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Pedepar:

1. V nepmomy po3zini 3ocepenKyeTbCs yBara Ha iHpopMaliiiHUX TEXHOJIOTISX, SIKi € BaKJIMBUM aCIIEKTOM
Cy4aCHOTO CYCIIiJIbCTBa, BU3HAYAI0YM PO3BUTOK Ta QYHKLIOHYBAHHS Pi3HUX cdep JI0ACHKOI OisiTbHOCTI.
Onucyetbcs 6azyBaHHS iHQOpMaLIiTHAX TEXHOJIOTIN Ha 06poOL, epenayi Ta 30epiraHHi JaHUX 3a JOIIOMOTOI0

KOMIT'IOTEPIB Ta iHINX TEXHIYHUX 3ac00iB. TaKOX 3B€PTAETHCS yBara Ha KJII0YOBY XapaKTE€PUCTUKY iH(pOpMaLiHUX



TEXHOJIOTI! - MIBUIKICTb 06POOKH Ta Nepefadi JaHUX, sIKa 3pOCJIa 3aBASKY IIOCTIHOMY PO3BUTKY allapaTHUX Ta
IIpOrpaMHUX 3aco6iB. Taki TEXHOJIOTii BUKOPUCTOBYIOTHCS B Pi3HUX Tajy3siX, BKIIOYa04y 6i3HeC, MeQULMHY, HAyKy
Ta OCBiTy. KpiMm TOro, posrisgaeTrbes poJib iHpOopMaLiiHUX TeXHOJIOTIH y 3abe3eyeHHi 6€311eKU JaHUX, 30KpeMa
3aXUCT BiJl HECAaHKL[iOHOBAHOTO JOCTYIY Ta KibepaTak. ONUCYOThCs KOHLeNLii "[HTepHeTy peueil”, ge 06'eKTu
OTOYYIOUOTO CepeloBuIIa 06J1afHaHI CEHCOpaMu Ta 3haTHI 0OMiHIOBaTHCS TaHUMU. PO37in TaKOX OXOILIIOE
KibepdizuuHi iHpopmalifiHi TeXHOJIOTI, 1[0 MPeCTaBASIOTh iHTerpariio Qi3uYHuX cucTeM 3 iHpOpMalLitHUMU Ta
KOMVHIKalilHUMU Te€XHOJIOTisIMAU. Llel minxis cTBOpIOE €eIMHY €KOCUCTEMY, CIIPSIMOBAaHY Ha CTBOPEHHS
IHTEJIEKTya/IbHUX, aBTOHOMHUX CHUCTEM, SIKi [I0€AHYIOTh PEAJIbHUN CBIT 3 BipTyaJIbHMM. 3a3HA4a€THCH, 110
KibepdisuuHi iHbopMalifiHi TeXHOJIOTI 103BOJISIOT B3AEMOAISITU 3 Pi3YHNMU 00'€KTaMU B peajIbHOMY 4aci,
BHMKOPHCTOBYIOUM PO3YMHi aJIFCOPUTMY, laBadi Ta Mepexxi 3B'a3Ky. Taki TeXHOJIOTii BK/II0YalOTh B c€6€ BUKOPUCTaHHS
PO3YMHUX CEHCOPIB, 36ip JaHuX 3 (Pi3NYHMX 00'€KTIB Ta IXHIO iHTErpalilo 3 XMapHUMU CUCTeMaMu OO6POOKY Ta
aHazi3y JaHux. Y raaysi mpoMUCI0BOCTI Kibepdiznyni indopmaniiiHi TeXHOOTii MOXYTb OyTH 3aCTOCOBaHi 17151
CTBOPEHHS "pPO3yMHUX 3aBO[IiB", e CUCTEMHU aBTOMATH3allii Ta MOHITOPUHTY B3a€MOIIIOTh 3 OOJIalHAHHIM Ta
[IEPCOHAJIOM. Y MEJUIMHI 11i TEXHOJIOTii MOXYTb MiTPUMYBAaTH CTBOPEHHS iHTEJIEKTyaJIbHUX MEAUYHUX CUCTEM Ta
IIPUCTPOIB IJ1s1 AiarHOCTUKMU Ta JIiKyBaHHSL. 3arajaoMm, KibepdizniHi iHpopmaliiiHi TeXHOIIOrii BU3HAYAIOTh HOBUI
piBeHb iHTerpanii Mix QiznyHuM Ta 1MGPOBUM CBiTOM, BiIKpUBAIOUX HOBI [1I€PCIIEKTUBU IJIs1 PO3BUTKY
iHTeJIeKTyaJIbHUX CUCTEM Ta ONTUMI3alii pisHux ranyseii gisibHoCTi. Po3nin npencrasiisie co6010 BCEOIYHUI OIS
Cy4aCHOTO CTaHy NapaJirMy IITY4YHOTO iHTEJIEKTY, 10 AO3BOJISIE ar€eHTaM BUBYATH ONTUMAJIbHI CTpaTerii yepes
B3a€MOJIII0 3 HABKOJIMIIHIM CEPEeOBULIEM. 3a3HAYAETHCS, 1110 32 OCTAHHI POKY HAaBYaHHS 3 MiAKPIIJIEHHSIM 3a3HAJIO
3HAYHOIO IIPOrPecy 3aBIsKU MeTOaM ITIMOOKOTO HaBYaHHS, 301/IbII€HHIO 00YMCIIIOBAJIbHUX IIOTY>KHOCTEN Ta
HOBUM aJITOPUTMIYHUM po3pobKam. Po3zin Hazae OO pyHTYBaHHS TEOPETUYHUX 3aCaji HABYaHHS 3 MiAKPIIJIEHHSIM,
BKa3YyI04YM Ha BU3HAYHI JOCSITHEHHS, BUKJIMKM Ta NOTEHLiMHI MallOyTHI HANIPSIMKM Yy il ranysi. Oco6iuBa yBara
IIPUIIISIETHCS KIIIOYOBUM KOHLIETIiSIM Ta MepeloBUM JOCIiIKEeHHSIM, 110 [103BOJISIOTh 3p0OUTY BUCHOBOK IIPO
IIporpec, JOCATHYTUI y HaBYaHHI 3 IiAKPIIJIEHHSIM Y Pi3HUX cepax, TAaKUX IK poOOTOTEXHIKa, irpoBi TexHoJIOrii Ta
CHACTEMU NPUMHSATTS pilleHs. el po3nin MicTUTh y cobi 3ibpaHy Ta cuCTeMaTU30BaHy iHpOpMaliio moJo
MIOTOYHOTO CTaHy AOCJI>KEHb Y rajy3i HaB4aHH4 3 MiJKPINJIEHHSIM, HaJAl04UM YUTa4vy [TIOBHY KaPTUHY LI0ZI0
IOCSITHEHb, BUKJIMKIB Ta NIE€PCIIeKTUB Liiei BaXXJINBOi 06J1aCTi IITYYHOTO iHTesIeKTy. Jpyruil po3aisn NpucBsYeHui
IleTaJIbHOMY aHaJjli3y cepeloBUlll, B SKUX IIPOBOJUIIMCS €KCIIEPUMEHTH 3 BUKOHAHHS 33/1a4 B KOHTEKCTi HaBUYaHHS 3
HNigKPIiNIeHHSIM. B 1bOMY pO311iJli PO3IJISIAETHCS 3aJI€XKHICTh MBUIKOCTI HABYAHHS CUCTEMY B METOJIi HABYAHHS 3
MiIKPINIEHHSM BiJl KiJIbKOCTi B3a€EMHO HE3aJIEXKHUX MOJYJIIB, @ TAKOX ITOPiBHSIHHS MOXKJIMBOCTEN CUCTEM
IIOIIYKOBUX MOZYJIB Ta OKPEMHUX 00'€KTiB y IIOLIYKY 1iijiell i3 HEBiIOMUM MiCLIE3HAXOIIKEHHSM BilOMOMY
CEepeLoBUIi 3a JOIIOMOIOI0 aJITOPUTMIB HABYAHHA 3 MiZKPIMIEeHHAM. TaKoX HOCIiIKYIOTbCS MOKJIUBOCTI
retTeporeHHux pois BI1JIA 3a 0r1oMOro HaBYaHHA 3 MiGKPINJIEHHAM Ta CUCTEMU IIPUMHATTSA pilleHb 3
BHUKOPHCTaHHSIM HaBYaHHS 3 MiIKPIIllJIEHHSIM [1J1S1 KEPYBaHHS reTePOTreHHUMU POSIMU 6e3MiJIOTHUX JIiTaJIbHUX
anaparis. Y IbOMy pO3[iJli IOAAHO ONMC CEPELOBUI, B IKMX [IPOBOJUIINCS €KCIIEPUMEHTH, iX XapaKTEPUCTUKU Ta
IapameTpy, a TaKOXK METOAMKY Ta MIPOLielypyU NPOBEJEHHS eKCIIePUMEHTIB. PO31isl TaKOX pO3Iigia€e pe3yabTaTi
€KCIIePUMEHTIB Ta iXHI0 iHTepIpeTallilo, 0 T03BOJIsIE 3DOOUTY BUCHOBKY MO0 €(EKTUBHOCTI 3aCTOCOBAaHUX
METO/IB Ta MiXOiB y BUPIlI€HH] 3a1a4 B KOHTEKCTI HaBYaHH4 3 MIIJKPIIVIEHHSM Y Pi3HUX CEPENOBUILAX T
CLeHapigx. Y Ipyromy po3sfiji IpoBELEHO NOCiI>)KEeHHS], CIIPSIMOBAaHE Ha BU3HAYEHHS 3aJIEXKHOCTI IIBUAKOCTI
HaBYaHHS CUCTEMU B METOJIi HABYAHHS 3 MiIKPINJIEHHSIM Bill KiJIbBKOCTI B3a€EMHO HE3AJIEXKHUX MOLYJIIB Y
cepenoBulli. BinnoBinHO 40 ONMCaHUX [TapaMeTPiB Ta yMOB €KCIIEpUMEHTY, 6yJI0 06paHO TP OJJHAKOBUX
CEepeloBUIIA, B KOKHOMY 3 SIKMX 3HAXOJUTbCS Pi3HA KiJIbKICTb 00'€KTiB JOCiIKEHHS: OJUH, II'SITh i 1€CSITh

BianoBinHO. O6'eKTU JOCHiIKEeHHS OYy/IM OGHAKOBUMHU Yy KOXKHOMY CEPETOBUIL.

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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