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HacTOH~ee coo6~eune HBnHeTCH npo~o~euneM UHKna 
pa60T /1-4/ .llOCBH~eHHhiX H3y'IeHHIO BllHHHHH pa3llH'IHhiX 
4JaKTOpOB H~ BpeMH y.n_ep:ll<aHHH YllbTpaXOllO~HhiX HeHTpOHOB 
/YXH/ B noBylllKax. 3~ech 6y~eT paccMcJTpeua ponh nycTOT, 
KOTOpbie MOryT HMeTh MeCTO B llpHITOBepXHOCTHOM cnoe. 
· B nepBoii qacTH pa6oThi pellleua nau6onee npocTaH 3a~aqa 
o K034J«llnu~euTe norno~eHHH YXH npu oTpa:>Kenuu OT cTeHKH, 
BHYTPH KoTopoii uaxo~HTCH nnocKaH ~enh, napannen~uag 
BHelllueii noBepxuocTH. Bo BTopoii qacTH paccMaTpHBaeTCH 
TaKaH :>Ke 3a~aqa, no nycTOThi. npe~nonaraJOTCH HMeJO~HMH 
BH~ c4JepuqecKHx·nop. B TpeTheii qacTH npoBo~HTCH o6cy:>K
~euue TOrO, · HaCKOllhKO npHCYTCTBHe nop MO:>KeT peanhHO 
yBenH'IHTh .Ko34J«llnuneuT norno~eHHH. 

I. OmpaJKeuue om cmeHKii, euympu Komopoii 
uMeemcJI n11ocKaJ1 r~~e11b, napaiiAeAbHaJI 
eueumeii noeepxuocmu 

llpH uanH'IHH llllOCKOH ~enH BHYTpH CTeHKH llOTeHUHan 
B3aHMO~eHCTBHH ueiiTpoua CO CTeHKOH HMeeT BH~, yKa3aHHhiH 
ua puc. 1. AMnnnTy~a: oTpa:>KeHHH iKo34J«llnU'ue'uT <l»peuenH/ 
BonHhi YXH, na~aro~eii cneBa,paBna 
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.k z - 2; - KOMIIOHeHTa BOJIHOBOro BeKTOpa HeHTpOHa, rra-
J(aiO~ero eneBa, k; = y u 0 - k; -- , a r 11 - aMIIJIHTyJ(a 
oTpaJKeHRH HeiiTpoHa,_ rraJ(aiOlllero Ha rpaHRUY H R3 o6nae-
TH 2.- BenH'IRHa r orrpeJ(enxeTe-x· aHanorR'IHO /1/: , II , -

•· 2 i ~zd 
r23 + r34e r = -="'--.::;;..:. __ 

II 2ikzd 
J+ r 23 . r 34 e · 

/3/ 

. ;;_ .._ 

3J(eeb r 23 = -r 34 = -r12 · C IIOMOlllbiO BbipaJKeHRH /2/ 
ee MOIKHO rrpeJ(eTaBRTb R RHa'le: 

sin ( kzd) 
/4/ rii 

sin(2¢-k d) 
z 

0TeiDAa' -BRAHO, <ITo r 11 RMeeT IIOniOe IIpR TeX 3Ha'leHRHX 
kz =kzp• - rrpR KOTOphrx; sin~2¢-kzd) =0. Pa3naraH3Ha
MeHaTenL B /4/ rro ~k.= kz - k2zp R rronarax, 'ITO 
IIOTeHl{Ran U 0 eOAe'piKRT MHRMYJO qaeTb, T. e. U O = U 0· -.i U '0 , 
rrpR'IeM 0 < u ~ << u ~ , rronyqaeM: · 

rll 
sin(kzd) 

2(¢, -i¢, )-k d 
. z 

A =·- _ ___::.;:.__ __ 

. ~k 2 + ir
1 

rAe - ¢,- --¢.I , 
' uo= 0 

· , d¢1 , ··o : ,~., "--tu
0 

u = -11.,.. - - du
0 

o 

A ='4 k 2 . ( k ~) 2 
z 
_u~(2+k'd) 

z 

k2 
z 

' rl = 2u ~ _!-!-~ -( -2-+k; d ) 

IlpeAeTaBRM Terrepb BbipaJKeHRe /1/ B BRAe 

r 2k' 
R = r II T 12 T e- z H 

12 + ~~ 
1 + r r 

12 II 

4 

/5/ 

/6/ 

/7/ 

~ 
j 

1-

I 
i) 

--

l 
.I 
J .. 
! 

-'1· I .... 
i 
! 

I 

' ·~ ,. 
~ 

'i 

l>' 

'l 

'!,; •• 

u ...... 

- I I 

-' uJ2 i ~ ..... :- --'! ___ _ 

Ol H.H+d 

jJtiCf 
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2kz . 2ik' - __ 
rAe T

1 2 
= R T ~ _ z - Ko3.P«PRUReHThi 

• k + ik , 21 - k - + i k , ' 
· Z Z - Z Z-

IIepe.XOAa R3 o6naeTR l_ /eM. pRe. 1/ B o6naeTb 2 R eooT-
B-eTqTBeHHO Hao6opoT. Terreph e yqeToM /5/ nerKo. BRAeTL, 
'ITO B6nR3R' pe30HaHea RMeeM: -

2i r2 ), 
R-r (1- 2 • r:) 

- 12 ~ k + o + • < r 1 .+ 2 _ 
/8/ 

rAe 

(k ,.)2 __: 2 
~ ' z k-u= z 

u' 
0 

-2k 'II k, k ': -2k' II 
A e z ' 12 ~ 2 z, z, A e - z 

uo : 
/9/ 

'Ko3.P.PRuReHT rrornollleHRH orrpeAenxeTex 
11 = 1- I R 12 . B6nR3R pe30HaHea k z :; k zp 
3arrRea Th B BRAe 

BbJpa:>KeHReM 
ero MOIKHO 

< 

2 4r1 r2 
l -I r I + ·- 2 --- ) 2 

11= ~ 12 - C~k2_-:o> + <r
1 

+f'2 

-- _; 4r r: 
I 2 

=11o + 2 2 ..2/10/ 
(ilk +D) -+(['1 +I;J -- -

rA_~ 11.0 -, ~o3.P.PRUReHT IIOI_'llOllleHRH B errnOWHOH eTeHKe. 
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4r r 2kz'H 

p.:::p. + I 2 =p. (1+2e ). 
0 2 2 -- 0 o + r . · 

2 
IIpH k~ H > 1 · HMeeM p. »p. 0 • 

Bo3HHKaeT aonpoc: He Mo:>KeT nH HeiiTpoH TYHHenLHbiM 
nepexo.zioM B006~e BbiHTH H3- nOBywKH? 0TBeT Ha 3TOT 
BOnpOC - . OTpHUaTeneH. )J;eiiCTBHTenbHO, ecnH TOniUHHa 
cTeHKH H' HaCTOnbKO BenHKa, qTo A r2 /·r I < p. 0 , TO. KaK 
cne.nyeT H3 /10/, p. = .p.

0 
• YKa3aHHoe Hepa:BeHCTBO 

-1 2 . q 
BLmonHHeTcH npH H:; __ fu ( p. 

0
/4) S 1000 1\, cTeHKH 

· 2· 1u' · v 0 . 
:>Ke nOBYWKH OfihlqHo HaMHOI'O TOn~e. 

II • Pacce.RHUe ua .c,Pepu'leCK,':'X nycmomax 

HanHqHe BHYTPH CTeHKH nycTOT B BH.D.e nnocKHX ~eneii 
MeHee peanLHO, qeM B BH.D.e c4JepHqecKHX nop HnH aaKyoneii. 
Ilo3TOMY nocne.D.HHii cnyqaii npe.ncTaBnHeT 6onLwHii npaKTH
qecKHii HHTepec. C TOifKH 3peHHH MaTeMaTHKH 3a.IJ,aqa 0 
pacceHHHH Ha nopaX HMeeT HeKOTOPYJO cnenH4JHKy, nOCKOnb
KY aonHhl YXH BHYTPH cpe.IJ.LI - Heo.nHopo.IJ.Hbi. 

PeweHHe 3a.naqH npoBO.IJ.HTCH MeTO.D.OM, aHanorHqHhlM 
onHCaHHOMY B npe.IJ,bi.IJ,y~eM nyHKTe. )J;nH npOCTOTbl paCCMOT
pHM cHaqana 3a.naqy o.pacce11HHH nnocKoii BOnHbi YXH ma
pHKOM, pacnono>KeHHbiM y , OTpa:>KaiO~eii nnOCKOCTH BHe 

cpe.IJ.hl. IIpHMeM, qTo cpe.na 3aHHMaeT nonynpocTpaHCTBo 
z 2: 0 , . 06o3HaqHM aonHoayro li>YHKUHIO YXH B OTC,YTCTBHe 

wapHKa '1'
0 

( r). B o6nacTH z < 0 · · · 

'I' (r)= e ik'/ +-R(k )e ik_; 
0 ·z 

/11/ 

r.ne· 
-. -+ • -Jo _, • -+ _, 

k =(k ;k ), k =(k -k ), k = (k ,k ),R(k )=r 12 :t- '• .~ . ~ - . h z t ~; y z 

IIpHCYTCTBHe mapHt<:a HcKa>KaeT aonHoaoe none. Ka3anocL 
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fihl, HCKa:>KeHHe COCTOHT B TOM, qTO none qt (f') B036y>K-O . 
.naeT wapHK H nopo>K.D.aeT pacceHHHLie BOnHLI, KOTOpbie 
·.no6aimHIOTCH :K /11/, o.nHaKo none, ao36y>K.naro~ee wapHK, ·· 

. . _. ' 

He COBna.IJ,aeT C IJI O ( r ) , OHO y>Ke HCKa:>KeHO npHCYTCTBHeM 
wapHKa. 06o3HaqHM none,· B036y>K.naro~ee wapHK, qepe3 
'1'1 (r) .· Pa3no>KHM': ero no cliJepHqeCKHM rapMOHHKaM ao

Kpyr neHTpa wapHKa: 

'1'
1 
(~) =477 · 2 / cf'm Y!'m ( / ')j e ( kr '). /12/ 

e,m 

3.necl. j e ( kr ') - cliJepHqecKaH 4JyHKUHH lieccenH, HMeiO~aH 
aCHMnTO'fHKH 

/ 

77f ' 
.1.. sin{ z- 2) 
z 
ze 

npH z ... oo, jf(z)~\ 
npu · z ... 0, 

(U + 1)!! 

" 
y f'm cr ) - cliJepHqecKaH IPYHKUHH~ r ._ = r-:: r~ • r I - KOop
,llHHaTa neHTpa wapHKa, .a Cfm .. - noKa HeH3BeCTHble Ko-
34JiiJHUHeHTbl. Bo!6ym.naro~ee none ~. 1 (rj nopom.naeT pacce-
HHHOe noJ,Ie '1'

2 
( r) , KOTOpoe MO)KH? npe.IJ,CTaBHTb B BH.IJ,e 

-> . · · .f ... · .. " (I):.. .· 
,'1'2(r),;;4rrik 2'i f

0
C 0 . Yo <t')hf (kr '), . /13/.' · 

· f,m L Lm rm · · .. .. .. 
. ( I). . . . , . . . . . . ,., ·. ,. . . ' ·. , : : , . . : ·' . 

r.ne h f ( kr '). - cliJep:H-.iecKaH liJyHKUHH .~aHKenH nepaoro 
po.na, HMeiO~aH aCHMnTOTHKH: . 

· · ' · · rrf 
. \ 1 i(z- 2 ) (I) · - e 

h f ( z) = -i z 

. . (2e -1) !! 

.z 400, 

f+ I 
z ... 0; . /14/ 

1 2iop z 
fe = 2 i k ( e - 1 ) , ~. 

~ 0 f - .4Ja3a pacceHHHH. ,Ilone '1'2( -;) MO)KHO pa3nO>KHTb 
ua nnocKHe BOnHbl. Ta qacTb nnoCKHX BOnH, KOTOpaH OTBe
qaeT BOnHaM, pacnpOCTpaHHIOIUHMCH OT wapHKa B CTOpOHY 
nnocKOCTH z =0,. :MomeT 6biTb npe.zicTaBneHa B BH.IJ,e' . . . . . 
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q/ (;) ~Iw;: ( .... )eip+r. d2 
:2 + ' . 2+ p t . p t /15/ 

r]\e P+=(pt,pz) , Pz =v'k 2_-p;-, a w 2+'(p) Haxo
J\HTCH nyTeM 4JypLe-npeo6pa30BaHHH BLipa)K~HHH /13j,·-a 
pe3ynLTaTeKoToporo · · -

. . ........ , d 2 -
. ey 

· 2rri f'm (?')h 0 ~ {kr1=Ie
1
p+r Y (~)--Pt. /16/ ·e -em+ k pz 

IIOJ\CTaHoaxa /16/ a /13/ il cpaaHeHae c /IS/ ]\aei-........ 
w2t- (p),;. I 2ifeCern Yern (~ )~-iP+fi _!_ .. 

. .. e,m -. + pz 
- /17/ 

- IInoCKHe BOnHLI /15/, 0Tpa3HBWHCL OT nnoCKOCTH Z= 0 'c 
_ xo34J!l>a:uaeHTOM R ( p z) Ka)K)\aH, C03J\aiOT none, OTpa)Keiiiioe 
B o6naCTL Z < O·: ........ 

-> .... i p_ r 

'1'3-(r) =I w3- (p _)e 

, 
2 

d pt /18/ 
"~ . ~ ' _,. ' 

r]\e ·p =(p ,-p ), a 
. ~ z 

;. _,. . . 

·" .w (p ) =W (p )R(p ) .. 
. 3- - . 2+ + z )19/ 

p:one '1'3_(-;) BMecTe · c noneM · lf' J..r) a. co~.U.~IOT 
_ . B036Y*J\aiOlllee_ wapax none ./l2/.-Pa3naraH none 'I' 0 ( r) + 

. ,:.;.1+ '1'3_.Jf) . no c4JepaqecxHM rap~o~IIKaM aoxpyr;.;:ueHTpa _wa:-
paxa, HaXOJ\HlllerocH B Toqxe · r = r I= z I , · H npapaBHHBaH 
'er.o K /12/~ HaXO]\HM ypaBHeHHe ]\nH K<?34J~H:UHeHTOB C eni. 

- . - . (0) . . ·- ·- .• 
Co ,;,en + IQ(e,e',rn)C f ,-,· /20/ 

un {.111 e' . e, 111 e' . 
·. 

r]\e 
(0) ik z e-m · -ik zl - ,, 

C 0 -=[e z I_+ (-1) · .R(k )e z ]Y* (It ), /21/ 
- {.111 . ,. z em + 

"'1. 

-2 i '• z '> 0 . ·~; . .0: 2 
_oo Pz I " " L-m . d p 

Q(e,e' ,m)=2i Ie Y, (p )Yo* (p}(-1} R(pz)---.:.J.... 
-oo em+ UR+ ·. P' 

.. . ..·. . z_. 

/22/ ... -
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<';~ 

r 1· 
f 
J 
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·I 

t 
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i. .' 

·1~ ' 
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Hy)KHO OTMeTH~·L, qTO. HHTerpapo~a~He B /22/ UpOH3B~)\;;~H 
no BCeM. p t !;; ( -oo', oo ) , . . : noCKOllLKY imipHK B036y)K)\aJOT 
He_ TOnLKO pea.nLHO ~acnpocTp_aHHIOlllHeCH BOnHLI, HO H BOnHLI 
3KcnoHe:uaan:bHo 3aTyxaiOlllHe :8 o6nacTH_ z < 0. Hpa p > k 
apry}d~HT p zIp c4J~pHqecxoii li>YHKUHH y em (~ + ~' ~ cTAHo-' 
BHTCH qacTO MHHMLIM •. _ .. - . . . . 

PacceHHHe Ha ,nycToTax BHy'rpli cpeJ\LI onacLiaaeTCH 
COBepweHHO, aHanofaqHLIMH 4JopMynaMH; HeCMOTpH Ha TO~ 
qTO .BHYTPH. cpe]\LI MOryT CfllleCTBOBaTL TOnLKO 3KCnO-:, 
HeH:uaan:bHo 3aTyxaro~ae aonHLI ·yxH. BLinaweM nOJ\PHJ\ a'ce 
4JopMynLI, aHaiiOrHqHLie /11/-/12/,: CHa6]\HB COOTBeTCTBYJO-- . . . . . 
~He aena'IHHLI wTplixoM:. 

~ .. ·. . . : '·ft: ., -:· t . 
tp:' (f) = T ( k ) e · + 

0 ·z 

· .. 
/lla/ 

· rne T(~z)=2kz/(kz.+iki), k ~ = y'u 0-klz·' k~ =(~ t,ik~); 

'1'1~(~)=4rr !. /'ye (~')je(ik_'r')Ci ··~ _ . e,m . 111 • 111 
/12a/. 

.. -::;-:--- ~ -+ . . . . : ~: . 
r]\e r = r....:. r I r I . - KOOPJ\HHaT~ · :ueHTpa aaxyona, 

_k:=v'u 0 -k~.: 

nr '( ... ) ·4 .(.k') ~ .ec ,. f'.Y <'~')ho> ("k, ,·) /13 1 
. '~ T 2 f =,1711 e,-;;;~lc f1m e f1m r e .1 f ·;_ :~ 

...• '"" .. . "i ...... 2i8 '.. ... ·- . .... . . . . ' ... . ' .... 
f' =--(e e -1). e · 2k ' .. · ' 

. . .·, ~ 
IInoCKHe BOnHLI, pacnpocTpaHJIIOlllHeCH .K rpaHH:Ue pa3]\ena, . 

• ;...-o ' 

· OnHCLIBaiOTCH BLipa)KeHHeM 
.... , .... 

'I'' {1);;, I w _, .(p ~)e ip_.r_ d2p 
2- 2- - . t 

-~ 

--/15a/ ·· 
• ! -_.- \ 

3AeCL p::. = ( P:t -p ~ ) ' w 2...: (p...: ) 'Ta~e :· oiip~}\tmHeTCH 
4JypLe -npeo6pa30BaHHeM 'I' ' (t). B COOTBeTCTBHH CO cne-

2 
J\YIO~HM pe3ynLTaTOM: 

" ;-+ ,_;., .. 2 ~ .... : 
. e- , ~ (I) . . . - . . lp+ r d p .·. . . 

2rr:t ·Yern (r 1he (:tk'r')=:-IYern @~)e' -: ~./16a/ 
. .. . . . . ·- p'k''. 

z 
-~~-

9 
'· 

'i . ~ 
! ' ' . 

...... , 
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-+ , (-+ . , ) 
r,l:\e P· = p ,_±tp , + t z - . .. . ....., -+, 

" £...:m ·_ -•. " . " . . , . p +. P+ 
Y

0 
(p ') =(-1) Yo (p '), p '··'= --- = ...::.:,;__ •· 

Lm - . Lm + ± _ ip' .ik' 
TaKHM o6pa3oM: 

·~ ·' <P') =,-2 ~ f ,'C' (-l)f~+IY. (~ ') _L e- p: zl; /17a/ 
_2- •. - £,m £ £~, ~ + p , . ' z 

llnOCKHe BOnHbl, /17a/ ,_ npenOMHBWHCb _ Ha rpaHH:Ue Z = 0 _., 
C03,!:\aiOT B o6naCTH Z < 0 none /18/, B KOTOpOM 

w (p )=w' (p')T(p'), 
-3- - 2-:- - z 

/19a/ 
~·, . 

r,l:\e T(p ') = 2 i p ' I ( p + :i p '-)·. . C ,l:\pyroii:-cTopoilhi, oTpa-
z z z z ' 

3HBDIHCb: OT rpaHH:Ubi BHYTPb cpe.t\hl, nnocKue BonHhl /17a/ 
co3,!:\aiOT none 

.4, -+ 
1p r 

' 'V 3 ~ (1) = r~·; + ( p; ) e + d 2p t ' /23/ 

r,l:\e · 

-+ -+ 
w ( p ' ) = - w ' ( p ' ) R (p ) . 

3+ + . 2- - z ' 
/24/ 

CyMMa noneii: 'Vo'(;) +'V3~(f) C03,!:\aeT none /12a/, Bo3-
6y')K,l:\aiOmee BaKyonb. Pa3n<l')KHB ''I' , cr) + '1'3~ (rj no -ccile
pH'IeCKHM BOnHaM H npupaBHHB K /l~a/, HaH,l:\eM ypaBHeHHe 
,t\nH C&n , auanor;uquoe /~9/: 

c; = c~o> ' +I Q '(Lf' ,m)c';, £ 0 ~ , /20a/ 
Lm tm £ , . . L m r 

r,l:\e 

c (O)., ,;,'r< k j e ~kz~ y *.;('' '), /2la}. 
. ·&n . .. . z. , em + - . . . . . . -

f'-mt-1 " " . -2p~_I Jl . . ' -
Q '(£,£',m)=2(-1) f Yo* (p ')Y0 , (p ')e l{(p )_!l../22a/ 

an + tm + z p' 
. - ~ . z 

)J;nH . onpe,l:\eneHHH · nornomeuuH Y.t\06Ho Bee none,,YXO.t\HIUee 
B o6naCTb, z<O, 3an:acaTb .B BH,l:\e ,C.OBOK.YllHOCTH nnocKHX 
BOnH:-

.'10 

.-+ -+ 
-+ •P- r 2 

'I'_ (r) = f w_(p)e · d p
1 

• 

llonublii: yxo,l:\HIUHH noT OK npu. 3TOM _paB~H: · 

J_ ~ + 2~ J ['1'~(-:) v_ z 'I'(-:) ]cPp ·jz-+~oo= 
=(2~)2 J jw_(p_) 12_pzd2pt -~ 

/25/ 

. /26/ 

CpaBueuue ero c na,l:\8.IOIUHM Jo =kzS, r,l:\e S - nonua.a 
ocBemaeMa.a nnoma.t\b, noKa3blBaeT, 'ITO Ko31!>$u:uueHT nor no
IUeHHH fl paBeH: 

. - ' 2 
' 2 Pz -+ ·:2 d p 

[1.=1-:- f (277) k;lw_(p_)l_ T. /27/ 

<l>opMynbi /11- 24( no3BOnHIOT HaHTH W.:_ (p _ ) . '_B cnyqae 
UiapuKa 

-+ . '""' -+ 2i : -~. 
w _(p_) ::.R(pz)o( p t-kt )+ -p:- e!. f £ cl'm Y&n, (p+_) X 

. -ip zl £~ , ipzZI 
x [ e z . R ( p ) + ( -1) e ] , 

z 
/28/ 

a B cnyqae BaKyonu 
~:· . 

w (p )=R(p )o(p :-k ·)+ 1, ~ f0' C-'Yo (~_ ') x 
-- z .t t po LllnLm + 

z L,m /29/' 

e.- . .:..p'z 
.. x(-1) T(p')e z 1. z . 

Ecnu o6o3Ha'IHTb BTOpbie · cnaraeMble B /28/ H /29/ 11epe3 

GCp) , TO fl MO')KHO npe,l:\cTaBHTb B BH.t\e 
•. 2' . . . • ' . - . . . 

fl= 1-:-I-R(k
1 
)I~ _(217) [2Re[G(k)R~ (k) ]+ fl G(p) 12 

:z d2
p

1 
l. /30/ 

s Z· 

B cnyqae OTCYTCTBHH nornomeHHH KaK B CaMOB CTeHKe, 
TaK H B mapHKe HnH BBaKyoml j.R(k 1 )j 2 ='1 "H Bblpa')KeHJie 
B _KBa,l:\paTHbiX CK06KaX B /30/ ,l:\Oll')KHO o6pamaTbCH B Hyni.. 

~II 
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• 

Ilocne.n~u!e ecTL . ~o.pMyJIHpooKa onTuqecKoii ·:TeopeMLI ,nnH 
.nauuoii cnTyanuit:. · : -.;~ 

AMnnnTy,na pacce.HHHH f e H ,nnH wapuK(>B, H .nnH oa-
Kyonu .MO>KeT 6LITL. npe,ncTaBneila O,nHHaKOBLHd BLipa>KeHHeM. 
Ecnu .o6oJuaqnTL qepeJ k ·BoJIHoooe qucno na,naJmneiinnoc
Koii :BonHLI ue_iiTpoua, qepe3 p - oonuoooe qucno_ ueiiTpoua 
BHYTPH wapuKa /HnH BaKyonH/, qepe3 a ..: pa,nuyc wap~Ka 
/un8 oaKyonu/, a qepe3 a u f3 oenuqnnLI ·ak u ~~p cooT
oeTcToeuuo, TO 

.xa a j i (a) .ie ({3 )- f3 j i ({3) je (a) 

fe =--;;- f3jf(f3)~I~a).iah( l),(a)j W ~ 
. e e e 

•. 

/31/ 

PaccMOTPHM cnyqaii, Kor.na BCeMH f e ' KpOMe o,nuoro, 
MO>KHo.npeue6peqL, T.e. Kor.na o.nuofe HMeeTpeJonauc:. 
uoe nooe.neuue. HanpuMep, nycTL ::~-To 6y,neT f 0 , i.e. 
HaH60nee Cyll.\eCTBeHHLIM HBnHeTCH S - pacceHHHe. 0TMe
THM~ qTo s - pacce.HHH'e· Mo>KeT J\oMHHHpOBaTL TaK>Ke n)r,na, 

l . .. • 

Kor.na paJMepLI pacceuoaTenH ManLI no cpaoueumo c .nnuuoii 
oonnLI ueiiTpoua, o.nuaKo 3TOT cnyqaii Mano unTepeceu, 
nOCKOnLKy OH XOpOWO OnHCLIBaeTCH o6LJquoii. TeOpHeii 803-
Myll.\eHHH. KpoMe Toro, H3 ,noyx pacceuoaroll.\HX o6'LeKTOB 
/wapHK H BaKyOnL/ TOnLKO nocne,nHHH MO>KeT HMeTL 
pe30HaHC, ll03TOMY HMeHHO ero MLI H 6y,neM paCCMaTpHBaTL. 

06oJnaqaiJ o cnyqae oaKyonu a= i k 'a = iq , f3= ka. 
nonyqaeM: 

fo=..!!..eq 
q 

q sin f3 ch q - f3 cos f3 sh q 
/32/ 

f3 cos f3 + q sin f3 

Ilpu k =kp TaKHX, qTo f3 cosf3 + qsin f3 = 0 , aMnnuTy:\a 
f o HMeeT nonroc. PaJnaraH JHaMenaTenL f o no ~k =k

2
- kpli 

yqHTLIBaH, qTO 

/u 0 =u 0.-iu 0 
noTennuan u 0 co.nep>KHT MHHMYIO.! qacTL. 

, U ;; «_ U O /, npe,nCTaBHM f O . B BH,ne 

fo -::. - __ A:.:._ __ 
· · l!! k 2+ ir1 

/33/ 

·r.ne -'"'" 

12 

., 

2 
A~ 2q k a e2q' r 

·- y2(1+q) I 

• l ~·~.: 

. - 2 '.Y = u·' a 2 
0 /34/ 

;. 

~ . .. ·. 2 . 2 . 
Haii~eM Ko::~«WJunuenT nornoll.\eHHH o6nu3H k :;sk P , Kor.na 
oce f e ' KpoMe f 0 ' MO)KHO llOJIO)KHTL paBHLIMH uynro. B 3TOM 
cnyqae cornacuo /29/ · · 

-p'zl 
w (p ) = R ( k )8 (p - k )+ 1. f

0
'C 

0
'
0 

1 T (p ') e z 
- z t t p' . _/4 z 

z v 1T 

/36/ 

r.ne C 00 onpe,nenHeTcH ypaoueuneM /20a/, KOTopoe TenepL 
HMeeT BH,Z\ 

. 
c =Co +f 0QC. /35/ 

3.necL ,nnH ynpoll.\eHHH Janucu nepeo6oJuaqeuo · C=C 
00 c =C (O) , Q =Q ( )lb /36/ uaxo,nuM · 

0 00 0 ,0,0 ' J 

Co ._ 
c = --=--

1- f 0Q 
r.ne· 

. ' . ' 2 . 1 · p -lp -2p ZI d p . 
Q =- -f ~-·-z-e z -~··/37/ 

2TToop.+ip': p 
z. z . z 

C 
1 -k' z 

0 = -:= T (k )e z I 
..j4TT z 

• j; 4 ' • ' j •. 

Ilo,ncTaBHB Haii,neHHLie BLipa>KeHHH B /35/, no.JiyqHM: 

-> ->. . (277)2 . r(kz,pz) ·,/38/ 
G(p)=w_ (p_)-R(pz)o(pt-kt)=- $-21 l!!k2+o +i(ri +r2) . 

r.ne 
r 2 = A Tm Q , 8 = ARe Q , 

· · · A kz k -ik' -(p"+k')z·I· 
r(k,p) =- -,- z . z e z z 

1T u . 
···OP+lp. z z 

./39/ 
.--,;-

HeTpy.nuo rrpoiJeJ):HiL, qTo ' 

., 
•13 •' 



.. 

,. 

' . . P.· . 
2Re [r (kz,kz)r2 R*(kz)] -A Ilr(kz,pz)l

2 
kz d 

2
pt, 

z 

no3:oMy eornaeHo 1301 

(2 )2 
· · r (k ·k ) r R * (k ) 

fL = 1 - I R 12 + _77_ 4 z' z I z . I 40 I 
. . s 2 2 2 

~ (~k +o} +(r
1
+r

2
) 

Ilony'leHHoe Bhipa:>KeHHe eHJihHO ynpoll\aeTe.H, eenH yepe.n
HHTh ero no yrnaM na.neHH.H ene,nyiOII\HM o6pa3oM: 

ii = .L I k z td k ) d n . 
7T k z 

Iloene yepe,nHeHH.H nonyqaeM: 

. 2 •· 4r
1 
r 

2 - - (2 7T )_· - ___ _!.-=~---· 2 
f1 =tt·o + 77k2S (~k~o)2+(ri +I~) 1411 

IlyeTh 'lHeno J!OP pa,ll,Hyea a Ha rny6HHe z B enoe 
TOJIII\HHhi dz paBHO N ( z) dz W (a) da . IlpHMeM, 'ITO N(z)=NAL, 
a W (a) onHehmaeTe.H norilopMaJihHhiM paenpe.neneHHeM .)/: 

a2 /2 -:-:-1 ' 2 · 2 
· W(a) =[v'277aa

0
e 1 exp[-(fna-fna

0
) /2a l. 

TOr,ll,a 

. ~" ~ G <llfL>=<ii-'iio>=I--dzJW(a)da -- · · . 1421 
. 2 2 2 ~ sL k (1'\ k' +o) +<r

1 
+r

2 
J 

Y epe,nHJIJI no eneKTPY .,, ,' 

<<~ 11»=-4- I k 3dk<~ 11 (k)> 1431 
( , )2 . 
uo .. . , . . 

3 
H Y'lTbiBaJI, 'ITO B HHTerpaJI 1431 ,naiOT BKJia,n (ka) o6nae-. 
Teii Ka:>K,naJI WHPHHOH ~k 2 ::: r 2' nonyqaeM ~PH r).« t2 : 
J4. 

" 

«~fl·»- Idz 32 " 11 I(y'u0-a)3 r 1 W(a)da, 
(uij) 2 . . . .. 

/441 

r,ne n - _'lHeJIO nop B e,nHHHUe o6i.eMa B npHnOBepxiloeTHOH 
o6naeTH H. r,ne, KpOMe TOrO, Bee. k 2 H k' 2 npH6JIIDtceHHO 
3aMtmeHht Ha u' . Y'lHThiBaJI, .nanee, 'ITo (4rr/3) IW(a)a3da::,'V( 
epe,ll,HHH 06'beM nophl, BBO.ll.JI y,neJibHyiO nopHeTOeTb 'V p='='VI n . 
H 3aMeH.H.H nee oeTaBwHeeJI apryMeHThi a Ha a0 , nonyqaeM:' 

«~[L» = 24'Vp I rl dz. 1451 
. .. y'u o . · .. 

BLipa:>KeHHe I 411 enpane,nnHBO TOJILKO .no Te:X zma:t npH KOTO-

phlx r.
2 

$ ·rl, 'ITO 3KBHBaJieHTHO Z :::a·- 1 fn 110 ; r,ne 
max 2y'uij · 

' . . 
f1 O - K034JqJHUHeHT norJIOII\eHH.H npH. OTpa:>KeHHH OT HAeaJihHO 

pOBHOH noBepXHOeTH, yepe,nHeHHhiH no . yrnaM na,ll,eHHJI H 

" Uo . , 
eneKTPY I f1 0 = y ;:;-;-- I . . BenoMHHaJI Bhlpa:>KeHHe 134/ . .nn11 . 

0 
f't H nonaraJI {3 2 = q2 =Y 2 =a2u 0 , no.JiyqaeM:, 

2 -«~11»""- 24'VpPoz~axYuo 1+ aovuo. 1461 

U3 noene,nHero Bhipa:>KeHHJI BH.ll.HO, ·'ITO MaKeHMaJILHoe no
rnoll\eaHe 6y,neT HMeTb MeeTO npH a

0
yu

0 
:;:: f , 'ITO eooT-

BeTeTByeT z =- - 1-f'nfl .IlonaraJI y:Ka3aHH,hle eooTHowe-
max 2y'u 

0 
0 . . . 

HHJI BhlllOJIHeHHbiMH, nonyqaeM .I:{JIJI K034J!lJHUHeHTa norJIOII\e
HHJI ene,nyiOII\ee Bblpa:>K~HHe:. 

«11» ""flo(1-12'VP f.nf1 0 ). /471 

.,Zl,nJI ena6o nornoll\aiOII\HX Bell\eeTB fL 0 :: 1.9-
5 

I eM. 151 I, 
n03TOMY 

· «fL» :;: 110 (1 +138'VP ). 

EenH noTpe6onaTh, 'lT06hl <<11>>::::. 10 flo , To Heo6xo,nHMO 

·.15 
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npHHHT~, "liT? 'Vp ::.~,1 no KPJlHHeii Mepe B npano~~p~HOCT
HOM cnoe rny6HHOH 'L =lOOOA .. HHTepecHo OTMeTHTL, "liTO 
y fileppoMarHHTHOH CT,eHKH 3filfileKTHBHaH 'V p , OTBeqaroutax
pa3HLIM ~OMeHaM, MO)KeT 6LITL :::0,5 ,T.e. np~ /lo::: 0,001 
«p.» ·::: 0,04 , T.e. «w>'> ... 40p. 0 • 

ABTop · 6naroAapeH Be eM qneHaM rpynnLI YXH B.· JIH<I> 
OH.HH .. 3a no:~~e3HLie .o6cy)K~eHH.H:, a TaK)Ke A.B.CTenaH~~y 
3a·BHHMaHHe K.pa6oT.e. 

1. B;K.HZHQTIIOBU'I. 
1972. 

2. B.K. HzHamoeu'l. 
1972. 

3. B.K. HzHamoeu'l. 
1973. 

4. A.C.repacuMoe 
,l(y6Ha, 1973. 

Jlumepamypa . 

,Coo6UieHue OH.JIH, P4- 6681, j(y6Ha, 

IlpenpuHm OH.JIH, P4-6553, ,i(y6Ha, 

Coo6UieHue OH.JIH, P4- 7055, , ,l(y6Ha,. · 

u op. Ilpenpuum OH.JIH, P4- 6970, 
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Pyi<onacL nocTynana. B HJ~aTenLCI<Hii OT~en · 
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_., .• · .. - :~ 


