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1. Incepraniiina po60Ta IpucBsIYeHa po3podiii Ta OCTIIKEHHIO aJITOPUTMIB KEpyBaHHS Ha OCHOBI IJIMOOKOTO
HaBYaHH! 3 NiAKPIMJIeHHsIM Ta iMiTaljii 1715 3324 aBTOMAaTHU30BaHOro Jorsay. [IpobiemaTuka, 110 JIeXUTb B OCHOBI
IOCJiIKEHHS, € HaI3BUYANlHO aKTyaJIbHOIO 3 OIJISIy Ha IJ100abHi geMorpadiuHi 3MiHY, Ki IPOSIBISIOTLCS Y
CTapiHHi HacesIeHHs Ta HeCTadvi JIIOACHKUX PECYPCiB AJ1s1 3ab6e3eyeHHs] IOBHOLIHHOTO OISy 3a MallieHTaMU.
MeTo10 OoCTIiI>KEeHHS € CTBOPEHHSI QJIFTOPUTMIB, 30ATHUX KepyBaTh pOOOTU30BAaHUMU CUCTEMaMU JIJIs1 33114
IOTJIs1y, 3ab€e31e4youy Py [[bOMY BUCOKY aIalITUBHICTb, 6€31eKy Ta e(PeKTHUBHICTb Y Hellepe0auyBaHUX YMOBaX.

Jucepralis CKIaJaeThCs i3 ceMu PO37ifiB, y AKMX JeTalbHO PO3IJISHYTO SIK TEOPETUYHI OCHOBU METO/IiB INIMOOKOTO



HaBYaHHS 3 MiJKPINJeHHsM, TaK i IPaKTUYHi aCMeKTH iX peasnizalii 175 cucteM pob0TU30BaHOrO NOraaay. ¥
[IepIIOMY PO3Tisi PO3IJISIHYTO 3arajibHi Ipo6aeMyu POG0TU30BAHOTO IOTJISALy B KOHTEKCTI II106aIbHUX
IemorpadiyHux 3MiH Ta cyyacHUX BUKJIMKIB. Oco6s1Ba yBara npufisieHa norpedam YkpaiHy, fie BifiHa 3Ha4HO
30i1b1IMIIa KiJIBKICTB JIIOJIE€H, SIKi IOTPeOYIOTh TPUBAJIOTO AOIJIAy Ta peabinitauii. BusHaY€HO KIII0YOBi TEXHIUHI Ta
COLliaJIbHI NTePEMKOIN [1JIs1 BIIPOBAIKEHHS aBTOMAaTU30BAHUX CUCTEM, CEPE, SIKUX BUCOKA BAPTICTh, TEXHIYHA
CKJIaJIHICTb Ta HEOOXiHICTb 3abe3redeHHs 6e3neKku mif yac ¢pisuyHoi B3aeMogii 3 natieHtamu. Jpyruit posain
30CEPEIHKEHO Ha PO3po0LIi CTpaTeriii KepyBaHH4, 10 3a6€31e4yI0Th POOACTHICTh Ta CTiMKiCTh POOOTU30BAHUX
crcTeM. 3alIpOIIOHOBAHO HOBI METOIM Ha OCHOBI AU(Y3iliHMX CTpATETil Ta aJIFOPUTMIB HABYAHHS 3 IiIKPIIlJIEHHSIM,
1[0 [103BOJISIOTh 3MEHIINTH PU3UKN BUHMKHEHHS IIOMUJIOK y MOBeiHIi poboTa. 3HAUHY yBary NpuaijieHo po3pooiii
niAxXoiB A1 onTUMI3aLlii LibOBUX QYHKIH, 110 1O3BOJISIIOTh CUCTEMaM e(PeKTUBHO BUKOHYBATH 3aB/IaHHS HaBiTh B
YMOBaX OOMEXEHOI KiJIbKOCTi HABUAJIbHUX JAHUX. Y TPETbOMY PO3/iJli JOCiIKEHO METOAY HaBUAHHS Bi3yaJbHUX
HEPOMEPEXKEBUX CTPATerill 1151 KepyBaHHS cucTeMamu forisny. [Ipobiaema nossirana y Heo0XigHOCTi 06po6Ku
HETOBHUX ab0 HETOYHMX JIaHUX CEHCOPIB, 110 XapaKTePHO sl peajlbHUX YMOB eKCIlTyaTallii poOOTiB.
3anpornoHOBaHO apXiTEKTYpPy HEMPOHHOI MEPEXI, SKa 3abe3Ieuye CTabijibHe KepyBaHHS HA OCHOBI Bi3yaslbHOI
iHdopmatii 6e3 NpuBiNeoBaHUX NaHUX. Pe3ynbTrat cUMyJISILi y cucTeMax Assistive Gym nokasanu BUCOKY
eEeKTHBHICTh 3alPONIOHOBAHUX CTPaTeTii. YeTBepTUil po3mis MPUCBIYEHO PO3POOIli METOIB PAaHHBOTO BUSIBJIEHHS
aHOMaJIbHOI [1I0BeIiHKY HepOMepeXXeBUX CTpaTeriil [J1s MiJBUILEeHHs 6e3Meku cucteM gorsay. OCHOBHI criocobu
OLIiHKM PU3MKy 200 aHOMaJIbHOCTi CTpaTerii BKJII04aloTh aHCaM06J1i TPOTHO3HUX MoJeiel. B po3ini crioyarky
TOCTIIKYIOTBCSI MOZIEJIi TAKOTO TUITY, ix Bapiawii Ta Mmogudikauii. JJasi BUBOGUTLCS METOJ, SKUA BUKOPHUCTOBYE
HOPMaJi3yodi IOTOKU 71 MOZIeJII0BaHHS OYiKyBaHOI IIOBEiHKM CUCTeMU Ta ineHTUdikalii Biix1ieHb y peaJbHOMY
yaci. Bin 6a3yeTbcst Ha iCHYI0YOMY METO/Ii BUSIBJIEHHSI aHOMaJIill B 4aCOBUX pAliax, 30aTHOMY OLIiHIOBAaTH
QHOMAJIbHICTD PALY TiZIbKU MAlO4M IOBHUM 4aCOBUM P, ajle IIPU LbOMY TT03BOJISIE BUSBJIATU aHOMAJIII B peaslbHOMY
yacy sikoMmora paHime. Y m'sTomy po3zisi B GOKycCi ONMHSETHCS KIaC METOMiB BUBYEHHSI KEPOBAHOTO CEpeloBULIA.
3arasioM Taki METO[IY 4,03BOJISIIOTh 3HU3UTU PO3MIPHICTh IPOCTOPY CTaHIB CEPeIOBUILA TAKUM YAHOM, 1106
OTPUMaHUM IPUXOBAaHMI ITPOCTIp CTaHiB MaB AMHAMIKY, sIKa € [J1aJKO abo JIOKAJIbHO-JIiHINHO. 3aCTOCYBaHHS
NOAIiGHMX MEeTOZIB 1O 33/1a4i aBTOMaTU30BAHOTO JOTJISANY AO3BOJIUIIO 6 HiIBULIUTY iHTEPIIPETOBAHICTh CTPATETiH, a
BiATIOBiHO i 36i/1bIIKTH Ge3nevyHicTs cucteMu. lllocTrit po3fin 3ocepepkeHo Ha TpobsieMax KOIyBaHHS Il Ta
onTUMi3allii IpefcTaBieHb [JIs1 KepyBaHHS CUCTEMaMU AOIJIsSAy. 3alPOIIOHOBAHO MiJIX0O1 Ha OCHOBI Y3rOJKEHOCTI
3 KOJIyBaHHSM [Iiii, 10 JO3BOJISIIOTh CTa6ii3yBaTH OBEAiHKY CUCTEMU Ta 3a0€311eUnTH POGACTHE KePyBaHHS HaBITh
y IVHaMiYHUX CE€pPelOBUIIAX i3 CKIaIHUMU MPpocTopamu Aiid. CboMuUii po31is MPUCBSIYEHUI po3pooLi LiicHOl
6araTOKOMIIOHEHTHOI CMCTeMU KePYBaHHsI 17151 3a71a4 poOOTHU30BaHOrO AOIJISIAY Ha 6a3i HelipoMepekeBUX
crpareriil. Cllo4aTKy 3alIpOIIOHOBAHO i peasnizoBaHo Qi3uyHy CUCTEMY KePYBaHHS [1J14 3aa4 F'OJyBaHHS 3
BUKOPUCTAaHHSAM METO/IB HaB4YaHH4 iMiTaniero. OTpuMaHa cucTema IigTPUMKU IPUMHATTS PillleHb € HACKPI3HOIO,
TOOTO TaKOIO B SIKill KEpyBaHHS peasli3yeTbCsl HEMPOHHOIO MEPE’KEeIo 32 CEHCOPHUMY CUTHAJIaMU Ta BUXOJaMU
iHIINMX HEMPOHHUX MepexX. lle 3HIKye BapTiCTh CUCTEMU 3MEHIIYIOUY 3aJI€5KHICTD BiJl JOPOTUX KOMIIOHEHT. Bynu
JOCJIIPKEHI TOKA3HMKY YCIIIHOCTI ITOPiBHIOBAHUX QJITOPUTMIB, a TAKOK TOYHICTh CUCTEMU PAHHBLOTO BUSIBJIEHHS
aHOMaJIil NIpM Pi3HMX MOPOrOBUX 3HAYEHHSAX. [IpaKTUYHE 3HaYEHHSI OTPUMAaHMX PE3YJIbTAaTIiB MOJISITAE Y MOKJIUBOCTI
BHMKOPHCTaHHS 3aIIPOIIOHOBAaHUX METOIIB /1JIs1 CTBOPEHHSI €(PEKTUBHUX Ta JOCTYITHUX CUCTEM POOOTU30BAHOTO
IOTJISIY, IO MOXKYTh 3aCTOCOBYBATUCH y PeadiyliTalillHuX LJeHTpaxX, MEAUYHNUX 3aKjIafax Ta Ijisl JOMAaIIHbOIO
Iornaay. BipoBamskeHHs TaKMX CUCTEM JO3BOJIUTh 3HAYHO 3MEHIINTH HAaBAaHTAKEHHS HA MEUYHUII [IEPCOHAJ Ta
3a0€3ne4YuTH SIKiCHU orJsy, 3a nauienramu. Pisnyna peasnisaliist 3alIporIoHOBaHOI CUCTEMU TAKOX Oysa

po3po6ieHa 3a pe3ysbTaTaMy AOCIiIKEeHb B paMKax POGOTH.

2. The dissertation is dedicated to the development and study of control algorithms based on deep reinforcement
learning and imitation learning for automated care tasks. The underlying research problem is highly relevant given
global demographic changes, characterized by an aging population and a shortage of human resources to ensure
comprehensive patient care. The aim of the research is to create algorithms capable of controlling robotic systems
for care tasks while ensuring high adaptability, safety, and efficiency in unpredictable conditions. The thesis
consists of seven chapters, which detail both the theoretical foundations of the methods and the practical aspects



of their implementation for robotic care systems. In the first chapter, general issues of robotic care are considered
in the context of global demographic changes and modern challenges. Particular attention is given to the needs of
Ukraine, where the war has significantly increased the number of people requiring long-term care and
rehabilitation. Key technical and social barriers to implementing automated systems, such as high costs, technical
complexity, and the need to ensure safety during physical interaction with patients, are identified. The second
chapter focuses on the development of neural network policies that ensure robustness and stability of robotic
systems. New methods based on diffusion policies and reinforcement learning algorithms are proposed to reduce
the risks of errors in robot behavior. Significant attention is paid to developing approaches for optimizing objective
functions, enabling systems to efficiently perform tasks even with a limited amount of training data. The third
chapter explores methods for training vision-based neural policies for managing care systems. The challenge was
to process incomplete or inaccurate sensor data, which is characteristic of real-world robot operation conditions.
A neural network architecture is proposed to ensure stable control based on visual information without privileged
data. Simulation results in Assistive Gym systems demonstrated the high efficiency of the trained policies. The
fourth chapter is dedicated to the development of methods for early detection of abnormal behavior in neural
policies to enhance the safety of care systems. The main ways of risk estimation in policies include ensembles of
predictive models. The chapter begins by exploring such models, their variations, and modifications. The fifth
chapter focuses on the class of methods for learning controllable environments (LCE). These methods generally
reduce the dimensionality of the environment’s state space so that the resulting latent state space exhibits smooth
or locally linear dynamics. The sixth chapter focuses on action encoding problems and representation optimization
for managing care systems. Approaches based on action encoding consistency are proposed to stabilize system
behavior and ensure robust control, even in dynamic environments with complex action spaces. The seventh
chapter is dedicated to developing a comprehensive multi-component control system for robotic care tasks based
on neural policies. A physical feeding control system using imitation learning methods was first proposed and
implemented. Mechanisms for trajectory smoothing and behavior correction were introduced for task adaptation.
The resulting decision support system is end-to-end, where control is implemented by a neural network using
sensor signals and outputs from other neural networks. This reduces system cost by minimizing dependency on
expensive components (precision actuators, lidars, multiple cameras) and demonstrates safety capabilities in
unpredictable environments involving patients and robots. All these capabilities were assessed in an empirical
study, where the method is applied to both simulated assistive feeding and arm manipulation tasks, and a physical
assistive feeding system. Success rates of the compared algorithms are studied along with the accuracy of the
early anomaly detection system with different thresholds. The practical significance of the obtained results lies in
the ability to use the proposed methods to create efficient and accessible robotic care systems for rehabilitation
centers, medical institutions, and home care. Implementing such systems will significantly reduce the burden on
medical personnel and ensure high-quality patient care. An actual physical implementation of the proposed system
has also been developed using the results of the research of the dissertation.
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