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B 3Kcnep~MeHTax ' l ' 6~na AOKa3aHa B03MDmHOCTb KonneKT~BHoro 
ycKopeH~R TRmen~X ~OHOB B 3neKTpOHH~X KOnbUaX. nanbHeRwee pa3-
B~T~e KOnneKT~BHOro MeTOAa CBR3aHO B nepey~ 04epeAb C nOB~we
H~eM HanpnmeHHOCT~ yCKOpR~~ero ~OH~ 3neKTp~4eCKOrO nonR KOnb
ua 3a c4eT yeen~4eH~R 4~cna 3neKTPOHOB. 

4~cno 3neKTPOHOB e KOnbue Ne orpaH~4~eaeTcR Tpe6oeaH~RM~ 
KorepeHTHOR yCTOR4~BOCT~, B 4aCTHOCT~, ycnoe~eM yCTOH4~BOCT~ 
nPOAOnbHOro /a3~MyTanbHOro/ AB~meH~R 3neKTPOHOB 12'· 

rry r Z -1 .. 2 
N < _..:..o_o;___ \-"-

1 
( _Ll_l_) 

e- 2 z l 
4 rK .~ Q r n 0 

/1/ 

rAe f O - paA~YC KOnbUa, YO- penRT~B~CTCK~H ct>aKTOP epa~a
e2 

TenbHOro AB~meH~n 3neKTpOHOB, rKA = --
2
-- KnacC~4eCK~H paA~YC 

me 
3neKTpOHa, Qr - OTHOC~TenbHaR 4aCTOTa paA~anbH~X 6eTaTpOHH~X 
KOne6aH~H, Z n- ~MneAaHC 3neKTpOHHOrO KOilbUa, Z o= 4rr/ C - ~M-
neAaHC ceo60AHOro npocTpaHCTBa /Z 0 = 120rr OM e eA~H~uax CH/, 
!'J.£ / £ - OTHOC~TenbH~H 3HepreT~4eCK~H pa36poc 3neKTpOHOB B KOnb-
ue. 

HMneAaHC 3neKTpOHHOrO KOilbUa onpeAellReTCR COOTHOWeH~eM 

/2.1 
In 

rAe In, Eno-e i(nO-Dt)_n -b1e a3~MyTallbHble rapMOH~K~ TOKa KOilbUa 
~ reHep~pyeMoro ~M npoAOnbHOro 3neKTP~4eCKoro nann, ycpeAHeH
Horo no ce4eH~~ KOnbua. 

B pa6oTax 13 •4 1 noKa3aHo, 4TO, 3KpaHI1PYR KOI1bUO 6n~3 K~M~ npo
BOAR~~M~ CTeHKaMI-1, MOmHO A06~TbCR cy~eCTBeHHOrO yMeHbWeH~R 
11MneAaHca Ha rapMOH~Kax; 

rrr0 n <-
h 

/3/ 

rAe h - paCCTORH~e MemAY CTeHKaM!-1. B CBR3~ C 3T~M cmaT~e 3I1eKT
POHH~X Koneu npOBOA~T..:R e y3K~x MeTann~4eCK~x KaMepax I h/ b« 1 , 
rAe b - paAHYC KaMepbl/. 8MeCTe C TeM AJlR BHCOKHX rapMOHHK n 
803MOmHbl pe30HaHCbl Ha C06CTBeHHbiX MOAaX KaMepbl, Ha 3THX rapMO
HHKaX HMneAaHC B CI1y4ae BbiCOKOH A06pOTHOCTI1 KaMepbl NOmeT 3Ha-
411Tei1bHO npeablwaTb HMneAaHc ceo60AHOro npocTpaHcTea. no Mepe 
cmaTHR 3IleKTPOHHOrO KOI1bUa CTaHOBRTCR pe30HaHCHbiM~ BCe 6onee 
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HH3KHe rapMOHHKH 4aCTOT~ o6pa~eHHH. OnpeAeneHHe HMneAaHca 
KOflb~a Ha pe30HaHCHWX rapMOHHKaX HBITReTCH eamHO~ 3aAa4eH, 
TaK KaK HMeHHO B pe30HaHCaX AOCTHraeTCH MaKCHMaflbHOe 3Ha4e
HHe IZ l/n , onpeAenR~~ee noporoeoe 4Hcno 3neKTpOHOB e KOflb~e. 

n ~ ~ 6 B~pameHHR AflH HHKpeMeHTOB pe3oHaHCHOH HeycTOH4HBOCTH ~-

nH nony4eHbt e pa6oTax 15 •6 1 • B yKa3aHHbtX pa6oTax, OAHaKo, Y4K
T~eanocb B3aHMOAe~CTBHe TOflbKO C pe30HaHCHO~ MOAO~, 4TO 
cnpaeeAflHBO flHWb B Cny4ae BbiCOKO~ A06pOTHOCTH KaMepW. npH CHH
meHHH A06pOTHOCTH /4TO He06XOAHMO AflR YCT0~4HBOCTH KOflb~a 
C 60flbWHM 4HCflOM 3neKTpOHOB/ npOHCXOAHT nepeKpbtTHe pe30HaHc
H~X flHHH~ / 7 / ~ H pe3yflbTaTbt pa6oT / 5,6 / TepH~T npHMeHHMOCTb. 

B HaCTOH~e~ pa6oTe HccneAyeTCH enHHHHe KOHe4HO~ A06pOTHO
CTH KaMepbt Ha HMneAaHC KOflb~a. npeAnOnaraeTCR, 4TO KaMepa 
o6pa30BaHa nnOCKMMH napannenbH~MH 60KOB~MH CTeHKaMH npOBOAH
MOCTH a, pacnonomeHHbiMH Ha paCCTOHHHH ± h/ 2 OT MeA11aHHO~ nnoc
KOCTH Z =0, 11 ~11flHHAPH4eCKO~ 11AeanbHO npOBOAR~e~ noeepXHOCTb~ 
/o6e4a~Ko~/ paA11yca b. 

~MneAaHC 3neKTpOHHOrO KOflb~a /2/, KaK H3BeCTH0 / 7I , MOmeT 
6btT b npeACTaeneH e BHAe cyMMbt ABYX cnaraeMbtX. nepeoe - KBa3H
cTaTH4ecKaR 4aCTb HMneAaHca: 

z st . 
__ n- = 1 (L, + 1) • 

nZ 0 2f3oyJ '-h 
rAe L'- HHAYKTHBHOCTb Ha eAHHH~Y AflHHbl, {3

0
=(1-1 / yg) ,norap11¢

MI14eCKM 3aBHCHT OT pa3MepOB nonepe4HOrO Ce4eHHH KOflb~a M Mano 
npH ynbTpapenRTHBHCTCKHx 3HeprHHX 3neKTPOHOB y 0>> 1. BTopoe
Ha30BeM erO BOflHOBO~ 4aCTb~ MMneAaHCa - npaKTH4eCKH He 3aBHCHT 
OT 3Heprl111 3fleKTpOHOB M Manwx pa3Mepoe KOflb~a. 

~HTepecyRCb TOflbKO BOflHOBO~ 4aCTb~ HMneAaHca, 6yAeM C4HTaTb 
KOflb~O 6eCKOHe4HO TOHKHM, TaK 4TO AflR B03MymeHI1H nnOTHOCTH 
TOKa j nO 11 3aPRAa p n KOn b~a HMeeM 

j nO =In 8(r- ro) 8(z) ei(nO-Ot) n . 
P = --J o 

n nr n 
/4/ 

np11 B~411CfleHHM 3fleKTPOMarHHTHOrO nOnH B Ka4eCTBe rpaHI14H~X 
ycnOBI1~ Ha 60KOB~X CTeHKaX ew6epeM ycnOBI1R neOHTOBH4a: 

it =e[iit;Jiz=±h/ 2 • /51 
.... .... 

rAe E t, H t - TaHreH~I1an~Hbte cocTaenR~He HanpRmeHHOCTe~ 
3neKTPOMarHHTHoro nonR, n - HOpManb K noeepxHOCTH, HanpaeneH-

HaR BHyTpb MeTanna, (=(1-i)y f2 =(1-i)(0- noeepXHOCTHbl~ 11MneAaHC 
877a 

MeTanna. 

2 

PeweHHe ypaeHeHI1~ MaKceenna c rpaHI14H~MI1 ycnoBI1HMM /5/ 
/CM. npHnOmeHHe/ npHBOA11T K CfleAY~~e~ ¢QpMyne AflH BOflHOBO~ 
4aCTH HMneAaHca : 

2 2 2 , 2 
~=i4"ro~ I k -krE. Jn(~Ero>. [¢gE(z=0)] 

nZ b 2 ~q=l k 2-k 2 k 2 N M 
+ z 

n 

0 s= 1 nE rE sE qE !6! 

+ 
J~ 2(krHrO) [¢qH(z=0)]2~· rri ro 2n ~ 
_:.:..---.:;---.:;_ . - -[ 1-(-) ] ---

k 2- k ~H NsH M qH 2 b 1- i ~ ~ 

1 

2r0 

rAe Jn(x) - ¢YHK~HR 6eccenR, WTPHX 03Ha4aeT npOH3BOAHY~ no 
apryMeHTY, 

N =J'2( E ), N =[ 1-(_n_)2 ]J2 ( H ) 
sE n 11 ns sH H n 11 ns 171 

11 ns 
- HOPMI1pOB04Hble MHOmHTenH, Jn(11n~ )=0, J~ (11~s) = 0, 

E,H 
11 ns k n 

c 
k 

rE,H b 
k = (A 

2 
+ k 2 ) 'h 

nE,H qE.H rE.H !8! 

BbtpameHI1H AflR aKcHanbHbtX co6cTeeHHbiX ¢YHK~H~ ¢ E (z) , co6cTeeH-
~ ' q ,II 

HbiX 3Ha4eHHH " E H 11 HOPMI1POB04HbiX K03¢¢H~MeHTOB M qE,H nptA-
BeAeHbl B npHnom~HHH. B fli1He~HOM no ~ npH6nMmeHHH co6cTBeHHble 
3Ha4eHMH AqE,H 11Me~T BHA 

rAe 

2i(k 2i( 
AqE =AqO(l- 2 ), A H=AqO (1- --), 

Aqoh q kh 

A qO 
rr(2q -1) 

h 

/9/ 

np11 (=0 HMneAaHc /6/ nepexOAHT e ¢opMyny, nony4eHHY~ c no
MOmb~ pa3nomeHHR B PHA no C06CTBeHHbiM ¢YHK~HHM HAeaflbHO npoeo
AH~ero pe3oHaTopa 17 1 . 

Pe3oHaHCHbte 3HaMeHaTenH B /6/ npH k =knE ,H npeACTaBnH~TCR 
B BHAe 

ikk 
k 2 _ k 2 = k 2 _ k 2 + pe3. E, H 

nE,H pe3. E.H Q ' /10/ 
E.H 

2 2 '-h 
rAe kpe3 .E,If(krE ,H+AqO).a QE ,II- A06pOTHOCTH COOTB€TCTByiO~HX 
MOA. ~CnOflb3YR COOTHOW€HMR /8/-/10/, nony4HM 

3 



4.; 0 g-1 
E 

!1k pe3. E 

g-1 
H /11/ 

0TMeT~M, 4TO ,Q06pOTHOCTb pe30HaTOpa y8en~4~8aeTCR C pOCTOM 

HOMepo8 s ~ q,np~4eM c y8en~4eH~eM HOMepa s QH pacTeT cy~ecT-
8eHHO 6biCTpee, 4eM QE *. 

npo80,Qfl 8 $0pMyne /6/ CYMM~p08aH~e no ~H,QeKCy s 1 71 , ~MeeM 

¢ '~0).\2 
..:.qE_--.:.qE_J (x r ) [ Y <x r ) -J <x r ) D <x b) l + 
X 2 M n qE 0 n qE 0 n qE 0 nE qE 

- 2 

00 

~ Z = i " r l 
n 0 q= 1 

qE qE /12/ 

¢2 ~) I 
+ qH J'(x r )[Y' (x r )-J' <x r )D <x b)] 

M n qH 0 n qH 0 n qH 0 nH qH 
qH 

r,Qe 

yn (x) v;(x) 2 2 'h 
D (x) ~ , D (x) ~ , X ~ (k -A ) 

nE J (x) nH J' (x) qE,H qE,H 
n n 

Ecn~ >Ke 8 /6/ npo8eCT~ CYMM~p08aH>1e no ~HAeKcy q /eM. np~
no>KeH~e/, TO 

- .2"ro l 
zn =-1~ s= 1 

. h ·t: k b. 2 smx -+1-,-- cosx -
Jn(krEro). XsE. sE2 XsE sE2 

J ~2(krH r o> 

NsE k 2 h ·t: k . 
rE cos X --1-,-- sm X 

sE2 X sE 2 
. h . X sH h . sE 

smx -+1.; --cosx -
sH 2 k sH 2 

+ 
h 

+ ---------------], 
h . X sH . h 

cosx - -1E--smx -
sH 2 , k sH 2 

/13/ 
NsHXsH 

2 2 'h 
r,Qe X sE H ~(k -krE H) .B n~Hei1HOM no .; np~6n~>KeH>1~ ¢OPMYnbl I 12/, 
/13/ co~na,QaiOT c ' nony4eHH~M~ 8 / 7/ c noMO~biO Teop~~ 803My~eH~i1. 

HHTepecyf!Cb o6naCTbiO 4aCTOT, 6n~3K~x K co6cTBeHH~M 4acTo

TaM pe30HaTOpa (bXqE,H - 11 En,: '> n). ¢YHKU~>1 J n , Y n B K03<)><!>~u~-
eHTaX DnE ,H MO>KeM 3aMeH~Tb ~x ac~MnTOT~4ecK~M~ e~pa>KeH~RM~ 
,QnR 6onbw~x 3Ha4eH~i1 apryMeHTa . Tor,Qa ,Qnfl 4aCTOT, 6n~3K~x · 

K peao, aHCHbiM ,Q~fl. E -8onH (k::.~j>.P-3 .E), DnE===icth KE, DnifithK E; np~ 
k=kpe..~.H , DnE-1thKH , DnH-lcth KH · Ben~4~Hbl K E.H C8fl3aHbl 
C ,Q06pOTHOCTflM~ /11/: 

* Y4eT KOHe4HOH np080,Q~MOCT~ o6e4ai1K~ np~80,Q>1T K OA~HaK08biM 
' 7 ' 3aKOHaM >13MeHeH~fl QE H np~ 6onbW>1X S . . . 

4 

b 
K 

E,H 

k2 
pro. E,H 

k Q 
rE,H E,H 

2 /14/ 

PaccMaTp~8afl OTHOWeH~e kte
3

/ kr KaK 

~ 2(2q-1)E.. ,cne,Q08aTenbHO 

2 
<)>yHKU~IO k r .~MeeM (kpe'1. / kr) mi 

h 

7Tb _1_ 
> (2q- 1) h. QE ,H K E.H /lSI 

8 cny4ae 8biCOKOi1 ,Q06pOTHOCT~ KaMepbl (K E .If<1) 8 OKpeCTHoc;~, 
pe3oHaHca k=k ~Mne,QaHc MO>KeT 6b1Tb npe,QcTa8neH 8 8~,Qe ' 7 PC3 . 

Z n ~ 2Q R n + iP n , 

r,Qe R n - K03<!J<)>~U~eHT C8fl3~ C pe30HaHCHOi1 MO,QOi1, iP n - 8Kna,Q 
Hepe30HaHCH~X MO,Q 8 ~Mne,QaHC. 

B y3KOM pesoHaTope (h/ b <<1)cneKTP co6cT8eHH~x 4aCTOT pas6~-
8aeTcR Ha nocne,Qo-saTenbHOCT~ 6n~3KO pacnono>KeHHbiX 3Ha4eH~i1, 
COOT8BTCT8yiO~~X O,Q~HaK08~M HOMepaM q ~ pa3H~M s; 4aCTOT~, CO
OT8eTCT8yiO~~e pasH~M q ~ OA~HaK08~M s. c~nbHO pasHeceH~. Y4~
Tb1Sar~ 6n~30CTb pe30HaHCHbiX paA~YC08, OT8e4aiO~~X HOMepaM S 

~ S+1, e y3KOM pe3oHaTope K03<!><!>~u~eHT~ C8fl3~ Rn MO>KeM pac
cMaTp~8aTb KaK ¢YHKU~>1 paAHyca KO!lbUa r

0
; ,Qnfl S » 1 

r,Qe 

R •. 
nE,H ¢ 

v ~ 
"(2q-1)r 0 

h 

nE.H (v) 

2nv 4 2 --2-
¢ ~ -==...-J (ny1 -v ) 

nE I 1 2 n 
" -v -- --

¢ ~ 2nv 2y1 -v 2 J' 2(ny1-v 2) nH n 

Ms <)>opMyn /16/, /17/ cne,QyeT, 4TO 

/16/ 

/17a/ 

/176/ 

1/ pe3oHaHc~ Ha MO,Qax c q > 1 3Ha4~TenbHO cna6ee, 4eM Ha Mo
,Qax c q ~ 1; 

2/ pesoHaHCbl Ha MO,Qax c ,QaHHbiM -q TeM cna6ee, 4eM 6n~>Ke 
K KOnbUY pacnono>KeHbl 60K08ble CTeHK~ KaMepbl /TO BCTb 4eM MeHb-
We OTHOWeH~e h/ b I. · 

Bocnon b3o8a8W>1C b "np~6n~>KeH~eM TaH reHcaM~ 11 18 ! ,Qnfl ¢YHKI.l~i1 
oeccenfl, 8XO,Qfl~~x 8 /17/, nony4~M cne,QyiO~yiO annpoKC~MaUHIO ,Q!lfl 
¢ np~ nv 3 » 1 : 

nE,H 
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n-Ih 
ct> _ ct> (v) = ..!._v3e 2nv (1-v) 

nE,H n TT (l + v)n+% 
/18/ 

Anfl ,QaHHOrO n <I>YHK~I-1fl <1J n (v) .QOCTI-1raeT MaKC"'MyMa * np!-1 

- 3 1/ 3 2 3 2/ 3 
v = v (n) - (-) [ 1 - - (-) ] . 

max 2n 9 2n 
/19/ 

C yMeHbWeHI-1eM .Q06pOTHOCTI-1 Q peaJlbHaR 4aCTb I-1Mne,QaHCa y6bl

eaeT nponop~l-1oHaJ1 bHO Q AO Tex nop, noKa BbrnonHeHo ycnoe1-1e 

K << l. Ecn~-1 KE,H > 1, 4TO, cornacHo /15/. I-1MeeT MecTo np~-1 .Qo6-

POTHOCTfiX Q < TTh/ h, TO D E H:::i A11fl BCeX MOA C Rex 2> 0, 1-1 1-1Mne-
- n , Q 

,QaHC /12/ npl-1 b-r 0 » h nepecTaeT 3aB!-1CeTb OT .Q06pOTHOCTI-1 11 

OTHOWeHI1fl h/ b 11 BbiXO.QHT Ha 3Ha4eH11er COBna,Qa~ee C 11Mne,QaH

COM KOJlb~a, 3KpaHI1pOBaHHOrO ABYMfl 6eCKOHe4HO npOTJ'ImeHHbiMI1 na

paJ1Jle1lbHbiMI1 nnaCTI1HaMI-1 14 1 **. He3aBI1CI-1MOCTb I-1Mne-.QaHca oT .Qo6-

pOTHOCTI1 np11 MaJlbiX ee 3Ha4eHI1fiX 06"bfiCHfleTCfl TeM, 4TO np11 

yMeHbWeHI111 Q .QO 3Ha4eHI1~, COOTBeTCTBYIOIJII1X K -1, npOI1CXO.Q11T 

nepeKpbiT11e pe30HaHCHbiX 1111HI-1~, npl14eM 411C110 nepeKpbiBaiOIJII1XCfl 

1111HI1~ paCTeT KaK 1 / Q. 

Ha puc.l noKa3aHa 3aBI1C11MOCTb MOAY11fl 11Mne.QaHca K01lb~a, 

3KpaHHpOBaHHOrO ABYMfl 11,QeaJlbHO npOBO.QfiiJII-1MI1 nJlaCTI1HaMI1 , 0T OT

nh 
HOWeHI1fl .QJlfl He4eTHbiX rapMOHI1K n. nyHKTI1pOM noKa3aH MO-

TTfo 
AY1lb 11Mne.QaHca K01lb~a e ceo6o.QHOM npocTpaHCTBe. KaK cne.QyeT 

113 rpa<!>I1KOB, MaKC11MaJlbHOe 3Ha4eHI1e 1-1Mne,QaHca KOJlb~a, 3KpaHI1-

POBaHHOrO 6eCKOHe4HbiMI1 nJlaCTI1HaMI1 /H11mHI-1~ npe,QeJl, K KOTOpOMy 

CTpeMI1TCfl 11Mne,QaHC KOJlb~a B Y3KOM pe30HaTope C yMeHbWeHI1eM Qj, 
npeBOCXO.Q11T MO.QY1lb 11Mne,QaHca KOJlb~a B CB060.QHOM npOCTpaHCTBe 

Ha .QaHHO~ rapMOHI1Ke. Anfl n = 1 MaKCI1Ma1lbHOe 3Ha4eHI1e 11Mne.QaHca 
TTf - -

.QOCTI1raeTCfl np~-1 V = -
0
- =1, np11 3TOM ReZ 1 =TT, a ImZ 

1
norapi1<!>MI-1-

nh 
4eCKI1 paCXO.QI1TCfl. Anfl n >>l MaKCI1MaJlbHOe 3Ha4eHI1e 11Mne,QaHCa .QO-

CTI1raeTCfl np11 v=n-113 11 y6biBaeT c pocTOM n KaK 1,3·n-213 . Ha 

MaJlbiX pa,QI-1yCaX, nv 
3 

<< 1 , 11Mne,QaHC BbiXO.Q11T Ha 3Ha4eHI1e, COOT

BeTCTBYIOUiee He3KpaHI1POBaHHOMy KOJlb~Y· 

Ha puc. 2 noKa3aHa 3aBI1CI1MOCTb Zmax (ro / h), cooTBeTCTBy~afl 
MaKCI1MyMy I Z n I KaK <I>YHK~I-111 n np11 ¢l11KC11POBaHHOM r o/ h . To4Ka

MI1 nOKa3aHbl HOMepa rapMOH11K nmax (r 0 / h), .QJlfl KOTOPbiX 11Mne,QaHC 

* 3aBI1CI-IMOCTb MaKCI-!MaJlbHOrO K03¢l¢l11~11eHTa CBfl311 Rn max OT HO

Mepa rapMOHI1KI-f n npi1Be.QeHa B pa6oTe 191. 

* * 3TOT BbiBOA He 3aBI1CI1T OT cnoco6a yMeHbWeHI1fl .Q06pOTHOCTI1. 

K aHanor~-t4HOMy pe3y1lbTaTy npi1BOAI1T ¢leHoMeHonorl-14ecKoe see.QeH~-te 
.Q06pOTHOCTI-1 B BblpameHI-1e AJlfl 11Mne,qaHca KOJlb~a B 1-1,QeaJlbHO npoeo

AfiiJieM pe3oHaTope / 71 . 

6 

\ 
) 

( 

\ 

MaKCI-1Ma11eH. npl-1 r > h c IZ I 
0 :: h n 

xopowe~ T04HOCT biO Z =0,~ 
max r 

0 
1-1111-1 B e.QHHH~ax CH 

IZn ~ h 
(-) =150- /OM/ /20/ 

n max r0 • 

HTaK, .Qllfl yMeHbWeHI-1fl 

seJll-14~-tHbl ~-tMne.QaHca 6oKo

Bble CTeHKH KaMepbl CJle,QyeT 

pacnonaraTb KaK MOmHo 

6J111me K KOJlb~Y 1-1 yMeHb

waTb .Qo6poTHOCTb KaMepbl 

Ha pe30HaHCHbiX rapMOHI-!KaX 

AO 3Ha4eHH~ Q < ~. npo-
- h 

Be,QeM 41-1CJleHHYIO O~eHKy. 

2. 

t. -------

~( 1 0 
nycTb7=0~ , y0r 0 = 

I ? >I«'{ I ~-~ -- J 

= 200 eM, Qr= 1 ,rofh=1 ,2. 

Tor,qa, cornacHo /1/ 11 /20/, 

N < 1,7·10 13 ; 

0. I. 2. 3 . ' 

e -
AeTopbl 6naro,qapHbl 

3.A.nepenbwTe~HY 11 6.r.mi1-

Hoey 3a HHTepec K pa6oTe 

11 none3Hble 3aMe4aHHfl. 

nPHfl0>:{EHt-1E 

HanpflmeHHOCT~-t 31leKTPOMarHI1THoro 

nOJlfl B pe30HaTOpe Y.QOBJleTBOpfiiOT BOJl

HOBbiM ypaBHeHI-1fiM C 11CT04HI1KaMI-1 

-+ 2-+ 4 TTk -+ 
~E + k E = 4TTgradr + -c-j 

-+ 2-+ 4 -+ 
~H + k H = - -.E rot j 

c 

;n. 1/ 

Puc.l 

Zmax 

1. 

.5 

n-h 

11r0 

20 

10 

c rpaHI14HbiMI-1 ycnoBI-1fiMI1 Hn ~ o, E t = 0 
Ha o6e4a~Ke 11 ycnos11eM /5/ Ha 6oKo

BbiX CTeHKax: 
0 1 2 

Puc.2 

3 r 0/ h 
h 

E o± t'H = 0, E :j Ofv ~ O . z~± -. /n.2/ 
r r 2 
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.... .... 
Bocnonb3oeaewHCb ypaeHeHH.AMI-1 MaKceenna divE = 0 1-1 divH = 0 

/B o6naCTI-1, CBOfiOAHO~ OT 3ap.AAOB 1-1 TOKOB/, npHBeAeM ycnOBI-i.A 
/n.2/ K BHAY 

aEz aHz h 
--+ifkE =o. e--+ikH =o. Z=±-. az z az z 2 ;n.3/ 

TaKHM o6pa3oM, 3aAa4a CBOAHTC.A K HaxO*AeHI-1~ Ez, Hz-KOMno
HeHT~ Hanp.A*eHHOcTe~ none~. 

AKcHanbHa.A 3aBHCHMOCTb none~ 6yAeT onpeAen.ATbC.A cHcTeMo~ 
C06CTBeHH~X $yHKUI-1~ {¢q(z) l rpaHI-14HO~ 3aAa41-1: 

d
2 

¢ + >. 2¢ = 0, a d<f?_ :;: b ¢ = 0, z = ±..!:. 
~2 ~ 2 

peweHHe KOTOpO~ HMeeT BHA 

¢q=aA cos>.q(z-E.._) + bsin>. (z-E._), 
q 2 q 2 

Co6cTBeHHbte 3Ha4eHH.A >. q .ABn.A~TC.A KOpH.AMI-1 ypaeHeHH.A 

(a2 >. 2 - b2
) sin.\h + 2ab>. cos >.h = 0 . 

;n . 4/ 

;n.s; 

;n.6; 

Co6cTeeHH~e ct>YHKU~-'~~-'~ ;n.s; YAOBneTeop.A~T ycnoe1-1~ opToroHanbHo
CTI-1 

h/2 
f ¢ q(z) ¢q' (z) dz = Mqo qq' 

-h/ 2 

c HOpMo~ Mq , paBHO~ 

a2>-2+b2 
M = h- ab. 

q 2 

B cny4ae E -eonH HMeeM, cornacHo <J>opMynaM /n.3/-/n. 7/, 

a = 1, b = i fk, 
E E 

¢ E(Z)=A ECOSA E(z-E._)+iCksin.\ E(z-E._) , q q q 2 . q 2 

M = .E._(>. 2 - f ~ 2) - i f k 
qE 2 qE ' 

(.\~E + f
2
k 

2
) sin.\ qE h + 2i t k>. qECOSA qEh ~ 0 . 

8 

;n.?/ 

;n.B! 

11 An.A H - eonH 

a H = f, b H = ik , 

¢qH(z) =fAqHCOSAqH(z- ~) +ikSinAqJz- ~ ), 

MqH·= ~(c;2>.~H -k2) -i ,;k, 

;n.9/ 

(f 2>. 2 +k 2) sin A h + 2itA HCOSA Hh = 0. qH qH . q q 

npHBeAeM Aanee $OpMyn~ CYMMHpOBaHH.A no KOpH.AMAq' HCnOnb30-
BaBWHeC.A npH BbiBOAe ct>opMyn /6/, I 12, 13/. BBeAeM ct>YHKUI-110 KOMn
neKCHO~ nepeMeHHO~ w: 

F(w) ={awcosw(X-E._) +bsinw(X -~)] x 
2 2 

(awcosw(x + E._)-bsinw(x +E._)] ;n. 1 o; 
2 2 

X --------------------------------
(W 

2 -K 2
)( (a 2w 2- b2

) sin wh + 2abw cos wh] 

_E.._ < x < X < E._, 
2 - - - 2 

MO*HO noKa3aTb, 4TO HHTerpan OT $yi-lKUHI-1 F (w) , B3.ATbl~ no KOH
TYPY, KOTOPbl~ COCTOHT 1-13 MHHMO~ OCI-1 1-1 nonyOKPY*HOCH1 6ecKOHe4-
HOrO paAl-lyca, OXBaTbiBa~~e~ o6naCTb Rew::: 0, paBeH Hyn~. no3-
TOMy pasHa Hyn~ CyMMa Bbl4eTOB $YHKUHH F(w) B non~cax, ne*a-
~HX BHyTpl-1 KOHTypa HHTerpHpOBaHH.A. 6bi41-1Cn.A.A B~4eT~, HMeeM 

¢ (x) ¢ (X) 
~ _q __ q __ = 1n.111 

q (K 2-A 2 ) M 
q q 

(a K COSK (X--})+ b SinK (X- }-)](a K COS K (x+-})- b sinK (x+-} )] 

K((a
2

K 2 -b 2) SinKh+2abKCOSKh) 

AHanorH4HO cyMMHpyeTc.A P.AA 

~ ¢~(x) ¢~(X) = _1_. _b __ 

q (K2_>,2)M K2 2a-bh 
q q 

(bCOSK(X- .!:_) -aK SinK(X- .!:_)) ( aKSinK(X +·.!:_) +bCOSK(X + ..!:_)] 
2 2 2 2 

K ((a 2 
K 

2 - b 2) Sin Kh + 2 ab K COS K h) 
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