O6J1ikoBa KapTKa [IiP

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHH HOMeP: 0223U005655

Jep>kaBHUH peecTpauiliHUI HOMeP: 0121U110229

Oco06J1uBi TO3HAYKHU: Binkpura

JaTa peecrtpaunii: 26-12-2023

II. Etran BukoHnauus JiP

Homep eramny: 1

Ha3sBa eramny: [IpenukatBHa aHaJITHKA [JI1 MET€OPOJIOTii 3 BUKOPUCTAHHSIM [HTEpHETY pedeii.
IToyaTok eramy: 01.2021

3akiHyeHHs eTamy: 12.2023

Bupz 3BiTHOTO AOKYMEHTA: OCTaTOYHUM 3BIT

I11. BizomocTi npo BuKoHaBus JIiP

IloBHe HaliMeHYBaHHS IOPHUAUYHOI 0co0H (260 ITIB ¢i3zmyHOi 0cO6H): JIbBiBCHKMIT HALOHATIBHUI

yHiBepcuTeT iMeHi IBana OpaHka

Kopg 3a €IPIIOY: 02070987

Micue3HaxoaKeHHS: ByJI. YHIBEpCUTETCHKA, Oy1. 1, M. JIbBiB, JIbBiBCbKa 0651., 79000, YKpaina
dopma ByracHoOCTI:

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

Inentudikarop ROR: He zacrocosyerbcs

Po3mip opranisamii:

Tenedon: 380322616048

IV. BimomocrTi nipo ciiBBUKOHaBIIiB [IiP



V. BimomocrTi npo 3amoBHHKa [IiP

IloBHe HaliMeHYBaHHS IOPHIHYHOI 0coou (a6o ITIB ¢iznuyHO0i 0cO0H): JIbBiBCHKNMIT HALIOHANBHMI

yHiBepcuTeT iMeHi IBana OpaHka

Kop, 3a €IIPIIOY: 02070987

Micue3HaxoaKeHHS: BYyJI. YHiBEpCUTETCHKA, Oy, 1, M. JIbBiB, JIbBiBCbKa 0061., 79000, YxpaiHna
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

Poamip opranisanii:

Tenedomn: 380322616048

VI. I>kepeJia, HanpsiMHu Ta oocsiru pinaHcyBaHHs JIiP

IlincraBa gis IIPOBEOECHHSI HiP: 43 - pnacua ininjiatusa (Km0 poboTa BUKOHYETHCS 3 BJIACHOI iHiljiaTHBU 32

KOLITU BUKOHaBIA HJIP a60 6€3K0ITOBHO)

Hampsam (l)iHchyBaHHﬂ: 2.2 - IpUKJIaHi AOCTiIKeHHS i po3pOOKU
I>kepesia piHaHCYBaHHS

7706 - 6e3nyaTHO (AOroBip MPO HAYKOBO-TEXHiYHE CIiBPOOITHHIITBO, TOIL0)



VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

[lpenykaTuBHA aHANITHKA [1J1s1 METEOPOJIOTi 3 BUKOPUCTAHHAM [HTEpHETY peven

Ha3sBa po6oTH aHIJIilICbKOIO:

Predictive analytics for meteorology using the Internet of Things

PedepaT ykpaiHCbKOIO:

[IpoBeneHo po3po6Ky 6a30BOi METEOCTaHIii Ta METOIVKY MIPEIUKATUBHOIO IPOTHO3YBAHHS 4YaCOBUX PAAiB. 3i0paHo
IIPOTOTHUII CTaHLlii HA OCHOBI MiKpOKOHTpoJsiepa ESP32, 06paHo apXxiTekTypHe pilleHHs Ha OCHOBI IpoToKoIy LORA
Ta 06Miny nanumu 3 mepesxketo [oT TTN. PeasizoBaHO po3LIMPEHHS METEOKOMILIIEKCY [0 HEOOXiAHOTO Mepesliky
JIAHUX Ta BiJIIIpallbOBAaHO METOAU Nepeadi JaHux 3 BUKopucTtaHHsM [0T. Po3ryisiHyTo cydacHi metogu
IIPOTHO3YBAHHS YAaCOBUX PAiB. 3 11i€0 METOI0 BUKOPMCTOBYBAJIACS IIOTOJHI aHi, 3i6paHi MeTeOCTaHIi€0
JIsBiBChKOTO aeponopty (UKLL) 3a 2016-2021 pp., a Takox MeTeopaHi y M. JIbBiB 3 Be6-caiiTiB www.weather.com 3a
2 poku (nepiog, 2019-2021 pokiB) Ta www.accuweather.com 3a nepion 2010 - 2023 pp. Lli pi3Hi mxepesna
METEOJAHUX BUKOHYBAJIM POJIb YMOBHOI MEPEXi METEOKOMILJIEKCIB. [IpoBeleHO NOPiBHSIbHUI aHaIi3
e(peKTUBHOCTI IPOTHO3YBaHHS TEMIIEPATyPHUX 3MiH HA OCHOBI HU3KU MOJieJiell 4acOBUI psiB 3 Ta 6€3
BHMKOPHUCTaHHS €K30I'€HHUX [TapaMeTpiB (BOJIOriCTh, aTMOC(EepHUil TUCK). BusiBiieHO, 1m0 3BryaiiHi mogesi ARIMA
HAJAI0Th 3MOTY 3[IiliCHIOBATH Kpallle KOPOTKOCTPOKOBE IPOTHO3YBaHH4, TOJi SIK MOJieJli, 10 BUKOPUCTOBYIOTh
CE30HHICTb, MOXKYTb ITPALIIOBATH Ha O1JIbIIMX YACOBUX iHTEPBasaX. BpaxyBaHHS €K30r€HHMX [TapaMeTpiB Ael0
IIOTIipIIyBaJIO TOYHICTh IIPOTHO3YBaHHSI, OCKIJIbKY TOJIi BpaxoByBasacs IOXMOKa iXHiX BJACHUX IIPOTHO3HUX 3MiH. SIK
HACJIioK, OGI'PYHTOBAaHO BUKOPUCTAHHSI Ta 100YI0BAHO IIPOCTY riOpUIHY MOJEJIb [1J1s IONiBrOAMHHOTO
IIPOTHO3YBAaHHS NIOroau Ha 0CHOBI ARIMA (7151 KOPOTKOCTPOKOBO] IepcneKTuBU) Ta Prophet (#J18 1OBrocTpoKoBOi
nepcrekTuBy). Takum YMHOM, Ha OCHOBI JaHUX, 3i0paHyX B OHIN TOYL 3 Pi3HUX METEeOCTaHLil, OTPUMaHO
MOXJIMBICTb [100YI0BY PeaJIiCTUMHOrO IIPOrHO3YBaHHsI [1J1s 1€l XK jloKallii. [IpoBeieHO OLiHIOBaHHS YaCOBUX MEX
3aCTOCOBHOCTI Mogesi Prophet 111 mporHo3yBaHHS JIOKaJIbHOI METEOCUTYALl i BUSBIJIEHO, 11J0 3aCTOCYBAaHHS

6ibmioreku Prophet nae xopouy sKicTb nepefboadyeHHs, IPUHANMHI, Y BUNIA[Ky TUJKHEBOI EPCIEKTHBU.

Pedepar aHIJIiHCBKOIO:

The development of the basic weather station and the method of predicative forecasting of time series was carried
out. A station prototype based on an ESP32 microcontroller was assembled, an architectural solution based on the
LORA protocol and data exchange with the TTN IoT network was chosen. The expansion of the weather complex
to the required list of data was implemented and methods of data transmission using loT were developed. Modern
methods of forecasting time series are considered. For this purpose, weather data collected by the weather station
of the Lviv Airport (UKLL) for 2016-2021 were used, as well as weather data in the city of Lviv from the websites
www.weather.com for 2 years (period 2019-2021) and www. accuweather.com for the period 2010 - 2023. These
different sources of weather data served as a conditional network of weather complexes. A comparative analysis of
the effectiveness of forecasting temperature changes based on a number of time series models with and without
the use of exogenous parameters (humidity, atmospheric pressure) was carried out. Conventional ARIMA models
are found to provide better short-term forecasting, while models that use seasonality can perform at longer time
intervals. Taking into account exogenous parameters somewhat worsened the accuracy of forecasting, because
then the error of their own forecast changes was taken into account. As a result, the use of a simple hybrid model
for half-hourly weather forecasting based on ARIMA (for short-term perspective) and Prophet (for long-term
perspective) is justified. Thus, on the basis of data collected at one point from different weather stations, it is
possible to build a realistic forecast for the same location. An evaluation of the time limits of the applicability of the
Prophet model for forecasting the local weather situation was carried out and it was found that the use of the
Prophet library gives a good quality of prediction, at least in the case of a weekly perspective.
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