manufacturer of building heating control using the
HERZ, Smart Comfort system saves up to 60% of thermal energy.

Evaluation of the effectiveness of the implementation of energy
saving measuresAs a result of the analysis of the actual need of the
building’s premises for comfortable heat baking, at which the indoor air
temperature — t,"°™ is maintained at 20° C, the indicator of the
building’s relative need for comfortable heat supply — 7Ycomt Was
determined (Fig. 5):

0.18+ 884 0 024 177

. 79,2
ai = 2 . ~O’27=0,16, 10
4 ¥ comyi 225,3 225,3 225,3 (10)

Yc‘omf = Z Sh

U a
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where Sy, — the heating area of the i-th floor of the building, m?;
Yeomfi — relative need for comfortable heat supply of the i-th floor:
z-/1 w)i
ycomﬁ = o ' (ll)
Th(w)

where t,w); — the average weekly duration of the period of
comfortable heat supply during the heating season for the i-th floor, h;
Thw) — duration of one week period — 168 hours.

Yeamyi Jeoms2 7 eoms3

» ek =
\‘"‘ y J \ B ‘
}'mml 16

B the need for full heating
supplies

the use of more economical
modes of heat

Fig. 5. The results of the analysis of the needs of the premises
of the facility Ne 1 in a comfortable heat supply

In further calculations, it was assumed that in rooms requiring a
comfortable warmth, the HERZ Smart Comfort system supports a
comfortable thermal mode with a temperature of t,,”™, and in other
rooms — an economical mode with a temperature of t;,"°", which is 4°C
lower than t,,™ and equal to 16°C°.

Indicators of energy efficiency from the use of the system of
regulation of thermal modes of premises of a full-scale object Ne 1 were
determined by the formulas (without taking into account the thermal
inertia of the building):

® Polivyanchuk A., Kovalenko Y. Improving the efficiency of thermal energy use
when heating buildings through the introduction of technologies «smart homey.
Bicuuk XapkiBcbkoro HaiioHaibHOro yHiBepcutery im. B.H. Kapasina. Cepis
«Ekosoristy, 2018. Bum. 19. C. 119-126. DOI: 10.26565/1992-4259-2018-19-12.
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t’_c”’omf _t;con
50 =(1 _ymmf).m.mo% =
n out(a
, (12)
20-16

where tou = -0.8 °C - average air temperature in Kharkiv for the
heating period 2019;

8 17
AQ =(q-Sha)-%-103 =(97,5~225,3).m

=3734kW -h, (13)
where q = 97.5 (kW-h)/m? is the actual specific heat consumption of
the administrative building of O.M. Beketov NUUE in 2019 year.

According to formulas (4) — (7), the indicators of environmental and
economic effects from the implementation of the energy saving measure
for the heating period were determined, which were:

— reduction of natural gas consumption for heating - AV, = 406.4 m®;

— reduction of CO, and NO, emissions into the atmosphere —
AMCOZZ 789.1 kg, AMNOX =0.86 kg,

— reduction of the payment for the use of thermal energy and fuel
ACy = 4441 UAH and — ACqye = 4041 UAH.

On the basis of the full-scale object Ne 1, which was considered as a
physical model larger buildings and other types of buildings, an
evaluation was carried out efficiency of the HERZ Smart Comfort
system in all premises of the administrative building (heating area 5821
m?), all buildings of the university (heating area 51186 m?) and
fragments of hospital and apartment buildings, the heating areas of which
are the same as those of the full-scale object (Figs. 6, 7).

The results of the realization of the method of multi-criteria
evaluation of the effectiveness of energy-saving measures has proved its
information content and the possibility of using it during in mathematical
and physical modeling of the ecological and energy state of the studied
objects.
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Fig. 6. Results of energy assessment effect energy saving event in O.M.
Beketov NUUE

Relative need for comfortable
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Fig. 7. Results of evaluating the effectiveness of using the HERZ Smart
Comfort system in buildings of various types

380



3. Evaluation of the effectiveness of energy-saving measures
recommended for full-scale object Ne 2

Description of the object of researcfihe building of the Communal
Institution “Kharkov Palace of Children and Youth Creativity”
(C1 KhPCYC) 1993 of the building, which consists of two buildings and
has a multi-level complex T-shape (Fig. 8), was chosen as a full-scale
object Ne 2 for research. According to the pI'OJCCt documentation for the
building: its constructlon volume is 80 375 m°, the total area of the
building is 15 159 m?; usable area 13 712 m?; the projected consumption
of thermal energy for heating 1 m? of the total area is 183 W/mZ.

L by
= ‘:::,..L‘

ﬂu =
£

Fig. 8. General view of a full-scale object Ne 2

The heating of the building for the needs of heating and hot water
supply is provided from the thermal networks of the enterprise of the
communal enterprises “Kharkiv Thermal Networks”. The actual heat
consumption of a building in Gceal, averaged over 4 years, is as follows:
annual — 1870.3; monthly:

January — 429.6; May — 41.8; September — 21.1;
February — 378.6; June — 11.0; October —128.3;
March — 241.2; July - 0.0; November — 286.2;
April —104.2; August —1.7; December — 226.7.

Investigated energy conservation measuré®r full-scale object
Ne 2, the use of 2 energy-saving measures is recommended: controlling
the thermal conditions of the building’s premises with the HERZ Smart
Comfort system (described above) and using an alternative source of
heat supply — heliosystems. Elements of the solar system are solar
collectors that convert the thermal energy of the sun into the heat energy
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of the heat carrier, which ensures the functioning of heating systems and
hot water supply of the building of the CI KhPCYC building and, if
necessary, other buildings. In the heliosystemy, it is recommended to use
modern, energy- eff|C|ent flat-type solar collectors, such as the Buderus
(Germany) SKT 1.0% series collectors (Fig. 9) or similar devices.

One-piace profie frame Safety structured | Langh, mm T
with composite plastic Width, mm | 175
‘ Haight, mm
Ywin coil {meander} Toaal area, s e
Absorber area, m' 136
S0 ¢
Highly selective flat feome v e 017750054 F
absorbar
L
Suture joints made by
ultrasanic welding Omega

Highly effective thermal

E Insulation

Fig. 9. Structure and technical characteristics of solar collector - SKT 1.0

The shape of the possible location of the heliosystems with a total
area of 1080 m’ is located on the south side of one of the buildings of the
Cl KhPCYC (Fig. 10).

Plot
30m x 36m

Fig. 10. The shape of the possible location of the heliosystem

0 TInocki comsuni xomexropu Logasol SKT 1.0. Bynepyc Vkpaina. URL :
https://www.buderus.ua/products/solar/skt10.html.
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On the recommended site in accordance with established
requirements*! 180 collectors of the recommended type can be placed: 3
rows of 60 pieces (Fig. 11).

. __Winlar position _ye=8)...73¢
3
- ‘ - - -~
-~ 3l - Surmmpottn ov21..3* |+

A LAY o LAY e A0m .
. jm— == T
| b
R | | P
] | i | N
H | 2 H | Ard row of collectorn: i
| - ! =3 210 P

- ]
bl Pl b
R | ' | I

1} 1] ]
| | |

] | ] ]
:J..;-_-.! =t b e —F
A £ - .
' 1 3 ! | ' |
i + | 2nd row of cotecton: |
3 | Vol soede@en .
8 b ' Co

' ]
b} 1ot row of coectors i | :

! 60 = 3% (2%10) { !
I B v b
411 | )
LI ) L ) L )
""'-'I""" '-""1""‘ '-'_""l-"‘l

L} ] ]
b Vol P
| | b
P | I
- - L

] ] ]
P | P
v | | P

]
o HE | i
L2 0 N L ULl § R

P 280m

Fig. 11. Scheme arrangement of rows of solar collectors
with 180 =3 x 60 panels

! Boguak B., Tecnenxo O., Camuenko O., Cymkosa [, Kpamii 3 moctymaux
TEXHOJIOTIH I JKMTIOBO-KOMYHAJIBHOTO TocCrnojapcTBa Ykpainu. KepiBHHULTBO 3
Binbopy Texnodoriit / ITig pea. C. €pminosa. «Ilonirpad mmoc», 2016. 134 c.
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To ensure maximum thermal power of solar collectors (table. 1) it is
recommended to adjust the angle of inclination of their panels to the
earth’s surface in the range of 27 ... 73 ° (table. 2).

Table 1
The value of the specific average monthly thermal power of solar
collectors in the Kharkiv — E; climate zone, KW-h/(m*- day)

Month of the year

1 2 3 4 5 6 7 8 9 [ 10 [ 1| 12 ] "

119 | 202 | 3.05 | 392 | 538 | 546 | 556 | 488 | 3.49 | 210 | 1.19 | 0.90 | 3.26

Table 2
Value of optimum tilt angles of solar collectors

Geographic latitude of the area

Month 45 [ 46" | 47" | 48" | 49" [ 50° | s1° | s2°
1. January 66" | 67* 68* 69° 70? 71* 72° 73
2. February 58* | 59* 60" 61° 62° 63* 64° 65°
3. March 47% | 48 49? 50? 512 522 532 54°
4. April 36* | 37° 38 39¢ 40° 41° 42¢ 43¢
5. May 26 | 277 28* 29* 30° 31 32° 33
6. June 22* | 23¢% 24 25% 26" 27 28* 29*
7. July 24* | 257 26° 27° 28? 29% 30? 31°
8. August 32* | 33 342 35° 36° 37 38 39*
9. September 43% | 44 45° 46° 47* 48 49? 50?
10. October 55 | 56* 57¢ 58° 59° 60" 61° 62°
11. November 64" | 64* 65* 66" 67° 68* 69° 71*
12. December 68" | 69° 70* 71° 72?2 73 74 75°

Justification of the expediency of using an energgving measure
Recently, the interaction between energy and the environment has
become dangerous character. Burning and heat energy installations carry
out chemical pollution of the environment by emissions of harmful
substances, first of all nitrogen and sulfur oxides, greenhouse gas
emissions — CO,, CO those others, ash and soot emissions, which are
steadily exacerbating environmental problems due to incareased
production.

The growing technogenic burden on the environment and the
exacerbation of these environmental security issues require an immediate
change in environmental policy and the sustainable development of
ecology in the future, energy and the economy. The solution to this
problem is made possible by a clear optimization of the structure of the
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energy balance of the country, in which the largest share should be
ecologically safe energy sources from renewable energy sources.

Traditional energy today accounts for at least 30% of all atmospheric
emissions. Of the total emissions, about 30% are solids, more than 60%
sulfuric anhydride, and about 55% nitrogen oxides. In these conditions,
the integration of energy and ecology, close interrelation of ecological
aspects of energy with energy aspects of ecology is important in the
region*2. The implementation of such integration is in accordance with
the concept of sustainable development of society, whose main purpose
is to ensure the high quality of life of present and future generations on
the basis of a balanced solution to the problems of economic
development, conservation of the natural environment, rational use and
reproduction of the planet’s natural resource potential.

An analysis of the development strategy of the EU energy sector
shows that between 2020 and 2030, the relative shares in the energy
balance of primary energy sources of fuels such as oil and solid fuels will
decrease by 0,4% (from 35.7 to 35,3%) ) and 0,7% (from 17,4 to 16%),
respectively, of natural gas — will not change — 25,7%, and the share of
renewable energy sources will increase by 3,1% (from 9,9% to 12,0%).
Thus, the contribution to the energy balance of traditional energy sources
will be reduced over the years, which will lead to an increase in their
cost, while, on the contrary, renewable energy sources will increase
significantly™.

One of the promising areas of energy resource conservation is the
utilization of solar energy due to the depletion of world oil and gas
reserves, as well as the problem of environmental pollution by solid fuel
combustion products. The technology of utilization of solar energy,
which is most prepared for the implementation of public utilities needs,
is water heating by solar energy. Ukraine’s National Energy Strategy for
the period up to 2030 envisages a gradual increase in the production of
equipment for solar hot water supply and heating systems, and it is also
planned to install about 2 million m? of solar collectors, which will allow
to obtain tangible savings. Experience in operating these systems has
shown that 1 m® of solar collector under optimal operating conditions

2 14, Hoporynnos C.I., Kouenko K.®@., M.A. XBecuk. Exonorist: migpy4Huk.
KHEY, 2005. 104 ¢

3 [Tpyrceka O.0., ®demuxk O.}O. CyvacHuil ctaH Ta HpoONEeMH PO3BUTKY
anbTepPHATUBHOI eHepreTMkH B YKpaiHi. 36ipnux naykoeux npays BHAY. 2012.
Bum. 1(56). T. 2. C. 158-164.
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saves from 0.1 to 0.15 tons of conditional fuel during the summer season.
Large-scale use of solar systems in Ukraine by 2030 will save up to 200
thousand within the adopted strategy of energy industry development
Tons of conditional fuel™.

Evaluation of the effectiveness of the use of the HERZ Smart
Comfort system for controling the thermal modes of the premises of
full-scaleo b j e c. An amdys2 of the needs of the premises of the CI
KhPCYC building for comfortable heat supply showed that according to
the duration of the actual use, they can be divided into 4 groups: around
the clock; from 9.00 to 19.00 (except weekends) from 14.00 to 20.00;
according to a special schedule (Fig. 12).
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- premises '2 " premises
?'%@g“ﬂq VU J:_fi
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'.'1, - ED.].: : J ':"9 =
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g_.;, ©n . premises Sow o
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1 from 14.00 to 20.00 B on a special schedule

Fig. 12. The results of the analysis of the needs of the premises
of the building CI KhPCYC in comfortable heat supply

In rooms that are not used around the clock, it is possible to introduce
an economical mode of heat consumption by lowering the temperature
during the absence of personnel and visitors. The calculation takes the

Y IlIten 1. AHami3 KOHCTPYKIiil reiOCHCTEM rapsdoro BOJOMNOCTAYAHHS, AK
BUKOPHUCTOBYIOTbCS B YKpaiHi. 36ipnux me3z Mixcnapoonoi cmyodenmcukoi Haykoeo-
mexniunoi kongepenyii [pupoonuui ma 2ymanimapui Hayku. AKmyanvui numanms.
2018. T. 1. C. 131-132.
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average comfortable temperature in the room equal to 20° C.
A temporary decrease in temperature is advisable if the room is not used
for 10-12 hours or more, takes place in most educational and office
buildings at night, on weekends and holidays. Temporary temperature
reduction should not exceed 4° C in order to avoid violation of the
humidity regime and the appearance of temperature deformations. It was
assumed that the automatic control system for the thermal conditions of
rooms provides a comfortable temperature only in rooms that are
actually used by staff and visitors, in other rooms it maintains an
economy mode temperature — less than 4° C from comfortable, that is
16° C. As initial data For research, the values of the heating areas of the
building’s premises and the results of the analysis of their need for
comfortable heat supply were used (table 3, see Fig. 12).

Table 3
Classification of the premises of the full-scale object
. 2 The fate of the
Type of premises Usage mode Area, m total area, %
24-hour staff room around the clock 1079 11,9
. . . Mon. - Fri.
Administrative premises from 9.00 to 19.00 1382 15,3
Training rooms from 14.00 to 20.00 4208 46,6
used in one shift
Training rooms from 8.00 to 18.00 390 43
used in two shifts
N 2 days a week
450-seat auditorium from 9.00 to 18.00 615 6,8
Corridors around the clock 1365 15,1
Total area — 9033 100,0

The calculations took into account the current heat tariff (excluding
VAT) at the time of the research. The thermal inertia of the building was
not taken into account. It was believed that heat loss, tentatively
proportional to the area of the room. Optimization of heat supply over
time is supposed to be carried out in the whole building, with the
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exception of rooms with round-the-clock staff stay. The following
relationships were used in the calculations™.
1. Actual heat energy consumption during the heating season:

0 =ki"OAt, (14)

where k — the heat transfer coefficient, W/m?; F — area of walling, m?;
At, — the difference between the room temperature and the average
monthly outdoor temperature in the heating season 2018-2019, °C.

From the expression (14) follows

EiF=—. (15)

2. Estimated heat energy consumption for the average monthly
outdoor temperature of the heating season for the period 1981-2019. The
use of thermal control (TC) is determined by optimizing the temporary
temperature of the building:

0 =kt Ot At —tat, (16)

where At, — the difference between the internal and external temperatures
for the average monthly temperatures of the heating season, °C.
3. Heat consumption after TC, Gcal:

6 t 16f At t 20
e Aty w

, 17

where 116 — the number of hours per week with a room temperature of
16°C, h; 159 — the number of hours per week with a room temperature of
20°C, h; t,, — the number of hours in a week, h.

The average monthly values of the actual consumption of thermal
energy were adjusted taking into account the average monthly outdoor
temperatures in Kharkov over a long period.

As the initial data for the calculations, we used the values of the
average monthly actual consumption of thermal energy by the research
object in the heating seasons of 2016-2019 (table 4).

¥ Ycauenko B.II., Ocurioa B.A., Cykomen A.C. Temtonepenaya : Yy4EOHUK IS
By30B. DHeprus, 1975. 488 c.
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Table 4
Average monthly consumption
of thermal energy by the building — Q,, Gcal

Month January | February | March | April | October | November | December

Thermal
energy 260,5 235,6 171,2 55,1 65,6 177,4 140,5
consumption

Based on the above ratios estimated the level of saved heat energy in
all rooms of the CI KhPCYC building, which require optimization of the
temperature regime. The calculation results (Fig. 13, table 5) indicate
that the use of optimizing the temperature mode of the building by
lowering the temperature during the absence of staff and visitors can
save 130,3 Gceal or 11,1% of heat energy during the heating season.

Q, Gceal
5

429.6

aps.8 378,6
3350 AQ =130.3 Geal (11,1%)
AC), = 249.5 ths UAH w2
2412 X
219.2 26
g 2005
128,3
104,2 119,1
922
I .l'.-sx,x m,lsj e O 17 11,3l 1
g R 0 57 ik )
1 2 3 4 1 1

5 6 7 8 9
Month of year
® to the implementation of event after implementation of event

4

00
00
300
200
100
0

Fig. 13. The results of evaluating the efficiency of use at the full-scale
object Ne 2 of the HERZ Smart Comfort system

Moreover, the relevant indicators of environmental and economic
effects are: reduction of natural gas consumption — 16,5 thousand m?,
reduction of CO, and NO, emissions into the atmosphere — 32,0 tons and
0.035 tons, respectively; reduction in heating charges — 249,5 thousand
UAH.

Evaluation of the effectiveness of using an alternative source of
heat supply- heliosystemsTo determine the main energy characteristic
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of the heliosystem — its average monthly thermal productivity
Qm (kW-h), the following formula is used™:

Q. =Eg:snN, (18)

where Es — the specific average monthly thermal output of solar
collectors in the Kharkiv climate zone, kW-h / (mz'day) (see table 4); s — the
surface area of one solar collector, m® (for collectors of the recommended
type is 2,55 m); n — solar collector efficiency (0,794 for recommended type
collectors™"); N — the number of solar collectors in the solar system.

Table 5
Calculation results of thermal energy savings in all rooms of the full-
scale object Ne 2 subject to optimization of the temperature regime

el Negtor P grsor
MONt | oergy before | ML eNeMOY | uiorre, | Eeroy.
TC, Geal ’ Geal '
January 258 234,2 23,8 9,2
February 255 231,4 23,6 9,3
March 185 163,0 22 11,9
April (for the
%‘ir.igflfgotrg 66 54,0 12 182
14.04.19)
October (for the
Fig”fglfgo{g 59 49,8 9,2 15,6
31.10.19)
November 188 165,5 22,5 12,0
December 160 142,8 17,2 10,7
Heating season 1171 1040,7 130,3 11,1

% Bopuax B., Tecienko O., Camyenko O., CymkoBa J[. Kpami 3 moctymHux
TEXHOJIOTIH JUIsi XKHUTJIOBO-KOMYHAJIBHOTO TrocrojapcTBa Ykpainu. KepiBHunreo 3
Binbopy Texnooriit. Ilix pea. C. €pminosa. «Ilonirpag mmoc», 2016. 134 c.

" XapaKkTepHCTHKH COHSYHOTO xonekropy BUDERUS SKT 1.0s. URL :
https://220volt.com.ua/solnechnij-kollektor-buderus-skt-1-0s-8718532821.
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The results of calculations of the average monthly and annual heat
capacity of the heliosystemy, which can be located in the recommended
area (Fig. 14), indicate that it is capable of producing 376,7 Gcal of
thermal energy per year, or 20,2% of the existing volume of heat of the
building of the communal enterprises CI KhPCYC building.

Qn @ Annual productivity
Geal 27 517 Q =376.7 Geal
50,0 - oA

g Average value
40,0 - i Q,, = 31.4 Geal
33,1
2.9
30,0 1
20,6
20,0 1 17.9
116 113
10,0 - 83
0,0 += S S A

1 2 3 4 5 6 7 8 9 10 11 12
Month of year

Fig. 14. Diagram of the average monthly thermal output
of a heliosystem from 180 SKT 1.0 collectors

If necessary heat output heliosystems can be increased by 2.3 times — up
to 880 Gcallyear, if you use the roof of the building to accommodate an
additional quantity of 240 solar collectors — 4 rows of 60 pieces (Fig. 15).

A multicriteria assessment of the efficiency of use of the heliosystem
shows that this measure allows you to additionally obtain such an annual
effect: energy — an additional amount of thermal energy — 376,7 Gcal or
20,2%, of which it can be used: the building of the communal enterprises
Cl KhPCYC — 212,3 Gcal or 11,4%, in other buildings (from May to
September) — 164,4 Gceal or 8.8%; In this case, the demand of communal
enterprises ClI KhPCYC in thermal energy is provided: in the period
from May to September — by 100%, in the heating period — by 2,8 ...
35,6%; ecological — reduction of natural gas consumption —
47,7 thousand m®, reduction of CO, and NO, emissions — 92,6 tons and
0,101 tons, respectively; economic: reduction of payment for thermal
energy — 721.3 thousand UAH; The payback period of the event is
5 years.
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Fig. 15. General view of the additional location of the heliosystem
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CONCLUSIONS

1. Created a method of multicriteria performance evaluation of the
effectiveness of energy-saving measures for the thermal energy of
buildings. The following indicators are used as criteria for assessing the
effectiveness of the studied measures in this method: 1) energy effect —
the absolute and relative value of the saved thermal energy;
2) environmental effect — the amount of fuel saved, reducing emissions
of greenhouse gases and pollutants into the atmosphere; 3) economic
effect — the cost of saved thermal energy and fuel.

2. The practical realization of the created method on the basis of
2 full-scale objects: Ne 1 — a 3-story fragment of the administrative
building of O.M. Beketov National University of Urban Economy in
Kharkiv with a total heated area of 225 m? and Ne 2 — the building of the
communal institution «Kharkov Palace of Children and Youth
Creativity» with a total heated area of more than 13700 m?.

3. For full-scale object Ne 1, the effectiveness of using «smart home»
technology to control the thermal conditions of the building’s premises
using the HERZ Smart Comfort automated system has been evaluated.
The following performance indicators for the use of this measure for the
heating period are thermal energy savings — 3734 kWh or 17%, reduction
of natural gas consumption for heating — 406,4 m3, reduction of CO, and
NO, emissions — 789.1 kg and 0,86 kg, respectively reduction of
payment for consumption of thermal energy — 4041 UAH and fuel —
4441 UAH.

4. For full-scale object Ne 2 was evaluated the effectiveness of
2 energy-saving measures: controlling the thermal conditions of the
building’s premises with the HERZ Smart Comfort system and using an
alternative heat source — heliosystem, which consists of 180 solar
collectors. It was established that the 1-st event has such an annual
effect: energy — 130,3 Gcal or 11.1%; ecological: reduction of natural
gas consumption — 16,5 thousand m?, reduction of CO, and NO,
emissions into the atmosphere — 32.0 tons and 0.035 tons, respectively;
economic: reduction of payment for searing — 249,5 thousand UAH; 2-nd
event has such an annual effect: energy — an additional amount of
thermal energy — 376.7 Gcal or 20,2%; ecological — reduction of natural
gas consumption — 47,7 thousand m?, reduction into the atmosphere of
CO, and NO, emissions — 92,6 tons and 0,101 tons, respectively;
economic: reduction of payment for thermal energy — 721.3 thousand
UAH; the payback period of the event is 5 years.
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5. The research results showed such properties of the proposed
method for evaluating the effectiveness of energy-saving measures, such
as: high information content of the results, providing the possibility of
multicriteria optimization of the parameters of heat supply systems and
heat consumption of the research object, ability to improve by increasing
the number of studied performance indicators.

SUMMARY

The work is devoted to solving an urgent scientific problem —
increasing the informativeness of methods for assessing the effectiveness
of energy saving measures in the areas of heat supply and heat
consumption. The purpose of the research was to create and implement a
method for multicriteria evaluation of the effectiveness of energy-saving
measures for the thermal energy of buildings. The following indicators
are used as criteria for assessing the effectiveness of the studied
measures in this method: 1) energy effect — the absolute and relative
value of the saved thermal energy; 2) environmental effect — the amount
of fuel saved, reducing emissions of greenhouse gases and pollutants into
the atmosphere; 3) economic effect — the cost of saved thermal energy
and fuel. The practical implementation of the created method was carried
out on the basis of 2 full-scale objects: Ne 1 — a 3-story fragment of the
administrative building of Kharkov National University of Municipal
Economy them. A.N. Beketova with a total heated area of 225 m? and
Ne 2 — the building of the communal institution “Kharkov Palace of
Children and Youth Creativity” with a total heated area of more than
13700 m®. For full-scale object Ne 1, the effectiveness of using «smart
home» technology to control the thermal conditions of the building’s
premises using the HERZ Smart Comfort automated system has been
evaluated. For full-scale object Ne 2 was evaluated the effectiveness of
2 energy-saving measures: controlling the thermal conditions of the
building’s premises with the HERZ Smart Comfort system and using an
alternative heat source — heliosystem, which consists of 180 solar
collectors. The research results showed such properties of the proposed
method for evaluating the effectiveness of energy-saving measures, such
as: high information content of the results, providing the possibility of
multicriteria optimization of the parameters of heat supply systems and
heat consumption of the research object, ability to improve by increasing
the number of studied performance indicators.
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MAIN DIRECTIONS OF TRAFFIC MANAGEMENT
IN UKRAINE’S INTERNATIONAL TRANSPORT SYSTEMS

Prokudin G. S., Chupaylenko O. A.

INTRODUCTION

Topicality of the research lies in the decision of problems of logistics
management related to the transportation of goods, inventory
management resources of trucking companies and development of new
methods of organization of transport processes based on the principles of
logistics that necessitate a constant search of reserves of increase of
economic efficiency and require further development and improvement
of methodologies, mathematical models, algorithms and appropriate
computer software to implement them.

The solution to these problems is subject of many scientific papers in
the field of transport systems, logistics, marketing, operations research,
inventory management resources. A significant contribution to the
development of the theory of transport processes and systems and in
addressing the effective management of international cargo
transportation was made by scientists: A.l. Vorkuta, G.N. Poor,
P.G. Levkowitz, T.A. Vorkuta, G.S. Prokudin, Polishchuk V.P., John.
Bowersox, To.L. Geronimus, L. Would. Mrtn, S.A. Panov, George.
Shapiro, G.A. Habutdinov, To.M. Chetverukhin and others™.

Paying tribute to the scientific achievements in the field of increase of
efficiency of functioning of transport logistics, the application of it in
this direction in a market environment require further research.

The effective management of the process of international freight
transportations, as a rule, not fully take into account the specific features
of their performance and as a consequence no single approach to
defining the goals and objectives of the management of the logistic
system of international freight transport and the processes of its
functioning.

! Prokudin G., Chupaylenko O., Dudnik O. Improvement of the methods for
determining optimal characteristics of transportation networks. Eastern-European
Journal of Enterprise Technologies. N. 6/3 (84). 2016. P. 54-61.
DOI:10.15587/1729-4061.2016.85211.
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The paper presents the main requirements to the process of
organization of international cargo transportation. Scientific and practical
relevance of this issue led to the choice of the theme, goals, objectives,
object and subject of research.

The main task of the development of the transport complex of
Ukraine for the medium term period up to 2020 is to identify ways of
solving the problems of further development of the transport sector,
growth in demand for transport services, enhance the integration of
transport-road complex of Ukraine into European and world transport
systems.

The main state decisions that deserve to be included in the recent
history of road transport in Ukraine are:

— the divestment of auto companies that have become commercial
and have started operating in accordance with national rules and rules of
business activity in a competitive environment;

— Establishment of the Association of International Road Carriers of
Ukraine (ASMAP) as a national Association - a member of the
International Union of Road Transport (IRU). The state delegated to this
non-governmental organization the function of the organization of
international freight traffic on the system of international road transport
(TIR) in accordance with the TIR Convention of 1975. This association
replaced the previously existing state organization Sovtransavto, but in a
new capacity;

— creation of VAAP (All-Ukrainian Association of Carriers of
Ukraine);

— public non-profit organization created as a result of voluntary
association of persons working in the field of road transport to protect
their legal rights and interests, coordination of joint actions aimed at the
development of the transport industry of Ukraine in the direction of
passenger transportation.

The study was performed in accordance with the "Concept of
development of the transport and road complex of Ukraine for the
medium term and up to 2020".

The purpose of the study is to increase the efficiency of cargo
transportation in international traffic by developing and implementing
models, methods and software for the rational organization of
international cargo transportation.
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1. Analysis and forecast of the market
of international cargo transportation

Scientific and technical progress in the transport sector is one of the
main factors of development of society, improving the welfare of its
citizens. The strategic task of scientific-technical policy in the field of
transport system (TS) is the state’s global reach on technical parameters
and quality of services provided by the transport. In this regard, a priority
and a priority for the transport sector is the extension of scientific
researches on problems of creation of progressive technologies,
organization of international cargo transportation and technical
equipment of new generations, formation and effective functioning of the
customs Union, the development of fundamentally new control systems
using advanced information technologies.

The objective regularities of functioning of the transport system are
the following:

— the normal functioning of the transport system due to the
debugged work of all types of transport included in the system;

— mandatory proportional to the development of transportation and
processing opportunities in the interactive areas of the transportation
network of various modes of transport;

— determine the quality of transport service of economy of national
economy and population of state quality standards of transportation and
the appropriate fees;

— optimal organization of traffic on the transport network with the
introduction of the method of analytic mappings, covering the whole
logistic route of goods;

— higher productivity of transport on outcome based on the theory of
integrated exploitation modes of transport, is the system form their use.

Despite a good geopolitical location, Ukraine has a ramified system
of transport and communication reports and is significantly behind in
creating its own transport corridors, which negatively affects the
formation of the competitiveness of both the state and domestic
enterprises. The direction of expansion of international transport
corridors is a priority of the state transport policy of the country in the
way of its integration into the international economic system.

Today Ukraine different from other countries that a significant
number of its cities are located on traditional transportation and
communication routes of the Eurasian continent. The question of the
creation of Ukraine’s international transport corridors will accelerate not
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only the strategic goals of integration into the European community, but
also addressing such tasks as attraction of additional investments into
development of transport infrastructure, acceleration of the rate of output
from the decline of domestic producers, improving foreign exchange
earnings through transit, the growth of exported products.

Transport of Ukraine is a powerful communication system, which
includes all its types (water, road, rail, pipeline, air). Transport’s major
production assets make up about 20% of the country’s production assets.

All types of transport are developed in Ukraine. The road network,
combined with transport centers and nodes, together with rolling stock,
ports, warehouses and other farms, forms the transport complex of the
state. There are 372 km of railway tracks, 78 km of inland waterways
and 2,800 km of paved roads per 100 thousand km2 of territory. Most of
the freight and passengers are rail and road transport?.

Road transport is a short distance away from competition. Its great
advantage is that it is almost independent of natural conditions and can
deliver cargo on a door-to-door technology. On the density of highways
(280 km per 1000 km2) with a hard surface, Ukraine ranks first among
the CIS countries.

The main stage in the implementation of high-quality and efficient
international freight transportation is the stage of choosing a carrier,
which depends on the end result of the transport delivery process. It
should be noted that under difficult crisis conditions, many carriers were
forced to leave the market, but the largest and the strongest, accounting
for almost 60% of all freight and passenger transportation, remain afloat
(see Table 1)°.

Road transport holds first place in passenger transportation and
second in cargo turnover. The length of the roads is almost 170 thousand
km (155 thousand km of roads has a hard surface), but their quality by
European standards is unsatisfactory. Imperfect fleet, lack of necessary
service on the roads, high prices for gasoline make motor transport one
of the most expensive modes of transport.

2 prokudin, G. Optimization of traffic on a road networkin. Economy and
management. Mo 3(4). 2006. P. 54-59.

3 Transit freight for the period 2008-2019 years State service statystyky
Ukrayiny. URL : http://www.ukrstat.gov.ua.
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Table 1
Leading trucking companies in Ukraine

Company name Type pf_ intgrnational NL{mber
activity licensed of vehicles, pcs.

“Transalt” Ltd cargo and passenger 75
“Agrotep” Ltd cargo and passenger 63
“BM-Trans” Ltd cargo 55
“West-Group-Trans” Ltd cargo 49
“Orlan-Trans-Group” Ltd cargo and passenger 61
“Car Company Ukrtrans” Ltd cargo and passenger 72
“Rapid” Ltd cargo and passenger 87
“Eurotrans” Ltd cargo and passenger 78
“Epicenter” Ltd cargo and passenger 117

It is appropriate to emphasize that Ukraine has all the prerequisites
for creating a strong transit system at the international level and, as a
consequence, increasing the volume of cargo transit. Yes, our country
has a number of advantages over other European countries, since
Ukraine has the shortest land, sea and air routes connecting Europe and
the countries of the Asia-Pacific region. Interstate transit through
Ukrainian territory is a large but not yet realized national resource.

According to the State Statistics Committee of Ukraine, we will
compile a turnover table for all modes of transport for 2012-2018
(see Table 2).

Table 2
Volumes of cargo transportation by different modes of transport

Cargo transported by all means of transport

Years (million tons)

Railway Automobile Cars Pipeline Air
2012 299,5 107,5 5,2 101,3 0,1
2013 303,1 1141 6,4 104,6 0,12
2014 433,3 160,2 11,3 151,3 0,12
2015 395,6 158,3 10,9 154,2 0,1
2016 499,1 187,4 20,1 187,1 0,14
2017 505,4 200,3 21,3 202,6 0,13
2018 525,7 225,6 24,4 219,7 0,14

The location of Ukraine in the center of Europe, at the crossroads of the
main transport destinations of the continent, necessitated the passage through
its territory of international transport corridors, the direction of which
coincides with the ancient East-West and South-North transit routes.
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Ukraine’s location is promising from the point of view of international
transport and economic links, firstly, due to its favorable geographical
position, and secondly, Ukraine is located at the crossroads of railway, road,
air, pipeline routes connecting the eastern regions of Russia, Kazakhstan, the
countries of Central Asia and the Caucasus with the countries of Central and
Southern Europe, as well as the northern and central regions of Russia,
Finland, Poland, the Baltic countries with the countries of the Black Sea
basin. The main European countries exporters-importers of Ukraine in recent
years — Italy, Germany and Poland®.

Not only east-west but also north-south links are expanding, and a
network of so-called transit corridors is beginning to emerge. The most
important highways are: Kyiv — Zhytomyr — Exactly Lviv — Uzhgorod,;
Kiev — Poltava — Kharkiv; Kiev — Uman — Odessa; Kharkiv —
Zaporozhye — Simferopol.

The motorway road between remote from each other settlements or
districts, which is designed for high-speed traffic large number of vehicles in
two opposite directions. Highways — the major (main) on the transport routes
and lines with high bandwidth or involving major traffic flows (passenger or
freight flows). Vary the load (of stream size), functions (monofunctional and
polyfunctional), hierarchy, modes of transport.

Extended multi-species transport routes passing through the territory of
several economic regions or countries, referred to as transport corridors. To
polimerstroy include, for example, rail-road Kiev — Ternopil — Lviv, road-
rail-river Kiev — Dnepropetrovsk — Zaporozhye, etc.

The length of motorways Ukraine is behind many European
countries. Low quality of roads and service stations creates problems in
the integration of Ukrainian transport network into the European.

Major transport hubs are Kyiv, Kharkiv, Dnepropetrovsk, Donetsk,
Kiev, Uman, Lviv. The role of road transport in long-distance traffic and
international traffic. Main road “exits” from Ukraine road from Kovel,
Lviv, Uzhgorod, Chernivtsi, Odessa, Izmail, Mariupol, Kharkiv, Sumy,
Glukhov, Chernigov.

The development of transit opportunities of Ukraine is one of the
main sources for replenishing the national budget and strengthening
economic ties with neighboring countries.In particular, the building of

* Prokudin G., Oliskevich M., Chupaylenko O., Dudnik O. Development of
vehicle speed forecasting method for intelligent highway transport system. Eastern-
European Journal of Enterprise Technologies. 2019. 4/3(100). P. 6-15. DOI:
10.15587/1729-4061. 2019. 174255.
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the TRANS-European motorway Kyiv — Madrid. Important for freight
transport are “international transport corridors (ITC). On the territory of
Ukraine pass four international transport corridors, namely: the pan-
European No. 3; pan-European No. 5; pan-European Ne 7 the Danube
(water); pan-European Ne 9 (Fig. 1-4)°.
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Figure 1. Pan-European Ne 3 (Berlin (Dresden) —
Wroclaw — Lviv — Kiev)
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Figure 2. Pan-European Ne 5 (Trieste — Ljubljana —
Budapest — Bratislava — Uzhhorod — Lviv)

® Kunda N.T. Organization of international road transport. Kyiv : Word, 2010.
464 p.

403



BlaeHb @) CROBANYMHA /

N\ Gpatnenana i
agctpis - ) S £ - YKPATHA_L’ g
[ \ Mo .‘_/\' \.\"

Byaancwr - A7 \

YrOPLWHA /'

N
® Jarped*
XQPBATIA St

SRR PYMYHIA

{ socwan 0
TEPLECOBIANA

Byxapectigy

Aywaz
BONrAPIA

ST T TP - —

(PG At
Twrtheere

! ; 2

Mot L = reareim g

arape ) - ;

V'."

=]

s T A T

.- < SV nDooY
»

s —_—
AR AT
- lerocnanaen o :a.»-.:--
H ~— ~ gl

Figure 4. Pan-European (Helsinki — Saint Petersburg —
Vitebsk — Kiev (Moscow) — Odessa — (Chisinau) —
Plovdiv — Bucharest — Alexandroupolis

An important role in the development of freight transport is played by
the MTC, because represent a complex of land and water transport routes
with appropriate infrastructure in a certain direction, including auxiliary
facilities, access roads, border crossings, service points, freight and
passenger terminals, equipment for traffic management, organizational-
technical measures, legislative and normative acts, which provide for the
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carriage of goods and passengers at a level consistent with the
requirements of the European community.

Every year the countries of Europe, who are the main partners of
Ukraine in the foreign economic sphere toughen requirements to the
technical condition of vehicles, due to environmental problems, and the
number of registered environmental vehicles that perform road freight
transport is constantly growing.

Given this fact, the Government has banned since 1 January 2014 the
importation of vehicles that do not meet the Euro-3 standard. At the same
time began to operate in the country, the ecological standard Euro-4. In
2016 Ukraine will enter into force on standard Euro-5, and from 2018 in
our country can be imported only vehicles that meet the highest
environmental standards Euro-6.

Today science has advanced a long way in the development of
forecasting technologies. Specialists are well known methods of neural
network forecasting, fuzzy logic, and the like. Developed appropriate
software packages, but in practice they are, unfortunately, not always
available to the average user, and at the same time, many of these
problems can be quite successfully solved using methods of operations
research, particularly simulation modeling, game theory, regression and
trend analysis, implementing these algorithms in a widely known and
widespread software package MS Excel.

We are going to implement the algorithm for constructing a
predictive model described above. The solution to this problem
implemented in MS Excel environment that allows to significantly
reduce the number of calculations and time of model building.

Regression analysis is used when the relationship between variables
can be expressed quantitatively in the form of some combination of these
variables. The resulting combination is used to predict values that can
take the target (dependent) variable which is calculated on a given set of
values of the input (independent) variables. In the simplest case, for this
purpose, standard statistical methods such as linear regression.

The advantages of this regression analysis tool are:

— the relative ease of plotting trend lines without creating a data
table for them;

— a fairly broad list of types of proposed trend lines, with the most
commonly used regression types;

— ability to predict the behavior of the process under study to an
arbitrary (within common sense) number of steps forward and backward;
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— possibility to obtain the trend line equation in analytical form;

— the possibility, if necessary, of obtaining an estimate of the
reliability of the approximation performed.

We determine the trend that best approximates the actual data. For
this purpose it is recommended to use an exponential, linear, logarithmic,
polynomial, and power trend, which reduces the error of the forecasting
model.

Having carried out a regression analysis of the volumes of
international road freight transport and using the obtained equations of
the trend lines, we determine the tabulated data on the volumes of
international road haulage for each trend line for 2008-2020, we see its
gradual growth (Fig. 5).
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Figure 5. Regression analysis of international road freight transport
volumes for 2008-2020
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2. The main problems and technologies
of international cargo transportation

As evidenced by the analysis of the available data, in the absence of
an adequate reaction from the Ukrainian state expected in the next
3-4 years, changes in the functioning of the market of transport services
and access thereto, to a large extent can be reduced, the share of
domestic motor carriers for domestic and international transport markets,
which in turn will negatively affect the situation with the loss of transit
potential of the country and could lead to a significant reduction in the
national gross domestic product of the state.

On the introduction of more stringent norms and standards of
functioning of the market of transport services and access are now
working for international organizations, which operate in the transport
sector (European economic Commission of the UN, the European
Commission, the Organization for security and cooperation in Europe
and international transport forum). The effect of the new norms and
standards will apply to Central European countries and the countries of
Eastern and South-Eastern Europe, Caucasus and Central Asia, will
cover all modes of inland transport (road, rail, water transport and
multimodal transport).

In the context of ensuring the realization of transit potential for the
last 8 years has significantly increased the role of international road
carriers (private companies, United by the Association of international
road carriers of Ukraine). If during the period from 2005 to 2013, the
transit cargo traffic through Ukraine pipeline and railway transport
decreased significantly (respectively by 39,8% and 44%), then transit
road transport of goods on the territory of Ukraine increased by
7,6 times. On the other hand, the tendency to diversion of transit cargo
transportations through the territory of Ukraine from rail to road
transport: the share of rail transportation in this period decreased by
8,66%, while the share of transit traffic by road transport the territory of
Ukraine increased by 9,3%°. Ukraine has not been sufficiently prepared
for the introduction of new, more stringent norms and standards:

® Prokudin G.S. Prospects of cross-border cooperation of Ukraine in transport
sphere. International Scientific Conference Innovative Economy: Processes,
Strategies, Technologies / Conference Proceedings. Part Il. Kielce. Poland: The
Baltic Publishing. P. 53-55.
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— the system of organization of international freight transportation,
road transport is imperfect, and there is no systematic approach to
ensuring the functioning of road transport;

— the rolling stock of the road transport fleet is technically obsolete
and its updating is slow (only 11% of vehicles used in international
transport meet the environmental standards of transport admission
planned by 2016 under the European Conference of Ministers of
Transport (no lower than “Euro-4");

— the level of traffic safety is low, the road accident rates are much
worse than in the EU countries (our country ranks fifth in Europe in
terms of road accident);

The operational characteristics of the national transport infrastructure
do not allow the implementation of the “European Agreement on the
Operation of Crews of Vehicles Performing International Road Transport
(ETP)” (practically no properly equipped parking and resting places for
drivers).

Tougher rules and standards should be in place by 2020 in terms of
the functioning of domestic and international market of transport services
and access to it. To a large extent they will determine the further
development and the formation of a transport space as the Central
European countries and countries of Eastern and South-Eastern Europe,
Caucasus and Central Asia. According to experts, the new rules and
standards may significantly change the configuration of freight traffic.
And in the absence of adequate state response on the part of Ukraine to
external challenges — significantly displace Ukrainian (in particular
automotive) carriers from the international market of transport services.

More stringent norms and standards concerning the functioning of the
domestic and international market of transport services and access to it
will cover all modes of inland transport (road, pipeline, rail and inland
water transport and multimodal transport) and will be focused on the
facilitation of border-crossing procedures, traffic safety and transport of
dangerous goods, improving environmental and energy efficiency
transport and transport infrastructure.

Special attention from the UN / ECE will be given to more effective
enforcement of the existing legal framework of the region of influence.

It should be emphasized that in 2016-2020, the UNECE plans to
strengthen its role in the formation of a pan-European and
transcontinental infrastructure, as well as to expand the region of its
influence: it is expected in particular that in the four major agreements in
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the field of transport infrastructure will be joined by new countries,
primarily from Eastern and South-Eastern Europe, Caucasus and Central
Asia.

Thus, given the above, we can say that the lack of state support and
reduction of the presence of the Ukrainian transport organizations can
lead to a substantial decrease in gross domestic product and the role of
Ukraine as an influential player in the domestic and international market
of transport services.

As for the technology of international cargo transportation, it should
be noted that market relations impose on the transport strict requirements
to accelerate time of delivery of goods, while minimizing transportation
costs. Between the producer and consumer to a complex system of
transport relations, which should ensure a high level of transport service
quality.

International cargo transportation depending on the mode of transport
can be the following: in the case of water connection, the sea and river
modes of transport are used, carrying out the transportation of cargoes
and passengers by waterways, both natural (rivers, lakes, seas, oceans,
straits) and artificial (canals, reservoirs and other). Water transport
requires vessels, ports and waterways.

Allocate main river paths, incl. international, which services foreign
trade in some countries, interregional services that operate between large
areas within the country, and local services that serve intra-area
communications.

All inland navigation vessels are distinguished as follows: by area of
navigation; by type of transportation and work performed; housing
material; the type of engines and motors; the principle of motion; flight
duration.

In road transport, international freight is carried out by specialized
vehicles of different carrying capacity. The main normative documents
governing the carriage of goods by road are the Charter of Road
Transport and the Rules of Carriage of Goods by Road in Ukraine.

Road transport is carried out, which are classified by:

—  belonging to transport (public transport, departmental transport,
own transport of business organizations and units);

— distance of transportation (suburban, long distance,
international);

— ways of organizing and performing transportation (centralized,
decentralized, direct, mixed, combined, container, batch);

409



— duration of transportation (permanent, seasonal, temporary);

—  types of cargo (by type of product or type of container);

—  sizes of cargo desks (mass, party, small-party).

The main stages of the technological process of transportation of
goods by road:

— acceptance of cargo for transportation;

— marking and sealing of cargo;

—  car loading;

—  registration of documentation;

— carrying out the process of transportation and delivery of cargo
to the recipient;

— unloading the car;

—  receiving the goods by the consignee;

—  payments for freight.

In the case of a railway connection, by type of departure, that is,
taking into account the size of the consignment sent by rail, the following
shall be distinguished.

Smalls — they have a place when a consignment of goods presented
for transportation on one transport document is not required to provide
separate cars (in the dispatch mass included the mass of the cargo,
containers or packing, and adequate mass transportation facilities).
Transportation of small consignments is carried out usually in a mixed
universal car. In this car parcels owned by different shippers, combined
into a single wagon consignment transportation design for separate
consignment notes.

Carload shipment carload shipment is considered a shipment, charged
for one consignment of goods for which there is also a separate car.

Container shipment, container shipment is considered freight that are
charged with one transport document for carriage in container, or a
container empty condition.

If any of the following methods of freight transport, the technology of
process of their delivery by road, rail, water, air transport or their various
combinations, including handling, customs and other operations aimed at
reducing the time of cargo. To date, the process system of multimodal
transport represents the delivery of the first vessel and subsequent
unloading to the site of the port and load onto a truck or the platform to
continue moving goods to customs (where the inspection and
registration), and then transfer to the consignee.
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Implementation of measures to increase the throughput capacity of
road checkpoints at the customs border of Ukraine will create the
conditions for a quick and comfortable crossing the border of Ukraine in
the framework of the volume of motor traffic across the border, which
are formed in the present and in the future in the coming years. Note that
throughput in some cases can be increased by changing some parameters,
such as reducing the time of wait in international checkpoints, increasing
the number of lanes on the roads, increasing speed, through improving
the quality of the roadway.

The length of railway network of the international transport system of
Ukraine amounts 3162 km, of which 92,3% — double track line, 77,3% —
electrified, 90% — equipment-locking. Over the last 5 years in the areas
of transport corridors electrified 500 km of tracks, reconstructed 85
stations, increased train speeds. The construction of new railway network
with the levels of speed up to 300 km per hour and a fundamentally new
rolling stock and gauge of 1,435 (European standard) mm 1520 mm.
instead of the high-speed transport will be used for passenger and light
truck traffic. This option is related to the period after 2020’.

Open railway ferry crossing llichevsk — Poti — Batumi, which is one
of the main links of the corridor TRACECA (Europe — the Caucasus —
Asia). Put into operation the second phase of the grain loading complex
in Ilyichevsk sea port engaged in the transshipment of grain in countries
of South America, Southeast Asia, Saudi Arabia and the like.

Renovated a significant number of road sections Chop — Lviv — Kiev
and Novi yarylovychi — Chernigov — Kiev — Odessa. Reconstruction of
roads in the area, the MTC has allowed to increase the permissible
weight of vehicles from 36 to 40 tons. Reconstruction of existing roads
involves bringing their parameters to the international requirements and
standards. Additional to the existing construction of new high-speed
roads mainly in certain areas in a new row.

To ensure the efficient operation of transport corridors is important to
create the border and customs checkpoints, as well as transport and
storage facilities for cargo processing, which are divided into:

" Prokudin G., Chupaylenko O., Dudnik O. Development of Ukraine’s
international transit potential. European Journal of Intelligent Transportation
Systems. N.1(2). 2019. P.26-31. DOI: 10.31435 /rsglobal_ejits/ 31072019/ 6580.
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— border land, which are located in Kovel, Rava-Ruska, Mostyska
the, chop, Kharkiv, Sumy, Chernihiv;

— land (Kiev, Zhytomyr, Vinnytsia, Poltava, Sumy, Dnipropetrovsk,
Kirovohrad, Cherkasy, Simferopol, Melitopol, Odessa, Khmelnytsky,
Ternopil, Rivne, Lviv, Ivano-Frankivsk);

— water (in Reni, Izmail, Ust-Danube, Belgorod-Dnestrovsky,
Illichevsk, Odessa, Yuzhny, Nikolaev, October, Kherson, Skadovsk,
Yalta, Berdyansk, Mariupol, Zaporozhye, Dnepropetrovsk, Kiev).

International transport network of Ukraine and the current systems of
transportation in the conditions of transformation economy require
fundamental changes in operational and technological activities, as well
as replacement of vehicles and equipment the main requirements in these
matters are:

1) maximum reduction of transportation costs;

2) revaluation criteria in approaches to the definition of transport
efficiency, the transition from the workload of transport in economic and
financial,

3) providing adequate velocity of the transportation and delivery of
passengers and cargo;

4) ensuring the safety of cargo during transportation;

5) improving the quality of services in transport.

Special geographical position of Ukraine, which allows it to rightfully
take the place of a transit country, and as a consequence of the large
number of existing transit corridors, highways of international and
European importance, major transport hubs, which concentrate in
themselves the railway stations, airports, river and sea ports, places high
demands on the control system of transport of passengers and cargo.

As evidenced by the analysis of the available data, in the absence of
an adequate reaction from the Ukrainian state expected in the next
3-4 years, changes in the functioning of the international market of
transport services and access thereto, to a large extent can be reduced, the
share of domestic road carriers on the international transport markets.
The latter, in turn, have a negative impact on the situation with the loss
of transit potential of the country and could lead to a significant
reduction in the national gross domestic product of the state.

On the introduction of more stringent norms and standards of the
international market of transport services and access are now working for
international organizations in the field of transport economic
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Commission for Europe, UN, European Commission, Organization for
security and cooperation in Europe and international transport forum.The
new norms and standards will apply to Central and Eastern and South-
Eastern Europe, the Caucasus and Central Asia, covering all modes of
inland transport (road, rail, inland waterway and mixed transport). The
introduction of changes is aimed at the development of cross-border
transportation in the pan-European and transcontinental market of cargo
and passenger transportation by simplifying border procedures, ensuring
the safety and traffic of dangerous goods, improving the environmental
and energy efficiency of transport, the proper functioning of transport
infrastructure and so on.

CONCLUSIONS

Creating a unified international transport and logistics system,
geographical position of Ukraine’s transport space, as well as the
presence of many transport corridors requires the following:

— separate analysis of the management of the transport nodes;

—ensuring coordination and interaction of all modes of transport;

— introduction of modern achievements of the scientific and
technological revolution in the work of transport.

The development of an efficient organization of cargo delivery with
the coherence of all links in the transport process has necessitated a large
number of theoretical and experimental studies on various issues of
transport. On functional grounds they can be classified in the following
areas:

— general questions about the theory of transport systems and
processes;

— operational properties of vehicles;

— interaction of modes of transport and freight forwarding activities;

— formation of logistics systems.

The study of transport processes has made the following conclusions:

1) one of the main factors affecting the efficiency of the transport
system is the quality of routing of freight traffic and the level of
interaction of different modes of transport;

2) stochastic characteristics must be taken into account when
modeling the individual components of the transport system to obtain
adequate results;
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3) the assessment of the performance of international freight traffic
in market conditions requires improvement of the relevant performance
criteria.

SUMMARY

Modern market conditions require Ukraine to form a competitive
logistics system with the further entry into the international world
macrosystem, which will allow Ukraine to form a competitive transport
system and effective infrastructure, strengthen international relations
with other trade regions and countries.

The question of improving competitiveness on the world market is
one of the most urgent areas of development for Ukraine, and
clusterization is one of the ways of effective economic development and
its maintenance on the proper level in the system of world economic
relations. Taking into account that the transport and logistics industry
plays an important role in the public production of our country, the
formation of transport and logistics clusters will have great social and
economic significance for both the regional and national economies.
Clusters become the poles of economic growth, not only of individual
regions in which they are localized, but also of the state as a whole. The
task of the state is to create the necessary conditions, an attractive
investment environment for the emergence of new ones and the
development of existing clusters.
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DEVELOPMENT OF VANADIUM OXIDE
ZIRCONIUM SILICATE CATALYST FOR REACTION
OF PROPANE DEHYDROGENATION

Redkina A. V., Konovalova N. D.

INTRODUCTION

Light olefins, primarily ethylene and propylene, are large-tonnage
base intermediates in the petrochemical industry’. They are used in the
production of polymers, plastics, synthetic fibers, drugs, rubbers, dyes,
detergents, lubricants, high-octane components of motor fuels, solvents
and many other products®. Most of them are produced in ethylene plants
by steam thermal and liquid phase catalytic cracking of products of
distillation of crude oil and associated petroleum gases. However, the
global demand for propylene significantly exceeds its production
volumes by these methods, therefore, in recent years; an alternative
“non-0il” technology is developed at a faster pace for the targeted
production of propylene by direct catalytic dehydrogenation of propane
(DHP)***®_ This is also facilitated by the downward trend in world oil
reserves, a drop in the content of propylene in products its making and a
significant increase in the production of cheap natural shale gas, which in
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Hayxka, 2003, 556 c.
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HSOgFaHI/I‘ICCKI/IX semiecTB. Yacts 1. CI16. HITO «IIpodeccuonan», 2007, 1144 c.
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Rev. 2014. V. 114, Ne. 20. P. 10613-10653. https://doi.org/10.1021/cr5002436|

® Nawaz Z. Light alkane dehydrogenation to light olefin technologies:
A comprehensive review.Rev. Chem. Eng. 2015. V. 31, Ne 5. P. 413-436.
https://doi.org/10.1515/revce-2015-0012

416



addition to the main methane also contains ethane and propane’.
An additional advantage of the technology of catalytic dehydrogenation
of light alkanes and, in particular, propane, is also the fact that this
universal technique, with relatively less investment, allows to obtain
high-purity olefins instead of a mixture of products and to ensure
co-production of hydrogen:

C3Hg <> C3Hg + Hp (AH%05 = 124,3 kJ/mol).

On the other hand, the dehydrogenation of light alkanes C2-C4 is one
of the most complex chemical processes for implementation on an
industrial scale. These reactions are highly exothermic; therefore, in order
to obtain alkane conversion of > 50% at a pressure of 1 bar, it is necessary
to increase the temperature to 550-750°C°. At these temperatures, the
rupture reactions in alkane molecules of a less strong C-C bond with the
formation of by-products of their cracking and further coke become
thermodynami-cally and Kkinetically more favorable. Catalyst for the
dehydrogenation process should predominantly activate the cleavage of
C-H bonds in alkanes, minimizing and slowing down the process of
molecular destruction, including the formation of more reactive olefins. In
addition, these reactions are reversible and occur with an increase in the
volume of gases; therefore, the maximum degree of alkane conversion is
limited by the establishment of thermodynamic equilibrium, which can be
shifted towards the formation of the target olefins by lowering the pressure
in the system below atmospheric or by reducing the partial pressure of
alkanes by diluting with steam or an inert gas.

Many materials have been studied as catalysts for the
dehydrogenation of light alkanes and five main production processes
have been patented, which differ in the type of reactor, the operating
mode, and the catalyst used. These are the processes: Catofin (ABB
Lummus Crest/United Catalysts)®, Oleflex, firms UOP (US)'%; STAR

" McFarland E. Unconventional Chemistry for Unconventional Natural Gas.
Science. 2012. V. 338. P. 340-342. DOI: 10.1126/science.1226840

® Sattler J.H.B., Ruiz-Martinez J., Santillan-Jimenez E., Weckhuysen B.M.
Catalytic Dehydrogenation of Light Alkanes on Metals and Metal Oxides. Chem.
Rev. 2014. V. 114, Ne. 20. P. 10613-10653. https://doi.org/10.1021/cr5002436

® Bhatt B.L., Kirner J.F., Rao P. and Schwartz W.A. Catalytic dehydrogenation
reactor cycle. Pat. US 4581339, Publ. Apr. 08, 1986

10 Bricker J.C., Jan D.-Y., Foresman J.M. Dehydrogenation catalyst composition.
Pat. US 4914075, Publ. Apr. 03, 1990
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(Phillips Petroleum Company)™, FFB — Fluidized Bed Dehydrogenation
(Snamprogetti — Yarsintez)'? and Linde-PDH BASF*%. However, in all of
these technologies, only two types of catalyst formulations have been
proposed: Cr,O3 supported on Al,O3 (processes - Catofin and FFB) and
Pt-Sn alloy, supported on Al,O3 (Oleflex); spinel ZnAl,O4/ CaAl,0O4
(STAR) or ZrO, (Linde-PDH BASF). Currently, Catofin and Oleflex
processes are commercialized; dozens DHP plants are working by these
technologies and are planned to launching. This, according to forecasts,
will lead to the fact that to the end of 2020, 20 % of the global needs in
propylene will be replaced due to its targeted production from propane.
The STAR process will be used for the first time at two facilities in the
Middle East".

It is reported® that according to Catofin technology on Cr,0O4/Al,05
at of 590-650 °C and a pressure of 0,3-0,5 bar, propylene is formed with
a selectivity of 82-87 % at a conversion of propane of 48-65 %; and in
the Oleflex process on Pt-Sn / Al,O3 at 550-620°C, 2-5 bar and propane
conversion of 25-40%, propylene selectivity is 89-91%.

The disadvantage of using chromium oxide as a catalyst for the
process is its toxicity due to the significant proportion of the carcinogen
Cr (VI) contained in it after oxidative regeneration'’. Catalysts
containing platinum — Pt-Sn /Al,Os3, are expensive and, like Cr,O3/Al,03,
are subject to a greater degree of particle agglomeration during
temperature increase than the initial alumina. Both catalysts are coked

1 Brinkmeyer F.M., Savage K.B. and Bridges S.D. Dehydrogenation process
control Pat US. 5243122, Publ. Sept. 07, 1993.

12 1ez7i R., Bartolini A., Buonomo F., Kotelnikov G. and Bespalov V. Process for
obtaining light olefins by the dehydrogenation of the corresponding paraffins Pat. US
6362385, Publ. March 26, 2002.

¥ Heineke D., Baier M., Demuth D. and Harth K. Method and catalyst for
producing olefins, in particular propylenes, by dehydrogenation. Pat. US 6576804,
Publ. June 10, 2003.

¥ UOP’s PP plant using C3 Oleflex technology starts in China. Feb. 03,
2015 (China). URL :.http://www.fibre2fashion.com News

15 gattler J.H.B., Ruiz-Martinez J., Santillan-Jimenez E., Weckhuysen B.M.
Catalytic Dehydrogenation of Light Alkanes on Metals and Metal Oxides.
Chem. Rev. 2014. V. 114, Ne. 20. P. 10613-10653. URL : https://doi.org/10.1021/
cr5002436.

16 Makapsu U.A., Pynakosa M.U., CaBuenko B.I. IIpoMblnuieHHbIE TPOLIECCHI
IIEJIEBOT0 KaTaIUTHYECKOTO JIeTHAPUPOBA-HUs MpONaHa B MPONWIeH. Mewcoynap.
nayun. XKyp. «Anomeph. snepeemura u sxonocus». 2010. T. 86, Ne 6. C. 67-81.

" vora B.V. Development of Dehydrogenation Catalysts and Processes.
Top. Catal. 2012. V. 55. P. 1297-1308. DOI:10.1007/s11244-012-9917-9.
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during operation and need periodic regeneration, which is carried out by
blowing air and steam, in the case of Cr,O3, or by burning coke followed
by reduction of Pt in a stream of hydrogen. Such treatment leads to a
gradual loss of the initial activity of the catalysts, a decrease in their
stability, and therefore they must be replaced after 1-3 years of
operation®®. It is proposed to increase the service life of the Al,Os
support by creating its mixed oxide with SiO,. As the authors of the
patent™ describe, the chromium oxide catalyst on such carriers exhibits
greater thermal stability than the Catofin process catalyst.

1. The perspectlve catalgsts for propane dehydrogenation

At the same time, in work®, the authors compared the catalyst with
isolated groups of vanadium OXIde — VO, supported on a mesoporous
ordered silicate system of the MCM-41 type, with CrO,/MCM-41 and
the industrial Pt-Sn/Al,O; catalyst in the same conditions of work and
regeneration. They found that VO,/MCM-41 in both oxidized and
reduced form showed longer times work in flow and stability in all DHP
cycles, its activity could be completely restored by oxidative
re eneratlon and that significantly exceeded of industrial samples.
In“?2, the authors further established that an increase in the acidity of the
surface of a silicate support for isolated VO, groups by introducing a
certain optimal amount of Al,O3 additives into it promotes the formation
of carbon deposition centers active in the dehydrogenation of propane,

18 gattler J.H.B., Ruiz-Martinez J., Santillan-Jimenez E., Weckhuysen B.M.
Catalytic Dehydrogenation of Light Alkanes on Metals and Metal Oxides.
Chem. Rev. 2014. V. 114, Ne. 20. P. 10613-10653. URL : https://doi.org/10.1021/
cr5002436

% Ruettinger W. and Jacubinas R. Chromia alumina catalysts for alkane
dehydrogenatlon Pat. US 8895468, Publ. Novem. 25, 2014.

® Sokolov S., Stoyanova M., Rodemerck U., Linke D., Kondratenko E.V.
Comparative study of propane dehydrogenatlon over V-, Cr-, and Pt-based catalysts:
Time on-stream behavior and origins of deactivation. J. Catal. 2012. V. 293.
P. 67-75. URL : http://dx.doi.org/10.1016/j.jcat.2012.06.005.

2L 5okolov S., Stoyanova M., Rodemerck U., Linke D., Kondratenko E.V. Effect
of support on select|V|ty and on-stream stablllty of surface VO, species in non-
oxidative propane. Catal. Sci. Technol. 2014. V. 4. P. 1323-1332 URL :
https //doi.org/10.1039/C3CY01083J.

2 Sokolov S., Bychkov V.Yu., Stoyanova M. Rodemerck U., Bentrup U.,
Linke D., Tyulemn Y.P., Korchak V.N., Kondratenko E.V. Effect of VOx Species
and Support on Coke Formation and Catalyst Stability in Nonoxidative
Propane Dehydrogenation. ChemCatChem. 2015. V. 7. P. 1691-1700. URL :
https://doi.org/10.1002/cctc.201500151.
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increasing the time of stable operation of such a catalyst. In?, it was
shown that the modification of MCM-41 by replacing a portion of silicon
ions with titanium ions in tetrahedral coordination increases the acidity
of its surface and the isolation of supported VO, groups, a higher
propane conversion during its dehydrogenation to VO,/Ti-MCM-41 and
obtaining a higher yield of propylene and hydrogen, compared with
VO,/MCM-41. The productivity and propylene selectivity achieved at
550 °C at 5 % VO,/Ti-MCM-41 were close to those obtained on the
industrial Pt-Sn/Al,O; catalyst used in the Oleflex process.

The vanadium oxide catalysts on various oxide supports were tested
and showed the greatest activity in the widely studied process of
oxidative dehydrogenation of propane (ODHP). Due to the reaction of
the interaction of oxygen and hydrogen released during the DHP:
H, + 1/2 O, — H,0 (AHoggg = - 241,8 kJ/mol), the total ODHP process
becomes substantially exothermic (Hozgg = - 117,5 kJ/mol) and is not
limited to establishing thermodynamic equilibrium. This gives hope for a
reduction in energy consumption for the reaction and an increase in the
yield of propXIene. However, an analysis of scientific articles published
before 2007%* allowed the authors to conclude that the selectivity for
propylene achieved in ODHP under conditions leading to a high
conversion of propane is still far from commercial interest. Published
modern patents for ODHP also do not show high yields of propylene.
Relatively high propylene selectivity for propane ODHP is obtained at a
limiting oxygen content, which is almost completely used at elevated
reaction temperatures and the process proceeds predominantly by the
DHP mechanism. But small oxygen additives in the process of DHP, for
example, O,/C3Hg = 0,1, can increase the propane conversion
by ~ 10 %. The authors of?® noted that both with ODHP and with DHP,
an increase in the yield of propylene can be achieved by increasing the

B Baxuranoe B.A., Konosamosa H.A., Peapkuna A.B., Xomenko K.H.
CpaBHuTENnbHOE HCCeAoBaHue aeruapupoBanusi mpomana Ha VO,/MCM-41 u
VO,/Ti-MCM-41 ¢ monydenueMm mpomnmieHa U Bomopopaa. Ykp. xim. ocypun. 2013.
V.79. Ne 11. C. 63-72.

24 Cavani F., Ballarini N., Cericola A. Oxidative dehydrogenation of ethane and
propane: How far from commercial implementation? Catal. Today. 2007. V. 127.
P.113-131. URL : https://doi.org/10.1016/j.cattod.2007.05.009.

% Nawaz Z. Light alkane dehydrogenation to light olefin technologies:
A comprehensive review.Rev. Chem. Eng. 2015. V. 31, Ne 5. P. 413-436. URL :
https://doi.org/10.1515/revce-2015-0012

% Cavani F., Ballarini N., Cericola A. Oxidative dehydrogenation of ethane and
propane: How far from commercial implementation? Catal. Today. 2007. V. 127.
P. 113-131. URL : https://doi.org/10.1016/j.cattod.2007.05.009.
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surface area of the catalysts and changing their porous structure and
chemical nature, which can initiate the additional passing of the high-
temperature radical homogeneous reactions. The formation of free
radicals in such reactions can occur on the active sites of the surface of
the catalysts (heterogeneous onset of homogeneous reactions) and they
can be more selective than a completely heterogeneous process.

At present, the supported vanadium oxides are ones of the most
promising alternative catalysts for process DHP to propylene without the
presence of oxygen in the reaction mixture?’. Wherein, the onset of the
DHP reaction on VO,/Al,O3 authors explain by the formation of propyl
radicals associated with vanadium.

As a support, alternative to alumina, for the catalysts of the
dehydrogenation light alkanes, the effect of ZrO, has been studied in
sufficient detail. Zirconium dioxide is considered as an ideal support for
oxides transition metals®. It is chemically stable, inactive in oxidative
reactions, has weak amphoteric properties and interacts well with
transition metals, contributing to their highly dispersed surface location
and inhibiting them sintering. In the DHP the activity of the Cr,O3/ZrO,
catalyst was significantly higher than that of the samples of Cr,0;
supported on Al,O3 or SiO,. This was explained by the more isolated
arrangement of active sites on the surface of zirconium dioxide and the
presence of oxygen anionic vacancies involved in the dissociative
adsorption of propane®. However, the possible relatively large ZrO,
surface (~ 300 m?/g), obtained by drying amorphous Zr(OH)a,
significantly decreases during its further calcination in air at high
temperatures®. This is due to the growth and agglomeration of
crystallites by the mechanism of surface diffusion and lead to a change in

Z Liu G., Zhao Z.-J., Wu T., Zeng L., Gong J. Nature of the Active Sites of
VO,/Al,O; Catalysts for Propane Dehydrogenation. ACS Catal. 2016.V. 6, Ne 8.
P. 5207-5214. http:// DOI: 10.1021/acscatal.6b00893.

28 Yamaguchi T. Application of ZrO, as a catalyst and a catalyst support. Catal.
Todag/. 1994. V. 20. P. 199-217. https://doi.org/10.1016/0920-5861(94)80003-0.

% DeRossi S., Ferraris, G., Fremoiotti S., Garrone E., Ghiotti G.,
Campa M.C., Indovina V. Propane Dehydrogenation on Chromia/Silica and
Chromia/Alumina Catalysts. J. Catal. 1994, V. 148. P. 36-46. URL
https://doi.org/10.1006/jcat.1994.1183.

%0 Cimino A., Cordischi D., DeRossi S., Ferraris G., Gazzoli D., Indovina V.,
Minelli G., Occhiuzzi M., Valigi M. Studies on chromia/zirconia catalysts
I. Preparation and characterization of the system. J.Catal. 1991. V. 127. P. 744-760.
URL : https://doi.org/10.1016/0021-9517(91)90196-B.
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the modifications the formed crystalline ZrO, phase. It was shown®" that
the thermostability of ZrO, can be improved by preliminary dispersing a
monolayer of the active component on its surface, which, separating the
crystallites of the support from each other, prevents their growth to
critical sizes. In this case, a much larger surface area of the catalyst is
obtained after the impregnation of zirconia hydrogel with solutions of
salts of active elements than when its xerogel is impregnated.

The state of ZrOz it is stabilizes and under the synthesis of its mixed
oxide with SiO,*. This allows not only to create a support with a
developed surface and porous structure, but also with a greater strength
of acid sites active in DH processes®. The chromium-containing
zirconium- S|I|cate xerogels Cr/Si/Zr/O were tested as catalysts for DHP
and it was shown** that they are much more active at lower temperatures,
in comparison with Cr/Si/Al/O, and exhibit 100 % selectivity to
propylene. It should be noted that recently, zirconia promoted by metal
oxides, increasing the number of active structural anionic vacancies, is
considered as an alternative type of unconventional catalysts with a
defective structure, capable of replacing spent catalysts for non-oxidative
dehydrogenation of light alkanes containing Cr or Pt*>

Based on the positive results obtained in the process of DHP on
vanadium oxide supported on Ti-MCM-41 and Cr-containing zirconium

3 Zhao B.Y., Xu X.P., Ma H.R., Sun D.H., Gao J.M. Monolayer dispersion of
oxides and salts on surface of ZrO, and its application in preparation of ZrO,-
supported catalysts with high surface areas. Catal. Letters. 1997. V. 45. P. 237-244.
URL : https://doi.org/10.1023/A:1019048503124.

%2 del Monte F., Larsen W., Mackenzie J.D.: J Stabilization of Tetragonal ZrO, in
ZrO,-SiO, Binary Oxides. Am Chem. Soc. 2000. V. 83. P. 628-634. URL :
https /ldoi.org/10.1111/j.1151-2916.2000.tb01243.x.

® Tanabe K., Yamaguchi T. Acid-base bifunctional catalysis by ZrOa and its
mixed oxides. Catal. Today. 1994. V. 20. P. 185-197. URL
https://doi.org/10.1016/0920-5861(94)80002-2.

% Fujdala K.L., Tilley T.D. Thermolytic molecular precursor routes to
Cr/Si/Al/O and Cr/Si/Zr/O catalysts for the oxidative dehydrogenation and
dehydrogenation of propane. J. Catal. 2003. V. 218. P. 123-134.
URL : https://doi.org/10.1016/S0021-9517(03)00141-6.

% Otroshchenko T., Bulavchenko O., Thanh H. V., Rabeah J., Bentrup U.,
Matvienko A., Rodemerck U., Paul B, Kraehnert R., Linke D., Kondratenko E.V.
Controlling activity and selectivity of bare ZrOZ in non-oxidative propane
dehydrogenation. Appl.Catal. A: Gen. 2019. V. 585. P. 117189-117199. URL :
https //doi.org/10.1016/j.apcata.2019.117189.

® Jeon N., Choe H., Jrong B., Yun Y. Cu-promoted zirconia catalysts for non-
oxidative propane dehydrogenation Appl.Catal. A: Gen. 2019. V. 586. P. 117211-
117219. URL : https://doi.org/10.1016/j.apcata.2019.117211.
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silicate xerogel in the previous work®, we studied the properties of the
micro-mesopores zirconium-silicate (Zr-Si) xerogels, which also
modified with titanium dioxide (Zr-Si(Ti)), qua as supports of vanadium
oxide for DHP catalysts. It was shown that on V,Os/Zr-Si and
V,0s/Zr-Si(Ti), at a shorter contact time of the reaction mixture, the
higher propylene yield was obtained than on V,0s/Ti-MCM-41, which
has a structure with regular hexagonal packing of cylindrical mesopores
of the same diameter. But under a longer contact time, after 550 °C, the
propylene yield on vanadium-zirconium-silicate catalysts became lower.
It was concluded that the system of tortuous micro-mesopores of the
Zr-Si xerogel can impede the development of the DHP reaction by a
heterogeneous-homogeneous mechanism.

In this work, the task was set to increase the specific surface, change
the porous structure of the V,0s/Zr-Si and V,0s/Zr-Si(Ti) catalysts, and
determine the influence of these parameters on reaction of the propane
dehydrogenation.

2. Experimental part
Spherically granular highly dispersed porous ZrO,-SiO, oxide was
obtained by methods, of the direct sol-gel synthesis and the droplet
coagulation of the zirconium silicate hydrogel®®, using the aqueous
solutions of the accessible salts of element, with concentrations
necessary for the obtaining the Zr / Si = 0.6 ratio in the synthesis sol,
according to the following reactions:

2 K,CO3 + ZrOC|2 — K, [ZrO(CO3)2],
K2 [ZrO(C03)2] + Na25i03 — ZI'OZ. S|02 .n Hzo

A solution of the zirconium carbonate complex at a rate of
164 ml / min. and a sodium metasilicate solution at a rate of 100 ml/min,
was fed to a flow reactor in which the solutions were mixed to form a
mixed sol of zirconium oxyhydrate and silicic acid. The sol stream was
directed into a column filled with two layers of liquids. The top layer is

87 Penpkuna A.B., KonomamoBa H.J[., Kpasuenko H.B., Ctpenxo B.B.
HeruapupoBanne mnpomaHa B mnpomwieH Ha V,0s, HaHECEHHOM Ha MHKPO-
ME30MOPHCTYI0 crucTeMy OKCHIOB ZrO,-SiO,-TiO,. Vip. xim. orcypn. 2018. T. 84,
Ne 7. C. 43-59.

% dqkoenes U.1., Crpenko B.B., Kpasuerko M.B. 3onb-renb crnoci6 oxepKaHHs
cepuyHO TpaHyJIbOBAaHOIO BHCOKO IOPYBAaTOro IMPKOHIN cuimikaty. Onwuc 10
nateHTy Ha kopucHy mozenb. UA 105999 U, omy6s. 10.04.2016, Brox. Ne 7.
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undecane, and the bottom is running tap water. During the passage of the
undecane layer (1.0-1.5 m.), The sol droplets turned into spherical
granules of Zr-Si hydrogel, which were transported by water and first fell
onto a sieve, and then into a container where they were washed with
distilled water from alkalis, salts and traces of undecane. Excess external
moisture was carefully removed from the gel spheres, dried at 130°C,
determining the moisture capacity of the hydrogel matrix.

The modification of Zr-Si oxide with titanium dioxide was carried out
by adding a TiCl, solution to the synthesis gel*® so that the amount of
added TiO, was 3 wt. % from mass SiO,. This value was chosen for
comparison, as the maximum amount of titania that can be introduced
into the MCM-41 system without destroying its structure®’. The molar
ratio of ZrO, / SiO, / TiO, oxides in the gel was 0.6/1/0.02. The granules
of the hydrogel sample were designated Zr-Si(Ti).

Since compounds containing tetravalent V show a high degree of
vanadium incorporation into the porous silicate matrix*, vanadium oxide
was supported on Zr-Si hydrogels from solution of VOSO4 salt. The
hydrogel spheres without external moisture were poured with a 10%
solution of VOSO, in an amount not exceeding the moisture capacity of
the hydrogel matrix, so that ~ 8% V was residue on the “support after
drying, The sample was left for two days in order to the vanadium salt
diffused into the gel spheres. Then, draining the excess liquid, it was
flooded by a solution of NH,OH so that ammonia precipitated vanadium
hydroxide in the pores of the support. A part of the hydrogel spheres then
was dried and calcined in air at 450 °C.

The other part spheres of hydrogel with supported vanadium oxide
was placed in steel autoclave and subjected to hydrothermal treatment
(HTT) at 250 °C for 5 hours. This treatment helps to strengthen the bond
of the gels elements in their polymer framework and can lead to the
production of xerogels with a larger specific surface and pore volume
after calcination”. Then the samples was removed from the autoclave

¥ Ppenpkina A.B., Kowomamoa H.J|., Crpemxo B.B. CrocoG omepxaHHs
KaTasizaTopa JeTiipyBaHHS MpomaHy B mpomijieH. Omuc 10 MaTeHTY Ha KOPHCHY
mozens UA 131758 U, omy6m. 25.01.2019, 6rom. Ne 2.

® Koyano K.A., Tatsumi T. Synthesis of titanium-containing MCM-41.
Microporous Material. 1997. V. 10: P. 259-271. https://doi.org/10.1016/S0927-
6513(97)00016-3.

* Selvam P., Dapurkar S.E. The effect of vanadium sources on the synthesis and
catalytic activity of VMCM-41// J. Catal. — 2005. — Vol. 229. — P. 64-71. URL :
http //dx doi.org/10.1016/j.jcat.2004.10.005

*2 Raju V., Jaenicke S., Chuah G.-K. Effect of hydrothermal treatment and silica
on thermal stabllltye and oxygen storage capacity of ceria-zirconia. Appl. Catal.
B. 2009. V. 91. P. 92-100 https://doi.org/10.1016/j.apcath.2009.05.01
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and one of its parts was decanted with alcohol and left under it for
12 hours. Thereplacing intermicellar water in hydrogels with alcohol or
another organic liquid with a low surface tension, which reduces of force
compression of the capills in the gel skeleton during drying, leads to an
increase in the volume and pore diameter of the obtained samples®.
After that, both parts of the samples after HTT were dried and calcined.
All the prepared samples were designated as V-Zr-Si and V-Zr-Si(Ti).

Isotherms of low temperature nitrogen adsorption were measured
according to the standard procedure on an ASAP 2405 N Micromeritics
instrument, after vacuum treatment at 200 °C. The pore size distribution
of the radii was calculated using the DFT density functional theory.

An analysis of the microstructure and elemental composition of the
obtained catalysts was determined by scanning electron microscopy
(SEM) using a JEOL JSM 7001F scanning electron microscope with an
Oxford Instruments microanalyzer system.

X-ray diffraction patterns were recorded on a DRON-4-07
diffractometer using Cu K& radiation from the anode line with a Ni filter
in the reflected beam with Bragg — Brentano geometry.

The DHP reaction was carried out in a flowing quartz reactor 30 cm
long, 0 7 cm in diameter, using 0,85 g catalyst weights with a volume of
1 cm® placed in the middle of the reactor. The flow of the working
mixture containing 7 vol. % propane in argon, was maintained at
18 ml/min and its contact time with the catalyst (1) 3.5 s. After holding
the samples in the reaction mixture for at least an hour at 250-300°C, the
temperature of the reactor was increased by 25°C every 30 minutes to
650-675°C. Propane and the products of its dehydrogenation reaction —
propylene (C3Hg), methane, ethane, and ethylene (C,Hy) were analyzed
on a chromatographic column, filled with silica gel, using a flame
ionization detector. The catalytic parameters were determined as the
degree of propane conversion - X (C3Hg), product selectivity - S (C3Hg),
S (CxHy) and propylene yield - Y (C3He)

3. Results and discussion
The general texture parameters of the obtained catalysts are given in
the table 1.

® He X., Zhang H., Li Y., Hong Ch., Zhao J. Preparation and Structural
Characterization of SiO2-ZrO2 Aerogels. Key Eng. aterials. 2007. V. 336-338.
P. 2282-2285. URL : https://doi.org/10.4028/www.scientific.net/ KEM.336-338.2282
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Table 1

Textural parameters V-Zr-Si and V-Zr-Si(Ti)

Sequential Specific Total pore | Diameter Average
Sample processing” surface area | volume, mesopore pore
SBET' m Zlg VZ! cm 3/g DDFT, A’ diameter 5 A’
V-Zr-Si D, C 234 0,1699 50,86 29,04
V-Zr-Si(Ti) D, C 250,9 0,184 50,86 29,34
V-Zr-Si HTT, D, C 303,7 0,4834 70,32 63,66
V-Zr-Si(Ti). HTT,D,C 303,1 0,4341 70,32 57,3
V-Zr-Si HTT,DE, D, C 358,1 0,7056 81,44 78,82
V-Zr-Si(Ti). | HTT,DE, D, C 316,5 0,6571 81,44 83,04

“- drying — D, calcination — C, hydrothermal treatment, — HTT, decantation with ethanol — DE
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Element | Weighting % Atomic % Compounds, % Formula Ratio of
elements
SiK 21,58 20,45 46,16 SiO;
VK 5,57 2,91 9,95 V205 Zr/Si = 0,47
ZrL 32,49 9,48 43,89 Zr0, SilZr =2,16
[0) 40,36 67,15 VI/Si=0,14
Total 100 100 100
a)
bo \
> "] A
Element | Weighting % | Atomic % | Compounds, % | Formula | Ratio of elements
SiK 22.78 21,14 48,74 SiO;
TiK 0,50 0,27 0,83 TiO, Zr/Si = 0,40
V K 5,66 2,9 10,11 V,0s SilZr =247
ZrL 32,49 8,53 Ti/Si = 0,013
0 4121 67,16 4032 210, V/Si = 0,14
Total 100 100 100

b)

Fig. 1. Image of SEM. Electronic spectra and tables of elements distribution
for sample of dried and calcined hydrogels V-Zr-Si (a) and V-Zr-Si(Ti) (b)
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As can be seen from the table, the sequential hydrothermal treatment
of the hydrogels of the samples impregnated with the vanadyl sulfate salt
and their additional decantation with ethanol leads to an increase in the
specific surface area, volume, and pore width of the obtained catalysts.
Fig. 1 shows of image catalysts and results of the quantitative
measurement contents of elements in their the surface layer as defined by
scanning electron microscopy for samples, obtained by supporting of
vanadium oxide on wet hydrogels Zr-Si and Zr-Si (Ti) after them drying
and calcining. It is also seen that the amount of ZrO, in the obtained
catalysts is less than it was in the sol of synthesis and corresponds to a
Zr | Si ratio of ~ 0.4 - 0.47 and the SiO, content in mixed oxides is
higher than ZrO,. The average amount of supported vanadium oxide in
both catalysts is approximately 10 wt. % V,0s. The average Si / Zr ratio
in both samples is 2.16 - 2.47, this is close to 2, which, according to the
Tanabe rule, approximately corresponds to the maximum Brainsted
acidity of mixed ZrO,-SiO, oxides and theirs the Hammett acidity
function can be Hy> - 8.2*.

<
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Fig. 2. X-ray diffraction patterns samples:
of V-Zr-Si - 1 and V-Zr-Si(Ti) - 2

“ Bosman, H.J.M., Kruissink, E.C., Van der Spoel, J., Van den Brink, F.:
Characterization of the acid strength of ZrO2 SiO2 mixed oxides. J. Catal.
1994, V. 148. P. 660-672. URL : https://doi.org/10.1006/jcat.1994.1253.
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X-ray phase analysis carried out in the range of reflection angles
20 =10 - 70° for these synthesized catalysts (Fig. 2), showed the presence of
only an amorphous halo on the diffraction patterns of samples. The absence
of phase reflections of vanadium oxides may indicate their highly dispersed
state on the surface of supports. The absence of phase reflections of
metastable tetragonal zirconium dioxide t-ZrO,, which usually appears
already at 400 °C upon calcination of the dried hydrogel ZrO," is consistent
with the data, which showed that the amorphous SiO, matrix, at its content
> 50% in binary oxide ZrO,-SiO,, contributes to the preservation of the
amorphous state of ZrO, to high calcination temperatures™.

Nitrogen adsorption / desorption isotherms of catalysts, obtained by
drying and calcining vanadium-containing hydronels (Fig. 3, a) belong to
type 1V isotherms with H2 hysteresis loops*’. The desorption branch in
isotherms has a rather large horizontal part, characteristic of corpuscular
systems, the pores of which are of an indefinite nature with narrow
“throats” and various wider cavities. This is also confirmed by
distribution of pores by radius sizes characteristic of micro-mesoporous
systems (Fig. 3, b). In this case, the texture parameters of the sample,
modified with titanium dioxide, show large values of the specific surface
area and volume of pores (table).

The HTT of V-Zr-Si and V-Zr-Si(Ti) hydrogels before their calcining
(Fig. 4) changes the shape of the hysteresis loop on the isotherms — the
horizontal parts on the desorption branchs becomes shorter, indicating
that the difference between the diameters of the “throats” and “cavities”
in the porous structure of the catalyst decreases and the type of the
hysteresis loop H2 transforms into H1, which is typical for systems with
a developed mesoporous structure. Decantation of the sample with
ethanol after HTT leads to a narrowing of the shape of the hysteresis
loop on the isotherms, indicating an additional equalization of sizes pore
radiuses.

® Li M., Feng Z., Xiong G. Ying P., Xin Q., and Li C. Phase Transformation in
the Surface Region of Zirconia Detected by UV Raman Spectroscopy. J. Phys. Chem.
B, 2001, V.105. P. 8107-8111. https://doi.org/10.1021/jp010526I

46 del Monte F., Larsen W., Mackenzie J.D.: J Stabilization of Tetragonal ZrO, in
ZrO,-SiO, Binary Oxides. Am. Chem. Soc. 2000. V. 83. P. 628-634.
https://doi.org/10.1111/j.1151-2916.2000.tb01243.x.

47 Sing K. S. W., Everett D. H., Haul R. A. W., Moscou L., Pierotti R. A.,
Rouquerol J. and Siemieniewska T. Reporting Physisorption Data for Gas/Solid
Systems with Special Reference to the Determination of Surface Area and Porosity.
Pure and Applied Chemistry. 1985 V. 57, No. 4. P. 603-619.
https://doi.org/10.1351/pac198254112201
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Fig. 3. Low-temperature nitrogen adsorption/ desorption isotherms (a) and
the nature of the pore size distribution of the radiuses (b) for the samples
V-Zr-Si— 1 and V-Zr-Si(Ti) — 2 dried at 130° C and calcined at 450°C
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Fig. 4. Low-temperature N, adsorption isotherms of V-Zr-Si (a)
and V-Zr-Si (Ti) (b) hydrogels, which are subjected to hydrothermal
treatment at 250°C — 1, then decanted with alcohol — 2 and then dried
at 130°C and calcined at 450°C

The spacious order in the distribution of pores by the size of radiuses
of samples after their HTT and decantation with ethanol also changes.
The micropores disappear, the radius of the mesopores increases and
their size distribution becomes close to uniform (Fig. 5). The specific
surface area of the catalysts increases on 50 ~ 70 m?/g, the pore volume
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in 2,5 — 3 times, the diameter of the mesopores — to 7 nm. At decanting
by ethanol, the volume pores increases by another 1,5 times, a specific
surface area of VV-Zr-Si - on 50 m?/g and the diameter of the mesopores
becomes more than 8 nm (table). However, despite the narrower and
more uniform distribution of pores by the size of the radiuses at the
sample V-Zr-Si (Ti), it is more sharply violated after decantation with
alcohol and its specific surface becomes lower, than that of V-Zr-Si.
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Fig. 5. Calculation of pore size distribution by radiuses by DFT method
for V-Zr-Si (a) and V-Zr-Si (Ti) (b) hydrogels subjected to
hydrothermal treatment at 250 °C — 1, then decanted with alcohol — 2
and after both samples are dried and calcined

This affects the change in the catalytic characteristics of the
compared systems (Fig. 6). It can be seen that V-Zr-Si (Ti), which is not
subject to HTT, is noticeably more active than the V-Zr-Si sample,
which does not contain titanium in the structure. After the HTT, the
yields of the obtained propylene on these catalysts are almost compared.
But after decantation with alcohol, the value of Y C3Hg on V-Zr-Si (Ti)
exceeds that obtained on V-Zr-Si only at relatively low reaction
temperatures. Such a phenomenon could be explained by the removal of
titanium ions from the structure of the support during the HTT or during
decantation with alcohol. It is known*, that the hydrolytic stability of Si-
Ti bonds in mesoporous titanosilicates is non high.

® Xanneea O.A., Tpyxan H.H. Me3sonopuctele THUTaH-CHIMKAThl Kak

KaTaJIM3aToPbl MPOLECCOB KUAKO(PAZHOTO CEIEKTUBHOTO OKHCIIEHHS OPraHUYECKHX
coeauHennit. Yenexu xumuu. 2005. T. 75, Ne 5. C. 460-483.
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Fig. 6. The yield and selectivity of formation propylene in dehydrogenation
of propane on catalysts of V-Zr-Si (a) and VV-Zr-Si(Ti) (b), obtained by
diffusion of vanadium into the matrix zirconium silicate hydrogel and then:
dried at 130 °C and calcined at 450 °C — 1, previously hydrothermally
treated at 250 °C - 2, after HTT is decanted by ethanol — 3. The reaction
mixture is 7% CsHg in argon. Contact time —3.5s

The selectivity of propylene formation in all samples (inserts in
Fig. 6 a, b) is almost the same and is close to 100% up to a reaction
temperature of 500°C. Then it gradually decreases to a level of ~ 90%
with increasing temperature to 650 °C. In this case, the yield of
propylene in this temperature range increases, since the degree of
conversion of propane increases, despite the inevitable deposition of
coke on the surface of the catalysts. This may be due to the fact that,
according to the authors of*°, coke on the surface of vanadium oxide

 Sokolov S., Stoyanova M., Rodemerck U., Linke D., Kondratenko E.V. Effect
of support on selectivity and on-stream stability of surface VO, species in non-
oxidative propane. Catal. Sci. Technol. 2014. V. 4. P. 1323-1332. URL :
https://doi.org/10.1039/C3CY01083J.
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catalysts on acid supports forms less active sites than VO, whichare
involved in the activation of propane and increase its conversion. In this
work it was showed also, that the catalysts exhibited excellent ability to
restore their initial activity after 2 h of oxidative regeneration at 550°C.
In this our work, the regeneration of catalysts after DHP was carried out
by their slow cooling in an air stream in an inertial reactor furnace from
650-675°C to room temperature. This treatment restored the initial color
and structure of the catalysts and almost completely returned their
catalytic activity.
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Fig. 7. The propylene yield in the process DHP on catalysts V-Zr-Si— 1
and V-Zr-Si(Ti) — 2, obtained during under HTT and decantation with
ethanol; V-Zr-Si(Ti) under HTT - 3; and 10% V,05 /Ti-MCM-41 - 4

The average vyields of propylene obtained on these catalysts, after
several cycles of reaction and regeneration, are shown in Fig. 7. They are
compared with a sample obtained by HTT without alcohol and a catalyst
with the same amount of vanadium oxide — 10 wt. %, supported on a
titanosilicate ordered mesoporous system with hexagonal packing of
homogeneous cylindrical mesopores — Ti-MCM-41, obtained by

432



hydrothermal synthesis®. As can be seen, the development of the porous
structure of zirconium silicates obtained by the sol-gel method, using the
subsequent hydrothermal treatment and decantation with ethanol, can
significantly increase the yield of propylene on the supported vanadium
oxide in the process of DHP to propylene and lower the temperature
when it reaches its maximum values. On fig. 8, the change in the range
of size and pore volume of the studied catalysts is compared graphically.
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Fig. 8. Comparison of the pore size distribution of radiuses, calculated
by the DFT method for catalysts: 10% V,0s /Ti-MCM-41 - 1,
V-Zr-Si(Ti) — 2, obtained during under HTT and V-Zr-Si - 3,

obtained under HTT and decantation with ethanol

In°' | previously suggested that for the effective operation of the
V7,05 / Ti-MCM-41 catalyst both in the process of dehydrogenation and
oxidative dehydrogenation of propane, it is necessary to ensure the
optimal number of active interactions of propane and the formed
propylene with active catalytic sites on surface of the walls of

% penpruna A.B., Konosanosa H./I., Xomenko K.H. JlerunpupoBanue npormana
Ha V,O,/H-Ti-MCM-41. Xumus, ¢usuxa u mexuonoeus noeepxnocmu. 2014. T. 5,
Ne 2. C. 174-189.

% penpkuna A.B., Konosanosa H.JI., Xomenko K.H. JleruapupoBaHue npomnaHa
Ha V,O\/H-Ti-MCM-41. Xumus, ¢usuxa u mexuonoeus nogepxnocmu. 2014. T. 5,
Ne 2. C. 174-189.
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mesopores, which causing activation of molecules with the continuation
of the reaction on the surface and in the pore volume. This is facilitated
by the optimal ratio between the acidity of the active sites, estimated, for
example, from the adsorption of ammonia — A, in ml /g, and the volume
of catalyst mesopores - Vper (Ml /g). The highest yields of propylene are
in a certain optimal range of A /Vpgr variation.

The data obtained in this work confirm this assumption. The acidity
of mixed ZrO, SiO, oxides® is significantly higher than that of Ti-
MCM-41. Therefore, in order to avoid strong adsorption of propylene,
which is of a basic nature, on the acid sites of the catalyst and its
destruction, the volume and pore diameter of the support ZrO, SiO,
should be much larger than that of Ti-MCM-41, in order to obtain a high
yield of C3Hg during the propane dehydrogenation. That is obtained in
practice. The increased acidity of ZrO, SiO,, providing easier activation
of neutral propane, can contribute to lowering the temperature of
obtaining high yields of propylene.

It is desirable to compare the effect of the composition and structure
of catalysts on the course of the DHP process under similar conditions.
In article®®, authors noted that tests of the catalytic activity of
Pt-Sn /Al,O; were carried out under conditions close to industrial,
namely, at an hourly average velocity of the gas mixture per unit mass of
catalyst (weight hour space velocity) — WHSV = 2 h™. The reaction
mixture consisted of a streams of propane and hydrogen in the ratio
H,/HC = 1 diluted with nitrogen (not indicated to what extent) was
supplied at a rate of 18 ml /min per 1 g of catalg/st, with a specific surface
area of 196 m” /g and pore volume in 0.5 cm’ /g. As a result, at 600°C
with a propane conversion of ~ 40 mol. % and propylene selectivity
of ~ 90 mol. % its yield in ~ 35 mol % was obtained. These results are
typical of the Oleflex process and are consistent with those reported in®*.

52 Bosman, H.J.M., Kruissink, E.C., Van der Spoel, J., Van den Brink, F.:
Characterization of the acid strength of ZrO2 SiO2 mixed oxides. J. Catal. 1994,
V. 148. P. 660-672. URL : https://doi.org/10.1006/jcat.1994.1253.

5% Sahebdelfar S., Tahriri Zangeneh F. Dehydrogenation of Propane to Propylene
Over Pt-Sn/Al,O; Catalysts: The influence of operating conditions on product
selectivity. Iranian J.Chem. Eng. 2010. V. 7, Ne. 2. P. 51-57.

54 Makapsu U.A., Pynakosa M.U., CaBuenko B.U. IIpoMblnuieHHbIE TPOLIECCHI
[EJIEBOTO KATAJIMTUYECKOTO ACTHUAPUPOBAHMs TMpOMaHa B MpomnwieH. Medcoynap.
Hayun. oicypnan «Anemepuamuenasn suepeemuxa u sxonozus». 2010. T. 86, No 6.
C. 67-81.
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The data article® it is more correctly to compared with our results. In
this study, the reaction mixture contained 40 vol. % CsHg, 60 vol. % N,
and it was fed into the reactor at a rate of 3 ml / min. Thus, 1.2 ml/ min
of C3Hg entered the reactor. In our work, a mixture, containing 7 vol. %
Cs3Hg in argon, at a feed rate of 18 ml/min to the catalyst, gave the same
stream of pure propane - 1.26 ml/min. On fig. 9, the catalytic
characteristics of the V-Zr-Si (Ti) catalyst, obtained under HTT and
decantation by alcohol, after several cycles of its work and regeneration
in DHP, are compared with the data of the catalytic parameters of the
samples, which studied in the cited paper.
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Fig. 9. Comparison of the degree of conversion of propane — 2,
the selectivity of the formation of propylene — 1 and its yield — 3 during
the propane dehydrogenation at 550 °C on industrial catalyst of the
Oleflex process — Pt-Sn/Al,O3 and Cr,03 /IMCM-41, according data to*®
and on the obtained catalyst V,05-ZrO,-SiO,(Ti)

%5 Sokolov S., Stoyanova M., Rodemerck U., Linke D., Kondratenko E.V.
Comparative study of propane dehydrogenation over V-, Cr-, and Pt-based catalysts:
Time on-stream behavior and origins of deactivation. J. Catal. 2012. V. 293.
P. 67-75. URL : http://dx.doi.org/10.1016/j.jcat.2012.06.005.

% Spkolov S., Stoyanova M., Rodemerck U., Linke D., Kondratenko E.V.
Comparative study of propane dehydrogenation over V-, Cr-, and Pt-based catalysts:
Time on-stream behavior and origins of deactivation. J. Catal. 2012. V. 293.
P. 67-75. URL : http://dx.doi.org/10.1016/j.jcat.2012.06.005.
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It can be seen that with the same high selectivity of propylene
formation, its yield on the obtained vanadium-zirconium-silicate catalyst
is significantly higher than on the well-known industrial catalysts of the
Oleflex and Catofin processes. Facing, the manufacturability of the
process for producing of the V,0s-Zr-Si catalyst, the relative cheapness
of its composition, ease of regeneration, it can assume, that in the future
it can serve as a replacement for the depleted industrial catalysts of DHP
processes

CONCLUSIONS

The vanadium oxide used in this catalyst works stably, both in the
oxidized and in the reduced state, and is also the active phase of the
developed catalysts for the exothermic, energy-saving process of
oxidative dehydrogenation of propane. Therefore, the regeneration of this
catalyst during DHP can be a simple transition to its ODHP without
stopping the dehydrogenation process itself. Applied cheap technology
for the synthesis of a support of such a catalyst from accessible salts of
elements with obtain solid spherical granules, allows its use in a
fluidized bed of catalyst, allowing the conducting, of reaction in an
unsteady mode with an increase in the yield of the product.

Currently, new propylene production plants are being built in the
United States due to increased production of propane, which was the
result of an increase in gas production at the country’s shale dep051ts
Companies of China are also very interested in propane dehydrogenation
(PDH) technology used to produce propylene. UOP LLC Honeywell
Company announced that its second propylene production unit using
propane dehydrogenation technology using the C3 Oleflex process was
commissioned in China in Shaoxmg Zhejiang™. Zhejiang Shaoxing
Sanjin Petrochemical Co., Ltd in this factory will produce 450,000 MTA
of propylene and 600,000 tons of polypropylene per year. UOP LLC
Honeywell Company (NYSE: HON) also announced on June 11, 2015
that its C3 Oleflex process will be used in Poland by Grupa Azoty and
will produce 400,000 metric tons of high-quality propylene per year,
sufficient to support the production of nearly 11 million vehicles in year.

57 Cunnund M.B. Biusaue «cnanneBoit pesomornun» B CLLIA Ha aMepUKaHCKYIO
U MUpPOBYIO 3KOHOMUKY. C. 22-26 B kH. IlepecTpoiika MHPOBBIX 3HEPreTHYECKUX
poiakoB: Bo3moxkHocTu 1 Be3oBHl it Poccun / Tlox pex C.B. Xykoa. Mocksa :
NMDMOPAH, 2015. 152 c.

8 UOP’s PP plant using C3 Oleflex technology starts in China. February 03,
2015 (China). URL : http://www.fibre2fashion.com.

436



The new block in Szczecin — the region of Poland, planned to launch in
2019,

Since Ukraine has the leading zirconium reserves in the world, the
production of catalysts based on it and the replacement of expensive
platinum-containing catalysts in Oleflex technology would be a
promising task.

SUMMARY

It has been analysis of the challenges facing the industry of targeted
catalytic dehydrogenation of propane to propylene, which is valuable
intermediate in the chemical industry and serves as the basis for the
production of many chemical products. It has been consider the most
promising catalysts for this process. Using direct sol-gel synthesis,
spherically granulated micro-mesoporous zirconium silicate hydrogels,
also modified with titanium dioxide, were obtained from the available
salts of the elements. The supported vanadium oxide catalysts were
obtained by impregnating them with a vanadyl sulfate salt. It was shown
that their preliminary hydrothermal treatment and decantation with
alcohol makes it possible to increase the specific surface area of the
catalysts, the volume and width of their pores, and form a developed
mesoporous structure. This leads to a significant increase in the yield of
propylene and allows to lowering the temperature for to obtaining its
high values. It was shown that the obtained catalysts can in the prospect
replace expensive or toxic Pt- and Cr-containing industrial catalysts. The
methods used are scanning electron microscopy with microprobe
analysis, X-ray phase analysis, nitrogen adsorption / desorption, and gas
chromatography.
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YIHPABJIEHYECKUE 3AJIAYH OBECHHEYHEHUSA
IOOEKTUBHOI'O ®YHKIIMOHUPOBAHUSA U PAZBUTHUSA
MPOU3BOICTBEHHOM OPTAHU3ALIMA

Cagenko B. U., ITonocenko A. B.

BBEJIEHUE
B coBpeMeHHBIX  yCIOBHAX ~O(PQEKTHBHOEC pPa3BUTHE  CHCTEM
VIOpaBICHUS — OAHO W3 BKHEHIIMX  HAMpPABJICHUH  IOBBILICHHUS

SKOHOMHUYECKOTO  TOTCHIMAla CTPOUTENBHBIX — OpraHu3anuid.  OmbIT
MOKa3bIBacT, YTO OPraHW3allld, BO3IJABISIEMbIE  BBICOKOKBATH(H-
[UPOBAaHHBIMH,  ONBITHBIMH  PYKOBOIWTEISIMH, B  COBEpIICHCTBE
BJIAJICIOLMMH COBPEMCHHBIMU 3HAaHMSIMH M TEXHHKOM, KaK IpaBuUIIo,
yCTIEIIHBIE.

B cucreme ympaBneHuss peanusyercss NpoOLEecC B3aUMOICHCTBUS
00bEKTa YNPABICHUS M YNPaBIAIOIIEH MOJCHUCTEMBI. YIPaBIIEeMOCTb
CHCTEMBI — OJJHO U3 OCHOBHBIX CBOMCTB, XapaKTEPU3YIOIIUX COCTOSHUE
CHCTEMEI U €€ OPTaHIN30BaHHOCTb.

BripabaTeiBacMble  YHPABISIONIEH MOACHCTEMON  YIPaBIISIOLINE
BO3/ICICTBUSl BCErZa HAmpaBICHBl Ha YMEHBIIGHHE pPa3HOOOpasus,
BO3MOXKHBIX ~ COCTOSHHH  yIpPaBsIeMOro  OOBEKTa,  ITOJCHUCTEMEI.
WneanbHBIi BapwaHT XapaKTEPHU3YETCS CBEACHHUEM BCEX BO3MOXKHBIX
COCTOSIHUM K OJTHOMY, 3apaHee HaMedeHHOMY. JlJis 3TOro co3HaTelbHO
CO3MTAIOTCSI HEOOXOMMBIE YCIIOBUS U MHTEIUICKTYabHBIE HHCTPYMEHTEI,
HOBEIC MaTEPUANbl U TEXHOJIOTHH.

AHanmu3 pe3ysbTaToOB HCCIEIOBAaHMKA M ITyONMKarmi 1o mpobieme
ONITHIMHU3AIHA PabOTHl YIPABIIOMIEH CHCTEMBI ITO3BOJHI BBISIBUTH
HAJIMYYE PA3INIHBIX [TOXOIOB B PEIICHIH TIOCTABICHHBIX 3a1ad.

Tak, kak mokazan ¥Y.P. Ouibwu, a7st Toro, 4To0bI yIpaBIsroIIas cucTemMa
Mornia 3(GQPEKTUBHO CHpaBIATECS C OTOM 3ajadeil, OHa JIOJDKHA cama
o0yaiath HEOOXOIUMBIM pa3HOOOpa3HeM, Tak KaK «TOJIbKO pasHOOoOpasue
MOXKET YHHYTOKHTB pasHoOOpasmex’. HamGomee cOBEpIICHHOH (OPMOA
CaMOPETYJIMPOBAHMS C HCIHOJIB30BAHMEM OOpaTHOM CBSI3M  SIBIISICTCS
camoopranm3aimsi  (romeoctasuc). OOecrieumBaeTcss TaKk HasbIBaeMas

! Sw6n V.P. Beenenue B kubepueTky. Mocksa : WJI, 1959. C. 120-125.
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CBEpXCTaOWIILHOCTh, T.€. CIIOCOOHOCTh CHUCTEMBI  BO3BpaIllaThCI K
COCTOSHHIO DABHOBECHA TOCIIE BO3ICHCTBHSL Pa3iIMYHBIX  CITyYaiHBIX
Bo3MylIeHNH . CaMOOpraHM3YIOIIAsCs CHCTeMa B TPHUHLMIE SBISIETCS
MHOTOKOHTYPHOH. B ee 0CHOBe JIeXHUT HEKOTOpast HICXOAHAsT YIIPABIISIOIIAs
cucTeMa, KoTopas oOMeHHuBaeTcsi MHpopmalwmei ¢ 00bEKTOM YIIPaBIICHUS
(mepBBIi  KOHTYp). B pesymbrare Takoro oOMeHa U oOecredeHHs
HEOOXOOUMOW peakIMy Ha «HOpPMalIbHBIE» BHEIIHWE BO3/IEHCTBUS
JOCTHTAETCSI PABHOBECHOE COCTOSIHIE CHCTEMEL.

IlomuMo mepBOro KOHTypa, B CaMOOpPIaHH3YIOLIEHCS cUCTeMe
JOoJDKeH (QYHKIHMOHHMPOBATh II0 KpaiHed Mepe elne OJMH KOHTYP
(BTOpOro mopsnka). OTO HEoOXOIWMO, 4YTOOBI BCTPOSHHAass B HETO
CHUCTeMa YIIpaBJICHUS KOHTPOJHMpOBaJla M MpOrHo3upoBaia 3pdekr,
BBI3BIBAEMBI ISSTEIEHOCTBIO IEPBOTO KOHTYpA.

B Tom ciydae, ecimm pe3yibTaThl KOHTPOJS W TPOTHO32 OICHUBAIOTCS
CHCTEMOI BTOPOTO YPOBHS KaK HEYIOBICTBOPUTEIBHBIE (IIPH OTINIHBIX OT
«HOPMAIBHBIX» BHEIIHUX BO3JICHCTBUSX), OHA BHOCHT HM3MCHCHHS B
mpaBmwia  (QYHKIHMOHHUPOBAHUSA TIEPBOM  CHCTEMBL. B mpuHIMIIE,
CaMOOPTaHM3YIONIas CHCTEMa OOBIYHO WMeeT OOJbIlle IBYX YpOBHEH
ynpaB/ierus . [apMOHM3AIs YIPABISIOMEH M YIPABISEMBIX CHCTEM —
KJTFOY K TOBBIICHUIO 3G (PEKTHBHOCTH (DYHKIIMOHUPOBAHUS OPTaHU3aIuH B
TETIOM.

OnTtuMuzanmsi  UCIOJIB30BAHUS  PecypcoB MyTeM  A((EKTUBHOTO
YIpaBJICHUS  IPOW3BOACTBEHHBIMH  IIpolieccaMu U (DOPMHPOBAHUS
9 (eKTUBHBIX OpPraHM3aMHOHHBIX CTPYKTYp. OmnpeneneHue (HaKTopos,
BIMSIONIMX HAa COCTOSHHE (DYHKIHOHHUPOBAHUS CaMOPETyIHpPYIOIIEHCs
CHCTEMBI, B KOTOPYIO BKITFOUEHBI 3JIEMEHTHI 00paTHOM cBsi3u. OOecmedeHuns
YCIOBHM  (DYHKIIMOHMPOBaHUS  (DAKTOPOB  CBEPXCTAOMIBHOCTH, T.C.
CITIOCOOHOCTH CHCTEMBI BO3BPALIATHECS K COCTOSHHIO PaBHOBECHS MOCTE
BO3JEUCTBUS PA3IMYHBIX CIIy4aliHbIX BO3MYLICHUM.

B skoHOMHYECKHX cHCTeMax Mepexony K 3(QQeKTHBHBIM (opMam
CaMOpETYJIMPOBAHUS M CAMOOPTaHM3AIMU CYIIECTBEHHO CIIOCOOCTBYET
COIVIACOBAHHOCTb  IIPOM3BOJACTBEHHBIX  L€NEH  pa3HbIX  ypPOBHEH
ymnpaBieHus U obecnieueHne >(PQPEKTUBHOTO B3aMMOJCHCTBHUS IIIOZCH,
UMEIOIIUX [MOIYaC Pa3IUIHble WHTEPECHl, B HAMPABICHUU IOCTHKCHUS
JTHUX LIEICH.

2 bup C. KubepHetuka B ynpaBieHHM NpPOU3BOACTBOM. MockBa : dusmarrus,
1965. C. 271.
bycnenxko H.II. u ngp. Jlekuum mno TeopuM ClOXHBIX cucTeM. MockBa :
«Cogetckoe paauo», 1973. C. 230-236.
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B crpoutensHO#l cucteme uH(OpMAIMS MO KaHAIaM TPSAMOH CBS3H
nepeiaeTcs B Bue KoMaH I (YIPaBIISIONINX BO3ICHCTBHUI) PYKOBOJICTBA, 10
KaHaJlaM OOpaTHOW CBSI3M — B BUJIC CBEJCHHUI O MOCTOSHHO MEHSIOIIEHCS
oOcTaHOBKe Ha CTpoiike. Kpome TOro, IOCTYymalOT CBEACHHUS O
BO3MYIIAIONIMX BO3JICHCTBUAX M3BHE. TakuMm 00pa3oM, ¢ Hambosee o0mei
TOYKH 3pEHHS MpPOLECC MONyYeHUs HHMOPMAMH — TPOLECC CHATHSL
HEOIIPENIETICHHOCTH B PE3yJbTaTe TOrO, YTO M3 HEKOTOPOH COBOKYITHOCTH
BO3MOXKHBIX B JIaHHOM KOHKPETHOM CHTyallud SIBIICHHM BBIJIEISETCS
sBJICHWE,  (pakTH4eckn  uMeBlmiee  Mecto.  OcCHOBHas  3ajada
ABTOMATH3UPOBAHHOW  CHUCTEMBI  YIIPABICHUS,  CHOPMYIHPOBAHHAS
B.M. I'my1mikoBbIM, COCTOMT B TOM, YTOOBI OOECHEYHTH ONTHMAILHOE
(hyHKITMOHUPOBaHHE o0beKkTa VIIPaBJICHUS (TIPOM3BOICTBEHHOM
OpraHu3anuu, OObETUHCHNUS, OTPACIH U T.I.) KaK SMHOTO IIEJIOr0 3a CYET
MPaBWIBHOTO BBIOOpA IENIEH M TyTeH HX MOCTIDKEHHUS, HAMIYYIIEro
pacmpesenieHiss 3aJaHui MEXIy OTHEIBHBIMH YaCTSIMH, W3 KOTOPBIX
COCTOHT OOBEKT, U 00ECTICUCHHS HX YSTKOTO B3aUMOJICHCTRISL.

1. 3agauu, BUJBI ¥ NPOLECCH] YITPABJIEHUS

V3BecTHBl weTkIpe oTama, XapakTepHble Ui JIF00Oro mporecca
YIIPaBIICHHS: MTOSBJICHUE TICITH; OI[CHKA CUTYAIIUH; IPUHATHE PELHICHUSI U
WCTIONIHEHHE TMPHUHATOTO peIieHus. [lpu ympaBieHHH CIOXHBIMH
MpoIleccaMy OIICHKA CHTYal[UH IPOU3BOIUTCS HA OCHOBE COOpaHHOH M
COOTBETCTBYIOIIUM 00pa3oM 00paboTaHHONH MH(OPMAIIUH, BBIJCISIOTCS
YeTBIpE ATaIa MpoIlecca YIIPaBICHNUS:

1) c6op u 06paboTka MHYOPMAITUH C IIENIBI0 OICHKH CIIOKHBIICHCS
CUTYyalluU;

2) MPHHATHE PEIICHUS 0 HanOoJiee MEeNeco00pa3HbIX NCHCTBHIX;

3) uCmoTHEHNE MPUHSTOTO PEIICHIIS;

4) KOHTPOJIb UCHIOITHEHHS PEIICHHS;

Pasnmunbpie BUABI 3amad yNIpaBICHUS OTIMYAIOTCS APYr OT Ipyra
CIIOCOOOM U TTOCIIEIOBATENIFHOCTEIO BBIITOTHEHUS STHX OTIEPALIUil.

Nmeetcst MHOTO 3a71a4, B KOTOPBIX MEXaHU3MBI cOOpa HH(OPMALIUH U
HCIOJHCHUSA TPUHATOrO0 PCIICHUA OTpa6OTaHI>I HaACTOJIBKO 4Y€TKO, 4YTO
P OCYIIECTBICHHH TMpOIECCa YIPABICHUS HE BO3HUKACT HHUKAKHX
npobyieM. B Takux 3amauax Bce pacCMOTpPEHHE IpolLecca YIpaBieHHs
CBOJIMTCSI, ITO CYIIECTBY, K PACCMOTPEHHIO TOJBKO BTOPOTO 3Tana. Takue
U momoOHBIE 3aJaud TMONYYIM Ha3BaHHWE OJHOITANHBIX, WU
OJTHOIIATOBBIX 33124 MPHUHATHS PEIICHHS.
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Onnako THNHYHBIM [JIS1 33729 yOpaBlieHud siBisercs ciaydail. Korga
nMeroniasics uHGopManus ObIBacT WM HEJOCTAaTOYHA IS TOYHOM
OLICHKH CUTYalll{, MJIK UCKa)KeHa MMOCTOPOHHUMHU (haKTOPaMH.

1.1. YnpaBneHue U umuccnepoBaHMe

CymiecTByeT ele OAWH CIEeU(PUUSCKUN KIacC 3aJad yIpaBlIcHHS,
KOTOpbIE CBSI3aHBl C JICATEIBHOCTBIO KPYIHBIX TPOMBIIUICHHBIX
MPEINPHUATHN WK OONBIINX CTPOEK W MOTYT OBITh Ha3BaHBI 33Ja9aMu
OpTaHM3alMOHHO-YIIPABIICHUYECKOTO xapakTepa. Kaxkmoe oTaenbHOE
CICHUATU3UPOBAHHOE  TO/pa3NelieHHe  KPYIMHOH  OpraHu3aiuu
BEITIONTHACT OIPEHETICHHYI0 4YacTh oOmell paboThl, PYKOBOICTBYSICH
O0IIMMY TETSIMH TPENNpUSATHS WK opranm3anui. OqHAaKo Yy Ka)XIoro
CIECIHATU3UPOBAHHOTO MOIPA3ICIICHHS BO3HUKAIOT M CBOU COOCTBEHHEIC
menu. Bee 3TH menm He Bcerzma COTNIACyIOTCS, a MHOTZAA TPHXOAAT B
MpOTHBOpEeUne Ipyr ¢ JApyroM. B pe3ynbrate BO3HHKaeT 3amada
OpTaHH3alHOHHO-YIIPABICHUYECKOTO THIIA — BEIPAOOTKH TaKOH CTpaTeruut
B OTHOIIICHWH 3aIlacoB, KOTopas ObLia ObI HaubOoJiee OJarompusATHA IS
BCETO MPEATPHUATHS B IIEITIOM.

Crenugudeckast 0COOEHHOCTh 3ama4 OpraHM3aluOHHO-
YIPaBICHYSCKOr0 THUIIA COCTOMT B TOM, YTO IOCIEJCTBUS TOTO HIIH
HWHOTO CIIoco0a X PEIIeHUs MOTYT CYIIIECTBEHHO OTPa3UThCs Ha paboTte
BCCro mnNpeArnpuAaTus. HOSTOMy IMPUHATUE OKOHYATCIIbHOTO PCHICHUA
BCEraa OTHOCHUTCS K KOMIICTCHIIUN OTBETCTBCHHOI'O Jmna,
aJIMUHHUCTPATOpa, HANCJICHHOTO COOTBETCTBYIOIIMMH IIpaBaMH, H
BBIXOAMUT 32 PaMKH UCCIeAOBaHUA onepaumii. McciaenoBanue onepanuii
MpecieaAyeT JIMIIb elb MaTh B PyKH aJIMUHHCTPATOPY OOOCHOBAHHBIC
PEKOMEHIAINY TI0 TIPHHSATHIO PEIICHUS.

1. 2. YnpaBnneHne npepgnpmatTunmem
HeonpepgpeneHHoOCTb ee B
JlesITenbHOCTh  XO3SUCTBEHHBIX CYOBEKTOB  OCYIISCTBISETCS B
YCIIOBUSIX ~ PBIHKA, KOTOPBIM  XapakTepusyeTcs TpexIe  BCEro
SKOHOMUYECKOUN CBOOOIOM EUCTBUI TIPOU3BOIUTENSI. 3a
SKOHOMHYECKYI0 CBOOOIY HEOOXOIUMO IUIATHTh, BEIb CBOOOJE OJHOTO
MPEINPHUATHS. COIYTCTBYET cBOOOMAA M APYTUX MPEANPUSATHH, KOTOPHIC
MOTYT TIOKYTIaTh WJIM HE MOKYIMAaTh €ro MPOJYKIIHIO, MpejaraTh 3a Hee
CBOM IICHBI, TMPOJAaBaTh BCTPEUHYIO MPOJYKIIUIO TIO OIPEICIICHHBIM
[IeHaM, JWKTOBAaTh CBOW YCIIOBHUSI CJENOK, €CTECTBEHHO, IPU 3TOM
MapTHEPBl CTPEMSATCS TMPEXKJE BCEro K COOCTBEHHOW BBITOJE.
OTHOCHUTENFHOCTh TAKOTO TOHSTHS, KaK BBITO/Ia, CBOAUTCS K TOMY, UTO
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BBITOJa JJISI ONHUX MOMKET OOCpPHYTBCS YOBITKOM Uil OPYTruX. OTO
MOJIOKEHUE YCHIIMBACTCS €IIe M TeM, YTO MPEANPHUSATHS, TIPOU3BOIAIINE
OJTHOPOJHYIO TPOAYKIHUIO, BOOOINE CTPEMSTCS BBITECHUTHh CBOETO
KOHKYPEHTa C PBIHKA.

CrnenoBaTenbHO, HE3aBUCHMO OT  OKEJIaHWS, Ha4YWHAs  CBOIO
JEeSTeNbHOCTh, @ 3HAYUT, BCTYNas B PBIHOK, JIIOOOMY MPEANPHITHIO
MPUIIETCS] UMETh JIeJI0 ¢ HEONpeJeNIeHHOCThIO U, KaK CIIEACTBUE 3TOTO,
UCTIBITHIBATE Ha cebe Ha MPOTSHKCHUU BCEU AEATCIBPHOCTH BIUSHHE TEX
BHUJIOB PHUCKOB, KOTOpbIE MPUCYIIH JAaHHOW HSKOHOMHUKE W JaHHOMY
HaIPaBIEHUIO JEeSTETbHOCTH.

Crienupuaeckoil XapakTepUCTHKOW HEOIIPEISIICHHOCTH SIBJIIETCS TO,
9T0  CYOBEKTHl  TNPEONPHHAMATEIBCKOH  JESTETHHOCTH  JOJDKHEI
VUUTHIBATh  BIUSHHE HEONPEAETCHHOCTH pa3BUTHUS HE  TOJBKO
COOCTBEHHOTO (BHYTPEHHETO) PBIHKA, HO M BHEIITHETO, YTO SBIIICTCS
CIIEZICTBHEM pPACIIUPEHUS MHUPOBBIX XO3SHCTBEHHBIX CBSI3€H M IIpoIiecca
WHTETpaluy 3KOHOMHK Pa3IMYHBIX CTPaH.

VYcIoBHS HEONPEIENEeHHOCTH, WMEIONME MECTO B  IIPEATPHHH-
MAaTeJbCKOM  IeATENPHOCTH, SBIDIOTCS TPEIMETOM HCCICHOBAHUA U
O0BEKTOM TOCTOSIHHOTO HAOMIOJICHUsI SKOHOMKCTOB CaMbIX Pa3IUYHBIX
npoduieil, a TakKe CHOENUATUCTOB Jpyrux oOmacteil (FOpUCTOB,
COITMOJIOTOB, TIONMTOJIOTOB W T.IL.). TakolW KOMIUIEKCHBIM TOIXON K
W3YYEHUIO TAHHOTO SIBJICHUSA (HEONPEIeICHHOCTH B OU3HECE) CBSI3aH C TEM,
YTO XO3SICTBEHHBIE CYOBEKTBHI B IIPOLECCE CBOETO (DYHKIMOHHPOBAHUS
UCIIBITHIBAIOT 3aBHCHMOCTh OT LIENOTO psima ycioBHui. JlaHHEBIE ycIoBHS
3aBICHMOCTH MOYKHO KJIACCH(DHIIPOBATH II0 MECTY WX BO3HUKHOBEHHUS HA
TaKHWE€ BUBI.

— COIMANBHO-TIONUTHYECKHE;

— aIMHHUCTPATUBHO-3aKOHOATEIIEHBIE;

— TIPOU3BOJICTBEHHBIE;

— KOMMEPUECKHE;

— (hMHAHCOBBIC.

Hayunble mpeacTaBieHUs O HEONMPENENeHHOCTH, a KakK CIEJCTBHE
3TOTO, ¥ 0 PUCKaX, (OPMHUPOBAITUCH [TOITAITHO.

B 6wiBiem Cosetckom Cotro3e B 20-¢ TOBI TaKOE TOHATHE, KaK PHUCK,
OBUIO 3aKPEIJICHO B HEKOTOPHIX 3aKOHOMATENBHBIX aKTaX OTHOCHTEIHHO
IIPOU3BOACTBEHHON U PallMOHAIN3ATOPCKOM AedrenbHocTU. OIHAKO yKe
B cepeauHe 30-X TOIOB OHO XapaKTepHU3yeTcs Kak «OypiKyasHOe».
CraHoBileHHE ® TIOCIeAyomee (YHKIHOHHPOBAHHE SKOHOMUKH
KOMaHIHO-aAMHUHUCTPATUBHOI'O THIIA, OAHUM U3 BaAXHBIX yCHOBI/Iﬁ
KOTOPOH SBISIaCh BCeoOINas IUIAHOBOCTH, SBHIIOCH CIIEACTBHEM TOTO,
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YTO TaKoe IMOHATHE, KaK MPEANPUHUMATENILCKUN PHUCK, IOJHOCTBIO
MPEeKpaTWI CBOE CYIIECTBOBAHME, KaK SBHO BpaXKAeOHOE IIIAHOBOI
9KOHOMHUKE.

Pazymeercs, 3o umeno cmblicin. OAHAKO MOJHOCTBIO C ITUM HEb3d
COITIaCUThCA IO HECKOJIBKUM IpU4rHaM. B niepByto ouepens, moToMy 4to u
B YCIOBHSX KOMAaHIHOM 3KOHOMHUKHM CYILIECTBOBAJIA HEONPEIEICHHOCTD,
CBsI3aHHas, MO KpailHell Mepe, ¢ TeM, YTO CYIIECTBOBAIM 3KCIOPTHO-
HMIIOPTHBIE OIEpaliy, MECTHBIE TOBAPONPOM3BOAUTENN IIPOLABATIN CBOIO
MPOAYKIMIO W TIOKYMajJld HEOOXOAWMBbIE TOBAaphl HAa BHEIIHEM PpBIHKE,
COMNpHKAcasCh TAaKUM OOpa3oM CO BCEMH BHIAMH PHUCKOB, KOTOpBIE
TIPUCYIIH JTFO0OMY CYOBEKTY PHIHOYHOM SKOHOMHKH.

Bo-BTOpBIX, KpOoMe BHEITHEIKOHOMHYECKHX PHCKOB, BCET/IA OBLT PHCK
HEBBITOJTHEHHS TOCYIAPCTBEHHBIX TUIAHOB, YCTAHABIIMBAEMBIX B IIPUKA3HOM
nopsimke. XapakTepHBIM UL TOTO IIEpHOAAa BpEeMEHH OBUIO TO, YTO
MOCJIECTBUS. ITOW HEOIPEAEIICHHOCTH HE OTPaKaJUCh HANpsMyK Ha
TOBapOIPOU3BOJIUTEIISX, & OHA LETMKOM M MOJHOCTBIO JIOXKMJIACH HA TIJICUH
rocynapcrea. JpyriuMu cioBamy, CyIIECTBOBala Takas CUTyalHs, KOraa
NP TPUHATHA 3KOHOMHYECKUX pEIIeHUH CYOBheKTaMH XO3SHCTBEHHOM
JeATEeIbHOCTA TIOCTEJJHAE HE HECIM OTBETCTBEHHOCTH 3a TOCIEACTBHSA
PelleHMid, a MepeKaablBali ee Ha OOIIecTBO B LiesioM. Takum oOpazom,
OTCYTCTBHE 3aMHTEPECOBAHHOCTU B Pe3yNbTaTaX SKOHOMUYECKUX PEILIeHUN
SIBTSTIOCH TIPHYMHON OTCYTCTBHSI pPUCKa KaK TaKOBOTO.

OpI/IeHTaHI/Iﬂ praI/IHLI Ha MOCTPOCHUEC 3KOHOMUKHU PBIHOYHOT'O THUIIA
O3HauaeT MOSABJICHHUE CaMbIX PA3JIMUYHBIX BUAOB HEONPENEICHHOCTU IS
BCEX CYOBEKTOB €€ XO3HCTBCHHOM JIeATEILHOCTH.

CymiecTByeT HECKOJIBKO BO3MOMKHBIX TOAXOJIOB K KIIACCH(HUKAINN
HEOIPEAEICHHOCTH, U3 KOTOPHIX Hambojee MHUPOKO MPUMEHUM HOIXOI
€€ XapaKTepUCTUKU C TOYKM 3PEHUS BEPOSATHOCTH HACTYIUICHUS
COOBITHIA.

[IpuyrHBI BOZHUKHOBEHHST HEOMIPEIETICHHOCTH MOKHO OOBEIUHUTD B
HECKOJIbKO OCHOBHBIX T'PYIIIL:

— HEJETePMHUHUPOBAHHOCThH MPOIIECCOB, MPOXOAIIUX B 0OIIECTBE B
LIEJIOM U B 3KOHOMHYECKOW >XM3HM B 4acTHocTu. IIpu 3tom Hene-
TEPMHUHHUPOBAHHOCTh SBJISIETCS CIIEACTBUEM OTCYTCTBHS BO3MOXKHOCTH
MOJIHOTO WX TMPEJICKa3aHus ¥ TPOTHO3UPOBAHUS;

— OTCYTCTBHE NOJHOM MH(OPMAIUK NPH IJIAHUPOBAHUH TTOBEICHHS
PBIHOYHOTO CyObeKTa, TM00 €€ CyObEeKTUBHBINA aHATU3;

— BIHSHUEC CYOBEKTHBHBIX (PAKTOPOB HA PE3yIbTaTHl IMPOBOAUMBIX
aHaIM30B (YpOBeHb KBaJIM(UKAIMKM paOOTHUKOB, MPOBOIIIINX aHANIN3;
BEJIMYMHA BPEMEHHOI'0 POCTPAHCTBA aHAIM3UPYEMOTr0 NMepHoa U T.I1.).
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1.3. Ocob6eHHOCTMW ynpaBneHUsH
B YyCNOBMUAX HeoNnpepgeneHHOCT

B uccnenoBanusx mo mpoOnemMam, CBSI3aHHBIM C U3YYEHUEM PUCKOB,
BO3HHKJIO II€JIO€ HampaBiieHHe paboT mox OOUIMM Ha3BaHHUEM «PUCK-
MEHEIDKMEHT», OO0, KaK €ro emie Ha3BIBAIOT, «YIPaBICHUE PHCKOMY.
Ero  0coOCHHOCTBIO  SBISIETCS. ~ KOMIUIEKCHOCTb  IPOBEJCHUS
UCCIICNIOBAHUH, KOTOpas BKIIOUaeT B CeOs pa3IMuHbIE ACHEKTHI:
HayyHble, TEXHUYECKHE, OpraHU3allMOHHO-YIIPaBJIE€HUYECKUE, COLUAIbHO-
9KOHOMHYecKkue U T.aI. Ilpu 3TOM IIMPOKO NPUMEHSIOTCS METOAIbI
CHCTEMHOT0 MOAXOAa U ONTUMH3ALUU MpPOLecca NMPUHATHSA PEIICHUN B
YCIOBHSAX HEOMPEOENCHHOCTH C IEIbI0 pa3padOTKH METOJOJOTUH
YIPaBJIEHHUS PUCKOM.

B ycnoBusix KOHKYypeHTHON OOpBOBI, CBSI3aHHOM C IIOCTOSHHO
NPOXOISAIMMU Ha pPHIHKE W3MEHEHUSMH, BOIPOCHI YIpaBICHUA
NPEeNNpPUATHEM IPETEPIEBAIOT HEKOTOPble H3MEHEHMs, KOTOpbIe
MPOXOJAT MO CIEAYIOLUMM OCHOBHBIM HAIPABICHHSIM:

— TOSBISETCS NOTPEOHOCThP B HANUYMH OOJBIIOTO KOIWYECTBA
AQHAJMTUIECKOT0 MaTepraia, HeoOXOOUMOTO U aHaIW3a W TIPHHSATHS
YIPaBICHYECKUX U MAPKETUHIOBBIX PEIICHUH;

—  MOHUTOPHUHIOBBIE  HCCIEIOBAHUS  PBIHKA,  COIOCTABICHUE
CYLIECTBYIOIIEH MapKETHMHIOBOM CTPaTeTMH U CTPATErMU MEHEIKMEHTa
C MOTPEOHOCTSAMU PHIHKA,;

— MOSIBISIETCS. HEOOXOAMMOCTh 0Oolee HIMPOKOro HCHOIb30BAHHS
CLUEHAPUMHBIX  TOAXONOB  MpHU  IUIAHUPOBAHUM  JI€ATEIILHOCTU
npennpuaTus (IeCCUMUCTUYECKUX, ONTUMHCTUYECKUX U IPYTUX BUIOB
MIPOTHO30B C MPOBEICHUEM aHAIIN3a BEPOSTHOCTH BBIMAJCHUS COOBITHIN)
Y MaKCHUMaJIbHO BO3MOKHOTO y4eTa BCE€X BUJOB HEOIPEIEIEHHOCTH.

®dakTOpel  HEONPENEJICHHOCTH, KOTOpbIe BIHAIOT Ha JIOOOMH
PBIHOYHBIM CYyOBEKT, Takke MPUCYTCTBYIOT M HEIOCPEACTBECHHO B
MIPOLIECCE YIPABJICHUS UM.

[Io MecTy BO3HUKHOBEHMS HEONPEIENEHHOCTh B YIPaBICHUU
npeanpustueM (GUpMoit) MOXXeT OBITh CIIEICTBUEM:

— HEONpENeNeHHOCTH B ONpENeICHUH IUIAHOBOTO Iepuojga M, B
YaCTHOCTH, IIEPHOJIA, HA KOTOPBIN pa3pabaTblBaeTCs CTpATErus pa3BUTUS
MPEAIIPUATHS;

— HEOMPEACNECHHOCTH TP (OPMHUPOBAHUU IIEJICH TPEANPUATHS U B
BBIOOpE TPHOPUTETOB B TMOCTABJIEHHBIX IIENAX, YTO MOXET OBITH
00YCIIOBJIEHO HAJIMYHMEM Psija allbTePHATUBHBIX IIeJIeH;

— ommnbOK B OLICHKaxX HACTOAIIETO ITOJIOKCHUA A€ BHYTPU CaMOIro
HOPEINPUITUS U €r0 MECTAa Ha PhIHKE, KOTOPbIE, B CBOIO O4Yepelb, MOTYT
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OBITh CIICJCTBHEM IIEIIOTO Psijia MPUYUH OOBEKTUBHOTO U CYOBEKTHUBHOTO
XapakTepa;

— HEIOCTaTOYHO TMONHOHW Win omuboyHON wuHDOpMANUU O
MEPCIEKTUBAX Pa3BUTHS JAHHOTO TPEIIPHUATHS M PBHIHKA B IIEJIOM, a
TaKXKe PElIeHUH, IPHUHATHIX Ha €€ OCHOBAHUH;

— BO3MOXHBIX COOCB TmpH pa3pabOTKe CTpPATEerWd Pa3BUTHS
MPEINPHUSITHS, a TAKXKE BO BPEMs €€ PeaIn3allvi;

— HEONPENEIEHHOCTH IIpU KOHTPOJIE W OILEHKE pe3yIbTaTOB
JeSITEIEHOCTH TIPSATIPHUSTHSL.

Crpaterust pa3Butus (GUPMBI B YCIOBUSX PHIHOYHONH SKOHOMUKHU
IODKHAa (OPMHPOBATHCSA ¢ YYETOM ITHX BHIOB HEONPEACICHHOCTH Ha
Ka&XIOM M3 DTAllOB: HA 3Talle ONpEAEIeHHUs Mmeproaa pa3pabarbiBaeMoit
cTpateruu, Ha dtane (GopMHpOBaHHs Ieiel, NpU pa3paboTke MyTen
peanu3anud BBIOpaHHOW cTpaTermd W (HOPMHUPOBAHHMH HANpaBICHUI
JESITEIbHOCTH, TP aHAIN3€ KOMIIETEHIIUH COOCTBEHHOTO MPEIIPHUSTHS,
a TaKKe Ha JdTame KOHTPOJS 32 BBHIMONHCHUEM CTPATETHU U OLICHKH €
peanm3anuu. [IpennoxenHass METOIUKA TPUBOIUTCS Ha puc. 1.

IIporecc ympaBieHus (GHUPMOH B YCIOBHSAX HEOMPEAEIEHHOCTH
MOJIBEPYKEH BIUSIHUIO BHYTPSHHUX U BHEIIHUX (PaKTOPOB.

BuyTrpennue (akrtopsl — 3T0 T€ (GAaKTOPBI, KOTOPhIE OOYCIOBICHBI
HEOIPEAEIEHHOCThIO, MMEIOIIEH MECTO Ha MPeANpHATHH. BHemHue
(I)aKTOpLI, B OTJIIMYHUEC OT BHyTpeHHI/IX, ABJIAKOTCA CJIICACTBUEM HAJINYUA
HEOIPEACICHHOCTH 32 TPeIe/iaMy JAHHOTO MPEIPHUSITHS.
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1. Onpenenenme nepuofta
patpafamiraeso R cparerii

ViR HeOUPe I HHOCTH

2. Qopumposanite ueneli crpaTering

V2T Heonpe Be/ie HHOCTH

3. Puspationxa nyredt pevnesanam
ALIGPARHON CTpaTeri W
QopaHposARES HanpanIcii
ACHTCILHOCTH

YUET HEOLPEICIHIOCTH

4. A coOCTRCHHBLY
AOMICICHUHA

VICT HENIPC ICACHROCTH

5. Peaimiamms CTPATCTHE PIIBHTHA

YHEST HCONPN IENCHHROCTH

6. Konrpoon n olenka peryanraton

VHET Heonpe ICAcHNOCTH

Puc. 1. Crparernuyeckoe ynpasJjieHue (pupmoii

B YCJIOBHAIX HEOIIPEACJTCHHOCTH

HeormpeieaeHHOCTh BHEIIHETO MPOUCXOXKICHUS SBJIETCS (QYHKITHEH
OT JIOCTOBEPHOCTH BHEIIHEH HH(OPMAIMM M, KaK CIEACTBHE 3TOTrO,
(GyHKIMEH OT JOCTOBEPHOCTH COCTABISIEMBIX IPOTHO30B. UeM BImIe

CTCINICHb HCOMPCACICHHOCTHU, TCM CJIOXKHEC NMPHUHUMATDH YIIPABJICHYCCKOC

peleHue.

Hexoropsle yueHble IpeanararoT XapakTepU30BaTh BHEIIHIO CPELy
C TOYKH 3pEeHHS HECTAaOMIFHOCTH 10 TAKUM MPU3HAKAM:
— CTeIeHb OOBIICHHOCTH AeHCTBUA (coObrTus). [lo aToMy mpu3HaKy
coObITHS gmenATcs Ha OOBIYHBIE, T.€. TaKWe, KOTOPBIE CIIy4aroTCs
JIOBOJIbHO 4aCTO; HEOXHJAHHBbIE, HO TaKue, KOTOpPbIE UMEIH MECTO B
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MpoIUIOM; abCOJTIOTHO HEOXKWAAHHBIE, W HOBBIC, T.€. TaKUe, KOTOPHIE
MPAKTUUYECKU HE UMEJIU aHaJIOI'OB B IPOILJIbIE IEPUObL;

— TeMmn wu3MeHeHus nedctBusA. [log »3ToH  XapakTEepHCTUKOW
MMOHUMAETCSI 3aBUCUMOCTh MEXIY CKOPOCTBIO MPOTEKAaHHSI COOBITHS U
peakiuedt npeanpusatus (Gupmbl) Ha 3T0 AeicTBre. [1o aTOMY NpU3HAKY
COOBITHA ~ KIACCHUIMPYIOTCS HA: TaKWe, KOTOPBIE MPOTEKAIOT
MeJUJIeHHee, 4eM NpeAnpusTHe pearupyeT Ha HUX; TaKue, CKOPOCTb
MIPOTEKAaHUsI KOTOPBIX COBHANAET CO CKOPOCTBIO PEaKLUU MPEeANPUITUS;
Takue, CKOPOCTh MPOTEKAHUS KOTOPBIX MPEBBIMAET CKOPOCTh PEaKIHH
Ha HUX CO CTOPOHBI IPEATPHUSITHUS.

JlaHHas XapakTepUCTHKA SBISETCS JOCTATOYHO IIeTIecoo0pa3HOM.
OnHaKo BMECTE ¢ TEM OHAa MOXET OBITh YCOBEPIIIEHCTBOBAHA BBEICHUEM
XapaKTePUCTUKU CTETIEHU MPOTHO3UPOBAHHOCTH JAIbHEUIINX COOBITHIHA,
MPOUCXOAALIMX BO BHEUIHEH cpene, MO MPEAJOKEHHOMY paHee
MEXaHU3My OLEHKH CTEIeHH MPOTHO3HPOBAHHOCTH COOBITHH C Ooiee
JeTanbHON pa3paboTKON YaCTUYHO MPOTHO3UPYEMBIX NEHCTBUM.

Hanuune HMCTOYHHUKOB BHYTPEHHETO MIPOUCXOXKIEHHS
HEOIPEAETICHHOCTH OOYCIIOBIICHO TEM, YTO MPEANPHATHE, SBILLICH
CJI0’KHOW, TUHAMUYHON M OTKPBITOM CHUCTEMOMW, UMEET B CBOEM COCTaBE
HEOJTHOPOJHBIE DJIEMEHTHI C pPa3HOXapaKTepHBIMHU  CBS3AMH H
0COOEHHOCTSIMH B HEPAPXUICCKOU CTPYKTYpE.

JMHAMUYHOCTh SKOHOMHYECKOH CHUCTEMBI SIBJISETCS CJICICTBUEM
TOTO, YTO OHA HEMPEPHIBHO Pa3BUBAETCS KaK CaMOCTOSITENBHO, TaK U B
pe3yabpTare pa3BUTHSI BHEILIHETO OKPYKEHHUS.

OTKpPBITOCT 3KOHOMHUYECKON CHCTEMBI SBJSIETCS CJIEICTBHUEM TOTO,
YTO OHA CYIIECTBYET TOJBKO JMIIb KAaK OJWH M3 3JEMEHTOB Ooiee
CJIOKHOM cucTeMbl (FKOHOMHUKH PEruoHa, OTpacii, CTPaHbl B LIEJIOM).

Brmsiane cyObekTa yrpaBieHHS Ha YIPABISEMBId M OOBEKT MOXKET
MIPOUCXOAUTH TOJBKO JIMIIH TIPU YCIOBUM OOMeHa HH(pOpMaIueil Mex Iy
Huma.  Takum  o0pa3oM, HEONPENeNeHHOCTh B YIPaBICHUU
TOPeINpUiATAeM, C TOYKHA 3pEHHS KadecTBa HHGOPMALUH, MOXKET
BO3HMKHYTH Ha 3Tane: 1) cbopa u aHaau3a MHGOPMAIMK; 2) IPUHATHS
YIIPaBICHYECKOTO PEIICHUS Ha OCHOBAHWU COOpAaHHON M IpOaHaIM3U-
POBaHHOH HH(pOPMAITUH.

BaxHoil  QyHKIMeH  ympaBieHHS ~ SBISETCS  IJIAHUPOBAHUE.
[InanupoBaHue, Kak W BeCh IIPOILIECC VIPABIEHUS, HMEET TaKKe
BEPOATHOCTHBIA  xapakTep. Ha npakTuke 3TO 03HA4aeT, uYTo
HEOIpPENEICHHOCTb, CYIIECTBYIOIIAs MNPHU COCTAaBICHUM TaKTHUECKUX
IUTaHOB, emie Ooyiee BO3pAcTaeT IPH COCTABICHUU CTPATETHYECKUX.
TakTuueckoe IUIAHUPOBaHMUE, HANPABICHHOE Ha OMNpEIEIIEHHUE CPEACTB
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JUTSL TOCTIDKCHUS ITOCTABJICHHBIX B CTPATETHYECKOM IUIAaHE Iejei, OymeT
MMETh TE€M MEHBUIYI0 HEOIPENEeIEHHOCTh, YEM MEHBIUUM IJIAaHOBBIH
MepuoJ  OHO  OXBaThiBa€T U,  COOTBETCTBEHHO,  OOJIBLIYIO
HEOIPEeEJICHHOCTh, YeM JUIMHHEe IUIAaHOBas IepCHeKTHBa. Takum
00pa3zoM, CymIecTBYeT MPSIMO MPOTOPIHOHATBHAS 3aBHCHMOCTD MEXIY
CPOKOM, Ha KOTOpBI pa3pabarbiBaeTcs IUIaH, U CTENEHBIO €ro
HeomnpeaenaeHHocTH. CTpemiicHHe (UPMBI OXBAaTHTh CBOUMH IUIAaHAMHU
KaK MOXHO OoJiee IINTEIBHBI BPEMEHHOW IEPHOJA BCTYNACT B SIBHOE
MPOTUBOpPEYHE, C TOYKH 3pEHUS TEOPUHU PUCKOB, CO CTEMEHBIO
JIOCTOBEPHOCTH IUIAHOB W BO3MOXKHOCTBIO HMX peanu3auuu. JlaHHoe
MPOTHBOPEUNE MOXKET OBITH pa3pemeHo MyTeM pa3yMHOH MIUHAMH3AIUT
IJIAHOBOW MEPCIIEKTUBBI U UCIIOJIB30BAaHUSA BEPOSTHOCTHBIX MOIXOAOB K
OILICHKE KOHKPETHBIX DKOHOMHYECKMX IMoKazaTenell. Hukakol ruiaH He
SIBIISIETCS. OKOHYATENBHBIM, OH MOXET OBITb NEepecMOTPEH IIpH
CIIOKMBIIMXCA  yclOBUSIX. Jlpyrumu  ciaoBaMu, peajM30BaHHAs
HEOMpPENeJICHHOCTh MOXET W JOJDKHA BBI3BaTh B HEM aJICKBATHBIC
HU3MEHEHUs.

2. OnTHMu3anus Npoecca ynpaBJieHHs

2.1. Kpuntepunuin kKauyecTBa ynpai

3amavy ympaBleHUs pacCCMaTPHUBAIOT KaK MaTEeMAaTHYECKYIO 3ajauy.
O}lHaKO, B OTJIMYUC OT MHOTHUX JAPYTUX MAaTCMAaTU4YCCKUX 3ada4d, OHa
UMEET Ty 0COOEHHOCTB, UTO JIOITYyCKAET HE OJHO PEIICHHE, & MHOKECTBO
PA3NUYHBIX PEHICHUH. DTO CBSI3aHO C TEM, YTO B 33/1a4axX YIpPaBICHUSI
UMeeTCsl, KaKk MpaBWIO, MHOTO CIOCOOOB OpraHM3aldu Kakoro-iudo
mporecca, KOTOPBIE TPHUBOAAT K JOCTIDKEHHIO ITOCTABICHHOM IEIH.
3amady yrpaBIeHUS MOXKHO OBUIO OBl CTAaBHUTH KaK 3a/1ady HaXOKICHUS
XO0TA 6])[ OOHOI'0 N3 BO3MOXXHBIX CHOCO6OB JOCTHXKCHUA IMOCTABJICHHOM
menn.  OpgHako Takas ITIOCTAaHOBKAa Bompoca OOBIYHO — ObIBaeT
HEOOCTATOYHOM.

Ecnmu umeercss MHOXKECTBO pelIeHWH Kakoi-mubo 3amadd, TO
BO3HHUKaET I00aBOYHAs 3a/1a4a — BBIOPATh M3 3TOTO MHOYKECTBA PEIICHUMA
TaKoe, KOTOPOe ¢ KaKOW-TMOO TOYKH 3PSHHUS SBIACTCS HAWTYUIIINM.

MartemaTndyeckoe BBIpRKEHHE, JAIONIee KOJIMYECTBEHHYIO OIEHKY
CTETICHH BBHIMTOJTHEHUS HAJIOKEHHBIX Ha CIIOCO0 yIpaBieHHs TpeOOBaHNUH,
Ha3bIBAETCS KpUTEpUEM KayecTBa  YNpaBJICHHUS. Haubonee
MPEIIOYTHTENEHBIM WIIH ONTHMAIBHBIM CHOCOOOM YIpaBJICHUS OymeT
Takod, INpU KOTOPOM KpUTEpUN KayecTBa YIPABJICHUS JOCTUIaeT
HEOOXOJMMOTO 3HAYCHHS.
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2. 2. OrpaHunuyeHnsqa, HaKknapgoBaemMmble

3ajady HaxOXKICHUS ONTUMAJIBHOIO YIIPAaBJICHUS WU YIPABICHUS
BOOOIIE CIeqyeT CUUTaTh HECYIIeCTBYIOUIEeH, T.e. He BBI3bIBAIOIICH
HUKaKUX MPoOJIeM, eClTi Ha XapaKTep OBIDKCHHS CUCTEMBI HE HAJIOKECHO
HUKaKUX OTpaHUYEHUI.

I'padmueckass  Mozmenb  BHYTpeHHeW W BHEIIHEH  cpensl
MIPOM3BOACTBEHHOM CHUCTEMBI (K IpUMEpPY, CTPOUTEIBLHON OpraHU3aIin)
Y MIX B3aMMOJICHCTBHS B 00IIIEM BHJIE TIpeicTaBleHa Ha puc. 2. [TokazaHo
TaKXe B3aUMHOE BJIMSHHE 3JIEMEHTOB CUCTEMBI U II€IH, CTOALIEH meper
OpraHu3alMe.

[soem ] [ | [Memermemns |
Lanwabuiee | orpymenne
( | oo || [ | =
! \ l I
Nposssancisenman cncTeme ( ope )
Pooypen
l Wrhepmane
Marepmam |
g ine gewA
Opanmsmyen 212
Dpecrpyeryps [rere——
I Fovvord I e
i —
::':u-uu
4 L] T
1 |
[Aomermtes | | [ orpomowe pmsee |
] | | |

Puc. 2. BHyTpeHHsIA M BHELIHAS cpe/la OPraHu3aluu,
CBSI3H H B3aUMOJIeHCTBUA
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2. 3. MflocTaHoOBKAa 3afjayuMm onTwuMarne

3amady  ympaBJICHHS  MOXHO  CYHMTaTh  CHOPMYITHPOBAHHOM
MaTeMaTU4yeckd, eciau:  CcPOpMyIHpOBaHA  LeNb  YIpaBIEHHS,
BEIpOKEHHAsT Yepe3 KPUTEPHH KadecTBa YIPABICHUS; OIpPeaeIICHBI
OTpaHMYCHUS] MEPBOTO BHOA, INPEICTABISIONE Cco00i cHucTemy
muddepeHIaIbHbIX WX PAa3HOCTHBIX YPaBHEHHH, OTPaHMYHBAFOIINX
BO3MOXKHBIE CIIOCOOBI BMKEHUSI CHUCTEMBI; ONpeAeNIeHbl OTpaHUYCHHS
BTOPOTO BWJIA, MPEACTABIAIONINE COOOH CHCTEMY aireOpamyecKux
YpaBHEHUI WM HEPaBEHCTB, BBIPAXKAIOIIUX OTPAHUYEHHOCTb PECYpPCOB
WM UHBIX BEJMYHH, HCIOIb3YEMbIX TIPH YIIPABICHUH.

Croco0 ympaBieHHsI, KOTOPBIH YZOBIETBOPSIET BCEM IOCTABICHHBIM
OTPaHMYCHUSM U COOTBETCTBYET BCEM KPUTECPHIM KaueCTBa yIPaBICHU,
MO>KHO Ha3BaTh ONTUMAIILHBIM YIIPABICHUEM.

3. UcciienoBanue BJIAMAHUSI CONMOHUYECKUX (PAKTOPOB
HA MapaMeTPhl TEXHOJIOTHIECKHX ITPOIecCOB MPOU3BOACTBA PadoT
B IKCTPEMAJTBHBIX YCJIOBHIX

Ha npomsBoauTensHOCTE Tpyda U €ro Ka4ecTBO, KpOMe 00bEKTHBHBIX
(bakTOpoB (MOTOMHBIC YCIIOBHS, COJHEYHAs paauanus, MPUMCHEHUE
HOBOW TEXHHUKH M MaTepHajoB, CIIOCOOOB MPOM3BOACTBA paboT M T.1.),
OKa3bIBAIOT BIUSHUE U CYOBEKTHBHBIC (DAKTOPHI, MIPHUCYIIHE IIEPCOHAIY.
HpOI/ISBOJII/ITeJ'H)HOCTL TpyAa OTACJIBbHO B3ATOI'O0 HCHOJHHUTECIIA 3aBUCUT
oT ero kBajmudukanuu, pU3nYecKux NaHHBIX, BBIHOCIMBOCTH, JIOBKOCTH,
JI0OPOCOBECTHOCTH.

[Ipon3BoAMTENBHOCTD PAabOTHI 3BeHA (PKUMAXKa) OyIET ONpeaeAThC,
KpOME BBIIIETICPEUNCICHHBIX Ka4eCTB, €Ille M OPTraHM30BAaHHOCTHIO,
CIIAYKEHHOCTBI0 COBMECTHBIX ACUCTBHI B OTPAaHUYCHHOM IIPOCTPAHCTBE,
B YCIIOBHSX IOBBHIIICHHOW OMAacHOCTH Ha MPOTSHKEHHH BCETO paboduero
BPEMCHHU, T.€. B OKCTPCMAJIbHBIX YCIIOBUAX.

Bonbmmoe 3nadenue npu STOM UMEET ¥ MOTHBALIUS TPYAa, MOpaibHAsS
U MaTepHanbHas 3aMHTepecOBaHHOCTh. OMHAKO B JTIOOOM cCiTydae IpH
paboTe JBYX 4YeNOBEK B OTrpaHHMYEHHOM MPOCTPAHCTBE (JIIOJIbKE) Ha
BBICOTC B OKCTPEMAJIBHBIX YCJIOBUAX HeO6XO}11/IMO YUYUTBIBATh UX
WHIUBUIYaJIbHBIE OCOOCHHOCTH, COBMECTUMOCTD THITOB XapaKTEePOB.

OmMure B THUIIE JUYHOCTA — DTO €CTh HE YTO HHOC, KaK OTIIN4YUEC
BoOMeHe  WH(MOpPMANMOHHBIME  (OMO’HEPreTUYECKHMH)  CHTHAIAMH
CAPYTHMH THIAMH JIMYHOCTH WIM  THIAMH  WH(OOPMAHOHHOTO
MeTaboII3Ma.

N3BecTHO, UTO MCHXMKA YeNOBEKa OKpYyXaroui Mup audhepeHimpyer
Ha ONpEICICHHBIC COCTABHBIC YACTH WM AacHeKThl. M KaKmeli THI
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JMYHOCTH O KaKkOM-TO W3 OTUX AacCleKTOB TIOJNy4aeT  OdYeHb
i depeHITIPOBaHHY0 HHPOPMAIINIO, 2 HHPOPMAIIUIO O IPYTHX acIleKTax
BOCIIpHHUMaET Hemu(depeHIIMPOBAHHYIO B CxkaTOM BHje. [103TOMY pa3Hbie
TUIBI JIMYHOCTH, ITOOBIBAB B OJHOM W TOH JK& CHTyallud, ITOMHST
1 PacCKa3bIBAIOT COBCEM JIPYTOe U IPYTUMH CIIOBAMH.

B ocHoBe mcuxosornyeckoro auckoMm@opra uenoBeKka HaxOTUTCA
HapyllleHue ero WHGOPMAIMOHHOIO MeTa0oau3Ma. DTUM HapylleHHEM
SIBJIICTCS.  HEJOTIONyYeHUE HYXHBIX CHTHAJIOB, pa3IpaKUTeNed oT
YeloBeKa C HeMOAXOISAIIMMU THUIIAMH IICUXUKH U Ieperpyska
HEHYXHBIMH, YTOMIISIOIIUMH, Pa3IpaXarollliMU CUTHaJaMHU OT JIFOJEH,
KOHTaKT ¢ KOTOPBHIMHU 3aTPyIHEH HM3-3a CBOETO THIAa HH()OPMAITHOHHOTO
MeTaboamu3Ma, OHH CBOM MBICIM BBICKA3BIBAIOT  MAJIOMTOHSATHEIM
U HEMIPUEMJIEMbIM CIIOCOO0M.

Jronqu ¢ HempueMJIEMBIM IS KOT'O-TO THIIOM HWH(OPMAIIMOHHOTO
MeTaboJIn3Ma OUYeHb TPABMHUPYIOT KAKUMH-TO 3aMEUaHUSAMH, KOTOPBIC HE
JAI0T HU UHPOPMAILIUY, HA TTOKOSL.

Bceero cymectByror 16 THNOB WH(DOPMAITMOHHOTO META0O0JH3MA.
Kaxnprii genoBexk mpuHAISKAT K ogHOMY M3 16 THmoB. C MOMOIIBIO
METOJIOB COLMOHWKH HICHTH(UIMPYETCS THIl JMIHOCTH. B skcniepumenTe
WCTIONB30BATIACh METOIMKA M TECTHI, pa3padoTaHHbIE A. AyrycmHaBW{yTe4.

B coBMmecTHO# paboTe oM IEHCTBYIOT IEJCHAINPABICHHO, 3TH
neiicTBus Oonee pe3yIbTaTUBHBI, €CIM OHU UMEIOT TICUXHUYECKYIO OTIOPY
B JIIOJISIX C JPYTMM IICUXUYECKHUMHU YCTPOMCTBOM. DTO OJIMH U3 CEKPETOB
MIPOCTOM KOOTIEPAITUHU U JOCTHKEHUSI CHHEPTU3Ma.

B oOmennm moged M #“X B3aMMONOHUMAHHUHA BaKHEUIINMU
MOMCHTAMU SBJISKOTCS ypOBeHI) HHTCJIJICKTA U KyHI)TprI. HO Koraa peqb
HJIET O MCHMXHYECKOM JOINOIHEHNN TICHXOJOTHYECKOH COBMECTUMOCTH,
camog TJIaBHOE — THIT HH(POPMAIIHOHHOTO METa00IM3Ma.

OH omnpexnensieTcs TOPSIAKOM CEIEKIMA W OOpPaOOTKH TCUXUKOU
genoBeka (OMOCHCTEMBI) IMONyYaeMOH HH(GOPMAUN. DTOT HOPSIOK
onpejaesieT MHOTO IICHXMYECKHMX CBOWCTB 4eJOBEKa: CKIOHHOCTH,
CrocoOHOCTH, MHTEPECH], (POPMBI aKTHMBHOCTH, IEJICHANPABICHHOCTh U
MOTHBaALUA IIOBCIACHHA, B3AUMOOTHOIIICHUS C prFI/IMPI JIFOAbMU, BKyCBI
M T.I.

B commoHuke cymiecTByrOT CocoObl M METOIUKH UACHTH(MUKAIIH
I/IH(l)OpMaI_H/IOHHOFO MeTa6OHH3Ma JIJMYHOCTH, B YaCTHOCTH 3TO MOKHO

* Ayryctunapuaiore A. Teopus npusHakoB Peiinnua. CONHOHIKA, MEHTONOTHS U
HCUXOJIOTHs JIMYHOCTH. 1998. No Ne 1-6.
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OCYIIECTBUTh IIyTeM HAONIOACHHUS C YYETOM XapakTepHBIX 4YepT H
MPHU3HAKOB IS KAYKAOTO THIIA, 3 TAKXKE UCIONB3YsI CHIEIHAIBHBIC TECTHI.

OCHOBBIBasICh HA OCHOBHBIX 3aKOHAX COIMOHHWKH, MOYKHO COCTaBHTH
Il COBMECTHMBIX THIIOB XaPAKTEPOB-.

Takoit moadop MapTHEPOB IS JUTUTEIHLHON pabOThl B AKCTPEMATBHBIX
YCIOBUSIX U (DOPMHUPOBAHKE JKUMAKeH (3BEHbEB) (hacaaurKOB TO3BOJISIET
n30eKaTh  KOH(IMKTHBIX ~ CHUTyalluii  Hapsay C  MaTepUalbHOMN
3aMHTEPECOBAHHOCThIO,  KBaTM(UKAIMeH,  TOOPOCOBECTHOCTBIO  H
OTBETCTBEHHBIM ~OTHOIICHHEM K CBOMM OOS3aHHOCTSM, ITOBBICHTh
MPOU3BOTUTEIBHOCTD TPY/IA U KAYECTBO BBITIOIHACMBIX PaloT.

B nporoausiiemcs skcnepumente Ha o0bekTax JICK-3 ¢ pabGounmmm
OJIMHAKOBOW KBaTM(HKAIMK (4 paspsmd), NOTOOpaHHBIMH C y4eToM H 0e3
ydera TICUXOJIOTHYECKO COBMECTUMOCTH, C OJIMHAKOBOH (IIOBBIIICHHOW B
2 pasza, TIO CpaBHEHHIO C HOPMATHBHOW) MaTepHalbHOW 3aWHTEpPECO-
BAaHHOCTHIO, TPH  OJArONpPUATHBIX  TOTOAHBIX  YCIOBHSX — ITyTEM
XpPOHOMETpaka ¥ CpaBHEHHS pe3ysbTaToB pabOThl MO IporeccaMm ¢
HOPMAaTHBHBIMH OBLI OINpezeieH IMonpaBovHbld KodduimenT Ky,
K03(D(DUIMEHT UHTCHCUBHOCTH TPY/Ia, YUUTHIBAIOIINK pe3yIbTaThl paboTHI,
paboTasi COBMECTUMOCTH YJICHOB SKUIaXKEH.

s 2 @

i€ Tyen — MPONOIDKUTENBHOCTh Ipoliecca B 3KCIIEPUMEHTE (4ac);
T, — HOpMATHUBHS MPOAOIHKATEIHFHOCTD TIpoliecca (Jac).

Tab6nuna 1
Koy ¢uiuenTs HHTEHCHBHOCTH TPY/1a N0 MpoLeccam

Ne Hanvenosanme IpoaosxuTenbHOCTHL Mponecca T(uac)
n/n JkcnepumenT. | HopmaruBHasi Kunt
1 IlepecranoBka 25 33 1,326

CaMOIOBEM. JIIOIBKH
2. Vxnaaka ITPTT 2 6,7 3,35
3. 3ajienka CTBIKOB PaCTBOPOM 3 8,92 2,97
4 IIpaiimupoBanne 1 356 35

MIOBEPXHOCTH CThHIKA

5. HaneceHnne macTUKH 2 474 2,372
6. YerpoiicTBO CONHIE3aIHTHI 0,83 2,52 3,04

SA. AyryctunaBnuyte «JlyanapHa npuposa moauHny», «Coriorex». Kues, 1992,
9% c.
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PesynbpTaTel TpPOBENEHHOIO JKCIIEPUMEHTA CBUAETENBCTBYIOT, UYTO
moa00p JKUMAKEH CaMOIOJIBEMHBIX JIIOJCK Ui pabOThI B YCIOBHSX C
MOBBIICHHOW OMACHOCTBIO C YY4€TOM THIIOB HMH(GOPMAIUOHHOTO
MeTa0OoNM3Ma, JIMYHOCTH HCIIOJNHUTENEH BIMAIOT Ha MPOH3BOAH-
TENBHOCTh TPyIa M KauecTBO paboT, MOSTOMY JOJDKHBI YUHTHIBATHCS B
TEXHOJIOTHYECKHX pacdeTax B BUIE MMOMPaBOYHOrO Koddduimenta Ky,
OTIPEEIIEMOT0 AIMITUPUICCKUM ITyTEM.

Bmusiane  cormonmdeckux — (akTopoB  Ha  (hOpMHpOBaHHE
3¢ PEKTHBHBIX OPICTPYKTYP, WX YIPaBISIEMOCTh W IPOU3BOIUTEIHHYIO
paboTy B pa3HBIX OTPACISIX CO CIOXKHBIMU YCIIOBUSIMH [ESTEIHHOCTH
(reomoru, BOEHHbBIE, CTPOUTEIH, JTUHEHHbBIC PAOOTHUKH, TOPHSKHA U T.1.)
JOKa3aHO TaKXKe B HATYPHBIX HCCICIOBAHUAX TPYIIOH KHEBCKHX
YUCHBIX-COIIMOHUKOB, TPOBEANINX OOJBIIYI0 U OYEHb ICHHYIO IS
HAayKd W TPaKTHKH paboTy B JKCTpeMalbHBIX ycioBmsx KpaitHero
CeBepaG.

BbIBO/IbI

1. PammonampHOe NOTpeOJICHHE U PACXONOBAHUE BCEX BUIOB
pecypcoB (B TOM YHCIIe TPYAOBBIX, (HMHAHCOBBIX, BPEMEHH) BO3MOXKHO
JWIIb TPH YCIIOBUM YETKOTO M MAaKCHMAaJIbHO TOYHOTO IUIAHHUPOBAHMS,
OpTaHH3allui U YIPABJICHUS IPOU3BOACTBOM C YUETOM BHYTPEHHEH U
BHEIIIHEH Cpe/ibl OpraHu3aluy, a Tak’ke METOJI0B YIIPABICHUSL.

2. Ucxomuple naHHbIE [UIi MPOCKTUPOBAHUS U  OpraHU3AIMU
MIPOM3BOJCTBEHHBIX MPOLECCOB AOJDKHBI MAKCHMAIFHO COOTBETCTBOBATD
pEanbHBIM YCIOBHAM, OBITH JOCTOBEPHBIMH.

3. VYnpaBneHue IODKHO OBITh TMOKHMM M YCTOMUYHMBBIM Jaxe B
YCIOBUSIX BO3MOXHBIX HEONpeAeneHHOoCcTed. J[ms 3Toro JOJKHEI
MaKCHMAaJbHO HCIIOIB30BAThCA COBPEMEHHBIE KOMITBIOTEPHBIE CPEACTBA
1 MH(POPMAIMOHHbBIE TEXHOJIOTHH BO IJIaBE C BEICOKOMHTEIIEKTYaIbHBIM
Y KOMITETEHTHBIM BBICOKOMOPATBbHBIM YEI0BEKOM-PYKOBOIUTEIEM.

4. ITocKONBbKY MMEET MECTO BIHSHHE COIIMOHHYECKUX (PakTOpoB Ha
¢opmupoBanue 3((HEKTHBHBIX OPICTPYKTYP, HX YNPaBISEMOCTb H
MPOM3BOJUTENBHYI0O  paboTy,  HEOOXOAMMO  yYWTHIBATH  THII
MH(OPMAIIIOHHOTO MeTa0oNM3Ma JHYHOCTH TpU  (OPMHPOBAHUH
COIMAJIBHBIX MPOU3BOJCTBEHHBIX CTPYKTYp. OcoOeHHO 1yt paboThl B
9KCTPEMAJBHBIX YCIOBHSAX W YCIOBHUSX HEOIPENEICHHOCTH, KOTJa 3TH
(axTOpBI MPHOOPETAIOT peIIaroiee 3HaYCHHE.

6 bykanoB A.B, Kapnenko O.b, Yukupucoa I'.B. O pacnpenenenun

COIIMOHHUYECKHX  THUIOB B  PA3IMYHBIX  MPOWU3BOJCTBEHHBIX  KOJUICKTHBAX.
Coyuonuka,menmonocus u ncuxonoaust auynocmu. 2000. Ne 1.
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AHHOTALMA

B crartee wmccnenoBaHbl NpoOIEMaTHYHBIE ACIIEKTHl HaXOXKACHHS
ONTHMAaJbHOTO YyIpaBieHus. B oOmem cmydae wumeercs 1aBa BHAa
OTpaHWYCHWH, HAIOKEHHBIX Ha BBIOOpD crmocoba  ympaBJCHUS.
OrpaHuueHUsIMU IIE€PBOIO BUAA SABJSAIOTCS CAMU 3aKOHBI NPUPOIBI, B
COOTBETCTBUM C  KOTOPBIMH  HPOHUCXONUT  (HYyHKIMOHHUPOBAHUE
ynpasisieMoll cucteMsl. I'paduueckas Mojens BHyTpeHHEH U BHeEIIHEH
cpeAbl MPOU3BOACTBEHHOM CHUCTeMBI (K IpUMEPY, CTPOUTEIbHOU
OpTaHM3alKi) U UX B3aHNMOJCHCTBHE B OOIIEM BHIE NPEICTABICHHI B
ctarbe. [lokazaHO Tak)ke B3aMMHOE BIIMSHUE DJIEMEHTOB CHUCTEMBI U
LIeTIH, CTOSIIEH Iepea opraHu3aiuer. Pemaromast ponb mpUHAIIEKUAT
HEepCOHANly, IPUHUMAIOIIEMY U OCYILECTBISIOIIEMY pEIICHHUs 10
MIPEOJIOJICHUIO BO3HUKAIOIIMX Tepe]] opranusanueil npobiaem. Hecmotpst
Ha IPEUMYIIECTBa KOMITBIOTEPHBIX CHCTEM B OBICTpOICHCTBHM U paboTe
c OompmmMM MaccMBaMH WH(OpPMAIWH, YEIOBEK, OapeHHBIH
UHTEJUICKTOM U MHTYHIUEH, JTydlle CIpaBiseTcs ¢ paboToN B YCIOBUSIX
HEOIPEAETICHHOCTH, TeM Oosiee ¢ moMollbio MamuH. IIpu sToM BaxHO
YUHUTBIBATh COL[MOHUYECKHE (PAKTOPHI A1 GOpMUPOBAHUS 3((HEKTHBHBIX
OPTraHU3aLUOHHBIX CTPYKTYP.
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IMPULSE MILK HOMOGENISATION

Samoichuk K. O., Palianychka N. O.

INTRODUCTION

The process of producing fine dispersed emulsions via
homogenization is widespread in many industries’. Homogenization has
been most widely used in the dairy industry, where it is one of the most
important technological processes. Homogenization of fat particles to
microscopic sizes increases the nutritional value of milk, improves its
sensory and taste properties, increases stability during storage and
transportation, etc.>. The quality of products using homogenized milk is
much higher. That is why homogenization is the normative process in
most technological schemes for the production of drinking sterilized and
pasteurized milk, fermented milk products, ice cream, canned milk, and
cheese production. With the development of technologies, homogeneous
components are being applied, and higher requirements for the
dispersion of the final product are being made.

The main technical problem of obtaining fine emulsions is the limited
capacity of homogenizers. Therefore, designing devices and methods for
producing finely dispersed emulsions with the ability to vary dispersion
and high productivity is of high relevance.

Valve homogenizers are mainly used for homogenization of milk and
dairy products. However, analysis of valve homogenizers design showed
that they have significant drawbacks: big overall dimensions and weight,
high metal consumption, high energy consumption, rapid wear of the
valve surfaces and a fairly high cost of equipment. It should be noted that
other existing types of homogenizers either do not allow to achieve such
degree of dispersion of the fat phase, or have sufficiently large energy
costs for the process. Thus, the issue of improving the existing and

! wilbey R.A. Homogenization of milk. Encyclopedia of Dairy Sciences, 2002.
P. 1346-1349. doi: 10.1016/ h0-12-227235-8/00202-9.

2 Michalski, M.-C. Januel C. Does homogenization affect the human health
properties of cow’s milk? Trends in Food Science & Technology. 2006. Vol. 17,
Issue 8. P. 423-437. doi: 10.1016/j.tifs.2006.02.004.
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creating new devices for homogenization of the fat emulsion remains
quite relevant today.

Impulse homogenization can be considered a promising way of
dispersing a fat emulsion. A laboratory unit for studying the process of
impulse homogenizatio has been developed on the basis of the
Department of Equipment of Processing and Food Production named
after Professor F. Yalpachyk of Dmytro Motorny Tavria State
Agrotechnological University.

1. Theoretical researches of the impulse homogenization process

The main purpose of the study is to reduce energy consumption of the
process of dispersion of milk emulsion by using a device for impulse
homogenization.

Installation for impulse homogenization consists of a working
chamber of the impulse homogenizer 4 (fig. 1) with the percussion
piston 5, which are driven into oscillatory motion with the spindle 9 by
the actuator 8.

The main percussion piston is tightly fixed on the spindle and the
additional piston is connected to the main by a spring. In order control
the oscillation frequency of the percussion piston, the direct current
motor is used. An adjustable crank is used to change the oscillation
amplitude of the percussion piston®. At the bottom of the chamber there
is a valve for removal of milk after homogenization 6 into the tank 7.

Milk is fed to the working chamber of the homogenizer from the
receiving tank 1 by the pump 3. The valve 2 is used to supply the milk
under the required pressure to the pump and the working chamber of the
homogenizer.

The impulse actuator is used to create oscillating motions of the
spindle and the pistons strikers in the working chamber of the
homogenizer. This impulse actuator is an adjustable crank mechanism
that is coupled to a V-belt with the direct current motor.

% I'sosnes O.B, Mamsauuaka H.O., SBopHunpkuit B.M. Ilonyk KOHCTpYKTHBHOTO
pillIeHHsI IMITyJIbCHOTO TOMOTeHi3artopa Mojoka. [Ipayi Taepilicbkoco Oepoicagnozo
azpomexmonoziunozo yieepcumemy. Memnitornons : THATY. Bum. 8, T. 7. 2008.
C. 28-32.
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Fig. 1. General type of the device for impulse homogenization of milk:
1 —technological tank; 2 — by-pass valve; 3 — the pump; 4 —working
chamber of the homogenizer; 5, 6 — tubes for supplying source and
draining homogenized milk; 7 — direct current motor; 8 — impulse drive;
9 — laboratory transformer

As a result of the analysis of forces capable of destroying the fat
globule, it was determined that the main force is inertia, which in turn
contributes to the appearence of a gradient of the flow rate of milk®. In
order to intensify the inertia force, the design of a impulse homogenizer
with a main and additional percussion piston with through holes, which
are connected to each other by a spring, has been suggested”.

It has been determined that one of the important factors affecting the
degree of dispersion is the geometric shape of the openings of the

* Mansumuka H.O., T'Bo3ner O.B. Amanis icHylouMx rimoTe3 pyiiHyBaHHs
KUPOBUX KynboK. [Ipayi Taepiticbkoco — 0epircasno20 — azpomexHon02iuHo2o
yuisepcumemy. Menitonons : THATY. Bun. 10, T. 3. 2010. C. 48-54.

® Giulia Finotello, Roeland F., Kooiman Johan T., Padding Kay, Buist A., Alfred
Jongsma, Fredrik Innings, Kuipers J.A.M. The dynamics of milk droplet—droplet
collisions. Experiments in Fluids. 2018. P. 1-19.
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percussion piston, so that the first necessary condition is to determine the
optimal shape and size of these openings.

Openings of cylindrical shape. When the fluid enters the opening due
to the inertia forces of the fluid particles, there is a narrowing of its
stream. Then, at the outlet of the opening, the jet becomes equal to its
diameter.

With this form of the opening, an absolute pressure of less than
atmospheric pressure is established in the area of the jet narrowing. This
causes the jet velocity at the outlet of the opening to become slower than
in the narrowing zone.

At a pressure of more critical value, the absolute pressure at the point
of narrowing of the jet in the opening reaches the pressure of
vaporization, which promotes cavitation.

In the openings, having the form of a reverse truncated cone and a
straight truncated cone, when the jet is narrowed at the outlet of the
opening, the vacuum formations are smaller than in the cylindrical holes,
so the loss of pressure is lower and the jet velocity in them is greater.

Vacuum voids are not formed in the openings having the conoidal
shape, that is, openings made in the form of a compressed jet. Therefore,
the feed rate in this case will be maximum, but the jet speed will be
slightly less than in the previous case®.

Among the viewed types of the openings:

— maximum milk feed rate have conoid openings

W=0,947-0,979, =1, ¢ =0,947-0,979;

— maximum flow rate of milk have conical openings, converging with
the taper angle 45°

©0=0,983, £¢=0,875, n=0,857.
The carried out analysis showed that the conical shape of the

openings with a taper angle of 45° is optimal, which provides maximum
jet velocity and maximum productivity.

® Bompmakos B.A., Koncramtumos FO.M., Tlomor B.H. CrpaBOYHHK I10
rnneasnm(e. 2—e 3. Kuis : Buma mk., 1984. C. 343.
Wilbey, R. A. Homogenization of milk. Encyclopedia of Dairy Sciences, 2002.
P. 1346-1349. doi: 10.1016/ b0-12-227235-8/00202-9.
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The diameter of the openings of the percussion piston is limited by
the diameter of the piston and the manufacturability of the openings of
the conical shape of the minimal diameter.

As a result of analytical studies for impulse homogenization of milk,
it is considered appropriate to characterize the process of grinding the fat

phase with a modified Weber criterion, We , which is based on the milk
flow velocity gradient.

wWe = @ 1)
u

where 4, — milk plasma density, kg/m®; j—i — flow velocity

gradient, m/s; dy — critical particle diameter, m; o, — surface tension of
the drop, N/ m.

When the critical value of the criterion We is reached, the fat
globules are dirupted. The decisive roll in this case belongs to the
velocity gradient.

Since this parameter is difficult to determine, it was decided to
calculate the milk flow velocity and the pressure generated during
impulse homogenization by computer simulation using the universal
Ansys Workbench finite element analysis software®. This program has a
CFX module that allows you to efficiently and reliably calculate fluid
and gas dynamics.

Having the necessary understanding of the model of the working
chamber and the geometric parameters of the homogenizer which were
calculated previously, with the help of the automation system of design
work in three dimensions Solidworks the working model of the camera
of the impulse homogenizer had been designed (Fig. 2).

At the beginning of the task, the calculation area was divided into two
parts for convenience: the area of milk passing through the openings in
the percussion piston and the area of milk passage in the gap between the
percussion piston and the cylinder.

8 Bacos K.A. Ansys: cnpaBo4HuK nojb3oBatens. Mocksa : JIMK Ilpecc, 2005.
C. 640.
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Fig. 2. Model of the impulse homogenizer working chamber is made
in Solidworks: 1 — cylinder; 2 — spindle; 3 — percussion pistons;
4 — a branch pipe of supply of initial milk; 5 — branch pipe
of draining homogenized milk; 6 — crank mechanism

In the first stage of the calculation, a fixed solution was made by the
method of a fixed rotor (Frozen rotor). This allowed a preliminary
estimation of the pressure and velocity distribution within the wotking
cylinder. In addition, the obtained data showed that it would be most
expedient to wuse the oscillation frequency of the percussion
piston 55 Hz’. Since, at a smaller amplitude, the flow velocity of milk is
very small, that is, it can be assumed that the process of homogenization
at this frequency will not occur. And with the increase of the oscillation
frequency of the percussion piston, the flow velocity does not increase
significantly, and the power at the same time very much increases

® I'sosnes O.B., Camoituyk K.O., [Nangauuka H.O. Komm’roTepHe MoJenoBaHHS
iMITyJIbCHOTO TOMOT'€HI3aTOpa MOJIOKA 3 BUKOPUCTAHHAM IPOTrPaMHOTO 3a0€31eueHHs
Ansys Workbench. O6raonanns ma mexnonocii  xapuoeux — eupoOHUYmME:
memamuunuil 30ipuux Haykoeux npays. Joneupk : JJoHHYET. Bum. 28. 2012.
C. 294-300.
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(by 1.5 times). So in the future it was decided to make calculations at the
oscillation frequency of the percussion piston 55 Hz.

An amplitude range of 12 mm was considered to calculate the non-
stationary flow of milk. This interval was divided into 6 steps. As a
result, the residuals in most equations did not exceed 10™. Such accuracy
is perfectly acceptable for the qualitative assessment of the flow
dynamics.

In the impulse homogenizer, the grinding of fat globules occurs due
to the formation of a milk velocity gradient dv / dx. Therefore, in order to
determine the degree of homogenization, one must first calculate the
velocity gradient dv / dx during homogenizationm.

The flow lines of the milk flow velocity distribution depending on the
distance x along the length of the working chamber are presented in
fig. 3.

According to the obtained data, a graph (fig. 4) of the milk flow
velocity versus distance along the length of the working chamber at
f=55Hz and h = 10 mm was accordingly constructed.

Therefore, as the graph shows, the highest velocity gradient
(2.2... 5m/s) will emerge at the outlet of the conical openings of the
second percussion piston. It is logical to assume that the degree of
homogenization in this case will be the highest.

At impulse homogenization energy is expended on the force of
pressure on the piston and the force of milk supply to the percussion
piston™.

0 Deynichenko G., Samoichuk K., Yudina T., Levchenko L., Palianychka
N., Verkholantseva V., Dmytrevskyi D., Chervonyi V. Parameter optimization of
milk pulsation homogenizer. Journal of Hygienic Engineering and Design. 2018.
Vol. 24. P. 63-67.

! Mansumuka H.O. BusHaueHHS NUISXIB 3HIDKCHHS €HEProBUTPAT MPOLECY
roMoreHisaiii Mojoka. Bichuk [HINponemposcvko2o 0epicasno2o  azpapHo-
exoHomiuno2o ynisepcumemy. J{ninponerposcbk. 2016. Ne1(39). C. 53-56.
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Fig. 3. Three-dimensional graphs of the flow velocity distribution lines
of the milk flow in the impulse homogenizer are made in Ansys
Workbench: a) at the outlet of the first percussion impactor; b) between
the pistons; c) at the outlet of the second piston; d) outside the pistons

- - . 4 4 1 - - {
1 : L] . s L] ’ . L " " Lhd
X, mm

Fig. 4. Graph of dependence of velocity gradients on the length of the
working chamber of the impulse homogenizer: 1 — at the exit of the first
percussion piston; 2 — between the pistons; 3 — outside the pistons;

4 — at the exit of the second percussion piston

467



Excluding losses in local supports in the openings of the percussion
piston, the power per impulse homogenization process, W, can be
represented as

P=R-v, (2)

where R — force of pressure on the piston, H; v — velocity of
movement of the percussion piston (supply), m/s.
The force of pressure on the piston is determined by the formula

2

R=c.p. =S, @3)

where ¢ — resistance coefficient for circular plate, ¢ = 1+ 1,15
S— piston area, S= 0,061 m*.

Since in the impulse homogenizer the drive is made with the help of a
crank, velocity of movement of the percussion piston (supply) will be
determined by the expression *?

v=0-r-sing-(1+1-cose), 4)

where o - angular velocity, m:%, rad/s; r — crank radius,

r=0,070 m; ¢ — the angle of rotation of the crank; A — the ratio of the
crank radius to the length of the spindle, m.

v=4,71-0,07-sin71° - (1+0,34 - cos 71°) = 0,35 mys.

After the transformations, we get

3
P=c~pc-%-S. (5)

2 Manstanuka H.O., TBosaes O.B., Camoituyk K.O. BuszHaueHHs eHeproBUTpaT

Ha TMpolec iMMmylIbCcHOT romoreHisauii Mojoka. Tesu oonogioeii Midcnapoonoi

""" Cocmosnue, 00CmMudICenusi u nepcneKmuegsl

nepepabomxu, cmandapmusayuu U cepmuurayuu  1Y60BOJOKHUCTBIX
mamepuanos”. Xepcon, 2012. C. 47-48.

468



P=1,1-1029- -0,061 =1,48 kW.

0,35
2

The specific energy consumption for impulse homogenization £, J/
kg, is determined from the expression

P
E-L 6)
0
E -1 _ 08 3/k.
* = 1800

Thus, it can be noted that the specific cost of the impulse
homogenization process is 0.82 J/kg, which is much less than in the
valve homogenizer (7.4 J/kg).

2. Experimental research on the impulse homogenization process

To confirm the validity of the results of theoretical calculations, the
full-factorial experiment was conducted in which the correlation between
the degree of homogenization (Y), the amplitude of oscillations of the
percussion piston (X;), the frequency of oscillations (X,), and the flow of
milk into the impulse homogenizer (X3) had been established.™

As a result of the full-scale experiment, the regression equation in
coded representation was obtained

Y = 4,88 +0,694X; + 0,602X, — 0,588X5 +0,2X, X, + @)
+0,426X,% — 0,663X,2 — 0,459X5°.

To analyze the results of the full-factorial experiment, presented in
the form of a regression equation (7), which adequately describes the
process of impulse homogenization of milk, a nomographic method was
used, which allows to see simultaneously the parameter of optimization
of all variables of the independent factors involved in the regression
equation, that is how they affect the real technological process.

8 Mansunuka H.O., Auronosa I'.B. ExcriepumeHTanbHi JOCTIIKSHHS BIUTHBY
OCHOBHHMX (AaKTOpiB Ha CTyMiHb TOMOTEHi3alii B iMIyJIbCHOMY TIOMOTIE€Hi3aTopi.
Ipayi Taspiticbkoco 0epaKcasHozo a2pomexHonN02iNHO20  YHIGepcumemy.
Menitonons, 2016. Bum. 16, T. 1. C. 21-28.
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Using the Mathcad computer program and the developed
methodology, the nomogram (Fig. 5) was constructed to analyze and
study the regression equation (7).

V]

L0 e mm o

Fig. 5. Nomogram for analysis and determination of optimal parameters
of the factors that ensure the degree of homonization of milk
in the impulse homogenizer, not lower than 4

Thus, combining the obtained intervals of variation of factors,
we obtain that for the impulse homogenizer with milk supply
Q = 1800 — 2000 kg/h and the degree of homogenization 5, it is
necessary to provide the following technological parameters of the
homogenization process: h = 10 — 13 mm and f = 53 — 62 Hz*.

¥ Baxuucekuit C.E., Illepbax TI. Meromuka Ta OpraHisamis HAYKOBHX
nocinikeHp : HaBd. oci6. Cymu : Cym/IITY imeni A.C. Makapenka, 2016. C. 260.
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The deviation of the theoretical values of h and f from the
experimental parameters in the whole range of parameter changes is
within 11%, which confirms the adequacy of the obtained data.

In order to determine the specific energy intensity of the process of
homogenization of milk in the impulse homogenizer, the full-factorial
experiment was conducted during which the correlation between the
energy consumption for the process of impulse homogenization (Y), the
amplitude of oscillations of the percussion piston (X,), the frequency of
the oscillations (X;) and milk supply into the implulse homogenizer was
determined™®.

The regression equation is obtained in coded form.

Y = 1,045 + 0,038X; + 0,032X, — 0,025X3 + 0,19X,% — ®)
—0,2X,2 — 0,2X4%

Using the Mathcad computer program, a nomogram (Fig. 6) was
constructed to analyze and study the regression equation (8).

By combining factors variation intervals, it was found that for impulsed
homogenizer with milk supply Q = 1800 — 2250 kg/h and h = 10 — 12 mm
and f = 43 — 59 Hz, the energy consumption for the homogenization process
is 1,5 kW, and the specific energy consumption —0.83 J/kg.

As a result of the optimum matching of the two nomograms, we can
conclude that in order to obtain the maximum degree of homogenization
Hm = 5 with minimum specific energy consumption E; = 0.83 J/kg, it is
necessary to create the following conditions: the amplitude of
oscillations of the percussion piston h = 10 — 12 mm, the oscillations
frequency f = 55 — 59 Hz and milk supply in the impulse homogenizer
Q = 1800 — 2000 kg/h.

The deviation of the theoretical values of h and f from the
experimental ones in the whole range of parameters change is less than
9%, which proves the adequacy of the obtained data.

To determine the optimal milk temperature for the impulse
homogenization process, experimental studies of the dependence of the
amplitude of the oscillation of the percussion piston, the frequency of
oscillation of the piston, the flow of milk into the impulse homogenizer

% MMansmmuka H.O. EkcrepiMeHTanibHE BH3HAYEHHS SKOCTI TOMOTEHI3amii
MOJIOKa B IMITyJIbCHOMY TOMOTeHi3aTopi.Bichuk Xapkigcbko2o HayioHANbHO2O
MexHiYHO20 YHigepcumemy Cilbcbkoco 2ocnooapcmea imeni Ilempa Bacunenka.
XapkiB, 2016. Bum. 179. C. 39-44.
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and the temperature of the degree of homogenization'® have been carried
out. Graphically dependencies are presented in fig. 7, 8 and 9.

Fig. 6. Nomogram for analysis and determination of optimal parameters
of the factors providing the minimum energy consumption
for the process of impulse homogenization

During the experiment, it was found that changing oscillation
frequency and milk flow in the impulse homogenizer along with the
temperature causes linear grow in the degree of homogenization as well.

Analyzing the graphs, we can conclude that the optimal milk
temperature for impulse homogenization is 65-70 °C, since the excess of
this temperature will affect the components of milk, in particular the

16 Camoituyk K.O., KoBansoB O.0., IBxkenko A.O. AHaji3 METO/IB OL[iHIOBaHHS
SIKOCTI roMmoreHizaiii Monoka. [Ipayi Taepilicbko2o 0epoicagnozo azpomexHono-
2iunoeo ynigepcumemy. Menitonons, Bun. 12, T. 4. 2012. C. 222-229.
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stabilization of the fat emulsion, especially since the temperature is most
close to production conditions.

Hm
353
’ | /4l
4
45 < iy _—
= // k’/?
4 ‘// i
13 1/
3% ® f=i5Hg
s f=52Hg
25 -
e 4 =50 Hg
2 !
50 55 60 63 t, o(” 70

Fig. 7. Dependence of the degree of homogenization on the milk
temperature at the frequency of oscillation of the percussion piston
f =45 — 59 Hz, the amplitude of oscillations h = 10 mm and the flow

of milk into the pulse homogenizer Q = 1800 — 2200 kg/h

Hm
6
R 7‘ 1
/ / /»
2 / [ ==
2 L — + h=Smm
35 = h=10mm
a h=12mm
3
30 33 60 63 70
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Fig. 8. Dependence of the degree of homogenization on the temperature
of milk at the amplitude of oscillations of the piston-impactor
h =8 — 12 mm, the frequency of oscillations f = 55 Hz and the flow
of milk into the impulse homogenizer Q = 1800 — 2200 kg/h
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Fig. 9. Dependence of degree of homogenization on milk temperature
at milk supply in the impulse homogenizer Q = 1800 — 2200 kg/h,
oscillation amplitude h = 10 mm and oscillation frequency f = 55 Hz

The quality of hgmogenization of milk is determined by the index of
milk fat settling x*'. Homogenization is considered to be qualitative
when, y <10% . Fig. 10 presents the dependence of the index of settling

milk fat on the temperature of milk homogenized at h = 10 mm,
f=55Hz, Q = 1800 kg/h.

Analyzing the graph, we can conclude that at a temperature of milk
from 55 to 70°C, the index of settling of milk fat y <10%. Referring to
previous studies, we can assume that the quality of homogenization in
the impulse homogenizer is sufficient.

Fig. 11 shows the changes in the fractional composition of fat
globules after homogenization in the impulse homogenizer compared to
the valve homogenization™.

Prior to homogenization, milk is characterized with the following
parameters: average diameter of fat globules d,= 2.48 pm, dispersion
o = 1.66, coefficient of variation (dissipation ratio relative to average)
V = 67%. After valve homogenization and, respectively, impulse
homogenization, these values are: d,= 0.98 um and 0.80 pym, o = 0.50

and 0.46, ¥V =51 and 56%"®.

Y lmoiinoBa P.A. Teopust craTucTHKH. 4—¢ w31 Mocka : DHHAHCH H
cratuctuka, 2004. 655 c.

18 Cupopenko B.K., Xaiipynainos M.A., A6nynrasuc V.A. OCHOBH HayKOBHX
JOCITI/KeHb : HaBdY. ocioHuk. CimMpeponons : COKAT, 2000. C. 168.

% Drankhar P. Homogenization fundamentals. I0SR Journal of Engineering.
2014. Vol. 4. Iss. P. 5-8.
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Fig. 10. Dependence of the indicator of the milk fat settling
on the temperature of homogenization in the impulse homogenizer
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Fig. 11. Differential distribution of fat globules by size: 1 — unprocessed
milk; 2 — after homogenization in the valve homogenizer at a pressure
of 16 MPa and t = 65 °C; 3 — after homogenization in the impulse
homogenizer at a pressure of 1.5 MPa and t = 65°C

The average diameter of the fat globules during impulse homogenizer
treatment decreased by 19% compared to the valve, also the value of the
dispersion decreased, which in turn indicates that the selected parameters
and modes of impulse homogenization provide stability of the fat phase
of milk after homogenization.
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CONCLUSIONS

Designing new devices for the homogenization of fat emulsions that
can provide a sufficient degree of dispersion at low energy costs for the
process is quite relevant. The purpose of the conducted researches was to
reduce energy consumption for the process of homogenization of milk by
applying the process of impulse homogenization and optimization of
technological and design parameters and modes of operation of the
impulse homogenizer of milk.

As a result of the researches the following conclusions were made:

1. The analysis of the process of homogenization of milk has made it
possible to establish that a high degree of homogenization can be
achieved if the conditions for the appearance of a gradient of the flow
velocity of milk, which leads to the grinding of fat globules, are created.
These conditions in the impulse homogenizer are created by the
intensification of the oscillation of the percussion piston, with the energy
costs for the process of homogenization are significantly reduced.

2. The highest milk flow velocity gradient was found to emerge at the
outlet of the conical openings of the second percussion piston. This, in
turn, helps to create the conditions for the highest quality
homogenization compared to the existing homogenizers.

3. Using the universal finite element analysis system Ansys
Workbench it was determined that in order to obtain the maximum flow
velocity gradient (2.2 — 5 m/s), it is necessary to create the following
parameters of the impulse homogenizer: the amplitude of oscillations of
the percussion piston 10 — 12 mm ; oscillation frequency of the
percussion piston 55 — 59 Hz; milk supply 1800 — 2000 kg/h.

4. Conducted full-factorial experiment allowed to proove the validity
of theoretical studies. It has been determined that the specific energy
consumption for the process of impulse homogenization is determined
mainly by the amplitude of oscillation of the percussion piston, the
frequency of oscillation and milk supply in the impulse homogenizer and
are at least 0.83 J/kg, which is 7 times less than the valve homogenizer. It
was also found that the optimum temperature of the dispersion process in
the impulse homogenizer is 65 — 70 °C.

SUMMARY

The process of dispersing milk fat is the most energy-consuming
process in the technological scheme of production of drinking milk and
dairy products. The equipment used is not only high energy consuming
but also quite expensive and energy intensive. Therefore, the current
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issue remains to be the improvement of existing or designing new
devices for the dispersion of fat emulsions, which will be able to provide
high quality of the finished product at low energy costs for the process. It
is possible to significantly reduce energy costs for the process of
dispersing milk fat with a high degree of homogenization by using
impulse homogenization. Conducted theoretical and experimental studies
have shown that the use of the impulse homogenizer allows to obtain a
high degree of homogenization (4-5), with the specific energy
consumption for the process of 0.83 J/kg.
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IMOBIPHICHUI PO3PAXYHOK
CTAJIEBUX KOHCTPYKIIIN PAM

Unuyaina K. B., Unuayain B. I1.

BCTYII

OnHi€ro 3 BaXKIMBUX 33J]ay, sIKa NOCTae nepes OyAiBeIbHOK HAYKOLO,
€ 3HWKEHHS MaTepiaJIOEMHOCTI, TPYIOMICTKOCTI 1 BapTOCTI Ha eTamax
MPOSKTYBaHHS, OYMIBHWIITBA Ta CGKCIUTyaTallii OyIiBeNb Ta CHOPYA Y
npotieci 3a0e3nedeHHs iX JOBrOBIYHOCTI Ta HaAIMHOCTI. 3aCTOCYBaHHS B
po3paxyHKax OYIiBEJILHUX KOHCTPYKINIH Teopil HaAIHHOCTI 3abe3reduye
CIPUSTINBI IEPEIYMOBHU Ui HOPMYBAHHS PO3PaxXyHKOBHX IapaMmeTpiB
KOHCTPYKI[If Ha iMOBIpHICHIH OCHOBi. AJTOPUTM PpO3pPaxyHKiB
3acHOBaHMM Ha IiMoBipHicHOMy minxomi. Lle po3paxyHOK MokHA
BIIHECTH JIO 0araThOX BHIIB KOHCTPYKIIiH, y TOMY YHCII JI0 CTaJICBUX
CTaTMYHO HE BH3HA4YeHUX paM. Taki KOHCTPYKILIi 3aCTOCOBYIOThCS B
Kapkacax OyZiBeslb Ta CIOpYI Pi3HOMaHITHOTO NpU3Ha4YeHHA. Bimomo,
0 B CTAJIEBHX CTATHYHO HE BU3HAYCHUX KOHCTPYKINSX ICHYIOTH NESKi
pe3epBU Hecy4oi 3JaTHOCTi, HE BPaxoBaHi MmiJ dac MpoekTyBaHHs. Lli
PE3epBH ICHYIOTH 3a paxXyHOK POOOTH CHCTEMH Yy TJIACTUYHIA cTamii 3
BHHUKHEHHSM Py IIAPHIPIB IIACTUYHOCTI. POOOTa CTaleBUX CTAaTHYHO
HEC BU3HAYCHHWX KOHCTPYKIIM Takok HE BHUBYCHA B IMOBIpHICHIH
MOCTAHOBII 3 YpaxyBaHHAM BHUIAAKOBOI MPUPOIM MIIHOCTI Ta
HAaBaHTAKEHHS, a TaKOXX BHITAIKOBOTO XapaKTEepy BiIMOB EIIEMCHTIB.
VY 3B’A3Ky 13 IIMM PO3BUTOK METOIIB IMOBIPHICHHX PO3pPaxyHKIB
CTaJICBUX CTaTHYHO HE BU3HAUCHMX KOHCTPYKIIH, SKi MOXKIMBO BTUINTH
B IHMKEHEpHY MpPAaKTUKy TMPOCKTYBAaHHSA, € 3aJaucio BasKIHBOIO
1 aKTyaJIbHOIO B YMOBAX CHOTOJICHHSI.

CraneBi CTaTUYHO HEBU3HAYCHI KOHCTPYKI] MOXYTh BHKOPHCTO-
BYBaTHUCSI B Kapkacax OyJiBenb pi3HOTO NPU3HAYCHHSA, pPOOOUMX
MalJJaH9MKax, eTaXepKax IIil TEXHOJIOTi4He 001agHanHs Touo. OxHieo
3 HaHOIMBII BAXJIMBHX OOCTaBMH aHai3y poOOTH KOHCTPYKILi
€ BpaxyBaHHsS I[UIACTUYHHMX BlacTHBOocTel  Marepiaidy. CporozHi
JOCITI/DKEHO TEOPETHYHO Ta €KCIEePHMEHTAIBbHO, 110 Hecy4a 3HaTHICTbh
CTATHYHO HE BH3HAUCHMX CHUCTEM 30€pira€Tbes i Micis BUHUKHEHHS B ii
€JIEMEHTaX IUIACTUYHUX J1e(opMalrtiii.
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CyuacHi eKClepyUMEeHTaNIbHI J1aHi TMOKa3yTh, [0 METOJ TPaHUYHOI
PIBHOBaru J03BOJISIE BITHOCHO JIOCTOBIPHO OIIIHIOBATH HECYYy 3/aTHICTh
CTaJleBUX CTaTMYHO HE BU3HAUEHUX KOHCTPYKLiA. OcOOIUBOCTI METOAY
IPAHUYHOI PIBHOBATH NPEICTABIICHO B HEGAraTHOX KEpEax .

Haii0inpI BayKJIMBOKO BJIACTUBICTIO 00’€KTa € 663Bi,[[M0BHiCTI>2, sKa
noysirae 'y 30epexeHHI Npane3gaTHOCTI MPOTATOM 3aJaHOro 4acy.
BusHauaeTbes sK iIMOBIPHICTh BiIMOBU 32 BU3HAYEHUH MPOMDKOK 4acy

Q(t). Mnst mamoi poGoTH Ge3BiIMOBHICT OLIHIOETBCA 3a KpHTEpieM

Hecyuoi 3JaTHOCTI.
Po3paxyHkoBlI BelWYMHM B OyAIBEIBHHUX KOHCTPYKI[ISIX MOXHA
pPO3NOJUIMTH Ha ABI OCHOBHI Tpymu. [lo mepmioi rpynu BiJHOCHUTHCS

y3arajJpHeHa Hecyda 3JaTHICTh KOHCTpyKWii R, mo apyroi rpymu

BIIHOCUTBCSl y3araibHeHe HaBaHTaXeHHsS F. BiamoBigHo 10 neskux
. 3 . .
JiTepaTypHHUX JKepen yMoBa 0€3BiIMOBHOCTI Ma€ BUIJISIII:

S=R-F>0. (1)

VY naHi¥ IOCTaHOBIII HECyYa 3JaTHICTh 1 HABAHTAXKEHHS KOHCTPYKIIIH
MOJIAFOTHCS SIK BHUIAAKOBI BENUYMHH. J[7s1 poOOTH, IO MPOMOHYETHCS,
BOHH  IONOPSOKOBYIOTBCS ~ HOPMAJbHAM  3aKOHaM  PO3IOILTY
BHIAIKOBHX BEITHYHH.

Ha pgamuii yac MaJoHOCHIUKEHUMM  3ajMIIAIOTECA  ITATAHHSA
IMOBIPHICHOTO  PO3PaxyHKY  CTaJeBHUX CTaTHYHO  HEBU3HAYHHX
KOHCTPYKIIiH. B iHXKeHepHil mpaKTHIll BiICYTHI METOH 1 MPOTPaMH, sIKi
YpaxoBYIOTh peallbHy poOOTy Marepially, a TaKoX IMOBIpHICHI
XapaKTePUCTUKN MIITHOCTI 1 HaBaHTaXeHHs. J[OCHiPKEHHSI CTaTUYHO HE
BH3HAYEHHUX CUCTEM YCKIATHSIOTHCS BHACIINOK MEPEPO3IOALTY 3YCHIb
MICJIsl BiIMOBH OKPEMHUX e€JIeMeHTiB. Mojeni pyWHYBaHHS CHCTEM
XapaKTEePU3YIOThCSl CKJIAIHOK PO3Tally)KEHOK CTPYKTYpPOK MUISAXIB

! Cheng Y.M,, Li D.Z., Li L., Sun Y.J., Baker R.,Yang Y. Chapter 4 — System-
Level “Limit equilibrium method based on an approximate lower bound method with
a variable factor of safety that can consider residual strength”. Computers and
Geotechnics. 2011. Vol. 38. No. 5. P. 623-637. DOI:10.1016/j.compgeo.2011.02.010.

2 Huang G., Chen X., Yang Zh., Wu B. Exact analysis and reanalysis methods
for structures with nonlinear boundary conditions. Computers & Structures. 2018.
Vol. 198. P. 12-22. DOI: 10.1016/j.compstruc.2018.01.004.

3 Wang J. Chapter 4 — System-Level “Fail-Safe”. Safety Theory and Control
Technology of High-Speed Train Operation. 2018. P. 125-144, DOI: 10.1016/B978-
0-12-813304-0.00004-9.
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BiJIMOB €JIEMEHTIB, SIKi B KiHIli TIEPETBOPIOIOTH KOHCTPYKIIIFO Ha 3MiHHY
cucteMy. JIns mpakTHYHOT OMIHKKA HAAIHHOCTI CTATUYHO HE BH3HAYCHHUX
CHCTEM HEOOXiJHO BUKOPUCTOBYBAaTH IPOCTi, aje AOCUTh OJIU3bKI 10
peasibHOT PoOOTH MeTOomM po3paxyHKy. OTHHUM 13 TakhX METOIIB €
IMOBIPHICHHM METOJI TPAHUYHOT PIBHOBATH.

CyyacHUM MNHTaHHSAM HaJifHOCTI Oy[iBeNBHUX KOHCTPYKIIH,
30KpeMa po3paxyHKaM HaIiHOCTI CTAaJCBHX paM, 3arajoM HPHCBSIYCHO
Oarato poOiT. 3ampormoHOBaHO MeTON Ui e()EeKTUBHOI  OIliHKU
HaAIHHOCTI MPY>KHO-11eaTbHO-IITACTHYHUX KOHCprKuiI‘/'I4. I'pannunuin
CTaH OLIHIOETBCS 3 TOYKA 30py HMOBIPHICHOTO  MHOXKHHKA.
HaBantakeHHS OIIIHIOETBCS IUIAXOM PO3B’SI3aHHSA cepii  3aBaaHb
JHIAHOTO TPOTrpaMyBaHHsI, BIAOBINCH, 110 JIS)KaTh B OCHOBI JIIHIHHOT
MPY)KHOT MOJIeNi 1 CaMOCTIMHOTO pO3Monily Hampyr. EdQexTuBHICTH
3allpOTIOHOBAHOI  MpoIenypr 3a0e3medyeTbesi IMPOCTOTOI0  3amadi
MaTEeMaTHYHOTO  TIpOorpaMyBaHHs, 0a30Bi  CTPYKTypHI  Mojei
BUDILIYETCS HA KOXHIA  ireparii, eQEeKTUBHICTb MiIMHOXHHA
MojeiroBaHHs.  JlificHicT, Tigxomy 3abe3medyeTbes —TUHAMIYHOIO
TEOPIEI0 IPUCTOCOBHOCTI, sIKa UTIOCTPYETHCS Ha TPUKJIIA] CTAIEBOT paMH.
VY HOCHIKEHHAX PO3TIIANAIOTECS cucTeMa Koe(illieHTIB omopy depes
aHalli3 HaJIMHOCTI JBOX MOMEHTIB CTaJIeBUX paM IiJi KOMOiHOBaHUM
HAaBaHTAKEHHSM BJACHOI BarM Ta BITPOBUM HaBaHTKCHHSAM. Pamu
po3po0sieHI 3 BUKOPHCTaHHSAM HEEJIACTHYHOTO AaHaNi3y ApYyroro
MOPSJIKY, OILIHIOKTHCS iXHI MIIHICTh Ta HAAIHHICTh. PO3IIIAHYTO BIUIMB
Ha HaJIHHICTh CHUCTeMH Koe(illi€eHTa ONMOpy CHUCTEMH Ta KoedillieHTa
HaBaHTOXEHHS BIJ BITPY Ta BJAcHOi Bard. BusBieHi 0COOJHMBOCTI
METOJIOJIOTi1 MPOEKTYBaHHS HA OCHOB1 HAJIMHOCTi CHCTEMHU.

Posrmsinaereess mmTaHHS BHOOPY €(EKTUBHOI IOBXKHHH OalloK st
MOZeNeH paMHHUX KapKaciB, IIHMPOKO BHKOPUCTOBYIOTHCS CEHCMIUHMIA onlg
CHCTEeMH, 3 METOI0 MiHiMi3aI[i KUTBKOCTI UCIepCii B KOHCTPYKISX .
Ouinka Oyna TpoBeleHa 3a JOMOMOTO0 3alpOIIOHOBAHOTO PIBHSHHS 3

4 Tabbuso P., M.J. Spence S., Palizzolo L., Pirrotta A., Kareem A. An efficient
framework for the elasto-plastic reliability assessment of uncertain wind
excited systems, Structural Safety. 2016. Vol.58. P. 69-78. DOI:
10. 1016/] strusafe.2015.09.001.

® Zhang H., R. Ellingwood B., J.R. Rasmussen K. System reliabilities in steel
structural frame design by melastlc analysis, Engineering Structures. 2014. Vol.58.
P. 341 348. DOI: 10.1016/j.engstruct.2014.10.003.

Najafl L.H., Tehranizadeh M. Equation for achieving efficient length of link-
beams in eccentrlcally braced frames and its reliability validation, Journal of
Constructional ~ Steel  Research, 2017. Vol.130. P. 53-64. DOI:
10.1016/j.jcsr.2016.11.020.

482



ypaxyBaHHSAM PI3HOI BUCOTH KOHCTPYKIIH, CXWJIBHUX A0 3MimeHHs. Kpim
TOTO, OIIIHKA HANIHHOCTI paMHUX KOHCTPYKIIii IPOBOAUTHCS BiIIOBITHO IO
MEePEBIPKU 3alPOIIOHOBAHUX PIBHSHD 3 YpaxXyBaHHSM MMOBIPHOCTI BIAMOBU
Ui KOXKHOT Mozernmi. BimmoBimHiCTh  e(heKTHBHOI JOBXKHHI  OajKu
JOCSITAETECS. HAa OCHOBI  JICTEPMIHOBAHOTO aHANTI3y 3a JOIOMOTOO
3alpONIOHOBAHUX PIBHSAHb Ta IMOBIpHICHOTO aHamizy. JlocnmimkeHo
MOTEHLIMHI OOBaJIeHHS METAIOKOHCTPYKLiM, pyHHYBaHHS 3’€JHaHb 3
ypaxyBaHHSM HEBH3HAYEHOCTI BIACTHBOCTEH MaTepialy, TaKMX SIK MeXa
IUTMHHOCTI, HABAHTAXEHHS 1 MOAY/b MPYXKHOCTI. bayouHi KiHIi oOepTaHHs
OyaM BHUKODUCTaHI B SKOCTI WICHIB-piBEHb TIPAaHUYHMX CTaHIB Ha
mporpecyrode o0BaJieHHs. MoJIeNTFOBaHHsI KOHCTPYKIIH 13 TphOMa Pi3HUMH
TUMaMK 3’ €JHAHb TIPOBOJVIIMCS ITICTS BUAAICHHS OfHIel 3 KoioH. Kpupi
HECTIMKOCTI OyaM OTpUMaHI BHXOASYM 3 IMOBIPHOCTI I€PEBHILEHHS
33JIaHOTO TPAaHWYHOTO CTaHy IS BEPTHKAIBHOTO  IIEPEMIICHHS.
[IpencraBneHo amroput™M il HAMIHHOCTI HAa OCHOBI  CEHCMIUHOTO
MPOEKTYBaHHS KOHCTPYKIIK, IO BKJIIOYa€ HAOJMIKEHI METOAU OLIHKH
e)eKTHBHOCTI Ta CTPYKTYPHOI ONTHMi3aLii’. 3aIpOIOHOBAHMH AIrOPHTM
JIO3BOJISIE aBTOMATHYHE TPOCKTYBaHHS MOMEHTIB OIOPY CTaJIEBUX paM i3
BUKOPUCTaHHSAM KpuTepiiB HafmiiiHocTi. Taki KpuTepil JO3BOJISIOTH
BCTAQHOBJIOBAaTH IH)KEHEpHI OOMEXEHHS 1 OTpUMyBaTtd OyaiBeNbHI
KOHCTPYKITi{ TIOJIININEHUX MOKA3HUKIB MPOAYKTUBHOCTI 1 HU3bKOI BapTOCTI.
VY naHiii poOOTI 3ampoINOHOBAHO CHPOIICHUH MiAXid, SKHHA JIO3BOJISE
IIBUJIKO OOYHCIUTH MEXY-CTaH CEepeAHbOi PiuHOi 4acTOoTH Oe3 CyTTEBOL
BTpatd To4HOCTI. IlpoGiiemMa onTHMI3aIli BHPINIYEThCS —CHEIIATBHO
pO3poONEHNM adropuTMOM. TpH- 1 JeB’SATHIIOBEpXOBa CTajlieBa pama
BUKOPHCTOBYETBCSL Il JIEMOHCTpallii e(eKTHBHOCTI 3arpONOHOBAHOI
TIPOLIETYPH, 110 TIPU3BOMTH J0 ONTHMAITBHOT KOHCTPYKIIii OYy/IiBIi.
IMoBipHiCHa BTpaTa CTIMKOCTI HE BH3HAYCHHUX PaM BUBYAETHCS 3a
JIOTIOMOT'OI0 CTOXaCTHYHOTO METOJy KiHIEBUX enementis®, Cratucruka
BTpaTH CTIMKOCTI MPYXHHX paM 13 BHUIIAJKOBOIO IOYATKOBOIO
HEIHIMHICTIO, HEBU3HAYCHUMHU TTepepi3aMu 1 BIIACTUBOCTAMHU MaTepiaity
BUBOJINTBCS 13 CTATUCTUKM OCHOBHHMX MapaMeTpiB CHUCTEMH 3
BUKOPDHUCTaHHSM  CTOXaCTHYHOTO  METONy  KIHIEBHX  €JICMEHTIB.

7 Zacharenaki A. E., Fragiadakis M., Papadrakakis M. Reliability-based optimum
seismic design of structures using simplified performance estimation methods,
Engineering Structures. 2013. Vol.52, P. 707-717. DOI: 10.1016/j.engstruct.2013.03.
007,

® Lin S.C., Kam T.Y. Buckling failure probability of imperfect elastic frames”,
Computers & Structures, 1992. Vol.44. No. 3. P. 515-524. DOI: 10.1016/0045-
7949(92)90384.
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JlocmimkeHo BIUIMB Bapiallii TeOMETPUYHOI HENiHIHHOCTI, MEpPEeTUHy i
BIIACTMBOCTECH MaTepiady Ha BIIMIHHOCTI B CTIHKOCTI 1 MIIHOCTI.
IMOBIpHICTh BIJMOBH BiJ HENIHIHHOCTI paM, IO CKJIAAAOTHCS 3
BHMAKOBUX TIapaMeTpiB CHCTEM 3 YpaxyBaHHSAM BHIAIKOBHX
HaBaHTA)KEHb, PO3PAaXOBYETHCS Y MPOCTOpI 3aBaHTaKeHHS. Bu3HaueHi
(dakxTopH, MO BIUTMBAIOTH HA HAJIMHICTH paMu. 3’sCOBAHO, IO CEKIIiiHI
BJIACTHBOCTI, ()OPMH Ta BEIMYMHA T'€OMETPHYHOI HETIHIHHOCTI MoOXKe
3pOOWTH ICTOTHHMH BIUIMB Ha HAQJIMHICTH pPaMH. Biz[MianOTbg, 110
MPOEKTYBAHHS CHCTEM CTaleBUX KOHCTPYKIiM Ha OCHOBI pO3LIMPEHOrO
aHaNi3y MPHU3BOAUTH IO OUTBIN e(EeKTUBHOTO INPOIECY MPOEKTYBaHHS i
3abe3nedye OUTBII PIBHOMIPHUH pIiBEHb CTPYKTYPHOI HamiHHOCTI
cuctemu. OCHOBHOIO TIEPEIIKOOI0 TS BIPOBADKEHHS IIHOTO METOAY Y
NPaKTUIl € OYEBMIHA CKJIAIHICTh Yy TMPHU3HAYCHHI BiANOBITHOTO
KoeQillieHTa  OMmopy  KOHCTPYKTUBHUX  cHcTeM. Takoxk  Oyno
3aMpOIIOHOBAaHO €(PEKTUBHUIA YHCEITBPHUN METOJl BU3HAUCHHS HATIHHOCTI
Ha OCHOBI omnTuMi3amii KOHCTPYKLIi CTaneBUX paMlo. Y mii 3amadi
iTh0Ba (DYHKITIS HapaBJIeHa HA MiHIMI3aIlil0 Bark BCIi€l CTAIEBOI paMH.
3MIHHEMH y TIPOEKTYBaHHI € OaJKH 1 KOJIOHU TIOTIEPEYHOro nepepidy, AKi
PO3TNIANAIOTECS SIK JUCKPETHI 3MiHHI, Tak 1 OOpaHUH i3 KOMILIEKTY
mmpokoi ¢opMu  (raHens craneBux npodiniB. BumaakoBi 3MiHHI
BITHOCSATHCS JIO BIIACTUBOCTEH MaTepialiB 1 MPHUKIAACHUX HAaBAaHTAXCHb.
Jns  aHamily MOBEOIHKM CTajJeBi paMU BUKOPHUCTOBYETHCS METOJ
KIHIIEBUX €JEMEHTIB A KapKacHUX KOHCTPYKLiH. Yci HMOBipHicHI
0OMEKEHHS BITHOCSTBCS JIO AETEPMIHOBAaHMX OOMexeHb. Ile momomarae
MEPETBOPUTH TIpoOJIEeMH B JETEpMIHOBaHIM 3ajadi ONTHUMI3allii, sKa
MOXe OyTH BHpillleHa 3a JIOTOMOTOI0 CTaHJAPTHUX AJITOPUTMIB
ontumMizaii. I{e 703BosIsIE 3HAYHO CKOPOTUTH OOYHCITIOBAIbHI BUTPATH
JUTS. PO3B’SI3aHHS BUX1THOT 3a/1a4i.

Y poGori™ mpescraBieni TouHi Ta edeKTHBHI UMCETbHI MpoLEIypH
JUTSL OITIHKY HAJIMHOCTI CHCTEMH CTaJIeBUX KapKaciB 13 HAIIBXKOPCTKHMHU

® W. Liu, J.R. Rasmussen K., Zhang H. Systems Reliability for 3D Steel Frames
Subject to Gravity Loads, Structures, 2016. Vol. 8. P.2. P. 170-182. DOI:
10.1016/j.istruc.2016.06.002.

) ¢ Linh A., Bui-Vinh T., Ho-Huu V., Nguyen-Thoi T. An efficient coupled
numerical method for reliability-based design optimization of steel frames. Journal
of Constructional Steel Research. 2017. Vol. 138. P. 389-400. DOI:
10.1016/j.jcsr.2017.08.002.

" Thai H.-T., Uy Br., Kang W.-H., Hicks S. System reliability evaluation of steel
frames with semi-rigid connections, Journal of Constructional Steel Research. 2016.
Vol.121, P. 29-39, DOI: 10.1016/j.jcsr.2016.01.009.
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cnony4yeHHsMHU. KiHmeBa MilHICTh 1 MOBeNiHKa paMu Oyin nependadeHi
3a JIOTIOMOT'OK0 MOJIEI IPYKHO-TUTACTHYHOTO mapHipa. JlociimkyBanach
YyTJIUBICTE HaAIMHOCTI Mopenel. MonentoBaHHs 3a MeToJoM MoHTe-
Kapno ©Oymo BHKOpHUCTaHO JUIS OIIIHKHM WMOBIPHOCTI BiIIMOBH i
MOKAa3HWKA HAIIMHOCTI CHCTEeMH. Po3rmsmannce nBa MPUKIagyl PaMHHUX
KOHCTPYKIIM miJy KOMOIHOBaHMM 1 BITPOBMM HaBaHTAXKEHHSM,
PO3TISHYTO TOKAa3HUKH HAAIMHOCTI CUCTEMH MIITHOCTI 1 pale3qaTHOCTI
IO TPAaHUYHOTO CTaHy OI[IHIOBAJHCS 33 BUIAIKOBICTIO HABaHTAXKCHHS,
MaTepiagy 1 FeOMETPUYHUX BIACTUBOCTEH 1 HAMIBTBEPAOro 3’ €HAHHS.
PesynpraTi mokaszanw, 10 HAAIWHICTE paMU TyXKe CHIBHO 3aJIeXKHTH Bill
HaIliBTBEPIOTO 3’ €IHAHHA. Bruius Ppi3HHX HOCJITOBHOCTEN
HAaBaHTOKEHHS Ha JIETCPMIHOBAaHY CTIMKICTh CTaJleBUX KOHCTPYKIIIN
(HeenmacTUYHMIA Niama3oH) € J00pe BUBUYCHUM seuiem’’. OfHAK BIUIMB
PI3HHX TIOCTIJIOBHOCTEH HaBaHTaXKEHHS Ha HAJIMHICT €JIEMEHTIB Ta
pamu 3i cTaii He OyJio CHeliaJbHO BHBYEHO B MHHYJOMY. Pe3synbraTu
JOCITI/DKEHHS MTOKA3YIOTh BAXIMBICTH MOCIIIOBHOCTI HABAHTAXKCHHS HA
PIBHI PO3KHIY 1 HEMEPEBUIECHHs BipOTiTHOCTI omopy. PosrisnaroThbes
TaKOX TOTEHIIMHI BpaXyBaHHS MOCIIIOBHOCTI HABaHTaKyBaHHS ITiJ] Yac
OLIIHKH HAJIMHOCTI CTaJIEBUX PaM.

1. ImoBipHicHUI PO3paxXyHOK MeTO10M CTAHIB

Po3ristHyTi MeToAM HMOBIPHICHOTO PO3paxyHKY CTaJIEBUX CTaTHYHO
HE BU3HAYCHUX PaM 3a YMOBH Pi3HOMAHITHHMX BHIB BiJMOB €JIEMEHTIB.
Haiibimpin moBHO BpaxoBye XiJg pyHHYBaHHS KOHCTPYKIIi MeTOJ
nepebopy  BCIX MOXIHMBHX craHiB. ['padidyHOo MeTon  CTaHiB
MIPENICTABIIAEThCS Yy BUTIIAAL OpieHTOBaHOrO rpacda. Bepmwmuu rpada
BHPAaXAIOTh CTaH, B SIKOMY 3HAaXOIWUTBbCS KOHCTPYKIS, a pedpa
MPEJICTABJIIOTh YMOBHI IMOBIPHOCTI BiIMOBH BiJIITOBIJIHUX €JICMCHTIB.
Hns  oOuncimioBaHHA  IMOBIPHICHHX — XapaKTEpUCTHK TrpadiB-aepeB
BHKOPHCTOBYIOTHCS METOJM MaTeMaTHYHOI JIOTIKW. IMOBIPHICTH BiIMOBH
CTaTHYHO HE BHU3HAYCHUX CHCTEM y ItoMy Qg 3rifiHO i3 TpadoM BiAMOB
MPENICTABIIAETHCS BHUPA30M JIOTIYHOTO CKJIaJaHHS (M3 FOHKIII) BCiX
MOKJIUBHX (i-THX) IUIAXiB (KOH IOHKLIH) Bi]MOBH NEPETUHIB (;j:

0.~ %[ ha). @

12 Taras A., Huemer St., On the influence of the load sequence on the structural
reliability of steel members and frames, Structures. 2015. Vol.4. P. 91-104. DOI:
10.1016/j.istruc.2015.10.007.
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Je m — 3arajbHa KUIbKICTh NUIAXiB (miArpadiB) BiIMOB IJIs JaHOL
KOHCTPYKIIii; N — KiJIbKICTh j-X BIIMOB IEPETHUHIB, BXiTHUX B i-U IIIAX.

Mopgens BiAMOB paMH Yy BUDIAAlI Tpady CTaHIB MaTeMaTH4HO
MIPENICTABIIAEThCS Y BUTISAAI MaTpuili OesrmocepenHix 3B’s3kiB. Taka
MaTpHUIL METOJOM BUKIIOUCHHS BY3JIB IEPETBOPIOETHCS B MAaTPHINO
MOBHUX 3B’s3KiB. ENeMEHT MaTpulli MOBHHUX 3B’S3KIB aAHAJITUYHO
BUpPAXa€ yCi JOTi4HI 3B 3K MK BXOJOM 1 BUXOI0M Irpada cTaHiB.

Posrisnanuchk KpuxKi i TUIACTHYHI BiJIMOBU KOHCTPYKIIii. Y BHITQAKY
KPUXKHX BIIIMOB €NIEeMEHT BHKIIIOYAETHCS 3 POOOTH, a KOHCTPYKIis B
LIOMY HpOJOBXKYye (yHKIiOHYBaTH. [lmacTHuHa BiIMOBa INPUITYCKae
BHHUKHCHHS B IIEPETHHI IIAPHIPY TUTACTUYHOCTI.

3aranpHa cXeMa IMOBIPHICHOTO pO3paxyHKy METOJOM CTaHiB
IpUBeeHa Ha puc. 1.

IMOBIPHICHAM PO3PAXYHOK METO/IOM CTAHIB

Cki1afanHss pO3paxyHKOBOI CXeMH KOHCTPYKIi; migbip MepeTHHIB eneMeHTIB 1
3riIHO 3 HOPMaMH IIPOSKTYBaHHL.

CkiaiaHHsi CXeMH BiMOB MEPETHHIB EMEMEHTIB KOHCTPYKIIii, OymayBaHHS rpady 2
CTaHiB CHCTEMH 1 HOTO po3MiTKa

CraTU4HUIA pO3paxyHOK KOHCTPYKIII 3 ypaxyBaHHSM yCiX MOMJIMBHX BapiaHTIiB 3
BiZIMOB IIEPETHHIB 3TiIHO i3 rpadom

BuznaueHHs iMOBIpHOCTI BIiJMOBHM IIEPETHHIB 3TiAHO 3 MAaHUMH CTaTHIHOIO 4
PO3paxyHKy KOHCTPYKIIi1

TloGynoBa Matpuii 6e3nmocepeHix 3B’ I3KiB 3riiHO i3 rpadom cTaHiB 5
OTpuMaHHS XapaKTEPHUCTHK TEPETHHIB 1 HMOBIPHOCTI BiAMOBH CTAaTHYHO 6
HEBU3HAUeHOI cucTeMu Qs

TlopiBusHHs Qs 13 BXiZIHOWO FMOBIPHICTIO BiIKa3sy OIHOTO TEPETHHY, 7
3aMPOEKTOBAHOTO 32 HOPMAaMH, LIISIXOM 3MiHH [IEPETUHIB EIEMEHTIB paMu

Puc. 1. [Inan-cxema po3paxyHky HafiliHOCTi pam
MeTO/I0M nepebopy cTaHiB
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AHai3 NUIAXiB PyHHYBaHHS KOHCTPYKIIii TMOKa3aB, 110 HMOBIpHICTb
BIIMOBM CHCTEMH B IJIOMY HaW4acTillle YHCEIbHO HAOJMKAETHCS 0
WMOBIPHOCTI BiTMOBH 33 OJHUM HAMOUIBII IMOBIPHUM IIIJISIXOM BiMOBHU
MepeTHHIB. 3HAYCHHS WMOBIPHOCTI BiIMOBH CHCTEMH 3HAYHO MEHIIIC
WMOBIPHOCTI BiIMOBH JI0 TIEPIIIOTO BiJIMOBH TEPETUHIB pamMu. MeTon
nepeOopy CTaHIB MOXJIMBO BHKOPHUCTOBYBATH ISl HEBEIHKHX paMm
(<20 mepeTuHiB) y 3B’A3Ky 3 Pi3KHM 3pPOCTaHHSAM 00’€MY PO3PaxyHKIB.
JAns monomaHHS TPYAHOLIB IOXO 3POCTAaHHA pO3MIpY 3aBIAaHHS
MPOTIOHYETHCST METOJ] PO3pPaxyHKy, MOOYIOBaHWA HA BHKOPUCTAHHI
OJTHOTO Hali011bII IMOBIPHOTO (ICTUHHOT0) MEXaHI3MY PyHHYBaHHSL.

Bimomo, 1o po3nois 3ycuiie mija yac IIacCTHYHOTO PYHHYBaHHS HE
3aJIe)KUTh BiJl iCTOpIi HABaHTa)KEHHS Ta IOBEIIHKHA KOHCTPYKIi g0 ii
MOBHOTO TUIACTUYHOIO pYyHHYBaHHsA. ToMy Ui pO3paxyHKY CTaJeBHX
CTaTUYHO HE BU3HAUCHWX pPaM, BHKOHAHUX i3 TMPYKHO-TUIACTHIHOTO
MaTepiaiay, MOXIJIMBO PO3NIAIATH a3y BHUCPITAHHS HECY4oi 3AaTHOCTI
KOHCTPYKIIii, iX INIaCTUYHE pyHHYBaHHS.

HaBenene momoXeHHS BHKOPHCTOBYETHCS B METOAI TPaHUYHOL
piBHOBard. Y po3paxyHKy TpUHAMAIOThCS Taki TIEPEAyMOBU IS
BUKOPHUCTAHHS METOIy TPAHUYHOI PiBHOBArH:

1) npuKIagaHHsI HABAHTAKSHHS HAJICKHUTH 10 KBa3iCTATUYHOTO THITY;

2) wMatepiaJ KOHCTPYKIIM iJeadbHO TPYKHO-TUITACTHYHUH 1
HiATOPSAKOBYEThCS Aiarpami Ipanntis;

3) piBHSIHHS CKJIQIAIOTHCS ATl HeAe(hOPMOBAHOT CXEMU;

4) mepeTHH eNIEMEHTIB Ma€ iieaabHy (GopMy, TOMY 30HA TUTACTHIHOTO
IapHipy 0OMEKYEThCS KPAIKOIO;

5) OCHOBHHMMHU JiFOYUMH 3YCHIUISIMH € 3THUHAI0Y] MOMEHTH.

Po3pobiiena mporenypa po3paxyHKy HaIidHOCTI CTaTHYHO He
BH3HAYCHUX CHCTEM, B SKiH YMOBH JJIs IIAPHIPIB IIACTUYHOCTI MArOTh
BUTJISAJ] PiBHSHB TNEPIIIONIMH B (k + 1) — MIpHOMY TiNEepIpoCTOopi:

> M- x;+q- My, =M

k
j1

(i=1,2,...n), 3)

i,pl

ne M.

ipl — TPAHMYHHM MOMEHT B i-My MepeTuHi; M — MOMEHT B i-My

TNEPETHHI OCHOBHOI CMCTEMH Bij 3aiiBoro Hesigomoro x; =1; M, —

MOMEHT B i-My HEpEeTHHI BiJl 30BHIIIHIX HABAHTAXKCHb (|, MapaMeTp
SIKUX TpuiiMaeTbest q = 1.
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[lepecikaHHs TiMEPIIONIMH BU3HAYA€ BEpIIMHY OararorpaHHHKA
YMOB, i3 Hei pO3paxOBYEThCS MaKCHMalbHE 3HAYEHHS HaBaHTAKCHHs

Qo - 13 pimenns (k +1) iniliaux piBHAHE (4) Ta HiICTAaHOBKOK Y

MpaBy YacTUHY cepeiHiX rpaHuuHux MomentiB M . Ilepexomsuun mo

r,pl
o0JIaCTI BWIIQJKOBUX BEIMYMH, MAa€MO MAaTeMaTH4HE OYiKyBaHHS
MIIHOCTI PaMU B IIJIOMY:

ktl A ol _ k+l A ol _
— rk+ _ r.k+
q:z D 'Mr,pl _Z D “H, .Mo,p/ ' (4)
r=1 r=1
ne D — BH3HAYHHK CHCTeMH piBHAHB;, A, ,— anreOpaidne

JIOIOBHEHHS eneMenTiB M, , BusHaunuka D; M | — cepeHe 3HaYeHHS

o.pl
napaMeTpy T'PaHUYHOTO MOMEHTY PaMHU; L, — CKJIaI0B1 YACTUHH BEKTOPY
CIIBBIIHOIIEHh TPAaHUYHUX MOMEHTIB paMH; I — HOMEp IIApHIpy
TUIACTUYHOCTI.

Cra"gapT MIIHOCTI paMH y MHpPOCTOpi MapaMeTpy HaBaHTa>KEHHS
BHU3HAUUTHCS:

2

A B k+1 ( k+1 Ar,k+l M B M 5
q= Zl: ZI:T r,pl =Py o,pl + ( )

3rifHoO 3 aJrOpUTMOM 32 CKJIAQJEHOI0 IPOrpamoi0 Oyiad BHKOHAaHI
pPO3paxyHKH IMOBIPHOCTI BIiJIMOBH TPHALSATH paM Pi3HOMAaHITHOL
KoH]iryparmii. OkpeMo IpU3HAYCHO POSKTHE, YH Jif0Ue HABAHTAKCHHSI.
PozpaxoBani iMOBIpHOCTI BiJIMOBU CTATHYHO HE BHU3HAYEHUX CHUCTEM 6y
[IJIOMYy MAalOTh HEBEJIHMKY PpO30DKHICTH — BiJX 3.99101 o 1.610™%°.
Po3paxyHku BUKOHAaHI 32 MiHJIMBOCTI MiITHOCTI 1 HaBaHTaxeHHs 0,1 1 0,2
1 BIOXWJIEHHS PO3PaxXyHKOBHX 3HA4€Hb BIJA CEPEOHBOI MIIHOCTI 1
HaBaHTaXeHHS 3 1 5 craHmapriB BignoBigHo. lle maetbes s
MMOBIPHOCTI BiIMOBH OKpeMOro enemeHTy 3HadenHs Q. =5,6-107°,

3aIPOEKTOBAHOTO 3TITHO 3 HOPMaMH.

Oninka HaAIHHOCTI CHCTEM Yy IJIOMY 32 OJIHUM MEXaHi3MOM
pYHHYBaHHS YHCEIBEHO BUIIPaBAaHa, alle AIMCHO ICHYIOTh MEXaHi3MH, SKi
MalOTh IMOBIPHICT TIOSBH, OJIM3BKY 1O HAWOUIBII iMOBIPHOTO
MexaHi3My. ToMy BiIMOBINaJbHICTh EJIIEMEHTIB, BXIIHUX OO0 JaHUX
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MEXaHi3MiB, JIOCUTh BHCOKa, 1 IX HEOOXiTHO BpPaxOBYBaTH B
IMOBIPHICHUX PO3paxyHKaxX CTATHYHO HE BUZHAYCHUX CHUCTEM.

2. ImoBipHicHMIT MeTOJ rPaHUYHOI piBHOBAru
Po3pobiieHo iMOBipHICHHI METOJl TPAaHUYHOI PIBHOBArdW JJIs OIIHKH
HAQIIHHOCTI CTAJICBUX CTATUYHO HE BU3HAYCHHUX paM MPH ILIACTHYHHUX
BIIMOBaXx €JIEMEHTIB.
3rigHO 3 PIBHSAHHAM 30BHINIHBOI 1 BHYTPIIIHBOI BipTyaabHOI pOOOTH
WMOBIPHICTh BIAMOBHU IJIsl OKPEMOTO i-TO MEXaHi3My pyHHYBaHHS Mae
BUTJISI

E) P{i iMpl‘k'vkj:P(ﬁ; >R‘)s (6)

ne P, — 3HaYeHHs j-TO 30BHINIHBOTO HABAHTAKEHHA, M, —

IUTACTUYHUNA MOMEHT y k-My mepeTuHi i3 IUIaCTUYHUM INAPHIpPOM;
fi, v, — IOBOPOTH 4K MEPEMIIIEHHS BY3JIIB 1 CTEPKHIB BiIOBIIHO.

JUis  paMuM BU3HAYAIOTBCS OCHOBHI (€JeMEHTapHi) MeEXaHi3MH
pyWHYBaHHS:

1= jk, )

Jie j — KUIbKICTh HeOe3MeUHUX MEepeTHHIB, kK — CTYyIMiHb CTAaTHYHOI
HEBU3HAYEHOCTI PaMHU.

Jlo dncna OCHOBHHX MEXaHi3MiB pYIHyBaHHS HaJje)XaThb OaslouHi,
3CyBHI (TIOBEpXOBi) 1 BY3JIOBI MEXaHi3MH. APryMEHTaMH B PIBHSHHSX
pIBHOBard BUSBJISIOTECA BHUIAIKOBI TapaMeTpy HaBaHTAKEHHS 1
MinHOCTi. Jlami 3 OCHOBHHX MEXaHi3MIB HIUISAXOM IX CIIOJY4YEHHS
OTPUMYIOTh KOMOIHOBaHI MexaHi3MHu. L[i MexaHi3MH BiTOOpakarTh
OaraTorpaHHicTh ()OpM BiIMOB KOHCTPYKIIii, IO pO3TIsAAaroThes. [1i
Yac OTpPUMaHHA KOMOIHOBaHHMX MEXaHI3MIB IIPOBOIMTHECS BigOip
HaOLIbII IMOBIpHUX (TIPOIIOHYETHCH, Qi>an=10'30 ). Buxiogarotscst

TaKOX Ti MEXaHI3MH, B SIKUX KUIbKICTh MIAPHIPIB IUIACTUYHOCTI OLIbIIE,
HDK CTYIiHB CTATHYHOT HEBU3HAUEHOCTI PaMH ILTIOC OMH.

3ritHO 3  KIHEMaTH4YHOI0O TEOPEeMOI0 TPaHWYHOi  PIBHOBaru
KOHCTPYKIIisl pYHHYETBCS MiI 9ac peamizamii He MEHIIe, HDK OJHiel 3
noxiit E;. Tomy HMOBipHICTH BiIMOBH CHCTEMH B LIIJIOMY BH3HAYA€THCS:
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Q.= P(E,) + P(E,) +....- P(E, AE,). ®)

BigmoBy omHouacHo nBox wMexaHi3miB P(E, ~E)) HEOoOX1IHO

pO3TIAAaTH 3 ypaxyBaHHIM KOPEISLIHHOTO 3B’A3Ky B 3aJIEXKHOCTI Bix
CHUIBHUX TUIACTHYHHMX NIApHIpiB 1 HaBaHTaxeHb. KoedilieHT mapHOi
KOpeJIsLii, M0 3aCTOCOBYETHCS UIA IBOTO, MIXK i-M 1 j-M MeXaHi3MaMu
3HAXOUTHCS SK:

m n
2 2
2 A Ay ol +) BB, o
— k=1 =1
ry = , ©)
G, 0;
ne Ay, Ajx— BIpTyallbHi IEPEMIIIEHHs By3/IiB, BiAOBIAHO, IS i-TO U
j-ro MexanisMmy B k-My mneperuHi; o©,,6, — CepeIHE KBaJpaTUYHE
BiIXWJEHHs (CTaHIapT) BIANOBIZHO [0 HECy4yoi 3JaTHOCTI i
HaBaHTaxeHHs; B, B, — BipTyanbni nepemimenns crepxHiB Bin I-ro
HAaBaHTAKEHHS; G;, G; — CTAHAAPT PE3ePBY MILHOCTI Ui i-TO Ta j-TO

MeXaHi3MiB pyilHyBaHHS.
Po3paxyHOK IMOBIPHOCTI BiIMOBH JBOX MEXaHI3MiB OJHOYAaCHO

P(E AE)) 3 ypaxyBaHHAM KOpEIALiHHOI 3aleXKHOCTI 32 YMOBH

HOPMAaJbHOTO PO3IOJUTY BHIIQJAKOBHX BEJIMYMH BHUKOHYETHCS 3a
BUPA30M:

Qu =(0.5-0(v,))-(0.5-®(v,)) "\jl_rlfl -exp(ry - vyvy), (10)

ne @ — Tabmuuna ¢ynkuis Jlammaca; B, ,B,— XapaKTepHCTHKH
0e3MeKn 3aMiHSIOThCS Ha

i B

IMOBipHICHMH MeTOX TpaHMYHOI pPIBHOBardM peaiizoBaHO IIia dYac
PO3paxyHKy IMOBIPHOCTI BiIMOBH CTaTHYHO HE BHU3HAYCHHX CHCTEM

Vk,V| _Vk =
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TaKOX METOJY Yy3arajJbHEeHOI 1(013apiaui'1’13 Ta METOIY PNET*. Vi i
METOJY B OOJIACTI MajMX WMOBIPHOCTEH JarOTh OJIN3BKI pe3yibTaTy.
CxeMa pO3paxyHKy IMOBIPHICHUM METOJOM TpaHUYHOI pIBHOBArd
TpUBEIEHA Ha pUC. 2.

IMOBIPHICHHA METO/I FPAHHUYHOT PIBHOBATH

Bpeaemms nxuamol unbnp\wml PO KOICTPY KIDEO NIR@SETNR rpaniairoro
MOMEHTY , CIBBUIHOMCHI JKOPCTROCTE, MOTPILIE OCHOBHITN MESAHIUIMIE,
CTOBIFIIX NapAKTCPRCTRE JOBHIUMEOTD HREONTLKCHNR

KonmGinonsmait Gnox. CREMMR YE1s MOKTHINK KOMOUILLT ooy e
OO HOHHMNY MONITHY VIR

B O [ EE

CRIBUIEHA KOMTIHOBIHIN MCXAHIIMIB. OTPHMBHES INOBIPHICHIN
NOPOKTEPHCTE VIR KOAHOTO MEXIHITMY

0 0y KUmkmicrs mmpHipes (wiocTHMHOCTT MCHITE  C1Y 1I0HKY  CTImisni
pepiInanernocT oo | SIK oo m, pMXMOYEInIR  MeXaninn 1
PO BT

TPy HIOK TS Y T T KLY OCTIONELION MENIE IS0 [y 1Y I §
HEDC TN

Braserns Kope i foro IWRIKY MUK MeXATINGME py IV

Orprooied SEPAKTEPIC THE NCPETIHIB | o, 3 VPAONYBIHHSM (PHOT
xope i !

HOPISHRERA ¢, 4 BNUIHOK DOBIPHRICTRY, SMIHIC MO LPUHIMERI MOMCHT,
CHML LIS WOPCPROCTOS MEUIOMI TN WICEITY IR FIHTI COOMCTTTIN
PAMEE 1 TIONTORIOCNS POIRAXY 0K 0 (eTary 3

Puc. 2. Biiok-cxema po3paxyHKy HMOBipHICHOTO
MeTOoAy rPAHHYHOI PIBHOBAru

OpHuM 13 (aKTopiB, SKi BIUIMBAIOTH HA HECYYy 37aTHICTh €JIEMEHTIB
CTaTUYHO HE BHM3HAYEHHMX CHCTEM, € IO3MOBXHS cuina. Taka cuia

¥ Fan W., Yang P., Ang A. H-S., Li Z. Analysis of complex system reliability
with correlated random vectors, Probabilistic Engineering Mechanics, 2016, Vol. 45.
P. 61-69. DOI: 10.1016/j.probengmech.2016.03.004.

14 Ditlevsen 0., Madsen H.O. Structural reliability methods. Technical University
of Denmark maritime engineering. 2003. 323 p.
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BPaxoOBYEThCS B IMOBIPHICHMH METOJ] TPaHWYHOI pIBHOBaru st
CTHCHYTO-3ITHYTHX CTEP)KHIB SK YacTKa y TPAHUYHOMY 3THHAIOUOMY
MOMEHTI:

J

N
M,, =1~ N M, =m -M,, 11)
pl
JIe ] — TOKa3HWK CTYNEHI, s JBoTaBpy piBHuii 1.5; N —

MOB3IOBKHS CHJIa B E€JIEMEHTI; Npl

— IUIACTUYHMI 3THHAIOYAN MOMEHT I

— IUIaCTHUYHa HECy4Ya 3I[aTHiCTI>

CTHCHYTOTO elleMeHTy; M

JAHOTO EJIIEMEHTY.

KoedimienT ym0oB poOOTH My BpaxOBY€e BIUIUB MOB3/IOBKHBOI CHIIU B
CTUCHYTO-3ITHYTHX €JIEMEHTaX, MONEepeIHbO HOro MpUilMaloTh PiBHUM
0.85.

JAns oTpuMaHHS MOXJIMBOCTI BIDIMBAaTH Ha CTATHYHO HEBH3HAYCHI
cucteMu 0e3 3HIXKEHHS ii Mpale3aaTHOCTI HeOOXiIHO BUKOPHUCTOBYBATH
TaKy XapaKTepUCTHKy, SK BKJIAJ 1-T0 eJIeMEHTYy B HaIIHHICT
KOHCTPYKIIii y miJIoMy R, BIH 3HaXOAUTHCS SK:

dR
B, = L C. = .. S = —_ N 12
i Rl Z?::1 Rl dRI Qs Qsl ( )
ne (, — 3HauYymicTh i -T0 eneMeHTy; (O, — IMOBIpHICTH BiIMOBH

CHCTEMHU P HaJliifHOCTI okpeMoro exementy R =1.

VY po0GoTi mokaszaHo, Mo €()EeKTUBHO BUKOPUCTOBYBATH BU3HAUCHHS
BKJIaJy OKPEMHX OCHOBHHX MEXaHIi3MiB PYHHYBaHHS, a HE OKPEMHX
HeOe3MeUHNX MEePETUHIB.

Jnst BpaxyBaHHsI CTaTHCTHUYHOI NPHPOIM MIITHOCTI 1 HABaHTa>KCHHS
MIPOTIOHYETHCS] BBOAWTH B PO3PaxXyHOK CTAIEBUX CTATHYHO HEBH3HAYHHX
pam xoedimienT HapiiiHOCTI y,. KoedimieHT HaniifHOCTI 3HaXOXUTHCS
TaKUM YUHOM:

M
¥y = (13)

M, o(VMPR)
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e Mo.( pl)

IUIACTUYHOTO PpO3paxyHKy pamu; M

TPaHUMYHAHA MOMEHT, OTPUMaHUH 13 TPYXKHO-

o.(vmpr) IT'paHUYHHHU MOMCHT,

OTpUMaHHUH 32 IMOBIPHICHUM METOMOM I'PaHUYHOI PIBHOBATH.
BukopucToByBaTH Y, MOXHO IIiJ] 9ac MifnOOpy MepeTHHIB eNeMEeHTIB

CTaJEeBUX paM sK KoeilieHT ymMoB pobotu. Ilig vac po3paxyHKy 3
ypaxyBaHHSIM OJHOIAPaMETPUYHOTO HaBaHTAKEHHS JIO0 TPUALLATH paM
oTpuMaHi koedimientu 1.2-1.4. Ix MokInBe BUKOpHCTAaHHS 3a0€3MEYNTh
3HAYHY €KOHOMIIO MaTepiany.

JAns [OpakTUYHOTO BHKOPHUCTAHHS B IHKCHEPHHX pPO3paxyHKax
CTaJIEBUX CTaTHYHO HE BU3HAYHUX PaM PEKOMEHIYETHCSH KOSDILiEHT v,

= 1.1. Moro BBenieHHs He BUMArae JOJATKOBHX PO3PAXYHKIB HaiifHOCTI
paMm. BukopucranHs Oinpmux Koe(illieHTIB HOTpedye pO3paxyHKiB
3TiAHO 3 PO3POOIEHUM METOIOM.

Jns BpaxyBaHHS BHIIAIKOBOI TPHPOIAM MIFOUYMX HAa KOHCTPYKIIIO
30BHINIHIX (DaKTOPIiB B IMOBIPHICHOMY METOJlI TPAaHWYHOI pPiBHOBaru
BUKOPHCTOBYETbCS KpUTEpili OaraTomapaMeTpHYHOTO HaBaHTAKEHHS.
KoxHe HaBaHTa)XEHHS IIONAEThCA SK BHUMAAKOBMHA mapamerp. Jlis
KOMOIHOBAHOTO MEXaHi3My CyMapHE HAaBaHTA)XXEHHsI CKJIQAAEThCS 3T1HO
i3 TpaBWIaMH CKIAJaHHS BHIAJKOBHX BEIWYHH 3 OOOB’S3KOBHM
ypaxyBaHHSAM KOPEJSAMIHHUX 3B’ A3KIB MK HAaBAaHTAXKCHHSIMU.

IMOBipHICHMH PO3paxyHOK 3aBEpLIYEThCS PIBHSHHAM IMOBIPHOCTI
BIZIMOBH cHCTeMH B 1inoMy (. i iIMOBIPHOCTI BiZIMOBH OJHOT'O IEPETUHY

0., » 3aIIPOEKTOBAHOr'0 3TTHO 3 HOPMaMH.

BukoHaHi po3paxyHKH CTaJeBHX CTaTHYHO HEBH3HAYHUX paM i3
peabHUM Ta MPONOPIIOHAIFHUM HABAaHTAKEHHSAM Yy TPYXHHH Ta
HNpPYKHO-TIACTUYHUM cTanii. 3a IMOBIPHICHUM METOJOM TIPaHUYHOL
piBHOBaru pospaxoBaHo 30 paM pi3HOTO NMpH3HAYEHHS 1 KOH(Iirypaii
(01HO-, JBOX-, TPHOXIIOBEPXOBi, OJHO-, TBOX-, TPHOXIPOJIiTHI). Pamu
3aBaHTaXEHI JII0YMMH Y4 TIPOCKTHUMHU HaBaHTaXeHHAMU. BinOyBanoch
MOPIBHSHHS 3TUHAIOUUX TPAaHUYHUX MOMEHTIB, SKI HPUXOIATHCA Ha
OJTMHUYHY XKOPCTKICTb.

3a pesynpTaTaMud OOYMCIEHHS OYyJIO MiATBEPIKEHO, IO BBEACHHS
MPY>KHO-TUIACTUYHOTO PO3PAXYHKY Y MPAKTHKY MPOCKTYBAHHS CTAaTHIHO
HE BH3HAUEHMX CHCTEM [03BOJs€ YypaxyBatu y cepeaHbomy 10%
pe3epBy Hecydoi 3HAaTHOCTI paM Yy TOPIBHIOBAHHI 13 TPYKHUM
po3paxyHKoM. Po3paxyHOK iMOBIpHICHEM  METOJOM  TpaHWYHOL
piBHOBar“ ImiJg dYac WOPIBHAHHSA HMOBIPHOCTI BIAMOBH pamMu 3
IMOBIPHICTIO BIiJIMOBH OIHOTO €IIEMEHTa JIO TEPIIOro J03BOIISE
ypaxyBaTH JOJIaTKOBO y cepeanbomy 20-25% pesepBy Hecydoi
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3maTHOCTI. Po3paxyHOK IMOBIpHICHUM METOJIOM HaJa€ Taki pe3yiabTaTh
B MOPIBHSAHHI 13 MPY>KHO-TJIACTUYHUM PO3PAXYHKOM.

3a poO3po0JIEHOI0 METOJUKOK) BHU3HAYEHHS 3HAYYIIOCTi, BKJIaLy
1 TUTOMOTO BKJIQJy OKPEMHX OCHOBHHMX MEXaHI3MiB pyHHYyBaHHS Oynu
MpOBENeHI PO3PAaXyHKH TPUALSATH paM. 3a pe3yabTaTaMH CKIIaJeHi
JiarpaMH TIMTOMHX BKJIQJiB OKPEeMHX OCHOBHHX MexaHi3miB. [lim wac
JOCTIKEHHsI iarpaM MOKHa BiAMITHUTH, IO MUTOMi BKJIAH B LIIOMY
PO3NOAUIAIOTECA HEPIBHOMIPHO A Oinbmiocti pam. Poskun Bkiaais
pizanx enemeHTiB (10-30% 3a BeMMUMHOIO HECYUOi 34aTHOCTI) BIIKPUBAE
MOJKJIMBE TIOJIE JISUTBHOCTI 3 X MOPIBHAHHSA W ypaxXyBaHHS TPH IOMY
BHHHKAIOUUX pE3epBiB KOHCTPYKINiK. Ha miarpamMax MUTOMUX BKJIaIiB
JUis OUTBIIOCTI paM BHIUISIOTbCS OAMH abo [Ba (YacTille OJUH)
eJIEMEHTapHUX MEXaH13MHU, SIKi CKIaAal0Th OCHOBY HAHOUIBII IMOBIPHOTO
MEXaHi3My.

Po30KHICTE TTUTOMUX BKJIAJIB OKPEMHX IEPETHHIB y HaIIHHICTH
pamu B LiJioMy focsarae B cepeqaboMy 10% 1 HabmmKaeTbes 10 MUTOMUX
BKJIQJIiB OKPEMUX OCHOBHUX MEXaHi3MiB PYHHYBaHHS.

BUCHOBKHA

Jlana poOoTa TpPHUCBSYCHA PO3BUTKY IMOBIPHICHOTO PO3pPaxyHKY
CTaTUYHO HE BU3HAUHMX CTAJIEBUX paM pIi3HOTO MpPU3HAYEHHS
1 koHOirypanii. Po3paxyHOK IpoOBEIEHO 3 YpaxyBaHHSAM peanbHOL
pobotn Marepiany 1 HaBaHTakeHHA. OCHOBHI pe3ynabTaTH poOOTH
MOJISTAIOTh Y TAKUX ITYHKTaX:

1) po3pobieHa MeETOAMKA OIIHKA HAIIHHOCTI CTaTHYHO HE
BU3HAUCHUX CHCTEM METOJOM Iiepedopy cTaHiB. Y JlaHOMY METOox1
BHKOPHCTOBYIOThCS rpa(poaHaanqu NIEPETBOPIOBAHHS 1 BPaXOBYIOTHCS
TUTACTHYHI 1 KPUXKi BiTMOBH €IEMEHTIB;

2) nand  OTpUMAaHHS HWKHBOT OL[iHKI/I WMOBIpHOCTI  BIZIMOBH
KOHCTPYKIIi1 B IIIJIOMY 3alpOITIOHOBAHO METOJ] pO3paxyHKy. JlaHuii MeTon
BUKOPHCTOBY€E HaMOUIbII iIMOBIpHMH MEXaHI3M pyHHYBaHHS Ha OCHOBI
METOAY I'paHUYHOI piBHOBAry;

3) 3anmpoONOHOBAaHHWW JIOTIKO-IMOBIPHICHHH MeETOA  OOYHMCIICHHS
IMOBIPHOCTI BiZIMOBH CHCTEMH, SKa BPaxXOBYE BCI MOAETI pYHHYBaHHS
KOHCTPYKIIIi;

4) nns BU3HAYCHHS MMOBIPHOCTI BiIMOBH CTAaJCBHX CTaTHYHO HE
BH3HAUEHHUX CHCTEM PO3pOOJICHHUN iMOBipHiCHI/Iﬁ METOJl T'PaHUYHOI
plBHOBaFI/I B oGuncnenHsax YPaXxoBYeTbCA plSHOM&HlTHlCTL ¢dopm
BIZIMOB KOHCTPYKIIi 1 KOpPEJAIIHHUHA 3B’A30K MDK MeXaHi3MaMH
pyiiHyBaHHA. TakoX 3mIHCHIOETHCS TOPIBHSHHS MMOBIPHOCTI BiIMOBHU
CUCTEMH 3 IMOBIPHICTIO BiJIMOBH OJTHOTO €JIEMEHTY, 3allPOSKTOBAHOTO
3riJTHO 3 HOPMAaMHU.
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Po3po0iieHo anropuT™M OIIHKK 3HAYYIIOCTi, BKJIamy 1 MHUTOMOTO
BKJIaJly OKPEMHX OCHOBHUX MEXaHI3MIiB pyilHyBaHHS 1 HeOe3MeuHHX
MEPEeTHHIB €JIEMEHTIB CTaTHYHO HE BH3HAYHHUX CTAJEBUX paMm
Y HaJIIHHICTh CUCTEMH B IIJIOMY.

3anpornoHoOBaHO METOJl BWU3HAYCHHS KOCQIIIEHTY HATIHHOCTI IS
CTaTHYHO HE BHU3HAYEHHX CHUCTEM Ys I 4ac OXHOMAPAMETPUIHOTO Ta
0araTomapaMeTpUYHOrO HABAHTAXKCHHS KOHCTPYKWid. JlaHwid MeTon
YpaxoBYy€ BHUIIAJKOBI XapaKTEPUCTHKHU MIITHOCTI 1 HAaBaHTaXXeHHS. 3T1THO
3 IMOBIPHICHUM METOJIOM TpPaHWYHOI pIBHOBaru po3paxoBaHi

koediuienTn )¢ 10 30-tH paMm, o AopiBHIOTE 1.2-1.4. Bukopucranus

¥s AacTb eKOHOMilo Mmarepiamy 5-20%. Y HpakTHYHUX po3paxyHKax
CTANIEBHUX CTATHYHO HE BHU3HAYCHHUX CHCTEM DPEKOMEHIYETHCS
3acTocoByBatH Jg =1.1.

AHOTALISA

Meta pobOTH  CKIAJAeTbCsl 3  PO3POOJNCHHA METOAMKH U
IMOBIPHICHOTO PO3paxyHKy Ta OLIHKU MapaMeTpiB HaAIHHOCTI CTaJIEBUX
CTaTUYHO HE BHM3HAYEHUX pPaM Ta PEKOMCHIALId 10 3HMKEHHS iX
MaTepiaJJOEMHOCTI TIIAXOM PETYJIIOBaHHS 3allaciB HeCcydoi 37aTHOCTI
CIIEMEHTIB.

Po3pobiieHo MeToa OLIHKKM TMapaMmeTpiB  HaAiMHOCTI CTaleBUX
CTaTMYHO HE BU3HAYEHHX PaM METOJOM PO3IIIsly YCiX Mpare3faTHUX
CTaHOBHII. BHKOPHCTaHO JIOTiKO-IMOBIPHICHI METOIW JIOCIIKCHHS
CTOXaCTHYHUX XapPaKTEPUCTHK POOOTH CTATHYHO HE BU3HAYCHUX CHCTEM.
OTprMaHO METOJIWKY OIIHKM IMOBIPHOCTI BIIMOBH CTAaTHYHO HE
BU3HAUCHUX CHCTEM Ha OCHOBI METONy TpaHHUYHOI pIBHOBard 3
ypaxyBaHHSIM KOPEIAIil OKPEMHX CXEM PYHHYBaHHsS. 3ampOIOHOBAHO
METO/JT pO3PaxyHKy 3HAUYyIIOCTI 1 BKJIaTy OKpPEMHUX €IEMEHTIB paM Ta iX
BIUTUBY Ha HMOBIPHICTH BiIMOBM CHCTEMH B IiJioMy. [IpormoHyeTbCs
MPaKTUIHUN METOJ TMPOSKTYBAHHS CTAJIEBUX CTATHYHO HE BH3HAUYCHHUX
paMm i3 BUKOPUCTAHHSIM KOE(illieHTy HaJilfHOCTI CTaJEBUX CTATUYHO HE
BU3HAUCHUX KOHCTPYKIiil Ys. HaykoBa HOBH3Ha poOOTH MOJSrae B
pPO3pOOJICHHI CXeMH BH3HAYEHHS WMOBIPHOCTI BIJMOBU paM METOJIOM
OLIIHKK PO00Y0i EMHOCTI. 30KpeMa, PO3TILIIAIOTHCS KPUXKI 1 TUIACTHYHI
BiIMOBH TI€pepi3u pamu. BusiBieH] aropuT™Mu po3paxyHKy HMOBIpHOCTI
BIIMOBHU CTaJIEBUX PaM IMOBIpHICHMM METOJIOM T'PaHHYHOI PiBHOBAru.
Bu3HaueHi MOKa3HUKM 3HAYYHIOCTI OKPEMHX EJIEMCHTIB CTAJCBHX PaM.
[pencrapieHnii YUCENFHINA EKCIICPIMEHT 3 PO3POOICHIMH TIPOTpaMaMHu
Ha [IEOM nns OmiHKM HMOBIPHOCTI BiIMOBH CTaJE€BHX pPaM pPIi3HUX
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nepepiziB. 3ampornoHOBaHUMN 10 BUKOPUCTAHHSA KOCQIIIEHT HATIHHOCTI
CTaJICBHX CTATUYHO HE BU3HAUCHHUX KOHCTPYKILH Ys.

[lpakTryHe 3HAa4YeHHS pPOOOTH CKIAgaeThesl 3 OUIBII TTOBHOTO
BpaxyBaHHs peaJlbHOi poOOTH KOHCTPYKINH 1 HWMOBIPHICHOT TPUPOAH
MIIHOCTI Ta HABaHTAXXCHHs, 3aCTOCYBaHHS Koe(DillieHTY HaMiHHOCTI.
BusiBieHi MOXIMBOCTI OTPHUMAaHHS OUIBII €KOHOMIYHHMX paM Iija dJac
MPOEKTYBAHHS HOBUX, @ TAKOXX PEKOHCTPYKIIi iCHYIOUYHX OyiBeNb Ta
cnopyd. Ha ocHOBi 3anmpornoHOBaHOT METOIWKH CKJIaJIeH! alTOPUTMU 1
po3pobneni mporpamu Ha I[IEOM st WMOBIpHICHOTO pPO3paxyHKY
CTaJEBHUX CTATUYHO HE BU3HAUCHHX PaM Pi3HOMAHITHOTO MpU3HAUYCHHS.
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PROVIDING ENVIRONMENTAL SAFETY
IN THE CONDITIONS OF THE DENSE ROAD NETWORK

Sheludchenko L. S., Semenyshena R. V.

INTRODUCTION

In the Montreal Declaration “People’s Right to Safety” (Montreal,
Canada, May 15, 2002) the term “safety” is defined as a state in which
hazards and conditions leading to physical, psychological or material
harm are controlled in order to preserve the health and well being of
individuals and the community. That is, the aim is to continuously
monitor and develop risk control mechanisms on a continuous basis.
However, it should be noted that safety is the result of a complex process
where humans interact with their environment, including the physical,
social, cultural, technological, political, economic and organizational
environments.

The concept of safety is relative, as is its achievement. After all, it
will always carry a certain probability, which depends on the
characteristics of the object, its complexity, internal relationships and
environment. One of the main criteria for safety is the absence of
negative dynamics in the development of the system. Practically, safety
is a feature of the object to provide no risk. It is a condition in which the
risk of injury or damage is reduced to an acceptable level, which is
achieved through a set of developed protection systems.

In general, the economic activity of society is characterized by the
active use of natural resources, where benefits and dangers are
manifested. It doesn’t take into account the main environmental
priorities, the essence of which is to preserve the quality of
environmental objects. However, the abandonment of nature
management can also lead to the risk of lost opportunities. Thus, the lack
of available resources will lead to a decline in socio-economic
development.

Thus, we emphasize that in order to achieve a risk acceptable to
society, it is necessary to find an appropriate balance between economic
activity and the level of risk that is created by its functioning.
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It should be noted that any activity, and in particular transport
infrastructure, entails a certain risk. Its task is not only to anticipate the
benefits expected, but also to take into account the potential harm to both
human health and the environment. The ability to realize the degree of
the risks not only assesses all the dangers, but also requires responsibility
for ensuring an appropriate level of safety, including environmental.

Turning potential danger into reality does not lead to an actual
disaster, but only turns into a safety risk. Its implementation is carried
out only with direct contact with the danger. And this requires at least
three conditions:

1) the danger actually works;

2) the object is in the danger zone;

3) the object does not have sufficient protection.

That is why the substantiation of the developments on the
ecologically safe functioning of the road network is an urgent scientific
and practical problem.

1. Analysis of environmental hazards related
to the road network functioning

Ukraine’s highways are an important link in the country’s overall
transport system and an important factor in the development of the
national economy. In Ukraine most of the roads of international and
national importance pass through settlements. Such placement does not
meet the requirements for international transport corridors. After all it
leads to a restriction of the speed of road transport, which is 2-3 times
lower on the roads of Ukraine, than in Western European countries. It
should be noted that the development of motorways in general is far
behind the pace of motorization of the country. This causes a number of
common problems. For example: increase of traffic load on highways,
exceedance of permissible load, non-compliance with operational
requirements, violation of ecological capacity of territories, pollution of
roadside territories with pollutants contained in automobile emissions.
To improve the current situation in the concept of creating and operating
a national network of international transport corridors in Ukraine, it is
envisaged “... to significantly reduce the negative impact of motor
transport on the surrounding territories. This will be achieved through the
creation of appropriate environmental conditions on motorways “’(quote).

In general, in accordance with the Building Code of Ukraine and the
Resolution of the Cabinet of Ministers of Ukraine of August 28, 2013
No. 808 “On approval of the list of activities and objects of increased
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environmental hazard”, motorways and individual highway infrastructure
is classified as an environmental hazard. Therefore, ensuring a sufficient
level of environmental safety in the area of influence of the road network
should be carried out by a systematic approach to the development of
solutions for the safe development of the motor transport complex within
specific territorial conditions

This approach will allow not only the economic and transport
feasibility but also the environmental component of the project. Its aim is
to strive for sustainable economic development of the country and
preserving the environment.

2. Analysis of structural features of forest gas-dust lane roads

A significant factor in the impact of traffic flows on natural-techno-
geo-ecosystems (NTGEs) is the spread of pollutants. The main of them
are the carbon dioxide and carbon monoxide, nitrogen oxides,
hydrocarbons, aldehydes, mineral dust, heavy metals, etc. They have a
significant impact on the environment and human health.? Migration and
accumulation of pollutants within the NTGEs are due to a number of
interrelated factors: weather and climatic conditions, landscape features,
eochemical activity of the territory, the presence of protective barriers
(including artificially created ones), etc.

One of the types of artificially created protective structures is
woodland shrubs. According to the current building codes, they are
multifunctional and perform anti-erosion, decorative functions, prevent
snow and sand travel of the roadway.

! mangiit BM., Ilenyxuenko JI.C. Jlo TMUTaHHS 3a0e3MedeHHs eKOIOTIUHOT
Oe3leKkn TepUTOPid 3 PO3BHHEHOIO 1H(GPACTPYKTYPOIO aBTOMOPOKHBOT MeEpEexi.
30ipnux naykoeux npayvVIl-ii Bceykpaincvkozo 3°i30y exonocig 3 MidicHapoOHOW
yuacmro. Bigau: BHTY, 2019. C.26; 2 llenynuenko JI.C., 3amoiicekuii C.M.
YrpaBiiHHS €KOJOTiYHOI Oe3MeKOl0 B yMOBax ()YHKIIOHYBaHHS aBTOJOPOXKHBOI
Mepexi. 36ipnux  Haykosux npays XVII  Misxcnapoonoi  umaykoeo-mexmuiunoi
KoH@epenyii  «Ilpobremu  exonoeiunoi oOesnexuy». Kpemenuyk: KpHY, 2019.
C. 92-96.

2 BaykoBa H.B. BrumB aBTOMOOIMBHHX JOpIr Ha €KOOE3MEKYy KOMILIEKCY
«aBTOMOOLIL-0pora-cepenosumiey. Eastern-European Journal of Enterprise
Technologies 5 (3(53)), 2011. C. 43-46; I'punienxo A.B., Conoseii B.B., Baykosa
H.B. Pu3MKM TEXHOI€HHO-EKOJOTIYHOIO XapakTepy IpH eKcIuTyatamii 00’€KTiB
aBTOTPAHCIOPTHOI 1HPPACTPYKTYPH. Oxonocus u npomviwnennocms, 3,2011.
C. 37-40.; Buykosa H.B., XKennosay I".M. Bu0ip ekoJ0ri4HO 3HAYNMHUX TTapaMeTPiB
aBTOTPAHCIIOPTHUX CHCTEM JJIS OLIHKM EKOJIOTIYHOI HeOe3NeKH MPHI0POIKHBEOrO
npocropy. Haykoeuii oscypnan «Exonociuna 6e3nexa» . Kpemenuyk: KpHY, 2011.
Ne 2/2011 (12). C. 119-123.
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Such multifunctionality of typical structures of forest strips cannot
fully ensure the environmentally safe conditions for the functioning of
the road network. Similarly, it is not capable of providing reliable
protection against mineral dust pollutants produced by road traffic.
Important is the development of engineering solutions concerning an
urgent scientific and practical task. They relate to the design of forest
gas-dust lane structures that will limit the environmental impact of
vehicles and provide sufficient environmental protection with a
developed road network. But there should be taken into account such
factors as: highway category, traffic flow intensity, and weather and
landscape features of the territory.

The traditional shape of the transverse profile of a protective forest
lane of a highway (in accordance with BRM (Branch Road
Methodology) 218.011-98) has the form of a triangle with a more
oblique side, turned to the source of emissions, that is, to the carriageway

(Fig. 1).

J

1520 /1,3-20' 2380 [2-3m N\ 1.5-2m

Fig. 1. Cross-section profile of the protective forest belt
The scheme of planting trees and shrubs in the strip is (from left to right):
1st row from the road — low shrub; 2nd row — high shrub;
3rd row — accompanying tree species; 4th row — the main tree species;
5th row — accompanying tree species; 6th row — tall shrub

It should be noted that the design does not provide sufficient
protection of the outlying territories from gas and dust emissions in
accordance with the determined intensity of traffic flows, which takes
into account the category of highway.

The more efficient design of the protective forest strips is the
developed variants of the construction of the forest gas-dust-protective
strips of the insulating type in the form of artificial linear bilateral
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barriers. These constructions were developed on the basis of fractal-
invariant features of the NTGEs landscape, the intensity of traffic flows,
and the motor transport capacity of the territory in accordance with the
category of roads. Fractal-invariant models of such forest gas-dust lane
roads for categories 1a, 1b, 2, 3, 4, 5 of motor roads are shown in Fig. 2.
The structure of the protective forest belt is formed by the in-line shrubs
and timber planting with corresponding ecological-landscape, functional
and morphological properties. At the same time, the above structures of
forest gas-dust strips are exclusively part of the engineering
infrastructure of the automobile-communication complex.’

The structure of the wood-shrub landing of the forest gas-dust
protection strip determines the cross-section profile of its structure
(hereinafter - the typical structure) in the form of a trapezoid with the
angles of lateral sides from the vertical: avers a ~ 200 and reverse § ~
300-500 and height (Fig. 3). The width a of the typical protective forest
strip (the lower base of the trapezoidal profile) shall be: for motorways
of categories la and 1b not less than 32 m, categories 2 - >24 m,
categories 3 - >16 m, categories 4 - >8 m, categories 5 - >4 m.

It is established that the insulating (protective) and renewable
(relative to the atmospheric air) properties of typical structures of forest
gas-dust protection strips depend on the structural parameters of the strip
and its openness. It varies depending on the season, weather and climatic
conditions and features of terrain of specific NTGEs.

At the same time, the value of the complex indicator of atmospheric
air AQI (Air quality index), (for such ingredients as CO, NOx, SO2) on
the reverse side of the strip decreases by ~ 10.7 times compared to the
similar value on its averse side (in the absence of a protective forest belt

only ~ 1.6 times), and the indicator B— L p (C; - is the concentration

of the relevant pollutant ingredient, and TLV (threshold limit value) is
the corresponding value of the maximum permissible pollutant
concentration).*

® lenymuenko JI.C. Po3po6IeHHs KOHCTPYKIIiH ra3s0-IMI03aXHCHHX TiCOCMYT
aBTOIOPOXKHBOT Mepexi. Kam’aunenp-Ilominscekuit : B-so IIJATY, 2015. 134 c.

* Matent Yipaiun Ne56323, MITK E01F15/00 JlicoBa ra30-TMio3axicHa cMyra
aBTomMoOinpHOT noporu / JI.C. Bacuk, M.I. baxmat, B.A. lllenynuenko, O.M. baxwmar,
LA, Henymyenko (Ykpaina). —u201007589; 3asneno 10.06.2010; omy0o.
10.01.2011, Bron. Ne 1.; Illemymuenxo JI.C. Exomoriuna Oe3neka nanamadTiB
HPUPOAHO-TEPUTOPIaTIbHIX KOMILICKCIB, sIKi TPaHC(OPMOBAHO aBTOTPAHCIIOPTHUMH
Mmepexxamu. Haykoesuii orcypuan “Exonoeiuna 6e3nexa’”. Kpemenuyk : KpHY, 2017
Ne 2/2017(24). C. 9-13.
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Fig. 2. Fractal-invariant models of forest gas-dust lane strips,
depending on the motorway category:
a — categories 1a, 1b; b — category 2; ¢ — category 3; d — category 4; e — category 5;
G — the main tree species; C — accompanying tree species; H — shrub

A plan fragment of planting trees and shrubs of a typical construction
of the forest gas-dust lane of the highway for categories 1a, 1b is shown
in Fig. 4. However, it should be noted that adhering to the row planting
of trees and shrubs, ensuring their level as one of the main conditions,
and cenobiotic mosaic structure, which is caused by fractal-invariant
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strips, lead to endogenesis and anthropogenic successions, which do
phytocenosis of forest strips. Such a feature of the functioning of the
forest belt phytocenosis leads to a change in the nature of its protective
properties, which is an important problem.”

a

7

Fig. 3. Geometric parameters of the cross-section
profile gas-dust band of wood-shrub type

In addition, we noted that the gas-dusting shrunk lane of a typical
highway has high enough characteristics to protect NTGEs from gaseous
pollutants (by the ingredients of CO, NOx, SO2) and the oxygen
recovery rates of the consumed vehicles. However, the protective
(insulating) properties of such a forest belt in relation to dust aerosols are
due to its aerodynamic characteristics and are insufficient for reliable
protection of NTGEs.

Due to this fact, mineral dust is concentrated in the roadway area.
And this significantly worsens not only the working conditions of the
drivers, but also the modes of operation of vehicles. Reduction of these
negative properties of forest gas-dust-protective strips of a typical design
is the construction of a protective forest lane of a highway. It is shown in
Fig. 5.

°® Ilenymuenko JI.C., Illenymuenko B.A., Bosmiox C.B. Amnanitnune

OOIpYHTYBaHHSI IapaMeTpiB JIAKYHAPHOCTI JIICOBHX TIa30-MHJIO3aXMCHUX CMYT
aBTOMOOUIBHUX nopir. Hayk.-mexn. scypuan Exonociuna besnexa ma sbanancosamne
pecypcorxopucmysanns. Creun. un. IDHTYHI, IBano-®pankisebk, 2014. C. 56-60.
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Fig. 4. The scheme of planting trees and shrubs of a typical design of forest
gas-dust protection strip of the motorway according to categories 1a, 1b:D
is the main tree species, C is the concomitant tree species, H is a shrub
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Fig. 5. Derivative design of the protective forest lane of the highway
with sparse landing (no accompanying species):
a — typical construction, b — forest belt design with replacement
of the accompanying wood species with shrubs

Source: http://www.gosthelp.ru/text/ObzornayainformaciyaAvtom17.html

However, the construction of the forest gas-dust strip, shown in
Fig.5, due to the lineage of planting trees and shrubs, cannot
significantly reduce the intensity of migration flows of polluting
aerosols. After all the dynamic pressure of the wind flow on the averse
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and reverse sides of the forest belt remains practically fixed. Therefore,
the conditions for the gravitational deposition of the dispersed phase of
the aerosol are absent.

To reduce the dynamic pressure of liquids or gases (aerosols), we
applied the design of a labyrinth seal gap between two (or more)
combined surfaces, which is most commonly used in engineering
structures (Fig. 6).

Labyrinth seal cavities

Figure 6. Sketch design of labyrinth seal

The decrease in the output dynamic pressure PO in the above design
of the labyrinth seal is incremental by increasing the working volume of
the gap in the cavities (cells) of the maze. That is, PO> P1> P2>...> Pn
(Pi is the pressure in the cavities (cells) of the maze, n is the number of
cavities of the maze).’

There was developed a hypothesis, which is based on the above
analysis of the processes of migration of pollutants in the NTGEs and the
structural features of forest gas-dust lane roads. It envisages the creation
of artificial lacunar cavities in the structure of the forest gas-dust lane of
the highway. This should reduce the aerodynamic pressure of turbulent

® [lenymuenxo JI.C., Momimyk J{.B. Exonoriuna omiHka MyMoBOro 3a6pyIHEHHS
MICTa, CIPHYMHEHOTO MisIIbHICTIO aBTOTPAHCIOPTHHX 3acOo0iB 1 CTalliOHAPHUX
mkepen. Exonoeiuni nayku: naykoso-npaxmuunui ocypuan Ne 4(23). Kui :
JlepxaBHa eKOJIOTiYHA akaJaeMist IiCISIIUIUIOMHOT OCBiTH Ta ympasminas, 2018.
C.10-14. DOLl:https//doi.org/10.32846/2306-9716-2018-4-23-2; Osuapyk O.B.,
lenynuenko JI.C., I'ynon T.Jl. Dxonorudeckas XxapakTeprCcTHKa KOHCTPYKIMH ra30-
NbUIE3AIINTHEIX Jieconmojioc». European Journal of Intelligent Transportation
Systems 1(1), November 2018/ P. 7-14. DOIl: https//doi.org/10.31435/
rsglobal_ejits/30112018/6216.
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air streams of polluting aerosols. Because it leads to accelerated
deposition processes of mineral contaminants within the lacunar cavities
(phytocenotic niches) and, as a consequence, to the intensification of
deposition of dust pollutants. On the basis of the obtained results, the
ecologically rational parameters of artificially created phytocenotic
niches (lacunar cavities) in the construction of forest gas-dust lanes of
motorways of categories 1a, 1b, 2 and 3 are substantiated, which allows
to increase their functional efficiency by indicators. Table 1). Thus, the
dispersed particles of dust aerosols with fractions of dispersed particles>
150 um are completely deposited by the forest belt. And the proportion
of undoped dust of smaller fractions (<150 pm) does not exceed 0,12%
of the total mass of dust dispersed in the air aerosol and practically does
not depend on the season. The volume of migration of heavy metals
beyond the limits of the lane of the highway does not exceed ~ 4%. At
the same time, the share of oxygen recovered by the massif of shrubs and
forests of forest gas-dust protection strip, in the presence of lacunar
cavities% (phytocenotic niches), is 45 ... 51% in summer and 28 ... 50% in
winter.

Table 1
Structure models of forest gas-dust lane
for highways of categories 1a, 1b,2,3,4,5

Category of . . .
hig%wgy The design model of forest gas-dust protection strip
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3. Estimation results of deposition intensity of dust pollutants in
lacunar cavities of the protective forest belt by the index of carbon
black (free carbon) and lead compounds accumulation in soil

Results of indirect estimation of mass distribution and nature of
deposition of dust pollutants in artificially created phytocenotic niches
according to the cross-section profile (sampling scheme is shown in
Fig. 7) of forest gas-dust lane of category 2 highway (in terms of traffic
intensity) carbon black (free carbon) are shown in table 2.
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Axis (points) of the soil sampling

Cut of the roadway

Shelter belt

Figure 7. Scheme of soil sampling in the horizontal plane tree-shrub
planting of forest gas-dust protection strip in planting rows

and in phytocenotic niches

Table 2

Mass distribution of the of deposited carbon by the cross-section profile
of the construction of category 3 forest gas-dust lane (average data)

Sampling Weighing bottles Carbon content,
point number number mg / kg
1 148 26,6
2 249 24,2
3 174 27,2
4 176 31,2
5 167 28,2
6 145 17,6

There was determined the carbon content at individual points of the
soil cover of the cross section of the forest gas-dust protection strip.
According to the results we determined the topographic nature of the
distribution of the deposition of dust emissions (soot) by the transport
complex (motor transport stream) by structural features of the shrub

planting (Fig. 8).
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Highway side area

Fig. 8. The nature of the volume distribution and the intensity
of the depositdust emissions (by mass of carbon deposited)
in the cross-section profile of the forest gas and dust lanes

The nature of the distribution of free carbon (soot) on the profile of
the cross section of the forest gas-dustproof strip (for the construction of
forest lane category 3) clearly determines the intensification of the
process of deposition of dust contaminants of the motor transport
complex within the artificially created lacunar. It is established that
~ 17% of the total dust emissions are deposited on the obverse side of the
protective forest strip (the area of the roadside of the total width of the
highway); and the share of dust emissions in the soil within the lacunar
cavity is ~ 57%, whilst the whole -bush planting of the forest belt is
deposited only ~ 26%, which is almost 2,2 times less. At the same time,
it is determined the level of protection of the roadside territory of the
category 3 motorway lane. There should be counted a forest gas-dust
band of typical construction with artificially created lacunar cavities
(phytocenotic niches), not lower (by the mass distribution of free carbon)
by 90 + 3%.

Similar results, regarding the deposition nature of dust emissions of
the motor transport complex by the forest gas-dust lane array for the
investigated section of the category 3 highway, were obtained on the
results basis of the experimental determination of the heavy metals
distribution (for example Pb) in the forest belt soil (Table 3). According
to the results of the lead content determination at individual points of the
soil cover of the cross section profile in the forest gas-dust protection
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strip, there was determined the topographic nature of the distribution of
dust emissions (heavy metals) by the motor transport complex according
to structural features of the tree (shrubs) planting (Fig. 9).

Table 3
Lead mass distribution by cross-sectional profile of a category 3
forest gas-dust lane (average data)

Sampling point weighing bottles Lead content,
number number mg / kg
1 148 54,2
2 249 14,7
3 174 39,6
4 176 518
5 167 12,4
6 145 7,1
lead content,
mg/kg
60t lacunar cavity
404
20¢
: '.run[l.'u.-g pointy
B 1 2 3 4 5 6 i the forest belt
profile

| obverse side of the shelterbelr A 0 X
| reverse side of the sheiterbelt

highway side area

Fig. 9. The nature of the volume distribution and the intensity
of the deposit dust emissions (by mass of lead deposited)
in the cross-section profile of the forest gas and dust lanes

It is established that a sufficiently large proportion (~ 30%) of total
lead emissions is deposited in the roadside of the highway adjacent to the
obverse side of the forest gas-dust lane. Therefore, to analyze the nature
of heavy metals distribution in the wood-shrub massif for 100% of total
emissions is the total amount of lead compounds detected in soil samples
taken at sampling points (Fig. 7) — 2, 3, 6.
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The analysis results of the specific content of lead compounds in the
soil profile of the cross section of the protective forest belt (by the nature
of the particle distribution from the total emissions of motor traffic) are
largely identical to the results in the distribution of dust pollutants in the
soil by the coal content.

Thus, in the lacunar zone is concentrated ~ 83% of total lead
compounds. They are deposited within the shrubs of the gas-dust-
protective forest belt (58% of total emissions). In this case, the
experimentally determined share of dust emissions (by lead compounds)
on the reverse side of the shelterbelt does not exceed ~ 4%. It determines
the level of protection of the adjacent territory of the category 3 highway,
in the presence of a forest gas-dust lane of a typical structure with
artificial Ig/ created lacunar cavities (phytocenotic niches), not worse than
96 £ 3%.

Thus, it is experimentally proved that artificially created lacunar
cavities (phytocenotic niches) in arrays of wood-shrubs plantations of
forest gas-dust lane of highways provide higher levels of protection for
the areas adjacent to the highway strip from dust emissions produced by
traffic flows. It is established that up to 60% of the total dust emissions
are deposited in the area of the lacunar cavities of the forest belt. The
forest band gradient varies from 90 to 96 + 3% in terms of the dispersed
phase concentration in the air streams of dust aerosols.

CONCLUSIONS

This work focuses on solving the current scientific and practical
problem of developing a protection system of roadside landscapes from
the adverse effects of pollutants, which are the source of vehicle flows.

To ensure a sufficient level of ecological safety of the territory, there
have been developed structures of gas-dust protective strips of wood-
shrub type. Their parameters considered all the necessary factors: the
category of the highway, the intensity of the traffic flow, the climatic and
landscape features of the territory.

One of the most effective measures for maintaining the ecological
balance of natural-technogenic geo-ecosystems with a developed road

8 Ivanyshyn V., Sheludchenko L., Hutsol T., Rud A., Skorobogatov D. Mass
transfer management and deposition of contaminants within car road zones.
Environment. Technology. Resources. Proceedings of the 12th International
Scientific and Practical Conference / Volume 1. Rezekne Academy of Technologies,
(2019). P. 70-74.; Ulenynuenko JI.C. DyHKIIOHAIBHI O3HAKH aBTOTPAHCIIOPTHOTO
KOMILIEKCY. «A8momobins i enekmponika cyuacni mexnonociin Enexmponne nayxose
¢axoee suoanns, 13/2018, XHAJY, Xapkis, 2018. C. 75-80. DOIL:
10.30977/VEIT.2018.13.0.75.
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transport network is the creation of artificial linear-double-sided
geochemical barriers in the form of forest gas-dust-protective strips of
tree-shrub type. Their planting structure includes a maze phytocoenotic
niches (artificially created lacunar cavities) to limit the migration of dust
mineral contaminants beyond the confines of the highway.

It has been determined that the level of deposition of dust mineral
contaminants produced by motor transport streams, forest gas-dusty
strips of woody-shrub type with artificially created labyrinth of cavities
is not less than 66% in the winter period and reaches 99% in the summer.
In this case, the dispersed particles of dust pollutants with fractions> 150
um are completely deposited in the forest belt. The fraction of non-
deposited dust of smaller fractions (<15 pum) does not exceed 0.12% of
the total mass of dust dispersed in the air aerosol and is practically
independent of the season.

It is established that the dust-protective properties of forest gas-dust-
lane roads, including lacunar cavities in their structure, increase from 66-
72% for the construction of the forest lane of category 3 to 99% for the
construction of forest lane categories 1a, 1b. In this case, the increase in
the gradient of | forest strips from 0.03 to 0.24 (in summer) and from
0.03 to 0.31 (in winter) with increasing number of phytocenotic niches in
the structure of tree-shrub planting of the strip from 3 to 6 indicates their
functional effectiveness in protecting the roadside landscapes from dust
emissions from traffic flows.

SUMMARY

In the dissertation have been established that an effective measure for
implementation ecological safety of natural-technogenic geoecosystem
with a developed road network is the creation of an artificial linearly-
bilateral geochemical barriers in the form of a forest gas-dustproofing
strips of wood-shrub type, which in structure is provided the maze of
phytocenotic niches (artificially created lacunar cavities). Has proved
ecological and landscape characteristics of structures lacunar cavities,
signs of which should be fractal-invariant to all forest strip and causing
the filtering of dust aerosols produced by traffic flows, that ensures
intensification the deposition processes of mineral contaminants by
massif of the protective forest strip within the abduction’s strip of the
highway (by an indicator of mass the dispersed phase aerosol) > 66% in
winter and 99% in summer. Designed a number of structures forest gas-
dustproofing strips with the maze of lacunar cavities by road categories
la, 1b, 2 and 3 provide increase their dustproofing properties on
indicators of functional efficiency is ~ 70% for construction of the road’s
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strip by category 3, ~ 98% by category 2 and by category la and
1b > 99% (by weight of dust pollutants).
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