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B npe~~X pa6oTax /I-3/ MH He 06Cy~anH KO~~eCTE8HHUll 
EK~ ITOEepXHOCTHUX IT~3MOHOE E ce~eHHe pacceHHRa Me~eHHUX 

8R8KTpOHOE (HeKOTOpHe Ka~eCTEeHBHe COOOpa&eHHR 0 xapaKTepe BK~

~a ITRa3MOHOE npKBe~eBH E /3~. O~aKO BO MHOrHX cnyqanx 3TOT 

EK~ MO&eT HM8Tb cymecTB8HHOe 3HaqeHHe / 3 , 4/. HacT~ pa6o

Ta ITOCB~eTCH yqeTy BK~ ITOBepXHOCTHHX nnaSMOHOE B ce~eHHe 

~paKUHH Me~eHHHX 8R8KTpOHOB B MO~enM pemeToqaoro rasa. 

§I. MoneRbHHI raMHRbTOHHBH 

CornaCHO paOOTaM /I, 2,~ no~~ rBMHRaTOHHaH CHCTeMH C 

~eTOM ~COp6UKH H ITOBepXHOCTHHX nna3MOHOB ~aeTCH BHpa&8HH8M 

~2 H =--'Y:£ n!- ~ 2: .-t£,~:f~ t 2: c; C; 2m+ 
:f Lft!a> k 

_. .• R +2: c.;.~c-;e_-i~R.rttt~,iZJ+~ C;z:~ L;t-l'} t~(f,'K•i,~) + 
Jt, ~ fi },~<,5 (I) 

~ - (o.. ~ 21re2. .. + LJ wcp) fJrBF + ~) + ~ ~ c;,_~c ><·~ c-:,co: 
p k.,K; ~ y ' 

tf C<},IZJ =-(el'S~(t:~ iJj4rti~m =it(~), 

h(5;-;;iZJ=~e-iFR1 tJc~;~-pjce; +t'-f), <2> 
r 

t t ( ;; it, p) - MaTp~HUit aReMeHT B3aHMO~eHCTBHH pacceHBa

DmKXCH aReKTpOHOB c nnasMoHaMH. HeTpy~o yde~TbCH, qTo Ece pe-
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3Y~bTaT~ paOOT /I, 2/ MOryT OHTb no~eHH C ITOMOmbD TeOpHH E03-

MT~eHHli, ec~ orpaHH~HTbCH E (I) nepEHMH ~eTupbMR ~~eHaMH, npH

~eM llOCJie,llHIDf H3 HHX paCCMaTpHEaeTCJI RaR MaJIOe E03MYJ118HHe. C 

ue~bD y~eTa ER.rra,n;a nJia3MOHOB paso eli> eM Tenepb raMKJibTOHHaH (I) Ha 

~Be ~aCTH C~e~HM 00pa30M: 

H:::. H, + Ht., 

(3) 

HO::::-)lz11.3 -f "S ~hh.~~ +~ ;:_ c~c~ + 
~ <.f<j-1) "' 

"' • 1 21lez. + + C /> 
+ ~ ww)< ereF + 2 ) + _2:_----a-a c~~zc t;.~ ~·Lit, 

p ot.,it;ty r 

"""' +- ·-;[ + .~R I Hi :::.L c~.~ c~ e-•t if-t<},() + 2.: c~+~ ~ e-~~ f h.(J:iZ•f-;;t). 
. ~~ t~ 

IIocTpoHM ~ raMH~bTOHHaHa (3) WoPMaJILf!YD EpeMeHHyD TeopHD 

ED3MYIUeHID1, paccMaTpKEM H\. KaR MaJIOe B03MYmeHHe. CeqeHHe 

pacceJIHHR CEJ!:3aHO CO CKOpOCTbll nepeXO~ P\.,. F H3 HaqaJibHOrO 

cocTORHHfi I I'> E KDHe~Hoe If> c~e~DmHM cooTHomeHHeM l 5f: 

,~) \ - . d. 6 m.~ \K'\ D 
~- - }-=~ \~\ tl-f ' 

'~'_.."~\n)-{n: 
(4) 

\l) ::: \{n.}) \I<>, 

\f)::\ -l~!> \~). 
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BepoRTHOCTb nepexo~ Pr-f CEJ!:38Ha c aM~Ty~oi!: aepORTHOCTH 

nepeXO~ M8JI,IJY Ha''laJILHiiM H KOH8tlHHM COCTOS!HH8!.l l I...,. F CJie

.ltYil~K COOTHOm8HH8K /
5f: 
p !-f =- \ ~-f\2.' (5) 

r~e 

fr :::ti.tn <Fl$(tJt,)-ill).expCi(e-E:')t} 
t-F -t~oo,t.--oo [ 

0 

' 

(6) 

t 

Slt,t.)=-[e)(p(-i J J.t~ H:(tt) )J+ (7) 
t, 

H! (t) =eltp<itHoH-t1.exp<-iHo-l). (8) 

3Hax "+" E (7) oaaa~eT EpeMeHHoe yno~o~eHHe onepaTopoa. 3Rc

nepHMeHTaJibHO HaOJID~eMOe ce~eHHe paCCeRHHR no~aeTCH H3 (4) 

C ITOMOmbD CTaTHCTHqecRoro ycpe,nHeHHR: 

l6 I _ m~ liZ'/ · 
chJQ. "K_;. (~):!> I iZ\ ( p r~f ),. • (9) 

06!118Ji EepORTHOCTL rrepexo~a COOTEeTCTEYIXI!M ( £'I- r )'t 

~aeTCR EHpaEeHReM 

( Pr-F >r::: L f {n} < {tt'll < K'l S( oo,-oo)- i I K)· 
{tt}{n'} 

l{rt-)')<{n.)I<KI s+cO<J)- 00)-i IK')I{tt'J)::: 

: < ( Kl St< oo,- oa)- t I it'>(K'/ $ (OOr 00
) -il iZ)) T 
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PaEHOEeCHM Marpm..(a fiJIOTHOCTl1 ? { n.} 
OT Ho : 

E ( IO) SE!EHCHT TOJihi<O 

p{tt~ = y{ -)) 2:11.1 - f 2:::: 11.h 11.P- + 2::: wq;) cej gf + ~)}. 
f <td .. ) f 

§2. B!l'!HCJieHHe ceqeuiDI paCCeRHIDI no Teopl1l1 EOSMYUJemrn 

~T06!l E!l'll1CJil1Th EepORTHOCTh nepexo~a (IO), He06XO~O npo

l13EeCTl1 pasJIOJKeHHe $(t,t..) no cTeneHRM EsaHMo~eil:cTEIDI 161 
t t ii 

S ( t.,t.) ~ 1. ·H-i) J d.ts. H~ Lt,) + t-dJ .lf1 j Jt~ 1-\~ (t.t.) H~ (tz. )+ .... (II) 
t<> to to 

ITo~cTaEJIRR (II) E (IO),nOJIY'!HM 

<XJ DO 

< Pr-F) -=<<~ 1 ti.) ~cit~ H~+(t~ }I il'> <it'l£-i) J Jtd·-li (t~) I l'>) + 
'f _..., _,., 1' 

00 Do t.1 

+((K'I<i)) J.t~H~+(t~)IK''><k'l!-d·J .Lts. f cLiz H~(ts.) H; lt~)III). + (I2) 
_oe;. -..00 _OQ 

00 ()() 00 

+ < i<lli \2 J dJ~ ~ J( 1-(\t'1\ \-\~+(t~) lit')6~'1c-n f JtJ-l~(ti.)l~)) .... 
- <>e i:L -00 'f 

ITocJJe no~cTaHOl'!RH H~ 113 (3) E nepE!lli '!JieH (I2) Haii:~eM 

< (2) 00 "C"' . ~~rr ~ 
1\ ... r 2 =<<KI!ilJ oL t; L.... c;,(t~)C;t +a'rt~)e. ''~- f't.L' (e:) [K'). 

T -oo ;r;~; f' "' J 

0() -

< it'IH) J J.ti ~ c;.~ a~. )C;(r1-)e-1cJRft,r&) 1 ;.~) + 
-00 K:,'},j .,. 

00 .... 

. -\-« lt (l) J J.t~ -~ ~ (t1
; it+i; ;t')(t~)C~, (t~) ('it'•f (t~) f' .;_ f'Rt I K.'). 

-oo 'b~<-,f' 
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• 

= -
(iZ'tC-i)f}ttc;.~ (t,)C;(t~.-)e- i'i-Rth (f; K+f,IZ)(tt) I~ )>r -t 

c,o -

+<<iCI<i)J oL+-~.2: c;~(-t'L)C;;:·+~-lt~)t' '~'Rs'tf",(e)liZ'>. 
-oO i~~,'f' 

<iZ'IC-t) rd.t1L CL- (i.._ )C~(t..W-'~Rf l(f; ~·~):)(t,) liZ)~+ 
-,., <f..K:.t ~ (I3) 

~ -
+<<iZI<i)f Jt.~;£. tcs:~'+ii>~')(t~)c;, (t~)c:, _, (t~je' <V'Rf', V:''>· 

-00 "Q' i_'I' '} 
.,., ) J 

~ --
<i!'l(-i) J olt~Z::. c;.~ (ti)C;;(t.)E'-t!J;Rtt (£") \~\~ . 

-oO -;,~,\ f T 

ilOCJie HeCJIOlKH!lX npeo6pasoBaHRll rrepB!lH '!JieH E (I3) rrpl1Hl1MaeT 

E~ 

(P. ~2) =[2~-c.fCE:-g')\2 2::<t;,(t.)tf(E;;)~ e'r;'>J(R-f,-'R:f] 
r-~/T-1. f,~' T • 

04) 

B!lpaJKeHl1e (I4) E c~qae ynpyroro pacceRHHR npMEO~l1T I< wop~zyJie 

~ Ce'!eHRH pacceRHHR, C ITOMOmo~ I<OTOpO~ 6HJil1 TIO~'leH!l ECe 

pe3yRoTaTH pa60T /I, 2/. 

ilOCI<OJihKy ~Ea nocJie~l1X '!JieHa E (I~), O'leEl1~0, ~~THy

JieEOM EI<JI~ E ce'!eHRe pacceRHHR, orpaHl1'lHMCH paCCMOTpeHReM ETD-

poro ~JieHa E (I3), ROTOpHH MOJKHO saiTHCaTb B E~e 

• (2-) ()0 . ... 

<PI .. r\z. =L ~eJ(pt'(E:-E')t.\(kC5'i~;~Jt). 
~.r -<>0 

( I5) 

h.(~;~~~_,o~ ctt eic~·-~)(R-:~·-'Rf) 
'f . 
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BBO~R ~~ee o6osHaqeaze 

1\. 1 o<J iwt 1 + , - .-. 
i<",,oooi4 {J,f,w)= 5JtQ <"-(f,I<,.,K~,t)• 

- <>D 

k l f, I!;~.,K'l., o >>,. , 
MOXHO rreperrHCaTb (15) TaK: 

• (2) 

< Pt--~.'>.T2. = 2: A~,i<:' ;<,~'(of~ L £-~)· 
f J f I ) 

e i (~~ ~>(Rr -"R~). 
Mcrro~syn (2), TIOHYqHM 

•+ ~- - I - ,'\ \pRi.-i~~ 
(h. (j,l<,, K~, t) h..(!,IC;~.,iZ ... ,O)A =2: e · 

T r·~ 

(IS) 

(17) 

[ < tr>(t) €i ~ +< B-p(*) e-i>-r + <e-J;<t)&f )
1 

+ <'f-);(tJR~),.} c1a> 

<t:.c~ .. ,IZl,pt1cit2,"K .. ,~.)>r. 

Mcrro~osyn ~~ee CEOHCTEa orrepaTopoE gf•~;. 

ot+ 'll ++ ++ t~;€-f,-B_,g_ =()r,-p-' 10-ll- -{?-f~f-p = &-~-,-g_, f.~ =0 • r r • r (;rl , r r r r ' 

MOJEHO TIO~HTb ~ HHX ypaEHeHHR ~DeHM 

i 1~~= ~rH.,-H"er=wcv)(?F, ; i~=-W(p)&(. 

YpaBHeHHe ~ COOTEeTCTEymmea ~HroqHH fpHHa 

((&-(t) o g!; (t')),\ HMeeT E~ 
f ' r 'I 

8 

G-(t-t')= 
r 

1 
l 

( 

0 JG- G 
1. «,; b (t-t') +W(p) p 

1 

BAH, ec~ EEecTH o6osHaqeaHe 

G-(t-t')=-S G-CE)e-iE(t-t'>Jf. 
r _0() r 

H yqecTo, q'l'o 
oO 

t(t-t')=.L r e-iE:Ct-t')JE: 
2n J • 

-oC 

(t: -wcp) G-p CE:) = iw · 
(19) 

CrreK'I'paHbHaR HHTeHCHEHOC'I'b COOTEeTCTEYIDmeH KOppenRUHOHHOH ~K-

IUUI Jp (w) 

r i.w(t-t') I 
~._e:(t:)~~Ct>)= J J'r(w)e- ct.w (20) r r _C>O 

onpe~eAffeTcn,cor~acHo 17{ no ~OPMY~e 

J~ (w) = --k- \ G~ ( <..J-1- i.E.)- G- (~--£)\ r e·· -~ \_ ~ v '.J 
(2!) 

ITo~cTaEHOEKa (19) E (21) ~eT 

J-(w)= d(c.J-w(f)) 
f e~w_ 1. 

(22) 

C rroMomon (20) H (22) aaxo~ 

<(@~(t)l5-p'>= e\w(pt 
-f' ~w(f)_ i 

(23) 
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lUiaJiorl1'lHO 

~~wqn 
<_e-C-t')~}>= e ()- -..c-Jcplt 

p r ef>w<pl_ 1 \- . (24) 

ilo~cTaEJIHR (23) 11 (24) E (I?) 11 (IS), ITOJIY'll1M 

1\~c, ... ,r. Cf',-J,w) =-~ <t:.rtZ,_,iZ,})tf(tZ.)Z~, r>),: 
p 

-ip(Ri-Ri, > N(-w>2 i IVI't ~ Cf>w), 
(25) 

-t 

{ ~(- ~- { .~~ 1 (26) 
N(w) = ~, r.w)= W-t.J(i'~hi I(()) Wt-<VCf)+tlfpJ 

{'I - i I 

r~e Cl1ME8JI I""- EKJIJO'!aer E ce6.fi { ' a r( F) ' cornacHo/4 ,8/ 

ITO.fiEJI.fi8TC.fi ITpl1 Y'!8T8 E3ai~0~8UCTEH.fl ITJia3MOHOE C EaJI8HTHHMH 

9JI8KTpoHru~H. ITo.ncraHOBKa (25) 11 (l7) .naer 

• (2) 

/..P1 ~f> =-2:. <t*,(i<C~~;p)tfriZ',~,p)').. 
T2 f '- t '1' 

·L~ 

- - ( _.;::(t<,-R,) .r. '\. T Q. 1~ ,, ni(/''k) f<.r,-R+) e-' t' " ~ , '}V (- w) c:: 1 .!. Wl .>(j 1 f, "'J -t: - - • 

(27) 

~~epeHUHpy.fi ~aJiee (I4) DD BpeMeHH 11 CKJI~Ea.fl C (27),TIOJIY'IHM 

P. (2) • t \ < r-r-\ =~ L2nS'C~-E').<t~,CE:) 3 un1'~' + 

f >'' 

~ ~' I 0- - -\r elf+- R'~,) ~ } .;{:~;J(if>i[t) 
*'L.2iJv(-cv) .... ,oO(p,c..l)Q <t.cp>t:i(f)) e j 

- f T • 

(28) 

~ 
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I 
\ 

' 

t 

ilO~CTaEHE (28) E (9),6y~eM HM8Tb OKOH'!aTeJibHO 

~~~ ¥ \~: '5, [2nbC£ -e')< t;.c~)t1 Cf:)4 + 

~-·\(. 

-+ - (29) 

""' •' I -iprRt-Rt·> 1 . ~·~ {R- R) + £_.2.iJv(-w) In ~(p,w) e <(.nt r-;\ e l(K-1<) f;- 'f 
f .; ~ 1 r~ . 

§3. 06cy!AeHHe pesyJinTaToE 

BK~ nepEOrO '!JieHa E (29) ~eTaJibHO 06CylK,Il;aJICH E HalllHX 

npe~~mHX pa6oTax /I, 2/. 3~eCb MH OCTaHOEHMC.fi Ha ITO~p06HOM 
aHaJIH38 EKJI~a ETOporo '!JieHa, 06fCJIOEJI8HHOrO E3aMM0~8llCTEH8M 

pacceHEaromHXC.fi aJieKTPDHOE c nJia3MOHaMH, CorJiacHo padore 14/, 
napaMeTpH, xapaKTepH3YDmHe noEepXHocrHHe rrJia3MOHH H WMrypHpy

JOI!IHe E (29), ~aKJTC.fi cpopMYJiaMH 

t _,. _ ( ~ f 2w 5 SL' )~z.. J 
flp)- ... r ... ~ip,.eCp~-r .. )., 

w ( P") =- W 5 + ~ s p" , 

r ( -\ -~ ' '~.it. ( p.~ \+'2. p .. l -24""s ~) . 

(30) 

(3I) 

(32) 

3HaK E r ....qJyHKUHH E (30) EH6MpaeTC.fi l13 YCJIOEH.fl CXO~MOCTH CYM

MH (2), S1. - o6'beM aJieMeHTapHoil .fi'le.il:KH, Pc - MaKCHMaJibHOe 

ITJia3MOHHOe EOJIHOEOe '!RCJIO. 
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TaR RaR, COrJiaCHO (30), t.f (jt) He 3B.EHCHT OT J , TO 

CJ'MMHpOEaHHe no f J f' B (29) ,naeT 

"'"' (Ji(i(!..l<+pJCRs·-Rt) _ Ar{2 )3. r-(- _ ~ + i(') 
£_. (., - JY fl tJ p,, 1(, II , 

Jd·' 

lloaTOMY CYMMHPOBaHRe no rn E (29) CBe~eTCR R aaMeHe 
.... p,,_... 

- .... , 0 - 1<. 11 - 1( 11 • 603Ha'UIB i("- K:. '= ~ 
11 

, ETOpO~ '!JI8H E (29) 

Mo~o nepenHcaTb TaR: 

_t~ / = N im
2 1~'1 N(-w)).: I""'~(p .. ,~ .. ;w)j t~ (p.J,)\~ (33) 

lcJQ. _. _.., ~ 1!<.1 p 
~~ ~~~ 4 

Y'!HTHBM ,naJiee, '!TO w =- g- ~· 

(33) MO~O npe~cTaBHTb E B~e 

, H HCITOJib3YH (26) H {30), 

cL2.6 ) _ Ni m 2 lil'i 1. I L ! -
""t:IQ K-+;, ~I iLl ejl(e~E~ i m LE-f:'-w(~ .. ') + i.rr~ .. ) 

(34) 

- ! l 'lt~lw g_2. E-E;'+W(~ 11)+i[(~ .. ) 'Jt•~ B(pc··ty,), 

r~e :eeJIH'IHH!i w ( ~~~) H [(~.,) onpe~eJliii:OTCR EHpa&eHMMH (31) 

R (32), COOTE9TCTEeHHO, B3RB MHRMYD '!aCTb OT EHpa&eHHH ERE~

paTHHX CK06RaX E (34)1 0ROH'laTeJibHO 6y~eM HMeTb 

d.~ \ -llr z\IZ'\ ews~~n 1. ~ - 't J~ h'\ \'If\ a- u ( Pc- IJ-") ---=13 £=-E.,-'-E:.,->- • 
€.~ -;_ ... -:· r" ~ -L 

0~:-E:') f'f~ .. )w(~"'l 
l C E- E: '- w (~ .. ) ):~. + [' 2 (4 .. ) 1 [ ( f:- t:' +w ('f,':J)''"-.. f .l(i~ .. ')1 

12 

B03EpamaHCb R (29~ nOJIY'!HM EHpa&9HHe ~ ITOJIHOrO C8'!9HHH pacce

RHHH Me~eHHHX 3JieKTpOHOE C y'!eTOM ERJI~ nJia3MOHOE 

IZEl- ~~ ;;"1()2 :~: b(E:-£')2:<t;.(t:)t (£)>- pi(.C!it)(~;R;) lJ I 2 _ 

1(-+t'- f,f' f '!'\.. --\-

+4t.fm11~'1 ez.c.JsS2.
2

• e (pc:Cf··J. 
\I( I !} '' .e J!> r e: -e: 1 

(35) 

(E-g') ffi··)w (} .. ) 
l_(~-{:' ~ £V(~u))2. + r~(~uJ} l(£-£ ~W(~u)Y'+ f2 (~ .. )1 
0TC~ npe~e Ecero EH~O, 'ITO nJia3MOHH ~aiDT H9Hy~eEOH 

ERJI~ TOJibRO npH c.yn : I (K- K'),. \ < p c • !13 (35) TaRlle MOEHO 

3aRJI!l'U!Tb, 'ITO C9'leHHe paCCeRHHR SJI9KTpOHOE RaR qlyHRUHfl pa3HOC-

Tl! HX aHepriD!: ~o H noc~e pacceRHM £. -E ' RpoMe pe3Roro MaR-

CJ.IMYMB. npH E:- g' == 0 , COOTEeTCTEyDUel'O yrrpyrOMJ' pacceRHHRl, 

HMeeT e111e O,nml Mai<CRMJM npH E.-g 1 

-4: 0 , TIORMeHHe ROTOporo 

06~CHR9TCH, oqeE~O, EK~OM noEepXHOCTH!iX n~a3MOHOE, nerKO 

E~eTb, 'ITO npH r (~11 ) = 0 3TOT "nJia3MOHHHti ITHK" Ha6JI!J,n8.9TCH 

c C'' ,_ - ' ' .... \ l"' -rrpH ~- G ::: W {It 11 ) , llOCROJibRY EeJ!liiqHH!i o...v ( cy .. J ( 4 ") 
E (35) 3aEHCRT TOJibKO OT P~~~~ , aqxpeRTH, CBR3aHHHe C ITOBepX

HOCTHHMH ITJiaSMOHaMH, C03~ paEHOMepHHH ~OH no ECeti ~H~paRUHOH

HOH KapTHHe, B o6pa30BaHl!H qeTKOH ~~paKUHOHHOH KapTHHH 1 COCTO

Bmei H3 OCHOBHHX H ~OnOJIHl!TenbHHX TIRTeH, TaRHM o6pa30M, yqacTEyeT 

nHWb nepEHA 'IJI9H E Eiipa&9HKH (34), lloSTOMY MOliHO yTEep~Tb, qTo 

B MO~eJIB / 3/, E KOTOpoA t-f(p) He 3aEHCHT OT :f, xapa:KTepHHH ~JIR 
~paxuKH Me~eHHHX aJieRTpoHOE pHCyHOR co3,naeTCR JIHllib ynpyro pac

ceHEallllHMRM 3 JieRTpOHaMH, 
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§4. 3aRJimeHHe 

TaKHM odpasoM, E paMRax HSOTpoiTHoro pacceRHHR,npRHRE B 

Kaqecrae Mo~eJIH ~copdURR pernero~NH ras c E3aHMo~eficTEReM dJIH

~rnHx COCe~eH, MN paCCMOTpeJIH OCHOBHHe 3aKOHOMepHOCTR ~UKH 

Me~eHHNX sJieRTpoHoE. B npRdJIRMeHRR o~oRpaTHoro pacceRHHR y~

JIOCb TO'IHO pernHTb 3~qy 0 ~~paRUHH Ha O~OMepHHX ueno~ax (no

JIHMepax) • .llJm ~EYX THIIOE ~yMepH!iX perneTOR - KE~paTHOil: H Tpey

rOJibHOH - dNJIO ycTaHOBJ!eHO cyrueCTEOEaHHe ~~paRUHOHHNX KapTHH, 

COOTEeTCTEYDmHX XOpOlliO H3EeCTHNM IIOEepXHOCTHNM CTPYKTypaM 

C(2x2) H (3xi). ilpH STOM dHJIO 'leTRO IIOKa3aHO, 'ITO IIOREJ!eHHe ~0-

IIOJIHHTeJibHNX IIHTeH npH HaTIHJieHHH rasa Ha 'IHCTJD IIOEepXHOCTb Me

TaJIJia odyCJIOEJ!eHO E nepEyD oqepe~b S~KTSMR KOppe~ Me~ 

a~TOMBMH. lloJiy'leHH xoporno corJiacynmHeCR c aKcnepHMeHTOM ¢opMy
JIN ~ onpe~eJieHHR ~eHOMeHOJ!OrlfqeCKOI KOHCTaHTH E3aHMo~e!CTEHR 

~TOMOE C npH H3EeCTHOI OTHOCHTe.~HO! HHTeHCHEHOCTH ~OIIOJIHH

T8JibHHX TIRTeH IIpH ~EyX pa3J!HqHHX TeMrrepaTypax. 

Y'leT ~BYRpaTHOro paCCeRHHR IT03BOJIHJI od~CHHTb XOpOWO HS

EeCTHHR H3 SKCIIepHMeHTOE ~T TIOREJieHHR ~OIIOJIHHTeJibHHX MaKCJ!:MY

MOE y HHTeHCHEHOCTH ~~paRUHH Me~eHHHX SJ!eKTpOHOB RaK ~KUHH 

aHeprHH pacceHBaDmHXCR SJieKTpOHOE IIpH HaTIHJieHHH ra30B Ha 'IHCTHe 

TIOEepXHOCTH M8TaJIJIOE. KpoMe Toro, C yqeTOM ~YRpaTHOrO pacceR

HHR MOlltHO Od'hiiCHHTb cymeCTEOEaHHe doJiee CJIOmlbiX ~~paKUHOHHHX 

KapTHH, 'leM YTIOMRHYTHe EHrne, H nepeXO~ O~HX ~H~paRUHOHHHX Kap

THH E ~pyrHe npH H3M8H8HHH SHeprHH pacceHEa~CR 3JI8KTpOHOE. 
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Y'leT KOJ!edaHHR pemeTKH npHEeJI K rrepeHOpMHpOEKe KO!ICTaHTH 3~K

THEHOrO E3a.RMO~e!CTEHR £ , a TaKllte R rrepeHOpMl1pOBKe C8'18HHR 

paCCeRHHR 3a C'ieT lfaK'l'Opa .IJ:edM-BaJIJiepa. .f._ -2. W • ilOCJ!e~Hfi 

~eT OCOdeHHO cymeCTBeHffYD IIOIIpB.BKY Dpl1 BHCOKl1X T8MIIepaTypa.x, 

'ITO HeOdXO~O Y'iHTHEaTb npH onpe~eJieHHH ~HOM8HOJ!Orl1'1eCKOR KOHC

TaHTH £ DO OTHOCHT8JibHOI HHTeHCHEHOCTH ~OIIOJIHHTeJ!bHHX TIRTeH. 

MOZHO yqeCTb TaKEe BK~ B C8'18HHe pB.CCeRHHR IIOEepXHOCT

HWX IIJ!a3MOHOE, KOTOpHR ~ Me~eHHHX 3JI8KTpOHOB RBJIReTCR dOJiee 

cymeCTBeHHI:IM, 'leM BK~ ~OHOHOB, AHaJIH3 EHpaEeHHR ~ C8'18HHR 

pB.CCeRHHR SJ!eKTpOHOB C y'leTOM B3aHMo~eHCTEHR 3JieKTpOHOB C TIOEepX

HOCTHHMH ITJia3MOHaMH IIOKa3aJI, 'ITO TIOCJI8~He ~IDT EKJI~ E Ce'leHHe 

pacceHHHR TOJ!bKO Tor~, Kor~ rrpoeKUHR nepe~'IH HMnyJibca Ha 

IIJIOCKOCTb peweTKH He npeBHrnaeT MaKCHMaJibHOe IIJ!a3MOHHOe BOJIHOEOe 

'IHCJIO. lloKaSaHO TaKEe, 'iTO Ce'leHHe paCCeRHHR 3JieKTpOHOB KaK ~yHK

UKH pa3HOCTH HX aHeprJl:H ~0 H IIOCJ!e pacCeRHHR KpOMe ·-o6pa3Horo 

MaKCKMYMB rrpH pa.3HOCTH aHeprHH paBHOH HYJIID, COOTBeTCTEYIDmero 

1DpyrOMY pB.CCeRHHD, HMeeT erne 0~ MBKCHMJM ( "IIJia3MOHHHH IIHK"). 

0KaSHBaeTCR TaKEe, 'ITO B DpHHRTOH MO~eJIH B3aHM0~8HCTEHR 3JieKTpO

HOB C IIJIR3MOHaMH xapa.KTepHM ~ ~~pa.KUHH Me~JieHHHX SJ18KTpOHOE 

KapTHHa cos~aeTcR JIHWb ynpyro pacceHEaDruHMHCR aJieKTpOHaMH. 3w
~eKTH Ee, CBR3aHHHe C DOBepXHOCTHHMH IIJ!aSMOHaMH,~aiDT J!Hllib paE

HOMepHH! ~OH ITO ECeH ~~pa.KUHOHHOH KapTHHe. 

CJie~oBaTeJibHO, rrpe~oxeHHM BHme TeopHR ~H~pa.KU11H Me~JieH

HHX 3JieKTpOHOE Ha O~OpO~OR TIOBepXHOCTl1, OCHOEaHHM Ha KEaHTO

BOCTaTHqTH'IeCKOll MO~eJIH ~COpdUHH, II03EOJIHJia Od'bllCHl1Tb ~ HaH

dOJiee cyu.leCTBeHHHX acneKTOE ~Hofi npodJieMI:l n dy.neT, illli .rlyMaeM, 
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nepBb!M maroM Ha nynr K nocTpoeH~D anoJIHe "paeloqe~" Teop~~, 

Oel~HCHHD~ell BCe MHOroo6pa3~e HBJI6H~~, Ha6JID~aD~~XCfl B 3KCnep~MeH

TaX no ~mppaxmm Me~JieHHh!X sneKTponoB npH Han~q~~ a~cop6UH~. 
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