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Pedepar:

1. Incepralist npucBsYeHa PO3B’sI3aHHIO aKTyaJbHOTO HAyKOBO-TEXHIYHOT'O 3aBAAHHS PO3POOJIEHHS METOIUKU
no6yJJ0BY Ta BUKOPUCTAHHS Mojieslel MallMHHOro HaB4aHHs (MH, Mashine Learning) 1151 MoGisIbHUX areHTiB,
SIKMMH BUCTYTIAIOTh O€3MiJIOTHI JliTajbHi anapartu (BrijIA), 3a OIOMOro0 aBTOMaTU30BAaHOTO KOHBEEPA HA OCHOBI
Kubeflow i3 BukopucTanHam Kpamux npaxkTuk koHnenuii MH ta npoueciB MLOps (Machine Learning and
Operation). Po3po6JsieHa cTparerisi BAKOPUCTaHHS LIMX MoZesiei 1J1s1 MOOIJIbHUX areHTiB i3 BUKOpUCTaHHSIM Mesh-
MEepEeX, 10 € YACTUHOIO OIIMCAHOT0 KOHBeepy. PO3BUTOK CydYaCHUX iHPOPMaLiiHUX TEXHOJIOTIN K HayKH IIPO OaHi,
aHasiTuKa gaHux i MH craioTh 0iHUMU i3 TOJIOBHUX iHCTPYMEHTIB 7151 PO3B'sI3aHHS CKJIQAHUX IIPUKJIAAHUX 33734 Y

pisHux cdepax gismpHOCTi. MH € ogHMM i3 MeToziB pyHKLiOHYBaHHS WITY4YHOro iHTesekTy (1), 30kpema



[IPaKTUYHOI peasisallii 10ro MOKJIMBOCTEN HIJIIXOM CTBOPEHHS aJIFOPUTMIB [1J151 BUSBJIEHHS 3aKOHOMIPHOCTEN Mif
4ac aHasi3y BeJIMKUX JaHUX, Ta iX nogabile BUKOPUCTAHHA 1J1s1 CAMOHABYaHHA. OCO6IMBO 1€ MUTAHHS €
aKTyaJIbHUM B YMOBax JNOCJigykeHHs BiiiHu BIiJIA 3a gonomororo I Sk BapiaHTy HaZjaHHS BiICBKOBUM TaKTUYHOI
nepeBaru Hafi IPOTMBHMKOM Ta 3MEHIIEHHS PU3UKY [JIs JII0JCbKUX XUTTIB. Bukopucrosyoun MH 3 anropurmamu
11, BiJIA MOXyTb MIBUIKO ifeHTU(IKYBAaTH 3aTPO3U, pearyBaTu Ha HUX, BECTU CIIOCTEPEXXEHHS Ta PO3BiIKY.
3Ba’kalyy Ha 3a3HAa4Y€HE, IPOBEJIEHH JOCIIKEHD 10JJ0 PO3POOKU HOBOTO METO/LY i3 3aCTOCYBAHHSIM
interpoanux MH i IlIl B KepyBaHHS TaKTUKOIO 6010 Br1JIA, CTIMIKOro 0 pafioeeKTPOHHUX IIEPELIKO]] HA CbOTOIHI €
aKTyaJIbHUM 3aBJAHHSM. JI71s1 IOCSATHEHHSI I0CTaBIeHOi B pOOOTi MeTU NOTPiOGHO BUPIMIUTY HACTYIHI OKpeMmi
3aBIaHHA gociimkeHHs: 1. [IpoaHanidyBatu cydacHuii crad po3sutky MH i Il 3 MOKIIMBICTIO iX 3aCTOCYBaHHS B
BrJIA. 2. locninuTy MOXJIMBOCTI BUKOPUCTaHHS cydacHUX MLOPps pillieHb /171 OKpalleHHs IPoLieciB po3pooKu
indpopmaniitnux cuctem MH B po3pisi incTpymenTis Kubeflow. 3. Po3po6utu Mmozesb o6y10BY Ta 3aCTOCYBaHHS
MH i3 MOXXJIMBICTIO IIOCTITHOTO JJOHaBYaHHS, 10 AOCITAETLCS BUCOKUM PiBHEM IHTErpaltlii Ta aBTOMaTHU3aLlii
KOHBe€EPY i3 BUKopucTaHHsIM KoMItoHeHTiB Kubeflow i nnatdpopmu Kubernetes. 4. EkcriepumMeHTanbHO EPEBIpUTH
pe3yJbTaTU eKcItyaTalii mogei B apcenani Kubeflow i3 BUKopuctaHHsIM Takux PaKTOPiB MOKPAIIEHHS SIK
IWBUAKICTb PO3POOKY, iMIIJIEMeHTallii 3MiH, 3MEHIIEHHSs Yacy Ha MOUIYK [TPo6JIeM, BiTHOBJIEHHSI ITiCIsl I106aJIbHUX
nepe6oiB, 3MEHIIEHHS KiJIbKOCTi [IOMWJIOK B MOJieli. 5. PO3po6UTH apXiTeKTypHY KOHLIENIIiI0 CUCTeMH Ha 6a3i
nuctpubytusa Kubernetes k3s 3 BAKOpUCTaHHSAM MOJIEJli MAIIMHHOTO HaBYaHHS B MTapaJIurMi TpaHUYHUX
o6uucneHs (Edge computing) Aj1s1 MOGIIBHUX areHTIB i3 BUKOpUCTaHHSIM mesh-mepex. 6. [IpoBecTu OLiHKY
eeKTUBHOCTI BUKOPUCTaHHS 6e31poToBoi Mesh-mepexxi ais nigsuimeHHs QyHKIiOHANIBHOI CTIKOCTI
posmnoginenoi ingpopmauiiHoi cucremu BriJIA. HaykoBa HOBU3HA Olep>KaHUX pe3yJbTaTiB. Y MIpoLeci TEOPeTUYHUX i
€KCIIEPMMEHTAJIbHUX JIOCTIiI)KEHb Ta MOJI€JIIOBaHHS OJlep’KaHO HACTYIIHI HOBI HayKOBi pe3ysbTaTu:l. Bnepiue
c(pOpPMOBAHO KOHLEMNLiI0 TOBHOLIHHOrO iH(GOPMaLiliHOrO pilleHHs Ha 6a3i KOHBeEpY HellepepBHO] iHTerpatii i3
MO>KJIMBICTIO TIOCTiTHOTO TOHaBYaHHS, BUCOKOIO PiBHS iHTerpaliii Ta aBToMaTH3allii 3 BAKOPUCTAaHHSIM KOMIIOHEHTIB
Kubeflow i nnatdpopmu Kubernetes, 1110 103B0J1sI€ MOKPALIATHU KiJIbKICHY Ta SIKICHY CKJIa[JOBi €KCIIEPUMEHTIB,
3MEHIIUTU Yac, 3aTPAY€HUIl Ha HOTO MigrOTOBKY, Ta MiHIMi3yBaTH IOMUJIKH, CIIPUYMHEHI JIOACHKUM (PAKTOPOM. 2.
Briepie cipoeKTOBaHO apxiTeKTypHY KOHLELiI0 CUCTeMU Ha 6a3i nuctpubyrusa Kubernetes k3s, mo go3Bosse
eeKTUBHO BUKOpUCTOBYBaTU Mogesi MH B napanurmi rpannyHux obuyucieHs (Edge Computing) i3
BUKOpHUCTaHHSIM Mesh-mepex 1151 mo6inbHux areHTiB (BrJIA), 0 GopmyoTh CO6010 PYHKIIOHATIBHO CTilKY
posnogineny iHpopmaliiHy cuctemy. 3. YI0CKOHAJIE€HO MOJeJlb MifBUleHHS QYHKIIOHAIbHOI CTINKOCTI
posnogaineHoi iHpopmaniitHoi cuctemu BriJIA 3 BuUKopuctaHHsam 6e3apoToBoi Mesh-mepeski nepenadi maHux, Mo
II03BOJIMTh NPOTUCTOSITY Pa/lioeIEKTPOHHMM Ta HIIMM IepelKojaM i rpaljoBaTy B aBTOHOMHOMY 260 HalliB-
aBTOHOMHOMY pexXuMi.IIpakTuuHe 3Ha4€HHS OJIEP>KaHUX PE3YJIbTATIB y rajy3i po3po6KU Ta CTBOPEHHS €(PEKTUBHUX
METO/IiB NIOOYI0BY Ta BUKOPUCTAaHHA Moeseit MH niig BriJIA nossirae B HacTynHOMY: 1. 3alIponoHOBaHi
apXiTeKTypHi pilleHHs iHpopMaLifHUX CUCTEM Ta METOJ, MOXKYTb OYTU BUKOPUCTaHI JOCiIHO-
KOHCTPYKTOPCbKMMU OpraHi3alisiMy Ta Aep>KaBHUMU CTPYKTypamMu 30poiHUX cuil YKpaiHu [jis1 peasisalii
KOHLenLii “AHaiTyHa cucTema MigTPUMKU IPUNHATT pilleHs A1 briJIA®, mo nokasaHo 4epes (PyHKLiOHabHI
mogesi npouecis (AS, TO-BE, SHOULD-BE). 2. Cyyacni MLOps pimens Ha 6a3i inctpymenTiB Kubeflow nis
CTBOPEHH$ Ta BUKOPMCTaHHS HaBYaJIbHUX Mojesiell MH BIIPOBaIpKEHO B JUCHUILTIHY “CUCTEMU MiATPUMKA
IIPUMHATTS pilleHb”. Bucokuii piBeHb aBTOMaTU3allii Ta iHTerpalii KOMIIOHEHTIB J03BOJIsIE CTBOPUTU Ta 3aIlyCTUTU
posmnoginexi inpopmalliiiHi cucTemMu, MalllMHHE HaBYaHHS, IITyYHUH iHTeJIeKT, MOOibHI areHTH, Mesh-mepexi,

6e3nisioTHU AitanbHUi anapat, MLOps, Kuberentes, Kubeflow, rpannyni o6uncneHss.

2. The dissertation is devoted to the solution of the current scientific and technical task of developing a
methodology for building and using machine learning (ML) models for mobile agents that act as unmanned aerial
vehicles (UAVs), using an automated pipeline based on Kubeflow using the best practices of the ML concept and
MLOps (Machine Learning and Operation) processes. A strategy for using these models for mobile agents using
Mesh networks, which is part of the described pipeline, is developed. The development of modern information
technologies as data science, data analytics and ML are becoming one of the main tools for solving complex



applied problems in various spheres of activity. ML is one of the methods of Artificial Intelligence (Al), in particular,
the practical implementation of its capabilities by creating algorithms for identifying patterns during the analysis
of big data, and their further use for self-learning. This issue is especially relevant in the context of the study of
UAV warfare with the help of Al as an option for giving the military a tactical advantage over the enemy and
reducing the risk to human lives. Using ML with Al algorithms, UAVs can quickly identify threats, respond to them,
conduct surveillance and reconnaissance. Considering the above, conducting research on the development of a
new method with the use of integrated ML and Al in controlling the combat tactics of UAVs that is resistant to
radio-electronic interference is currently an urgent task. To achieve the goal set in the work, it is necessary to
solve the following separate research tasks: 1. to analyze the current state of development of ML and Al with the
possibility of their application in UAVs. 2. investigate the possibilities of using modern MLOps solutions to improve
the development processes of information systems of the ML in the context of Kubeflow tools. 3. develop a model
for building and applying ML with the possibility of continuous training, which is achieved by a high level of
integration and automation of the pipeline using Kubeflow components and the Kubernetes platform. 4.
Experimentally check the results of operating the model in the Kubeflow arsenal using such improvement factors
as speed of development, implementation of changes, reduction of time to search for problems, recovery after
global interruptions, reduction of the number of errors in the model. 5. Develop an architectural concept of the
system based on the Kubernetes k3s distribution using a machine learning model in the edge computing paradigm
for mobile agents using mesh networks. 6. to evaluate the effectiveness of using a wireless Mesh network to
increase the functional stability of the distributed information system of the of the UAV. Scientific novelty of the
obtained results. In the process of theoretical and experimental research and modeling, the following new
scientific results were obtained: 1. The concept of a full-fledged information solution based on a continuous
integration pipeline with the possibility of continuous training, a high level of integration and automation using
Kubeflow components and the Kubernetes platform was formed, which allows to improve the quantitative and
qualitative components of experiments, reduce the time spent on its preparation, and minimize errors caused by
the human factor. 2. The architectural concept of the system based on the Kubernetes k3s distribution was
designed, which allows the effective use of ML models in the paradigm of edge computing (Edge Computing) with
the use of Mesh-networks for mobile agents (UAVs), which form a functionally stable distributed information
system. 3. The model for increasing the functional stability of the distributed information system of UAVs using a
wireless Mesh-network of data transmission has been improved, which will allow to resist radio-electronic and
other interferences and work in autonomous or semi-autonomous mode. The practical significance of the
obtained results in the field of development and creation of effective methods of building and using ML models for
UAVs is as follows: 1. The proposed architectural solutions of information systems and the method can be used by
research and development organizations and state structures of the Armed Forces of Ukraine to implement the
concept “Analytical decision support system for UAVs”, which is shown through functional process models (AS,
TO-BE and SHOULD- BE). 2. Modern MLOps solutions based on Kubeflow tools for the creation and use of
educational models of ML are implemented in the discipline “Decision support systems”. A high level of automation
and integration of components allows you to create and run a test model in a relatively short time, but without
reducing the quality of its work and reliability. Key words: distributed information systems, machine learning,
artificial intelligence, mobile agents, Mesh networks, unmanned aerial vehicle, MLOps, Kuberentes, Kubeflow, Edge
Computing

Jep>kaBHu# peecTpaniiiHuii Homep JiP:
IIpiopuTeTHHI HanIpsIM PO3BUTKY HayKH i TEXHIKHU: IndopmauiiiHi Ta KoMyHiKawifiHi TexHOMOTii

CrpareriyHuii NpiopUTEeTHUH HaNIPSIM iIHHOBALLiMHOI Ais1JIBHOCTI: PO3BUTOK CydacHUX

iHopmaLiiiHUX, KOMYHIKALiIHUX TEXHOJIOTii1, pOOOTOTEXHIKA

ITizcyMKHu AOCIIiAKEHHS: TeopeTndHe y3arajbHEHHS | BUPilleHHS BAKIMBOI HAYKOBOI IPO6GIeMn



Iy6sikaii:

¢ Mykhailo Kuzmich and Tetyana Gordiyenko. Application of Kubeflow as a universal approach for the
development and implementation of artificial intelligence systems. ARPN Journal of Engineering and Applied
Sciences. 2023, Vol. 18, N20, pp. 2311-2320 (Scopus)

e Kyspmiu M. 10, l'opgienko T. B. Ynposamxennst KUBEFLOW MLOPS y posnogineni inpopmatiiini cucremu
MOOIIbHUX areHTiB i3 MiABUIIEHOI0 PYHKIIIOHATIBHOIO CTiMKiCTIO. 3B'130K, N26 (166), 2023, C.28-32.

¢ Kysbmiu M. 0., l'opgienko T. B. ImnyiemeHTanis Ta aBromarusatist posropranas WebRTC 3acrocyHkis B Cloud
Native otoueHHi. TesiekomyHikalilHi Ta iHpopmauiiizi TexHosorii. - 2021. - Bun. 3 (72). - C. 54-62

e Kysbmiu M. 1O., Topaienko T. B. 3acrocyBanns incTpymeHTy kubeflow asis inTerpauii MmammnHHOro HaB4aHHS i
IITYYHOTO iHTEJIEKTY B 6€3MiJIOTHUX JliTalbHUX anaparax TesekoMyHiKaliliHi Ta iHdpopmaliiiHi TexXHoIorii. -
2023., Bum. 3 (80). - C. 65-78.

HaykoBa (HayKOBO-TE€XHiYHa) MPOAYKILisl: nporpamHi IpO/yKTH, IPOrPAMHO-TEXHOJIOTTIHA JOKYMEHTaLLis

ConiaJIbHO-€EKOHOMIYHA CHpﬂMOBaHiCTb: i BULIEHHS TPOAYKTUBHOCTI NpaLli; MigBUILEHHS

aBTOMaTHU3allil BUPOOHUYUX MPOLIECiB

OxopoHHi gJokymeHTH Ha OIIIB:

BrnpoBaZKeHHS pe3yJIbTaTiB AHCEPTallii: BuposamkeHo

3B'A130K 3 HAYKOBHMH TEMaMH:

VI. BizomocCTi Ipo HayKOBOr0 KepPiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Hacpeen Posin KacumoBud

2. Rovil Nafieiev

KBasigikamis: k. ¢.-m. 1., 01.04.07
InenTudgikarop ORCID ID: 0000-0003-2721-9718
JoparkoBa inHdpopmamuist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI OCOOM: [lepkaBHuil yHiBEpCUTET iHHOPMALIHO-KOMYHIKALIHIX

TEXHOJIOTI

Kopg 3a €IPIIOY: 38855349

Micue3HaxoaKeHHS: ByJ1. CosloM'siHCBKA, O0yz. 7, Kuis, 03110, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAyKU YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odiniliHuX OIIOHEHTIB Ta PEl€H3€HTIiB
OdiuiiiHi oIOHEeHTH

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:



1. Myxin Bagum €Breninonsny

2. Vadym Mukhin

KBasigikamis: 1. 1. u., npodecop, 05.13.05
Imentudikarop ORCID ID: 0000-0002-1206-9131
JoparkoBa indopmamnist:

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuyHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npociekT bepecTeiichKuii, oyz. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. BaBropopnniii Banepiit BikropoBuy

2. Valerii Zavgorodnii

KBasigikamis: n. 1. u., npodecop, 05.13.06

InenTudgikarop ORCID ID: 0000-0002-8347-7183

HoparkoBa indopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: Jlep>kaBHMII yHiBEpCUTET iHPPACTPYKTYPH Ta TEXHOJIOTI
Kopg 3a €IPIIOY: 41330257

Micue3Haxoo KeHHS: By Kupuniscebka, 6y, 9, Kuis, 04071, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

PeuenseHTu

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. BinyeHko Osbra BanepiiBHa

2. Olha Zinchenko

KBasigikanis: n. 1. u., nou., 05.13.06
InenTudgikarop ORCID ID: 0000-0002-3973-7814
JopaTrkoBa indpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: JlepkaBHMII yHiBepcUTET iHPOPMAIiTHO-KOMYHIKaI[IHHUX

TEXHOJIOTIN

Kopg 3a €IPIIOY: 38855349



Micue3HaxoaKeHHS: ByJ1. CosloM'sIHCBKA, Oyh. 7, Kuis, 03110, Ykpaina
dopma BracHOCTI: JlepxaBHa
Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. 3Beniropogcekuil Onekcanap CeprifioBud

2. Olexsander Zvenigorodsky

KBasigikamnis: . t. u., mom,., 05.13.23
InenTudikarop ORCID ID: 0009-0008-6235-1638
JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI OCOOM: [lepkaBHuil yHiBepCUTET iHGOPMALIHO-KOMYHIKALIHIX

TEXHOJIOTI

Kopg 3a €IPIIOY: 38855349

Micue3HaxoaKeHHS: ByJ1. CosloM'stHCBKA, Oyz. 7, Kuis, 03110, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi

BsiacHe IIpi3Buine Im'sa I1o-6aTbKOBI JKebka Bikropis BikropiBHa
TOJIOBH pagu

BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI JKe6ka Bikropis BikropiBHa
rOJIOBYIOYOrO Ha 3acigaHHi

BignoBigasibHHUIA 3a HiATOTOBKY Bumniecekuii B.B.

00JIIKOBHX JOKYMEHTIB

Peectparop VYkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 3a peecTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




