ENGINEERING AND,
INNOVATIVE - 4
TECHNOLOGIES

_ 2 022~

IS UE 22
Part Nel



International periodic scientific journal
ONLINE

N
N\ www. moderntechno.de

e\

Indexed in
INDEXCOPERNICUS
(ICV: 95.33)

ODERN ENGINEERING AND
INNOVATIVE TECHNOLOGIES

Heutiges Ingenieurwesen und
iNnNnovative Technologiem

Issue Ne22

Part 1
August 2022

Published by:

Sergeieva&Co
Karlsruhe, Germany



ISSN 2567-5273
DOI 10.30890/2567-5273

Editor: Shibaev Alexander Grigoryevich, Doctor of Technical Sciences, Professor, Academician
Scientific Secretary: Kuprienko Sergey, PhD in technical sciences

Editorial board: More than 250 doctors of science. Full list on page:
https://www.moderntechno.de/index.php/swj/about/editorial Team

Expert Board of the journal: Full list on page:
https://www.moderntechno.de/index.php/swj/expertteam

The International Scientific Periodical Journal "Modern Technology and Innovative Technologies" has been
published since 2017 and has gained considerable recognition among domestic and foreign researchers and scholars.
Periodicity of publication: Quarterly
The journal activity is driven by the following objectives:

¢ Broadcasting young researchers and scholars outcomes to wide scientific audience

e Fostering knowledge exchange in scientific community

e Promotion of the unification in scientific approach

e Creation of basis for innovation and new scientific approaches as well as discoveries in unknown domains
The journal purposefully acquaints the reader with the original research of authors in various fields of science, the best
examples of scientific journalism.
Publications of the journal are intended for a wide readership - all those who love science. The materials published in
the journal reflect current problems and affect the interests of the entire public.
Each article in the journal includes general information in English.
The journal is registered in IndexCopernicus, GoogleScholar.

UDC 08
LBC 94
DOI: 10.30890/2567-5273.2022-22-01
Published by:
Sergeieva&Co
Lupstr. 13

76227 Karlsruhe, Germany
e-mail: editor@moderntechno.de
site: www.moderntechno.de

Copyright
© Authors, scientific texts 2022


mailto:editor@moderntechno.de
http://www.moderntechno.de/

Modern engineering and innovative technologies Issue 22 / Part 1 (\GI

http://www.moderntechno.de/index.php/meit/article/view/meit22-01-006
DOI: 10.30890/2567-5273.2022-22-01-006

UDC 621.87
DETERMINATION OF DYNAMIC LOADS IN THE CRANE LIFTING

MECHANISM
BU3HAYEHHS TUHAMIYHUX HABAHTAXKEHB B MEXAHI3MI MIJIMMAHHA
KPAHIB

Volianiuk V.O. / Boasxwok B.O.

c.L.s., as.prof. / K.m.H., 0oy.

ORCID: 0000-0002-6852-9037

Gorbatyuk Ie.V./ T'op6atiok €.B.

c.t.s., as.prof. / k.m.H., 0oy.

ORCID: 0000-0002-8148-5323

Terentyev A.A./ Tepentnes O.0.

d.t.s., prof. / 0.m.H., npog.

ORCID: 0000-0001-6995-1419

Bulavka O.0. / Byaaska O.0.

Ph.D. degree / 3006ysau cmynens dokmopa ¢hinocoghii
ORCID: 0000-0003-4119-174X

Kyiv National University of Construction and Architecture,
Kyiv, Povitroflotsky Avenue, 31, 03037

Kuesckuii nayuonanvuwitl ynusepcumem cmpoumenscmea u apXumexmypul,
Kues, Bozoyxogpromckuii npocnexm, 31, 03037

Abstract. To ensure trouble-free operation and improve the reliability of cranes when
calculating the structures and components of their working equipment, it is important to take into
account dynamic loads that are several times higher than static loads. Due to the fact that the
lifting mechanism consists of a large number of elastic elements, the assembly and solution of
equations for determining these coefficients is difficult. In order to simplify the equations and these
calculations, the given calculation scheme according to which the remaining elements of the
mechanism are brought to its first element (engine) is recommended. This allows you to greatly
simplify the equation for solving and determine the values of the elasticity factors or stiffness of the
elements of the dynamic loads of the crane lifting mechanism.

The method of determining the coefficients of elasticity and rigidity of elements of dynamic
loads, moments of inertia, durations of acceleration and braking of the load lifting mechanism
allows to significantly simplify the solution of complex equations and determine their values with
sufficient accuracy.

Keywords:. crane, mechanism, indicator, element, load, moment.

Introduction.

Loading and unloading works are an integral part of the technological process of
construction. Cranes of different types are mainly used to perform these works [1].

Cranes as lifting machines are widely used in construction for the movement of
goods and installation of structures.

The scientific and technological progress taking place in all countries of the
world strongly requires an increase in productivity, load lifting and an increase in the
working speeds of lifting machines, which leads to a reduction in transients, that is, to
a decrease in the time of acceleration and braking of machines.

All this leads to an increase in the intensity of the load-lifting machine, causes
additional forces on all elements of the machine, received in the technique the name -

external dynamic loads [2].
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On the other hand, any machine has structural features of its kinematics,
deviations in the size of individual parts within the established tolerance, clearance in
gear gears and couplings, deformability of the system - all this causes vibrational
processes in the machine transmission and refers to phenomena - internal dynamics
of the machine.

For safe operation of cranes, it is important to take into account the value of all
types of dynamic loads operating when calculating their structures and selecting
component elements [3].

Therefore, at present, the actual problem is the development of a technique for
determining dynamic loads in the mechanism of lifting the cargo of cranes in case of
lack of movement in order to simplify complex calculations.

Dynamic load diagrams of crane load lifting mechanism.

Many researchers have set and solved problems of dynamic analysis and
synthesis of modes of movement of the cargo lifting mechanism. In their work, they
used systems with concentrated and distributed parameters (crane bridge, rope) [4, 5].

Dependencies were given to determine the inertial loads in the mechanisms of
self-propelled cranes when lifting (lowering) the load, turning the boom with the
load, lifting (lowering) the boom and combinations of these movements [6, 7].

Dynamic loads were also considered in the rotary movement of the tower crane
with a load that causes the spatial movement of the pendulum. For this purpose
nonlinear mathematical models of load oscillation during turning motion were
formulated, nonlinearity of rocking motion at large angles and nonlinearity of power
transmission were taken into account [8, 9].

In all the above works and publications, the method of determining dynamic
load indicators using the following schemes 1s not used.

In these schemes, any mechanism or any machine (Fig. 1) has elements or nodes
of massive or rigid bodies that move as a whole in the course of the transition
process. Such elements can be considered absolutely rigid bodies, and their entire
mass can be concentrated at a point coinciding with the center of weight of this
element or node.

Thus, the mechanism or machine consists of "point masses" which include:
transported cargo, rotating parts of the engine, brake pulley, drum, gear wheels, etc.

These "point masses" are connected by elastic elements — shafts, ropes and other
elements that determine, mainly, the deformation of the mechanism. These elastic
elements have a relatively small mass, compared to "point masses", so they can, in
the first approximation, be considered massless or absolutely elastic elements.

The elastic elements of the machine under its load are appropriately deformed.
The amount of this deformation of the element is taken into account by the
coefficient of elasticity or compliance.

The coefficient of elasticity or compliance is defined as the ratio of the value of
linear deformation or the angle of twist of this element to the value of the force or
torque acting on it:

5 kcr =, (1)
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where P — force causing linear deformation "y"; y — linear deformation; ¢ —
angular deformation; M — moment that causes angular deformation "@".

my,J My,

..... 23 M35
I I I

) myJ, - MsyJs
1-2 . -
Mq,J7 T / T
— I— Ce-7 — C4.5 - .

Me,Js
41 C7-8

mgi.]g

Figure 1 - Elements of dynamic loads of the lifting mechanism

In practice, more often use the value of the inverse coefficient of elasticity,
which is called the stiffness coefficient.
The linear stiffness factor or linear stiffness is defined by:

P
Cr=—; 2)
y
angular or torsional stiffness:
M
c, =" 3)
¢

Thus, the design scheme can be represented by a number of "point masses"
connected by weightless absolutely elastic bonds. Figure 2 shows the design dynamic
diagram of the lifting mechanism [7].

C12 m, €23 Ms 4 Cy-5 Ms ¢ Co-7 m- C7-8 Mg

b4 >

my
Ji J J34 Js 6 J7 Js

Figure 2 - Estimated dynamic scheme of the lifting mechanism

It follows from the analysis of this design scheme that if you take into account
all the elements of the machine in the design scheme, then the scheme is very

ISSN 2567-5273 5 www.moderntechno.de



Modern engineering and innovative technologies Issue 22 / Part 1

difficult, and the definition of dynamic loads is an intractable task. Therefore, in
order to study dynamic processes in a mechanism or machine, it is advisable to use
the so-called given calculation schemes that reflect the actual operation of the
mechanism or machine and allow non-difficult decisions to obtain and analyze
dynamic loads.

To illustrate the dynamic action of individual masses, depending on the task,
they are led to some one elastic link located on one elastic link. Due to the fact that
each mechanism has both rotating and progressively moving masses, two design
drive schemes are possible.

If the drive is made to a certain shaft of the mechanism, then the given scheme
of rotational motion is applied (Fig. 3).

M, C.
J1 = J'z

M,

Figure 3 - The scheme of rotational motion is given

If the adjustment is made to the translational moving elastic element - rope,
chain, rod, then the given scheme of translational stroke is applied (Fig. 4).

P ( 74

—~— m'7 mg p——

Figure 4 - The scheme of the translational propulsion elastic element is given

Let's say that we bring the weight of the load "m7," then the mass "m;" and the
stiffness of the suspension "c;5" remain unchanged, the weight and stiffness of all
rotating shafts and parts will have the reduced value:

i=7
m'y =my + 32 m;p, . 4)
i=l1

When brought to the rotary motion scheme, it is allowed that the drive is carried
out to the engine shaft, then the moment of inertia of the engine shaft remains
unchanged, the moment of inertia of all the rotating shafts and parts has the reduced
value:

i=8
]:]1+]'2:[1+Z]i,b7" (5)
i=2
where / — total moment of inertia, /;, /', — moments of inertia respectively of the
engine shaft and given all rotating parts and shafts of the circuit.

For example, consider the definition of moments in the given scheme of

rotational motion:

T n
M,-M_ =le+l'ye=e(l{+1'5)=— U, +1'y)=—FU,+1'5), (6
d s =1 2 (L;+1') 3Ot(1 2) 955t(1 2), (6)

o 2 o
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where M ;, M, — moments of engine driving forces and static resistance forces

respectively; € — average angular acceleration; 7, — engine acceleration time; n —

engine shaft rotation speed.
From where we will find the duration of acceleration 7, and braking of the

engine f:
— n(ll + 1’2 ) . (7)
° 955(M, F¥M,)’
n(d; +1%) )

b= ’
955(M ;M)
where the sign "+" — when braking on the rise and acceleration on the descent, the

sign "-" — when braking on the descent and acceleration on the rise.
Write the equation for the second scheme - reduced to a translational move

(Fig. 4):
P—-W =(mg +m'7)tK; 9)

o

where V' — cargo lifting speed.
Where will we find the duration of acceleration f, and braking of the engine?,,:

_(mg+m'y )V - (mg+m'q )V

1
T PEW T Pixw o

Thus, the calculated shown rotational motion and translational stroke schemes
are the same in terms of both the volume of the calculated work and the consequences
of the calculation, although the translational stroke scheme is more apparent than the
rotational motion.

The parameters characterizing the inertial properties of the dynamic parts of the
mechanisms are the masses at translational motion or moments of inertia (flywheels)
at rotational motion. Bringing the moving concentrated masses of the mechanism to a
certain shaft is carried out on the basis of the constant kinetic energy of the

mechanism £, before and after the reduction, taking into account the energy losses

from the friction forces £ f> which are proportional to the inertial forces:
Ebr:Em+Eﬁ“ (11)

On the basis of the law of energy conservation, the moment of inertia of the
mechanism masses is brought to the engine shaft during start-up consists of several
rotating masses and progressively moving:

2 2 2 2 2 2
Lyyoi _ Loy Loy Loy o 1,0, +mV (12)
2 2 ny 2y MMMy 2Ny,
2 2

where £ =1 (07 — kinetic energy of rotating masses; £'= mV_ — kinetic energy of
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translational moving masses.

0)2 @
Dividing by —L and considering that —1 = uy; we get:
2 ®y
2 2 2 2
I,o L0 I o mV
Ly =h+22+ 234 4y — (13)
OMp oMMz OrMmM2--Ny, O My
2
1 1 m(V
Ib},211+122—+13T+...+—(—} N (14)
um ujuz; MM Nm \ @1

where /; — moment of inertia of all rotating masses of the drive located on the first
shaft of the engine; /,, /3 etc. — moments of inertia of rotating masses of the drive

located on the second, and, accordingly, subsequent shafts of the drive; u;, u, etc. —

transfer numbers of the first and subsequent gears; m — weight of progressively
moving drive elements (cargo, trolley, crane, etc.); V' — speed of mass motion "m";

| = ®; — angular speed of engine rotor rotation.

Since in these expressions the terms taking into account the moments of inertia
of masses on the shafts 2, 3, etc. contain the squares of the ratios in the denominator,
the influence of these terms compared to the moment of inertia of masses located on

the high-speed shaft of the engine "/;" is relatively small. Therefore, when

determining the reduced moments of inertia of the crane mechanisms, the moments of
inertia of masses of slow-moving rotating shafts are taken into account by
multiplying the moments of inertia of masses located on the fast shaft by the
coefficient "¢ " equal to:

Iy, =+ 1, 21 +13— 1 +..+1, 1

2 2.2 2
urm U ua M2 Uty ..uyMMN2--Ny
Then the equation takes the form:
2 2
D
Ibr:c]1++ﬂ(£\ _ mD7)  m (KW
N kCOl) 4 N \(Dl)

where (mlDZ) — is the flywheel moment of all rotating masses located on the engine

shaft.
Let's define the given moments of inertia:
for acceleration period - power mode

)x(L1+1,2). (15)

2
, (16)

o) 2
Iy —emPD m (V) (17)
4 L Kml )
for braking period — braking mode
2
2
]b,,:cM+mnm y. : (18)
©
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Consider the reduced moment of inertia of masses to the drum for the lifting
D, ny _ Ty
i, 60 30
v _Dy0,30 _ Dy, ,
upu, 60 2u,u,m,

mechanism. If V. =

(19)

where D, — drum diameter; 1, — engine shaft speed; u , — multiplicity of polyspast;

p
u, — gear gear ratio; ; — angular speed of engine rotor; 1, — efficiency of load

lifting mechanism.
In this case, the given moment of inertia in the power mode will be recorded:

2
:C(mlD )_|_ QRd . (20)

5

Ibr
2 2
4 upurnc

in braking mode:

(mD*) ORM
]br:C 14 + uzc;zc, (21)
prr

where () — weight of cargo.

Thus, the reduction of the moment of inertia of the masses is carried out through
the squares of the radius of the drum, the gear ratio and the efficiency factor of the
mechanism in the first stage. Moreover, the gear ratio and efficiency in the power
mode are in one line, and in the braking mode in different lines.

In dynamic calculations, the forces in the ropes of lifting mechanisms lead to the
direction of translational movement of the load. Forming the equation of energy
equality, we get the expression of the mass of the load lifting mechanism reduced to
this direction:

V2 V2 031211
mbrjczmc?c+clbr 20 : (22)
P2
dividing by, "7‘7" we get:
2
™
My, = mg +cly| | M. (23)

C

Substituting the values "®;" and, "V/." we get the expression:

g 60u,u M, 2 u‘rzu;nc
my,. =m, +cly Ne =m +cly—>—. (24)
3OTEDd7’ld Rd

This expression for force mode will be written:
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My, =
for braking mode:
2 2.2
my D ) u,u
mbr=Q+c( = F (26)
4 Rdnc

Thus, the weight of the load is also driven through the squares of the radius of
the drum, the gear ratio and the efficiency of the mechanism in the first stage.

The main elastic elements of hoisting machines are shafts, ropes, elastic
couplings, beams, arrows, etc. The rigidity of gear gears, splice joints and tongue
joints is taken into account in the refined calculations.

The problem of stiffening elastic elements arises usually in the case when it is
necessary to take into account the elasticity of several elements of the mechanism.

Stiffening is performed so that the potential energy of the reduced system is
equal to the potential energy of the real elastic system, taking into account the
available friction losses.

Consider a system with stiffness "¢;" and "c¢," (Fig. 5, a), which must be
brought to stiffness "¢, " system (Fig. 5, b).
The potential energy of elastic deformation is defined by:

linear
Czy2
B = ; (27)
T2
angular
C ([)2
P, =% (28)
2
| o G, M
but since the stiffness is linear ¢; = — and the angular ¢, =—, then finally the
Y ¢
potential energy will be determined:
G y2
b =——; (29)
T2
Mo
P k= 7 (3 O)
In this system, the drive is carried out to the first shaft M. = M.
The given potential energy is:
P
B, =B +-=, (31)
m

where M; — the efficiency factor taking into account the operation of friction forces
of inertial masses in the power mode.

ISSN 2567-5273 10 www.moderntechno.de
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C1
Ji Xul 7 Kipy:

2
(&)

J J3

a b
Figure 5 - The scheme of reduction of system with rigidity:
a — the initial scheme; b — the given scheme

Substituting the value of the potential angular energy, we get:
p Mo Myey, Mg, M9y _ Mi(¢+ue;)
T2 o, 2 on, 2

where @ and @, — angles of shafts twisting under action of moments applied to

. (32

them; u; — gear gear transfer number (Fig. 5).
On the other hand, the potential energy of the given system is:

Pb — Mbr(Pbr Ml(pbr

= : (33)
’ 2 2
Equating the expressions (32) and (33) to find the reduced twist angle " ¢, ":
Opr = @1 TUIP3. (34)
Finally, the reduced stiffness will be:
M,
Cpr =— . (35)
¢ T U9y
Stiftness "¢, " will be determined:
Mu
¢, =1 1M , (36)
)
from where
Mum
@, = — 1 (37)
)
Converting, we get:
c10;  Mun cc
Cbr:11+ lllulz 122 , (38)
¢ &) Cy T UM
or
2
—— = ket +kepuimy, (39)
Chr

where k. =1/c, k

2 =1/cy — coefficients of steep rigidity or elasticity of
shafts.

ISSN 2567-5273 11 www.moderntechno.de
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The reduced elasticity or compliance of the element in the power mode is equal

to:
2
kcr br — kcrl + kcr2u1 N5 (40)
in braking mode:
2
U
kcr br — kcrl + kcr2 T]_ . (41)
1

Thus, the coefficient of stiffness or elasticity, as well as the moment of inertia, is
driven by a square of the ratio between the shafts and the efficiency in the first stage.

For example, we find the stiffness of the rope polyspast brought to the shaft of
the engine of the load lifting mechanism.

Potential energy of cargo suspension is equal to:

G
P =<, (42)
2n
where G, — the weight of the moving cargo; y — flexible movement of cargo
(deformation of polyspast ropes).

Determine the stiffness of the rope with a length "/™:

=" .

where P. — the potential energy of the rope; F, — the pulling force of the rope, and
stiffness of cargo suspension:

¢, =G.cy. (44)

Bringing the load rope suspension stiffness to the shaft of the engine can be

found on the condition of equality of the potential energy of the cargo suspension and
the reduced system:

G M
Cy — I(Pbl" , ( 45)
2n 2
from where
Gey
Ppr = , (46)
Min
then, the load suspension stiffness brought to the engine shaft will be determined:
2
M R 1
Cor = —L= Cch —4 e (47)
Ppr up n

Thus, the transformation of the tensile stiffness factor into the torsion stiffness
factor is carried out by means of the squares of the drum radius and the multiplicity
of the polyspast and the efficiency factor of the suspension in the first stage.

Conclusions.

Application of the above method using the above diagrams allows to determine
the dynamic load indicators of the crane load lifting mechanism with a lower

ISSN 2567-5273 12 www.moderntechno.de
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difficulty in solving equations and accuracy sufficient for practice. This simplifies
calculations and reduces their duration.

In the future, it is necessary to develop programs to perform these calculations
using computers.
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Anomauin. /[na 3a0e3neuenns 6e3asapitinoi pooomu i nio8uweHHs HAOIUHOCMI KpaHie npu
PO3DAXYHKAX KOHCMPYKYIU 1 KOMNJIEKMYIYUX eieMeHmié ix pobouyo2co 0ONAOHAHHA BANHCIUBO
epaxoeysamu OUHAMIYHI HABAHMANCEHHS, SKI 8 OeKLIbKa paszié nepesuuyioms Cmamuiui
HAB8AHMAdICeHHs. V 36°3Ky 3 muM, Wo MexaHizm NiOitiMaHHL 8AHMANCY CKIAOAEMbCI 3 8ENUKOT
KIIbKOCMI  NPYICHUX eleMeHmi8, CKIA0aHHs [ pO38 S3aHHsA PIGHAHb Ol BUSHAYEHHS UYUX
Koeghiyienmie CmMaHoOBUMbC CKAAOHUM 3AB80AHHAM. 3 Memow CHPOWEHHs DI6HAHb | Yux
PO3DAXYHKIE 8 pobOmi pPeKOMEeHO08aHA NPUBeOeHd cXema PO3PAXYHKIE 3a AKOW peuma 6cCix
eleMeHmi6 MexXanizmy npueoosimvbCs 00 nNepuioco toco eremenmy (osucyna). Lle 0o3eonsne 3HauHo
CHpOCMUMU PIHAHHA Ol PO36 SI3AHHA MA BUHAYAMU GeIUYUHU KoepiyicHmie npysicHocmi abo
AHCOPCMKOCMI eJleMeHMi8 OUHAMIYHUX HABAHMANCEHb MEXAHIZMY NIOTUMAHHS BAHMANCY KDAHIE.

Haseoena 6 pobomi memoouxa 6usHayeHHs KOepIYieHmie NPYHCHOCMI Ma HCOPCMKOCHI
e/leMenmi6 OUHAMIYHUX HABAHMANCEHb, MOMEHMIE iHepyii, mpusaiocmell po32oHy ma 2aabMy8aHHs
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Anomauin. Y cmammi onucana onmumizayis ceomempii 3a0HIX Jlonameu HANPAMHO20
anapama 6a2amocmynineHego20 GiOYEeHMpPOBo20 HAcoca O NIOMPUMKU NIACMOB8020 MUCK).
Ilpogedeno uucenvHe MOOENOBAHHA NPOMINCHOI NPOMOUHOI YACMUHU OJisl PI3HUX 6APIAHMIE.
3Hatioeno onmumanvHull 6apianm ceomempii 0Jisk OMPUMAHHS 3A008LILHUX XAPAKMEPUCTUK.

Kniouoegi cnosa: nanpsamuuii anapam, Hacoc, 1onami, piOKOmiibHa MoOeib

Beryn.

[cTopuuHO Tak ckianocs, Mo B YKpaiHi 30cepenuyivcs HalOUIbII aKaJeMiydHi,
HayKOBI Ta BUPOOHHYI PECYpCH, SIK1 CIEHIaNi3yIOThCs Ha po3poOili Ta BUPOOHUIITBI
HAaCOCHOTO Ta KOMIIPECOPHOIro OOjaaHaHHsA i mux ranysei [1]. Eneprernuna
cTparerisi Ykpainu Ha mnepion a0 2035 poky «besneka, eHeproe(eKTHBHICTb,
KOHKYPEHTOCTIPOMOXKHICTEY» BKJIIOYa€ B ce0Oe 3a0e3leueHHsI CTaJllor0 PO3BUTKY
Ha(TOBOTO Ta ra30BOr0 CEKTOPY, IO OTIOCEPEAKOBAHO HOCUTH B COO1 MOJEPHI3AIlIO
oOnmagHaHHS 171 BUAOOYTKY HadTH Ta Tazy [2], 30Kkpema BiIIIEHTPOBUX CEKIIIMHUX
HACOCIB ISl mMATpUMKH 1iactoBoro Tucky (ITITT) [3].

KoHcTpyKTHBHE BUKOHAHHS TAKOT'O HACOCA MPUBEJICHO HA PUCYHKY 1.

Pucynok 1 — 3aranbHmnii BU 0araTocTyneHeBoro CeKuiiiHoro Hacoca
IDicepeno: [1]

Hacoc cknagaeTscs 3 KpHUIIKM BCMOKTYBAaHHS 1 HarHITaHHSI, B HWKHIM YacCTHHI SIKOT
3HAaXOJUTHCS OMOpHI Jamu. BenuunHa HAmopy peryiroeTbesi 3MIHOK KIJTBKOCTI
cTymeHiB (cekiiit). Kpumku 3 cekuisMu cyMiCHO (pOpMYIOTh KOPIIyC Hacoca, SIKUA
CTATYyeThCs ImMuibkaMu. [lifBi piAMHM 1O MEPIIOTO CTYNEHS — KUIbLEBUH, 10
HACTYyIHUX piJMHA TMOTPAIUIAE€ 1 BIABOAUTHCS 3a JOMOMOTO HAMNPSIMHHUX arapariB
(HA). BiaBig pimuHu OCTaHHBOTO CTymeHss — KomOiHoBaHuit (HA 3 kinbiieBum
BimBogoMm) [4, 5]. Ilporouna dacTWHaA BIIIIEHTPOBOTO CEKIITHOTO Hacoca
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ckJamaeTbesi 3 pododoro koseca (PK), sike Hamae piguHi o0epTaibHOTO PyXy, 1
Koprmycy (B Hamomy Bumanky HA), mo mepeBoauts pimuny no PK HactymHoro
CTYIICHSI.

Hanpsimai amapati BUKOPHCTOBYIOTh ISl TOTO, LI00: BIABECTH PIAMHY 3
NEPIIOTrO CTYNEHA Ta MiABECTH A0 HACTYNHHUX CTYIEHIB; MEPETBOPUTH KIHETUUYHY
EHEpPrilo MOTOKY pinuHHU, sika BuUXoauTh 3 PK, B eHeprito THCKy 3 MiHIMAJIbHUMH
TiApaBIiYHAMU BTpaTaMu; 3a0€3MEYNTH BICECUMETPUYHUN MOTIK Ha Buxoai 3 HA (ta
Ha Bxoal y PK). KoHCTpykTHMBHI BHMOTM A0 HaNpsIMHUX anapariB HACTYIIHI:
MIHIMQJIBHO MOXJIMBI pajiaibHi Ta OCbOBI pO3MipU [6]; MOMIMUBICTE BUTOTOBJICHHS
HaWOLIBII JEHIEBUM Ta TEXHOJOTTYHUM CIIOCOOOM; 3pYYHICTh CKJIaJIaHHS Hacoca 3
muM HA. KpiM toro mig vac po3poOsieHHS KOHCTPYKI[lI HamnpsMHHUX anapariB
nOoTpiIOHO BpaxOBYBAaTH: BHUJ IEPEKayyBaHOI PIAMHHU, HEOOXIJHICTb KOMIIEHCALIl
paaianbHUX CUJI, BIOpOAKyCTUYHI BUMOTH J10 Hacocy [6].

HaiiGinpmoro BuUKOpUCTaHHS HaOylid HaNpsMHI amapatd 3 Oe3nepepBHUMHU
ka"Hasiamu [1, 4] 1 HampsMHI amapaTd 3 MEPEPUBYACTOI0 30HOIO, SIKI PO3IUISIOTH
nrdy30pHi 1 3BOPOTHI KaHAIH MiX co0010 [7] (pucyHOK 2).

a 0
Pucynok 2 — KoncrpykruBHe BukoHaHHs HA 0e3nmepepBHOro i nepepuB4acToro
BiIMOBITHO

Iocepeno: [7]

I'onoBHuii Heponik Oe3nepepBHoro HA mosisirae y ToMy, 10 IPH 3MEHILEHH]
30BHIIIHBOTO Ta0apUTHOTO PO3MIpY (30BHIIIHBOTO JiaMeTpa) IUIONIA MEPEBITHOTO
KaHaly 3MEHIIYETHCS, 110 MPU3BOAUTH 10 30UIBIIEHHS MIBUAKOCTI 1 BIAMOBIAHO J0
301IBIICHHS  TIAPABIIYHUX  BTpaT. BIJICyTHICTh MEpEeBIAHOTO  KaHaly B
nepepuByactoMy HA nae 3Mmory 3meHIIUTH TOW caMuii raGapuTHuil po3mip 0e3
3HaYHOTO 30UIBIICHHS TAPaBIiYHUIA BTpaT.

OCHOBHHU TEKCT

Merta po60OTH MOJIATAE Y AOCHIIPKEHH] BIUTUBY KUIBIIEBOT'O MEPEBIAHOTO KaHATY
HalpsIMHOTO amnapaTry 3 pI3HUMU THUIAMU 3BOPOTHUX JIOMATe Ha I1HTErpaibHi
XapaKTePUCTHKHU HAcOCa.

VY nonepenHboMy AOCHKEHHI [8] OyJio MpOBENEHO MOJAEpHI3allil0 Hacoca 3
napamerpamu: nogada 180 m3/c ta mamip 1900 M, wactora oGepriB poropa 3000
00/XB.

[Ipore mapamerpu (Hamip i KKJ[) MoxepHizoBaHOTO CTyneHs HE 3a0BOJIBHSIIOTH
BUMOTaM 0a30BOTO CTYIIEHSA, TOMY OyJIO BUPIIIEHO MPOBECTH ONTUMI3ALIII0 T€OMETPIi
HaIPSIMHOTO amapaTy 3a METOJUKOI0 OMUCAaHOIO B po0oTI [4, 7].
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bazoBa nporouna yactuna (PK 1 kanansauit HA) Oyna po3paxoBaHa 3a BiJOMOIO
MeTouKo [4]. TpuBHMIpHI PIAKOTUIBHI MOJENI CIPOEKTOBaHI B TrpadpiyHOMY
penakrtopi Solidworks (yuboBa Bepcis).

B sxoCTi ekcriepuMeHTaNbHOI MPOTOYHOI YaCTUHU B POOOTI OyJIO0 BUKOPHUCTAHO
jgomareBui kumbleBuit HA 3 3BOPOTHUMHM JIONATEBUMHU KaHAlaMU  PI3HUX
KoHOIrypamiii (pucyHok 4, 5, 6) i NOJAJBLIOTO MOPIBHSHHSA pPeE3yJbTaTiB 3
6a3oBoto T4 nacoca. [TH po3paxoBaHa Ta CIpOEKTOBaHA 32 METOJUKOIO HABEICHOIO
B npaisix [1, 4, 7]. PK 3anummunoch 6a30BUM.

Jlomati y 3BOpOTHHMX KaHajaX eKCIepuMEHTaIbHUX HA BHKOpHCTOBYBaUCS
HUJTIHAPUYHI MOJJOBXKEH1 OJHAKOBOTO nepepizy (PUCYHOK 4), HUIIHIPUYHI TIJIECHOTO
npoduno (pucyHok 6), ta npodinboBaHi (pucyHok 5). Koncrpykuii oOupanucs 3
OTJIsITy Ha Te 100 3a0€3MeUnTH HAMEHIIIUNA BIAPUB TTOTOKY.

Pucynok 3 — PigkorisibHa Moaens npomizkaoro crynenst [THC 180-1900
Icepeno: [1]

Pucynok 4 — HA 3 nepeBiiHUM i 3BOPOTHUM KaHaJamu (Jionati Tum 1)
Aemopcovka po3pobka

Pucynok 5 — HA 3 nepeBiiHMM i 3BOPOTHHM KaHAaJaMu (JIONATI THII 2)
Asmopcobka po3pobka
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=5

Pucynok 6 — HA 3 nepeBigHuM i 3BOPOTHUM KaHaJamu (Jonati Tumn 3)
Aemopcvka po3pooka

Veloci
et

ous o0 = o

Pucynok 7 — I'eomerpisa HA 3 nonmarsamu Nel
Aemopcvka po3pooka

3 o7 -

Pucynok 8 — I'eometpist HA 3 jonatssmu Ne2

Aemopcbka po3pobka

Dt oo

Pucynok 9 — I'eomerpisa HA 3 nonmarsamu Ne3
Aemopcvka po3pooka
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BucnoBkmu.

Bbynu posrmsayTi pisHi Bumgu HA 13 3BOopoTHUMH JomatsMu. Bigpus moToky
3a0e3neynTH BAajocs Juiie 4vactkoBo (pucyHok 8). Cepex ycix BapiaHTIB
Hanoinpmmit KKJI 1 HaliMeHIa BUTpadyeHa NOTYKHICTh OTpPHUMaHa y BapiaHTi 3
nonatsimMu Nel (pucyHok 7).
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Abstract. The article describes the optimization of the geometry of the rear blades of the
guide apparatus of a multi-stage centrifugal pump for maintaining formation pressure. As an
experimental flow part in the work, a vane-ring guide apparatus with return vane channels of
various configurations was used for further comparison of the results with the basic flow part of the
pump. Numerical modeling of the intermediate flow part for various options was carried out.
Integral characteristics of flow parts with return channels of different configurations were
obtained. The optimal variant of the geometry for obtaining satisfactory characteristics was found.

Key words: guide apparatus, pump, blades, liquid model.
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THE HYDROACCUMULATOR
MHNOKPAIIEHHS I'TIPOJUHAMIYHUX XAPAKTEPUCTUK IN'IPOAKYMVYJISATOPY
Sysenko V.V./ Cucenxo B.B.
postgraduate / acnipanm
ORCID: 0000-0001-6412-3227
Panchenko V.O. / Ilanuenko B.O.
c.L.S., as.prof. / K.m.H., OoyeHnm.
ORCID: 0000-0001-9228-4888
Sumy State University, St. Rimsky-Korsakov, 2, Sumy, Ukraine, 40007
CymcobKuil OeparcasHull yuisepcument, 8
y1. Pumcovkoeo-Kopcakosa,2, m. Cymu, Yrpaina, 40007

Anomauyin. B cmammi npedocmasnenuii cnocib6 nioguwjeHHs iHepyiuHoOCmi 6 cucmemi
2iOponpu6oody 3 BUKOPUCMAHHAM 2IOPOAKYMYIAMOPY 34 PAXYHOK MOHMYBAHHA 000AMKOBO20
DPYXIUB020 eNleMeHma. 3 02180y Ha me, Wo aemopamu 8 KOHCMPYKYIl yCmaHosKu nepeobayeHo
3MIHU, OOYITLHO BUKOPUCMOBYE8AMU HA38Y 2I0PONHEEMOMEXAHIYHUL aKyMyasamop. Bukopucmanns
3anponoHO8aHOi KOHCMPYKYIi 2i0pONHEBMOMEXAHIYHO20 aKyMYAAmopa 3 YCiMa CymmegumMu
O3HAKAMU, BKIIOUAIOYU GIOMIHHI, 00360JIA€ 3AB0AKU NOCMYNOBOMY 3DOCMAHHIO 8UMPAm poboqoi
piounu nio uac npoyecy nouyamky pooomu BUKOHABYU020 MEXAHI3MY VHUKHYMU U020 UEUOKO20

PVUHY8AHHSL.
Knwuoesi cnosa: 2I0POAKyMynsmop, 2iopoyoap, iHepyiuHicme, eumpama,
2IOPONHEBMOMEXAHIUHULL AKYMYIAMOP, 00 EMHI MAUUHU, 2I0PONPUBOO.
Berym.

CborogHi JOCUTh AaKTyaJIbHUM € T[HTaHHS EHEpProeeKTUBHOCTI  Ta
JOBTOBIYHOCTI BUKOPUCTaHHS Oyab-KOro oOjaaHaHHA. [amy3p MammHOOYyBaHHS
He cTasia BUHATKOM. OcoOnuBOI yBarm BHUMaralOTh OKpeMi BY3JIHM Ta arperaTu
METasI000pOOHUX BEPCTATIB, SIKI MIJAAIOTbCS HEraTUBHOMY BIUIMBY LIJIOI HU3KH
SIBHIIL, 1110 BAHUKAIOTh Yy MPOIIeci iX poOOTH.

IlocTanoBKa npod.ieMu.

B cyyacnomy BepcTtaToOyayBaHHI HIUPOKE 3aCTOCYBAHHS 3HAXOAUTh 00’ €MHUMN
riAponpuBoj. 3a HOro IONOMOrOK BUKOHYIOTHCS PI3HOMAHITHI PyXH: OOEpTOBI,
3BOPOTHBO-TIOCTYNAIBHOI, SIKI € HEOOXIIHMMH 1Jisi (DYHKIIOHYBaHHS MEXaHi3MIB
BepcTaTiB. Pyx BHKOHaBYOro MexaHi3My BiIOyBaeTbCS BHACHIJIOK MEPEMIIICHHS
pIAMHU Yepe3 TOPOKHUHHU TIAPOMOTOPIB Ta TIAPOUMIIHAPIB. Y  OUIBIIOCTI
TiApaBIIdYHUX MMPUBOJIIB JKEPETIOM TiJIpaBivyHOI eHeprii € 00’ eMHHUIT Hacoc, BIATAaK
BUTpaTa pIIUHU HE € cTanoio (BiAOyBarOThCSA MyJbcallli MoAayl piIUHU Y
TiApaBIivHIN JiHIT).

B xoxi ekcrutyarariii riipaBiaiqHOi CUCTEMH 3 Ti€l0 a00 IHIIOK YacTOTOK 3
PI3HUX MPUYUH BUHUKAIOTHh CIUIECKHM TUCKY PO0OO0YOi TipaBiIiYHOI PIAUHU. AJie K
PIIMHU MPAKTUYHO HE CTUCKAIOTHCSA, IIOYMHAIOTH BiAOYBATUCS BUTOKU PIJIUHM 3-I11]1
VUIUIbHEHb (Hampukiaa, B rigpomwiniHiapax). Kpim Toro, Moxke BHHUKHYTH
po3repMeTH3aliss CHUCTEMH BHACHIIOK MOIIKOPKEHb pPYKaBIB BHCOKOTO THUCKY,
TpyOONPOBOJIB Ta 1HIIMX KOMIOHEHTIB. ['igpaBiiuHe X OONagHAHHS MIAJAETHCS
M1JIBUIIICHUM HaBaHTa)XEHHSIM BHACIIJIOK T1IpOyaapy.
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OpuuM 13 crmoco6iB 6OPOTHOM 3 TIAPOYJApPOM € BCTAHOBJICHHS KJIACHYHOTO

TiIPOAKYMYJISITOpa, HE3aJNe)KHO BiJ] MPUHIMMIY il — TPYXUHHWUNA, BaroBUHA YH
ra3oBuil (MHeBMAaTH4YHUI). MOHTaX TipoakyMyJjsiTopa BUPIIIYE Oapa3y ACKUIbKa
npooJieMm:

® aKyMYJIFOBaHHS 3HAUHUX OOCSATIB I'1JIpaBJIivyHOI EHEprii;

® KOMIIEHCAIlisl BTPAT Ta BUTOKIB;

® )KUBJICHHSI CUCTEMHU B aBAPIMHUX CUTYaIllsX;

® 31J1aJ[)KYBaHHS CTPUOKIB THCKY.

VY Bumagxky 3 TiApoyJapoM, Ha AYMKY aBTOPIB, TIPOaKyMYJSITOp JIKBIIYy€E
HACJIKU, a caMe TIOTJIMHAHHS MIKOBUX THCKIB, 3yMOBJIEHUX PI3KHM MEPEMIIICHHSIM
Mac piauHu. TuMm camMuM, He BOEpirarouu 3amipHi €IEMEHTU Ta €JIEeMEHTH yIIUIbHEHb
BiJl KOPOTKOYACHOTO BIUIMBY THCKY, OLIBIIOTO 32 pOOOUHIA.

BujgijieHHsI HeOCHiUKEeHMX YACTHH 3arajbHoi mNpoodJjieMu. 3BUYANHUI
riApoaKkyMyJISITOp He 3a0e3nedye Oa)xkaHy IUIaBHICTh NOTOKY. Ilpu cropaitoBaHHi
riApouWIiHApa abo TiApoMOoTOpa, piIMHA 10 HHUX, IIJI THUCKOM, MEPEXOJUTh 3
MOPOKHUHMU TiApoakymyiisitopa. Lle mpu3BoauTh 10 BIAMOBIAHOTO PI13KOT0 3pPOCTaHHS
HIBUJKOCTI pyXy poOO4YOi pIIMHM Ta BHUKOHABYOIO MEXaHI3My, Ta SIK HACIIAOK,
yAapHUX HaBaHTaXEHb, AKi MOXKYTh MPU3BECTU JI0 MIBUAKOTO PyHHYBaHHS €JIEMEHTIB
CHUCTEMH.

MeTo10 MOCTiI:KeHHSI € TOKpalleHHS TIAPOJWHAMIYHUX XapaKTePUCTHK, a
came 1HEpIINHOCTI TiPaBIIYHOI CHUCTEMH, 32 PAaXyHOK BBEIEHHS 10 KOHCTPYKIIIi
riipoaKkyMyJisiTopa 00epTOBOTO elIeMEeHTa, AKui cTtabinizye moTik. Ha gymky aBTOpiB
1€ Ma€ MPU3BECTU O MOCTYNOBOI'O 3pOCTaHHS BUTpATH poOOYOi pIAUMHM M Yac
IPOLECY MTOYATKy pOOOTH BUKOHABYOTO MEXAHI3MY.

BukJiiaa ocHOBHOro Martepiainy.

B ocHOBy gocnigkeHb MOKIaJeHa 3aJadya BJOCKOHAJIEHHS KOHCTPYKLIi
TiIPOTTHEBMOMEXaHIYHOTO aKyMyJIsiTopa, sika O 3abe3medyBaia MOBUIbHE 3POCTaHHS
IIBUJKOCTI PYXy BHKOHABUOI'O MEXaHI3MYy 3a PaxyHOK BIJINOBIAHOTO MOBLIHHOTO
3pOCTaHHS BUTPATH poO0OYOi PIIMHU YePe3 aKyMYJIATOP.

OpnHa 3 9YacTHX MPHUYMH TOSBU TIAPABIIYHOTO yAapy — IIBHIKA 3MiHA PYyXY
NOTOKY po6ouoi pimuHu. To6TO, HEOOXITHO CTBOPUTH YMOBH JJISl YHEMOKITUBIICHHS
PUCKOPEHHS MOTOKY, IO B CBOIO Yepry Oye MepemkoHKaTy MosiBl TiApoyaapy.

[locraBnena 3amada JOCSATA€TbCA THUM, IO B TIAPOMHEBMOMEXaHIYHOMY
aKyMyJISITOp1, SIKMM CKJIAJA€EThCS 3 KOPILYCY, PO3JAUICHOTO €JaCTUYHOIO0 T'YMOBOIO
niagparMor0 Ha pIAMHHY Ta ra3oBy KaMepH, 3 BXIJHUM 1 BUXIJHUM HaTpyOKaMmu,
KOpPIYC KOMIIOHYEThCS 3 IMJIIHJIPUYHOI Ta KOHIYHOI YAaCTHH, MPU IHOMY B
HUAJIHIPUYHIA YaCTHHI TaHTCHIIAIbHO PO3MIIICHO BXIAHUN MaTpyOOK 1 CIIBBICHO 3
HEI0 Ha OMNOPHIM XPECTOBHMHI BCTAHOBJIEHO OOEPTOBE KOJECO, SIKE CKIAA€ThCs 3
BTYJIKM, JUCKY Ta JIONaTed, a BHU3Y KOHIYHOI YACTHHM CIIIBBICHO BCTaHOBJICHHM
BUXIJTHUHN TTATPYyOOK.

["iporiHeBMOMEXaHIYHUI aKyMyJIATOP MICTHTh IUIIHApUYHY | Ta KOHIYHY 2
YacTUHU. Y IWIIHAPUYHIN yacTuHI | BCTAHOBIEHO €JaCTUYHY TYMOBY miadparmy 3,
sKa po3auIsie podbounii 06’eM Ha piTUHHY 4 1 ra3oBy 5 yacTUHH. [0 IMITIHAPUYHOI
JacTUHU | TpueaHAHWI TaHTEHIIATbHO BXITHUN MaTpyOOK 6. Y HIDKHIM YacTHHI
KOHIYHOT Kamepu 2 BCTAHOBJICHO CIIIBBICHO 3 HEIO BUXiIHMN mnatpybox 7. Y
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HWTIHIPUYHIA YacTuHl 1 Ha oci 8, 3akpiluieHii Ha XpecToBUHI 13, BCTaHOBIEHO
obepToBe Kosieco 9, sike ckiamaerbes 3 BTyJkU 10, qucky 11 1 pagianbHUX jomateit
12.
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Pucynok 1 — IIpunnunoBa cxema riiponHeBMOMEXaHIYHOT0 AKYMYJISITOPY
Asmopcovra po3pobka

['imporHeBMOMEXaHIYHUHN aKyMyJISITOP MPAIIO€ HACTYITHUM YHHOM.

PoGoua piguna (pucyHok 1) dyepe3 BXigHUN mMatpyOOK 6 HAIXOAUThH IO
MWTHIAPUYHOT YacTUHU | akymynsTopa Ta HaOyBae pyxXy MO KOIy. 3a paxyHOK
CUJIOBOT B3a€MOIl piauHU 3 JyomatsaMu 12 poGodoro kojeca 9 BiOyBaeThCs
neperaya 4acTUHU KIHETHMYHOI €Heprii BiJ MOTOKY piAMHM A0 Kojieca 9, ske
MOCTYIOBO 301JIBIIY€ CBOIO KOJIOBY IIBHJIKICTb. Y MpOIECI 3pOCTaHHS IIBUIKOCTI
oOepTanHsi Kojeca 9 KIIBKICTh KIHETHYHOI €HEeprii, $Ky BTpayae piauHa,
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3MEHIIY€EThCSA, TMOCTYNMOBO 3pOCTAa€ i BHUTpaTa Ta BIAMOBIAHO IIBUAKICTH PYyXY
BMKOHABYOI'0 MexaHi3My. Buiimosim 3 o0epToBoro koijeca 9, piivHa depes 3a30p
MDK KOJIECOM 9, IWIIHAPUYHOK YacTHHOK 1 akymynsTopa 1 XpecToBHHOK 13
HAJIXOJUTh 10 KOHIYHOI YaCTHHU 2 aKyMyJsiTopa 1 yepe3 BUXIIHUHN MaTpyOook 7 10
BUKOHABYOI'0 MEXaHI3MYy.

Ha pany koHcTpykuio Oylio MOJaHO 3asBKYy Ha OTPUMAHHS OXOPOHHOTO
JOKYMEHTY (maTeHTy YKpaiHu) Ha KOPUCHY MOJIETb.

BucHoBkwu.

3a paxyHOK BHKOPHUCTAHHS BKAa3aHOI KOHCTPYKIII TiAPOMHEBMOMEXaHIYHOTO
aKyMyJISITOpa JTOCSTAEThCS MOCTYIOBE 3POCTaHHS BUTPATH poOOYOT PIAUHU IMiJT Yac
Mpollecy IMOYaTKy poOOTH BHUKOHABYOTO MEXaHI3My, IO MPHU3BOJIUTH [0
BIJINOBIJIHOTO TOCTYMOBOTO 3pPOCTaHHS IIBUJKOCTI PyXy pIJIMHA Ta, BIAcHE,
BUKOHABYOTO MeEXaHI3My. SIK HaCIiIOK, 3MEHIICHHS YIapHUX HaBaHTaXXEHb, SKi
MOXYTb MPU3BECTH JI0 MIBUAKOTO PYHHYBAaHHS CKJIAIOBUX YaCTHH.
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Abstract. The article presents a method of increasing inertia in a hydraulic drive system using
a hydraulic accumulator due to the installation of an additional moving element. Given the fact that
the authors have foreseen changes in the design of the installation, it is advisable to use the name
hydropneumomechanical  accumulator. The wuse of the proposed design of a
hydropneumomechanical accumulator with all essential features, including excellent ones, allows
to avoid its rapid destruction due to the gradual increase in the flow rate of the working fluid
during the process of starting the operation of the executive mechanism.
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Abstract. The paper presents the result of building a grid system for implementing distributed
computing technology. To build the system, the architecture of the UNICORE platform was used,
which is focused on providing transparent secure access to the resources of a distributed computing
environment. The general concept and advantages of using grid systems are considered. To solve
the problem, a hybrid algorithm is chosen. This choice is substantiated, its performance is
estimated on a test example.
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Introduction.

The subject of the study is the process of building computing grids and
optimizing the distribution of allocated resources to fulfill the tasks. The ideological
basis of Grid technology is the pooling of resources by creating a new type of
computer infrastructure that provides global integration of information and
computing resources based on network technologies and special middle-level
software (between basic and application software), as well as a set of standardized
services to ensure reliable shared access to geographically distributed information
and computing resources: individual computers, clusters, information stores and
networks. The relevance of the chosen topic is due to the constant need to improve
the process of processing large volumes of data with relatively simple programs and
to achieve the maximum speed of calculations due to the global distribution of these
calculations between computers. Grid technology is used to create a geographically
distributed computing infrastructure that combines resources of various types with
collective access to these resources within virtual organizations.

GRID - concept, architecture, development

The last fifteen years are the years of the birth and development of a new
direction in information technologies, the name of which (as is traditionally believed)
was given in 1998 by Y. Foster and K. Kesselman - "Grid". Grid as a means of
compatible use of computing power and data storage allows you to go beyond the
simple exchange of data between computers and, ultimately, to turn their global
network into a kind of giant virtual computer that can be accessed remotely from
anywhere, regardless of from the user's location. The idea of using a network of
supercomputers to solve problems probably originated much earlier (attempts were
made since the 60s of the 20th century), but now it has acquired the completed form
of the "Grid concept". Traditionally, nuclear physicists are considered to be involved
in the development of Grid computing, and until now their need to process colossal
volumes of research data is the driving force for the implementation of Grid
implementation programs, let's mention at least the activities of the European Center
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for Nuclear Research (CERN). However, Grid has a potentially large number of other
areas of application, as it offers a universal approach to solving the problem of lack
of computing resources - because it is obvious that, in general, a network of
supercomputers is capable of solving more complex problems than each of its
component nodes individually [1].

That is, the Grid 1s a type of parallel distributed system that allows the
separation, selection and accumulation of geographically distributed "autonomous"
resources in real time depending on their suitability, capability, performance, price
and quality-of-service requirements of users.

In the past few years, Grid technology has evolved from a carefully configured
infrastructure that supported the execution of a limited number of Grant Challenge
applications on high-performance hardware to a dynamic environment, the
development of which is guided by the international community. As Grid technology
becomes a reality, industry is increasingly involved in its development. The
participation of commercial organizations accelerates the development of robust
software that supports Grid environments outside of academic laboratories. In turn,
this affects both the Grid architecture and related protocols and standards. The
adaptation of Web services technology to the grid architecture has brought significant
benefits and led to the emergence of a somewhat fragmented development
environment. Developers of software and Grid services strive to comply with
agreements and standards widely spread in their community. However, for various
political and technical reasons, there are several competing viewpoints about how the
architecture should be implemented and what standards should be relied upon. This
rivalry is holding back the developers of Grid software because they are not sure that
future standards will include those used today [2].

There are two main criteria that distinguish Grid systems from other systems
that provide distributed access to shared resources [3]:

1. The Grid system coordinates disparate resources. Resources do not have a
common management center, and the Grid system coordinates their use, for example,
load balancing. Therefore, a simple cluster resource management system is not a Grid
system, as it provides centralized management of all nodes of a given cluster, having
full access to them. Grid systems have only limited access to resources, which
depends on the policy of the administrative domain (owner organization) in which
this resource is located.

2. The Grid system is built on the basis of standard and open protocols, services
and interfaces. Without standard protocols, it is impossible to easily and quickly
connect new resources to the Grid system, to develop new types of services.

The main properties of grids:

v’ joint use of distributed resources. It opens up opportunities for cooperation
that would be difficult to achieve by other means. At the same time, issues of
"fairness" of resource distribution, creation and management of virtual
organizations (VO) arise.

v unification of capacities. In this way, a system is built with a total potential
computing power that exceeds the power of its components, and at the same
time, a more efficient use of hardware is achieved (downtime is reduced).
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There are strict requirements for communication channels.

v virtualization. Tt includes such concepts as: hiding (masking) from the user
the complexity of the hardware and software implementation of the system
and its components, geographical distances between nodes, the belonging of
nodes to different organizations, creating the illusion of working with a
"virtual supercomputer".

v inhomogeneity (heterogeneity). A typical Grid consists of (and must function
successfully in) a variety of heterogeneous hardware and software.
Decentralized management. There is no single "owner" of the entire system,
which requires the use of distributed management mechanisms.

v’ interoperability. The functional compatibility of different Grid components
and even different Grid infrastructures is based on the standardization of
interfaces. Approaches that do not take into account standards are not very
promising.

v transparency of access. Grid should provide access to system resources to
users, regardless of the specific network topology or local implementation of
access mechanisms to certain nodes and their resources.

v’ scalability. The Grid should provide mechanisms to include new resource
sources, users, data stores, etc. without affecting existing participants: The
Grid should have the ability to dynamically reconfigure. Security. One of the
main requirements for the Grid system is security of access to resources,
which determines a limited set of permitted operations for authorized users
and programs.

Although the Grid technology itself is not tied to certain resources, most often

implementations of Grid systems provide work with the following types of resources:

e computing resources
separate computers, clusters;
data storage resources
disks and disk arrays, mass data storage systems;
network resources;
software
any specialized software.

Let's note the difference between Grid technology and implementations of Grid
systems. Grid technology includes only the most general and universal aspects that
are the same for any system (architecture, protocols, interfaces, services). Using this
technology and filling it with specific content, it is possible to implement one or
another Grid-system designed to solve one or another class of applied tasks.

Grid technology should not be confused with parallel computing technology.
Within the framework of a specific Grid system, of course, it is possible to organize
parallel calculations using existing technologies (PVM, MPI), since the Grid system
can be considered as a kind of meta-computer that has many computing nodes.
However, the Grid technology is not a technology of parallel computing, its task
includes only the coordination of the use of resources.
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The Grid architecture [4] defines the system components, the goals and
functions of these components and reflects the ways in which the components interact
with each other. The Grid architecture is an architecture of interacting protocols,
services and interfaces that define the basic mechanisms by which users connect to
the Grid system and share computing resources to solve various tasks. The
architecture of Grid protocols is divided into levels (Fig. 1), the components of each
of them can use the capabilities of the components of any of the levels below.

In general, this architecture sets requirements for the main components of
technology (protocols, services, application interfaces and software development
tools), without providing a strict set of specifications, leaving the possibility of their
development within the framework of the adopted concept.

APPLICATION

COLLECTIVE
RESOURCE

l CONNECTIVITY |

FABRIC

Figure 1 - Grid protocol architecture levels and their correspondence to Internet
protocol architecture levels

Since 2007, the development of the European Grid infrastructure (EGI) began,
the operation of which is planned on a permanent basis in the form of a coordinated
network of national Grid systems, or NGI. CERN reserves the overall coordination
and responsibility for the modernization of the PGO and the general security system.
The Grid system becomes national (NGI - National Grid Initiative) if it meets the
following criteria: it has state support, for example, by including the project to create
a Grid infrastructure in the State Program with guaranteed funding; represents the
interests of all layers of society (scientists, university employees, industrialists,
merchants, etc.); has an extensive structure of coordinating, regional and resource
centers that ensure the functioning of basic Grid services, monitoring and response to
emergency situations, accounting of resources and completed works (accounting),
management and support of virtual organizations (B), Grid software certification; is
based on compliance with international standards and rules (for example, using the
SOAP protocol to access the resource, the WSDL language for describing Web
services, UDDI directories as registers of descriptions, etc.); supports infrastructure
security, has the right to generate CA user certificates with the knowledge of
EUGridPMA (European Grid Authentication system); connected to GEANT, the
European Scientific and Educational Computer Network; has Grid infrastructure
governing bodies in the form of the National Grid Infrastructure Development
Council in NA, SA and JRA directions [5].
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Application of the UNICORE platform for building a grid system

A UNIX-like system is required to install UNICORE services (except for the
graphical client). It can be used both with and without a connected graphical
interface. As part of the implementation of the task, the client and the first
components of the system grid will be installed on CentOS 7 with a graphical
interface [6].

Since all components of the UNICORE grid system are essentially Java
processes, the Java package installed on all systems (without exception) is required to
start their operation. The version of the UNICORE installation package directly
depends on the Java version and only requires a specific version of the Java JDK. The
latest version of the UNICORE 8 installation package requires Java version 1.8.0 or
higher.

In the GUI (Graphical User Interface) version of CentOS 7, such a package
comes by default with the installation

UNICORE is not only a Java application, but also bash and python scripts for
configuration and installation of services. And if the bash interpreter comes by
default in all linux-distributions, then python must be installed separately. It is the
default in the GUI version of CentOS 7.

The TSI component can be installed in two ways - by specifying its parameters
in configure. properties, or using the Install.sh script. During installation, you must
select the task scheduler. UNICORE TSI supports the integration of Torque, Slurm,
LSF and Load Leveler schedulers. The use of third-party schedulers is beyond the
scope of the task, so the default nobatch scheduler option is selected during
installation. It is necessary to take into account the fact that after installation, access
to TSI configuration files and its scripts is possible only with root user rights. The
installation process is presented in fig. 2.

ozerniy@localhost:/usr/local/unicore-tsi-8.3.0 - & X

@ain  3miHn  Mepernap  Mowyk TepmiHan [osigka
[root@localhost unicore-tsi-8.3.0]# bash Install.sh

Available TSI implementations are:

nobatch
torque
slurm

1sf
loadleveler

VL WN e

The installation will copy all required files into a new directory.
Files common to all TSI implementations are copied from
bin, conf and doc.

Select a TSI to install (enter number)

' I

Enter installation directory for nobatch (relative or absolute path) [/usr/share/unicor
e/tsi-nobatch]
usr/local/unicore-servers-8.3.0-p2

Please confirm installation of nobatch into directory usr/local/unicore-servers-8.3.0-p

2 by typing y/n [y] I
y

Copy common files (bin,conf) first:

Figure 2 - Installation TSI
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The main control script will be used for launch. The process was carried out
from the command line configuration of the Linux system using the command
" /start.sh" from the directories with the configuration files of the UNICORE system.
The final result is presented in Figure 3.

After confirming the ability to connect to the server, it was necessary to create a
job that can be called from the console. UCC can perform tasks specified in the JSON
task description format used by the UNICORE REST API, as well as several
extensions related to local file handling, presentation options, and more.

To test the work sent by the client to the server, an example of calculating the
Fibonacci number up to 100 was chosen. bash was chosen as the compiler.

+* Applications Places  Terminal

admin@ localhost:/home/admin/Desktop/unicore_server

File Edit View Search Terminal Help
[admin@localhost unicore_serverl$ su
Password:

[root@localhost unicore_server]# bash start.sh
******************************

*
* UNICORE startup

e O e

Starting XUUDB ...

XUUDB server starting.

wWaiting for XUUDB startup...

Waiting for XUUDB startup...

Waiting for XUUDB startup...

Adding 'CN=Demo User' to XUUDB

Validation of DN : CN=Demo User,0=UNICORE, C=EU 0K

Done. Received: OK.
Validation of DN : CN=Demo User,0=UNICORE,C=EU 0K

Done. Received: OK.
Adding CN=UNICOREX to XUUDB
Validation of DN : CN=UNICOREX, 0=UNICORE,C=EU OK

Done. Received: OK.
Adding CN=Workflow to XUUDB
Validation of DN : CN=Workflow,0=UNICORE,C=EU 0K

Done. Received: OK.

Starting Gateway ...

UNICORE gateway starting.

Starting Registry ...

Registry UNICORE/X server starting
Starting UNICORE/X ...

UNICORE/X starting

Done!

[root@localhost unicore_server]# D

Figure 3 - UNICORE Platform launch

Cent0S 7 64-bit

+* Applications  Places Text Editor

- stdout [Read-Only]
3 Ses = Desktop/unicore-ucc-8.3.0/bin

1597
2584
4181
6765
10946
17711
28657
46368
75025
121393
196418
317811
514229
832040
1346269
2178309
3524578
5702887
9227465
14930352
24157817

Plain Text » Tab Width: 8 - Ln 1, Col 1 - INS

Figure 4 - The result of calculating the Fibonacci number up to 100
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After successfully creating a new task, we send it for execution through the
UCC console using the run command with arguments in the form of the job name and
-v, which provides detailed information about the progress of sending and executing
the job [7].

After starting, the job is sent to the selected computing node (or determined by
the site automatically, if a specific system was not specified) and started for
processing. After the calculations are finished, the work ends with a positive or
negative result. Regardless of the success of the calculations, the work saves all
output data for further analysis and possible editing of the work being performed in
the place specified in the work.

The results of the work can be seen in the created stdout - file in Figure 4.

Summary and conclusions.

A computing grid is a software and hardware infrastructure that provides
reliable and transparent access to high-performance computing resources. The Grid
provides a common environment for deploying a service-oriented infrastructure that
supports the creation and sharing of resources across distributed organizations.
Resources are understood as hardware, tools, software and data, as well as services
connected through an intermediate software layer and providing security, monitoring,
resource management, etc. The grid network was implemented taking into account all
the necessary standards for distributed computing, installing and configuring all its
components in practice made it possible to demonstrate the basic and necessary
elements for distributed computing, such as a heterogeneous and easily scalable
environment, combining decentralized resources, the ability to use a graphical
interface, creating works on computing tasks in various programming languages.
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Anomauia. B cmammi po3ensiHymo axmyanibHiCmb 3HEUKOONCEHH WIAXMHO20 Memauy i
810X0018 8Y2iIbHO20 BUPOOHUYMBA Ma YMULI3ayii ix eHepeemuyHoco NOmeHYiany 0as OMpUMAHHSL
mennosoi i enekmpuunoi euepeii. Hasedeno cnoci6 i ycmanosKy OJisi 3HEUWKOONCEHHS MemaHy
waxmuux eeHmunayitHux euxudis. Cyms 0aH020 MeXHONO02IYHO20 Npoyecy NoAf2ae 8 MOMY, WO
npoyec KOHBepCIi @yelleMicmko2o naiueéa (30Kkpema, 6i0X00i8 8V2iIbH020 BUPOOHUYMEA)
30IlCHIOEMbCL Y pedicumi "mennosoco yoapy" eucoxomemnepamypHum 2azosum menioHOCIiEM,
OMPUMAHUM NPU OONOMO3I WAXMHUX SEHMUNAYIUHUX SUKUOIE 8 AKOCMI OKUCTIOBAILHO20 OYmmsl,
AKI Qpinempytomecs yepez wiap gyenemicmkoi 3acunku. Lle 0o36oans€ 3a KopomKkutl yac nepesecmu
3HAYHY YACMUHY OP2aHIKU BUXIOHO20 NANUEA | WAXIMHO20 MEMAHY 8 20PIoYULL 2a3, AKUL 3 BUCOKOIO
eexmusHicmIo MOMCHA CNANI08AMU 8 ICHYIOUUX menjioeHepeemudHux ycmanoskax. Ilopao 3 yum,
MEeXHON02IA 00360/IA€ BUPIULYBAMU [ eKONO2IUHI NpodemMu, wo CHApUYUHeHi 3a0pyOHeHHAM
HABKONUUWHBO20 CEPeoosUusa MemaHom (IK 0OOHO20 3 OCHOBHUX NAPHUKOBUX 2A3i8), A MAKO’C
WKIOTUBUMU KOMNOHEHMAMU 810X00i8 8V2iIbHO20 UPOOHUYMEA.

Knrwowuosi cnosa:. mepmoximiuna KoHEepCis, HeUMpanizayiss WaxmHo2co Memauy, 6i0xXoou
8Y2INbHO20 BUPOOHUYMEA.

Beryn.

OnHUM 13 BU3HAYAJIBHUX CBITOBUX KPHUTEPIiB OLIHKA €KOHOMIYHOT MOTY>KHOCTI
KpaiHu € moteHIian ii nmaauBHo-eHepreTuuHoro komiuiekcy (ITEK). IMopsia 3 mum
BOKJIMBUM (DAaKTOPOM PO3BUTKY EKOHOMIKM KpaiHU € TAKOXK €KOJIOT1YH1 aCIIEeKTH.

VYkpaina B3sia Ha cebe MiXKHAPOAHI 3000B’s13aHHS MO 3MEHIICHHIO MIKIITMBUX
BUKHUIIB y HaABKOJUIIHE cepefoBuiie. lLle oOyMOBIIIOE BBEIEHHS IKOPCTKUX
HOPMATUBIB BHUKHIIB 1 TNPHUHATTS pPAJAWKAIbHUX 3aXOMIB  JJI 3MCHIICHHS
3a0pyIHEHHS.

Cepen CBITOBUX €KOJOTIYHMX MpoOJjeM HalOUIblly YBary NpUBEpPTAIOTh
npo0JeMu BUKJIMKAHI 3HAYHMUMH BUKHAaMH B aTMocdepy MIKIJIMBUX PEYOBHH,
30KpeMa METaHy, K OJHOTO 3 OCHOBHMX KOMIIOHEHTIB MAPHUKOBOTO a3y, OCKUIbKH
MeTaH € ApyruM (micis giokcuay Byrieto CO,) mo po3moBCIOMKEHOCTI TAPHUKOBUM
razoM. 3a manumu ['noGanbHoi iHimiaTuBU mo meraHy (Global Methane Initiative,
GMI) [1] 3aranbHOCBITOBI 00’€MH BUKHUIIB METaHy ckiafaroTh Ouis 14% Bia BCix
BUKH/IIB TApHUKOBHUX Ta3iB. KpiM Toro, pyiHiBHA /i METaHy, CTOCOBHO O30HOBOTO
mapy 3emu, O1abin HiXK B 20 pa3iB nepesuirye airo CO,,

GMI - ne noOpoBUIbHE MApPTHEPCTBO YPAJIB KpaiH, NMPUBATHUX KOMIIAHIMH,
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0aHKIB, YHIBEPCUTETIB 1 1HIIMX OpraHizalliid, 3aJadyaMy SKUX € CIPUSHHS MPOEKTaM
AK1 HanpaBJIeHi Ha CKOPOHEHHs 00’eMIB BUKH[IB METaHy B aTMOC(I)epy, MOLIYKY
NUISIXIB WOTO 30MpaHHA 1 ymm:;aun B SIKOCTI IIIHHOTO JpKepesia €KOJIOTIYHO YUCTOI
eHeprn dbopMyBaHHIO CTpaTerii 1 PHUHKIB, a TaKOX YCYHEHHIO TeperKos Juis
peamzanii uux npoekTiB. GMI 3 2004 poky € €IMHUM MIXHApOJAHUM IPOEKTOM
HaIpaBJICHUM, BUKIIIOYHO, HA CKOPOYEHHS BHUKHUIIB METaHy B aTMocdepy, 3 I’SITH
OCHOBHHX JDKEPEN: CUIbCHKOTO TOCHOJApCTBA, BYTUIbHHMX MmIaxT, moiiroHiB TIIB,
CTIYHUX BOJ| 1 HA)TOTa30BUX CHUCTEM.

[Topsin 3 mpoGieMaMyu BUKJIMKAHUX HMIAXTHUM METAHOM, €KOJIOT14HI MpoOJieMH
EHEepPreTUKM YKpaiHu HaOyBalOTh BaXXJIMBOIO 3HAYEHHS 1 4Yepe3 HEOOXIJIHICTh
IIMPOKOTO BHKOPHUCTAHHS KaM’ SHOTO BYTULISA, B CHJIy HOTo 3HAYHUX 3amnaciB (3a
OL[IHKaMHM, BITYM3HSIHUX 3amaciB Kam’ stHOro Byrijuist BuctauuTh Ha 200 — 400 pokiB) 1
Moro pominyBaHHs (OuabIe 95% BiI 3arajabHOTO OOCSATY 3alaciB OpPraHigYHOTO
MajuBa B KpaiHi) B CTPYKTYpPi NAJTMBHOTO OalaHCy, a TAKOXK IIKIIJIUBOTO BIUIMBY Ha
JOBKIJUIS BiJIXO/IIB ByTJIBHOTO BUPOOHUIITBA.

OCHOBHM TEKCT.

Memoro oanoi po6omu € niBUILICHHS €(DEKTUBHOCTI 3aXUCTy HABKOJMIIHBOTO
CEpelloBHUINA, MNUISXOM HEWTpami3alii IIaXTHOTO METaHy 1 BIAXOJIB BYTUIBHOTO
BUPOOHHMIITBA.

Henonik Byriyuis sik majauBa, MOB'SI3aHUNA 3 MPOOJIEMaMH 3aXUCTY JOBKULIS MPU
oro 100yBaHHI, TPAHCIOPTYBaHHI Ta CHAJIOBAaHHI B TEIMJIOCHEPTeTUUHUX
yCTaHOBKaXx.

Tak, cyuacHi Meroau JO00yBaHHS 1 30aradeHHs BYTULIS CYNPOBOMKYIOTHCS
YTBOPECHHSIM 3HAYHUX 00’€MiB MAXTHUX BIAXOMIB y BUTJISAI BiABaIiB, TEPUKOHIB Ta
[UIaMOHAaKONM4YyBayiB.  Hampuknan, TuTbkM y  BigBajax, TEpUKOHAX 1
IUIaMOHaKonmuuyBayax JIOHEIbKOro perioHy, HakonmudeHo Oumbmie 1,3 mipa.T
MOPOJIM 1 NITaMIB, 3 SIKUX TUIbKK OIS 17% ckiagae KOpUCHE X BUKOPUCTAHHS (IS
PEMOHTY JIOPIT, BUTOTOBJIEHHS OyAiBEIbHIUX KOHCTPYKIIIH 1 1H.), B TOMY YHCIIl BCHOTO
9% BUKOPUCTOBYIOTH JUIsl 3a0yTOBKM MIaXTHUX BUPOOOK [2]. Lle mpu Tomy, mo ix
3arajibHi €HepreTUYHi 3amacu (MpU CEPeIHbOMY BMICTY BYIVICHIO Yy LHMX BIIX0Jax
20%), 3a MiHIMaJILHUMU T1APaXyHKaMH, OI[IHIOIOTH B 260 MuIH. T. y. 1. [3].

B To#t ke wac, 3 mWJIOM 1 HPOAYKTaMU TOPIHHS BiJABajiB Ta TEPUKOHIB B
JIOBKIUISI TIOMaJa€e BeIWKa KUIBKICTh IMIKIJJIMBUX PEYOBHUH (BYIJICBOIHIB, OKCHJIIB
CIPKM 1 a30Ty, MapHUKOBUX Ta3iB, BAXKUX METaNIB 1 iH.). ATMOC(EpHi X omaau
PO3YMHSIOTHh 3HAYHY KUIBKICTh XIMIYHHX €JIEMEHTIB IIAXTHUX BIAXOIB, IO CTBOPIOE
HABKOJIO IUX HAKOTHMYEHb MICISI 3 BUCOKMM BMICTOM COJIeH, BOXKKHX METAaJiB Ta
IHIIMX MIKIAJIMBUX PEYOBHH, SKUMH 3a0pyAHIOIOTHCS 3€MJIs, TOBITPS, IPYHTOBI Ta
MOBEPXHEBI BOJIM 1 MOPYIIYIOTHCS CAaHITAPHI HOPMU TOBKLIIJISL.

VY ByriibHOMY BUPOOHHUIITBI OJHHUM 13 CYTTEBHUX JKEpes 3a0pyAHEHHS TOBKULISA
€ MIAXTHUH METaH, SIKUM B 3HAYHUX 00 €Max BUAUISETHCA 13 JTIFOYMX 1 3aKUHYTHUX
BYT1JIbHUX IIAXT, BIJIBAIIB Ta TEPUKOHIB, @ TAKOXK B IpoIleCi JOOYBaHHs, 30araucHHs,
30epiranHs 1 TpPaHCIOPTYBaHHS BYT1JLIS.

Tak nanpukian, 3a n7anumMu GMI [1] Tiaeku B 2010 p. 3 ByriIbHUX HIAXT BCHOTO
cBiTy Oyino BukuHyTo B atMmochepy Ot 584 wmmH.T CO,, abo 8% Bixg
3arajJbHOCBITOBOTO O0’€MY BHKHUAIB LBOTr0 Trazy. | skmo He OyayTh NpPUMHATI
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YKOPCTKI 3aXO0JId MO CKOPOYEHHIO JIKEepesl BUKHUIIB MeTaHy, To iX 00’emu go 2030
POKYy MOXKyTh OyTH 301nbiIeH] 10 852,2 MaH.T CO; .

Ha pucynky 1 HaBeneHO po3paxyHKOBI 00’€MHU BUKHIIB METaHY 3 BYTIJILHUX
maxT y 2010 poui B kpaiHax mepmioi AecsTkd, 1mo BXxomaTh A0 GMI 1 ski €
HANUOUIBLIIMMH CBITOBUMH 3a0pyJHIOBaYaMH MOBITPS [IUMH BUKUJIAMHU.

3001 1-Kutain - 299,5

" 250m 2 - lHaois - 26,5
o 200 3 -CLWA - 59,0
(3 150+ 4 - B'etHam - 6,0
T 5 - Pocisa - 55,2
S 1004 6 - YkpaiHa - 27,4
0 8 - KaszaxcTtaH -13,5

1 3 5 7 9 9-lMonbwa- 8,3

KPATH 10 - Konymbia - 7,4

Pucynok 1. Kpainu - HaiiOu1b1i 3a0pyIHIOBa4vi NOBITPSA IIAXTHUM METAHOM B
2010 p
Iowcepeno[1]

3 pucynka 1 BugHOo, mo npubmmu3Ho, 5% BiA BCIX NPUBEACHUX BHUKHUIIB
IAaXTHOTO METaHy IMX KpaiH CKJIaJdu BUKWUIUA B YKpaiHi, IO CTaBUTh ii B IT STIPKY
Ji7IepiB OCHOBHMX 3a0py/IHIOBauiB MOBITPs UMK Bukugaamu CO,.

HeoOxigno 3a3zHauutu, mo Outst 50% IIaXTHOIO METaHy BHUKHUAAETHCA B
atMochepy y CKJIaJll BEHTWIALIINHUX BUKUJIB MOBITPsA. OCOOIUBICTh LIMX BUKHUJIIB
MoJIsiTa€ B TOMY, II0 B HUX J0JISI ME€TaHy ckjanae Bckoro 1 — 1,5%. Kpim toro, 111
BUKWM 3a0anacToOBaHl 3HAYHOIO KIJIBKICTIO JAPIOHOIMCIIEPCHOTO BYTUIHHOTO IHITY.
PazoM 3 TMM, Ha BiAMIHY B pELITH MapHUKOBUX Tra3iB, METaH MoOxe OyTH
BUKOPUCTAHUH SIK JIKEPEIO OTPUMAHHS KOPUCHOIT €HEepTii.

B 3B’sa3ky 3 muM, 3amada 3MEHIIEHHS 3a0pyAaHEHHS aTMOC(HEpPHOTO MOBITPS
IIKIJIJTABUMH PEYOBHHAMU, BKIIFOYAIOYH METAHOM IMIAXTHUX BEHTHJISIITHUX BUKHIIB,
€ OJTHOIO 3 HAMBAXIMBIIIMX 1 MPIOPUTETHUX 3a]1a4 JJI BCIX MPOMHUCIIOBO PO3BUHYTHX
KpaiH.

Ha crorognimHiil neHb, B apceHall TEXHIKH 3aXHCTY MOBITPSHOTO OacelHy Bij
3a0pyIHIOBAYiB BiJIoMi a0copOIIiiiHi, ajcopOIliifHi, KaTaTITU4YHI, TEPMIYHI Ta 1HIII
METOJM CaHITAPHOI OYHWCTKH BHKHUAIB. [IUTaHHS CTOITh TUIBKM Yy MPaBHIBHOMY
BHOOPI METO/Y 1 HOTO €KOHOMIUHY OOTPYHTYBaHHI.

B Toi1 ke yac, BiIoM1 METOAM HEWUTpasi3allii Ta OYMCTKUA T'a30BUX MOTOKIB BiJ
IIKIIJIMBUX BUKHUAIB B atMocdepy, Taki SK: METOJ TINIMOOKOTO OXOJIOJ/KCHHS,
MIPOMUBKA PIJKUM a30TOM, PO3YMHEHHS Yy PIAKOMY aMiaKy IpH HOTO KOHJIEHcaIlli,
KaTaJiTHYHA OYMCTKA, (DUIBTpALlis Yepe3 CUCTEMY HaMiBIPOHUKHUX MEMOpaH 1 iH., B
CIIIy PI3HMX NPUYMH HE HAOYyJM MIMPOKOIO PO3MOBCIOJUKEHHS ISl HeWTpasizawii
MEeTaHy BEHTUJISAIIWHUX BUKHIIB TIOBITPS BYT1JIbHUX IAXT.

[IpoBenenuii anami3 TMoOKa3aB, IO Ha CHOTOJHI, ICHYE KiJIbKa METOMIB
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e(eKTUBHOT HeWTpasizalli 1 BUKOPUCTAHHS IIAXTHOTO METaHy, SKI JalTh SK
€KOJIOT1YHUH, TaK 1 EKOHOMIYHMI 3UCK. Tak, BIIOMI IPOEKTHU B SIKUX IIaXTHUH METaH
CHAIIOI0Th B CYMIlll 3 IHIIUMH MajJUBaMH JUIsl OTPUMaHHS TEIUIOBOI €Heprii auis
OTIAJIIOBAHHS MPUMIILEHb, MPOIIECIB CYLIIHHS, KOMyHAJIBHUX MOCIYT 1 1H.

Binomi mpoektu B AKMX BiAOYBA€TbCS BUKOPUCTAHHS IAXTHOIO METaHY,
SKOCTI MajuBa JJIsl JBUTYHIB BHYTPIIIHBOTO 3TOPSIHHSA, 00 X B SKOCTI CHPOBUHU TSI
XIMIYHOT TTPOMHUCIIOBOCTI, HATIPUKIIA/, JIJI1 BUPOOHHUIITBA Ta30BOi CaXKi, METAHOMY 1
1H.

Haiibinpmoro mporpecy B IulaHi YTWIi3allli METaHy BEHTHIISAIIMHMX BUKHU/IIB
nocarnyd komnanii Biothermica 3 rtexmosoriero Vamox® i MEGTEC Systems 3
texnozoricro VOCSIDIZER™ [1].

B 0CHOBI 1uX TEXHOJOTIN JIEKUTh NMPUHLHUII PEr€HEPATUBHOTO JoNally, Ae i
JII€I0 BUCOKOT TeMIepaTypH BiI0yBa€ThCS JIECTPYKIIIS MIKITMBUX PEUOBUH (METaHY)
1 1X 3HEMmKO/pKeHHS. Tak, M0Js 3HEIMKOHKEHOTO MeTaHy focsirae 96%, a Terio ske
BUJIUTUJIOCH YTHITI3YETHCS B TEIUIOBY €HEPTiro 1 rapsuy Boxy (75°C).

JlpyruM BIJOMHM METOJIOM HEWTpasli3allil IaXTHOTO METaHy € METO/l, B IKOMY
ITaXTHI BEHTWIALIMHI BUKUIWA TIOBITPS TMOMAIOTHCA OE3MOCEPEIHBO Yy TOMKY
TEIUIOEHEPTreTUYHOT YCTAaHOBKH (KOTJIM, Ieyl, TypOiHU 1 1H.), B AKOCTI AYTTS IS
CHATFOBAHHSI OCHOBHOTO BYTJIEBOJHEBOTO MAJIMBA 1 IIIAXTHOTO METaHYy.

Skmo y mepmomMy BHIAAKy € TE€BHI CKJIQTHOCTI 3 BUKOPUCTaHHSIM
OTPUMYBAHOT'O HU3BKOIMOTEHIIIHOTO TeIla, TO y APYroMy - € 3Ha4Hl TPYJIHOIII 3
M1JIBEJICHHSM BEHTWIALIINHUX BUKHUJIIB JI0 TEIJIOCHEPTETUYHOI YCTAaHOBKH, OCKUIBKHU
MOTPEOYIOTh OYUCTKHM BiJl JIPIOHOAUCIIEPCHOIO BYTUIbHOTO mwiy. Jlo Toro »x, I
YCTaHOBKH (371€01JIb1II, IIaXTHI KOTEJIbH1) € HEBEJIUKOI MOTYKHOCTI, 1110 HE J03BOJISIE
BUKOPUCTOBYBATH 3HaYHI 00’ €MU MIAXTHUX BEHTUJISILIMHUX BUKUIIB.

[Topsim 3 mMmIaXTHUM METAaHOM, 3HAYHUN IIKIJUIMBUN BIUIUB Ha JOBKULIA
CIPUYHHSIOTH BIIXOM BYT1JILHOTO BUPOOHHUIITBA. AKTYalbHICTh 3HEIIKOKCHHS ITUX
Bi/Ix0/1iB 0OyMoBieHa HacTynmHuM. [lo - mepmie - ne ix 06’emu. Ha crorogni, y
BiJIBAJIaX, TEPUKOHAX 1 MIJJAMOHAKOMMYyBauax TIIbKU JIOHEUBKOTO pETioHY,
HakonuyeHo ot 1,3 Mipa.T mopoau 1 nuiamis [2]. SIKI0 IpUAHATH CepeHiil BMICT
ByIJICITIO y X Bigxomax 20% ( B nuiamax BiH Moxe csaratu 40 1 OIbIne BiJICOTKIB),
TO 3arajibHi €HEPreTUYH1 3aracu MX HAKOMHMYEHb, 32 MIHIMAJIbHUMU MiAPaXyHKaAMHU,
MOHa OIIHUTU B 260 MiH. T. y.i. [lo- Apyre 1 He MeHIII BakJinBa 0OCTaBUHA — II€
€KOJIOTIYHa CTOpOHAa Mefami. BigBanu 1 TEPUKOHU € JDKEPEIoM 3a0pyJIHEHHS
HaBKOJMIIHLOTO CepeaoBuIa muioM, mkigIuBuMu kommnoHeHTaMmu ( CO, CO,, CHy,
SO; 1 1H..) TOpPIHHS TEPUKOHIB. ATMOC(EpHI K OINaau PO3UUHSIOTh 3HAUYHY KIJIbKICTh
XIMIYHHMX €JIEMEHTIB IIUX BIJIXOJI1B, 3a0pYyIHIOIOYH 3EMJIt0, TTOBITPSI 1 IPYHTOBI BOJIH,
Ta CTBOPIOIOYM MICIS 3 BHCOKHM BMICTOM COJIEH, BaXKKUX METaJiB Ta IHIIHUX
IIK1IJTMBUX PEYOBHH, 10 MOPYIIY€E CaHITapHI HOPMH JOBKLILIIA.

B Inctutyti Texniunoi temno¢pizuku HAH VYkpainu po3pobiieHa TeXHOJIOTIsS
edeKTUBHO1 yTUJII3allli €eHepPreTHYHOT0 MOTEHI1aTy METaHy MIaXTHUX BEHTUJISILIHHUX
BUKHUIB, SIKa TIOpSiI 3 METaHOM, JO3BOJISIE 3HEMIKO/KYBAaTH 1 YTWII3YBaTH
E€HEePreTUYHUN TOTEHIad BiJAXOAIB BYTUIBHOTO BHPOOHHUIITBA. B 0OCHOBI maHOi
TEXHOJIOTII JICXKUTh MPUHIIMI KOTJIOBAHHOI ra3udikarlii, onucanuii B podotax [3, 4].
3riTHO TEXHOJIOT1i, Ta3udikaIlio mapy BYTJIEMICTKHX BIIXOJIB MPOBOJATH ILISXOM
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(bibTpallii BUCOKOTEMIIEpATypPHUX MPOJIYKTIB 3TOPSHHS JIIOOOTO OpPraHidHOIO
najguBa, 1€ B SKOCTI OKHCIIOBaua BHUKOPHCTOBYIOTHCS BEHTWISLIMHI BUKUIH

BYTUIBHOI IIAXTH.
[IpuHuMnoBa cxema yCTaHOBKH, IO peajli3ye JaHy TEXHOJIOTiI0 HaBelEeHa Ha

PUCYHKY 2.
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PucyHnok 2. IlpyHuunoBa cxemMa yCTAHOBKH ISl HEMTpai3alii IAXTHOTO
MeTaHy i BiIX01iB BYIiJIbHOI0 BUPOOHMITBA
1 — komnogan; 2 — KonocHUK08a peutimka, 3 — 2a308i068i0HUL KAHAL,
4 — gyenemicmka 3acunka; 5 — nanvHuk; 6 — eenmuaamop, 7 — ekceaycmep,
8 — cazeonvoep; 9 — cucmema owucmru,; 10 — cnoscusay 2asy.
Aemopcovka po3pobka

VYcraHoBka mpaioe HacTynHUM 4uHOM. B kotnoBan (1) 3aBaHTaxyeThCs
ByIJieMicTKa 3acumnka (4), BepxXHId miap $KOi, OpU J0momMo31 nanbHUKa (5)
MIINATIOETRC Ta posirpiBaetbess a0 Temmepatypu 900 ...1000°C. B saxocti
OKHCJTIOBaua (MyTTs) B IO 30HY, NPH JOMOMO31 BEHTWIsITOpa (6), MOJAIOTHCS
BCHTWIALIIMHI BUKUAM TIOBITPS BYTUIBHHMX IIMAxXT, IO MICTSITh MeTaH. llei motik
GLIBTpYy€EThCS Yyepe3 po3irpiTUil Map BYTJIEMICTKOI 3aCHUIIKH.

Bracniiok 1poro, KUCEHb BEHTUJISIIIMHUX BUKHUAIB MPUIMAE y4acTh B MPOIIECi
razuikaiii ByrJIeMICTKUX BIAXO/IB 1 BYT'UJIBHOTO MHJTY, IO IPUBHOCUTHCS IIOTOKOM
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BEHTWISIIIIHHUX BUKU/IIB, 32 PEAKIIIEIO:
2C + 0O, +3,76N, = 2CO + 3,76N, (1)
A TIaxTHUW METaH BEHTWISIIMHUX BUKHUIIB MiIIA€THCSA TApO - BYTJIEKUCIOTHIN
koHBepcii 1o CO 1 H, 3a peakuisimu:

CH4 + 0,50, = CO + 2H; + 35,6 M/Ix /kmomb (2)
CH4 + H,0 (map) = CO + 3H;, — 206,4 M]JIx /kmoi1b (3)
CH4 + CO, =2CO + 2H; — 248,3 M/l /kM0J1b (4)

Otpumanuii roprounii raz QUIBTPYIOUHUCHh YEPE3 TOBILY BYIJIEMICTKOT 3aCHUIKH
(4), yepe3 KOJIOCHUKOBY pemriTky (2) Ta ra3oBiABiAHMN KaHal (3) mpu JOMOMO3I
ekcraycrepa (7), mogaeThes 10 ra3rojibaepa (8), 3 AKOoTo Micis CUCTEeMH OYUCTKH (9),
HaJXOAUTH JI0 CIokuBaya rasy (10), Marouu TemnoTy 3ropsHHs 5...6,5 MJx/m>.

3riIHO pO3paxyHKiB, YCTAaHOBKA 3 IPUBEJICHUMH PO3MipaMH KOTJIOBaHY (puc.2),
MoOXe 3a0e3neduTu poooty, Hanpukia, kotia JJKBP-10-13-250 Brnpoaosx Oibliie
gk 30 roAauH, MpU HOMIHANBHINA MOTYXHOCTI. J{ns 3abe3nedeHHs )k poOOTH KOTia
BIIPOJIOBK, HANPUKIIAJ, ONAIIOBAIBHOIO CE30HY, PO3MIpPH KOTJIOBAHY HEOOXITHO
301IBIINUTH, TpUOIK3HO B 10 pasis.

[lepeBaroro Takoi TEXHOJOTIi € Te, MO OTPUMAHHWK TOPIOYMN Tra3 MOKHA
aKyMyJIFOBAaTH B CIICIIAIBHUX CXOBHUINAX (Ta3rojbAepax), a TaAKOXK TPaHCIOPTYBATH
Ha Biactanb 100...150 kM TpyOGompoBimauMm TpaHcnoptom. llle omHOI0 CyTTEBOIO
MepeBaro TEXHOJOrli € Te, mo mnpu (uUIbTpalii roprdYoro raszy depes map
BYTJIEMICTKOTO Martepiaiy, BiiOyBaeTbcs HMOro yacTkoBa o4yucTKa Bif nuiy. Lle nae
MOXJIUBICTh 3HAYHO CIPOCTHUTH CHCTEMY OYHCTKH TOPIOYOTO Ta3y i CKOPOTHTH
KamiTaJbHI BUTPATU Ha 1i CTBOPEHHS MpPU BUKOPUCTAHHI HOTO B Ta30MOPIIHEBUX
YCTaHOBKAaX KOMOIHOBaHOTO BUPOOHMIITBA TEILIA Ta €JIEKTPOeHEeprii. 3 1HIIOro OOKY,
OTpUMaAHUNA Ta3 MOXKHA O€3MOCEepe/IHhO CHATIOBaTH B KOTJIAX UM 1HIIUX
TEIUIOCHEPTETUYHUX YCTAaHOBKAaX, 0€3 OXOJIOJPKEHHS 1 OYHUCTKH, B PEXHUMI
caMo3aiiMaHHsI, 110 301JIBIIYE HOTO TeIIoTy 3ropssHHs Ha 15 -20%.

[Topsim 3 OTpUMAaHHIM EHEPreTUYHOTO MPOJYKTY 3a PaXyHOK BUKOPHCTAHHS
BIIXOAIB BYTUIBHOTO BUPOOHMIITBA 1 IIAXTHUX BEHTWISALIMHUX  BUKHIIB,
OTPUMYETHCSI CYTTEBUN MPUPOJTOOXOPOHHUM €(EKT, CTOCOBHO CKOPOYECHHSI BUKHU/IIB
[IAXTHOTO METaHy Y HaBKOJIUIIIHE CEPEIOBUIIIE.

Tak, TEXHIKO — EKOHOMIYHI PO3paxyHKH MOKa3ylOTh, 110 HAMPUKIAI, IS
rasudikanii 11/ron psmoBoro Byriuis HeoOXimHo Bukopuctatd g0 2000 HM’/ron
MIAXTHUX BEHTWIALIMHUX BUKHUIIB. [IpM 1IbOMy, CKOpOUYEHHS BUKHJIB MIAXTHOIO
MmeTany ckuane m0 20 am’/rox i 6yae orpumano 6inbme 3000 HMY/rox Toprodoro
rasy, mo eKBiBajeHTHO ekoHoMmii 10 400 HM>/rox nmpupoaHoro rasy, abo Gimpme 3,5
MJIH.HM>/piK.

SIKIo K A1 CraliioBaHHS OTPUMAHOIO M€HEPATOPHOTO ra3y BUKOPUCTOBYBATH
TAKOX INAXTHI BEHTUIALINHI BUKuAX (10 4000 HM>/roz), TO LIE JO3BOIUTH CKOPOTUTH
3arajbHi BUKHAM IIAXTHOIO METaHy Oiulbn HiX Ha 480 ThC.HM®/pik i yTumisysatu
HOro eHepreTUYHMM MOTEeHIIal AJI1 OTPUMAaHHS TEIUIOBOI Ta €JIEKTPUYHOI €HEprii.

Takum ymHOM po3poOJeHAa TEXHOJIOTiSI 1 YCTaHOBKA BHPINIYIOTh HACTYIHI
3ajayi:

1. 3HEMKOMKEHHSI IaXTHOTO METaHy 1 BIXOJIB BYT'JIbBHOTO BUPOOHMIITBA Ta
yTUIi3alis I1X EHEPreTUYHOro TMOTEHIaly JJis BUPOOHUIITBA TEIUIOBOI Ta
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€JIEKTPUYHOI eHeprii.

2. ExoHOMiS TpajMIifHUX BHKOMHHUX TMAajWB 1 MIABUIIECHHS EHEPTeTUYHOI
0e3neKu MiANPUEMCTBA.

3. CTBOpEHHsI 101aTKOBUX POOOYUX MICIIb.

4. IlokpalieHHs CaHITapHO-TITE€HIYHUX YMOB Ipalli Ha BYTUIbHUX KOTEJIBHSX, 32
paxyHOK IepeBeICHHs KOTIIB HAa OTPUMAaHUM TOPIOYHIL ras3.

5. CpusiHHS IPOBEJICHHIO PEKYJIbTUBAIIIT 3eMeb 1 BITHOBJICHHIO JIAHIIA(TIB.

BucHoBkm.

Ha mizncraBi mpoBeAeHUX aHANTHUYHUX Ta EKCIEPUMEHTAIBbHUX JOCHIIKEHBb
MOoKa3aHa MOXJIMBICTh HEWTpasmi3alili IIKIJJIUBOTO BIUIMBY, Ha HABKOJUIIHE
CepelloBHUILE, IAXTHOIO METaHy 1 BIIXO/1B BYT'UJIBHOIO BUPOOHUITBA, Ta yTHII3alli
iX E€HEepreTMYHOro MOTEHLIaNy i OTPUMAHHS TEIUIOBOI 1 EJIEKTPUYHOI EHEeprii.
[IpuBeneHa NPUHIMIIOBA CXE€Ma YCTAHOBKM JUIs peaii3allii  3armporoHOBAHO1
TEXHOJIOT1 1 Moka3aHa e(heKTUBHICTD i1 3aCTOCYBaHHSI.
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Abstract. The article considers the relevance of decontamination of mine methane and coal
production waste and the utilization of their energy potential for obtaining thermal and electrical
energy. The method and installation for neutralization of methane from mine ventilation emissions
are given. The essence of this technological process is that the conversion process of carbon-rich
fuel (in particular, coal production waste) is carried out in the "thermal shock" mode with a high-
temperature gas coolant obtained with the help of mine ventilation emissions as an oxidizing
blowing, which are filtered through a layer of carbon-rich backfill. This allows in a short time to
convert a significant part of the organics of the original fuel and mine methane into combustible
gas, which can be burned with high efficiency in existing thermal power plants. Along with this, the
technology allows solving environmental problems caused by environmental pollution with methane
(as one of the main greenhouse gases), as well as harmful components of coal production waste.

Key words: thermochemical conversion, mine methane neutralization, coal production waste.

Cmamms nid2omoenena y pamkax 6UKOHAHHS HAYKOBO—OO0CHIOHOIL
sidomuoi memamuxu ITT® HAH YVxkpainu, mema "Pozsumox memooig
ma 3acobi8 Ni0BUWEHHSL eKOJI020eHePeeMUUHOI eghekmusHoCcmi 6
eazomypbooyoysanui ma menioenepeemuyi” (wugp 1.7.1.896).
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Anomauia. J[lana cmamms po3ensioac SUKOPUCMAHHA NPOSHOCMUYHUX Mooenell OJisl
nIOPaxyHKy 3anuikogoeo mepminy excniayamayii (RUL). Byiu npedcmasneni 3azanvhi cyeHapii
BUKOPUCMAHHSL OKpeMUX Mooenell 01 euzHauenHs nokaswuxa RUL.

Knwwuoei cnosa: sanuwkosuii mepmin  excnayamayii, RUL, npocnososamne mexHiyHe
00C1y208)8aHH 5, HADMO2A3084 NPOMUCTIOBICHb.

Berym.

BusHauenHs1 moka3zHuKa 3aduIIKOBOro TepMiny ekcrutyaranii (RUL) € ognum 3
KIIOYOBUX  €JIEMEHTIB  MPOTHO30BAaHOIO  TEXHIYHOTO  OOCIyrOoByBaHHS  Ta
INPOJOBXKEHHSI TEPMIHY eKCIUlyaTalii TEeXHIYHOTO OCHAIICHHS, 10 J03BOJIIE
3MEHIIIUTH Yac HE3aIUIAHOBAHOTO MPOCTOI0 MIAMPHEMCTBA Ta 3MEHIIUTH KIJIBKICTh
3a0pyTHEHHSI HABKOJIMIIIHHOTO CEPEOBUINA CIIPUINHEHOTO BiIMOBAMHU.

OCHOBHUII TEKCT.

Mopeni nns mporHodyBaHHs RUL TexHIYHOTO oOCHAIEHHS, $KI HaWO1IbII
HIMPOKO BUKOPUCTOBYIOTHCS B HAPTOra30B1il MPOMUCIOBOCTI, BKIIOYAIOTh:

- Mojenb baiieca;

- CTATHCTHYHI T4 CTOXAaCTUYHI MOJIEII;

- MoJieJli 00YMCITIOBAHOTO 1HTENEKTY (aHria. computational intelligence);

- (¢i3uka BigMoBu (anri. PoF).

[licns aHamizy MOTEHLIMHUX CIEHApiiB BIJIMOB TEXHIYHMX CHUCTEM Ta
OCHAIIICHHSI TIEBHA MPOTHOCTUYHA MOJENb TMOBHHHA OyTH BHOpaHa B KOXHOMY
KOHKpPETHOMY BHUIaJIKy. OJHUM 31 CIOcO01B BUOOPY MOJCII € 3iCTaBJICHHS I1IX0/I1B
nependauenuss RUL Tta Bumy nerpapaimii (Hamp. aedopmaiis, 3HOIICHHS, KOPO3is)
a00 maHux. BuOip ontuMaibHOT IPOTHOCTUYHOIT MOJIEII 3aJICKUTh Bijl JIOMIHYHOYOTO
BHJIy BIJIMOBH, III0 CTOCYETHCS IEBHOTO TEXHIYHOTO OCHAIICHHS a00 ITiJICHCTEMHU.
3anexHICTh ASSKUX BUJIIB JIeTpajallii Ta MPOrHOCTUYHUX MOJIEIEH AOCIIIUB y CBOIHN
npaii Oxo K. (tabmugs 1) [1].

baiiecoBa monens (Takok BigoMmMa K OailecoBa Mepeka) — L€ MMOBIpHICHA
rpadoBa MOJENb, IO MPEACTaBIsie COOOK HAOIp 3MIHHHUX Ta iXHIX YMOBHHUX
3aJIEKHOCTEN 3a JIOMOMOIOI0 OpPIEHTOBAHOIO anuKiIiyHOro rpady. Jlana mopnensb
JI03BOJISIE BU3HAYUTH SIK TIOTIEPEAHI PO3PAXyHKH TMOBMHHI OyTH 3MIHEHHMH, MIO0
BpaxyBaTH HOBY iH(opmalio (Hampukiaj. 3MiHy TeMIepaTypH, OTPUMaHHSI HOBHUX
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MOKa3HUKIB 3 mpuianiB, tomo). Iligxig baiteca mae 3mory MoaudikyBatu
MOYaTKOBUH pO3paxyHOK BHUTpAT yaCy Ha OCHOBI JIOAATKOBOI iH(OpMaIlli 3 METOI0
OTPUMAaHHSI OHOBJIEHOI'O IMPOTHO3y BUTpar 4vacy. Baiins II. crBepmxyBaB [2], mo
Bm3HaueHHss RUL Ha ocHoOB1 momerni baiieca Hamae MOXKIMBOCTI UIA ITO€IHAHHS
JaHUX 3 CHCTEM MOHITOPUHIY Ta €KCIEPTHHUX PIIIEHb 3 METOI0 €(PEKTUBHOI OLIHKH
TEXHIYHOTO CTaHy OCHAIleHHS Ta mifacucreM. Bubip nanux it QopMyBaHHS
IMOYaTKOBOT'O 3HAYCHHS € OJHICI0 3 CKIAQAHOCTEH NMPH BUKOPHCTaHHI JaHOT MOJEII,
OCKIJIbKM 3a0€3MeUeHHs] MOTpeOM HAasBHOCTI SKICHUX Ta JOCTOBIPDHUX JaHUX €
KOMIUIEKCHOIO 3ajlauelo. 3a BIJICYTHOCTI TMOMNEPEIHIX JIaHUX, ONTUMaJIbHUM
crocoboM BHOOpY TMOIMEPETHBOr0 PO3MNOJUTy Oyne OliHKa ekcrepra. Po3ropHyTo
MUTAHHS BUKOpHUCTaHHA Mojiel baiieca posrisaae I'ensman A. [3].

Tadumnus 1 — 3anekHicTb OKpeMHUX BH/IB J1erpajamii Ta NPOrHOCTUHYHUX

Mojaeaen
Bua nporaoctuynoi mozeni
Bun nerpananii . Croxactnyni | OOUHCIIOBaHUN di3uka
baiiecoBa | . N .
1 cratuctuuHi | 1HTENEeKT (CI) | BiamoB (PoF)

Btoma + + + +
3HOIICHHS + + + +
Hedopmarris - - - +
Koposzis + + + +

CraTUCTHUHI PpO3paxXyHKHM Ta CTOXAaCTUYHI MOJENl BUKOPHUCTOBYIOTHCS Y
BUIIAJKy 3pOCTal0u0i 4YacTOTH TMOSBH BIAMOBHU. 30KpEMa CTATUCTHYHI METOAU
BUKOPHUCTOBYIOTbCS JJii OOpOOKM JaHMX Ta JOIMOMOTH Yy 3BYXKEHHI BHUOIpKH
HMOBIpHUX BiMOB. CTaTUCTUYHMIA aHaNi3 4acTO 3aCTOCOBYETHCSA MPHU PO3PAXYHKY
HAJIHHOCTI TEXHIYHOTO OCHAIIEHHS Ta ONTUMI3AIlil TEXHIYHOTO OOCITYyrOByBaHHS, Ha
OCHOBI JJaHUX TPO BIJIMOBH 310paHUX MPOTITOM Yacy (yHKIIOHYBaHHS cucTemu. Jlo
NOIIUPEHUX METOJIB BIJTHOCSATH: YUCEIbHI PO3pPaxXyHKH, pPErpeciiiHuil aHami3 Ta
BU3HAYEHHsI TEHJICHIIIN. BapTo 3a3HauuTH, IO TAaKOX ICHYIOTh JTOBLIHUKM (HAIp.
MIL-HDBK-189, MIL-HDBK-217F, OREDA), saxi MICTITh CTaTUCTHYHI JaHI Ta
MOl Ui MEXAaHIYHUX Ta EJICKTPUYHUX KOMIIOHEHT, BIAMOBIAHO. biibin
IPYHTOBHUH orJisA] crioco0iB BusHaueHHs: RUL Ha OCHOBI CTATUCTUYHMX JTaHUX OYJIO
3pobneno Ci C.II. y #oro mocmimkenHi [4]. Ognak, Baiigs I1. Ta Pocang M. [5]
3a3HAYalOTh y CBOIM mparlll, 10 JaHWUW MIiJIX1J] HE TMOBHHEH 3aCTOCOBYBATUCH IS
BU3HAYCHHS 3aJMIIKOBOro TepMmiHy ekcruryaramii (RUL) s meBHUX BHIIB
TEXHIYHOTO OCHAIIEHHS Ta CcucTteM HadTorazoBoi mNPOMUCTOBOCTI. OCHOBHOIO
MIPUYMHOIO, SIK 3a3HAYaI0Th aBTOPH, € HEJOCTATHS KUTBKICTh JaHUX, 10 HE Ja€ 3MOTH
3a0€3Me4YnTH JOCTaTHHO HHU3bKY MOXMOKY. 3 1HIIOrO OOKY, CTOXaCTHYHI MOJEi
3aCTOCOBYIOTbCS Ul MOJEJIOBAHHS MpOLECy Jerpafaiii TEXHIYHOIO OCHAIICHHS,
IHKOPIOPYIOUM JMHAMIYHI 3MiHHI Ta TOroaHi yMoBU. OIHUMHU 3 TONIIMPEHUX
CTOXaCTUYHUX MOJIENEN €: perpeciiiHi Mojesni, Mojell MPONOpLiAHOT HeOe3IeKH,
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mozeni Kokca ta BeliOyna. Binbin netanbHUN OIS BUKOPUCTAHHS CTOXACTUYHUX
Mozenel 11 miapaxyHky 3poous Cinrmypsana H.JI. [6].

Moneni obuucmoBaHoro iHTenekry (anria. Cl) omuparoThCsi Ha PI3HOMaHITHI
MIIXOAM Ta TEXHOJIOTIi, cepel SIKWX: IITy4Hi HelpoHHi Mmepexi (aHri. ANN),
reHeTuyHi aiaroputMu (anria. GA) Ta HeuiTKy Joriky. BoHu B cBoio uepry
OMUPAIOTHCS Ha BXIOHI JaHl g GOpMyBaHHS pe3yJbTaTy Ta 4acTO 3TaaylOThCs SIK
MEeTOAM M’sIKUX obOuucieHsb (aHri. soft computing). Jlani oTpumaHni 3 CEHCOpIB Ta
1HIIOTO MOHITOPUHTOBOrO OOJaJHAHHS MOXKYTh OyTH Bukopuctani Cl Mmogensimu st
BU3HAYEHHS TepMiHy 3anuiukoBoi ekcruryaramii (RUL). [deransauit ormsan CI
Moneneit 3poouB Cinaik A. [7]. Onnak, Baiins 1. Ta Pocang M. [S] cTBEepIXYIOTS,
10 BUKOPUCTAHHS JJaHUX MOJIeNiel € HenpuaaTHUM Jijist Bu3HaueHHss RUL mijgBoiHrx
KOHCTPYKIIA Ta TEXHIYHOTO oOcHameHHs. OCHOBHHUMHM TPUYMHAMUA LHOTO €
HEJIOCTATHS KUIBKICTh BXIJHUX JAaHHX, 10 CHPUYMHIOE HEMOXJIMBICTH TPEHYBAHHS
Mepexi, a TakoXk Opak KBali(pikOBaHOTO TIEPCOHANY JUisi POOOTH 3 JaHUMH
MOJIETISIMH.

Metonu ¢izuku BinmoBH (anri. PoF) BumarawTh mapaMeTpu30BaHUX JaHUX Ta
OMHPAIOTHCSI HAMPAIIOBAHHS 3 TAKUX TEM SK OIIHKA KUTTEBOTO IMKIY, €KOJIOT14HI
MpOIIECH, YMOBH €KCIUTyarailii, BUOlp MarepiaiiB Ta BuAu aerpanaiiii. OCHOBHOIO
IULTIO JaHUX METOJIIB € BUSBUTH MOTEHIIMHI MPUYMHMA BiJIMOB Ta Ha OCHOBI aHAJI3y
JaHUX 3HAWUTU CIOCIO TOTMEpPEeaUTH iX Ha eTaml MPOEKTyBaHHS cucTeMu. B OCHOBI
MeroaiB PoF nexaTe MareMaTuyHi NPUHLMINH, KOTPI Jal0Th 3MOTY OLIIHUTH TEPMIiH
CIykOM Ta HaJIMHICTh CKJIaaoBUX cucteMu. Mertogoinorii PoF moxe Oytu
3aCTOCOBAHOIO Yy IIMPOKOMY Kol cuctem. 3rigHo 3 Baiins II. ta Pocang M. [5],
naHui miaxig € epextuBHUM criocodom Bu3zHaueHHs RUL B koHTekcTi HadTOrazoBoi
MPOMUCIOBOCTI, OCOOJIMBOTO JJIsI MIANPUEMCTB MOpPChKOro OasyBaHHs. OpHi€0 3
NpUYMH € Te, [0 3HAayHa YacTUHA YMPABIIHHS 3I1ACHIOETHCS AUCTAHI[IMHO Ta
BUMara€ TMpaBWJIbHUX Ta TOYHUX MOJENEH Uil MIATPUMKUA pIlIEHb CTOCOBHO
MPOJIOBXKEHHSI TEPMIHY eKcIUTyaTarlii. Meroau (i3uKu BIIMOB BBa)KarOTHCS JTOBOJII
HAJIWHUMU Ta TOYHUMH U1 BukoHaHHs LE ananizy ta motpeOyroTh MEHIIE TaHUX 3
naTaukiB Juisi popmyBanHsa WMoBipHOTO 3HaueHHss RUL. Bininr 1. 1 benximep E. [8]
CTBEP/KYIOTh, IO JaHl 3 CEHCOpiB HA(TOrazoBOro IMiJMPUEMCTBA MOPCHKOIO
0a3yBaHHS € HEHAAIMHUMU, MOMYJApU3ytoud pimieHHs Ha ocHOBI PoF. Octanni B
CBOIO uepry € mpuaatHuMu Juisi BusHaueHHS RUL TexHIYHOro oOcHaIlIeHHs, MO0
HiJ1a€ThCs PI3HOMAHITHIM Jerpagaiiii (Hamp. Koposii, eposii, TpIUMH BiJ BTOMHU
MeTaly).

BucHoBkwu.

Byno po3rasHyTO OCHOBHI MOJZENi Ta METOAW BH3HAYEHHS 3aJIMIIKOBOTO
tepminy ekciuryaranii (RUL). HaBemeno o0coGmmMBOCTI BHUKOPHCTaHHS MOJENEH
KOXXHOT'O PO3TJISTHYTOTO BUIY Ta BHUCBITJIEHO OKpEMi aKTyallbHI pOOOTH B KOHTEKCTI
HadTOora3zoBoi mpomMuciaoBocTi. PosyminHa cnoco0iB BuzHaueHHs RUL Ta po3yMiHHS
iX JOMINBHOCTI B KOHTEKCTI KOXXHOI'O OKPEMOro MiANPUEMCTBA, TEXHIYHOIO
OCHAIIleHHS a00 CHCTEMH, JI03BOJISITH 3 OUIBIIOK €(PEKTHBHICTIO BIPOBAIKYBaTH
1HHOBAIlIHHI MAXOAHU J0 MPOJOBKEHHS TEPMIHY €KCILTyaTallli.
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Anomauia. Hasedeno pes3yromamu O0O0CHIONCEHHI 080X PIZHOBUOI8 BVIKAHIUHUX NOPIO
pooosuwy 3axkapnamms — 6epei6cbKko2o Nnepaimy ma COKUPHUYbKO2O YeoNimy AK NOMeHYIUHOT
CUPOBUHU OJIsl  BUCOMOBIEHHS NOAIMEepHUX Komnozumis. Iloxazano ocobaugocmi XimMiuH020,
¢aszoeo2o cxknady, enacmugocmi NOBepXHi ma NOQPIIbHOCMI O0CHIONCEHUX Mamepianie sk
gaxmopis echekmusnocmi ix 3acmocysants K HAno8H08auis. Ilpu ybomy 3pobreHo 8UCHOBOK NPO
BIOHOCHI nepesazu NPUpoOHO2O Yeonimy 3ad pPO3GUMKOM NUMOMOI NOGEPXHI mda CMmyneHem
nioginbHoCmi.

Knwuosi cnosa: xomnosum nonimepHuil, HANOBHIO8AY, NEpaim, Yeonim, CKIAO, NOBEpPXHs,
811aCMUBOCMI.

Beryn

Texnosorist BUpOOHUIITBA MOJIMEPHUX KOMITO3ULIWHUX MartepianiB 0a3yeThcs
HAa KOMIUJIEKCHOMY BHKOPUCTaHHI MIHEpaJbHOI CHUPOBHUHHU SIK HAIllOBHIOBAYiB Ta
comoiiMepiB sk 3B’si3yrounx [1]. BubOip Ta KuIbKiCHE CITIBBIJHOIICHHS ITUX
KOMITOHEHTIB MPU OJHAKOBOMY CHOCO01 BUPOOHHUIITBA BU3HAYAIOTh XapaKTEPUCTUKH
CTPYKTYpH Ta BJIACTUBOCTEH KOMITO3UTIB [2-5]. OQHUM 13 MEPCIEKTUBHUX JIKEpes
OPUPOAHOI CUPOBUHU SIK HAMOBHIOBAYiB € MOPOJU BYJIKAHIYHOTO MOXOJKEHHS [6],
cepell SIKUX CYTTEBE MICIIE 3a PO3IMOBCIOKEHHSIM 1 3amacaM  POJIOBHII B CBITI Ta
VYkpaini 3aitmaroTh niepaiT 1 neomt [7-10].

EdexkTuBHICTh MPaKTUYHOIO 3aCTOCYBAHHS IUX TOPLI SK HANOBHIOBAdiB
MOJTIMEPHUX KOMIIO3UTIB MOTPEOy€E MOCTIIKEHHSI Ta BpaxyBaHHS OCOOJIMBOCTEH iX
CKJIaZly, CTPYKTypH Ta BIJIACTUBOCTEM TOBEpXHI 5K (akTopiB (Hi3UKO-XIMIYHOT
B3a€MO/IIi 3 COTMOJIIMEPAMH, B HAMPSAMKY YOTO BUKOHAHA MOj[aHa poOoTa.

OcHoBHa YacTHHA

3acTocyBaHHS Cy4aCHUX THCTPYMEHTAJIBHUX METOAIB (PI3UKO-XIMIYHOTO aHATI3y
JI03BOJIJIO BHSIBUTH TI€BHI OCOOJMBOCTI CKJIaay, CTPYKTYpH Ta BIACTHUBOCTEH
MOBEPXHI JOCIIKYBAHUX BYJIKAHIYHUX MOPII.

BiamiHHOCTI XIMIYHOTO CKJIQqy HAWOUIBII TPOSBISIOTHCA MO0 BMICTY
JY’KHO3EMEJIbHUX 1 JTy>)KHUX OKcuAiB. Ilpu iX ogHakoBOMy 3arajibHOMY BMICTI 8,6
Mac.% MepiiT BIA3HAYAETHCA MEPEBAKHOIO KIIBKICTIO JIyKHUX OKcuAiB Na,O+K,0 —
8,09 mpotu 4,21 mac.%, a LEOMIT - MEPEBAKHOIO KUIBKICTIO JIYy>KHO3EMEIbHUX
okcuaiB CaO+MgO — 4,34 npotu 1,51 mac.%
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Taoauus 1 - XiMiyHMi CKJIAJ CHPOBMHU

Ha3ssa Bwmict okcuais, mac. %

HpO6I/I SIOZ A1203 F6203 TiOz CaO MgO NaQO Kzo B.II.IT
nepmtr | 72,08 12,92 1,50 | 0,90 | 0,88 | 0,63 3,76 433 | 3,0
IEOJIT 68,02 113,04 | 1,92 | 0,30 | 2,71 | 1,63 1,57 2,64 116,94

PentrenodazoBuii aHasi3 MOPOIIKOBHX MpENapartiB JOCTiIKyBaHOI CHPOBHHU,
MpoBeJIecHU 3 3acTocyBaHHAM audpaktomerpy JAPOH — 3M, 103BOJIWMB BHUBUTH
0COOJIMBOCTI MIHEPAJIOTIYHOTO CKJIaay mpoo.

Pesynbrati peHTreHoa3oBoro aHamizy J03BOJIIA BHSBUTH OCOOJIMBOCTI
MIHEpAJIOTIYHOTO CKJIaxy Ta CTPYKTYpU IOCHIIKYBaHUX NPUPOJHUX MaTepiaiB

(puc. 1, 2).
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OueBHIHO, WO CTPYKTYpPHI OCOOJMBOCTI HANOBHIOBAYiB BU3HAYAKOTHCS
BIIMIHHOCTSIMH Y CTYIIEHIO PO3BUTKY CKJIO(a3u, KpUcTamuHuX ¢a3 Ta iX KIJIbKICHUX
CIIBBIIHOIIEHHSIX.

BbeperiBchbkuil mepiitT XxapakTepu3yeTbesl MEPEBAXKHUM PO3BUTKOM CKIodaszu 13
BKJIFOUEHHSIMHU KPUCTATIYHUX (ha3 KBapIly 1 MOJIHOBOTO IIIATY.

COKUpHUIIBKUHN LEOJIT BIAPIZHAETHCSA 3HAUHUM PO3BUTKOM KPUCTANIYHUX (a3,
IO SIBJISIFOTH CUCTEMY IEOJIT (KJIMHOMTUIIONIT) — KBAPI[ — MMOJIHOBI IIITATH,

I3 BpaxyBaHHSIM OCOOJIMBOCTEH BHUKOPHCTAHHS MaTepiajiB JJIsi BUTOTOBJICHHS
MOJIIMEPHUX KOMIIO3UTIB Yy  JIOCHIDKEHHSIX OYyJM BUKOPUCTAHI METOJU OI[IHKH
S€HEpreTHYHOTO CTaHy IMOBEPXHI YAaCTHMHOK IO 3MOUYyBaHHIO TMpHu HaTikaHHi [11].
XapakTepHOI OCOOJIMBICTIO BKA3aHOTO METOJY € MOXKIIMBICTH OLIIHUTH OJHOYACHO
CTYIiHb 3MOYYBaHHS YAaCTUHOK TMOJISIPHUMHU 1 HEMOJSPHUMHU PO3UMHHUKAMU
(BIAMOBIIHO BOJIa 1 KCWJIOJN) Ta CTYMiHb JUCIEPCHOCTI JOCIIPKYBAaHOTO Marepiainy
(xoedimieHT (imbTpalii i muTomMa epeKTUBHA TTOBEPXHS).

Busnadeno (tabm. 2, mo mpoba IepiiTy 3HA4YHO ITOCTYIAETHCS IIEOJITY 3a
MOKa3HUKaMH 3MOYyBaHHA Boj1010 - 0,45 ipotu 0,71.

Henonsipunmu pimnaamu (KCUI01) 0OWIBI POOW 3MOYYIOTHCS CYTTEBO TipIIie,
HIXK BOJI0F0. [Ipy 1IbOMY MOKA3HUKH IS IEPIITY TaKoK cyTTeBO MeHI — 0,31 mpoTu
0,47 nst meory.

Tabauus 2 - BaacTuBOCTi MOBEPXHi JOCTI/IKYBAHUX MATepiaiB

3MOYyBaHHS MIPU
Marepian HaTiIKaHHI Huroma -
KoedimienT ¢inppanii, e(beKTHBHaZ Y MOBHMH
K-10° eai-o/r MMOBEPXHSI, M*/T tgd
BOJA KCHJIOJT BOJa | KCHJIOJ
I[Tepair (1),;13 _a_g ;1‘ 4,5 2,9 0,016
[eomit g,;; _a_g ‘l‘g 18.1 12,9 0,025

OmiHUTA BIUIMB CTPYKTYPHUX OCOOJMBOCTEH MaTepiaiB MOXIHUBO 3
ypaxyBaHHSM TaKOTO TIOKa3HHWKa sIK KoedimieHT ¢inpTparii. BcTaHoBneno, mio
MOKAa3HMKU OCTAHHLOI'O OO0 MPOOM MEPIITY CyTTEBO Memni K 1o Boai - 1,82 -107°
npotu 2,97-10° | Tak i no kcumony - 0,54°10° mpotr 2,10 - 10 cm>-c/r.

EdextuBHa mnmMTOMa TOBEpPXHS JOCHIDKYBAaHHUX  MaTepialiB  SIBISETHCS
MOKa3HUKOM, SIKHH OJTHO3HAYHO J03BOJISIE OI[IHUTH BHECOK SIK ()aKTOpa 3MOUYYBaHHS
MaTepialiB Tak 1 IX CTPyKTypH. 3a OTPUMAHUMH €KCIIEPUMEHTAILHUMHU JTaHUMU IS
npoba MepiiTy 3HAYHO MOCTYIAETHCS IEONITYy 3a TOKa3HUKaMU €(PEeKTUBHOI MUTOMOT
oBepxHi 110 Bofi — 4,5 mpotu 18,1 M%/r Ta 1o kcunoay - 2,9 npotu 12,9 M?/r.

Bkazani 0coOIMBOCTI BIACTUBOCTEH TMOBEPXHI YACTHHOK JTOCHIKYBAaHUX
MaTepialiiB KOPEIoIThes 3 pesyibTaramu [Y-ciekTpockoniunoro ananisy (puc. 3).
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PucyHnok 3 - IY4 cniektpu npo6 marepiajis: 1 — mepJir; 2 — neoJit

BucHoBku

1. BpaxyBaHHs 0COOJMBOCTEH CKJIaqy Ta BJIACTUBOCTEH MOBEPXHI BUXITHHUX
KOMIIOHEHTIB BXKJIMBO ISl ONTHMI3allii CTPYKTYpH Ta BIACTUBOCTEH IMOJIMEPHHUX
KOMITO3HITITHUX MaTepialiB.

2. Otpumani pe3ynbTaTi JOCTIKEHb BKa3ylOTh Ha MEPCHEKTUBHICTh
BUKODUCTAHHA $K HAlOBHIOBAYiB MOPiA BYJIKAHIYHOTO MOXO/JKEHHS, 30Kpema
nepiity Ta neodiTy. llpu 1mboMy MEomiT Mae mepeBary 3a PO3BUTKOM IMUTOMOI
MOBEPXHI Ta CTyMEeHEM J10(PUIHHOCTI, 0 00YMOBIIOIOTH IHTEHCUBHICThH B3aEMO/IIT Ta
MIIHICTh KOHTAKTIB YaCTHHOK HAIIOBHIOBAYa 3 COMOJIMEPOM.
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Abstract. The results of the study of five types of volcanic rocks of the Zakarpattia deposits -
Bereiv pearlite and Sokyrnytsky zeolite as potential raw materials for the manufacture of polymer
composites - are given. Modern instrumental methods of physical and chemical analysis are
applied. Features of the chemical composition - in terms of the content of oxides of the RO+R20
type, phase composition - in terms of the development of crystalline phases and the glass phase,
surface properties and lyophilicity of the studied materials as factors of the effectiveness of their
use as fillers are shown. The research results indicate the promising use of rocks of volcanic origin,
in particular perlite and zeolite, as fillers. It was concluded that zeolite has an advantage over
perlite in the development of specific surface area and the degree of lyophilicity, which determine
the intensity of interaction and the strength of contacts of filler particles with the copolymer during
the production of a composite material.

Key words: polymer composite, filler, perlite, zeolite, composition, surface, properties.
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Anomauia Y cmammi HasedeHo pe3yaibmamu 00CAIONCEHHS XIMIKO-MIHePANociuHO20 CKIady
ma Kepamiko - MeXHOJLOSIYHUX GIACMUBOCMEN 2IUHUCMOL CUPOBUHU 080X pooosuwy YKpaiuu.
Memooamu Xximiunozo, penmeeHoazo068020 ma mMepPMIUHO20 AHANIZY BUSHAYEHO OCOOIUBOCMI
SAKICHO20 MIHEpanociuHo20 CKAady 2iuH. Buznaueno xinbkicms nopoooymeopioouux Mminepanie 3
BUKOPUCMAHHAM KOMN tomepHoi npocpamu «Minepany. Bioznaueno moowcnugicme pezynro8anHs
MIHEpANo2iuH020 CKAA0Y KepaAMIYHUX MAC HA OCHO8I OIHAPHUX cucmem O0O0CHIONCYBAHUX 2TUH.
Toxazanuu eghexm niosuwjenHs QPizuko - MeXaHiYHUX NOKA3HUKIE KepaMiKu HA OCHO8I OIHApPHUX
2NIUHUCTUX cUCTeM NpU Ougepenyiayii pexcumis aunay.

Knrwuoei cnoea: enuna, minepan, ckiao, énacmugocmi, 8unai, oazoymeopenHs, Kepamixa.

Beryn

3a0e3reueHHs] CUPOBHMHOIO, IO 3a CKJIaJ0M 1 BJIACTUBOCTSMHM BIJINOBIIA€E
TEXHOJIOTTYHUM MOXJIMBOCTSIM BHUTOTOBJICHHSI KEPAMIYHMX MaTepialiB MEBHOIO
MPU3HAYCHHS 1 aCOPTUMEHTY, € Oa3MCHOI0 CKJIQJIOBOIO IIPOEKTIB MOJEpHi3allii
JUIOYMX 1 CTBOPEHHS HOBUX MIANPUEMCTB [1-3]. 3po3ymiiio, 10 ePeKTUBHICTh TAKUX
MPOEKTIB TMIJABUIIYEThCS 13 HAOIMKEHHSIM JO CHPOBHMHHOI 0a3u [4-6], kputepii
BU3HAYEHHS $KOi BPaxOBYIOTb OCOOJMBOCTI XIMIKO-MIHEpPAJOTIYHOTO CKIALy,
IPOLIECIB CTPYKTYPOYTBOPEHHS 1 TEXHOJIOTIT [7].

TexHomOTiE BUTOTOBJICHHS KEpaMiKM MpPOWIUIa OaraTOBIKOBUW NUISIX Bij
EMIIIPUYHOTO BUOOPY TJIMHUCTOI CHPOBHUHU, PYYHOTO (HOpMyBaHHS, TPHUPOITHOI
CyIIKM Ta MAJIONPOAYKTHBHOTO  BHUMATYy JO HAYKOBO  OOIPYHTOBAHOTO
1HAyCcTplanbHOTO BUPOOHUIITBA. [Ipym 1mboMy Ha mepiioMmy etami npu BuOOPI
CUPOBHHH TIEPEBAXKHE 3HAUCHHS MPUIUISIOCH ii (JOPMYBaJbHUM BIIACTUBOCTSM 32
MJIACTUYHICTIO Ta KOJIOPOM TICIIsI BUTIAY, @ B CY4aCHOCTI — IIPOMHUCIIOBUM 3aracam,
XIMIYHOMY Ta MIHEPAJIOTIYHOMY CKJIaay SIK (pakTopam MOKa3HUKIB TEXHOJOTTYHUX
BJIACTUBOCTEN Mac Ta (PI3UKO - MEXaHIYHUX XapaKTEPUCTUK BUPOOIB MICIs CYIIKH Ta
BUIIATTY.

BaxnuBiCTh KOMIUJIEKCHOTO aHai3y XIMIYHOTO Ta MIHEPaJOTIYHOTO CKJIaay
[JIMHUCTOI CUPOBUHHU JJI PO3POOKM KEpaMIYHMX Mac 1 ONTHUMi3alli TEXHOJIOTTYHUX
napaMeTpiB BuU3HaueHa Bigomumu mpaismu [8-10]. JocmimkeHHss Ta po3poOKu B
[bOMY HanpsIMKy OTpuMaiu po3BUTOK [11-13]1 cTtanu akTyalbHUMU Yepe3 MOCTiiHE
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PO3UIMPEHHS] CUPOBUHHOI 0a3u BUPOOHHUIITBA Kepamiku. B 11boMy miiaHi BUKOHAHO
MoTaHy PoOoTY.

ExcnepumenTajbHa YyacTHHA

B nmaniit poO0TI BUKOPHUCTOBYBAJIOCHh MOEHAHHS CYyYacHUX (DI3UKO — XIMIYHUX
METOJIIB JIOCHIJKEHHSI 13 CTaHIapTU30BAaHUMHU TECTYBAHHSIMM TEXHOJOTIYHHUX 1
eKCIUTyaTalliiHUX BIACTUBOCTEN CUPOBUHU Ta KepaMiyHUX MaTepianis [14-18].

PentrenodasoBuii anami3 (MOPOIIKOBHI Tpemnapar) MPOBOAWIN 32 JOTOMOTOIO
mudppakromerpy [APOH-2 (BunpomintoBanns Cu Ka 1-2, nanpyra 40 kV, ctpym 20
mA, MBUAKICT 2 TpajJi/XB.), TEPMIYHUN aHaNi3 - 3a JIONOMOIOI0 JepuBarorpada
cuctemu [laymik-ITaynik-Epaei (O-1000).

Po3paxyHKku KUIBKICHOTO MIHEpAJIOTIYHOTO CKJIaAy TJIMHU TPOBOAWINCH Ha
OCHOBI  JIaHMX XIMIYHOTO, PEHTreHo(pa3oBOro 1 TEPMIYHOTO aHaji3iB 13
3aCTOCYBaHHSM KOMIT I0TepHOi nporpamu «Minepam» [19,20].

BiamoBimHO 110 Cy4acHOi TEXHOJOTIi Kepamiku Macu BHU3HAYEHOTO CKIIATy
TOTYBaJIM IIJIIXOM J03yBaHHS KOMIIOHCHTIB 110 Maci, 3MIITyBaHHS Ta TOMOI'CHI3aIlli,
MIACTUYHOTO (PpMYyBaHHS, CYIIKH Ta BUTIATY.

Bei 3pasku  gocnmigHMX Mac, TMOKa3HUKU SIKUX TOPIBHIOBAJIM, CYUIMJIM Ta
BUIAJIOBAJIM Pa3oM, a0M BUKIIOUHUTH MOXJIMBICTh PI3HHUI B CTYNEHIO TEPMIYHOI
00poOKH.

O06’exTamMu JOCIHIKEHHS CTalu CIOHAWIOBA Ta MY3WYaHChKA TJIMHHU POJIOBHII
KwuiBchkoi 061acTi, 6iHapHI CUCTEMHM IIUX IJIMH 1 KepaMika Ha X OCHOBI.

JlocnipkyBaHi CHPOBHMHHI MaTepiajiud CYTTEBO BIJIPI3ZHSAIOTBCA 3a XIMIKO —
MIHEpAJIOTIYHUM CKJIAJ0M Ta (PI3UKO — XIMIYHUMH BJIACTUBOCTSAMH.

3rinno kBamidikamii JCTY b B.2.7-60-97 3a Bmictom Al,O; (tabmunsg 1)
oOu/IB1 MPOOU TJIMHU BIIHOCUTHCA 10 rpynu kuciux (< 14 %), 3a BMicTOM OapBHUX
OKCHUJIIB — JI0 T'pyN 13 BUCOKMM BMicTOM. [Ipu mpomy mpobGa CHOHAMIOBOI TJIMHHU
BIJIPI3HIETHCS B My3WYaHCHKOi OUIBIIMM KITBKICHUM CITIBBITHOIIICHHSIM OKCH/IIB
Si0,: Al,O3 (6,0 mpoTu 5,4), 3Ha4HO OUTHITUM BMICTOM JTY>KHO3EMEITLHUX OKCHJIIB -
nepur 3a Bce CaO, OUIBIIOI0 KUTBKICTIO Ty»XKHUX okcuaiB Na,O+K,O (2,6 mpotu 1,4
%), 1110 3arajgioM 0OYMOBITIOIOTh MIABUIIICHY JIETKOTUIABKICTb.

Tabaunusa 1 -XiMiuHMi CKJIAJ TTTMHUCTOI CHPOBHHU

Haszsa Bwmict okcuais, mac. %

HpO6H SlOz A1203 F6203 TlOz CaO MgO SO3 NaZO KQO B.II.II

My3uvaHcbka 71,51 | 13,13 ] 5,10 | 0,87 | 1,34 | 1,01 | 0,27 | 0,20 | 1,17 | 5,44

cnorpuiosa | 53,62 | 8,87 | 3,26 | 0,10 | 14,60 ] 2,00 | 1,26 | 0,29 | 2,36 | 13,72

Pesynbrat peHTreHOo(a3zoBOTO Ta TEPMIYHOTO aHAJI3IB CBiAYATh MPO 3HAYHI
BIIMIHHOCT1 JIOCJII)KYBaHOT CHUPOBHHHU IO SIKICHOMY MIHEpPAJIOTiYHOMY CKJIaTy
(pucynox 1). BcraHoBneHO, IO CHOHAWIOBA TJWHA BIAPIZHAETHCS HASIBHICTIO
rigpocaoan Ta KaubluTy. CyTTe€BO OUIbIlIa IUIONIMHA €HAOTEPMIYHHX €(EeKTIB 3
MakcumymoM Tipu  550-575 °C Bkazye Ha MiABUIIECHHM BMICT KAaOJIHITY B
MY3UYaHCHKIHN TTUHI (PUCYHOK 1).

KinbkicHe CHiBBIIHOIIEHHS OCHOBHUX MOJOYTBOPIOIOYMX MIHEpaIiB Yy
JOCIIKYBaHUX MPOOaX BUTIISAAE€ HACTYTHUM YMHOM (Tadmiuis 2):
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- My3UYaHChKa: KaOJIHIT:MOHTMOPUJIOHIT:kBapll = 1,5:1:3,1;
- CHOHIMJIOBA: KAOJIiHIT: MOHTMOPHIIOHIT:T1Ipocioaa:kBapir = 1:8:5,8:10.

j-!ll

\ /8“ a0 \fﬂ {_\w:w:\

S5[) 575
120 -+__\

~

/210

\( | 540
150 b
Pucynok 1 - /ITA npo06 cnonanjioBoi (a) Ta Mmy3u4ancbkoi (b) rianaum

Tabanus 2 - MinepaJioriyHui CKJIAJ INIMHUCTOI CHPOBHHU

Hazsa npo6u BMicT 0OCHOBHHX ITOPOJOYTBOPIOIOYUX MiHEpamiB, %
. MOHT- : OJTHO-
. . | rigpo- TiIPOKCHN .
KaOJI1IHIT MOpHU- KBapn . KaJblIUT BUHU
CIII0/1a : 3aiiza
JIOHIT aImaT
My3u4aHchKa | 23,5 15,5 48.0 4.9 6.9
CIOHUJIOBA 3,0 17,5 24,3 30,0 2.4 25,0 -

ITo mucnepcHocti (Tabauisg 3) mpoba CHOHAWIOBOI TJWHU 3a BMicToM 12,3
Mac.% uactuHok ¢pakuiii < 0,001 MM BiZHOCUTBCA A0 TpyOOAMCHEPCHUX, 3a
BMicTOM 56,4 mac.% yactuHok ¢pakuiit < 0,01 mm - 1o HU3BKOAUCTEpcHUX. [Ipoba
MY3UYaHCBKOI IMMHU 3a BMicTOM 22,85 mac.% dactuHok ¢pakmiii < 0,001 mm Ta
52,55 mac.% yactunok ¢pakuiid < 0,01 MM BiTHOCUTBCS IO HU3BKOJUCPEPCHUX.

Taduauus 3 - /IlucnepcHicTh IIIMHUCTOI CHPOBUHU

Hassa Bwmict dpakmiit yvactuHoK (MM), Mac. %
0,25— | 0,05— | 0,01- | 0,005-
npodn Z0.251 905 | 0,01 | 0005 | 0001 | <%0
MYy3UYaHChKa 0,67 1,18 45,60 17,35 12,35 22,85
CIIOHIMJIOBA 0,10 | 13,80 | 29,65 14,25 29,90 12,30

BkazaHi XapakTepUCTUKH XIMIKO — MIHEpaJOri4HOTO CKJIaay Ta IUCIEPCHOCTI

TOCTIKYBaHUX TJUH OOYMOBIIOIOTh MOKA3HUKH 1X KEpaMiKO — TEXHOJOTIYHUX
BJIACTUBOCTEM.
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AHaJI3 KepaMiKO — TEXHOJOTIYHUX BJIACTUBOCTEH IMoKa3ap (Tabmwuis 4), 1o 3a
IacTUYHICTIO pobu gociianux raud 3rigHo JACTY b B.2.7-60-97 BigHOCATHCS 10
2-X Tpyl: CHOHJWJIOBA - O CEPEAHBOILUIACTUYHUX (Yucio 15-25), Mmy3udaHcbKa - J10
NOMIipHOIUTacTUYHI (uucio 7-15).

3a BOTHETPUBKICTIO 00U/BI MPOOU TJIMHU BITHOCUTHCS 10 TPYNH JIETKOIIABKUX

(< 1350 °C).

Tabanus 4 - I11acTUYHICTH TA BOTHETPUBKICTh TJIMHUCTOI CHPOBHHU

IToka3HMKM BIACTUBOCTEH
Hasga npo6u : . 0
Yucno n1acTUYHOCTI Boruerpuskicts, "C
MYy3UYaHChKa 13,4 1150
CIOHJIMJIOBA 22.8 1120

[IpoBeneHi TecTyBaHHA BHUSIBWJIM CYTTEBI BIAMIHHOCTI Yy CTYNEHI CIIKaHHS
JOCTDKYBaHUX TNIMH Tpu Bumaii. Tak, 3pa3ku CHOHAWIOBOI TJIMHHM B 1HTEpBai
MakcUMaIbHUX TemriepaTyp Bumnainy 950-1100 °C npakTUYHO HE 3MIHIOE MMOKA3HUKH
BOJIOTIOTJIMHAHHS 1 TYCTUHHM, TIpU 30uIbIIeHH] Temnepatypu 10 1150 °C  cnikaHHs
pI3KO 1HTEHCU(]IKYEThCS (PUCYHOK 2), a MPU MOJAIBIIOMY 3pOCTaHHI TeMMepaTypu
3pa3Ky OTUIABJISTFOTHCAL.

3pa3ku TIMHA MY3WYaHCHKOI TJIMHU B IHTEpBaJli MaKCHMAJIbHHX TEMIIEPATyp
punainy 950 — 1050 °C BiApi3HSIIOTBCS BiJ CHOHAWJIOBOI OUIBIIOW CEPEAHBOIO
ryctiHoro — 1,95 - 2,00 mpotu 1,70 - 1,71 r/cm?, MeHIIMM BogonorMHaHHsSM — 12,0
npotu 23,5 mac. %. Ilpu momanmeioMy 3pocTanHi TemriepaTypu Bumany g0 1100 -
1150 °C gocsaraerses ryctuna 2,08-2,26 r/cm® npu Bogonoraunansi 10,4-6,7 mac.%.

w.% p, Tiem?
25 a 2,45
0 - ” i
1s \ 2,15 /

bl—I—l\l \ 2 ./-/
10 b.ﬂ‘ /

~ 1,85
5 /
1,7 a—e = -
950 1000 1050 1100 1150 1200 t.°C 950 1000 1050 1100 1150 1200 t.°C

PucyHnok 2 - 3anexxnicts BogonorsaiuHaHusa w (1) i ryctunn p (2) kepamMiku 3
CIIOHAMJIOBOI (a) Ta My3u4YaHCbKOI (b) rIMHU Bix TeMIepaTypu BUIAJLY

3a gaHuMu peHTreHoda3zoHoro aHamizy (pucyHok 3.,4) Kepamika 13
MY3WYaHCHKOI TJIMHU XapaKTepU3yeThcs micis Bunaity Ha 950 °C HasgBHICTIO KBapILy
Ta HE3HA4YHOI KUIBKOCTI reMaTuTy, a micis Bumany Ha 1200 - 1250 °C wmictuTh
KPUCTAJIIYHY CUCTEMY CKJIQAY MYJIT — FéeMaTUT — KpUCTOOAIIT — KBapIl.

Kepamika 13 CHOHAMIOBOI TIWMHU BIA3HAYAETHCS IICIS BUMATY PO3BUTKOM
KPUCTAJIIYHOI CUCTEMH CKJIay BOJACTOHIT — QaHOPTUT — T'€MaTUT — KBapll.

3acTocyBaHHsS OIHApPHUX CHUCTEM JOCHIKYBAaHOI CHPOBHUHHU 3 BapilOBAHHSIM
KUTBKICHOTO CIIBBIIHOIIICHHS CIIOHJMJIOBOT Ta My3W4aHCbkoi mmH Big 4:1 mo 1:4
JIO3BOJIMJIO OLIHUTH BIUIMB 3MIH XIMIKO — MIHEPAJIOTIYHOTO CKJIaay Ha CTYMiHb
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CIIKaHHS Ta (PI3UKO — MEXaHIYH1 TOKa3HUKHU KEPaAMiKH.

[IpoBenenuii anamiz cBiMYUTH (TaOMUI S5), 110 MPU BKA3aHOMY BapirOBaHHI
CHIBBIJTHOIIEHHSI KOMIIOHEHTIB y OIHApHUX CHCTEMax 3MIHIOEThCS KUIbKICHE
CHIBBITHOILIEHHS OCHOBHUX IOpPOJOYTBOPIOIOYMX MIHEpadiB — KAOJIHIT

MOHTMOPHUJIOHIT : Tipocitofga : kBapi : kamenut Bim 1,1:1:0,2:2,6:0,3 (H7) mo
0,3:1:0,6:1,5:0,9 (H4).

5,40

< 425

Pucynok 3 - /luppakrorpamu 3paskiB My3H4aHCbKOI IJIMHH MICJIA
punaay Ha 950 °C (a) ta 1250 °C (B):
v keapy, ™ Kpucmobanim, + mynim, X eemamum

|
|
i

PucyHnok 4 - Jluppakrorpamu Kepamik i3 ClIOHAUJIOBOI IVIMHU MiCJs
punauay Ha 950 °C (a), 1100 °C (B), 1200 °C (¢):
v Keapy, X cemamum, V eonacmouim, A anopmum
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Taoauus S - MinepayioriyHuii ckJiaja OiHAPHUX IIIMHUCTHX CHCTEM

Kox | kinbkicHe | BMICT OCHOBHHX IOPOJI0OYTBOPIOIOYHX MiHEpaiB, %o
npobu | ciBBiIHO- . MOHKT- _ [OJIBO-
WEHHA | o mipip | AP0 MOpH- | KBapIl TIAPORCH/H KaJIBIUT | BHH
TJIUH CJI01a JIOHiT 3aJi13a [LITIaT
H7 4:1 19,0 3.5 173 | 444 4.4 5,0 5.5
HS 1:1 13,2 8,8 199 | 39,0 3,6 12,5 3,5
H4 1:4 7,1 140 | 22,5 | 33,6 2.4 20,0 1.4

SIK TOKa3ylTh pe3yibTaTh TECTyBaHb 3MIHM MIHEPaJOTiYHOTO CKJIagy B
OlHApHUX CHCTEMaxX 3HAYHO BILJIMBAIOTh HAa MOKA3HUKHU BJIACTUBOCTEN KepaMiku. Tak,
B 1HTEpBaJl MakCUMaJIbHUX Temriiepatyp Bunaiay 950 - 1100 °C 3pa3ku kepamiku 3
macu HS Bimpi3HsAOTBCS BiI 3pa3KiB 13  CIOHAWIOBOI TJIMHU  MEHIIMM
BogonorauHanusMm — 20,6 - 15,4 npotu 24 - 23 mac. %, OuIbIIOI0 TyCTHHOIO — 1,74 -
1,90 mpotu 1,69 - 1,71 r/cm® | a micns Bumany Ha 1100 °C mocsraeTbcs 3pOCTaHHS
MIITHOCTI Ha 3ruH A0 22,4 npotu 13,4 MI1a.

Bkazanuit eheKT nposBISETHCS TAKOXK MPHU 3aCTOCYBaHHI MIBUAKICHUX PEXUMIB
Bunaigy. Tak, mpu Bumamdl B POJUKOBUX I€4aX B IHTEpPBaJIl MaKCHUMAaJbHUX
temnepatyp 980 - 1020 °C mpotsrom 42 - 50 xB. 3pa3ku kepaMikd 3 Macu HS
XapaKTepU3yThCsd BoAomnorinHaHusM 15,8 - 16,4 mac. %, rycrunoro 1,81 - 1,84
r/cm® , minHicTio Ha 3run 13,4-16,7 MIla npotu BignosigHo 25,8 - 29,9 mac. %, 1,52
- 1,62 r/em® , 12,1-12,5 MIla as 3paskiB i3 CHOHIMIOBOI TIIMHH.

BucHoBxu

3acTOCYyBaHHSI ~ KOMIIO3MIIA  TJIMHUCTOI ~ CHUPOBUHHM  PI3HOTO  XIMIKO-
MIHEPAJIOTIYHOTO CKJIaay € OJHUM 3 €(peKTUBHUX 3ac001B BIUIMBY HAa TE€XHOJIOTIYHI
napamMeTpH Ta BIACTUBOCTI KepaMiK1

3actocyBaHHs OlHApHUX CHCTEM IMOJIMIHEPAJIbHOI Ta MOHTMOPHJIOHIT -
KAOJIHITOBOT TJMH JO3BOJISE PETYJIIOBATH BMICT Ta KUIbKICHE CITIBBITHOIICHHS
MOPOJIOYTBOPIOIOUMX MIHEpATiB, MIABUIIUTH TOKAa3HUKA (PI3UKO — MEXaHIYHUX
XapaKTEPUCTHK KEPaMiKH MPU TPUBAJIOMY Ta IBUAKICHOMY PEXUMaX BUTIATY.
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Abstract The article presents the results of study the chemical and mineralogical composition
and ceramic-technological properties of clay raw materials from two deposits of Ukraine. The
features of the qualitative mineralogical composition of clays by the methods of chemical, X-ray
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phase and thermal analysis were determined. The amount of rock-forming minerals was determined
using the "Mineral" computer program. The possibility of regulating the mineralogical composition

of ceramic masses based on the binary systems of the studied clays was noted. The effect of

increasing the physical and mechanical parameters of ceramics based on binary clay systems when
differentiating firing modes is shown.

Key words: clay, mineral, composition, properties, firing, phase formation, ceramics.
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Abstract. We have established a rather important role of calcium-protein complexes of blood
during lactation. Highly productive cows with a milk yield of up to 6,000 kg of milk and with a milk
yield of 2,000-3,000 kg per lactation were studied. It turned out that there were significantly more
complexes in the blood of high-yielding cows than in medium-yielding cows, while the content of
total calcium in the blood of cows during lactation changed slightly in both the first and the second.
The amount of calcium bound to albumins significantly decreases during lactation and becomes the
lowest during the dry period (6 times less than the norm). In the blood of high-fat dairy cows
(Jerseys), the content of cholesterol-albumin complexes is always higher (by 20% or more) than in
moderately fat dairy cows (for example, black and spotted). The number of phosphatide-protein
complexes in the former was always higher by 30% or more than in the latter, despite the fact that
the content of total protein in the serum is less in Jerseys than in black-spotted cows. With a
decrease in milk yield, the ability of blood albumins to bind phosphatides in high-fat dairy Jersey
cows was always 30-40% higher than in black and spotted cows. Research results indicate that in
the blood of beef cows, almost all cholesterol is in the form of complexes with proteins and, above
all, with serum albumins. With animal diseases (endometritis, paresis, litter retention, etc.), the
number of these biocomplexes decreases sharply, and the content of free cholesterol increases
sharply (sometimes 8-10 times against the norm). At the same time, the number of cholesterol-
globulin complexes in sick animals increases.

Key words: biocomplexes, proteins, nucleic acids, fat, organism, animals, cells

Introduction.

Biocomplexes or mixed biopolymers are formed during life from proteins and
carbohydrates. Fats, nucleic acids, mineral substances and other compounds of the
body as a result of their interaction with each other. Biocomplexes are quite
numerous, diverse in composition, strength and properties. The formation of
biocomplex compounds in the tissues and fluids of the body is a mandatory process
of vital activity. Biocomplexes are found in the body of all animals, plants, viruses,
and microorganisms[2].

The discovery and study of these substances led to new important insights into
the science of cell structure and metabolism. first of all, a new chapter on the
supramolecular structures of the cell appeared. Then, in connection with the study of
the role and importance of these substances in the life process, completely new ways
of studying the metabolism of substances in the body of animals, plants, and
microorganisms were revealed. The study of biocomplexes in the dynamics of the life
process was of particular importance[6].
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The main stages of metabolism are as follows: chemical and physicochemical
characteristics of substances that enter the body with food; processes of digestion and
absorption of substances; state of substances in blood and tissues; processes of
breakdown and synthesis of proteins, fats and carbohydrates in the body; regulation
of metabolic processes; metabolic products that are excreted from the body. The
leading role in metabolism belongs to protein[1].

Biocomplexes of cell organelles take an active part in the most important
metabolic processes: transport of substances, protein synthesis, activation of
metabolic substances, temporary binding of metabolic substances, regulation of
enzymatic processes, etc. A much more important role of biocomplexes in blood and
tissue juice has been proven. Different biocomplexes in the blood are quite well
studied [4].

Metabolism begins with the assimilation of substances that come with food. In
this phase, at the moment of absorption and immediately after that, the substances
interact with blood and tissue proteins. Biocomplexes of different complexity,
strength and activity appear.

Biocomplexes formed in this phase of exchange can be called biocomplexes of
the first order. They have properties that differ from the properties of the components
that form them, and are quite active in further metabolic reactions. As shown by
studies [5], among them there are biocomplexes, some of which reveal the functions
of catalysts, others - transmitters of nervous excitement or carriers of various
substances, and others - regulators of metabolism; there are biocomplexes that take
part in mechanical functions, create immunity, regulate permeability, tissue swelling,
etc. Examples of such biocomplexes include rhodopsins in the eye, coenzymes in
tissues, properdins, antibodies, bound vitamins and hormones in the blood, etc.

All these complexes are quite dynamic. Under the influence of the central
nervous system, various physical and chemical environmental factors, etc., they
disintegrate into their components. As a result, free metabolites are simultaneously
determined in the blood and tissues: glucose, fatty acids, choline, adrenaline,
cholesterol, histamine, Ca, K, Mg and other substances. However, the same
metabolites can again form a complex when physiological conditions change, and
then the amount of free substances decreases. Therefore, in the assimilation phase of
exchange, the most mobile compounds are first-order biocomplexes [3,7].

Goal. Comprehensively characterize both permanent and temporary biochemical
reactions and processes in body tissues and fluids that occur continuously, and based
on these studies understand all forms of the state of substances in the body and
develop methods of influencing and controlling metabolism. This is the main way to
increase the productivity of farm animals. Studying the dynamics of these complex
substances will reveal the most hidden states in the animal organism and the life
process.

Research results.

Other processes take place in the dissimilation phase of exchange. Biochemical
complexes of the first order are in a state of certain chemical excitation and
disintegrate. But intermediate products of metabolism (polypeptides, urea, amino
acids, uric acid, sugar, fatty acids, etc.) in a certain amount again interact with
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proteins and other tissue substances, and new biochemical complexes are formed,
which are called second-order complexes. They, like first-order complexes, have
physiological activity, but are less complex. As examples of biocomplexes of the
second order, we can cite glycoprotein complexes of blood, aminoprotein complexes,
acylprotein complexes of tissues, lipoprotein complexes of milk, etc. The above ideas
about the participation of biocomplexes in the metabolism of farm animals were
confirmed in our research.

Our research revealed proteid, lipoprotein, glycoprotein, nucleoprotein,
metalloprotein and other biochemical complexes in the blood and tissues of animals
and revealed their dynamics in different periods of productive activity, in particular
during the synthesis of milk and fat in cows, wool in sheep, eggs in poultry, and also
with barrenness of cows, with mastitis, rickets and other diseases. Many important
facts were established in numerous experimental studies. First of all, it was indicated
that in the blood of animals during the periods of the highest productivity, the most
dynamic and active participants of the exchange are the biochemical complex
compounds of proteins with phosphatides, proteins with sterols, proteins with
carbohydrates, minerals and other substances. On the contrary, free substances -
phosphatides, cholesterol, calcium, potassium, etc. - are less active. The number of
free compounds and their complexes with proteins changes due to changes in
physiological conditions and reflects the most intimate aspects of metabolism.

It should be noted that in highly productive laying hens, a significant part of
blood calcium is bound in complexes with both albumins and globulins. However, if
the amount of total calcium in the blood of hens during the period of preparation for
egg laying and at its beginning changes little, the content of calcium bound to
globulins increases many times compared to the period of rest.

During the period of intense egg laying, the number of complexes of globulins
and phospholipids increases rapidly (by 8 times or more against the norm). At the
same time, the number of albumin and phospholipid complexes decreases. Thus, the
great role of lipoprotein complexes is revealed. When the egg-laying process is
completed, the position is restored. It can be concluded that the indicated blood
complexes take part in the synthesis of egg protein as the main building material and
activate this process.

We have established a rather important role of calcium-protein complexes of
blood during lactation. Highly productive cows with a milk yield of up to 6,000 kg of
milk and with a milk yield of 2,000-3,000 kg per lactation were studied. It turned out
that there were significantly more complexes in the blood of high-yielding cows than
in medium-yielding cows, while the content of total calcium in the blood of cows
during lactation changed slightly in both the first and the second. The amount of
calcium bound to albumins significantly decreases during lactation and becomes the
lowest during the dry period (6 times less than the norm). It is this calcium bound to
albumins that most easily enters the metabolic processes and is most quickly used in
the process of milk synthesis, and the complexes in general stimulate milk
production.

The amount of calcium-protein complexes in the blood of cows that stopped
giving milk was always very low. This indicator is specific for low-yielding cows.
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Thus, it is necessary to study the dynamics of calcium in the blood, first of all, by the
forms of bound calcium, that is, by calcium-protein complexes.

Lipoprotein complexes were also found to be very mobile in the blood of
lactating cows. In all periods of lactation, phosphatide-globulin complexes prevailed
in the blood, while phosphatide-albumin complexes appeared in smaller quantities
and only slightly increased until the dry period.

The blood of low-yielding cows always contained less phosphatide-globulin
complexes and more phosphatide-albumin complexes than the blood of high-yielding
COWS.

Complexes of cholesterol with proteins are extremely mobile in the blood.
Research results indicate that in the blood of beef cows, almost all cholesterol is in
the form of complexes with proteins and, above all, with serum albumins. With
animal diseases (endometritis, paresis, litter retention, etc.), the number of these
biocomplexes decreases sharply, and the content of free cholesterol increases sharply
(sometimes 8-10 times against the norm). At the same time, the number of
cholesterol-globulin complexes in sick animals increases. In the blood of high-fat
dairy cows (Jerseys), the content of cholesterol-albumin complexes is always higher
(by 20% or more) than in moderately fat dairy cows (for example, black and spotted).
The number of phosphatide-protein complexes in the former was always higher by
30% or more than in the latter, despite the fact that the content of total protein in the
serum 1is less in Jerseys than in black-spotted cows.

With a decrease in milk yield, the ability of blood albumins to bind phosphatides in
high-fat dairy Jersey cows was always 30-40% higher than in black and spotted cows.
It is interesting to note that the content of cholesterol-protein complexes in the milk
of these cows differed more sharply. Jerseys had almost 2 times more cholesterol-
casein complexes than black and spotted ones.

A number of studies have established the active role of blood biocomplexes in the
growth and development of animals, pregnancy, intense muscle work, wool
synthesis, in states of extreme excitement, etc.

Conclusions.

The obtained results show that biocomplexes play an important role in the
metabolism of highly productive animals. They are especially active during intense
productive activity of the body. Therefore, it is necessary to study the role and
significance of biocomplexes of blood and tissues in highly productive farm animals,
which will allow to understand the main metabolic processes of animal productivity.
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Anomayia. Hamu eécmanosiena 0ocumov 6axciuéa poiv KATbYil-NpomeioHux KOMNIEKCie
Kpogi npu naxkmayii. J{ocnioxcysanu ucokonpoOyKmueHux Kopie 3 Haooem 0o 6000 ke monoka i 3
Hadoem 2000-3000 ke 3a naxmayir. Buseuiocs, wjo y 6UCOKONPOOYKMUBHUX KOPI8 8 KpOGi
KOMNAEKCi8 OYI0 3HAYHO Ollblie, HINC ) CepeOHbONPOOYKMUBHUX, MOOI 5K 8MICM 3A2ANbHO20
Kanvyito 6 Kpogi Kopie 8 npoyeci nakmayii 3MIHI08ABCSA AK ) Nepuiux, maxk i Opyeux He3HauHo.
Kinvxicme kanvyiro, 36’a3amo020 3 anbOyMiHamu, npu JaaKmayii NOMIMHO 3HUNCYEMbCA | 8
cyxocmitiHuti nepio0 cmae HauHuxcyum (6 6 pazie MmeHwe npomu Hopmu). B kposi
BUCOKONCUPHOMOTIOUHUX KOPI8 (0dicepceis) emicm Xoaecmepon-aib0yMIHOBUX KOMNAEKCI8 3a8HCOU
suwuti (Ha 20% ma Oinvwe), HidC VY NOMIPHO JHCUPHOMONOUHUX (HANPUKIAO, UYOPHO-PAOUX).
Kinvkicmo pocghamuo-npomeionux xomnnexkcie y nepuiux 3aexcou oyna suwa na 30% ma oinvuie,
HIDIC 8 THUWUX, He OUBIAYUCH HA me, W0 8MICI 3A2albHO20 OLIKY y cuposamyi MeHwe y 0dcepceis,
HIJIC Y YOpHO-psaOUX Kopis. Ilpu 3uudicenHi Haooig 30amuicmv anbOYMiHI6 KpOGI 38 sA3yeamiu
gochamuou y BUCOKONCUPHOMOTIOUHUX OdHCEPCElCbKUX KOpig 3asxcou Oyaa euujoro Ha 30-40%,
HIJIC Y YOPHO-psAOUX. Pe3ynomamu 0ocniodcensb 8Ka3yoms Ha me o 8 KPo8i MilbHUX KOpie mauidice
V68ect X0a1ecmepos 3HAX00UMbCA y 8UNA0I KOMNIEKCI8 3 OiIKamu i nepui 3a éce 3 anbOYMiHamu
cuposamxku. Ilpu xeopobax meapur (emdomempum, napes, 3ampumKka HOCAiOy MOW0) KilbKicmb
yux OIOKOMNIEKCI8 Pi3KO 3MEHULYEMbCA, A BMICI BIILHO20 X0JleCmepoLy pi3ko 3pocmae (iHooi y 8-
10 pazie npomu Hopmu). OOHOUACHO KINLKICMb X0AeCmepoi-2100YNIiHO8UX KOMNAEKCI8 V X8OPUX
MBapuH HapoOCmae.

Knwuoei cnoea: 6Gioxomnnexcu, OLIKU, HYKIEIHOGI KUCIOMU, HCUD, OP2AHIZM, MEAPUHU,
KIMuHu
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Abstract. Research results indicate that natural labile protein biocomplexes of calcium, which
are formed by the type of ion exchange adsorption, constantly occur in the body of farm animals.
They exist in the composition of wool, hoof and head horn. Hair keratins are especially rich in
calcium in young animals. It has been established that all keratin formations in farm animals
contain magnesium and calcium. Most of all calcium (400-200 mg%) is in the dry matter of the
wool and less (100-150 mg%) - in the head and hoof horn. With age, its content decreases on
average from 400-500 to 200-250 mg% per dry substance. This is especially noticeable in the first
4-5 months of life of calves after the change of juvenile hair cover. Bovine head horn keratins that
formed at a young age were also found to be significantly richer in calcium than those that formed
later. Calcium enrichment of wool and horn keratins was also noted in young animals. With age, it
noticeably decreased. In contrast, the content of more stable calcium and magnesium-protein
complexes in the blood of calves increased in the first months of life. It was higher under favorable
seasonal feeding and maintenance conditions and sharply decreased during disturbances or during
periods of increased physiological stress.

Key words: keeping, feeding, animals, keratins, calcium, magnesium, wool, hoof.

Introduction.

An 1mportant role is played by the research of biocomplexes of calcium and
magnesium with serum proteins and keratins in farm animals. In a number of works
[1, 2, 6], the conditions of their occurrence and stability were investigated. It is
shown that they easily occur during the precipitation of proteins in a neutral
environment. In this regard, almost all the calcium and magnesium of milk and blood
serum is found in the precipitates of proteins obtained under the action of acetone and
alcohol, and the calcium of milk is precipitated together with casein under the action
of rennet in a neutral environment. Significant amounts of calcium and magnesium
cations added prior to precipitation are also found in protein precipitates. The main
mass of metal-protein complexes that are formed in this case. Labile: calcium and
magnesium cations are 80-95% displaced from them by hydrogen ions during
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washing of sediments with acid solutions. Thanks to this, during precipitation with
acetic (casein), as well as trichloroacetic and sulfosalicylic acids (whey proteins),
only up to 20% of the total calcium content is found in protein sediments. Like a
hydrogen ion, sodium and ammonium ions taken in high concentrations displace
calcium from compounds with proteins. Most of these labile complexes are formed as
a result of ion exchange adsorption of calcium cations on protein sediments. They are
absent in native biological fluids.

The dynamics of biocomplexes of magnesium and calcium with serum proteins,
which are not destroyed by the action of sulfocation, is followed in the paper [4]. In
autumn, in young cattle older than six months with optimal physiological condition,
40-50% of serum magnesium and calcium is in the composition of biocomplexes
with proteins. At this time, the free forms of both cations prevail over the bound ones
by no more than 1.5 times. In the spring, the closer to the end of wintering and the
more depleted vitamin reserves in the body, the less biocomplexes of magnesium and
calcium remain in the blood of young animals.

Research results.

At the same time, we found that from 5 to 30% of calcium and up to 60% of
magnesium in blood serum can be bound into strong natural biocomplexes with
native proteins. They are not destroyed by precipitation with trichloroacetic acid, as
well as under the conditions of calcium binding by ammonium oxalate.

The dynamics of biocomplexes of this stable type in the blood of farm animals
in connection with their development and productivity are described in works [3, 5,
7]. A sharp change in their content was established in connection with the processes
of lactation and egg production.

It should be noted that in the blood serum of cattle, analytical methods revealed
calcium biocomplexes, which have a slightly greater lability. Leaving biocomplexes
in solution, they removed free calcium from blood serum by adsorption. From 14 to
45% of calcium is not absorbed by the cationite and, accordingly, is part of the native
complexes with a higher stability constant than those formed on the surface of the ion
exchange resin. The amount of calcium not adsorbed by the cationite in the blood of
cows 1s on average two times more than in the sediments under the action of
trichloroacetic acid. In addition to the stable compounds of calcium with proteins
described above, it contains its biocomplexes, which have sufficiently high stability
constants, but can be destroyed by acids. They are not completely opened in protein
precipitates obtained by using acid precipitants. Calcium is equally distributed
between both forms of complexes.

Research results indicate that natural labile protein biocomplexes of calcium,
which are formed by the type of ion exchange adsorption, constantly occur in the
body of farm animals. They exist in the composition of wool, hoof and head horn.
The keratin base of these formations, like synthetic ionites, is insoluble in water and
organic solvents and has a permanent internal structure. Free amino and carboxyl
groups of keratins give them the properties of polyfunctional ions, which are able to
form bonds with divalent cations.

It has been established that all keratin formations in farm animals contain
magnesium and calcium. Most of all calcium (400-200 mg%) is in the dry matter of
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the wool and less (100-150 mg%) - in the head and hoof horn. Shredded head and
hoof horn, like wool, actively absorbs calcium ions from aqueous solutions. These
artificial and natural calcium complexes are destroyed at a sufficiently high
concentration of hydrogen, sodium and potassium ions.

Numerous features of the physiological state of animals significantly affect the
ability of their proteins to form biocomplexes of magnesium and calcium of all
characterized types. A spring decrease in the content of magnesium biocomplexes
was also observed in adult lactating cows. Here it developed, moreover, during
lactation and was detected in animals examined in the same season of the year, at
different stages of the productive cycle. The connection with the development and
productivity of animals was also revealed during the study of keratin biocomplexes of
calcium, built according to the type of ion exchange adsorption. It was found that
with a high content of calcium in the wool of cows, their newborn calves differ in the
same sign. So, binding of calcium by hair keratins in the fetus and the mother is
regulated by some common factors.

Hair keratins are especially rich in calcium in young animals. With age, its
content decreases on average from 400-500 to 200-250 mg% per dry substance. This
is especially noticeable in the first 4-5 months of life of calves after the change of
juvenile hair cover. Bovine head horn keratins that formed at a young age were also
found to be significantly richer in calcium than those that formed later.

With an incorrect ratio with phosphorus or with a lack of calcium in the feed,
calcium accumulates in the wool of cows [8,9]. According to the author, this is
accompanied by its disappearance from the composition of bones and blood serum.
He observed a similar condition in cows of the Dutch breed with a content of more
than 240 mg% calcium in black hair. In healthy animals, they contained from 180 to
235 mg% of this cation.

Studying calcium in the wool of the farm's black-spotted cows, we found a
favorable physiological state in most animals with an annual milk yield below 4,500
kg. In cows with higher productivity, they are noted only in 20% of cases.

In highly productive animals from farms in the Chernivtsi region, with a milk
yield of less than 6,000 kg, this condition was also found in only 30% of the herd.
And, finally, in particularly productive animals of this farm (more than 6,000 kg of
milk per year), the level of calcium in the wool was always higher than normal.

Thus, disturbances of mineral metabolism associated with feeding or increased
productivity in cattle were accompanied by the accumulation of calcium in the labile
keratin biocomplexes of their wool.

Conclusions.

Calcium enrichment of wool and horn keratins was also noted in young animals.
With age, it noticeably decreased. In contrast, the content of more stable calcium and
magnesium-protein complexes in the blood of calves increased in the first months of
life. It was higher under favorable seasonal feeding and maintenance conditions and
sharply decreased during disturbances or during periods of increased physiological
stress.
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Anomayia.  Pezynomamu  OocniodceHv — 6Kazyiomvs  HA  me, WO 8  OpP2aAHIZMI
CLIbCLKO2OCNOOAPCHKUX MBAPUH NOCMIUHO BUHUKAIOMb NPUPOOHT NAOLIbHI OIIKOB8I OIOKOMNIEKCU
Kanvyito, AKi YMEOpPeHi 3a Munom UoHHOOOMIHHOI adcopoyii. Bonu icnyioms 6 cknadi wepcmi,
KORUMHO20 | 207106H020 po2y. Kepamunu wepcmi ocobaugo b6azami Kanvyiem y MOI0OUX MEAPUH.
Bcmanoeneno, wo 6ci kepamunogi ymeopeHus y CilbCbKO20Ch00apCbKux meapur Micmsams MAacHiu i
kanvyiu. binvuwe ecvoco kanvyito (400-200 me%) 3naxooumecs 8 cyXiti pewosuni wiepcmi i Menule
(100-150 me%) — 6 eonoenomy i Konumumomy po2o6i. 3 GiKom 6Mmicm U020 3HUINCYEMbCA 8
cepeonvomy 6i0 400-500 0o 200-250 me% wna cyxy pevosuny. Ocodbauo pizko ye noOMimHo 8 nepuli
4-5 micayie scumms measam nicas 3SMIHU 108EHAILHO20 80N0CAHO20 NOKpugy. Kepamunu 2010681020
po2y eenuxoi poeamoi xyoobu, aKi cghopmyeanucy 8 Moai000My 8iyi, MAKOHC BUABUIUCL 3HAYHO
bazamuumu Ha Kanbyil, HidC mi, AKi 3 A6UTUCH Ni3HIWe. 30a2aueH s KalbyieM KepamuHie wepcmi i
PO2Y 8IOMINANACH MAKOHC Y MOOOUX MEAPUH. 3 8iIKOM 860HA NOMIMHO 3HUMXCY6anacy. Ha npomusaey
yvomy emicm Oibul CMAdIIbHUX KATbYIU- | MACHIU-0IIKOBUX KOMNIEKCI8 ) KPOBI mesim HapoCmae
6 nepwi micayi scumms. Bin 0ye Oinvwi UCOKUM Npu CAPUSMIUBUX CE30HHUX YMOBAX 200i81i i
VMPUMAHHS MA PI3KO 3HUICYBABCA NPU NOPYULEHHAX aD0 6 nepiodu niosuwieno2o Qizionoziunozo
HanpyoICeHHs1.

Knwuoei cnoea: ympumanus, 200i61s, meapuHu, Kepamuuu, KAIbYil, MAacHil, uiepcmo,
Konumo.
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Abstract. The results of technological features, flow lines and modes of sterilization of meat
pastes are given. Thanks to the development of a new method of aseptic canning, it became possible
to intensify the heat treatment of the product and, as a result, to reduce its harmful effect on the
quality of the canned products. Also, the method of sterilization of products in the stream is gaining
wide demand. When producing canned goods from products with a uniform structure, it is possible
to apply heat treatment of the product in the flow as it moves through the product pipeline. The
technological process of sterilization takes place in accordance with general physical, chemical
and physico-chemical laws. There is a well-known technology of processing food products with
high pressure, which contributes to the successful suppression of the vital activity of vegetative cells
of microorganisms, but it is less effective in inactivating bacterial spores and enzymes. In addition,
this technology allows processing only small volumes of the product, and its implementation
requires expensive installations. Domestic authors proposed a technology for the sterilization of
liquid food products, according to which the product is passed between the electrodes of the
sterilizer with simultaneous exposure to electric current with alternating pulse polarity. The
technology provides electroplasmolysis of cell cultures, removal of products of electrochemical
decomposition and preservation of nutritious components of the product.

Key words: technology, sterilization, meat, pate, heat treatment, food products.

The line for the production of pate begins with a complex of equipment for the
preparation of meat raw materials, consisting of a defrosting chamber, a table for
deboning turkey meat and a capacity for collecting sintered meat. Next is a complex
of equipment for grinding raw meat, consisting of a meat grinder. The main one is a
set of equipment for mixing and salting meat raw materials, consisting of a mixer, a
cutter and a brine mixing unit. One of the most important is the complex of
equipment for packing and rolling cans, which includes dispensers, a packing
machine, a weighing device and a rolling machine. Next is a complex of equipment
for sterilization of canned goods, consisting of a stacker and vertical sterilizers.

The complex is completed by the finishing equipment of the line, which
includes a sorting table, a labeling machine, a machine for lubricating cans with
vaseline and a packing table. Meat raw materials that arrive in a frozen state are
thawed under certain conditions and sent to conveyor 1 for deboning and sinewing.
Here the separation of muscle, connective and adipose tissue from the bones occurs,
as well as the separation of cartilage, fat, tendons, bones and blood vessels.

Tenderloin meat enters the meat grinder 2, where it is chopped into separate
pieces. On tray 3, pieces of meat are sent to the meat dispenser 4, and with the help of
salt and pepper dispensers 5 and fat 6, the appropriate ingredients are added in certain
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proportions. After their control weighing on scales 7, cans filled with all components
are fed into a vacuum rolling machine 8, in which the rolling operation is carried out
in a vacuum chamber at a vacuum of 58...66 kPa.
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Fig. 1. Hardware - technological scheme for the production of pate from poultry
meat

After rolling, the cans are sent to the autoclave 9, where the cans are sterilized
under a pressure that exceeds the pressure of saturated steam at a sterilization
temperature of 115 °C. With the help of a tray 10, canned goods that have undergone
heat treatment are delivered to the sorting table 11 to detect defects and leaks in cans.
After cooling, paper labels are pasted on the cans using a labeling machine 12.

Cans intended for further storage, to avoid corrosion, are covered with anti-
corrosion grease (technical vaseline) on the machine 13 for lubricating cans and sent
to the conveyor table 14. Cans sent directly to sales are not covered with grease.

Depending on the sterilization temperature, the pressure that occurs in the can
during heating, and the type of container, canned goods are sterilized either in open
devices at atmospheric pressure or in closed devices using excess pressure. To carry
out the sterilization process in autoclaves, saturated water vapor and heated water are
usually used as a heat carrier, and in pasteurizers and sterilizers of continuous action,
water vapor, heated water and high-temperature organic substances (glycerol,
ethylene glycol, etc.) are used [10]. The main disadvantages of this method include:
significant duration of heat treatment, measured in tens of minutes, and it is different
for cans of different sizes; impossibility of sterilizing canned goods in large
containers (for example, in cans of 10 liters or more); the periodicity of processing
(for autoclaves), which complicates the creation of flow-through automated lines for
the production of canned goods; deterioration of the quality of canned goods due to
the need to expose the product long heat treatment; inhomogeneity of heat treatment,
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due to which the outer layers of the product are greatly overheated compared to the
inner ones, which leads to a deterioration in the quality of canned goods.

Also known [13] is the "hot filling" method, which is used in the production of
some canned goods (mainly of a homogeneous consistency) in large containers (3
liters or more) mainly for the needs of public catering. The method is very simple to
implement, but has a number of significant drawbacks. It can practically be used only
for products of a homogeneous consistency (natural juices, juices with pulp, tomato
products, etc.), packaged in containers with a capacity of more than 3 liters, although
there is some information in the literature about the use of this method for
heterogeneous products . In addition, for metal containers, the high temperature of
packaging the product leads to the occurrence of vacuum deformation of the can body
after cooling and the lack of products, and for glass containers, the high temperature
threatens the container with thermal damage.

Recently, aseptic canning has become widely in demand. This method [1,3, 11]
is based on a new principle of heat sterilization of food products. Thanks to the
development of a new method of aseptic canning, it became possible to intensify the
heat treatment of the product and, as a result, reduce its harmful effect on the quality
of the products being canned. However, although the aseptic method of canning is
one of the promising methods, it has not yet gained widespread use in the practice of
canning production for various reasons, one of which is the technical difficulty of
creating aseptic conditions when packing and sealing the product in a container, as
well as the fact that this the method can be used for canned goods of homogeneous
consistency.

Also, the method of sterilization of products in the flow is gaining wide demand.
In the production of canned goods from products with a homogeneous structure, it is
possible to apply heat treatment of the product in the flow as it moves through the
product line [7]. Products are heated in various types of heat exchangers (tubular,
plate with rotators, etc.). Such heat treatment can be used practically for canned
goods of a homogeneous consistency and, moreover, is associated with packaging
complications that do not exclude secondary contamination of the product with
microflora.

The technological process of sterilization takes place in accordance with general
physical, chemical and physicochemical laws. The application of these laws to one or
another process allows to create a theory of this process and methods of designing
devices for its implementation. The law of conservation of mass in the science of
processes and devices takes the form of a material balance: the amount of materials
entering the device must be equal to the number of final products obtained as a result
of the process. The energy balance is based on the law of conservation of energy: the
amount of energy introduced into the process (energy input) is equal to the amount of
energy released (output). This refers to thermal, mechanical, electrical and other
types of energy. Most often, in practice, they make an energy balance. The heat
balance equation usually determines the amount of heat that must be introduced into
the process for its implementation. During various technological operations, the main
role belongs to transfer processes. In a thermal process, the object of transfer is
thermal energy. The efficiency of energy transfer in this process depends on speed.
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The speed of the process is the amount of heat transferred in the apparatus through a
unit of area per unit of time. The most common heat carrier in food production is
water vapor. Its positive property is the practical constancy of heat content with
variable pressure. This property of water vapor makes it possible to repeatedly and
optimally use its energy in a series of devices with gradually decreasing pressure[2].
Improving the process of thermal sterilization of canned foods is an urgent task
of obtaining products of high nutritional and biological value with scientifically based
heat treatment regimes [5]. Sterilization of canned foods according to scientifically
based regimes is the basis of ensuring high sanitary and hygienic indicators of their
quality. Thermal preservation regimes should guarantee the death of pathogenic and
toxicogenic microorganisms and microflora, which causes spoilage of products [11].
For any heat exchange device, the indicator of the intensity of the heat process is
the value of the heat transfer coefficient, which is determined by the known ratio (for

the sterilization device):

K= !

I o o, |1

—

a 4 A4 a , (1.1)
where a; coefficient of heat transfer from the heating medium to the surface of the jar,

W/m2-degrees;

0; — thickness of the can wall, m;

o the thickness of the product or the inner radius of a can for canned goods of
a thick consistency in a cylindrical container, m;

A1, Ar— coefficients of thermal conductivity of the material of the can wall and
the product, respectively, W/m-degree;

ar— coefficient of heat transfer from the wall to the product, W/m2-degree.

5 5,

In the process of sterilization of canned food % i %2 can be considered constant,
therefore the value of the heat transfer coefficient "K" mainly depends directly
proportionally on the values a; and a;. It is known from the literature [12] that the
coefficients al and a2 are determined by the hydrodynamic regime that occurs near
the can wall, i.e., the Reynolds criterion

Ho (1.2)

In addition, it is known that al and a2 have the largest values in the turbulent
regime. Therefore, a change in the specified values is associated with a change in the
value of the speed "V". A change in the flow rate near the heat exchange surface
during sterilization of canned goods is achieved by rotation or vibration of the
container.

For the first time (1935-36) on increasing the coefficient of heat transfer from
rotating tubes of different diameters (d = 8...50mMm) into the air during free
convection reported [1,9]. The heat transfer from single tubes located parallel to the
axis of rotation at a distance was investigated R = 160 1 330 mm, as well as from tubes
rotating around their axis during free convection. As a result of these studies [13], the
formula was proposed:
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where d— diameter of the tube;

R— turning radius;

Nu— Nusselt's criterion.

A study on determining the influence of vibration on heat transfer by convection
was conducted [6]. He used wires through which electric current was passed as
heating elements. The wires heated the air. Lemlich's study of the heat exchange
process established that the heat transfer coefficient can be increased by almost 4
times with the help of vibration. He established the dependence of heat transfer on the
mode of vibration:

025, 1
4 075+0,0031 % _(B-AD)

a, R (1.4)
where a;,— heat transfer coefficient without vibration;

G,— Grashoff's criterion;

[— coefficient of linear expansion;

Ar — temperature difference.

The author of [5] investigated the process of heat exchange of a vibrating
cylinder with d = 20 mm in a forced gas flow, and established that in this way the
heat transfer coefficient can be increased almost 6 times. Buznyk received this
dependence in the following form:

b

. 0,815
N, =0,0436R" (1.5)

The issue of intensification of technological processes with the help of vibration
was first investigated [8] in 1952 at the Kyiv Technological Institute of the Food
Industry, and the influence of vibrations on the intensification of the heat exchange
process during the sterilization of milk cans was investigated, where a criterion
dependence was established between the coefficient of heat transfer from the wall to
the product and the quadratic speed vibrations for canned milk with different
thermophysical properties:

Nn _ 0,0261_)00,815 'R,_0’3 (16)

5

ne P the Péclet criterion;
Py— Prandtl criterion.

The researcher [3] established the efficiency of heat treatment when the can is
rotated both around its axis and when rotated from the bottom to the lid for the same
product under the same conditions. At the same time, one cannot talk about the
advantage of one type of rotation of the can without taking into account technological
requirements for finished products.

It is proposed to use a five-channel rotary carrier in continuous-acting devices.
As a result of the study of the cooling process of tomato paste in can No. 14, it was
established that during rotation, uniform cooling is obtained, the temperature
difference in the center of the product for different cans is 1...1.5 °C[ 9].

It 1s noted that with reverse rotation, the duration of sterilization of canned meat
is reduced by 25-40%, and at the same time, the quality of products improves[4].
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According to the new method, the influence of the rotation of the can on the
heating of its contents was studied. This technique is as follows: the sterilizing effect
is determined for one arbitrarily chosen reference mode, according to which the
studied products are sterilized, and by comparing the obtained values of A-effects,
the efficiency of rotation for a given type of product is judged [1,7].

Also, there is a known technology [34] of processing food products with high
pressure, which contributes to the successful suppression of the vital activity of
vegetative cells of microorganisms, but it is less effective in inactivating bacterial
spores and enzymes. In addition, this technology allows processing only small
volumes of the product, and its implementation requires expensive installations.

Effects capable of destroying microflora also include ionizing radiation [1,6],
which have high energy and are able to cause ionization of electrically neutral atoms
and molecules and stimulate the same type of chemical reactions in irradiated
materials. In practice, two types of ionizing radiation are used - X-rays and y-rays.

Ultraviolet radiation 1is also used to suppress the vital activity of
microorganisms, because due to their high energy, they create a significant chemical
(at a wavelength of 400-330 nm) and biological (at a wavelength of 330-200 nm)
effect. The region of ultraviolet rays with a wavelength from 295 to 200 nm is called
bactericidal, since the rays of this region have the greatest effect on viable cells of
microorganisms. Ultraviolet rays are used to sterilize containers and liquid food
products, provided they are processed in a thin layer [2].

Microorganisms in food products are also affected by infrared radiation. For this
purpose, the flow of liquid and homogeneous food products is processed in
pasteurizers equipped with infrared emitters [2,3].

Effects capable of destroying microflora also include the processing of food
products with electric discharges [9] and electric alternating current of high and ultra-
high frequencies.

Domestic authors proposed a technology for the sterilization of liquid food
products, according to which the product is passed between the electrodes of the
sterilizer with simultaneous exposure to electric current with alternating pulse
polarity. The technology provides electroplasmolysis of cell cultures, removal of
products of electrochemical decomposition and preservation of nutritious components
of the product.

Ultra high frequency heating is also effective. The electromagnetic field of the
microwave range penetrates to a considerable depth into the processed material and
thereby creates a power distribution of heat sources. Microwave heating is practically
gradient-free and allows obtaining very high rates of temperature increase, which are
limited by uneven heating due to the complex composition and properties of the
processed products. Research conducted by domestic authors on the impact of a
pulsed microwave field on the viability of microorganisms showed that in
experimental samples, with a total pulse exposure for 0.8-1.0 seconds and slight
thermal heating, the content of microorganisms decreases: at a temperature of 20-22
°C - by 20 %, at 28-33 °C-by 70%, at 42-44 °C the development of microorganisms
was not observed. It should be noted that the application of HF and HF processes in
practice for preserving food products is limited by the complexity of the equipment,
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high financial costs for conducting the process, and difficulties in controlling the
temperature regime in the container with the product.

Conclusions.

Improving the process of thermal sterilization of canned goods is an urgent task
of obtaining products of high nutritional and biological value with scientifically based
heat treatment regimes.
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Anomauin. Hasedeni pesynomamu  ocobiugocmell  mMeXHONOSIYHUX — OcoOaUsocmell,
NOMOKOBUX JIIHIL MA PEeHCUMIE CMepunizayii MACHUX nawmemis. 3a80aKu po3pooyi HO8020 Memooy
acenmuuHo20 KOHCEPBYBAHHS, 3 ABUNACS MONMCIUBICIb THMEHCUDIKysamu menniogy o00poOKy
npooyKmy I, 6 pe3yibmami, 3MeHWumuy ii WKIOIUeUll 6nIuU8 Ha AKICMb NpoOyKYii o
KoHcepgyemubca. Takooke, wupokoeo nonumy Habyeae cnocib6 cmepunizayii npooyKkmie y nomouyi.
Ilpu 6upobnenni KoHcepsié 3 NpoOOYKmMi6, w0 Marwms OOHOPIOHY CMPYKMYpPY, MOAfCIUGe
3aCMOCY8aHHA ~ MeNnn06oi  0OpobKU  npodykmy 6 nomoyi no Mipi  pyxy uHoeo 8
npooykmonposooilexnonociunutl npoyec cmepunizayii 8i00y8aemvcsi 8IONOBIOHO 00 3A2ATbHUX
Gizuunux, XimiyHux ma @i3uKo-XiMiuHUX 3aKoHie. Biooma mexHnonocis [obpobku xapuosux
NPOOYKMi6 GUCOKUM  MUCKOM, WO CHPUAE YCRIUWHOMY HPUOYUIEHHI — HCUMMEODIANbHOCTI
Be2eMamuBHUX KIIMUH MIKpOOP2aHi3Mis, alle 60HA MeHUl ehekmusHa 8 iHakmueayii cnop baxmepit
i pepmenmie. Kpim moeo, ys mexnonociss 0036015€ 00poOaAMU MIIbKU HeBeNUKi 00csaeU NPOOYKMY,
a Ons ii 30ilicHeHHs NOMPIOHI 00po2i YCMAaHO8KU. BimuusHaHumu aemopamu 3anponoHo8aud
MexXHOI02IA cmepunizayii piOKuUx Xapuosux npooyKmie, 32i0H0 3 AKO0W NPOOYKM NPONYCKAIOMb MIdiC
eNeKmpoOamMy Cmepunizamopa 3 OOHOYACHUM 6NIUBOM eNeKMPUYHO20 CMPYMY 13 UYepeyBaHHAM
noaspuocmi imnynscis. Texunonoeia 3abesneyye enekmponiasmoiz KiimuHHUX Kyaemyp, UOA1eHHs.
NPOOYKMIE eNeKMPOXIMIYHO20 PO3KAAY | 30ePerCeHHsl HCUBUTILHUX KOMNOHEHMI8 NPOOYKMY.

Knrwuoei cnoea: mexuonoeis, cmepunizayis, m'sco, nawmem, meniosa obpodka, xapyosi
NPOOYKMU.
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Anomayia. Y cmammi nageoeno pe3ynvmamu 00CIi0HCEHHs 3MIHU eHep2ii npoOpOCMAaHHs ma
CX0JICOCMI 3epHa KYKYPYO3u mpbox 2iopudis, supowenux 6 ymosax llonicca Yxpainu, 3anedxicuo 8io
cnocobie ma mepminie 36epicanHs. Bcmanoenieno, wo Ha iHMEHCUBHICMb 3MIHU MEXHOA0IUHUX
NOKA3HUKIG 3epHA KYKYPYO3U CYMmesiuie 8nIusaoms cnocoou 36epicants, NOPIiGHAHO 3 COPMOSUMU
ocobnusocmamu. JlocniodceHo, wo NpomMA2OM Nepuwux mpvbox Micsayie 30epicanHs eHepeis
npopocmanHs 3pocmac Ha 15-26 %, a cxoocicme — ma 10-13 %, 3anesxcHo 6i0 copmosux
ocobnusocmeti ma ymos 36epicanns, Haodani npomsieom 36epicanHsi 00CHiONCY8aAHI NOKAZHUKU
AKOCMI 3epHA 3HUACYIOMbCA, CYMMEGIULE 8 YMOBAX 36UUAUHUX CXOBULY.

Kniouosi cnosa: kykypyosza, 3epHo, 2iOpud, eHepeiss NpopoCMAHHs, CXOHCICMb, SKICMb,
30epieants, cnocoou 36epicanhs

Yepes BHCOKY TOTEHIIHHY BpOXKaWHICTh, TE€HETUYHY pPI3HOMAHITHICTb,
YVHIBEpPCAJIbHICTh BUKOPHCTAHHS Ta PI3HOMAHITHI CIOCOOM peaiizaiii KyKypynaza €
HANNOIIUPEHIIIO KYJIbTYpOIO Y CBITOBOMY pociuHHULTBI [1,5]. BoHa npuBabivBa
JUIA yCI1X BUPOOHUKIB, HE3BaXKat0UM Ha 00’€MH, 1i BUPOUIYIOTH SIK KPYIHI, IOTYXHI
KOMIaH1i, arpOXOJIIMHTH, TaK 1 HEBeJIMKl ¢epMmepchbki rocmoaapctBa. B Ykpaini
KYKypyJ3a 3aiiMae Teplie Miclie cepell 3€pHOBUX 3 YaCTKOIO BUPOOHMIITBA OJU3BKO
45 %, toxai sk mmenuns — 37 % [5].

Bech BupomieHuil ypoxail 1oBoAUTbCS 30epiraTd MpOTIroM MEeBHOTO Mepiony.
3a TenepiliHiX YMOB, Y 3B’A3KY 3 BINCHKOBUM CTAHOM Ta OJIOKYBaHHSIM MOPTIB IS
EKCIIOpPTY, MUTAHHS JIOTICTUKHU Ta 30epiraHHs 3epHa € Ha/I3BUYaHO BaXJIMBUMHU. [jis
rapaHTyBaHHsS TPUBAJIOTO 30epiraHHs 0€3 3HAYHUX BTPAT y KUIBKOCTI Ta SKOCTI
3epHa, MOXKJIMBOCTI HOro O€3MeYHOro eKCHOPTYBaHHs, BaXJIMBE 3HAYEHHS MAaIOTh
criocoOu 30epiranss [1,4].

[TopiBHSHO HOBUM CHOCOOOM 30€piraHHs 3€pHa, M0 J03BOJSE MIHIMI3yBaTH
CHEPreTUYHY CKJIQJ0BYy Ta II0YaTKOBI KaIlTAJIOBKJIAACHHSA, € 30epiraHHs B
OaraTomnapoBUX MOMIETHICHOBUX PYKaBax Pi3HOI MICTKOCTI. 3a JaHUMHU BUPOOHUKIB,
BapTICTh 30epiraHHs y MOJIMEPHUX pyKaBax MOXe OyTH BABIUI-BTPUYI HUKYOIO, HIK
Ha eneBaTopax. OcoOauMBO 3aTpeOyBaHUMM 1€ CHociO 30epiraHHs CTa€ y POKH
nepeBUPOOHUIITBA 3epHA, Yepe3 HecTauy IUION] Y CTalllOHApHUX CXOBHIIAX [5].

Hezanexno Bifg crnocoOiB 30epiraHHs, MpOTIrOM YyChOTO TNEPioay B 3€pHi
B110yBatoThCs (hi3uyH1, 010XIMiuHI, (1310JIOTTYHI MPOIECH, Kl MOXKYTh MPU3BOIUTH
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710 3HAYHOTO MOTIPIIEHHS MOYaTKOBUX MOKA3HUKIB SIKOCTI, 3HUKEHHS Oro XapuoBoi
Ta TEXHOJIOTIYHOI IIHHOCTI. YCHIIIHICTh 30€epiraHHs 3€pHa 3HAYHO 3aJEXKUTh 1 BiA
copToBux ocobnuBocteit [1,2,3]. ToMmy, AOCTIIKEHHS BIUIMBY CIOCOOIB 30€piraHHs
30epiraHHs Ha SIKICTh 3€pHa KYKYPY/3U Pi3HUX TOpUIIB, € aKTyaIbHUMHU.

Metoauka nocaigpxenn. Jocnimkenns B ymoBax CBK "3ops» UepHiriBchkoi
o0Jacri, sike po3ranioBane B 30Hi [lomices, mpotsrom 2020-2021 pp. i BUKOHaHHS
MOCTaBJICHUX 3aBJaHb OYyJIO TPOBEACHO MABO(GAKTOPHHMMA AOCHTIA, JUIsI SKOTO
BUKOPHUCTAIU 3€PHO KYKYPYA3U 1HO3EMHOI CeJIEeKIii MPOBIAHUX CENCKIIMHUN
komnaHii, a came: JIKC 3770 (opurinatrop kommnaHisi MOHCaHTO) (KOHTpPOJIb),
Kansiionc (KBC) ta ®enom (Cunrenra). Bci gocmimkyBaHi TiOpuau 3aHECEH1 J10
Peectpy copTiB pociivH, TOMIUPEH] Y BUPOOHUIITBI Ta MPUAATHI JIJIi BUPOIIYBaHHS
Ha 3epHO B ymoBax [lomiccs.

AHaJ3 SKOCTI HAcCiHHSA Ta 0e3MOoCepeHhO JOCIHiJHEe 30epiraHHs Moro
IPOBOAWIM B HaBUaJIbHO-HAYKOBIHM sabopaTopii kKadenpu TexHOJOTii 30epiraHHs,
nepepoOKH Ta craHfapTu3auii npoaykuii pocnuHHunTBa iM. mpod. b.B. Jlecuka
HVYBill VYkpaimm (M. KuiB) 3a 3arampHOmpuiiHITHMH MeTonukamu [4]. 3epHo
30epirayi MpOTITOM 9 MICAIIB Yy CyXOMYy CTaHI B YMOBaX 3BHYHOTO CXOBHIIA
(KOHTPOJIb) Ta MOJETIOBATM YMOBH 30epiraHHsi y 0araromapoBHX MOJTIMEPHUX
Mmimkax [4].

Pe3yabTraTn gocaimkenb. EHepris mpopocTaHHs — MOKa3HUK, SKUM CBIAYUTH
PO WIBUIKICTh NMPOPOCTAHHS 3€pHA, MOMKIIMBICTH OTPUMAaHHS APYKHIX, MILIHUX Ta
CTIMKHUX 10 HECTPUSTIUBUX YMOB CXOJiB. /laHi JiTepaTypHUX JKepes CBiYaTh, 10
HAaCIHHS 3 BUCOKOIO €HEPri€l0 MpOpOCTaHHs POpMY€E PIBHOMIPHIII CXO/H, OPIBHSHO
3 TUM, IO Ma€ OJHAKOBY CXOXKICTh, aj€ HIXKYY €Hepriro mnpopoctaHHs. Llei
MOKA3HWK BAXKIWBUHK 1 Ui 3€pHA, IO BUKOPHUCTOBYIOTh Ha BHUPOOHMIITBO COJIONY,
KpPOXMaJII0 YM NATOKU. 3MiHA €Heprii MpOpOCTaHHS 3€pHA JOCHIIKYBAaHUX TiOPHIIB
MPOTSTroM 30epiraHHs HaBejeHa Ha puc 1.
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Pucynok 1 — /lunamika eHeprii npopocTaHHs 3epHAa KYKYPYA3H pPi3HMX riOpuaiB
3aJIeKHO BiJ crioco0y Ta Tepminy 30epiranns: (%), ypo:xaii 2020 p.:
A — 30epiecants 6 yMOBAX 36UMAUHO20 CX08UWA (KOHMPOL), B — 30epiecanHs y nonimepHux pykasax
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Enepris mpopocTaHHs 3epHa JOCIIPKYBaHUX T1OpHIIB 3ajie)kasia BiJl TEPMiHIB
Ta crnoco6iB 30epirannd. HaificToTHile Ha 3MiHY IOTO TMOKAa3HUKA BILTHBAJIH
TepMmiHu 30epiranHs. [Iporsrom mepmux TpbOX MICALIB 30epiraHHsl BiAOyBa€THCS
MOCTYIOBE MiJIBUILIEHHS [[LOTO MOKa3HUKA — Ha 15-26 %, MOPIBHIHO 3 MOYaTKOBUM
3HaueHHsAM. [TomiTHimI 3MiHU B 1Ieil iepio]] BiIOyBaucs y 3epHa, 110 30epiraiocs B
yMOBax 3BHYaiiHoro cxosuina. Hagani, BigOyBanocs MOCTYNOBE 3pOCTaHHS €Heprii
IpopocTaHHs 3a 000X CMOCOO0IB 1 B KiHII 30epiraHHs Led MOKa3HUK BHUPIBHABCH 1
ctaHoBUB 83-93 % 3anexHo BiA ribpuna (3pic MOPIBHIHO 3 MOYATKOBUM 3HAYEHHAM
Ha 23-26%). HaiiBuiia eHepris NpoOpOCTaHHsS HAMpHUKIHIN 30epiraHHs BHsBJIEHA y
3epHa riopuga @eHomen — 93 %, 1o Ha 6 % Oinblile, TOPIBHSIHO 3 KOHTPOJIEM.

CXO0XICTh 3€pHa, K 1 €HEepris MPOPOCTaHHS — OAWH 3 MOKa3HUKIB SKOCTI, IO
HOPMYETHCS JIIFOYMM CTAHJIAPTOM HE TUIBKU JJIs 3€pHA HACIHHEBOTO 3€pHA, a U s
TeXHIYHMX Iiieil. CXO0XICTh 3epHa TIOpUIIB TMICIsS MPOBEACHHS MiCIA30UpaIbHOI
n0poOKku OyIa BUIIOKO, HIXK €HEPTisl IPOPOCTaHHs M KoJMBanaca y Mexax Bijg 85 1o
91 %. Hagami B mporueci 30epiraHHsl CXOXICTh 3pOCTajia, aHAJIOTIUYHO K 1 €Hepris
npopoctaHHs. Tak, MNPOTIroM MEpIIOro Micsus 30epiraHHs el MOKa3HUK
nigBuiyBaBcs Ha 2-3 % U konuBaBcsi Ha piBHI 88-94 %, 3anexxHo Bijx riopumy.
MakcumanbHUX 3HA4YE€Hb CXOXKICTh 3€pHa JOCSATia 4epe3 TpU Micsil 30epiraHHs i
craHoBmwia 93-98 %. Hamami y 3epHa, mo 30epirajiocss B yMOBax 3BHYAMHOIO
CXOBHIIIA CXOXKICTb JIEIO 3HIKyBaacs (puc. 2).
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W OKC 3770 (KoHTponk) M KaHbHAOHC DeHomeH
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Pucynok 2 — /luHamMika CX0KO0CTI 3epHA KYKYPYA3M pPi3HMX ri0puaiB y npoueci
TPUBAJIOr0 30epiraHHs 3aJ1e’KHO Bi croco0iB 30epiranns, % (ypoxaii 2020 p.):
A — 30epieants 8 yMo8ax 36UtaliH020 cxo8uwa (KOonmpous), b — 30epicants y noiimepuHux pyKasax

[Topanbiie 30epiraHHst 3epHa B yMOBax 3BHYAMHOIO CXOBHUIIA, TPU3BOIUIO 10
3HUKEHHS 1IbOT0 MOKa3HHUKA y BCiX TiOpuaiB Ha 2-3%. 3arajioM CXOXICTh 3€pHa, 1110
30epirajiocsi B yMOBax 3BUYAMHOTO CXOBHIIA, Yyepe3 9 MicAlliB 30epiraHHs cTaHOBUIIA
92-95 %, a B repmeTnyHuX ymMoBax — 94-97%.

ISSN 2567-5273 74 www.moderntechno.de



Modern engineering and innovative technologies Issue 22 / Part 1 (N§

PesynbpTaTt JmoCHiIKEHB CBIAYaTh, IO HPOTITOM MEPIIMX TPhOX MICSIIIB
30epiraHHsl y 3€pHI KyKypyI3W BiIOyBalOTHCS TMPOIECH IMICII30UPaIbLHOTO
n03piBaHHA. |HTEHCHBHIIIE BOHU NPOTIKAIOTh y 3€pHIi, 10 30epiraerbcsa B yMOBaxX
3BUYaifHOro cxoBuma. OpaHak, micas 6 MiIcCAIIB 30epiraHHs CXOXICTh HOro
3HWXKY€eTbea Ha 2-3 %. 3a 30epiraHHs 3e¢pHa y HOJIMEPHHUX pyKaBax JO3pPIBaHHS
MPOXOJUTh MOBUIbHINIE, OJHAK 1 HaJall CXOXICTh 3a TaKuX YMOB 30epiraHHs
MOCTYIIOBO 3POCTAE.

VY nporeci 36epiranns maca 1000 3epeH MoCTynoBoO 3HWXKYyBajlacs MiHiMallbHE
3HUKEHHS 1IbOTO TTOKa3HUKa OYJI0 y 3epHa, 1110 30epirajiv y pykaBax, — Ha piBHi 3-5 T.
3aranom, yepe3 9 wmicaiiB 30epiranns HaiiBuma maca 1000 3epeH Oyna y 3epHa
riopuay JIKC 3770 (koHTposs), 110 30epirajgocs B MOJIMEpHUX pykaBax, — 271 T.
Brpatu macu i npoMy BapiaHTi 32 9 MICSALIB CTAaHOBWJIM 3 T, TOIl SIK B yMOBax
3BUYAHOI'0 CXOBHUIIA — 7 T.

BucHoBok. TakuM 9nHOM, JMHAMIKa IMOKA3HMKIB SIKOCTI 3€pHA, SIK1 BU3HAYAIOTh
MPUIATHICTh HOTO JIJII BUKOPHUCTAHHS HAa HACIHHEBI Ta TEXHIYHI ITUTI, 3aJICKUTH BiJl
croco0iB 1 TpuBaJIOCTI 30epiranHs. [IpoTsarom mepmmx TpbOX MICAILIB 30epiraHHs y
3epHI  BIIOYBAalOTbCA TPOLIECH MICIA30UMpaNbHOI  AOPOOKH, IO  CIPUYUHSIE
MIJBUILEHHS €HEeprii MPOpPOCTaHHA Ta CXOXOCTI 3epHA. [HTEHCHBHIIIE IIi MPOIIECH
B1I0YyBaIOTHCSI B 3€pHI, 10 30€pIracThCsi B yMOBAX 3BUUAWHOTO CXOBHIIA, 3 TOOpUM
noctynoM kucHioo. OJHAK Hajaaml CIOCTEPITaeTbCsl 3HIKCHHS IMOCIBHHX 1
TEXHOJIOTIYHUX TOKa3HUKIB SKOCTI, BEJIMYMHA SKHUX 3aJI€KUTh Bl CIOCO0y
30epiranHs. 30epiraHHs CyXOro 3€pHa KyKypya3u (3 BojoricTio Huwxkue 14 %) B
MOJIIMEPHUX PyKaBax y TEPMETUYHUX YMOBaX NPU3BOAUTH J0 MIHIMI3alli IUX 3MiH.
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Abstract. The article presents the results of the study of the change in the energy of
germination and the similarity of corn grain of three hybrids grown in the conditions of Polissia of
Ukraine, depending on the methods and terms of storage. It was established that the intensity of
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changes in the technological indicators of corn grain is more significantly affected by storage
methods, compared to varietal characteristics. It was found that during the first three months of
storage, germination energy increases by 15-26%, and germination - by 10-13%, depending on
varietal characteristics and storage conditions. Further, during storage, the investigated grain
quality indicators decrease, more significantly in the conditions of ordinary storage.

Key words: corn, grain, hybrid, energy of germination, germination, quality, storage,
methods of storage.
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Annotation. The suitability of introduced apple varieties for processing into juices and ciders
was analyzed. High-quality juices are obtained from apple varieties: Jonagold, Red Topaz, Relinda
and Black Prince. Technological varieties with a high juice yield of more than 50%. Jonagold,
Black Prince, Luna, Sirius, Rosella, Relinda, Remo, Scythian Gold. The use of the SAF CIDER
yeast race contributes to the increase qualities of cider wines.

Key words: variety, fruits, juice, cider, chemical composition, quality.

Introduction.

Ukraine has favorable conditions for the effective development of winemaking
from fruit and berry raw materials. At the same time, an imperfect tax policy restrains
the production and introduction of new competitive fruit and berry wines and drinks
and causes the market to be filled with various synthetic drinks whose safety is in
doubt [1, 2, 3, 7].

Recently, Ukrainian consumers prefer low-alcohol and natural wines. Thus, in
the countries of Europe and the world, natural low-alcohol fruit wines are in ever-
increasing demand. Thus, the production of cider and perry in some countries
amounts to million dal per year: France - 38, England - 14, Switzerland - 8, Spain - 7.
Ukraine is quite capable of producing high-quality low-alcohol wines from fruit and
berry raw materials, the cost price of which will be low, and benefit, safety and
biological value will contribute to a positive impact on people's health. Natural juices
and cider contain natural polyphenols that help activate the work of the digestive
organs, expand and strengthen blood vessels, lower blood pressure, normalize blood
sugar levels and improve mood [3, 7].
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The formation of the quality of natural juices and ciders depends on a complex
of factors, the most important of which are growing weather conditions, varietal
characteristics, the use of pure wine yeast cultures, etc. Therefore, the sorting of
varieties is one of the effective ways of forming the planned physico-chemical and
organoleptic indicators of juices and wine materials [4, 7, 8].

Research materials and methods.

The experiments were carried out at the Institute of Horticulture of the NAASU,
in the laboratory of innovative food technologies. Wine materials were prepared
according to generally accepted technology. Apple must was fermented with the help
of pure VIVASE and SAF CIDER wine yeast cultures. After the fermentation of
sugar, the wine materials were sulfited, the containers were hermetically closed and
stored at a temperature of 3-5 °C. The raw material was obtained from the
experimental sites of the IH of NAASU. Chemical-technological studies were carried
out according to generally accepted methods in winemaking [6].

Results and their discussion.

The analysis of the obtained results showed that the juices of the studied
varieties of apples differ in biochemical composition and quality (table 1).

1. Chemical-technological parameters and quality of apple juices
Variety Content Content Content SAP Juice TE,
DSS!, % | sugar, % TA2, % output, % | points
Golden 12.0 9.6 0.23 42 55.6 8
Johnagold 11.9 9.5 0.33 29 60.0 8+
Luna 11.8 9.4 0.31 30 574 8
Reanda 13.0 10.4 0.87 12 48.6 8
Radogost 12.0 9.6 0.64 15 48.9 8
Revena 11.0 8.8 0.49 18 50.3 8
Red Topaz 11.7 9.1 0.48 19 56.0 8++
Rosella 13.0 10.4 0.29 36 58.0 7,9
Relinda 14.0 11.2 0.48 23 57.1 8+
Remo 12.8 10.2 1.19 9 57.6 8
Renora 12.0 9.6 1.01 10 47.0 7,9
Sirius 13.8 11.0 0.44 25 59.6 8
Skifske zoloto 12.0 9.6 0.58 17 56.4 8
Orion 12.6 10.1 0.43 23 53.8 8
Black Prince 12.2 9.8 0.29 34 56.7 8+

'DSS — dry soluble substances, °TA — titrated acids, >SAI - sugar acid inde, ‘TE- tasting evaluation

Among the studied samples, the highest content of DSS was noted for the
following varieties: Relinda, Sirius, Rosella, Reanda (more than 13%). In terms of
sugar content, the following varieties had the advantage: Sirius, Rosella, Orion,
Reanda, Relinda, Remo, all of which were more than 10%.

The fruits of Remo, Renor and Reand apples were characterized by an increased
content of titrated acids (more than 1%). The fruits of the Golden, Black Prince, Luna
and Jonah Gold varieties were characterized by low titrated acidity - 0.23-0.33%.
Juices and ciders from these varieties had an imbalance in taste.
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The technological suitability of the fruits for processing was characterized by
the yield of juice. On average, according to the investigated varieties, it was 55%. An
increased yield of juice was characterized by the following varieties: Johna Gold -
60%, above 55% (Black Prince, Luna, Sirius, Rosella, Relinda, Remo, Scythian
Gold), with a lower level of suitability below 50% - varieties: Renora, Reanda and
Radogost (for these varieties, the use of additional processing of the muscle with
enzyme preparations is recommended).

Analyzing the organoleptic indicators of the juices of the studied varieties, it can
be stated that all samples have good quality, but the most harmonious can be
considered: Jonah Gold, Red Topaz, Relinda and Black Prince.

The analysis of natural ciders (without the addition of sugar) made under the
conditions of micro-winemaking using different races of yeast made it possible to
establish the difference in chemical and technological indicators (table 2).

2. Chemical-technological indicators of ciders made from different varieties of
apples and using different races of yeast

Content TE
Variety / Races of yeast alcohol, | sugar, | TAl, PS?, P3, poir;t
% 00. % % mg/dm? mr/am?

Remo / VIVASE 6.1 0.1 1.02 0.45 275 7.9
Remo / SAF CIDER 6.3 0.1 0.94 0.42 300 8.0
Skifske zoloto / VIVASE 5.3 0.6 0.47 0.36 220 7.8
Skifske zoloto / SAF CIDER 5.7 0.5 0.46 0.31 245 8.0
Relinda / VIVASE 6.6 0.2 0.30 0.56 240 7.9
Relinda / SAF CIDER 6.9 0.1 0.29 0.50 255 8.0
Revena / VIVASE 6.2 0.2 0.35 0.34 250 7.9
Revena / SAF CIDER 6.5 0.1 0.32 0.31 265 8.0
Renora / VIVASE 5.6 0.7 0.84 0.38 200 8.0
Renora / SAF CIDER 6.4 0.5 0.54 0.32 200 8+

ITA- titrated acids, >PS — pectin substances, P — polyphenols, *TE- tasting evaluation

The alcohol content in all wine materials is sufficient for this type. The presence
of a small amount of sugars not used by yeast was observed in wine materials from
the Skifske zoloto and Renora varieties, which did not significantly affect the quality.

The content of TA during fermentation decreased by 10-20%, which for juices
with a high acid content had a positive effect on the organoleptic characteristics of
wine materials. Samples from the Remo and Renora varieties were rougher in taste
with excess acidity. Relinda cider had low TA.

The content of polyphenols varied slightly by varieties. The increased level of
natural P provided a slight astringency and complemented the flavor of the Remo and
Revena varieties. The content of PS during fermentation decreases by 2-3 times. The
remaining amount contributed to the stability of the samples during storage.

Remo, Skifske zoloto, Relinda and Renora varieties received the highest tasting
rating (8 points). Comparing the influence of the yeast race, it should be noted that the
SAF CIDER race proved to be better for these varieties, its use contributed to a more
complete fermentation of sugars, an intensive reduction of TA and PS, and less loss of P.
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A detailed analysis of the organoleptic parameters of the studied cider wine
materials from apples of foreign selection revealed that all varieties are suitable for
cider production (table 3).

3. Organoleptic characteristics of cider wines (vinified by SAF CIDER yeast race)

. TE*,
Variety Color Aroma Taste .
point

Golden straw-golden, transparent, clean, pleasant typical, simple 73
without shine ’

Johnagold straw-golden, transparent clean, pleasant clearly apple, 79
pleasant ’

Luna straw-golden, transparent clean, with soft simple, watery 77
compote-honey tones ’

Reanda straw-golden, transparent pure typical clean, highly 79
acidic ’
Radogost straw-golden, transparent intense, typical clean, harmonious 8
Revena straw-golden, transparent clean, pleasant pronounced apple, 2

pleasant

Red Topaz straw-golden, transparent harmonious clean, pleasant 8

Rosella straw-golden, cloudy YHUCTHUH, 3 BIATIHKAMH simple, slightly 79
MeYEHUX SI0JTyK tart ’
Relinda straw-golden, transparent intense, typical clean, harmonious 8
Remo straw-golden, transparent clean, pleasant clean, highly ]

acidic
Renora light golden, transparent intense, typical clean, harmonious 3+
with a shine

Sirius straw, light opal, dull varietal, typical, with | simple, with oily 77
shades of dried fruits shades ’
Skifske zoloto | straw-golden, transparent intense, typical clean, harmonious 8

Orion straw-golden, cloudy simple, harmonious | pronounced apple, 79
pleasant ’

Black Prince straw-golden, transparent | clean, pleasant, fresh | with spicy bitters | 7,9

*TE — tasting evaluation

The color of all samples was transparent, but it should be noted that samples
from the Rosella, Sirius and Orion varieties had a light opal. The tasters noted
different notes in the aroma of all samples, which had a positive effect on the
formation of each aromatic complex. The taste of all the samples was good, only the
samples from the Luna variety had an insufficient fullness of taste, Sirius had oily
shades, Black Prince had a piquant bitterness.

Conclusions.

Suitability for the production of juices and ciders of apple varieties of foreign
selection has been established. The highest quality juices are obtained from apple
varieties: Jonah Gold, Red Topaz, Relinda and Black Prince. Varieties with a high
juice yield of more than 50% can be considered more technological: Jonah Gold,
Black Prince, Luna, Sirius, Rosella, Relinda, Remo, Scythian Gold. The use of 2
races of wine yeast revealed that SAF CIDER is better. The obtained results should
be taken into account in the production of high-quality natural varietal juices and
cider wines in order to improve quality and competitiveness.
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BUCKTHORN OIL
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Anomauin. B pooomi pozensidaemuvcs cnocib6 cmeopents neuusa 3 NOKpAaujeHuUM CKiadom ma
0300posuoro Odicro. Taxuii eghekm Oocsaeaemvcsi 34 PAXYHOK BHECEHHs HAMYPANbHUX Odicepel
@yHryionanvHux inepedicnmis. Ilopowiok 2nody ma onisi obainuxu npu 68e0eHHi 00 peyenmypu
neyusa y Kinbkocmi 01usvko 10% 6i0 macu 6opowna ma macia 8i0nogioHo, MO*CYMb NOKPAUUMU
xapuogy ma 6io1021uHy YiHHICMb mpaouyitino2o npodykmy. Cmeopene neyuso mae Oinbuuli emicm
HE3aMIHHUX MIKPO- Ma MAKpOHYMPIEHMIB, NPOABIAE AHMUOKCUOAHMHI B1ACMUBOCMI, CHPUSE
Kpawomy mpagienHio, 3abe3neuye No3UmMusHy O0il0 HA Cepye8o-CYOUHH) CUCMEMY OpP2aAHI3MY
JIHOOUHU.

Kniouosi cnosa: neuuso, nopowiok 2100y, o001inuxos8a onis, 30azauenHs, 0300pPOGUUL
xapuosuii npoOyKm, (hYHKYIOHANbHUL XAPHO8ULL NPOOYKM

Beryn

XapuyBaHHSI Cy4acHOi JIOJUHU € OJHHUM 13 OCHOBHUX KEPOBAaHWUX UYWHHUKIB,
KU U MpaBUIIBHIN opraHizaiii Moxe 3a0e3MeUnuTH TapMOHII0 OpraHi3My JIIOIUHU
1 HAaBKOJIMIITHLOTO CEPENIOBUIIA, 110 CIPUATUME 30€pEKEHHIO 3I0POB'S Ta 37aTHOCTI
Oprasi3My NpOTUISATH BIUIMBY HECIPUIATIUBUX (PakTopiB. BuBueHHs Ta palioHalbHe
KOpDEr'yBaHHs XapuyBaHHs, 30CEpEUKEHHS YyBarM Ha Cy4YacHMX IpoOjemax
XapuyBaHHSI HAceJeHHS Ta 1X TMEPCIEKTUBHOMY PO3BUTKY € aKTyaJIbHUMU
npobjieMaMu, OCKIJIbKM € TapaHTiel0 3a0e3ledeHHs Ta 3MIIHEHHS 3JI0pOB'S Ha
ONTUMAJIbHOMY PpIiBHI, NPO(DUIAKTUKKA aTIMEHTApHUX 3aXBOPIOBaHb, 3HUKEHHS
1H(MEeKIIHHUX 3aXBOpPIOBaHb cepen HaceneHHs. L1 3amadl BUPINIYIOTHCS MIISXOM
CTBOPEHHSI HOBHUX XapyOBHX HPOJYKTIB 03J0pPOBYOr0, MNPOQPIIaKTUYHOTO Ta
(yHKIIOHAJIBLHOTO NpU3HaYeHHs [1].

Taki OpoayKTH MarwTh PO3POOJATHCS HA OCHOBI TPAAMIIINHUX XapUOBHUX
CEPEeNIOBUIl IUISAXOM IIUIECIIPAMOBAHOI 3MIHM iX OIlOXIMIYHOTO CKJIaay Ta
MIIBUIEHHS 010J0T194HOT MIHHOCTI. [IpOAYKTH KOHIUTEPCHKOI raigy3i MOXYTh OyTH
caM€ TaKMMHM XapyOBUMH OCHOBaMH, aJ)X€ BOHU € TPOJYKTaMHU MacOBOIO
CIIO’KMBAHHS, SIKI KOPUCTYIOTHCSI TIOMUTOM PI3HUX TPy HACEJICHHS, MAIOTh MOMIpHI
IIIHK, Ta, 3/e01IBIIOT0, MPUHOCATh 3aJI0BOJICHHS CIOKMBayaM 3aBISKA IMPUEMHUM
OpPraHOJIENTUYHUM BJIACTUBOCTSIM.

Xoya  aCOPTUMEHT  OOpOIIHSHUX  KOHJIUTEPCHKUX  BHUPOOIB  IIMPOKO
MPEACTABICHUM Ha BITYM3HSAHOMY DPHUHKY, aji€é BUPOOIB JIETUYHOTO, JIKYBaJbHO-
NpOQUIAKTUYHOTO Ta O3J0POBUOTO MpU3HAYEHHS Hapasi Majno. lleunBo MoxHa
BBaXXaTW MEPCHEKTUBHUM TMPOAYKTOM Il BHECEHHS JKepend (YHKIIOHATBHUX
IHIPEJIIEHTIB, TOMY IO € MPOAYKT MAacoBOIO CHOKMBAHHS, BOHO Ma€ BIJHOCHO
TPUBAJIUN TEpMIH 30€piraHHs, a TEXHOJOrId HOro 30aradyeHHs He CKJIaJHa 3 TOYKH
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30py  amapatypHoro  ogopmieHHs.  CyTTEBUM  HEJOJIKOM  OOpPOIIHSHUX
KOHIUTEPCHKUX BUPOOIB € MPAKTUYHO IMOBHA BIJCYTHICTh y HHUX TaKUX BaKIUBUX
010JIOTIYHO AaKTHUBHUX PEUYOBHUH, $K BITaMiHM, MiHEpajbHI €JIEMEHTH, Xap4OBi
BOJIOKHA TOIIO. TOMY KOHAUTEPCHKI BUPOO1 MOTPeOyIOTh ICTOTHOTO KOpPEryBaHHS iX
010XIMIYHOTO CKJIaAy y HampsiMi 30UTbIIEHHS BMICTY €CEHIJIbHUX HYTPIEHTIB MpHU
OJIHOYACHOMY 3HMKEHH1 €eHepreTUYHOI LIIHHOCTI.

OCHOBHHU TEKCT

Bupimenass 1p0oro 3aBIaHHS MOXJIHMBE [UIAXOM 3aCTOCYBaHHS JDKEPEN
(YHKIIOHATBHUX 1HIPENIE€HTIB, SIKI O 3MEHIIWIM HaAMIPHUH BMICT XUPIB Ta
BYIJIEBOIB y CKJIaJll TI€YMBA, a TaKOXX 3a0e3Meunu 03710poBUMi edeKT. 3aBIsKu
BUCOKOMY BMICTY BYIJIEBOAIB, JKUPIB 1 HEJOCTATHIN KiJIBKOCTI OUIKIB NepeBakHa
OlIBIIICT, BUJIIB [EYMBAa HE BIJANOBIJIA€ BHUMOraM HYTPHUIIOJNOTII  IIOJI0
CITIBBIJTHOIIIEHHSI OCHOBHHMX MOKUBHUX PEUOBHH.

Hampuknan, y G6aratbox BHpoOax Ha OJIHY YacTHHY Oulka mpumnamae mo 12
YacTUH BYTJIEBOAIB npu Hopwmi 1:4. HaiiGinbpima dacTka BYIJIEBOJIB MICTHUTBCS Yy
TaKOMYy pelEeNTypHOMY KOMIIOHEHTI, SIK MIleHH4YHe OopornHo. HaiiBaxmmBimmmu
CKJIQJIOBUMHU YacTUHaMH OopomiHa € Kpoxmanb Ta Ounku. [lonanm 75% Oinkis
OOpoIllHa CKJIaJal0ThCS 3 BOJOHEPO3YMHHUX Gpakiiid 1 TaoTeHiHy. JlomiinpHo
3aMIHIOBaTH YaCTHHY MIIEHUYHOTO OOpOITHA HA POCIMHHI TMOPOIIKKA 3 HU3BKUM
BMICTOM KPOXMAJTIO 1 BEJTMKAM BMICTOM Xap4OBUX BOJIOKOH.

XKupu 3011bIIYIOTH KaJOPIMHICTh 1 XapyoBYy LIHHICTH BUPOOIB, ajleé TaKOXK
MOKPAIYIOTh 1X CMakKoBl BJIACTUBOCTI, MIJACWIKOIYM 3A00HUM cMak. BoHu
MIJBUILYIOTh PO3CUITYACTY CTPYKTYpYy BHpOOIB, MOKpAllylOTh KOJIp Ha 3j1ami,
CIPUSAIOTHL  OLIBII  TpPUBAJIOMY  30€pEKEHHIO CBDKOCTI  BHUPOOIB, OCKLIBKH
YHOBUIBHIOIOTh 4epcTBiHHA. TicTO 3 [O0AaBaHHSAM JKHAPY CTa€ OUIbII ITyXKHUM,
kpuxkuM. JKupu [ meuyrmBa TOBHHHI 3a0€3MEYMTH TEBHI BIACTUBOCTI: OyTH
IUTACTUYHUMM, JaBaTH Y TICTI IJIIBKH, a HE Kparuli, TOKPUBATH IMOBEPXHIO OCEPEIKIB
TiCTA.

MacoBa yacTka >xupy y neuuBi craHoBuTh Bia 3,0 10 30,0%. 3acTOCOBYIOTH,
3a3BUYal, TBEPJl KUPU — MaprapuH, TAPOreHI30BaHI KyJiHAapHI >kupu. OCTaHHIM
gacoM IX TMpH 3aMmicl TiCTa BBOJATh Y BUIJISAIAI €MYJbCli THIy Macjo-BOJa,
3aCTOCOBYIOUH SIK eMyJIbratop ¢pochaTuam, Mo MICTATh JCIUTHH.

3 METOW MiJBUIIEHHA O10JIOTIYHOI IIHHOCTI TI€YMBa y JaHid poOoTi
3aMpONOHOBAHO 3aMIHUTH MEBHY KUIBKICTh PELENTYpHUX KOMIIOHEHTIB Ha JpKepena
(GYHKI[IOHATbHUX 1HTPEII€HTIB, 30KpeMa, MIIIeHHnYHEe OOPOITHO — Ha TTOPOIIOK TJI0/IB
IOy, @ BEpUIKOBE MAacjio — Ha OOJIMUXOBY oiio. BimomMo mpo AOUIIBHICTH
3aydeHHs IPU BUPOOHMIITBI KOHAUTEPCHKOI MPOAYKILI 030POBYOTO CIPSIMYBAHHS
TJI0JTOBO-SIT1THOT CHPOBUHM, Y TOMY YHCJI W HETPAAUIIIIHOT TUKOPOCIOi [2].

XIMIYHUI CKJIaA TJO0Iy KpPHUBAaBO-UE€PBOHOTO JIOCUTHh pi3HOMaHITHUH. [lmomu
MICTATh OpraHIyH1 KUCIOTU, COPOIT, LYKPH, BiJ 2 10 6 % NEKTUHOBUX PEUOBUH, Bij
20 go 100 mr ackopOiHOBOi KHCIOTH, Onmu3bko 2 % [-kaporuny, moHany 500 mr
JIEMKOAHTOIIIaHIB Ta CTUIBKH K aHToIllaHiB, a Takok BiTamid K, Big 1 mo 3,5 %
KYMapuHiB, KaTeXiHW, CTEpUHU, (PEHOJOKUCIOTH, (IaBOHOJIM, OJICAHOJOBY Ta
YPCOJIOBY TPUTEPIIEHOBI KUCIOTH.

I'miag xpuBaBO-uepBOHUM 301IBIIYE AKTUBHICTH CEPIEBOTO M’si3y, BHOPMOBYE
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KPOB’STHUM THUCK, 3MEHIIy€E 30YyJJIMBICTh LEHTPAJIbHOI HEPBOBOI CHUCTEMH, Y
pe3yabTaTi 4Oro COH CTa€ OLIbIN CHOKIWHUM, TIMOOKHM 1 TpUBAIUM, a ICISI
npoOyIKEHHs JII0JUHA HE B1IUyBa€ CTaHy NCUXIYHOTO MPUTHIUEHHS [3].

Omito o0NMINUXY OTPUMYIOTH IUIAXOM CHEIladbHOI OOpOOKH M’SIKOTI TIJIOJIB
OOJINUXHU Ta KICTOUOK, IPUUOMY BIJICOTOK BMICTY OJIii Y M’SIKOT1 CTAaHOBUTDH 8%, a B
kicToukax 110 12%. O6minuxoBa oisi — 1€ CIIPaBKHE JHKEPEsIo BiTaMiHIB, O10JI0TIYHO
aKTUBHUX PEYOBHH, SKI TaK HEOOXiJHI HAaIIOMYy OpraHi3My, OCIa0JIeHOMY
€KOJIOTTYHUMHU HerapazjaMu, IIaJeHUM PUTMOM KHUTTS 1 MiJBUIICHOK CXWJIHHICTIO
70 ajepriiHux peakiiii. o BiTaMmiHIB, SKI BXOIATH JO CKJIaJy OOJIMUXOBOI Oii,
HajieXKaTh ackopOiHOBa KucioTa, BitamiH P (6iodnaBanoinu), B;, Bz, By, K,
npoBiTamiH A (kapotunoigu), E (Toxodeposn). biosoriyHo akTHBHI pPEUYOBHHHU
MPEACTABICHI CTEpPUHAMHM, HEHACUYCHHUMH HKUPHUMH KHUCIOTaMHU: OJIETHOBOIO,
JIIHOJIEBOIO, JIiHOJNIEHOBOIO. Oulisi Mae sickpaBo-TloMapaH4eBe 3a0apBJICHHsS Yepes
BHUCOKHUH BMICT Y Hilf KapOoTUHOINIB [4].

OO6minuxoBa oy Mae NpPOTH3aNalbHy, BIJHOBIOIOUY, MPOTUMIKPOOHY,
010CTUMYJITIOIOYY BIIACTUBOCTI, MIJCHIIOE BUPOOJEHHS (DEPMEHTIB MiIUTyHKOBOIO
3aJ103010, 1 HaBMAK{, 3HUXKYE CEKpELil0 LUTYHKOBOTO coKy. IloTpammsioun Ha
CIIM30BY OOOJIOHKY a00 MIKIpYy, OJisi OOBOJIKAE i Ta CTBOPIOE TUTIBKY, 3aXUIIAI0YH
MeMOpaHu KJIITHHH BiJ pyHHYBaHHS, 1 3a0e31euyroud ii HeoOX1THUMU PEeUOBUHAMM.
OO6inuxoBa OJIisl € aHTarOHICTOM XOJIECTEPUHY, 3aBASKH I[bOMY BOHA 3HAWIILIA CBOE
3aCTOCYBaHHS y XBOPUX Ha aTepoCKiepo3. BoHa crmpusie MiATPUMaHHIO TOHYCY
CYJIMH, MOKPAIYIOYH iX €JaCTHYHICTh, CIIpUsi€e HOpMasi3amii GyHKIIN IUTONOAI0HO]
3a71031, HATHUPKOBHX 3aJ103, CTATEBUX 327103 TOIIIO.

Ha ocHOBI mpoOHMX BUINIYOK Ta MPHUHIMIIB XapyoBOI KOMOIHATOpUKH Oyia
po3po0JieHa Taka perenTypa 30araueHoro MmcoYyHoro nevyuna, r: 6opomrHo B/c - 100;
Maclio BEpIIKOBE - 52; mykop-micok - 40; sius - 18; mopomok mioxy - 7; omis
obminuxu - 4; ecenis - 0,3; ciiab - 0,2;. po3nymryBad - 0,1.

[TeunBo ™Mae BUCOKI (IBUKO-XIMIYHI Ta OPraHOJENTHYHI TOKa3HHKHU.
OpranonenTu4Ha OliHKa 30aradyeHoro mevrBa MoKaszaa, 10 TOTOBUN MPOAYKT Mae
npaBuwibHy (OpMy, TOBIIMHA BUPOOY pIBHOMIpHA, Kpai piBHI, MOBEpXHS 0e€3
HAJPUBIB 3 BKPAIUICHHSIMU MOPONIKY rioay. Kosip nmeunBa coioM'sHO-KOBTHI, 3amax
1 CMaKk - BJACTHBI JJaHOMY BUpPOOY, 3 JIETKUM apoMaTOM Ta MPHUCMAKOM TJIOAY Ta
OOJIMUXMU.

Ticro ayist 30aradeHoro mne4yuBa TOTYHOTh Ha MalllMHAX MEpPioguyHOl Ail. 3
ypaxyBaHHSM BJIACTHBOCTEM CHUPOBUHM ii BBOASATH y HACTYMHINA MOCIIIOBHOCTI:
IyKOP-MICOK, Ciib, PO3IJIABICHUNA >KHUp, AWUIA, MepeMillyoTh 2...3 XB 1 I0AAIOTh
posmnyuryBau (coay, BYTJIEKUCIUN aMOHii). BepiikoBe Macio KiaayTh y 30MBAJIbHY
MAIINHY; BKIIOYAIOTh ii Ha MOBUIBHUHN X1/ 1 30MBalOTh MAcCJIO O THX Mip, TOKHU BOHO
cTaHe rmacTuuHuM. Ha niboMy ertarii BBOOUThCS o0minuxoBa ofist. [lpu nmpuroTyBanHi
eMyJIbCli YaCTUHKW JKUPY PO3MOIUISIOTBCS PIBHOMIPHO 1 HE CIOCTEPIraeThCsl
po3IIapyBaHHS.

[Ticist nporo 0Aar0Th 1HIN MPOAYKTH, KpIM OOpOIITHA, BKIIOYAIOTh MAIlIMHY Ha
IMIBUJIKUHN X171 1 30MBalOTh Macy, MEPiOJIMYHO 3HIMAIOYW 3 KpaiB MalllMHU Macy, sKa
Hajura. [1oTiM 107al0Th OOPOITHO 1 MEPEMHUKAIOTh MAIIMHY Ha TUXUW XiJI, 1100
OopoiHO He po3nopouryBanocs. OJHOYACHO MOAAI0Th MOPOIIOK IUIOAIB TJIOAY Y
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KUTbKOCT1 7% A0 macu OopoiHa. JlaHa KijgbKicTh 30aradyBaya 3a0e3nedye HalKpaii
¢b13uKO-XIMI4HI Ta OPraHOJENTUYHI MOKa3HUKHU HOBOTO MEYUBA. 3aMIlIyIOTh TICTO 3
XB, OCKUIBKM TMpPH OUTBII TPUBAJIOMY MEPEMIllyBaHHI KJICHMKOBHMHA Ha0yxae€ 1 TICTO
BTpAYa€e CBOIO MIACTUYHICTD 1 BAXKKO (DOPMYETHCS.

[TnacT Ticta BumikaroTh npotsroM 10...13 xB mpu Temmepatypi 240...260 °C.
Haiikpamoro cmaky BupoOu HaOyBarOTh, KOJIM M'SIKYIIl MIPY BUIIKaHHI CTaHE CBITJIO-
’KOBTUM. TOBIIIMHA BUNIEUEHOTO MJ1acTa 7...8 MM.

[Tix vac BUXxo/y 3 medi neunuBo Mae BUCOKY Temmepatypy (118... 120° C), tomy
BUPOOM OXOJIOKYIOTh 10 Temmeparypu 65...70° C, 3a skoi BOHU HaAOYBaIOTh
TBEPJOCTI. IXx MoHa 3HITH 3 moay, a moriMm octyautu go 30...35° C Ha
OXOJIO/KYIOUHX TpaHcropTepax. OXooKeHe MEYNBO HAIXOJUTh Ha TTAaKyBaHHSI.

BucHoBKM.

OOpani mxepena (QyHKUIOHATbHUX IHTPEAIEHTIB MPU BHECEHHI IO PELENTYpPH
neyrBa MOKPAUlyIOTh XapyoBY Ta O10JOTIYHY LIHHICTh TPATULIHHOTO MPOAYKTY.
CtBOopeHe mMeYMBO Ma€ OUIBIIUK BMICT MIKPO- Ta MaKpPOHYTPIEHTIB, MPOSBIISIE
AHTUOKCUJIAHTHI1 BJIACTUBOCTI 3aBISKH TOJI(PEHOIbHUM PEYOBHUHAM TIJIOTY, CHpPHUSE
KpalioMy TPaBJICHHIO, a TAKOX MA€ MO3UTUBHY J110 HAa CEPIIEBO-CY/IMHHY CUCTEMY.

Take meurBo MO>KHA BXKMBATH BCIM BEPCTBAM HACEJICHHS, ajieé OCKUIBKU MacoBa
YacTKa >KHPYy BCE X BHUCOKa 1 MEYMBO € JOCHUTh KAJIOPIMHUM, BapTO MOPAJAUTH
BXKMBAHHS JIAHOTO MPOJYKTY JIIOJSM 13 BUCOKHUM piBHEM (h13MYHOI akTUBHOCTI. Jl0
TaKoi KaTeropii CIOXKUBa4iB MOKHA BIJTHECTH BIMCHKOBHX, JIIOACH 3 BEIUKUMU
(GI13UYHUMU HABaHTAXEHHSIM Ta aKTUBHHUM CIIOCOOOM JKHUTTS, 30KpeMa CIOPTCMEHIB
Ta TYpPHUCTIB.
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Abstract. The work considers the method of creating cookies with an improved composition
and a health-improving effect on the human body. This effect is achieved due to the introduction of
natural sources of functional ingredients. Hawthorn powder and sea buckthorn oil, when added to
the recipe of cookies in the amount of about 10% of the mass of flour and butter, respectively, can
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improve the nutritional and biological value of the traditional product. The created cookies have a
higher content of indispensable micro- and macronutrients, show antioxidant properties, promote
better digestion, and ensure a positive effect on the cardiovascular system of the human body.

Key words: cookies, hawthorn powder, sea buckthorn oil, enrichment, healthy food,
functional food.
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Anomauia. Posensoaromvcs cmamuyHi i OUHAMIYHI  61acmusocmi 0yposux 0oaim, 5K
efleMeHmi6 cucmemu A8MOMAMUYHO20 Pe2YNIO8AHHA 0Cb0B020 HABAHMANCEHHS HA OO0JOMO.
Haeseoena gpynxyis nepedaui, a maxodxc aneopummivna cmpyKkmypa 0010ma, K 00U i3 eapianmis
HeniHiuHux cucmem I ammepuwimerina.

Knwuosi cnosa: asmomamuune pecynroganms, (yHKyis nepeoavi, 0cbose HABAHMANCEHHS,
cucmemal ammepuimerina.

Beryn.

Busnauennss ¢yHkIii mnepemadi OypoBOro J0j0Ta SIK JUHAMIYHOI — JIAHKHU
ABTOMATUYHOI CHUCTEMHU KEPYBaHHS MPOLIECOM MOINIUOJIEHHS HAaTOBHX 1 Ta30BUX
CBEPJIOBUH, € aKTYaJbHOIO HAYKOBO-NPAKTHUYHOIO 33/1a4€l0 y 3B'S3KY 3 CTBOPEHHSIM
OCTAHHIM YaCOM TJIMOMHHUX MPUCTPOIB KOHTPOIIO MIBUIKOCTI OOEpTaHHS JOJIT 1, 5K
HACIZOK, 3aMKHYTHX CHCTEM AaBTOMATHYHOTO PETYJIOBaHHS, B SIKUX JOJIOTO €
eJleMeHTOM mux cucteM. [Ipu mpomy cmif BpaxyBatd, moO €(EKTHUBHICTH MPOIIECY
OypiHHS CBEP/IJIOBHH 3aJICKUTh BiJI €HEPTii, siKa MiIBOJUTKLCS 10 OypOBOTO J0JI0TA.

[Ipore, anami3 mitepatypuux mxepen [1,2,3 Ta iH.] moka3ye HeaocTaTHIi 00"em
MPOBEJCHUX JOCHIKEHbh B HAMPSMKY BH3HAYCHHS CTaTUYHHX 1 JUHAMIYHUX
BJIACTUBOCTEN OYPOBHUX JIOJIT SK €JIEMEHTIB CUCTEM aBTOMAaTHYHOTO KEPYBaHHSI.

Tomy Metoro nanoi po6otu € Bu3HaueHHs (DyHKIT Tiepenadi OypoBOro J0J0Ta
K eNeMEHTa CHUCTEMH AaBTOMAaTUYHOTO KEpPYBaHHS Ha OCHOBI EHEPreTHYHOTO
nigxoay. Ha modyatky ckoprcTaeMoch OYEBHIHUM TBEPKEHHSM, 110 €Heprist W3, ska
M1JBOJUTHCS 13 30BHI 7O OypOBOro J10J0Ta, JOPIBHIOE CyMi BHUTpAT €HEprii Ha
pyHHYBaHHS TIpChbKOi TMMOpoaAM Ha BUOOI CBepaJIOBUHM W), Ha NPOCYyBaHHS
OypuJIbHOTO 1HCTpyMeHTy W, 1 Temno W, 3a paXyHOK CHJ TEpTS NMPU PO3THPAHHI
opojiv, ToOTO:

Wz =W,+W,+W;. (1)

o cTocyeTbcst MOTY>KHOCTI N , IkKa BHUTPAYA€ThCs HA MOTIMOJICHHS BUOOIO
CBEPJJIOBUHM, TO BOHA JOPIBHIOE CyMI JIBOX MOTY>KHOCTEH: N; — MOTYKHOCTI, SKa
BUTpauYaeThCsi Ha oOepTaHHsS A0i0Ta; N, — TOTY)XHOCTI, SIKa BHUTpPAYa€TbCi Ha
noruOeHHsT BUOOI cBepyioBuHM [3]. YacTka moTy)HOCTI N B 3aJIe’KHOCTI Bij
KOHCTPYKLII 0JI0Ta 1 HOro TEXHIYHOTO CTaHy, a TakoX (PI3UKO-MEXaHIYHUX 1
abpa3MBHUX BJIACTUBOCTEH TpChKOI MOPOJIU, BUTPAYAETHCS HA TOAOJAHHS CUJI TEPTS
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1 IepeTUPaHHS CKOJIOTUX IIIMATKIB IMOPOJIH, SIKIIIO BOHU HE BiApa3y OyJiM BUHECEHI 13
CBEPJIOBUHHU, a00 MOTPANUIM 3HOB B 30HY Jii A0J0Ta. MexaHIuHy MOTY>KHICTh N,
SIKa BUTPAYAETHCS HA MOTJIMOICHHS BUOOIO CBEPIJIOBUHU, MOYKHA 3aIMACATH Y TAKOMY
BUTJISIL:
N, =F-V, 2)
ne V - MexaHluHa MIBUAKICTH OypiHHSL.
Toni moBHa MOTYXHICTh N, siKa BHUTPAYa€ThCs Ha MOTNIMOJIEHHS BUOOIO
CBEPJIJIOBUHU JIOPIBHIOE:
N = npN+ FV. 3)
B yMmoBax mnpuiHATUX AOMyIIEHh MOJEIh OYpPOBOTO J0JIOTa TPAaBOMIPHO
MPEJCTAaBUTH Y BUIJISAI QITOPUTMIYHOI JIAaHKM THUOYy "BXiJ — BUXIA", BX1THOT
BEJIMYMHOIO SIKOI € MOTYKHICTh N, sika MiJBe/IeHa 10 J10JIOTa, a BUX1THOKO — MPOX0/IKa
h, (puc.1):

N(t) ]
bypoge ) |
ZI0JI0TO

Puc. 1 — Mogeas "Bxig — Buxia' 0ypoBoro gojiora
Ircepeno [3]

JudepeHiiianbue pIBHSHHS, SKE€ MOJICNIOE POOOTY J0JIOTa 3 YypaxyBaHHSIM

MPUIHATUX MPUITYIIEHb, MA€ TAKUI BUTIIAL [2]:
2

7D
5 wph=nd-wN, 4)
7€ W — TUTOMa €HEPTrOEMHICTh PyHHYBaHHs TpChKOI MOPOIH,

D — niameTp nomnota, p= % — oneparop Jlamnaca.

PiBHsIHHS, siKe 3B'A3y€ BXITHUN 1 BUXITHUA MapamMeTpH 1€l JIAHKW 3aIluIIeMo,
KOPUCTYIOUUCH PIBHAHHAM (4), y TAKOMY BUTJISII:

s =n- NG, 5)
a00 y BUTJISI/II PIBHOLIIHHOTO HOMY 1HTETPaIbHOTO PIBHSIHHSL:
h= k[, Nyt + g (6)
1€ hy - TOYATKOBE 3HAYCHHS MPOXOAKH, £ :%, S :%2
[Ticnst mepeTBOpeHHs piBHsIHHSA (5) 3a Jlammacom oTpumaemo:
wSpH (p) = (1= )N(p) . (7)

Toni ¢ynkuis nepemaui gonora W(p), ska € BIAHOIICHHSIM 300pakeHHS 3a
Jlanmacom BuXiaHOI BenuuuHu H(p) 1o 300paskeHHs 3a JlammacoM BXiJHOI BETUYUHH
N(p) IpY HYJIOBUX MMOYATKOBUX YMOBAaX, IOPiBHIOBATUME:!

_H(p) _n(—p)
WD) =5 = €))
K
a60o W(p)= rE 9)
K =%;#) - Koe(iIieHT epeaayi 10J0Ta.
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Taoauus 1 - ®opmu 3HOCY i 3aKOHOMIPHOCTI 3MiHU B Yaci BiIHOCHOI0 3HOCY U
3yOuiB 10JIT 10 BUCOTI npu du/dt

dopmu 3HOCY 3y011iB OYpOBOTO
J0JI0Ta

3aKOHOMIPHOCTI 3MiHH B Yaci BITHOCHOTO
3HOCY 4 3yOIlIB JIOJIOTA

hy—h 2chyt
U= 0 71'( 0

h al(hy = hy)?

+1—l]

T

a
2chy cos(— + )t
p=to"t ocesty 11 +1-1
h 2 a
™ al(hy = hy) 008(5—7)

Itgy
2 +h0—h” 2Ch0f
g al[ltg}/+h0—hﬁj
2
. a
:ho—hn Zcho _Sll’l()/ 7)1‘—‘,-1—1
2
b alCho =hyr) sin}/cos%
A
_ 2¢(1—sin—)¢
P hOh i 2 +1-1

= |\ i —h,,)z{sina —(n—2)sin? ‘ﬂ

Aemopcovka po3pobka
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Tob6t0 3 mo3uiiii aBTomMaTu3allli OypoBe J0JIOTO € AUHAMIYHOK IHTETPYIOUOIO
JIAHKOIO 3 BIJMOBITHUMHU YaCOBHMH 1 YACTOTHUMU XapaKTEPUCTUKAMMU.

[Ipore npu OypiHHI HojoTamu 3 Gpe3epoBaHUM OCHAIIECHHSM a00 3 BCTaBHUM
TBEPIOCTUIABHIUM OCHAIICHHSIM BiJI0YBAETHCS 3HOIIECHHS TBEPOCIUIABHUX BCTABOK 1
3yOI11iB IIapOIIOK. 3aKOHOMIPHOCTI 3MiH1 B 4acl BIIHOCHOTO 3HOCY 4 3yOIIiB JOJIT MO
BUCOTI / Tipu pi3HUX (popmax 3aTyIIIeHHS 1 du/d:=c HaBeneHl B Tabmu 1.

3 Tabmumi 1 Oayumo, 110 MpOIEC 3HOIIEHHS 3YOIIB BigOyBaeThcs 3a
HEeJIHIMHUMU 3aKOHaMH, 1110 BIAMOBIAA€ KJIACUYHINA KpUBIM 3HOIIEHHS JlopeHiia.
HeniniitHuii Xapaktep 3MIHU 3HOCY JI0J0Ta MPUMYIIY€E MPEACTABUTH (DYHKIIIIO
nepenadi (8) y BUrIIsiA1 JOOYTKY
n 1
W) =(=mc—, (11)
a alTOPUTMIUHY CTPYKTYpPY AOJOTa Y BUTJISAII JBOX IOCHITOBHO 3'€JHAHUX JIAHOK:
HEJIIHIMHOTO €JIEMEHTY 1 17eanbHO1 IHTerpyr4oi JIaHKHu (puc. 2).
HE
TORK Vep) . Hp)
7 8 v 5

Puc. 2 AnropurmiyHa cTpyKTypa 0ypoBoro 1oJiora
IDicepeno [5]

Otmxe, MaeMO HeNiHIMHY Monenb [lammepiurteliHa [5] y BUIUISAAlL 3'€HAHHS
HEJIHIHHOT O€31HePIIHHOT YACTUHH 1 JIIHIWHOT JUHAMIYHOT JIAHKH.

[Ipu OypiHHI [0JI0TaMH 3 TBEPAOCIUIABHUM 1 ajJMa3HUM OCHAIICHHAM 1
MOCTIMHUX MapaMerpax peXUMY MeEXaHIuHa MIBUAKICT OYypiHHS NIpPAaKTHUYHO HE
3MIHIOETbCSI B 4aci, OCKIJIbKM aOpa3suBHE 3HOLICHHS TBEPAOCIUIABHUX 3YOLIB 1
aJiMa3iB HE3HAUHE.

hm

®

75

+ /"/_,.
+
5 :ﬁ:\{,

2 22N D
/ D e =

o 35 7.0 105 14.0 trog
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Puc. 3 I'padiku 3MiHM B yaci MexaHiuHoOl mIBUAKOCTI Oypinna V(7) i npoxoakun
h()
IDicepeno [4]

Ha puc.3 300paxkeHo rpadik 3MiHM OPOXOAKU A(?), ojepkaHuW mpu OypiHHI
nosoroM 295,3 T3 B inTepBanmi 4820 — 4823,7M B OJHOPITHUX IIEMEHTOBAHMUX
MICKOBAKAaX 3 IIOCTIMHMM OCHOBHM HAaBaHTaXE€HHAM Ha 1goioto F = 250xH
(cBepmnoBuna Ne 812 Hanpipusincekoro YBP BAT "Vkpuadra", cnocid OypiHHA -
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POTOpHUIA, IBMAKICTE 06epTanHs qonra —n =lc¢™!). Sk BuaHO 3 rpadikiB, HaBeIEHUX
Ha puc.3, TMPOXOJKa B dYaci 3MIHIOETHCS 3a HEIIHIWHUM 3aKOHOM, BHUKJIUKAHUM
3HOIIEHHSM 3yOI1iB monota. Ilicis migiioMmy mosioTa JJis 3aMiHM BCTAHOBJICHO, IIIO
noHaa 60% 3yO11iB Oynu CKOJOTI 017151 OCHOBU 200 BUTIAIH.

Ha ocHOBI ekcriepuMeHTaIbHUX JTOCHIKEHB 1 pe3yIbTaTiB 0OpOOKH MaTepialis,
oJlep)KaHUX IHIMUMHU JAOCTHIAHUKaMu [2+4] BCTAHOBJICHO, IO Y3araJbHEHOIO
MaTeMaTUYHOI) MOJEJUTI0 MEXaHIYHOi IMBHAKOCTI OypiHHA € MOJIEIb,

3anponoHoBaHa P.A.bananoBum:
1

V(t)=Vo(l+mn—-1g ') n1 | (13)
1€ ¥, - MEXaHiuHa MBHUJIKICTh OypIHHS HE3aTyIJIEHUM JI0JI0TOM;

m — TIOCTIHHE YMCIO, SIKE BUKOPHCTOBYETHCS SK KOE(DIIIEHT 3HOCY, IO €
(hYHKIII€:0 OCBOBOTO HaBaHTAKEHHS HA JIOJIOTO 1 MIBUJIKOCTI 00€pTaHHS.;

n — TMOKa3HHUK CTEIEHs, SKUH MO)Ke TpuiMaTH Oyb-ske 3HadeHHs Big 0 10 4 B
3QJIKHOCTI BiJ BIACTUBOCTEH J0JI0TA 1 TIPCHKOI MMOPOJIH, TOOTO 1 <[0.4].

Piusauto (13) BigmoBiza€e 3aKOHOMIPHICTH 3MIHM TIOTOYHOTO 3HAYCHHS
MPOXOJKU A 'y yaci:
n-2
o —(n-2) P -1
h(t) =V, (A+mn=115"'t) =1 (m(n=2))" | (14)

1 3QJICKHICTh TTPOXOKHU /1 B/l MEXaHIYHOI MIBUAKOCTI OypiHHS V-
V7 =vy")
my

Piusans (13), (14) 1 (15) € BaXJIMBUMM CKJIAQJOBUMH MaTeMaTHYHOI MOEINI
nporiecy OypiHHs Ha)TOBHUX 1 Fa30BUX CBEPJIOBHH.

BuchHoBok.

OTxe, 3 ypaxyBaHHSM TNPUUHITHX TNPUIYIIEHb AJITOPUTMIYHY CTPYKTYPY
OypoBOTO M0JIOTa SIK AWMHAMIYHOI JIAHKA CHUCTEMH aBTOMATHYHOTO DPETYJTIOBAHHS
napameTpiB pexkuMy OypiHHS, MOKHA TIPEICTABUTH Y BUTJISIII TIOCIIIOBHO 3'€THAHUX
HEJTIHIMHOTO €JIEMEHTY 1 11€aJIbHOT 1HTEeTrpyIoUuoi JaHKU, TOOTO Y BUIJISIII HEUITKOI
cuctemu ['ammepmireitna [4]. 1le mo3Bosisie BUKOpUCTATH TEpelaBalibHy (PYHKIIIIO
OypoBOTO [I0JIOTa SIK €JIEMEHT CHUCTEMH aBTOMATHYHOTO KOHTPOIIO 1 KepyBaHHS
MPOLIECOM MOTTMONICHHS HAPTOBUX 1 FA30BUX CBEPAJIOBHUH.

) = . y=n-2, (15)
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Abstract. The proposed «BlenLearnEnglLAN» methodology for the formation of competences
among applicants of foreign origin bachelor's degree in the « Computer Engineering» specialty
during blended learning in the «Local Networks» discipline: 1) study of basic concepts and
fundamental principles of various network technologies during lectures held using the «Zoomy
system, 2) compilation of the structure of the local network and assessment of its correctness,
according to the compiled structure, creation of a simulation model of the local network in
NetCracker Pro and conducting research on it during laboratory work carried out face-to-face; 3)
research of network traffic parameters using neural network technology and obtained data on a
simulation model during independent work using recommended sources; 4) development of
theoretical material using the lecturer's presentations and testing in the «Lidery system, arguing the
choice of network technology based on the obtained results of research on simulation models.

Key words: competence, local network, structure, assessment, technology, model, traffic,
parameter, characteristic, blended learning.

Introduction

Formulation of the problem. The current situation in the world, related to the
spread of COVID-19, caused by the SARS-CoV-2 coronavirus, has led to the use of
blended learning, in particular in the discipline «Local Networks» and the formation
of relevant competencies in first-degree holders under such difficult conditions that
confirms the relevance of the topic.

Analysis of the latest research. Assessment of competencies is the subject of
research by such scientists as: Bykov V. Yu., Gurevich R. S., Gurzhiy A. M., Morse
N. V., Ovcharuk O. V., Spirin O. M., Sysoeva S. O., Zhaldak M. 1. and others. It is
important to identify, analyze and summarize the experience of EU countries,
important international organizations and initiatives (UNESCO, ECDL,
MICROSOFT, INTEL, etc.), as well as comparability for modern Ukrainian
education in international studies of the quality of education (PISA, TIMSS,
PEARLS) [1]. The analysis of the latest research and publications [1-5] revealed the
following: 1) the lack of uniform information and communication technologies for
training in the «Local Networks» discipline; 2) the lack of a common methodology
for designing local networks; 3) the existence of a wide range of local network
simulation systems (but very expensive); 4) the peculiarities of generation Z and the
peculiarities of education of applicants of foreign origin; 5) the need for blended
learning under the conditions of the current situation in the world, and became the

ISSN 2567-5273 93 www.moderntechno.de



Modern engineering and innovative technologies Issue 22 / Part 1

basis for the development of our own methodology «BlenLearnEnglLAN».

The purpose of the article is to develop a methodology for the formation of
competencies among applicants of foreign origin bachelor's degree of «Computer
Engineering» specialty in the blended learning «Local Networks» discipline.

1. Formation of subject competencies during lectures

The proposed «BlenLearnEnglLAN» methodology provides an opportunity for a
first degree of foreign origin during lectures held using the «Zoom» system to learn
the basic concepts and fundamental principles of various technologies used in local
area networks: Ethernet; Fast Ethernet; Gigabit Ethernet; Token Bus; Token Ring;
FDDI; VLAV; WLAN. After the lectures, the applicant must study the theoretical
material based on the teacher's presentations, located in the «Lider» distance learning
system, and pass a self-test. So, for example, when studying the FDDI technology
(Fig. 1), a first-degree applicant must know the classification of nodes: by purpose
(workstation or hub); by attachment to the ring (Single Attachment, SA or Dual
Attachment, DA); by the number of MAC nodes (one MAC node, SM or two MAC
nodes, DM) and port assignment (A, B, M, S).
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Figure 1 — Using different nodes and types of FDDI ports

2. Formation of subject competencies during laboratory work
The proposed «BlenLearnEnglLAN» methodology provides an opportunity for a
first degree of foreign origin during laboratory work using the NetCracker Pro [6],
which should be carried out face-to-face, and consists of the following stages:
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designing the structure of the local network and evaluating its correctness
(preparatory stage); creation in NetCracker Pro of a simulation model of a local
network according to the assembled structure (the main stage); research on the
created simulation model of network characteristics (research stage).

Videos have been compiled on the creation of simulation models of local
networks, hyperlinks to which are embedded in the «Lider» system [3]. The
«BlenLearnEnglLAN» methodology provides the applicant with the opportunity to
conduct the necessary research on simulation models of various network technologies
and their switching versions in order to justify the choice of: a variant of the physical
implementation of a local network; communication equipment for the physical and
logical structuring of the local network; network traffic structure and use of network
technology. So, for example, the calculation between the two most distant
workstations (under the condition that twisted pair is used in the buildings, and
optical  fiber is used between the  buildings; Fig. 2), is:
PDV=(15,3+11*0,113)+(33,5+200*0,1)*2+(165+11*0,113)=289,786 bt < 575 bt,
where PDV (Path Delay Value) — signal double rotation time; PVV=10,5+8+8=26,5
bt < 49 bt, where PVV (Path Variability Value) — reduction of the inter frame
interval, which indicates the correctness of the network configuration.
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Figure 2 — The proposed structure of the Ethernet local network
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According to the complex structure of the local network, the acquirer created an
Ethernet network model in NetCracker Pro, on which the threshold number of
workstations is defined. Next, the acquirer on the model determines the network
performance threshold (in this case, 35 workstations) and conducts a study of the
network response time and the workload of the communication equipment.

3. Formation of competences during independent work

The proposed «BlenLearnEnglLAN» methodology provides an opportunity for
a foreign origin bachelor's degree graduate to acquire practical skills in forecasting
network traffic parameters using neural network technology during self-study on the
basis of recommended sources (data obtained from created simulation models is used
to form samples).

4. Using a research approach in blended learning

Hrynevych L. M., Morse N. V. and Boyko M. A. emphasize that the research
and cognitive method should become the most important component of the scientific
program at all levels and in all branches of science [2]. The areas of acquisition of
research competence of applicants should include: analytical review of scientific
sources; organization of experiments with simulation models using different
technologies (with the same parameters and under the same conditions of conducting
experiments); analysis of obtained network characteristics on local network models
using various technologies (presentation of results in the form of tables or graphs);
formulation of conclusions.

The peculiarities of generation Z and the peculiarities of the education of
students of foreign origin require the introduction of new methods in the conditions
of mixed learning and the use of interactive learning methods. So, for example,
according to the «Teaching-Learning» method [4], one student of foreign origin of
the first degree, having created a model of a local network based on the chosen
technology, explains to another student and then jointly conducts relevant studies of
network characteristics on the model. At the end, the acquirers analyze the obtained
results on models based on various network technologies.

Conclusions

1. The proposed «BlenLearnEnglLAN» methodology for the formation of
competencies of applicants for foreign origin bachelor's degree «Computer
Engineering» specialty in blended learning «Local Networks» discipline: use of
«Zoomy system during lectures; face-to-face laboratory work using NetCracker Pro;
performing independent work using neural network technology based on
recommended sources; conducting module testing in the «Lider» system.

2. Based on the use of the proposed «BlenLearnEnglLAN» methodology of
applicants for foreign origin bachelor's degree: firstly, acquires subject competencies
in the «Local Networks» discipline; secondly, acquires practical skills in scientific
activity in organizing and conducting research based on created simulation models of
local networks using various technologies.
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Anomauin. 3anpononosana memoouxa «BlenLearnEnglLANy wo00o  gopmysanus
KomnemenmHocmeu 3000)6a4ig IHO3eMHO20 NOXO0OJHCEHHS CMYNeHs «bakanaepy cneyianbHoCmi
«Komn tomepna inscenepiay npu 3miwanomy Hasyanui 3 oucyuniinu «Jloxkanoui mepesxciy: 1)
BUBUEHHSI OCHOBHUX NOHAMIU MA PYHOAMEHMATbHUX NPUHYUNIG PIZHUX MEPENCes8UX MEeXHOI02IU nio
yac JAeKyitiHux 3ausAmiu, wo NpoBO0OSAMbC 3d O00NOMO20I0 cucmemu «Zoomy, 2) CKIAOAHHS
CMPYKMypu JIOKAIbHOI Mepedci ma OyiHKa ii KopekmHocmi, 8i0n08iOHO 00 CKAAOEeHOI cmpyKmypu
cmeopennsi 8 NetCracker Pro imimayitinoi mooeni 10KanibHOI Mepedici ma npogedeHHs. HA Hei
00CiddCceRb Nid yac 1abopamopHux poobim, wo npo8oosmvCs 04HO, 3) 00CIONHCEHH NApamMempis
mepedceso20 mpaixKy 3 GUKOPUCMAHHAM HEUPOMEPENHCHOI MEeXHON02I] ma OMPUMAHUX OAHUX HA
iMimayitiniu Mooeni nio 4ac BUKOHAHHS CAMOCMIUHOL pOOOMU 3 BUKOPUCTAHHAM PEKOMEHOOBAHUX
ooicepen; 4) onpayio8anta meopemuyHo20 Mamepiany 3 6UKOPUCMAHHAM Npe3eHmayii iekmopa ma
mecmyeanHs 6 cucmemi «Jlioep», apeymeHmysanHs GUOOpPY Mepexce8oi MexHONo2li Ha OCHO8I
OMPUMAHUX Pe3YTbMAamie 00CAI0NCeHb HA IMIMAYIUHUX MOOesX.

Knrwuoei cnosa: xomnemenmuicms, 10KATbHA Mepexcd, CMPYKmMypd, OYIHKA, MEXHONO2I,
Mooenb, mpagik, napamemp, Xapakmepucmuxa, 3miuiane Hag4aHHs.
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Anomauin. binox — ocnosHull OyOisebHULL Mamepianl Opeanizmy, HOpMA K020 Mae Oymu Ha
NOCMIUHOMY KOHMPOAi O HedonyujenHs toeo Oeghiyumy. QOOunum i3 HAUOOCMYNHIWUX |
HAUNOUUPEHIUUX OOCTIONHCEHb PIBHsL OLIKI6 € OIOXIMIYHULL AHANI3 KPOBi, W0 00360JI5€ 00UUCIUMU
3a2anbHy KilbKicmb OLIKI8, a Maxkoic okpemux 1o2o gpaxyii. OOHAK 0151 OMPUMAHHSA 00CIOBIDHUX
pe3yibmamié anaunizy HeoOXiOHO OOMPUMYBAMUC OesAKUX 0008'A3K08UX NpAsUl, KpiM Mmoo, Hd
pe3yIbmamu  aHanizy MojiCymv CYmMmeEGO 6NAUBAMU NIKU, WO NputiMaomovcs nayienmom. /s
BUNAOKIB, KOJU HEMAE MOICIUBOCMI NPOSeCMU CMAHOAPMHUL OLIKOSUIl aHaliz abo He 80A€mMbCs
3a6e3neyumu 0OMeNCeHHs MmMa BUKOHAHHA 0008'A3KOBUX YMO8, NPONOHYEMbCA MEXHONO02Is
IHMeNeKmyaibHo20 PO3NI3HABAHHS pi6Hs 0iKoso2o Oanancy. Mema 0ocniodceHHs — cunmes
Helpomepedcesoi Mooeni po3Ni3HABAHHA PiBHs OIIKOB020 OANAHCY 00CNIONHCYB8AH020 CYO'ekma Ha
OCHOBI OMPUMAHHA 3HAHb 3 pPEenpe3eHmMamusHoi eubipKu npukiadie 3 0azu icmopiti xeopoo,
nog'sizanux 3 Oeghiyumom Oinkosux @pacmenmis. 3a60aHHA 3HAXOONCEHHS OYHKYIOHANbHOL
3anexucHocmi OLIK08020 6ANAHCY 60 3HAYEHb CUMNMOMIB BUPIULEHO 3ACHOCYBAHHAM MEXHONO02T
NPUMYCOB020 HABUAHHA HEUpPOMepedc Mma pedni308aH0 MOOeIaMU 3 PI3HOK apXimeKmypor K
3a60anHs  po3nizHasamwHs o06pazie. I[lpakmuuna 3HAUUMICbL Pe3yTbMamie — MONCIUBICIL
OMPUMAHHS 000AMKOBO20 HE3ANEHCHO20 KAHANY aHANi3y OiIKo8oeo banancy 6e3 HeoOXiOHOCmI
BUKOPUCAHHSA MPAOUYIIHO20 Memody OIOXIMIYHO020 AHANI3Y KpPOSI 3 U020 0OMedlCeHHAMU Mmda
npomunoxazanuamu. Cunme308anuti aHcamoOnbL Mooenel, aloOpumMIYHUll ma NnpoSPaAMHULL
IHCmpymMeHmapii 00360JI10Mb POSUWUPUMU 3ACTNOCYBAHHA MA 3HUSUMU BUMO2U 00 0OMEHCeHb, U0
Maoms micye npu mpaouyitiHux Memooax anauizy.

Knrwowuosi cnosa: 6inkosuti aumaniz, iHmMeneKmMyaibHUll aHAli3amop, HeUpoHHA Mepedicd,
PO3NI3HABAHHS, O3HAKU-CUMNIMOMU

Beryn.

binox — ocHoBHUI OyaiBeNbHUN MaTepiaj Hamioro opraizmy. IcHye Oe3miu
pI3HUX THUMIB OLIKIB, KOXXE€H 3 SKHX Ma€ CBO€ MPHU3HAUYCHHA Ta BUKOHYE IIE€BHI
¢byskuii. bynb-ske BIAXWICHHS BiJl HOPMHU NPU3BOJIUTH J0 OCIabIEHHS OpraHi3mMy
Tiel0 4u iHmow Miporo [1]. Omke, HOpma Oulka B opraHi3mi MOBHMHHA OyTH Ha
MOCTIHHOMY KOHTPOJII JJIsi HEOMYLICHHs HOoro Ae(iuTy, Npoueaypa OLiHIOBAHHS —
0e300J1icHa, OlepaTUBHA, MaJ0 BUTPATHA, MOCTIHHA Ta epeKkTuBHA. MaTtepiaioM s
JOCJIDKeHb OlJIka HavacTiie cTtae KpoB. bioXiMiYHMN aHami3 KpoBI — OJHE 3
HaWJIOCTYIHIMIUX 1 HANTOMMPEHIIINX JOCTIKeHb BUABJICHHS piBHs OikiB [1]. lei
aHaii3 J03BOJISIE OOUMCINTH 3arajbHy KUIBKICTh OLJIKIB Ta OKPEMHUX HOro (paxiii.

Opnak juisi TOro, MO0 aHami3 JaB JIOCTOBIPHHMM pe3yjibTaT, HEOOX1THO
JOTPUMYBATUCh JIESIKUX OOOB'SI3KOBUX MpaBwil. KpoB Ha aHalli3 3arajbHOTO PIBHS
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O11Ka 37ar0Th BpaHill A0 xki. [Ipyu nmpomy OakaHO YTPUMYBATHChH Bl OyAb-sSKOI 1K1
npotsiroM 10-14 rogun g0 3maul aHamizy. 3a A00y [0 MPOBENEHHS TOCIHIIKCHHS
HEOOX1ZIHO BHUKIIOUUTH OyAb-aKi (Pi3u4HI HABaHTaXEHHA Ta OakaHO EMOIIiiiHI,
B)KMBaHHS aJKOTOJIIO HaBITh y Manux ao3ax. Kpim Toro, ciia BiAIMOBUTHUCS Big Oy/Ib-
SKUX COJIOJIKMX HAIlOiB — COKIB, TA30BAaHOT BOJIM, YaIO Ta KaBH 3 I[yKPOM.

Ha pesynbratu anamizy MOXYTb CYTTEBO BIUIMHYTH JIIKH, IO MPUIAMArOThCS
narieaToM. OH1 (aHa00JIKH, IMyHOICTIPECAHTH, IHCYJIIH TOIIO0) MOXKYTh MiABUIIUTH
piBeHB O1JIKa, 1HII — 3HU3UTH, 1110 CIIOTBOPIOE peaibHy KapTHHY O1JIKOBOTO OajiaHCy.

MeTta nocJiaKeHHs.

JUist BUNAAKIB, KOJM HEMA€ MOXJIMBOCTI IMPOBECTH CTAHAAPTHUN OLIKOBUI
aHaii3 abo0 He BIAETbCS BUKOHAHHA MEPEPAXOBAHUX BHUIIE OOMEXKEHb Ta
00OB'A3KOBUX YMOB, MPOMOHYETHCS TEXHOJOTIA IHTEJIEKTyalbHOTO  aHAJI3Y
PETPOCIEKTUBHUX MPELEJCHTHUX JaHUX Ha OCHOBI PENpPE3eHTATUBHOI BUOIPKHU
MPUKIIAIIB 3 0a3u OJHOTHUITHUX 1CTOPiM XBOPOO, MOB'I3aHUX 3 AePIIUTOM OLIKOBUX
¢parmeHTiB. 3 ypaxyBaHHSM TOTCHIIIMHUX MOMJIMBOCTEH ICHYIOUMX IIaKETIB
TEXHIYHOT'O aHaI3y JIaHUuX, 0a3u MpeneAeHTIB [2], TOIMUIBbHO BUPIIIMTH 11€ 3aBJIaHHS
Ha OCHOBI NMPUMYCOBOTO HAaBYAHHS aHCAMOJIIO0 HEHMpOMEpEKEBUX Mojieiel, BUOpaTH
HaWKpally Ta BUKOPUCTOBYBAaTHM ii SIK CAMOCTIMHMIA KaHajd OMEPaTUBHOTO, HE
KPUTUYHOTO JI0 PALY MOOYTOBUX OOMEXEHb, MPOAYKTUBHOTO PO3Mi3HABAHHS PIBHS
oinkoBoro Oamancy [3-4]. OTxe, METOIO JOCTIDKEHHS € CHHTE3 HEeUpOMEpPEKeBOi
MOl PO3Mi3HAaBaHHS PIBHA OUIKOBOro OanaHCy MOCHIIKyBaHOro cyO'ekta Ha
OCHOB1 OTpPHMAaHHSI 3HaHb 3 PENPE3EHTATHUBHOI BUOIPKH MPUKIAAIB 31 3HUKEHHAM
P1BHSI OOMEXYBAJIBHUX YMOB Ta 30€peKEHHAM HEO0X11HOI €(EeKTUBHOCTI.

MaTtemaTH4YHA NOCTAHOBKA 3a/1a4i.

HeoOx11HO BU3HAYMTH BHJ AHANITHYHOIO 3B 43Ky (/) CHMITOMIB OpraHi3My
cy0’exta (X) 3 piBHem OinkoBoro Oamancy (Y) (HopMma, AediluT, HAIJIWIIOK) SK
B1JI0OpaXkeHHs MpocTopy (hakTopiB (03HAK) HA MPOCTIP CTaHIB (KJIACIB) 13 3alaHUMHU
MOKa3HUKaMHU SIKOCTI [4]:

F:X Y, XcR",Y,, c®, (1)

ne X — BeKTOp 3a(iKCOBaHMX O3HaK cTaHy OUIKOBOro OamaHcy cyO'ekrta; Yo, —
BUXI1JHE 3HaUEHHS KJacy (piBHsI O1JIKOBOTO OanaHcy).

AHaJITUYHUN BHUJ LIBOTO 3B’SI3KY MOXHA BU3HAYUTH, BUXOISYHM 3 TEOPEMU
KonmoropoBa-ApHoipaa Mpo MpencTaBieHHs (PYHKIII KUIbKOX apryMEHTIB 4epes
CyMy KOMIO3UIIN (yHKLIA OAHi€l 3MIHHOI Ta 1i KOHBepTalii B HEeHpOMepeKeBUi
dbopmar Xext-Hinbcena [2-4]:

M
y(x) =a>v, (wﬂxl + Wi Xy et Wy, X, + ui), (2)
i-1

ae M — TOTyXHICTb HaBYaJNbHOI BUOIPKH, @,V — IMapamMeTpu HEHpoMepexi, n —
KIJIBKICTh HEWPOHIB, W;;, W) ,..., W;,, — BarOB1 KO€(II[IEHTH HEHPOHIB.

Tomi momyk BaroBux KoedilieHTIB ImykaHoi ¢yHKIT (2) 3BOAUTHCS 10
MPUMYCOBOTO HAaBYAaHHS HEHUPOHHOT Mepexi (abo aHcamOm0 Mojenei pi3Hoi
apXiTeKTypH) Ha TPUKIaNax 3 0a3W JaHMUX, SKE 3aBEPIIUTHCS MICIS JOCSITHECHHS
3aJ1aHOi MPOJYKTUBHOCTI (MMOBIPHOCTI pPO3Mi3HABaHHS KJacy) MpU MPHUITYCTUMHUX
MOMMJIKAX Ha HaBUYaJbHIM Ta TECTOBI MHOXHHAX MNpUKIAAiB. DopManbHO IIei
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IpoIIeC MOXKHA TIOIATH Y CUMBOJIBHOMY BUTJISIAL [4]:

max P(S,X) npu o<y, 3)
e P(S,X) — BupilmanbHe MPaBUIIO PO3Mi3HaBaHHS KiaciB S y MpocTopi o3HAK X;
se€S,S — MHOXHHA PiBHIB OUTKOBOTO OaJaHCy CTaHIB Cy0'€eKTa MOCIIKEHHS, IO
po3ni3HatoThesa; x € X, X — MHOXHMHA BXIIHUX (aKTOPiB-CUMIITOMIB Cy0'ekTa; & —
pPiBeHh MMOMWJIOK HAa HABYAJIBHIN Ta TECTOBIM MHOXXHHAX; 0y — JOMYCTUMI MOMUJIKU
HaBUYaHHS MOJIEJIC Ha HAaBYAJIbHOMY Ta TECTOBOMY MHOXHHAX.

Komu mpotiec HaByaHHs Oy/ie 3aBEpIIICHO, MEpekKa CTa€ 37JaTHOI0 Peali30ByBaTH
ONTHMAJbHUI aJrOpUTM pO3Mi3HaBaHHS 00pa3iB 3a MPABUIOM NEPEBIPKH TINOTE3
(mpaBwio baiteca) mpu momaui Ha i1 BXIJ BEKTOpa O3HAK (CHUMIITOMIB)
JOCIIIIKYBaHOTO cy0'ekTa. Dopmaizailis 1[bOro npolecy mpeacTaBiieHa B [4-6].

CyKynHICTh BXIIHUX YHUHHHKIB X "={xi,X2,...,X,} € X pa3zoMm 13 andaBiToM
KJIaciB 3a0€3IMeUyI0Th pealti3allito mpaBujia po3mmizHaBaHHs o0pa3iB [3]:

Wy € Qy, sxmo L(w,{w,}) =sup ; L(o,{o;}) (4)
L(o{w,}) > v, €Yy,
pe X"={xix2,....xa} € X — CyKymnHICTb BXifHHX (haKTopiB; L(w,{®w,}) — mpaBuio

BIJHECEHHsI Cy0'ekTa 3 HAOOPOM BIANOBIIHUX O3HAK (@) IO BIANOBIIHOTO KJACy
{w}; {w} — MHOXUHA KJ1aciB (piBHIB O1IKOBOTO OanaHcy) (p,g) y npocropi o3Hak (£,
[) mpu BCIX iX MOMXJIMBUX NOETHAHHIX (Wpk, Wgi).

BianoBigHo 10 Teopii Ta mpaBuiia HaBYaHHS MEPEXKI CJIIJI O4iKyBaTH, 10 ICHYE
Takui HaOlp unucen H,n,a,v;,u;, IpU SKUX QyHKLISA Y aIPOKCUMYETbCS psaaoM (2)
no BCiit o0acTi 11 BU3HaYeHHs 1 Moke OyTH peani3oBaHa 3a JOMOMOIOI0 TPUIIAPOBOT
HEHUPOHHOI Mepexi 13 3amaHor0 nmoxuoOkoro. lle dynmameHTanbHe MOJIOKEHHS, L0
J03BOJISIE BCTAHOBUTHU JETEPMIHOBAHUM aHATITUYHHUM 3B'SI30K YCI€I CYKYMHOCTI
CHUMIITOMIB-03HAK 31 CTYIIEHEM O1JIKOBOTO OajlaHCy Cy0'eKTa.

@®opMyBaHHS HABYAJbHOI BUOIPKH.

IndopmatuBH1 03HAaKK cTymneHs OanaHcy Oinka (Hopma, nediluT) B OpraHi3Mi
MPE/ICTABJICHI BEKTOPOM 3HAYEHb y (POpMATI PENPE3CHTATUBHOI BUOIPKU MPUKIAAIB Y
BUrisiAl [1]: moctiitHi HaOpsiky, pi3Ke 1 O3NPUUMHHE 3HMXKEHHS Baru, COHJIMBICTD Ta
3aHemnaja CWi, cIaOKiCTh, TpUBAJa Jiapesi, OUTh y cyrio0ax Ta KiCTKax, MO>KOBTIHHS
HIKIPHUX TOKPUBIB Ta OUIKIB O4YeH, 3HIKEHHS 1IMYHITETY, 4acTi 3acTyau. DyHKII0
cTaHy OTKOBOTO OaylaHCy MO>KHA omnucaty kinacamu: 1 (HopMma), 2 (medinur).

[Ipu oMy HasiBHICTH 200 BIJICYTHICTh CUMIITOMIB Jedinuty OuTka (pikcyeThCs
B HOMIHAJIHHOMY BUPQKEHHI (CMMBOJAMH) 1 MpEJCTaBIeHA TaOJIMYHO, K MMOKAa3aHO
Ha (parMeHTi BUOIPKU MPUKIAAIB 3 9-Ma 03HaKaMu Ta 2-Ma kiacamu (puc.l).

BXimHi ycTaHOBKM peXHUMIB pPOOOTH, METOJIB HaBYAHHS, AapXITEKTyp Ta
CKJIaJIHOCT1 MOJIeJield BUOMPAIOTHCS Ha PO3CY[ JOCTIIHUKA Ta MOXJIMBOCTEH TMakeTa
TEXHIYHOTO aHa3y.

[linnamryBaHHs BaroBUx KOeQIlLI€HTIB HEUPOHIB Oa3yeThcsl HA Mepedopi BCIX
MOXJIMBUX BapiaHTIB TO€AHAHb Bar CHHAICIB 3a aJrOPUTMOM 3BOPOTHOTO
MOIIMPEHHS MOMUJIKY 3 PI3HUMHU Moaudikauismu [2-5].
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Puc.1. ®parMmeHT HABYAIbHOI BUOIPpKH

Takum 4yuHOM, y pe3ynbTaTi CHHTE3y aHcamOIl0 MojeNell 3 MPUMYCOBUM
HABYaHHSIM Ha peNpe3eHTAaTUBHINA BUOIPI MPUKIAIIB 3 PETPOCIEKTUBHOI MHOXHHU
0a3u JTaHUX MPEACTABJICHI PE3YyJbTAaTH JIOCIIIKEHb 3 OI[IHKOI SKOCTI Pe3yJbTaTiB
MoJietoBaHHsA. ExcrnepuMeHTanbHl  JOCHIIKEHHS TI0Ka3ajdu CTIHKY 301KHICTb
MpOIeCy HaBYAHHS JI0 MiHIMAJIbHUX MTOMUJIOK IIPH JIOMIHYBaHHI YMCJa CUMIITOMIB Y
pAZIKax CIOCTEPEKEHb KOXKHOTO KJIACy CTaHIB Cy0’ €KTIB (pucC. 2).
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Puc 2. I'padixy HaBuaHHA HellpoMepesKeBUX Mo/e/Iel 3 PI3HMMH apXiTeKTypamMu
Ta CKJIAHICTIO
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VY 1bOMy BHUIMAAKy €KCIEPUMEHTAIbHO JOCATANMCS MPUUHATHI ISl MPAKTUKU
OPOAYKTHBHICTH Ta TOYHICTb, IO JO3BOJSE TOBOPUTH TIPO CIPOMOXKHICTD
pe3yIbTaTIiB MOJACIIOBAHHS Ta JOIUIBHICTh MPAKTUYHOTO BUKOPUCTAHHSI OTPUMAHUX
pe3ynbTaTiB ISl PO3IMi3HABaHHS pIBHIB OLIKOBOro OanmaHCy cy0'ekTta, IO
JIOCITITKY€ThCS.

B pe3ynbrati MosietoBaHHS BAJIOCS JOMOTTHCS CTIMKOI TeHICHIIT y 301KHOCTI
ITEepaIlifHOro TPOIECY HABYAHHS JI0 MIHIMAIBbHUX TIOMHJIOK Ha HaBYaJbHUX Ta
TECTOBUX MHOXHWHaX. [IpOMYKTHBHICT, CHHTE30BAaHUX MOJCICH BHIBUIACS
NPUAHATHOI JUISI TPAKTUYHOTO 3acTOCYBaHHSA. [HCTpyMEHTaabHO 3aBJIaHHS
BUPILIEHO HA IJIAT(OPMI TaKeTa TEXHIYHOTO aHAJI3Y JaHUX.

TakuM YMHOM, I1HTENEKTYaJIbHUN aHami3atop OuUIKOoBOro OanaHcy B 0aszuci
IITYYHUX HEHUPOHHUX MEPEX MPaKTUYHO peai3yeMui, JO03BOJISIE JTOCSATTH
HEOOXITHUX  XapaKTepUCTHK (TOYHICTH Ta  MPOAYKTHUBHICTH), 3a0e3nedye
OTEPATHUBHICTh aHAJI3y Ta HE BUMara€e J0JIaTKOBHX MaTepialbHUX Ta (PiHAHCOBUX
BUTpAT.

BucnoBku.

JIyist po3mi3HaBaHHS CTYTMEHs OLTKOBOTO OaniaHcy cy0'ekTa mOTpiOHO BU3HAYUTH
(GyHKIIOHATBHY 3aJICXKHICTh 11 BiJl 3HauYeHb cumnToMiB. Ll 3amaya BupimieHa
3aCTOCYBaHHSAM TEXHOJOTIi MPUMYCOBOTO HABUaHHS HEMpOMEpEX Ta pealizoBaHa
MOJICIISIMH 3 P13HOIO apXITEKTYPOIO Ta CKIAJAHICTIO 5K 3a7a4a po3Mi3HaBaHHs 00pasiB.

[lpakTyHa 3HAYMMICTH pE3YyJbTATIiB MOJETIOBAHHA TIONSTa€ y CHHTE31
MPOAYKTUBHUX MOJICJIEH OIIIHKK CTaHy OULIKOBOro OajlaHCy Ta MOMJIMBOCTI
OTPUMAaHHS JI0JaTKOBOTO HE3aJIEKHOT0 KaHaldy aHamidy OiIKoBOro OaiaHcy 0e3
HEOOXITHOCTI BUKOPUCTAaHHSA TPAAULINHOTO METOAY O10XIMIYHOrO aHami3y KpoBi 3
Horo OOMEKEHHSIMU Ta MpoTUNoKa3zaHHIMU. CHUHTE30BaHUN aHCcaMmOJib MOJETeH,
QITOPUTMIYHMA Ta TOPOTrpaMHUM  IHCTPYMEHTAapiil  JAO3BOJISIIOTE  PO3LIUPHUTH
3aCTOCYBaHHS Ta 3HU3UTH BUMOTH JI0 OOMEXEHb, 1110 MaIOTh MICIIE TIPU TPAAUIIITHUX
METO/Iax aHaTi3y.

OyHKIIOHATBHO MporpaMa CUHTE30BaHUX MoJeNiel Moke OyTH peanizoBaHa sIK
caMOCTIiifHa rporpama B OCHOBHOMY MPOTPAMHOMY KO/Ii TAKETy TEXHIYHOI'O aHai3y,
10 PO3LIMPIOE MOXKJIMBOCTI MPAKTUYHOI peati3allii ITyYHOTO 1HTEJIEKTY, PO3IMIUPIOE
KOJIO KOPHUCTYBadiB Ta JOCTYHHICTh JO OUIbII €(pEeKTUBHOIO MEXaHi3My
CaMOKOHTPOJIIO 3/I0POB'sI TPOMAJISIH.
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Abstract. Protein is the main building material of the body, the norm of which must be
constantly monitored to prevent its deficiency. One of the most accessible and common analyses of
protein level is a biochemical blood test, which allows you to calculate the total amount of proteins,
as well as its individual fractions. However, to obtain reliable results of the analysis, it is necessary
to follow some mandatory rules. The medicine taken by the patient can also significantly affect the
results of the analysis. For cases where it is impossible to conduct a standard protein analysis or to
provide restrictions and fulfillment of rules, a technology for intelligent recognition of the protein
balance level is proposed. The purpose of the study is to synthesize a neural network model for
recognizing the protein balance level based on extracting knowledge from a representative sample
of examples in the database of medical histories associated with a deficiency of protein fragments.
The task of finding the functional dependence of the protein balance on the values of the symptoms
was solved using the technology of forced learning of neural networks and implemented by models
with different architectures as a problem of pattern recognition. The practical significance of the
results is the possibility of obtaining an additional independent channel for the analysis of protein
balance without need to use the traditional method of biochemical blood analysis with its
limitations and contraindications. The synthesized ensemble of models, algorithmic and software
tools make it possible to expand the application and reduce the requirements for the restrictions of
traditional methods of analysis.

Keywords: protein analysis, intelligent analyzer, neural network, recognition, signs-symptoms.

Crarts Bianpasiena: 20.08.2022 r.
© AnpommuH C.II., I'atitan O.M.

ISSN 2567-5273 103 www.moderntechno.de



‘ _

Modern engineering and innovative technologies Issue 22 / Part 1 ﬁ \

http://www.moderntechno.de/index.php/meit/article/view/meit22-01-038
DOI: 10.30890/2567-5273.2022-22-01-038

V]IK 004.4

WEB APPLICATIONS TECHNOLOGICAL STACK
TEXHOJIOTTYHUM CTEK POEOTH BEB-1IOJATKIB
Mychuda L.Z./ Muuyaa JL.3.
d.t.s., prof. / 0.m.u., npog.
ORCID: 0000-0001-8266-1782
Korobeinikova T.I. / Kopobeiinikosa T.I.
c.L.s., as.prof. / K.m.u., 0oy.
ORCID: 0000-0003-2487-8742
National University “Lviv Polytechnic”, Lviv, S. Bandery St., 12, 79013
Hayionanonuii Ynieepcumem «J/lvgiecoka nonimexuixay, Jlvsis, C. banoepu, 12, 79013
Nepyivoda M.V./ HenuiiBoga M. B.
c.t.s., as.prof. / k.m.H., 0oy.
suxnaoay cneyoucyuniin / teacher of special disciplines
ORCID: 0000-0002-9383-7752
Rekalo O. V. / Pekaiuo O. B.
suxnaoay cneyoucyuniin / teacher of special disciplines
ORCID: 0000-0003-3264-6263
Vinnytsia Technical Vocational College, Vinnytsia, Khmelnytskyi Shosse St., 91/2, 21021
Binnuyvxuii mexniunuii gpaxosuii konedxc, Binnuys, Xmenvrhuyvke wioce, 91/2, 21021

Anomauin. B yiii pobomi po3ensoaromscsi MeXaHizmu i aneopummu pooomu cepeepHux
000amKis, 30KpemMa MeXHONO02IU, Ha 6a3i AKUX po3poOAAIOMbC cami 000AMKU, MEXHOI02TT
HAUOINbW NONYAAPHUX OA3 OAHUX, MEXHONO02lI 30UPaHHs Ma PO320PMAaHH 000amKie i apianmu ix
PO3MiUeHHsl 8 pOOOHOMY cepedosuLyi.

Knwuosi cnosea: se6-oooamox, mpupieneéa apximekmypa, MeXHOIO02IYHUL CmeK pobomu
6e0-000amKis, piseHb npeseHmayii, pieHb 000amky, pigens 36epicanns, SPA, CDN, mononimua
apximexkmypa, mMikpocepsic, baza oanux, inghpacmpykmypa 6eb-0ooamxkis, Saas.

Beryn. B o0uucnroBanpHUX cHCTeMax BeO-T0MATOK — 1€ KIIIEHT-CEpPBEpHA
KOMITFOTEpPHA MPOTrpamMa, 3 KO KJIEHT (BKIIOYHO 13 iHTep(deiicoM KOopucTyBada Ta
JIOTIKOIO Ha CTOPOHI KJII€HTA) Tpairoe 3acobamu BeO-OpaysepiB [1, 2]. 3aranpHuit
nepenik BeO-mporpamM MICTHTh Taki, SIK BeO-moiiTa, po3ApiOHi mpoaaxi B [HTepHerTi,
oHJaiiH-aykuioHun Ttouio [3, 4]. Ilporpamm 3a3Bu4ail po30MBaIOTHCS Ha JIOTIYHI
dbparMeHTH, SKi Ha3UBAIOTHCA «PIBHSAMU», JI€ KOXEH PIBEHbh MAa€ CBOKO POJIb.
TpanuiiitHo, MPUKIIATHI TPOTPaMU CKIAJAIOTHCA 3 OJTHOTO PiBHS (PIBHS KIIIE€HTCHKOI
MaIIIUHM ), ajie BeO-10AaTKU MPUPOAHBO MPOTPECYIOTH /10 #-PIBHEBOTO IMIAXOTY.

IcHye Oarato BapiaHTIB CTPYKTYpH BeO-J0JATKIB 1 HANOUIbII MOIIUPEHOIO €
TpupiBHeBa. JJIs TakuxX JOJATKIB, KIHIEBUM 3aBJaHHSIM SKMX € BJIACTUBOCTI
BIJIMOBOCTIMKOCTI ~Ta aBTOMacuITadyBaHHS [S5, 6], TPOMNOHYEThCA  TaKHM
TEXHOJIOTTYHUM CTEK poOOTU BEO-I0AATKIB: npezenmayii, 000amk)y 1 30epieanHsi.

Be6-6pay3ep — nepmnii piBeHb (piBEHb MPE3EHTALIIT); PIBEHB, 110 BUKOPUCTOBYE
nesiki TexHosorii auHamigyHoro BeO-xkoHTeHTY (Hampukiang ASP, CGI, ColdFusion,
Dart, JSP/Java, Node.js, PHP, Python a6o Ruby on Rails) — me apyruii piBeHb
(piBeHBb AOJATKy — TOOTO, JOTiKa MporpaMu); a 0a3a JaHUX — 1€ € TPETid PIBEHb
(piBenb 30epiranns). BeO-Opayzep Hajcwiae 3amuTH 0 JAPYTrOro piBHA, IO
o0cnyroBye Moro B TOW 4ac, KOJIM BUKOHYE 3allUTH 1 BUKIUKAE OHOBJICHHS IIOJ0
6a3u nanux (bJ1) ansa Toro, abu 3renepyBaTu iHTEpdEic KOpUCTyBaya.
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B3aemonis cki1aioBUX Y TPUPiBHEBIN apXiTeKTypi.

TpupiBueBa apxiTekTypa (puc.1) moxxe OyTH neranizoBaHa 1 yCKIaJHEHa i yac
pO3po0IeHHS O1NIBII CKIaIHUX JOAATKIB, 1 TOJ1 MOXKEe OyTH JOPEYHUM BUKOPUCTAHHS
n-SIPyCHOTO MIAXOMdY, /e HAaHOUIBIIO TEPEeBarol0 CTaHe PO3AUICHHS O13HEC-JOTIKH
Ha piBHI JojaTka Ha OuTeIn ApiOHI Mojeni. JloJaTKOBOIO IEpeBaror MOXKE CTaTH
JI0JIaBaHHs PIBHS 1HTErpallii, 110 BIAOKPEMIIIOE PIBEHb 30epiraHHs JaHUX BiJl PEeIUTH
piBHIB 13 3a0€3MEYEeHHSIM TPOCTOTO 3a peaiizalfiero iHTtepdency mns A0CTymy 0
nanux. CKakiMo, KJITIEHTCHKI J1aHl OyAyTh IOCTYMHI 32 IOMIOMOTOI0 BUKIUKY (DYHKIIT
«list_clients()» 3amicTh TOTrO, 1100 3poOoUTH SQL-3anmuT Ge3mocepeHbO A0 TabJIHUII
kiieHTiB B/I. Lle no3Bosie 3aminutu ocHoBHY B/l 03 i Mmonu@ikarii Ha 1HII1 PiBHI.

JIBopiBHEBA apxiTeKTypa nepeadayvae BeO-10/1aTOK SIK ABOPIBHEBY apXiTEKTYpy
13 «pO3yMHUM» KJIIEHTOM, SIKUM BUKOHYE BCIO POOOTY 1 3aIIUTy€E «IPOCTUI» CEPBEP,
ab0 X «IPOCTUI» KIIEHT, SIKHA OMUPAETbCS Ha «pO3yMHUI» cepBep. Tojl Kii€HT
o0po0Oisie piBeHb mpe3eHTarlii, cepBep Oyne mpaitoe 3 BJ[ (piBeHb 30epiranHs), a
Oi3Hec-JIorika (piBeHb M0AaTKy) OyJe YacTHMHOI OJHOTO 3 HUX abo o0ox. Takwuit
MIIX17 JOiMcHO 301ibIlye MacimTaOOBaHICTh JOJATKIB Ta BIJIOKPEMIIIOE PIBEHB
npeseHTanii Bijg piBHa 30epiranns (bJl) 1 He m03BOJsi€ 3MIMCHIOBATH CIPABKHIO
Creriagizaiio IapiB, TOMY OUIBIIICT, TpOrpaM B MEPCHEKTHBI MEPEpPOCTe IO
MOJIENb.

Web browser Web browser Web browser

h 4

‘ Server application ’

v
S ——
fp——
Database

Pucynok 1 — TpupiBHeBa apxiTekTypa, B3a€EMO/1isi piBHIB
Asmopcovka po3pobka

g peanizanii KOMyHiKalii MDK HEpUIMM Ta JPYTMM DPIBHSAMHU BeO-10aTKy
ICHy€ TIOHSTTSA KJIEHT-CepBepHOi Mozeni B3aemonii. KiieHToM 3a3Buyail € BeO-
Opay3ep (B KJIacCHYHUX BeO-l0JaTKax), aje TaKOX KJII€HTaMH MOXYThb OyTH 1 1HIII
JOIaTKHA, B TOMY YHCII cepBepHi. Hampukmag — mig 4ac po3poOKH J0JATKIB 3a
CEPBICHO-OPIEHTOBAHOIO apXITEKTYPOI0, CEPBIC MOKE OYyTH OJHOYACHO 1 KIJIIEHTOM 1
CepBEpPOM, 3aJIe’KHO BiJI MOTOYHOI 3aj1a4i (puc. 2).
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Server app
Request

Client | ! Server \
h Response

Server role
Request

‘ Server L ! Server \
X Response
Server role Request

‘ Server l _! Server \

Response :
PucyHnok 2 — PouJti 1o1aTKIiB B KJIIEHT-CepBepHIii MoaeJi

Aemopcvka po3pobka

Kuaienrcbkuii 10a0aToK (piBeHb Mpe3eHTAalil).

3a3Buyail 151 po3poOKM PiBHS Mpe3eHTallli BUKOPUCTOBYIOTh TEXHOJIOTiI0 SPA
(Single page application). OgnocTopiakoBuii gomatok (SPA) — e Be6-g01aTOK 2060
BeO-caliT, SIKUH B3a€MOJi€ 3 KOPHUCTYyBaueM, JAMHAMIYHO MEPENHUCYIOYH IMOTOYHY
CTOpIHKY, a HE 3aBaHTaXyIOYd HOBI CTOpIHKM 3 cepBepa. Llel miaxim mo3Bosise
VHUKHYTH TIEPEPUBAHHS KOPUCTYBAIIBKOTO TOCBITY MK MOCIIJOBHUMU CTOPIHKAMH,
poOJnsium  mporpaMmy OITBIIT CXOXOK Ha HAcTUlbHy mporpamy. Y SPA  Bech
HeoOxigHui kog — HTML, JavaScript, 1 CSS — BUTATY€TbCS 3 OTHOTO 3aBaHTAXKCHHS
CTOpIHKHM, a00 BIJNOBIAHI pEeCypcH AMHAMIYHO 3aBaHTAXYIOThCS 1 JOJAIOThCA Ha
CTOpIHKY 3a HEOOXIJTHOCTI, SIK MPABUJIO, Y BIANOBIIb HA N1i KopucTyBaya. CTOpiHKa
HE Mepe3aBaHTaKy€eEThCs B OyIb-AK1i TOYIIl MPOIECY, a TAKOXK HE 3/IIMCHIOE Mepenady
KepyBaHHsI Ha IHINY CTOpiHKY. B3aemopis 3 SPA uacto mepeabadae AuHaAMIYHY
KOMYHIKaIlito 3 BeO-cepBepoM y (oHi. Ko TpaauiiiHi KIIE€HTCHhKI JOJATKU
onepytoth Jmme HTML cropinkamu, 3aBaHTaxylo4yu ix 3 cepBepy, To SPA
BHUKOPUCTOBYIOTh TeXHOJoTiro AJAX s oOTpuMaHHA JaHUX  IOPIHHO,
3aBanTaxuB HTML oxgun pa3 (puc 3).

Traditional page lifecycle SPA lifecycle
Initial request Initial request
< HTML +— HTML
Form POST . AJAX
Client Server Client Server
HTML S {JSON}

Pucynok 3 — IlopiBHSIHHS aJITOPUTMIB POOOTH TPAAUUIMHUX KIIEHTCHKUX

I0AATKIB Ta nogarkis SPA
Asmopcobka po3pobka
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Touxoro iHimiam3amii SPA € 3aBaHTakeHHs KiIi€HTChKoro noaatky (html, css,
js), e Moxke poOuTH cepBep (skuil Hajgami mpuiiMatume 3anutu Bi SPA) abo
po3noaiiena mepexa goctaBku koHTeHTy CDN (Content delivery network). B
NepluioMy BHUMNAAKYy HABaHTAXEHHsS Jisirae Ha CcepBep, IO MOXE HETaTUBHO
BiJI00Opa3uTUCS HA BUKOPUCTAHHI HOro pecypciB, B IpyroMy — Ha OJIMH 13 CEpBEpIB
nposaiinepy CDN, sikuil 3HaXOIUTHCS TEPUTOPIAILHO HAMOIMKYE A0 KOPUCTyBaya,
0 ICTOTHO 3MEHIIyE MEpEeXeBl 3aTpuMKku, Tomy BukopucTaHHi CDN e OiibIn
MPUIHITHAM JJTS JOCTABIICHHS CTATUYHUX (DaiIiB.

CepBepHuii 101aTOK (PiBeHb 101ATKY).

CepBepHuil J0AaTOK 1€ Takud, IO MMOOyIoBaHMM 3a Moaewo Request-
Response (3anuT-BiAMNOBIAb) 1 3aMyCKAETbCA 3 CEPBEPHOrO CEpeloBUINA Ta 13
BUKOPUCTAaHHAM cepBepHHUX TexHosorid. CepBepHuil nogatok He mae cBoro GUI,
€IMH1 BaplaHTH B3a€MO/IIi 3 HUM — 4Yepe3 KOHCOJIbHI KOMaHAM (SKIIO J0AaTOK HAIae
TaKy MOJXIJIMBICTB), Ta Oe3rmocepenHbo yepe3 BeO-cepep (Web server) abo cepsep
nonatkiB (Application server). OCHOBHUMH TEXHOJIOTiSIMH, Ha 0a3i SKUX MOXJIMBa
po3poOKka moBHOIIHHKUX cepBepHUX noaaTkiB €: ASP.NET, Java Enterprise Edition,
PHP, Python, Ruby, Nodels, Golang Tomio. Ilix wac po3poOku apXiTeKTypu TaKuX
JIOJIATKIB € JBa OCHOBHMX MIJXOJU: MOHOJIITHA Ta CEPBIC-OpPIEHTOBaHA apXITEKTypa.

Mononimua npocpama € CaMOJIOCTaTHBOIO 1 HE3aJEKHOK BiJ IHIIUX
oOuucIIOBaNIbHUX NoAaTKIB (puc. 4). @inocodis apXiTEeKTypu MOJIATa€ B TOMY, IO
JIO/IAaTOK BIJMOBIJA€E HE TUIbKM 332 KOHKPETHE 3aBAaHHS, ajle MOXE BUKOHYBAaTH BCI
HEOOXI1JIHI KPOKH /111 BAKOHAHHS MEBHOI (DYyHKLIT 10 KIHIM, 1 € KKOMOAHOM JaHUX,
a HE YaCTMHAMU OUIBILIOI CUCTEMU JOAATKIB, Kl IMPALIOIOTH pa3oM. MOHOMITHI BEO-
JOJTaTKK MacIITaOyIOThCS IIUTICHO 1 116 MOKE MPUBECTU 10 HEE(PEKTUBHOCTI, TAK 5K
OJIHa YaCTWHAa TAKOr0 JO0JaTKy MoOke OyTH OUIbIl HaBaHTaXX€Ha 3a 1HOIY, 1
KOMIUIEKCHE MacmiTadyBaHHs KOINTyBaThMe Habarato Oifplle, HDKX NOTPIOHO B
KOHKpeTHI curyauii. IlepeBaraMu > Takoro mMigXOAY € TICHE Y3TOJKEHHS
KOMIIOHEHTIB — HEMa€ HEOOXITHOCTI iX OKpeMOi IHTerpailii, HeMae MepeKeBUX
3aTPUMOK Ha BUKOHAHHS MIANPOrpam, TOIIIO.

MikpocepBicd — 1€ METOJ PO3pOOKH MPOrpaMHOro 3a0e3NeUeHHs — BapiaHT
apXITEKTYPHOTO CTHIIIO cepsicHo-opienmoganoi apximexmypu (SOA), 1o MOKHA
pO3IIIA/IaTh SIK Mepeka ciabko3B’sA3aHUX MikponoaarkiB [7-9]. ¥V apxiTektypi
MIKPOCEPBICIB KOXKEH CEpPBIC By3bKOCIICIIAII30BaHMM, a TPOTOKOJIM — JIeTK1 (puc. 4).
[lepeBara nekoMmo3uIli MpOrpaMyd Ha Pi3HI MEHIII CIIy>KOM MOJIATAaE B TOMY, IO
3a0e3neuye MoaynbpHICTh. lle monermrye po3ymiHHS, pO3pOoOKYy, TECTyBaHHS Ta
MiIBUIYE CTIAKICT, N0 epo3ii apXiTekTypu. Taka apxiTeKTypa mapajemi3ye
pPO3pOOKY, AO3BOJISIOYM MaJIMM aBTOHOMHUM KOMAaHJaM pPO3pOOJISATH, PO3rOpTaTH i
MacmTadyBaTH CBOi BIAMOBIAHI TOCTYTHM He3alekHOo. BoHa Takox 103BOJISE
apxiTEeKTypl OKpEMOTO CEpBICy MPOXOJUTH uYepe3 TMOCTIHHUN pedaKkTOPUHT.
MikpocepBiCHI apXITeKTypu 3a0e3leuyroTh Oe3NepepBHY JOCTaBKY 1 pO3rOpTaHHS
(CI/CD).

VY BHU3HauYEHHI apXiTEKTYpU MIKPOCEPBICY BaXXJIMBUM € 3'sCyBaTH, HACKIJIbKH
BEJIMKUM Ma€ OyTH I1HAMBIIyadbHUM MikpocepBic. TyT mnpaBuibHa BIAMOBIIL
3aJIEKUTh BiJ JAUIOBOIO Ta OpraHi3aliifHOro KOHTEKCTy (4acTo oprasizaiii
GhopMYIOTh «IIAPO3AUIN» IO 6-8 PO3pOOHUKIB). AJie KITIFOUOBE PIILICHHS 3aJICKUTh BiJT
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TOT'0, HACKUJIBKH «YUCTUMU» MOXYTh OyTH MeX1 cepBicy. Ha mpoTuiiexxHiil cTOpoH1
CHEKTPY BBAKAETHCS TMOTAHOI MPAKTHKOI 3pOOUTH CiIyk0y 3aHaATO Majolo,
OCKUIBKM TOJI BUTpPaTH HAa BUKOHAHHS Ta CKJIAIHICTh POOOTH MOXKYTh MEPEKPUTU
nepesaru nigxoxay. Komu cepBicu cTatoTh 3aHaATO APiOHUMEU, HEOOX1THO PO3IIIIHYTH
albTepHATHBHI MIAXOAM, HAIMpPHUKIA[, YyMaKyBaTH (QYHKIIO sk O0i0mioTeky abo
MOMICTUTH 10 (PYHKIIIFO B 1HIIT MIKPOCEPBICH.

Monolith application Microservices
Container Container Container
h - : Authorization Product
Authorization Motification : management
component component Service e
Container Container
Shopping cart Product
component management Notification Shopping cart
component service service
Presentation renderer component Container

Presentation renderer service

Database abstraction layer

Container

Database abstraction service

Pucynok 4 — IlopiBHSIHHSI MOHOJIITHOI T2 MIKPOCEPBICHOI apXiTeKTypH
Aemopcovka po3poboka

Komn'torepHi MikpocepBicH MOXyTh OyTH peajli30oBaHi PI3HUMH MOBaMH
IporpaMyBaHHS 1 BUKOPUCTOBYBATH Pi3HI iHPpacTpykTypu. ToMy HalBa)KIUBIIIIM
miJ 4ac BUOOPY TEXHOJOTIl € Te, K MIKPOCEPBICH CIUIKYIOTHCS OJUH 3 OJHHUM
(CMHXpOHH1, AaCHHXPOHHI, IHTerpamiss iHTepdeicy TOIo) 1 MNPOTOKOJIH, MIO
BUKOPUCTOBYIOThC Jisi 3B'si3ky (REST, o0OMiH mOBiIOMIIEHHSAMH, TOIIO). Y
TPagUIIMHIA CcHCTeMl OUIBIICTh, TEXHOJOTIYHHMX BapilaHTIB, TaKHX SK MOBa
MporpamMyBaHHS, BIUIMBAIOTH HA IUJI1 CHCTEMHU.

Y MIKpOCepBICHIN apXiTEeKTypi KOXEH eK3eMIUIAp CIyXOu 3'eqHaHUN 3
€K3EeMILISIPOM 3BOPOTHOTO MPOKCi-cepBepa (Impokci-ceprica). ExzeMIuiap ciyxou Ta
MPOKCi-CepBEP CIITBHO BHKOPHUCTOBYIOTH KOHTEHHEpP, a KOHTCHHEpH KEPYIOTHCS
IHCTPYMEHTOM JUJIsl OpKECTpYBaHHs KOHTeWHepiB, TakuM sk Kubernetes. IIpokci-
CEpBICH CIIy»KOM HECyTh BIAMOBIAAIBHICTh 3a 3B'30K 3 IHIIMMHU EK3eMIUISIpaMHu
CIIyOM 1 MOXYTh MIATPUMYBATHU TaKi MOXIJIMBOCTI, sIK Service discovery (MomIyk
cepBiciB), Load balancing (6anaHcyBaHHS HaBaHTaXKEHHS), ayTeHTHQIKaIS 1
aBTOpU3AIlis, 3aXUIEHI KOMYHIKaIlii Ta 1HIII.
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ba3a n1anux (piBeHb 30epiranns).

Knacuunum pimeHHsIM Ui MaHIOyJsamid 13 gaHuMmu € pensuiiiHa B/
[IporpamMHa cucrema, 110 BUKOPUCTOBYETHCSA ISl MIATPUMKH pensuiiHux b/, €
persIiiiHo0 cuctemMoro ympapimiaHsS O0azamu ganux (CYBJ[) 1 OutemricTe 13 HHX
BUKOpPHUCTOBYIOTh SQL 11s1 ¢opmyBanHs 3anutiB 1 miaTpuMku bJl. Pemsmiiina
MOJICJIb OPTaHI30BY€ JaHi B OJIHIM a00 NMEeKUIbKOX Tadmuisix (abo «pemnsmisx» bJ)
CTOBIMIIB 1 PSAAKIB 3 YHIKQJIbHUM KJIIOYEM, IO 1ICHTU]PIKYE KOXKEH PATOK (PSAIKU €
3amucaMM, KOJIOHKU — aTpuOyTamu). Sk mpaBuiio, KOokHA TaOJULIS/PEsIlisa € OJHUM
TUIIOM CYTHOCTI. PSifIKu € ex3eMIuispaMu 1bOTO TUIY 00'€KTHOI CyTHOCTI, a CTOBMIII
MICTSITh 3HAYECHHS, 1[0 HAIEKATh IIbOMY €K3EeMILISPY.

KoxeHn psanok Tabnuii mae CBI YHIKaIbHUN KoY. Panku B TaOMUIl MOXYTh
OyTH TOB'S3aHI 3 PSAAKAMHU B IHIIUX TAOJMIIX IUISIXOM JOJAaBaHHS CTOBMIS JUIS
VHIKQJIBHOTO KJII0Ya MOB'SI3aHOTO psAAKa (Takli CTOBMII € 30BHINIHIMHU KIIOYaMHU).
BigHomieHHss JaHMX JTOBUIBHOI CKJIQIHOCTI MOXYTh OyTH MpEACTaBJICHI IPOCTHUM
HaOOpOM TMOHATh. Pensmii € JOriYHuM 3B'I3KOM MK PI3HUMH  TaOJIMISIMHU,
BCTAaHOBJICHUMHM Ha OCHOBI B3a€MOIi1 ITUX Ta0iuIb (puc. 5).

authars = books
" author_rel_books

PK | id - PK | id
—I—D PK | author_id

First name Title

Last name PK | book_id

F Y

Pages count

Country Language

Pucynok 5 — Cxema-npukJiaja 38 A3Ky Mizk Ta0nusamMu B pessiniiiniin b/1
Asmopcobka po3pobka

Icnye psn kateropiii B/I, 1110 J€XUTh B MPOMIKKY MIXK «IIJIOCKUMHY (hailsiamMu
(sixi He BigHOCATHCS 10 NoSQL) 1 HoBuMu BJ] Ha ocHOBI rpada (BBaXKarOThCs HABITh
OB pensaiiHUMHU, HDK craHpaptHi pemsdidHi  BJ[). Bl mmockux daiimis
CKJIaJIA€ThCs 3 OJHIET TAONMII JaHUX, sIKa HE Ma€ B3a€MO3B'SI3KY (4acTo 1€ TEKCTOBI
daitn). KopuctyBaui MOXXyTh BKa3yBaTu aTpUOYTH JAHUX, TaKi SK CTOBIMII Ta TUITH
nanux. CtangaptHi pensuiiiai bl 103BoAI0Th KOPUCTYBaYaM KE€PyBaTH MOMEPETHBO
BU3HAYCHUMHU BiTHOMICHHAMU JaHUX y AekuTbkox bJI. IMomymnspai pensiiitai B/ — e
Microsoft SQL Server, Oracle Database, MySQL 1 PostgreSQL. Pemsmiitni b/ na
OCHOBI XMmapHHX oOumucienb abo bJ[ sk cayxb6a (DBaaS) Takox mupoko
BUKOPUCTOBYIOTBCSI, OCKUTBKU JTO3BOJISIIOTH KOMIIAHIAM TIEpe/laBaTh Ha ayTCOPCHUHT
ob0cnyroByBanHsa bJl, BumpamieHHs 3001B Ta MIATPUMKY 1HPPACTPYKTypHu. XMapHi
pemriitai B/ — ne cmyx06a pensamiianx b/l Amazon (RDS), Google Cloud SQL,
IBM DB2 B xmapi, bBJ] Microsoft Azure SQL 1 ciyx6a xmapuux ciyk0 Oracle
Database. basu nmannx NoSQL € anprepHaTuBo pensiuiitHuM bJl, mo oco6iauBo
KOPUCHO JJI1 poOOTH 3 BEIMKUMU Habopamu po3snoaineHux nanux. i b/l MoxyTh
NIATPUMYBATH  PI3HOMAHITHI ~ MOJENI  JaHWUX, BKJIOYHO 3  KIIOYOBHMH,
JTOKYMEHTAJIbHIMH, CTOBITYACTUMU Ta TpadoBUMH PopMaTaMHu.

['pacdosi B/I po3mmproroThCs 3a MEX1 TpaaguUIiHUX Mojenel penduiitnux b/l na
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ocHOBI KoJIOHOK 1 psankiB. Ile B/l NoSQL, mo BUKOpHUCTOBY€E By3lu 1 pedpa, sKi
IHTEPIIPETYIOTh 3B'SI3KM MK BIJIHOIIEHHSIMU JaHUX 1 MOXYTh BUSBIISITH HOBI 3B'SI3KU
Mk ganumu. ['padoBi BJ[ € Oinpimn ckimagHuM#, HDK pENAIiidHI, 1 THUIIOBUM
MPUKIAAOM iX BUKOPUCTaHHS € JOJATKU JUIsl BUSBICHHS ImaxpaiictBa (ix e
HA3MBaIOTh BEO-PEKOMEHJAIIHHUMH JT0OIaTKAMH ).

OcHoBHMMH TiepeBaramu persimiiaux BJ[ € MoxiuBicTh KinacudikyBaTH Ta
30epiraT JaHi, fKi 3roJI0OM MOXYThb OyTH 3amuTaHi Ta BiAQUIBTPOBaHI, 1100
BUTATYBAaTH KOHKpeTHY 1HQopMauiro 1 3BiTiB. Pemamiitni  BJl  ;erko
pO3LIMPIOIOTBCS 1 HE 3anexarb Bl (i3u4HOi opradizaumii. Ilicns cTBopeHHs
opuriHanbHOi BJl Moke OyTu nojgaHa HOBa KaTeropis JaHux Oe€3 3MIHU BCIX
iIcCHytouMx mnporpam. Jlo iHImuMxX mepeBar pensuiiHoi bl HanexaTh: TOYHICTB: JNaHI
30epiraloThCs JIMIE OAWH pa3; THYYKICTh: CKJIAJHI 3alHUTU JIETKO BUKOHYBAaTH
KOpPUCTYBauaM; CHiUIbHa poOOTa: KiJIbka KOPUCTYBadiB MpaliolTh 3 ofHieo BJI;
noBipa: moneni pensaniitaux b/l € 3pimumu 1 goOpe 3po3yminmumu; 6e3meka: T0CTYII 10
nannx CYBJl moxe OyTu oOMeXeHHM, 100 JTO3BOJMTH AOCTYII JIUIIEC OKPEMHUM
KOPHUCTYBavaM.

IndpacTpykrypa Bed-101aTKIB.

Jlig nocTaBieHHS] BU3HAYEHOI'O0 KOMIIOHEHTY JIOAATKYy B poOoue CepeoBHILE €
CHeriaJbHuN MIAPO3AUT TEeXHOJOTiM — iHpacTpykTypa. I[HbpacTpykTypa — 1€
KOMILJIEKC MPOrPaMHO-TEXHIYHUX 3aC001B, K1 POOJISATH MOMIUBUM a00 CIPOIIYIOTh
JIOCTaBJICHHS (B TOMY YHMCJIIl Oe3MepepBHE) N0JIaTKy B poOOUY€E CEPEIOBHUIIIE.

OcranHiM yacoMm npouenypu aoctasieHHs 113 3a3Haim cepiio3HUX 3MiH: SIKILIO
me 10 pokiB Hazan ceitom IT kepyBanmm cepBepu 3 BipTyali3alli€l0 1 CHUCTEMHI
aJAMIHICTpaTOpU; TO 3apa3 L€ — KOHTEWHEPHUM MiAXiJ, Ipouecu Oe3nepepBHOI
JOCTaBKU KOHTEWHepIB 1 ¢axiBii 3 DevOps, iK1 HATaITOBYIOTh JONOMIXKHI CUCTEMH,
3aMICTh OpraHi3allii BCiX MPOLECIB «3 HYJISD.

3a3zBuyail iHMpacTpyKTypa BeO-A0JIaTKy CKIAAAETHCA 3 KITBKOX KOMITOHCHTIB:
iHpacTpykTypu camoro noaaTky, iHdpactpykrypu bJI, iHdpacTpykTypu iHIIHX
JOTIOMDKHUX CHUCTEeM. B 3alie)XHOCTI Bif MOTped KOXKEH KOMIIOHEHT MOXe OyTH
PO3rOPHYTO BpYy4dHY, a00 MOke OyTH BUKOPUCTaHO rOTOBMIA cepBic B ¢opmMarti SaaS
(Software as a service — II3 B poumi cepsicy). Hanpukian, e moxe Oytu DBaaS
(Database as a service) Ha 6a3i OJTHOTO YU JEKUJIbKOX XMapHUX mpoBaitnepis (Google
Cloud SQL, Amazon RDS Tomo). KoxkHa KOHKpeTHa KOH]irypartisi mijaoupaeTbes
cnemianicrom DevOps cninbHO 3 po3poOnukamu 13 1 mpencraBHukamu Oi3Hecy, 3
METOI0 BU3HAYCHHS HAHOUIBII ONTUMAIBHOTO CIIOCO0Y 3aIyCKy JO/IaTKYy.

[IpaBunom rapHOTO TOHY € MOOYA0Ba THYYKOI 1HOPACTPYKTYPH 3 CaMOi Mepiioi
BepcCii MPOAYKTY JUIsl MOXKJIMBOCTI MaclITaOyBaHHS 1 MepeBEACHHS 1HPPACTPYKTYpH
MDK Pi3HUMU TIpOBaiiiepaMu (HapUKIIAJ JIs BUSHAUYCHHS HAHONTUMAIBHIIIIOTO IS
KOHKPETHHUX TTOTPEO MPOAYKTY).

JIJist po3BepTaHHs CEPBEPHOTO BEO-I0AATKY TaKOX € MOKJIUBICTh BUKOPUCTATH
SaaS (manpukian Google App Engine), Takum ynHOM 3a0paTu 3 cebe 000B’sI3KU
MIITPUMKH, MOHITOPUHTY, MacITaOyBaHHS 1 BIJIHOBJICHHS J0JaTKa. AJie Takui
X1 norpedye po3podku cremianbHoro [13 mist iHTerpalii po3po0JIeHOro 10AaTKy
3 SaaS cucremoro, 10 B pe3yibTaTl YCKIAIHIOE nepeBeAeHHs Takoro 113 no iHmoro
XocTepa, TOMy BUOIp BUKOPUCTaHHS SaaS MpoayKTy Mae OyTH apryMEHTOBAaHUM.
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BucHoBku.

B miit ornsgoBiit 7oCTiHUIBKIN pOOOTI IPYHTOBHO PO3TIISIIAIOTHCS MEXaHI3MHU 1
JIITOPUTMH POOOTH CEPBEPHUX A0AATKIB. TYyT OTISAHYTI TEXHOJOT1 pO3POOKHU KITIEHT-
CepBEpPHUX JI0JIaTKiB, TEXHOJOTT pO3pOoOKH Ta MIATPUMAHHS HANHOUIBII MOMYJISIPHUX
0a3 naHuX, TEXHOJOrii 30MpaHHS Ta PO3rOpTaHHS BeO-I0AATKIB Ta BapiaHTH iX
PO3MIIICHHS B pOOOUOMY CEPEIOBUIIIL.

OCHOBHUM pe3yibTaTOM poOOTH € (HOpPMYyBaHHS TAKOTO TEXHOJIOTIYHOTO CTEKY
poboTH BEO-T0MATKIB: npezenmayii, 0ooamky 1 30epicants. Takuil MAXi CTBOPIOE
HiATPYHTS IS TOJAIBIIOTO HAyKOBOTO MONIYKY B HAMPSMKY PO3pPOOJICHHS T0IATKIB,
KIHIIEBUM 3aBJaHHSM SIKMX € BIACTUBOCTI BIJIMOBOCTIMKOCTI Ta aBTOMACIITa0yBaHHS.
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TEKCATOHAJIBHOMY PACTPI

Romanyuk O. N./ Pomanmok O. H.

d.t.s., prof. / 0.m.u., npog.

ORCID: 0000-0002-2245-3364

Vinnytsia National Technical University, Vinnytsia, Khmelnytske shoes 95, 21021
Binnuyekuii nayionanvruti mexuivnuil ynieepcumem Binnuys, Xmenvnuyvxe wiocce 95, 21021
Melnik O. V./ Meabnuk O. B.

Applicant /couckamens
ORCID: 0000-0002-5079-166X

Vinnytsia National Technical University, Vinnytsia, Khmelnytske shoes 95, 21021
Binnuyvxuii nayionanenuti mexuivnuii ynigepcumem Binnuys, Xvenvnuyvke wiocce 95, 21021
Romanyuk S. O. / Pomanwk C. O.

c.t.s., as.prof. / k.m.H., 0oy.

ORCID: 0000-0002-2245-3364

Odessa Polytechnic National University, Odessa, Shevchenko avenue, 1, 65004
Hayionanvnuii ynisepcumem «Ooecvka nonimexuixka», Qodeca, npocn. lllesuenka, 1, 65004
Korobeinikova T. 1. / Kopoo6eiinikosa T. 1.

c.L.s., as.prof. / K.m.u., 0oy.

ORCID: 0000-0003-2487-8742

National University “Lviv Polytechnic”, Lviv, S. Bandery, 12, 79000

Hayionanvnuii Ynieepcumem «Jlvgiecoka nonimexuixay, Jlvsis, C. banoepu, 12, 79000
Prozor O. P/ Ilpozop O. II.

c.t.s., as.prof. / k.m.H., 0oy.

ORCID: 0000-0003-1454-8352

Vinnytsia National Technical University, Vinnytsia, Khmelnytske shoes 95, 21021
Binnuyekuii nayionanbruti mexuivnuil ynieepcumem Binnuysa, Xmenvnuyvke wiocce 95, 21021

Anomayia. Y 6inouiocmi cyuacHux cucmem Komn 1omepHoi epa@iku 8UKOpUCmOo8YEMbCS pac-
mposuti npuHyun gopmyseants 306padxcenns. Ilpu hopmysanni pacmposux 300paxcenv SUHUKAIOMb
CNOMBOpEeHHs, SIKi 00YMOBIeHi HeOOCMAMHbOI0 PO30iNbHOI0 30amuicmio pacmpa. Ha 306pascennsx
3’a61a10MbCs apmehakmu, 0OHUM (3 NPOSGI8 SAKUX € ACKPABO BUPAJICEHI CXOOUHKU abo 3y0yi Ha
Kpasx 06 ’cxmie. [anuii epekm ompumas HA38y CMYNIHYACMO20 edheKmy yu eghekmy aniauzuHey.
Egexm aniauizuncy cymmeso enaueac Ha peanicmuuHicmes cQOpMOBAHO20 300padCeHHsl, U0
00YMOBTIOE HeOOXIOHICMb PO3POOKU CReYialbHUX Memoois i 3aco0i8 1020 yCYHeHHS.

Cymb memody nonsieac 6 mMoMmy, WO NiKcel po30UBAEMbC HA CyOniKcenu, 6 YeHmpax
KOJCHO20 3 AIKUX PO3PAXOBYEMbCS OYIHIOBANbHA QYHKYIsA. Bci (pynkyii po3paxo8yiomsvcs 00HOUACHO
ma He3aneicHo 00HA 8I0 00HOI. 3HaK OYIHIBANbHOI (YHKYIT 6UBHAYAE NONOJNCEHHS CYOniKcend
8I0HOCHO 8i0piska npamoi. Ilpu dodamnomy 3HaueHHi cyoOniKcen po3miyeHo suwje gekmopda, a npu
810 ‘emHomy — Hudicue. [lo 0OHaKOBUX 3HAKAX OYIHIOBANLHUX (DYHKYILU N1€2KO BUHAUUmMu OLIAHKU
nikcena, siKi nPUMiLyeHi no pizHi cmopouu 8i0 8i0pizka npsamoi. s eusHayeHHs naowi NOKpumms
nikcena niopaxo8yoms CYMapHy KilbKicmb cyOnikcenie 00H020 3HAK) .

3anpononosanuii Memoo 00360J5€ CYMMEBO 30iNbUUMU NPOOYKMUBHICIb AHMUATIAUZUHRY
3a paxyHoK po3napainenenHs 004UCTIO8AIbHO20 NPOYeC).

Kniouosi cnosa: epagiuni 306padicenns, anmuaniau3une, 2eKCA2OHAIbHULU NIKCel, GIOPI30K
NpAMOI, po3napanenents, 321a0%4CY8aHH .
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Beryn

VY GUIBIIOCTI CydyaCHUX CHUCTEM KOMII IOTepHOI Ipadikl BUKOPUCTOBYETHCS pac-
TpoBUil mpuHUMI (QopmyBaHHS 300paxeHHs. [Ipu dopmyBaHHI pacTpoBuX 300pa-
’KEHb BUHUKAIOTh CIIOTBOPEHHS, sIKI 00YMOBJICHI HEOCTATHHOIO PO3ALIBLHOIO 3aTHi-
cTio pactpa. Ha 300paxkeHHsIX 3’ ABISAIOThCA apTedaKkTy, OHUM 13 TIPOSIBIB SIKUX € siC-
KpaBO BHUPaXEHI CXOJAMHKH abo0 3yOIl Ha Kpasx 00’ekTiB. [lanuii eekT oTpruMaB Ha-
3By cTymiHdactoro edexrty uu edekry amaizunry [1]. Edekr amiaiisunry cyTTeBO
BIUIMBAE HA PEATICTUYHICT C(HOPMOBAHOTO 300pa)K€HHS, 10 OOYMOBIIIOE
HEOOXITHICTh PO3POOKHU CEeHIaIbBHUX METO/IIB 1 3aC001B OO yCyHEHHS.

CporomHi B 0araTh0X Traiy3siX OOYHMCIIOBAJIBHOI TEXHIKM BHKOPHUCTOBYIOTH
rekcaroHajqpHuili pactp [2-10], sxuii mae MOMJIMBICTh MIJBUIIUTH PO3MOIIIBHY
3IaTHICTb E€KPAaHIB, PO3IIMPU HANPSIMKA PYXy MDK TOYKAMHU, 3IJIaJMTH KPOKOBI
TpaekTopii mnpu ¢GopmyBaHHI rpadiyHuX MNpuMITUBIB. OJHAK 1 BUKOPUCTAHHS
TeKCaroHAJIbHUX TEXHOJIOTI e(eKT alia3uMHTy yCYHYTH He Bnaiocs. [lpoBeneHi
JOCIIJKEHHsT ToKa3anu [1], mo mpu BukopuctanHi 177 MoHiTOpa 1 pO3MIIICHHI
croctepiraya Ha BiacTaHi 65 cM BiJl eKpaHa IJisi YCyHEHHS €(EeKTy amai3uHry
MOTPIOEH MOHITOP 13 PO3ALTBHOIO 31aTHICTIO K MiHIMYM 4000x4000 mikceniB, a s
JIOJICH 13 piBHEM 30py BHUIE cepennboro - B3araiai 8000x8000 mikceniB. CydacHui
pPIBEHb TEXHOJIOTIA MOKM L0 HE B 3MO31 3a0€3MEYUTH TaKy pO3AUIbHY 3JaTHICTb,
TOMY JJIsl 320€3MeYeHHS PeaTiCTUHYHOCTI CHHTE30BaHUX 300pakeHb BUKOPUCTOBYIOTh
creniagbHl METOIU Ta 3aCO0M YCYHEHHS CTyIIHYacTOro eexTy.

Mema cmammi - po3poOKa METOY aHTHAIAN3UHTY JJIA BIAPI3KIB NPIMUX, SIKI
(GhOopMyIOI0Th Ha TEKCArOHAILHOMY pacTpi

AHaJi3 Jgireparypu

Ha BigMmiHy BiA 3BHYalHMX METOJIB pacTepu3allli, y SKUX IHTEHCHUBHICTh
KOJIbOPY PO3PaxXOBYETHCS TUIBKH B LIEHTPI MIKCEIa, Y METOJIaX aHTHATIAN3UHTY KOJIIp
OOYMCITIOETBCS 3 ypaxyBaHHAM 30HM, SIKa OTOUye MiKced. Y MeTojax A0aTKOBOi
BUOIPKU 300pakeHHs CIICHU (POPMYETHCS 3 PO3AUIHHOIO 3AATHICTIO OUIBINIO0, HIXK Y
OPUCTPOIO BIJOOpaKEHHsA, a MeEpe] BHUJIAUYCI0 HA €KpaH 3MEHIIYEThCS LUIIXOM
ycepenHeHHs. Taki METOIM MaroTh NPOCTY amapaTHy peani3alilo, OJHaK oOcsr
o0UHnCIIeHb, HEOOXITHUX IS pacTepH3allii CIIEeHHU, POCTE Y KBaApaTUUHIN 3aJI€KHOCTI,
10 TPU3BOJUTH 10 CYTTEBOTO 3MEHILIEHHS MIBHUAKOAI (POpMyBaHHS 300pakeHb. Y
aHAIITHYHUX METOJIaX aHTHANIal3MHTY MIKCeNl PO3TISAA€ThCs He IK YMOBHA TOUYKa, a
K CKiHUYeHHa oOsiacTh. Hal0inpml MOMMpPEHWMHU cepell aHATTUYHUX METOMIB €
METOJM KpaloBOTO aHTHATIAM3UHTY, SKI 3a0€3MeuylOTh YCYHEHHS CTYMiHYacTOTO
edeKTy B3JOBXK KOHTYpiB 00’e€kTiB. Taki MeTOAM XapaKTePU3YIOThCS MEHIIIOO
OOYHCITIOBAIFHOIO CKJIQIHICTIO MOPIBHSIHO 3 METOJIaMHU JI0JIaTKOBOI BUOIPKH, OJIHAK
NOTPeOYIOTh ypaxyBaHHS creludiku rpadidHuX 00’€KTIB 1 MalOTh OUIbII CKIIAJIHY
MporpaMHoO-anapatHy peamizamito. OCKIIbKM BUKOPUCTAHHS 1CHYIOUHX METOJIB
aHTUANTIaN3UHTY TPU3BOAUTH IO 3HAYHOTO YCKJIaJHEHHS OOYUCIIIOBAILHOTO MPOIECY
dbopmyBaHHS 300paXKeHb y CHCTEMax KOMII IOTEPHOI rpadiku, TOMY aKTyaJlbHOIO €
po3po0Ka BHUCOKOMPOIYKTUBHUX METOJIB, aJrOPUTMIB Ta CTPYKTYp AJI MPOUEAYP
aHTUAJIIal3UHTY Y CIIeIiali3oBaHuX rpadiuHUX IpoIecopax.

s ocHOBHMX TpadiuyHuX NpumiTuBIB [11], Takux SK BIAPI30K MPSIMOI,
0araTOKyTHUK, KOJIO, €NINC ICHYIOTh JOCHTh MPOCTI AaHANITH4HI BHpas3, IO
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ONUCYIOTh IXHI T'€OMETPHUYHI BJIACTUBOCTI. BHKOpHCTaHHS NEBHMX MaTeMAaTHUYHHUX
MoJIeTiell TiKcena J03BOJSE OTPUMATH BIAHOCHO MPOCTI 3 OOYMCITIOBAIBHOI TOYKH
30py MeEToAM aHTuamiai3unry. Taki MeToaM OTpUMaind Ha3By KpanoBOTO
aHTHAJIIal3UHTY, OCKLUIBKH, SIK MPABUJIO, PO3TJISAAI0TH JIUIIE MIKCEIl pPO3TalloBaHl Ha
Kpasx 00’exTiB [1]. [ns koxHOro BUAY rpadiyHUX NPUMITUBIB BUKOPHUCTOBYIOTHCS
pi3HI MIAXOAM, IO TOPIBHAHO 3 METOAAMH HAJUIMIIKOBOI BHUOIPKH € TEBHUM
HeqonikoM. [IpoTe aHamITUYHI METOMU XapaKTEePU3YIOThCS 3HAYHO MEHIIOH0
OOYHCITIOBAJILHOIO CKJIAHICTIO Ta 3a0€3MeuyloTh Kpally SKICTh 3TJa)KyBaHHS,
OCKIJIbKH BPaXxOBYIOTh OCOOJIMBOCTI Ta 0OMEXEHHS IPUCTPOIB BiIOOPAKEHHS.

Y  OarathoX BHNAJKaxX JMJid YCYHEHHs  KpaillOBOro  aHTHATIal3UHTY
BUKOPUCTOBYIOTh METOJ| OIL[IHIOBAJIbHOI (PYHKIIi. 3riAHO 3 METOIOM (opMyeThCs
cnetianibHa GyHKIA (puc. 1), 3HaK sIKOi BUIIE NMPsAMOI JOJATHIN, a HUXKYE TPSIMOI -
Bi'eMHUU. [lpy HYJIbOBOMY 3HAY€HHI OLIHIOBAJIBHOI (DYHKIII MOTOYHA TOYKa
TPAEKTOPIi HANIECKUTH BiAPI3KY mpsiMoi. OOuncIoBaNIBHUN TIporiec mpu hopMyBaHH1
KPOKOBOI TpAa€eKTOpii HampaBlieHWH Ha 3MiHY 3HaKy OIHIOBAILHOT (YHKINT Ha
MIPOTUJICKHUU.

Pucynok 1 — ®@opMyBaHHS OLIHIOBAJbHOI (PyHKIIT

dopMmyna 715 pO3paxyHKY OIIHIOBAILHOT PYHKITT Ma€e Takuid BUTIsi [11]
OF, =y, -Ax-Ay-x,. (D

Meron OL[IHIOBAJIbHO1 byHKii XapaKTEPU3y€EThCS MPOCTOTOO
OOYHUCITIOBAJILHOTO TMPOIECY Ta BHUCOKOK TOYHICTIO (OpMYyBaHHS KpPOKOBOI
TPa€eKTOPIi, a TOMYy BUKOPUCTOBYETHCS B MEPEBAKHIN KIJTbKOCT1 BUTIQJIKIB.

Po3poOka meTony anTHANIali3UHTY

3riIH0 3 METOoJaMU KpaloOBOTO AHTHANIAW3WHTY IS 3TJA)KyBaHHS TPAHUITh
rpadiyHUX TPUMITUBIB 1HTEHCUBHICTH [ KOJbOPY MIKCENa BCTAaHOBIIOIOTH
MIPOTIOPIIAHO JI0 TUTOIII S MOKPUTTS TiKcena 00’ ekToM (puc. 2).

i 1
I=f(S)

PucyHok 2 — 3aJjieskHiCTh iHTEHCMBHOCTI KOJIbOPY Bi/Jl IIOII MOKPHUTTS MiKces1a
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BusznauenHst miony S MOKPUTTS MiKCeNa BUMAara€ 3HAYHUX OOYMCITIOBAIBHUX
ButpaTr [l], MmO BIIKMBaE Ha MBUAKOAIIO (opMyBaHHS 300pakeHHs. Tomy
aKTyaJIbHUMU € MIUTAHHS PO3POOKH MITXOIIB A0 11 3MEHIIICHHS.

[IpornoHyeThCst HOBHIT METO/I BU3HAUEHHS TUIOIII MOKPUTTS MiBCENa.

CyTh MeTOdy TMOJSTaE B TOMY, IO MIKCET PO30OMBAETHCS Ha CyOIiKCenH, B
LEHTPax KOXXHOTO 3 SIKMX PpO3PaxOBYEThCS OLIHIOBaJbHA (yHKIisA. Bei dynkumii
PO3paxoBYIOTHCSI OJJHOYACHO Ta HE3aJeKHO OJHa BiJ OMHOI. 3HAK OIIHIOBAJIBHOI
¢GyHKIII BU3HA4Ya€ TOJOKEHHS CyOIiKcela BIIHOCHO BiApizka mnpsmoi. I[lpu
J0JIaTHOMY 3HAYEHHI CyOMiKCeNl PO3MIIIEHO BHIIE BEKTOpAa, a MPHU Bl €MHOMY —
Hwk4e. [1o olHaKOBUX 3HAKaX OIIHIOBAILHUX (DYHKIIIM JIETKO BU3HAYWUTU IISTHKU
IMIKCeNa, SIKI MPUMIILIEHI MO Pi3HI CTOPOHM BIJ Bijpi3Ka npsmMoi. s BU3HAUEHHS
TUIOIII MTOKPUTTS MIKCENa MIAPaxOBYIOTh CyMapHy KUTBKICTh CyOITIKCENB OHOTO 3HAKY.

Ha puc. 3 300paxkeHO JBa BapiaHTa PO3MIIIEHHS CYOMIKCEIIB y MekKax
rekcarony. BapiaHT 0) € IOIIBHIIINM, OCKUIBKA B HBOMY CYOITIKCETH Kpare
3aMINIYIOTh IUIONIY TiKCeNa, a pO3MIIEHHs CyOITiKCeNiB Bi/IMOBIIa€ KOHIENIT [2-4]
MoOyJIOBM TEKCAaroHaJbHOTO pacTpy. Y BapiaHTi 0) B SIKOCTI 0a30BUX KOMIPOK
BUKOPUCTOBYIOTHCA TEKCAaroHajbHI CYOIIKCeNMM Ta iX TOJIOBUHKH. SIK BUAHO 3
PUCYHKY, MmKcell BKIoudae 31 cyOmikcen, 3 HuUX 19 MOBHICTIO po3MillieHI B MEXI

miKceJa.
a 0

PucyHnok 3 - Bapiantu po3milieHHs cyOmiKcesiB y MeKaxX reKCaroHy

Pucynok 4 — Ilpukiaa BU3HAYEHHS IJIOINI MOKPUTTS MiKcesa

ISSN 2567-5273 116 www.moderntechno.de



Modern engineering and innovative technologies Issue 22 / Part 1

Ha puc. 4 HaBeneHO NpUKIaj MEPETHHY BiApi3KOM HpsMoi mikcena. [ gaHoro
BUIAJKY OLIHIOBaNbHI QyHKUIT OF,,OF,,OF,,OF,,,OF,,OF. . ,OF,,OF,,OF,,
OF,

30°
OLIIHIOBaJIbHA (DYHKIIS BiJ’€MHa, 3amTpuxoBadi. [loBHuit cyOmikcen Mae Bary 1,
TOMY X cymapHa Bara fopiBHIoe 7. HenoBHwuil (Hanpukian, 29) cyoOmikcen Mae Bary
1/2. Ix y 3amTpuxoBaniii AinsHLi - 5, ToMy iX cymapHa Bara fopisHioe 2,5. CymapHa
Bara IMOBHUX 1 HETIOBHUX CYOITIKCeiB JOPIBHIOE 9, 5.
Axmo mikcen miasrae 3adgpapOoByBaHHIO 1HTEHCUBHICTIO KOJIBOPY [, TO HJis
9,5
25
Posrnssaemo, mist 3pas3ka, BU3HAYCHHS 3HAUEHHS OLIHIOBAIBHOT (YHKINT st
neskux cyomikceniB. Ha puc. 5 HaBeneHno npukiia GopMyBaHHS TOPU30HTAIBHOTO Ta
J1aroHaJIbHOTO KPOKOBUX MPHUPOCTIB, @ TAKOXK OCHOBHI METPOJIOT1YHI PO3MIPH.

OF,, OF,, Marore Big’emHuil 3Hak. Ha pucyHky cyOmikcenu, B SKHX

aHTHAJIIal3UHTy HEOOX1THO BUKOPUCTATH IHTEHCUBHICTh KOJIBOPY 1 -

3
- A=

w

=

1 1/2

Pucynok S — Ilpukinan ¢popMyBaHHS KPOKOBHUX NepeMilleHb

Howmepu cyOnikceniB BiANOBIAAIOTH 1HIEKCaM OI[IHIOBAIbHUX (DYHKIIIH.

JIist  fgocsTHeHHS Tiikcena 8 HEoOXiJHO BHUKOHATH JBAa TOPU3OHTAIBHUX
KPOKOBHX MepeMillieHHsI. MeTpoJIoriyHo 1ie BiAnoBiae BiacTadi 2. Tomy

OF; = y.Ax—Ay(x, +2) = y,Ax — x,Ay —2Ay = OF, = 2Ay.

JUig nocArHeHHs mikcesna 9 HeoOX1JHO BUKOHATU TOPU30HTAIbHE Ta MOCIIAYI0Ue

3a HUM JllaroHaJIbHE KPOKOB1 NIEPEMIIIICHHS], TOMY
OF, =(y, +£)Ax—Ay(xi +1+l) = yle—xl.Ay+£Ax—l y = OF; +£Ax—éAy.
2 2 2 2 2 2

VY Tabn. 1 HaBeneHo (OpMynM A8 BHU3HAUEHHS 3HAYEHb  OLIIHIOBAJIBHHUX
(GyHKINN 1715 TOBHUX CYyOMIKCeNiB, a y Ta0.2 — JjIsl HEMOBHUX CYyOITIKCEiB

V HaBeJeHUX TAOIMIAX YaCTO BUKOPHCTOBYEThCS MHOKHHUK /3 . MHOKEHHS Ha
3a3HauYE€HUN MHOXKHUK MOKHA 3aMIHUTH Ha CyMY, 110 CIIPOCTUTH OOYUCIICHHS.

Jyist cipotiieHHst 004HCIIeHb, OCTAaHHE 3HAYEHHS 33]1aMO CYMOIO CTETICHIB JABIAKH

V3~r1+ % + %

B upomy Bumanky BigHOCHA MOXHOKa nmogaHHs ckiagae Bcboro 1,03 %.

BuszHaunMo MakcuMmanpHy MOXMOKY y BU3HAUEHI IUIOIII HOKpUTTS. PosrisiHemo
HAWJOBIIUHN NUISAX, SKUIM BKJIIOYa€ 5 MOBHUX cyOrikceniB (puc. 6). Y BUNAIKY, KOJIH
BIJP130K MPAMOI IPOXOJAUTH B Oe3mocepeiHii BiACTaHl BiJ LIEHTPIB CyOIIKCeNiB, TO
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IIPY BU3HAYCHI TUIOIII MOKPHUTTS JOCATAETHCA MOXUOKA ISl KOXKHOTO CyOImiKcena, sKa
JOPIBHIOE TOJIOBUHI #oro miomi. ToMy MakcumanbHa MOXHOKAa MPH BU3HAYCHHI
ol He Oye nepesepiryBatu 5x0,5=2, 5 myomy NOBHOTO cyOmikcena.

Tadanus 1 — 3HavyeHHs ouiHIOBAJbLHUX QYHKIIN 1JIf OBHUX CYONiKCeJIiB

No 3Ha4YeHHS OIIHIOBAIBHUX (PYHKIIIH
cyOIikcena
? V3 1 NE) 1
OF, = (y, +7)Ax—Ay(xi +5) =OF +7Ax—AyE,
’ OF, = y.Ax—Ay(x, +1) = y,Ax— x,Ay — Ay = OF, — Ay.
° OF, = y,Ax = Ay(x, +2) = y,Ax— x,Ay —2Ay = OF, = 2Ay.
i OF, = y,Ax—Ay(x, —1) = y,Ax — x,Ay + Ay = OF; + Ay.
1 OF,, = y,Ax = Ay(x, = 2) = y,Ax = x,Ay + Ay = OF, + 2Ay.
3 _ \/g L \/5 1 B \/5 1
OF, =(y, +7)Ax—Ay(xl. _5) = yl.Ax—xl.Ay+7Ax+EAy =OF, +7Ax+EAy.
9
OF, = (y, +§)M—Ay(xi +1+%) = OF +§M—%Ay,

13 \/g 1 \/g

3
OF,=(y, +—)Ax—Ay(x, —1——=) = OF +—Ax+—Ay.
13 (yz 2) y( i 2) i 2 2 y

11 \/5
OF, = (3, +2°)Ax = Ap(x,~0) = OF, +3Ax.

12 \/g

OF,; = (3, +2=2)Ax = Ay(x; ~1) = OF, +3A+Ay.

10 \/5

OF, = (3 +2=2)Ax = Ay(x, +1) = OF, +3Ax—Ay.

5 3 1 NE) 1

OF, =(y, ——)Ax A(x =) = OF ===+ Av=.
i 0F6Z(yi—%)M—Ay(XJ%):OF}—?—Ay%-
" OF s =(y; —g)Ax—Ay(xi —1%) =OF, —gwy%
" OF, = (¥, —ﬁ)Ax—Ay(xi +1%) =OF, —g—Ay%
o OFlg:(yi—i)Ax Ay(x, —1— ) OF—iJrAy—

2

Axmo BiIpI30K TPSMOi TMEpEeTHHAE Maike IMOJOBUHY Ilikcena (puc. 7), TO
MOXMOKa BHU3HAYEHHS 1HTEHCHBHOCTI KOJhOPY Oyjie JIOPIBHIOBATH IOJIOBUHI PiBHS
IHTEHCHBHOCTI KObOPY. J[71s1 po3riisiHyTOrO BUMIAAKY, B 31 piBEHB, € MPHIHITHUM.
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Taoauusa 2 - 3HaueHHsI OWiHIOBAJBLHUX (PYHKIIN /IJIsl HEMOBHUX CYOMiKceJIiB

Ne 3Ha4YeHHS OLIHIOBAIBHUX (PYHKIIN
cybmikcena

18 o)

OF s = (¥, ~ \/_)Ax Ay(x, +1) = OF, —|3 Ax—Ay.
17 )

OF,; = (v, —i)Ax—Ayx,- =OF,-\[3 Ax.
23

OF,; = (y, —i)m Ay(x, +%) = OF, —2\/37Ax—%Ay.
24

OF, =(, ——M)Ax—Ay(x,. ~2)=OF ~2/3 Av+ v,
25

OF,, = (3, —i)Ax Ay(x, —2) = OF, —2./3 Ax+2Ay.
26 3

OF, = (, —i)Ax—Ay(xi —i) = OF, —LAX—FiAy.

2 2 2 2

27

OF,, = (, —ﬁ)Ax—Ay(x,. —E) =OF, —gm+%Ay.
28

OFy = (, —i)Ax Ay(x, —2) = OF, —[3 Ax+2Ay.
29

OF, = (, —im M- hy=or B ac Ly,

2 2 2

30 1 )

OFy = (; —i)Ax Ay(x; +5) OF, —%A}H— ZAP.
31 7

OF, =(y, —i)Ax Av(x, +%)=OF,. —\/gAx—%Ay.
20

Oon = (yi —g)M—Ay(xi +2)= OF; —?Ax—2Ay.
21

OF,, =(y, +£)Ax—Ay(xi +§) =OF, +§M—%Ay.
22

OF,, = (y, +i)Ax Ay(x, +2) = OF, +~/3 Ax—2Ay.

Pucynok 6 — HaiigoBumuii nuisix y reKCaroHaJbHOMY MiKceJi
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Pucynok 7 — Ileperun cyomikcesia

BucnoBku

3anpornoHOBaHO METOJ] AHTHAIIIAM3UHTY KPOKOBOI TPAEKTOPIi Bipi3Ka MPsMOi
Ha rekcaroHasibHomy pactpi. CyTh METOJy TIOJISITAE B TOMY, 1110 MIKCEJ PO30HMBAETHCS
Ha CyOIIKCeNH, B LIEHTPaX KOXKHOIO 3 AKUX PO3PaXOBYETHCS OLIIHIOBAJIbHA (DYHKILIS.
[To onHakoBUX 3HAaKaxX OLIHIOBAJBHUX (DYHKIIIM JIETKO BU3HAYUTH JUISTHKU MiKCena,
K1 TIPUMIMIEHI TO Pi3HI CTOPOHU BiA Bifpi3ka mpsamoi. s BU3HAYEHHS TUIOMNI
MOKPUTTS MIKCeNa MiIpaxoByIOTh CYMapHY KUJIBKICTh CyOMIKCENiB OJHOIO 3HAKY.

3anpornoHOBaHU METOJI JI03BOJISIE CYTTE€BO 30UIBIIUTH  MPOTYKTHUBHICTH
aHTHAJIIal3UHTY 3a paXyHOK po3napajiesieHHs 00YUCIIOBAIBHOTO POLIECY.
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Abstract. When creating raster images, distortions occur due to the insufficient resolution of
the raster. Artifacts appear in the images , one of the manifestations of which are pronounced steps
or teeth on the edges of objects. This effect was called the step effect or the aliasing effect. The
aliasing effect significantly affects the realism of the formed image, which necessitates the
development of special methods and means of its elimination.

The essence of the method is that the pixel is divided into subpixels, in the centers of each of
which the evaluation function is calculated. All functions are calculated simultaneously and
independently of each other. The sign of the evaluation function determines the position of the
subpixel relative to the line segment. With a positive value, the subpixel is placed above the vector,
and with a negative value - below. Using the same signs of the evaluation functions, it is easy to
determine the areas of the pixel that are located on different sides of the line segment. To determine
the coverage area of a pixel, the total number of subpixels of one character is calculated.

The proposed method allows you to significantly increase the performance of anti-aliasing
due to the parallelization of the computing process.

Key words: graphic images, antialiasing, hexagonal pixel, line segment, parallelization,
smoothing.
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CYYACHI TA IEPCIEKTHABHI CITIOCOBU BYKCHAPYBAHHS ITOBITPSTHUX
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Anomauia. Cmamms npucesiuena ananizy mpaouyiiHux cnocoodie OyKCupy8anHs noGimpsaHux
CyoeH 6 aeponopmax YusiNbHOI asiayii, MpAHCNOpmMHUX 3acobi8, 3a O0ONOMO20I0 AKUX
peanizyiomscsi 0aHi MexXHON02l, A MAKOHC PO32NAHYMO HAUOILIbUL NePCneKmuHi IHHOBAYIUHI
npoexmu w000 B0OCKOHANIEHHA NPOYeci@ MpAHCNOPMY8aHHs JNiMaKie no aepoopomax 3
EKOHOMIYHUX MA eKOJIO2IYHUX NO3UYILL.

Knwuosi cnosa: nosgimpamne cyoHo, OYKCUPY8AHHS, NEPOH, AepPOOPOM, AepOnopm,
aepoOpoOMHULL Ms2ay, HA3eMHe 00CIY208Y8aHHA, MsA208¢ 3YCUNLIA, OYKCUPYB8albHe OONAOHAHHS,
nepeoHs Cmitika waci, exinasxc, agiayiuna oesnexa.

Beryn.

BykcupyBaHHsSI MOBITPSHOIO CyJHA — II€ HOro MepeMillleHHs IO MOBEpPXHi
aepoJipoMy IiJ Ji€l0 3yCHJUIS 30BHIMIHBOTO JIKepesna (3a3BU4Yail cCrerialbHuX
TPAHCIIOPTHHUX 3aCO0IB).

JIoUIIBHICTH 3acTOCyBaHHs npouecy OykcupyBanHs [1C nosicHioeThest 6aratbMa
YUHHUKAMH, 30KpeMa, HEOOXIAHICTIO MO0 3a0e3medeHHs] Oe3MeKu TMepeCcyBaHHS
NEpPCOHAy aeporopTiB IO TMEPOHY, EKOHOMIE MOTOpEecypcy Ta MajbHOIro
aBIaJ[BUTYHIB, a TaKOXX 3aXWCTOM HAaBKOJIMIIIHBOTO CEPEJOBHUINA  BiJ IIyMy Ta
3a0pyIHEHbD.

[Ipote mporec OykcupyBaHHs 301biye yac nepedyBanns [1C B aepomopTy, 110
HETaTUBHO BIUIMBA€ HA BEJIMYMHY KOMEPIMHOI MHIBUIKOCTI aBialnepeBe3eHb -
OCHOBHMI MOKa3HUK €(PEKTUBHOCTI BUKOPUCTAHHS aBlal[iiHOT TEXHIKU.

Buxonsuu 3 BUIlle3a3Ha4€HOT 0, TIpoliec OykcupyBaHHs noBiTpssHuX cyjaeH (I1C)
Ha aepoApoMax MOBUHEH OyTH KOPOTKOYACHUM 3 MIHIMAJIbHUM BIJIMBOM Ha OCHOBHI
napaMmeTpu epeKTUBHOCTI KOMEPIIHHUX aBialliiHUX TIepeBe3eHb [ 1].

OCHOBHHUI1 TEKCT.

Ha cboronHimHid 1eHb B aepomnopTax peani3yroThCsl TPU OCHOBHHX CHOCOOU
oykcupysanss [1C, ripo siki mijie MOBa J1aji, KpiM TOTO BXKe 3apa3 B aBialliiiHii ramysi
MOCTYNOBO BBOJSATHCS 1HIN, TPUHIUIOBO BIJIMIHHI BIJ 3rajjaHuX, CIIOCOOH
OyKCUpYBaHHs JIITAaKiB Ha PI3HUX CTaJIsX BIPOBAHKEHHS — BiJ MPOCKTHUX PIIICHb
70 TOTOBHUX EKCIUTyaTallifHUX 3pa3KiB aepoONOpTOBOTO OOJaJHAHHS Ta aBialiiiHOI
Ha3eMHOI TeXHIKH, aHaJl13 SIKUX TaKoX OyJie HaBeJCHO B MaTepiajax JaHol CTaTTi.

Otxe, ocHOBHI cniocodu OykcupyBanHs [IC, 110 ChOTOJIHI 3aCTOCOBYIOTHCS B
Cy4YaCHHX aepomnopTax, 0a3yrThCSd Ha BHKOPHUCTAHHI BIJIMOBITHOTO CIEIIAJIBHOTO
oOnagHaHHs Ta aepoApoMHHX TsradiB (AT) pizHOMaHITHOI KOHCTpykKuii. Ileprimii
crnoci6 6ykcupysanns [IC Bumarae nHasiBHOCTI AT 3 OyKcHpyBaibHUM 00JIaTHAHHSM,
apyruii — AT, mo mMarote MmoxiuBicTs migiiimatu [1C 3a nepenHio (OCHOBHY) CTIMKY
maci Ta (ikcyBatu i Ha BIAMOBiAHIA mIaTdOpMi (3 BUKOPUCTAHHIM MacH JIiTaka),
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TpeTii — AT MOXIMBICTIO TIepeaBaTh KPYTHUH MOMEHT BiJl MPUBITHUX POJIMKIB Ha
camomy Tsaradi 1o mHeBMatukiB maci [1C (3 ppukiiiinoro nmepempayeto).

VY nmanuil yac HaWOUIbIIE MOMIMPEHHS 3HAWIUIM MPOCTI 1 HaJiiHI crmocoOu
oykcupyBanns [1C 3a monomororo AT, sKi mepefaroTh TSATOBE 3yCHILIS HA JIITaK 3a
J0TIOMOT010 OyKCHpYBaIbHUX BOJUI - IIpH pyci IIC «HOCOBOIO YacTUHOIO Briepen» 1
3 BUKOPHUCTAHHSAM JBOX CTpOIN OJHAaKOBOi A0BXUHHM Mpu pyci [IC «XBocTOBOIO
YaCcTUHOIO BIiepe» [2].

Hpyruii crnocid6 OykcupyBaHHsi [IC 6a3zyeTbcsi Ha eKcrulyartallii TsATadiB, IS
30UTbLIEHHS CWJIM 34YEIUIEHHA KOJIC 3 TMOKPUTTAM  aepojapoMy Yy  SKHX
BUKOPUCTOBYETHCS Maca JITaKa.

®daktuuHo, naHuit TMO AT sBisie cOO0I0 MOTYKHHUM MEPECYBHUM TiIpaBIIuyHUM
MIIAOMHMK, 1 Tmiepes; OyKCUPYBaHHSAM pPeEaji30BYE€ThCS TEXHOJOTIUHHMM IpOIeC
3aXOIJICHHsSI TTHEBMATHKIB OCHOBHOI CTIMKHM IlIaci JiiTaka Ta iX BCTAHOBJEHHS Ha
crelialibHy HU3bKOPO3TallIOBaHY nnaT(bopMy TATaya.

Taxki 6e3BomuiabHI AT MaroTh BiIHOCHO HEBEJIMKY Bary Ta rabapuTHI po3MIpH i
3aCTOCOBYIOThCA He TUThbKU Jisi miepeMimieHHst [IC mo aepompomy, a Takox 1 is
OyKCUpYBaHHSI JIITaKiB O aHTapiB.

Croci0 OykcupyBaHHS JITaKiB 3 IMIJTAHOMOM HOCOBOi YaCTHHU Ta KOPCTKOIO
¢ikcari€o nepeaHboi CTIMKM Iaci 3 MPUYMHA KOHCTPYKTHUBHOI CKIJIAIHOCTI 10
HEJIJaBHBOT'O Yacy HE 3HAXOJMB IIMPOKOTO BIPOBaKEeHHs. [IpoTe ChOro/iHi iICHYIOTh
JOCTaTHbO HAAIMHI Tsrayi BiJ MPOBIJHUX 3aKOPAOHHUX (PIpM, Kl MAIOTh BUCOKHM
pecypc Ta aKTHUBHO 3aJydaroThCsl 10 OYKCUPYBaJIbHUX TEXHOJOTIA B Oararbox
aeporioprax Ykpainu [3, 4].

o apyroro cnoco0y 6ykcupyBanHs [IC (3 BUKOpUCTAaHHSIM MacH JiTaka) BapTo
BIJIHECTU TEXHOJIOT1I0 BUKOPUCTAHHS poOoTH30BaHuX TiarauiB TaxiBot, sika ocraHHIM
9acoM CTa€ BCe OUIBII MOMYJIIPHOIO B MOTY>KHUX MDKHAPOIHHUX aepONOpTax CBITY.

TaxiBot - HamiBaBTOMaTHYHUI TATrau-OyKCUPYBaJIbHUK s niepeminieHHs [1C
BiJl TMIEPOHY /IO MICIIs 37IbOTY BUPOOHHUIITBA 13painbchbkoi Kommanii Israel Aerospace
Industries (IAI). Tlepen moyaTkomM OyKCHUpYBaHHS MEpEIHE IIACi JiiTaka (KOJICHHMA
BI30K) BXOJUThH y MOBOPOTHY Typejb TsArada 1 HaJaidHO ¢ikcyeTbesa. Typenb Moxe
BUTIbHO oOepratvca 1 0e3 3aTpUMKHU TepeJaBaThd KOMaHIU IMpO TajlbMyBaHHS Ta
MOBOPOT, 110 MMOJAIOTHCS MUJIOTOM, Ha TEpPEe/IHE KOJEeco amiajaiiHepa, Ha OpraHu
KepyBaHHs TaradeM. [Ipyu npoMy MUIOT HE BiAYyBa€ MPUCYTHOCTI TATa4ya HaABITh i
Jac pyxy, TalbMyBaHHsS JiTaka 3AIACHIOETBCS HOTO TalbMaMH, a HE TATaduoM,
nepemimienHst [IC peami3yerhcsi Tpy BUMKHEHUX XOJOBHX JBUTYHAxX aBiajlaiiHepa,
a/pke eHepris ToTpiOHA TIMBKKA JUIsl JKUBJICHHS TPWJIAAIB, OCBITJIICHHS Ta
KOHIMIIIIOBAaHHS TIOBITPS B cajoHax. Jlnms 3piiicHeHHs OyKCcHpyBaHHS JIITakiB
TaxiBot ocHamenuii TiOpUAHUM €NEKTPUYHUM JIBUTYHOM [5, 6]. ¥ motomy 2015
pOKy TIOYaB TpalloBaTH Ha TMOCTIMHINA ocHOBI B aepomopty ®Ppankdypra B
HimeuunHi, Takum 4MHOM, HOTO BUKOPHUCTOBYE HiMeIlbKa aBiakomIiaHis Lufthansa [7]

TpeTiM, MPUHIIMIIOBO BIAMIHHUM BiJ ABOX IMOMEPEAHIX, € Cocid OyYKCHpYBaHHS
[1C 3a nonmoMororo GppUKIIAHOT Iepeaayl, SKMl Mae psJl epeBar, 30Kpema, BiJCYTHS
3’€IHyBajbHA JIJAHKA — BOJMJIO, MOPIBHSHO HEBEJUKUU pazaiyc noopoty IIC mpu
MaHEBpYBaHHI, [JIABHE 3pYIICHHS JIiTaKa 3 MICIlsl, M sIKe Ta €()EeKTUBHE TaJIbMyBaHHS.
[TpuHmn aii GpUKIIHHOTO PUCTPOIO 711 OyKCUPYBaHHS JIiTaka MoJIsrae B repeaadl
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BiJl HHOT'O Ha MHEBMATHK OCHOBHOI CTiiiku 11aci (a0o OOKOBOI CTIMKHM Iaci) JiiTaka
KPYTHOTO MOMEHTY, JOCTaTHBOTO Il pymieHHs 3 micis 1 pyxy I1C. Taki npuctpoi
3aCTOCOBYIOTHCS, B OCHOBHOMY, Jisi OykcupyBanHs jerkux [IC, 30xpema, miTakiB
Oi3Hec-aBiarii [8].

3 pO3BUTKOM TEXHOJIOTIM B Halll JHI BIPOBAIKYIOTHCS OpUTIHAIBHI
IHHOBAIlI{HI ~PIMICHHS WIOJI0 BJIOCKOHAJEHHS mporeciB OykcupyBanns [IC,
PO3pOOJISIOTHCS 1 HOB1 BUJIM TsTauiB, 3[]aTHI B MallOyTHROMY 3aMIHUTH TpaAMIliiHI
AT.

3okpeMa, amepukaHcbka kommanisi TNA  Aviation Technologies s
MEepEeMIICHHS TACaKUPCHKUX JIITAKIB 3 MAKCUMAJILHOIO 3JIITHOI0 Macor Bia 9 1o 60
T. TPOIOHYE BHKOPHUCTOBYBaTH TsArad-poboT Tugmaxxe. IloBopoTHa mmardopma
Moxke oOeprtatucss Ha 360°, 3aBASKM 4OMYy POOOT 3JaTHUH PO3BEPHYTH MOBITPSHE
CYyJIHO TIPaKTHUYHO Ha OJHOMY MicCIll 0e3 HEOOXiTHOCTI MOBOPOTY MEPEIHbOI CTIMKHU
maci. Kpim guctaHimiiHoro kepyBaHHS pOOOTOM-TSIrauyeM MOKHAa KepyBaTH B
HaIliBaBTOMAaTHYHOMY pexuMi [9].

AOCOJIIOTHO 1HIIIE TEXHOJIOTIUHE PIIICHHS MPOJEMOHCTPYyBaja aMepUKaHChKa
komrmaniss WheelTug, sika 3ampornoHyBaja BUKOPUCTOBYBATH 3aMiCTh aepOJPOMHOTO
TAra4ya CremiaJibHe MOTOPWU30BaHE KOJIECO, BCTAHOBIIEHE 3aMICTh CTAaHJIAPTHOTO
KoJieca NePEeIHbOI CTIMKM Iacl JiTaka. 3riHO 13 3a[yMOM PO3POOHUKIB, TaKe KOJIECO
3 BOYJIOBaHUM €JIEKTPOJBUTYHOM JIO3BOJIUTh MACAKUPCHKUM JIITaKaM MOBHICTIO
CaMOCTIITHO NEpEeMINIyBATHCh IO TEPUTOPIT aepoapomy. s pyXy mijioTy HEoOX1aHO
Oyne nuiie 3amyCTHTH JIOMOMIXKHY CHIJIOBY YCTaHOBKY 1 BMUKHYTH MOTOP-KOJIECO.
VYrpaBiaiHHsS pyxoMmM OyJe 3A1MCHIOBAaTHCh 3 KaOIHM €KIMaxy 3a JONOMOIOI0
CTaHJAPTHUX OpraHiB kepyBaHHs. [lepenbaueHo po3MilleHHs B KaOiH1 CHEIaIbHOTO
nepeMuKada JJis BKIIOUSHHS IPUCTPOIO B PEXKHUMI pyXy BIepea ado Hazad, a TaKoxk
YCTAaHOBKA €KpaHa, Ha KU Oy/le BUBOJUTUCS 300pa)KEHHS 3 30BHINIHIX Kamep Tij
yac pyJroBaHHs [10].

Kommanis Aircraft Towing Systems World Wide LLC mnpairoe Hajg HOBOO
eKoJIoriyHOI0 TexHoJoriero mepeminieHHss [IC mo aepoapomy, ¢akTuyHO, HaA
CUCTEMOI0 OYKCHpYBaHHS JITakiB 3 €JIEeKTpONpHUBOIOM. [lnaHyeThCs CTBOpPEHHS
cucteMu ATS B aBTOMAaTUYHOMY pPEXKHUMIi, BUKOPUCTAHHS TATOBO-OYyKCUPYBaTbHUX
BI3KIB 3 €JICKTPUYHUM IPUBOOM, 1110 OYyTh PyXaTUCh IO MOHOPEHIN Y MiJI3EMHOMY
KaHaJl Ta TATHYTH JIITaK BiJl 3TITHO-MIOCAIKOBOT CMYTH JIO MICIISI CTOSTHKHM Ha TIePOHi 1
B 3BOpOTHbOMY HampsiMky [11]. Ouikyerbcs, mo cucrema Oyne AOCTyNMHA IS
MIPOMHMCIIOBOTO BUPOOHUIITBA BoceHH 2022 pOKY.

Iness € mocTaTHRO MiKaBOIO, MPOTE, HA MINM TOTJISAM, IMIBHUAKE BIPOBAHKCHHS
NoJIIOHUX CHCTEM B EKCIUTyaTallil0 HE MependadaeThCcsl 3 OTVISAY Ha HEOOXIAHICTDH
BUPIIMIEHHS CKJIAJTHUX, SIK TEXHIYHUX, TaK 1 EKOHOMIYHHUX MPOOJIEM — TOYNHAIOYH Bl
CTBOpPEHHS JIy’K€ CKJIQJHHUX KOMYHIKali{d 13 BJAIITyBaHHSAM TYHENIB IO LEHTPY
PYJBOBUX JIOPIKOK 1 MO BChOMY TMEPOHY, NMPUYOMY, HE TIJIbKM TYHEIIB, ajie U
aBTOMATHMYHHMX CHUCTEM YyCEpeAWHI TMOAIOHUX KOMYHIKAIA, SKi MOCIa0I0I0Th
MOHOJIITHY KOHCTPYKI[I0 aepoJPOMHOIO TOKPUTTA, 1 3aKIHUYHOYH HASBHICTIO
BIPTYO3HOIO BMIHHS MUJIOTIB 3apyjiOBaTH Ha MaJCHBKUM 1 BY3bKHUU MalJIaHUYUK
pyxoMoro Bi3zka. OkpemMe MUTaHHS — aHaji3 BapTOCTI PEKOHCTPYKIII aepoapoMy Ta
HAIIHHOCTI JAaHUX CUCTEM.
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Bucnosok.

[{imkOM OY€BHIHO, IO 3pOCTAHHS MapKy TPATUIIHHUX aepOAPOMHHX TSITayiB B
aeponopTax 31 3HAYHOI IHTEHCUBHICTIO MOJBOTIB 30UIbLIY€E MIIIBHICTH PYyXy Ha
MEepOH1, CTBOPIOIOYM YMOBHU JJISl TOJaTKOBUX 3aTPUMOK, KpIM TOTO, BUTPATH 4Yacy Ha
IpOLECH AaBTOHOMHOIO MpHETHAHHSA-BIA €JHAHHS 34YEMHUX MPHUCTPOIB TaKOX
CHpPUSAIOTH 3MEHIICHHIO €(EeKTHUBHOCTI omepamiidi 3 Ha3eMHOTO OOCIyroBYBaHHS
miTakiB. BapTo BpaxoByBaTH 1 CKIAQHICTh B3a€EMOJIl JIIOJMWMHM 1 MAIIUHA B
CEPENIOBUIL, SIKE JMHAMIYHO 3MIHIOETHCS, 10 3arpoXKy€ €(PEeKTUBHOCTI MPUUHSTTS
pilIeHb aBlalllfHUM MEPCOHATIOM.

OTxe, Ha Yaci BUHUKAE HEOOXIHICTh y peasizallli IHHOBAIlIHHUX PIlIeHb 11010
npoteciB OykcupyBanHs [1C B mpoBiIHUX aeponopTax CBITY, BPaXOBYIOUHU MOCTIMHE
30UTbLIEHHSI OOCATY MAacaXXMpo- Ta BAHTAXKONEPEBE3EHb, 1 SIK HACHIJIOK — CYTTEBE
3poctanHs napky I1C ta piBHs 3aBaHTaKE€HOCTI IEPOHHOI 1HPpacTpykTypu. He BapTo
HEXTYBaTH  TPAAMIIIHHUMU  BOAWJIBHUMH Ta  O€3BOAWIBHUMH  CIIOCOOAMH
TPaHCHIOPTYBAHHS JITaKIB MO0 aepoOAPOMY, ajie B TOM Ke Yac 3’ SBISEThCS MOTpeda y
BIIPOBA/KEHHI HOBUX aBTOMATHU30BAHUX CUCTEM OYKCHUpPYBaHHS MOBITPSHUX CYJEH,
0 37aTHI TOKPAIIUTH pPiBeHb OE3MeKd TMOJHOTIB, €KOHOMIYHI Ta EKOJIOTI4Hi
MOKa3HUKU CYYaCHUX MI>)KHAPOJITHUX a€POIOPTIB.
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Abstract. The article is devoted to the analysis of traditional methods of towing aircraft at
civil aviation airports, vehicles with which these technologies are implemented, as well as the most
promising innovative projects to improve the process of transporting aircraft at airfields from
economic and environmental positions.
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Annotation. Characteristics of flight simulator motion system directly affect on quality of
motion cueing and, in this way, conformity of simulators to requirements. Method of calibration of
both linear and angular acceleration and angular velocity sensors was developed. Developed
methodology of sensor calibration ensuring the possibility of determining of motion system
characteristics and, upon request, adjusting them. Approbation of the methodology on the aircraft
flight simulators 11-96-300, Tu-204 and An-74TK-200 showed its efficiency.

Keywords: flight simulator motion system, sensor calibration.

Introduction. According to the flight simulator requirements [1], six-degrees-
of-freedom motion systems (6DOF) are a mandatory component of full flight
simulators of the qualification level C and D. This is due to the requirement for
motion cueing along six degrees of freedom: three translational (longitudinal, lateral,
vertical) and three angular (pitch, roll, yaw). To ensure this, flight simulator cockpit
is installed on 6DOF (Figure 1), whose movement creates motion cues along six
degrees of freedom.

In order to meet the flight simulator requirements, a certain quality of motion
cueing is required, to ensure which 6DOF characteristics are determined and, if
necessary, adjustments are made to ensure that flight simulator meet the flight
simulator requirements.

Motion systems have come a long way in development: from the first primitive
device of Sander Thacher and Eardley Beeley in 1910 to the modern 6DOF, which
scheme was proposed by Stewart [2] (Figure 2). This 6DOF has lower friction forces,
lower mass of moving parts, better dynamic characteristics, a simpler design that
does not limit a view through cockpit enclosure, provides ranges of linear movements
of more than 1 m and angular - 25 degrees. In Ukraine, the first 6DOF as part of the
flight simulator An-74TK-200 appeared in the mid-nineties of XX century.
Investigations of motion system characteristics were conducted on the flight
simulators 11-96-300, Tu-204 and An-74TK-200 [2 — 7].

Determining of 6DOF characteristics begins with sensor calibrations. Since the
sensor calibrations is an important component of meeting the flight simulator
requirements, the development of sensor calibrations methodology is an actual
problem.
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Figure 1 - Modern flight simulator

Method of calibration of both linear and angular acceleration and angular
velocity sensors

To form the transformation operator of 6DOF movements along individual
degrees of freedom into the movement of jacks, lets introduce (see Figure 2) the right
coordinate system OXYZ connected to 6DOF, which origin point O is in the plane of
the upper hinges K;K>K3, and the axes OX, OY and OZ are parallel to the respective
aircraft axes, and the normal fixed terrestrial coordinate system O,X,Y,Z,, which
origin point O, coincides with the projection of point O on the plane of the 6DOF
lower hinges J;J,J3J4/5Js under the condition of jack movements equality [, =1, =[;=
l4 =I5 =I5, and whose axes OgX,, O.Y; and O,Z, are parallel to the axes OX, OY and
OZ, respectively. The angular orientation of the body coordinate system OXYZ is
determined by the angles of roll y, yaw w, and pitch #.

In the scalar form, the rotation center coordinates of the jack upper hinges in the
terrestrial coordinate system O,X,Y,Z, are described by the equations [8]:
X = X + X5 COSYcosY + z_;. (sindcosysiny + sinycosy);

Vop = V + X 5In0 — z_ ;. cosdsiny + Y, ; (1)

Zop = Z — Xgop COSUSIMY + Z_,;, (cosycosy — sindsinysiny), k = 1,6,
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where Y, is the coordinate of the jack upper hinges along the vertical axis OY in the
6DOF initial position Y, = /12 +, where x,, z. are, respectively, the rotation center

coordinates of the k-th lower hinges in the terrestrial coordinate system OgX,Y.Z,
along the axes O.X, and O,Z,; [, 1s the jack average length, which corresponds to the
initial jack position and is equal to half the working stroke of the jack rods /s, = (Lax —
Lnin) | 2, where L., Lnin are, respectively, the jack lengths when the rod is fully
extended and fully retracted, which are defined as the distances between the upper
and the lower hinges in the jack direction with the rod fully extended and fully
retracted.

Y
h 12 *0 "

-
el |

e

Figure 2 - Kinematic scheme of 6DOF

To determine the spatial position of the 6DOF based on the known jack
displacement, equations (1) are written in the form:
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fjk (s)= [x+ Xpok COSY €Os ‘9+ZBok (sin Jcosy sin y +sin i cos 7)—x,Hk ]2+

+(y +x, o Sind-z, o cos95iny+YBH)2 +[z—xB0k cos $siny + (2)

+zB0k(cosV/cosy—sinSsim//siny)—sz]—(lBH +lk)2 =0, k=1,6, j=1,6,

where £, (s), k=16, j=1,6 are continuous functions.

To solve the system of nonlinear equations (2), which is differentiated at least
once, the Newton-Kantorovich method [9] can be applied. For this, the Jacobi matrix
is determined, which for the system of equations (2) is as follows:

[ () = 2[x + x,, cosycost + z, . (sindcosysiny + sinycosy) — Xy J;
foi () = 2(y + x4 Sin8 — 2, cosPIsiny + ¥, );

far (2) = 2[z — x5 cosOsing + z,,;, (cosycosy — sindsinysiny) — z,;. I;

fu() =2z, {[x + X, cCOSy cos I+ z,, (sin Scosysiny +sinycosy - x,, ]x
x (sin $cosy cosy —sinysiny)—(y + x,, sin$ —z,, cosgsiny + ¥, )x
x cos$cosy — [z — x,,, cosFsiny +z,, (cosy cos y—sin Isinysin ) -
—Z ](cos://siny +sin Ssinwcosy)};

for (W) =2[x + x,, coswcos 9+ z,,, (sin $cosysiny +sinycosy ) —x,, |

BOk
x [z,,, (coswcosy —sin Gsinysiny )] - [z - x,,, cos Isiny +
+ 2, (cosycosy —sinJsinysiny) - z,, [x,., cosGcosy +
+z,,, (sinycos y +sin Jcosysin y )};

for (F=2cosy|x+x,,, cosycosd+ z,, (sin$cosysin y +sinwcosy - x,,

x (2, sinIsiny — x,, sin3)+2(y + x,, sin 3 —z, , cosIsiny + ¥, )x

3)

X (xBok cos$ + z, , sin Jsin 7/)+ 2sin l/f[z — X, cosIsiny +z, (cosy/ X

x cosy —sindsinysiny -z, [x,,, sin 9 — z,,, cosIsiny), k =L6.

Due to the fact that the Jacobi matrix is nondegenerate, the system of nonlinear
algebraic equations (3) is uniquely solved.
Calibration of linear and angular acceleration semnsors. Linear and angular
accelerations of 6DOF are calculated according to the formula:
g, = a )

where §;, §; are, respectively, acceleration and acceleration sensor signal at the i-th

time; §,4 is average value of the acceleration sensor signals at a zero program signal:

. 1 n . . . . . . . .
§0=—2;2, 8 Kk, is calibration coefficient of acceleration sensor, which is
g -

determined by the formula obtained from (4): k_, = (s i Eﬂﬂ) /8.
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During 6DOF movement along pitch and roll, signals of longitudinal, vertical
and lateral acceleration sensors are calculated according to the corresponding
formulas: §,, = gsind; §,, = g(cosd —1); §,, = gsin(—y). To calibrate linear

acceleration sensors, 6DOF is successively moved along pitch ¥ = f(t) and roll

¥ = f(t) while maintaining constant values ¥ = f(t) and ¥ = f(t), on which sensor

signals of linear displacements {s.;.;, k = 1,6; i = 1,m;} and accelerations {3,

k=16;1i=1,m,;} are registered. For this purpose, the program signal is calculated

first along pitch and then along roll:
0

t, <tyt; > 8AtL;
h
u,_, + Aqu |ty <t, SAL2AE <t; <3ALAAE <t, < 5At
t

i wiy | A<t; S2AE3AE <t; <AAL5AL <t < 6AL;

1

h
u, | —Au—Lt|5At <t, <6Ati =1m,,

At
where At is subinterval duration;

m; = (2t, + 84t)/h.

The program signal of six jacks is formed. Using registered sensor signals of

jack linear movements {s_;, i = 1,m;}, 6DOF position are calculated (see Figure 3

i

and Figure 4), average values of linear accelerations according to the j-th degree of

freedom are calculated: §, = LZEI §;, where n_ 1s number of control steps in the
e

subinterval, n. = A t/h,. Calibration coefficients are determined.

0, degree
20 — ——
] 1 =ttt
Y.degree] \ Y

10 4 20 \ - N
v

0 ) 10 weeee \ . \\
2

0 i
0 20 40 s

Figure 3 - Calculated (1) and registered (2) displacements of the 6DOF in terms
of pitch and roll during sensor calibrations
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Y. degree -

N

0 4 8 ts
Figure 4 Calculated (1) and registered (2) displacements of the 6DOF in terms of
roll during sensor calibrations

During 6DOF angular movements, signal amplitudes of angular acceleration
sensors of roll, yaw, and pitch are respectively calculated by the formula:

. 2 . . . .
A,=A4,2x f,)". To determine actual signal amplitudes of angular acceleration

sensors, program signals are calculated according to corresponding degrees of
freedom:

0 |0<1t; <ty3ty +4T, <t <21, +4T,;
" A4,sin(2r £,t,) ‘ ty<t; <t,+4T,;i=1m,,
where m;, = (2t, + 4T,) /h,.

The jack program signals are formed, which, after 6DOF installation in the
initial position, are fed to control unit inputs. The sensor signals of jack linear

displacements {s,;, i = 1,m,} and angular accelerations {§,;, i = 1,m,} of the third

aio aio
period of 6DOF movement are registered (to avoid transient modes), the 6DOF
positions are determined, which for roll movement are presented in figure 4. Angular

acceleration sensor signals are decomposed into a Fourier series:

§; =ag+ay-cos(2mi/m,) + by;sin(2wi/m,);, i =1,m, where m, =T,/h,,

— L vy 2 ymy g 2mi 2 ey e 2T :
aﬂ_muza':lsm'» al—muzi.zlsmms —_ bl—muZi:lsmsmmu are Fourier

coefficients. i-th series harmonic amplitude is determined by the formula:
A, = /a7 + b}. The conversion factor is calculated: k, = 4,/4,.

Calibration of angular velocity sensors. 6DOF angular speed is calculated by
the formula:
R
Si’ - ka ’ (5)
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where §; is 6DOF angular velocity sensor signal at the i-th time;

'—iznf"i I 1 f angular d sensor signals at r
Sgo = 2u=1 S Is average value of angular speed sensor signals at a zero

program signal
Calibration coefficients are determined by the formula obtained from (5): k, =

(s i s'ﬂﬂ) /§;. During 6DOF angular movement, sensor signal amplitudes of angular

velocities along roll, yaw, and pitch are respectively calculated by the formula:
A, = 2mA, f,. To determine actual signal amplitudes of angular velocity sensors, the

program signal is calculated according to the corresponding degree of freedom:
0 |0<1t; <ty;t, +4T, <t, <21, +4T,;
a Ausin(Zﬂfut.)‘ ty <t <ty +4T,;i=1,m,;

1

where m; = (2t, + 4T,)/h,.

Jack program signals, which, after 6DOF installation in the initial position, are

fed to control unit inputs. Sensors signals of jack linear displacements {s_,,

i=1,m,}

and angular velocities {s,;, i = 1,m,} of the third period of 6DOF movement are

A

registered (to avoid transient modes), 6DOF position is determined. Angular velocity

sensor signals are decomposed into the Four' series:

. . . . . T 1 My =

$ = Qg + aycos(2mi/m,) + bysin(2mwi/m,);i = 1,m,,, where a, = m—zi.:‘; S
iU

2 My = 2mwi 2 MMy = . 2l .
a, = m—Z!:“l $5iCOS—, b, = m—Z!.z‘; $ySIN—; m, = T,/ h,. The amplitude of the
U U U U

i-th series harmonic is determined by the formula: A; =./a + bi. Calibration

coefficient is calculated: k, = A,/A4,.

Conclusion.

Method of calibration of both linear and angular acceleration and angular
velocity sensors was developed. Developed methodology of sensor calibration
ensuring the possibility of determining of motion system characteristics and, upon
request, adjusting them. Approbation of the methodology on the aircraft flight
simulators 11-96-300, Tu-204 and An-74TK-200 showed its efficiency. So it may be
used within system for determining of motion system characteristics.
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Anomauin. Xapaxmepucmuku OUHAMIYHUX CMEHOI8 ABIAYIlIHUX MPEHadCepis CYmmeeo
BNIUBAIOMb HA AKICMb IMimayii axkcenepayiunux 6nausie i, maxum YUHOM, HA BIONO0BIOHICMb
mpenaoicepie Hopmam npuoamuocmi. Po3pobaeno memoouxy xaniopyeanus 0amuuxie K JHiHiliHO20,
max i Kymogo2o NpUCKOpeHHs ma Kymoeoi wieuokocmi. Po3pobnrena memooonozcis kaniopysamHs
0amuukie 3aOe3neuye MONCIUBICMb GUIHAYEHHS XAPAKMEPUCMUK OUHAMIYHUX CMeHOi8 I, 3a
nompeobor, ixHe Kope2yganus. Anpobayia memo0on02ii Ha KOMNIEKCHUX mpeHaxcepax nimaxie -
96-300, Ty-204 i An-74TK-200 nokaszana ii epexmugericme.

Knrouosi cnosa. ounamiunuii cmeno asiayiiino2o mpenasicepa, KauiiopyearHs 0amyuKie.
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Anomauia. Ilpoyec peanizayii eOunux nioxooie 0o inmeepayii cucmem MOpcbKO20 38'513KY,
Hagieayiino2o0 ma 2i0poMemeoponociuHo20 3a0e3neUeHHs: CYOHONIA8CMBA SUKIUKAE HeOOXIOHICb
YV CMBOpPeHHI €0UH020 [HGOPMAYIUHO20 NPOCMOPY HA OCHOBI CYHUACHUX YUPDPOBUX MEXHONO0T.
Oonum i3 ocmaHuix piwieHb y yill 0Oracmi cmanio 3aCmMOCY8AHHA HOBUX MOPCLKUX YUPDPOBUX
iHpopmayitiHux cucmem, sIKi 3ACHOBAHI HA MepexCcesill nepedadi YuPposux Hasieayitinux Oanux OJis
3a6e3neuenns Oe3nexu Mopeniaecmaa.

Kniwowuosi cnoea: Oesneka Mmopennasanus, IHGopmayiuui  cucmemu, HABieAyilHO-
2iopoepaghiune 3abe3neyenns

OyHKIIIOHYBaHHS CY4aCHOI MOPCBKOI TPAHCHOPTHOI CHUCTEMH HEMOXKJIUBO 0e3
HaJIe)KHOI OpraHizailii cucTeMu 3a0e3rnedeHHs Oe3NeKH MOpEIUIaBaHHs, peasizarlis
AKOi TIOBUHHaA ©0a3yBaTWCs Ha HaBiramidHo-TiAporpadgiyHoMy 3a0e3nedyeHH1
MOpEIJIaBaHHs, BUKOPUCTAHHS 3aCO0IB aBTOMATHYHOI 1JIEHTH(IKAIIMHOI CHUCTEMHU,
rJ100aJbHUX HABITAIMHUX CYMYTHUKOBUX CUCTEM JUIS:

* YOpPAaBIIHHS IPOLECOM PYXY CY/EH;

¢ BH3HAQYCHHA Ta KOHTPOJIIO MiCHeHOJ'IO)I(eHHH CYICH,

* HaBITaIIHOI, TIAPOMETEOPOJIOTIUHOI Ta 1H(OpMAIIHHOT Oe3neKH,

* KOOPJAMHAIIIT Iii B MO3AIITATHUX 1 aBAPIHUX CUTYAIlIsIX;

* oprasizarlii ornepariii 3 MOIIyKy Ta CIACiHHs, a TaKOX JIKBiJaIlii aBapii Ta
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aBapIMHUX PO3JIUBIB HAPTH;
* JBOCTOPOHHBOTO 3B'A3KY 3 OEpPErOBUMH CITy:K0aMHU 1 MOPCHKHMHU PATYBATbHO-
KOOPIMHALIMHUMHU TICHTPAMH,

[TinBuieHHs eheKTUBHOCTI 1H(POPMAIIIITHOT B3aEMO/IIT Pi3HUX CIYKO, MOTpedye
CTBOPEHHS €AMHOTrO 1H(OpMaLIHOrO TmpocTopy M 3ale3mneueHHs Oe3neku
MOpEIUIaBaHHS, Yy CTPYKTypl SKOTO TiependadaeThCsi (YHKIIIOHYBAHHS TaKUX
OCHOBHHMX KOMIIOHEHTIB, TaKHUX K 301p, 00poOKa, 30epiranHs iHpopMmallii, a TAKOXK ii
nepenaya.

30ip, 0bpobneHHA Cuctema Cuctema
i 3bepiraHHA ynpaeniHHA ‘nepeaaui
iHdbopmaLlit iHcbopmaLii

&

BeperoBa mepeKa
—

f
A o
~

Beperosui
nepenasay

Puc.1 — Indpopmaniiina Bzaemonisi esiementiB HABIAT

['moGanbHa MOpchbka cucTeMa 3B'SI3Ky MiJ Yac jJMxa Ta ais 3abe3neueHHs
o6esnexkn MopemnaBctBa (I'M3JIB), wmikHapoaHa ciayxk0a, IO PEryJIO€ThCS
Kouseniiero MixHapoanoi Mopcbkoi opranizauii (IMO) 3 nutanb OXOpoHH
moackkoro kutts Ha Mopi (SOLAS). Ii meTa HamaHHs [0IOMOTM CyaHaM, sKi
3a3HaloTh Juxa. Ha ceoromguinmHii aeHp Ok HiXK 60 THC. CyleH Mae HeoOXimgHe
obnannanus ['M3JIb Ha GopTy, mpuuoMy OaraTto CyJeH OJHOYACHO JEKUIbKa TaKUX
TEpMIHAJIB.  HANpsAMKY ii MOJEpHi3alii Ta po3poOKM HOBUX CTAHAAPTIB IS
CYJHOBOTO Ta GeperoBoro o6JiagHaHHs. BiAMoBiiHO 10 poOOUYOro MmiIany 3 nepersjay
Ta MoJepHi3alii migkoMiTeTy MixHapoaHoi Mopcbkoi opranizamii (IMO) 3
MOpEIIaBaHHs, 3B'SI3Ky, MOIIYKY Ta pATYBaHHS IMepefdadyaeTbCs JEsKl pIBHI
neperssiay.

3 onHOro OOKy mepeadadaeThes neperisa 0a30BUX (PyHKIIOHAIBHUX BUMOT Ta
YTOYHEHHS BU3HAYEHb. |HINA pIBEHB MEPErsay — AeTani30BaHUuM, BKIOYAE PO3TIISAL
nuTaHb BKIOYeHHS 10 ['M3JIb HOBUX CHCTEM Ta €JIEKTPOHHHUX TEXHOJIOTIMH:
aBTOMATHYHI  1ICHTU(IKAIIMAI ~ CHCTEMH, CHCTEMH CYJHOBOTO OXOPOHHOTO
OTIOBIIIIEHHS, PO3Mi3HABaHHS CYJCH Ha JalbHIM BIACTaHl, €JIEMCHTIB e-HaBirarii,
HOBUX BUMOT JI0 OOJaJHAHHS PATYBAIBHUX MUIIONOK Ta IUJIOTIB y YacTHUHI
3a0€3MeUeHHs] JaJIbHBOTO PAJI03B'SI3KYy, PpO3IJIsA MUTaHb EBOJIONIL  aBapiiiHUX
pamio0yiB 3 ypaxyBaHHSM BIIPOBADKCHHS CEPEIHbOOPOITAILHOTO CYIMYTHUKOBOTO
YIPYNOBaHHS 3 TIOIIYKOBO-PSITYBaJbHUM HAaBAHTAKEHHSIM Ta IHIINX AacHeKTiB.
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Icuyroui By3pkocMyroBi cucteMu npsiMoi nepenadi ganux NAVTEX 1 TELEX, siki
nepenarTh 1HQOopMaIliio 3 OeperoBux CTaHIIM Ha CyJHa 3 HU3bKOI MIBUAKICTIO 50
0iT/c 1 TpuBamicTiO mocwiok 20 Mc, BXK€ 3acTapiid 1 He BIANOBIIAIOTH CYyYaCHUM
BUMOraMm oOMiHy iHopMaliero. [TiABUIINTH MIBUAKICTh 32 PaxyHOK CKOPOYCHHS
TPUBAJIOCTI TOCUJIKKM HEMOXJIMBO 4epe3 ePeKT OaraTonpoMEHEBOCTI Ta Ne(eKTiB
aepopmariiii GopMu MOBIIOMIICHHA MpPH MPOXOJKEHHI CUTHAIy uepe3 aTrmochepy
3emui. Taki gedopmariitii gedekTH NPU3BOASITH 10 PO3TATYBAHHS MOBIJOMIICHHS B
Jaci Ta HaKJIaIaHHs X OJMH Ha OJHOTO.

[Tin ywac 16-i cecii IligkomiTeTy 3 palio3B’s3Ky Ta MOILIYKY Ta MOPATYHKY
(COMSAR) MixHapo1HOi MOPCHKOi opraHizaiii OyJjia npejacraBpjieHa HoBa po3poOka
(dpaniy3bkoi kommanii Kenra, a came nudpoBa mopceka iHpopmMaliiiiHa cuctema st
TpaHchaiii Hapiramiiaux nanux — NAVDAT (Navigational Data), sika Mae Ha MeTi
3aMpOBaIUTH HOBY ITU(DPOBY CHCTEMY MOPCHKOTO 3B’SI3KY, JOCTYIHY JJIS CYIEH IO
BCbOMY CBITY, BUKOPHUCTOBYIOUM YHiBepcasibHy 4acToty 500 k1, mo € anamorom
cuctemu NAVTEX (Navigational Telex) i sika € pe3yiapTaToM CHIJIBHOTO MPOEKTY
I1JT Ha3BOK “[HTEPHET-IIPOTOKOJ CyaHOBOTO 3B 53Ky . IlIBHaKICTh mepenadi JaHUX,
aky mpornonye cucremMa NAVDAT, posmmproe cepBic, sKA Hagae MOTOYHA
rinobanbHa cucteMa NAVTEX, 1 nepen0avae Ti >k OCHOBHI (hyHKIII1 (HaBirariixi
MOTIEPEKEHHSI, TTPOTHO3U TMOTOJM Ta €KCTpeHy iH(hOpMaIliio s CyIHOIUIABCTBA).
Kpim Toro cucrema NAVDAT nponoHye MiABUIICHY MIBUAKICTh Mepenadl Ta
MOKpAIllEHy SIKICTb OOpOOKM, Halar4u JOCTYI JO0 HHM3KU JOJATKOBUX JaHUX Y
TEKCTOBOMY (opmari, a TakoX y @opMi 300paxkenb 1 rpadikiB. L1 gani
BCTAHOBJIIOIOTBCS ~ TaKMM  YWHOM, 100  BKJIIOYAaTH  METCOPOJIOTIYHY  Ta
okeaHorpadiuny iHdopmario y dopmi aiarpaM (Hampukiaa, 1300apuyHHUX) abo
YUCJIOBUX JaHWX (HAMPUKIAJ, PEryJspHI OHOBJICHHS IOJOKCHHS OKa TPOIIYHOTO
LMKIIOHY), 3BITH, L0 IOKa3ylOTh PO3TAlllyBaHHS JIbOAY Ta aiicOepriB Ha KapTi,
MOTEPE/KYBaIbHI 3BITH, IO CTOCYIOTbCS MipaTrcTBa, Ta 1HIIA 1H(OpMaIls, o
CTOCY€ThCSl MOLIYKYy Ta TNOpATYyHKY. CucteMa NAVDAT Ttakoxk HOpONoOHYeE psiA
BapiaHTIB TPaAHCIIALII, IS CYJIeH, IO IJIaBalOTh Yy MEBHIM reorpadivHii 30H1, 1 MaE
omiito mudpyBaHHs 11 nepenayi KoH}piaeHIHHOT 1HPopMaIlii Ha 3HaYHOI BIJICTaHI
o 0e3 CYMHIBY € J1€BHM HUISXOM JO peaii3allli €IMHUX MiAXOIB A0 1HTerparii
CUCTEM MOPCBHKOTO 3B'SI3KY, HaBITalIIHOTO Ta T'1APOMETEOPOIOriYHOTO 3a0e3MeUeHHS
TIJIAaBaHHS Ta MIIBUINCHHS 0e3aBapiiiHOr0 PIBHIO MI>XHAPOIHOTO CYHOIIJIAaBCTRA.

Komnaniss KENTA (®panist) npeacraBuia HUPPOBY MHUPOKOCMYTOBY CUCTEMY
NAVDAT nmns MSI (maritime safety information) Ta indopmariii, mos's3aHoi 3
6esnekoro. LlentpanbHa yacrora cucremu ctaHoButh 500 k[ 13 cmyroro 10 kI,
BuxopucroByeThcss 228 mimHeCyYnxX 4YacTOT. BOHM BiIMOBUIWCS BiJ YacTOTHOI
MOMYJIAIIT JIsi 3MEHINEHHS MUPUHU CHEKTPY CUTHATY Ha KOPUCTh MHOXHHHOTO
aMIUTITYTHO-(a30BOT0 KOJYBaHHS, IO 301IbIIy€ 3MaTHICTh OTPUMAHHS BEIIUKHX
obcsriB iHdopmarii. Cranmii NAVDAT posropuyTi 6115 6eperiB €Bponu Ta A3ii.
IBuakicts nepenadi ganux NAVDAT npu HasgsBHOCTI peaJIbHUX MEPEIIKO]T 3pOCTaE
B COTHI pa3iB y TOPIBHAHHI 3 ICHYIOYMMH, AHAJOTIYHUMHU 3a MNPU3HAYCHHSIM,
cucreMamMu. TakoX BJOCKOHAJICHO BIJHOIICHHS CHUTHAJ/IIYM Yy 30HI MNpUAOMY
CUTHAIYy.

Onosnena Bepcisi cucremu NAVDAT 3natHa 3a0e3MeunT Kpanly MBHAKICTh
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nepenayl JAaHUX 3a PaxyHOK JESKUX TEXHOJIOTIYHUX pilleHb: OararoyacToTHA
nepenavya curHaiy; OaratouactoTHa wmonyisidis (QAM) curHamy; HaaJHIIKOBE
3rOPTKOBE KOAYBaHHS. AJie TOJOBHE L€ T€ IO LK(poBa MHUPOKOCMYTOBa Iepenaya
nanux dyepe3 oHoBieHHd NAVDAT nae MOXIHMBICTH 3aMIHUTH BY3bKOCMYTOBY
nepenavy nanux yepe3 TELEX.

[lono nopatkoBux nepesar cucteMu NAVDAT To BOHU MOJISATalOTh B TOMY, IO
Taka CUCTEMa Ma€ OLTBII BUCOKY IMIBUJKICTH Tiepeaadi nanux, Hixx NAVTEX. Meton
nepeaadui NAVDAT 3acHoBanmii Ha cranpapti Digital Radio Mondiale (DRM) 3
BUKOPUCTAHHSAM OJHOTO 3 JABOX pexkuMiB MoayJisaiii 16-QAM Tta 64-QAM, 3anexHo
BiJl HEOOXIJHOrO TMOKPUTTA, PO3TAIlyBaHHS IepefaBaya, MOTY>KHOCTI Ta BUCOTH
aHTeHU. Tumu TomepeKeHb Ta TMOBIJIOMJICHB, SKi TPAHCIIOBATUMYTHCS, MOXKYTb
OyTU HaCTyITHUMMU:

* MOBIJOMJICHHSI 1II0/10 O€3MEKU MOpeIlJIaBaHHS;

* Oe3reKa eKinaxy, CyJiHa Ta BaHTaxy,

* MOTIEPEKEHHSI 11010 TIIPAaTOHEOE3NEYHUX PAOHIB;

* TEPMIHOBI ITOB1JIOMJICHHS;

* JIbOJIOBA CUTYAIIis Ta alicOeprH;

* MOIIYK Ta PATYBaHHS,

* METEOPOJIOTIYHI TTOBITIOMJICHHS,

* Teuli Ta MPUILIUBHY;

* JIOI]MAHCHKI Ta MOPTOBI1 MOB1TOMJIEHHS;

* niepeaayda ainiB ciyx0u pyxy CyJeH;

* iH(OpMallisl aBTOMaTHYHOI CUCTEMU 1€HTU(DIKAITIT;

[loBimOMIIEHHST MOXYTh IE€pelaBaTUCS SIK CHUIbHA  TPAHCISLISA, IO
TPAHCIIOIOTHCS HA BC1 Cy/IHA a00 CEJICKTUBHE MOBJICHHS HA KOHKPETHE CyIHO. Takox
MOBIAOMJICHHSI TIEPEAOTHCS HA TPYIY CY/ACH YU KOHKPETHHI pallOH TiaBaHHA a0 y
pPEXKUMI OKPEMOTO MOBIJIOMJICHHS, 110 aIPECOBAHE OJTHOMY CYAHY 3 BUKOPHUCTAHHSIM
imeHTudikatopa. HalicyTTeBimmM € Te 110 cUCTeMa MPECTaBIsge nepeaady He JUIIe
TEKCTOBHUX (DaililiB a TakoXkK rpadikiB, KapT, 300pakeHb, TaHUX TOIIIO.

BucHoBkwu.

OTxe BHpoBaKeHHST MOpChKOi 1HGopmamiitHoi cuctemu NAVDAT, ii
iHTerpaiisa 3 moaepHizoBaHoro 'M3JIb Ha ocHOBI KOHIIEMIIIi e-HaBirarii B KOHTEKCT1
PO3BUTKY MOPCHKHMX TE€XHOJIOTIH IIIJIKOM 3/aTHa BIJIrpaBaTU 3HAYHY POJIb B CHCTEMI
HaBIrariiHo-iHopMaliiHOT MIATPUMKH TPOLECYy CYIHOBOMIHHSA 1 3a0€3MeYUTH
eheKTUBHY KOMYHIKAI[IiHy CKJIQqoBy B CHCTeMi 3a0e3reueHHs Oe3meku
MOpeTUIaBaHHS.
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Abstract. The efficiency of freight forwarding companies” performance is determined by the
qualitative, quantitative, and cost indicators characterizing service provision to economic entities.
The article presents a simulation model of freight forwarding services developed in GPSS World
simulation system to determine the average processing time of incoming requests depending on the
type of clients, research and comparison of the efficiency of two directions of requests depending
on transportation, determine the total customer service time depending on the department; explore
and improve the efficiency of logistics company by optimizing the construction of transport and
logistics services.

Keywords: freight forwarding activities, queuing system, service request.

Introduction.

Transport provides full satisfaction of the needs of national economy and
population in transportation. More than half of the volume of traffic is carried out
road transport, since it is the most mobile and maneuverable. It also allows the
delivery of goods from places of production to places of consumption.

In order to increase the volume of cargo transportation by road, it is important to
provide high-quality freight forwarding services to potential customers, since at
present the object of research of the transport market is the customer and his needs.
The more profitable the transportation is, the more interested the customer is.

The main criteria for choosing a freight forwarding company are:

— the cost of transportation (total transportation costs, taking into account
transport tariffs);

— speed of transportation (total travel time: from the starting point of
departure to the final destination);

— reliability of transportation (delivery of cargo in one piece at the specified
time and place).

In addition to the main criteria, the following additional criteria can be
identified, which should also be taken into account when choosing freight forwarding
companies:

— quality of services provided;

— the possibility of providing special equipment for the transportation of
certain categories of goods (dangerous, fragile, requiring a certain
temperature regime of goods);

— customer orientation (system of discounts and special offers);

— possibility of delivery of cargo "door to door";
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— reputation in the transport services market (good customer history and
positive feedback);

— qualification of personnel;

— cargo monitoring (the ability to track the transportation process);

— compliance with the requirements and quality standards of the
transportation process;

— mandatory insurance compensation in case of loss / damage of cargo;

— financial stability of the carrier;

— availability of additional services to ensure an increased level of security of
the transported cargo (insurance, information support, additional
packaging);

— many years of experience in the transport services market.

A freight forwarding company's performance is analyzed according to
indicators characterizing its activity areas where the company's performance before
and after the implementation of specific measures is compared. Each of the
company's goals requires the analysis of a number of indicators that allows making
managerial decisions on the economic feasibility of the proposed actions, their
benefits, and risks [1].

The most common aspects that are usually subject to constant reforms in freight
forwarding companies’ operation are workforce and material-and-technical capacity
management. Potential measures that are considered to optimize the staffing level in
order to provide complex and timely freight forwarding service provision, as well as
derive economic benefits from the operation are the assessment of costs, revenues,
and profits generated from the activity [1].

Statement of basic materials.

The most important factor is the duration and quality of service provision. To
plan this business process, we consider it appropriate to rationally organize freight
forwarding services rendered by an international logistics company.

The aim of the work is to develop a simulation model of freight forwarding
services developed in GPSS World simulation system [2, 3, 4] to

— determine the average processing time of incoming requests depending on
the type of clients (VIP client, client, one-time application);

— research and comparison of the efficiency of two directions of requests
depending on transportation (export, import);

— determine the total customer service time depending on the department;

— explore and improve the efficiency of logistics company by optimizing the
construction of the workflow for provision of transport and logistics
services.

To justify the choice of the optimal structure of an international logistics
company and optimize the processing of incoming requests, a mathematical model of
queuing system is proposed. The proposed queuing model is implemented in GPSS
World simulation system [2, 3, 4] (Fig. 1).
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As a result of the simulation, the following statistics on queues and devices were
obtained:

QUEUE MAX CONT. ENTRY ENTRY (0) AVE.CONT. AVE.TIME AVE.(-0) RETRY
OTH MAN EX 18 0 65836 25639 1.538 23.553 38.575 0
OTH MAN IM 9 0 38600 35450 0.057 1.476 18.089 0
OTH LAW 6 0 20839 14066 0.091 4.397 13.528 0
OTH_PLAN 20 2 104429 60178 0.774 7.469 17.626 0O
OTH_KOL 37 0 104420 30044 2.985 28.818 40.458 0
OTH MAN EX VIP 7 0 19231 7476 0.158 8.284 13.553 0
OTH MAN EX CL 12 0 36096 14034 0.675 18.843 30.829 0
OTH MAN IM VIP 6 0 12578 11521 0.013 1.014 12.064 0
OTH_PLAN VIP 6 1 31807 17545 0.111 3.520 7.851 0
OTH MAN IM CL 5 0 15691 14475 0.021 1.345 17.350 O
OTH PLAN CL 10 1 51783 29880 0.326 6.336 14.980 0
OTH KOL_VIP 7 0 31804 9008 0.226 7.161 9.990 0
OTH MAN EX NCL 15 0 10509 4129 0.706 67.670 111.465 0
OTH_KOL_CL 10 0 51778 14807 0.771 15.019 21.034 0
OTH MAN IM NCL 7 0 10331 9454 0.023 2.239 26.374 0
OTH PLAN NCL 13 0 20839 12753 0.337 16.311 42.037 0
OTH KOL_NCL 33 0 20838 6229 1.988 96.159 137.159 0

STORAGE CAP. REM. MIN. MAX. ENTRIES AVL. AVE.C. UTIL. RETRY DELAY
MAN_EX 5 10 5 65836 1 4.180 0.836 0 0
MAN_ IM 6 3.0 6 38600 1 2.868 0.478 0 0
LAWYER 1 10 1 20839 1 0.311 0.311 0 0
PLAN 7 0 0 7 104427 1 5.547 0.792 0 2
KOLONA 8 10 8 104420 1 7.358 0.920 0 0

As a result of the simulation, the average service time of an incoming request is
shown in Table 1.

According to the reports obtained as a result of modeling the processing of
incoming requests, the main indicators of the simulation results are determined and
the amount of time loss of requests for service requests in queues is calculated (Table
2).
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Table 1 - Results of modeling the processing of incoming requests from

customers
Operations for processing Average maintenance time, | Mean square deviation, min
incoming requests min (MEAN) (STD.DEV.)
VIP client (export) 115,015 13,428
Regular client (export) 202,247 23,299
One-time client (export) 464,731 172,401
VIP client (import) 141,712 15,616
Regular client (import) 235,656 40,373
One-time client (import) 429,148 173,825

Authors " development

Table 2 - Main indicators of simulation results

Outout barameters Client Lawver Planning Transport
putpb Manager Y Department | Department
Average work completion time (min) 90,55 24,397 58,47 101,82
Averag§ queue lengths for request 1.5 0.091 0.77 2.99
processing (request)

& | The number of requests served

& | without downtime in the queue (%) 38,94 67,5 37,63 28,77

®) Wgutmg time of the client in the queue 23.55 4397 7.47 28.82

A~ | (min)

z Load factor 0836 | 031 0,79 0,92
Number of employees to process the 4,18 031 5,55 7.36
request (people)

Number of employees in departments

5 1 7 8
(people)
Average work completion time (min) 71,47 14,397 69,77 97,37
Averag§ queue lengths for request 0.057 0,091 0.77 2,99
processing (request)

| The number of requests served

e~ | without downtime in the queue (%) 01,84 67,5 37,63 28,77

®) Wgutmg time of the client in the queue 1,47 4,397 747 28.82

A | (min)

= | Load factor 0,478 0,31 0,79 0,92
Number of employees to process the 2.87 031 5,55 7.36
request (people)

Number of employees in departments
6 1 7 8
(people)

Authors " development

Having analyzed the calculation results, we can see that the "bottleneck" for this
flow of requests is the number of client managers in the export department and the
number of employees in the transport department, the increase of which will increase
the throughput and reduce the time of customer service and request processing. While
the number of jobs for client managers in the import department can be reduced.
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Conclusions.

The developed simulation model can be used to determine the optimal structure
of a logistics company in the provision of forwarding services.

In determining the optimal number of employees to work with service
consumers, a company's management should take into account the quantitative and
qualitative indicators of their activities, but the most important aspect of any logistics
organization's operation is, of course, financial indicators.
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Annomayua. B yenax yeenmuuenus 00vbeM08 Nepego3KuU  2pY308  AGMOMOOUNLHBIM
MPAHCNOPMOM ~ BAJCHOE  3HAYEHUe UMeem  KAYeCMBeHHOe MPAHCHOPMHO-IKCNeOUYUOHHOE
o6cnyHcUsanue NOMEHYUANbHLIX KIUEHMO08, MAK KAK 8 Hacmosujee 8pemsa 00beKmom ucciedo8anus
MPAHCNOPMHO20 PHIHKA AGNACMCSL KIUEHM U €20 NOMPeOHOCIL.

B cmamve npeocmaenena umumayuoHHas MooOenu OKA3AHUA IKCHeOUMOPCKUX YCaye
MENCOYHAPOOHOU NOCUCMUYECKOU KOMNAHUEl 8 cucmeme umMumayuonnoco mooenuposanus GPSS
World onsa onpedenenus cpeonezo epemenu 06pabomxu 6xo0auux 3aa60K 8 3a8UCUMOCIU O MUNA
Kkauenmog (VIP-knuenm, Kiuenm, pazosas 3asi6Ka); UCCAe008aHUs U CPABHeHUs 3P dexmusHocmu
08YX HANpagieHull 3as80K 8 3A8UCUMOCMU OM NEepeso3KU (IKCNOPM, UMNOpM), onpeoeienus
0bwe20 B8pemMeHuU OOCIYHCUBAHUS KIUEHMO8 6 3ABUCUMOCIU OMm Omoend; UCCLe008aHUs U
nosviulenus dpexmusHocmu  pabomvl 102UCMUYECKOU KOMIAHUU 34 CYem ONMmuMu3ayuu
nocmpoenus pabouezo npoyecca. Paspabomannas umumayuonnas mooenb Modcem  Obimb
UCNONBL308AHA OJI ONpedeNeHUsi ONMUMATbHOU CIPYKMYpPbl OP2AHU3AYUU PAbOmMbl 10SUCMUYEeCKOU
KOMAAHUU NPU OKA3AHUU IKCNEOUMOPCKUX YCILYe.

Knrwuesvie cnosa: mpancnopmuo-3Kcneoumopckas O0esimenbHOCmb, CUCEMbl MACCO8020
00CIYHCUBAHUSA, 3AA6KA HA OOCTYHCUBAHUE.
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