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1. lucepTanjiiina po6oTa nmpucBsYeHa po3poolli Ta TOCAITKEeHHIO METOIB i 3aC06iB CTBOPEHHS BUCOKOE(HEKTUBHUX
KOMITIOTEPH30BAaHMX CUCTEM LIEHTPaJli30BaHOIO CIIOBIlI€HHS, 1[0 iHTErPYIOTh TEXHOJIOTII ayniogeTeKuii Ha 6a3i
napa’sesbHUX HellpoMepeskeBUX apXiTeKTyp [Jjisl ineHTudikallii HU3bKOJIITAIOUMX [OBITPSIHUX 00'€KTIB B yMOBax
CKJIaJHAX aKyCTUYHUX 3aBaJ, Ta 0OMEXXEHUX PeCYPCiB NepudepiliHuX IPUCTPOIB. Y NIepIIOMy Po3Lii
[IPOaHaJi30BaHO Cy4aCHi METO/IM LIEHTPasi30BaHOTO CIOBIIIEHHS, €BOJIOLI0 TAKUX CUCTEM, IPUHLIUIM iX TOOYI0BU
Ta QyHKIiOHYBaHHS. PO3IJISIHYTO pilieHHs 1111 MacoBOro iHpOPMYBaHHS, MEINYHUX, BeOOPiEHTOBAaHUX Ta
YKpaiHCbKUX CUCTEM OIIOBillleHHs. BCcTaHOBJIEHO, 1110 6iIbIIICTh HAIBHUX CUCTEM OPi€HTOBaHA Ha NepelaBaHHs BXe
c(pOpMOBAHOTO CUTHAJIy TPMBOTY, a HE HA iHTEJIEKTyaJIbHE BUSIBJIEHHS 3arpo3 6e3nocepeHbo Ha nepudepinHux
By37ax. [IpoBeneHo Knacudikaliilo CUCTEM LJEHTPai30BAaHOTO CIOBIiLIEHHS 32 IPU3HAYE€HHSIM, CTPYKTYPOIO,

KaHaJIaM¥ 3B’$I3KY Ta piBHeM aBToMaTu3alii. Takox mpoaHasi3oBaHO Cy4acHi TeXHOJIOri ayAiofeTeKuii,



CIEKTPaJIbHOTO aHaJjIi3y, MAIIMHHOTO HAaBYaHHS i HelipoMepeXXeBUX MOJesIel 117151 BUSIBJIEHHS! IIOBITPSIHUX 00 €KTiB.
[TokazaHO HEOOXigHICTb CTBOPEHHSI HOBUX pillleHb, 110 IOENHYIOTh aKyCTUYHY [IeTeKIil0, HeHpoMepeskeBUi aHali3,
disnyHe NiJCUIeHHS CUTHAJy Ta leTePMiHOBaHYy MEPEXXEBY B3aeEMO/I0. Y Apyromy po3zisi po3po6yeHo
TEOPETUKO-METOIUYHY OCHOBY MTOOYIOBY BY3JIiB AETEKLii y CK/Ia[li CHCTEMU LIEHTPaJIi30BAHOTO CIIOBIllI€HHSI.
CdopmoBaHo kpuTepii BucokoepeKTUBHOCTI Ta CUCTEMHI BUMOTHY 10 By3JiB y pexxumi Hard Real-Time.
[TpoaHasnizoBaHO YacoBi OOMEXEHHS Ha eTanax 3YuTyBaHHS, IIolepegHboi 06pobKy, GpOPMYBaHHS O3HAK,
HEPOMEPEXKEBOr0 BUCHOBKY Ta MepelaBaHHs Pe3yJbTaTiB MepeKero. 3HayHy yBary NpuiijleHo MaTeMaTU4HOMY
MOJIE€JIIOBAaHHIO (POKYCYBAHHS aKyCTUYHOTO CUTHAJy 32C00aMU aIUTUBHUX TEXHOJIOTIH Ta OOIPYHTYBAHHIO
BHUKOPHCTaHHS aKyCTUYHOI JIiH3U SIK IACUBHOI'O eJIeMEeHTa MiJiCUIeHHs cCurHainy. [1o6yoBaHO MOTeslb
HellpoMepexxeBoi ineHTudikalii akyCTUYHMX CUTHATYyp Ha OCHOBI riopupHoi apxitekTypu CNN-RNN, a Takoxx
PO3IJISIHYTO KBAaHTYBaHHS i KOMIIpecito mogeri ans ninatdopmu BeagleV. Kpim Toro, cpopmoBaHO MaTeMaTU4Hi
MOJIeJli IeTepMiHOBaHOTO MEPEXKEBOTr0 OOMiHY, IDKUTTEPY, 4epr i (pa3zoBoi CUHXPOHi3allii By3JliB. Y TpeTbOMY PO3/ii
371ifICHEHO ITPOEKTYBaHHS Ta [IpOrpaMHO-anapaTHy peasisaliio nepudepiiiHoro By3sa CIOBIlIeHHS SIK
iHTeJIeKTyaJIbHOIO KOMIIOHEHTA POo3MoAineHoi cuctemu. O6rpyHTOBaHO BUbip niatdopmu BeagleV, onncano
MiKpO(POHHMI TPAKT, KOMYHiKaLiliHi MOIYJIi, IpKepeJla JKUBJIEHHS Ta iHTerpawilo aKyCTUYHOI JIiH31, BATOTOBJIEHOI
3acobamu 3D-npyky. Po3pobeHo nporpamHe 3abe3nedeHHs [1jis1 00pOOKY ayLiOCUTHAIIB, HEPOMEPEsKeBOro
BHCHOBKY, aJalITUBHOTO IOHABYaHHSI Ta 30€pe>KeHHsI CTaHiB Mofeli. Peasli3oBaHO neTepMiHOBaHY MepeKeBy
B3aeMOZiI0 Ha 6a3i creky ulP, cepBepHy iHTerpatiio Ta onepatopcbkuil dashboard 1151 MOHITOPUHIY CTaHy BY3JIiB,
TesleMeTpii Ta PakTiB HeTeKuil. Y 4eTBepTOMY PO3JiJli IPOBEIEHO €KCIIEPMMEHTAIIbHI JOCIIPKEHHS Ta OLiHKY
eeKTUBHOCTI PO3po6JIeHNX METOiB i 3ac06iB. 1151 Bunipodysanb obpaHo BIIJIA Tunis Mavic 3, FPV-gpoHnu ta
Shahed-136. JocigykeHO BIJIMB aKyCTUYHOI JIIH3M HAa aMILIITYAy Ta CIiBBiJHOLIEHHS CUTHAJ/IIyM, HiATBEPIKEHO
HasIBHICTb XapaKTE€PHUX CIIEKTPAJIbHUX O3HAK LiIbOBUX 00'€KTiB. OLiHEHO e(PEeKTUBHICTb apajleIbHOTO HaBYaHHS,
MacimTaboBaHICTh 32 3aKOHOM AMTIas1a, a TakoX NopiBHSIHO Mogeri Float32 ta INTS8 micss kBaHTyBaHHS. [loBeneHO
IOLNBHICTb aJAlITUBHOTO JJOHABYaHHS MOJIEJI B CKIIQAHUX MIYMOBUX YyMOBax. OKpeMo IIpOaHai30BaHO 4aCOBUM
IDKUTTED, 3aTPUMKH I1aKETIiB, CMHXPOHI3allil0 BYy3J1iB, EHEPTOCIIO>KUBAHHSI Ta CTab1IbHICTh POOOTU CUCTEMU. Y
MiICyMKY €KCIIEPUMEHTAJILHO MiATBEPIKEHO €(PEKTUBHICTb 3aIIPOIIOHOBAHMUX METO/IIB i 32C0O6iB Ta OGIPYHTOBAHO
MO>XJIMBICTb BUKOPHCTaHHS pO3p006JIeHOro pillleHHs y CKJlafi BUCOKOe(EKTHBHUX KOMITIOTEPU30BAaHUX CUCTEM

I[IEHTPaJli30BaHOTO CIOBIl[EHHSI.

2. This dissertation is devoted to the development and study of methods and tools for creating highly efficient
computerized centralized notification systems that integrate audio detection technologies based on parallel neural
network architectures for the identification of low-flying aerial objects under conditions of complex acoustic
interference and limited resources of peripheral devices. The first chapter analyzes modern methods of
centralized alerting, the evolution of such systems, and the principles of their design and operation. Solutions for
mass notification, medical, web-oriented, and Ukrainian alerting systems are examined. It has been established
that most existing systems are focused on transmitting a pre-generated alarm signal rather than on the intelligent
detection of threats directly at peripheral nodes. A classification of centralized alerting systems has been
conducted based on their purpose, structure, communication channels, and level of automation. Modern
technologies of audio detection, spectral analysis, machine learning, and neural network models for detecting
airborne objects were also analyzed. The necessity of creating new solutions that combine acoustic detection,
neural network analysis, physical signal amplification, and deterministic network interaction was demonstrated.
The second chapter develops a theoretical and methodological framework for constructing detection nodes within
a centralized alerting system. Criteria for high performance and system requirements for nodes operating in Hard
Real-Time mode are established. Time constraints at the stages of reading, preprocessing, feature extraction,
neural network inference, and transmission of results over the network are analyzed. Significant attention is paid
to the mathematical modeling of acoustic signal focusing using additive technologies and the justification for using
an acoustic lens as a passive signal amplification element. A model of neural network identification of acoustic
signatures based on a hybrid CNN-RNN architecture was constructed, and the quantization and compression of
the model for the BeagleV platform were considered. In addition, mathematical models of deterministic network



exchange, jitter, queues, and phase synchronization of nodes were formulated. In the third chapter, the design and
hardware-software implementation of a peripheral notification node as an intelligent component of a distributed
system were carried out. The choice of the BeagleV platform was justified, and the microphone path,
communication modules, power supplies, and integration of an acoustic lens manufactured using 3D printing were
described. Software was developed for audio signal processing, neural network inference, adaptive retraining, and
model state saving. Deterministic network interaction based on the ulP stack, server integration, and an operator
dashboard for monitoring node status, telemetry, and detection events were implemented. In the fourth chapter,
experimental studies and an evaluation of the effectiveness of the developed methods and tools were conducted.
Mavic 3, FPV drones, and Shahed-136 UAVs were selected for testing. The influence of the acoustic lens on the
amplitude and signal-to-noise ratio was investigated, and the presence of characteristic spectral features of target
objects was confirmed. The effectiveness of parallel training and scalability according to Amdahl’s law were
evaluated, and the Float32 and INT8 models were compared after quantization. The feasibility of adaptive model
retraining under complex noise conditions was demonstrated. Time jitter, packet delays, node synchronization,
power consumption, and system stability were analyzed separately. As a result, the effectiveness of the proposed
methods and tools was experimentally confirmed, and the feasibility of using the developed solution as part of
highly efficient computerized centralized notification systems was substantiated.
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