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1. BBE,IJ,EHI1E 

/ 1 4/B cep~~ HeAaBH~X TeopeT~4eCK~X pa6oT - 6~n npeACKa3aH 

P~A HOB~X 3¢¢eKToB, KOTop~e AonmH~ Ha6n~AaTbc~ B C~CTeMax TyH

HenbHblX nepeXOAOB MeTann - A~3neKTp~K - MeTann 04CHb Manoi1 

nno~aA~ np~ H~3K~X TeMnepaTypax. 3T~ 3¢¢eKTbl nony4~n~ o6~ee 

Ha3BaHwe Koppen~poBaHHoro oAHo3neKTpoHHoro TYHHen~poBaH~A, 

nocKonbKY wx o6~ei1 4epToi1 HBnAeTCA YCTaHoBneH~e Toro ~n~ ~HO

ro B~Aa KoppenRUH~ aKTOB TYHHen~poBaH~~ oTAenbH~x 3neKTpoHoB 

floA Bn~AH~eM ~x l<ynoHoBcKoro B3a~MoAe(1cTB~A /CM. 0630P /4/ /. 

T~n KoppenA4~~ cy~ecTBcHHO 3aB~CMT OT pacCMaTpMBaeMO~ C~

CTCMbl. B 0AMH04HOM T yHHcnb HOM nepexone , -rcpea KOTOPbl~ npotexa
P.T (~MKCMpoBaHHbl(1 M3AIIC 10K I , AOml<Ha yCTaHaBnMBaTbCA BpeMCH

HtlA KoppcnRllMR r!OCnCHOB<:lTCnbllbIX al<TOB TYHHeJlMpOBaH~A. QTO 

Bbl3blB,lC T flep~OA~4ec KM(' "OAH03neKl POHHblC" K()ne6i'lH~A Ha-

npAlI<CIIIMl V Ha nepCXO/.1C ( QaCTOTOI1 It I 

1IIl, /1/ 

1< <:Oll<,lJl('HMK1, B :)1« flCIH1MI'Hl (' (l>~t<l.dLIMR TOI<<l OCChM,1 3.:.JTPYIVI~Tcnb

11,1 M:l-:hl un~AIH1R ('MIIOI I~ Ml'lI<AY rf('1l0()/.1aM~ 'IOKd '1'. ~ rlO:jTUMY 

IldiHIlH' 11P('I~CKd:I,llnle 1I")PI1~ nOl<d HI' rr()nY4~JlO <lAHO:lllalHIOro non
1 IH'PH(III'IHHI '. 

Idl<')(' yll",)('11111 If' 11I'lIllIf'l'lI<llt'fU.1t' li hlIl<I lIonY'!('1I0 110,11' linn /.1I1Y' 

I 'Ht (~1( II'Mhl - IIlly>,- Il<lCI1I'lIoll,lll'l1bllO COI'Il~"I'II"hIX ryHIII'J1bllblX Ill"· 
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M l M I PHC. 1. HccneAyeMaH OAHO

MepHaH CHCTeMa N TyHHenb


~~~ ~ HWX nepexoAoB ManoH nno
~ ... ~aAH /a/ H ee 3KBHBaneHT

1 2 3 N _ 

V+ HaH cxeMa /6/. 0603Ha~e
V_	 al HHH: M - MeTann, I -TyH

HenbHO TOHKHH H30nHTOp. 
2 N 

••• ~+ 
V_ TV~	 KoppenH~~R oAHo3neKTpoH

Horo TYHHen~poBaH~R B yc

nOB~RX ¢~Kca~~~ BHeWHero61 
HanpRlKeH~R V. npocTei:1we~ 

c~cTeMo~ TaKoro B~Aa RBnReTCR OAHopoAHaR ~en04Ka Ip~c. 1al ~3
 
N»l TyHHenbHWX nepeXOAOB C AOCTaT04HO ManWM~ eMKOCTb~ C ~
 

TYHHenbHo~ npoBoA~MOCTb~ G 141 :
 

e 2 2e2 
C G «	 12/.s 

2T 1Th 

rAe T - TeMnepaTypa B 3HepreT~4ecK~X eA~H~~ax. AHan~3 npo~eccoB
 

B TaKO~ ~eno4Ke ~ COCTaBnReT saAa4Y AaHHO~ pa60Tw.
 

KaK 6YAeT nOKa3aHO H~lKe, AnR nonY4eH~H ¢~3~4ecK~ KOHe4HWX
 

pesynbTaToB Heo6xoA~MO Y4eCTb 3neKTpocTaT~4ecKoe B3a~MoAei:1


CTB~e He TonbKO MelKAY coceAH~M~ MeTann~4eCK~M~ 3neKTpOAaM~
 

C~CTCMW IKoTopoe xapaKTep~syeTcR eMKOCTHM~ CI, HO ~ APyr~c
 
KOMnOHCHTW 3neKTpOCTaT~4ecKoi:1 3Hepr~~, T.e. APyr~e KOMnOHCH


ru MaTpl-1~bl B3a~MHbIX eMKOCTe~ C IJ' B AaflflU~ p.ifio r e Mbl np~MCM
 

npoc r eauiyo MOAenb, KorAa KpOMe CI.1.L 1 ,- C (lTfI~llllbl oT uyna
 
fl~Ulb A~arOll<1nbHble 3nCMcHTbi 3T0i1 MaTp~~hl, (;11" C". TaKaH MO


IWJlh AOCraHJ4HO d/WKBdTHa AnH r ex ¢~3~4eCK~X peLlll~:lil~I-li:1 C~


cleMhl, KOTOpblU U 11,1L1'<1I11lICe BpeMR nOI-1rOTdUJI~BoIIOILR AltH :JKCfI"
 

P~MUlll<lJlbHbIX ~LLlIl'/\OUaH~i:1. Y4I-1TbIB<1H B03MOH(1I0(. I I.• q)I-lKCa~~~ PoI:1
 1
11~4f1hIX 1If11'IIIH~X rlOH'HI\~,lIlOB HiJ xpa nx lleIl041(~. Mhl Ilp~xnA~M I( , 
('\' :.KIJ~lJdJlt·1I1110~i eX('M(', nOKiJ3dllHoi-i 11<1 Pl-lC. I (I. 

I. (lCIIOllllhll COO lllOlllIll\t1H 

COl JhHIIO o(lllll'li "'OP~1~ I(IIPIH'/Il11HlIldliliOI (I "/111(1111'-1' 1 POIIIIOIII
 

I YIIIIl'/IlIPO"dll~H /( M., 1I,IIIPI1M('P /<1' / IlIlII I ~1( [,'M, Y/IOIHlt'1I10PItIO
 

III~X tllOP(lMY ~:I '(11111111111"111111 /1/. 11I1I'IMI'lIllMII "MoIPljOUCI(OI'1 IIP~I
 

rllIl1HIC'II~1l1. 11 I(OI0I'"M U"IH)1I111111 II, IlI/l,'lIl.tIOI(l oIljld lyllIlI'/I~1111IUil
 

H~R B eA~H~~y BpeMeH~ nonHOCTb~ onpeAenReTCR pasHOCTb~ CBO

60AHWX 3Hepr~i1 C~CTeMW F AO ~ nocne (F') 3Toro C06WT~R: 

r ~<1J ( F' - F ), <1J(U) 
u 

/31e e	 1 -exp(-eU/T) 

AnR C~CTeMbl, nOKa3aHHO~ Ha p~c. 16, cBo6oAHY~ 3Hepr~~ MOlKHO 

aanucar e B B~Ae 

N- I N·!
 
C~ I. 2
F ¢2

1 
+.Q.2 v.. (cPj+!-cPj) -V_Q_-V+Q+. 14al 

2 1=1 1=0 

3AeCb ¢I - 3neKTpox~M~4ecK~e nOTeH~~an~ 3ncKTpoAOB, Q+ - non

Hwe 3apRAw, npoTeKw~e 4epe3 BHeWH~e ~CT04HI-lKI-l HanpRlKe~~~ V+ : 

Q + ~ C (¢ N - ¢ N . 1) t em t • (;.; _~. C (¢ 0 - q, 1) ~ em- • 1461 

a m /m_) - 4~Cn() 3JleKTpoHOB. f1poTYHHeIl~pOBaBW~X B rIly6b uenou
K~ 4epe3 Kpai1H~~ npaB~~ /IleB~~1 nepeX()A~. 

\t1cnonh3YR !flopMyny 151 COBMCCTHO C ypaBHeH~eM uenpepuauocru , 

nOTeHu~anw ¢\ nerKO B~pa3~Tb 4CpC3 :JneKTp~4eCK~e 3apRA~ 

(J, (Jol t en MCTafl/lWH'CKI-lX 3IlC'KTP0f.\OB CI-lCTCMbl:l 

-(:~ t (2C + C ) ¢ - Cq, I -- U , l"'l, ....N-l. 151 
1- I () I I' I 

BI'JlI-14~Hbl 3aB~cnT K.IK or P,1311()Cl~ P,IUOT DblXOJliI MLlTCPl-liliiOBQo 1 
IJl('KTP0l-loB 112', I<lK ~ or P,lU\l)JIOll(l'tl~fl :l<lPAllWHHbIX f1p~Mecel-i u 
J\~:)f1<'KTp~4eLK~x lJlOIlX 4' . :JKCflep~MCllrM '10" n(JKa:JbIBd~l. 4TO 

II~I~¢Y:I~H :)T~X IIIH1MI'(I'~1 Iq)~u(Jf.\~r II peJl,lKCdl'~~ 0nl K :Hla4Clm

11M. ()IlWIK~M K uy ruo (I <J"I fl l , II Jldlll.lIl!i:IIJ1PM Mbl (IY/ICM flp~It~· 

Mol I I, l;,llli () . 

JIIlIi lIPolHll1'h'I Hll)( poll 'WII,II 111'1 q,' lIolllo.IIIf\dlblll tll1 coIMoii I~OP

Mylloil /'1/. ,I (1l"IIYWHII11M 11.1 lit'" ItJlIl( 1101M t\l.lpilllHHI~(1M 

F' F' 
n
2" ('/', J I I ,I"~ .!. I) ('/l I I '/' ill,	 /l,/ 

1/1<' (I.' I) .- flIIMI'p v ui.r , 1101 KtllIlllI,l~1 IYIIIIl'J1~PYI'I :1/1f!'<IpOfl c 
Y 111.1 I 1111111 Jlol (Ie )flf-" YII"rllll II"YI tI\' 11111'/11 I n1lJIl'1I111J '011 litO DI.·II~

'u 1111.1 : 
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rAe ¢<t'- II BHeWHI-1~1I nOT eHI..I 1-1 all , KOTOPbl~ MOlKHO Ha.:1H1 1-13 CI-1CTeMbi 

151, YMeHbWI-1B n \ Ha eAI-1HI-1I..1Y, a ¢~\) - "BHYTpeHHI-1~11 nor e H 1..1 1-1 all , 

T • e. 3Ha4eHI-1e B i -M Y3Ile peWeHl-1fl CI-1CTeMbi 151 npa Q J = e 8 j\ 1-1 

¢ 0 = ¢ N= O. CooTBeTcTBeHHo, ¢ ~t..f 1 eCT b 3Ha4eHI-1e peWeHl-1fl 151 
npl-1 Q j = eS\;!:l,J 1-1 cP = cPN =0 B (i ± 1) -M Y3Ile.o 

3. OAH03nEKTPOHH~E conHTOH~ 

Hal-160Ilee BalKHoA 4epTo~ CI-1CTeMbi ypaBHeHI-1~ lSI flBIlfleTCfl B03

MOlKHOCTb / 41 cy~ecTBoBaHl-1fl B AIlHHHO~ l..Ien04Ke nepeXOAOB yeAI-1

HeHHblX peWeHI-1~ BI-1Aa 

e -AllmI e -Aim I
 
¢\ =±.)<(i-j), )«m) --- e --e .
 1812C ahA C er 

Co
A = arch (1 + --), 191 

2C 

Cer = 2 C sh A = (C 0 
2

+ 4 C Co) ~ . 1101 

TaKoe peWeHl-1e Onl-1CblBaeT TOn0110rI-14eCKI-1~ C011I-1TOH IdHTl-1coIlI-1ToHI 

C aapano» ±e, KOTOPblH ofipa aye r ca B ttd4d11bHO 3IlCKT

pOHe~Tpa11bHo~ CI-1CTeMe (n\ ~ 0) npl-1 A06aB11eHI-11-1 11-1111-1 COOTBeTCT

seHHO YAdIleHI-11-11 OAHoro 311eKTpOHa Ha 311eKTpoA C HOMepOM j . 
npl-1 3TOM np0I-1CXOAHT cy~ecTBeHHaH 3IleKTpl-14CCKilH nOIlflpl-13dl..ll-1R 

npl-1MepHO 2M = 2 Xl coceAHI-1X nepeXOAOB Ipl-1c. 21 I U :>T'>M CMblC I.V 

TdKOi1 C011I-1TOH MOlKHO Ha3blBaTb "K11aCCI-14eCKI-1M r!OJlJ-IPOHOM"/. 

HcnOllb3YA l\JopMyny 14/, 11erKO y6eAI-1TbCfl, 'no :mepr-I-1H O/\W 

H04HorO COIll-1TOHd nOnOlKl-1Te11bHa 1-1 paaua 

~ ~ 
~: ~ ___6__ _"_ _(l_ I II I 

<to C l:Ih,\ zr: or 

(I)OPMYllhl IB/-I II I II(lK.l:lI.ILlolKl[, 410 B HClI-1{)OJll'l' ~111' l'pt'IIlOM (l1V""I' 

(: ,.(; OJ\llln11et<lpOltllhl~ COJll-110lt I-1M('CT GOJll>IIII'~l "Pol,IM('p" l!M 
() Il 

.. 2(C/C»)" 1-1 :)II('pII-110, ItolMlloro II PC BhIlU.1KlIIIYKI ('( IC'C IlH'IIIIVIO l'm1

1I1-11lY t\1?2C /14/. 

:11H'pI1-111 (0111-11011.1 111/ Ill' ,1.1111-111.11 01 1'1 (I JIO,"",U'IIlIH (J) • 

Ill-1l1lb (10K ... oH :lIi.I'H1' C'llhllO VII.I IIl'Il 0 I u p.u-u 1\1'1111'1101 ~1 0 I IIPYIIIX 

'Ol1I-1ToIIOIJ. II IIpOII,"IIOM IIIY'IoIC' 11.1'11-111.11" (1(0I:1l.1I101' hI II 1I:I,H1M()I\I'11 

I IUI-1I' :111-1)( O(ihI'IlTl)U. Illltl n:IiII-1MOlIl'iil IIHill IIUYX I oml1oll01'1 In 

1110\lMYllhl I III 11IJIIY'I,II'M 

4 

~I-.1L alC(e/C) 

0.5 

8 

CO/C=0.1 

, i - k 
4 6 8 

o-2 

YHcno nepexoAoB 

-4 

-6 

-6 

-8 

0.1 
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1(1I<L1101l rj'i :JJIl.'KT!J<')«11l l'IIC""('t>t1,1 II '\;Il n l ) (111l 1..1, • (;«(/) 1

-'/'1_ 1) ee r-yuuc-n r.urax 11l_'PI'XO!(OIl,llIl.J\YI\JlPOII;lIII1IoIX 
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I'XI'M;1 '1';111<11'0 ('0.1111'1'1111;' /1'/_ 

.I. ')1' -'\\jjlc) I 
I- i (, I... v 4\I H" II :u 

IIII' jlY II0flOHI('IlI1H 1('1111"'11 '()f1~II'"IIlIl. IIPl1 .nllM (UJlI1101ll>1 011

1101 Il :111<11<.1 "I l<tlllnlll"KII( H, 01 p,LIIII.!," :111011<"11 IIIHlIlI1 ~Hl,IKlr("l 

1'"" MI ')I(!' I IIplllll '/\11 I I, I( 0111111111111111\1111 C 1111111011 .1111111 1'"111 (lllltl)i:1 

1101 1)1,1/ , 

1\ 1.lIIM"Ill'"'I IIIlW '''111-111111'' "11011 I 1-Jl11I1"'~" t<p.lI'M '\1'110'11<11 lu 01, 

( Y I I 111111' 1111<'111111'1 <I ""'11111)1(1'111111/. (,,1111 1,IIl.ll'l' II II'IlI'14YII<l11 

PA·I 
\I 

tiP II: .' II i I 

I Ill' I 1"" 11'"111111' <II "1',111, 11111\"", '1111 I '''1111<111 Ill." 1\.1 IIP~ll1" ~1 

11011' " 'I II 11.111 1I1111"'-Iy III'dH'. ' IIII'M'II I, "111,111", II>" 1\.1 1II'II()IItC~l, YllllO 

Ill. 111111'1'11111' I 1'1"'11,"1. 'I" 'I'MYIIY I I II 1<.1" pC' IYIII> I" I "1'111 WIII'IIIIlI MI'II( 

f) 

1
 



AY COn~TOHOM ~ ero aHT~nonApHblM OTpa~eH~eM B Kpae 4en04K~, Ta-

Koe npeACTaBneH~e AaeT npaB~nbHoe BwpameH~e AnA pacnpeAene-

H~A nOTeH4~anOB B 3TOM cnY4ae: 

cPt .. X(l-j)- X(l+jr 1141 

HaKOHe4, $~KCa4~A BHeWHero HanpAmeH~A V Ha KOH4e 4en04K~ 

np~BOA~T K AononH~TenbHOMY B3a~MoAe~cTB~~ 

-A'j 
Usa. .. ± eVe • 1151 

3HaK KOToporo COOTBeTcTByeT OTTanK~BaH~~ con~TOHa 01' KpaA 4e

n04K~ B cny4ae, ecn~ 3HaK V TaKO~ me, KaK 3HaK 3apAAa con~TOHa. 

np~BeAeHHble auure $OpMynbl Aa~T B03MomHOCTb COCTaB~Tb npOCTY~ 

$~3~4eCKv~ KapT~HY nOBeAeH~A An~HHo~ (N A» 1) 4en04K~. B 01'

CYTcTB~e BHeWH~X none~ (V±= 0) ~ np~ H~3K~X TeMnepaTypax 

(T «E) YCTO~4~BbIM ABnAeTCA 'r onsko COCTOAH~e 6e3 con~TOHOB 

(n t == 0; cP t == 0). Ec nn np~nom~Tb cnafioe none K OAHOMy ~3 KOH40B 

4en04K~ (Hanp~Mep, cPo =V_';' 0), TO OHO npoaaxaer n~Wb Ha rnyG~

Hy - M = A-1« N. Ecn~ me ar o none npeaucar noporoeoe 3Ha4eH~e 

E -A e AV -0 + e 2C (e - 1 )-1.
t 1161 e 

TO OHO auaueaer nocnenoaareris ayo ~HmeK4~1O onuononapuux c ona r o

HOB, KOTopble B c~ny B3a~MHoro OTTanK~BaH~H Ha4~HaIOT Ape~$OBaTb 

B rny6b 4en04K~. 

Teneps a ce 3aB~01T OT 3Ha4eH~A nona Ha npyr o» xouue CTpyK

r ypu , Ecn~ V, -, V_I TO 4en04K~ con~TOHOB BCTpeTRTCR B 4CltTPl' 

CTPYKTYPbl. ~ B HCH YCTaliOB~TCA HeKOTopoe c r auaoue paoe pac.upe> 

Acnell~e 0AtlOIH>nRpllbIX con~TOHOB, npenc TaBnRlOll\CC co{)oi1 $il K I 114l' 

CK~ oAHOMepHbl~ B~rHepOBcK~H xpac r a nn • npOdll<lIl~:]~PYCM :) r o r IhHK

'lhl~ cnY4a~ n(>APODIICC. 

4. crI\llHOHI\Pllbll COC I(HHIHR 

n nponene AN "w, ~ T • 0 npofinCM.l C Till~1101l.IIHII~X (0(_ I llllltl1i1 11.1-

w~i1 CI1CTCMI.1 cnOj\111Cn K 11:IU('CTttO~ 3'>I\.l'H' 0 p.>IJIIOIHH IHIM plllllp"-' 

1~('nf'Il~~ Knjj(._l.f1Ill1ll<~)( 'loll 11111 In l\dllIlOM (,/Iy'l,IC O/I"O:)JIC.'K TpOIl-

IIhlX conu r ouoa/ I ":lil~MllhIM 01 rillll<11Bdltl1eM 110 Y:1J111M Iy IIdL Me-' 

I o1JIJI~'l('!CIH'M :))101< I plJ/\ilMI fiel l((lIle'lII<Jii 0IlIlOM('PIIIIt1 1\111.1<P" 111011 

pf'W('.IIII1. lIilll0MII11M, '110 110 pill 1I1.w/1"11I·1t~'J I\ntl (~llIl(-l1pOnolIlII<HI 

n 

KOH4eHTpa4~~ 4aCT~4 <n> IHa OA~H Y3enl 6blno Hal:iAeHo B pafio> 
Tax /13,14/ , a 3aB~C~MOCTb Ben~4~Hbl <n> 01' nonuoa 3Hepr~V1 r~66

ca H onuoro conaroua Iy Hac H=E-eu, rAe U=Vt=V_I - B pa
60Te /15/ • 

3Ta 3aB~C~MOCl'b ~MeeT B~A "4epTOBO~ neCTH~4bl" C ropaaoa

TanbHblM~ cTyneHflM~ AnH nlO6blX pa41-10HanbHbiX 3Ha4eH~l:i < n > = p/q . 
KaK cneAyeT ~3 06l1\~X $OpMyn /15/, B HaweM cny4ae nonomeH~e 

neaor-o Kpafl c ryneua c B3al-1MHO npOCTblMI-1 p 1-1 q npa 0 ~ <n> .$ 1 
AaeTCH <l>opMynol:i 

eo -A r -A
UL ~-11+2 2 e i[r (l-e ) + 1]1. l17al 

e i i 

r ne r - uenue , YAOBJlCTBOPfllOlI\l-1C COOTHOWCHl-1flM 
l 

r iq/p < ri+!' 11761I 

!\nl1Ha me c r yne-u- aoofiuie 3aBI1CI1T TOllbKO 01' q : 

OJ - lit 2~ ~~:.~--
e ch Aq - 1 - 11701 

K.JK cncnye r 113 epopMyn II/I. c r yrrcuu lie fl('peKpl.IO.11OIUl I~pyr c
•lIJ.lyroM 11 B COBOKYriHOl..ll1 IIOI<PI,I\I,JIO I III Kl IOfJWllJlt l,lJlbllylO OCb 

/PI1L .~I . 
OflPoll~M OHI1Malll1(' Itil TO. '110 :11101'11'11110 Ll h;/n, 1lJ.l11 l<uTOfJOM 

t
 
, I.JHOIH-IILII :HlcpreIWI(,CK~l lIIH"IIII1.IM I]X'Hl</ll'lIl1f' C0J1~1101l0B. nce r n.i
 

M('HIoUIl' .IIl,l'H'Hl1fl V /16/. IIPl1 I(\)II'P"M loIKOt' II)(OIK/WHI1t' pe.uu.uot 

IIpoW XO/\~1T. J 10 yl<oI:)I,IIIoIl'l lid I ylll(" 'IH'III1I~t' -lllMllt'K 'bl "noper pen.i'", 

'1\1'1.111111,1(' 1 Ilpol.'III,IM 1111111111111 11M 11'1111101101_1, oIlidflOII1'1l1hlM IOMy. 

1(('IOIH,1I1 I1MI'(" ~H'( 10 111111 I<lIdlllOUoIlllllolX 1l11XPl'Il Mill 11111 HOi () 1I0'Ollol 

-. 
11.1l'TIIII.1 I IYII('1I1·n ,,(llIoI.I\oIl'T 11';IIILIIIIII,II'"I1I"il '11~IN("I'IlIIC'il "
 

111'1'11",1\011-111\ . II - I 'I ,'\11 l~(I';lI1) .'111 ( Ai t.~ ) u , 1I1"'Nt' T"I'''.
 

1\1""'1'.1111,111' '1'''tll'TI'II'111.1 "III'WIII 1"",11" Til· ... " . II k 1 1/1.
 
II i\1J(kll/l~). 
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I I r I'.01 I 1 PHC. 3. 3aBHCHMOCTb cpeAHeH KOH

~eHTpa~HH COllHTOHOB <n> OT BHeWHe

ro nODS U: paBHOBeCHwe 3aBHCHMOCTH 

p;JlS N ~ "", T ~ 0 Ial H p;Jln KOHe'lHbIX 

<r» 0.5 T H N IBI, a TaK~e HepaBHOBeCHwe 3a
BHCHMOCTH p;Jln KOHe'lHbIX N rrpn T = 0 
161. Mn acex KpHBblX 0 0/0=0, I, 
(3=e 2 / 2 0 T. 

1.0I---~ =' 2;2 

al 

I p= 2cr" 

1 

0.5, 

~n)<rI> o.s 

0.5 

~/C. 0.1 
1:11 

61 -'"0.0 
5 10 

B c aepxnpououautax CTPYKTypax*. n03TOMY Gl':H 111(' T('Il<'3I11CH,lA ;I,IBII1

CIllMOCTb ' n "OT U, nOK<l3aHHaR Ha PIllC. 3a, MOlKCl fiblTb PC;IJlWIO

I:I<1H,l JlII1Wb AIlA I YlIlICIlbliLIX ucnoue« C nJlaB~~I,IMIll II1:JMCII('III11RMII1 Ildpd

Mc'rpoB H;J KpdHX 118/ . B OI1HOPOAHOi1 me ueno-u«: J.H,'i1flbllbIC :ld/H11111

MOCTII1 . n 'Of U upn T, 0 fiYI1YT I1MCTb rIl1Cll'lw:u.1( 1I"1~1 XdPdIOl'P. I.". 

(O/lt'PlKdTI, Yl1dC TI<1I1 M('TdCT,l()II1JlbIfLIX COCTIlIlIlIl111. 

+ 11""011(1' ,'YII("'''I'IIY,''I' 11I"'I,~I;1 1'.11 yC'''I\;I II ;111;111,,1'1111 ~""I(,/I,Y " tl i l,II""'1l'11 

'I'I'OIlIlMll"I' 11'IV'!;I"~IOi\ II;IHII "'I'I'YI\'I'YI'" II 1I111(plI~HI I' ,I(IIIIIIII"M tl,II,II" 

1")i(II"~1 i(lllI)'I"'!II'Olllllll'l\<'M ",'p"X"il,". ItI"I'I'1J1,li'l '"IIII'I,II'.\"'I'('II ,II,lllIlItHI'II' 

"\,11~1 Vl'illllll'lIlll''' 'I'IIII;! !lillI' (lord 011 /"'1 •• 1I.lIlpll~Il'I'. 16 /. "'1',1 

./11111101'1111 " '1IIHI'I'I\'I'tlM ,1\lIttl""'IIl'Ollii l'III""I1'il,1I11111 II ,11,1111 )(l'yl'IIX 111'''1111 

11I'1I1111 '1I1"l""''I'n 1\<'PI"'lIllp,'II;IIIIIl'I'll "il,III"'"1'\I'I'I"'IIII,'I'" 'I'YIIII"II1I"'".\ 

1I111!!"', I)'I'M'·'I'11~1. tl,II,lldl\". "'1'0 "";1 111111111''1'''11 11111111, I\!I'II" 'l'IH'lIl1l1il: 

0,1("0",1('1\'1'1)('""0" 'I'yIIIII'III1I)(,".IIIIII' ,/(,111\1' 11[111 '1', () I/~II'I"I' "'1'01'1'11'\1" !\IIi'! 

X,II'i\I\'I"'!). II "I'" 111'111,'111 111111"01'1'" 11111'.11\11"'111 )(1111111-111'11" 1\11~1I1 V [101 "'"' 

11I111MII, 11<1111,1'1'1\/1 '''"111,',1'1'1, 'l'i\I\lII' Y[lIIIIIII'lIlIIl, III' )(lIil.1I WI hll'H'I''I'III''1 

IIblll l'oot1I"IIf(I'III111. II IH',I(II 1"11111'1'/1II " [l1It1oT" \'1'. 11[111""1111 II 'I'OIlV. '1'1" 

rio 111""1111 ,,","1'1, 1II"'Yill,'I'II'I'III1. 1I0ilY'Ii'IIIII,IK TIIH, ""11"1'"11, 

t 
u/(e/clv. u/(e/c) 

BWl.lI1CneHl1e rpaHlI11..\ YCTO~l.lI1BOCTI1 3Tl1X COCTOflHI1~ Anfl npOl1a

aons HO~ C TyneHI1 IIqepTOBO~ nee THl1l..\bl
l' 

He YAaeTCfl npoaec TI1 AalKe 

B npeAene AN-=, nOCKonbKY 11 6e3 Toro cnOlKHafl CTpYKTypa COCTO

RHI1i1 B y snax C Aj» 1 /13,14/ npe r eprteaaer AOnOnHI1TenbHYIO pe-

KOHCTpYK~1I11O B6nl1311 KpaeB ~enOl.lKI1, KOTOpWMIll 11 onpeAenfleTCfl yc-

TO~l.lIl1BOCTb. n03TOMY MW npOBenl1 PflA l.lI1CneHHWx paCl.leTOB Ha 3BM 

MeTOAOM Tl1na MOHTe-Kapno. 

B 3TOM MeTOAe, nplllrOAHOM AnR nlO6wx 3Hal.leHII1~ T, Anfl $I1KCI1

pOBaHHoi1 ITeKy~e~1 KOH$l1rypaUI1I1 COnl1TOHOB lUi I CHal.lana 113 CI1

CTeMW nHHei1Hwx ypaBHeHI1i1 151 HaxOAflTCfl MaCCII1BW 3Hal.leHI1~ l¢i l 11 

I¢i l~ 3aTCM no ~opMynaM 13/, 161 HaxOARTCfl 3Hal.leHl1fl BepOflTHO

cTei1 If Bcex 2N B03MO*HWX HeaaBII1CI1MWX C06WTI1~, COOTBeTCTBYIO

;~lI1X TjHHefll1pOBaHI-1KJ OJ:1HOrO 3neKTpOHa B AByX uanpae.neaaax -repea 
KamAW~ 1113 N nepeXOAOB. B 3TOM cny4ae BCpORTHOCTb COXpaHCHI1R 

'1CXOIlH0i1 KOhcPlI1rYPdL1I11,1 corurrouoa MCHAeTCR BO BpCMeHI1 KLiK 
N 

I' ( t ) exp I-I ,; t - t ) I " { I'j I I -j ) •2.. ()' I}: 1181 

Ifw t" - H('fc1CHT BO~lIH'I(1I0l3CHII1H :1TOH KOIIIPll1f'yral..\l1l11. nO')TOMY 

"C 111-1 r e ,,!" 'p,,!, yVlT C fl C nyl,ldi1I'lbll' 'H't(' J1<1 II ( BepOflTHOC T bKJ, 

1',HlI10MCIH':'c p~\Cl1r)( J1l.'J1\'1I1101:i lid 0 1f)(':H(,' I n. 1 I • TO 

IIpl'W'II<1 t, :d~I,I\CIIIILIC 110 ql(I\lMyJII' 11U/, hY/lYl )ldBdTb .1ACKULlTllbIC 

I JIY'I,d:lllblC !JCdJI11:J,Il\II1I,l MI)MI.'III(III I /Il'llYKJlIlCI II TYIIIIC/lI-1IJ()BdHII1I'. f]OCJ1C' 

II'lI" UCT',cICl:,H uuuu lilllIl'JwIH11!> IlIjl~"P :110111 (j'H'PI'/IIIOII) (.()(lLITI1H. 

"'" H'"1(('r (;1,1(1, 'i\,'II-1'I", 11.11I1I"IMI'I', P,t:I(J11('IlIll'M 1I1111"p"oIlld 10,11 
1101 III pl.':lKI-1, ':p,)II"pql'l()lIdlli>lIl,II' 1,.1., 11 }lOlll'IIIH111'lIlo1ll,IM pIUi>lrphllUI'M 

IIIY'loI,'!III)!() '"1Cll,, 1101 ,)IIlH IIlpI"II<1'. IIIHII" II'lIll IIP()II1:IBq,l\~~Tl.lI I1:J" 

I1t'II"IIIII' 1(()lIil,'1i '(I'oIll1lll (111111111111111 1101 III1UYlfI. (.,,,,/I1l'ILfUYKII4YIU fUMy 

"11"',ll<y. "01 "01"1 1.1 Ii 11I,1I1-111() I II y'lot II IIl1i , '11'11 JI\', ~I IH" I, 1I\1"ljl'C( II()

IIIOl'lI"" 11111111<11" il,\) Y' '0111111111"111111 I Idl\lIl1l1dplll,'X 1 PI'Il"~1X :11111'11'111111. 

1)IiIIl.lIlIlI,II', '11'1' '" 11111,111 '~"I"il 1111111"'1' 1I II'" I,M.I IIIOIII.MIII,IM: 1Io1I1P~IM"\l, 

iI/Ill 11"11,)111", I N )01""'1"1 "HIIIIII' lyllll"III.I""0 "'(11,1111111 'p"('Y"1 

IH "I () III :,' I "1''''('''' "1'"'" () ''1''''11'1111 11111"1 111""1.1111 t~dIIOM("IIIIII~l 
1111\ I Ill. (,1)(111, 

11.1 1'111. ~(, 1'111<" ',1111,1 II'IIIY'H'IIIII,II' 1,,,I'lt1 M' 'H' '1I11p' Ill," H t<'M :1.11111 

, I I t'\l It I ~ I I, , 'I IJ HII>I 111''('' 1,"1111"" 11101'11'111111 N '11'11101" 'I 111'''''1 

""1" 1111'1<11111.1", )(11)' .111,' 11101'1"11111' 111,111""1111'"1'" '1111111111/' AN I, 

Ilil II' 111 114 , 1 I· I" III illil\ II· I It'll'" I'/I t ,lI,ld',IIlIIHtt'l' 1/ 11l'I'TI~1't 
1\ '/' I I I ,t, , '/' j'ltll'pl,lll I til 11.11 II" IIHlI'II','III' /1,/ 1,llllfC"lll 11111111. tIl 

1111111',1111,1'111111 1\1'1" 1/'11,1 111 I 111111 'I 11111111 I II II I llli pl,II1.lIlllIIIV IIHII,I'I"IIIII.
1 

11.11 I IIII l!N III 111 11" 111 \1/'1 I 11,ll '11111,III,tt"I II 111·1'1~)I,llll IIIIIII tlllll,lt 11 )~II,1 

1111 I I II II I I, II I II I I I l II~! I 



TO nopor YCT0!:14I1BOCH1 c r yneua C <n > = 0 XopOWO COOTBeTcTByeT 

<!>opMyne /16/. BI1,qHO. 4TO rnaBHblM OTnl1411eM OT npeaena N ... 00 aa
nfleTCfl Hanl1411e B neCTHI1~e nl1Wb cTyneHe!:1. COOTBeTCTBY~~I1X 3Ha

4eHI1flM <n > = p/(N - 1). a TaKlKe YlKe 06cYlK,qaBWl-1eCfl 3Ha4l1Tenb

Hwe rl1CTepe311cHwe Y4acTKI1. COOTBeTcTBy~~l1e MeTacTa611nbHwM 

COCTOflHl-1flM. 

KOHe4Hwe 3Ha4eHI1fl TeMnepaTYPW npl1Bo,qflT K KOHe4HOMY BpeMeHI1 

lK113Hl-1 TL 3Tl-1X COCTOflHl-1!:1; corna cuo /3/. npl1 ManblX T«E 3TI1 

BpeMeHa l-1Me~T nopanox Toexp I-E/T I. To:::' cia. Ecna BpeMfl pea

naaa ~11l-1. I1cnonb 3Y~e!:1cA ,qIlfl Bbl411CneHI1fl <n >. fionsure TL • TO 

3aBl-1CI1MOCTb <n > OT U CTaHOBIIITCfl 0,qH03Ha4Ho!:1 ,qalKe npl1 ManblX 

T/pI1C. 3B/; npl1 3TOM ee OTIlI14l-1e OT paBHoBecHo!:1 /Pl-1c. 3a/ 

YMeHbwaeTCfl. npl1 YBeIll-14eHl-111 TeMnepaTypw cTyneHI1 IleCTHl-1~W 

CrIlalKI1Ba~TCfl. Ha411Hafl C Tex. KOTopwe I1Me~T HaI1MeHbWY~ WI1PI1HY 

L\ UQ• npl-1 T »E cTyneHIII I1C4e3a~T BOBce. l-1 3Ha4eHl-1e <n> cr pe

MIIITCA K U/L\U; npa 3TOM COCTOflHl1e Cl-1CTeMbl COOTBeTcTByeT no

CTOflHHOI:1 I1HTeHCI1BHol:1 TepMlII4ecKo!:1 reHepa~1111 COnI1TOH-aHTIIICOnl1

TOHHWX nap 11 I1X aHHl1rIllIlA~1II111 BO Bcex Y3nax peweTKIII. 

5. nHHAMHKA conHTOHHWX CTPYKTYP 

Ecnlll 3Ha4eHI1A VI 11 V_ HC paauu APY, APY, Y. T. e. K ~erJ()'IK(' 

npI1IlO~eHO npOAonbHoe 3nCKTpl14eCKOe HanpA~eHIllC 

Vc V -V 119'11+ 

MOlKcr B03HI1KHYTb nepM,IHCliTHOC ABIII~eHllle CllIlI1TOHOa BAonb Ilt'II()'I~
 

KH r yuucns uux flCpCXOAOB. TdK 4TO 4cpe3 IlerH)4KY IIOTe41~T TOK
 

C HeHylleBb'M c.pe,\III11M :III,141'lIl11t'M I·. Hd ~)I1C. 11,1 IIOKd3<lH P"il 11'1
 

IIWHlblX "BOIlh r ilMIH'pllblX Xd PolK T I'pllle r IIIK" 1I1'1I0QK III. 'IIH. "CHHO pdC


CllHTaHllblX II<I ]BH JllIll C /ly'ldll '1' 'lJ III P,LHIH'IIILIX :111,1'1"111111 II)('!I"I'
 

ro 1I0TCIIIIIII.1I1,]
 

V I V 
I

lJ 11'11>/
2 

11,1 t<pHUI,IX 'II'IKO IIPIIIIII/lIII" I I II IOPIII,lollldJII,III.111 y'loll lOll 1,1·-0 IIpll 

IVI « VI I. Ulolnt'J( I HYHlII\1II11 "II YIIOIII HH Hllll ('11111<;11\1"", )(']~"lI(II'PIIOII 

ilJIII lICCX tl1Clt'M I ll0ppl'/l11p.H'0I11111.IM O!lIlO'I/lI'Hlp,""II.IM lylllll'lIl'1111Uol 

IIklCM, :Jllil'ltHIHl~ (pl'illlero 110/111 U I YII!t'C rUI'1I110 !HlIltll'l lid 1I0poI01l'''' 

IlIil'lnlll1l' V Ipl1t Iin/. 1(.1 '01/111(" fll,l, 111'11 AN .. I , \10111111'01 y'loll
L 

"IIIUIC r u !I.II11I1',I) , 1i1l111011.1 pi II II II 101 \'IIIIIIHI OlltO( 1111'111.1111 ")(o!l,] 

s. r-t..==J--1 _:tu+f ~ ~u-f 2 qp . qp 2 
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"111', II. I\()I.I> ";IMIIl'plll,II' K;lp.lI\ '1'('1'11("1'111\ II l~l'II()'IC'" 'I' " () / il / II 

T I () /11/ II '1.11I11I'1I~tlll"l'l. 1I()1""""II"'() 1I;IIII'HIIII'III"1 VI ()'I' l"I'.I'1'II'Il"'I\() 

I() 1I()II'lll "PI' 'I' I) /t,/. }lIIH III'"X Ilplllll,IX (:,,/C - (). I . 

1 
III 1II,1'Il'II1111 1111/111 lid IIIIYIIIM 111'01"1. 1\ II 11M I ny".", :Iilllllll IIIMIlC I b lin 

I< dlll!lllM Ill'pllOll" "111'11' 1.111II II Jl,1 f,ttl 01 Ilf'oIHIlIIYM, (N I) IIOM,llll1l1 
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u~ ~ U~ - .Kpafl P - i1 c ryneua Ha rpa¢I1Ke 3aBI1CI1MOCTl1 <n > OT 

U /Pl1c. 36/. Ha PI1C. 46 orI16a~~afl nOKa3aHa cnnOWHOM nI1Hl1e~. 
OAHaKo peanbH~e 3Ha4eHl1fl V t /T04KI1 Ha PI1C. 46/ nomaTCfl Ha 

3Ty orI16a~~y~ nl1Wb B HeKOTOp~X Al1ana30Hax 3Ha4eHI1~ D, B 4aCT

HOCTI1, npI1U==k~DI1 U=(k+(1I2))L\U. npl14l1Ha aror-o aaxnova e r> 

Cfl B TOM, 4TO 60nbWl1HCTBO cTyneHe~ Ha PI1C. 36 flBnfl~TCfl B~pom

,qeHHWMI1, T.e. KamAafl 113 HI1X COOTBeTcTByeT HeCKOnbKI1M KOH¢l1ry

pa~I1BM COnl1TOHOB C OAI1HaKOBO~ CYMMO~ n j • npl1 3TOM rpaHl1ua 

YCTO~4I1BOCTI1 KamAO~ KOH$l1rypaUI1I1 3aBl1Cl1T OT 060l1X none~ V+ 
,qame npa AN »1, TaK 41'0 HeHyneBoe nponons aoe none V CH.'Mae-T 

'Ka3aHHoe 8wpcmAeHl1e 11 npl1Bo,qI1T K 60nee cnomHO~ 3aBl1Cl1MOCTl1 

Vt(U). 
Iloauure-uae r e-mepa rvou npl1BOAI1T K "pa3MbITI1~1 nopora 11 nOCTe

nCHHOMY Crnaml1BaHI1~ BonbTaMnepHWX xapaKTepl1CTl1k Ipl1c. 48/. 

t:! npenerie GonbWI1X nOJ1e~ (V» V ) aoru.rannepuue Xi.JPClKTCPI1CH1KI1 
t 

BcerAa BWXO,qflT Ha OMI14ecKY~ aCI1MnTOTI1KY 

< I '> Gf, ~ V/N. 120/ 

[)amlw~wdi I1pofjneMo~, B():IH~1l<':.1I0U\c~ npn I, 0, H8nnc 1 CH UfH'

MCHHafl KorepCHTHOCTb aK10[l ()Jjtl03I1CKTpOHlloro TyHtlCJ1~lP'\I.ldIIWl u 

I1CpeXOAilX I..\C11041(11 /CM. BBC/\eIIViC/o Ha p!-1C. ) 11()KdJdllbl llpl1MqJl,l 

cnY4a~1I1blX pC'aJ1l1:lillll1~ 3,lBI1CI1MO( 111 '~l ( t ), I W' "I( t ) C ( ,I, i '/',,) 

3ilPH/l 0/lllOIO ~13 nc pexonon qe1l04KI1. !:lVl/lllo, 'III) II/III II(' '.II~lIl1l(OM 

(j()JlbIUI1X 3Hd4C'IIVli1 l(JI(,] 11 r crancp.i r yuu IIf)(JI"I\'>I''''''III,llbl'' dKI"I 

IYlllleJl~lpr)fl,'HI1n CYIIWCIUl'HHO I(OpPt'J1I1IH1U,IIlb'. :) Id f(f'PP('JIlII("lH /~(lllll'J 

()hllb npocr o ~111'\'11I1I)('I"PUI\d'ld 1<<11< IH':ly/lbl,II I<YJI'"lrlllll(()(ll o t r u u 
K~HldllillH 1171 «()J11110It()B: IIP~I !ld)()JlblJl~lK IIIH'IlI,IIIWII11H>< IIUIlllld IU,I 
P()H~lIllllillMI 1I 1101 l{(l,IIO H IIP"llI~YIOIJ\III'l I< I\PYI (l~lY 1\(1<1111 q('II()'lI<11 ,"lI:II,,11 

1I()lldflJIHI'1 IH'PUlIIII<H 1 h pr»IIIWIIIIH I lI('I\YIIIIIW' (I "'/1111 ()lld • 11111(<1 II<' 

(IIU(111('I 01 I<poI.1 lid "Pdl I I()HIIII"" ,M ,\ I I <lI01M "rl(Jd.\(lM. II "" 

IH'XOIIl.' IHUlll1lld" I 1,".II~'. 11<11111\111 10111111.1>1 1(1'11<)'11(,1 IIIP\\",II. II\lt'llillyll' 

lI\dH 1I11()'lh '1"II()'I/'" 1I1'\W,>(lll\1 III , . 111'11 Idl<"M yllllpHI\"""IIIII'M 11111111"'111111 

II "01 ( 1()II\U/1 (IIC'I(IP" '1IIIyf(lydllllll 11M. 111'1111'"1(1'111'11'/ 11'01111'111111,' 'JI' 

+ 
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COOTBeTCTBYKlll\e~ It OAH03IleKTpOHHbiM KOIle6aHl-1f1MII 11,41 /nOCIleAHfIfI 

~opMYIla cIleAyeT npOCTO l-13 ypaBHeHl-1f1 HenpepblBHOCTl-1 B!npeAnOIlO
meHl-1l-1 nOIlHO~ BpeMeHHO~ KoppeIlfl~l-1l-1 aKTOB TYHHeIll-1pOBaHl-1f1/. 

CTeneHb KoppeIlfl~l-1l-1 pacTeT /l-1, CIleAOBaTeIlbHO, Wl-1pl-1Ha Ill-1Hl-1l-1 
OAH03IleKTpOHHbiX KOIle6aHl-1~ ~w YMeHbwaeTCfI/ C YBeIll-14eHl-1eM AIll-1
Hbl ~en04Kl-1 N l-1 paaxepa COIll-1TOHa 2M = 2,\-1 /Pl-1c. 56 l-1 66/. 

npl-1 3TOM Ml-1Hl-1MYM ~w/ws AOCTl-1raeTCfI AIlfl TaKl-1X TOKOB, KorAa pac
CTOflHl-1e MemAY COCeAHl-1Ml-1 COIll-1TOHaMl-1 HeCKOIlbKO MeHbwe M, 4TO 
06eCne4l-1BaeT l-1X Hal-16oIlee 3~eKTl-1BHOe B3al-1MOAe~CTBl-1e. 

OAHo3IleKTpoHHbie KOIleOOHl-1f1 /22/ /KaK l-1 J1lO6ble APyrl-1e y3Kono
nocuue aBToKOIle6aHl-1f1/ MorYT 6blTb Cl-1HXPOHl-13l-1pOBaHbl BHeWHl-1M ne
pl-10Al-14eCKl-1M /Hanpl-1Mep,rapMOHl-14eCKl-1M/ Cl-1rHaIlOM 4aCTOTbl KaK 
Ha OCHOBHO~ 4aCTOTe (w = «i }, TaK l-1 Ha rapMOHl-1KaX l-1 cy6rapMOHl-1s
 
«ax (nw = mco). B Cl-1IlY <I>YHAaMeHTaIlbHoro COOTHOWeHl-1f1 /22/ npa
s 
3TOM Ha BOIlbTaMnepHo~ xapaKTepl-1CTl-1Ke TYHHeIlbHo~ ~en04Kl-1 nOflB
IlR~TCfI KBa3l-1rOpl-130HTaIlbH~e cTyneHl-1, pa3AeIleHHble l-1HTepBaIlaMl-1 

~I, C0l-13Mepl-1MbIMl-1 C 'IKBaHTQMII
lit) e(,,/2"/l.4,~/. npl-1Mep TaKo.:l 

KapTl-1HW nOK~3aH Ha Pl-1C. 7;V(tl~ AIlfl ee nOIlY4eHl-1R 3Ha4eHl-1e 
V t nOIlaraIlOCb paBHblM HyIlKl, a,02, 
3lia4eHl-1e V MeHRIlOCb no aa-
KOHy 

+ 

6 

Viti ='10 + Acos 2nft 
f =.005(01() 

N = 32 

~ =0.01 

<I>/ef=l 

~,_.t .. l 
2 

I I I	 

V - V + A C08 W t. /23/ 

3TQ f1BIleHl-1e oOIlee nepcneK
Tl-1BHQ AIlR :IKcnepl-1MeHTaIlbHoro'&1'-' 
oOHapYlkeHl-1R 0AH03IleKTpoHHIoIX 

~ .01 
Kone6aHH~, 4eM HenocpeAcT

H
 
v
 BellliOe Ha011lOAeHl-16 o ror o npo

1'111'.	 1. IhMlHICIlIIt' 1I0JlI,'I'iIM

Ill'\lIlIolX X1lllllK'I'CllllI"I'IIK 1\l'IIIIIIKII 

(' N - 12. Cole - 0,01 1I01l 

IlJlIlllIllIl'M 1I111~WIWI'O l'III'IIHJIIl l' 

'111I"I'OTI,il "Jl2" - 0JIW) (Ole)o 
II II~ll1.11l1TYlloli A I (,M. 1~(lI'MYJlY 

Vollfl o vrr . 

.. '1'1'11 II(I'I'p"/i'''III111' 'I'llkoil MOJ\I\lll1lklll\llll OIIlIt';IIIIIOI'O 1I1,IlI11' 1'''''1'01111 

~1111l'l'l'''I\II\,J1I'' 111'11 IIIITIIIIlIM p'I'II,II'I",1lI1 "IIY'lllillll,IK 1'llf'll,ITlllI "1'(111'1111''' 

,1\11'1'1''' 1111 Killl\)\OM 111I'I'O'l'ltI1l1l' "1'I'!'H'1I11 I\t,· ~~ rt/I,' . 
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~ecca, ~Me~~erO np~ pean~3yeM~x Ce~4aC napaMeTpaX nepeXOAOB
 

(C .<: 10-1 7¢ 1l10.1L) secs aa Many~ MO~HOCTb P .510-1 2 BT.
 

6. 06CymAEHHE PE3ynbTATOB 

B HaCTo~~e~ pa60Te M~ paCCMOTpen~ OCHOBH~e CBO~CTBa OAHO

MepHblX An~HHbIX uenouek TyHHenbHblX nepeXOAOB Mano~ nnouianu . 
Ha~60nee ~HTepeCH~M ~3 3T~X CBO~CTB, 6e3ycnoBHo, ~Bn~eTC~ 

B03MO~HOCTb AB~~eH~~ B TaK~X ~en04Kax KBa3~nep~OA~4eCK~X OA

HOMepH~X CTpyKTyp OAH03neKTpOHH~X con~TOHOB, conpOBo~Aa~~aB

C~ reHepa~~e~ YSKononOCHblX Kone6aH~~ co cpeAHe~ 4acToTo~ 1221 
Aa~e np~ ¢~Kca~~~ BHeWHero Hanp~~eH~~ la He TOKa/. KaK y~e 

HeOAHOKpaTHO YKaS~BanOCb ICM., Hanp~Mep,/41 ~ TaKO~ KorepeHT

H~~ npo~ecc Mo~eT B03H~KaTb TonbKO B pesynbTaTe cocy~ecTBo

BaH~~ B OAHO~ C~CTeMe A~CKpeTHoro nepeHoca 3neKTpOHOB CKBOSb 

TYHHenbH~~ nepexOA ~ KBa3~Henpep~BHoro nepeHoca sapRAa B C~

CTeMe, oKpy~a~~e~ 3TOT nepeXOA. BCTaeT Bonpoc, 4TO 06ecne4~

BaeT TaKO~ KBaS~Henpep~BH~~ nepeHOC B ~CCneAyeMo~ CTpyKType, 

COCTo~~e~ TonbKO ~S TYHHenbH~X nepeXOAOB. 

OTBeT AOCTaT04HO 04eB~AeH ~S p~e. 2: 3neKTp~4eCKa~ non~p~

3a~~A ~en04K~ 0A~H04H~M con~TOHOM pacnpOCTpaH~CTC~ Ha ~e-

CKonbKO Inp~ ,\ ,~<, 1 Ha MHorol TYHHenbHhix nepeXOI\OB, oKpy~a~

~~X sap~~eHHbl~ 3I1CKTpOA. np~ ::nOM ecru- cornrrou nepoxeuraer ca 

Ha COCCAH~~ YSCI1, TO ~HAyu~pOBaHH~~ 3apHA Becx nepcxoAOB 

IKpoMC ror o , 4epC3 KOTOPbl~ npor yuucnupoaa n 3J1CK1POHI ~3MeHfI

eTCA ua Ben~4~HY i\Q ., e , 1. e. KBil3~Hellp('pbll1llO, '.)K~M 06pa30M, 

AnA Ka~A()[O ~S IH'PCXOI-\OS ~en()41(~ oc rdllbHbl(' JICpl'xo/lbl ~[paIOT 

porn, pe awcr opa , 1\)l.1I(C~J)YIOI~l'I"O KUd:j~Hl'IIPI'Phllllll,l~ rOK I -. I·" 
C T04110CTbIO All M<lJl()~ Bl'Jl~4~Hbl N-1 , HC 3dLl~lflll\l'i1 01 IIP()l-\CCCO["l 

tl /\dIlHOM ncpcxone , nOU(OllbKY :)K<-lIcp~MetlTaJlhHo(' O(;lIdpY>tleH~l' 

OI-\HO:JJlCK I POHllblX KOJlcfi,J lI~ii CJ-\l'P)lI~[hlJl0Lb BOll" llHIOM ~MCIIH() 

I PYJ\HOC 1 hKl (~l1I(Cdll~l~ r ou.i , 10 MO>tlHO tld/V'/Il i.cn , .. 10 ~l.rJ(II1b30Iloi 

HII1C All~HIILIX 0IlIlOP0I-\HI,IX Ilt'JIOLH'I( nepexOllol1 nO:IBoll~ I IIPO~:II11'( 11-1 

IIdOlllO/\PHl<1l' 1-1 ~ttIH'f-\0Udllll1(, 31010 tloBIIIII IlUIIl'llllll, U.ItHIIOII) 1<,J1t 

l (llyHA<lMt'lIl .uu.uou , 1,1I1 II I 11PI-11t I1dJ\1I0il lo'll'll :\111'111-111, 

rlpl-1 :)IOM Bt 10\('1 lIdlHllh,ii BIlIIPI)( 0 1I111-1111l~1(1 11<'1-1 '(lI'lIl1l1oIX 11('011 

1I0POI\IIIj( I Pll IloIp.1MI·1 pOll 1II'\II')(OJ\OIl lid I 110i'II 11101 111'110'11(1-1 11, Il 

"dClIII)! 11-1, lid I Il'lIl'lIlo ItUll'P('IIIHIIII(1 l'I\IIIUIII'I(TllI'IIIII,IX IU'lwl.oI 

lI(lil. XOI" 1101111')('11111'1111,)(' 111 I IIPJl'lIIill1l11' lllll U I.\UIIPI)( 01 "IIII' It'III, 

Ill. 1111('1\1 TOI-1I 11 Ildlllollc'illllf'M,MllIlOIO IIP~IIH't H. IIpOt 11,11' 1101'1('1 lJ\t'li 

111..11' dill yMl'llfl,1 II "'"I1.:IY 101 u, '1/0 I,W.lII 1<01 ('1"'111111)( 110 II" by 

/11'1 ,ylll!'t,. 1110111111 1111110111111'11.1 1II"'1l1l0PU/I"I)( I mill , 

II <..1MoM 11"111', 111'I'J\1I0P01\1I01 II. llilp,HH'lpUI.1 C II C IIpl'l11l'IWI IIn 
III 1I11t1110M II l yll\l" 'tll'llIltlil .\.lttll'11MIII II"' 1of" 1111'111111" .llIl'pl HI·l , 01111 
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TOHa E OT nOnO~eH~~ ero ~eHTpa. B 4aCTHOCT~, E 6YAeT ~MeTb 
caM~~ rny60K~~ M~H~MYM Ha 3neKTpOAax TyHHenbHoro nepexOAa C 

M~H~ManbHbIM C = ~ corurrou 6YAeT cyuiec r aeaao 3aAep~~BaTbCmln ,
 
C~ nepeA TYHHen~pOBaH~eM 4epe3 3TOT nepexOA. Ho cornaCHo pe


synbTaTaM pa60Tb,/li , An~ cy~ecTBOBaH~~ 3Ha4~TenbHO~ BpeMeH


HO~ Koppen~~~~ nocneAoBaTenbH~x aKTOB TYHHenll1pOBaH~~ 4epe3
 

3TOT nepexon He06xOA~MO ru-urs , 4T06bl TOK I 6bln AOCTaT04Ho xo

pOWO ¢~Kc~poBaH. 04eBI-1AHo, 3TO Mo~eT AOCTlI1raTbC~ He TOfbKO
 

ecru- 3Ha4eH~~ C APyrl-1x nepexoaoa MHoro fionsure HO Aa~e
Cmin ,
 
ecn~ An~ H~X He BblnonH~~TC~ COOTHoweH~~ 121 IHY~Ho TonbKo,
 

4T06bl a ropoe ~3 3T~X COOTHoweH~~ 6bJnO aanonaexo An~ nonuoa
 
N -1
 

npoBoA~MOCTI-1 ~en04KI-1 a = II ~ 0l I. TaK~M 06pa30M, Aa~e B 
I = 1 

Cl-1nbHO HeOAHopOAH~X ~eno4Kax KorepeHTHOCTb OAH03neKTpOHH~X 

Kone6aH~~ Aon~Ha coxpaH~TbC~ XOTA 6~ B B~AeneHH~X nepeMeHH~X 
IHanp~Mep, B Hanp~~eH~1-1 Ha nepexoAe C Hal-1MeHbWI-1M C/. Ka4ecT

BeHHO K TaKI-1M ~e cneACTBI-1AM Aon~Ha npl-1BeCT~ ~ HeOAHopOAHOCTb 

TYHHenbH~X npOBOAI-1MOCTe~ nepeXOAoB 0, 

BTOPblM HepeweHHblM, HO Ba~HbIM aonpoco» AsnAeTCA YCTO~4I-1BOCTb 
nonY4eHH~X HaMI-1 pe3ynbTaToB K YMeHbweHI-1~ $1-131-14eCKI-1X pa3MepOB 

3neKTpOAOB. Aeno B TOM, 4TO An~ nOAHAT~~ BepXHe~ TeMnepaTyp

HO~ rpaH~~~ 3$$eKTOB KOppenl-1pOBaHHoro 0AH03neKTpOHHoro TyH

HCnl-1pOBaHI-1A HY~HO YMeHbwaTb no B03MU>tlIlOCTI-1 3T~ pa3Mep~ IAn~ 

vaepeuuor-o ~bIXOAa B 06b1411bl~ [enl-1eUbl~ Al-1an<l30H - AU 3Ha4cHI-1~ 

MCHee 1000 A, a B a3(JTHbl~ Al-1ilni130H - AO 3Hi14CHI-1i1 nopanxa 
30.; 100 J3.. 141 I. npl-1 T<lKI-1X paSMepax Mo~eT c r a r s Bbl~HbiM <!li)KTOPOM 

KOtiC4Hoe BpeMA Te 3l1epreTl-14eCKO~ pe.naKCa~l-1~ anex r poua B MC

Idlll11-14CCKOM anek r ponc Is thlUJCl:i l(!Opl-1l-1 3TO SPCMfl CqI-1Till~TCA 

IIpclle6pe~I-1MO MaJlblM no CPdUIICHI-1KI l. C/O/. KJ)llMC :JIOIO, MO>tlCT 

Ild'ldTb c xa auaa r s cn /III1LKpe I lIoe 1 b :H1('P[P I 1-14t'CKI-1X ypOBIIC~ Meldll 

iH1"eCK~X lI~jneKTpoAOB". C YM("lIhllJ('III-1'~M pa:3Mt,poU :)TI-1 t1JaKl0pbl 

HUIIlI" ",I , HCCOMHeHHO, IJPI-111I'CII-1 I( rlC'pnxollY 01 :l<jJI\Il'KfIJl) f(OPpClll-1 

POlhlIlIlO[O UAHO:~Jll'K1P()llIlllI"O I ylllH'lIl-1pllUoIlI1111 It Al' IHIIIO>tlelll-1e 311l'1(

l!>tlll.1 B nto6u~ MOMClIl UP,'MI'111-1 XOplHUO OIlP"I-\('III'1I0/1( :J$l\let(ldM P,':HI

Ildll<.tIO( 0 lYIIIIl'J1l-1p()ndll~lIl II 111'PdIYKIIIIl'l-1I" (Bf'PXIH'IUCIKl' lyHIIl'III, 

""IX 1II'[.WX0l-\oU IIIit' :))Il'1< I pllll, IIdotilJplIl, /ll'1I0I<dlll-1.1111Idlt/. YIO'l 

111'111-11' I Pdlll-1LILI Ml'HlIlY :1 1 1-1 MIl Ill1lWlllll1MI-1, Ii II)M ttl-1< IW <. y'lO 1tlM 

1I1J1Mtl>tl1l11l'1 IWOIl"t)POIlIl'H 111 I IPYHIYPI,I, IIPl'II' lillllHWIt Jj 1I.1M I(pilii 

Ill' "I( r y,lJll.lllIii :loIlI,I'tt·ll. 

111111.11' """IIIII' 
1',1< '1"1 'loll 101111011< "Il'l< I PI)I.\ 

I 1Il'lllllIHI'Il'( 10111 Kdpoll< II'P IWPI'M('IIItI,f)(, 01l1111011t,lKIIIII-1)( "p'1114'l' 1.1 11 

I Irll1l1'l I t W I"M.. /I)IIH 11IIIII1fllll II Ilyt olHIO litH I 0111II I"'MII I lIY'l,l111llolMl1 

17 



$YHK~~~M~ BpeMeH~, CM. p~c. 5/ Tpe6yeT HeCTaHAapTHoro nOAxOAa 
An~	 4~cneHHoro ~x 4aCTOTH~XpaC4eTa cneKTpOB.
 

M~ peanbHO np~MeH~n~ $opMyn~
 

T	 A+t 

SQ(w) ="-llT-1 J dt (d~Q(t)Q(Ocosw(t-~), 
o t 

T 
Q( t) Ql(t) T-l( Ql(t)dt. 

o 

06naCTb [t.f] pa36~BdeTcR Ha nOA06nacT~, rAe Ben~4~Ha 
~(t)Q(e)nocTo~HHa.BHYTp~ Ka~Ao~ ~3 nOA06nacTe~ ~HTerp~poBaH~e 

B~nonHReTC~ aHan~T~4ecK~, TdK 4TO B~4~cneH~e cneKTpa CBOA~TCR 

K A80~HOMY CYMM~pOBaH~~. AnR ynY4weH~R T04HOCT~ npo~3BoA~nocb 

npocToe ocpeAHeH~e $YHK~~~ 8Q( Q) ) no M pean~3a~~RM. OAHaKo Aa
~e npl-l BeCbMa 60nbw~x 3HaqCH~RX T ~ 1001 fa , A=< T/10, M ~ 10 AO
Bep~TenbH~~ l-lHTepBan C4CTa nonY4anCR OTHOC~TenbHO 6onbw~M 

"SIS" :!: 15;. 
Mbl 6naroAapHbi .n.B.I\BCP~HY, I\.DerreTY, B.K.CeMcHoBY, P.A.Cy

p~cy, H.H.4eH~oBY ~ r.WCHY 301 none3H~e o6cY~AeHl-lR, a dBTopaM 
pafio r '6·) l! ~ I) 7' - 3,) n~mCbIIlKY npcnpuu r oa . 
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