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1. BBE,D;EHI1E 

COBpeMeHHaH reopaa CUJIbHOB3aUMo,neHCTBYlOllUiX 'IaCTUU - KBaHTO

BaR XPOMO,nUHaMUKa (KX,D;) - npencraanaer C060H KOMnneKC ,nOCTaTO'l 

HO CJIO)KHbIX BbI'IUCJIUTeJIbHbIX MeTO,nOB, u.neHHOH OCHOBOM KOTOporO HBJIH

IOTCH np""UUI1hI KBaHTOBOH reopaa nOJIH B COe,nUHeHU" C rUnOTe30H KOH 

cPaHHMeHTa / 1 ~ Hanasae aCUMmOTU'IeCKOH CB060,nbI / 2 , 3/ 06YCJIOBHJIO 

B03MO:>KHOCTb UCnOJIb30BaHUH MeTO,nOB reopaa B03MYLUeHUH, a ortacaaae 

CJIO)KHOH npaponsr BaKYYMa KX,D; C nOMoIUbIO YHUBepCaJIbHbIX cPeHOMeHO

JIOrU'IeCKHX napasrerpoa - BaKYYMHbIX -cpenaax KBapKOBbIX U rJIIOOHHbIX 

nOJIeH - npUBeJIO K paapaõorxe TeXHHKU npaBHJI CYMM / 4 ~ 3Ta TeXHHKa 

UMeeT ,nOBOJIbHO 06LUYIO npapony - OHa npUMeHUMa, B 'IaCTHOCTU, U K . 

KBamOBOMeXaHU'IeCKUMCUCTeMaM "C aCUMmOTU'IeCKOH CB06o,nOH" / 5 / 

(r.e. C nOTeHUUaJIOM B3aUMo,neHCTBHH, o6paLUaIDIUUMCH B HYJIb na MaJIbIX 

paCCTOHHHHX). Ilpocrsre KBaHTOBOMexaHU'IecKue cUCTeMbI, ,nJIH KOTOpbIX 

U3BeCTHbI TO'IHbIe 3Ha'leHUH xapaxrepacrax ypOBHeH, MorYT, TaKUM oõpa

30M, cny:>KHTb caoeoõpasasoa "nOJIUrOHOM", aa 'KOTOpOM MO:>KHO anpoõa

poaars HOBbIe pacserasre npaestsr B p.aMKax MeTo,na npaBHJI CYMM. 

B paõore / 5 / UCXO,nHbIM 06'beKTOM uCCJIe,nOBaHUH RBJIHeTCH BeJIUtJHHa 

ee !'P k (O) \ 2 
M(n,E) ~ n > 1 , (1)

k·o [1+ E /E]n+lk 

rne 'Pk (x) - c06CTBeHHaR cPYHKUUH, E k - c06CTBeHHaR saepraa k oro YPOB

HH cUCTeMbI, E - BHeulHHH napasrerp, uMelOIUUH pa3MepHOCTb saepraa. 

Ba:>KH0, tITO cYMMa (1) BbIpa:>KaeTCH 'Iepe3 npoasaonasre OT cPYHKUnu I'pa

na non noporosr, T .e. 

n+ 1 d n _ 
M (n, E) --~-:.~)-- [-'-- l G (x , E ) I (2)

x~ on! dE 
E -+ - E 

B npenene E -+ ee cPYHKUUH G( x, E ) 6JIU3Ka K cB060,nHOH cPYHKUUH I'paaa, 

U n03ToMY M (n, E) OTJIHtIaeTCH OT aHaJIorUtJHOH cPYH~UUU MO'(n, E) ,nJIH 

caoõonaoro ,nBU:>KeHUH na creneaasre O (l /E k ) nonpanxa, xoropsie eCTeCT

BeHHO B03HUKaIDT ,nJIH nOTeHUUaJIOB, 3aBUCHLUUX OT r CTeneHHbIM oõpa

30M / 5 /. 3TO HBJIeHUe Ha3BaHO B / 5 / "acuMnTOTUtIeCKOH CB06o,nOH" no 

ananoraa c KX,D;, rne TT (Q 2) ,njUl cPOTOHa non nopor-oxs onpenerraerca CBO

60,nHbIMU cPYHKUHflMU I'pana. KpOMe Toro, B / 5 / 6bIJIO asracneno, tITO napa

I9ltI~d~UH~â KHC~YT I . '1 
Q~!#mU 1l:('!e.ll~Blltd I 

6~1&1l~ !~~~TEH.A . 



MeTpbI OCHOBHOrO COCTOHIDHI CHCTeMbI H~e)KHO onpenenarorca TOJIbKO li3 

60peJIeBCKliX npaaan CYMM. 
B HaCTOHmeH paõore MbI XOTliM npoaaarraaapoears npaaana CYMM 

,ll;JIH <pOpM<paKTOpa Hli3l.IIerO COCTOHHliH CliCTeMbI B MO,n;enli rapsroaanecxo
ro OCUliJIJlHTOpa li oõcynars B03MO)KHOCTb li3BJIeqeHIiR: liH<popMaUliIi O 
ero "3apMoBOM panayce". Taxoro Tlina ne YJKe liCnOJIb30BaJIliCb npa 
HaXOJK,n;eHIiIi 3JIeKTpOMarHliTIIOrO panayca naoaa 161 li K-Me30HOB 17/. 

B pasnene 2 MbI 06Cy,n;WIIi ne ,n;JIH "<popM<paKTopa" OCUliJIJIHTOpa, 
B paanene. 3 nonpoõyexr HaHTIi "panayc" OCHOBHoro ypOBHH. B aaxruoxeaaa 
nano pe3;IDMe nOJIyqeHHhIX pe3YJIbTaTOB. 

\ i'i 
:

2. "<I>OPM<I>AKTOP" OeUlUlnHTOPA"3 nPABMJI CYMM 

PaCCMOTpliM no ananoraa c (1) 06'beKT aana 

r d N x e iq x _~~_<:2-~;-~~_~f (O) 'li f (x )
F(q,E l' E2 ) . (E k+ E 1)( E f--=-E~)-----

(3) 

\l' * (O) F (q) 'Pe (O)00 

f k 
~ -~------------------ ,

(E + E + E )
k,e = o k 1)(Ef 2 

rne 'l'k (x ) - aopxraponaaasre norraontsre <PYHKUliIi k-ro COCTOHHIiR: N-Mep

aoro rapsroaauecrcoro OCUliJIJIHTOpa, E l'E 2 - aaeumae napasrerpsr.
 

MOJKHO 3aIIHCaTb (3) TaKJKe B nane
 

N iq x * F (q., E l' E2 ) = J d x e G (x, E 1) G (x, E 2) .	 (4) 

Onpenenenae (3) npaaonar K nOHBneHIfiO "<popM<paKTopa" F fk (q ) , KO

ropsrã npn MaJIbIX g 2 xapaxrepasyerca cpe,n;HeKBa,n;paTIi~bIM Pa..nHYCOM
 
BOJIHOBOH <PYHKUliIi CliCTeMbI 187. Haura UeJIb COCTOliT B nocrpoeaaa nc,
 
B KOTOpbIX OCHOBHOH nxnazr naer Hli3111liH YPOBeHh OCLUlJInmOpa li as
 
KOTOpbIX TaKJKe MOJKHO onpenernrn, "3apMOBbI~ panayc" sroro YPOBHH.
 
"M.eH. B Bli,D;Y onsrr pa60TbI / 5/, nepeánesr cpasy K 60peJIeBCKliM 06pa3aM,
 

acnonsaya onpeneneaae 

e - E k / € B€ ---.!----	 (5) 
E k ~ E 

.!lBIDK,IJ.bI npasieaaa (5), as (3) li (4) nonyqnM :I
\ 

iq x N ~ I,L' 

F B (q , € 1 ' € 2 ) = rG B (x, € 1 ) G*B (x , € 2 ) e d x 

:2 

oe 
E k / Ee l 

k.!:O 'Il * (O) F (q~ ) 'Ile(O) e- '	 e- 1'2 (6)k ek 

Ilorraraa B (3) Cpa3Y E 1= E2 , MOJKHOBOCnOJIb30BaTbCH li MeTo,n;OM onaoxpar
aoro npeoõpasoaaaaa BOpeJIH 161. Ilepexon MeJK.n;Y ,n;BYMH TlinaMH nOJIY
1J31OIIl1iXCH Bb~paJKeHliH ocymeCTBJIHeTCH c nOMOlUb1O <POpMyJlbI 

0Cl oe 

<f>B (q, d	 J dV1 Jdv2 FB ( q " I / v 1 , 1 / v2 )8(v1 +v2 - l/d.· (7)
o o 

Hcnonsayesr Tenepb TO~bIH Bli,D; GB (x.s ): 

. m o N 12 m » x 2ch(w/€) 
GB(x,€) [ ---------] exp I - ----------- I (8)

211 sh(w/€)	 2sh.(w/d 

nO,n;CTaBJIHR: B (6) li pacxnansmaa no w /€, HaxO,n;liM CJIe,n;YIOIIlIie nc: 

-~-(~- + ~-) --~(~ + ~-) - ~ 
mo N 12 2 2 (1 e2	 2 (1 e2 c 1

( --- ) I F ( q; ) e + F J (q 2 ) e	 + oo	 o11 

- (1! + 2)( ~- + -~ )	 (9) 
2 2 (1 (2 m o	 N/2 

+	 F11(q ) e + ••. :1 [ ------------- ]. x 
2110/(1 + 1/(2) 

. w2 1	 1 2 w4 1 1 4 N 12 q2 w2
x[1--(-+-) +-(-+~-+... ] exp ] ~ '1---+... )1.

6 (1 (2 180 (1 (2 . «( 1+(2" . 3f 1(2 

3,n;ecbnpa N = 2 

_q2/ 4IIlCtJ 2 2	 q 2 -<l 2/ 4mcí)
, F _ (1 q -<l 14mw 

F = e 11 -. - ~ )2e , ~ 1 = = -- e • (10)00	 F10 4mw	 4mw 

"TOJK.n;ecTBa Yop,n;a" nposepmorca cpasy JKe: nonaraa B (9) N = 3, q 2 = O, 
(1 = (2 = 2( , npaxonasr K nc ,IUlH "2-TOqI(Ii" li3 / 5/. Ilpa 3TOM, COrJlaCHO 
(10), Foo os = 1, ~1 = O. ÜTMeTliM, srro ,n;JIH "60PHoBcKoroF11 F10 = 

xneaa" MO)KHO 3aIIHCaTb ,D;BOHHOe CneKTpaJIbHOe npencraaneaae, Haií.n;H 
crrererpansayro 1UI0THOCTb li3BecTHbIM MeTO,n;OM

/ 9 /• Torna ,ll;JIH ,n;BYXTOqeq
HOH <PYHKUlili nonysaesr (,ll;JIH npo.CTOTbI 6y,n;eM paccsrarpaaars 2-MepHbIH 
OCU1iJIJIR:TOp) : 

, 3. 



8 

m - 8 0 / f 1 úJ 2 úJ -<J)/f -3W /e
-"- [1 - e - -( -) + ••• ] = -:( e + e + .•. ] • (11)
271 6 f 71f 

Bsrõapaa "TOlJHOe" 3HaqeHMe 8 = 2úJ - Me)K,l];Y 1-M M 2-M pe30HaHcaMM0 

M ynepacaaaa TOJIbKO nepBYIO CTeneHHYIO nonpaaxy, Haxo,nMM c TOlJHOCTblO 

;S 10% xopowee BblnOJIHeHMe nc (11) npa f/CU =0,8 71,5. 3,necb MbI Mo,ne-

JIMpOaaJIM BKJIa,n BhICWMX YPoBHeM MHTerpaJIOM 

oe - 8/f 

f P(8) e ds, 

0 
• lo 

onaaxo ,nJUI OCUMJIJIHTOpa HeT KOHTMHYYMa COCTOHHMM, a MMeeTCH MX 6ecKO

HelJHhlM ,nMCKpeTHhIM Ha60p. nOCMOTpMM reneps, tITO MO:>KHO nonyxars 
,nJIH ~o (q 2). 

3anMweM CneKTpaJIbHOe rrpencraanenae: 
81 8 2

mw q2 
-71-"€2 

fi € 2 f ds 1ds 2 P ( 81 • 8 2 ) e-exp l >- 2m(f ) (12)
271 e 1 + e2 l+f 2 

u /9/,UeMCTBYH no peuerrry , HaxO,nMM 

'!I'li 

~~8} '8 2 - (8 1 + 8 2 - q~)2) 
,p(8

m 
(13)

1·82) 2 2 V2471 2 
[48 + 8 r

182-(81 2-q) 

d 2 k (k + q) 2 k
2 

f--Ô(81-~------)Ô(82- -) 
(271') 2 2m . 2m 

Monerrapya BKJIa,n aaamero COCTOHHHH MHTerpaJIOM no rcnanpary e(8 1 < 
< 8

0
) e (8 2 < 8

0
) , B npenene JIO KaJIbHOM ,nYaJIbHOCTM norryuaexr npa 8 o = 2 co : 

Fl~~P~ (q2) = ~{afcco8/q~ _ j q (1 _ L) J.2 (14) 
00 71 8mw 81!1ú.> 8mw 

CpaBHeHMe c TO~hIM 3HaqeHHeM (10) npMBo,nMTCH na pMcYHKe. KaK BM,I:J;HO, 

npa q~.~ 8mw F;oeop = O, r orna KaK TOlJHOe saaseaae Foo (q ,2) OTJIMlJHO 

OT,"HYJIH, HO necsraa MaJIO. 3aMeTMM, onaaxo, tffO nc (9) MO:>KHO MCnOJIb30

BaTR' JIMWb npa mw:5- q 2~ 3rnw, tIT06hl npa f / co .,. 1 crenenasre arcnansr 6hlJIM 

s .30%.," 

Moxdro HaHTM TaK:)Ke 'pa3JIO)KeHMe CneKTpaJIbHOM llJIOTHOCTM rrpn MaJIhlX 

q 2. Torna BMeCTO (13) norrysaera 

1,0 

o 
[Lo 

J 0,5 

F:TOYH 
00 

~ 
~ 

........ <, 

<, cTeop 

<, ' ...... /'00-
2 4 6 8 

9 2 (rnco ) 

2 
~ Ô(8 1 - 8 - -q-"-[8 8. ;' 8 (8 1 - Ô: (8 1 - 8 1. (15)p(8 1·82) 2) 1 8 2) - 2)271 471 1 2 2 

Hennoxoe KOJIMQeCTBeHHoe -orracaane nOBe,neHHH <popM<paKTopa Fo o(q 2 ) 

nOJIYQaeTCH npn MCnOJIb30BaHMM B nc (9) <POPMYJIhl (13) ,nJIH p(8 1• 8 2 ) • 

Ilpa 3TOM BHOBb MO:>KHO 06HapY)KMTb, qTO OmMMaJIhHhIM 3HaqeHMeM napa

MeTpa 8 HBJIHeTCH BeJIMqMH~, 6JIM3KaR: K 2w. 
0 

3. TIPABl1.JIA CYMM JlJIH PA,UHYCA
 
OCHOBHOrO YPOBHH OCQHJ1J1HTOPA
 

Ilpn nOIlhITKe aenocpencraeano BhlqMCJIMTb M3 nc (9) 3apH.II.OBhIH 

panayc .< r 2 >', rne 
00 

dF (q2)
00< r 2 > = I' = 1/4mw (TOQHOe 3HatIeHMe) , (16)

00 d q 2 il~o 

Mhl CTaJIKMBaeMCH c onpeneneaasn-nr TPY,lI.HOCTHMH. Bo-nepasrx, 113 COOTHO

weHMH JIOKaJIbHOM ,nYaJIbHOCTM (14) nOJIyqaeTCH < f 0
2
0 >noK =:>0. BO-BTO

pstx, ,nM<p<pepeHi.1;MPYH (9) no q 2, Mhl HaxO,lI.I1M npaanna CYMM ,lJ)IH <f 
2 » ~ 0 0 

TOlJHOCTb KOTOphlX - 40 -7 50%, BCJIe,lI.CTBMe pOCTa CTeneHHhIX nonpaaox 

4 5 



H 3aMemO 60JILllierO BKJIa,na BblClliHX COCTOHHHH. ~H noasnneaaa T01fiIO
4. 3AKJIIOQEHHE

CTH BOCnOJI~3yeMcH npHeMOM, KOTOpblÍi npHMeHHJICH WlH onpeneneaaa 
P3,IUlYCOB "'..:.. H K-Me30HOB /a,7/ • flOCKOJlbKY BblnOnHHIOTCH "TO~eCTBa 

H3 rronyueaasrx pe3YJILTaTOB MO:>ICHO cnenars HeCKOJIbKO asraonoa,
YOPAa", T.e., ne (9) -+ ne (22) npa q2 -+ 0, MO»afO asrsecrs fie (11) H3 

Bo-rrepasrx, HCnOJIb30BaHHe JIOKaJIbHOH AYaJIbHOCTH ,n;JIH onacaaaa noaene (9) 6e3 CHH)I(eHHH T01fiIOCTH; AeJIH saresr pesynsrar na q 2 , norrysaesr 
AeHHH Foo (q2) BnOJIHe nparonao B 06JIaCTH npowreacyrosasrx (1 ~ q 2 .;:; npaaana CYMM MH BeJIHlIHHhI (Foo(q 2) - 1) /q~ .cosnanaioureã npa q2 = ° 
::; 3 ~ 4mcu). Ilpa 3TOM nopor "KOHTHHYYMá" npaxrasecxa TOtrnO naxonar

C - < r ~o >; BKJIa,nbI BbIClliHX YPoBHeH npa 3TOM' MbI 6YAeM MOAeJIlipoBaTb 
CH Me~y 3HaqeHHHMH "sracc" YPoBHeH. (Onaaxo ace :>ICe ,IJ;JIH 060CHOBaHHH

3<p<peKTHBHbIMH <POpM<paKTOpaMH - AHarOHaJILHbIM Fíl li He,D;HarOHaJILHbI
TaKoro BbI60pa 8 0 He06xo,n;HMO paCCMOTpeHHe ne c yqeTOM CTeneHHLIX

MH F'l H F' . TaKHM 06pa30M, HaXO,lUlM ne B BHAe ~ o 10	 nonpanox}, JIOKaJIhH8Jl ,n;YaJIbHOCTb, O,n;HaKO, ae n03BOJIHeT onpenemrrs 

BeJIHlJHHY cpe,n;HeKBa,u,paTH1.JI'IOrO panayca OCHOBHoro YPOBHH CHCTeMbI.F-I -(JJ/( F' + F' .a:u I( F' -,I -3wl(
( ...00 ) e + ( o 1 10 )ê + (- 11 )e = (17) BO-BTOPbIX, MH H3BJIeqeHIDl 3HaqeHHH panayca OCHOBHoro COCTOHHHH 

~q~ q2 q?	 H3 fie (9) Tpe6YeTCH HeKOTOp8Jl MO,n;HcPHK3.UIDl CTaH,n;apTHOH nponenypsr 
o6pa60TKH ne (CM. pasnen 3). Ilpasaaa sroro 3aKJIlOqaeTCH B TOM, 1ff0, 

KaK BMAHO H3 (5), B cneKTpanLHYIO IIJIOTHOC'p~ aaocar 60JIblliOH arcnan1 q2	 w2 w4 
= - --r 1 - -- + ... ][ 1 - -- + - ... ].	 nsrcurae ypOBHH, ae JIe~He aa naaroaana sl '::: 8 KOJIHqeCTBeHHO 3TOT' 2	 2,416meu 2mcu 6( 180 e	 3<PcPeKT MO)KHO OueHHTh, CpaaHHB8Jl 3cPcPeKTHBHoe saaseaae (19) c COOT

aercrayiomeã BeJIHllHHOH MH T01fiIOro F11 : 
):LrrH Macc 3<P<peKTHBHbIX cocroaaaã Mbl B03bMeM TaK>Ke 3HaqeHHH Macc 

6nH~lliHx B036y~eHHblx ypoaaeã. 31'0 sa caMoM nene cJIa60 BJIMHeT F 11 - 1 
na OKOHqaTeJILHble pe3YJILTaTbI.	 - 0,75/meu.1 2 ....q2 q - o 

HCKJUOqaH BKJla,lUJ1 He,D;HarOH8JlbHLIX <popM<paKTopoB H3 (1 7) c no

MOI.I.tb1O ,lUI<p<pepeHUHPOBaHHH no e (rrocne YMHO)l(eHHH oôeax CTOpoH (17) 
aa e 2w/() ,'nOJIyqaeM Baenenae 3épcP~KTHBHOrO cPOpMcPaKTOpa n03BOJIHeT c T01fiIOCThIO 10% 33

cPliKcHpoBaTb BeJIHlJHHY panayca < r ~o Y B npocroã Mo,n;eJIH ,n;BYMepHoF -1 F' - 1 - 2w /( cu/(
00 e	 ro rapMOHHqeCKOrO OCUHJIJIHI:opa. ÜTMeTHM, qTO l.fifCJIO H3MepeHHH OCUHJI(11 )

n e	 I (t/2m - 2w) + 
JIHTopa N ae npHHUHnMaJIhHO - aaanor'asaste BbIBO,n;bI crrenyror H H3 aaa42 q 16mcu 2 
JIH3a ne ,IJ;JIH 3,4-MepHoro OCUHJIJIRTOpa, oAHaKO BbIKJla,u,KH rrpa 3TOM 3Ha(18) 
q}iTeJIbHO 60JIee rpOM03,n;KH.

w2 cu3 cu w2 w3+-- + -- + t(-- - -- - )3( 3(2 m( 4m( 2 6m( 8 + ... I. 
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\ 
PYKOfiHCb nocryrrana B H3,n;aTeJIbCKHH OT,n;eJI Haãneaaaa BenH1JHHa xopomo cornacyerca c TO~bIM 3HaqeHHeM (16). 

3 anpena 1987 rona 
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