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JucepratiiiHy po0OTy TPHUCBSYEHO BUPIMIEHHIO BaXIMBOIO HAaYKOBOTO
3aBJaHHS 3 PO3POOKM MOAeNl Ta MeTony IiH(opMaliiHOT TEeXHOJIOrll HaBiramii
aBTOHOMHHUX MOOUTbHUX cucTeM (AMC), 1o 3a0e3neuye OJHOPIHY IHTETPALIII0 TAKUX
YOTUPHOX 3aBJIaHb HABIFALIMHOTO ITUKIY, K CHPUUHATTS 1HGOpMAIlii, JoKami3alis,
AVHAMIYHE I[UIAaHYBaHHS MAapHIPYTy Ta CHTYyalliiHe KEpyBaHHA pyXoM ¥y
HEJETEPMIHOBAHOMY YaCTKOBO CIIOCTEPEKYBAHOMY OTOYEHHI.

YacTuHM JOCTIKEHb, PE3YIbTaTH SKUX BUKJIAJCHO B JAHCepTallii, BAKOHAHO B
MeXaxX HayKOBO-JOCHIIHOT poOOTH VYKpaiHCBKOTO JEp)KaBHOTO YHIBEPCUTETY
3QII3HUYHOTO TpaHCIOpTy «PO3yMHI MamWHM Ta I1HTEPHET pedl 31 IMITYyYHUM
iHTenekToM», Ne JIP 0120U104276 Ta nepkOroKeTHOI HAyKOBO-IOCIITHOI POOOTH
XapKiBCHKOTO HAIIOHAJIBHOTO YHIBEPCUTETY paioeiaeKTpoHIku «I TuOMHHI T10pHIH1
CUCTEMH OOYHCITIOBAJIBLHOTO 1HTEICKTY JJIsS aHaji3y MOTOKIB JaHUX Ta iX IIBUIKE
HaBuanHs», Ne JIP 0119U001403.

OO0’ eXT MOCITIKEHHS: TIPOIIeC HaBiralii aBTOHOMHUX MOOUTBHUX CHCTEM.

[Ipeamer mocmiKEHHS: MOJEI, METOIM 1 TEXHOJIOT1i HaBiraiii aBTOHOMHHUX
MOOUTBHUX CUCTEM B yMOBaX HEBU3HAYEHOCTI, HETIOBHOTH Ta HEUITKOCTI iH(OpMaITii.

MeToro nucepTaIiitHOro TOCHTIKEHHS € PO3IMIMPEHHS MOKIIMBOCTEH HaBiraifii
MOOUTBHUX CHCTEM B aBTOHOMHOMY PEXHMI B YMOBaX YaCTKOBO HEJIETEPMIHOBAHOTO
OTOYEHHSI.

JIs TOCATHEHHS MOCTAaBJIEHOI METH B JHMCEPTAIlHIM poOOTI BHPIMIEHO Taki

3aBIAHHS JOCIIKEHHS
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1) mpoBeneHO aHami3 ICHYHOYMX MOJENCH Ta METOMIB HaBiramii, Mo
BUKOPHCTOBYIOTHCSI B aBTOHOMHHUX MOOUTBHUX CUCTEMAX;

2) po3po0JCHO MOJeNbh CUTYAIIHHOTO YNPaBIIHHS IEPEMIIIEHHAM II0
MapuipyTy aBTOHOMHOI MOOUIBHOI CHCTEMH B yMOBax mepeadayeHux 30ypeHb Ha
OCHOBI1 KOHIIENITYaJIbHOT MOJIEJ CHPUMHSTTS 3 MEXaHI3MaMH YIIPaBIiHHSA KOHTEKCTOM
1 IEepEeKIIIOYEeHHS yBary;

3) po3po0IIeHO MOJIENb Ta METOJ CUTYAIIHHOTO YIIPABIIHHS MEPEMIICHHSIM 110
MapIpyTy 3 JAWHAMIYHEM TIEPEIUIaHYBaHHSIM MAapIIpyTy aBTOHOMHOI MOOUIBHOT
CHCTEMHU B yMOBax HemepeadadyeHnx 30ypeHs;

4) po3BuHYTO iH(OPMAIIiHY TEXHOJIOTI0 HaBiraiii aBTOHOMHOI MOOUIBHOT
CUCTEMH Ha OCHOBI MOJEJNl CHUTYallliiHOTO YMpaBiIiHHA TEPEeMIIICHHSIM Ta
JMHAMIYHOTO TepeTIaHyBaHHS,

5) npoBeIeHO KOMIUIEKCHE TECTYBaHHS PO3POOJCHUX MOJACTi, METOAy Ta
iH(hOpMaIiitHOT TEXHOJIOT11.

HaykoBa HOBU3HA qucepTaiiitHoi poOOTH MOJSATae B TAKOMY:

— ymepiie po3poOJIEeHO MOJIeNh CHUTYALIHHOrO YMPAaBIIHHS MEePEMIIICHHSIM
ABTOHOMHO1 MOOLTBRHOI CHCTEMHU 3 TIEpeIUIaHyBaHHIM MaplIpyTy, sfKa, Ha BiAMIHY Bij
ICHYIOUHMX, BpaxoBy€ BIUIMB 3a3JalieTib HemepeadadeHuX 30ypeHb, IO
YHEMOXJIMBJIIOIOTh TEPEeMIIICHHS 10 IIIJIbOBOI IMO3WIlT MapuipyTy, Ta 3aBIsSKd
CUTyaIlIHHOMY TIIepeIUIaHyBaHHIO Ha ITICTaBI CEHCOPHHUX JaHMX IIPO TOTOYHY
CUTYAITII0 JI03BOJISIE aBTOHOMHIM MOOLIBHIN CUCTEMI TOCATHYTH ITL1;

— YIOCKOHAJIGHO METOJ] CUTYAI[IHHOTO YIPABIIHHS 3 YpaxXyBaHHAM KOHTEKCTY,
SKAW aJarTOBAaHO JO 3aBIAaHHS YHPABIiHHS MEPEMIMICHHIM aBTOHOMHOI MOOLIBHOI
CUCTEMH B3JIOBXK 3aJIaHOTO MAapIIPyTy, IO JO3BOJISIE€ HA Il IMiJICTaBl BUPINIyBaTH
3aBJaHHsS HaBiraimii MOOUTPHMX aBTOHOMHHX CHUCTEM B YMOBaxX HEBHU3HAUEHOCTI U
HEMOBHOIT 1HpOopMAIIii;

— 3a0€3MeUeH0 MOJANBIINNA PO3BUTOK I1H(GOPMAIIHOI TEXHOJIOTI] HaBirarii
ABTOHOMHOI MOOLUIBbHOI CHUCTEMM 3a PaxXyHOK BUKOPUCTAHHS MOJEIl Ta METOMY
CUTYaIIMHOTO YIIPaBJIiHHS 3 TIEpeIIaHyBaHHAM MapIIPYTY, IO JO3BOJISE PO3MIHPUTH

3aCTOCYBaHHS aBTOHOMHHMX MOOUIBHUX CHCTEM B aBTOHOMHOMY PEKHUMI1 y YaCTKOBO



4

HEJIETEPMIHOBAHOMY OTOYEHI, KOJU BIACYTHS MOXIIMUBICTb a00 EKOHOMIYHO
HEOOTPYHTOBAHE YIOPSIKYBaHHSI OTOYCHHS.

[IpakTiuHe 3HAYEHHS OTPUMAHUX TCOPCTHYHHUX PE3YJIHTATIB TOJIATAE Y TOMY,
[0 3alporoHOBaHI y poOOTI MOAENb 1 METOJ CHUTYalliHOTO YHOPABIIHHS 3
neperyiaHyBaHHsIM MapHIpyTy aBTOHOMHOI MOOUIBHOT CHCTEMHU € YHIBEpCaJIbHUM
3acO000M, KM MOXE BHKOPHUCTOBYBAaTHUCh Yy 3aBJAaHHSX YIMPaBIiHHA PO3yMHHMH
MalIMHaMHU IIUPOKOTro Kjacy. dparMeHTH aucepTarliiHol poOOTH 3ampoBaHKCHO: B
Opoleci BUKOHAHHSA JAEpPXKOIOHKETHOI HAyKOBO-IOCHIAHOI pobotu «I nuOuHHI
riOpuaHi CUCTEMU OOYMCIIOBAJIBLHOTO 1HTENEKTY JJIs aHaji3y MOTOKIB JAaHMX Ta iX
mBuake HauanHs», Ne JIP 0119U001403; y HaByanpHMil Tipoliec YKpaiHCHKOTO
JICP’)KaBHOT'O YHIBEPCUTETY 3aJII3HUYHOT'O TPAHCIIOPTY.

VY nepwiomy po3oini mpoBesieHO aHali3 (YHKI[IOHATLHOTO HaBaHTAXKEHHS, chep
3aCTOCYBaHHS Ta IIEPCICKTHB BHKOPHCTAHHS aBTOHOMHUX MOOUIBHMX CHCTEM.
PosrasinyTo Bimomi migxoau a0 BUpimieHHs 3aBiaaHHs Hairarii AMC. BucitieHo
CYTHICTb 3aBJlaHb, 110 (POPMYIOTH HaBIralliiHUN IHUKJI: CIIPUUHSITTS 1HPOpMAIIi Mpo
OTOYEHHsI, JIOKai3allisi Ta KaprorpadyBaHHS, IUIAHYBAaHHS MapHIPYTy, KEpyBaHHS
pyxom. [IpoananizoBaHo Bi1oMi MOEII Ta METOIH BUPIMICHHS ITUX 3aBAaHb. PO3KpUTO
CYTHICTb MIJIXOY CUTYaIlIfHOTO yIpaBIiHHA, HOTO MEepeBark Ta JOCBi 3aCTOCYBaHHSI
B IHIINX MPEIMETHUX TaTy3sX. Ha mijcraBi HaBeeHOTO aHAII3y 3p00JI€HO BUCHOBKH
o0 (hakTopiB, K1 HAKIAAAIOTh OOMEKEHHSI Ha BUKOPUCTAHHS METOJIB 1 MOenei
HaBiraifii B aBTOHOMHUX MOOUIbHHX cucTeMaX. TOOTO B yMOBax HEJETEPMIHOBACTI U
O0OMEKEHOTO CIOCTEPEKEHHSI 3a OTOYCHHSIM TMOTPIOHI METOAM aBTOMAaTUYHOTO
MeperUIanyBaHHS MapIIpyTy, IO 1HTETPOBaHI 3 MOJENSMU CHPUUHATTA JaHUX BiJ
CEHCOPIB 1 CUTYyaI[IHHUM YIIPABIIHHSIM.

Y  oOpyeomy po30ini BUKIAIEHO 3aCTOCYBaHHS IMIAXOIY CHUTYyallifHOTO
VOpaBIIHHS 3 YpaxyBaHHSIM KOHTEKCTY IO 3aBJaHHS HaBiraiii aBTOHOMHHX
MOOUTBHUX cHUCTeM. Ha OCHOBI BIiJOMOTO MIAXOMYy CHUTYaIlIHHOTO YIPABIIHHS
3ampoONOHOBAHO MOJENb ymnpaBiiHHS nepeMimeHHssM AMC. s 1boro BUKOHAHO
ctpatudikaniro 6azu 3HaHb AMC 3a piBHAMH aOcTparyBaHHs. OJIHOPIAHICTH

1HTerpalii pillieHb 3aBAaHb, KI BHHUKAIOTh HA PI3HUX €Tarax HaBIraliiHOTO IUKIY,
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JOCSITHYTO 32 paxyHOK BHUKOPUCTAHHS OJHAKOBO1 JUIsi BCIX PIBHIB MoOJel
MPE/ICTaBICHHS 3HaHb, & CaM€ HEYITKUX MPaBWJI, 110 0OpPOOISIOTECS 32 JOTIOMOTOIO
MEeXaHi3My BHBeIE€HHS Moau¢ikoBaHoi HeuiTkoi Mmojeni Taxari-Cyreno-Kanra.
HaBeneno meToj npencraBieHHs y BUTIAII HeUwiTKUX npaBui Takari-Cyreno-Kanra
Ul TSITH PiBHIB 0a3u 3HaHb: 3HAHHS, 10 onucytoTh i AMC; 3HaHHS NMpo IUIaH
JOCSITHEHHS LUI1; KapTorpadiyHi 3HaHHS; 3HAHHSA NPO CTpATErii pyxXy B KIIOYOBHUX
TOYKax poOOYOTo MPOCTOPY Ta MK HUMU; 3HAHHS PO CTPATETii KEPYyBaHHS PYXOM.

HaBeneHO KOMIT IOTEpHI €KCTIEPUMEHTH 3 PO3POOICHOI0 MOJIEIUTIO. Pe3ynbraTu
eKCIIEPUMEHTIB TIOKa3aJd, 10 MOJENb 3a0e3ledye yCIHiliHe BUKOHAHHS 3aBJIaHHS
nepeMimeras AMC y310BX 3a37aJieriib 3alJIaHOBAHOTO MapuipyTy 0e3 Mepemko;
nepemiieHHs, koiau B mam’saTi AMC MICTUThCS JeKiIbKa MaplIpyTiB, 30KpemMa i
TaKUX, [0 MAIOTh CIUIbHI JUISHKHU, MPU LIbOMY KOJ1311 HE BUHUKAIOTh; IEPEMIILICHHS
AMC y310BX MapmipyTy, KOJIu 30ypeHHs, MI0 TOB’s3aHI 3 OOMEXCHHIMHU
CIIOCTEPEKEHHSI OTOYEHHS, YCKIATHIOIOTh BUPINIEHHA 3aBaaHHs Jjokanizamii. Ll
30ypeHHS JI0JIAI0THCS MUISIXOM y3araJlbHEHHS CUTYallii, 0 BUKOHYETHCS MEXaH13MOM
BUBeIeHHS HeuiTkoi mojem Takari-Cyreno-Kanra.

Y  mpemwvomy po3oini pPoO3poOJIEHO METOJ CHUTYallHOTO  yHpaBIiHHS
ABTOHOMHOIO MOOUTHHOIO CHCTEMOIO 3 MEepPeIUIaHyBaHHAM MapIIpyTy, 110 3a0e3neuye
BUKOHAHHA 3aBaaHb AMC B yMoBax Hemepen0adyeHUX MepenIKoi. 3arnpornoHOBaHUN
MeTOo]l BUKOpUCTOBY€E 3HaHHS AMC mpo BigoMi (hparMeHTH MapHIPYTiB JJIsI CUHTE3Y
HOBHX MapHIpyTiB PyXy 3 METOI 3a0e3NedeHHs JOCATHEHHS Il B YMOBaxX 3MiHH
OTOYEHHSI.

Y uemeepmomy po30ini 3aPONOHOBAHO PO3BUTOK 1H(GOPMAIIIHOT TEXHOIOTI]
Hapiranii AMC Ha OCHOBI MOJEJdi YNpaBIiHHA Ta METOAy IMepernjaHyBaHHS,
HaBEJICHUX y po31iiax 2 Ta 3. 3anporoHOBAHO CTPYKTYPY MPOTPaMHOTO 3a0€3MeUCHHS
6optoBoi cuctemu AMC, mo miarpumye iHOpMaIiiHy TEXHOJOTi0 11 HaBiraiii.
CTpyKkTypa CKIQIa€ThCcs 3 ITSATH MOAYJIB, TpH 3 SKHX 0a3ylOThCS Ha MOJIEII,
PO3p00IeHIH Y 111k pOOOTI.

[ndopmaniiiHa TEXHOJIOTISI BUKOPUCTAHA JJii TPOBEICHHS HATYpHUX

EKCIEPUMEHTIB. Y XOJ1 €KCIEPUMEHTIB 31MCHIOBAJIOCH BapilOBaHHS MOBHOTU 0a3u
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MapuipyTiB AMC Ta [OMHaMIYHO JOJABAJIUCh MEPEHIKOAM B OTOYEHHI, IIO
YHEMOXJIUBIIOBAIM pPyX 3a BiIoMUMH (200 aBTOHOMHO MOOYAOBAaHUMH TPU
OTPUMAaHHI LI PyXy) MapuipyTaMd. MeTow eKCIEepUMEHTIB Oylo NpOBEACHHS
KOMIUJIEKCHOTO TECTYBAHHS IPOMNOHOBAaHOI 1HGOPMALINAHOI TEXHOJOril 010
MOXJIMBOCTI 11 3aCTOCYBaHHS JJIsi BUPILICHHS 3aBJaHHS MOHITOPUHTY MPOCTOPOBO
po3ocepemkeHux 00 ’€KTiB. 3a pe3yjbTaTaMH EKCIEPUMEHTIB OYyJ0 BCTAaHOBJICHO
NPHUJIATHICTH MPOIMIOHOBAHOI CUCTEMU IS YMOB, KOJIM JIOCSKHICTB I[IJTbOBOI TOYKH
PYXy € MPHUHIIAIIOBO MOXIMBOIO, BPaXOBYIOYM HasBHI 3HaHHS, ToOTO AMC 31aTHa
oOpatu abo caMOCTIiiHO MOOyayBaTH MapHIpyT B yMOBaX IMOSIBU JUHAMIYHUX
NEePENIKo, 10 TMOEAHYE TOTOouHe Micuie3HaxomkeHHss AMC 13 uuiboBum. ko
NPHUHIIMIIOBE JOCSITHEHHS IUIBOBOT TOYKM HEMOXKIIMBE dYepe3 HEIOCTaTHIH o0csr
NOTOYHUX 3HaHb, AMC 3/1aTHa MEPEXOIUTH Yy PEKHM BHUIATKOBOTO PYXY, SKHIM
JI03BOJISIE 3IIMCHUTH ITOMTOBHEHHS IIOTOYHOI 023U 3HaHb.

PesynpTaTi aucepTamiiHUX MOCHIIKEHb BUKIAAEHO y 17 HayKOBHUX Mparsx
aBTOpa, a came: 4 HAyKOBI CTaTTi B MEPIOJUYHUX BHJIAHHAX, 3 SKUX 3 CTATTiI Y
BUJIAaHHSX, BHECEHHX JI0 MIEpeTiKy HAayKOBUX (DaXOBUX BUIaHb Y KpaiHu kateropii «by,
1 cTarTs y 3aKOpJIOHHOMY TIEpIOAMIHOMY HaykoBOMY BuaaHHi (bonrapis); 1 po3ain y
KOJIEKTHBHIAM MoHorpadii, BumaHiii 3a xopmonoM (IlIBetimapis); 12 myOGaikamii y
Marepiajax MDKHApOJHUX Ta BCEyKpaiHChKMX HAYKOBUX KOH(EpeHIIii, cepea akux 1
JIOTIOBIL OMyOJIiKOBaHA B Marepiajlax MIDKHApOJHOI HAayKOBOi KOH(EpeHIIii, 1o
THIEKCYEThCSI HAYKOMETPUYIHOIO 623010 Scopus.

Knouosi cnosa: aBTOHOMHa MOOUIbHA CHCTEMa, HaBiralis, CHTYyalliiiHe
VIPABIIIHHS, TEXHOJOT1l MITYYHOTO 1HTEJIEKTY, KOTHITUBHA POOOTOTEXHIKA, CUCTEMH,
3aCHOBaHI Ha MpaBUJIaX, HeUiTKa 00poOKa iHdopmailii, iHTerparis UG POBUX PIIICHB,

HaBYaHHS 3 ITIKPITICHHSM.



ABSTRACT

Ivaniuk O. I. Model and method of information technology of navigation of
autonomous mobile systems under conditions of uncertainty. — Qualifying scientific
work on the rights of the manuscript.

Thesis for the degree of Doctor of Philosophy is specialty 126 — Information
Systems and Technologies. — Ukrainian State University of Railway Transport,
Ministry of Education and Science of Ukraine, 2021.

The thesis is devoted to the solution of an important scientific problem on the
development of a model and method of the information technology of navigation of an
autonomous mobile system (AMS), which provides homogeneous integration of four
navigation cycle tasks such as information perception, localization, dynamic path
planning and situational motion control in an indeterminate partially observed
environment.

Parts of the research, the results of which are presented in the thesis, were
performed within the research work of the Ukrainian State University of Railway
Transport "Smart machines and the Internet of Things with artificial intelligence",
Ne DR 0120U104276 and the state-funded research work of the Kharkiv National
University of Radio Electronics "Deep hybrid systems of computational intelligence
for data streams analysis and their fast learning", Ne DR 0119U001403.

The research object is the process of navigation of autonomous mobile systems.

The research subject encompasses models, methods and technologies of
navigation of autonomous mobile systems in the conditions of uncertainty,
incompleteness and fuzzies of information.

The research aim is to expand the possibilities of navigation of mobile systems
in the autonomous mode in a partially indeterminate environment.

To achieve the research aim the following research tasks have been solved:

1) an analysis of existing models and methods of navigation used in autonomous

mobile systems has been carried out;



8
2) a model of situational control of movement on a path of an autonomous

mobile system in the conditions of the provided disturbances based on the perception
conceptual model with mechanisms of context management and attention switching
has been developed;

3) a model and method of situational control of movement on a path with
dynamic re-planning of a path of an autonomous mobile system in the conditions of
unforeseen disturbances have been developed;

4) the information technology of navigation of an autonomous mobile system
based on the model of situational control of movement and dynamic re-planning has
been developed;

5) comprehensive testing of the developed model, method and information
technology has been carried out.

The scientific novelty of the thesis is as follows:

— for the first time, a model of situational control of an autonomous mobile
system movement with re-planning of a path has been developed, which, unlike others,
takes into account the impact of unforeseen disturbances that make it impossible to
move to the goal position of the path, and due to situational re-planning based on
sensory data about the current situation allows an autonomous mobile system to
achieve the goal,;

— the context-sensitive method of situational control has been improved, which
Is adapted to the task of controlling the movement of an autonomous mobile system
along a given path, which allows on this basis to solve the problem of navigation of
mobile autonomous systems in conditions of uncertainty and incomplete information;

— the further development received the information technology of navigation of
an autonomous mobile system using the model and method of situational control with
re-planning of the path, which allows to expand the use autonomous mobile systems in
a partially indeterminate environment, when there is no possibility or economically
unreasonable a streamlining of the environment.

The practical significance of the obtained theoretical results of the thesis is that

the proposed model and method of situational control with re-planning of the path of
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an autonomous mobile system is a universal tool that can be used in the control of smart

machines of a wide class. Fragments of the thesis were introduced: in the process of
performing state-funded research work "Deep hybrid systems of computational
intelligence for data streams analysis and their fast learning”, Ne DR 0119U001403; in
the educational process of the Ukrainian State University of Railway Transport.

In Chapter One, the analysis of functional loading, spheres of application and
prospects of use of autonomous mobile systems is carried out. Known approaches to
solving the problem of an AMS navigation are considered. The essence of the tasks
that form the navigation cycle is highlighted: perception of information about the
environment, localization and mapping, path planning, motion control. Known models
and methods of solving these problems are analyzed. The essence of the situational
control approach, its advantages and experience in other subject areas are revealed.
Based on the above analysis, conclusions are drawn on the factors that impose
restrictions on the use of methods and models of navigation in autonomous mobile
systems. That is, in conditions of nondeterministic and limited observation of the
environment requires methods of automatic re-planning of the path, integrated with
models of data perception from sensors and the situational control.

In Chapter Two, the application of the context-sensitive situational control
approach to the task of navigation of autonomous mobile systems is stated. Based on
the known approach of situational control, a model of an AMS movement control is
proposed. For this purpose, an AMS knowledge base was stratified according to the
levels of abstraction. The homogeneity of the integration of solutions to tasks that arise
at different stages of the navigation cycle is achieved through the use of the same for
all levels of the model of knowledge representation, namely fuzzy rules that processed
by the inference mechanism of the modified Takagi-Sugeno-Kang fuzzy model. A
method of representation in the form of fuzzy Takagi-Sugeno-Kang rules for five levels
of the knowledge base is given: knowledge describing the goals of an AMS; knowledge
of the plan to achieve the goal; cartographic knowledge; knowledge of movement
strategies at key points in the workspace and between them; knowledge of motion

control strategies.
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Computer experiments with the developed model are given. The results of the

experiments showed that the model ensures the successful completion of the task of
moving an AMS along a pre-planned path without obstacles; moving an AMS without
collisions when an AMS memory contains several paths, including those that have
common areas; moving an AMS along a path when disturbances related to
environmental observation limitations make it difficult to solve the localization task.
These disturbances are overcome by generalizing the situation, which is performed by
the inference mechanism of the Takagi-Sugeno-Kang fuzzy model.

In Chapter Three, a method of situational control of an autonomous mobile
system with re-planning of the path, which ensures the performance of an AMS tasks
in the event of unforeseen disturbances is developed. The proposed method uses the
knowledge of an AMS about the known fragments of paths to synthesize new paths to
ensure the achievement of the goal in a changing environment.

In Chapter Four, the development of information technology of navigation of
an AMS based on the control model and re-planning method given in chapters 2 and 3
is proposed. The structure of an AMS on-board system software that supports the
information technology of its navigation is proposed. The structure consists of five
modules, three of which are based on the model developed in the thesis.

The information technology is used for field experiments. During the
experiments, the completeness of an AMS path database was varied and obstacles in
the environment were dynamically added, which made it impossible to move on known
(or autonomously constructed when obtaining the movement goal) paths. The purpose
of the experiments was to conduct a comprehensive test of the proposed information
technology on the possibility of its use to solve the problem of monitoring spatially
distributed objects. According to the results of the experiments, the suitability of the
proposed system was established for conditions when the reach of the goal point of the
movement is fundamentally possible, given the available knowledge, i.e., an AMS is
able to choose or build a path in dynamic obstacles, combining the current location of

an AMS with the goal point. If it is impossible to achieve the goal point in principle
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due to insufficient current knowledge, an AMS is able to switch to a random motion

mode, which allows replenishing the current knowledge base.

The results of dissertation research are presented in 17 scientific works of the
author, namely: 4 scientific articles in periodicals, of which 3 articles in periodicals
included in the list of scientific professional publications of Ukraine category "B", 1
article in a foreign periodical (Bulgaria); 1 chapter in a collective monograph published
abroad (Switzerland); 12 publications in the proceedings of international and all-

Ukrainian scientific conferences, among which 1 publication published in the
proceedings of the international scientific conference, indexed by the Scopus database.

Keywords: autonomous mobile system, navigation, situational control, artificial
intelligence technologies, cognitive robotics, rule-based systems, fuzzy information

processing, integration of digital solutions, reinforced learning.
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HEPEJIIK YMOBHHUX ITO3HAYEHD

IDEFO — Integrated DEFinition (Meromoyioris  (yHKI[IOHAJIBHOT'O
MOJIETIOBaHHS Ta rpadiyHOTO MOJAaHHS MPOIIECIB)

SLAM — Simultaneous Localization and Mapping (ogHo4acHa jokaiizaiis Ta
KapTorpadyBaHHs)

AMP — aBTOHOMHMIT MOOUTHLHUN POOOT

AMC — aBTOHOMHA MOOUTHHA CUCTEMA

AC — aBTOHOMHa cuUCTEMA

b3 — 6a3a 3Hanb

BIHC — 6oproBa iHepIliaapHa cucTemMa

I'CK — rnoGanpHa cuctemMa KOOpAuHAT

IMOII — iHTeNneKTyabHUN MeXaHi13M 00pOOKH MpPaBUIT

ITHAMC — indopmariiiina TeXHOJIOT1s HaBIraiii aBTOHOMHUX MOOUTBHUX
CUCTEM

KTPII — xirouoBa Touka poOOYOro MpoCTOpy

MCII(H) — moaens cipuiiHATTS, 3aCHOBaHa Ha MpaBuWiIax (B HaBirarlii)

MIIIIP — mapkiBChbKUM TpOLIeC MPUHHATTS PIllICHb

MTCK — moaudikoBaHna HeuiTka Mozenb Takari-Cyreno-Kanra

HX — HediTka XxapakTepucTHKa

[TIJT xoHTpOJIEp — MPOMOPIIHHO-IHTETPATbHO-THU(PEPEHITIATBHIN KOHTPOJIEP

CVYIIM — curyarliiine yrnpaBiliHHA 3 TIEpeIIaHyBaHHSIM MapHIpyTy
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BCTYII

OO0rpynryBanHsi BUOOpPY TeMHu aociaigxeHHsi. KoHIeniis aBTOHOMHHUX
cucteM (AC) HaOyBae Bce OLIBIIOrO MOMIMPEHHS Y CTBOPEHHI TAKUX PI3HOMAHITHUX
CUCTEM, SIK: BEIMKOMACIITaOH1, pO3MOJALIEH] B TPOCTOP1 CUCTEMH MOHITOPUHTY CTaHy
OyIb-sIKOIO OTOYEHHS; PO3YMHE MICTO 1 pO3yMHHH JIM; IHAYCTpladbHUI Ta OOy TOBHIA
IHTEpHET peuel 13 CYKyIHICTIO KOMIIOHEHTIB, L0 Peali3yl0Th B aBTOHOMHOMY PEXHUMI1
neBHy (QYHKIIO, JUIsi BUKOHaHHS $KOi NOTpiOHA pi3HOMaHITHA 1H(OpMAaIlis.
[anyctpianbHi AC KOMIOHYIOThCSI 3 aBTOMATUYHUX JIIHIM, BEPCTATIB 13 YUCIOBUM
OpoTpaMHUM  KEpPYBaHHSM, TPAHCIOPTHUX CHUCTeM, poOOTiB. 3aii3HUYHA 1
aBTOMOO1JTbHA ray3i B IEPCIIEKTUBHUX TUIaHAX mependadaroTs ctBoperHs AC Ha 0asi
pPO3yMHHMX aBTOMOOUTB 1 po3ymMHuXx mnoi3aiB. AC, 10 BHUKOHYIOTh (DYHKIIT
MOHITOPHUHTY CHUTYaIlil, MICTITh MOOUTIBHI TPHUCTPOi (poOoTH, OE3MUTOTHI JiTadbHI
amapartu) JJig CIIOCTEPEKEHHs i oTpuMaHHs 1HdopMarlii. Y mpoekTax po3yMHUX MICT,
4K 1y BCIX BUIIENIEpPEpaXOBaHUX CUCTEMAX, OCHOBHUM KoMrnoHeHTOM AC € po3ymMHa
aBTOHOMHA MallnHa, [0 MepeMilyeThes y npocTopi. OHUM 13 TOJOBHHUX 3aBlIaHb
aBTOHOMHUX MOOUTBHUX cucTeM (AMC) € HaBiraiis, 1Mo B yMOBaxX YHOPSIAKOBAHOTO
OTOYEHHSI BUPIITYETHCS TPATUIIIHHUMU METO/IAMU TUIAHYBAaHHS Ta YIpaBIiHHSA. AJle 11e
MIOB’S5I3aHO 3 BEJIMKUMHU BUTPATAMU HA YIOPSAKYBaHHS OTOYEHHS, 3 OJHOTO OOKY, i
YHEMOKJIUBII0€ BUKopucTaHHss AMC y rHydkux BUpoOHHYHX cuctemax. KpiM mporo,
OYpXJIMBUH PO3BUTOK POOOTOTEXHIKH OOYMOBJICHUI HAJTIEIO HA 3aCTOCYBAaHHS POOOTIB
y HEIEeTepMIHOBAHOMY OTOYEHHI, KOJHM Y 3a3JajieTifpb MepeadaueHuX CHUTYaIisxX
MOOUTBHI pOOOTH MarOTh HAJaBaTH CEPBICH YU peasli3yBaTH BUPOOHUYY (PYHKIIIFO.
HasBHIiCT HemependadeHMX NeEpemko] Topyirye rmiann nepemimenHs AMC i
nmoTpebye abo po3pOOKH HOBOI'O IUIAHY IEPEMIleHb, a00 YacCTKOBOTO MEPETIISIY
MOTIEPETHHOTO TUIaHy. 3aBnanHs HaBiramii AMC po3risinaeTbes y 4OTUPhOX aCIeKTax:
COpUHHATTS 1H(GOpMAIli MPO OTOYCHHS, JOKATI3allis IUITHKA Mapuipyry, e
3HaxoautThes AMC, 1 BimoOpaxkeHHs Miciie3HaxomkeHHs AMC Ha KapTi OTOYEHHS,
IUTAHYBaHHS MapUIpyTy TMEpEeMIIICeHHA Ta KepyBaHHS pyxoMm. [lns aBTOHOMHOT

Hagiraiii AMC Bax/uBe 0JJHOYACHE BUPIIIICHHS MEPEIIYCHUX 3aBAaHb. TaKui MiIXiI,
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Bimomuit sik SLAM (Simultaneous Localization and Mapping), 6a3yeTbcsi Ha MeTOZaX

i Mozemsx mTy4dHOro iHTenekTy. OJHAaK 3aJuNIa€ThCsl HEBHUPINICHUM 3aBIaHHS
Hasiraimii AMC y npoctopi, 1e MoxIHB1 30ypeHHs. [IpoGnema nonsirae B Tomy, 1110
pI3HOMaHITHI 30ypeHHs, SKi BUHUKAIOTh Yy MpOLEC pyXy po0OoTa, HE J103BOJSIOTH
peanmizyBaTd TEpeMIllleHHS B3IOBXK 3a3[aleriib 3alUIaHOBAHOTO MAapHIPYTY 1
BUMAararoTh MOTOYHOTO MEpPeIUIaHyBaHHS BIAMOBIIHO 10 OTPUMAHOI BiJ CEHCOPIB
cutyarii. s AC mpoOiieMa TMOCWIIOETHCS HEOOXITHICTIO aBTOMATUYHOTO
(opMyBaHHs MO/JIeT1 TOTOYHOI CUTYallii HA OCHOBI JAHUX B1Jl CEHCOPIB 1 IHTEIPYBaHHS
1€ MO CUTYaIlli 3 MOJIEJIIMU TUTAaHYBaHHS ¥ YIIPaBIiHHS Y PeaIbHOMY Yaci.

[Momyky nuisgxiB BUpIMICHHS 3aBJAaHHS HaBIraiii NpUCBAYEHO HAYKOBI Mpalli
takux aBTopiB: G. Bekey [1], H. Choset [2-5], O. Khatib [6], S. LaValle [7, 8], C. Lee
[9], A. Savkin [10-12], R. Siegwart [13], M. Spong [14, 15], S. Thrun [2, 16, 17],
S. Tzafestas [18], S. Yang [19, 20].

OTxe, aKTyalbHOIO € TeMa JucepTaliifHoi poOOTH, B SKIM BHUPINIYETHCS
HAyKOBe 3aBJaHHsl 3 PO3POOKKM MoOjeial Ta MeToay iHOpMaIiiHOI TeXHOJOT1i
HaBiramii AMC, mo 3a0e3neuye OMHOPIAHY IHTETPAIil0 TaKUX YOTUPHOX 3aBJaHb
HaBIramiHOTO IMKIY, SK CHOPUUHATTA 1H(QopMarii, Jokami3amis, JIHHAMIYHE
IUTAaHYBaHHS MapIIpyTy Ta CUTYyalliiHE KEPYBaHHS PYXOM Yy HEIETEPMIHOBAHOMY
YaCTKOBO CIIOCTEPEKYBAHOMY OTOUYECHHI.

3B’A30K po0OTH 3 HAYKOBMMH NIPOTPaMaMHU, IVIAHAMHU, TEMAMH, TPAHTAMHU.
YacTuHM TOCHIKEHD, PE3YJIBTATH SIKUX BUKIIAJIEHO B AMCEPTAallii, BAKOHAHO B MEKax
HAyKOBO-JIOCTITHOI poOOTH YKpaiHCHKOTO JEP’KaBHOTO YHIBEPCUTETY 3aJII3HUYHOTO
TpaHcopTy «Po3yMHI MamuH{A Ta I1HTEPHET pedi 31 IITYYHHM IHTEICKTOM,
Ne JIP 0120U104276 ta nep>k0r0MKeTHOT HAyKOBO-IOCTIMHOI poO0oTH XapKiBCHKOTO
HAI[IOHAIPHOTO YHIBEPCUTETY pafdioeneKTpoHikn «[ mmuOuHHI TiOpUgHI CUCTEMU
OOYHMCITIOBATTLHOTO 1HTENIEKTY JUTsl aHaJi3y MOTOKIB IAaHUX Ta X MIBHJIKE HABYAHHS,
Ne JIP 0119U001403.

MeTta i 3aBAaHHsA JOCJII:KEHHSI BIAMOBIIHO J0 NpeaMeTa Ta 00’€KTa
IOCIIIKEHHS.

06 ’exm 0ocnidicenHs: TIPOIEC HaBIraiii aBTOHOMHHUX MOOUTBHUX CUCTEM.
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IIpeomem OocnidoicenHsi: MOJEII, METOJIM 1 TEXHOJIOT1I HaBiramii aBTOHOMHUX
MOOUTBHUX CHCTEM B YMOBaX HEBU3HAYEHOCTI, HEIOBHOTH Ta HEUITKOCTI 1H(QOpMaIii.

Memoro ducepmayitino2o 00cnioxiceH s € POMIUPEHHS MOXKIMBOCTEN HaBIraIlii
MOOUTBHUX CHCTEM B aBTOHOMHOMY PEKMMI B YMOBaX 4YaCTKOBO HEJETEPMIHOBAHOIO
OTOYCHHSI.

JUIst NOCSTHEHHSI TMOCTaBJI€HOI METH JHCcepTaliiHoi poOOTH HEOOX1AHO
BUPIIINUTH TaK1 3d80aHHA’

1) mpoBecTH aHaNi3 ICHYHOUMX MOJENed Ta METOAIB HaBiramii, IIo0
BUKOPUCTOBYIOThCS B AMC;

2) pO3pOOHTH MOJIETTh CUTYAI[IHHOTO YIPABIIIHHS MEPEMIIIICHHSM 110 MAPIIPYTY
AMC B ymoBax mnependadeHux 30ypeHb HAa OCHOBI KOHIICNITYaJIbHOI MOJENI
CHPUAHATTS 3 MEXaHI3MaMH YIIPABIiHHSI KOHTEKCTOM 1 MEPEKITIOYCHHSI YBarH;

3) po3poOKUTH MOETh Ta METOJ CUTYAIIHHOTO YIPaBIIHHS MEPEMIIICHHIM 0
MapuipyTy 3 JWHAMIYHUM TeperjianyBaHHsM Mapmpyty AMC B ymoBax
HerependaueHuX 30 ypeHb;

4) po3BuHyTH iH(pOpMaIliiiHy TexHOJOTriI0 HaBiramii AMC Ha OCHOBI Mojei
CUTYAIIHHOTO YIIPaBIIiHHS MEPEMIIICHHIM Ta JUHAMIYHOTO TIEpeTUIaHyBaHHS,

5) npoBecTH KOMIUIEKCHE TECTYBaHHS pO3POOJECHMX MOJACTi, METOay Ta
iH(hOpMaIIIITHOT TEXHOJIOT11.

MeTtoau aociaimxennsi. I[lin dac BHKOHAHHS 3aBAaHb JOCTIKEHHS OyIH
BUKOPUCTaHI METOAM: CUTYAI[IHHOTO YMPABIIHHSI Ta HEYITKOI JIOTIKH Yy PO3poOIli
Mozeni ynpaBimiHHS mnepeMimeHHsM AMC; TeopeTHKO-MHOKWHHOTO OMNHCY Ta
MaTeMaTU4HOI JIOTiKM y dopmaiizallii 3aBaHHs yrpaBiiHHs nepeMimenasm AMC;
Teopli eKCIEePUMEHTY 1 KOMIT'IOTEPHOTO MOJENIOBAHHSA ISl  NPOBEICHHS
KOMIT FOTEPHUX 1 HATYPHUX E€KCIIEPUMEHTIB 13 PO3POOJICHIMHI MOCIIII0, METOJIOM Ta
1HGOPMAITIITHOIO TEXHOJIOTIEI0; MAITMHHOTO HABYAHHS 3 MIAKPIIUICHHSIM Ta Teopil
omTUMI3aIlii MiJ 9ac po3pOOKH MOJYJIS CTBOPEHHS THIOBHX (DPArMEHTIB MapIIpyTYy;
(GyYHKIIIOHAIBHOTO MOJICIIIOBAaHHS IS YAOCKOHAJICHHS 1H(OpMaIiifHOT TEXHOIOT1l

Hasiramii AMC.
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HaykoBa HOBH3HA OTPUMAHMX Pe3YJIbTATIB MOJIATAE Y TAKOMY:

1) ynepuie po3poONICHO MOJEIL CUTYAIlIMHOTO YIPABIIHHSI MEPEeMIlICHHIM
AMC 3 nepemyianyBaHHSM MapIIpyTy, sIKa, HA BIIMIHY BiJ] ICHYIOUMX, BPAXOBY€E BIUIUB
3a37aneriib HemnepeaodadyeHux 30ypeHb, 10 YHEMOKJIMBIIOIOTH TMEPEMIIICHHS 0
L1JIbOBOI MO3HULIIT MAPIIPYTY, Ta 3aBASKHA CUTYAL[IITHOMY NIE€peIIaHyBaHHIO Ha Mi/ICTaB1
CEHCOPHUX JIaHUX MPO MOTOYHY CUTYaIlito g03Bosisie AMC H0CsITHYTH 1111,

2) YOOCKOHAeno METOJI CUTYAIITHOTO YIPaBIIIHHS 3 YPaxyBaHHSIM KOHTEKCTY,
KU aJanTOBaHO 10 3aBIaHHs ympaBiiHHs nepemimeHHsM AMC y310BXK 3a7aHOTO
MapIpyTy, 1110 A03BOJISI€ HA 11} MiJCTaBl BUPIIIYBATH 3aBJaHHs ii HaBIrauii B yMoBax
HEBU3HAYEHOCTI i HEMOBHOI 1H(pOpMaIIii;

3) nabyna nooanvuio2o pozsumky indpopmaliiiiina texuosoris Hapiraiii AMC 3a
paxyHOK BHUKOPUCTaHHS MOJEIi Ta METOAY CHUTYallilHOTO yNpaBIiHHS 3
NeperUIaHyBaHHsIM MapIIpyTy, [0 TO3BOJIAE PO3MUPHTH 3acTocyBaHHs AMC B
ABTOHOMHOMY pPE€XHMI Yy YaCTKOBO HEIETEPMIHOBAHOMY OTOYE€HI, KOJU BIACYTHS
MOJKJTUBICTh 200 €eKOHOMIYHO HEOOIPYHTOBAHE YIOPSIKYBAHHS OTOUYECHHS.

I[IpakTuyHe 3Ha4YeHHHA oJep:KAHMX pe3yabTaTiB. [IlpakTHuHe 3HAYEHHS
OTPUMaHUX TEOPETUYHUX PE3yJIbTATIB MOJIATAE Y TOMY, IO 3aIIPOIIOHOBaH1 y POOOTI
MOJICNIb 1 METOJ CUTYaIlIHHOTO YIpaBJiHHA 3 NeperutanyBanHaM Mapipyty AMC e
YHIBEpCAJIbHUM 3aCO00M, SKHU MOYKE€ BUKOPHUCTOBYBATHCH y 3aBIAaHHSAX YIPaBJIIHHS
PO3YMHUMH MalIMHAMH IIUPOKOTO KIIACy.

@®parMeHTH AUCEePTAIIHHOT pOOOTH 3ampoBaKEHO (101aTOK b):

—y TIpomec BHUKOHAHHS JIEP)KOIJKETHOI HAyKOBO-AOCIHIIHOI  poOOTH
«'muOuHHI TIOpUIHI CUCTEMU OOYMCITIOBAIILHOTO IHTENEKTY MJisi aHaNi3y MOTOKIB
JaHUX Ta iX mBuAke HaBdaHHs», Ne J[P 0119U001403 (axT BIpOBaJKEHHS BiJ
03.12.2020 p.);

— Yy HaBYANBHUA TIpolleC  YKPAiHCBKOTO  JEP’KaBHOTO  YHIBEPCUTETY
3aIII3HUYHOTO TpaHcnopTy (akT BrpoBamkenns Bix 20.10.2020 p.).

OcoOucTuii BHeCOK 3100yBaya. YCl OCHOBHI Pe3yJbTaTH JOCIIIKEHB, IO

BUHOCSITHCSI HAa 3aXUCT, OTPUMAaH1 aBTOPOM OCOOHUCTO.
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Pe3ynpTaTi gucepTamiiHUX AOCHIIKEHb BUKIAAEHO y 17 HayKOBHX Hpalsx
aBTOopa, a came: 4 HayKoBI CTaTTl B NEPIOJUYHUX BHJIAHHAX, 3 AKUX 3 CTATTl y
BUJIAHHSX, BHECEHUX JI0 NIEPEIIIKY HAYKOBHUX (DaxoBUX BUAAHb YKpaiHu kareropii «b»
[21-23], 1 craTTs y 3aKOpAOHHOMY TEPiOMYHOMY HaykoBoMy BuaanHi (bonrapis)
[24]; 1 po3nin y konekTuBHIA MoHOTpadii, Buaanii 3a kopaoHom (LlBerinapis) [25];
12 nyGmikamid y watepiajlax MDKHapOJHUX Ta BCEYKPaiHCHKMX HAyKOBHX
KoH(epeHIIH, cepell sKuX 1 I0moBib OMyOJliKOBaHA B MaTepiajlax MDKHApOJIHOT
HAYKOBOT KOH(EPEHIIii, 1110 1HIEKCYEThCS HAYKOMETPUYHO0 0a3010 SCopus [26].

Haykosa npaus [22] ony0srikoBaHa 0e3 criiBaBTOpPIB. Y mparisx, Omy01iKoBaHHX
y CHIiBaBTOPCTBIi, aBTOPY HaNEXaTh TakKi pe3ynbTaTu: y cTarTi [21] 3ampomoHoBaHO
ctpatudikanito 6a3u 3Hanb AMC Ha AT pIBHIB a0OcTparyBaHHs, BUKOHAHO
ajanTaliro 3aranbHoi popmu HediTkuX mpaBui Takari-Cyreno-Kanra g0 KoxHOTO 13
PiBHIB, CTBOPEHO IITYYHE OTOYCHHSI, TPOBEJICHO CEPii KOMIT FOTEPHUX EKCIIEPUMEHTIB
Ta BUKOHAHO aHaji3 iX pe3ysbTaTiB; y cTaTTi [23] 3ampornoHOBAaHO 3aCTOCYBaHHS
MiAX0Ty HaBYAHHS 3 MITKPIIUICHHSIM 10 MOOYAOBH TUMOBUX ()parMEHTIB MapIIpyTiB
pyxy AMC, BHUKOHAHO TMPOTPaMHy peaji3alilo 3 ajJropuTMy Ta MPOBEACHO
KOMIT FOTEpHI €KCIIEpUMEHTH; Yy CTaTTi [24] mpoBeAeHO aHali3 iCHYIOYHMX METOJIIB
IUTaHYBaHHA Mapuipyty pyxy AMC, 3anpornoHOBaHO BHUKOPUCTAHHSA MIIXOTy
CUTYAIIHHOTO YIPaBJIiHHS 10 BUPIIICHHS 3aBIaHHS JUHAMIYHOTO TEperuiaHyBaHHS
MapHipyTiB y pa3l BUHUKHEHHs HemepeadadeHuX 30ypeHb B OTOUYCHHI; y PO3MiIi
MoHorpadii [25] 3anTponOHOBAHO IMIUIEMEHTAIIIF0 MOJIE1 CIIPUUHSTTS 10 BUPIIICHHS
3aBaanHsa Hapiramii AMC, moOymoBaHo mpaBujia il mojaHHs 3HaHb AMC mpo
OTOYCHHSI, BUKOHAHO MPOEKTYBAHHS, allapaTHy Ta MpOrpaMHy peainizailito ¢i3sudHoi
moxeni AMC, cdopMoBaHO TPOTOKOIM Ta TMPOBEACHO cepii HATypHUX 1
KOMIT FOTEPHUX EKCIIEPUMEHTIB, BAKOHAHO aHaJIi3 OTPUMAaHUX PE3YIIbTATIB.

Amnpoodanisi maTepiajiB aucepramii. MaTtepianu auceprarii JOMOBigaMKCS Ta
O0OTOBOPIOBAIMCS HA TaKWX HAYKOBUX KOH(pepeHIisax: 6-ta MixHapogHa HAYKOBO-
TexHiuHa KoH(pepeHmis «ladopmarniitai cucremun Ta TexHomorii» (Kobmeso, 11-16
BepecHs 2017 p.) [27]; 30-ta, 31-ma, 32-ra, 33-t1 MixkHapOAH1 HAYKOBO-TIPAKTUYHI1

koHPepeHii «lHpopMalliiiHO-KepyoUl CUCTEMH Ha 3alI3HUYHOMY TPAHCIOPTI»
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(XapkiB, 26-27 xoBtHs 2017 p., 24-26 xoBTHs 2018 p., 24-25 xxoBTHS 2019 p., 30

xoBTH 2020 p.) [28-32]; HaykoBo-mpakTHYHa KOH(pEpeHIs «3acToCyBaHHS
CyxonyTHux BiMcbK 30pOoWHUX cui YKpaiHu y KoH(pIIKTax cydacHocT (JIbBiB, 16
mucromana 2017 p.) [33]; 80-ta MixHaponHa HAyKOBO-TEXHIYHA KOH(DepeHIis
«P0O3BUTOK HAayKOBOi Ta IHHOBALIWHOI JISJIBHOCTI Ha TpaHcHopT» (XapkiB, 24-26
kBiTHa 2018 p.) [34]; 9th International IEEE Conference Dependable Systems,
Services and Technologies (KuiB, 24-27 tpaBus 2018 p.) [26]; III Bceykpaincbka
HayKoBO-TexHIYHa KoH(pepeHuis «CyyacHl 1HQoOpMaLiiHI TEXHOJOri, 3acoou
aBromartu3aiii Ta eiexkrponpuBoa» (Kpamartopcek, 18-20 kBitHs 2019 p.) [35]; X
MixHapoHa HayKOBO-TIpakTU4YHa KoH(pepeHuis «CyyacHi NpoOeMHu 1 TOCATHEHHS B
rajry3i pagloTeXHIKH, TEIEKOMYHIKAI Ta 1HGOPMAILIITHIX TEXHOJOT1i» (3amopixoKs,
07-09 xoBtHst 2020 p.) [36]; XIII MixkHapoaHa HAyKOBO-TPAKTUYHA KOH(EPEHIis
«Iadopmartiiini rexnosorii 1 aBromatu3airiss — 2020» (Oneca, 22-23 sxoBTHs 2020 p.)
[37].

Crpyktypa Ta o0car amcepraumii. Jluceprauis CcKiIagaeTbcs 3 BCTYILY,
YOTUPHOX PO3JLTIB, BUCHOBKIB, CIIUCKY BUKOPUCTAaHUX JUKEped Ta AoAaTKiB. [loBHUMH
o0csr pob0TH CTAaHOBUTH 155 CTOPIHKHU IPYKOBAHOTO TEKCTY, 3 HUX aHOTaIlis — Ha 13
CTOpIHKaX, 3MICT — Ha 3 CTOpIHKaXx, Mepesiik YMOBHUX TO3HAaUYe€Hbh — Ha 1 CTOPIHII,
ocHOBHUH TeKcT — Ha 111 cropinkax, cnucok 13 137 BUKOpUCTaHUX JKepen — Ha 15
CTOpiHKax, AoJaTku — Ha 11 cropinkax. Jucepramis Mictuth 30 pHCYyHKiB, Ta 6

TaOIMIb, 3 SKuX 1 Ha 1 OKpemii CTOpIHIII.
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