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1. Inceprauiiina po60Ta IpUcBsIYeHa po3poodLii METOIMKY I100YIOBY aJalITUBHUX KJIACTEPiB KOMITIOTEPHUX CUCTEM
17151 300py Ta 06po6ku iHpopmalii 3 npucTtpois loT. GopmyBaHHS epenoBUX MiIXOLiB 10 NOOYAOBU Ta
(yHKIIOHYBaHHS KJIaCTePiB KOMITIOTEPHUX CUCTEM, Ta PO3BUTOK Ha iX OCHOBI PO3NOJiNeHNxX 6a3 JaHUX IPUBEJIO O
BVHVKHEHHS Ta PO3BUTKY METOZIB PO3IOJiNIE€HHS] HABAHTAKEHHS MiX €JIeMEHTaMU Kinactepy. Cucremu [HTepHETY
peuetii (IoT) 3a3Bryaii 36MparoTh BEJIMKI OOCSATU JAHUX B peajbHOMY 4aci Bifl CEHCOpIB Ta [IPUCTPOIB. BukopucraHHs
6a3 jaHux yacoBux psfis (TSDB) Moxxe 6yTH nyke e(eKTUBHUM [J1s 30epiraHHs Ta aHasisy uux ganux. TSDB
crenianbHO po3po6iieHi A4J14 e(peKTUBHOrO 30€piraHHs Ta ONPALIIOBAHHS BEJIMKMX OOCSTIB Y4aCOBUX PSZIB JAHUX, 110

poouTs ix ineanpHUM BUOGOpOM a1 cucTeM [oT, ne mani yacTo nmpencTaiieHi y BUTsi yacoBux psigiB. barato TSDB



ONTMMIi30BaHi AJ1s IBUAKOTO YATAHHS Ta 3alMCy JAHUX, 110 BaXKJIUBO JJIs1 CUCTEM, SIKi [IPallol0Th B peajbHOMY 4aci,
Takux 5K cuctemu loT. TSDB MOXyTb HaJlaBaTH MO>KJIMBOCTI [1J1s1 BAKOHAHHS arperailiil Ta ONnpanioBaHHS JaHUX
6e3rocepenHbO B 6a3i JaHUX, 1110 3MEHIIYe HAaBAaHTaXE€HHS Ha J0JaTKOBI aHaliTUYHi iHCTpyMeHTH. 3pocTaioya
nonyssipHicTb 10T 3a 0cTaHHI POKM Pi3KO 3pOCTae Ta IMPOKO 3aCTOCOBYETHCS B Pi3HUX rajy3sx. 3 KOKHUM POKOM
KUIBKICTb HiIK/II04EHUX IIPUCTPOIB NPOJOBXKYE 3POCTATU. Bil OMalIHIX IPUCTPOIB 4O IPOMUCIIOBUX CUCTEM, [0T
HaJlae MOKJIUBICTh 30epiratu, o6pobaTy Ta 0OMIHIOBAaTUCS JaHUMU. 3HM)KEHHS BAPTOCTi CEHCOPIB Ta iX
IOKpallleHHsI 103BOJIII0Th BOYIOBYBATH iX y pi3Hi IPUCTPOi Ta 00'€KTH, 1110 paHille He Oy/u NifKI0YeHi 10
IHTepHeTy. 3pOCTaHHS WBUAKOCTI Ta JOCTYHOCTI 6€30POTOBUX MEPEK, TAKUX SK 5G, CIpUsie TOKPALeHHIO
KOMYHIKalii MiX NiIKII04€eHUMU IPUCTPOsIMU. BipoBamkeHHs 10T B IpOMUCIOBOCTI NPU3BOIUTE A0 ONTUMI3alii
BUPOOHUYMX ITPOLIECiB, MifBUIIeHHS e(PeKTUBHOCTI Ta 3MEHUIEHHS BUTPAT. XMapHi T€XHOJIOTii HaJlaloTh MOSKJIUBICTb
30epiranHs Ta 06po6KHU BEJIMKUX 00CATriB faHuX 3 10T, 3abe3nedyoun gOCTYI 10 HUX 3 OYIb-sIKOro Micus. Pizko
3pocTaoya nonyasipHicts 10T MpU3BOAUTE 10 CTPIMKOTO 36i/IbIIE€HHS 3aMUTIB 40 6331 JaHUX, 1[0 CTBOPIOE
1po6sieMy HepiBHOMIpHOTO HaBaHTakeHHs!. [IpobyieMa HEPiBHOMIPHOTO HaBaHTa>XEHHS B KJlacTepi posnofineHoi
6a3u NaHUX BUHUKaE, KOJIY Pi3Hi YaCTUHU 6a3u AaHuX abo By3JIM KjacTepa OTPUMYIOTh HEPiBHOMIPHY KiJIbKIiCTb
3anuTiB. lle Moke MaTu psj, HACTiAKiB, SKi BIJIMBAaIOTh HA €(DEKTUBHICTb Ta NPOAYKTUBHICTh cucTeMU. OCHOBHI
acrexTu Liei mpo6aeMu BKIIIOYAIOTh: - By3/iu abo cepBepu B KJlacTepi MOKYTh OyTH IIepEeBAHTaKeHi BHACIIIIOK
BEJIMKOI KiJIbKOCTI 3aNIUTiB 200 3aBJjaHb, TOA] SIK iHIIi MOKYTb 3aJIMIIATACS HENloMiueHUMHU. Lle MoyKe BIIJIMBATH Ha
MIBUAKICTh BUKOHAHHS 3aIUTiB Ta Yac BiAnoBini. - HepiBHOMipHE HaBaHTa>KEHHS MOKE BUKJINKATU Hee(DEKTUBHE
BUKOPUCTAHHS PECYPCIB KJlacTepa, TaKUX SIK 00YMCIII0BajIbHA [TOTYKHICTb, IaM'SITh Ta MepeXeBi pecypeu. Jleski
BY3JIM MOXYTb IIPOCTO MPALI0BATH HA [TIOBHY IIOTY>KHICTh, TOA] 4K iHIIi MOXKYTb 3aJIMIIATUCS HEBUKOPUCTAHUMU.
OCHOBHUM 3aBJaHHSIM AUCEPTaLiliHOI poOOTU € pO3pOoOKa METOIMKU [T0OYI0BM OKPEMOTO areHTa JJis
PO3IIoZiNeHHs] HaBaHTaKeHHS Ha KJlacTep PO3MOAiIeHOI 6231 JaHWX YaCOBUX PsAiB. [Ijis 1iporo Heo6xinHo: 1)
[TpoBecTu aHasi3 BUMOT [0 cUCTeM [HTepHeTy peueil Ta 06po6ku faHux. 2) [IpoBecTy aHasi3 KJIaCTEPHUX CUCTEM
L7151 CTBOPEHHSI PO3I0/iiiieHOoi 6a3u faHux 1js1 cuctem [oT. 3) Po3apobuTtu MeTonrKy HaBuaHHS HEPOHHOI Mepesxi
17151 PO3MOiTy HaBaHTaXXEHHs 0a3 IaHUX YaCOBUX PsifiB. 4) Po3pobuTu anroputm poboTH areHTy 6a3u JaHux
4aCOBUX PSZIiB /1J11 MapLIpyTU3allii 3anuTiB. 5) Po3pobuTty nporpaMHy Mojiesib HeMPOHHOI MEPEXi 17151 aHali3y
HaBaHTa)KeHHs Ha 06a3y JaHMX YaCOBUX PsLiB. B nucepTauiiiHiii po6oTi onucaHo MeTOAMKY II06Y0BY HEHPOHHO]
MepeXxXi [J1s1 alallTUBHOIO PO3IOiTy HAaBAaHTAXXEHHS B KJIacTepi po3NofiijieHoi 6a31 JaHUX YaCOBUX PSJIiB.
OTpuMaHuii MOKa3HUK TOYHOCTI /17151 BajlifaliliHoi BUOGipKM HEMPOHHOI Mepexi cknagae 86%. Mogess 3
BHMKOPHCTaHHIM HEHPOHHOI MepeXi IPOJleMOHCTPYyBaJa nifgsuieHHs epektnBHocTi Ha 20% Yy IOpiBHSHI 3
KJIACUYHMAM METOJIOM PO3MOiy HaBaHTaXeHHs. OTpuMaHi HaCTyIHI HayKoBi pe3ysbTaTu: 1) Po3pobiieHa MeToguka
HaBYaHHSI HEMPOHHOI MEPEXi AJ1s1 pO3NOJiTy HABaHTAKEHH: 114 6a3 NaHUX YaCOBUX PSILiB, IO 03BOJISIE
3a6e31eynTy piBHOMiIpHE HABAHTAXXEHHS HA BY3JIU KjacTepa. 2) Po3pob6iieHnii anropuTm poboTu areHTa 6as3u JaHUx
4acoBUX PsAiB 1715 3a0e3ledyeHHs] MaplpyTusalii 3anuTis. 3) Po3pobiieHa nporpaMHa MoZiesib HEHPOHHOI Mepeski
L7151 aHaJIi3y HaBaHTaXEHHs Ha 6a3y JaHUX YaCOBUX PSLiB, 1O NAJI0 3MOTY 30i/IbIINTU €(PEKTUBHICTb POOOTU
kyaactepa y 1,2 pasu. Po3pobseHo cTparterito po3nofiny 3anuTiB 10 6231 JaHUX YaCOBUX PSJIiB HA OCHOBI
PEKypeHTHOI HeMPOHHOI Mepexi. [y CIIpOoIeHHs! HaBYaHHS PeKyPeHTHOI HEHPOHHOI Mepexi, 0yio
3aIIPONIOHOBAHO METOJ, ONTUMIi3allii CTPYKTYPH BXiJJHUX NAHUX 3a JOIIOMOTH PO3IOLily YaCOBUX PALIB Y

BigokpemieHi hash bucket.

2. The dissertation work is dedicated to the development of a methodology for constructing adaptive clusters of
computer systems for the collection and processing of data from IoT devices. The advancement in the
construction and functioning of computer system clusters, as well as the development of distributed databases
based on them, has led to the emergence and evolution of methods for load distribution among cluster elements.
Internet of Things (IoT) systems typically gather large volumes of real-time data from sensors and devices. The use
of Time Series Databases (TSDB) can be highly effective for storing and analyzing this data. TSDBs are specifically
designed for efficient storage and processing of large volumes of time series data, making them an ideal choice for
IoT systems where data is often represented as time series. Many TSDBs are optimized for fast reading and writing
of data, which is crucial for real-time systems like IoT. TSDBs can provide capabilities for performing aggregations



and data processing directly in the database, reducing the load on additional analytical tools. The growing
popularity of IoT in recent years has led to a sharp increase in its widespread use in various fields. With each
passing year, the number of connected devices continues to rise. From home devices to industrial systems, IoT
enables the storage, processing, and exchange of data. The decrease in sensor costs and their improvement allows
embedding them in various devices and objects that were not previously connected to the Internet. The increasing
speed and availability of wireless networks, such as 5G, contribute to improved communication between
connected devices. The implementation of IoT in industry leads to the optimization of production processes,
increased efficiency, and cost reduction. Cloud technologies provide the ability to store and process large volumes
of IoT data, providing access to them from anywhere. The surging popularity of IoT results in a rapid increase in
database queries, creating a problem of uneven load distribution. The problem of uneven load distribution in a
distributed database cluster arises when different parts of the database or cluster nodes receive an unequal
number of queries. This can have several consequences affecting the efficiency and performance of the system.
Key aspects of this problem include: - Nodes or servers in the cluster may be overloaded due to a large number of
queries or tasks, while others may remain unnoticed. This can affect the speed of query execution and response
time. - Uneven load distribution can lead to inefficient use of cluster resources, such as computational power,
memory, and network resources. Some nodes may operate at full capacity, while others may remain unused. The
main task of the dissertation is to develop a methodology for constructing a separate agent for load distribution in
a time series distributed database cluster. To achieve this, the following steps are necessary: 1) Analyze cluster
requirements for Internet of Things (IoT) systems and data processing. 2) Analyze cluster systems for creating a
distributed database for IoT systems. 3) Develop a neural network training methodology for load distribution in
time series database clusters. 4) Develop an algorithm for the operation of the time series database agent to route
queries. 5) Develop a software model of a neural network for analyzing the load on time series databases. The
dissertation describes the methodology for constructing a neural network for adaptive load distribution in a
cluster of distributed time series databases. The accuracy index obtained for the neural network's validation
sample is 86%. The model, using the neural network, demonstrated a 20% increase in efficiency compared to the
classical load distribution method. The following scientific results were obtained: 1) A training methodology for a
neural network for load distribution for time series databases has been developed, ensuring even load distribution
across cluster nodes. 2) An algorithm for the operation of the time series database agent to ensure query routing
has been developed. 3) A software model of a neural network for analyzing the load on time series databases has
been developed, resulting in a 1.2 increase in cluster efficiency. A query distribution strategy for time series
databases based on a recurrent neural network has been developed. To simplify the training of the recurrent
neural network, an optimization method for the structure of input data has been proposed, distributing time series
into separate hash buckets.
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