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Consiuni ¢oToesieKTpUYHI MOAYJIi Mia Ji€l0 KOrepeHTHOro ONpOMiHeHHS

B pobomi euxnadeno ioeto onpominents COHAYHUX OMOENeKMPUYHUX MOOYIIE KO2EPEeHMHUM GURPOMIHIO8AHHAM. Po3zenanymo cne-

Kmpu (pomoenemenmie ma onmudHux Keanmoegux cenepamopis. I1ioibpani nanienpogionuxogi mamepianu ons eexmusnozo nepe-

meopenns cgimaa 6 enekmpoenepeito. Poesenanymo enepeoepexmuenicmo. bion. 6, maon. 1, puc. 3.
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BripoBajpkeHHsT BiJTHOBIIOBAHUX JIKEpeN EHep-
rii, a came COHSYHUX (DOTONEPETBOPIOBAYIB, CIIOHY-
Kae Hac JI0 JIOCHIJDKEHHS Pi3HUX PEeKHUMIB poboTH,
pi3HUX (aKkTOpiB BIUIMBY Ta Pi3HUX UYMHHUKIB, SKi
CTBOPIOIOTH €JIEKTPUYHY T'eHepalliro.

Tax, npu moOymoBi (HOTOETEKTPUUHUX CHCTEM
YKUBJICHHA JUIS reHepartii eNeKTpoeHeprii
TPaJUIIHHO BUKOPHCTOBYETHCS COHSYHE CBITIIO.
CoHsYHE BUITPOMIHIOBAHHS MA€ JIOCHUTH IMUPOKHUH
criektp (puc. 1) [1], 110 1a€ MOXKIIMBICTH BUKOPUCTO-
BYBaTH PIi3HI 3a CIEKTPAJIbHUMHU BJIACTHBOCTSIMHU

(doTonepeTBOpIOBaYi.
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Puc. 1. Consiunuii cnexrp.

[Ipu po3pobii coHsYHHX (HOTONEPETBOPIOBAUIB
MEepeBaKHUM € BHKOPUCTAHHS KPEMHII0 B PI3HHX
arperaTHUX CTaHax Ta CTPYKTypax, HaIllpHKIAL,
MOHOKPHCTaJIIYHOTO Ta MOJTIKPUCTATIYHOTO KPEMHIIO
(c-Si), (a-Si)

TOHKOILUTIBKOBOTO KpeMHit0. Takok y BHKOPUCTaHHI

amopdHOro  KpemHito abo

MaloTh MEePCIEKTUBY pi3Hi KOMITJIEKCHI

HAMIBIPOBITHUKH, Taki sk apceHin ramio (GaAs),
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tenypin kagmito (CdTe) uu CIGS (Culn(Ga)Se).

CrekTpalibHI ~ XapaKTePUCTUKH IIMX  CICMEHTIB

300pakeHi Ha puc. 2.

Spectral Response Characteristics of Solar Module

Releative Spectral Response
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Puc. 2. CnekTpu norinHaHHs HANBIPOBiIHUKIB.

3 puc. 2 BUAHO, WO CHEKTPH IMOTJIMHAHHS Oa-
raThbOX HAIIBIPOBIIHUKIB € JOCHTH INMPOKUMH, TO-
My II€ HE HaKIaJa€ »XOPCTKUX BHUMOT JUIS CIEK-
TpPabHUX XapaKTEPUCTUK ONMPOMIHEHHS B 00JacTi
BUJUMOTO CBiTNa. Tak, HaNpHUKIAA, CHEKTP IOTJIH-
HaHHS KPEMHII0 Ma€ pO3IMIMPEHUH XapakTep i3-3a
HEMpsIMO30HHUX TMepexoniB. Kpim Toro, aomimkwu,
SIKI BUHUKAIOTh NP BUTOTOBJICHHI KPEMHIEBHX TIa-
CTHH I COHSYHHUX (DOTOEIEMEHTIB, TaKOK BILIH-
BalOTh HAa PO3MIMPEHHS CreKTpa. TerioBi pexuMu
pOOOTH COHSIYHUX (POTOEIEMEHTIB TaK CaMoO IPUBO-
JSTh 10 301IbIIEHHS JIiara3oHy MOrTHHAHHS.

3 TOYKH 30py BUBUYEHHS BJIIACTUBOCTEH MEPETBO-

PSHHsI CBiTJIa B CIEKTPUYHY €HEpriro Ta 3
MPaKTHYHOI TOYKH 30pYy JOCUTh IIIKABHUM €
JNOCTIDKEHHS TMpoueciB  y  (OTOCNEMEHTI IpH

ONPOMIHIOBaHHI HOT'0 KOTEPEHTHHUM CBITIOBUM IIO-
TOKOM. KOrepeHTHICTh — II¢ BJIACTHUBICTH XBHJII

30epiraTé CBOI YacTOTHI, MONApH3aliiHi Ta (a3oBi
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xapakrepuctuku [2, 3]. V po3yMiHHI KBaHTOBOI
110
CBITJIOBOI'O MOTOKY MalOTh OJIHAKOBY €HEpriro (Jac-

Toty),
MOJIAPU30BaHI Ta PYXalOThCA B OJHOMY H TOMY K

Teopii cCBiTIa MOXKHa CKasarw, ¢doroHun

OJTHAKOBY aMILTITY Ly, OJTHAKOBO
HaTpsAMKY. [1ealbHUM TeHepaTopoM ONTHYHOTO KO-
TePEHTHOTO BUIIPOMIHIOBAHHSI € jla3ep, SKHUi iHaKIIe
HA3UBAETHCS ONTUYHUM KBAaHTOBHM T'€HEPATOPOM.
Tpeba 3a3HaunTH, IO OCTAHHIM YacoM JyxKe
MIBHJIKO PO3BUBAETHCS HATIPSIMOK CTBOPEHHSI ONTHY-
HUX  KBaHTOBHX  TEHEpaTopiB  Ha  OCHOBI
HamiBpoBigHUKIB. CIEKTpH BHIIPOMIHIOBaHHS 0a-
raThbOX HAIMIBIPOBIIHUKIB (0CO0OJMBO Tpym 3 Ta 5)
CHIBIAAAIOTh 31 CIIGKTPOM BHAMMOIrO CBITJIA, JUIA X
KHUBJICHHS BUKOPUCTOBYETHCSI HU3bKa HAIIPyTa, BOHU
MalOTh MaJi PO3MIpH, MPOIEC BUTOTOBICHHS €
MOPIBHSHO HECKJIAJHUM Ta HEIOPOTMM. A OCTaHHI
JOCSITHEHHST B 00JIaCTi (DI3UKM HAMIBIPOBITHHKIB
JIAf0Th MOXKITUBICTh BUTOTOBJICHHS JIa3epiB yCHOTO
BHJIUMOIO CIIEKTpa BiJ] YEPBOHOTO 10 (hiojIETOBOrO.
CriexTp, HaNpHKIaJ, HaMmiBIPOBIIHUKOBOTO OJHO-
MomoBoro AlGaAs-nmazepa Mae BUIJIS, IIPEACTaBIIC-
HUl Ha puc. 3 [4]. Mu 6aurMo, 1110 11€ JOCUTh BY3b-
Ka CMyXKa 3 JISTKUM po3iupeHHsM. LleHTp cnekrpa
CIIIBIIAZA€ 3 HAMOLIBII MAaKCUMAaJbHUM IIOTOKOM
¢doToHIB, a HOro po3TanryBaHHs Ha IIKaJi YacTOT
3aJIeKHUTh BiJl BIACTUBOCTEH aKTUBHOTO CEpEIOBHINA
nazepa. Tpeba 3a3HAUNTH, IO PO3MIMPEHHS CIIEKTPa
JIA3ePHOT0 BUITPOMIHIOBAHHS 3aJIGKHUTh BiJl OaraThox
¢dakTopiB, a came: BiJ KOHCTPYKIi Ta MPHHIUITY
poboTu Jiazepa, Bim poOOYOi TeMIeparypu, BiA
KOHCTPYKIIi1 pe3oHaTopa (pe3oHaTop, SK 1 aKTUBHE
CepeIoBHIIE, € HEOOXITHUM €IeMEHTOM BUHMKHCHHS

KOTE€PEHTHOTO BUITPOMIHIOBAaHHS) Ta iH.
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Puc. 3. Cnextp BunpominoBannsa AlGaAs-iaszepa.
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CriekTpasibHi  XapaKTepUCTUKU IHIIMX HAIIiB-

MPOBITHUKOBHX JIa3epiB HaBeeHi B Tabmuii 1 [5].

Tab6auns 1. HanienpoBinHukosi 1azepn

Kouip Hlopzkutia xpui, HaniBnposinnuk
HM
Cuniit 405-465 InGaN
3enennit 510-525 InGaN
UYepBonuii 630-670 AlGalnP
IndpauepBonuit 650-880 AlGaAs
IndpauepBonuit 980-1654 InGaAsP
IndpauepBonuit 1877-3330 GalnAsSb

OTxe, ipu onpomiHeHHi (oToereMeHTa a3ep-
HUM TIPOMEHEM MU MAa€MO CBITJIIOBHI MOTIK, SKWAH
Ma€ BY3bKYy CIIEKTPallbHY CKIIQJIOBY 3 MaKCHMallb-
HOKO aMILTITY10t0. TaKMM YMHOM, SKIIO MU OYAyEMO
CHCTEMY, sIKa Ma€ OCHOBHHM JDKEpPEIIOM eHepril Jia-
3ep, Wit no0yaoBu (oTtoeneMenTta 0ya0o O JOLLILHO
3aCTOCOBYBATH HAITIBIIPOBIIHUK, SIKHH Ma€ MAaKCH-
MaJbHy TMOTJIMHAIOYY 3JaTHICTH Yy JAaHid oOmacTi
CIIEKTpA.

Bazyrouncr Ha BHKIaJEHOMY, pOOMMO BHCHO-
BOK, 1110 JUIs TOOya0BH (poToeneMenTa Oyino O mpu-
POAHO BUKOPHCTOBYBATH HAIIBIPOBITHHUK, TAKUH ke
SK 1 JUis 1MOOYJ0BH HaNiBIPOBIAHMKOBOIO Jiasepa.
ToMy 10 CHEKTp TOMJIMHAHHS Ta  CHEKTP
BUITPOMIHIOBaHHS OyIyTh 0a3yBaTHCS HA OJHOMY i
TOMY K aKTHBHOMY II€pPEXOJi B HAIIBIPOBIIHUKY.
Kpim Toro, Tpeba BpaxoByBaTd 1€ CIEKTpP MOTJIHU-
HaAHHS Cepe/IOBHINA, Yepe3 sike Oy/ie pO3MOBCIOIKY-
BaTHUCh BUIPOMIHIOBAHHS, 1[0 TAKOX OY/ie BUCYBaTH
MEBHI BUMOTH JIO CKJIaJy HaIiBIPOBIIHUKIB.

Takum 4YMHOM, MOKEMO 3pOOUTH BUCHOBOK, IO
BUKOPHUCTaHHSI apceHily Tajiio B 000X MPUCTPOSIX
BUTIISZIA€ TIPHPOAHO 1 CHEPreTWYHO BHTINHO, alie
ae
BHUKOPUCTOBYETBCS apCEHIJ-TATIEBUI Jazep, a B

CHCTEMH, B AKOCTIi  BHIIPOMiHIOBaua
SIKOCTI TOTJIMHAYA CBITJIa KPEMHIEBUH (POTOCIIEMEHT,
TaKOX € JOIUIBHUM PILICHHSIM.

PosrisinyBim napy GaAs-¢poromomyns — GaAs-
nazep, MU 0a4MMoO, 1110 MAKCUMYM BHITPOMIHIOBAHHS
3HaxoauThest Ha 880 HM — 11e OMOKHS 1H(PpayepBOHA
obnactb. | criekTp MorIMHAHHS TOYWHAETHCS 3 TAKOL
X JTOBXHHU XBWII (pUC. 2), O € y3roJpKeHUM. Ale
Tpeba MaTH "3amac" mo eHeprii (OTOHA, OCKUIBKH
SHeprisi, SKy Bigmae (QOTOH TNPH BHYTPIIIHBOMY
¢doroedexTi, Mae BUTIIA [6]:
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hw=T.+1+T, @8

ne T, — KIHeTHYHA eHepris enekTpoHa; T, — KiHeTH4-
Ha SHepTis sapa Biyiayi; /; — eHepris ioHizamii; v —
4yacToTa ONpoMiHeHHs; & — nocTiiiHa [Tnanka.

Takox Tpeba BpaxoBYBaTH pi3HI Napa3uTHI
MpOLIECH NpH IOTJIMHAHHI Ta PO3MOBCIOIKEHHI
¢doronis. TakuM yrHOM, Tpeba 30UIBIIUTH SHEPTIIO,
a OTKe 1 4YacToTy BHIIPOMIHIOBaHHS BHUIIPO-
MiHIOBa4a. Lle ycmilHoO MOXXHA 3pOOHTH, T0JAI0UN
AMIOMIHIH y TBepAUH pOo34YMH apceHiny raniro. [Ipu
bOMY HIMPHHA 3a00pPOHEHOi 30HW TPUKOMITOHCHT-
HOT'0 HaIliBIIPOBiHUKA OyJe 30UIbIITyBaTHCh, & OT-
ke, Oyzae 30LTBIIYBATHUChH 1 €HEpris BUIPOMIHEHUX
¢oToHiB. L1 TEXHOIOTIA € TIy)KE PO3MOBCIOIKEHOIO
1 BUNpoOOyBaHOIO TpPH BHIOTOBJICHHI HAIiB-
MPOBITHUKOBUX ONTOEIEKTPOHHHUX MPHUCTPOiB. OT-
e, pEeryJIIo0Un KiTbKICTh aIOMIHIIO B PO3YHHI, MU
MOXXEMO IIJJaBHO 3MIIyBaTh IEHTP CHEKTpa
BUIIPOMIHIOBAHHS B YEPBOHY, OUIBII CHEPrETHYHY
o0nacTb, MpH IBOMY

3HaxXoas149u MaKCUMyM

reHepailii enextpoeneprii. IloBepxHeBuil aHami3
mokasye, mo BukopuctanHs AlGaAs-nasepa, sKuit
Ma€ MaKCHMyM CIIEKTpa Ha JOBXHHI XBWiIl 670 HM
(uepBOHE CBITIIO0), € MPUHHATHUM.

Tak caMmo, peryJonyu KOMITOHEHTH
HAIIBIPOBIHUKA B (POTOEIEMEHTI, MM MOXXEMO Ha-
ONM3UTH TeHEePaIlito 0 MaKCHMAIBHOTO 3HAYCHHS.

Eneprernuny eQeKTHBHICTH MPOIECIB MTEPETBO-
PEHHS eNEKTPUYHOT eHeprii uepe3 ONTUYHY CKIalo-
BY 3HOBY B €IEKTPHYHY MOKHa OIiHUTH 3a KK/
KK

HaIIBIPOBITHUKOBHUX JiazepiB ckimagae 30%, KK/

KOXHOTO 3 OKpeMHX HpucTpoiB. Tak,
(doToeneMeHTIB i3 MOHOKPHCTAIIYHOTO KpPEMHIl0 —
1m0 20%, a KKJI dboroeneMeHTIB 3 apceHiqy raiito
ciagae 10 30%, a mpu KOHLEHTpaIii BUIPOMi-
HIOBaHHS HaBiTh 0 35%. TakuM 4WHOM, CyMapHUH
KK/ 6yne 6% a6o o6utbie 10% BigmosigHo. Le € He
Iy’)Ke 3HAYHOIO BEITMYMHOI0 B Taiy3l €HEpreTHKH,
OHAK  Ja3epHE  ONPOMIHEHHS  SAK  €ICMEHT
€HEePreTU4HOI CKJIaJ0OBOI BHUKOPHUCTAHHS COHAYHMX
(doToeneMeHTIiB € IyXe MepcrneKTUBHUM. Tak, TpH
BHKOPHCTAaHHI BHMJAJICHOTO OOJIAJHAHHS, SKE MKH-
BUTBCSL BiN (Qortobarapei, "miacBidyBaHHS" 1 B
HIYHUH Yac TOKPAIUTh CHEPTeTUYHI XapaKTepUCTH-
KA CHCTeMHU B IiiiomMy. TakoX NpH HEAOCTATHOCTI

COHSYHOI'O BHUIIPOMIHIOBaHHS OIMPOMIHEHHS JIa3epOM
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MOXE CYTTE€BO 30UIBIIMTH TOTYXKHICTh TeHeparil

HEBEIMKMX 3a po3MipoM (dorobarapeit. Oxpemo

PO3rIIAAa€EThCA BHUKOpPHUCTaHHA KOIr'€pCHTHOI'O

BUITPOMIHIOBAaHHS SIK OCHOBHOTO €JIeMEHTa Iepeaadi
eHeprii Ha BiguaneHi abo pyxomi cucremu. Tak, mai

JmiTanbHI  amapatd  MOXYTh  JKMBUTHCS  BIX

(doToeneMeHTIB, SKi JUCTAHI[IHO OIMPOMIHIOIOTHCS
nasepHUM npoMeneM. Lle 30ibIrye X cTpok poboTn
0e3 mia3apsaKy 10 HeCKIHYEHHOCTI.

KorepenTHe  BHIIPOMIHIOBaHHS €  OUIBII

BUTITHUM 3 TOYKH 30py BUIIPOMIHIOBa4da Ta TIOTJIH-
Hava. ToMy 110 BHIIPOMIHIOBaY BHTpayae OTPUMaHY
CHEPTril0 Ha CTBOPEHHS IOTOKY (OTOHIB OULIBII
eeKTUBHO, a KOHCTPYKIIis MOoriuHada (OTOHIB JUIs
MiIBHIICHHS eEKTUBHOCTI HEe MOTpedye CTBOPEHHS

0araTomapoBHX CTPYKTYpP, OCKUIBKH KOTEPECHTHE

BY3bKOCIIEKTpaJIbHE ~ BUIIPOMIHIOBAaHHS  MOTpedye

TUIBKA OJHOTO MOIIMHAKYOr0 €JIEMEHTA.
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CouHeuHble (OTOIEKTPUYECKHE MOAY/IH MO BO3/IeHCTBHEM
KOIr¢peHTHOr0 U3JIy1CHHUSA

B pabome paccmompen cnekmp COTHeYHO20 U3NYYEHUs U CPAs-
HeH CO CREeKMPOM NO2NOWeHUs. KPeMHUsL U Opyeux Noaynpogoo-
Hukos. H3noocena uoesi o6nyuenuss conHeunvix omodanekmpu-
yeckux MooOynell Ko2epeHmHbIM uziydenuem. Paccmompernivl
CHeKmpbl (POMOIIEMEHMO8 U ONMUYECKUX KEAHMOBbIX 2eHepa-
mopos. Ilokazano, Kaxkylo suepeuro 00adicen umems Gomon 0
2¢hpexmusrnoll uoHU3AYUU AMOMOB 8 COTHEUHOM omodnemen-



COHAYHA EHEPI'ETHUKA

ISSN 1819-8058

me. Ilooobpanvl nonynposoonukogvle mamepuansl 0ns dPghex-
MueHo20 npeobpaszosanus ceema 6 neKkmposnepeuio. Paccmom-
pena smepeoahekmusnocms u HeKomopwvle 0onacmu npumeHe-
HUsL 1a3epos Onsd  OONYYeHusi COTHEUHbIX (DOMOINEMEHMOB.
bubn. 6, maon. 1, puc. 3.

Knwouesvie cnosa: conneunasn snepeemura, comHeynblii MOOYIb,
KO2epeHmHoe usiyyeHnue, 1azep, CHeKmp nooujeHus u usnyie-
HUS, DHEpeeMUIecKas IPHeKmugHoCb.

Bondarenko D. (Institute of renewable energy of NAS of
Ukraine, Kyiv)

Solar photocells irradiated by coherent radiation

In article, considered the spectrum of solar radiation and com-
paration with the spectrum absorption of silicon and other semi-
conductos. Stated of the idea of irradiation of solar cells by co-
herent radiation. Considered spectrums of photo cells and la-
sers. Shown how much energy have to have photon for efficient
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X MIDKHAPOAHA CNEUIANIZOBAHA BUCTABKA

EHEPTOEGEKTHBHICTD. BIAHOBNIOBAHA EHEPTETHKA - 2017

EHEPTO3GEPITAIOYI TEXKHONOFIY, OGNARHAHHA, MATEPIANM, ANbTEPHATUBHI ANEPENR EHEPTI

ionization of atoms in solar cells. Selected semiconductor mate-
rials for efficient transformation light to electricity. Considered
the energy efficiency and some fields realization of lasers for
irradiance of solar cells. References 6, table 1, figures 3.

Key words: solar energy, solar cell, coherent radiation, laser,
spectrum absorption and radiation, energy efficient.

SYNOPSES

In article, considered the spectrum of solar radiation and com-
paration with the spectrum absorption of silicon and other semi-
conductos. Stated of the idea of irradiation of solar cells by co-
herent radiation. Considered spectrums of photo cells and lasers.
Shown how much energy have to have photon for efficient ioni-
zation of atoms in solar cells. Selected semiconductor materials
for efficient transformation light to electricity. Considered the
energy efficiency and some fields realization of lasers for irradi-
ance of solar cells.
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