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MOIUPUKALNSI METOJA HAKONMUTEJIbBHOI'O CYMMUPOBAHUSA CBETOBBIX
IHOTOKOB VIs1 PACYETA BTOPUYHOU OIITUKU CBETOAMOOB C BOJIBLIOU
IVIOINAABIO N3JTYYAIOIIEHN ITIOBEPXHOCTH

Cepnos C.II., bairoxonos /I.B.

benopycckuii nayuonanvHulii mexnuueckull yHugepcumem
Munck, Pecnybnuxa benapyco

BBHIy TOCTOSHHOTO YCOBEPIICHCTBOBAHHS CBE-
TOJMOJIOB, U3TOTOBIsAEMBIX 10 TexHojgoruu OLED c
MPUMEHEHHEM KBAaHTOBBIX TOUYEK M yBEIHMUCHHS WX
BpeMeHHU HapaOOTKH O 0TKa3a (BeAylas aMepUKaH-
cKkas (UPMBI IO H3TOTOBICHHIO CBETOAHOIOB C
KBaHTOBbIMH TOukamu Quantum Materials Corp
BBIYCKAECT TMPOJYKIMIO, Y KOTOPOW 3TO BpeMs
cocraBmwiio He MeHee 1000 uacoB [1]), Bce Oosee
aKTyaJ'H)HI:IM ABJISACTCA yJ'Iy‘-IIlIeHI/IC METOO0B pac'{eTa
JeTajieil BTOPUYHON ONTHUKU JUIsl ydeTa OQOJbIIOH
U3IIy4arouieil IOBEPXHOCTH JaHHbIX CBETOJHOIOB.

BrigBuHyTEIC panee pEKOMEH AT 0
KOHCTPYUPOBAaHUH JeTajiell BTOPWYHOH ONTHKH,
TIPUTOHBIX JIJISl PA3TUIHBIX THUIIOB CBETOTHOIOB [2]
MO3BOJIIOT MOAU(HUIIIPOBATH METO/
HAKOIIUTEIEHOTO CYMMHPOBAHHUS CBETOBBIX ITOTOKOB
TakuM 00pa3oM, YTOOBI MOKHO OBLIO pACCUHTHIBATH
JIeTajIl BTOPUYHOM ONTHKH JIaXKe Il CBETOAHOIOB C
OYE€Hb 0O0JIBIION MIOIIAABIO H3JIyYaroen
TTOBEPXHOCTH (KPYT TUaMETpoM 110 20 MMm).

Kpome ycioBUsi KBa3MUTOYEYHOCTH M YCIOBHS
OXBaTa MCTOYHHWKA CBETa, IJIS pacyera ACTajid BTO-
PUYHON ONTHKH TI0 MOIUGUIIMPOBAHHOMY METOTY
HAKOIIMTEIIEHOTO CYMMHPOBAHUS CBETOBBIX MTOTOKOB
HEO0XOANMO YYECTh PAa3JIMYHBIA YTOJ MPEIOMICHHS
y TPaHWYHBIX JTydeil: Te JIydu, KOTOPhIC HAXOIATCS
Onmke K ONTUYECKON OCH, MPEIOMIISIOTCS ciadee,
YeM Te, KOTOPBIC HAXOATCS NANbIIC OT ONTHYECKOM
ocu. M3-3a 3TOr0 Aaxke Mpu MpaBUILHOM pa3OHCHUH
CBETOBOI'0 MOTOKA OT HETOUCYHOTO HMCTOYHHKA ITO0-
SBATCSI CKAaYKW CHJIBI CBETa B TPOU3BOJBHBIX
HaIpaBJICHUSX.

Yrobbl M30€KaTh IMOSABJIEHUS JTHUX CKadKOB,
YIJIOBOM HHTEpBaJI [UIsl 3aCBETKU OIPEIECIECHHOMN
YaCTH 33JJAHHOTO PACIIPEICIICHHSI CHIIBI CBETa MOKHO
JIOTIOJTHUTEIBHO Pa3JICIUTh Ha HECKOJIBKO YYACTKOB
U PacCesITh UX MO BCEMY y4acTKy.

Ilpn pacyere neraneil BTOPUYHON ONTHUKH IJIs
HETOYEYHBIX HCTOUYHHUKOB CBETa B LIEHTPAIbHOU
YyacTU JeTajli BTOPUYHON ONTHKH paccesHHe CBETa,
BBI3BAaHHOE HETOYEUHOCTHIO HCTOYHUKA CBETa, OyeT
Ooiipilie, 4eM Ha nepudepur JeTaid, Tak 4To IMpHU
pa30MEeHNN CBETOBOTO ITOTOKA CBETOMMOAA HY)KHO
yUY€CTh, YTO LICHTP ACTAIN BTOPUIHON ONTHKH OyIeT
o0ecrieuynBaTh 3aCBETKY BCETO 3aJaHHOTO
pacrpeieNieHusl CUIIbI CBETa.

B T0 xe Bpems nepugeprudeckast 001acTb ACTAIH
BTOPHYHON ONTHKH, KOTOpas paboTaeT B OCHOBHOM
0 IPUHIIUITY [TOJTHOT'O BHYTPEHHET0 OTPAXKEHHUS, U3-
3a MaJOTO PaccesHHs CBETa MOXKET OBITh MCIOJB30-
BaHa NI TOHKON HAacTPOMKH PACIPEACICHUS CUIIbI
CBETa UCTOYHHUKA C JICTAJIbI0 BTOPUYHOM ONTUKH.

YroOsl paccuuTaTh rabapuTHBIE pa3MepH! AeTaIn
BTOPHYHONH ONTHKH JJII CBETOIHOJOB, KOTOpHIE
HENb3sl CUMUTAThb TOYEYHBIMH HCTOYHHKAMHU CBETa,
IpeularaeTcsi  HUCIOJIb30BaTb ~ HE  HEKOTOPOE
MPOU3BOJILHOE 3HAYCHHE pACCEessHUA CBeTa B
LEHTPaIbHON 00JIaCTH, a KpaeBble YITIbI 3aJaHHOTO
pacmpeneneHust CUIbl CBeTa. DTO MO3BOJSAET, HE
BBIXO/s 32 rabapuThI 110 TOJIIMHE JIeTaIH BTOPHYHOM
ONTHKH, ITyTeM WCIOJb30BaHUS €€ BHYTpPEHHEH
MOBEPXHOCTH YIIy4IIATh PaBHOTOJIIIMHHOCTD
JeTaJH, YTO YMEHBIIAeT €€ Maccy M yBEIUYMBACT
TEXHOJIOTHYHOCTE. Kpome TOrOo, 3TO MO3BOJSAET
CHM3HUTH IOTEPH Ha TPOIyCKaHWE 3a CUeT MaJlon
TOJILIUHBI MaTepHaa JeTall BTOPUYHONW ONTUKU.

MoaupunupoBaHHBIE METO HAKOIUTEIHHOTO
CYMMUPOBaHHS CBETOBBIX IMOTOKOB IOOLIPSET HC-
M0JIb30BaHKUE BHYTPEHHEH MOBEPXHOCTH JI€TAIN BTO-
PUYHON ONTHKHY, TaK KaK IPU €T0 HUCIIOJIb30BaHUU HET
HEOOXOAMMOCTH OOEcHeunBaTh IUIOTHBIH KOHTAaKT
H3JTy4arollel MOBEpXHOCTH UCTOYHUKA U AeTaiu. 13-
3a 5TOrO BHEIIHSS MOBEPXHOCTh NETaTX BTOPUYHOM
OIITHKH MOXET OBITh BHINTOJIHEHA IJIAAKOH (KyCOYHO-
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[JIaJIKOH), YTO MO3BOJISIET UCIIOIB30BaTh JETalb BTO-
PUYHOMN ONTUKU KaK KPBIIIKY, 3aMIUIIAIONIYI0 UCTOY-
HUK CBETa OT 3arpsi3HEHUN M JIPYTrUX BO3JIEUCTBHUI
OKpyXatomei cpempl. Takum oOpaszom, neraiu
BTOPUYHOM  ONTHUKM C  TJaJAKOM  BHENIHEH
MTOBEPXHOCTHIO XOPOIIO MOIXOMAT ISl IPUMEHCHHUS
B MOAYJISIX HECMEHHBIX HCTOYHHKOB CBETAa, KOTOPHIC
KpOME HCTOYHHKA CBETa COAEP)KAT emle M CXeMy
MUTaHUs,, KOTOPYI0 MOXXHO TakKe pa3MeCTUTh B

MIPOCTPAHCTBE noj netanbto.Mcnonb3ys
MOIUGUIMPOBAHHBIA ~ METOJ  HAKOMUTEIHLHOTO
CYMMHPOBAHUS CBETOBBIX MIOTOKOB, ObLIa

ompejeneHa  Teoperuueckas  ¢Gopma  AeTaiH
BTOPUYHOW ONTHKH JJIsl PeaM3aliy pacipeaeICHuUs
CUIIBl  cBeTa  crom-curHana.  KommbroTepHoe
MOJICTMPOBaHKE PabOThI IAHHOM IeTalu BTOPUIHOM
OMNTHKH C UCTOYHHUKAMHU CBETa PA3IMYHBIX PA3MEPOB
MOKa3ano, 4YTO JaXke B Cilydyae MPUMEHEHHS
HCTOYHHMKA CBeTa OOJBIIErO  pa3Mepa, ueM
pacyeTHbIf, OpPU 3aJAHHOM CBETOBOM IIOTOKE
WCTOYHHMKa CBETa JAeTallb IPOJOJDKAET CO3/1aBaTh
pacripeielieHle CUJIbl  CBETa, YAOBJIETBOPSIOILEE
KpUTEPHsIM COOTBETCTBYIOIIEro cranaaprta ([IpaBuna
EOQK OOH Ne7), uto oTpaskeHO Ha pUCYHKE 1.
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HARDWARE AND SOFTWARE FOR REMOTE CONTROL AND MONITORING
OF LABORATORY STAND FOR THE OPERATION RESEARCH OF SOLAR PANELS

Slabinoha M.O., Klochko N.B., Kuchirka Y.M.

Ivano-Frankivsk national technical university of oil and gas, lvano-Frankivsk, Ukraine

Modern trends in higher education promote the
widespread use of distance learning methods for both:
students of external education and for self-studying of
full-time students. Undoubtedly, the use of such tools
and techniques makes it easier for students to access
educational materials. However, for many specialties
that have their own learning process specifics this
way of presenting information, demos and handouts
creates a number of limitations. In particular, for
students of technical specialties it is very important to
work with real stands during laboratory works.
Therefore, the “problem is to develop laboratory
facilities that allow remote experiments to be done by
managing and monitoring the results of experiments
using network technologies, especially the Internet.

The prototype of the laboratory stand on the
research of solar panels work was developed at the
department of information and  measuring
technologies of the Ivano-Frankivsk National
Technical University of Oil and Gas. Photo of the
prototype is shown in Fig. 1.

The prototype consists of a solar panel mounted
on a rack, positioned in the horizontal and vertical
plane by two servo-drives SG-90. Servo drives are
controlled by Arduino UNO microprocessor board.
The solar panel output contacts are connected to the
relay, which feeds the current panel to the input of one
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of the two ADG620 operational amplifiers. This
operation is repeated every three seconds. The first
amplifier is used to stabilize the voltage generated by
the panel. The second amplifier is used to amplify the
voltage falling on the resistor of a given resistance
value (in this case, 10 kOhm). The signals from the
outputs of both operational amplifiers are fed to the
Arduino UNO board's analog inputs. Thus, the
voltage and current strength produced by the panel
are obtained with the Arduino Uno.

Figure 1 - Prototype of a laboratory stand for the operation
research of solar panels

In addition to the data on the produced voltage and
current at Arduino UNO, the DHT-11 sensor receives
information about the temperature and humidity of





