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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 cnoea: 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 fH of the =10 dB
emission point and the lower frequency fL of the —10 dB
emission point, B =(fH - fL), comparable to it’s the
center frequency f. =(f,, +f )/ 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.
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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:

Zysing 1 y
4zr  cos@-1

L (| S

where E,(t,0) - intensity of an electric z-component of
the electromagnetic field;
Z, —wave resistance of free space;

E,(t,0)=

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
UWB signal into free space imposes restrictions on the
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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 unified 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:

E=E, -sin{l(t—Lﬂ for
Tim Vo

where E_ —a pulse amplitude;

T

ST (@
VO m

T, — 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 Dmp and the antenna emitting a

monochromatic signal D, with wavelength A, the

interrelation between them being defined by the following
ratio:

D,, =7-D, -025D,, )

where D 22.—7;-'%;

A, —operating antenna aperture area;

Ay =V, - 7,y [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:

E=E,-sin’ i[t—L] -sin Z—E(t—LJ . @)
T, A T, A

m m

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

D,, = 237D, ®)

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_, < f, < f_ ., 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 K, bands. Besides it, possibility of
application of this approach for creating microwave
module at mm range of wavelength is discussed.

2. Trubchaninova

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.
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Yypiomo I'.I., Ilanuenxko C.B., Cepxo O.A.,
TpyouaninoBa K.A. AHTeHa 1J11 BUNIPOMIiHIOBAHHS Ta
NPUIOMY KOPOTKO-iMIyJIbCHUX HAJIIHPOKOCMYTOBHX
CUTHAJIB

AHoTamisg. Y 1iif cTarTi NPEACTaBICHO KOHCTPYKIIIO
AQHTEHH 3 PO3LIMPIOBAHOIO MIUTMHOIO ISl €(EeKTUBHOTO
BUIIPOMIHIOBaHHS Ta NPUHOMY HaIIIMPOKOCMYTOBHX
CUTHANIB, KOPOTKO-IMIYJIbCHUX cHTHamiB. OnmHuUM i3
PI3HOBHIB HaJIIMPOKOCMYTOBUX CHUTHAJIIB € KOPOTKO-
IMITyJIBCHI CHTHaIW. BBakaeTbes, 10 Ii CHT'HAIM MalOTh
TpuBanicte Omm3pko 0,1...10 HC. BOHM MarOTh MIHPOKY
CMYTy TPOIYCKaHHS, 3HaYHE NMPOHUKHEHHS 1 CKPUTHICTb.
Ix BUKOpHCTAaHHS 103BOJIIE OTPUMATH BMCOKi MIBUIAKOCTI
nepenadi  J@aHUX 1 € JIy)Ke TEpCHeKTUBHUM IS
Mai0yTHHOTO PO3BUTKY Cy4YacHHUX ynbTpa-
mmpokocmyropux cucrem (UWS). 3 inmoro 0oky,
MpakTU4HEe 3acTocyBaHHS curHanie SP-UWB Bukimkae
MeBHI TPYIHOILI, TTOB's3aHI 3 IX BHIPOMiHIOBaHHAM (200
BUOOpPOM THITy AHTEHM) 1 MOAAIBIIMMH CIIOTBOPEHHSIMH,
BUKJIMKaHUMH HEPIBHOMIPHUM OCIA0JIEHHSIM CHTHAIY IO
4acTOTi Wil Yac HOro TOIIMpPEeHHS. TakuM YHHOM,
eeKTUBHICT,  BUKOpUCTaHHS  curHainiB  SP-UWB
Oe3mocepelHRO 3aJICKUTH BiJ] XapaKTEPUCTHK aHTEH, SKi
3MIHCHIOIOTh IX BHIIPOMIHIOBAaHHS Ta mpuiiom. B poOGori
3apoINOHOBaHA KOHCTPYKIiST AaHTEHH, SKa JIO3BOJIIE
CTBOPIOBATH iHTepQepeHIiiHe eJIeKTPOMAarHiTHe I0Jie
OimoyIpHOTO  IMIyBCY B €KBIBAJICHTHIH 3aranbHid
anepTypi anteHu. [IpoBeeHO KINBKICHY Ta AKICHY OLIHKY
e(eKTUBHOCTI  3alPONOHOBAHOI KOHCTPYKILIi aHTECHH.

IToka3aHo, IO 3acTOCYBaHHS MJaHOI AHTCHH MJO3BOJISE
30UTPIIUTH JaibHICTE TomHupeHHs immymscHuX UWB
curHaimiB. Tak, TOPIBHSIHO 3 piBHEM BHIPOMIHIOBAHHS
VHINOJSIPHOTO ~ IMITyJILCHOTO ~ CHTHalIy  JalbHICTb
MIOUIMPEHHS OIMOJSIPHOTO IMITYJIBCY, CTBOPEHOTO B OTBOPI
aHTEHHW, 30UTBIIyeEThCI B 9,5 pa3u, a TMOPIBHAHO 3
MOHOXPOMAaTH4YHUM cHrHatoM — y 2,37 pasu. Takum
YMHOM, BBEJCHA AaHTEHa J03BOJISIE ICTOTHO 301IBLIMTH
JATBHICTD PanioBUIIPOMiIHIOBAaHHS IMITyJIbCHUX
HAJAMIUPOKOCMYTOBHX curHamiB OpHOYacHa CyMicHa
pobota 6e3 mepenko i B OJHOMY YaCTOTHOMY Jiala3oHi
SIK TPaIWLiHHUX BY3bKOCMYTOBHX CHCTEM 3B'S3KY, TakK i
cucreM 3B'si3ky 3 UWB-SP curnamamm oO6yMOBIIOETBCS
THM, TI0 PiBeHb iHPOPMALIKHOTO CUTHATY HE MEPEBUILYE
PiBHA IIyMy B poOOYOMY CTaHi. Jialma3oH 4acToT.
KaiouoBi cioBa: nepenaBaHHs JaHUX, €JIEKTpOMarHiTHa
CYMICHICTh, 4YacoBa IO3MLIHHO-IMIyJIbCHA MOJYJISLIs,
HaJIIINPOKOCMYTOBHI CHUTHAJI, IIMPOKOCMYTOBA IMITYJIbCHA
aHTeHa, 0e3[pOTOBa CHCTEMA.
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ITIETPEHKO T. I'., x.T.H, TOLIEHT
I[TABJIYCEHKO K. O., PhD crynentka

(Yxpaincbkuii qep>kaBHUN YHIBEPCUTET 3aII3HUYHOTO TPAHCIIOPTY)

KOHHEHTyaJILHa MOI€JIb JIIOI[PIHO-OpiCHTOBaHOi p03yMHOi CHCTEMH OCBITJIEHHS

Cucmema 0OUHO-0PIEHMOBAH020 po3ymHo20 oceimaenusi (Human Centric Lighting, HCL) € uacmunorw
PO3YMHO20 OYOUHKY | NpU3HAYeHa O CMBOPeHHS (DYHKYIOHANbHO20, eKOHOMIYHO20 mMa KOMQOPMHO20 O THOOUHU
omouenns. Jlocnidocenns yupkaonozo pummy aoounu (Human Circadian Rhythm, HCR) 0osodsms eadiciusicmo
cmeopennss HCL 3 ypaxyeanuam paxmopie eniugy napamempie oC@imieHHs Ha JOOUHy. Y cmammi 3anponoHosana
Konyenmyanvha moders HCL cucmemu Ha ocnogi 36anrancosarnozo HCR.

Kntouogi cnosa: n1100uno-opicHmMogana cucmema po3yMHO20 OCEIMAEHHS, YUPKAOHUL PUMM JHOOUHY, KOHYENnMYaibHA

MOOenb, HewimKa 3MIHHA 3CY8Y YUPKAOHO20 PUMMY.

Beryn

JocnimKkeHHsT  OUPKaJHOTO  PUTMY  JIIOJWHHU
MOIMIMPIOETBCS. 3  TOJNAJIBIIUM PO3BUTKOM  IITYYHOTO
inTenekTy peueit (Artificial intelligence of things, AloT).
CyTTeBUM (akTOPOM € MOXKIHMBICT CyYacHHX CHCTEM
AloT orpumyBatn 3HauenHs crumyniB HCR 3a
JIOTIOMOT'OI0 CEHCOpIB, aHalli3yBaTH BIUIMB CTUMYJIB Ha
3MiHY CTaHy JIFOJIMHH 3a JIOTIOMOTOI0 IITYYHOTO 1HTEJEKTY
i, HapemTi, CTBOPIOBATH INTYYHE OTOYEHHS, L0 y CBOIO
yepry ¢opmye HeoOximHi crumynu orouenHs HCR i nae

3MOTYy  CTBOPIOBATH  CKJIJHI ~ CHCTEMH  JIIOJHMHO-
OpIEHTOBAHOTO PO3YMHOI'0 OTOUYCHHSI.
HCR («BHYTpimIHIN TOOWHHUK IIOOUHW») — IIE

NpUOIU3HO TOOOBHH PHUTM 3MiHU (Di3UIHOTO, IICUXITHOTO
Ta MOBENiHKOBOrO cTaHy ronuHu. [Ipupomamii HCR
30epiraeTbcsi B TOCTIHHHX YMOBaX, TOOTO B TIOCTiHHIN
TeMmpsiBi, 3 1nepiogom Oinm3pko 24 roamH, 3a
jpociipkeHHsMu.  [lepion puTMy B HOCTIHHMX yMOBax
Ha3MBaETHCS Mepioj oM BibHOTO xoay (t). Ilix BrMBOM
30BHINIHIX  ()AaKTOPIB  CTaH  JIIOAWHH  KOPETYEThCS
YHUCIEHHUMH ITEpallisiMU IIMPKaJHOTO PHUTMY BIPOJOBXK
YCbOTO JKUTTS JIIOAMHH Ta I'PYHTYETHCS Ha TEHETHYHHX
BJIACTHBOCTSIX OpraHi3My JIOIWHM (TIEpPCOHANTI30BAHUM
HCR).

3 Touku 30py AloT HCR po3srisinaeTbes ik MOAEIb
CKJIQJIHUX B32a€MOBIITHOCHH CTaHYy JIIOJJMHU Ta OTOYCHHS.
JlronHa Oakae MaTH BIUIMB Ha KEpyBaHHS HHM, ale
JIOCUTh 4acTO HE Ma€ MOJKJIMBOCTI aHA3yBaTH CKJIaJIHI
MPUYMHHO-HACTIAKOBI 3B'SI3kM  (hakTopiB BIUMBY. Sk
pe3ynbTaTr, MOCHi/DKeHHS BiIMIYarOTh Taki HACTIAKA

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

MOPYIIEHHSI IIMPKAaJHUX PHUTMIB JIOJUHHU, SK OXKHPIHHS,
Jenpecis, pak i1 0Oararo IHIIMX. YBara J0 CTBOPCHHS
MIEePCOHAJI30BAHOT0 PO3YMHOI'O OTOYEHHS JUISl JIIOAWHH
OyJla IPUYUHOIO CTBOPEHHS PO3YMHHX peueil iHTepHeTy
peueir (Internet of Things, IoT), Takux sk po3ymHi
TOJMHHUKH, OyIiBIi Ta MicTa.

VY craTTi pO3rNAHYTO 3arajbHi ()aKTOPH BIUIMBY Ha
3mian HCR, ¢akropu BBy ocBitinenss Ha 3MiHn HCR,
Bumoru 1o crBopeHHss HCL cucremn Ta 3amponoHOBaHO
koHnenrtyanpHy Mojens HCL cumcreMn Ha  OCHOBI
HEYITKOTO IMIAXO0IY.

IMocTaHoBKa NMpoodJeMu, aHAJI3 JOCTiIKeHb Ta
nyoaikaunii

B ocCHOBI HpUPOIHOTO pETYIOBAHHS IMPKATHOTO
PUTMY JIFOJIMHH JIeXKAaTh MOJCKYJApHI MexaHismu. Y 2017
poui HoGemiechbka mpemist 3 ¢iziosnorii abo MeAUITUHH
Oyna jaHa poOOTi, 10 PO3KPUBAE MEXAHI3MH [[UPKATHOTO
peryiroBaHHs. PO3BHTOK  PO3yMiHHS — MOJIEKYJISIPHHX
mexanizMiB HCR cTuMynioBaB JOCIIIKEHHs 1 CTBOPEHHS
NPaKTHYHUX TPOEKTIB aBTOMATH30BAaHOTO PO3YMHOTO
OTOYEHHs ToAuHHU, a came cucteM HCL.

Cyu4acHi AOCHiPKeHHS HaMararoThCs BiAMIOBICTH Ha
muTaHHA «SIki mpouecu BumBaroTh Ha HCR?», «fk came
BIUIMBAIOTh Ti 4 iHmI ¢akTopu?», <«JSIki Qaxropu
Haiibinbine BrumBaroTh Ha HCR?», «SIk cywacHi iHTepHeT
peui MoxyTs BrumBatH Ha HCR?», «SIk 30amaHcyBatn
CTaH OpraHi3My KOHKDETHOI JIIOJAWHHM 3a JOIIOMOTO0
peryJroBaHHs TEBHHMX 30BHIIIHIX monpazHukiB HCR?» i
6ararto iHIIHX.
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IHOPOPMAILIMHO-KEPYIOUI CUCTEM

MU HA3AJIBHUYHOMY TPAHCIIOPTI

Hocnimkentus HCR Bu3HayaroTh B3a€MO3B’ I3KH
Mk HCR Ta takumu dakropamu:

1) ¢isnuyHa akTHBHICTH JNIOAWHM (KUTBKICTH Ta
IHTEHCHUBHICTb (PI3UYHOT aKTHBHOCTI);

2) pexdM XapuyyBaHHAM JOIUHU (IOTPUMAHHS
MIEBHOI TIETH YM TIEBHUX IMPOMDKKIB Yacy MiX BXXKHBaHHSIM
ki),

3) OGiomoriunmit i Gi3UUHKMN CTaHW IJTFOJUHA
(BMICT y KpOBi MENAaTOHIHY, KOPTH30Iy, TECTOCTEPOHY Ta
IHIIMX TOPMOHIB, TEMIIEpaTypa Tijla i THCK);

4)  (isionoris groauHY (BiK, CTATH);

5) cran HaBKOJIMIITHHOTO cepeioBHUINa
(Temmepatypa, BOJIOTICT, SIKICTh HOBITPS TOLIO);

6) craH ocBiTieHHS (WITYyYHE Ta MPUPOJHE
OCBITJICHHSI; CIIEKTPAJIbHUH CKJIQJ CBITJa, BKIIOYHO 3
KUTBKICTIO CHHBOTO CBITIa B  OCBITJICHHI; KOJIipHa

/~ JIoBAKHHA

CBITIIOBOI ‘
\ z

/ K]_"ILKACTB ACHHOIO
TPHPOIHOTO
OCBITITCHHS

~ JIOBKHHA XBIIH
TIPHPOAHOTO
OCBITIICHHSA B

3AJ1€KHOCTI Bill ce30HY

[ KUIBKICTh CHHBOTO |
| enexTpy oceiTieHHs

Tac BB )
/Hac BIUIMBY

| mmy=moro  le——|

Ve Komeopopa
| Temmeparypa
\\_IITYSHOrO CBITTA

Ceitno
Komboposa Temriepatypa |

I\ 7
4 TIPHPOIHOTO OCBITIICHHS

| B 3Q71eXKHOCT] Bifl ce30Hy

24-ropuHHuii

cpitia
/ = _4
MK CBITI0/ TWWK /S

___TeMmpsBa | mrrymmoro
cBita /

‘ OcsiTnenicTs ‘

| UMPKAZHUI
PUTM

/" Kinokicto
| disnumoi
. aKTueHocTi /

|

\~( Aicm iy

Con-

— | HecnaHHa
Yac nouatky & 4

cHy

Yac
npobyaKeHHs

Kinokicts
HIKOTUHY

Kinekicte
ankoronto

Kinbkicto

KodpeiHy

Puc. 1. ®akTopu BIUIMBY Ha 3MiH

Buainennsi HepupimeHux npoodjaemM B A0CTiAKEeHHAX

HCR € BaxJMBOIO CKJIaJ0BOIO 3J0POBOTO KUTTS
JIFOJIMHH SIK PEryJIATOp Oi0JOTiYHUX MPOLECiB JIOANHN [2].
HCR (npubnuzno 24,5 roguHNn) - 11e NPUPOTHI KOTUBAHHS
(hyHKIIH opraHi3My, TOB’s3aHi 3 JOOOBUM IIMKIIOM CBITIa
i tempsiBu. 3mina HCR 3aBmsku 30BHIIIHIM (aKTopam
BIUIMBY (ITOJpa3HUKaM, HAIIPUKIIAJ, CBITIA 1 TeMIepaTypH)
Ha3MBAETHCS 3aXOIUICHHSM, a MOJPA3HUK, 10 MPU3BOAUTD
JI0 3aJIydeHHS pUTMY, Ha3UBA€EThCs zeitgeber, iHakmIe «aap
qacy».

=

TeMIeparypa  CBiTJa,  IHTCHCHUBHICTh  OCBITJICHHS,
TPUBAJIICTH OCBITJICHHS PI3HUMH JDKEpENaMHU CBITIIa).

Ha puc. 1 300paxeno ¢akropu BriuBy Ha HCR,
OOTPYHTYBaHHS SIKMX PO3IIITHYTO B poboTax [1-3].

HaiinommpeHimmmy € gociiKeHHs B3a€EMO3B 3Ky
Mix cBitiom i HCR [4-6].

CyTTEBUM HEIOIIKOM YCiX ICHYIOUHX ITOCIIIKEHb €
BUBYCHHS JIMIIE TIIEBHOTO, 4YacTO JOCHTh BY3BKOTO,
HanpsmKy BIuuBy Ha HCR 6e3 komrmiekcHOro miaxony 1o
LOTO IIUTAHHS.

VY poboTi HPOTOHYETHCS KOHIENITyadbHAa MOJENb
JIIOJIMHO-OPIEHTOBAHOT PO3YMHOI CHUCTEMH OCBITJICHHS,
moOymoBaHOT HAa HEYITKiMl Mojeni 30aJlaHCOBAaHOTO
LUPKaJHOTO PUTMY JIFOJAUHH.

Temnepatypa
Tina Temnepatypa |

T, / AcsKinnA

;’TeMnepaTy-‘\\
0=

' Bonoricte

Bonoricte |
nositpa

(Tomeoc kllli'-lﬂl[ll
THCK CHY

\T

ropMOHM

[ BiraminD \

=

¥ Ceporonin |

Cratn “BiKoOBa 9y TINIBICTE |

110 pKazmoro |
Tporecy

“BikoBa 4y TIHBICTH

‘___——b{ 10 TOMEOCTATIMHOT O

/ \ \ N mporecy
TectoctepoH |

6|o/|or|um

| Mesaroin }A/ d)al(mpu

>y

| 1Heynin
| Rodamin

\ Koptison |

Nentun

| XapuysaH- \

P~

| npuitomy ixi

HA Yac

Kinbkicto
Kanopii

Yy IUPKAaJJHOT'O pUTMY JIFOAWMHU

CBITJIO - 16 YacTHHA €JEKTPOMAarHiTHOTO CIEKTpa
3 TOBXHUHOIO XBWIb Mk 380 1 780 HM, 10 CLIPUHAMAETHCS
OYMMa JIFOOVHA. 3a HASBHOCTI OCBITJIECHHS JIOAUHA O0aUYNTh
KOJIBOPH, a 32 BIACYTHOCTI - JIUIIIE BiATIHKU CipOTO.

BinmoBigHO 10 HPHUPOAM OCBITJICHHS CBITIO Mae
Bi3yaJIbHUI, eMOUIWHUH i OI0JOTIYHUIA BILIMB Ha JIFOIUHY
[4]. Ipupoxumit HCR dopmyerscst 3aBasiku OiojgoriqyHoMy
BILIMBY CBITJIa Ha JIFOJIUHY.

Y HCR Buninsrote aBi pasu — CHy Ta HECIaHHS.
BruBe cBiTia SK 30BHINIHBOTO IMMOJAPa3sHHUKA € HAHOUIBII
BaromuMm uis 3mind HCR. MexaHi3M BIUIMBY CBiTiIa
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peai3yeTbcsi B OpraHi3Mi JIIOAMHM 32  JIONIOMOTOIO
CKIQJHUX  TOPMOHAIBHUX  MpoleciB.  BaxiuBoro
CKJIAJIOBOIO MEXaHi3My BIUIUBY € KOJIMBAHHS MEJIATOHIHY B
KpOBI JIFOINHH.

T'opmon MeJIaTOHIH BUPOOJISETHCS
MIAIIKOTIOIOHOIO 3aJI03010 B TOJOBHOMY MO3KY JIFOJMHHU
Ta Bimirpae BaxIMBy pons y perymoBaHHi HCR.
BupoGirieHHsT MenaToHIHY MOB'S3aHO 31 3MIHOIO CBiTHa i
TEMpSBH, a caMe BUPOOJICHHS MEIaTOHIHY IiABUIIYETHCS B
TEMPSBI Ta 3HIWKYETHCA ITi1 BIUDIMBOM cBiTia [1].

OcBiTIIeHHS TIPSAMO BIUIMBa€ HAa MEJIATOHIHOBY
CHCTEMYy 4Yepe3 peleNTOpH CBiTia, W0 3HAaXOJSThCS B
PI3HHMX YacTHHAX Tija JIOJUHHM, BKIIOYAIOYH 0Ui Ta LIKIPY.
VY pa3i moTparuisHHA B O4Yi JIFOMWHH CBITJIO aKTUBYE
¢dorouyTnmBi penenTopu CITKIBKH (cTpmxHEBi,
KOJIOOYKOBI ~ KJITHHM Ta CBITJIOYYTJHMBI  TaHIIiO3HI
kiituHK). Ll penentopu nepecusaroTb CUIHAIN JI0 MO3KY
yepe3 30pOBHH HEpB Ta AaKTUBYIOTb HEHpPOHH Yy
BIJIOBITHHX TUITHKAX MO3KY.

AKTHBOBaHI HEHPOHH y CBOIO Yepry BIUIMBAIOTH Ha
MENIATOHIHOBY CHCTEMY IUIIXOM PETYIIOBAaHHS aKTHBHOCTI
MIAIIKOTIONIOHOT 3aJI03H. nsxom 3MEHIICHHS
BUPOOJICHHS MEJAaTOHIHY ITiji BIUIMBOM CBITJIa BiAMOBIIHI
HEWPOHM 3MEHIIYIOTb aKTHBHICTb  (DEPMEHTIB, IO
3a0e3Meuy0Th EPETBOPCHHS CEPOTOHIHY B MenaToHiH. [le
NPU3BOJMTH JI0 3MEHIICHHs! PiBHS MEJIAaTOHIHY B KPOBi Ta
nopyurexns HCR [7].

Haii6inbiry €HEepreTU4Hy 3aJIeXKHICTD y
CIEKTPAIbHOMY [iana3oHi BHAMMOIO CBITJIA, IO MOXE
MPOHHUKATH TIHOOKO B CITKIBKY OKa i MPSAMO BIUIMBATH Ha
OamaHc TOPMOHY MENATOHIHY B OpPTaHI3Mi Ta CIIPHYMHATH
PsIIl HETATUBHUX HACIIJKIB ISl 30POB'SI, MA€ CHHE CBITIIO
(Bix 450 mo 480 um) [5]. Konm momuHa oTpuMye mITydHE
CHHE CBITJO BIeHb a0 Tepex CHOM, IIe MpHTHIdye
NpOAyKIito MenaToHiny i mopyurye HCR.

CraH OCBITJIEHHsI B Di3HI yacH JOOM Mae pi3HUi
BuimB Ha HCR. IlTy4He CBITIO MOXE BHKIMKATH
HeratuBHy 3MiHy HCR, 0co0IMBO SIKIIIO BOHO Ma€ BUCOKY
IHTEHCHBHICTb 1 CIIEKTPAJIbHUN CKJIaj, 10 HE BiJIOBiNae
NpUpoOJHOMY  puUTMYy  cBimia 1 TempsiBu.  OTrxke,
MPOEKTYBAaHHSA CHCTEMH Ta KEPYBAaHHS HEIO OCBITIECHHS
NPUMILIEHHS 3 ypaxyBaHHSIM IapaMeTpiB BIUIMBY CBITJIa
Moxke ctabinizyBatu CR KOHKPETHOT JIFOJUHH.

Ocsitnenas moke BrummBatd Ha HCR dwepe3 nBa
MEXaHi3MU: NPSMUH BIUIMB HAa MEJATOHIHOBY CHUCTEMY Ta
Henpssmuii BiumB Ha HCR.

Jo menpsimoro BBy Ha HCR BigHOCATH BIHB
COLIaIbHOTO PUTMY (TOJMHU, KOJIU JIFOAMHA TPOKUIAETHCS
Ta JISTa€ CraTH, ICTh 1 MPAIIoE; Il TOAMHA MOXYThb OyTH
pisHUMH B pi3HHX KpaiHax abo KyJbTypax), ¢izndHa
aKTHUBHICTb, BIK JIIOJJUHU, XapuyBaHHI 1 CTpecC.

Ipamuii BrumB Ha HCR mae Ttakwmii ¢axTop, K
CBITJIO. Y CBOIO 4epry CBITJIO BIIMBA€E IO-Pi3HOMY HaBiTh
Ha pi3HI YaCTMHU OKa JIOJUHU 32 JIOTIOMOTOI0 30pOBHX i
HE30POBHX PEIIETITOPIB.

Jns OouiHIOBaHHS BIUIMBY CHUCTEMH OCBITJIEHHS
npumimenHs Ha HCR ypaxoByioTh clieKTpanbHHUN CKiaj
CBITJIa, IHTEHCUBHICTH CBITJIa 1 TPUBAIICTh BIUIMBY CBITJIA.

BuBueHHs ~ cHeKkTpaJbHOrO  CKJIagy  CBITIa
JOBOJUTH, IO WOr0 BIUIMB MOXe OyTH 30alaHCOBaHUM
BIJTHOCHO MNPUPOJHOTO LHUPKATHOTO pUTMY 3aBISKH
¢inpTpanii XBWIB pPi3HOI JOBXWHH. BWBYCHHS BIUIMBY
KONIpHOiI ~ TeMIepaTypH  CBiTJIa  OBOAWTH  TaKOX
HEOOXigHICTP  MOHITOPMHTY Ta  KEpyBaHHA UM
moipa3HuKoM nupkanHoro putMy B HCL cucremi.

Juis dopmamizanii BrumBy ocBiTiieHHs Ha HCR
po3pobiieHi  IHAMKaTOpH ¢dakTop mmpkamgHoi  mii
(Circadian Action Factor, CAF), umpkagauii crumyn
(Circadian Stimulus, CS), ekBiBaJieHTHUN MeJIaHOMIYHUI
mokc (Equivalent Melanopic Lux, EML) i xpuBa a3oBoi
Binnosiai (Phase Response Curve, PRC).

Inmukatop CAF pgae 3Mory OIIHHTH BIUIAB
JpKepena  CBiTJIa, TOB’s3y€ LUPKaAHI BEIWIMHU 3
dboToMeTpryHUMH,  BimoOpaxye  IHpKagHUH  edekT
JDKepena CBITJIA Ta OIHUCYye IHUPKagHy e(eKTHBHICTH
pizHEX KodpOpiB cBiTma. CAF oOumciroeTscs  SIK
CHIBBIIHOIICHHS BiZOWTOTO  CBITIIOBOTO TOTOKY 1
3arajibHOrO CBITJIOBOTO MOTOKY [8].

JlocmipKeHHSIMY ~ BCTAHOBJICHI  CITIBBIIHOIIEHHS
3HaueHb CAF, Bumy nisUIbHOCTI JIIOIMHM Ta KOJipHOT
TeMIlepaTypy JOKepena CBiTja, 10 BIUIMBAIOTH Ha
36anmancoBanicte ~ HCR.  Ilim  wac  BiANMOYHMHKY
nponoHyetbcsi 3HaueHHs CAF wmenme 0,4, 3HaueHHS
komipHOi Temmeparypu meHme 3000 K; mig gac odicHOT
pobotn um nHaByampHOi HisutbHOCTI CAF Moxe Oyt B
Mexax Bix 0,3 mo 0,8, komipHa Temmeparypa — Bix 3300 mo
5300 K. Ilix wac XOHIEHTpaIli, HampyxeHoi poOoTH
pexomenzoBane 3HaueHHs CAF mae nepeBuntysaru 0,7, a
KoJipHa TemmepaTypa mae OyTtu Bumia 3a 5300 K [8]. CAF
NpUOJIM3HO OMKCY€E BIUIMB PI3HUX KOJBOPIB CBiTJIIA Ha
HCR.

Ingukatop CS (W/m2) 3anporioHoBaHO —Juisi
OLIIHIOBAaHHS CHEKTPaJbHO 3BAXKEHOTO OCBITICHHS JIJIs
HCR. BcranoBneHo mpsiMo mponopuiitauii 38’s30k CS i
HIYHOTO TMPUTHIYCHHS MEJIATOHIHY MIC/Is OJHi€l TOAMHU
cBiTiIOBOTO BIUTHBY [8, 9]. Po3paxoBani 3Hauenns CS s
PI3HUX BHIIB iSUTPHOCTI JIFOJWHHW, IO BiJNOBIJAIOTh
moTpiOHOMY OcBiTIIeHHIO 30amancoBaHoro HCR. Tak, s
mkama [0,1] BigHOCHMX 3HadeHb CS TPONOHYETHCA
sHayeHHss CS menme 0,4 1 4acy BIAMOYMHKY, a JUIS
pobodoro gacy — Ginbme 0,7.

Inauxatop EML BUKOPHUCTOBY€THCS B
MixHapogHoMy  craHmapti WELL  Building  mis
BUMiproBaHHs BIUHBY cBitia Ha HCR B apxitekTypHHX
copynax [10]. EML BuMiproeTbcsi TIO BepTHUKaIl Ha
BHCOTI O4Yel KOpPUCTyBada i A PO3paxyHKy HEOOXiJTHO
NOMHOXHTH  3HaueHHs1  ocBimieHocti  (lux)  Ha
MEJIaHOIYHNN KOe]imieHT Id OTpPUMaHHS 3HA4YCHHS
OCBITJICHHOCTI B E€KBIBaJICHTHHX MEJAHOIIYHUX JIIOKCaX
[8]. Immmkatop ypaxoBye uisi OaXaHOTO CIIEKTpa CBITIIA
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OLIIHKY BIUIUBY KOXXHOTO 3 I’ATH ()OTOpELEenTopiB
B OIIi JIFOJTUHU.

PexoMennoBaHo BUTpuMyBaTH 3HaueHHi1 EML
BHOYI Ta TiJg 4Yac BigNOYMHKY MeHmmM 3a 50
CKBIBaJICHTHUX MEJAHOMIYHUX JIFOKCIB, a BJICHb OUIBIIAM
3a 200 exBiBaJIEHTHUX MEJTAHOIIYHHX JIFOKCIB.

BB cBiTma Ha a3y IUPKAgHOTO PUTMY
MENIATOHIHY OIIUCYEThCS KPHBOIO (Pa30BOi  BimMOBifi
(PRC), mo Bkazye Ha BENMYHWHY Ta HAMpPSIMOK (a30BOTO
3cyBy [11].

VY nmocmimkensi mupkagaoro putmy PRC imoctpye
3B’S30K MDK CTHMYJIOM, TaKMM $K BIUIUB CBITIA, I
BIJITIOBIZIF0O — 3CYBOM IIMPKATHOTO PUTMY (3CyB (aswu).
3cyB ¢asu y HCR o3Hauae, mo uvac 3acHHAHHS Ta
NpoOyIDKEHHSI TepeMICTAThCSL  paHilue  (BHIIEpeKEeHHs
(a3u) abo nizuime (3arpumka dasm) [11].

PRC 3a3Bu4aii BUKOPHCTOBYETHCS IIPU BUBUYCHHI
XpOHOO10MOTIi A1 BHUSBJICHHS BIUTUBY Di3HHX (DaKkTOpiB
HaBKOJMILIHBOTO cepenopuma Ha neBHud HCR. lle
(hyHIaMEHTAIEHUN XPOHOOIONOTIUYHMA 1HCTPYMEHT IS
BUBYCHHS IIUPKAJTHUX JricOanaHciB ToauHu [12].

[agukaTtopu BIUIMBY OCBITICHHS [JAlOTh 3MOTY
BUAUTUTH HAHOUIBII CYTTEBI BIHOCHHU MiX (pakTOpaMu
BruuBy cBitia Ha HCR.

Merta Ta 3a5a4i A0CTiIKEeHHS

JIromuHO-0pi€eHTOBAHI CHCTEMH PO3yMHOTO
ocitnenHs mnpumimenas (HCL) e CHUCTEMH
OCBITJICHHs, PO3po0JeH]l Uil MOKpameHHs KomdopTy i
3nopoB'st moanau. HCL cuctemn BpaxoByIOTh GionoriuHi
notpedu moxaunHu, Bianosizno HCR, 1 3a0e3neuyroTs
OCBITJICHHSI BIJIMOBIZIHO JI0 PUTMY JIHS Ta HOUI.

HCL wmoxyte BmnuBatd Ha HCR, 3MiHO0OUM
CIEKTPAJIbHUI CKJIaJl CBIiTJIa, IHTEHCUBHICTh 1 TPUBAIICTh
ocBiTineHHs. OcHoBHI (akropu BrMBY cBiTia Ha HCR
BKJIIOYAIOTh TaKe:

1) idTeHcuBHiCTH cBiTaa BumBae Ha HCR [5,
13]. HCL pery:mroe iHTEHCHBHICTH CBiTJIA B TPHUMIIICHHI
BIJIMIOBITHO 70 4Yacy OHS (HOYi) Ta aKTUBHOCTI JIFOJMHH.
SckpaBe cBiTIO MOXe  30yMKyBaTH  TIOAWHY i
miABUIYBaTH ii 0aabOPICTh, TOJI K MPHUIIYIICHE CBITIO
BBEUEpi MOXKE 3aCHOKOIOBATH 1 JloroMaraTu 3acHyTu. Jlis
BU3HAYCHHS  DPIBHA  IHTEHCMBHOCTI  CBiTia  Tpeba
BpaxoBYBaTH pi3HI (akTOpu BIUIMBY, Taki sIK BiK, CTaH
3/I0pPOB'A Ta 1HAWBIAyaIbHI TOTPEOH JIIOIUHY;

2) CHeKTpanbHUH CKJIAJ CBITJa ONUCYETHCS
pI3HMMH JOBXMHAMH XBWJIb, HPUCYTHIX Y CBITI, IIO
najgae Ha mnpeamer ocBiTieHHs. HCR 3amexuts Bin
CIEKTPAIGHOTO CKJIaay CBITIA, [0 OTOYYE JIIOJUHY
OpOTSATOM JHS Ta BigUNOBITHO MO0 4acy nHsA [14].
Hanpuknan, spanni HCL cucrema moxe 3abesnedyBaTH
OLIBII XOJOAHE Ta OUIBII CHHE CBITJIO, OO MiABHIIMTH
EHEpriio Ta MOKPALTUTH HACTPiH, a BBeUepi — OUIbII Terure
Ta XOBTYBaTe CBITJIO, MO0 JOIIOMOTTH 3aCHOKOITHCS Ta
miaroTyBatucs o cHy. KomipHa TemmepaTypa cCBiTia

BIITBOPIOE TPHUCYTHICTH PI3HUX KOJILOPIB Yy CIIEKTPI.
Buninsrote Tpu Kateropii KodipHOI TeMIepaTypH - Terle
ceitno (menme 3300 K), Oine HeiirpanbHe cBiTiO (Bin
3300 no 5300 K) i xononue 6ine critino (Bume 5300 K).
PisHi mKepena cBiTia MaTUMyTh Pi3HHH CHEKTpaJIbHUH
CKJIaJ i BiIOBiTHO Pi3HY KOJIHOPOBY TEMIIEPATYDPY;

3) rpuBamicts cBimia BrutmBae Ha HCR [5].
Sxmo mronuHa BUTpadyae OaraTto Yacy B IPUMIIIEHHI 3i
OITY9HAM  OCBITJICHHSM IIi3HO BBeUYepi, I MOXKe
mopymutu HCR Ta mpmsBectn 10 mpobieMm 3i cHOM. 3a
mormomororo HCL  cucreMr MOXHa  HaNalITyBaTH
TPUBAJICTh CBITJa B MPHUMIIICHHI BiIMOBITHO IO Yacy JHS
Ta MOTped KOPUCTYBAYa;

4) HCL cucreMa MOJXKE 3a0e3MCUUTH
BUKOPHCTAHHS PI3HUX PEXKUMIB CBITJIA ISl PI3HUX TOJAWH
JIHS - pPEeXUM poOOTH TIpH 3HAYHIM IHTEHCHBHOCTI
poTsAroM po0OoYOoro AHS i PEKHM BIIIOYMHKY, KOJIH
CBITJIO 3MEHILYETHCA 1 INIABHO BUMUKAETHCS BBEUEPi;

5) HCL cucrema mMae OyTH HEepPCOHATI30BAHOI).
VYpaxyBaHHS IHIMBITyaJdbHHX BIIACTHBOCTCH JIFOJHHU
3a0e3neuyeThes ananTuBHUM XapakrepoM HCL cucremu;

6) MOXJIMBICTH BHOOpPY pI3HHX HaNalTyBaHb
OCBITJICHHS, TaKMX SK IHTCHCHBHICTh CBITJIa, KOJIpHA
TeMIeparypa, Ppi3Hi JoKepela CBITJIA, 30HAJIBHICTH
OCBITJICHHS, TPUBAIICTh MPHUPOJHOTO Ta ILITYYHOTO
OCBITJIEHHs1 — IIe 0a30Bi (akTOpH BILIMBY Ha KOM(OpPTHE
JUIs  JIFOMMHU  OCBITJICHHS. AJANTHUBHICTH  CHCTEMHU
nocsraeTbest  HajamtyBaHHsmMu  HCL  cuctemu st

IHIUBIyaTbHOTO KOPUCTYyBada IILIAXOM HAKOIMYCHHS
manx 1 aHamizy 3acobamu AloT. IlepconameHi maHi
BIOI00AHh KOPUCTYBada, OCOOWCTI TOTpeOH, pUTMHU
aKTHBHOCTI Ta BIJIIOYMHKY, 3aJIE)KHO BiJl BIACHUX BHUMOT
KOpUCTyBa4a € KOPHUCHHMH JUIi aHali3y Cy4acHUMH
METOJaMM INTYYHOTrO iHTenekry. Hampukman, skmo
JIIOJMHA TPAIfoe BHOYI 1 cnuTh BaeHb, To HCL cuctema
MOE€ HAJIAIITYBaTHUCS HA 3HWKEHY IHTEHCHUBHICTb CBITIIA
BJICHb 1 MIABUINCHY BHOYI. Ajanraifiss a0 m1OTped
KOPHCTYBadiB TaKOXX MOXKE BKIIOYATH aHalli3 pPy4YHOTO
BTpYYaHHS KOPHUCTyBaya B KEpyBaHHS CBITJIOM 3a
JIONIOMOTOl0  JIOJaTKiB  Ha cMapThoHax abo IHIIHMX
MIPUCTPOSIX, IO JAf0Th 3MOTY KOPHCTyBauyaM 3MiHIOBATH
HaJlaIITyBaHHS CBITJIA B Oy/1b-SIKMIA MOMEHT;

7) HCL cucrema BHKOHYE  aBTOMaTH4YHE
pearyBaHHS Ha TPHCYTHICTH JIFOIWHH 32 JIONIOMOT'OIO
JaTYNKiB pyXy B TpPHUMIIIEHHI Ta pEryJioe piBEHb
OCBITJIEHHSI BIATIOBIIHO JIO 30pPOBHX pOOIT JIIOIWHMU.
Hanpuknan, sKIIO — JaT4vKkd — BHSBJIATH  pyX — abo
MIPUCYTHICTh JIIOAWHU B TPHUMIIIEHHI BBeuepi abo BHOUI,
crcTeMa MOKE aBTOMATHYHO BCTAaHOBUTH DPIBEHb CBITIa
JUIS CTBOPEHHS OiTbII TeMHOI atMocdepu. 3 iHmoro 00Ky,
BpaHii a0o0 BIEHb, KOJW aKTHUBHICTh JIIOAWMHH B
MIPUMINICHH] OLTBIN OYiKyBaHa, CHCTEMa MOXKE IiIBHIIUTH
piBeHb CBITHA JUIA CTUMYJIOBaHHS OiJbII EHEpriiHOi
atMoctepu.  YpaxyBaHHA  HAsBHOCTI  JIIOJUHU B
MIPUMILIEHH] Ta XapakTepy 30poBoi poOOTH JIOAWHU He
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8)  TiABKK MATPUMYE TPHUPOTHHN PHUTM KHUTTS,
ane 1 3a0e3meuye eneproedextrHicts HCL cuctemu;

9) HCL cucrema BpaxoBy€ BIUIUB 3MiHH
30BHINIHIX CBITJIOBUX YMOB 3aJIe)KHO BiJ 4acy 100U Ta
CE30Hy pOKy, IO Ja€ 3MOr'Yy 3MEHIIUTH BHUTpaTH Ha
ocBiTineHHsA. Hampukianm, B3WMKy, KONIH JHI CTalOTh
KOPOTLINMH, CHCTEMa OCBITJIICHHS MOXE aBTOMAaTHYHO
30UIBPIIYBaTH piBE€Hh HITYYHOTO CBITJIA B TPHMIIOICHHI
BpaHIli 1Jisl 3a0e3neueHHs OUTbII0l aKTUBHOCTI JIFOIUHH. Y
BEUipHiil 9ac, KONH 30BHIITHE OCBITJICHHS CTa€ CIaOKHM,
BUOiIp cucTeMH MoOXke OyTH pi3HHM — abo0 3MEHIIyBaTd
PIBEHBb OCBITJIEHHSI, OO 3MEHIINTH HaBaHTAXEHHS HA OYi
Ta JIONMIOMOTITH PpO3CIa0JIEHHIO JIOJMHHU, a0o, HaBIIaKH,
30UIBIINTH PIBEHb CBIiTJIA B NPUMILICHH] BiANOBITHO 10
MEPCOHATI30BAaHOTO TUIAHY OCBITJICHHS.

CyuacHmii cran mocmimkenns 3miH HCR i
crBoperHss HCL cucreM BHUKOPHCTOBYIOTH Di3HI MigXOJH
Ta  MOAEN  KepyBaHHA  OCBITJICHHSAM  (HEYiTKa
kinacu(ikamis, HeEUiTKa CHCTeMa KepyBaHHS, METOIU
MalIMHHOTO HaBuYaHH:A) [15-17], ame mi cucTeMu IOBOMI
(parMeHTapHO OMHCaHI B JDKepenmax. Y  CTarTi
MPOIOHYEThCS KoHUenTyansHa monens HCL cucrtemy,
noOysoBaHa Ha HEYITKIH Mozenmi  30ajJaHCOBAaHOTO
[UPKATHOTO PUTMY JIFOAWHHU.

OCHOBHA YacTHHA

Konuenrtyanena monens HCL cucremu BIUIMBY
JFOTMHO-OPIEHTOBAaHOI CHCTEMH PO3YMHOTO OCBITICHHS
npuminieHHss Ha HCR monana Ha puc. 2 3a I0OMOMOTOO
UML niarpamu BapiantiB Bukopuctanus (Use Cases).

Axktop (User) €  KOpUCTyBaueM  IIIOJHMHO-
OpIEHTOBAHOT CUCTEMHU.

KepyBaHHsl cucTeMOr0 MoXe BigOyBaTHCs 3a
JIOTIOMOTOI0 MOOUIBHOTO J0/aTKa, W0 Mepelae NaHi y
NPUBATHY XMapy.

XMapa MICTUTP YOTHPH JOJATKOBI  MOZIYIi
KepyBaHHs, OKpIM MOJIyJs OCBITJICHHS, a caMe€ MOJIyJb
eneproedextuBHoCcTi (Energy efficiency module) — 3a
JIOTIOMOT'0I0 JIaTYNKIB MIPUCYTHOCTI JIIOIMHA
BMHKAHHSI/BUMUKAHHS CHUCTEMHM OCBITJICHHS; MOJIYJb
JaHux Tnpo HaBkomumHid cBiT (Environmental data
module) — 3a JOMOMOrOI0 JATYMKIB TEMIIEPATYPH,
BOJIOTOCTi, @ TaKOX JaHHX PO MOroay Ta IMOpY POKY,
pEryJIIOBaHHS INTYYHOIO OCBITJIEHHS 3 YpaxyBaHHSIM
KUTBKOCTI TPUPOJHOTO CBiTIIa; MOAYJb JaHUX TPO
xopuctypayda (User data module) — Bik, crate Ta iHIui AaHi
Ipo KOpHCTyBada, HeoOXxigHi mis nepconamizanii HCL
CHCTEMH; MOJIyYJb JaHuX npo coH (Sleep data module) —
SKICTh 1 Pe)KUM CHY KOpPUCTYyBaua.

VYci Moyt MalOTh BIUIMB Ha aBTOMAaTHYHUH PEXUM
po0OTH  KOHIENTy  HEPCOHATI30BAaHOTO  PO3KIanLy
ocBiTienHs:  (Personalized Lighting Schedule), o
BKJIIOYA€  KOHLENT  Perysiiii  LIUPKajHOTO  PUTMY
(Circadian Rhythm Regulation). Circadian Rhythm
Regulation € kmogoBum kounentoM HCL cucremu mist

npasuwibHOro BrumBy Ha HCR i, sik Hacnminok, 3710poB’s,
HACTPIiH 1 CAMOTIOYYTTS JIFOMHU.

Jus 30anancyBanHs 1wmpkagHoro putmy HCL
cUCTeMa Ma€ MiATPUMYBaTH LWKJI JEHHOI Ta HI4HO{
aKTMBHOCTI KOPHCTyBada: IIATpUMKa HecmaHHs abo
6ampopocti (Wakefulness Promotion) - cropusaHS
mpoOyKeHHI0O Ta MHIBHOCTI; minTpumka cHy (Sleep
Promotion) — miaroToBka /1o cHy i 6e3mocepeIHBO COH.

3anexxHO Big dYacy JOOM BHAUICHO YOTHPHU
KOHIICTITH OCBITJIeHHS: paHKoBe (Morning lighting), nenne
(Daylighting), Bedipre (Evening lighting) i miune (Night
lighting). VYpanui Ta BaeHb CBiTIIO Mae OyTH OLIBII
sICKpaBe Ta XOJOJHE. YBedepi cBimIO Mae OyTH OUIbII
TBMSIHE 1 TEIUle, a BHOYI Jayke ciabke abo B3araii
BIZICYyTHE.

KoxHuii KOHIIENT BUIY OCBITJICHHS BKIIOYAE TaKi
KOHIICTITH, SIK CIEKTpadbHHMi CcKkiaan cBiTia (Spectral
composition of light), inTrercuBHicTh cBiTna (Light
intensity) i TpuBamicts ocBitienHs (Lighting duration) mms
KepyBaHHS NapaMeTpaMH OCBITIICHHA y TpUMIIIeHHI (Ha

puc. 2 KOHUCNTH KEpyBaHHA BHUIUICHI POXKEBUM
KOJIEOPOM).

Takox ocHoBHuii konuent Personalized Lighting
Schedule BkjIrOYae CTaTUCTWYHI JaHi MPO  3MiHY

HalamTyBaHb KopucTyBauem (Statistics about settings by
the user), 10 SIKOro BXOIATH KOHLENTH CIEKTPAIHLHOTO
ckiany cBitia  (Spectral composition of  light),
inreHcuBHocTi  cBiTna (Light intensity) 3a rmuanom
TPUBAJIOCTI OCBITJIIEHHS Ha HACTYNHY H00y (s
TepcoHai3amii CHCTEMH).
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Puc. 2. diarpama BapiaHTiB BukopucTanHs cuctemun HCL

HCL 3a KidbKiCTIO 1 B3a€MHHM BILUTHBOM
KOHLIENTIB € CKIIaJHOI JHMHAMIYHOI CHCTEMOIO, IO MAaE
JUKepesia HeBU3HAYEHOCTI TapaMeTpiB:

1) pesysbrar pobGoTu CUCTEMH Mae
3aJI0BOJIBHATH KOPHCTYyBaua 3 TOYKH 30py KOM(OpPTHOCTI
CHCTEeMH  OCBITJIEHHS. BusHaueHHs  KOM(OPTHOCTI
CHCTEMH MOXe OyTH COpMOBaHE SK EKCIEePTHE 3HAHHS
(HediTKa 3MiHHA «KOM(OPTHICTHY);

2) B3aeMHHIl HeJIHIMHUN  BIUIMB  Oararbox
(akropiB BBy ocBitineHHs Ha HCR poOuth cucremy
KEepyBaHHS CKJAIHOIO, IO € JOAATKOBUM JIKEPEIOM
HEBH3HAYEHOCTI;

3) immuBigyanbHAa YYTIMBICTH  JIIOAMHH [0
rapameTpiB CHUCTEMH OCBITICHHS Moxe OyTH OIlliHeHa
€KCIIepTOM 1 HOCUTh HEUITKHI XapakTep;

4)  pesynbraTd BHUMIipIOBaHHS nmapameTpiB
OCBITJICHHSI MalOTh HEBH3HAYCHICTH 33 PAaXyHOK MOXHOKH
BHUMIpIOBAaHHS;

5) imgukatopu BmmBYy ocBitienHs Ha HCR
nmoOyoBaHi  JOCTHiAHMKAMH  E€KCIEPUMEHTAIBHO  Ta
31eOUIBIIOT0  CITMPAIOTBCS HAa  BU3HAYEHHS  PIBHA
MEJIATOHIHY B KpOBI JIIOJMHHU, [0 HE MOXe OyTH
NMoBCsIKAeHHO — mpaktukoro ans  HCL  cucremn.

[pupoaHo, MmO Taki MOKAa3HUKH MAIOTh OyTH TMONaHi SK
HEYiTKi 3MiHHI.

Hanpuknan, iHIUKaTop BIUIUBY OCBITJIEHHSI «KpUBa
¢dasosoi Bimmosimi (PRC)» mae Oyru momana B HCL
CHCTEMI SIK HEUiTKa 3MiHHAa «3CYB IUPKATHOTO DPUTMY)
(Shift of the Circadian Rhythm, SCR).

Ha puc. 3 300paxeHa HediTKa JIHTBICTHYHA 3MIHHA
3 TppOMa TEPMaMU — HEBEIHKHUH, CEepeaHiil 1 BenuKuii
3cyBu (Low, Middle, High).

Ockinbku B KOKHOTO cy0’ekra (kopuctyBaya HCL
CHCTEMH) KaJeHIapHa 100a MOIUIIEThCS YMOBHO Ha
CyO’€KTUBHUIA JICHP 1 HiY TPUBATICTIO KOKHA IO 12 roauH,
To BHIIepe/pKeHHs 30amancosanoro HCR — me moctymose
3MIIICHHS THS Ha Hi4. BunepemkeHHs 30aJlaHCOBAHOTO
HCR B 10 roauH i BHIe € KpUTHYHUM, OO B KOPUCTyBada
MaiKe ITOBHICTIO ITOMIHSUTHCS MICIIMH I€Hb 1 Hid. Take
BiIXHUJICHHS notpedye HeraitHoro KOpETyBaHHS.
Bimxunenns takoro Tumy BimoOpakeHo B Tepmi High.
Bigxunenns HCR y mexax ofHiei roguau B OiK 3aTpUMKH
a00 BUITEpeKEHHS TIOPIBHAHO 31 30aJaHCOBAaHUM CTaHOM
OCBITJICHHS HE € KpUTHYHHM 1 MOXE CaMOCTIHHO
KOperyBaTHcsi BHYTPIIIHIM OlOJOTIYHUM T'OAMHHUKOM
MPOTSTOM JIEKIIBKOX AHIB. Take BIIXWJICHHS HAJCKUTH J0
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HU3BKOTO 1 BioOpaxxeHo B Tepmi Low. 3aTpumka
HCR Ha Tpu-’sTh rOJMH MOPIBHSHO 31 30ajlaHCOBAaHUM
HaJiexuTh 10 Tepmy Middle i € cepeaHiM BIIXWIICHHSM,

OCKUTPKM TakKWi 3CyB HE Ma€ MHTTEBHX HACIHIIKIB, a
MPU3BOINTH JI0 HAKOMMYYBAHOT Jii HA OpPTaHi3M Cy0 €KTa.

Membership Function Editor: Factor = 0 X
File Edit View
FIS Variables Membership function plots  Plot points: 181
_ middle low high |
200 VXN -
SCR output1

/

1=}

input variable “SCR"

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

Name SCR Name | high

Type input Type l trapmf j
Params | [0101214]

Range [1212]

Display Range [1212] Help | Close |

Puc. 3. Heuitka 3MiHHa «3CyB LppKaaHoro putmMy» (Matlab 6.1)

BucHoBkH

[upkagHuil pUTM JIOJUHM SIK MOJIENb CKJIAJHHUX
B32€EMOBI/THOCHH CTaHy JIIOAMHHM Ta OTOYEHHs IOTpedye
MOAAJBIINX JIOCTI/DKEHb JUIS CTBOPEHHS KOM(OPTHOTO
JUIL  JIOMUHMA  PO3yMHOTO  OyamHKYy. OCBITICHHS €
HaiOibm BaromMuMm Qakropom BrumBy Ha HCR, a
CTBOPEHHSI JIIOJIMHO-OPIEHTOBAaHUX CHUCTEM PO3YMHOTO
OCBITJICHHSI ~ MNpUMIllEeHHs  1oTpedye  BpaxyBaHHs
BCTaHOBJIEHUX (akTopis BBy Ha HCR.

VY craTTi cucTeMaTH30BaHi SK 3araibHi (hakTopH
BruiuBy Ha HCR, Tak i ¢akrtopu BIUIMBY OCBITIICHHS Ha
HCR, npoananizoBaHi iHIWKAaTOPH BIUIMBY OCBITICHHS,
oOrpyHTOBaHa HeoOXinHicTh cTBOopeHHss HCL cuctemu Ha

OCHOBI  HEYITKOIro MAXOoMy Ta  3alpOIOHOBaHA
KOHLENTyajlbHa MOJIEIb HCL CHUCTEMHU. 3a
BUKOPUCTAHHSIM Cy4YacHHX JIOCIIDKEHD BILIHBY

OCBITJICHHS 3aMpOTIOHOBaHA HEUiTKa JIIHTBICTUYHA 3MiHHA
JUISL ONMHUCY 3CYBY IHMPKATHOTO PUTMY IIiJI BILTHBOM
noapa3zaukiB HCR.

VY nmopaipmioMy IUTaHY€THCS CTBOPEHHS JTIHAMIYHOT
HEYITKOI Mojelli Ha ocHOBI momaHHs 3HaHb HCL cucrtemu
y BUTJISIII HEUITKUX 3MIHHUX Ta Omepaliii HaJ HEYiITKUMHU
3MIHHHMMH.
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IHOPOPMALUIMHO-KEPYIOUI CUCTEMMU HA 3AJII3BHUYHOMY TPAHCIIOPTI

YK 004.81:004.383.8

KAPI'IH A. O., a.1.1., npodecop,
CUIIH €. JI., aciipant
(YkpalHChKHii Iep>KaBHUM YHIBEPCUTET 3aJ113HUYHOTO TPAHCIIOPTY)

Komm’roTepHi  ekcmepuMeHTM 3  MOAEUIK0 KOTHITHBHOIO  CHPMAHATTS
ABTOHOMHOI iHTeJIEKTYaJbHOI 0€3MiJIOTHOI CHCTEeMH: BIUIMB CTAPiHHSA JAHUX BijJ
CEHCOPiB HAa BIICBHEHICTH OLiHIOBAHHSA CUTYaUIl IPH NPUAHATTI pilleHb

Iompeba 6 6invw dockonanux desninomuux cucmemax (bC) niompumyemocs menoenyiamu po3eumky ceimosoco
cycninocmea. Llmyunui inmenexm (L) eidiepae easciugy ponv y niompumyi HeoOXionozo piens asmonomii BC.
Pospoonuxu BC 3 niompumxoro LI 30cepedocyromvcs Ha cmeopenti mpemvoco nokoninus LI wo eiouyeae (LLIB), ons
asmonomuux inmenekmyaroiux BC (AIBC). Oowuicto 3i cknadosux apximexmypu LIIB € cucmema KoeHImMUeHo20
CNpUUHAMmMS, KA 00JAE PO3PUE MIdC 080MA NAPAOUSMAMU «OAHI 8I0 OAMUUKI®» I «NPUPOOHI CLO8A», WO OVI0 1 €
0CHOBHOIW npobremoio ons pozeopmants AIBC. YV cmammi posensioacmocs aneopumm, peanizosanuti Ha 6aszi mooerni
KOSHIMUBHO20 CHpuliHamms. Aneopumm UKOHYE OUCMUNAYIIO CEeHCY OaHux 6i0 O0amuukxie WIAXOM OOYUCTeHHS
BHYMPIUHLO020 CEHCY CNI08A HA OCHOBI 308HIUIHbLO2O CceHcy 3HaHb. Hasedeno gopmanvhi mooeni noOaHHsa 308HIUHBLOCO
Cency 3HaHb, 3ACMOCO8YBAHUX NPU OUCMUNAYIL, aneopumm O0OpOOKU, Pe3VIbIamu KoMn 10MmepHux i HaAmypHux
excnepumenmie, y axux ax AIBC suxopucmarnuii KOIICHUL CKIAOCLKUL poOOM.

Kniwowuosi cnosa: wimyunui inmenekm, wjo 6i04y6ac, KOSHIMUGHE CHPUUHAMMS, ABMOHOMHA [HMENeKMYdlbHd
be3ninomna cucmema, OUCIUNAYIA CEHCY.

Beryn AaBTOHOMHICTb ~ NPUHHATTA  pilleHb B yMOBax

HEBM3HAYEHOCTI Ta HEIpyKHbOMY oOTo4eHHi [7-9].

BUKODHCTOBYIOTh CEpBIiCH i IIOCHYTH iHTGPHETY pedcii Ta  SAIPOTIOHOBAHO MPOEKT HpOTOTHAITY IIB, apxiTextypy Ta
aBTOHOMHHX Gesminmotaux cucreM (BC) 3i mryunmm MOACID [6, 7]. Ommiero 3  oCHOBHHX KOMIOHEHT
inTenextom [1-3]. Tlotpeba 6impmr mockonamux BC — aPXITEKTYpH IIIB e cucremMa CHPHIZH’[TT_”» o peansye
MiATPUMY€ETBCSL  TEHIOCHIIAMH  PO3BHTKY  cBiTOBOro  1aKy KOTHITHBHY (yHKL{O, AK AMCTHIIALLs CEHCY NIaHuX
comiymy. BiiickkoBa cdepa, posymmi Mmicta i posymmi BIA CEHCOPIB [7]. s crarTs mpucBsdeHa JIOCIH/PKEHHIO
MallMHY, IPOMHCIIOB] Ge3II0IHI CHCTeMH, 1o 3BimbHsAoT, MOACI KOrHiTHBHOrO crpuiinarts (KC) ta oprauizanii
JIOJIMHY BiJI BUKOHAHHS PyTHHHHX onepawiif abo Qymxuii ~CHCTCMH KC  AIBC,  obrosoproioThes — pesysbTaTh
B yMOBax, He0e3NmeyHHX il OKATTS 1 310po's, KOMITIOTCPHHUX CKCICPUMCHTIB INONO BIUIMBY CTAapIHHA
NOPOIKYIOTH TIOTHT, IO 3pOCTae, Ha iHTeneKkTyanpni BC —AAHHX Bill CCHCODIB Ha OLIHIOBAHH: CHTYALLii 32 KpHTEpieM

ChOroziHi B TOBCSKICHHOMY JKUTTI JIFOJU HIMPOKO

[1, 4] BIIEBHEHOCTI.
, 4].
Hes3Baxkaroun Ha TiraHTChKHI Mporpec y ramysi
crBopenns BC [5, 6], 3a0e3medyenHs HEOOXiJHOTO piBH:A O0rosopeHHs NpodsieMH.
IXHBOT ABTOHOMHOCTI 3AIAIIAETHCSA aKTyaJIbHUM VY pobori [7] moka3zaHO, MO0 apceHaN MiAXOMIB i

3apmaHHsM [7]. BaxknmBy poms y BupimieHHI mporo wmogeneid LI, mo MoxyTe OyTH amanToBaHi UIS
3apnanHs Bigirpae LI. Ceoronni 3aTpeOyBaHi HOBi MOZIETI  BHpIIICHHS 3aBIaHHA JTUCTHIANIL CEHCY MJaHUX BiJ
I, mo cremiagpHO PO3BHBAIOTHCSA Ta amanToBaHi ams  npataukiB AIBC, moxnHa mnomumaTé Ha aBi rpynm: 1)
AIBC [8, 9]. Y HayKoBiif rpoMaachKOCTi OOTOBOPIOETECSI  OpieHTOBaHI Ha OOpOOKy MJaHMX BiA JaT4WKiB; 2)
MoxJymBicTh cTBopeHHs st AIBC  3aramsHoro II  opieHTOBaHI Ha 0OPOOKY 3HAHb.

TPETHOTO TOKOJIIHHS, SKuil ypaxoBye ocobmuBocti BC i

Ma€  KOTHITHBHI  3mi0HOCTI, 10  MATPUMYIOTH

© KAPI'TH A. O., CLJIIH €. JI. 2023

19 IKC3T, 2023 Ne3




IHOPOPMAILUINHO-KEPYIOUI CUCTEMMU HA 3AJIIBHUYHOMY TPAHCIIOPTI

[Nepia rpyna BKIIOYAE MiAXOAN 3IUTTS AaHUX Bil
CeHCOpIB (IHTENEKTyaIIbHUI aHaji3, BWIyYeHHs 3HaHb i3
MOTOKIB JaHWX, arperamis pi3HOpimHux gaHux [8]) i
JUCTWJIALII0 3HAHb, MOJAaHI B CUMBOJBHOMY BHIJISIIL [9].
i wmomenmi MoXxyTe OyTH BHKOpPHCTaHI Ha eTamax
MEepBUHHOI OOpPOOKM JaHWX, aje BOHH HE BHUPINIYIOTh
3aBJAaHHS  BWIYYEHHS 3MICTYy IPOCTOPOBO-4acOBOTO
Ha0Opy HaHWX Bin ceHCOpiB. 3 IIi€l )X MPUIMHHA BAKKO
BUKOPHCTOBYBAaTH «YHCTI» MOZENI IITYYHHX HEHPOHHUX
MepexX UL TOAATKIB, 10 sKuX HajnexuTs AIBC.

Iligxig 11 Ha OCHOBI 3HAHB, BITOMHUI K CUCTEMHU,
3acHOBaHi Ha mpaBwiax [10], mae 3mory peanizoByBaTu
3aBJaHHs TPUHUHATTS PIlIeHb 3 ypaxyBaHHSIM OUIBbIIOCTI
BUILE3a3HAYCHUX OCOONMBOCTEH. [IpUHHATTS pilieHp y
pOOOTOTEXHIll, IHTEPHETI peueil, PO3yMHHX MalInHaX
3OIMCHIOETBCS HAa OCHOBI  MOJEJIEM BUBEACHHS 34
npaswiaMu [11]. BoHuM mMpPOKO BUKOPHUCTOBYIOTBHCS Yy
BOY/IOBaHUX CHCTEMax peajbHOTrO0 Yacy, OJHAK MmpobsiemMa
y3araJbHEHHS [aHMX 3aJHMIIAETHCS aKTyanbHOI. Ha
OCHOBI HaBeJIEHOTO aHaTi3y B poOoTi [12] 3ampomoHoBaHO
3aBJAaHHS TUCTHIALI] CEHCy NaHWX BUPIMINTH Ha OCHOBI
MiIX0My TpaHYJSIpHUX OOYMCICHb 1 KOHLENTYaJIbHOT
momeni L. Zadeh Computing with Words [13]. Cxema
00poOku  iHpopmamii B cucremi KC AIBC i3
3aCTOCYBaHHSM 1IbOTO MiAxoay Taka. JlaHi Bin ceHCOpiB
micis monepeaHsoi 00poOku rpanyiroThCs. Ha Buxoxi
Onoka rpaHyysUil JaHi MoJaHi Ha MHOXKHHI BCIX TpaHyJ
HEUITKUMHU XapakTepucTukamu. Jlami OJOK IuCTHIIALii
CEHCY JlaHMX Y3arajbHIOE Ta abcTparye JlaHi Ha OCHOBI
3HaHb NpeaMeTHOI cdepu, mogaHi excrepTaMu BepOaIbHO

<N, know, {<M,, (a,b,v.,0,)> VM. e Q. }>

N — izenTudikarop I'3;
know — 3HaKoBa MoJielb IPaHyIIN;

e

y BHUIJIIII CEHCy ciiB mpupojaHoi MoBH. Ha Buxoni Gnoka
JUCTWIALT — OIIHIOBaHHS HAOOpy JMaHUX y BUIJIII
HEBEJIMKOT KiJIbKOCTI YMCIEHHUX HEUITKHX XapaKTepHUCTHK
CeHCy cHTyauii B 1iiomy. Jlami HeWiTKi XapaKTepHCTHKH
CEHCY CHUTyalii BUKOPHCTOBYIOTHCS SK BXiJHI YHUCICHHHUX
3MIHHHUX aJTOPUTMIB HEYITKOTO JIOTi9HOTO BHCHOBKY B
AIBC. Ha Buxomi mporo OJ0Ka 4YWHCENbHI 3HAYECHHS
KepYIOUNX CHTHAJiB TEpeAaloThCs HAa  BHKOHABYI
MexaHi3mMu (aktyatopu) AIBC i1 peami3yroTecs pi3HHUMHU
KOHTpOJIEpaMH.

VY wiif cTaTTi pO3MIAIAITHCS ATOPUTM TUCTHIISIIT
ceHCy maHux Big ceHcopiB y cucremi KC AIBC,
pe3yJibTaTd  3aCTOCYBaHHS ~ LbOI'O  QJITOPUTMY B
KOMI'IOTEPHHUX CKCICPUMEHTaX 3 METOI JICMOHCTpAIlii
CYTTEBOT'O CKOPOYEHHSI PO3MIPHOCTI 3aBJaHHs YIPaBIiHHS
3a PaxyHOK JAUCTUIIALIT CEHCY BEJIMKOTr0 HaObOpy JaHuX Bij
CCHCOpPIB 1 MOJKJIMBOCTI BHKOPHCTaHHA IUCTHIATY SIK
BXIJHUX 3MIHHHUX HEUITKOTO JoridHoro BuBencHus (HJIB)
it ynpaeninas B AIBC. HasemeHo pesymeTatu
KOMI'TOTePHHUX EKCIICPUMEHTIB, o MOKa3yIOTh
3aJICKHICTh BIIEBHEHOCTI OIIIHIOBAHHSA CHUTyamii MpH
npuiisaTTi  pimeds AIBC  Big crapiHHA JaHUX BiX
CEHCOPIB.

Mojenb KOTHITUBHOrO CHPUHHATTS JaHUX Bij
cencopiB B AIBC.

EneMeHTapHOI0 TOpIi€I0 3HaHB MPO OTOYEHHS
AIBC € rpanyna 3Haup (I'3). Taka mopuis 3HaHb Mae
3oBHimHIK (3CI'3) i BHyTpimmHii cercu (BCI'3) [14].

®opmanbHe Bu3HaueHHs1 3CI'3 Mae BUIIIA

€]

Qn = {Mi}i=1, 2,...1 — MHOXUHH ['3, BHKOPHCTOBYBaHI AJIsl PO3KPUTTS CeHCy rpanyiu N;

M; — inenTudikatop I'3 HIKUOTO PiBHS a0CTpaKIIii.

VY Bupasi (1) BkazaHi mapaMmeTpu, IO YHCEIHLHO
OLIHIOIOTH: @; — BIIEBHEHICTh €KCIepTa B TOMY, IO
HOHATTS 1po Mi HEOOXIIHO JUIst PO3KPUTTS CEHCY TOHSTTS
N; bi — gacoBy 3aTpuMKy NpH BH3HAYCHHI THHAMIYHUX
BiTHOIICHB; Vi — MIBHIKICTh CTAapiHHA iH(OpMAIii oo
Mi, gi — iHpopMaliliHy TOBHOTY: YH JIOCTaTHLO 3HAHb IPO
I'3 M, o106 posymitu cere I'3 N.

Y 6a3i 3Hamp (B3) AIBC wmuoxuna I3
CTPYKTYpOBaHa, TpaHyJdd pO3TalloBaHi 3a pIBHAMH
abcrparyBanss [15]. Ha HmwkHROMY HymsoBOMY piBHI I3
JAlOTh BHU3HAYEHHS CEHCY JAaHUX BiJ  CEHCOPIB.

Hanpuknan, wva puc. 1, a mogano 3CI'3 y 3arampHOMY
BUIIAKYy 3a Jjomnomorow ¢yHkuii HewiTkoro Qakropa
BnesHeHocti (HOB) [14]. Ha puc. 1, 6 HaBeaeHO npukiaj
rpaHy/IIOBaHHS JaHWX BiJ CEHCOpa BIJCTaHI Ta IOJAHHS
nux gaHux ['3. Lo ceHCOpHY MONANBHICTh 300pakeHO SK
YOTUPU TPaHYJIH, IO OMUCYIOTh 3HAHHS IPO PYXOMHHU
00’€KT-TIEPEIIKOTY, SKUH MOXE 3HAXOMUTHCA YH B
MEPIIOMY CEKTOpi, Y IPYroMy, Yd TpeThoMy, abo Mae
MICIIe CUTYyaIlisi, KOJH B KOJIi JOCSKHOCTI CEHCOpa Hema
JKOJIHOI0 00’ €KTa.
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Puc. 1. I'padiuna imocTpanis susaaderns 3CI'3 HyIp0BOTO piBHS: a — 3arajJbHHUNA BUTILLA QYHKIIT HEUiTKOTO (hakTopa
BIIEBHEHOCTI [T OTHi€T TpaHyny; 6 — npukiian Bu3HadeHHs 3CI'3 MogampHOCTI ToKamizalist 00’ €KTiB HABKOJIO poOoTy

[omannst 3Hawp y Bunpigli  Bupasy (1)
NPOLUIIOCTPYEMO Ha NPUKIAAl CKJIaJCchKoro pobora (Ko-
6ora [7]), a came (parmMeHTa 3HAHb, HEOOXITHUX IS
0e3MeyHOro MepeTHHy HeperyJibOBaHOTO MEPeXpecTst A
MPOJIOBXKEHHS PyXy 3aJlaHIM MapLipyToM ckiaay. Ha puc.
2 HaBeleHa CHUTYyallisl, KOJM KO-00T Ha B'I3HIN nOpo3i
HepexpecTs CKaHye MOCIIIOBHO TpH iHIII MiA'{3HI AOpOTH
JUTS OIIIHFOBaHHA cuTyarii (HeOe3nmeuna um Oe3redHa it
BUKOHAHHSI MAHEBPY Ha IEPEXPECTi).

Puc. 2. [Ipuknanx ckaHyBaHHS CHUTYAIliil Ha IepexpecTi
LIUIIXIB

Mo/iesoBaHHs. Ta €KCIEPUMEHTH MPOBOIMINCS 3
MPOTOTHIIOM K0-0O0Ta, amapaTHe 3a0e3MeYeHHsS SKOTO
Oa3zyeTbcs Ha YOTHUPUKOJIICHOMY pobori 3
noBaompuBogauM tmaci Multi Chassis-4WD Robot Kit
ATV i wmikpokoHTponepom Arduino Mega, Habopom
Motor shield, ™omymem wi-fi esp8266, nmecsTbMa
iHppauepBOHUMH JaTuvKamu BinoOpaxeHHs ky-033 s
CIPUHHATTS PO3MITKM Ha MIiIJI03i, YJIbTPa3ByKOBUM
nmatraukom HC-SR04, BcTaHOBICHMM Ha ITOBOPOTHIH
wiatgopmi 3 cepBompuBogoM SG90, 1 nmaryukom

omomerpoMm H206 [16]. Curyanis HaBKoIO pobOTa mogaHa
SIK TpaHyJISIpHA MOJIC)Tb, MOOYI0OBaHA HA OCHOBI JTaHUX Bix
yIBTPa3BYKOBOTO ~ CEHCOpPa Ha  CEpBOIPUBOML, IO
BCTAHOBJIIOE HAIPSMOK 1 BHUMIPIOE MiCLE3HAXOKESHHS
00’exTa, 1IeHTH(]IKOBAHOTO CEHCOPOM, IIBHJIKICTH 1
HampsMOK pyxy. Ha puc. 2 Momens BimoOpakeHHs
MOTOYHOTO CTaHy OTOYEHHS KO-00Ta 3amporoHOBaHa Yy
BUTJLSIAI ABOMIpHOI mpocTopoBoi KapTtu. Ha pucyHKy
HaBEJCHO CIPOIIEHWH BapiaHT, KOJIM TPOCTip, IO
OXOIUTIOE  CEHCOp, po30MTHH HAa TPH  HANPAMKH.
Po3paxyHKn HeUiTKMX XapakTepHcTHK IrpanHyi 0-ro piBHS
TIPOBOAMIINCS. 3 MOJIEIUTIO 3 18 CEeKTOpiB 3 KyTOM OIIIsAmy
+15 °, moxuOkamMu BHMIPIOBaHHS BiJICTaHI CEHCOPOM =5
CM 1 TOYHICTIO MO3WI[IOHYBaHHS OBOPOTHOI ruiaTdopmu
+7°.

Busnayennss cency mmx [3 gaHoO Ha IXHIX
MpeIMEeTHUX IIKaiax, sK mokazaHo Ha puc. 1. Ha puc. 3
HaBeJleHO ¢parmeHT b3, mo gae Bu3HaueHHsS cuTyanii Ha
mepexpecTi nuiiXiB. ['paHynw 3HaHB MOMUICHI 3a PIBHAMHA
abctparyBaHHs. PiBeHbp yKka3aHWIl Tepmio MUPPOIO
inentudikaropa I3, wnampuknag 0.Speed Bkazye Ha
MPUHATICKHICTh CceHcopHOI MojanbHocTi Speed 0-my
piBato. Ilg mopiist 3HaHB Jae BU3HAYCHHA TPpbhoM [3 y
BHTIISAI TOHATH IIBUAKOCTI PyXy, a came OO0’e€KT He
pyxaetbest (StOp), pyxaerbest moBinbHO (SIOW), pyxaeTbes
mBuako (fast). Busnauennst 3CI'3 1ux rpaHyIt 3alaHo Ha
YHIBEpCYMi IIBHUAKOCTI PyXy, cM/C, mapameTrpamu (GyHKIii
HO®II, sx mokazano Ha puc. 1. Ha HymsoBoMy piBHI b3
JaHo Bm3HadeHHA 11 rpamymam. Ile wotmpm I3
mozanbHocTi 0.LOC 3 imentudikatopamu I3  1sector,
2sector, 3sector, mo AarTh BU3HAYCHHS, UM 3HAXOIUTHCS
00’€KT-TIepenIKoJia B nepuioMy, JApyromy abo TpeTbOMy
cekropi; Tpu I'3 stop, slow, fast momambhocTi 0.Speed
LIBUJKOCTI pyxy o6’ekrta i nBi '3 approached, removed
mojganbHocTi 0.DirMov, 1o BH3HAYar0Th, HAOIMKYETHCS
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yd BigmanseThest 06’ekT Bim ko-6ora, i Tpu I'3 left, forward, right momansrocTi 0.Direc.

1.

o

©ENO U AW

10.

11.

12.
13.
14.
15.

16.

17.

18.

19.

20.

21,

22,

23.

24,
25.
26.
27.

<3.EverywhereSafe, Everywhere safe, {<2.RSafe,(0.75,t,0.1,0.33)>, <2.LSafe,(0.75,t,0.1,0.33)>,
<2.FSafe,(0.75,t,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, t, 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, {<1.LSafel (0.75, t,0.1, 1.0)>, 1.LSafe2 (0.75, t, 0.1, 1.0)>};

<2.RSafe, Right safe, {<1.RSafel (0.75, t, 0.1, 1.0)>, 1.RSafe2 (0.75, t, 0.1, 1.0)>};

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

<2.LDang, Left safe, {<1.LDirecDangl (0.75, t, 0.1, 1.0)>, 1.LDirecDang2 (0.75, t, 0.1, 1.0)>};

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

<1.FSafel, Forward safe 1%-case, {<0.ObjectForward*0.Loc&1sector, (-0.75, t, 0.1, 0.33)>,
<0.0bjectForward*0.Loc&2sector, (-0.75, t, 0.1, 0.33)>, <0.0ObjectForward*0.Loc&3sector, (-0.75, t, 0.1, 0.33)>,
od

<1.LSafel, Left safe 1%-case, {<0.0ObjectLeft*0.Loc&1sector, (-0.75, t, 0.1, 0.33)>, <0.0ObjectLeft*0.Loc&2sector, (-
0.75, 1, 0.1, 0.33)>, <0.0ObjectLeft*0.Loc&3sector, (0.75, t, 0.1, 0.33)>}>;

<1.RSafel, Right safe 1t-case, {<0.0bjectRight*0.Loc&1sector, (-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, t, 0.1, 0.33)>}>;
<1.FSafe2, Forward safe 2%-case, {<0.0ObjectForward*0.DirMov&removed, (0.75, t, 0.1, 1.0)>};

<1.LSafe2, Left safe 2%-case, {<0.0ObjectLeft*0.DirMov&removed, (0.75, t, 0.1, 1.0)>};

<1.RSafe2, Right safe 2%-case, {<0.0ObjectRigh*0.DirMov&removed, (0.75, t, 0.1, 1.0)>};

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

<l.LDirecAlmSafe, Left direction almost safe, {<0.ObjectLeft*0.Loc&1sector, (-0.75, t, 0.1, 0.2)>,
<0.0ObjectLeft*0.Loc&2sector, (-0.75, t, 0.1, 0.2)>, <0.ObjectLeft*0.Loc&3sector, (0.75, t, 0.1, 0.2)>,
<0.0bjectLeft*0.DirMov&approached, (0.75, t, 0.1, 0.2)>, <0.0ObjectLeft*0.Speed&slow, (0.75, t, 0.1, 0.2)>}>;
<1.RDirecAlmSafe, Right direction almost safe, {<0.ObjectRight*0.Loc&1sector, (-0.75, t, 0.1, 0.2)>,
<0.0bjectRight*0.Loc&2sector, (-0.75, t, 0.1, 0.2)>, <0.ObjectRight*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, t, 0.1, 0.2)>}>;
<1.FDirecAlmDang, Forward direction almost dangerous, {<0.ObjectForward*0.Loc&1sector, (-0.75, t, 0.1,
0.25)>, <0.0bjectForward*0.Loc&2sector, (0.75, t, 0.1, 0.25)>, <0.0ObjectForward*0.DirMov&approached, (0.75,
t, 0.1, 0.25)>, <0.0ObjectForward*0.Speed&slow, (0.75, t, 0.1, 0.25)>}>;

<1.LDirecAlmDang, Left direction almost dangerous, {<0.ObjectLeft*0.Loc&1sector, (-0.75, t, 0.1, 0.25)>,
<0.0ObjectLeft*0.Loc&2sector, (0.75, t, 0.1, 0.25)>, <0.0ObjectLeft*0.DirMov&approached, (0.75, t, 0.1, 0.25)>,
<0.0ObjectForward*0.Speed&slow, (0.75, t, 0.1, 0.25)>}>;

<1.RDirecAlmDang, Right direction almost dangerous, {<0.0ObjectRight*0.Loc&1sector, (-0.75, t, 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)>}>;

<1.FDirecDangl, Forward direction dangerous 1%, {<0.ObjectForward*0.Loc&1sector, (-0.75, t, 0.1, 0.25)>,
<0.0ObjectForward*0.Loc&2sector, (0.75, t, 0.1, 0.25)>, <0.0ObjectForward*0.DirMov&approached, (0.75, t, 0.1,
0.25)>, <0.0bjectForward*0.Speed&fast, (0.75, t, 0.1, 0.25)>}>;

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

<1.RDirecDangl, Right direction dangerous 1%-case, {<0.ObjectRight*0.Loc&1sector, (-0.75, t, 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&fast, (0.75, t, 0.1, 0.25)>}>;

<1.FDirecDang2, Forward direction dangerous 2%-case , {<0.0ObjectForward*0.Loc&1sector, (0.75, t, 0.1, 1.0)>}>;
<1.LDirecDang2, Left direction dangerous 2%-case, {<0.0bjectLeft*0.Loc&1sector, (0.75, t, 0.1, 1.0)>}>;
<1.RDirecDang2, Right direction dangerous 2%-case, {<0.0ObjectRight*0.Loc&1sector, (0.75, t, 0.1, 1.0)>}>;
<0.0ObjectRight*, Object in right allocated by attention, {<Event(0.Direc&right)>, <0.Loc>, <0.Speed>,
<0.DirMov>}>;
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28.<0.0ObjectForw*, Object in forward allocated by attention, {<Event(0.Direc&forw)><0.Loc>, <0.Speed>,
<0.DirMov>}>;

29. <0.0ObjectLeft*, 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, {<stop, (0,0,0,0.2,0.4,4.0)>, <slow, (0,0.5,0.8,1.3,1.5,4.0)>, <fast,
(0,1.3,2.0,4.0,4.0,4.0)>}>;

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, {<1sector,(0,0,0,40,60,300)>, <2sector,(0,40,60,90,110,300)>,
<3sector,(0,90,110,135,165,300)>}>.

Puc. 3. ®parment b3, mo nae BU3Ha4eHHs CUTYallil Ha IEpeXpecTi NUIAXiB

V¥ BuzHauenHsix 3CI'3 Ha pUCYHKY ieHTU(IKaTOpH
I'3 34yenneni 3 ifeHTUIKATOPaMH CEHCOPHOI MOAAIBHOCTI, X {x| my (x), Vx e[-q,+q], 9=+
JI0 sik01 BOHM HanexaTh. Hanpuknaza, mocuienns Ha ['3 . )
fast moganmsnocti 0.Speed mano y Bursaai 0.Speed&fast. 3 TaYCOBOIO L-R dynkiiero mpraanekHocTei
Oco0niBYy yBary 3aciiyroBy€ BU3HAYEHHS TPhOX CTPYKTYD
o0’exra-nepemkoan. Tak, KOJIM TOBOPOTHA Iwiatdopma my (X) = exp(=(x—a)* 1 2- (v -t,)?, Vxe[-La] 3)
BCTaHOBJIEHA B TMEBHy TMO3MUI[I0, Hampukian right'’, MR (x) = exp(—(X—a)? 1 2- (v4 - 1;)?, VX € (@, +1]
OTPUMAaHI JaHi XapaKTepH3yIOTh Leld NMEBHUH HANpsMOK.
Tomy BoHM MatOTh OyTH «IIPHB’si3aHi» JI0 IILOTO 3HAUCHHS,
a came ToKa3aHb ceHcopa MojanpHocti 0.Direc. 3ipouka
HANPUKIHIN 11eHTH(dIKaTOpa BKa3ye, MO I € CTPYKTypa
0.ObjectRight* 3 I'3 Tpprox MomambHOCTEH (Ha pHC. 3
BusHadyeHHs 27). Lg crpykrypa mictute HOB ans 8 I'3
tphox MomansHOCTeit 0.Loc>, <0.Speed>, <0.DirMov. ¥
BU3HAYCHHI, Hampukirang 27 Ha pHc. 3, 3ammc
Event(0.Direc&right) o3nauae, 1o sk TiIBKH TPAmuTHCS
nojiss (moBopoTHa miatdopma 3aiime mosuiiro right*), cf =a- kt , (4)
MEXaHI3M yBaru «30CepeUThCs» Ha LbOMY HANpPSIMKY (yci
JlaHi, OTPIMYBaHIi Bi/I TaTYNKiB, 30€pIratloThECSA B CTPYKTYPi
0.Direc&right).
el ]?IC)F3 [3 ‘II/ICEHBHa oul'liKa CTYTICHS B'UIHOBI,J:[HO(;TI Z m; () + Z mi )

cuTyanii, NOJaHiil JNaHUMH BIiJ CEHCOPIB.

Yucnose 3naueHHs ominku BCI'3 3amexuth, mo-mepiie,
Bix mapamerpiB 3CI'3 y Bupasi (1), no-apyre, Big BCI'3

3 Tppoma napametpamu: (—1.0 < o < +1.0) BIEeBHEHICTS; t|.
— iHTepBaJl Yacy 3 MOMEHTY OTpHMaHHs JAaHuX; tr —
iHTEpBaJ 4acy 3 MOMEHTY 3MIHH JaHUX.
[Nepen6auyyBana BneBHeHicTh (I1B) € uncensHo0 oninkoro HOB,
IO BpPaxoOBy€ CTapiHHA JaHUX, PO3PaxXOBYETbCS Ha
migctasi popmyn (2) i (3) sk

I Vi,VR — Koeili€eHTH MIBHIKOCTI CTapiHHA JaHUX;

kt _1_ Vxe[-1,a) Vxe(a,+1]

Card([-1,+1]) -1

M, eQ i :
[ N PO3paxoBaHMX A THX CaMHUX JaHHX BIX CrapiHHs JaHUX 3 9aCOM IPHU3BOJMTH 1O TOTO, LIO

cencopis. Inmumu cnosamu, BCI'3 — ne OWiHIOBaHHS prieBHeHicTh mnparHe g0 Hyns (TOBHA  BiJCYTHICTH
BianosigHoCTI BepbanbHoro nofanus (1) 3CI'3 nanum Bil  BneBHeHocTi), ToO6T0 Cf ~ 0. JNg BHIAAKiB, KOIH
aTYUKIB, HA OCHOBI SKHX BM3HAYa€ThCs ceHCc 173. iHTepBaJ‘II/I qacy HeBeluKi (3 MOMEHTY OTPHMAaHHSI
DopmaneHy obuucmoBanbHy Mojenbs 3CI'3 HaBeneHo B iHpopMamii YM B CIEIialbHUX BHIAAKaX 3 MOMEHTY
pooori [14]. 3MiHEHHS JaHWX), BICBHCHICTH HE IyXKE 3MIHIOETHCS

Kinpkicao 3CI'3 ominroetscss HOB. HOPIBHSHO 3 0, TOOTO ¢f = a.
VY po6ori [14] BBeneno HOB sk vHewitke LR uncio X

Anroput™ obuncnenss BCI'3 naBezneHo Ha puc. 4.
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), Vv KGii € Q'g, V Qs € Q% U Q%s...U Q«s, Where cf(KGy) 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 KG;
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 Ith levels do
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tInL - tInL +1; tlnR = tlnR +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 2<H, where H is quantity of sensor IGs do

Calculate fuzzy certainty factor:

if X*G[ajh,bjh) or X*G[ejh,fjh]

if x*e[djn.ejn)

if x*e[Cjh.djn)

(-1.0,
X*bjh
—1.0+2.7b., if X G[bjh,CJh)
Cjh —Djh
aih =9
jh X*—d:
+1.0-2— 0
ejh_djh
+1.0,
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 Ith levels do
Calculate fuzzy certainty factor of KGj,
ajp, Using formulas (3.10)-(3.20) in [14]

=0

R= In .
R. atherwise

1 if (¢, 2¢ & 7q,=0)
0, if (¢,<-¢ & 7q,=1
~q,,, Otherwise

qln

end while
end while
end DbA

¢In {01 if (hze & "qp=0)or (ap<-¢ & qp=1)
“t

Puc. 4. Anroputm o6uncnenns BCI'3

ExcriepuMeHTH 3 3aCTOCYBAHHSIM AJITOPUTMY
oouucaennsa BCI'3.

VY crarti HaBelIeHO pPEe3yJIbTaTH EKCIIEPUMEHTIB 3
anroputMoM  obumcnenHs BCI'3. [Ilepmia uacTuHa
eKCIICPUMCHTIB TIPHCBSAYCHA OCTIDKCHHIO CTapiHHA 3
YacoM OTPUMAaHHX JaHWX BiJ JAaTYHMKIB 1, SK HACIHIIOK,
crapinHs 3Hanp BCI'3, mio ommcyioTh cuTyalilo Ha
nepexpecti. Po3rmisnaeTscs BUMag0K, KOJIU KO-00T ITij'1XaB
B'I3HOI0 TOPOTOIO 10 MEpEexXpecTs, SIK MOKa3aHO Ha pucC. 2,
3YIHMHUBCS Ui OTPUMAaHHS MaHUX 1 IOOYMOBH MOJEINI
cutyanii Ha  mepexpecti. CkaHyBaHHS  OTOYCHHS
BUKOHYETHCS IMOKPOKOBMM IIO3HI[IOHYBaHHSAM CIpPaBa
HaJliBO TOBOPOTHOI IMIaTopMH, HAa SAKi BCTAHOBJICHO
YIBTPa3BYKOBUH JaTYWK. BiAMOBIAHO 10 TEXHIYHUX
XapaKTepUCTUK  JIaTYMKA BCTAHOBJIIEHO  KUIBKICTH i
MOCITiZIOBHICTh MPOXOPKEHHS TAKUX MO3UIIIH TTOBOPOTHOIO

miatgopMoro  (HampaMKM 30py  gardmka):  right™™®’,
right*®, forward*®, forward™>, left*>, right”™",
[MoOymoBa Mozeni cuTyalil 3a OJHUM TaKHM HANPSIMKOM
(moBopoT mIaTGopMu 3 MOTOYHOI MO3HIIIi JO HACTYIHOI,
OTpUMaHHS i 00poOKa JaHUX BiJ AaTYMKA Ta OOUMCIICHHS
3a amroputmoM BCI3) 3aiimae 200 wmc. Ilpu
HamamTyBanHi  momeni H®B y  posmmsiHyTOMY
eKCIIEpUMEHTI OyJ10 MpuiHATO 3a oAnHHMIO yacy ty i tr 100
MC peanbHOro 4acy. BigmosimHo i mapamerp b y Bupasi
(1) moB’s3aHMi 3 peaTbHUM YacoM EKCIIEPUMEHTY
criBBignomenusamu 1:100.

CraH 0TOYEHHS K0-00Ta Ha IepexpecTi Ha
JOBUTHHHUI MOMeHT Yacy t momano BCI'3 sk 1B nHa Takiit
MHOUHI TPaHyT:
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rlghtJr75 secl( ). cf right*7°° sec 2 (t),cf right*7®" sec3 ®), 1:rlghtJr45° secl (), Cfright+45° sec2 OF CfrightJr45° sec3 ),
forward *1° sec1 (t)’ cf forward *1°° sec 2 ( )’ cf forward *1°° sec1 (t)' o)
forward %" sec1 (t)’ cf forward %" sec2 (t) cf forward °° sec3 (t)’
ft'45 secl( ) left™ sec 2 (t)’ C.I:Ieft'450 sec3 (t)’ Cfleft'750 secl (t)’ Cfleft'750 sec2 (t)’ Cfleft'750 sec3 (t)
YV dopmynax (5) Cfright 5 (t) osmauae IB, senennM — smauenns I1B CfIe B Cfleft‘75° o

IO OI[iHIOE BIEBHEHICTh Y HASBHOCTI 00’ €KTa-TIepEIIKOAH
B IlepLIOMy cekTopi (puc. 2) Hampsamky right™s’,

Ha puc. 5 y rpadiunomMy BHUIIIAII HaBeIeHI HE BCi
I'3 (5), a Tineku "otupu. CHHIM KONBOPOM 300paxKeHi

snavenns 11B Cf I'3 right*"’secl, uepponnm

right*7°° sec1

BiamoBinHo. Ha rpagikax puc. 5 mo oci opAnHAT BKa3aHO
snauyeHHs Cf (4), a mo oci abeuuc yac y macmra6i 1:100
Mc. HaBeneHo Takuii 4YacoBWil (parMeHT sl CeMH
MOMEHTIB 4acy t:

kompopom — smawemns Cf s . owomim i

t=2,right*" O e e = 09T s =0T e, =0.CF e =0,
t=4,right**" :c OF 75 sy = 016, CF e = 0.0 e, =0 e =0,

t=12 left™"™": o 75 g = 0007, € vy ==0.05,0f e, =—=0.94,f oo . =0.94, (6)
t =14, right™"™" : cf T seer = 0020 e ==0.02,0F e, =016,C e =016,

t =16, right™" : o 15y = 0003k o =0.02.0F o, ==0.05,f s =005,

t =18, forward ™" : cf g g <0008, CF e =0007,0f e =002, e =002,

t =24, left ™" Cf it oy = —0-002,0F e =—00080f oo =004f oo =-0.94

VY dopmynax (6) KokeH PSIJOK MICTHTB JIaHi JJIsl OKPEMOTO MOMEHTY 4acy.

m: W2 15 W17

m: mn2

16 W17
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SAJTIBHUYHOMY TPAHCIIOPTI

06 ’usmll 00

4
0704

-0.20.0105}

0.000704
01462

0.4045

Do8hs 2 t=420g76 =14 t=16 t=18 t=24

m: w2 16 W7

0.9662 10

09724

=14

0999 2

t=129999

N RH 15 W17

08245 8
O5ian 0Soeuay, 8845
=189 =2

018937 05555 =
0psas B

"3 mn2

0.07#= 4

16 W17

Puc. 5. 3anexHicth hakTOpa BIEBHEHOCTI BiJl KOe(illi€HTa MIBUIKOCTI CTAPIHHS TaHUX:

a—Vg=VL =1.0; 6 — vg=vL =0.75; B — VR=VL
Vr=VL =0.25; 1 —Vg=v, =0.1; e — VR=VL

=0.5;r—
=0.01

Tak, HanpuKIaA, y APYroMy psIAKy ITOKa3aHi JaHi
e vacy (=4, xoinm  moBOpoTHa  IiaTtgopma
MO3MIIIOHOBaHa 3a HATIPAMKOM Fight*s” i MicTuTh 3HaYEHHS
1B YOTUPHOX I3

o cf .
left™ "> sec2’  left™">° sec3

o cf
“15%gec1’

Cfright+75° sec1’ cf forward
Ha uedl uac. Ockinbku pani Hampamky right”™ Gymu
OTpHMaHi paHinie Ha JBi onuHMLI vacy, To IIB rpanymm
right’secl sinnosizHo mo Bupasy (4) 6yno obGuucieHo 3
ypaxyBaHHSIM CTapiHHS Ha (=2 oxaumHuui dacy. IIB
OCTaHHIX TPbOX '3 00YMCIIEHO HA MiACTaBi 30BCIM CTapHX
JAHKUX, OCKIIBKY 3 IIMX HANPSMKIB 1€ He OYyJ0 OTPUMAaHO
nanux. Tomy 3Hadenns [IB y mmx cf=0, to6ro moBHa
HEBIIEBHEHICTh MIOJI0 TPUCYTHOCTI YW  BIiJCYTHOCTI
00’exTa-nepenikoau B nux cexropax. BCI'3 y Burmnsani [1B
y Bumnazax (6) oOumcneHi anst HaWOIIBIIOrO 3HAYEHHS
KoedilieHTa MWBUAKOCTI cTapiHHs naHux Vi =Vr=1. Tomy i

IIB rpanynu right’>’secl, snauenns sxoi 6ysi0 OTpUMaHO
Ha TMONEPEAHOMY KPOL[ MOHITOPHHTY, HAOIMKAETHCS J10
HyJIsl, HE3B)KAOUU HA Te, IO JBI OJUHHMII Yacy paHiiie
BoHo jopiBaioBano cf=-0.94. Ha puc. 5 HaBeneHo
pe3ynsTatu obuncienHs BCI'3 oganx 1 Tux camux '3 mis
OJTHOTO 1 TOTO CaMOTr0 YacoBOro (hparMeHTy Ui Pi3HUX
KOeQIIi€HTIB IIBHAKOCTI CTapiHHA JaHUX. AHami3
MIKTOrpaM MOKa3ye, Mo KOe(IllieHT V|,VR CyTTEBO BILIMBAE
Ha [IB. IIpn vi=Vr=1 noctatHpo 3-5 oxmHMIb Yacy, m00
OTpUMaTH TIOBHY HEBIIEBHEHICTh Yy JaHUX, OTPHUMaHHX
noniepenne. 3 inmoro 6oky, mpu Vi=Vg=0.01 (puc. 5, ¢)
JaHi TMPAaKTHYHO HE CTapiloTh 3 YacoM, IO € JyXe
HeOe3MeYHo MJisi TPUHHATTS pIilleHb y JTHHAMIYHOMY
OTOYEHHI, KOJM CHUTYyaIlisl 3MIHIOETBCS 3 HYacoM. AHami3
MKTOTpaM 32 HAABHOCTI JAaHUX TPO JUHAMIYHI
XapaKTePUCTHKH OTOYCHHS Ja€ 3MOTY MiiOpaTH 3HAYCHHS
Koe(illieHTIB IBUAKOCTI CTApiHHSA Tak, MO0 MiHIMI3yBaTH
pusuku AIBC nipy npuitHATTI pileHs.

BucHoBkn
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Mogens KC 3pmaTHa 3a0e3neduTd  HEOOXimHY
aBToHOMHICTh AIBC 3aBasiku 1BoM pitenssM. [lo-nepe,
JUCTHJIbOBaHE 3HAHHS BUCOKOTO piBHS aOCTpakuii, Mo
nintpumyerscst mMozpenmsimu 3CI'3 ta BCI3, Bimkpusae

MoxJmBicTh  BukopucranHs HJIC gk mexaHizmMy
NpUAHATTA pimens i ynpasninas. [lo-npyre, mogens KC,
KpiM TpoOieMHm  BENHKOI  PO3MIPHOCTI  TIPOCTOPY

npuitaaTTa pimens OJIC, Bupinrye # mpoOneMy BeIHKOl
pecypcoeMHocTi anroputMmy obuucnenas BCI'3 3aBmsxu
BpPaxyBaHHIO BIUTMBY CTapiHHA [OaHUX 1 3HaHb IMIPO
muHamigae oroueHHa AIBC ma H®B mnpm npuitHATTI
pienb. Komm’torepHi oOYMCIEHHS # EKCIIEpUMEHTH 3
nporotuniom  AIBC  miATBepIKYIOTH ~ MOXKIIMBICTb
3aCTOCYBaHHS IITYYHOTO IHTEJEKTY TPETHOTO IMOKOJIHHS
HIIB B ynpasninai AIBC 1 BiIKpHBaIOTh NEPCHEKTUBH
MOAAIBUIOTO PO3BUTKY LILOT'O HAIPSIMKY.

Hanani nmiuanyeTbest po3po0icHHsT MOIEII HABYAHHS
LB B onepatuBHOMY (on-line real-time) pexxumi 3 MeTor0
aBTOMaTHYHOTO (popMyBaHHs HOBHUX [ 3y B3.
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world society. Artificial Intelligence (Al) 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., IOILICHT,

ITPOXOPOB B. M., K.T.H., IOLICHT,

KAJIAIIIHIKOBA T. O., x.T.H., JOIICHT,

IIAHZEP O. E., x.T.H., 1OIIEHT

(Yxpaincbkuii qep>kaBHUN YHIBEPCUTET 3aII3HUYHOTO TPAHCIIOPTY)

Po3pobsennss CIIIIP puas ynpapiiHHA npouecoM (OPMYBAHHSI KOHTEHHEPHHMX
NMOI3/iB Y pAMKAaX CHCTeMH iHTEPMOJAJIbHHUX NepPeBe3eHb

Ha cyuacnomy mpancnopmuomy punky iHmepmoOanvHi KOHmeuHepHi nepege3eHts 8i0ieparoms adiCIUG)Y pPOlb,
3abe3neuyrouu epekmugHe MpaHCNOPMYBAHHS BAHMAICIE AK HA MIJCHAPOOHOMY, MAK i GHYMPIWHbOMY pigHI. ¥ ybomy
KOHMeKCmi BUKOPUCIAHHA 3ANI3HUYHO20 MPAHCNOPMY HA CYXONYMHUX OLIAHKAX Nepege3eHHs Habysac 6ce OLnbuioi
3HAYYWOCMI 3a80AKU OLILWLIT 8AHMANCONIOUOMHOCHI, eHep2oeheKMUBHOCII Ma eKOI02IYHOCH.

Memorw yvozo OocniodicenHs € YOOCKOHANEHHS MOOeNi YNpAGNiHHA npoyecamu (PopmySanHs KOHMEeUHEPHUX
noiz30is i 3abe3neuents ixHbol CB0EUACHOI JOCMABKU HA CYOHO-KOHMEUHEepo6o3. TIpononyemocs Mooenn, wo 8paxosye
ocobausocmi 83a€EMO0ii pi3HUX YUACHUKI8 Npoyecy pasom i3 NOPMoGUMU MEPMIHANAMU, 3ANIZHUYHUMU CIMAHYIAMU Ma
CYOHOBUMU ONEPAMOPaMU.

Hocnioocenns sussuno, wo egexmuene YnpaeiinHs npoyecom Gopmysanns KOHmeuHepHux noizdie sidicpac
8aVICIUBY POIb Y 3a0e3nedenni ceocuachoi docmasku eanmadicis. Ocobausy yeazy npuodineno UMOBIPHICHUM CKAA008UM
MoOeni, nog's3anum i3 Npoyecom HAKONUYeHHs KOHMmeUHepie i ixuboeo npocysauwns 00 nopmy. Mooderv Odae 3moecy
eexmusHo ONMUMI3Y8amu MOMEHMuU 3d6epuieHHs opMy8anHs NOi30i8 3 YPAXY8AHHAM HU3KU 0OMENCEHb.

Pezyromamu  pospaxyukie i ananizy ceiduamv npo HeOOMPUMAHHA ONMUMATLHUX VMO8 (OPMYBAHHS
KOHMeUHEpHUX noi30i6, w0 3 BUCOKOW UMOBIpHICMIO npusgede 00 3HAYHUX O00AMKOBUX ONEPAYIUHUX SUmMpam
JIOCICMUYHUX ONepamopie 6 IHMePMOOAIbHUX NEepese3eHHsX. 3anponoHosana Mooerb Modce CILy2y8amu OCHOB0I0 Ol
cucmemu niompumku nputinamms piwens (CIIIP) y c@epi ynpaeninna 0ocmaskoio KoHmelHepie 00 nopmy
CYXONYMHOIO YACMUHOIO WLAXY N0 4acC BUKOPUCMAHHS KOHMeUHepHUX noi3die. Lle dacms 3mocy niosuwumu HaoiliHicmy
NIGHYBAHHA | NOKpawumu KOOpOuHayilo npoyecis, 3abe3neyyouu c80EYACHY O00CMABKY KOHMmelHepi6 Ha CYOHO-
KOHMEUHEPO603 i NiOSUWYIOYU eheKMUBHICIb THMEPMOOATbHUX NEPEBE3EHD.

3acanom euxopucmanus pospobreHoi mamemamuunoi Modeni chnpusmume RiOSUWEHHIO  ONepayitHoi
epexmugnocmi ma 3a0e3neyeHHiIo BUCOKOI AKOCMI NOCHye, WO € 3HAYYWUM (PaKmopom Ol NOPMOUX ONepamopis,
JI02ICMUYHUX KOMNAHIU MA THUWUX YYACHUKIG T02ICTIUYHO20 JIAHYI02A.

Knrouosi cnoea: inmepmooanvui KOHMeUHEpHI NepeGe3eHHs, KOHMeUHepHUll Noi30, 6UNAOKo8ull NOMmIK, meopisi
MOUKOBUX NPOYeECie.

IocTanoBKa npoGieMu ro0aNbHIA  TOPriBIi Ta PO3MIMPEHHI MIKHAPOIHUX

TOProBeNbHUX 3B'S3KiB. 3a ocTaHHIMU naHumu, y 2020

V cy4acHOMY CBiTOBOMY €KOHOMIYHOMY KOHTEKCTI potii r100aabHI KOHTCHHEPHI MEPEBE3CHHS CKJIAIU MOHA]
KOHTeifHepHi nepeBe3eHHs BiirparoTs Bupimansay pons y 180 minbiionis TEU (Twenty-foot Equivalent Unit), mo €
rno6ansHiE Jorictumi, 3abesmedyroun edeKTMBHe i PEKOPAHMM 3HAYCHHAM i CBIIYMTH IPO 3HAYYNIICTH BOTO
INBHUJIKE JIOCTABJICHHS BAHTAXIB II0 BCHOMY CBiTy. Obcsarn  CEKTOpY. Y CydacHOMY CBITi iHTEPMO/ANIbHI IEPEBE3CHHS,
KOHTEIHEPHNX  IepEeBe3eHb  MNPOJOBXKYIOTh  CTpiMKO IO OO'€[HYIOTH Pi3Hi BHIM TPAHCIOPTY, CTAKOTh el
36ibIIyBaTHCS, BiZOOpaXKyrouM 3pocTarouy noTpeby B OLIbII 3aTpeOyBaHMMHU B KOHTEKCTI II00AIBHOT JIOMICTUKH.

© HNAPXOMEHKO J. O., IPOXOPOB B. M., KAJIAHIHIKOBA T. 10., IHAHJAEP O. E. 2023
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Y pamkax Takux TIepeBe3eHb O0COOIMBOrO

3HAYEHHS HaOyBae e(pCKTUBHA  B3aEMOJIs MIXK
3aI3HUYHUM 1 MOPCHKMM TPaHCIOPTOM Yy  MpoIleci
JIOCTAaBKM  KOHTEHHEpPIiB HA  CYJAHO-KOHTCHHEPOBO3.

Onrumizanist wiei B3aeMofii € HEOOXiJHOI YMOBOIO IS
3a0e31eueHHs OLIBIIT e(peKTHBHIX 1 HaIIHHIX
IHTepMOJATFHIX TIEPEBE3CHb. CriBrpans i
KOOpAWHAIA MiX  3ali3HUYHUMH Ta  MOPCHKHMH
HepeBi3HUKAMH, MOPTOBUMH orepaTopamMu Ta
JOTICTHYHHMHM ~ KOMIIAHISIMH  CTalOTh  KIIOYOBHMH
(akTopamMm U1 YCIIIIHOI peamizamii iHTepMOJATBHIX
nepeBe3eHb. ONTHManbHEe IUIAHYBAaHHS 1 CHHXPOHI3AIlis
rpadikiB pyxy Moi3IiB i CyJeH, TOYHEe BHU3HAYCHHS Hacy
HaBaHTAXXCHHS 1 PO3BAaHTAKCHHS KOHTEHHEPIB, a TaKOX
e(eKTUBHE BUKOPHUCTaHHS 1HQPACTPYKTYpH TOPTIB i
3aJI3HUYHUX TEPMIHANIB — yce Iie HeBiJ'€MHa 4YacTHHA
ONTUMI3aIll MpoIecy B3aEMOMIT MiX 3aJi3HHYHHUM 1
MOPCHKHM TPAHCIIOPTOM.

VY cy4acHHX iHTEpMOJAJBbHUX MEPEBE3CHHAX MiX
KOHTHHEHTAaMH e(eKTHBHA OpraHi3allis TPAaHCIOPTYBaHHS
KOHTEHHEpiB BiJ IXHBHOTO BigNpaBICHHS 31 CKIAdiB IO
¢GiHampHO!  JOCTaBKM Ha  CYIHO-KOHTCHHEpPOBO3 €
KITI0YOBUM (HaKTOpPOM Jisl 3a0e3NeueHHsT CBOEYACHOIO 1
HAIHHOTO MOCTAa4YaHHsA BaHTaxiB. ONTHMI3allis MPOIECY
dbopMyBaHHS ~ KOHTCHHEpPHHX  TMOI3MIB 1  TXHBOTO
NpoCcyBaHHSA B OIK MOPTYy Ma€ BeNWMKE 3HAYCHHS JUIA
MiHiMi3alii yacy 30epiranHs 1 nepeOyBaHHS KOHTECHHEPIB,
a TaKoXK TIJIBUIIEHHS OINepauiiiHoi e(eKTUBHOCTI B
JAHIIO)KKY TOCTaBOK.

IIpu cTBOpEHHI MOJEJel yNpaBliHHSA Ta CHCTEM
MIATPUMKA TPUHHATTA pilleHh Ui IHTEPMOJATBHIX
omeparopiB  Cli 3BepTaTH  OCOOJIHMBY yBary Ha
B32€MO3B'SI30K MiX nporecamu HaJIXOJKCHHS
KOHTEHHEpiB Ha 3alli3HUYHY CTaHmilo i (opMyBaHHS
KOHTEeHHepHUX Noi3AiB. ParioHanbHUE — migxing — ams
CTBOpPEHHSI TaKMX MOeJed Mae 0a3yBaTucs Ha TOMY, IO
HAJIXO/DKCHHsI KOHTCHHEPIB Ha CTAHI[IO € BHIIAJKOBUM
MOTOKOM, SIKMH TOTpeOye BpaxyBaHHS HMOBIpHICHOT
HPUPOJH NIPOLIECY.

3aJI3HWYHUX TEpMiHajlaX MOPCBKHX TIIOPTIiB. ABTOpH
MIPOTIOHYIOTh ONTHUMI3aLiiiHy MOJENIb Ta aJITOPUTM IS
MOJIMIIEHH e(QEeKTUBHOCTI IepeBaIKd KOHTEHHEpIB 1
3MeHIIEeHHs Yacy 30epiranss. [103uTHBHI CTOpOHU POOOTH
— MpaKTUYHE 3aCTOCYBAaHHS MOJIEJI Ta BUSIBICHHS BIUTHBY
MIPOMYCKHOI CIPOMOXHOCTiI BaHTAa)KOIITHOMHHX KpaHiB.
HepmomikoMm po0®oTH € BiICYTHICTh 3a3HAYCHHS KOHKPETHUX
rmapaMeTpiB SKOCTi JOCTYITy Ta MOTEHIIHHUX OOMEXCHb.
Hactynna cratrs [3] nocmimkye mpoOieMy iHTETpOBaHOTO
Ta e(pEeKTHBHOTO TPAHCIIOPTY B TIOPTOBIH  30HI,
MIPONOHYIOYH ONTHMI3alifHy MOJENbs JJs IepPEeMilIeHHS
KOHTEHHEPIB 1 TPAaHCIOPTHUX 3aCO0IB MK TepMiHajaMu.
PoGora Bu3Hauae, 1m0 B3a€MOIOB'SA3aHICTh TEPMIiHAMIB i
THYyYyKOro rpadika 3ali3HUYHHUX BiINPaBICHb MOXYTbh
MOJIMIIATA TPAaHCIOPTHY HPOAYKTHBHICTh. [lo3uTuBHI
CTOPOHHM — BHUKOPHUCTAHHS pEaJiCTUYHOTO TECTOBOTO
BUNAJKy Ta MPAKTHYHOI 3HAYYMIOCTI Uil TOPTOBHX
oreparopiB. OmHaK HETOTIKOM pPOOOTH € BiACYTHICTH
KOHKPETHUX pe3yNbTaTiB 1 BpaxyBaHHSA IOTCHIIHHHUX
oOMexxeHh Mopmenmi. Y  HacTymHid myOmikamii  [4]
JOCTIDKYETBCS  TPOOJIeMa OIEpaTHBHOTO IUIaHYBaHHS
3aJI3HUYHOTO TPAHCIIOPTY B CHCTEMi IHTEPMOAAIBHHX
MepeBe3eHb 1 MPOMOHYETHCS BUKOPUCTAHHS CTOXAaCTHYHOL
ONITHMI3aIiHOI MoOJeNl U MiABHIIEHHS e(pEeKTUBHOCTI
TPaHCIIOPTYBaHHS KOHTEHHEPiB. ABTOPU HAroJIOMYIOTh Ha
Ba)XJIMBOCTI BpaxyBaHHsI HMOBIPHICHOT PUPOJIU NPOLIECIB
dbopMyBaHHS Ta OOpOOKM KOHTCHHEPHHX IOi3MiB Ha
CTaHIAX 1 MPOMNOHYIOTh ABTOMAaTHU30BaHY TEXHOJIOTIIO
opraHizamii TpaHCIIOPTYBaHHS KOHTeiHepiB. Hemomixom
pobotu € oOMekeHa iH(popMaIis PO 3aCTOCOBAHI METOIH
H anropuTMM Ta HEHNOCTaTHIH piBeHb PO3KPUTTS
MEXaHI3MiB, IO OOYMOBIIOIOTh IMOBIPHICHHH XapakTep
mporeciB  (GOpMyBaHHS  KOHTCHHEpPHHX  TOI3IIB 1
HaJXOKCHHS KOHTEHHepiB 10 MOPTY MiA Yac 3AiHCHEHHS
IHTEpPMOJIANIbHUX NEPEBE3CHb.

BunisieHHs1 HeBUpilIEHMX paHillle YacTHH 3arajabHOI
npodaemu

AHaJni3 ocTaHHiX 1ocaifxeHb i mydJikaniii

Crarrs [1] aHamidye SKICTHP JOCTYIy 1O
NPOMHUCIIOBUX paifoOHIB 3a JIOTOMOTOI0  3aJII3HUYHOTO
CIOJIydeHHS 3  TpbOMa  IIOPTOBUMH  KJIACTEPaMH
(Porrepmam, Hdypban i Lower Mississippi Port Cluster).
ABTOpPH  3aCTOCOBYIOTH TEOPETHYHHH (pEeHMBOpPK i
OTIUTYBaJbHI JaHi JUIsl OILIHIOBAHHS SKOCTI CIIOIYYESHHS
MDK TOpTaMH Ta NPOMHUCIOBHMH pailoHaMH B TIHOWHI
KOHTHHEHTIB, SIKi BOHH O0OCITyTOBYIOTh, BUSBIISIOTh CYTTEBI
BiIMIHHOCTI MiX HHMH Ta OOTOBOPIOIOTH MOMKIIUBOCTI
MOJIIIIIEHHS IBOT0 pexuMy. He3Bakarouu Ha 11e, CTATTA
HE YTOYHIOE KOHKPETHHX HapaMeTpiB SKOCTI AOCTYIy 1 He
OIMCY€ MOTEHIIIHI 00MEXEHHS, 110 MOXKYTh BIUTMHYTH Ha
y3araJlbHeHHsI Pe3yJIbTaTiB AOCIiKeHHS. Y myOmikamii [2]
BUpIIIy€eThCs MpodiieMa onepaniii nNepeBajky BaHTAXKIB Y

Sk moka3aB aHai3 HayKOBHX MyOUiKalili OCTaHHIX
POKiB,  ONTHMI3allis  BHKOPUCTaHHS  3aJi3HUYHOTO
TPaHCIIOPTY npu 3MiIHCHEeHHI IHTePMOJATbHIX
KOHTEHHEPHHUX T[EPEBE3eHb € AaKTyaJbHUM 3aBJAHHSM.
OnHak TmepeBakHa OUIBIIICTh HAYKOBUX JOCIIKEHb,
MPUCBSYCHHUX I TeMi, 30cepemkeHi Oe3mocepeTHbo Ha
mpoueci B3aeMOJIl MK 3aJi3HUYHMM 1 MOPCHKUM
TPAHCIOPTOM, MPHYOMY IIiJ{ ONTHUMI3AIl€l0 B3aEMOIIi
4acTO PO3YMIIOTbCS MPOIECH, M0 BiAOyBalOThCS B
NIPUTNIOPTOBUX TEpMiHAJaX IiJ 4Yac MepeBaHTAKECHHS
KOHTEHHepiB 13 3a1i3HNYHUX BaroHis. [lificHo, TpaHcdepHi
orepanii, To0TO omeparii, Npu SKUX KOHTEHHEPOIIOTOKH
MePEeXOATh BiJl OJHOTO BUAY TPAHCIOPTY IO IHIIOTO, €
BAKIIMBUMH. IXHS ONTHMI3allif € CKIaZHUM i BaXKIUBHM
3aBIAaHHSM, SIKICHE BUPIIIEHHS SKOTO JACTh MOKJIHMBICTH
mo30yTHcs 6araThoX Mpo0IeM, TaKuX K Opak MPOITyCKHOT
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CIPOMOYKHOCTI TEPMiHAJIB, nepeBaHTaKEHHS
TPaHCIIOPTHOI 1HQPACTPYKTYPH MPUIOPTOBUX MICT TOIIO.
VY neskux JOCHIDKEHHSX I10CTa€ 3aBJAHHS Y3TOJKEHHS
peXuUMy poOOTH TepMiHANy 3 3aJli3HUYHMM PO3KIAJ0M, i
el MiIXi TakoXK Mae parioHanbHe 3epHO. OmHAK Cilijn
3a3HAYUTH, IO TIPOLEC B3AEMOJIi 3aN3HUYHOTO 1
MODPCBKOTO TPAHCIIOPTY IIOYMHAETHCS HE B MOMEHT
HaIXOKEHHS  mmoi3ma g0  TepMmiHamy abo  #oro
BiZIIIpaBIICHHS 3aI3HUYHOIO JIIHIEIO0 B HANPSAMKY IOPTY, a
IIe Ha CTajii MOYaTKy HaKOIMMYeHHS KOHTEHHEepHOi mapTil
it (GopMyBaHHA — KOHTeWHepHOro moizma. Orxe,
(akTHYHO  BiI MOMEHTY  HaJIXOJUKEHHS  IEpLIOTO
KOHTeHHepa M0 3ali3HWYHOI TEpMiHAIbHOI CTaHIii /0
MOMEHTY BIJIIPaBJICHHS 3 TOPTY CyIHa-KOHTEHHEpOBO3a
Ha Led Tnpolec BIUIMBAE CYKYNHICTH (akTopiB, IO i
00yMOBITIOE FIOT0 CKJIQJHy WMOBIPHICHY IPUPOY.

DopMyJIIOBAHHA Wijleil

MeToro IOCTIMKCHHS € YIOCKOHAJIICHHS MOJEi
yIOpaBIiHHSA mpolecaMd (HOPMYBAHHS KOHTCHHEPHHX
MOI3MIB 1 MOMONAHHSA 3ANI3HUYHOI MUISHKH NUIIXY IS
3a0e3MeueHHsT CBOEYACHOI JIOCTABKH KOHTEWHEpiB Ha
CYJIHO MiJT Yac 3AifiCHeHHS IHTEpPMOIAJIbHUX TIEPEBE3CHb.

BukyiageHHs1 0CHOBHOI0 MaTepiany A0CJHiIKeHHS

InTrepMopanbHi KOHTEHHEPHI NIepeBe3eHHS
MOB'A3aHI 3  HEOOXIJHICTIO  Opradizamii  mporecy
NPOCYBaHHS BaHTAXXOIIOTOKIB, SIKi MalOTh BUCOKY HHTOMY
BapTICTh MOPIBHSHO 3 BaHTAXAMH, IO [EPEBO3ITHCS

3aITi3HUIICTO y BHYTPIITHBOMY CIOJYYCHHI.
BukopucraHHs — 3ali3HHYHOTO TPAaHCIOPTY B
IHTEpMOJATbHUX KOHTEHHEPHHX HIepPEeBE3CHHSX

OOTpYHTOBAaHO WOTO IIepeBaraMH, TaKHUMH SIK BHCOKa
BaHTAXKOIIJHOMHICTh, 3[JaTHICTh TEPEBO3UTH  BEJHKI
o0csTH BaHTaXiB Ta eHeproeeKTUBHICTh, 0COONHMBO Ha
JAICKAX BIJACTAHAX, 1 CHOpPHUSE 3HIKCHHIO BHUKHIIIB
IIKI[UIMBUX PEYOBHH Y HABKOJMIIHE CEPEIOBHILE.

TexHoJOTIsI HAKOMMYEHHsI KOHTEHHEPHHUX NapTii
i (QopMyBaHHS KOHTEHHEPHHX TMOI3MIB € BAXKIMBUM
aCIeKTOM KOHTEHHEepHHX MepeBe3eHb. BoHa mependauae
KOOPJAMHAINIO PI3HUX JIOTICTUYHUX IPOIECIB, TAKUX SIK

3aBaHTAXXEHHS, PO3BAaHTAXCHHA 1 TPAHCIOPTYBAHHSI
KOHTEHHepiB, MO0 3a0e3MeUnTH CBOEYACHy 1 e(eKTHBHY
JOCTaBKy  KOHTCHHEepiB 10  KIHIEBOTO  ITYHKTY
NpU3HAYECHHS.

OnHi€l0 3 KII0YOBHX MPoOIIeM y IIbOMY TpOLECi €
HEOOXiTHICTh YIIPaBIiHHS BEJIUKOIO KIUTBKICTIO
KOHTEHHEepiB, 3a3BWYail 3aJiIHUX B OMNepamisax 3
KOHTeHHepHHX  mepeBe3eHp. {06  Bupimmru 110
npooiieMy, Garato CYTHOTUTABHUX KOMITaHii

BUKOPHCTOBYIOThH CIIENiaTi30BaHi MPOrpaMHi CUCTEMH, fKi
JIAl0Th 3MOTY BIZICTE)KYBaTH MICII€3HAXO/DKEHHSI OKPEMHX
KOHTEHHEpIB y pexumi peanbHoro uacy. Lli cucremm

TaKO)X MOXYTh OyTH BHKOpDHUCTaHi JJIsI ONTHMIi3alii
MapHIPyTiB 1 TUIaHyBaHHS KOHTEHHEPHUX TEepeBe3eHb, 110
JoriomMarae MiHIMI3yBaTH 4Yac TPaH3UTY 1 3HHU3UTH
TPaHCIIOPTHI BUTPATH.

Ille omHUM BaXKJIMBUM acHEKTOM KOHTEHHEPHHX
IepeBe3eHb € BHUKOPHCTAHHSI KOHTEHHEPHHX MOi3NIB VIS
TPAHCIIOPTYBAaHHs KOHTEHHEPIB 3 BHYTPIMIHIX palOHIB 110
mopty. KoHTeitHepHi moi3an, SK mpaBuiio, CKIAAAlOTECS 3
cepii 3'emHAHMX MDK COOOI0 BaroHiB, CHEHiaIbHO
NPU3HAYCHNX MU TIepeBE3CHHS KOHTEiHepiB, dYacTo
BUKOPUCTOBYIOTBCSL Ul TIEPEBE3CHHS BEIHMKUX OOCHTIB
KOHTEHHEpiB Ha BENWKI BiACTaHI 1 MOXYTb OyTH
epeKTUBHMM 1 CKOHOMIYHO BHTIJHHM  CIIOCOOOM
NepeMillieHHs] TOBapiB 3 BHYTPILIHIX palOHIB KpaiHH B
opT.

Kpim KOHTEHHEPHHUX O3B, Oararo
CYJAHOIUIABHMX  KOMIIAHIH  TakoX  BHKOPHUCTOBYIOTbH
BaHTAXIBKH Ta iHII BUIU TPAHCIIOPTY LTS ITEPEMilICHHS
KOHTEWHepiB 3 BHYTPINIHIX paiioHiB mo mopty. Lle moxe
BKJIIOYATH BUKOPUCTAaHHS CIIeIliani30BaHHX
KOHTEHHEPOBO3iB, MPU3HAYCHHUX VI MIEPEBE3CHHS OJHOTO
abo HJeKimpKOX KOHTeHHepiB 3a pa3. Taki BaHTaXiBKH
MOJKHa BUKOPHUCTOBYBATH JJIsI TIEPEBE3CHHSI KOHTEHHEPIB
Ha KOpOTII BifICTaHi, i BOHH MOXYTb OYyTH 0COOJHBO
KOPHUCHUMH [T OTICpaIliif 3 JOCTaBKH «OCTAHHBOI MILTIY.

3araiom TEXHOJIOTis HaKOITUYEHHS
KOHTEHHEpHUX mapTii 1 (GopMyBaHHS KOHTEHHEPHUX
MOT3/1iB € CKJIAIHOIO 1 JMHAMIYHOKO ceporo, 1o moTpedye

BHCOKOTO  CTYNEHS KOOpIMHAIII Ta  IUIaHYBaHHS.
BuxopucToByroun TepemoBi IpOrpaMHi  CHCTEMH 1
CHeliani30oBaHe TpPaHCIOPTHE OONagHaHHS, CYIHOIUIABHI
KOMIaHii MOXYTh ONTHMIi3yBaTH CBOi omepamii i
3a0e3MeUnTH  CBOE€YaCHY 1  e(eKTHBHY  JOCTaBKY
KOHTEHHEpiB /0 KIHIEBOrO MYHKTY IPU3HAYEHHS.

MOXJIMBICTD BIANpaBJICHHS HETIOBHUX
KOHTEHHEPHHUX TIIO13/1iB € BaXJIMBUM MOMEHTOM Y
JIOTiCTHII KOHTEHHEPHHUX HepeBe3eHb. 3aranom

CY/ZIHOILIaBHI KOMIIaHii MParHyTh MiHIMI3yBaTH 3aTPUMKH
B JIOCTaBIli KOHTEHHEPIB /0 TMOPTY, OCKUIbKH 1€ MOXKe
OpU3BECTH O JIOJATKOBHX BHUTpAT 1 TMOTCHLIAHHX
mrrpadiB. OgHUM i3 MIXOMIB 10 TOCATHEHHS IIi€i METH €
BIZIIPAaBIICHHS] HETIOBHUX KOHTEHHEPHMX MOI3MIIB, IO /A€
3MOTy KOMIIaHii CBO€YACHO JIOCTaBUTH KOHTCHHEpH B
MOPT, HE OYIKYIOUH, IIOKU BCi KOHTEHHEepH OyIyTh 310paHi.

PimenHs  mpo  BinnpaBieHHS  HEMOBHOTO
KOHTEHHEepHOTO To0i31a Oyie 3aiexatu Bi psaay hakTopis:
00’eMiB KOHTEWHEpIB, SKi HEOOXiTHO MEPEBE3TH, BiJACTaHI
JI0 TIOPTY 1 HasABHOCTI TPAHCHOPTHUX pecypciB. Y MESKUX
BHIIAIKAX MOXKe OyTH OinpIl e(eKTUBHUM IOYCKATHCH,
MOKW BCi KOHTeWHepnm OyayTe 3i0paHi, mepm HiX
BINPABIATH 0131, OCOOJMBO SKIIO BiJCTaHb IO IOPTY
HEeBEJMKA, a TPAHCIOPTHI pecypcu JErko JOCTYIIHi.

OnHak y CHTyalisx, KOJIM Yac Mae€ BHpillaJbHE
3HAUEHHS, a 3aTPUMKH MOXYTb IPU3BECTH JIO0 JOAATKOBHX
BUTpAT, BiANPaBIECHHsS HEMOBHOTO KOHTEHHEPHOTO I0i31a
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MoXke OyTH HaiOUIBII NPAaKTUYHUM pilleHHSIM. Takuid
MOiAXiA  MOXE JIOMOMOITH  3a0C3MEYUTH  CBOEYACHY
JIOCTaBKy KOHTEHHEpiB Yy IIOpT, HaBiTh SIKIIO HE BCi
KOHTeWHepu OyIyTh 3i0paHi HAa MOMEHT BiANpaBICHHS. Y
JeIKUX BUIAJKax CyTHOIUIABHI KOMIaHii MOXYTh TaKOX
BU3HAYNTH TPIOPUTETHICTHP NEBHUX KOHTEHHEpiB abo
BaHTaXiB, OCOOJIMBO YyTIMBHX 10 Yacy abo HiHHHX, 00
MIiHIMI3yBaTH BIUIMB 3aTPUMOK Ha CBOIO MisUTBHICTE.

3arajoM JOINBHICTh BigUpPABICHHS HEMOBHUX
KOHTEHHEpHUX MOi3MiB Oyne 3aiekaTH Bil KOHKPETHHX
00CTaBHH KOKHOI TPaHCIOPTHOI omeparii. Xo4a e Moxe
OyTH e(eKTUBHOIO CTpATETIEI0 ISl MiHIMI3alli] 3aTPUMOK 1
YHUKHEHHS mTpadiB, NpoTe He 3aBKId HaWOLIbII
npakTHYHUR a00 eeKkTMBHMH miaxin, ocoONMBO B
CUTyalisiX, KOJIM TpPaHCIOPTHI pecypcu oOMexeHi abo
BiZICTAHb /O TOPTY 3HAa4YHA. 3PEIITO0, CYyAHOIUIABHI
KOMIIaHii MaloTh PETENbHO 3Ba)KyBaTH KOMIIPOMICH MiX
BUTpATaMH Ha 3aTPUMKY 1 TPAHCTIOPTHUMH BUTpaTaMH IPH
NPUAHATTI pillieHb TPO Te, K 30UpaTH i TpaHCIIOPTYBaTH
KOHTEHHEepHI NO1311.

OTxe, OCHOBHOIO HOMIHAJIBEHOI  CKJIAJOBOIO
BUTpAT y CKIIAAl MiTb0oBOi (DYHKII € BUTpPATH, TIOB'sS3aHi 3
NPOCTOEM  KOHTEHHEpIB  MiJi  HAKONMMYEHHSIM  Ha
TEpMIHAIBHUX  CTaHLisIX  (OPMYBaHHS  MapLIPyTHHX
KOHTeHHEpHHUX MOi31iB. SKumo (yHKIIs 3aj]eKHOCTI Bij
4acy KUIBKOCTI KOHTEHHEpiB, 0 HaAIWILIM Ha CTaHILIIO,
ABJsie  COOOK BW3HA4YeHWH iHTerpan Big  (QyHKUIl
IHTEHCHBHOCTI, TO  (YHKIIiS  3aJeKHOCTI  BHUTpAT
KOHTCHHEPOTONUH BiJ Yacy B IPOLECi HaKOMHMYCHHS
KOHTEHHEepHOT mapTil Moke OyTH BH3HAYCHA SIK iHTErpa
BiJ OOYTKY (YHKIIIT IHTEHCHBHOCTI Ta 3MIiHHOI 4acy:

t
B = J./l* (t)tdt i (1)

*
nie A - byHKIis YMOBHO{L IHTCHCHBHOCTI
HECTAIliOHAPHOTO BHIIAIKOBOTO MOTOKY KOHTEHHEpIB, 10
HAJIXOISTh J0 3aI3HUYHOT TePMiHAIBHOT CTaHIIIT,

TO —_

(Tu1aHOBOTO) TIEPiOY;

MOMEHT 4Yacy TMO4YaTKy pO3PaxyHKOBOTO

t_ yac K 3MIHHA BEJIUYHHA.

Otxe, popmyna (1) MicTUTH iHTErpas 3i 3MiHHOIO
BEPXHBOIO TPAHULIEIO.

@yHKIisT YMOBHOI IHTEHCHBHOCTI € MOHSTTSM,
3aCTOCOBYBAaHMM Yy Teopil BHIAJIKOBHX IPOLECIB i
CTaTHCTHII Ta Teopii TOUYKOBHX MIPOLIECIB.
HecrarionapHicTh MOTOKIB HaIXOHPKEHHSI KOHTEHHEPIB 10
cTaHIii OOyMOBJIEHa CYKYyNHICTIO Oarateox (hakTopis:
pexxumMaMu poOOTH MiANPHEMCTB-BAHTAXKOBIATIPABHUKIB,
PUTMiYHICTIO poOOTH [WX MIANPHEMCTB 1  IXHIX
TPAaHCHOPTHUX  BiJAIIB, HAABHICTIO aBTOMOOLIEHOTO
TPaHCHOPTY 1 BOXIIB I 3AIHCHEHHS MEpeBE3eHHS,

3aropaMd Ha Joporax Tomio. Ilin HecTamioOHapHICTIO
BUIIaJJKOBUX IIOTOKIB PO3YMI€ThCS 3MiHa B dHaci IXHIX
XapaKTEepUCTUK, y NEpIly 4epry iXHbOi IHTEHCHUBHOCTI.

Ha BIIMIHY Bij 3BHYAHOT byHKii
IHTCHCUBHOCTI, sIKa OMHCY€E MIBUJKICTh HACTAHHS TOMIH y
3amaHii Touli abo iHTepBami dacy, (PyHKISI yMOBHOI
IHTEHCUBHOCTI BpaxOBY€ TIIEPEIiCTOpil0 Ta MOXil, IO
BinOyBaIOThCA IO 3aJJaHOTO MOMEHTY 4dacy. BoHa Bu3Hadae
HWMOBIpHICTD HACTaHHA TOAIl B 3a3HAUYCHUH MOMEHT 4acy
abo iHTepBam Wacy 3a YMOBH II€BHOI IepemicTopii Ta
moniii. DyHKHOiIE yYMOBHOI  IHTEHCHBHOCTI  Hajaae
iHpopMmamito 1po IMOBIpHICTP HACTaHHS TOAll 3
ypaxyBaHHSAM IOJiH, IO BXE BiJOYyJIHCS, 1 KOHTEKCTY, y
SKOMYy BOHM BinOyBaroThcs. OTxe, y CTaliOHApHOTO
BUIIAJJKOBOTO TIOTOKY IHTEHCHUBHICTh € HE JIHIIC
0y3yMOBHOIO, a i B3araji cTajoi0 BEIUYHHOIO.

OyHKLig YMOBHO{ IHTEHCHBHOCTI B
HECTallilOHaPHOMY BHIIaJJKOBOMY ITOTOILlI KOHTEHHEPIB, IO
HaIXOIATh Ha TEpMiHAJbHY 3ali3HWYHY CTAHIIIO IS
(opMyBaHHS KOHTEHHEPHOIO MOi37a, SIBISE COOOI0 Mipy
IHTEHCHBHOCTI HAJXO/PKCHHS KOHTEHHEpIB y 3aJaHui
MOMEHT dYacy abo IiHTepBal dYacy 3a YMOBH HEBHOL
nepenicTopii Ta moil, 1o Bin0yBaloThCs Ha cTaHMii. BoHa
BU3HAayae€ MMOBIPHICTh TIIOSIBY HOBOIO KOHTEHHepa B
3a3HaueHMH MOMEHT uacy abo iHTepBall dHacy 3
ypaxyBaHHSIM YK€ HasBHUX KOHTCHHEpIB, sIKI CKIIAJal0Th
MOTSAT, 10 (HPOPMYETHCS, a TAKOK (HAKTOPH, IO BIUTMBAIOTH
Ha TIpOLEC HAKONMYEHHS 1 BINIpaBICHHS KOHTEHHEDIB.
OyHKIiST YMOBHOI IHTCHCHBHOCTI [Ta€ 3MOTY OIIiHIOBATH
TEeMITM HAAXO/KCHHS KOHTEHHEpiB Ha CTaHLil0 3
ypaxyBaHHAM IWHAMIKA (OpPMyBaHHsS I0i31a i BIUIMB
30BHINIHIX (pakTOpiB Ha e mporec.

3a TEepMIHOIOTIEI0 Teopii TOYKOBUX IPOIIECIB
(amrm.  theory of point processes), (GyHKIis yMOBHOI
IHTEHCUBHOCTI — 116 (DYHKI[iS 3aJeKHOCTI IHTCHCUBHOCTI
HECTalliOHApPHOTO BHIIAJIKOBOTO TMPOIECY BiJ Yacy, IO
BPaxoBY€ 3aJIeKHICTh IMOBIPHOCTI HACTaHHS HACTYITHHX
HOAIN MOTOKY BiJl TO/iH IIbOTO TIOTOKY B MUHYJIOMY, TOOTO
s (QyHKIA OE3MOCepeIHbO 3aJCKUTh B ICTOPHYHHX
JIAHUX MPOLIECY, 10 TOTO K (PAKTUYHO € YHKIIEI0 PUBUKY
(amrnm. hazard function) [5]. Omxe, 3 omgHOrO OOKY,
YacOBMH TOYKOBMH mpouec (aHri. temporary point
process, TPP) — ue posmomin iMoBipHOCTEH 3
TTOCTIITOBHICTIO MOiH 3MiHHOI TOBKUHH B O€3MIEpEPBHOMY
yaci. 3 iHmoro 00Ky, 4YacoBHH TOYKOBHH IpOIEC MOXKHA
po3rIAgaTH SK MOJENb aBToperpecii. Y Toil ke dHac
YacOBHM TOYKOBHH TMPOLEC € TaKOX 1 JYHIBHUM
mporiecoM, TOOTO TIPOIECOM TMiApaxyBaHHS KiJIBKOCTI
BHITAIKOBUX TOJiH. DYHKINS yMOBHOI iHTEHCUBHOCTI J1a€
3MOTy 00’ €JHYBaTH IIi TOYKH 30PY i MOJIEITIOBATH TOYKOBU
MpoIecH, IO MAloTh pi3Hy NPHUPONY Ta BiANOBITHY iH
noBeAiHKy. Jlis BHUpilIEHHS LBOTO 3aBJaHHS 3TiTHO 3
TIOCTABJICHOIO METOIO TIPONOHYETHCS OTPUMYBATH (QYHKIIIT
YMOBHOI  IHTEHCHMBHOCTI  IUIIXOM  TreHepamii 3
BUKOPHUCTAHHSIM IPOTHO3HOT MOJIETl HA OCHOBI HEWPOHHOT
Mepexi — Tak BOHa Oy/e BpaxoBYBaTH ICTOPWYHI JaHi.
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OnHak GakTUuHO (YHKIISI YMOBHOI IHTEHCHBHOCTI
4acoOBOTO TOYKOBOTO IIPOLECY € Ti€I0 caMolo (yHKIIE0
IHTCHCUBHOCTI BHUIAJKOBOIO IOTOKY, 32 TEPMIiHOJIOTIED
Teopii BUMaJKOBUX MOTOKIB, OLIBII BiJOMOIO B HAYKOBOMY
Ta OCBITHbOMY cepenoBuilli kpaiH CximHoi €Bporu Ta
CHA. Onmnak caMe Teopiss TOYKOBHX IPOILECIB € OibII

3arayibHOI0 1 (aKTHYHO €AWHUM  CTaHOAPTHUM i
3araIbHOTIPUUAHATAM Y HAayKOBOMY CBITI  IJXOJOM,
3aCTOCOBYBAHUM IIPH JOCIIKCHHI.
[lepmy ckmafoBy eKCIUTyaTallifHUX  BUTpaT
MOXXHA 3aMNCAaTH K
N eP ti
K-X8 *
Cr= 2 ¢ [ A7 (thdt, @
i=1 7o
N 7P o . -
Jac - KUIBKICTh TCPMIHAJIbHUX CTaHII1N
(hopMyBaHHS KOHTCHHEPHUX MOI3/1iB;
*
/1, (t)— (yHKIiIE ~ yMOBHOI IHTEHCHBHOCTI

HeCTaHiOHapHOFO BUIIAJIKOBOI'0 IMOTOKY HAaIAXOIKCHHA

KOHTEHHEpiB 10 I -i TEePMiHANBHOI CTaHIIIT;
ti — MOMEHT 4Yacy 3aBepIleHHS IpOLeCcy
HAKOIIMYEHHs KOHTelHepHoi maprii Ha | -if TepminanbHiii

K-X6
CTaHHlT; C| — BapTICTh KOHTGﬁHepO-XBHJ’IHHH IIPOCTOO

KoHTeliHepa Ha | -iif TepmimanbHili crammii, ska Moxke
BKJIIOYaTH  SIK  BapTiCTh  XBWJIMHH  BHUKOPHUCTaHHS
KOHTeWHepa, BapTicTh IiepeOyBaHHS KOHTeWHepa Ha
KOHTEHHEpHOMY MaWJaH4YNKy CTaHIii ado Tuiatopmi Ta
HOro 0XopoHa Toulo.

[HIIOI  CKJIa0BOIO  MUIBOBOT  (DYHKINI, sKYy
HEOoOXiTHO BpaxyBaTH, € JOAATKOBI BHTPATH, MOB'A3aHI 3
HETOBHOCOCTABHICTIO ~ MapiipyTHoro moizma. Omxke,
BPaxoOBYIOUM Te, II0 HEJOLUIBHO 3acMiuyBaTH ILJIbOBY
(YHKIIFO eJeMEHTaMH, IO He 3alleXKaTh BiJl KEePYHOUHX
a00 3BMYAHHWX 3MIHHHX MOJENI, Taki $K, HATPUKIAI,
BUTpATH, TIOB'A3aHI Oe3MocepesHb0 3  IMPOCYBaHHIM
KOHTEHHEPHHX T013]1iB, aJ)ke BOHH B Oy/b SIKOMY BHIAJKy
OyIoyTh peami3oBaHi y pa3i BiANIpaBICHHS IMX MOi3MiB.
OmHak ciix 3a3HAaYNTH HEOOXiTHICTH  BpaxyBaHHS
JIOJIATKOBUX BUTpAT y pasi BIINIpaBIICHHS
HEMOBHOCOCTaBHUX MOI3/IB, a/ke B TaKOMYy BHIAJKY
coO0iBapTICTh TPAHCHOPTYBAaHHS AaHOI MapTii KOHTEHHEPIB
3pOCTa€ Ta BIAMOBIZHO 3pOCTaE THTOMA COOIBAPTICTH
TPAHCHOPTYBaHHS KOHTEHHEpa Ul 3aJTi3HUIHOT KOMITaHil.
e ¢akT MOXHA TOSCHUTH THM, IIO y pa3i BiAMpaBICHHS
HETOBHOCOCTaBHOTO KOHTEHHEPHOTO I0i3[a co0iBapTICTh
HOTo CIOPSDKEHHS, BiIPaBIICHHS Ta IPOCYBAHHS 110 JIiHIT
Maiike He 3MIHUTBCS OJHAK YacTHHA BaroHO-Miclbs abo
KOHTeHHepoMicup y noi3ai GpakTHyHO He OyayTh OIUTaueHi
KilieHTaMH. TakuM 4MHOM, JI0JaTKOBI BUTPaTH BUHHKAIOTh
B 00cs31 BapTOCTi IepeBe3eHb KOHTEHHEPIB y KiJIBKOCTI,

IO JIOPIBHIOE DI3HUI MK HOPMATHBHOIO KIJIBKICTIO Y
CKJIaJi moi3/a i (PaKTHYHO KiJIbKICTHO:

m —tji/z,* (t)dt || m > tjﬂbf(t)olt i

N e

C,=),
i=1

(3
m;

ne mif HOpMa KITBKOCTI (ITHHTOBHUX ILIaThOPM i

BIMIOBiTHOI KiJBKOCTI KOHTEHHEPIB y mepepaxyBaHHI Ha

copokayToBi KOHTEHHEepH (FEU) y cKiIazi
KOHTelHepHOrO moi3aa, mo dopmyeTbcs Ha | -if
TEepMIHABHIN CTaHIIIT;
Kn . .
Ci — BapTICTb MNPOCYBaHHSA KOHTEHHEPHOTO

moi3ia, IO BIiAMOBiIa€ HOPMATHBHIN KUTBKOCTI BaroHiB,
Big | -i TEPMIHAIBHOI CTaHIIIT 0 TOPTY.

Sk Oymo 3a3HaueHO BWIIE, KOHTEHHEpHI
mepeBe3eHHs 1 0co0nMBO IHTEPMOZANBHI, y  SIKUX
OJHOYacHO OepyTb ydacTb JeKUIbKa HE3AJEKHUX
TPaHCIIOPTHUX ONEparopiB 1 KOMIaHiH, MOB's3aHl 3
PHU3HKOM.

Takox ciix 3a3HAYUTH, IO BiANPaBICHHS
KOHTEHHEPHOT0 013712 3 MEePEBUILICHHSM HOPMH KIJIbKOCTI
BaroHiB TaKOXX MOXe OyTH E€KOHOMIYHO BHIIPaBJAHHM,
OCKIIBKM Y BHINAJKY JIOCTAaBJICHHS MapTil KOHTEHHEPIB Y
HETIOBHOMY 00Cs31 MOXE NPHU3BECTH 10 HAKIAICHHS
mTpagHUX CaHKIiHA. € 3BiCHO IrpaHMYHA MeXa KUTbKOCTI
KOHTEWHEepIiB 1 BIAMOBIAHOI KUTBKOCTI  (PiTHHTOBUX
wiatgopM, OOyMOBJIEHa MAaKCHMAJIBHOIO  yYMOBHOIO
JIOB)KMHOIO KOJIIH Ha IOITyTHHUX CTAHIISIX, MAKCUMaJILHOIO
Baroro Moi3aa, oOyMOBICHOIO MOTYXKHICTIO JIOKOMOTHBA,
tomo. OTxe, cKAaq KOHTEHMHEPHOro MOi3a MOXe 3a
YHUCENIPHICTIO  BAaroHIB  MEPEBUIYBaTH  HOPMaTHBHE
3HAUEHHs, INPOTE 3HAXOAUTHUCh Yy MeXKax TPaHUYHHX
NOKa3HHUKIB. Y TakOMy pa3i MOXXYTb BUHHMKATH JJOAATKOBI
BUTpATH, TOB'I3aHI 3  HEOOXIJHICTIO  MPOBEACHHS
JIOZIATKOBUX MaHEBPOBUX pOOIT mpu (GopMyBaHHI 10137a.
OmHak y mWepmly 4depry NpOBEACHHS JOAATKOBHX
MaHEBPOBHX pPOOIT y IbOMY BHNAJKy BUHHMKAE B Hpoleci
PO3BaHTAXXEHHsI MOi3/]a B TIOPTY, aIpKe KOJIii MPHUIIOPTOBOT
CTaHIii, po3paxoBaHi Ha JOBrOCOCTaBHi IOi3/H, MOXYTb
Oyt 3aiHATI iHIIUME Toi3namu. Jlo Toro ’k Kodjii, o
3HAXOJAThCSl Oe3nocepenHbo B TOPTY Ol NpUuais,
B3arajii He po3paxOBaHi Ha JOBrOCOCTABHI MOi31H, 1 TOMY
JOBENCThCS 3I1HCHIOBATH IXHE PpO3YEIIEHHS 3
MOCIIZIOBHUM T0JIaBaHH;IM YaCTUH Ha MOPTOBY KOJIIO JJIsI
po3BanTakeHHs. OTxKe, 11 T0OJaTKOBI BUTPATH HEOOXiTHO
PO3paxoByBaTH SIK

Co=c" 3| | [ (wpt—m | [ 4 (tet>m | |.@

33

IKC3T, 2023 Ne3




IHOPOPMALUIMHO-KEPYIOUI CUCTEMMU HA 3AJII3BHUYHOMY TPAHCIIOPTI

e Ca6 — MIUTOMI JOAATKOBI BUTPATH, IO MPUIIAAIOTh Ha
KOKeH BaroH, NPWYEIUICHWI 10 KOHTEHHEpHOro mnoi3aa
1032 HOPMOIO KiJIbKOCTI BaroHiB.

Sx Oymo 3a3HaueHO BHWIIE, SKOO (HaKTHIHA
KUTBKICTh HaIaHNUX KOHTEHHEPIB BUABUTHCS MEHIIO0, HiXK
KUIBKICTh, 3asBJICHAa OIEPAaTOPOM JUII 3aBaHTAKCHHS Ha
KOHTEHHEpOBO3, MOXYTh OyTH 3acTocoBaHi ImTpadHi
cankmii. Taki BuaM mTpadHUX CaHKIH OCTaHHIM YacoM
BBOJATHCS ~ BCE  OUIBIIOID  KINBKICTIO  MOPCBHKHX
NEepeBi3HMKIB, 10 OOyMOBJIEHO IXHIM HeOaKaHHIM
BTpauaTH NPHUOYTKM Ta BIANOBIAHUM CTHUMYJIFOBaHHIM
IHTEpPMOTANTbHUX orepaTopiB JI0 3ano0iraHHs
MOPOXXHBOMY MPOOITy KOHTEHHEpPOMiCIlb, OCOOJIMBO Ha TJIi
KapJMHAJIBHOTO MiJBUILEHHSA TapudiB Ha KOHTEHHEpHI
nepeBe3eHHst y ¢BiTi. Tak, BCECBITHRO BiJOMUI MOPCHKUI
nepeBisHUK — kommaHis MSC (Mediterranean Shipping
Company) - 3ampoBagmia mrpad 3a HEMONAHHS
KOHTEHiHepa [0 TiepeBe3eHHA «no show bookings
surcharge», skuit craHoButh 600 mom. 3a 1 FEU. Orxe,
HEOOXITHO BKIIFOYUTH O MiNBOBOI (YHKIIi €IEeMEHT, 10
Oyzne BpaxOBYBaTH Ili BUTPATH:

N eP ti

C,=c“ n“”P—Z'[Z,,*(t)dt |

i=1 7,

Q)

op o . .
e N — KUIBKICTh KOHTEHHEPOMICIb, 3a()paxTOBAaHIX
orepaTopoM Ha KOHTEHHEPOBO3i B mepepaxyHky Ha FEU;

c - cyma mrpady 3a omud FEU, mio e OyB
MOJAHMH ISl HABAHTAXKSHHS Ha CYJTHO.

[lonsATT pU3NKY, 3aCTOCOBYBaHE B TEXHIYHIH,
EeKOHOMIYHIH 1 (¢iHaHCOBIH cdepax, mnepeadavae
MOJKJIMBICTh 3/11HCHEHHS HE JIMIIE SIKICHOTO, aje B MepIry
Yyepry KiIbKICHOIO OLIIHIOBaHHS pHU3MKY. BenuuunHa
PH3MKY BUMIPIOETHCS 3a3BHYAll Y TPOLIOBOMY €KBIBaJEHTI
i Moxe Oyrn oOuHcieHa sIK JOOYTOK IMOBIpHOCTI
HeOaXkaHoT Mo/ii Ta BEIMYMHU MaTepialibHOTO 30UTKY, II0
BHHMKA€E BHACIIIOK HACTAHHS L€l TTOIT:

R=Q-c” (6)

e Q — IMOBIpHICTh HACTAaHHA HeOa)KaHOT MOIIT;

C36 — BEIMYMHA MaTepiajgpHoro abo (iHaHCOBOTO
30HTKY.

Opranizauis (dopmyBaHH Ta JIOCTaBKU

KOHTEHHEpHUX TMapTii A0 TOpPTYy HE  BHKIIOYAE

MOXJIMBOCTI HECBOEYACHOTO MPHOYTTS X04a O OJHOTrO 3
KOHTEHHEpHHUX TOI3/iB, 10 y CBOI0 YEpry HpHU3BEIE /10
3aTPUMKHA CyJHa 3 BUHH 3QJII3HUYHOTO TepeBi3HHUKA, i
HaKJIaJJaHHS TTOPTOM BiAMOBiAHMX mTpadHUX caHKLiN. Llg

MOJKJIMBICTH HECBOE€YACHOTO MPHUOYTTS MOI3MIB IO MOPTY €
HACIIIIKOM BIDTMBY 0aratbox (hakTopiB, OLTBIIICTH 3 SKUX
3HAaXOJUTHCS T03a MEXaMH KOHTPONIO 3alli3HHYHOTO
oreparopa, abo Lied KOHTPOJIb € JIMILE TOOJMHOKNAM 1 He
Jla€ 3MOTY IOBHICTIO BHKJIIOYHTH MOXJIMBICTH HAaCTaHHS
uiei HeOakanoi moxii. Jlo TOro >k IMOBIPHICTh 3ami3HEHHS
KOHTEHHEpHOro Toi3xa Oe3nocepesiHbO 3aNEKUTH  Bill
YIOPaBIIHCBKUX  pIIEHb, TOB'SI3aHUX 13  IPOLECOM
HAaKOTIMYCHHS KOHTEHHEPHHX MAapTiii Ha TepMiHAIBHUX
3ai3HUYHUX CTaHOigX. Yac Ha TpOCyBaHHA IOI3Ia Bix
TEepPMiHAIBHOI 3aJi3HMYHOI CTAHII 0 MOPTYy Mae OyTH B
YacOBOMY TIIPOMIXKY MDK MOMEHTOM  3aBEpIICHHS
HAaKOTIMYCHHS KOHTEHHEpHOI mapTii Ha TepMiHAIBHIN
CTaHIli Ta MOMEHTOM BiJNpPaBICHHS CYIHA, YPAXOBYIOUH
TaKo)X TPUBAJIICTh HaBaHTaxeHHS. Yepe3 Te, 10
NepeBE3CHHS 31MCHIOEThCS MAPIIPYTHUM I013]I0M, TO, Ha
NepIInil TOIIAl, palioHalbHUM pIlICHHAM MOXe OyTH
NpUiiMaHHs LBOTO Yacy MPOCYBaHHS 3a CTajy BEJINYUHY,
IO 3aJIeKUTh BiJ JIOBXKMHU MapuIpyTy, abo NpHHaiMHI
MOJECIIIOBAHHA WOr0 fK BUIIQJIKOBOI BEIMYMHU, IO MAE
HE3HAa4YHI KOJMBAHHS], 3 BUKOPHUCTAaHHAM HOPMaJIbHOTO
3akoHy posmoairy. OpHak Takuii miaxig OyB Oum
MOJJIMBHM JIMIIE B yYMOBAaX PO3BHHEHUX €BPOIEHCHKUX
KpaiH, SIKIIO, HANpUKIaA, KOHTEHHEPH IIEePEBO3SITHCS
moizgoM Tmmy shuttle train, TOOTO 3aNi3HHYHEM
KOHTCHHEPHHM EKCIIPECOM, IO IpPAMY€E IPaKTUYHO Oe3
3YNMHOK 1 31 CTajJOl LIBHAKICTIO MO CHELiaJbHO
BU/IJICHUX HHUTKaX rpadika Ta B yMOBaX, KOJHM BaHTaKHUI
3aJI3HUYHUIA PyX BIJOKPEMJIEHHH Bill macaxupcbkoro. B
YMOBaxX YKPAiHCHKOI 3aJli3HUYHOT CHCTEMH BaHTAKHHUH 1
NACAKUPCHKUN PyX 3IIHCHIOIOTHCS 3 BHKOPUCTAHHSIM
onHiel iHQPACTPYKTYPH, OO TOTO K MACAKUPCBHKI MOi3IH
MaloTh BUINUH npioputeT. Takuii cyMimeHu pyX y Kyt 3
BHCOKOIO BAaHTa)KOHAIPYXKEHICTIO JIiHIH NPHU3BOAUTH 0
IIBHIKOTO 3HOCY PEHOK 1 BHXOAy 3 JIajy eJIEMEHTIB
BEepXHBOi OyMOBH KOJii, 4acTOi HEOOXITHOCTI BHIIJICHHS
BIKOH JUIS 3JIMCHEHHS IUIAHOBUX 1 IO3aIUIAaHOBHUX
peMoHnTiB. JIoBXKHHA JIiHIH, HA SKUX JifOTh MOIEPEIHKCHHS
PO HEOOXIJHICTh OOMEXKEHHS IBUAKOCTI pPyXy MOi3iB,
noB'sizani  abo 31 CTaHOM KOJIiif, a00 MNpPOBENCHHIM
PEMOHTHHX POOIT, CTAaHOBUTh Yy CepelHbOMY Oilblle
HOJIOBUHHU 3arajibHOI IMPOTSHKHOCTI JIIHIA  3ai1i3HUYHOT
cucteMu Ykpainu. [lo Toro x pyx nepeBaxxHoi OUIBLIOCTI
BaHTQXXHUX TOI3JIB 3MIHCHIOETHCS HE 3a CTAINM
PO3KJIaJIOM, a TOTOBHICTIO 1 JJUCHETYEPCEKUM PO3KIIA/IOM.
OpHak HaWOIMBII  gecTaOuLT3yrOUMM  (aKTOPOM, IO
MIPU3BOJUTE JI0 3HAYHUX 3aTPHUMOK IIPpH HPOCYBaHHI
KOHTEHHEpHUX TMoi31iB, € mpunoproBi crannii. Ha
NIPUIIOPTOBUX CTaHIIISAX 3a3BHUYail BiIOyBa€ThCA
CKYITYEeHHS BEJIMKOI KiTBKOCTI COCTaBiB YHACIIIOK HECTadi
MaricTpaibHHX i MaHEBPOBHX JIOKOMOTHBIB,
JIOKOMOTUBHUX  Opuraj, HEBIAMOBIAHOCTI KOJIHHOTO
PO3BUTKY CTaHII Cy4acHHM oOcAraM pyXy, CE30HHHM
nepeHaBaHTaXeHHsAM Toilo. Lle Moke NpU3BOAUTH JI0
6araTro4acoBux 3aTPUMOK pu IIpoCyBaHHI
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KOHTEHHEpHOTro IMoi3Ja BiJA NPHUIIOPTOBOI CTaHLIl 0
nopty. Y JeKUIbKOX TONEpeqHiX JOCIIKEHHSIX OyIo
JIOBE/ICHO, IO I[eil Yac 3a3BUyail IiANOpsIKOBYETHCS
3akoHy Epmanra. Otxe, 0COONMBO BpaxoBYIOUH HOTO
NEBHY YHIBEpPCAIBHICTh, caMe Meil 3aKoH pO3MOJiTy

JOLITEHO  BHKOPHCTOBYBATH Ul  MOJEIIOBAHHSA
TPHUBAJIOCTI TPOCYBaHHSA KOHTEHHEPHOTO TOi3ga BiX
TEepMiHANBHO!  3aNli3HWYHOI CTaHOii [0 TOPTYy SK

BUTIAIKOBY BEIHYMHY O€3MEepepBHOTO THITY. 3aIli3HEHHS
moizna BigOyAeThCsS TpU TEpeBUIIEHHI dYacy iforo

Q{‘L’np >(Te -7 —t)} =1- P{r"P <(Te -7 —t)} =1-F (T =" ~t;k,4)

np . o .
IS T — TPUBAJIICTh MMPOCYBAHHA KOHTCHUHCPHOT'O I10131a
SK BHUIIQJIKOBA BCJIMYMWHA,

Hae
T — TpuBamicT, HABAHTAKEHHS KOHTEHHEPIB Ha

CYIHO-KOHTEHHEpOBO3, SKa 3aleXuThb BiX  o0csary
KOHTEHHEepHOI mapTii;

MIPOCYBaHHS HA IUIIXY MK TEPMiHAJbHOIO CTAHLIEIO Ta
MOPTOM YacOBOI'O IHTEPBaly, MK MOMEHTOM 4Yacy
3aKiHYEHHS HaKONMYEHHS KOHTEWHepHOI mapTii Ta
TPaHUYHO  MOXJIMBUM  MOMEHTOM  4acy  IOYaTKy
HaBaHTA)KEHHS  KOHTeWHepHOI mapTii Ha  CyIHO-
KOHTEWHEPOBO3 3 YPaxyBaHHIM IUIAHOBOTO MOMEHTY 4acy
Horo BinOyTTS.

Otxe, BenmMYMHA IMOBIPHOCTI 3ami3HEHHSA TOi3Na €
KOMIUIEMEHTApPHOIO 10 BEIMYMHH IMOBIpHOCTI HOro
BYACHOTO NPHOYTTS, SKy MOXKHAa pO3paxyBaTH sK

U]

BIANpaBICHHS KOHTEHHEPOBO3a 3a HOro pPO3KIAIOM 3
ypaxyBaHHAM 4Yacy Ha HaBaHTaXCHHs, TOOTO IMOBIpHICTB
BYaCHOTr0 MpUOYTTA 1oi3a 0 MOPTy Ta BiAMOBIOHO HOTro

3aImi3HeHHS K (QYHKIIS Big t :

F (T C—r" —t:k, /1) —  KyMyJISTHBHA

— 3MiHHA, IO Ha0yBa€ 3HAYECHHS MOMEHTY dYacy (YHKUisS po3moniny 3akoHy Epimanra (anrm. Cumulative

3aBEpLICHHS HAKOMMYCHHS KOHTEHHEPHOI mapTii;

Distribution Function, CDF), ne k Ta ﬂ, — mapameTpu

c . . o i
T~ vomenr gacy BinbyTTs CymHa 3a rpadixom ioro Po3moainy Epranra.

PyXy;
P (e <(Te e 1)

Ta

np C Hae
Q {T > (T -7 _t)} — iMoBipHicTs TOTO,

10 Yac NPOCYBaHHS MOi3[[a HE NEPEBUIINTH TPHUBATICTH
4acOBOTO BiKHa, 0OMEXEHOI0 MOMEHTOM Yacy 3aKiHYEeHHS
HAKONMYEHHS KOHTEWHEpHOi mapTii Ta MOMEHTOM dYacy

(=)

OTxe, IMOBIpHICTB 3aTPUMKH CyJHa-
KOHTEHHEpOBO3a gyepes 3ari3HeHHs npuoyTTS
KOHTEHHEPHOTO 10i3/1a A0 IOPTY MO>KHA PO3PaxyBaTu sK

(o= )

Qe > (Te = —t)} =1~ 0

{ (ﬂ_(TC _ s —t))j
j!

_Ha6 _

—A(T“ r

e

1- 1—Zk:

j=1

ne Y ( . ) — HIOKHS HENIOBHA ramMMa-(yHKIIS.
Ilepexix Big ramma-¢yHKmii r ( k ) 110

(akropiana (k _1)l OyB 3niliCHEHHH 3aBISIKH TOMY,

=

e—l-(T‘—r””—t) (l-(TC _ phas _t))j
j!

(8)

l

>

j=1

10 kel +, TOGTO mapamerp K sanescurs 10
MHOKUHH JOAATHUX IITNX YHCEI.

Ha puc. 1 mHaBeneHwmii MeXaHi3M BH3HAYCHHS
IMOBIPHOCTI 3ami3HEHHS KOHTEHHEPHOTO TOoi3la B pasi
PO3MOAITY BENWYMHU TPHUBAJIOCTI Yacy MepeBe3eHHS 3a
3akoHOM Epianra 3a gomomMoror KyMmymiIsaTHBHOI (yHKIii
PO3MOLTY IFOTO 3aKOHY.
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Puc. 1. BusHaueHHs iIMOBIPHOCTI 3aIli3HEHHs] KOHTCHHEPHOTO IM013/1a B pa3i pO3MOiLTy BEIUYUHU TPHUBAIOCTI Yacy
MepeBe3eHHs 3a 3akoHOM Epianra , 3a TOMOMOro0 KyMYJIATUBHOI (DYHKIIIT PO3MOLTY EOTO 3aKOHY

Ha puc. 2 HaBemeHa cXxeMa BH3HAYCHHS
IMOBIpHOCTEH 3aTpUMKH CyJHAa BHACIIIOK 3aIli3HEHb
KOHTCWHEpHUX TMOI3IiB, TMOTPiOHa I BHU3HAYCHHSA
cymapHoi (yHKUIT pH3MKy, apke (akTHYHO MmITpadHa
(YHKIIS € TUCKPETHOIO, OCKUIBKM 3aTPUMKa, HANpHKJIa,
Ha 15 rox BiJ HaCTYyNMHOI FOAMHK BCE OJJHO TPH3BOAUTD JIO
mtpadHOT BUILIATH 32 LTy TOAWHY.

(s @ = i =
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L= = =
RS -~ .~
N = NN = N N o T
:I—;l—:l—:
i © ¢ © ! © |
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Puc. 2. Bu3HaueHHS NOTOAWMHHUX iIMOBIPHOCTEH 3aTPUMKN
CyJIHa BHACJIIJIOK 3aIli3HEHh KOHTEHHEPHHX T0i3/1iB

OmHak y pa3i  OJHOYAcHOTO  HAKONWYCHHS
KOHTCHHEpHUX TapTii Ha JAEKUIBKOX TepMiHAJIBHUX
CTaHIIAX 1 BINNOBIMHO BIANPABICHHS 3 KOXHOI i€l

CTaHLIl MapLIPYTHOTO KOHTEHHEPHOTO Moi3/1a B OiK MOpTy
IMOBIpHICTP 3aTPHUMKH CyIHA JOPIBHIOE IMOBIpHOCTI
BHITIAJIKY, KOJM X04a O OIWH 3 IUX MNOi3IiB mpuOyAe 1o
nopry 3 3amisHeHHsM. OTXe, ypaxoByHO4YH Te, IO
3aIi3HEHHS KOXKHOTO OKPEMOro II0i3[a € HEe3aJeKHO0
MOJTIEF0, T4 OJHOYACHO IIi MOJIi € CYyMICHHMH, TOOTO HE
BUKIIIOYAETHCS TOM (PaKT, 10 BOHH MOXYTh BIOyTHCS
pa3oM, IMOBIPHICTh BHIAIKY, IO MPUHAWMHI OJUH IMOi3]
npuby/Je 3 3ami3HEHHSIM, 32 TEOPEMOI0 TMPO JOJaBaHHS
IMOBIpPHOCTEH IS CYMICHHX TIOAIN, JOPiBHIOBATUME CYyMi
IMOBIpDHOCTEH 3aIi3HEHb KOXXKHOTO OKPEMOro Ioi3za.

Otxe, IMOBIPHICTP 3aTPUMKH CyIHA MOJXKHA
pO3paxyBaTH sK

N K e—ﬂi'(TC’TW*ti) (ﬂ1 (TC — e -1 ))J
i

. (9)

Q'}czgg
ne ki Ta ﬂf,—

¢opmMu) 1 mapameTp IHTCHCHBHOCTI 3aKOHY PO3IOILTY
Eprmanra,  skoMy  HiANOPSIKOBYETbCS  BEIMYMHA
TPUBAJIOCTI MapIIPYTy KOHTEIHEPHOTO M0i311a, 10 NPSIMYE

BIJNIOBITHO MapaMmeTp CTymneHs (abo

Bin | -i TepminanbHOI cTanmii 10 MOpTY.

Toni HacTymHy CKJIagoBY LiIbOBOi (DYHKIii, IO
ABJIsIE COOOI0 PU3UK 3aTPUMKH CyJHA-KOHTEHHEpPOBO3a 3
MIPOBUHH 3aJTI3HUYHOT'O OIIEpaTopa, MOYKHA 3aITUCATH SIK
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C5 -R :Q3cc3c :C3CZZ

i=1 j=1

OTxe, UiTHOBY (PYHKITIFO MOYKHA TIOAATH SIK

NPk e‘ﬂi'(T"—r’*"B—ti) (/1' -(TC gy ))J

(10)

E({tty -t h {4 (0,40 A 0}{6.6,...6})=2C.

ne {tl, tg .- 'tn } — 3MIHHMH BEKTOp MOMEHTIB

3aBepIICHHS HAKOMMMYCHHS KOHTCHHEPHUX MOT3/IiB;

{ﬂ‘l* (t) ! ﬂ’; (t) .. i: (t)} — MHOXWHA (QYHKIIH

YMOBHOI I1HTEHCUBHOCTI, LIO SBJISIOTH COOOI TOTOKU
HaJIXOJDKEHHS KOHTEWHEPIB;

{9 ) 92 ... Hn } - MHOKHHA po3noiniB

TPUBAJIOCTE  NPOCYBaHHS  KOHTEHHEpHHX  MOI3IiB
(momaHMX SIK BINIOBIAHI MapaMeTpy) MK TepMiHATLHUMH
3aI3HUIHUMHE CTaHIISIMH 1 TIOPTOM.

Takox HEOOXimHO BpaxyBaTH OOMEXEHHS, IO
HAKJIAJalOThCd HA KEpyKdi 3MiHHI TEXHOJOTIYHUM
nporiecoM. Tak, HE0OXiTHO BpaxyBaTH OOMEKEHHS 3a
MaKCHMAaJIbHOIO JIOBXXHMHOIO IOi3/iB, 10 (OPMYIOTECS, y
(hi3MYHKUX BaroHax:

{;
[4 (dtsm, i=l.N" g

Ha ocHoOBi cpopmoBaHOi Moseni Oyio po3pobiieHe
nporpamHe 3a0e3reueH s Ta MPOBeIeHe MOJIEIIOBaHHS. Y
TaOIUII HaBeICHI BUXIIHI JaHi I pO3PaxyHKY.
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Ta6muus 1
BuxinHi 1aHi 118 po3paxyHKy
OnuHuIs
[Tapametp 3HaueHHA BUMIpIOBAHHS
*
IlporHo3Ha  yMOBHA  IHTEHCHBHICTb j’l (t) 8.2019-10%"t® - 4.869-10"%4t7 - 4.7899-10"
. . 196 + 2.519-10°% t5-5.0406-102t* +
HECTal[lOHAPHOTO MIyacOHIBCHKOTO nporecy 4.0412.10% - 7.2505-10-42 - FEU/xB
HaJXO[DKEHHs1 KOHTelHepiB (y IepepaxyBaHHI Ha ' 0.0001538t + 0.10832
TEU) 10 nepuioi TepMiHaIbHOT CTaHII ' '
*
[IporHo3sHa  yMOBHA  iHTEHCHBHICTb ﬂ? (t) 5.5929-10%6t8 - 7.8894-10-%%t" +
. . 4.6203-10718t6 - 1.441-104 5 +
HECTAI[iOHAPHOTO MyacOHiBCLKOTO npouecy 25387101114 - 2.4372.10°%¢ + FEU/xB
HaJIXOJDKEHHS KOHTeiHepiB (y nepepaxyBaHHI Ha 1.0803-10°5t - 0.0012039t+ 0.09046
TEU) no apyroi TepMiHaabHOT CTAHIIIT ' ' '
Bapricte KOHTEWHEpO-XBWIIMHM TIpH IepeOyBaHHI k% —01 ¢ =0 2 $
KOHTEHHEPIB HA TEPMIHAJIBHUX 3aTi3HMYHUX CTAHIIISAX 1 T 2 T FEU-xB
Bapricts CIIOPSIYKSHHS Ta MIPOCYBaHHs
KOHTEHHEpHOTo TMoi3/a BiJ NEpHIoi TepMiHAIbHOI 4000 JIOJ.
CTaHIii 10 mopTy
Baprictb CIIOPSIIKCHHS Ta NPOCYBaHHS
KOHTEHHEpHOTO TOi3la BiA Opyroi TepMiHAIBHOL 5500 JIOJI.
CTaHIIii 10 TOPTY
[apamerpu ¢opmu 1 Macmraly — TpUBaJIOCTI
NpOCYBaHHS KOHTEWHEPHOro TOi3Aa Bix mepiol
pocy . p A A P .. k1 = 2, H = 400 Ol., XB

TepMIHaJIBHOI CTaHLil J0 MOPTy, SK BHIAJIKOBOI
BEJIMUMHH, PO3IIOJIiNIeHOoT 3a 3akoHOM Epnanra
IMapamerpu ¢QopmMu i wmacmrTaldy  TpHBAJIOCTI
NPOCYBaHHA KOHTCHWHEpPHOro moi3na Bixg Jpyrol k. =2 _

! . N = = ol., XB
TepMiHAJBHOI CTaHLil X0 MOPTY, SK BHIAIKOBOI 2 » Ho 500 A
BENTMYMHH, PO3MOALIEHOT 3a 3akoHOM Epanra
JonatkoBi BHTpaTH TP MEPEBUIICHHI HOPMH
KibkocTi  ¢iTuHroBux  margopm y  cKiami 200 o
KOHTEHHEpPHOTO TO0i3[]a HAa OAHY OAMHHIIO (Ha 000X Ao
HanpsMKax)

Kinbkicts 3a0pOHBOBAHHUX Ha CyIHi 73 FEU
KOHTeHHepoMicIb y nepepaxyBanti Ha FEU

MomMeHT bacy 3akiH4eHHS HaBaHTaKEHHS CyIHa 1

HOro BIAMIUTTSA, XB, BiA MOMEHTY IOYaTKy 1600 XB
TJTAHOBOTO PO3PaxyHKOBOTO MEPioy, XB

TpuBanicTh HaBaHTa)KEHHS OTHOTO KOHTEHHEpa 5 xe/FEU
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Ttpad 3a HEmOmAHHs 1O HABAHTaXCHHS Ha CYyAHO 1
600 noi./FEU
FEU
BapricTb TonuHM 3aTPUMKH Cy/iHA 5000 JI0J1./TO/1
Ha puc. 3 rpadiuno 300paxeno ¢pyHKIii yMOBHOT
IHTEHCUBHOCTI  BHMITAJKOBHUX IIOTOKIB  HAaIXOMKEHHSI
KOHTEWHEpIB /0 TepMiHAJBHUX CTaHIIW, HaBEACHUX Y
TaOIUL.
04 T T T
A ()= 5.5929e-26 t% . 7.8894e-22t" + 4.6203e-18 t° - 1.441e-14 t°
03’ +2.53876-11 t* - 2.43726-08 t° + 1.08020-05 % - 0.0012039 t 7
+0.09046
03— -1
0.25 — =
2
uSJ A= 8.2019e-27 t% - 4.869e-24 t° - 4.7899e-19 t° + 2.519e-15 t°
e - 5.0406e-12 t* +4.0412e-09 t* - 7.2505e-07 t° - 0.0001538 t
Z +0.10832
-
0.15 —
0.1 =
0.05
0
0 500 1000 1500 2000 2500 3000
t, x8
Puc. 3. ®yHkiii yMOBHOT IHTEHCUBHOCTI BHIIAJKOBUX MTOTOKIB HAIXOKCHHS KOHTECHHEPIB
Ha pumc. 4 rpadiuro 300parkeHO LiIBOBY MeToJaMd (YHKIIOHATBHOTO aHami3zy. OTKe, ONTHMI3aIliio

(hyHKIFO MOJIeNi Ta pe3ynbTaT ii onTumizalii. Y BHIAAKY
JBOX TEPMIHAIFHUX CTaHIIA MiThoBa (YHKIS SBISIE
coboro moBepxHIO. OMHAK y BHUITAAKY OLTBIIOI KiJTBKOCTI
TEPMIiHAGHUX CTAHMIA 1 BIAMOBIAHO OiNBIIOI KITBKOCTI
KOHTEWHEPHUX TMOI3MIB IUILOBY (YHKIIIO HEMOXKIHBO
Oyze momatu y rpadiyHOMY BUIJISIAI Ta 3HAUTH 11 MiHIMyM

3aIlpOIIOHOBAaHOT MOJEINi B 3arajJbHOMY BHIIJKy MOXHA
knmacudikyBaTH K 3amady HemiHiiHOI omrumiszarmii. Tomy
po3pobiieHa TpoleAypa ONTHMi3amii 3ampoONOHOBAHOL
MOZeNi BUKOPHCTOBYE CyYacHHH MAaTEMAaTHYHUH amapar
TEHETHYHUX aJITOPUTMIB.
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t,, xg1000

1200 1200

Puc. 4. LinboBa GyHKIIT Moemi Ta pe3ynbTar il onTuMizarii

Sk BHAHO 3 PpHCYHKa, OTpPHMaHi ONTHMaJbHI
TpuBalnoOCTi  (GOpMyBaHHI  KOHTCHHEpHHX O3B
CTaHOBJITH BimmoBimHo 321 XB U1 mepmioro moi3ma Ta
361 xB i Apyroro moisda, mepemdadaeThes, M0 3a I
nepiogn OyZe HAKONWYEHO [yisi mepiioro moizga 27
KOHTeHHepiB 1 46 KOHTEHHEepiB Iyl Jpyroro mnoizia
BianoBigHo. Ilpu 1boMy OyJO AOCATHYTO MiHIMAJIBHOTO
3HaYeHHs 11JIb0BOI (YHKIIT, 1110 KopiBHIOE 69168,9.

BucHoBkH

OTpuMaHi pe3yJibTaTH pO3PaxyHKIB 1 Xapakrep
iboBoi (yHKHii cBiAYaTh MpPO Te, WO HEJOTPUMAHHS
ONTHMAJILHUX YMOB PEXHUMIB ()OPMyBaHHS KOHTEHHEPHUX
MOT3/1iB ISl TIPOCYBaHHS KOHTEHHEPOIOTOKIB 710 MOPTY 3
BEJINKOIO IMOBIPHICTIO NPU3BENE /10 3HAUYHHUX JIOJATKOBHX
eKCIUTyaTallifHUX BHTpAT JIOTICTUYHHUX OIEPaTOpPiB IpH
3JIIICHEeHHI 1HTEPMOAAIBHUX KOHTEHHEPHUX IEpEeBE3CHb.
Orxe, y pesyibTaTi JOCHIIKeHHS Oylio 3'ICOBaHO, IO
eeKTUBHE  YNpaBJIiHHA  HpouecoM  (OpPMyBaHHS
KOHTCHHEpHUX IIOi3JiB BiJIrpae BaXJIMBY pOJIb Yy
3a0e3neueHHi CBOEYACHOTO JOCTAaBIICHHS BaHTAXIB Y
MDKHApOZHOMY  CIIOJNydeHHI. BaXIuBUM  acmekToMm
3aMpoNOHOBAHOT MOJENI € BpaxyBaHHA HMOBIpHICHUX
CKJIQJIOBUX MOJeNi, M0 Hajlexarh SK A0 Ipolecy
HAKOIIMYEHHS KOHTEHHEpiB, Tak 1 Hpomecy NpOCyBaHHS
KOHTEHHEpHUX TOI3AiB 10 MOPTy. Y I[bOMY KOHTEKCTi
TUTAaHYBaHHS JIOCTaBKM KOHTEHHEPIB JeKUJIbKOMa MOI31aMu

— CKJaJHE 3aBJaHHS, 3 NPAKTUYHOI TOYKU 30Dy, OIHAK
3aIpOIIOHOBAaHa MOJIENb J]a€ 3MOT'Y JI0CTaTHbO €(PEeKTHBHO
nepen0aYnTH  ONTUMAJIbHI ~ MOMEHTH  3aBEpILICHHS
dbopMyBaHHS ~ TOI3MIB  3aBISKH OPUBEACHHIO  BCIX
IMOBIPHICHUX CKJI3JIOBHX JIO €IMHOTO IMOBIPHICHOTO ITOJISL.
BBemeHHs 10 CKiIamy MOJACTl PU3HUKOBOI  CKJIaIOBOI
3abe3nedye  MiHiMi3alil0o  IMOBIPHOCTI  OTpUMaHHS
mrpadHUX CaHKILIK 1 IXHBOrO 00CATy JUIs 3aJTi3HUYHKX a00
IHTEpMOJJaJIbHUX OIEPaTOPiB 1 € OJAHUM i3 KIIOYOBHUX ii
CJIEMEHTIB.

OtpuMmaHi pe3yJIbTaTH PO3PAaXyHKIB JIOBENH, IO
OIITUMi3allist mporecy GopMyBaHHS KOHTCHHEPHUX O3B
3 ypaxyBaHHSAM 3a3Ha4CHUX BHIIE (DAKTOPIB HAa€ 3MOTY
3HU3UTH 3aTPUMKH, MiABUIIUTH €PEKTUBHICTH NEPEBE3CHDb
i 3a0e3MeYnTH CBO€YACHE JIOCTABJCHHS BaHTaXiB Ha
Cy[HO-KOHTeWHepoBo3. lle Mae 3HayHe mNpakTH4YHE
3HaYeHHSA IS TIOPTOBUX OIEPaTopiB, JIOTICTHYHHUX
KOMIaHId Ta IHMIMX YYaCHHUKIB JIOTICTHYHOI'O JIAHITIOTA,
AKi TparHyTh TMiJBUIIWTH ONepauniiHy e(QeKTHBHICTh i
3a0e3Me4nTH BUCOKY SIKICTh TTOCIYT.

Otrxe, chopmoBaHa MaTeMaTH4Ha MOJEIb MOXKeE
OyTH 3acTtocoBaHa sk ocHoBa s nooymosu CIIIP mns
IHTEpMOJaJIbHUX  ONepaTropiB, IO BHKOPUCTOBYIOTH
3aJI3HWYHUM TPaHCHOPT TPH 3IMCHEHHI MDKHApOIHHUX
KOHTEHHEPHHX NePEBE3CHb.

CnucoKk BUKOPHCTaHHX JzKepes
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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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VIK 658.14:656.025.2

JIOMOTBKO A. B., a.1.1., mpodecop (YKpalHCbKu#l nep>KaBHHUM YHIBEPCUTET
3aJII3HUYHOTO TPAHCIIOPTY),

KPACHOUITAH O. M., k.T.H., notieHT (HamionansHui TpaHCHOPTHUM YHIBEPCUTET),
KABA O. C., marictp, 3acTynHuk MiHicTpa QiHaHCIB YKpaiHu

HOBUIBKHUI B. O., marictp, acmipaHT (YKpaiHChKUIN Iep:KaBHUI YHIBEPCUTET
3QJII3HUYHOTO TPAHCTIOPTY)

[MUIIHAK C. I1., imxenep

Bu3HayeHHs ONTHMMAJILHUX CTPYKTYpP MojaepHizauii auseab-noisais /AP-1A nuis
Bi/THOBJICHHSI JIOTICTUKHM NPHMICBKHX NACAKMPCHKUX 3AJMI3HUYHHUX IEepeBe3eHb
Ha HeeJIeKTPU(PiKOBAHUX AUIAHKAX 3aTI3HULI

Y emammi npoananizoearno mowcaugi eapianmu 30iicHenHs MOOepHiz3ayii napky ousenv-noizoie [P-1A, ooHux 3
OCHOBHUX Ou3enb-noi30ie 6 Ykpaini, wjo 3abesneuyroms NPpUMICbKi nepeseseHHs NAcAXCUpie Ha 3ani3HUYsIX Ykpaiuu.
Busnaueno ocrosHi Hedoniku 8 NOMOUHIl KOHCMPYKYIL, @ MAKON’C NPUYUHU, 32I0HO 3 AKUMU HeOOXIOHO cniaaHysamu i
peanizysamu npozpamy peanizayii ichyiouo2o 6 Ykpaini napky ousenvb-noizoie /[P-1A4.

Ilposedeno ananiz 0oceidy npogedents MooepHizayii ouzenvb-noizoie J{P-1A y kpainax, oe maxuti pyxomuil cKiao
icmopuuno excnayamyemsca. Ilpoananizosano 00cei0 nposedenoi moodepuizayii maxux Ouzenvb-noizdie y Kpainax
E€eponeticoxoeo Coro3y — Jlumei ma Jlamaii.

3pobaeno eucnook npo HeobXiOHicmb GopmysanHst npozpamu MoOepHizayii Ouzeib-noiz0ie sl NiOGUUEHHS
epexmusHocmi iXHb020 BUKOPUCMAHHA A BIOHOGIEHHA MePeXCi NPUMICLKO20 CRONYYEeHHA Ha HeeleKmpu@ikoeaHux
oinaukax 3anizHuyi. Buseneno medxci KomnieKcHoi npobnemu 3a6e3neveHHs NPUMICbKUM DYXOMUM CKIAOOM OJis
nepege3eHb Ha HeeleKMPUIKo8aHux OLIAHKAX I CUHME308AHO KOMNAEKCHUL NiOXI0 w000 supiuenHs yiei npobremu.
Knrouosi cnoea: npumicoki nacasxcupcvbki 3ani3HUYHI nepege3enHs, Ou3zenb-noizou, MoOepHi3ayis, pemMomopusayisi,
PO36UMOK CUCHEM, MAPUWPYMHA Mepeicd.

Beryn

AHani3 ocTaHHiX JocaikeHb i mydaikaniii

[IpuMickki IepeBe3eHHAS BiAIrpalOTh BXKIUBY POJIb
y 3a0e3neueHHI MOOLTBHOCTI HaceneHHs. [Ipum mpomy
nepeBe3eHHs ~ HEOoOXigHO  3a0e3medyBaTd K Ha
eNeKTpU(]IKOBAHMX, TaK 1 HEeNeKTPU(PIKOBAaHUX AUISHKAX
3aii3Huni.  PO3BUTOK  NPHUMICBKMX  MacCaKUPCHKHX
nepeBe3eHb B YKpaiHi MepeBakHO OOMEKCHHUN HAsIBHICTIO
HE0OX1THOT KIJIBKOCTI PyXOMOTO CKJIaJly, @ TAKOXK PECypCiB
g Woro mpuabaHHs. ToMy MoOIEpHI3allis iCHYIOYOTro
PYXOMOTO CKJIQJly € OJHUM i3 BapiaHTIiB palliOHaJIbHOTO
BUPIIIEHHS L[LOTO 3aB/JaHHA. 30KpeMa UM IUIIXOM HIyTbh
Gararo kpain-wieni €C.

© JIOMOTBKO [I. B., KPACHOIIITAH O. M., KABA O. C., HOBUIILbKHH Bb. O., MUIIHAK C. II.

Psn BueHMX 1 TOCHITHWKIB SK y HAmIiil JepkaBi, Tak i 3a
KOPIOHOM, 3pOOMJIM  BaroMuii BHECOK Yy  MPOILEC
BUpIIIEHHSI POOJIeM opraHi3aliii Ta po3BUTKY MPUMICBKHX
3aTI3HUYHUX MACAKUPCHKHUX MEPEBE3CHb, 110 € 0a3010 I

(GYHKIIOHYBaHHS CHUCTEMH JIOTICTHKH IACa)KMPCHKHX
nepeBe3eHb.  IlutaHHs  30epexeHHS 1 PO3BHUTKY
NPUMICBKUX  TIepeBe3eHb Ha  HeelleKTpH]iKoBaHUX

TUTSTHKAX 3aJli3HHIBb JOCTiIKeHO B HAayKOBid mpami [1].
Tam jxe BU3HAUEHO MOJAJbIN KPOKU B HAMPSIMI PO3BHUTKY
TaKHX MEPEBE3CHb.

VY po6oTi [2] npoBe/ieHO AeTanbHE JOCITIHKEHHS B
HampsiMi  CTBOPEHHS. ~ HAYKOBHX  OCHOB  CTBOPEHHS
MOTOPBArOHHOTO PYXOMOI'O CKJIaay Ta KOHTPOJI HOTOo
TEXHIYHOTO CTaHy.

2023
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Bu3zHayeHHsI MeTH Ta 3aBJIaHHA IIOCJIi}I)KeHHH

JocmimpkeHHs 311HCHIOBAIOCH 3 METOI0
(dopmyItoBaHHS TeEpeliKy poOiT i3 MojepHizauii mapky
pyxomoro ckianay ausens-noizniB JP-1A, npucBsueHnx
BITHOBJICHHIO TAapKy JU3eJb-MOI3/iB, HEOOXiTHHUX JIs
3a0e3MeueHHs] MPUMICBKHUX MacaXMPCHKUX MEPEeBEe3eHb Ha
HeelneKTpu(ikoBaHUX JUITHKAX 3aji3HMLI, II0 JacTh
3MOTy TOAOJIATH HETaTHBHY TEHJICHIUIO CKOPOYECHHS
o0csTiB TIepeBe3eHb, OUTBII TOTO, CTaHE IMITYJIBCOM ISt
MOJANIBIIOTO COI[IAIFHOTO Ta EKOHOMIYHOTO PO3BHTKY
rpoMan i TepuTopiii.

AKTyambHIM € BHpIIICHHS TaKUX MacIITaOHUX
3aBJaHb [2]:

- sKICHE OHOBJICHHS PyXOMOIO CKJIaJy 3aJli3HHUII
JUTSL 3IICHCHHS MMPUMICHKHX MEPEBE3CHb, Y TOMY YHCII 32
paxyHOK MOJEpHi3allii;

- CKOpOYEHHSA TEpMiHiB MIPOBEACHHS
NPOTPECHBHOI ~ MOJepHi3auii  pyxoMoro ckiagy 3
3aCTOCYBaHHIM e(heKTHBHHUX TEXHOJIOTIN IS
MIEPEOCHAIICHHS 3aJII3HUYHOTO TPAHCIIOPTY;

- MOJEpHI3alis pyXOMOro CKIagy 3 METO0
BUXOAYy HOr0 Ha HOBUM TEXHIYHHHM piBeHb, 30KpeMa
oOyilaHaHHS TIEpeTBOpIOBaYaMM EHeprii, oO0JIaIHAHUMH
U(POBUMH CHCTEMaMH YIPABIIHHSI Ta J1arHOCTHKH,
o0y JOBaHUMHM Ha CyYacHii eleMeHTHIN 0a3i;

- TPOBEICHHS JOCITIIKCHb MO0 PO3POOIICHHS Ta
BIPOBAKEHHSI HA PYXOMOMY CKJIaJli HOBUX TEXHOJIOTIH i
MarepiaiB TOILO.

[HIIMME cioBaMH, BHPIILIEHHS 3aBAaHb OHOBJICHHS
MPUMICBKOTO PYXOMOTO CKJIaay IOTpedye 3acToCyBaHHS
CHCTEMHOTO II/IXOAy 3aBASKM peaizamii y3roKeHnX

Bombardier, Jenbarher, SLM, Siemens Mobility, CAF,
FIAT Ferraviaria Tomio, CBim4MTh, IO Ha CHLOTOJHI Ha
€BPOICHCHKOMY  PWUHKY  3aJli3HMYHUX  II€PEeBe3CHb
HaMiTHJacs  TEHJACHIS  MOCTYHNOBOI  BIIMOBH  BiX
eKCIUTyaTarii  MOi3JiB  JIOKOMOTHBHOI  Tsaru.  Jlus
MiABUIEHHS MIiCTKOCTiI COCTaBiB 3a iHIIMX PIBHUX yYMOB
Bce OUIBIIOrO BHUKOPUCTAHHSA 3HAXOIATH IIBOSIPYCHI
BaroHM (OIHAK BOHM MArOTh i HEIOJIK MPH BUKOPUCTAHHI
Takoi CXeMH B NPHUMICBKOMY pyci depe3 HeOakaHHS
MacCaXUpiB, M0 MOJOPOXYIOTH Ha KOPOTKI BiNCTaHi,
3aliMaTH MICIi Ha BEPXHBOMY APYCi), PO3MIIICHHS
CHJIOBUX YCTaHOBOK IiJ BaroHoM Tomo. To0To
CIIOCTEPIraeThCsl CTaja TEHJICHIS Iepexony A0 HOBHX
KOMIIOHYBJIbHUX  cXeM. [liIBUIEHHS  JUHAMIYHHX
MMOKA3HHUKIB 1 CKOPOYCHHS dYacy IOAOpOXked moTpedye
301IBIICHHS €HEPrO030POEHOCTI COCTABIB, BUKOPUCTAHHS
Ooinpmr  motyxuux JIB3 3 pospaxynky 40-50 kBt
JOJaTKOBO Ha OJMH BaroH [0 IOTOYHO MPHUHITOT
MOTY>HOCTI Ha TATY, BUKOPUCTAHHS JIOMOMIKHIX CHUIIOBHX
YCTAaHOBOK Ui 3a0e3le4eHHs  BIACHUX  MOTPeO.
[Mommpennm € BUKOPHUCTAHHS IHTErPOBaHHUX
IHTETICeKTYaTi30BaHNX IarHOCTUYHAX KOMIUICKCIB, IO
Jal0Th 3MOTY BHMKOHYBAaTH #HOTro OOCIyrOByBaHHS Ta
PEMOHT 3a cTaHOM. [Ipu 1bOMY HE BIJIMOBJISIOTHCS BiX
3aCTOCYBaHHS  CTAIliOHAPHUX  CHCTEM  JIIalHOCTHKH.
CrocTepiraeTbCsi TCHICHINS MEPEXOay 0 MOOYIOBH 3a
MOJIYJIbHUM TPUHLUIIOM.

VY Tabn. 1 [2] HaBeneHO TEXHI4HI XapaKTepUCTHUKH
PYXOMOTO CKIJIQAy, IO BHUTOTOBISABCS B Pi3HI Iepiomw
MIPOMHUCIIOBICTIO YKpaiHK Ta 4acTKOBO 3ajisiHUU 3apa3 y
MmpoIeci TEepeBe3CHHS IAaCaXHpiB Yy  MPHUMICEKOMY
cnonydeHHI B Ykpaini. [Ipn mpomy cimif ypaxyBaTH, IO

CHHXPOHI30BaHHX Jili Mi)K HAyKOBMMH yCTaHOBaMmu, UpPH IIPOBEJEHHI MOJEpHi3auii HEOOXiJHO CTaBUTH
BUPOOHMKAMH Ta ONEPATOPAMHU [IEPEBE3EHb. 3aBlIaHHSA JIOCSTHCHHS IOKa3HUKIB 1 mapamerpiB, ski O
IlpoBeneHuil aHayi3 MOTOPBAarOHHOIO PyXOMOro HEPEBHUINYBAIH HasBH1 Ha CbOrOJHL.
cknany [2], mo Bupobmserbcs kommanismu Alstom,
Tabmuus 1
Texuiuni xapakrepuctuka MBPC HOBOT'O TIOKOITiHHS
IToka3unuk JAEJI-1 ATJI-2 EITJI-160 EITJI-200
Cknaj cocrasa, Bar 1 8 8 8
[MoTtyxHicTh HOMiIHAJbHA/MaKCUMaJIbHA, KBT 260/300 5000/5500 5200/5600 5600/6000
KoHcTpykiiiiHa MBHAKICTb, KM/TOJT 100-120 160 160 200
Maca Ttapwu, T 40-45 420-460 420-440 400-440
3arajibHa TOBXKHHA, M 25...27 200 200 220-240
KisbKicTh MacaXxupCchbKUX Kpicen, o1 100-120 440-580 560-640 480-520
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Eneproo30poeHicts, KBT/T 5,775 10,8+13,1 11,8+14 12,7+15
IMuroma mMaca Ha macaxxupomiciie, T/mac 0,33-0,45 0,72-1,0 0,62-0,78 0,76-0,9
JocsarHeHHS 3asBIIeHOI METH MOTpeOye BHUpIIEHHS BUPOOHWIITBA, BIATIOBIAHO  3amacHi  YacTHHH  TEX

TaKUX 3aBJaHb:

- IeTaNbHUHN aHalli3 KOHCTPYKIII Ta TEXHOJIOTIIHUX
ocobnuBoCTel Au3enb-moi3aie [IP-1A;

- aHa;mi3  HAABHOTO  JIOCBIy  IPOBEICHHS
MOJICpHI3allii JU3eTb-TMOT3IIB i€l Ta aHAJIOTIYHUX CEpil;

- BU3HAYCHHS HEOOXIiTHOCTI peai3allii J01aTKOBUX
(GyHKUI 1 3MIHM ICHYIOYHX ITapaMeTpPiB KOHCTPYKIIT;

- popMyBaHHS NepeNTiKy MOICpHI3aIlii.

OCHOBHA YaCTHHA JI0CJIi/IIKEHHA

Excrutyararifianii  mapk  gm3ens-moizgie - AT
«Yxp3anizuui» Hamivye 301 cekuito [5]. B ocHoBHOMY
MapK cKiagaeTses 3 am3enb-moizaiB AP-1A (Jlatsis) 1 -1
(Yropmuna).

OpierroBuuii po3mip mapky JP-1A cranoButs 50
oI, 30cepemKeHNH Ha perioHamsHUX (imisx «IliBgeHHO-
3axigHa 3ami3HuLSY, «JIbBIBChbKA 3ami3HuLs» 1 «IliBmeHHa
sanmizHUs». OCTaHHI HAOXOMKEHHS IHU3ENb-TOI3MIB €l
cepii g0 Ykp3anizauii Big0ymucs y 1996 porri.

OCHOBHI NOTOYHI NPOOJIEeMH EKCILTyaTalii Tu3eib-
noizaiB JAP-1A monsraloTh y HEMOXKIJIMBOCTI MOCTa4aHHs
3amacHUX dYacTuH 3apa3. CwuioBa ycrtaHoBka M756b
(BupoOuunTBo 3AT «3aBox 3Besma», Caukr-IletepOypr,
pd) 1 rigponepenaya  I'JII1-1000 DOCIHCHKOTO

BupoOHHITBa p¢. IlpmitHATI pimeHHS MmMOAO0 3a00pOHH
iMmoopry ToBapiB 3 p¢ [2] poOIATE HEMOXKIUBUM
MOCTAYaHHS [UX 3aMaCHUX YACTHH.

3anpoBa/pKEeHHS  IMIOPTO3aMIIIEHHS  YCKIIATHEHO
yepe3 HE3HAYHI TOTCHINATIbHI OOCSITH 3aMOBJICHHS, IO
pOOUTH HENOUUIPHUM iXHE BHPOOHHIITBO 3 YpaxyBaHHIM
snayaux 00csarie HJIKP i muToMux BUTPAT Ha OIMHUIIO
MPOTHO30BAHOTO MOMKUTY, HEOOXIMHUX ISl TOCTAHOBKU Ha
BHPOOHHUIITRBO.

[lle omHiero MPOOIEMOIO eKCIUTyaTamii JU3eib-

moi3miB € iXHI HaIMipHA MACAKUPOMICTKICTE MpH
LICCTUBATOHHOMY,  «3aBOJCBKOMY»  KOMIUICKTYBaHHI
cocTaBiB. 3HIDKEHHS JK MMACaKUPOMICTKOCTI MUITXOM

3MEHIIECHHS COCTAaBHOCTI 3 IIECTH 1O TPhOX BAaroHiB
MPU3BOJNTh IO PI3KOTO 3POCTaHHS CHEProo30pOEHOCTI
cocrasa (3 6,1 kBt/t no 10,5 xB1/1) [1].

[IpoBeaeHo aHami3 MOCBiAY MOZCpHi3alii AU3eib-
moi3aiB JIP-1A, nposeneHoi y 2016 porii aisl 3aii3HHMII
Jlateii (LDZ). ¥V uinomy MojepHi30BaHi IU3ENb-TOT311
(micnst mopmepHizamii BoHM oTpuManu cepito [IP-1AC
(puCyHOK)) OTPHMYIOTh CXBajbHI BiArykn. BomnHouac €
JeKiTbKa TMpOOJEeMHUX MHUTaHb, SKi BAXIIMBO BpaxyBaTd
MpHU TUTAHYBAaHHI MOJEpPHi3alii TakuX AHU3eIb-TIOI3MIB B
VYxkpaini.

Puc. MonepnizoBanuii au3enb-moi3n AP-1AC JlaTBiiicbkux 3ati3HUIB

30kpeMa  KOHCTPYKTHBHOIO 0COOHBICTIO
3a3HAYCHUX U3ENb-TOI3IB € Te, IO OCHOBHI OpTaHd

CHCTEMH YMPABIIHHs, NPUCTOCYBAaHHS JUIs MEPEBE3CHHS
MaJIOMOOUTFHUX TPYN MacaKUpiB, a TAKOX I1HKIIIO3WBHA
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TyaJeTHa KIMHaTa pO3TalllOBaHi y MPOMDXXHOMY (Jpyromy)
BaroHi. lleit dakt He Jgae 3MOry ekCIulyaTyBaTé MO Y
JBOBarOHHOMY  BHKOHaHHI ~Ta  3HAa4HO  OOMEKye
MOXJIMBICTh IPUBEJCHHS NAaCaXUPOMICTKOCTI cOCTaBa 10
(akTHYHNX TapaMeTpiB MacaXUPOIOTOKY 1 Mo30aBisie
MOXJIMBOCTI ~ 3a0MIaJDKyBaTH  HA  eKCIUTyaTallifHUX
BUTpaTax Ha HAIpPAMKaX 3 HA3BKAM MACaXHPOMOTOKOM, a
TaKOX MPU CE30HHOMY HOTO 3HIDKEHHI.

Takox mpu MozepHizamii musens-noiznis JP-1AC
BUKOPHCTAHO 3HAYHY KUIBKICTh KOMIUIEKTYIOUHX, CHCTEM,
BY3JIiB Ta arperariB BUpoOHHUNTBA pP. OCKITEKH B yMOBax
noBHOMacmTabHoi 30poiiHoi arpecii pd mporn Ykpainu
BUKOPDHCTaHHS ~ KOMIUIEKTYIOUMX  BHPOOHHMLTBa P
HEJIOMYCTUMO, U MOJEpHi3allii B yMoBax YKpaiHu Iii
KOMIUIEKTYIOUi CIiZi 3aMiHUTH YKpaiHCBKHMMHU BHPOOaMH
a6o Bupobamu kpain €C.

B opurinaneHiit koHCTpYKLii noi3aiB [IP-1A € psan
CHCTEM, 1[0 MOKA3aJIM B €KCIUTyaTalii cebe He 3 Kpamioro
00Ky, TOMYy TIpH MOJEpHi3amii iXHS KOHCTPYKIisd (a B psmi
BUTIAJIKIB i IPUHINN Jil) MaroTh OyTH 3MiHeHi. J[o Toro x
psin cucteM  (CHCTeMa  KOHAMIIIFOBaHHS  TOBITpA,
IHKJTFO3UBHI TyaJIeTH TOIIO) B3araji He Oyiu mependadeHi.
30kpeMa CIoIM HaJleKaTh:
cucreMa OTaJICHHSI. B OpHTiHANBHIH
KOHCTPYKLIT JIM3€Jb-TI0i3/1IB JP-1A OTIaJICHHS
MaCaKUPCHKUX BaroHi 3AiMCHIOBANIOCH 32 PaxyHOK TeIlia
nBuryHiB. IIpy 1poMy Temie MOBITpsl 4Yepe3 MOBITPOBIiJ
MO/ABANOCs J0 CAJOHIB TOJOBHUX 1 NPHYINHUX BaroHiB.
Uepe3 HEAOCKOHATICTh KOHCTPYKII Ta HETEpPMETHYHICTH
MOBITPSIHOTO KaHATy e(QEeKTHBHICTh ONalieHHS Oya
HE3a/I0BUTEHOI0, 0COOIHMBO I1e OyJIO0 BiTIyTHO B TPETHOMY
Ta 4eTBepTOMy (IIpW IIECTHBAroHHIW cxemi) BaroHax. Lle
noTpedye BUKOPUCTaHHS MPUHIMIIOBO HOBOTO MiIXOIY JIO
OpraHizarlii OraJeHHs CaJIOHIB BaroHiB;

JKMBJICHHS JIOTIOMDKHUX CHUCTEM 1 BHKOHaHHS
JONOMDKHMX (YHKIIH B OpUTiHAJIbHIH KOHCTPYKIIII,
3a0e3nevyBaHe BiJ| TATOBOIO JIBUTYHA, NPU3BOJHUTH JIO
HEMPOJyKTUBHOTO BHKOPUCTAHHS MOTOpPECYpCy JBHIYHA

Ta HQIIWIIKOBUX BHUTpaT. J[iIs YHUKHEHHS IHOTO
MIPOTIOHYETHCS npu MoOJIepHI3arii nependaunTu
BUKOPUCTAHHS JTOTTIOMI>KHOT ITU3eIb-TeHEPaTOPHOT

YCTaHOBKH, sika 0 3a0e3meunina (yHKIIOHYBAaHHS CHCTEM
(KOHTHIIIFOBaHHS, OITAJIEHHS, OCBITJICHHS,

€JICKTPOKHUBIICHHS, Hepe iy CKOBOTO migirpiBaHHs
OCHOBHOT'O JIBUTYHA TOIIIO);

BUKOPUCTAHHS B Iu3elb-moizmax cepii JP-1A
TOJIOBHOTO KOMIIpecopa mopiuHeBoro tumy. Komnpecopu
TaKoi KOHCTPYKLII MalOTh psiA HENOJIKIB (LIyM, BiOpais,
HU3bKa HaAiWHICTH, Tpyaomictke TO i P) mopiBHSHO 3
cydyacHUMH aHanoramu. Lle#t ¢akt morpebye 3aMiHU
TOJIOBHOTO KOMIIPECOpa Ha Cy4acHi aHaJIOTH;
HEBIiAMOBIAHICT KaOiHM YNPaBIIHHSA TU3ENb-
moi3miB JIP-1A cy4acHUM ySBICHHAM IIOJO €PTOHOMIKH,
30KpeMa 3acTapiIdii IyJNbT YNPaBIiHHS, BiICYTHICTH
CHCTEMHU KOHJIMLIIOBaHHS, 3pyYHOCTEH Ut 3a0e3rnedeHHs
oTped JOKOMOTUBHOT OpUTaay mij 4ac TPUBAIMX MOI310K
(MIKpOXBWJIbOBA T4, XOJONWIBHHK, mada aas onsry
tomo). OKpiM TOro, HEOOXITHO IMiABUIIUTH PIBEHb LIyMO-
Ta BIOpoi3oMALii KaOiHM i 3MEHINCHHS HEraTHBHOIO
BIUIMBY INYMiB 1 BiOpamii Ha OpraHi3M JIOKOMOTHBHOI
Opuranm;

CHCTEMH YNpPAaBIiHHA Ta O€3NEeKH JAU3eIb-
moi3xiB JIP-1A, oo Ha cbOroAHI 3acTapiii Ta MOTPeOyIOTh
iXHBOI 3aMiHM Ta BHKOPHCTAHHS MPHU MOJEpPHI3amii OiIbII
cydacHuX aHanoriB. OKpiM TOTo, HEOOXiTHO 3a0e3MeYnTH

BCTaHOBJICHHSI ~ CHCTEM  BiJIGOCIIOCTEPEXKEHHsS IS
MIBUILEHHS PiBHS Oe3MeKHu pyXy Ta MacakupiB MiJ yac
[IEpPEBE3CHb.

HeoOxinHO 3BepHYTH yBary TakoX Ha TOW (akT,
o Jesiki MOJEpHi3alil CHpUYMHSAIOTH psn iHmmX. Tak,
BCTAHOBJICHHSI ~ CHUCTEMH  KOHJMIIIOBAaHHS  CTBOPIOE
HEOOXiZHICTh BCTAHOBJICHHS  aBTOMATHYHHX JIBEpeil
NAaCaKUPCHKUX CAJOHIB, a TaKOX IPHTYJIHHO-3CYBHHX
nBepeit  BaroHiB. OkpiM  Toro, Jnsd  MiABHIICHHS
e(pEKTHBHOCTI pOOOTH CHCTEMH KOHAMIIIIOBAHHS B YMOBax
eKCILTyaTallil JOIUTbHO OOJIaJHATH MOAEPHI30BaHI MOi3IU
CHCTEMOI0 BHKJIMYHOTO BiIKpuTTA 1Bepeil. Lle nactsb
3MOTY BIZIKpHUBATH JIMIIE Ti JBEpi, Yepe3 siki 3MiHCHIOIOTH
BUCAJKy Ta IIOCaJKy TMacaKHUpH, a pelTy TpUMaTH
3aKpUTUMHU. Y Takuil crnocib Oyje 3abe3neueHo MeHIle
HaBaHTAXXEHHsI HA CUCTEMY KOHJIUIIIFOBAHHSI.

3a pesyJbTaTaMH aHalizy ICHYHOUOi KOHCTPYKIIT
nusenb-noizaiB JIP-1A ta nocBimy ixHbO1 MozepHizauii B
kpaiHax €poreiicbkoro Corosy (Jlatis ta Jlura) Oymno
chopMOBaHO TeperiK MOJEpHi3amild, sKi HEeoOXimHO Ta
JOLUTBHO peani3yBaTH TpPU MOJEPHI3alii TU3eNb-TOi3/iB
(Tabm. 2).

Tabmuws 2

[epenix MoaepHizamii au3enb-moi3ais JP-1A

Howmep | Cucrema/ KopoTkwii 3MicT MozepHizarii
3/m

BY30J1/

arperar

OuikyBaHi pe3yabTaTi
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1 KomnonyBanpHa cxema IepenbavaeTncs KOMIIOHYBaJIbHa cxema | Onrumizaris
Mr+0.. 1IIn+IIr (Mr — MOTOpPHHH TOJIOBHHH | MACaKUPOMICTKOCTI
BaroH, [Im — mnpuuimaniét npomixkaui, I[Ir — | pyxomoro CKIIaIy
npudinHAi  (0€3MOTOpPHUI) TONOBHHH BaroH 3 | BiAIOBITHO bi o)
KaOiHOIO YNpaBJiHHA); MICTKICTh COCTaBa Micis | MacaXUpPOIOTOKIB.
MoJiepHizalii craHoBuTh 168 (2 Baronu)-292 | 3aomampkeHHs
micus (3 Baroun). eKCIITyaTalliiHuX BUTPAT
Ilependauaernes excmiayaTamisa CckjIagiB 3a
CHCTEMOI0 6araTboX OAMHUIb
2 [MonowxeHHs cTpoKy | MogepHizanis nepenbayae MOJOBXKEHHS CTPOKY | 3abe3rnedeHHs PYXOMHM
Ciy)X0u cnyx6u pyxomoro ckiany Big 10 mo 20 pokiB | ckiaagoM IUIs  3iHCHEHHS
3aJIeKHO BI CTaHy HECy4uMX KOHCTPYKLIH | MPUMICBKHX IepeBe3eHb Ha
KOHKPETHOI'0 JU3eIIb-TI0i3/1a. [Mocunenns | mepion A0  TNpUAOaHHA
HECyuyMX KOHCTPYKIIH Ky30Ba Ta BI3KIB | HOBOTO PyXOMOTI'O CKJIaay
BUKOHYETBCS 32 THIIOBHM IIPOEKTOM  abo
IHAWMBITyaTbHIMH IPOEKTHUMH PIIICHHAMHA
3 CuioBa ycraHoBKa | J[mg 3MeHIICHHsA eKCIDTyaTalliiHUX BHTpAT, | [limBumieHHS HaiiHOCTI,
(mBUTYH) MiBUIICHHS  HAMIHHOCTI Ta  EKOJIOTIYHOCTI | €KOJIOTIYHOCTI Ta
NPOMOHYEThCS  3aMiHA INTaTHUX JU3EJIbHUX | PEMOHTONPH-IAATHOCTI.
JIBUTYHIB 756 (BUpOOHMUTBO 3aBOA «3B€3/a», | 3MEHIIEHHS  BHTpaT  Ha
pd) Ha cydacHi 31 30LUIBIICHHMM MOTOPECYPCOM | MAJHBO, MaCTHJIbHI
JIBUTYHH. Marepianm, PEMOHT i
TeXHIYHe O0O0CIIyroByBaHHS.
ﬂ]lﬂ 3MEHUIeHHA gapmocmi npoekmy sK 6apiaHm 3MEHIIICHHS ymy Ta
Modcauee  npuobawHs  ma  6CMAHOGIeHHs | BiGpariit
Ou3enbHUX  OBUSYHIB  BUPOOHUYMBA  3AXIOHUX
Kpain, Axki Oyau y euxopucmawi, npuodaui 6
pamkax npoepamu trade-in i  KanimambHO
8IOPEMOHMOBANT 8 YMOBAX GUPOOHUKA.
Hooamxkosuil wiymo- ma 8ibpozaxucm, a maxoic
0C8IMIeHH MOMOPHO20 i00LNEHHs.
4 Tpancwmicis
4.1 Toponepemnaya Jist  migBuIneHHs HamifiHOCcTi, 3a0e3neuenHs | ITigBHINEHHS HamiHHOCTI Ta
MOXIIMBOCTI ~ PEMOHTY Ta OOCIyroBYBaHHS | PEMOHTO-TIPUIATHOCTI.
(mocTavaHHA 3amMacHUX YaCTHH, MaTepiamiB 1 | 3a0e3ncueHHS Kparmux
KOMIUIEKTYIOUHX) TPOTOHYETHCSI BCTAHOBJIEHHS | MOKa3HUKIB JUHAMIKH
rigporiepeaadi BUpoOHHIITBA KoMIaHii Voith a6o
IHIIMX 3aX1JHAX aHAJIOTIB
4.2 Penyxropu AmnarnoriuHa 3aMmiHa pexykropiB. Moxiusi nBa | IligBuimieHHs HamiiHOCTI Ta
BapiaHTH: BUKOPHCTAaHHS PEAYKTOPIB OTHOTO 3 | MOKAa3HHKIB OE3MEKH pyxy 3a
3aXiIHUX BUPOOHHMKIB a00 BHPOOHMIITBO HOBHX | PaxyHOK MoJIepHizarlii
pemyKTopiB B yMOBax BITYM3HSHMX | BiJIIMOBiJaJIBHOTO By3Ia
MaIMHOOYIIBHUX ITiIIPUEMCTB
4.3 Kapnanni Banu HeoOXxigHuM € BUKOPUCTAHHS HOBUX peaykropiB | [linBumieHHs HamiltHOCTI

OJTHOTO 3 YKPaTHCHKHX 3aXiHUX BUPOOHUKIB
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5 I'omoBHMIA KOMIIpEcop [TporionyeThest 3amiHa mTaTHOro mnopiuHeBoro | ITinBuineHHs — HaAidHOCTI.
KOMIIpecOpa TIIOXO/DKeHHST pd Ha cydacHy | 3MeHImeHHs BuTpar Ha TO
BUCOKOIIPOJTYKTUBHY MOJIETb BITYM3HSHOTO a00 | Ta  pEeMOHT, IIyMy Ta
iHO3EMHOT0 BUPOOHMIITBA 31 3MIHOIO NPHHIMITY | BiOpaii
Iii (CBUHTOBUIT)
6 Kabina ympasninas
6.1 Kabina ynpasiiHHS | BurotoBneHHs KaOiHU ynpaBiiHHs | 3a0e3nedyeHHs] KypCyBaHHs
0€3MOTOPHOTO BaroHa 6e3moTopHOTO Barona. BapianTu: moizgie 'y  nBo-  abo
TPUBaroHHOMY BHMKOHaHHI.
a) JIUTa Ka6iHa 3 l'IOJ'IiMepHI/IX MaTepianiB CTBOpeHHH HAJIEKHUX YMOB
BITYM3HSIHOTO BI/IpO6HI/IHTBa; Hpaui OISt JIOKOMOTHBHO1
Opuraau
0) 3BapHa kabiHa BITYU3HIHOTO a00 IMIIOPTHOTO
BUPOOHMIITBA
6.2 [MynpT MammHicTa 3amiHa mynbTa MAallMHICTA HA CydacHWi | 3a0e3medeHHs KOMQMOPTHHX
EpPrOHOMIYHHI BapiaHT 3 HOBITHIMH CHCTEMaMH | YMOB POOOTH JJOKOMOTHBHHX
KOHTPOJIO Ta O3MeKH pyxXy Ha HUQpOBiit ocHOBI, | Opuran. [linBumeHHS piBHS
NONIMIIEHHS yMOB pOOOTH  JIOKOMOTHBHOI | O€3leKu pyxy
Opuramm. VYci CHCTEMH  VOpaBIiHHA  Ta
JIIarHOCTUKH PYXOMOTO CKJIagy B 000X KaOiHax
yOpaBimiHHSA (MOTOPHHHA 1 NPUYIHAN TONOBHUMA
BaroH) MaloTh OyTH iICHTUYHUMH T4 BUKOHYBaTH
onHakoBi (yHKINI, a Takok 3abe3meuyBaTu
MOXIIMBICTh BUKOPHCTaHHSI PYXOMOT'O CKJIaJy 3a
CUCTEMOIO 0araTb0X OIMHUIb
6.3 CucteMu KOHIUIIIOBaHHSA | BCTaHOBIIEHHS cucTeMH KOHAM-IifoBaHHS kaOiH | Komdopr  jgokoMO-THBHHX
YIpaBITiHHS Opuran
6.4 OcBiTI0OBaIbHI IPUIaIH 3amiHa  CBITJIOCHIHaNbHUX mnpwiafgiB  kaOiH | [TixBuineHHs Oe3-nieku pyxy,
ynpaeiinHs  (mpoxkekTop, OydepHi mixtapi, | KoMpo-pTy pPoOOTH JIOKO-
chucTeMa  BHMCAJIKHM-TIOCAJKH  IAcaXHpiB) 1 | MOTUBHHUX Opwura.
BHYTPIIIHBOTO OCBITJICHHST 3 DEryJIIOBaHHSM | 3MEHILEHHS BUTpAT EHeprii
SICKPaBOCTI Ha OCBITJICHHS
6.5 [pucrocyBanus s | BeranoBieHHs B KabiHax ynpasmiaHs | [lixBumeHHs KOoMOOpTY
3a0be3neueHHss KOMGOPTY | MIKPOXBIUIBOBOI Tedi, XOJIOAMIbHAKA, Mapu I | poOOTH JIOKOMOTHUBHHX
JIOKOMOTHUBHUX OpHran onATy, madu Il IHCTPYMEHTY Ta iHBEHTapIo Opuran
6.6 Bibpo- Ta mymoizonsiis JonatkoBuit mymo- Ta BiOpo3axuct kabinu | Komdopr  noxomo-THBHOI

YIpaBJiHHS MOTOPHOTO BaroHa

Opuraau. SHWKEHHS
HEraTHUB-HOTO BIUIUBY HIyMY
Ta BiOpamii Ha opranizm
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Cucremn ynpasiaiHHA i
Oe3neKH

IIpononyerscs B
3a0€3MeYNTH KOMIUICKTYBAaHHS JM3€JIb-TI0i3 B
TaKMMH CUCTEMaMHU:

paMkax  MopepHizarii

KOHTPOJIIO Ta YNPaBIiHHA CHJIOBHM
arperaTom;

JIarHOCTUKH OCHOBHHUX BY3JiB,
arperaTiB i CHCTEM JU3eb-TI013/1a;
MOXKEXKHOT cHrHami3amii Ta
aBTOMATHYHOI'O [TOKEKOTaCiHHS,
BiJICOCIIOCTEPEIKCHHS:

O 330BHI  coctaBa  (cucTeMa
3aIHBOTO BUTY, OOKOBI
CIIOCTEPEIKEHHS);

O CaJIOHH 1 TaMOypH;

O opraHu yIpaBIiHHS Ta

MaIllMHHE BimiJICHHS;
MPOAaXy TMPOi3HUX  JOKYMEHTIB 1
MiIpaxyHKy MacaKupis;
0e3IeKH pyxy;
ayzioBi3yanpHa iHpOpMyBaHHS
MacaXupiB (y T. 9. 30BHIIIIHI
MapIIpyTOBKA3iBHUKA Ta BHYTPIIIHI
TabJ10);

Pamio3B’s30K;

3aMiHa KOHTAaKTOpiB, peJne, OIOKIB,
3armo0KHMUKIB Ha CydacHi (TlepeBasKHO
BITYM3HSIHOTO BUPOOHUIITBA)

[MinBuimenHs Oe3neku pyxy,
3HIDKEHHS BUTpAT Ha
EKCILTyaTaIliio, TO Ta
PEMOHT, MiJBHUIICHHS PIBHSI
MOKEKHOT Oe3meKku, Oe3meKku
macaxupiB  (0COONMBO  TMif
Yac BHCAIKA Ta TIOCAIKH).
3abe3neueHHS KoMOpTy
MACKUPIB 1  IiJBUIICHHI

e(eKTHBHOCTI 300py,
KOHTPOJIIO Ta 00Ky
BUPYYKH
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8 Cayonn BaroHiB ITpn npoBeneHHi MonepHizauii mnpomonyoThes | ITinBuieHHs komopTty
TakKl y/I0CKOHaJIEHHs Maca)XUPChKUX BaroHiB: acakxupis. Bukonauus
Bumor  Koneenuii OOH
- 3a0e3MeUCHHS BCIX BHUMOT AL | mogo 3aXUCTy MpaB JIoaen 3
HEepEeBE3eHHA JoJeH 3 IHBANAHICTIO | jmBamimgmicTiO [4].
BCIX HO30JIOTIH: IHKJIIO3MBHA TyaJICTHA | 3MeHIIECHHSA BUTpAT Ha
KIMHaTa, manayc, MICIA IJIA MacCa)XupiB Hi,HTpI/IMaHH}I
Ha Kpicnax KOJIICHHX 1 TEMIIEPATYPHOIO PEXUMY B
CyIIpOBOKYIOYIHNX, ,Hy6JHOBaHH$[ CcaJIOHaAX BaroHiB.
HanuciB mpudrtom bpaiins, 30BHINHI | [Tinsumenns piBHS
TY4HOMOBIL; | moxexnoi Gesnexu
- 3aMiHa  yTeIUIEHHS  Ha  Cy4YacHi
eHeproeeKTUBHI Ta HEToproyYi
Marepiaim, 10 AacTb 3MOT'Yy HOJIIIIUTH
YMOBH NepeOyBaHHs MacaXHpiB y
XOJIOHY TIOpPY POKY;
- 3aMiHa 00IHIFOBaHHS iHTEp €piB
BaroHiB Ha CydYacHi BaHAAJOCTIHMKi Ta
HETOPIOYi MaTepiany;
- 3aMiHa BiKOHHHX OITOKIB Ha
eHeprozoepirarodi TPHUIIAPOBI
CKJIOTIAKETH 3 TOHYBaHHSIM;
- OCBITJICHHS CBITJIOIOAHUMH
eHepro30epiralouuMu  MPUCTPOSIMH 31
301IBIICHUM pecypcom pobotu,
MiJICBIYyBaHHS 30H TMOCaaKH (330BHI Ta
3CepeAnHN), MEPEXiAHUX IIIOIA/I0K;
- MOmynbHa  TyajJeTHa  KiMHaTa 3
CHCTEeMaMH JO03YBaHHA BOAM, MHJa 1
TyaJIeTHOTO Harnepy;
- 3aMiHa OJOKIB CHIIHP Ha CydacHi
AHTHBaHIANbHI Ta €PrOHOMIYHI;
- MpoeKTOM Moxe OyTu mnependadeHa
3aMiHa 30BHIIIHIX,
BHYTPIIIHBOCAJIOHHUX 1  TOPIEBUX
JBepeit Ha cydacHi aHamoru (y T.d. 3
ABTOMAaTHYHHMHU IIPUBOJIAMN);
- MOJEpHIi3allis Ta TepMETU3aIlis CHCTEMU
OTIAJICHHS Ta MPUMYCOBOI BEHTHJISIIL
9 DapbyBaHHS 3oBHimHE  (apOyBaHHA  Ky30BiB  BaroHiB | 3a0e3medeHHsS Ha-JIE)KHOTO
CyJaCHUMH BaHIAIOCTIHKHMH (CTIHKMMHU TPOTH | 30BHIII-HHOTO BHTIIY
rpaditi) papdbamu PyXOMOTO CKIIany.
3aoma/keHHs BHUTpaT Ha
mepedapOyBaHHS Ha
noaanbiux eramnax KL
10 AHTHKOpO3iiiHa Ta | AHTUKOpPO3iifHa Ta TIyMONOTINMHAIBHA 00poOka | IlimBuIieHHs pecypcy
LIyMOMOTJIMHAIbHA Ky30BiB PYXOMOTO CKIIaay
00po0OKa Ky30BiB
11 lNanbMmiBHA cucTeMa 3amina TIOBITPSTHUX pe3epByapiB i | [linBuiuenHs piBHs Oe3nexu
ABTOTIBMIBHOTO OOJagHaHHs, [I0 BHYCpHAIH | PyXy
CBIiif CTpPOK ciry)0un
12 KabenpHO-TIpOBiqHUKOBA 3amina 100 % ka0enpHO-TIPOBiAHUKOBOI | [linBuIIEeHHsT HaAiitHOCTI Ta
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TIPOAYKITist TIPOAYKIIiT

MOXKEKHOT Oe3MeKHn

13 ["acHUKM KOJMBaHbL 3aMiHa FaCHHUKIB KOJHUBAHb ITligBuineHHs ILIaB-HOCTI1
X0y Ta piBHS O€3MeKH pyXy
Defining of optimal modernization structure of DR-1A
BHCHOBKH diesel momor units for suburban passenger rail

PesynbraTn  amHamily iCHyHOYOi KOHCTPYKIIii Ta
nIocBiny MopepHizamii musens-moizniB JIP-1A B kpainax
€pporeiicbkoro Coro3y ITaid MOXKIIHBICTE CHHTE3YBaTH
BUYEPITHAN Tepellik MOJIepHi3aliil, HeOOXiTHIUX B YMOBax
opraHizarlii IpUMiCEKHX IIepeBe3CHb B YKpaiHi.

[licns BUKOHAHHS  3a3HAYCHUX  MOJCPHI3alliid
3a3HaueHi JW3eNb-NOI3MM OTPUMAIOTh DA GYHKIIH 1
mapameTpiB, MI0 3pOOJATh IXHIO EKCIUTyaTallilo OiIbIil
C€KOHOMIYHOI0, CKOJIOTIYHOI, OE3MEeYHOI0, a MEePEBE3CHHS
nacaxupis — OUIbII KOM(POPTHUM Ta e(hEeKTHBHHM.
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Lomotko D., Krasnoshtan O., Kava O., Novitskiy B.,
Pyshnyak S.

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.
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VJIK 621.314

HEPYBAILIBKWH B. I1., K.T.H., TOLEHT,
I'OPHIEHKO [I. A., acmmipaHT
(YkpalHChKHil ep>KaBHUM YHIBEPCUTET 3aJ1I3HUYHOTO TPAHCIIOPTY)

PerynsiTop BHXiIlHOI HAnmpyru aKTHBHOIO BHIPSMJ/ISiYa HA OCHOBI KOB3HOIO
pexumMy

Y cmammi nasedeno oocniosicennss memooie xepysanms mpu@azHux GUNPAMIAYIE 3 WUPOMHO-IMNYIbCHOIO
MOOynAYieio, wo 0aioms 3M02y NOKPAWUMU AKICMb eeKmpuynoi enepeii. Pozenanymo cxemy akmuHo2o UNpAMIAYA
Hanpyau 3 ONUCOM eeKmMpOMASHIMHUX npoyecie y 6xXiOHil erekmpuyniti mepedici. [looano cucmemy npamozo KepyeanHs.
NOMYJICHICIIO AKMUBHO20 GUAPAMAAYA 3 KOG3HUM peYNAMOpPOM i chocmepicaueM 6eIuduHu GUXIOHOI Hanpyau.
Busnaueno napamempu Ko083H020 pe2yiAmopd, wo 6UKOHYE QYHKYII pesynioganus 6uxioHoi uampyeu, a makoxnc
pez2ynoeants GeIUYUHU AKMUBHOI ma peaxmueHOi NOMYNHCHOCMI, WO CHONCUBAEMbCA 3 eNeKMPULHOI Mepedici.
Busnaueno napamempu cnocmepieaua nanpyau mepesici 3 anopummom KomMnexncayii, wjo 3abesneuye mouni pezynvmamu
3 MiHimanbHum Koausanuam. IIpoeedeno imimayitine MOOENOBAHHA CUCMEMU KEPYBAHHA pe2ylAmopa aKMUEHO20
BUNPAMIAYA, 3ACHOBAHO20 HA peanizayii KOB3HO20 PediCUMy Npu 3MIHI ONOpY HABAHMANCEHHA ma 3i cnocmepicayem
HABAHMAJICEHHS.  3d  O0ONOMO2010  Npo2pamnozo  cepedosuwa Matlab | Simulink.  Bionosiono 0o  ompumanux
Xapakmepucmuxk aKmusHull GUNPAMIAY 3a0e3neyye Kpawi NOKA3HUKY AKOCMI eIeKMPUYHOL eHepaii 3 MAnum 3HAYeHHAM
KoeiyicHma 2apMOHIYHUX CHOMBOPEHb I KOeQiyYyieHmMoM NOMYHCHOCMI, OIUZLKUM 00 OOUHUYL.

Knrwouosi cnosa: akmuenuil 6unpamaay Hanpyeu, KOG3HUL pexcum, Cnocmepieayd Hanpyau, CUCema KepysamHs,
KoepiyieHm nomysicHocmi, WUpOmHO-IMIYIbCHA MOOYIAYIsL.

3aBaskd  OUTBII ~ BHUCOKHUM  XapaKTepHCTHKAM
MOPIBHSAHO 3 TPAaOWIiHHUMH THPUCTOPHUM ab0 Mi0THUM

Beryn

VY cucremax CHIIOBOI €IEKTPOHIKH, IO BUKOHYIOTh
MEpEeTBOPCHHST HAMpyrd 31 3MiHHOI B IOCTIHHY,
HaifyacTime BHUKOPUCTOBYIOTBHCS JiOJHI Ta THPUCTOPHI
MepeTBOPIOBaYi, 110 MalTh JOCHTH IIOTaHi €HepreTHYHi
MOKa3HUKH, Taki SK €MiCisl peakTHBHOI MOTYXHOCTI Ta
BUILUX FapPMOHIK Y MEPEXY KHMBJICHH:I, JOJIATKOBI BTpaTH
B CJIEKTPUYHHUX MEpexax, MPUCKOPEHE CTapiHHs 13011,
a TAKOXK HEraTHUBHI BIUIMBH CJIEKTPOMATHITHHUX MOJIB Bi[
JHIK eJleKTponepenay, BUKIMKaHI BUIIUMH TaAPMOHIKaMH
[1, 2].

TlapmoHiYHE 3a0pyIHEHHS SBIISIE COOOIO SBUIIIE, IO
BeZie 10 TOTIpIICHHS SKOCTiI EIeKTPOCHEeprii, 0coOIMBO
CIIOTBOPCHHS XBWII HANpPYTH, MO 30UTBIIyE KOSQIIieHT
TapMOHIYHHX  CHOTBOPEHb  CTPyMy, IO  MOXE
nepesuityBatu BenmuuHy 30 % [3, 4]. Ha »xamp, wne
3HAYEHHS HE BIAIIOBIZA€ BCTAHOBJIECHUM CITEIIAII30BAHUMH
opraHizauissmu MixkHapogHuM ctanaapram: [EC 61000,
EN 50160 i crangapty IEEE 519, siki BCTaHOBITIOIOTH MEXi
THD - 3 % juis Hanpyru Ta 5 % Juis crpyMiB [5, 6].

© HEPYBAIILKMM B. I1., TOPJIEHKO JI. A. 2023

BHIIPSIMHUMH MOCTaMH{ OUIBIIOr0 TOIIMPEHHS HaOyIn
aKTMBHI BHOPSMIIYI Hampyrd, IO JAlOTh 3MOTY 3a
PaxyHOK KepyBaHHs IIHPOTHO-IMITYJIbCHOIO MOAYJISILIEI0
(ILITM) i HasiBHOCTi 3BOPOTHMX 3B’SI3KiB BXIJIHOI HANPYTH,
BXIJJHOTO CTPYMy Ta BHXIJHOi Hampyru 3abesneuurtu [7,
8]:

— ¢opMyBaHHSA
OJIM3BKOr0 70 OJMHMIL;

— 30aTHICTh (OPMYBaHHS CHHYCOIaXbHOI (OopMHU
CTPYMY, IO CIIOXKHBAETHCS 3 EIEKTPUYHOT MEPEXKi;

— JJOJAATKOBI MOJKJIMBOCTI KOMIIEHCAINI BHIIHAX
TapMOHIK 1 pEakTHUBHOI CKJAIOBOi IOTYXKHOCTI B
SNISKTPUYHIA Mepexi, BUKIUKAHO! 1HIIMMH HENiHIHHUMU
Ta IMIYJIbCHUMH HABaHTAXKCHHSIMU.

AXTHBHI BHIPSIMJISIYI HANPYT BUKOPHCTOBYIOTHCS
B Takux cdepax NPOMHUCIOBOCTI, SIK TEPEeTBOPIOBadi

KoedirieaTa MOTY>KHOCTI,

3apsAAHUAX ~ CTaHIIM  eJNeKTPOMOOiNiB, MepeTBOprOBadi
TATOBUX  MMJACTAHIIN 3ali3HUIL 1 METPOTOJITEHIB,
NIepeTBOPIOBaYl  YacTOTH, JDKEepela IKUBJICHHS IS
MIKpOENIEKTPOHIKH, BITPOEHEPTETHKH,

TeJICKOMYHIKaIiitHOTO 00NagHanHs i T. . [9, 10].
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IlocTanoBKa aHAJI3  JOCHiIKeHb i

nyoaikaniii

npooJjemu,

Jlns moKpalieHHs SKOCTI eJIEKTPUYHOI eHeprii 1o
TpupasHUX  BHUIPAMIIYIB 3  IIHPOTHO-IMITYJIBCHOIO
MOJYJISIE€I0 3aCTOCOBAHO 0OaraTto METOMIB KepyBaHHS. Y
nyOmikamisx [11, 12] HaBeJeHO CXEMH aKTHBHHX
BUNPSMIISIYIB 3 TIOCIIIOBHUM 3’€JHAHHSAM JIBOX MOCTIB,
IO TPAIIOIOTh Ha OfHE HaBaHTakeHHA. llepeBaramm mmx
METOAIB KEpyBaHHS € MEHINI 3HA4YCeHHS HAIPYTH,
NPUKIANEHOI /[0 KIIOYiB, IO Ja€ 3MOTY peaji3yBaTH
MepeTBOpIoBaY  OipmIoi MOTYXHOCTI. Hemomikamm 1mwx
pilreHb € HEOOXiJHICTP BHKOPHUCTAHHA TaJbBaHIYHO
PO3B’SI3yBAIBHUX ~ TPaHC(HOPMATOPIB, IO  3IO0POXKUYE
cucremy i 3umwkye 3aranpHuin KK/,

Y nyOnmikamisx [13, 14] HaBeaeHo MeToaH
KepyBaHHsS, OpIEHTOBaHI Ha KOHTPOJIb HANpyru B
PYXOMOMY MPHUBOJIi 3MIHHOTO CTpyMy. MeTou HosraTh
B YCyHEHHI KBaJpaTW4HOi CKJIaJ0BOi HAmpyru, Moo
3a0e3meuynTH  HempsiMe Ta  pO3B’s3aHEe  KEpyBaHHS
NOTY)XKHICTIO. 3ajaBaHHS Hampyru Ui OpsAMoi i
KBaJIpaTUYHOI CKJIQJIOBUX T'€HEPYIOTBCS PETyJIATOPaMH
cTpymy. OCKUTBKH JaHI MPO TIOJIOKEHHS HEOOXimHI It
BCcix dQ-mepeTBOpeHb y KepyBaHHi, OPI€EHTOBAHOMY Ha
Hanpyry, iHQopMalis Moxe OyTH OTpHMaHa 3a PaxXyHOK
BUMIPIOBaHHS 200 CIIOCTEPEKCHHS 3a HAMPYTOK MEPEKi.
[lpore B mmx MeTojax HEOOXiJHO BU3HAYATH ETAIOH
CKJI3JIOBOI  NOCTIHHOTO  CTPyMy, TOII SIK €TaJlOH
KBaJIpaTUYHOI CKJIaIOBOT BCTAHOBIIOETHCS Ha HYyJb, MO0
MaTH OJUHUYHHIA KOC]IIIEHT MOTYKHOCTI.

Pazom i3 mpsMHM KepyBaHHAM OO0epTaIbHUM
MOMEHTOM TIPHBOMIB 3MIHHOI'O CTPyMy BiJOMi iHII
METOJIM KepYBaHHS BUNPSIMIITYaMH, OPI€EHTOBAHI HA MpsiMe
KepyBaHHS TOTyxHicTio [15, 16]. V Takomy BHmaaky
MOXHA  Oe3locepe]HbO  KepyBaTH  aKTHBHOIO  Ta
PEaKTHBHOIO TIOTYXKHICTIO, BUOMPAIOYN BIATOBIIHUN CTaH
iHBepTOpa 3 BU3HAUEHOI TaOmmIi mepeMukaHHs. Jlms
KOKHOTO 4Yacy BMOIpKM BIJINOBIZHI BEKTOPU HANpyrH
iHBepTOpa BHUOMPAIOTHCS BIAMOBIAHO JO PI3HHII MK
AKTHBHOIO Ta PEAaKTUBHOK IOTYKHICTIO 1 IXHIMH
OMOPHUMH 3HAYEHHSIMH, & TaKOX MOJOXXEHHSM BEKTOpa
Harpyru. 3ajaBaHHs AKTHBHOT MOTYHOCTI
3a0e3meuyeThes MPOTOPLiHHO-IHTET PaTbHUM
PETYJIATOPOM Ul HAalpyTH B KOJI IOCTIHHOTO CTpyMmYy,
TOOl  SK  3aJaBaHHS  PEAaKTHBHOI  MOTY)XHOCTI
HiATPUMYETBCSI Ha Hy i Al 3a0e3NeueHHs OAMHUYHOTO
Koe(iIieHTa TOTYKHOCTI.

Y  myOmikamisix [17, 18] HaBemeHo MeTOAM
KepyBaHHS Ha OCHOBI BUMIpSAHHX a00 PpO3PaxyHKOBHX
BEKTOPIB HANPYTH, IPH SIKMX MOJIOKEHHS BU3HAYAETHCS 32
BEKTOPAMHU HaIpyri, a MHUTTEBI MOTY>KHOCTI
PO3paxoBYIOThCS 32 BEKTOPAMH HAMPYTH 1 CTPyMY.

YV  nybmikamisx [19, 20] HaBemeHO MeTOH
KepyBaHHSI Ha OCHOBI BIpPTyaJbHOTO TIOTOKY, Jie

KOHTPOJIIOI0Yi MOTOKM BU3HAYAIOTH TIOJIOKEHHS, & MUTTEBI
MIOTYXHOCTI pO3paxOBYIOTBCSI 3 BEKTOPIB CTPYyMy Ta
TIOTOKIB.

OnmHak  Taki  KJacW4Hi  OpsMi  KepyBaHHA
MIOTYXKHICTIO MaroTh 3HAa4YHI HEJOJIKHM: 3MIHHA YacToTa
KOMyTaIlii dYepe3 TiCTEpPEe3WCHI KOMIIApaTOpH, BHUCOKE
3HaYCHHSA IHIYKTHBHOCTI (QUIbTpa JIsS  OTPUMAaHHA
IUTABHOTO CTPyMy, IUIA TOYHOI OIIHKH IIOTY>KHOCTI
moTpibeH Mammii mepiox BHOIpkHM, a oro peamizamis
morpedye HAsSBHOCTI MBHIKOTO MiKpomporecopa i
aHAIOro-I(pOBOro MEPETBOPIOBaYa 4YEpe3 BUMOTH JI0
BHCOKOI YaCTOTH JUCKpeTu3arlii [21, 22].

Jns mokpaleHHs KIaCHYHUX METONIB KepyBaHHS
AKTHBHUX BHIIPSMIISIYIB HAlpyrd MOKHa BHKOPUCTATH
Ii/IX1]] KOB3HOTO PEXUMY, 10 BiAPI3HAETHCS CTIMKICTIO 10
rapamMeTpUYHUX Bapiawiil i 30BHINIHIX 30ypeHb [23, 24].
KpiM TOro, Takuii MeTOJ BUKOPHCTOBYETHCS IS
pO3poOICHHS TPOCTHX, CS(PEKTHBHUX 1 EKOHOMIYHIMINX
CHOCTepiradiB, IO YyCyBa€ HEOOXIOHICT y (Di3MIHHX
JATYNKaX 1 3HIKYE BapTICTb.

Meta Ta 3aBIaHHS TOCTiIKeHHA

Meroro po0OTH € MOKpalleHHS IUHAMIYHUX
XapaKTepPUCTUK PETYIIATOpa BUXiAHOI HANPYTH aKTHBHOT'O
BUIIPAMJISYA 338 PAXYHOK peaisalii KOB3HOTO PeXHMY Ta
BUKOPUCTAaHHS CHOCTepiraya HaBaHTa)XXCHHS, MO IACTh
3MOTY OUTBII TOYHOTO pETYNIOBaHHS HANpPyrd B KOJI
nocriiiHoro crpymy. Jnsg  mocsATHeHHS MeTH OyIio
MOCTABJICHO TaKi 3aBJaHHS:

— OIJIsI]] KJIACUYHOI CXEMH aKTHBHOTO BHIPSMIISYA
HAaIPyTH 3 HIMPOTHO-IMITYJILCHOI MOJYJISILIEIO;

— BU3HQUEHHs IapaMeTpiB  CHUCTEMH  IPSIMOIO
KepyBaHHs [OTYXXHICTIO AaKTHBHOTO BHIIpAMIIAYA 3
KOB3HHM  PETYJISITOPOM criocrepirayeM  BeJIMYHHHU
BUXIiTHOT HANPyTH;

— IOCTiDKEHHS ~ poOoTH
peryysTopa aKTUBHOTO BHIIPSIMIIAYA,
peaitizariii KOB3HOTO PEXHUMY.

i

CHUCTEMHU KEpyBaHHA
3aCHOBAaHOIro Ha

BukJiajeHHs1 0CHOBHOI0 MaTepiany

Cxema aKmMueHO20 GURPAMAAYA HANPY2U 3
WUPOMHO-IMNYILCHOIO MOOynAYicer. IlepeBaroto
CHCTEMH KEpyBaHHS aKTHBHOTO BHIPSMIISYa HaIpyTH,
3aCHOBaHOI Ha IIMPOTHO-IMITYJNBCHIH MOIyJAMii, €
peaiizaliisi 3HaYHO MEHIIUX YacTOT KoMyTariit [25, 26].
AXTHBHUI BUNIPSIMIISIY MIBHUIIYE HAMIPYTY, THM CAMHM JIa€
3MOTY peaji3yBaTu JBOHAINPABJICHY Mepeaady MOTyKHOCTI
0e3 3MiHM MOJAPHOCTI BUXiIHOI HANPYTH, IO € CYTTEBOIO
mepeBaroro Juis  mepetBoproBada [27, 28]. Cxemy
Tpua3HOT0 aKTUBHOIO BUOpAMIAYa Hampyru i3 HIIM
HaBezieHo Ha puc. 1 [29].
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BT e - e Ty

L ‘G

Y ous 7
: U, , U € == R[]
RO

Puc. 1. Enextpuuna cxema TprdazHoro akTuBHoro Bunpsimisiua 3 M

Ha puc. 1 HaBeneHO Taki MO3HAYCHHS: €a, €h, € —
SNIEKTPOPYILIiHI cuiu y TphoX (azax Mepexi; ia, Ip, Ic —
CTPYMH, IO CIOXHBalOThCci Bix TpudazHOi Mepexi
aKTHMBHUM BHUIpsAMIsYEeM Hanpyru; L — iHAyKTHBHOCTI
BXimHUX mpoceni; R — omip BxigHux mpocenis; Ua, Up, U
— TOTEHIialy, W0 JONAIOTHCS JIO BXIJHOTO JPOCEIs
AKTHBHOTO BHITPAMIIYA 3 OOKY TPaH3MCTOPHOTO MOCTY; R
— OIip HAaBaHTAXCHHS aKTHBHOT'O BUIIPSAMIIYA HANIPYTH Ha
6omi mocriitHOTO cTpyMy; C — €MHICTD BHXIZHOTO (iNbTpa
AKTHBHOTO BHIPSIMIIAYA.

Ha pwuc.2 HaBeneHo cxeMmy 3amilieHHsA (as3u
aKTHBHOTO BHUIpsAMISYa, MmO (OpMy€e CHHYCOiIaJIbHY
(hopMy CTpyMy, CIIOKHTOTO 3 EICKTPUUHOT MEPEXKIi.

I; R L
L f Yy

Puc. 2. Cxema 3aminieHHs a3y akTHBHOTO BUITPSIMIISTYA

BignoBigHo 10 cXeMH 3aMIlCHHS, HaBeAeHOI Ha
puc. 2, MOXHa po3poduUTH cHucTeMy AUDEpeHIliaTbHUX
PiBHSHB, IO ONHCY€E €IEKTPOMATHITHI MPOIECH y BXiAHIN
eIEeKTPUYHIN Mepexi:

Ldi:ea—R-ia—Ua;
dt

di
. &

Lazeb _R'Ib _Ub’
L % =e —R-1. =-U
dt c c c!
€ ij — MUTTEBE 3HAYCHHS CTPYMIB, IO CHIOKHBAIOTHCSI
BiJl €IEKTPUYHOI MEpexKi;
€ — MHTTEBE 3HAYEHHS HANpyru Qa3 eIeKTPUUHOI
Mepexi;

Ui — MUTTEBE 3HAYCHHS TIOTCHIIIATY, IPUKIAICHOTO 0
BX1THOT iHIYKTUBHOCTI 3 OOKY CHIJIOBHX KITFOUiB.
HudepeHnianpHe pIBHSIHHSA, IO OIHCY€E 3apsii
BHXITHOTO KOHICHCATOpa Ta 3alle)KHICTh BEIHYMHU
BHUXiHOI HANpPYTH B KOMYTALiHHUA CTaHIB CHJIOBUX
KITIOYiB ITepeTBOproBava, Mae BUTIL [30]

O]

AUy e e e iy Uy
CEte (S, i, + S, 0y + S, -, ) - =,

dt R,

g6 Sa — CUrHajd KepyBaHHs KIIIOYaMH aKTHBHOTO
sunpsmsiaa VT1 i VT2;

Sy — cWrHam KepyBaHHS KIOYaMH AKTHBHOTO
Bunpsmisia VT3 1 VT4,

S¢ — CHrHamM KepyBaHHS KIOYaMH aKTHBHOTO

sunpsimistaa VT5 i VT6.

Cucmema npamozo0 Kepyeanns ROMYHCHICMIO
AKMUGHO20 GURPAMIAYA HANPY2U HA OCHOBI KOE3HO20
pesxcumy. CTPYKTYpHY cXemy Tpu(a3HOrO aKTHBHOTO
BHIIPSIMIISIYA 3 KOB3HHM pETYJSITOPOM 1 CIocTepirayeM
BEJIMYMHH BUXIiTHOI HAPYTH HABEICHO Ha pHC. 3.
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“ EEr— —
e R L ic;'
_”®_|:|_NVV\ — U,
e R L b
S 6| | afemEpal]
R L
__i@_:'_rwvw U
= ‘§cr '§h S:
a, @ %@S —_‘
Iy i, . .
y y
Cnocmepizay . .
[ Hanpyeu }—( U lupommo-imnynecHa Aff()()yﬁ'}ll;tﬂ)
; ; : A A
el ¢ e . .
Y Y Ug Uy Qg: 0
abc Hpsimuit konmponep nomyofcuocmp |——
- _ B 3 KOBSHUM DEICUMOM KEPYBAHHA = P
€l & A A
Y
s ~ P 0
»  PospaxyHox akmueHol ma

» eaKMUBHOT ROMYHCHOCINI
o

Puc. 3. Tpuda3suuii akTUBHHI BUNIPSMIISTY HAIIPYTH 3 CUCTEMOIO KEPYBaHHs, 3aCHOBAHOIO Ha MPSIMOMY KepyBaHHI
HOTY>KHICTIO

KoB3Huit perynsatop y HaBeIeHI CTPYKTypi
BUKOHY€ (YHKIII peryioBaHHsS BUXIJHOI Hampyru, a
TaKOX PEryJIIOBaHHS BEJIMYMHU aKTUBHOI Ta pPEaKTUBHOI
MOTYKHOCTI, 1110 CIIOKUBAETHCS 3 EIEKTPUYHOT MEPEXKI.

JudepeHuianbHe piBHSHHS, 110 BU3HA4Yae KOB3HE
peryioBaHHs, Mae BUrisig [31]

S(t)=(l+%jn_l-e(t)+K-}e(t)dt, ®

0

N . T x U c *
Sdc =€ t Kl'edc :Udc +RL—?C+ Kll(Udc_Udc)__

ne Ki — koedillieHT miICUICHHS CUCTEMH,

€dc — BEJMYMHA CHTHAIY MOXHOKHM pPETyJIIOBaHHA
BUXIJIHOT HaNpyTy.

B ycranenomy pexumi pu Sgc = 0

ne e(t) — BenmuYMHA MOXHOKH MIK OIOPHOK BEITHYUHOKO
(curHajioM 3aBAaHHs) 1 BUMIPSIHUM KOHTPOJILOBaHUM
3HAYCHHSIM;

A, K — KOHCTaHTH CHCTEMH, IO MalOTh OyTH OibIle
OJIUHUILIL;

N — BIIHOCHE 3HAYEHHS CTYIEHS CHUCTEMH,
KOPEJIOETHCS 3 KUTBKICTIO AU (epeHITiIOBaHb.

[Tpu n = 1 xOB3HE peryiIOBaHHs BUXIJAHOI HAPYTH

aKTHBHOTO BHIIpsAMIITYA Oy/1e BUPa)XXKEHO Uepe3 PiBHIHHS

o

1.
C 'Idc’ 4)

i -c.U’ +%+ K,-C(Ug,~Uy )+ Ky, sign(S, ). ©

L

Oyukiis  Sign(S¢c) 3amiHIOETBCS  QYHKIIE 3
HacHYEHHsIM, 00 MiHIMi3yBaTH e(eKT BiOpaii:
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+1  axmo S, >y;

sat(S, )=1-1 ©

AKIO Sy <7;

Su AKIIO |Sdc|£7/,

ne y — Koeillie€HT 3rI1aKyBaHHS CHCTEMH.

CurHanu 3aBJaHHA AaKTHBHOI Ta PpEaKTUBHOI
MOTY’KHOCTI JUISl 3aIIPONIOHOBAHOI CHCTEMH BHU3HAYAIOTHCS

P* :Udc ) idc;
Q" =0,

e ide — CTpYM y KOIIi HOCTIHHOTO CTPyMYy.

()

IIpn  xepyBaHHI aKTHBHOIO Ta PCAKTUBHOIO
MOTYKHICTIO, IO CIIOKMBAETHCSA 3 EINEKTPHIHOI MeEpexi,
BBOJSITECS  KOHTPOJIEPH  PEXHMY  KOB3aHHA, 1100

rapaHTyBaTH, 110 MOTYKHOCTI BiJICTeXKYIOTh 3a/1aHi OaxaHi
3HaueHHs. KoB3HE peryiioBaHHs aKTHBHOI Ta PEaKTUBHOI

& &

D= L L, (11)
& &
. L L _

-
I
CC

} (12)
(

1 " .
U, i, +U i, +| K, - ] [-(U§+u;)—P—K2-P

F:

/,laU|+(K——j QKQ

ne U — y3aranpHeHHWH BEKTOp Hampyrm Mepexi; F —
HE3aJIe)KHUN MMOKa3HHUK.

Po3paxyemo crocrepirad Hampyru BXiTHOT Mepexi
aKTHBHOTO BUMNpsMJsiya. PiBHSHHS JQuHAMIYHOT Mozedi
TpU(A3HOTO AKTHUBHOTO BUNPAMISIYA HAOPYTH B  af-

CHCTEMI KOOPANWHAT MOXKe OyTH BUPAKEHO SIK:

di. 1

NIOTYXKHOCTEH ONHUCYEThCS SK: 9 _-. (eg -R. ig U ; )
dt L
S, =€, + K, - [e.dt;
(8) V3aranbHEHUN BEKTOP CTPYMY:
So =8, + K, - [eydt; ]
. |g = |:I o | ﬁj| .
e, =P-P;
. Q Q* ©) Y3aranbHEeHU# BEKTOP HANPYTH MEPEXKI:
- - y
T
ne K; ta K3 — mo3uTUBHI cTali. eg - [ea e,B :' :
[TizcTaHOBKA aKTHBHOI Ta PEAKTHBHOI CKIIAJOBHX V3aransHEeHHiT BEKTOP HAPYTH NEPETBOPIOBAYA:
MOTY>KHOCTI Y MaTpu4Hy Gpopmy Mae BUTI [32]:
-
- . U,=[U, U,]
Spo=F+D-U; (10) g a s
Cnocrepirady KOB3HOTO PEXHMY MOJEIl MOMKHA
BUPA3UTH Yepe3 PiBHIHHS:
di, 1
— == (G sign(S, ) - R-1, —Ug), (18)
dt L
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Je Sq — KOB3HUH PEryJisiTop crocrepirada Crpymy:

(19)

(20)

T
G=[G G,], (21)
ne Gy, G2 — KOHCTaHTH, ORI HYTIS.

Konm xoB3HUH pexuM TOCATHE PEXUMY S g 0,

BU3HA4YCHE (pO3paxoBaHe CIIOCTEpiradeM) 3HAYCHHS
HAIPYTH MEpexi Moxke OyTH 0OYHCICHE K

e, =G -sign(s,). 22

g gn{ o, (22)

Oimetp HWKkYHX dactoT (PHY), mo Ttakox

3MCHIITy€ BILINB SBUILA BiOpartii, MOXE

BUKOPHCTOBYBATHCS JUIS HAIIPYTH MEPEXi

ey =@HY -(G-sign(S, ). 23)

BindineTpoBaHe BHUBEIEHHs crocrepirada y off
CI/ICTeMi KOOpJUHAT Ma€ BUTJIA

T
egf =[eaf eﬁf} . (24)

BukopucranHss QinbTpa HIKYMX HaCTOT IS
MiHiMizalii BiOpamii crocrepiradya B KOB3HOMY pEXHMI
Ma€ HEAOMIK — OCHa0leHHs AaMIUITyAd CHTHAIy, M0
CIIOCTEpIraeTbesi, 1 CTBOpeHHs (ha30BOI 3aTPUMKH MiXK
omiHoBanuMu curHanamu [33, 34]. [{o0 BupimmuTH IO
npoOJieMy, 3alpONOHOBAHO aAJAaNTHBHHUN aITOPUTM JIJIs
KOMIIEHCalii 3aracaHHs, BHUKJIMKAaHOT'O aMILTITYJHOIO Ta
¢azoBoro  3arpumkoro  (puc. 4). OCKUIBKM ~ alropuT™M
HEUYTJIMBMH 10 3MIHM 4YacTOTH Halpyru Mepexi, Ie
Mi/IBUIILYy€ TOYHICTh CHIOCTEPEKEHHS.

Dijtomp

e N
\Hu;)mux qacmom HUNCHUX HAChom ?)

egZ v egi

Dinomp

Y
e ™

Pozpaxyrox amnnimyou ma apzymenmia
\ J

|
|
i
|
T ¢
;
|
|
|
|
|

Pospaxynox amnnimyou 3aeacanns
ma azoeoi 3ampumKu
. ¢ qb P ¢ S
. ™\
Po3spaxyrox nanpye mepedici
N /

o 7

Puc. 4. CrpykTypa crioctepiraua Hanpyru Mepexi Ha
OCHOBI KOB3HOT'O PEXUMY

Crpareriss Takoro ajiroputMy HOJSTae y
BHKOPHCTaHHI B KacKali JBOX OJHAKOBHX (iIbTpiB
HIDKYHMX 9acTOT (3 OJIHAKOBOIO YaCTOTOIO 3pi3y ;).

e, = @, e
b osto,
N (25)
e = @, e
? s+,

AMIIITYIM Ta apryMeHTH BHXOJIB IIONEPEAHIX
(GUIBTPIB MOKHA PO3paxXyBaTH SIK

E,= e
E, =[]

6, = Arg(e,,);

(26)
0,=Arg(e,,).
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Po3paxyHok ammiiTyam 3aracaHHi Ta (ha3oBoi
3aTPHMKH MO>KHa BUBECTH 5K

(27)
AO=6,-6,.

Bupasu ast po3paxyHKOBHUX HAmpyr Mepexi 3
ypaxyBaHHSIM KOMIICHCAI[Il aMIUTITYJJHOTO 3aracaHHs Ta
BiIXWICHHS a3y MAaTIMYTh BHTIISL

é,=E,-AE?.cos(6,+2-A0);

(28)
A 2 .
é,=E,-AE’-sin(6,+2-A0).
JudeperHmianpai  piBHSAHHA, IO  ONHCYIOTH
CIEKTPUYHI TPOIEeCH B KON TMOCTIHHOTO CTPyMY

MEPETBOprOBayva, OIMUCYIOTHCA SIK

U, _
dt

dU,

T
-(Sa"a+5ﬁ"ﬂ)—ﬁ,

. (29)
'(Sa'ia-l-sﬂ'iﬂ)_CUdRC +A-sign(e, ),

C

Ol O

L0

~
ne U dc — Hampyra B KOJIi IIOCTIHOTO CTpyMY;

RLo — HOMiHa/TPHE 3HAYEHHS ONOPY HABAaHTAXKCHHS.

[Toxubka crioctepiraya HaNpyru BU3HAYAETHCS K

~

e, =U, —U,. (30)

JlunamiuHe pIBHSHHS MOMHJIKK CIIOCTEpiraya mae
BUTJISIT

A

de, U, U
dt ot

Udc _ L’jdc
C-R. C-R,

e _ _

dt

- A-sign(e, ), (D)

IS A — MO3UTHUBHA KOHCTaHTa, 110 3a10BOJIBHIE€ BUMOTI'H,

Udc Ljdc

A>|- -
C-R. C-R,

, (32)

Komn KoB3HMHI pexuM [OCSTHE CTajloi uyacy,
eKBiBaJICHTHE KepyBaHHS Oy/ie 3aI0BOJBHATH PIBHIHHS

L’jdc
C-R,

_ Udc
C-Rp,

U

Udc:Udc:> — M Req!’

e U

Horo ominka wmoxe OyTm 3reHepoBaHa (ibTpaIii€ro
HIDKYHUX 9acToT,

Req — BE/HMYMHA €KBIBaJICHTHOTO CIIOCTEpiraya.

A

U =CDHq-(/1-Sign(eU ))

R.eq

OT)K@, 3HAUCHHA OIOPY HABAHTAXXCHHA MOKCE 6yTI/I
BU3HAYCHEC SAK

C-Upy

L A

Udc

+R

LO*

OTpI/IMaHC 3HAYEHHSI 1 € BI/IXi,I[HI/IM CHUT'HAJIOM

crocTepiraga onopy HaBaHTAXXCHHS aKTUBHOT'O
BUIIPAMIIIYA.
Imimauyiiine MOOent08anH mpugaznozo

AKMUGHO20 GUNPAMAAYA 3 CUCIEMOIO AGMOMAMUYUHOZ0
Kepyeanua na 6as3i k0631020 pedxcumy. Jns OLIHIOBaHHS

e(QeKTHBHOCTI 3alpPONOHOBAHOTO AITOPUTMY MPSMOrO
KepyBaHHS IIOTY)XHOCTi, 3aCHOBAaHOTO Ha  MiOXOMII
KOB3HOTO  pexuMmy, OyJo TIpoBeleHO  iMiraiiiiHe

MOJICJIIOBAHHA 3a AOIMMOMOTIOI0 IMPOTPaMHOTO CEPEIOBHIIA
Matlab / Simulink.

[apamerpu TpudasHoro Bunpsmsya 3 HIIM
HaBEIAEHO B TaOJIAL.
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Tabmmis

I[MapameTpu Tpuda3HOro aKTHBHOTO BUNIPSAMJISYA

ITapamer
P P 3HaueHHA
Yacrora mepexi f, I'n 50
Hanpyra mepexi U, B 220
*
CurHan 3aJjaBaHHs BUXiJJHOT Hanpyru U dc> B 600
Bxigna 1 icte L, I”
XiJJHA IHXyKTUBHICTh H 16-10°3
AXTHBHUI omip enexTpuuHOi Mepexi R, OM 01
€MHICTh BUXiHOTO KoHIeHcaTopa C, Mk®D 1100
Omip HaBauTaxeHHsa R, Om
P L 40...80
Yacrora LM fp, kI'1y 15
UB
N 310
MopentoBaHHs 3IifICHIOBANOCS 3a TaKHX YMOB: 3
BUMIPIOBaHHSIM Hampyrd MEpexi 3a JOIOMOTOI0 JaTyHhKa
Harpyru Ha inTepBaii 0...1,5 ¢, a TOTIM 3 BUKOPHCTaHHIM 305t S I S SN
criocrepiraya KOB3HOTO pexuMy Ha iHTepBam 1,5...3 c. ] . : ‘
[Tpodinp 3MiHHOTO HABaHTAXKCHHSI AKTHBHOTO BUIIPSIMIITYA - U,
HaBeJIeHO Ha puc. 5. 300 :
R,, Om : : !
100 295 preerfe g ARRERLEE
80 IR | : o ' 290 ‘ : : ‘ ‘
: 0 05 10 15 20 25 30tc
o/ L RRRRRELL IEEEEEETEEEEEEES RESCEERE IRICEES . -
Puc. 6. BinxuneHHs BUXiTHOT HAIPYTH
4011------- rrrrrrrr ! o 3a HasBHOCTI 3aBaj] HANPyra B KOJi IOCTiHHOTO
CTpyMy BIJNOBiZa€ 3aJaHOMY €TaJOHHOMY 3HAYCHHIO
20 : : : : : 300 B, 1o BBa)aeThCsl 3aJOBUIBHHUM Yy MOMEHTH 3MiHH
S0 05 1.0 15 20 25 30tc HABAHTAKCHH.

Puc. 5. 3miHa onopy HaBaHTa)KEHHS

Ha puc. 7 HaBeZieHO 3MiHY aKTMBHOI Ta PeaKTUBHOI
CKJIaJIOBHX ITOTY>KHOCTI, IIT0 CHIOXKHUBAIOTHCS 3 NIEKTPUIHOT
Mepexi, MmpH 3MiHI OHOpPYy HAaBaHTaKEHHS AKTUBHOTO

BinxuneHHs ~ BUXIOHOI  HampyrH  akTHBHOro BHIPAMILIYA.
BUIPAMIISTYA TIPH 3MiHI BEJIMYWHHU ONOPY HABAHTA)KEHHS
HaBEJICHO Ha puc. 6.
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IHOPOPMAILIIMHO-KEPYIOUI

CUCTEMU HA B3AJJIBHUYHOMY TPAHCIIOPTI

P, Bm
3000

2500

2000

1500

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

1000

750

0.5 1.5 20 25 30¢tc

Puc. 7. BinxuneHHs akTHBHOI Ta PeaKTUBHOI OTY>KHOCTI

3 puc. 7 BHAHO, 10 PEAKTHBHA IOTYXXHICTh Mae
HYJIbOBE 3HAYEHHsI, 110 rapaHTye KoedilieHT NOTYKHOCTI,

U B

ONMM3bKUH 10 ONMHHUII, TOMY CTPYM 1 Hampyra 3aBxkIu
3HAXOIATHCA Y (asi.

HeszanesxHo  Biyz  poOOYMX  YMOB  BBEICHHS
criocrepiraya Hampyrd B MOMEHT 4dacy 1,5 ¢ gae xopoumri
pe3ysbTaTi, a pO3paxyHKOBa Halpyra Mepexi He TMoKa3ye
3aracaHHs aMIUTITyau a0 (a30Boi 3aTPUMKH MMOPIBHSIHO 3
(haKTUYIHUM CHUTHAJIOM.

MopentoBaHHA TaKOX MIPOBOIHIIOCS B
PO3IMKHYTOMY  KOHTYpi, 100  HPOJEMOHCTPYBATH
IepeBarn crocrepirada, IOB’S3aHOTO 3 IOABIHHIMH

GiTPTpaMH HIDKYMAX YacTOT 1 aJTOPUTMOM KOMITCHCAII.
Sk BumHO 3 puc. 8, 9, moxubKkK B aMIUTITY i Ta (asi qyxe
MIOMITHI, KOJM CIOCTEpirad BHKOPHUCTOBYE OJUH (iJbTp
HIK4YMX bactoT Ha iHtepBani 0...0,5 c. Ha inTepBani
0,5...1 ¢ BBOAMUTBCS CHCTEMa 3 ypaxyBaHHSM IIOJBIIHUX
(GUIBTPIB HWXKYMX YacTOT 1 aIrOPUTMY KOMIIEHCAI].
MoykHa MOMITHTH, III0 aMIUTITYJHE 3aracaHHs Ta (a3oBa
3aTpUMKa MOXYTh OyTH CKOMITICHCOBaHI.

150
100

0.4

0.5 0.6 0.7 0.8 0.9 1.0t c

Puc. 9. TToxubka cnocrepiraya BXiTHOT HAPYTH

Ha puc. 10 mokaszaHo, mo cHocTepirad TOYHO
OIIHIOE 3MiHYy HaBaHTaXEHHA. [Ipu IbOMY 3HAYEHHS
MMOXUOKH € TOCUTh MaJIlM, IO MOKa3aHo Ha puc. 11.
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R, Om
100

80 i

L T S

40

20 ! | | | 1
0 025 05 075 10 125 15¢tc
Puc. 10. Cnoctepirad onopy HaBaHTa)KEHHS:

1 — peanbHe 3HaYCHHS; 2 — PO3paxOBaHE 3HAYCHHS

AR, , Om
0.15

O T e S

0.05

0

—0.05

0 025 05 075 1.0 125 15tc

Puc. 11. 3HaveHHs MOXUOKH CIIOCTEpiraya omnopy
HaBaHTAXXCHHS

Ha pwuc. 12 HaBegeHO OCHWIIOTPaMH —BHXITHOL
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Puc. 12. OcumnorpamMu BUXiTHOT HATIPYTH TPH 3MiHI
BEJIMYMHY OTIOPY HABAHTa)KCHHS

Ha puc. 13 HaBeneHO BeJIMYMHU aKTHBHOI Ta
PEaKTUBHOT CKJIQJIOBUX MOTYKHOCTI (CHUTHAJ 3aJaBaHHS Ta
peasibHe 3HAYCHHS) MMPU 3MiHI ONMopy HaBaHTaxeHHs. [Ipu
Takii MIBUAKIA AWHAMIIl 3HAYeHHS BiICTEXKYIOThCI 0e3
nepeperyJIroBaHHs..
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Puc. 13. 3MiHa MUTTEBUX BEJIMYUH aKTUBHOI Ta
PEaKTHBHOT CKJIQJIOBUX MOTYXKHOCTI

Bucoka sKiCTb CTpyMy Mepexi MiITBEePIKY€EThCS
Koe(illieHTOM TOTY)XHOCTi, 3HAUEHHS SKOro OJIN3bKE /10
oaunuLi (puc. 14).
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Puc. 14. 3rauenns KoedilieHTa MOTYKHOCTI

1o cTocyeThCs SKOCTI €IEKTPOSHEPril K B yMOBax
poboTH criocTepirada Harpyru Mepexi, Tak i 6e3 Hboro, TO
KOe(ilieHT TapMOHIYHUX crnoTBOpeHb THD cTaHOBHUTH
1,13, mo wmeHme 5 % BIAMOBIZHO A0 MIKHAPOIHUX
CTaH/IapTiB.

BucHoBkm i
BHKOPHUCTAHHS

pexoMeHaanii W00 MOAAJBLIOIO

Ha mixcraBi mnpoBemeHMX HOCHIIHKEHb MOXHA
3poOUTH Taki BUCHOBKH:

— pO3MIISIHYTO ~ KJIACHYHY  CXeMy  aKTHBHOI'O
BUIIPAMIISTYA HaInpyTrH 3 IIMPOTHO-IMITYIbCHOIO
MOJIyJIAIi€0. BiAmoBimHO MO cXeMU 3aMilllcHHSI HaBEJCHO
cUcTeMy JIUQepeHmialbHAX piBHAHb, @10 OMHUCYIOTh
eJIEKTPOMArHITHI MPOIECH Y BXiTHIH eTeKTPUIHIN MEepexKi;

— BU3HA4Y€HO  I[apaMeTpu  CUCTEMH  IPSIMOTO
KEpyBaHHS MMOTYXKHICTIO aKTUBHOTO BHUIPSMIISYA HANPYTH
Ha OCHOBI KOB3HOTO pexuMy. JlJisi HaBeIeHOT CTPYKTYpHOT
cxeMH TpH(A3HOTO AKTHBHOTO BHIPSMIISYA 3 KOB3HUM
peryimsaTopoM 1 crmocrepirayeM BeIWYMHHA — BUXITHOT
HANpPYTH KEepYBaHHS IMOTYXHICTIO BiJICYTHA HEOOXiTHICTH
y TabnuMmi TepeMHKaHHS KIIOYaMH, THM CaMuM
3MEHIIYETHCS CKJIAIHICTh Takoro kepyBaHHA. KoB3Hmit
PETyIsATOp y PO3TIHYTIH CTPYKTYpl BHKOHYE (QYHKIIT
pEryJIIOBaHHS BUXIZHOI HANPYTH, a TAKOX PETYJIOBaHHS
BEIMYMHU  AKTUBHOI ~Ta  PEaKTUBHOI  CKJIAIOBUX
MOTYKHOCTI, 1110 CIIO)KUBAETHCS 3 IEKTPUYHOT MEPEexi;

— I0JIaHo0 PoOOTy CHCTEMH KEpyBaHHS peryJsiTopa
AKTMBHOTO BHIPSMJISYA, 3aCHOBAHOTO HA pearizamii
KOB3HOT'O PEXHMY IIpH 3MiHI ONOpY HaBaHTaKeHHS Ta 3i
criocrepiradeM HaBaHTaxeHHs. Crocrepirad Hamnpyru
Mepexi 3 ypaxyBaHHAM KOB3HOI'O pEXHMY pasoM 3
ANITOPUTMOM KOMIIeHcamii 3abe3mneuye TOuHi pe3ynpTaTd 3
MiHIMaJbHUM KOJIMBaHHSM, Ha BiIMiHy BiJl OJHOTO
¢binbTpa  HIWKYUX  YACTOT. AKTHBHUI  BHIIPAMIISY
3a0e3meuye Kparli MOKa3HUKH SIKOCTi eJIeKTPHYHOI eHeprii
31 3HaveHHssM THD wmenme 5% 1 KkoeoimieHTOM
MOTYHOCTi, OJTM3bKUM /10 OJWHHIII.

Cmammro nio2omosieHo 6 pamKax npoBeoeHHs
docnioxcents 3a Oepxcorodxcemuolo memoro «Po3pobka
HAayKOBUX 0CHO8 nioguuyents enepeemuiHoi
ehexmusHocmi ma NOKpawenHsa AaKOCmi elekmpoenepeii 6
ENeKMPUYHUX MepexCcaxy (0epicasHull peccmpayiuHull
nomep 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 for
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.

kt
200000
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100000 -

50000 -~
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8 months  years
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2020 2021 2022

Oimport

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

Oexport

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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Fig. 2. Ukrainian checkpoints map

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

Technological

opacity of decision-
making

the complexity of the
procedure

control over the
observance of intellectual
propertyrights

lack of inspectors on the
ground

Technical

lack of customs
infrastructure, equipment
and software

manual management
when making decisions

the need to scan and
weigh vehicles

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
additionaldocuments

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

IKC3T, 2023 Ne3




IHOPOPMALUIMHO-KEPYIOUI CUCTEMMU HA 3AJII3BHUYHOMY TPAHCIIOPTI

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 1. Ienexanp, O. M. MxkptuunsH, A. O.
Adonina. JlocmimpkeHHS CTaHy MHTHOTO O(OpPMIICHHS
BaHTAXIB Y MYHKTAX MPOIYCKY Ha KOPJOHI YKpaiHu

AHoTanis

Y MDKHAapOJHUX MEPEeBE3CHHSX OYIKYBaHHS B
4yep3i Ha MUTHE O(OPMIICHHS 4acTo 3aiiMae B KiJibKa pa3iB
OlnmpIIe yacy, HiX came MUTHe opopmieHHs. [laHa cTarTs
Ma€ Ha METi MMOKa3aTH BIUIMB TEXHOJIOTIYHOI Ta TEXHIYHOT
CKJIZJIOBOT MHTHOTO TIpOIleCY Ha HOro e(eKTHBHICTb, a
TaKOX HEOOXITHICTh YAOCKOHAICHHS CIIOCO0IB 3MiHCHEHHS
MHUTHOTO KOHTPOJIIO TIPH MIDKHApPOJHHUX IEPEBE3CHHSIX.
AHami3 AaHUX MIONO IIOTOYHOTO CTaHy EeKCIIOPTHHX
nepeBe3eHb B YKpaiHi JIO3BOJIMB BHSIBUTH IPUYHUHH
3aTPUMOK Ha IPUKOPIOHHMX MHTHHX IIOCTax IIiJ Yac
MDKHApOJAHUX  BaHTaXHUX  [EpeBe3eHb.  PO3rIIHYTI
ICHYIOYl 3aX0Qd MIOJ0 YIOCKOHAJICHHS IPOBEACHHS
MUTHHX TPOLERyp 3 BaHTaxaMu. OKpECleHO NMePCIeKTUBH
NIPOBEJCHHS TEXHOJIOTIYHUX oOllepalii  Ta po3poOKu
TEXHIYHHUX PilIeHb JUIS TiABUILEHHS €PEKTUBHOCTI pOOOTH
MHUTHUX CIYy)X0O Ta CKOpPOYEHHA 4dacy OQpOpMIIECHHS
BaHTAXIB.

30UIbIICHHS 00CSTIB BaHTaXIB, 110 TIEPEBO3SATHCS
3 YKpaiHu 10 IHIIMX €BPONEHCHKHUX KpaiH 3aJli3HHUIEIO B
OCTaHHI  MiCsIli, TpPHU3BENO JO 30iMbIICHHS Yacy
OYIKYBaHHS Ha MHTHHMX Ta IMPUKOPJOHHUX 3aJI3HHUYHHX
CTaHIIAX. Y JESIKUX MICHAX Ha TEePeTHH KOPAOHY B
ABTOMOOUIBHUX IyHKTaX MPOIYCKY JOBOJHUTHCS YEKATH JI0
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7 nHiB, a Ha 3aJI3HUYHUX IyHKTaX IPoIycKy — ao 25. Ile
3yMOBJIIOE€  TPUBAJIMH TEPMiH JOCTAaBKH, IO CTae€
NPUYMHOIO 3HIDKCHHS BAapTOCTI NWX BaHTaXIB Ta iX
npuBaOINBOCTI JJIs1 iHO3EMHHX MOKyNUiB. IcHye Hebarato
HayKOBOI JIiTepaTypH 3 IUTaHHS 4acy OYiKyBaHHS ITij yac
MHUTHOTO oQopmieHHs. [Ipu 1boMy OLIBIIICTh HasBHUX
JIOCIIJIKCHb 30CEpPEDKCHO HE Ha TEXHOJOTIYHIH, a Ha
CKOHOMIYHI Ta (PIHAHCOBIH CKJIAIOBHX MUTHOTO MPOIECY

— 30impmieHHI JOXOXiB 1 300piB, 3ampoBaKEHHI
tapru@ikamii BiIOOBIZHO 1O CyYacHHX MIDKHAPOJHUX
CTaHIApTIB.

Tomy, mo-mepme, HEOOXiOTHO  pO3POOHUTH
TEXHOJOTIYHI 3aXOOW IIOJO0 BIOCKOHAJIEHHS MHUTHOIO

00CITyroByBaHHS 3 METOK CKOPOYEHHS 4Yacy nepeOyBaHH
BaHTAXIB M MHUTHAM  KOHTpojem. Ilo-mpyre,
BIPOBAKEHHSI CyYaCHUX TEXHIYHUX PILICHb JIOIOMOXKE
NPUIIBUIIINTA MUTHUH OTJIS]] Ta YHUKHYTH BEJIHKHUX Yepr

Ha KOPJOHI.
KuarouoBi  cioBa: MUTHE  O(OPMIICHHS,
MDKHApOIHI TEpPEeBE3CHHS, MHTHI IYHKTH IPOIIYCKY,
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YK 620.92

[TAHUYEHKO B. B., kaHmugaT TEXHIYHMX HayK, JOLUEHT Kaeapu eJIeKTPOCHEPTeTHKH,
€JIEKTPOTEXHIKU Ta EIEKTPOMEXaHIKH,

XAPIH P. O., acmipant kadeapu eIeKTPOCHEPIETHKH, EJICKTPOTEXHIKH Ta EJICKTPOMEXaHIKH
(YkpalHCbKHii iepKaBHUN YHIBEPCUTET 3aJ1I3HUYHOTO TPAHCIIOPTY)

JocuinkeHHsi BIUIMBY Jerpaaamii COHSYHHUX MaHesell HA e()eKTHUBHICTHL PoOOTH
COHSAIYHOI eJIEKTPOCTAHIIIL

Y ecmammi pozensioaiomocsa ocobausocmi, nog'azani 3i CMapiHHAM i 0eepadayicio COHAYHUX QOMOeNeKMPULHUX
cucmem. Posensinymo i npoananizoeano 6azamo axkmopie cmapinms, GKIIOUAIOYU MEMNepamypy, 80J02IiCMb, Nul,
mpiwunu nanenei. IIpoeoounucs Mmooent08aHHs ma 3HIMALUCS XAPAKMEPUCIMUKU COHAYHOI eleKmpocmanyii saKa
6CcmaHoBNeHa Ha 0axy maeoeoi niocmanyii Nel8 m. 3miie. Kpim mozo, docnioxceno eniue ¢hakmopie cmapinua Ha
NPOOYKMUBHICTNb COHAYHUX (DOMOENeKMPUYHUX MOOYIII8, 8KIIOYAIOUU MEPMIH Cayicou, eghekmusHicms, Oe2padayiro
mamepiany, nepezpis i HegiOnoGioOHicmb.

Jecpadayis conaunux naueneti 8i00y8acmvbca NOCMIUHO, AK Yepe3 HeNnpasUIbHULL PeXCUM eKCHiIyamayii, max i
nio uac enauU8y Ha HUX 306HIUHIX axmopie. Ane weuokicmes Oe2padayii NaHell MOICHA 3HAYHO 3HUSUMU ULIAXOM
BUACHO20 NPOBedeHHs: 1T OlacHOCMUKU ma 3amiHu HecnpasHux demaneu. [espadayis gomoenekmpuunozo mooyis
npu3eooUms 00 Hocmynoeoi empamu egexmusnocmi. Mooeniosanus dezpadayiinux npoyecie 6UKOHYEMbCs NPOMALOM
PO3PAXYHKOB020 POKY excnayamayii gomoenekmpuunoi cucmemu. Ha npaxmuyi Oecpadayiss o3Hayac 3meHuleHmHs
nPOOYKMUGHOCMI pomoenrekmpudHoi namei.

Kniouosi cnosa: oezpadauia, conauni naneni, nikoga nomyxycnicms, pomoenekmpuyna cucmema.

IIpo6eMa OCTAHOBKH 0 C/IiIKeHHS Ilopiusa  gerpajamis i IPOOYKTHBHICTH

Oniclo 3 HaiGUIBIIMX [PUYAH  3a0py/HEHHS nocnigmyBanHCL 32 ymoBax SQBHimHLOFO BILTHBY. Y
HaBKOJIMIIHBOTO CepeloBUIla y cBiTi € Ttpaguuiiine CTaTTl [5] posrasuyTO 1 NPOAHATI30BaHO HH3KY (axropis
BHPOOHHITBO €JIEKTPOCHeprii Ha OCHOBi BuKomuoro CTAPIHHA, POSLIHYTO OCHOBHI HEHOJIKH, npobiemu Ta
namusa. [lotpeGa B GUTbIn uMCTHX i cTamux jpkepenax —BUKIMKH,  mOB'ssami i CTAPIHHAM  COHSAYHHX
eHeprii 11 BUPOOHHITBA €JIEKTPOSHEPrii 3pocTae yepes ¢’°TQeHeKTPH‘IHIfIX TNepeTBOPIOBAYIB. Y CTATTI [6]' TO/IaHO
IIBH/IKE BHCHA)XEHHS 3allaciB BUKOIHOTO NainBa Ta Horo TEXHIKO-CKOHOMIMHE 06Fp}fHTyBaHH$I Ta  OCT/DKEHHSA
HETaTHBHWH BIUIMB Ha HABKOJMIIHE cepemoBuiie [2]. HAJIMHOCTI  €JIEKTPOCTaHIili Ha  OCHOBI @EC AnA

A LBOMY JOCTKEHHI posrsiatoTscs  AOBIOCTPOKOBOIO BUPOGHHITBA CleKTpOCHeprii. Y crarti
0COOJIMBOCTI, TOB'I3aHi 31 CTapiHHAM 1 JErpajaiicro [7] HOMaHO aHam3  HEIIOAABHIX  JOCII/UKEHD  BILUIHBY
cousiunux oroenekTpuunux cucreM (PEC). PosrisHyTo thaxropiB eI(crmya.Tauﬁ Ta HaBKOJHMIIHBOTO CCPEAOBUIIA
i mpoaHani3oBaHO HU3KY (GaKTOpiB CTapiHHA, BKItoyatoyu 1@  MPOAYKTHBHICTE — COHAYHHX oToenekTpuIHIX
TEMIEPATypy, BOJOTICTh, MK Ta MOIIKOPKEHHs Manenel, CTCMCEHTIB, POSTIIIHYTO .}IaﬁcyqaCHmn METO/IH 3MCHIICHHS
Byllo IPOBEJICHO MOJEITIOBAHHS Ta 3HATO XapaKTepucTHky ~BIVIMBY IMX  CJIEMEHTIB, a TakoXK iXHI mponopuifini
COHSIUHOI eIeKTPOCTAHILii, BCTAHOBNGHOT Ha jaxy Tarosoi 1EPEBAr i TPyjHOmL. VY CTATTi Takox AOCTIIDKYIOTRCA
nincrannii Ne 18 m. 3miis. Kpim toro, pociimkeno s~ apaMCTpH, IO BIUMBAIOTE Ha ‘?HPOESHHHTBO COHAYHOL
dakTopiB  CTapiHHA Ha TpOAYKTHBHICTH comsummx CHOPril, Ta BHKOHaHMHA amanis iX  eQexTMBHOCTI.

(OTOENEKTPHYHMX ~ MOIYNiB, TepMiH iX  CIyXKOH, BI/IB‘IE.ICTBCH e(b'eKTI/IBI-'IlCTB 1 3JaTHICTh r{epF:TBopeHHﬂ
C(l)eKTI/IBHiCTL, I[erpanauilo MaTepiaﬂy, HeperpiB i CHEPT11 HaHlBHpOBl}lHI/IKOl.SI/IX MaTepl.aIllB JIA
HEBi/IMOBI HICTD. BUPOOHHMIITBA eNeKkTpoeHeprii. Y poboti [8] ©Oymo

MPOBEJCHO JIeTajJbHE BUBYEHHS BIUIMBY YaCTHHOK
TIOBITPSTHOTO NIy Ha MPOAYKTHBHICTH (POTOENEKTPHUUHOT
(®PE) moneui.

AHani3 ocranHix myo0aikanii

AmHamni3z JliTepaTypHHX JDKepell TI0Ka3ye pi3Hi
MiIXO0H 10 BUpINICHHs Iiel mpobiemu. Y podorti [3] Oyno
pO3MIISIHYTO  3a0py/fHEHHS Ta Tpolec NepioAnYHOro
OYMIIEHHS COHSYHUX €JIEMEHTIB y paiioni Maaw, lopaanis.

© MAHYEHKO B. B., XAPIH P. 0. 2023
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vy IbOMY ,HOCJ'Ii[[)KeHHi BIUIMB YaCTUHOK IMHITY 3
HaBKOJIMIIIHBOT'O CEPCAOBHIIIA Ha BTpaTU HOTy)KHOCTi y

(bOTOCTIEKTPUYHOMY ~ MOAYJi  OL[HIOBABCS  ILIAXOM
BUMIDIOBaHHsS  CNCKTPUYHHX MOKA3HHUKIB, TaKUX SK
Hampyra, CTpyM 1 HOTyxHIicTb. Y  poboti [9]

JOCIIKYIOTBCS. BTPATH TMOTYXKHOCTi, PO3BHTOK Tapsumux
TOYOK, Ae(eKTH Ha piBHI MiTiMeTpiB 1 KoeQimieHT
npoayktuBHOCTI (PR) 28 dQoromonmynis, mo 3a3Hamm
BILTUBY.

Merta cTaTTi — poaHami3yBaTH (HaKTOPH, IO BILITHBAIOTH
Ha JIETPA/IaIlil0 COHSYHUX MaHeJeH, i OMIHUTH IXHil BIUTUB
Ha e(DEKTUBHICTH POOOTH COHSAYHOI CICKTPOCTAHIIIT.

OCHOBHA YacTHHA

Jerpamamis COHSYHUX TMaHENeH BimOyBaeThCs
MOCTIHHO SIK 4epe3 HEeNpaBHIBbHUI PEKUM EKCIUTyaTarlil,
TaK 1 miJ 9ac BIUIMBY HAa HUX 30BHIIIHIX (akTOpiB. AJe
MIBUIKICTh Jerpajaiii maHejai MOKHA 3HAYHO 3HH3UTU
HIIIXOM BYACHOTO MPOBEJCHHS 11 NIarHOCTHKU Ta 3aMiHH
HECTPaBHUX JeTajeil. 3a OCTaHHIMH JOCIHIIPKCHHIMH,
OCHOBHMM  XIMIYHHM  €JIEMEHTOM, 1[I0  BHUKJIUKA€E
MIBUILEHY JNETpajallilo COHSYHUX MOIYJIB, € HATpid Ta
IHIII aKTHBHI MeTamd. 30BHIMIHI ()aKTOPH IIiICHIIOIOTH
Mapa3suTHI TOYKM Ta 4YacTO BEIYTh 1O HE3BOPOTHUX
HacHiAKiB. BYacHO BHUSBUTH [erpajamiio COHTYHHX
MIaHeJICH JIONOMararoTh PeryJsipHi BUMIPIOBAHHS HANPYTH
XOJIOCTOTO X0y KOXKHOTO MOJTYJISL.

JerpanyroTs yci iCHYIOYi KOHCTPYKINi COHSYHUX
MaHeJaeH — MOJIKPUCTANIYHI, MOHOKPHCTAIYHI, TUTIBKOBI.
Ha puc. 1 mnokazanmii rpadik gerpanaiuii COHSYHHX
naneneit Jinko Solar BpogoBx 1m’siTh poKiB eKcIutyararii
[1]. Jliniitna rapaHTis MPOJYKTUBHOCTI IS
MOHOKDHCTAJIYHMX MOXYJIB TIOJaHa Ha puc. 2, a
MOJIIKPUCTAIIYHUX MOJIYJIIB — PHC. 3.

O0’€KTOM JOCIIHKSHHS € COHSYHA EIeKTPOCTAHIIIS
notyxkHictro 12,20 kBt, BcTaHOBIEHA Ha JIaxy TITOBOI
miacradmii Ne 18 M. 3MiiB 1 IAKIOYEHA 10 >KUBWIHHOL
Mepexi [4]. MogemroBanHs ~ poOOTH 1 3HATTA
XapaKTEePUCTHK 3IIHCHIOETBCS 3a JIOIIOMOT' 010
CIIeIiai30BaHOTO MPOTrpaMHOTO 3a0e3nedeHHs PVsyst.

101077 KWH
79669 KWH
79.268 KWH
98,785 KWH
78,314 KWH
1 2 3 4 5
_ Production in Year 1- Production in Year 2
Degration % = Production n Year 1

Puc. 1. I'padik BuUMiproBaHHS Jerpanarii COHIIHIX
nanenei Jinko Solar

3a maHuMH BHPOOHHMKA COHSYHMX maHened Jinko,
Jerpajaiiss IMKOBOI MHOTYXXHOCTI (OTOMOAYNIB HE
MIEPEBHUIINTH TaKi KpUTepii [9]:

1) 1711 MOHOKPHCTATIYHUX MOJYJIB!

- 3 % HOMIHAJIBHOI MOTYXKHOCTI TMPOTATOM OJIHOTO
POKY Tepiofy, IO TOYNHAETHCS 3 JaTH NOYaTKy rapaHTii;

- 3 IPYyTOTO IO 11’ ATHIA POKH JIiHiIfHA 3MiHA Bif 3 10
5 %, cepenns merpanaris craHoBuTh 0,5 % Ha pik;

- IIOCTOTO TI0 TBAHAMIMTHIA POKH JiHIHHA 3MiHA BiX
5 mo 10 %, cepenus merpamamist ctaHoBuTh 0,714 % Ha
piK;

- 13-ro no 25-i pik miniiina 3miHa Bix 10 1o 20 %,
cepeHs aerpanais ctanoButh 0,769 % Ha pik;

Guaranteed Power Perfor

Puc. 2. JliniliHa rapaHTist IPOAYKTUBHOCTI IS
MOHOKPHCTAJIIYHAX MOJIYIIiB

2) HOJIIKPUCTATIYHUX MOIYJIIB!

- 2,5 % HOMIHAJIBHOT MOTY>KHOCTI IPOTSITOM OJIHOTO
POKY Tepiofy, IO MOYNHAETHCS 3 JAaTH MOYaTKY rapaHTil;

- 3 Ipyroro mo I’sSTUH POKH JiHilHA 3MiHA Bif 2,5
1m0 5 %, cepemHs Aerpaaailis B I Mepio CTaHOBHTH
0,625 % Ha pik;

- IIOCTOTO IO TBAHAMISATHI PiK JiHiITHA 3MiHA Bif 5
no 10 %, cepemHs Aerpamamis MiJ 9ac IBOTO Iepiogy —
0,714 % Ha pik;

- 13-ro mo 25-i pix miniitHa 3miHa Bix 10 mo 20 %,
CepelHsl Jerpajallisi IpOTArOM IOTO IMEPiOy CTAHOBUTH
0,769 % Ha pik.

veed Power Performance

anr

Puc. 3. JliniliHa rapaHTist IPOAYKTUBHOCTI JIs
MOJIIKPUCTANIYHUX MOYIIIB

OCHOBHUMH
(doToeneKkTpuIHOI
CTapiHHIO, €:

- QoToenexTpuuHNil MOIYJIb (TpUBAJIA JErpajiarlis,
CTYIIHb SKOi 3pOCTa€ MpU 30UIBIICHHI HEBiIIMOBIIHOCTI

(yHKIIIOHATBHUMHA BY3JIaMU
cucremu (D®EC), mo migmaroTbcs
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IHOPOPMALIMHO-KEPYIOUI CUCTEMHU

HA 3AJJIBHUYHOMY TPAHCIIOPTI

MK MOIYJISIMH,
MIBUJIKICTIO);

- Oatapei B cucreMax 3 HakomudyBadeMm (MarOTh
OyTH 3aMmiHeHi, 1HOII KiJbKa pa3iB NPOTITOM IKHUTTA
CHUCTEMH);

- IHBEpPTOPH, 110 3 YACOM NOTPEOYIOTH PEMOHTY 200
3aMiHH;

- eJIEMEHTHU EJICKTPOIIPOBOKH, T'PO303aXHUCTy Ta iH.
[2].

0O HE MAErpamgyioTh 3 OJHAKOBOIO

BuxonaeMo nocmiKeHHS BIDIHBY Pi3HUX (AaKTOPiB
Ha CTymiHb JAerpafamii (YHKIIOHAIFHUX BY3MiB CEKIii
®EC, nodynosanoi Ha 10 poromonymsix Jinko Solar.

1. HocmimpkeHHS TagiHHA HAOpPyTd dYepe3 3MiHy
OIOpy TPOBITHHKIB. XapaKTEpPUCTHKA HECIiBHIAIiHHI
(Mismached charact.) mpoxoauts y cepeauti puc. 4.

10 modules, different wiring resistances

L L L i
10 —— N
= °F ]
E
= 6F 7
&n [
a0 i
[ —— Min. length =20 m
2 Max. length = 200 m ]
Wismatched charact.
0 L L ] L ] 1 kY
240 260 280 300 320 340 350 320

Puc. 4. Xapakrepuctuku crpymy OEC npu 3miHi onopy
MIPOBITHUKIB

Sk Gaummo, HAMOLTBII 3HAYEHHS MaliHHSA CTPYMY
cnoctepiratotecst micias 300 B came 3a paxyHOK 3MiHH
JTIOBKUHH TIPOBITHUKIB Mixk qBoMa cekiisimu OEC.

XapaKkTepUCTHKA  CHUCTEMH  HAaBKOJO  TOYKH
MakcuMmanbHoi  motyxHocTi  (Pmpp) €  TOpiBHSHO
€KBIBaJICHTHUMM  OJHA 3  OJHOI. Buagdo, 1o

HEBIJIOBIIHICTh, TOOTO PI3HMIS MK 3HAYCHHAMU Pmpp
JIBOX CEKIiH 1 cepeqHiM 3HaueHHSIM Pmpp, € HEBEIHKOIO.
Hanpuknan, s oTpUMaHuX 3Ha4Y€Hb ONOPY IPOBIJIHUKA
JoxuHOIO 500 M 1 mepepizoM 2,5 MM? TOpIBHSHO 3
MPOBIJTHUKOM JIOBXXMHOIO «HYJIHOBOI» JOBXWHH ITaJiHHS
HaIpyru CTaHOBUTH 5,2 %, ajie BTpaTH Ha HEBIAMOBITHICTD
cranoBJsATh Jute 0,38 %.

Ha puc. 4 ta 5 mnokasaHo 3MiHM CTpyMy Ta
MOTY)KHOCTI B OJHIM ceKuii 3ale)kHO BiJ Hampyru ImpH
Pi3HUX 3HAUYEHHSX JOBXHWHU 3’ €JHYBATBHUX IPOBITHUKIB.

10 modules, different wiring resistances

3500 P T T
3000 | .
2500 . .

z i

5 2000 .

E [

g oo .
1000 L ——— Min. length =20 m ]

. [ —— MWax. length =200 m

S0 Mizmatched charact. 7]
u'....l....l....l....I....I....I...IJ‘::'.
240 260 280 300 320 340 3BO0 380

String voltage [V]

Puc. 5. 3anexnicts Hanpyru Ta notyxHocti @EC

PesynbpraTi MopentoBaHHS, IOKa3aHi Ha puc. O,
JOBOJATH, IO 31 30LNBIICHHSIM IOBXHHH IPOBiTHHAKA
3pOCTalOTh 1 BTpaTH HAa  HECHiBNANiHHA. Biarak
3HIKYEThCA 1 eexTuBHICTE DEC.

OTxe, y OpOMY BHIIQJKYy JUIA MiHIMi3amii BTpat
motpiOHO po3rtamoByBatu 00’ ekt PEC Hemonanik oguH
BIJ{ OJTHOTO.

Mismatch between 2 strings

7 r— T
sF >
— B
z S
S
A
E3F
= qF
1F
ok ot S TP T TR
0 200 401 G600 il 1000
Wire length [m]
Puc. 6. 3mina Brpat Mixk 1Boma cekiissmu PEC 3anexHO

BiJl IOBXKWHU TIPOBITHUKA

PesynbraTe  MOJemOBaHHS =~ 3MIHM  JIOBKUHH
MPOBIHHUKA, MPOBEACHOTO Yy MPOTPAMHOMY CEpEAOBHIII
PVsyst, 3Beneno o tada. 1.
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IHOPOPMALUIMHO-KEPYIOUI CUCTEMMU HA 3AJII3BHUYHOMY TPAHCIIOPTI

Taomuus 1

Pe3yspraTu MOsICIIOBAHHS

Hampyra, B Ctpym, A [otyxHicTs, Bt
Macus 1 300.8 9.55 2873.9
Macus 2 287.6 9.56 2750.1
HeBiamosinHicTs MacHBIB 294.7 9.51 2803.3
Cepemns nmoTyxHicTh 112 2812.0
Brpatu noTyXHOCTI 3a paxyHOK 8.7BT,0.31 %
HEBIIIIOBITHOCTI

2. [TagiHHs HANIPYTH Yepe3 KOJIMBaHHS

TeMIlepaTypu MacuBy (puc. 7).

10 modules, different temperatures

L e L L L B L B
1= = ]
z °F ]
B
: 8F ]
& [
i .0 i
[ —— Low array temper. = 40°C
2| —— High array temper. = 50°C ]
[ Wismatched charact.
P [T NI T ST ST [ S S T SRTUNT SN N

) -
240 280 280 300

320 340 3560 380

10 modules, different temperatures

3500 T T T T T T T T T T T
3000 | .
[ .___,_,;.ﬁzig
2500 o R
z i
g 2000 -
= |
2 s .
= [
1000 _ —— Low array temper. = 40°C ]
. [ —— High array temper. = 30°C
500 3 Mizmatched charact. 7]
u:....I....I....I....I....I....

240 260 280 300

320 340 350 380

String voltage [V]

Puc. 7. Xapaxrepuctuku podotu ®PEC npu 3mini
TeMIieparypu poTomMoayiB

JocunipkeHHs] TPOBOJMMO MPH 3MiHI TeMIeparypH
HarpiBy MacuBy Bin 40 mo 50 °C. Ilpum upomy cumifg
mam’siTaTH, LI0 B pEaIbHMX YMOBax eKCIUTyaTawil Bci
(hOTOMO/IYITI HATPIBAOTHCS IO-Pi3HOMY.

PesynbraTi OCHIIDKEHHS TIOKa3yloTh, IO IIPH
pizaumi temnepatyp 10 °C manmiHHS Hampyru CTaHOBUTH
4,6 %, a BTpaTH Ha Hey3romxkeHicts — 0,47 %.

PesynpraTi MopmemoBaHHA, ITOKa3aHi Ha pHc. 8,
JOBOJATH, IO 31 30LIBIICHHSIM IOBXHHH IPOBiTHHAKA
3pOCTAIOTh 1 BTPATH Ha HECIIBIAIiHHS, BUKINKAaHI 3MiHOIO
Temnepatypu okpemux cekiii ®EC mo HeratuBHO
BIUIMBA€E Ha ePEKTUBHICTb ii pOOOTH.

Mismatch between 2 strings

o M =1
T

Mismateh loss [%)

I:I: = I TS P T BT U P P
0 2 4 6 g 10 12 14 16 18 20
Voltage difference [%]

Puc. 8. 3mina BTpaT Mixk 1BoMa cekiissmu GEC 3anexHO
BiJl pI3HUII HATIPYT

Pesynbratm = MOmeNMIOBaHHA ~ BIUIMBY  3MIiHH
TEMIIepaTypu, MPOBEACHOTO Y MPOTrPaMHOMY CEepeIOBHIII
PVsyst, 3Beneno mo tadur. 2.

76 IKC3T, 2023 Ne3




IHOPOPMALUIMHO-KEPYIOUI CUCTEMMU HA 3AJII3BHUYHOMY TPAHCIIOPTI

I
u
I
PesynbTat MOJCTIOBaHHS
Hanpyra, B Crpym, A [otyxHicTs, BT
Macus 1 302.1 9.56 2887.6
Macus 2 289 9.57 2766.1
HesinnosigHicTs MacuBiB 294.7 9.55 2814.3
Cepemns moTyxHicTh 112 2826.8
Brpatu noTyKXHOCTi HEBiIIIOBIAHOCTI 12.6 BT, 0.45 %

3. HeBignoBiaHicTh 3a
cekii (puc. 9, 10).

CTpyMaMH JIBOX MOJYJIIB Y . . .
Current mismatch, 2 modules in series

Currentmismalch,ZdeuIESinseriES ?I:ID IIIIIIIIIIIIII|IIII|IIII|IIII|IIII|IIII
12 T T T ook ]
. .- Modules Pmppsum =220 W . .. ... .. ...
500 | .
E
= . 5 400f .
= g
E 5 ]
-_.:r: g -
Irradiance = 1§00 W/m* 1
=1 Irradiance = 300 Wim® .
Add. voltages o
. , , , , , , , O 10 20 30 40 50 B0 7D 8D
0 10 20 30 40 50 60 70 80 String voltage [\]
Puc. 9. XapaKTepI/ICTI/IKI/I pO6OTH ®EC pu 3MiHi CTYNICHA PeSyHbTaTI/I MOJICTIFOBaHHS, HaBeJEHI Ha puc. 10,
ONpPOMiHEHHs POTOMOLYIIIB TIOKa3yI0Th, IO 31 30UIBLICHHSM pI3HHUII CTPYyMIB MiX
) . . MOJIyJISIMH IIBUIKO 3pOCTAOTh 1 BTPATH Ha HECIiBIIAiHHS,
Current mismatch, 2 modules in series . . . is DEC
30 e BHKITUKaHI 3MiHOIO OTIPOMiHEHHSI OKPEMHUX MOMYJIB .
e y cBOw 4epry TakoX 3HWXKYE €PEKTHBHICTH POOOTH
el S . CTaHIl.
_ Pe3ynbraTit MOJCNIOBAHHS BIUIHBY 3MIHH CTYICHS
= - . .
= 20 OTIPOMiHEHHSI, TIPOBEJACHOTO Y MPOTPAMHOMY CEpeIOBHIIIi
é sk PVsyst, 3Beneno g0 tabi. 3.
£ nf
cl
D | 1 1
0 10 20 30 40

Current

difference [%]

Puc. 10. 3mina BTpar Mix 1BoMa MoxyisiMu B cekiii @EC
3aJIeKHO
BiJl PI3HHMII CTPYMIB Mi>K HUMH
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Pe3yJ'II>TaTI/I MOACJIFOBAHHA

Hampyra, B Crtpym, A [oryxHicTp, Bt
PV monyns 1 30.2 9.56 288.8
PV monyns 2 30.3 7.64 231.6
PV monyni B cexuii 61.9 7.87 486.7
MMincymok motyxHicts PV 11 PV 2 520.4
Brparu nOTyXHOCTi HEBiAIMOBIAHOCTI 33.6 Bt, 6.91 %

4. HeBiAMOBIAHICTH 32 CTPyMaMH, OJMH MOJIYJb y
CeKIIil.

MopentoBaHHS HEY3TOJDKEHOCTI 32 CTpyMaMH €
OLIbLI CKJIAJHUM IIPOLIECOM, OCKUIBKM OJJHOYACHO MOJXKE
BUHUKATH KiJIbKa PI3HUX CHUTYAIlii.

Y npoMy BuUIagky 3a gomnomoror PVsyst
3MOJIC/IbOBAHA CHTYyalis, KOJM CEKILis CKIaJaeThes 3
omHOTO nedekTHoro moxyna. Bomer-ammepni (BAX) i
BONIBT-BaTHI xapakrepuctiky (BBX) mokazani Ha puc. 11.

Current mismatch, 1 module in the string
12

10F = —, ]

v

I T

——— String: Irrad = 1000 Wim®
2| —— Module: Irrad = 800 Wim® ]
Add. voltages

String oument. [&]
e

o 1 1 1 1 1 1 1

0 50 100 150 200 250 300 350

400

Puc. 11. Xapakrepucruku podotn ®PEC npu 3miHi
CTYHEHS ONIPOMiHEHHsI (POTOMOJTYJIS Ta CEKIIii

Pe3ynbTaT MOJENIOBAHHS IOKA3yIOTh, LIO KOJH
CTPYyM y KOJi HIKYMA 3a I[sc HecrmpaBHOTO MOIYJI,
Halpyru 3a3Buyail jaojarotbesi. Koiu cTpym mnepeBulnye
Isc HecripaBHOTO MOJTYIIsI, BiH CTa€ OOCPHEHO 3MILICHAM, 1
B po0OTYy BCTYNIArOTh 3BOPOTHI mioan. [edekTHuit Moayab
Oinbplle He aKTHBHHUM, a 3BOPOTHA Hampyra Ha Jiofi
CTBOPIOE JIOAATKOBI BTPaTH.

Jns  curyauwii  oxHOro  eeKTHOrO  MOJYJIS
eheKTHBHI BTpaTH SK (YHKIiS PIi3HHUII CTPYMiB MAalOTh
BUTJISAJI, TIOKa3aHWi Ha puc. 12.

Current mismatch, 1 module in the string

12 prer-—r—r—T—TTT T T
10 -
£ af i
E
g o 7
e ;
2 - -
|:| 1 1 1
0 10 20 30 40
Current difference [%]
Current mismatch, 1 module in the string
2000 P
2500 y; ’\ .
L /"
2000 | “ .
E B
E 1500 y .
[
% 1000 f ’ -
[ —— étring: Irrad = 1000 VWim®
so0 |- ——< Module: Irrad = 300 Win? ]
7 Add. voltages
D ¥ 1 L 1 1 L 1 1
0 50 100 180 200 250 300 350 400

String voltage [V]

Puc. 12. 3miHa BTpar y BUNaaKy HasBHOCTI OJJHOTO
JeekTHOTO MOYIIs B CeKIT K (QYHKIIS PI3HUI CTPYMIB

VY npomy BUnazKy npubiausHo 1o 18 % orpumanoi
Pmpp na momapaH4eBil KpuBil € nomiHyrounmMu. Kpusi,
MTO3HAYCH] 3eJICHNM Ha rpadiky BHUILE BiIIOBIAAIOTH PEIITi
MOAYiB. AGCOMIOTHA BTpaTa € TMOBHHUMA «ITOTEHIHHIII
BHECOK HECHPAaBHOI'O MOIYJS Ta IMOTYXHICTh, BTpadeHa
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IHOPOPMALUIMHO-KEPYIOUI CUCTEMMU HA 3AJII3BHUYHOMY TPAHCIIOPTI

IIOOM I Yac aKTHBAlii (3MEHIIYETHCS y BIAHOCHOMY

3Ha4YeHHI). Pe3ynpTaT MOJemoBaHHS 3BEIEHO 10 Ta0II. 4.

Tab6muus 4
Pe3yspraTy MOsICIIOBAHHS

Hanpyra, B Crpym, A [otyxHicTs, BT
Inmra yactuHa psaka 271.9 9.56 2598.8
He Bignoinae PV monyns 30.3 7.64 231.6
PV monyns y cepisix 270.1 9.54 2577.1
[ToBHa iHAMBIyaTbHA TOTYKHICTD MOIYJIIS 2830.5
Brpatu noTyKXHOCTi HEBiIIIOBIAHOCTI 253.4 BT, 9.83 %

Herpananis (OTOCNEKTPUIHOTO MOJYJIsI
NPU3BOJNUTH 10 MOCTYIOBOi BTpaTH HOTro e(peKTUBHOCTI.
MopentoBaHHsl  JerpalalliiHUX MPOLECIB  BHKOHYETHCS
HPOTATOM PO3paxyHKOBOTO POKy eKcIUTyaTaii
¢doroenexktpuuHoi cuctemMu. Ha mpaktumi nerpaganis
O3Haya€ 3MEHIICHHS NPOAYKTUBHOCTI (POTOCNEKTPHYHOL
naHeni. B jmeskux BHIagkax I MOXKE MaTH IICBHHUI
«TO3UTUBHUIT» BIUIMB Ha IIOBHY MNOBEIOIHKY CHCTEMH, a

KpuBOi. Y Hamomy BHManky st maneneit Jinko Solar
Eagle PERC JKM305M-60 1ieii mokasuuk cknagae 0,6 %
Ha pik. 3a JONOMOrOK MOJeNli BH3HAYUMO CEPEIHIO
HIBUAKICTh Aerpamamii  (mns wmacuBy Moayiis). Ile
3HAUEHHs BTpAT MoOXe OyTH Habarato HWKYMM 3a LeH
rapaHToBaHui JiMiT dYacy (puc. 13). JIoBrocTpoxosi
BUMIPIOBaHHSA IIBUOKOCTI  Jerpajamii €  BiZHOCHO

piokicammu. Kpim TorOo, yci Momym He OymyTh

caMe Ha BTpaTM  IIOTY)XKHOCTI, KOOM  iHBEPTOp PpyHHYBAaTHCH 3 OJHAKOBOK LIBUAKicTIO. Ile mpussene 10
HEIOBAHTAXECHUH. JOJATKOBUX 30WTKIB Uepe3 HEBIOIOBITHICTB, sKi OymyTh
OTxe,  ImOpiYHAa  TapaHTOBaHa  IIBUAKICTh 30UTBIIYBATHCH 3 YACOM.
3MEHIIICHHS HIDKHBOI MEXI BIAMOBiNAE HaxXwiay Ii€i
—Uses degradation in the simulation
Uses in simulation d
— Parameters in simulation 20 —TTT T —TTT T T —T T
_ . = Basic degradation
Simulation for year no |10 PR With annual increasing mismateh B
Individual PV modules: B
Global dearad. factor 380 |% g 0
2
Mismatch degrad. factor |1.32 | % E 5 : TnTation
= Loss =5.1%
. 1 - ] ! ] ! ]
—Model 0 5 10 15 20 25 30
—PV module aging paramete Year
Aver. degradation factor |0.40 Yo fyear
Imp RMS dispersion |0.40 Yofyear Efficiendies
Vmp RMS dispersion 0,40 Yolyear
—Store the Monte Carlo value —Used for this evaluation —Module warranty
—Monte-Carlo values d b v 7]
ub-arra ear n
Mismatch 5 years 0.24% ! o 0 Warranty [38.00 % Pnom
Mismatch 10 years 1.32% 10 Modules in series Year |10 | Warranty 91,98 | %@ Linear interpal,
Mismatch 15 years 2.15% L Strings in paralel Year |20 Warranty |35,97 | %[ Linear interpol.
Mismatch 20 years 2.72% _ Monte-Carlo calaulati v W wp
Mismatch 25 years 4.28% on arlo calculation ear 30 arranty |30,00 | % Pnom
100 Trials Average -0.60%year
| Read model | 10 years Random evaluation raw The initial derate value {usually around
1.32% Aver, Mismatch loss Curve -3%:) may corresponds to the LID or initial
| |-{ 5ave as model | 1.62% Mismatch loss RMS Steps tolerance.
Keeps caloulated Mismatch values

Puc. 13. Brparu 3a paxyHok znerpanaiii poToeIeKTpHIHOTr0 MOIYJIS
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Y nabopaTopHHMX yMOBaxX mpu BUKopUcTaHHI 10
TaKUX MaHeJiel B OAHIN CeKLii BTpaTu B HUX 32 PaXxyHOK
Jerpanarii ckragatumyTh 3a 30 pokis 17,5 %, npubau3Ho
0,6 % 3a pik BukopucranHs. 3a 10 pOKIB BUKOPHUCTAHHS
COHSYHMX TaHened (akrop aerpasanii ckinamatume 3,8 %,
a pe3yJbTaT BTPAT 32 PaxXyHOK HEBIiAIOBIAHOCTI maHenel
3a pokamu craHOBHTH 1,32 %. ®axTtop merpanmamii
COHSYHHX IaHelsel 3a 20 pokiB BUKOPUCTAHHS CTAaHOBUTH
7,8 %, a BTpaTH 3a paxyHOK HEBIITOBITHOCTI IaHENIeH
ckmanaoTts 2,72 %. Ha 30 pik BUKOpHUCTaHHS MaHENIeH
nerpanamist 11,8 % npu HeBiamoBigHOCTI anenei 6,1 %.

3a 10mMoOMOror mporpamHOro cepenosuma PVsyst
OyJI0 BU3HAYCHO CEPEIHHOKBAAPATUYHY BEIMYHHY I[HOTO
pO3MOMALTY Ta OIIHCHO CTYIiHb  HEBIAMOBIMHOCTI K
¢yHkUito BiKy cuctemu. Po3paxyHok OyB BHKOHaHWil 3a
jJormoMmororo  Mmeroxy — Monte-Kapno 3 Takumu
NPUIY IIEHHAMMU:

- IIBHAKICT Jerpajgamii KOXXKHOTO MOAYNS €
MTOCTIHHOIO MPOTATOM 0araTboX POKiB;

—Uses degradation in the simulation

Uses in simulation 9

- BHOIp po3moniny OOMEXeHHMH IBOMa CHIMaMH,
OCKUTBKM BENHKI PO30IKHOCTI TMPU3BOIATH 1O JIyKE
BEJIMKUX BTpaT HEBIIMOBIIHOCTI. 3a JONOMOTOK METOAY
Momre-Kapiio Oysio ouiHEeHO HEBIIIOBIAHICTE MOAYJIB 3a
KOXXHI 5 pokiB BUKopHcTaHHs: 5 pokiB — 0,24 %; 10 poxis
— 1,32 %; 15 pokiB — 2,15 %; 20 pokiB — 2,72 %; 25 pokiB
—4,28 %.

3aBoOM-BHPOOHUKOM TIepen0adaeThes TapaHTis Ha
MOy, [0 BPaxOBY€ HIKHIO MEXY JUII OKPEMOro
(GOTOETIEKTPUYHOTO MOIyNs. Y KPHBHX, IOKa3aHHX Ha
puc. 14, moyatkoBi BTpatu Ha piBHI 3 % ciig po3rIigaTu
SIK 3aBOJCHKI JeekTH abo MOXKIUBHHA  JeQiluT
MOYAaTKOBOI IIOTY>KHOCTI (JIOIyCK, 3aBOJCHKAa MOXHOKa
BUMIpIOBaHH). 3aB01I0M-BUPOOHUKOM Ha/a€eThCsA
rapaHTis, mo 3a 25 pokiB ekciulyaranii e(eKTHBHICTH
cOHsYHOI maHeni Oyne craHoBuTH He MeHie 80 %. 3
ypaxyBaHHIM JeTpaallifHuX MPOIIECiB, IO BiA0yBatOTHCS
B COHAYHIH TaHeNl  MmOpPIYHO, 3a  JOIOMOTOIO
MOZEIOBaHHS OyJIM OTPHMaHI TaKi XapaKTepPUCTUKH.

—Parameters in simulation———— T T

100
Simulation for year no |10

Individual PV medules:
Global degrad. factor

Mismatch degrad. factor

3.80 | % 90

Deggadaticn [%]

132 %

Model 70

= Basic degradation

With annual increasing mismatch
= |dodule warranty

Use in simulation N

Model 0

—PV module aging p ters

10 15 20 25 30
ear

Aver, degradation factor [0.40 Yafyear
Imp RMS dispersion |0.40 Yafyear ® Effidencies
Vmp RMS dispersion |0,40 % year Losses
—Store the Monte Carlo value: —Used for this evaluation —Module warranty
—Monte-Carlo values < b v 7]
ub-array ear 0 Warranty |98.00
Mismatch 5 years 0.24% o ty % Prom
Mismatch 10 years 1.32% 10 MDF"—"'ES_ in series Year |10 Warranty [91.95 | % @@ Linear interp
Mismatch 15 years 2.15% 1 Strings in parallel Year |20 Warranty |85.97 | % [ Linear interpal,
Mismatch 20 years 2.72%  Monte-Carlo calalati v 30 W 0.00] %P
onte-Carlo calculation 2ar arran . A
Mismatch 25 years 4.28% ty :
100 Trials Average -0.60%vyear
| Read model | 10 years Random evaluation raw The initial derate value (usually around
1.32% Aver. Mismatch loss Curve -3%) may corresponds to the LID or initial
| |} save as madel | 1.62% Mismatch loss RMS Steps tolerance.

Keeps calculated Mismatch values

Puc. 14. EdexTiBHICTD (OTOCIEKTPUIHOTO MOJIYJIA, TepeadaueHa 3aBOA0M -BUPOOHIUKOM

Bupobuuk comsunmx manenedr Jinko Solar Eagle
PERC JKM305M-60 nae rapaHTito, 110 COHsYHA MaHEIb
3a mepmri 10 pokiB ekcruryaramii Oyae BupoOsita 98 %
HOMIHAJILHOT MOTYKHOCTI, 32 10 pokiB — 91,98 %, 20 poki
— 85,97 %, 30 pokis — 80 %.

BucHoBku

s mocmimkeHHs B poOOTi BUKOPUCTAHO peabHIH
0o0’ext, mnsd sKoro Oyna po3paxoBaHa TOTYXHICTh
oOmamHaHHsg, HeoOXimHa [ 3a0e3ledyeHHs  BJIACHHX
noTped TAToBOI miacTaHIii. byino BU3HAYeHO, IO CTaHIIisA
reaepye 14745 xBt'ron eHeprii MOCTiHHOrO cTpymy 3a
Jonomororo goromoayiiB. O0csr piyHOI eHeprii 3MiHHOTO
CTpyMy, INO BBOJHUTHCA JO Mepexi, craHoBHTH 13916
kBrron. 3 MeToro  miABMINEHHSA  e(EKTHBHOCTI
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eKcIuryartamii mo 1€l craHmii HEoOXimHO TpHETHATH
aKyMyJATOpHi OaTapei.

PesynpraT MOZIETIOBaHHS JOBOJATH, MO  3i
30UIBIICHHSM JIOBXXMHU IPOBIJHMKA 3pOCTAIOTh 1 BTPAaTH
Ha HeCHiBNaJAiHHA. Bingrak 3HMKyeTbcs 1 €pEeKTHUBHICTH
®EC. Orxe, y 1UpoMy BHUNAAKY I8 MiHIMi3awii BTpar
notpibHO po3ramoByBatu 00’ektn PEC Henomanmik oauH
BijI OJTHOTO.

PesynpraTi mOCHIIKEHHS NOKAa3yloTh, IO MPH
pizaumi temneparyp 10 °C mamgiHHS HampyTd CTaHOBHTH
4,6 %, a BTpaTn Ha HeY3romkeHicTs — 0,47 %.

PesynpraT MOJENMIOBaHHS IOKa3ylOTh, IO 31
30UIBIMICHASAM DI3HHUII CTPYMIB MK MOIYJSMH IIBHAKO
3pOCTalOTh 1 BTPATH Ha HECIIBIAIHHS, BUKIUKaHI 3MiHOIO
onpominenHs1 okpemux moxyiis MEC. Ile y cBoro uepry
TaKOX 3HHKY€E ehEKTHBHICTh POOOTH CTAaHIIIT.

dakTop Aerpaaaiii COHSYHUX maHenei 3a 20 pokis
BUKOPHUCTAHHS CTaHOBUTH 7,8 %, a BTpaTh 3a paxyHOK
HEBIJIOBIIHOCT] MaHenei ckinanaroth 2,72 %. Ha 30 pix
BUKOPUCTAaHHS maHenedl gerpamamis 11,8 % npu
HEBIAOBIAHOCTI manenei 6,1 %.

3a pgomomororo wmeromy MonTe-Kapmo Oymo
OIIIHEHO HEBIAMOBIMHICTH MOIYIIB 32 KOXHI II'ITh POKIB
BUKOpHCTAaHHS: 5 pokiB — 0,24 %; 10 pokiB — 1,32 %; 15
pokiB — 2,15 %; 20 poxiB — 2,72 %; 25 pokiB — 4,28 %.

Jis eeKTHBHOI POOOTH COHSYHOI €IeKTPOCTAHIIIi
MOTPIOHO AOTPUMYBATHCS TAKUX YMOB EKCILTyaTallil:

- eNeKTpPOoCTaHLis  moTpedye  edeKkTHBHOTrO
OXOJIOJDKEHHS (BEHTHJIALLIT);
- nans 3anoliraHHs —meperpiBy maHened  ix

HEOOXIHO PO3MINIYBaTH 3 TEXHOJOTIYHHMHU 3a30PaMHU,
MaHeli Ta  CNeMECHTH  eJIEKTPOCTaHIl  HEeoOXiTHO
PO3TaNIOBYBATH Ha BIJICTAHI OJMH BiJl OJHOTO;

- MicIle BCTaHOBIICHHsI MaHeNeH Mae TependadaTw
HasBHICTH TEXHOJOTIYHIX IPOXO/IIB;

- IUIsL HeIOMYIICHHS B3a€EMHOTO 3aTiHSHHs HaHelIen
MiXXK HUMH Ma€ OyTH mependadeHa JOCTAaTHS BiJICTaHb.
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Study of the impact of solar panel degradation on the
efficiency of a solar power plant

Abstract. The article discusses the consequences
and difficulties associated with the aging and degradation
of solar photovoltaic systems. Many aging factors are
considered and analyzed, including temperature, humidity,
dust, and panel cracks. Modeling was carried out and the
characteristics of the solar power plant installed on the
roof of the traction substation Nel8 in Zmiyiv were
recorded. Zmiiv. In addition, the influence of aging factors
on the performance of solar PV modules, including service
life, efficiency, material degradation, overheating, and
mismatch, was investigated. The degradation of solar
panels occurs constantly, both due to improper operation
and when exposed to external factors. However, the rate of
panel degradation can be significantly reduced by timely
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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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