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Bse,u.eHHe 

M111q>OKaHBJtbHble IlJ!aCTHHbl (MKII) 6Jiaro,u.ap.R CBOHM YHHKaJibHWM 

XapaKTepHCTHKSM (BliCOKa.R Il03HI.VIOHHa.R 'llYBCTBHTeJibHOCTb "-' !0-3CMh 
I 

BpeMeHHOe pa.speweHHe ,..,., IO-IQ C , 6 0 JiblllOe 3Ha'lleHHe K03~Ql!- 1 

eHTa YCHJieHH.R ,...., 104 
H T • .n,.) H81UJIH WHpOKOe npHMeHeHHe B Ha­

yKe H TexHHKe [I,2] . B CBR3H c aTHM npeACTaBJIRDT onpeAeJieHHbrn 

HHTepec KOJIH'lleCTBeHHble o~eHKM TaKHX xapaKTepHCTHK MKrI KaK K03lP­

~HI.µ1eHT ycHJieHH.f!, aM!lJIHTy,IJ,Hoe paapemeHHe H T.p. B pa6oTe [3] 
npe,u.noJiara.R, 'llTO 3Jl8KTpOHb! BTOpH'llHOA 3MHCCHH BblJieTaJOT nepDe~­

lJ,HKYJIJ:rPHO CT6HK8.M l<aHBJia , TIOJIY'll6HO np116Jrn)l(eHHOe Bb!paJKeHxe ,D,J1H 

cpeAHero sHa'lleHH.f! KoatfxPHi\HeHTa ycHJieHHR MKII: 
. ' cl. ·~1.r' 

G " ( 0. 5 AU 0(
1 e, - 112 J4 

r.n,e d - OTHOrneHHe ,ll)Il1Hb! KaHa.Jia !( ,!ViaMeTpy ( !<a.JIH6p MYJj)' 

U - HanpID!l:emie Ha MKII, 

l ..... Ha'llaJlbHB..H 3HeprH.f! BHJl6Tallll\ero BTOpH'tlHoro 3JleKTpOHR' 

A - HeKOTOPM KO HCT11wra MaTep11a.Jia CTeHKH, ·KoTopM CB.f!sa-

m c KoatfxPH~eHTOM BToprrtlHoi1 3MHCCHH 6 H atteprneA E na.n,alO-

~ero 3JieKTpoHa COOTHOILeHHeM . 1f; 

~==4E 2 

3 



BbrqHcJieHHH xapaKTep11cTHK MKl1 c npHMeHeHHeM ueTo,11,a MoHTe­

-Kapno 6bJJIH rrp0113B€,ll,€Hbl recTOM [4 J . tfiilcJieHHble pacqeT!il STOA 

pa6oThl Ha.xo,JJ,RTcH B y,11,oBJieTBopHTeJibHOM cornacHH c HsMepeHHblMH 

capaKTepHCTHKru.rn MKIT. 
B HaCTORIJ\eR pa6oTe paccMaTpHBaeTCH CTaTHCTH1l8CKM MO)l,eJ!b 

~BH8.JibHOro pa3MHOl!C€HHR 3JI€KTpOHOB, KOTOpaJI Il03BOJl.fleT IlOJiyln{Tb 

aH8.JIHTHll:eCK11e B!ilp~€HHH ,!J,.lUI BepOHTHOCTeM pa3JIHtJHblX 3Hall:eHl1~ Ko+ 

sqxpHQHeHTa ycHJieHHR MRfI. YIHTepac K sToA sa,11,aqe BbI3BaH TeM, tJTO' 

TaKHe xapaKTep11CTHK11 MKII, KaK a.MIIJIHTY.zll'!Pe paspeweH11e 11 3{fxfex-

-----------
THBHOCTb perHCTpaQHH qacTHG, no CYJ11€CTBY orrpe,11,eJI_HDTCH ~JI~KTya-

QHHMH KOsqxp11r(M6HTa YCHJieHHH. 

CTaTHCTH1leCKaH No,11,enb rrpoqecca pasMHol!CeHHR 

3JI8KTpOHOB B MHKpOKaHaJiax 

OtreBH,Il.HO, lITO BeJIHl!HHa cpe,Il.Hero ~sqxpHr(MeHTa ycHJieH1u1 MKr1 

saBHCHT OT COpTa 11 3HeprHH perHCTpHpyeMoR nepBHlIHOA qacTHql>I. 

0,Il.HaKo . CaM ITpOG€CC Ka.HaJibHOro yMHOl!CeHHH He CBH38.H c napa.MeTpa1 

MH perHCTpapyeMoA 11:ac-THqli, Il03TONy Mb! He 6y,11,eN KOHKpeTH3HpOBaTJt 

nepBHlniyil qacTHitY. 

IlyCTb A."(x) - BepOHTHOCTb polt,IJ.eHIDI perHCTpHpyeMOA qacTHqeA 

0,11.HOI'O BTOp111lHOI'O 3JI~KTpOHa B KaHaJia.x MKl1 Ha e)I.HHHQe IlYTHr-V(:x:)· 
__...-

- Ta lll'.e BepOHTHOCTb ,ll,JU! mo6oro BTOp11lIHOro 3JI6KTpOHa, a JU(:x) -

! 

' 

- BepORTHOCTb norJio~eHHH O,Il.HOro BTOp11lIHOI'O 3JI8KTpoHa Ha 0,II.H~ -

Qe nYTM B KaHMax MKII. Tor,11,a aepoHTHOCTb ·yBemiqeHHH tn4CJia BTO- '. 

pKllH!iIX aJieKTpoHOB n(x) .Ha O)I.HH 3JI0KTpoH B oTpesxe tJ.X Ha rny-
. -

6HHe x •n<poK&Ha.Jia ecTb [ i\(:x:) ... -J(:i)n(x)] AX• O(Llx). a BepOHTHOC1;b 

yueHhllleHHH aToro lIHCJia Ha O)I.HH 31leKTpfill B -3TOM l!Ce HHTepBane 

_µ(x.)n(x)AX + O(Ll:x). 

4_, 

ECJUI o6osHall:HTb Pn(x) BepORTHOCTb Toro, ll:TO Ha rny611He x 1 

lIHCJIO BTOpHllHb!X 3JI6KTpOHOB paBHO n ' TO 

Pa'(x) "'-AR (x)+ f/R(x), 
P ~ ( x) = [A+ v( 11. -1)] P,.. , ( x)-[1' + ( v+ !')n] Pr._ (x) t 

+JU(11.t1)Pn.•1(x), n~ 1J 
c HaqanblibDf ycJIOBHeM Pn ( O) = 0.,.

0 
, r.n.e On.0 - CHMBOJI KpoHeKepat 

co 

IlpoHsBO,ll,RII\aH ®'HKLT.HH pacnpe,n,eJieIDIH Q (::c,s) = E P11. ( x)5"-
n•o 

( / 5 J !S. 1 ) yp,oBJieTBOpReT ypaBHeHHD B 11acTHblX npoH3BO,IJ,KbDt: 

8Q(::x:,s) =( 1-s)[-/..Q (x,s) +(µ-vs)] . 
dX 

( !) 

8neKTp11qecK.oe none B Ka.Ha.nax MKI1 .n.ocTaToll:Ho 0,11.Hopo,Il.Hoe, 

cne,n,oBaTeJibHO J MOl!CHO Cll:H'l'aTb napa.Me'?pH ::\. , .:) , JLf . He aaB11-

• CJIII\HMH OT x . PcmeHHe ypaBHeHJUJ (I) npH Ha'tlMbHOlll ycJIOBHH 

Q ( 0, s ) .:: 1 HMeeT BH,ll, 

-!/ f, 
Q (XI 5) : [ 1 + ~n. ( 1 • 5)] I 

r.n.e & = -i}l?t. , a cpe,D,Hee pacnpe.n.eneHHe 

A (V- }J ) X 
it =- -, [ 1 - e J . (2) 

fl· v 

l1crroJib3YH cooTH011eHHH P" = ( n ! r1 (cl / ds ") 0 ( .x, S) / 5 = 0 

( n = 0 , I , .. . ) noJiy<u1M pacnpe.n.eneIDie q~cJia BTop~HHX 3.n:eKTpo­

HOB Ha Bb!Xo,n,e MKIT : 

-1/ r, 
Po = [ 1 + in. J 1 

Pn. = :I ... ( 1 + f,;;Jrt- I/ & r/ ( 1 + t(, >, It ?! 1. <3, 
. t =O 

Ilo.nyqeHHoe Blilpal!CeH11e (3) JiBJIJieTCH pacnµe~eJieHHeM IloAa, rre-

. pexo,IVIlllee B npe,11,eib~.J?Yll~ 1 _!I --t-- o a pacnpe,D;eJieHJUl 

_ ti. 



~appH H ITyaccotta , cooT•eTcTBeHHo. 

06cY1t,11,eHMe 

ITorJioI11eHHe sneKTpoHoB, o6yCJl'.o8JieHHoe HaKonnei-MeMnonol!IHTeJib-

• HOf'O o6'beUHOI'O sapll)J.a Ha BWCO,D,e K&HSJIOB, npHB0,11,HT MKII B pe~ 
ttacblllleID111. ,ll,JIJ! He6onbmHx 3HatleHHA HanpmiteHH11 ( U < 1 K B ) , 
Kor,n,a rrorJIOilleHMeM MOJl\'.HO npeHe6peqb, Bb!pa.JKetme (2) ;n,1111 cpe,D,He­

ro Koajxp~eHTa YMH0:11teHH11 G = i1. rrpHM8T BH,11, · 

71. ~e 
G re)=.y [e -1], (4) 

r,n,e e - TO~Ha MKII. OKCilOHe~aJibHblf:\ qJieH B KBa,JJ.pa·l'HblX CKOCl• 

Kax B (4) MHOro 60Jihllie 8)1.HH~, CJie)J,OBaT8JlbHO, IlOJiytia8TCR 3KC• 

IlOH8HW'f8JlbHa.H 3aBHCHMOCTh K03tP)HW'f8HTa YMH0~8HH11 OT TO~H~ 

MKIT. ~JIR c6opKH H3 H8CKOJihKIDC MKII O)J.HHaKoaoA TOJIU\HHhl sKcrroH~ 

~a.JlbHylO 3a'l'l'CHMOCTb G- OT 'Q'.HCJia ITJiaCTHH B c6opK8 JieI'IW npo-

sepHTh 3KcrrepHM8HT&JlbHO. 

Bru!rnyto pOJib B 8MI1JIHTY,D,HOM pa3p8lli8HHH MID1 HrpaeT napaM8Tp 

IToila g , KOTOpb!l1 CB.fI3aH c ,IJ.HcnepcHeJ.i 6 2 
H cpe,11,HHM G pac-

npe,n.eJieHl.\Jl CJ!8,JJ..Y.JUI!1l1M COOTH0Ill8HH8M: 

6 2 = ~2 G~+G. (5) 

ITOJiytia eMoe H3 (5) OTHOCHT8JlbH08 Cp8)J.H8KBa,n,paTJ1qHoe OTKJIO-

Hemrn G/ G nopl1,Il,Ka & 1·12 
, TaK KaK 1/G ~ 10-~< fi , T.e. oT-

HOCHTenhHaR WHpHHa aMTIJ!HTY.llHOI'O pacnp8)J,8Jl8HHR MKII B OCHOEHOM 

on pe)J,8JJ<:eT CR napCMeTpoM.g,KaK CJie.n,yeT Hs oup8,ii,eJI8HM MKIT,napaMeTp 

g 3aBHCHT OT cooTHOW8HHJ1 B8m1tu1H v H /\ • BenHt.iHHa v 38.!IH· 

CHT OT pa60t.iHX nap8M8TpOB MKI1 (KaJIH6p, MaTepHaJI CT8Hl".H KaHana, 

HanpHl!leHHe TIHTaHHR ) ' a it 3aBHCHT OT HOH!13HPYJOU\8M cnoco6HOCTl1 

pe rHcTpHpyeMoA t.iaCT' -- '1:il, r> llP.IlOBaTeJihHO' B 3aBHC"M0 CTH OT copTa 

6 

H 3H8pI'HH HaJieT8JlI118f1 qacTH~bl ' napawe-rp-8 MOJKeT npHHHMaTb 3W « t:HMJ! 

KaK 6onbwe, TaK H MeHbme 8,11,HHHl\l>I. Ha p;WyHKe npHse,n.eHbI pacnpe­

,n.eJiel!HR: Ilo!.la ,IJ,JIR paaJIHt.iHblX 3Hfft:ieHl'li.l i;iapa.>.1eTpa & . Harr('.'HM0p, 

B CJiytiae peI'HCTpa~H CHJlhHOHOHH3Hpyx>~HX qacTH~ (OCKOJIKH AeJie­

HH~, TSIJ!teJihle HOHN H T.,n..), npH y,n.oBJieTbopeHHH ycJioBHR: A> 0 

8MilJIHTY,D,HOe pacnpeAeJieHHe MK!1 HMeeT MaKCHMYM (pHc.Ia), a B CJIY+ 

qae cna6o HOHH3HPYD~HX qacTH~ (sJieKTpOHbl, IlpOTOHbl HT.A.) 3TO 

pacnpe,n,eneHHe HMeeT cna,u.8lJI11Htl BH,11, (pHc.16). 

~JU!: MaKCHMaJibHOtl 3qxpeKTHBHOCTH p8I'HCTpa~M qacTHQ MHKpOKa­

HaJibHb!MH r:nacTHHaM11 noJiyqaeTCR: Bb!pa.JKeHMe: 

. 7i = 1 - 8, = 1 - [ 1 + fi G r 1
/ g , 

oTey,o,a cne.n,yeT, t.iTO ri KaK H aMnJIHTy,D,Hoe paapewetme Will B 6oJiij­

weA cTeneHH onpe,o,enaeTCR BeJIHllHHOtl nalJaMeTpa g • 
B 38.KJillt.ieHHe aBTopw BblP8.KallT rny6oKYD 6naroAapHoCTb P.n.Ka­

s ar<oBy 3a nOJ!'33HhT8 COB8Tbl H o6CYJK)J,8HHR. 

? 
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Pvic.1 (a,6) 
Pacrrpe,D,eneIDlfi Ilol\a ,ll)lfi sHaqemdt na:pa.MeT-pa. i . : 

1-0,l; 2-0,2; 3-0,5; 4-I; 5-2; 6-5. 
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