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COJIHEYHBIE KOTEHEPAIIMOHHBIE CUCTEMBI QHEPT O-, TEILJIO-, XJIAJOCHABXEHUA

Paspabomanvl npunyunuanibhvie cxemuvie peuleHus KO2EHEPAYUOHHBIX COTHEYHBIX cucmem O
0OHOBPEMEHHOU 8bIPAOOMKU INESKMPOIHEPSUU, Menia (2opsayee 6000CHabcerue), xonooa (ucna-
pumenvHvle OX1a0Umeny 24308 u HCUOKocmetl), OcyuleHus 6030yxXda, KOHOUYUOHUPOBAHUSL B030YXA
(mepmosnascnocmuas 00pabomka 8030YUIHbIX NOMOK08). Braouenue 6 paspabamvisaemvie cu-
cmembl (hoModIeKMPUYECKUX MoOYael obecnedusaem dNeKmponumanie 6eHMuISmopos u Hcuo-
KOCIMHbIX HACOCO8, CYUWeCMBEHHO NOBLIUIAAL ABIMOHOMHOCI COTHEUHbIX cucmem. Mcnonvzosanue
01 OXNAAHCOeHUs (POMOINeKMPUYECKUX MOOYell UMEIOWUXCS XOL0OHbIX OMOPOCHBIX NONOKO8 (8
60000X1A0UMeNAX U 6030YX00XAAOUMENAX UChapumenvHozo muna) obecneuusaem pocm KIIJJ
domomooyneii 6e3 OONOTHUMENbHBIX 3AMPAM IHEP2UU HA UX OXAAHCOeHUe, YMO CYUeCMBEeHHO No-
svlaenm IQGeKmusHOCMb He MOAbKO npeodpazoeameneti HO U CAMUX COTHEYHbIX CUCHeM 6 ye-
a0M.

Kniouesvie cnosa: Conneunvie cucmemol, Ilpeobpasosamenu conneunoil suepeuu, Tepmuueckue
npeobpazoseamenu, Dnekmpuueckue npeodpazosamenu, Abcopoyuonnviii yuxa, OcywiumenbHblil
ook, Oxnaoumenshwii 610k, Oxnadcoaemvie GomoarexmpuyecKue Mooy,

COHSYHI KOTEHEPAIIMHI CUCTEMHU EHEPI'O-, TEILI10-, XOJIOJOITOCTAYAHHS

Po3spobneno npunyunosi cxemui piienHs KO2eHepayitiHux COHAYHUX cucmem 0l 0OHOUACHO20 GU-
pobuenHs enekmpoeHepeii, menia (2apsive 6000NOCMAYAHHS), XOI00Y (BUNAPHI 0XO0L004CY8aYi 2a-
308 1 piOuH), OCyweHHs. Nosimps, KOHOUYIOHYB8AHHS NOBIMPs (MEPMOBONI02ICHA 0OpOOKA Nosimpsi-
HUX NOMOKI8). Brarouenns 6 pospobniosani cucmemu omoereKmpuyHux Mooyiie 3abesneuye eie-
KMPOICUBTICHHS BeHMUNAMOPIG | PIOUHHUX HACOCIE, ICMOMHO NIOSUYIOUU AGMOHOMHICHb COHAY-
HUx cucmem. Buxopucmanmus 015 0X01002CeHHS (hOMOENeKMPUUHUX MOOYII8 HASAGHUX XOJIOOHUX
omopocHux nomoxig (y Booooxono0acysaui i noGIimpooxon00icy8aiax UnapHo2o muny) sabesne-
yye spocmanns KKI[ pomomodynie 6e3 dodamkosux eumpam enepeii Ha ix 0X0A00X4CeHHs, Wo ic-
MOMHO NiOBUWYE eheKMUBHICIb He MINbKU Nepemaoprosadie a ti Camux COHAYHUX CUCmem 8 Yi-
JIOMY.

Kniouogi cnosa: Consuni cucmemu, Ilepemeopiosaui consunoi enepeii, Tepmiuni nepemsoprogadi,
Enexmpuuni nepemsoprosaui, A6copoyitinui yuxn, Ocyutysanohuil 610k, OxX01004Cy8anbHUl 610K,
Oxonoooicysani pomoenexmpuyni Mooyi

SOLAR COGENERATION SYSTEMS OF POWER-, HEAT-, AND COLD SUPPLY

Principal circuit decisions of solar cogeneration systems for the simultaneous production of elec-
tricity, heat (hot water), cold (evaporative chillers of gases and liquids), air drying, air condition-
ing (hydrothermal treatment of air streams) were developed. The inclusion of PV modules into the
developed systems provides power to the fans and liquid pumps, significantly increasing the au-
tonomy of the solar systems. Usage of available cold waste streams (in water coolers and evapora-
tive air coolers) for PV modules cooling provides the growth of PV modules COP without addi-
tional expenses of energy on their cooling, that greatly increases the efficiency of not only the
converters but also of the solar system as a whole.

Key words: Solar Systems, Solar Power Inverters, Thermal Converters, Power Converters, Ab-
sorption Cycle, Drying Unit, Cooling Unit, Cooled Photovoltaic Modules

| BBEAEHUE

MHoro)yHKIMOHAIbHBIE CHUCTEMBI, OCHO-
BaHHbIE Ha TEIUIOWCIIONB3YIOIMEM a0CcopOIMOHHOM
LHKJIE, KaK [IPaBUIIO, BKIIOYAIOT OJIOK MpeIBapUTEIb-
HOTO OCYIICHHs BO3[AyXa W OJIOK HCHAPUTEIHLHOIO
OXJIAXKIIEHUs Ta30B U KUAKOCTeH. B ocymurensHOM
Omoke, coctosimeM w3 abcopbepa u nmecopbepa, uc-
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TOJIB3YIOTCS PacTBOPHI a0COPOCHTOB HA OCHOBE KOM-
mo3utoB LiBr-H,O (¢ noGaBkamu, oGecrieunBaromIm-
MU CHW)KEHHE KOPPO3HOHHOTO BO3ACHCTBHUSI abcop-
OeHTa Ha KOHCTPYKTHBHBIE Marepuaibl). CXeMHbIE
penieHus: mpuBeAeHBl Ha pucyHke 1-3. Ocymenne
BO3JIyXa OCYIIECTBIIIETCSI B abcopOepe, KOTOPBIA IS
MOBBIIICHUS 3(PPCKTUBHOCTH JIOMOTHUTEIBHO OXJIa-
JKITAeTCsl BOJOW OT TEXHOJOTMYECKON TrpaaupHu (B
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npolecce IMOTJIONICHUsT BOJSHBIX IMApOB M3 BO3/1yXa
BBIJICIISIETCSI TEIUIO U MPOLIECC OCYIICHHS MPOTEKAET C
HarpeBoM, a TEXHOJOTHYecKas rpaJipHs 00ecIeunBa-
eT MpHuOMKEeHNe Tporiecca abcopOInu K H30TEPMIY-
HOcTH). BoccTaHoBieHne KOHIEHTparun abcopOeHTa
mocie abcopOepa IPOUCXOANT B AecopOepe, rae Tpe-
OyeTcs OIBOA TeIUIa OT HE3aBHCUMOI'0 HCTOYHHKA Ha
TemrnepaTypHoM ypoBHe 50 - 80°C, B 3aBUCHMOCTH OT

B

pemaeMoi 3amaud. OTOM LENU CIY>KUT COJIHEYHas
CHCTEMa C JKHJIKOCTHBIMH KOJUIEKTOpPaMH Ha OCHOBE
MHOTOKAHAJIBHBIX M MHOTOCIOWHBIX IOJUMEPHBIX
CTPYKTYp, paHee pa3paboraHHbIX aBTOpamu [6]. B
cXeMe NPEeLYCMOTPEH PN TEINIOOOMEHHHKOB CITyXKa-
mux aI1 obecnedeHHWs BHYTPEHHEH pereHepanun
TeIa.
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*3anuTKa 3NEeKTPUYECTBOM BEHTUNATOPOB M HACOCOB

PucyHnok 1 — [MpuHIMNMaNbHAsS CXeMa COJIHEYHON CHCTEMbl KOHIUIIMOHUPOBAHHS BO3/yXa WILIHOCTPUPYIOLIAs
croco6 oxnaxaenus PV/T KOJJIEKTOPOB TOTOKOM BOJBI OT IPaJMPHU TEXHOJOIHYECKOTO Ha3HAYeHHs, 00CITy-

JKuBatoiei abcopoep.

O6o3Hauenus: PV/T, — HOTOTEPMOINEKTPUIECKHE KOJUIEKTOPBI (OXJakaaeMble (HOTOMOAYIH) JKHIKOCTHOTO
tuna; CK, — IIOCKUE COTHEYHBIC KOJIEKTOPHI XuaKkocTHOro Tuna; ABP — abcopbep-ocymurens; JJbBP — necop-
6ep-pereneparop; HO — ncnapurenbHblil oxinaaurens Henpsimoro tuna; BTA — 6ak-Teruoakkymynsitop; T/0,
T/O1, T/On, T/Ow — TermnooOMeHHUKYN 0OecneYrBarolne BHYTPEHHIO pereHepauuto Tera; HB — HapyxHbIi
Bo3ayX; O — ocymeHHbli Bo3aymHbi noTok; OC, BC — 0ocHOBHOHM U BCIOMOTaTeNbHBINA BO3YILIHbIE TOTOKK; B
— OTOPOCHBIH MOTOK; P/Kp, p/Cll — KPENKHUH U c1a0blii pacTBOpB a0COpOEHTa; K — MOJIHUTKA PELHUPKYISILHOHHO-
ro BonsHOTO KOHTYpa; I — x morpebutemio; A —OJOK akKyMymIsTOpHBIX Oartapeii; K — xoHTpoitep 3aps-

na/paspsna akkymyssaropa; VI — uaBeprop.
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Pucynok 2 — [Ipumeps! unrerpauuu PV/T KOIIEKTOPOB B COCTaBE KOTCHEPALMOHHBIX CUCTEM, B KOTOPBIX IS
€ro OXJIAXJICHUS UCTIONB3YIOTCS (A) OTOPOCHOH BO3IYIIHBIH NOTOK B TEXHOJIOTHYECKOH rpaaupHe, (b) Bcromo-
raTeibHbI BO3AYIIHBIM NOTOK B alapaTe HENPsIMOro ucnapurensHoro oxnaxaenus HUO.

O06o3Ha4yeHus o pUcyHKy 1, nononuutensHo: PV/T, — poTOTepMO3TEKTPHIESCKHH KOJUICKTOP ra30BOT0 THIIA.
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Pucynoxk 3 — Ilpumeps! unrerpauuu PV/T KOIJIEKTOPOB B COCTaBe KOTEHEPAIMOHHBIX CUCTEM, B KOTOPBIX JIJIsI
€ro OXJIAXJICHUS UCIONB3YIOTCS (A) OTOPOCHOH BO3AYIIHBIA MTOTOK B «IIPOIYKTOBO» rpamupHe, (B) moTok Bo-
JIbl, OXJIAXKIEHHBIN B «IIPOYKTOBOW» IpaiupHE.
O6o3Havenus Mo pucyHky 1, monomautenbho: PV/T, — poToTepMO3IEKTPHIECKHIA KOJUIEKTOP ra30BOTO THIIA.

ABTOHOMHOCTh pa3padaThIBAEMBIX CHCTEM
obecrieunBaercss PV/T, KOMIEKTOpaMH BBIOJHSIIO-
IIMMH POJIb HCTOYHHKA SJICKTPOIHEPTHH I pabOTHI
HU3KOHAITOPHBIX BEHTHJIATOPOB M >KUAKOCTHBIX HACO-
COB, MEPEKAYMBAIONINX BOJIY M PAcTBOp abCcopOeHTa.
Takum 00pa3om, BIEpBbIE IpeAIaracTcss KOreHepain-
OHHA$sl COJTHEYHAsI CHCTEMa JHEepro-, TEeIUIo- M XJIaJo-
cHaOkeHus1 obecreunBaronas BhIPAOOTKY Kak Teruia
(CKx B cocraBe CHCTEMBI TOPSYETO BOJOCHAOKEHUS
00BEKTOB), TaK M X0JIOJA (MCTIAPUTEIIBHBIC OXJIaUTE-
JI BOABI U BO3ayXa B Buae rpaaupe I'PJl, u ucnapu-
TeJbHBIE BO3AyXooxjianuTenu Hemnpsimoro tuna HUO
[6]) B oxmaaguTensHOM OJIOKE, a TaKXKe TCHEpalus
anektposHeprun B PV/T kostextopax, obecrieunBa-
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omas TOJIHYI0 aBTOHOMHOCTh pa3padaThIBaeMBIX
COJIHEYHBIX CHCTEM.

Ha pucynkax 1-3 mpuBefeHBI OCHOBHBIE BapHaHThI
pa3paboOTaHHBIX KOTEHEPAIIMOHHBIX CHCTEM obecre-
YUBAIOIINX JHErPO-, TEIUIO- W XJIaJocCHaOXeHue, a
TaKKe KOHAWINOHWPOBAHKE BO3AyXa ( MIPH UCHIOIB30-
BaHMH Bozayxooxyamutens HUO B oxmaautensHOM
OJ0Ke).

Il PASPABOTKA OXJIAXKJIAEMBIX ®OTO-
MOJYJIE.

OcHoBHas np06neMa MNPAKTUYCCKOro HCIOJIb30BAHUA
COBPCMCHHBIX (bOTOSJ'IeKTpI/I‘-IeCKI/IX MOI[yJIeﬁ 3aKJIO-
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YaeTcsl B CHIDKEHUHM KOd(QHIMEeHTa peoOpazoBaHus
¢ poctoM paboueii Temneparypsl Goro3nemenTa (puc.
4). TpaANIHOHHBIN KPEMHHUEBBIH (POTOITEKTPHUCSCKHUIA
(PV) wmomyms mpeoGpasyer 4-17% mocrynaromeit
COJIHEYHOH paJinalliél B 3JEKTPO3HEPTHIO (TIpeuMy-
IIECTBEHHO KOPOTKOBOJIHOBAS 4acTh CIEKTPa M3ITyde-
HUsA). M3 ocTaBmielicss 9acTH COJTHEYHOH dHEpTuu, 60-
nee 50% mpeoOpasyeTrcs B TEIUIO (32 BBIYETOM OITH-
4eCKUX MOTeph). OTO MNPHUBOAUT K pOCTy paboueit
TeMIepaTypsl (POTOIIEMEHTOB /10 KPUTUYECKHX 3Ha-
4eHuH, npu KoTopelx Habmonaetca nagenue KII, mo
CPaBHEHHUIO CO 3HAYCHMSMH 3asiBICHHBIMH IIPOU3BO-
JUTENIeM Ui HOPMAJbHBIX YCIOBHH (B CpeiHeM, —
0,4% Ha onuH rpagyc neperpesa B (POTOIIEMEHTAX M3
MOHOKPHCTaJUINYecKoro kpemHus). Kpome Toro, pa-
60Ta B yCIOBHAX KCTPEMAIBHBIX TEMIIEPATyp MOXKET
NPUBOANTH K Pa3pyIICHHIO KOHCTpYKuuu PV mMomyss
[1]. B urore mosy4aeTtcs, 4TO IS JIFOOOrO KpeMHHe-
BOro ()OTO3JIEMEHTA C MOBBIIICHHEM paboyvell TeMmIe-
parypsl JTHHEHHO maxaeT ero agdexTuBHOCTH [2]. Ha
puc. 1 mokazana 3aBucuMocTh 3 ¢dexTuBHOCTH PV
MOJIyJisi OT paboyell TemmepaTypbl (GOTOdJIEMEHTA.
I'maBHBIM 00pa3oM oHa 00yCJIOBIEHAa MPOIECCAMH,
MPOTEKAIONUMH BHYTPH MOJIYIPOBOJHHUKOBOTO Mate-
puaga — KpeMHHMS BO BpeMs IOIJIOLICHHS SHEPIHU
(hOTOHOB, TO €CTh HEOOXOJUMO YUHUTHIBATh, UTO HAPA-
Iy C IpeoOpa30BaHUEM B JIEKTPUIECTBO HMEET MECTO
paccerBaHHME PHEPIHMM B BHAE TEIJa, a 3TO B CBOIO
ouepenib 00YCIIOBIIMBACT HATMYNE KOHBEKIIUH U M3ITy-
yeHust. Pabouas Temneparypa Takxe 3aBUCHT OT MHO-
TUX JIPYyTUX, BHEIIHUX (DaKTOpOB, CPEIH KOTOPBIX
MOTOJIHBIE YCIIOBHSA, TaKHe KaK TeMIIEpaTypa OKpyKa-
IOIIed Cpeabl, CKOPOCTh BETpa, BEIWYMHA ITOTOKA
COJTHEYHOTO H3JIyYeHHs, a TaKKe XapaKTepPHCTHKH,
3aBHCAIINE OT MaTepuajga U KOHCTPYKIUH, HalpuUMep,
MPOIyCKaTeIbHasl CIIOCOOHOCTh MPO3PAaYHOTO MOKPHI-
THS, CTEIIEHb YePHOTHI (poTo3mIemMeHToB 1 1.1 [7]. OT-
HOIICHUE 1T/NTret — 3TO KOAIQPuUIEHT 3P PEeKTUBHOCTH
PV manemu, roe nt — pedictButensHB KI1J] PV
MOAYJISA, HTref — IPH HOPMAJbHBIX yCIOBHAX (mpH
TeMIleparype okpyxaromei cpensl 25°C U BelIUUYHHE
TI0TOKA COJTHEYHOTO U3JTydeHus paBHoro 1000 Bt/m?);
Pret — TemrepaTypHbBIH Ko3(h(UIHUEHT, MOKa3BIBaI0-
MK Ha CKOJIBKO manaeT 3(p(eKTHBHOCTH BBIPAOOTKH
ANIEKTPOIHEPIMU TIPH TOBBIIICHUH TEMIIEpaTyphl Ha
OJIMH TPafyc.

KonmgecTBo mpon3BOANMON 3JIEKTPOIHEPTHH
MOXHO TIOBBICUTH IyTEM oxjaxaeHus PV momyns
MOTOKAaMH BO3/yXa WM BOABI, 2 OTBOJUMOE IIPH 3TOM
TEIJIO MOKHO 3aTeM HCIOJb30BaTh, HAIpHUMEp, IS
HarpeBa BO3JyXa B rnomMerieHnu. Takum oOpa3oM yBe-
JMYUBaeTCs OOMMI ChEM DHEPruM (TEIIOBOM U AJIEK-
TPUYECKOH) C EIMHUIBI IUIONaJU I0J] YCTAHOBKY,
OyAb TO 3eMENbHBIA yJacTOK WM K€ KPbIMIa 3TaHusl.
DT 00CTOATENhCTBA OOYCIOBWIIM TIOSBIIEHUE COJI-
HEYHBIX KOT€HEPAMOHHBIX CHCTEM HA OCHOBE HC-
MOJTB30BAHUSL THOPUAHBIX (DPOTOTEPMOINIEKTPHUCCKUX
COJIHEYHBIX KOJUIEKTOPOB Wi mHade — PV/T kosiek-
topoB (or amrn. — Hybrid Photovoltaic/Thermal
collectors).

B ob6uiem Buzpe PV/T kosnekrop mpenctas-
asiet coboii PV nanenb, MHTErpUPOBAaHHYIO B TUIOCKUI

COJIHCYHBIN TEIUIOBOWM KOJUIeKTOp, rae PV mnaHenb
UTPACT POJb TEIUIONOTIONMIAOIICH TIACTHHBI (XOTS B
pszme ciiydaeB MMEETCSl M OTHEeNbHAas MeTauTHdecKast
IUTACTUHA-TETUIONPUEMHIK, Ha KOTOPYIO TPUKJIICHBA-
ercst (mpukperisercs) PV maHenb Wid, Kak 3T0 ObLIO
B MIPOIIIIOM, caMH (poTodrsreMenTsI). B 3aBucuMocty oT
Buma tertonocurenst PV/T KOMIEKTOPBI essTcs Ha
JKUIKOCTHBIE, Ta30-KUIKOCTHBIE M Ta30Bble. Tak Kak
HapsIy C CaMBIMH PacTpOCTPaHEHHBIMH TETUIOHOCH-
TENSIMH — BOJIOW M BO3JyXOM, CYLIECTBYIOT U JPYTHE,
TO COOTBETCTBEHHO NPHHATHI 0003HaueHust PV/Ty,
PV/Tx 1 PVIT,. BaxXHbIM MOMEHTOM B Kiaccupuka-
UU SBJISIOTCS HAIWYNE/OTCYTCTBUE BEPXHETO MPO-
3pavYHOrO MOKPBITUS U XapaKTep IBUKCHUS TCIIOHO-
curensd. OxnaxiaeHne (OTOIIEMEHTOB MOXET OCY-
HICCTBILITECS CBEpPXY, CHU3Y WM ¢ 00EMX CTOpPOH, B
OoIMH Wi ABa 3axona. Ha puc. 6, 7 mpencraBieHbl
ocHoBHble Tunbl PV/T xomnekropos [1]. Bepxmee
MPO3pavHoOe TTOKPHITHE, HATIPUMED CTEKIITHHOE, KaK U
B TPAIWIMIOHHOM IUIOCKOM COJIHEYHOM KOJUIEKTOpE
o0pa3yeT BO3YIIHBIA 33a30p HaJ TEIJIONPUEMHHUKOM,
B JaHHOM ciy4ae PV maHenpro. DTo cmocoOCTByeT
MIOJIABJICHHUIO PaUAI[MOHHBIX U KOHBEKTUBHBIX ITOTEPh
C OJIHOIl CTOpPOHBI, U O0ECHEYMBAET ECTECTBEHHYIO
MUPKYJSIUIO TeIUIoHOCcUTe sl ¢ apyroi. Ha puc. 7A
MOKa3aH CITydai, Korja dyepe3 BO3MYIIHBIH 3a30p Mpo-
XOIWUT KaHall JABIKCHHS TETUIOHOCHTEIS, YTO TMO3BO-
nseT 00eCIeUnTh PEKUM €CTECTBCHHOW HUPKYIISIINU.
B ocTanmpHBIX ciTydasx BO3IyX HAarHETAaeTCs BEHTHIIS-
topom (puc. 7B, 7B, 7T).

UtoOBl TOANEPKUBATE SICKTPUICCKYIO (-
(EeKTHBHOCTh Ha MPUEMIIEMOM YPOBHE MPUOErarT K
METOJIaM, KOTOpbIE YyAy4yIIaloT OTBOA Termia oT PV
naHend. C 9TOM Lesibl0 BHYTPU BO3AYIIHOTO KaHaia
noMenaloT roQpUPOBaHHBIA JIHCT, HPOBOJIOYHYIO
ceTky wid pedpa. Ha ¢wur.4 mpencraBieHsl 1Ba u3
TaKMX PpEIIeHUH: YCTaHOBKa AIIOMHHHEBOIO JIMCTa
nocpeau BozaymiHoro kanana (TMS — Thin Metal
Sheet) u opebpenne (FIN — pebpo). Cobpanbl 3TH
KOHCTPYKIIMU OJMHAKOBBIM 00pa3oM, B TEIUIOM30JIH-
poBaHHOM KOpoOe, Y KOTOPOTO BHYTPEHHSS TOBEpX-
HOCTH BBUIOJKEHA JIICTOBBIM MeTaiuioM. Pebpa pacrio-
JIOKEHBI Ha JHE pabouero KaHaia, XoTs A peKTHBHEES
OBIIO OBl PACTIONOKUTH UX HETOCPEICTBEHHO C ThUIb-
HOW cTopoHsl PV maHenw, 9Tro B CBOIO OdYepenp
YCIOKHWIIO ObI €€ MPOM3BOACTBO. Teruo mocrymaer
ot PV maHenu k opeOpE&HHON 3aJHEN 9acTH BO3IYIII-
HOTO KaHaya 10 OOKOBBIM CTEHKaM IMyTeM TeIIONpo-
BOJHOCTH, a 3aTeM YHOCHUTCS IOTOKaMH BO3JyXa C
MoBEepXHOCTH pedep. B pesynbrarte uccienoBanus [3]
OBUTO BBICHEHO, 4YTO A((EKTUBHEE HCIIOIF30BaTh
opeOpenue; KoHCTpyknuio ¢ TMS menecoobpasno
HCTIOJB30BaTh TOJBKO KaK CPEICTBO JOTOIHUTEILHO-
0 SKPaHHUPOBAaHUS THUIBHOW CTOPOHBI KOJUIEKTOpa
UL TIOJIABJICHHS TETUIOBBIX IOTEPb, XOTS B HEKOTOPOI
crenieHn 3()(PEKTUBHOCTH OKAa3bIBACTCS BHINIC, YEM Y
kaHana 0e3 moaudukanuii (REF). Bece koHCTpyKImMu
OBUTH TIPEICTABIICHBI KaK B BapHAaHTaX C MPO3pPavyHBIM
nokpeitieM (GL — glazed), tak u 6e3 Hero (UNGL —
unglazed). CrexisiHHOE HpO3payHOE IOKPHITHE 00Y-
CJIOBIIMBacT 0oJiee BBICOKYIO TEIUIOBYIO 3(PQEKTHUB-
HOCTB BCJICACTBHUE TOAABICHHS TCILIOBBIX MOTEPh, HO
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u3-3a HEro majaeT MpOM3BOAUTENbHOCTH PV maHenn
KaK CIIEJICTBHE OMATH TOTO € OOJBIIEro KOJMYeCTBa
HOJIy4aeMOro TeIUla M ONTHYECKHX IOTeph B IPO-
3pavyHOM ITOKPBITHH.

B nocnennee Bpemst uurepec k PV/T cucre-
MaM OOYCJIOBIICH Pa3BUTHEM CTPOHTEIBHOI IPOMBIII-
JEHHOCTH, a MMEHHO WIMPOKHM paclpOCTpaHCHUEM
(OTORIEKTPHYECKUX CHCTEM HWHTETPHPOBAHHBIX B
orpaxnaromue KoHcTpykuuu 3manuii (BIPV — or
anri. Build-Integrated Photovoltaic). B mporecce pa-
0OTBI MOIOOHBIX CHCTEM BBIJEISIETCS HU3KOIIOTEHIIH-
anpHoe Teruo (nmopsagka 35°C), KOTOpOe MOMKHO HC-

MI0JIb30BaTh TYT K€, JJIsI KOHAWUIMOHUPOBAHUS ITOME-
meHni. B nuTepaTypHbIX MCTOYHMKAX MPUBOIATCS U
Ipyrue crocoObl yTWIM3alWu 3Toro Teruia. Hampwm-
Mep, €ro IOCTaTOYHO YISl TTOAACP KaHHS TEMIIEPATyPhl
ONTHMAJIBHON [UI JKU3HEACATEILHOCTH METaHOTCH-
HBIX Oaktepuii B Guorasorenepatope [4]. PV/T kom-
JIEKTOP MOXET BBINONHATH (DYHKINH HCIIAPUTEINS TETI-
JIOHACOCHON CHCTEMbI KOHAWIIMOHUPOBAHUS BO3IyXa
[5] (cTout OTMETUTH, B JaHHOM Cllydae TeMIlepaTypa
PV nanenu OynmeT HHMXKE TEMIIEPATyphl OKPYKAIOIICH
Cpenbl, 4To 00YyCIOBIMBAET €€ BBICOKYIO d((EKTHB-
HOCTb).

1.02
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ny/ Nrref
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—t—m-5i, avg. pref

0.86 1 ——p-5i, avg. Pref
w——— -5, avg. Bref

0.82 T
300 310

320 330

Operating temperature (K)

Pucynok 4 — I'padhviku 3aBUCHMOCTH 3JIEKTPHIECKON 3()(PEKTHBHOCTH Pa3IMYHBIX BHAOB (DOTOIIEMEHTOB OT
paboueit Temnepatypsr [2].

Ob6osnauenusi:lnTet — OTHOLIEHHE DIIEKTPUUECKOH 3 dexTrBHOCTH PV Moayis, mpu gaHHO# paGoyeii TeM-
neparype, kK 3G heKTHBHOCTH TpH HOpMabHBIX ycioBusx (at reference conditions); frer — TemnepatypHbrit
K03 HUIMEHT MaTepuaia, U3 KOTOPOTro M3TrOTOBICH (oTodnemeHt; M-Si, p-Si, a-Si — coorBeTcTBEHHO 060-
3HaYCHUE (POTOIIEMEHTOB M3 MOHOKPUCTAILTMIECKOTO, MMOTUKPUCTAIIIMIECKOTO i aMOP(PHOTO KPEMHHUSL.
(06b1uHO Tret = 25°C, 77ret = 0.12, Brer = 0.0045°C, G = 1000 B1/M2, HO MOTYT BapbHPOBATLCSH B 3aBUCUMOCTH
OT [IPOM3BOIUTEIS)
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HetwHvi kaHan
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HetwHvi kaHan
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S
ARRRARENRREN
//
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Pucynok 5 — M3o6paxenne PV/T, KOIIEKTOPOB B MOMICPEIHOM CEUCHHUH, T/IC TOKA3aHBI HEKOTOPBIC CITOCOOBI
MOIM(HUKAIINHA TOBEPXHOCTH BO3IYITHOTO KaHama [3].
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Po3zgin 2. EHepreTuka i eHepros3tepexeHHs

Mpo3payHoe NoKPLITHE (A0NONHUTENLHOE)

MpospayHoe NoKpeITHE (A0NONHUTENEHDE)

R R T S L Y

Mpo3paquHoe NOKPLITHE

B Waterin —==> BOAAHOM KaHan =—> Water out
] |

MpoapauHas PV naxens

: d
r Water in et BopsAHoiA kaHan "> Water out
[ |

PucyHox 6 — [IpuHIUIHAIBEHBIE CXEMbI OCHOBHBIX THITOB )KHAKOCTHBIX PV/T komiekropos [1].

Tuner kKoncmpykyuii: A — ¢ WIaCTHHYATO-TpyO4aThIM abcopbepom; b — abcopbep ¢ kaHamamu mpsiMo-
YroJbHOTO ceueHus; B — oToaIeMeHThI pacookKeHbI Ha JHE BOJSHOTO KaHamna; I — BOJASHON KaHam
CHHU3Y Tpo3pauHoit PV manenn.

A Airin i el AIr out

MpoapayHoe NoOKPLITHE (DoNoNHKUTENLHoE)

m:m&z:mmmmz:mmmmm:q

b Alrin o bos, =i Alr out
£ i

B Airin . T ——  Airout
o~y [

Airin - g ey ~——r
r " o
Air out ‘5—]"'_—'7'—' <«

1 2
]
3 4
—

Pucyunox 7 — [IpuHIUNIHATBEHBIE CXEMBI OCHOBHBIX THIOB ra3oBeix PV/T komtexktopos [1].

Tunwr koncmpykyui: A — GOTOdIEMEHTHI 001yBalOTCs CBEpXY; b — hoTOaIeMEHTHI 001yBatOTCS CHUY;

B — dotosnementsr o0ayBatoTcst ¢ 00enx cTOpoH 3a oxuH npoxon; I' — doroanementsl 06yBatoTCs ¢
00enx CTOPOH 3a J[Ba MPOXO/a.

Ob6osnauenus (puc.6,7):

1-CcTeKIIsIHHOE TOKPBITHE, 2-3JIEKTPOU30IUPOBAHHBIC (POTOAIEMEHTHI, 3-TEIUIOTIONIIONIAONIAs TUIUTa, 4-
TEIUIOBas U30JIsIMs1, Water (air) in-Bxo TerioHocurels, water (air) OUut-BBIXOJI TEILIOHOCUTEIIS.
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i INPUHIOUIIBI HUHTETPUPOBAHUA
OXJAXKIAEMbBIX ®OTOJIEKTPUYECKHUX
MOJVJEN B KOTEHEPAIIMOHHBIX CH-
CTEMAX

WuTerpanys oXaakaaeMoro GpoTodIeKTpHIecKo-
rO MOJyJsi B COCTaBEé KOTCHEPAIMOHHBIX CHUCTEM
NPE/ICTABISIETCST OCOOEHHO IEPCHEKTUBHON IIOTOMY
YTO B OXJIQJAWUTEIHHOM OJIOKE CHCTEMBI MMEIOTCS XO-
JOAHBIE TOTOKM BOJBI W BO3AyXa, KOTOPBIE MOTYT
OBITH UCTIONIB30BAHbI I 00ECTIEYEHHS ONTHMAIBHOTO
TeMIepaTypHoTo pexknma pabotst PV/T 6e3 nomomHu-
TENBHBIX 3aTPaT Ha CHUCTEMY OXJIAXICHHUS MOXLYIS U
6e3 ymepb6a I X0JI0IOIPOU3BOANTEIBHOCTH CHCTE-
MBI. DTO KacaeTcsi MCIIOJIb30BAHHUSA OTOPOCHOTO BO3-
JOYIIHOTO TIOTOKa B TPaJUPHE TEXHOJOTUYECKOTO
Ha3HauCHMsI, 00CITy)KUBaroIIel abcopoep (pucyHox 1);
UCIIONIb30BaHMsI OTOPOCHOTO BO3/AYLIHOTO IOTOKAa B
«IIPOIYKTOBOI» I'pafiupHE MO PUCYHKY 2A (Temmepa-
TYpPHBIH YPOBEHb BHIOPACHIBAEMOI'O BJIAXKHOI'O BO3-
JIYLUTHOTO IIOTOKA 3/I€Ch CYLIECTBEHHO HMXE TeMIlepa-
TYpBl OKpYXKaloIieil cpenbl); a TaKKe BCIIOMOTaTENb-
HOTO BO3JYIIHOTO IIOTOKa B armapare HEmpsMOro
ucnapurenbHoro oxnaxaeHuss HMO nokazanHoro Ha
pucyske 2b.

Omnncannast B pazzene |l cucrema oxmaxineHus
PV/T monyneii, kak npaBuiio, TpeOyeT JOMOTHUTEIb-
HBIX 9HEPro3arpar, HalpuMep, Ha IPUBOJI BEHTUIISITO-
pa o0ecneynBaroero IBHKEHNE BO3AYIIIHOTO TOTOKA
B paboueM KaHaje, TO ecTh (DAKTHYECKH B TAKOW aB-
TOHOMHOI CHCTEME MBI JIONOJHUTENBHYIO BEIPAOOTKY
SHEPTUU HCIOJIB3YeM Ui PelIeHHs 3a]ad OXJIaxJae-
Hust poromonyns. Uurerpuposanue PV/T monyneii B
cocTaBe pa3pabOTaHHBIX COJNHEYHBIX CHCTEM obectie-
YMBAEeT, HAPSy C IOBBINIEHHEM WX aBTOHOMHOCTH,
pocT 3P PEeKTHBHOCTH ITHX CHUCTEM, TIOCKOJIBKY B BBI-
OpachIBaeMbIX B OKPY’KAIOIIYIO0 CPELY XOJIOIHBIX BO3-
IOYIIHBIX IOTOKaX 3aKJII0OYeHa YacTh HJHEProsarpar,
3aTpayeHHbIX Ha OpraHU3aluI0 paboThl CHCTeMbl. B
OOBIYHBIX CXEMHBIX PEIICHHUSX 3TH XOJIOJHbIE TOTOKH
or HUO u I'P/], HE MOTyT OBITH HANPABJICHBI B KOH-
JUIHOHUPYEMOE MOMEIICHUE B BUJY MX BBICOKOH OT-
HOCHUTEJIbHON BIAXKHOCTH.

1V BBIBO/IbI

1. Korenepauus 31€KTpOIHEPTUH, XOJIOAA U TEll-
na, obecrieunBasl MOJHYKD aBTOHOMHOCTH COJIHEYHBIX
CHCTEM, pelIacT OCHOBHBIC 3aJadl JXH3HeoOecrede-
HUS: TOPSIYETO BOJOCHAOXKEHUSI, OXJIQXKICHHUS Cpel U
KOHIWIIMOHUPOBAHUS BO3IIyXa, a TakKe OCYIICHUS
BO3MlyXa JJIs MPUMEHEHUsI B PAa3IMYHBIX TEXHOJIOTH-
YECKHX MPOIECcCcax MPOU3BOCTRA.
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2. OxmaxneHne (POTOINEKTPHUECKUX MOIYJICH
npenorBpamaer magenue KI1J] mpeoOpasoBaHus cod-
HEYHOH 3HEPIHHU B 3JEKTPUIECKYIO C pa3orpeBoM ¢o-
TO3JIEMEHTOB (110 MaHHBIM padoT [1;2] sTo cHIKeHHE
B cpenHeM coctaBiuser 0,4 % Ha oIuH rpaayc mnepe-
rpeBa).

3. BrioueHue oxJakaaeMbIX OTOIIEKTPHYECKUX
MOJyJIell B COCTaB MHOTO(YHKIHMOHAIBHBIX COJIHEY-
HBIX CUCTEM 00eCIeyrBaeT ONTHMAIbHBIN YPOBEHb MX
paboueil Temmeparypsl 6€3 JOIIOTHUTEIBHBIX SHEPTO-
3aTpar W3BHE M MOBHIMAeT 3(pPEKTHBHOCTH KOTCHEpa-
LMOHHBIX CUCTEM B IIEJIOM.
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