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WHHOBAIMOHHBIE ITIOAXOJbI K CO3JAHUIO
BBICOKO2®P®EKTUBHbBIX KOHHEHTPATOPHbBIX BATAPEN COJIHEYHBIX
KOCMHMYECKOI'O HABHAYEHMS HA JINMHEVWHBIX JIMH3AX ®PEHEJIS

BBeaenue

AHoMmanbHasg pa0oTa IUIAHAPHBIX COJIHEUHBIX OaTapedl B yCIOBHUAX KOCMHUYECKOIO MOJIEeTa
SBIISIETCS CEPHE3HON MPOOJIEMOH, YTO MOYKET CYIIECTBEHHO COKPATUTH CPOK IKCILUTyaTalliid KOCMHU-
YeCcKUX anmaparoB. /[y cucteM sHeprocHaOXeHus: BCEX TUIIOB CIYTHUKOB oOecreueHue HeoOxo-
IMMOM MOIITHOCTBIO MMEET pelaroiiee 3HaueHue. Kpome TOro, cucTembl SHEprocHaOKEeHUs Ha
COJIHEYHBIX Oarapesx HaMHOro 0oJjee JOpOrocTOsINE CUCTEMbI, YeM JIIOObIE JPYrue CUCTEMBI
kocmuueckux anmnapatoB (KA). batapeu conneunsle (bC) moasepratorcs BO3AEHCTBUIO BPEIHBIX
(baKkTOPOB KOCMHUYECKOI'0 IoJieTa 0oJble, YeM JI0ObIe JPYrue 3JIEMEHThI, I03TOMY cOOM B paboTe
COJIHEUHBIX Oarapeil cpas3y mocie 3anycka KA Moryt cBuaeTenbCTBOBaTh O TOM, YTO KOHCTPYKIUS
u TexHojorus bC mioxo orpaboransl, 1160 JomyiieHsl AedekTsl npu coopke u TectupoBanuu bC.
3a mocienHue ABa AECATUIETHS U3TOTOBUTEISIM BBICOKOOHEpPreTHYHbIX KA ynanoch 3HaUMTEIbHO
YBEIMUUTH CPOK 3KciryaTanun KA Ha reocrainioHapHbIX opouTax. Bpems skcrutyaranuu miaHap-
Hbix BC npessicuiio 15 net. Hecmotpst Ha 510 3amurta BC oT aHOManbHBIX BO3IEUCTBUN BPEAHBIX
(akTOpOB KOCMHYECKOTO MPOCTPAHCTBA OCTaeTcs cepbe3Hoil mpobiemoil. Ilpu skcrutyartanuu B
KOCMHMYECKOM IIPOCTPAHCTBE COJHEUHBIE OaTapen U, COOTBETCTBEHHO, (poTornpeodpazoBarenu (PII)
MIOJIBEPIaloTCsl BO3JICHCTBUIO pagualiy (paJualoHHbIe Mosica 3eMJI, COJTHEUYHOE U KOCMHUYECKOe
U3Iy4YEHHUE), B pe3yibTaTe 4ero MpOMCXOJUT MOCTENECHHOE YXYALICHUE UX IJIEKTPHUECKUX Xapak-
TEPUCTHUK.

[ToBblIeHNE 3aLIUIIEHHOCTH W HAJIeKHOCTU COJHEYHBIX Oarapeil MO3BOJIUT CHU3UTH 3aTpPaThl
Ha WX JKCIUTyaTanuio B cocraBe KA B TeueHue Bcero cpoka aktuBHOTO cymectBoBanus (CAC).

Tak kak Hcclaen0BaHME KOCMOCA MPOJOJIKAET OCTAaBaThCS OJHOM M3 IVIABHBIX 3a/1ay BEAYIIHMX
MHUPOBBIX KOCMUYECKHUX JEpKaB, COJIHEUHbIE DJIEKTPUUECKHE CUCTEMBI BCE €Il OCTAIOTCS OJHUMU
U3 CaMbIX BaXKHBIX CUCTEeM Juid obecrieueHust sHeprueil KA Ha okoi103eMHBIX OpOUTax M JUIsl TPaHC-
noptupoBkr KA Kk ApyruMm IiaHeraM B Halledl conHedyHou cucteme. Ho mpu 3TOM CymecTByrOT
HECKOJIbKO BaXKHBIX MPOOJIEM, KOTOpPbIE SIBJISIOTCS MOTEHIMAJIbHBIMH TMPENATCTBUAMH JUISl allb-
HEHIIIEero MHUPOKOro MPUMEHEHHS] B CUCTEMaXxX 3JeKTPOCHaOKeHus coBpeMeHHbIX KA TpaauumoH-
HbIX Tu1aHapHbIX BC. Heo0xoauMo 100UThCS 3HAUYUTETHHOTO YMEHBIICHHUS PaHalliOHHBIX MTOBpe-
xaeHuid BC, obecrnieuuTh BO3MOKHOCTh WX (YHKIIMOHUPOBAHMSI NPH BBICOKHUX HAMPSKEHHUIX
(6onee 300 B), a takxke pa3paboTarh Takyto KoHCTpykiHio bC, koTopast Oyaer ycToOWYMBON K BO3-
JEHCTBUSIM MUKPOMETEOPUTOB U BPEAHBIM (PaKTOpaM KOCMUYECKOTO MPOCTPAHCTBA KaK Ha opOUTax
3eMiH, TaKk ¥ BO BpeMs MeXIIaHeTHoW TpaHcnopTupoBku KA. Ilpu sToMm Takke umeer Ooiiblioe
3HaueHue, yToOsl bC o0nanana MansiM BeCOM, MMella BBICOKHE 3HAUEHUS yIeIbHBIX MOIIHOCTEN O
IUIOUIA/IA U Macce, a TaK)Ke LEHY M3TOTOBJIEHMS 3HAUUTENbHO HIDKE, YEM TPAJULMOHHBIE IIaHAp-
HBIE COJTHEYHBIC OaTapew.
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ITocTanoBKa 3a7a4Hu M 11eJIb

JIOCTUTHYTBII MHPOBOH TEXHOJIOTHYECKUH YpPOBEHb pa3paboTok doTonpeodpazoBareneit
II03BOJIMJI Pa3BEPHYTh B BEAYIIUX MUPOBBIX KOCMUUYECKUX JEPKABaX IMPOMBILUIEHHOE IIPOU3BOJICT-
BO BbIcOKOA(dekTuBHbIX PoTonpeodpazoBateneit ¢ KIIJ[ no 30 %. Takoii pe3ynbTaT cTal BOZMOX-
HBIM OJ1arojiapsi CymecTBEeHHbIM ycIieXaM B 00JIacTH pa3pabOTKH M MPOHU3BOJACTBA MYJIbTHKACKaI-
HbIX HaHoreTepocTPYKTypHBbIX PII Ha marepuanax Il u V rpynn tabnuier MenneneeBa. 1o 1mo-
3BOJIMJIO 3a NOCIEAHME JBa JACCATUIIETHS OCHOBHBIM Ipou3BojuTesssiM KA yBennuuTh ypoBHU
MOIITHOCTH OOPTOBBIX 3HEProycTaHOBOK ¢ 3 — 5 mo 15 — 20 xBT1. B 1O *%e Bpems xKecTkas KOHKY-
PEHILIMS HA MHUPOBOM pPBIHKE KOCMHYECKUX YCIYT, MPEXIE BCEro B 00JacTU CBSA3U, TPEOYeT Halib-
HEHIIIer0 HeMPephIBHOTO YBEIMUYEHUSI YIHEPrOBOOPYKEHHOCTH KOocMUYeckux rmiaargopm. OxumgaeTt-
csl, 4TO B Ommkaifmee BpeMsi nosiBstcs conHeunsie anemeHTs ¢ KITJ 33 — 35 %, a B Hemanexoi
nepcrektuBe — U 6onee 40 %. Ilpu 3TOM CTAaHOBHUTCS BIOJIHE PEAbHBIM JOBEICHUE YHEPTETHKU
KOCMHYECKHX I'€OCTallMOHAPHBIX CBS3HBIX Iutatdopm a0 20 — 30 kBt. OgHako BBIOIHEHHE STOU
3aJlau¥ IpUBEJIET K 3HAUUTEIHbHOMY YBEIIMYCHHUIO CTOMMOCTH IJIAHAPHBIX COJIHEYHBIX OaTapei s
KA Ttakux kjiaccoB u3-3a yBeJIMUYeHUsI CyMMapHOH momanau naneneit bC, kotopas npeBbicUT 6apb-
ep B 100 xBagpaTHeix MeTpoB. [Ilpuumna yBenumuenus croumoctu bC 3akmtouaeTcs B TOM, 4TO
BBICOKasI [IEHa MaTEpPUAJIOB U CTOMMOCTb U3TOTOBJIEHMSI BBICOKOTEXHOJOTHYHBIX MHOTI'OIIEPEXOIHBIX
COJTHEYHBIX AJIEMEHTOB B HACTOSIIEE BpEeMsi HE MO3BOJSIOT JOCTUYh HU3KOM CTOMMOCTH KOCMHUYeE-
CKUX COJIHEUHBIX OaTapeil ¢ MIIOCKMMHU TeTEePOCTPYKTYPHBIMHU JIEMEHTAMH, YTO 3aTPyTHSET Jallb-
Heliee ObICTpOE HapalluBaHHE YHEPrOBOOPYKEHHOCTU coBpeMeHHbIX KA. B ananoruunoi cutya-
MU B CBOE BpEMsI TIEPEXO0/T OT IPOU3BOJICTBA KpeMHHEBBIX (poTompeobOpazosareneii ¢ KITJ[ 16-17 %
K TPOU3BOJCTBY apceHHA-TaJIeBbIM (oTtonpeodpaszoBatensm ¢ KIIJ mo 30 % yBenwumn ux
YINBHYI0 CTONMOCT Ha 1 M B 4eThIpe pasa. MOXHO TPEATONIOKHTE, YTO IEpexo K GOTOmpeoo-
pazosaresnsm ¢ KITJ 1o 40 % Takxe 3HAUNTEIBHO U HEMPONOPLUOHATIBHO YBEIIUYUT UX CTOUMOCTb.
Kpome Toro, mpu ocBO€HMM HOBOW MPOJIYKIUH, KaK MPaBUiIO, HaOMOMaeTcs ee ACPUIUT H3-3a
HEJ0CTaTKa MPOU3BOACTBEHHBIX MOIIHOCTEH, YTO TaKXE BHOCUT CBOHM BKJIAJ B YBEIMUEHHUE €€
ueHsl. [Ipobrema MokeT ObITh YCIEUIHO pelleHa MpU CO3JaHUU U HCIOJIb30BAHUU COJTHEUHBIX
(OTO3IEKTPUUECKUX YCTAaHOBOK C KOHIEHTpaTopaMu H3iydeHus. B aToMm ciydae pasmep coiHed-
Horo snemenTa (C39), KOTophIil pazMeniaeTcsi B (POKyce KOHIIEHTPATOPA, YMEHBIIAETCS MPOTOPIIHO-
HAJTBHO KPATHOCTHU KOHIIEHTpUpOBaHUs u3inydeHus (11 bC kocMrueckoro Ha3Ha4eHUs — B BOCEMb-
necsath pa3). Takum o0pazoMm, paauMKalbHO CHI)KAETCS Ppacxoj] JOPOTUX MOJYNPOBOJHUKOBBIX
MaTepUajoB U CTPYKTYp, a CIEAOBATENbHO, U WX BKJIAJ B CTOMMOCTh €IUHUIIBI BhIpabaThIBAEMOM
MmotrHoctu. Kpome toro, 3a cuer nmossiteHust KITJ npu o6ayuennu CD KOHIIEHTPUPOBAHHBIM COJI-
HEYHBIM HU3Ty4eHHEM MOSBISETCS BO3MOXKHOCTh YMEHBIIHUTH IJIOMIAAb COJHEYHBIX Oarapeil uiu
KOMIIEHCHUPOBAaTh MOTEPU B KOHUEHTPATOPHBIX 3JEMEHTAaX, HEOOXOIMMBIX ISl MOJIy4EeHUs 3aJaH-
HOM €AMHUIIBI MEKTPUUECKON MOLTHOCTU. DTO JAET AOMOJIHUTENBHYIO 3KOHOMHIO CPEACTB, PacXo-
JyeMbIX Ha KOHCTPYKIIMIO YCTaHOBOK, HA 3allyCK KOCMHUYECKUX COJIHEYHBIX OaTapei, mojaaep:kaHue
napameTpoB opouTsl KA u T.11. B pe3ynbraTe cToMMOCTh €AMHUIIBI AlIeKTpuyeckoit MomHoct bC ¢
KOHLIEHTPAaTOpaMu H3JTy4yeHus: OyJeT CYIIECTBEHHO HUXE, YeM B ciiyyae oObIuHbIX Mmiockux bC 6e3
KOHIIEHTPAaTOpPOB, HE TOBOPS y*ke 00 SKOHOMHUU JEPUIUTHBIX MOIYHPOBOJHUKOBBIX MaTEpUANIOB,
COKpAIIeHUH 3aTpaT Ha oOecreueHUe SKOJIOTMYEeCKMX HOPM 0€30MacHOCTH IMOJIYIPOBOJIHHUKOBOIO
IIPOU3BOJICTBA U T.II.

B cnydae npumenenust bC ¢ konuentparopamu Ha KA uMeeTcss BO3MOKHOCTh 3HAYUTEIBHO
COKpaTUTh 00BEMBI IPOU3BOJICTBA JIOPOTOCTOSIINX MOTYIPOBOJIHUKOBBIX CTPYKTYp U 3JIEMEHTOB,
HEO0OXOIMMBIX Ul YAOBJIETBOPEHHUS HAPACTAIOIIET0 YHEPronoTpediieHus B kocmoce. B pesynbrare
COBpPEMEHHBIE MPOOJIEeMbl KOCMHUYECKON SHEPreTUKU MOTYT OBITh pEIIeHbl B 3HAYUTENBbHO Oojiee
KOPOTKHE CPOKH B T€X CTpaHax, IJie UMEETCs CYIIECTBEHHOE OTCTaBaHHE B CO3JaHUH HEOOXOIMMBIX
IIPOU3BOJICTBEHHBIX MOIIHOCTEW M3TOTOBJIEHMS JOPOTOCTOSALIMX HAHOT'€TEPOCTPYKTYPHBIX COJIHEY-
HBIX AJIEMEHTOB.

B 1o e Bpems B CIIIA, rae cymecTByromye MOIHOCTH M3TOTOBJIEHHS MHOTOIEPEXOIHBIX
reTepocTpyKTypHbIX CD BIOJIHE MOTYT 00ecrneuuTh TpedyeMblii 00beM MPOU3BOJICTBA TIaHAPHBIX
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kocmuuyeckux BC ¢ Takumu 3rieMeHTaMu Ha OJIDKaNIIyIo MEepCIeKTUBY, B MOCIEAHNUE OBl TAKXKE
yaensiercs: Bce O6oJbllee BHUMaHue pa3paboTkaM u co3aanuio bC ¢ TMH30BBIMU KOHIIEHTPATOpaMH.
OOmsicHsIeTCS 3TO, B YaCTHOCTH, TE€M, YTO, KaK OKUAAETCS, B HE CTOJb OTJAJICHHOM OyayIleMm,
KOTI'/la TPU CO3JaHUU COJTHEYHBIX KOCMUYECKUX JIEKTPOCTAaHIUI OTpedyeTcsl Ha OIMH-BA MOPS/I-
Ka YBEJIMYUTH €XKET0JIHOE MPOU3BOJICTBO BHICOKOA((HEKTUBHBIX COJIHEUHBIX OaTapeil, HCIOIb30Ba-
Hue bC ¢ koHIeHTpaTOpamMu MO3BOJIUT PEUIUTh ATy npobiemy. [Ipudyem 3Ty npobiaemy MOKHO OY-
JeT pemuTh 06e3 yBeTu4eHHUs pacxoa Ne(UIUTHBIX U JOPOTHX MOIYIPOBOJHUKOBBIX MAaTE€pPHUAaIOB
1 o0beMa BBITyCKa MHOTOIEPEXOAHBIX T'€TePOCTPYKTYp W 00ECHeUUTh MPH STOM 3HAUUTEIBbHYIO
HSKOHOMHIO Ha cTrouMocTu (oTtorenepupyroniei yactu bC. OcobeHHo Y3PPEKTHBHO KOHIICHTPATOP-
Hasg KOCMHYECKash TeXHUKAa MOXKET OBITh HCMoJb30BaHa Ha pyOexe 2015 — 2020 rr., xorma, kak
OYKHUJIAeTCs, TIOSBATCS BHICOKOA((EKTUBHBIC COJIHEUHBIE AJIEMEHTHI TpeThero nokoneHus. K coi-
HEYHBIM 3JIEMEHTaM TPEThEro MOKOJIEHHUSI OTHOCST COJIHEYHbBIE JIEMEHTHI C KBAHTOBBIMH TOUKAMU.
B pa6ote [1] Teopernyecku ObUTO MOKa3aHO, YTO BBeAeHHE KBaHTOBBIX ToueK (KT) y3xo3oHHOTrO
MOJIYIPOBOJIHUKOBOTO MaTepuana (Hampumep, InAs) B CONHEYHBIH AJIEMEHT, U3TOTOBJICHHBIN M3
IIMPOKO30HHOTO MOJIYIIPOBOIHUKOBOTO MaTepuana (Hanpumep, GaAs), mo3BoysieT 1ocTu4b dPhek-
TUBHOCTH Oonee 70 % 3a cueT CyMMHUPOBAHMS SHEPTUU JBYX UIMHHOBOJIHOBBIX KBAaHTOB CBETa,
KOTOpPBIE HE TMOTJIOMIAI0TCSA B MaTepHUaie MUPOKO30HHOTO MOIYIIPOBOIHUKA, a MOTJIOIMAIOTCS MaTe-
puasiom KT. Teoperndeckuil aHain3 MOKa3bIBA€T, YTO YTHIIM3AIMS AIMHHOBOJIHOBOW U KOPOTKO-
BOJIHOBOM YaCTH CIIEKTpa COJIHEYHOro u3iydeHus ¢ noMmoumpio KT B panpHewiiel nepcrneKTUBe
MO3BOJIUT TOCTUYH 3(H(HEKTUBHOCTU COJIHEUHBIX AIIEMEHTOB OJM3KOM K TEPMOJMHAMHYECKOMY Tpe-
neny 90 % [2].

B HacTosIee BpeMs HET OCHOBaHHM MpeanonaraTsb, 410 CO TpeThero MmokoyieHus OyAyT CTO-
UTh MEHBILIE, YeM reTepocTpykTypHble MHOTonepexonuasie CO ¢ KIIJ 6omee 30 %. Moxer oka-
3aTbCs, YTO BBICOKOTEXHOJIOTHUYHBIE HaykoeMkre CO c¢ kBanToBbIMU Toukamu ¢ KIIJI Gonee 70 %
OyIyT 3HaUMTETHHO Jopoke. K ToMy ke, MOHaI0OMTCSl HE OJIUH TOJ, YTOOBI CO37aTh MPOMBIIIICH-
HbI€ MOLIHOCTH JUI UX NPOU3BOJCTBA B HEOOXOAMMOM JUII KOCMHUYECKOH OTpaciu KOJIUYECTBE
raHapHbIX BC. B 9THX yCIIOBUSX KOHIIEHTPATOPHBIE COTHEYHBIE TAHETH CMOTYT OKa3aTh JOCTOM-
HYIO KOHKYPEHIIMIO TpaJulIMoHHbIM mi1ockuM bC He Tonbko 1o 1ieHe 3a 1 BT u ynensHoi Macce, HO
Y 3HAYUTENBHO YITYYIIUTh ITAPaMETPhl COTHEYHBIX MMaHeNe 10 yIeTbHON BBIXOIHOW MOITHOCTH TI0
iomaan u Macce. Kak yxe ynmoMHHanoch Bblllle, KOHLIIEHTPATOPHbIE COJTHEUHbIE MaHEIH MO3BOJIS-
IOT CYIIECTBEHHO CHU3HUThH TAKOH BaKHBI SKOHOMHYECKHH MTOKa3aTelb KaK yAeIbHast CTOUMOCTb.

Tabmuma 1
OHEpreTUUeCKUe U TEXHUUECKUE
napameTtpsl bC Ha Hauano CAC,
AMO, +25°C VaenoHast| YpaenbHas
Tun kapkaca | TunomnpencraButenu bC VaensHas .| cTomMoCTB| CTOMMOCTH
CrerneHb Y nenbHbBIN 2
MOIITHOCTE BC, x€/m BC, €/Bt
KOHIIEHTpa- BEC,
WU, KpaT 1o rmomaz— K1/ M°
T, o, Br/m
1. O0bemubli | MHHOBAIIMOHHOE KOHCT-
YTTIETUIACTHUKO- | PyKTUBHO-TEXHOJIOTH-
BBIN KapKac YeCKOe pelieHre KOH-
P petriert x8 ~310 ~1,8 ~40+50 | ~130+160
uentparopHoii bC B
00BeMHOM TOGPUPOBAH-
HOM Kapkace
2. ¥Yrnecoro- | CoBpeMeHHas IUTaHapHas
macTUKOBEI | BC Ha TpexmepexogHbIX
P pexolL x1 ~360 ~2,5+2,8 | ~100+110 | ~280+310
KapKac apceHua-rayuneBbx CO
¢ KITJI mo 30%

[To cpaBHEeHHIO ¢ CTpaaUIIMOHHBIMU MaHapHBIME BC (Tabi. 1) 3TOT mokaszarens MOXET OBbITh
CHWKEH TIOYTH B JIBa Pa3a 3a CUET YMEHBIIEHUS IUIomanu noporocrosmamx CO Ha 85 % (Oonee yem
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B ILIECTh pa3), a TAKXKe 3a CUET MPUMEHEHHUS HEJOPOTMX MATEPUAJIOB B KOHCTPYKLHMH KOHIEHTpa-
TOpHOM cucteMbl. [Ipum 3TOoM cToMMOCTh apceHuA-TaIueBbIX CO B (poToreHepupyrole 4acTu
(®I''Y) xoHLEHTpPATOPHOM MaHENM Takke OyJneT MeHblle, yeM B IuiaHapHsix bC, mouytu B 6 pas.
TunoBble KpynHOrabapUTHBIE apCEHUI-TAIIIMEBbIE COJHEUHbIE IIaHApHBIE OaTapeu Uil BBICOKO-
sHepretuunbix miaargopm KA npu Beixomnoit mommuoctu Ha Havano CAC okono 25 kBT umeror
obmyro momane nopsaka 100 kBaapaTHbIX MeTpoB. [1s co3nmaHus COMHEYHOW Oarapeu Takou
iomaan (UHAHCOBBIE 3aTPAThl COCTABAT OKOJIO 11 MIJITMOHOB €BPO (3TO MPH ONMTHUMUCTUYCCKOM
MOJIX0JIe, Ha CAMOM JeJie [IeHa MOXKET ObITh 3HAaYMTENbHO BhIIE — B 1,5-2 pasza), B TO BpeMs Kak
aHayornyHas KoHleHTpatopHas bC o0oiiiercs Bcero B 4eThpe MUJUTMOHA €BPO MPU CTOMMOCTH 10
130 eBpo/BT (ta6:a.2). dus takoii mianapuoit bBC morpedyercst okomo 90000 eBpo Ha mprobdpere-
HUe MHOronepexoanbix CO, a s koHueHtparopuoit bC mis stux neneit Oyaer 10CTaTOYHO BCETO
okos10 15000 eBpo npu opueHTUpoBOUHOM 1IeHe CO 10 eBpo 3a KBaJApaTHBIN CAHTUMETP.

Tabnuma 2
[Tporpamma Beimycka bC
Tun BC 100m” 1000 m° 10000m”
CronMocTh, MiTH € CronmocTh, MiITH € CronmocTts, MiTH €
11,0 110,0 1100,0
Tnanapuas BC B tom uncne B tom uncne B Tom uncne
croumoctb CO, M € croumoctb CO, mmH € croumocth CO, miH €
0,09 0,9 9,0
4,0 40,0 400,0
Konnerrtpartopas BC B ToM uncie B ToM uncie B ToMm uncie
croumocth CO, miH € croumocTth CO, miH € croumoctb CO, miH €
0,015 0,15 15

Kak crnenyer 3 cpaBHEHHS CTOMMOCTHBIX MapaMeTpoB KOHIEHTpaTopHbIX BC u Tpagunuon-
HBIX TulaHapHbeIX BC kocMuyeckoro HazHaueHus (Taln. 2), MpH IporpaMMe BBITYCKa IIaHAPHBIX
BC o6meii momansio 1000 M? jutst BeicokodHepreTrdHbix KA B KOmmuectse 10 mTyk motpedyercs
OpPUEHTUPOBOYHO OK0JI0 110 MiIH eBpo, B TO BpeMs Kak Uil KOHLEHTpatopHbiX bC Ha 31O yliger
Bcero juiib 40 mitH eBpo. To ecTh, KOHIIEHTpaTOpHAsi TEXHOJIOTHS ITO3BOJIMT BBICBOOOIUTH CPECT-
Ba JUTS CO3IAHHS TOTIOHATENBHO 0K07T0 1700 M2 KOHIIEHTPAaTOPHBIX COTHEUHbIX OaTapeil. Ecnu mo-
TpeOyeTcst yBeIUUUTh MporpaMMy Belntycka bC elie Ha mopsAa0K, TO KOHIIEHTPATOPHBIX COTHEYHBIX
Oarapeit MOXXHO Oyzer BeimycTuTh Ha 17000 M? GoIbIIe YeM riaHapHeIXx bC npu onHUX U Tex xe
00X 3aTpaTax.

Takum 00pa3oM, NPOBEICHHBIM OICHOYHBIM aHaNM3 3aTpaT Ha IMPOU3BOJACTBO COJHEYHBIX
Oarapeil Ha OCHOBE KOHIIEHTPATOPHOW M TPAJUIIMOHHOM IUIaHApHON TEXHOJIOTHIl MO3BOJISIET Clie-
JIaTh BBIBOJ O BBICOKOM 3KOHOMUYHOCTH KOHIIeHTpaTOopHBIX bC 1o cpaBHeHHIo ¢ miaHapHbiMH bC.
Oco0eHHO 3HAaYMMBIM 3TO MPEUMYIIECTBO MOXKET CTaTh B OJIM3KOM MEpCIEeKTHBE, Koraa OyayT pas-
paboTaHbl U U3rOTOBJIEHHI MpoMblnuieHHbIe 00pa3ubl CO ¢ KIIJ] 40 — 60 % u nosBUTCS BO3MOXK-
HOCTb ellle 00jiee YMEHbIIUTh YIENbHYI0 CTOMMOCTh Ha BT koHuieHTpatopusix bC no cpaBHeHMIO ©
miaHapHeiMu BC.

[lenb BBIMOJNHEHHOW PabOThl — pa3pabOTKa WHHOBAIIMOHHBIX MOJIXOJO0B K CO3/IaHUI0 SKOHO-
MHUYHBIX, KOMMEPYECKH MPUBJIEKATEIbHbBIX, BBICOKOA(PPEKTUBHBIX PAIHALMOHHO-CTOMKIX KOHIIEH-
TpatopHbiXx bC KOCMUYECKOro Ha3HAYEHHSI HA OCHOBE KOHIIEHTPUPYIOIIUX JTMHEUHBIX JIUH3 Dpene-
JI51, CIIOCOOHBIX 3alIUTUTH COJTHEYHBIE AJIEMEHTHI 6aTtapel 0T BO3ACHCTBUS TEXHOT€HHOTO KOCMUYe-
CKOT'0 MyCOpa € UCIOJIb30BAaHUEM OOJIETYEHHBIX YIIIEKOMIO3UTHBIX KOHCTPYKIUI, HEJOPOTHUX, JIeT-
KOJOCTYIIHBIX U HIMPOKO MPUMEHIEMBIX MATEPHAIIOB.
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ITosryuyeHHbIE pe3yJabTaThl

M3 MHOeECTBa CYIIECTBYIOIIUX CIIOCOOOB KOHIICHTPHPOBAHKS COJIHEYHOTO M3JIyUYCHUs HanOo-
Jiee MPUEMIIEMBIMU CUUTAIOTCS JJII UCTIOJB30BAaHUS B YCIOBUSAX KOCMHUYECKOTO MPOCTPAHCTBA J[BA
croco0a: KOHIEHTPUPOBAHKUE COJIHEYHOT'O M3JyYEHHUS C IMOMOIIBI0 KOHIIEHTPATOPOB JKEI00KOBOIO
THUIIA ¥ ONITUYECKUX KOHIICHTPATOPHBIX CHCTEM Ha JIMHEHHBIX JInH3axX DpeHers.

B KOHIIEHTpaTOPHBIX CHCTEMaX KeJIOOKOBOro THma (puc. 1, @) KOHIICHTPUPOBAHUE COJTHEYHO-
T'O U3JIYY4EHUSI OCYIIECTBIISICTCS C MOMOIIBIO JIBYX IIOCKUX PEIIEKTOPOB, KOTOPHIE PACIIONIArar0TCs
BJIOJIb JUITMHHBIX CTOPOH maHeau bC u o0ecrneunBaroT paBHOMEPHOE PACIPEICIICHHE OTPAKCHHOTO
comHevHOTo cBera Ha manenu bC. DTOT crnoco® KOHIIEHTPAIIUU UCIIONIB3YETCS B HU3KOIHEPreTHY €-
CKHX KOHIICHTpaTopax ¢ Ko3((UIIMEHTOM KOHIIEHTPAIIMKA CBeTa MeHee 4eM 3:1 m He TpedyeT Jo-
MOJIHUTEJIbHBIX CpeacTB oxJaxaeHus CO [3].

a o

Puc. 1. CriocoObI KOHIIEHTPUPOBAHUS COTHEUHOTO U3aydeHus B bC

Jpyroii cnoco0 KOHLIEHTPUPOBAHUS, C IOMOIIBIO JIMHEHHBIX JMH3 PpeHens, UCToNb3yeTcs B
CUCTEMAaX CO cpenHer KoHIeHTpamuen ot 6:1 go 25:1. B Takux cuctemax JuH3bI OpeHens KOHIICH-
TPUPYIOT COJIHEYHOE U3IY4YCHHE Ha COJIHEYHBIE DJIEMEHTHI, KOTOPHIE 3aHMMAIOT TOJBKO YacTh COJI-
He4yHoH Oatapewu (puc. 1, 6). Ilpu aTom MoxkeT ObITh ToCcTUTHYTa SKOHOMHUA CD M0 MIIoImaam, Macce
u croumoctu 10 50 — 85 % mno cpaBHenuto ¢ manapusiMu bC [4].

Konctpyxknus konuentpatopHbeix bC Ha nuH3ax ®peHens mo3BoJIsSeT PelnTh OOIBIIUHCTBO U3
OIMCAHHBIX BBIIIE MPOOJIEM U oOecrednTh 0ojiee HAJESKHYIO 3aIIUTy (POTOreHEpHpYIOLIEH YacTH
MIPUEMHHMKOB COJIHEYHOTO M3JIy4€HUs IO CpaBHEHMIO ¢ rmiaHapHbiMU BC 3a cuer:

* 0oJee BBICOKOW YCTOWYMBOCTU K BO3JICHCTBUIO PaIUaIlUY;

* BBICOKOMY CPOKY aKTHBHOI'O CYIIIECTBOBAHMS HA PailalliOHHOONACHBIX OpOUTaXx;

+ 0OoJsiee BBICOKOH YCTOWYMBOCTH K BO3/IEHCTBUIO aTOMApHOT'O KUCIOPO/Ia;

* 0oJjee BBICOKOM CTENEHH 3allUIeHHOCTH doTorenepupyromieit yactu bC ot Bo3nei-
CTBUSI KOCMHYECKOIO0 MUKPOMYCOpPa 1 MUKPOMETEOPHUTOB;

* BO3MOKHOCTH cO371aHus BBICOKOBOIBTHRIX BC (6omee 100 B) ¢ BhICOKOH CTENEHBIO
3alIUTHI OT BO3JAEHCTBUS BPEIHBIX (DAaKTOPOB KOCMHUYECKOTO MPOCTPAHCTBA;

* BO3MOXXHOCTH CO3J[aHHS Malopa3MepHbIX BBICOKOBONBTHRIX BC (250 — 300 B)
JUISL IPSIMOTO 3JIEKTPOIUTAHMSI MAJIOMOIIHBIX HOHHO-TJIA3MEHHBIX PEAKTUBHBIX JBUTATEIEH;

* BO3MOXXHOCTH NpuMeHeHHs B KA pa3nnyHbIX (pyHKIMOHAIBHBIX HA3HAYEHUH, B T.4.
Ha 3HAYUTEIBHO yaajaeHHbIX 0T COJIHIA PACCTOSIHUSIX.

Jlns Gonee MOMHOrO MOHUMAaHMSI KOHCTPYKTHUBHBIX OCOOEHHOCTEH M IMOJIy4EHHUS CPaBHUTEIb-
HBIX XapaKTepUCTUK aBTOPaMHU OBbLI MPOBEIEH aHAIN3 yXe CYIIECTBYIOIUX KOHCTPYKUUN KOHIICH-
tpatopubix BC Ha nmuH3ax OpeHens u ux mapamerpos (Tadim. 3, puc. 2).

Hauunas ¢ 1986 r. ENTECH SOLAR, Inc. u NASA (CIIIA) pa3pabaTeiBaiOT U MOBBIIIAIOT
KayecTBO KOCMUYECKHUX (POTOBOJIBTAMUYECKUX OaTapell ¢ MCIOJIb30BAHUEM KOHLEHTPATOPHBIX TEX-
HOJIOTH Ha ocHOBe 3¢ dekrTa pedpakiuu. B oTamuue oT TEXHOIOTHH, UCTIONB3YIOMINUX KOHIIEHTpa-
LIUI0 COJTHEUHOTO M3JIy4eHHs 3a CUET OTPAKEHUs, KOHIIEHTPATOPbl Ha JUH3aX PpeHels M03BOJISAI0T
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3a cYeT CBOEW KOH(UIypali MUHUMH3UPOBATh BIUSHHE F€OMETPUYECKUX OIIMOOK, TAIOT BO3-
MOYXHOCTh 00ECIIEYNTh MX Ka4e€CTBO MPU U3TOTOBICHUH, COOpKE B paboTe Ha OopOuUTe.

B nagane 1990-x ronoB nepBasi KOCMHUYECKasi KOHIIEHTpaTOpHasi 6arapest Ha ocHOBe 3dekra
pedpaknuu OblIa pa3paboTaHa U MPOIIA JIETHBIE UCTIBITaHus 1Tpu npoBeacH PASP Plus muccun
B 1994 — 1995 rr. [5].

Ota GaTapes cocTosla M3 HECKOJIBKMX HCIBITATENbHBIX S4YE€eK. B MCHBITATENBHBIX sUEHKax
HCIOJIb30BaINCh MUHUKYIOJIbHBIE JIMH3bI Ppenens komnanun ENTECH SOLAR Inc., xotopsie
YCTaHABJIMBAJIUCH HAJl MPUEMHUKOM COJTHEYHOIO M3JIy4eHHUs KoMIaHuu Boeing, mpencTaBisiionmum
co0OH TaHJIEMHBIE MEXaHMYECKH COCIMHEHHBIE MHOTOIEPEXOIHBIC COJHEYHBIC JIEMEHTHI, yCTa-
HOBJIeHHbIe ouH Haj npyrum (GaAs Haa GaSb). Kaxnas MuHUKYNoNbHAs TOU€YHO(OKYCHAs JIMH-
3a @peHens UMela MHOTOCIOWHOE 3alUTHOE MOKpbiTHe Komnanuu Boeing u OCLI, oGecneun-
Balolllee 3aIIUTy OT KOCMUYECKOro ynbTpaduosnaetoBoro (Y®) uznydyeHus ¥ aTOMapHOTO KUCIOPO-
na. JIMH3Bl OBUIM W3TOTOBJICHBI OYCHb TOHKUMH M JIETKUMHU. TaHIEMHBIE COJTHEYHBIC AJIEMEHTHI
TakKe ObUIM BBIIOJHEHbl MaJIbIX pa3MEepoB, YTO MO3BOJMJIO OOECIEUUTh CHIKEHHE HX Beca U
cToUMOCTH. JlaHHasi KOHCTPYKIUSI KOHIIEHTPATOPHOH COJTHEYHOH OaTaper Ha CHIIMKOHOBBIX JIMH3aX
@peHenst MOATBEPMIA CBOU BBICOKHE XAPAKTEPUCTUKH, PAAMALMOHHYIO CTOMKOCTh U JOJTOBpE-
MEHHYIO CTa0MIIbHOCTb.

/
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Koﬂﬁempampﬂme CB ¢ KoHIeHTpaTopHBIii MOMIYIIb C KoHuenTpaTopHslit Moayns KoHIeHTpaTOpHBbIit Moy Rigid-
IUTOCKHMH KOHIIEHTPaTOpaMH MUHHKYTIOJIbHBIMHU JTHH3aMHU SCARLET, Entech Inc., panel SLA Ha Kapkace Tuma
skeno6koporo tuma (Low- @penend, Entech Inc., CIIIA, 1990 T CIIIA, 1998 «KapTHHa B pamMe», Entech Inc.,
Concentration Ratio (LCR) CIIIA, 2006-2010 1.

CIIIA, 1990 r)

KoH1eHTpaTOpHBIil MOIYIb Maxker ¢pparmenra nanemu Cb ¢
KOCMHYECKOTO Ha3HaYeHUA JIMHEHHBIMHU JIHH30BbIMH
paspaGotku ®TU KOHIIEHTPaTOPaMH COTHEYHOTO \
uM.A.@. Hodde, Pocemsa, 2005 ¢ nsnydenna, T um.A.@. Hodde, MaKeTHEIH 06GPa3eI COTHETHOTO KOHTIEHTPATOPHOTO

Pocens, 2012 . MOJIy/IA Ha JTHHEHHBIX MH3axX OpeHens paspadoTKH

T'TI HUTHII, XappkoB, Ykpausa, 2013 .
Puc. 2. JIyammue CymecTBYIONNE aHAIOTH KOHIICHTPATOPHBIX COTHEYHBIX MOJTYJICH
u bC Ha )kecTKuX Kapkacax

B cepenune 1990-x ronos ENTECH, Inc. u NASA pa3paboranyu HOBBI KOHIEHTPATOPHBIH
MOJyJIb Ha JIMHEHHBIX JIMH3aX DpeHenst, KOTOPbIM 10CTaTOYHO JIETKO W3TOTOBUTh U UMEET HU3KYIO
cTouMocTh [6]. Mcnonb3yst HenpephIBHBIN PYJIOHHBIN mpouecc, KoMmrnaHuss 3M cMoria OCBOUTh
MaccoBO€ IIPOM3BOJICTBO CHIIMKOHOBBIX JINH3 DpeHens B II00bIX HEOOXOAUMBIX KOJIHNYECTBAX.

B 1994 r. ABLE Engineering Company npucoeJuHuIach K pa3paboTyiKaM JTUHEWHBIX JIMH3
Openens 1 Bo3rmIaBmiIa pa3padotrky koHmeHTpatopHbix Moayneir SCARLET (Solar Concentrator
Array using Refrective Linear Element Technology).

B SCARLET O6wutn wmcnonb3oBaHbl JIMH3BI DpeHens W3 CUIMKOHA, JJAMUHUPOBAHHOTO Ha
3alIUTHOE CTEKJIO, O0ECTIeYMBAIOIIEe 3aUIUTY OT KOCMHYecKoro Y@ H3IIyuyeHHs U aTOMapHOTO
kuciopona. Ha conmneunoit 6arapee SCARLET Obuta mosydeHa yaenbHasi MOITHOCTb T10 TUIOIIAIN
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6onee 200 Br/M® 1 yuenbHas MOIIHOCTb 10 Macce Gomee 45 BT/Kr, Tp yrile pa3sopHEeHTALINN Ha
Connue +2° 6e3 cylecTBeHHbIX NoTeph Mo MoiHocTu (He 6omee 10 %). [Tocne Tpex net monera,
MOIIHOCTh OCTaBajiach B npezenax +£2% oT pacyeTHO.

Rigid-panel STRETCHED LENS ARRAY (SLA) — koHIleHTpaTOpHas Oatapesi ¢ pacTAHYThI-
MU JuH3aMu OpeHenst — 3To JanbHeiimee pa3sutie coaHeuHor O6atapen SCARLET, coneprkarmas
OCHOBHBIE 2JIEMEHTBI KOHIIEHTPATOPHBIX COJIHEYHBIX Oarapeil, Takue Kak MHOTONEPEXOTHBIE COJI-
HEYHbBIC DJIEMEHTBI, CHJIIMKOHOBbBIC JIMHEWHBbIE JHMH3bI DpeHens W YrIE€KOMIO3WTHBIA IUIOCKUI
paauaTop, HO MPU ITOM MO3BOJISIOUINI OTKA3aThCs OT TAKUX MACCHUBHBIX 3JIEMEHTOB KaK apO4yHbIe
CTEKJIa U PaMKH, yJepKUBaroIue JHH3bl DpeHens, MoJIOCKH, Ha KOTOPBIX pacloyiaralyuch COJTHEY-
HBIE JIEMEHTHI IPUEMHHUKOB H, CaMO€ IJIaBHOE, COTOBbIE MTAHEIIH.

B 2002 r. xomanaa, 3aHuMaroniascs pa3padoTKOH U coBeplieHCTBOBaHHEM HOBoW SLA coi-
HEYHON Oarapeu, AOCTHUIJIA CYIIECTBEHHOro mporpecca B SLA TeXHOJIOTHH, BKIIOYAs YCIHEIIHOE
M3TOTOBJICHHE M MCIIBITAHUS YEThIPEXIMaHEeIbHOTO MPOTOTHUIIA KpblIa coHeyHol Oarapeu [7]. Con-
HEYHbIE MaHenu npototuna kpbuia bC BkiIo4anu QoTOBOIbTAMYECKHE MPUEMHHUKH, HUCIOb3YIO-
[IME TPEXIEPEXOTHBIEC COIHEYHBIEC JIEMEHTHI. JTH NMPHUEMHUKN OBUIM TOJHOCTBIO T€PMETU3UPOBaA-
HBI, YTOOBI UMETh BO3MOXKHOCTH pabOTaTh B YCIOBHUSX BBICOKOBOJIBTHOW KOCMHUYECKOW IJIa3MBbI.
SLA OGatapen Ha KECTKHX MaHENAX MO3BONWIHN 1ocTHdb Ha Hayano CAC criemyronime OCHOBHBIC
napameTpsl:

- pabouee Hampsikenue — > 100 B;

- yenbHask MOILTHOCTH 1o Macce — > 180 B1/kr;

- yIeTIbHas MOITHOCTS 110 omaau — > 300 BT/MZ;

- SKOHOMHSI TTOLIAZAN U MAcChl COTHEUHBIX JIEMEHTOB — >85%;

- BKOHOMHUSI YIeITbHOM CTOMMOCTH TI0 cpaBHEeHHIO ¢ TuiaHapHeiMu bC — 50 — 75 %.

[To cpaBHEHHIO C OOBIYHBIMU IIJITAHAPHBIMH HEKOHILIEHTPATOPHBIMU (DOTOBOIHTAUYECKUMU
OarapesmMu SLA TeXHOJOTHS U PUCYIIHE €l MPEHUMYIIECTBA TIO3BOJISIOT CYIIECTBEHHO YMEHBIIUTh
Maccy U pealbHO YMEeHbIIUTh cToUMOCTh bC. Kpome Toro, nmpoBeieHHbIE UCTIBITAHUSI CBEPXTOHKHUX
CUJIMKOHOBBIX JIMH3 DpeHens ¢ 3aluTHBIM MOKpbITHEM 0T YD uznyudenus (1800 TepMOIUKIIOB OT
-180°C no +120°C) moaTBepauian UX CPOK dKcruryatanuu 10 20 JIeT mpu YCIOBHUSAX, SKBUBAJICHT-
HBIX Te0ocTallMOHapHOM opouTe. McnbiTanus Ha Bo3aelicTBue YD H3IydeHHs], a TAaK)Ke MPOTOHOB U
AJIEKTPOHOB, YKBUBAJICHTHBIE CPOKY IKCIUTYaTallMU CHIIMKOHOBBIX JIMH3 HAa T€OCTAIIMOHAPHON OpOu-
Te B TeueHue 10 JeT, mokasaau He3HAUYUTEIbHbIC H3MEHEHUS! KOd(pPHUIIMEeHTa MPONMyCKaHUs JIMH3 B
muanazone minydenus 0,3 — 0,5 mxm (ymenpmenne menee 10 %). [IpumeHeHne B KOHCTPYKIIUU
SLA kecTkoi yIrIenaacTUKOBOW MaHENU TUIA «KapTHHA B paMe» MO3BOJIMIO YMEHBIIUTh Maccy
koHIeHTpaTopHoit SLA Garapen Ha 50 % u gocTUYb yAeNIbHOU Macchl ~1,7 Kr/M2. Apounas popma
nuHeiHbIX TuH3 Openens obecnedynBaeT MaKCUMalIbHYIO ONTHYECKYIO 3P PeKTuBHOCTH (92 %) u
MaKCUMaJIbHBIE JIOITYCKH Ha YIJIOBBIE MOTPENTHOCTH (DOPMBI MMOBEPXHOCTH JIMH3. OTa Bepcust SLA
npejaraeT pealbHOe yBEIMYSHHE MOIIHOCTH COJHEUHBIX Oarapeil 1o 20 kBT mpu MUHUMAaNIbHBIX
3aTpaTax Ha M3TOTOBJICHUE U P MHHUMAJBLHBIX MaccarabapuTHBIX XapaKTEPHUCTUKAX.

Tem He MeHee, pacCMOTPEHHasi KOHCTPYKIIUS KOHIIeHTpaTopHoit bC Ha OCHOBE pacTSHYTHIX Ha
apKax CHJIMKOHOBBIX JJHH3 DpeHelss UMeeT HEKOTOPhIe Cephe3HbIe HEOCTATKU:

- JUIA CWJIMKOHOBBIX JHH3 DpeHens Ha apoyHbIX JAepiKareisXx HeoOXOTUMBI CIEIUATbHBIE
BBICOKOTEXHOJIOTHYHBIC YCTPOHCTBA JUIS PACKPBITHS, HATSDKCHUS THOKUX CHIIMKOHOBBIX MEMOpaH,
3aKpETJICHHBIX HAa apOYHBIX JIEPKATENSIX, M (PUKCAI[UU apOYHBIX JAepKaTeneil TuH3;

- 3aKpeIvieHuEe U yJepKUBaHHE THOKUX CHIIMKOHOBBIX MEMOpaH TOJIBKO C IBYX KOPOTKUX CTO-
POH apOYHBIMH JepKaTelsIMU B CBOOOTHOE HE3aKPEIJICHHOE COCTOSTHUE NITMHHBIX MPSIMBIX CTOPOH
MOJKET TPHBOJUTH K CYIIECTBEHHOMY M3MEHEHUIO (hOPMBI TIOBEPXHOCTH JIMH3BI TIPH BO3JICHCTBUU
[UKINYECKH M3MEHIEMOW TeMIepaTypbl U HEKOHTPOJIUPOBAHHOM PACKPHITHH U (DUKCALUU apOy-
HBIX JepKaTeneit ¢ tnH3aMu OpeHens;

- B TIPEICTApTOBOM CJIOKEHHOM TMoNokeHnH maHeneid bC KOHIBI JIMH3 3aKperieHHBIX Ha
apOYHBIX JepXKaTesiX BBIABHUHYTHl HapyXy M3 CJIOKEHHBIX MMaHEJeH U MOABEP>KEHbI PUCKY OBITH
MOBPEKICHHBIMU;
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- 3HAUYUTENIbHBIM KPYTSIIUNA MOMEHT Ha NMPWKUMHBIX NETIAX NpU packpblTH nanene bC us
CJIO’KEHHOT'O TOJIOKEHUS YBEJIMYMBAIOT YAApHbIE HArpy3KU Ha TOPLbI AHEJIEeH apouHBIX JAepxKare-
JICH;

- IpOLleCChl MOHTa)Xa apOYHBIX Jepxkareield Ha MOBEPXHOCTU IAaHEJEH, 3aKpelrieHue KpaeB
rHOKHX CHJIMKOHOBBIX JIMH3 DpeHens Ha apOYHBIX JepKaTeNax TpeOYyIOT MPUMEHEHHUs MPElU3UOH-
HOW TEXHOJOIMYECKOW OCHACTKM U CYILECTBEHHO YCIIOKHSIOT MPOLECC COOPKU KOHIEHTPATOPHBIX
bC, a Taxxe yBeJIMYUBAIOT PACCOBMEIIEHNUS KOMIOHEHTOB IIPUEMHUKOB COJTHEUHOI'O U3JIy4YEHUS U
a3 Openens.

B paGote [8] onmcan KOHLIEHTPAaTOPHBIH MOAyINb, pa3padboranubii B ®TU um. A.®.Modde
(Poccus) B 2005 r. Monynp 6a3upyercst Ha JUHEHWHBIX JHH3aX DpeHens U HOTONPUEMHHKAX C
ucnonbs3oBanueM GalnP/GaAs/Ge TpexmepexoaHbIX COJHEYHBIX 3JIEMEHTOB. MOIylb COCTOUT W3
4yeTbIpex JTUHEHHbIX JuH3 DpeHens c¢ ontuyeckoi 3¢ dekTuBHOCTHIO OT 82 10 84 %, KOTOpBIE
BBIIIOJIHEHB! U3 CHUJIMKOHOBOTO IOJMMEpPA HA yIAapOIPOYHOM paJHallMOHHO-CTOMKOM, 3allUIlaro-
meM ot BozneiicTBusa Y@ uznyuenus, crekne ToamuHon 200 mxm. ColaHEeYHbIE 3JIEMEHTBI, IpeHa-
3HA4YCHHBIC JUISI MCIIOJIb30BAaHMS B JIMHEHKaX (OTONpHEMHUKOB, nMenH 3ddekTuBHOCTS OT 23 10
24 % (mpu AMO, 25°C) npu reoMeTpUYECKON KOHIIEHTPALMU COJTHEUHOTO M3NyueHus 6 — 9 kpar.
Kopnyc monyns usroraBnupaics u3 nepopupoBaHHOIO MaTepuana ToamuHon 0,5 MM, MeTaiu-
3UPOBAHHOTO MEIBIO.

B onucaHHOI KOHCTPYKIIMU KOHLEHTPATOPHOTO MOJYJIs MPUEMIIEMbIN YTroJl pa3opueHTaLHH,
IIPpU KOTOPOM TapaHTHPYETCs MoTepss MOUIHOCTH He Oosiee 10 % OT HOMMHAJIBHOIO 3HAYEHUs, CO-
craBysger +1°. [IpumeHeHne TONOIHUTEILHOW BTOPUYHON ONTUKHU B BHUJE MONYLUIMHAPUYECKUX
CTEKJISTHHBIX JIMH3, YCTAaHABIMBAEMBIX Ha (DOTONPUEMHYIO TOBEpXHOCTH CO, MO3BOJSET YIYyUIIUTh
IIPUEMJIEMBIN yrojl pa3opUeHTaluH 10 +2° BOKPYT OCH, NMapajuleIbHON MUKpONpU3MaM JUHEHHON
JH3bI OpeHens.

ITpoBeneHHBIN aHAJIN3 TEXHUYECKUX PEIICHUH PAaCCMOTPEHHBIX BBILIE aHAJIOrOB KOHLEHTpa-
TOPHBIX MOJYJIeH MOKa3aj, 4TO KOHIEHTpaTopHbIii Moayns Tumna Rigid-panel STRETCHED LENS
ARRAY (SLA) Ha kapkace THIla «KapTHHa B pame», onucaHHbli B [7], 1 SLA TexHoi0rUA C npu-
CYLIMMH €Ml MpeuMyIeCTBAMHU MO3BOJIAIOT CYIIECTBEHHO YMEHBIIUTh Maccy U PeajbHO YMEHBIIUTD
croumocTh bC 1o cpaBHEHUIO ¢ OOBIYHBIMU TJIAHAPHBIMU HE KOHILIEHTPATOPHBIMH (POTOBOJIbTAUYE-
ckumu Oatapesimu (Tadi. 3).

ITo OTHOWIEHUIO K CTPATETMYECKUM BBI30BAM B OTEUECTBEHHBIX KOCMMUYECKHX TEXHOJIOTHSX
npeajaraéMble B JaHHON pa0oTe HOBbIE MOJAXOABI MO CO3/IaHUI0 KOHIIEHTPATOPHBIX COJHEYHBIX
MOJYJIEN SIBJISIFOTCS 110 CBOEH CYTH MHHOBALIMOHHBIMU M MO3BOJISIFOT B OTHOCUTENIBHO CXKaTbIE CPO-
KM pa3paboTaTh JOCTYNHbIE U HAJAEKHBIE CIIOCOOBI M3rOTOBJIEHUS BBICOKOI((PEKTUBHBIX SKOHO-
MHUYHBIX KOHIIEHTPATOPHBIX COJIHEYHBIX OaTapell KOCMHUYECKOro Ha3HAa4eHHs, HE YCTYMAIOIIUX
JYYIIMM MHUPOBBIM aHAJIOTaM.

Pa3paboTtka Gazupyercs Ha CIETYIONMX OCHOBHBIX MOJOKEHUAX U UICSX:

1. B ycrnoBusix KkocMoca B KauecTBE KOHIIEHTPATOPOB COJIHEYHOT'O M3JIy4eHHUs HaumOoJsee mep-
CIIEKTUBHBIM SBIISICTCS MIPUMEHEHHE JTMHEHHBIX JUH3 PpeHens ¢ KpaTHOCThIO KOHIIEHTpaluu (6 —
10). OTo no3BossieT obecrneynBaTh OTHOCUTENLHO TOYHOE cliekeHne 3a COJHIIEM TOJIBKO BOKpPYT
OJTHON OCH, MapajuleIbHON MUKPOIIpU3MaM JIMHEHHBIX JTUH3 PpeHens, 1 He TpeOyeT crennanbHbIX
JIOTIOJTHUTENBHBIX CPEICTB OXJIAXK/IEHUSI COJTHEUHBIX 251eMeHToB B BC.

2. BrinosHeHHe NPEeU3HOHHOTO MPETOMIISIONIEro MPoduiIs TUIOCKUX JTUHEWHBIX JHH3 PpeHe-
7 U3 MPO3PAavyHOro CHIIMKOHA HA PaIMallMOHHOCTOMKHUX CTEKIJIaX C AaHTUOTPAXKAIOIIUMH MOKPHITHS-
MU, 3alUINAIOIIMMY JIMH3bI OT BO3JIEHCTBUS YIbTPa(pHOIETOBOIO U3IIyUEHHUS.

3. IlpumeneHune 6e3aAre3UBHBIX ATIOMHUHUH-TIOIUUMUTHBIX THOKUX JIAKO(MOJIBIrOBBIX JUAJIEK-
TPHUKOB M HCIIOIb30BAHME CAMBIX COBPEMEHHBIX MHOTOIEPEXOIHBIX BhICOKOI(dekTHBHbIX A BY
COJIHEYHBIX AJIEMEHTOB OTKPBIBAIOT BO3MOXHOCTb CO3JIaHUS TPEXMEPHBIX TMOKO-KECTKMX KOHIICH-
TPAaTOPHBIX NMPHUEMHHUKOB, YIOBIECTBOPSIOMINX BHICOKMM TPEOOBAaHUSAM K MaccorabapuTHBIM Xapak-
TEPUCTHKAM, HAIPSDKEHUSIM Mpo0os, 00beMy, KOMIIOHOBKE M TEXHOJIOTMU COOPKH COJHEUHBIX
MoJTyJiei u 6aTapeii Ha UX OCHOBE.
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Tabnuma 3

Tun xapkaca

Tuno-
npeacrasutenu bC

DHEepreTUYECKUe U TEXHHUYCCKUE IMapaMeT-
po1 Ha Hayano CAC, AMO, 25°C

CreneHn
KOHIIEH-
Tpamnuu

VY nens-
Has
MOIII-
HOCTBH
110
IUIOIIa-
I,
Br/Mm?

Y nenp-
HBINA
BEC,

KT/M°

IIpuem-
JIEMBII
yromn
pazopu-
SHTaIluN

VY nens-
Has CTOHU-
MOCTB
BC,
K€/m?

Konmnentpartopusie bC ¢
TUIOCKUMU KOHIICHTPATO-
paMu KeJIOOKOBOTO THIIA

Low-Concentration
Ratio (LCR) CILA,
1990r.

x(2,5+3,0
)

~350

>4

~90+100

Konunentpatopusie bC € nuazamu

®penens

YraecoromniaacTu-
KOBBII KapKac

Solar Concentra-
tion Array with Re-
fractive Linear EI-
ement Tethnology
(SCARLET)
CIIA, 1998r.

x8

~200

>3,0

+2°

~60+70

VYrnecoromiactu-
KOBBIU KapKac

Rigid panel
Stretched Lens Ar-
ray (SLA)

CIIA, 2004r.

x8

~300

+2°

~50+60

Kapkac
«KapTUHA B pame»

Rigid panel
Stretched Lens Ar-
ray (SLA)

CIIA,

2006 — 2010 .

x8

~300

+2°

~60+70

OOBeMHBIH KapKac

KonuenrtpaTopHsliit
TECTOBBLIM COTHEU-
HBII MOJyJb Ha
JIMHEMHBIX JIMH3aX
®peHens u Tpex-
nepexoaHsix GaAs
COJTHEYHBIX dJIe-
menTax, ®TU
uM.A.®. Uodde,
Poccus, 2005r.

x8

~280

+2°

OOBbeMHBIIH
YIJIETUIaCTUKOBBIN
Kapkac

Makert ¢pparmenTa
manenu bC ¢ nu-
HEWHBIMH
JIMH30BBIMU KOH-
IEHTpaTOpaMu
COJIHEYHOTO U3JTy-
yenus, ®TU
uM.A.®. Uodde,
Poccus, 2012 1.

x(8+10)

~300

+2°

O0OBEMHBIHI
YTIIEeTUIACTHKOBBIN
KapKac

Hosoe TexHnye-
CKOE pelIeHne
KOHIIEHTPATOPHOTO
MOy B 00BEM-
HOM Kapkace,
Ykpanna, 2012r.

x8

~310

~1,8/2,3

+3,5°

~40+50

VriIecoTomacTUKOBBIM

KapKac

CoBpeMeHHbIe
ruranapHsie bC Ha
TPEXIEPEXOTHBIX
GaAS comHEeYHbBIX
JJIEMEHTaX

¢ KIIA = 30%

x1

~360

~2,5+2,8

~100+11

ISSN 0485-8972 Paouomexnuka. 2015. Buin. 180

13




4. Pa3paboTka BBICOKOTEXHOJOTHUHBIX OOJETYeHHBIX OOBEMHBIX YIJIETJIACTUKOBBIX KECTKUX
ro()pvpOBaHHBIX KapKACOB U HeCcymMX KOHCTpyKLuil BC, koTopele obecrieyar coXxpaHeHHE B LIEIOM
pacripesielIeHHOTO XapaKkTepa MpeoOdpa3oBaHMs COJHEYHOTO M3IY4YEHHUS U TEII00OMeHa (Kak B CHUC-
TeMax 0e3 KOHLIEHTPUPOBAHHOTO U3IY4YEHUS).

5. Pazpabotka aBromaruszupoBaHHoi «Chip on flex» (COF) texHomorun cOOpKU COJTHEUHBIX
MOJyJiell Ha OCHOBE YJIbTPa3BYKOBOW CBAPKU 00ECHEUUT BO3MOKHOCTb IOBBILIEHUS HAZEKHOCTH U
CHIDKEHHSI TPYAOEMKOCTH MX M3TOTOBJICHHUS 32 CUET MOJHOTO MCKIIIOYEHHS MPOBOJIOYHOW KOMMY-
TalMK U YIPOILEHHUs COOPOUYHBIX MTPOLIECCOB.

6. Pa3paboTka KOHCTPYKLIMH THOKO-)KECTKUX COJHEYHBIX NPUEMHHMKOB Ha alOMUHHIA-
MOJUMMUIHBIX HOCUTENSIX M YIVICIUIACTUKOBBIX TEIUIOMPOBOJHBIX ILIATAX, KOTOPBIE BBITOJIHAIOT
OJTHOBPEMEHHO (PYHKIUU THOKOI OCHOBBI, KPETIEKHOTO JIEMEHTA, KOMMYTUPYIOIIEH IUIaThl C KOH-
TAKTHBIMU IJIOLIAJIKAMU C aHTUKOPPU3OHHBIMU HOKPBITUAMH, d3PPEKTUBHOTO TEIUIOOTBOJIA, A TaK-
’&Ke 00ecIeunBaoT BHICOKYIO CTOHKOCTh K BO3JICHCTBHIO MEXaHMYECKHX HArpy30K U yMEHBIICHHE
nedopmaruii, BbI3bIBAEMBIX [IUKINYECKUMHU U3MEHEHUSIMH TeMIIepaTyphbl.

WunoBanmonHas momHocTeio amomuaueBas «Chip on flex» TexHoOmorus cOOPKH COTHEUHBIX
IIPUEMHUKOB HMMEET P HEOCIOPUMBIX HPEUMYIIECTB, KOTOPbIE MOTYT OBbITh HPHUMEHEHbI Kak
MepeOBbIe KOMIIOHEHTHl KPUTUYHBIX TEXHOJIOTHH KOCMHYECKOTO HAa3HAYCHUs. DTa TEXHOJIOTHUS
MIO3BOJISIET 00ECIEUUTh YBEJIMYEHUE IUIOTHOCTH MOHTaXXa, MOBBIIIEHUE HAIEKHOCTH M CHUXKCHHE
TPYAOEMKOCTH MPOIIECCOB 32 CUET MOJIHOTO UCKITFOYEHHUS IPOBOJIOYHON KOMMYTAIIMHU, YMEHBIIICHHE
rabapuTHBIX pa3MepoB U 00beMa COOPOYHBIX Y3JI0B, TPEXMEPHYIO KOMIIOHOBKY, MHUHMMHU3ALIUIO
Macchl M3/IeHHA, MUHUMHU3AIUI0 €MKOCTHBIX XapaKTePUCTHK, YBEIMYCHUE PaJUAIIIOHHONW CTOHKO-
ctu [9].

Jlnis SKCIIepUMEHTANBHBIX M (U3UYECKUX HCCIEIOBAHUN ObUIM pa3pabOTaHbl U M3TOTOBJICHBI
JeWCTBYIOIME MaKeTHbIEe 00pa3iibl (puc. 3) IpOTOTHNA KOHLIEHTpaTopHOro Mmoayis bC, Tak Ha3bl-
BaeMble TecToBble CTPYKTYphl kauecTBa (TCK) [10].

Puc. 3. TecroBasi CTpyKTypa KauyecTBa KOHIICHTPATOPHOI'O MOYJIS
Ha JIMHEWHBIX JuH3ax Openens

O6pasubr TCK comepkanu ToGpUpOBaHHBIM KECTKUM YTIICTUIACTUKOBBIM KapKac ¢ TOHKUM
YIJIETUIACTUKOBBIM TEIJIONPOBOJHBIM OCHOBAHMEM-PAaJaTOPOM, JIMHEHHBIE CUIMKOHOBBIE JIMH3BI
Openenst, nepxarenu A QUKCAUU IUIOCKUX JUH3 DpeHens, BbICOKOA(h(HEKTUBHbIE MHOTONIEpE-
XOJHBIE COJIHEYHBIE JJIEMEHTHI C PaJMALMOHHO CTOMKMMHM 3allMTHBIMU HOKPBITHSAMH, JTUHEUKU
MPUEMHHUKOB COJHEYHOTO M3JIY4YEeHHsI C 3alIUTON OT BO3JEHCTBUS KOCMUYECKOW IJIa3Mbl, BTOPHY-
HBbIE ONTHYECKUE AJIEMEHTHI B BUJE IUIOCKMX (DOKIMHOB. B mpueMHHMKAax KOHIIEHTPHUPOBAHHOTO
conHeuHoro uznydenuss TCK Obuin Mcnoiab30BaHbl BRICOKOA((EKTUBHBIE TPEXMEPEXOIHBIE apce-
nug-rauueBsie CO ¢ KIIJ 25 % u CO ¢ KIIJ 28 %, xoTopble ObUTH M3TOTOBIEHBI KOMIAHHEH
CESI (Munan, Utamus) [11].
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Kak Obl10 cKa3aHO BbIlIe, HanOoJiee MEPCIEKTUBHBIM BHJOM ONTHYECKHX KOHIIEHTPAaTOPOB
U1 KOCMUYECKHX (POTOIEKTPUUECKUX MOJIYJEeH SBISAIOTCS JMHEHHbIEe JUH3bl DpeHens manon
Macchl U3 CUJIMKOHOBBIX MTOJIMMEPOB. BBI3BaHO ATO BBIJAIOLUIMMUCS CBONCTBAMHU CUIMKOHOBBIX I10-
numepos [12]:

- HEUTpalbHbIE CUJIIMKOHOBBIE MOJIMMEPHI IPU MOJIMMEPU3ALUU HE BBIACIAIOT arpecCUBHBIE
BEIIIECTBA,;

- CWJIMKOHOBBIE MOJIMMEPHI CIOCOOHBI MPOJAOIDKUTEIBHO padOTaTh B CAaMOM IIMPOKOM JIHara-
30He Temneparyp (crangaptao ot -45°C 1o +200°C, a B HekoTopsIx ciydasx ot -80 °C go +300°C;

- CUJIMKOHOBBIE TOJMMEPHI 00JIaJal0T XOPOLIEH aare3sueil, KoTopas OCHOBaHA HA UX XUMHUYe-
CKHUX CBOWCTBAaXx,

- CWJIMKOHBI 3aHUMAIOT JIMUPYIOIIUE TIO3ULUU B OTHOILICHUH 00€CTIeUeHUs HIIEKTPOU3OIISLINH,
a Takxke o0JIaZjaloT XOPOIIMMHU JUAJIEKTPUYECKUMHU 10KA3aTeNIIMU, HE 3aBUCSIIUMH OT BHELIHUX
YCIJIOBUA;

- OTHOCHUTENIbHOE YJUIMHEHHuE (CKaThe) CHIMKOHOBBIX mnosmmepoB pocturaer 700 %. 3Oto
MIO3BOJISIET C JIETKOCTBIO MOTJIOWATh (AeMnpupoBaTh) yaapsl U BuOpanuu. [1o3TOMy CUIMKOHBI HE
JIOIYCKalOT OTPbIBa KOMIIOHEHTOB, Je(opMalvy, pa3pylIeHus KOHCTPYKLUUU IpU OONBIINX KOJIH-
4YecTBaX TEPMOLMKIOB B IIMPOKOM JMalla30HE BO3AEMCTBHSI OTPULATEIBHBIX M MOJOXKUTEIbHBIX
3HA4eHUH TeMIIepaTyphl;

- OOJIBIIMHCTBO MIMPOKO MPUMEHSEMBIX OJIMMEPHBIX a/Ir€3MBOB 00JIaAal0T MPOYHOCTHIO 10 —
20 kre/ em?. CHIMKOHOBBIE XK€ MOJUMEPBI UMEIOT MPOYHOCTH 25 — 30 kre/em?, a HEKOTOpbIe Oosee
70 kre /eM.

Tem He MeHee, pa3pabOTKa KOHCTPYKLIMHU, BHIOOP MaTepHalioB U CO3/1aHUE TE€XHOJIOTUU HU3rO-
TOBJICHUSI MAaTPUIbI 111 (HOPMHUPOBAHUS MOJMMEPHBIX CHIIMKOHOBBIX JMHEWHBIX JUH3 DpeHens, a
TaKXke pa3paboTKa TEXHOJOTHMH U3rOTOBJICHUS CUIMKOHOBBIX JIMH3 DpeHens u co3gaHue crnocodoB
UX 3alUThl OT BO3/EHCTBHS aTOMApHOTO KHUCIOPO/Aa U BaKyyMHOTrO yibTpaduosiera sBISIOTCS O1-
HUMH U3 CaMbIX CIIOXKHBIX MPOOJIEM B KOCMHYECKOM KOHIIEHTPAaTOPHOM TeXHUKE. B cBOlO ouepens,
pelieHre 3TUX MpoOJeM SBISIETCS U CaMbIM MTPOJOJIKUTENBHBIM 3TallOM padOThl, KOTOPBIN TpeOyeT
JIOTIOJTHATEIBHBIX HAYKOEMKHUX UCCIIEI0BAaHUI U UCIIBITAHUM.

[ToaToMy ¢ LienbI0 IPOBEPKU U MOATBEPHKACHUS NMPABUIBLHOCTH BBIOPAHHBIX KOHCTPYKTHBHO-
TEXHOJIOTHYECKUX pPEIIeHUI U MaTepraioB MakeTHbIH 00pa3ell KoHIeHTpaTopHoro Moayist bC 6bu1
MOJIBEPTHYT BO3JIEHCTBUSAM MEXAHUYECKMX HArpy3oK U IUKIMYECKOTO U3MEHEHMs TEMIEPaTyphl, B
TOM 4YHCle KBazuctarudeckuM mnomepeuHsiM (109) u mpononsHbM (15Q) meperpyskam, a Takxe
TEMIIEPATYPHBIM meperpyskam B auanasone ot —170°C mo +150°C. o u mocse uCnbITaHuii mpoBo-
JWICS BU3YaJIbHBIM KOHTPosIb MO M KOHTPOJIb 3IEKTPUYECKUX NTAPAMETPOB JIECHCTBYIOIIMX JIEMOH-
CTpaTOPOB IMPUEMHHUKOB COJIHEYHOro H3iydeHus. Kaxaplii (oTOnpHeMHHMK BKIIIOYAJl JBa Mapaji-
nensHO coeauHeHHBIX DI Ha ocHOBE TpeXMepexoaHBIX apCeHU-TATUEBBIX (poTompeodpasoBare-
nen ¢ pazmepamu 5x40x0,16mm.

N3mepenust pOTOINEKTPHUUECKUX MAapaMEeTPOB JACHCTBYIOIUX MPUEMHHKOB MPOBOIMIN KaK Ha
MMUTATOPE COJHEYHOTO M3JIyYEHHS, MOIIHOCTbh U CHEKTP KOTOPOTO COOTBETCTBYIOT YCIOBHUSM B
OKOJIO3€EMHOM KocMuueckoM npoctpanctse AMO (1367 BT/MZ), TaK U B HaTYPHBIX YCJIOBUSAX IPHU
COJIHEYHOM M3JIy4YE€HUU B SCHBIM JI€Hb HA BO3JyX€ JUIsI CYMMAapHOM MaJaroIel MOIIHOCTH
~850 Br/m”,

VY aenbHas MOIIHOCTH (DOTONMPHUEMHHUKOB C TIEPBUYHOM M BTOPUYHOM ONTHUKOW B MOJIYJE, MpU
U3MEPEeHUHU (POTODIIEKTPUIECKUX XAPAKTEPUCTUK B HATYPHBIX YCIOBHMAX (CyMMapHBIH MOTOK COJI-
HeyHoro m3iydenun ~850 Br/M?) cocrasmna 168 Br/m?. [pu oreHoYHOM mepecdere > eKTHBHO-
ctu Ha ycnoBus AMO (1367 Br/M? conHeuHOro U3ITy4eHUs1) yIellbHas 3JeKTpUUecKas MOIIIHOCTh B
KOHILIEHTPAaTOPHOM MOJYJI€ cocTaBuia He MeHee 270 Br/M?,

Crnenyer Takxe OTMETUTb, YTO 0Opa3libl U3TOTOBIEHHBIX JAEMOHCTPATOPOB NIPHUEMHHUKOB COJI-
HEYHOI'0 U31y4eHus B coctaBe MO HcnbITaHUS HA BO3/EHCTBUE LIMKIMYECKOTO U3MEHEHUS TEMIIE-
patypsl ¢ MOCIENYIOIUM BO3IECHCTBHEM KBAa3HCTATHUECKUX HArpy3ok (20Q) m CHHYyCOMAAIbHBIX
BuOpanuii (20g) ycnemHo Beiaepxanu. [lpu sToM n3menenus BHemHero Buga MO He mpoucxoau-
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710, IPU3HAKOB KpUTepHs oTkaza CO He OTMEUeHO, MOMyTHeHus TuH3 DpeHens He HabMOJaI0TCs,
HaJINYMS JeTpajaliy B Y 3-COeIMHEHMX M0C/Ie UCTIBITAHUN HE YCTaHOBJICHO.

Ha ocHoBe aHanu3a MoJly4eHHBIX pe3y/ibTaTOB MCIBITAHUI MOXKHO CIEJIaTh BBIBOJ O TOM, YTO
IIPEUI0KEHHBIE HOBBIE MOAXO/bl K IPOCKTUPOBAHNIO MAKETHBIX 00pa3[0B KOHLIEHTPATOPHBIX COJI-
HEYHBIX MOJYJEW Ha OCHOBE OOBEMHBIX YTJICTIACTUKOBBIX KapKacoB M TEXHOJOTMU UX COOPKH
obecreynBar0T HEOOXOUMBbIE JIEKTPUUYECKHUE XAPAKTEPUCTUKHU NTPUEMHUKOB COJIHEYHOI'O U3JIyde-
uus. [{na yenosuit AMO npu T=25°C Ha Ha4yano cpoka akTHBHOTO CYIIECTBOBAHUS pa3pabOTaHHBIN
MOJIy/Th MMEET CIIeyIOIIie XapaKTEePHCTHK]: yAeNbHEIA Bec Kapkaca — 0,62 Kkr/m%; ONeHOUHbIH
yAeJbHBIA BeC MOAYS <2,2 Kr/M%; OLICHOYHAS ylenpHas MOIIHOCTH 1O Macce >120 BT1/kr; oneHod-
Hasl yJieJIbHasi MOITHOCTH 110 Ttomaaun >270 Br/M°.

OpnHako pa3paboTaHHass KOHCTPYKIMS MaTPHUIbI AJis JTHH3 PpeHens U3 KpeMHUHOPraHUIecKOo-
ro komnaynaa Elastosil S 690 ne no3Bonmia odecreuuTs TpedyeMoe KauecTBO MPH H3TOTOBICHUH
TUHEWHBIX TUH3 Dpenens ¢ ontudeckoit ¢ pexTuBHOCTHIO Ooee 80 %.

Jlnis moy4eHus: BBICOKOW onTudeckoil 3(h(hekTuBHOCTH JIMHEHHBIX JIuH3 DpeHens KpoMe BbI-
COKHMX TpeOOBaHUH K ONTHYECKON NMPO3PAYHOCTU MaTepuasa JIMH3 MPeIbIBISIOTCS KECTKUE TpeOo-
BaHUS K Ka4eCTBY MOBEPXHOCTEH CPOPMUPOBAHHBIX JIMH3 U KOH(UTYpALIUHU 3JIEMEHTOB TOMOJIOIHU
nuH3 OpeHens, a caeoBaTelbHO, U K (hopmMooOpa3zyromieit Mmatpuie st a3 Openens. 3agaue
JambHEUIIero NpoBeIeHUs UCCIIE0BAaHUM SBIISETCS CO3/1aHUE TAaKOro CII0C00a U3rOTOBJICHMS JINH3
@penenst 151 KOHIEHTPATOPHBIX (POTOINEKTPHUECKUX MOJYJIEH, KOTOPBI 00eCTIeYBaeT yaydIlle-
HUe ux ontudeckoil agpdextruBHOCTH 10 90 % U OAHOBPEMEHHO MO3BOJISET CHU3UThH UX Maccy. BbI-
MOJTHUTD TTOCTABIICHHYIO 3a/1a4y MO pa3paboTKe U M3TOTOBICHUIO MATPHUIIBI IS BBICOKOA((HEKTHB-
HBIX KOMITIO3UTHBIX JIUH3 DpeHelns B YIemIacTUKOBOM paMKe U ¢ 3alIUTHBIM CTEKJIOM JI0CTaTOYHO
CJIO’)KHO, OJTHAKO TOJIBKO B 3TOM CIIydae BO3MOXHO JOCTH)KEHHE HEOOXOIMMBIX MapaMeTpOB KOH-
LEHTPATOPHBIX COJIHEYHBIX MOJAYJIEH Ha ypOBHE JIyULIMX MUPOBBIX JOCTHXEHUH (Tab:i. 4). Ilpuse-
JieHa CpaBHUTEJbHAs OLIEHKAa OCHOBHBIX TEXHHKO-3KOHOMHYECKHMX I1OKa3aTeJel MpeaiokKeHHOro
KOHIICHTPaTOPHOTO0 MOJyJNsl ¢ ny4mM MupoBeiM aHanmorom (Rigid-panel Stretched Lens Array
(SLA) (Entech Inc., CIIA, 2006 — 2010 rr).

Tabmuma 4
3HaueHue CpaBHeHMe 3HaueHue
TeXHUKO-3KOHOMUYECKHUH MoKa3aTesb napameTpa C aHAJIOTOM napamerpa
pa3pabotku | Beime| = Huxe aHajora
1. Cpok aktuBHoro cymectsoBanus (CAC), ner 15 4] 15
2. YaenpHas MOIIHOCTH I10 TIIOIA/IH HA HAYAII0
ACTRHET MOTT e 290-310 | @ 280 - 300
CAC, Bt/m
3. YnensHbI# Bec (0e3 pediekTopos/c pediekro-
peHli pec (03 pedektopo/c ped 18123 & ~18
pamu), Kr/M
4. IlpuemiieMbIil yToJ pa3opueHTAITNH, TPaI. +3,5 M +2,0
5. CreneHp KOHIEHTPAIMH, KpaT 8 M 8-10
2
6. Y nenpHas cTOUMOCTb, KE/M 40 -50 M ~60,0

s moATBEpKACHUST OXKUAAEMBIX MapaMeTpOB HMHHOBAIMOHHON KoHIeHTpaTopHOil BC Ha
CHJIMKOHOBBIX JINHEHHBIX JTMH3aX Dpenens B 00beMHOM ro()pHPOBAHHOM YTJICTIIIACTUKOBOM KapKa-
ce HeoOXO0AMMO JJasIbHEiIIee KOMIUIEKCHOE MTPOBEACHUE CIIeIYIOIMX HHHOBAIMOHHBIX pa3padoToK:

- ICCIJICJIOBAHUs, BBIOOp MaTeprasoB, pa3paboTka KOHCTPYKIIMHM U CIIOCO0a N3TOTOBJICHHS MaT-
PUIBL TSI JOPMUPOBAHUS MUKPOTEOMETPUH TIOBEPXHOCTH CUIMKOHOBBIX TMHEHHBIX JIMH3 DpeHens
¢ ko3 punrentom koHneHTpauu 8 — 10 kpart;

- UCCIIeZIOBaHUS U pa3paboTKa CIIOCOOOB U3TOTOBICHHSI KOMIIO3UTHON KOHIIEHTPATOPHOM TI10-
CKOM CHMJIMKOHOBOW JIMH30BOW MaHEIW B YIJIEMJIACTUKOBOW paMKeE, MOKPHITOM 3alIUTHBIM CTEKJIOM
OT BO3JICUCTBUS BPEAHBIX (PaKTOPOB KOCMUYECKOTO MPOCTPAHCTBA C ONTUYECKON 3PPEKTUBHOCTHIO
ooitee 1o 90 %;
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- pa3paboTKa KOHCTPYKIIMH U TEXHOJIOTMH U3TOTOBJICHHS BTOPHUYHBIX ONTUYECKUX AIEMEHTOB
TUIA «JIOCKUHN (HOKIMH» HA OCHOBE HOBOT'O TMOKOJIEHHS CBETOOTPAXKAIOIIMX MaTepHUajoB C MHTeE-
rpajgbHBIM KOA(P(OUIIMEHTOM OTPAXKCHHSI COTHEUHOTO M3JIy4eHHUs He MeHee 95 % aiis mpHueMHHUKOB
KOHIEHTPUPOBAHHOTO COJIHEYHOI'O M3JIY4YECHUS TO3BOJSIOIMX OO0ECIeUUuTh MPUEMIIEMBI Yo
pasopueHTanuu He MeHee +3,5°;

- pa3paborka mHHOBanuoHHO# “Chip-on-flex” TexHomorum cOOPKU MPUEMHHUKOB KOHIICHTPH-
POBAHHOTO COJHEYHOTO W3ITy4eHUS HA AIFOMHUHHA-TIOJIMAMUTHBIX HOCUTEISX W TPEXIIEPEXOTHBIX
BBICOKOA()(DEKTUBHBIX apCEHUI-TAIUITUEBBIX COJHEYHBIX 3JIEMEHTAaX C MHTETPUPOBAHHBIMU 3alUT-
HbiMu auojaamu ¢ KITJT 1o 30 %;

- pa3palboTKa KOHCTPYKIMHM apCEeHUI-TAUIMEBBIX MPUEMHHUKOB COJHEYHOIO H3JIY4YeHHS Ha
ATFOMUHHUA-TTOJIMUMUTHBIX HOCHUTEJISX, BBIMOJHSIOMUX OJHOBPEMEHHO (DYHKIIUU THOKOW OCHOBBI,
KpEMNeKHOT0 AJIEMEHTa, KOMMYTUPYIOLIEH miaTel, U 3¢ (HEeKTUBHOTO TEIIOOTBOAA (TEIIOBOE COMPO-
TUBJICHUE MEXIY THUIBHBIM KOHTAKTOM COJTHEUHOTO JJIEMEHTA M YIJICTUIACTUKOBOU MOJJIOKKON He
oonee 15°C /Br);

- HCCleloBaHMEe M pa3padOTKa TEXHOJIOTWH aBTOMATU3MPOBAHHOW YIbTPa3BYKOBOW CBapKu
UOKHX TJIOCKHUX BBIBOJIOB U3 aTIOMUHUEBOUN (POJIBIH ¢ aHTUKOPPO3MOHHBIMU TOKPHITHIMH K (PpPOH-
TaJbHBIM U THUIbHBIM KOHTAKTaM apCEHU/I-TAITTMEBBIX COJTHEUHBIX AJIEMEHTOB;

- WCCJICOBAaHUE M Pa3pabOTKa TEXHOJIOTHH I'ePMETHU3AIMH COTHEUHBIX JJIEMEHTOB M MEX)JIe-
MEHTHBIX COSMHEHU OT BO3JICHCTBUS KOCMUYECKOH TLIa3MBbl;

- pa3paboTKa KOHCTPYKIIMHU M TEXHOJIOTUU HM3TOTOBJICHUS CBEPXJIETKOTO BBICOKOTEXHOJOTHY-
HOTO YTJICIUIACTUKOBOTO TOPUPOBAHHOTO 00BEMHOT0 Kapkaca ¢ yaeiabHbiM Becom 0,6 — 0,8 Kr/M.

3akjaueHue

OcHOBHOM 3ajadell BBIIOJIHEHHOW paboThl SABJSUIOCH NMPOBEICHHME AaHAIN3a CYILECTBYIOLIMX
KOHILEHTPAaTOPHBIX MOJyJIed M pa3pabOTKa HOBBIX MOJIXOJOB IO CO3/IaHUI0 SKOHOMHUYHBIX, KOM-
MEpYEeCKH NpUBJIEKAaTeIbHbIX, BBICOKO3(D(PEKTUBHBIX paJUallMOHHO-CTOMKUX KOHLEHTPATOPHBIX
Oarapeil KOCMUYECKOI0 Ha3HAUY€HHUsI Ha OCHOBE CHJIMKOHOBBIX KOHIIEHTPUPYIOLIUX JIMHEHHBIX JTHH3
@peHensi, CIOCOOHBIX 3alIUTUTh COJHEYHBIE AJIEMEHTHI OaTapell OT BO3JEWCTBUS TEXHOTCHHOTO
KOCMHYECKOT0 MyCOpa U MUKPOMETEOPUTOB, a TakKe 00JErYeHHbIX KOHCTPYKIMI HECYIIMX KapKa-
COB MOAYJIEHW ¢ IPUMEHEHHEM HEAOPOTUX U IMIUPOKO UCHOJIB3YEMBIX MaTEpHAIIOB.

1. B pe3ynbTare BbINOIHEHHS pabOThl ObUI CO3aH U MCCIEA0BAaH MaKETHBIM oOpa3er] MOAYIs
kopoTkodokycHoit (30 — 40 mm) koH1IeHTpaTopHOM BC, KOHCTpYKIIUS KOTOPOH MaKCUMAaJIbHO MPH-
OnmKeHa K TPaJAMIMOHHBIM CXEMaM pa3BEepPThIBAHMS U KOHCTPYKLMOHHBIM IapaMeTpaM CYyILECT-
BYIOIIMX IUIaHapHBIX KocMudeckux BC u koTopas obecrieunBaeT BO3MOKHOCTh X MPUMEHEHUS B
COCTaBE CYIIECTBYIOIINX U NEPCIEKTUBHBIX KA HOBOTO NOKOJICHHUS.

2. Ilomyyen nareHT YKpauHbI Ha moJie3Hyro monens [10].

3. BrimonHenHas paboTta TMo3BoiMAa O0ECIEUYHUTH: BBICOKYIO CTAa0MIBHOCTH (PU3UKO-
MEXaHMUYECKUX XapaKTePUCTUK OOBEMHOr0 YINIEIUIaCTHKOBOro kapkaca bC, moBbleHne
MoKa3aTeyiel ero MeXaHWYeCKOW MPOYHOCTH U IKECTKOCTH, YyMeHbllleHue nedopmanuii u
MUHHMM3ALMIO TPOruda maxenei colHeuHol Oaraper BhI3BIBAEMBIX HUKIMUYECKUMHU W3MEHEHUSIMU
TEMIIEpaTyphl, yBEIWYEHHE MPUEMIIEMOro yIjla Pa30opUEHTAllMM COJHEUHOH Oarapeu, CHUKEHHE
Jerpajlalliid  2JIEKTPUYECKUX XApAaKTEPUCTUK M IOBBIIEHHE HAJAEKHOCTH B OKCIUIyaTalluH,
VIPOIIEHWE TEXHOJOTMH COOPKH COJHEYHBIX KOHILIEHTPATOPHBIX MOIyled u Oarapeil, CHUKEHHE
IIOKa3aTeyell yIAEIbHOIO Beca U YICJIBHONM CTOMMOCTH, IIOBBIIIEHUE BBIXOJHOW YAEIbHOM
MOIIIHOCTH.

4. Pa3paboTaHHBIM MakeT KOHIEHTpaTopHoro moxyns mis yciaoBuit AMO mpu T=25°C na
Hayajl0o CpoKa AaKTUBHOIO CYLIECTBOBAHMS IIOKa3ajl CIEAYIOLIUE YAENbHbIE XapaKTepUCTUKHU:
yaenpHBIA Bec Kapkaca — 0,62 KF/MZ; OIICHOYHBIN YyJeNbHBIM Bec Moayns <2,2 KF/MZ; OIICHOYHAS
yAenbHast ZMOH_[HOCTB mo wmacce >120 Bt/kr; oreHouHas yjenpHas MOIIHOCTh I10 TUIOMIATH
>270 Bt/m".
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5. IlonTBepXk/AeHbl MPEUMYIIECTBa KOHIIEHTPATOPHBIX COJMHEYHBIX Oarapel Mo CpaBHEHHIO C
raHapabiMi BC, B TOM dnce: HU3Kasl yJelbHas CTOUMOCTh (0oJiee ueM B /iBa pa3a); yMEHbILICHHE
IUIOIIAZM JIOPOTOCTOSIIIUX COJHEYHBIX 3JeMeHTOB Ha 85 % (Oonee yeM B mIECTh pa3); HU3Kas
yAenbHast Macca; 0ojiee BbICOKasl 3alllMIIEHHOCTh OT BO3ACHCTBUSA paJualiy.

6. JlanpHeiimume paboThl MO CHIKEHUIO YIENbHBIX dHepreTuueckux napamerpoB bC no macce
OyZAyT HarpaBlieHbl Ha pa3pabOTKy U CO3/laHHE OObEMHBIX KapKacoB U3 O0JIErYEHHBIX YIJIeNacTH-
KOBBIX KOMIIO3UTOB, KOTOPBIE€ IO3BOJIAT JOCTHYb BEIMUYMHBI BBHIXOAHON YJEJIbHONM MOLIHOCTH I10
Macce koHreHTparopHoir bC ne menee 160 — 170 Br/kr. Ilpu 3TOM KOHCTPYKIIUSI KOHIIEHTPATOP-
HbIX BC MoXeT ObITh MaKCUMAaJIbHO NPUOJIMKEHA K TPAJUIIMOHHBIM CXeMaM Pa3BepTHIBAHUS M KOH-
CTPYKLIMOHHBIM IIapaMeTpaM OOBIYHBIX IJIaHapHbIX KocMuueckux BC n mo3Boaut obecrneyuTs BO3-
MOKHOCTb UX IIPUMEHEHUS B COCTABE CYIIECTBYIOIIUX U NEPCIEKTUBHBIX KOCMUUYECKUX aIlllapaToB
LIMPOKOI'0 MPUMEHEHUS, HE TPEOYIOIUX TOUHON opreHTanuu Ha CosHile.
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