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JJIEKTPOHHBIE COCTOAHUA B AMOP®HOM ITIOJYITPOBOTHNKE
C ITIOJIBUKHBIMA ITPUMECAMM.
TEPMOCTHMYJ/IAPOBAHHBIE ITPOITECCHI a-Si:H

C. B. Auadabepeerosa, B. I'. Kapnos, K. B. Koyeus,
A. B. Iesyos, B. H. Conosves, H. A. @eokmucmos

OKCIePHEMEHTANbHO MCCIeOBAHK DIEKTPHUECKHe M ONTHYECKEE CBOMCTBA TEAPOTEHH~
3UPOBAHHOTO aMOPOHOTO KPEMHHUA B YCJIOBUAX BEICOKON MOJBMIKHOCTH a4TOMOB BOHODPOAA
(zpu TeMOepaTypax IOPAXKA M BHIIE KoMHATHOH). M3MepeHHEe BeIu4uHE 00HADYKABAIOT
HETPHBNAJNBHLIE TeMIEePATyDHEIE 3aBHCEMOCTH, OOYCIOBIEHHEIE M3MEHEHWAME CTPYKTYDH
Op] TePMOCTHMYNAPOBAHHON muddysmm Bomopoma. Passmra (emoMemoloTmyecKas Mopelb
U3MEHEHHWS SJEKTPOHHHX CBOHCTB aMOP(PHOTrO IOJVIPOBOJHEKA IPE CTPYKTYPHHX Nepe-
crpoiikax. OHa OCHOBAaHA HA PACCMOTDEHHMHN AaHCAMGJA CIyJaiflHBIX OBYXBAMHHX IOTEH-
IHaJ0B, IePEX0ALl B KOTODHX MEHSIOT 3JeKTPOHHLIE COCTOAHMA. IIperomena MAKPOCKO-
omgecKas HHTePOpPeTanusa, OCHOBAHHASA HA ydeTe HOPAMOr0 B3AMMONEHCTBHA MOXBIUKHHX
aTOMOB IIPHEMECH ¢ JOKAJIN30BAHHRIME 3JEKTPOHAME. JTO B3AUMOAEHCTBHE OTBETCTBEHHO 33
o6pazoBanze (QUYKTYOHHHX COCTOSIHEH, CTPYKTYpPa ¥ CBOHACTBA KOTOPHX OIPENelSIOTCA
CayYafiHEIM XapaKTepoM NOTEHIZANBHOIO pexbeda IPUMECHHX aTOMOB B aMOPOHOM Be-
mecTe. VI3MeHeHWS SIEKTPOHHHX I OUTHYECKEX CBOHCTE aMopdHOT0 IOIYyIPOBORHEKA
CBsI3aHH ¢ AE(PY3HOHEHME IponeccaMy 00pa3oBaEmA ¥ Pacuafga (PIYKTYOHHBIX COCTOAHHI.

B cepum paGor [*™*] sKcmepuMeHTaNBHO IOKAa33HO, YTO MHOTHE 3IIEKT-
DPOHHEIE CBOHCTBA JIETHPOBAHHOTO THAPHPOBAHHOrO aMOPPHOro KpeMHHA
(a-Si : H) sameTHO MEHAKNTCS OPH TePMAEYECKUX BO3MEHCTBHAX, CTEMYIEDYIO-
myx muddysmio Bogopona. Wmrepnperamus HaGamopaeMeix sABIeHEmHR B [174]
6mna mpmBssaEa K cnemuduxe cBoict a-Si: H m ocmoBHBamach Ha ABYX
mOCTyNaTaX. Bo-IEepPBHX, IPeIuoNaraloch, 970 3aXBAT JIEKTPOHOB B NOKAIH-
30BaHHEIE COCTOSHUA CONPOBOMKTAETCA 0o0paszoBaHEeM [e(eKTOB CTPYHKTYDHL.
Bo-BTOpHX, mpefnoIaranoch, uro ofpasoBanme AedeKTOB TPOMCXOMMT C yda-
cTueM Iermpylomed upmmec: ¥ cTuMyampyercs auddysmeil aToMOB BOROPOAA.
OnHaxo B He3aBUCHMHX wmccIemoBaEmax [°~10] moxosmme aderTH Habmiopa-
Imch HA HeJermpoBaHEHX o6pasmax a-Si: H.

Haum nmpencrasisiercs, 910 yOoMAHYTHe adderTs mMenT 00muil Xxapaxrep
I8 aMOPQHHX IOIYNPOBOAHEKOB ¥ OTPAKAIT BHICOKYI NOABUIKHOCTH HpH-
Meceit B aTx maTepmanax. (B wacrmom caryazae a-Si: H ponb raxmx mpumecei
UTPAKT ATOMH BOJOPORa). [lefcTBUTENBHO, M3BECTHO, YTO aMopdmaauus Ma-
Tepmaga, KaK IPABMIO0, 3HAYMTENBHO (HA HECKOIBKO TOPARKOB) yBEXWIUBAET
Koopdunuents: muddysmm npmmecedt. IT0 ABIEHHE CBASHBANT ¢ (IyKTya-
muAME BeCoT AuddysmomEbX GapbepoB B amopdHOM BemectBe, Guaromaps
YeMy CYMIECTBYKT CPABHMTENbHO Jerkme myru s muddysma (1] Hanmame
KOHOUHHIX CIyYafiHNX KiracTepoB ¢ HuskuMu muddysuommbMu Gapbepamu
coco6Ho 06ecmeYnTh TPOCTPAHCTBEHHO-OrpanmienHyo Auddysmio fase opm
BeCbMa HU3KHWX TeMIepaTypax. B pesyubraTe aToro u Graromaps B3aumopeii-
cTBUIO TmpmMeceit ¢ iIeKTpoHaMu AmdPysmA mpumeceil NOIKHA CKASHBATBCA
Ha HIEKTPOHHHIX CBOHCTBAX aMOPYHOTO MOIYIPOBONHMKA B MUPOKOH 0GracTu
TeMmepaTyp. 9To oTangaerT aMopdHble TOTYNPOBOIHUKN 0T KPHCTAIIIITICCKHX.
B mocrenmux nuddysumonnsie 6apbepH HMEIOT ONpENeNeHHYI0 BHCOTY, U IpH
TeMmepaTypax, NPefCTABIAINMUX JKCIEPUMEHTAIbHEM UHTEPeC, BIMAHUEM
mubdysuu mpmMeceil HA 3IeKTPOHHEIE CBOHCTBA OGRYHO MOKHO IpeHeGpeds.
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Taxmm 06pazom, Ml CIUTaEM, 9TO «OBICTPAY andpysns ngmreceﬁ B aMopd-
HEX DOJYIPOBONHHKAX TPWBOAUT K CTPYKTYDHBIM IEPECTPOUKAM, MEeHIIOmmy
SIEKTPOHHBIE COCTOAHNA, mpwdeM GIyKRTyamunm 00eCIeTuBAOT CYIECTBOBAHME
MHPOKOro CIEKTpa BpEeMeH TakoTo poja mpomeccos. B aroy cocromt oxmo
U3 IBYX OCHOBHEIX yTBepsRIeHmit macrosmell paGore. Ero skcmepmieHTams-
HOMY II TEODeTHeCKOMY 0GOCHOBAHWI0 IOCBAMEHBI paszedst 1, 02. Bropoe
VTBep:KIeHIIe KacaeTcsA MeXaHma3Ma BiuaHmA AudQysimm mpireced Ha duek-
TpoHHBIEe cBoitcTBa. OHO COCTOMT B TOM, UTO CYIIECTBEHHO NIPAMOe B3aLMOJei-
CTBHEe IpEMecell ¢ JOKAJM30BAHHEIME OJEKTPOHAMH B IIEJI TOXBI/RHOCTI
aMopdHOTO TONYNPOBOJHMKA. B pesynbraTe TePMOIMHAMUYIECKH BBILOTHO
obpasoBanme GIyKTyammit KOHIEHTpanui Ipumecell B 061acTAX JORAIU3ANAN
BIEKTPOHOB. JTH 06PA30BAHHA B WASHHOM IuIaHe GIu3KE K QIyKTyOHAM, KOH-
HeNNUA KOTOPHX IPHMEHWTENBHO K KDHUCTAJNIIIECKHM HOTYHPOBONHIKAM
OruTa passmra Kpmsormasom [12]. B paspere 3 Mbl paccyMoTpuM MOInQEKALEI
ROHmenmuu (QUIYKTYOHOB Ea o0mumit
caywait amMOpHEIX HOXYIPOBOJHI-
KOB, a B pasmele 4 KOHKDETH3H-
pyeM ee OpHMeHHTeXBHO K a-Si : H.

/4 Vi I

1. O KcomepuEMEeHTAXbHEHE
pesyaIbrTaTH

Bce mccnenoBaHmA TPOBORUAUCH
Ha 06pasnax HelerupoBAHHOTO a-Si:
H. Ilnesruz Tommusoit 0.5—1 MEM
HAHOCHIHCH BHICOKOYACTOTHBIM pas-
JOKeHHEeM CHJaHa B JHOJHOM cuc-
TeMe Ha KBapIeBHE IOJIOKKH.
B navecrBe pafoueil crmecwm HCIOJIB-
sopajica 100 9f, SiH,. Temnepa-

Pmc. 1. 3aBHCEMOCTB IIPOBOLHMOCTH OT
TemmepaTyps o (7T) HEIerHmpPOBAaHHOTO a-

13

| | | 1 — obpasusl Tuna 1, 2 — Tuoma 2, 3 — Harpes,

2 4 — oxnaxkueHue. BOJHMCTaA  JNIHMA — pe-
3 1 4 JlaKcallusA MNPOBOOMMOCT CO BpeMeHeM IoCie

1000 /7- , K OBICTPOrO oxnasigeHnd npu T=const.

Typa MOJIOKKM BapbupoBaiack B mnpeferax 220—270 °C. Cropocrs pocra
nneEoK He upesnmana 1.0 Ale.

Nsmepenna dIeKTPMIECKUX M ONTHICCKUX XAPAKTEPHCTHK IOJYYEHHEX
OIeHOK NPOBOJAUJIKCh B CHENMAIBHOM TEPMOCTaTe M3 Hep’yKaBeloliedl CTalm
C ONTHYECKHMH ORHAME, oTKauanHoM fo Baryyma 107* Topp. O6pasew moe-
mancsa a MeJHOM XJajoupoBoje. [mamasoH uaMeHeHus Temmeparyps S0—
500 K. Cropoctn Harpesa I OXJIasR[eHHsI, ONpefeiseMble KOHCTPYKIHER Tep-
MocTaTa, BapbupoBaauch B upenexax 0.05—0.5 °C/e.

Hua Bcex 00pasIoB u3MepATIACh ONTHYECKAs IINPIHA 3ANpPEleHHON B0HEH
E%e, goropas cocrasiasna 1.65—1.7 sB. Beanunna £ onpejeasack mo Cras-
napTroil mpouenype [**], ocHoBaHHO# HA mOCTpOeHII 3aBHCUMOCTH \ of 0=
=\ (R o—£L), rne a (h 0) — xoadduunent moraomenns GoToHos ¢ sHepruei
hw, .\ — Romcraura.

BapbupoBanue TeXHOJOrMYECKUX PERIMOB (JIaBJIeHIe, CKOPOCTh MPOKATKE
rasa, BY rommocrs) mossonsno monydath oGpasipl ¢ CymeCcTBEHHO Pa3imi-
HBIMH TeMIepaTyPHBIMH 3aBHCIIMOCTAMI JIEKTPONpOBOAHOCTH. Bee o6Gpasmu
ORLIN YCAOBHO pAaBjielleHEl HA JBa THIA.

1-t 1o 3asucmiocts 6 (7') xapakrepuayercs ofHoil suepruel aKTHBA-
nua B npefeaax 0.7—0.9 »B nas pasmsix oGpasuos (xpmsas I uma puc. 1).
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3asucmmoctu ¢ (T) gis aroro Tmma NJTEHOK,
U OXJARIEHUA, IPAKTUYECKH COBIALAIT. :

2-i Tuu. B sasucmmoctu o (T) mpn HarpeBaHun MOMKHO BHIJEIUTH y4a-
crkn J—IIT ¢ pasmmynbIvm dHepruAMm aKTHBALNH (wpuBas 2 ma pmc. 1).
Eme oamoit ocofenmocrpio 5Toro Tmma 00pasIoB SBIAETCA CYIECTBEHHBII
rucrepesnc ¢ (7), mabmiogaemerit npu oxnampenun. Or ofpasya k obpasmy
9HEePrusd AKTHBAUNK HA yaactkax [ m /7] menanach B npefenax 0.4—0.68 5B,
a Ha yvacTre I/ mnorma pocrurama 1.5—1.7 5B [¢], @ro sameTHO mpeBocxoTUT
Beauduny EM/2. Tucrepesuc y ornembupx '06pasoB TOXOAMI IO ONHOTO IO-
PsAAKA OT HATaIbHOM BeJHIMHE WPoBoAnMocTH. Crelyer oTvMeTuTh, 4TO m3Me-
HEHIEe CKODOCTH HArDEeBA U OXJAKMNEHMA B YKA3aHHLIX BHINE Tpeeldax He BHO-
CI0 CYMEeCTBEHHBIX M3MeHeHUN B mHabmiomaembie kpusme o (7).

Ilocme oxuaskmenma or HavaabHOI TeMmepaTypel ommmra 1 ,~475 K
M0 KOMHATHOM TeMIepaTypsl y 06pasios Tuma 2 B TedeHme JIMTEIBHOLO Bpe-
MEHHN OPOICXOZMIAa pedaKcanua TPOBOJMMOCTH K DaBHOBECHOM Bejudmme.
Runeruka penancanmm usobpamena wa puc. 2. HabmonaeMmsie 3aBHCEMOCTH
ONMCBIBAIOTCA CTEMEHHBIM BaKOHOM O ¢ t™' ¢ morasartenem 7==0.4—0.5.

IIONY4YEHHEIE B peRuMe HalpeBa

1.0
% 0.8
x
§
~0.6
©
1
0.4 L L L L L L L
100 300 500 L, mun

Puc. 2. Penakcauus IPOBOZEMOCTE CO BpeMeHeM o (1) Heneruposarnsoro a-Si: H pgas
obpasnos Tema 2 mpum T=const.

1 — T=298, 2 — 475 K.

Cremennéa penakcalus NPOBOAEMOCTH CO BDeMEHEM COTIACYETCH C Pesyilb-
raramm pabors [*]. Ha pmc. 2 mpuBesieHs! Taksxe [JaHHBE [0 M3MEPEHUI) 3a-
BECEMOCTH HPOBOAUMOCTH OT Bpemerm O (f) mpm T=475 K. B arom ciyzae
peNaKCcannsA MPAKTHYECKH OTCYTCTBYET, UTO CBUJETESbCTBYET O TEPMOLUHAME-
9eCKH DPaBHOBECHOM XapaKTepe COCTOAHHA cucTeMbl npu T~~475 K.

Hpome crammapraeix mamepeHumit 3aBHCAMOCTH O (T), ommcamHEIX BHIIIE,
MBIl TPOBOJMIN 3KCIEPEMEHTHl 110 OPUTHHAIBHOH METOJNKe, BRANYAIOImel
crenyomuil uurx npouenyp: 1) ofpaserm B Teuenme 10—30 MHH OTRHETAICA
Opy TeMIepPaType TePMOAMHAMUYECKOTO PaBHOBECHSH jl-:—475 K; 2) ofpasen
GBICTPO OXJIAMKANCA KO KOMHATHOH Temmeparyps I3°°®; 3) hocje 3TOTO mpo-
BOJMJIOCH HArpeBaume N[0 HeKoTopo# remmeparypst T4 < T, mpm ®ortopoit
oGpasen Beepsusancs B rtevenme 10—30 mmm; 4) sarem o6pasen BHOBB
oxyaswpascss go Ti°°" m mpu 8TOo¥ TemmepaType H3MepANach HPOBONMMOCTD.

Orasaznock, uTo fas o0pasuoB TuHOA 2 Pe3yAbTAT W3MEPeHUi B3aBHCHUT
ot temmepatyps 4. Ilo aTo# mpmaume MBI HCTTONIB3YeM [UIA Hero 0GosHage~
uue 0 (7,). B 1o ske BpeMa pe3yabTaTH U3MEDPEHNH NPAKTHISCKH He saBnccem
OT CKODCCTII N3MEHERNUA TeMIePATYPEl B IOCTH/RUMEIX Ipeflerax 0.05—0.5 °C/e.
Onucanupiii Brume WUKA GBI OPOBeAeH LA PANA 3HATEHNE T,. Iloguepkmenm,
9TO KaskACMy W3MepeHHIo IpeimecTBoBal oTxUr npu Tiaw475 K.vl/ImeHHO»
3TO OTINYAET METONMKY HAIIMX OKCIEPHMEHTOB OT CTAaHAAPTHOH MeTo~
naku [ 6], 3 .

PeaynbTaTs onmcamHEIX maMepenuit mpusenens Ha puc. 3. Hemomorommsir
xapaktep mcaydenncit sasucumoctu o (74) me ABNACTCA  HEOKU[AHHEM..
On mpercnpeaesnen BHGOPCM HMOCIENOBATENbHOCTH H3MEpEHHE. ITO Jerko mo--
BATH, 3aMeTHB, 9To Kpalimme Touku 3asmcmmoctu o (T,) Ha pumc. 3 OTBEYAN0T
onmoit u Tol sxe mpeneaype: omRUTY mpu 475 K, oxmasmeHnio 10 KoMHATHOM
TemnepaTyps u uamepennio 0 (7,). OnHaro, XoTa cGHAPYKEHHAA HAMOHOTOH--
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HOCTb 1 ABJAETCH B YKAa3RHHOM CMEICIE TPUBHAJIBHOH, BHJ HEMOHOTOHHOCTH,
B YACTIIOCTH IOJOYKEHHe DKCTPeMyMa, Cofep:RuT mEpopManuio o QusmIecKmx
mpomeccax B cmcteMe. B manbHe#dmem MB IPOXEMOHCTPEPYEM ITO SIBHHEIM 00-
pasom.

[mriIm9ecKne SKCIEPEMEHTH, apamorminsie umsmepenmaM o (T4), Obumm
OpoBeNeHs! TaKke NIA KodpdminenTta moraouieHus o (fw) B 06IacTI H3MeHe-
Hog ho: oT 0.8 mo 1.6 3B. Comex-

TpajxbHAad  3aBHCHMOCTE o (Hw) a B
B o0macti ¢1a60To IOTJIOMEHNA Ay 2
m3MepAIach METONOM TOCTOSH- I 3N0°F
Horo ¢ororora [ *] B mua- 8
HapHOH KOoHQUMTypaIuu 3IeRTPO- i -
moB. AGcomioTHAA BeIMYmHA OT- o A3
pelensaIack 10 COTJACOBAHHIO ¥/ S R W
C pesy bTaTaMm OPAMEX OOTH- & |k I { 0.8 )ZL'Z 81.5
geckmx m3Mepenumid. Ha scraBke { @, 3
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Pnc. 3. Hsmememme mposogmmocTm Pmc. 4. 3asucmiocTs mapaverpa YpBaxa or
B 3aBHCUMOCTH OT TeMIEPATYPH OT/KATa  TeMIEPATYPEL OTAKHTa &, (I,) HeIermpoBaHHOTO

1

Il
200

a(T,) menermposammoro a-Si:H a-Si:H B LUKIUYECKUX JKCIEPIMEHTAX IiIA
B OEKIMIECKUX OHCIePUMEHTaX &uA o0pasmoB Tuma 2 (a) I 3aBUCHMOCTh Koaddm-
o6pasuos tmma 2. IIIeHTa IHOTJOIIEHIs CBeTa B 00JacTIH A o=

=1.2 3B ot TemmepaTyps omKura «;, s (7,)
HeJerapoBaHHEOro ¢-Si : H B LUKIUYECKHX 3KC-
IeprMeHTaX JAnA o0pasios tooa 2 (6).

Ha BCTaBKe — 3aBHCHMOCTb KO3(OHUIHUEHTA MOIIOWEHU

CBETa OT IHEpruu $hoTOHOB =z (Aw) HeJCIIIPOBAHHOTO
a-Si : H, u3MepeHHasa MeTOHOM IIOCTOSHHOIO (HOTOTOKA.

T4 — TeMmepaTypa BSKCTpeMyMa.

K pmc. 4 B KagecTBe mpmMepa usolpaskeHa 3aBuCHMOCTH o (hw) RIA
o6pasna, oTOAUKEeHHOT0 mpm 475 K ¥ oXIasKieHHOro g0 KOMHATHON Tem-
nepatyps. Ee BuI coriacyercs ¢ pesymbTaTaMu ApYrMX aBTOpoB [V 14 13],
Bupmel  oKCHOHeHIMANBHBIE y4acToK cmaga a oo exp (hw/sy)) B obmactm
1.4 < Ao < 1.6 9B m mu3KosHeprerudeckoe mieio B paiome 1.0—1.2 »B.
Brn monyuen psapx kpusmx o (Aw) aas 06pasmoB Kak Tuma 1, Tak um Tmoa 2,
OpuaeM Ka;K[b pas H3MepeHHIo TP KOMHATHOM TeMIeparype IpemecTBOBA
OWKI Opouenyp, onmcanenx Bume 11 ¢ (74). Ha puc. 4 msobpamena 3asn-
CEMOCTB €&, (T;) mapaMerpa &,, XapaKTepH3YIOIIero HAKIOH Kpas Ypbaxa.
Tam e moxasama amamormyHas 3aBHCHMOCTR oy , (T4) aas koaddurmmenta
norxomerua npu zo=1.2 aB. IIpuBenenusie fauHbe 0THOCATCA K 06pasmam
taoa 2. Tak jxe Kak u B caydae ¢ (7)), OPUHATAA TOCHEIOBATENbHOCTL SKCIE-
PEMEHTANBHBIX Tpoleayp obecmedmBaeT OJMHAKOBHE 3HAUCHHA M3MepAEMHIX
BenmImE €, (74) m a; » (T4) B MeBoit ¥ MpaBoil KpallHUX TOIKAX. 3aMETHM,
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9TO0 SKCTPEMyMBl BCEX Tpex 3aBucumoctedr o (T4), ey (T4) u o, , (T,) pacmo-

nosxeHs BOIN3M OfMHAaKOBOX Temmeparyph T4'". Ilia Komkperroro oGpasua,
TaHHEE M3MEDEHNU KOTOPOT0 IPUBEIEHE Ha puc. 3, 4, Bexmumua T'Pt~60 °C.

B sawmiouerme storo pasmena momdepkmen, uro sasucumoctn o (7T),
g0 (Ts) m oy o (T,) Gbum oBHADY:KEHSI TOABKO MJIS o6pasnos tuma 2. Ilaa o6-
pasnos Tuna 1 momo6HEE 3aBECHMOCTH OTCYTCTBYIOT.

2. CDGHOM(:‘HOJIOPIItIeCKaH NHTepHnpeTaimuasa

JloxroBpeMenHble peNaKCanuN, W3MEHeHHsA TapaMeTpoB 06pasna IpH OT-
JROTE, BX IYBCTBUTEIBHOCT K DEIKEMY HATPEBAHNUA U OXJKIEHUS CBUIETEIh-
CTBYIT, 9YTO HaOIIONaeMble ABIEHMA CBS3aHE ¢ TPONECCAME IIEPEeCTPORKN
aTomHO# mopcmeremsr. Ha srom srame M me GyneM yTOUHATH, KaKue MMEHHO
aTOMHEIe NBUKEHUA BOBJIeueHs! B mpouecc. C (eHoMEHOJIOTHMYECKOH TOTKM
3PEeHHA Kayk[I0e MHIKDPOCKOINIECKOE AaTOMHOE [BHKeHMe BEI3bIBAeT W3MEHEHHE
SHEPTWH CHCTeMbl A IpH mepexofe B HOBOE YCTONYMBOE TONOMEHME B Pe3Yib-
TaTe MPEojoTIelnA HekoToporo Gapbepa BECOTH V. Onucanne Takux mpoueccos
yao6HO BECTH, HCHOJNB3YSA NPEICTABIEHUS O COOTBETCTBYIOIMX BYXBAMHEIX
notennuanax (pmc. 5). ITocKOIBKY peub mAeT 0 HEYIOPATOICHHOM CcuCTeME,
HY/KHO Y9€CThb, 9TO IapPaMeTPHl ABYXDBAMHBIX NoTenumaxoB A m V dayxryn-
pywor. Ilpocreiimee mpemmomomenume Ha
®TOT CYET COCTOMT B TOM, UTO HX Be-
POATHOCTHEIE  paclupelesieHus  DPaBHO-
MEepHH B HEKOTODHX muTepBazax A < A,

Ppmc. 5. Cxemarmueckoe m300pakemme MoOAenm
IIBYX COCTOAHZI HEYTOPAMOIEHHON CACTEOMEL,
V — BBICOTA IIOTEHLMANBHOr0 Gapbepa MeXNy HBYMA

YCTOMYUBEIME COCTOAHAAMM CHCTEMEI, A — Pa3HOCTH 4
SHepruit NBYX COCTOAHMIL CHCTEMSI. Y

" Vo KV Ve Oro mpenmonoskeHme ompasimBaer ceGs BCAKmE pas
(o KpaiiHel Mepe HA KaIeCTBEHHOM YPOBHE), KOTAA KOHIENIMWA NBYXBAMEHX
IOTEeHOWAJIOB HCIOIB3YeTCHA [IA ONMCAHNA NPOIECCOB B HEYHOPANOYEHHBIX
CHCTeMAX, TENNIOBHIX SBIEHUN, MOIJOIEHUs 3BYKA, AMHAMHIECKOHR SIEKTDO-
TPOBORHOCTH U T. fi. [*® 17]. BamermMm Tax:xe, YT0 PONBIO CIOKHHIX KOHPUTYDa-
it ¢ TpeMsa u Gosee SHEPTeTHISCKUMHE MIHUMYMAaMM, CYIMEeCTBOBAHIE KOTOPHIX
He HCKJII0YaerTcs, MOKHO IpeHebpevts B HeyNOPANOUeHHOH cucreMe, rie Ofu-
HaKoBHe 9QPEeKTHBHOCTH MEPeXON0B MY TpeMs M 60jiee MUHEMYMAaMHU IIpe/-
CTABIANTCA MAJOBEPOATHON CIYIAHHOCTBIO.

Msr mosmaraenm, 9ro HabGai0gaeMble B SKCIEPUMEHTAX M3MEHEHNA QU3HIeCKUX
napamerpon «-Si: H orpaskanT m3MeHeHUA 3aCEIEHHOCTEeH sIM IBYXBAMHBIX
TOTeHLHAaN0B, T. €. CTPYKTYDPHHE IEePEcTPOKM, O0TBEUAIIIUE MEFRDIMHEIM
mepexonaM, MEHSIOT 3JeKTpoHHBe cocTosiHMA. C aroff ToukuM 3peHHA mpo-
AQHANUBMpYEM TEPMOCTHMYINPOBAHHLIE NpOLeccH, OMHCAaHHHE B paspmere 1.
Mpl paccMoTpuUM CpPEJHIOKN 34CENeHHOCTh HIDKHEX MEHEMYMOB aHcaM0ia
ABYXDBAMHBIX HOTEHIINANOB M IOKAKeM, 910 TePMOCTHMYIHDOBAHHEIE M3MEHE-
HOA 5TOH BEJIWYHHBL COOTBETCTBYIOT HAOMIONABIIMMCA B HAMMX ONBITAX 3-
erTam.

Ipesie BCero ompesesinM TeMIEePaTyPHYIO 3aBMCUMOCTD CpefHell saceleH-
socta m (7T) HMMKHET0 MUHMMYyMA ABYXBAMHOTO NOTEHIHANa C 3aTaHHBIME
sgageHuAMu A u V > T. IonoskuM, 9410 TeMmepaTypa MeHSeTCSA ¢ KOHEYHOM
cxopocthio O=(dT/dt) T'. Bpemsa pelakcanum 3aceleHHOCTeH AM ABYXBAM-
HOTO IOTeHIMAla MMeeT AKTHBAIMOHHYI0 TEMIEPATYPHYIO 3aBHCHMOCTD T==
=, exp (V/T), rne 7, ~ 1071% ¢ (TouHOe 3HaueHme t, B garbHelimem Hecy-
mecTBenro). Orciofa caemyer, 9ro npu Huskux I (xorma Ot > 1) sacenen-
HOCTh He yCIleBaeT CIEN0BATh 3a M3MEHEHMAMH TeMIepaTyphl H OCTaeTcs 3a-
MoposkeHHoil, a mpm BricoKnX T (kKorga Ot < 1) sacemennocTh anmabaTudecKn
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ci1eqayer 3a uHaMeneHHnAMHU Tenmepa'rypm. XapaRTepHaﬂ TeMnepaTtypa mepexona
ME/R1Y 9THMII peRuMaMHn

T,=V/2, £L=In(TyOw). 1

[Tepexo;iHaa 06aacTh ABJIAETCA OTHOCHTENBHO Y3KOII
AT, =T|& KTy,

nockonbKy ¥ > 1. Hanmpumep, npi THIHYHEIX B3HAYEHNAN Iapaverpos
ty ~ 10712 ¢, © ~ 0.1 rpag-¢™?, Ty ~ 100 °C mveexr F~=30.

Takuy 00pason, Mepexofl MeRAy NBYMs PERUMAMHI HPOHCXOINT IPaRTH-
YeCKE CKaYKOM. OT0 mM306paskeno ma puc. 0, @, rie HOKasaHbl 3aBIICHMOCTH
m (T) B pesunme HarpesanuA u oxJasrjennsa. Hax BuaHo, MeAUTy 9THMI 3aBI-
CHMOCTSAMI HMEeTCH THCTEPesHc.

Ycpennerne mo acmymerpuaM A B ancamOie NBYXDBAMHBIX IOTeHINAJIOB
opu GuRCHPOBAHHON BHICOTE Oapbepa He CKAa3BIBAETCA IIa KaTeCTBEHHOM BILIe

a 6

47,
N b c
T\\
N NG
| N
\S’ | \\
- ~_ |{d
R : - >
a s
1 |
T, T, 7

Pmc. 6.
a — TeMOepaTypHAs 3aBHCUMOCTD 3acCeNeHHOCTH m (T) HUKHEro MHHHMYMA ABYXBAMHONO MOTEHLAna
C 3amaHHHIM 3HAYCHIEM BHICOTH Oapbepa V=&Ty. IITpHX0BaA JIHUA — TEMIEPATYPHAA 3aBUCHMOCTb
PaBHOBECHOHU 3acereHHoctd, ompegmenseMas dopyyaasr (2) wau (3): (n)y — CpeaHAA OO aHCAMOJIO A

3aCEJIeHHOCTh; U — K pacueTy M3MEHeHMs CpPEIIICil 3aCeNeHHOCTII HIARHIIX MITHMMYMOB XBYN'BSIMHBIX [10-
TeHuanos (m). IITpIIXOBAA JUHUA — CPENHA] IO AHCAMOI0 PaBHUBECHAH BACCICHHOCTh (M)A, OHmpe-

menaemana dopmyaoit (3).

BE300paKEeHHEX 3aBuCUMOCTeH. EiIHCTBeHHOE M3MEHEHIe COCTOUT B TOM, 9TO
TeMIOepaTypHasd 3aBUCIMOCTb PABHOBECHON 3acenedHocTH (IITPUXOBASA ANHAA
Ha puc. 6, a)

T)==[1 4 exp (—=3/T)|7 (2)
nepexoJuT B 3aBHCHMOCTH
. 1 T At"
RTHA= 5+ +37 In ChTT—‘ (3)

Yurem Temepb JUHCHepCHE0 6aprepoB. Oma moposiiaer pasHoMepHOe pac-
npegenenne remmeparyp 77 B unTepsaie 0T Ty = Vi 10 Tvpe =
= Vuw/&.- Ecnn Temmeparypa ciucremsr smedserca B uutepsate Iy um <
< T < Typag, TO HMEET MECTO TLCTEPE3IC cpegHell 0 aHcaMdTi0 3aceleH-
gocrm. IIpm moBsimenun Temmepartypsl Ha 8 7 B 8ToM mHTepBaje JOJXA OTTAIB-
X TOTEHIIALOB COCTABIAET 0T (Typax— Ty mn) ™. OTH mOTSHIIATLL TEpe-
XOIST B anuabatugeckuii PEZRITM, TaK YTO HX BACENEHHOCTb CTAHOBLTCSA PaBHO-
BecHo#t. Llamenmenme cpemHedl mo auncaMmGi0 BaCEeI€HHOCTH IIPH TOBBIMIEHUH
temneparypsl o1 T} < Ty 150 Ty > Ty, MOKHO ¢ TOMOmb puc. 6, 6
BHIPA3IUTH B BIIJE

Bmyey = Satca (Tihna,x - TV min)-lv (4)

S g — maoman, barypst abed. [lpn noRuKeHun ske TeMIepaTyphl H3MEHEHHE
cpegEedl Mo aHcaMOMI0 3aCETeHHOCTH eCTb

<Am21>= S(lbfl (TVmax - TV min)-lv . (5)
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Spg — DHOmMAnk ¢uryps abd. OTHocHTEXbHBIH THCTePEe3nc

{Bmisd — Bmary Sy
{Bmyg) T Sased

JIeRUT B Opefenax or 1/2 (mpm T, € Ag) mo 1 (mpm T, > A,).
Bupasrenma (3)—(5) gaior moxmoe onmcamme DOBEEHVsS paccMaTpHBae-
MOTO aHCAMOJIA ABYXBAMHEX MOTEHIHANOB B PA3MHIHBIX DEKIMAX H3MEHEHHS
TemmepaTyph. B kauecrse momesmoro B pmambmeiimen mpEMepa pPacCMOTPUM
nosenierne {Ami,> mpu marpesamum or remmeparyps I) << Typp 10 Ty >
> Typax- Hpu T << Ty, ogeBummo {Amyp>~<0. lpn T > Ty, xaparrep
usyenenns (Am,,> sasucur ot coormomenma memty A, u 7. Ecau T < A,
'TO TeMIEpaTypHas 3aBHcuMocTh {Am,,> 6In3Ka K KBagpaTHIHOM. B mpoTHBHOM
caydae npa I' > Ag (=0 Bce eme 7 < Tyn,,) 9Ta 3aBACHMOCTD OIM3KA K JTH-
neftrofi. Ilpm eme Gémbmux remmeparypax 7 > Ty... BHOBB {Am, >0,
T. €. CPefHAA MO0 aHCaMONI0 3aCeTeHHOCTb (m) CTPeMUTCH K HACHIIEHUIO.
AganornuHEM 006pa3oM MOKHO OHIO OB
PACCMOTPETh MoBeleRne (M) I TPy Apyrux Lno
peREMAX HarpPeBaHHSA WM OXJIAKIEHMA.
CBA3p TeMIOepaTypPHHX 3aBHCEMOCTEH
<{my m muposogmmoct® o (T) obycmo-

(6)

Pnc. 7. RagecTBeHHHII BuI TeMmmepaTvpHO# 3a-
BICHMOCTH IPOBoOTUMOCTE ¢ (1), OoIpeneIseMEIit
dopmynavm (7), (8).

# — DHEPTINT aKRTHBALNN MPOBORUMOCTH UpK T < Ty 4,
‘it — BHEPTIIA AKTHBALIII IPOBORUMOCTH TP T > Ty .-,

1 1 ]
#/ — TI0JI0;KeHIIe YPOBHA MEPMI OpH OXIAMICHUMA OT 4
HEeKOTOPOIl NpoMexyTouHol Temmeparypn T=T". 4/Tymu 7/7 7/7.1/’"4.,I 7/ T

BleHa caBuroM Aw yposEA PepMm p OpZ CTPYKTYPHHX IepecTpoikax, mo-
CKOIBKY

¢ =g exp (—p/T) (7

OpH pacCMaTPUBAeMHIX He cammioM Huskzmx I. Cxsur Ap BH3BaH m3MeHe-
HEeM KOHIEHTPANHUA BIeKTPHIECKE AKTHBHHX medextoB | AM |=M [(Am) |
OpE CTPYKTYPHHX HePecTpOMKaX, OTBEYIAIIIAX NBYXHAMHHM IIOTSHIHAJAM,
00mas KOHMEHTPanua KOTOPHX ecth M. Ecim nIoTHOCTh COCTOARTE HA YPOBHE
Depmu g (n) ABIAETCSA HE CIMMIKOM Pe3Ko# PYHRIHeR dHEPTHH, TO OTIEBUIHO

[<Am>|

=M
e l=M ")

. (8)

B ocHoBHOM coCTOAHEE Marepmana, KOTOPOMY COOTBETCTBYET MAKCHMAIL-
"oe 3amoiHeHne {m)=1 HIKEOX AM JOBYXBAMHHX IOTEHIEAJOB, BeIHIAHA
w=p,. [Ipm B03Oy:RIeHAHE, CONPOBOKIAIMEMCS HEPeXOOaMi B NBYXBAMHBIX
TMOTeHIMANAX, p MEHSeTcA X B IpefeNbHOM caydae {m)>=1/2 mpmemMaer
3HAUEHHE .

Ha puc. 7 mzoGpasmen TemuepaTypHE# X0 npoBogumoct (7) mpm Harpesa-
‘HOH, OTPAYRAOMEN ONMCAHHYI BHIme 3aBmcuMocTs {Amy, (T)>. B o6macrm
mnakzx temuepatryp I < Tvy, 9HEPIrHEA aKTEBAOWM NPOBOTEMOCTH DaBHA (.,
a B oOnacra BrCOKHX T > Ty,.; OHA aCHMIOTOTHIECKA CTPEMETCA K p o < Ry
Peskoe ypenmuenne spdexTHBEON dHEPrAM AKTHBALAW B IPOMEIKYTOTHOH 06-
xactl Ty py << T < Typax OTPRKAET TeMIepaTyprEyIo 3aBEcEMOcTh {Amy, (T),
ofbecmeqmBaromyo mepememenne yposEs Mepun. VaMeperHas Ha 3TOM yIacTHe
BHePruA AKTHBAIME MOKeT 3aMeTHO mpesmmars E%*/2. Ha arom sxe pmcymke

TMOKAa3aH XOJ MPOBONUMOCTE IPH OXJILKAEHAE OT HPOMEKYTOYHOHR TeMmmepa-
Typul I’, mpm Kotopoit yposens DepME 3aHUMAET MOXOKeHHE p.=p' MEXIY
P B . I'meTepesnc Mesxny sasucaMocTaMu o (I) B pexmMax HarpeBaHUA W
OXJaKIeHnss ob6yclaosien obGcympaBmmMcsa Bhme rucTepesmeom {Amg,>—
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— {Amy,>. Ommcanmoe mosefenme mpoBopEMocTH (puc. 7) daerT deHoMeRo-
JOTEYECKY0 METEPIPETANMI0 Pe3yiabTaroB mamepenui (puc. 1) mas obpasmos
tama 2. IloCTOSIHEAA SHEPrWA AaKTHBANWM, YCTaHOBIGHHAasA [if o0pasmos
toma 1 (pme. 1, I), osmagaer, aro ANA HmX Temmeparypa Iy, IpeBEmaer
TeMIepaTypy H3MEepeHHH W CHCTeMa MBYXBAMHEX NOTEHIHANOB OCTAETCH 3a-
MODOJKEHHOH B Ipomecce OKCIEPEMEHTOB. UMCIeHHBHE HapaMeTpH Hamrel
(eHOMEHOIOTHIeCKOA MOJEeNH MBL OIEHAM IO33e.

TlepefiteM X pPacCMOTDEHHIO DENAKCANEEA 3aMOPO/KEHHOH HPOBONEMOCTH
co BpemeHeM. IlycTs Temmeparypa GHCTPO HOHm3EIachk 0T I', [0 3HadeHms
Ty > Tyuw. llocuenyromas pelaxcamms TPOBOTAMOCTH 0GECIEUMBAETCA CMe-
meEmeM ypoBEA QepMm K TEPMOANHAMEUIECKH DPABHOBECHOMY 3HAYECHMIO

e (Ty), T e.
5 co oxp {—Ap (2)/T) = exp {—M Am (t)y/g (1) T}. (9)

3asmemmocts {Am (f)) o0ycIoBlIeHa TepMalwWsanmeidl CHCTEMEl IBYXBIMHEX
HOTEHIMANIOB. YCIOBHE T <L ¢ OLNpefeldeT MO OT O0mMero 9Hcia ABYXBAM-
HHEX HOTeHOHEATIOB

t=[(T 10 L)~ Voia | Ve = Vi)™, (10y

KOTOpas ycmesa TepManm3oBaThes 3a BpeMmsa . CpenHee m3aMeHeHNe pPaBHOBeC-
HOH 3aCeIeHHOCTH HIKEAX AM moTeEnuaios coctasageT {m () s —<im (Ty)a.
VYMHOMEB 3Ty pPasHOCTh HA §, HmOJydaeM HMCKOMYW 3aBucmMocTh {Am (1)),
$urypmpyomyo B (9). B pesyasrare
cm(t/':min)—71 Tl:r.\in2""-'0eXp(VuJin/Tl)' (“)
Ao By 1
(Tlln Gh2—T;——Tgln chﬁz—)m———

.
- Vmin

M
TN (12)
Ilpencrasupaeman (11) peraxcamus TPOBOTEMOCTH CO BPEMEHEM IO CTENeH-
HOMY BaKOHY COTNaCyeTcs ¢ DKCIePUMEHTAIbHHIME Pe3ylbTaTaMH HacTOAmeH
pabots (pme. 2) m ¢ pamEEME paGors [1].

Ilepetimem X 06CYXICHHEI0 NUKINIECKUX DKCIEPHEMEHTOB, Pe3yJIbTaTH KOTO-
PHX OpPeJCTaBIEHH Ha PHC. 3, 4. [IpuMernTEIEHO K pPaccMaTpHBaeMoi Momenn
IOCIef0BaTeIbHOCTh HCHONb30BAHHHX NPONELYpP TakoBa: 1) B HaganbHHF
MOMEHT JBYXbAMHEIE NMOTEHIHWANE HAaXONATCH Ipu Temmeparype 7% B cocros-
HOW TePMOIMHAMEYECKOTO PABHOBECHS; 2) TeMIeparypa CKaTKOM HOHUKAETCH
o sHagweHEmsa I°°®, TAK UTO CHCTEMa IO KpaliHe# Mepe JaCTHYHO 3aMOPaKE-
Baercd; 3) depes KOPOTKOe BPeMs BHOBb CKAUKOM TEMIEDATYPa MOBHIMIAETCH
10 Beauunusl T4, KOTOpasd COXDaHAETCs B TeUEHNII BpPeMeHN f; 4) Temmeparypa
CKAYKOM HOHWKAeTcAa N0 3HadeHma T°°", IpM KOTOPOM IPON3BOIATCA HM3Me-
perns. IlpumBefeHEOe ONHMCAHEE OTPAKAET HKCIEPHMEHTATBHYIO IOCJIEN0Ba-
TeNIBLHOCTH IPOMENypP, KOTOPYH MH mcmoisaoBanu. OmHaro s TeopeTHde-
CKOTO aHAQNM3a BTOPOH IMar B ONMCAHHON WOCIENOBATENBHOCTH MOYRHO OLY-
CTETD, HOJIaras, 94TO TeMIepaTypa CKaikoMm MeHsercs ot T4 mo T,. Hecyme-
CTBEH W YeTBEPTHI IIar, HOCKOIBKY POJb HOHMKEHNS TeMmeparypsl mo 175%™
COCTOUT B 3aMOPAKEBAHUY IUCEI BALOJHEHWS AM OPH 3HAYCHHAX, OTBEIAN-
mux T,. Iloatomy 3amada cTaBmTCA cilemyiomumM o6pasoM. B magamsmOM CO-
CTOSHNE IpE Temmeparype I cmcTeMa OBYXBAMHEIX TMOTEHIHAJIOB HaXOTHUTCS
B COCTOSIHMYM TE€PMOITTHAMUYECKOTO PaBHOBECHA. Tpe0yercs OmpeneamTh Cpef-
Hee W3MEHEHHWE 3aCeNEeHHOCTeH AM depes BpeMs [ HOCie CKagIKooGpasHOTo.
W3MeHEHHA TemMmepaTypu pxo sHagemmsa Iy < T'f. 9ra samava ¢axTmuecku
y:xe OblIa pemmeHa BHIIE IPH PACCMOTPEHMH peIaKCAUEM 3aMOPOKEHBOM
npoBOgEMOCTA. Pe3ynbraT mMeeT BHL

T,—T; [T

prmym g AT [T B Ta A 13
< m>= Vnax — Vo L Bo ch ZTZ -, In ch 2TA ) (13}

rae
Ty=V /¥, L=In(t/x). ’ (14)
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Bripamenne B KBagpaTHHX CKOGKax (13) mpencrasaser coboit pasEocTs cpen-
AUX PaBHOBECHEIX BaceleRHOCTeH K (T a)>s —m (T4)>s; oCTanbHEEIE COMHO-
muTedn panT BeamumEy & (10). Us (13) mommo maiitm Temoeparypy T%P¢,

npm KOTOpo# BemmimEa (Am) [OCTETaer MaKCEMYMa. AHAIETHIECKEme BHIpa-
#KeHHAA MONYIAl0TCA B MPENeNBHEX CIydamx

ﬂm_{%aﬂ+mL Ti<K4,, 5

4 . .

(T4T )", Ti> A, ()
t

«3aMeTH.M, aro TP He saBHCAT Or O, TONBKO B NpPeNETBHHX caydaax (195)

npu T3 ~ A&y saucumocts T (A)) mmeer mecTo.

DusniecKoe TPOMCXOKCHME Marcmmyma (Am) ogesmamo. Ecam oxma-
swneEme I3 —T4 JOCTATOYHO Ma;o, TO 3aMODPAIKEBAHEE CHCTGMEL HEeCYIIecT-
BeHHO I (Am> B OCHOBHOM NPONOPIUOHANBHO PA3HUIE PaBHOBECHHIX 3acelleH-
socrelt <m (7T.4))a —m (T'5)>s, KoTopas pacrer ¢ poctom T%—T,. B crywae
SHATHTENLHOTO OXJIKNEHUA MNIABHYI POXb B maMeHeHmH {Am) mrpaer Tepma-
JIE330M 33 BPEMSA ¢, CKOPOCTB KOTOPo# pacrer ¢ poctoM T4, IKCTpeMyM {Am>
JIOCTHTaeTCs OPH OLTHMATILHOM COYETAHWE CKOPOCTH TePMATM3ANUE H H3Me-
HEHHS DABHOBECHON 3aCeleHHOCTH.

Ces3b OOMCAHHOTO HEMOHOTOHHOTO MOBEEHHA {Am}» ¢ pesyapraTamm
UORIFIECKEX SKCIEPUMEHTOB IO W3MEPEHMI0 IPOBOAEMOCTH (pmc. 3) ycTaHa-
BIUBAETCA COOTHOMeHHAMY (7), (8). UTo KacaeTcs MUKIMIECKEX DKCIEPHMEH-
'TOB 0O W3MEPeHMI0 HOrIomenus (pme. 4), TO BHBOX 06 WX CBASH C HOBEIEHHEM
{Am) mMeer 3fech pMOEpHIECKHE xapakrep. MEH amms KOHCTATEpPYyeM, dTO
8aBHCHMOCTH €, (T'4) & oy,  (T4) KaUeCTBEHHO TaK®e e, Kak o (I,), I HEMOHO-
TOHHHE XapaKTep BCeX TpeX 3aBHCEMOCTEH COOTBETCTBYET S3aBUCEMOCTH
{Am (T4)>. Obcyxnenue QESTIECKOTO MEXAHAZMA BIHAHHAA IIepexonos
B [BYXBAMHHX IIOTEHNUANaX HA & H 0, , BHXOQUT 3a DPAMKE HACTOAMEH
paboTH.

Takmm o06pasoM, pasBUTHE (HEHOMEHOJOTMIECKENA MOTXON IIO3BOJIAET
B e[HHOM KI09e 00BACHUTH BCe MMEION[UECST y HAC PKCHEPEMEHTANbHEE NAH-
HEIe KaR CJIENCTBHE TePMOCTHMYIHPOBAHHEIX IEPEXOf0B B aHcambie ciayuafi-
HEIX JNBYXBAMHHX OOTeENuanoB. ComocTaBleHHe NONYIGHHHX BHIDasKEHMH
€ 9KCHEepUMEHTANBHEIMA Pe3yIbTaTaMd pasfgera 1 maeT BO3MOKHOCTE OIEHATH
9ECIeHHEe 3HAYeHWA IapamMerpoB Mogmemm: A =0.04 »B, V_.~1.5 5B,
Vanw~0.7 3B, M/g (n)=0.4 3B, $=~230. I 3Hauenus oTHOCATCA K 06pasmaMm
TEOa 2. 3aMermM, d4To 3HadeHme V,,,~=1.5 3B cooTBercTByer sMmmpmueckm
YJCTaHOBJNEGHHOR 9Heprmm axTmBanmum nmpdysmm Bomopoma B a-Si: H [18].
IdTO MO3BOJNIAET TONAraTh, IO PACCMATPEBAEMEHE CTPYKTYDPH MepecTpOHK:
cBA3aHH ¢ gmpdysmeir Bogopoma. us obpasmos Tmma 1 MOXHO Hare JHmb
omeHKRy V., cmm3y: Vi, > 1.2 3B. Ilocuenmsa mpencrasiser coboit MumEZ-
MaJbHYI0 BHICOTY 0aprepa, TrapaETEPYOIyl HedQPEeKTHBHOCTE IePexomos
B [BYXBAMHHX NOTeHNWAJZax B HCCIeLyeMOM TeMIepaTypHOM HKHTEepBale
T < Ti=500 K, Rax 5TO BHTEKaeT M3 SKCOEPHMEHTATBLHHX NAHHHX IA
obpasmos tamma 1.

B sarmxogenme 9T0ro pasmena OTMETHEM HEKOTODHE BOIPOCH, KOTODHE, XOTA
7 BRIXOMAT 33 PaMKU JAHHOIO (@HOMEHOJIOIAIECKOr0 OMUCAHMAA, UMEIOT K HEMY
HeIOoCPeNCTBeHHOE OTHOMEeHHWEe. Bo-mepBHX, CBS3aB KOHIEHTPANHI NefeKToB
€ 33MONHEHAEeM HW/KHEX MOHAMYMOB ABYXbSAMHHX NOTEHI[EANOB, MEH HPHXO-
IUM K BHBONY, 94TO KOHIeHTpamus MedexToB mpd TOOHX BO3AedCTBHAX He
MOKeT MeHATHCA Gollee 4eM B [Ba pasa. JTOT BEIBOJ eIBA JH IPHEMIeM, Io-
CKOJIBKY W3BECTHO, 9YTO KOHIEHTDANUSA SJIeKTPHICCKH AKTUBHHX NefexTos
B a-Si : H Momer cymecTBeEHO MEHATHCS, HAOPHEMEDP, UPH CBETOBHX BO3[ei-
ctEAx (3dderr CreGmepa—Bpomcroro [*%: 20]). Bo-Bropmx, ocraerca Hesc-
HEIM, KakaM o0pasoM B aMOpPOHOA cHCTeMe IPH MMEIOMUXCA SHATHTEIBHEX
dryrTyanmax cTpyKTypH pasHEna A me:xmy GesmedextHo# m medeKTHOM KOH-
durypanuamu, npubImKagCch CKOIb YrOTHO OIESKO K HYIIO, B TO 3Ke BpeMA
HOKOIJA He cTaHoBHTCA orpmmarersHoi. Ha o6a mocraBmeEEHX Bompoca
MOKHO OTBETHTH, €CIM CIATATH, ITO BCTPEUANTCA KOHPATypamad ¢ sHEp-

b
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TEAME A pasIMYHHX 3HAKOB, HO KOHNEHTpanusa Komdurypamuii ¢ A >0
9yTh GONbIme W 5Ta W30HTOYHASA KOHIEHTPANWA TOJBKO H NIPaeT PoJib B pac-
CMOTpeHHOM BHIe $eHOMeHOIOrmIeCKOM moxxosie. MHasn Toura 3penusa Gymer
u3NOKeHa B mocaexyomux pasmerax. OHa cBogETCA K TOMY, 9TO IPHMEHH-
MOCTH HWBIOKEHHOT0 (PeHOMEHOIOrHIeCKOT0 ONMCAHMA OrPaHAYeHa H B Jei-
CTBHTENBHOCTA TEPMOCTEMYJIHPOBAHHEE HEePeCTPOMKN He BHOJHE ONHCHBa-
JOTCSA MOZENBI0 ABYXBAMHOTO HOTEHNHANIA B €€ HCHOIL30BAHHOM IIPOCTedImenm
Bume. MH ompemenuM HEKe MAKPOCKOIMYECKYI0 IPHPONY XapPaKTePHOR dHep~
ram Ay~0.04 B = mpmpomy pasimumit Mexpmy obpasmamm Tumos 1 @ 2
a TaKKe poab muPdysum BOTOPOAA B PACCMATPMBAEMEIX IPOIECccax.

3. O®IYyKTYyOHH B HEYyOOPAJOTYIEeHHNX CIHCTeMAaXx

Cnenys Kpusormnasy [*?], Ma massiBaeM (QIyKTyoHOM 00pasoBaEme Goib-
moro panmyca R > a (¢ — XapaKTepHOe MeKaTOMHOE DacCTOAHIE), B KOTOPOM
BIEKTPOH JOKANW30BAH BONM3Y PIYKTyanuy KOHIEHTPAUHH IPHMECH M CBOMM
moleM MOAeP/RUBAeT CTANMOHAPHOCTh 3TOX (aykryammu. s paccMoTpenus
PIyRTyoHOB B aMOPPHOR CECTeMe yITeM, ITO IOTeHIMANbHHY pensed mpmmec-
HOTO aTOMa B aMOpOHO# cmcTeme mmeer ciydaimmi xaparrep (puc. 8). Has

6

a
L4 [
)

Pmc. 8.

a — GNYKTyauua KOHIEHTPAIMUM NPEMECHBIX aATOMOB (BOHOPOXA) B O0JACTM JIORAINM3ALMII 3JEKTPOHA
(R — papuyc JOKanmsauuu) Opu o6pa3oBaBuMm (IYKTYOHA; 6 — caydaliHbil DOTeHUUanbHBIL penbedr
IJA IPUMECHOr0 aToMa (BOJOPOAa) M ONNOTHOCTD COCTOAHMIY MUHUMYMOB NOTEHUNANbHBIX M. B OTCYTCTBUE
3NEKTPOHA aTOMBI IPUMECH 3ATOJIHAIOT MAEMMYME! 1 X 3 B0 AeMapKallMOHHOI BHePTUI ¥ ; IPU 00 PAa30BaHMII
GIYKTYOHA HOUONHUTENPHO 3aTONHAIOTCA MUHEMYMBI 2 U 4: B — IMUPIHA BePOATHOCTHOrO pacupenes eI
MUHMMYMOB IOTEHIMAABHHX fAM (0Chb abCumcc — LJIOTHOCTL COCTOAHMI, 0Cb OpOUHAT - SHEPIIA).

DPOCTOTH MH GymeM CYMTaTh BEPOSTHOCTHOE PacHpefelieHHe MIHIMYMOB IIO-
TeHIZAIBHNX AM pelbeda paBEOMepHEM ¢ mupnHO# B. [Ipu T'=0 npuMecHHe
ATOME LOCJETOBATENBHO BANONHAIT AME C DHEPTUAMA OT MUHUMAIBHOHN [0
HEKOTOPO# JeMapKaumoHHOA sHeprum p., (puc. 8). Panm csoiicts omucammoit
Mozenz paccmorpeH B pabore [*']. IlosroMy smech MH orpaHmumMCA KpaTKAM
H3I0/KeHEHeM, HEeOOXOAWMHM [JIsf NOHEMAHWS NOCIENYIMIAX pe3yIbTaToB.

Paccmorpmm cdepy pammyca R > a, B KOTODOHl JIOKANM30BaH DIEKTPOH
¢ sHeprueir F, AmKe Kpasa TOEBWKEOCTH. ET0 5HEPTrHA IWHEHHO 3aBUCHT OT
#3GHITOTHOrO (DO CPaBHEHHWIO CO CPENHMM) YUCia IpHMeced B 06IaCTH JOKAIH-
sarum. JTO B3aWMONeHcTBEE OGYCIOBIUBAET DHEPreTHIECKHH BEIATPHIII OT
CO3NAaHAA JOKAJIBHON (PIYKTyanum KOHIEHTpamuu npumeceidr. OmHaro cosfia-
BEHe TaKOH QAYKTyalum COOPAKEHO M ¢ HEeKOTOPHM HPOMTrPHIIEM JHEepPrun
DaKe IPE HYyJeBoi Temmeparype. lleficTBuTenbHO, momosuM, 4To B 00IaCTh
Toxanmsanmm, cofgepsxamyo (R/a)® ysmos, momemeno N m36HTOYHEIX IpHME-
ceil. OHE 3aMONHAIOT DHEPreTHUECKEe MEHAMYMEL B CJI0€ €O cpefHeil mMmpHEHOMN
b=BN (a/R)? Brime sreprud p, (puc. 8). IT0 IPUBOAUT K BO3PACTAHUIO DHEP-
rmz B cpegEeM Ha 1/20N=1/2BN? (a/R)?. B pesyabrare mommas sHeprus
dayKRTyOHA COCTaBIAET

E=E,— A (a/R)®N 4 (B/2)(a/R)3 N2, A= const. (16
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Ona MEHEMAJbHA, KOra

N=DN,=A4/B. (17
IIpm srom

E=EFEo—w, wo=/(A%2B)(a/R). (18}

QHonythmneca BEIPQJREHNA YOPMATBHO TAKHE e, KAK T B CAYIae B3amMO-
EUCTBHS JTOKANM30BAHROTO JIEKTPOHA ¢ medopMmanmet, Pols KOTOPO 37ech
mrpaer u36bT09HOe TrCHO mpuMeced. IIpm aToM w, mpegcTaBIAET COBOMK AHATOL
MOJAPOHHOTO CJBUTA.

Mm me ofcympmaeM CTPYKTYPy JTOKAIH30BAHHOM 3JIEKTPOHHOA BOJHOBOMA
¢ysrnuu. B paccmarpuBaemoM npmbnmskenmm omEa XapaKTepHU3yeTca IENIb
pajuycoM R, KOTODH# B IpUHIUIE MoKeT GHThH ompefelexH YyCIOBEEM MUHH-
myMa smeprun (18) ¢ ywerom sasmemmoctm E, (R). Onmaxo, IOCKOJBKY BHL,
mocleNHed HeWsBeCTEH, Ml IolaraeM, 9to MumEmMmsanma mo R B (18) yixe
BHIIOJIHEHA, U B KadecrBe R HCHOMB3yeM OMIOMPHUYECKEE OLEHKH PaTUyCcoB

JOKANM30BAHHEIX COCTOSHHME B aMOpdHOM momympoBomEmEKe [22] R~~10 A.
Xorsa mpepmonarasmeeca yciaosume (R/a)® > 1 mpm sTom BHmOIHMETCS 6ea
fombmoro 3amaca, M GymeM HCIONB30BaTH faiee BEipamenus (16)—(18)
KaK Jlalolle 10 KpaliHe#t Mepe KaueCTBEHHHH pesyibTarl.

Jl1A omeHKM JHepPreTHYECKOr0 mapamerpa A 3aMeTHM, 9TO, B COTJIACHR
co cmpiciom [1°], om mpemcraBiser coGolt m3MeHeHme PHEPIMH JOKAIH30BAH-
HOTO 3JIeKTPOHA IPY W3MEHEHMY JUCIa IPUMecelk Ha e WHAIY B O0JACTH JIOKa-
am3anmu. ITO M3MEHEeHNe SHEPIHE IIPOMCXOAUT 6Iarogapa KOPOTKOXeHCTBYIO-
memy (pagmyca a < R) morenpmany mpmmecu. B mpegenbHoM caydae a=R
BenmuuHa A mpefcTaBiAer cofoi N3MEHEHUe TOTeHIMANbHOYR SHEPT U aTOMHOTO
BIEKTPOHA OpPH 3aMeHe aTOMa OCHOBHON MAaTPHIE IPEMECHHM aTOMOM. JTo
m3MeHeHMe, OYEBHJHO, WMeeT aToMHHHE Macmrtab. TakmM o6pasoM, MOMKHO
ounennts A ~10 3B. Ilapamerp B, xapaxTepusyomumi GIyKTyanny IOTeHIN-
aJBHOTO peibeda, MOKHO IO IOPANKY BEIWIMHH OUEHHUTH W3 TAHHHX O AAD-
¢ysum npmmeceir B amopdHHX cunasax '], aro maer B ~1 3B. B3sas ormome-
Bme R/a ~10, nomryaaem, 9to mo mopsaaky sexmymss | Ny | ~10 m w, ~0.1 3B.
Ilockoasry | N, | <€ (R/a)®, KOPOTKOHEHCTBYIOMAM MEXIPAMECHEIM B3aEMO-
peiicrBmeM MoxHO mpeHeGpeus. OpHOBpPeMEHHO 3TO O3HAaYaer, 4ro b < B.
ITomuepxneM, 4ro mpHBeJeHEHBle ONeHKE mainT | N, [ > 1 =z xapaxrepasit
¢GIYyKTYOHHHR BHUTDHII B SHEPTUHA W, HOPSAOKA MECATHX NONEH BIEKTPOH-
BOJIBTA, HOMANAIIIAL B 06IaCTh XapAKTEPHHX A DOIYIPOBOTHUKOB dHEPTHUiL.

Heob6xommmo samermts, daro Bmpamenma (16) —(18) ompenmersior cpennume,
6e3 ygera QayrTyaumii, 3Eadenusa seanIvH. OIYKTYyalund BOSHAKAIOT IOTOMY,
970 B 06IaCTH JIOKAIM3ANUHA SIEKTPOHA Pealu3yITCH pasiudnsie HaGops mo-
TeHIMANBHEIX SAM JIA aTOMOB IPUMECH. 1aKOro pofga QIyKTyammm ORIm pac-
cmoTpensl B [?']. 3mecs MBI OTMETHM IHIMb, 9TO UX MacmTal OTHOCHTENBHO
Max. [leficTBUTeNbHO, I QIYKTYa#i, OTBEYAIIMAX OTIAUIUIO SHEPIUA OT Wy
Ha BEIMINHY MeHBIIe WY MOPANKA Wy, MOMKHO WONAraTh, YT TUOUIHAL QIYK-
ryamusa AN ~ /| N, [. 9ro coorBercTByer macmTaly 3aTyxaHus QIyKTy-
amuit ~ wy/\J| Ny |. Hdasa ¢ayxryammit Gomxsmmx wmacmTaboB 3aTyXaHHe
orassiBaercsa eme Goxee pesxum [21]. IToaTomMy B manbHeHmeM MBI IpeHeOPEsKEM
dayrryanusvu Beawavd N, I w,, CIATAA KX DABHEIMU CBOHM CPEfHUM 3Hade-
HUEAM.

C pocroM TemmepaTyphl (IYRTYOHH pPAa3BANUBAIOTCA HYTEM (HCIapPEHEA»
#3GHTOYHEIX ATOMOB IpuMecm 3a cier amdpdysmm. [na ommcamums sToro s¢-
¢dexra meobxomumo BMecTo (16) paccmMaTpmBaTh CBOGOIHYIO SHEPIHUIO C yUETOM
BHTPONNMAHOrO BKIaga. ITO OBLIO cremaHo B [2']. OxHako OCHOBHOM pesymbTaT
TAKOTO PACCMOTPEHMA MOMKHO IONYYATH HA OCHOBE IPOCTEIX KadeCTBEHHBIX
aprymentoB. [{na aToro 3aMeTmM, 4TO, Kar ciaenyer m3 (16) —(18), mormxenne
BHEPrUH 3IeKTPoHa 3a cder cospmamms ¢aykrryona A (a/R)® Ny=2w,. Pasne-

JUB 3Ty SHEPrWI0 HA IACI0 E30HTOUHHX mpmMmeced | N |=| N, |, Mpl omenum
30 PeKTHBAEYIO SHEPTUIO CBASH ONHOIO IPHEMECHOTO aTOMa BO QIYKIYOHE
T* = 2w/| Ny |. (19)
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XapakTepEaa Bermumaa T'# mopamxa HeCKOJbKEX coTeH rpagycos Hembsmma,
Mosxso yTBep:&AaTh, uTo npm I' € T'* TeMmepaTypa OPAKTAIeCKH HO OKAa3H-
BaeT BIEAEEA Ha QayKryoH (N~N,), a mpu T > T* dayxrryor «mcmapsercs»
{N —0). Orcroma ciegyer, 970 OpY NOBHIMEHAN TEMIEPATypPHl OT Hyas mo T*
BIEKTPOHHEE JHEPreTHIecKne YPOBHE CMEIIAIOTCA Ha BEINYNHY HOPANKa 2w,
K Kpai IOJBIKHOCTH. JTO CMEINEHHe O0YCIOBIMBAET TEMIEPATYPHHH chsur
yposuas Depmm.

Ha srom sTame MH 3aKoHYEM ommcaHme QIyKTyoHHO# Momenm. Cremyro-
IEit IMar COCTONT B TOM, YTOOH B paMKaX 3TOH MOIeNZ PacCMOTPETh TePMOCTH-
MyIUpOBaHEHE Ipomeccs, obcykpmasmmeca B paspgenax 1, 2.

4, OopyrryorHasa Mmogexs aSi:H

B macTosmeM pasjele MH KOEKpeTE3EpyeM QIYKTYOHHYI MOHENb IpHMe-
‘HuTeAbHO K a-Si : H. B sToM cayuae poib HOXBIKEHX HeATPalbHEIX IpPHMe-
.ceit, ofpasyomux (QIYKTYOHE, ErpaloT aToMH Bomopoxa. Mx mmbpdysms mpm
paccmatpmBaemix Temmeparypax I'~300--500 K gocrarouro sa¢derTuBra [18]
u cnocofHa ofecrmeumBaTh H3MEHEGHZE MDPOCTPAHCTBEHHHX KOHPHTrypanmi 3a
XapaKTepPHHE BPEMEHA SKCIeDEMEHTOB.

NanpHelimas KOHKPETH3ANHUs MOfeNH TpeGyeT YTOYHEHMS HPHPONHL JOKa-
JNW3OBAHHBIX BJIEKTPOHHBIX COCTOSHWHE ¥ cocTOodHEmE Bomopoma B a-Si: H.
Mz cregyem obmenpunaATol Touke speHma [*20 23], coriacHO KOTOpPOX B Imenrm
nopsmxHEoCTH a-Si @ H moMmEMpYIOT cocToAEMA 060PBAHHLIX CBA3eH ¢ pammy-
-coM Jorannzanmu R~10 A. B orimame oT HerufpUPOBAHHOTO a-Si KOHIEHTPa-~
1Ea 000PBAaHHEX CBA3eH B a-Si : H cpaBEETEIBHO Mala, TOCKONBKY BBEICHHE
BOJOPONA HNPHEBONHT K IACCHBAIME HOFABIAIomero mx GoxpmmuCTBa. TeMm He
MeHee HeroTopas Matas kommenrpanusa (< 107 cm~3) obopBammmx cBAzel
-coxpanserca. OHM CYmECTBYIOT HECMOTPS Ha Haxmime GOJBIION KOHIEHTPA-
OuE BOJOPOAa, KAK NIPABWIO, OT OFHOIO [0 [AECATKOB aTOMHHIX IIPOIEHTOB.
CymecTBoBaEne 0GOPBAaHHHX CBA3eH ONHOBpEMEHHO ¢ (ONBIIOA KOHIEHTpa-
numeit BOTOPoga 03HAYAET, YTO MACCHBANMS He BCETNa dHEPreTUUECKH BHIIOAHA.

OnuauuecKas UHTEPIPETANHS IOCIEKHEETO YTBEPRIEHAS OCHOBAHA HA yYeTe
puyrTyanuii MEKPOCKONNYECKMX ATOMHHX KOHPmrypanmii, B KOTODHX pea-
Jm3yoTea obopsamHbe ¢BA3d. [lng GoxbmmECTBa 3THX KOHQUrypaunmil maccm-
BanEsa sHeprermieck: BeirogHa. OgHEAKO B Malo#l Koixe KOHQETypamul aTOMOB
TaKOBH, 9TO BHEAPEHHWE B HEX aTOMOB BOLOPOXA, HEOOXONMMHIX NJA IAcCHBa-
quu, TpeGyer CIMMKOM 60IBIINX DHEPreTAYeCKEX 3aTPAT B OKA3KBACTCSA TEPMO-
JOHAMAIECKE HeBHIrOAubIM. IlpyrmMz ciroBaMm, MeXIy O0GOPBAHHHME H Tac-
CHBHPOBAHHEHME CBS3AME CYIIECTBYeT HEKOTOPOe TEPMOJIMHAMHIECKOE PABHO-
Becme, OmpefelANINee KOHNeHTpanmio Tex m Apyrax. Cocrosnmsa o6GopBaHHOR
¥ TaCCHBEPOBAHHOM cBasell B a-Si : H M orosmmecrBasem ¢ gsymsa sHepreTm-
GeCKUMHE MEHAMYMAaMd B (EHOMEHOIOTHIECKOX MOFENW ABYXBAMHOLO IOTEH-
TH@aja w3 pasgena 2.

+ MBI yd9TeM BO3MOKHOCTB 06pa30BaHAA QIYKTYOHOB SJIEKTPOHAME 060pBaH-
HHX cBsAsei. Passan QIyKTyoHOB ¢ POCTOM TeMIepATyPH TPHUBONHET K yBelH-
9eHn0 cBOGOMHOR sHeprmE obopBanHEHX cBaseir. Orcioga cienyer, aTo ¢ poc-
TOM TeMImepaTyphsl TepMOAUHAMIYECKOe PABHOBECHEE CMEIIAETCS B CTOPOHY IAac-
‘CHBIPOBAHHHX CBs3e#, a KOHNEHTpamusa o0OPBAHHHX cBAsell yMeHbmIaeTcH.
B pamrax momenm mByXbAMHHX IDOTEHIHAIOB BTO O3HAYAET, 4TO ¢ pocToM T
CMeIaeTCsI BBEPX IIO0 SHEPTUE TOT MAHEMYM, KOTODPHIA COOTBETCTBYET 060 pBaH-
HOI ¢BA3H. JT0 CBOHCTBO ABYXBAMHOTO TOTEHNZANA, ECTECTBEHHO, HE MOTIO
OnTh¥yuTeH0 Ha (EHOMEHOIOTHMIECKOM ypOBHe Mofenn (pasmen 2).

Hax 6e1m0 moxasamo B paspene 3, pa3Bal QIYKTYOHOB, a ¢ HEM K TeMIepa-
TYPHO® CMemeHHe COOTBETCTBYIOIIX MEHUMYMOB NIBYXBAMHEX HOTEHIZAIOB
npomexonaTr B obmacta I < T'*; mpm rtemmeparypax 3amerHo Goapme I'*
caryanus Gamska K HacHmeHmio. CIeqoBaTeNbHO, M3MEHEHHe 3aCEIeHHOCTH
AM B aHcamO0le CIyYa#iHHX IBYXBAMHEX IOTEHIUAJIOB OCYIIECTBISETCA B 0C-
sosHoM mpm T < T*. IlocienHee yTBep)KMeHHe ABIAETCA CISNCTBEEM (PIVK-
TyoHHO#E Mogenn. OXHAKO ero MOKHO HOIYIUTH M B PaMKaX PeHOMEHOJIOTHIe-
cKoffjMomenm pasgena 2, eclEm IOCTYIHPOBATH, 9TO BEPOATHOCTHOE PACIpene-
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JeHMe ACUMMETPUE A [BYXBAMHBHX IOTEHIUANOB OIPAHAYEHO BEIWIMHON
Ay=T*. B 310M cIyuae Taxxe OCHOBHOE M3MEHEHWE 3aCEJCHHOCTEH M (mo-
OpE HEHS8MEHHOM MOJI0}KeHMH MUHEMYMOB) Gymer mpomexommrs mpm T < T*.
Taxzm 06pasoM, ME OPHIIIE K BHBORY, 910 ONEHEHHAS B Paspele 2 BeIRIHHA
Ay=20.04 3B paer ofHOBPeMEHHO T XaPAKTEPHYIO QIAYKTYOHHYIO TeMIePaTypy
T*. ra OUEHKA COTNIACYeTCs ¢ MAaHHOH B Pasmele 3 He3aBHCAMON omeEKo# ¥
mopAnKa HECKONBREX coTen rpanycoB Henssmua. Ilogaeprrem, aro B oTimame
oT GeHOMEHONOTHIeCKOH MOJeNn pasfena 2 BO GIYKTYOHHON MOJEIH OTHIOND.
me mpepmonaraercsi A 2> 0, a msveHeHme 3acelleHHOCTeH C TeMmepaTypol
mpoucxofur Ouaromapa TemmepaTypHO# sasumemMoctm A kak mpm A >0,
tak @ 1pm A < 0. Toxbko mpm mepexose ¥ PeHOMEHOTIOrHIECKOM MOTENd, He
yamreBalomeid 3asumcumoctm A (T), mpmxommres cumrath, uro 0 <C A <
L Ag=T*.

Bonee meranpEas mETepmpeTanus MOmENE NBYXBAMEEX NOTEHIZANOB HAHA
Ha pmc. 9, TMe MOKasaHH SHeprum oGOPBAHHOE M UMACCHBEPOBAHHOM CBA3eit
B 3aBHCHMOCTE OT umcia N m30HTOYHHX aTOMOB BOXOPOHa B oOmeme R3, rme
R — pagmyc mnoxamusammm. I DONHOCTHI0 CHMMETPHYHON KOHQGHUIYpammm
(A=0) mexxbamani Gapsep paBeH w,/4, Kax Ierko umers ms (16). Opmaxo
TaKoi# 6apbep IOYTH HE BIESET HA BEPOATHO-
CTE MEXBAMHHX IE€PEXOT0B, KOTOPHEe CBA3AHH
¢ mamegeEmeM N um Tpe6yIOT NpPEOmOIEHHS To-
pasgo 6oxee BEICOKEX Ind(ysHOHHX Gaphepos.
CrenmoBaTenbHO, Benuauusl V,, u V., OmeHEH-
HHe B pasfele 2, XapaxkTepusyioT pasbpoc
BeicoT mudpysmomHHX Gapsepos B a-Si : H.

Pmc. 9. Omeprms E mnaccmBmpoBammo# cBssm (I) m p

QIyKTyoHA (2) B 3aBUCHMOCTE OT M3OHITOYHOIO WHCIA

aToMOB BOZOpoja N B 06nacTE JOKAJIE3AEA JIIEK-
TPOHA.

T TpuxoBON NuHMel IOKa3aHa SHEPrUA H3CHITOYHBIX aTOMOB

BOOPORa. E, — 3aTpaBOYHAA SHEPTHUA BJIEKTPOHA (B OTCYTCTBUE
M30HITKA aTOMOB BOZOPOAA), Uo — (IIyKTYOHHBIA COBUT SHEPTUM.

QDnyrTyOoHHEAA MOTENb JaeT TAK/Ke eCTECTBEHHYI0 WHTEPUPOTANI0 Pa3inanit
Mexny oOpasmamu Tumos 1 m 2. Ilo mpmumeaM TeXHONOTHIECKOro XapaKTepa
o6pasns Tuna 1 mMe0T CPABHUTENBPHO MEEBINYIO CTOIEeHD PAasyLOPAT0ICHHOCTH.
B wacTHOCTH, Mg HEX OTHOCHTENIBHO Mall pazbpoc B MEEMMYMOB HOTEHIIMANL-
HoTO penbeda (puc. 8) m pasbpoc BrcoT KudPdysmoEnsx Gapsepos. Manocts B
OPUABOAUT K TOMY, 9TO (QIYKTYyOHHH# cmeur w,=(A42/2B)(a/R)® B obpasmax
Tooa 1 OTHOCHTENBHO BEJNWK W, CIEJOBATEIBHO, SJIEKTPOHHBIE COCTOSAHHA,
a ¢ HaMEz 7 yposers Depmu neskaT TiIy0rke B Mead HOABIKHOCTH. JTO 00BAC-
HAET CPAaBHUTENLHO GONBINYI0 YHEPTHI0 AKTHBAIME IPOBOTMMOCTH NIA 00pas-
1oB Trna 1, yerarmosinerryio B pasnene 1. C npyroi cropons:, MeHpmnil pasépoc
muddysnoEnEx 6apbepos B o6pasmax Tmoa 1 HO3BOJAET HOHATH CPABHUTENb-
By HeaddertusHOCTh MEPPy3un B HEX B 00YCIOBIEHHYI 3TUM HEIYBCTBH- -
TEIBHOCTh K TEPMUIECKEM BO3TEHCTBHAM.

Taxmm o6pasom, QaykrTyoHHas Momeab a-Si: H mossommer o6BACHETEH
BCe TOJIYYeHHBle HAMA De3yIBbTATH K AT MEKDPOCKOIHIecKoe 00OCHOBAHHE
PasBETOTO B pasfele 2 (EeHOMEHOJOTHIECKOro mouxona. Ilo mamemy MueHMIO,
3Ta MOJENhb OMMCHBAET TAXke W fAammue pafor ['7%], xors umciemEEe mapa-
METPH MOJEIH B TOM Cilydae MOTYT OHTH APYTHEMH.

Ocnosno#i pesyuabraT PaGoTH COCTOHMT B 9KCOEPUMEHTAIBHOM M TEOpeTHIe-
CKOM HCCIEeT0BAHME TPOIECCOB B aMOPHHOM IOTYIPOBOJHHUKE € IONBIKHEIMA
npumecamu Ha npmMepe ¢-Si: H. Hamm sxcmepmmenTanbHEE De3yIbTATEHE
DOKA3HBAIOT, UTO AJIEKTPHIECKAE K ONTHUECKHE CBOMCTBA HCCIENYeMOTO Mare-
PHalla MEHAIOTCA B pesyibrTaTe CTPYKTYPHHX TMEPECTPOEX, CTUMYIUPOBAHEBIX
TennoBHM BoanelictsmeM. IIpoBefeHBEHY TeOpeTHIECKHWM aHAJHU3 CB3HBAET
TaKHEe OepPecTPOUKE ¢ IPAMHM B3aEMOJEHCTBEEM MEMK[AY JIOKAIW30BAHHEIMHE
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DIEKTPOHAME W HOJBUKHBIME HPUMECAME. OTO B3aUMOJI@UCTBUE SBIAETCA NPH-
auHOK o6pasoBamus QuykryoHoB. TepMuuecKui passajl HOCIETHHX 3a cUer
Iuddysum OPUMECHBIX aTOMOB O0YCIOBIEBAET HETPHBMALBHOE IOBeTeHWe
MaTepHaia OpU PA3IUYHOT0 POAA TEeIJOBHIX BO3ACHCTBHAX.

Buispnennas B HacTosmeld pafore POIL HPAMOIO B3aMMOJEGHCTBHA 3JEK-
TPOHOB C TOABMKHBIMHE OPUMECHEIME ATOMaMH aMOP(HOro HOJYOPOBORHEKA
MOsKeT OHTh BaKHOH eme B pAge addertoB. OTMETHM 37eCh IBe TAKHE BO3MOMK-
mocru. IlepBas cBsizaHa ¢ BIMAHHMEM 3aCBETKH Ha cBoiicTBa obpasuos. OGpa-
3YIOMUECH IPH 9TOM H3GHITOYHEIE SIEKTPOHH U JHIPKE 3a cIeT B3anMopgelicTsma
¢ TOIBUYKHBIMII IPUMECAME CHOCOOHEI OOYCIOBHTh HX 3HAYHTENLHEE Iepene-
mMeHns, T. €. CTPYKTYPHBIe HepecTpofKE, KOTOPEHE MOTYT COXPAHATHCA [IIH-
TEIbHOE BPeMsA IOCIe HPeKpAaIeHnsi ocBemeHHA. He mHCKI0OUeHO, d9TO ITOT
MeXaHH3M [aeT BKIaN B IIHPOKO U3BeCTHHE apdexrt nerpajammm (sddext
Cre6nepa —Bpomncroro) a-Si : H mop meficrsmem ocBemenmna. [pyrad Bo3amMox-
HOCTh CBf3aHA ¢ IPOIlecCaMm B HPEOOPHHX CTPYKTYypax, Ifié BO3HEKAET CIOi
06beMHEOT0 3apANa BHYTPH aMOpPPHOrO TONYIPOBOSHEKA. LCIH BIEKTPOHH B
OHPKKM B3aOMONEMCTBYIOT C IMOIBIUKHBEIME IPHEMECSAMH, TO HOCHEHHE TOJIKHS
00pasoBHBATL HEONHOPONHOE NPOCTPAHCTBEHHO® pAaCIpefieenHe, COOTBET-
CTBYIOINGE PACHpEeelleHNI0 NIPOCTPAHCTBEHHOrO 3apAlta. Tawkmm obpasom,
B CTPYKRTypax Ha OCHOBe aMOD(HHIX MONYIPOBORHHKOB ION HeficTBHeM Hpu-
JIO’KEHHOT0 HAUPS;KEHMUS TOJ/KHBl IPOWCXONUTH HOJTOBPEMEHHBIe IPOIECCH,
obycnosnennsie nudpdysueir npumeced. PesyabraTHl OPOTEKAHHS TaKHX HPO-
IECCOB MOTYT COXPARHATHCA B TedeHHe MIUTEIBHOT0 BPEMEHH NOCIe CHATHA
HanpsKerna. OTMeTHM, 4TO PACCMOTPEHHEHE OPHMEDPH MOLYT CIYIKUTH YKa-
BaHUEM Ha IEePCOEKTHBY IEJeHANPABICHHHX W3MEHEHHAN OPHUMECHOH CHCTEeMH
aMopdHOro TOJYIPOBOLHEKA C IOMOMBIO BO3NEHCTBUS Ha ero 3JIeKTPOHHYIO
TUJCHCTEMY.
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