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For supersonic cruising, combined power plants can
be used, in which a gas turbine engine reaches the cruising
mode, and a ramjet is used for cruising. Supersonic trans-
oceanic flights are characterized by a long cruising segment,
which is decisive in terms of required fuel mass. Therefore,
the selection of cruising and engine operation parameters
is an important task. As a rule, when selecting the cruising
mode, the range parameter is used, which depends on the
flight and engine operation modes. To take into account the
influence of the ramjet operating mode on the range parame-
ter, dimensionless relationships of engine parameters with
control factors were obtained. Using the obtained relation-
ships together with the equations of aircraft motion in steady
horizontal flight, it is shown that the values of the engine
control factors and the range parameter do not change at the
altitudes of 11...20 km. This made it possible to conclude that
the range parameter can be increased only by selecting the
cruising and engine parameters that provide the minimum
specific fuel consumption. The variable cruising parameters
are speed and initial altitude. A method for selecting the
cruising and ramjet operation parameters was developed,
based on the analysis of the relationship between the range
parameter and the flight speed and initial altitude at the
most advantageous values of the engine control factors. The
obtained relationships allow selecting the cruising parame-
ters and the engine operating mode, taking into account the
restrictions. It is shown that the specific fuel consumption
decreases by 0..30 %, depending on the engine operating
mode, when the control program is optimized.

Keywords: cruising, range parameter, ramjet, engine
control program.
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The paper deals with the development of a motion cor-
rection system for an unguided rocket of a certain class. The
existing method for calculating the rocket flight range based
on the dependence of flight path on the initial rocket pitch
angle and average parameters of disturbing effects does not
provide the required accuracy of the specified flight range.
This is mainly due to uncontrolled range wind deviations
in the flight area. At the same time, conducting test rocket
launches to identify dispersion characteristics and improve
the target accuracy leads to significant material costs. There-
fore, computer simulation is the most promising approach
for studying rocket dispersion laws and developing a motion
correction system for the unguided rocket on this basis.
When developing the correction system, classical differ-
ential equations were used describing the aerodynamics of
a variable-mass rocket, as well as adaptive control methods
with a reference model. As a result of the study, a method for
recording a program that implements the reference model on
the Arduino Due platform was developed. A general Simu-
link model that simulates the process of rocket flight path
correction was built. A half-scale rocket flight model with
a correction block was developed. Based on this model, a se-
ries of experiments were carried out, which showed a high de-
gree of rocket target accuracy due to rocket path correction.
The results make it possible to take the developed system as
a basis for developing a practical path correction system for
Grad rockets.

Keywords: flight path correction, reference model of
rocket motion, rocket, half-scale simulation.
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Loading an aircraft is an extremely complex process with
many variable aspects that determine the planning of each
flight separately. The article is devoted to the development of
an algorithm and a computer model for planning the loading
of a cargo ramp aircraft in a multi-lag route. The essence of
the algorithm consists in a predetermined arrangement of
cargo containers relative to the cargo compartment, taking
into account the general limitations of the aircraft and the
priority of the cargo, which directly affects the planning of
loading in a multi-lag route. The use of a visualized computer
model created on the basis of the algorithm can reduce the
average time of loading operations for a number of direct
flights by almost 7 %, and on multi-lag flights by 12 %.

Implementation of the model in the activities of an air
carrier avoids a situation where certain criteria and restric-
tions entail sorting «manually» by all indicators, which is
very time-consuming in the context of the urgency of servic-
ing the aircraft at the airport.

The visualized load planning computer model enables
flight planning personnel to make faster decisions and predict
additional load on other sections of the route.

The successful application of the model to the airline’s
operations contributes to the efficiency and safety of ground
handling services. This contributes to the intensification of
the use of the aircraft fleet by increasing the speed of com-
mercial cargo handling.

In the future, the computer model can serve as the basis
for a rule-based expert system in order to prevent containers
from being overloaded at intermediate sections of the route.

Keywords: freight container (ULD), optimal load, load
planning algorithm, computer model, expert system.
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This paper has investigated the technology of forwarding
local wagons at railroad technical stations and established the
need to improve it given the extra downtime of local wagons.
The main issue relates to the considerable combinatorial
complexity of the tasks of operational planning. Another
problem is that as part of the conventional approach, plan-
ning a station operation and planning a local operation at it
is considered separately. Another planning issue is the lack



of high-quality models for the preparation of initial data, in
particular, data on the duration of technological operations,
such as, for example, shunting operations involving local
wagons forwarding. To resolve these issues, a new approach
has been proposed, under which the tasks of operative plan-
ning of a technical station’s operation and its subsystem of
local operations are tackled simultaneously, based on a single
model. To this end, a mathematical model of vector combi-
natoric optimization has been built, which uses the criteria
of total operating costs and wagon-hours spent at a station
when forwarding local wagon flows, in the form of separate
objective functions. Within this model, a predictive model
was constructed in the form of a fuzzy inference system. This
model is designed to determine the duration of shunting
half-runs when executing the spotting/picking operations
for delivering local wagons to enterprises’ goods sheds. The
model provides for the accuracy level that would suffice at
planning, in contrast to classical methods. A procedure has
been devised for optimizing the planning model, which em-
ploys the modern genetic algorithm of vector optimization
NSGA-IIIL. This procedure is implemented in the form of
software that makes it possible to build a rational operative
plan for the operation of a technical station, including a sub-
system of local operations, in graphic form, thereby reducing
the operating costs by 5 % and the duration of maintenance
of a local wagon by 8 %. The resulting effect could reduce
the turnover time of a freight car in general on the railroad
network, speed up the delivery of goods, and reduce the cost
of transportation.

Keywords: optimization of local operations, technical
station, railroad connecting lines, shunting half-run, combi-
natorial vector optimization.
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Statistical analysis of the causes of ship accidents showed
that 10 % of accidents are due to the influence of irresistible
force, about 15 % are the result of technical imperfection and
sudden failure of ship equipment, and the remaining 75 %
account for the «<human factor» regardless of the cause of the
accident. A detailed analysis of the causes of accidents reveals
that they are caused by the actions of individuals, dominated
by organizational errors by a group of operators in the prepa-
ration and execution of the maneuvering control process.
At the same time, there is a gap between the complexity of
modern equipment and the psychological capabilities of the
human operator as an element of the human-machine system.

Analysis of accidents in the Bugsky-Dnestrovsky Liman
Canal over the past 20 years has shown that 58.5 % of acci-
dents occurred in the dark and under conditions of limited
visibility. There were two causes of accidents: grounding and
allision, 84.3 %; collisions, 28.8 %. This indicates the insuf-
ficient preparation of bridge crews for navigating the canal.

This paper has considered a procedure of bridge crew na-
vigation training for planning safe motion coordinates while
entering/leaving a port along the trajectory points, as well as
actions in case of a pre-emergency and techniques to predict
it. The coordinates of the travel points are determined at the
intersection of rectilinear segments of the recommended safe
rectilinear path on a chart. It is a relevant task to use new
methods of planning the path and controlling the movement
along it, taking into consideration the area for maneuvering,
maneuverable properties of the vessel, as well as external
influences, for timely detecting the deviation of parameters
from those planned. The calculation of the planned coordi-
nates is performed for the center of gravity of the vessel for
the characteristic points of the path of movement (the begin-
ning and end of a turn, the onset of braking) and trajectory
points (rectilinear segments of the path through 0.2 cables,
and curvilinear sections through 10 degrees). Coordinates
of the assigned path are represented in the form of the linear
matrices of the path rectilinear and curvilinear sections. The
navigational motion control system consists of the devices
to automatically determine deviations from planned coor-
dinates and decision support systems to correct deviations
detected. The proposed method to plan and control motion

was investigated by computer simulation, the test was car-
ried out under natural settings. Their results showed that the
calculated optimal assigned trajectory enables accident-free
guidance of the center of gravity along the predefined path
by ship’s control means and meets the established criteria
of optimality. The proposed method could be used in the de-
velopment of controls for automated vessels and is the only
possible one for vessels with unattended operation.
Keywords: navigational training; trajectory points, deci-
sion support systems, pre-emergency; unattended operation.
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A method for determining the dynamic parameters of the
operator of a mobile fire engine based on a segway, which
fully characterize its dynamic properties — delay time and
inertia was developed. The development of the method in-
cludes four stages. At the first stage, the problem of obtaining
analytical relationships for determining the dynamic parame-
ters of the operator is solved. These relationships include the
frequency characteristics of the operator at a fixed frequency
and its static parameter. At the second stage, the choice of
a fixed frequency is substantiated using a criterion that
minimizes errors in determining the dynamic parameters.
It is shown that the fixed frequency for the characteristic
parameters of the operator does not exceed 0.5 Hz. The third
stage includes substantiation of the procedure for determin-
ing the frequency characteristics of the operator and its static
parameter. The frequency characteristics of the operator at
a fixed frequency and its static parameter are determined nu-
merically. This procedure is based on using the data obtained
by measuring the values of the operator’s transfer function
at fixed time intervals. To obtain data, an interactive ana-
log engine is used, which can also perform the functions of
a simulator. The time intervals are chosen according to the
Kotelnikov-Nyquist-Shannon theorem. At the last stage, the
procedure for determining the dynamic parameters of the
operator of a segway-based mobile fire engine is described.

It is shown that the error in determining the dynamic
parameters of the operator of a mobile fire engine does not

exceed 9.0 %, if the error in determining its frequency char-
acteristics at a frequency of 2.5 s7! does not exceed 2.0 %.

Keywords: operator of a mobile fire engine, segway, dy-
namic parameters of the operator, frequency characteristics
of the operator.
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One of the most prevalent problems with big data is that
many of the features are irrelevant. Gene selection has been
shown to improve the outcomes of many algorithms, but it
is a difficult task in microarray data mining because most
microarray datasets have only a few hundred records but
thousands of variables. This type of dataset increases the
chances of discovering incorrect predictions due to chance.

Finding the most relevant genes is generally the most difficult
part of creating a reliable classification model. Irrelevant and
duplicated attributes have a negative impact on categoriza-
tion algorithms’ accuracy. Many Machine Learning-based
Gene Selection methods have been explored in the literature,
with the aim of improving dimensionality reduction precision.
Gene selection is a technique for extracting the most relevant
data from a series of datasets. The classification method,
which can be used in machine learning, pattern recognition,
and signal processing, will benefit from further developments
in the Gene selection technique. The goal of the feature selec-
tion is to select the smallest subset of features but carrying as
much information about the class as possible. This paper mod-
els the gene selection approach as a binary-based optimization
algorithm in discrete space, which directs binary dragonfly
optimization algorithm «BDA» and verifies it in a chosen
fitness function utilizing precision of the dataset’s k-nearest
neighbors’ classifier. The experimental results revealed that
the proposed algorithm, dubbed MI-BDA, in terms of preci-
sion of results as measured by cost of calculations and classifi-
cation accuracy, it outperforms other algorithms.

Keywords: GS «gene selection», MI «mutual informa-
tion technique», and BDA «binary dragonfly optimization
algorithm».
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PO3POBKA METOZAY BUBOPY PEKNMY KPEMCEPCBKOTIO IIOJIbOTY I IIPOTPAMU REPYBAHHA
JABUTYHA JIITAJIBHOTO AITAPATY 3 ITIPAIMOTOYHUM INOBITPAHO-PEAKTUBHUM /IBUT'YHOM (c. 6-14)

0. B. Kicios, M. A. IlleBuenko

JlJist TIepesiboTiB 3 HAI3BBYKOBOKO KPEHCEPCHKO0 IBUAKICTIO MOXK/IMBO BUKOPUCTOBYBATH KOMOIHOBaHI CUJIOBI yCTAHOBKH, B SIKMX BUXIJl
Ha KPEHCepChbKUi PeKUM 3/IHCHIOETHCS 32 PAXYHOK ra3oTypOIHHOTO JABUTYHA, a B KPECePChKOMY MOJIBOTI 3aCTOCOBYETHCS TIPSIMOTOUHUI
TOBITPSHO-peakTUBHUIT ABUTYH. Ha/i3ByKOBi TpaHCcoKeanCchKi MepeboTH XapaKkTepu3yIOThCsT BEJTMKOIO IIPOTSIKHICTIO KPEHCepChKOi IJISTHKH,
SKa € BU3HAYAIBHOIO 3 TOUKH 30py HeoOXinHoi Macu nanusa. Tomy BuGip mapameTpiB KpeiicepechbKOro mosiboTy i peskuMy poOOTH ABUTYHA
€ BaXXJIMBIM 3aBAaHHsIM. SIK TIpaBuIo, MpH BUOOPi KPeiicepchKOTO PEKIMY MOTBOTY BHKOPHCTOBYETHCS TTAPAMETP TATBHOCTI, M0 3ATEKUTD
Bi/l pexkuMiB mOJIbOTY i poboTH aBUTYHA. [/ BpaxyBaHHs BILUIMBY PEKUMY POOGOTH MPSIMOTOYHOTO MOBITPSHO-PEAKTUBHOIO IBUTYHA HA Ta-
pameTp AANbHOCTI ofiepKani 6e3po3MipHi 3B’sI3KM TTapaMeTPiB JIBUTYHA 3 PEryTIOI0UNMHU (hakTOpaMi. BUKOpHCTABIIN OTPUMAaHi 3aJI€KHOCTI
PasoM 3 PIBHAHHAMHE PyXy JIiTaka B CTAJIOMY TOPU30HTATBHOMY TI0JILOTI, TOKA3aHO, 1110 3HAYEHHS Pery ioounx (GakTopiB IBUTYHA i TapaMeTp
JIATbHOCTI He 3MIHIOIThCs Ha BucoTax 11..20 km. e 103B0/MII0 3pOGUTH BUCHOBOK, 110 301/IbIIEHHS MapaMeTpa AalbHOCTI MOKINBO JIUIIE
MIJISIXOM BHOOPY MapaMeTpiB KPeiicepechKOro TObOTY i IBUTYHA, TI0 3a0€3MeuyI0Th MIHIMyM MTHTOMOI BUTPATH TATIBA. SMIHHIMI TTapaMeT-
pamu KpeicepehbKoro MoJiboTy € MIBUIKICTD 1 MOYaTKOBa BUCOTA. PO3po6iieHo MeTo BUOOPY MapaMeTpiB KpelicepehKOro MoboTy i peKuMy
POBOTH MPSIMOTOYHOTO MOBITPSIHO-PEAKTUBHOTO JIBUTYHA, SIKUI 3aCHOBAHWH Ha aHaJi3i 3aIe)KHOCTI TapaMeTpa JaJbHOCTI Bijl MIBUAKOCTI
i MOYATKOBOI BHCOTH MOJABbOTY MPH HAWBUTIAHININX 3HAYECHHSIX PEry TOI0UnX haktopis asuryHa. OTpuMani 3a1€;KHOCTI 103BOJISIIOTH BHOPATU
napamMeTpu KpencepehKoTo TOJIOTY i PEKIM POOOTH ABUTYHA 3 ypaxyBaHHAM 00MeskeHb. [T0KasaHo, 110 TIPU ONTHMI3allii porpamMu KepyBaH-
HS TATOMA BUTpara mainBa aMeHnryeTsest Ha 0...30 % B 3amesKHOCTI Bifl peskuMy POGOTH IBUTYHA.

Kmoyogi cioBa: KpeficepchKyil MOJIIT, TapaMeTp AaabHOCTI, IPIMOTOYHUIT ITOBITPSIHO-PEAKTUBHUIL JIBUTYH, IIPOrPaMa KepPyBaHH: JIBUTYHA.
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PO3POBKA AIIAPATHO-IIPOTPAMHOI MOJIEJII CACTEMU KOPEKIIIT PYXY PEAKTBHOTO
CHAPSIJIA (c. 15-23)

T. b. Aturaes, B. II. Isexs, 10. B. Iepacumona

VY po6oTi po3rasSHYTI IMTAaHHS, MOB'sI3aHi 31 CTBOPEHHSIM CUCTEMN KOPEKIIil PyXy HEKEPOBaHOTO PEaKTUBHOTO CHAPSI/IA MEBHOTO KJIACY.
Icnyroya MeTonuKa po3paxyHKY JAIbHOCTI TOJBOTY PEAKTHBHOTO CHAPS/IA, 3aCHOBAHA Ha 3aJI€KHOCTI TPAEKTOPIl MOIBOTY BiJi TOYATKOBOTO
KyTa TaHTa)Ky CHapsia i cepe/iHix 3HaYeHb mapamMeTpis 30yproloUrX BILUIMBIB, He 3a0e31ieuye HeoOXi/IHY TOUHICTD 3a/[aHOT aJIbHOCTI MOJILOTY.
Ile mosICHIOETHCS B OCHOBHOMY HASIBHICTIO HEKOHTPOIBOBAHUX BiZIXIJIEHD MIBUKOCTI TTO3/[0BKHBOTO BITPY B 30Hi ITOJILOTY. Y TOI e 4ac 1po-
BeJICHHSA TPOOHUX 3aILyCKiB PeaKTUBHUX CHAPSL/IIB /IJIs1 BUSIBJICHHS XaPaKTEPUCTUK PO3CIIOBAHHS 1 MiJIBUIIEHHS TOUHOCTI HONaZlaHHs cHapsiia
B IMiJIb IPU3BOJIUTD /10 ICTOTHUX MaTepiabHUX BUTpAT. TOMY 3aCTOCYBAHHS METOAIB IMITAIliiHOrO KOMIT'IOTEPHOTO MOJICTIOBAHHS € HAWOITbII
MEePCIIEKTUBHIM TTiIXOIOM JIJIsI IOCJIIIPKEHHSI 3aKOHIB PO3CIOBAHHS CHAPSIIIB | pO3POOKHU Ha I1iii OCHOBI CHCTEMU KOPEKIIiT PyXy HEKEPOBAHOTO
PEAKTUBHOTO CHapsaa. IIpu po3polil cucTeMn KOpeKIlii BUKOPUCTOBYBAJINCS KJAACHYHI ArepeHItiaabHi PIBHSAHHS, 10 OMHUCYIOTh a€POH-
HaMiKy PeaKTHBHOTO CHaps/a 3MiHHOI MacH, a TaKOXX METO/H a/[allTHBHOTO YIIPABJIHHS 3 eTaJTOHHOIO MOJeJlTio. B pesyisrari mposeieHoro
nocaipKeHHst Oyia po3pobieHa METOAUKA 3aIUCy TIPOTPaMU, 110 PEATi3y€e eTaIOHHY MOjiesb, Ha maardopmy Arduino Due. [ToGyaosana 3a-
rasbia Simulink-Mozess, 1110 cuMyJIioe mporiec KOpeKIii TpaekTopii pyxy peakTHBHOTO cHapsiga. Pozpobiena HamiBHaTypHa MOJENb MOJbOTY
PeakTUBHOTO cHapsiaa 3 61oKoM Kopekitii. Ha 6asi miei Mojelii nmpoBeieHa cepist eKerepuMeHTiB, 110 MoKazaaa BUCOKUI CTYIHD TOYHOCTI 1O~
MaJlaHHs CHAPSIA B IIJTh 32 PaXyHOK KOPEKIIii TpaeKTopil pyxy cHapsiaa. OTpuMaHi pe3yabTaTi 103BOJISAIOTH IPUIHATH PO3POOTIEHY CHCTEMY
3a OCHOBY /1151 PO3POOKH MPAKTUYHOT CHCTEMU KOPEKIIil TpacKTopii pyxy cHapsiaiB kaacy «Ipaji».

Kmo4oBi ciioBa: KOpeklIlisi TPA€KTOPii, eTaJoHHA MOJIeJIb PYXY PEAKTUBHOTO CHAPS/IA, PEAKTUBHII CHAPSIJI, HAIIIBHATYPHE MOJIETIOBAHHS.
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PO3POBKA TA BI3YAJI3AIIIA KOMITI'IOTEPHOI MOZAEJII IINMTAHYBAHHSA SABAHTAKREHHA 14
BAHTAKHOIO IIOBITPAHOTO CYIHA (c. 24-31)

€. C. Caryn, A. B. 3aneBcokuii, H. O. YopHorop, 0. B. Cikipaa

3aBaHTasKeHHsI MOBITPSHOTO Cy/IHa € BKPall CKJIaIHIM TIPOIIECOM B YMOBAX BEJIMKOI KiJIbKOCTI 3MIHHNX aCHeKTiB, 0 3yMOBJIIOOTD IIAHYBAHHS
KOKHOTO peiicy okpemo. CTaTTst IpUCBsiYeHa PO3pOOIli aJITOPUTMY Ta KOMITIOTEPHOT MOJIEI /ISt TIIAHYBAHHS 3aBAHTaKEHHST BAHTAKHOTO PAMIIO-
BOTO JIiTAKA B YMOBAX MYJIBTHIArOBOTO MapiipyTy. CyTh alTOPUTMY TOJISITAE Y 3a3/[aJIETi/[b BU3HAYEHOMY PO3TAIlyBaHHI BAHTAXKHIX KOHTEHEPIB
BiIHOCHO BAHTa;KHOTO Bi/ICIKY 3 yPaXyBaHHSIM 3aralbHUX 0OMEKEHb TTOBITPSTHOTO CY/IHA Ta TIPIOPUTETHOCT] BAHTAKY, 1110 OE3MOCEPEIHBO BILTIBAE Ha
TJIAHYBAHHS 3aBAHTAKEHHsI B YMOBAX MYJIBTH/IATOBOIO MAPIIPYTY. 3aCTOCYBAHHS Bi3yali30BaHOI KOMITTOTEPHOT MOJIEJ, CTBOPEHOT Ha 6asi ajropur-
My JI03BOJISIE CKOPOTUTH CEPEIHII yac orepartiil i3 3aBaHTaKeHHsT Ha HUII IPSIMUX peiiciB Maiike Ha 7 %, a HA MYJIBTUJIArOBUX peficax — Ha 12 %.

Buposaskenns Mozeni y AiSIbHICTD aBialiepeBisHUKa A03BOJIAE YHUKHYTH CUTYaIlil, KOJIM BU3HAYEHI KpUTepii Ta OOMEKEHHS CIPHYU-
HSIIOTH COPTYBAHHSI «BPYYHY» 32 yCiMa TIOKa3HIKaMHM, IO € JysKe 3aTPATHUM 32 YaCOM B YMOBAaX TEPMIHOBOCTI OOCIYTOBYBAHHS MOBITPSIHOTO
CyJIHa B a€POIOPTY.



BisyamizoBana KoMITioTepHa MOJENb TJIAHYBAHHS 3aBAHTAKEHHS HAA€ MOXKJIUBICTH NMEPCOHAIY, IO BiIIOBIZIA€ 32 TJIAHYBAHHS peiicy
HIBU/IIIE TIPUIIMATU PIllIeHHs Ta IIPOTHO3YBATH J0/IaTKOBE 3aBaHTAKEHHS Ha IHIINX Bi/[PI3Kax MapIIpyTy.

VYemimue 3actocyBaHHs MOzesli B onepaiiiiniii AisibHOCTI aBiakoMITaHii Clpuse MiABUIIEHHIO e(eKTUBHOCTI Ta Ge3NeKn Ha3eMHOTO
XEHITHroBOTO 00cayroByBanHs. Lle cupuse interncudikaiiii BAKOpUCTaHHA TapKy MOBITPSHUX Cy/IEH 3a A0MOMOTOI0 NPUIIBUAICHHSA KOMEp-
IIHOTO 06CTYTOBYBaHHST BAHTAKY.

B mopanbuiomy KOMITIOTEpHA MOJIENh MOKE CITYTYBATH OCHOBOIO JUJIs €KCIIEPTHOI CHCTEMH, 3acHOBaHOI Ha mpasuiax (rule-based expert
system) ist 3anmobiraHHs Mepe3aBaHTaKEHHIO KOHTEIHEPIB Ha MPOMIKHUX BiIpi3Kax MapuipyTy.

Kiouosi croBa: Bantaximii konreiinep (ULD), ontrmasbie 3aBaHTasken s, aIropuT™ IJIAHYBAHHS 3aBaAHTAKEHIs, KOMIT'I0TepHa MO-
JeJIb, €KCIIePTHA CHUCTEMA.

DOI: 10.15587/1729-4061.2021.233673 .
OOPMYBAHHA MOAEJII ABTOMATHU30BAHOI'O OITEPATHBHOTO IINIAHYBAHHSA MICIHHTEBOI POBOTHU
SAJMI3BHAYHUX TEXHIYHUX CTAHIII (c. 32-41)

A. O. IIpokonos, B. M. IIpoxopos, T. I0. Karamuikosa, T. B. Tonosko, I. €. Boromazosa

JocaiapkeHo TexHoorio 06poOKU MiCIIeBUX BATOHIB HA 3a/lIBHUYHUX TEXHIYHUX CTAHISIX Ta BCTAHOBJICHO HEOOXIAHICTD il yAOCKOHATICHHST
3 IPUYKMHK EPENPOCTOIO MiciieBrX BaroHis. OcHoBHa MpobJieMa MoJsrae y 3HauHiii KoM6iHaTOpHiil CKIaHOCTI 3a/[a4 ONEPaTHBHOTO ILIAHYBAHHSI.
THIIOKO TTPOGIEMOIO € Te, 10 Y PAMKAX TPAAUIIIITHOTO MiIXO/LY IIaHYBaHHS POOOTH CTAHIII i IAHYBaHHS MiCIIeBOI POOOTH Ha Hill PO3IVIANAIOTh-
cst okpemo. 1lle oxrieio po6reMoIo TUIAHYBAHHS € BiICYTHICTD SKICHUX MOJIesIell TrOTOBKHI BUXITHUX JAaHNX, 30KPeMa JaHuX PO TPHBATICTH
TEXHOJIOTTYHUX OIEPalliif, TAKMX 5K, HATIPUKJIA/], MAHEBPOBI TepeMillleHHst Py 06po0I MiclieBUX BaroHiB. /[yt BUpileHHs 1uX 1pobiaem Gyio
3aIPOIIOHOBAHO HOBUH TiZIXi/I, B paMKaX SIKOTO 3a/1a4i OMepaTHBHOTO TUIAHYBaHHSA POOOTH TeXHIYHOI cTaHiti 1 1i mizcncTeMu MictieBoi po6oTH BU-
PIIIYIOTHCS OZIHOYACHO HAa OCHOBI €IMHOT MOJIE. 3 1€ MeTOI0 OYJI0 PO3POOJIEHO MaTeMaTUYHy MOJIE/Ib BEKTOPHOI KOMOIHATOPHOI OnTUMizalLii,
sIKa BUKOPUCTOBYE KPUTEPIl CyMapHNX eKCILTyaTalliiiHUX BUTPAT Ta BATOHO-TOIMHM, 110 BUTPAYAIOTHCS HA CTAHIIII B TIPOIECi 00POOKN MiCIIeBHX
BarOHOIIOTOKIB, y BUTJISIAII OKPEMUX IIIbOBUX (DYHKITIH. B pamkax 1tiei Moziesti 6y10 po3pobJieHo MpOrHo3Hy MOJIe/Ib Y BUTJISII CUCTEMH HEYiTKOTO
BuBoy. Jlana MoJesb MpU3HAYEHA VISl BUSHAYEHHST TPUBAJIOCTI MAHEBPOBHX HAIBPEHCIB 1PH 3/ifiCHEHH] Onepariil mojiaBaHHsi-IpuOrpaHHs
MiCIIeBUX BaroHiB Ha BaHTaxkHi (HPOHTH M TprueMcTB. Mogiesib 3abesnedye JoCTaTHIl IS 3IHCHEHHS IaHyBaHHS PIBEHb TOYHOCTI, HA BIMIHY
BiJl KJITaCUIHUX MeTOAIiB. PO3p06JIeH0 Ipolietypy ONTUMIZaIlii MOjie/Ii IIaHyBaHHs, SIKa BUKOPUCTOBYE CYYaCHUI TeHETUYHMUIT aJITOPUTM BEKTOPHOT
orrrrmizarii NSGA-IIL [lana mporneaypa pearisoBaHa y BUIIISII HPOTPAMHOTO TIPOAYKTY, SIKUIT 103BOJISIE TTOOY/IyBATH PAIliOHATBHIN OlIePaTHB-
HUH 112l poOOTH TeXHIYHOT CTAHIIi, BKIOYAIOUM HiACUCTEMY MicleBoi poboTH, y rpadidHOMY BHUIJISII, 3HUKYIOUN eKCITyaTalliiii BUTPaTH Ha
5 % Ta TpuBaIiCcTh 0OCTYTOBYBAHHS MICIIEBOTO BaroHa Ha 8 %. OTpuMatuii eheKT 103BOJIUTH 3MEHIIUTH Yac 00Iry BAHTaKHOTO BATOHA B IILJIOMY
HAa 3aJTI3HIYHIN Mepeski, MPUIIBU/IIINTH J0CTABKY BAaHTKIB 1 3MEHIIUTH COGIBAPTICTH TIePEBE3EHb.

Ki04oBi ¢i10Ba: onumisaitist MiciieBoi poGOTH, TeXHIYHA CTaHILis, 1T I3H1 KOJIiT, MaHEeBPOBUiT HatliBpeiic, KoMOIHATOPHA BEKTOPHA ONITUMI3aILisl.
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YAOCKOHAJIEHHS HABITAIIIHOI IIIJITOTOBKU KOMAH/IU MICTKA /1O 3AXO/1Y/BUXO/Y 3 IIOPTY,
BKJIIOYAIOYU JIIi TP ABAPITHUX CUTYAIIISAX (c. 42-57)

A. C. Masbies, 1. JI. Cypinos

CraTuCTUYHUI aHaJTi3 MPUYKMH aBapiliHOCTI MOPCHKUX Cy/IiB MoKasas, mo 10 % asapiii Bii0yBacThCst BHACINIOK BILIUBY HenepeGOpHOI criiy,
6s13bK0 15 % € HACITIZIKOM TEXHIYHOTO X HEJIOCKOHAIOCTI i PalToBOl BiZAIMOBH CY/AIHOBOTO YCTaTKYBaHHS, a IO 3aUIIHIACS 75 % HaJleKaTh 10
«IOJICKKOTO YMHHUKA» HE3AJIE/KHO Bi/l pUYnHY aBapii. [letaiabHuii aHasii3 MPUYMH MO/IN MOKa3ye, 0 BOHY BiGYBAIOTHCS 32 PAXYHOK il OK-
pemMux ocib, nmepeBaKalOuMMH B SIKUX € OPTaHi3alliifii MOMUJIKK TPYITA OTIePaTopiB MPH MATOTOBIL MPOIECY KepyBaHHs MaHEBPYBAHHAM 1 HOTO
3zilicHenHi. [Ipu 1boMy HaroJIoNIyeTHCA PO3PUB MiK CKJIAHICTIO CYYaCHOI TEXHIKH 1 MICUXOJIOTIYHUMU MOKJIMBOCTSMU JIIOJAMHU OllepaTopa sK
eJIeMEeHTa JTIO/INHO-MAITNHHOI CHCTEMH.

JleTabHuil aHaIi3 IPUYKH TO/IH MOKA3ye, 110 BOHU BiAOYBAIOTLCS 32 PaXyHOK /il OKpeMUX 0cil, TepeBakalouMMi B AKX € OpraHisariiini
IIOMUJIKHU TPYIIX OIIePaTOPIiB IIPU IIIOTOBIII IIPOLleCY KepyBaHHsI MaHEeBPYBAaHH:AM i foro 3xilicHenHi. IIpu 1iboMy HAaroJIONIy€eThCS PO3PUB MixK
CKJIAJIHICTIO Cy4acHOI TEXHIKH i MCUXOJOTTYHUMI MOXKJIMBOCTSMHE JIIOJMHI OIEepaTopa fAK eJIeMeHTa JIOANHO-MAIIMHHOTO CHCTeMH. AHai3
aBapiiiHocTi Ha Bysbkomy-/[HiCTPOBCHKOMY JIMMAHHOMY KaHasli 3a octanHi 20 pOKiB MoKa3zas, 1o 58.5 % aBapiilHux 1oziii Bixbynocst B TeMHMI
vac 1061 i B yMoBax oOMeskeHol BuamnmocTi. [Iprannamu aBapiii Oy iBi: mocajka Ha Mijiny i HaBaim 84.3 %; sitkuenns 28.8 %. Ile cBiguntn
[IPO HEJIOCTATHIO TIFOTOBKY KOMAH/IM MICTKA [P IiJITOTOBIL /IO [JIABAHHS 10 KaHAILY.

Posrysinyta MeTojiMKa HaBITaIliiiHOl MiArOTOBKM KOMaHM MiCTKa MPH IJIAHYBaHHI Oe3MeYHNX KOOPAMHAT PYXY IIijl Yac 3aXO0/Ly,/BUXOILY
3 TOPTY 3a JOTMOMOTOI0 TPAEKTOPHUX TOYOK i /isSIM TMPU BIUHUKHEHH] Tepell aBapiifHoro cramy Ta crmocobn iioro momepemkentst. Koopanna-
TH IJIIXOBUX TOYOK BU3HAYAIOTH HA MEPETHHI NPSMOJIHINHUX BiAPI3KiB PEKOMEHIOBAHOTO GE3MEYHOTrO TMPAMOJIHIIHOTO MIISAXY HAa KapTi.
AxTyanpHOIO TTPOGIEMOIO € BUKOPICTAHHS HOBUX METOIB IUIAHYBAHHS IIISIXY 1 KOHTPOJIO PYXY 110 HBOMY 3 YPaxyBaHHsIM aKBaTOPIi st
MaHeBPYBaHHsI, MAHEBPEHUX BJIACTUBOCTEN Cy/[HA i 30BHIIIHIX BIJIMBIB /IJIs1 CBOEYACHOTO BUSBJICHHS BiJIXHJICHHS ITapaMeTPiB Bi/l IJIAHOBUX.
PospaxyHoK I1aHOBUX KOOP/MHAT TIPOBOJAMTHCS JIUISI IIEHTPY Baru CY/HA /IS XapaKTEePHUX TOYOK MUISAXY PyXy (IIOYaTKy Ta 3aKiHUYEHHS
MOBOPOTY, MOYATKY TaJbMyBaHHs) i TPAEKTOPHUX TOYOK (MIPAMOJIHIAHUX BiAPI3KIB 1mstxy yepes 0.2 KOT Ta KPUBOJIHIHUX AIISAHOK Yepes
10 rpaxycis). Koopannaru 3azaHoro nuisxy oGopMIIsIOTbCS Y BUIVIS CYMU JITHIFTHUX MaTPUIlh NPSIMOJIHIHUX 1 KPUBOJIHIHUX JIIISTHOK
nuiaxy. Hasiramiiina cncrema ynpaBiiHHS PyXOM CKJIQ/IA€ThCS 3 IPUCTPOIB aBTOMATIHYHOTO BI3HAYEHH: BiIXHJICHD Bi/[ IIITAHOBUX KOOP/IMHAT
icucreM MiATPUMKHU HPUIHATTS PillICHHS, /711 KOPUTYBaHHS BI/IXUJICHD, 1110 3'SIBJIAI0ThCA. [lOC/I/KEHHS 3a1IPOIIOHOBAHOTO METO/LY ILJIaHyBaH-
H 1 YIPaBJIiHHS PyXOM BUKOHAHO IIJIIXOM KOMIT I0T€PHOTO IMIiTaIliifHOTO MO/IE/TIOBAHHS, a TlepeBipKa BUKOHAHA B HATYPHUX YMOBax. Pe3ys-
TaTH SIKUX TIOKA3aJIH, 1110 PO3PAaXOBaHa ONTHMAIbHA 3a]IaHa TPAEKTOPIst 3abe3meuye Ge3aBapiiiHy MPOBOKY [EHTDPY BATH 10 3aJIaHOMY IIISAXY



3acobaMu yIIpaBJIiHHS Cy/Ha 1 BIIIOBIZA€ BCTAHOBIECHOMY KPUTEPIIO ONITUMAILHOCTI. 3arponoHOBaHi MeTO/ MOsKe OYTH BUKOPUCTAHUIT TPU
p0o3po0iti 3ac06iB yIpaBIiHHs /ISl aBTOMATH30BAHKX CY/ICH 1 €IMHO MOKJIUBUM JUIsI Cy/leH 3 6e3 BaXTOBUM 00C/IyTOBYBAHHSIM.
Kio4oBi ci1oBa: HaBiraiiiiia rijroroBka, Tpa€KTOPHi TOYKH, CUCTEMH T TPUMKI IPUIHATTS PillieHb, Tlepe/| aBapiiiHiii cTaH, 00CIyroBy BaHHs.
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PO3POBKA METOZY BUBHAYEHH A TUHAMIYHIX ITIAPAMETPIB OIIEPATOPA MOBLJIbHOI
ITOJKEKHOI YCTAHOBKHU HA BA3I CITBEIO (c. 58—-63)

10. O. A6pamos, O. €. Bacmanos, B. I. Kpusuosa, B. O. Co6una, /1. JI. Coxosios

CT0COBHO /10 onepatopa MOOITLHOT MOKEKHOT yCTaHOBKK Ha Gasi cirseio po3po6ieHo MeTo/l BU3HAUeHHs 10ro ANHaMIYHUX TapaMeTpiB,
SIKi TIOBHICTIO XapaKTepU3YIOTh f0ro IMHAMIYHI BJIACTHBOCTI — Yac 3arisHeHHs Ta iHepiiiiinicTs. Po3pobKka MeTO/y BKJIIOYAE YOTHPHU CTalIN.
Ha nepriromy erarri BUpilyeThes 3ajiaua 1o o/iepKanHio aHATI THYHIX 3aJIesKHOCTEH /U1t BU3HAYEHHS IITHAMIYHIX TTapaMeTpiB onepatopa. 11i 3a-
JIESKHOCT] BKJIIOUAIOTh 3HAYEHHS YaCTOTHHUX XapaKTePUCTHUK orlepaTopa Ha (hikcoBaHiil 4acToTi Ta itoro crarnunuii mapamerp. Ha ngpyromy erari
00TPYHTOBYETHCS BUOIP (DIKCOBAHOI YaCTOTH, 110 3IHCHIOETHCS 13 BUKOPUCTAHHIM KPUTEPIIo, IKUI MiHIMI3y€ BeJIMYUHN MTOXUOOK BU3HAYEH-
Hs uHaMivyHuX mapamerpis. [lokasano, 1o Besanynna GikcoBaHoi YacTOTH /IS XapaKTepHUX HapameTpis orneparopa ne nepesuirye 0,5 [
Tpertiii eTan BRoYae 00rpyHTYBaHHST IPOIE/LYPH OEPKaHHsT 3HAYCHD YACTOTHUX XaPaKTEPUCTHK OIIEPATOPa Ta HOro CTATUIHOTO MapaMeTpa.
YacroTHi XapaKTepUCTUKU ofieparopa Ha (hiKCOBaHill YaCTOTi Ta BeJMYUHA HOTO CTATUYHOTO TTapaMeTpa O/lePKaHi YuceJbHuM TIIsaxom. s
IpoIe/lypa OCHOBAHA HA BUKOPUCTAHHS MACHBY JIaHUX, SIKHIT O/lepsKaHuil IUISIXOM BUMipIOBaHb 3HAYEHb HepexiiHoi (GyHKILI oneparopa yepes
ikcosani inTepsasu yacy. /L1 ofepkanHsa MacHBY JAHNX BUKOPHCTOBYEThCS iHTEPaKTHBHA yCTaHOBKA-aHAJIOT, TKAa MOJKE BUKOHYBATH (DyHK-
1ii TpeHaxkepa. [HTepBann yacy obuparThest 3rifHo 10 Teopemu Korenpaikosa — Haliksicra — [llenHona. Ha ocTaHHbOMY eTari HaIa€Thest
OITUC TIPOTIE/LYPU BU3HAYCHHST IMHAMIYHIX [TAPAMETPiB orepaTopa MOOLIBHOI MOKEKHOT yCTaHOBKY Ha 6asi cirsero.

TTokasano, 110 mMoxMOKa BU3HAYEHHS IMHAMIYHUX [APAMETPIB omepaTopa MOOLIbHOT TIOKEKHOI yeTaHoBKY He mepesuinye 9,0 %, Ko
noxuOKa BU3HAYEHHST OTO YaCTOTHUX XapaKTePUCTHK Ha 4acToTi 2,5 ¢—1 He mepesuiye 2,0 %.

Kiouosi citoBa: orepatop MOOLIbHOT MOKEKHOT yCTAHOBKHY, CITBEil, IMHaMIYHi apaMeTpy ofiepaTopa, YaCTOTHI XapaKTepHCTHKK OllepaTopa.
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IrNBPUTHUN METO/I BIIBOPY TEHIB HA OCHOBI METO1Y B3A€EMHOI IH®OPMAIIII TA AJITOPUTMY
OIITUMI3AIIII BABOK (c. 64—-69)

Sarah Ghanim Mahmood, Raed Sabeeh Karyakos, Ilham M. Yacoob

Onni€io 3 HAUGLIBII TTOMIMPEHNX TPOOJIEM 3 BEJIMKIMU JAHUMU € Te, 1110 Garato 03HaK € HeaHadymumu. [lokasamo, 1o BiaGip re’is 10380~
JISIE TIOJHIIIIUTHU PE3YJIbTaTh GaraThOX aJrOPUTMIB, O/IHAK 1€ € CKI[HUM 3aBIaHHIM [IPU aHAJI31 IJAHUX MIKPOUITIiB, OCKIILKHU GiIbIicTh HabO-
PiB JaHUX MIKPOUYIIIiB MiCTSTh BChOTO KijIbKa COTEHD 3alIUCiB, ajie Thcsdi aMinnux. [eii Tum nabopy ganux 36i1bInye IMOBIPHICTD BUNIAJKOBO-
TO BUSIBJICHHSI HEBIPHUX TIPOTHO3iB. [To1ryK Hall0i/IbIIT 3HAYY X TEHIB, SK MTPABUJIO, € HAFICKIIAJHINIO YaCTUHOIO CTBOPEHHST HAIHOT Moztest
kracudikarii. Hesmauyri i moBTOpioBaHi 03HAKN YNHATH HETATHBHUH BIUIMB HA TOYHICTH AJITOPUTMIB KaTeropuaailii. 3 MeTOIO TTi/IBUIIEHHS
TOYHOCTI 3HUKEHHsI PO3MIPHOCTI B JiiTepaTypi GyJI0 0CTiKEeHO GaraTo MeTO/IiB BiGOPY reHiB Ha OCHOBI MAIIMHHOTO HaBYaHHs. Binbip rexis
— 11€ METOJI BUJTYYEHHsI HAfOL/IbIII 3HAUYIINX JaHUX i3 cepii Habopis ganux. [Toganbiiiil po3BUTOK METO/LY BiZlGOPY TeHIB MaTUMe MO3UTHBHUN
BILIMB Ha MeTo/ Kaacudikaiii, axuil Mozke OyTH BUKOPUCTAHUI B MAIIMHHOMY HaBYaHHi, po3nisHaBanHi 0Opasis i 06pobili curtasiis. MeToo
BiZtOOPY 0O3HAK € BUOIDP HANMEHIIIOI I IMHOKUHU O3HAK, 1[0 MICTUTD SIKOMOTa Oisibiiie indopmariii mpo kiac. Y gaHiil crarTi BUKOHYETBCSI MOJie-
JIIOBAHHS METOZLY BiZAGOPY TeHiB y BUIIIsI GiHAPHOTO aJITOPUTMY AUCKPETHOI ONTUMI3allii, AKMil HarpaBJsie GiHapHUI aITOPUTM OTITUMI3altii
6abok «BAB» i nepesipsie fioro B 06paHiil (pyHKIIIT IPUAATHOCTI 3 BUKOPUCTaHHIM TOUHOCTI Kaacudikaropa k-Haiibamkunx cycinis Habopy
nannx. Pe3ymsraTti eKcriepruMeHTiB MOKa3aJIH, M0 3aITPOIOHOBAHNI aJITOPUTM, sIKUii oTprMaB Ha3By BI-BAD, 3a TounicTtio pesysibraTis, BiMi-
PIOBAHOIO BapTiCTIO 0OUYMCIEHD | TOUHICTIO Kiacuikallil, TepeBepIye iHII alropuT™Mu.

Kimouosi cioBa: BT «sinbip renis», BI «meroa B3aemuoi indopmarii», BAB «6inapuuii anroputs ontumisaitii 6abok».



