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1. Incepraniiina po60oTa IpUCBIYeHa JOCTIIKEHHIO Ipo6yieMy ineHTudikauii cTaHy 61KOJIMHOTO BYJIMKa 32
IIOTIOMOTOI0 MoZieJiell HEMPOHHUX MepexX. POO0Ta ciipsiMoBaHa Ha pO3pOOKY €(peKTUBHUX METOIIB
aBTOMAaTHU30BaHOTO MOHITOPUHTY OIPKOJIMHUX CiMEH 3 BUKOPUCTAHHSIM Cy4aCHUX TEXHOJIOTIN IJIMOOKOro HaBYaHHSI.
MenoHOCHi 6[KOJIH BifirpaloTh BaKJIUBY POJIb B €EKOCUCTEMI, 3AMIMJIIOIOUN 3HAYHY YACTHUHY CiIbCbKOTOCIOJAPChKUX
KyJbTyp. OHaK B OCTaHHI POKM CIIOCTEPIraeThCs CKOPOUEHHS IOyl 6pKij, Yepes 110 3pocTae HeOOXiTHICTb y
aKTVBHOMY MOHITOPHMHTY O6[KOJIMHUX ciMell. TpaguiifiHi MeToau yrpaBiliHHS ByJIMKaMU 3HAaYHOIO MipoOIo
[IOKJIaJal0ThCA HA Bi3yasibHi OIJIAIY MaCiYHUMKOM BHYTPIIIHBOTO POCTOPY BYJMKIB. Takui miaxiz € TpyoOMICTKUM,
OCKiJIbKY TIepei6adae BUIIMaHHS Ta OTJIS], PAMOK BYJIMKA i Mae MpsIMy 3aJI€XKHICTh BiJ] IOCBilly Ta HABUYOK
naciyHuKa. BUKOPUCTaHHS HEMPOHHUX MEPEX 3 JaHMMU, OTPUMAHUMU 3 6I)KOJIMHOTO BYJIMKY, Ma€ psJ, riepesar
MOPiBHSIHO 3 TPAIULINHUMU MeTogaMuU. [lo-niepiue, HEPOHHI MepeXXi NO3BOJISIOTh 3[iICHIOBATU Oe3l1epePBHUI Ta
00’€eKTUBHUI1 MOHITOPUHT HAa OCHOBI IJaHMX, OTPUMAHUX 3 Pi3HUX [XKEPEJI, 0 POOUTS iX e(PEKTUBHUM iHCTPYMEHTOM

IJI1 BU3HAYEHHS CTaHiB BYJMKy. [lo-1pyre, BOHU 31aTHI BUSBIISITY [IPUXOBAHI 3aJIE>KHOCTI B JAHUX, 5IKi BOKKO



[IOMITUTH TIPU BidyasbHOMY OrJIsifi. Kpim Toro, HaBYeHi HepoMepeXKeBi MOl MOXKYTh AN TyBaTUCh [0 Pi3HUX
YMOB eKCIUTyaTalil MIsIxoM Mifxony TpaHCPepHOro HaBYaHHS, 10 € 0COOJIMBO aKTyaJIbHUM Y BULIAAKY
3aCTOCYBaHHS HaBYEHUX MOJieJiell 3 pi3HUMU IopoAaMu 6JpKijl Ta y pi3HUX reorpadiyHux joKalisx. byso BugineHo
TPHU OCHOBHI HallpsIMU 3aCTOCYBAaHHSI HEIPOHHUX MepeX [id ifeHTu@ikanii cTaHiB 6)KOJIMHUX CiMell: aHai3
Bi3yaZIbHUX, aKyCTUYHUX Ta CEHCOPHUX JIaHUX. B nucepraliiiniii po60Ti po3p06s1€HO KOMILIEKC HEHPOMEPEKEBUX
Mogesel 1J1s1 BUSHaYeHHs 061Kl Ha 300pakeHHsIX, Kiacudikalii ix iHAuBiIyasbHUX CTaHiB, a TAKOX JJIs1
BM3HAUEHHSI 3arajlbHOrO CTaHY BYJIMKA HA OCHOBI aHaJIi3y aKyCTUYHHUX JAHUX Ta YACOBUX PSIfiB 3 CEHCOPIB. [l
po6OTH 3 Bi3yaJIbHUMHU JAHMMY, OYJIO IPOBEJIEHO aHaJi3 iICHYI0UMX apXiTeKTyp HEMPOHHUX MEPEXK BU3HAYEHHS
00'€KTIB Ta PO3IJISHYTO METOIM ITOKPalLleHHS 300paskeHb 3 METOIO [TOKPAIEHHS pe3yJIbTaTiB 32 BapiaTUBHUX YMOB
ocBiT/IeHHS1. TakoK, OyJI0 3alpONIOHOBAHO apXiTEKTypU HEMPOHHUX MepexX 115 Kaacuikalii cTaHiB oKpeMUx 61Kin
Ha 300paXeHHSX. [lJ1s1 BU3HAYE€HHS CTaHy OJIXKiJI HA OCHOBI aKyCTUYHOTO aHasli3y B poOOTi 6yJI0 PO3TJISIHYTO MiIXO1
BugineHHs o3Hak STEFT ta MFCC ta po3po6seHo HelipomepexkeBi Moaeti Ajs Kinacudikalii cTaHy NpUCyTHOCTI un
BiZICYyTHOCTi MaTKU. bys10 NpoaHani3oBaHoO 3aCTOCYBAaHHS HABYEHNX MOJEJIEN Ha TaHUX, OTPUMAHUX 32 iHIIUX YMOB
Ta PO3IJISIHYTO €(PEKTVBHICTh BUKOPUCTAHHS METOIiB TpaHC(EPHOro HaBYaHHS [1J1s aJjanTallil HABYeHUX MoJeel
110 HOBUX JJaHUX. B nucepraniiiHiil po60Ti 6yJ10 TaKOX PO3IJISHYTO BUKOPUCTAHHSI HEIIPOHHUX MEPEX Y MIO€JHAHH] 3
CEHCOPHMMHU [IaHUMHU 3 BYJIMKa. 3alIpONIOHOBAHO MiAXiA 1o rnonepenHb0i 00poOKY YaCOBUX AaHUX, 110 6a3yeThCs Ha
BiJHOCHMX 3HaY€HHSX Baru Ta TemnepaTtypu. Ha ocHOBi 06po6seHux faHux, po3pobseHO MoJiesli HEHPOHHUX
Mepex 11 inenTudikaii nofii Ta rao6ajJbHUX CTaHIB y BYJIUKY. [I71s1 TECTYBAHHS PO3pO0JIEHUX MigX0MiB Oyy10
IpoBefieHo ineHTudikalilo cTaHiB 6/1KONINHOI CiM'T Ha JaHNX, OTPUMAHUX 3 PO3PO6JIEHOI eKCIIepUMEHTAJIbHO]
cructeMu. Pe3ysbTaTi 11oKkazanu eeKTUBHICTD MiIX0y BUKOPUCTAaHHS BiTHOCHUX AaHUX Ta MifKpecainio
aKTyaJIbHICTh PO3POOKM YHIBEPCAJILHMX CUCTEM, 1O 3/1aTHi PYHKI[IOHYBaTH y Pi3HMX YMOBAX BYJIMKIB.
YHiBepcabHiCTh MOJEJIEN € aKTyaJIbHOIO PO6IEMOIO ITPU PO3POOL HEPOMEPESKEBUX MOJIeJIel 1151 MOHITOPUHTY
O[KoNIMHYX ciMelt. [I71s1 mononanHs 1jel mpobaeMu 6yJ10 3alIpOIIOHOBAHO BUKOPUCTAHHS IOMEHHOI afanTalii, mo
I03BOJISIE MiABUILUTY y3arajabHIOIOUY 3aTHICTh MOJieJIel Ha HOBUX JaHUX. TakoX, B poOOTi NpuiseHo ysary
KOMITaKTHOCTI 3alIpONIOHOBAaHMX MOZEJEN Ta iX MOXKJIMBOCTI 3aCTOCYBAHHS Y CEPEIOBUILI CIeliali30BaHUX
MIKPOKOHTPOJIEPIB, 10 € aKTyaJIbHOIO IIPO6JIEMOIO B YMOBaX OOMEKEHUX OOUMCIIIOBAIbHUAX PECYPCiB. 32
pe3yJbTaTaMu IPOBEIeHUX Y AUCEPTaliliHilil poboTi focimKeHb 6yj10 po3pobyeHO MOoZesli HEIPOHHUX MEpeX 1S
aBTOMAaTM30BaHOI ineHTUdiKawii cTaHy 6>KOJIMHOI CiM'i HA OCHOBI JaHKX 3MIlIaHOTO TUIy. 3alIPOIIOHOBAHO MigX04u1
IIO aHaJli3y Bi3yasbHOi aKyCTUYHOI Ta CEHCOPHOI iH(popMmaliii, a TaKO>XX METOAM [1J1s1 MiABUILEHHS CTabiIbHOCTI Ta
aJanTUBHOCTI MOJieJiel 10 peaslbHUX YMOB eKcIlTyaralii. PeasizoBaHi Mozesni Ta mifxoay MOXYTh OyTH
BIIPOBAKEHI Y IPaKTUKY OJKiJIbHULITBA 17151 PAHHBOTO BUSIBJIEHHSI KpUTUYHUX CTaHIB Ta ONTUMI3allii yrpaBiliHHS

racikamu.

2. The academic dissertation is dedicated to researching the problem of identifying the state of bee hives using
neural network models. The work is aimed at developing effective methods of automated monitoring of bee
colonies using modern deep learning technologies. Honeybees play an important role in the ecosystem by
providing pollination for a significant portion of agricultural crops. However, in the recent years, bee population
has been declining in many parts of the world, which has increased the need for active monitoring of bee colonies.
Traditional methods of hive management heavily rely on visual inspections of the interior of the hives by the
beekeeper. This approach is laborious, as it involves removing and inspecting the hive frames and is directly
dependent on the experience and skills of the beekeeper. The use of neural networks with data obtained from a
beehive has a number of advantages compared to traditional methods. Firstly, neural networks allow for
continuous and objective monitoring based on data obtained from various sources, which makes them an effective
tool for determining the state of the hive. Secondly, they are able to detect hidden dependencies in the data that
are difficult to notice during visual inspection. In addition, trained neural network models can adapt to different
operating conditions through a transfer learning approach, which is especially relevant in the case of using trained
models with different bee breeds and in different geographical locations. Three main areas of application of neural
networks for identifying the state of bee colonies have been identified, such as: analysis of visual, acoustic and
sensory data. In this dissertation, a set of neural network models was developed for identifying bees in images,



classifying their individual states, and determining the general state of the hive based on the analysis of acoustic
data and time series from sensors. To work with visual data, an analysis of existing architectures of neural
networks for object detection was conducted and methods for image enhancement were considered in order to
improve results under variable lighting conditions. Also, neural network architectures were proposed for
classifying the states of individual bees in images. To determine the state of bees based on acoustic analysis, the
paper considered the STFT and MFCC feature extraction approaches and developed neural network models for
classifying the state of the presence or absence of the queen. The use of trained models on data obtained under
different conditions was analyzed, and the effectiveness of using transfer learning methods to adapt trained
models to new data was considered. The thesis also considered the use of neural networks in combination with
sensor data from the hive. An approach to pre-processing temporal data based on relative weight and temperature
values was proposed. Based on the processed data, neural network models were developed to identify events and
global states in the hive. To test the developed approaches, the identification of the states of the bee colony was
carried out on the data obtained from the developed experimental system, which showed the effectiveness of the
approach of using relative data and emphasized the relevance of developing universal systems that are able to
function in different conditions of hives. The versatility of models is a relevant problem in the development of
neural network models for monitoring bee colonies. To overcome this problem, the use of domain adaptation was
proposed, which allows to increase the generalization ability of models when used with new data. Also, the work
paid attention to the compactness of the proposed models and the possibility of them being applied in the
environment of specialized microcontrollers, which is a relevant problem in conditions of limited computing
resources. Based on the results of the research conducted in the dissertation, neural network models were
developed for automated identification of the state of a bee colony based on mixed-type data. Approaches to the
analysis of visual, acoustic and sensory information were proposed, as well as methods for increasing the stability
and adaptability of models to real operating conditions. The implemented models and approaches can be
introduced into beekeeping practice for early detection of critical conditions and optimization of apiary

management.
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