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BUKOPVUCTAHHS YACOBUX PSIIIB TA HEMPOHHMX MEPEXK LSTM JIJI41
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AHoranist. boxonu € Had3euuaiiHo eaxciusumu O eKkocucmem ma CilbCbK020
2ocnodapcmea, npome ix nonyasiyii CKopouymscsi uepe3 pi3HOMamimti 3azpo3u. ILle
3YMOG/IOE KpumuuHy nompeby 6 epekmusHuUx cucmemax MOHIMOPUHZY CMAHY
O0HcONUHUX CiMell 011 CBOEUACHO20 ChosiuleHHs naciuHuka. TpaduyiiiHi memodu mawoms
00MexceHHs, momy 3pocmae iHmepec 00 3aCMOCY8AHHSI HEUPOHHUX Mepexc O yiel
3adaui. Memoio daHoi pobomu € po3pobka modeneii Ha ocHosi apximekmypu LSTM ons
idenmugpikayii pisHUX cmawié 8yauKa 3a 0ONOMO20H0 AHANI3Y UACOB8UX PS8 OAHUX
ceHcopie (s8aza, memnepamypa). Byno eukopucmaHo Habip OJaHux, wo npotiuos
nonepedHio 00poOKy, 6KIUANUU dzpezayilo, IHMepnoaayi, pPo3PaxyHoK NOXiOHUX
03Hak ma cezmeHmauir. Haeueni 06i LSTM-modeni - 0ns mouko8ux (poiHHs,
nidzodosysatms, 3a0ip medy) ma 2100a1bHUX CMAHIB8 (HOPMANbHULL, 3a2ubeb, 8eCHAHULI
po38umox, medo30ip) — NpooeMOHCMpY8anu BuUCOKY mouHicms (96% ma 92%
8i0n08idH0), nidmeepoxcyouu egpekmusHicms nioxoady.

KimiouoBi cioBa: MoHimopuHe 00xcin, cmaH 8yauka, uacosi psadu, LSTM, HelipoHHi
Mepexci, MauluHHe HaguaHHs, 60x#cinoHUYymeo, RNN.

Bokonu BimirpaloTh 3HA4YHYy poib Y IATPUMIL Oiopi3HOMAaHITTS Ta
3abes3mneveHHi MPOAOBOJIbUOiI Oe3meKky uepe3 sammwieHHsS. OgHAK CBiTOBi MOMyJISILii
O/IKijT 3a3HAIOTh 3HAYHOTO CKOPOYEHHSI yepe3 KOMILIEKCHi (paKTOpM, BKIIOUAIOUMU
BTpaTy CepefoBMINA iCHYBaHHS, mecTULMAM Ta 3MiHM kiaimary [1]. Lle cTBOploe
HarajJbHy MOTpeby B po3po6Ili e@eKTUBHUX CUCTEM MOHITOPUHTY OIKOIMHUX
KOJIOHi}i, 110 MO3BOJUTb BUSIBJISITM IPOOJSIEeMM HAa paHHIX CTafisIX Ta BiAIIOBigHMX
3ax0/IiB. ICHyIOUi MeTOaM MOHITOPMHIY YacTO € iHBa3sMBHMMM, TPYAOMiCTKMMMU ab0
HeloCTaTHbO iHbopMaTUBHMMHU. TOMY BUKOPUCTAHHS TEXHOJIOTiNi IITYYHOIO
iHTeneKkTy, 30KpeMa HelipoHHUX Mepexx LSTM, njis aHani3y JaHuX 3 CEHCOPiB BY/IMKa
€ TepCreKTUBHMM HaIlpSIMKOM [jis1 6e3repepBHOrO Ta HEiHBa3MBHOIO KOHTPOJIIO
CTaHy OmKoMMHMX cimeii. TlomepenHi mDOCTimKeHHST ITOKasyBaiyu eQGeKTUBHICTb

BUKOPUCTAHHS TeMIepaTypHUX AaHUX IJ1s1 ifeHTudikallii cTaHiB Byauka. [2]
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B gKkocti mKkepena HaHMX B IOOCTIMKEeHHiI OyJIO BUKOPUCTAHO BiZKpUTUIiA
naracet 3 Kaggle[3], mo micTuTh aHOTOBaHi AaHi 3 Byimka 3a 2019-2022 poku.
[Ipouec migroToBKM MAaHMX BKIIOUAB: 1) arperailiro MOXBWIMHHMX HaHUX OO 15-
XBWIMHHMX (IJI1 TOYKOBMX CTaHiB) Ta 4-TOOAMHHUX (O TIJI00aJIbHUX CTaHiB)
iHTepBasiB; 2) CeJeKTMBHMIA €KCIIOPT CTabibHMUX [dianasoHiB; 3) iHTepHOJSIIiio
TIPOITYCKiB Ta 3IVIaJI)KyBaHHS ; 4) pO3PaxXyHOK MOXiAHMX O3HAK (BiIHOCHA 3MiHa Bary,
CITiBBiTHOIIIEHHSI TeMIIepaTyp); 5) cerMeHTaIlil0 JaHMX 3 BUKOPUCTAHHSIM PYyXOMOTO
BikHa (6 TOOMH IJISI TOYKOBMX, 96 TOAVH IS [NIOOAJIbHMX CTAHIB) Ta 3aCTOCYBAHHSIM
oydepy; 6) paHgomisaliilo Ta 6aJaHCYBaHHSI KJIAcCiB )i VHUKHEHHS 3MillleHHS; 7)
posnisieHHs1 Ha HaBuayibHY (80%) Ta TecToBy (20%) BUOipKu. Byno po3pobiaeHo Ta
HABYEHO JBi MOJieJli Ha OCHOBI peKypeKkTHO1 apxiTekTypu LSTM. Ilepiia moaenb Ajis
imenTudikalii TOUYKOBMX CTaHiB (POiHHS, IiATOZOBYBaHHS, 3ab6ip Mmemy) Oyra
TPeHOBaHa 3 BMKOPMCTAHHSIM BiJHOCHOI 3MiHM Baru, Mmicsisg Ta roauHu. [pyra
MoJenb i Kiaacudikarlii rimobasbHMX CTaHIB (HOpMaJIbHUI, 3aruOeb, BeCHSIHUIA
PO3BUTOK, Men0306ip) BUKOPUCTOBYE BigZHOCHY 3MiHY Baru, CITiBBiZHOIIEHHS
30BHIIIHBOI Ta BHYTPIIIHbOI TeMmIlepaTyp, MicsSlb Ta Ma€ MoOAudiKoBaHy
apxiTeKTypy HelipOHHOiI Mepeski 3i 30i/bIlIeHOI0 KiJIbKiCTIO HelipoHiB. O6uABi Mmoperi
HaBuaauch mpotrsarom 100 emox. TecTyBaHHS Ha BiAKIajeHiii BuOipIi Imokasayio
3arajJibHy TOYHICTb 96% [mJjsi MOJeni TOUYKOBMX CTaHiB Ta 92% mias mopeni
IJ100aJbHUX CTaHIB.

BucHOBKM. Y X0/Ii JOCTiIKeHHST 6Y/10 YCITIIIHO po3p00/ieHo Ta IMIPOTeCTOBAHO
IBi Mogmeni Ha 6a3i HelipoHHMX Mepexx LSTM mas imentudikaiiii TOUKOBUX Ta
IJI00QIbHUX CTaHiB OMKOJIMHOTO BYJIMKA 3a JOIOMOIOI0 aHaji3y YacOBUX PSIiB.
[IpogeMOHCTPOBAaHO e(MEeKTUBHICTh 3alPOIIOHOBAHOIrO ITiAXOMY: MOJENi HOCSTIN
3arajqpHOI TOYHOCTI 96% Ta 92% BiANOBIZHO Ha TecTOBMX AaHUX. Pe3dynbraTu
MiATBEPIKYIOTh MepCHeKTUBHICTb BuUKoOpuctaHHg LSTM Ta maHux Mpo Bary i
TeMIepaTypy [Jisi CTBOPEHHSI aBTOMAaTM30BaHMX CUCTEM MOHITOPUHTY CTaHy
OIKOIMHUX CciMelt, 110 MOXXe CIIPUSITM CBOEYACHOMY BMSIBJIEHHIO IIpo6jieM Ta

30epeskeHHIO OISl 6IKiI.
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USING TIME SERIES AND LSTM NEURAL NETWORKS FOR IDENTIFICATION
OF HIVE STATES
Zhukov 0.0., Horbenko V.I.

Abstract. Bees are extremely important for ecosystems and agriculture, yet their
populations are declining due to various threats. This creates a critical need for effective
systems to monitor honeybee colony health, allowing beekeepers to react promptly.
Traditional methods have limitations, leading to growing interest in artificial intelligence
applications. This work aims to develop models based on the LSTM architecture to
identify different beehive states by analyzing time-series data from sensors (weight,
temperature). Data from Kaggle was used, undergoing thorough preparation including
aggregation, interpolation, derivative feature calculation, and segmentation. Two LSTM
models were trained — one for point states (swarming, feeding, honey harvesting) and
another for global states (normal, colony collapse, spring build-up, honey flow). They
demonstrated high accuracy (96% and 92% respectively), confirming the approach's
effectiveness.
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