MINISTERUL EDUCATIEI SI CERCETARII AL REPUBLICII MOLDOVA
Universitatea Tehnica a Moldovei
Facultatea Calculatoare, Informatica si Microelectronica
Departamentul Ingineria Software si Automatica

Admis la sustinere
Sef departament:
FIODOROYV Ion dr., conf.univ.

o 2025

ANALIZA DISPOZITIELOR DE ORIENTARE A
PANOURILOR SOLARE PENTRU EFICIENTIZAREA
ACESTORA

Teza de master

Student: Godunov Maxim TI-231M
Coordonator: Cernei Irina, asist. univ.
Consultant: Cojocaru Svetlana, asist. univ.

Chisinau, 2025



AHHOTALUS

B nannoii marucrepckoii paboTe paccMOTpPEHbI TEXHOJIOTUH ciiekeHus 3a CoNHIIeM, HalpaBlIeHHbIE
Ha MoBbIeHue 3)PEKTUBHOCTH COTHEUHBIX MaHesneil. OCHOBHOE BHUMAHHE YJICICHO aHaIN3y OJTHOOCHBIX
Y JIBYXOCHBIX COJTHEYHBIX TPEKEPOB, MX MPUHIIUIIAM pabOTHI, a TAK)KE CPABHUTEIIBHBIM XapaKTEPUCTHKAM.
Bbutn paccMOTpeHBI COBpPEMEHHBIE TEHICHIIMM B HCIOJIb30BAaHMU COJIHEYHBIX TPEKEPOB HAa MHUPOBOM
pBIHKE, WX MpEUMYyLIeCTBAa W HEJOCTaTKH, a Takke OCOOEHHOCTH NPHUMEHEHHUS B 3aBUCUMOCTU OT
KIIMMATHYECKHUX YCIOBHIA.

B paGore npeacTaBieHbl MPUHIUIB paOOTHI KaK OJJHOOCHBIX, TaK U JIBYXOCHBIX CUCTEM, UX POJIb B
ONTUMH3AIMU BBIPAOOTKU SHEPruM U 3(P(PEKTUBHOCTh B PA3IMUYHBIX KIMMAaTH4YeCKUX 30HaX. [IpuBenen
JeTalbHBIM aHaIU3 MPOU3BOAUTEIBHOCTH CUCTEM, 00OOCHOBAaHA 11€7€CO00Pa3HOCTh MPUMEHEHUS TEX WU
UHBIX TPEKEPOB B 3aBUCUMOCTH OT UX CTOUMOCTHU U TPOU3BOAUTEIHLHOCTH.

Kpome TOro, pabora COOEpKHUT CPaBHHUTENBHBIA aHAIHU3 TPOU3BOJUTEIBHOCTH OJHOOCHBIX H
JBYXOCHBIX CHCTEM Ha OCHOBE PEANbHBIX JAHHBIX, YTO ITO3BOJIMJIO BBISIBUTH KIIOUYEBBIC PA3INYHS U
MperMyIIecTBa KaXI0il M3 TexHojoruil. Ha ocHOoBe mpoBeAeHHOro aHanmu3a JaHbl PEKOMEHAALUU IO
BBIOOPY TPEKEPOB AJISl PA3IUYHBIX TUIIOB COTHEYHBIX (hepM.

OtnenpHOE BHUMAHKE B pab0Te YIEICHO peaau3aiui COOCTBEHHOM ABYXOCHOM CUCTEMBI CIICKEHHS
3a Comnnem Ha 6aze Arduino. YHHUKaTBHOCTh TAaHHON CHCTEMBI 3aKIF0YAETCS B TPUMEHEHHH KHOTIOYHOTO
YIPaBJICHUS ISl PEryJIMPOBKA CKOPOCTH TOBOPOTA MAaHENH, YTO OOecredrnBaeT OOJNBIIYI0 THOKOCTh B
SKCIUTyaTanuu. beuti moapoOHO OMHMCAaHBI aNTOPUTMBI PaOOTHI CUCTEMBI, BKJIIOYasi 00pabOTKy NaHHBIX C
JATYNKOB OCBEIIEHHOCTH, TEMIIEPATYPhl U BIAXKHOCTH, a TAKXKe JIOTUKA yIPaBICHHS CEPBOIIPUBOIAMH.

B nocnenneit yactu paboThI NpeACTaBICHBI PE3YJIBTATHl TECTUPOBAHUS Pa3pabOTaHHON CHCTEMBI.
[TokazaHo, KaKk N3MEHEHHE yTIIOB OPUEHTAIIUH COJIHEYHOM ITaHeN! BIHSIET HA HHTEHCHBHOCTD OCBEIICHHS
U, COOTBETCTBEHHO, Ha €€ MPOU3BOAUTENIBHOCTh. BB MOCTpOeHbl TpadUuKu HM3MEHEHHs MapaMeTpoB
paboThI CUCTEMBI, UTO MTO3BOJIMIIO TPOBECTH JAETANbHbIN aHaIN3 €€ 23 PEKTUBHOCTH B peasIbHBIX YCIOBUAX
OKCILTyaTaIuH.

PesynbraTel mccieoBaHUS MOTYT OBITH TTOJIE3HBI JUISL AalbHEWINEH ONTHMM3AIUU COTHEYHBIX
YCTQHOBOK, CIIOCOOCTBYSl pa3BUTHIO BO30OHOBIISIEMBIX WCTOYHHKOB JHEPIMU M MOBBIIICHUIO

peHTa6CHBHOCTI/I COJIHCYHBIX S3HCPIE€TUYCCKUX ITPOCKTOB.



REZUMAT

Aceasta lucrare de masterat examineaza tehnologiile de urmaérire a Soarelui, orientate spre cresterea
eficientei panourilor solare. Accentul principal este pus pe analiza trackere-lor solare uniaxiale si biaxiale,
principiile lor de functionare, precum si caracteristicile comparative. Au fost analizate tendintele moderne
in utilizarea trackere-lor solare pe piata globala, avantajele si dezavantajele lor, precum si caracteristicile

aplicarii acestora 1n functie de conditiile climatice.

Lucrarea prezintd principiile de functionare ale sistemelor uniaxiale si biaxiale, rolul lor in
optimizarea productiei de energie si eficienta acestora in diferite zone climatice. Este oferitd o analiza
detaliatd a performantei acestor sisteme si este justificatd aplicarea anumitor trackere in functie de costul si

performanta lor.

De asemenea, lucrarea include o analizd comparativd a performantei trackere-lor uniaxiale si
biaxiale pe baza datelor reale, ceea ce a permis identificarea principalelor diferente si avantaje ale fiecarei
tehnologii. Pe baza analizei realizate, au fost oferite recomandari pentru selectarea trackere-lor n functie

de diferite tipuri de ferme solare.

Un aspect distinct al lucrarii il constituie realizarea unui sistem biaxial propriu de urmarire a
Soarelui bazat pe Arduino. Unicitatea acestui sistem consta in utilizarea unui control prin buton pentru
reglarea vitezei de rotire a panoului, ceea ce oferd o flexibilitate crescuta in utilizare. Au fost descrisi in
detaliu algoritmii de functionare a sistemului, inclusiv procesarea datelor de la senzori de iluminare,

temperaturd i umiditate, precum si logica de control a servomotoarelor.

In ultima parte a lucrarii sunt prezentate rezultatele testarii sistemului dezvoltat. A fost demonstrat
modul In care modificarea unghiurilor de orientare a panoului solar influenteaza intensitatea luminii si,
implicit, performanta acestuia. Au fost realizate grafice ale variatiei parametrilor de functionare ai

sistemului, ceea ce a permis o analiza detaliata a eficientei acestuia in conditii reale de exploatare.

Rezultatele cercetarii pot fi utile pentru optimizarea ulterioara a instalatiilor solare, contribuind la

dezvoltarea surselor de energie regenerabila si la cresterea rentabilitatii proiectelor de energie solara.



ABSTRACT

This master’s thesis examines solar tracking technologies aimed at increasing the efficiency of solar
panels. The main focus is on the analysis of single-axis and dual-axis solar trackers, their principles of
operation, and their comparative characteristics. Modern trends in the use of solar trackers in the global
market, their advantages and disadvantages, as well as their application features depending on climatic

conditions, were reviewed.

The study presents the principles of operation for both single-axis and dual-axis systems, their role
in optimizing energy production, and their efficiency in various climatic zones. A detailed analysis of
system performance is provided, and the feasibility of using specific trackers based on their cost and

performance is justified.

Additionally, the thesis includes a comparative analysis of the performance of single-axis and dual-
axis trackers based on real data, which allowed for the identification of key differences and advantages of
each technology. Based on the conducted analysis, recommendations were made for selecting trackers for

different types of solar farms.

A unique aspect of this work is the implementation of a custom dual-axis solar tracking system
based on Arduino. The uniqueness of this system lies in the use of button-based control to adjust the panel's
rotation speed, which provides greater flexibility in operation. The system's operating algorithms, including
data processing from light, temperature, and humidity sensors, as well as servo motor control logic, are

described in detail.

The final part of the thesis presents the results of testing the developed system. It was demonstrated
how changes in the orientation angles of the solar panel affect light intensity and, consequently, its
performance. Graphs of system parameter variations were constructed, allowing for a detailed analysis of

its efficiency under real operating conditions.

The results of the research can be useful for further optimization of solar installations, contributing

to the development of renewable energy sources and improving the profitability of solar energy projects.
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BBEJAEHHUE

B mocnennee BpeMsi pa3BUTHE BO300OHOBIISIEMBIX HMCTOYHHKOB DHEPTHHM CTAHOBHUTCS OJHON W3
KITIOYEBBIX 3a/1a4 YesoBedyecTBa. Cpen BceX BO30OHOBIIIEMBIX HICTOYHUKOB COJTHEYHAS SHEPTHsI 3aHUMAET
JUIMPYIONIYIO TO3HIINIO0 OJiarofapsi CBOEH JOCTYMHOCTH, SKOJIOTUYECKOH YUCTOTE M MOTCHIUAIY IS
JaTbHEHIEero NCIOIb30BaHUS HA TTI00AIbHOM ypoBHE. [IperMyIecTBO COMTHEYHON SHEPTHH 3aKITI0YaeTCs
B e€ HeHCUYEePIIaeMOCTH, BOZMOXKHOCTH IPUMEHEHHSI Ha JTFOOOM 3Tarie )KM3HEHHOTO [TUKIIA K OTHOCUTEIILHO
HU3KHUX SKCIUTyaTallMOHHBIX 3aTpaTax. B TO ke BpeMs BaKHOW MpPOOJIEeMOH OCTaéTcsi TOBBINICHHUE
3¢ PeKTUBHOCTH €€ UCITOIB30BAHUS.

TexHonoruu cnexxeHus: 3a CoNHIIEM, M3BECTHBIC KaK COJIHEYHBIC TPEKEPhI, MPEJCTABISIOT COOOM
COBPEMEHHBIC PEIICHHSI, TIO3BOJISIONINE IMOBBICHTH MPOU3BOAUTEIHLHOCTE (POTOIEKTPUICCKUX ITAHEIICH.
OTH yCTpPOWCTBA OTCICKHUBAIOT JIBIKEHUE COJIHIIA HA MPOTSHKEHUHW JIHS, aBTOMATHUYECKH TOBOpAYMBas
MaHeIU TaKuM 00pa3oM, 4TOObI COTHEYHBIC JIyYH MONAIAIA Ha MIOBEPXHOCTh MAHEH 0] ONTUMAIbHBIM
yriaoM. CoHEYHbIe TpeKepbl MOTYT ObITh OJTHOOCHBIMH M JABYXOCHBIMHU B 3aBUCUMOCTU OT YHCIIa OCEH
BpalleHus, obecrieunBas pa3HbIA YpOBEHb MPOU3BOJUTEIHLHOCTH B 3aBUCUMOCTH OT KJIMMATHYCCKUX
YCJIOBHUI U OCOOEHHOCTEM MECTHOCTH.

B nmanHO# aurmiioMHON paboTe OyAeT OMMCaHO MCCICIOBAaHNUE IPUHITUIIOB PadOoThI, KilacCH(pHUKAIINN
U CpaBHUTENBHOrO aHaim3a cucrteM ciexeHus 3a Conuiem. OCHOBHOE BHUMAaHHUE YAENSETCS
TEXHOJIOTUYECKHM OCOOCHHOCTSIM, MPEUMYIIECTBAM M HEJIOCTaTKaM KaKIOW CHUCTEMBI, a TaKXKe HX
BIIUSTHUIO HA TIPOU3BOIUTEIHLHOCTE (DOTOIICKTPHUSCKUX MaHemel. MccnenoBanne akTyalbHO B KOHTEKCTE
rI100ampHOr0 TEepexoja Ha yCTONYMBBIE W BO30OHOBISIEMbIE MCTOYHHMKH DHEPTUH, TNI€ MaKCHUMH3AIIHs
MIPOM3BOIUTEILHOCTH COJIHEUHBIX MaHeNlel UTrpaeT KIYEeBYIO posib. BaXKHOCTh JAHHOTO MCCIETOBAHHS
00yCIIOBJICHa HEOOXOIUMOCTBIO TOBBIMICHUS (PPEKTUBHOCTH HCIIOIH30BAHMS COJTHEYHBIX PECYPCOB B
YCIIOBUSAX PACTYIIETO CIPOCa HA YHCTYI0 DHEPrHUI0 W CTPEMJICHUS K CHWIKEHUIO BO3JICHCTBUS Ha

OKPYKAIOLIYIO Cpeny.
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