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THE RESONANT AMPLIFIER OF THE ACTIVE ELECTRICAL POWER
WITH ADDITIONAL VOLTAGE SOURCE.
SUGGESTIONS, ANALYSIS, NUMERICAL ESTIMATES

Y. BATYGIN, T. GAVRILOVA*, S. SHINDERUK, E. CHAPLYGIN

Department of Physics, Kharkiv National Automobile and Highway University, Kharkiv, UKRAINE
e-mail: gavrilova.hnadu@gmail.com

ABSTRACT The problem of increasing energy saving in industry leads to the need to develop new technical devices. The paper
presents and analyzes the circuit of the resonance amplifier of active electric power, evaluates the characteristics of electromagnetic
processes for the fundamental substantiation of the operation of real devices based on this circuit. Mathematical analysis of
electromagnetic processes taking place was carried out using strict methods of the theory of electric circuits. The advantages of this
scheme in comparison with similar previous proposals are shown. The device includes four active-reactive circuits that are
inductively connected. The first of them is an input circuit with a harmonic signal source that needs to be amplified. The second
circuit generates enhanced reactive power in the "voltage resonance” mode. The third circuit with an additional voltage source
provides reactive power output from the second circuit in the "resonance of currents" mode without adverse effects on amplification
processes. The fourth circuit, inductively connected to the third circuit, contains an output load - a resistor that simulates
the allocation of active power. On the basis of the analysis and numerical evaluation of the characteristics of the processes taking
place in the proposed scheme of the resonance amplifier of active electric power, its basic efficiency is shown. The calculations of
the experimental model made it possible to formulate recommendations for the selection of circuit elements of a working resonant
amplifier with a high efficiency for low-impedance output loads. The considered real parameters of the device make it possible to
minimize the dissipation of the energy of converted electrical signals and to increase the amplification factor of the electric power of
harmonic currents and voltage by choosing the element base. The obtained results can be considered as practical recommendations
for the creation of real devices for amplifying active electric power for use in various industries.

Keywords: resonant amplifier of the active power, active-reactive electrical circuits, voltage resonance; current resonance.

PE3OHAHCHHH NIJICUJTIOBAY AKTUBHOI EJJEKTPUYHOI NOTYKHOCTI
3 TOJATKOBUM JI’KEPEJIOM HAIIPYI'H.
ITPOMO3UIIIL, AHAJII3, YUCJIOBI OLITHKA

10. B. BATHT'TH, T. B. T'”ABPHJIOBA, C. O. ITUH/IEPYK, €. O. YAIUIHT'ITH
Kaghedpa pizuxu, Xapriecokuii nayionansuuii asmomobinsro-oopocniii ynisepcumem, m. Xapxie, VKPAIHA

AHOTALIA Ilpobnema niosuwenns enepeo30epedcents y NPoMUCIO8OCHI NPU3Bo0ums 00 HeoOXiOHocmi po3poOKu HOBUX
MexHIYHUX npucmpois. B pobomi npedcmasniena ma npoaHanizo8ana cxema pe30HAHCHO20 NIOCUTIO8AYA AKMUBHOI eleKmpUdHOl
NOMYACHOCMI, NPOBEOEH] OYIHKU XAPAKMEPUCIMUK eNeKMPOMASHIMHUX NPOYecis Oasi YYHOAMEHMATbHO20 OOTPYHMYBanHs pobomu
peanvHux npunadie Ha ocHogi 0anoi cxemu. Mamemamuunuil ananiz enlekmpomMazHimHux npoyecis, wjo 8i06ye8amvcs, npo8ooUsCs
cmpoeumu memooamu meopii enekmpuunux koumypis. Ilokazano nepegazu 0aHoi cxemu 8 NOPIGHAHHI 3 AHANOIYHUMU NONEPEOHIMU
nponosuyiamu. YV cknadi npunady po3enamymi 4omupu aKmueHO-peaKmueHux KOHMYpU, AKi THOYKMUSHO No8's3aHi midxc coboro.
Tlepwuii 3 Hux — ye 6XIOHUIL KOHMYD 3 0XCEPENOM 2aPMOHIYHO20 CUSHATY, AKUUl HeoOXiOHO nocunumu. /pyeuti KOHMyp zeHepye
NOCUNEHY PeaKmusHy NOMYACHICIb @ PedcUMi «pe3oHaHc nanpyeuy. Tpemiil KoHmyp 3 000amKosum 0xceperom Hanpyeu 30ilUCHIOE
BUXIO PeaKmueHoi NOMYNHCHOCMI 3 Opy2020 KOHMYDY 6 DedCUMI «PE30HAHC CMpPYMI8y 0e3 360pOmH020 6NAU8Y HA Npoyecu
niocunenns. Yemeepmuii Konmyp, iHOYKMUGHO 3'€OHAHULL 3 MPEMIM KOHMYPOM, MICIMUMb GUXIOHe HABAHMAICCHHS — PE3UCOP, AKULL
MoOentoe udinenHs akmuerol nomyoicnocmi. Ha ocnosi ananizy ma uucenvHol oyiHKu XapaKxmepucmux npoyecis, wo npomiKaroms y
3aNpPONOHOBAHITI  CXeMi  PEe30HAHCHO20  NIOCUNIOBAYA AKMUGHOI  eleKMPUdHOi NOMYJICHOCMI, NOKA3aHa ii  NpuHyunosa
npayeszoamuicme. IIposedeni po3paxyHKu eKcnepumeHmanbhoi Mooeri 00380NUAU CHOPMYNI08AmU peKomeHoayii ujooo eubopy
eleMenmie cxemu pobou020 PEe3OHAHCHO20 RIOCUNIO8AYA 3 BUCOKUM KOeDIYiEHMOM KOPUCHOI Oii O HUSLKOOMHUX GUXIOHUX
Hasanmasicenv. Poszenanymi peanvhi napamempu npunady 0036045A10Mb WIAXOM 8UOODY eleMeHMHOT 6a3u SUKTIOYUMU 00 MIHIMYMY
PO3CII08aHHS eHepeii nepemeopeHuUx eleKMPUYHUX CUSHANI8 1 niosuwyumu Koe@piyienm RIOCUNEHHS eeKMPUYHOI NOMYAICHOCHI
2apMOHIUHUX cmpymie ma Hanpyeu. Ompumari pe3yivmamu MOJNCHA pPOo32A0amu K NPakmuyHi pekomeHoayii Ons cmeopeHHs
PeabHUX NPUCMPOi6 0151 NIOCUNEHHS AKMUBHOT eeKMPUYHOL NOMYHCHOCME NPU 3ACMOCYBAHHKI Y PIZHUX 2ALY3AX NPOMUCTOBOCHIL.
Knrouosi cnosa: pezonanchuii niocuniosay akmueHoi Hanpyau,; aKmueHO-peaKmueHi eleKmpudHi Koad, pe3oHaHc Hanpyeu,; pe3oHauc
cmpymie.

Introduction electricity both in industry and in everyday life is

emphasized, for example, in works [1-3]. One of

The growing energy needs of mankind is evident the general directions for solving the energy

in our time all over the world. The increasing role of challenges of today is the development and
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improvement of alternative energy sources [4-7].
However, at present, we still have quite a lot of
unresolved issues that do not allow us to consider such a
direction as finally sufficient. Another direction can be
considered the development of technical devices that
would make it possible to improve the energy
performance of existing energy sources, for example, on
the basis of resonance phenomena.

As it follows from the information generalization
represented in the different scientific publications
the resonance can be a key to the energetic spike in
the oscillatory systems of the different physical
nature. For example, the historical facts of the
bridge constructions mechanical destroying are well
known to the world science but they are non-obvious in
the sense of their physical causality. There are many
analogical questions to the resonant phenomena
appearance in the heat processes, the electrical
circuits and much other. Their analysis leads to the
fundamental question formulation about a source the
energy of which allows fulfilling a work what is
impossible in traditional understanding of the physical
processes cause-effect tie. There are different
hypothesizes the essence of which consists in some
universal substance existence which possess by the great
energetic potential (for example, it can be the “dark
matter”, the “physical vacuum”, the ether etc.). In
dependence on the realization conditions this potential
can become apparent in a sharp burst kind of the thermal
energy, of the nuclear energy and of the electromagnetic
energy [8-10]. Not stopping on the works dedicated to
the fundamental questions of our Universe structure
the undoubted interest of the world public to the known
technical elaborations which are directed to solution of
the modern power engineering problems should
particularly extracted [11].

The efficiency of the electric resonance-rectifier
circuit for the renewable energy conversion is analyzed in
the work [12]. The scientific edition [13] is dedicated to
aconcise technical overview of energy technology:
the sources of energy, energy systems and frontier
conversion. Here are the advanced converters, catalysts,
fuel cells, membranes, metal-hydrides, refrigerators and
M.H.D. solar cells, finally.

The articles [14,15] illuminate the theoretical
investigations of the electromagnetic processes in Tesla
transformer which was the first technically realized
suggestion of the voltage resonant amplifier. The got
results and the numerical estimates agree well with
the qualitative conclusions of the Great Inventor.
Appearance of the Patent [16] is conditioned by
the practical interest to the power resonant amplify.
The subject of the invention is related to the
impact excitation systems in the electrical power
engineering but it can find application in the
uninterrupted power supply units, in the electromagnetic
vibration transmitting apparatuses etc. Finally, the work
[17] is dedicated to the experimental justification of
the electrical power resonant amplifier workability. To the
authors opinion the main result of the conducted
investigations is the experimental fact when the output
reactive electrical power exceeds more than ~33 times of
the source input power. Of practical interest is the
development of a circuit of a resonant amplifier of
electrical ~energy, where (unlike the previous
analogue) active electrical energy is generated, which can
be physically used to perform various works, for
example, for the systems proposed by the authors
of the works [18,19] for non-contact work on repairing
vehicles.

The aim of the work

The aim of the present investigation is the scheme
suggestion of the active electrical power resonant
amplifier, analysis and numerical estimates of the flowing
electromagnetic processes characteristics for
the principally justification of the suggested scheme real
workability.

1. Problem formulation, main calculation
dependencies

1.1. Electrical scheme, action principle

The electrical equivalent scheme of the suggested
resonant amplifier of the active electrical power
consisting of the four resonant circuits is represented on
Fig. 1.

Jy <y T‘“‘rl L
=) W) @ = di
¢
Rl i 1u|1'||ih: translormer R‘l
— j L — 1} F -

Fig. I - Electrical equivalent scheme of the resonant amplifier of the active electrical power
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The first of them — 1 with source of the harmonic
voltage — E; — the amplifier input circuit. Its current and
voltage transmit to the second serial circuit — 2 with help
of the coupling transformer «L,—L,;» Here

the amplified reactive power from the output element (the
capacitance — C,) transmits to input (the capacitance —

C,) of the parallel resonant circuit — 3. The latter one is
inductively coupled with the serial circuit — 4 the output
element of which is modeled by resistor — R, . This is

the load where the amplified active electrical power is
liberated.

The particularity of the suggested scheme consists
in what the parallel circuit — 3 contains the additional
source of the harmonic voltage — E,. Its appointment
consists in the conditions creation for the ‘“current
resonance” regime in which a back influence on the serial
circuit — 2 is excluded.

A relation of the active power in the output
element of the circuit — 4 (load, resistor — R;) to the ower
of the energy source in the input circuit — 1 is
the quantitative index of the electromagnetic energy
conversion in suggested scheme of the resonant amplifier
of the active electrical power.

1.2. Problem formulation

Let's consider the proposed scheme and its
parameters in more detail.

e The input serial «circuit |  contains
the capacitance C;, the inductance L;r (primary
the winding of the coupling transformer between

the circuits 1-2), the active resistance R; and the
source of the harmonic voltage E,(¢)=E, - sin (of)
(E, is the amplitude, ® is the angular frequency, ¢ — the
time).

e The amplifying serial circuit 2 contains
the inductance L,y (this is the secondary winding of
the coupling transformer between the circuits 1-2),
the capacitance C, (the output element), the inductance

L, and active resistance R, (this can be the resistance of
the winding inductances and coupling wires).

e The parallel circuit 3 contains the capacitance
C;, the active resistance R; (the resistance of the windings
inductances and the coupling wires), the inductance L;
and the additional source of the harmonic voltage
E,(t)=E, -sin (ot) (E, is the amplitude).

e The output serial circuit 4  contains
the inductance L4 the capacitance C, and the resistor Ry,
which models the amplifier active load.

e The frequencies of all resonant circuits are
o, =1/|LC;0, =1/L,C,;

equal to each other

o, =1/L,C; =», =1JL,C, — the amplifier resonant
frequency: o, =m, =0, =0, = 0.

The main task of the research is to evaluate
the integrated efficiency of the amplifier as a whole by

finding the appropriate gain coefficients depending on
the parameters of this circuit.

1.3. Main calculation dependencies

The  calculation  dependencies  for  the
workability theoretical justification of the suggested
scheme are based on the physically “transparent”
phenomenological statements  and  the strict
mathematical approach with the electrical circuit theory
methods usage [20].

We shall start from the “output” circuits of
the amplifier resonant.

According to the equivalent scheme on Fig.l
the state equations in the serial and parallel circuits — 3
and 4 accept the view [20]:

Ry J, +io(kyy [LL, )Ty = 0;
(ioLy + Ry ) Jyy +i0(kyy L, L, )-J4 -
—E,=U¢;

J, =imc;-UC1,

(1

where k&, €[0,1] is the coefficient of

the electromagnetic ~ coupling level between the
circuit 3 and the circuit 4; J, is the current in the
circuit 4 with the inductance L,, with the capacitance C,
and the active resistance of the load R, J33, J3 are the
currents in branches of thecircuit 3; J;;3 is the
current in the branch with the inductance L,, with
active resistance R; and additional source of the
harmonic voltage E,; J; is the current in the branch

with the capacitance Cj; UC3 is the voltage on the

capacitance Cj.

The currents being excited can be found from
the linear algebraic equations system (1) [18].

io(ky LL, )
Jy= _R—'J335
4
U. +E
Jy3 = : - 22 5 ()
(lmL3 +R, '(1+k34 050, ))
Jy =i0C;-Ue,
L
where Q, :&, 0, = 0;L4 are the Q-factors of
3 4

the circuits 3 and 4 correspondingly.
The current J,3 in the output from the capacitance
C, can be determined as sum the currents in the

branches of the parallel circuit taking into account the
resonance:

BICHUK HTY "XIII" Ne 3 (17)
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(EQ +iUg, (Ql + kiQJ]
3

R (i0 +(1+4,0,0,))

Jy=J,+J5 = 3)

From (3) we receive that for J,; =0 the next
condition has to be fulfilled:

E2:—i~UC3~[QL+k324~Q4J. “4)

It should be marked that in practices, the necessary
voltage of the additional source can be determined when
the voltage amplitude variation till to obtain the zero
current in the input to the circuit 3 from the capacitance
C, in the circuit 2.

With help of (2) and (4) we find the voltage and
current in the load active resistance R;:

L —i
U, =Uc | k- e 2
3 l‘3
, Z ®)
Jy ==k, |22 e 2.
R, L,

Let us return to analysis of the condition (4).
If this condition is fulfilled the “current resonance”
regime is excited in the parallel circuit 3. The current
in the output from the capacitance C, to the circuit 3 is
equal to zero (J,; =0). The electromagnetic processes in
the resonant circuits 2 and 1 are flowing independently on
the processes in the circuits 3 and 4.

The last final conclusion allows analyzing
excitation of the circuit 2 and 1 by the source of
the harmonic voltage £, without any coupling with
the circuits 3 and 4.

The state equations system has the view [20]:

1
E =(i(®LlT ——j+RlJJ1 +ioM,J,;
oC,

1

X (6)
—ioM,J, =|i| oL, - +R, |J,;
oC,
where J, and J, are the currents in the circuits 1
and 2, correspondingly; M, =k, -\ L;L,; 1is the

mutual inductance;  k, €[0,1] is the coefficient of
the electromagnetic coupling level between the circuits
1-2; L, =(L,; +L,) is the summary inductance of
the circuit 2.

Under resonance conditions

oL, -1/0C,=0; oL, -1/0C =0
the equations system (6) accepts the view:

{El = J\R +ioM,,J, - o

—ioM,,J, = RyJ,

The expressions for the currents being excited can
be got from (7)

R
leE 22 )
(oM,,)’ +R R, ®
 E
J, :—1-71,
where
Z:(mzvfu)zuel.ie2
oM, ’

Should mark that parameter Z in (8) can be
interpreted as a module of the equivalent inductive
resistance. It ties the source power voltage E, with

the resonant current J, in the second circuit. And as it
follows from the corresponding expression in (8) this tie
has the strictly inductive character.

Let us rewrite the corresponding expression for J,
separately for strict clearness in the further analysis of
the flowing electromagnetic processes

. E
Jy =i, ©

where

(oM,,)" +R,-R,
oM,, ’

Obviously, the functional dependence
Z=Z(wM,) has to have a minimum what determines
amaximum of the current J, as of function of
the argument — (@M, ).

The necessary condition of the extremum
existence for the function Z=Z(wM,,) is being written

in the view [12]:

dZ(oM,,) (oM,) ~RR, _

d(oM,)  (oM,) O

(10)

As it
the equivalent

follows from the expression (10),
resistance  module  reaches  the

(oMy,) . =R -R,.  And

minimum under
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the corresponding resistance minimum will equal to —
Z..=2JR R, .
In the terms of the parameters of the circuits — 2

and 1 the realization condition of the minimal value of
the equivalent resistance Z has the view:

ks | Lip Ly =JRR, .

The estimate of the electromagnetic coupling

(11)

coefficient which provides the secondary current
maximum J,,  follows from the expression (11)
RR
12-max - (12)

Physically, the found minimum of the equivalent
resistance ting the secondary current with the voltage E|

of the power source and determining the maximum
power amplifying can be explained by the
minimally possible return of the energy from
the secondary circuit 2 to the primary circuit 1. At that all
this process is being provided by the electromagnetic
coupling level between the circuits correspondingly to the
formula (12).

To calculate the integral coefficient of the
active electrical power conversion in the suggested
scheme of the resonant amplifier the formulas
should be written for the current in the circuit 1

and the voltage in the “output element” — L, of the
circuit 2
E
J ==
2R,
U, =- ! = (13)
“ '20C, R ‘R,
1 oL
=|l—=o0L,|=-E —2=.
oC, o 1 2JR ‘R,
Taking into account that U, =U. , after

substitution of the expression for U

find the voltage and
resistance R,.

to (5) we

current in the load active

L L
U,=- Eu& =
2R, ‘R, L,
(14)
L L
Jy :_E1& ks = |
2R,\/R, ‘R, L,
According to (13) and (14) the power

amplitudes in the circuit 1, in the circuit 2 and

in the circuit 4 (the amplifier output of the active
electrical power) will be determined by the following
dependencies

_E

" 2R’

E’ O
p =_L=2 15
2m Rl 4 ( )

R L

P =E? 2 2| g2 e ,
4m 1 4R4'R1Q2(34L3

where O, = % is the Q-factor of the
2
circuit 2.

The conversion coefficients of the electrical power
in the suggested scheme of the resonant amplifier can be
found as the relations of the corresponding values from
the expressions (15):

a) from circuit 1 to circuit 2

Kl ) :i:%’
B,

\9)

L
R

3

¢) from circuit 1 to circuit 4,

P, O, (L
K =t &l fas o
1-4 le b [L3 J 34Q4
The introduced power P, (of the additional
source) normalized on the power PF,, which is
introduced from the circuit 2  (under the
resonant conditions) is being determined by the
expression:
P, 1
T S L , 17
P ( o, Q4j 17)
2
where P, =—=is the power introduced
oL,

from the circuit 2 in the terms of the parameters of
the circuit 3.

For practice, the formula allowing the
efficiency integral estimation of the amplifier
in the whole is interesting. It can be got as
relation:
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(18)
L 1

:%' k324Q4(i_ j__ )
2 L, o

where P, is the output power in the load

active resistance in the terms of the
parameters.

As it follows from the formula (18) the active
power in the load which is determined with taking into
account power of the additional source can be considered
as some efficiency conditional characteristic which
permits evaluating the minimally possible value of
the output power in the scheme of the considered

amplifier.

amplifier

1.4. Analysis, numerical estimates

From physical consideration it is obvious that
for the amplifier efficiency maximum a contribution
of thepower additional source in exciting the
current resonance” in the parallel circuit has to be
minimal. As it follows from dependencies (4), (17)
and (18), for this it is necessary quite high Q-factor —
0, >>1 and quite weak electromagnetic coupling

with the serial circuit in aggregate with quite small
that ki, O, <<1.

the dependence for the power conversion coefficient —
(16), (17) and (18) demands increasing parameter —
k324 'Q4 .

The efficiency illustrations of the experimental
model of the active power resonant amplifier are
represented on Fig. 2, Fig. 3.

The following initial data were accepted for
calculation: @ =2n-25000 Hz, Lir=L,r=L;= 14,8 uH,
Lz =169 },I.H, Rz = 0,35 Om, R] = R3 = 0,1 Om, k34 = 0,1

K4
IR
10
L

Q-factor, so Simultaneously,

6
4
2
e
R4.0m
0 2 4 6 8 10

Fig. 2 — The amplifying efficiency of the active power as
function from the load resistance without taking into
account the power contribution of the additional source

E
K4, K1(-42)

(E2)
4 Kl-4
7
]
u T
-2 R4,0m
0 2 4 6 8 10

Fig. 3 — lllustration of the additional source power
influence on the active power amplifying in dependence
on the load resistance

Practically straight-proportional tie of
the conversion integral coefficient and the power of
the additional source follows from the calculations results
on Fig. 2.

Really, a substitution of (17) into the expression
for K4 from (16) leads to the relationship:

L P,
K, ZQEﬁJ fn)_ 1 . (19)
2 L3 P)Zm Q3
Physically, this tie supposes the growth

possibility of the conversion coefficient but with the
simultaneous growth of the power of the additional
source.

Finally, last comment. The curves on Fig. 3
illustrate the output power falling down in the
dependence on the load resistance with and
without taking into account the power of the additional
source.

Conclusions

The resonant amplifier scheme of the active
electrical power which is represented by the series of
the inductively coupled  resonant circuits is
suggested. The distinguishing particularity of the
present suggestion is introduction of the additional
source of the harmonic voltage what permits
excluding the back influence of the output currents
and voltages on the processes of their resonant
amplifying.

An expression for the coefficient of integral
transformation of the device is obtained, which is related
to the power of the additional source and makes it
possible to estimate the efficiency of the amplifier as
a whole.

The conclusions about the real workability of
the active power suggested amplifier are formulated on
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the basing the numerical estimates and the characteristics
analysis of the flowing processes.
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EVALUATION OF ENERGY BAND STRUCTURE OF HALF-HEUSLER ALLOY LiZnX
(X'=As, P, and Sb) USING FIRST PRINCIPLE CALCULATION

E. B. ETTAH', M. E. ISHAJE', K. A. MINAKOVA®', E. 0. ASUQUO’, S. U. ODEY"

! Department of Physics, Cross River University of Technology, Calabar, NIGERIA

2 Department of Physics, National Technical University «Kharkiv Polytechnic Institute», Kharkiv, UKRAINE

? Department of Chemistry, Cross River University of Technology, Calabar, NIGERIA

* Department of Curriculum and Instructional Technology, Cross River University of Technology, Calabar, NIGERIA
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ABSTRACT The evaluation of energy band structure plays a vital role in understanding the electronic properties of materials. This
research, we investigate the energy band structure of Half-Heusler alloys LiZn(X = As, P, and Sb) using a first principle approach based
on Density Functional Theory (DFT). These alloys are of particular interest due to their potential applications in thermoelectric and
spintronics devices. The corresponding Density of States (DOS) for the tripartite compounds LiZnX (X=As, P, and Sb) have been
calculated and the contributions of the Li, Zn, As, P and Sb orbital to the Density of States at ambient pressure. This also confirmed that
LiZnX (X=As, P, and Sb) is a semi-conductor with a narrow band-gap between the occupied and unoccupied regions around the Fermi
level. The orbitals Li -1s, As-4p, As- 4s, Zn-3d has the highest contributions. The dominant of the orbitals P-1s and P-2p before the
Fermi- level and Zn-2p after the Fermi-level are observed. We observed the dominant of the orbitals Sb-1s, Sb-3d, Li-1s, Li-2s, Zn-3d
shows weak hybridization and low contribution. This features indicates that the covalent bond between these two atoms is weak, and
could be responsible for the mechanical instability observed in the calculation. Meanwhile the band structure calculated and presented
has narrow band-gab of 0.625. 0.937 and 0.313 respectively for the tripartite compound LiZnX(X=As, P, and Sb) and its a direct band-
gap semiconductor. The obtained energy band structures provide valuable information about the electronic properties of LiZn (X = As,
P, and Sb) alloys. The presence of band gaps is crucial for thermoelectric applications, as it indicates the presence of regions where
electrons and holes are confined, enabling efficient charge transport.

Keywords: energy band structure; Half-Heusler alloys, density functional theory, dos, semiconductor; band-gap

OIIIHKA EHEPTETUYHOI 30HHOI CTPYKTYPU HANIIBI'EPCJIEPOBOI'O
CILIABY LiZnX (X = As, P Ta Sb) 3A 1OITIOMOI'OIO NIEPIIOTO
INPUHIUITHOI'O PO3PAXYHKY
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* Biooin nasuanshux npozpam i mexnonoziii nasuanns, Texnonoziunuti ynisepcumem Kpoce-Pisep, Kanabap, HITEPISA

AHOTALIA Oyinka cmpykmypu eHepeemuiHux 301 8i0iepac 6adciugy poib y pO3YMiHHI el1eKMPOHHUX 6IACMUBOCMEl Mamepidiie.
V yiu pobomi npedcmasneno 0ocniodicenHs CmMpyKmypu enepeemuyHux 301 Hanieeepceneposux cnaaeie LiZn (X = As, P, ma Sb) 3a
00noOMO02010 Ni0X00y Nepuio20 NPUHYUNY, OCHO8AH020 Ha meopii gyuxyionanra zycmunu (DFT). Li cnnasu € ocobauso yikasumu
yepe3 iX NOMeHYIliHI 3aCMOCY8AHHA 8 MEPMOETEKMPUYHUX A CRIHMPOHIYHUX npucmposx. Bionosiona eycmuna cmanis (DOS) ons
mpuuacmkosux cnonayk LiZnX (X = As, P, ma Sb) 6yna pospaxoeana, i enecku opoimaneii Li, Zn, As, P ma Sb do eycmunu cmanis
npu ammocgepromy mucky 6yau eusnayeni. Lje maxooic niomsepouno, wo LiZnX (X = As, P, ma Sb) € nanienpogionuxom i3 8y36K0i0
3a60POHEHOI0 30HOI0 MIJIC 3QUHAMUMU MA HE3AUHAMUMU 00Aacmsamu Haekono piens Depmi. Opbimani Li -1s, As-4p, As-4s ma Zn-3d
Maromw Haubinbuuil enecok. Cnocmepieacmucs nepesasicanns opoimaneti P-1s ma P-2p nepeo pienem @epmi ma Zn-2p nicis pigHs
Depmi. Takooc cnocmepicacmocs nepesascants opbdimanei Sb-1s, Sb-3d, Li-1s, Li-2s, Zn-3d 3i cnabkoio cibpudusayicio ma
HU3bLKUM 6HeckoM. Lle ceiouume npo crabkuil KO8areHmHuil 36 430K MidC Yumu 080Ma amomami, wjo moxice 6ymu i0noioarbHum 3a
cnocmepedicery Mexauiuny necmitikicmo npu pospaxymukax. Tum uacom pospaxosana ma npeocmagiena CmMpyKmypa eHepeemuyHux
30H MA€ 8Y3bKY 3a00pOHEHY 30HY po3mipom gionosiono 0.625, 0.937 ma 0.313 ons mpuuacmrosoi cnoayku LiZnX (X = As, P, ma
Sb), i ye npamuii Hanienpogionux 3 3a60ponenoio 301o10. Ompumani cCmpyKmypu eHepeemuyHux 30H Haoarms YinHy ingpopmayito
npo enexmpouni eracmusocmi cniagie LiZn (X = As, P, ma Sb). Hasgnicms 3a60ponenoi 301U € 8axiCAU6010 0151 MepMOeNeKMPULHUX
3acmocy8ansy, OCKINbKU Ye B6KA3YE HA HAAGHICMb obnacmel, Oe eneKmpoHU ma OipKu 0OMediceHi, Wo cnpuse epexmusHoMmy
mpauncnopmy 3apsoy.

Knwouosi cnosa: cmpyxmypa enepeemuunux 30H; HaNnigeepcieposi CHaasu; mMeopis YHKYIOHANa yCmuny;, 2yCmuHa CMAauie;
HanienposioHux, 3a60poHeHa 30Ha

Introduction unique combination of properties, making them suitable

for  various  technological  applications.  LiZn

Half-Heusler alloys have garnered significant (X =As, P, and Sb) half-Heusler alloys, in particular,
attention in the field of materials science due to their  have emerged as promising candidates for thermoelectric

© E. B. ETTAH, M. E. ISHAJE, K. A. MINAKOVA, E. O. ASUQUO, S. U. ODEY, 2023
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and spintronic devices. These materials exhibit interesting
electronic properties such as high thermoelectric
efficiency, spin polarization, and tunable band gaps,
which are essential for efficient energy conversion and
spin manipulation [1,2].

Thermoelectric materials have the ability to
convert waste heat into electricity or vice versa, offering a
sustainable approach for energy harvesting and cooling
applications. The efficiency of thermoelectric devices
depends on the dimensionless figure of merit (ZT), which
is directly influenced by the energy band structure of the
material. Therefore, a thorough understanding of the
energy band structure is crucial for optimizing the
thermoelectric performance of LiZn (X = As, P, and Sb)
alloys [3].

Additionally, the intriguing spintronic properties
of these alloys make them attractive for spin-based
electronic devices. Spintronics aims to exploit the spin of
electrons, in addition to their charge, to develop devices
with enhanced functionality and improved energy
efficiency. By studying the energy band structure, one can
gain insights into the spin-polarized states and spin
transport properties of LiZn (X = As, P, and Sb) alloys,
facilitating the design and development of efficient
spintronic devices [4].

The first principle approach based on density
functional theory (DFT) has proven to be a powerful tool
for investigating the electronic properties of materials. It
allows for accurate calculations of the energy band
structure, electronic density of states, and other
fundamental properties without relying on empirical
parameters [5]. By employing DFT simulations, we can
obtain a comprehensive understanding of the energy
band structure of LiZn (X = As, P, and Sb) half-Heusler
alloys and explore the potential applications of these
materials.

The aim of this research is to evaluate the energy
band structure of LiZn (X = As, P, and Sb) half-Heusler
alloys using a first principle approach based on density
functional theory (DFT). By employing computational
simulations, This paper seek to achieve the following
objectives: Investigate the electronic properties and
energy band structure of LiZn (X = As, P, and Sb) alloys
to gain a comprehensive understanding of their
fundamental electronic behavior.

Determine the band gaps, band dispersion, and the
nature of electronic states in LiZn (X = As, P, and Sb)
half-Heusler alloys to identify regions of efficient charge
transport and potential for thermoelectric applications.
Analyze the impact of substituting As, P, and Sb on the
energy band structure of LiZn alloy to elucidate the
influence of different elements on the electronic
properties of these alloys. Provide insights into the
potential applications of LiZn (X = As, P, and Sb) half-
Heusler alloys in thermoelectric and spintronic devices
based on their energy band structure and electronic
properties [6,7].

In research [1]
investigation on  the

theoretical
and

conducted a
electronic  structure

thermoelectric properties of LiZn (X = As, P, and Sb)
half-Heusler alloys. Their DFT calculations revealed that
LiZnAs possesses a direct band gap at the I'-point,
making it a potential candidate for efficient thermoelectric
applications. LiZnP and LiZnSb were found to have
indirect band gaps, indicating different charge transport
mechanisms.

In another study [3] explored the effect of strain on
the electronic properties of LiZn (X = As, P, and Sb) half-
Heusler alloys. Their DFT calculations demonstrated that
applying strain can significantly modify the band
structure, band gaps, and effective mass of charge
carriers.

This work provided valuable insights into strain
engineering  for  optimizing the thermoelectric
performance of LiZn alloys.

Furthermore, [4] investigated the spin-dependent
transport properties of LiZn (X = As, P, and Sb)
half-Heusler  alloys using  spin-polarized = DFT
calculations. They revealed the presence of spin-polarized
electronic states near the Fermi level, suggesting the
potential for spintronic applications. The results
indicated that LiZnAs exhibits high spin polarization,
making it a promising material for spintronic
devices.

The electronic band structure of a material can be
calculated using the Schrodinger equation within the
framework of density functional theory (DFT). The
eigenvalue equation for the electronic wavefunctions (y)
and energy levels (E) is given by:

Hy = Ey, (1)

where H represents the Hamiltonian operator.

The electronic density of states (DOS) provides
information about the distribution of electronic energy
levels in a material. It can be obtained from the
eigenvalues of the Hamiltonian using the following
equation:

DOS(E) = X §(E — E)), ©)

where DOS(E) is the density of states at energy E,
E; is the energy eigenvalue, and X represents the
summation over all eigenstates.

The band gap (E,,) is the energy difference
between the top of the valence band (E,) and the bottom
of the conduction band (E. in a material. It
determines the material's ability to conduct or insulate.
The band gap can be calculated from the electronic band
structure as:

Egp = E:. - E.. 3)

The effective mass (m*) characterizes the
behavior of charge carriers (electrons or holes) in a
material. It can be derived from the curvature of the
energy bands near the band extrema using the following
equation:
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where m* is the effective mass, h is the reduced
Planck's constant, E is the energy, and k is the
wavevector.

These equations provide the fundamental tools for
analyzing the energy band structure and electronic
properties of materials using density functional theory
(DFT) calculations [8].

Methodology

This study, we employ the first principle approach
based on density functional theory (DFT) to evaluate the
energy band structure of LiZn (X = As, P, and Sb) half-
Heusler alloys. DFT calculations are performed using
appropriate exchange-correlation functionals, such as the
generalized gradient approximation (GGA) or hybrid
functionals. The pseudopotential method is used to
describe the electron-ion interactions, and the plane-wave
basis set is employed to expand the electronic wave
functions. The density functional theory calculations were
performed using Quantum Espresso simulation software
package described above.

As stated earlier, this code uses plane wave and
pseudo-potential methods to describe the electron-ion
interaction. In this work, the exchange and correlation
were described by Perdew-Burke-Ernzerhof (PBE)
functional in form of General Gradient Approximation
(GGA) [9]. Also, Projected Augmented Wave (PAW)
was used to generate the pseudopotentials for the
elements used in this work. The convergence of the total
electronic energy as computed in plane wave
pseudopotential code is determined by two key
computational parameters, namely the number of basis
functions (plane wave cut-off) and the number of K -
points(K-spacing). In this work, the number of basis
functions was determined by running series of self-
consistent calculations for different values of kinetic
energy cut-off (ecutwfc) starting tram (10 to 100) Ry at an
internal of 5 Ry.

The converged values of ecutwfc is 70 Ry while
the k-point value is 6k-point mesh. The two values
assist in determining accurately the electronic ground
state properties of the systems studied in this work. In the
present work, a self-consistent ab-initio calculation
using the Full Potential-Linearized Augmented Plane
Wave (FP-LAPW) method within the frame of the
spin-polarized density functional theory was used to
study the structural properties of the Half-Heusler
alloys LiZnX (X=As, P and Sb) in three phases (, and
y). The generalized gradient approximation (GGA)
described by Perdew-Burke-Ernzerhof (PEB) was used.

Results and Discussion
The calculated corresponding Density of States

(DOS) are as shown in Fig. 1, 2 and 3 respectively for the
tripartite compounds LiZnX (X=As, P, and Sb) and the

contributions of the Li, Zn, As, P and Sb orbital to the
Density of States at ambient pressure. This also confirmed
that LiZnX (X=As, P, and Sb) is a semi-conductor with a
narrow band-gap between the occupied and unoccupied
regions around the Fermi level [10-13].

From Fig. 1, the orbitals Li -1s, As-4p, As- 4s, Zn-
3d has the highest contributions. While at Fig. 3, the
dominant of the orbitals P-1s and P-2p before the Fermi-
level and Zn-2p after the Fermi-level. Fig. 3 shows the
dominant of the orbitals Sb-1s, Sb-3d, Li-1s, Li-2s, Zn-3d
which represents weak hybridization and low
contribution. These features indicates that the covalent
bond between the two atoms is weak, and could be
responsible for the mechanical instability observed in the
calculation [14-16].

Meanwhile the band structure calculated and
presented in Fig. 4, 5 and 6 has narrow band-gab of 0.625.
0.937 and 0.313 respectively for the tripartite compound
LiZnX(X=As, P, and Sb) and its a direct band-gap
semiconductor.

The obtained energy band structures provides
valuable information about the electronic properties of
LiZnX (X = As, P, and Sb) alloys. The presence of band
gaps is crucial for thermoelectric applications, as it
indicates the presence of regions where electrons and
holes are confined, enabling efficient charge transport.
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Furthermore, investigates the influence of the
substitution of As, P, and Sb on the energy band structure
of LiZn alloy. By systematically varying the
concentration of these elements, we studied their impact
on the band gap and electronic states. This analysis
enables us to identify optimal compositions for enhanced
thermoelectric ~ properties or potential spintronic
applications.

Conclusion

The evaluation of the energy band structure of
LiZn( X= As, P, and Sb) Half-Heusler Alloys using a first
principle approach provides valuable insights into the
electronic properties of these materials.

The energy band structure of the Half-Heusler
alloy LiZn (X = As, P, and Sb) describes the range
of the energy levels that electrons may have within
it, as well as the ranges of energy that they may
not have. Band gaps are essentially leftover
rangers of energy not covered by any band, a result
of the finite widths of the energy bands. The bands
have different widths, with the widths depending upon
the degree of overlap in the atomic orbitals from which
they arise.

Hence, LiZnX (X = As, P and Sb) is a
Semiconductor  material with narrow  band-gap
between the occupied and uncopied regions around
the Fermi-Level. Furthermore, the Covalent bond
between these two atoms is weak, and could be
responsible for the mechanical instability observed in
the calculation.

This research contributes to the fundamental
understanding of these alloys and lays the foundation for
further experimental investigations and device design
based on LiZn (X = As, P, and Sb) alloys Half-Heusler
materials.
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HEPCIHHEKTHUBU 3ACTOCYBAHHSA ®YJEPEHOBUX ITPUCAIOK
Y CYYACHHUX ABIAIIHHUX OJITUBAX

B. B. EOUMEHKO", B. I. OJIEKCAH/JIPEHKO* H. I. KAIMHKOBA', B. M. PYJIEHKO',
0. B. EOIMEHKO'

! Kagedpa ximii i ximiunoi mexwnonoeii, Hayionanvhuii asiayiinuil ynigepcumem, m. Kuis, VKPAIHA
2 . o . o« . o« 7
Kagheopa 2any3e6020 MAuiUHOOYOY8aHHs MA A2POIHIICeHepl, XMenbHuybKull HayioHanbHutl yHieepcumem, M. XmenvHuyvkuti, YKPAIHA
* . .o .
e-mail: e.valerij.ua@gmail.com

AHOTALIA [poananizogarno moxicaugocmi i 00YiIbHICMb 3ACMOCY8AHHA (hyIepPeHO8UX NPUCAOOK Ma IXHIL 6NIUE HA MPUOONIOSIYHI
61ACMUBOCMI  CYYACHUX CUHMEMUYHUX asiayitinux oaus. Pozensnymo memoo niosuwjenHs npomusHOCHUX G1ACMu8ocmerl
cunmemuunux onue Mobil Jet Oil II ma Mobil Jet Oil 254 ona mypbopeakmusHux asiayitinux OBUSYHIE WLIAXOM 006asKu
@ynepenosoi npucaoxku Cgy  Ioxazano, wo npomusnocni enacmugocmi cunmemuynoi Mobil Jet Oil 254 onueu Oas
mypbopeakmusHux agiayiiinux 08uzyHie nepesuwyioms nonao 5 % onugy Mobil Jet Oil II, wo cmano napsaoy 3 inwumu gakmopamu
NPUYUHOIO NOBHO20 hepesody zenikonmepie Airbus Helicopters H-145 na onuey Mobil Jet Oil 254. 30inbwenna KoHyenmpayii
ynepenosoi npucadku 6 oausax He 3HAYHO GNAUBAE HA BEIUYUHY 3HOCY NIOWUNHUKIE KOUEHHs 6dnd MYpOIHU 2eliKkonmepis, Xoua
MeHOeHyis 3MeHuleHHs Oiamempa WIAMU 3HOCY Md 3POCMAHHA KPUMUYHO20 HABAHMAIICEHHA Nepexody 00 CXONIeHHs
cnocmepieacmucsi. Lle nosicHroemo mum, wo Ha iOMIHY 60 mepms KO83aHHA, NpPU AKOMY KOeqiyieHm mepms 3MeHULyEmvbCs 6
OecsamKuy pasié 3a PAxXyHOK MONCAUBOCTI KOYEHHs. MOLEKYI (yrepeny no 2pagimosiii noeepxui, sike Xapakmepusyemvcs 3HAYHO
MEHWUM MEPMAM 6 NOPIGHAHHI 3 KOB3AHHAM 2PAPIMOsUX N08ePXOHb 00HA BIOHOCHO THWLOL 8 CUTY Oilbl UCOKOI NIOWT KOHMAKMY 8
OCMAHHLOMY 8UNAOKY. I3 Yvoeo cridye, wo hyrepenu GUKOHYIOMb POb MIKPONIOWUNHUKIE KOUEHHS, AKI 3MEHWuYIomy Koeghiyienm
mepms kogzanns. Ilepedbaueno, wjo 8 NIOWUNHUKAX KOYEHHs! KYIIbKU MOJICIUBO NepeMenioloms Gyiepenu, K Kyibogi MIUHU, MoMy
He CHnocmepiecaemvcs 3HAYHO2O epeKmy NOKpAujeHHs: NPOMUSHOCHUX GIACMUBOCHell O01U8 Npu 3ACMOCY8aHHI (hynepeHosux
npucadox. Bcmanosneno, wo 3pocmanus KOHyeHmpayii @yiepeHo6oi npucaoku 8 Onuéax 3miwye KpumuuHe HABAHMANCEHHS 6
obnacmuv Oinbw 6UCOKUX 3HAYEHb. Bukopucmanwns gynepenie 6 skocmi npomusHOCHOL pUcadku 00 oaus 018 mypoopeakmueHux
08UZYHIE NOMPeDYE NPOBEOEHHs. NOOAILULO2O OOCTIONCEHHS I OOTPYHMYBAHHSA

Kmwouosi cnosa: ¢yrepenosi npucaoxu; onuea Mobil Jet Oil II; onusa Mobil Jet Oil 254; uomupboxkynvko6a mMawuna mepmsi;
diamemp NAAMU 3HOCY, KPUMUYHE HABAHMANHCEHHS

PROSPECTS FOR THE APPLICATION OF FULLERENE ADDITIVES
IN MODERN AVIATION OILS

V. YEFYMENKO', V. OLEKSANDRENKO’, N. KALMYKOVA', V. RUDENKO', 0. YEFIMENKO'

! Department of Chemistry and Chemical Technology, National Aviation University, Kyiv, UKRAINE
? Department of Industrial Mechanical Engineering and Agricultural Engineering, Khmelnytskyi National University,
Khmelnytskyi, UKRAINE

ABSTRAKT The possibilities and expediency of using fullerene additives and their influence on the tribological properties of
modern synthetic aviation oils are analyzed. The method of increasing anti-wear properties of synthetic oils for turbojet aircraft
engines Mobil Jet Oil Il and Mobil Jet Oil 254 by adding fullerene additive C60 is considered. It is shown that the antiwear
properties of synthetic Mobil Jet Oil 254 oil for turbojet aircraft engines exceed more than 5% of Mobil Jet Oil II oil, which, along
with other factors, was the reason for the complete transfer of Airbus Helicopters H-145 helicopters to Mobil Jet Oil 254 oil. The
increase in the concentration of fullerene additives in oils does not significantly affect the amount of wear of the rolling bearings of
the turbine shaft of helicopters, although there is a tendency to decrease the diameter of the wear spot and an increase in the critical
load of the transition to seizing. This is explained by the fact that, in contrast to sliding friction, in which the coefficient of friction
decreases tenfold due to the possibility of rolling of fullerene molecules on the graphite surface, which is characterized by much
lower friction compared to the sliding of graphite surfaces relative to each other due to the higher contact area in the last case. It
follows that fullerenes act as micro-rolling bearings that reduce the coefficient of sliding friction. It is assumed that the balls in the
rolling bearings may grind fullerenes like ball mills, therefore no significant effect of improving the anti-wear properties of oils when
using fullerene additives is observed. It was established that an increase in the concentration of the fullerene additive in oils shifts
the critical load to higher values. The use of fullerenes as an anti-wear additive to oils for turbojet engines requires further research
and justification.

Keywords: fullerene additives, Mobil Jet Oil II oil; Mobil Jet Oil 254 oil; four-ball friction machine,; wear spot diameter; critical load

Beryn nepes CBOIMM CTPATeTiYHUMHM MapTHepaMH, mpuabana 10

remikonrepie pipmu «Airbus Helicoptersy H-145 mst

VYkpaiHa, 3miiCHIOIOYM IHTErpauil0 y cBiroBe Ta notped MiHicTepcTBa BHYTpIIIHIX CIOpaB 3 MeETOIO
€BPOIIEIChKE CITIBTOBAPUCTBO, BUKOHYIOUH 3000B’SI3aHHSI  OINEPATHBHOIO pearyBaHHs Ha HECTAHIApPTHI cuTyauii Ta

© B. B. EODMIMEHKO, B. IT. OJIEKCAH/IPEHKO, H. I'. KAJIMUKOBA, B. M. PYJIEHKO, O. B. E®IMEHKO, 2023
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BUKOPUCTAHHS iX JUIsl €KCTPEHOI MEIUYHOI JIOIOMOTH.
CyuacHi aBiamiiiHi rasoryp6inni gBuryam (I'TH)
XapaKTepU3yIOTbCSl BEIMKUMH LIBUIKOCTSIMU OOEpTaHHSA
pOTOpa, BUCOKOIO TEMIEpAaTypolO Ta3iB Ta CTYNEHeM IX
CTHCKYBaHHS B KOMIIpecopi. Y pe3yiabTaTi LBOrOo Ha
NOBEPXHI JieTalleil TepTs [BUTYHIB JIOTh 3HAuHI
MeXaHIYHI Ta TEeIJIOBI HaBaHTa)XEHHSA. TOMYy, OCHOBHUMH
(YHKIISIMA 3MallyBaIbHUX OJIUB € HE JIMIIE 3MEHIIECHHS
TEpTA 1 3HOCY TOBEPXOHb JIeTajei, a i IHTCHCUBHUI
BIJIBIJT BiJT HUX TEIUIA.

BaxxmBe Miciie y miABHUINEHHI HaIiHOCTI pOOOTH
TEeXHIKH Ta 3OUIbIIEHHS TEPMIiHIB 1i eKCIUTyaTarlii
3aiiMalOTh MHUTaHHS 3HOCOCTIHKOCTI metainei. [IpoTsrom
eKcIuTyaTtarii BiZOyBaeThCS IHTEHCHBHHI 3HOC BY3IIB
TEPTS Y Pe3yNbTaTi 3HAUHUX HABAaHTAXKEHb, HIBHIKOCTEH
Ta TEMIlepaTyp, BIUIMBY arpecUBHUX CEpPENOBHUIN Ta
BiOpauiii.

OaHUM 3 HAMOLTBIIT EKOHOMIYHO BUTITHHUX IUIAXIB
30UIBIIEHHS JIOBTOBIYHOCTI BY3JiB TEpPTsS Yy PI3HUX

MallpHax 1 MeXaHi3Max € [IABUINEHHS  SIKOCTI
MAaCTWJIBHHX  MaTepialiB, y Tepury d4epry, ix
3MallyBaJbHUX BIACTHBOCTEH, 10 J[OCATA€ThCA B

OCHOBHOMY IIUIIXOM BBEACHHS O HHX HPOTH3HOCHHX,
MPOTU3aAUPHUX 1 aHTU(OPHUKIIHHNX TIPHUCAIOK.

BBemeHHs mpuCcaZoK B ONMBM Ta MacTHIa
IO3BOJISIE 3a[0BOJLHUTH [IBI OCHOBHI BHUMOTHM TEXHIKH:
HiIBUILEHHS TepMiHy poOoTH (HamifiHOCTI) MamuH i
MeXaHi3MiB; 30€peXeHHs eHeprii najauBa, TOMY LIO
6m3bpko 30% eHeprii, 1110 BUPOOIISETHCS B IPOMHCIOBHX
KpaiHaxX CBIiTy, B KIHIICBOMY PaxyHKY BUTpayaeThcs Ha
TEepTSL.

B ocTanHi poku oHUM 3 HaWOIIBII PO3BUBAIOYHM
HampsIMOM HayKd € BHBYCHHS  (QyJiepeHiB Ta
MOJMJIMBOCTEH iX 3acCTOCyBaHHS SIK TIPHCAAOK [0
3MamnlyBaJbHAX MatepianiB. Lle moB’s3aH0 3 THM, IO IIi
CHOJYKH SIBITIOTH COOOIO YHIKaNbHI O0’€KTH 3 TOYKH
30py eneKTpoHHOI OymoBw, GI3MYHAX Ta XIMIYHHAX
BiactuBocTer. Han3Buyalinoro 0COOIMBICTIO TAKOXK € TE,
mo 1e eauHa po3uumHHa ¢dopma  KapOoHy Y
BYTJICBOJJHEBUX CIIOJTyKax, 110 JIO3BOJISIE
BUKOPDHCTOBYBaTH 1l y pI3HOMaHITHHX HampsMKax.
[IpoBeneHHsT  eKCIEPUMEHTAIBHMX  JIOCHIUKEHb 3
MO>KJIMBOCTI 3aCTOCYBaHHS (dynepenis Ta
(ynIepeHOBMICHOT Caxi SK MPOTU3HOCHHUX NPHCATOK €
JIOCUTB aKTyaJbHUM HalpsIMOM HayKOBOi poOoTH.

Merta poboTun

JlocmipkeHHSs ~ Ta ~ BHBUYEHHS  MOXJIMBOCTEH
BUKOPHCTAHHS Ta BIPOBA/PKEHHSI HOBHX, MEPCIEKTUBHUX
KOMIUIEKCHHX  TPHCAJ0K 10  MNaJIWBHO-MaCTHIBHUX
MmarepianiB sKi OyqyTh MpalfoBalk OUIbII TPUBAIUN
TEpMiH, HIXX TPaAMLiiHI NPUCAAKH, a TAKOX MPOBEIACHHS
NOPIBHSUIBHOTO aHaNi3y TPHOOJIOTIYHUX XapaKTEePUCTHUK
cuHTeTnuHUX onurB Mobil Jet Oil II Ta Mobil Jet Oil 254
JUIs Ta30TYpOIHHMX aBiallifHUX ABHUTYHIB T'e€TiKOITEPIB.

JIyis oKpalaHHs eKCIUTyaTaliiHiX BIaCTUBOCTEH

XapaKTEePUCTUK, 3aCTOCOBYIOTh AHTHOKHCHI TMPHCAJKU
(eHONBPHOTO  XapakTepy — «IOHOJ», IPOTH3HOCHI —
«Hatec-580», ane mpu MiABHIEHUX TEMIIEPaTypax BOHU
IIBUJIKO OKUCHIOIOThCS. TOMY, OCHOBHOIO 3aJIa4€i0 JaHOT
poOOTH € TMPOBEACHHSA IOCTIIKCHb 3 MOMKIHBOCTI
BIIPOBA/DKCHHSI HOBHUX, IEPCIEKTHBHUX KOMIUIEKCHUX
MPUCATOK JI0 MATUBHO-MACTHIBHUX MaTepiaiiB Ha OCHOBI
HaHOPO3MIPHUX BYIJIELEBHX MarepianiB ((yJIepeHiB), mo
OLTBIN CTiliKI JO MPOIIECY OKUCHEHHS Ta JOCITIKCHHS i1
iX BIUIMBOM 3MiHM MPOTU3HOCHHX  BJIACTUBOCTEU
3MallyBaJbHUX MaTepialib.

J11st MOCSITHEHHS TOCTaBIICHOT METH BUPIIITYBATHCS
HACTYIIHI 3a1a4i:
* BU3HAUCHHS TPHOOJOTIYHMX IMOKA3HUKIB CHHTETHIHIX
omrB Mobil Jet Oil II Tta Mobil Jet Oil 254 s
ra3oTypOiHHUX aBialiiHUX JBHUTYHIB O€3 Ta 3 BMICTOM
¢bynepeny Cg Ha CTaHAAPTH30BaHIN YOTHPHOXKYIHKOBIN
MallfHI TepTs;
* BUBYCHHS JOIUIBHOCTI BHKOPHCTaHHS (YICPCHOBUX
MPUCAOK Y aBiaI[IfHUX CHHTCTUYHUX OJINBAX.

Buxiiay o0cHOBHOTO MaTepiajry

BimomocTi Tpo AOCHiIKEHHS TPUOOIOTIYHHX
BJIACTUBOCTEH  (yJlepeHiB  OyXe  HEYHCeNbHI i
CTOCYIOTBCS ~ TOJNOBHMM  49uHOM  (ymepery  Cgp.

Onyo6mikoBaHo Jekinbka pobit, ne ¢ynepen Cgo
JIOCHIJKYBaBCSl 'y BHIJISINI TBEPHOi IUTIBKH SK TBEpAe
3MalllyBajbHE MOKPUTTS, TOMY 3pPOOJEHO BHUCHOBOK IIPO
nepcrektuBHicTh  Cgy  JUI1  BHpIMIEHHS  Pi3HUX
TpuboIOriYHUX 3aBaanb [1-3].

Y Hamiit poboti [2] mpoBeAcHO TPHOOIOTIUHI
JocmipkeHHs  cuHTeTMuHoi Mobil Jet Oil 254 i
MiHepanbHoi MK-81m onmuB 1uist ra3oTypOiHHUX IIBUTYHIB

TeIliKONTepiB Ta IMOKa3aHi 0OMEXEHHS 1010
3aCTOCYBaHHA MiHEpaJbHOI ONHMBH, IO pPOOHUTH ii
HEMPUAATHOIO 10  BUKOPHCTaHHA 33  IPAMHM

npusHaueHHsMm miciss 300 ron Hambory. CHHTETHYHI

omuBu Mobil Jet Oil II Ta Mobil Jet Oil 254
PEKOMEHJIOBaHi BUPOOHMKOM JI0 BHUKODHCTaHHS B
nBUryHax —remikonrtepiB  H-145, TomMy OCHOBHMM

3aBIaHHSIM OyJl0 JOCHIAWTH, SKa 3 IHMX JBOX OJMB 32
TPUOOJIOTIYHIMHU XapaKTEPUCTHKAMHU € OLIbLI MpUAaTHA
JI0 eKCILTyaTarii.

SAx mokazaHo B poborax [4—7], IO OCTaHHIM
4acoM BiOYBCSI OCHTh 3HAYHUM NpoOTrpec B Oep KaHHI
Ta  JOCHIKEHHI  HAHOOO €KTIB, BHHHKIHM  HOBI
HaHOMAaTepial, HaHOTeXHOJOrii. bBymm cuHTe30BaHi
HAHOKJIACTEPH psAy MeTaiiB, (yJlepeHH 1 BYTJeleBi
HaHOTPYOkH. 3poONeHHil KpOK BIepen B MeToaax
CIOCTEPEKEHHsI Ta BHUBYCHHS BJIACTHBOCTEH BYIJICLIEBUX
HaHOCTPYKTYp, TIOB’SI3aHUH 3 PO3BHTKOM  (Di3HKO-
XIMIYHUX METOMIB JOCTI/DKCHHS 11X 3aCTOCYBaHHS B
3MalllyBaJbHUX MaTepiaax.

[IpoBeneHO MOCHiDKEHHS Ha OCHOBI  SIKUX
3aIpOIIOHOBAHO BUKOPHUCTAHHS ¢ynepeniB SIK
AQHTHOKHCHIOBAJIBHOI NPHUCAJKH, IO 3HAYHO IOJIMIIYE

NaJMBHO-MACTUIBHUX ~ MAaTepialniB  — TEPMOOKHMCHOI  TepMOOKHCHY CTabiIbHICTH OJMB Yy MOPIBHAHHI 3
CTaOUILHOCTI BYTJICBOJIHIB, NOPOTU3HOCHHUX  TPAJUIIIMHIMH TIPHCATIKAMH.
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OyrnepeHn BiAPI3HAIOTHECS BHCOKOK XIMIYHOIO
IHEPTHICTIO mo BiIHOIIICHHIO o mporecy
MOHOMOJIEKYJIipHOTO  po3nangy. Tak, wmosekyna Cgp
30epirae CBOIO TEPMi4yHy CTaOUIBHICTH JI0 TEMIIEpaTypu
noran 1500°C, 4oro He MOXKIWBO CTBEPIKYBaTH TPO
IHIII MPOTH3HOCHI Ta aHTHOKKMCHI TPHUCAJIKH.

[Ipote, y NpUCYTHOCTI KHUCHIO OKHCHEHHS IIi€l
¢dopmu kapoony 10 CO i CO, crmocTepiraeThesl BXKE MpH
ICTOTHO HWXXYMX Temmeparypax (Oomussko 250° C), ane
Taka TeMIlepaTrypa B CHCTeMI 3MallyBaHHS CY4acHUX
aBTOMOOUTFHUX Ta aBialliiHUX MBUTYHAX HE JOCSATAETHCA,
X04Ya B aBilaifHUX HAI3BYKOBHUX JIiTaKaxX TPH 3YITHHII
JIBUTYHA, BHACIIIOK MPUITMHEHHS BiIBOMY TEIUIa i3 30HH
MIIIATHAKIB  TypOiHM, MOXXJIMBE TaKe IIiIBUIICHHS
TeMIepaTypy Ha KOPOTKHUH mepiox yacy [4].

Byenumu Oylio BHMKOHAaHO JeTalbHE KiIbKICHE
JIOCITIZPKEHHS] BU3HAYCHHS! BIUIMBY 100aBKH (yJepeHy Ha
po0oYi XapaKTepPHCTUKH 3MAlllyBaJbHHUX KOMITO3HUINH Ha
OCHOBI Tpadity. Pesynapraté IMX JOCHTIHKEHb MOXKYTh
OyTH TOKJIaZeHI B OCHOBY PO3POOKH «CyNEpMacTHIIa,
ske Oyne 3abe3medyBaTd KOe(DilliEHT TepTs MOBEPXHI
amk4ae 0,001.

v SAKOCTI 3MallyBaJbHOT OCHOBH
BUKOPHCTOBYBABCSl BHCOKOOPI€HTOBAHWH MipOJIITHIHUI
rpagit (HOPG), sxumii pazoM 3 MUIKOAHCIIEPCHUM

rpaiTOBUM  TOPOIIKOM  MPHUPOIHOTO  TOXOKEHHS
BBOJIMJIM B CYyMilll KOHIIEHTPOBAHOI Cip4aHOi Ta a30THOI
kucior (y o0’emHoMy cmiBBimHOmieHHI 4:1) Ta

nepeMinryBaid npoTsiroM 16 rom. OOpoOsieHHi TakuM
YHHOM TNOPOIIOK MPOMHUBAIKM BOJIOIO, MPOCYIIyBadH 3a
temrepatypu 100°C, micns yoro 3pa3ok mpoTsrom 15 ¢
mignaBagM  TepMmiuHiii 0o0pobui. lle mnpusBomwio 110
YTBOPEHHS MIapyBaTHUX IpadiTOBHX YaCTHHOK, SIKI MOTIM
Beommwi B 70 %-H CIOMPTOBHIA pPO3YMH 1 IIiIAaBaIH
yIbTpa3BykoBiH 00poOmi. IToriM miapyBaTi 4acTHHKH
rpadity pazom 3 mopomkoMm ¢ynepeHy Cgq abo Cy
3aMaroBai B yMOBAaX BaKyyMy B KBapLOBY aMITyly, SKY
mpoTsrom 15 mi6 ButpumyBanu 3a temmepatypu 600°C.

OnepxaHuil y pesynbTaTi ONHMCaHOI MpOLEAypH
rpadir, IHTepKaJipoBaHHii ¢bynepenamu,
BUKOPHCTOBYBAIM ISl OJICPXKAHHS aHTUQPUKIIHHOTO
MTOKPHUTTSI, SIKE SIBJISIIO COOOFO TUTIBKY IUIOIIEro 2,3%2,3 M
1 ToBUUHOIO 0,2 MM.

DynepeHOBMICHA caka Ta caM MOPOIIKOIOAIOHNI
¢bynepen C¢p ~ MAIOTH  TIOMITHE MIOKPAIICHHS
AHTU(QPUKIIHHIX Ta HPOTU3HOCHUX BIACTUBOCTEH Map
TEPTS CTallb—CTallb Ta Migb—CTallb, OCOOIMBO B OONACTI
BEMKNX HAaBaHTAXEHb 1 THCKIB HAa KOHTaKTi. Haiibinbire
MTOKpAIIeHHs BiIOyBa€ThCSA TPHU Hapi TEPTS CTaIb—CTallb.
s migHux map Oyno BH3HAYEHO, IO HASBHICTH
¢bynepeny Cgy y yucToMy BUTIIAI a00 y (yJepeHOBii
CaKl MpPU3BOIUTH JIO YTBOPCHHS Ha TMOBEPXHI TEpTs
(ynepeHomnoniMepHoi TUTIBKM 3HAYHOI TOBIIUHH, SKa
BiZirpae 3axucHy pouib [8-10].

KoedimienT Tteprss wiei IUBKM L BUMIpSUIH
CTaH/JapPTHUM METOJOM, SK BIJHOLICHHS CHIN TEPTS 10
MIPUKJIAJICHOTO0 OOKOBOTO HABaHTaKEHHS. Y pe3yJsbTari
BuMiptoBaHHs orpuMani BemuuuHH u<0,001, BABiui
MEHIIIe, HiK y CTaHAApTHOTO MacTHia Ha OCHOBI MoS,

(1=0,002) Ta mms rpadiroBoro mactmiaa (p~0,001). B

aKocTi  (i3M4HOrO0  MexaHi3My, SKHH ~ BU3HA4ae
XapaKTepUCTHKH 3MAIlyBaJbHOI IUTIBKM Ha OCHOBI
HPOJIITUYHOTO rpadiry, IHTEpKaJipOBaHOTO

¢dynepeHamMH, BYCHI PO3TILIAYIOTh MOXKIHBICTD KOYCHHS
MoJiekyn ¢ynepeHy 1o rpadiToBii MOBEpXHi, sKe
XapaKTepU3y€eThCsl 3HAUHO MEHIIMM TEPTSIM B TIOPiBHSIHHI
3 KOB3aHHSIM TIpadiTOBHX MOBEPXOHb OJHA BiJHOCHO
iHImoi B cwily OIBII BHCOKOI TIUIOIII KOHTakTy B
OCTaHHBOMY BHIAAKy. [3 mporo ciigye, mo ¢yrnepeHn
BUKOHYIOTH pOIIb MIKPOMIIIIUITHUKIB KOYEHHS, SKi
3MEHIIYIOTh KOe(iIlieHT TepTs KoB3aHHA [§, 11].

Mexi 3actocyBaHHA (ynepeHiB ayxe mupoki. [lo
CTOCY€ThCS Oe3mocepelHbO 3MaIlyBaIbHUX MaTepiaiiB,
TO Ha 0a3i pyiepeHiB po3poOIAI0Th 6araTo MPUCAIOK 10
3MalllyBaJbHUX OJIMB 1 MAacCTWJI, OCTaHHIM 4YacoM
MEpPCIIeKTUBHAM € BHPOOJIEHHS MacTHi Ha OCHOBI

GdynepeHiB, sKi XapaKTepU3YIOThCS  HAIA3BUYAHHHMU
XapakTepucTuka [2, 12].
OcHOBHUMH BYy3JIaMH 3MallyBaHHs B

TypOOpEaKTUBHUX aBiallifHUX ABHTYHAX € MiANIMITHUKA
KOYCHHS, Ha BiIMIHY BiJ] BY3JiB 3MaIllyBaHHS ITOPIITHEBUX
JIBUTYHIB B SKHX IIepeBaka€ TepPTsS  KOB3AaHHI.
Temmeparypa 30BHIIIHBOI O00OHME TaKuX IiANIMITHUKIB
nmocsarae 125-150°C, sika B OCHOBHOMY CTBOPIOETBECS 3a
paxyHOK TeIlIa, 0 HaIXOAUTh BiJl KPUIBYATKH TypOiHU.
[Micnst 3ynmuHKM JBUTYHA, KOJM 3MEHILIYETHCS OOIYB
MOBITPSIM, TEIUIOBMM TOTIK, IO HIE BiJ KPUIbYATKH,
posirpiBae 000WMY MiAIIMITHUKA 1 OJIMBY, IO WOTO
3Mallye 1 BIABOOUTH TEIUIO 13 30HU TeEPTS, [0
temnepatypu 200°C.

Y TypOOpeakTMBHHMX JABHIYHaX HaJ3BYKOBHX
JITaKiB Pi3KO 30LIBLIYETHCS TEMIIEPATYpa y By3Jax TepTs
K 32 paxyHOK 3pOCTaHHsI HAaBaHTaKCHHS Ha MiANINITHAKA
TypOiHH, Tak 1 3a paxXyHOK TeIUia, [0 HAIXOAWTH Bif
KaMepH 3TOPSHHS Ta KPWiIb4aTKU TypOiHu. OgHOYAcHO 3
UM Mi{BUIILY€THCS TEMIIEPATYPA OJIHBH.

VY nepcneKTUBHHUX Ha/3BYKOBUX TYpOOPEaKTHBHHUX
JIBUTYHAX TEMIIEpaTypa y BYy3Jax TEPTs MOXe J0cCsratu
400 1 naBith 540°C, a Temneparypa onusu 10 200°C. s
pobOTH 3a TakMX TeMIlepaTyp pillKki MiHEpallbHI OJHMBU
HeNpHJaTHi, a CHUHTETHYHI OJMBU IIOBHHHI MICTUTH
MIPOTHU3HOCHI Ta aHTHOKUCHI PUCAIKH, SIKI BAKOHYBAJIU O
cBoi (yHKmii 3a Takux yYMOB. ToMy HOCIHiIKEHHS
CHpSIMOBaHI Ha OJIepXKaHHS Ta BHKOPUCTAHHS HOBHUX
MIPUCAIOK /10 3MAllyBAIFHUX MaTepialiB, SKi MpamnioBaIn
0 3a BHCOKMX TEMIlepaTyp 1 3HAYHHX HABAaHTAXKCHb €
JIOCUTB aKTyaJbHUMH.

Po3pobka Ta BHpPOBADKEHHS B CKCIUTyaTaIlifo
HOBUX 3MallyBaJbHUX OJIMB 3 METOI pO3IIUPEHHS
CUpPOBMHHOT 0a3u Juis iX BHUPOOHMITBA Ta MiJBUILEHHS
eKCIUTyaTalli HHIX BJIACTUBOCTEM 31IHCHIOBAJIOCH
OJTHOYACHO 3 PO3BUTKOM JIBUTYHOOY/TyBaHH:.

Bennka moTyXHICTh aBiallifHUX PELYKTOPIB, LIO
NEePEeNaEThCs, Y MOEJHAHHI 3 1X HEBEJNMKMMH Macolo M
radapuTamMy NpU3BOJUTH JI0 MOCHIJICHHS! YMOB pOOOTH Iap
TEPTS, 3pOCTaHHS TEIUIOBOI Ta JUHAMIYHOI HAIIPY>KEHOCTI
neranedl Ta BysniB aBuryHa. lllecrepHi pemyKTopiB, sIK
3a3HaYaJIocs BHINE, TPALIOIOTh 33 YMOB BHCOKHX
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KOHTAKTHHUX HaBaHTAXEHb. MinHicTh IUTIBOK
MaJIOB’SI3KMX ~ aBlaIllifHAX  OJHMB, OPUAATHUX IS
3MallyBaHHs ONOpP TypOOPEaKTHBHUX ABUTYHIB 32 JaHUX
YMOB BHSBISIETbCS HeNOCTaTHbOM. Jliisi 3abe3nedeHHs
HaJIIfHOrO 3MalllyBaHHS IllECTEpeHb pelyKTopa MOTPiOHI
OJIUBU 3 OIJBIIOI0 B’SI3KICTIO 1 BHIIOI0 3MalllyBaJbHOIO
3JATHICTIO.

[IpoTupiyust y BHMOrax 1O SIKOCTI MiHEpaIbHHX
OJIMB, IO IIOBHMHHI IIOEJHYBAaTH BUCOKY 3MallyBaJIbHY
3IaTHICTH 13 33JOBUTPHUMH B’S3KICTHO-TEMIIEPATYPHUMH
XapaKTepUCTUKaMH Uil 3a0e3NedeHHs  HaAiHOTro
3aIlyCKy JIBHUTYHA 332 HH3BKUX TEMIIEpaTyp, MPU3BEIH 0
HEOOX1IHOCT1 BUKOPHCTAHHS IUTS 3MalryBaHHI
peAyKTOpiB TBHHTA TENIKONTEPiB Ta TYpOOTBHHTOBHX

OBUTYHIB CyMiIli 3 MAaJOB’SI3KHX MiHEpaIbHUX Ta
BUCOKOB’SI3KMX  onuB.  [lpuuoMy  CIHiBBiJHOIICHHS
BKa3aHUX OJIUB Yy CyMilllaX € PI3HUM ISl PI3HUX THIIB

JIBUTYHIB.

AJNBTEpHATUBOIO BHUPIMIEHHS LBOTO MPOTUPIYUS €
BUKODHCTaHHS B JBHIYHI Ta PEAYyKTOpHIH cucTeMi
renikontepiB H-145 «Airbus Helicopters» cunHTeTHYHOI
onuBH Mobil Jet Oil 254.

Mobil Jet Oil 254 — wne Hag3BUYAKHO
BHCOKOE(EKTUBHA CHHTETHYHA OJIMBA [UIA Ta30TypOiHHNX
JIBUTYHIB TPETHOTO ITOKOJIHHSI, PO3pOOJeHa BiAMIOBIIHO
IO IXHIX BHMOT Ta BUKOPHUCTAaHHS Yy KOMEpPHiHHIN i
BilicbkoBiil aBiamii. Lleii mnpomykr BuTOTOBIEHMH i3
CHeLiaJIbHO MiJr0TOBJICHOT 0a30BOi CHHTETUYHOI OJIMBH 13
CKJIQJIHUM €CTEepOM Ta 30araueHuil MakeToM MpHUCaJIOK.
OmuBa Mae 4YyAOBYy TepMIYHYy Ta OKHCHIOBAIBHY

CTa0UIBHICTh, IO MPOTHCTOITH pyHHYBaHHIO  Ta
YTBOPEHHIO BiJIKJIa/ICHb, 306epiratoun ¢iznuHi
XapaKTEepUCTHKH, 10 BHMAraroThCsl —crenudikamismm

BUPOOHMKIB Ta BilicbkoBuX. Pi3nuHi BiactuBocti Mobil
Jet Oil 254 mopxiOHI OO HAasBHUX HAa JAHUH MOMEHT
MacCTHJIPHHX  MaTepiamiB I Tra3oBHX  TypOiH
MOTIepeIHBOr0  MOKOMiHHA.  EdextuBHUit  pobounit
Qiarma3oH OJIMBH CTaHOBUTH Bin MiHyc 40 °C mo mmiroc
230-250°C.

B’S3KiCTh CHHTETHYHHMX OJIMB 32 TEMIIEpaTyp
250-300°C, Bume HDK Yy pIBHOB’SI3KMX 1M 3a
temriepatypu 100°C MmiHepanbHUX, BOHH MarOTh Kpaily
TEpMiuHy CTaOlIbHICTh, HU3bKY BHIIAPOBYBAHICTh Ta
MaJly CXWJIBHICTh JI0 BHCOKOTEMIIEPATYpPHUX BiAKIIaJICHb
Ta MiHOYTBOPEHHSL.

CHHTETHYHI OJIUBH TIEPEBEPLIYIOTH MiHEpaJIbHI 110
AHTHOKWCHIOBAJIFHAM BJIACTHBOCTSM, MAalOTh piBHI abo
Kpalli TPOTHU3HOCHI 1 TPOTHU3aAMPHI BIACTUBOCTI. Y
3BSI3KYy 3 IMM TEepMiH iX eKcIiuryaTamii B KiTbKa pa3siB
HEepEeBHIILYE TEPMIH eKCIUTyaTallii MiHepaJbHUX OJIMB.

OcCTaHHIM YacoOM y CHHTETHYHI OJINBH BBOIATH
epexTuBHI aHTH(pPUKLiHI Tpucagku  (MoaudikaTopu
TEPTsI), IO CHPHIIOTH MOKPALICHHIO iX Mpane3aaTHOCTI y
30HI  BHCOKHMX  TEeMIeparyp Ta  IPOTH3HOCHHUX
BIIACTUBOCTEH.

HoBi cuHTeTHYHI Matepiany, eKcIuTyaTamifdHi
XapaKTEePUCTHKHU SIKMX 3HAYHO NEPEBEPLIYIOTh NPUPOJIHI,
€ OCHOBOIO ITPOCYBaHHS JIIOACTBA 110 LIIIXY HPOrpecy.
OyrepeH € HOBOIO (OpMOI0 KapOoOHY 1o cyTi. Monekyna

Cgo MICTUTE (hparMeHTH 3 I’ ATUKPATHOIO CHMETPIEF0, SIKi
HE 3YyCTPi4aloThCS B MPHUPOJIL I HEOPTaHIYHUX CHOIYK
(puc. 1). Tomy ciix BU3HATH, IO MOJIEKya (ByJepeHy €
OpraHiuyHOI0 MOJIEKYJIO, a KPUCTaJ, yTBOPEHUI TaKUMHU
MoJteKy1amMu ((yaepuT) — e MOJICKYJIAPHUNA KPUCTAI, IO
€ 3B’S3yI0YOI0 JIAHKOIO MK OPTaHi4HOIO 1 HEOPraHIuHOI0
PEYOBUHOIO.

Puc. 1 — Monexyna gpynepeny Cgy

Koxnuit arom kapbony B Monekyni Cg
3HAXOJUTHCS y BEPIIMHAX JBOX HIECTHKYTHHUKIB i OJHOTO
I’ ITHKYTHHKA 1 PUHIIAIIOBO HE BIAPI3HAETHCS BiJl IHIIAX
aToOMiB KapOOHY. ATOMH KapOOHY sIKi CTBOPIOIOTE cdepy,
3B’s3aHI MDK COOOIO CHIIPHUM KOBAJIEHTHHM 3B’SI3KOM.
Touaa chepuanoi odononku 0,1 HM, pamiyc MOIEKyIH
Ceo 0,357 am. Jomxkuna 38’s3Ky C—C B IT'ITHKYTHHKY —
0,143 aM, B mectukyTHUKY — 0,139 HM.

Monexyna pynepery Cqy 30epirae cBo TepMidHy
crabigpHicTs g0 1700 K, 1m0 3HaYHO mepeBHINyE
TEMIEpaTypy y BY3Il TepTs MiIIIUIHAKA KOYEHHS
ra3oBoi TypOiHM JBUTYyHa TreJikonTepa Yd B HOro
penyKrTopi.

[Ipore, y HpUCYTHOCTI KUCHIO OKHCHEHHS IIi€l
¢dopmu kapoony 10 CO i CO, crmocTepira€Thcsi BXKE 3a
ICTOTHO HIXKYMX TeMneparypax (omm3sko 500 K). [Tporec
MIPUBOJUTE JI0 YTBOPEHHS aMOp(HOi CTPYKTYpH, B SIKiH
Ha oxHy Mousiekyny Cgy NpHnazae IBaHAALATH aTOMIB
KUCHIO, TIpH IIbOMY MOJIeKyJia (yJepeHy HpaKTUIHO
MOBHICTIO BTpadae cBor (opmy. Ilpm momamemomy
mijBuiieHHi Temneparypu a0 700 K BigOyBaerbcs
intTeHcuBHe ytBopenHss CO 1 CO, 1 ocrarouHe
pYHHYBaHHS BIIOPSIKOBAHUX CTPYKTYD (yJIepeHiB.

3alikaBieHICTh  MPEACTAaBISE  TalOreHyBaHHS
¢dynepeny, ocobnmBo i#oro ¢ropyBaHHA. Y HepIINX
poboTax, MPUCBAYCHUX ¢dTopunam ¢bynepeny,
BUKOPHCTOBYBaJacsi  peakiis Horo  B3aemomii 3
ra3onofioHNM (TOpOM, BHACTIJOK SIKOi yTBOpIOBajlach
cyMim npoaykriB. Po3unnHIiCTE camoro ¢ynepeny Cgo B
PO3YHMHHUKAX HEAPOMATHYHOTO XapaKTepy HH3bKa, TOMI
SIK 0T0 (TOPHIN TOCTaTHRO AOOpE pO3UMHHI B TEKCaHi,
xmopodopmi, ameToHi, a 3 apOMaTHYHHMHU CIIOIyKaMH

YTBOPIOIOTh CTIHKI 3a 3BUYAHHUX YMOB
KPHUCTAJIOCOIBBATH.
Jlocni/ukeHHsT ~ MPOBOAWIM  BUKOPHUCTOBYIOYH

cunrernyHi onuBu Mobil Jet Oil I i Mobil Jet Oil 254 3
no0aBkaMu pi3HOro BMICTY Qyniepeny. KoHtpoiss BMicTy
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Ta po3uyuHHOCTI Qyneperny Cg) B ONMBaX BH3HAYAIM 32
METO/IMKOIO OITUCAHOI0 Y poOoTi [4].

HocnimkyBati  QynepeHOBI TpPHUCAAKH Y PIZHUX
MacOBHX CIIBBIIHOIIEHHSX MIJIKOAUCIIEPCHOTO MOPOUIKY
JOAaBaId B OJHMBY 1 MeEXaHIYHO MepeMilllyBalIud [0
OJTHOPIZIHOT CyCHeH3ii.

SIKicTh 3MallyBaIbHUX MaTepiaiiB BU3HAYA€THCS
iX B’S3KICTIO Ta TPOTH3HOCHHMH BIIACTUBOCTSIMU B
pobouoMy miana3zoHi Temreparyp. 3 XiMIYHOT TOYKH 30py
i BJIACTHBOCTI 3a0e3MeUyloThCs, B TEpIIy 4Yepry,
MOJICKYJIAPDHOIO Macol 1 CTYNeHEM pPO3Taly)KeHHS
BYITICBONHEBUX  JaHIforiB. OnHIEE0O 3  OCHOBHHUX
eKCIUTyaTallifHuX BJIACTUBOCTEH, IO BUCYBAETHCA IO
OJIUB, € BUCOKA CTIMKICTb JO OKMCHEHHS Ta IPOTHU3HOCHI
BIIACTHBOCTI.

Jns ouiHku BIUIIMBY (yJepeHy Ha MPOTH3HOCHI
BJIACTHBOCTI OJIUB MPOBOJMIH TpUOOJIOTIUHI
BUIIPOOYBaHHS Ha CTaH/IapTH30BaHIH
YOTUPHOXKYJIBKOBIH MAaIIMHI TEepTS BIANOBIIHO [0
I'OCT 9490 (ASTM D2783) (puc. 2).

3a pesyiabTaTaMd JOCHIPKEHb BH3HAYa M 3HOC,
SIKUA  OI[IHIOBAJNIM 3a JiaMeTpoM IUIAIMH 3HOCcy d Ta
KPUTHYHOMY HABaHTAXKEHHIO P, Iepexoay 0 CXOIUICHHS.
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Puc. 2 — Yomupvoxkyavkoea mawuna mepms YKM-1: 1
— eeunm; 2 — Kyni; 3 — 8y301 mepmsi;
4 — akycmuunuil 30H0; 5 — cmaxaw, 6 — Kopnyc

Tpu HMKHI KyJIbKH 3aKpIIUIIOIOTBECS HEPYXOMO Y
Yami MaImlMHA 13 3MallyBaJbHAM MarepiajioM, IIo
BHIIPOOOBYIOTE. BepxHsS KyibKa, sSKa 3aKpiluieHa Yy
[ITTHHIEI MaITHHA, 00ePTAETHCS BiTHOCHO TPHOX HIDKHIX
IpH 33/IaHOMy HAaBAaHTaXXEHHI 3 YacTOTOI OOepTaHHS
1460+70 o006/xB. IlpoBepraHHA KyJmbOK Yy IIpoIeci
BUNPOOYBaHHS HE JAOITYyCKAETHCS.

Kympknn  moBuHHI  OyTH  BHTOTOBIEHI i3
nigmunankoBoi cram IIX-15 we Hmxue I crymens
TOYHOCTI, Kiaac B, miamerpom 16 a6o 20 mm. MOXIHBO
BUKOPHCTOBYBATH Ul BUIIPOOOBYBAHHS KYJbKH 3 HOBUX
peaIbHUX IiIIIUITHUKIB.

[TpoTH3HOCHI BIACTHBOCTI Ha YOTUPHOXKYJIBKOBIi
MAIllMHI TePTs BU3HAYAKOTHCS I OJMB Ta IUIACTHYHHX
3MalyBaJbHAX MaTepiaiiB, MO BHKOPHCTOBYIOTHCS LIS

3MalIeHHs II0BEPXOHb TEPTA.

Merton nossirae y BUIPOOyBaHHI 3MAallyBaJIbHOTO
Marepiajly Ha MallMHI TepTs MPH 33aJaHUX OChOBUX
HaBaHTAKEHHSX Ta BU3HAUYEHHI OCHOBHHUX TPHOOJIOTIYHUX
XapaKTepUCTUK 3MalllyBalbHUX MaTepiayiB: Hecy4ol
3MAaTHOCTI — 32 KPUTUYHUM HaBaHTaKEHHSIM P,
NIPOTH33IMPHUX BJIACTUBOCTEH 3a iHIAEKCOM 3aaupy — I,
TpaHWYHOI  HaBaHTaXyBaJbHOI  3maTHOCTI —  3a
HaBaHT@KEHHSIM 3BapioBaHHS P, Ta TNPOTH3HOCHHUX
BIIACTUBOCTEH — 3a JliaMeTpoM TIsIM 3Hocy (d).

[Nepen moyatkoM BUIPOOYBaHHS KOXXKHOTO 3pa3Ka
3MallyBaJbHOTO Martepiaiy BCi JeTali MalluHH, 3 SKUMHA
CTHKA€ThCA  3MAllyBaJbHMA  MaTepial Mg dbac
BHIIPOOYBaHHS (Yallka 3 JACTAISIMH KPIIJICHHS HIDKHIX
KylnbOK 1 JeTaimi KpIiIUIeHHA BEpPXHBOI  KYJIBKH),
MIPOMHUBAIOTh OCH3MHOM a00 OCH30JI0M 1 MPOCYIIYIOTh Ha
noBitpi.  Kyibku, siKi ~ BUKOPHCTOBYIOTBCS  IIpHU
BUIpOOYBaHHI, TaKOX IPOMHBAIOTH OCH3UHOM 1
MPOCYIIYIOTh Ha MOBITPI.

BunpoOyBanns KO>KHOTO 3MalllyBaJbHOTO
Marepiary HpOBOJATH 3a TEMIIEPaTyp, BCTAHOBICHUX Y
HOPMATHBHO-TEXHIYHIN JOKyMEHTAIIIi.

BumpoOyBaHHs ckiamaeTbes i3 cepii BU3HAYCHB.
KokHe BH3HA4YeHHA TPOBOAATH Ha HOBIH mpobi
BHIIPOOYBAHOTO 3MAalIyBaJIGHOTO MaTepialy 3 HYOTHpPMa
HOBHMMH KyJIbKaMH.

Jdns  mpoBeneHHs — BUNPOOYBaHHS  KYJIBKH
3aKpIIUTIOIOTh Yy INMUHACNI MAaIIMHA 1 Yamimi  Juis
3MallyBajbpHOro Marepiany. Ilpu BumpoOyBaHi onuB ii
3aJIMBAIOTh TaK, 1100 KYJIbKM OYJIH IIIJIKOM MOKPUTI HElO.
[ToTiM BCTAaHOBNIOIOTH YAIIKy 13  3MallyBaIbHUM
MarepiaioM Yy MalluHy, 33/al0Th HABaHTKCHHS 1
BKJIIOYAIOTh €JIEKTPOABUTYH. sl TOrO, 00 YHUKHYTH

nedopmanii  KynbOK, HEOOXiJHO YHHKAaTH YAapHUX
HaBaHTaKCHb.

[Ipu mpoBeneHH] BUMIPOOYBaHHS TIPH MiABUIIICHUX
TeMIiepatypax MONIEPEIHBO BKJIIOYAIOTh
eJIeKTpOHarpiBad. ITicnsa JIOCSATHEHHS 3a1aHO01
TEMIEpPaTypH CTBOPIOIOTH HEOOXiJHE HABAHTAXKCHHS 1
BKJIIOYAIOTh €JIEKTPOJIBUTYH. Temmnepatypa

BUIPOOYBaHHS MOBUHHA MIITPUMYBATHUCS 3 TIOXUOKOIO HE
6inbmre +5°C.

TpuBanicte  BuUnpoOyBaHHS  BiI ~ MOMEHTY
BMHUKaHHS JI0 MOMEHTY BUMHKaHHS €JIEKTPOJBUTYHA IPH
BU3HAUCHHI KPUTUYHOTO HABAHTA)XEHHS, HABaHTa)KCHHS
3BapIOBAaHHsI Ta iHAEKCY 3aaupy moBuHHA OyTH 10 + 0,2 ¢,
MIpH BU3HAYEHHI IMoKa3HuKa 3Hocy — 60 £ 0,5 xB.

IIpn BH3HAUEHHI KPUTHYIHOTO HABAHTAKEHHS, IIO
XapakTepu3ye 3AaTHICTb 3MallyBaJbHOTO MaTepiary
3ano0iraTi BUHUKHEHHIO 3aJUpy TMOBEPXOHb TEPTS,
MOTIEPEIHBO TIPOBOJIATH PSIJI MOCIIIOBHUX BUIPOOYBaHb
31  3HWKEHHAM a00  3pOCTaHHSIM  HABaHTAXEHHS
BIJIMOBIHO /IO psly HaBaHTaXCHb, MPHUBEACHUX Y
CTaHAapTi Ha BUITPOOYBaHHSL.

[IpoBoasaTh Ba NapajieIbkHUX BUPOOYBaHHSI.

[Tpu 3BaproBaHHI HEOOXiJHO HETaWHO BHUKIIOYUTH
€JIEKTPOJIBUTYH, 100 YHUKHYTH TTOIIKO/PKEHHS MAIIMHH.

[lokasHuK 3HOCY, @O XapakTepH3ye BIUIUB
MacTWJIPHOTO Martepialy Ha 3HOC IIOBEPXOHb TEPTH,
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BH3HAYAIOTh npu MOCTiHHOMY HaBaHTaXXCHHI,
BCTAHOBJICHOMY y HOPMAaTHBHO-TEXHIUHIH HOKyMEHTAIil
Ha MacTWJIbHUN MaTepial.

[Micns 3aKiHYEHHS BUIIPOOYBaHHs Ta
OXOJIODKEHHST By3Jia TepTsi Hkue Temnepatypu 40 °C,
37MBAIOTh OJIUBY Ta MPOTUPAIOTHh KYJIbKH OESH3MHOM, abo
CIIHPTOM.

[ToTtiM BUMIPIOIOTH JiaMETPH IUISIM 3HOCY KOKHOI 3
TPbOX HIKHIX KYJIbOK Yy HampsIMKy KOB3aHHS 1
MIePIEHANKYJSIPHO HOMY y TUIOIIMHI, TEPIIeHANKYIISPHINA
oci 00’ekTMBa MIKpOCKOma. 3a pe3yibTaT BHUMIPY
MPUUMAIOTh CepelHE apuPMETHIHE 3HAYCHHS BHUMIpPiB
IUIAM 3HOCY HIDKHIX KYJIBOK Y JIBOX HaIpsIMKaXx.

Pe3ysibTaT BUpillIeHHs] OCHOBHUX 3aBJAaHb Ta IXHE
00roBOpeHHs!

O0’€exTOM IOCTIKCHHS IaHOi poOOTH € TMpOoIeC
BIUIMBY  HAHOPO3MIPHMX  BYIJICIIEBUX  MarepialiB
(pynepeny Cgo Ta rpadity) Ha NPOTU3HOCHI BIACTHBOCTI
cuarernunux Mobil Jet Oil 11 Ta Mobil Jet Oil 254 onus
TypOOpEaKTUBHUX aBiallifHUX JBUTYHIB.

[IpeameTom mociipKeHHSI € OCHOBHI TPHOOJIOTI4H1
XapaKTEepUCTUKH  aBiallifHUX ONWMB 3  JOOaBKaMH
(ynepeHOBUX HAHOPO3MIPHUX BYTJICLIEBUX MaTepialiB,
BU3HAYEHI 32  CTAaHIAPTHOIO  METOOWKOI  Ha
YOTUPBOXKYIIBKOBIH MAIIHHI TEPTS.

Pecypc Ta HamifiHiCTE poOOTH  IBUTYHIB
31e0UIBIIOTO 3aJICKUTh BiJl TOTrO, B sIKId Mipi aBiamiliHa
OJIMBA, 110 3aCTOCOBYETHCS, BIAMOBIAAE SKCILUTyaTAI[lTHUM
BUMOTI'aM ii BUKOPUCTAHHS.

[Micns BIZIKPUTTS (ynepeHis 3’BUIIACA
MOJJIMBICTh CTBOPIOBATH HOBI 3MalllyBajJbHI MaTepiajH.
Ha taxy MOXIMBICTH BKa3syBaJld fK ifeasibHa cepuyHa
¢dopma wmomekyn ¢ynepeHiB Cg, Tak 1 OCHOBa ITUX
MoJIeKyn (kapOoH), sIKMH y BHIIIsAlI TpadiTy TaBHO i
IIMPOKO BHKOPUCTOBYETHCS B SKOCTI aHTH(PUKIIHHOTO
KOMIOHEHTY IUJIOTO KJacy 3MallyBaJbHUX MaTepiaiiB.
UrncneHHi eKCTIEPUMEHTH, IMPOBEACHI OCTaHHIM YacoM,
BKa3ylOTh Ha IJBHUINEHI 3MallyBalbHI XapaKTEPHUCTHKU
ONIMB Yy pe3yibTaTi [OJaBaHHS JO0 HHUX HEBEJIHKOI
KUTBKOCTI (hyJIepeHiB.

XapakTepHOI0 0COOJTHBICTIO Cy4YacHUX
pEakTUBHHMX  aBiallilHUX JBUTYHIB €  BIiJICYTHICTb
MiJIIUITHAKIB KOB3aHHA. B sKoCTi omop Bally poTopa
JBUTYHAa W BajliB IPHUBOJY arperartiB 3acTOCOBYIOTh
MIIIATHAKE ~ KoueHHs. KoedilieHT Teprs KOYeHHS
3HaxoauThess B Mexax 0,001-0,003 mms KyJmbKOBUX i
0,002-0,005 mis POTMKOBUX MiAIIUITHHUKIB, TOMI SK IJIS
MIIITATHAKIB KOB3aHHA I BEJIMYMHA B JICCATKH pasiB
6impmmra (mpubmmsuao 0,01).

Poropu cywacHux aBiamiiHMX JBHUTYHIB J00pe
30aJIaHCOBaHl 1, HE IUBIIAYMCH Ha X BENMKI IIBHIKOCTI
o0epTaHHs Ta 3HA4yHy Bary, MakKCHMajbHE pajiajbHe
HABaHTaXXCHHS HA MIAMUITHUK He nepepuirye 1500 H.

[TpoTn3HOCHI ~ BJIACTUBOCTI  JOCITIJDKYyBald  3a
JIOTIOMOTOI0  YOTHPBOXKYJIBKOBOT MAaIllMHU TEPTs MO
ASTM D2783 3a napamerpamu JiamMeTp uisimu 3Hocy (d)
Ta KpuTHYHOro HaBaHTaxeHHs (P,). OcTaHHINA MOKa3HUK

XapaKTepu3y€e MaKCUMAaJIbHy BEIMUNHY HABAaHTAXKEHHS, 32
SIKOTO II[€ HE BHHUKAE METAJEeBOTO KOHTAKTY (3aIHpiB)
IPH TEPTi CTAaHAAPTH30BAHUX METAJIEBUX KYJIBOK.

[Ipu BU3HAYCHHI MTOKa3HUKA TPAHUYHOTO 3HOCY (d)
TPUBANICTh BUNPOOYBaHHS BiJi MOMEHTY BMHKaHHS [0
MOMEHTY BUMMKaHHS JIBUT'YHa CTaHOBUTH 60 + 0.5 xB, 3a
craHmaptHoro HaaHTaxkeHHs 20 krc (196 H) Ta
KiIMHAaTHOI ~ Temmeparypu. Bsarami, mmus  KOXHOTO
3MallyBaJbHOIO  MaTepialy  BKa3ylOThCS  yYMOBH
BHIIPOOOBYBaHHS B HOpPMATHBHO-TEXHIYHIN
MOKYMeHTamii. Y JaHOMy BHITAAKy BHOpaHi OIHAKOBI
YMOBH BHUNPOOOBYBaHHS Ui CHHTCTHYHHX OJHB JUIA
3pYYHOCTI MOPIBHSAHHS iX BIIACTHBOCTEH.

3a moka3Huk 3HOCy (d) y MimiMeTpax mpuiMaioTh
cepenHe apupMeTHIHE 3HAUYCHHS AiaMETpPiB IUIIM 3HOCY
HIDKHIX KyJIBOK JIBOX MapalieIbHUX BUIPOOYBaHb IpU
CTAJIOMY HaBaHTaKCHHI.

3aMipu JiaMeTpiB IUISIMH 3HOCY MPOBOASTHCS TTi[
MIKPOCKOIIOM y JBOX B3a€EMHO MEPHEHAMKYJISPHUX
HarnpsiMKax 3 TouHicTio 10 0,01 mMm.

Ha puc. 3. mnokasaHo miusMu 3HOCY IIpU
HOpMAIIbHOMY TEpTi KOYCHHI (a) IiIIIAITHIKOBOI CTai
IIX-15 B cepenoBwhimi ONWBH Ta aHOMalbHOTO (0) 3a
paxyHOK 30IJbLICHHS KPUTHYHOTO HABAaHTAXKEHHI Ha
By30n TepTs. Ilig Wac mporo crocTepira€TbCs B TOYII
KPUTHYHOTO HAaBaHTa)XEHHS BHUPUB Ta HaMa3yBaHHS
(mepexi) OAHOTO Marepially Ha IHOIy TIOBEPXHIO.
KpurnuHe HaBaHTaXEHHS XapakTepH3y€ MaKCHMalbHO
MOXIIUBE HABaHTOKEHHS pOOOTH By3la Teprs B
CEPEIOBUIIII OJTUBU.

Puc. 3 — IInamu 3nocy cmani IIIX-15 3a nopmanvrozco (a)
ma KpumuyHo2o Hagawmaicents (0)

3anekHICTh  JiaMeTpa  IUISIMH  3HOCY  Bif
KOHIICHTpAMii (QyIepeHOBOI MpPUCAAKH [UI aBiallifHUX
omuB Mobil Jet Oil II Ta Mobil Jet Oil 254 HaBeneHa Ha
puc. 4.

Sk mokazand  pe3yabTaTH  JOCHTIKEHB, IO
3pOCTaHHS KOHIIGHTpAIil (yJIepeHOBOI TMPHCATKUA B
ONMBax HE 3HAYHO BIUIMBAE HA BEJIMYHMHY 3HOCY, XO4a
TEHACHIIII 3MCHIICHHA  JiaMeTpa IUIIMH  3HOCY
crocrepiraetscs. Ciig TakoX BiIMITHTH, IO OUIBII
IHTEHCHBHO 3MEHIICHHS 3HOCY CIIOCTEPIraeThCsi B OJIMBI
Mobil Jet Oil 11, nix y Mobil Jet Oil 254. TIpupona Takoi
il QyJUIepeHOBMICHUX MPUCAJOK MOKH HE 30BCIM
3’sicCOBaHa.
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Puc. 4 — 3anesicnicms noxasnuka 3Hocy 6i0 eémicmy
@ynepeny Cgy 6 onueax

Kputnunanm HaBantaxeHHsM (P, Krc) BBaKaroTh
HABaHTAXCHHSA, TIPU SKOMY CEpelHil TiaMeTp IUIIM 3HOCY
HIDKHIX KyJIbOK 3HaXOAUTHCS y MEXKax 3HaAUeHb BEINYUHU
TPAaHUYHOTO 3HOCY JUIA JAHOTO HAaBAHTAKEHHS, IO
HaBOJUTHCS Y Tabaumi ASTM D2783, 30i1bLIeHHS SIKOTO
Ha BEJIMYMHY HACTYIIHOTO HABAHTAXKCHHS 3a PIIOM
HaBaHTWKEHb  BUKJIMKAE  30UIBIIEHHS  CEPEIHbOTO
JiaMeTpa IUIsIM 3HOCY Ha BEIHYHHY, Ounbiry HiX 0,1 MM.

3a pesynbraT BUNpPOOYBaHHS NPUIMAIOTH MEHIILY
BEJIMYMHY KPUTHYHOTO HAaBAHTAXKEHHS 3 ABOX OTPHMAaHUX
BenmmurH (Tadi. 1 Ta Tad. 2).

Tabmuus 1. — BusHaueHHI  KPUTHYHOTO
HaBaHTaxeHHs (P,) s onmBu Mobil Jet Oil 11

Cepenniii
Haganra- | HaBanta- Fuamerp Kpuruse
ILISIM HaBaHTa-
JKEHHS, JKEHHS,

3HOCY JKEHHS,

KI'C H 4
HHKHIX KI'C
KYJIbOK, MM

160 1568 0.65 -
200 1960 0.82 -
240 2352 0.94 (Py) 240
280 2744 0.96 +
Tabmumss 2. —  BusHaueHHS  KPUTHYHOTO

HaBaHTaxeHHA (P,) mis omusu Mobil Jet Oil 254

Cepenniii
Haganra- | HaBanra- niamerp Kputnune
KEHHS, KEHHSI, |TUISIM 3HOCY HaBaHTa-
KTC H HIDKHIX JKEHHSI, KI'C
KYJIbOK, MM
160 1568 0.61 -
200 1960 0.65 -
240 2352 0.68 -
280 2744 0.71 -
320 3136 0.89 P, (320)

I3 BumeBWkIageHWX TAOMUIbP BHIHO, IO
KpUTHYHE HaBaHTaXeHHs a1 oauBd Mobil Jet Oil II 3a
OJTHAKOBHX YMOB BHIIPOOYBaHHS CTaHOBUTH 2352 H, Tomi
sik st onmuBr Mobil Jet Oil 254 kputuvHe HaBaHTAKEHHS
craHoBuTh 3136 H. Ile MOXXHA TOSICHUTH TUM, IO
OCTaHH4 OJIMBa MiCTI/ITI) B):[OCKOHaJ'ICHI/Iﬁ TMMaKeT IpucaokK,
SIKi 3HAYHO TOKPAIYIOTh ii MPOTU3HOCHI BIACTHBOCTI.

3aneKHICTh KPUTHYHOTO  HABAHTAXKEHHS — Bif
BMiCTy (yJepeHOBOI MPHCAIKH B OJMBAX HaBEJCHA Ha
puc. 5.

350
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0 0,4 0,8 1,2 1,6 2

KpI/ITI/I‘IHe HaBaHTaXCHHA, KI'C
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Puc. 5 — 3anesxcnicmsb Kpumuuno2o HABAHMANCEHHSL 8I0
emicmy ghynepeny 6 onueax

Sk mokazanmu  pe3yibTaTH  JOCTIDKeHb, IO
3pOCTaHHsI KOHIGHTpauii QylepeHoBOi Mpucankd B
ONMBax 3Millly€ KPUTHYHE HaBaHTaXEHHA B 00JacTh
Olnpll BHCOKMX 3HaueHb. CiliJ TaKOX BIAMITHTH, IO
IHTEHCHBHICTh I1IbOTO 3pOCTaHHSI B 000X OJIMBax
MPaKTHYHO O/IHAKOBA.

3a CyKYITHICTIO OTPHMaHMX pe3yJbTaTiB MOXHA
nepenoavnTh Ta CIPOTHO3YBaTH MeXaHi3M
aHTUpUKIiHOT 1 mpoTtm3HocHOi  amii  ¢ymnepeHiB
HACTYIHMM YHHOM. Y TIpoImeci TpuOOmomiMepm3amii

MiHepalbHOI ~ OJMBM  Ha  TEPTBOBUX  IMOBEPXHIX
YTBOPIOETBCS  NOKPUTTS Yy  BHIJIALL  HPOCTOPOBOI
TpubomnoniMepHoi  CiTKM, 3B’s3aHOT 3 MIAKJIAJKOIO

XIMIYHUMH 3B’s13KaMu. Lle MOKpHUTTS 3axXuIlae MOBEPXHI,
IO TPYThCA BiJ O€3MOCepeHbOro KOHTAKTY, 1 B TOW ke
yac, OyAy4un IPOCTOPOBOIO  MONIMEPHOIO  CITKOIO,
yTPUMY€ OJHBY, 3a0e3ledyloud TakuM YHHOM 1
MaJIO3HOCHUH PEXUM TEpTs, i Manuii Koe(illieHT TepTs.
Ileit mpouec moxe BimOyBarucs i 6e3 mpucyTHOCTI Co.
Opnnak 6e3 bynepeny Juis (dopmyBaHHS
TpHOOMETAIIONIONIMEPHOTO HOKPHUTTS IMOTPiOHI, MalyTh,
Oimprie wacy i Oimpm cmenmgivuai ymoBu. IlpucyTHICTH

¢dynepeHy  3aBOSKM ~ HOrO0  BENHMKIA  peaxmiiHil
CIIPOMOXKHOCTI pi3ko MIPHUCKOPIOE poIiec
TpuOomoiMepizamii 1 MPHU3BOAUTE 1O YTBOPEHHS

TpHOOTONIIMEPHOT CITKH, Y BY3/IaX $AKOi 3HAXOAATHCS
nepeBaxxHo MoneKyu Ce.

ToMy TpUOOKOHTAKT € JOCHTH MOTY)XHUM
PEeaKkToOpoM Jyisi pI3HOTO POAY CTPYKTYPHHX HEPETBOPEHB
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1 MOXKHa OYIKyBaTH IMOSIBH B 30HI TePTA TUX MoAmpikamin
¢bysnepeHy, siKi BOJIOJIIOTH MiJBHIICHOK TBEPIICTIO 1
MOXYTh BH3HA4YaTH BIACTHBOCTI IOBEPXHEBHX ILIIBOK,
10 YTBOPIOIOTHCSI B MPOIIECi TPUOO3HOCY.

BucHoBkH
Habynu MOAAJIBIIOTO PO3BUTKY
EKCIICPUMCHTAIBHUMH  MiTBEPPKCHHSIMA ~ TCOPETUYHI

MOJIOKEHHA ~ TpuOojorii. SIK TmoKazanmu  pe3yibTaTu
JOCTIKeHb, 30UIBIICHHS KOHIEHTpaIii (yIepeHOBOT
MIPUCAJKH B OJMBAaX HE 3HAYHO BIUIMBAE Ha BEJINYNHY
3HOCY, XO4Ya TEHJCHIliS 3MEHIICHHS JdiaMeTpa IUIIMH
3HOCY CTocTepiraeTbesi. Lle MOXKINBO MOSCHUTH THUM, IO
Ha BIIMIHY BiA TepTs KOB3aHHSI, IPU AKOMY KoedimieHT
TEpTs] 3MEHINYEThCS B JIECSATKA pa3iB 3a pPaxyHOK
MOXITBOCTI KOYEHHSI MOJIEKyJ (yJepeHy no rpaditosii
NOBEPXHI, SKE& XapaKTepPU3yeThCSs 3HAYHO MEHIINM
TEpTSIM B TIOPIBHSHHI 3 KOB3aHHAM rpadiTOBUX
MIOBEPXOHb OJIHA BiTHOCHO iHIIOI B CHJIy OiJbII BHCOKOT
TUTOIII KOHTAKTy B OCTAaHHBOMY BUMAJKY. [3 11bor0 Ciigye,
mo ¢yJaepeHH BUKOHYIOTh pPOJb MIKPOIIAITUITHAKIB
KOYCHHS, AKi 3MEHIIYIOTh KOSQIIieHT TepTsd KOB3aHHI.
Ane B TIJIMMHUKaX KOYEHHA KYJIbKA MOJKJIHUBO
MePEeMeNIOITh (QyJIepeHH, SK KyJIbOBI MIIMHH, TOMY HeE
CIOCTEpIraeThCsl ~ 3HAYHOTO  e(eKTy  MOKpalleHHS
NPOTU3HOCHUX BIJIACTUBOCTEH OJIMB MPU 3aCTOCYBaHHI
(GysepeHOBHX MTPHUCATIOK.

IToka3aHo, M0 TPOTH3HOCHI BIACTHBOCTI —
niamerp M 3Hocy  (d), BM3HaueHWd  Ha
YOTHPHOXKYJIBKOBIH MaIIWHI TEPTsS, CHHTETUYHOI OJHMBU
JUTs Ta30TypOiHHMX aBiamidHux neuryHiB Mobil Jet Oil 11
nepeBuIye noHan 5 % niamerpa IUIIMH 3HOCY OJMBH
Mobil Jet Oil 254, Mo MNOSCHIOETHCA OLIBII BHCOKOIO
SIKICTIO OCTaHHBOI Ta BIOCKOHAJICHHSIM 1 ONTHMI3aIli€lo
MaKeTy MPUCAJIOK.

BceranoBneHo, mo 3pOCTaHHSA  KOHIIGHTpAIil
(GynepeHoBOI TpUCAIKH B OJIMBAX 3MII[ye€ KPUTHYHE
HAaBaHTAXKCHHS B 00JIaCTh OUIBII BHCOKHX 3HAYEHb IS
000X MapOK CHHTETUYHHX OJIUB.
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MO/JIEJIIOBAHHS HEJJE®OPMOBAHOI CTPYKKH, YTBOPEHOI ITIJ] YAC
HAPI3AHHS BHYTPIIIHBOI'O 3YBYACTOI'O BIHIIAA METO1I0OM “POWER SKIVING”

A. M. CJIIITYYK

Kagheopa pobomomexuiku ma inmeeposanux mexuonoeiti mawunobyoyeanns, Hayionanehuii  ynisepcumem «JIbgigcoka

nonimexuixa»», m. JIvgie, VKPAIHA
*e-mail: andsl@ukr.net

AHOTALIA Cv0200Hi Ha npogioHUX CEIMOSUX NIONPUEMCIBAX, KI 3aUMAOMbCs GUSOMOGLEHHAM 3Y0UACmux KoJic, 8ce yacmiue
MOJICHA 3ycmpimu HapizauHs 3y6uacmozo einys Ha Koneci memooom Power Skiving. Ileti cyuachuil cnocib6 0036o01s€ 06pobnsimu
Koneca i3 308HIWHIM Ma 6HYMPIWHIM IHYeM, K NPAMO3Y0020 MaK i KOC03y0020, A MAKO4C HAPI3AMU WYL HA 8ANAX YU BMYIKAX.
Taxa mexuonoeia noconye 6 cobi eremenmu 06mouy8ants ma gpesepysanns, sabeneuyiovu 0yxce KOpomKUll 4ac 6USOMOEIEHHS.
Ilpome, 3 KodCHUM pOKOM MaKull Memoo 6ce Oilbuie YOOCKOHATIOEMbCA, X0Ua NO CBOill KiHemMamuyi € Oysce CKIAOHUM ma nompeoye
npeyusiuHux po3paxynxie. Busnauenns mouno2o nonodcenus incmpymenmy ma 3a20Mmo6Ku 8 KOJNCHULL MOMeHm yacy nOmpioni ons
cuHxponizayii pyxie npu wuapizaumi. Iloxkazano npunyun no6yoosu HedepopMosanoi cmpysicKu npu HAPIi3aHHI GHYMPIUHBLOSO
npsamo3y602o einys memooom Power Skiving. Ompumano napamempu nepepizie 3pizie cmpysicku, Ka ymeopunacs nio yac pobomu
pisanvrozo incmpymenmy. Lle crayocums 0CHOB80I0 0Nt MOOENIO6AHHA A PO3PAXYHKY 6eIUYUH CUN DI3anHs, mepms, HeoOXiOHOP
pobomu, saxa nompibua O YCYHEeHHs NPUNYCKY, MEeNI08UX NOMOKIS, Ki GUHUKAIOMb N0 YacC Pi3anHs, [HMEHCUBHOCMI HASPI6AHHS
IHCMpYMeHmYy, meMnepamypu ma 3HOUYSAHHA THCMPYMEHNY, MOOEIO8AHHs KOIUBAHb | OuHamiunux npoyecie. Ilosna ingopmayis
npo posmipu ma Gopmu 3pi3aHux wapis, ix 6eAUYUHU Y PISHUX OLIAHKAX 3YOYS Y KOMCHUU MOMEHM 4acy HAPI3AHHA, d MAKOMC
8CMAHOBAEH] 3AKOHOMIDHOCMI iX HenepepeHoi YuKIiuHoi 3MiHU 3a 06epm pi3anvbHO20 IHCMPYMEHMA, CAYHCAMb OCHOBOI0 OJlsl
8CeOIUH020 8I0OMBOPEHHA MA ONUCY PISHOMAHIMHUX 83AEMONO08 A3AHUX | B3AEMO3ANEHCHUX OepOpMayiliHuX I KOHMAKMHUX NPoyecis,
skl eidOysaiomvcs ni0 yac mnpoyecy Hapizanna 3ybuacmoeo Ginya. [ns makoi 3a0aui po3pobieHo KOMHIEKCHY Cucmemy
epagoananimuyHo20, MameMamuyHo20 i Komn 10mepHo20 MOOe08aHHs Ybo2o npoyecy. Bpaxosano tioco kinemamuxy i 0ocmogiphno
8I0MBOPEHO 3aKOHOMIpHOCHI npoyecié pizannsa-gopmoymeopenns. [Ipedcmasneno 3acmocysanns pagoananrimuynoi Memoouxu
no6y0osu nepepizie Hedehopmosanoi cmpyicKu, Ka 0aia MONCIUGICIb GCIMAHOSUMU T 2e0MempIl0 Ma OCHOGHI XapaKmepucmuxu,
a maxodc ompumamu 3D moodenb. Ompumano adexeamui MOOeNi CMPY’CKOYMEOPEHHS MA NPOAHANIZ308AHO KIIbKICHI OYIHKU
napamempie 3pizie cmpyxicKu, aka ymeoproemocsa npu Power Skiving.

Knrwuogi cnosa: pizax; modentoganns,; nedepopmosana cmpyxcka, mexnonozia Power Skiving, nepepis 3pizy.

SIMULATION OF UNDEFORMED CHIP FORMED DURING CUTTING FOR
INTERNAL CROWN TOOTH BY THE "POWER SKIVING" METHOD

A. SLIPCHUK

Department of Robotics and Integrated Mechanical Engineering Technologies, Lviv Polytechnic National University, L’viv,
UKRAINE

ABSTRACT Today, the world's leading enterprises engaged in the manufacture of gear wheels increasingly use the Power Skiving
method of cutting the gear crown on the wheel. This modern method allows you to process wheels with an external and internal
crown, both spur and helical, as well as cut slots on shafts or hubs. This technology combines elements of turning and milling and
ensures a very short production time. However, every year this method is increasingly improved, and in terms of its kinematics it is
very complex and requires precise calculations. Determining the exact position of the tool and the workpiece at each moment of time
is necessary for synchronizing movements during cutting. The principle of building an undeformed chip when cutting an internal
straight-tooth crown by the Power Skiving method is shown. Section parameters for chip sections are obtained. They are the basis
Jfor modeling and calculating the values of cutting forces, friction, the necessary work that is needed to eliminate the allowance, heat
flows that occur during cutting, the intensity of tool heating, temperature and wear of the tool, simulation of oscillations and dynamic
processes. Complete information about the size and shape of the sheared layers, their size in different sections of the tooth at each
moment of the cutting time is necessary for the description of various interrelated and interdependent deformation and contact
processes. The established regularities of their continuous cyclical change during the revolution of the cutting tool are required for a
comprehensive reproduction of the processes that occur during the cutting process of the toothed crown. A complex system of
grapho-analytical, mathematical and computer modeling of this process has been developed for such a task. Kinematics is taken into
account and the patterns of cutting-forming processes are reliably reproduced. The application of the grapho-analytical method of
constructing sections for an undeformed chip is presented, which made it possible to establish its geometry and main characteristics,
as well as to obtain a 3D model. Adequate models of chip formation are obtained. Quantitative estimates of parameters for slices in
the process of Power Skiving are analyzed.

Keywords: cutter; modeling; undeformed chip; Power Skiving technology, section of slice.

Beryn METO/ HapizaHHs 3y04acToro BiHI Ha Koieci - Power

Skiving. Lleit cywacHmii croci6 mo3Boisge 00pOOIATH

3a  ocraHHi JecATE POKiB  BCE  OLIBIIOro mpsMo3y0i  Ta Koco3yDi Koileca i3 3OBHIIIHIM Ta
3aCTOCYBaHHSI Y BUTOTOBJICHHI 3y0uacTuX KoJlic HaOyBae BHYTPIIIHIM BiHIIEM, a TAKOX HApi3aTH IUTIIHM HA Bajax
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uyn Brynkax. Hezaxaroun Ha Te, mo Power Skiving Oys
BIIEpIIIE OMFCAHUH e HA MOYaTKy XX CTONITTS, IPOIIEC
JIOBrO HE 3HAXO/MB 3aCTOCYBaHHS 1 3aiMIIABCS B TiHI
IHIIMX METO/IB Hapi3aHHS dYepe3 BUCOKI BHMOTH 1O
JKOPCTKOCTI BEpPCTATiB, HEOOXiTHOCTI BUCOKHX CTYIICHIB
CHHXpOHI3amii oOepTaJbHUX pyXiB 3aroToBKH Ta
PXy4oro iHCTpYMEHTY, TSDKKHX yMOB poOoTH pizaka. Ha
TOW yac He OyJl0 Hi MarepiaiB, Hi TEXHIYHOI MOXIIMBOCTI
BUTOTOBHUTH BIJIOBIAHUI pi3aJIbHUN 1HCTPYMEHT, SKHH
OyB OM 31aTHWI BUTPUMYBATH MiJABHUIIEHY TEMIEpaTypy.
OOnagHaHHA Mallo HU3bKY TOYHICTh Ta BEJIMKE OUTTS, sSIKe
BHHUKAE IIiJ] 9ac TMpPOIEeCy pi3aHHS, Mmig dac oOepTaHHS.
Bce me BimknHYJO 3acTOCYBaHHS NAaHOTO MeToxy. Jlme
3apa3, 3 PO3BUTKOM BEpPCTATOOYyIyBaHHA Ta OTPUMAaHHS
HaJIS)KHOTO 1HCTPYMEHTY, NIPH Cy4acHOMY NPOTPAMHOMY
3abe3neueHni, Power Skiving 3acrocoByeTbcs Ha
Cy4acHHMX IHIIIPUEMCTBAX BCHOTO CBITY, XO4a IOKH B
Vknaini 3veTniTi HOTo MOXHA BKDAH DITKO.

IlepeBarn  maHOrO  METOAYy €  HACTLIBKH
OYEBHJIHUMHU, 1110 HOTO TMOIIMPEHHS cepell BUPOOHUKIB
3y04acTHX KOJIIC BCE 4YacTille 3yCTPIYaeTbcsi Ha
MiMPUEMCTBAX. BHCOKa MIBHIKICTh pIi3aHHSA, a BOHA
Moxe pocsraté 10 300 M/XB., Ta€ MOXKJIMBICTh TOBOPUTH
PO 3HAYHUH Tporpec y JAaHii Tamy3i MPOMHCIOBOCTI.
Taka BHCOKAa MPOXYKTUBHICTH TIPOLECY JOCATAETHCS
TOJIOBHMM YHMHOM 4Yepe3 MOXKJIMBICTH Oe3nepepBHOTO
BHIAJICHHS CTPYXKH. Yac BUTOTOBIIEHHS 3y04acToro Koieca
3aiiMae JHIIe AEKiTbKAa XBIJIMH, 3aIEKHO Bill MapamMeTpiB
3y0uacToro Komeca Ta pi3alBHOTO IHCTPYMEHTY, SKHH €
Habarato yHIBEpCAJbHIMIMM Ta JACMICBIIAM 3a  IHIII
MPOIYKTUBHI METO/IM Hapi3aHHS 3yOIliB.

CrieniianpHUA IHCTPYMEHT — pi3ak, SKHA MOXe
OyTH SK LITBHUM Ta BUTOTOBJICHHUM 3 TBEPAOTO CIUIABY
abo mBHAKOPDKYdYOi crami, Tak i 30ipHHM, sSKuil Oyxe
MaTh 3MiHHI IulacTuHU. Takuii poOoYMii IHCTPYMEHT
MOJKHa BUKOPHCTOBYBATH JJIsi YOPHOBOi 0OpOOKHM 1 Juist
YHCTOBHX MPOXOJiB. MOro BifHOCHA HHM3bKA BApTICTH Yy
MOPIBHSIHHI 3 BapTICTIO YEPB’SIYHX (pe3, UM MPOTSHKOK, €
1€ OJHIEI0 TEpPeBarol0 IHOr0 METOAY Ta 3MEHIIYyE
coOiBapricth  BurotomiieHHs. [llogo  MoxiHMBOCTEH
3aCTOCYBaHHSI 3yOOTOYiHHS, TO ,SIK IPaBWIIO, HApi3aroTh
BiHeIs 3 MoayJeMm Bix 2 mo 9mm. Ille omriero mepesaroro
€ MOXJIMBICTh BUKOHYBaTH 0OpOOKY MOPYY i3 BHCTYIIOM,
10 a€ THYYKICTb ITif] Yac MPOEKTYBaHHS JIEeTaJCH.

Texnomnoriss Power Skiving € coco6om 06po6ku
3y04YacTHX KOJNIC UM IIUTIMiB, IO BUKIIOYAa€ HEOOXiTHICTH
BUKOPHCTaHHS CIEIiagi30BaHOro o0agHaHHSA
(3ybo(dpesepHux, MNPOTATYBAIBHUX, IOBOAIBHHX), SKE
MPU3HAYCHE BUKJIIOYHO IS Hapi3aHHs 3yOuiB. J{ns iioro
3aCTOCYBaHHs JIOCTaTHBO ~ MaTd  YHIBepCaJIbHUIA
00pOoO0ITIOI0YNH 5-KOOPIMHATHHH LIEHTP, SIKUH Ma€ BHCOKY
KOPCTKICTb, 100 OTpUMaTH MpPUHHATHY TOYHICTB
3yOuacToro BiHIIA. 30Kpema, m00 OTpUMAaTH 3y0dacTHii
BiHEIp 7-8§ CTYHeHiB TOYHOCTi, IO IIOBHICTIO
3aI0BOJIBHSIE IIMPOKHI aCOPTUMEHT 3y0UacTHX KOJIC Ui
pI3HHMX MeXaHi3MiB, BY3JiB 4YM y MammHax. Tak, Take
oOagHaHHA € JOPOTOBApTICHUM, aje Ha IMiAIPHEMCTBAX
JUTA HBOTO 3aBXAH € poOoTa. BpaxoByroun BapTicTh 4acy
pobotn Takoro obGnamHanHs, Power Skiving cuin
3aCTOCOBYBAaTH JIMIIE TP  BEJIMKOCEPIHHOMY  4H
MacoOBOMY BHPOOHHITBI. J[Is BHUTOTOBJICHHS HEBEIHKOI
KIJIBKOCTI 3y0UacTux KoJjic abo KUIBKOX OJIMHHUIb MOKHA

el MeTox 3acTocyBaTH, SAK Ha CIEHiali30BaHOMY
HaIlaBTOMaTHYHOMY 3yOOHApi3HOMY BepCTaTi, Tak i Ha
MOJICPHI30BAaHOMY BepcTaTi (pe3epHOT UM TOKapHOL
IpYIH, X04a TOYHICTH Ta SKICTh IOBEpXHI mpodins 3yda
Oy/e ripiioro.

s TexHOMNOTiSI TMOEMHYE B COOI  EICMEHTH
oO0TouyBaHHS Ta (pe3epyBaHHS, 3a0e3NeUyroud IyXe
KOpOTKHi1 yac BUrotosieHHs. IIpore, 3 KOXXHHUM POKOM
TaKUil METOJ BCE OiNblle YIOCKOHAIIOETHCS, a Haj HOro
JIOCITI/PKEHHSM Ta YJOCKOHAJICHHSIM TIPAIIO€ 111 IIesaa
mpoBigHUX HaykoBHiB 3 Smonii, Himewunmnu, [perii,
Benmkoi bpuranii.

Merta poboTu

MeTol0 HaHOTO JOCIHIMKEHHS € BCTAHOBJICHHS
BCIX TEOMETPUYHUX  IMapameTpiB  HeleopMOBaHOT
CTPY)XKH, $Ka YTBOPIOETbCS IIiJl Yac Hapi3aHHS
BHYTPIIIHBOTO MpsMO3yOoro BiHLS MeTomoM Power
Skiving. bBasylounch Ha OTpUMaHuUX pe3yJbTaTax,
HeoOXiZmHO  moOyJayBaTW  MoOJeNb 32  JIONIOMOTOIO
BIJINOBITHOTO MPOrpaMHOr0 CepeoBUINAa. BcraHoBUTH
BIUIMB  PI3HMX TEXHOJOTIYHHUX Ta T'COMETPHYHHUX
mapaMeTpiB  mpormecy Ha (QopMy Ta  BEIUYHHY
ctpyxkn. Cepel yChOrO pPI3HOMAHITTA MOXKIIMBOCTEH
HapizaHHs 3yOiB abo mwtiniB merozom Power Skiving,
camMe 3yOOTOWiHHS BHYTPIIIHBOTO 3y09acToro BiHIA
OTpyUMajo HaWmuple 3acrocyBaHHs. Ilepmr 3a Bce we
NOB’SI3aHO 3 HEBEJIMKUM  apCeHalioM MeTOoJiB, 3a
JIOTIOMOT'OI0 SIKHX MOXKHAa OTPUMAaTH BHYTpIlIHE 3y0yacte

KOJIECO.
SIKII0 OTpUMATH TOYHY Ta aJIEKBATHY KOMIIO TaKOl

CTPYXXKH, TO Taka iHpOpMalis CTaHE MEPIIUM KPOKOM
JUId  TIOJANBIIOTO JOCHIMXKEHHS CHJIOBHX, TEIUIOBHX,
BiOpalifHMX  TOKAa3HWKIB  mpomecy  3yOOTOUIHHS.
BcraHoBNeHHST BENWYMHN TOBIIMHU CTPYXKKH, 1i TUIOIII y
KOXKHHI MOMEHT 4Yacy Ha KOXKHIHM KpoMIli Jie3a, JO3BOJIHUTh
BU3HAYUTH XapaKTep 3MIHU CWJIM Pi3aHHs, CHJIM TEPTS Ta
COPOTHO3YBAaTH  HAWOUTBII  HeOe3ledHi 30HU  Ha
pi3ayibHOMY IHCTpyMEHTi. B mopaneimomMy Mo)kHa Takox

po3paxyBaTi TEIUIOBI  TOTOKH, sKi  OyOyTh
CYNPOBO/KYBAaTH  IIPOLIEC  pi3aHHS, a  BiJIOBiIHO
IHTCHCHBHOCTI HArpiBaHHsA IHCTPYMEHTY Ta KoJleca,

TeMIlepaTypd Ta 3HOLIYBaHHA IHCTpyMeHTy. Takum
YHMHOM, I TIIBKH Mepmui ertanm (yHIAaMEHTAIBHOTO
JOCIIiUKEHHS, KU JI03BOJIUTD BCTAHOBHUTH
3aKOHOMIPHOCTI 3MiHH (OPMH CTPYXKKH B TMOYaTKy
Bpi3aHHS IHCTPYMEHTY 10 MOTO BHXOY i3 ‘‘3aueruieHHS
BiJ pi3HMX QakropiB. [ysi 3a1aHOr0 MOJIYJS, KiTBKOCTI
3yOlIB Ta KUIBKOCTI pi3LiB Ha pi3aky HEoOXiaHO
BCTaHOBHUTH 3aJISKHOCTI 3MiHM (OPMU CTPYXKKH BiX
nojayi, Kyra Haxwiy. Y IHUX JOCHIPKCHHSIX PO3TIITHEMO
BUIIAJIOK, KOJIM TIpOLEC Hapi3aHHS 3MIHCHIOETbCS Ha
MOBHY TNMOWHY 3yOIst, ToOTo 32 1 mpoxim. dns mporo
OYEBUIHO MU PO3IIITHEMO NPHKIA] 3y0uacToro Koieca 3
HEBEJMKMM MoxyneM. Ham Oyne HOCTaTHBO NOCHiIUTH
onuH 00epT pi3aJbHOTO IHCTPYMEHTY IpH Hapi3zaHHI
KIHIIEBOTO KOHTYpa 3y0a, apke came (OopMOYTBOPIOIOUHIA
MPOXiJ JacTb HAWOUTBIN 3HAYEHHS PO3MIPY CTPYIKKH.
OTpumMaHi  pe3yiabTaTH MOXKHAa  3aCTOCYBaTH  JUIsl
BUDILICHHsI I[JIOTO PsIly TEXHOJOTIYHHUX TpodiieM 3
migoopomM edexkTHBHUX MapaMeTpiB pi3aHHs, a came
BCTaHOBJICHHS! €(eKTHBHOI MMonadi iHCTPYMEHTY, HOTO
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KyTa Haxuwily Ta BCTaHOBJICHHSA HEOOXigHOI YacTOTH
oOepTaHHS SK 3aTOTOBKH TakK 1 pi3aka.

OTxe, JeTadbHE IOCHKCHHA IapaMeTpiB
mepepizy 3pi3iB y KOXKHHH MOMEHT dacy, SIKi MOXHa
OTPUMATH TICHIA 3pi3aHHSA CTPYXKH pi3akoM, MOXKe
CIIyTYBaTH OCHOBOIO BCEOIYHOIO MOCIIIKCHHS MPOIECY
3ybotouinnsa Merogom Power Skiving.

OCHOBHUM 3aBJJaHHAM JOaHOI'o IIOCHi}l)KeHHﬂ €
CTBOPEHHSI a/ICKBaTHUX MOJEJeH CTPYKKOYTBOPEHHS Ta
OTPUMaHHS KUIBKICHOI OLIHKM MapameTpiB 3pi3iB B
mporieci Power Skiving. Jlns Takoi 3amadi HE0OXiIHO
PO3pPOOUTH KOMIUIEKCHY CHCTeMy TIpadoaHaliTHIHOTO,
MaTeMaTU4HOTO 1 KOMIT IOTEPHOTO MOJICIIOBAHHS LHOTO
mporecy, y SKii BpaxoBaHO HOro KiHEMaTHKy 1
JIOCTOBIPHO  BIiITBOPEHO  3aKOHOMIpPHOCTiI  IIPOIIECIB
pizanHsI-popMoyTBOpeHH. TaK0X Ba)KIIMBO BCTAaHOBHTH
HEOOXiMHI YMOBM pi3aHHs 3a JIOIOMOTOI aHaji3y
00pOOKH, OCKUTBKH ICHYE BeNMKa KUIbKICTh MapaMeTpiB
HaJlallITyBaHHS, AKI BUKOPUCTOBYIOTHCA JI1 BU3HAYCHHSA
YMOB pi3aHHs, a MEXaHi3M OOpOOKH € CKIaJHuM. Y Iiit
CTaTTI TPEJCTaBIEHO 3aCTOCYBaHHS TIpadoaHaniTHIHOT

METOIUKM  MOOYyZOBM  IiepepiziB  HenedopmoBaHOl
CTPYXKH, SKa JacTh MOJMJIMBICTh BCTAHOBUTH i
TEOMETpPIl0 Ta OCHOBHI XapaKTEPUCTUKH, a TaKOX

otpuMatu 3D monens.
Omsig JiTepaTypHUX JAxKepes

Jleski TematwuHi gocmimkenHs [1,2] momo
Hapi3aHHSA MPSIMO3yOnX 3y0UacTHX KOJIC PO3TISIIAIOTHCS,
100 MPOAEMOHCTPYBATH MPAKTHYHICT 3aIIPOIIOHOBAHOTO
MPOrpaMHOro 3a0e3MeYEHHs! ISl MOJICJIIOBAHHS MPOLIECY
Power Skiving, ane He 3ariuOIIOIOTHCS B TEOPETHUYHI
pPO3paxyHKH Ta B caMy KiHEMaTWKy Tmporecy. Yci CBOi
pe3ynbTaTé BOHH OYIYIOTh JIMIIE HA €KCIIEPUMEHTAIBHUX
JIOCITI/PKEHHSX.

3a octaHHI poKHU OyIIO0 MPOBEACHO ITOCHUTH 0arato
JIOCHI/KeHb B TOOyMOBI Mojeni mporecy 3yOOTOUiHHS
[3]. Wimmit psim pobiT 30cepemkeHi Ha BH3HAYEHHI
reomeTpii HemeopmoBaHOi cTpyxku [1,4], 30Kpema,
TOBIIMHI Ta JOBXHHI, a TaKOXX PO3PaXyHKy CKJIaJOBHX

ciwm  pizagas  [5]. IIpoanamizoBaHi pi3HI MOMKIHBI
BapiaHTH  gedopmarii  CTPYKKH 332  JIOTIOMOIOIO
MojentoBaHHs 3 mintpumkoro  FEM, ne aBTtopm

pO3po0OMIN  aNTOPUTM TPOTHO3YBaHHA TEMIIEPaTypH,

nedopmarlii Ta HAMPYXKCHOCTI MiJ] 4Yac pi3aHHI B
iHCTpyMeHTi [6].
Ockinbku  icHye Hebarato TNPOAYKTHBHUX Ta

HEJIOPOTHX METOAIB 0OpOOKH BHYTPIIIHBOTO 3yOuUacToro
BIHII, TO B CBITOBill mpakTHLi 3yOOHapi3aHHS el
MPOTPECUBHUA METOA BHKJIMKAaB BEJMKHUHA 1HTepec.
3okpema, aBTOpH [7] HOCTiIKyBaIl KiIHEMATHKY TPOIIECY
Ta CHIH, SIKi BHHHUKAIOTh IIPH pi3aHHI. Y BHCHOBKaxX
OCHOBHY yBary 30CepeIiii Ha MpobjeMax KOHCTPYKIIT
inctpymenty npu Power Skiving. Bouzakis Ta in. [8]
JIOCHI/DKYBany €(peKTHBHICTh I[OTO METOAy OOpoOKM
MWIHAPUYHUX 3yOUaCTHX KOJIC Ta MOPIBHIOBAIU HOro 3
iHmmMu Metoaamu. Yen Tta iH. [9,10] 3ampomoHyBanmu
Meron Ui miAOOpy  BIANOBIAHOI  KOHCTPYKUIT
IHCTpYMEHTY JUIsl Hapi3aHHS KOCO3yOMX 1 BHYTpIIIHIX
3y04acTuX KoJiic. ABTOPH TaKOX IIPEICTABMIN METOJ
OTPUMAaHHS KIiHIIEBOI TMOBEpPXHI 3yba mpsMo3y0Ooro
komeca. Y pobori [11] mpencraBieHO MiKaBHA METOX

KOHCTPYIOBaHHS pi3aka, SKAH Mae€ KOHIYHI 3yOm
BIMOBIMHO A0 KyTa Haxwmmy cmipam. [rtanrdensn [12]
JOCHIINB e(QEeKTHBHICTh pi3aHHSA, NPOLEC YTBOPEHHS
CTPY)XKM Ta MexaHi3M pisanHs Power Skiving mpu
00pobui mWIHAPHIHUX 3y09acTUX KOJic 1 moOymyBaB
npodine  3y0a  IHCTPYMEHTY  0Oe3mocepeqHbo 3
nepepiziB. I'yo Ta iH. [13] mocmimKyBaau TEOpPETHYHI
noxuOku mpodiaie  3yOiB  IIEeCTepeHb, OOPOOICHUX
3BHYalHUM pI3aJIbHUM IHCTPYMEHTOM, 110 Harajaye
3y0uacty ¢pesy.

OcHoBHMM  HenosikoM  pobit  [1,2,4-6] €
HEKOPEKTHE BIITBOPEHHs KiHEMaTHKu mpouecy. Ilpm
po3pobireni kiHemaTtnuHoi cxem mporecy Power Skiving
ABTOPH BBAXAIOTh PYX Pi3aHHS SIK MOEJHAHHSIM J[BOX PYXIiB
— OCBOBOI TOJa4i 1 IMIBHAKOCTI TOJIOBHOTO PYyXy, SKHA
HAJIA€THCSI IHCTPYMEHTY, a He 3aroToBli [ 14]. Lle npuiiasaro
y BKa3zaHHUX po0OTax, SIK OCHOBA, ajic B PE3yJbTaTi BEKTOP
HIBUAKOCTI Oyae CKepOBAHO IIiJ iHIIMM KyTOM BiZHOCHO
0a30BHX MMOBEPXOHB 1 oceil. Ile Mae BesMke 3HAYCHHS VTS

MPAaBHJIGHOTO BU3HAYEHHS CHJ pi3aHHsA, TepTs Ta
TeOMETPUYHHX MapaMeTpiB IHCTPYMEHTY.

Y  njiteparypi  omucaHo  pi3HI  cmocoOu
MojenmoBanHsl mpouecy Power Skiving, ski nemio
CIPOIIEHO  pO3MIISAAIOTh  YTBOPEHHS — MEpexiJHUX

MOBEPXOHb i Yac pizaHHs. bazyrounch Ha OTpUMaHUX
pe3yibTaTax Ta BPaxyBaBIIM KyT HAaXWJIy IHCTPYMEHTY,
ABTOPH CIIPOEKTYBaiH Mpodirro 3yda iHCTpyMeHTy [7-
10]. OpmHak 1i MeTOOWM HE BPAaXOBYIOTh IPaBUIbHE
MTOJIO’KEHHST po00Y0i KPOMKH pi3aka B KOXXHHH MOMEHT
gacy. Y 3a3HaueHux poborax [7-10] aBropum He
BpaxoBYIOTH (OpMy Ta PO3MIpPH MEpexigHOI MOBEpXHi,
sKa YTBOpPEHa y TNPOMDKHIM BHAIWHI MK 3yOLsIMU Ta
IHCTPYMEHTOM B MONEPEAHBOMY OChOBOMY IIOJIOXKEHHI
iHCTpyMeHTa 1o pyxy nojadi. Came gopma 1i€ei moBepxHi
1 BU3HAa4Ya€e BHYTPIIIHIO MOBEPXHIO YCYHEHOI CTPYXKKH, il
¢dbopmy Ta po3mipu.

Y poborax [8-13] pe3ynbraTH TE€OMETPHYHOTO
MO/ICIIIOBaHHS 1 KUIBKICHI TTapaMeTpH CTPY)KKH, 30KpeMa,
TOBIIMHA 3pi3iB, IX IUIOINIA HE HAISKHUM YHHOM
BHUKODHCTOBYIOTBCSI SIK OCHOBA JJsI TOJAJIBIIOTO 1
TIUOMIOTO AOCIHIIKEHHS JAaHOTO Tpolecy. AJDKe, Bim iX
3HAYCHP 1 3aKOHIB 3MiHH IO PyXy IHCTPYMEHTY 3aJCKUThH
OUTBINCT,  PIBHOMAHITHUX  CHJIOBHX, KOHTAKTHHX,
TPHUOOJIOTIYHHUX 1 TEIIIOBUX SBHIIL.

Ckrnagna kinemarnka Power Skiving pasom i3
BUCOKMMH BHMOTAaMH JIO CIIEIiali30BaHUX BEPCTaTiB Ta
IHCTPYMEHTIB MOTPeOy€e TOYHOTO MOJIEIIOBAHHS MPOLECY
pizanHs B niomy. Kopexrna indopmarist mpo po3mipu Ta
(hopMy 3pi3aHUX IIApiB i3 3arOTOBKU y KOKHHIA MOMECHT
yacy MOTJIM O CIYy)KUTH OCHOBOIO ISl CTBOPEHHS
reomMerpii Mozem HeneopMOBAaHOI  CTPYXKKH, SKa
YTBOPIOETHCS Mia 9ac 00poOKH 3aroToBKH. BimnosigHo, y
mif  crarTi  3acTocyeMo TpadOaHANITHIHHH  METO
noOy/ZoBH TOMNEPEUHUX IIepepi3iB Ta MNpoaHai3yeMo
BIUIMB PI3HUX TapaMeTpiB 3yOuyactoro kojeca (MOIyIs,
KIJIBKOCTI 3yOI[iB) Ha XapakTEepUCTHKU HenedopmMoBaHOT

CTPY)KKH, sSKa YTBOPIOETbCS IiJ Yac Hapi3aHHA
BHYTPIIIHBOTO 3y04acToro BiHI.
Buxkiax 0CHOBHOro MartepiaJy
Bukopucrano  Meromuky, sika  po3poOiieHa

I'punaem 1.€., ms geps’ssanoro 3ydodpesepysanns [14].
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[i cyTb mossrae B Tomy, 110 HemepepBHUiL poleC pizaHHs
PO3IIISIAETHCS. B MOCTIOBHUX JUCKPETHUX KYTOBHX 1
JMHIHHUX TIOJIOKEHHSIX KOHTypa 3yOus pi3ajbHOTO
IHCTpYMeHTY — iHzmekc «i» (puc. 1). [y KoXHOTO 3 mUX
MOJIOXKEHb BiZJOOpaXKaroThCs KOHTYpHU 3yOuiB
IHCTPYMEHTY, SKi BUKOHYBAIHM pi3aHHS TIepel TaHWM
3yOIeM 1O KyTy IOBOPOTY IHCTPYMEHTY 1 3aroTOBKH
(i-1)p, Ta B TIONIEPESIHBOMY IIOJIOKCHHI IHCTPYMEHTY B
pyci ocboBoi mopnadi (i-1)s,. HakmamanHsS nux KOHTYpiB
BimoOpaka€e MUTTEBHH TIEPETHUH 3pi3y, SKHHA BHKOHYE
JaHUK 3y0enp B I[bOMY IEBHOMY POOOYOMY ITOJNOXKEHHI.
IMocnimoBHi mil 3 BU3HAYCHHS IMX IMOJOXKCHb 1 KOHTYpHU
MHTTEBHX IMEPEPi3iB 3pi3iB BiATBOPIOIOTH AMHAMIKY 3MIHU
MOMEPEYHOro TMepepidy 3pi3iB 1 Jar0Th MOXKJIHMBICTH
po3paxyBaTH TapaMeTpH 3pi3iB, a00 BHU3HAYUTH iX
BEJIMYMHM HAa OCHOBI  Bi3yamizamii KapTHHH Ha
KOMIT FOTepi.

&% - 3y0eus piuys

Puc. 1 - Muoowcuna xonmypie 3yoyie ma nobyodosa
nepepizy N08EPXHI PI3AHHSA, YMBOPEHA YIEIO MHOICUHOIO
npu 3ybo¢hpeszepyeanni ueps sunow Qpe3orn

bymemo  aHamisyBaTH  mporiec  3yOOTOUIHHS
MeTogoM Power Skiving, sk omHOrO 3 HaWOUIBII
MPOAYKTUBHOTO METO/Iy Ha IaHUI MOMCHT.

IToOynoBa MUTTEBHX Nepepi3iB 3piziB

['0OBHOIO ~ YMOBOKO ~ TOYHOTO  BH3HAYCHHS
TapaMeTpiB 3pi3iB € BCTaHOBJICHHSI (HOpPMHU Ta PO3MipiB
MOBEpXHi, $5Ka YTBOPIOETBCS B MpPOLECI YCTAICHOrO
pizaHHS B KOXHIA 3amafuHi 3y04acToro Koieca Mix
00pobneHnMy 3yOLsIMH TOBEPXHSAMH Ta HEOOPOOIJIEHOIO
MOBEPXHEIO0 3aroToBKM Ha 1 o00epT pisaka. MwurreBo
o0pobieHa MOBEPXHS bopmyeTbes AKTUBHUM
3yOmeM 1A vac 3auyeruicHHs” i3 3arotoBkoro. B
KOKHMH MOMEHT uacy y poOoTi iXx Moxe OyTH BilI
2 mo 5 - me 3aNeXuTh BiJl MapaMeTpiB 3y04acToro

Kojleca,  sKe  Hapi3aeTbcs 1 BiI  mapaMmeTpiB
iHCTpyMeHTa  (Momynsi,  KimbkocTi  3youi). Ilpm
HacTynmHoMy oOpoOmeni (micims 1 oOepry)  miel

MPOMIXHOI IMOBEPXHi, 1HCTPYMEHT MEpPEeMiCTHTHCS BHU3
HAa BENWYMHY TOJadi  B3MOBX OCi  oOepTaHHA
3y0dJacToro koieca, i TaKUM YHHOM 3piXe HACTYITHHUHA
map  crpyxku. Ilpomec  pisaHHS  BimOyBaeThbcs
BHACINIIZIOK CXpEIICHHS Oced Kolieca Ta IHCTPYMEHTY
Ha TMEBHUW KyT, SKUA TpHM Hapi3aHHI OPAMO3yOux

Koyic Ha BHpPOOHMUTBI piBHMKA 20 TpanyciB abo
Oinpme. B Mexax 1€l mepexigHOI MOBEPXHI KOXHHH
HACTYIHMA  THMKI  pi3aHHI B  OJHIA  BIAIUHI
MIPOAOBXKYEThCS Tcis obepty 3ar0TOBKU i
MEpPEeMIMICHHS pi3aka Ha BEIWYHHY OCHOBOI momadvi. Ls
IepexifiHa TIOBEepXHS 3alaguHH  BH3HAYAa€ IiHCHY
dbopMy 1 pO3MIpH MHTTEBOTO Tepepizy 3pi3y, sKi
3MIHIOIOTBCS 32 KYTOM IIOBOPOTY 3yOIld, Ta IEpioIUTHO
MTOBTOPSIFOTHCS B IIUKJII OOPOOKH.

[lin 4ac oCBOBOrO TMEPEeMIMICHHS pi3aJbHOTO
IHCTpYMEHTy HOro KOXHHH 3y0 3IilicHIOE pyx IO
OJTHAKOBIH TPAEKTOPIT, 3aMAIOYH OJIHE 1 TE 3K MOJOKCHHS
BITHOCHO  CJICMCHTApHOI  MOBEPXHI  HApPi3yBaHOIO
npodimo. IHakme Kaky4yd, BHACIIZOK >KOPCTKOTO
KIHEMaTHYHOTO 3B’S3Ky MiXK pOOOYNMH pyXaMH pi3aHHS i
(opMOYTBOpEHHs Yy mpoleci 3yOOTOWiHHS, IIJ 4ac
KOXKHOTO pi3y IuIIMa KOHTAaKTy Je3a pi3aka i3
YTBOPIOIOUMM TIPOGiIeM 3MIHIOETBCS 3a pO3MipaMH Ta
TIePEMIIIYETHCS 3 JTIBOI CTOPOHU Jie3a Yepe3 BepIINHY Ha
npaBy. [Ipu po3paxyHKy NOJIOKEHb pi3aka BH3HAYHMO
KOOPAWHATH B KOXKHUI MOMEHT 4acy.

x* =R~y
@ =R~ (y-af
y=R,—-R,;
R.-y*=R},-(y-4) =R}

aw_y2 +2Ay—A2;
_ Rezlc _ij + A2 _ R62K _Razw + (Rjk _2RakR6K _ij) .

g 24 2R, R, ’
R(;ZK _Rjk + 2RakRaw .
y= ”
2(Rak - Raw

@; = arccoy L 5

8K

X:C:REK'Sin(¢i);
¢(m:¢i/i’

qe § — KUIBKICTh PO3IJISIHYTHX IIOJIOKEHBb
YalIKOBOIO Pi3aka, ¢, — KyT MiX BEPTUKAILIIO Ta BiCCIO
M

CHMETpIT pi3ld B KOXKHOMY MOJIOKEHHI. Perira nmo3HaueHs
300pa’keHO Ha pucC. 2.

Puc. 2 - T1o6y006a Mumme8020 noiodceHHs 4Yauko8020
Pi3yst 6iOHOCHO 3yOHaAcMo20 Koeca
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[NepiognuHuii KOHTAKT KOKHOT'O YaIIKOBOTO Pi3Is
(floro  ye3a) i3  3arOTOBKOIO  TOEIHYETHCS 3
HEMEePEPBHICTIO pPi3aHHA i (POPMOYTBOpPEHHS B IpOIECi
OOKOYYBaHHS 3aBISIKM KOHCTPYKTHBHOMY pyXy pi3aka,
pyxaMm 00OKOYyBaHHS Ta OCHOBO{ MOJAMi.

PeSyJI])TﬁTl/I MOACJITHBAHHSA

Jdns  jmociipkeHHS — mapaMmeTpiB  3pi3iB,  SIKi
YTBOPIOIOTHCS BiJl ABOX HAINpPSIMKIB — OChOBOI MOZadYi Ta
oOepTaHHs pi3aka PO3AUIMMO IOCTITOBHI ITOJIOKEHHS.
Po3kirazeMo TpaekToOpilo IMPOXOpKeHHs pi3zaka Ha 11
TIOJIOXKEHb:

-monoxenHs -5, -4, -3, -2, -1 Oyme
pO3TalIOBYBaTHCS 1O MEpIEHIUKYyIspa, Ae -5 — me
MOJIOKEHHsT Bpi3aHHs Jie3a 3y0a pi3aka y 3aroToBKY.
HactymHi momoxeHHst OyAyTh BiAMOBIIATH MOCTYTIOBOMY
oro HaOIIDKEHHI A0 MEPIEHANKYIISIPHOTO PO3MIIIEHHS -
0 (puc. 3).

- nonokeHHs1 0 — 3y0Oenp pizaka po3TalIoBYETHCS
MEPIICHANKYJIIPHO 70 KoJieca 1 BiIOBia€ cepeauHi BCiel
TPAEKTOPIi.

- mojioxeHHs 1, 2, 3, 4, 5 Oyzne po3TairoByBaTHCS
HiCIsl TEepIeHIUKYIApa, e 5 — e ITOJIOKEHHS BHXOAY
nme3a 3yba pizaka i3 3aroToBkd. [licis mpoXopKEeHHS
CepeHhOTO po3TamryBaHHS (moioxkeHHs () 3yOenb
MOCTYIMOBO Oylie BUXOAMTH i3 3a4CTUICHHS Bijl IIOJIOKEHHS
1 no 5 (puc. 3).

Hacrymawmii pi3 y wiit 3amaguai 6yzae BigOyBatucs
yepe3 MOBHHUHA 00epT 3yOdacTroro kojeca. 3a med yac
pi3ak mepeMiCTUThCA B OCHOBOMY HAmpsiMi Ha BEIUYHHY
0CBOBOT TOAaui. 3MIHCHIUMO TaKy X MPOLEAYPY PO3OUTTS
TpaekTopii “pizanpHOrO HUIAXy” pizaka (puc. 4).

SIkI0 HAKTACTH 11l JIBi MPOEKIIii O/THA HA OJHY, TO
MH OTPUMA€EMO 3pi3U CTPYKKH Y KOXKHOMY TIOJIOKEHHI
(puc. 5). IIpote, micnst npoxokeHHs nepneHaukysipa (0
MOJIOXKEHHS) pizak Oyzae 3pi3aTH JMIIE JIBY YacTHUHY
3amajivHyd, TOMY BIAKWHYBIIM ~3aiBi” IUIONII Iepepi3iB
CTPYXKH, KIHIIEBO OTPUMAEMO CYKYIHICTh YCiX 3pi3iB, 5K
TMOKa3aHo Ha puc. 6.

Puc. 3 - Ancambab xkonmypie 3yba pizaxa npu 6pi3aHHi i
8Ux00i Ha i-my 0bepmi

Puc. 4 - Ancambab konmypie 3yba pizaxa npu epizaHHi i
6uUx00i Ha i+1-my obepmi

0
;—#
2 s _2 Te—
J -J
4 ' -4
5 -5

Puc. 5 - Cyxynnicmo nepepizie cmpysicku ompumana nio
YAC KOJICHO20 NOIONCEHHS PI3aKa

Puc. 6 - 3mo0envosana cykynuicmo nepepisie cmpyicxu
3 BPAXYBAHHAM 6CiEl mpaeckmopii nepemiujenns 3y06a
pizaka

PesynbpraTi MOneNIOBaHHS 3a BKa3aHUMH BHIIE
rapamMeTpamMM HaBelIeHO y BUDIAAlL Tabiaump Ta
rpadiuyHUX 3aJEeKHOCTEH: IuIoma Iepepidy CTPYKKH 1
TOBIIMHM B 3JIEKHOCTI Bl PI3HUX OCHOBHX I10/1a4
pizaka 1 U1 pi3HEX MOAYNiB 3y09acToro Koieca
(puc. 7-11).
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MakcumanbHa

15 mJioma, mm?

m=2
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MonoxeHHs-5
MonoxeHHs-4
MonoxeHHs-3
MonoxeHHs-2
MonoxeHHs-1
MonoxeHHs0
MonoxeHHs 1
MonoxeHHn2
MonoxeHHn3

Puc. 7 - 3anesicnicme niowi nepneHOUKyIapHo20 ciueHHs
CMPYHCKU 8i0 MOOYIA Ma NONONHCEHHA pi3aKa npu nooadi
0,75 mm/o06
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Puc. 8 - 3anescrnicmo maxcumanvrHoi mosuunu
NepReHOUKYIAPHO20 CIUeHHSI CIPYIHCKU 8I0 MOOYa ma
nonodicenHs pisaxka npu nooadi 0,75 mm/0o
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Puc. 9 - 3anesicnicme niowi nepneHOUKYIAPHOSO CIUEHHS
CMPYIHCKU 810 MOOYISL MA NOJIOJCEHHS PI3aKa npu nooayi
0,5 mm/06
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Puc. 10 - 3anexcuicmo maxcumanvuoi mosuiuru
NePREeHOUKYIPHO20 CIUCHHSI CIPYXHCKU 810 MO0V Ma
noaodicents pizaxka npu nooayi 0,5 mm/o6
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Puc. 11 - 3anexcricmo niowi nepnenOuKyisipHo20

CIUeHHSI CmPYJICKU 810 NOOAYL 051 MOOYISL M=5 MM OJisl
PI3HUX NOJIOJICEHDb pi3aKa
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MonoxeHHs 3y6a

Puc. 12 - 3anescnicmo nepneHOUKyisapHo2o
CIYEHHA MAKCUMATLHOL MOBWUHU CIMPYIHCKU
810 nooaui 018 MOOYA M=5 MM OJif PI3HUX NOTONCEHD
pizaxa

OO0roBopeHHs pe3yJbTATIB

Cepen 300pakeHOT0 TpaidHOTO TPEACTaBICHHS
3aJIe)KHOCTEH TOBIIMHU Ta IUIOIII MOMEPEYHHUX Iepepis3iB
CTPY)XKH BiJ Tomadi Ta MOXyJs 3y0dacToro Koieca
MOXHa T00a4YNTH HACTYIHI 0COOJIMBOCTI:

- HaMIIKaBIIIOK BUSIBMIIACS 3aJIEKHICTH TOBILUHU
CTPYKKH BiJl Hapizarouoro moayisi! Sk BumHO 3 puc. 8 Ta
puc. 10 BennuMHa MOIYJs HE BIUIMBAE Ha TOBIIMHY
HeleOpMOBAaHOI  CTPY)KKM, a JIMIIE Ha IUIOUIY
MIOIIePEYHOT0 3pizy. B Mexax 3amaHol 1oadi TOBIIUHA €
KOHCTaHTOI. TakuM 4YWHOM 0aduMo, IO 3MiHIOETHCS
JUIIe BUCOTA 3pi3y, AKa € MPOIOopIliiiHa MOIyIio (puc. 7
Ta puc. 9);

- XapaKTepHOIO O3HAKOI [UIA BCIX BHMAJKIB
BuOpannx mozmad (Bix 0,25Mm/06 mo 0,75MM/00 ) Ta
MoaymiB (Bix 2MM 70 7MM) € Te, IO MaKCHUMalbHi
3HA4YEHHs TOBLIMHU 3pi3y Ta IUIOL[ MOMNEPEYHUX 3pi3iB
3HAXOMATHCS Ha II0YATKOBI IOJOKEHHS, a IIKOBI
3HAQYEHHS MPHIIAJAI0Th Ha -3 TMOJOXEHHs. SIKIo BCIO
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TPAEKTOPIIO 3aYeIUICHHs pi3aka Ta 3arOTOBKH PO3ALIUTH
Ha 11 pgimsHOK (pmc. 3), SK B HAMIOMYy BHIAJAKY, TO
NPOMIIOBINM TPETHHY LBOr0 LIIAXY pi3elb JOCATae
MaKCHMAaJIbHOTO HaBaHTaKEHHA. B momampmioMy pi3aHHI
3HAYeHHS TOBIIMHHM Ta IUIONII 3pi3y chagae, a MpH
MPOXOJPKEHHI BEPTUKAILHOTO TMOJOXKEHHS pi3nsd i
BEJIMYMHM HE3Ha4yHi. B oOCTaHHIM TpeTHHI ULIAXY
YalIKOBOTO i3l TpOleC pi3aHHsS He BiIOyBa€eThCs
(nonoxeHHs 4 1a 5);

- Ha OCHOBI OTPMMaHHX Pe3yJIbTaTiB II0JI0 BILTUBY
Nojia4yl Ha IJIONIy Tepepi3y Ta MaKCHMalbHY TOBIIMHY
crpyxku (puc. 11 Ta 12), MOXHa cka3aTH, IO 3MiHa
BiOYyBa€ThCSA TMPOMOPIHHO 10 3MiHE mnoxadi. [lpu
3poctanHi nomadi 3 0,25 mm/06 mo 0,5 Mm/06 mmoma
3poctae B 2 pa3u. Taka cama IOBEJiHKA CIIOCTEPIraeThes i
JUTS 3MIHA MaKCHMaabHOT TOBIMHN. HalO1bIi o Ta
TOBUIMHU TEpepizy CTPYKKH CIOCTEpIraroThcsi B -3
MOJTO’KEHHI;

- 5K 1 cig OyJ10 O4iKyBaTH TMPH 3pOCTaHHI mojayi
Bix 0,25MM/00 1o 0,75 MM/00 ToBIIMHA HenehOpMOBaHOT
CTpykku 3poctae (puc. 12). OTpumaBmu  TaKy
3aJIOKHICTh MOXXKHA IigiOpaTH ONTUMajbHE 3HAYCHHS
nojavi Juis 3alaHOTO MOJIYJIS Ta BPaxyBaTH MOXKIMBOCTI
HasiBHOTO O0J1aTHaHHS.

BucnoBku
3acTocyBaBIIX po3pobinennii AHATITHIHUH
METOJl Ta 3MOJICJIIOBABIIM MOJOXKEHHA IepeXiTHol

MOBEPXHI Ta YAIIKOBOTO Ppi3lsd IIiJ dYac Hapi3aHHA
3yba wmeromom Power Skiving y mporpamMHOMY

CepelloBHUI, OTPUMaHO  yCi  YHCJIOBI  3HAYEHHS
FeOMETPUYHUX napamerpiB Hee)OpMOBaHOT
cTpyxku. Ha BigMiHy Biag  paHilie OTpPUMaHUX
pe3yabTaTiB  IHIIMX aBTOPIB,IIEH METOJ € 3HAYHO
NpOCTIIIUM ~y  BHUKOPUCTaHHI 1 He  1OTpelye

CKJIaZIHUX JOPOTOBapTICHUX MPOTPaMHUX MNPOIYKTIB
Uil aHamizy — mpouecy  pisaHHi.  EdexTuBHICTH
3allpOIIOHOBAHOI ~ METONMKM TaKOX IONsirae i B
OTpPHUMaHHI TOYHIMINX PE3yJIbTaTiB MOJEII CTPYXKKH, SKa

Iyxke Onm3pka O peambHO Hapi3aHOi I —dbac
excriepuMenty [12].

OcCoONUBICTIO  OTPHUMAHOTO  pe3yNbTaTy €
MOJKJTHBICTh migioparu ONTUMAJIbHE 3HAYCHHS
noja4yi  IHCTpyMEHTYy  JUIS  BiJIOBIHOTO  MOAYJIs
3yOuyactoro  koseca. Mawuun  BCi  TeOMETpPHYHI
mapaMeTpud CTPYXKKH, MOXKHA CIPOTHO3YBaTH CHJIH

pi3aHHs Ta BUSBHTH HeOe3leuHl 30HM Ha pi3alibHIN
KpoMmili pi3ig. TakuM YHHOM, MOXHA TaKOX JaTd
peKOMEHamii 1O 3MIIHEHHI0 HEOE3MEeYHHX IUITHOK
Ha KPOMIIl Pi3lsd Ta MOMEPEIHIO 3MIIHUTH BiJIOBIIHY
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BUMIPIOBAHHS JITHIMHOI IIBUAKOCTI 3 BUKOPUCTAHHSM MOBLJIBHOI
POBOTHU30BAHOI INIAT®OPMHA 3 KOMII'FOTEPHUM 30POM

B. B. BOPOFBHOB, C. 0. CEHYEHKO*, f. 0. KHPHJIEHKO, A. B. IIXHO, JI. XAHb,
0. M. KNYTOBHH

Aemomamuzosani enexmpomexaniyni cucmemu, HTY “XIII”, m. Xapxis, VKPAIHA
e-mail: Serhii.Senchenko@ieee.khpi.edu.ua

AHOTALIA [lpeocmasneno nioxio 0o inmezpayii aneopummié KOMN IOMEPHO20 30pY 6 CUCMEMY KePYSAHHSA MAL08UMU
e1eKmpoOnpugoOamu  3ani3HUYHO20 mpauncnopmy. Bin OemoHcmpye GUKOPUCMAHHS  AN2OPUMMIE  KOMN TOMepHO20 30py  Ols
00UUCHeHHSL NIHTUHOT WBUOKOCI K ANbMEePHAMUBU 36UHAUHUM OAMYUKAM, makum sk ooomempu kouic, GPS, DGPS ma inepyivini
0amuuKy, SIKi MOJCYMb GUAGUMUCS HeePHEeKMUSHUMU HA CIU3LKINL NOBEPXHI MA HA HUZLKUX WEUOKOCMSX. AK HACTIOOK, ysi cmammsi
30CepeddCceHa HA BUKOPUCMAHHMI JTIHIUHOT WEUOKOCMI SK 360POMHO20 38 ’A3KY 8 cucmemi KepyeawHs 018 NIOGUWYEHHS
eHepeoepexmusHocmi nio yac cmapmy ma 3ynuHKu ma 3anobieanus npooykcosyi xonic. Cucmema Kepy8aHHs eieKmponpusooom
OyIa YCHiWHO 6npo8addiceHa ma eunpoby8ana Ha pPOOOMOMEXHIUHIU NAAM@OPMI, pPO3pOOIeHill 018 MOOen8ANHS OUHAMIUHOL
NOBEOIHKU 8 PealbHUX CYEHAPIAX 3ali3HUYHO20 mpaHcnopmy. Y cmammi O0emanbHO ONUCAHO Npoyec po3pooKu  yiei
pobomomexniuHoi nAam@opmu, KA SUKOPUCIOBYEMbCA OIS IMIMayil OUHAMIYHUX VMO8 PEealbHO20 C8IMY HA 3ANI3HUYHOMY
mpancnopmi. 3anponoHoganuli aneopumm Kepye8ants OYIHKOI WEUOKOCMI OYIHEHO HA CReYidIbHO PO3PODIEHOMY BUNPOOYBATLHOMY
cmeHOl, Wo BUAGUNO U020 30AMHICMb NPOSHO3Y8AMU WEUOKICMb 3 BIOHOCHO BUCOKUM cmynenem mounocmi. Kpim moeo,
npeocmasieHutl areopumm ONMuYHo20 NOMOKY Osl OYIHKU WEUOKOCMI, AKUL OYIHIOEMbCS 3d 00NOMO2010 CHeYianibHO po3PodIeHOT
8UNPOOYBATLHOI YCMAHOBKU, WO 6KA3YE HA CUNbHY KOPENAYilo Midi NPOSHO308AHOI0 WEUOKICMIO MPAHCHOPMHO20 3Acody ma
BUMIDIOBAHHAMU MOYHUX ONMUYHUX KOOepis. J[0CTiONHCeHHs MAaKoiC GUIHAYAE ONMUMATbHUL PO3MID GIKHA (DYHKYI 018 OYIHKU
WBUOKOCMI ONMUYHO20 NOMOKY 8 pedaibHoMy yaci. Taxum wunom, yeil nioxio OeMOHCMpPYEe 3HAYHUL NOmeHyian O MOYHOI OYIiHKU
weuoxocmi. [lomouni excnepumenmu npo8oOSIMbCsl 6 PI3HUX PeANbHUX YMOBAX, A MAUOYMHI Q0CTIONCEHHSA CNPAMOBAHL HA PO3POOKY
HaOIliHOT asMOHOMHOI cucmemuy UMIPHOGAKHS wieuOKocmi. Inmeepayis CyyacHux yu@dposux mexHonrocil KoOMn 1OmepHO20 30py He
MINbKU NOKPAWYE MA206I XAPAKMEPUCMUKYU eeKMPONPUE00is, aie i po3WUpIoE MOJNCIUBOCHE MA208UX eNeKMmpPOnpusoois, ujob
8I0N0GIOAMU CYBOPUM BUMO2AM NPOMUCTIOB020 OONAOHAHHSI.

Knruoei cnosa: mazosuil enekmponpugood, 08uzyH nOCMitiHo2o cmpymy; npobYKCO8Ka KOaic; KOMN tomepHul 3ip; pob6omomexHiuHa
nramgopma, 0amyux wWeUOKOCmi; 0OHONIAMHUL KOMN ' Tomep.

MEASUREMENT OF LINEAR VELOCITY USING A MOBILE ROBOTIC PLATFORM
WITH COMPUTER VISION

B. VOROBIOV, S. SENCHENKO, Y. KYRYLENKO, Y. LIKHNO, L. KHAN, Yu. KUTOVYI
Automated electromechanical systems, NTU “KhPI”, Kharkiv, UKRAINE

ABSTRACT This article presents an approach to integrating computer vision algorithms into the control system of traction electric
drives in rail transport. It demonstrates the utilization of computer vision algorithms for calculating linear velocity as an alternative
to conventional sensors like wheel odometers, GPS, DGPS and inertial sensors, which may prove ineffective on slippery surfaces and
at low speeds. As a result, this article focuses on employing linear velocity as feedback within the control system to enhance power
efficiency during starting and stopping and to prevent wheel slip. The electric drive control system has been successfully
implemented and tested on a robotics platform designed for simulating dynamic behaviors in real rail transports scenarios. The
article details the development process of this robotics platform, which is employed to mimic real-world dynamic conditions in rail
transport. The proposed control algorithm for speed estimation is assessed using a specially designed test bench, revealing its
capability to predict speed with a relatively high degree of accuracy. Additionally, an optical flow algorithm for velocity estimation
is introduced and evaluated through a specially designed test rig, indicating a strong correlation between the predicted vehicle speed
and the measurements from precision optical encoders. The study also determines the optimal feature window size for real-time
optical flow rate estimation. In summary, this approach exhibits significant potential for accurate speed estimation. Ongoing
experiments are being conducted under various real-world conditions, with future research aimed at developing a dependable
autonomous system for speed measurement. The integration of modern digital computer vision technologies not only enhances the
traction characteristics of electric drives but also extends the capabilities of traction electric drives to meet the rigorous demands of
industrial equipment.

Keywords: traction electric drive; DC motor; wheel slip; computer vision, robotics platform, speed sensor, single-board computer.

Beryn BOXKJIMBA  OLIHKAa  (AaKTHYHOI  MIBHAKOCTI  PyXy

3aJII3HUYHOTO TPAHCIOPTY. Y IHMX PEXUMax MOXKYTh

Jns  BUKOHaHHS 3aBAaHb pyXy i 4Yac BUHMKAaTH JIMHAMiYHI  PEXHMH, U0  BHKIHKAIOTh
MaHEBpYBaHHS, pyLIaHHS 3 MICIi Ta TralbMyBaHHsS  HeratuBHI Haciiaku. I[lpu pymanHi abo 3ynuHII
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(ranpMyBaHHI) - OykcyBaHHI KOJIiC npu
MaHeBpyBaHHI ab0 pyci 3ali3HUYHOTO TPAHCIOPTY B
3BHYalHOMY pEXKHMI MOXE€ BHHHKHYTH (pHKLiiiHe

kosmBanHs [1-4]. 1{o6 yHUKHYTH mepepaxoBaHUX
HEraTUBHHUX e(eKTiB BaXITUBO BHCOKOTOYHE
BUMIPIOBaHHSI TaKUX MapaMeTpiB pPyXy, SK MIBHIKICTB i
TIPUCKOPEHHS.

Tpamuniiino onmomerpist xomic, GPS, DGPS Ta
IHepIifHI ATYUKH BHUKOPHCTOBYIOTHCS IS BH3HAYCHHS
LIBUKOCTI 3aJII3HUYHOTO TPAHCIIOPTY T4, MOXKJIIMBO, HOTO
Tpaektopii. He3Baxkaroun Ha MOMYJSIPHICTH 1 KOPUCHICTh
BHUIIIEBKA3aHUX METOJIB 1 JATYMKIB, BOHU CTPaXIAIOTh
Bil napeiidy, HH3BKOI pO3OUIBHOI 3maTHOCTI  abo
obOMmexxeHoi 3acTocoBHOCTI. [lokazHUKM omomeTpii Kouic
MIOTIPIIYIOTECS TIPU HAABHOCTI KOB3aHHA 3aJli3HUYHOTO
tpancropty. GPS i DGPS crpaxnarore Bif HH3BKOT
PO3ALIBHOI 37]aTHOCTI Ta HU3bKOT MIBUAKOCTI OHOBJICHHS,
TOMY BOHHU HETIPHIATHI I MAHEBPIB y PeKUMaX HU3BKOT
IIBUAKOCTI. Y TOHM Yac K IHEpIliiHI TaTINKHA CXWIBHI 10
BHCOKOTO pIBHA IlyMy, OCOOJMBO Ha  HHU3BKUX
IIBUKOCTSX, 1 HA TOYHICTh IUX JATYUKIB BILUTUBAE, SKIIO
MOTPiOHI OIIIHKM IIBUAKOCTI Ta TIONIOKEHHS Yepes
HEOOXiTHY OAWHApPHY Ta MONBIHHY iHTETPAIif0 32 9acoM
[5-8].

3a OCTaHHE MOECATWITTI KUIbKa JOCIIIHHUKIB
JOCATIIA 3HAYHMUX YCIIXiB y BHKOPHCTAHHI PI3HUX
MeTO/iB 00pOOKM 300pakeHHs Ta 30py Ul HaBiraiii,
VHUKHEHHS  TEPeHIKOJ 1 KEPyBaHHA  Ha3eMHUMH
TPAHCIOPTHUMH  3aco0aMH. BUTBLIICTE  JOCIIAHUKIB
BUKOPHCTOBYIOTh METOJIM OOpOOKM 300pakeHb JUIs
ctBopenHss 3D-npoctopy 3 2D-300pakeHb, BHSBICHHS
mepemKoy; abo BWIYYCHHS pPyXy 3  OTPUMAHUX
MmocimiJoBHOCTEH  300pakeHb.  HemomaBHo — Oymo
po3pobieHo ©Oarato HAaBIraliifHUX —alNTOPUTMIB, SIKi
MOXYTh OOUYHCIIIOBaTH MUIAX poOoTa Ta BiIHOCHO
HQJIHHO  TeHepyBaTH  KAapTH  HECTPYKTYPOBaHHUX
cepemoBuml. HaifOimpmr TOMITHEM € mporpec Y
Mmeromax Hapiramii Ha ocHoBl SLAM. Opmak 1
CTaTTSA 30CepeKCHa Ha OIUHII IIBHIKOCTI, sKa
3aCTOCOBHA [UIS OIIHKM KOB3aHHS UISI 3aJi3HUYHOTO
TPaHCIIOPTY.

Merta po6oTu

Po3pobutn i mpomonenmoBaTH  TOYHMH 1
HAJIMHUN aNTOPUTM OINHKH IIBHIKOCTI 3aJli3HUYHOTO
TPAHCIOPTY 3 BUKOPHCTAHHSIM TEXHIKH ONTHUYHOTO
MOTOKY Ta CTEpPeOKaMepu JUis OTPUMaHHS TOYHHUX
3Ha4deHb. lleil MeTon 3acHOBaHMK Ha BHKOPHCTaHHI

TPAHCIIOPTI € IyXe CKIAJHUM 3aBIaHHAM. BupimeHo
3i0paT  5abOpaTopHy  YCTaHOBKY Yy  BHIJISLII
poboTr30BaHOT mwiathopMu VTS KOJTICHUX
TPAHCHIOPTHHUX 3ac00iB 3 JUCTAHIIHHIM
KEPYBaHHSM.

PoboTn3oBana miargopma

ExciepumeHT 3 TepeBipKM  Ipane3faTHOCTI
CHCTEMH KEPYBaHHS EIEKTPOIPHBOJOM 3ali3HHYHOTO
TPAaHCHOPTY 3 IHTETPOBAHUM AJITOPHTMOM PO3PaxXyHKY
JMHIMHOT MBUAKOCTI 3 BHUKOPUCTAHHAM  peajbHOI
imitamiitHoi  momemi. Jms mporo Oyma  3i0OpaHa
pobotuzoBana TaTdopma KoJicHOro poborta, sKa
MoKa3aHa Ha puc. |.

Puc. 1 — 36ipnuii excnepumenmanbHull MAuOaHYUuK OJist
00CTIONHCEHHSI MA MOOETIOBAHNS CUCHEMU KePYBAHHS.
MALOBUM ENeKMPONPUBOOOM 3ANIZHUYHO20 MPAHCHOPHLY

ExcniepumenranbHa 1matdopma  CKIaaeTbesl 3
YOTHPHOX HE3AIEKHUX ABHUT'YHIB MOCTIHHOTO CTPyMY, 1O
SKMX MIAKIIOYEHUH ONTHYHUH JIaTYMK  [IBHIKOCTI.
CTpyKTypHa CXeMa OJHOTO 3 BY3JIB EICKTPONPUBOIY
MoKazaHa Ha puc. 2. IHII TpW BY3IM MalOTh OIHAKOBY
CTPYKTYpY 1 BHKOPHCTOBYIOTH TOH CaMHi JIBUTYH

MOCTIHHOTO CTpyMy, JAaTunk mBuakocti Ta M-
KOHTpOJIEP.
Huis peaiizarii CUCTEMHU KepyBaHH:

poboTH30BaHOK IUIATHOPMOIO OOpaHO OMHOILJIATHUMN

CTepeoKaMepu, SKa CKaHy€ MICIEBICTh 1 TOYHO
p P . e komm’torep Raspberry PI 3B+. Raspberry PI 3B+
MPOTHO3y€  MIBHIKICTH  3aI3HUYHOTO  TPAHCIOPTY. . T . h .
. L BKJIfouae Bci HeoOXiaHi iHTepdeiicy, taki sk GPIO, USB i
[loriMm BHMIpSHI CHUTHaTM MOXKHa BHKOPHUCTOBYBATH . T
. . . Ethernet s  minkiIroyeHHS JaTYUKIB 1 TeHepauii
JUIL  OLIHKM TapaMeTpiB  KOB3aHHSA  3aJi3HUYHOTO .
. kepytounx curaaiis go HIIM-koHTposepa.
TpPaHCIIOPTY B peasbHOMY uaci. IIpononyerbesi, 1100 . S . .
. N N Jarumk  ans  OIIHKM  JIHIHHOT — IBMIKOCTI
3aJI3HUYHUH TPaHCIIOPT OyB OCHAIICHU . .
. IIpeACTaBICHUI y BUTIISI CTEpEOKaMepH.
CTEpEOKaMepolo,  CIPSIMOBAaHOIO 10  3eMii,  sKa . :
. VI Crepeokamepy 3i0pajii 3 JBOX OJHAaKOBHX BeO-kamep i
OTpUMyBaJIa 300paKEHHsI IIOBEpXHi, 1O SKid BiH . T .
. . . 3aKkpinmiaM Ha pobOotm3oBaHii miatdopmi. OcHOBHa
pyxaerbesi.  OckinbKM — TepeBipka  Ipane3faaTHOCTI
N . MeTa CTepeoKaMepH — OTPUMATH TOYHE ITOJIOXKEHHS
TAaKOi ~ CHCTEMH Ha  PEAIBHOMY  3ali3HUYHOMY .. .
00’€KTIB Ha KagpaXx 3a JOIOMOIOK  aJrOpUTMIB
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Tpianrymsmii. Kpim Toro, crepeokamepa momomarae
npuB's3aTH  3HaAimeHI  00'€eKTH 10  OTPHUMAHOIrO
Kaapy 3 pealbHUMH po3MipaMu B oIMHHIX Sl
CrpykrypHa cxeMa Bci€i poOOTH30BaHOI miaTGopmu
MOKa3aHa Ha puc. 3.

ANTOpUTMH KOMIT'IOTEPHOTO 30py BHMAararoTh
BEJIMKOI OOYMCIIOBAaJIbHOI TMOTYXHOCTI. OmHOMIATHUN
komir’'totep Raspberry Pi 3B+ He no3Boisie paioBaTH 3
KOMIT'IOTEPHUM 30pOM Yy peanbHoMy 4aci. Jmsa
BHUpIIICHHS Mi€l TPOONEeMH MH BHUPIIIIIN TIEPEHECTH

BUKOHAHHSA QITOPUTMIB KOMII IOTEPHOTO 30py Ha
OKpeMuil OiTbII MOTYXHUAN KoM 'toTep. i1 BUKOHAHHA
aNTOPUTMIB KEPYBaHHS peali3oBaHO PO3MOAICHY KIIEHT-
cepBepHy  Mozeinb.  KilieHT-cepBepHa  CTpyKTypa
JIUCTaHLITHOTO KepyBaHHS PpoOOTH30BaHOIO
1aTGOpMOI0, MPEJICTaBIEHO Ha pHC. 4.

Binnanenni TepMiHAI KepyBaHHS Ta
BiZIOOpayKeHHsI 3HA4YE€HHsI HIBHIKOCTI OyB peali3oBaHHI
K rpadiuyHui iHTepdeiic 1 mokazaHuii Ha puc. 5.

Koneco
66 x 25 mm
F
apadzep
LOBWryH s
Pei}ér_r;op — NoCTIAHOMD  fe——LI— B'EHQEF:? HE. e Hanpyra
TRy yina L298
fUAE 5 popiiinm EI}(}TUIr-'dﬂMDrFD';;'In:CH oro L1 i
BHAEICTH
AnA ONTHYHOTO  =» OATYMER CEODOCTH J—|_|—|_ o5epTaHHS
EHKoAepa JBMratens
Puc. 2 — Cmpykmypna cxema 06’ €kma Kepy6anHs
Niea CTepeockoniyxa Mpaea
Kamepa cHUCTEMA Kamepa
_ J . I
Jobpa#eHHA 3 nisol JobpaxerHA
Kamepi 3 Npaeoi Kamepu
—
h J h 4
[upoTHO- [MpoTHO-
« IMNYMECHE | »| IMOYNECHA >
KonicHui MOAYNALIA MOaYNALIA KonicHui
anox MNet A A Gnox Ne3
o| WengricTe » LisuakicTe |
7| osepranns CHCTEME KEPYBAHHA oSepranna |
Ha Ga3si nnatdopmMu
Raspbermy Pi
3B+
3 ONepaLiiHoK
[TpoTao CHCTEMOKD m
5 - MPOTHO-
< IMMYMECHE [« Raspberry PI OS { iMMyNeCcHA >
KOMiCHWIA MOOYNALIR MOOYNALIA KonicHWiA
anok Ne2 ) = Mo
p| LLBMAKCTL > - WsuakicTs | aE hey
oSepTaHHR = oSepTaHHs o

Puc. 3 — Cmpyxmypna cxema pobomuzosaroi nnamgpopmu

36

BICHUK HTY "XIII" Ne 3 (17)



ISSN 2079-5459 (print)
ISSN 2413-4295 (online)

CEPLA "HOBI PILIEHHA B CYYACHUX TEXHOJIOI'IAX"

Peanizauia pyxy

Mporpama anA
pospaxyHKy niHiinHoI
LBMOKOCTI

PospaxyHok
ONTUYHOTO
MOTOKY

CEPBEP: PoBo
nnatgopmmn

A

)

peanizayis
anropuTmie
KEpYBaHHA

¥ Mepegaua KOMaHA ANA KepyEaHHA

Mepenaua 3HaUEHHA LWEMAKOCTI
[—OTpMMaHOro 3 ONTHMYHOro eHKogepa

Mepegava cTepeockoniyHoro sobpamxeHHA

Mepenaua 3HaYeHHA NIHIAHOT WEBWAKOCTI OTPMMaHOT
3 po2paxyHKiE anropuTMIE KOMN KTEPHOMD 30pY

Bizyanizauin
LIBWAKOCTI pyxy

KIMEHT: Tepmivan
ONA KepyBaHHA

—>

h

lhTepdelic gnA
Eigganesoro
KEPYEaHHA PyXxom
pobo-nnardopmu

IkTepdenc gns
HanalTyEaHHA
CUCTEMMW KEpYEaHHA

Puc. 4 — Knienm-cepsepra cmpykmypa OucmanyiiiHo2o Kepy8anHs pobomu308ano niam@opmor
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Puc. 5 — IIpoepamue 3abe3neuenns 0 OUCMAHYIIHO20 KEPYBAHHs pOOOMUZ08AHOIO NIAMPOPMOI0

Bimnanenwii TepMiHAN CKIQTA€THCA 3 IBOX BIiKOH.
[epriri BikHA BUKOPHCTOBYIOTBCS ISl [TOKA3y MOTOKOBUX
HAOOPIB KaJpiB 31 CTEpEOKAMEPH Ta PO3MIIICHHS KHOIIOK,
SIKI KEPYIOTh HAlPSIMKOM PYXY.

Peanizarris MPOTPaAMHOTO 3a0e3neucHHs
BUKOHYeTbcs Ha C++ 3 BHKOpUCTaHHAM OiOJioTekn
koM totepHoro 3opy OpenCV [9,10] ans cTBOpeHHs
rpadiuHOi Kepyrdoi mporpamMu 3 BHKOPUCTAHHIM
¢peiimBopky QT.

MeToa BU3HAYEHHS JiHIHHOI IIBUAKOCTI

Benuky KiTBKICTHP TOYOK, IO XapaKTePU3YIOTh
MPOCTIP, y SIKOMY PYXa€ThCSl 3aJI3HUYHHNA TPaHCIOPT,
MOXKHa BHUJAUIMTH ULUISIXOM 3alKCy 3MIHHHX Yy 4aci
MOCTI{TOBHOCTEH 300pa’keHh 3a IOMOMOTOI0 PYXOMOi

kamepu. I[locmimoBHicTe 300pakeHh abo Bimeo — 1€
cepis  MBOBUMIpHHX  300pa)keHb,  PO3TAIIOBAHUX
nocniioBHo B 4yaci. OIiHKa pyxy TyT BHU3HAYa€THCS
SK OI[IHKa 3MIINIEHHS Ta IIBWAKOCTI IPOCTOPOBUX
TOYOK Yy Kajpi 300pa)keHHS BIJHOCHO IIONEPEIHHOTO
KaJpy B YacoOBOMY psAl ABOBHUMIPHOTO 300pakKEHHS.
Sk mokaszaHo, Kamepa MNPHUKPIUICHA O POOOTH30BAHOT
wiaThopMu 00 €KTHBOM 10 pyXoMoi TMOBepxHi. B
imeami  IUIOIIMHA  300pakKeHHS  MEPHEeHIUKYJISpHA
MmicueBocti. Kamepu, po3TamoBaHi B HampsIMKY pyXy,
BHU3HAYAIOThCS SIK KaMepu MEpPEeAHbOro orany. Takui
MiAXig B KOHCTPYKMHii 3abe3medye BUSBICHHSA 3MIHHHAX
TOYOK B TOJI 30py KaMepw Ha OUIBII BHCOKHX
IIBUAKOCTAX.

€ nBa eramu IS OIIHKK IIBHIAKOCTI 310paHOi
pyxomoi mmardopmu. Ha mnepuiomy erami anropurm
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ONTUYHOTO MOTOKY BHKOPUCTOBYETHCS MJISI  OLIHKH
OIITHYHOTO IMOTOKY 3 mapu 300paxkeHb. [10TIM onTHYHHI
MOTIK BUKOPHCTOBYETHCS JUIS OLIHKK IIBHIKOCTI i€l
aTGopMH.

A.  Aneopumm onmuurHo20 HOMOKY

ANTOpPUTM ONTHYHOTO TMOTOKY BH3HAYae pyx
MacHuBIB  SCKpaBOCTi, SKi, SK  IependadaeThes,
MEPEMIMIYIOThCS MMiJ] 9ac pyXy 00 €KTIB Y MOCHTIIOBHOCTI
300paxeHb. BUXiZ ONTHYHOTO NOTOKY OTPUMYETHCS Y
(bopMi uy i U, KOMIIOHEHTHOI MIBUJKOCTI, K MOKa3aHO Ha
puc. 6. 3arajoM MM TPHIIYCKAEMO, MO KapTHHA
ONITUYHOTO MOTOKY OyzAe BIAMOBIAATH IONIO PyXy, XO0da
e He 3aBXAW BIPHO Ha MpPakKTUlli. BukopucToByloUH
Jesiki OOMe)XeHHS, Taki SIK TMOPIBHSHHSI T€OMETPUIHHX
napaMeTpiB (GpopMmu), TOpPIBHSAHHSA PIBHIB CIpOro Ta
IHTCHCUBHOCTI,  (QYHKIIO, 3HAWICHY Ha  OJHOMY
300pa)KeHHI, 3a3BHYail MO)KHA 3ICTaBUTU 3 O3HAKOIO Ha
HACTYITHOMY 300paKeHHI.

lysn + e, y + dy, t+ di)

Locy) | et

Ay

k
>

(0.0)

Puc. 6 — Ocobrusocmi onmuuno2o nomoxy ma noie
nomoky

OCHOBHE MPHUMYUICHHS IS ONTHYHOTO TMOTOKY
MOJISATaE B TOMY, LIO 30BHIIIHIA BHUITISIN CLHEHH CYTTEBO
HE 3MIHIOEThCA MDK KaJpaMH Ta IO CLEHa IUIaBHO
TIEPEXOUTh Bl OJHOTO 300pa)XCHHS [0 HACTYIHOTO.
[ToTik 9acTo JIOKaNbHO PIBHOMIPHHH, OJHAK Ha MeEXax
CICHH  MOXYTb  BHHUKHYTH  PO3DHBH. IHmre
NPUITYLIICHHS MOJISATa€ B TOMY, IO CILEHa CKIIAIa€ThCS 3
PO3IIMPEHUX  JOCHTh  TIJAAKHX  IIOBEPXOHb,  SKi
pyXalwThCcs ~ KOpCTKO  ab0  NpUHAMHI  IUIaBHO
CIIOTBOPIOIOThCS Mix 4vac pyxy. OOcar pyxy Mix
KaJpaMM HEBEIMKUH 1 TOpPIBHAHO 3  PO3MipoM
300paKCHHS, [0 O3HA4a€, NI0 BEKTOPH ONTHYHOTO
MOTOKY Mayi il mapu  300paxkeHb. XopH [11]
3poOMB HOBAaTOPCHKY po0OOTY 3 PO3POOKH METOJIB
ONTHYHOTO  TIOTOKY, 3aCHOBaHHX Ha  OOYHCIICHHI
MIPOCTOPOBO-YACOBUX BiIMIHHOCTEH BiJl MOCTiIOBHOCTI
300paxeHp. 3 Tux mip Oymo po3pobieHo Oararo
METOIIB 1 AaNTrOpUTMIB [UIi BHU3HAYEHHS OITHYHOTO
MOTOKY, TakuX sIK JudepeHlianbHi MeTOoIH, METOAN

Y3rO[DKEHHS Ha OCHOBI O0JIacTi, METOOM Ha OCHOBI
eHeprii Ta MeToau Ha ocHOBI dazu [13].

OnmHuM 13 TakuxX aiNrOpuTMIB €  aJIrOpUTM
ONTUYHOTO MIOTOKY Kanane-Jlykaca, SIKAN
BUKOPHUCTOBYETHCS, OCKUIBKMA BiH HaIIdHWIA, TOYHUH,
HEYYTJIMBUA JI0 LIyMy Ta HEPIBHOMIPHUX JDKepel
CBITJIa Ta MWIIXOIUTH JUII OOYHCIEHb Yy peabHOMY
gaci. Y  mpomy Meroni Hexa Ii Oyze
300paXeHHsIM  y TIpajalisx ciporo, OTPUMaHUM Yy
MOMEHT 4acy t;, i 300paeHHSM y Tpajamisx ciporo
| y  MOMeHT u4acy ty.  Hexait  gpyre
300paXeHHS IepeMiCTUTBCS Ha Biactanb (AX, Ay)
BiTHOCHO MEpIIOro 300pa)XCHHS IIPOTATOM IHTEpBAIy
gacy MDK [BoMa 300pakeHHsMH At. fkmo wmacus
MPOCTOPOBHUX TOYOK HAICKHUTh 00’€ekTy A Ha
300pakenHi I, i A € TUM caMuM 00’€KTOM, IO H A,
Jguine Ha 300paxkeHHi Iy micma  wacy At. Tomi
MOJXKHA MOOYIyBaTH BEKTOPH 3MIHH 00’€KTa B Yaci, K
[OKa3aHo Ha puc. 7.

Puc. 7— Obpobaene none onmuuro20 nOMOKy pizHO20
muny micyegocmi

B. Mooenv xamepu
Mopnens kamepn 300pakeHa Ha puc. 8§, MO

JI03BOJIE po3paxyBaTh 3aJICKHICTD MIX
MOJIOKEHHAM O00’€KTa B TPOCTOPI Ta IOJIOKESHHSIM
woro TiKCes. vy IBOMY JIOCHIDKEHHL MU

BUKOPHCTAIM MOJETb CTEPeOKaMepH, LI00 BCTAHOBHUTH
3B’130K MDK TOoukamu B 3D-mpocTopi Ta Toukamu Ha
300paxeHHi.

Left Camera Right Camera

PX.Y.2)

Puc. 8 — Cxemamuuna moodens sukopucmanoi
cmepeokamepu
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Je d = UL - UR pi3HUOI B TOJOXKEHHI
300paKCHHSI OJHIET TOYKKM TPU TMPOEKTYBaHHI B
mepcrneKkTuBl Ha aBi pisHi kamepu. Omxe, rIHOWHA
toukn Z=b-f/d, ne b — BijgcraHep MiX ABOMa Kamepamu
miBopyd 1 mpaBopyw; f — ¢okycHa BijcraHb
¢doroamapara; XA — Bick X Kamepu; ZA ONTHYHA
Bich Kkamepu. P — (Qi3uuHa TOuka, BH3HAUYCHA
koopamHaTamu X, Y 1 Z; UL — TpoeKIis
peanbHOi  (ismyHOi TOukm P Ha  300paxeHHS,
3pobnene niBoo kameporo; UR — Iie TPOEKIlsl peasbHOl
¢ismanoi Touku P Ha 300pakeHHs, 3poOJCHE IPaBOIO
KaMeporo.

C. Aneopumm po3paxyHky RiHiiHOI weuoxocmi

Jnst OTHOBHMIpHOI1 OILIIHKH IIBAIKOCTI
KO)KHE BIKHO (YHKIII Ha OJHOMY 300pakeHHI
pyXaTUMeTbCcss 3  OJHAaKOBOIO  HIBHAKICTIO.  SIKiio
PO3TJSINAEThCS JIMINE OAHE BIKHO (YHKINI, OIliHEeHa

4acToTa MOXe KOJIMBATUCS 4Yepe3 TOMUJIKH
BuGipku. Takum  ymHOM, BHOpano 10  BikoH
O3HAK, i cepenHin ONTHYHUHN MOTIK d
BUKOPUCTOBYETBCSI A OLIHKM  INBUIAKOCTI  JUIS
KokHOI ~ mapu  300paxeHb. [loTiM  po3paxoBaHa
IIBUIKICTH GITBTpYETHCA 3a JIOTIOMOTOF0
[IR-dimpTpa HU3BKHX  YacTOT UIS  HOHAJBIIOTO
yCyHeHHs mmIymy. [Ipomemypa OWIHKH — OIBHAKOCTI
Taka:

» Bukonaiite IHIIaJTi3a11i0 CTepeoKaMepH.

[Tpouec BHYTPIMIHBOTO KaniOpyBaHHS KaMepu:
tdokycHa Bigctanp f. BCTaHOBITH TOYAaTKOBY
3MiHHY, S5Ka BH3HAYa€e KIUIbKICTh KaJpiB I
BU3HAYCHHS IIBUAKOCTI Ta TMOYATKOBOi BHCOTH

KaMepH.

* OrtpumaiiTe 1Ba  TOCTIJIOBHUX  300pa’keHHS
I 1 L.

« KimpkicTb XOPOIIHX BJIACTUBOCTENR IUTS
BIICTeXKCHHS BU3HAYAETHCS METOJIOM,
samporoHoBarmM  y  [12, 13]. et wmetoxm
Ma€ TEHJEHII0 BHOMpPATH KyTOBI EJIEMEHTH
Ha 300paKeHH, 110 3MEHIIYE
00YKCIIOBaIbHE HaBaHTa)KEHHS TIst
BU3HAYCHHS  ONTHUYHOTO  MOTOKY  KOXKHOTO

miKceNs B LIJIOMY 300paKCHHI.
* 3acToCyiiTe aIrOpuT™M ONTUYHOTO IOTOKY M0

I 1 Iy , mo® oTpuMaTH MIBHIKICTE pPyXy
00’eKkTa, KA € cepelHIM ONTHYHUM MOTOKOM 20
map Kazpis.

* Pozpaxysaru TMiHITHY IIBUIKICTH 3a
3amporoHoBannM  y  [12, 13]  meromom,
BUKOPHCTOBYIOYH  PIBHSHHSL Po3paxyHnkoBa

MIBUAKICTh, OTpuUMaHa micist 3acrocyBanHs I[IR-
(inbTpa HU3BKUX YACTOT.

+ TIloBTopith omucaHy Buile mnpoueaypy mis 20
MOCIITOBHOCTEH 300pakeHb. Haui st
mporenypa  IpeACTaBiIeHa Ha  OJIOK-CXeMi,
MoKa3aHiii Ha puc. 9.

[HiLanizayia
CTEpED Kamep

IHiyianizayia Jacy |,
t=1+tstart

= =

OTpuMaHHA Kagpy B OTpuMaHHA Kagpy B
MOMEHT Yacy MOMEHT Yacy

It [t+1

MowyK XapaKkTepHux
TOYOK ANA
300paxeHHa It 1t+1 Hi

M XapaKTepHi TOYKM
BIACTEXYIOTLCA

TAK

PospaxyHok
ONTUYHOTO NOTOKY

¥

PospaxyHok
3MiLLEeHHA
XapaKTepHWX TOYOK

v

PospaxyHok niHiAHol
LWBMAKOCTI

u obpobneno 20
Kagpie ?

ak
b

MNepenaya 3HAYEHHA
MIHIAHOT

Puc. 9 — Anecopumm pospaxyHky niniinol weuoxocmi

Perynsitop IIBHAKOCTI eJIEKTPONPUBOIY

BuxopucTtaHHsS KOMII'IOTEPHOTO 30py B KaHami
KepyBaHHS CJICKTPOIIPHUBOJIOM poboTH30BaHOT
matGopmMu peanizoBaHo MUTSIXOM iHTerparii
3BOPOTHOTO 3B’SI3Ky Ha BUXOII 3 OJIOKYy 00poOku
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BileormoToKy. Buxim 010Ky 0OpoOKH BiIEOMOTOKY

¢dbopMmye 3HauyeHHs JiHIAHOT MBHAKOCTI. B skocti
perynsropa s Haoi poboTu3oBaHOi
wiarpopmu  OyB  peamizoBanuid  [1I/I-perynsitop.
[I-perynarop € TUIOBHUM OJOKOM  YIpaBIiHHS
i IIUPOKO BUKOPHUCTOBY€ThHCH. I A-perymnstop
OIBUAKOCTI 31  3BOPOTHHM  3B’SI3KOM i3 OJyiory
00poOKHu CTepEOKaMEpH, MOKa3aHuN Ha
puc. 10.

h 4

nponopuiiide

h 4

3anaHa + .
LWBMAKICTL Z AudbepeHLiansHe

A

»  iHTerpancHe

3HaYeHHA
NiHIKHOT LWBKMAKOCTI

[Nporpama
obpobkK Bioso

+ [Nporpama
KepyBaHHAM
5 Curhan | [BUIYHOM
e NocTIAHOMC
+ CTPYMY
SOﬁpa}ltZE!H.l.—!ﬂ oTpMMaHe
3 NiBOT KAaMepu
Crepeo
Kamepa

« 300pakeHHA oTpUMaHe

OOroBopeHHs pe3yJIbTATIB

Ha puc. 11 mokasaHO TpH pi3HUX MIXOAH IO
OLIHKK  JiHifHOT  mBuakocti. Ilepmmii  rpadik
MOKa3yl  JWHAMIKYy 3MIiHM  JHHIHHOT  IIBHIKOCTI
OTpHMaHy 3a JONOMOTOI0 CHUMYJISIII Ta pO3paxyHKiB

B mnporpami MATLAB/Simulink. [pyruii rpadik
JIEMOHCTPY€ 3MiHY JIHIHHOI IIBHIKOCTI OTPUMAaHOi
3a JIOPOTrOI0  ONTHYHOTO €HKoAepa 1  ojoMeTpil

KoJieca poOOTEXHIYHOI IIaTGOPMHU.

3 Npasol KaMepH

Puc. 10 — Pezynamop nomyscnocmi ma2o8ux 08U2yHis 0Jisi e1eKmponpusooy pobomu3o8anoi niamgpopmu 3
BUKOPUCMAHHAM KOMN TOMEPHO20 30Dy

Manual calculation of velocity

B a8 il
2 1
B
8.
B 4
Qe
O e
[ =
j L !
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The optical encoder as the speed sensor
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Computer vision algorithms for calculating line velocity
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Puc. 11 — Excnepumenmanvi pe3ynismamu OUHAMIKU 3MIHU TTHIUHOT WEUOKOCMI pOOONIam@opmu npu 6UKOPUCMAHT
MOOEMOBAHHS, ONMUYHO20 eHKOOepa Ma Al20PUmMie KOMN T0MEPHO20 30pY
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Pesymprat  BuUMIpy  JHIHHOI  MIBHAKOCTI
3a JOIIOMOTOI0 QJITOPUTMIB KOMII"YOT€PHOT'0
30py TNPOAEMOHCTPOBaHI Ha  TpeTboMy  rpadiky.
[opiBHsAHHS pe3yJbTariB MoKa3ajiu
npare3IaTHiCTh BHUKOPHCTAHHSA QITOPUTMIB
KOMIT'FOTEPHOTO ~ 30py, TaKk SK IOXMOKa CKJiaia
MeHIe 2%.

BucnoBku

3anpornoHOBaHUH ITOPUTM KepyBaHHs
OLIHKOIO IIBHIKOCTI Ta HOro HOIJIBHICTH OIIHIOETHCS
3a JIOTIOMOTOF0 cremniaabHO po3pobienoro
BUIPOOYBAIBEHOTO CTEHIY. IMokasaxo, 1110

IIBUJKICTE MOXKHA MepeadadnTd 3 BIJHOCHO BHCOKOIO
TOYHICTIO.

[IBuaKOCTI, BHUMIpPSHI TOYHHMH ONTHYHUMH
€HKO/IepaMHu, MOPIBHIOIOTHCS 31 HIBUIKOCTSIMH,
nepe0ayeHoM:  alTOPUTMOM  ONTHYHOTO  IOTOKY,
MOKAa3yIouM JAyXe Xopoury BimmoBimHicTe. Takox
OyJI0 BCTaHOBJIEHO ONTHMAJIbHHUH pPO3MIp BiKHAa O3HAK
ISl OLIHKM  [IBHAKOCTI  ONTHYHOTO TOTOKY B
pearpHOMY daci. 3aralioM TiOXi Ma€ MOTEHINal
JUIA  TOYHOI  OWIHKA  IIBHAKOCTI. EKcCTepruMeHTH
NPOBOIATECA UL PI3HUX  peaJbHUX  YMOB, a
MONANBII  JOCHIMKeHHS OyOyTh  CIpsSMOBaHi Ha
PpO3po0Ky HaTIHHOT ABTOHOMHOT CHUCTEMHU
BUMIPIOBaHHS HIBUAKOCTI.

BripoBapkeHHs Cy4acHHX uQgpoBUX
TEXHOJIOTI ~ KOMIT'IOTEPHOTO  30py  JIO3BOJIUTH  HE
TUIBKU MOKPaILIUTH TSATOBI XapaKTEePUCTUKU
CJIEKTPOIIPUBOIY, @ ¥ PpO3IMPUTH (PYHKIIOHANBHI
MOJJIMBOCTI ~ TSTOBOTO  €NEKTPONPHUBOAY B  paMKax
BHCOKHX BUMOT JI0 IPOMHUCIIOBOTO 00JIaTHaHHS.
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PEKOMEH/IOBAHA TEXHOJIOI'TA ITPOBEAEHHSA TOMOI'PA®IYHOT'O
KOHTPOJIIO B JIABOPATOPHUX YMOBAX

B. P. KPHKYH, IO. B. XOMAK', M. €. IO3HAKOBA

Hayionanvnuiti mexuiunuii ynigepcumem «Xapxiscokuil nonimexuiynuil incmumymy», m. Xapkis, YKPAIHA
e-mail: homyak.yv@gmail.com

AHOTALIA Y pobomi npeocmasiena OemanbHa MEXHONO2I NPOGEOCHHs. MOMOSPAPIUHO20 KOHMPOTIO V J1aDOPAMOPHUX YMOBAX.
Tomoepaghiunuii KOHMPONL € NOMYIUCHUM THCIPYMEHMOM OJisk OMPUMAHHS GUCOKOSIKICHUX MPUBUMIDHUX 300padcent GHYMpPIuHbOol
cmpykmypu 06 °’ckmie. Posenanymo nepesacu memoody, wjo KIOUAIONb HeOeCMPYKMUGHUL XAPAKMED KOHMPOIO, GUCOKY PO30LIbHY
30amHiCMb, MOYHICMb BUMIPIOBAHL A 30aMHICIb SUABIAMU HEBUOUMI 01 IFIOOCbK020 oKka Oegexmu. OchoéHa yeaza npudiiena onucy
OCHOBHUX emani6é NPoBeOeHHs. MOMOZPAPIUHO20 KOHMPOIO, WO DPEKOMEHO08aHI 05l OOCACHEHHS MAKCUMAIbHOI epexmuenocmi.
Buceimneno moarcausi nomunku, sSiKi MOXCYmMs GUHUKHYMU NIO YaAC NPOBEOeHHs MOMOPADIYHO20 KOHMPOTIO 8 1A00PAMOPHUX YMOBAX,
TMAKOMC HABEOEHO wWiiAxu iX ycyHeHHs. Pozensnymo onmumanvhi napamempu, sKi HeoOXIOHO 6paxo8yéamu ni0 4ac Npo8edeHHs
momozpagiunozo KOHMPOII0, 30KpemMa NPAsUIbHULL BUOIp napamempie momozpaga, HAIAWMYBAHHS YMO8 OCGIMACHHA Md NPAGUTbHE
no3uyionyearHs 06 exma KOHmMpoo. [emanbHo onucano npoyec 06podKu OMPUMAHUX OAHUX KOHMPOTIO, Wo 00NoMazae 3ade3neyumu
saKicHuil ananiz inghopmayii. Taxooc npogedeHo ananiz OOYibHOCMI BUKOHAHHSA CMAOIl KOHMPOTIO, 0e NOPIGHIOIOMbCS Pe3YIbmamu,
OMPUMAHI HA PI3HUX emanax, ma po3isioacmocst IXHIl 6NIU8 Ha KiHyesuil pesyibmam. L[5 poboma € yinnum 0xcepenom ingopmayii ons
axisyie, sxi 3aiumaiomvcs momozpagiunum  Koumponem y Jaabopamopuux ymoeax. Onucana mexHono2isi ma pekoMeHoayii
00NOMONCYMb NIOBUWUINU AKICb MA eheKMUSHICIb NPOBEOeHHs MOMO2paApiuH020 KOHmMpomio & ix pobomi. Pesynemamu docnioxcens,
npeocmasieHi ¢ cmammi, MOXCYMb CAPUAMU NOTINUEHHIO NPOYECY KOHMPOIIs, SHUNCEHHIO NOMUNOK | 8UABNEHHIO HAGIMb HALMEHULUX
Odeghexmig y 3paskax. Y yinomy, dana poboma nponoHye peKoMeHO08aHy MEXHONO2IH0 NPOBEOeHHs . MOMOSPAPIUHO20 KOHMPOID 8
J1a6OPAMOPHUX YMOBAX, 6PAXOBYIOUU KOOI ACNEKMU, MAKI K nepesazu Memooy, emanu KOHMpPOI0, YCYHEeHHS. NOMULOK, ONMUMATbHI
napamempu, no3uyioHyeanus o0'ckma ma o06pobra oanux. Bpaxosyrouu yi pexomendayii, ¢haxieyi 3moxcymov 3abe3newumu Oinbiu
MouHULl, egheKmusHUl | HAOIUHUL MOMOSPaAPiuHUll KOHMPOIb Yy ¢80l pobomi. Omowce, cmamms cmane YIHHUM OONOBHEHHIM 00
HayKogoi nimepamypu 3 obnacmi HeOecmpyKmugHO20 KOHMPOIO, CHPUSMUME NONINUEHHIO SKOCMI NPOBEOeHHs MOMOSpagiunozo
KOHMPONIO Ma cnpusmume po3eumky yb020 Memooy 6 1ab0pamopHux yMO8ax.

Knrwuoei cnosa: xinokicms npoexyiil; ananiz nopucmocmi; memanesi inompu, sucokoabcopbyoui mamepianu, po3mip 60Kceo;
nosuyionysanns ooéeckma, Penvoxamn apmedaxmu .

RECOMMENDED TECHNOLOGY FOR TOMOGRAPHIC INSPECTION IN THE LABORATORY
V. KRYKUN, Yu. KHOMYAK, M. POZNIAKOV A

National Technical University “Kharkiv Polytechnic Institute”, Kharkiv, UKRAINE

ABSTRACT Paper presents a detailed technology of tomographic inspection in the laboratory. Tomographic inspection is a
powerful tool for obtaining high-quality three-dimensional images of the internal structure of objects. The advantages of the method
are considered, which include the non-destructive nature of the control, high resolution, measurement accuracy, and the ability to
detect defects invisible to the human eye. The main attention is paid to the description of the main stages of tomographic inspection,
which are recommended to achieve maximum efficiency. Possible errors that may occur during tomographic inspection in the
laboratory are highlighted, and ways to eliminate them are provided. The optimal parameters that should be taken into account
during tomographic inspection are considered, including the correct choice of tomograph parameters, setting of lighting conditions,
and correct positioning of the object under inspection. The process of processing the obtained inspection data is described in detail,
which helps to ensure high-quality information analysis. The authors also analyze the feasibility of the control stages, comparing the
results obtained at different stages and considering their impact on the final result. This work is a valuable source of information for
specialists involved in tomographic control in the laboratory. The described technology and recommendations will help to improve
the quality and efficiency of tomographic inspection in their work. The research results presented in this article can improve the
inspection process, reduce errors, and detect even the smallest defects in samples. In general, this paper offers a recommended
technology for tomographic inspection in the laboratory, taking into account key aspects such as the advantages of the method,
inspection stages, error elimination, optimal parameters, object positioning, and data processing. Taking these recommendations
into account, specialists will be able to provide more accurate, efficient and reliable tomographic control in their work. Thus, this
article will be a valuable addition to the scientific literature in the field of non-destructive testing, will help improve the quality of
tomographic testing and promote the development of this important method in the laboratory.

Keywords: number of projections; porosity analysis; metal filters; highly absorbent materials, voxel size; object positioning;
Feldkamp artifacts

Beryn mocimimkenas. OmauM 3  HaWOIBII eQEeKTHBHUX Ta
MOMYJISIPHUX METOMAIB JIarHOCTUKU € ToMorpadiuHuii
Y CydacHOMY CBITI TEXHOJOTii KOHTPOJIO Ta Hepy#HiBHUK KoHTponb (THK). Lleit meton mo3mosie

JUarHOCTHKH PO3BHBAIOTHCS 31 IIBHIKICTIO CBITIA, TOMY  OTpuMAaTH ACTAIbHI 300paKEHHs BHYTPIIHBOT CTPYKTYPH
HOCTIHHO 3’SBJIIOTBCS HOBI METOAUKM Ta TEXHOJOIII
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00’eKTiB Ta BHUSABUTH pi3HI BHIU Je(PEKTiB Ha paHHIX
CTaIisIX BUPOOHUIITBA.

Y po6oTi po3rIIHYTO pEeKOMEHIOBAaHy TEXHOJIOTIIO
nposeaennss THK B nabGoparopHnx ymoBax. Bona
nepeadayae BUKOPUCTAHHS CIICHIATBHOTO O0Ja HAHHS,
sKe€ J03BOJSIE TPOBOAUTH JOCHIIKEHHS 3 BHCOKOIO
TOYHICTIO Ta IIBHAKICTIO. Ba)XIHUBOIO CKJIAHOBOIO Ili€l
TEXHOJNOTii € TpaBWJbHE pO3TallyBaHHS 00 €KTY
KOHTPOJISI T2 BUKOPUCTAaHHS (UIBTPYIOUHX EKPaHiB.

OmuncaHa TEXHOJOTISI Mae IIHPOKHHA  CIEKTp
3aCTOCYBaHHS y PI3HUX Tany3sfX IPOMHCIOBOCTI Ta
Marepiao3HaBCTBa. BoHa N03BOJSAE OTpUMATH HaIiiHY
Ta TOYHY iH(OpPMAIiI0 Mpo cTaH 00’€KTIB JOCHTIIHKEHHS,
mo poOuth ii He3aMiHHOIO A 0araTbOX HAYKOBHX Ta
MIPAKTHYHHUX 3aB/IaHb.

ToMorpadiuHmii  KOHTPOJIb €  HE3aMiHHUM
METOJIOM JIOCJIIDKEHHS, OCKUIBKM J03BOJISIE OTPUMATH
JeTalbHy 1H(GOPMAII0 TPO BHYTPIIIHIO CTPYKTYPY
00’€KTiB Ta BUSBIATU pi3zHOMaHITHI aedekru. Lleit meton
JIarHOCTUKU BHUKOPHCTOBYEThCS Yy 0araTboxX Taimy3six
MIPOMHUCIIOBOCTI, ~ BKJIIOYAIOYM  aBTOMOOLIEOy yBaHHS,
TTaKOOyAyBaHHS, €JIEKTPOHHY TIPOMHUCIIOBICTB,
Ha(TOra30BYy rary3b Ta iHIIII.

Hanpuknan, B aBTOMOO1IeOYIyBaHH1
TOMOTpaiuHUi  KOHTPONb  BHKOPHCTOBYETHCA IS
MepeBipkH  AKOCTI 3BapHUX 3 €IHAHb, BUSIBICHHSI
ne(eKTiB y IBUTYHAX Ta IHIIUX By3JlaX aBTOMOOLTIB. Y
JiTako0y TyBaHHI ToMOrpadiuHmiA KOHTPOJIb
BUKOPHCTOBYETHCS U BUSIBJICHHS CKJIaJHUX Ne(eKTIB y
KOMITO3UTHUX MaTepiajax Ta METaJeBHX CIUIaBax, IO
3a0e3meuye Oe3MeUHy SKCILTyaTalllk0 MOBITPSHUX CYCH.

Takox, TomorpadiyHuii KOHTPOJb JIO3BOJISIE
BUSIBIIATH HEBHIMMI JE(EKTH Yy CKIAJHHUX EIEKTPOHHHUX
KOMITIOHEHTaX, 1[I0 MOXYyTh  BIUIMBaTH Ha  IX
(GyHKIIOHATBHICTH Ta eQeKTUBHICTh. B HadrTorasosii
ramys3i ToMorpadiyHHHA KOHTPOIB 3aCTOCOBYETHCA LIS
BUABIICHHA  Je(eKTiB y  3BapHHX 3 €THAHHAX
Ha(TOra30MpPOBO/IIB Ta IHIINX CIOPYA, IO 3abe3rnedye
0e3MeyHy CKCIUTyaTallifo uX 00 €KTiB.

Takum uuHOM, TOMOTrpadiyHUN KOHTPOIb €
BO)XJIMBUM METOJIOM JOCIIKEHHs y MPOMHUCIIOBOCTI, L0
JIO3BOJISIE  BUSIBISATH  pI3HOMaHITHI  Jnedektd  Ta
3abe3nedyBaT  O€3MeKy  eKcIulyatamii 00 €KTiB.
3acToCcyBaHHS ILOTO METOJY JOCIHIIKEHHS JO3BOJISIE
MiABAIINTH SIKICTh TPOAYKTY Ta 3MEHIIMTH PH3HUKA
BUHHUKHEHHS aBapiif, 10 MoXe 3a0e3MeunT eKOHOMIUHY
Ta  cowiaNbHy  KOpHCTb.  IIpoTe,  mpoBemeHHs
TOMOTPa(igHOTO KOHTPOIIO y TPOMHUCIOBHX YMOBax
MOke OyTH CKIaIgHUM 1 BHMaraTté BEIMKOI KiTBKOCTI
pecypciB Ta 3HaHb. TOMy BaXKJIMBO MaTH PEKOMEHJIOBaHY
TEXHOJIOTIIO MIPOBEACHHS TOMOTrPadhivHOr0 KOHTPOJIIO, 1110
JIO3BOJIUTH 3a0€3MEeUUTH SKICTh JOCIIKEHb Ta 3MEHIINTH
PH3HK ITOMHUIIOK.

Merta podoTu
Merta po6oTH noJIsITae y BU3HAYEHH] ONTUMAIBHUX

TEXHOJIOTIYHUX TMIIXOMIB Ta METOIWK MJIsI MPOBEICHHS
TOMOTPa(ITHOTO KOHTPOIIFO B JI1A0OPATOPHUX YMOBAaX.

CraTTst chpsMOBaHa Ha CHCTEMATH3AIiI0 3HAHb IIOJO
PEKOMEHI0BaHUX TEXHOJIOTiH ToMOrpadgiqHOTO
KOHTpOJIO y JabopaTOpHMX yMOBax 1 HaJaHHA
NPaKTHYHUX PEKOMEHAALii A5l HAyKOBIIIB.

OCHOBHA YacTHHA

3aJe)XXHO BiJl BUMOT BHUPOOHMIITBA Ta cHenU(piKu
HiANpUEMCTBa icHye 0e3nid ToMorpadiB Ta TEXHOJOTIH
TPOBENICHHS TOMOTPaghigHOr0 KOHTPOIIIO B TaOOPaTOPHUX
yMoBax. Po3rmsHemMo HalyHiBepCaIbHINTY TEXHOJIOTIIO,
AKy MOXKHa BHKODHCTaTH Maibke TpH OyIb-IKOMY
ToMOTpadigIHOMY KOHTPOIT.

Ilepen mposenennsm THK Bapro perenbHO
orstHyTH 00’ €T KoHTpomo (OK), mpu HasgsBHOCTI IUIaKy,
OKaJMH a0o iHmMX 3a0pyIHEHb WOr0 OYMINAIOTE.
PosramryBanust OK BUKOHYETBCS TiJl HaxwjioM, 100
yuukHyTH Denbakamn apredakriB (puc. 1). Kyt naxumy
MOBUHEH OyTH OIBIIMM HDK KYT PO3KPHTTS IPOMIHHS
peHTreHiBcbkoi TpyOku Tomorpada. HeoOxinHo yHUKaTH
CUTyallill, KOJM 3pa30K BCTAaHOBJIEHHH Oe3 Haxmiy, B
IHIIOMY BUNAOKy TOPU3OHTANGHI TOBEPXHI  MICHA
PEeKOHCTPYKIii OyMyTh yTBOptoBaTH apredaktu [1, 3, §8].

Oenpakamn apredaktu (Feldkamp artifacts) — me
apreakTy, 10 MOXXYTh BHHHUKATH IIiJ 4ac MPOBEACHHS
KOMII'F0TepHOI ToMorpadii 3a MeTomIOM pPEeKOHCTPYKIIii
DenpakamIa.

1 — npuxnao npasunrvrozo posmawysanna OK, na
PEKOHCMPYKYIT 8UOHO, WO VCi 2paHi YimKi ma i1e2ko
KOHMPONbOBAHI,

2 — npuxnao Henpasuivho2o pozmautysanns OK, na
PEKOHCMPYKYii UOHO, W0 epani Kompi Oyau
20PU3OHMANLHI MA NAPANeNbHi NPOMEHIO
PEHMEEHIBCHKO20 BUNPOMIHIOBANHHS YIMBOPUIU NEPEUKOOU
abo Denvokamn-apmeghaxmu

Puc. 1 — Ipuxnao nowupents npomenie peHmeeHi6cbko2o
BUNPOMIHIOBAHHS

44

BICHUK HTY "XIII" Ne 3 (17)



ISSN 2079-5459 (print)
ISSN 2413-4295 (online)

CEPLA "HOBI PILIEHHA B CYYACHUX TEXHOJIOI'IAX"

Pexonctpykuis denpakamma — OOWH 3 METOXIB
peKoHCTPyYKIii 06’ eMHOT Mozeni 3 cepii 2D 300pakeHs,
OTPUMaHMX Tix dYac cKaHyBaHHA. Lled wmeron
BUKOPHCTOBYETBCSl Y OULIBIIOCTI CydacHHUX ToMoOrpadis.
Bin nepenbadae o0urciaeHHs ToMOrpadidHuX 300paKeHb
Ha OCHOBI JIGKIIBKOX TPOEKIIH 3 Pi3HUX KYTIB.

[Micns  mpaBunbHOro  BcranoBneHHs OK y
MIpOrpaMHOMY 3a0e3MedeHH] Il HAIAIITYBAaHHS PEXUMY
CKaHyBaHHS CTBOPIOETHCS MPOEKT 3 HOro YHIKaJILHOIO
Ha3BOI0 Ta HAJAINTOBYIOTBCS MNapaMeTpH CKaHyBaHHS.
Hdus nmerekropa Tpeba oOpaTw Taki mapaMmeTpH: dYac
eKCIO3WIIii, TPYIyBaHHSA, UyTIUBICTb. Takoxk Tpeda
AaKTUBYBAaTH TaKi IapaMeTpPH II0 MOXJIMBOCTI — 3CYB,
MMOCWJICHHS, MIKCENbHY MacKy. /[lma peHTreHiBCHKOTro
BHUITPOMiHIOBaHHA Tpeba 00paTH HAIIPYTY Ta CHIY CTPYMY
— BOHM O0OHMpalOThCS y Jiama3oHl MOXJIHMBOCTEH
Tomorpada Ta BimmoBimHO 10 po3mipiB OK Ta MaTepiary
3 SIKOTO BiH BUpoOseHuid (Tadin. 1), ane mo6 ricrorpama
CITIBBIIHOIIECHHS ciporo Maja BIAIIOBigHE
CIIBBIJTHOIIEHHSI CIpOTO, SIKE MU PO3IJISIHEMO Ii3HILIE.
QinmeTp — oOupaerscs BimmoBimHO a0 OK  sxwid
CKaHY€ThCS, 3a3BHYail II¢ MiJHI, CBHHIIEBI Ta OJIOB’sHI
mwiactuan ToBmuHOIO 0,5-1 MM. Dokyc obupaeTscs
BIZIOBITHO [T0 MOKIUBOCTEH ToMmorpada i po3mipiB OK
Ta JnedekTiB KOTpi HaMm Tpeba 3HaTH. 3araiowm,
o0MpaeThcsd BENWKWN, HOpPManbHUI abo Mamuii (oxyc
BIZITIOBIZTHO 10 MOXKJIMBOCTEH ToMorpada [4, 9].

Jani HeoOxigHo oOpatu obnacth iHtepecy (ROI),
kepyroun Maninyssitopom (YS, ZS — oci). B sxocti ROI
MOJXKHa BHOpaTH SIK BECh 3pa3oK IJIKOM, TaK i CErMEHT
3paska, 1[e 0OMPAETHCS BIAMOBIIHO IO MOTPEO TEXHIYHOTO
npouiecy. Po3micTHTH 3pa3ok Ha MPEIMETHOMY CTOJHKY
TakUM 4YHMHOM, 00 ob6macte iHTepecy (ROI) 3aBxan
3ajMmaiacs y TOJdi 30py JETeKTopy IpH obOepTaHHi
3paska Ha 360°. HeoOximumii po3mip Bokcems (volume
pixel) MO>kHa BCTaHOBHTH 3MIiHOIO BiZICTaHI MiX 3pa3KoM
Ta peHrtreHiBcbkoo Tpyokoro (Focus Object-Distance),
OI0 JOCSTAEThCA TIEPECYBAaHHSAM OCi MaHIimyssitopa ZS.
[Ipu monoxkeHHi MOOIM3Y pPEHTreHIBCBbKOI TpyOku abo
JIeTEKTOpa 000B’A3KOBO TIEPEKOHANTECH, 1110 HE CTAHEThCS
KO3l 3pa3ka 3 TPyOKow abo MOETEKTOpOM IIif dYac
obOepranHss 3paska Ha 360°. [Ilicns migibpaHoro
MOJIOKEHHSI ~ MIX  PEHTTCHIBCBKOIO  TPYOKOIO  Ta
JIETEKTOPOM 3amam’ ITOBYETHCS, 30epiraeTscs
postamyBanns OK [5, 6, 11].

Bubip rapameTpiB PCHTTE€HIBCHKOTO
BHUITPOMIHIOBAaHHS TPOBOAUTECS 3AJICKHO Bifl TiCTOTpaMHu
piBHIB ciporo. Y pa3i iHcmekmii (HaImpWKIaa, aHami3
MOpUCTOCTi): 1) MiHIMAIIBHUHA PiBEHB CipOTO y 3pa3Ky Mae
Oytn BummM 3a 100 npu MiHIMaJbHINA YyTIUBOCTI; 2)
MaKCHMaJIbHUH piBEeHb CIpOro Ha AETeKTOopi 0e3 3pa3ka
Mae Oytu HmwkyuM, HDK 10000; 3) BigHOUIICHHS
MiHIMaJIBHOT'O PIBHS CIpOro y 3pa3Ky Ta MakCUMaJbHOTO
piBHs ciporo ¢ony 0e3 3pazka mae Oytu Mix 2 Ta 20, y
CKJIQJIHUX BUIaJKax MOxJIuBO 10 50. J{is 3paskiB 3 ayxe
BHCOKOIO TIOTJINHAIOYOI0 3[IaTHICTIO MOXYTb
3aCTOCOBYBATHUCH iHIII PEKOMEHAIIIT.

Tabmums 1 — PexkomenmoBaHI mapaMeTpu s
BHCOK0aOCOpOYIOUHX MaTepiaiB

TuroBi crapToBi HapaMeTpy Npu KOHTPOITI
BHCOK0A0COPOYIOUNX MaTepiaiB

Topumna| Hampyra DinpTp (MM)
Marepian

(Mm) (xB) +Cu | +Sn +Pb
Inactuk, |06 300 [ 300 0- . -
BYIJICIUIACTUK 3,0
Amominiit, |6 550 | 450 05 | 00,5 | 02,0
KepaMlKa
Crans 10-50 450 05 | 0-0,5 | 2,0.4,0
Cmasna |, 5, 450 0,5 | 0-0,5 | 2,0-4,0
OCHOBI1 HIKCIIHO

30iNblIeHHS, 0 XapaKTepPHU3YEThCS PO3MIPOM
BOKCEJIsl, BCTAHOBIIIOETHCS TAKMM YHUHOM, 100 A7 3pa3ka
Oyno nmocsrHyTo Halikpamy e(eKTHBHY pO3IUIBHY
3MaTHICTh (auB. miarpamy puc. 2) [3,4,5,12].

KanibpyBanus gerexkropy (puc. 3). Ilicus
BCTAaHOBJICHHS IapaMeTpiB  CKaHYBaHHSA HEOOXIITHO
NepeKoHaTucs, Imo crTaH Madimymsatopa YITY/CNC

30epexKeHo:

1) mepemicTuT 3pa3oK 3a MeXi 300pakeHHS 3a
nomomororo YITY/CNC;

2) BUMKHYTH peHTreH i 3auexatu 30 cexyHI;

3) mpoBecTH KamiOpyBaHHS, TOOTO HATHCHYTH
KHOTIKY «detector caliby;

4) ooparu Gain/Offset auto 3 1BOMa TOUKaMu reiiH
KOPEKIIii;

5) BCTaHOBHUTH B KaJiOpyBaHHI JUIsi yCEepeIHEHHS
(average) 3nauenHs, sxke B 20 pasiB i Oinmbme BuIme
3HAUEHHS YCEPEAHCHHs, sIKe Oyae BUKOPHCTaHO JUIs
IHCHEKIIiT 3pa3Ka;

6) HATUCHYTH KHOTIKY «Acquire» ... 3a4eKaTH ...;

7) TmepeBipHTH TOMOTEHHICTH ab0 pPiBHOMIpPHICTH
300paxenHs 6e3 OK;

8) mepemictut OK Ha Micue ckaHyBaHHs a0o
HaTHCHYTH «Move to acquire positiony.

Bubip onTumanbHOI KUIBKOCTI TPOEKIH, sKa
3aJIOKHUTH BiJI INUPHHU JIETEKTOPA!

1) BU3HAUUTH, CKUIbKM MIKCEJNIB MO MIMPHHI
3aiiMae 3pa3oK i/ 9ac MOBHOTO TIOBOPOTY;

2) 3HAWTH ONTHMAalbHY KUIBKICTh MpPOCKLIH ¥y
BIZINMTOBITHOT pEHTI€HIBCHKOI TpyOKHM TabmHIL;

3) BHecTH 1€ 3HAUYeHHs y none «Images» (puc. 4).

3aneXHICTh ONTHMAIBHOTO KITBKOCTI TPOEKIiit
BiZ po3Mipy Qokycy TpyOku (depBOHA Ta CHHS JIiHis, pHUC.
5) Ta po3Mipy BOKCENs Ha MO3MIlI CKaHyBaHHS (BiCh
abcnuc). HeoOXigHO 3a3HaYMTH, 110 KUIBKICTh MPOEKINN
pO3paxoBaHO IS BHINAAKY Koud 3pa3ok 3aiimae 100%
HMIMpHUHA JIeTeKTopa. SIKIIo 3pa3ok 3aiiMae JEeTeKTop He
MOBHICTIO — [I€ MPONOPLifHO 3MEHIIUTh KUIbKICTh
npoekiti [3,5,7,10].

[Ticns ycix nux npoueayp HajlallTyBaHHS PEXKUMY
CKaHyBaHHS Tpeba HaTUCHYTH KHOTIKY «START».
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EexTHBHA po31IiIbHA 3UATHITCH (11M)
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KPAIIIA PO3UIGHA | — Mamiit goxye
3TATHICTD -

25

75 125 175

Po3Mip BOKCEIIO (M)

Puc. 2 — [liaepama sionowenus egpekmusHoi po30inbHol 30amHoCcmi 00 po3Mipy 80KCelsl

Timing: 1500 ms - | Binneng: 1x1 - [¥] Oftset

Aversge: 3 Senssthity: 4.000 = [F] Gan

Skipe 1 vSensor 1 - Pixeimask | cqmt
Detector

2 Start 201 - o
Save Move || Value easylcalb || - r 01:34:30  Filver
s o ensor Pos

L CNC J
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Puc. 4 — Ilpuxnao eubopy onmumansHoi KitbKOCmi npoexyit
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KinepKueTs Npoekiiii 1o pozmipy Bokcend (100% nipiiHa JeTekropa)
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Puc. 5 — [liaepama cniesionowenHs KitbKoOCcmi npoexyii 00 po3mipy 60Kces

Y nporpamMHOMy 3a0e3NedyeHHI PEKOHCTPYKIIi
Tpeba BiJIKPUTH BiIIOBIIHUI POEKT, SIKUH OYyJI0 CTBOpeHa
Ta Ha3BaHO B TOIEPEIHIX Kpokax. IcHye Oe3miu Momy:iB
KOpETyBaHHs Ta IMOKpPAIIEHHS SKOCTI PEKOHCTPYKIii, Taki
SIK aBTOKANIOpYBaHHA, ONTHMI3amis ckaHyBaHHA 1 T.1. Lli
MOIyJ i OOWpPAalOThCA BIIIOBIMHO BHMOTaM TEXHIYHOTO
TPOLIECY Ta MOXKJIUBOCTSIM TOMOrpada.

IMicas BciX MaHINySImid 3 HaJAIITYBaHHSIM
peXuMy pEKOHCTPYKIii Tpeba HATHCHYTH KHOIIKY
«START)» ta mowyatu pekoHcTpyKuito. ITicis 3aBepmuieHES
3aBaHTAXKEHHS 00’€My BHKOPHUCTOBYETHCS CIELiaJIbHE
IO s BigTBOpenHs Ta iHcmekmii 3D-mozeni OK Ta
BUABJICHHS aedeKTiB [2].

BucHoBku
Bcranosnenns MIPaBUIIBHOTO pexumMy
KOMI'IOTepHOI  TOoMorpadii € BaXJIMBHM  E€TarioM

MATOTOBKH JI0 TIPOBEICHHS TOMOTPa(igHOTO KOHTPOIIO B
nabopatopHux ymoBax. Lle BKiItoyae BHOIpP ONTHMATBHUX
napameTpiB HPUCTPOIO, TaKuX K eHepris
PEHTIeHIBCHKOTO BHITPOMIHIOBAHHS, MOTYXHICTb, 4Yac
eKCIO3MIii Ta IHII HalAIITyBaHHS, 10 3a0e3NevyroTh
OTPUMaHHS AKICHUX 300paKeHb TECTOBUX 00'€KTIB.

Buxopucranns MPUBEJICHOT TEXHOJIOTi1
TOMOTpaiuHOTO KOHTPOJIIO B JIaDOPATOPHHMX YMOBAaxX
JIO3BOJSIE  OTPUMATH  SIKICHI  pe3yJbTaTH  JOCIHiDKEHB,
3a0e3Medye TOUHICTh Ta HAIHHICTh BUMIpIOBaHb, TO3BOJISIE
BUSIBUTH JIeEKTH TECTOBHX OO'€KTIB Ha PaHHIX CTaIisx
TEXHIYHOTO TIPOIIECY.

PexomennoBana TEXHOJIOTis TIPOBEJICHHS
TOMOTrpadiyHOro KOHTPOJIIO B JIAOOPATOPHUX YMOBAX MOXKE
OyTH BHKOPHCTaHa B PI3HUX HAayKOBHUX Ta NPOMHUCIIOBHX
rajy3sx, TaKUX sK METAIypris, aBialliiiHa MPOMHCIIOBICTS,
MeJUYHa JIIarHOCTHKA Ta 0araro iHIIMX, Jie BUMAra€Thcs
BUCOKUIA piBEHb TOYHOCTI Ta HAAIHHOCTI KOHTPOJIIO.
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JOCIIIKEHHA YACY JOKAJIBAIIL MOXKEX Y BATATOIIOBEPXOBUX
BYIIBJISIX Y MICTAX YKPATHA

O.TI. IIOJIIBAHOB

Kagedpa inxcenepnoi ma agapitino-pamyeanvroi mexuiku, Hayionanvnuii ynieepcumem yusinornozo 3axucmy, m. Xapkis, YVKPAIHA
e-mail: nuczu.iart. polivanov@gmail.com

AHOTALIA Epexmusnicmo 2acinHsi NOAHCENCI 3a1€ACUMb 8I0 WBUOKOCME NPUOYMMSL Ha MiCye NOJNCENCHO-PAMYBANbHUX NIOPO30iNie
ma yacy, Axui Oyde 3ampaveHo Ha nodawy ‘nepuioeo”’ cmeoia (8ocne2acHoi peyosunu) Ha noxanizayiio. ILlleudxka nooaua
602HE2ACHOT PEYOBUHU 0AE WAHC JOKANIZY8amu, a NOMIM JIKGIOYEAMU NOXCENHCY Y NOYAMKOGil (asi, addice pe3yibmam cymmeso
3anedxcums 6i0 Oiil 8 «neputl XGUIUHY nodcexciy. IIposedeno nodin MiCbKuX HaceIeHUX NYHKMI6 Ha 8I0NOBIOHT 2PYNU 3a YUCETbHICIIO
HacelleHHs: ma NAower) mepumopii i3 GUKOPUCMAHHAM Memooie KIACMEPHO20 aHAM3y. 3 KodicHOI epynu micm Oyno 6idibpano no
00HOMY HACENeHOMY NYHKMY I 0ali no HUM onpaybosami 0ani wjo0o nodxcedxc 3a nepioo 2020 poky. Ilpoananizoéano cmamucmuuni
Oai, KL Oyu ompumanti 8io onepamusHo-koopourayivinux yenmpis JJCHC Yxpainu ¢ micmax Kuis, Xapkis, [lonmasa, beposncuk,
WO XapaKmepusyoms npoyec 2acinHa NOHCENHC, d came Yac nPuGYmms NOHCEHCHO-PAMYBANbHUX NIOPO3OINIE 00 MICY NOHCENHCT, HaAc
JoKanizayii nogscesci ma naowgy noxcedxci. Cmamucmuuni 0auHi oobupanucy minoku 011 bazamonosepxosux 6yodigens. Bcmanosneno
830EM038 30K HACMYNHUX NAPAMempis. Niowa 2opinHA, noeepx 0y0ieni, yac nokanizayii noscedxci. Ompumani cmamuyui Oaui
C8I0UAmMb, WO NAOWA NOJHCENHCT Ma Yac NoKanizayii 36inbuyemvca y cepeduvomy 6io 3,5 0o 6 pasig. Peyismam ananizy 0auux Hadae
HAOUHe PO3YMIHHA He0OXIOHOCHI YOOCKOHANEeHHs HAAGHUX 3aco0i8 | cnocobié (makmuku) 2aciHHa noicexc y 6acamonosepxosux
Oyoiensx. 3anponoHo6aHo 6 OCHOGY MAKMUKU 2ACIHHA NOJCENC Yy 0a2amonoeepxosux OYOUHKAX GUKOPUCHOGY8AMU IMIYIbCHU
soenezacnux Tatighyn-10, axuii nepepodieno y nHesMamuuny eapmamy O OUCKPemHOT OOCMABKU B0ZHE2ACHUX PEYOBUH, NOMILYEeHUX
¥y cneyianvhuii konmetinep. [Juckpemna 0OCMagka 602He2ACHUX Pedyosul y KOHMeUHepi 00380.151€ CKOPOMUMU 4ac AoKanizayii
nosicednc y 6azamonogepxosux Oy0ieiiax 3a paxyHoK OnepamueHOCHi po320OpmanHa YCMaHo8KU ma mo4Hoi nodayi 6 6IKOHHUI OMsIp
be3nocepeorHbo 8 0cepedoK NONHCEHCI.

Knrouosi cnosa: 6a2amonogepxosi 6y0isiii; NOMCeHCO2ACIHHA, BOCHE2ACHT PeUOBUHI, OUCKDEMHA NOOAYA B02HE2ACHUX PEYOBUH.

STUDY OF FIRE LOCATION TIME IN HIGH-STORY BUILDINGS
IN CITIES OF UKRAINE

O. POLIVANOV

department of engineering and emergency rescue equipment, National University of Civil Defence, Kharkiv, UKRAINE

ABSTRACT The effectiveness of extinguishing a fire depends on the speed of arrival of fire and rescue units at the scene and the
time it will take to deliver the "first" barrel (extinguishing agent) to the location. The rapid supply of fire extinguishing agent gives a
chance to localize and then eliminate the fire in the initial phase, although the result depends significantly on the action in the "first
minutes of the fire". The urban settlements into appropriate groups based on population and territory using methods of cluster
analysis were divided. One settlement was selected from each group of cities, and then data on fires for the period of 2020 was
processed. The statistical data obtained from the operational coordination centers of the State Emergency Service of Ukraine in the
cities of Kyiv, Kharkiv, Poltava, and Berdyansk, which characterize the process of extinguishing fires, namely the time of arrival of
fire and rescue units at the scene of the fire, the time of localization of the fire and the area of the fire, were analyzed. Statistical data
were selected only for high-rise buildings. The interrelationship of the following parameters was established: burning area, building
floor, time of fire localization. The obtained static data indicate that the area of fire and the time of localization increases on average
from 3.5 to 6 times. The result of the data analysis provides a clear understanding of the need to improve the available means and
methods (tactics) of extinguishing fires in multi-story buildings. We proposed to use the Typhoon-10 impulse fire extinguisher, which
has been converted into a pneumatic gun for the discrete delivery of fire extinguishing substances placed in a special container, as
the basis of firefighting tactics in multi-story buildings. Discrete delivery of fire-extinguishing substances in a container allows to
reduce the time of localization of fires in multi-story buildings due to the efficiency of deployment of the installation and accurate
delivery through the window opening directly to the center of the fire.

Keywords: high-rise buildings; fire extinguishing; fire extinguishing substances, discrete supply of fire extinguishing substances.

Beryn KpiMm Toro TaM 3HaxoAATbCS BENHMKI MaTepiaibHi

IIHHOCTI. BHWHUKHEHHS TIOKEX Ta HAA3BAYANHUX

3 pO3BUTKOM TEXHOJIOTi Ta YCTaTKyBaHHS, IO
BUKOPHUCTOBYEThCS Y OyIIBHHITBI, IIOPIYHO 3pocTae
KUIbKICTh BUCOTHHX OyniBenb. baraTonoBepxoBi OymiBii
HaJeXathb 10 00°€KTIB 3 MAacOBUM IepeOyBaHHIM JIOIEH.

CUTYyallil y MX OYyIiBIAX MOXKE MPHU3BECTH O BEIUKUX
MaTepialbHUX 30MTKIB Ta 3aruOeni moxei. Came mum i
00yMOBJIEHO  0OCOONMMBY  yBary 10  mpobiemu
3a0e3neucHHsT Oe3Mmekn JIojeii B 0araTomoBepXOBHX

© O.T.TIOJIIBAHOB, 2023
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OyHIBIIX IIpH BUHUKHEHHI IMOXKexi. MacmTaOHi moxexi,
o0 CTajucs B OCTaHHI pPOKM JOBEIHW HEOOXiIHICTh
epeo30pOEHH  ONIEPATHBHO-PATYBAIBHUX —IIIIPO3ILTIB
HOBOIO TEXHIKOIO Ta 3aco0amu rnoskexxoracinusa. OmHuM 3
HEePCHEKTUBHUX HAIpsIMKiB MOXKEXKOTaCiHHS y
OararomoBepxoBux OymiBisix [1] € 3acTocyBaHHs
JMICKPETHOI MOAa4i BOTHETaCHUX PEYOBUH JI0 OCEPEAKY
MOXKeXi. 3aBISIKH IbOMY CIIOCO0Y, MOXKIIMBO 3HU3UTH Yac
JIOKaNi3alii IMoXKeXi, 3a paxyHOK II0/1adi BOTHETacHUX
PEYOBUH y KOHTEWHEpax 3 30BHI OyAiBIi Yepe3 BiKOHHI
OTBODH.

Mera po6oTun

Bimomo, mo uyuM OiIbIa IUIOIIA MOXKEXKI, THM
OinbIie HEOOX1THO 3aC00IB MOXKEKOTACIHHS JUIsl YCIIIITHOT
JIoKamizamii Ta JKBijamili TOpiHHA. Alle Ha ChOTOMHI
HeBimoMi jaHi ab0 CTaTHUCTHKA, 3aBASKHA SIKMM MOKJIHBO
po3paxyBaTH KUIBKICTh BOTHETaCHHX PEYOBHUHH IS
ycImimHoi Jiokamizanii moxexi. OTKe HEBHUPILIEHOIO
YaCTHHOIO npoOiemu raciHHs TIOXKEXK y
0araTormoBepxoBHX OYAWHKAaX € BCTAHOBJICHHS 3B’S3KY
MDK TaKAMH IapaMeTpamu, SK IUIOIIA TOPiHHA,
MMOBEpXOM OYIiBIi J€ BHHUKIO 3aropaHHs Ta dYacoM
JIOKaJTi3aIii moXexi. 3B'I30K [UX MapaMeTpiB JO3BOIUTH
BH3HAYHUTHU KUTBKICTP BOTHETacCHOI pPEYOBHHH, B
3aJIeXHOCTI BiJI MOBEPXY MOXKEXI, MiJl YaC BUKOPUCTAHHS
CIOCO0Y JUCKPETHOT I0OCTABKH BOTHETACHUX PEYOBUH.

BukJiag ocHOBHOTO MaTepiaty

Y po6oTi [2] METOr JOCIHIPKECHHS € IMiIBUIICHHS
e(EeKTUBHOCTI JIIKBIAALIl MOXKEXK 32 PaXyHOK CKOPOUCHHS
Yyacy BHSBJICHHS OCEPEIKYy MOXEXI NPH BHUKOPUCTaHHI
TEIJIOBi30piB. BU3HAUEHO Yac pO3BHUTKY IMOXKEXI TaKOX
Oylo TpoBeACHO aHaji3 3HAa4YeHb dYacy MNpHOyTTS
MAPO3AUTIB IO MiCIIS TTOXKEXI Yac JIKBIIAIil MOXKeX, aje
10o3a yBarol aBTOPIB 3AIHIIAIOCS JOCIHIIKEHHS TUIOMII
TIOXKEXK.

Jocninaukamu [3] mpoaHamizoBaHo (hakTopH, IO
BIUIMBAIOTh HA TMOXKEXKY BHUCOTHHX OyJiBEeNb TaKOX
MIPOBE/ICHA OLIIHKA MOXKEXHOT HEeOE3MEeKH 10 € OCHOBHUM
CIOCOOOM 3HM)KEHHS Ta KOHTPOJIO IOXKEK B BHCOTHHUX
OyniBens. Crif 3ayBaXWTH, II0 aBTOPaMHU HE BUSBICHO
3aKOHOMIPHOCTI MDXK TIOBepXoM Oy[iBil, A€ BHHHUKIJIA
TIOYKeKa, TUIOMICIO TaCiHHS Ta YacoM JIOKasIi3arii.

Y  pobori [4] 3ampomoHOBaHO  cHCTEMa
nmoxkesxoracinast LY 100 Oeperscst sk mpukiIam, miob
NPEICTAaBUTH 3aCTOCYBaHHS MOXEXHOTO JApOHA UL
KOHTPOJIIO TOXEXi Yy BUCOTHHX OyauHkax. Hemomikamu
JJAaHOTO Croco0y TOXKEeKOTaciHHS €: Jopora BapTiCTh
JPOHY, CKJIAIHICTh YIPaBIIiHHI, MOTPEOYETHCS T0IaTKOBE
HaBYaHHS oOmeparopa ApOHA, TAKOX II0CTAa€ IHUTaHHS
JIOCTABKH JIPOHA JIO MICIIS TTOXKEKI.

ABTopamu [5] UBOro MOCHIDKEHHS MOJSATano B
TOMYy, 0O 3a0e3reunTH OOI3HAHICTh 1 PO3YMIHHS TOTO,
SK  TIOKEXKHO-PATYBaJIbHI  CIY’)KOM  BHKOPHCTOBYIOTH
TaKTHKy Y BHCOTHHMX OyIMHKaxX. Y IOCIHIIKEHHI TaKOX
OynM PO3MISTHYTI TPH MPUKIATU IOXKEXK y BUCOTHHX

OyomHKax y ABOX KpaiHax. Y po0Ooti [6] mpoBemeHO
nmapaMeTpuYHe IOCHTIKeHHS CTpaTeriii eBakyamii B 32-
MTOBEpPXOBill THUNOBIK o¢icHIN OyxiBmi mix dYac pi3HHX
CIICHApIiB BIUIMBY MOXeEXi. IMITYETbCSl pyX Iacaxupis 3
YCBIIOMJICHHSIM cHUTyarii Ta 0e3 Hboro. OIHIOETHCS
BIUIMB TaKUX KPUTUYHUX TapaMeTpiB, SK KUIbKICTh
MOBEPXiB, MIMPHHA LUIAXiB BHUXOXy, PO3TAallyBaHHS Ta
KUTBKICTh BUXOJIIB Ha MpoIlec eBakyarii. Yac, moTpiOHmit
MEIIKaHISIM JUIsl eBakyauii 3 OymiBil, OLIHIOEThCS 32
3BHYAHUX yMOB (1100 iMITyBaTH BIIpaBY €BaKyallil MpH
MTO’KEXK1) 1 32 PEaTiCTUIHOTO BILTUBY MOMKEXKI.

Hocnigaukamu 7] OIIIHIOETCS  TIOXKEKHE
HABaHTXEHHS Ta 3POCTAHHS IOXEXKI JIA CYYacHHUX
KUTIOBUX  KBapTUP, BHKOPHCTOBYIOUH pe3yJbTaTd
obcrexxenHst 50  OaraTomoBepXoOBHX ~— OyAWHKIB Yy
Cram0ymi, Typeuurna. OCHOBY JOCIIDKEHHS CKIIaal0Th
MOXEXKHI  HABAaHTAKEHHS Yy OKUTJIOBUX  KIMHATax,
CHAJIBHAX 1 KYXHSIX.

VY nocnimxenHi [8] mpoaHanizoBaHO 4ac MpuOyTTS
MOXEKHO-PIATYBAIBHUX MIAPO3AUIIB 0 MICIS TOXKEX B
BUCOTHI OyaiBii, 3alpONOHOBAaHO, MO0 MiHIMalbHA
BUMOra Oylla Takow: «IpUHAiMHI OIHA ITOXKEKHA
MallrHa 3 BOJIOIO Ta OJTHA aBTOAPAaOHHA TIOBHHHI IPHOYTH
Ha MICIIe TOXKeXi BHCOTHOI OYAiBIII MPOTIToM 4 XBHIIMH
(240 c)».

Astopamu [9] miei pobotu po3pobwimm miaxix mo
MOJICITIOBaHHSL ~PEATICTUYHOT BHITAJKOBOi IIBHIKOCTI
BuaiienHs tera (HRR), crBopenoro 3a momomororo
npouecy ["ayca.

Y [10] aBTOpamMM JOCHTIDKCHHS TIPOBEICHI B
HazBucoKii nikapHi (17 moBepx) y 2018-2019 pokax.
[Tpoekt Oyno moxineHo Ha aBa eramu: 1) Iligroroska 3D-
Mojeni  JKapHi 32 JIONIOMOTOI0  IPOrPamMHOTO
3abe3neueHHs s monemoBanHs 3D CAD; 2) Texnika
004nCITIOBANIBHOT T1IpOTMHAMIKI (CFD)
BUKOPUCTOBYETBCSL UL NPOTHO3YBAHHS  JMHAMIKU
MOKeXi (MOMMPEeHHS IUMY, PO3MIOAUT TEeMIIEpaTypH,
IIBUAKICT BUIUICHHS TeIUIa Ta 3arajbHa CHEpris) y
sikapHi 3a goromororo Fire Dynamic Simulator (FDS).

Y poboti [11] mera mOCHipKEHHs MoJyiAraja B
TOMY, 00 PO3pOOUTH cUCTEMY IHEKCIB
MIPOTHUIIOKEXKHOTO 3aXHCTY JUIst BUMIpIOBaHHS
BIIIOBIAHOCTI BHUCOTHHX JKHUTIIOBUX OyIMHKIB
MIPOTUIIOKEKHUM BHMoraM B emipati Illapmka, a Takox
pO3pOOHTH  CHCTEMY IHAEKCIB Ul  BHMIpPIOBaHHS
e(eKTHBHOCTI pearyBaHHs Ha IOXKEXKY, AKa ITOB’s3y€ J1Ba
1H/IeKCH, 1 9UM BHUIIUI piBEHB BiAMOBIIHOCTI, TUM OiNTbIIIE
IIAaHCIB Ha YCIIITHE pearyBaHHs.

OTxe, B pe3yNbTaTi OrAY JTepaTypPHUX IKEpe
[2-11] Oynu BusiBIeHI NUTaHHS, IIe HE JOCHIPKEHI
IHIIUMH aBTOPaMH, a camMe B3a€EMO3B’SI30K MK TaKUMHU
napameTpamH, SK IUIOIIA TIOXKEeXi, MOBepX Ji¢ BOHA
BHMHHMKIIA, Ta Yac JIOKaji3amii Takoi moxexi. Lle mo3Boise

chopMyIIOBaTH HACTYIHHHA HANPSMOK  JIOCIIDKEHb,
pe3ynbTar SKUX JIO3BOJIUTH BU3HAYUTH KUTBKICTh
BOTHETaCHOI PEYOBUHH, B 3aJICKHOCTI BiJl TOBEPXY

MOXEXi, MPY BUKOPUCTaHHI TaKTHKU TaCiHHS IOXKEX B
OararormoBepxoBUX  OymiBISIX  AWCKPETHOI  Iojadi
BOTHETaCHUX PEYOBHH Yy KOHTeiHepax [12].
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Micta MOXyTh 3HAa4HO  BIiAPI3HATHCA IO
YUCEJIbHOCTI HaCeJIeHHs Ta IO TePUTOPIi, IO BIUINBAE
Ha KUIBKICTh BUKIHWKIB MIAPO3AUIIB Ta Yac BUKOHAHHS
OKpeMHX  OIlepaTHBHUX poOiT. BpaxoByroum 1€,
HEOOX1THO MPOBECTH MO/ MICBKHX HAcCEJeHHUX IyHKTIB
Ha BIANOBIOHI TPYNM 3a YWCEJIBHICTIO HACENICHHS Ta
Ioniero tepuropii. Bkasane mociipkeHHS TPOBOIUIIOCS
Ha TPUKIAAI MICBKMX HAaceJIeHUX ITyHKTIB YKpaiHH.
3aranom Oyiu 310paHi CTAaTUCTUYHI 1aHi PO YUCENbHICTh
HACeNIeHHs] MIChKHX HAaceJeHHX ITyHKTiB Ta IUIOHy iX
Teputopiii. Bkazani cratucTidHi naHi OynmM oTpuUMaHi 3
odimifHuX calTiB ['OJOBHUX yNpaBIiHb CTATHCTHKH B
obmacTsax Ta oQimiifHUX calTiB MICEKHX pai. 3arajoM s
JocHikeHHs Oynu BimiOpani mami mpo 176 MichKHX
HaceJleHNX MYyHKTiB YKpaiHu. [lomin HacereHNX MyHKTiB
HAa TPYOH MPOBOJUBCSA 13 BUKOPHUCTAHHSIM METOIIB
KJIacTepHOTo aHamizy. Uepe3 Te, IO CTATHCTUYHI JaHI
JUISL TIPOBEJCHHS aHali3y Mald pi3HI PO3MIpHOCTI, Ha
repuioMy etari OyJno TpOBEIEHO HOPMYBAHHS JIaHHX.

03HaK KIacTepu3alii 0yino oOpaHo e€BKIIIOBY METPHKY, a
3 MeTor TOoOyIOBM iepapXidHOi CTPyKTypu OyB
BHKOpHUCTaHWA MeTon Bapma. 3a MpHHIMIIOM HAOYHOCTI
KJIacThpu3amii 3a JACHAPOTrpaMoOr OyJo BH3HAYCHO
KUIBKICTh KiacTepiB. IX KinbkicTh ckimana wotupu . Ha
TPEThOMY €Talll JIOCHiPKEeHb OYJIO IPOBEIEHO TEePEBIPKY
TOYHOCTI OTPHMaHHMX 3a pe3yJlbTaTaMH l€papXidyHOTO
KJIACTEPHOTO aHaJi3y pe3yNbTATiB LUIIXOM BHKOHAHHS
MOBTOPHOTO aHaJ3y 3 BHUKOPHCTaHHSAM 1TE€PaTHBHOTO
METOIy TpyIyBaHHS k-cepemHix. Miporo BifcTaHi s
O3HAK KJIacTepu3alil IiJ Yac BHKOPHCTAaHHS BKA3aHOTO
METOJy TpYyIyBaHHs Oyla TaKkoX €BKJIiJOBa METpHKa. B
pe3ynpTaTi MpOBENEHHS I[hOTO aHami3y Oyllo BHKOHAHO
IPYIlyBaHHS MICBKHX HACEIEHHMX ITyHKTiB YKpaiHH Ha
YOTUPH TPYNH 3a YUCENBHICTIO HACENEHHS Ta IUIOLICIO
TepuTopii. Pi3HWIS MK BH3HAUSHHMH KJIacTepaMu 3a
KpHUTEpiEM €BKIIIOBOI BificTaHi HaBelneHa B TaoOu. l.
YucenbHICTh HACEJICHNX MyHKTIB M0 BU3HAYSHUM TpyIaM
Ta cepe/Hi 3HAYCHHS i Cepe/iHE KBaIpaTHYHE BiXUIICHHS

HacTymHuii etanm IOCHiKCHb MependayaB TPOBEICHHS  IOKA3HHWKIB 32 SKHMH IPOBOIWIOCS — TPYITyBaHHS
iepapXi4HOTO  KJAcTEepHOTO aHalizy 3 10O0yHOBOIO  HaBezieHi B Talu. 2.
BEePTHKAIBHOI IEHAPOTpaMu. Y SIKOCTI MipH BiJCTaHi IS
Tabmms 1 — EBkiinoBa BiIcTaHp MK KJacTepaMu
Howmep xnactepy 1 3 4
1 0 42,5447 74,9984 68,1881
2 6,52263 4,88304 3,63132
3 8,66016 2,20976 0 0,23931
4 8,25760 1,90560 0,48919 0

Tabnuus 2 — PesynbTaTi MpoBeJCHHS KJIACTEPHOTO aHAJI3y iITepaliiiHIM METOIOM k-CepesiHiX

Howmep knactepy KinbkicTh Cepennst Cepenne Cepenns mioma Cepenne
HacCeJIeHnX YUCENbHICTh KBaIpaTHIHE MicT, KM?2 KBa[paTHYHE
MYHKTIB, SKi HaceJIEHHs MICT, BIIXUIICHHS BiAXWICHHS
BXOJISITh Y TPYITY YOJIOBIK MOKa3HUKA MMOKa3HHKa
YUCENBHOCTI IJIOMI MICT,
HAaCeJIEHHS MICT, KM?
YOJIOBIK
1 1 2965255 - 836 -
2 12 682725 366233 366,3 118,1
3 15 80207 30122 92,9 222
4 16 280365 60002 95,2 35,6

B cknan nepioro kinactepy BBIMIIUIO TINBKU OJTHE
micto — KwuiB. B ngpyruii kimacrep BBIHIDIM MIChKI
HACEJICHI MyHKTH 3 YMCENIBHICTIO HacejaeHHs Bim 316492
J0 1048958 4omoBik Ta mmioriero Bix 248,2 mo 484,4 km2.
Jlo nux MicT Halexath, Hampukiaa: Xapkis, Opmeca,
JIbBiB, Jlyrancek, JHouenpk, [uinpo Ta iH. Tperiii
KIIACTep CKJIAJAal0Th MiCBbKI HAaceleHI MyHKTH 3
yHrcenbHICTIO HaceneHHs Big 50085 mo 110329 vonosik Ta
wromero Big 70,7 mo 115,1 km? Jlo wmi€l rpymu wmict
Bpitinum: bBaxmyr, bepmsuacek, JoBxaHchK, IpIiHb,

Jlucuuancek, Cenmunmose, I[loxpoB Ta iH. UYerBepruii
KJacTep CKIQNAlOTh MICbKI  HAaceleHi TMyHKTH 3
yrcenbHicTI0 HacenaeHHs Bifg 220363 no 340367 4onoBik
Ta Tiomiero Big 59,6 mo 130,8 kM2  MickkuMHu
HaceJIeHHMMH MYHKTaMHU, sIKi BBIMILIUTH 10 1IbOTO KIlacTepy,
Hanpukian, €: Binawis, JXuromup, IBaHO-DpaHKIBCHK,

Kpemenuyk, Pisue, IlontaBa, Mapiymons, Cywmu,
YepHiris Ta iH.
Hactymanm  kpokoM — Oyio  OmpalfoBaHHS

CTaTUCTUYHHUX JaHHUX, SKi XapaKTepu3ylOThb IpOIEC
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TaciHHSA TOXKEX aBaPiHHO-PATYBAUTEHUME (HOPMYBAHHIMHI
Mict. [Jlani Oynu B3STi 3 €IEKTPOHHOI CUCTEMH BEIICHHS
o0JIiKy MOXEX Ta IX HACHIJKIB, 5SIKa BHKOPHUCTOBYETHCS
JCHC Ykpainu. 3 K0xHOI rpyIu MicT OyIo BigiOpaHo no
OJTHOMY HACEJICHOMY IYHKTY 1 JaJli TI0 HUM OIpaIlbOBaHI
JaHi moa0 noxex 3a nepion 2020 poky. s npoBeaeHHs
JOCIi/KeHb Oynu BiniOpaHi HAacTyHHI MIChKI HaceJeHi
mynkta: KuiB (1-# xmacrep), XapkiB (2-# kiacrep),
Bepnancek (3-it xiacrep), [Tonrasa (4-if kinactep).

OO0roBopeHHs pe3yJbTaTiB

Y Tabn.3 BkazaHi [OaHI M0N0 TIOBEpXiB, 1€
BHHUKJIA MTOXKEXKa, TUIOMII ITOKEeX1 Ta Jacy JiKBimarii.

I'padiuni pe3ympTatt OOpPOOKH CTaTUCTUIHUX
JaHuX y M. XapKoBi IM0JjaHo Ha puc. 1.

Amnanizyroun rpadiuHy 3aJIeKHICTb, SKa M0J[aHa Ha
pHUCYHKY 1, BCTaHOBJIEHO, IO JUIsi M. XapKiB XapakTepHe
30UIBIIEHHS 4Yacy JIOKadi3awlil IMOKeXi, Ta BiJIOBIIHO
30LIBIICHHS 11 TUIONII, MPH MiABUIICHHI MOBEPXY OYIiBIIi.
Yac nokamizanii mpu BHHUKHEHHI Ha 1 moBepci OyniBimi
CTaHOBHUTH ONMU3bK0 10 XB, a TUTOIIA MMOXKEXKI MPUOIH3HO

6 M>. Y pa3i BUHHKHEHHS MOXexXi Ha 9 moBepci yac
JIOKaJTi3amii Ta MyIoma MmokexXi 301IbIIy€eThCs Maike y 3
pasu, Ta ctaHOBUTH 27 XB. [loma mokexi BiAMOBITHO
30UIbIIyeThCS NPUOIM3HO y 3,5 pasu Ta CTAaHOBHUTH
Maibke 20 M°. OTxke pe3yIbTaTH CBiZ4aTh, IO MpH
IiIBUIIEHHI BUCOTH ( TIOBEPXY ) 3pOCTa€ Hac JIOKamizamil
1 TJTOIIA TTOXKEXI.

I'pagiuni pe3ynpTaTd OOPOOKH CTATUCTHIHHX
nmanux y M. KuiB nmogano Ha puc. 2.

I'pagix Ha prc. 2 CBiTUNUTH, IO Yac JOKAJi3allii Ta
IUTOIIA TIOKEXI MAarOTh XapaKTEPHICTh 30LIBITyBaTHCS
TIpYU TiIBHIICHHI PiBHA (MIOBEpXY) A€ BUHUKIA ITOXKEXKA.
BceranoBiaeno 1m0 HaWOUIRIIMIT  4Yac  JIOKaii3aril
CIIOCTEpiraeThCs MpHU BUHUKHEHHI MOXKeXXi Ha 9 moBepci
Ta CTAHOBMTHL Maiike 24 XB, IUIOIIA ITOXKEXKI BIAIOBIIHO
cknamae 254 >  Tlpu 3HmkeHHi piBHA (IIOBEpXY)
BUHHMKHEHHSI TIOKEXI Yac JIOKamizalil 3MeHIIyeTbes y 4
pasu Ta cTaHOBHUTH 6 XB. [l0I1a MoXKexXi 3HIKYETBCS Y 6
pasiB, BianoBinHo Bix 25 M” 110 4,3 M.

I'pagiuni pe3ynpTatd OOPOOKH CTATUCTHIHHUX
JaHux y M. bepasiHcpk monaHo Ha puc. 3.

Tabnwms 3 - PesynpraTtit 00pOOKM CTATUCTUIHUX JaHUX

XapkiB Kuis
IToBepx Yac nokamizani | Ilmoma moxxexi IToBepx Yac nokamizani I[Tormma moxesxi

1 10,2 5,86 1 6,2 4,3

2 11,2 10,07 2 7,2 6,16
3 14,3 9,97 3 8,1 6,54
4 14,8 10,3 4 8,6 9,9

5 15,3 13 5 9,5 11,2
6 23,7 15,79 6 13,4 15,4
7 24,3 16,2 7 16,2 17,2
8 26,1 17,3 8 19,3 21,3
9 27,3 20,1 9 234 25,4

bepasHcpk ITonraBa
[MoBepx Yac nokamizani | ITmoma moxexi [oBepx Yac mokamizamni IToma moxexi

1 6 3.3 1 10 6,25
2 5 52 2 12,25 8,1

3 8,5 11 3 13,5 9,3

4 9,75 11,2 4 15,6 11,2
5 11,1 13,2 5 17 14,1
6 23 16,3 6 20,2 16,4
7 28 20,5 7 24 18,1
8 29 22 8 24,5 19,2
9 27,2 20 9 25 22,1
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XapkiB
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2
s 25
g .-
5 % 20
S £1s
= = B Yac nokamizaii
= 10
g B [Tnomia mosxexi
E

5 6 7 8 9

IoBepx

Puc. 1 - 3anescnicme naowi ma uwacy noxanizayii nosicesxci 810 nosepxy, 0e 60Ha GUHUKILA, M. XapKie

Kuis

30
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20

15
10

B Yac nokaizari

Ilnomia Ta yac Joxajizamii
osKekKi

5 -

B [Tomia moxexi

5 6 7 8 9
IoBepx

Puc. 2 - 3anescnicme niowi ma uacy noxanizayii noscedici 8i0 nogepxy 0e oHa sunukida, m. Kuis

Bepasucbk

5 35

2

5 30

g

=g 2

]

25

g =15 B Yac nokanmizanii
<

g 10 B [[n01ma moxKexi
= s

=

5 6 7 8 9
IToBepx

Puc. 3 - 3anescnicmo niowi ma wacy noxanizayii noscedsxici 8i0 nosepxy oe 60Ha 8UHUKIA, M. Bepoaucok

OO0OpoOKka CTaTUCTHYHHMX JAHUX y M. bepasHCchk
(puc. 3) no3Bosmiia BCTAaHOBHTH, 3 IMiJBUIIECHHS MOBEPXY
JIc BUHUKAE TOXKEKa, 3pOCTAIOTh TAKOXK 1 Yac JOKasi3arlil
noxexi Ta 1 mioma. BianoBigHo yac nokamizauii mpu
BUHUKHEHHI Ha | moBepci OyaiBii CTaHOBHUTH OJM3BKO 6
XB, a IUIOmA HOXKexXi  npubamsao 3 M°. YV pasi

BUHHMKHEHHsI TMOXEXI Ha § moBepci yac Jiokamizamii Ta
Ioma Moxexi 30uiblryeThbess Maibke y 4 pasu, Ta
craHoButh 27 xB. Ilimoma moxkexi  BIAMNOBIZHO
36ibIIyeThCs Maibke y 7 pasiB Ta CTaHOBUTH 22 M.

I'pagiuni pe3ympTatét O0OpPOOKH CTATUCTUYHUX
nanux y M. [lonraBa nogano Ha puc. 4.
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IToaraBa

30
25

20
15

10

1 2 3 4 5

Ilioma Ta yac JokaJizamii moxexi

IIoBepx

B Yac jpokanmizami

H [Tnoma

Puc. 4 - 3anescnicmo niowi ma uacy roxanizayii nosicesici 6i0 nosepxy oe oHa sunuxia, M. Illonmasa

Y M. IlonraBa (puc. 4) TakoX CIOCTEPIraeThbes
30UIBIIEHH] Yacy JIoKajIi3amii MOoXKeXi Ta IO TOPiHHS,
IIPY TiJABHUIIEHH] PiBHS (IOBEpXY) /€ BUHHKIA MOXEXa.
TakuMm 4iMHOM HaIMEHIIIa TUTOIA TOPIHHS Ta HAWHVDKYIHMHA
yac JIOKami3amii CrHocTepiraeThcss Ha 1 TmOBepci,
BigmoBigHO 6,25 M> Ta 10 x8. V pa3i BUHUKHEHHS
mokeXki Ha 9 moBepci yac Jokamizamii CTaHOBHTH 25 XB,
mo y 2,5 pa3su Oimpme HiK Ha 1 moBepci. CTOCOBHO
IUIOIII TOPiHHA, BOHA BiANOBITHO 30inbImMIace y 3,5 pasu
Ta CTAaHOBHTH Maibke 22,1 M.

BucHoBkn

[IpoBeneHo monin MiCHKMX HAacEJICHUX MYHKTIB Ha
BIJIMOBI/IHI TPYNH 32 YNCEbHICTIO HACEJICHHS Ta IUIOLICIO
TEpUTOpii i3 BHUKOPUCTaHHSAM METOJIB KJIACTEPHOTO
aHamizy. OmnpampoBaHO ~ CTATUCTHYHI  JaHi,  SKi
XapaKTepu3yloTh TMpOIeC TaciHHS TNOXeX aBapiifHO-
pATYBaTbHUMH (POPMYBaHHAMH MiCT. 3 KOXXHOI TPYITH
MicT Oymo BimiOpaHO MO OJHOMY HACENCHOMY IYHKTY i
Jaii M0 HUM OMpalboBaHi JaHl MO0 MOXKEXK 3a Mepiof
2020 poky. Jlyst mpoBeACHHS OOCTIIKEeHb OyJIH BigiOpaHi
HACTYIHI Michbki HaceneHi myHkTu: Kui (1-ii xiacrep),
XapkiB (2-ii  kmacrep), bepmsHcek (3-H  kiacrep),
[TonTaBa (4-i knactep).

BceraHoBneHO B3a€MO3B’A30K 3B’A3KY HACTYMHHX
rapameTpiB:

- IDIOIIA TOPiHHS;
- oBepX OyAiBIIi;
- Jac JoKami3aril MmoxKexi.

Jns xoxHOro 3 MicT, mo Oymm o0pobieHi
CIIOCTEpIraeThCsl 3pOCTaf0¥a TUHAMIKa CTOCOBHO IDIOIII
MOXKEXKI Ta vacy JoKamizalii Npu MiIBUIIEHHI pPiBHA
(moBepxy) ae BuHUKIA oxexka. OTpUMaHi cTaTHYHI AaHi
CBigyaTh IO IUIOIIA MOXKEXI Ta dYac JgoKai3aril
30UIBIIYETHCSL Yy cepenHboMy Bif 3,5 1o 6 pasie, 10
3YMOBIIIOE HEOOXIIHICTh 3MEHILIEHHS Yacy JIoKali3alii 3a
paxyHOK ToOja4i BOTHEraCHHX pPEYOBHH Y KOHTEHepax
(xaricynax) 30BHI OyxiBenb. Pesynprar asamizy maHux
HaJla€ MOXKJIMBICTh pO3paxyBaTH KUIBKICTH HEOOXimHOI
BOTHETaCHOI PEYOBHH IIiJ] 9aC BUKOPUCTAHHS AUCKPETHOT

JIOCTAaBKM  BOTHETAaCHHUX pPEYOBHH Yy  KOHTeHHepax
(karicynax). Pesynprar aHamizy JaHuMX Hagae Hao4HE
PO3YMIHHS  HCOOXITHOCTI  yMOCKOHAIICHHS  HasBHHUX
3ac00iB 1 CmOCOOiB (TakTWKHM) TaciHHS TOXEXK Yy

OaraTomoBepxoBHX OymiBmsax. Hamm 3ampomoHOBaHO B
OCHOBY TAaKTHKH TaCiHHS IMOXEX y 0araTornoBepXOBUX
OyIMHKaX BHKOPHCTOBYBATH IMITYyJIbCHHH BOTHETaCHUK
Taitdyn-10, sxuif nepepobIeHO y MHEBMAaTHYHY TapMaTy
UL JUCKPETHOI JOCTaBKM BOTHETACHHX PEYOBHH,
MOMIIIICHUX Yy CIeIliadbHuii KoHTekHep. JluckperHa
JIOCTaBKa BOTHETAaCHUX PEYOBHH Yy KOHTEWHepi J03BOJIsIE
CKOPOTHTH 4ac JIoKaji3amii moxex y 0ararornoBepXxOBUX
OymiBIsIX 3a paxyHOK OINEPaTHBHOCTI pO3rOpTaHHS
YCTAaHOBKM Ta TOYHOI T0/a4i B BIKOHHMH OTBIp
0e310cepeIHbO B OCEPEIOK MOKEXKI.
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EFFECTS OF AGARICUS BISPORUS AND FLAMMULINA VELUTIPES
MUSHROOMS ON QUALITY OF CHICKEN BATTERS

T. FOTINA", XIONG ANQF*, 0. KOSHEL’, S. SABADASH’, R. YANKOVSKIY’

Faculty of Veterinary Medicine, Sumy National Agrarian University, Sumy, UKRAINE
2School of Food Science, Henan Institute of Science and Technology, Xinxiang, CHINA
*Faculty of Food Technologies, Sumy National Agrarian University, Sumy, UKRAINE
*e-mail: eshkina97@gmail.com

ABSTRACT It was noted the modern tendencies of the cultivated mushrooms using as a fat substitutes in the technology of low-fat
meat products. It was states that variety of low-calorie, low-fat foods have come to the fore, and quickly become the mainstream of
the future development of food. The mushrooms are worldwide cultivated and rich in protein, vitamins, dietary fiber, amino acids,
polysaccharides, minerals, but low in fat and calories In order to develop low-fat meat products, the compound of Agaricus bisporus
and Flammulina velutipes mushrooms were used as fat substitute to replace the pork-back fat in chicken batters. The amino acids
content of these mushrooms allows receiving a nice flavor and can be use in the minced meat. It was use a chicken meat as a well-
liked raw material for emulsified products. For preparation of meat batters was used chicken breast, salt and sodium
tripolyphosphate. The chicken meatballs were prepared with the cultivated mushrooms as fat-substitutes.The mushrooms were
compounded to replace fat in chicken batters, and the effect of compounding these mushrooms on the quality of chicken mince was
investigated to find the optimal ratio of fat replacement. The cooking loss, water holding capacity, color, texture and rheological
properties of chicken batters were studied. The results showed that the compound of Agaricus bisporus and Flammulina velutipes
improved the texture, increased the water holding capacity, redness and yellowness, and reduced the cooking loss and brightness of
chicken batters. When the ratio of Agaricus bisporus and Flammulina velutipes was 2:1 to replace 30% pork-back fat, chicken
batters showed the best quality. In conclusion, the combination of Agaricus bisporus and Flammulina velutipes is a promising fat
substitute in the development of low-fat meat products.

Keywords: cultivated mushrooms; Agaricus Bisporus; Flammulina velutipes; chicken meat, fat

BIIJIMB I'PUBIB AGARICUS BISPORUS I FLAMMULINA VELUTIPES HA
AKICTb KYPAYOI'O PAPITY

T. I. ®OTIHA", A. CHOHI?, O. IO. KOLIEJIB’, C. M. CABAJIAIIP, P. B. IHKOBChKHI’

; . . . . s .
Dakynvmem semepunapHoi meouyuru, Cymcovrull Hayionanvrul aepapruil ynigepcumem, Cymu, YKPAIHA
2 . .. . . o
Koneoxc xapuoeoi nayku, Xenanvcokuii incmumym nayku i mexnonozii, Cincano, KUTAU
3 i N . . s .
Daxynemem xapyosux mexronoeiti, Cymcoruti nayionanvuuti acpapruii ynisepcumem, Cymu, YKPAITHA

AHOTALIA Poszensinymo cyuacHi meHOeHYyii 6UKOPUCMAHHS KYIbMUBOBAHUX 2pUbie sIK JHCUPO3AMIHHUKIE Y MEXHOA02H M SICHUX
NPOOYKMi6 3i ZHUIICEHUM 6MICIMOM dicupy. Bcmanosneno, wo pisHOMAHIMHICIb HU3bKOKAIOPIUHOL IICI 3 HUZLKUM 6MICHIOM JICUpPY
GULUIA HA nepuuil WIaH | WEUOKO CMAd OCHOGHUM HANPIMKOM MAuOymHb020 pOo36UMKY Xap4ogoi npooykyii. I'pubu, ski
BUKOPUCMOBYBANUCS NIO 4AC OOCHIOJNCEHHs, KYIAbMUBYIOMbCS 6 YCboMy cimi ma 0Oazami OIIKOM, GIMAMIHAMU, XAPYOGUMU
B0JIOKHAMU, AMIHOKUCIOMAMU, NOAICAXAPUOAMU, MIHEPATAMU, NPOTEe MAIOMb HUSLKUL BMICI JHCUPY Ma HEeBUCOKY Kalopitnicmy. /s
PO3POOKU M ACHUX NPOOYKMI6 3a 3HUNCEHUM 6Micmom ocupy cymiw 2pubie Agaricus bisporus ma Flammulina velutipes
BUKOPUCOBYBANAC OISl 3AMIHU CEUHAYO020 JHCUPY 8 Kypsayomy @apwi. Bmicm aminokuciom y epubax 0036018€ ompumamu
npueMHUIl cmMax i euxopucmosgyeamu ix y ¢hapwi. Byno euxopucmano Kypsue m'sico, sK NONYAAPHY CUPOBUHY OISl eMYTbe0BAHUX
npooykmie. [ns npucomyeanms MSCHO20 dapuiy SUKOPUCTIOBY8ANU KypAuY 2pyoKy, cine i mpunonigpoccpam wnampino. 3
BUKOPUCTNAHHAM KYIbMUBOSAHUX 2PUOI8, K JCUPOZAMIHHUKA, OYU 8ucomosneni Kypaui pukadenvku. I pubu 6yau sukopucmani ons
3amMiHU JICUPY 8 Kypsauomy hapuii, 610 00CIIONCEeHO Gnaus cymiuii epubié Ha AKiCmb Kypsuo2o apuiy, 3 Memoio GU3HAYeHHs
ONMUMANBHO2O ~CNiggiOHOWeHHsT makoi 3aminu. byno eusueno mennosi empamu, 6000YMPUMYBANLHY 30AMHICMb, KOTID,
KOHCUCMENYII0 Ma peonociyHi enacmusocmi Kypawozo gaputy. Pesynomamu noxkazanu, wo cymiw Agaricus bisporus i Flammulina
velutipes noxkpawuia mexcmypy, 30i1buuna 8000YMPUMYBATbHY 30AMHICMb, KONIPHI XAPAKMEPUCTNUKY, d MAKOHNC 3MEeHWULa
empamu npu meniosii oopodyi ma Ackpagicmv Kypsuoeo gaputy. Bemanoenerno cniggionowenns Agaricus bisporus i Flammulina
velutipes, wo cmanosuno 2:1 ona 3aminu 30% ceunaw020 dHcupy, Koau Kypauuii apui eusaeus nausuwyi nokasHuxu akocmi. Taxum
yunoM, noeonanust Agaricus bisporus i Flammulina velutipes € nepcnekmusHum 071 3aMiHU JCupy npu po3pooyi M ACHUX NRPOOYKMIE
31 3HUIICEHUM EMICTNOM JHCUD) .

Knrouogi cnosa: xynvomusosani epubu; Agaricus Bisporus; Flammulina velutipes; m’sco Kypxu; sicup

Introduction nutrients in food, fat provides human body with the

nutrients they need, but excessive intake of fat can lead to

Health issues become particularly important with  hypertension, myocardial infarction, stroke and other

the development of society. As one of the three major  serious disecases and also easily lead to metabolic
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syndrome, neuropsychiatric disorders and other diseases
in obese people. Therefore, a variety of low-calorie, low-
fat foods have come to the fore, and quickly become the
mainstream of the future development of food [1].
However, fat has important influence on the physical
properties of food, such as appearance, flavor, texture and
rheology during food processing, the reduction or removal
of fat will result in significant decrease in food quality. In
view of this, the use of fat substitutes to develop and
produce low-fat products that are as consistent as possible
with the taste of traditional full-fat products has become a
major development trend in the production of low-fat
food products, showing great challenges and development
potential [2].

Agaricus Bisporus (Ab) and Flammulina velutipes
(Fv) mushrooms are cultivated worldwide and rich in
protein, vitamins, dietary fiber, amino acids,
polysaccharides, minerals, but low in fat and
calories [3,4].

One of the most well-liked emulsified meat items
around the world is chicken products. Typically, a
chicken sausage comprises 20-35% fat, which is
crucial for the water holding capacity, cooking loss,
flavor, colour and textural qualities of emulsified
products [1]. In this study, for the first time, Ab
and Fv mushrooms were compounded to replace
fat in chicken batters, and the effect of compounding
Ab and Fv mushrooms on the quality of chicken mince
was investigated to find the optimal ratio of fat
replacement. Many studies have demonstrated that
proteins and dietary fibers contribute to the formation of
the gel system of minced meat[5,6]. The abundance of
amino acids in Ab and Fv mushroom also adds flavor to
minced meat. Therefore, Ab and Fv mushroom should be
ideal fat substitutes. The results of this study can be used
as a reference for the development of low-fat meat
products.

The purpose of the work

The goal of the work is investigation of Agaricus
bisporus and Flammulina velutipes as a valuable raw
materials for fat substitutes in meat products.

Materials and Methods

Materials. Fresh chicken breast meat, pork-back
fat, Agaricus bisporus (Ab) mushroom, Flammulina
velutipes (Fv) mushroom, sugar, white pepper powder,
sodium polyphosphate were obtained from Silpo
Supermarket, Sumy, Ukraine. Methyl silicone oil was
analytically pure grade.

Raw material treatment. 4> and Fv mushrooms
were washed, dried (45°C for 12 h) and ground. 4b
powder sieved through a 200 mesh sieve and Fv powder
sieved through a 40 mesh sieve. The excess fat and
connective tissue of the fresh chicken breasts and the
excess connective tissue of pork-back fat were removed,
and then chicken breasts meat and pork-back fat were

placed into vacuum bags respectively after being
ground separately using a grinder with a 6 mm perforated
plate, (MM-12, Guangdong, China).Then they were
stored at -40°C.

Chicken batters preparation. The chicken
meat and pork-back fat were thawed. The preparation of
meat batters was carried out in an ice water bath as
follows: chicken  breast, salt and sodium
tripolyphosphate were mixed in a cutter bowl (Joyoung
S2-A808, Jinan, China) for 30 seconds. After a 3-minute
break, the One-third of the ice water was added, and
the mixture was then chopped for 30 seconds. Pork-back
fat, Ab and Fv mushroom powder, white pepper
powder, sugar, one-third of the ice water were added,
and the mixture was then chopped for 2 minutes after
a 3-minutes pause. Finally, the remaining one-third
of the ice water was added, and the mixture was
then chopped for 1 minute after a 3-minutes pause.
The meat batters was placed into a 50 ml centrifuge
tube and centrifuged at 500 x g for 5 minutes to
remove the residual air. The rheology was determined
for the raw meat batters after the above treatments. The
rest of the meat batters was boiled at 80 °C in a
constant-temperature water bath for 30 minutes, and
then cooled in the ice-water bath for 20 minutes. The
cooked chicken batters were taken out for the
determination of cooking loss, water holding capacity,
color and texture.

Determination of cooking loss (CL). According
to Choe et al. [7] with a slight modification, m; gram of
raw chicken batters wad placed into a 50ml centrifuge
tube and cooked at 80°C. Next, the cooked chicken
batters were weighed to obtain m, after absorbing the
surface moisture with absorbent paper. Finally, the CL
was calculated according to the following formula. For
each formulation, the measurement was performed
three times.

ml —m2

1
7 X100 (1)

CL (%) =

Determination of water holding capacity
(WHC). According to the method of Wang et al.[8] with
a slight modification, about 10 g (m1) of cooked chicken
batters was wrapped in absorbent paper and placed into a
50 mL centrifuge tube and then centrifuged at 8000 r/min
for 10 minutes. Next, cooked chicken batters was
weighted after removing the absorbent paper to obtain m,.
For each formulation, the measurement was performed
three times.

Determination of color. According to the method
of Zahari et al.[9] with a slight modification, the cooked
chicken batters was cut into 2 cm cylinders. The colour of
its center part was measured with CR-400 color meter,
and the L* value, b* value and a* value were recorded.
Where L* represented the brightness, a* represented the
redness, and b* represented the yellowness. The colour of
the Standard white colorimetric plate was L*=96.15,
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a*=(0.70, b*=1.83. For each formulation, the measurement
was performed five times.

Determination of texture profile analysis
(TPA). According to the method of Li et al. [10]
with a slight modification, the cooked chicken batters
was cut into 2 cm small cylinders, and the hardness,
springiness, cohesiveness and chewiness of chicken
batters were measured by a texture analyzer with a
P36R probe at 20°C. The texture properties of the
sample were determined according to the following
parameters: compression ratio, 50%; pre-test rate,
2.0mm/s; test rate, 2.0mm/s; post-test rate, 5 mm/s;
test time, 5 s; trigger force, 5.0g. For each
formulation, the measurement was performed three
times.

Determination of rheological properties.
According to the method of Xu et al.[11] with some
modification, an appropriate amount of raw chicken
batters was placed on the sample table of rheometer
with a probe of p35TiL and a gap of 1 mm and
sealed with silicone oil. Dynamic temperature scanning
was carried out in the linear viscoelastic region of
oscillation mode and 1% strain. Dynamic temperature
scanning conditions as follows: the sample was held at 20
°C for 2 min; Heating procedure, 20~80 °C; heating
rate, 2 °C/min. During the heating process, the sample
was continuously shear in an oscillating mode and at a
fixed frequency of 0.1 Hz, and the change of the storage
modulus (G") during the dynamic scan was recorded. For
each formulation, the measurement was performed
three times.

Statistical analysis. The one-way ANOVA and
means comparison test (Duncan) were used to examine
the impact of the various formulations using SPSS 20.0
(IBM) statistical software, and the significance threshold
was set at 5%. The data was expressed as mean + standard
deviation.

Results and analysis

Effect of Ab and Fv mushrooms on the CL of
chicken batters. Table 1 shows the effects of
different proportions of 4b and Fv mushrooms on the CL
of chicken batters. As can be seen from Table 2,
compared to CK, the CL of chicken batters decreased
significantly when adding Ab and Fv mushrooms

(P <0.05). There was no significant difference between
the CLs of Ty, T,, T; (P>0.05). Meanwhile, T, had a

significantly lower CL (P <0.05). The low CL were

attribute to the rich dietary fiber in the mushrooms, which
has the ability to absorb water, showing high water
retention [12].

Effect of Ab and Fv mushrooms on the WHC
of chicken batters. Table 2 shows the effects of
different proportions of Ab and Fv mushrooms on
the WHC of chicken batters. As can be seen from
Table 3 that WHC increases gradually with the

increase of the amount of Ab and Fv mushroom. WHC
of T, group was significantly lower than that of CK

group (P<0.05), ie., the WHC of batters with

only the addition of Ab decreased. WHC of T, and
T; groups was not significantly different from that of

CK (P>0.05), WHC of T, group was significantly

higher than that of CK(P <0.05). Ab and Fv mushrooms

are rich in dietary fibers and carbohydrates. Dietary
fiber dispersed in water can form a spherical gel
solution, which can effectively enhance the water
retention of chicken batters; carbohydrates combined
with water molecules to form a reticulated gel that
can retain a large amount of water[10]. This study
showed that the addition of Ab and Fv compound
effectively  enhanced the WHC  of  chicken
batters.

Effect of Ab and Fv mushrooms on colour of
chicken batters. Table 3 shows the effects of
different proportions of 4b and Fv mushrooms on
the colour of chicken batters. From Table 4, it can be
seen that the addition of A4b and Fv mushrooms
complex decreased the brightness (L*) and increased
the yellowness (b*) and redness (a*) of chicken
batters. As the amount of Ab and Fv mushrooms
increased, the brightness decreased significantly

(P <0.05), and the yellowness and redness did not change

significantly(P > 0.05). The main reason for this was

the browning of Ab and Fv mushrooms during
drying, which deepened their color and accordingly gave
them a low brightness and high redness and
yellowness [13].

Effect of Ab and Fv mushrooms on the TPA of
chicken batters. Table 3 shows the effects of
different proportions of A4b and Fv mushrooms
on the TPA of chicken batters. From Table 4, it
can be seen that 4> and Fv mushrooms changed the
TPA of the chicken batters. The hardness and
chewiness of the chicken batters increased

significantly (P <0.05) with the increase in the amount

of Ab and Fv mushrooms, but there was no significant
difference in chewiness between the T3 and T4

groups (P >0.05). Springiness was significantly

increased in T, group compared to CK (P <0.05).

The increase in hardness, chewiness and elasticity
should be relative to the increased WHC and
decreased cooking loss of the chicken batters due to
the dietary fiber in the mushrooms [14]. The
significant decrease in the cohesiveness of T; and Ty
groups compared to CK attribute to the ash contained
in the mushrooms [6]. Taken together, the T, group
showed improved firmness, chewiness and
springiness ~ without decreasing the cohesiveness
of the chicken batters, and the T2 group was the
most effective in improving the TPA of the chicken
batters.
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Table 1 — Cooking loss of chicken batters

Treatments CK T1

T2 T3 T4

Cooking loss /% 2.98+0.25a

2.45+0.22b

2.2340.11b | 2.09+0.21b | 1.61+0.20c

a-« Means within a line with different letters are significantly different (p < 0.05)

Table 2 — WHC of chicken batters

Treatments CK T,

TZ T3 T4

WHC/% 93.10+0.25bc | 90.63+0.09d

92.77+0.20c | 93.63+0.45b | 94.55+0.37a

a-d Means within a line with different letters are significantly different (p < 0.05).

Table 3 — Colour of chicken batters

*

*

*

Treatments L a b
CK 87.89+0.30a 0.13+0.10b 12.63+£0.47b
T, 69.01+£0.58b 2.77+£0.19a 16.46+0.41a
T, 68.34+0.59b 2.58+0.14a 16.21+£0.26a
T; 64.63+1.14c 2.39+0.26a 16.69+0.25a
Ty 61.76+0.38d 2.75+0.10a 16.25+£0.21a

Effect of Ab and Fv mushrooms on the G' of
chicken batters

Myofibrillar ~ proteins and  protein-protein
interactions, particularly those involving the myosin
protein, are constantly changing processes that are
reflected in dynamic rheological properties. These
processes are strongly related to the intramolecular
and intermolecular binding in protein molecules. The
matrix strength and elastic characteristics of the meat
gel network are indicated by variations in the storage

25000

20000

= 15000 -
&

7 10000 -

5000 A

0 :

modulus (G') [15]. As can be seen from Fig. 1, the
changes of G' of chicken batters with different
amount of Ab and Fv mushrooms had a similar
trend, which was roughly divided into five stages. G'
increased slightly (21~25 °C); G' slowly decreased
(26~53 °C); G' continued to increase (54~59 °C) ,
the myosin head polymerization in chicken batters
made the reaction between proteins to form a weak
gel in this stage[16]. G' appeared to fall sharply to

20 30 40

50 60 70 80 90

Temperature / °C

—+—CK —&—TI

—&— T2 T3

*

T4

Fig. 1 — G' of chicken batters

reach the bottom (60~63 °C) due to the denaturation
of the myosin tail in chicken batters, resulting in the

formation of the structure of the protein gel damage
[5,17]. G' increased sharply (64~80 °C), the proteins
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aggregated and formed a gel, and the semi-soluble
gel formed an elastic gel after being heated, and
then the chicken batters was transformed from a
viscous-elastic sol-gel state to an elastic gel network
structure  in  this  stage[6,18]. Throughout the
temperature rise, the G' of chicken batters with Ab
and Fv mushrooms compound were greater than that
of CK and increased with increasing mushroom
amount. Higher G' values indicated a more compact
meat gel structure, which was similar to the change
in hardness values [19]. The addition of dietary fiber
could effectively improve the solubility of proteins,
thus increasing the G' value of the system, and the
pattern of the change of its G' value is related to
the gel denaturation temperature [10,20].

Conclusion

Partial replacement of pork-back fat in chicken
batters with 4b and Fv mushrooms compound
reduced cooking loss, increased redness and yellowness,
decreased  brightness and improved rheological
properties of chicken Dbatters. Water holding
capacity, chewiness, hardness and springiness of
chicken batters were increased, and the cohesiveness
decreased  significantly = when  fat  substitution
exceeded 30%. In conclusion: all the qualities of
chicken batters were improved when A4b and Fv
mushrooms were compounded at 2:1 to replace 30% of
pork-back fat in chicken batters. Ab and Fv mushrooms
compound is a promising fat substitute for producing low-
fat meat products.

Cnucoxk Jirepatypu

1. Varga-Visi E., Toxanbayeva B. Application of fat
replacers and their effect on quality of comminuted
meat products with low lipid content: A review. Acta
Alimentaria. 2017. Ne 46(2). P. 181-186.
doi:10.1556/066.2016.0008.

2. Zeng L., Ruan M., Liu J., Wilde P.,, Naumova E. N.,
Mozaffarian D., Zhang F. F. Trends in Processed Meat,
Unprocessed Red Meat, Poultry, and Fish Consumption
in the United States. Journal of the Academy of
Nutrition and Dietetics. 2019. Ne 119(7). P. 1085-1098
el2. doi:10.1016/j.jand.2019.04.004.

3. Ceron-Guevara M. I., Rangel-Vargas E., Lorenzo J. M.,
Bermudez R., Pateiro M., Rodriguez J. A., Sanchez-
Ortega 1., Santos E. M. Reduction of Salt and Fat in
Frankfurter Sausages by Addition of Agaricus bisporus
and Pleurotus ostreatus Flour. Foods. 2020. Ne 9(760).
d0i:10.3390/foods9060760.

4. Wenhang Wang C. L., Guanhua Du., Xiuling Zhang,
Hongjie  Zhang.  Characteristics and  Rheological
Properties of Polysaccharide Nanoparticles from Edible
Mushrooms (Flammulina velutipes). Journal of food
science. 2017. Ne 82(3). P. 687-693. doi:10.1111/1750-
3841.13626.

5. Zhao Y., Zhou G, Zhang W. Effects of regenerated
cellulose fiber on the characteristics of myofibrillar
protein gels. Carbohydrate polymers. 2019. Ne 209. P.

10.

11.

12.

13.

14.

16.

17.

18.

276-281. doi:10.1016/j.carbpol.2019.01.042.

Shi H., Zhou T., Wang X., Zou Y., Wang D., Xu W.
Effects of the structure and gel properties of
myofibrillar protein on chicken breast quality treated
with  ultrasound-assisted  potassium alginate. Food
chemistry. 2021. Ne 358. P. 129873.
doi:10.1016/j.foodchem.2021.129873.

Choe J., Kim H. Y. Quality characteristics of
reduced fat emulsion-type chicken sausages using
chicken skin and wheat fiber mixture as fat replacer.
Poultry  science. 2019. Ne 98(6). P 2662-2669.
doi:10.3382/ps/pez016.

Wang Z., Sun Y., Dang Y., Cao J., Pan D., Guo Y.,
He J. Water-insoluble dietary fibers from oats enhance
gel properties of duck myofibrillar proteins. Food
chemistry. ~ 2021.  Ne 344, P.  128690. doi:
10.1016/j.foodchem.2020.128690.

Zahari 1., Ferawati F., Helstad A., Ahlstrom C.,
Ostbring K., Rayner M., Purhagen J. K. Development
of High-Moisture Meat Analogues with Hemp and Soy
Protein Using Extrusion Cooking. Foods. 2020. Ne 9(6).
doi: 10.3390/foods9060772.

Li K, Liu J. Y, Fu L., Zhao Y. Y., Zhu H., Zhang Y.
Y., Zhang H., Bai Y. H. Effect of bamboo shoot
dietary fiber on gel properties, microstructure and water
distribution of pork meat batters, Asian-Australasian
Journal of Animal Sciences. 2020. Ne 33(7). P. 1180-
1190. doi: 10.5713/ajas.19.0215.

Xu X., Chen H., Zhang Q., Lyu F., Ding Y., Zhou X.
Effects of Oil Droplet Size and Interfacial Protein Film
on the Properties of Fish Myofibrillar Protein-Oil
Composite Gels. Molecules. 2020. Ne 25(2). P. 289. doi:
10.3390/molecules25020289.

Wang L., Guo H., Liu X., Jiang G, Li C, Li X, Li
Y. Roles of Lentinula edodes as the pork lean meat
replacer in production of the sausage. Meat science.
2019. Neo 156. P. 44-51. doi:
10.1016/j.meatsci.2019.05.016.

Nan H., Zhou H., Li B., Stepanova T., Kondratiuk N.
Effects of Agaricus bisporus alone or in combination
with soybean oil or water as fat substitutes on gel

properties, rheology, water distribution, and
microstructure of chicken batters. Food Science and
Technology. 2022. Ne 42. ell6121. doi:

10.1590/fst.116121.

Nan H., Stepanova T., Li B., Kondratiuk N. Effect of
Agaricus bisporus on gel properties and microstructure
of chicken batters. Journal of Hygienic Engineering and
Design. 2021. Ne 36(3). P. 170-178.

.Sha L., Liu S., Liu D. Effects of soybean protein

isolate on protein structure, batter rheology, and water
migration in emulsified sausage. Journal of Food
Processing and Preservation. 2020. Ne 44(9). P. 1-10.
doi: 10.1111/jfpp.14711.

Zhou Y., Dai H, Ma L, Yu Y, Zhu H., Wang
H., Zhang Y. Effect and mechanism of psyllium
husk (Plantago ovata) on myofibrillar protein gelation.
Lwt. 2021. Nel38. P. 110651. doi:
10.1016/j.1wt.2020.110651.

Zhuang X., Jiang X., Zhou H., Han M., Liu Y., Bai Y.,
Xu X., Zhou G The effect of insoluble dietary fiber on
myofibrillar protein emulsion gels: Oil particle size and
protein network microstructure. Lwt. 2019. Ne 101. P.
534-542. doi: 10.1016/j.1wt.2018.11.065.

Wang X., Li Y, Zhou Y, Ma F, Li P, Chen C.
Effect of resistant corn starch on the thermal gelling

60

BICHUK HTY "XIII" Ne 3 (17)



ISSN 2079-5459 (print)
ISSN 2413-4295 (online)

CEPLA "HOBI PILIEHHA B CYYACHUX TEXHOJIOI'IAX"

Food
doi:

breast
96.

properties  of  chicken
Hydrocolloids.  2019.  Ne
10.1016/j.foodhyd.2019.06.013.

myosin.

Ne  681-687.

Ostbring K., Rayner M., Purhagen J. K. Development
of High-Moisture Meat Analogues with Hemp and Soy
Protein Using Extrusion Cooking. Foods, 2020, Vol. 9,

19.Kim T. K., Lee M. H,, Kim S. M., Kim M. J., Jung no 6, doi:10.3390/f00ds9060772.
S., Yong H. L., Choi Y. S. Physiochemical properties of  10. Li K., Liu J. Y., Fu L., Zhao Y. Y., Zhu H., Zhang Y.
reduced-fat duck meat emulsion systems: effects of Y., Zhang H., Bai Y. H. Effect of bamboo shoot
preemulsification with vegetable oils and duck skin. dietary fiber on gel properties, microstructure and water
Poultry  science. 2021. Ne 100(2). P. 1291-1298. distribution of pork meat batters, Asian-Australasian
doi:10.1016/j.psj.2020.10.044. Journal of Animal Sciences, 2020, Vol. 33, no 7, pp.

20. Zhuang X., Zhang W., Liu R., Liu Y., Xing L., 1180-1190, doi:10.5713/ajas.19.0215.

Han M., Kang Z. L., Xu X. L., Zhou G. H. Improved 11. Xu X., Chen H., Zhang Q., Lyu F., Ding Y., Zhou X.

gel functionality of myofibrillar proteins incorporation Effects of Oil Droplet Size and Interfacial Protein Film

with  sugarcane dietary fiber. Food Res Int. on the Properties of Fish Myofibrillar Protein-Oil

2017. Ne 100(1). P. 586-594. doi: Composite Gels. Molecules, 2020, Vol. 25, no 2, pp.
10.1016/j.foodres.2017.07.063. 289, doi:10.3390/molecules25020289.

12. Wang L., Guo H., Liu X., Jiang G, Li C.,, Li X,, Li

. Y. Roles of Lentinula edodes as the pork lean meat

References (transliterated) replacer in production of the sausage. Meat science,

2019, Vol. 156, pp- 44-51,

1. Varga-Visi E., Toxanbayeva B. Application of fat doi:10.1016/j.meatsci.2019.05.016.
replacers and their effect on quality of comminuted 13. Nan H., Zhou H., Li B., Stepanova T., Kondratiuk N.
meat products with low lipid content: A review. Acta Effects of Agaricus bisporus alone or in combination
Alimentaria, 2017, Vol. 46, no 2, pp. 181-186, doi: with soybean oil or water as fat substitutes on gel
10.1556/066.2016.0008. properties, rheology, water distribution, and

2. Zeng L., Ruan M. Liu J, Wilde P, Naumova microstructure of chicken batters. Food Science and

E. N., Mozaffarian D., Zhang F. F. Trends in Technology, 2022, Vol. 42, ell6l21,
Processed Meat, Unprocessed Red Meat, Poultry, and doi:10.1590/fst.116121.
Fish Consumption in the United States. Journal of 14. Nan H., Stepanova T., Li B., Kondratiuk N. Effect of
the Academy of Nutrition and Dietetics, 2019, Vol. 119, Agaricus bisporus on gel properties and microstructure
no 7, pp. 1085-1098 el2, doi: of chicken batters. Journal of Hygienic Engineering and
10.1016/j.jand.2019.04.004. Design. 2021, Vol. 36, no 3, pp. 170-178.

3. Ceron-Guevara M. 1., Rangel-Vargas E., Lorenzo J. M., 15.Sha L., Liu S., Liu D. Effects of soybean protein
Bermudez R., Pateiro M., Rodriguez J. A., Sanchez- isolate on protein structure, batter rheology, and water
Ortega 1., Santos E. M. Reduction of Salt and Fat in migration in emulsified sausage. Journal of Food
Frankfurter Sausages by Addition of Agaricus bisporus Processing and Preservation. 2020, Vol. 44, no 9, pp.
and Pleurotus ostreatus Flour. Foods, 2020, Vol. 9, pp 1-10, doi:10.1111/jfpp.14711.

760, doi:10.3390/f00ds9060760. 16. Zhou Y., Dai H., Ma L., Yu Y., Zhu H., Wang H.,,

4. Wenhang Wang C. L., Guanhua Du., Xiuling Zhang, Zhang Y. Effect and mechanism of psyllium husk
Hongjie  Zhang.  Characteristics and  Rheological (Plantago ovata) on myofibrillar protein gelation. Lw,
Properties of Polysaccharide Nanoparticles from Edible 2021, Vol. 138, pp. 110651,
Mushrooms (Flammulina velutipes). Journal of food doi:10.1016/j.1wt.2020.110651.
science, 2017, Vol. 82, no 3, pp. 687-693, 17. Zhuang X., Jiang X., Zhou H., Han M., Liu Y,, Bai Y,
doi:10.1111/1750-3841.13626. Xu X., Zhou G. The effect of insoluble dietary fiber on

5. Zhao Y., Zhou G, Zhang W. Effects of regenerated myofibrillar protein emulsion gels: Oil particle size and
cellulose fiber on the characteristics of myofibrillar protein network microstructure, Lwt, 2019, Vol. 101, pp.
protein gels. Carbohydrate polymers, 2019, Vol. 209, 534-542, doi:10.1016/j.1wt.2018.11.065.
pp. 276-281. doi:10.1016/j.carbpol.2019.01.042. 18. Wang X., Li Y., Zhou Y., Ma F, Li P, Chen C. Effect

6. Shi H., Zhou T., Wang X., Zou Y., Wang D., Xu W. of resistant corn starch on the thermal gelling properties
Effects of the structure and gel properties of of chicken breast myosin. Food Hydrocolloids, 2019,
myofibrillar protein on chicken breast quality treated Vol. 96, pp. 681-687, doi:
with  ultrasound-assisted  potassium  alginate.  Food 10.1016/j.foodhyd.2019.06.013.
chemistry, 2021, Vol. 358, pp. 129873, 19.Kim T. K., Lee M. H.,, Kim S. M., Kim M. J., Jung
doi:10.1016/j.foodchem.2021.129873. S., Yong H. I, Choi Y. S. Physiochemical properties of

7. Choe J., Kim H. Y. Quality characteristics of reduced reduced-fat duck meat emulsion systems: effects of
fat emulsion-type chicken sausages using chicken skin preemulsification with vegetable oils and duck skin.
and wheat fiber mixture as fat replacer. Poultry science, Poultry science, 2021, Vol. 100, no 2, pp. 1291-1298,
2019, Vol. 98, no 6, pp. 2662-2669, doi:10.1016/j.psj.2020.10.044.
doi:10.3382/ps/pez016. 20. Zhuang X., Zhang W., Liu R, Liu Y., Xing L., Han

8. Wang Z., Sun Y., Dang Y., Cao J., Pan D., Guo Y., M., Kang Z. L, Xu X. L, Zhou G H. Improved
He J. Water-insoluble dietary fibers from oats enhance gel functionality of myofibrillar proteins incorporation
gel properties of duck myofibrillar proteins. Food with sugarcane dietary fiber. Food Res Int, 2017, Vol.
chemistry, 2021, Vol. 344, Pp- 128690, 100, no 1, pp. 586-594, doi:
doi:10.1016/j.foodchem.2020.128690. 10.1016/j.foodres.2017.07.063.

9. Zahari 1., Ferawati F., Helstad A., Ahlstrom C.,

BICHUK HTVY "XIII" Ne 3 (17) 61


https://doi.org/10.1016/j.psj.2020.10.044
https://doi.org/10.1016/j.psj.2020.10.044

ISSN 2079-5459 (print)
CEPIA "HOBI PILIEHHA B CYYACHUX TEXHOJIOI'AX" ISSN 2413-4295 (online)

Bizomocti npo aBTopiB (About authors)

Fotina Tetiana — Doc. of Sc., Professor, Department of Veterinary Examination, Microbiology, Zoohygiene and Safety and
Quality of Animal Products, Sumy National Agrarian University, Sumy, Ukraine; ORCID: 0000-0001-5079-2390; e-mail:
tif va@meta.ua.

Domina Temana leaniena — NOKTOp BEeTepHHAPHUX HaykK, mpodecop, CyMChKHI HaI[lOHANGHUN arpapHUi yHIBEpCHTET,
3aBigyBad KaepH BETCAaHEKCIIEPTH3H, MiKpoOioJIorii, 300TirieHu Ta 6€3MeKH 1 IKOCTI MPOayKTiB TBapuHHUNTBA; M. CyMmu, YKpaiHa;
ORCID: 0000-0001-5079-2390; e-mail: tif va@meta.ua.

Xiong Angi — student of School of Food Science, Henan Institute of Science and Technology, Xinxiang, China; e-mail:
409627205@qq.com.

Ciionz Anui — CTyIEHT KOJICIXKY XapuoBOi HayKH, XEHAHbCHKHH IHCTUTYT Hayku 1 TexHosorii, CiHcanp, Kuraii; e-mail:
409627205@qq.com.

Koshel Olena — PhD, Associate Professor, Technology of Nutrition Department, Sumy National Agrarian University, Sumy,
Ukraine; ORCID: 0000-0002-2184-2106; e-mail: koshelolena85@ukr.net.

Kowenv Onena IHOpiiesna — poxrop inocodii, nomenr, CyMcbKkui HaIlOHAJIPHMH arpapHUi  yHIBEpCHUTET,
IOLeHT  kadenpu  TexHomorii  xapuyBanHs; M. Cymm, VYkpaina;  ORCID: 0000-0002-2184-2106;  e-mail:
koshelolena85@ukr.net.

Sabadash Sergiy — PhD, Associate Professor, Department of Technology and Food Safety, Sumy National Agrarian
University, Sumy, Ukraine; ORCID: 0000-0002-0371-8208; e-mail: s.v.sabadash@ukr.net.

Cabaoaw Cepeiti Muxaiinoguy — KaHIWAAT TEXHIYHUX HAyK, IOHECHT, CyMCBKHI HAaIllOHAIGHUN arpapHUil YHIBEpCHTET,
JOUEHT Kadenpu TEXHONOTiH Ta Oe3medHOCTi xapuoBux mpoaykTiB; M. Cymu, Ykpaina; ORCID: 0000-0002-0371-8208; e-mail:
s.v.sabadash@ukr.net.

Yankovskiy Roman — Technology of Nutrition Department, Sumy National Agrarian University, Sumy, Ukraine; e-mail:
romka88099@gmail.com.

Ankoecokuii Poman Bonooumuposeuu — CyMcbkuil HalliOHAIBHHI arpapHUil yHIBEpCHTET, acHipaHT KadeIpu TEXHOJOTIl
xapuyBanHs; M. Cymu, Ykpaina; e-mail: romka88099@gmail.com.

Please cite this article as:

Fotina T., Xiong A., Koshel O., Sabadash S., Yankovskiy R. Effects of Agaricus bisporus and Flammulina velutipes
mushrooms on quality of chicken batters. Bulletin of the National Technical University "KhPI". Series: New solutions in modern
technology. — Kharkiv: NTU "KhPI", 2023, no. 3(17), pp. 56—62, doi:10.20998/2413-4295.2023.03.08.

Byow nacka, nocunaiimecs na yio cmammio HACMYNHUM YUHOM:

®orina T. L., Citonr A., Komens O. 10, Cabamam C. M., SlakoBcrkuii P. B. Brums rpu6iB Agaricus bisporus i Flammulina
velutipes Ha sKicTe Kypsuoro dapury. Bicnux Hayionanrvnozo mexuiunozo yuisepcumemy «XI1ly. Cepia: Hosi piwennsa @ cyuacHux
mexnonoeiax. — Xapki: HTY «XIII». 2023. Ne 3 (17). C. 56-62. doi:10.20998/2413-4295.2023.03.08.

Haoitiwna (received) 18.08.2023
Iputinama (accepted) 13.09.2023

62 BICHUK HTY "XIII" Ne 3 (17)



ISSN 2079-5459 (print)
ISSN 2413-4295 (online) CEPLA "HOBI PILIEHHA B CYYACHUX TEXHOJIOI'IAX"

3MICT

EHEPI'ETHKA, MAILIMHOBYITYBAHHA TA TEXHOJIOI'TI KOHCTPYKIJIHHHUX MATEPIAJIIB

Bamucin 0. B., I'aspunosa T. B., Illunoepyk C. O., Hannuzin €. O. Pe30oHaHCHWI MiICHIIOBaY aKTUBHOI e€JIeKTpU4YHOI 3
MOTY>KHOCTI 3 ZIOATKOBUM JUKepesoM HanpyrH. [Ipomo3uiii, aHaii3, YUCIOBI OLIHKH

Emmax E. B., Imau M. E., Minakosa K. O., Acykyo €. O., Oodeir C. Y. ouiHKa eHEpreTHYHOi 30HHOI cTpykTypu 11
HamiBrepciepoBoro ciiaBy LiZnX (X = As, P ta Sb) 3a monomororo nepuioro mpHHIMITHOTO PO3PaxyHKY

€Edumenko B. B., Onexcandpenko B. II., Kanmuroea H. I., Pyoenrxo B. M. Eghimenko O. B. IlepcnexruBu 3actocyBaHHs 17
(yNepeHOBHX MPHUCAIOK Y CYYACHUX aBialliiHUX OJINBAX

Cainuyk A. M. MonentoBaHHs Helle()OpPMOBAHOI CTPYXKKHM YTBOPEHOI M Yac Hapi3aHHS BHYTPIMIHBOro 3y0Odactoro BiHHS 26
metoaoMm “ POWER SKIVING ”
IHOOPMALIHHI TEXHOJIOI'TI TA CHCTEMM YTIPABJIIHHA

Bopodiios b. B., Cenuenxo C. O., Kupuneunxo A. O., Jlixno A. B., Xanv JI., Kymosuu IO. M. BumiproBanus niniitnoi 34
LIBUIKOCTI 3 BUKOPUCTAHHIM MOOUTBHOT pOOOTH30BaHOT MIaTGOPMHU 3 KOMIT FOTEPHUM 30pOM

Kpuxkyn B. P., Xomak IO. B., Ilo3naxkoea M. €. PexoMeHI0BaHA TEXHOJOTIS MPOBEICHHS TOMOTpadiyHOTO KOHTpomo B 43
11abopaTOpPHUX YMOBaX

Ilonieanoe O. I. [locnimxeHHs Yacy JOKami3alii MOXKeX y 6araTonoBepXoBUX OYMIBISAX Y MicTax YKpaiHu 49

XIMIYHI TA XAPYOBI TEXHOJIOT'II

@omina T. L, Ciione A., Kowens O. 10, Cabadaw C. M., Anukoscvkuii P. B. Bruus rpubiB Agaricus bisporus i Flammulina 56
velutipes Ha SIKiCTb KypsTd0TO (hapury

CONTENTS

ENERGY, ENGINEERING AND STRUCTURAL MATERIALS TECHNOLOGY

Batygin Yu., Gavrilova T., Shinderuk S., Chaplygin E. The resonant amplifier of the active electrical power with additional 3
voltage source. Suggestions, analysis, numerical estimates

Ettah E. B., Ishaje M. E., Minakova K. A., Asuquo E. O., Odey S. U. Evaluation of energy band structure of half-heusler 11
alloy LiZnX (X = As, P, and Sb) using first principle calculation

Yefymenko V., Oleksandrenko V., Kalmykova N., Rudenko V., Yefimenko O. Prospects for the use of fullerene additives in 17
modern aviation oils

Slipchuk A. Simulation of undeformed chip formed during cutting for internal crown tooth by the " POWER SKIVING " 26
method
INFORMATION TECHNOLOGY AND CONTROL SYSTEMS

Vorobiov B., Senchenko S., Kyrylenko Y., Likhno Y., Khan L., Kutovyi Yu. Measurement of linear velocity using a mobile 34
robotic platform with computer vision

Krykun V., Khomyak Yu., Pozniakova M. Recommended technology for tomographic inspection in the laboratory 43
Polivanov O. Study of fire location time in high-story buildings in cities of Ukraine 49

CHEMICAL AND FOOD TECHNOLOGY, ECOLOGY

Fotina T., Xiong A., Koshel O., Sabadash S., Yankovskiy R. Effects of Agaricus bisporus and Flammulina velutipes 56
mushrooms on quality of chicken batters

BICHUK HTY "XIII" Ne 3 (17) 63



HAYKOBE BUJAHHA

BICHUK HAIIIOHAJIBHOI'O TEXHIYHOI'O YHIBEPCUTETY "XIII".
CEPIsA: HOBI PIIIEHHSA B CYYHACHUX TEXHOJIOI'TAX

30ipHUK HAYKOBHX Ipallb

Ne 3(17)° 2023

Binnoinanenuii penakrop: €. I. Cokon, un.-kop. HAH Ykpaiuu, 1-p Texs. Hayk, npod., HTY «XIIl», Ykpaina
Texuiunuii pegakrop: C. I. MenbimkoBa, kau. ¢i3.-mart. Hayk, HTY «XIII», Ykpaina
BianosinaneHuii cexperap: P. C. TomarieBcbkuit, 1-p TexH. HayK, pod., HTY «XIII», Ykpaina

C. I. MenbmmkoBa, kauf. ¢iz.-mar. Hayk, HTY «XI1l», Ykpaina

BiarnosinaneHuii 3a BUIycK: A-p TexH. HayK, npod. P. C. TomarmmeBcbkuii

AJIPECA PEJKOJIETTI TA BUTABIISI: 61002, Xapkis, Bys1. Kuprmuosa, 2, HTY «XIII».
Pana monoaux Buenux, ten. (057)707-69-37, e-mail: vestnik.nsmt@khpi.edu.ua

[Migm. go apyxy «25» Bepecus 2023 p. ®opmar 60x84 1/8. Ilamip odcernmit. pyk nudpoBuii.
lapuitypa Taiimc. YM. npyk. apk. 7,0. O6mik.Bua.apk. 3,5.
Tupax 50 mpum. 3am. Ne 382. L{ina qorosipHa.

Bunasanunii neatp HTY «XI1I». CBimonTBo mpo aepkaBHY PeeCTpaIito
cy0’exTa BugaBHHuoi cripaBu JIK Ne5478 Bix 21.08.2017
61002, Xapkis, Byn. Kupnnuosa, 2






