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Pedepar:

1. Y nepuomy po3spisni 3ocepeKyeTbCsl yBara Ha iHpopMaliliHUX TeXHOJIOTISIX, SIKi € BaKJIMBUM acCIIeKTOM
Cy4aCHOTO CYCIIiJIbCTBA, BU3HAYAI0YM PO3BUTOK Ta (PYHKLIOHYBAaHHS Pi3HUX cep JIOACHKO]I OisiIbHOCTI.
Omnmucyetbcs 6a3yBaHHs iHQOpPMaLIITHUX TEXHOJIOTIN Ha 06poO61Li, nepenayi Ta 36epiraHHi JaHNX 32 LOIIOMOTOIO
KOMIT'IOTEPIB Ta iHIINX TEXHIYHUX 3ac06iB. TaKOX 3BEPTAETHCS yBara Ha KJII0YOBY XapaKTePUCTHUKY iH(popmMaLiiiHUX
TEXHOJIOTI! - MIBUIKICTb 06POOKH Ta Nepefadi JaHUX, sIKa 3p0CJia 3aBASIKY IIOCTIHOMY PO3BUTKY allapaTHUX Ta
IIPOrpaMHUX 3ac06iB. Taki TeXHOJIOTii BUKOPUCTOBYIOTbCS B Pi3HUX Trajly3sx, BKJIIOYal0YM O6i3HEC, MEJULIMHY, HAYKy

Ta ocBiTy. Kpim TOro, posrisaaersbcs poJib iHpopMaLiiHUX TeXHOJIOTIH y 3abe3eyeHHi 6€311eKU JaHUX, 30KpeMa



3axUCT Bifi HECAHKLIIOHOBAHOTO JOCTYIy Ta KibepaTak. OnucyoTbcs KOHLenii "[HTepHeTy peveit’, e 06'eKTu
OTOYYIOUOI'0 CepeloBuIIa 00J1afHaHI CEHCOpaMU Ta 3[aTHI 0OMIHIOBaTHCS JaHUMU. PO31in TaK0X OXOILIIOE
KibepdizuuHi iHpopmaliliHi TeXHOJIOTI, 1110 MpeCTaBAsSIOTh iHTerpariio Qi3uyHuX cucTeM 3 iHpopMalLiiHUMU Ta
KOMVHIKalLilHUMU TE€XHOJIOTisIMAU. Llel miaxis CTBOPIOE €IMHY €KOCUCTEMY, CITPSIMOBAHY HAa CTBOPEHHS
iHTeJIeKTyalbH1X, aBTOHOMHUX CHUCTEM, SIKi TIOE€LHYIOTh PEAJIbHUM CBIT 3 BipTyaJlbHMM. 3a3HAa4a€ThHCS, 110
KibepdisuuHi iHopMalifiHi TeXHOJIOTI 103BOJISIIOTh B3aEMOAISITU 3 Pi3YHNMU 00'€eKTaMU B peajlbHOMY 4aci,
BHMKOPHCTOBYIOYM PO3YMHi aJIFOPUTMY, aBadi Ta Mepexxi 3B'43Ky. Taki TeXHOJIOrii BK/II0YalOTh B C€6€ BUKOPUCTaHHS
PO3YMHMX CEHCOPIB, 30ip JaHuX 3 Pi3yHUX 00'€KTIB Ta iXHIO iHTerpalilo 3 XMapHUMU CUCTEMaMU OOPOOKU Ta
aHasizy JaHux. Y ranysi mpoMucioBocTi KibepdisuuHi iHdopMalifiHi TexHOoJIorii MOXyTh OYTH 3aCTOCOBaHI JIs
CTBOPEHHS "pPO3yMHUX 3aBO[IiB", e CUCTEMHU aBTOMATH3Aallii Ta MOHITOPUHTY B3a€MOIIIOTh 3 OOJIaIHAHHIM Ta
[IEPCOHAJIOM. Y MEJULVHI 11i TEXHOJIOTii MOXYTb i TPUMYBAaTH CTBOPEHHS iHTEJIEKTyaJIbHUX MEAUYHUX CUCTEM Ta
IIPUCTPOIB IJ1s1 OiarHOCTUKMU Ta JIiKyBaHHS. 3arajaom, KibepdizniHi iHpopmaliiiHi TeXHOIIOrii BU3HAYAIOTh HOBUI
piBeHb iHTerpanuii Mix QiznyHuM Ta LUGPOBUM CBIiTOM, BiIKpUBAIOUX HOBI [1IEPCIIEKTUBU JJIs1 PO3BUTKY
iHTeJIeKTyaJIbHUX CUCTEM Ta ONTUMI3alii pi3sHux ranyseil gisipbHOCTI. Po3nin npencrasiisie co6010 BCEOIYHUI OIS
Cy4aCHOTO CTaHy NapafiIuTMU WTY4YHOTO iHTEJEKTY, 1110 JO3BOJIS€ areHTaM BHUBYATH ONTUMAJbHi CTpaTerii yepes
B3a€MOJIiI0 3 HABKOJIMIIHIM CEPEeOBULIEM. 3a3HAYAETHCS, 1110 32 OCTAaHHI POKU HAaBYAHHS 3 HiAKPIIJIEHHSIM 3a3HAJIO
3HAYHOIO IIPOrPECy 3aBISIKU METOAaM ITIMOOKOTO HaBYaHHS, 30i/IbIIEHHIO 00YMCIIIOBAJIbHUX IIOTY>KHOCTE! Ta
HOBUM aJITOPUTMIYHUM po3pobOKam. Po3zin Hafae OOIPyHTYBAHHS TEOPETUYHUX 3aCa/i HABYaHHS 3 MiAKPIIJIEHHSIM,
BKa3yl04YM Ha BU3HAYHI JJOCATHEHHS], BUKJIMKY Ta NIOTEHLINHI MailOyTHI HANPSMKM Y Liii ramysi. Oco6snBa yBara
MIPUIIJIIETHCS KIIOYOBUM KOHIEMIiSIM Ta TIePEeIOBUM JOCIiIKEHHSIM, 110 TO3BOJISIIOTh 3pOOUTH BUCHOBOK ITPO
IIporpec, JOCATHYTUI Y HaBYaHHI 3 IiAKPIIJIEHHSIM Y Pi3HUX c(pepax, TAaKUX 1K pOOOTOTEXHIKa, irpoBi TexHOJIOrii Ta
CHCTEMU IIPUNHATTA pimeHs. el po3nin MicTuTts y cobi 3ibpany Ta cucteMaTr3oBaHy iHpopMaIliio momo
IIOTOYHOTO CTaHy AOCJIPKEHb y rajy3i HaB4aHH4 3 MiJKPIMJIEHHSIM, HaAl0YU YUTavy [TIOBHY KaPTUHY LI0ZI0
IOCSITHEHB, BUKJIMKIB Ta NIE€PCIIEKTUB Lliei BaXXJINBOi 06J1aCTi IITYYHOTO iHTesNIeKTy. Jpyruil po3ain NpucBsYeHui
IeTaJIbHOMY aHaJsli3y cepeloBUll, B SKUX IIPOBOJMIIMCS €KCIIEPUMEHTH 3 BUKOHAHHS 33/4a4 B KOHTEKCTi HABUYaHHA 3
MiIKPINIeHHIM. B 1bOMy pO31iJli PO3IJISIA€THCS 3aJI€KHICTb MBUIKOCTI HABYAHHS CUCTEMY B METOJIi HABYAHHS 3
MiJKPINJIEHHSM BiJl KiJIbKOCTi B3a€MHO HE3aJIEXKHUX MOJYJIIB, @ TAKOXK ITOPIiBHSIHHS MOXKJIMBOCTEN CUCTEM
IIOIIYKOBUX MOZYJIiB Ta OKPEMHUX 00'€KTiB y IIOLIYKY LiijIeH i3 HEBiIOMUM MiCLIE3HAXOIIKEHHSM BilOMOMY
CEpenoBuIIi 33 JOIOMOTIOI0 AJITOPUTMIB HABYAHHS 3 MiIKPINIeHHIM. TakoX IOCIiIKYIOTbCS MOXKJIMBOCTI
reTeporeHHUx poiB BI1JIA 3a ONIOMOroI0 HaBYaHHS 3 MiIKPINJIeHHSIM Ta CUCTEMU NPUIHSATTS PillleHb 3
BMKOPHCTaHHSIM HaBYaHHS 3 MiIKPIMlJIEHHSIM [1J11 KEPYBaHHS F€T€POr€HHUMU POSIMU O€3MiJIOTHUX JIiTaJIbHUX
amaparis. Y IbOMYy pO3[iJli IOAAHO ONMC CEPELIOBUII, B IKMX IPOBOJUIINCS €KCIIEPUMEHTH, iX XapaKTEPUCTUKU Ta
rapameTpy, a TAKOXK METOAMKY Ta MIPOLeIyPU NPOBEIEHHS €KCIIEPUMEHTIB. PO31isl TaKOX pO3Iigae pe3yabTaTi
€KCIIepUMEHTIB Ta iXHI0 iHTepIpeTallilo, [0 [03BOJIsIE 3DOOUTH BUCHOBKU 100 €(EeKTUBHOCTI 3aCTOCOBaHUX
METOZIB Ta MigXOLiB y BUPIlIEHH] 3a1a4 B KOHTEKCTI HaBYaHH4 3 MIIKPIIVIEHHAM Y Pi3HUX CEPENOBUILAX Ta
ClieHapisx. Y IpyroMy po3fiji IpoBeeHO NOCAiIKeHHs, CIIPSIMOBaHe Ha BU3HAY€HHS 3aJI€XKHOCTI IBUIKOCTI
HaBYaHHS CUCTEMU B METO/i HABUYAHHS 3 MiJKPIIlJIEHHSM Bifi KiJIbKOCTi B3a€MHO He3aJIeKHUX MOAYJIIB y
cepenoBulli. BinnoBinHO 40 ONMCAaHUX [TAapaMETPiB Ta YMOB €KCIIEPUMEHTY, OyJI0 06paHO TP OJJHAKOBUX
CEepEeOBUIIA, B KOKHOMY 3 SIKUX 3HAXOIUTbCS Pi3HA KiJIbKICTb 00'€KTiB JOCIIIKEHHS: OJUH, II'SITh i 1E€CSTh

BianoBinHO. O6'eKTU JOCHIIKEHHS Oy/IN OOHAKOBUMHU Yy KOXKHOMY CEPEeIOBHIL.

2. The first chapter focuses on information technologies, which are an important aspect of modern society,
determining the development and functioning of various spheres of human activity. It describes the basis of
information technology on the processing, transmission and storage of data using computers and other technical
means. Attention is also drawn to the key characteristic of information technology - the speed of data processing
and transmission, which has increased due to the constant development of hardware and software. Such
technologies are used in various industries, including business, medicine, science and education. In addition, the
role of information technology in ensuring data security, including protection against unauthorized access and
cyberattacks, is considered. The concepts of the "Internet of Things" are described, where environmental objects



are equipped with sensors and are able to exchange data. The section also covers cyber-physical information
technologies, which represent the integration of physical systems with information and communication
technologies. This approach creates a unified ecosystem aimed at creating intelligent, autonomous systems that
combine the real world with the virtual world. It is noted that cyber-physical information technologies allow you
to interact with physical objects in real time, using smart algorithms, sensors and communication networks. Such
technologies include the use of smart sensors, data collection from physical objects and their integration with
cloud-based data processing and analysis systems. In industry, cyber-physical information technologies can be
used to create "smart factories” where automation and monitoring systems interact with equipment and
personnel. In medicine, these technologies can support the creation of intelligent medical systems and devices for
diagnosis and treatment. In general, cyber-physical information technologies define a new level of integration
between the physical and digital worlds, opening up new prospects for the development of intelligent systems and
optimization of various industries. The chapter provides a comprehensive overview of the current state of the
artificial intelligence paradigm, which allows agents to learn optimal strategies through interaction with the
environment. It is noted that reinforcement learning has made significant progress in recent years due to deep
learning methods, increased computing power, and new algorithmic developments. The chapter provides a
rationale for the theoretical foundations of reinforcement learning, pointing out the significant achievements,
challenges, and potential future directions in the field. Particular attention is paid to key concepts and cutting-
edge research that informs the progress made in reinforcement learning in various fields, such as robotics, gaming,
and decision-making systems. This chapter provides a compiled and systematic summary of the current state of
research in reinforcement learning, providing the reader with a comprehensive picture of the achievements,
challenges, and prospects of this important area of artificial intelligence. The second section is devoted to a
detailed analysis of the environments in which the reinforcement learning task experiments were conducted. This
section discusses the dependence of the system learning rate in the reinforcement learning method on the
number of mutually independent modules, as well as the comparison of the capabilities of search module systems
and individual objects in finding targets with unknown locations in a known environment using reinforcement
learning algorithms. The capabilities of heterogeneous UAV swarms using reinforcement learning and a decision-
making system using reinforcement learning to control heterogeneous UAV swarms are also investigated. This
chapter describes the environments in which the experiments were conducted, their characteristics and
parameters, and the methodology and procedures for conducting the experiments. The chapter also discusses the
results of the experiments and their interpretation, which allows us to draw conclusions about the effectiveness of
the applied methods and approaches in solving problems in the context of reinforcement learning in different
environments and scenarios. In the second section, we conducted a study aimed at determining the dependence of
the system learning rate in the reinforcement learning method on the number of mutually independent modules in
the environment. In accordance with the described parameters and conditions of the experiment, three identical
environments were chosen, each with a different number of research objects: one, five, and ten, respectively. The

research objects were the same in each environment.
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