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This paper presents the outcome of monitoring aimed
at studying seismic precursor candidates with a multi-pa-
rameter system, carried out at a Science Camp in July 2022
in the northwestern Italian Apennines, in the province of
Parma. Pre seismic signals, closely related to the prepara-
tory stages of an earthquake, were detected with a crustal
diagnosis, based on physical signals, generated by tectonic
stress. The instrumental results show a potential temporal
concatenation, which describe, at the level of hypothesis,
the phases of the ongoing tectonic stress. The model fol-
lowed Zou’s theories who which associate the formation of
plasmas in the atmosphere with the piezoelectricity of rocks
under stress. According to his model, rocks placed under
tectonic stress and in the presence of moisture can produce
both charged particles and radio electromagnetic waves,
at high and low frequencies. A spherical plasmoid would
originate from this combination as a wave-particle inter-
action effect. According to Teodorani’s description High-
Frequency radio waves-particularly microwaves-would heat
and ionize the surrounding air, while low-frequency waves,
particularly Very Low Frequencies and Extremely Low
Frequency, would help condense the plasma, which in turn
would immediately go into swirling motions within it, until
it formed the «self-contained» structure seen in the sky as
a light phenomenon. Monitoring, therefore, involved the
detection of low-frequency waves preceding plasmas in the
atmosphere, directional electromagnetic signals from the
Radio Direction Finding (RDF) network, and the occur-
rence of an earthquake within the 5/6 days’ time window
along the same fracture line. A study model that, if con-
firmed, could be applied to other seismic zones for crustal
monitoring.
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The object of research is the mechanization of the process
of eliminating emission funnels on the earth’s surface, formed
as a result of explosions of shells and rockets.

The problem being solved in the work is related to the
military operations on the territory of Ukraine, because of
which thousands of hectares of land appeared, disturbed as
a result of explosions of shells and missiles, excluding their
further effective use without restoration. The first step in the
restoration of such lands is backfilling by means of mechani-
zation, however, due to the different sizes of the formed emis-
sion funnels, there is no universal equipment for achieving
the set goals.

In the course of the work, the main types of disturbances
of the earth’s surface, formed as a result of the explosion of
shells, represented by emission funnels in open areas, were
determined. It has been established that the number of
disturbed soil layers as a result of the formation of a funnel
depends on its depth. Efficient methods of mechanization of
backfilling of emission funnels in accordance with their pa-
rameters are proposed. Schemes of five main types of emission
funnels are presented, taking into account the number of soil
layers disturbed as a result of the explosion, which make it
possible to determine the sequence of restoration of disturbed
areas of the earth’s surface.

It has been established that the dependence of the volume
of emission funnels on their depth is a power law, while the
angle of inclination of the slopes also has a significant effect
on the value of the funnel volume. It has been determined
that with an increase in the funnel depth from 1 to 10 m, its
volume increases from 350 to 450 times depending on the
funnel slope angle, and an increase in the funnel slope angle
by 28 % from 35° to 45° leads to an increase in its volume by
95 %, and the area by 98 %.

The recommendations developed in the work on the
choice of mechanization means for the elimination of emis-
sion funnels formed as a result of explosions of shells and
rockets, depending on the depth of the funnel, can be used in
practice. The established dependences of the required time
for backfilling the emission funnels on their depth can be used
for a preliminary assessment of the cost of restoration work,
depending on the chosen means of mechanization and the
volume of emission funnels.

Keywords: [and restoration, emission funnels, mechaniza-
tion of backfilling of emission funnels, choice of means of
mechanization.
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The object of research is a prototype of fire detection and
automatic extinguisher mobile robot based on convolutional
neural network. Within the recent few decades, fires are con-
sidered as one of the most serious disaster that occurs in many
places around the world. The severity of fire incidents causes
damages to buildings, infrastructures and properties. Result-
ing losses of human'’s life and costs them a lot of losses. Thus,
fire poses a great threat to us significantly; it is extremely
dangerous for fire fighters. Fires can be resulted by materials
such as rubber and chemical products. Other sources of fire
are the short circuits on electrical devices and faults in power
circuits. Additionally, overheating and overloading problems
can be the cause of fire incidents. All these reasons lead to
bad consequences when there is no immediate response to
such problems. The advent of computer vision technology
has played such a significant role for human life. Artificial
intelligence field has improved the efficiency and behaviors
of robotics beyond expectations. The interference of artificial
intelligence made robotics act intelligently. For this reason, in
this paper we presented a mobile robot based on deep learn-
ing to detect the fire source and determines its coordinate
position then automatically moves toward the target and
extinguish fire. Deep learning algorithms are the efficient
ones for object detection applications. CNN model is one of
the most common deep learning algorithms which have been
used in the study for the fire detection. Due to the insufficient
amount of datasets and large efforts required to build model
from scratch. MobileNet V2 is one of the CNN models that
support transfer learning technique. After training the model
and testing it on 20 % of the used datasets the classification
accuracy achieved up to 98.01 %. The motion repeatability of
the robot has been implemented and tested resulting mean
error 0.648 cm.

Keywords: mobile robot, supervised deep learning, convo-
lutional neural network (CNN), image processing, transfer
learning.
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The objects of the study are solar modules. The world
has witnessed a change in all aspects of life, especially in

the last period, when the world witnessed an increase in the
demand for energy and all regions. Here the imperfection
appeared in meeting the energy needs, just as the traditional
sources (oil, coal, and natural gas), for example, are no lon-
ger hope as they are non-renewable sources. In addition to
these sources, to exploit the energy in them, we must burn,
which pollutes the environment, in addition to the cost of
transportation. Not long ago, solar energy began to produce
electricity through photovoltaic modules, and competition
began to make photovoltaic modules with higher efficiency.
The main aim of this study is to clarify the concept of bifacial
photovoltaic modules and show some differences between
them and monofacial photovoltaic modules. The current
report consists of the definition of bifacial photovoltaic
modules and their most important specifications, comparing
them with monofacial photovoltaic modules, which are the
best, the factors affecting their energy production, and the
type of radiation used in each type. In fact, the utilization
of albedo radiation for monofacial photovoltaic modules
does not exceed 2 %, while this percentage is exceeded in
bifacial photovoltaic modules. So, it can be recommended
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here that the trend to use bifacial photovoltaic modules can
be economical and space-saving space because it produces
more amount of electricity for the same unit area, which in
turn this spaces it available for other applications, and also,
increase the amount of electricity due to the increase in the
effective side size (two sides: one upwards and the other is
downward) of the solar modules.

Keywords: monofacial photovoltaic modules, bifacial pho-

tovoltaic modules, photovoltaic efficiency, photovoltaic tech-
nology, albedo radiation.
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DEVELOPMENT OF SOFTWARE FOR CALCULATION
OF OPTIMAL DIRECTION OF SOLAR PANELS DURING
«TIME OF USE-» IN REGIONS WITH COMPLEX
TOPOGRAPHY
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The object of current research is efficient usage of solar
energy via optimal panel orientation. Using the mathematical
methods of finding extremal value of function, the software
was developed to calculate the daily optimal direction of PV
panel. The knowledge of daily optimal direction of PV panels
enables to determine the optimal panel direction for any time
of use which allows maximizing the amount of harvested so-
lar energy. The proper functioning of this software has been
confirmed by field measurements. It was found that panel
optimal direction can be determined by considering only the
direct solar radiation, since taking into account diffuse solar
radiation of sky practically doesn’t affect optimal PV panel
direction. The essential factors affecting the optimal direc-
tion of PV panel are the topography of the considered site
and the significant changes of optical thickness, for example,
before and after noon. The calculations also show that the
partial cloudiness doesn’t remarkably affect the optimal PV
panel direction, but the regular presence of clouds in same
part of the sky does affect it. This software is applied to the
Ukrainian site Verkhovyna for which the optimal daily, sea-
sonal and annual solar panel directions are calculated and
presented. The formula to calculate the optimal direction for
any time of use via daily optimal tilt angle and daily direct
solar radiation falling onto the panel is given. The interface of
the software has been designed in a user-friendly way and can
be easily used by wide range of consumers. This software will
especially be useful for quick calculation of optimal direction
of solar panels in tourist sites located in mountainous regions.

Keywords: solar panel, optimal direction, relief function,
optical thicknesses, cloudiness, software.
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BOCHIIMEHHA ATMOC®EPHOI INMA3SMM, NIOB'A3AHI 3 ENEKTPOMATHITHHMH CUTHANTAMM
TA 3EMNIETPYCAMHU cTopinku 6-9

Valentino Straser

V wiii poboti HaBeneHO PEe3yJIBTaTi MOHITOPUHTY, CIIPSIMOBAHOTO HA BUBUYEHHS CEHCMIYHIX KaH/ANIATiB-ITPOBICHUKIB 32 J0MOMOTOI0 Oara-
TOTIAPAMETPUYHOI CHCTEMH, III0 TTPOBEIEHO B HAYKOBOMY Tabopi B smmHi 2022 poKy Ha MBHIYHOMY 3aX0/li iTamificbkux AMeHHiH, Y MPOBIHIIi
TTapma. ITepeaceiicmiuni curHa M, MO TICHO MOB'A3aHi 3 MIJATOTOBYMMM eTaraMu 3eMJIeTpycy, Oyl BUABJIEHI 3a OTIOMOTOIO JAiarHOCTUKU
3eMHOI KOPH, 3aCHOBaHOI Ha (DI3SMYHMX CUTHAJIAX, HOPOJKEHUX TEKTOHIUHUM HAPYKEHHSM. [HCTPYMEHTAIbHI pe3yJIbTaTh II0Ka3yloTh OTeH-
MiiHy THMYACOBY KOHKATEHAIIiI0, sTKa OMICYE, Ha PiBHi TinoTe3u, (ha3n BUHNKAIOYOTO TEKTOHIUHOT0 cTpecy. Mozesb HacmiyBaia Teopio 30y,
sIKa TTI0B'SI3Y€ YTBOPEHH:I I71a3MU B aTMOcdepi 3 11'€30eJIeKTPUKOIO TIOPiJL, 110 3HAXOASTHCS i/ HAIIPYTOI0. 3T1/IHO 3 IIi€I0 MOJIEJIIIIO, TIOPO/IH, 110
BHAXOSATHCS TTiJI TEKTOHIYHOIO HAIIPYTOIO 1 B MIPUCYTHOCTI BOJIOTH, MOKYTh BUPOOJISITH SIK 3apPSAKEH] YACTHHKH, TaK 1 pajioeJleKTpOMartiTHi
XBWJII, Ha BUCOKMX i HU3bKUX yactoTaX. Chepuunuii niasmoin BUHUKHE 3 1€l Kombinaiii sk eekt B3aeMoil XBUIb Ta YaCTUHOK. 3TifHO
3 orcoM Teozopani, BUCOKOUACTOTHI Pa/IiOXBUJII — 30KpeMa, MiKPOXBHJII — HATPiBAIOTH Ta i0HI3YIOTh HABKOJIMIITHE MOBITPS, @ HU3bKOYACTOTHI
XBHJI, 30KpeMa, Jy’Ke HU3bKi 4aCcTOTU Ta BKpail HU3bKI 4acTOTH, CIPUAIOTh KOH/ICHCAIlIl TJIa3MH, sIKa, Y CBOIO YEpry, HETailHO IIePeXOUTh
y BUXPOBI PyXU BCEPEIUHI Hel, TOKU He MOYHEe YTBOPIOBATU <«CaMOJOCTATHIO» CTPYKTYPY, IO CIIOCTEPIracThest B Hei sIK CBITJIOBE SBUIIE.
Takum 4THOM, MOHITOPUHT BKJIIOYAB BUSBJICHHS HU3bKOYACTOTHIX XBIJTb, IO epe/yIOTh MIa3Mi B aTMocdepi, CIIPAMOBAHNX €JT€KTPOMarHiT-
HUX CUTHAJIB BiJ Mepexi pazionenenraiiii (RDF), a Takok BUHUKHEHHS 3eMJIETPYCY B 4aCOBOMY BiKHi 5/6 JIHIB B3/IOBIK Ti€l K JIiHIT PO3JIOMY.
Mopenb IOCTIIPKEHHS, y Pasi MATBEPKEHHST, MOKe OyTH BUKOPUCTAHA B IHIINX CEHCMIYHMX 30HAX /71T MOHITOPMHTY 3€MHOI KOPH.

Kmo4oBi cnoBa: 11'e30€I€KTPUKA, HA/THU3bKA YAaCTOTA, 3eMJIETPYCH, Pa/lioliesIeHraTOpHa Mepeska, eHepreTnyHa I1a3mMa.

DOI: 10.15587/2706-5448.2022.271675
PO3POEKA PEKOMEHJIALI 3 BHEOPY 3ACOEIB MEXAHISALIT ANA MKBIAALL BUPB BHKHAIB, YTBOPEHHMX B PE3Y/ILTATI
BHEYXIB CHAPANIB I PAKET cropinku 10-14

Masnuuenxo A. B, NNoaxuixos 0. B, Ye6anos M. 0.

OO6’eKTOM JI0CTI/KEHD € MeXaHizatlist TIporiecy JIKBiallil BUPB BUKKUIIB Ha 3eMHil TIOBEPXHi, yTBOPEHUX B Pe3yJIbTaTi BUOYXIB CHAPSIZIB i paKeT.

[Tpob6uiema, 10 BUPILIYEThCs B POOOTI, MOB'sI3aHa 3 BiliCbKOBUME J[isIMU Ha TePUTOPil YKpaiHu, uepes 1Mo 3’sIBUJIUCS TUCSAYI TeKTap 3e-
MeJTb, TIOPYIIEHNX B Pe3yJIbTati BUOYXiB CHAPSIIIB i pakeT, 10 YHEMOKIUBIIOIOTD IX MOIasbiie eeKTHBHE BUIKOPUCTAHHS (€3 BiIHOBIEHHSI.
Tlepuim etarioM BiZIHOBJICHHS TaKKX 3eMeJIb € 3aCHITKa 3aco0aMu MeXaHizallii, oJiHaK Yepes PisHi po3Mipu yTBOPEHHUX BUPB BUKHUIIB He iCHY€E
yHIBEpCATBbHOTO 00JIaHAHHS [JIST PEasTi3allii MOCTaBIeHOI METH.

B xoz1i po6oTi BU3HAYEHO OCHOBHI BUAM MOPYIIEHb 3¢MHOT OBEPXHI, yTBOPEHUX B Pe3yJbrati BUOYXY CHAPSI/IB, SKi IpeACTaBIeHI BUpBa-
MU BUKUJIB Ha BIIKPUTUX ILIOIaX. BeTanoBIIeHO, 1110 KIBKICTD HOPYIICHUX HIAPIB IPYHTY B Pe3yJ/IbTaTi YTBOPEHHS BUPBU 3aJI€KUTD Bif ii
rOrHI. 3anpornoHoBaHO eHeKTHBHI CITOcOOGM MexaHi3allil 3aCHIKN BUPB BUKU/IIB Y BiZMOBIAHOCTI /10 iX mapametpis. [IpeacraBaeno cxemn
['SITU OCHOBHUX TUTIIB BUPB BUKU/IIB 3 yPAaXyBaHHSM KIJIbKOCTI IIAPIB IPYHTY, 1[0 TIOPYIIYIOTHCS B Pe3yJIbrati BUOYXY, sIKi I03BOJISIIOTH BI3HA-
YUTH MTOCTIOBHICTD Bi/IHOBJIEHHS TIOPYIIEHUX [IiSTHOK 3¢MHOI TOBEPXHi.

Beranosieno, 1o 3ajexHicTh 06’€éMy BUPB BUKHIIB Bijl X IIMOMHYM € CTENEHEBOIO, MPU 1IbOMY 3HAUYHWH BIIMB Ha BEJMYUHY 00'€My
BUPBHU TAaKOK CIIPHYUHSIE KyT HAXUITY YKOCiB. BusHaueHo, mo npu 36ibimeni ranbunau supsu 3 1 10 10 M, ii 06’em 3pocrae Bix 350 10 450 pasis
B 3aJIEKHOCTI BijI KyTa HAXWUJTy YKOCY BUPBH, & 301IbIIEHHs KyTa YKOCY BUPBH Ha 28 % 3 35° 10 45° mpu3BOaNTH 10 301IbIneHHs ii 06'eMy
na 95 %, a mwiomnti na 98 %.

Po3pobJieni B poboTi pekoMenaitii 3 BuOOpy 3acobiB MexaHizaIlii y1st JKBiAaIii BUPB BUKU/IIB, yTBOPEHUX B Pe3yJIbTaTi BUOYXiB CHAPSIIIB
i paker, B 3aJI€KHOCTI Biji I/IMOUHI BUPBU, MOXKYTb Oy TH BUKOPUCTAHI Ha PAKTHIL. BeTaHOBIIEH] 3a/1eKHOCTI HeOOXITHOTO Yacy 3aCUIIKH BUPB
BUKW/IIB Bi/l IX IMOUHU MOKYTh BUKOPUCTOBYBATHUCS /IS TIOIEPEAHBOI OIIHKY BAPTOCTI BiIHOBIIOBAIBHUX POOIT, B 3aI€KHOCTI Bil 0OpaHOTO
3aco0y MexaHizailii Ta 06'€MiB BUPB BUKH/IIB.

Kmiouosi cnosa: BiZIHOBJICHHS 3eMe/Ib, BUPBU BUKU/LIB, MEXaHi3allis 3aCUIIKU BUPB BUKU/IIB, BUOIp 3ac00iB MexaHizallii.

ELECTRICAL ENGINEERING AND INDUSTRIAL ELECTRONICS

DOI: 10.15587/2706-5448.2022.269861
PO3POEKA MPOTOTHITY MOEUILHOI'O POEOTA 3 BUABNIEHHA NMOMEMI TA ABTOMATHYHOI'O NMOMEMOIACIHHA HA OCHOBI
3roPTKOBOI HEHPOHHOI MEPEMI  cropinxku 15-23

Amin Saif, Gamal Muneer, Yusuf Ahdulrahman, Hareth Ahdulbaqi, Aimen Ahdullah, Ahdullah Ali, Ahduljalil Derhim

O06’€KTOM JIOCTIIZKEHHST € IPOTOTUTT MOOLITEHOTO Po6OTA JIJIsT BUSIBIIEHHST MOJKEK] Ta aBTOMATHYHOTO MOJKEKOTACIHHST HA OCHOBI 3TOPTKOBOT
HEHPOHHOI Mepeski. 3a OCTaHHI KiJIbKa JCCATHIITH MOKEKI BBAKAIOTHCS OJHIEIO 3 HAHCEPHO3HININX KaTacTpod, siKi TPAIISIIOTHCS B 6araTbox
MICIISIX TI0 BCbOMY CBiTY. Besuki 1moskexi 3aBAaioTh MmKoan OymiBisiM, iH(GpacTpyKTypi Ta Maiiny. BoHM NPU3BOANTDL 10 JIOACHKUX BTpat
I IPUHOCATD JIO/ISIM BEJIMKUX 30UTKIB. TaKMM YMHOM, BOTOHbB CTAHOBUTD JJIsI HAC BEJIMKY 3arpo3y, BiH TaKOXK Ha/[3BUYailHO HeOe3eyHuit s
TTO’KeKHUKIB. [oskesky MOKYTh CIIPHUMHUTH TaKi MaTepiaji, K TyMa Ta XiMiuHi TPOAYKTH. IHmmME KepeaMu osKesKi € KOPOTKi 3aMUKaHHS
€JIeKTPOOOIaIHAHHS Ta HECIIPABHOCTI B €JIeKTpoMepeskax. KpiM Toro, IpHYNHOIO MOKEKI MOKYTb GyTH MTPO6GIEMHU 3 IePErpiBaHHsIM i TlepeBaH-
TasKeHHsIM. Bei 1l mpuyaiHm mpusBoATS /10 TOTaHNX HACTIKIB, KOJIM Ha Taki mpobseMu He pearyioth Heraiino. ITosiBa Texuosiorii komir'orep-
HOTO 30py Bijirpasa Taky 3HauHy poJb y KuTTi soanan. Chepa mTydHoro iHTeaeKkTy mokpaiuia eeKTUBHICTD i TTOBeIIHKY POOOTOTEXHIKN
HOHAJl OUiKyBaHHs. BTPYYaHHS WITYYHOTO IHTEJIEKTY 3MYCUIO POOOTOTEXHIKY AIATH PO3yMHO. 3 1li€i MpUYuHM B 1iii poOOTI MpeACTaBIeHO
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MOOLIBHOrO POGOTA, 3aCHOBAHOTO HA IIIMOOKOMY HABYAHHI, /IS BUSBJEHHS JKEPeJa TOKeKi Ta BUSHAYEHHS HOr0 KOOPAMHATHOI MO3MUIIIL,
a MOTIM aBTOMATHYHOTO PYXY /0 IiJI Ta TaciHHsT MoyKesKi. AJTOpuT™MU IIIMOOKOTO HaBYaHHs € eheKTUBHIMI JIJIsT TIPOTPaM BUSIBJICHHsI 00 €KTIB.
Mogesn CNN € ofHuM i3 HARITOMIMPEHININX a/ITOPUTMIB TIIHOOKOTO HABYAHHS, AKMI BUKOPUCTOBYBABCsI B IOCI/KEHHI J1JIs BUSIBJICHHS TTOMKEKI.
Yepes HEOCTATHIO KiJIbKICTh HAOOPIB IAHKX 1 BEJIMKI 3yCHILIst, HeOOXiaHI uist cTBOperHs Moziesi 3 Hyist. MobileNet V2 — e oxna 3 mozesneit
CNN, 1o migarpumye meton Tpancheproro Hapuantst. [licsst HaBuaHHst Mojiesti Ta ii TectyBanHs Ha 20 % BUKOPUCTAHUX HAOOPIB JAHWUX TOY-
HicTh Kracudikamii gocsria 98,01 %. IosroproBanicTh pyxy poboTa OyJia peaizoBaHa Ta MPOTECTOBAHA, TIO A0 cepeHtio moxuOKy 0,648 cm.

Kmouosi cnosa: MoGiIbHKI PO6OT, KepoBaHe rIMOMHEE HaBYaHHs, 3ropTouna Heiiporta Mepeska (CNN), 06pobka 300paskemb, TpaHchepHe
HaBYAHHS.
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OrnAap NOPIBHAHHA MIM OAHOCTOPOHHIMH TA ABOCTOPOHHIMHM COHAYHUMH MOAYNAMMU cropinku 24-29

Ghayda’ A. Matarneh, Mohammad A. Al-Rawajfeh, Mohamed R. Gomaa

OG6’exTamu 0CI/KEHHsT € COHsiuHI MOjyJti. CBIT CTaB CBIZIKOM 3MiH y BCIX acleKTax JKUTTsl, 0COOIMBO B OCTAHHIN 1epioj, KOJIU y CBiTi
BiztOy10cst 301IbIIEHHS MOMUTY Ha eHepriio B ycix perionax. TyT BUsSBUIACA HEAOCKOHATICTD Y 3abe3MeYeH i eHePreTHYHIX T0TPed, OCKIIbKI
TpaauIiiHi [pKepena (Hanpukiaz, HadTa, ByTiJuis, IPUPOAHUN ra3) yKe He € Hajlieto, 60 BOHU € HEBIHOBIOBaHNME JKepeaamu. Ha noxa-
TOK /10 1[bOTO, Tpeba Bi[3HAUYNTH, IO T/l YaC BUKOPHUCTAHHSI eHepril X JLKEPe, MU TOBHHHI iX CATIOBATH, MO0 3a0pyAHIOE HABKOJIMIITHE
CepeloBuUllle, HE KasKydd BKe PO BapTiCTh TPAHCIOPTYBaHHs. He Tak JaBHO COHSUHA €HEPreTUKa IoYaia BUPOOJSITH eJeKTPOEHEPTio 3a
JOTIOMOTOI0 (hOTOEJIEKTPUIHUX MOJLYJIB, 1 TIOYaIacsi KOHKYPEHILisl 32 BUTOTOBJIECHHST (hPOTOCTEKTPIUYHUX MOJYJIB 3 Oi/bII0I0 eHeKTUBHICTIO.
OCHOBHOTO METOIO I[LOTO JOCIIiIKEHHS € PO3’SICHEHHsI KOHIIEIIITi1 IBOCTOPOHHIX (hOTOENEKTPIUYHIX MOJIYJIB i MOKA3aTH €Ki BIIMiHHOCTI MiK
HUMU Ta OHOCTOPOHHIMU (HOTOENEKTPUIHIUME MO IstMI. [I0TOUHA po6OTa MICTHTh BUSHAYEHHSI IBOCTOPOHHIX (POTOEJTEKTPUYHUX MOLYJIIB
Ta iXHIX HABaKIUBIMNX crieludikaliii, MOPiBHAHHS iX 3 OJHOCTOPOHHIMU (POTOETIEKTPUIHIMU MOJYJISIMH, SIKi € HalKpanmu, GaxTopis,
110 BILIMBAIOTH HA BUPOOHUIITBO IX €HEPTii, i TUIIIB BUIIPOMIHIOBAHHS, 110 BUKOPHCTOBYETHCA B KOKHOMY 3 HUX. Hacnpas/i, BUKOPUCTAHHS
BUTIPOMIHIOBAHHS aTb0eN0 IS OMHOCTOPOHHIX (hOTOENEKTPIIHIX MOJAYJIB He TepeBunrye 2 %, TOMi SK el BiICOTOK MEePEBUIITYEThCS IS
JIBOCTOPOHHIX (DOTOETEKTPUYHNUX MOJYJIiB. TakMM YMHOM, TYT MOKHA PEKOMEH/LyBaTH, 110 TEH/IEHIlisl BUKOPUCTAHHS JBOCTOPOHHIX (hOTO-
€JIEKTPUYHUX MOJYJIB MOXKe OyTH eKOHOMHOK Ta 3a0MaAUTH TIPOCTIP, OCKITbKY BOHU BUPOOJISAIOTH Oijblle eleKTpoeHeprii Ha Till camiit
OJIMHMUILI TIJTOII, 110, Y CBOIO Yepry, 3BUIbHSIE MPOCTIp IS IHIIMX 3aCTOCYBaHb, a TAKOK, 30LIBIINTH KiJIbKICTh €JeKTPOeHeprii 3a paXyHoOK
301JbIIeHHST €(DEKTUBHOTO PO3MIPY CTOPOHU (JIBi CTOPOHM: OJ[HA BrOPY, iHIIIAa BHI3) COHSYHUX MO/YJIIB.

Kmouosi cnoBa: o1H0CTOPOHHI (HOTOETEKTPIYHI MO, IBOCTOPOHHI (hoTOeTeKTpHIHI MOy, (hoToemekTpruna eeKTUBHICTD, (hoTOe-
JIEKTPUYHA TEXHOJIOTISI, BUTIPOMiHIOBAHHST albOeIO.
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PO3POBKA NMPOrPAMHOr0 3ABE3NEYEHHA [NA PO3PAXYHKY ONTHMAJIBHOr0 HAMPAMKY COHAYHKX NAHENEi NMPOTATOM
«4ACY BHKOPHCTAHHA> B PETIOHAX 31 CKNATHUM PENBEPOM cropinxku 30-34

Emin Gardashov

OG6’'€KTOM TIOTOUHKX JOCTIKEHD € eheKTUBHE BUKOPUCTAHHSI COHSYHOI €eHeprii IIISIXOM ONTHUMaIbHOI opieHTaIlil naneneil. Bukopucro-
BYIOUM MAaTeMATHYHI METO/M 3HAXO/UKEHHSI eKCTPEMaJIbHOTO 3HadeH st GyHKIiT, 0yJ10 po3pobiieHo porpamMue 3a0e3MedeH s Jisl PO3paxyHKy
MIO/IEHHOTO OTITUMAJIBLHOTO HAIIPAMKY (DOTOETeKTPUYHOI MaHesi. SHaHHS MO/IEHHOT0 ONTUMAJIbHOTO HAMPAMKY (DOTOETEKTPUYHNX MaHesei
JI03BOJISIE BU3HAUUTH ONTUMAIBbHUI HAIIPSIMOK ITaHeJI JIJ1g 6yub—su<or0 Yyacy BUKOPHCTAHH:, 1110 I03BOJISIE MAKCUMI3yBaTH KilIbKiCTD 3i6panoi
consiuroi eneprii. Haiexne (hyHKIIOHYBAHHS 1IHOTO TIPOTPAMHOTO 3abe3IiedeHHs OyI0 MiATBEP/KEHO TTOJbOBUME BUMIipIOBaHHIMU. ByJio
BUSBJICHO, 110 ONTUMAaJIbHII HAIIPSIM ITAHE i MOKHA BU3HAYUTH, BPAXOBYIOUH JIMIIIE IIPSIME COHSYHE BUIIPOMIHIOBAHHS, OCKIJIbKI BPAaXyBaHH:
PO3CITHOTO COHSYHOTO BUTIPOMIHIOBaHHS HeGa TPAKTUYHO HEe BIUIMBAE HA ONTUMAIBHUN HAPsAM (OTOeNeKTpIYHOI manesni. [ctoTHuMu dak-
TOpPaMH, 1[0 BIJIMBAIOTH HA ONTUMAIBHII HAIPSIM (POTOEIEKTPUIHOI TTaHei, € peJbed PO3TIISTHYTOI AIJITHKA Ta 3HAYHI 3MiHN ONTHYHOI TOB-
LIMHH, HATIPUKJIAJL, /10 1 ITicJist o1y /iHs. PO3paxyHKH TaKOK [OKa3yIOTh, 110 YACTKOBA XMAPHICTh HE3HAUHUM YMHOM BILIMBAE HA OITUMAJIbHUI
HaNpsIMOK (hOTOCIEKTPUIHOIT TTaHeJ, ajie PeryJsipHa IPUCYTHICTh XMap y Tiii camiii yacTuni Heba BrmBae Ha 1ie. Ile mporpamie 3abe3rnedenHst
3aCTOCOBAHO JI0 yKpaiHCbhKOTO caiity Verkhovyna, aist sKoro pospaxoBaHo Ta mpecTaBaeHo ONTHMaIbHI J060Bi, Ce30HHI Ta piuHi HAIPSIMKN
coHstyHuX nanesieil. HaBezeno ¢hopmyJry Uist po3paxyHKy ONTHMAJIbHOTO HAMPSIMKY JIst OY/Ib-SIKOTO 4acy BUKOPUCTAHHS Yepe3 MOAeHHIH
ONTUMAIBHIN KYT HAXUITY Ta IOJEHHY MPSIMY COHSTIHY Paiialiiio, 10 Majia€ Ha maHeb. [nTepdeiic mporpamuoro 3abesmnederHs 6yB po3pobie-
HU Y 3pyuHuii crioci6 i Moske GyTH JIETKO BUKOPUCTAHUIT IIMPOKUM KOJIOM ciioskuBadiB. Ile nporpamue 3abesredents oco0IMBO cTaHe B Ha-
TOJIi ZUIST IIBHUAKOTO PO3PAXyHKY ONMTHMAIBHOTO HATIPSIMKY COHSTIHIX TIaHes el Y TYPHCTHYHNX 06 €KTaX, PO3TAIOBAHNX Y TIPCHKIX PEriOHax.

Kmovosi cnoBa: COHsIYHA TTAHEIb, ONTUMAIBHIN HAPAMOK, (DYHKIIis Pesbedy, ONTUYHI TOBIIUHHU, XMAPHICTh, IIPOrpaMHe 3a0€3I1eUeHHSI.
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