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Kapacosa H., ~eARHHH B.K., WypAa A. 

CneKTP nosepxHOCTH~x Kone6aHHR npH y4eTe 
aACOp6~HH 

P17 - 12475 

Ha OCHOBe ~OpManH3Ma onepaTOpOB aanOnHeHHR H KOppenR~H
OHH~X ~YHK~HR paCCMaTpHBa~TCR nosepXHOCTH~e KOne6aHHR peweT
KH C XeMHCOp6HpOBaHH~MH aAaTOMaMH. npoaHanH3HpOBaHO noBeAe
HHe KOne6aTenbHOro cneKTpa AnR OAHOaTOMHOR KBaApaTHOR peWeT
KH. 

Pa6oTa BblnOnHeHa 8 na6opaTOPHH TeopeTH4eCKOR $H3HKH 
OH11H. 

Coo6weHHe 06beOHHeHHOI"O HHCTHTyTS SUlepHbiX HCCneOOBSHHI!, .Uy6Ha 1979 

Karasova I., Fedyanin V.K., ~urda A. P17 - 12475 

The Frequency Spectrum for a Surface with 
Adsorbed Adatoms 

The surface vibrations of a lattice with chemisorbed 
adatoms were investigated using the formal ism of occupation 
numbers and correlation functions. Behaviour of the frequen 
cy spectrum of a monoatom quadratic lattice was analysed. 

The investigation has been performed at the Laboratory · 
of Theoretical Physics, JINR. 
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M0,4EJihHblil rAMHJihTOHHAH 

.D;n.11 npocTOThl a,Acop6upyJO~YJO noBepxaocTb TBep,Aoro Tena 

6y,AeM MO,AenHpOBaTb O,AHOaTOMHOH nnoCKOH peweTKOH. flpe,Anono

~HM, qyo a,AaTOMhl CBJI3aHhl C aTOMaMH DOBCpXHOCTH HaCTOnbKO 

CHnbHO, qyo KOne6nJOTCJI BMCCTe C HHMH /T .e. paCCMOTpHM XCMH" 

COp6UHIO Ha H,AeanbHOH DOBCpXHOCTH/. 

Hcnonb3YJI B ODHCaHHH DO,ACHCTCMhl a,AaTOMOB c1JopManH3M 

onepaTOpOB 3anonHeHHJI H KOppenJIUHOHHhiX ciJYHKilHH Ill, MO~HO non

HhiH raMHnbTOHHaH CHCTCMhl DOBepXHOCTb+a,ACOp6HpOBaHHhle aTo

Mhl 3aDHCaTb B BH,Ae 

->2 
p . 

. I "" H = 2 - -- (1- n ) ' -:.. 
i 2M I 

-· 2 pi 
-------- ni 

2(M+m) 

1 -> -> 
~--- _ k .p( Ri - R) ~ 

2 I ;4 J J 

+ v 2 ni 
1 ' -> -> 

+ -- 2 J(R - R ) n n . , 
2 i ;l j I J I J 

3,AeCb M - Macca aTOMa KpHCTannHqecKOH ITOBCpXHOCTH B y3ne 

i, m - Macca a,AaToMa, P. - HX HMnynbc, Ri - Hx MrHoBeHHoe 
-> -> I 

nono~eaue, ¢(Ri- R i ): noT .. eHuHan B3aHMO,AeiicTBHJI Me~y aTo-

MaMH B y3ne i H j, J(Ri- Rj) MO,AenHpyeTDOTCHUHanB3aHMO" 

,ACHCTBHJI MC~.AY a,AaTOMaMH B y3nax i H j, v- JciJciJeKTHBHhiH 

XHMHqecKHH ITOTeHUHan a,AaTOMOB, H, HaKOHCJl, n i - onepaTOphl 

3anonHCHHJI, HMCIO~He C06CTBCHHhiC 3HaqeHHJI 0 H 1; npHqeM 

n i = 0 OTBeqaeT y3ny noBepxHOCTH 6e3 a,AaToMa , ni- l - 3anonaeaao-
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uy a,AaTouou. Ecna socnonJ.30BATJ.CI TeM, 'ITO DI=ni .To rawan~o
Touaaa 3ADBIDeTCI KOMDAKT&ee 

-+2 
pi 1 -+ -+ -+ -+ 

H= S --------- + -- l: ¢(R . -R. )+ v l:n . + )_ l: J(R .-R )n . n . . /1/ 
i 2(M + mn . ) 2 i,: i 1 J i 1 2 i ,' i 1 J 1 J 

1 

BBe,AeM MO,AeDJ.HWi r&MBDJ.TOHHAH H0 ,napaueTpW KOTOporo onpe

,AeDBM sapaauaouuol npoue,Aypol lioromo6osa: 

Ho = Hph +Had 

Hph = l: 

-+2 
pi 1 

-2M~-+ 4- Ji /2/ 
af3 a f3 

·Xii X ij X ii ' 

H d = j_ K l: ni n i + v l: n . , 
a 2 i,:i oi 1 

a a a 
X ii = u i - u i ' 

r,Ae sapaauaouuwe napaueTpw M
0

, :A~~· K , v
0 

onpe,AeDIJOTCI 

MBHBMYMOM MO,AeDJ.HOi CB060,AUOI. 3HeprBB 

-1 -H 0 {3 -1 -{3H 1 
F =-{3 lnSpe + <H-H > > - f3 lnSpe , {3=----. 

mod 0 0- kT 

3,AeCJ. BH,AeKc(O) 03H&'IaeT, 'ITO ycpe.A&e&Be pa3HOCTB /1/ B /2/ 
DpOBO,ABTCI DO raMBDJ.TOHBAHY /2/ B Ua IBD.eTCI a -KOMDOHeHTOi 

1 

CMellleHBI i -Toro ATOM& B3 DODOlKeHBI paBHOBecB• /.ADI DpOCTO-

TW uw orpauaqasaewc• rapuouB'Iecxau qneuou/. CMellleHBI 

xax o6w'luo, onpe,Aen•JOTc• 4lopwynawa 

R~ = <R~ > + u~ 
1 I 1 

.a a 
= 1 + u i ; 

<0 > = -~[0 e-f3H] 

Sp_[_e-=-~~~--

a= 1.2. 

Cpe,Aaee OT pa3HOCTB H-H0 3anBIDeTc• 

a 
u i •. 

1 -+2 1 1 1 -+ -+ 
<H-H > =--l: <P . > [<---------> - ----]+-< l: ¢(R--R-)> -

o o 2 i 1 ph M+mni ad Mo 2 i,'j 1 J ph 

4 

1 a{3 a {3 1 ·• -+ 
-- l:. A .. <X .. X .. > h +-- l: < n . n .> [< J(R.-R.)> h-K] + 
4 i ,j, j 1J 1J IJ p 2 j ,j, j 1 J ad 1 J p 

+ (v - v ) l: < n . > d . 
0 i 1 a 

Cpe.u;uee no wo.u;en~ouoMy rawanbTouaauy Hph OT noTeuuaanoB B3aa

wo.u;eiicTBHI ¢cRi-R'j), J(Ri -Ri) y.u;o6uo npe.u;cTaBHTb B 
Bu.u;e'V 

"""" """" 1 a {3 a {3 : -: .... ~ · : 
<J(R -R) > = exp[ -- 1 < XX > h'\1 V .] J(l-J) =J (t- J), 

1 J ph 2 a{3 1J 1J p 1 I 

/3/ 
_, 1 a {3 a {3 : : - :: 

<¢(R-R)> h =exp[-- l: < X .. X .. > hV . V.l¢(1-J) = ¢(1-J). 
1 J p 2 a{3 1J 1J p 1 1 

Y CDOBHJI MHHHMyMa MO;J;eDbHOH CB060,AHOH 3HeprHH 

oFmod oF mod oF mod oF mod 

--a-M-:-- = -;~:r-- = --~:---- = --~-:~-
= 0 

.u;aJOT cne;J;YJOIIlee ypaBueuae .u;nJI napaMeTpoB H
0 

-
K = J (i - j), 

Yo y o - _, 
A = V 'V ¢(k 

• y 0 .. .. -· - n + < n no > v v J(k- e ) 
k l ad k k k£ k k 

_ }: __ = < ____ 1_ --- > 
M

0 
M + mni ad 

o _! + < n i >ad 
M 

v = v ·o 
+ _! < p 2 > ( __ .!_ __ - _!). 

2 1 ph M + m M 

( __ _1 ____ -· _!), 
M I· m M 

/4/ 

l:n . 
. 1 

Ilpa 3TOM /B TeOpHH DOBepXHOCTHblX JIBDeHHH < n. >= <-!.---> 
1 N 

1 
Ha3wBaeTCJI noxpwTaew a o6o3uaqaeTCJI () / 3aBHCHMOCTb M--
OT < ni > ad , Mhl uawna, acnonb30BaB, xax a BblWe, npoexuao:i
uoe CBOHCTBO n i (n2i = ni ). 
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KOJIEEATEJlhHhlll CHEKTP IIOBEPXHOCTH 
HPH YTIETE A).fCOPEI!HH 

6y~ew paccwaTpHBaT~ BTopoe ypaoHeHae 141, T.e. ypaoHeHae 

yo y o -.... .. y B-.. .... 
~Akf = Vk Vk c,b(k -f)+ Vk VkJ(k -f ) < nkne >ad • 151 

B kOTOpOM, HADOMHHM eiQe pa3, paBHOBeCHWe DOJIO)I(eHHJI onpe~e

JJeHW BW6opOM raMHJJ~TOHHAHa H ph, HO HHkAkHX ~pyrHX Dpe~OJJO• 

)l(eHHA: ww He c~enaJJH. '1To6w npoaHaJJH3HpooaT~ nooe~eHae 

kOJJe6aTeJJ~Horo CDekTpa, HA~O MO~eJJHpOBaT~ DOBepXHOCT~ H DO~

CHCTeMy A~ATOMOB. 

llpe~noJJO)I(HM, 'ITO nooepxHocT~ sweeT CTPYKTYPY npocTol: 

O~HOATOMHOI: ky6H'IeCkOI: peweTkH. llycT~ ATOMW :nol: DOBepx· 

HOCTH B3AHMO~ei:CTB~T JJHW~ CO CBOHMH 6JJH)I(Ai:WHMH COCe~JIMH 

UeHTpaJJ~HWMH H HeQeHTpam.HWMH CHJIAMH B3AHMO~ei:CTBHJI. llpe~

DOJJO)I(HM, 'ITO B3AHMO~ei:CTBBe B DO~CBCTeMe a~aTOMOB HMeeT 

xapakTep QeHTpan~aoro B3aawo~el:cTBBI we~y napawa 6JJH)I(aA:

wax coce~eA:. llpe~noJJO)I(HM eiQe, 'ITO :Jc)lcllekT B3aawo~elcToa• no

:a;epxaocT~ • DO~CBCTeMa . a~aTOMOB DPHBO~HT ,kpOMe H3MeHeHHI: 

kOHCTAHT B3AHMO~ei:CTBBJI /'J/, k B3MeHeHBIO napaMeTpa peWeTkH, 

6e3 B3MeHeHHI cllopww I'leikH (a0 ... a).Tor~a ypaoHeHae 151 onpe~en.
eT 3JJeMeHTW MATPBQW CBJJOBWX napaMeTpOB A~~ npocTol: kY" 

6B'IeCKOI: peWeTkH, HO MACCA ATOMOB Tenep~ paBHa M01cM. ypaB· 

HeHHe 1411. 

B 3TOM cnyqae ypaoHeH&e /4/ 

a 
Me ... 

qj 

2 
wlU 

= ~ ef3 maf3 _ . ... : 
f{3 Iii "' fo e I q L 

~JJJI 'IACTOT w~. B BekTOPOB DOJJJlpH3AQHH e.... . I <l>f~ - 3JJeMeH-
~ ~ 

TW MATPHllW CHJIOBWX JCOHCTAHT H M " MACCa ATOMOBI DpHHHMAeT 

o'leH~ npocTol: o~ 

M 2 ....... 
Ow .... =-I ·Aaa -JQf 

QJ f of
6 161 

6 

af3 
Ecna npe~cTaoaT~ waTpauy II ·Aoe II a oa~e 

II A af3 II = II A af3 II = + ( A 1 0 
) II A af3 II = II A af3 I I = + ( A 2 0 

) 
o 1 os 0 ·A2 ' 02 04 0 A 1 ' 

r~e A 1 - QeHTpan~Hai a A 2 - HeQeHTpan~Hai JCOHCTaHTW cBI3H, 

TO 83 161 CJJe~yeT 

2 M 
0
w ... . = 2A1 (1- oos q 1a) + 2A 2(1- oos q 2a), 

QJ = 1 
171 

M0wij = 
2 

= 2Ai1- cosq 1a) + 2A 1(1- cosq2a). 

KoppeniQHOHHaJI cliYHJCQHI cweiQeHHI 

a f3 ..... ..... ..... 
{3 e ..... e.... . ,o ) 1 

a -1\ QJ QJ IQ~L -m --f1{3w..., < X x > = ___ ~ - --------(1- e ) cotgh 
2 

q · 
fm fm ph MN .... w ..., J 

QJ qj 

C y'lel·ow CBOI:CTB CHMMeTpBH peweTkH 

1 2 2 2 2 
< (Xoe> >ph= <(Xof) > ph = < (X) > ph 

npHHBMAeT B~ 

2 1'1 1-oosq1a 1 
<(X) > = - ----- ~ ---------- ootgh -- h f3 w .... , 

ph 2M N <U w... . 2 QJ 
0 QJ 

181 

r~e 'IACTOTW w ... . y~ooneTBOpiJOT ypaoHeHHJO 17 I. AHaJJHTH'IeCKH 
2 QJ 

<(X) > ph MO)I(HO BW'IHCJJHT~ TOJI~kO B npe~eJJe BWCOJCHX TeMne • 

paTyp. llo~cTaon.u 17 I o 181 H pa3nara• cliYHJCllHJO cotgh no 

x, nony'laew 

1-- t.--2 1 A1 A1 A1 
<(X) > = - ----- [arc tg --- + ---arc cotg ---] 

~ f3rrA 1 A 2 A 2 A2 

MI npo&3BOJJ~Hwx A 1 , A 2 . Ecna A 1 >> A 2 , TO 

<(X) 2 > = _ _! __ [~- + ~- JA ~-
ph f3A 2 ---] 1 " A2 . 
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,D;n.11 cny'la.ll A 1 =A 2 =A 

2 
<(X) >ph 

1 A 1 1 
= ------ [ 1 + ----] = ------ . 

4f3A 1 A 2 2f3A 

2 
lh 141, lSI B 17 I su.u;uo, 'ITO qacToTa w .... JaBBCBT Tenep& 

qepe3 .A1, ·A2 B M0 OT napuoii xoppeJI.IIUBOBBOB $f~KUBB < n i n j >ad 

B OT noxpbiTB.II 8 = <n i >. 3aMeTBM, 'ITO nocne.u;uee BXOJlBT 

B B < ni n j >ad - CMOTpB BB)f(e, - B 3aBBCBT OT BBewuero 

.u;asneuuJI p u T 11 •31 • 11To6bl pewHTb ypasueuue 17 I JlJI.II qacToT 

w, npe)f(.u;e acero ua.u;o Ja.u;aTb $yuxuuu ¢(Ri- R i). J (R i- R i) 

B BOCITOJib30BaTbC.II HeKOTOpbiM npB6JIH)f(eHHeM .D;JI.II < n i > ad H 

< n i nj > ad I i, j - 6JIB)f(aiiwue coce.u;ul. 

PaJJIO)f(HM ¢(R i- Rj ) , J(Ri -Ri) no cMemeHH.IIM aTOMOB 
a 

noBepXHOCTH Ui H3 nOJIO)f(eHH.II paBHOBeCH.II B CJiyqae, KOr)la B3a-

HMOCBJI3bl0 Me)f()ly 'IHCTOB noBepXHOCTblO B CHCTeMOB a.u;aTOMOB 

Dpeue6peraeTCJI, B orpaBH'IHMCJI rapMOHH'IeCKHMH 'IJieHaMH 

... ... 
J(R - R ) = J 

0 
+ I. b a_ y (l 

1 J a 1J 1J 
+ _!_ L caa y ~ y ~ 

2 a 1J 1J 1J 

191 
->-> 1 aaa a 

¢ (R - R ) = ¢ 0 + -- I. B ij Y ij Y ij · 
1 J 2 a 

J O - JcllclleKTHBHOe B3aHMO.D;eBCTBHe Me)f(JlY XeMBCOp6HpOBaHHbiMH 

a.u;aToMaMH ua )f(eCTKOB peweTxe (J0 > 0), , Y (l = u (l - u a 
1J 1 J 

ECJIH BKJilO'IHTb Tenepb B3aHMO)leBCTBHe Me)f(.D;y 3THMH nO)lCHC

TeMaMH, TO KOJie6aBB.II 6y)lyT npOHCXO)lHTb OKOJIO HOBbiX nOJIO)f(e

uuii pasuosecu.11, uo 6e3 B3Meueuu.ll $opMb1 Jl'leiixu. IIo.u;cTauosxoii 

a -a a 
Y . . =X .. +X .. 

1J 1J 1J 

B 191 nOJIY'IHM pa3JIO)f(eHHe cp B J no CMeiUeHHJIM H3 3THX HOBbiX 

fiOJIO)f(eHHB paBHOBeCH.II. 

... -> a -a 1 aa -a 2 
J(R .-R . ) = J 0 + L [b . X .. + -c .. (X .. ) ] + 

1 J a 1J 1J 2 1J 1J 

IIOI 
L [ a aa - a ] a 1 aa a 2 

+ a b ij + c ij X ij X ij + 2 ; c ij (X ij ) ' 

8 

... ... 1 aa - a 2 ~ aa -a a 
¢( R .- R .)=¢o +-- I. B .. (X 1.J.) +LBiJ. XiJ.XiJ·+ 

1 J 2 a 1l a 

+ .l L Baa (X a_ / 
2 a 1J 1J 

H3 1101 ueTpy.u;uo uaiiTu cpe.u;uee OT J(Ri -Ri) 

TOBBaBy H ph 121. 
no raMBJI&-

.. .. -:+ ; a -a 1 aa -a 2., 
< J(R .-R .)> ; J(I-J)=J

0
+I.[b .. X .. +--c .. (X .. ) J + 

1 J ph a 1J 1J 2 1J 1J 1111 

+ _l L caa<(Xa) ~ 
2 a ij ij ph ' 

r.u;e xoppen.auaouua.a 4Jyuxuu.a c:uemeuaA <( X ~) 2 > onpe.u;enReT-
- a 1J ph 

c.a 181. X ij onpe.u;en.aeTc.a 3a.u;auueM suewuero .u;asneua.11 p, 

xoTopoe MOliCJIO Bblpa3BTb qepe3 cpe.D;Hae CBJibl 151• IIpu uawax 

a 
npe.D;DOJIO)f(eUBIX .D;OJI)f(HO BbiDOJIHITbCI COOTHOWeHHe xi~=~~= XO~a · 

.D;JIJI JIJ06oA napbl 6nalKaAwux coce.u;eA. Bue.u;eM eme cne.u;yJOmue 

0603Ha'leBBI 

11 Baf3 II = 11 Baf3 11 = + ( 81 0 
) 

af3 af3 c 0 
llcot II = llco3 II=+ ( ) 01 03 0 B 0 0 2 

11 Baf3 11= 11Baf3 11 =+ ( 
82 

O) 
af3 af3 0 0 

02 04 0 B 1 
ll c02 II= lie 04 II=+ < 0 c) 

ll ba ll= - ll b a II=+ (b) 
a a 0 

01 03 0 
ll b02 11= - llb 04 ll=+( b), 

1121 

Tor.u;a 

1 ~ aa -a a aa -a a t: [Bof Xeo+ < none >ad (-hoe +cof Xeo)H p = ·- ----
4V 

9 



B .D.n.ll X 0BMeeM cne.D.yromee BhlpaJKenBe : 

X 
0 

~-+ br/J - a vp_ + br/J - a 

8 1 + Cr/J A 1 

1131 

r .D.e r/1 = < n in j > ad - napua.11 ICoppen.II~Bouua.ll tllyuiC~H.II CHCTe

Mhl a,D.aTOMOB. C Y"'CTOM 1131 MOJKHO nepeDBCaTbDepeuopMHpOBaH· 

Hhle BJaHMO,D.CHCTBH.II MC)I(.IJ.Y 6nBJKaii:WHMB a,D.aTOMaMH B BH,D.e 

__.-+ - - c-2c 2 
< J(Ri-Rj) >ph=J=Jo -bXo+ -2(Xo) +-2 <(X) >ph· 1141 

EcnH yqecTL 191·1131, TO ypasuenH.II 151 .D.n.llnepeuopMHposau

HhiX CHnOBhiX napaMeTpOB JaDBWyTC.II ICaiC 

A 1 ~ B 1 +Cr/J, 

A 2 = 13 2· 
1151 

liJ COOTHOWCHHH 1151 BH,D.HO, "'TO 3HaHHe napHOH ICOppen.II~HOHHOH 

II!YHIC~HH r/J npH mo6hlx p B T I .D.n.ll mo6hlx noiCphiTHii (} I secLMa 

cymeCTBCHHO .D.n.ll auanHJa DOBC,D.CHH.II CDCICTpa DOBepXHOCTHhiX 

Kone6auHii. 

AIIllPOKCHMAIJHH KOPPEJIHL(HOHHbiX tZIYHKL(Hil 

CHCTEMM A,llA TO MOB 

lJT06hl onpe,D.enHTb nepeHOPMHpOBaHHhle "'aCTOThl H CHnOBhiC 

napaMeTphl peweTICB HJ 111 H 1151, ua,D.o nonLJOBaTLC.II ICaiCHMH

nH6o annpoiCCHMa~B.IIMH 11- 41. llpoauanHJHpyeM 3TH ypasueuH.II B 

cne,D.YIOtnHX annpOICCHMa~HJIX: 

r.D.e 

11 MoneiCynxpuoe none 
2 r/J = < nn > = < n > , 

< n > = L11- tgh~ [v ' + 4K(<n > - _!_)]!~ 
2 2 2 

V ' = V I 2K 
0 

H v
0 

, K onpe,D.enxroTCJI tllopMynaMH 141 H 1141; 

10 

21 Ksa3HXHMB"'eciCoe npB6nBJKeHHe 

( 1-K)2<n >-1 ±v'4( 1-K) < n > [< n > -1]~1 -{3K 
r/J = < n n > = - - --------- ------------ ---------- ------, K = e 

2(1 - K) 

<n > onpe,D.en.lleTc.ll B3 ypasuenHx 

2 ( 1) 2 -{3K [ 1 ) 2] r = 4 < n > - -- + e 1 - 4 ( < n ..,. - -- , 
2 2 

{3v' r + 1 - 2 < n > 2 < n > 
e = [ ----------------] [ - ------ -]. 

r-1 + 2< n '> 1- < n > 

31 llonHHOMHanLuoe pac~ennenHe 

< n> 
4 k k 4-k 
L C 4 < n > ( 1 - < n >) Nk ; 

k = 0 

-1 
Nk = [1+exp{3(v

0
+kK)] , 

r/J =< nn -> 
~ k k k . 4- k L -- C < n > ( 1 - <n >) N 

k= O 4 4 k 

llocne.D.HBe .D.Be annpoiCCHMa~HB Y"'HThiBaiOT 3414leiCThl 6nHJKHero 

DOpJI,D.ICa, nepBaJI • HeT. 

41 MOJKHO DOICa3aTb, "'TO DpH JanonHCHHJIX DOBepXHOCTB < n > :;: 0, 2 

HnH B cnyqae CHnbHOrO OTTaniCHBaHH.II K-1 << (3, K > O .D.nJI 
BCCX DpH6nBJKeHHH MO)I(HO C"'HTaTb, "'TO 

2 -{3K r/J = < nn > = < n > e • K;; J. 1161 

EcnH yqecTL 1131,1141, TO ypasuenHe .D.nA~euTpanLuoii:ICoucTauThl 
CBJ13H A 1l15l npHHHMaeT BB.D. ({3J •> 1) 

2 vn C vn 2 C 2 Jl A = B + C<n > exp!-{3[J + b - ..:-"--+ --(--= - ) ~--<(X) > h, 
1 1 o aB 2 a B 1 2 P 1 

1171 
ecnB B BhlpaJKeHHH .D.mt X0Mhl npeue6peJKeM r/J· 

11 



)J;JJJI cny'laJI cna6oro oTTaJJKBBaHBJI {3 J « 1 

noKphiTBJI fiO)l.CTaHOBKOH /16/ B /15/ fiOJJY'IBM 

H He60JJbWOrO 

2 vp - 1 
A 

1 
~ B 

1 
+ c < n > e xp { - {3 [ J 

0 
- b ( - ---- + b 1/J )( B 1 + c 1/J) ]! . 

a 

3)l.eCb y'ITeHhl TOJJbKO nepu1a1e 'IJJeHhl B pa3noJKeHHB J. 3To u~a~pa

JKeHBe MOJKHO npeo6pa30BaTb K BH)l.Y 

2 - b2 - vp bB 1 
A 

1
- A

1 
[B

1 
+" + K <-J

0 
+-e--n+ K b (-~- + -~---) ~ o. 

/18/ 
t.. = c < n > 2 , ;(~c{3 < n > 2 , 

AcB 1 
eCJJH B 3KCfiOHeHTe fiOJJOJKBTb B COOTBeTCTBHH C /15/ < nn>= ----- . 

- c 
Kor)l.a MOJKHO C'IHTaTb, 'ITO X 0=0, TO 

/19/ 

AHaJJH3 noBe)l.eHBJI cnexTpa /7 I Tpe6yeT, ecTeCTBeHHO, He

fiOJJb30BaHBJI 3BM; B CJJy'lae MaJJhiX noKphiTHH (0 ~' 0 'S_ 0,2), 

JJH60 CHJibHOrO OTTaJJKHBaHBJI (K -'1.(< (3) aHaJJB3, KaK 3TO 

BB)l.HO H3 /17/·/19/, CHJJbHO ynpowaeTCJI . 
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