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An antenna for radiating and receiving short-pulse ultra-wideband signals

This paper presents a design of the antenna with an expandable slot for effective radiating and receiving the ultra-
wideband (UWB), short-pulse signals. The offered design of the antenna allows creating an interferential
electromagnetic field of a bipolar pulse in an equivalent general antenna aperture. A quantitative and quality evaluation
of efficiency of proposed antenna design is performed. It is shown that an application of the given antenna allows
increasing the propagation range of the pulsed UWB signals.

Knrouosi cnosa: data transmission, electromagnetic compatibility, temporal position-pulse modulation, ultra-wideband

signal, wideband pulsed antenna, wireless system.

Introduction

One of the main tendency in the development of
modern communication and radar technologies is the use
of broadband and ultra- wideband (UWB) signals. As
defined in [1], the UWB signals have an absolute
bandwidth (at least 500 MHz) is calculated as the

difference between the upper frequency f,, of the —10 dB
emission point and the lower frequency f, of the —10 dB
emission point, B = (fH -f ), comparable to it’s the
center frequency f. = ( fu+f L)/ 2 so that the
fractional (relative) bandwidth B, = B/ f. larder than

0.2.

One of the varieties of the UWB signals is the short-
pulse (SP) signals. It is generally believed that these
signals have a duration of about 0.1...10 ns. They have a
wide bandwidth, significant penetration and stealth. Their
use allows to obtain high data transfer rates and is very
promising for future development of recent ultra-wideband
systems (UWS). On the other hand, the practical
application of the SP-UWB signals causes some

difficulties associated with their radiation (or the choice of
antenna type) and subsequent distortions caused by uneven
attenuation of the signal in frequency during its
propagation.

Thus, the effectiveness of using the SP-UWB signals
depends directly on the characteristics of the antennas that
produce their radiating and receiving. Among basis
requirements which are subject to these antennas can
indicate the following:

. ensuring minimal distortion of UWB signals
and ultrashort video pulses;

. ensuring a sufficiently high level of signal
transmitted to the receiving device;

. high spatial resolution capabilities for signals;
* reasonable overall dimensions and weight of the antenna.

At the present time, the quantities of these
requirements are far to be fully resolved and require
carrying out the additional research.

This paper considers design of antenna and the feature
of receiving and emitting the UWB-SP signals for
effective solution of existing problems in communications
and radar technologies.

© CHURYUMOY G., SERKOV O., PANCHENKO S., TRUBCHANINOVA K. 2023
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Problem and its Analysis

Nowadays one of the requirements in the development
of communications technologies is improving the
bandwidth of the radio electronic systems. To achieve this
purpose became possible due to applying UWB-SP
signals, in particular, of ultrashort pulses with the duration
of the order of units of a nanosecond (see, for example,
[2]). The basis of technical solutions is the transmission of
low-power coded pulses in a

very broad band without carrier frequency. In this
case we deal with a nonharmonic oscillation, and consider
generation of an ultrashort monopulse, whose duration can
fluctuate within 0.2 - 2 nanoseconds, with the period of
pulse sequence being from 10 to 1000 nanoseconds. The
average period of repeating monopulses defines an
information rate. Thus, within a pulse repetition cycle of
10 nanoseconds the maximum transmission rate will be
100 Mbps. The information is coded by means of temporal
position-pulse modulation while the pulse shifting in the
sequence concerning its regular placement sets "0"
forward and "1" backward. Moreover, the time of shifting
does not exceed a quarter of monopulse duration, and one
information bit is coded by the sequence of multiple
monopulses, for example, of 200 impulses per an
information bit. So, in the sequence of 0.5 nanosecond
pulses with an pulse separation of 100 nanoseconds the
pulse which arrives 100 nanoseconds earlier is "0", and
100 nanoseconds later is "1". Simultaneously, in order to
divide transmission channels, the position of each impulse
is shifted for the period of time, proportional to the current
value of some pseudorandom sequence carrying out an
additional coding. The division is accomplished by means
of temporal bounces, and the time of shift is one or two
orders higher than the shifting within temporal position-
pulse modulation. Thus, separate communication channels
are formed and protected from interfering signals. As a
result, the signal range significantly smoothens and
becomes noise-type.

Major perspectives in the application of UWB-SP
signals are caused by a number of advantages, among the
most essential ones is the lack of interference of a directly
expanding signal with its reflections from different objects.
Besides, attenuation of a short-pulse signal in different
environments is not enough due to wideband. They easily
penetrate various obstacles, as the signal is not suppressed
within the whole range. At the low level of the transmitted
signal, the emission security, the degree of information
security and the reliability of channels in wireless
communication systems are increased.

Antennas for communications

A feature of designing radio electronic systems while
applying UWB-SP signals is specified by the processes of
changing signal parameters at their passing via the
transmitting and receiving antennas. As the antenna

aperture size is much bigger than the ping length of a
signal in space, there occurs a delay of signal emission
from different elementary sections of the antenna. A
current pulse, propagating along an emitter, consistently
excites its elements by short monopulse signals. Emissions
of separate antenna sections produce a total field [3],
which is defined by the following ratio:

Z,sinf 1
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where £ _(t,6) — intensity of an electric z-component of

E(1,0)=

the electromagnetic field;
Z, — wave resistance of free space;

6 — angle between the axis of the emitter and the
direction to the observation point;

r — distance to the observation point;

L — antenna aperture size;

¢ — velocity of light.

The analysis of the ratio (1) points that the field of the
antenna consists of two parts, positive and negative. Each
of the constituents repeats an exciting current form, with
one part of this field being formed at the moment of
inputting a current impulse in an emitter, and the other one
- at the moment of achieving the end of an emitter by this
impulse. Thus, the total field consists of separate fields
emitted from an excitation point and the ends of the
antenna. Moreover, the form of a total field depends on a
ratio between the length of the antenna L and pulse
duration ct . At L >> ct the signal delay time in antenna
elements considerably exceeds the pulse duration. As a
result, between two parts of the field emitted there is an
interval formed, and the field is divided into two parts
corresponding to two components. What is more, the form
of the emitted field changes depending on the angle of
observation €. The natural experiment [3] confirmed the
results of modeling. In the classical theory of antennas
according to the principle of reciprocity, the form of the
antenna pattern remains invariable under the emission and
reception of narrowband signals. This principle is violated,
when short ultra-wideband monopulse signals are used.
Antenna patterns significantly differ in the mode of
emission and reception that is the peculiar feature of
applying radio systems using UWB-SP signals.

It is necessary to note, that the UWB-SP signals
normally possess the form of idealized Gaussian
monocycles whose main part of an emission spectrum is in
the range of frequencies from 1 to 7 GHz. In addition,
forming the emission of an electromagnetic wave of the
UWRB signal into free space imposes restrictions on the

IKC3T, 2023 Ne3
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constructions of the antenna arrangements applied. The
analysis of antenna constructions for emitting ultrashort
pulses showed that by means of fractals it is possible to
create a broadband antenna while considerably reducing
the construction size [4,5]. A fractal may be found by
dividing a figure into more and more minute objects, with
any of the found figures being divided into identical ones
and, in turn, being a part of the similar figure. The
corresponding class of antennas is referred as a space-
filling antenna (SFA). They are accomplished on the basis
of the Koch's, Minkowskiy's, Serpinskiy’s fractals [5,6].
These elements of fractal antennas have sufficient
broadbandness and small sizes. However, the most
acceptable emission of the UWB signals is an antenna
element representing an antenna with an expandable slot
or so-called tapered slot antenna (TSA) with exponentially
tapered profile, also known as Vivaldi’s antenna [7, 8].
The Vivaldi's antenna is a well-known and widely
used antenna in different ultra-wideband systems. The
synthesis of such antennas is represented in a lot of

scientific works. For manufacturing the Vivaldi's antenna,
we used the photoprinting methods on a dielectric
substrate coated with a thin layer of copper. The
mathematic antenna model was created in the CST
software environment. The simulation results of the basic
its characteristics shown in Figs. 1, 2 and 3

L, mm

Fig.1. Antenna’s geometry
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As it is seen, the shape of the open slot determines the
frequency band, with the exponential increasing the width
of the slot gives the widest band. The directional energy
diagram of such antenna is characterized by a narrow main
beam and practically the lack of side lobes. Structurally,
the TSA is usually produced in the form of printed
conductors on glass fiber laminate. The antenna has an
irregular surface shape, therefore, in order to investigate
the characteristics of such an antenna there is a software
package used for three dimensional electrodynamic
modeling. The optimization of the TSA sizes and forms
gives a variety of forms and proportions, depending on
solving a specific objective, however it is essential
expansion of a frequency band of -electromagnetic
radiation that is defining while applying UWB electronic
systems. Thus, the urgent task is to improve technical
characteristics of the TSA elements of the antenna
systems, which emit ultrashort pulses and don’t distort a
waveform and reduce the side antenna radiation.

To achieve the aim is obtained by using a bipolar
pulse signal in the construction of an antenna element,
which is schematically presented in Fig. 5 [9]. The

information monopulse signal is divided into halves for
this purpose. One part of the signal is consistently inverted
and delayed for some period of time that is equal to the
half of monopulse duration. Both monopulse signals are
used to excite respectively two of the TSA antennas
located nearby on a wunified dielectric basis. The
electromagnetic fields of both monopulse signals are
interfered in equivalent generic space of an aperture of
both antennas, producing in it an electromagnetic field of
a bipolar impulse, simultaneously eliminating the time slot
between two parts of an emitted field that is characteristic
of the TSA antenna. This bipolar impulse makes the
emission whose range considerably exceeds the maximum
distance when using both monopulse and harmonious
signals.

The Fig. 4 schematically presents the construction of a
broadband pulse antenna. It is indicated as follows: 1 —
generator of a broadband unipolar pulse signal; 2 —
dielectric basis; 3-1, 3-2 — the conducting surfaces; 4-1, 4-
2 — excitation systems; 5-1, 5-2 — emitting apertures; 6 —
signal divider combined with the inverter; 7 — delay line.

6

Fig. 4. Antenna for emitting the UWB pulse signal

An informational unipolar pulse signal arrives from
the generator 1 onto the divider 6 representing a series
connection of two identical non-inductive R1 and R2
resistors allowing it to be halved. The monopulse signal is
delivered from the first output of the signal divider R1
directly onto an excitation system 4-1, producing a
monopulse electromagnetic field in an aperture 5-1.

Simultaneously, from the other output of a signal
divider R2 the inverted monopulse signal is supplied along
the delay line 7 onto an excitation system 4-2, creating an
inverted monopulse electromagnetic field delayed for a
half of duration of a monopulse signal in an antenna

aperture 5-2. In addition, the delay line 7 represents a
segment of a homogeneous transmitting line of the
specified length.

The electromagnetic fields of two unipolar pulses, the
major and inverted ones, are interfered in an equivalent
general aperture of antennas, exciting in it an
electromagnetic field of a bipolar pulse, which is a
broadband pulse signal.

The broadband pulse antenna is capable to emit both
an ultrashort unipolar monopulse and a bipolar pulse
information signal. The electromagnetic field in the form

IKC3T, 2023 Ne3
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of a monopulse is excited by a signal which is described
by the expressions:

r
t N
Vo

E=E, -sin’ i[r—ij for <7,, 2

T v,

im

where £, —apulse amplitude;
7, —a pulse duration;

V, —speed of distributing the emission.

Besides the electromagnetic field of the antenna has
the directive gain (DG) of the antenna emitting a

monopulse signal D

np and the antenna emitting a

monochromatic signal D with wavelength ﬂ,{) the

interrelation between them being defined by the following
ratio:

D, =n-D,-025D,, 3)

4

where D = -

0

Ay

Ao — operating antenna aperture area;

[10].

The analysis of the ratio (3) shows that the coefficient
of efficiency of the antenna which is excited by an
ultrashort monopulse comes to 25% comparing with the
coefficient of efficiency of the antenna excited by
monochromatic signals of the corresponding wavelength.
It reduces the range of antenna emission 4 times as much
comparing to the emission of monochromatic signals.

Moreover, emission by the antenna of an
electromagnetic field in the form of a bipolar impulse can
be presented the following ratio for an electric component
of an electromagnetic field:

2
E:Em-sin2 K t—L - Sin kil t—L . @
z-im v0 z-z'm v()

A=V T

im

So, the DG of the antenna emitting a bipolar pulse
signal will be:

D, =237D,. 5)

Thus, the excitation in an antenna aperture of an
electromagnetic field in the form of a bipolar pulse
increases an antenna DG at 9.5 times as much as
compared with a DG of the antenna emitting an
unidirectional pulse and 2.37 times as much comparing
with a DG of the antenna emitting monochromatic signals.
Therefore, the introduced antenna allows increasing
significantly the range of radio emission of UBB pulse
signals.

The prospects for developing the high-power
microwave electronics is associated with creating the
high-power relativistic microwave devices which are
provided generation of high-power microwave pulses
(peak power is units and tens GW) [11]. However, the
application of such devices is connected with considerable
technical and technological difficulties, especially, when
need to produce very short microwave pulses (duration
less than 100 ns). In this case for forming high-power
UWB microwave pulses there is more simple approach
based on the pulse compression technology, namely, the
resonant microwave compression method. A central idea
of this method is slow storage of electromagnetic energy
in the microwave resonator and then its removal from the
high factor resonator for shorter duration to a matched
load (antenna) [12]. Among advantages of this method it
is necessary to note its ease of its realization, the
possibility of application the industrial magnetrons as well
as the standard elements of waveguide techniques. For
understanding a structure of the plant forming the ultra-
short microwave pulses let us consider an operation of the
microwave module, in which is used the magnetron
having the two RF outputs of energy. Fig. 5 shows a block
diagram of the microwave module. The magnetron that is
used in this experiment has the two RF outputs of energy:
active and passive. For tuning and controlling by a
frequency of the magnetron we used the tunable short-
circuit waveguide as the reactive load of the passive RF
output.

IKC3T, 2023 Ne3
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1 — a magnetron with two RF outputs; 2 — a tunable short- circuit waveguide; 3 — a power supply (modulator); 4 —
ferrite isolator; 5 — a generator of controlling pulses; 6 — a microwave cavity; 7 — a matched load (TSA antenna)

Fig. 5. Block diagram of the microwave module.

The analysis shows that for increasing an efficiency of
compression and formation of the high-power nanosecond

microwave pulses necessary to reduce a loss of power P..

Assuming that f

min < fo < J e With the help of a short-
circuiting piston we adjust an oscillation frequency of the

magnetron to a resonant frequency of the microwave
cavity and as a result the power P, reflected from

microwave cavity is decreased. Thus, we have tested the
microwave module using the magnetron with the two RF
outputs for forming high-power nanosecond microwave
pulses at X and Ku bands. Besides it, possibility of
application of this approach for creating microwave
module at mm range of wavelength is discussed.

Conclusion

The application of the technical solutions proposed for
the antenna construction considerably increases a
propagation distance of pulse electromagnetic signals. So,
as compared with an emission level of a unipolar pulse
signal, the propagation distance of the bipolar impulse
produced in an antenna aperture increases 9,5 times as
much, and as compared with a monochromatic signal —
2,37 times. The simultaneous joint operation with no
interference and a single frequency range of both
traditional narrow-band communication systems, and
communication systems with UWB-SP signals is specified
by the fact that the level of an information signal does not
exceed a noise level in the working range of frequencies.
In addition, decelerating the power and an emission level
of electromagnetic fields is guaranteed to provide
accomplishing the requirements of electromagnetic
compatibility at all development stages and implementing
the systems of mobile communication.

. Trubchaninova K.,
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Yypomos TI'l., ITanuenko C.B., Cepkor O.A.,
Tpyo6uaninoBa K.A. AnTeHa 1/l BUNIPOMIHIOBAHHSA Ta
NPHIIOMY KOPOTKO-iMIyJIbCHMX HAJAIIHPOKOCMYIOBHX
CHUTHAJIIB

AHoTamig. Y 1l cTarTi TMpPEACTaBICHO KOHCTPYKIIIFO
aQHTEHH 3 PO3LIMPIOBAHOIO IIUIMHOIO ISt e(EeKTHBHOTO
BUIIPOMIHIOBaHHS Ta TNPUHOMY HAANIMPOKOCMYTOBUX
CUTHAJIIB, KOPOTKO-IMIYJILCHHX cuTHamiB. OmHuM i3
PI3HOBHIIB HAAIIMPOKOCMYTOBHX CHTHAIIB € KOPOTKO-
IMITyJIbCHI CHTHaJIM. BBa)kaeThCs, 10 IIi CHTHAINM MaloTh
TpuBaiicth Omm3pko 0,1...10 HC. BOHM MaroTh IIMPOKY
CMYTy TPOITyCKaHHS, 3Ha4YHE IPOHMKHEHHS 1 CKPUTHICTB.
Ix BUKOpHCTaHHA N03BONIAE OTPUMATH BUCOKi MIBHIKOCTI
mepenadi  JaHUX 1 € Jy)Xe TIePCHeKTHBHUM IS
MaiOyTHHOTO PO3BUTKY Cy4YacHHUX yIIBTpa-
mmpokocmyrosux cucreM (UWS). 3 immoro 60ky,
IpakTHYHe 3acrocyBaHHs curHaniB SP-UWB Bukimkae
TIeBHI TPYJHOI, MOB'S3aHi 3 iX BUIIPOMiHIOBaHHSM (200
BHOOPOM THITy aHTEHH) 1 MOAAIBIIMMH CIIOTBOPEHHSIMH,
BUKJIMKaHIMH HEPIBHOMIPHUM OCJIAOJICHHSM CUTHAIy IO
YacTOTi Wi dYac WOro TOIIMpPEHHSA. TakuM YHHOM,
epeKkTuBHICT,  BUKOpHCTaHHS  curHamis  SP-UWB
0e3rocepeIHbO 3ANEKNTH BiJl XapaKTEPUCTHK aHTEH, SIKi
3MIMCHIOIOTH 1X BUIPOMIHIOBaHHS Ta mnpuiiom. B poGori
3alpOIIOHOBAaHa KOHCTPYKIiS aHTEHH, sIKa JIO3BOJISIE
CTBOpPIOBAaTH iHTep(EepeHIiHEe EJIEKTPOMArHiTHE II0JIe
OIMOJSIpHOTO  IMIYJIBCY B EKBIBAICHTHIM  3aranbHii
aneptypi aHTeHH. [IpoBeieHO KiJbKICHY Ta SIKICHY OIIHKY
e(eKTUBHOCTI  3alPONOHOBAHOI KOHCTPYKIIi aHTEHH.

[lokazano, w0 3acTocyBaHHS JaHOI AHTEHH JO3BOJISIE
30UTBIINTH JANBHICTH MomMpeHHs immysnscHnx UWB
curHaiiB. Tak, TOpIBHSHO 3 pIBHEM BHIIPOMIHIOBaHHS
YHIIOJISIPHOTO IMITyJIbCHOTO ~ CHTHAJy  JIJIBHICTh
TIOLIMPEHHSI OIMOJISIPHOTO IMITYJIBCY, CTBOPEHOTO B OTBOPI
aHTeHH, 30UTBIIyeThcs B 9,5 pasu, a TOpPIBHAHO 3
MOHOXPOMAaTHYHUM CHTHaIOM — y 2,37 pasu. Takum
YMHOM, BBEJICHa AHTEHA JO3BOJISIE ICTOTHO 301JIBIIMTH
JTANIBHICTh PpazioBUIIPOMIHIOBaHHS IMITYJIBCHUX
HaIIMPOKOCMYTOBUX curHamiB  OpHOuYacHa CyMicHa
poboTa 6e3 mepemkos i B 0IHOMY 4aCTOTHOMY [liara3oHi
SIK TpaJULiHHUX BY3bKOCMYTOBHX CHUCTEM 3B'A3KYy, TaK 1
cucreM 3B'13ky 3 UWB-SP curnamamu o0yMOBITIOETBCS
THM, IO PiBeHb iH(OPMALIITHOTO CHTHATY HE IEPEBUIIYE
piBHS IIyMy B poOOYOMY CTaHi. Jiala3oH 4acToT.
KaiouoBi ciioBa: mepenaBaHHS 1aHHX, €JIEKTPOMAarHiTHa
CYMICHICTh, YacoBa TIO3UIIIHHO-IMITYJIbCHA MOYJISIIiS,
Ha{IIMPOKOCMYTOBHI CHT'HAJ, ITUPOKOCMYTOBa IMITyJIbCHA
aHTeHa, 0e37]pOTOBa CUCTEMA.
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ITABJIYCEHKO K. O., PhD crynentka

DOI: 10.18664/ikszt.v2813.290100

(YkpaiHchkuil nep>KaBHUN YHIBEPCUTET 3a13HUYHOTO TPAHCIIOPTY)

KonuenryajibHa MojaeJIb JIIOAMHO-OPi€HTOBAHOI PO3YMHOI CUCTEMH OCBITJICHHA

Cucmema n100UHO-0pieHMO8an020 posymuozo ocgimaenuss (Human Centric Lighting, HCL) € wacmurorw
PO3YMHO20 OYOUHKY I NpU3HAYeHa OJisi CMEOPEHHs (DYHKYIOHANbHO2O, eKOHOMIYHO20 mda KOM@pOPMHO20 OJisl JHOOUHU
omouenus. [locniodcenus yupkaonoeo pummy nwoounu (Human Circadian Rhythm, HCR) 0osodsmb gadicnusicmo
cmeopenna HCL 3 ypaxysanusm ¢pakmopie eniugy napamempis OC8ImAeHHA HA JOOUHy. Y cmammi 3anponoHoeamd
Konyenmyanvra moodeav HCL cucmemu Ha ocnogi 36anranucosanoeo HCR.

Knrwouoei cnosa: noouno-opienmosana cucmema po3ymHo20 OCSIMNAEHHs, YUPKAOHUL pumm JI0OUHU, KOHYEeNnMYaibHa

MOOeNb, HeuimKa 3MIHHA 3CY8Y YUPKAOHO20 PUMMY.

Beryn

JocniypkeHHsT  OUPKAAHOTO  PUTMY  JIIOJMHHU
MIOUIMPIOETECS 3 TOJAIBIIAM  PO3BUTKOM  INTYYHOT'O
inTenekty peuet (Artificial intelligence of things, AloT).
CyTTeBUM (HaKTOpPOM € MOJKIJIMBICTD CYYacCHHX CHCTEM
AloT orpumyBarn 3HaueHHs crumynie HCR 3a
JIOTIOMOTOI0 CEHCOPIB, aHali3yBaTW BIUIMB CTHMYJIB Ha
3MiHY CTaHy JIFOAMHM 3a JIOTIOMOTOI0 MITYYHOTO 1HTENEKTY
i, HapemITi, CTBOPIOBATH IITyYHE OTOYCHHS, IO y CBOIO
yepry ¢opmye HeoOximHi ctumynu otoueHHs HCR i mae
3MOTY  CTBODIOBAaTH  CKJI3JHI  CHCTEMH  JIIOAMHO-
OpIEHTOBAHOTO PO3YMHOT'O OTOYCHHSI.

HCR («BHyTpimHii TOAWHHHK JIIOAWHM») — L€
IpUOIM3HO TOOOBUM PUTM 3MiHM (Hi3UYHOTO, MCHXIYHOTO
Ta TOBENIHKOBOrO craHy mroawHu. I[lpupomamit HCR
30epiraeTecsi B MOCTIMHMX yMOBaxX, TOOTO B IOCTIiHMHIHN
TeMpsiBi, 3 mepiogom Omm3pko 24 romMH, 3a
nociipkeHHsaMu. [lepion puUTMy B TOCTIHHHMX yMOBax
HA3WBAETHCS TEpioloM BimbHOTO Xomy (T). Ilim BrutmBoM
30BHINIHIX  ()AaKTOpIB  CTaH  JIIOAWHH  KOPETYETHCS
YHUCICHHUMH 1TEpallisiMi IMPKaJHOTO PUTMY BIIPOJIOBK
YCHOTO KHUTTS JIIOJVHU Ta IPYHTYETHCS HA T'CHETHYHUX
BJIACTHBOCTSIX OpraHi3My JIIOAWHM (IIepCOHAi30BaHUN
HCR).

3 Ttouku 30py AloT HCR posrnsigaerbes sik MOIENb
CKJIaJIHAX B3a€MOBIJIHOCHH CTaHy JIIOJWHHM Ta OTOYCHHS.
Jliomnna Oaxkae MaTH BIUIMB Ha KEPyBaHHS HHM, aje
JIOCUTH 4YacTO HE Ma€ MOXKJIMBOCTI aHATI3yBaTH CKIAIHI
MIPUYMHHO-HACIIIKOBl 3B'SI3KM  (DaKTOpiB BIUIMBY. Sk
pe3ynapTaT, OCHI[DKCHHS BiIMIYAarOTh TaKi HACIIJKH

© NETPEHKO T. I'., MTABJIYCEHKO K. O. 2023

MOPYIICHHS IIMPKaJHUX PHUTMIB JIOJUHHU, SK OXKHPIHHS,
nenpecis, pak 1 Oarato iHmMmMX. YBara 1O CTBOPEHHS
MIePCOHAJII30BAHOI0 PO3YMHOTO OTOYEHHS JUIS JIIOJMHHU
OyJla IPUYMHOIO CTBOPEHHS PO3YMHHMX pedeil iHTepHeTy
peueii (Internet of Things, IoT), Takux sk po3ymHi
TOAMHHUKH, OYAiBII Ta MicTa.

VY crarTi po3risiHyTO 3arajibHi (pakTOpH BIUIMBY Ha
3minn HCR, ¢axropu BBy ocBiTiieHHs Ha 3MiHM HCR,
BuMoru 1o crBoperHss HCL cucremu Ta 3amponoHOBaHO
koHnentyansbHy wMomens HCL cucteMu Ha  OCHOBI
HEYiTKOTO ITiXOITy.

[MocranoBka npod1eMu, aHAJI3 JOCTiTKEeHb Ta
nyoaikauii

B 0oCHOBI HpUPOJHOTO pETyIIOBaHHS IUPKAIHOTO
PUTMY JIIOJJMHU JIeKaTh MOJIEKYJSIpHI MexaHizmu. Y 2017
poui HoGeniBcpka mpemist 3 ¢izionorii abo MeaUIITHA
Oyna naHa po0OoTi, IO PO3KPHBAE MEXaHI3MH IIMPKaJHOTO
peryiroBaHHs. PO3BHTOK  pO3yMiHHS — MOJIEKYJISIPHUX
mexani3MiB HCR cTuMmysroBaB JOCIHiIKEHHS 1 CTBOPEHHS
MIPaKTHYHUX MPOEKTIB aBTOMATH30BAHOI'O PO3YMHOT'O
OTOYCHHS JIFOANHH, a came cucteM HCL.

Cy4acHi A0CHTiPKeHHS HaMararoThCs BiATIOBICTH Ha
nuraHHs «SIki nponecu BruBaoTh HA HCR?», «SIk came
BIUIMBAIOTh Ti uW iHmI aktopu?», «fxi ¢dakropu
Hai6inpe BrumBatoTh Ha HCR?», «SIk cydacHi inTepHeT
peui mMoxyTs BrimBatd Ha HCR?», «SIk 30amancyBatn
CTaH OpraHi3My KOHKPETHOI JIIOJMHH 32 JONOMOTOI0
peryJIIOBaHHs TEBHUX 30BHIMIHIX moxpasHukiB HCR?» i
6araro iHIIHX.
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Hocnimkenas HCR Bu3HayaroTh B3a€EMO3B’ I3KH
Mk HCR Tta takumu daxropamu:

1) ¢i3uuHa aKTHBHICTH JIIOAMHHU (KUIBKICTH Ta
IHTEHCHBHICTh (i3MYHOT aKTHBHOCTI);

2) peXuM XapuyBaHHSIM JIIOAUHH (IOTpPUMAaHHS
TICBHOI JI€TH UM MEBHHUX IPOMDKKIB Yacy MiXK BXKHBaHHSIM
Kki);

3) OionoriuHmit 1 (QI3UYHUN CTaHU JFOTUHH
(BMICT y KpOBI MeJNaTOHiIHY, KOPTH30Jy, TECTOCTEpPOHY Ta
IHIINX TOPMOHIB, TEMIIEPATypa Tijia i THCK);

4)  izionoris moanHH (BIK, CTATh);

5) cran HaBKOJIMIIHBOTO cepeloBHUINa
(Temriepatypa, BOJIOTICTb, SIKICTh OBITPS TOILO);

6) cran oOCBiTIEHHS (WITy4HE Ta TMIPUPOJHE
OCBITJICHHS; CIIEKTPAIBHUNA CKJIQJ CBIiTIa, BKIIOYHO 3

KUIBKICTIO CHHBOTO CBITJIa B  OCBITJICHHI;, KOJIIpHA
Jloskuaa
CBITIOBOT ‘
xButi
e RTEHICTS AR
KiIbKicTh CHHBOTO [ npupomsoro
CIICKTpY OCBITICHHS s
Komsoposa / JToBKiiia XBIiTh
2 IPHPOJTHOTO
TeMrieparypa :
LITY4HOTO CBiTIA G0
3aneKHOCTi BiX cexoﬂy /
Tac BIUTHBY [ \
IITY4HOTO 4———--1‘ Ceitno
- —_CBITIIA CBlT'Id I\o%oposd ‘TeMIleparypa |
‘A'TOJ"HH'"/‘ npupo}mom OCBITIICHHS
| e epiro menclmmcn {8 saztexHoCTi Bij cesony
TempsBa
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\
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78 . PUTM
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¥ % { Akicts cHy
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Kodeity

e |

/

TEeMIepaTypa  CBiTJIa;  IHTEHCHUBHICTH  OCBITJICHHS;
TPHUBAIICTH OCBITJICHHS PI3HIUMH JDKEPEIaMH CBITIIa).

Ha puc. 1 300paxeno ¢akropu BrumBy Ha HCR,
0OI'pyHTYBaHHS SIKMX PO3TIITHYTO B pobotax [1-3].

HaiirmommpeHimmmu € qociiKeHHs! B3aEMO3B 3Ky
mix cBiTiioM i HCR [4-6].

CyTTEBHUM HEAOJIIKOM yCiX iICHYIOUHX JIOCIIIKEHB €
BUBYEHHS JIMIIE IIEBHOTO, YacTO JOCHUTb BY3BKOTO,
HanpsMKy BBy Ha HCR 6e3 KOMIUIEKCHOTO MiX01y A0
L[OTO MMUTAHHSL.

Y poOOTi MPONMOHYETHCS KOHIENTyaIbHa MOJIENb
JIIOIMHO-OPIEHTOBAHOI PO3YMHOI CHCTEMH OCBITJICHHS,
moOymoBaHOT Ha HEUITKIH Mojenmi 30aaHCOBaHOTO
LUPKAJTHOTO PUTMY JIFOJMHHU.
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Puc. 1. ®axTopu BBy Ha 3MiHY IUPKAJHOTO PUTMY JIFOIUHA

BunisienHs HeBHpilIeHUX MP0GJIeM B T0CTITKEHHAX

HCR € BaxkIMBOIO CKJIAZIOBOIO 3I0POBOTO KUTTS
JIIO/IMHM SIK PETYJIATOP Ol0MOTiYHUX IPOLEeCiB JTOIUHN [2].
HCR (npu6mm3zHo 24,5 ronunn) - 1ie TpUpOAHi KOJIUBAHHS
(GyHKIIH opraHi3My, TIOB’s3aHi 3 J0OOBUM IIMKJIOM CBITIIa
i tempsiBu. 3miHa HCR 3aBnsku 30BHIIIHIM (akTopam
BIUIUBY (TIO{pa3HUKaM, HAIIPUKIIA, CBITIA i TEMIEepaTypH)
Ha3MBAETHCS 3aXOIUICHHSM, a MOJPA3HUK, 10 IPU3BOIANTH
JI0 3aIy4eHHSI pUTMY, Ha3uBaeThed zeitgeber, iHakme «nap
qacy».

CBITJIO - Il YaCTHHA EJIEKTPOMATHITHOTO CIEKTpa
3 TOBXMHOIO XBHJIb MixK 380 1 780 HM, 1m0 cripuiiMaeTbest
O4yMMa JIIOJMHH. 3a HASSBHOCTI OCBITJICHHS JIFOJUHA 0aYUTh
KOJILOPH, a 32 BIJICYTHOCTI - JIUIIIE BIITIHKHU CIPOTO.

BinmoBimHO 10 MPHPOIM OCBITICHHS CBITIO MAae
Bi3yaJIbHUH, eMOWIWHUI 1 Oi0JOTIYHUI BIUTMB HA JIOIUHY
[4]. Ilpupoauunit HCR dopmyeTbes 3aBaskn OiosoriaHoMy
BIUIVBY CBITJIa Ha JIIOJIHY.

Y HCR Bunuisiiors ABi ¢asu — CHy Ta HECIaHHS.
BB cBiTNa SK 30BHINIHBEOTO TOApa3HUKA € HAWOUIBII
BaromuMm Juis 3Minn HCR. MexaHi3M BIUIMBY CBiTJIA
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peadi3yeTbcsi B OpraHi3Mi JIIOAWHH 33  JIOTIOMOTOIO
CKIaJHAX  TOPMOHAJIBHMX  IporeciB.  BaxmiBoro
CKJIaJIOBOIO MEXaHI3My BIUIMBY € KOJIMBAHHS MEJAaTOHIHY B
KPOBI JIIOAWHHU.

TI'opmon MEJIaTOHIH BUPOOIISETHCS
LINIIKOTIONIOHOIO 32103010 B TOJIOBHOMY MO3KY JIIOJMHHU
Ta Bifirpae BajxumMBy ponb y perymoBanHi HCR.
BupoOnenns MenaroHiHy MOB'S3aHO 3i 3MIHOIO CBITJIA i
TEMpSIBH, a caMe BUPOOJICHHS! MEJIaTOHIHY ITiABHUILY€ETHCS B
TEMPSIBI Ta 3HWKYETHCS i BIUIMBOM CBiTHa [1].

OcBiTiIeHHS TpPSMO BIUIMBa€ Ha MEJATOHIHOBY
CHCTEMYy Yepe3 PpELENTOpH CBITIa, IO 3HAXOIATHCS B
PI3HMX YaCTHHAX Tija JIOIUHM, BKIIOYAIOUH OUi Ta HIKIpY.
VY pa3i NoTpamisiHHA B OYi JIIOJWHHU CBITJIO aKTHUBYE
(oTouyTIHBi penenTopu CITKIBKH (cTprxHeBi,
KOJIOOYKOBI ~ KJIITMHM Ta CBITJIOUYTJIMBI  T'aHIJIO3HI
kiituHK). LI penentopn nepecnialoTb CUTHAIH 10 MO3KY
yepe3 30pOBHM HEpPB Ta AaKTHBYIOTh HEHPOHU Yy
BiJIMIOBiTHUX JiJITHKaX MO3KY.

AXTHBOBaHI HEHPOHH y CBOIO Yepry BIUIMBAIOTH HA
MEJIaTOHIHOBY CUCTEMY IIIIXOM PETYIIIOBAHHS aKTHBHOCTI
HINAIIKOTIO110HOT 3aJI03H. Hlnsixom 3MEHILIECHHS
BHPOOJICHHSI MEIIATOHIHY IIiJl BIUTHBOM CBITJIa BIIIIOBIIHI
HEHpPOHM 3MEHIIYIOTh AKTHBHICTh ()EPMEHTIB, MIO
3a0e3revyroTh IIepeTBOPEHHS CEPOTOHIHY B MenaToHiH. Le
MIPU3BOJUTE /10 3MEHILICHHS PiBHS MEJIATOHIHY B KpOBi Ta
nopymennst HCR [7].

Haii6inpury E€HEPreTUYHY 3aJIeKHICTD y
CHEKTPAJIbHOMY JIiala30Hi BHIMMOTO CBITJIA, IO MOXE
MIPOHUKATH TIIMOOKO B CITKIBKY OKa 1 NMPSIMO BIUIMBATH HA
OayaHc TOPMOHY MEJIaTOHIHY B OpraHi3Mi Ta CHPHYHHSTH
PSI HETaTMBHUX HACIIJIKIB JUIS 3/I0POB'Sl, Ma€ CHHE CBITIIO
(Bix 450 no 480 um) [5]. Konu mroguHa OTpUMY€ IITY4HE
CHHE CBITIO BAeHb abo0 Iiepex CHOM, L€ NpHUTHIUYye
MIPOyKIio MenaToHiny i nopymrye HCR.

CraH ocBITJIIEHHS B Di3HI YacH JOOM Mae pi3HUH
BiumB Ha HCR. Illty4yne CBITIO MOXe BHKIMKAaTH
HeratuBHy 3MiHy HCR, 0co0:11BO SIKIIIO BOHO Mae BHCOKY
IHTEHCHBHICTb 1 CIIEKTpaJIbHUH CKJIaJ, IO HE BiJIIOBiNaE
pUpoIHOMY puTMYy cBiia 1 TtempsBu.  OTxe,
MIPOEKTYBAaHHS CHUCTEMHM Ta KEpYBaHHS HEIO OCBITIICHHS
MIPUMIIIEHHS 3 YpaxyBaHHSAM IapaMeTpiB BIUIMBY CBITJIA
Moxe cTadimizyBati CR KOHKpETHOT JIIOANHH.

Ocgitnenass moxke BrumBatd Ha HCR dyepe3 nBa
MEXaHi3MU: NpSMUKA BIUIMB HAa MEJIATOHIHOBY CHCTEMY Ta
Henpsmuil BB Ha HCR.

o nenpsimoro BrumBy Ha HCR BimHOCATH BIUTMB
COLIIAJIFHOTO PUTMY (TOJMHH, KOJIH JIIOJMHA TIPOKUIAETHCS
Ta JIATa€ CHaTH, iCTh 1 MpAIO€; i TOAUHU MOXYTh OyTH
pi3HMMH B pI3HMX KpaiHax abo KynbTypax), QisuyHa
aKTHBHICTb, BiK JIOMHH, Xap4yBaHHS i CTpeC.

Ipsamuii BrumB Ha HCR wmae Ttakwmit dakrop, sk
CBITJIO. Y CBOIO Yepry CBITJIO BIUIMBAE IO-PI3HOMY HAaBiTh
Ha PIi3HI YaCTHHHW OKa JIIOJMHM 3a JOIIOMOTOI0 30POBHX i
HE30POBHX PEICTITOPIB.

Jns ouiHIOBaHHS BIUIMBY CHUCTEMH OCBITJICHHS
npumimenHss Ha HCR ypaxoByioTe clieKTpajbHUN CKiaj
CBITJIa, IHTEHCHUBHICTH CBITJIA 1 TPUBAJIICTh BIUIMBY CBITJIA.

BuBueHHs ~ cIeKTpasbHOTO  CKJaxy  CBiTJIA
JIOBOJIUTD, IO HOTO BIUIMB MOXE OyTH 30ajlaHCOBaHMM
BIJHOCHO IPUPOJHOTO LHPKAJHOTO PHUTMY 3aBJSKH
¢utbTpanii XBWJIb PI3HOT NOBXHMHW. BHBYEHHS BIUIMBY
KONIIpHOI ~ TeMmmepaTypu  CBiTJIa  JIOBOAUTH  TaKOX
HEOOXINHICTP ~ MOHITOPMHTY Ta  KEpyBaHHS  LIUM
noJjpa3zHuKoM Iupkaanoro purmy B HCL cucremi.

Hns dopmanizanii BrumBy ocsitinenHs na HCR
po3pobneHi  iHguKaropu — (QakTop LUpKamHOi  ii
(Circadian Action Factor, CAF), mmpkamguuii cTuMyn
(Circadian Stimulus, CS), ekBiBaJCHTHHIA MeIaHOITIYHHNA
mokc (Equivalent Melanopic Lux, EML) i kpuBa ¢a3oBoi
Bimnosizi (Phase Response Curve, PRC).

Inmukarop CAF  pmae 3Mory OIHMTH BIUIMB
JUKEpena CBiTJa, TMOB’SI3y€ I[MPKaJHI BEJIMYMHH 3
(doToMEeTpHYHNMH,  BiZoOpaxye  LUPKaAHUH  edeKT
JUKEpena CBiTIa Ta ONWCYE LUPKagHy e(EeKTHBHICTH
pisHux konbopiB cBitma. CAF  obOumciioeTses 5K
CHIBBIHOIIEHHS  BiZOMTOTO  CBITJIOBOTO  TOTOKY 1
3araJlbHOTO CBITJIOBOTO ITOTOKY [8].

JloclmipkeHHSIMHA ~ BCTAHOBJICHI  CITIBBIJHOIIICHHS
3Hauedb CAF, Bumy nisUIbHOCTI JIIOMMHM Ta KOJIpHOT
TEMIIepaTypyd JpKepena CBiTJIA, IO BIUIMBAIOTH Ha
30a71aHCOBAHICTh HCR. Iix Jac BiJIIOYMHKY
npornoHyerbcsi 3HaueHHss CAF wmenwme 0,4, 3HaueHHS
kounipHoi Temneparypu Menme 3000 K; mig gac odicHoi
pobotn um HaBuanbHOI AismmbHOCTI CAF Moxe Oytn B
Mexax Bix 0,3 mo 0,8, xomipra Temmeparypa — Big 3300 mo
5300 K. Ilix wac KoHIEHTpamii, HampyXeHoi poOOTH
pexomenaoBaHe 3HaueHHs CAF mae nepesumyBaru 0,7, a
KoJipHa Temneparypa mMae Oytu Buma 3a 5300 K [8]. CAF
MpUOJIM3HO ONHMCYE BIUIMB PI3HUX KOJBOPIB CBIiTJIA HA
HCR.

Iamukarop CS (W/m2) 3ampomoHoOBaHO ISt
OILIHIOBaHHS CIIEKTPAJIbHO 3BaKCHOTO OCBITJIICHHS IS
HCR. BcranoBieHo npsiMo mponopuiiiauii 38’130k CS i
HIYHOTO TPHUTHIYEHHS MEJATOHIHY MiCJs OJMHIE] TOMUHH
cBiTiIOBOTO BIUUBY [8, 9]. Po3paxoBani 3nauenns CS mis
PI3HUX BHIIB [MiSUTBHOCTI IIOIWHU, IO BiJIOBITAOThH
moTpiOHOMY ocBiTiIeHHIO 30amancosanoro HCR. Tak, mis
mkamm  [0,1] BigHOCHHX 3HaueHh CS TPONOHYETHCS
3HaueHHs CS menme 0,4 ans 9acy BIAIIOYMHKY, a ISt
pobouoro vacy — oinbrme 0,7.

Innukarop EML BUKOPUCTOBYETBCS B
MibkHapogHomy — crappapri  WELL  Building s
BuMipioBaHHs BIUMBY cBiTiia Ha HCR B apXxiTekTypHHX
cnopyznax [10]. EML BuMipioeTbcss 1O BEpTHKali Ha
BUCOTI OYel KOpHCTyBaya i Ul PO3paxyHKYy HEOOXiTHO
MOMHOXXKUTH  3Ha4eHHs  ocBimieHocti  (lux) Ha
MENIAaHOMYHUN KOeQimieHT Al OTPUMAaHHS 3HAYCHHS
OCBITJICHHOCTI B E€KBIB&JICHTHHUX MEJIAHOMIYHHX JIIOKCAaxX
[8]. Immukarop ypaxoBye aisi 0a)XKaHOTO CIIEKTpa CBITIa
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OLIIHKY BIUIUBY KOXXHOTO 3 II’SITH (hOTOpELenTOpiB
B OLi JIFOWHH.

PekomennoBano BuTpumyBaTH 3HadeHHs EML
BHOUI Ta IIJ 4Yac BIAMOYMHKY MeHmMM 3a 50
eKBIBAJICHTHUX MEJIAHOMIYHUX JIFOKCIB, a BJCHb OLIBIINM
3a 200 eKkBiIBaJICHTHUX MEJIAHOIIYHHX JIFOKCIB.

BB cBitma Ha Qasy LOUPKAagHOTO PUTMY
MENIaTOHIHY ONHCY€ThCsS KpHUBOIO (ha30BOI  BIATIOBIii
(PRC), mo Bkasye Ha BEIMYMHY Ta HampsMoK (ha3oBoro
3cyBy [11].

VY nocnimkenHni nupkagaoro putmy PRC imoctpye
3B’S30K MDK CTHMYJIOM, TaKUM SK BIUIMB CBITJA, i
BIJIMIOBI[UTF0 — 3CYBOM IMPKATHOTO PUTMY (3CyB (hasm).
3cyB ¢asm y HCR o3Havae, mo vac 3acHHAHHS Ta
NpoOYy/DKEHHST TIEPEMICTATBCS  paHilie  (BUIIEPEIKSHHS
¢a3m) abo mizninie (3arpumka dasm) [11].

PRC 3a3Buuaii BUKOPHUCTOBYETHCSI TIPH BHBYCHHI
XpoHOOioorii It BUSIBIGHHS BIUIMBY DPi3HUX (aKTOpiB
HaBKOJIMIIHBOro cepenosuma Ha mnesHuii HCR. Ile
(dyHIaMEHTATBHAN XPOHOOIONIOTIYHUI 1HCTPYMEHT IS
BHUBUYCHHS ITUPKATHUX TUcOaTaHCiB Jroquan [12].

[HmMKaTopy BIUIMBY OCBITJICHHS JalOTh 3MOTY
BUAIIMTH HaWOLIBII CyTTEBI BIJHOCHHH MiX (pakTopamMu
BIuMBY cBitia Ha HCR.

Merta Ta 3ama4i J0CTiTKEHHS

JIromHO-0pi€HTOBaHI cHCTeMHU PO3yMHOTO
ociienHss mpuMimenass (HCL) - me cucremu
OCBITJICHHS, PO3pOOJICHI Ul TOKpAIIeHHS KoMQopTy i
3nopoB'st moauan. HCL cuctemMn BpaxoBYIOTH OiostoriuHi
norpebu smoauny, BigmosigHo HCR, i 3abesneuyrorsh
OCBITJICHHS Bi/ATIOBIJTHO IO PUTMY IHS Ta HOYI.

HCL wmoxyrs BrumBatn nHa HCR, 3MiHIOIOUM
CHEKTPAJBbHUI CKJIQJl CBITJIA, IHTEHCHBHICTH 1 TPHBAJICTh
ocBiTiieHHA. OcHOBHI (aktopn BBy cBimia Ha HCR
BKJIIOYAIOTh TaKe:

1) idTeHcuBHicTh cBiTna BrumBae Ha HCR [5,
13]. HCL perynroe iHTEHCHBHICTH CBiTJIa B NPHMIIICHHI
BIJIIOBITHO 1O Yacy mHS (HO4Yi) Ta aKTHBHOCTI JFOIWHH.
SckpaBe cBiIO MOXe  30y[KyBaTh  JIIOOUHY 1
iABUITYBATH 11 0aJbOPICTh, TOMI SK MPUTIIYIICHE CBITIO
BBEYEpi MOXKE 3aCIIOKOIOBATH 1 JOIOMarat 3acHyTH. s
BU3HAUCHHS  pIiBHSA  IHTEHCHBHOCTI  CBiTiIa  Tpeda
BPaxOBYBaTH pi3HI (hakTOpH BIUIMBY, TaKi SIK BIK, CTaH
3JI0pOB'sl Ta IHAMBIAYaIbHI TOTPEOH JIFOIUHH;

2) CHeKTpaJbHHHA CKJaJ CBITJIA OIHCYETHCS
pI3HMMH JOBXMHAMH XBWJIb, HPHUCYTHIX Yy CBITJI, IIO
magae Ha mpeamer ocBimieHHs. HCR 3amexuts Bixg
CHEKTPAJIBHOIO CKJIagy CBiTJIA, IO OTOYYE JIIOAWHY
MpOTSATOM JHS Ta BiAmoBimHO 10 dYacy mAHA [14].
Hanpuknan, Bparni HCL cucrema moxe 3a0e3medyBaTu
OLbII XOJOJHE Ta OLUIBII CHHE CBITJIO, I00 ITiABHILUTH
SHEeprilo Ta MOKPAIIUTH HACTPil, a BBeUepi — OUTBII TerIe
Ta JKOBTYBaTe CBITJIO, 1100 JOIMOMOITH 3acCHOKOITHCS Ta
miaroryBarucsi 1o cHy. Komipaa Temmeparypa cBiTia

BIITBOPIOE TPHUCYTHICTb PI3HUX KOJBOPIB Yy CIIEKTPI.
Bupinsrors Tpu Kareropii KodipHOI TeMIEpaTypH - TEIuie
cBiTo (menme 3300 K), Oure HeliTpambHe CBITIO (BiX
3300 no 5300 K) i xomogue 6ine cBimio (Bume 5300 K).
Pi3Hi mKepena cBiTIa MaTHMYTh PI3HHH CIEKTpabHUN
CKJIaJ 1 BIATIOBIZHO Pi3HY KOJILOPOBY TEMIEPATypY;

3) rtpuBamicts cBimia BmumBae Ha HCR [5].
Skmo mropmHa BUTpadae OaraTto 4yacy B NPUMILICHHI 3i
IITyYHUM OCBITJICHHSM III3HO BBedYepi, L€ MOXe
nopymutn HCR Tta mpussectu 10 mpobiem 3i cHOM. 3a
qonomororo HCL  cuctemMun Mo)KHa  HalalITyBaTH
TPHUBAJICTH CBITJIa B MPUMIIICHHI Bi/ITOBIIHO 10 Yacy JHS
Ta MoTped KOpuCTyBaya;

4) HCL cucTteMa MOXeE 3a0e3neunTn
BUKOPHCTAHHS PI3HUX PEXHMMIB CBITIA JUIS Pi3HUX TOJAWH
IHS - peXUM poOOTHM TpW 3HAYHIH I1HTEHCHBHOCTI
MPOTATOM pOOOYOro AHS 1 PEKUM BIIANOYMHKY, KOJIH
CBITJIO 3MEHIIYETHCS 1 TNIABHO BUMHKAETHCS BBEUEPi;

5) HCL cucrema mae O6yTn HEepCOHATI30BAHOIO.
VYpaxyBaHHS IHAWBIAyaJbHAX BJIACTHBOCTCH JIFOJMHU
3abe3neuyeThes anantuBHUM xapaktepom HCL cucremu;

6) MOXIMBICTH BHOOpPY PpI3HMX HaJlaITYBaHb
OCBITIICHHS, TaKMX SK IHTCHCHBHICTh CBiTJIa, KOJipHA
TeMmepaTypa, pi3HI JDKepena  CBiTia, 30HAIBHICTH
OCBITJICHHS, TPHUBAIICTh MPHUPOJHOTO Ta IITYYIHOTO
OCBITJIEHHSI — I1e 0a30Bi (pakTOpH BIUTMBY Ha KOM(pOPTHE
JUISE  JIOAWHW  OCBITJIICHHS. AJIANTHBHICTH CHCTEMH
nocsiraeteest  HanmamrtyBanHsmu  HCL  cucremu  jyis

IHIUBIya IbHOTO KOPUCTYBada MUIIXOM HAKOIMYCHHS
maHnx 1 amamizy 3acobamu AloT. IlepconanpHi naHi
BIIOJJOOAHb KOPHCTyBada, OCOOMCTI MOTpeOH, pUTMHU
aKTHBHOCTI Ta BIANOYMHKY, 3aJISKHO BiJ| BIACHUX BHMOT
KOpUCTyBa4a € KOPHCHMMH JUIA aHaji3y Cy4JacHUMH
METOJaMM INTY4YHOrO iHTeNekTy. Hampuknan, skmo
JIOIMHA TIPAIOE BHOYI 1 cruTh BIeHb, TO HCL cucrema
MOXKE HaJAIITYBaTHCS HA 3HIKEHY IHTEHCHBHICTH CBITIJIA
BJICHb 1 WiJABHIICHY BHOYI. ApnanTamis 10 TOTped
KOPHUCTYBa4iB TaKOX MOXCE BKJIIOYaTH aHalli3 Py4HOTO
BTpy4YaHHS KOpHCTyBaua B KEpyBaHHS CBITIIOM 3a
JIOTIOMOTOI0  I0JIaTKiB  Ha cMaprdoHax abo iHIMMX
MIPUCTPOSIX, IO JAIOTh 3MOTY KOPHCTyBadaM 3MIHIOBATH
HaJIAIITYBaHHS CBITJIA B Oy/b-SIKMIA MOMEHT;

7) HCL cucrema BHKOHYye  aBTOMAaTH4YHE
pearyBaHHS Ha NPHCYTHICTb JIIOAMHHM 3a JIOTIOMOTOIO
JATYMKIB pyXy B TPHUMILIEHHI Ta pETrylIoe piBeHb
OCBITJICHHS BIiJIOBIZIHO O 30pOBHX PpOOIT JIIOAWHH.
Hampuknan, sKmo  Jatyukd  BUSIBISITE  pyx — abo
MIPUCYTHICTH JIOJUHU B IPUMIICHHI BBedepi abo BHOUI,
CHCTEMa MO)KE€ aBTOMAaTHYHO BCTAHOBHTH pPIBEHb CBITJIA
JUIsl CTBOPEHHS OiTbII TeMHOi atMocdepu. 3 iHImoro 60Ky,
BpaHIi a00 BJCHb, KOJIH AaKTUBHICTh JIFOIUHU B
MIPUMIIICHH] OUTBIN OYiKyBaHA, CHCTEMa MOXKE ITiIBUIIUTH
piBeHb CBiTHA JUIA CTHMYJIIOBaHHS OIbII EHEpriiHOi
atMocepr.  YpaxyBaHHS ~ HasBHOCTI  JIIOIMHH B
MIPUMILIEHH] Ta XapakTepy 30poBOi pPOOOTH JIIOJWHU HE
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8)  TUIBKM MATPUMY€ TPUPOIHUN PUTM JKUTTS,
ane i 3abe3neuye eneproedexruBHicts HCL cucremu;

9) HCL cucrema BpaxoBy€ BIUIMB 3MiHH
30BHINIHIX CBITJIOBUX YMOB 3aJIS)KHO BiJ 4Yacy moOu Ta
CE30Hy PpOKY, IO Ja€ 3MOTy 3MEHIIMTH BUTpaTu Ha
ocBiTiieHHs. Hampukian, B3MMKY, KONM JHI CTalOTh
KOpPOTIINMH, CHCTEMa OCBITJIICHHS MOXE aBTOMAaTHYHO
30UIBIIYBaTH PiBEHb IITYYHOTO CBIiTJIa B HPUMIIICHHI
BpaHIli Ui 3a0e3MedeHHs OUTbIIol aKTHBHOCTI JTFOAUHU. Y
BEUipHiil yac, KO 30BHIIIHE OCBITJICHHS CTa€ CIA0KUM,
BuOip cucremMu Moxe OyTH pi3HMM — abO 3MEHIIyBaTH
PiBEHB OCBITJIICHHS, MO0 3MEHIINTH HABAHTAXXCHHS Ha OYi
Ta JIOTIOMOTTH pO3CHIalIeHHIO JIOMUHM, a00, HaBIAKH,
30UIBIIUTH PIiBEHBb CBITJIA B MPUMIIICHHI BiJIOBITHO IO
MIePCOHAJII30BAHOT0 TUTAHY OCBITIICHHS.

Cyuacumii cran pocmimpkenas 3miH HCR i
ctBopeHHss HCL cucrteM BHKOPHCTOBYIOTH Pi3HI HiIX01u
Ta  MOJeNi  KEepyBaHHS  OCBITJIEHHAM  (HEYiTKa
Kinacudikamis, HEYiTKa CcHCTeMa KepyBaHHsS, METOIU
MaIIMHHOTO HaBYaHHs) [15-17], ame i cHCTeMH MOBOII
¢parmMeHTapHO omMcaHi B JpKepenmax. Y  CTarTi
MPOIOHY€eThCsl KoHUentyanbHa Moxaens HCL cucremu,
moOymoBaHa Ha HEUITKIH Mojeni 30aaHCcOBaHOTO
LUPKAJTHOTO PUTMY JIFOJMHH.

OcHOBHA YacTHHA

Konnenryansna mogens HCL cuctemMu BILUIUBY
JIIOIMHO-OPIEHTOBAHOI CHUCTEMH PO3YMHOTO OCBITJICHHS
npumimenss Ha HCR monmana Ha puc. 2 3a JONOMOTOIO
UML niarpamu Bapiantis Bukopuctanus (Use Cases).

Axtop (User) €  KopucTyBaueM  JIIOJHMHO-
OpIEHTOBAHOI CUCTEMH.

KepyBanns cucremoro Moke BigOyBaTucs 3a
JIOTIOMOTOI0 MOOUIBHOTO JI0AaTKa, IO Tepelae laHi y
NIPUBaTHY XMapy.

XMapa MICTUTH YOTHPH JOAATKOBI MOy
KEpyBaHHS, OKpIM MOJIYJsl OCBITJICHHS, a caMe MOAYJb
eneproedexruBHocTi (Energy efficiency module) — 3a
JIOTIOMOT 010 JIaTYHKIB MIPUCYTHOCTI JIIO/INHU
BMHUKaHHS/BUMUKAHHS CHCTEMH OCBITJIICHHS; MOAYJIb
JaHux npo HaBkoymmmHIM cBiT (Environmental data
module) — 3a JONOMOror JaTYWKIB TEMIEpaTypH,
BOJIOTOCTi, @ TaKOX JAHHX IPO TOTOAY Ta IIOPY POKY,
pEryJIOBaHHS INTYYHOTO OCBITJIIEHHS 3 YypaxyBaHHSM
KIJIBKOCTI TIPUPOAHOTO  CBITJIa; MOAYJb JaHUX IIPO
kopuctyBada (User data module) — Bik, cTath Ta iHII qaHi
Ipo KOpHCTyBada, HeoOXimHi s mepconamizamii HCL
CHUCTEMH; MOAYJIb NaHuX mpo coH (Sleep data module) —
SIKICTB 1 PEXKHM CHY KOPHCTYBaya.

¥Yci MozyIti MaroTh BIUIMB Ha aBTOMAaTHYHHUHA PEXXAM

po0OTH  KOHIENTY  MEPCOHATI30BAHOIO  PO3KIALY
ocitnenns (Personalized Lighting Schedule), o
BKJIIIOYAE  KOHLENT  PEryJsilil  [UPKAIHOTO  PHUTMY

(Circadian Rhythm Regulation). Circadian Rhythm
Regulation € xmouoBum konrnentomM HCL cucremu s

npaswisHOTO BrutmBy Ha HCR i, sik Hacmigok, 3710poB’s,
HaCTpill 1 CaMOIIOYyTTSI JIFOIMHH.

Hns 30anancyBaHHs numpkagHoro putmy HCL
CHUCTEMa Ma€ TIATPUMYBATH IMKJI JEHHOI Ta HIYHOI
aKTHBHOCTI KOpHCTyBada: MIiATPUMKA HeECHaHHsA abo
6agpopocti (Wakefulness Promotion) — crnpusHHS
npoOy/DKEHHIO Ta IWIBHOCTI; migrpuMka cHy (Sleep
Promotion) — miaroToBKa A0 CHY i 6€3M0CEPEAHBO COH.

3anexHO Big dacy J00WM BUAIIGHO YOTHUPH
KOHLIENTH OCBITIICHHS: paHKoBe (Morning lighting), nenne
(Daylighting), Beuipue (Evening lighting) i miune (Night
lighting). VYpanmi Ta BaeHp cBiTJIO Mae OyTH OinbIn
SICKpaBe Ta XOJIOMHE. YBedepi CBITIIO Mae OyTH OUIbII
TEMSHE 1 TeIUle, a BHOYI JyXke cinaOke abo B3arami
BIZICyTHE.

KoxHuii KOHIIENT BUAY OCBITJICHHS BKJIIOYAE TaKi
KOHLIENTH, SIK CHEKTpaIbHUM cKimax cBiTiaa (Spectral
composition of light), inTencuBuicts cBitna (Light
intensity) i TpuBasicts ocBiTinenHs (Lighting duration) ms
KEepyBaHHS IapaMeTpaMu OCBITICHHS y NpUMIIIeHH] (Ha

puc. 2 KOHLENTH KEPyBaHHS BHJAUICHI  POXEBHM
KOJIBOPOM).

Takox ocHoBHuI koHuenT Personalized Lighting
Schedule BkirOyae craTMCTHYHI JaHi TPO  3MiHY

HaJIAIITyBaHb KOpHCTyBadeM (Statistics about settings by
the user), 10 SIKOrO BXOIATH KOHLENTH CIIEKTPAILHOTO

ckiragy cBitma  (Spectral composition of  light),
inreHcuBHOCTI cBiTma (Light intensity) 3a mutanom
TPUBAJIOCTI OCBITJIEHHS Ha HAacTymHy mo0y (s
niepcoHai3amii CHCTEMHN).
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Puc. 2. Jliarpama BapianTiB Bukopuctanss cuctema HCL

HCL 3a KigpKiCTIO 1 B3a€EMHHM BIUIUBOM
KOHIICOTIB € CKIAAHOKI JIMHAMIYHOK CHCTEMOIO, III0 Mae
JDKepella HeBU3HAYCHOCTI TapaMeTpiB:

1) pesynbrar pobotu CUCTEMU Mae
3aJI0BOJIBHATH KOPHUCTYBada 3 TOYKU 30py KOM(OPTHOCTI
CHUCTEMH  OCBITJICHHS.  Bu3HaueHHs  koM(OpTHOCTI

cHUCTEeMH MOXe OyTH chopMOBaHE SIK €KCIepTHE 3HAHHS
(HediTKa 3MiHHa «KOM(OPTHICTHY);

2) B3a€EMHUHA  HeNHIHHMA BIUIMB  0OaraTbox
¢axTopiB BrumBy ocBitiaeHHs Ha HCR pobuth cucremy
KEepyBaHHS CKJIAIHOIO, IO € JOJATKOBUM JDKEPETIOM
HEBU3HAYEHOCTI;

3) iHAWBimMyamhbHA YYTIHMBICTH JIFOJUHH [0
rapamMeTpiB CHUCTEMH OCBITJICHHS MoXe OyTH OILiHEeHa
EKCIIEPTOM 1 HOCUTD HEUITKHH XapakTep;

4) pesynbraTH BHMIpIOBaHHS napameTpiB
OCBITJICHHS MalOTh HEBH3HAUCHICTh 32 PAXYHOK MTOXHOKH
BUMIpIOBaHHS;

5) i#gukaropu BILMBY ocBiieHHs Ha HCR
noOyzoBaHI  JOCHIAHMKAMHM  €KCHEpHMEHTalIbHO  Ta
3MeOUTBIIOr0  CITMPAIOTBCS  HAa  BU3HAYEHHS  PIBHSA
MENIaTOHIHY B KpOBi JIIOJWHHM, IO HE MOXe OyTH
MOBCAKAECHHOW  mpaktukoro g1 HCL  cucremu.

[IpupoaHO, MO Taki MOKAa3HWKW MArOTh OyTH IMONAHI SK
HEYITKI 3MiHHI.

Hanpuknan, iHANKAaTOp BIUIMBY OCBITICHHS KPHBA
¢azoBoi Bimnosimi (PRC)» mae 0yt momana B HCL
CHUCTEMI SK HEYITKa 3MiHHA «3CYB IIMPKAIHOTO PUTMY»
(Shift of the Circadian Rhythm, SCR).

Ha puc. 3 300pakena HediTKa JIIHIBICTHYHA 3MiHHA
3 TppOMa TEpPMaMU — HEBEIUKHUH, CepemHill 1 BEIMKUA
3cysu (Low, Middle, High).

OckinbKH B KOKHOTO cy0’ekTa (kopuctyBaya HCL
CHUCTEMH) KaJicHmapHa mo0a TOMIISETECS YMOBHO Ha
cy0’€eKTHBHUH JICHB 1 HIY TPUBAJICTIO KOXHA 10 12 romuH,
TO BHHNepeKkeHHs 30amancoBaHoro HCR — ne mocrymose
3MIIICHAS JHS Ha Hi4. BunepemkeHHs 30a1aHCOBAHOTO
HCR B 10 roauH i BuIIe € KpUTHIHUM, 00 B KOPHCTYBayda
Mai;Ke IMOBHICTIO HOMIHSIMCS MICHSMH JIeHb 1 Hid. Take
BiAXHIICHHS motpedye HEramHoro KOperyBaHHS.
Binxunenns takoro Ttumy BimoOpaxeno B Tepmi High.
Bimxunenns HCR y mexax ojHi€i rouHA B OiK 3aTPUMKH
a00 BUTICPEHKCHHS MOPIBHSIHO 31 30a1aHCOBAHUM CTaHOM
OCBITIICHHI HE € KPUTHYHAM 1 MOXKE CaMOCTiHHO
KOperyBaTHcss BHYTPIIIHIM  OiOJOTIYHAM TOJMHHHKOM
MPOTATOM JICKITbKOX JHIB. Take BiIXHUJICHHS HAICKUTD IO
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HHU3BKOTO 1 BimoOpaxeno B tepmi Low. 3arpumka
HCR Ha Tpu-m’saTh roavH MOPIBHSAHO 31 30a7aHCOBaHUM
HaexuTh 10 Tepmy Middle i € cepenHIM BiIXWICHHSM,

OCKUTGKM TakKWid 3CYyB HE Ma€ MHUTTEBUX HACHIJKIB, a
MIPU3BOJNTE 0 HAKOMTMYYBAHOI JTii Ha OpraHi3M Cy0’eKTa.

Membership Function Editor: Factor = O X
File Edit View
FIS Variables Membership function plots  Plot points: 181
—_— middle low high
) /3 =
SCR output1

/

input variable "SCR"

Current Variable Current Membership Function [click on MF to select)

Name SCR Name | high

Type input Type I trapmf LI
Params | [0101214]

Range [1212)

Display Range [1212) Help | Close |

Puc. 3. Heuitka 3MiHHa «3CyB nupkagHoro putMmy» (Matlab 6.1)

BucHoBkn

upkagHuii pUTM JIIOIMHM SIK MOJENb CKJIQJHUX
B3a€MOBIIHOCUH CTaHy JIIOJJMHU Ta OTOYEHHS NOTpelye
MOJAJBIINX JOCTIDKEHb JUII CTBOPEHHS KOMQOPTHOTO
JUIs  JIIOAWHM  po3yMHOro OymuHKy. OCBiTIIEHHS €
HaiiOimemr  BaromuMm ¢akTopom BBy Ha HCR, a
CTBOPEHHS JIIOAMHO-OPIEHTOBAHUX CHUCTEM PO3YMHOTO
OCBITJICHHS  TIPUMIIIEHHS  TOTpeOye  BpaxyBaHHS
BCTaHOBJIEHUX (akTopiB BBy Ha HCR.

VY craTTi cHcTeMaTH30BaHi SK 3arajbHi (aKTopu
BBy Ha HCR, Tak i ¢akTopm BIJIMBY OCBITJIICHHS Ha
HCR, mpoananizoBaHi iHAMKAaTOpPH BIUIMBY OCBITJICHHS,
oOrpyHToBaHa HeoOXimHICTE cTBoperHs HCL cucremu Ha

OCHOBI  HEYITKOrO MIXOMy  Ta  3alpOIOHOBaHA
KOHIIENTYyaJIbHA MOJIENb HCL CHUCTEMHU. 3a
BHKOPHUCTaHHIM Cy4YacHUX JIOCIIIDKEHD BILIHBY

OCBITJICHHS 3alPOMIOHOBAHA HEYITKA JIHTBICTHYHA 3MiHHA
JUISE ONKCY 3CYBY IMPKAJHOTO PHUTMY IIiJ{ BIUIMBOM
monpazaukie HCR.

VY nmopanpmoMy TUTAHYETHCS CTBOPCHHS TiHAMIYHOL
HediTKOoI Mozeni Ha ocHoBl nomanusa 3Hanbr HCL cucremu
Y BUIJISIII HEUITKUX 3MIHHUX Ta ONepamiid Hall HCUiTKUMH
3MIHHUMH.
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IHOPOPMAIIMNHO-KEPYIOUI CUCTEMU HA 3AJIIBHUYHOMY TPAHCIIOPTI

VK 004.81:004.383.8 DOI: 10.18664/ikszt.v2813.290132

KAPI'TH A. O., a.1.H., npodecop,
CUIIH €. JI., acniipant
(YkpaiHchkuil nep>KaBHUN YHIBEPCUTET 3a713HUYHOTO TPAHCIIOPTY)

Komi’rorepHi  ekcmepMMeHTH 3  MOAEJII0 KOTHITUBHOIO  CIPUMHATTS
ABTOHOMHOI iHTEJIEKTYaJIbHOI 0e3IiJIOTHOI CHCTEeMH: BILUIUB CTAPIHHSA JAHUX Bil
CEHCOPIiB Ha BIIEBHEHICTh OLUIHIOBAHHS CUTYyallil NIPU NPUIHATTI pillIeHb

Tlompeba 6 Oinbw dockonanux besninomuux cucmemax (BC) niompumyemocs meHOeHYIAMU PO3BUMKY C8IMOBO20
cycninecmea. Llmyunuii inmenexm (L) sidiepae sasicnusy pone y niompumyi Heobxionoeo pigus asmonomii BC.
Pospoonuxu 5C 3 niompumxoro LI 30cepedacyromucs na cmeoperni mpemvozo nokoninus LI, wo eiduyeae (LLIB), ons
agmonomuux inmenekmyanohux BC (AIBC). Oowuicro 3i cknadosux apximexmypu [IB € cucmema KoSHIMUEHO20
CHPUIHAMMS, AKA O0NAE PO3PUS MINC 080MA NAPAOUSMAMU «OAHI 8i0 OAMYUKIBY I «NPUPOOHI Co8ay, wo 6yno i €
OCHOBHOW npobnemoro ons pozeopmanus AIBC. YV cmammi posensdaemvcs aneopumm, peanizoeanuti Ha 6aszi mooeni
KOZHIMUBHO20 CApUUHAMMSA. Ancopumm GUKOHYE OUCTMUNAYIIO CeHCY OaHux 6i0 Oamyukie WUIsIXOM OOYUCTIeHHS.
BHYMPIUWHBO20 CEHCY CN08A HA OCHOBI 308HIUIHbOCO cency 3Haub. Hasedeno ghopmanvhi modeni NOOAHHS 308HIUHBLO2O
CEHCYy 3HAMb, 3ACMOCOBYBAHUX NPU OUCMUNAYIL, aneopumm 0OpoOKY, pe3yTbmamu KOMN 10MEPHUX 1 HAMYPHUX
excnepumenmig, y axux sk AIBC euxopucmanuii KOricHuil ckiaocykuii pobom.

Knwouosi cnosa: wmyunuii inmenexm, wjo 8i04y8ac, KOZHIMUGHE CHPUUHAMMSA, ABMOHOMHA IHMENEKMYalbHd
bezninomua cucmema, OUCMUNIAYISL CEHCY.

Beryn aBTOHOMHICTb ~ TNPHHHATTS  pilleHb B yMOBax

CbOrOAHI B MOBCSKAEHHOMY JKHTTi JIOIU IIHPOKO HEBU3HAYEHOCTI Ta HEAPYKHbOMY OTO‘IG.HHi [7-9].
BUKOPUCTOBYIOTH CEPBICH i MOCIIyTH iHTepHETY peueif Ta SANPONOHOBaHO mpoekr npototumy LIIB, apxirextypy Ta
aBTOHOMHMX Gesminotaux cucteM (BC) 3i mryammm MOAemb  [6, 7]. Ommieio 3 OCHOBHHX —KOMIIOHEHT
intenekrom [1-3]. Tlorpeba Oimbm gockonamux BC — @PXITEKTYpH IIB e cucrema CHpHﬁHHTTfIa mo peansye
HIATPUMYETHCA — TEHIEHI[HSIMU  PO3BUTKY  cBiToBoro 18Ky KOTHITHBHY dyHKIito, SK JUCTHIALIS CEHCY NIaHuX
comiymy. BiiicbkoBa cdepa, posymHi MicTa i posymmi BiA ceHcopi [7]. Lls cTAaTTs NpHCBSMCHA JOCIIIUKCHHIO
MAIIIUHU, TIPOMHUCIIOBI OE3JII0/IHI CHCTEMH, 10 3BUIBHSIOTH mozeni KorHituHoro crnpuiinarts (KC) Ta opramizauii
JFOIMHY BiJl BUKOHAHHS PYTHHHHX oriepariil abo ¢ynkiin ~CHCTCMA KC  AIBC, 06TOBOPI°I0TBC’I pE3yJIbTaTH
B YMOBAX, HEOESNEUHHX Uil KMTTA i 370pop's, KOMI'IOTEDHHMX CKCICDHMEHTIB IIOAO BIUIMBY CTapiHH3
TOPOJIKYIOTH TOIHT, IO 3POCTac, Ha iHTeNeKTyanbHi BC —AGHHX BiJl CCHCOPIB Ha OLHIOBAHHS CHTYali 33 KpUTEPiEM

(1, 4]. BIIEBHEHOCTI.
Hes3Bakaroun Ha TIraHTCHKUU Mporpec y ramysi
crBopennss bC [5, 6], 3abe3nedyenns HeoOXigHOro piBHS O6roBopeHHsi podaeMH.
IXHBOT aBTOHOMHOCTI 3JIMIIAETHCS aKTyaJIbHUM Y poborti [7] mokazaHo, MO apceHaT MiITXOMIB i

3aBaaHHsM [7]. BasimBy ponb y BupimeHHi mporo wmozpened I, mo Moyt OyTH amanToBaHi IS
3apnanus Bimirpae 1. Croroani 3arpeOyBaHi HOBI MOJIe)Ii  BUPIMICHHSA 3aBIaHHS JWCTHILAIII CEHCY IaHWX Bif
I, mo crmemialbkHO PO3BUBAIOTHCA Ta amanrtoBaHi it jgatunkiB AIBC, MoxHa monmimmtd Ha 1Bi Tpymu: 1)
AIBC [8, 9]. Y HaykoBiil TpoMagCcbKOCTI OOTOBOPIOEThCS  OpiEHTOBaHI Ha O0OpoOKy MmaHMX Big JaT4MKiB, 2)
MoxuuBicTe  cTBopeHHst st AIBC  3aramsroro IIII  opienToBani Ha 0OpOOKY 3HAHB.

TPETHOrO TOKOJIHHS, SIKUH ypaxoBye ocobmuBocti BC i

Ma€  KOTHITHBHI  3mi0HOCTI, IO  MiATPUMYIOTh

© KAPI'IH A. O., CLUIIH €. JI. 2023
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[lepmra rpymna BKIIIOYa€ IMiIXOIH 3IUTTA JTaHHUX Bij
CCHCOpIB (IHTEJEKTyaJ bHUI aHalli3, BWIYYEeHHsS 3HaHb i3
MOTOKIB JJaHWX, arperamis pisHopigHux gaHux [8]) i
JMUCTHJIAIIO 3HAHB, MOJaHI B CHMBOJIBHOMY BUTIIAAL [9].
i momeni MoxyTe OyTH BHKOpDHCTaHI Ha eTamax
MIepBUHHOI OOpOOKM HaHWX, ajle BOHM HE BHPIMIYIOTh
3aBIaHHS ~ BWIYYEHHS 3MICTy IPOCTOPOBO-Y4acOBOTO
HaOopy HaHuX Bif ceHcopiB. 3 Iii€i XK MPUYMHU BAXKO
BUKOPHCTOBYBATH «YHCTI» MOJEIN IITyYHHX HEHPOHHUX
MEpEexX TS JOJaTKiB, N0 skuX Haexuts AIBC.

ITigxig 11 Ha OCHOBI 3HAHB, BIIOMHH SIK CHCTEMHU,
3acHOBaHi Ha mpaswiax [10], mae 3Mory peani3oByBaTH
3aBIaHHs TPUHHATTS PIICHb 3 ypaxyBaHHSIM OUIBIIOCTI
BHUINE3a3HaYCHNX OcoOmmBocTel. [IpuHHATTS pilieHs y
poboTOTEXHIIll, IHTEpHETI peded, PO3yMHUX MalIlHAX
3MIMCHIOETBCS HAa OCHOBI MoOJeNiel BUBEICHHS 3a
npaBwiamu [11]. BoHM IIHUPOKO BHKOPHCTOBYIOTHCS Y
BOYZIOBaHMX CHCTEMax peajbHOro 4acy, OJHaK IpobieMa
y3araJIbHeHHSl JIaHWX 3aJUIIa€Thcs akTyalbHol. Ha
OCHOBI HaBE/IEHOTO aHali3y B poOoTi [12] 3anmponoHoBaHO
3aBIaHHs JTUCTWIALI] CEHCy NaHWX BUPINIMTH Ha OCHOBI
MiIXOMy TPaHYSIPHUX OOYHCICHh 1 KOHIENTYalbHOI
mogeni L. Zadeh Computing with Words [13]. Cxema
00poOku  indopmamii B cumcremi KC AIBC i3
3aCTOCYBaHHSAM IIbOTO Miaxoay Taka. JlaHi Bix ceHcopis
micns monepeaHboi 00poOku rpanyimoloThes. Ha Buxoni
OJ7I0Ka TpaHyJALil JaHi MOoJaHI Ha MHOXKHHI BCIX TpaHys
HEYITKUMHU XapakTtepucTukamu. Jlami OJOK JUCTHIIALIT
CCHCY JIaHMX Y3arajbHIOE Ta adcTparye aaHi Ha OCHOBI
3HaHb IpenMeTHOI cdepu, Mmoani excrepTaMu BepOabHO

<N, know, {<M,, (a,,b,,v.,g)> VM, eQ, }>

N —inentudikarop I'3;
know — 3HaKOBa MOZIEJb TPaHyJIH;

e

Y BHIIISAI CEHCY CIiB mpHpoaHoi MoBH. Ha Buxoxi Gioka
TUCTWIALI] — OIiHIOBaHHS HAOOpy HaHWUX Yy BHIVISAL
HEBEJIMKOI KiJIbKOCTI YHCICHHUX HEUYITKHX XapaKTepHUCTHK
ceHcy curyanii B miomy. Jlami HewiTKi XapaKTepUCTHKH
CCHCY CHTYyallii BUKOPHUCTOBYIOTHCS SIK BXiJHI YMCIICHHUX
3MIHHHX aJTOPUTMIB HEYiTKOTO JIOTIYHOTO BHCHOBKY B
AIBC. Ha Buxoxmi mnporo 0j0Ka 4YHCENbHI 3HAYCHHA
KEepyIOUMX CHTHAJIIB  TEpeAaloThCs Ha  BHUKOHABYI
MmexaHi3mu (aktyatopu) AIBC 1 peanizyroThCst pi3HUMH
KOHTPOJICPaMH.

VY wiit cTaTTi PO3TISANAIOTECS ANTOPUTM JAUCTHIIALIT
ceHcy pgaHux Binx ceHcopiB y cuctemi KC AIBC,
pe3yibTaTh  3aCTOCYBaHHS  [BOTO  &ITOPUTMYy B
KOMITIOTEPHUX €KCHEepHMEHTaX 3 METOI0 JEMOHCTpaLii
CYTTEBOTO CKOPOYEHHSI PO3MIPHOCTI 3aB/IaHHS yIPABIIHHS
3a paxyHOK AUCTHIIALIT CEHCY BEJIMKOTO HA0OPY NaHMX BiJ
CCHCOpIB 1 MOXIIMBOCTI BHUKOPHCTaHHS IUCTHIIATY SIK
BXIIHAX 3MIHHUX HEUITKOTO JIOTiYHOTO BHUBencHHs (HJIB)
s ynpasninas B AIBC. Haseneno pesyibraTtn
KOMITIOTEPHUX  EKCIIEPUMEHTIB, o MOKa3yI0Th
3aJIeXKHICTh BIEBHEHOCTI OI[IHIOBaHHA CHTYyallii mpHu
npuiiHaTTi pimeHs AIBC  Big crapiHHA JaHWX BiA
CCHCOPIB.

Monesb KOTHITHBHOTO CHPUWHATTS JAHUX Bilx
cercopis B AIBC.

EnemenTapHoo mopui€ero 3HaHb PO OTOYECHHS
AIBC € rpanyna 3uanb (I'3). Taka mopiist 3HaHB Mae
3oBHimHIN (3CI'3) i BHyTpimHiHi cencu (BCI'3) [14].

®opmanbhe Bu3HaueHHs1 3CI'3 mae BUrsiz

(M

Qn = {Mi}i=1, 2.1 — MHOXXUHH '3, BUKOPHUCTOBYBaHI JJIs1 PO3KPUTTSI CEHCY TPaHyiu NV;

M; — inentudikarop I'3 HrKYOTrO piBHS a0CTpaKIii.

VY Bupasi (1) BkazaHi mapaMeTpH, IO YHCEIHHO
OLIHIOIOTB: @& — BIIEBHEHICTh EKCIEepTa B TOMY, WIO
HOHATTA PO M; HEOOXiAHO A PO3KPUTTS CEHCY HMOHATTS
N; bi — WacoBy 3aTPUMKY NpH BH3HAYCHHI JAWHAMiIYHHX
BIJJHOILICHB; Vi — IIBHJKICTb CTapiHHA iH(popMamii momo
Mi, gi — indopMaliiiHy MMOBHOTY: Y1 JOCTATHBO 3HAHb PO
I'3 M, mo6 po3ymiTtu cenc I'3 N.

Y 06a3i 3namep (B3) AIBC wmHOXmHa I3
CTPYKTYpOBaHa, TpaHyJId pO3TalloBaHI 3a pIBHIMHU
abcrparysanns [15]. Ha HikHpoMy HynmboBomy piBHI [3
JAIOTh  BH3HAUEHHS CEHCY JaHUX BiJl  CEHCODIB.

Hanpuknan, wa puc. 1, a momano 3CI'3 y 3araabHOMY
BUIIAJKy 3a JONOMOror (QyHKIii HewiTkoro ¢axrtopa
BrieHeHocTi (H®B) [14]. Ha puc. 1, 6 HaBeaeHo npukiaz
TpaHyJIIOBaHHS JaHMX BiJI CEHCOpA BiACTaHI Ta IMOJaHHS
mux gannx ['3. Lo ceHcopHY MOJabHICTh 300paXkeHo SIK
YOTHPH TPaHyJM, IO ONHCYIOTh 3HAHHS TPO PYXOMHUH
00’€KT-TIepeIIKoy, SKUM MOXE 3HAaXOIUTHCS YU B
MIepIIOMY CEKTOpi, YW ApYromy, 4d TpeTboMy, abo Mae
Miclle CHTYyallis, KOJH B KOJi JOCSDKHOCTI CEeHCOpa Hema
AKOJHOI0 00’ €KTa.
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a
Puc. 1. I'padiuna imoctpanis BusHadenHs: 3CI'3 HyJIbOBOTO PiBHS: g — 3arajibHAN BATIIAA QYHKIIT HeuiTKoro hakTopa
BIIEBHEHOCTI JJIs1 OJtHi€T Tpanyiy; 6 — npukiiaja BusHadeHHst 3CI'3 MopanbHOCTI JToKasti3alis 00’ €KTiB HaBKOJIO poOOTY

Monannss 3mamp y  Bunmgi  Bupasy (1)
MIPOUTIOCTPYEMO Ha TIPHKJIAIi CKIAJICHKOro pobora (Ko-
6ota [7]), a came ¢parmMeHTa 3HAHBb, HEOOXITHHUX IS
0E3MEeYHOr0 MEePEeTUHY HEePETYIHOBAHOTO MEPEXPECTS IS
MIPOAOBKCHHS PyXy 3alaHUM MapIIpyToM ckiany. Ha puc.
2 HaBeJlcHAa CHTYyallis, KOJM K0-00T Ha B'[3HIA TOpO3i
TIepexpecTs CKaHye MOCHIIAOBHO TPH iHIII M '13HI JOpPOTrH
JUTSL OIIHIOBAHHSI CHTYyarii (HeOe3rmeuna uu Oe3rmedyHa Juist
BHKOHAHHS MaHEBPY Ha IEPEXPECTi).

Puc. 2. IIpuknan ckaHyBaHHS CUTYaIliif Ha epexpecTi

LIIAX1B

MopenroBaHHsT Ta EKCHEPUMEHTH IPOBOIMINCS 3
MIPOTOTUIIOM KO-Oo0Ta, amapaTtHe 3a0e3MEYEeHHS SIKOTO
6azyeThcs Ha YOTHPHUKOIIICHOMY pobori 3
moBHONpuBOMHUM Tmaci Multi Chassis-4WD Robot Kit
ATV 1 wmikpokonTtponepom Arduino Mega, Habopom

05

1sector ¥ 2sector | 3sector ' No object

-05

-1.0¢
0

100 300

o

onomerpom H206 [16]. Curyarist HaBkosi0 poboTa mojana
SIK TpaHyJIsIpHa MOJIENb, OOYA0BaHA Ha OCHOBI JTaHUX Bij
YJIBTPa3BYKOBOTO  CEHCOpa Ha  CEPBONPHBOAI, IO
BCTAHOBJIIOE HANpPSIMOK 1 BHUMIPIOE MIiCLIE3HAXOMKEHHS
00’ekTa, 11eHTHU(IKOBAHOTO CEHCOPOM, IIBHIKICTH 1
HampsIMOK pyxy. Ha puc. 2 Mozmenb BinoOpakeHHS
MIOTOYHOTO CTaHy OTOYEHHS KO-0O0Ta 3alpoloHOBaHA Y
BUTJLIII ZIBOMIpHOI TIpocTopoBoi Kaptu. Ha pucyHky
HaBEJCHO CIPOIICHUH BapiaHT, KOJIM NPOCTIp, IO
OXOIUTIOE ~ CEHCOp, pOo30MTHH Ha TPU  HANpPSIMKH.
Po3paxyHKN HEUITKMX XapaKTepHUCTHK IpaHyl (-ro piBHS
MIPOBOAMIINCS 3 MOJIEIUTIO 3 18 CEeKTOpiB 3 KyTOM OISy
+15 °, nmoxubkamMu BHMIpIOBaHHS BiJICTaHi CEHCOpOM +5
CM 1 TOYHICTIO IO3WI[IOHYBaHHS MOBOPOTHOI IIaTHOPMHU
+7°.

Busnauenns cency mwmx I3 pmaHo Ha IxHIX
MIPEeAMETHUX IIKajaX, SK Moka3aHo Ha puc. 1. Ha puc. 3
HaBeneHo (parment b3, mo nae Bu3HaueHHs cuTyalii Ha
nepexpecTi NUIIXiB. ['paHynu 3HaHb MOJUIEH] 3a PIBHAMHU
abctparyBanHs. PiBeHp ykazaHumii mnepmoro 1mdporo
inentngikatopa I3, nanpuxnan 0.Speed Bkazye Ha
MIPUHAJIEKHICT CEHCOPHOI MozaibHOCTI Speed (0-my
piBato. Ils mopriis 3HaHE Jae BU3HAUCHHS TphoM [3 y
BUTJISIII ITOHATH INBHJAKOCTI pyXy, a came O0O’€KT He
pYXaeTbes (Stop), pyXaeTbesi MOBIIBHO (slow), pyxaeTbes
mBHAKO (fast). Busnauenns 3CI'3 nux rpanyn 3a1aHo Ha
YHIBEpCYMi IIBUIKOCTI pyXy, cM/c, mapaMeTpamu (pyHKmii
H®II, sx mokazano Ha puc. 1. Ha nynsoBomy piBHi B3
JaHo BusHaueHHs 11  rpamymam. Ile wortupm I3
MonmanbHOCTI 0O.Loc 3 inentudikatopamu I3 Isector,
2sector, 3sector, O TalOTh BU3HAYEHHS, YU 3HAXOUTHCS
00’€eKT-TIepeIIkoia B nepuioMy, APyromy adbo TpeTboMy

Motor shield, mozynem Wl,'ﬁ esp8266,  ecATbMa cexropi; Tpu I3 stop, slow, fast momamsaOCTI 0.Speed
iHpayepBOHUMH AaTHHKAMH Bl,ll06p?meHHﬂ ky-033 qna IBUIKOCTI pyXy o00’exta i nBi '3 approached, removed
CUPHHMHATTS  POSMITKH - Ha A0S, ym’TpagByKOBH,hf MonanbHOCTI (.DirMov, 0 BHU3HAYAIOTH, HAOIIKYETHCS
natunkoM HC-SRO04, BcraHOBIEHMM Ha MOBOPOTHIM
wiatgopmi 3 cepBompuBogoM  SG90, 1 maTyMKOM
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gn BigmanseTbcs 00’ekT Bim ko-Oota, i Tpu I3 left, forward, right vonanerocTi 0.Direc.

1. <3.EverywhereSafe, Everywhere safe, {<2.RSafe,0.75,:,0.1,0.33)>, <2.LSafe,(0.75,:,0.1,0.33)>,

<2.FSafe,0.75,:,0.1,0.33)>}>;

<3. EverywhereDangerous, Everywhere dangerous, {<2.FDirecDang, (0.75, t, 0.1, 1.0)>, <2.LDirecDang, (0.75, t,

0.1, 1.0)>, 2.RDirecDang, (0.75, ¢, 0.1, 1.0)>}>;

<2.FSafe, Forward safe, {<1.FSafel (0.75,t,0.1, 1.0)>, 1.FSafe2 (0.75, t,0.1, 1.0)>};

<2.LSafe, Left safe, {<I.LSafel (0.75,t,0.1, 1.0)>, 1.LSafe2 (0.75, ¢, 0.1, 1.0)>};

<2.RSafe, Right safe, {<I.RSafel (0.75,,0.1, 1.0)>, I.RSafe2 (0.75,¢,0.1, 1.0)>};

<2.FDang, Forward safe, {<1.FDirecDangl (0.75, ¢, 0.1, 1.0)>, 1. FDirecDang2 (0.75, ¢, 0.1, 1.0)>};

<2.LDang, Left safe, {<I.LDirecDangl (0.75, ¢, 0.1, 1.0)>, I.LDirecDang2 (0.75, ¢, 0.1, 1.0)>};

<2.RDang, Right safe, {<1.RDirecDangl (0.75, ¢, 0.1, 1.0)>, I.RDirecDang2 (0.75, ¢, 0.1, 1.0)>};

<I.FSafel, Forward safe [*-case, {<0.0bjectForward*0.Loc&Isector, (-0.75, ¢, 0.1, 0.33)>,

<0.0bjectForward*0.Loc&2sector, (-0.75, t, 0.1, 0.33)>, <0.0bjectForward*0.Loc&3sector, (-0.75, ¢, 0.1, 0.33)>,

3>

10.<I.LSafel, Left safe 1*'-case, {<0.0bjectLeft*0.Loc&Isector, (-0.75, t, 0.1, 0.33)>, <0.ObjectLeft*0.Loc&2sector, (-
0.75, 1, 0.1, 0.33)>, <0.0bjectLeft*0.Loc&3sector, (0.75, ¢, 0.1, 0.33)>}>;

11.<I.RSafel, Right  safe '-case, {<0.0bjectRight*0.Loc& Isector, (-0.75, t, 0.1, 0.33)>,
<0.0bjectRight*0.Loc&2sector, (-0.75, t, 0.1, 0.33)>, <0.0bjectRight*0.Loc&3sector, (-0.75, ¢, 0.1, 0.33)>}>;

12. <I.FSafe2, Forward safe 2*'-case, {<0.0bjectForward*0.DirMov&removed, (0.75, ¢, 0.1, 1.0)>};

13. <I.LSafe2, Left safe 2*'-case, {<0.0bjectLeft*0.DirMov&removed, (0.75, ¢, 0.1, 1.0)>};

14. <1.RSafe2, Right safe 2*'-case, {<0.0bjectRigh*0.DirMov&removed, (0.75, t, 0.1, 1.0)>};

15.<1.FDirecAlmSafe, Forward direction almost safe, {<0.0bjectForward*0.Loc&Isector, (-0.75, ¢, 0.1, 0.2)>,
<0.0bjectForward*0.Loc&2sector, (-0.75, t, 0.1, 0.2)>, <0.0bjectForward*0.Loc&3sector, (0.75, ¢, 0.1, 0.2)>,
<0.0bjectForward*0.DirMov&approached, (0.75, t, 0.1, 0.2)>, <0.0bjectForward*0.Speed&slow, (0.75, ¢, 0.1,
0.2)>}>;

16.<I.LDirecAlmSafe, Left direction almost safe, {<0.ObjectLeft*0.Loc&lIsector, (-0.75, t, 0.1, 0.2)>,
<0.0ObjectLeft*0.Loc&2sector, (-0.75, ¢, 0.1, 0.2)>, <0.0bjectLeft*0.Loc&3sector, (0.75, t, 0.1, 0.2)>,
<0.0bjectLeft*0.DirMov&approached, (0.75, ¢, 0.1, 0.2)>, <0.0bjectLeft*0.Speed&slow, (0.75, ¢, 0.1, 0.2)>}>;

17.<1.RDirecAlmSafe, Right direction almost safe, {<0.0bjectRight*0.Loc&1Isector, (-0.75, t, 0.1, 0.2)>,
<0.0bjectRight*0.Loc&2sector, (-0.75, t, 0.1, 0.2)>, <0.0bjectRight*0.Loc&3sector, (0.75, t, 0.1, 0.2)>,
<0.0bjectRight*0.DirMov&approached, (0.75, t, 0.1, 0.2)>, <0.0bjectRight*0.Speed&slow, (0.75, ¢, 0.1, 0.2)>}>;

18.<I1.FDirecAlmDang, Forward direction almost dangerous, {<0.0bjectForward*0.Loc&Isector, (-0.75, ¢, 0.1,
0.25)>, <0.0bjectForward*0.Loc&2sector, (0.75, t, 0.1, 0.25)>, <0.0bjectForward*0.DirMov&approached, (0.75,
t, 0.1, 0.25)>, <0.0bjectForward*0.Speed&slow, (0.75, t, 0.1, 0.25)>}>;

19.<I.LDirecAlmDang, Left direction almost dangerous, {<0.ObjectLeft*0.Loc&lIsector, (-0.75, t, 0.1, 0.25)>,
<0.0ObjectLeft*0.Loc&2sector, (0.75, t, 0.1, 0.25)>, <0.0bjectLeft*0.DirMov&approached, (0.75, t, 0.1, 0.25)>,
<0.0bjectForward*0.Speed&slow, (0.75, ¢, 0.1, 0.25)>}>;

20.<I.RDirecAlmDang, Right direction almost dangerous, {<0.0bjectRight*0.Loc&1sector, (-0.75, ¢, 0.1, 0.25)>,
<0.0bjectRight*0.Loc&2sector, (0.75, t, 0.1, 0.25)>, <0.0bjectRight*0.DirMov&approached, (0.75, t, 0.1, 0.25)>,
<0.0bjectRight*0.Speed&slow, (0.75, t, 0.1, 0.25)>}>;

21.<I.FDirecDangl, Forward direction dangerous 1*', {<0.0bjectForward*0.Loc&Isector, (-0.75, t, 0.1, 0.25)>,
<0.0bjectForward*0.Loc&2sector, (0.75, t, 0.1, 0.25)>, <0.0bjectForward*0.DirMov&approached, (0.75, ¢, 0.1,
0.25)>, <0.0bjectForward*0.Speed&fast, (0.75, ¢, 0.1, 0.25)>}>;

22.<I.LDirecDangl, Left direction dangerous 1*, {<0.0bjectLeft*0.Loc&Isector, (-0.75, ¢, 0.1, 0.25)>,
<0.0bjectLeft*0.Loc&2sector, (0.75, t, 0.1, 0.25)>, <0.0bjectLeft*0.DirMov&approached, (0.75, t, 0.1, 0.25)>,
<0.0bjectForward*0.Speed&fast, (0.75, ¢, 0.1, 0.25)>}>;

23.<IL.RDirecDangl, Right direction dangerous I*'-case, {<0.0bjectRight*0.Loc&Isector, (-0.75, ¢, 0.1, 0.25)>,
<0.0bjectRight*0.Loc&2sector, (0.75, t, 0.1, 0.25)>, <0.0bjectRight*0.DirMov&approached, (0.75, t, 0.1, 0.25)>,
<0.0ObjectRight*0.Speed&fast, (0.75, ¢, 0.1, 0.25)>}>;

24.<1.FDirecDang2, Forward direction dangerous 2*'-case , {<0.0bjectForward*0.Loc&Isector, (0.75, t, 0.1, 1.0)>}>;

25.<1.LDirecDang2, Left direction dangerous 2*'-case, {<0.0bjectLeft*0.Loc& Isector, (0.75, ¢, 0.1, 1.0)>}>;

26.<I.RDirecDang2, Right direction dangerous 2*'-case, {<0.0bjectRight*0.Loc& Isector, (0.75, ¢, 0.1, 1.0)>}>;

27.<0.0bjectRight*, Object in right allocated by attention, {<Event(0.Direc&right)>, <0.Loc>, <0.Speed>,
<0.DirMov>}>;

N
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28.<0.0bjectForw*, Object in forward allocated by attention,

<0.DirMov>}>;

{<Event(0.Direc&forw)><0.Loc>, <0.Speed>,

29. <0.0bjectLeft*, Object in left allocated by attention, {< Event(0.Direc&left)>,<0.Loc>, <0.Speed>, <0.DirMov>}>;
30. <0.DirMov, direction of movement, {<approached, (-300,-25,25,300,300,300)>, <removed, (-300,-300,-300,-25,25,

300)>}>;
31.<0.Speed, Speed of movement,
(0,1.3,2.0,4.0,4.0,4.0y>}>;

{<stop,

(0,0,0,0.2,0.4,4.0)>,

<slow, (0,0.5,0.8,1.3,1.5,4.0)>, <fast,

32.<0.Direc, Direction of the ultrasonic sensor, {<left, (-90,-90,-90,-35,-25,90)>, <forward, (-90,-35,-25,25,35,90)>

<right, (-90, 25, 35, 90, 90 ,90)>}>;
33.<0.Loc, Object location,
<3sector,(0,90,110,135,165,300)>}>.

{<Isector,(0,0,0,40,60,300)>,

<Zsector,(0,40,60,90,110,300)>,

Puc. 3. ®parment b3, mo nae BU3HaYCHHS CUTYallii Ha IIepeXpecTi MUIAXiB

V BuzHauennsx 3CI'3 Ha pucyHKy ineHTH(IKaTOpH
I'3 3uenneni 3 izeHTH(IKATOPAMH CEHCOPHOI MOJATBHOCTI,
JI0 sIkoi BOHM HanekaTb. Hampukman, mocuneHHs Ha I3
fast monaneHOCTI 0.Speed nano y Burisini 0.Speed&fast.
Oco0nMBYy yBary 3acilyroBy€ BU3HAUEHHS TPbOX CTPYKTYpP
00’exra-nepemkoqu. Tak, KOJM TOBOPOTHA IUIaTGopMa
BCTAHOBJIEHA B TMEBHY IO3UNiI0, Hanpukuany right'”’,
OTpHMMaHi JlaHi XapaKTepu3yloTh Iel NMEeBHUI HaNpsSMOK.
Tomy BOHHM MaroTh OyTH «IIPHB’s3aHI» 10 IIHOTO 3HAYCHHS,
a came I1okas3aHb ceHcopa MojanbHoOcTi (.Direc. 3ipouka
HaNpHKIHII 11eHTudiKaTopa BKaszye, 110 1€ € CTPYKTypa
0.0bjectRight* 3 T'3 Tprox MomanpHOCTEH (Ha puc. 3
BusHaueHHs 27). s crpykrypa mictute HOB s 8 I3
TphoX MomanbHOCTeH 0.Loc>, <0.Speed>, <0.DirMov. Y
BU3HAUCHHI, Hampukiajy 27 Ha puc. 3, 3ammc
Event(0.Direc&right) o3Hayae, MO SK TUTBKH TPAITUTHCS
nofis (MoBopoTHa miargopma 3aiiMe mosuiito right'’),
MEXaHi3M yBark «30CepenThCs» Ha IIbOMY HanpsMKy (yci
JlaHi, OTPUMYBaHi BiJ] IaTYMKIB, 30epiraloTbesi B CTPYKTYpi
0.Direc&right).

BCT'3 € uncenpHa OIiHKA CTYICHS BiIIIOBIIHOCTI
3CI'3 (1) curyamii, momaHili JaHUMH BiX CEHCOPIB.
Uwucnose 3HaueHHs ominkun BCI'3 3anexurs, mo-mepiie,
Big mapametpiB 3CI'3 y Bupasi (1), mo-gpyre, Big BCI'3

Mi € QN, PO3paxoBaHUX JId THUX CaMHUX JaHUX Biﬂ

ceHcopi. Iammmu crnoBamu, BCI'3 — me oriHroBaHHS
BimnoBigHOCTI BepbanbHoro noxanHs (1) 3CI'3 nanuMm Bin
aTYUKIB, Ha OCHOBlI SKHMX BH3HAuaeThcsd ceHe [3.
®opmanbHy obuncmoBanbHy Mojens 3CI'3 HaBeneHo B
pobori [14].
Kinpkicao 3CI'3 ominroerbess HOB.
VY po6ori [14] BBeneno HOB sx meuitke LR uncino X
Anroput™ ob6uncnennst BCI'3 HaBeneno Ha puc. 4.

X:{x|my(x),Vx €[—q,+q], g2 +1} 2

3 raycoBoio L-R dyHKIi€r0 npuHatexnocTei

mi(x)=exp(—(x—a)* /2-(v,-t,)*, Vxe[-1,a] 3)
mi(x) = exp(—(x—a)* /1 2+(v, - 1,)*, Vx € (a,+]]

3 TppoMa napamerpamu: (—/.0 < a < +1.0)) BIEBHEHICTb; 11

— IHTepBaJl Yacy 3 MOMEHTY OTpPHMaHHS JaHUX; R —

IHTEpBaI Yacy 3 MOMEHTY 3MiHH JIaHUX.
[Nepen6auyBana BneBHeHicTh (I1B) € uncensnoro oninkoro HOB,

0 BpPaxoBYy€ CTapiHHA JaHUX, PO3PaxOBYETbCS Ha

migcTasi popmyn (2) 1 (3) sk

of =a-k, @
IIe VL,VR — KOCQIIiEHTH IIBUIKOCTI CTAPiHHS JaHHX;

Y ompx+ Y mi()

k — 1_ Vxe[-1,a) Vxe(a,+1]

’ Card([-1,+1])—1

CrapiHHS TaHHX 3 9aCOM MPU3BOJUTH JI0 TOTO, IO
BIICBHEHICTh MparHe g0 HyJs (IIOBHA BiACYTHICTH
BIIEBHEHOCTi), ToOTO ¢f = (. [N BHUMNAAKIB, KOJIK
IHTEpBaIM dYacy HEBENUKI (3 MOMEHTY OTpHUMaHHS
iHpopMamii Y B CHEIiaIbHUX BHIAJKAX 3 MOMCHTY
3MIHEHHS! JaHMX), BIEBHEHICTh HE JyXE 3MIHIOETHCS
MIOPIBHSHO 3 0, TOOTO ¢f = a.

Input data from sensors modality, domain KB in the form of a structure Fig. 4, in which the KG is the definition of

“What is it” in the form of prototypes (1)

Output set of cf(KGi), V KGi € Q'ke, ¥V k¢ €% U Q'ke...U ke, where cffKGi) is a numerical assessment of the
confidence that the data from sensors of given modality are consistent with the verbal definition of the situation

presented by the KGu
Precalculations of time delays

while / <L, where / = 1,2,...,L, L is quantity of levels of KB do

while n <N, where n = 1,2,...,N, N is quantity of KG of /th levels do
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=141 R = R +1;
end while
end while
if data from the sensor was not received then goto end DbA
Step 1. Quantitative Abstraction
while j<.J, where J is quantity of modality sensors do
get x* data from sensor j
while #< H, where H is quantity of sensor IGs do
Calculate fuzzy certainty factor:

-1.0, ifx*e[ajh,bjh) or X*E[ejh,fjh]
x*=b;y .
—1L0+2—— if x*ebjp.cin)
) th_bjh
a;p =
% X*—d jp :
+1.0-2—L . if x*e[d jpae )
ejh_djh
+1.0, if x*elep.dp)
end while

end while
Step 2. Abstraction by Generalization
while / <L, where / = 1,2,...,L, L is quantity of levels of KB do
while n <N, where n = 1,2,...,N, N is quantity of KG of /th levels do
Calculate fuzzy certainty factor of KGi,
ay, using formulas (3.10)-(3.20) in [14]

=0

_tzl,

L, if (¢,2¢ & "q,=0)
9, =10, if (o, <-¢ & "q,=1)
_qln’

atherwise

otherwise

end while
end while
end DbA

0, if (2 & “qp=0)or (o, <—-¢ & g, =1

Puc. 4. Anropurm o6uncienns BCI'3

ExcnepyMeHTH 3 32CTOCYBAHHSIM AJITOPUTMY
oouncaennsa BCI'3.

VY crarTi HaBeNEHO pPE3YJIBTATH EKCIIEPUMEHTIB 3
anroputMoMm  obuncnenHss  BCI'3.  Ilepma 4yactuHa
eKCIIEPUMEHTIB TPHUCBSYEHA JOCHIPKCHHIO CTapiHHA 3
4acoM OTPUMAaHMX JAHWX BiJ JAaTYMKIB i, SK HACINIJOK,
crapinns 3Hanb BCI'3, mo onucyoTe cuTyanilo Ha
niepexpecti. Po3risiiaeTecst BUIIagoK, Koiu Ko-00T mia'ixas
B'I3HOIO0 IOPOror0 10 MEPEXpecTs, SIK MOKa3aHO Ha PUC. 2,
3YMHUHUBCS U OTPUMAaHHSA [aHWX 1 MOOyIOBH Mojesi
curyanii Ha mepexpecti. CkaHyBaHHS  OTOYCHHS
BUKOHY€TbCS TOKPOKOBMM  IIO3WI[IOHYBaHHSIM  CIIpaBa
HaJIiBO TOBOPOTHOI IaropMu, Ha SIKii BCTAaHOBIICHO
YIBTPa3BYKOBUI JaTYWK. BiAMoOBIIHO M0 TEXHIYHUX
XapaKTEpPUCTUK JaT4MKa BCTAHOBJIEHO  KUIBKICTH 1
TIOCITIZIOBHICTh NPOXO/KEHHS TAKHUX TO3HIIH TOBOPOTHOIO

mwiaropMor  (HampsMKU  30py  jgardmka).  right'’,

right™",  forward™, forward™*, leftr*>, right7¥.
[ToOynoBa mMozenmi cuTyamii 32 OJHAM TakUM HAIPSIMKOM
(moBopoT marhopMy 3 MOTOYHOI MO3MUII A0 HACTYITHOI,
oTpuMaHHs i 00poOKa JaHWX BiJ JaTYMKa Ta OOUMCIICHHS
3a  amroputmMoM BCI3) 3zaiimae 200 wmc. Ilpm
HamamTyBaHHi  mozeni  H®B y  posrmsHyTOmMy
eKCIIEpUMEHTI OYJI0 MPUHHATO 3a OAWHUIIO Yacy #z 1 tr 100
MC peanbHOro 4acy. BimmnosimHo # mapamerp b y Bupasi
(1) moB’s3aHMii 3 peaJbHUM YacoM EKCHEPHUMEHTY
criBBinHomeHasaMu 1:100.

CraH oTO4YeHHs K0-00Ta Ha IIepexpecTi Ha
JIOBIIbHUI MOMeHT 4acy ¢ nogano BCI'3 sk I1B Ha takiit
MHOXXHHI TpaHyJI:
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o,

right

of

forward+15 secl

(®),¢f

right

0.,
0.,

orward 1’ sec2

+75° +75° (®),¢cf .

secl

(0), Cf”. ahtTS
O.ef,
0.,

orward 1’ sec3

sec2 sec3

o o
rward ™1’ sec2 rward 1 secl

cf .

forward 15 gecl

Cf;eft_“so secl (t)’ Cf;eﬁ_450 sec2 (t)’ Cf;eft_450 sec3 (t)’ C‘f}eﬁ_750 s

Y ¢opmynax (5) Cf' AT (t) o3Havae 1B,
rig

secl

110 OLIHIOE BIIEBHEHICTh Y HASBHOCTI 00’ €KTa-TIEPEIIKOIN
B MIEpIIOMY CeKTopi (puc. 2) HanpamKy right'>
Ha puc. 5 y rpadiuynomy Burisai HaBeneHi He BCi

I'3 (5), a Tineku yotupu. CHHIM KOJIHOPOM 300pa)eHi

3HaueHHs [IB ¢ o I'3 right’*’secl, yepBoHUM
fright"'75 secl & » 1eP

t=2,right"’ :¢f

right

a5y =094/,

_18°
orward 1’ secl

_ . +45° —
t=4,right .cfright+75° el = 0.16,cffo

o
rward 13 secl

t=12,left”” 15 ooy =~0-007.6f

o
rward 15 sec

+75°

o
7i ght+45

®),
(®),

cl (t)’ cf;eft_ﬁo sec2 (t)’ Cf;eﬁ_750 sec3 (t)

C

=0,c .
’ f;eft_75 sec2

1 = _0‘05’ Cf;eftqso sec2 = _0‘94’ Cf}eftqso sec3 =094,

(®).¢f

rlghl+45° (t)a

(), cfr ight™45°

secl sec2 sec3

©)

KOJIbOpOM JKOBTHM 1

3Ha4Y€HHsA C _150
forward 1% sec1”

3ejlecHUM — 3HauenHs [IB ¢f _
f;eft 5% 5ec3

BiamoBinHO. Ha rpadikax puc. 5 mo oci opauHaT BKa3zaHO
3HaueHHA c¢f (4), a mo oci abciuc yac y macmrabi 1:100
Mc. HaBeneno Ttakuii uacoBwid (parMeHT Uil CEMH
MOMEHTIB 4acy f.

ic 0
f;eft_75 sec2

= O C ° = O C, o = O
’ f =75 sec2 > fleft_75 sec3 ’

left

- O C o = O
’ fleft_75 sec3 ’

(6)

t=14,right™” : cfr e el = -0.02, Cfforward*15° = _0'02’Cf1 PEEI 0.16, cfl PEE -0.16,
t=16,right™" b7 = 00036 e =002, e ==005.¢f, e =005,
=18, forward™*’ : o o =00036f e =000Tef, s =00%f, e =002,
1=24,lef ™" o it oy = 0002 e ==0003,ef) g =094f) oo =—0.94

VY dopmynax (6) Ko>keH pSIOK MICTUTB JaHi Uit OKPEMOTO MOMEHTY Hacy.

3 omn

16 W17

m: mn 16 W17
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t=120000 t=14 t=16

m3 w2 16 W17 m3 mn 16 m 17

w3 omn

16 W17

0555 -0:50.8937
05%i2A
t=169564  1=1§"%

" opas

0.9734=4 t=24

w3 mn 16 W17

Puc. 5. 3anexHicTs akropa BIEBHEHOCTI Bif Koe(illieHTa MIBUAKOCTI CTApiHHS JaHUX:

a—vr=vr =1.0; 6 —vr=vr =0.75; B—vr=vr =0.5; 1 —
vr=vL =0.25; n—vr=vL =0.1; ¢ — vr=vr =0.01

Tak, HanpuKiIag, y OpyroMy psjaKy NMOKaszaHi gaHi
Ui 4acy (=4, KOIM  TOBOpOTHa  Iuardopma
MO3UI[IOHOBAaHA 33 HANPAMKOM 7ight”’ i MiCTUTH 3HaYEHHS
I1B YOTHPHOX I3

cf

o
rzght+75

c o C o c ©
secl’ fforwam’f15 secl’ j;eﬁ_75 sec2’ fleft_75 sec3

Ha el uac. OCKUIbKM naHi Hampsamky right”>” Gynm
OTpHMaHi paHime Ha ABi oaunHMLI 4acy, To IIB rpanynmn
right’’’sec] BimmoBimHO 10 BHpasy (4) Oya0 00YHCIEHO 3
ypaxyBaHHsIM cTapiHHi Ha (=2 oxaumHuUi dYacy. [IB
ocraHHiX Tppox ['3 00uncieHO Ha miACcTaBi 30BCIM CTapux
JIAaHMX, OCKUIBKH 3 IIMX HANpPSMKIB 1€ He OyJ0 OTpUMaHO
nannx. Tomy 3HadenHs [IB y mux c¢f=0, To6TO mMOBHa
HEBIIEBHEHICTh IIOJ0 NPUCYTHOCTI UM  BiJCYTHOCTI
00’exTa-nepemkoau B nux cexropax. BCI'3 y Burmsnai I1B
y Bumazax (6) oOumcieHi il HaHOLIBIIOTO 3HAYCHHS
KoedimienTa MWBUAKOCTI cTapiHHsA qaHux vi=vr=I. Tomy i

1B rpanymu right’>’secl, 3Ha4eHHs KO OyJNO OTPUMAHO
Ha TIONEPEAHFOMY KPOILIi MOHITOPHHTY, HAOJIMKA€THCS 10
HYJIsI, He3Ba)Kal04W Ha Te, IO /1Bl OAWMHMII yacy paHilie
BOHO JopiBHIOBanO cf=—0.94. Ha puc. 5 HaBeneHo
pe3ynpTatu obuncienHs BCI'3 ogaux i Tux camux '3 mis
OJTHOTO 1 TOT'O CaMOro 4acoBOTO (hparMeHtry ISl pi3HUX
KOeQIIIEHTIB MIBHAKOCTI CTAapiHHA JaHWX. AHAII3
MKTOrpaM MOKasye, Mo KOE(MIIiEHT VL, VR CYTTEBO BILIUBAE
Ha [1B. IIpn vi=vr=1I nocratHbo 3-5 onuHMIE Yacy, 00
OTpUMaTH IIOBHY HEBIICBHEHICTh y JaHUX, OTPUMAaHHUX
moriepenHe. 3 iHIIOro Ooky, mpu vi=vr=0.01 (puc. 5, )
JlaHi TPaKTHYHO HE CTapiloThb 3 YacoM, IO € JyXe
HeOe3neyHo ISl NPUHHATTS pilleHb Yy IMHAMiYHOMY
OTOYCHHI, KOJIM CHUTYyalis 3MIHIOETbCS 3 YacoM. AHaii3
MKTOTpaM 32 HAsABHOCTI JaHUX TIPO JWHAMIYHI
XapaKTEPUCTUKU OTOYEHHS JIa€ 3MOTY MifiOpaTn 3HaYeHHS
Koe(iLlieHTIB MBUAKOCTI CTapiHHA TakK, 1100 MiHIMI3yBaTH
pusuku AIBC nipu puiHATTI pillIeHs.
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Mogems KC 3pmatHa 3a0e3mednTH  HEOOXimHY
aBToHOMHIicTh AIBC 3aBasku nBoM pimeHHsM. [lo-niepire,
JUCTUIILOBAHE 3HAHHS BHCOKOTO piBHS abcTpakxmii, mo
miarpumyersest mopemsimu 3CI'3 ta BCI3, BimkpuBae

MoxuuBicTe  Bukopuctanas HJIC  sax  mexaHizmy
NpUHHATTS pimens i ynpasminas. [To-gpyre, monens KC,
KpiM  TpoOJeMH  BEIHMKOi  PO3MIPHOCTI  IIPOCTOPY

npuitaarTs pimens OJIC, Bupinrye i mpobneMy BeaMKol
pecypcoemHocTi anroputMmy obuucineHas BCI'3 3aBmsku
BpPaxyBaHHIO BIUIMBY CTapiHHS JaHWX 1 3HaHb TIIPO
muaamiuHe ortouyeHHss AIBC nma H®B npwm npuidnsarri
pimens. Komm’torepHi oOYMCIEHHS # EKCIIEPUMEHTH 3
nporotuniom  AIBC  migTBEpIKYIOTH  MOXIIMBICTH
3aCTOCYBaHHS IUTYYHOTO IHTEJEKTY TPEThOTO ITOKOJIHHS
IIIB B ynpasninai AIBC i1 BiAKpHBalOTH MEPCHEKTHBU
MIOJJaJIBIIIOTO PO3BUTKY IIOTO HAIIPSIMKY.

Hapani mutanyerscst po3po0OiIeHHs MOIeITi HaBYaHHS
IIIB B onepatiBHOMY (On-line real-time) pexxumi 3 METOIO
aBTOMaTtuaHOTO (hopmyBanHs HOBUX 3 y B3.

CnHCOK BUKOPHCTAHNX JKepeJ

L. Shakhatreh H.et al. Unmanned Aerial Vehicles
(UAVs): A Survey on Civil Applications and Key
Research Challenges. J. IEEE Access. Vol. 7. P.
48572— 48634. Apr. 2019. doi:
10.1109/ACCESS.2019.2909530.

2. Unmanned Systems. (2022). NovAtel. Accessed:
August 25. 2022. [Online]. URL:
https://novatel.com/industries/unmanned-systems.

3. The Future of Autonomy. Isn't Human-Less. It's
Human More. (2022). Lockheed Martin. Accessed:
August 25. 2022. [Online]. URL:
https://www.lockheedmartin.com/en-
us/capabilities/autonomous-unmanned-
systems.html.

4. Rasmussen S., Kingston D. and Humphrey L. Brief
Introduction to Unmanned Systems Autonomy
Services (UxAS). 2018 Int. Conf. on Unmanned
Aircraft Syst. (ICUAS). Jun. 2018. P. 257-268. doi:
10.1109/ICUAS.2018.8453287.

5. Litman T. A. Autonomous Vehicle Implementation
Predictions: Implications for Transport Planning.
Victoria Transport Policy Inst., Rep. Aug. 2022.

6. Zhang T. et al. Current trends in the development of
intelligent unmanned autonomous  systems.
Frontiers Inf. Technol. Electron. Eng. Vol. 18. Feb.
2017. P. 68-85. doi: 10.1631/FITEE.1601650.

7. Kargin A., Petrenko T. Feeling Artificial
Intelligence for Al-Enabled Autonomous Systems.
Conference Proceedings of 2022 IEEE Global
Conference on Artificial Intelligence and Internet of
Things (GCAIoT) Alamein New City, Egypt, 18-21
December 2022. P. 88-93.

8. Garcia G., Luengo J., Herrera F. Data preprocessing
in data mining. Intelligent Systems Reference

Library. Springer ~ Cham,  2015. URL:
https://doi.org/10.1007/978-3-319-10247-4.

9. West P. et al. Symbolic Knowledge Distillation:
from General Language Models to Commonsense
Models. 2022. URL:
https://doi.org/10.48550/arXiv.2110.07178.

10. Kaprua A. A. BBelneHue B HHTEIUIEKTyaJIbHBIC
MamuHel. Ku. 1. MHTemneKkTyanpHble peryasTopsl.
Houneuk: Hopa-Ilpecc, JouHY, 2010. 526 c.

11.  Kargin A , Petrenko T Internet of Things Smart
Rules Engine. 2018 IEEE International Scientific-
Practical ~ Conference =~ on  Problems  of
Infocommunications. Science and Technology (PIC
S&T). P. 639-644. URL:
https://doi.org/10.1109/infocommst.2018.8632027.

12.  Kargin A., Petrenko T. Multi-level Computing
With Words Model to Autonomous Systems
Control, in: Proc. 9th Int. Conf. Inf. Control
Sys.&Tech  (ICST-2020), A. Pakstas, T.
Hovorushchenko, V. Vychuzhanin, H. Yin, N.
Rudnichenko. Eds. Odessa, Ukraine, 2020, CEUR
Workshop Proceedings. Vol. 2711. P. 16-30. URL:
http://ceur-ws.org/Vol-2711/.

13.  Zadeh L. A. Computing with words. Principal
concepts and ideas. Studies in Fuzziness and Soft
Computing 277. Springer, Berlin. 2012. URL:
https://doi.org/10.1007/978-3-642-27473-2.

14. Kargin A., Petrenko T. Spatio-Temporal Data
Interpretation Based on Perceptional Model. In:
Mashtalir V., Ruban .I, Levashenko V. (eds)
Advances in Spatio-Temporal Segmentation of
Visual Data. Studies in Computational Intelligence.
Vol. 876. Springer, Cham. 2020. P. 101-159. URL:
https://doi.org/10.1007/978-3-030-35480-0.

15.  Kargin A., Petrenko T. Method of Using Data from
Intelligent Machine Short-Term Memory in Fuzzy
Logic System. 2021 IEEE 7th World Forum on
Internet of Things (WF-IoT). 2021. P. 842-847.
URL: https://doi.org/10.1109/wt-
10t51360.2021.9594918.

16.  Kaprin A. O., Xyxos C. B., Ceprees /. A., Cinin
€. JI. Monens 6a30BOTO piBHSI IITYYHOTO OTOYEHHS
ABTOHOMHHUX IHTEJIEKTYyaJbHUX OE3IIIOAHUX CHCTEM
Ha TPHKJIaAi MOOUIBHOTO poboTa, 10 OOCITyTOBYE.
Cucmemu ynpaeninns, nasieayii ma 36'a3xy. 2023.
Bum. 2 (72). C. 107-113.

Kargin A. O,, Silin E. L. Computer experiments with a
model of cognitive perception of an autonomous
intelligent unmanned system: the effect of aging data
from sensors on the confidence of assessing the
situation when making decisions

Abstract. The need for more advanced Unmanned
Systems (US) is supported by the development trends of

IKC3T, 2023 Ne3



https://doi.org/10.1007/978-3-319-10247-4
https://doi.org/10.1109/infocommst.2018.8632027
http://ceur-ws.org/Vol-2711/
https://doi.org/10.1007/978-3-030-35480-0




IHOPOPMAIIMNHO-KEPYIOUI CUCTEMU HA 3AJIIBHUYHOMY TPAHCIIOPTI

world society. Artificial Intelligence (AI) plays an
important role in maintaining the required level of
autonomy. Al-enabled US developers are focusing on the
creation of the third generation of Feeling Al (FAI) for
autonomous intelligent US (AIUS). One of the
components of the FAI architecture is a system of
cognitive perception, which overcomes the gap between
the two paradigms «data from sensors» and «natural
words», which was the main problem for the deployment
of AIUS. The article considers an algorithm implemented
on the basis of a model of cognitive perception. The
algorithm distills the sense of data from form sensors by
calculating the internal meaning of a word based on the
external meaning of knowledge. Formal models of the
representation of the external meaning of knowledge used
in distillation and the processing algorithm are presented.
The results of computer and real experiments in which a
wheeled warehouse robot was used as AIUS are given.
Keywords. feeling artificial intelligence, cognitive
perception, autonomous intelligent unmanned system,
sense distillation of meaning
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ITAPXOMEHKO JI. O., K.T.H., IOIIECHT,

ITPOXOPOB B. M., k.T.H., IOIICHT,

KAJIAIIIHIKOBA T. 1O., K.T.H., JOLICHT,

IITAHJIEP O. E., K.T.H., 10LIEHT

(YkpaiHnchkuil nep>KaBHUN YHIBEPCUTET 3a13HUYHOTO TPAHCIIOPTY)

Po3pobaennss CIIIP guas ynpas/iHHs npouecoM (GopMyBaHHS KOHTEHHEPHHUX
NMOI3AIB y paMKax CUCTEMH iHTEPMOJAJIbLHUX lepeBe3eHb

Ha cyvacnomy mpancnopmmuomy punky inmepmooanvbii KOHmMeUHepHi nepese3ents 8idizpaloms 8adCIUBY POilb,
3abe3neuyouy e(peKmusHe MpPaHCNOPIYB8AHHs 8AHMAIICIE K HA MIJICHAPOOHOMY, MAK i 6HYMPIWHbOMY DieHI. YV ybomy
KOHMeKCMi BUKOPUCAHHA 3ANIZHUYHO20 MPAHCNOPMY HA CYXONYMHUX OLIAHKAX Nepese3eHHs Habyseaec ece OLIbuol
3HAUYWoCcmi 3a805KuU OLILWIN BAHMANCONIOUOMHOCI, eHepeoepeKMUBHOCME MA eKOLOSTUHOCHII.

Memoio ybo2o 00cniodcenHss € YOOCKOHANEHHA MOOeNi YNpasiHHs npoyecamu (QOopMyeaHHs KOHMEUHEepHUX
noiz0ig i 3abe3neuents iXHLOI CBOEUACHOI 0OCMABKU HA CYOHO-KOHMEUHepo8o3. [IponoHyemsbcs Mooenb, Wo epaxosye
0cobugocmi 83aEMO0Ii PI3HUX YUACHUKI8 Npoyecy pazom i3 NOPMOSUMU MEPMIHANAMU, 3ANIZHUYHUMU CMAHYISAMU Md
CYOHOBUMU ONEPAMOPAMU.

Hocnidoicennsi eusguno, wo egexmusHe YnpasinHs Npoyecom QOpMySanHs KOHMeEUHepHUX noi30ig sidiepac
8AJICIUBY POTIb Y 3abe3neueHHi c8oeuacHoi docmasku eanmasicie. Ocobnugy yeazy npudileHo UMOGIPHICHUM CKAAO08UM
MoOdeni, nog'si3anum i3 Npoyecom HAKONUYeHHs KOHMmeUHepis i iXHbo2o npocyeanHs 00 nopmy. Modenv oae 3moey
epexmusHo onmumizy8amu MOMEHMU 3a6epuenHs QOPMYSants noiz0ie 3 ypaxy8anHaM HU3KU 0OMedCeHb.

Pesynomamu  pospaxyuxie i ananizy ceiouamv npo HEOOMPUMAHHA ONMUMALLHUX YMO8 (YOPMYSAHHS
KOHMeEUHEPHUX Noi30i6, WO 3 GUCOKOK UMOSIPHICMIO Hpu3gede 00 3HAYHUX O000AMKOBUX ONEPAYIUHUX SUMPAM
JIO2ICMUYHUX ONepamopié 8 iHMmepMOOaNbHUX Nepese3eHHAX. 3anponoHO8AHA MOOelb MOJCe CLY2Y8AmU OCHOB0I0 O/A
cucmemu niompumku nputinamms  piwenv (CIIIIP) y cgepi ynpasnins 00cmagxkow KoHmelHepis 00 nopmy
CYXONYMHOK YACMUHOK WIISXY N0 Y4aC 8UKOPUCTAHHS KOHMeUHepHUX noi3dis. Lle dacmv 3moey nidguwgumu HaditiHicmo
NAAHY8AHHA [ NOKPAWUMU KOOPOUHAYIlo npoyecis, 3aOe3neuyiouy C0€4aAcHy O00CMAsKy KOHMeUHepié Ha CYOHO-
KOHMeUHepo8o3 I niosuuyou eqheKmusHicme iIHMepMOOAIbHUX NEPEBEe3EHb.

3aeanom euxopucmanus  po3pobneHol  mamemamuyHoi MOOeni  chpusmume NIOSUWEHHIO  ONepayiliHoi
egexmusHocmi ma 3a0e3neueHHI0 UCOKOI AKOCMI NOCIY2, WO € 3HAYYWUM (QaxKmopom Oas NOPMoSUX Onepamopis,
JNO2ICMUYHUX KOMNAHIL A THUWUX YUACHUKIB I02ICIMUYHO20 JaHYlo2d.

Knrouosi cnoea: inmepmooanvhi KOHMeUHEPHI Nepe@e3eHHsl, KOHMeUHepHUll Noi30, 6UnaoKkosuti Nomik, meopis
MOYKOBUX NPOYECIS.

IHocranoBka npodJiemu r00anbHIA  TOPTiBII  Ta PO3MIMPEHHI MIDKXHAPOIHHUX

TOProBeJBbHUX 3B'A3KiB. 3a OcTaHHIMK maHuMu, y 2020

VY cydacHOMY CBITOBOMY €KOHOMIYHOMY KOHTEKCTI
KOHTEHHEpHI IIepeBe3eHHs BiAIrpaoTh BUPIIAIBHY POJIb Y
riobanbHI  JoricThi, 3abe3nedyyroun eeKTHBHE i
IIBHIKE JOCTABJICHHS BaHTaXIB MO BChOMY CBIiTY. OOCsrn
KOHTEHHEPHUX  TEpeBE3C€Hb  IPOAOBKYIOTH  CTPIMKO
30UIBIIyBaTHCS, BiZOOpaXylodn 3pocTaiody HoTpedy B

© MNAPXOMEHKO J. O., TIPOXOPOB B. M., KAJJTAIIHIKOBA T. 10., IIAHAEP O. E.

pori 1700anbH1 KOHTEHHEPHI epeBe3eHHsT CKIIAIN MOHA
180 minpiionie TEU (Twenty-foot Equivalent Unit), o €
PEKOPJHUM 3HAYEHHSIM 1 CBIIYHUTH MPO 3HAUYIIICTH IBOTO
CEKTOpy. Y Cy4acHOMY CBITi IHTEpPMOJIaJIbHI IIEPEBE3CHHS,
mo o0'€AHYIOTH Pi3HI BHAM TPAHCIIOPTY, CTAlOTh Jealli
6inbI 3aTpeOyBaHUMK B KOHTEKCTI TTI00aIBHOT JIOTICTHKH.
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Y paMkax TakuX TII€pPEBE3CHb OCOOJIMBOTO

3HAYCHHS  Ha0yBae e(eKTUBHA  B3aEMOIIS  MDK
3ai3HUYHAM 1 MOPCHKHM TPAHCIIOPTOM y  MpoIleci
JIOCTaBKA  KOHTEWHEpiB HA  CYJHO-KOHTCHHEPOBO3.

OnTuMizamis i€l B3aeMOAil € HEOOXiTHOI yYMOBOO IS
3a0e31eueHHs OLIBII e(CKTHBHUX i HaIIHHAX
IHTEpMOJIATTbHUX NIEPEBE3CHb. CriBnparns i
KOOpJMHAISL MDK  3aJi3HWYHUMH Ta  MOPCHKHMH
NIepeBi3HUKAMH, MIOPTOBUMH orepaTopamu Ta
JOTICTUYHMMH ~ KOMIIaHISIMA ~ CTaloThb  KIIIOYOBUMH
(akTopamMM sl YCIIIIHOI peasnizamii iHTepMOIaIbHUX
nepeBe3eHb. OnTHUManbHE IUIAHYBaHHS 1 CHHXPOHI3AIlisA
rpadikiB pyxy moi3miB i cyleH, TOYHE BH3HAUCHHS 4Yacy
HaBaHT&KEHHS 1 PO3BAHTAXEHHS KOHTEWHEPIB, a TaKOX
e(eKTUBHE BUKOPHUCTaHHS 1H(QPACTPYKTYpPH TOPTIB i
3aTI3HMYHUX TEpMiHANIB — yce II¢ HEBiI'€MHAa YacTHHA
ONTUMI3alil Tpolecy B3aEMOMIl MDK 3aJi3HUYHUM 1
MOPCBKHM TPAaHCIIOPTOM.

VY cydacHHX IHTEPMOJAIBHHX IEPEBE3CHHAX MK
KOHTMHEHTaMH e(eKTUBHA OpraHi3amis TPaHCIIOPTYBaHHS
KOHTCWHEpIB BiJ TXHBOTO BIAMPABICHHS 31 CKJIAIIB [0
¢iHanpHOI  JOCTaBKM HAa  CYJHO-KOHTCHHEPOBO3 €
KIIIOUOBAM (pakTOpoM Iisi 3a0e3Me4eHHsT CBOEYACHOTO 1
HAJIHHOTO TTOCTa4YaHHS BaHTaXiB. ONTHMi3alis MPOIECY
¢bopMyBaHHS  KOHTCHHEpPHHMX  TO3NIB 1  IXHBOTO
IpocyBaHHS B OiK IMOPTYy Ma€ BEJHMKE 3HAYCHHS IS
MiHiMi3awii yacy 30epiranss i nepeOyBaHHs KOHTEHHEDIB,
a TakoX Ii/JBUINEHHS ONepauiifiHol eQeKTHBHOCTI B
JIAHIIOXKKY TTOCTABOK.

ITpu cTBOpeHHI MoJenel ynpaBliHHS Ta CHCTEM
MATPUMKH TPUHHATTS pIlIeHb JUI  IHTEPMOAAIBHHUX
orepaTopiB  CIIiA  3BEpTaTH  OCOONMBY yBary Ha
B32€MO3B'SI30K MK npoLecaMu Ha/IXOJKEHHS
KOHTCHHEpIB Ha 3aJi3HUYHY CTaHLil0 1 (opMyBaHHS
KOHTCHHEpHUX TOi3NiB. PamioHanpHMH MmOXim IS
CTBOPEHHS TaKUX Mojejel Mae Oa3yBaTHCs HAa TOMY, IO
HaJXO/DKEHHsI KOHTEHHEpIB Ha CTaHLII0 € BUIAJKOBUM
MIOTOKOM, SIKUM TOTpeOye BpaxyBaHHS HWMOBIpPHICHOT
TIPUPOJIH ITPOLIECY.

3TI3HMYHUX TEpPMiHAJaX MOPCBKUX IIOPTiB. ABTOpH
MIPOTIOHYIOTh ONTHUMI3alliifiHy MOJEIb Ta aJTrOPUTM IS
TIOJIMIIEHHS e(QEeKTUBHOCTI TEPEeBAIIKM KOHTEHHEpIB 1
3MeHIIeHHs Yacy 30epiranss. [lo3nTuBHI cTOpoHN poOOTH
— MpaKTUYHE 3aCTOCYBaHHS MOJIEJ TA BHUSBJICHHS BIUIUBY
MIPOITYCKHOI CHPOMOXHOCTI BaHTaKOIMIAHOMHHMX KpaHIiB.
HenomnixoM poGOTH € BiICYTHICTb 3a3Ha4E€HHS KOHKPETHUX
rapameTpiB SKOCTI JOCTYIy Ta MOTCHUIHHUX OOMEKEHb.
Hactymna cratts [3] qocmimpkye mpoOiieMy iHTErpOBaHOTO
Ta e(eKTHMBHOIO TPAaHCIOPTY B TOPTOBIM  30HI,
MIPOTIOHYIOYM ONTHUMI3AIiiiHy MOJENb ISl MEPeMileHHS
KOHTEHHEpIB 1 TPaHCIIOPTHUX 3ac00iB MiX TEPMiHAIAMH.
PoGora Bn3Hauae, 1m0 B3a€EMOIOB'SI3aHICTD TEPMIHAIIB i
THy4yKoro rpadika 3ali3HWYHUX BiJIpaBlIeHb MOXYTh
TIOJIMIIATH TPAHCIIOPTHY HPOAYKTHBHICTh. Ilo3uTHBHI
CTOPOHH — BHUKOPHCTaHHS PpEAJICTUYHOTO TECTOBOTO
BUIAAKy Ta MPaKTHYHOI 3HAYYHIOCTI JUIS TOPTOBHX
orepatopiB. OnHaK HEJONIKOM pOOOTH € BiACYTHICTH
KOHKPETHHX pE3yJbTaTiB 1 BpaxyBaHHS IOTEHIIHHUX
oOMexxeHp Mozemi. Y  HacTynHid myOmikamii  [4]
JIOCHIJKY€EThCSL TIpOOJieMa ONEepaTMBHOTO IUIaHYBaHHS
3aJTI3HMYHOTO TPAHCIOPTY B CUCTEMi I1HTEPMOJAIBHHUX
TIepeBE3CHb 1 MPOIIOHYETHCS BUKOPUCTAHHS CTOXACTHYHOT
ONTUMI3aliitHOT MoJeni Al MiJBHIICHHS e()eKTHBHOCTI
TPaHCIIOPTYBaHHS KOHTEHHEPiB. ABTOPH HAaroJIomyloTh Ha
Ba)KJIMBOCTI BpaxyBaHHS MMOBIPHICHOI IPUPOAHN ITPOIIECiB
¢opMmyBaHHS Ta OOpOOKM KOHTEHHEpHUX IIOi3/IiB Ha
CTaHIIsIX 1 INPONOHYIOTh AaBTOMAaTHU30BaHY TEXHOJIOTIIO
oprasizanii TpaHCHOPTYBaHHS KoHTelHepiB. Hemomixom
poboTH € oOMeskeHa iH(pOpMALlist PO 3aCTOCOBaHI METOAN
W aNropuTMH Ta HEJIOCTAaTHIM piBEHb PO3KPHUTTS
MEXaHi3MiB, II0 OOYMOBIIOIOTH IMOBIpHICHHI XapakTep
npoueciB  GopMyBaHHS ~ KOHTEHHEpHMX  IO3MIB 1
Ha/IXOJDKEHHsI KOHTEHHEPIB 10 MOPTY MiJ Yac 3iHCHEHHS
IHTEpMOJIATHUX NIEPEBE3CHb.

Buninennsi HeBHpilIeHMX paHille YacTHH 3arajabHOI
npooJjaeMn

AHaJIi3 OCTaHHIX J0CTiIzKeHb i myOikamii

Crarts [1] aHamizye SKICTH JOCTYIy IO
MIPOMHUCIIOBHX PaHOHIB 3a JOIOMOIOI0 3aJII3HUYHOTO
CHONyYeHHS 3  TpPbOMa  IIOPTOBUMH  KJacTepaMu
(Porrepnam, lypban i Lower Mississippi Port Cluster).
ABTOpPH  3aCTOCOBYIOTH TEOpETHYHHI (peMBOpK 1
ONUTYBAJIBHI JlaHi JJIsI OLIHIOBAHHS SIKOCTI CIIOJIyYEHHS
MDK IOpTaMH Ta MPOMHUCIOBUMH paiiOHaMH B TIJIMOWHI
KOHTHHEHTIB, SIKi BOHH OOCIIyTOBYIOTbH, BUSIBIISIIOTH CYTTEB1
BIIMIHHOCTI MDX HHMH Ta OOTOBOPIOIOTH MOKJIMBOCTI
TIOJIIIIEHHST IbOTO pekuMy. HesBakatounm Ha 1ie, cTarTs
HE YTOYHIOE KOHKPETHHX MapaMeTpiB SKOCTI JOCTYIY i HE
OTIMCY€E MOTEHIIHHI 0OMEXEHHS, 1[0 MOXYTh BIUIMHYTH Ha
y3araJleHeHHs! pe3yJbTaTiB AOCIiKeHHs. Y myOumikarmii [2]
BUPILIYETHCS MPOOJIeMa OTepalliif MepeBaIki BaHTAXIB Y

Sk mokasaB aHaJli3 HAYKOBUX ITyOJIIKaIiif OCTaHHIX
POKIiB,  ONTHUMI3aIlisi  BUKOPUCTAHHS  3aJli3HUYHOTO
TPAHCHOPTY npu 3IiACHEHHI] IHTepMOJATEHIX
KOHTEHHEPHUX IIepeBe3eHb € aKTYAIbHUM 3aBIAaHHSIM.
OpnHak mepeBakHA OUIBIITICTP HAYKOBHX JIOCIIIKCHB,
MIPUCBSYCHUX Il TeMi, 30cepe/KeHi Oe3mocepeTHho Ha
mpomeci  B3aeMOJil MDK 3aIi3HUYHHUM 1 MOPCHKHAM
TPAHCIIOPTOM, NPUYOMY IIiJi ONTHMI3AIl€I0 B3aEMOIT
4acTO PO3YMIIOThCA TIPOIECH, IO BiIOYBalOTBCS B
MIPUIOPTOBUX TEpMiHAJax TiJl dYac MepeBaHTaKCHHS
KOHTEHHEpIB 13 3a1i3HNYHUX BaroHis. JlificHo, TpaHchepHi
omeparii, ToOTO omnepanii, IPH SIKMX KOHTEHHEPOIIOTOKH
MepexosTh BiJ OJHOTO BHIY TPAHCHOPTY 1O IHIIOTO, €
BAXIMBUMU. IXHS ONTUMI3allis € CKIAJHMM i BaXKIMBUM
3aBIaHHSM, SIKICHE BUPIIICHHS SKOTO JacTb MOXIIMBICTh
1o30yTHCs OaraTboX MPOoOIIeM, TaKHUX SIK OpaK MPOIyCKHOT
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CIPOMOXHOCTI TepMiHaIiB, MEPEBaHTAKEHHS
TPaHCTIOPTHOI 1H(PACTPYKTYPH MPUIOPTOBUX MICT TOIIO.
VY nesKux IOCHI/DKCHHSX II0CTa€ 3aBJAHHS Y3TOIKEHHS
PeKUMYy pOOOTH TepMiHANy 3 3aJli3HUYHUM PO3KJIAJIOM, 1
LeH MiAxix TakoX Mae pamioHanbHe 3epHO. OnHaK cimif
3a3HAUUTH, 10 TIpOLeC B3aEMOAIl 3aJi3HUYHOTO 1
MOPCBKOTO TpPAHCIOPTY IOYMHAETBCS HE B MOMEHT
HaIXO/DKEHHs Toi3ga [0  TepMmiHany abo  Horo
BIJIIPaBJICHHS 3aJII3HMYHOIO JIIHIEIO B HAINIPAMKY IOPTY, a
IIe Ha CTajii MOYaTKy HaKONMYEHHS KOHTeWHEepHOI mapTii
s GopMyBaHHS — KOHTeHHepHOoro moizma. Otxe,
(akTHYHO  BiA MOMEHTY  HaJIXO/DKEHHS  IIEpLIOTO
KOHTEHHepa [0 3ali3HUYHOI TEPMiHAIBHOI CTaHMIl a0
MOMEHTY BIANIPaBIEHHS 3 MOPTY CyAHA-KOHTEHHEpOBO3a
Ha IIell mpolec BIUIMBAE CYKYNHICTH (DaKTOpiB, IO i
00yMOBIIIOE HOT0 CKITaHy HMOBIpHICHY IIPUPOLY.

®opmyn0BaHHS Winei

MeTor0 JOCHIUKEHHS € YIOCKOHAJICHHS MOJeNi
YOpaBIiHHA TIporiecamu  (HOPMYBaHHS KOHTCHHEPHUX
MOT3/MiB 1 TIOMOJIAHHS 3aTi3HUYHOI JUITHKU [UIAXY JUIS
3a0e3MeUeHHs] CBOEYACHOI JIOCTaBKM KOHTCHHEpIB Ha
CyITHO T/ 9ac 3iiCHEHHS IHTEPMOTATEHUX TICPEBE3CHb.

BukJjiageHHs 0CHOBHOTO MaTepiajly A0CTi>KeHHS

TaTepmomanbHi KOHTCHHEPHI TIepeBe3CHHS
MoB'si3aHi 3 HEOOXIOHICTIO  opraHizamii  mporecy
MIPOCYBaHHS BaHTa)XOIOTOKIB, SIKi MAIOTh BUCOKY ITHUTOMY
BapTiCTh TMOPIBHSHO 3 BaHTaXaMH, IO IEPEBO3ATHCA

3aJTI3HALEIO y BHYTPIIIHEOMY CHOJTy4YeHHI.
BukopucranHst  3aJli3HUYHOTO TPAHCHOPTY B
IHTEpMOJaTIbHAX KOHTEHHEPHHUX TIePEBE3CHHX

OOTpYHTOBAaHO #Oro mepeBaraMw, TaKHUMH SK BHCOKa
BaHTAXOII THOMHICTh, 3/IaTHICTh TIEPEBO3UTH  BEJHKI
o0cCsIrM BaHTaXiB Ta €HEProe(eKTUBHICTb, OCOOJIMBO Ha
JMANICKUX BIACTAHSIX, 1 CHpUSE 3HIDKCHHIO BUKHUJIIB
OIKiJTMBUX ~PEYOBHH y  HABKOJMIIHE  CEPEIOBHIIIC.

TexHoorisl HaKONWYEHHSI KOHTEHHEPHUX MapTii
1 QopMyBaHHA KOHTEHHEpHHMX IIOI3[iB € BaKIUBUM
acTIeKTOM KOHTCHHEpHUX TepeBe3cHb. BoHa mepemdadae
KOOpJAMHAINIO PI3HUX JIOTICTHYHHUX MPOIECIB, TaKUX SK

3aBaHTQ)KEHHS, PO3BAaHTAXKEHHS 1 TPaHCIOPTYBaHHS
KOHTEHHepiB, 00 3a0e3MeYnTH CBOEYACHY 1 €PEKTUBHY
JIOCTaBKy  KOHTEHHEpiB 10  KIHIEBOIO  ITyHKTY
MIPU3HAYCHHS.

OpHi€r0 3 KIOYOBHX MPOOJIEM y IIEOMY IIPOIIEC €
HEoOXiHICTh YIpaBIiHHS BEIHMKOIO KIJIBKICTIO
KOHTCHHEpiB, 3a3BMYall 3aJisiHAX B ONepalisx 3
KOHTEHHepHUX  mepeBe3eHb. 106  BupimmTH  III0
npobiemy, Gararo CYJHOIIJIaBHUX KOMITaHil

BHUKOPHCTOBYIOTh CIICIiali30BaHi IPOrpaMHi CUCTEMH, SIKi
JIAIOTh 3MOTY BiJICTEXKYBAaTH MiCLE3HAXOMKEHHS OKPEMHUX
KOHTCWHEpIiB y pexuMi peampHoro dacy. Lli cucremm

TAKOXX MOXYTb OYTH BHKOPHUCTaHI Ui ONTHMI3amii
MapHIpyTiB i TUIAHYBaHHS KOHTEHHEPHUX INepeBe3eHb, IO
JlorioMara€  MiHIMI3yBaTh dac TpPaH3UTYy 1 3HU3UTH
TPaHCIIOPTHI BUTPATH.

[Ile omHUM BaXKJIMBHM AaclleKTOM KOHTEHHEPHHX
TIepeBe3CHb € BUKOPHCTaHHS KOHTEWHEPHHX IIOI3/iB IS
TPaHCIIOPTYBaHHSI KOHTEHHEPIB 3 BHYTPIMIHIX paiioHIB 10
nopty. KoHTeliHepHi 1moi3mu, K MpaBHiIO, CKIIaJA0THCS 3
cepii 3'egHaHUX MiK COOOK BaroHIiB, CIICI[IAIEHO
NIPU3HAYCHUX U TIEPEeBE3CHHS KOHTEHHEpiB, 4YacTo
BUKOPHCTOBYIOTBCSI Ul TIEPEBE3CHHSI BEIHMKUX OOCSTIB
KOHTCHHEpIB Ha BENUKI BIACTaHI 1 MOXYyTh OyTH
epCKTUBHIM 1 CKOHOMIYHO BHUTITHHM  CIIOCOOOM
TIepeMilIeHHs] TOBapiB 3 BHYTPIIIHIX paiOHIB KpaiHU B
TIOpT.

Kpim KOHTEHHEPHUX MOI3/iB, Oararo
CYJHOIUIABHMX  KOMIIaHIH  TaKoXX  BUKOPHCTOBYIOTh
BaHTa)XXIBKM Ta iHII BHIM TPAHCIIOPTY IS MEPEMIIICHHS
KOHTEHHEpiB 3 BHYTpILIHIX paiioHiB m0 mopty. Lle mMoxe
BKJIIOUaTH BUKOPHCTaHHS CreLiali30BaHuX
KOHTEHHEPOBO3iB, NMPU3HAUYCHUX ISl [IEPEBE3CHHS OTHOTO
abo [eKUIbKOX KOHTeWHepiB 3a pa3. Taki BaHTaXiBKU
MOXXHa BUKOPHCTOBYBATH IJISI TIEPEBE3CHHSI KOHTEHHEPIB
Ha KOpOTII BIiJICTaHi, i BOHH MOXYTb OYyTH OCOOJIMBO
KOPUCHUMH [UISl OTIepallii 3 JOCTaBKU «OCTAHHBOI MHIID».

3aranom TEXHOJIOTis HaKOIMYECHHS
KOHTCHHEpHUX TMapTii 1 (opMyBaHHS KOHTCHHEPHHX
TOT3/TiB € CKIIQJHOIO 1 JMHAMIYHOIO C(Eeporo, MO0 MOTpedye

BHUCOKOTO  CTYNEHsS KOOpIAWHAIl Ta  IUIaHYBaHHS.
BukopucroByroun TepeloBi MPOTpaMHiI  CHCTEMH 1
creniaiizoBaHe TPaHCIOPTHE OONagHaHHSA, CYAHOIUIABHI
KOMIaHii MOXYTh ONTHMI3yBaTH cBoi omepamii i
3a0e3rnmeunT  CcBO€YacHy 1  e(eKTHBHY  JIOCTaBKY
KOHTEHHEpIB /0 KIHIEBOTO MYHKTY IPU3HAYCHHS.

MOXJIHBICTD BiZINIPaBIICHHS HETIOBHHUX
KOHTCHHEPHUX TOI3JIB € BAXIJIMBUM MOMEHTOM Yy
JOTiCTHII ~ KOHTEHHEPHHX  IEpPEBE3CHb. 3aranom

CYJHOIIIaBHI KOMITaHii IparHyTh MiHIMI3yBaTH 3aTPUMKH
B JIOCTaBIli KOHTEHHEPIB IO IOPTY, OCKUIBKH ILI€ MOXKE
NPU3BECTH /10 JOAATKOBUX BHUTpAaT 1 TOTEHLIIHHUX
mrpadiB. OQHAM i3 MIXOMIB 10 JOCSITHEHHS LI€l METH €
BIJIIPaBJICHHS! HETMIOBHUX KOHTEHHEPHHX ITOi3JIiB, IO Ja€
3MOTy KOMIMaHii CBOEYACHO JIOCTaBUTH KOHTEHHEpH B
MIOpT, HE OYiKYIOUYH, TIOKH BC1 KOHTEHHepH OyayTh 3i0paHi.

PimenHs  mpo  BiAmpaBieHHS  HEMOBHOTO
KOHTCWHEPHOTO 01312 OyIe 3aJIeKaTH Bl psy (pakTopis:
00’eMiB KOHTCHHEPIB, sIKi HEOOXITHO MEPEBE3TH, BiJICTaHI
JI0 TIOPTY 1 HAassBHOCTI TPAHCIIOPTHUX PECYpciB. Y AESKHX
BUIIaKaX MOXe OyTH OuTbIl e(eKTHBHUM JOYEKaTHCS,
MOKK BCl KOHTeWHepu OynyTh 3i0paHi, mepm HiX
BIJINIPABIATH O3], OCOOJIMBO SIKIIO BiJICTaHb IO TOPTY
HEBEJHMKa, a TPAHCIIOPTHI pPECYpcH JIETKO JOCTYIIHI.

OpHak y CHTyalisix, KOJIM 4ac Mae€ BHpIIaIbHE
3HAYEHHS, a 3aTPUMKH MOKYTh IPHU3BECTH JI0 TOJATKOBHX
BUTpAT, BIANPABICHHS HEMOBHOTO KOHTEHHEPHOTO 1013712
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MoOXKe OyTHW HaWOUIBII TPAKTUYHUM pIlIeHHSIM. Takui
MiAXiL MOXE JOMOMOITH  3a0€3IEYNTH  CBOEYACHY
JIOCTaBKy KOHTEHHEpIB y MOpT, HAaBiTh SKIIO HE BCi
KOHTeiHepn OynyTh 3i0paHi Ha MOMEHT BigmpaBieHHS. Y
JISSIKMX BHIAJKaX CyAHOIUIABHI KOMITaHIi MOXYTh TaKOX
BU3HAYUTH TPIOPUTETHICTh TEBHHUX KOHTEHHEpiB abo
BaHTaXiB, OCOOJMBO YyTIIMBUX /0 4Yacy abo LIHHHX, 100
MiHIMI3yBaTl BIUIMB 3aTPUMOK Ha CBOIO MiSJIBHICTb.

3ara;ioM JOIUTBHICTh BiJIIPaBICHHS HEIIOBHHUX
KOHTEHHEpHHUX IO13/1iB Oy/Ae 3aJie)KaTH BiJ KOHKPETHHX
00CTaBMH KOKHOI TPaHCIIOPTHOI orepariii. Xoya 1e Moxxe
OyTH e(eKTUBHOIO CTPATETIE0 ISl MiHIMI3aIlil 3aTPUMOK 1
YHUKHEHHs mTpadiB, MpoTe HE 3aBXIM HAWOUIBII
MpakTHYHUH abo edeKTUBHUH Miaxix, ocoOnmBO B
CUTyalisfX, KOJMM TPAHCIIOPTHI pecypcH oOMexkeHi abo
BiJICTaHb JI0 TIOPTY 3HAauHa. 3pEUITO, CYIHOILIABHI
KOMIIaHii MaloTh PETEIbHO 3BAXYBATH KOMIPOMICH MiX
BUTpaTaMM Ha 3aTPUMKY 1 TPAHCIIOPTHUMH BUTpaTaMH IIpU
MIPUHHATTI pillIeHb TPO Te, K 30MpaTH 1 TPaHCIIOPTYBATH
KOHTEHHEepHI 1moi3/1u.

OTXe, OCHOBHOIO HOMIHAIBHOI  CKIJIaJ0BOIO
BUTpAT y CKJIAAI IIIbOBOI (YHKIII € BUTpaTH, MOB'sI3aHi 3
IIPOCTOEM  KOHTEWHEpiB  MiJA  HAaKONWYEHHIM  Ha
TEPMIHAJIBHUX  CTaHLiSIX (OPMyBaHHS  MapIIPyTHUX
KOHTEHHEpHUX TO13xiB. SIKmo (yHKmis 3aeXHOCTI Bif
Yacy KUIBKOCTI KOHTEHHEpiB, IO HAAIWIIIM Ha CTaHIIIO,
SBIsiE  cOOOI0 BHM3HAueHWH iHTerpan Bix  QyHKmii
IHTEHCHBHOCTI, TO  (YHKWiS  3aJeKHOCTI  BHUTpAT
KOHTEHHEPOTroJWH BiJ dYacy B IPOLECi HAKONMYECHHS
KOHTEHHEepHOi mapTii MoXke OyTH BH3HAuUCHA SIK IHTErpaj
BiJ 1O0OYTKY QyHKILIi iHTEHCHBHOCTI Ta 3MIiHHO]I Hacy:

B= j/’t* ()t 0

*
ne A - dyHKITsS YMOBHO1L IHTCHCUBHOCTI

HECTAIlIOHAPHOTO BHITAKOBOTO ITOTOKY KOHTEHHEpIB, IO
HAJAXOJATH JI0 3aTi3HHYHOI TepMIHABHOI CTAHIIIT;

To—

(TmanOBOTO) TIEPiOY;

MOMCHT qacy Mo4aTKy PO3PaXyHKOBOT'O

t— Yac K 3MiHHA BEJIUYMHA.

Otxe, popmyna (1) mMicTuTh iHTETpaN 31 3MIHHOIO
BEPXHBOIO TPAHUILICIO.

OyHKIiS YMOBHOI IHTEHCHBHOCTI € TIOHSTTSIM,
3aCTOCOBYBaHMM Yy Teopil BHIIQJAKOBHX TIPOLECIB 1
CTaTUCTHII Ta Teopii TOYKOBUX TIPOLIECIB.
HecranionapHicTh MMOTOKIB HaIXOKEHHSI KOHTEHHEPIB IO
cTaHIil OOyMOBJIEHa CYKYITHICTIO OaraTtbox (haKTopiB:
peKuMamMu poOOTH  MiANIPUEMCTB-BaHTAXKOBIAIPABHHKIB,
PUTMIYHICTIO poOOTH [UX MIANPUEMCTB 1  IXHIX
TPAHCIIOPTHUX  BIMIINIIB, HASBHICTIO aBTOMOOLIEHOTO
TPaHCIIOPTY 1 BOMIIB Ui 3/AIHCHEHHS IIEPEBE3CHHS,

3aropaMu Ha Jjoporax Tomo. [lin HecTamioHapHICTIO
BUIIAJIKOBUX TIIOTOKIB pO3yMi€TbCcS 3MiHa B daci IXHIX
XapaKTEepUCTUK, y NEpIly uepry iXHpoi IHTEHCHBHOCTI.

Ha BiIMiHY Bif 3BHYANHOL bysKIii
IHTCHCUBHOCTI, sIKa OIMUCY€E IIBUAKICTh HACTAHHS MOMIIH Y
3ajaHiil Touni abo iHTepBali dacy, (YHKIIS YMOBHOI
IHTEHCHBHOCTI BpaxoBY€ IIEpeIicTOpiI0 Ta TMomii, IO
BiZIOyBalOThCS 10 33JaHOTO MOMEHTY Jacy. BoHa Bu3Hauae
HMOBIPHICTD HACTaHHS MOJIl B 3a3HaYEHHIH MOMEHT 4acy
abo iHTepBaJ 4Yacy 3a YMOBHM II€BHOI mepezmicTropii Ta
momiti. DyHKIST  yMOBHOI  IHTEHCHBHOCTI  Hajae
iHpopmamito 1po MOBipHICTH HACTaHHSA TOXIi 3
ypaxyBaHHSIM TOIH, IO BXE BiOyiUCs, 1 KOHTEKCTY, Y
SKOMYy BOHHM BinOyBatoTbcsi. OTXe, y CTamioHapHOTO

BUIIAJJKOBOTO IIOTOKY IHTEHCHBHICTb € HE JIMIIe
Oy3yMOBHOI0, a I B3arajii CTajol0 BEJIMYHHOIO.
OyHKIisA YMOBHO1 IHTEHCHBHOCTI B

HeCTallioOHapHOMY BHIIaJKOBOMY ITOTOLI KOHTEHHEpIB, 110
HAAXOIITh Ha TEPMIHAIBHY 3ai3HUYHY CTaHIIO IS
(opMyBaHHS KOHTEHHEPHOTO MOi3/a, SIBJISE cO00I0 Mipy
IHTEHCHBHOCTI HAJXO/DKCHHS KOHTEHHEpIB y 3aJaHuid
MOMEHT dYacy a0o IHTepBaJl dYacy 3a YMOBH IIEBHOI
TepeicTopii Ta moii, mo BigOyBarOThECS Ha cTaHMii. Bona
BHU3HAYa€ HMOBIPHICTh TOSBM HOBOTO KOHTEiHEpa B
3a3HAUYCHWH MOMEHT 4dacy abo iHTepBay dacy 3
ypaxyBaHHSIM Y)K€ HasBHUX KOHTEHHEpIB, SKi CKJIaJar0Th
TIOTST, 110 (POPMYETHCSI, & TAKOXK (PaKTOPH, 110 BILUTUBAIOTH
Ha TIpolleC HAKONMYEHHS 1 BiJIPaBICHHS KOHTEHHEDIB.
OyHKIliT YMOBHOI IHTCHCHBHOCTI JIa€ 3MOTY OIIHIOBATH
TEMIIM HAIXO/DKCHHS KOHTEHHEpiB Ha CTaHLilo 3
ypaxyBaHHSIM JAWHaMikd (OpMyBaHHA TIOi34a 1 BIUIMB
30BHINIHIX (haKTOPIB Ha IeH mporiec.

3a TepMIiHOJIOTIE€I0 Teopii TOYKOBHX IIPOLIECIB
(anrn. theory of point processes), QyHKIiS yMOBHOI
IHTCHCUBHOCTI — TI¢ (DYHKIIisl 3aJIC)KHOCTI IHTCHCHBHOCTI
HECTaIliOHAPHOTO BUITAJKOBOIO TIPOIECy BiJ Yacy, MIO
BPaxOBY€ 3aJISKHICTh IMOBIPHOCTI HACTaHHS HACTYIHHX
TIO/IiH IOTOKY BiJl MOiH I[bOTO MOTOKY B MHHYJIOMY, TOOTO
o QyHKIiS Oe3MOCepeHBO 3aIICKUTh Bifl 1CTOPUYHUX
JIAaHUX TIPOIIECY, A0 TOTO X (PaKTHIHO € (PYyHKILIEI0 PUUKY
(amrn. hazard function) [5]. Omxe, 3 oxHOro OOKY,
YacOBHH TOYKOBMH Tmpouec (aHri. temporary point
process, TPP) — me posmomin imoBipHOCTEH 3
TIOCITIZIOBHICTIO TIOAIH 3MiHHOI TOBXHHU B O€31IepepBHOMY
yaci. 3 iHmoro 00Ky, 4YacoBHH TOYKOBHI MpOLEC MOXKHA
po3riIsimaTH SIK MOJENb aBToperpecii. Y ToW ke dac
YacOBHH TOYKOBMH TIPOLEC € TAaKOX 1 JHYMIBHAM
MIPOLECOM, TOOTO TPOLECOM TiIpaxyBaHHS KUIBKOCTI
BHITAJIKOBUX MOAid. DYHKIliS YMOBHOI iHTCHCHBHOCTI Ja€
3MOry 00’ €IHyBAaTH 1 TOYKH 30pYy 1 MOJIEIIOBATH TOYKOBH
MIPOLIECH, II0 MalOTh pPi3HYy HPHUPOAY Ta BINIOBIIHY iH
noBeAiHKy. Jlisi BHpIIIEHHS LBOTO 3aBlIaHHS 3TIJHO 3
MIOCTABJICHOIO METOIO TPOTIOHYETHCSI OTPUMYBATH (YHKIIT
YMOBHOI ~ IHTEHCHBHOCTI  NUIAXOM  TeHepamii 3
BHUKOPHCTaHHSIM HPOTHO3HOI MOJIeJli Ha OCHOBI HEHPOHHOI
Mepexi — Tak BOHa Oyje BpaxoBYBAaTH ICTOPWYHI JaHi.
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Opnnak paxkTnuHo (PyHKIIS yMOBHOI iHTEHCHBHOCTI
YacOBOTO TOYKOBOTO TIPOIIECY € TI€I0 CaMOI0 (DYHKIIIE0
IHTEHCHBHOCTI BHIIQJIKOBOTO IIOTOKY, 32 TEPMiHOJIOTIE0
Teopii BUNaIKOBHUX MTOTOKIB, OUIBII BiZIOMOIO B HAYKOBOMY
Ta OCBITHBOMY cepemoBumli kpaiH CxigHoi €Bponm Ta
CH/. Opnak came Teopisi TOYKOBHX IIPOLECIB € OuIbII

3aralbHOK0 1 (aKTHYHO €AWHAM  CTAHOAPTHHM i
3arajJbHONPUHHATAM Yy HAyKOBOMY CBITI IIJIXOJIOM,
3aCTOCOBYBAHUM IIPH JOCITIIKCHHI.

[lepmry ckimagoBy eKCIUTyaTallifHUX — BHUTpAT
MO>KHA 3aITHCaTH K

Nmep t

Cr=> e [ A (tydr @
i=1 %

e Nmep 3

KUTBKICTh ~ TEpMIHABHUX  CTAHIIH
(hopMyBaHHS KOHTCHHEPHHX ITOT3/iB;
%
2«,- (f ) - ¢GyHKIISE ~ yMOBHO{ IHTEHCHBHOCTI

HCCTaHiOHapHOl"O BUIIAAKOBOI0 IOTOKY HAaAXOKCHHA

KOHTEWHepiB 70 I -1 TepMiHAIBHOT CTaHIIIT;
.

HaKOIMYCHHS! KOHTeHHepHOI napTii Ha I -i TepMiHaIbHIN

MOMCHT qacy 3aBCPUICHHSA mpouecy

K-X6

crauii; C;  — BapTiCTh KOHTEHHEPO-XBIUIMHH TIPOCTOIO

KOHTelHepa Ha [ -iit TEepMiHAJbHINA CTaHMii, sSKa MOXe
BKJIIIOYaTH K  BapTICTh  XBWJIMHA  BUKOPHCTaHHS
KOHTEHHepa, BapTiCTh mepeOyBaHHS KOHTEHHepa Ha
KOHTCHHEpHOMY MalJaH4YMKy craHuii abo rurardopmi ta
HOro 0XOpoHa TOILO.

Iamoro  ckmamoBolo  HiMbOBOT  (DYHKIIL, SIKY
HEOoOXiHO BpaxyBaTH, € NOIATKOBI BUTPATH, ITOB'sI3aHI 3
HETIOBHOCOCTaBHICTIO ~ MapmpyTHoro moizma.  Orxe,
BPaxOBYIOUM T€, L0 HEJOULIBHO 3aCMidyBaTd LiIbOBY
(YHKIIIO eleMeHTaMH, L0 He 3ajieaTh BiJl KepyIoUHux
a00 3BMYAWHUX 3MIHHUX MOJCNi, TakKi 5K, HaIpHUKIA],
BUTpaTH, TOB'sI3aHI Oe3MOocepeHbO 3 MPOCYBAHHAM
KOHTEHHEPHUX TO13/1iB, ke BOHU B Oy/Ib SIKOMY BHIAAKY
OymyTh peayizoBaHi y pa3i BiANIpaBIEHHS LUX IOi3.iB.
OpHak cimix 3a3HaYUTH  HEOOXIAHICTH  BpaxyBaHHS
JIOJJATKOBHUX BUTpaT y pasi BIATIpaBICHHS
HETIOBHOCOCTABHHX IIOi3iB, @K€ B TAaKOMY BHIIQJKY
co0iBapTiCTh TPAHCIIOPTYBAHHS JaHOi MapTii KOHTEHHepiB
3pOCTae Ta BIANOBIIHO 3pOCTae MHTOMa cOOIBapTiCTh
TPaHCIIOPTYBaHHS KOHTEIHEpa [UIsl 3aJli3HUYHOI KOMITaHii.
Ile ¢akT MOXHa MOSCHUTH TUM, IO y pa3i BigIpaBIeHHS
HETIOBHOCOCTABHOTO KOHTEHHEPHOTo Moi3na cobiBapTicTh
HOTO CIIOpSIIUKEHHS, BiANPaBICHHS Ta IPOCYBAaHHSI 110 JIiHIT
Maike He 3MIHHUTBCS OJHAK YacTHHA BaroHO-Micuk abo
KOHTEHHEpOMICIb Y MOi3/1 (pakTH4HO HE OyIyTh OILUTa4YeHi
KJieHTaMu. TakuM YMHOM, TOJaTKOBI BUTPAaTH BUHUKAIOTh
B 00Cs31 BapTOCTI MepeBe3eHb KOHTEHHEPIB y KiTBKOCTI,

IO JIOPIBHIOE PI3HUII MiIX HOPMAaTHUBHOIO KUIBKICTIO Y
CKJIaIi moizna i (akTUIHOIO KUTBKICTIO:

NP K

CZZ; mi—jﬂ:(t)dz m[>jﬂi*(t)dt % .(3)

%o

ne M.— popma ximpkocTi GiTMHTOBHX TwaTdoOpM i
1

BIJIMOBITHOT KUIBKOCTI KOHTEHHEPIB y IepepaxyBaHHI Ha

copokadyToBi KOHTeWHEepH (FEU) y CKITazi
KOHTEHHepHOTO Tmoi31a, mo Qopmyerscss Ha I -i
TEepMiHAIbHINA CTAHIIIT;
Kn . o
C, — Bapricte TpPOCYBaHHS KOHTEHHEPHOTO

moi3fa, IO BiJIIOBia€ HOPMAaTHUBHIA KUIBKOCTI BaroHis,
Bin I -i TEePMiHAIBHOI CTaHIII{ JO OPTY.

Sk Oyno 3a3HayeHO BHIIE, KOHTCHHEPHI
MepeBe3eHHs] 1 OCOOJIMBO  IHTEPMOJAbHI, Y SKHX
OIHOYAaCHO OepyTb yd4acTb JIEKUIbKAa  HE3AJIC)KHHUX
TPAHCIIOPTHUX OIEpaTopiB 1 KOMIaHii, TIOB's3aHi 3
PHU3HKOM.

Takok cuix 3a3HAYUTH, IO BiIIPABICHHS
KOHTEHHEPHOT0 NOi3/1a 3 MEPEBUILECHHAM HOPMH KUIBKOCTI
BaroHiB TAaKOXX MOXKE OYyTH EKOHOMIYHO BHIIPABJaHHM,
OCKIUJIbKM y BUNAJKy JOCTaBJICHHS MapTii KOHTEHHEPIB y
HETIOBHOMY 00Cs31 MOXE NpU3BECTH [0 HaKJIaJCHHS
mrpagHUX CaHKIINA. € 3BICHO TpaHHYHA MEXa KiTbKOCTI
KOHTEHHEpiB 1 BIMOBIXHOI KUIBKOCTI  (DITHHTOBHX
wiathopM, OOyMOBJIIEHa MaKCHMAaIbHOIO  YMOBHOIO
JIOBXXMHOIO KOJIIH Ha ITOIyTHUX CTaHLIAX, MAKCUMAIBEHOIO
Baroro Moizaa, 0OyMOBICHOIO MOTYXHICTIO JIOKOMOTHBA,
tomo. OTxe, CKIax KOHTEHHEPHOro TIOi3ha MOXKEe 3a
YHUCENIPHICTIO  BAaroHIB  INEPEBHUILYBAaTH  HOPMAaTHBHE
3HAQUEHHS, NPOTE 3HAXOAUTHCh Yy MeXaxX TIPaHUYHHX
TIOKa3HUKIB. ¥ TakoMy pa3i MOKYTh BHHHUKATH JIOJIaTKOBi
BUTPaTH, TIOB'sA3aHI 3 HEOOXIOHICTIO  TPOBEICHHS
JIOJJATKOBHX MaHEBPOBHX pOOIT HpH (opMyBaHHI HOI37a.
OpnHak y mepmly dYepry IIpOBEICHHS JIOJATKOBHX
MaHEBPOBHX POOIT y 1IbOMY BHIAJIKy BHHHKA€ B IPOILECi
PO3BaHTAXEHHs 110i371a B TIOPTY, aJpKE KOJii IPUIIOPTOBOT
CTaHIiI, pO3paxoBaHi Ha JIOBFOCOCTaBHI IIOI3/M, MOXYTh
OyTn 3alHATI iHmMMMH Toi3gamu. Jlo Toro >k Kouii, 1o
3HAXOJIThCsl Oe3nmocepeHbO B IMOPTY OLIT TpHYAiB,
B3araji He po3paxoBaHi Ha JIOBIOCOCTaBHI Moi3/H, i TOMY
JIOBEAEThCA  3IIMCHIOBATH  iXHE  PO3YCIUIEHHA 3
TIOCITIZIOBHUM T10JIaBaHHSIM YacTHH Ha MOPTOBY KOJIIO IS
posBaHTaxeHHs. OTXe, [i JOAATKOBI BUTPATH HEOOXiIHO
PO3paxoByBaTH SIK

NP 2

]
Co=c" X || [ 45 (e)de=m, || [ 2 (e)de>m, | |4
i=1 o
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IHOPOPMAIIMNHO-KEPYIOUI CUCTEMU HA 3AJIIBHUYHOMY TPAHCIIOPTI

ne C * _ nuromi JIOZIATKOBI BUTPATH, 1110 MTPUNIAJIAI0TH Ha
KOXKEH BaroH, NMpUYEIUICHUH 10 KOHTEHHEPHOTO Moi3na
1032 HOPMOKO KUTBKOCTI BarOHiB.

Sk Oyno 3a3HayeHO BHINE, SKOIO (AaKTUYHA
KiJIBKICTh HaJlaHUX KOHTEHHEPIB BUSBUTHCS MEHIION, HIXK
KIJIBKICTB, 3asBJI€Ha OIEPaTOpPOM ISl 3aBaHTAXKCHHS Ha
KOHTEHHEpOBO3, MOXYTh OyTH 3acTocoBaHi mITpadHi
cankiii. Taki Buam mTpaHUX CaHKIIH OCTaHHIM YacoM
BBOJSIThCS ~ BCE  OUIBIIOID  KUIBKICTIO  MOPCBKHX
MIepeBi3HMKIB, M0 OOyMOBIEHO IXHIM HeOaKaHHAM
BTpavyaTH NPUOYTKH Ta BIANOBITHUM CTHUMYJIIOBAaHHSAM
IHTEpMOJaTIbHAX orepaTopiB JI0 3anobiraHHs
MTOPOXKHKOMY TIPOOITY KOHTEHHEPOMICIlh, OCOOIMBO HA T
KapIMHAIBGHOTO IiABUIIEHHA Tapu(iB Ha KOHTEHHEpHi
mepeBe3eHHs y CBiTi. Tak, BCECBITHBO BiOMHI MOPCHKHIA
nepeBi3Huk — kommadis MSC (Mediterranean Shipping
Company) 3ampoBaguia mrTpad 3a  HEMoJaHHS
KOHTEiHepa 10 mepeBe3eHHs «no show bookings
surcharge», sikuit ctanoButh 600 mon. 3a 1 FEU. Orxe,
HEOOXiTHO BKIIIOUMTH JI0 LIJIbOBOI (PyHKIIi eJIeMeHT, 1o
Oyzie BpaxoBYBAaTH Ili BUTPATH:

N

| n® — Z Jli*(t)dt ,

i=l 7,

o 5)

&p o . .
ne N — KUIBKICTh KOHTEHHEPOMICIb, 3a(paXxTOBAaHUX
orepaTopoM Ha KOHTeHHepoBo3i B epepaxyHky Ha FEU;

c" - cyma mrpady 3a omua FEU, mo He OyB

TIOJJaHMH 111 HABAaHTA)KEHHS HA CY/THO.

[lousTTs pU3MKY, 3aCTOCOBYBaHE B TEXHIYHIH,
eKkoHOMiuHili 1  (¢iHaHCOBIH  cdepax, mnependavae
MOXJIUBICTh 3/1IHCHEHHS HE JIMIIE SIKICHOTO, aje B IepIly
Yepry KiJbKICHOTO OLIHIOBaHHS pH3HMKY. Benmunna
PH3HKY BUMIPIOETHCS 3a3BUYail y TPOIIOBOMY €KBIBAJICHTI
i Moxe Oyrm oOumcieHa sSK JOOYTOK I1MOBIpHOCTI
HeOaXaHOoT MOJIii Ta BEMMYMHHU MaTepialbHOTO 30UTKY, IO
BUHMKAE BHACIIIIOK HACTAHHS IIi€i IO

R=0Q-c”, ©)

ne Q — IMOBIpHICTh HaCTaHHS HEOAXaHOT IMOIIT;

036 — BEJIMYMHA MaTepiabHOrO abo (iHaHCOBOTO
30HUTKY.

Opranizamis (hopmyBaHHS Ta JIOCTaBKU

KOHTCHHEpPHUX TapTii [0 TOpTy HE BHUKIIOYAE

MOXJIMBOCTI HECBOEYACHOTO HpHOYTTS Xo4ya O OJHOTO 3
KOHTEHHEPHUX MOI3/iB, IO y CBOIO YEpry HpHU3Bene IO
3aTPUMKH CyZHA 3 BHHHM 3aJi3HWYHOTO IIEPEBi3HUKA, 1
HaKJIQIaHHS TTIOPTOM BIiAMOBIHUX IITpadHUX caHKIiN. L{g

MOXJIUBICTH HECBOEYACHOTO NPUOYTTS MOI3/IB /10 TOPTY €
HACJI/IKOM BIUIMBY 0aratbox (hakTopiB, OIIBLIICTB 3 SIKHX
3HAXOJIUTHCS 1032 MEXaMH KOHTPOJIO 3aJII3HUYHOTO
orepatopa, abo Leil KOHTPOJIb € JIMIIEe MOOJUHOKHM 1 HE
JIa€ 3MOTY TIOBHICTIO BHKJIIOYUTH MOJJINBICTH HACTaHHS
uiei HeOaxkanoi moxii. [lo TOro >k IMOBIpHICTh 3aIli3HEHHS
KOHTCHHEPHOTO TM0137a Oe3MocepeIHhO 3aJCKUTh  BiJ
YIOpaBIiHCBKUX  pillleHb, IMOB'A3aHMX 13  TNPOLECOM
HaKOIMYCHHS! KOHTCHHEPHMX MapTii Ha TepMiHAIBHUX
3ai3HUYHUX CTaHMisX. Yac Ha TpocyBaHHS TOi3ga Bix
TEPMIiHAJIBHOI 3aJII3HUYHOI CTaHIIl 70 MopTy Mae OyTH B
YacoBOMY MpPOMDKKY MK MOMEHTOM 3aBEpIICHHS
HaKONMYCHHS KOHTCHHEpHOI mapTii Ha TepMiHAJIbHIN
CTaHIIl Ta MOMEHTOM BiAIIPABICHHS CylIHA, YPaXOBYIOUH
TAKOXX TPHUBATICTh HaBaHTAXEHHA. Yepes Te, MO
TIepeBE3CHHS 3IMCHIOETHCS MAPIIPYTHUM I1013/10M, TO, Ha
MepIInil OIS, palioHAJIbHUM pIlIEHHAM MOXe OyTH
NpUiiMaHHs IBOTO Yacy MPOCYBaHHS 3a CTally BEJINYHHY,
IO 3aJIeXKNTh BiJ JTOBXHHM MapuipyTy, abo mpuHaiMHi
MOJICTIIOBAHHS MOTO SIK BHIAJKOBOi BEJIIMYMHHM, IO Mae
HEe3HAa4YHI KOJMBAHHS, 3 BUKOPHUCTAHHSIM HOPMAILHOTO
3akoHy posmoaury. OpHak Takuid mmigxig OyB Om
MOXJIMBHM JIMIIE B yYMOBAaX PO3BUHEHUX €BPONECHUCHKUX
KpaiH, $IKIIO, HAaNpUKIal, KOHTEHHEPH IIEPEBO3STHCS
moizgoM Ttumy shuttle train, TOOTO 3aNi3HUYHUM
KOHTEHHEPHUM EKCIIPEecOM, IO IMpSIMYy€ MPaKTHYHO Oe3
3YIMHOK 1 31 CTallOF0 MIBHUIAKICTIO TIO CIICI[iaIbHO
BUAIJICHUX HUTKaX rpadika Ta B yMOBaX, KOJIM BaHTOKHUN
3aTI3HUYHUHA PyX BiJOKPEMJIGHHH BiJl MacaXMpcbkoro. B
YMOBaxX YKpaiHCHKOi 3aJli3HUYHOI CHUCTEMHM BAaHTAXHHH 1
MACaXHUPCHKUIl PyX 3IIMCHIOIOTBCS 3 BHKOPHCTaHHSIM
onHi€l iHpaACTPyKTypH, A0 TOTO X MACAKUPCHKI MOT31H
MaroTh BUIIMI npioputeT. Takuii cyMileHnd pyx y Kymi 3
BHCOKOIO BaHTa)KOHAIPYXKEHICTIO JIHIH NPU3BOANUTH 0
IIBHIKOTO 3HOCY peHOK 1 BUXOHy 3 JIaay eJIEeMEHTIB
BEepXHBOI OyOBH KOJil, 9acTOi HEOOXiTHOCTI BUAIICHHS
BIKOH IS 3OIMCHEHHS INIAHOBHUX 1 II03aIUIaHOBHX
pemoHTiB. JIoBXKHHA JTiHIN, Ha SKAX JIFOTH TMOMCPEIHIKECHHS
PO HEOOXIAHICTh OOMEKEHHS IIBHAKOCTI PyXy IOi31iB,
moB'si3aHi  a00 31 CTAaHOM KOMiid, a00 TPOBEICHHIM
PEMOHTHHMX pOOIT, CTaHOBUTHb Y CepeAHbOMY Oinblie
MOJIOBMHM 3araJlbHOI  TPOTSDKHOCTI  JIHINA  3a1i3HUYHOT
cucreMu Ykpainu. Jlo TOro x pyx nepeBakHOI OUIBIIOCTI
BaHTXHUX IIOI3[IB  3/IMCHIOETBCS HE 32 CTAIUM
PO3KJIaJIOM, & TOTOBHICTIO 1 JUCHETYEPCHKUM PO3KJIA/IOM.
Opmnak HaAWOUTRII  JecTabimizyrounM  (pakTopom, IO
MIPU3BOJIUTE A0 3HAYHUX 3aTPUMOK IIPH IPOCYBaHHI
KOHTEHHEpHUX T1oi31iB, € mpunoprosi craHmii. Ha
MIPUIOPTOBUX CTaHIIISAX 3a3BUyait BiIOyBa€THCS
CKYIUCHHSI BEJIMKOI KIJTPKOCTI COCTaBiB YHACHIIOK HECTadi
MaricTpajbHAX i MaHEBPOBHX JIOKOMOTHBIB,
JIOKOMOTHUBHHMX OpHraza, HEBIANOBIAHOCTI KOJIHHOTO
PO3BUTKY CTaHLIN Cy4acHHMM oOcsiraM pyXy, CE30HHHM
NepeHaBaHTAXEHHAM Tommo. Lle Moke mnpu3BOIUTH 10
6araro4acoBHuX 3aTPUMOK pu NpOCyBaHHI
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KOHTCHHEPHOTO TI0i3/1a BiJ MPUIIOPTOBOi CTaHIi O
nopry. Y JeKUIbKOX NONepenHiX OCHiDKSHHSIX Oyio
JIOBEAICHO, IO Il dYac 3a3BHYal IiIHOPSIKOBYETHCS
3akoHy Epmanra. OTxe, 0COONMBO BpaxoOBYIOUH HOTo
NIEBHY YHIBEpCAIBHICTb, caMe IeHd 3aKOH pO3IOALTY

JIOLIUIBHO BHKOPHUCTOBYBAaTH IS MOJIEJIIOBAHHS
TPUBAJIOCTI TPOCYBaHHA KOHTEHHEPHOIO TIOi3ma Bij
TePMIHANBHOT ~3alli3HWYHOI CTaHII 10 TOPTy 5K

BUIIAJIKOBY BEIMYHMHY O€3NEepepBHOTO THUILy. 3arli3HEHHS
moizga BiIOyZeTbCs TPH  TMEPEeBUINEHHI 4Yacy Horo

Q{r”” >(rc -7 —z)} =1—P{r”” <(re -7 —t)} =1-F (T~ ~1;k, )

np . . .
IS T — TPUBAJIICTb MMPOCYBAHHS KOHTCUHCPHOI'O 11013714
SIK BUITaJIKOBa BCJIMYMHA,

Hae
T — TPUBAJIICTb HABAHTAXKCHHA KOHTeﬁHeplB Ha

CYJHO-KOHTEIHEpOBO3, fKa 3aJeXHTh Big  00cATy
KOHTEHHEpHOI HapTii;

MIPOCYBaHHS Ha IUIIXY MK TEpPMIiHAJIBHOIO CTAHIIEIO Ta
MOPTOM YacOBOTO IHTEpPBAy, MDK MOMEHTOM dHacy
3aKiHYEHHS HAKOIMYCHHS KOHTEHHEpHOi mapTii Ta
TPaHAYHO  MOMJIMBUM  MOMEHTOM  dHacy  IIOYaTKy
HaBaHTOKEHHS  KOHTCHHEpHOI mapTii Ha  CyAHO-
KOHTEHHEPOBO3 3 ypaxyBaHHSIM IUIAHOBOT'O MOMEHTY 4Yacy
fioro BiOyTTS.

OTxe, BenWYMHA IMOBIpHOCTI
KOMIUIEMCHTapHOIO JI0 BEJIIMYMHH
BYACHOTO MpUOYTTS, SKYy MOXKHA

3ali3HEHHS 1013712 €
iMOBipHOCTI  HiOTO
po3paxyBaTH  SIK

()

BIJIIPaBJICHHS] KOHTEHHEPOBO3a 3a IOT0 pO3KIagoM 3
ypaxyBaHHSIM 4acy Ha HaBaHTaXXCHHS, TOOTO IMOBIpHICTBH
BYACHOTO MPHOYTTS MOI34a A0 MOPTY Ta BiINOBIAHO HOTO

3ami3HeHHs K QyHKiis Bix [ ;

F(Tc — 7" —f;k, ﬂ«) —  KyMyJIATHBHA

[ — 3minma, mo HaGyBae 3HAYEHHS MOMEHTy uyacy QYHKIis posmonimy 3akony Epnanra (amrm. Cumulative

3aBepIICHHS HAKOIMMYECHHS KOHTEHHEPHOI IapTii;
C . . o
T — MOMCHT qacy Blﬂ6yTT$I CyHHa 3a Fpa(l)lKOM Horo
pYXY;
n C Hae
P{r P < (T -7 —Z)}

Ta

np c Hag
Q {T > (T -7 — t)} — iMOBipHicTE TOTO,

o 4ac npoCyBaHHSA noizga He NEPCBULLINTD TpI/IBaIIiCTL
HaCoBOI'0 BiKHa, 00MEKEHOTO0 MOMEHTOM qacy 3aKiHUEHHS
HaKOIINMYCHHA KOHTCI\/’IHepHO.l. HapTi'l. Ta MOMCHTOM 4Yacy

(31— )

Distribution Function, CDF), ne k ta A - napamMeTpu
posmnoniny Epnanra.

Orxe, IMOBIPHICTb 3aTPUMKH cynHa-
KOHTEHHEPOBO3a yepes 3aIi3HeHHS puoyTTS
KOHTEHHEPHOT 0 1M0i3/1a /10 IOPTY MOXKHA PO3paxyBaTH siK

)

Ol > (1~ 1)} -1-

(o

J!

I'(k)

o)

_nas _

—k(T“ T

e

k
1-[1->]

J=1

ne Y ( . ) — HIDKHS HENIOBHA TaMMa-(yHKITisL.
Iepexin Bix ramma-QpyHKmii I (k ) J0

(axropiana (k - 1)' OyB 3IIMCHEHUI 3aBISKH TOMY,

(k-1)!
®)

ii() k e r i , TOOTO mapameTp k HaJISKUTD 110
MHOXXMHH JOJIATHUX IUJTHX YHCEL.

Ha puc. 1 HaBenmeHuit MexXaHI3M BHU3HAUCHHS
IMOBIpHOCT] 3aIli3HEHHS KOHTEHHEpPHOro moizga B pasi
pO3IIONTy BEIMYMHU TPUBAJIOCTI Yacy IIEPEBE3CHHS 3a
3akoHOM Eprnanra 3a J0moMororo KyMyJsSTHBHOI (YyHKIIT
PO3TOALTY ITHOTO 3aKOHY.
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Puc. 1. BusnaueHHs iMOBIpHOCTI 3aITi3HEHHS! KOHTEHHEPHOTO 101312 B pa3i po3MOUTy BETMYMHN TPUBAIOCTI Yacy
nepeBe3eHHsI 3a 3aKkoHOM Epranra , 3a 101MoMororo KyMyJsITHBHOT (QYHKIIT PO3IMOALITY EOTO 3aKOHY

Ha puc. 2 mHaBemeHa cxemMa BH3HAYCHHSA
IMOBIpHOCTEHl 3aTpUMKM CyJHAa BHACHIZOK 3alli3HEHb
KOHTEHHEpHUX TOI374iB, NOTpiOHA I BU3HAYCHHS
cymapHoi (yHKOii pu3MKy, a/ke QakTudHO MmTpadHa
(YHKISL € TUCKPETHOIO, OCKUIBKH 3aTPUMKa, HaIpHKIAL,
Ha 15 rox BiJ HACTYIHOI TOJMHHU BCE OIHO MPU3BOIUTH 10
mrpadHOI BUIUIATH 32 iy TOJUHY.

2°TOONHA 3aTPUMKU

1" ronnHa 3aTpuMKM
3" roanHa 3aTpuUMKN

|
|
|

Puc. 2. BusHaueHHs OrOIMHHUX IMOBIpHOCTEH 3aTpUMKH
CyITHA BHACIIIJIOK 3aITi3HCHb KOHTCHHEPHUX TOT3/iB

OmHak y pa3i  OJHOYAacCHOTO  HAKOIIMYEHHS
KOHTEHHEpPHUX MapTii Ha AEKIJIBKOX TepMiHAIBHUX
CTaHIAX 1 BIAMOBIAHO BIANPABICHHS 3 KOXHOI i€l

CTaHII1 MapmIpyTHOTO KOHTEHHEPHOTo Noi3/a B OiK MopTy
IMOBIpHICTD 3aTPUMKH CyAHA JIOPIBHIOE IMOBIpHOCTI
BUIAJKy, KOJIM X04a O OfMH 3 IUX I0i3AiB HpHOyae 10
nopry 3 3amizHeHHsAM. OTXKe, ypaxoByIOUH Te, IO
3aIli3HEHHS! KOXXHOTO OKPEMOro II0i3/la € He3aJIeKHOI0
MOJTI€F0, Ta OMHOYACHO IIi IMOJii € CYyMICHHMH, TOOTO HE
BHKITIOYAETHCSI TOM (hakT, MO BOHH MOXYTh BIOyTHCS
pas3omM, IMOBIpHICTh BUIAIKY, IO MPUHANMHI OJIUH II0137
npulyne 3 3ali3HEHHSM, 32 TEOPEMOIO IIPO JI0JaBaHHS
IMOBIpHOCTEH JJIsl CyMiCHHX TOJiH, TOPIBHIOBaTHME CyMi
IMOBIpHOCTEH 3ami3HEHb KOXXKHOTO OKPEMOro Ioi3za.

OTxe, IMOBIpHICTb 3aTPUMKH CyAHa MOJXKHA
pO3paxyBaTH SIK

,-.(T“—r””“—t,-) (ﬂ,. -(TC _ phas —tl.>)j
!

ze k,- Ta ﬂv,-— BIJMOBIHO mapamerp cryneHs (abo

¢opMn) 1 mapaMeTp IHTEHCHBHOCTI 3aKOHY PpO3IOILTY
Epmanra,  skoMy  MiIHOPAIKOBYETbCS  BEIMYHMHA
TPHUBAJIOCTI MapUIPyTy KOHTEHHEPHOT'O 1013/1a, 10 MPSIMY€

Bix I -1 TepMiHANBHOI CTaHIIIi A0 TOPTY.

Toni HacTymHY CKIQIOBY HUTOBOI (DYHKIIT, IO
SIBIIIE COOOK0 PU3WK 3aTPUMKH CYIHA-KOHTCHHEpPOBO3a 3
MIPOBUHHU 3aJII3HUYHOTO OTIEPaTOpa, MOXKHA 3aIUCATH K
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7

N™eP ki e_

A (TL‘ _THaﬁ _

C5 :R:QSCCSC :CS’C

i=l j=1

Otxe, HibOBY (YHKIIIFO MOXHA ITOATH SIK

(AR ORAGREN O RUCA S

e {tl ) fz cee tn } — 3MIHHMH BEKTOp MOMEHTIB

3aBCPUHICHHA HAKOITUYCHHA KOHTGﬁHepHHX HO'1'3HiB;
*

{ﬂ"l (t)aﬂ‘; (t) /1: (t)} — MHOXWHa (PyHKIIH

YMOBHOI 1HTEHCHBHOCTI, IO SIBJIAIOTH COOOI0 MOTOKH
Ha/IXOJUKEHHsI KOHTEHHEPIB;

{01 5 92 cee en } - MHOXWHA po3moiiB

TPUBAIOCTEH  TNPOCYBAaHHS  KOHTEHHEpPHUX  MOI31iB
(ToaHMX SIK BIIOBIAHI MapaMeTpr) MK TepMiHAIBHUMH
3aJTI3HUYHUMHE CTaHISIMH 1 TIOPTOM.

Takox HeoOXiHO BpaxyBaTH OOMEXEHHS, IO
HaKJIQJAIOThC HAa KEpyrodl 3MiHHI  TEXHOJOTIYHUM
npouecoM. Tak, HEoOXigHO BpaxyBaTH OOMEXCHHS 3a
MaKCHMAJIFHOIO JIOBKHHOIO T0131iB, 110 (HOPMYIOTHCS, Y
(i3UYHNX BaroHax:

i
[ A (tMde<m, i=1..N" .,

Ha ocHoBi copmoBanOi Mojeni Oyi0 po3podiieHe
mporpamMHe 3a0e3MeYCHHs Ta MPOBEICHE MOACTIOBAHHS. Y
TaOIUII HaBEJCHI BUXITHI TaHi UTS PO3PaxyHKY.

I (1 - 1)

C

(10)

i, (11)
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Tabmuus 1
Buxinsi gaHi Ui po3paxyHKy
OnuHuns
[TapameTp 3HaueHHA .
BUMIpIOBaHHS
o
[IporHo3Ha  yMOBHA  IHTEHCHBHICTh A] (t ) 8.2019-10"t% - 4.869-10247 - 4.7899-10°
. . 6 +2.519-10715 £°-5.0406-10°12t* +
HECTaLlOHAPHOT O IIyaCcOHIBCBKOIO pouecy 4.0412-10°¢ - 7.2505-1077¢2 - FEU/xB
HaJIXOJUKEHHsT KOHTeiHepiB (y mepepaxyBaHHI Ha ' 0.0001538¢ + 0.10832
TEU) no mepmioi TepMiHATBHOI CTAHITIT ’ '
%
IlporHo3Ha  yMOBHA  IHTEHCHBHICTB ﬂz (Z ) 5.5929-1072% - 7.8894-10°%2t7 +
. . 4.6203-10"%° - 1.441-10 £ +

HeCTallioHapHOTO ITyacOHIBCHKOTO Iporecy 2.5387-10°11¢% - 2.4372- 106 + FEU/xB
HaJXOJDKEHHsI KOHTeiHepiB (y mepepaxyBaHHI Ha 1 08'03' 1052 - 0 OOi 2039t+ 0.09046
TEU) no mpyroi TepMiHAIBHOI CTaHIIi{ ' ’ '
BapricTb KOHTeWHEpO-XBWIMHH TIpH  IepeOyBaHHI =01 =02 $
KOHTCWHEPIB HA TEPMiHATBHUX 3aJI3HUIHUX CTAHIIIX 1 T2 T FEU-xB
Baprictp CTIOPSIKEHHS Ta MIPOCYBaHHS
KOHTEHHEpHOTrO TMo0i34a BiX NEpIIoi TepMiHAIBHOI 4000 JIOJL.
CTaHIii 70 TOpTy
Baprictp CTIOPSIKEHHS Ta MIPOCYBaHHS
KOHTEHHEpHOTrO T1oi31a BiJX Jpyroi TepMiHAJIBHOT 5500 JIOIL.
CTaHIii 70 TOpTy
IMapamerpm ¢opmMu 1 Mmacmra®y — TpuBaJIOCTI
MIPOCYBaHHS KOHTEHHEpHOTrO TOi3[a Bix mepuioi _ _

) " N = = ., XB
TEpMiHAJIBHOI CTaHLii J0 MOPTy, SK BHIIAJKOBOI kl 2’ Hy 400 o>
BEJIMYMHH, PO3IOIUICHOI 32 3akoHOM Epnanra
[Mapamerpm ¢opmMu 1 Mmacmra®y — TpuBasIOCTi
MIPOCYBaHHS KOHTEWHEPHOTO TOi3Aa Big Apyroi =9 _

) " . = = ., XB
TEpMiHAJIBHOI CTaHLii J0 MOPTy, SK BHIIAJKOBOI kz > Hy 500 o>
BEJIMYMHH, PO3IOIUICHOI 32 3akoHOM Epnanra
JlomaTtkoBi BUTpaTH TpW TEPEBHIICHHI HOPMH
KimpkocTi  itmHroBMX  1wathopm y  cKiandi 200 o
KOHTEHHEPHOT0 M0i3/1a Ha OJHY OJMHUIIO (Ha 000X Ao
HaTIPSIMKaX )

Kinbkicte 3a0pOHBOBAHHUX Ha CyIHi 73 FEU
KOHTeHHepoMicIp y nepepaxyBanti Ha FEU

MoMeHT bacy 3aKiHYeHHS HaBaHTAXEHHs CyIHa 1

HOro BINUIMTTS, XB, B MOMEHTY IOYaTKy 1600 XB
IUTAHOBOT'O PO3pPaxyHKOBOT'O NEpioay, XB

TpuBasicTs HaBaHTA)XXEHHS OZJHOTO KOHTEWHepa 5 xB/FEU
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Tpad 3a HEemogaHHS N0 HaBaHTAXEHHS Ha CyAHO | 600 101/FEU
FEU
BapricTh ronuHM 3aTPUMKH CyIHA 5000 JI0I1./TONT

Ha puc. 3 rpadiuno 300paxeHo ¢pyHKIiT yMOBHOT
IHTEHCUBHOCTI ~ BHITQJKOBUX  ITOTOKIB  HAJXOJKCHHSI
KOHTCUHEpIB /IO TCpMIHANBHUX CTaHINH, HABEACHUX Y
TaOJIHUIII.

3000

0.4 T T T T T
Ay(t)= 5.5929e-26 t° - 7.8894e-22 t7 + 4.6203¢-18 ° - 1.441e-14 t°
0351~ +2.5387e-11 t* - 2.4372¢-08 t° + 1.0803e-05 2 - 0.0012039 t 7
+0.09046

03— |

0.25 — -1
2

USJ Aj(t)= 8.2019e-27 ° - 4.869e-24 1" - 4.7899-19 ° + 2.519e-15 t°

wo02- - 5.0406e-12 t* + 4.04126-09 t° - 7.2505¢-07 t2 - 0.0001538 t
= +0.10832

~<

0.15 —

0.1 -

0.05 /\/

|

0 —] |
0 500 1000 1500 2000 2500
t, xe
Puc. 3. ®yHK1ii yMOBHOI iHTEHCUBHOCTI BHITQIKOBHX ITOTOKIB HAXOKECHHS KOHTEHHEPIB
Ha puc. 4 rpadiuno 300pakeHO IILOBY MeToAaMH (DyHKLIOHAJIBHOTO aHaii3y. OTKe, ONTUMIi3amio

¢dyHKIiI0 MoJieTi Ta pe3ynbTar ii onTuMmizamii. Y BHMaaky
JIBOX TEpPMiHAJIBHMAX CTaHLIN IiJboBa (QYHKIIS SBIISIE
coboro moBepxHI0. OfHAK y BUMAAKY OIIBIIOI KUIBKOCTI
TePMiHATBHUAX CTaHIIA 1 BIAMOBITHO OLMBIIOI KiTBKOCTI
KOHTEHHEPHUX TOI3iB LUTbOBY (YHKIIIO HEMOXKIIMBO
Oyne noxaty y rpaiuHOMY BUIIIAI Ta 3HAHUTH 1i MiHIMyM

3aIpPOIIOHOBAHOI MOJENI B 3arajlbHOMY BHIAIKy MOXKHA
KacugikyBaTH sIK 33aaqy HeJliHiHHOI omruMmizanii. Tomy
po3pobieHa mpoueaypa ONTHMI3allil  3almpOITOHOBAHOI
MOJIeIi BHKOPHCTOBYE Cy4YacHHH MaTeMaTHYHHH amapar
TCHETHYHUX aJITOPUTMIB.
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t1’ Xe1000

1200 1200

800

t,, x8

Puc. 4. IlinpoBa ¢yHKIIT MoJeni Ta pe3ynbTar ii onTumizanii

Sk BHAHO 3 PpHCYHKa, OTpPHUMaHi ONTHMaJbHI
TpuBanocTi  (QOpMyBaHHA  KOHTEHHEpHHMX  IOi31iB
CTaHOBJIATH BiAMOBiAHO 321 XB UIA TEpHIOro Moi3na Ta
361 XxB 1 ApYroro moi3da, mepemdadaeThes, Mo 3a i
nepiogu Oyne HAaKONMWYEHO Juisi Tmepmioro rmoizma 27
KOHTEHHepiB 1 46 KOHTEHHepiB A Apyroro moiszia
BignoBinHo. [Ipy oMy Oyio AOCSATHYTO MiHIMaIbEHOTO
3HAYCHHS IT1ThOBOI (DYHKIIII, 10 JOpiBHIOE 69168.9.

BucHoBkn

OtpuMani pe3ynbTaTh pPO3PaxyHKIB 1 XapakTep
UTbOBOT (QYHKLI cBigYaTh MpO Te, MO HEIXOTPUMAHHS
ONTHUMAIBHUX YMOB PEXHUMIB (hOPMyBaHHSI KOHTCHHEPHHUX
MOI31iB A7l IPOCYBaHHS KOHTEHHEPOIIOTOKIB J0 HOPTY 3
BEJIMKOIO IMOBIPHICTIO ITPU3BEAE 0 3HAYHUX JOJATKOBUX
eKCITyaTallifHuX BHUTpAT JIOTICTHYHUX OIEPaTOpiB IpH
3MifiCHeHHI 1HTEpPMOAAIBHUX KOHTEHHEPHUX IIEPEBE3CHb.
OTxe, y pe3ynbTaTi IOCTIDKEHHS Oyno 3'sicCoBaHO, IO
eeKTUBHE  YNpaBJIiHHA  TporecoM  (OpMyBaHHS
KOHTEHHEPHUX TMOI311iB BiJirpae BaXJIMBY pOJIb ¥y
3a0e3MeUeHHl CBOEYACHOTO JOCTABJICHHS BaHTaXIB ¥y
MDKHapOJHOMY  CHOJydeHHI. BaximBuMm  acriekTom
3alpOIIOHOBAHOI MOJENi € BpaxyBaHHA HMMOBIPHICHHX
CKJIaJIOBUX MOJENI, IO HAIeXaTb SK [0 MpoLecy
HaKOIMYCHHS! KOHTEHHEpiB, Tak 1 Mporecy IpOCyBaHHS
KOHTEHHEpHHUX TMOi3/iB 10 MOpPTy. Y LBOMY KOHTEKCTI
TUTaHYBaHHS JJOCTaBKM KOHTEHHEPIB JEKUIbKOMa MOI3IaMHu

— CKJaJHE 3aBlaHHS, 3 NPAKTUYHOI TOYKH 30Dy, OJHAK
3aIpOIIOHOBAaHa MOJIEIb JIa€ 3MOTY JIOCTaTHHO €PEKTUBHO
nepen0aYuTH  ONTUMAaJbHI ~ MOMEHTH  3aBEPIICHHS
(¢bopMyBaHHS  TO3MiB  3aBIIKH MPHUBEJACHHIO  BCIX
IMOBIPHICHHX CKJIaJIOBHX JI0 €IMHOTO IMOBIPHICHOTO TIOJISI.
BBenenns 1o ckimamy MoJENi  PU3MKOBOI  CKJIAJIOBOT
3abe3rnedyye  MiHIMi3amilo  IMOBIPHOCTI  OTpHUMaHHS
mrpadHUX CAaHKLIN 1 IXHBOro 00cATY JUIs 3aJTI3HIYHUX 200
IHTEpMOJANIbHAX ONEPaTOpiB 1 € OAHUM i3 KIFOYOBHX ii
€JIEMEHTIB.

OtpuMaHi pe3ysnbTaTH PO3paxyHKIB MOBEJH, IO
onTHMI3aLis mporecy GopMyBaHHS KOHTEHHEPHUX MOi3/IIB
3 ypaxyBaHHAM 3a3HaueHUX BUIIE (AaKTOpiB Jae 3MOry
3HU3UTHU 3aTPUMKH, MIJBUIIUTH €EKTUBHICTh NIEpeBE3EHb
1 3a0e3MeYnTH CBO€YACHE JIOCTAaBJICHHS BaHTAXIB Ha
CyIOHO-KOHTeiHepoBo3. Ile Mae 3HayHEe mpakTH4HE
3HAQUEHHA JUIsI TOPTOBHX OIEPATOpIB, JIOTICTUYHHUX
KOMITaHIi Ta IHIIMX YYacHHKIB JIOTICTUYHOTO JIAHIIIOTA,
SKI TIparHyTh MIJBHUIIMTH OlepamiiHy eQeKTUBHICTh 1
3a0e3Me4YnTH BUCOKY SIKICTB ITOCIIYT.

Otrxe, copmMoBaHa MaTeMaTHYHA MOJIENIb MOXKE
Oyt 3actocoBaHa sk ocHoBa st moOymoBu CIIIP s
IHTEpMOJaIbHAX ~ ONeparopiB, IO BHKOPHUCTOBYIOTbH
3TI3HMYHUM TPaHCIOPT NPH 3IiHCHEHHI MIXHApOIHHUX
KOHTCHHEPHHX I1EePEBE3CHb.

CnHCOK BUKOPHCTAHNX JKepeJ
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Parkhomenko L. O., Prokhorov V. M., Kalashnikova
T. Yu., Shander O. E. Development of an DSS to
manage the process of forming container trains within
the intermodal transportation system.

Abstract. In today's transportation market, intermodal
container transportation plays an important role in
ensuring the efficient transportation of goods both
internationally and domestically. In this context, the use of
rail transport on land transportation routes is becoming
increasingly important due to its higher carrying capacity,
energy efficiency, and environmental friendliness.

The purpose of this study is to improve the model
for managing the processes of forming container trains and
ensuring their timely delivery to a container ship. A model
is proposed that takes into account the peculiarities of
interaction between various participants in the process,
including port terminals, railway stations and ship
operators.

The study has shown that effective management of
the container train formation process plays an important
role in ensuring timely delivery of goods. Particular
attention is paid to the probabilistic components of the
model related to the process of accumulation of containers
and their movement to the port. The model allows for
efficient optimization of the moments of train formation
completion, taking into account a number of constraints.

The results of calculations and analysis have shown
that failure to comply with the optimal conditions for the
formation of container trains is likely to lead to significant
additional operating costs for logistics operators in
intermodal transportation. The proposed model can serve
as a basis for a decision support system (DSS) in the field
of managing the delivery of containers to the port by land
when using container trains. This will increase the
reliability of planning and improve the coordination of
processes, ensuring timely delivery of containers to the
container ship and increasing the efficiency of intermodal
transportation.

In general, the use of the developed mathematical
model will help to improve operational efficiency and
ensure high quality of services, which is a significant
factor for port operators, logistics companies and other
participants in the supply chain.

Keywords: intermodal container transportation, container
train, random flow, point process theory.
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IHOPOPMAIIMNHO-KEPYIOUI CUCTEMU HA 3AJIIBHUYHOMY TPAHCIIOPTI

VK 658.14:656.025.2 DOI: 10.18664/ikszt.v2813.290118

JIOMOTBKO A. B., a.1.H., podecop (YKpaiHCbKUI IepKaBHUI YHIBEPCUTET
3aJ1I3HUYHOTO TPAHCTIOPTY),

KPACHOWITAH O. M., k.T.H., nouent (HaimionansHuit TpaHCIOPTHUN YHIBEPCUTET),
KABA O. C., marictp, 3actynauk MiHicTpa ¢iHaHCiB YKpaiHu

HOBMUIIBKWH B. O., marictp, acripanT (Y KpaiHChKHIl 1epKaBHHIl YHIBEPCHTET
3J1I3HUYHOTO TPAHCIIOPTY)

[MAIIHAK C. I1., imxenep

BusHaueHHsI ONTUMAJBHUX CTPYKTYP MOAepHizauil auseab-noizais JAP-1A puas
BITHOBJICHHSI JIOTICTHKHM NMPUMICHKHUX NACAKUPCHKUX 3AJIBHUYHUX IepeBe3eHb
Ha HeeJIeKTPU(IKOBAHMX JUISTHKAX 3aJII3HUITI

Y emammi npoananizoeano mooicnugi eapianmu 30itichenHs MoOepHizayii napky ouzenb-noizoie J{P-14, oouux 3
OCHOBHUX Ou3eNb-noi30ie 6 YKpaiwi, wjo 3ab6e3neuyioms NPUMICbKI nepese3eHHs NACAXiCUpie Ha 3ani3HuUYsX YKpainu.
Busnaueno ocnosHi medoniku 6 nOmMouHill KOHCMPYKYIL, @ MAKOJC NPUYUHU, 32I0HO 3 AKUMU HeOOXIOHO ChiaHyeamu i
peanizysamu npozpamy peanizayii ichyiouozo 6 Ykpaini napky ousenb-noizoie [{P-1A.

Tlpogedeno ananiz 0oceidy nposedenHss mooepHizayii ouzenv-noizoie J{P-14 y kpainax, oe maxutl pyxomuii cKiao
icmopuuno excnayamyemocs. IIpoananizoeano 00c8i0 nposedeHoi MOOepHizayii makux Ouzenb-noizdie y Kpainax
€sponeiicokozo Coro3y — Jlumei ma Jlamaii.

3pobreno 8ucHo8ok npo HeobXiOHiCMb (OPMYBAHHS NPOSPAMU MOOEpHI3AYIl Ou3enb-noi30i8 015 NiOSUUEeHHS
eghekmusHOCMi IXHLO2O BUKOPUCMAHHA MA BIOHOBNICHHS MepediCl NPUMICbKO20 CHOJYYEHHs HA HeeleKmpupikosanux
OiAHKAX 3anizHuyi. BuseneHo medci KOMNIeKCHOI npobiemu 3a0e3neyueHHs NPUMICbKUM DPYXOMUM CKIa0oM OJis
nepegesens Ha HeeleKMpUQpiko8aHux OLIAHKAX | CUHME308aHO KOMIIEKCHUL NIOXIO w000 supiweHHs yici npobiemu.
Knrouosi cnosa: npumicoki nacajx)cupcvki 3ani3HUYHI nepese3eHHs, Ou3enb-noizou, MooepHizayis, pemMomopus3ayis,
PO36UMOK CUCIEM, MAPUWPYMHA Mepedicd.

Beryn

AHaJi3 0CTaHHIX JOCTiTKeHDb i myOmikamiit

[Tpumicbki mepeBe3eHHs BiirpaloTh BAXKIUBY POJIb
y 3abe3neuyeHHi MoOinbHOCTI HaceneHHs. [Ipu mBOMY
NepeBe3eHHs]  HeoOximHO — 3a0e3medyyBaTH  SIK  Ha
eNIEKTPU(]IKOBAHNX, TaK 1 HEENEKTPU(IKOBAHUX IUITHKAX
3aMi3HMLI.  PO3BUTOK  NPHUMICBKMX  TAaCaKHUPCHKHUX
nepeBe3eHb B YKpaiHi MepeBaXHO 0OMEXEHUH HAsIBHICTIO
HEOOXIiTHOI KUTBKOCTI pyXOMOTO CKJIafy, a TAKOK pecypciB
Ui Horo mpuabanHHs. ToMy MojepHi3amis iCHYyHYOTro
PYXOMOTO CKJIay € OJHHM i3 BapiaHTiB paIliOHAIEHOTO
BUPILIEHHSI HOTO 3aBJaHHs. 30KpeMa MM HIIIXOM HIyTh
6araro kpain-wienis €C.

© JIOMOTBKO JI. B., KPACHOIIITAH O. M., KABA O. C., HOBUIIbKHM B. O., IUIIHAK C. 11

Psn BYCHMX 1 HOCTIAHUKIB SK y HAINIM JepkaBi, Tak i 3a
KOPAOHOM, 3poOWJIM BaroMuid BHECOK Yy  IIPOIEC
BUpILIEHHS Tpo0iIeM opraHizaiii Ta po3BUTKY IPHUMICBKUX
3aTI3HMYHUX MTACAXUPCHKUX TEPEBE3eHb, 10 € 0a3010 It

(YHKIIIOHYBaHHS CHCTEMH JIOTICTHKH TTaCa)KMPCHKHUX
nepeBe3eHb.  IluTaHHs  30epeXeHHS 1 PO3BUTKY
NPUMICEKAX  TEpeBE3eHb Ha  HEeIEeKTpU(iKOBaHUX

IUTSTHKAaX 3aJli3HUIB JTOCTIHKCHO B HAyKOBid mpari [1].
Tam jxe BU3HAYEHO MOJAJIBINI KPOKH B HAIPSMi PO3BUTKY
TaKWX MEePEBE3CHb.

YV poboTi [2] mpoBeeHO AeTabHE TOCTIHKCHHS B
HampsiMi  CTBOPEHHS. ~ HAYKOBMX  OCHOB  CTBOPCHHS
MOTOpPBaroHHOTO PYXOMOTO CKIIAAy Ta KOHTPOIIO HOTO
TEXHIYHOTO CTaHy.

2023
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Bu3HaueHHs1 MeTH Ta 3aBJAAHHSA JOCTiIKEHHS

JocmimkeHHs 3/1IHCHIOBAJIOCH 3 METOIO
(dopMyioBaHHS TepeliKy poliT i3 MoJepHizamii mapky
pyxoMoro ckiamy nusenb-moizniB JP-1A, mpucBsdeHHX
BiTHOBJICHHIO TIAPKy JAW3EIb-TIOT3/1iB, HEOOXIMHUX JUIS
3a0e3MeueHHs MPUMICHKIX MaCaKUPCHKUX TEPCBE3CHb Ha
HeelleKTpu(DiKOBaHUX JUISTHKAX 3ajJi3HWI, IO JIacTh
3MOTY TIOAOJNIAaTH HETaTHBHY TEHACHIIIO CKOPOYCHHS
00csTiB TIepeBe3eHb, OLIBII TOTO, CTAHE IMITYIIECOM JUIS
MTOJTANTBIIIOTO  COIIAIBHOTO Ta EKOHOMIYHOTO PO3BUTKY
rpoMas i TepuTopiii.

AKTyaTbHUM € BHpIIICHHS TaKUX MAaCIITAOHUX
3aBnaHb [2]:

- SIKICHE OHOBJICHHS PyXOMOTO CKJIaJy 3aJli3HHILI
JUTSL 3IMCHEHHS IPUMICHKUX IIEPEBE3CHb, y TOMY YHUCII 32
paxyHOK MOJIepHi3allii;

- CKOpOYEHHS TEpMiHiB MIPOBEJCHHS
MIPOTPECUBHOI  MOAEpHI3allii pyXoMoro ckiagy 3
3aCTOCYBaHHSIM e(EeKTUBHHUX TEXHOJIOTIH JUIst

MIePEOCHAIIEHHS 3JII3HUYHOTO TPAHCIIOPTY;

- MOJEpHI3allisl pPYXOMOTO CKJIagy 3 METO0
BUXOJIy WOro Ha HOBUHM TEXHIYHMH piBEHb, 30KpeMa
oOiagHaHHs TEPeTBOPIOBAYaMM CHEprii, oOiagHaHUMU
IU(QPOBUMH CHCTEMaMH YINpPaBIiHHSA Ta JIarHOCTHKH,
o0yZ0BaHNMHM Ha Cy4acHii eleMeHTHil 0asi;

- TPOBEICHHS JIOCHTI/DKEHb 100 PO3POOJICHHS Ta
BIIPOBAPKEHHSI HAa PYXOMOMY CKJIaJi HOBHX TEXHOJOTIH i
MarepiaiiB TOMIO.

[HIIMIMEU crioBamu, BUPIIIEHHS 3aBJaHb OHOBIICHHS
MIPUMICEKOTO PYyXOMOTO CKJaJgy IMOTpeOye 3acTOCyBaHHS
CHCTEMHOTO TMIAXOAY 3aBISKH peajli3amii y3rouKeHHX
CHUHXPOHI30BaHUX Mii MDK HAyKOBHMH YCTAHOBaMH,
BUPOOHMKAMH Ta OTIEPATOPaMH IIEPEBE3CHb.

Bombardier, Jenbarher, SLM, Siemens Mobility, CAF,
FIAT Ferraviaria TOIIO, CBig4HMTh, II[0 HAa CHOIOJHI HAa
€BPOINEHCEKOMY ~ PHMHKY  3aJi3HUYHMX  IlepeBe3eHb
HaMiTHJIacs  TEHJCHIS  TIOCTYNMOBOI  BiIMOBH  BiX
eKCIUTyaTarii  TOi3MiB  JIOKOMOTHBHOI  Taru.  Jis
IiIBUIIEHHS MICTKOCTI COCTaBiB 3a IHIIMX PIBHUX YMOB
BCce OULIPIIOrO BHKOPHCTAHHS 3HAXOIATh JBOSIPYCHI
BaroH (OJHAK BOHU MAlOTh i HEJOJIK MPH BHKOPHUCTAHHI
Takoi CXEMH B IPUMICBKOMY pyci uepe3 HeOakaHHS
MacakupiB, IO IOJOPOXKYIOTH Ha KOPOTKI BijicCTaHi,
3aiiMaTH MICIsI HA BEPXHbOMY SpYCi), PO3MILICHHS
CHWJIOBUX YCTAaHOBOK IIii BaroHoM Tomlo. ToOTO
CIIOCTEpIraeThesl CTala TEHJACHIIS IEepPexXoay OO0 HOBHX
KOMITIOHYBAJBHUX  cXeM. [liABMINEHHS  JIUHAMIYHHX
MTOKA3HUKIB 1 CKOPOYCHHS dYacy TOAOpOXKeH MmoTpedye
30UIBIIEHHST €HEProo30pOEHOCTI COCTaBiB, BUKOPHCTAHHS
O6inmpm  motyxuux JIB3 3 pospaxynky 40-50 BT
JI0JJATKOBO Ha OAWH BaroH MO0 TIOTOYHO MNPUHHATOI
MIOTYXHOCT] Ha TATY, BUKOPHCTAHHS JIOTIOMIKHUX CHIIOBHX
YCTAHOBOK  Juii  3a0e3ledyeHHs  BJIAcHUX  MHOTpeO.
[Mommpennm € BUKOPHCTAaHHS IHTErpOBaHUX
IHTENICKTYaIi30BaHUX JIaTHOCTUYHUX KOMIUIEKCIB, IO
JAIOTh 3MOTY BHUKOHYBaTH HOTO OOCIyroByBaHHS Ta
peMOHT 3a craHoM. IIpu IIbOMY HE BIIMOBISIOTHCS Bin
3aCTOCYBaHHSl ~ CTAlllOHAPHUX  CHCTEM  JIIarHOCTHKH.
CriocTepiraersCsi TEHICHIIS NEepexoay A0 MOoOyIOBH 3a
MO/TYJIbHUM TIPUHIIUAIIOM.

VY Tabn. 1 [2] HaBeneHO TEXHIYHI XapaKTEPUCTHUKU
PYXOMOTO CKJIaay, IO BHTOTOBISBCSA B PIi3HI Iepioaw
MIPOMHCIIOBICTIO YKpaiHM Ta 4acTKOBO 3alisiHUH 3apa3 y
Ipoleci TEepeBe3eHHS MAacaXWpiB Yy  IMPUMICBKOMY
cnonmydeHHi B Ykpaini. Ilpu npomy cnig ypaxysaru, mo
IpU TPOBEICHHI MOJCPHIi3amii HEOOXiMHO CTaBUTH
3aBIaHHs JIOCSATHCHHS TOKa3HWKIB 1 MapaMeTpiB, sKi O

IpoBeneHuil anaii3 MOTOPBarOHHOIO pPyXOMOro IEPEBHUIIYBaIH HasBHI Ha CHOTOJIHI.
ckiamy [2], mo BHpOONAEThCS KommaHismu Alstom,
Tabmuns 1
Texniuni xapakrepuctuk MBPC HOBOTO NMOKOJIIHHSA
IMTokaznuk JEJI-1 ATIJI-2 EILI-160 EITJI-200
CxkJag coctapa, Bar 1 8 8 8
[MoTtyxHicTs HOMiHATIBHA/MaKCUMaJIbHA, KBT 260/300 5000/5500 5200/5600 5600/6000
KoncrpykuiiiHa mBUAKICTB, KM/TOJT 100-120 160 160 200
Maca Tapu, T 40-45 420-460 420-440 400-440
3arayiibHa JIOBXKWHA, M 25...27 200 200 220-240
KinbKicTh macaXXupcbKux Kpicel, o 100-120 440-580 560-640 480-520
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Eneproosopoenicts, KBT/T 5,7+7.5 10,8+13,1 11,8+14 12,7+15
[MuToMa Maca Ha TacaXMPOMICIIE, T/Tac 0,33-0,45 0,72-1,0 0,62-0,78 0,76-0,9
JlocsirHeHHsI 3as1BJI€HOI METH IOTpeOye BHUPIMICHHS BUPOOHMIITBA,  BIANOBIZHO  3amacHi  YacTMHU  TeX

TaKUX 3aBJaHb:

- JIeTaJbHUI aHai3 KOHCTPYKIII Ta TEXHOJIOTTYHUX
ocobmuBOCTeH qu3enb-moi3aiB JP-1A;

- aHami3  HajgBHOTO  JOCBILy  HIPOBEICHHS
MOJICpHI3aIlii AU3ETb-TIOT3/IB i€l Ta aHAJIOTIYHUX CEePii;

- BU3HAYCHHS HEOOXiTHOCTI peari3allii JoAaTKOBUX
(YHKIIH i 3MiHM ICHYIOUHX ITapaMeTpiB KOHCTPYKLIT;

- (hopMyBaHHS TIEpeNiKy MOJIepHi3amiii.

OcHOBHA YaCTHHA TOCTIIKEeHHS

Excrutyaramiitanii mapk  qu3enb-noizaie - AT
«Yxpaanizaums» Hamiaye 301 cekmito [5]. B ocHoBHOMY
MmapkK CKiIagaeThes 3 au3enb-moi3aiB AP-1A (Jlarsis) 1 -1
(Yropmuna).

OpienroBHuii po3mip napky JAP-1A cranoButs 50
0Jl, 30cepe/KeHN Ha perioHanbHux ¢urisx «lliBnenHo-
BaxigHa 3ami3HUI, «JIbBiBChKA 3ami3HMI 1 «[liBgecHHA
sanizaunsy. OcraHHl HaIXOMKEHHS IU3ENb-IIOI3HIB i€l
cepii 7o Ykp3amizauti Binoymucek y 1996 porii.

OCHOBHI ITOTOYHI MTPOOJIEMH eKCIUTyaTamii AU3eib-
noizaiB JIP-1A mossraioTh y HEMOKJIMBOCTI MOCTadaHHS
3armacHUX 4YacTWH 3apa3. CunoBa yctaHoBka M756b
(BupobuunrBo 3AT «3aBon 3Beszma», Cankr-IlerepOypr,
pd) 1 rigponepenaya I'JII1-1000 €  pociiickkoro

BupoOHHITBa pd. IlpHmifHATI pimeHHS moao 3a00poHH
iMropty ToBapiB 3 p¢ [2] poOMATE HEMOXIMBUM
MOCTaYaHHs UX 3allaCHUX YaCTHH.

3anpoBa/UKEHHST  IMIIOPTO3aMIIIEHHS YCKJIQJIHCHO
Yyepe3 HE3HauHi IMMOTEHLIAIbHI OOCSTH 3aMOBJICHHS, IO
poOHTH HEMOUITBHUM iXHE BUPOOHMITBO 3 ypaxyBaHHIM
3Haganx o0csarie HIJIKP i muToMux BUTpaT Ha OIUHHMIIIO
MIPOTHO30BAHOTO MOMUTY, HEOOXIAHUX ISt TOCTAHOBKM Ha
BHUPOOHHIITBO.

[Ile onmiero mnpoOIEMOIO EKCILTyaTalil Anu3enb-

Moi3aiB € iXHA HaaMipHa MAcaXWPOMICTKICTE HpHU
OICCTUBATOHHOMY,  «3aBOJICBKOMY»  KOMIUICKTYBaHHI
COCTaBiB. 3HWKCHHS K MMACaXUPOMICTKOCTI IIIISIXOM

3MEHIIEHHS COCTAaBHOCTI 3 MIECTH [0 TPhOX BAaroHiB
MPU3BOJUTE JI0 PI3KOTO 3pPOCTaHHS CHEProo30pOEHOCTI
cocrasa (3 6,1 kBt/T o 10,5 kBr/T) [1].

[IpoBeneHo aHami3 MOCBiMYy MOACPHI3aIlii AM3EIb-
noizaiB JIP-1A, mposenenoi y 2016 pomi s 3ami3HALI
Jlatsii (LDZ). Y uisoMy MoJepHi30BaHi AM3EIb-TOI3AN
(micnst  MopepHizanii BoHum otpumanu cepito JIP-1AC
(PHCYHOK)) OTpPHUMYIOTh CXBajlbHI BiATrykH. BomHowac €
JIeKUIbKA MPOOJIEMHHUX MHUTaHb, SIKI BaXIIMBO BpaxyBaTH
MpHU TUTAHYBAaHHI MOJEpHi3alii TaKuX JH3ETb-TIOI3MIB B
VYxkpaini.

Puc. MoneprizoBanwmii au3enb-moi3g [IP-1AC JlaTBificbKuX 3alTi3HUI

30kpeMa  KOHCTPYKTHBHOIO 0COOTHMBICTIO
3a3HAYCHUX JU3CIb-TIO3/IB € Te, M0 OCHOBHI OpraHH

CHUCTEMH YTIPABIiHHS, MPHUCTOCYBAHHS /ISl TIEPEBE3CHHS
MaJIOMOOUTFHMX TPy HAacaXWpiB, a TAaKOX I1HKIIO3MBHA

45

IKC3T, 2023 Ne3




IHOPOPMAIIMNHO-KEPYIOUI CUCTEMU HA 3AJIIBHUYHOMY TPAHCIIOPTI

TyajeTHa KiMHaTa po3TalloBaHi y MPOMIKHOMY (Ipyromy)
BaroHi. Lleii dakT He nmae 3MoOry eKciuIyaTyBaTu Ioi3n y
JIBOBarOHHOMY  BHUKOHaHHI ~Ta  3Ha4HO  OOMEXye
MOXJIUBICTh MPUBENICHHS MACAXUPOMICTKOCTI COCTaBa 10
(aKTHYHMX TapaMeTpiB MacaXHUPOIOTOKY 1 Io30aBisie
MOXIIMBOCTI  3a0MIa/UKyBaTH  Ha  eKCIUTyaTalliHHUX
BUTpaTax Ha HaNpsIMKax 3 HU3BKUM NacakKUPOIIOTOKOM, a
TaKOX ITPY CE30HHOMY HOTO 3HW)KEHHI.

Takox mpu MozpepHizanii auzens-noizais JP-1AC
BUKOPHCTAHO 3HAYHY KUTBbKICTh KOMIUIEKTYIOUHX, CHCTEM,
BY3JIIB Ta arperatiB BUpoOHHITBA pd. OCKUIBKH B yMOBax
noBHOMacmTabHoi 30poitHoi arpecii pd mpotu Ykpainu
BUKOPDHCTaHHS  KOMIUIGKTYIOUMX  BHPOOHHITBA  pd
HEJIOIyCTHMO, JJIsl MOJIepHi3amii B ymMoBax YKpaiHW I
KOMIUIEKTYIOUl CJiJl 3aMiHUTH YKpailHCBKUMU BHUPOOaMu
abo Bupodamu kpain €C.

B opurinaneHiii koHcTpykuii noizais JAP-1A € psn
cHUcTeM, IO MOKa3alnd B eKcIuTyaramnii cede He 3 Kparmoro
BHIIA/IKIB 1 TIPUHIIMIT 1Tii) MalOTh OyTH 3MiHeHi. J[o Toro
psin cucteM (cHcTeMa — KOHIWIIFOBaHHSA  ITOBITPS,
IHKJIIO3MBHI TyaJIeTH TOIO) B3arajii He Oynu mependadeHi.
30KpeMa CI0JU HaJleXKaTh:
cucreMa OMAaJIECHHS. B OpHTiHAJBHIN
KOHCTPYKIIii JIA3EIIb-TIOT3 /1B JP-1A omnajicHHs
MacaXNPChKUX BaroHi 3/iHCHIOBAIOCH 3a PAaxyHOK TeIUia
neuryHiB. Ilpum mpoMy Teruie moBiTps uepe3 IMOBITPOBiA
M0J]aBaJIOCs 70 CAJIOHIB T'OJIOBHUX 1 MPHUYIMHUX BaroHiB.
Uepe3 HETOCKOHATICTh KOHCTPYKIII Ta HErepMETHYHICTH
MOBITPSIHOTO KaHATy eQEeKTUBHICTh ONaJeHHs Oyia
HE3a/I0BIJIBHOI0, OCOOJIMBO I1¢ OyJI0 BIAYYTHO B TPETHOMY
Ta 4eTBepToMy (TIpH IIeCTUBAaroHHIH cxemi) BaroHax. Lle
noTpedye BUKOPUCTAHHS IPUHIMIIOBO HOBOTO MIAXOAY 10
OpraHi3allii orajeHHs caJOHIB BaroHi.;

JKUBJICHHS JOTNIOMDKHHMX CHCTEM 1 BHKOHAHHS
JIOTIOMDKHUX ~(QYHKII B OpUTIHAIBHIA KOHCTPYKIIi,
3a0e3nevyBaHe BiJl TATOBOTO JBUTYHA, IPHU3BOJIUTH 1O
HETPOAYKTUBHOTO BHKOPHUCTAHHS MOTOPECYPCY JIBUTYHA

Ta HAUIIIKOBHX BHUTpar. Jlig yHUKHEHHS IHOTO
MIPOIIOHYETHCS npu MOJIepHIi3aIii repedaYnTh
BHUKOPUCTAaHHS JTOTIOMI>KHOT TTU3eNb-TeHEPaTOPHOT

YCTaHOBKH, sika O 3a0e3neumia (yHKIIOHYBAaHHS CHCTEM
(KOHIMIIIFOBAHHS, OTIaJICHHS, OCBITJICHHS,

€JIEKTPOXKHUBIICHHS, HEePEAIyCKOBOTO iAirpiBaHHs
OCHOBHOT'O JIBUTYHA TOLIO);

BUKOPHMCTaHHS B au3enb-moiznax cepii JIP-1A
TOJIOBHOTO KOMIIpEcopa IMopIirHeBoro THiy. Kommpecopu
Takoi KOHCTPYKIIi MaroTh PsA HEAOMIKIB (1IyM, BiOparis,
HU3bKa HajilHicTh, Tpyaomictke TO 1 P) mopiBHsHO 3
cydyacHUMH aHanoramu. Lleit ¢axkr nortpedye 3amiHu
TOJIOBHOT'O KOMIIPECOpa Ha Cy4acHi aHaJIOTH;
HEBIAMOBIAHICTh KaOiHM YIPAaBIIHHS AW3ENb-
noizaiB JIP-1A cyd4acHHM ySIBIICHHSIM IIOJI0 €pTOHOMIKH,
30KpeMa 3acTapiiMii IyJbT YIIPaBIiHHS, BIiJCYTHICTH
CHUCTEMH KOHIHMIIIOBAHHS, 3pYYHOCTEH s 3a0e3neueHHs
oTped JOKOMOTHUBHOT OpHUTajy Iij Yac TPUBAIIMX TOI310K
(MIKpOXBIWJIbOBA T4, XOJOMWJIBHHK, Imada misl Omsiry
tomio). OKpiM TOro, HEOOXiHO MIJBUIIUTH PIBEHb IIyMO-
Ta BIOpOI30OJMmii KaOiHM IS 3MEHIICHHS HETaTUBHOTO
BIUIMBY INyMiB 1 BiOpamii Ha Oprafi3M JIOKOMOTHBHOI
Opuraju;

CHCTEeMH YNpaBIiHHA Ta OE3MeKH Iu3ellb-
noizaiB JIP-1A, 1mo Ha chorozHi 3acTapisii Ta HoTpeOyIoTh
iXHPOI 3aMiHM Ta BUKOPUCTAHHS NPU MOAEpHi3alii O
cydacHHX aHayoriB. OKpiM TOro, HeoOXiHO 3a0e3neunTH

BCTaHOBJICHHS ~ CHUCTEM  BIiJIGOCIIOCTEPEXKCHHS  JUIS
iABUIIEHHS PiBHS O€3MEeKM pyXy Ta MacaXupiB Mix vac
[IEPEBE3CHb.

HeoOxinHO 3BepHYTH yBary TakoX Ha TOHW (akKT,
o JesKi MOJEpHi3alil CHpUYMHAIOTH psif iHmmX. Tak,
BCTaHOBJICHHS ~ CHUCTEMHM  KOHAMIUIOBAHHS  CTBOPIOE
HEOOXiMHICTP  BCTAQHOBJIIGHHS aBTOMAaTHYHHUX JBepei
MaCaXUPCHKUX CAJIOHIB, a TaKOX IPUTYJIBHO-3CYBHUX
meeperd  BaroHiB. OkpiM  TOTO, M IIiIBUIICHHS
e(eKTUBHOCTI POOOTH CUCTEMH KOH/WIIIOBAHHS B yMOBaX
eKCIUTyaTallii JOIUIFHO 00aTHATH MOJICPHI30BaHI MOT3IU
CHCTEMOI0 BHUKJIMYHOTO BiAKpUTTS aBeped. lle macth
3MOTY BIZIKpHBATH JIMILE Ti JBepi, yepe3 siKi 31iHCHIOIOTh
BUCAAKy Ta TIIOCAAKYy NacaXupu, a pemrTy TpUMaTu
3aKpuUTUMH. Y Takuii croci® Oyne 3abe3rnedeHo MeHIne
HaBaHTAKEHHS HA CUCTEMY KOHAWIIFOBaHHS.

3a pesyibpTaTaMH aHaNi3y ICHYIO4Oi KOHCTPYKIIT
nmusenb-noizniB JIP-1A Ta mocBimy ixHBOI MoJnepHizallii B
Kpainax €Bpomneiicekoro Coro3y (JlatBis ta JlutBa) Oyino
chopMOBaHO TepeiKk MOCpHi3alliif, sSKi HEOOXiTHO Ta
JIOLUTBHO peaizyBaTh HpH MOAEpHI3alil AN3esb-1oi31iB
(tabm. 2).

Taburs 2

ITepenik MoaepHizamiit qu3enb-noizais JP-1A

Howmep | Cucrema/ KopoTkwuii 3MicT MogepHi3aii
3/m

BYy301/

arperat

OuikyBaHi pe3yJIbTaTH
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KOMHOHyBaJ’IBHa cXema

Iepen6auaeTnes KOMITOHYBaJIbHA cxema
Mr+0..1ITn+[Ir (Mr — MOTOpHHWI TOJOBHMH
BaroH, Ilm — mnpuyinuwii npomixuni, [Ir —
npudinHui  (0e3MOTOpHMI) TOJOBHHMH BaroH 3
KaOiHOIO yNpaBJIiHHA); MICTKICTh cOcTaBa ITiCIIs
MoOJIepHi3amii craHOBUTH 168 (2 BaroHm)-292
Micus (3 Baroun).

Ilependauaerbest exkcmuIyaTamisi ckjagiB 3a
CHCTEMOIO 0araThoxX OAMHHIL

OnruMizaris
MacaXHPOMIiCTKOCTI
PyXOMOT0 CKIay
BIIITOBIAHO bi(e}
MTACaKUPOTIOTOKIB.
3aomamKeHAS
eKCILTyaTaI[ifHIX BUTPAT

2 [MonoBxeHHs cTpoKy | MozepHizamis nependadae MoJOBXKEHHS CTPOKY | 3abe3rnedeHHs pyxoMum
ciyx0u cyx0u pyxomoro ckiamy Big 10 mo 20 pokiB | ckimamoM Ui 3iHCHEHHS
3aJ€XKHO Bl CTaHy HECy4YMX KOHCTPYKILIH | MPUMICEKHUX II€peBE3eHb Ha
KOHKPETHOTO JIM3ETIb-TI0i3/1a. [Tocunenns | mepiog  mo  npuabdaHHA
HeCyuYMX KOHCTPYKLili Ky30Ba Ta BIi3KiB | HOBOTO PyXOMOTO CKJIamIy
BUKOHY€ETbCS 32 THUIIOBUM IIPOEKTOM  abo
IHIMBITyaJbHUMH TIPOEKTHUMH PillICHHSIMHA
3 CuitoBa ycraHoBka | JIms 3MCHIICHHS eKCIDTyaTaliiHUX —BUTpart, | [ligBumieHHS HaIiHHOCTI,
(mBUTYH) MIBUINCHHS  HAMIHHOCTI Ta  EKOJIOTIYHOCTI | €KOJOTIYHOCTI Ta
MIPOTIOHY€EThCS ~ 3aMiHAa IITaTHUX JW3EJIBHHUX | PEMOHTONPH-IAATHOCTI.
IBUTYHIB 756 (BUpOOHHMLTBO 3aBOJ «3B€31a», | 3MEHIICHHS  BHTpar  Ha
pd) Ha cydacHi 31 30UTBIICHUM MOTOPECYPCOM | IAHBO, MaCTHIIBHI
JBUT'YHH. Marepianmy, PEMOHT i
TEXHIYHE OOCIyrOBYBaHHS.
ﬂ]lﬂ 3MEHUEHHA eameCmi npoekmy sAK 6apiaHm 3MEHIIECHHS LIYMY Ta
ModcIuee  npudbawHs  ma  6CMAHOGEHHS | BiGpaniii
Ou3enbHUX  O0BUSYHI8  GUPOOHUYMBA  3AXIOHUX
Kpaiu, saKki Oyau y euxopucmawi, npuodaui 6
pamkax npoepamu  trade-in i  KAnimaibHO
8I0PEMOHMOBAHI 8 YMOBAX BUPOOHUKA.
Hooamkosuil wiymo- ma 8ibposaxucm, a maxoic
OC8IMIEHHL MOMOPHO2O 8i00LIEHHS.
4 Tpancmicis
4.1 lnoponepenagya Jns  mimBummeHHs HamiiHOCTI, 3abe3medeHHs | [ligBumieHHS HamiHOCTI Ta
MOXIIMBOCTI ~ PEMOHTYy Ta OOCIYyrOBYBaHHS | PEMOHTO-IIPHUIATHOCTI.
(mocrauaHHs 3allaCHUX 4YacTHH, MarepiamiB 1 | 3a0e3neueHHs Kpalux
KOMIUIEKTYIOUHMX) IIPONOHYETHCS BCTAHOBIICHHS | MOKA3HUKIB JTUHAMIKH
rizponepeaadi BUpoOHUITBa KommaHii Voith a6o
IHIIMX 3aX1IHUX aHaJIOTIB
4.2 Penyxropu AmanoriuyHa 3amina pemykropiB. MoxmBi nBa | [ligBumieHHS HamiifHOCTI Ta
BapiaHTH: BUKOPHUCTAHHS PEIYKTOPIB OMHOTO 3 | MOKAa3HHUKIB OE3IEKH PyXy 3a
3aXiTHUX BHPOOHWKIB a00 BHPOOHHUIITBO HOBHX | PaXyHOK MoJIepHi3arii
peIyKTOpiB B YMOBax BITYM3HSIHMX | BiANOBIZAJIBHOTO By3JIa
MaIIMHOOYJIBHUX MiATIPUEMCTB
43 Kapnanni Banm HeoOxinnnM € BUKOpHUCTaHHS HOBUX pexykropiB | IlinBuimeHHs HamiifHOCTI

OJTHOTO 3 YKPATHCHKUX 3aXiTHUX BUPOOHUKIB
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5 I'onoBHuit koMmIpecop [Mporonyerbcs 3aMiHa mTaTHOrO moOpiuHeBoro | ITinBuimeHHs — HaAiHHOCTI.
KOMIIpecopa TIOXO/DKEHHS p¢ Ha cydacHy | 3MeHmeHHs Burtpar Ha TO
BHCOKOIIPOAYKTHBHY MOJIENb BITYM3HSHOTO a0 | Ta  pEeMOHT, IIyMy Ta
1HO3eMHOT0 BUPOOHMIITBA 31 3MIHOIO NPHHOMITY | BiOpamii
Iii (TBUHTOBHI)
6 Kabina ynpasninas
6.1 Kabina ynpasiiHHA | BurorosneHHs KaOiHU ynpapiiHHs | 3a0e3me4eHHs KypCyBaHHS
0€3MOTOPHOTO BaroHa 6e3MoTOpHOrO BaroHa. Bapianrtu: moizmiB 'y  nmBo-  abo
TPUBAaroOHHOMY  BHMKOHAHHI.
a) ymra kabiHa 3 MONIMEPHUX MaTepialiB | CTBOpPEHHS HANEKHHX yMOB
BITYM3HSIHOTO BUPOOHMIITBA; npami s JJOKOMOTHBHOI
Opuraau
0) 3BapHa kabiHa BITYM3HSHOTO a00 IMIIOPTHOTO
BUPOOHHIITBA
6.2 [MynpT MammHicTa 3amiHa myJpTa MampHICTAa Ha cydacHHMH | 3a0e3medeHHS KOMMOPTHHX
€proHOMIYHHMH BapiaHT 3 HOBITHIMH CHCTEMaMH | YMOB POOOTH JIOKOMOTHBHHX
KOHTPOJIIO Ta O€3IeKH pyXy Ha ¢ poBii ocHOBI, | Opurax. IligBuineHHs piBHA
MOJIMIIEHHST YyMOB  pOOOTH  JIOKOMOTHBHOI | O€3IeKu pyxy
Opuramu. Yci cucTeMHM — yHOpaBiiHHA — Ta
JIIarHOCTHKN PYXOMOTO CKJagy B 000X KabiHax
yrpaBiiHHA (MOTOPHHH 1 NPHUYINHUKA TOJIOBHHUN
BaroH) MarloTh OyTH iJCHTHYHUMH Ta BUKOHYBaTH
onHakoBi (QyHKHII, a Takox 3abe3medyBaTu
MOXJIUBICTh BUKOPHUCTAHHS PyXOMOT'O CKJIany 3a
CHCTEMOIO 0araTboX OJMHHIb
6.3 Cucremu KOHIuIiIOBaHHS | BeraHoBneHHs cucTeMu KoHAW-LitoBaHHS KabiH | Komdopr  1oxoMo-THBHHX
YIpaBIiHHS Opuran
6.4 OCBITIIOBaJIbHI TIPHIIAA 3aMiHa  CBITJIOCHTHAJIbHMX npwiaaniB  kabiH | ITixBuimenHs 6e3-neku pyxy,
ynpaBniHag  (npoxekrop, Oydepni mixrapi, | KoMmo-pTy poOOTH JIOKO-
CHUCTEMa  BHUCAIKHU-TIOCAJKH  IMACAXWPIB) 1 | MOTHUBHHX Opwura.
BHYTDIIIHBOI'O OCBITJIICHHS 3 pETyJIOBaHHAM | 3MEHIICHHS BUTpaT €Heprii
SICKPaBOCTI Ha OCBITJICHHS
6.5 IIpucrocyBanus g | BeranoBneHHs B KabiHax ynpasiians | [TixBumenss kompopTy
3abe3neueHHs KOM(OPTY | MIKpOXBHIIBOBOI Iedi, XOJOAWIbHUKA, madu it | podoTn JIOKOMOTUBHUX
JIOKOMOTHBHUX Opuraj onAry, mwadu sl IHCTPYMEHTY Ta iHBEHTapIo Opuran
6.6 Bibpo- Ta mymoizonsmis JonarkoBuii mrymo- Ta BiOposaxuct kabinm | Komdopr  nmoxomo-THBHOI

YIpaBIiHHS MOTOPHOT'O BaroHa

Opwurasy. 3HWKEHHS
HETaTHB-HOTO BIUIMBY LIyMY
Ta BiOparii Ha opraHizm
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Cucremn ynpasiaiHHA i
Oe3nexn

IIpononyerscst B
3a0e3MeUYnTH KOMILICKTYBAaHHS JIU3€IIb-TI0i3/IiB
TaKMMHU CHCTEMAMU:

paMKax  MojepHi3amii

KOHTpPOJIO Ta praBJ’IiHHS[ CHJIOBUM

arperaTom;

JIIarHOCTUKH OCHOBHHUX BY3IIiB,
arperartiB 1 CHCTeM JHU3eIb-1I013/1a;
MTOXKEKHOT cHUrHami3amii Ta
aBTOMATHUYHOT'O TOXKEKOTaCIHHS,
BiJICOCIIOCTEPEIKCHHS:

O 330BHI  cocTaBa  (cucTema
33IHBOTO BUTY, O0KOBI
CIIOCTEPEKEHHS);

O caloHH i TaMOypH;

O opraHu YIpaBITiHHS Ta

MAaIlIMHHE BiJI1JICHHS;
NpOJaXy MpPOI3HMX  JOKYMEHTIB 1
iApaxyHKy HacaKUpiB;

Oe3rneku pyxy;

ayJioBizyaibpHa iH(hOpMyBaHHS
TIacaXnpiB (y T. 4. 30BHIIIHI
MapHIpyTOBKa3iBHUKM Ta BHYTpIlIHI
Tab710);

pamio3B’sI30K;

3aMiHa KOHTAaKTOpiB, pene, OJIOKiB,
3aM00KHUKIB HA CydacHi (IEepeBaKHO
BITYM3HSIHOTO BUPOOHHMIITBA)

[MixBuimenns Oe3nexku pyxy,
3HUKCHHS BUTpAT Ha
eKCILTyaTarlito, TO Ta
PEMOHT, MiIBUIICHHS PIBHS
MOXKE)KHOT Oe3rekn, Oe3meKu
macaxxupiB  (0coONMBO i
gac BHUCAIKH Ta IOCAIKH).
3abe3neueHHss  KOMQOPTY
MACKUPIB 1  ITiIBUIICHHS

e(CKTUBHOCTI 300py,
KOHTPOJIIO Ta o0JTiKy
BUPYYKH
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8 Caytonn BaroHiB IIpn nposenenHi moxepHizawii npomnonytotbes | ITinBuimeHHs kompopTy
TaKi YZOCKOHAJICHHS MTaCAXMPCHKNX BaroHiB: TIacaXkHpiB. Bukonanus
Bumor  Komsenuii OOH
— 3abesnmedeHHs  BCIX  BUMOTI  JUIS | LIOJO 3aXMCTY IIPaB JIKOIEH 3
MEPeBE3CHHS JIIOAeH 3 1HBAIIAHICTIO | {HBAJiTHICTIO [4].
BCiX HO30JIOTiH: iHKJIIO3MBHA TyajeTHAa | 3MEHINEHHA  BUTPAaT  Ha
KiMHAaTa, MaHyc, MiCls [l NacaXupiB | migrpuMaHHs
Ha Kpiciax KOJIICHUX i | TeMIepaTypHOro pexumy B
CYIIPOBOIKYIOUHX, IyOJIIOBaHHS | cayoHax BaroHiB.
HarmciB mpudrom bBpaiins, 3o0BHImHI | ITigsumeHHs piBHA
TY4HOMOBIII; MIOXKEXKHOT Oe31eKn
— 3aMiHAa  yTeIJIEHHS  Ha  Cy4YacHi
eHeprocheKTHBHI Ta HEroproJi
Marepiaid, Mo AacTh 3MOTY IOJIIIIHTH
yMOBH nepeOyBaHHSI NACAKHUPIB Y
XOJIOJTHY TIOpPY POKY;
- 3amiHa o0MIFOBaHHS iHTEp €piB
BaroHiB Ha CYyYacHi BaHJAIIOCTIHKI Ta
HEToprodi MaTepiaim;
- 3amiHa BIKOHHHUX O7I0KIB Ha
eHeprozoepiraroui TPHIIAPOBI1
CKJIOTIAKETH 3 TOHYBaHHSIM;
—  OCBITJIEHHS CBITIIOHIOJHUMH
€Heproz0epiralouuMmu  MPUCTPOSIMH 31
301IBIICHUM pecypcom pobotw,
MiJCBIYyBaHHS 30H MOCAAKH (330BHI Ta
3CepeIuHM ), IePEXiTHAX TUIOMAIOK;
— MOAyJbHAa  TyajleTHa  KiMHara 3
CHUCTEMaMH JI03yBaHHS BOJM, MmiIa i
TyaJIeTHOTO Marepy;
— 3amiHa OJNOKIB CHAIHP Ha CydYacHi
aHTHBAHJAIBHI Ta CPrOHOMIYHI;
— TIPOEKTOM MOXe OyTh mnependadeHa
3aMiHa 30BHIIHIX,
BHYTpPIIIHBOCAIOHHUX 1  TOPLEBHX
JBepeil Ha cydacHi aHayord (y T.d. 3
aBTOMAaTUYHHMH ITPUBOJIAMN);
—  MOJEpHI3allis Ta repMeTH3allis CHCTEMHU
OTaJICHHS Ta IPUMYCOBOi BeHTHIISIIIIT
9 dapOyBanHs 3oBHimHe  QapOyBaHHS  Ky30BiB  BaroHiB | 3a0e3Me4eHHS Ha-JIEKHOTO
Cy4acCHHMH BaHJAJIOCTIHKUMH (CTIHKMMM HPOTH | 30BHILI-HHOTO BUTIISIY
rpadiri) papdbamu pPyXOMOro CKIany.
3aoma/keHHs  BUTpaT Ha
niepedapOyBaHHs Ha
noaanpux eranax KL
10 AHTHKOpO3iiiHa Ta | AHTHKOpO3iiiHa Ta IIyMONOIJMHAJIFHA 00poOka | IligBuIneHHS pecypey
LIyMOTIOTJIMHAIIbHA Ky30BiB PYXOMOTO CKIIamy

00poOKa Ky30BiB

11

laneMmiBHA cHcTEMaA

3amiHa TOBITPSTHUX pe3epByapiB i
aBTOTJIBMIBHOTO OOJIa[HAHHS, IO BHYEpIAIN
CBilf CTPOK Ciry>x0n

[MigBumeHAs piBHI OE3MEKU
pyxy
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12 Kab6enpHo-TipoBiTHUKOBA 3amMmina 100 % KaOeNpHO-TIPOBITHUKOBOI | [TiBHINICHHS HAmIHHOCTI Ta
TIPOTYKIIist TIPOYKIii MIOXKEXKHOT Oe3IeKn
13 ["acHuMKH KOJIMBaHb 3aMiHa raCHHMKIB KOJIMBAaHb ITigBumeHHs IUIaB-HOCTI1
XOJy Ta piBHS O€3MEeKH pyXy
Lomotko D., Krasnoshtan O., Kava O., Novitskiy B.,
BucHoBknu Pyshnyak S.

PesynpraTi ananmizy icHyI04Oi KOHCTpyKmii Ta
IIOCBiy MojepHizarii ausenb-moizniB JIP-1A B kpainax
€Bporeiickkoro Coro3y ITaid MOXIHBICTH CHHTE3yBaTH
BUYEPITHUNA TEpesiK MOJepHi3aliid, HeOOXiAHUX B yMOBax
oprasizanii IpUMiChKUX TepeBe3eHb B YKpaiHi.

[licns BUKOHAHHS 3a3HAYCHUX  MOJCpHI3aIlii
3a3HAuCHl JW3ENB-TIOI3MM OTpPUMAOTh psia  (QYHKIIH i
rapameTpiB, IO 3poONATh IXHIO eKCIUTyaTarifo Oibin
€KOHOMIYHOI0, CKOJIOTIYHOI, OE3IEYHOI0, a IMePEBE3CHHS
MacaXHpiB — OUIBII KOM(POPTHUM Ta €(hEKTHBHUM.

Cnucok eukopucmanux oicepe
L. Jlomoteko H. B., Kpacnomran O. M., Kasa O. C.

[Insxu BiTHOBICHHSA JIOTICTUKHA  MPHUMICBKUX
MACAKUPCHKAX ~ 3alli3HUYHUX  IIEPEeBE3CHb  Ha
HeeleKTpu]iKoBaHUX TUTSTHKaX 3aITi3HUII.

Tupopmayitino-xepyroui cucmemu Ha 3aMi3HUYHOMY
mparncnopmi. Xapkis: YVY3T, 2022. Ne 4. C. 41-

47.

2. Bacos I'. I'. PO3BUTOK HayKOBHX OCHOB CTBOPEHHS
Ta  KOHTPONIO  TEXHIYHOTO  CTaHy  HOBOTO
MOTOpPBAarOHHOTO PYXOMOIO CKJIagy aBTOped.

JC. ... I-pa TexH. Hayk : 05.22.07/ Vkp. nepx.
aKaJ. 3ali3HUYHOTO TpaHcropty. Xapkis, 2008.

42 c.
3. IIpo 3acrocyBanHsI 3a00pOHM BBE3EHHS TOBApIB 3
Pociiicekoi ~ ®enpepanii: IlocranoBa Kabinety

MiunictpiB  Ykpainu Bix 09.04.2022 p. Ne 426.
Odiyiunuit gicnux Yxpainu. 2022. Ne 1. URL:
https://www.kmu.gov.ua/npas/pro-zastosuvannya-
zaboroni-vvezennya-tovariv-z-rosijskoyi-
federaciyi-426.

4. [Ipo parndikaumito KonseHuii mpo mpasa ocid 3
iHBasiHicTIO 1 PaKyJIbTaTUBHOTO IPOTOKOIY JIO
Hei: 3akoH Ykpaiuu. Bidomocmi Bepxosnoi Paou
Yxpainu (BBP). 2010. Ne 9. Cr. 77. URL:
https://zakon.rada.gov.ua/laws/show/1767-17#Text.

5. Cratuctnuni JaHi mpo  YKpaiHCBhKI  3aili3HHMII.
Od¢iyitinuii nopman Minicmepcmea
iHghpacmpykmypu Ykpainu. URL:

https://mtu.gov.ua/content/statistichni-dani-pro-
ukrainski-zaliznici.html. Ha3pa 3 expaHa.

Defining of optimal modernization structure of DR-1A
diesel momor units for suburban passenger rail
logistics development on non-electrified railway lines

Abstract. The article analyzes possible options for the
modernization of the fleet of DR-1A diesel trains, which is
one of the main diesel trains in Ukraine, providing
suburban transportation of passengers on the railways of
Ukraine. The main shortcomings in the current design are
identified, as well as the reasons, according to which it is
necessary to plan and implement the implementation
program of the existing fleet of DR-1A diesel trains in
Ukraine.

An analysis of the experience of modernization of DR-1A
diesel trains in countries where such rolling stock has been
historically operated has been carried out. Thus, the
experience of modernization of such diesel trains in the
countries of the European Union - Lithuania and Latvia -
was analyzed.

It was concluded that it is necessary to form a program for
the modernization of diesel trains to increase the efficiency
of their use and restore the network of suburban
communication on non-electrified sections of the railway.
The complex problem of providing rolling stock for
suburban transportation in non-electrified areas is defined
and a complex approach to solving problematic issues with
its provision is proposed.

Keywords: suburban passenger rail transportation, diesel
trains, modernization, remotorization, system
development, route network.

Haoituna 18.07.2023 p

Jlomomoko Jlenuc Bikmopoeuu, 0oxmop mexHiuHUx
Hayk, npogpecop, 3aeidyeay Kageopu MmMpaHCHOPMHUX
cucmem I Jnozicmuku,  YKpaiucekuti  0epocagHull
YHigepcumem  3aNi3HUYHO20 — mpaHcnopmy,  Xapkis,
Yxpaiua, orcid.org/0000-0002-7624-2925,
den@kart.edu.ua.

Kpacnowman Onexcandp Muxaiinoguu, kanoudam
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VK 621.314 DOI: 10.18664/ikszt.v2813.290128

HEPYBALIBKUU B. I1., K.T.H., IOLEHT,
I'OPAIEHKO . A., acmipaHT
(Ykpainchkuil nep>KaBHUN YHIBEPCUTET 3a13HUYHOTO TPAHCIIOPTY)

Peryasitop BHXiIHOI HANPYrH aKTHBHOI0 BHUIPSAMJISIYa HA OCHOBiI KOB3HOIO
pexUMy

Y cmammi nasedeno oocniosicenns memodie xepysawms mpu@asHux GUNPAMIAUIE 3 WUPOMHO-IMNYIbCHOIO
MOOYIAYIEN, WO O0aromb 3M02y NOKPAWUMU SAKICMb eleKmpUyHOi enepeii. Po3enanymo cxemy akmueHO20 8UNpamiaud
Hanpyau 3 ONUCOM eIeKMPOMASHIMHUX Npoyecis y 6XIOHIll enekmpuunii mepedict. I[looano cucmemy npsamozo KepyeaHHs.
NOMYAHCHICMIO AKMUBHO20 BUNPAMAAYA 3 KOB3HUM pecylamopoMm I cnocmepieauem GelUdUHU 6UXIOHOI Hanpyeu.
Busnaueno napamempu roeznoeo pezynsimopa, w0 GUKOHYE (DYHKYIL pecymto8anHs 6UXIOHOI Hanpyeu, a MmaKoic
PE2YNI0BAHHA BENUYUHU AKMUBHOI MA PeaKmMueHOi NOMYICHOCMI, W0 CHONCUBAEMbCA 3 ENeKMPUUHOL MePEedCi.
Busnaueno napamempu cnocmepizaua nanpyau mepeici 3 aneopummom KoMneHcayii, wo 3abe3neuye mouui pe3yibmamu
3 MiHiManeHum Koausawusam. Ilposedeno imimayiline MOOENIOBAHHA CUCEMU KEPYBAHMSL pe2yIsimopd aKMueHO20
BUNPAMIIAYA, 30CHOBAHO20 HA peanizayii KOB3HO20 DeddCUMy Npu 3MIHI ONOpY HABAHMAJICEHHA ma 3i cnocmepicaiem
HABAHMAJICEHHsT  3d  O0NOMO2010 npozpamHuozo  cepedosuwsa Matlab / Simulink.  Bionosiono 0o ompumaHnux
Xapakmepucmux aKmusHull GURPSIMIAY 3a0e3neyye Kpawi NOKA3HUKY SKOCMI eIeKMPU4HOl enepeii 3 Manum 3HAYeHHIM
KoeiyicHma 2apMOHIYHUX CHOMBOPEHb | KOeQIYiEHMOoM NOMYAICHOCMI, OIUZLKUM 00 OOUHUY.

Knrwuosi cnosa: akmunuti Unpamaay Hanpyau, KOG3HULL PedCUM, CHOCIepieay Hanpyau, CUCIeMa KepyeaHHs,
KoeiyicHm nomyxlcHOCMmi, WUPOMHO-IMIYIbCHA MOOYIAYIs.

3aBosKM  OUTBII  BHCOKHM  XapaKTEPHUCTHKaM
TIOPIBHSHO 3 TPaJULIiHHUMU THPUCTOPHUM abo IIOJHUM
BUIPSMHAMH MOCTaMH OiJBIIOrO TOIIMPEHHS Ha0yIn
aKTHBHI BHIPSIMIITYl HAmpyrd, HI0 JaloTh 3MOTy 3a
pPaxyHOK KepyBaHHs IIMPOTHO-IMITYJIbCHOIO MOMYJISILII€I0

Beryn

VY cucremax CHIIOBOI €IEKTPOHIKH, 110 BUKOHYIOTh
NIEPEeTBOPEHHSI ~ Hampyru 31 3MIiHHOI B IOCTilHY,
HaifyacTime BUKOPHCTOBYIOTHCS JIOJHI Ta THPHUCTOPHI

MIepeTBOPIOBaYi, 10 MarOTh JIOCUTH IIOTaHi €HEepreTHYHi
MOKAa3HUKH, TakKi SK EMICisl PEeaKTHBHOI IOTY>KHOCTI Ta
BUIIMX TaPMOHIK Y MEPEXy >KHBIICHHS, JOAATKOBI BTpaTh
B €JIEKTPUYHUX Meperkax, IIPHUCKOPEHE CTAapiHHS 130JIsmii,
a TaKOX HETaTHBHI BIUIMBM €JIEKTPOMArHITHHX IIOJIIB BiJ
JHIA eNeKTporepeay, BUKINKAHI BUIIMMHU TapMOHIKaMH
[1,2].

lapmonivne 3a0pyaHEHHS SBIIsIE COOOIO SBUIIE, IO
BeZe 10 MOTIpPIICHHS SIKOCTi EJIEKTPOEHeprii, 0COOIMBO
CHOTBOPEHHS XBWJII HAmpyru, oo 30iiphIye KoedilieHT
TapMOHIYHAX  CHOTBOPEHb  CTPyMy, IO  MOXE
nepesuntyBarn BexnunHy 30 % [3, 4]. Ha xanp, ne
3HAYEHHS HE BiAOBI/Ja€ BCTAHOBJICHHUM CIICIiali30BaHIMHU
opraHizanismMu MibkHaponHuM ctanmaptam: IEC 61000,
EN 50160 i crannapry IEEE 519, sixi BcTaHOBITIOIOTH MeXi
THD — 3 % nnst nanpyru Ta 5 % s crpymis [5, 6].

© HEPYBAIILKMH B. I1., TOPIIEHKO I, A. 2023

(ILITM) i HassBHOCTI 3BOPOTHHX 3B’S3KiB BXiJHOI HaNpyTH,
BXIJTHOTO CTpyMy Ta BUXIZHOI Hampyru 3adesrnednTH [7,
8]:

— opmyBanus
OIM3BKOT0 10 OMHHUIII;

—3/1aTHICTh (POpMYBaHHS CHHYCOINaIBHOI (opMu
CTPYMY, IO CTIOKHBAETHCS 3 €IEKTPUIHOT MEpEKi;

— IOJATKOBI MOMIIMBOCTI KOMIIEHCALl BHIIUX
TapMOHIK 1 pPEaKTHBHOI CKJIAJOBOi MOTYXHOCTI B
SJICKTPUYHIA Mepexi, BUKIMKAHOI IHIIMMHU HETiHIHHUMHI
Ta IMITyJIbCHIMH HaBaHTAKECHHSIMH.

AXTHBHI BHNPSMIITYI HAPYTH BHKOPHUCTOBYIOTHCS
B Takux c¢epax NPOMHUCIOBOCTI, SK MEpeTBOPIOBaUi

koediieHTa TTOTYXXHOCTI,

3apSIOHUX  CTaHLil  eJIeKTPOMOOLTIB, IepeTBOpIOBayi
TATOBUX MIiJCTaHIi 3ajJi3HWIL 1 METPOIOJNITEHIB,
NIepeTBOPIOBadl  YacTOTH, JDKepela OKUBJICHHS IS
MIKpOETIEKTPOHIKH, BITPOECHEPI€THKH,

TEJICKOMYHIKaIiHHOTO o0JiagHaHHs i T. . [9, 10].
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ITocTanoBka aHaAJTI3  JOCHiIKeHb i

nyoJTikamii

npoodJemu,

Jns mokparieHHs SKOCTI eJNeKTPUYHOI eHeprii a0
Tpu(azHUX  BUINPSAMIISTYIB 3 IIUPOTHO-IMITYJIBCHOIO
MOJYJIALIEI0 3aCTOCOBAHO 0arato MeTOiB KepyBaHHA. Y
myOmikamisx [11, 12] HaBemeHO CXEeMH aKTHBHHUX
BUIPSAMIISYIB 3 TOCHIZOBHUM 3’€IHAHHSM JIBOX MOCTIB,
IO TPaLIolOTh Ha OJHE HaBaHTaXeHHs. [lepeBaramm mux
METONIB KEepyBaHHA € MCEHIII 3HA4YCHHS HAalpyTH,
MIPUKIIAZCHO] 10 KIIOYiB, IIO JIa€ 3MOTY peasi3yBaTh
MepeTBOPIOBAY  OUIBIIOI TOTYXKHOCTI. Hemomikamu 1mux
pilleHb € HeOoOXiqHICTh BUKOPHUCTAHHS TaJbBaHIYHO
PO3B’SI3yBaNBHUX  TpaHC(HOPMATOPIB, IO  370POXKIYE
cucteMy i 3HWKYe 3aranpaui KK/

Y myOnmikamisx [13, 14] HaBegeHO MeTOIHM
KEepyBaHHS, OpI€EHTOBaHI Ha KOHTPOJIb HAalpyru B
PYXOMOMY NIPHBOJIi 3MIHHOTO CTpyMy. MeTo i1 MoJIsIraroTh
B YCYHEHHI KBaJpaTH4YHOI CKJIagoBOi Hampyrd, Iod
3a0e3rneunTy  HEempsiME Ta  pO3B’S3aHE  KEpyBaHHS
MOTYXHICTIO. 3a/JaBaHHs HaOpyru ISl [OpsAMoi 1
KBaJ[paTU4HOI CKJIQJIOBUX TEHEPYIOTHCS PETYIATOPaMHU
ctpyMmy. OCKITBKH JaHi TPO TOJOXKCHHS HEOOXimHI UIs
BCIX dg-TIepeTBOpEeHbh y KepyBaHHI, OpI€EHTOBAaHOMY Ha
Harpyry, iHpopMamis Moxe OyTH OTpUMaHa 3a PaxyHOK
BUMIpIOBaHHS 200 CIIOCTEPE)KEHHS 3a HANPYTOI MEPExi.
IIpore B mmx Merojax HEOOXiTHO BHU3HAYATH ETaJIOH
CKJIZIOBOi  MOCTIMHOTO CTPyMy, TOAI SIK €TaJloH
KBaJ[paTU4HOI CKJIQIOBOI BCTaHOBIIIOETHCSI Ha HYJb, 1100
MaTH OJIMHUYHUHN KOSQIIIEHT MTOTYKHOCTI.

Pazom i3 mpsMEM KepyBaHHAM OOEpTaIbLHUM
MOMEHTOM MpPUBOJIB 3MIHHOTO CTPyMy Bigomi iHII
METOJM KepyBaHHS BUIPSMIISTIAMH, OPIEHTOBaHI Ha MpsiMe
KepyBaHHS TOTyxHicTio [15, 16]. V TakomMy BHIIAAKY
MOXHa  Oe3mocepenHbO — KepyBaTH  aKTUBHOIO  Ta
PEaKTHBHOIO TIOTYXKHICTIO, BUOMPAIOYX BiIIOBITHUNA CTaH
iHBepTOpa 3 BU3HAYCHOI Tabnwii mepeMukaHHs. s
KOXKHOTO dYacy BHOIPKM BIiANOBINHI BEKTOPH HArpyru
iHBepTOpa BHOHMPAIOTHCS BIANOBITHO A0 PI3HUNI MiX
aKTHBHOIO Ta PEAaKTHBHOIO TOTYXHICTIO 1 iXHIMH
OTIOPHMMH 3HAUCHHSMH, & TAKOX ITOJIOKECHHSIM BEKTOpa
HalpyTH. 3anaBaHHA AKTHBHOL MOTYKHOCTI
3a0e3nevyeThes MIPOTIOPILIIHHO-1HTET paTbHUM
PEryJIsTOpOM JUIsS HAlpyrd B KOJII TOCTIHHOTO CTPyMYy,
Tomi  AK  33JlaBaHHA  PEAaKTUBHOI MOTYKHOCTI
MATPUMYETBCS. Ha HYJl 1711 3a0€3Me4YeHHS OJMHUYHOTO
KoedilieHTa MOTYXHOCTI.

Y myOnmikamisx [17, 18] HaBegeHo MeToau
KEepyBaHHS Ha OCHOBI BHUMIPSHHX a00 pPO3PaxyHKOBHX
BEKTOPIB HANPYTH, IIPH SKUX ITOJIOKECHHS BU3HAYAETHCS 32
BEKTOpaMH  HAamNpyrW, a  MHUTTEBI  MOTYXHOCTI
PO3paxoBYIOThCS 32 BEKTOPaMHU HANPYTH i CTPyMy.

Y  myOnmikamisx [19, 20] HaBegeHO MeETOIH
KEepyBaHHS Ha OCHOBI BIPTyaJbHOTO TIOTOKY, [I€

KOHTPOJIIOIOYi ITOTOKK BU3HAYAIOTh TOJIOKEHHS, & MUTTEBI
MOTYXHOCTI pO3paxOBYIOTBCS 3 BEKTOpIB CTpyMy Ta
TIOTOKIB.

Omnak  Taki  KJAcH4HI  IpsMi  KepyBaHHS
MOTYXXHICTIO MAlOTh 3HAa4yHI HEJOJIKHM: 3MiHHa YacToTa
KOMyTallii d4epe3 TicTepe3rCHi KOMIapaTopu, BHCOKE
3HAQUEHHA IHAYKTHBHOCTI (inbTpa s OTPHUMAaHHS
IUIABHOTO CTPyMy, JJIsi TOYHOI OIIHKH MOTYXXHOCTI
notpibeH Manmii mepion BHOIpKH, a oro peamizaris
norpedye HasBHOCTI IIBWAKOTO  MiKpompolecopa i
aHaJIOrO-IM(pPOBOrO IEpeTBOpIOBada 4Yepe3 BUMOTHU J0
BHCOKOi 9aCcTOTH JTUCKpeTu3altii [21, 22].

Jns mokpalieHHs KJIACHYHUX METONIB KEepyBaHHS
aKTHBHUX BHIPSIMJIYIB HANpyrH MOXKHA BHUKOPHCTAaTH
TAX1]1 KOB3HOTO PEXUMY, IO BiJPI3HAETHCS CTIMKICTIO 10
rapaMeTpUYHUX Bapialiii i 30BHIOIHIX 30ypens [23, 24].
Kpim TOro, Takuifi MeToJ BHKOPHCTOBYETHCS IS
pO3po0ICHHST TPOCTHX, CS(PEKTHBHUX 1 CKOHOMIUHIIINX
criocTepirayiB, MmO YCyBa€ HEOOXiAHICTE y (i3MUHHX
JIaTYMKAX 1 3HIKYE BaPTICTb.

Merta Ta 3aBaaHHA A0CJTiIKeHHA

Meroro poOOTH € TIOKpalleHHS JUHAMIYHUX
XapaKTEPUCTUK PEryJIsTOpa BUXIJIHOI HANPYTH aKTHBHOTO
BUIPSAMIISTYA 32 PAXyHOK peatizallii KOB3HOTO PEeXHMY Ta
BUKOPHCTaHHS CIIOCTEpirada HABaHTa)KCHHS, IO JacTh
3MOry OUIBII TOYHOTO PETyJIIOBAaHHS HANpyrH B KOJI
noctiiHoro crpymy. s fmocsTHEHHS MeTH  Oyio
MIOCTABJICHO TaKi 3aBJaHHs:

— OIS KJIACHYHOI CXEMH aKTHBHOTO BUIIPSMIISYA
HalpyT¥ 3 MHPOTHO-IMIYJIBCHOIO MOTYJISIIETO;

— BU3HAUEHHS NapaMeTpiB CHCTEMH IPSIMOTO
KEpyBaHHS TIOTY)KHICTIO aKTMBHOTO BHUIpsMISYa 3
KOB3HHM  PEryJIsiITOPOM criocTepiradyeM  BEJMYUHU
BUXIJJHOI HANIPYTH;

— JIOCHIJDKEHHST  pOOOTHM  CHCTEMH  KepyBaHHS
peryistopa aKTHBHOTO BHIPSIMIISYa, 3aCHOBAHOTO Ha
peaitizallii KOB3HOTO PEXKIMY.

i

BuknaneHHsI 0CHOBHOI0O MaTepiaiy

Cxema aKmueéHoz0 6unpAMAAYA HAnpyu 3
WUPOMHO-IMNYTbCHOIO MOOYAAYIEIO. ITepeBaroro
CHUCTEMH KepyBaHHS AaKTUBHOTO BHIPSMIISYA HaNpyTH,
3aCHOBaHOI Ha IIMPOTHO-IMITYJICHIH MOAYJSALii, €
pearizalliss 3HaYHO MCHIIUX YacTOT KoMmyTarii [25, 26].
AKTUBHHH BHUIIPSAMIISTY [Ti/IBUIILY€ HAPYTY, THM CaMHM JIa€
3MOTY peaji3yBaTd JBOHAINPABJICHY MEpeaady HOTYKHOCTI
0e3 3MIHM TOJIIPHOCTI BUXIZHOI HANPYTH, IO € CYTTEBOIO
mepeBaror0 Juig meperBoproBada  [27, 28]. Cxemy
Tpru(a3HOrO aKTHUBHOTO BHIpsMiIsTya Hampyru i3 LIM
HaBejsieHo Ha puc. 1 [29].
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P &

SCI
.

()

L
€ ) I_IR ~YYY_ —» S
=~ ® L i ‘
e b
b Y — > —
Y 1 I " Ub U de C —— RL
ec m R L lC ) U
Oy Yy — — — c
Puc. 1. Enexrpuuna cxema TpugasHoro akTuBHOro BUnpsmirtda 3 [HIIM
Ha puc. | HaBexeHO Taki MMO3HAYEHHS: €a, €, €c — di
SJIEKTPOPYILiHI CHIN Yy TphOX (a3ax Mepexi; ia, i, ic — L—%=e —R-i —-U ;
. . . a a a
CTPYMH, IO CIIOKMBAIOTBCSI BiJg TpU(a3HOI Mepexi dt
aKTHBHUM BHIIPAMIITUEM Hampyrd; L — I1HIYKTHBHOCTI di
BXITHUX JpocelniB; R — omip BXigHux npocenis; Ui, Us, U Ly —e. —R-i —-U.:
— TOTEHLIalI{, IO JONAIOTHCS IO BXITHOTO JpOCes dt b b b»
aKTHBHOTO BUIIPSIMIIsTYA 3 OOKY TPaH3UCTOPHOTO MOCTY; RL .
— Omip HaBaHTAXXEHHS aKTUBHOTO BHIPSAMIITYA HAIIPYTH Ha I dlc Ri -U
6omi nocriitHoro ctpymy; C — €MHICTh BUXiTHOTO (ibTpa dt =€ — -l U,
AKTHBHOTO BUIPSIMIISTYA.
Ha puc.2 mnHaBemeHo cxemy 3amimeHHs ¢dasu 1€ ii — MUTTEBE 3HAUYEHHS CTPYMIB, 10 CHOKUBAIOTHCS
aKTHBHOTO BHIPAMIIIYA, [0 (DOPMye CHHYCOimaibHy BLI CICKTPUYHOI MEPEKI;
(bopMy CTpyMY, CIIOKUTOTO 3 EJIEKTPHUHOT MEPEXKI. ei — MWTTEBE 3HA4YCHHS Hampyru (a3 eneKTpUIHOl
Mepexi;

i
i R L
LI Y

Puc. 2. Cxema 3aminieHHst (pa3u akTHBHOTO BUIIPSIMIISTYA

BignoBigHo 10 cxeMH 3aMIIICHHS, HaBeAEeHOI Ha
puc. 2, MOXXHa pO3poOUTH cucTeMy IUdepeHIiaTbHIX
PIBHSIHB, IO ONHCYE €JIEKTPOMArHITHI MPOLECH y BXigHIN
SNICKTPUYHINA Mepexi:

U: — MUTT€EBE 3HAUCHHS MMOTCHINIAY, MPUKIAICHOTO JI0
BX1THOT iHIYKTUBHOCTI 3 OOKY CHIIOBHX KJIFOUiB.
HudepenuianbHe piBHSIHHS, IO OIMCYE 3apsi
BHUXITHOTO KOHJCHCATOpPa Ta 3aJIC)KHICTh BEIHYHHH
BHUXiTHOI HANpYTH BiJ KOMYTALIHHWA CTaHIB CHJIOBUX
KITIOYiB IepeTBOproBava, Mae BUTIsi [30]

)

dUu U

C—%=(S,-i,+S,-i,+S, i )——%«
a “a b b c ¢ >
dt R,

ne S. — CHUrHaJ KepyBaHHS KJIIOYaMH aKTHBHOTO
Bunpsimistaa V7111 VT2,

S, — CUrHaJm KepyBaHHS KJIIOYaMH AaKTHBHOTO
Bunpsivisiaa V731 VT4

Se — CWrHalm KepyBaHHS KIIOYaMH AaKTHBHOTO

Bunpsmistaa VTS5 1 VT6.

Cucmema npamMo20 Kepyeanns NOMYMCHICHIO
AKMUGHO20 GURPAMIAYA HANPYZU HA OCHOGI KOG3HO20
pesxcumy. CTPYKTYpHY cXeMmy Tpu(Da3HOTO aKTHBHOTO
BHIIPSIMIISTYAa 3 KOB3HHM PETYJITOPOM 1 CIIOCTepirayem
BEJIMYMHM BUX1THOI HATIPYTH HABEACHO HA pUC. 3.
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U s |

e R L by
b ®_|:'_NVV\ —> U, U, ¢—— R D
e R L lc

- L —ap Tﬁ@i Sbﬂ@i g

Y y U
9 dc
Cnocmepizau . .
L Tupomno-ivnynscHa Mooynsiyist o
Hanpyeu
B e B A A
a b (4 Z/l; u'
Y Y ¥ L a o 3
. ~N_ O=0 ( Cnocmepicau
abc Lpsmuii konmponep nomyscHocmi \&———— Hanpvel
_ i a, f 3 KOGSHUM PeDICUMOM KEDYBAHHS.  f= P Py
€l & A )
Y Y
e — P 0
> Pospaxyrnox akmuenoi ma

:\ DEAKIMUBHOI NONTY HCHOCTI

Puc. 3. Tpucazuuii akTHBHUH BUIPSIMIITY HAIPYTH 3 CUCTEMOIO KEpyBaHHS, 3aCHOBAHOIO Ha IPSIMOMY KepyBaHHI
MOTYXKHICTIO

KoB3umii perymsatop y HaBeleHIH CTPYKTypi ne e(f) — BeIMYMHA MOXHOKM MIX OIIOPHOIO BEJIMYHHOIO
BUKOHY€ (YHKIII peryjroBaHHS BHXiTHOI Hampyrd, a (CHTHAJIOM 3aBAaHHS) 1 BUMIPSIHAM KOHTPOJIbOBAHUM
TAKOX PETyJIIOBaHHS BEIUYMHM AKTHBHOI Ta PEaKTHBHOI 3HAYCHHSM;

MTOTY>KHOCTI, IO CIIOYKUBAETHCS 3 EICKTPHIHOI MEPEKi. A, K — KOHCTaHTH CHUCTEMH, IO MalOTh OyTH OLIbIIe
JudepeHmianbHe piBHAHHS, IO BU3HAYA€ KOB3HE  OJMHMIIL,
perysroBanHsi, Ma€e Buriisi [31] n — BIIHOCHE 3HAYCHHS CTYNCHA CHCTEMH, IO
n-l ; KOPEJTIOETHCS 3 KUIBKICTIO TH(epeHIIiIOBaHb.
S(t) = A+= . e(t) + K. je(t)dt, 3) Ilpu 7 = 1 KOB3HE PETYJIIOBAHHA BUXiIHOI HAPYTH
dt 0 AKTHBHOTO BUIMPSIMIIsiYa Oyjie BUPAKEHO Yepe3 PiBHIHHS
: - U . 1
=0 . = _—de . - - .
Sdc =€ + Kl € = Udc + + Kl (Udc Udc) Lics 4)
R, -C C
ingien i t U+ %k (UL U, )+ K, -sign(S,). O
ne Ki — xoedilieHT miICuIeHHs CUCTEMH; e =C-U,+ R + K- e Yp T K, 'Slgn( dc)-
L
edc — BEJIMYMHA CUTHAY TOXHOKH pEryiOBaHHS
BHXIiTHOT HATIPYTH. Oyukiis  sign(Sac) 3aMIHIOETBCS  (QYHKIIED 3

) HaCHYEHHsIM, 00 MiHIMI3yBaTH e(eKT BiOpartii:
B ycranenomy pexumi npu Sac = 0
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+1  gxkmo S, >7y;
sat(S, )=1-1
S

dc

/4

akmo S, <7;

SAKIO (S, Sy

Iie Y — Koe(ilie€HT 3TIaKyBaHHS CHCTECMH.

Curnanu 3aBJaHHS AaKTHBHOI

HOTy)KHOCTi JIIsL 3aHpOHOHOBaHOI CUCTCMH BHU3HAYAIOTHCA

Ta PCaKTUBHOI

SIK:
P =U,"i
= 1,
de  “dc>
0 =0 (7
= b
€ ide — CTPYM Y KOJIi MOCTIHHOTO CTPyMy.
IIpn xepyBaHHI aKTHBHOIO Ta pEAKTUBHOIO
MIOTYXHICTIO, IO CHOXXUBAETHCS 3 EJIEKTPUYHOI MEpexi,
BBOJSITHCS. ~ KOHTPOJIEPH  PEKUMY  KOB3aHHS,  II00

rapaHTyBaTH, IO TIOTY>KHOCTI BIZICTEXYIOTh 3aaHi OaxaHi
3HaueHHsA. KOB3HE peryioBaHHSI aKTHBHOI Ta PEaKTUBHOI
MOTYXHOCTEH OITUCYETHCS SIK:

S,=e,+K,-[e,dt;

S,=e, + K, -Je,dt;

®)

=P-P";
eQ:Q_Q*a

ne K> ta Kz —

&)

IIO3UTHBHI CTaII.

[lizcTaHOoBKa akTWBHOI Ta PEAKTUBHOI CKIAIOBHX
MIOTYXHOCTI Y MaTpuuHy Gopmy Mae Burisig [32]:

S,y =F+D-U; (10)

a4
D= L L ; (11)
A
. L L
v U}
= (12)
Uﬁ

iU, [19 jP+— (U2+U;)-P"-K,-P' (13)
F:

’

U,-i,~U, (K——)Q 0 -K,-0

ne U — ysaranbHEHMH BEKTOp Hampyra Mepexi; F —
HE3aJIC)KHUH TTOKa3HHK.

Po3paxyemo crocrepirad Hanpyru BXiJHOI Mepexi
aKTHBHOTO BHHOpsAMIINYA. PiBHAHHS IWHaAMi9HOI Mojeni
Tpu(a3HOTO AaKTUBHOTO BHIpPSMIITYA HArpyru B of-

cHcTeMI KOOpAHHAT MOKE 6yTI/I BUPAKCHO SIK:

di, 1
—£=—-(e,~R-i,~U,).

dt L
VY3aranbHeHU! BEKTOP CTPYMY:

. . T
l, = [l « s ]
VY3aranpHeHUI BEKTOP HAIIPYTH MEPEKi:
T
e . = |:€ . € ﬁ:| .
Y3aranpHeHUI BEKTOP HAIPYyTH IEPETBOPIOBAYA:
v, =[u, u,]
g |: a ﬂ:|

Croctepirad KOB3HOTO pEXHAMY MOJCTI MOXKHA
BHPA3UTH Yepe3 PiBHIHHS:

dzg

1
dt L

-(G-sign(Sg)—R'fg —Ug), (18)
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Jie Sg — KOB3HHUH PEryJsiTop criocrepirada crpymy:
ngzg—lg. (19)
Po3paxyHKOBHI MOTOYHUI BEKTOpP CTPYMY
2 >~ F
i, = [za i ﬂ} ;

G=[G GJ,

(20)

21
e Gi, G2 — KOHCTaHTH, OUTBII HYJIS.

Konu xoB3HUH pexUM JOCSTHE PEXUMY Sg =0,

BHU3HaueHe (po3paxoBaHe CHOCTEpiradueMm) 3HAYCHHS
HaIlpyTry Mepexi Moxe OyTH 00UHCIIeHE K
e, =G'Slg7’l(Sg). (22)

@inprp HwKumx yacror (PHY), mo Takox

3MEHIIIyE BILIMB SIBUILA BiOpauii, MOXKE
BUKOPHCTOBYBATHCS /ISl HAIIPYTH MEPEXi
egf:CDH‘I-(G-Slgn(Sg)),. (23)

BindineTpoBaHe BUBEIEHHS croctepirada y off
CHCTEMi KOOPIWHAT Ma€ BUTIIS

T
egf-=|:€af eﬂf] . 24)

BukopucranHs QiibTpa HIDKYMX YacTOT IS
MiHiMi3amii BiOpamii cnocTepiraya B KOB3HOMY pPEXHMi
Ma€ HEIONIK — OcHalJIeHHS aMIUNTYJW CHTHAIy, IO
CIOCTEpIraeThes, 1 CTBOPEHHS (a30BOi 3aTPUMKH MiXK
ominroBannMu curHanamu [33, 34]. Illo6 BupimmTh 110
npo0ieMy, 3arporoHOBaHO AANTHBHUM AITOPUTM IS
KOMITEHCallil 3aracaHHs, BHKJIMKAHOTO aMIUIITY[HOIO Ta
¢dazoBoro 3arpuMkoio  (puc. 4). OCKUIBKH alrOpuTM
HEUYTIIMBUA 10 3MIHM YacTOTH HAIpyrw Mepexi, Le
TT{IBUIITY€ TOYHICTB CIIOCTEPEKEHHSI.

| Dinomp Dinomp ‘
|\ Huicux yacmom HUXICHUX Hacmom | |
| e e |
| &y sly |
([ Al
| Pospaxyrnox amnnimyou ma apeymenmis ‘
J
| \
| Y ! |
L ( Po3spaxyrox amnnimyou 3a2acanHs N |
: S ma @azoeoi 3ampumxu y }
| ! ! |
L ( Al
| Pospaxynox nanpye mepeoici |
|~ 7|
| |

“y Y

Puc. 4. Ctpykrypa crioctepiradya Harmpyra Mepexi Ha
OCHOBI KOB3HOTO PEKUMY

Crpareris  Takoro aJIropuTMy  IONISITaE Y
BUKOPDHCTaHHI B KacKaJi JBOX OJHAKOBHUX (QUIBTpiB
HIDKYUX YaCTOT (3 OTHAKOBOIO YACTOTOIO 3Pi3y Ws).

,
e = ‘e .,
gl g

S+,

(25)

e = , e
2 = I
 osto, f

AMIIITYIM Ta apryMeHTH BHXOAIB IOMNEperHiX
(GUIBTPIB MOJKHA PO3PaXyBaTH K

E = ||egl ) 0, = Arg(egl); 6
E, = ”eg2 , 0, = Arg(egz).
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PospaxyHok amrmutityan 3aracanHs Ta (hazoBoi
3aTPUMKH MOKHA BUBECTH SIK

ag=Li,
E,’

AO=6,-06,.

@7n

Bupasn mnst po3paxyHKOBHX Harpyr Mepexi 3
ypaxyBaHHSIM KOMIIEHCALlil aMILUITYyTHOIO 3aracaHHs Ta
BIJIXWJICHHS (a3u MaTUMYTb BUTJISAL

é,=E,-AE*-cos(6,+2-A0);

(28
A _ 2 .
é,=E,-AE’-sin(6,+2-A0).
HudepenmianbHi  piBHAHHS, [0  ONHCYIOTh
CJICKTPUYHI TpOIECH B KOJI IOCTIHHOTO  CTPyMy
MIepETBOPIOBAaYA, OMMUCYIOTHCS SIK
Wy 1 (5 ps i)Y,
= 0l + 8 l/} ,
& C C-R,
A 29)

=

Udc

1 ( U

—\8 i 48,0 )—ihl-sign(e )
a ‘o f B v)

C C-R,

e U Je — HATpyTa B KOJIi MOCTIHHOTO CTPyMY;

R0 — HOMIHAJILHE 3HAYECHHS OIIOPY HABAHTAXKCHHA.

[Toxubka crocrepiraya HaNpPyryu BU3HAYAETHCS K

A

U

dc*

U

€y = dc

o (30)

JlunamiyHe pIiBHSHHS TIOMWJIKHM CIIOCTEpirada mae
BUIIIA

d&:dU,za_dUdC: Udg _ de —/l-sign(eU), (31)
ddt dt  |C-R CR,

IS A — O3UTHBHA KOHCTaHTa, 110 3a10BOJIbHAE€ BUMOT'H,

/1 > |— Udc _ Udc , (32)
C-R, C-R,

Komn koB3uuit PCXKUM  JOCIATHC CcTajnoi qacy,
€KBIBaJICHTHE KCpyBaHHA 6yz16 3aJOBOJIBHATH piBHS[HHH

. U U
u,=U,= de _ ___de =Upepr O3
C-R, C-R,
i (] UR eq — BCJINMYHMHA eKBiBaJ'IGHTHOFO CHOCTepiFaqa.

Horo ominka Moxke OyTH 3reHepoBaHa (iIbTpamiero
HIDKYHX 9acToOT,

A

U

Reeq =QHY -(l-sign(eU )) (34)

OT)KG, 3HAYCHHA OIIOPY HABAHTAXKCHHSA MOKE 6yTI/I
BU3HAYCHC K

. C-U
R — R« 4R
Ud

Lo* (35)

OTpI/IMaHe 3HAYCHHSI 1 € BI/IXiZ[HI/IM CUTHAJIOM
CHOCTCpiFa‘Ia O1opy HaBaHTaXXCHHS AKTHUBHOT'O
BUIIpAMIIAYA.

Imimayiiine MOO0eN08aANHA mpucgpaznozo
AKMUGHO20 GUNPAMAAYA 3 CUCIEMOIO AGMOMAMUYHOZ0
KepyeanHs Ha 0a3i K083H020 pedxcumy. J{ns ONiHIOBaHHS
€(CKTHBHOCT]I 3aIPOIIOHOBAHOTO AITOPUTMY IIPSMOTO
KepyBaHHS TIIOTY)KHOCTi, 3aCHOBAaHOTO Ha  IiJIXOi
KOB3HOTO  peXHMy, OyJlo TpOBEAEHO  iMiTariiiHe
MOJICJTFOBAHHS 32 JIOTIOMOT'OI0 MPOTPAMHOTO CEpEOBHUIIA
Matlab / Simulink.

[Mapamerpn Ttpudasznoro Bumpsmissga 3 M
HaBEJICHO B TabMLi.
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Tabmums

ITapamerpu TpH(pa3HOro AKTUBHOI0 BUNIPAMJIAYA

Hapaverp 3HaueHHs

UYacrora mepexi f, [ 50
Hamnpyra mepexi U, B 220
CurHan 3a/1aBaHHS BUXIJTHOT HAIIPyTH U ;C ,B 600
Bxinna ingykTuBHICTS L, [H 16:10°
AKTUBHHH omip enekTpuaHoi mepexi R, OM 0.1
€MHICTh BUXiTHOTO KOoHeHcaTopa C, MkD 1100
Omnip HaBaHTa)keHHA Rr, OM 40...80
UYacrora M fp, k['1y 15

MopenroBaHHs 3/IMCHIOBAJIOCS 32 TaKMX YMOB: 3
BUMIPIOBaHHSAM HaIllpyTd MEpeski 3a JOMOMOIOI0 JaT4HKa
Hanpyru Ha inTepBaii 0...1,5 ¢, a TOTIM 3 BUKOPUCTaHHAM
criocTepiraya KOB3HOTO peXMMy Ha iHTepBami 1,5...3 c.
[Tpodinb 3MiHHOTO HaBaHTa)KEHHS! AKTUBHOTO BUTIPSIMIISTIA
HaBEJIEHO Ha pHucC. 5.

R,, Om
100

SOl i

60|

401 : """" : LT

0 05 10 15 20 25 30¢tc
Puc. 5. 3miHa onopy HaBaHTa)KeHHS

BimxuneHHs ~ BUXIZHOI ~ Hampyrd  aKTUBHOTO
BHIIPSIMIISTYA TIPH 3MiHI BEIWYHMHHA ONOPY HABAHTAXKCHHS
HaBeJIEHO Ha puc. 6.

U B
310

305

300

295

290
0

05 10 15 20 25 30¢tc

Puc. 6. BinxwuieHHsS BUXiTHOI HATIPYTH

3a HasBHOCTI 3aBaJl Hampyra B KOJIi HOCTIHHOTO

CTpyMy

Bi,HHOBiHa(Z 3aJaHOMY CTAJIOHHOMY 3HA4YCHHIO

300 B, mo BBakaeTbCsl 3aJOBUIBHHUM y MOMEHTH 3MiHH
HaBaHTaKCHHSL.

Ha puc. 7 HaBeeHO 3MiHYy aKTHBHOI Ta pEaKTUBHOI
CKJIaJIOBUX IOTY>KHOCTI, IO CITO’KHBAIOTHCS 3 EICKTPHYHOT

Mepexi,

npu 3MiHI OIIOpY HABAHTAKCHHA AKTHUBHOI'O

BUIIpAMIIAYA.
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P, Bm

>

3000

2500
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1500

1000 |7 e [Russtostusen SRS Suson:

750

0 05 20 25 30¢c
Puc. 7. BinxuneHHst akTHBHOI Ta peaKTHBHOI HOTYKHOCTI

3 puc. 7 BHIHO, IO PEAaKTHBHA IIOTY)KHICTH Mae
HYJIbOBE 3HAYECHHS, 1[0 TapaHTy€e KOe]ili€HT MOTYXHOCTI,

ONMM3bKUH /10 ONMHMII, TOMY CTPYM 1 Hampyra 3aBXIu
3HAXOJAThCS Y (asi.

Hezanexxno  Binm  poboumx  yMOB  BBEICHHS
criocTepiraya Harpyra B MOMEHT dacy 1,5 ¢ mae xopomri
pe3ysbTaTi, a po3paxyHKOBa HAIpyra MEpexi He MOoKazye
3aracaHHs aMIUITy i abo (a30BoOi 3aTPUMKHU MOPIBHSHO 3
(haKTUIHUM CUTHAJIOM.

MopenroBaHHs TaKOX TIPOBOAMIIOCS B
PO3IMKHYTOMY  KOHTYpi, 100  NPOJEMOHCTPYBAaTH
mepeBars crocTepirada, IOB’S3aHOTO 3  TOABIHHUMH
(GUIbTpaMM HIKYMX YacTOT 1 JITOPUTMOM KOMIICHCALi.
Sk BuzaHO 3 puc. 8, 9, moxubku B amIutiTy i Ta ¢dasi qyxe
TIOMITHI, KOJH CIIOCTEpirad BHKOPUCTOBYE OIMH (iIBTP
HIK4YMX dbactoT Ha iHTepBasi 0...0,5c. Ha inTepBaii
0,5...1 ¢ BBOAMTBCS CUCTEMA 3 ypaxyBaHHSIM HOABIHHHX
(GUIBTPIB HWKYMX YaCTOT 1 aJIrOPUTMY KOMIIEHCail.
Mo>kHa TTOMITHTH, IIO aMIDTITyJHE 3aracaHHs Ta (a3oBa
3aTpUMKa MOXYTb OYTH CKOMIIEHCOBaHI.
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Puc. 8. Pobota criocrepiraua BxigHoi Harpyru
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Puc. 9. IToxubka criocrepirada BXisHOi HaIIpyru

Ha pwuc. 10 mokazano, mo crocrtepirad TOYHO
OLIHIOE 3MiHYy HaBaHTaXeHHs. [Ipy LBOMYy 3Ha4YeHHS
MTOXHOKH € TIOCUTH MaJIMM, L0 ITOKa3aHo Ha puc. 11.
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Puc. 10. Cnocrepiray onopy HaBaHTa)KCHHSI:

1- PCAJIbHC 3HAUCHHS; 2- PO3paxOBaHC 3HAYCHHS
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Puc. 11. 3nadeHHs MOXHUOKM cIiocTepirada omnopy
HaBaHTAXCHHS

Ha pwuc. 12 HaBemeHo ocuwiiorpamu  BHXiTHOT
HaIpyTy, BUMIPSHOI B KOJIi IIOCTIHHOTO CTPYMY, III0 TOYHO
BIJINIOBi/Ia€ €TAJIOHHOMY 3HAYEHHIO.
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Puc. 12. OcuunorpamMy BUXiIHOI HaIpyTH P 3MiHI
BEJIMYHMHH OTIOPY HABAHTAXKECHHS

Ha puc. 13 HaBeneHO BENMYMHU aKTHBHOI Ta
PEaKTHBHOI CKJIAIOBHX IMOTYXKHOCTI (CHUTHAIT 3aIaBaHHS Ta
pearpHe 3HAYCHHS) MPH 3MiHI OMOPY HaBaHTaxeHHs. [Ipu
Takiil TIBHIKIA JAWHAMII 3HAYCHHS BiJCTEXKYIOThCS 0e3
TepeperyIIOBaHHS.
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Puc. 13. 3MiHa MUTTEBHUX BEIUYMH aKTUBHOI Ta
PEaKTHBHOI CKJIAJIOBUX MOTYKHOCTI

Bucoka sKicTh CTpyMy Mepesxi MiITBEPIKY€EThCS
Koe(illieHTOM TOTY)XHOCTI, 3Ha4E€HHs SKOTO ONM3bKE 10
oxuuMLi (puc. 14).
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Puc. 14. 3nauenns xoedilieHTa MOTYKHOCTI

o cTocyeThCst AKOCTI eNeKTPOSHEPTil SIK B yMOBax
poboTH criocTepiraya Harpyru Mepexi, Tak i 6e3 HbOro, TO
KoedilieHT TapMOHIYHMX crnoTBopeHb THD cranoBuTH
1,13, mo wmenHme 5 % BIiINOBITHO A0 MiKHAPOIHUX
CTaHAAPTIB.

BucHoBknm i
BUKOPHCTAHHSA

peKoMeHAamii 1040 MOJAJBIIOT0

Ha migcraBi mpoBemeHUX IOCHTIMHKEHbH MOXHA
3pOOUTH TaKi BUCHOBKHU:

— pO3MIIIHYTO ~ KJIACHYHY  CXeMy  aKTHBHOTO
BUIIPSIMIISTYA Halpyrua 3 HIMPOTHO-IMITYJILCHOIO
MOIyJIAIi€r0. BiqmoBiqHO 10 cXeMHU 3aMillleHHsS HaBEICHO
cucreMy JudepeHIiaTbHUX pIBHSAHb, M0 ONHCYIOTh
€JICKTPOMArHiTHI MPOILECH Y BXIIHIH eJeKTpUUHIN Mepexi;

—BHM3HAQUEHO  IapaMeTpu  CHUCTEMH  IPSIMOTO
KEpyBaHHS MOTY>KHICTIO aKTUBHOTO BHIIPSMIITYA HAIIPyTH
Ha OCHOBI KOB3HOTO pekuMy. /11 HaBeeHOi CTPyKTypHOT
cxeMH TpH(]a3HOrO aKTHBHOTO BHIIPAMIITYA 3 KOB3HHM
pPETYIATOPOM 1 CHOCTepiradeM BEJIWYWHH  BHXIiTHOL
Halpyrd KepyBaHHS IOTY)KHICTIO BiJICYTHS HEOOXiTHICTh
y Tabnumi TNepeMUKaHHS KII0YaMH, THM  CaMHM
3MEHIIYETHCS CKIIQIHICTh Takoro KepyBaHHsA. KoB3Hmit
PEryJsTOp y PO3IISHYTIH CTPYKTYpi BUKOHYE (yHKmii
pETyJIIOBaHHs BHXiJTHOI HAIlPyTd, a TaKOXX PEryJIIOBAaHHS
BEIMYMHM  aKTUBHOI Ta  PEaKTHBHOI  CKJIAJOBHX
MIOTYXHOCTI, III0 CIIOXHUBAETHCS 3 EIEKTPUIHOI MEPEXKI;

—MoJIaHoO PoOOTy CHCTEMH KEpyBaHHS peryisTopa
aKTHBHOTO BWIIPSMJIYA, 3aCHOBAaHOTO Ha peaizamii
KOB3HOTO PEXHUMY IpH 3MiHI ONOpY HaBaHTAXEHHs Ta 3i
crocrtepiradeM HaBaHTakeHHs. Crocrepirad Harpyru
Mepexi 3 ypaXyBaHHSIM KOB3HOTO pEXHMY pasoM 3
aNTOpPUTMOM KOMIIeHcalii 3abe3neyuye TOYHI pe3yIbTaTh 3
MiHIMAJILHUM KOJWBAaHHSAM, Ha BIIMIHY BiJ OJHOTO
¢ubTpa  HIKYMX  YacTOT. AKTHBHUM  BHIIPSIMIITY
3a0e3reuye Kpalli MOKa3HUKH SIKOCTI eJIeKTPHYHOI eHepril
31 3HaueHHsMm THD wmenme 5% 1 koedimieHTOM
MIOTYXHOCTI, OJIU3BKUM J0 OJMHHIII.

Cmammio nio2omoeieHo 8 pamKax NpoeedeHHs
docnioxcentst 3a Oepacoroddcemnor0 memor «Po3pobka
HAYKOBUX OCHO8 nioBuUeHHs. eHep2emu4Hol
eghekmusHOCMi Ma NOKPAWeHHs AKOCMI eleKmpoeHepaii 6
CNEKMPUYHUX Mepedxcaxy (0epicasHull peccmpayiiHull
nHomep 0121U109440).
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Nerubatskyi V., Hordiienko D. The regulator of the output
voltage of the active rectifier based on the sliding mode.
Active voltage rectifiers are used in such areas of industry
as converters of electric car charging stations, converters
of traction substations of railways and subways, frequency
converters, power sources for microelectronics, wind
energy, telecommunications equipment. The article
provides a study of control methods of three-phase
rectifiers with pulse-width modulation, which allow
improving the quality of electricity. The classical scheme
of an active voltage rectifier with a description of
electromagnetic processes in the input electrical network is
considered. According to the substitution scheme, a system
of differential equations describing electromagnetic
processes in the input electrical network is given. The
parameters of the system of direct power control of the
active voltage rectifier based on the sliding mode are
determined. For the given block diagram of a three-phase
active rectifier with a sliding regulator and an observer of
the output voltage value, the power control eliminates the
need for a switch table, thereby reducing the complexity of
such control. The sliding regulatorperforms the functions
of regulating the output voltage, as well as regulating the
amount of active and reactive power consumed from the
electrical network. A sliding mode mains voltage monitor
along with a compensation algorithm provides accurate
results with minimal fluctuation. Simulation of the control
system of the active rectifier regulator, based on the
implementation of the sliding mode when the load
resistance changes and with the load observer using the
Matlab / Simulink software, was carried out. According to
the obtained characteristics, the active rectifier provides
better indicators of the quality of electrical energy with a
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small value of the total harmonic distortion and a power
factor close to unity.

Keywords: active voltage rectifier, sliding mode, voltage
monitor, control system, power factor, pulse width
modulation.
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Research of the state of customs clearance of cargo at the Ukrainian border
transfer points

Abstract. In international transportation, waiting in line for customs clearance often takes several times longer
than the actual customs clearance. This article aims to show the influence of the technological and technical component
of the customs process on its effectiveness, as well as the need to improve the methods of customs control during
international transportation. The analysis of data on the current state of export transportation in Ukraine allowed us to
identify the reasons for delays at border customs posts during international cargo transportation. The existing measures
to improve customs procedures with cargo were reviewed. The prospects for carrying out technological operations and
developing technical solutions to increase the efficiency of customs services and reduce the time of cargo clearance are
outlined.

Keywords: customs clearance, international transportation, customs checkpoints, border transfer points

Introduction

Literature Review

At the beginning of the war, more than a half of
Ukrainian enterprises terminated their activities partially or
completely due to the destruction of enterprises and
infrastructure, the occupation of regions, a high level of
uncertainty and risks, the severance of logistical and
production ties, and the forced mass migration of the
population. These factors also affected the country's
transport sector, whose enterprises make up 11% of the
total number in industry [1]. The export and import
components of freight transportation have also undergone
significant changes. After blocking the sea ports for
transportation, the export cargo flow was directed to the
western Ukrainian border crossings. But the carrying
capacity of the EU infrastructure currently cannot provide
the larger volumes of transportation of Ukrainian exports,
which there is a need for [2]. The number of railway
crossings is insufficient to ensure the transfer of goods on
tracks of different widths, their capacities, as well as
rolling stock from neighboring countries. In addition, the
process of transferring goods by railway is accompanied
by lengthy registration by custom service, which causes
additional downtime and reduces the attractiveness of the
domestic transport service and Ukrainian enterprises.

There are a number of scientific works devoted to

the issues of effective customs service at border
checkpoints. The circle of scientific interests covers all
types of transport used for modern international cargo
transportation. Among the domestic authors of theoretical
works and practical developments, P. Pashko, L. Prus, O.
Hodovanets [3], B. Moroz [4], O. Desiatniuk [5], L.
Ivashova [6], H. Nazarova, L. Kononenko [7] should be
singled out. Prominent figures of the foreign scientific
community on issues of effective customs service are
Zheng Chang, Dong Yang [8], Dan Elliott, Carlotta
Bonsignori [9] and others.
At the same time most of the available researches are
focused not on the technological, but on the legal,
economic and financial components of the customs
process — an increase in revenues and fees, the introduction
of charging in accordance to modern international
standards.
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The purpose and tasks of the study

The purpose of the work is to study the current
state of transportation of international cargo through
border railway crossing points, which will provide an
opportunity to determine the main directions for improving
the customs clearance of cargo at Ukrainian customs. To
achieve the goal, the following tasks were set:

— analysis of statistical data on the volume and
duration of customs clearance of international cargo on
Ukrainian railways;

— determination of the reasons for delays at
customs checkpoints;
development of promising directions
improvement of customs clearance of cargo.

Presentation of the main research material.
According to the results of 2022, cargo exports from
Ukraine decreased by more than 38% [Fig. 1]. At the same
time, the reduction occurred in all types of transport, but
taking into account the fact that before the war more than
90% of goods were exported through sea ports, export
logistics underwent significant changes. In 2022, ports
provided 54% of export volumes [10]. The fall in imports
was not as significant as that of exports, as the volume of
purchases of foreign goods fell by less than a quarter of the
pre-war level.

for
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Fig. 1. Dynamics of volumes of international
transportation in Ukraine

The analysis of the export of goods by
nomenclature in the pre-war state and during it showed
that not only the volumes of transportation, but also the
share of types of goods in the total volume have changed
[11]. Thus, despite the decrease in the volume of exports
of such strategically important cargoes as grain and seed
crops and vegetable oils in 2022, their percentage share in
exports increased. The same trend is observed with
products of the chemical and wood industry. At the same
time, the share of exports of metals, mineral cargoes, and
other categories of cargo decreased due to the damage and
shutdown of many industries. This indicates a reduction in
the nomenclature of goods exported last year.

Queues at the border remain the main reason for
the delay of cargo during customs control during export
and import for several years in a row [Fig. 2]. This
situation became particularly acute with the beginning of
the military invasion of the territory of Ukraine. Forced
sharp reorientation of cargo flows from sea transport to rail
as a result of the blocking of ports caused the inability of
checkpoints to process the entire volume of incoming
cargo in a timely manner. In addition, the foreign transport
infrastructure was not ready to serve the number of
Ukrainian rolling stock, which several times exceeds their
carrying capacity [12]. This leads to queues at domestic
border railway stations and disrupts the flow of service at
them.

After the closure of the sea routes of the grain
agreement, part of the grain exports were directed through
the Danube river ports in the direction of Romania. The
discrepancy between the throughput capacity of the river
infrastructure and the significant technical capacities of
seaports and ships caused queues at the approaches to
shipping channels.
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Among other reasons for delays in the
transportation of international cargo, it should be noted
about internal ones, which require effective solutions, in
particular, problems in the implementation of customs
procedures. The analysis of the causes of the significant
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length of procedures during customs control in [13] made
it possible to divide them into three groups: technological,
technical, and document processing problems (Fig. 3).

Document
processing

a large number of permit
documents and obtaining
certificates;

incomplete set of
documents

inaccuracies in completed
documents

inconsistency of
Ukrainian and foreign
documents

requirements to provide
additional documents

Fig. 3. Causes of the lengthy duration of procedures during customs clearance

At the same time, importers emphasized the lack
of transparency in determining the customs value of goods,
the complexity of customs and tax legislation. Exporters
note the unpredictability of Ukraine's Customs policy and
the low quality of transport infrastructure. But common
problem in international transportation for both exporters

and importers is the imperfect regulation of customs
procedures.

Thus, the assessment of the procedures faced by
entrepreneurs when transporting goods will provide an
opportunity to develop measures aimed at reducing both
the duration of these operations and waiting for their
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fulfillment. The elimination of the identified causes of
cargo delays during customs control and the assessment of
business regarding the procedure for its implementation
are aimed at increasing the attractiveness of domestic
goods for international partners.

According to The Customs Code of Ukraine,
customs clearance of goods and vehicles should take about
one day after submission of all necessary documents. With
the beginning of the implementation of the Single Window
service [14] the number of companies using it has
increased in recent years. Due to the simplification of the
document submission procedure using an electronic Single
Customs Document, this principle of customs clearance is
considered one of the most effective solutions in the world.
According to this reform, the control bodies must make a
decision regarding the release of the goods within 4 hours
from the moment of receiving the documents from the
enterprise. The companies interviewed as part of the study
[13] were divided in their assessment of this service: half
noted that the time of passing customs procedures really
does not exceed 4 hours, the other half declared that there
had been no changes. Such results are related, first of all,
to the absence of a legal basis and a developed algorithm
of actions of customs officials, which did not allow to
establish a clear interaction between Customs and control
services.

The Verkhovna Rada of Ukraine adopted a draft
law on changes to The Customs Code in accordance with
The Customs Code of the EU. But the main difference
between the effective work of the European Customs and
the Ukrainian one is the ability to carry out most customs
operations in self-service mode using automated systems.
The level of automation of domestic Customs is one of the
main indicators by which the effectiveness of border
crossing procedures is evaluated. In 2022, according to the
"automation" indicator, Ukraine was assigned an indicator
of 0.92. According to this criterion, Ukraine significantly
lags behind other countries with income levels below the
average (1.12) [15]. The still insufficient level of
automation of customs procedures imposes certain
limitations. Risk management mechanisms in the process
of implementation are not supported by information
technology. The electronic payment system is in the
process of being integrated with the automated declaration
and cargo processing systems. Only some of the duties,
taxes and charges can be paid electronically.

As a part of the ongoing implementation of
European standards in the national Customs, the reform
involves the implementation of several projects. Among
them there is the introduction of joint checkpoints and a
joint database with EU countries. This should double the
speed of registration procedures, reduce transport and time
costs for the registration of goods in related services.
Further digitization of all processes and introduction of an
electronic queue are aimed at ensuring transparency and

availability of services. In addition, the customs service
works to ensure a sufficient number of personnel and 24-
hour service at checkpoints, and where possible — to move
inspection beyond the border.

Optimization of customs operations is an integral
condition for compliance of control services with modern
challenges of international trade relations. No less
important are innovations that would introduce automation
of customs procedures and simplification of customs
clearance. In particular, these innovations include:

- automatic registration of customs declarations;

- automatic determination of the scope of
necessary verification measures;

- introduction of an online customs value
calculator;

- operation of the online complaints system,
which provides communication in electronic form;

- the unification of the customs tariff, which
involves the reduction of dozens of duty rates types to a
few;

- integration of the customs system with other
systems of state bodies and private structures for automatic
exchange of information;

- gradual reduction of documents for customs
clearance.

Therefore, fully automatic customs clearance will
become potentially available for all enterprises. Automatic
customs clearance will allow to simultaneously solve
several tasks: reduce the cost of import and export of
goods for Ukrainian enterprises; improve general business
conditions and realize the country's logistics potential;
reduce the role of the "human factor".

Conclusion

Bringing the technology of conducting customs
operations with international cargo into compliance with
the established norms and reducing queues while waiting
for their fulfillment are the primary tasks for the Customs
and transport service of Ukraine. This will contribute to
the protection of the interests of business and the state in
the domestic and foreign markets of the country, the
introduction of an effective mechanism for the
implementation of domestic and foreign economic policy,
and compliance with the contractual obligations of
participants in international trade by increasing the
capacity of checkpoints and reducing the duration of
inspection of customs control facilities. The key answer to
the issue of speeding up customs procedures and avoiding
delays in the advancement of international cargo lies in the
systematic development of technology for performing
customs procedures in accordance with international
standards and modern technical support of customs with
automated decision support systems. The implementation
of such measures will primarily affect the activities of
representatives of Ukrainian business and the employees
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of regional customs. As active participants in the customs
process, they are interested in the development and
implementation of effective work algorithms during
control of the correctness of the determination of the
customs value, legality and justification of decisions
regarding cargo delays. The gradual implementation of
customs reforms and their acceleration based on a clear
strategy corresponds to the directions of implementation of
European practices and legislation within the framework
of the association agreement with the EU, as well as the
formation of a positive image of Ukraine in the global
business environment and the acceleration of its European
integration processes.
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I'. I. Illenexanmp, O. M. Mkpruubsan, A. O.
Adonina. [locmiypkeHHST CTaHy MHUTHOTO OQOpMIICHHS
BaHTaXIB y NYHKTaX IIPOIYCKY Ha KOPJIOHI YKpaiHu

AHoTaNis

Y MIDKHapogHUX TIEpeBE3CHHSIX OYIKYBaHHS B
4yep3i Ha MUTHE OPOPMIICHHS 4acTO 3aiiMae B KiJbKa pasiB
Oinble yacy, Hk came MUTHE odopmiteHHs. [laHa cTarTs
Ma€ Ha METi MMOKa3aT! BIUIMB TEXHOJOTIYHOI Ta TEXHIYHOT
CKJIaJIOBOi MHUTHOTO IIpoliecy Ha Horo eQekTHBHICTb, a
TaK0X HEOOXIHICTh YIOCKOHAJICHHS CIIOCO0IB 3MiCHCHHS
MHUTHOTO KOHTPOJIIO TIPH MDKHAPOAHUX TIEPEBE3CHHSX.
AHani3 JaHMX IOAO0 NOTOYHOTO CTaHy eKCIIOPTHUX
nepeBe3eHb B YKpaiHi J03BOJMB BHSBUTH TNPHYMHHU
3aTPUMOK Ha IPUKOPAOHHUX MHTHHMX IIOCTax IIiJl 4ac
MDKHapOJHHX  BAaHT&KHHUX  II€peBe3eHb.  Po3MsHyTI
ICHyIoul 3axOAM MIOAO YAOCKOHAICHHS IPOBEACHHS
MHUTHHX TPOLENyp 3 BaHTaxaMu. OKpecIIeHO MepCIeKTHBU
MIPOBEJCHHS TEXHOJOTIYHMX oOllepamii Ta pPO3pOOKH
TEXHIYHHUX pIICHb IS MiABUIICHHS e()eKTUBHOCTI podoTH
MHUTHUX CIy)X0O Ta CKOpOYEeHHS dYacy O(hOpMIICHHS
BaHTaXIB.

301IbIICHAS 00CSTIB BAaHTAXIB, IO ITEPEBO3ATHCS
3 YKpaiHu 70 IHIINX €BPONEHCHKUX KpaiH 3ali3HUICIO B
OCTaHHI  MicAlli, MpU3BENO 10 30UIBIICHHS Yacy
OUiKyBaHHS Ha MHUTHHUX Ta NPHUKOPIOHHUX 3aJTI3HUYHHX
CTaHisX. Y MESKHX MiCHIX Ha IEpPeTHH KOpJIOHY B
aBTOMOOIIBHUX IYHKTAX MPOITYCKY JOBOANTHCS YEKATH 10
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7 nHiB, a Ha 3aNi3HUYHMX ITyHKTax Iporycky — ao 25. Lle
3yMOBIIIOE TPHBAJIMH TEPMIiH JOCTAaBKH, IO CTaE
MIPUYMHOIO 3HW)KEHHS BapTOCTI LUX BaHTaXiB Ta iX
IpUBaOIMBOCTI Ul IHO3EMHUX MOKYNIIB. IcHye Hebararo
HAYKOBOI JIiTEpaTypy 3 IUTaHHS 4Yacy OYiKyBaHHS ITij 4ac
MutHOTO OQopmieHHS. [Ipn mpoMy OUIBIIICTE HAasIBHUX
JIOCTIDKCHP 30CEPe/PKEHO HE Ha TEXHOJIOTIYHIW, a Ha
€KOHOMIYHIH Ta (PiHAHCOBIH CKJIQJOBUX MHTHOTO IPOIECY

— 30ureIIeHHi JoXomiB 1 300piB, 3ampOBaIPKCHHI
tapudikamii BiIMOBITHO 1O CyYaCHHX MIKHAPOJHUX
CTaHIIAPTIB.

Tomy, mo-mepme, HEOOXiZHO  po3poOUTH

TEXHOJIOTIYHI 3aXOJ¥ II0JI0 BIOCKOHAJICHHS MHTHOI'O
00CITyrOByBaHHS 3 METOI0 CKOPOYEHHSI 4acy rnepeOyBaHHS
BaHTaXiB Mg  MUTHUM  KoHTponeMm.  [lo-mpyre,
BIIPOBA/DKCHHSI CYYaCHHX TEXHIUYHHMX pIIICHb JOIIOMOXKE
MIPUIIBUAIINTH MATHAHN OTJISIT Ta YHUKHYTH BEJIMKUX 4epr

Ha KOPOHI.
Kirouosi cJ10Ba: MUTHE odopmiteHHs,
MDKHapOJHI TEpEeBE3CHHS, MHTHI IIyHKTH IPOIYCKY,

MIPUKOPIOHHI ITyHKTH IIPOITYCKY
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VIK 620.92 DOI: 10.18664/ikszt.v2813.290140

[TAHYEHKO B. B., kanmuaar TexXHIYHHMX HayK, JOLUEHT KadeApu eJIeKTPOCHEPTeTUKH,
EJIEKTPOTEXHIKHU Ta EIEKTPOMEXaHIKH,

XAPIH P. O., acmipanT kadeapu eIeKTPOCHEPreTHKH, eJNEKTPOTEXHIKM Ta eJIEeKTPOMEXaHIKU
(YkpalHChKHii JepKaBHUN YHIBEPCUTET 3aJ1I3HUYHOTO TPAHCIIOPTY)

JocigxkeHHsl BIVIMBY Jerpajgauii COHIYHUX MaHeJed HA e(peKTHUBHICTH podoTH
COHSIYHOI eJIEKTPOCTAHILIT

Y emammi poszensioaromocs ocobrueocmi, nog'sazami 3i cmapinuaM i 0e2padayicio COHAYHUX POMOeNeKMPUYHUX
cucmem. Pozensnymo i npoananizogano Oazamo axmopie cmapinHa, 6KIIOYAIOYU MeMnepamypy, 60102iCmb, Nul,
mpiwunu nanenei. Ilpoeoounucss MoOent08anHs ma 3HIMATUCS XAPAKMEPUCMUKU COHAYHOI eleKmpocmanyii sKa
ecmanosiena Ha 0axy msazo6oi niocmanyii Nel8 m. 3miie. Kpim moeo, docniodceno enaus ¢axmopie cmapinus Ha
NPOOYKMUBHICHb COHAUHUX (DOMOENEKMPUUHUX MOOYIIG, GKIIOYAIOYU MEPMIH CyxicoOU, edhexmusHicms, 0e2padayiro
Mmamepiany, nepeepis i HegiONOGIOHICb.

Jlecpaoayisn conaunux naueneil 8i00Y8aembcsi NOCMIUHO, K Yepe3 HeNPASUIbHULL PedCUM eKCHAYyamayii, max i
nio wac @nausy Ha HUX 306HIWHIX akmopie. Ane weuokicme Oecpadayii NAHeNi MOICHA 3HAYHO 3HUSUMU ULTAXOM
BUACHO20 NPOBeOeHHs iI OlaeHOCMUKU md 3aMiHU HecnpasHux Oemanel. [eepadayis gomoenexmpuunoco mooyns
npu38o0ums 00 HOCMynogoi empamu egexmugnocmi. Modenosants 0ecpadayiiHux npoyecié 8UKOHYEMbC NPOMA2OM
PO3DAXYHKO8020 POKY excniyamayii gpomoenexmpuunoi cucmemu. Ha npaxmuyi Oecpadayis 03HAUA€e 3MeHUIeHHS
NPOOYKMUBHOCMI (homoeneKmpuyHoi naueri.

Knrouosi cnosa: oezpadayin, conauni nanei, nikoea RomyxycHicmo, homoenekmpuuna cucmema.

IIpoG.1eMa HOCTAHOBKH OCTi/KEHHSI Ulopiuna  gerpajaumiss 1 HPOAYKTUBHICTH

OmHicI0 3 HAOUIBINMX [puaMH  3abpyamenns AOCHUDKYBAIMCH 32 YMOBAX 3OBHIUIHBOTO BILIMBY. Y
HABKOJIMIIHBOTO CEpefOBHIIA y CBiTi € Tpamuuiiime CTaTTi [5] posrisHyTo i mpoananizoBaHo HH3Ky (pakTopis
BUPOOHHLITBO ~ EJIEKTPOCHEPTii Ha OCHOBi BuKomHoro ~CTAPIHHA, POSIIAHYTO OCHOBHI HEIOIKH, npobiemn Ta
nammBa. [lorpe6a B OLTBIN YHCTHX i crammx kepenmax BUKIMKH,  TOBS3aHL - 31 CTApIHHAM  COHSYHHX
eHeprii U1 BUPOGHWIITBA €NEKTPOCHEPTii 3pocTae uepes ~POTOCTEKTPHMHUX mepeTBopiopadis. Y crarTi [6] noxano
IIBH/IKE BUCHAXXCHHS 3allaciB BUKOIHOIO najnsa Ta iforo TECXHIKO-CKOHOMITHE 06erHTYBaHH’{ Ta  JIOCIILKCHHA
HEeTraTHBHUH BIUTMB Ha HAaBKOJIMIIIHE cepenoBuine [2]. HAJIHHOCTI  eEKTPOCTAHUIl Ha  OCHOBI fDEC And

vy BOMY JOCIT IKEHH] O3S aloThcs  AIOBTOCTPOKOBOTO BHPOGHHIITBA €/IEKTPOCHEprii. Y crarti
0COONMBOCTI, MOB'A3aHi 31 CTAPIHHSAM 1 Jerpajaiiero (7] HOMaHO  aHal3  HEINOAABHIX  JMOCIIUKEHE  BILIUBY
constaHmx (oToenekrpuunmx cuctem (OEC). Posrmsayto  PaxTopis eKCIulyaTauli Ta HaBKOJIMLIHBOTO CEPeIOBALLA
i npoaHanizoBaHO HU3KY (paKTOpIiB cTapiHH#A, BKmoyaroun Ha  HPOAYKTHBHICTL — COHSMHHX (oroenexrpuaHIx
TEMIIEpPATypy, BOJIOTICTb, ITHII Ta TOMIKO/UKCHHs MmaHenei, —C/ICMCHTIB, POSTBHYTO HAUCYHACHIIIL MCTOH SMCHIIICHHS
Byio mpoBeneHo MOZETIOBaHHS Ta 3HATO XapakrepucTuky BIVIMBY  LHX  CJIEMCHTIB, a TakOoXK 1XHI MPOMOPLIMHL
COHSIMHOT @IEKTPOCTAHILii, BCTAHOBJICHOT HA jaxy Tsrosoi ~MEPEBArd 1 TPYAHOWN. Y CTATTi Takok AOCI/BKYIOTECA
nigcranuii Ne 18 m. 3miiB. Kpim Toro, pociimkeno imp — 18PaMCTpH, 110 BIUMBAIOTL Ha I?HPO'_6HHHTBO COHAIHOL
(bakTopie CTapiHHS Ha NPOIYKTMBHiCTh comsummx CHEPril, Ta  BHKOHammii amamis X  eQeKTMBHOCTI.
bOTOCTIEKTPHYHNX ~ MONYMIiB, TepMiH iX  CIyKOH, BHqufTLCH CQeKTHBHICTE i 3JaTHICTH 1CPETBOPCHHS
eeKTHBHICTb, Jerpajauilo  MaTepiany, meperpis i CHEPrii HAMIBIPOBITHUKOBUX maTepianis s
HEBi OB THICTS. BUpOOHHMITBA eJeKkTpoeHeprii. Y pobori [8] Oyino
OPOBEIEHO  JIETAIbHE BUBYEHHS BIUIMBY YaCTHHOK
HOBITPSHOrO MUY HA MPOAYKTUBHICTH (POTOETEKTPHIHOL
(®E) moneni.

AHaJi3 ocTaHHIX nyOJikanii

Amnamni3z JniTepaTypHHX IDKepell TIOKasye pi3Hi
iAX0AM 10 BUpileHHs wiei mpobnemu. Y pobdori [3] Oyno
pO3MIITHYTO 3a0pyIHEHHS Ta TIIpoLec NEepioAnYHOrO
OYMIICHHS COHSYHMX CJIEMEHTIB y paiioni MaaH, lopnaHis.
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IHOPOPMAIIMNHO-KEPYIOUI CUCTEMU HA 3AJIIBHUYHOMY TPAHCIIOPTI

vy ObOMY J_'[OCJ'IiI[)KeHHi BIUIMB YaCTHHOK MUY 3
HABKOJIMIIHBOI'O CCPCAOBUIIA HA BTPATH HOTy)KHOCTi y

(GOTOCTICKTPUYHOMY ~ MOJYJi  OL[HIOBaBCS  LUISIXOM
BUMIPIOBAHHS  CJICKTPHYHUX IOKA3HHKIB, TaKUX SK
Hampyra, CTpyM 1 MOTyXHicTb. Y  poGorti [9]

JIOCHI/KYIOTBCSL BTPAaTH TOTY)KHOCTI, PO3BUTOK Trapsamx
TOYOK, JedexkTH Ha piBHI MITIMETpiB 1 KoedimieHT
npoxykrtuBHocti (PR) 28 ¢oromonymiB, mo 3a3Hanm
BIUIUBY.

Meta cTaTTi — npoaHaiizyBaT (akTOpH, 110 BIUTUBAIOTH
Ha JCTPajJalilo COHSYHUX MaHeJeH, i OI[IHUTH IXHIl BIUIHB
Ha e()eKTHBHICTH POOOTH COHSYHOI €JIEKTPOCTAHIII.

OcHOBHA YacTHHA

Herpanamis COHSYHUX TMAHENCH BiIOYBa€eThCS
MIOCTIHHO SIK 4Yepe3 HENpaBWIbHUN PEXUM eKCIuTyaTarii,
TaK 1 M 9ac BIUIMBY HAa HMX 30BHILIHIX ()aKTopiB. Aue
LIBHAKICTh Jerpajaiii IaHeli MOXXHa 3HAYHO 3HHU3UTH
LIJISIXOM BYAaCHOTO IMPOBEJCHHS ii AIarHOCTHKH Ta 3aMiHU
HECIIpaBHUX JeTajie. 3a OCTaHHIMH JOCIiKCHHIMH,
OCHOBHHUM  XIMIYHMM  €JIEMEHTOM, IO  BHKJIMKAE
MiIBUINECHY JCTPAJAIlil0 COHTYHAX MOIYJIB, € HATpill Ta
iHII akTHBHI MeTand. 30BHIMHI (GaKkTOpH IIiACHIIIOIOTH
MapasuTHI TOYKM Ta YacTO BEAYTb JO HE3BOPOTHHX
HACNiAKiB. BuacHO BHSBUTH JAETPANaIlil0  COHIYHUX
TIaHEeNeH JI0TIOMaraloTh PETYIISIpHI BUMIPIOBaHHS HAIlpyrd
XOJIOCTOTO X0y KOXKHOTO MOJTYJISL.

Herpanyrots yci iCHyrodli KOHCTPYKIIi COHSYHHX
MaHeNeld — MONIKPUCTaNliuHi, MOHOKPHCTAJIIUHI, TTiBKOBI.
Ha puc. | mnokazanmii rpadix gerpamamii COHSYHHX
nareneit Jinko Solar BponoBxk 11’sTH pOKIB eKCIUTyaTarii
[1]. Jlinilina rapaHTis MIPOXYKTUBHOCTI JUIs
MOHOKPHCTAJIYHMX MOAYJIB TOAaHa Ha puc. 2, a
MOJIKPUCTAIIYHUX MOJYJIB — pHC. 3.

OO0’ €XTOM JOCIIKCHHS € COHSIYHA €JICKTPOCTAHIIIS
noryxHicTio 12,20 kBT, BcTaHOBIEHa Ha Jaxy TATOBOI
migcranmii Ne 18 m. 3MiiB 1 migKIFOYEHAa OO KUBHUIBHOL
Mepexi  [4]. MogemoBanHs ~ poOoTH 1 3HATTA
XapaKTEePUCTUK 3IIIIICHIOETBCS 3a JIOTIOMOT 010
CHeLiali30BaHOT0 IPOrpaMHoro 3abesnedeHHs PVsyst.

101.017 KWH
99,669 KWH
99.268
98,785 KWH
98,314 KWH
1 2 3 4 5
) Production in Year 1- Production in Year 2
Degration % = Production n Year 1

Puc. 1. I'padix BUMiptoBaHHS Aerpajamii COHIYHUX
naneseit Jinko Solar

3a maHuMu BUpPOOHWKA COHSYHHUX TaHener Jinko,
Jerpamamis  MKOBOi  IMOTYXXHOCTI  (DOTOMOAYITIB  HE
MIePEBUIINTH Taki KpuTepii [9]:

1) U11 MOHOKPHCTATIYHUX MOYJIIB:

- 3 % HOMIHAJIBFHOI HOTYXHOCTI IPOTSTOM OJTHOTO
POKY TIepiofy, 110 MOYUHAETHCS 3 JATH OYATKY TapaHTIl;

- 3 IPYTOTO IO IT’ AT POKW JIiHiiHA 3MiHa Bif 3 10
5 %, cepemus merpanaris cranoButh 0,5 % Ha piK;

- IIOCTOTO TTO TBAHAMIATHIA POKH JiHIiHA 3MiHA BiJ
5 no 10 %, cepenus merpanauis craHoButb 0,714 % Ha
piK;

- 13-ro mo 25-ii pik miniiina 3mina Big 10 mgo 20 %,
cepenHs aerpaanis craHoBuTh 0,769 % Ha pik;
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Puc. 2. JliniliHa rapaHTis IpOJYKTHBHOCTI JUIs
MOHOKPHCTAJIIYHIX MOJYJIiB

2) TOJIIKPUCTATIYHUX MOJTYJIIB:

- 2,5 % HOMIHAJIBHOI IIOTYKHOCTI POTSATOM OJTHOTO
POKY TIepiofy, 10 MOYMHAETHCS 3 JATH MOYaTKy TapaHTii;

- 3 APYroro Mo IT’SITHH POKM JIiHilHa 3MiHa Bix 2,5
o 5 %, cepemHs Ierpajaiis B IEH IMepiof CTAaHOBUTH
0,625 % Ha pik;

- IIOCTOTO TIO IBAHAMIATHI PIK JIiHIHHA 3MiHA BifT 5
mo 10 %, cepenHst merpamarmist i 4ac IBOTO MEpPioxy —
0,714 % Ha pik;

- 13-ro no 25-ii pik miniiina 3mina Big 10 mgo 20 %,
cepenHs Aerpajamis MpoTAroM IbOro IMepiojly CTaHOBHTh
0,769 % Ha pik.
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Puc. 3. JliniliHa rapaHTis IpOJYKTHBHOCTI JUIs
MTOJIKPUCTANIYHUX MOAYJIIIB

OcHOBHUMH
(oToeneKkTpuIHOI
CTapiHHIO, €:

- (oToenexTpuyHNii MOIYIb (TpUBaja JIerpaaaris,
CTYIIHB SKOi 3pocTae Mpu 30iTbIICHHI HEBIIOBIIHOCTI

(YHKITIOHAJIBHUMHU BYy3JIaMU
cuctemu (DPEC), mo migmarTecsa
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IHOPOPMAIIMHO-KEPYIOUI CUCTEMHU

HA 3AJIBHUYHOMY TPAHCIIOPTI

MDK MOAYJISIMM, IIO HE JAErpagyloTh 3 OHAKOBOIO
LIBHAKICTIO);

- Oarapei B cucreMax 3 HaKomudyBadeMm (MaroTh
Oyt 3aMmiHeHi, 1HOAI KiJbKa pa3iB NPOTATOM IKHUTTS
CHCTEMN);

- IHBEpPTOPH, 1IO 3 YaCOM MOTPEOYIOTH PEMOHTY 200
3aMiHM;

- €JIEMEHTH EJIEKTPOIIPOBOKH, I'PO303aXHUCTy Ta iH.
[2].

Burkonaemo mociiuKeHHs BIUTMBY Pi3HUX (akTOpiB
Ha CTyHiHb jaerpananii (yHKIIOHaJLHUX BY3JIB CEKIil
@®EC, mobynosanoi Ha 10 poTomomysix Jinko Solar.

1. JlocmipkeHHs NagiHHSA HAIpyrd depe3 3MiHYy
ONopy TPOBIAHUKIB. XapaKTePHCTHKA HECHIBIIAIIHHS
(Mismached charact.) mpoxoauts y cepeauHi puc. 4.

10 modules, different wiring resistances

T
10— B
[ Bh.
" [ NN
z SF \\ ]
2 8 \\\ N =
& ! AR
: AN
v 4 ._ \\\\ -4
[ —— Min. length =20 m Ny
> —— Max. length =200 m N
[ Mismatched charact. ’\\
0'....|....|....|....1....1....1.."«.
240 260 280 300 320 340 360 380

Puc. 4. Xapakrepuctuku ctpymy ®EC nipu 3mini oropy
MIPOBITHUKIB

Sk 6aunmo, HaWHOIIBII 3HAYCHHS TMAIiHHS CTPYMY
cnocrepiratotecst micnst 300 B came 3a paxyHOK 3MiHM
JTOBXKWHHY TIPOBITHHUKIB MiXK 1BoMa cekilissmu OEC.

XapaKTepUCTHKA  CHCTEMH  HABKOJO  TOYKH
MakCHUMaJIbHOI ~ mOTyHOCTI  (Pmpp) €  TIOpiBHSHO
eKBIBAJICHTHUMH OJHa 3 OAHOI. Bwuano, 1m0

HEBIAMOBIAHICTh, TOOTO PI3HHUI MiX 3HAYCHHSAMH Pumpp
JIBOX CEKIiH 1 cepemHiM 3HAYCHHSIM Pmpp, € HEBEIHKOIO.
Hanpuknan, a1 oTpuMaHuX 3Ha4eHb ONOPY IPOBIJHHKA
noxuHo0 500 M 1 mepepizoM 2,5 MM? MOpPIBHSHO 3
MIPOBITHUKOM JIOBKHHOIO «HYJIBOBOD» JOBXKHWHH ITaIiHHS
Halpyry CTaHOBUTE 5,2 %, aje BTpaTH HA HEBIANIOBITHICTh
cranoBiath jumie 0,38 %.

Ha puc. 4 ta 5 mnokasaHo 3MiHM CTpyMy Ta
MIOTYXHOCTI B OJHIM CeKIii 3aJeXHO BiJ HAaNpyru HpU
PI3HMX 3HAYEHHSX JOBXXWHH 3’ €THYBAJILHUX MIPOBITHHUKIB.

10 modules, different wiring resistances

3500 P+
3000 |- -
e - \
so0 " ™. 4
_ 2500 NN
= ™,
= 2000 \\.‘ .
z AN
(=% AR
2 1500 AR .
£ 1500 W
“ LA
AN\
1000 _ in. length =20 m N
—— Max. length =200 m W
s00 | : W
Mismatched charact. %
0 " PURPRN IS S SNPU ST S SN U ST U NSNS S U S SR S M .""l A
240 260 280 300 320 340 360 380

String voltage [V]

Puc. 5. 3anexnicts Hanpyru Ta notyxHocti PEC

PesynbraT;i MoJeNnrOBaHHS, IMMOKa3aHI Ha puc. O,
JIOBOZSIT, IO 31 30UTBIICHHSM JIOBKWHH IPOBiTHHUKA
3pOCTalOTh 1 BTpaTH Ha HECHiBNAAiHHA. Bixrak
3HMKYeThes 1 epextnBHiCTE DEC.

Orxe, y mbOMYy BHIIQJIKy /I MiHiMi3amii BTpaT
moTpiObHO po3TamoByBaTH 00’ ekt @EC Hemomamik oauH
BiJ OJHOTO.

Mismatch between 2 strings

7
s 4
— sk
i “F
N S
3
F
0 3 1 1 1
0 200 400 600 800 1000
Wire length [m]
Puc. 6. 3mina Brpar mMix nBoma cexnismMu PEC 3anexHo

BiJI IOBKWHU ITPOBIiTHUKA

PesynpraT  MOIENIOBaHHS ~ 3MIHM  JIOBXHMHHU
MIPOBITHUKA, IPOBEACHOTO Yy MPOTPAaMHOMY CEPEIOBHII
PVsyst, 3Beneno o Tabdm. 1.
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Tabmuns 1

PesynbpraTi MOAETIOBAHHS

Hanpyra, B Crpym, A [MortyxHicts, BT
Macus 1 300.8 9.55 2873.9
Macus 2 287.6 9.56 2750.1
HesinnoBigHicTh MacuBiB 294.7 9.51 2803.3
Cepennst TOTyXHICTB 112 2812.0
BrpaTtu noTyXHOCTI 32 paXyHOK 8.7BT,0.31 %
HEBIMOBIAHOCTI

2. IMaaiHHs HAPYTH Yepe3 KOJUBAHHS
TeMIepaTypu MacuBy (puc. 7).

10 modules, different temperatures

——

tof— :
—_ sF N\ .
=
= N\ \'\.
: N
Z 6 N, xﬁ\ ]
.E [ \\ 5
@ 4 [ K AN .

[ —— Low array temper. = 40°C
2L —— High array temper. = 50°C NN
Mismatched charact.

0'....1....l....l....l....l....‘ll".l..".
240 260 280 300 320 340 360 380

10 modules, different temperatures

3500 prrrr T T T T T T T T T T
3000 |- - S 4
c [ - --'-"'"\ \\ -
2500 |- N
s \- h
2 NN
5 2000 "-\ \ ]
g 1500 ]
Z H E
Y N\
- 4 "-, -
] Low array temper. = 40°C "-5. Y
c —— High array temper. = 50°C I‘"». ‘1‘
s0op Mismatched charact. '\,1. Yo
] ] ] ] ] IR

0
240 260 280 300 320 340 360 380
String voltage [V]

Puc. 7. Xapakrepuctuku podorn ®PEC npu 3miHi
TemriepaTypu GoTomMomyiB

JocnipkeHHsT TPOBOIMMO TIPH 3MiHI TeMIlepaTypu
HarpiBy macuBy Bim 40 mo 50 °C. Ilpum mwpomy crix
mam’siTaTH, OI0 B pPEAIbHUX YMOBaX eKCIUTyaTawii BCi
(hoTOMOIyITi HArpiBAIOTHCS MO-PI3HOMY.

PesynbpraTi  mOCHiUKEHHS TOKa3yloTh, IO HpH
pizauui Temneparyp 10 °C mamiHHA Hampyru CTaHOBHUTH
4,6 %, a BTpatn Ha Hey3ropkeHicTs — 0,47 %.

PesynpraTi MopenroBaHHS, IIOKa3aHi Ha puc. 8,
JIOBOJSITh, IO 31 30UIBIICHHSM JOBXHWHH IPOBITHHUKA
3pOCTAIOTh 1 BTPAaTH Ha HECHIBIAiHHS, BUKJIMKAHI 3MiHOIO
Temmneparypu oOkpemux cekiii DEC 1mo HeratuBHO
BIUIMBA€E Ha €PEeKTUBHICTS 1 poboTH.

Mismatch between 2 strings

tn D N

Mismatch loss [%)]

NWw

0 el IPPEPE IS EPIT AT PATI AT AP AT TS AP A ATy
0 2 < 6 g 10 12 14 16 18 20
Voltage difference [%]

Puc. 8. 3mina Brpar mix nBoma cexnismMu @EC 3anexHo
BiJl pi3HMLII HANIpyT

PesynpraT = MoJenIOBaHHS ~ BIUIMBY — 3MiHH
TEMIIepaTypH, NPOBEJCHOIO y NPOrPaMHOMY CEpEIOBHIII
PVsyst, 3Beneno 1o Tabdm. 2.
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PeByJ’IBTaTI/I MOACJIFOBAHHA

Hanpyra, B Crpym, A [ortyxuicts, BT
Macus 1 302.1 9.56 2887.6
Macus 2 289 9.57 2766.1
HeBinnoBigHicTh MacuBiB 294.7 9.55 2814.3
Cepennst TOTyXHICTb 1 12 2826.8

Brpaty noTy>HOCTi HEBIIIOBITHOCTI

12.6 Bt, 0.45 %

3. HeBianoBigHicTh 32 CTpyMaMu JIBOX MOJYJIB Y

cexiii (puc. 9, 10).

Current mismatch, 2 modules in series

12 e T T T T T T T T T T T
10F - — .
2
F N 1
z °F o) -
= I.'.[|
g
g 6f 'Ill| 1
) [||
Z LL |||I n
Irradiance = 1400 W/m*
2k Irradiance = 3000 W/m? B
Add. voltages
0 1 1 1 l 1 1 1 1

0 10 20 30

Puc. 9. Xapakrepuctuku podorn ®EC nipu 3MiHI CTyneHs
OTIpOMiHEHHS ()OTOMOJIYIIIB

Current mismatch, 2 modules in series
30 —r——TTT

40 50 60 70 80

s

20

15F

Mismateh loss [%]

10F

o
I

0 L

0 10

20 30 40
Current difference [%]

Puc. 10. 3mina BTpar Mixx 1BoMa MoxyisiMu B cekiii PEC
3aJIEKHO
BiJl PI3HMLI CTPYMIB Mi>K HUMH

String power [W]

Current mismatch, 2 modules in series

700 P

600 |-

S00 |

200

100 |-
/

0 APEPETE P

.. Modules Pmppsum=520W . ... ... ..........

/ ., e \
Irragidnce = 1.‘;100 Wim*
/,jrrédiance = 80 Wim?
7+~ Add. vottages |

7

T RN T R T

0 10

40 50 60 70 80

String voltage [V]

PesyneraTin MojenmoBaHHs, HaBeneHi Ha puc. 10,

MOKa3yI0Th, IO 31 30UIBLICHHSIM PI3HUII CTPYMIB MiX
MO/IYJISIMH LIBHIIKO 3pOCTAIOTh 1 BTpaTH Ha HECITiBIa iHHS,
BUKJIMKaHI 3MiHOIO omnpoMiHeHHs okpeMux moxyiis OEC.
Ile y cBolo yepry TakoX 3HMXKYE e(EKTHBHICTH poOOTH
CTaHIII.

PC3yJ'H>TaTI/I MOJCJIIOBAHHS BIUIMBY 3MIHU CTYIICHA

OTIPOMIHEHHS, MPOBEJCHOTO y IPOrPaMHOMY CEPEIOBHIII
PVsyst, 3Beneno o Tabdm. 3.
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PesynbpraTil MOZETIOBAHHS
Hanpyra, B Crpym, A [otyxHicTs, BT
PV monyns 1 30.2 9.56 288.8
PV mogyns 2 30.3 7.64 231.6
PV monymi B cekuii 61.9 7.87 486.7
[Mincymok noryxuicts PV 11 PV 2 520.4
BrpaTtu noTyXHOCTI HEBIAMOBIAHOCTI 33.6 B, 6.91 %
. 4. HeBinmoBinHICTh 32 CTPyMaMH, OMH MOJYJb Y
ceKuii.

Current mismatch, 1 module in the string
12

———T T
MogpenroBaHHsT HEY3rOJKEHOCTI 3a CTpyMaMHu € 3 R
OUTBII CKJIQJHUM MPOIIECOM, OCKUTBKH OIJHOYACHO MOXKE z L
BUHMKATH KUJIbKA PI3HUX CUTYaIliil. z F
Y upoMy BHNAAKy 3a Jonomoror PVsyst = 6fF
3MOJICNIbOBAHA CHUTYyalis, KOJIM CEKIis CKIaJaeTbes 3 g
onHoro nedekrtHoro Moxyis. Bombr-ammepni (BAX) i = 4F
BOJIT-BaTHI XxapakTepuctuku (BBX) nmokasani na puc. 11. )
Current mismatch, 1 module in the string of A
S S A AR AL AR AR 0 10 20 30 40
Current difference [%]
10F ~a ]
_ sfk— ] Current mismatch, 1 module in the string
= T e e
g II|I [
Z SfF 1 [ 2.
g 1'1 2500 F p & Y\ ]
@ s ||I B E /// I.III
—— String: Irrad = 1000 W/m* '| < 2000F g \ 1
> —— Module: Irrad = 800 W/m* | ] = _ g \
Add. voltages ' = L / ! B
'|I £ 1500 | / |
0 1 1 | Il L 1 Ll = [ |
0 50 100 150 200 250 300 350 400 2 o0k / '.[
[ §tring: Irrad = 1000 W/m? ll
L 500 > Module: Irrad = 800 W/m? .
Puc. 11. Xapakrepuctuku podotu @EC mpu 3MiHi E Add. voltages |
CTYIEHS OIIPOMiHEHHS (DOTOMOJTYJISI Ta CeKIIii . [ /Q\ . . . . . Cob
0 50 100 150 200 250 300 350 400
PesynbpraTi MOneNIOBaHHS IOKa3ylOTh, L0 KOJIK String voltage [V]
CTpyM y KoJIi HWK4YMHA 3a Isc HecmpaBHOTO MOy,
Hanpyru 3a3BH4ail nopaioTbes. Komam crpym mepeBuirye

Isc HecipaBHOTO MOJYIIA, BiH cTa€ OOCPHEHO 3MIIICHIM, i
B po0OOTY BCTYIAIOTh 3BOPOTHI Hionu. JedhekTHuit Moayb

Oinplle HE AaKTWBHHM, a 3BOPOTHA HAmpyra Ha [iofi
CTBOPIOE JIOJJATKOBI BTPATH.

Honst

Puc. 12. 3MiHa BTpaT y BUNIaJKy HassBHOCTI OJTHOTO
JIeeKTHOTO MOIYJIS B CEKLIT sIK (DyHKIIiSt pi3HHIII CTPYyMiB

VY npoMmy BuUmaaky npudausHo 1o 18 % orpumanoi
cutyanii  ogHOro  JepeKTHOro Moxmyis Pmpp Ha ITOMapaH4eBiil KpuBii € gominyrounmu. Kpusi,
eeKTUBHI BTpaTH SIK (QYHKIIS DPI3HUII CTPYMIB MalOTh
BUIJISIL, TOKa3aHUH Ha puc. 12.

TI03HAYEHI 3eJIeHUM Ha rpadiky BHIIE BiIIOBIIAIOTH PEIITI
MOJyJiB. AOCONFOTHA BTpaTa II¢ TMOBHUHA «ITOTCHITIHAN
BHECOK HECIPABHOTO MOMYJISI Ta HOTYXKHICTb, BTpadeHa

78

IKC3T, 2023 Ne3



IHOPOPMAIIMNHO-KEPYIOUI CUCTEMU HA 3AJIIBHUYHOMY TPAHCIIOPTI

JOJIOM TIiJT Yac aKTHBaMii (3MEHIIYETHCA Y BiTHOCHOMY

3HaueHHi). Pe3ynpraT MojetoBaHHS 3BeI€HO /10 TaoI. 4.

Tabmuus 4
PesynbpraTil MOZETIOBAHHS
Hamnpyra, B Crpym, A [MortyxHicts, BT
Inmra yactuHa psaxa 271.9 9.56 2598.8
He Bignosinae PV monyns 30.3 7.64 231.6
PV monyns y cepisix 270.1 9.54 25771
[ToBHa iHAMBIAyabHA TOTY)KHICTD MO IS 2830.5
BrpaTtu noTyXHOCTI HEBIAMOBIAHOCTI 253.4BT1,9.83 %
Herpananis (hOTOCIEKTPUIHOTO MOIyNs KpHWBOi. Y Hamomy Bumaiky s maxenei Jinko Solar

MIPU3BOJUTE JI0 TOCTYNOBOI BTpAaTH HOTro e(EeKTHBHOCTI.
MopenioBaHHsT  JIeTpafallifHAX IPOLECiB BUKOHYETHCS
MIPOTATOM PO3paxyHKOBOTO PpOKy eKCIUTyaTarii
¢doroenexkTpuuHoi cuctemMu. Ha mpaktumi gerpanmaris
O3Ha4Ya€e 3MEHIICHHS ITPOXYKTUBHOCTI (POTOECICKTPHUIHOT
ma"enmi. B geskux BWIankax 1€ MOXKE MaTd TEBHUH
«IO3UTUBHHUKY BIUIMB Ha TIOBHY IIOBEIHKY CHCTEMH, a
camMe Ha BTpaTH TMOTYXXHOCTi, KOJNM  iHBEPTOp
HEJIOBAaHTAXKCHUM.
Orxe,  1mopiuHa

3MEHIICHHS! HIKHBOI MEXI

—Uses degradation in the simulation

MIBUAKICTH
HAXWIy i€l

rapaHToBaHa
BiAIIOBiIaE

Uses in simulation o

Eagle PERC JKM305M-60 neit nokaszuuk ckiagae 0,6 %
Ha pik. 3a JONMOMOroOl0 MOJENi BU3HAYMMO CEpPEIHIO
OIBUIAKICTH JAerpamamii (ans wmacuBy MoxyimiB). lle
3HAUEHHSA BTpaT MoXe OyTH HabaraTo HIKYMM 32 e
rapaHToBaHuii Jimit dacy (puc. 13). JloBroctpokosi
BUMIpDIOBaHHS ~ IIBHJIKOCTI  Jierpajamii €  BiZHOCHO
pinkicammu. Kpim TOoro, yci Momymi He OyayTb
pyHHyBaTuCs 3 OJHAKOBOIO MmBHAKicTIO. Lle mpusBene no
JIOJIATKOBHX 30WTKIB Yepe3 HEBiINOBIAHICT, SIKI OymyTh
30UIBIIYBATHCE 3 YACOM.

—Parameters in si ion 20 =TT

Simulation for year no ]10 |

Individual PV modules:

o
Global degrad. factor |ﬂ| %

Mismatch degrad. factor

132 | %

Degradation factor [%]

Model

Basic degradation ]
1§ | ——— With annual increasing mismatch e -

mulation
lLoss =5.1%

Moael 0 3

—PV module aging parameters
Aver. degradation factor |O.40 | %/year

Imp RMS dispersion |0.40 | %/year
Vmp RMS dispersion |0.-10 | % [year

10 15 20 25 30
Year

O Efficiendies

—Module warranty

Year

0

Mismatch 20 years
Mismatch 25 years

2.72%
4.28%

‘ Read model

‘ || save as model

[T) Keeps calculated Mismatch values

[~Store the Monte Carlo val —Used for this evaluation————
—Monte-Carlo values
d Sub-array-
Mismatch 5 years 0.24% )
Mismatch 10 years 1.32% 10 Modules in series
Mismatch 15 years 2.15% 1 Strings in parallel

Year |E|

Year |£|

100 Trials
10 years Random evaluation
1.32% Aver. Mismatch loss
1.62% Mismatch loss RMS

—Monte-Carlo calculation————

Year |£|

raw
Curve
() steps

Warranty |ﬁ| % Pnom d
Warranty |W| % (4 Linear interpol.
Warranty |ﬁ| % (] Linear interpol.
Warranty |ﬁ| % Pnom
Average -0.60%year

The initial derate value (usually around
-3%) may corresponds to the LID or initial
tolerance.

Puc. 13. Brparu 3a paxyHoK zaerpajanii pOoTOeneKTPHYHOTO MOIYJIS

79

IKC3T, 2023 Ne3




IHOPOPMAIIMNHO-KEPYIOUI CUCTEMU HA 3AJIIBHUYHOMY TPAHCIIOPTI

VY nabopaTopHuUX yMoOBax Hpu BuKopucranHi 10
TaKUX MaHened B OfHIN ceKuii BTpaTH B HUX 33 PaxyHOK
nerpananii cknagatuMyTh 3a 30 pokiB 17,5 %, npubnmzHo
0,6 % 3a pix Bukopuctanasa. 3a 10 pokiB BUKOPHCTaHHS
COHSTYHUX HaHesel gakrop nerpagauii cxragatume 3,8 %,
a pe3yJIbTaT BTpaT 32 PaxyHOK HEBIiAMOBITHOCTI MaHeNeH
3a pokamum craHOBUTH 1,32 %. ®akTop merpamarmii
COHSTYHUX IaHenel 3a 20 poKiB BUKOPHCTaHHS CTAaHOBHTH
7,8 %, a BTpaTH 3a paxyHOK HEBIIIIOBIIHOCTI HaHeNeH
ckinagaots 2,72 %. Ha 30 pik BuKopHuCTaHHS IaHelel
nmerpanaris 11,8 % npu HeBiqnoBigHOCTI manene# 6,1 %.

3a I0NOMOroI0 MPOrpaMHOro cepenopuina PVsyst
OyJlI0 BU3HAYCHO CEpEeIHbOKBAAPATHYHY BEIMYMHY IHOTO
pO3MOALTY Ta OMIHEHO CTYIIHb  HEBIAMIOBIIHOCTI SIK
¢yHnkuito Biky cuctemu. Po3paxyHok OyB BHKOHaHHH 3a
jJornomororo  Mmerony — Monte-Kapno 3 Takumu
MIPUIYIICHHSIMU:

- IIBHIKICTH Jerpajamii KOXXKHOTO MOAYJNS €
MIOCTIHHOIO TIPOTSrOM 6araTboX poKiB;

—Uses degradation in the simulation

Uses in simulation O

- BHOiIp po3moxiry OOMEXEHHWH JBOMa CHTMaMH,
OCKUTBKH BEIUKI PO30DKHOCTI TPHU3BOIATHE JIO JyXKE
BEJIMKNX BTpaT HEBIAIOBIAHOCTI. 3a JIOMOMOTOI0 METOIY
MownTte-Kapo Oyio omiHEeHO HEBiAMOBIIHICTH MOIYIIIB 32
KOXHI 5 poKiB BUKOpHUCTaHHS: 5 pokiB — 0,24 %; 10 pokis
— 1,32 %; 15 pokiB — 2,15 %; 20 pokiB — 2,72 %; 25 pokiB
—4,28 %.

3aB01IOM-BHPOOHNKOM TIiepe0avaEeThCs rapanTis Ha
MOJyNi, OI0 BPaxOBY€ HIDKHIO MEXY JUII OKPEMOro
(OTOCNEKTPUIHOTO MOIYJs. Y KPHBHX, IOKa3aHHX Ha
puc. 14, moyatkoBi BTpatu Ha piBHI 3 % ciin po3risnaTu
SK 3aBOJACHKI JedekTH abo MOXKIUBUHA  medirur
MOYAaTKOBOI TIOTY)KHOCTI (IOITyCK, 3aBOJChKa ITOXHOKa
BUMIpIOBaHH). 3aB0/10OM-BHPOOHUKOM HAJA€ThCS
rapaHTis, o 3a 25 poKiB eKcIulyaralii eQeKTHBHICTh
coHsyHOI maHem Oyzae craHoButH He MeHme 80 %. 3
ypaxyBaHHIM JIeTpaallifHAX MPOIIECIB, MO Bi0YBAIOTHCS
B COHAYHIH TAHENl  IOpIYHO, 3a  JONOMOTOI0
MO/ICTIIOBaHHS OyJIM OTpPUMaHi TaKi XapaKTepUCTHKH.

—Parameters in si iC L

Simulation for year no ‘10 |

Individual PV modules:
Global degrad. factor

Mismatch degrad. factor |1.32 | %

3.80 | %

Degradation [%]

Basic degradation

80 |- ——— with annual increasing mismatch

~— odule warranty
]

Il 1 L 1

—Model 70
—PV module aging parameters

Aver. degradation factor |O.-10 | %/year

Imp RMS dispersion |D.-10 | %/year

Vmp RMS dispersion |0.40 | %fyear

10 15 20 25 30
Year
@© Efficiencies
O Losses

!
[—Store the Monte Carlo —Used for this evaluation —Module warranty
—Monte-Carlo values d sub v —_— d
—Sub-array €ar 0 W, 98.00 | 9
Mismatch 5 years 0.24% ) ) arranty |—| 7 Pnom
Mismatch 10 years 1.32% 10 Modkdesin series Year [10 | Warranty|91.98 | % ®iinear interp
1 Strings in parallel — — ., —
Mismatch 15 years 2.15% gsinp Year |20 | Warrant‘/|85.97| % |_J Linear interpol.
Mismatch 20 years 2.72% _ Monte-Carlo caladat Y 1 w ty 50001 %P
onte-Carlo calculation ear arran , nom
Mismatch 25 years 4.28% 2 | 180.00| %
100 Trials Average -0.60%year
‘ Read model | 10 years Random evaluation Draw The initial derate value (usually around
1.32% Aver. Mismatch loss Curve -3%) may corresponds to the LID or initial
‘ P‘ Save as model | 1.62% Mismatch loss RMS [ steps tolerance.

) Keeps calculated Mismatch values

Puc. 14. EdexTuBHICTD ()OTOCIEKTPUIHOTO MOIYJISL, TIepedadeHa 3aB0J0M-BUPOOHIKOM

BupoOuuk consunux manened Jinko Solar Eagle
PERC JKM305M-60 nae rapanriio, 10 COHSIYHA TaHENb
3a mepmi 10 pokiB ekcruryaranii Oyne Bupodisatu 98 %
HOMiHaJIbHOT OTYXHOCTI, 32 10 pokiB — 91,98 %, 20 pokis
— 85,97 %, 30 poxiB — 80 %.

st nocmipkeHHsT B poOOTI BUKOPUCTAHO peallbHAMN
00’ekT, s sAKoro Oylla po3paxoBaHa IOTYKHICTh
oOmagHaHHs, HeoOXiZHAa maysi 3a0e3ledeHHs  BIACHUX
motped TATOBOI miacTaHMii. byno BU3HaYeHO, M0 CTaHIIISA
renepye 14745 xBr-rox eHeprii mocriiiHOro CTpymy 3a
JortoMororo potomMoxaytiB. OOcsr piuHOi eHeprii 3MiHHOTO

BucHoBku CTpyMy, IO BBOIUTBCA IO MEpEXki, cTaHOBUTH 13916
kBr'rog. 3  MeTo0  WiABHOICHHA  CPEKTHBHOCTI
80 IKC3T, 2023 Neo3
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eKCIUTyaTarii m0 1€l craHmii HEOOXIMHO NpHETHATH
aKyMyJISITOpHIi Oartapei.

PesynpraT  MopmenroBaHHS — JOBOJATH, IO 31
30UIBIIEHHSAM JIOBXXMHH IPOBIIHMKA 3pOCTAIOTH 1 BTPAaTH
Ha HECHiBMAiHHA. Biarak 3HIWKyeThCS 1 €)EKTUBHICTH
®EC. Orxke, y IbOMY BHITQAKY JUIS MiHIMi3allii BTpar
moTpiObHO po3TamoByBaTH 00 ekt @EC Hemomamik oauH
BiJ] OJTHOTO.

PesynpraTi  mOCHIUKEHHS TOKa3yloTh, IO HPH
pizauui Temneparyp 10 °C magiHHA Hampyra CTaHOBHUTH
4,6 %, a BTpaTH Ha Hey3romkeHicTs — 0,47 %.

PesynpraT MoOJeNmIOBaHHS IOKa3yloTb, MO 31
30UTBIIEHHAM PI3HULI CTPYMIB MK MOIYJSIMH IIBUJIKO
3pOCTAIOTh 1 BTPAaTH Ha HECHIBIAiHHS, BUKJIMKAHI 3MiHOIO
onpomineHHs okpemux moxayniB ®EC. Lle y cBoro uepry
TaKOX 3HMKY€E ePEeKTUBHICTH POOOTH CTaHIL.

®dakTop Aerpaaarii COHYHUX maHenei 3a 20 pokiB
BUKOPHCTaHHS CTaHOBHUTH 7,8 %, a BTpaTtu 3a paxyHOK
HeBiANOBiAHOCTI maHeneil cxianaoTs 2,72 %. Ha 30 pix
BUKOPHUCTaHHA TaHened gnerpamamis 11,8 % mpum
HEBIANOBIAHOCTI maHenei 6,1 %.

3a momomororo wmeromy Monte-Kapno 0Oymo
OILIIHEHO HEBIJIIOBIAHICTH MOYJIB 3a KOXHI II'SITh POKIB
BHKOpUCTaHHA: 5 pokiB — 0,24 %; 10 pokiB — 1,32 %; 15
pokiB — 2,15 %; 20 pokiB — 2,72 %; 25 pokis — 4,28 %.

Jns edexTHBHOI pOOOTH COHSYHOI EIEKTPOCTAHLIT
MOTPiOHO NOTPUMYBATHUCS TAKMX YMOB EKCILTyaTallil:

- eNEKTPOCTaHIis  moTpedye  epeKTUBHOTO
OXOJIO/KEHHS (BEeHTHJIALIT);
- jgus  3amoliraHHs —TeperpiBy maHened  ix

HEOOXiTHO PO3MIIIYBaTH 3 TEXHOJOTIYHUMH 3a30paMH,
MaHedni Ta  €IEMEeHTH  eJEeKTPOCTaHHii  HeoOXigHO
pO3TalIOBYBATH Ha BiJICTaHI OJIIH BiJl OHOTO;

- MicIle BCTAHOBJICHHS MaHENeH Mae mependoavaTtu
HASBHICTH TEXHOJIOTIYHUX MPOXO/IiB;

- IUIs HEIOMYIIICHHS B3a€EMHOTO 3aTiHCHHS MaHEeIeH
MDK HUIMH Mae OyTH niepedadeHa JOCTaTHS BiICTaHb.
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IHOPOPMAIIMNHO-KEPYIOUI CUCTEMU HA 3AJIIBHUYHOMY TPAHCIIOPTI

diagnostics and replacement of faulty parts. The
degradation of a photovoltaic module leads to a gradual
loss of efficiency. Modeling of degradation processes is
performed during the estimated year of operation of the
photovoltaic system. In practice, degradation means a
decrease in the performance of a photovoltaic panel.

Keywords: degradation, solar
panels, peak power, photovoltaic system.
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