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YOK 621.039.53

K Bonpocy npumeHeHust rmapodobHbIX NIIEHOK A1 NaCCUBHOM
OYNCTKM PPOHTaNbHON NOBEPXHOCTUN DOTOISTEKTPUYECKNX
Moaynen

P.A. MymuHos?, B.I'. Obickun?, 0.®. Tykdatynnun?, B.H. BytyH6aes?, K.A. xymamypa-
ToB®

‘®usuko-rexunueckuii uacTuTyT HIIO «@usuxa — Connue» AH PY3, V36ekucran, 100084, TamkenT, yi1. UnHrusa ARTMaToBa.
2Wnctutyt matepuanosenenus HITO «®usuka — Conane» AH PV3, V36exuctan, 100084, Tamkenr, yi1. Unnrusza Aiitmarosa, 25
SHUM Qu3MKu 00JIyIPOBOJIHUKOB M MUKPOIIEKTpOHUKH Tpr HYV3 uM. M. Yiyr6eka, Y36ekucran, 100057, Tamkent, yi1. STnru
Anmaszap, 20

Monyyena 10 mapTta 2023 r. MNpuHaATa k neyatn 30 mapTta 2023 r.

AHHOomauyus1.3aepssHeHue ¢hpoHmarsnsHoU nosepxHocmu ¢homoanekmpudeckoeo molyns (®OM) ymeHbwaem
obbem zeHepupyemol anekmpoaHepauu. [ns odyucmku nosepxHocmu ®OM mpebyemcs eoda. [na 3koHomuu 800kl
npednazaemcsi HaHOCUMb Ha ¢bpoHmMarsbHyto rnogepxHocme ®IM 2udpogobHbie nnéHku. HernpasunbHO 8bI6paHHbIU
Mamepuan MnéHKU ymeHbwaem 3gghekmusHocmb npeobpasosaHus ®OM. B pabome ebigedeH Kpumepuli ebibopa
mMamepuana 2udpogobHol nnéHku O NaccusHOU OYUCMKU Om 3agps3HeHUs ¢bpoHmarsnbHoU rosepxHocmu OIM.
lpasunbHO nodobpaHHbIU Mamepuar NAEHKU npueodum K ygenu4veHuto mowHocmu @OM.

KnioueBble cnoBa:(hoTO3NEKTPUYECKUA MOAynb, (OToINeKTpuyeckas CcraHums, (PpoHTanbHas MOBEPXHOCTb,
ruapocobHasa nnéHka, nokasatens NPenomeHuns.

Annotation. Pollution of the front surface of a photovoltaic module (PEM) reduces the amount of generated electricity.
Water is required to clean the FEM surface. To save water, it is proposed to apply hydrophobic films to the front surface of
the FEM. An incorrectly chosen film material reduces the FEM conversion efficiency. In this paper, a criterion for choosing
the material of a hydrophobic film for passive cleaning of the front surface of the FEM from contamination is derived. Properly
selected film material leads to an increase in the power of the PEM.

Key words: photovoltaic module, photovoltaic station, front surface, hydrophobic film, refractive index.

Annotatsiya. Fotoelektrik modullar (FEM) frontal sirtining ifloslanishi elektroenergiya generasiya miqdorining kama-
yishiga olib keladi. FEM sirtini tozalash uchun esa suv talab etiladi. Suvni tejash magsadida FEM frontal sirtiga gidrofob
plenka qoplash taklif etiladi. Noto‘g'ri tanlangan plenka materiali FEM samaradorligini kamaytiradi. Ushbu ishda FEM frontal
sirti changlanishini passif tozalash uchun gidrofob materialni tanlash kriteriyasi keltirib chiqarilgan. To‘g'ri tanlangan plenka
materiali FEM quvvatining oshishiga olib keladi.

Kalit so'zlar: fotoelektrik modul, fotoelektrik stansiya, frontal yuza, gidrofob plyonka, nur sindirish ko‘rsatgichi.

Beenenue CTaHUMM YMEHBIINUTCS XOTS Obl Ha OJUH INPOLEHT,

CornacHo mporno3am, k 2030 roxy 10% To mnotpebutenu Hemomoiydar 1 MBT, a cpok
MHUPOBOTO TIPOU3BOJICTBA AJEKTpodHepruu Oyzaer okymnaemoctd PIC yBenmumrcsi. B cocrap ®OC
NPUXOANTECS Ha (OTOIJIEKTpHUYEeCKHe cTaHmuu MoiHocThio 100 MBT BXoauT okono 340000 ®OM.
(®3C) [1]. ®OC mpeuMymecTBEHHO CTpOsAT B EjkeMecsdHO Ha MX OYMCTKY TpeOyercs 1875 ToHH
MeCTax HEMPHUTOAHBIX IS CEIbCKOXO3SUCTBEHHON TEXHUYECKON (OYMIIEHHON) BOXBI, OOCCICUYCHIE
NESTENBHOCTH, T.€. B IyCTHIHHBIX paloOHax. KOTOPOH B YCIIOBUSAX ITyCTBIHHOTO u
[lyctbiHM ¥ TOMYNYCTBIHM, KaK M3BECTHO, IOJYNYCTHIHHOTO KJIuMaTa JIOCTaTOYHO
XapaKTepu3yloTcd  BBICOKOM  (Oomee  copoka 3aTpyAHHWTEIBHO. 3aMeTHM, YTO 000 crocod
rpajycoB) IHEBHOW TeMIepaTypoil M CHJIBHOW OYHCTKM  moBepxHocth DOOM  yBennuuBaer
3alMbUIEHHOCTRIO.  3arpsi3HeHHe  (POHTAIBHOW AKCIUTyaTallMOHHBIE PacXoibl M, COOTBETCTBEHHO,
MMOBEPXHOCTH  (DOTORNEKTPHUUECKOTO  MOJAYJIS CTOMMOCTH 3ieKTposHeprun. [losTomy paspaboTka
(®OM) npuUBOMUT K YMEHBIICHHIO KoinmdecTBa J(P(EKTUBHBIX M HEJAOPOTHX CHOCOOOB OYHUCTKH
TEeHEpUPYEMON IIIEKTPO3HEPTUHU. Tak Bcero 3a ofuH moBepxHocTH POM 0T HEOpraHMYEeCKUX U
MecsIl 3arpsi3HEHHE MOJKET YMEHBIINTh OPTAaHWYECKUX 3arpsA3HEHUN SBISETCS aKTyaJlbHOU
MIPOW3BOANTEILHOCT, HA TpPUIANATh W Ooiee 3amadei B COBpeMEHHOW  (DOTOIHEPTETHKE.
npoueHToB [1-6]. Ecnu addextuHocts 100 MBT Pemienne »TOM  3amauM akTyalbHO W JJIA
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VY30ekncrana, KIMMarT ~ KOTOpOro  siBIsieTcs  3anwmiieM Gopmyrry MomrHoctH OOM B Buze:
APUTHBIM.

JlefiCTBUTEIIBHO, B TOILTMBHO- R=Th, 1)
JHEPTETHIECKOM KOMILIEKCe Y30ekucraHa ppe T; — KOO(QULUMEHT TPOIYCKAHUS CHCTEMbI
3HAYUTEIBHYI POJb HaunHatoT wurpate DOOC. BO3MyX—CTeKNO, a Pp — wmomuocts ®DM,

b
CornacHo  IlocranoBnenusim  [lpesuznenra, B olpeIeieMast BBIPAKEHHEM
V36ekucrane Oymyr moctpoernsl @DOC: B

Hypabaackom paiione CamapkaHIckoi obmactu
moimHocTh0 100 MBT, B Illepabanckom paiioHe
CypxaHnapbHHCKON obmactu MOIITHOCTBIO
456,6 MBT, B lannsiapanbekom paitone
Jlxuzakckoit oOmactu MomHOCcTEIO 220 MBT, B
Hypatunackom paiione Hasowmiickoit oGmactu
momHocThio 200 MBT.

3amaga OYMCTKM OT 3arpsA3HEHUs OCTpPO
CTOUT HE TOJBKO B COJTHEUHOW 3HEpreTuke, HO U B
TPagOCTPOUTENHCTBE CTPOUTCSI MHOECTBO
3IaHui ¢ OONBIION CTENIEHBIO OCTEKIICHHS, KOTOpPhIE
TakKe He0OXOIUMO OUYHIIATE OT 3arps3HEeHUSL.

C uenbro 3KOHOMUU TEXHUYECKOH BOABI U
oOJerdyeHnss  OYHUCTKM  CTEKIAa  OT  Tps3u
mpenaaraeTcsi HAHOCUTh Ha TOBEPXHOCTh CTEKJIa
runpodoousie éHku [6—8]. ['mapodobuas miénka
YMEHBIIIaeT MOBEPXHOCTHYIO SHEPTHIO CTEKIIA U TEM
caMbIM OOJIEr4aeT O4YHMCTKY CTeKla, Tpedyercs
MCHBIICC KOJIMYCCTBO BOJbI HA OUYUCTKY. Nmeetcs
0O0JIBIIOE KOJMYECTBO OPUTHHAIBHBIX CTaTed u
0030pOB, B KOTOPHIX PAaCCMATPUBAIOTCS Pa3IMIHbIC
acmekTel monydyeHus: TuapodoOHBIXx (['OII) u
CyneprufipooOHBIX  MOKPBITHHA, CIIOCOOBI WX
HaHECeHHsI, M3y4aeTCs WX CTPYKTypa W CBOMCTBa
[3-6]. B 0630pax yTBepxaaeTcs, 9To ruaApohoOHbIe
IJIEHKU OJTHOBPEMEHHO MOT'YT OBITH
AHTHOTPAXKAIOIIUMHU TTOKPBHITUSIMHU, HO KOHKPETHBIC
MIPUMEPLI UIIN SKCIICPUMEHTAJIbHBIC PE3YJIbTAThI HE
npuBosATCsS. Hu B ofHOW M3 3THX MyOJUKalui He

paccMaTpuBaeTcs BIIUSIHUE I'®dIl Ha
s dexTrBHOCTE DOM.

Henecoobpaznocts u  3pPeKTHBHOCTS
IIPUMEHEHUS I'®Il IIPUMEHUTENBHO K

(oTOBONBTANKE, HACKOIBKO HaM H3BECTHO, emé
HEJIOCTaTOYHO M3y4yeHa. HerpaBuiibHO BHIOpaHHBIH
Marepuan IUIEHKM YMEHBIIAET IOTOK COJHEYHOI'O
W3TY4eHUs, IPOHMUKAIOUIETO B 3JaHUE WM K P-N-
nepexoay,  T.e.  CHWKaeT  3(PQPEeKTUBHOCTH
npeobpazoBanuss POM.

B pabore mnpuBeaéH BBIBOJ KpUTEPHS
BbIOOpa matepuana ['®II.

TeopeTnyeckas 6aza

Ucxons n3 BBIIIIEN3II0KEHHOT O,
paccCMOTpUM TO, KakMUM KpPHTEPHEM CIEAYET
PYKOBOJCTBOBAThCS IpH BeIOOpe MaTepuana ['PII
JUTSL TIOKPBITHS TToBepXHOCTH DPOM UM 3maHmii C
BBICOKHM YPOBHEM OCTEKJICHUS.

Scientific Bulletin.

A
R = ff -Uoc [A-E(L)-Q() - Ta(d)dr: ()
m
B koropom ff — xoopdunument 3amonHeHus
BOJIbTAMIIEPHOI XapaKTePUCTHKH,
Uoc — HampsbDKeHHe XOJOCTOro Xoja, A — JUIHHA
BOJHBI ~ CONHEYHOro  m3mydenmsi, E(N)
CIIEKTPAIBLHOE pacIpee/ieHiHe MMOTOKa DHEPTUH
conHeuHoro wu3nyueHus, Q(A) — BHyTpeHHs
KBaHTOBast 5PPEKTUBHOCTB, TA(L) — K0dbPHITHEHT
POy CKaHHs CHCTEMBI aAHTHOTpaXKaroIIee
nokpeiTHe—ToBepxHocTh  CO, A =04MkM u
A2 =1,12 MKM — TpaHHUIIEI 00ACTH CIIEKTPATEHON

YyBCTBUTENBHOCTH. B o00nactu crekTpanbHOU
qyBCTBUTEIEHOCTH COJTHEYHBIX 3IIEMEHTOB
(OTOIIEKTPHIECKOTO MOy ISt JHcnepcueit
moKazartess TIPEIOMIICHHSI 0O0JIBIIMHCTBA
MatepuajgoB (CTEKON W TIONUMEPOB) MOXKHO
peHeopeyn , 3aMEHHB KO3 HUITHEHT

NPOITYCKaHMs CPEJHUM 3HAYeHUEM W BbIHECS 1 3a
3HaK WHTErpaya B (2), MOXXEM MOIYy4UTh HOpMyITy
(1). Beeném oboznauenue To mis koddduiueHTa
MIPOITyCKaHUS YUCTOTO CTeKa, 11 — KodhdunmeHt
npornyckanust cuctemsl I'®@Il-crekno. Inénka Ha
MOBEPXHOCTH CTEKJa M3MEHHUT €ro K03 UIHEeHT
MIPOIYCKaHMs, OTHOBPEMEHHO M3MEHsIsI (yMEHbIIas
WIM yBeNIW4MBas) Ha BeauuuHy AP MomiHocTs

®OM: AP=(T1-To)P 3

Ecmu AP > 0, To I'®II yBenmuumBaeT mpoiryckaHue,
YMEHBIIAET OTPAKEHHE U YBEIUYMBAET MOIIHOCTD
OOM. Ecmm AP<0, 10 I'®Il ym™mensmaer
NPONMyCKaHWe,  yBENWYHMBAaeT  OTPaXeHHWe U
YMEHbBIIAET MOIITHOCTh DOM.

Tenepp BBIBEEM YCIOBUE, KOTOPOMY
JOJDKHA YJIOBJIETBOPATH ONTHYECKas MOCTOSHHAS
(mokazatens npenomienns) [ @I1. Ecnu mokazaTens
MpeJoMJIeHUs] TUIEHKM B COJHEYHOM obnactu
cnektpa Menbme 1073, To mIéHKa cuMTaeTcs
HETIOIJIOIIAKOIIEH. ByieM cunTtaTh, 4TO 3TO yCIIOBHE
BBINIONHsAETCA. Torna mpaBOMEPHO HCIOIB30BaTh
(b opmyItbl I pacuéra koddunmenrta
MPOIMYCKaHUsl IJIOCKOINAapaieIbHON CTEKJISIHHOU
IJIaCTUHBI 0e3 TUIEHKH [7]:

2n
To=52
Ny +1

(4)

M C IIIIEHKON
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4mny

1 =
2
(nz +1)(n1 + nz)
rje N — ToKa3aTenb MPEIOMIICHUS TUIEHKH, Ny —
ImoKa3aTelb mpenoMieHus crekna. [loacrasmss (4)

u (5) B (3), momyumm:
5=2P_ 2,

B (m+D)(n +n5)(ne” +1)

(5)

(@2ny(no” +2) -’y +1) - na(nz +1)

(6)

3HaK O oIpeaeaeTCs BTOPSIM MHOKHTEIIEM

B (6), KOTOpBIM, Kak JIETKO 3aMETUTh, €CTh

KBaJIpaTHBIN TPEXWIEH OTHOCUTEeNbHO Ni. OTKyna

cienyer, 4ro ycioBue O > (0 BBINOTHSACTCS, €CIIH

nokaszatenp npenomiieHuss ['®Il ynoieTBopser
HEPaBEHCTBY:

N < n22 +1+J(ﬂ22 —|-:|.)2 - nz(nz +:|.)2 ,
Ny +1

(")

KOTOPOE MOXKET CIY>KHUTh KPUTEPHUEM TIPH BBIOOpE
Marepuana ['® nokpeITus.

Pe3yabTarbl

Ha puc. 1 npuBeneHsl pe3yabTaThl pacuera
mo dopmyne (6). Ecm 6<0 (n>1,77),
OTHOCHUTETIbHAS MOIITHOCTh YMEHBIIAeTCS
BCJIE/ICTBHE YMEHbBIICHUS ko3 Punmenta
nponyckanus (yBeJnuMBaeTcs orpaxenue). Ecnn
8=0 (n1=1,77), ro T'®II He BAMIET HA BETHUUHY
reHepupyemMoi  anektposHeprun. Ecmm  6>0
(n1<1,77), TO  OTHOCUTENbHAS  MOLIHOCTE
YBEJIMUMBACTCA 3a CUET YBEIUUEHUsI KO3 PUIIMEHTa
MPOMYCKaHHS (ymeHbIIaetcst OTpaXXCHUE).
Ilokazarens MPETOMIICHHS TUIEHKU

m=-/N2 =1,23 , Ha KOTOPOM pacIoNoKeH

MaKCUMyM KpuUBOH Ha puc. 1,
YCJIOBHIO TIPOCBETIICHUs [7].

COOTBCTCTBYCT

MameHetme oTHocuTeNsHol MowHocTh APIP

1,2 1.4 1.6 1.8 2,0

nokasaTenk NpenoMneHnus NeHKu

22

Puc. 1. U3meHeHHe OTHOCHUTEJIHHOI MOIIHOCTH &
®OM B 3aBHCHMOCTH OT BEJIMYHHBI MMOKA3aTeJs
npeaomjenns miéHku. [loxkazarenap npesomiieHust
crekaa N2 = 1,52,

Scientific Bulletin.

B Tabm. 1 mpuBeneHsl  MOKa3aTeH
MIPEIOMIICHUST JBYOKHCH THTaHa W HEKOTOPBIX
MTOJIMMEPHBIX TEHOK [8], pe3ynpTaTsl pacuéra mo
¢dopmysie (6). BugHo, uTo n€HKU ABYOKHCH TUTaHA
U TOJMATUIICHTepedTanaTa Heslb3s IPUMEHATD IS
OYHCTKH TIoBepxHOCTH DOM.

Tabnuya 1.
IMoxa3zaTesin npesioMJieHUs NJIEHOK U
H3MEeHEeHNe X OTHOCUTEJIbHOH MOIIHOCTH
B cJIy4yae UX MpUMeHeHus!

Iloxa3sareib
Matepuan npeJioMJIeHus, 5, %
n:
TiO2 2,30 -10,34
[TonumeTrnnmeTakpuiaat
(IMMA) 1,49 4,28
[Nonmatunentepe aT _
ot 07y 1,87 2,00

B nocnennee BpeMsi epcneKTUBHBIMU IS
oOnerueHnss OYMUCTKH ToBepxHocTH OOM ot
3arps3HEHUs] CUMTAIOTCS MMOKPHITUS U3 aMOp(HOro
rugporenusupoBantoro yriepoga a-C:H (DLC)
[5,9]. B psae 0030poB, OTMEUYAETCSA, YTO MOKHO
BapbUPOBaTh BEJIMYMHY IOBEPXHOCTHOM SHEpruu
crekna, no6asmssa B wiéHky DLC mpumecu ¢Topa,
KpeMHUsT wiM Oopa. Tak Kak oONTHYeCKHe
nocrossHHble DLC mnéHku He yHOBIETBOPSIOT
ycioButo (6), To e€ MPUMEHATh I OOJerdeHus
OYHCTKH MOBepXHOCTH PDOM HE peKOMEHTyEeTCSl.

CrnemyeT OTMETHTb, YTO YycioBue (6),
cnpaBeuuBO U 1ipu BeIbope ['PII st ocTexnenus
COBPEMEHHBIX 3/1aHUM.

BoiBoabI
BenéHn kpurepuii 1uist BeIoopa matepuana ['®I1
JUIS TTACCHBHOM OYMCTKM OT 3arps3HEHUs IO-
BepxHoctn ®OM wunu 31aHui ¢ GONBIIOH CTe-
MIEHBIO OCTEKJICHUSI.
[Tokaszano, 4To npaBUILHO MOJOOPAHHbII MaTe-
puan I'OII MokeT IPUBECTH K YBEIUYECHHUIO I'e-
Hepupyemoit MorHocTH @OM 3a cuét a3 dexTa
MIPOCBETIICHHUS.
Kpurepuii Boibopa marepuana ['®IT moxer
OBITH MOJIE3HBIM NIPH TpoekTupoBanuu ®IOC u
B I'PaZlOCTPOUTEILCTBE.
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On the issue of using hydrophobic films for pas-

sive cleaning of the frontal surface of photovol-

taic modules
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Abstract. In the near future, 10% of the
world's electricity production will come from pho-
tovoltaic stations (PVPs). PVS are built in places un-
suitable for agricultural activities, i.e. in desert areas.
Deserts and semi-deserts are known to be character-
ized by high (more than forty degrees Celsius) day-
time temperature and heavy dustiness. Soiling of the
frontal surface of the photovoltaic modules (PVM)
reduces the penetration of solar radiation, which
leads to a loss of energy efficiency. In one month,
contamination can reduce productivity by thirty per-
cent or more. If the efficiency of a 100 MW plant
decreases by only one percent, consumers are going
to receive les s than 1 MW, and the recoupment pe-
riod of PVS will increase. About 340,000 PVM are
included in the 100 MW PVS. Every month, 1875
tons of technical (purified) water are required for
their cleaning. In the conditions of desert and semi-
desert climates, providing large capacity PVS with
water for cleaning is a separate technical problem,
the solution of which is rather difficult in case of wa-
ter shortage. Any method of cleaning the surface of
the PVM increases operating costs and the cost of
electricity accordingly. Therefore, the development
of effective and inexpensive methods of cleaning the
surface of PVMs from inorganic and organic con-
taminants is an urgent task in modern photovoltaics.
The solution of this problem is also relevant for Uz-
bekistan, whose climate is considered arid. The fol-
lowing PVS are going to be built in Uzbekistan: a
100 MW capacity one in the Nurabad district of the
Samarkand region, 456.6 MW one in the Sherabad
district of the Surkhandarya region, a 220 MW one
in the Gallyaral district of the Jizzakh region, and a
200 MW one in the Nurata district of the Navoi re-
gion.

In order to save technical water and facili-
tate the cleaning process of glass from dirt, it is pro-
posed here to apply hydrophobic films (HPF) to
glass surfaces. The HPF reduces the surface energy
of glass and thereby facilitates the cleaning of glass,
reducing the amount of water necessary for cleaning.
Reviews claim that HPF can simultaneously be anti-
reflective coatings, but specific examples or experi-
mental results are not given. None of these publica-
tions discuss the effect of a HPF on the efficiency of
PVM. The expediency and efficiency of using HPF
in relation to PVM, as far as we know, has not been
sufficiently studied yet. An incorrectly selected film
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material reduces the flux of solar radiation penetrat-
ing into the building or to the p—n-junction, i.e. re-
duces the conversion efficiency of the PVM.

This paper derives a criterion for choosing
the material of a hydrophobic film for passive clean-
ing of the frontal surface of a photovoltaic module
or buildings with a high degree of glazing. It is
shown here that a properly selected film material can
lead to an increase in the generated power of a pho-
tovoltaic module due to the antireflection effect..

Keywords: photovoltaic module, photovol-
taic station, front surface, hydrophobic film, refrac-
tive index.
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