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Kapausauos B • .ll. P4 - 8554 

0 cneKTpe aneKTpoua B ueynopRAoqeuuoa OAHOMepuoa pemeTKe 
H3 AellbTa-o6pa3HbiX noTenuuanos 

PaccMaTpusaeTCH 3aAaqa o6 auepreruqecKOM cneKrpe aneKTpoaa 
B OAHOMepuoa pemeTKe H3 pa3nuqubiX AellbTa-o6pa3HbiX noTenuuanos. 
PemeTKa aaxoAHTCH B 6ecKonequo rny6oKoA noreuuuallbuoA HMe. B cnyqae, 
KOrAa noTenuuanbi y3nos oAHOTunHbi ( HMbi unu 6apbepbi) u uMeiOT orpauu
qeHHbie HHT9HCHBHOCTH, noKa3aHO, qTO B nnOTHOCTH COCTOHHHA B03HHKSIOT 

oco6eHHOCTH. 

Coo6JileHHe 061.eAHHeHHOrO HHCTHTyTa IAepHhlX HCCJieAOBBHill 

,ll;y6aa 1975 

P4 - 8554 
Karaivanov V.D. 

On the Energy Spectrum of Electron in a Disordered 
Chain of Delta Function Potentials 

The problem of energy spectrum of electron in a latti
ce of various delta function potentials is considered. The 
latticie is enclosed between infinitely high walls. In the 
case when the potentials are of the same type(wells or bar
riers) with limit intensities the singularities in the 
density of states were found. 

Communication of the Joint 
Dubna 

wtitute for Nuelear Re1eareh 
1975 

Tpy~HOCTh nocTpoeHHH $nJnqecKOH KapTHHhl ~BH*eHHH 
3neKTpOHa B none, KOTOpoe He HMeeT TpaHCnHI.J,BOHHOH HHBa
pBaHTHOCTB, C03~aeT BHTepec K O~HOMepHhlM 3a~aqaM no
~06Horo TBna. 06hlqHo noTeHI.J,BanbHOe vone paCCMa TpHBaeT
cs KaK cnyqaiiHas aenuqHHa, a KOHeqHhle pe3ynLTaTLI, 
HanpBMep ~ng nnOTHOCTB COCTOHHBH, HaXO~HTCH nocne 
ycpe~ueuux. B ~aHHOH pa6oTe npuusT ~pyroii no~xo~: 

3neMeHThl cnyqaHHOCTH /pacnpe~eneHHH/ He BBO~HTCH HBHhlM 
o6pa30M, I.J,enh COCTOBT B HaXO)i{~eHHH /npB pa3yMHbiX or
paHoqeHHHX/ B03MO*HhiX o6II.J,Bx CBOHCTB 3HepreTuqecKoro 
cneKTpa 3neKTpOHOB. 

Hccne~yeMaH Mo~enh cocTOBT B3 N y3noa, o6pa3yiOII.J,HX 
peUieTKY C KOHCTaHTOH a· Ka*~hlH y3en BMeeT ~enhTa-o6-
pa3HhlH noTeuuuan. B cnyqae 6ecKoueqHoii perneTKH, Kor~a 
BHTeHCBBHOCTH noTeHI.J,HanOB JIBnHIOTCJI He3aBBCBMbiMH cny
qaBHbiMH aenuquuaMB c o~HHM B TeM *e pacnpe~eneHBeM Ko
UIB, 3a~aqa 0 HaXO*~eHHB $yHKI.J,HH rpoHa B nnOTHOCTB co
CTO.RHBH paccMoTpeHa B /I-3f.B/41uccne~yeTcJJ: cnyqaii, Kor~a 
perneTKa Haxo~BTCH B 6ecKoHeqHo rny6oKoii noTeuuuanLHOH 
JJ:Me H JIBHbiM o6pa30M BBO~HTCH rpaHBqHhle ycnOBBJI ~nJI 

BOnHOBOH $yHKI.J,BB. fionyqeHhl peKyppeHTHhle $opMynhl ~nH 
ee HaXO*~eHHH. B ~aHHoii pa6oTe ucnonh3YIOTCJJ: Te *e caMhle 
rpaHuqHhle ycnoaux, o~HaKo ~nB perneHBB ypaBHeHHJJ: Illpe
~BHrepa npoMeHJIIOTCJI 3aMKHYThle $opMynhl. 

PaccMOTpHM ypaaueHne Illpe~BHrepa 

h 2 d 2'1' N 
-- -- + ! A 8 (x-na) 'I' (x) =E'l' ( x). 
2m dx 2 n=l n 

/1/ 
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l.necL m o6oJHa'laeT Macey 'laCTHULI, a An .naeT HHTeHcas

HOCTL ,neJILTa-noTeHUBaJia C UHKOM B n -oM Y3Jie.HcnOJIL3YJI 
To, 'ITO 'I' (x)o (x-na)='l' (na) o (x-na), o6IUee peweHae /1/ 
MO)I(HO 3aUHCaTL B BH,ne: 

r.ne 

a/ E = 0, 

'I' (x) = c 1 + c
2 

x + 

N 
+ I 'I' 11 ( x -n a )0 ( x -n a) , 

n= I n n 

6/ E~ 0, 

'I' ( x) "" A sin kx + B cos k x 

N 
+ _l :! IJI 11 sin ( [ k ( x- n a)] 0 (x- na ) , 

k n=l n n 

2m An 
lp ='l'(na), 11n= n , k j2m~' 

h2 

/2/ 

/3/ 

/4/ 

npH'IeM, Kor.na E > 0, TO Rek > 0 , Imk =0, a Kor.na 
E < O,To Re k= 0 , lm k> 0. 
c 1, c 2 , A , B - npoHJBOJILHLie KOHCTaHTLI, KoTopwe onpe

,neJIJIIOTCJI H3 rpaHH'IHLIX ycnoBHii. 

Jiy,neM C'IHTaTL, 'ITO peweTKa HaXO,nHTCJI B 6eCKOHe'IHO 

rny60KOH UOTeHUHaJILHOH JIMe. ,lJ;JIJI y,no6CTBa Ha'laJIO JIMLI 

BLI6HpaeM B TO'IKe X =0, a KOHeU - COOTBeTCTBeHHO B TO'IKe 

x=Na, TaK 'ITO ,nJIHHa JIMLI pasHa Na H BHYTPH Haxo,nJITCJI 

N JI'IeeK H N -1 yJnoa: /Ilocne,nHH:ii yJeJI coana.naeT c Ha

'laJIOM 6ecKoHe'IHoro 6apLepa ,H ero .nenLTa-noTeHuHan He 

HrpaeT HHKaKOH poJIH/. rpaHH'IHLie YCJIOBHJI B yKa3aHHOM 
cnyqae HMeroT BH,n: 

'I' (0) = IJI ( N a) = 0 . /5/ 

4 

,D;m1 cnyqax E =0 Hl /2/, /4/ H /5/ nonyqaeM: 

c I= 0, 

N /6/ 
! 11 'I' (N-n) +c 2N = 0, 

n=I n n 

N -I 
'l'n-a ~ 11 , 'I' ,(n'-n)O(n'-n)-c2 na=0. 

n =I n n /7/ 

TaK nonyqaeM o,nHopo,nHyro anre6paaqecKyro cacTeMy .nnx 

HeHJBeCTHLIX 'PI , '1'2 , ... , IJIN-I ,c2 . 06paiUeHHe B HYJIL 
onpe,neJIHTeJIJI 3TOH CHCTeMLI ,naeT yCJIOBHe ,nJIJI CyJUeCTBOBa

HHJI E = 0 KaK 3HeprHH CTaUHOHapHoro COCTOJIHHJI 3JieKTpOHa. 

JICHO, 'ITO npa npoHJBOJILHLIX 11 n /T .e. An / 3TO YCJIOBHe 

He BLIDOJIHJieTCJI, T. e. B o6IUeM CJiyqae E:: 0 He JIBJIJieTCJI 

JHepreTH'IeCKHM ypoBHeM. 

3aUHCLIBaJI onpe,neJIHTeJIL CHCTeMLI /6/, /7/, MLI nerKO 

npeo6paJyeM ero B BH,ne 

-Ilia -2 1 

1 -112a -2 

0 1 

0 0 

Kor.na 

/11 = 112 ... =11 N-l =11• 

0 ... 0 

1 . .. 0 

-11 a -2 
3 

... 0 

0 · · ·-Jl a-2 
N-1 

\ /8/ 

/9/ 
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T.e. ,L\eJibTa-o6pa3HLie JIMbl BJIB 6apbepLI 0,1:\BHaKOBbi, TOr,L\a 

YA06Ho aaecTB HOBYIO nepeMeHHYIO ¢ : 

- 11 a - 2 = 2 cos¢ . /10/ 
sin N¢ 

CooTBeTCTBeHHo ,1:\JIJI /8/ nonyqaeM . KOr,L\a 
SlO ¢ 

(N -I )k 
¢f. krr, B N(-1) , KOr,L\a ¢=krr. Ilocne 3JieMeHTapHLIX 

BLiqBcJieHBH 3TOT pe3yJibTaT DpBBO,L\BT K BLipa)KeHBIO 

4 . 2 rr£ 
11 = - a Sln 2N . /11/ 

£ = 1 ,2 '3' ... 

0TMeTBM, qyo /11/ He COBJia,L\aeT C COOTBeTCTBYIOUUIM 

YCJIOBBeM ,1:\JIJI 11 B CJiyqae, KOr,L\a BMeeM IJ;BKJIBqecKBe rpa

HBqHLie ycnoBBJI ,1:\JIJI MO,L\eJIB KpoHBra B IleHHB; Tor Aa 2 N 3a

MeHeHo Ha N. 
PaccMoTpBM Tenepb cnyqaif, KOr,L\a E>O. CooTaeTCTBeHHO 

B3 /3/ B /5/ JIOJiyqaeM B =0, a OCTaJibHLie KOHCTaHTLI, 'PI , 

'112 ,... , 'II N-I , A , CHoaa onpe,L\eJIJIIOTCJI B3 OJJ;HOPO.L\HOH 

JIBHeHHOH anre6paBqecKOH CBCTeMLI. 06paiiJ;eHBe B HYJib 

OJipe,L\eJIBTeJIJI 3TOH CBCTeMLI ,1:\aeT ,L\BCJiepCBOHHOe ypaBHeHBe, 

CO,L\ep)KaiiJ;ee k. 0HO BMeeT BB,L\ 

1 0 0 ... 0 SlO U 

2.· - SlO U 1 0 ... 0 sin2u 
u 

tl t2 . 
1 0 sin3 u -- sin2u - U SlOU ... u 

I 
=0, .................. 

t I . t2 . t3 . 
- S10(N-2)u -- stn(N-3) n - -u stn(N-4)u . .. 1 u u sin(N-1)u 

t'I . ( 1) t2 . ( 2) t3 . ( 3) tN-I. . 'N - -s1n N- u -- s10 N- u - -s1n N- u ... - --s1nu sm ti 
u u u u 

/12/ 
6 

rAe BBe,L\eHLI 6e3pa3MepHLie nepeMeHHLie 

·u = k a; t .. 11 a , n = 1, 2, ... , N -1 . 
n n 

Cpa3y BBAHO, qyo 

u £"' Err , £ = 1 , 2 , 3 , ... 
JIBJIJIIOTCJI pemeHBJIMB /12/ B BM COOTBeTCTByiOT 3HeprBB 

CTaiJ;BOHapHLIX COCTOJIHBH 

7T2 h2£2 
Eo=---, £ = 1,2,3, ... 

L 2ma 2 

Jiy,L\eM paCCMaTpBBaTb MaJILie 06JiaCTB BOKpyr TOqKB 

u£ • Tor,L\a onpe.nenBTeJib B /12/ npeo6pa3yercJI cne,nyiOUUIM 

CJIOC060M: eCJIB f - qeTHOe qBCJIO, BLJqBTaeM B3 Ka)K,L\OrO 

pJI,na npe.nw.nyiiJ;BH B noaTopJieM 3TY onepau;Bro. B cnyqae, 

KOr,na £ - HeqeTHOe qBCJIO, npOB3BO,L\BM CJIO)KeHBe. 06a 

cnyqaJI ,naiOT O,l(HO B TO )Ke, JI03TOMY ,1:\aJibWe OrpaHBqBMCJI 

qeTHLIMB £. IIonaraeM 

u = 2 prr + v, /13/ 

rAe p = 1, 2, 3 , ... • 

JvJ«l. /14/ 

Ha OCHOBaHBB /13/ B /14/ BCIO,L\y, r,L\e JIOJIBJIJieTCJI sin
2
;, 

v2 
JIBWeM 

4 
, B COOTBeTCTBeHHO /12/ npBHBMaeT BB,L\ 

2N 
~(v)+v I ~ (v),.,O, 

n=I n 
/15/ 

r,ne ODpe,L\eJIBTeJib 1'\(v) CO,L\ep)KJIT B CBOBX 3JieMeHTaX TOJibKO 

Hyneawe B nepaLie creneHB v , ~n(v) - onpe,neJIBTeJib, 

r,ne n • LIB CTOn6eu; COCTOBT B3 COOTBeTCTBYIOUUIX BLipa)KeHBH 

nepe.n v 2, a ,npyrBe cTon6u;w - Te )Ke caM we, qro B y ~ ( v) • 

Bwpa)l(eHBJI,- co.nep)l(allUie v 4 , v 6 B T • .z:\., oT6pacwaaroTcJI. 

YpaaHeHBe /15/ no3BOJIJieT yyoqBBTb HepaaeHCTBO /14/ 
TaKBM o6pa30M, qyo6LI B /15/ 6LIJIO 6LI 060CHOBaHHLIM 

aw6pacwaaHBe cnaraeMoro, co.nep)KaiiJ;ero v 2 • CqBTaeTcJI, 

7 



'ITO B00611le N .IJ.OCTaTO'IHO 6onLwoe,N>>1, H, xpoMe 3Toro, 

1 t 1 orpaHH'IeHbl. Tor,IJ,a nonyqaeM, 'ITO ecnH 
n 

1 
I vi<-, 1161 - N 

TO 1121 nepeXO,IJ,HT B ypaBHeHHe 

71IV -2 1 0 ... 0 0 

1 712v-2 1 ... 0 0 

0 1 713v-2 ... 0 0 

................................. 

0 0 

0 0 

r,IJ,e ,!J,JIJI KpaTKOCTH DOJIO>KeHO 

71 
n 

tn 

2p77 ' 

n,l,2, ... ,N-1. 

0 ... 71 v-2 1 N-2 

0 ... 1 71Nv-2 

I =0 

1171 

1181 

0TMeTHM, 'ITO fiO,IJ,06HLie TpH,IJ,HaroHaJILHLie Ma TpHI(hl 

'laCTO BCTpe'laiOTCJI B TeOpHH HeynOpJI,!J,O'IeHHLIX CHCTeM. 

B MO.IJ.eJIH AH.IJ.epcoHa 
151 

paccMaTpHBaeTcJI MaTpHI(a THna 

HanHcaHHo:ii B I 17 I, O.IJ.Haxo cnyqaiiHLIMH BeJIH'IHHaMH JIB

JIJIIOTCJI CB060,IJ,Hhle 'IJieHLI B 3JieMeHTaX rJiaBHOH ,IJ,HaroHaJIH. 

B TeOpHH KOJie6aHHH O,IJ,HOMepHoro HeynopJI,!J,O'IeHHOrO KpH

CTaJIJia DOJIBJIJieTCJI CHMMeTpH'IeCKaJI MaTpHI(a, r,IJ,e pa36pocy 

DO,IJ,BeprHyTLJ TO>Ke CB060,IJ,Hhle 'IJieHLJ 3JieMeHTOB rJiaBHOH 

JJ;HaroHaJIH, a TaK>Ke H 3JieMeHTbi cJieBa H cnpaBa /6/. 
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I 

YpaBHeHHe 1171 MO>KHO 3anHcaTL B BH.IJ.e PN_
1 

(v)=O 
r,IJ,e P N-l (v) - noJIHHOM v CTeneHH N-1. Pa3naraJI onpe,IJ,e

JIHTeJIL B 1171 DO 3JieMeHTaM DOCJie,IJ,Hero CTOJI61(a, DOJiyqa
eM 

P (v)=(71 v-2)P (v)- P (v), 
N-1 N-1 N-2 N-3 1191 

r,IJ,e P n (v) ,IJ,aeTCJI onpe,IJ,eJIHTeJieM, co,IJ,ep>KalllHM nepBLie n 
PJI.IJ.OB H CTOJI6l(OB H3 JieBoii cTopoHLI 117 I. 

)J;JIJI nonHHOMOB, Y.IJ.OBJieTBOPJIIOIIlHX pexyppeHTHOMy co

OTHOWeHHIO THna 1191, B CHJie CJie,IJ,yiOIIlHe pe3yJILTaTLJ /7/: 
e CJIH 7l l , 7l 2 , 7l 3 . . . - DOJIO>KHTeJILHLie, TO p n-l H 

pn HMeiOT peaJILHLie H DpOCTLie KOpHH H B HHTepBaJie, 

onpe,IJ,eJieHHOM )J;BYMJI KOpHJIMH pn, CO,IJ,ep>KHTCJI O,!J,HH H TOJIL

KO O,IJ,IiH KOpeHL p n-1 • 

1-13 141 H 1181 CJie,IJ,yeT, 'ITO YCJIOBHe 

71 > 0 
n 1201 

Be,IJ,eT K paCCMOTpeHHIO peweTKH H3 ,IJ,eJILTa-o6pa3HLIX no

TeHI(HaJILHLIX JIM. 0,IJ,HaKO, TaK KaK B 1171 71nV BXO,!J,JIT 

TOJILKO B TaKOM npOH3Be,IJ,eHHH, TO BCe pe3yJILTaTLI nepeHo

CJITCJI Ha CJiyqaii peweTKH H3 ,IJ,eJILTa-o6pa3HhiX 6apLepoB, 

TOJILKO V nepeXO,IJ,HT B -V. 

1-13 I 17 I, npHMeHJIJI 41opMyJiy Teiinopa, nerxo nony'IHTL 

Ko3dii!IHI(HeHTLI PN-l' llonaraJI 

P (v)=a vN- 1 
N-1 N-1 

+a N-2 
N-2 v + 

+ ... +a 1v+a
0

, 

HMeeM 

N-1 
a o= (-1) N, 

1211 

N-2N-l 
a =(-1) I n(N-n), 

I n=l 
1221 

. ................ -.. 
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N-I-k N-I 
a =(-1) ! TJ TJ 

k n I n 2 
nk>nk '> ... >n =I 

-I I 

TJ .x 
nk 

x n I ( n 2 - n I) ... ( n k- nk-I )( N- n k ) , 

.................................... 

N-I 1 
a =-2TJTJ ···TJ ! -

N-2 I 2 N-I n=I TJ 
n 

a - . 
N-f TJ I TJ 2" .. TJN-I 

/23/ 

/24/ 

/25/ 

Hl 3Tax Bblpa)l(eHaii H /20/ cne~yeT, 'ITO ace KOpHa 
ypaaHeHaJI /17/ v . - nono)I(HTenLHble. 

I 
):{anee HaC 6y~yT aHTepeCOBaTL KOpHa Vi , KOTOpble 

y~oaneTBOp.HIOT I 16/. ,[{n.H onpe~eneHaJI nnoTHOCTa cocTOJIHaii 
HY*HO TonLKO qacno AN 3Tax KOpHeii. qTo6w nony'laTL 
KaKyiO-Ha6y~L aH4JopMa:UHIO OTHOCaTenLHO A N• CylaM ycno
aae /21/ a paCCMOTpaM cny'laH, KOr~a 

O<TJ':STJn.STJ ", 
/26/ 

n=1,2,3, ... , 

T .e. BCe TJ COOTBeTCTBeHHO rny6aHLI JIM A , orpaHa-
n ' n 

'leHLI. 
H3 /21/, /22/, /24/, /25/ a /26/ nony'laeM, 'ITO 

10 

N-I 1 2 
{! -l=N, 

i=I vi 

N-I 
t!.v.I=N, 

i=l I 

/27/ 

/28/ 

l 

r~e I ·L l o6oJHa'laeT nop.H~OK aena'laHbl 'L no OTHOWeHaiO 
K N. 

/27 I a /28/ o~HoapeMeHHO y~oaneTaop.HIOTCJI, Kor~a 
1. AN.::;; A, r~e A- KOHCTaiiTa, He JaaacJI~:QaJI OT N . 
2. AN HeorpaHa'leHHO HapacTaeT, Kor~a N HapacTaeT 

/He o6JIJaTenLHO nponop:uaoHanLHO N /. 
AN< N , aHa'le He BblnonHJieTCJI /28/. 

llerKo noKaJaTL, 'ITO nepaoe npe~nono)l(eHae Hey~oa
neTaopaTenLHO. 0TMeTaM, 'ITO a3 CKal~HHOrO OTHOCaTenLHO 
pacnono)l(eHaJI KOpHeii P n a Pn-I cne~yeT, 'ITO AN a~a BOJ
pacTaeT, ana ocTaeTCJI nocTOJIHHbiM. !IYCTL AN =A . Bel 
orpaHa'leHaii MO)I(HO C'laTa TL, 'ITO N >> 2 A. HJ caoiicTB Kop
Heii anre6paaqecKoro ypaaHeHaJI a /23/ cne~yeT, 'ITO npa 
k«N 

N -I 
:l 1 

iJC>\_f···ii=I vii vi2"" vik 

l> N k~I /29/ 

Hl /27 I cne~yeT, 'ITO I -~ l.:S N 2 . TaK Kax 'lacno 
I 

'lneHoB B cyMMe /29/ nop.H~Ka N k jnpa k « N /, TO xor~a 
k>2A 

N-I 
! 

k 
1 l < N · 

ik>\_? ... >il=l v il vi2 ... vik 
/30/ 

Ho /29/ a /30/ npoTaaope'laT ~pyr ~pyry. Cne~oaa
TenLHO, npe~nono)l(eHae AN =A =const HeaepHo. 

.[{n.H BLI'IacneHaJI DnOTHOCTa COCTOJIHaii p(E) /OTHOca
TenLHO o~Hoii JI'Ieiixa/ Ha~o yqecTL, 'ITO AN 3HepreTa'lec
xax ypoaHeii ne*aT B 3HepreTa'lecxoM aHTepaane ( E, E 2p ) . 
/Ilepexo~ oT N x nepeMeHHoii E, xax acer~a. ~aeT 
KBaJaHenpepwaHoe pacnpe~eneHae/. To, 'ITO AN Heorpa
Ha'leHHO B03pacTaeT, xor~a N 4oo, OJHa'laeT, 'ITO B TO'IKe 
E2 p (E) aMeeT oco6eHHOCTL. CooTBeTCTBeHHO npa E4E2 ~ p 
MO)I(HO HanacaTL cne~YIOJ:uHe acaMDTOTa'leCKae paBeHCTBa: 

p(E)=C, /31/ 

xor~a E<E2P, a 

II 



1 ) ' E) - f(-
p( - E-E2p 

/32/ 
Kor.na 

E > E2 P 

3,necL f (x) - nono:iKHTeJibHaJI, HenpepbiBHO B03pa-
cTaiO~as clJyHKU;HJI x I x '> 0 I H f (x) < x . f (x) c TOqHOCTbiO 
,no MHO>KHTens ecTL AN . 

,ll;ns ToqKH E 2 +I Ha,no npocTo noMeHJITb npaBble 
qacTH /31/ H /32/. ,ll;ns 6apLepoB Bee Hao6opoT,T.e. pe-
3yJILTaT OTHOCHTeJibHO JIM ,IJ;JIJI E 2 , COOTBeTCTBeHHO E 2 I, 

nepexo,nHT B pe3yJILTaT OTHOCHTe~Ho 6apbepoB,nJIJI E 2p+i , 
COOTBeTCTBeHHO E 2 p • 0TMeTHM, qyo 3TO OTHOCHTCJI TOJib
KO K o6~eMy BH.IJ;Y p (£ ). Boo6llle clJyHKil;HJI f B /32/ MO>KeT 
6b1Tb pa3Hoii .nns pa3JIHqHbiX E £ , £ = 1 , 2 , 3 , .... 

PaccMoTpHM cnyqa:ii /9/. Tor.na npa noMOlllH aae,neHHJI 
Hoaoii nepeMeHHoii cooTHOWeHHeM, aHanoraqHbiM /10/,/17 I 
MO>KHO pewHTb. YqHTbiBaJI /16/, nonyqaeM B6JIH3H u 2P 

2rr2 p j 2 . . 
v. =- (-N-), )""1,2,3, ... ;, J < N. 

J t -

Bao.ns 6e3pa3MepHyiO nepeMeHHYIO a= ~ , nnoTHOCTb 

COCTOJIHHH MO>KHO BblqHCJIHTb cpa3y. ,ll;JIJI f B /32/ llOJiy
qaeM 

1 f(--
E-E 2p 

)= 1 

4p vi E ' y E- E 2 
3 2 p 

r .ne E '= --17---:h~--
m a 21 t[ 

/33/ 

JlerKO MO,D;HclJHUHPOBaTb 3TOT pe3yJILTaT .nns E 2 p+l a 

.nns 6apbepoa • CyllleCTBeHHoii sanseTCJI oco6eHHOCTL 
I 

I E- E b 1- 2, xapaKTepHa..a:: :nns o,nHoMepHbiX 3a,naq. 
B cnyqae pa3ynops,noqeHHoi peweTKH MO:iKHO TOJILKO 

npe.IJ;llOJIO:iKHTb /Ha OCHOBaHHH O,IJ;HOMepHOCTH 3a,naqaj, qyo 

12 

OC06eHHQCTb B /32/ TO>Ke THna /33/. HaM Ka>KeTCJI, qyo 
llOJIBJieHHe OC06eHHOCTH /32/ CBJI3aHO C O)UI03HaqHOCTbiO 
BeJiftqHH ,\ /pemeTKa TOJibKO H3 JIM HJIH pemeTKa TOJlhKO 

D 

H3 6apLepoB/. B cnyqae pa3H03Haqublx .\
8 

:na oco6eu-
HOCTL, ,IJ;OJDKHO 6biTL, pa3MbiBaeTCJI. 
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