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1. B B e Jl e u II e 

CTpyKTypa aneKTpOJlS HCKpOBOII KSM8pb1, BblllOnH8HHOI'O B BH)l8 p51Jl8 H30nHpOB8HHblX 

Jlpyr OT Jlpyra npOBOJlHHKOB, opH8HTHpOB8HHblX B H36paHHOM HanpaaneHHH, ll03BOnHeT noK.S

nH30B8Tb TOK pa3pHJl8 B OJlHOM HnH· HeCKOnbKHX npoBOJlHHK8X aneKTpo)la. Hcnonb3yH JlellcT

. BHe TOKS ( H8M8I'HH'IHB8HH8, M8I'HHTOCTpHKUHH H Jlp.) 1 npoTeKaromero no COOTBeTCTBYIOWHM 

npoBOJlHHKSM, M0lKHO anexTpOHHblMH M8T0Jl8MH perHCTpHp0B8Tb KOOpJlHHSTbl HCKpbI, a 38 -

TeM BOCCT8H8BnHB8Tb npoCTp8HCTB8HHYIO KapTHHy C06b!THH. 

OJlHHM H3 cnoco6oB BbmonueHHH TaKoll CTpyKTypbl 51M518TC51 nponono'IHblil aneKTpo11, 

KoTopbIII B npocTellmeM cny'lae npeJlcTaan.11eT co6oll PHIi napannen&HbIX npoaonoK pa11uyca 

ro I neJKaWHX B OJlHOII nnocKOCTH Ha paccTOHHRH ao 11pyr_ OT 11pyra. B 11an&ael!meM 

paccM0Tp8HRH npe11nonaraeTcH, 'ITO npoaono'IHbll! anexTpoJl pacnonoJKea B aTMoc~epe pa6o

qero rasa xaMepbl. B cnyqae JlOCTBT0'IHOII np0THJKeHHOCTR anexTpo110B u·uexoToporo npo11-

neHHH HX 38 ra6apBTbl HCKpOBOII K8M8pb1 JlnH BblpaBHHB8HHH nonH BHYTPH uee aneKTpOCTa

TH'l8CKOe none B KaMepe M0lKHO C'IHTaTb nnocKHM. AuanH3 ll0B8/18HHH CHCT8Mbl aneKTP0Jl0B 

HCKpoBoro npoMeJKyTKa K8M8pbl C npoaonO'IHblM anexTpo/l0M Ha BC8X CTa/:IHHX p83BHTHH 

paspHJla B npoM8lKYTK8 npH no)la'le BblCOK0BOnbTH0I'O HMnynbca, T.e. B JlHH8MH'l8CKOM pe

lKHMe, 3aTpyJlH8H. nnH npaKTH'l8CKR ynoTpe6nH8MblX p83M8pOB KaMep H ~OpMHpyeMb!X Ha 

aneKTp0Jl8X K8M8pbl ~pOHTOB HMnyn&ca Jl0CTSTO'IH0 xopomHM npu6nHJK8HHeM, OllHCbIBaIOWHM 

0CHOBHbl8 CBOIICTB8 CHCT8Mbl1 HBnHeTCll ee aneKTp0CTaTH'l8CKHil pacqeT, K0T0Pblil )laeT B03-

M0lKH0CTb npaBHnbHO opH8HTHpOBaTbCH npH Bbl6ope OCHOBHblX napaMeTp0B npoaonO'IHOI'O 

B 3aBHCHMOCTH OT nocTaanelll1bIX Tpe6oBaHHII. 

3neKTpOCTaTH'l8CKHl! pac'leT CHCT8M C npoaono'IHb!M 8n8KTp0JlOM YJl06Ho npOH3BOJlHTb, 

' /1 2/ 
nonb3y11Cb llOHHTH8M KOMnneKCHOI'O noTeHnHana H M8TO)lOM KOH~OpMHblX OT06palK8HHl! I • 

3anHCbIBaH KOMnneKCHblll noT8HllHan B BH/18 

W(z) = U(x,y) + iV(x,y) , ( 1.1) 

M0JICH0 aai!TH BC8 OCHOBHbl8 aenH'IHHbl ,cBH3aHHbl8 C noneM. 

8KBHllOT8HllHSnb: 
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U(x,y) = Re:w (z) - canst. 

CKJJosrur namur: 

V ( :r, y) = Im:w ( z) - co1111t. 

Bemi'lllaa seKTopa 1ranpsrJK811BOCTB nonsr: 

C K0Mll0HeHTaMB' nonsr: 

:E(x,y) = I dW(z) I 
dz 

au--~ E,. ( :r,y) = - ""a;° - a Y 

:E,.(:r,y) __ au 
ay 

av • 
ax 

EMKOCTb OAH0A np0B0n0Kll aneKTpoAa aa enn1rmxy AnBHhl: 

,c = 
L 

u (x,y) 

qL 

( 1.2) 

( 1.3) 

(1.4) 

(I.il) 

( 1.8) 

rAe qL -n1111eAnhlli aapsrA npooonoKB Kyno1r/MeTp. Hn21<e ncnonbaosaa1,1 cneAYIOillBe 06oa-

na,rea11sr: 

-12 
'0 - 8,86. IO q,/M -nnaneKTpB'l8CKaSI npommaeM0CTb BaKyyMa, 

( - nnaneKTPll'l8CKSH npommaeM0CTb cpe/lbl, 

U O - nanpsr21<enne, no11 K0TOpbIM naxon11TCH nposono>rnhlA aneKTpoA, 

d - paCCT0HHlle M82KIIY aneKTponaMII IICKpeooA KaMepbl, 

E - ~ , C = , , -.!D, 
o d o o d 

Z = x+ iy. -T8Kym11e K00pABH6Tbl T0'IKB. 

2. TTposonO'lllhlA aneKTpon Hall npooo11srmeA aaaeMneHHoA nnocKoCTbIO 

KoMnneKCHbIA noTennnan B aToM cny,rae ( p11c. 1) M0lKeT f>hlTb aan11caH B 8 11ne131: 

Vl(z) = q 

211,0' 

In sin ..!_ ( z+ i d ) 

sin .1L ( z - id) 
ao 

(2.01) 

/4,5/ O61,1,rHo npn 11aroT0Bnen1111 aneKTponoB a 0 >> t 0 , d >> t 0 , Torna MolKHo C'IHTaTb , 

'lT0 aneKTpH'l8CKll8 II reoMeTpH'l8CKH8 OCH np0B0n0K C0BnanaIOT. Hcno~&aysr 0CH0BHblO 
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C00THomeamr ( 1,2 - 1,6) II onycKa!l npoM8lKyTO'lHbl8 BblKnB.,[lKII, nony>rnM: 

•CL= 
2,u

0
, 

ln(~ sh 211d ) 
ar

0 
a

0 
~ 

U(:r,y) Uo __ ___;_ __ ln 

21n (...!o sh 2ird ) 

ch 1!_(y +d)- cos 2n 
. a" a 

ch .1!!..(y -d)-cos 2n 
"'o 8 0 ao Bo· 

sh 2w ( ch 2irv cos 217% - ch 2ird ) 
E,.(x,y) = 211U0 __ a_0 a,. a... a 

8 0 li~sh 2ird) [ch EL(y+d)- cos 2n ][ ch ~(y-d}-cos 2n] 
11r

0 
a 0 ao ao ao 8a 

TTpn ycnoBHB l[ = 0 

U(y) = 

E,.(Y) = E(t) 

uo 

ln(~sh~) 
:rro ao 

·sh ~(y+d) 
ln 3 

sh ..!!-(y-d) 
ao 

sh 211d .r,;-" Bo sh.!!!._ ·sh _!!_ (2d-r)ln(_!l_o...:sh 2,,.d) 
ao 3u mo ao 

EcnH npn 8T0M C8TKa ne 0'l8Hb penKaH, d >> a , To: 
0 

CL 

:E ( t) 

ll, HaK0Hen, npll d >> a O 

,co 

1 + _!_a_ ln ~ 
2ird 211r0 

11t 

8n 
e 

2 sh .!.!_ ( 1 + ~ ln __ 3_0_ ) 
a 0 211d 211r

0 

CL 

:E (r) 

,Co , 

Eo 

_ 2TTr 

1 - e "o 
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(2.03) 

(2.04) 

(2.06) 

(2.08) 

(2.07) 

(2.08) 

(2.09) 
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QqeBHllHO, qTO Ba noBepxaoCTH npoBOnOKH HanpHlK8HHOCTb nonn MBKCHManbHa H paBHa: 

E(t) 
max = :E (r 

O 
) • ~ :E 0 

2 aro 
(2.11) 

..!:.. TTpooonoqHblll SJYeKTpoll M8lKHY llBYX napannenbHhlX 3a3eMnel!HblX nnocxoCTell 

nna llBHHOll CHCT8MbI1 H30f>pBlK8HHOll HR pHC, 2, MOlK8T f>b!Tb nonyqeao Cn8)cy'JOlll88 Bbl
/3/ 

paJKea11e KOMnneKcHoro noTeHUnana : 

W (z) = 

rne T3Ta-qiyHKllHH 

qL In 
2a, o• 

8 (I z + id 
I~ 

8 ( I z -id 
1~• 

ao 
20 

~ 
2D 

., ¼ • 2 • e •· 0 
0

1
(0,r)= 2q (stnn0-q stn3ir0+q ·s1nS11 - •• , 

,,. 
-_,IL 

a 17rr 2D 
r=i-ifr-, q=e =e 

(3.01) 

B cnY'{ae 
118/ 

npeo6pa30BBHHSI T3TB-<PYHKUHll K conpS!lK8HHOMY Mo11yn10 • BblpBlK8HH8 (3.01) 

npHMeT cneny10m11n aan: 

Vi( z) q.!,_ 
·a' z+ id . 2D 

2 i'_a_ ••--) 
[-i~ + In ° a (3.02) 

2 "' 0 £ a OD 8 i.!.=JL,I 2E_) 
ao ao 

TTpn a
0

:::_ D yno6ao nonb3oBaTbCSI BbtpalK8HH8M (3.01), npaqeM npn a
0

>>-D OHO ynpomaeT

c11: 

W ( z) qL In 
2,,. 0. 

sh-"- (z+ id) 
2D 

·sh ....!!..... ( z - Id) 
2D 

Ecnn a 0 = D • TO 3SM8Ha (3.01) HS (3.03) npHBOllHT K OillHf>Ke nopHllKB 10%, 

(3.03) 

06btqao npooonoKH pacnonara10Tcn qame, l\'HK qTo a 
0 

< D , B 3TOM cnyqae yno6Hee 

6 

ncnonb3OBaTb nnsi pacqeTOB KOMnneKCHblll noT8HitHan B BH/18 (3.02). B f>OllbillHHCTB8 cnyqaeB 

MOlKHO orpaHHqHTbCH nepBb!M qneHOM pa3nOlK8HHH T3TH-<PYHKnHH, n6o omn6Ka C YB8nJJq8HH8M 

d/ao 6blCTpo YM8HbillB8TCH, COCTBBnHH HQ 6onee 1% npH .o/ao =1,3 , TOrAa (3.02) nepe-

nHill8TCH cneny10mHM o6pa3oM: 

:wcz) 
q 2,rzd :1n ..!:_( z +id) 

__ L __ [ i __ + In a ] • 

2 11•0• aoD sin-"-(z -Id) 
ao 

(3.04) 

KaK npaBHno, aneKTp0/lbl B HCKpOBOll KBMepe pacnonara10TCH Ha paBHOM_ paCCTOHHHH npyr 

oT npyra, To ecT& -D =2d~ cnenoBaTellbHo, 

:w(z) = ~[i~ + In 
2i,ro• ao 

•sin ¼<z+id) 

sin ~( z -id) 
ao 

] . (3.05) 

CooTB8TCTBy10mne BblpHlK8HHH nnn 8MKOCTH, 3KBHllOT8HilHSnJJ H HanpHlK8HHOCTH nong HM8IOT 

BH/l: 

CL= 
2•Co 

1 +~In~ (3.06) 
ad 2n 0 

Uo ay 
U(:i:,y) = -----l---+ ½In 

..!!.!..+In~ 8
0 

8 0 2no 

ch ~(y+d)-cos 2,rx 
a 0 a ] ., 

ch 1!.. ry -d)-cos 2n 
ao ao 

(3.07) 

sh 2"d [ch 2,,y cos 2rr:i: - ch 2ml ] 
Eo 

E,_(:i:,y) - 8 0 In~ 
1+-;;;r 2no 

11 + 
---ir:- --.r:- ~ --ir-

0 0 0 G },(3,08) 
[ch1!L{y+d)- cos 2n][ chk(y-d)-cos 2"x] 

TTpn ycm:,BHH J: - 0 

:E,. (y) = E(r) = 

H B cnyqae a 
O 

« D ( a 
O 

.« d ) 

so ao ao ao 

E (1 + 

1 + ~In~ 
ad 2ar0 

•CL= 2•C 0 , 

"' e-:; 
sh..!!._ 

80 

) . 

E,_(y)= E(r)=(l+ 
1 

• .ltt... )Eo • 
1 - e ao 

MaxcHManbHBH aanpHlK8HHOCTb nonH 
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(3.08) 

(3 ,10) 

(3.11) 



(2) 
:E 

mu 

4. 

~ ( 1 + ~ )E
0 11 r 

0 
(3.12) 

3 a x n 10 'I e a n e 

Ilpn B03HHXHOB8HHH paapuna B npOM8JKYTK8 ncxpoBol! KaMepbI TOK paapuna, BOo6me 

roBopu, MOlK8T npoXO)lHTb ae TOnbXO no COOTB8TCTBy10m:el! npooonoxe npoBOnO'IHOro snexTpo

llS, HOH '3aXB8TbIBaH' cocenane. KonH'l8CTBO 38XB8'18HHbIX pa3pH/lOM npoBonox 38BHCHT OT 

yrna nponeTs 'ISCTnnbl, aueprnn n cj,poHTa BblcoxoBOn&Taoro nMnyn&ca. Yron nponeTs qac

TIIllbI onpenenueTCH cj,nan'locxol! 3SAS'lei1, aHeprnH psapuns onpenenHeTCSI KB.K napsMeTpsMn 

BbICOKOBOnbTHOro HMnyn&ca, :rsx n Tp800Ba.BHHMH X HHT8HCHBHOCTH llCKpbI; napaMe:rpbI BbICO

KOBOnbTHoro HMnyn&ca, xpyTH3HS cj,poaTa n aaeprnu B 3HS'IHTOn&ao8 cTeneua onpenenH10T

cg o6m:el! eMKOCTbIO KSM8pb1. 

Y'IIITbIBSH ~ce 3TO, MOlKHD roBOpl!Tb 06 onTHMSn&HbIX napsMe:rpax npoBOnO'IHOro anex

TPOllS nng KSM8p onpeAeneBHbIX THnoB. 

Bo Bcex cnyqsux, xorns psccTouaae MelK.[ly npoBOnoxsMa a
0 

MBBbme ncxpoBoro 

npOM8lKYTKS d n a O a 10 r O • KSK cnenyeT II3 ( 2,09 n 3, 10). o6m:ag 8MKOCTb npoM8lKyT-

xs C npoBOnO'IHbIM aneKTPOllOM C TO'IHOCTbIO ae XylKe 20% MO:>KOT Ob!Tb npnpSBII8H8 eM

KOCTH Toro lKe npoMelKyTxa, 110 c npoBonum:el! nnscTauofi as MecTe npoBono'IHoro anexTpona, 

s eMKOCTb oTnen&aofi npoBonoxn asi\neTcH npocTbIM neneaaeM o6m:el! eMxocTa npoMelKyTKa 

HS xonn'IOCTBO npoBonox B aneKTpone. Eonee TO'IHOO 3H8'10Hll0 8MKOCT8l! MOlKHO aal!TH ll3 

(2.02, 2.07 II 3.06), nnu KSM8p C MSnblM IICKpOBbIM npoMOlKYTKOM(l CM H M81!88)ll3-<38 

6on&III011 OMKOCTH OOhI'IHbIMII cnoco6sMn ynseTcu ccj,opMnpoBST& .cj,poaT nMnyn&ea ua aneK

Tponsx ae ny'IIIIe 50-100 acei. B aToM cnyqse nalKe npa yMea&menan aaepran nMrryn&ca 

llHSM8Tp KSHsns HCKpbI OCTSOTCH AOCTSTO'IHO IIIHpOKllM H 3SBHCHT OT yrns nponeTS 'ISCTllllbl, ... ,.·.,, 
CnenoBaTen&ao, pacrronarsT& npoBonoxn qsm:e 'IOM qepea 1.2-1.5 MM BPSIA nn nenlicoo6-

/9/ ' 
pS3HO, T8M 6onee, 'ITO C YMOHblll8HH8M npoM8JKYTKS AO 3--4 MM, no ASHHbIM • acj,cj,exTHBt, 

HOCTb KSMOpbl CHHlKS8TCH AO ayng, 

C Apyrofi CTOpOHbI, ecnn npooonoKH pacnonOlK8Hbl pelKe, TO yBenH'IHBSOTCH 8MKOCTb 

OTAen&Hoi1 npoBOnOKH, 'ITO npHBOAHT K B03pSCTSBHIO 3apunnoro TOKS OTAen&HOl! npooonoKH 

BO Bp8MH nOAS'IH BbICOKOBOn&THDro HMnyn&ca 

B cny'lse KSMOp co Cp0AHHM (2-3cM) n 6on&IIIHM (-:>5cM) npoMelKyTKOM 8MKOCTb 

npoMOlKYTKS MOH&mo, nspsMeTpbl BblCOKOBOnbTHOro nMnyn&cs MoryT ObITb ny'IIIIO, ll )lmI 

MSnbIX yrnoB HSKnoaa TpeKa X nomo rrpa YMOHbllIOHHII aaoprHH HMnyn&ca MOlKHO nhITSTbCH 

yBenn'IHTb TO'IHOCTb noKanH3SllHII TOKS c6nHlKOHHOM npoBonoK anoxTpons, pacnonarau HX 

HS pSCCTOHHIIII 0,5 - 1 MM. 11To KSCSOTCH llHSMOTpa npoBOnOKH, TO 011 MOlKQT Bb!OllpSTbCSI 

8 

B 3HS'IHTOn&uol! cTenoaH npoH3BOn&BO, ecna cj,H3ll'18CKSSI 3S)lS'IS HO Tpo6yoT MHBHMan&Horo 

KOnH'IOCTBS BOIItOCTBa ~ KSMOpe, B npOTHBBOM cnyqae BOOOXOllHMO CTpOMHTbCSI K YMOB&mo

BHIO llll8M8Tpa. Ilponen 3TOMY YMOBbWOBHIO CTSBHT onaCHOCTb B03BllKBDBOBHH xopoBbI H 

CHHlKOBHO MOXSBH'IOCKOi! npoqBOCTH CSMOl! DpOBOnOKH, B 3SBHCHMOCTH OT llHSMOTpa cornsc-
• 

HO (2.11 11 S,12) aanpSilKOBHOCTb nonSI BS noBepXBOCTH npoBonoKn MOlKOT )lOCTHraTb 6-7-

xpsTaoro n 6onoo 3BS'18BHH :E O • no 3TIIM coo6pSlKOBHSIM ODTHMan&HbIM MOlKOT C'lllTSTbCSI 

.nnaMOTp npoBonoxn B npenonsx O. l-0.15 MM. nnSI R30Tponaol! KSMOpb) BOOOXOllllMSSI )lmI 

cj,oTorpacj,npoBaBHSI npo3pa'IHOCT& aneKTpons :rpe6yeT ponxoro pacnonoJKeanu npoBonox, on

asxo npn 6on&IIIHX aanpSilKOBHOCTHX nonSI B H30Tponaoi! KaMepe 06nerqa10TCSI ycnoBRH B03-

anxaoBeHnSI xopoHbI, 3To BbIBYlKASOT YMOHbWSTb pSCCTOHBHO MOlK.[ly npoBonoKaMR AO 

1,5-1,0 MM. Eo1100 nonpo6ao o npooono'IBhlX anoxTponsx nnu naoTponnol! KsMOpbI coo6m:a-
/l0/ 
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