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1. Hean 3anaTus

[{enbro 3aHATUSA SBISIETCS 3aKPEIUIEHHUE ITOJTYYEHHBIX TEOPETH-
YECKUX 3HAHUM MO JucHUIUIMHE «B0300HOBIISIEMbIE UCTOYHUKU DHEP-
TUW», OBIIAJICHUE METOJUKOM pacyeTra OCHOBHBIX NAapamMeTpPOB COJI-
HEUYHBIX YCTAaHOBOK U ONPEJEICHUS BO3MOKXHOCTHA UX UCTIOJIb30BAHUA
Ha IpuMepe KimMaTthudeckux yciioBuil KemepoBckoi obnactu. B me-
TOAMYECKUX YKa3aHUAX IO BHITTOJHEHUIO MPAKTUYECKUX PadOT Mmpe-
CTaBJICHBI BAPUAHTHI 33]1a4, METOIUKA PACUYETA, ITPUBEICHBI IIPUMEPHI
pemenus. Jlanabie, HEOOXOAUMBIEC I pELISHUS 3a/ad, MpeJICTaBIIe-
HBI B IIPUJIOKCHUMU.

2. OcHOBHBIE TeOpeTHYECKHE MOJIOKEHUS

Hcnosb3ytoT COJIHEUHYIO SHEPTrUi0 B OCHOBHOM JBYMsI METO/a-
MU — B BUJIE TEIJIOBOM SHEPrUU MyTEM MPUMEHEHUSI Pa3JIMYHbIX TEP-
MOCHCTEM WJIU MTOCPEACTBOM (DOTOXMMHUYECKUX PEAKIIHI.

Haubonbiiee pacnpocTpaHeHUE B MUPE MOJTYUYUIIA TEXHOJIOTUU
WCIIOJIb30BAHUSI COJTHEUHON SHEPTUU MJIA TOPSYErO BOJAOCHAOKEHHS
u ortorieHus. JUIs 3TUX 1eneil JoCTaTOYHAa HU3KOTEeMIIepaTypHas
SHEprus. YCTAaHOBKM M CHCTEMBI COJIHEUHOTO TEIJIOCHAOXKEHUS Jie-
JISITCSI HA TTACCUBHBIC U AKTUBHBIE.

B naccuBHBIX cucTeMax MOTJIONIEHNWE U aKKYMYJIMPOBaHUE COJI-
HEYHOW DHEPrUU OCYUIECTBIISIETCA HEMOCPEJACTBEHHO 3JIEMEHTAMHU
CTPOUTEIBHBIX KOHCTPYKIHM 3/TaHWIl TIPU HE3HAUYUTEIHBHOM HCHOJIb-
30BaHUU JIOMOJTHUTEIBHBIX YCTPOUCTB Miau 0e3 Hux. YeraoBek Ha mpo-
TSOKEHUU CBOEM MCTOPHUM JIaBHO HAYUYMIICS MCIOJIb30BaTh COJIHEYHOE
TEIUIO MIPU CTPOUTENILCTBE CBOETO KWiIHIa. Bo MHOrMX cTpaHax st
3MaHUNA XapaKTEPHbI TOJICTHIE CTEHBI, AKKyMYJIUPYIOIIUE SHEPTHUIO,
Y OPUEHTAINS OKOH Ha COJHEYHYIO CTOPOHY. YK€ B Hallle BpeMs Obl-
JU pa3paboTaHbl YCOBEPIICHCTBOBAHUS 3TOU «cucTeMbl». CTeHa, 00-
pallleHHAasI Ha FOT, OKPAIIMBAETCS B YEPHBIM I[BET, IIEPE] CTEHOW pac-
MOJIAraeTcsl OCTEKJIEHHAs! TTIOBEPXHOCTh, @ MEXIY HUMU OCTAETCS BO3-
IyX, KOTOPBIA HArPEBAETCS ¥ IUPKYJIUPYET B IOME MYyTEM KOHBEKIIUH.
BmecTo kaMeHHOUM CTEHBI MOKET OBITh «BOJSIHAS CT€HA», COCTOSIIAs
Y3 HAIlOJIHEHHBIX BOJOU pe3epBYapoOB U3 CTEKJIOBOJIOKHA.

AKTHBHBIE CHUCTEMBI OCHOBAaHbI Ha HCIOJb30BAHUM KOJUIEKTO-
pPOB, YCTPOWCTB, MPEOOpPa3yONIUX COJHEYHYIO SHEPIrUI0 B TEIUIO.



[110CKHI1 COJIHEUHBIN KOJJIEKTOP COCTOUT U3 MOMIOLIAOIIEN SHEPTHIO
IJIATHI, OCTEKJICHHS, U PACIOJIOKEHHBIX MEXKIY IUIUTOM U CTEKIOM
TpyO. Ilo TpyOaMm ¢ moMoIibl0 Hacoca UPKYJIUPYET HarpeBaroIIasCcs
KUJIKOCTb.

CosHeuHbI€ KOJUJIEKTOPBI MOTYT HMCIOJIb30BATHCS B LIEJIOM PsIZIE
HU3KOTEMIIEpaTypHbIX MpolreccoB. HampumMep, B MUIIEBOM MTPOMBIIII-
JISHHOCTH JJIsl TIacTepU3allid MPOJIYKTOB, NI MOWKH OaHOK, OyThI-
JIOK, JIJIS CTUPKHU O€Jbs B MPAYCUHBIX, CYIIKH CETbCKOX035HCTBEHHBIX
MPOJYKTOB U IaXe 3JaHUN.

JI71s1 moJiy4eHusl BBICOKOM TEMIIEpaTyphbl WIIM COBEPIIICHUSI MEXa-
HUYECKOM paOOThl MPUMEHSIOT OTPAYKAIOIINE COJHEUHBIE KOJIIEKTO-
PBl, KOHLICHTPUPYIOIIKE TEIJIO U CBET COJHLA U CIIEIAIINE 32 €ro Ie-
pemenieHreM. B Takux KoJuleKTopax MPUMEHSIOTCS JIMOO 3epkaja,
au00 JUH3BL. 3epKaja MOTyT OBITh MapabOJUYECKUMU, MapadoIonI-
HbIMU uin cepuueckuMu. CKOHIIEHTPUPOBAHHBIA COTHEYHBIM CBET
MOMAJIaeT HAa LEHTPAIbHBIN TEIUIONPUEMHUK U HArPEBAET >KUIKOCTb,
KOTOpasi MPOKAYMBAETCS HAcOocOM. B 3Ty cucremy BXOIUT U Oak-
AKKYMYJISITOP ISl HATPETOM KUJKOCTH.

OcHoBHas npobsiemMa MUPOKOTO HUCIIOIB30BaHUS COJTHEUHBIX TE-
MJIOBBIX YCTAHOBOK CBSI3aHA C WX YKOHOMHYECKOH 3(P(HEKTUBHOCTHIO
1 KOHKYPEHTOCTIOCOOHOCTBIO 10 CPABHEHUIO C TPAJUIIMOHHBIMU CHC-
TemaMu. CTOMMOCTh 3HEPIruH, BhIpabaThiBaeMasi COJHEUYHBIMH YyCTa-
HOBKaMHu 0oJiee BBICOKA, YeM CTOMMOCTb SHEPIruH, Mojiydaemasi mpu
WCIIOJIb30BAHUU TPAJUIIMOHHOTO ToruuBa. Ho niig pailoHOB, ynalieH-
HBIX OT LEHTPAJIU30BaHHOTO SHEPrOCHAOKEHHUSI, UCIIOJIB30BAHHUE COJI-
HEYHBIX KOJJIEKTOPOB YKOHOMUYECKHU 00JIee BBITOJTHO.

bonee 3 pexkTUBHBIN MyTh UCIIOJIB30BAHKS COJHEUHON SHEPTHUH
— HETMOCPEJICTBEHHOE MpeoOpa3oBaHKe €€ B IEKTPUUYECKYIO B (poTo-
anemeHTax. MOOTO3IEMEHThI MPEACTABIAIOT CO0ON CBETOYYBCTBU-
TEJbHBIE IUJIACTUHBI W3 IOJYNPOBOAHUKOBOIO MaTepuaia: CeJeHa,
KPEMHUSI, apCeHHIa TajuIusl, TUCEIEHUIa KpeMHus U T.1. PoTodJIeK-
TPUYECTBO MPOW3ZBOAMUTCS, KOTJAa YacTHUIBI cBeTa ((hOTOHBI), MOTJIO-
IICHHBIE TTOJIYIPOBOJIHUKOM, CO3/IAIOT AJICKTpUUECKUU TOK. CoHeu-
HbIE OaTaper MOTyT OBITh Pa3IUYHON MOITHOCTH — OT MOPTATUBHBIX
YCTaHOBOK B HECKOJIBKO BaTT JJO MHOTOBATTHBIX 3JICKTPOCTAHIIHM, TTO-
KPBIBAIOIINX MUJUIMOHBI KBAIPATHBIX METPOB TUIOIIA/IH.

Jljist TOro, 4ToOBI HE 3aBUCETh OT CYyTOYHOTO M CE30HHOTO COJI-
HEYHOTO IMKJIAa U COCTOSHUSI aTMOC(Ephl CYIIECTBYIOT TEXHUYECKUE



METOJIbI HAKOIIJICHUS DHEPTUU TaKHe KakK: DJIEKTPOXUMHUYECKOE HaKO-
IUICHUE aKKyMYJISTOpaMH, MEXaHWYECKOE HAKOIUICHHE (C TOMOIIBIO
BpaIIarOIINXCs MaXOBUKOB) M B (hopme Bomoposa. Takike BO3MOKHO
couetaHrue (OTOIITEMEHTOB C JPYTMMH HWCTOYHMKAMHU JHEPTUH, Ha-
npuMep, HanboJiee BEpOSTHO COYCTAHUE C BETPOBBIMH YCTAaHOBKAMH,
a TAaKXKe C CHCTEMaMH Ha HCKOITAeMOM TOTLIHBE.

DOTOIEKTPUUECKUE CUCTEMBI (COJTHEYHBbIE OaTapen) TpeOyroT
MHUHHAMAJILHOTO OOCITY’)KMBaHUsS, B HUX HE UCIOJIb3yeTCs BOAA, U I10-
ATOMY OHH XOPOIIO MPUCIIOCOOICHBI JUTSI OTJAICHHBIX M ITyCTHIHHBIX
paliOHOB. DTOT coco0 MMpeoOpa3oBaHUs COTHEYHON YHEPTUHU SBIISCT-
Csl IOJITOBEYHBIM M SKOJIOTUYECKH YHCTHIM, & TAKXKE CaM MOXKET OBITh
WCITIOJIB30BaH ISl YJIYYIICHHS SKOJIOTHYECKOW OOCTAaHOBKH B MECTE
WCITIOJIb30BAHUS, a B IEPCIICKTUBE — U JUISI PETYJIMPOBAHUS SKOJIOTHYEC-
CKHX YCIIOBUI Ha OOJBIINX TEPPUTOPHSIX.

OcHOBHBIC TOTPEOHOCTH B COJTHEUHBIX OaTapesX BKIFOUYAIOT: OC-
BEIIICHUE, pab0Ty OBITOBOM 3JIEKTPOTEXHUKHU (paaHro, TEIEBU30P, XO-
JOIUIBHUK), HACOCOB I IMOJAbEMa BOJABI B YIAJICHHBIX CEIIbCKUX
paiioHax; 3HeproodecreyeHrne dKOJOTHICCKA YUCTHIX 30H MacCOBOTO
OTJIbIXa W JICUCHUS, 00CCTICUCHUE PAHO- U TEICKOMMYHHUKAIIMOHHBIX
CHUCTEM, MasKoB, OyeB. YCTaHOBKH HCITOJIb30BAaHUS COJTHEUHOHN DHEP-
THH HE TOJBKO MOT'YT OBITh 3KOJOTHYCCKH YHUCTHIMU, HO M UMETh I10-
JOKUTEIBHOE BIMSHUE Ha ApyTrHe cepsl )Ku3HU. Hanpumep, ucronb-
30BaHME COJIHEUHBIX Oarapei B KapKUX IMyCTHIHHBIX palioHaX B Kade-
CTBE «COJHEYHOT'O 30HTHKA» OOCCICUYMBACT OJIATONPHUATHBIC YCIOBHUS
IUTSL BBIPAIIMBAHMS I10J HUM OaXdeBBIX M IUTPYCOBBIX KYJBTYp, IS
KOTOPBIX IIEeJIECO00Pa3HO HCIIOIL30BaTh HE CIIMIIKOM HHTCHCHBHOE
COJTHEYHOE M3IydeHHE. J[pyruM mpumMepom SIBISETCS HCITOh30BAaHUE
COJTHEUHBIX OaTapel WM COTHEYHBIX KOJIJIEKTOPOB KaK CTPOUTEIHLHBIX
DJICMEHTOB B KaueCTBE OOJIUITOBOYHBIX TMAHEICH CafoB 3aHHUHA («COJI-
HEYHBIX JJOMOBY).

CoNHEYHBIC AEKTPUYECKUE YCTAHOBKU MCIIONB3YIOT COTHCUHBIS
DJIEMEHTHI IS BBIPAOOTKHU DJICKTPUUYECTBA MPHU OCBEIICHUH HX COJI-
HEYHBIM CBETOM. B OT/IIMUME OT COJTHEYHBIX KOJIJIEKTOPOB, OHU pabo-
TalOT BCeTJa, Korma cBeTut coiHie. ComHeuHble 6atapen BhIpadaThI-
BAOT DJICKTPUYECTBO JaKe B O00JAYHYIO MOTOy, XOTS U B MEHBIIIEM
koimaectBe. CoNHEUHAs 3JIEKTPOYCTAaHOBKA COCTOHUT M3 COJIHEUHBIX
OaTapeit, akKyMyJISTOPHOM OaTaper U mpeoOpa3oBaTeIs MOCTOSHHOTO
TOKa B IIEPEMEHHBIN TOK (puc. 1).
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Puc. 1. CosnHeuyHas 3JIEKTpOYyCTaHOBKA

CoBpemeHHbIE (HOTODIEMEHTHI MPAKTUYECKH TOJHOCTHIO OCHO-
BaHbI HA KPEMHUH.

[IpeobpazoBanre sHEepruu B (HOTOIIEMEHTaX OCHOBAaHO Ha ¢o-
TORJICKTPUIECKOM 3((PeKTe, KOTOPhIi BO3HHKAECT B HEOJHOPOIHBIX
MOJTYTIPOBOAHUKOBBIX CTPYKTypax MPU BO3JCHCTBUU HA HUX COJTHEY-
HOTO H3JTy4YEHUS.

HeomHopoaHOCTh CTPYKTYphI (hOTO3IEMEHTa MOXKET OBITh TOJTY-
YeHa JIETUPOBAHUEM OJHOTO M TOTO K€ TMOJYIMPOBOJHUKA PA3THUUHbBI-
MU TPUMECSMH (CO3AaHUE P-N TMEPEXOAOB) WM MyTEM COSTUHECHHS
pPa3IUYHBIX TOJYIIPOBOAHUKOB C HEOIWHAKOBOM IIUPUHOM 3ampe-
MIEHHON 30HBI — SHEPTUU OTPHIBA DJIEKTPOHA U3 aToMa (CO3/IaHHE Te-
TEpPONEPEXOA0B), WM K€ 3a CUET U3MEHEHUS XUMHUUYECKOTO COCTaBa
MOJTYTIPOBOAHUKA, TPUBOIAIIETO K TOSBICHUIO TpaJUeHTa IIHAPHUHBI
3anpenIEHHON 30HbI (CO3/IaHUE BAPU3OHHBIX CTPYKTYpP). BO3MOXKHBI
TaK)Ke pa3IMYHbIe KOMOWHAITUHN TIEPEYMCIICHHBIX CITOCOOOB.

MOITHOCTh CONTHEYHBIX JJIEMEHTOB, KaK IMPaBWIO, HEOOJIbIIas,
u coctaBisier B cpeanem 0,7...0,75 Bt. Jlna momydenust OombIeit
MOIITHOCTH COJTHEYHBIE AeMeHTHI (CD) COeTUHAIOT MEXTy CO0O0M To-
clenoBaTeNbHO, 00pa3ys coimHeuHblie Moayiau (CM), koTopbie nanee
MOTYT cobupaThcs B coinHeuHyro 6atapero (Ch). Heobxoaumo yuuThi-



BaTh, YTO IPHU IOCJIEAOBATEIILPHOM COCIMHEHUN DJIEMEHTOB HEM30eXK-
HBbI TToTepu MOITHOCTH. K0oahDUITMEHT Mpp, YIUTHIBAIOIINMI 3TH MOTE-
pu mpuHUMaeTcs B pacderax paBHbIM 0,95-0,99. Koaddurment, or-
pEeACIAIONIUA TTOTEPU SHEPTUHU TIPH TIepeade ee K moTpeourento (Io-
TepU B UHBEPTOpPE, 3apsiAHOM YCTPOWCTBE U [Ip.) COCTaBIACT
Nas = 0,9.

dopma COJHEUHBIX DJIEMEHTOB MOXET OBITh MPSAMOYTOJIbHOM,
KBAaJPaTHOM, a TAKKe IMCEBAOKBAAPATHON WJIIN NICEBAOKpYyTIIoN. dopma
onpenensier K03GUITMEHT 3aMoTHEHUS IUIOMAIKH COJTHEYHOTO MO-
nyyst. JIast IpsAMOYTOJIbHBIX M KBAJIPAaTHBIX W MCEBAOKBaApaTHBIX CO
3TOT Ko3(p¢duuueHt paBeH Ky = 0,95...0,99; nnsa  Kpyrasix
Kn = 0,85. KIIJI mpeoOpa3zoBaHus COMHEYHBIX JTy4eil B DJIEKTpHUC-
CKYIO0 DHEpPrUI0 3aBUCUT OT Marepuajia COJIHEUYHOTO 3JIEMEHTA, €ro
MHOT'OCJIONHOCTH U TEMIIEPATYPHI OKPYKAKOIIEH cpeanl. Temmeparypa
OKPY>KaIOIIEH Cpeapl OINpeAcisieTcs nmepuoaoM roja. ns ycnoBuu
KemepoBckoii 001acTM OHa COCTaBIISIET: JJIS MapTa U OKTAOpS
+0...5 °C, gns anpeinst, ceHtsiops +5...10 °C, mas +10...15 °C, urons,
utoitst, aBrycta +15...20 °C. Momuocts C3 MOkKeT ObITh ONpeseeHa
3 BoibTamnepHoil xapaktepuctuku (BAX). BAX cosHeuHoro sne-
MeHTa, (MOAyJisi, OaTapen) — 3TO 3aBUCUMOCTh MEXIy TOKOM Harpys-
KM Y HampsHKEHHEeM Ha KJIEMMax COJHEYHOTO (POTOIIEKTPUUECKOTO
AJIEMEHTA MPU MOCTOSHHBIX 3HAYCHUSX TEMIIEPATYPhI COTHEUHBIX 3Jie-
MEHTOB M HMHTEHCHUBHOCTH MOCTYIAIOUIETO COJHEYHOrO H3ITy4YEHUS
(puc. 2).

CraHapTHBIE YCJIOBHUS UCIIBITAHUKA COJHEYHOTO 3JIEMEHTA, MO-
nymsi, 6arapen STC (Standard test conditions for solar cell, module,
array) — 3TO yCJOBHUSI UCIIBITAHUM, PETJIAMEHTUPOBAHHBIE TIO TIJIOTHO-
CTHU MOTOKa coJIHeUHOM 3Hepruu R = 1000 Br/™M* 1 temmeparype ¢o-
TORJIEKTPUUECKUX COJTHEUHBIX 3JIeMeHTOB (25 + 2) °C.

CoJHeUHBIM MOAYJb MOXKET paboTaTh MpH JTHOO00M KOMOWHAITUH
HanpsHKEHUsI U TOKa Ha ero BoJibTaMrnepHoi xapaktepuctuke (BAX).
OnHako B peaqbHOCTH MOJYJIb padOTaeT B OJHOM TOYKE B JaHHOE
BpeMs. DTa TOYKA BHIOMPAETCS HE MOJIYJIEM, a DJICKTPUUYECKUMH Xa-
PAKTEPUCTUKAMU 1I€MHU, K KOTOPOW JAaHHBIA MOAYJb (WJIM COJTHEYHAS
OaTapest) MOAKIIOYCH.
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Puc. 2. BonbTamnepHas XxapakT€pUCTHUKA COTHEYHOTO MOJTYJIS

Hanpsbxkenue, npu KOTOpoM TOK paBeH (), HA3bIBACTCA HAIPSIKE-
HHUEM XO0JIOCTOTO X0J1a. C Ipyror CTOPOHBI, TOK, IPHU KOTOPOM HaIpsi-
*KeHue paBHO (), HA3BIBACTCS TOKOM KOPOTKOrO 3aMbIKaHWs. B 3Tmx
kpanHux Toukax BAX MommuocTe Momyia paBHa (. Ha mpakrtuke,
cucTteMa paboTaeT Mpu KOMOUHAIIMU TOKA U HAMPSDKEHUS, KOTrJa BbI-
pabaThIBaeTCS IOCTATOYHAS MOIIIHOCTb.

Jlydiiee coueTaHuEe HA3bIBACTCS TOYKOM MAKCUMAJIBHOM MOIITHO-
ctu (TMM, unu MPP). CooTBeTcTByIOIME HANpsHKEHHE U TOK 000-
3HayvaroTcs Kaxk U, (HOMUHAIbHOE HANpsuKeHue) U [, (HOMMHAIBHBIN
TOK). IMEHHO mJis 3TOM TOYKM OMPEACNISIIOTCS HOMUHAIbHAS MOII-
HocTh U KIIJ[ cotHEYHOTrO MOy ISl.

Bo MHOTMX CTpaHax MPOUCXOAUT MOCTOSHHBIA POCT MPOU3BOJI-
CTBa COJIHEYHBIX KOJUICKTOPOB. B Hacrosmee BpeMs X MUPOBAS yC-



TaHOBJIEHHAsT MOIIHOCTH oneHuBaercss B 10 I'Bt. OOmias miomansb
COJIHEYHBIX KOJUJIEKTOPOB B MUPE MPEBBICUIIA 10 HEMOJHBIM JTaHHBIM
21 M. M, IIPU 3TOM T'OJIOBOE MPOU3BOJCTBO COJTHEUYHBIX KOJUIEKTO-
pPOB mpeBbIIIACT 1,7 MIH. M. Crpanbl-nmuaepsl: AnoHus — 7 MIH. M2,
CIIA — 4 miH. Mz, N3zpannp — 2,8 muH. Mz, I'perms — 2,0 muH. M

B 6pBmem CCCP MakcumaiabHOE TOJIOBOE ITPOM3BOACTBO CO-
craBisuIo 40 ThIC. M’ KOJIJIEKTOPOB, a 00IIas IJIomagb yCTaHOBJIEH-
HBIX KOJUIEKTOPOB, TJIABHBIM 00pa30oM Jisl TOPSYEro BOJOCHAOKEHUS,
nocrurana 250 ThIC. M” , HO MX TEXHHYECKHUIA YPOBEHb OBbLT HU3KUM.
B Poccum B HacTosImiee BpeMs pa3paboTaHbI 0oJiee COBEPIICHHBIC
KOHCTPYKIIMH, HE YCTyHaromue 3apyOeKHbIM aHaJloraM, HO BCIIEJICT-
BHE€ SPKOHOMHUYECKOIO KpHU3HMCa B CTpaHE OOBEM IMPOU3BOACTBA COJI-
HEYHBIX KOJJIEKTOPOB COKPATUIICS U COCTABIIIET MEHEE | ThIC. M.

DOTORIEKTPHUUECKOE MPeoOpa3oBaHUE COTHECYHON SHEPTHH SIB-
JsSeTCS OJTHUM M3 HanboJjee OBICTPO Pa3BUBAIOIIUXCS B MUPE HaIpaB-
JIEHUEM UCIOJb30BaHUSI BO30OHOBISIEMBIX UCTOYHUKOB SHEPTUH.

Tab6muia 1

CyMmmapnbie MOITHOCTH (hoTodnekTpudeckux ctanumii 2010 rox

No Crpana MomHocts, MBT
1 I'epmanus 17320
2 Ncnanus 3892
3 SAnonus 3617
4 Hranus 3502
5 CIIA 2519
6 Yexus 1953
7 OpaHiys 1025
8 Kuran 893
9 benbrus 803

10 10. Kopes 573

11 ABcTpanus 504

Becw mup 39 778

['omoBeIe TeMIbI pocTa 3a mociegHue S5 JeT cocTaBisaoT 30 %.
JIngupyrot crpansl: Anonus — 80 MBT, CIIIA — 60 MBT, ['epmanus —



50 MBT. 1o oeHKaM HEKOTOPBIX CIIEMUAIUCTOB, K 2100 romy cosHie
CTAHET JJOMUHUPYIOIINM UCTOYHUKOM PHEPrUU HA IUIAHETE, a aHAJIH-
TUKA MeXTyHapOoHOTO sHepreTuueckoro areurcresa (MOA) nporHo-
3UPYIOT, uTo yke K 2050 romy conHedHasi sHepreTuka oyaer obdecrie-
yuBaTth 20...25 % MUPOBBIX NOTPEOHOCTEN B 3JEKTpodHEprun. Bo
MHOTHX CTPaHAX COJIHEYHAS DHEPreTHKa IOJy4YusIa aKTUBHYIO TOCY-
JAPCTBEHHYIO MOIAEPKKY U CTPEMUTENBHO pa3BuBacTcs. OMBIT 3TUX
CTpaH MOKAa3bIBAET, YTO IMPHU OIMPEICICHHBIX KIMMATUYECKUX, SKOHO-
MHUYECKHX W TOJUTUYECKUX YCIOBUSIX COJHEYHAs] SHEPTUsl U JPYyTHe
BUJIBl SHEPTETUKH HAa OCHOBE BO30OHOBIISIEMBIX UCTOYHUKOB CETOIHS
MOXET CTaTh PEATbHBIM KOHKYPEHTOM TPAJAUIIMOHHOW SHEPTETHKE.

Ho peub uaer He TOJBKO O JaJEeKOM MEPCHEKTUBE — CMEHA TJIO-
OaJIbHOM IHEPTETUUECKOM MapagurMbl MPOU30MIECT Y)KE B ONrpKaitiiee
necsatunerne. Tak, ctpanbl EC mnanupyrot, uro k 2020 rogy nons
WCIIOJIb30BaHUsl BO30OHOBIISIEMBIX UCTOUYHUKOB dHepruu (BUD) B eB-
pomelickoM sHeproOamance coctaBuT 20 %, a HEKOTOpHIE INTaThI
CIIA — nanpumep, Kanmmndopuus — minanupyror noctuub aoau BUD
B 33 % k 2020 rony.

1500

1000

2008 201N 20200 2nan 2040 20580 R0 2070 2080 2080 2100

Puc. 3. [lepcnekTuBEBI pa3BUTHSI BO30OHOBIISIEMOM SHEPTeTHKH



Macitabbl UCTIOSIE30BaHUS (POTOINEKTPUUESCKUX COJTHEUHBIX Oa-
Tapell OrpaHUYMBAIOTCS 00Jiee BBICOKOW CTOMMOCTBIO BbIpabaThiBaec-
MOM BJIEKTPOIHEPIUHU, IO CPABHEHUIO C SJHEPTUEH, TOITy4aeMOM 3a CYET
WCIIOJIB30BaHUsl TPAJUIUOHHBIX HWCTOYHUKOB SHEPruu. Y JIeIbHas
CTOMMOCTb MOITHOCTH IIJIOCKUX MOJYJIEH COTHEYHBIX Oarapeit Ha MU-
POBOM pPBIHKE cOocTaBisieT 4-5 nou1./BT, a cTOUMOCTh (OTOAIEKTpHYE-
ckux ycTaHoBoK 7-10 momn./Bt. CTOMMOCTH 3€KTPO3HEPTHH, BhIpabda-
ThIBAEMON MOJyJIIMH, Koseonercs B mpenenax 20-30 medt./(kBru),
YTO 3HAYUTEIBHO MPEBBIINIAET CTOUMOCTh 3JIEKTPOIHEPTUM OT Tpau-
IIMOHHBIX UCTOYHUKOB.

Macmta0bl ucnoib30BaHus (HOTOAIEKTPUUECKUX COJTHEYHBIX Oa-
Tape orpaHUYMBaIOTCs 00Jiee BHICOKOW CTOMMOCTBIO BhIpaOaThIBaeMOM
ANIEKTPOIHEPTUH, TI0 CPABHEHHUIO C SHEPTUEH, MOJy4aeMOU 3a CUET HC-
MOJIb30BAHUSI TPAJAUIIMOHHBIX UCTOYHUKOB SHEPrUM. YJIeJIbHAas CTOU-
MOCTh MOIIIHOCTH TUIOCKHUX MOJyJIEH COJTHEYHBIX OaTapell Ha MHUPOBOM
pBIHKE cocTaBisieT 4...5 momr/Brt, a cTomMOCTh (hOTOINEKTPHUIECKUX
ycTaHoBOK 7...10 gomr/Bt. CTOMMOCTh 3JIEKTPOIHEPTHH, BBIPAOATHI-
BaeMoOM MoayssiMH, Koseosercs B mpenenax 20...30 nent./(kBt-4), uto
3HAYUTEIBHO MPEBBIIIAET CTOUMOCTh 3JIEKTPOIHEPTUH OT TPAIUIUOH-
HBIX HICTOYHUKOB.

B Poccuu ects 6ombIme paiioHBI ¢ IIEHTPATN30BaHHBIM SHEPTO-
CHa0XEHHWEM, HO HCIBITHIBAIOIINE OCTPHIA NEPUIUT SHEPTUHU, UTO
MPUBOJUT K 3HAYUTEIHLHBIM MOTEPSIM, B TOM YHCJIE MaTEepUAIbHBIM U
¢uHaHcOBbIM. ECTh peruoHsl, ymajJeHHbIE OT IIEHTPATU30BaHHBIX
HSHEPTOCUCTEM — OTJHEIbHBIC MOCENKH, AEPEeBHHU, paboune Touku. Mc-
MOJIb30BaHUE BO300OHOBIISIEMBIX MCTOYHUKOB SHEPTHH, B TOM YHCIIE
COJIHEUHOT'O M3TyYECHHS MO3BOJIMIIO OBl peIaTh SHEPTETUIECKUE U CO-
[IAATBHO-3KOHOMHUYECKHUE TPOOJIEMbl TAKUX PETMOHOB M yJAIECHHBIX
MecT. To ecThb BOpoc 00 PKOHOMHYECKON BO3MOXKHOCTH M d(Pek-
TUBHOCTH HEOOXOJMMO peliaTh ¢ y4eTOM COITMaIbHO — SKOHOMMYE-
CKHUX YCJIOBUM, B TOM YHUCJE Je(PUIINTa SHEPTUH, CTOUMOCTH TOILJIUBA,
reorpauuecKux 1 KIMMaTUYECKUX YCIOBUM.

Hanbonee OnaronpusaTHble palOHBI I HMCIOJIB30BAHMS COJI-
HEYHOM DHEPTrUM B HAIIEH CTPAHE, MO OLEHKAM CIEIUAIINCTOB, 3TO:
CeBepubiii KaBkas, Actpaxanckas oosacts, Kanmeikusi, TyBa, byps-
s, YutuHckas obdnacts, Jlanpauii BocTok.
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MPOAONEHTERNEHOCTE CONMOYHOND CHAHMA
w1700 SACOB B MO

o7 1700 g 2000 yacos & rog
B Gones 2000 wacos B rog

Puc. 4. Kapra conmHeyHOM aKTUBHOCTH Ha Teppuropun Poccun

B HacTosiuii MOMEHT CyMMapHbIii 00beM BBEJEHHBIX MOIIHO-
CTEW COJIHEYHOW TreHepanuu B Poccuu, mo pa3HbIM OLIEHKaM, COCTaB-
asieT He 6osiee S MBT. bosnbiiias yacTh yCTaHOBOK MPUXOIUTCS Ha JI0-
Moxo3stiicTBa. Hanbonee KpynmHBIM MPOMBIIIIIEHHBIM OOBEKTOM SIBJISI-
€TCsl COJTHEYHAs 3JIEKTPOCTAHIUs, KOTopasi Obljla BBEJIEHA B HKCILITya-
TallMIO B MpoluIoM roay B benropoackoit o6iactu, ee MOITHOCTh CO-
craBisier 100 kBt (kpynueiimas B mupe — 80 000 kBT, B Kanane).

Cpenu poeKTOB COJTHEYHOM reHepanuu B Poccur MOXHO OTMe-
TUTh NUJIOTHBIE MPOEKThl KOMITAHUU «XEBEJD» MO CTPOUTEIBCTBY COJI-
HEUYHBIX TapkoB B (CTaBpOIOILCKOM Kpae (MomHocThio 12 MBT)
u PecniyOonuke Jlarectan (10 MBT), 06a mpoekTta HaxoasTcs ceilyac
B CTaJIMU MPEABAPUTEIILHON MPOPAOOTKH, TaK KaK 0KUIAI0T BBEJICHUS
NUJIOTHOTO MEXaHu3Ma cTuMmyiaupoBanus o0bekToB BIUD. Kpome To-
ro, CyIIECTBYET M PAJX MEJIKUX HIPOEKTOB, KOTOPBIE KOMIIAHUH-
DHTY3HUACThl Pa3BUBAIOT, HECMOTPSI HA OTCYTCTBHUE MEP IOIHECPKKH.
Hanpumep, «CaxasHepro» mocTtaBuiao MaJIEHbKYIO SKCHEPUMEHTAIb-
Hy!0 craHmuioo Ha 10 kBt B SIKyTuM, €CTh MaJICHBKME YCTaHOBKH
B Mockse, HanpuMmep B My3ee KOCMOHaBTHKH.
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3. Boinmosinsiemoe 3ajjanue

Onpenenuth xapaktepuctukun CM tuma PSM4-150 nHa kpem-
HHUEBBIX MOHOKPHUCTAJUIMYECKUX COJTHEYHBIX JJIEMEHTAX M PaCCUHUTATh
ero K.IL.JZ[. B 3aBUCUMOCTH OT MOIIHOCTH. PaccuuTaTh BBIPAOOTKY
AJIEKTPOSHEPTUH COJIHEUHOM OaTapeei, COCTOSIIEeH u3 m MOAyJeld Ha
IJIOMIAJKE, PACIIONONKEHHON MOJI YIJIOM B K TOPU30HTY B 3aJaHHBIN
nepuoj BpeMeHu i ycioBuii KemepoBckoi obnactu. OnpenenuTb
MIPOLIEHT BAJIOBOTO MOTEHIIMAIA COJTHEYHOU PaJInalliy, UCIIOIb3yEMO-
r0 COJHEYHBIM MOIyJIeM Ha | M° 3TOrO Monyia. Cnenatbe BBIBOABI O
1[eJIeCO00pa3HOCTH MCnoJib30BaHuss CM ISl TTOy4eHUsT dJIEKTpuye-
cKoil 3Hepruu B ycioBusix KemepoBckoil obnactu. JlanHble s pac-
yeta B34Th U3 Ta0i. [1.1 u I1.2 npunoxenus.

3.1. MeToauka pacuera

KoaddutneHT nmone3Horo AEHCTBHUS OJHOTO COJTHEYHOTO MOY-
JIS1 OIIPEAEIIAETCS:
P
n=——-, (1)
P

T10JI
rae P — MomHOCTh, ompenensgeMas no BAX cOmHEUYHOTO MOIyns
(mpun., puc. I1.1).

st ynooctsa pacuetoB CM nanubie BAX pekomeHiyeTcst BHe-
CTU B Ta0J. 2, OTMETUB TOYKHU XOJIOCTOTO X0J1a U KOPOTKOTO 3aMbIKa-
HUSL.

ITone3nas MOIIHOCTD Ppy;; OIPENEISETCS:
Pron =R - Foy s (2)
2

rne R — ypoBeHb OCBELIEHHOCTH, BT/M™ (tipuit., puc. I1.1); F,, — mio-

11a/1b COJJTHEYHOTO MOAYJISI, KOTOPasi ONPEEI€TCs MO BBIPAXKEHUIO:

_ 2
Foy = Fopnt Ky, M (3)
2

rae F., — IUIoImaas OHOIO COJIHEYHOT'O DIIEMEHTA, M™; /1 — KOJIMYECTBO
COJIHEUHBIX DJIEMEHTOB B Moayie; K,,p — KOA(QQUIMEHT 3anoHEHUs

COJTHEYHBIMM 3JIEMEHTaMM IUIOLIAJM COJHEYHOro MOJIYJs. 3HaueHUs
F,, n B3aTb U3 npuil. Tadm. I1.2.

PesynbraThl pacdera A KaKIOW TOYKH XapaKTEPUCTUKU PEKO-
MEH/Ty€TCS 3aHECTH B Ta0JI. 2
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Tab6muia 2

Pesynbrarel pacuera

I, A
U, B
P, Bt
n, %

[To maHHBIM TaOIUIIHI IOCTPOUTH 3aBUCUMOCTh M = f (P). Ompene-

JTUTh MakcumanbHOe 3HaueHue KIIJ] nmpu cOOTBETCTBYIOIIEM 3HAYECHUH
MOIIHOCTH.

BbipaboTka 37€KTpUUeCcKOr SHEPTUN COJIHEUHBIM MOJTYJIEM B [-TOM
MECSLIE ONPEACIISIETCS

9; = Opan Fom MMk Kt Npap Npry» (4)
Ine gy — BAIOBOM YIENBHBIA IPUXOJ COJHEYHOM paJualy Ha pac-
CMAaTPHUBAEMYIO IUIOMAAKY, KBTu/M” (Tabir. I1.2); m — KONM4ecTBO MOIy-
nel B cosHeuHoM Oatapee; M, — KIIJl KpeMHUEBOro COJIHEYHOro 3Jie-
MeHTa (Oeperca MakcumainbHoe 3HaueHue no BAX); K; — xoadduum-
€HT, YUYUTHIBAIOIIUI BIUSHUE TEMIIEPATYPHI COJTHEUHOTO MOYJISI HAa €ro

KIId; n Ap'M A5~ COOTBETCTBEHHO NOTEPHM MOIIHOCTH, OINpesernse-

MbI€ MOCJEAOBATEIbHBIM COSIUHEHUEM DJIEMEHTOB M Iepefadeil sHep-
THH JIO TIOTPEOUTEIIS.
Koadhumuent, yanteiBaromuyii BIMSHAC TEMITEpaTyphbl COTHEUHO-
ro MoxayJist Ha ero KIT/] onpenensieTcs u3 BeIpaKeHUs
K =1-[a(T - Tp)]. (5)
rae 1 — temmeparypa OKpYKAarOIIEH Cpeabl Ui 33JJaHHOro Mecsna, °C;
Toy= 25 °C — crangapTHast TEMIIEpaTypa COJTHEYHOIO AJIEMEHTA; @ — Tpa-
nvueHT m3Menenus: KIIJ[ CO ot u3ameneHusa temneparypsl. [ kpem-
HHEBBIX COJIHEYHBIX AJIEMEHTOB OH OMNPEICIISETCS:
a=%, (6)
120
rae 1M, — KIIJI comHedHoro snmemMeHTa Uil paCyeTHBIX YClIoBui (Oepet-
Cs1 MAKCUMAJILHOE 3HAYCHUE).
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BripaboTka 3J€KTpPUYECKON PHEPTrUU PACCUUTHIBACTCS NIJISI MECS-
1IEB, YKA3aHHBIX B 33/IaHUU.

ITponeHT UCoIb30BaHKS BAJIOBOTO MOTEHIIMAIA OMPEIENSIETCS OT-
HOIIIEHUEM TOJYYCHHOM BBIPAOOTKH DJICKTPUYECKON SHEPTrUM COJIHEY-
HBIM MOJyJIeM Ha | M MOAYJSl K BAJIOBOMY YACIIBHOMY NPUXOIY COJI-
HEYHOU paJIMaIlAM IJIs KaXKI0T0 MECSIIA.

U; = 2100 %. (7)

Bal

3.2. llpumep pacuera:

HcxonHbie TaHHBIE )14 pacyera:
— PaCUYETHBIN MECSI] — UIOJIb;
— TEMIIEpPATypa OKpyxaromen cpeasl, 7= +20 °C;

— YIOJI HAKJIOHA CONTHEYHOM OaTapey K TOPU30HTY, B = 58°;
— KOJIMYECTBO MOJTYJIEH, m = 3.

1. PazouBaeM BAX Ha HECKOIBKO TOYEK, BKIIOYas TOYKH X.X.
1 k.3. JI9 KaXXJI0M TOYKH IO 3HAYECHHUIO TOKA OMPENEISAEM COOTBETCT-
ByIOIIlee 3HAUCHHNE HanpspokeHus. Jlanapie 3aHocuM B Tad:. 1. Ilo atum
JAHHBIM OMPEAEIAECTCS MOITHOCTh COJTHEYHOTO MOAYJIA. Tak, Iy Toka
I=1,5 A, nanpsixenue paBHo U = 34 B. Torma MOIIHOCTE B 3TOM TOY-
K€ XapaKTEPUCTHUKMU:

P=U-1=34-15=51Br

AHAJOTUYHO OIPEICIAIOTCS BCE OCTAJIbHBIC 3HAYEHUS MOIIHOCTH.
JlaHHbI€ 3aHOCSTCS B TaOI. 1.

2. IInomaab COMHEYHOTO MOYJIA:

Foyy = Foy 1 Ky =0,0156-72-0,97 = 1,09 m?
3. Ilone3Has MOITHOCTb:
Proy =R Fiy, =800-1,09 =872 Br

4. KIIJ1 comaeynoro moayst it MomHocty P = 51 Br:

P 1
n= _ 2L _0ss.
Pooy 872

JIJ71s1 OCTAJIbHBIX TOYEK paCcyeT aHAJIOTUYHBIMN.
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5.11o nannpiM Tabs. 1 cTtpouM 3aBUCHUMOCTh M = f (P) u onpene-

JsieM MaKCUMaJbHOE 3HaueHHe Kod(puimeHTa MoJe3HOro JIEeHUCTBUS.
Jlnst Hatero cimydas oH paseH 11,3 %.
6. 'pamuent a uamenenus KI1J{ CO oT n3sMeHeHus TeMieparypst:

g M _ 11,3
120 120
7. Koadpuiment, yuuteiBaromuii Biusaue Temmeparypsl CM Ha
ero KIIJI:
K; =1-[a(T - Ty)]=1-[0,094(20 — 25)] = 1,47.
8. BpIpaboTka S3JIEKTPHYECKOM SHEPTrUM COJIHEYHOM OaTapeei
B HIOJIE:

=0,094.

97 = Ogan Fem m i K; Map MAn =
=145,2-1,09-3-0,113-1,47-0,97-0,9 = 68,8 kBT u.
9. Mcrionb30BaHKe BaJIOBOTO TOTEHIHana Ha | M MOJTYJISI TSl UFO-
JIS1 COCTaBJISIET
3 68,8
Hy=—"T-100%=
Bai/ 5,
O} heKTUBHOCTD MCIOIL30BAHUS YHEPTUU COJIHIIA VIS TOTyde-
HUS DJICKTPUYECKON SHEPTUH C TTOMOIIBIO COJTHEUHBIX OaTtapeil u3 Tpex
MOJYJIEH B HIOJIE MecsIEe cocTaBiisieT MeHee S0 %.

100 % =47 %.

4. KoHTPOJIbHBIE BONPOCHI

1. Pacckaxxure, Kak yCTPOCH KPEMHHUEBBIM (POTOITIEMEHT.

2. IlosicauTe IpUHIKIT JeiCTBUS (POTORIEMEHTA.

3. HazoBure »3JIeKTpUUYECKHE XapaKTEPUCTUKU (POTORIEMEHTA,
OPUEHTHUPOBOYHEBIE 1IEHBI HA 000PYI0BaHUE.

4. Ilepeuncnure TeXHUYECKUE TPEOOBAHUS K (POTOITIEMEHTAM.

5. HazoBuTe m oxapakTepu3yWTe KPYHHEWUIIUE IAEHCTBYIOIIUE
COJIHEYHBIE DJIEKTPOCTAHIUN.

6. Ha3oBuTe HETOCTATKM COJTHEUHOM SHEPTETUKH.
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I[TPUJIOKEHUE

HcxonHbie naHHbIE U1 pacyeTa

Ta6mura I1.1

Temneparypa
BapuanT Mecs OKpYKAIOTICH YTroJ1 HaKJIOHa K KOJ’II/I‘-IG(iTBO
cpestb, °C TOPU30HTY, 3 MOAyJIeH, m
0 MapT, alpeib 5 28 4
1 WIOHb, UIOJIb 20 0 2
2 Mail, HIOHb 15 58 3
3 CEHTS0pb, OKTSAOPb 5 43 4
4 anpesb, Ma 15 0 2
5 HI0JIb, ABTYCT 20 90 2
6 HUIOHb, UIOJIb 20 28 1
7 aBryCT, CEHTSIOpb 10 58 3
8 anpesnb, Mail 10 90 3
9 HUIOHb, UIOJIb 20 43 2
Tabmuuna 11.2

BanoBoi1 y1esbHbIN IIPUXO0J COTHEYHON paIMAlIMU HA TIOBEPXHOCTD
2
COJTHEUHOTO MOJTyJIsl B KBT u/(M”~ Mec.) 1715 pa3iuyHbIX yTII0B
HaKJIOHA TUIOIIAJIKM [3 K TOPU30OHTY

Meesi Oyan, KBT II/(Mz'MCC)
B=0° B=28° B=43° B=58° B=90°
I 55,6 86,49 105,98 114,6 104,1
II 72,2 96,6 114,35 116,3 97,8
111 1214 144.4 159,2 150,6 111,6
v 138.8 145,5 149,69 129,1 76,8
\Y 172,0 171,7 163,35 128,2 66,7
VI 193,8 191,7 174,05 137,6 63,7
VII 201,7 191,7 181,32 1452 65,2
VIII 171,5 174,8 178,03 147,5 80,3
IX 137,7 155,7 164,3 154,3 106,3
X 97,9 1252 146,17 147,8 119,0
XI 53,0 75,3 92,8 97,9 85,8
XII 48,9 75,3 100,1 107,9 99,9
Ton 1464,6 1634,4 1729,3 1576,1 1077,2
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Tabnwnua I1.3

XapakTtepucTtuka GpoTodaekTpuyeckoro moayiasi PSM4-150
HAa OCHOBE MOHOKPUCTAJUTMYECKOTO KPEMHUS

XapakTepucTukKa 3HadYeHHUE

OO1as mIoma b MOAYJIs B KOPITyCe 1,28 M
Macca, kr 19
JInnieBast MOBEPXHOCTH creksio mapku M1 (4 Mm)
Pama KpallCHbIN aTFOMAHUN
CoJIHEYHBIE JIEMEHTHI ®OIT 125/150
KonnuectBo 31€MeHTOB 72
dopma diemMeHTa TICEBJOKBAIPAT
Pa3smepsl asiemenTa 125 x 125 Mmm

q

m‘

X

0

|_

1)

3

S

O

a 10 20 30 490

Hanps>xenne, B

Puc. II.1. Bonpramnepnast xapaktepuctuka (BAX) PSM4-150
npu ypoBHe ocBemeHHocTH 800 B1/m
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