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1. BBE~EHHE ~lila~parM~ a aonHOBOAax Iii yeKOPiiiTenb~ 
H~X TpaKTaX lilrpa~T Ba*HY~ ponb, 0HH 

Henonb3Y~TeR B 3aMeAnR~HX eTpyKTypax, RBnR~TeR Tpy6KaMH APeH
~a, eornaey~liiMH 3neMeHTaMH CB4-TpaKTOB H T.A. 3neKTPOAHHaMH-
4eeKHe 3aAa4H B AHa~parMiilpOBaHHWX BOnHOBOAaX paeeMaTpHeanHeb 
a pa6oTax /1,2,4-7/. B 111 npHBeAeHo peweHHe 3aAa4H o AH~paK
ti~H BOnHOBOAHOH rapMOHHKH Ha 6eeKOHe4HO TOHKOH AHa~parMe, 
HM~~~eH AnHHy, paaHy~ nonoaHHe nonepe4Horo pasMepa aonHoBOAa. 
B161 o6ey•Aa~TeR npH6nH*eHH~e 4HeneHH~e MeTOAW pae4eTa AHa
~parMHpo~aHH~x aonHOBOAOB. B aapHat~HOHHOM noAXOAe /eM. 141 I 
peweHHe 3aAa4H 0 AH~paKI;IHH eBOAHTeR K peweHH~ 6eCKOHe4HOH eHe
TeMW anre6paH4eeKHX ypa&HeHHH OTHOeHTenbHO KO~~H~HeHTOB 
~ypbe. noA06H~e pesynbTaTw nony4eHW H B pa6oTe 161. OA
HaKO T04HOeTb peweHHH HeBenHKa H 3aBHCHT OT nopRAKa peAYtiH
poaaHHOH eHeTeMW. B HaeTOR~eH pa6oTe npHBeAeH aHanHTH4eeKHH 
paC4eT B036Y*AeHHR BOnH eoepeAOT04eHHWMH MOHOXpoMaTH4eeKHMH 
HeT04HHKaMH B l;llilnHHAPiil4eeKOM KaHane e AHa~parMaMH /eM. Pliley
HOK/. MeTOA pae4eTa OeHOBaH Ha nOeTpOeHHH peweHHR AnR KOMnO
HeHT 3neKTPOMarHiiiTHbiX noneH IS! H aHanlil3e ~ypbe-I<.S>MnOHeHT /~K/ 
nnOTHOeTiil HHAYtiHPOBaHHOI"O paenpeAeneHHOI"O TOKa F. 

2. nOCTAHOBKA 
H PEWEHHE 3AAA4H 

PaeeMOTPHM AnR KOHKpeTHOeTH B036y•• 
AeHI<te Mai"HHTHWX BOnH * B BOnHOBOAHOH 
eHeTeMe e AHa~parMaMH /eM. pHCYHOK/. 

B Ka4eeTBe HeT04HHKOB nepeMeHHOrO nonR MOryT HenOnb30BaTbeR 
~eOK04aeTOTHWe neTnH, Kpyroa~e BHTKH e oe~;~HnnHpy~~HM TOKOM~ 

COOTHOWeHHe, eBR3WBa~~ee nnOTHOeTb noaepxHOeTHOI"O TOKa F 
Ha paAHyee aj e noneM B T04Ke r1 BHyTpH 6eeKOHe4HOro BOnHOBOAa 
paAHYea R 2, Bblpa•aeTeR eneAy~eH ~pMynoH /a ~ypbe-npeAeTaane
HHH no z , t I: 

E(r 1,w)=L(aJ,w) F(aj,w). /1/ 

* Bos6y•AeHHe 311eKTPH4eeKHx aonH paee4HTbiBaeTeR aHanorH4H~M 
o6pa30M; B OKOH4aTenbHbiX Bblpa*eHHRX AnR ~K noneH HY*HO Y4HTbi
BaTb TOnbKO eo6eTBeHHble ~YHKI;IHH H BenH4HHbl, OTHOeR~HeeR 
K 311eKTPH4eeKiiiM BOnHaM. 

8hc;i~Ht'iMW~ llHC'I'PTY' I 
UeJIHUX BCr JN:IlHiftll 

G'iGJ.K;TEKA 
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~~ Za ~. Zz r-~~~~ I I KoH~~rypau~~ A~a~par-

-(f~~ ~. £ _ i!- M~pOBaHHbiX BOJlHOBOAOB. 

a tf 

E~·m 
3AeCb ~ e 

f.(aJ.w) =IIL(rk.aJ'w)aJk 11. 

[Oirj,a{l R2 l 
L(r 1 ,aJ,w) = --~--

(O,R2) 

I 

)<.( 

(0, R2) "'1 1 (vR 2). 

, , , 111(vr 1)[11(vai)H1(vR2)-1 1(vR2)H 1(vai)], 
[ 0 I r 1 , a i I R 21 = 

11 (vai) [11 (vr 1) H1 (vR 2) -1 1(vR2)H 1 (vr1)], 

... 
}<' 

(

F1 

F2 

Fi 

F 1 = F (r 1 , a i, w) ; 0 < r 1 < r 2 < .•. <a i < ... < R 2, 

a1=R1<a2< ••• <ai< ••• <R2 

rt<ail 

r t>a i 

11 (x) , H1 (x) - ~YHKU~~ 6eccen.A ~ XaHKenfl nepeoro poAa cooT
eeTCTBeHHo; paC4eT npOBOA~TC.A_B U~Jl~HAP~4eCKO~ C~CTeMe KOOp
A~HaT I r. ¢, zl. PaeeHcTeo 11 I cneAYeT ~3 peweH~~ ypaeHeH~~ MaK
ceenna AJl.A 3JleKTPOMarH~THbiX BOJlH, B036Y>KAaeMbiX TOKaM~ Ha 6ec
KOHe4HO AJl~HHO~ U~Jl~HAP~4eCKO~ noeepXHOCT~ Kpyrnoro Ce4eH~.A. 
OcHOBbiBa.Acb Ha peweH~~ HeOAHOPOAHbiX ypaeHeH~~ MaKceenna, es.A
TbiX B ~OpMe 3ana3Ab1Bai011\~X nOTeHu~aJlOB, C nOMOII\biO 3JleKTPOA~Ha
M~4eCK~X rpaH~4HbiX yCJlOB~~, HaKJlaAbiBaeMbiX Ha Z -KOMnOHeHTbl 
none~ I E tg = 0 Ha A~a<J>parMe, JH zl ar = 0 Ha ee npoAOJl>KeH~~ 
no oc~ z I, nony4~M napHble ~HTerpanbHble ypaeHeH~.A OTHOC~Tenb
HO ~K nllOTHOCT~ noeepXHOCTHOrO TOKa, HaBeAeHHOrO B C~CTeMe. 
AJl.A C~CTeMbl, ~3o6pa>KeHHO~ Ha p~C. la, ypaeHeH~.A np~MyT B~A: 

I Et (r.,a .. w)= I fdweiwz !L(r. ,ai,w)F 1(r1 ,ai,w) t-f(ri.aj.w)I=O 
j = 1 g I J j = 1-oo I 

z np~ z 1<z<z 2 , r 1G-(R 1,R2 ). /'21 

2 

. ' ' 

·,t' 

I ... 

il ... 

i 

3,qecb 

I. =I.+.£_ , w2=k2-v2' 

/dweiwzF(r1 ,aj,w)=0 np~ z 1 <z<z 2 , 
131 

-oo 
r 1 E (R 1 , R 2 ) • 

B 121, /31 nOJlR ~ TOK~ He 3aB~CRT OT a3~MyTaJlbHOro yrna cp 
11 pa3no>KeHbl e ~HTerpan ~YP be no nepeMeHHbiM z, t. ~aKTop~3oBaH
Hble MaTP~Ubl L ± ~MeiOT A~aroHaJlbHbiH B~A ~ ~x 3JleMeHTbl ~aKTop~-
3YIOTC.A He~aB~C~MO ,qpyr OT APYr~, n03TOMy OrpaH~4~MCR Bb14~CJle
H~eM OAHO~ KOMnoHeHTbl BeKTOpa E'. 

PaccMOTP~M MO,qenb u~n~HAP~4ecKol:i ,q~a~parMbl e e~,qe 6ecKoHe4-
Horo Ha6opa nOJlbiX ~3011~POBaHHbiX KOaKc~aJlbHbiX 0Tpe3KOB U~Jl~H,q
p~4eCK~X Tpy6 Kpyrnoro ce4eH~R, eno>KeHHbiX ,qpyr e ,qpyra. 

nnOTHOCTb HaBe,qeHHbiX TOKOB Ha pa,q~ycax aj (R1 ~aj::;R2 ,j=1,2, ... ) 
3an~weM e e~,qe: 

(1) - F(r1,a 1,w) 
F (a 1 ) = F oc (r 1• a 1• w) + F(rj. a 1, w) + -----~a 

1
, 

P (R2-Rt) 

F(ri ,a2. w) 
~a2' F(2)(a2) = 

(R2-R1) 

F(3)(a3) = t\aa, 

3AeC b F ocp(ri, a 1 , W) - ~K nJlOTHOCT~ noeepXHOCTHbiX TOKOB Ha 
CTeHKe 6eCKOHe4HO AJl~HHOrO U~Jl~H,qp~4eCKOrO BOJlHOBO,qa, ~HAYU~-
poeaHHbiX noneM ~CT04H~Ka, pacnono>KeHHoro e o6nacT~ z 1 < z <z 2 . 

L(r1 ,a1 .w) F ocp(r 1 ,a 1,w) =-fcp(r1 ,w). 141 
F. t\a. 

F ~ 1 
- nonpaB04Hble TOKOBble 4JleHbl, o6yCJ10BJ1eHHble Ha-

(~-R1) 
J1~4~eM OTpe3Ka ,q~a~parMbl (z 1 ,z 2), ~a J=aj+ 1 -ai. TaK KaK 4~cno 
oTpe3Koe, o6pa3y1011\~X ,q~a~parMy, 6ecKOHe4HO, TO Ha ~x noeepx
HOCT.AX HaBOA.ATC.A ,qonOJlH~TeJlbHble 6eCKOHe4HO MaJlble TOK~. Hanp~
Mep, Ha noeepXHOCT~ j -ro CJlO.A ~HAYU~pyeTC.A noeepXHOCTHbiH TOK 
... - 1 I I F(r 1 ,ai,w)~ai ·(R 2 -R1 ) . CornacHo ~opMyne 1 , npocyMM~-

pyeM nOJl.A OT Ka>KAOrO 0Tpe3Ka ~ aKT~BHOro ~CT04H~Ka B T04Ke r 1 
l,qJl.A KpaTKOCT~ onycKaeM H~>KH~~ ~HAeKcl: 
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E(r,w) = L(r,a,w) [F ocJr.a 1,w) + F(r,a1,w)l + 

00 

+ I 
j = 1 

L(r, a J. w) F(r,aj,w) tlaj+f(r. w) • 
(R2-R1) 

np~-1 LlaJ~o eyMMY 3aMeH~eM HHTerpanoM 1-1 noene npeo6pa3o8aHH~ 
nony4aeM: 

R2 
1 -E(r,w) = f daiL(r,a,w)F(r,a,w) +L(r,R1,w)F(r,R1 ,w) + 

(R2 -Rt) R1 

+ r Jl (r, w) + r n (r. w) I . /51 

3Aeeb f = f Jl + f cp + f n - eyMMapHOe none aKTH8HbiX HeT04HHK08, 
paenono>KeHHbiX ene8a OT AHal!>parMbl (fJI, z 0 < z1 ), 8HYTPH AHal!>par-
Mbl (fcp•z1<z<z 2 ) H enpa8a OT Hee (fn, zo>z 2). 

[OJ r, bm I R 2] 2rr2i bmax 
r = - ' (0, bm) = -c- J bdb J 1 (vb) j¢(vb), 

(O,R2) - bmin 

j¢(b,w) - 06DeMHa~ nnOTHOeTb TOKa eTOpOHHHX /aKTH8HbiX/ HeT04-
HHK08. 

B pa6oTe 131 nony4eHo peweHHe 3aAa4H o 8036Y>KAeHHH oTpe3Ka 
Kpyrnoro BOnHOBOAa e nOMO~b~ MOAHI!>H~HpOBaHHOro MeTOAa BHHepa
Xon$a-l!>oKa /BXI!>/. B pae4eTe HeKoMo~ nnoTHOeTH no8epxHoeTHoro 
TOKa Henonb3yeTe~ noH~THe 11 aHanHTH4eeKoro HeT04HHKa11 BXI!> 
B T04Kax pa3pb1Ba rpaHH4HbiX yenoBH~ z = z 1 • z 2 . Henonb3Y~ aHa
norH4Hble BbiKnaAKH, B eny4ae eHeTeMbl 11 a11 /eM. pHeyHOK/ F(r,a, W) 
1-1 F H~eM B BHAe: 

-1 1 -!wz 1 -1 2 -iwz2 F=L+ (r,a,w)A+(r,a,w)e +L_ (r,a,w)A_(r,a,w)e , /6/ 

- -1 1 -iwz1 -1 2 -iwz2 F=L+ lr,R1,w)B_(r,R1,w)e · :t-L_(r,R 1,w)B+(r,R1,w)e • /7/ 

-1 -1 ... -1 
3Aeeb L + , L _ - 3neM~rTbl MaTpH~bl L (aJ,w), l!>aKTopH3oBaHHble 
no MeTOAY BXI!> •. RApa L ± HMe~T oeo6ble T04KH /non~ebl 1-ro no
P~AKa/, eOOTBeTeT8Y~~He B036Y>KAaeMbiM BOnHaM, 3HaKH 11 nn~e11 

HnH 11MHHye 11 eOOTBeTeTBY~T BOnHaM, paenpOeTpaH~IOIIIHMe~ BnpaBO 
HnH 8ne8o eooTBeTeTBeHHO. MHO>KHTenH A1, A:, B :, B ~ HMe~T 
eMblen, aHanorH4Hbl~ eOOTBeTeTBYIOUIHM MHOlKHTen~M B /3/, 8blpa>KeHHe 
A~ 8Kn~4aeT B ee6~ aMnnHTYAbl BOnH, paenpoeTpaH~IO~Hxe~ eneBa 

HanpaBo H nepeeeKaiOUIHX ee4eHHe z 1 ; A2_ eoAeP>KHT aMnnHTYAbl 
BOnH, nepeeeKaiOUIHX ee4eHHe z 2 npH f8H>KeHHH enpaaa Hane8o. 
Bee non~ebl I!>YH K~H~ L +, L ~ 1, A~ , B + ne>KaT B aepxHe~ nony-
nnoeKOeTH /Bn/, a aenH4HHbl L_, L -::_1, A: , B ~ eoAep>KaT non~ebl 

4 

I 

_, 

!I 

8 HH>KHe~ nonynnoeKoeTH /Hn/ KOMnneKeHoro nepeMeHHOro w. TaK 
KaK 8 o6naeTH 0 < r <R1 TOKH eoxpaH~IOT e80H 3Ha4eHH~ F(r 1, R tow) = 
= F(R1.R1. w), F(r 1) =F(R 1)a eHny Henpepbi8HOeTH none~, TO I!>YHK~HIO 
F(R 1,R1;W) Bb14HenHM H3 yenoaH~, HaKnaAb18aeMblx Ha TOKH: 

_ldweiwziF ocp(R 1,R 1,w) + F(R1,R1,w)l =0, 
/8/ 

z 1>z>z 2 . 

1 noAeTa8HM B /3/ F(R1,w) H31!>0PMYnbl/7/. ,llrt~ HaXO>KAeHH~ B_ 
Bbi4Hem1M HHTerpan 8 /3/, 3aMbiKaR KOHTyp HHTerpHp08aHHR B Hn 
KOMnneKeHoro nepeMeHHoro w: 

1 00 L+(R1 ·-"'k) -1 2 iw.z -iw z 
B_ =-I IF6c6-wk)+L_ *(R 1,-wk)B+(R 1,-wk)e ~2Je k 1. 

k=O w + wk 
191 

non~ebl B !_ B Hn nonHOeTb~ eKOMneHeHp08aHbl non10eaMH nOAbiH
TerpanbHOro Bblpa>KeHHR, n03TOMy nOAbiHTerpanbHa~ I!>YHK~H~ He' HMe
eT oeo6biX T04eK B Hn W. 

3aMbiKaR KOHTyp HHTerpHp08aHHR 8 Bn npH 8bi4HeneHHH HHTerpana 
/8/, onpeAenHM Bblpa>KeHHe 

2 00 

B =-I 
L_(R1,wk) -1 1 -!wk~ iwkz2 

IF0~P(wk)+L+ *(R1,wk)B_(R1,wk)e le + k=O 
k /10/ 

3Aeeb ¢*(a) =lim (w -a) ¢(w), ± wk, ± w - KOPHH I!>YHK~H~ L -
1
, L eo-

w-+a n 
OTBeTeTBeHHO. Ypa8HeHHR /9/, /10/ noA06Hbl nHHe~Ho~ 6eeKoHe4HO~ 
eHeTeMe anre6paH4eeKHX ypaBHeHH~, OTHOeHTenbHO B~ H B! • 
0AHaKO HMeiOTeR ey~eeTBeHHble OTnH4HR /9/, /10/ OT eHeTeM ypa8-
HeHHi1 AnR K03!1l<I>H~HeHT08 <l>ypbe, nony4eHHbiX 8 15·7·9 •101 • B AaHHO~ 
3aAa4e /9/, l10/ npeo6pa3y~TeR K BHAY, rAe Ka>KAOe 1-13 Bblpa>Ke-

~ Bt B2 Hl-11-1 - 1-1 + Bbi41AenReTe~ TOnbKO 4epe3 TOKH BHeWHHX HeT04HH-
KOB. nony4eHHble PRAbl B Bblpa>KeHHRX AnR B~ H B ~ npeAeTa8nR~T 
eo6o~ 3KenoHeH~HanbHO exOAR~HeeR PRAbl no napLIHanbHbiM rapMOHH
KaM npl-1 3aAaHHO~ 4aeTOTe B036y>KAeHHR. 3TO n0380nReT 8bi4HenHTb 
nonR H TOKH e 3aAaHHO~ T04HOeTbiO Ha 38M. noene npea6pa30BaHHH 
/9/, /10/ 3anHWeM 8 8HAe 

(1) 00 (1) 1 
C =I (dP 8 -oP 8 )B_(R1 ,w 8 ). /11/ 

P . s= 1 

3Aeeb 

( 1) oo L (-w) 00 L (w' -1 -iw z +i(v.t+w )z... 
C =I _+_iiF* (-w )+I ---B'.L *(- )F* (w )le k 1 

K 
8 

.: 
P k=1 W+W ocp k s=t wk +W - '\. ocp s .1 

k s /12/ 

5 



i(w +w )(z -z ) 
L -1*( )L-1*( ) k 8 2 1 'l/ + -wk + w8 e , ~ 

(
1
) oo L+ (-wk)L_(w 8 ) 

d .. - I. 
lJB k= 1 (Wp+Wk}(W k + W1) 

Bps - CHMaon KpoHeKepa. npH ycnoBHH 
CHCTeMa HMeeT eAHHCTaeHHOe peweHHe 

(1) 
D 1 = det I d ps - 8 p8 I ,f, 0 

o<t> 
1 8 

8 (w ) = --, 
- s 01 

/14/ 

rAe o<~> - onpeAenHTenb, nony4eHHbiH H3 D 1 npH 3aMeHe 3neMeHTOB 
S - ro CTOn61.\a COOTBeTCTaYIOUIHMH cao60AHbiMH 4neHaMH C ~). Ypaa
HeHHe /10/ npHaOAHTC.R K aHanorH4HOMY BHAY 

c<2>- i (d<2>-8 ) 8<2>(-w ) /15/ p - pa ps + 8 • 
8=1 

B AaHHOH MOAenH eonHbl He nPOHHKa~T a o6nacTb, 3aHRTY~ AHa
~parMOH. no3TOMY a Bblpa*eHHH /6/ OTCyTCTay~T 4neHbl, COAeP*a
~He 8~ H 8! • nepeXOA.R K KOOPAHHaTHOMy npeACTaeneHH~ B abl
pa*eHHH A.fl.R E(r,w~nony4HM: 

1 R2 OCI 1 -
E(r,z) = f da f dwe wz [ L(R 1) F(R 1)+L(a)F(a) +fJJ+fn ]=0 /16/ 

(R2-R1) R 1 --

npH R 1 S r sR 2 , z 1 S z S z 2 
CKoMneHCHpoaaa ace non~Cbl B Bn w. HaHAeM: 

-1 
1 "" L- (r,a,wn) 1w z 

A+ =- I. f* (r, w n) e n 1 
n=O (w-w 0 ) JJ 

/17/ 

Al:t.anorH4HO, y4HTblaa.R eKnaA non~coe e Hn w e HHTerpane I 16/, 
nony4HM 

-1 

2 .,. L + (r,a1,-W0 ) -iw
0

z2 A =- I. f*(r,-w 0 ) e • 
- n=O (w+W ) n n 

/18/ 

Hcnonb3YR ablpa*eHH.R A.fl.R Al , A:_, 8~, 8~ H nepexoA.R K Koop
AHHaTHOMY npeACTaeneHH~, Bbi4HCnHM 3Ha4eHH.R E(r,z) B pa3nH4HbiX 
npocTpaHcTaeHHbiX o6nacT.RX aHYTPH aonHOBOAa: 1 I z < z1 , R1::;r'5_ R 2 . 
Bee HHTerpanw ab14HCJ'I.R~TC.R no KOHTYPY a Hn W. HHTerpan, COAep
*a~HH 4neH L+8~, paaeH Hyn~. TaK KaK nOAbiHTerpanbHa.R ~YHKL\H.R 
He HMeeT oco6blx To4eK e Hn. HHTerpan OT L+A:.+r n TaK*e pa-
aeH Hyn~. B pe3ynbTaTe nony4HM: 

21Ti R2 oo 1 
E(r,z) = fda I. I[L~(R 1 ,-w0)8_ (R 1.-w 0 ) + 

(R 2-R 1) a1 n=O /19/ 

* 1 -i Yin ( Z-zt) -1 WnZ. 
+ L_(a

1 
,-w

0
)A+ (a, -w

0
)] e + r;(r, -w 0 ) e ., , (z < z OJJ) • 

rAe Z O -KOOpAHHaTa HCT04HHKa. 
6 JJ 

. t :~\ 

f 

·~·! 
' 
~ 

i 

·_:_..____ 

npH abi4HCneHHH no.n.R B o6nacnt cnpaaa OT HCT.04HHKa Heo6-
( -lw z 

XOAHMO npOH3BeCTH 3aMeHy: -W n Ha +W
0

, f~ -W 0) e n Ha 

iw z R r~ (wn) e n 2/ z>z2. pr~R2. Bee HHTerpanbl 'bi4HCn.R-
~TC.R no KOHTypaM, nelKa~HM e Bn w. 0TMeTHM, 4To L_8_ H 

1 -IWZt ~ 
L_A+ e +f JJ .RBn.R~TC.R e 3TOH nonynnocKOCTH aHanHTH4ecKHMH 
~YHKL\H.RMH. 

R 2 . 2 00 

E(r,z) = 
111 

fda I. llLtCR1 ,w
0
)8;(R 1,w 0 ) + 

(R
2
-R1 ) a 1 n"'O 

+ L~(a,wn)A:(a,wn)]e1wn(z-z2) +f * (w ) iwnz n n e I, 

/20/ 

(z > z on) . 

iw z -lw z 
EcnH z<zon• TO f*(w 0 )e n nepeXOAHT e f~(-w 0)e n . 
BblpalKeHH.R none~:\ C APYrHx o6nacTRx cHcTeMbl npHBeAeHbl e npH
nolKeHHH. HeTPYAHO noKa3aTb' 4TO BblpalKeHHe tn. 1 I npHnOlKeHH.R 
npH r • R 1 nepeXOAHT e ~opMyny I 19/. B o6nacTH z > z 2 ~op-
Myna /n. 2/ nepexOAHT npH r .. R 1 e ~pMyny /20/. 

npol.\eAypa Bb14HCneHH.R 3neKTpOMarHHTHOrO non.R B CHCTeMaX 
6, a, r, A /eM. PHCYHOK/ aHanorH4Ha npHaeAeHHOH abiWe. 
Heo6xoAHMO nHWb y4HTbJBaTb APYrHe eonHoaoAHble rapMOHHKH, 
YAOBneTBOp.R~~He rpaHH4HbiM ycnOBH.RM, HaKnaAbiBaeMbiM Ha non.R 
e H3y4aeMbiX CB4 cHCTeMax. BblpalKeHH.R An.R 3THX none~:\ 3Aecb He 
npHBOA.RTC.R. CnpaeeA.flHBOCTb nony4eHHbiX pe3ynbTaToe noATBePlKAa
eTc.R C nOMO~biO npeAenbHbiX nepeXOAOB K rnaAKOMy BOnHOBOAY 
(R 1 -+ R2) H K BOnHOBOAY C neperopOAKO.£' (R 1 -+ 0) 11 1/. 

HcKOMbiH BeKTOP noeepxHOCTHoro TOKa F(r ,a,w)MOlKHO paccMaT
PHBaT~ KaK BeKTOp B 11HCKPHBneHHOM11 (W, r) npOCTpaHCTBe; npH 
3TOM F(r,a, w) ecTb 3Ha4eHHe eeKTOpa TOKa, nepeHeceHHoro H3· 
T04KH a B T04Ky r. B OTnH4He OT KnaCCH4eCKOH 3neKTPOAHHaMHKH, 
F(r,a,w) ,f, F(a,a,w). 

npH pac4eTax AHa~parM rpaHH4HOe ycnoeHe E t = 0 no3BOn.ReT 
Hai1TH peweHHe MeTOAOM cwHeaHH.R /eM., HanpHMep~1 /. B cny4ae 
MarHHTHbiX eonH ycnoaHe E ¢ = 0 Ha AHa<!JparMe coenaAaeT c rpa-
HH4Hb1M ycnoeHeM /2/. YcnoeHe E r = 0 Ha rpaHHL\e AHa~pai'"Mbl 
cnpaaeA.flH eo A.fl.R 3neKTPH4eCKHX eonH. Ha ycnoeH.R E z =0 nony-

iw a 11 4HM E r = V2 a;-Er .,o. 3To ycnoBHe /eM. /2 aBTOMaTH4eCKH 

abJnOnH.ReTC.R Ha Kpa.Rx AHa~parMbl. TaKHM o6paaoM, e AaHHOH Mo
AenH rpaHH4HOe ycnOBHe Ha pe6pe AHa~parMbl BblnonH.ReTC.R KaK 
AJ'I.R TE-, TaK H AJl.R TM -eonH. 

B Ta6nHL\e npHBeAeHbl 3Ha4eHH.R K03~~HL\HeHTOB npoxolKAeHH.R 
(11 II ) npH pa3nH4HbiX 3Ha4eHH.RX 4aCTOTbl w •kc-1, Bb14HCneHHble 
c noMO~biO 3BM. PaccMOTpeH cny4ai1 AH~paKL\HH H 10 -eonHbl, 
Ha6era10mei1 cneea H3 o6nacTH, aaH.RToi1 AHa~parMoi1, Ha KOaK-
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Ta6n111..1a 

kR2 4' 15 4,75 5,0 5,25 5,5 5,75 6,0 

nil 0' 105 0' 103 0,06 0,051 0,043 0,41 0,031 

nil 0,095 0,076 0,055 0,045 0,038 0,035 0,027 
113 pa-
60Tbl IS/ 

el1anbHO-ei1MMeTpi14HOM e04neHeHI111 8 T04Ke Z=Zt /eM. pl1c.1a/. 
Pael.leTbl npoee.QeHbl e noMOI!IbiO 63CM-6 no ct>opMynaM .In. 2/, ;n. 3/ 
/eM. np11nomeH11e/. 

BI1.QHO' 4TO 3Ha4eHI1.R nil . paee411TaHHble ABYM.R enoco6aMI1' 
Kal.leeTBeHHO eoena.QaiOT. MaKe11ManbHOe paexom.QeHI1e He npeebl
waeT 12%, 4TO MomeT 6b1Tb o6yenosneHo pa3nl1411eM enoeo6oe pae
l.leTa 11 Bbl6opa annpoKe11Mal..ll111. 

3. Bbl BO,llbl nony4eHHble pe3ynbTaTbl 11 11CnOnb3ye-
Mbl~ MeTOA n03BOn.RIOT npe,QnOnOmi1Tb, 

4TO B03MOmHO aHani1TI14eeKoe Oni1CaHI1e npOI..IeCeOB B036ym,QeHI1.R 
,QI1a$parMI1pOBaHHbiX BOnHOBO,QOB 11 OTKpbiTbiX pe30HaTOPOB e no
MOI!IbiO e,Q11HOrO $OpMani13Ma. npeAJ10meHHbiM MeTO,QOM MOryT 6b1Tb 
pacc411TaHbl CB4 ei1CTeMbl pa3ni14HO~ KOH$11rypa1..11111 /eM., Hanpi1-
Mep, pl1e.6,e,m,3/; 11enOnb3yeMble B npi1Kna,QHbiX 11eene,QOBaHI1.RX. 

·~BTOpbl C411TaiOT eBOI1M npi1.RTHbiM ,QOnroM Bblpa311Tb 6naro,Qap
HOCTb npo$. E.n.m11,QKOBy 11 3.A.Tarl1pOBY 3a eTI1Myni1PYIOUIHe ,QHe
KyeCHI1. 
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nP~JlOmEH~E 

BbJpameHI1.R .Qn.R none~ BHYTPH .QI1a$parMHpoeaHHoro eonHoBoAa 

1. 06naeTb z<z 1 ; O<r< R 1 /eM. Ha pHe.a/. 

2"i R 2 "" -1 1 
E(r,z) = fda{ l [L*(a,-w

11
)L+ (R,a,-w

11
)A+(R1,a,-w

11
)+ 

(R2 -R 1) a 1 n=O 

-1 1 -iw11 (z-z1l 
+ L *(·R 1,-w

11
) L+ (R1, R1,-w

11
) B_ (R 1,R 1, -w

11
)] e + 

-1 2. -iw (z-z 2 > 
+ L(a,-w )L (R 1,a,-w )A *(R 1,a,-w )e 11 

n - n - n 

x/ + iw z -tw a 
+f*(.+w)e- 11 +f*(-w)e 11 + JI - n 11 n · 

"" -1 2 
+ l [L(·a,-wk)L_ (R 1 ,a ,-wk)A_ (R 1,a ,-wk) + 

k=O 

+ L(·R1,-wk)L-=_1 *(R.1.Rt,-wk) B!(R1,R1,-wk)]~-twk(z-zw +;n.l/ 

-1 1 -twk( z-z1) 
+ L (. R 1 , -wk) L + (R 1 , R 1 , -wk) B _ (R1 , R 1 , -w k) e 

2. 06nacTb z-..z 2 ,0<r<R 1 /eM. Ha p11e.a/. 

2 
. R2 oo 

"1 -1 1 iwJz-r,) 
E(r,z) = ---- fda I l L(·a,w) L+ (R 1,a,w )A/(R1,a,w) e + 

(R2 -R 1) a 1 n=O 11 n n 

( -1 2 iw(z-z2) 
+L*·a,w

11
)L_ (R 1,a,w

11
)A_(R1,a,w

11
)e 11 + 

-1 2 iw (z-z2) 
+ L:(R1, w

11
)L_ (R 1,R 1,w

11
)B+ (R1 ,R 1,w

11
)e 11 + 

1n.21 
lw z ±tw z 

+f*(w )e 11 +f*(+w )e 11 + JI n n - n 

"" [ -1 1 \:o L(·a,wk)L+ *(R 1,a,wk)A+(R1 ,a,wk) + 

-1 1 iw ( z-z 1) 
+L(·R1 ,wk)L+ *(R 1,R 1,wk)B_(R1 ,R 1,wk)]e k + 

+ L (. R 1 'w k) L -=_1 (Rl 'R 1' w k) B! *(R 1 • R 1 'w k) ei "'t ( z-z2) I. 

noAeTaBI1B r= R 1 a $opMynax /n. 1/ H /13/, a TaKme a 1n.21 
H /20/, nony4HM eoena.Qa1011111e BblpameHI1.R, 4TO yKa3biBaeT Ha O.QHo-
3Ha4HOe onpe.QeneHI1e none~ e nOMOI!IbiO 3TI1X $opMyn. 

3. 06naeTb z 1<z<z2 , O~r~ R 1 . 
R 

2"i 2 "" -1 1 iwn(z-zy 
E(r,z) = f da{l L(·a,w

11
)L+ (R 1 ,a,w

11
)A+ *(R 1 ,a,w

11
)e + 

(R 2 -R1) a 1 n=O 

~/T04KO~ B CI><>PMYJ1aX /n. 1/-/n.3/ 0603Ha4eHa 3aBI1ei1MOeTb 
$yHK1..1H~ L, f oT pa.Q11anbHO~ KOOPA11HaTbl r . 
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-lw (z-z ) 
+ L( ·a , -w ) L -l (R 

1 
,a , -w ) A 2 *(R 

1 
, a , -w ) e n 2 + 

n - n - n 

+ r;cw ) e iwnz 
n 

+ f* (-w ) e -lw0 z 
n n + 

oc 1 1 
+ k: 

0
[ L( ·a, w k)L: *(R1, R 1' w k) B _ (R1, R 1, w k) + 

( -1* 1 ] iwk(z-z1) 
+L ·a,wk)L+ (R1,a,wk)A+(R 1,a ,wk) e + 

+[L(a,-wk) L:1*(R1 ,a,-wk)A~(R1 ,a,-wk) + 

-1 . ( ) 
+L (R 1'-wk) L- *(R t'R 1'-wk) B! (Rt, R 1' -w k)] e -Jwk z-z2 
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