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ABSTRACT

Thearticlepresentstheresultsofthedevelopmentandresearchofthesolarphotovoltaicthermal
modulewithparaboloidtypesolarradiationconcentrators.Thestructureofthesolarmoduleincludes
acompositeconcentrator,whichprovidesuniformilluminationbyconcentratedsolarradiationonthe
surfaceofthecylindricalphotovoltaicthermalphotoreceiverintheformofthealuminumradiator
withphotovoltaicconverters.Whenexposedinconcentratedsolarradiation,theelectricalefficiency
ofspeciallydesignedmatrixphotovoltaicconvertersincreases,andtheheattakenbytheheatcarrier
increasestheoverallefficiencyofthesolarmodule.Uniformilluminationofphotovoltaicconverters
withconcentratedsolarradiationprovidesanoptimalmodeofoperation.Theconsumercanusethe
receivedelectricandthermalenergyinanautonomousorparallelpowersupplywiththeexisting
powergrid.
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INTROdUCTION

Inrecentdecades,powerplantsbasedontheconversionofrenewableenergysources,havesignificantly
expandedtheirgeographyandtechnologiestoincreasetheirefficiencyaredevelopingatafaster
pace(Adomavicius,Kharchenko,Valickas&Gusarov,2013;Nikolaev,Nikolaev&Kharchenko,
2018;Kharchenko,Gusarov&Bolshev,2019;Zharkov,2014).Powerplantsbasedonconvertersof
windenergyandsolarenergyhavebeendevelopedtoagreaterdegreeandsolarpowerplantshave
beenmoreactivelydevelopinginrecentyearscomparedtootherstationsbasedonrenewableenergy
(Ibrahim,Othman,Ruslan,Mat,&Sopian,2011;Kharchenko,Nikitin,Tikhonov&Gusarov,2013;
Nesterenkov&Kharchenko,2019;Panchenko2018;Sevela,&Olesen,2013;Zakharchenko,Licea-
Jime’nez,Pe’rez-Garci’a,Vorobeiv,DehesaCarrasco,Pe’rez-Robels,etal.,2004).Theconversion
ofsolarenergyintoheatandelectricityisofinterestnotonlytoautonomousandremoteconsumers,
butalsotoownersofsolarpowerplants,whichcanbeusedtosolveregionalenergyproblemsand
globalenergyproblems.

Oneofthemethodsforconvertingsolarenergyintoelectricalenergyisthedirectconversion
methodusingplanarandmatrixphotovoltaicconverters(Panchenko,2019;Panchenko,Izmailov,
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Kharchenko,&Lobachevskiy,2020;Panchenko,2020;Kharchenko,Nikitin,Tikhonov,Panchenko
&Vasant,2019).Currentlyexistingphotovoltaicconverterscanbeclassifiedbythenumberofp-n
junctions–single-junctionandmulti-junction,aswellasbythelocationofthep-njunction–planar
and with vertical p-n junctions. Multi-junction photovoltaic converters include planar-cascade
andphotovoltaicconverterswithaverticalp-njunction(matrixphotovoltaicconverters).Insolar
energy,whenusingplanarandmatrixphotovoltaicconverters,twodirectionsaredistinguished–
thephotovoltaicconversionofnon-concentratedandconcentratedsolar radiation.Therearealso
two directions for reducing the cost of solar photovoltaic stations: improving the technical and
economiccharacteristicsofplanarphotovoltaicconvertersandcreatingstationswithsolarradiation
concentrators.Theuseofconcentratingsystemsreducesthenumberofphotovoltaicconverters.

ThemainfeaturesofmatrixsiliconphotovoltaicconvertersdevelopedattheAll-RussianResearch
InstituteofElectrificationofAgriculture is thepossibilityof theiruseathighconcentrationsof
solarradiation,inwhichthereisanincreaseintheirelectricalefficiency(Kharchenko,Panchenko,
Tikhonov&Vasant,2018;Panchenko,2019;Panchenko,Izmailov,Kharchenko,&Lobachevskiy,
2020).Usingsuchphotovoltaicconverters,itispossibletocreateacombinedinstallationforthe
productionofelectricityandheat.Insuchphotovoltaicsystems,theprimarytaskistoremoveheat
from photovoltaic converters, where the design of solar modules can be both planar (Al Harbi,
Eugenio,&AlZahrani,1998;Bergene,&Lovvik,1995;Buonomano,Calise&Vicidimini,2016;
Dubey.&Tiwari,2008;Hosseini,Hosseini&Khorasanizadeh,2011;Ibrahim,Jin,Daghigh,Salleh,
Othman,Ruslan,etal.,2009;Ji,Lu,Chow,He,&Pei,2007;Kalogirou,2001;Mourad,Rabah&
Meerzouk,2014;Othman,Ruslan,Sopian&Jin,2009;Rawat,Debbarma,SaurabhMehrotraetal.,
2014;Sandnes&Rekstad,2002;Tiwari&Sodha,2006),andconcentrator(Chen,Hsu,Lin&Su,
2011;Daliento,&Lancellotti,2010;Fassbender,Ackermann,Battenhausen,Colburn,Löffler&
Marks,2011;Kemmoku,Araki&Oke,2011;Rosell,Vallverdu,Lechon&Ibanez,2005).Alsoin
solarphotovoltaicthermalinstallations,alargeroleisplayedthetypeofsolarradiationconcentrator
andtheshapeofitsworkingprofile,aswellasitsdesigntechniqueandmanufacturingaccuracy
(Sinitsyn,Panchenko,Kharchenko&Vasant,2020;Strebkov&Tveryanovich,2007).

Thus,solarconcentratorphotovoltaicthermalinstallationshavegreatpotentialforimplementation,
theconcentratorsofwhichcanprovideuniformilluminationofthesurfaceofphotovoltaicconverters,
whichareusedassiliconmatrixsolarcells,duringcoolingofwhichtheoverallefficiencyofthe
solarmoduleincreasessignificantly.

Tocreatesuchinstallations,whicharebasedonsolarradiationconcentrators,itisnecessaryto
developamethodforcalculatingtheworkingprofileofaconcentrator,whichwouldensureuniform
illuminationinthefocalregionandthechoiceofamanufacturingmethodforsuchasolarradiation
concentrator.

The centrifugal method(Strebkov&Tveryanovich,2007)allowsobtainingparabolicsurfaces
using thepropertyofa liquid toacquireaparabolicsurfacewithuniformrotation.Liquidswith
differentspecificgravitiesformequipotentialsurfaceswithuniformrotation,whenalightermaterialis
pouredontoauniformlyrotatingliquid,whichhardensduringrotation.Aftercuring,aconvexoriginal
formisformed,whichhasasmoothsurfaceofhighpurityformedontheseparationoftwoliquids.

The method of electroforming(Strebkov&Tveryanovich,2007)allowsthemanufactureoflight
metalconcentratorsofsolarradiationwithhighaccuracyandalmostanysize.Inthemanufacturing
process, a conductive layer of silver is chemically deposited on a matrix that has the necessary
configurationandhighclassofpurityofthereflectingsurface,onwhichalayerofmetal(nickel,
copper) is thenelectrochemicallydeposited,whichhasagiven thickness.The stiffness frame is
attachedtotheresultingcopy,afterwhichitisseparatedfromthematrix.

The method of glass bending(Strebkov&Tveryanovich,2007)consistsinthedeflectionofsheet
glassontoametalmatrixwhenheatedtoglasssofteningtemperaturesundertheinfluenceofaforce
ofweightorvacuum.Thematrixconsistsofaplateonwhichtheracktapeswithrotaryplatforms
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