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NsyueHa 3apAnKa NblIEBbIX YaCTHI B IIa3Me C ABYXTeMIIepaTyPHBIM paclipeJeleHreM 3IeKTPOHOB 10 3HEP-
run. OGHapy:ieHo, YTO B IiIasMe C XOJOAHBIMM HMOHaMH C POCTOM TeMIepaTyphbl 3JI€KTPOHOB IPUBEJEHHBIH
(k TeMmepaType 3I€KTPOHOB) MOTEHIMAN NbLIEBOM YacTHIBI MafgaeT. ITO NPUBOAUT K TOMY, YTO MOTEHIMAN
MOBEPXHOCTU NBUIMHKM C TEMIepaTypoil ATeKTPOHOB pacTeT MeAleHHee, UeM M0 TUHEHHOMY 3aKOHY U NpHU
T. > 5.5 3B B Bogopoge, Te > 240 3B B aproHe okasbIBaeTCA MeHbLIE TeMIEPaTypPbl 3MIeKTPOHOB (IelIeHHON Ha
3IeMEHTapHBIH 3apAx). YCTaHOBIEHO COOTHOIIEHKE Ha JOIIO 3MEeKTPOHOB GLICTPOM IPYIINbI, IOCIE IPEBBIEHNA
KOTOpOi1 OHM HaUMHAIOT NaBaThb BKIaJ B 3apAX NbLIeBbIX yacTul. IlokaszaHo, 4To 3apAn YacTHUL MUKPOHHOIO
pasmepa MoeT gocturaTh mo 10° 3apagom smexTpona. MayueHo BIMAHME MONEBONH M ABTOTEPMO3IEKTPOH-
HOIl AMMCCHUY Ha 3apAJ NBLIEBLIX YacTHI. JKCIepUMEHTANILHO IPOJeMOHCTPUPOBaHA BOBMOMHOCTE MONYyYEHUA
CBEpPXBBICOKUX 3apAnoB (Io 107 sremMeHTapHBIX 3apANOB) Ha MBLIEBBIX yacTuuax paguycoMm 50-100 MM mpu
BO3/eliCTBUU Ha HUX IIyUYKOM 3I€KTPOHOB c 3Heprueii 25 k3B u Torom 1 MA.

PACS: 52.27.Lw

BBenenue. CerogHa B ¢u3NKe NBLIEBOI NIa3MbI, B
OCHOBHOM, M3y4alOTCA MPOIecchl 3apAJKN MaKkpOYacTHUI]
B [UIa3Me IIMPOKO pacnpocTPaHEHHbIX THUIIOB paspAna —
B TJIEIOIEM pa3psjie NOCTOAHHOro Toka, B BU paspsane, B
TepMUYecKoil 1asMe, B HECAMOCTOATEILHOM pa3pafe u
T.A. [1-4]. B Takux tunax paspsna TemmnepaTypa sNek-
TPOHOB HE INPEBBINIAET HECKONIBKUX BIEKTPOHBOILT. B
HacTofeil paoTe paccMOTpPeHO ¢opMUpOBaHue 3apaia
YeIVHEHHO! NbIIeBOi YacTHUIbI B MIa3Me C JABYXTeMIIe-
paTypHBIM pacnpefeleHrueM 3JeKTPOHOB N0 SHEPTUH.

Ilpu BbICOKMX 3apAmax 4YacTUI KOHIEHCHPOBaHHOM
IycnepcHoil ¢aspl MOHBI B UX DIEKTPOCTATHYECKOM IIO-
ne GyoyT YCKOPAThCA N0 BBICOKMX »Hepruii. ITO OT-
KpbIBaeT MEPCIEKTUBBI MCNOJb30BaHUA BBICOKO 3apf-
JKEHHBIX yacTul: 1) anf royGoKoi MMIIaHTAlWK HOHOB
C LleJIbIO NONy4YeHUA MaTepHualoB ¢ HOBIMH NOBEPXHOCT-
HBIMU CBOMCTBaM¥; 2) 1A KATATUTUYECKOr0 YCKOPEHNA
CKOPOCTH peaKLUil ¢ BBICOKMM 3HepreTuyeckuM Oapbe-
poM; 3) B MOHHBIX ABUraTelfix AIf YCKOPEHWA KOCMHU-
YeCKUX 00BbEKTOB; 4) B paKETHBIX ABUIATENAX A CO3-
IaHWA BICOKONPOBOJAILIE}H M1a3MBbI C LIENbIO 3aIIUTHI CO-
Ila B caMOreHeprupyeMOM MarHMTHOM IMoJe, aHalorud-
Ho u B MT']] renepaTopax; 5) AnA peanusanuu IbLIEBO-
ro KpUcTamia B finepHoil 6GaTapee Ha OCHOBe pajuOaK-
TUBHOM NBLIEBOI MIa3Msbl [5]. DTH UccreoBaHUA TaKHe
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NpeICTaBIAIOT UHTepeC JIA GU3NKKM PEakTOpPOB YIpaB-
JAEMOT0 TEPMOAJEPHOr0 CHHTE3a B CBETE TOIO, YTO IbI-
JeBble 4acTHIbl DKCIEPUMEHTAlbHO HabIIofanuch B pa-
6ouemM o6bEME 3TUX peaKkTOPOB.

B HepaBHOBecHOI1 1a3Me ra3oBbIX pa3pAN0B HU3KOTO
JaBleHUA, HECMOTPA Ha BBICOKYIO TeMIlepaTypy 3IeK-
TpoHOB (2-33B), MOHBI U aTOMBI OCTAIOTCA “XOIOAHBI-
Mu”. B oTcyTcTBHe NpOLECCOB 3MHUCCUU C OBEPXHOCTH
MaKpOoYacTHUIbl ee 3apAl OKa3bIBa€TCA OTPHUIATENbHBIM
BciencTBUe Goslee BBICOKOM MOIBHMKHOCTH 3JIE€KTPOHOB,
yeMm uoHoB. CBA3aHHBINA C 3apAJOM CTalMOHApHBIN MO-
TeHI[MaJ NOBEPXHOCTH HBLIEBON YaCTHIBI ONpPENENIAETCA
OTHOIIIEHWEM TeMIlepaTyPhl BIEKTPOHOB B DHEPreTHUYeC-
KUX eJUHUNAX K 3apAny ajleKTpoHa. B ycioBuax raso-
BBIX pa3pAloB HU3KOrO JaBJeHUA 3apAf YacTUI MOKET
mocTuraTh 3HaueHmit 103—10% 3lleMeHTapHbIX 3apfAJoB
JJIfl YacTHUI MUKPOHHBIX pa3MepoB.

N3BecTHO, YTO Npy BO3ZEHCTBUY 3NEKTPOHHOrO My Y-
Ka Ha ras cosjaeTcA BbBICOKOTeMIepaTypHad Ia3ma
3a CYeT Pa3BUTHUA NJIa3MEHHO-NYYKOBOI HeyCcTOWYMBOC-
Tu (pa3orpeB 3INEKTPOHOB NPOMCXOAUT B mporuecce, 06-
paTHoM 3aryxauuio Jlaugay). B Takom nunasmenHo-
IIyYKOBOM pa3pfiie DOCTUraloTCA TeMIepaTyphl SJIeK-
TPOHOB fAfpa QYHKNUUM paclnpefeleHUA MO dHEPruu 1o
HECKOJIbKUX COTEH 3JEeKTPOH-BOJbT U MJIOTHOCTH ILIa3-
me1 10 10 cm~3. B pa6orte [6] coobmanock, uTo npu
NPOX0MIEHUM NMyYKa 3JIeKTPOHOB NOCTOAHHOIO TOKA C
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sHeprueit 5 k3B B peliTepun HaGNIOJaNUCh BIEKTPOHEI C
sHeprueil go 250 k3B, ycKopeHHBIE 3a cUeT MIa3MeHHO-
My4KoBOro B3aumojeiicTeua. OnpeneneHHasa U3 MOIHOTO
[IOTOKAa ()OTOHOB B PEHTI'€HOBCKOI 00/1aCcTH U UX paclnpe-
JelneHus, TeMIlepaTypa 3JlIeKTPOHOB OKa3alach PaBHOI
32 k3B, a konnenTpanua — 4 - 10! em—3.

B paGore [7] wuccmemoBancAi — UMIYIbCHBINA
SJIEKTPOHHO-IIMKIOTPOHHBIN pa3pAny B aprone.  Uec-
CleOBaHUA PEHTTreHOBCKOr'0 W3My4YeHUA MIasMbel B
guanasoHe 2-10 ksB mnokasamu, UYTO >3IEKTPOHHAaA
KOMIIOHEHTa COCTOUT W3 JAByX T'pyNN: MepBad rpymnna
umeer Temnepatypy 300-400 »B npu KoHnenTpanuu
10'* cm~3, a Bropas — 7-10 w3B u KOHUEHTpaNUIO
nopagka 100 cm—3. TlosTomy ocoBblit uHTepec mpes-
CTaBIfieT U3y4yeHHe 3apANKM MaKpodyacTHl] B TaKUX
paspAnax, UMeIOMmUX YHUKalbHble NapaMeTphbl: Tropf-
Yyylo I'pyNny 3MeKTPOHOB ¢ TemnepaTypoil 1o 10 k3B u
WOHBI ¢ KOMHATHO# TemnepaTypoii. B Takux ycnoBuax
MOJKHO OMRUJATh MONyYEeHUA DKCTPEMalbHO BBICOKUX
(ua 2-3 nopsAxka Bbllle OGLIYHBIX) 3apANOB MBLIEBBIX
yacTul.

1. IIpuban:keHue orpaHU4YeHHBIX Op6GuUT B
niasme ¢ By XTeMnepaTyPHbIM pacnpejeleHreM
3JeKTPOHOB M XO0JOAHBIMH HMoHaMu. PaccmoTpum
3apAKY NbLIEBBIX YacTHUIl B IIa3Me, B KOTOPoH QYyHHK-
[UA pacnpejeleHUA BIEKTPOHOB IO SHEPrUU ABIAETCA
CyMMO# ABYX MaKCBENIOBCKUX (YHHKIMN C pa3sHbIMU
TeMIlepaTypaMH, a pacnpejejiieHie UOHOB ONKChIBaeTCA
MaKCBellNIOBCKOI QyHHKIUel ¢ TpeThell TeMnepaTypoii:

My 3/2 myv?
= (o) e (-G ) O

CR)

roe 0 = el A “XoNoAHONU” Tpynnbl AIEKTPOHOB, 0 =
= €2 — auAa “ropaueit” M ¢ = { — ANA VOHOB, My, 1y —
Macca 4acTHIl U TeMIlepaTypa o-KOMIOHEHTHI MIa3Mbl,

COOTBETCTBEHHO.

WHTEHCHBHOCTL CTOKA [IIa3MEHHbIX YacTHUI Ha NbI-
NEBYIO YacTULy ONpeNeNfAeTCA CEeUEHNEM TMOrJIOUIeHUsA
0, (v). Ilpu BbImonHEHUN ycnOBUi

ly, >re, o=c¢€l,e2,i

MOJKHO TOJIOMUTh, YTO CeYEeHUA MOTJIOMEeHNA onpefea-
IOTCA BbIpaKeHMAMM, U3BECTHHIMM M3 TEOPUM OrpaHHU-
4YeHHBIX opouT [8, 9] (yuTeMm, UTO 3apAg MarpoO4acTul B
paccMaTpuMBaeMOM HaMU cllydae oTpULaTelleH BCIeicT-
BHe O0JbINeil TOBMKHOCTH IEKTPOHOB):

2ge? 2 _ 2ge?

1+ romev?’ MeT
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MeTo
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oi(v) = mr2 (1 - ﬂ) , 3)

rom;v?

rie ro — paguyc MakpodyacTHusl, [, — quuHa npoGera u
Vo,th = \/8Ts /™M, — TemnoBasa CKOPOCTb G-KOMIIOHEH-
ThI MIA3MbI, ¢ — 3apAJ YACTUIILI B leMEHTAPHLIX 3apf-
Jax, e — abGCcoNMOTHOe 3HaUYeHWe 3apfAna 3JIeKTpPoHa, €; —
3apfA UOHOB.

IIMOTHOCTY NMOTOKOB MIA3MEHHBIX YACTUI[ Ha MbIIe-
BYIO YacTHUIy ONpPeAelfAl0TCA COOTHOMIEHNEM

[e )

L=%/nw%wﬁw, (4)

0

v — aGCONMIOTHOE 3HAUEHHE CKOPOCTH MIa3MEeHHOi 4acTH-
usl. Beimonuus uHTerpupoBanue (4) ¢ MaKkCBENIOBCKHU-
MU pyHrnuamu pacnpepenenus (1) u ceuenuamu (2),
(3), AnA mIOTHOCTEN MOTOKA SMEKTPOHOB M MOHOB Ha
MaKpoyacTHUIly MOJNy4UM BbIPayKeHUA

Tea

. €;
Ji = iniovz’,th (1 — ;i: ) )

€
jea = %neavea,th €xp (ﬂ) y a= 1a27
(5)

rae ¢o = ¢ (r =ro) — MoTeHUMAN MOBEPXHOCTH IMblie-
BOI YaCTHUIBL, Te1, Me2, Nip — KOHIEHTPALUU DIEKTPOHOB
U WOHOB B HEBO3MYIIEHHO!H NlazMe, KOTOpblE CBA3aHBI
YCIOBUEM KBa3MHENTpPalbHOCTH:

Ne1 + Ne2 = ZiNjo, (6)

rie z; = e;/e. B crannoHapHOM COCTOAHUY MOTOKU 3MEK-
TPOHOB M MOHOB Ha MaKkpo4acTHIbI paBHbI JPYT IPYTY,
YTO JJaeT ypaBHeHUe [ ONpeeleHus NoTeHnrana Mak-
pOYaCTHIBL:

Z (seavea,th exp (;ﬂ> = Vi,th (Zl - 2—&) ) (7)

a=1,2 ea ¢

rlie Je1 = Me1 /Mo, 02 = Ne2/nip = (1 — de1). Tpancuen-
nentHoe ypaBHenue (7) npu Je2 = 0 u z; = 1 mepexoaut
B IIMPOKOM3BECTHOE ypaBHeHNe NpUOIU#EeHUA OrpaHH-

4eHHBIX opouT [3, 8]:
edo meT; egpo
e —-— | = 1-——). 8
Xp(Te> m;Te ( Ti) ®)
06b19HO Teg > Tep, @ Nea K Ne1, MOITOMY U3 YpaBHE-
uuA (7) MOKHO NONYYUTDH YCIOBKE Ha JOMIO 3IEKTPOHOB

ropsAdeii rpynnel, Korja ux BRIaj B 3apAIKY MaKpodac-
TUIl CPaBHAETCA C BKIAJOM XOJIOXHOM TpyMIbI:

me alg
Sor oy e Sl 9
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rie a = e¢y/Te1 — BenuuuHa, cnao 3aBUCALIAA OT TEM-
nepaTypsl 3I€KTPOHOB XOIOAHOM IPynmsl (B aproue Me-
HAeTcA oT ueThipex npu T,; = 0.026 3B mo emunuie:
npu T, ~ 300 3B, cm. puc.l).
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Puc.1l. 3aBucMMOCTBL MOTEHI[Mala MOBEPXHOCTH ¢)o IbI-

IeBOM YacTHIbl OT TEeMIEpaTyphbl 31eKTpoHOB npy T; =
= 0.026 »B: 1 — B n1a3me aprosa; 2 — B BOJOPOAHOM I1as-
Me; § — NpUBeAeHHBIN HoTeHnuan ego/T. (npaBaa mkana)
B aproHe M 4 — B BOAOpoOje

2. Pacuet 3apaga makpouacTun. Ha ocHoBe mo-
JIy4eHHBIX COOTHOIIEHUI MPOBEJEeM pacyeT 3apfja Mak-
poyacTuIl B Ia3Me aproHa ¥ BOZOpojJa ¢ MOHAMH KOM-
HaTHOI Temnepatypsl 1; = 0.026 3B u npu z; = 1. Ha
puc.1 npuBeneHsl rpadUKN 3aBUCUMOCTY IOTEHIIMANA P
YacTUIbI 0T TEMIEpaTyphl 3MEKTPOHOB B clydyae Iias-
MBI C OJHOTEMIEPaTyPHOIi 2NEKTPOHHON KOMIOHEHTOIA.
Buano, 4To ¢ pocTOM TemMnepaTyphl 3NeKTPOHOB MOTEH-
[[Mal YacTUIbl PACTET, IPUUYEM B aproHe NMOTEHIUAN OKa-
3bIBAETCA BBINIE, UYeM B BOJOpoje. JTO CBA3AHO C TEM,
YTO OPU MEepexofie OT BOJOPOJa K aproHy npaBaf 4acTh
ypaBHenus (8) ymeHbuaeTcA Golee 4eM B LIECTh pas,
YTO MPUBOJUT K YBEIMYEHHUIO 10 aOCOTIOTHOM BETUUUHE
OTPUIIATENBHOTO NI0KA3aTel Al SKCIIOHEHTHI B IEBOI 4acTu
U, COOTBETCTBEHHO, NOTeHIMala YaCTHUIIbI.

Rar BupHo u3 puc.l, npuBeAeHHbIH K TeMIepaType
ANEKTPOHOB MOTEHIMAN C POCTOM TeMMepaTyphl leH-
TpoHOB nagaet. Iloatomy npu T, > 5.5 3B B Bogopoae u
T. > 240 »B B aproHe noteHnuan oKkasbIBa€TCA MEHHIIE,
YeM TeMIepaTypa 3IeKTPOHOB ([eleHHasA Ha DIeMeHTap-
ublii 3apan). Takoe noBeAeHue NPUBEJEHHOr0 NOTEHIMA-
lia cTaHOBUTCA GoNee MOHATHBIM, €CIIH C YYETOM yCIOBUA
Te > T; npeoGpasoBatb ypaBHenue (8) K Bumy

meTe

-1 —p) & 10
o~ exp(—p) T (10)

roe ¢ = —ego/T. — NpUBeNeHHbIN NOTEHUMANl YacTH-
uel. Dynruua ¢ lexp (—y) B o6MacTU MONOMUTENb-
HBIX 3HAYEHUl apryMeHTa ABIAETCA MOHOTOHHO YGhI-
Baroleil pyHKINEH, 103TOMY YBelIlnUeHle TeMIepaTyphl
SIEKTPOHOB NPU HEU3MEHHO} TeMmmepaType MOHOB HpPHU-
BOAUT K yBeINYEHUIO NpaBoii yacTu ypasHenud (10) u,
COOTBETCTBEHHO, K YMEHBIIEHUIO PUBEJEHHOI0 MOTEH-
nuana. CrnemoBaTenbHO, MPU OJUHAKOBON TeMmepaType
AIEKTPOHOB B MIIa3Me C XOJIOAHBIMU MOHAMU 3apA] MaK-
pouactun GyneT MeHbIIEe, YeM B U30T€PMUUYECKOil. ITO
00yCIOBIEHO TEM, UTO CeUeHUe MOrJOIEeHUE NOHOB, KaK
BUZHO 13 (3), C POCTOM CKOPOCTH MOCIEJHUX NaJaeT, 10
ATOI NpPUYMHE XONOJHbIe HOHEI ) (PeKTUBHEe coOMPAIOT-
cA 3apAMEeHHON MaKpoudacTulleif, yeM ropsauue.

Ha puc.2 npuBeeHBI 3aBUCUMOCTH NOTEHINANA MaK-
poyacTHIl OT HONU ropAYMX 31ekTpoHoB. Kak B skcnepu-

=y (V)

) —1 0
10 10 10 10

Puc.2. 3aBucHMOCTh ImOTEHLWAla MOBEPXHOCTH ¢g (KpH-
Bble 1,2) u 3apaga q (KpuBble 3,4, IpaBas MKaia) 4acTUIBI
paguycom ro = 1 MKM OT [JOIU ropAdeii rpyImIbl 31eKTPo-
HOB ¢ TemmepaTypoii 10* 3B mpu Temneparype XomomHO
rpyunst 300 3B (T; = 0.026 3B): 1,8 — B nua3me aprosa;
2,4 — B BOJOPOOHOI mia3me

MeHTe [7], IONOMEHO YTO TeMIepaTypa XOIOLHOMN rpym-
ne1 paBHa 300 3B, a ropaueit - 10 k3B. PacueTts! npoBe-
JeHbl A aproda u Bojopoaa. Ilo BbIYMCIEHHBIM 3Ha-
YeHUAM MNOTEHIHana onpejeleH 3apfj] 4YacTWll B mpej-
MONOEeHNN BakyyMHO#N cBfA3u. W3 pucyHKa BUOHO, YTO
3apf]l HAYMHAET 3aMeTHO PacTH mpH bz > 1072, B moa-
HOM COrJIacuy C oueHKo# (9), 1 MoeT ZOCTUraThb MHUI-
JMOHA 3apfja 3IeKTPOHA Ha YacTuUlle paguycoM 1 MEM.
OTMeTHM, YTO C POCTOM pajuyca 3apAj] MakpoyacTul B
npubaveHUy OrpaHUuYeHHbIX OPOUT pacTeT NMHEHHO.
3. BauAHNe aBTOTEPMO3JIEKTPOHHON 3MHCCHUH
Ha 3apaj neuieBbIX dyacTul. Ilpu Gonbmux 3Have-
HUAIX 3apfAfla NbLIEBON YaCTUIlbI HANPAMEHHOCTh JJEK-
TPUYECKOTO MOJAl CTAHOBUTCA JOCTATOYHO BBICOKOI, YTO
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NPUBOJUT K MOABIEHUIO MOTOKA AIEKTPOHOB ABTO3JEK-
TPOHHON WM MONEBON DMUCCHUU C MOBEPXHOCTU CHUIb-
HO3apAMEHHOl NhlNeBoil yacTunbl. Takie BclelcTBUe
60JbIIKX IOTOKOB 3IEKTPOHOB U MOHOB HAa MaKkpoyacTH-
IIy TeMIepaTypa ee NOBepXHocTH GyAeT pacTu, 4To NpH-
BeJleT K NOABIEHUIO TEPMOAIEKTPOHHONU BMUCCUU TPU
MalbIX 3apAjJax U TEPMOaBTOAIEKTPOHHOI AMUCCUU NIPU
6onbmux. IloaTomy B GanaHce NMOTOKOB YUTEM aBTO-
TEpPMO3NeKTpoHHYyI0 sMuccuio. [lomomum, yto meLie-
BafA yacTuna cjeraHa u3 Metanna. llnoTHocTh motoka
aBTOTEPMO3JIEKTPOHHOI 3Muccuu GyaeM onpeienaTh co-
rinacto [10]. IIpu Temnepartypax, menbue 1000 K, 3aBu-
CUMOCTh OT HaNpPAMEHHOCTU BHEIIHEro Mojf MIOTHOCTU
TOKa AMUCCHHM, BBIYMCIEHHOM cornacHo [10], coBnanana ¢
3aBucumocThio Hopareiima-®@aynepa, a npu Temnepary-
pe Berme 1000 K 1 mManeix monAax mepexoauia B 3aBUCH-
MocTb Puuapacona-[sumena.

OTMeTuM, uYTO nNIaBalOmMii MOTEHNHWAN MNBLIEBBIX
YacTHIl ¢ yYETOM TEPMO3MUCCHU Onpeaensanca B paGoTe
[11] B npuGnu:eHny 6eCKOHEUHO TOHKOrO CI0fl 06HEeMHO-
ro 3apajga. ToK TepMoOaMHCCUU paccUUThIBalICA N0 Gop-
myne Puuapacona-/[ammena ¢ yuyeToM cHuMeHUA pado-
THI BHIXOZa BO BHEIIHEM II0Jie, TaK Ha3biBaeMoro agdek-
Ta [llorTkU. B cUNBHBIX MONAX TaKoi MOAXO[ MPUBOAUT
K GonbmuM ommnbGKraM, MOATOMY HOTOK aBTOTEPMO3JEK-
TPOHHON »MHCCUU B Hameil paGoTe pacCUMTHIBAICA MO
NoNHO# MozenH, onucanHoi B [10].

Ha puc.3 npuBeneHs! 3aBUCHUMOCTH OT TEMIIEPATY PhI
SJIEKTPOHOB 3apfAfa MBLIEBBIX YacTHIl paguycoM 1 MEM

4 106
X
1
—q 4
3
5
1x10 [
oooO00OOOOOOOOOOOOOG[:’:]‘:’:2]‘388‘:‘]D
5
4x10 [
2x10 e
x 2 3 4
3x10 10 10

T, (eV)

Puc.3. 3aBucumocTh 3apfAja NbLIEBOi YaCTHUIbI PaguyCcoOM
70 = 1 MKM OT TeMIlepaTyphl 3I€KTPOHOB B aproHe: 1 —
Ge3 yueTa aBTOAIEKTPOHHOM 3MUcCCUU; 2-4 — C YUETOM aB-
TO3JIEKTPOHHOM 3Muccuy npu paGore Boixoxa 2 3B (2), 3 3B
(8) u 4.54 3B (4)

U3 MaTepualoB C pas3nuuHoii paGorToit Bhixoma. Ha-
NpAMEHHOCTh BIEKTPUYECKOro MojfA onpejenAlack Kak
IIucema B HATD Tom 86
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Ey = ¢o/ro. 3apan onpenenanca B NPeANONOMHEHUN Ba-
KYYMHO¥ CBA3M C IOTEHIINANOM KaK pPellleHNe YPaBHEHUA

je (¢07T€) - Jf (EOaT) = .71 (¢0aTi) )

Jf — TJOTHOCTh MNOTOKA BIEKTPOHOB aBTOTEPMO3MHUC-
cun, T — TeMmnepaTypa MOBEPXHOCTU MbLIEBOM YacTH-
upl. KoHIeEHTpanua 3MeKTPOHOB M MOHOB B HEBO3MY-
IIeHHOM Nia3Me 3aiaBallach Kak B 3KcmepuMeHTe [7):
Neo = 2inj = 10" em~3, 2; = 6. Buamo, uto ans
“xonogHeIX” yacTUI ¢ HU3KOU paGoToil BRIX0O/a B aproHe
3apAj HacklaeTcA Ha ypoBHe 8-10° 3apajgoB anekTpoHa,
a ¢ pocToM paGoThl BhIXOJa 3apAA HaChINIEHUA pacTeT.
B BomopoaHoit mita3aMe BIMAHNE aBTOAIEKTPOHHOM SMHUC-
CUU B YKa3aHHOM JMana3oHe TeMIepaTyphl 3IeKTPOHOB
6b1m0 npeHeGpexuMo Manmo. HyHO OTMETUTB, UTO C
YMeHbIIIeHHeM pa3Mepa YacTul] BIUAHUE aBTO3JIeKTPOH-
HoOUt AMuccuu GyIeT BO3pacTaTh.

Ha puc.4 nokasaHbl 3aBUCMMOCTH TPUBEIEHHOT0 3a-
pAfa MbLIEBO YacTHIbl PpafuycoM g = 1 MKM OT TeM-

1.0

0.8

0.6

q/q,

041

0.2

0L .......|l . .......|2. .......|3. .......|4.
10 10 10 10 10
T, (eV)

Puc.4. 3aBucuMOCTh IPUBELEHHOIO 3apfja IbLIEBON 4dac-
TULBI paAAUYCOM 79 = 1 MKM OT TeMIepaTyphbl 31eKTPOHOB
B aproHe ¢ y4eTOM aBTOTEPMO3NEKTPOHHON 3MUCCHUU MPU
Neo = ZiMNio = 104 CM_3, z; = 6: 1-3 — paGora BmIXOHA
4.54 3B, 4-6 — 2.0 3B, 1 — Tremneparypa uactuus! 300 K;
2-2000 K; 8-3000 K; 4-300 K; 5-1000 K; 6 - 1500 K
(go — 3apan Ge3 yueTa aBTOTEPMO3IEKTPOHHON 3MUCCUN)

nepaTyphl 3JMEKTPOHOB B aproHe ¢ y4eTOM aBTOTEpPMO-
AIEKTPOHHOU sMuccuu. PacueThl clenaHbl A YacTHI
u3 Boib(pama c pabGoToit Brixona 4.54 3B u u3 rexca-
6opuzaa JaHTaHa ¢ pa6oToii BbIxoja okomno 2 »B. BuaHno,
YTO BMUCCHUA IEKTPOHOB B aproHe B cliyyae YacTHIl U3
BoibdpaMa urpaer HeGOJBLUIYIO PONb JO TEMIEPATYPhI
2000 K, a mpu 3000 K npuBomuT K CHUMEHHUIO 3apfana
Jo Tpex pa3. B cmyuae wactun c Golnee HU3KOIT pa6o-
TOU BbIXOJa BIUAHUE ABTOTEPMOIIEKTPOHHOM BMUCCUU

2*
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3ameTHo yme npu 1000 K, a mpu 1500 K npuBogut
CHUJKEHMIO 3apfAfa Ha nopsagok. Ilpu manbix Temmepa-
Typax 2JeKTPOHOB BIMAHWE TEPMO3MMCCUU BO3PACTAET
U Jlake MPOUCXOJUT CMeHa 3HaKa 3apfja IbLIeBOii yac-
Tunbl. OTMETUM, YTO BIMAHKME aBTOTEPMOAIEKTPOHHON
SMUCCHM B BOAOPOJe GbLIO 3HAYUTEIBLHO MEHbIIE, YeM B
apromxe.

4. JonoauurteabHble GaKkTOPhI, BAUAIOMNE Ha
3apAd NbLIeBbIX yacTHuL. Booliue roBops, NCIONb30-
BaHWe BaKyyMHO CBA3M 3apfjia U MOTeHOHaIa

¢|7‘:1‘0 = eq/'r'o (11)

onpaB/laHO TOJbKO B Clly4dae MIa3Mbl HU3KOI IIOTHOCTH
NpHU BBINOTHEHUM ycnoBusA rg <K Ry, rne Ry — nebaeBc-
Kuil pagnyc sxpanupoBanud. B obmem ciyuae 3Ta cBA3B
3aBUCHUT OT pacnpejeneHus o6bemHoro 3apana. Hanpu-
Mep, ecili NPEJNON0KUTh, YTO pacnpeaeieHre 06LeMHO-
ro 3apAfa onpelenfAeTcA JMHeapU3MPOBaHHO Teopueil
Heb6aa—XIOKKeNnd U UTO MOBEPXHOCTHBIM 3apAl MBLINH-
KU U 00beMHBIN 3apAJ] MiIa3Mbl He 3aBUCAT OT YTIOB B
chepuyecKkoil cucTeMe KOOpIMHAT C HavyaloM B IEHTpe
IBLIEBOIt YacTHUIlb], 3Ta CBA3b JaeTcA GopMyoii

eq 1

r=ro = TS 1o/ Ry’

(12)
Jlna mapamMeTpoB MIasMbl, onpefeneHHbIX B [7], Rg =~
~ 0.12 MKM, N03TOMY [IifA NBLIMHOK paguycoM 7o <
< 0.1 MEM MozHO monb30BaTheA Gopmyioit (11), a gua
yacTun pagunycom 1 MEM 3apaj 6yJeT Ha NOPAJOK 60b-
Ille TpPUBENEHHLIX Ha puc.2. 31ech HY#HO OTMETUTD, UTO
BONPOC O MOBEJEHUU MOTEHINANa B OKPECTHOCTHU TNbLIE-
BOIf YacTHUIBI B MNIa3Me NPU HU3KUX JaBIEHUAX CETONHA
aKTUBHO o6cysfaeTcA. B paGore [12] Gblio mokasaHo,
yTO BOMM3U YacTHUIBI XOJ NMOTeHNHNana B GECCTONKHOBH-
TEILHOM DERUMeE ONUChIBaeTcA JebaeBCKOi 3aBUCHUMOC-
ThIO, HO C OTIUYHO! OT JNebGaeBCHOIl MOCTOAHHON 3Kpa-
HUPOBaHUA.

CBA3b 3apAfa ¢ MOTEHINANOM OINpeAeNAeTcA eMKoC-
ThIO, KOTOpasA IiA chepuyecKoil yacTUlbl paBHa ee pa-
zuycy (cm. (11)). B srcnepumenTax HaGarofalnych MbI-
IeBble YACTHIBI C pasBUTON (PpaKTalbHOI MOBepXHOC-
ThIO TUNA [BeTHOH KamycTe! [3]. JlnA Takux yacTun
3NeKTpUYecKoe none GyneT UMeTh 0cOGEHHOCTH BGIU3U
TOYEK PE3KOr0 U3MeHeHUA (OPMBI NOBEPXHOCTH, HO BBI-
YHCJIEHUEe DHEPTUU BIEKTPUUYECKOr0 MOlA MoKas3alio, 4To
5TU 0COGEHHOCTH ABIAIOTCA UHTErPUPYEMbIMU U HE BHO-
CAT 3aMeTHOr0 BKJaja B aHepruio. B To e Bpems, dek-
TpPUYeCKasa SHEPruf MbLIEBOi YacTUIbI PaBHA MOJOBUHE
Ipou3BeJeHNA eMKOCTH Ha KBaapaT norennuana. Iloaro-
My pa3BHUTaf NOBEPXHOCTh He NPUBOJUT K 3aMETHOMY
M3MEHEHUIO eMKOCTH NbLIEBON YacTHIbI, CIEA0BATENb-
HO, MBI MOKEM CIENaTh BBIBOJ, YTO U3MEHEHNEM (HOPMEI

NbLIEBOI YaCTHUIbI HEb3f CHIbHO YBEINYUTh BEIUYNHY
3apAna NPy 3aJadHOM MOTeHIUale ee MOBEPXHOCTH.

KatanuTuyeckue cBoiicTBa MbLIEBOM YacTHIbI, TO
€CTh BEPOATHOCTh NPUIUNAHKA IEKTPOHOB K ee MoBepX-
HOCTH MOTYT 3aBHUCETh OT DHEPrU¥ HANETaIOUIMX DJIeK-
TpPOHOB, HO JaHHBIA BONPOC B HAy4YHOH JUTepaType He
uccnenosanca. A »neKTPoHOB ¢ sHeprueii 10 kaB ux
npoGer B amomuHun cocraBifger 0.55 mrm [13]. Ilo-
BTOMY TaKKe BbICOKO3HEPreTHUYeCKUe DIeKTPOHbI MOT'Y T
NpojieTeTh CKBO3b YacTHUIbI MEHBIIEro pasMepa M [IJA
HUX, cKOpee Bcero, 3Q(GeKTUBHOCTL NpUIUNaHuA GyneT
uuskoil. Ho 3apaj, B 0CHOBHOM, ONpeeNAeTCA IeKTPo-
HaMM, SHEPrUA KOTOPBIX TONLKO HE3HAUUTENbHO MPeBbI-
maeT edy M cevenue (2) ANA KOTOPHIX MaKCUMANBLHO.
Takue 31eKTPOHbI MOAXOAAT K TOBEPXHOCTHU IMbLIEBOM
YacTuUIbl ¢ HeGObILIOKM dHEpPruel U BEPOATHOCTh MPUIIH-
NaHuA [JA HUX JOJHA GbITh BBICOKOW, MBI IOJIaraeM,
GnusKoit K equnune. CilemoBaTenbHO, U3MEHEHUE KaTa-
JUTUYECKUX CBONCTB MOBEPXHOCTH M0 Mepe yBeludeHUA
3apAja He JOIHO CUIBHO BIUATH HA CaMy BelIMYUHY 3a-
pana. Ilo aToii e npuuune (ManocTu ceuenus (2) pua
BIIEKTPOHOB C HEprueil B ManasoHe MaKkCUMalbHbIX KO-
3} HULUMEHTOB) Malo BIMAHKE BTOPUYHON 3IE€KTPOHHOM
SMUCCUH.

3apaAj NbLIEBON YacTUIbl OrPaHUYeH ee MPOYHOCT-
HBIMU cBoiicTBaMH. YacTMUHO BOMPOC O MpefenbHo [0-
CTUMUMBIX 3HAUEHUAX 3apfa HcciefoBaicA B pabo-
Te [14]. Ha enuHuny mniomagy 3apfMeHHON YacTH-
Ubl JelicTByeT noHzepomoTopuas cuna f = E?/81 =~
~ e2q*/8nry. PeanbHasa NpoYHOCTb TBEP/IOTO Tela Ol pe-
nensietca ypaBHeHueMm I'puddurca [15]

P, = (401 Ey [nl)'/?,

rie or — yAelbHad cBOGOAHAA MOBEPXHOCTHAA SHEPrUf
TBepjoro Tena, Fy — moayne FOura, [ — gnuna 3apoas-
meBoit Tpemuuel. Ilomomum nnA ouneHow, 4uto ! = rq,
TOrja ANA ONpeJeleHUs NMpeleNbHOr0 3HaUeHUA 3apaja,
npupaBHaB f u P,, nony4uM cooTHOLIEHUE

Gmax = (2561307 Ey ).

Hanpuwmep, ana anomunusa or = 1.14 s /m? npu t =
= 140°C, Ey ~ 70 I'lla [13], u ona yacTun paguycoMm
1 MEM MMeeM @max = 5.9-10%, uTo MenbuIe npeacTaBIen-
HBIX Ha puc.2,3 3HaueHuil 3apana. A pacniaBneHHOM
Kalli YCTOWYMBOCThL OTHOCUTENbHO Gonbuiunx aedopma-
uuit onpezenserca yciosueMm Panes [16)

213 —1

2 2 3
eq” < 167r7'0a (m

) ~ 17.65r5a,

rie o — MOBEpXHOCTHOe HaTAmeHue. Ilpu Temmepaty-
pe 660°C mna amomunusa o = 0.915 H/m u nnsa ro =
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= 1 MKM NOIy4YUM, UTO OTHOCUTENbLHO Gonbmux nedop-
Maluil ycTOHUYMBBI YacTHUIbI C 3aPAJOM, He NpeBbIIAlO-
mum 2.6 - 105.

Tenepb paccMOTPHUM TenJoBoi GalaHc NbLIEBOI Yac-
Tunel. Ha He3apsAmeHHYIO NBLIEBYIO YacTHLY NOTOK
HMOHOB Mal, MO3TOMY TeNJI0BOi MOTOK Ha YacTHLY Ha
HavyalbHOM 3Tale 3apAAKU onpefelfieTcA 3IeKTPOHaMU.
XapakTepHoe BpeMfA 3apfAlIKH ONpeJelNAeTcA NOTOKOM
3JIeKTPOHOB Ha He3apfAMeHHYIO YacTULY:

q N T.
Te2r0MNe,0Ve,th

Tch ~ 3 ~
TrgNe,0Ve,th
Ilpu T, = 300 B, ro = 1 MEM, ng = 10'* cm~2 xa-
paKTepHOe BpeMA 3apAJKHU COCTaBUT 57 mc. 3a 3TO Bpe-
MAl Ha YacTHIy NOCTYNUT OKOJO g BIEKTPOHOB CO Cpel-
Hell aHeprueil nopaaka T, YTO B ciIy4yae aJlOMUHUEBOM
yacTuub! paguycom 1 mMem u 7T, = 300 »B npusenet
K ee HarpeBy B aproHe Ha 0.9 K, a B Bomoponme — Ha
0.3 K. IloaTomy MBI MOeM cHelaTh BBIBOJA, YTO MHK-
POHHBIE YaCTHIIBI B YCIOBUAX HKCNEPUMEHTOB [7] ycme-
IOT 3apANUTLCA. B cTanuoHape HarpeB NBLIEBBIX YacTHI]
onpegenseTca noHamu [17, 18] ¢ yueTom ux ycKopeHus
B NPUTATHUBAIOIEM IoJle YacTulbl. Bpemsa nomHoro uc-
napeHusd 4acTHUILbI U3 alIOMUHUA B 3TOM ClIy4ae B Ipe-
HeGpeMEHUN OXNamIeHueM HeHTpalbHBIM ra3oM M YHO-
COM Telula 3JIeKTPOHAMHU aBTOTEPMO3JIEKTPOHHOM! 3MuC-
CMU NIPU NUIIOTHOCTH UOHOB 2;n;0 = 10 em~3 cocrasur
OKOJIO 2 MKC B aproHe u okolo 1 MKc B Bojopoje. ITHU
BpeMeHa CPaBHUMEBI CO BPEMEHEM yepiKaHUA MIa3Mbl B
skcnepumentax [7] (cm. [19]). Bpems cymecTBoBaHuA
KOHJIEHCHPOBaHHOI aucnepcHoil ¢asbl B MIa3Me MOMKET
OBITH CYIIECTBEHHO YBEIUYEHO IPU U3TOTOBIEHUH NBLIE-
BBIX YacTHIl U3 TYroMlIaBKOro MaTepuana, HanpuMep, U3
Bonb¢paMa. B 3ToM ciyuae TBepAoe COCTOAHUWE TNbLIE-
BBIX YacTHIl CTaGUIN3UPYETCA MHTEHCUBHBIM Iy YUCTHIM
oXxJamJeHHuEM.

5. dKcnepHUMeEHTH] [0 CBEPXBLICOKOI 3apAgke
NbLIeBbIX yacTun. Hamu GblIU NpOBEAEHBI DKCIEPH-
MEHTHI [10 CBEPXBBICOKOI 3apAJKe HBLIEBBIX YacTUI] U3
A1,03 ¢ xaparTepubim guamerpom ot 100 mo 200 MEM ¢
HCIONBL30BaHNEM ITyYKa BIEKTPOHOB C 3Heprueit 25 k3B
u TokoM 1 MA. Paguyc anekTpoHHOro nyuka B oGnactu
BOpoca nbineBbIX yacTull coctaBian 0.3 cM. B rauect-
Be Gy(epHOro rasa UCIOAL30BaNCA BO3AYX NPH JaBI€HUU
0.1 Topp. Ilo cHATEIM ¢ nOMoMILIO U POBOI BUIEOKAME-
pBI KapTHHAM JBHMEHUA MaKpouacTul] Gblna onpepene-
Ha UX CKOPOCTh, U3 KOTOPOi1 Ha OCHOBe aHalIKU3a ypaBHe-
HUil ABUKeHUA ObLTa NpPOBeJeHa OLeHKA 3HAUEHUA 3aps-
na. B pesynbTaTe 6b1l0 MOMy4yeHO, YTO 3apAjk, npuobpe-
TaeMblil IbLIEBON yacTuiei fuamerpoM okoio 100 MEM,
3a CUeT MNOIJIOUIEHUA BHICOKOSHEPTETUYHBIX BIEKTPOHOB
nyuxa gocturaer 107 3apAfoB 31€KTPOHA, YTO COOTBET-
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CTByeT yZAelbHoMY 3apany 2-10° 3apAnoB anekTpoHa HA
MHMKPOH. JTO NMOJTBEPJAeT BO3MOMHOCTb CBEPXBBICO-
KOU 3apAJIKU MBLIEBLIX YaCcTHUII.

3anaiouenue. IIpoBejeHHbIe UccienoBaHUA 3apAX-
KU TBLIEBBIX YacTUI] MOKa3aly, YTO 3apA] YacTHULl MUK-
POHHOT'0 pa3Mepa MOMET JOCTUraTh CBEPXBBICOKMX 3Ha-
vennit 10 10 zapagoB anekTpona, uTo Ha 2-3 mopsAgKa
IpEeBBIMAET 3apAJ] YaCTUI] TAKOTO e pa3Mepa B LINPOKO
uccreqyemMbix Tunax paspsapa. Ilokasano, uyTo aBTOTEp-
MO3JIEKTPOHHAA BYMUCCUA NIPUBOJUT K HACBINEHUIO 3aps-
Jla TBLIEBBIX YacTHUI] C POCTOM TEMIEepPaTyphl BIEKTPO-
HOB. JKCIEPHMMEHTAILHO NOATBEP:HJEHa BO3MOMHOCTh
CBEpPXBBICOKOI 3apAKU MBLIEBLIX YaCTUI.

ABTops! BeipamaloT GnarogapHocth I0.II. CeBepru-
Hy 3a WHUIUUPOBaHUE WHTepeca K aHHON mpobieme.
Hacrtosamasna pa6ora BeinmonHeHa npu noagep:kke Poccwuii-
croro ¢oHaa GyHIaMeHTalIbHBIX HCCIef0BaHUl, IPOEKT
# 06-02-08230_o¢u.
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