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BBICOKO®PEKTUBHAA KOCMHUYECKASA KOHIUEHTPATOPHAS BATAPESA
COJIHEYHAS HA IIVIOCKUX ®OKJIMHAX

BBenenue

JoctmxeHuss B 001acTi BBICOKOA()(DEKTHBHBIX MHOTOIEPEXOIHBIX COJTHEUHBIX 3JIEMEHTOB
(CD) Ha reTepoCTpyKTypax n3 Matepuanos THna A B’ OTKpBUIM HOBbIE BO3MOKHOCTH B IeHEPH-
POBaHWH PHEPTHH, 33 CUET MPeoOpa30BaHUs COJIHEIYHOTO MU3ITYUYSHUS, HO 3TH BO3MOXXHOCTH MPHUBE-
JM K HEOOXOIMMOCTH DEIICHUS HOBBIX 3a]a4, KaK TEXHHYECKHUX, TaK U IKOHOMHUYECKHX H3-32a
CJIO)KHOCTH M3rOTOBJICHUS TakuX CD U X BBICOKOW CTOUMOCTH.

B0O3MOXHOCTh CHMKEHHSI pacxojia MONyHPOBOJHUKOBBIX JOPOTOCTOSIIIMX MaTepUaioB THIIA
A"BY B CD npu mCIONB30BaHMH KOHIEHTPHPOBAHHOTO COJHEYHOTO H3IYYCHHS [O3BOJSIET HE
TOJIKO CYIIECTBEHHO CHU3UTh CTOMMOCThH KOHIIEHTpaTOpHBIX OaTapeit conneuynsix (BC) mo cpas-
HEHUIO C OOBIYHBIMU IIaHapHBIME BC, HO W MPU ITOM COXPAHHTH, & B HEKOTOPHIX CIydasxX U 3Ha-
YUTENBHO YIYUIIUTh UX SHEPTreTHUECKHUE TapaMeTPhl.

B Hacrosiiiee BpeMsi KOHIICHTPUPOBAHNE COJHEYHOTO CBETA AKTUBHO M IMUPOKO MCCIICTYETCS
JUISL KICTIONTh30BaHMs B HA3EMHBIX cHCTEMax 3HeprocHadxeHus. [IpuMeHeHre KOHIEHTPUPOBAHHOTO
COJTHEYHOTO M3JIYYCHHS B KOCMHYECKUX CONHEYHbIX bC Takxke mpencTaBisieT OOJBIION WHTEpeC,
OJTHAKO HMCCIIEOBAaHUS B 3TOM 00JACTH MPOBOISATCS B HEAOCTATOYHOM OOBEME U €Ille He JOCTUTIIN
CBOMX TIPEJICITBHBIX BO3MOXHOCTEH.

W3 MHOXeECTBa CYIIECTBYIOIINUX CIIOCOOOB KOHIIEHTPUPOBAHUS COTHEYHOTO U3ITy4YEeHUs Haubo-
Jiee MPUEMIIEMBIMHU CUUTAIOTCS JIJISI UCTIOJB30BAHUS B YCIOBHUSIX KOCMHUYECKOTO MPOCTPAHCTBA JIBA
croco0a: KOHLEHTPUPOBAHKUE COJIHEYHOTO M3IyUEHHUS C MOMOIIBI0O KOHIIEHTPATOPOB KeT0OKOBOTO
TUTIA ¥ ONTHYECKUX KOHIICHTPATOPHBIX CHCTEM Ha JIMHEHHBIX JTH3axX DpeHens.

B koHIIEHTpaTOpHBIX CUCTEMAaX KeJIOOKOBOTO THMa (puc. 1,a) KOHIIEHTPUPOBAHKE COJTHEUHOTO
M3ITyYEHUs] OCYIIECTBISIETCS C MOMOIIBI0 JABYX IUIOCKUX PE(ICKTOPOB, KOTOPHIE PACHIONATraroTCs
BJIOJIb JJIMHHBIX cTOpoH naHenu bC u obGecrnieunBaloT paBHOMEPHOE paclpeesieHue OTPaKeHHOTO
conHevYHOTo cBeta Ha maHenu bC. DTOT crmoco0 KOHIEHTPALMU UCIIONBb3YETCsl B HU3KOIHEPreTHIe-
CKHX KOHIICHTpaToOpax ¢ KO3 (UIIMEHTOM KOHIICHTpAIlMM CBETa MeHee ueM 3:1 u He Tpedyer Jo-
MOJIHUTEINIbHBIX CPeNICTB oxJiaxaeHus CO.

Puc. 1
Jpyroii cnoco® KOHIIEHTPUPOBAHUS, C MOMOIIBI0 TUHEHHBIX TUH3 DpeHens, UCIoNb3yeTcs B

CHCTEMax CO CpelHel KoHIeHTpanuen ot 6:1 mo 25:1. B Takux cuctemax JuH3bI OpeHens KOHIICH-
TPUPYIOT COJIHEUHOE U3ITYUYCHHE HA COJHEYHBIE 3JIEMEHTHI, KOTOPbIE 3aHUMAIOT TOJIbKO YacTh COJ-
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HeuHoi Oatapen (Puc. 1,0). [Ipu 3TOM MoOXeT ObITH JOoCTUTHYTA SKOHOMUS CD 10 miomanum, Macce
u crouMoctu 10 50- 85% no cpaBHenuto ¢ manapasivu bC [1].

W3-3a BeIENIIEMOTO TeTIa Py KOHIeHTpanuu > 10 Kpat BTopoii crioco0 TpedyeT MpruMeHEHHS
JIONIOJTHUTENBbHBIX CIEHUAIBHBIX CPEJICTB, KOTOPbIE MOTYT 3HAUMTEIBHO YCIOKHUTH KOHCTPYKLHUIO
MPUEMHHUKA KOHIEHTPUPOBAHHOTO COJIHEYHOTO M3IyYEHHS W BCEH KOHCTPYKIIMH COJHEYHOHW Oata-
peu B uesioM. [Ipu 3ToM npeumMyIecTBa B 3HepreTuyeckon 3pPeKTUBHOCTH MOTYT OBITh CBE/IEHBI K
MUHHUMYMY HU3-32 HEOCTATOYHON HAaJEeKHOCTH, HU3KOH JIOJITOBPEMEHHOW CTaOMIIBHOCTH PabOTHI
BC 1 10onoiaHUTENBHBIX 3aTPaT HAa UX U3roToBiIeHUE. [103TOMY ¢ TOUKM 3peHust IPOCTOTHI peain3a-
LU ¥ BO3MOXHOCTH JaJbHEHILIEr0 COBEPUICHCTBOBAHNS B HACTOAILEE BpEeMs MO-MPEKHEMY Mpea-
CTaBJIsIeT MHTEPEC KOHCTPYKIUHN KOHLEHTpAaTOpHbIX BC ke00KOBOro THIa UM APYTUMH CIIOBAMHU
BC ¢ KOHIEHTPAaTOPHBIMH CHUCTEMaMH Ha IUIOCKHX (POKIMHAX C OJHOKPATHBIM OTPa’KEHUEM.
ViydiieHue yaeiabHbIX dHEpreTHdeckux napameTpoB Takux BC BO3MOXHO 3a cueT co3iaHus 00-
JIETYEHHBIX (0,6—0,8KF/M2) YIJIETUIACTUKOBBIX KapKacOB, MHOTOINEPEXOAHBIX apCEHHI-TaJUTUEBBIX
conHeuyHbIX 31eMeHToB ¢ KIIJ] no 30% u Gonee, miockux pedaekTOpoB Ha OCHOBE HOBBIX MaTe-
pHAJIOB C BEICOKHM KO3(DPHUIIMEHTOM 3epKaTbHOTO OTpaxeHus (>95%), a Tak:ke U3rOTOBJICHHSI THO-
KO-)KECTKUX MPHUEMHHUKOB COJIHEYHOTO H3JIy4YEHHUs, COOpaHHBIX HAa OCHOBE JIETKMX AJIOMHUHUII-
MOJTMMMHUTHBIX THOKMX KOMMYTAIIHOHHBIX IJIAT M BBICOKOTEXHOJOTHYHBIX 3D-mporeccoB cOopku ¢
WCIOJIb30BAaHHEM MHHOBAIMOHHOM TexHonoruu chip-on-flex (kpucranan Ha ruOKoil 1miate) u MmpH-
MEHEHUU MPOIIECCOB YJIbTPA3ByKOBOU CBAPKHU.

Hean padoThl

Kak 0b110 cka3aHO BbIIlIE, B HACTOSIIEE BPEMsI OSIBUIIACh BO3MOXKHOCTD MCIOIb30BaHus B bC
BbICOKO3(D(PEKTUBHBIX MHOTONEPEXOIHBIX COJHEUHBIX AJIEMEHTOB Ha IeTepOCTPYKTypax M3 MaTe-
pUaJIoB THUMA A"BY. Opnaxo nena takux CD 0oCTacTcs B TCUCHHE MPOJOJKUATEIIBHOTO BPEMEHH
OueHb BBICOKO M cocTaBiseT He MeHee 8-10 EBpo 3a cM’. DTO 06CTOATENBCTBO J€aeT aKTyallb-
HBIM NIPUMEHEHHE KOHIEHTPUPOBAaHHBIX BC B KOCMHUYECKHX CHCTEMax JJIEKTPOCHAOKEHUS, KOTO-
pble Mo3BOJIAIOT He ToIbKo noBeicuTh KITJI BC, HO Taxke ImpH npaBUIIBHOM BBIOOPE KOHCTPYKTHB-
HO-TE€XHOJIOTMYECKUX PELICHUH M MaTEpUajoB YJIy4YIIUTh UX YJEIbHBIE 3HEPTrO-3KOHOMHYECKHE
MOKa3aTeIn U yCTOMUMBOCTh K BO3JIEHCTBHIO BPEIHBIX (PAKTOPOB KOCMUYECKOIO IIPOCTPAHCTBA.

OnHUM U3 TaKMX KOHCTPYKTHUBHO—TEXHOJIOTMUECKUX PELIEHUI SBISETCS COJIHEYHAs] KOHIEH-
TpaTopHas Oarapes co3manHas kommanuedi EBLEEngineering’s(CIIIA), monyuuBmias Ha3BaHHE
«CellSaver» (puc. 2) [2]. «CellSaver» - 3tro BC, Ha maHenn KOTOPOH MOOUYEPETHO PACIIOIOKEHBI
PsAAbI IVIOCKUX (POKJIMHOB M COJTHEYHBIX AJIEMEHTOB U KOTOpAs NMO3BOJISAET 3HAYUTEIbHO COKPATUTh
3aTpathl Ha goporoctosmue CO npu ee U3roTOBJIECHUU.

Puc.2 - CellSaver conHeuHast KOHIIEHTpAaTOpHasI TAHENb
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Takas xoHcTpykuus bC mo3Bosnmna cnenuanucram komnanuu EBLEEngineering’s oGecne-
YUTh 2-X KPATHYIO KOHIIEHTPALMIO COJIHEYHOTO M3IY4YEHHS M HAHTH ONTHMAaJIbHBIH KOMIPOMHCC
IUIsL yIydIIeHus ee 3 PEeKTHBHOCTH, MACCOBBIX M CTOMMOCTHBIX ITapaMeTpoB OaTapen 0e3 CI0KHBIX
CHCTEM OTBOJIa TeIjia OT COJIHEYHbIX NpueMHHUKOB U opueHTanuu bBC. [Ipu sTom obecnieunBaercs
COKpalleHle pacxo/10B Ha u3rorosinenne bC noutu Ha 25%, SKOHOMUS 3aTpaT HA COJHEYHBIE JIe-
MeHTHI 6oee, yeM Ha 50%. [locTuratorcst 60blIne 3HaueHUs! IPUEMIIEMBIX YTJIOB Pa30pUEHTAlUU
BC: + 12° mo mmpune ¢poxnmHOB U + 24° mo ux mnmuHe. Takke ObUTO 00ECIeYeHO YMEHBIICHHE
Mmaccbl BC 10 20% 1o cpaBHEHHUIO CO CTaHJAPTHBIMU IJIAHAPHBIMH COJTHEUHBIMU OaTapesMu.

3anaya, KoTopas pellajgach aBTOpaMH MpU BHIIOJHEHUM JTaHHOW paboThl, 3aKiioyaiach B MC-
CJIEZIOBAaHUM MPOTOTHUIA KOHIIEHTPATOPHOI'O COJHEYHOI'O MOAYJSl HA OCHOBE IUIOCKUX (DOKJIMHOB C
yIydlIeHHOW onTrdeckor 3¢dekTnBHOCTEI0. OCHOBHBIM 3JIEMEHTOM IUIOCKOTO KOHIIEHTPATOPA,
MPEJCTABISAIONIEr0 CO00M JMHEWHYI0O KOHCTPYKIIMIO, SBJISIOTCS IUIOCKHE CBETOOTPAKAIOIIUE I10-
BEPXHOCTH, KOTOPBHIE BBITIOJHSIIOT MEPBOOUYEPEAHYIO pOJib B 3()(PEKTUBHOCTH KOHIIEHTPUPYIOMIECH
cUCTeMBI B 11eioM. it Toro, 4ToObl 00ECIIeYnTh PABHOMEPHOE paclpeieieHue OCBEIEHHOCTH IO
MaHeNu COTHeUHOU OaTapeu, peIeKTOPhI JOKHBI OBITh HICANBHO TUIOCKUMH, TaK Kak Jito0as He-
PaBHOMEPHOCTh MOBEPXHOCTU CHMKAET SHEPreTMuecKkuil BeIXoJ maHenu. Ho mpu 3ToM miiockue
(OKIIMHBI, YTO OCOOCHHO Ba)XKHO, COXPAHSIOT MCXOTHOE 3HAYCHHE CpeIHEero Kod(QuIueHTa KOH-
LIEHTpalMX IPU HEBBICOKOM TOYHOCTU OpHEHTAlMU ocell oTpaxaresnei Ha Connue [3].

[IpakTHuecKky yHUKaIbHBIM B CBOEM POJIE€ MAaTEpHUaJIOM C HANPaBICHHBIM OTPAKEHUEM CUUTa-
ercsa amoMuHuil. [Ipu KadecTBEeHHON MONIMPOBKE €ro MOBEPXHOCTH, KO3(PPULIMEHT ero oTpaxeHus
MOXeT npeBbiaTh 80%, HO aTIOMHUHHI B YMCTOM BHUAEC OYEHBb OBICTPO TYCKHEET, OKHCIIISICh Ha
BO3/yXe. B cBA3M ¢ 3TUM HEOOXOOUMO MPUHUMATH JTOTIOJHUTEIbHBIE MEPhI JUIS 3aIUThl ATFOMH-
HUEBBIX OTpaXkaTeJeil OT HEMOCPEICTBEHHOI0 KOHTAaKTa ¢ BO3JyXOM. BapuaHTOB BBINIOJHEHUS Ta-
KOH 3alUThl METAJIJIOB OT OBICTPOrO OKUCIIEHHUS NpenocTaToyHo. CaMbIMM H3BECTHBIMHM U Hallle
BCEr0 MCIIOJIb3YEMBIMU METOJAMU MOYKHO CUHTATh aJIb3aKUPOBAHUE U AJIEKTPOXUMHUYECKOE MOJIH-
poBanue (anonupoBanue). B 1994 rony komnanus ALANOD (I'epmanusi) cMoria co3aate MaTepu-
an HoBoro mokosnerus MIRO™ ¢ MOKpBITHEM, HAHECEHHBIM METOJOM BAKYyMHOTO HAIBUICHHS
(PVD), obecneunBaromum oTpaxenue 95% cpera npu MoJIHOM OTCYTCTBUHU UCKaXKEHUI I[BETHOCTU
U uHTepPEepeHIH. DTO MO3BOJIMIO 00ECTIEUUTh CEPbE3HbII MPOPBIB B TEXHOJIOTHH. Panee koad-
(UIUEHT CBETOOTpPaKEHHs] AHOAMPOBAHHOIO ajatoMuHUS He mnpesbiman 87%. B 2003 rogy
ALANOD ycoBepI1eHCTBOBaJI IIPOLECC HAHECEHUS CJIOEB Ha AJIIOMUHHEBYIO IOJIOCY, AJIS YBEJH-
yeHust kordpuuuenTa oduero orpaxkeHus 10 98%. s 3Tux uesneit 6pu1a cnerualibHO MOCTPOCHA
JMHUS BaKyyMHOH 00paboTKH, MpeaHa3HaYeHHAs: UCKIIIOYUTEIBHO I HaHECEHUs cepedpa U mpo-
W3BOJICTBA MPOJYKTa ¢ YyHUKaJIbHBIMU cBoricTBaMH ~-MIRO-SILVER [4].

CTOMMOCTb 3TOr0 HOBOTO MaTepHana Ha TpH mopsiaka Membie (~0,02-0,03 Epo/cm®), uem
CTOMMOCTB BHICOKO3((MEKTHBHBIX TeTEPOCTPYKTYPHBIX MHOTomepexoausx C (~10EBpo/cm?). Tlo-
3TOMY pa3pabOTKa HOBBIX KOHCTPYKTHBHO-TEXHOJOTHYECKUX PEIICHUI KOHIIEHTPATOPHBIX COIHEY-
HbIX Mozyiei tuna CellSaver ¢ mpuMeHeHreM B KayecTBE IUIOCKUX PeQIIEKTOPOB HOBOTO MaTepua-
na MIRO-SILVER moxeT He TOIBKO CYIIECTBEHHO YJIYUYIIUTh ONTHYECKYIO 3(P(HEKTUBHOCTh KOH-
LIEHTPATOPHOM cuctemsl (10 2,5 — 3 KpaT) U, COOTBETCTBEHHO, YBEIMUYUTh yAEIbHbIE MOLUTHOCTHBIE
nokaszarenu bC, HO 1 ipu 3TOM 00eCIIeUnTh CHUKEHUE 3aTpaT Ha €€ U3TOTOBJICHHE.

Takum 00pa3zoM, LENbI0 BBHIIOIHEHHOW pabOThI SBISJIOCH CO3/1aHUE MPEACTABUTEIBCKUX TEC-
TOBBIX OOpPAa3ll0B HOBOIO YCOBEPIICHCTBOBAHHOI'O BapUaHTa KOHILIEHTPATOPHBIX Oarapei THMa
CellSaver ¢ mimockumu (HOKIMHAMH, BBHITIOJTHEHHBIMU U3 (DOJIBIH C MOJUPOBAHHBIM ATIOMUHHEM U
n3 Marepuaia tuna Miro-Silver 4270 AG (Mirohighreflective 95) ¢ koaddurmenTom 3epKkanbHOTO
otpaxkeHust 6onee 95%, a TakKe CpaBHUTEIBHBIC MCCIEIOBAHUS UX (POTORIEKTPUIECKUX M ONTH-
YEeCKHX MapaMeTpOB.

ITory4yeHHbIE pe3yIbTaThI

JUi SKCnepuMeHTaIbHbIX U (PU3NYECKUX UCCIEI0BAaHUNA OBLIM M3rOTOBJIEHBI [1BA NPEICTABU-
TEJIbCKUX 00pa3ua KoHueHTtparopHoit bC, Tak Ha3piBaeMble TecTOBBIE cTPYKTyphl KauecTBa (TCK).
Kaxnprit o6pazent TCK comeprkan CTEKI0COTOIUIACTOBBIN KapKac, THOKYI0 KOMMYTAIIMOHHYO TIjia-
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Ty Ha OCHOBE aJIOMHHHUU-TIOJTMAMUIHOTO HOCHUTENS C CONHEYHBIMU SJIEMEHTAMH, COCTUHEHHBIMU
MOCJICIOBATEIbHO, U TUIOCKHH (OKIUH. B mpreMHUKaX KOHIIEHTPUPOBAHHOTO COJTHEYHOTO U3ITyue-
Husg TCK ObuH MCTIONB30BaHbI BRICOKOI(DPEKTUBHBIC TPEXIIEPEXOIHBIC apceHUA-raureBsie CO ¢
WHTETpUPOBaHHBIMY 3alIUTHEIME nuoaamu ¢ KI1J1 25% u ¢poTosnekTpudeckumMu mapameTpaMu mpu
yenousix AMO, T=25+2 °C, ms lem® dorouyscruTenbHOM moepxuocTi C (1ab6.1, puc.3). CD
obutH u3rotosneHsl komnanueit CESI (Munan, Utanus)[5].

Tabnuna 1

— HalpshKEHHUE X0JIOCTOro Xoaa, B, He meHee 2,5;

— YIeNbHBINA TOK KOPOTKOTO 3aMBIKAHMS, MA/CMz, HE MEHee 17,8;

— cpennnii KI1J1, %, He MeHee 25,2;

- HampspKeHHE B TOYKE MaKCHMaJIbHOW MOITHOCTH, B 2.2;

- YACTHHBIN TOK B TOYKE MAKCHMAaJIbHOI MOITHOCTH, MA/CMz, HE MeHee 15,2;

- MakcHMaJIbHasi MOII[HOCTb, Br/em® 0,03;

- FE, % 75
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Puc.3 — BAX CD s lem® horouyBeTBHTEIbHOM MTOBepxHOCTH CI(AMO)

Hccnemyemble TECTOBbIE CTPYKTYPhl KaueCTBA KOHCTPYKTUBHO HE OTJIMYAIUCh MEXAY COOOM.
Paznuuus ObUTH TOJIBKO B THUIAX 3€PKaM3MPOBAHHBIX MATEpHANIOB MJIOCKUX OTpaXkaTesed (QOoKIu-
Ha. Ha puc. 4, 5, npeacraBieHbl pe3ynbTaThl H3MEPEHHBIX CIEKTPAIBHBIX K03(dHIneHTOB OoTpa-
xeHus marepuaina tuna Miro-Silver 4270 AG (Mirohighreflective95) u nonupoBanHoi (onbru u3
amomuaust A5 99,3 (ISO 209-1), h=200 mxm.

N3mepenus nmpoBOAMIUCH B quana3oHe AiauH BojH oT 0,3 mxm g0 1,0 MmkMm ¢ marom 20 HM.
W3mepenuss mpoBOAMINCH C UCHOJIB30BaHUMEM [0CYJapCTBEHHOrO MEPBUYHOIO ATAIOHA E€IUHMIL
CHEKTPAIBbHBIX KO3()(PUIIMEHTOB NPSAMOro MPOIyCKaHUs, 3€pKAIBHOTO U JU(PPY3HOTO OTPaKEHHUS,
KOTOPBINA o0ecreuynBaeT U3MEHEeHHsI B 1uana3one H BoyH ot 0,2 MM 110 25 mxm (JETY 11-09-

08, r. XappkoB, YKpanHa, XapbKOBCKHI I'OCYJapCTBEHHBIN HAay4YHO-UCCIEA0BATENbCKUI HHCTUTYT
metponoruu, XI'HUVM).
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Puc. 5 — CnexrpasnbHas oTpaxkaresibHasi ClIocOOHOCTh ONMMpPOoBaHHOH (osbru u3 amomunust AS 99,3 (ISO 209-
1),h=200 Mxm.

[IpoBeneHHBIC CPAaBHUTEIBHBIC HWCCIECIOBAHUS CIEKTPATbHBIX KOI(DPHUIIMEHTOB OTpaskeHUs
¢oneru Tuma MIRO-SILVER 4270 AG moxarBepauian BBICOKHE OTpaXkalolue MapameTphl 3TOTO
Matepuana. O0muii kodhPUIHEHT OTpaKeHUsT HaXOUTCs B nuamnazoHe 95-98% B uHTepBanie IIHH
BoJH OT 0,3 MkM 70 1 MkMm. [Ipu 3TOM 001mMiA KOA(DPHUITMEHT OTpaKeHUS y TTOJIMPOBAHHON (POJTBIH
n3 amomuHusd AS He npesbimaeT 85%. Kpome toro MIRO-SILVER 4270 AG npaktudecku He OT-
pakaeT COJHEYHOE M3JIyYeHHE B YIbTPa(HOIETOBOM IHana3oHe, MO3TOMY KOHIEHTPATOPHI HA €ro
OCHOBE He OyayT KOHIICHTPUPOBAThH YIbTpa(HOIETOBOEC M3ITydYeHHWE HA CONHEYHBIC AJIIEMEHTHI U,
CJIEIOBATENbHO, B OTJIMYHE OT MOJIMPOBAHHOTO ATIOMUHUS KOHIIEHTPUPOBAHHOE YJIbTPapuOIETOBOE
M3ITyYeHUE HE TIPUBENIET K YCKOPEHHOMY CTapeHHUIO M MOMYTHEHHUIO 3allUTHBIX CTEKOJI Ha COJIHEY-
HBIX 3JIEMEHTaX U K CTAPEHUIO aJIr€3UBHBIX CJIOEB B MPUEMHUKAX COJTHEYHOTO U3JTy4EHUS.

B mnpomecce BbmonHEHHS pPaOOTHl OBUTM TMPOBENCHBI AHAIUTUYECKHUE pPACUEThl IS
OTpeseNieHUus MaKCUMAaJIbHOTO KO3(PHUIMEHTa KOHIEHTPAlMM COJIHEYHOTO W3IyYeHUs Mpu
ONTUMAaJIHFHOM COOTHOIIEHUH YIJia HAKIOHA M BBICOTHI OTPAXKAIOIIEH MOBEPXHOCTH JUISI MJIOCKHX
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¢doximHOB ¢ nokpeiTieM u3 Qonbru tuna MIRO-SILVER 4270 AG (puc. 6,a) u monupoBaHHOU
¢donbru u3 amoMuHus Mapku AS (puc. 6,0).

Puc. 6 — KoHnieHTpaTopHBIE MOIYIH C IUIOCKAM (OKIMHOM Ha ocHOBe a) Matepruaina Tura MIRO-SILVER 4270
AG u 0) monMpoBaHHOM (ONBrH U3 ATFOMUHHS MapKh AS

Pacuetr xo3duirieHTa KOHIEHTPALMU OCYIIECTBISIICS HCXOMS U3 T€OMETPUUYECKHX COCTaB-
JIAIOUIMX, TPEACTABICHHBIX HA pUC. 7.

Puc. 7 Cxema oTpakeHUsI MalAOIIKX JIydel poKInHOM

Bripaxenune as cpennero ko3 GuIenTa KOHIEHTPaIli uMeeT Bu [6]:

T
Kc=1+N > (-1)" R{ cos2nby,
n=1
raeN — 4ucio rpaHeid KOHUEHTPaTopa;
Rc—koadunment orpakenus.
['eomeTpruyeckuit KO3PPUIMEHT KOHIIEHTPALIUN UMEET BH/I;

Ky :1+RCNicosek
a9

a — [IMPUHA OTPAXKAIOIIEH MOBEPXHOCTH;

ap—LIMpHUHA TPUEMHHUKA U3ITyUEHUS;

0,— yros HakJIOHa OTPAXKAIOLIECH MOBEPXHOCTH.

B koHCTpyKIMM THIA MIIOCKUI (OKIMH reOMETpUIECKHe pa3Mephl pedIeKTOpOB TUMUTHPOBA-
HBI T€M, YTO IIMPUHA KECTKOTO pedIeKTOpa OrpaHHueHa CBEPXY IMIMPUHON COTHEUHBIX DJIEMEHTOB,
3aJI0’KEHHBIX B CTPUHIAX MPUEMHUKOB MaHeIn COJHEUHOM OaTapen. DTOT (akT OrpaHMYMBAET KO-
3¢ (HULMEHT KOHIICHTPAIIMH COJTHEYHOTO M3JIYYCHHS, TaK KaK KOHCTPYKIUSI KOHIICHTPATOPHBIX Ta-
Heneit BC nomkHa ObITh MAKCUMAJIBHO MPUONIIKEHA K TPAJAULMOHHBIM CXEMaM pa3BEepPThIBAHUS U
KOHCTPYKIIMOHHBIM TIapaMeTpaM (TOJIIMHA MaHeNIu JohKHA ObITh He Oonee 30-40MM) OOBIYHBIX
I1aHapHbIX Kocmuueckux bC.
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IIpu ¢ukcrpoBaHHOHN BbICOTE KOHLEHTpartopa 40MM, IIMPUHE MPUEMHUKA a9, paBHOU 30 MM
(mHa CD), onTUMAaNbHbIe 3HAUEHHsI IIUPHUHBI OTPaXKarollel MOBEPXHOCTU U yIjla HaKJIOHA 3epKa-
na Oyayt coctaBisaTh 52,2 MM u 50° mus matepuana MIRO-SILVER 4270 AG u noaupoBaHHOM
¢donbru u3 amomunus AS ¢ kosddunmentom otpaxenus 0,96 u 0,8 coorBeTcTBeHHO (pHC. 8).
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—4— MIRO-ZILVER 4270 AG

—— A NMHHEHEE 45
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a0 55 B0 65 B °

Puc. 8 — 3aBucumocTs k03P PuIeHTa KOHIIEHTPAIIIH OT yTiIa HAKJIIOHA OTPaKaIoIIel TOBEPXHOCTH JUIS Pa3HBIX
THUIIOB MaTepHaa

U3 rpaduka (puc. 8) ciemyer, 4To MpH OTPaHUYCHUH BBICOTHI (DOKIMHA paBHOI 40MM, TeoMeET-
pudeckuii KodpPuIrueHT KOHIEHTparun K yMeHbIIaeTcsi ¢ yBEIMYEHHWEM YTJia HakKJIOHA OTpa-
JKaKoIel TOBEPXHOCTH B CBSI3M C YMEHBIICHUEM LIMPUHBI OTpakaroliei nmosepxHoctu. [lpu ontu-
MaJIbHOM COOTHOIIICHWH YTJIa HAaKJIOHA M IIHUPUHE OTPAKAIOIIEH MOBEPXHOCTH KO3 (PUIIMEHT KOH-
uentpauuu st marepuana MIRO-SILVER 4270 AG o6yzaer na 12 % Oonbiie, yeM Ui MOJIHPO-
BaHHOU (oabru u3 amoMuHuA Mapku AS.Takum o0pa3oM, JanbHEHIINE pacueThl YJHEPreTHUECKUX
MapaMeTpoB KOHIICHTPATOPHOTO MOJYJIsS MPOBOJWINCH HAMH TOJNBKO A (OKIMHA U3 MaTepuana
MIRO-SILVER 4270 AG, Tak Kak JIaHHBIA MaTepuan odecrieunBacT 00Jiee BRICOKYIO ONMTHYECKYIO
3¢ (HEeKTUBHOCTH KOHIICHTPUPYIOILIEH CUCTEMBI.

[Ipy BBHIOpaHHOM COOTHOILIEHUU TE€OMETPUUYECKUX Pa3MEPOB AJIEMEHTOB KOHIIEHTPATOPHOIO
TECTOBOTO MOAYJIA €ro Iiomaas coctaBuia 107 cM?, 13 KOTOPBIX Ha IPUEMHUK COJIHEUHOTO U3IIY-
YEHUs PUXOJIUTCS BCETO 33 cM?, TO eCThb dboTorenepupyromas yactb koHreHTparopaoit bC ¢ mio-
cKkuMU (HOKIIMHAMH TOYTH B TPU pa3a MeHbIIe, ueM y miuaHapHoit bC.

[TpoBenennslii pacuet 11t ycnoBuii AMO BO3MOXKHON BEIMYUHBI y/I€IbHONW BBIXOJAHON MOII-
HOCTH MO TUIOIIAIN TECTOBOTO KOHIIEHTPATOPHOTO MOIYJIS C MJIOCKUM (POKIMHOM C BHIOPAHHBIMH
ONTUMAJBFHBIMA T€OMETPHUSCKAMHU Pa3MepaMH, MaKCHUMaIbHBIM KOA((UIIMEHTOM KOHIICHTPAIUN
(3,1) u BoiOpanHbiMEH conHeuHbIMH 3neMeHTamu (KIIJ 25%) moaTBepann BeICOKHME 3HAUCHUS
yIIeTbHOM BBIXOJHON MOIIHOCTH MO TUIOIIAJN KOHIIEHTPATOPHOTO MOIYJIsI, KOTOpasi cocTaBuia 0o-
nee 300 Br/v?.

CpaBHHTENBHBIN aHATH3 (HOTOIIEKTPUIECKUX TTapaMeTpoB KoHIeHTpaTopHbix bC u crangapT-
HbIX TaHapHblx BC mokasan BO3MOXKHOCTh pealn3aliyd KOHUETPATOPHBIX MOIYJIEH € IUIOCKHUMH
¢doxIIMHAMH HM B YeM He yCTymnaromuMmu IuiaHapHeiM BC mo sHepreTwdeckuM rmokazaTtensiMm. B

Ta0J1.2 IpUBECHbI OPUEHTUPOBOYHBIE PE3yJIbTaThl CPABHUTEIBHBIX pacueToB MpH ycioBusx AMO,
T=25+2 °C, nns 1m*> BC.

Tabmuma 2
Ne Xapakrepuctuku bC Konnenrparopuas 5C [Tnanapras 5C
1. | Kom-Bo C3( 30x20 Mm), mrr/m” 468 1500
5 BBIX(;,HH&S[ MOIIHOCTH 110 IrTomaau st AMO, 300 270
Bt/™m
3. | Croumocts konnenTparopos + C? , €/m° 28400 -
4. | Croumocts CD, €/m° 28080 90000
Koaddrmment 3amomaerns CO
5. 1 M2EC 0,28 0,9
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Kak cnenyer u3 tabin. 2, y BbIOpaHHOM KOHCTpYKUMH KoHLeHTpatopHod BC mist momyueHus
yZIelIbHOM MOIIHOCTH CpPaBHUMOM C yAEIbHOM MOIIHOCThIO MiaHapHoi bC TpebyeTcst moutu B Tpu
pasa memnpiee kommaecTBo CD. CTOMMOCTh OCHOBHBIX MaTepHanoB | M’ KOHIEHTpaTopHoii BC
TaKke MeHblle Oosee, yeM B 3 pasa 1o cpaBHeHMIo ¢ miuaHapHoi BC. IIpu 3ToM 3aTpaTsl Ha 1UI0-
ckue pedrekTopsl (POKIMHOB, KOTOPHIE 3aHUMAIOT OCHOBHYIO YaCTh IUIOMIAIN KOHIICHTPATOPHOU
BbC, npakTudyecku He BIUSIOT Ha €€ OOLIYI0 CTOUMOCTb.

3akiao4enue

1. IToaTBepkeHa MPUHLMINAIBHAS BO3MOKHOCTh CO3/IaHHsI HOBOT'O YCOBEPIIEHCTBOBAHHOTO
BapHaHTa KOHIIEHTpATOpHBIX Oarapeid Tuma CellSaver ¢ muiockumu GokmHaMu, BRIIOTHEHHBIMA U3
Mmatepuaina tuna Miro-Silver 4270 AG (Mirohighreflective 95) ¢ koaddurrenToM 3epKanbHOro OT-
pakeHust 6osee 95%, ¢ ynydIIeHHBIMH YACTHHBIMU (OTOIICKTPUICCKAMHU M ONTHUYECKUMU Tapa-
MeTpaMu.

2. HoBasi KOHCTPYKIIUSI KOHIICHTPATOpa Ha TUIOCKHX (DOKIIMHAX IMO3BOJMIIA PEan30BaTh 3-X
KpPaTHYI0 KOHLIEHTPALUIO COJIHEYHOTO U3JTyYeHHs U 00EeCTICUHTh:

- yIeIbHYIO MOIIHOCTB [0 IUTomany He Meree 300 Bt /m?;

- HKOHOMHUIO 3aTpaTr Ha COJTHEYHbIE JIEMEHTHI OoJiee, YeM B TPHU pasa;

- CHIDKEHHE CTOMMOCTH OCHOBHBIX MarepuanoB npororuna bC Oomnee, yem B Tpu pasa.

3. JlanpHeiimue paboThl 0 CHIKEHUIO YAEIbHBIX 3HepreTuueckux napamerpos bC no macce
OyIyT HampaBJICHBI Ha pa3paboOTKy U CO3JaHHe OOBEMHBIX KaPKACOB M3 OOJICTYCHHBIX YTJICTIIIACTH-
KOBBIX KOMIIO3UTOB, KOTOPBIE MO3BOJIAT JOCTUYb BEJIWYMHBI BBIXOJHOW YJEIBHOW MOIIHOCTH IO
Macce koHmeHTparopaoii bC He menee 75 BT/KT, 9TO COOTBETCTBYET MHPOBOMY YPOBHIO COBpE-
MeHHbIX MaHapHbIXx BC kocMuueckoro Ha3HayeHMs. [Ipy 3TOM KOHCTPYKIMSI KOHLIEHTPATOPHBIX
BC moxer ObITh MaKCHMAJIBHO MPHUOJIKEHA K TPAIUIIMOHHBIM CXE€MaM pPa3BEePTHIBAHHUS M KOHCT-
PYKIIMOHHBIM IIapaMeTpaM OOBIYHBIX IJIaHApHBIX KocMuueckux BC M mo3BosuT oOecrieuyuTh BO3-
MO>KHOCTh UX TIPUMEHEHUS B COCTABE CYIIECTBYIOUINX U MEPCIEKTUBHBIX KOCMUYECKHX anlapaToB
LIMPOKOT0 MPUMEHEHUS, He TPeOYIOMMX TOUHON opueHTaruu Ha CosHIe.
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