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AOCJIUKEHHA ITPOUECY BITHOBJIEHHA TEI'PATOBAHUX
COHAYHUX ITAHEJIEH

Mema. [[ocriooicenns npoyecy 6i0HOGIEHHS 0e2pA008aAHUX COHAUHUX NAHENel 3 MEMOI PO3POOIeHHs.
cnpowjenux memooie usHauenHs micyv Oezpadayii. Po3pobnenns pexomenoayiti ma o0064AOHAHHA 075
8I0HOBIEHHS 0e2PA00BAHUX COHAYHUX NAHeell.

Memoouxa. Ananimuyne O0O0CRIONCEHHA NIMEPAMYPHUX O0dCePel, Y3A2aNbHeHHs NimepamypHux
ooicepent, CHOCMEPEdCeHts, NOPIGHAHHS, GUMID, eKCNEepUMeHm, MamepiaibhHe MOoOent08ants, isuune
MOOeN0B8aAHHSL.

Pesynomamu. Ilpoananizoeano npuyunu nomenyitino euxkiuxanoi oeepaodayii (PID) cousunux
nawnenei. Busnaueno, wo PID eunukae yepes ne3Hauni HeOANCAHT CMPYMU MIJIC HANIBNPOBIOHUKOM 3 OOHO20
b6oxy ma cxnom, anmuobnikogum noxkpummanm (ARC), pamoio ma xpinaenuam 3 inwozo 6oky. Ilocipuienns
NPOOYKMUBHOCHI NOB 3aHe 3 MIepayicto I0HI8 HamMpPIlo 3i CKIAHOI NIACMUHU Yepe3 THKaNCyIayio (3a3eudatl:
EVA) i aumubnixose nokpummsa (ARC) oo xomipxu. Lle 6i0bysacmuvcsa, Koau HanienpoGioHux y KOMIpyi
Habysae He2amMugHO20 NOMeHYiany wooo IHKancyiayii ma onopHoi cmpykmypu. Busnaveno gaxmopu
cnpusinusi PID. Temnepamypa, i sonocicms cnpusiiomv PID, makooic inmencuenicmo egpexmy 3anexicHicnms 6io
po3mauiyganns 6 paoky. Cehopmyrbosano ymosu yHukHenHs abo nom'axuwenns PID. Posensnymo obnaonannsa
ona 3anobieannss ma pesepcy PID. Cmeopeno cmenou O0asi GIOCMENCeHHs 3MIHU  B0AbM-AMNEPHOT
Xapaxmepucmuxy ma 8i0HOGAEHHs 0e2pad08aHUX COHAYHUX nanenel. Po3pobreno memoo opeanonrenmuuno2o
sU3HaAueHHs micyb decpadayii bamapeti Pospobneno pexomenoayii, wo0o 6i0HOBNEHHA COHAUHUX NAHeel &
NOIbOBUX YMOBAX.

Haykosa noeusna. Busagneno 83aemo38 30K Midc KOHMAKMOM NAHeRel 3 eneMeHmamu KpinieHHs i
inmeHcusHicmio ix decpaoayii. Bcmanoseneno, wo yacmunu nanenetl, Ki MmopKaiuc, KOHCMpYKYii KpinjieHHs,
Odezpadysanu cuibHiuie iHWUX KOHCMpYKYitl bamapei. Li vacmunu wyHmyoms Hwi 4acmuHu eiemeHmie
bamapei.

Ilpakmuuna 3nauumicms. Po3podieno memoo 0peanHonenmuyH020 GUSHAYEHHS MICYb O0e2padayii
bamapeti Po3pobneno pexomenoayii, yjo0o 8i0HOGIEHHA COHAYHUX NAHeLel 8 NPUPOOHUX YMO8ax. Busnaueno
Wo namei, Kl Manu ni08UUeHUl ROMeHYIaN BIOHOCHO 3eMJli BIOHOBIOBANUCS WBUOULE, HIJIC HA CIMEHOL.

Knrouoei cnosa: PID eghpexm; Oeepadayis consiunux nanenetl, 6iOHOGNEHHs COHAYHUX NAHeNell;, Menoo
OP2aHONENMUYHO20 BUSHAYUEHHS MICYb 0ecpadayii COHAYHUX naHeell.

Beryn. PID  (Potential Induced Degradation) o3Hayae mMOTEHUIHHO iHAYKOBaHY
nerpanariito. lle BaxnuBa nmpobieMa moripiieHHs MPOAYKTUBHOCTI COHSIYHHUX MaHenen. Jlerpanais
Mmoxe nocaratu 30% abo HaBiTh 10 80% B peskux Bumagkax. Jlerpaaaris BigOyBaeThCsl B COHIUHUX
EHEePreTUYHUX CHUCTeMax 1 Moxe Oyrth o00opoTHO abo He3BopoTHOow. IIpomec PID 'y
(OTOENEKTPUYHOMY MOJYJII MOXKE PO3BUBATHCSA JIy’Ke MIBHJIKO Ta 32 HAWKOPOTIIHH Mepio]] BITMHE
Ha IPOJYKTUBHICTH YCi€i hoToenekTpuuHoi cuctemu. OTxKe, 1€ MPU3BOIUTH J0 3TyOHOTO BILUTMBY Ha
¢dinancyBaHHs, poOOTy Ta EKOHOMIKY MpPOEKTIB (POTOENEKTPUYHOI CHCTEMH Ha BCIX pIBHIX
BCTaHOBJICHHS: )KUTIOBOMY, KOMEPLIHHOMY Ta KOMYHAJILHOMY.

VY poborax [1-9] Gyno BusiBieHo (paxkTopu i po3yMinHs MexaHi3my PID, sikxi npu3BoasTh 10
nerpanaiii MOIyJiB y MOJLOBHX yMOBax a0o0 TijJ Yac JIaOOpaTOpHUX BUMPOOYBaHb. Y BHUMAAKY
CTaHJAPTHUX KOMIPOK P-TUIy OOTOBOPIOBANUCS €(PEKTH HEraTUBHOIO MOTEHIIATy BIAHOCHO 3eMIIi
Ta (aKkTOpiB HABKOJHUIIHLOTO CEpPEAOBHINA (BOJIOTICTh 1 TEeMIeparypa), a TaKOX IapaMeTpu
KOHCTPYKIIi KOMIpKH Ta MoAyis [2,5, 6], BaxiIuBa poJib BIIBOAUTHCS 10HAM HATpitO, SKi
HaKONMHUYYIOThCS Ha TTOBEpXHi PoToenemenTa [7-9]. BaxnuBo po3ymiTH Ta BUPINIyBaTH MPoOIeMy
PID Ha panHIX cTafisx, o0 3a0e3neunuTH MPOAYKTUBHICT (POTOCIEKTPUIHOIO MOAYJISL MPOTATOM
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yChOTO TEpMiHY eKcIuTyararii cucremMu — PID Mo)kHa 3amo0irTél Ta BITHOBHTH Ha PiBHI CUCTEMH
B3araji.

IloctanoBka mnpodJemu. PoGora mnpucBsivYeHa MOCHIIPKEHHIO MPOIECY BiJIHOBICHHS
J€TPaJOBaHUX COHSIYHMX MAHEIEeH 3 METOI PO3pPOOJIEHHS CIPOLICHUX METOJIB BU3HAUYEHHS MiCLb
Jerpajanii 3acTOCOBYBaHUX y J1abopaTopii UM B MOIBOBUX yMOBax. Po3po0ieHHI0 pekoMeHalii Ta
oOnagHaHHA U1 BIJHOBJIEHHSA [JErpajJlOBaHUX COHSYHUX MaHesned. CTBOpPEHHIO cTeHpaa s
MOHITOPUHTY MPOLECY BiAHOBJICHHS Yy JIAOOPATOPHUX YMOBAX.

Pe3yabTaTtn gociigkeHHsi. Y (GOTOENEKTPUYHUX CHCTEMaX, 3a3BUYall COHSIYHI IaHEel
3'€ZIHaHI TOCIIOBHO JJIsi CTBOPEHHS BHXIJHOI HAmpyrd, TOJI SK paMH MOIYJIB 3a3eMJIeHi 3
MIpKYBaHb O€3IeKH. 3aJIeKHO BiJl THUI 1HBEPTOpa, IO BUKOPHUCTOBYETHCS B (DOTOETEKTPUUHII
CHCTEMi, BHCOKA DPI3HUI EJIEKTPUYHOrO MOTEHIIaTy MK COHSYHHMH OaTapesiMM Ta KapKacoM
MOYJIsl MOKe OyTH 1HIYKOBaHa Ha 000X KIHIISIX PsIIKA MOIYIIB. Pi3HUII €eKTPUYHUX TOTEHITIATIB
BUKIIMKAE CTPYMH BHTOKY BiJl KapKaca MOAYJIS IO COHAYHHX €JIEMEHTIB (200 HaBIaKH, 3aJIeKHO BiJl
MTO3HMIIIT MOZYJIS B PSKY), IO B pe3yibTaTi mpu3BoAuTh 10 PID nerpanamii. Moaysi, po3ramoBaHi y
KiHI JIAaHITIOTa, HAa0yBaOTh HANOLIBIIOT PI3HUILII MOTEHIIATY MK MOYJIIMU Ta KOPITYCOM, B 3B’SI3KY
3 yuM ORI CXHMIIBHI 10 Aerpagaii [2, 6, 9-11],

Ha ocHoBi ananmitnunux ganux [1-11] OyB mpoBeneHHMH BIaCHOPYYHHUIl EKCIIEPHMEHT,
crpokoM 3 wmicsii. Bynu oOpani crimcani ToHKorTiBKOBi consiuni manem Q.SMART UF L (puc. 1),
BurotosieHi o TexHosorii CIGS. Excnepument 6yB nposenenuii 3 64 nanensmu. Cxemy COHIUHHX
naHesei HaBeeHo Ha (puc. 2).

ENGINEERED, DESIGNED AND QUALITY TESTED BY Q-CELLS SE IN GERMANY

Q.SMART UFL 115 Q.CELLS
PERFORMANCE AT STANDARD TEST CONDITIONS* 48209 GL.3
Nominal Power (+5 w) Puo | [WI | 115
Measurement accuracy Pmpp*: £3 % /\ /\
Short circuit current . [A] | 1.69
Open circuit voltage V. [V] | 95.1 DANGER!
Risk of electric shock!
Current at maximum power I [A] | 1.54 DO NOT connect or
£p disconnect plug contacts
Voltage at maximum power v vl | 74.7 while system is under
mpp load current. Refer to the
Maximum system voltage V. [V] | 1000 (IEC) Installation and Operation
sys Manual before installing,
600 (CSA / UL) operating or servicing
this unit.
Weight M kgl | 16.5

“3TC: 1000 W/m#, 25 °C, AM 1.5 Spectrum. Data given are rated (nominal) values. .
Series Fuse: 4 A

D Field Wiring:
Copper only, 14 AWG min.
c € Pv CYCLE s Insulated for 90 °C min.

| ] Safety Class Il

anfggda Fire Rating Clasz C
(No 251746)
ENGINEERED, DESIGNED, MANUFACTURED AND QUALITY TESTED BY Q-CELLS SE. EMAIL =zervice@g-cells.com
Made in Germany WEB  www.qg-cells.com

Puc. 1. Xapaktepucrnku consiynux nanejaei Q.SMART UF L 115
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THosnauku: 1 — poznodinbna kopobka, 2 — nacnopmua mabauuxa, 4 — pos’emu (+1 -)

Puc. 2. Cxema conssunux nanejeid Q.SMART UF L 115

Jlnst BIACTEXXKEHHsI 3MIHU BOJIBT-aMIIEPHOT XapakTEPUCTHUKU OyB TOOYyJOBaHUN CTECH]
MOHITOPHUHTY (pHUC. 3) 3 TAKUMHU XapaKTEPUCTUKAMHU:

1) wmamnpyra — 4000 B;

2) mocriiiHe ocBiTiaeHHs (5 jgamm po3xkaproBanHs 200 BT koxHa);

3) mocriiina Temnepatypa temmeparypa — 20£2°C.

Puc. 3. Ctena MOHITOPUHTY
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I'erepaTop OyB 310paHuil 3 KOMIUIEKTYIOUMX MIKPOXBHIILOBOT Medi. MarHeTpoH Ta eIeMeHTH,
10 HE BUKOPUCTOBYIOTHCSA B cXxemi Oymu BigkitoueHi. [lomspHicTs mioay Oyna 3MiHEHA, OCKUTBKH
KOPIYC MIKpPOXBUJIBOBOI MeUi Ma€ MO3UTHUBHUI MOTEHINAN, a BUXiJ A0 MAarHeTpOHAa HETaTHBHUI.
[Ticns 3MiH Ha KOPITYCl CTaB HETAaTUBHUH MOTEHITIAN, a2 B BUXO/1 CXeMH MO3UTUBHUMA. TaKkoxX 0/1aHi
€JIEMEHTH, 110 OOMEXYIOTh CTPYM BHCOKOI HAmlpyru Ui JOTPUMAaHHS TEXHIKH O€3IeKH, a came
YOTHPHU TOCIIOBHO MIIKIIOUEHUX CTPYMOOOMEXKYBAIBHUX pe3ncTopiB HOMiHamoM 1o 200 kOm Ha
BUXO/Il BUCOKOBOJILTHOTO reHeparopa 4000 B. Y nepBunHMIA TaHIIOT TpaHchopMaTopa MOCHiTIOBHO
JI0JJaHO JIaMITy PO3’KaprOBaHHs IS 3MEHILIEHHS CTPyMY HiAMarHidyBaHHs TpaHcopmaTopa.

OcsiTnenns 3a0e3nedyBanu I°sTh Jami pozxkapioBaHHs 200 BT koxHa Ta BMHKaJIUCS 3a
2 XBWIMHUA JI0 BUMIpIOBaHHS. BUMIpIOBaHHS TMPOBOAMINCH BIITKY, a CTEHI pPO3MIIIEHUN Yy
PUMILICHH], TOMY TeMIIepaTypa BiIHOCHO cTabinbHa (20+£2°C).

Kopnyc MikpoxXBmJIbOBOI Tiedi 3azemiieHWid. Miclsi HalOUIbIoi nerpananii maHenen
MIPOKJICEH] aJTIOMIHIEBUM CKOTYEM Ta 3a3eMiieHi. Buxin naneneii 3'eiHaHuii pa3oM 1 MiIKIIOYEHUH 10
Buxoay reaeparopa +4000 B (puc. 4).

E1 C1
F1 R2 R3 R4 R5
I 100W 220V 0.1u 200k 200k 200k 200k
= & {1 +—
R1 U2 = +4000V
U1 =AC220V 100k D1
5 12kV
o ° ® ¢ o l
- T = =

Puc. 4. Cxema reHepaTopa BiTHOBJIIOBAJIbHOI0 CTEHIY

JlocnikeHHsT MPOBOAMIIMCH BIPOJOBXK 3 MICSIIB, 3aMipH 3HIMAJIUCh 2 pa3u Ha ;100y. B
IpoIieci BiIHOBJICHHS MiJIBUIlyBaJIacs HAIpyra X0oJI0cToro Xoay Bix 14 B 10 22 B, cTpyM KOpOTKOTO
3aMUKaHHS 3ajdIaBcsa NpuOIu3HO Ha oxHomy piBHI 140 MA. BAX BuMipsiaace OUISIXOM
MOCIIAOBHOTO TIAKIIOUEHHS BHUXOIY MaHeNeH K KOMipKaMm akymysasTopa. Tak a0 BiJHOBIIECHHS,
MIIKITFOUeHHs Oibie m’ssti koMipok(11B) mpu3Boamio 10 MPOTIKaHHS CTPYMY 3 aKyMyJsiTopa J0
na”eneil Ta nerarusHomy KKJI. Ilpu nanpysi 11 B ctpym 6yB SMA 1o BigHOBieHHs, Ta 140 MA
micist. MakcumalbHa Touka ctpymy 85MA, tipu Hampysi 27,6 B (puc. 5).

Bbarapes Ne37 BAX Ha cTeH/I1 70 Ta MICJs 3 MICSITIB BITHOBICHHS

0 5 10 15 20 25 30
MPP nanpyru [V]

Puc. 5. BoabT-amnepHa xapakrepuctuka 37 6arapei
10 TA MicCJIA BiTHOBJIEHHSI MPOTATroM 3 MicsiliB
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Barapest Ne37 noTy)HICTh Ha CTEH/I1 O Ta MICs 3 MICSAILIB

B1THOBJIEHHS
2,5
E 2
': 1,5
&
s
1
=
>
>
2 05
o
o
0
= 0 5 10 15 20 25 30

MPP nanpyru [V]
Puc. 6. Iloryxkuictb 37 6aTapei 10 Ta mic/isl BiITHOBJIEHHS MPOTATroM 3 MicsLiB

MakcumanbHa TOYKa MOTYXHOCTI Ha cTeHai 3pocna 3 0.44 Bt no 2.4 B, micnsa 3 MicsiiB
BigHOBJICHHS (puc. 6).

Bbarapes Ne37 Ha coHIll micist 3 MICSITIB BITHOBICHHS

MPP noty:knocTi [W]

0,00 10,00 20,00 30,00 40,00 50,00 60,00
MPP nanpyru [V]

Puc. 7. lloryxkuictb 37 6aTapei HaNpaBJIeHOI HA COHILE
(consiuHo, 0e3xmapho 15:20 16.10.2022)

MakcuMaabHOK TOYKOIO MOTYX)HOCTI € 33,5 Br, mo cknamae 30% Big HOMIHAIBHO 3asiBICHOT.

Ha BinmMiHy Big KpeMHI€BHX, iH(ppauyepBOHE BUITPOMIHIOBAHHS TOHKO TUTIBKOBHX ITaHENEH HE
BUJIHO 3BHYANHOIO OMTHUKOW. /{7 Toro mo0 mobayuTw AerpanoBaHi o0iacTi, OyB MpOBEACHUIA
€KCIIEPUMEHT.

Xomnoctuii xig 6arapeii — 92 B. byno 3i10paHo 010K *xuBJIEHHS 3 BUXiAHOIO Hanpyroio 100 B.
Byno migkmrodyeno o Oarapei, Turroc A0 IUTIOCY, MIHYC 10 MiHyca. Yepe3 Oarapero HIIOB CTpyM
1700 MA. [I3epkanbHi ¢oroanapatu Ta kamepu TenedoHy He (ikcyBanu cBiueHHs Oarapei. Uepes
KUTbKa JTHIB €KCIIEPUMEHTIB OYyJI0 TIOMIYEHO, III0 pOoca BUMApyBajiacs Ha NCSKUX JTUISTHKAX IMOBEPXHI
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Oarapei, e Oynu Q3epKajibHI CMYTd, BOHM BIINOBIJaNM CiifiaM KpilleHHs OaTtapei 10 paMu, Ha
3BOPOTHOI CTOpOHI MaHeni. Ha moTuk cMyru Oynau 3HAYHO TETUTIITMMU, HIXK MICISI BKPUTI POCOIO.
[ToTiMm 11€#i excriepuMeHT OyJ10 TOBTOPEHO 3 1HIIMMHU MAaHEISIMU, POCa CTBOPIOBANIACH 32 IOTIOMOT0I0
pPO3UMHY CHHPTY Ta BOAHM. TakUM YMHOM BBa)KAEMO, IO YACTWHU TIaHENEH, IO TOPKAJIHChH
KOHCTPYKIIi KpIMJeHHs, JerpajyBall CUJIBHIIIEC IHIMUX KOHCTpYKUid Oarapei. Lli yacTunw,
HWMOBIpHO, MaIOTh OMIYHHUH OMIp 1 ITYHTYIOTh 1HIIN YaCTHHU €JIEMEHTIB OaTapei.

B pe3ynbTari 1pOr0 €KCHEPUMEHTY PO3POOJICHO METOJA OpPraHOJICNITUYHOTO BHU3HAYCHHS
Micllb Jaerpagamii Oartapeit, BuroroBieHuX 3a TexHosoriero CIGS 3a momomoror HaHECEHHS
MIKpOKpaneib BOJHO-CIIMPTOBOIO PO3YMHY Ha MOBEpXHIO maHened. JIiHil sKi TpiloTbecs — 1€
MIPOBIIHHMK, 110 Ma€ MiJABUIIEHY KOHIICHTpPAIIiiO0 10HiB HaTpito (puc. 8).

Puc. §. OpranojienTu4uHUii MeTO BUSIBJIEHHSI Micllb Jerpajaaiii 6arapei,
BUIOTOBJIEHHX 32 TexHoJoricro CIGS

3 METOoI0 BHMBYEHHS TMOBEAIHKHM JAETPajOBaHUX NaHEJIeH y NPUPOAHHUX YMOBax Oyio
MIPOBEACHO EKCIIEPUMEHTAIIbHI TOCITIKEHHS 110 iX BiAHOBJICHHIO Y moJii. [Taneni Oynu po3noxeHi Ha
3eMUIi Ta IiJIKIIF0YEeH] MOCIiI0BHO, MiHyC OYB 3a3emiieHuit (puc. 9).

oy : o

Puc. 9. Ilponec BiAHOBJIEHHSI COHSIYMHUX MaHeJeH y moJi
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YMoBU Oy HACTYITHUMU:

— pi3Ha Hampyra Ha KOXKHIM TaHeNl, OCKUIbKM IMIKIIOYEeHI MOCIiI0OBHO 1 3a3emieHi. Jlo
1500 B B ocranHiH.
pi3Ha OCBITJIEHICTb.
3HAYHO pi3HA TEMIIEpaTypa MPOTArOM J00H.
pa3 Ha THKICHb MTPOBOIMIIACKH POTAaLlis, 1100 MepIlli MaHesi CTaBajIl OCTaHHIMH.

Hanpyra oOmexxena 1500 B, ockinbku momycTMMa Hampyra i30swii nmpoBoniB Oatapei —
1500 B. byno mocaigoHo miakatoueHo 40 6aTtapeii B 0JIMH JIAHIIOT, HAIPyTa MOCIIiIOBHOTO JIAHITIOTa
560 B y consunmii nens. PoOunnck Mo ieHHI BUMIpH HApyTH, ajleé OCKUIBKH OCBITJICHICTh IIOPa3y
3MiHIOBaIAcs Ta i HE BUMIPIOBAJIM. TO JIaHI BUMIPIB Yy IO pOOOTY HE HABOASATHCH.

Komnu y constuni nui Hanpyra 6yna mixk 1300-1500 B, To GaTtapei 3 HaliOUIBIIO HAIPYTOIO
BiI'€THYBAIMCS BIJ MEPEki, 00 HE MEPEeBUITUTH Hampyry i3oismii kademiB Oarapei. [{oTmkas
3MiHIOBajacs MOJIAPHICTh MiIKIIOYEHHS OaTapei, mo0 Oarapei, MiAKIIOYEHI OIMXKYe J0 3EMII,
T IKJTFOYATACS 0 BUIIOTO MOTEHITIamy. batapei BiKIII0OUeH1 BiJl JIAHITIOTA T1IKII0YAIUCS B OKpeMi
TIAHITIOTH.

B pesynbpTari mpoBeaeHUX AOCTIIHKEHh BCTAHOBJIEHO, IO TAaHENi, SKI MaJu IiIBUIIECHUN
MMOTEHIIIa] BiIHOCHO 3€MJIi BIIHOBIIOBAJIMCS MIBUAIIE, HIXK HA CTEHI.

BucHoBok.

1. IlpoBeAeHO EKCIEPUMEHT MO0 BIJHOBICHHIO TOHKOIUIIBKOBHX COHSYHHMX IaHENCH,
BUTOTOBJICHHX 3a TexHoJoriero CIGS muisixom momadi BUCOKOI HAPYrd MO3WUTHUBHOI MOJIIPHOCTI
1010 3eMJI.

2. BuznaueHo 110 maHenmi, fAKi MaJM  IMABHMINEHHH MOTEHIIaI
BiJTHOBJTFOBAIHCS IIBU/IIIE B TIOJFOBUX YMOBAX, Hi’K HA CTCH/II.

3. Po3po06ieHo opraHoIenTHYHUI METO ] BUSBIICHHS MICITh JAeTpajallii COHTYHUX IMaHeleH.

4. Po3po0iieHO eKCIIepUMEHTAIbHUN CTEH I MOHITOPUHTY 3a MPOIECOM BiJHOBJICHHS Y
71a00paTOPHHUX YMOBaX.

BIIHOCHO 3eMJIl
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RESEARCH OF THE PROCESS OF RESTORATION OF DEGRADED SOLAR PANELS

Purpose. Study of the recovery process of degraded solar panels to develop simplified methods for
determining the location of degradation. Development of recommendations and equipment for the restoration
of degraded solar panels.

Methodology. Analytical study of literary sources, generalization of literary sources, observation,
comparison, measurement, experiment, material modeling, physical modeling

Findings. The causes of potentially induced degradation (PID) of solar panels are analyzed. It is
determined that PID occurs due to small unwanted currents between the semiconductor on one side and the
glass, anti-reflective coating (ARC), frame and mount on the other side. The degradation in performance is
due to the migration of sodium ions from the glass plate through the encapsulation (usually EVA) and anti-
reflective coating (ARC) into the cell. This occurs when the semiconductor in the cell takes on a negative
potential with respect to the encapsulation and support structure. PID contributing factors are identified.
Temperature and humidity contribute to PID, and the intensity of the effect increases depending on the position
in the row. Conditions for avoiding or mitigating PID are formulated. The equipment for PID prevention and
reversal is considered. Benches have been created to track the change in the current-voltage characteristic
and restore degraded solar panels. A method for organoleptic determination of battery degradation sites has
been developed. Recommendations for the restoration of solar panels in the field have been developed.

Originality. The relationship between the contact of panels with fasteners and the intensity of their
degradation was revealed. It was found that the parts of the panels that touched the fastening structure
degraded more than other battery structures. These parts shunt other parts of the battery cells.

Practical value. A method for organoleptic determination of battery degradation sites has been
developed. Recommendations for the restoration of solar panels in natural conditions have been developed. It
was determined that the panels, which had an increased potential relative to the ground, recovered faster than
on the stand. Keywords: PID effect, degradation of solar panels, restoration of solar panels, method of
organoleptic determination of degradation sites of solar panels.

Keywords: PID effect; degradation of solar panels; restoration of solar panels; method of
organoleptic determination of degradation sites of solar panels.
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