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OIMPEJAEJEHUE ®YHKIHUH IVIOTHOCTEHN 2JIEKTPOHHBIX COCTOSIHUI
B AMOP®HOM KPEMHHH

Beeacune

Kpemunii 8 Tewenne nocnemnux S50 jieT COXpaHACT NHUMPYIONAE NOIHIHA MaTepHAna,
HCHIOMB3YEMOro Ul CO3AAHHA (PYHKIMOHANBHEIX EKTPOHHBIX YCTPOHCTB € BBICOKOH CTeNeHBIO
uHTerpauni. [TOCTOAHHOE NOBBINCHHE CTENCHH HWHTETPALMH M YMCHBINCHHE CTOMMOCTH MHTe-
rpanbibix cxeM (MC) cocrasasior Kmouesyio OCHOBY YCIEXOB COBPEMEHHOMN KPEMHHEBOH TEXHO-
NOrHH. Buicokuii ypoBeHs HATErPALNHE, JOCTIXHMBIH B COBPEMEHHON MAKDOI/ICKTPOHHKE, OTKpbUI
0yTh JUIS CO3AaHHA NPHOOPOB C BLICOKHMH YaCTOTHRIMH XApaKTEPHCTHKaMH. B TedeHWe HECKONb-
KHX MOC/ACHHX ACCATH/ICTHH, HAYHHAd ¢ KOHUA 1960-X IT., B Pa3BHTHH MMKDPOINCKTPOHHKH Ha-
Gmroaanacs TCHACHUMS, COTNIACHO KOTOPOH MUIOTHOCTH TPAH3KCTOPOB Ha nosepxuoctr MC i TakTo-
Bas 4acTOTa MHKPOIPOLECCOPOB yABaHBANACh Kakbie 18a roaa (3akon Mypa) [1). [Ipu nansneii-
eM YMEHLIICHHH PasMCPOB MIEMEHTOB TPANHUHOHHAS KPEMHHEBAX TEXHOJIOIHS CTANKHBAETCA C
HEBIM KOMILIEKCOM NMPOGIeM, B TOM YHCAC: Mpob/ema INEKTPHUCCKHX COCAMHEHNH MENTY AKTHB-
HeiMu nemenTami UC; npobnema snextpuueckux coeaunennit mexay UC na nnarax; npoGrema
HHTETPALHH ONTOIEKTPOHHBIX NPHOOPOB I8 ONTOBOJOKOHHOMN CBA3H M NEKTPOHHBIX YCTPOHCTS
obpaborkr madposoit Hudopmanun. [TepcrneXKTHBHEIM My TEM PEIICHHS BHIIENEPETHCICHHBIX TPO-
GrieM caHTaeTCS CO3AaNME HHTErPATBHON KpEeMHHEBOH ONTOINEKTPOHMKH [2 — 4]. Cozanne Kpem-
HHCBOH ONTOMTEKTPOHHKH BK/IOYACT B ce0 3a/auM CO3JAHMA PA3THYHBIX HHTETPATBHBIX ONTO-
NCKTPOHHBIX YCTPOHCTB (CBETOM3MyHaTened, BOMHOBOIOB, MOAY/IATOPOB, KOMMYTATOPOB H TIp.).
AKTYIbHOH ABNACTCA 3a7a%a CO3NAHMSA YCTPOHCTB JUIN reHepalWy, MOAYASIAH, YCHICHHS, KOM-
MYTAUHH, & TAKKE JCTEKTHPOBAHHA CBETOBLIX CHIHANIOB, HETEIPHPOBAHHBIX B COBPEMEHHBIE KPEM-
auessie MC. Hanbonee aktyansuoii 3 nepednciennsx npobaem sasercs cossanue sddexrnsao-
rO HCTOYHHKA M3nyvenns Ha Oaze kpemuus. Kpemuuii ABNSETCA HENPAMOIOHHBIM MaTepHanoM, B
CBR3M C ueM IPPEKTHBHOCTD MEKIOHHON HITYHaTeNbHON peKOMOHHAIMM B HEM HU3KA [0 CpaBHe-
o ¢ Gesmamyuarensuoif. B macTosuiee BpeMs CBETOHIMyYalOUIHe NPHGOPH HITOTABIMBAIOTCS
Ha OCHOBE NPAMO3OHHBIX NOJIYTIPOBOAHMKOBLIX coeMHeHHH THna A;Bs. KsauToBsil BeiX0a M3Ty-
UCHHS HHJKEKIMOHHBIX N123CPOB Ha OCHOBE reTepocTpykTyp A3Bs nocturaer 80% [5, 6]. Takam of-
PasoM, Mepejl MAaTePHAIOBEACHHEM TBEPAOTE/IBHON EKTPOHHKH BCTACT 3a7ava CO3JAHHS HOBBIX
MATepHANOB HA OCHOBE KPEMHHA C JIOCTATOYHO BLICOKMM KBAHTOBBIM BBIXOIOM. B HacTosuiee spe-
M3 Pa3sBHBACTCA HECKOMBKO HANpasienuii uceneaosanuil, cpean KoTopsix GoMbIIOE BHIMaHNE yae-
nseTcs aMopHOMY riporeHHINpoBanROMY Kpemumio (a-Si:H) ¢ HaHOpasMepHBIMK BKparIeHHs-
MH MOHOKPHCTALTHYECKOTO KPEMHHS H MHOTOKOMIIOHEHTHBIX IOJYTPOBOAHHKOBEIX TBEPBIX
PACTBOpOB.

TMocranoBka 3anaan

B nacrosmee Bpems Ha ocHOBe amopdHOro kpemuus (a-Si) CO3AHO IHAYHTENBHOE HHCIO
PA3THIHBIX INEKTPOHHLIX NMPHOOPOB (COMHEUHBIC 31EMEHTHI, TPAHHCTOPH, HOTONATHHKH M T.1.).
Ipn Mozenuposanun 3THX NPHGOPOB OUCHE BAXHO 3HATH DYHKIMIO IIOTHOCTH NEKTPOHHBIX CO-
CTOSHMH, KOTOPAR ONPEACIACT ONTHYECKHE, MIEKTPHYCCKHE H (OTONEKpUIecKHe cBoficTsa a-Si, a,
3HaYHT, H napaMeTpsl Npubopos. OYHKUMK NIOTHOCTH 3EKTPOHHEIX COCTOAHMI K CBA3AHHLIE C
HUMH (QYHKIMH ONTHYECKOrO HOTMIOMEHHs aMOPQHOro KpeMHHS, MCHIOb3YIONIHECS B pacuerax,
HEJ0CTATOYHO TOYMHO ONHCHIBAIOT KCICPHMCHTATHHBIE JaHHbIC. [103TOMY aKTyansHsIM Bee eme
ABJIACTCA AHATHTHYECKOE OMHCAHHE NAHHBIX QyHKIMIL.

B OesnedeKTHOM KPHCTAUIHHECKOM MOMYNPOBOAHHKE CNEKTP TOMIOWIEHHS 3aBEPIIACTCH
CKa4KOM B 3anpeuiennoi 3oHe. B amopdnoM MONynpoBoaHHKE HMEET MECTO HATHYHE XBOCTA
cnekTpa nornomen#a. Hanuuue X8ocTa B CieKTpe NOITOMIEHHs CO34aeT TPYIHOCTH B IKCIIEPHMEH-
TAILHOM ONPEAC/ICHHH Kpas MorIomeHus amopduoro nonynposoannka. Kax cnencrswe, Guumm
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paspaboTaHbl Pa3MUHBIC IMIHPHYECKHE METOAB! JUIA ONPE/C/ICHHS ONTHYECKOTO CHEKTpa M
WHPHHBI NOINOWEHHA  XBOCTA. XOTS 3TH METOABI M 00MEryaloT KONMHYECTBEHHBIH AHATH3 Kpas
TOTTIOLIEHHSA, HX COOTBETCTBHE PEATLHBIM PHIHUECKHM MPOLIECCaM OCTASTCH MO BONPOCOM.

Xota pacnipesienense CoCTOSHHH Ie(eKTOB KPHCTALIHYECKOTO MOMYIPOBOAHMKA pe3ko ob-
PHIBAETCA HA KPasX 30H, B aMOPQHOM MONYNPOBOHHMKE PAacipe/ieieHHe COCTONHMI XBOCTOR pac-
MPOCTPAHACTCA B 3ANPEHICHHYIO 30HY. AHAIH3 NOKA3bIBALT, YTO PACHPEAENEHHS MEKTPOHHBIX CO-
CTOSHHMH XBOCTOB JIOKAIH3OBAHE! HA rPAHMLAX M CYIIECTBYET KPHTHYECKAs JHEPrHs, HA3LBACMAs
TOPOTOM MOBHXHOCTH, KOTOPas OTAE/IAET JIOKAIH3OBAHHEIE COCTOSHHS OT MX PacCTAHYTHIX aHAJIO-
ros. JTH JIOKATH3OBAHHbIE COCTOSHHA BIHAIOT Ha MHOTHE YHHKAIbHBIE CBOCTBA, KOTOPHIMH 00/a-
AT aMophHBIE MONYNPOBOAHKKH [6].

B nauno# pabote HCNONMB3YeTCH IMNMPHYECKAs MOJE/b VISt ONMCAHMS PACTIPE/IC/ICHHA INeK-
TPOHHBIX COCTOAHHA H OMpEAEICHHA COOTBETCTBYIOMIETO ONTHYECKOrO CIHEKTpPa MOTNOMEHHS E
pamKax JTOH MOJeTH. YCTaHOBACHHE HeTKOH BIaHMOCBA3H Mexay Gopmoil onTHYeckoro CIIEKTpZ
NOrJIOUeHHA H HOPMOI pacnpe/ie/IeHHs IMEKTPOHHEIX COCTONHHI HA OCHOBE NPEICTABICHHBIX MO-
JiCHieit ABNACTCA IOCTATOYHO AKTYQIbHBIM.

Pacripeaesietie 3/1eKTPOHHEIX COCTORHMI JUIH aMOPOHBIX MONYTPOBOAHHKOB OCTASTCH crpa-
BE/UIMBOH B TOH XKe Mepe, 4TO H JUIA KPHCTALTHIECKHX. BONPOC 0 «COCTOAHMAX B 3aNpeIeHHO?
30KE) ABSETCS 0COD0 BAXHBIM KaK NPHMECHOH, Tak # coberBennoi npuposl. CroiicTBenHOe 115
aMop@HBIX MOMYNPOBOJHHKOB OTCYTCTBHE AANLHETO MOPAIKA NMPHBOMMT K NMOSBASHHIO XBOCTO:
MEKTPOHHBIX COCTOAHMH BANCHTHON 30HE ¥ 30HBI NPOBOIMMOCTH, NIPHYEM BEIHIHHA XBOCTOB 32-
BHCHT OT CTeNeHH pasynopsaoueHHocTh. [lonyanTs BeIpakeHne IS NIOTHOCTH COCTOSHHI BECH =
TPYAHO H3-32 OTCYTCTBHA JAHHLIX O PABHOBECHOM MONOKCHHM aTOMOB (T.¢. ATOMHOM CTPYKTYpS:
(oronHOro cnexTpa M NpUYHH BO3BYKACHHS INCKTPOHHONK MOACHCTeMEL s amMopdHBIX noT -
NPOBOHHKOB 3TO OCNOKHACTCA H TEXHOIOIHEH HX H3TOTORJICHHS.

B Hacrosmee Bpems cozzaH psj Teopuit m Moaenel no3soASIONHX [IPOBECTH TEOPETHYECK ¢+
AHANH3 PaCHpPEACNICHHA JICKTPOHHBIX COCTOAHKH B aMOpdHBIX nmoaynposoanukax, M3 HuX Haud. -
jlee HacTo Henoab3yiores Mojenu Kosna — @puve — Opunnckoro n Mota — [lasuca [2, 7, 8). Ile--
Bas NPEANONAraeT, YT0 XBOCTH MJIOTHOCTH COCTOSHMH NMEPEKPHIBAIOT BCIO 3ANPEINEHHYIO 30H) >
JABHCHMOCTh TUIOTHOCTH COCTOSHHH OT 3Hepru#t wenpepuisaa (puc. 1, a). Cornacno momenmu Mc-.
— JlaBHCa XBOCTBI JIOKATBHBIX COCTORHMIN Y3KHE M PAaCTPOCTPAHAIOTCS B 3ANPEIICHHYIO 30HY Ha ¥:-
CKOJTBKO AECATRIX /EKTPOH-BOAbTA. Kpome Toro, BO6/m3n 3anpemennoit 30HL peanonaraeTcs = :-
JIHYHE 30HBI KOMIICHCHPOBAHHBIX YPOBHEH, 00A3aHHON CBOMM CylICCTBOBAaHHEM AedeKTaM B ¢ - -
4alHOH ceTke aroMoB (pHc. 1, 6). DTH COCTOAHHA MOTYT BHICTYIIATE M KAK JIOHOPBI, H KaK aKuern: -
PhI, NIPHYEM YCIOBHA OAHOKPATHOIO MM JBYKPATHOTO 3allONHEHHA 3THX COCTOSHMIH NPHBOIS™ 4
00pa3oBaHHIO JIBYX 30H, Pas/ie/IeHHBIX COOTBETCTBYIOUIEH IHeprHeil Xa66apna. B Hacrosmee -
MS MeXaHW3M (GOPMHPOBAHHS pacnpeeNieHHs NEKTPOHHBIX COCTOSHHI XBOCTOB OCTAETCH He::.

ACHCHHBIM.
& ;

Ee— 1) ——) N(E)
a 7

Puc. 1. Pasauunsie BHAB IUIOTHOCTH COCTORMMI B INEKTPOHHBIX B aMOPGHLIX NOMYIPOBOIAHH-
Kax: a ~ mozens Kosxa — Opuue — Ountckoro; & — mosens Mota — J[3suca
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DyHKIHH IIOTHOCTH COCTOSHMI

Anst Toro yro6e 060liTH 3TY HeoNpeneIeHHOCTS, MPEUIAracTC IMIHPHYCCKas MOJIENb pac-
TIpCAieNeHNs 3TCKTPOHHBIX COCTOAHMIA, KOTOpas OXBaTHIBAET OCHOBHBIC OCOBEHHOCTH Marepraja.
OBwen3BecTHO, 4TO pacmpe/esieHne coCTORHMH NPOABIIACT KBAAPATHIHYIO 3aBHCHMOCTS B 06nacTy
30HEI POBOJMMOCTH (BANCHTHOM) H IKCNIOHCHUMATHHYIO 3aBHCHMOCTb B XBOCTOBOH 0611acTH, XOTS
TOYHas (opMa XBOCTa MO-NPEKHEMY BBHIZLIBACT 3HAYHTE/bHbIE npotusopeyns. M3secto Taxxe,
YTO nepexoi GyHKUMH TUIOTHOCTH COCTOAHMI MeXay 30HOR M 06NacThIO XBOCTa raankui. 30HE
00pa3oOBanna XBOCTOB XapaKTEPH3YIOTCH MIHPHHON XBOCTOB 30HEI NPOBOAMMOCTH 7, H IIMPHHOH
XBOCTOB BAICHTHOH 30HBI y,. DTH MApaMeTpsl MHPHHB!I XBOCTOB SBJINIOTCH Mepo# pasynopsio-
9CHHOCTH amopdroro kpemuus. [IpH yC/IOBHM BEIIENCHAS OT/IEBHBIX YYacTKOB pacrpenencHus
EKTPOHHBIX COCTOAHHA XBOCTOB H PACTAHYTOCTH BCEX 30HHBIX COCTOSHHH MOXHO npeanono-
XKHTh, 4TO YPOBHH C 3Hepruamu E, +-72—‘ nE, —Izlnpcamnnm'r coboii nopor NoABMXHOCTH 30-

HEI IPOBOJIMMOCTH M BANICHTHOM 30HBI cooTBeTCTBeHHO. Takum o6pazom, ByHKIHS NIOTHOCTH CO-
CTOAHHMH JUIA 30HE! IPOBOIUMOCTH HMEET BHJ

Y
E-E E>E +-=
N c» 3

om® 2

N (E)=Y2;m (1)

2
2 3 L )
x.:o \/’i‘—-exp(-l)-cx E-E L E<E, +1c
2 2 Y. 2

rjae m:. — 3(dexTHBHAN Macca 3/IeKTPOHa B 30HE NpOBOAHMOCTH; E, — 3HEpPrus IHA HEynopaao-

YCHHOMH 30HBI NPOBOANMOCTH; K, +!2i — TOYKa NMepexoa MekK1Y KBAJPATHYHBIM H IKCIIOHCHIIH~
QILHBIM PAcIIpe/ie/IeHHEM IUIOTHOCTH COCTOSHHMA 30HB! IPOBOHMOCTH.

DyHKUHA IIOTHOCTH COCTOAHMI JUIR BANICHTHON 30HEI MMEET OXOMHIT BHA:

a2 h.cx%_.l-).ex E'—-E.: EZI/'_L..
V2-m; \/2 2 Y, 2
N,(E)=—u,'h3

,/E,—E,E<E,—-72—'

rae m, — apPexTHBHAS Macca ABIPKH B BANCHTHOMN 30HE; E, — noTonox HeynopsnoueHHol Ba-

2

NIEHTHOMH 30HBI; ¥, — WIMPHHA XBOCTA BaneHTHON 30HbI; E, -%’ — TOYKa Nepexo/ia Mex 1y KBajpa-

THYHLIM H SKCMOHCHUHATLHBIM pacipe/Ie/ieHHeM MIOTHOCTH COCTOSHUI BANCHTHOMN 30HEL

Jns M3yuYeHHS BAHSHHA PasyNopANOYEHHOCTH HCCIICAYETCA YYBCTBHTENIBHOCTL (yHKIIMI
IUIOTHOCTH COCTOAHMIT 30HBI MPOBOAMMOCTH M BAICHTHOM 30HAI K H3IMECHEHHAM B Ye M Yy. Pesyns-
TaThl pacteToB MPHBEACHS! Ha PHC. 2. JInK 3aaHHBIX 3HaYeHuit Y, pacnpenenenne ANEKTPOHHBIX
COCTORHHI XBOCTOB NPOAB/IACTCS HHXKE NOPOra MOABHKHOCTH, C yBeaudeHuem y, obmee uucio
BLIOPAHHBIX IEKTPOHHBIX COCTOSHHHA XBOCTOB yBEeIHUHBAeTCH, a pacnpe/ieNieHHe XBOCTOB pacipo-

CTPAHACTCA HA IHAYMTE/LHOC PACCTOAHHC B 3ANPEIUCHHYIO 30HY. AHANOTHYHBIC Pe3yNBTATH Ha-
GmonaioTca u 1% PyHKUMK MIOTHOCTH COCTORHHH BANCHTHON 30HbL [lpu pacuerax 3navenus E,

u E | npusumamics pasHsMu HyIo. PPeKTHBHbIC MACCH! 3MEKTPOHA B 30HE MPOBOAHMO-
cTH ¥ dQdeKTHBHAA MaCcCa JBIPKH B BAICHTHOM 30He ONpENeNAIOTCA BhIpaXeHHamu [2, 7]
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, = m, >
2.(E, - E,,)-a*
2
rne E, = ﬁ; m, —Macca cBOGOIHOIO 3NMeKTPOHa; L — cpemnss AnuHa cBs3H B oGpasue; E; -

JHEPrAs NPH KOTOPOH MHHMAA 4YacTh JHIICKTPHYCCKOH NPOHHIAEMOCTH CTAHOBHTCA MaKCHMAllb-
N
HOM, A= W‘- <1; N, —KONHYECTBO AaTOMOB COOTBETCTBYIOIIMX PACIIMPEHHBIM COCTORHHAM:

N - 9HCNO aTOMOB CNOCOOCTBYIONMX YPOBHIO (COCTOSHHIO) XBOCTa, £, — 3HEPruf, COOTBETCT-

BYIONas NOJOBHHE IMPHHEI BANCHTHHIX PACHIMPEHHEIX cocTosHuil. Takum obpatom, sddekTnBHas
Macca IeKTPOHa B 30HE NPOBOIMMOCTH pasna 1,08 OT Macchl MOKOS 3/1¢KTpoHA H ddexTHBHAS
Macca AbIPKH B BaeHTHOH 30He — 0,56 0T Macchl NOKOA EKTPOHA.

B

7¢=0,19B
7¢70,0558

-02 02 -
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Ne(E) 10— i N(E) 107 — o R
a (7]
Puc. 2. 3aBHCHMOCTH TUTOTHOCTH COCTORHKH JUIA: @ — 30HB! TPOBOAHMOCTH H 6 — BAEHTHOMN

30HBI

Pacnpene.uenue NIEKTPOHHBIX COCTONHMI B mopcbnux MOJAYNPOBOAHHKAX

0606mennas GyHKIHA pacpeAc/IcHHs TUIOTHOCTH COCTORHMI NPH HH3KHX TEMNEpaTypax B

HEJErHPOBAHHALIX WK C1ab0 NerHpoOBaHHbLIX aMOPQHBIX MOTYNPOBOAHHKAX MOXKET ObITh 3anHcaHa
Kak

J(h-0)= [ N(E)-N,(E-h-o)E. (5

B nensx obnerdesus pacyeToB BBOJIHTCA HOpMHpOBaHHaa oGobumennas dyHkima pacnpee-
nenns maoTHoeTH cocrosmii E(h - o)

2 43 2 33
i fy . h.s,-J(h-a)) a
ﬁ‘m 2. Ji-m‘./z

OynKumH IoTHOCTEH cocTosHuit B Cyyae, koraa Y. —0 u y, =0

Eh-o)=
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ﬁ-m% \/E—E A
(3 c 7
N‘(E)—)—_n’h’ 0.E<E" )
ﬁ-m:% 0,E>E,
NE): oK |JE, -E,E<E, " ®

Torma dynxumonansnan mncnum AN HOPMHpOBaHHOH 0bobmennol Qynxuun pacnpe-
nenenus niotHocTH cocrosuuit E(h -m):

%~(h~m-E,+E,)’,h-sz,—E,

0, ho<E, -E,

rae E -E, = E , — MApHHA 3anpelieHHOl 30Hl, OnpeaenseMas Juis aMop(hHBIX MOMYNPOBOIHH-
KOB H3 3aKoHa Tayca (TaycoBcKas IMPHHA 3aNPEIEHHOM 30HE).
Aunanns 3aBHCHMOCTEll HOPMHpPOBaHHOMN 06OGUIEHHON QYHKUMKE pacTpeieieHHs MIOTHOCTH

COCTORHHH OT 3HEPrHH YOTOHOB MPOBOAHTCA B JIBYX JHaNa3oHax suepruii A-o < E,+ 12‘— + %’ H

h-o2E, +-72—‘ + 72—" W3 ypasuennit (1), (2), (5) u (6) naxoasrca (YHKUHOHANBHEIE 3ABHCHMOCTH

&(h-®) ams npowssonsmex swauemnit crememel pasynopsxouensocts. Ha puc. 3 TpHBEACHBI
pesy/bTaThi pacyeta 3asucumocti &(h-©) aix cayvas Yc =Yy M 3HAYCHHA TayCOBCKOH LIHPHHBI
sanpetieHHol 301k 1.85 2B. Ha puc. 4 npuBeneHs! pesy/bTaThl pacueTa CeKTPATBHOMN 3aBHCHMO-
CTH §(h-m) WU pasiuyHbLIX 3HAYeHHH y. u y,. Kak cieayer m3 ananusa sasucuMmocTedl, XBoct

NOTJIOMEHHA CIIEKTPAILHOM 3aBHCHMOCTH HOPMHPOBaHHOMH 0GoGIeHnON yHKUMH pacnpe/ieneHns

TUIOTHOCTH COCTOAHMI BTOPraeTcs B 06/1acTh 3anpeuieHHOM 301kl H IIHPHHA HTOr0 XBOCTA PacTeT
C POCTOM CTENEHH Pa3yNoOPAA0YEHHOCTH.
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Puc. 3. CniexTpanbHbie 3aBHCHMOCTH HOPMHPOBAHHOM 0606MEHHOH GyskumMn pacnpenenenus
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TIOTHOCTH CoCTORHIH A8 cysan Yo =Yy u Egg =1.853B
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Puc. 4. Cnexrpansssie 3asucuMocTy HOpMHpoBanHO# 06obuiennol Gynkuum pacnpenenenns
TUTOTHOCTH COCTOAHMI

BriBoan:

Takum obpasom, B pabote omucana sMIHpHueckas Moess CHCKTPAIBHON 3aBUCHMOCTH E -
MHPOBAHHOH 060GIEHROH QYHKIIMN pacpeneNeHHs MIOTHOCTH COCTOSHMUM 15 aMopHOTO Kpew
HHA C YHCTOM CTENCHH PasyNOPANOYEHHOCTH €ro CTPYKTYphl. JIaHHAS MOJETh MOXeT Gbrth -
NOJB30BANHA JUIA ONpPENENeHHs PACTIPEAC/ICHHA IIOTHOCTEH IEKTPOHHBIX COCTOSHMI NpH ONn¥ ..
HHH CNICKTPa onTHYeCKoro nornomenns a-Si:H. Monyyennsie peaynprari XOpOIIIO COrNacyior: s
IKCMEPHMEHTATLHBIMH JIAHHBIMHE [5 — 8].
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