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ASSESSMENT OF PVT-TECHNOLOGY EFFICIENCY
IN COMBINED SOLAR POWER PLANTS

JIns noBbItIeHHs SHEPreTHUECKUX MOKazaTelei COTHEUHBIX 3JIEKTPOCTAHLHI MpeaTaraeTcs UCmojb3oBaTh KoMOu-
HUPOBAHHEIN TepMOGOTOINEKTPUUYECKUH LUK ¢ BHLICOKOTEMIIEPATYPHEIMU apCEHUA-TAJUTHEBLIMH COMHEYHBIMH 3Jie-
MEHTaMH M KOHLEHTPAaTOpaMH COJHEYHOTO m3iyuyeHHs. OXJIaKJICHHE TaKWX COJHEYHBIX JJIEMEHTOB OCYUIECTBIIAETCA
TEIUIOHOCHTENEM, KOTOPHIH ABNIfeTCA pabouHM TeJIoM MapoTypOHUHHOrO LUKIIA.

Hean. OnmpenenuTh KONHYECTBEHHBIE MTOKa3aTeMH 3G EeKTHBHOCTH KOMOUHUPOBAHHOTO TEPMO(OTOITEKTPHUECKOTO
UMKIa, a TaKXKe TeMIlepaTypHbIe YPOBHH CHCTEMBI, TIPH KOTOPBIX TaKHE MoKa3aTenu Oy IyT MaKCHMabHBIMH.

MeTtoanka. B ocHOBY MeTOAWKH MONOXKeHO HcchaenoBanue pyHkuuu cymmapHoro KITJI koMGHHHPOBAHHOTO IHK-
J1a, a TAKKe aHaIU3a e& MepBHIX U BTOPHIX Npou3BoAHBIX. PyHkuus cymmapHoro KITJI crpomsachk Ha OCHOBeE alNpoK-
CHMaLIMH pe3yNbTaTOB SKCHEPUMEHTABHBIX HCCIeI0BaHU apCeHUA-TA/UTHEBLIX COTHEYHBIX JIEMEHTOB C UCMOJNB30Ba-
HHeM aHATTMTHYECKHX 3aBHCHMOCTEl N TepMoIMHaMHUYeckoro nukna Penkuna.

PesyabsTaThl. [Tomydenst 3HaveHus 3¢ QeKTHBHOCTH KOMOGHHHPOBAHHEIX TePMO(POTOINEKTPHUSCKUX CTAHIMH TpH
HCMONB30BAHNM OJHOMEPEXOAHBIX M I'ETEPOCTPYKTYPHBIX CONHEYHBIX 3JIEMEHTOB. B KadyecTBe TEMIOYTHIN3YIOLIETO
IMKJ1a B TAKMX CTAaHLUAX PACCMATPHBANICA KIIACCHYECKUI NMapoTypOUHHBIIH UMK,

Hayunas HoBn3Ha. Ha ocHOBe MpHUBEAEHHO! METOAMKHU BIIEPBHIE BLIABJICHB] YPOBHU TEMIIEPATYP CUCTEMBI IPHEMaA
COJTHEYHOT'0 H3JTyHYeHUs, CIocoOHbIe 06ecneYuTh ONTHMAaNbHbIe MoKasaTeNid 3)heKTHBHOCTH KOMGHHUPOBAHHOrO Mpe-
o6pa3oBaHu1, a TaKxe HalineHsl konnuecTBeHHble 3HaueHus KI1JI Takoro npeo6pazoBaHus.

ITpakTuyeckasi 3HAYHMOCTL, IIpennaraeMelii METOR ONMpeneNeHUA ONTHUMANBHBIX MOKasatenell 3¢g¢exkTUBHOCTH
MOXeT OBITh MPUMEHEH MPU MPOEKTHPOBAHAM CUCTEM MPHEMA MEPCNEKTUBHBIX TePMOGOTOINEKTPHIECKHX CTAHLWH, a
TaloKe APYrux cucTeM nmpeobpa3oBaHns ¢ MOJOCHBIM TEIUIOBBIM LIMKIIOM.

KuaroueBble clloBa: conneunsle anemenmol, KoHyeHmpamop, napomypbunnvii yuxn, KITII, kombunuposarnnulii yuka,
mepmoghomonpeobpazoeanue, atbmepHAMUBHAS SHepemuKa

MonynbHEl NPHHLMN KOMIIEKTaUUK (bOTO3JIEKTPH-~
YecKMX NaHened mossosiseT noctpouts GBC npakTHye-

Beenenne. TIpoMbILLIEHHOE NPOU3BOLCTRO ,,CONHEY-
HOro* 3MeKTpH4ecTBa B YKpanHe MPEACTABIEHO KpeMHHe-

BBIMM COJTHEYHEIMH cTaHLMAMH. Bei6op Takoro rnipeobpaso-
BaHHs CB3aH C TEM, YTO YKpaHHa MMEET NPUMepHI co3aa-
HuA QoroanekTpudeckux craHnmii (OIC) nonnoro mmKiIa.
3anopokckuil 3aBOJ MONYMPOBOAHHKOB CHOCODEH MpOM3-
BoauTh 10 4000 TORH MOMMKPUCTAUIMIECKOTO KPEeMHHS B
TOJi, UTO MOJTHOCTEIO MOXKET YAOBIETBOPUTE MOTpeGHOCTH
COJTHEYHOM 3HEPTETHKH B 3TOM BHIE CHIPBA.

© Kupi JL.U., T'a6puneu B.A, 2013
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ckH Jo6oit MotHocTH. ITHIOTHRIN NpoeKT TakoiH cTaHLNH
6611 peanusoBan B ¢. PoxHukoBoe CuMdepononabckoro
paiioHa KpbiMa. MOUIHOCTE CTaHUMHM He TIpeBBINIANA
7,5 MBT, Ho eé HagéxHoe U Gecriepeboitioe ¢HyHKUHOHU-
pOBaHHe MO3BOJIWIIO TNEpelTH K peamu3auun Goyee Mac-
wrtaGHEIX TIPOEKTOB B 3T0i chepe. B okra6pe 2011 roxa
3aBepIIIIOCE CTpoUTenbeTBO 80-MeraBatrHoit POC B
c. OxornukoBo (Cakckuii paiion AP Kpeim). TTocne Bbi-
XOlla Ha TPOEKTHYIO MOIIHOCTb CTaHIUA IIPOU3BOJUT
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ENEKTPOTEXHIYHI KOMNNEKCU TA CUCTEMMNU

100 000 MBT-uyacoB 3IEKTPO3HEpPTHH B TOf, 4TO AOCTa-
TOYHO A1 SHeproobecneuenus 20 000 moMamHHX XO-
3sicTB. 310 0COGEHHO aKTyanmbsHO B paifoHax Kpemvckoro
HOIYOCTPOBa, THE CYIIECTBYeT ocrpas TOTPEGHOCTH B
»»UHCTOH' 37IEKTPOIHEPTHH, OCOOEHHO B JIETHHIA NEpHOA.

Bcenen 3a cranuueif B OXOTHHKOBO, B siHBape 2012
rojel Hadan GyHKUHOHUPOBATH B COCTaBe MATH OdYepe-
Jeit comHeunsldi mapk ,,Ileposo* (CuModepononsckuit
paiioH AP Kperm) MomHocTteio 100 MBT. Cornacso ot-
KpBITEIM UCTOYHHKaM ,,JlepoBo® cran kpynHeHnM neii-
CTBYIOIUMM ()OTOBNEKTPHYECKHM MAPKOM B MHpE IO MOo-
Ka3aTeNo ycTaHOBJIeHHO# MownHocTH [1]. 3a AUM creny-
eT KaHaJckas 3JekTpocTaHuus Sarnia (97 MBT), nrans-
sHckat Montalto di Castro (84,2 MBT) M Hemeukas
Finsterwalde (80,7MBT). IIpume4aTenbHo, 4TO 3aMbIKa-
eT MHpOByl mATEpKY KpynHeiimux OOC mnpoekt
,»OXOTHHKOBO®.

Ha pansom sTane pa3BUTHS MUPOBOI ¢OTOBONBTAH-
KH MCTIONB30BaHHE MOHO- M MOJMKPHUCTANIHYECKOTO
KPEMHHS B Ka4deCTBE OCHOBHI JUI COJIHEYHBIX GaTapei
cebs onpaeneiBaeT. JIaHHAA TEXHONIOTHS SBIKETCA JO-
MUHMpYIOIIEi IPH NPOH3BOACTBE CONHEYHBIX JIEMEHTOB
(C3) mns craHmui Manoff ¥ cpedHeid MOLIHOCTH H IO
TIPOTHO3aM 3KCHEPTOB OCTaHETCs TaKOBOH Ha NpoTshke-
HuH creyromux 10-15 ner [2].

OnHako nanbHeiilliee HapallHBaHHE MOILIHOCTEH 3a-
TPYAHEHO H3-33 BBICOKOH CTOMMOCTH KPEMHEBEHIX COIl-
HeuHslx Oarapeit (34 $ 3a 1BT), auskoro KIIJ] Takoro
npeoGpazosanus (okono 15%), BoiBoma w3 o6opoTa 3Ha-
YHTENBHBIX 3eMENIBHBIX TUTOMIael, a Taloke CYIIecT-
BYIOLIEH MpoGreMbl KOMMYTalMH M COTPSKEHUA 3le-
MEHTOB CHCTEMBI.

OueBHIHO, CYLIECTBYET MAKCHMANLHBIH YPOBEHb Ha-
pauBaHis MOIHOCTH TaKMX CTaHLMIA, OCNE KOTOPOro
WX SKCIUTyaTalMsA CTAHOBUTCA HepeHTabensHol. Cyure-
CTBEHHBIE 3aTPaTh! (PHHAHCOBHIX H 36MENBHEIX PecypcoB
MOTYT OKa3aTbCcf JKOHOMHYECKH HeLenecooOpasHbIMU
KaK ¢ TOUKH 3peHHA 3HepreTHyeckoii 3¢ ¢eKTHBHOCTH,
TaK W C TOYKH 3PEHHS OKYTTAEMOCTH TMTONOOHEIX CTaHLIMIA.

He pewwr 31y npobneMy ¥ HCHONB30BaHiE TOHKOIUIE-
HouHbIX CD), 3¢dexTHBHOCTE KoTOphIX ewE Hwxe. Takue
GaTaped 3HaUMTENBHO JEIIEBNE TPAMUIMOHHLIX (OKoNo 2—
2,5$ 3a 1BrT), HO H3-33 HH3Kkoro KITJI oHu MOTyYT HCIIONBE30-
BaTHCS JIMLUG B TeX CTy4asix, Koraa CyuIecTBYIOT OrpaHide-
HUS 7O CTOMMOCTH YCTaHOBKHM, HO OTCYTCTBYIOT IO 3e-
MeNBHEIM pecypcaM. IDnomans 3eMeNbHBIX YYacTKOB TOX
TaKHe CTAHIUM yBeMYHBaeTcs B 2-2,5 paza.

CyuecTBeHHO TIOBBICHTH 3((eKTHBHOCTE (HOTOINIEK-
TPHYECKUX CHCTEM, CHU3HB MX CTOMMOCTE W MHHUMHU3H-
pOBaB 3eMEIIBHBIE IUTOUIANN CTAHIMH, MOXKHO 3a CHET Hc-
MONB30BaHUsA YCTaHOBOK Ha ocHoBe CD M3 apceHua rai-
nms (GaAs) WIH reTepoCTPYKTYPHEIX KaCKajIHBIX COJTHEY-
HBIX 3NIEMEHTOB W3 MONYNPOBOIHHKOBBIX MAaTEpHAIOB
(GalnP, GalnAs, Ge) ¢ KOHLEHTpPAaTOpaMH COJIHEYHOTO
mmyuenns. B takux C3 pabGoraeT Tak Ha3BIBAEMEIH Terl-
no¢oToBonbTaNYeCKHH 3peKT, NpH KOTOPOM He CHMbKa-
etca 3¢ ¢pextBHOCTE CO noA AEACTBHEM KOHLEHTPHPO-
BaHHBIX COJIHEYHBLIX MOTOKOR B 100 M BBIME pa3 M BHICO-
KUX TEMIepaTypHBIX HanpsokeHwsix. IIpn obmydeHny Ta-
KHX TOYNpPOBOAHUKOB TMOTOKOM KOHIEHTPHPOBAHHOTO
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COJTHEUHOTO U3ITY4EHUS NPOSBILUICA PAM MOJIOXKHUTENBHBIX
CBOMCTB, 2 UIMEHHO: BO3pacTaeT BpeMs >KU3HM BO3OyIu-
TENBHBIX 3MEKTPOHOB, YTO CHHXKAET MpoLiecchl pekoMOH-
Haivu; Bo3pacraeT ob6rémHoe none DJIC lembepa, koTo-
poe nmopoxkaaeT ,,066EMHEII GoToadhekT”; yMeHbIIaeTcsa
BHYTpeHHee MoJle OMHUYEeCKHX MoTeph (IoTepH pacTeka-
Hua) [3]. KpoMme mepeuHCleHHBIX BBHUE ,,HOME3HBIX
cBOHiCTB", pocT addekxruBHocTr CO cBA3AH ¢ HH3HIECKH-
MH CBOHCTBaMM MaTepHanoB Ha ocHoBe GaAs, B 4acTHO-
CTH, C YBEITMYEHHUEM B HHX ,,JTOJIE3HOR" JOJH CONTHEYHOrO
CTIEKTpa, CNOCOGHOMH reHepupoBaTh JNEKTPHYECKHIH TOK.

Hcnons3oeanne conHeuHslx Oarapeil ¢ BBICOKOTEM-
MepaTypPHEIMH KOHUEHTPAaTOpaMH HEeHU3OEKHO CBA3aHO ¢
npoGnemoit oxnaxaeHue CI, NpHu&M TEMI0, YTO YTHIH-
3UpyeTCs TPH ITOM, MOXKHO MCIIOJNIB30BaTh JUIA Jalb-
Helfwrero npeoOpa3oBaHMd B MapocHIOBoM mukie. Ta-
KUM o00pa3oM, B OHOHON 3HEPreTHHECKoi YCTaHOBKe
npeaiaraeTcs HCMONb30BaTh JBa TUMa mnpeobpas3opa-
Hus — GOTOINTEKTPHYECKOE H TEPMOAMHaMIueckoe [4].

ITocranoBka 3agaun. CoBMelieHHE (HOTOINEKTPH-
Y4eCKOro U TepMOAMHAMUUECKOTo crocoba npeobpasosa-
HH4 gaért cymectBeHHBI npHpocT KITJ sHepreTHyeckoit
YCTAaHOBKH 3a CYET €ro accolMaTMBHOIO XapakTepa, B
OTIIHYME OT JAPYTHX THIOB Npeobpa3oBaHUA ¢ KOMMYyTa-
TUBHBIM xapakTepoM KITJ[. Onnako npu omnpeneleHHH
KIIJ tepmodoToanekTpuueckoro npeobpa3oBaHus BO3-
HHUKaeT npobieMa CYIECTBEHHOM 3aBHCHMOCTH 3Hade-
Hus 3toro KIIJ[ oT TeMmnepaTypHOro pexxuma KOMOHHU-
POBaHHO# cucTeMBl. 3710 cBA3aHO ¢ TeM, gTto KITJ] doto-
npeo6pa3oBaHUs C POCTOM TEMIIEpaTyphl MOLAET, B TO
Bpemsa kak KIIJl TepMOAHHaMMYECKUX LMKIOB pacTET.
OueBHAHO, CYLIECTBYET ONTHMANbHBIA TeMIepaTypHbIii
YPOBEHb 3HEPrOyCTAaHOBKH, CIOCOOGHEIN o6ecneunTs
MaKCHMalbHOe 3Ha4yeHHe 3¢ dexTHBHOCTH. MeTox ompe-
JIeJIEHUs. TaKkoro TEMITepaTypHOTO pexHMa H ABIAETCA
LeTHI0 JaHHOH paboTEL.

HN3noxenne ocHOBHoOro Matepuaia. Memood onpe-
O0eNeHUA ONMUMATBHO20 MEMNEPAMYPHOZ0 peNcuMa
KOMOHHHUPOBAaHHOH TepMOGOTORIEKTPUIECKOR YCTaHOB-
ki GasupyeTcs Ha anmpoKCHUMAlMH Pe3yNbTaToB 3KCIe-
PHMEHTIBHBIX HCCIENOBAaHUM M aHalH3e HW3BECTHBIX
aHATHTHYECKUX 3aBHCHMOCTEH.

Boipakenne qis cymmapHoro KITH komM6uHHpoBaH-
HOI HepProCHCTEMBI, C YYETOM ONTHYECKOro H TEINIOBOro
KITJ] sepkanbHO-KOHUEHTPUPYIOLLER CUCTEMBI, UMETD BHA

N (1) = Mg (T)+ A =15 (T)) 1 (T »

Tae 7y (T) — nona nornowérHoro C3 noToka coNHey-
HOro HM3TMy4YeHHsA, NpeoGpasoBaHHOIO B 3NEKTPUUECTBO;
1~17)yor (T)— Bons cOpocHoit TemnoTel CO, yTHIH3MpYE-
MOR TENnoBBIM JIBHTaTelleM C 3JIEKTPOreHepaTopoM;
1, (T')— cymMapHbIii TepmonuHamudeckuit KITJ{ mapo-
CHJIOBOIO UMKNA; 7], — onrhdeckni KITJ xoHuentpu-

pyIoeii CHCTEMEL.
HaxoxneHue onTHManbHOrO 3HAYEHHs [0 TEMIIEpa-
Type dyHkuun 77,(7’) mnpeanonaraeT pPaBeHCTBO HYJIO

NIepBOii MPON3BOAHON B TOUKe MaKCUMyMa, BTOpas Nnpo-
M3BOAHAs MPH 3TOM ZOIKHA OBITh MeHbLIe HyNs. bes no-
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EJEKTPOTEXHIYHI KOMNNEKCHU TA CUCTEMHU

TepH OBIIHOCTH 3HadeHue onTHdeckoro KITJ] ycranoBku
MOXHO MPUHATH 7),, =1. Toraa dopmyna mna onpene-
nennsa cymmapsoro KITJ] npumer Bua

N (T) = Ny (T + (A= T15,(T)) - 70, (T) .

Ilepsuiit 3man npennonaraeT HaXoXKAEHHE ANMPOKCH-
MHpYIOILEro MONMHOMAa A GYHKURH Tgon = N (1) .

Jannrie 06 a¢pextuHOoCcTH GaAs C3 B noToke KOHLEH-
TPMPOBAaHHOTO COJIHEYHOIO M3TyHCHHs M TeMIleparyp-
HoM muanasode 100-200°C MasiourcneHHs! H, B 3Ha4H-
TENBHON Mepe, IPOTHBOPEUMBEI.

PanHne paboThl, MOCBALIEHHBIE HKCIEPHMEHTATLHO-
My onpenenenmio KIIJI MoHOkpHcTamnHuyeckux (OmHO-
nepexoaHsix) GaAs C3, npoBea&HHbie B Du3uKo-
TexHuueckoM MHCTHTYTe MM. A.D. Hodbde Poccniickoit
AKafeMHUH HayK, NOKa3aJli He3HadYMTENbHBIN crmag -
(eKTHBHOCTH TIpH yBenMdYeHHH Temnepatyp xo 200°C u
KOHUeHTpauunit 1o 100 pa3. Ot nanHble OLUTM ammpok-
CHUMHpPOBaHb! JIMHEHHON! 3aBHCHMOCTBIO 3HauYeHHH o¢-
(bEKTHBHOCTH OT TEMIEPATYpHI.

B nocneaHee BpeMs MPON3OLIIH CYIIECTBEHHBIE YCO-
BEpIIEHCTBOBAHHS TeTePOCTPYKTYPEI U H3MEHEHHS B TeX-
HOJIOTHH H3roToBiieHHA GaAs CO, UTo MO3BOJMHIO 3HAYH-
TENBHO MOBBICHTH WX 3 EKTUBHOCTE. JTH YCOBEPIIEHCT-
BOBaHHS CBA3aHBI, TIABHBIM 00pa3oM, ¢ CO3XaHHEM Hepe-
XOMHOM i-30HBI MEXKIY p- M A-30HAMH IONTYNPOBOIHHKA.
Coznanue Takoil TOHKOH 30HE! B cTpykType CO npuBoauT
K CYILECTBEHHOMY YITyYLIEHHIO €r0 SHepreTHueckuX Xa-
pakTepucTHK M GOPMUpPYET TaK Ha3bIBAEMYIO SHEpreTHYe-
cKyto Momynsaunioo. CyLHOCTE MOIYJIALMH COCTOUT B He-
PaBHOMEPHOM BBEAEHHWH B i-CNIOH MeTalnopraHHYecKHX
COEAMHEHHI METOZIOM MONEKYJIAPHOI 3MUTAKCUH TIPH W3-
TOTOBJICHUM KpHCTAJIA. DTH NMPHCAKH NOAGUPAIOTCS Tak,
4TOGEI MOTeHIMaTIbHAS KapTHHA p-h-Niepexoa Obina B BU-
Iie ABYX-TpEX PE3KMX MUKOB M TNPOBANOB BONM3M YPOBHA
®epmu. Tem cambiv HobuBatoTCs GecnpensTCTBEHHOTO
JBIKEHHA 3JIEKTPOHHO-ABIPOUHOTO ra3za 4epe3 MOTEHIH-
anbHbI Gapeep p-n-niepexona. He BaaBaich B TOHKHE BO-
TIPOCEI TEXHOOTHUH HarotoBneHus CO, clieyeT OTMETHTS,
qTO i-CI0M MO CBOEMY XapakTepy ABNAeTCH 06eJHEHHBIM,
KOHIEHTpalliss HOCHTeneli B HEM npumepHo B 100 pa3
MeHbIle, YeM B p- U n-30HaX. TeM He MeHee, HaT4He Ta-
KOTO CITOS CYUIECTBEHHO IOBHIMNAET 3¢ deKTHBHOCTE MO-
roweHHs (HOTOHOB, YTO COCOGCTBYET reHepaunn $HoTo-
3JIEKTPOHOB H, B KOHEYHOM cuére, nosbimeHuro KITJ]
npsMoro doTonpeobpasoBaHHsI.

B [5] nmpencTaBneHs! pe3ynbTaTh 3KCIEPHMEHTOB 110
o0myueHHI0 JTabopaTOpHBIX 0Opa3LOB YCOBEPIIEHCTRO-
BaHHBEIX GaAs CD noToKoM KOHLEHTPHPOBaHHOTO H3Jy-
yeHus npu Ks=100. O¢ddextuBrocTs Takux C3 mocrrra-
na 27-33% nna Ha3eMHOTrO COJIHEYHOTO CHEKTpa. JTH
3KCIIepUMEHTANBHEIE NaHHBIE OBUTH anMmpOKCHMHPOBAHEI
KBaJpaTHYHBIM MOJIMHOMOM.

K coxaneHuro, UCCNeNOBaHUS OrpaHUMMBANNCE 06-
nacteio Temneparyp B 200-230°C. IlpoBeneHue mamb-
Hejfwteil 3kcTpanonsuuyu B obnacte 6onee BHICOKAX TEM-
neparyp 6ui10 Gbl HeHamEXHBIM. O4yeBUIHO, YTO 3aBHU-
cumocts ¢ dextuBHoctn KITJ GaAs C3O ot Temnepary-
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PHl Tlyop =Tpsp () TipH GoJiee BHICOKMX TEMIIEpaTyp-
HBEIX [OKAa3aTeNIAX SBNAETCS TPEIMETOM OTHENBHOTO
H3y4YeHHs, TpeOyIOUIMM TIIATENbHOH SKCHEpPUMEHTATb-
HOMH NpoBEpPKH.

Bmopoii 3man wccnenoBaHus BKMoYan B ce6d Ha-
XoxJeHne TemrepatypHoif 3aBucuMoctd KIIJ uukios
Penxuna 77, u KapHo 7, . 3aBucumMocts 3tddexTnBHOCTH
LMKIa PeHKHHA OT TeMnepaTyphl BEIp@KANach aHATUTH-
YecKH ¢ ucnonszoBanueM uncina Knaysuyca CI, npuuém
npu Cl — o KIIJI unkia PeHkuHa ¢ HacHILEHHBEIM Na-
pPOM acCHMITOTHYECKM CTpeMHThca K LMty Kapxo
1, — 17 [6]. Heo6xonumo oTMETHTE, YTO Ui LIUKIIOB C
neperpeTeiM MapoM W MpH NPHUMEHEHWH pereHepauuu
TaKWX NPOCTHIX AHATUTHYECKHUX BBIpaskeHUH He CyIIecT-
ByeT, U QyHkuns 7, =1, (7) Taxke AomKkHA ObITb an-
NpPOKCHMHPOBAHa KaKUM-THG0 mommHoMoM y = f(T7).

Ha mpembem ymane pacyéra NpOBOAMIIOCE HCClie-
nosanue ¢ynkuun cymmapuoro KITJT 7:(T) wu eé mpo-
H3BOXHBIX TOCJE MOACTAHOBKW B BHIpPAOXKEHHE MJA CyM-
mapHoro KIIJ{ anmpoKCMMHpPYIOIIMX  INOJHHOMOB
Neonr =Neon(T) u np =1,(T). Takoe uccrenopanue

MO3BOJIMJIO HallTH ONTHMANBHYIO TEMIeparypy, obecne-
YHBAIOLYI0 MaKCHMAIBbHYIO 3()(eKTHBHOCTE paccMar-
pHBaeMOl SHEProCHCTEMBI.

Ilpn ucnons30BaHHM MNpPOCTEHIUEH JHHEHHON am-
NMPOKCHUMAalHH CTaHOBUTCS BO3MOXKHBIM, MTOCJIE TIPOBENE-
HHUA aHalH3a moseneHus ¢yHkuuu cymmapHoro KIIJ u
€€ TIPOM3BOMAHEIX, MOMYYUTh daHATUTHYECKHE BBIpAXKEHNU
IUTA ONTHMANBLHOTO 3HAaUeHHs TEMIEpaTyphl 3HEpreTHYe-
CKOM YCTaHOBKH.

Beipaxkenune ana cymmapHoro KITJI, mpu ucnons3so-
BaHMH Gollee TOYHOH KBampaTHYHOM aNNpPOKCHMAUNH
TeMIeparypHoii 3aBucuMocti CO, MeeT BUA

(T-T,)(1~-aT?-bT ~c)

1 1
1+ ——)T—-—T,
( CI) o/

n =al’>+bT +c+

rae 1,— BepxHss TeMnepaTypa LMKna; a, b u ¢ — Ko-
3¢ GHUIINEHTH aNMPOKCHMHUPYIOLIEr0 MHOTOUJIEHA.
IIpouzBoanas Takoll GyHKUMYN GyaeT UMETh B YUCITH-
TEIM TPETBIO CTENEHb TEMIIEPATYpPHl, YTO HE [O3BONAET
NIOJTYYHTh aHaNUTHYecKyIo bopMyny s 1, . B obmem

clydae ypaBHeHHe pelaeTcss YHCIEeHHO, P 3TOM Hepa-
BEHCTBO HYJIIO 3HAMEHATENS BRIPAKEHHS — OYEBHITHO.

Ha pucynke npencTaBieHB BapHaHTHBIE KPHBEIE CyM-
mapnoro KITJ] komGunupoBaHHOro TepModoTonpeoGpaso-
BaHWsA, MOCTPOCHHBIE Ha OCHOBE TPOBEJICHHOTO aHaIN3a.

Ha rpaduke nokasaHel Taioke 3aBHCUMOCTH 3¢dek-
TUBHOCTH OOHOMEPEXOAHBIX U reTeponepexoansix GaAs
C3 ot TeMmneparyphl, a TaKXke TeMIepaTypHbIE 3aBHUCH-
Mocti KITJ{ mknos Penkuna u Kapro.

Kpusas, nonoruif MaKCHMYM KOTOPO#H COOTBRETCTBYET
addexTuBHOCTH B 50—52% , mocTpoeHa A1 TEPMOAMHa-
MHUYECKOTO LHKIa PeHKHHa B TpedNnoNOKEHHH, YTO B
KOMOHHHPOBaHHOM MpeobpazoBaHUM WCIONB3YIOTCA BBI-
coko3dexruBHrble rereponepexoaHsie GaAs C3, KIIJ
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KOTOPBIX Malo CHIDKaeTCs IPH pocTe TeMIepaTyphl.
Bropas xpuras ans cymmaproro KIIJ[, ¢ Hamuumem
MakcumyMa B 42—44%, cOOTBETCTBYeT TEpMOAUHAMHYE-
CKOMY LUKy PeHKkuHa ¢ OAHOMEPEXOXHBIMH MOHOKDH-
crajmmueckuMu GaAs C3, KIIJ] KOTOpBIX, MO AaHHBIM
nabopaTopHEIX HCCICHOBAaHU, MamaeT 3HAYHTENBHO.
OnHako NpoMBILIEHHAs TEXHONOrus HarotoeneHns C3
TaKOTO THMAa JOCTATOYHO XOpoulo ampoOupoBaHa, B TO
BpeMs Kak BbicokoaddexTuBHBIE CD Moka emg HaXOAAT-
¢ B CTAlNM HHTEHCHUBHOIT pa3paboTku.

Ha pucyHke mokazaHa TeMmnepaTypHas 3aBHCHMOCTB
g unkna KapHo, B koTOpoM B KayecTse paGouero Tena
ucnone3yerca soaa. Caeayer 3aMeTHTB, UTO APH T — oo
JaHHAA KpHBas sSBISETCS acHMIITOTOH, K KOTOPOil CTpe-
MATCs 3HaUeHns cyMmMapHoro KIIJT,

KIT
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Puc. 3asucumocmu KIIJ] ¢pomonpeobpazosanus, mep-
MOOUHAMUYECKO20 YUKAA, A MAKdiCe KOMOUHUDO-
BAHKO20 MEPMOGOMOINEKMPUYECKO20 YUKNA Om
memnepamypul

AHAJH3 NOJY4YeHHBIX pe3yJbLTaToB. B X01¢ npose-
JIEHHOTO HCCAEAOBaHHs YIanoch ONMPEAENNTh KOIHYECT-
BeHHBIe nokasaresin 3¢ ¢GeKTHBHOCTH KOMOUHHUPOBAHHO-
ro TepMOGOTOINEKTPHIESCKOTO WHKNA, KOTOpEIE Jaxe
npu ucnonb3oBaHun CO ¢ Huskum KIIJ npeswiuaror
40%. Pacu&T mpoBoauscs ANA KIaCCHYECKOro LKA
PenxnHa ¢ HacbIlEHHEIM BOASHBEIM MapoM 6e3 HCnons-
30BaHHA MPOMEXKYTOYHOrO TEperpeBa mnapa, pereHepa-
1y u np. Jinsg Takoro npocreiiilero cirydad MakCHMYM
spdexTuBHOCTH B 44% COOTBETCTBYET TeMmepaTrype B
170-190°C u sBnsercs BMNONHE pealbHBIM 3HAYEHHEM
IS CYMIECTBYIOLIMX CETOJHA TEIUIOTEXHHYECKUX U
3NIEKTPOTEXHUYECKHX YCTPOHCTB.

C yBenMYeHHeM NOMYCTHUMOI TeMIepaTyphl IUis To-
JIyNpOBOZHHKOBOI 3/1EMEHTHOH TEXHHKH, CBA3aHHOH ¢
LIMPOKAM TMPOMBIIIIEHHEIM OCBOSHHEM TeTeporepexol-
HEIX C3, MOSBUTCS BO3MOXXHOCTh JOCTHIKEHHS peabHO-
ro KITJ B 50% wu Beie. TeMnepaTypHEIA pexHM ycTa-
HOBKH TIPM 3TOM MOXET BapbHpoBarbes B Gonee mmpo-
kux npegenax ot 160 mo 220°C, uro maét DONOIHUTEND-
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HBle BO3MOXXHOCTH NPH BEIOOpE €8 TUHAMHYECKNX, SHep-
TeTHYECKHX M TFeOMETPHYECKHX MOKa3aTened, a Takoke
THIIa TETUIOHOCHTETIA.

CywecterHslil npupoct cyMmaproro KIT B 5-6%
MOTYT JaTh M BCEBO3MOXKHBIE TPaAULMOHHBIE TEIIIOTEX-
HUYECKWE MEPOTIPUATHSA, KOTOPEIE YBENTHYUBAioT dddexk-
THBHOCTb TEPMOAWHAMHYECKOTO LiKKIa PeHKkuHa.

HemanoBakHEIM MOXKHO CUUTATh U SKCIIEPUMEHTANBHO
o6HapyXeHHbIH ¢aKT, KOTOPBI CBUAETENLCTBYET O TOM,
YTO AeHCTBUTENLHBIE II0Ka3aTeNnd KOMOMHHPOBaHHOTO
LMK/Ia HECKONBKO BBHIILE TEOPETMYECKH BBLIYHCICHHBIX.
Brnepssie Takoit 3¢dext Gbu1 06HapykeH NpHU HCCIIENOBa-
HHHM COJTHEYHEBIX KOJUIEKTOPOB, HA MOBEPXHOCTH KOTOPBIX
6bumn ykpeniensl C3. Preiffer Heinz Ha ocHoBe MHOTOYUMC-
NeHHBIX HATYPHBIX SKCIIEPHMEHTOB BBIBEN SMITHPHUECKYFO
3aBHCHUMOCTS , o6asku™ KITI[ A7, kotopas npubaemnsercs

B obmem Oanmance KITJI. Drta poGaBka coctaBisa 5%.
3KCHEepPIMEHT TIPOBOAWICA ¢ HMCMONB30OBaHWEM KpeMHHe-
BeIx CJ, NpHY&M TeMIepaTypHBIH YpoBeHb YCTaHOBKM Ha-
xoauncs B uHTepBane ot 30 no 150°C. TIpu Takoii Temnepa-
Type KIIJ kxpemuueBbix CO CYINECTBEHHO CHIDKACA, a
obuwas 3¢dexTHBHOCTE KOMGHHHpOBaHHOTO TepModoTo-
MEKTPUUECKOro LMKIA pociia, NpuuéM Ha rpaduke Habmo-
Iancs ABHBIA MaKCHMYM TIpH TeMIlepaType MOBEPXHOCTH
Kosnektopa B 95-120°C.

OueBuaHoO, yTo NnpuMeHeHue GaAs NO3BONUT paciiu-
PUTH TeMIepaTypHblii npenaen ao +250°C BenencTeue ero
GoJiee BBICOKOI TEPMOCTONKOCTH TIO CPAaBHEHHIO C KpeM-
HueM. KoHeyHo, SKCIEepHMEHT, pe3yJibTaThl KOTOPOro
OMHCaHBl BhILIEC, HOCHT YAacTHHIAi XapakTep, OIHaKO OH
noATBepxkaaer Qakt Hamuuusa sxkcTpemyma KITJ xoM6u-
HUPOBAHHOTO IIUKJIA, MOy 4€HHBIN TEOPETHYECKH.

OcHoBHble BbIBOABLI. [IpoBemeHHOe TeopeTHUYECKOE
HCCIeA0BaHME, KOTOpoe Ga3upyeTcs Ha pe3ynbTaTax 3Kc-
NEePUMEHTANBHEBIX JaHHBIX, MO3BOJMIIO BBISCHUTE KadecT-
BEHHbIE U KOJHYECTBEHHBIE NokasaTenu 3(QdeKTHBHOCTH
KOMOHHHPOBAHHOTO TepMO(OTOITEKTPHUECKOTO Npeod-
pa3oBaHHsA, KOTOPOE CYMTaeTcs MePCTeKTHBHBIM I HC-
MONL30BaHNUA B CONHEYHEBIX YHEPreTHYECKHX YCTAHOBKAaX
PazIMYHOTO Ha3sHAauYeHHs W MOIIHOCTH. JIoKa3aHO, YTO MO
Mepe YCOBEpPLIEHCTBOBAHUA (DOTOMNEKTPHIECKOro H Tell-
JioTexHHYeckoro oGopynosannd, KIIII Takux cHcTeM Mo-
et gocturate 50% ¥ BBIIIE, YTO 3HAYUTENHLHO NPEBOCXO-
OUT mnokasaTrend 5((EeKTUBHOCTH HbIHE AEHCTBYIOUIMX
cucteM npeobpaszosaHus sHeprun ConHua.
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JUns migBHIEHHA €HEPreTHYHHX IMOKAa3HHKIB COHAY-
HHX eAeKTPOCTaHLil NPONMOHYEThCA BHKOPHCTOBYBATH
KOMGiHOBaHHMIT TepMOGOTOENEKTPUIHAI UHUKI i3 BHCO-
KOTEMNIEPATYPHAMH  apCeHiA-TATiEBUMH  COHAYHHMM
eNeMEHTaMH Ta KOHIIEHTPATOpPaMH COHAYHOTO BHIIPOMi-
HioBaHHA. OXOJIOJDKEHHS TaKUX COHNYHWX EJIEMEHTIB
3NiHCHIOETECA TETNIOHOCIEM, IO € po6OYHM TiNIOM Napo-
Typ6iHHOTO UMKITY.

Meta. BuzHauuTH KinbKicHi MOKa3HUKH edeKTHBHO-
cTi KoMGiHOBaHOTO TEepPMOQOTOENEKTPHYHOTO LHKIY, a
TaKOX TEMIIEpaTypHi PiBHi CHCTeMH, NMPH AKMX Taki No-
Ka3HUKH GYIOyTbh MaKCUMaJIBHI.

Mertoauka. B OCHOBY METOIMKM TOKIJIaZIEeHO ROCIi-
JxeHHs ¢yHkuii cymapHoro KKJI kom6iHoBaHOro 1uk-
qy, a TakoX aHanizy ii mepwmx Ta APYrux MOXimHHX.
dyukuia cyMmapaore KK]I 6yayBanack Ha OCHOBI aIpok-
cuMauil pe3ynbTaTiB €KCIEpMMEHTAIBHUX AOCHiIKEHb
apCeHi-raJieBuX COHAYHHUX €JIEMEHTIB 3 BHKOPUCTaH-
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HAM aHANITHYHUX 3aJIe)KHOCTEM U1 TepMOTUHAMi9HOTO
uukny Penkina.

Pesynbratm, OtTpuMaHi 3HaueHHA edeKTHBHOCTI
KOMGiHOBaHHMX TepMO(OTOENIEKTPHYHHX CTaHIIIH 3 BHKO-
PHCTaHHSM OJHOMNEPEXiAHHX Ta TeTEPOCTPYKTYPHHX CO-
HAYHUX €NEMENTIB. B AKOCTi TemnoyTunizyodoro UMKy
B TaKHX CTaHLIAX PO3MIANABCSA KIaCHYHHI MapoTypOiH-
HHH UK.

HaykoBa Hoeu3Ha. Ha ocHOBi HaBeneHOT METOAHKH
Blleplile BU3HAYEHO PiBHi TeMIIepaTyp CHCTEMH npuiioMy
COHSIYHOTO BUNPOMiHIOBaHHsA, WO 3abe3nevyroTh ONTH-
ManbHi OKa3HHKH e(PeKTHBHOCTI KOMGiHOBaHOTO MEpeT-
BOpEHHs, a TaKoX 3HalMAeHO KinbKicHi 3HaveHHd KKJ]I
TaKoro NMepeTBOPEHHA.

IIpakTH4YHa 3HAYMMIicCTb. 3alpoNOHOBAaHHH METON
BH3HAYEHHA ONTHMAJIBHHUX TMOKa3HUKIB edeKTHBHOCTI
Moxke GYTH 3aCTOCOBAaHHM Mg 4ac MPOEKTYBaHHA CHCTEM
NPHIfOMY MEPCNEKTUBHUX TepMOQOTOENEKTPHUHUX CTa-
HUit, @ TAKOX IHIIMX CHCTEM IEpEeTBOPEHHS 3 MORIOHUM
TEIUIOBHM LIUKIIOM.

KirouoBi cioBa: conauni enemenmu, KoHyeHmpamop,
napomypbinnuti yuxn, KKJ], kombinosanuii yuxa, mepmo-
ghomonepemesopenns, aromeprnamugHa enepeemuxa

Combined PVT-cycle with gallium-arsenide high-
temperature solar cells and solar radiation concentrator is
proposed to increase the energy performance of solar
power plants. Cooling of the solar cells is carried out by
means of the coolant which is the cycle fluid of the steam
turbine cycle.

Purpose. To determine the quantitative indicators of
combined PVT-cycle. Temperatures providing high effi-
ciency must be found.

Methodology. The research was conducted based on
analysis of the function of the overall efficiency of the
combined cycle and analysis of its first and second de-
rivatives. The function of the overall efficiency was con-
structed using the approximation of experimental re-
search for gallium-arsenide solar cells and analytical re-
lationships for the thermodynamic Rankine cycle.

Findings. The values of efficiency of combined PVT-
power plants with unijunction and heterostructure solar
cells were received. The waste heat was used in classic
steam turbine cycle.

Originality, The methodology allows us to deter-
mine, for the first time, the temperature of the solar radia-
tion receiving system, which provides optimal combined
conversion performance indicators. The quantitative val-
ues of efficiency of combined PVT-cycles were found.

Practical value. The method determining the optimal
efficiency indicators can be applied when designing the
reception systems of prospective PVT-power plants and
other systems with similar thermal conversion cycle.

Keywords: solar cells, concentrator, steam turbine
cycle, system effectiveness measure, combined cycle,
PVT-technology, alternative energetics

Pexomerndoearo oo nybnixayii dokm. mexu. naykx H0.B. Ky-
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