
pg - 7065 

l0.11.AReKcaxHH, J1 .JI .KopetteB, JI.A.IOJ:O{H 

YCTOWil1BOCTb KOrEPEHTHblX KOJIEBAHJ1A 

3JIEKTPOHHoro KOJibUA 8 PE30HATOPE 

qaCTb I. A3HMYT8RbHble KORe6aHHH 



pg - 7065 

I0.11.AJieKcaxHH, M.JI.Kopettea, JI.A.IO.n;HH 

YCTOWIMBOCTb KOrEPEHTHhIX KOJIEBAHJ1H 

3JIEKTPOHHOro KOJibUA B PE30HATOPE 

qaCTb I. A3HMyTaJibHbie KOJie6aHH.H 

HanpaBJieHo B JKT<IJ 

Hay11uo-TeXHHlleCKaS1 

6H6JIBOTeKa 

OH.RH 



lfaBeCTHO, '-ITO HaH6onee onacHbie ueyCTOH'-IHBOCTH 
HHTeHCHBHblX ny'-IKOB 3ap.H:>KeHHblX '-laCTHU CBH3aHbl C Kore· 
peHTHbIMH J<b<beI<TaMu /cM., B '-laCTHOCTH, Ii. 2/ /. HnTepec 
I< BonpocaM YCTOH'-IHBOCTH KorepeHTHblX 1<one6auuii B03poc 
B CBH3H C pa3pa60TKOH MeTo,na I<OnneKTHBHOro yc1<opeHUH / 3( 
cl>opMHPOBaHHe JneKTPOHHbIX I<Oneu, Hcnonb3YeMbIX B 3TOM 
MeTo,ne ,nnH yc1<opeuu11 TH:>KenL1x qacTHU, npoucxo,nHT B 1<a­
Mepe a,nre 3a Topa /1<0Mnpe ccopa/, 1<0Topy10 Momuo pac­
CMa TpHBa Tb Kai< KpyrnhIH UHnHH,npH'-leCKHH pe3oHaTop C npo­
BO.nHIUHMH CTeHI<aMH. Iloc1<onbKY BpeMH uaxo>K,IJ.eHHH I<Onhua 

'B KaMepe 3Ha'-IHTenbHO 6onhwe xapa1<TepHblX BpeMeH pa3-
BHTHH KorepeHTHbIX ueyCTOH'-IHBOCTeii, Heo6xo,nHMa no B03 • 
MO:>KHOCTH 6onee TO•IHaH ouenI<a BnHHHHH napaMeTpOB pe30-
HaTopa H ny'-II<a ua noae,neuue nocne,nnero. 

Bl 4l 6brnH uaii,neuL1 HHI<peMeHThI neycTOH'-IHBOcTeii B 
cnyqae COBna,neHH.H '-laCTOTbl B03MyI.QeHHH ny'-II<a C co6-
CTBeHHOH •1acT0Toii pe3oHaTopa. AuanorH'-IHaH 3a,naqa c 
y'-leTOM 3HepreTH'-lecKoro pa36poca H a,nua6aTH'-lec1<oro 
H3MeHeHH.H MarHHTHoro non» pewanach B I 5~ O,nua1<0 auanH3 
noae.neHHH nyq1<a flHWb Ha pe 30HaHCHblX '-laCTOTaX He.no· 
CTaTO'-leH, nocI<OflbKY HeycTOH'-IHBOCTH B03MO:>KHbl H BHe 
pe3oHaHCOB /HeyCTOH'-IHBOCTb OTpuuaTenbHOH MaCChl, pe-
3HCTHBHaH HeycTOH'-IHBOCTb/. Ilocne,nHee o6cTO.HTenhCTBO 
TeM 6onee cymecTBeHHO, '-ITO COOTBeTCTBYIOLQHM BbI6opoM 
reoMeTpHH KaMepbl MO:>KHO ,no6HTbC.H y,naneHH.H HeKOTOpbIX 
Hau6onee onacHLIX pe3oHaHcoa H3 pa6o'-leii o6nacTH qacToT. 

B ,nauuoii pa6oTe uccne,nyeTc.H noae,neHHe ManhIX Ko­
repeHTHhIX B03MyI.QeHHH nnoTHOCTH ynbTpapen.HTHBHCTCKoro 
JneKTpOHHOro KonLua ( y>> JJ,noMeI.QeHHOro B KpyrnL1ii UH· 
nuu,npH'-leCI<Hii pe30HaTop pa,nuyca b H BhICOThI h , npH'-leM 
OCHOBHOe BHHMaHHe y,nen.HeTC.H uepe30HaHCHhlM J<b<beKTaM. 
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Iloae.u;eHIIe n ·ii rapMOHHKH BO3MYIUeHHJI ·JinOTHOCTII 
3apH.u;a nytIKa, 3aBHCHIUeii OT apeMeHH t H a3HMYTa 0 KaK 
exp [i (Qt - n 0}] , r,u;e Q • tiaCTOTa BO3MYIUeHHH, OnH· 

ChIBaeTCH )],HCnepCHOHHhIMH ypaBHeHHHMH 

1 2 -w a 
0 z z 

f( w) d w 

I 2 2' rn-nw) -w 
/1/ 

z 

1=-w 2f[a + 
0 rr ~(are- a 0r 

O-nw 
) 

w 
2 

] {(w) dw 
+ aoo 2 2 

(Q -nw) 2 (0-nw} -w 
r 

w5 f(w)dw 

-y a00 f (0-nw)2 ' 

121· 

r.u;e f(w) - <PYHKUHH pacnpe)],eneHHH no qacToTaM o6pameHHH 

WO 'o 
B HeBO3MYIUeHHOM nytIKe, Cua= f w{(w) dw , /3

0
=· ---

. C 

· 2 -1/2 
Y = ( 1 - f3o ) , 'o· - 6onhrnoii pa,u;Hyc .Konhua, w =w v . . . ~z ~z 
qacTOThl 6eTa TPOHHhIX Kone6aHHH. Ko3qJqlHUHeHThl aa, onpe -
)],enHIOTCH COOTHOIIIeHHHMH / 7/2 . . 

1 

aik. = m-yw 2 
0 

aF. 
--L 

axk 

F. - KOMIIOHeHThl ycpe.u;HeHHOH no ceqeHHIO rryqKa CHnhI 
' . . • '.' ➔ 

JlopeHua, CBH3aH~OH C BO3MyIUeHHeM, X • B_eKTOp KOre-
peHTHoro cMemeHHH rrorrepel!Horo cetieHHH Konhua. 

YpaaHe~IHH /1/, /2/ nonyqeHhl a rrpe)],rronO)l{eHHH, l!TO 
nonH Mano oTnHtiaIOTCH OT. caoero cpe)],Hero 3HatieHHH no 
cetieHHIO rryqKa; )],nH uHnHH)].PH'ie ci<:oii aonHl?I 3To cnpaae.u; -r . . . 
nHBO, npH n << 7, r.u;e a · xapaKTepHhlH pa3Mep Ce'IeHHH 
KOnhua /)].nH BhIIlPHMneHHOro nytIKa orpaH~ll~.HHe 6~.n:ee 

cna6oe - n << Y1i,_ / a . 

IIepaaH qaCTh pa6oThI nocaHIUeHa aonpocaM ycTOHtIHao­
cTH a3HMyTanhHoro JJ;BH)l{eHHH .. Ecnn BhIIIOnHeHhI ycnoBHH 

4 

\ : 
1 · 
t,. 

l 
l 

t 

I 

l 

\ a ik I « 1,· TO ypaBI_IeHHe /2/ HMeeT KOpHH Q "' WO ( n ± vr) H · 
0 ,as n w O' COOTBeTCTBYIOIUHe pa)],HanhHhIM H a3HMyTanhHhlM 

Kone6aHHHM nnoTHOCTH KOnhua. HHTepecyHCh perneHHHMH 
n "' n w )],nH nyqKa C xapaKTepHOH IIIHpHHOH pacnpe)],eneHHH 

0 ~ 

no qaCTOTaM Ow , y)].OBneTBOpHIOIUeH COOTHOIIIeHHIO 

WO a WO 
ow"" - .<< v - , a ypaaHeHHH /2/ MO)KHO onycTHTh 

r r n 
0 

-2 
cnaraeMhie, He co)],ep*aIUHe (Q - riw) . • 
nonytIHM )],HCnepCHOHHOe ypaaHeHHe / ii: 

B pe3ynhTaTe 

1 =-i~ w n 
0 

cZ(n,O) 1 1 f'(w)dw 
--(---)f--- '/3/ 

r)].e 

.Bo Y 

e2 

V =---2 
me 

N 

2 "'o 

2rrn v 2 y 2 n -nw 
r 

- "noroHHhIH 3neKTpou", N - rronHoe 

2rri 2 V -J 
l!HCnO 3neKTPOHOBBKOnhue, z (n, 0)= -a00--,80 (..:.....) - HM· 

O,r0 Y 

ne)],aHC rryqKa B KaMepe, orrpe)],enHeMOH TaK)l{e COOTHOIIIeHH· 
eM 2rrro Ee= ·Z (n, OJI n,O, I n,O. - nHHeiiHaH nnoTHOCTh 

TOKa BO3MYIUeHHH. 

,[(nH oueHOK anHHHHH 3HepreTHtieCKOrO pa36poca B nytIKe 
aocnonh3yeMCH HaH6onee npOCTO aHanH3HpyeMhlM pacrrpe-

)],eneHHeM JlopeHua: w -w0 2 1-1 
f(w) = I rr!).w • [1 + (------)) , 

/).w 

r)].e /},,w 
w 1 1 = ___Q(-·--) !},,y. 
y v2 y2 

r 

Tor)].a npH y >> v r 
ypaaHeHile /3/ CBO)],HTCH K BH)].Y 

(p -iaJ2= 2i,BZ(n,O). /4/ . 

0-nw !).% -2 t\j, 
3)].eCh BBe)],eHhl o6o3HatieHHH p = 0 

' a= - ;;,: V . -nw
0 

_w0 .· r y 
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-2 v "' cl . 
f3 = vr Y , Z = -:r;;-; * • HeycTOH'-IHBOCTH ny•urn cooTBeT· 

CTByeT pemeHHe ypaimeHHH /4/ c Imp < 0. 
MMne.nauc K0m,ua B KaMepe C npoao.nHIUHMH CTeHKaMH 

M0)KH0 npe,ncTaBHTh n an.ne Z = Z0 + /'t;.Z , r.ne Z0 ·HMne­
,naHc B cny<me n.neaJibH0 npoao.nHutHX cTenoK; a /'t;. Z - .no6aa­
Ka, CBJl3aHHaJI C KOHe11HOH npoao,nHM0CTblO. 

IlpoaHaJIH3HpyeM BHa11ane YCJI0BH.J! YCTOHt{HBOCTH npH 
/'t;.l =0' a 3aTeM paCCM0TPHM BJIHJIHHe KOHe11HOH npoao,nn­
M0CTH. 

1. Heycmoii'IUBOCl/lb ompUijame/lbHOii MQCCbt /HOM/ 

B Hepe3oHaHcnoii o6nacTH B cny11ae n.neaJihH0 npoeo­
.nxmnx_ CTeH0K KaMepbl HMne,naHc JIBJIHeTCJI t{HCT0 peaKTHB· 
HhIM lo= i V . PemaJI ypaeHeHHe /4/ B npe.nnoJI0)KeHHH 
/3 « J, Il0Jiy11HM 

p = i(a ± ,J2{3V), V > o, 

p =±y'2{3\V\+ia, V<O /5/ 

TaKHM o6pa3oM, HOM. B0:,JM0)KHa T0JihK0 npu V > O ,H yc­
nonne ee no.naeneHHJI Ii! 2/: 

2 1 a 1 -2 v -1 /'t;. y 2 · 
V < - _, = - v 1-) (-) . 

2 t3· 2 r y y /6/ 

EcJIH ,tee V < 0' TO B ny11Ke B03MO)KHbl KorepeHTHbie CHHX.1?.Q..:. -
TpoHHble Kone6'aHHJI c OTHOCHTeJILHoii 11acT0Toii Q 0 =n ',j2f3 I VI;:,' 
BTOpoe H3 pemeHHH /5/ CYTb KOM6HHaUHOHHble 11aCTOTbl 
Re O = .w 0 f n ± Q0).O11ean,nHo, 11To 3aTyxaHHe Kone6aHnii 

B ny11Ke c pe 3KO cna.naroiueii 4>YHKUHeii pacnpe.neneHHH M0)KeT 
HMeTb MeCTO TOJibKO B cnyqae, Kor.na yrnoBaH CKOpOCTb 
BOJIHhI Re n / n ne)KHT a npe.nenax pa36poca no 11acT0TaM 
o6paiueHHJI, TO eCTh Kor.na Q0 ~ na. 

* 3Ha~eHII,.J9 
,naHca zrn,U} 

n 

6 

Z = 1 COOTBeTCTByeT BeJIHt{HHa HMne­
= 377 OM. 

tj 

",J 

i 
1 

Ilpn 11axo)K,neHHH noneii B03MYIUeHHH npeHe6pe)KeM Ma· 
JihIM paAHaJihHblM pa3MepoM K0JibUa H Il0JI0)KHM IlJIOTHOCTh 
3apHAa B HeB03MYIUeHH0M ny11Ke paBHOH 

p
0

(r,z) 
eN 

2rrr 
0 

ofr-r J afar--:lzlJ 
0 2a /7/ 

z 

r,ne a(x}=l npH x>0 H. a(x}= 0' npH x<0, az - aKCHaJihHhlH 
pa3Mep ny11Ka. Onpe,neJIJIJI Il0JIH MeT0A0M pa3JIO)KeHHH no 
co6cTBeHHhIM cliYHKUHHM pe3oHaTopa,. nony11HM cne,nyroiuee 

Bhipa)KeHne ,nnJI HMne,nauca: 
2 2 

8 rrn oo k -k E 
Z=i_;,_2 I [ 2 ~ 

o k h b _1 k - k E . s,q- . n 

2 
J n '(krE 'o ) 

k 2 N z 
rE SE 

2 
f3 0 

-- 2 
+ k2-k,; H 

/' 2(krH ro) ] g2 
n q 

NsH 

rAe 

+ 

N =]'2(>..E ), N =[l-(-n_/1J2(>..H) 
sE n . ns sH - AH n ns 

ns 

. • HOpMHp0B011Hbie MHO)KHTeJIH, 

/8/ 

>..E,H _ l/2 
· · ·1} ns· 2 k2 } n 

k=-, k rr(2 q- k = -- 'k E u= ( k + E H ' h , rE,H b n • .z r • 

g = 
q 

C z 

sin(k z az ) J (>.. E ) = 0 ' J, ( A:s ) = 0 ' 
---"----, n ns n 
kz a:r 

In (x} H · I ~ (x) - cliYHKUHjl · lieccens H ee npo:u3BOAHaH no 
apryMeHTy. OTMeTHM xapaKTepHoe caoiicT:eo· HMne.nauca 
/8/: npH nepexo.ne qepe3 pe30HaHC (k ;, knE,u)lm Zo 
MeHHeT 3HaK. TaKHM o6pa30M·, pe3oHaHCHaH nonoca, lllHpHHa 
KOTopoii onpe,nemieTCH ,no6poTHOCThlO H aeJIH11HHOii HHKpe-
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MeHTa, pa3.u;emi:eT o6naCTH YCTOHqHBOCTH H neycToiiqHBOCTH 
nY'-IKa OTHOCHTenhno HOM /.u;nn .u;ociaToquo y.u;aneHHbIX 
.u;pyr OT .u;pyra pe3011aucoa/. · 

H:Mne.u;auc /8/ MO)KHO npe.u;cTaBHTb B BH.IJ;e CYMMbl .IJ;Byx 
'-lacTeii • norapH<l>MH'-leCKH 3aBHCH.II_\eii OT ManhIX pa3MepoB 
KOilbIJ;a, KOTOpyro 6y.u;eM Ha3bIBaTb KBa3HCTaTHqecKoii, H BOn­
HOBOH, o6ycnoaneunoii IJ;HnHu.n;pHqecKoii reoMeTpHeii noneii: 
Zo = ziTaT.+ z:ona •. IlpoBO.IJ;H. a qJOpMyne /8/ CYMMHpo­
BaHHe no Hu.n;eKcy s / CM. npm10)Ke11He/, naii.u;eM 

~ CTaT. i 
Zo ~ - ~ 

,y 

4 11n 

kh 

oo r 
I 

2 
G" (-0 , b ) g q n H b Xq • 

q"" I /9/ 

~ Bona. . 4 11n oo k 2 r ,, r 
z =i--I[{l+-)G (..:..O...,bx )+G (J...,bx )], 

kh x2 n E b q nH b q 
q=l q 

/10/ 
2 · 2 I/2 

r.u;e x = (le z - k ) • B npe.u;enbHOM cny'-lae 6onbwHx .IJ;IlHH q 
BOilH, Kor.u;a BhlilOilHeHo YCilOBHe 

nh 

11ro 
« 1 

t /11/ 

B qJOpMynax /9 /' /10 / MO)KHO BOCnOnb30Ba Tb CH. aCHMnTo­
TH'-leCKHMH pa3IlO)KeHHH.MH MO)];HqJHIJ;HpOBaHHblX qJYHKIJ;HH Eec­
cenn, BXOJJ;H.I.QHX B G nE. H • BbiqHcnH.H. CYMMY /9/ npH 

11 az 
-h--<< 1 , nony'-IHM 

~ CTaT. 

zo = 
i eh I 

-[ln(-th ¢)+ -], 
,y2 11az 2 ' /12/ 

b-r0 e • OCHOBaHHe HaTypanbHbIX norapHqJMOB, cp = 11 • -r--· 
<I>opMa Ce'-leHHH IlY'-IKa He OKa3bIBaeT CYI.QecTBeHHoro_ BilHH.­
HHH. Ha BenH'-IHHy HMne.u;aHca: TaK, .Il;IlH. KOilbIJ;a Kpyrnoro 
Ce'-leHHH. pa.u;Hyca az, Z o CTaT. oTnHqaeTcH. OT /12/ 3aMeHoii 
e Ha 2 B apryMeHTe norapHqJMa. 

8 

r 

··t 

! 
1' 

I 

.1 

( ) Z CTaT. 
B YilbTpapenH.THBHCTCK0M npe;:i;ene y ➔ 00 0 ➔ 0 

H OCHOBHYIO pOilb HrpaeT BOilHOBaH. '-laCTb HMne;:i;aHca. EcnH 
KOilbIJ;O 6nH3KO K IJ;HilHHAPH'-leCKOH ' CTeHKe ( ¢ « 1)' TO 

b-r 2 1) - Bona. . . ( o ) • ( -ln ¢ + 
2 

· 
Zo =' b /13/ 

B o6paTHOM cnyqae( ¢»1) HMeeM * 

- Bona. h 2 n h 2 
Z o : = i (-) [l - 3 (-) ] 

11 '0 11 '0 
/14/ 

11trq -
IlpH -;. < n y3 HMne;:i;fHC HH)];YKTHBHbIH (V .< 0) , TaK 

_'-ITO B Y3KOM pe3oHaTope ( 0 << 1 Jrr: ·H. rapMOHHKa npH 
no;:i;xo;:i;e K nepaoMy pe 30HaHcy ( ..::;f- ~ n ) ycToiiqHaa 

. B )];OBOilbHO WHPOKOM HHTepBane qacTOT )];a)Ke npH HyneBOM 
:rnepreTH'-leCKOM pa36poce ** · ' /no;:i;qepKHeM, qTo npo­
BOJJ;HMOCTb CTeHOK npe;:i;nonaraeTCH. 6eCKOHeqHoii/. M_aKCH~ 
MailbHOe 3HaqeHHe BOilHOBOH qaCTH HMne;:i;aHca )];OCTHraeTCH. 

11ro 
npH -h- - n ,J6 

i 
H paBHO Z rnu - 12 n~ · 

Pe3YilbTaTbl pac'-leTOB Ha 3BM no cpopMyne /9/ npHBe· 
;:i;eHhI Ha pHc. 1. On;eHHM ;:i;nn npHMepa BenH'-IHHY 3HepreTH· 
qecKoro pa36poca, Heo6xo;:i;iIMoro ;:i;nn ycToii<1HBOCTH :meKT· 
pHqecKoro Konhn;a npH v = 0,06 , y = 7 , -!!-=0,2, ~:,,;z, 25~ 

• . D j To . 
a . 

-,- ~0,03, v, ~ o ,7. Bi;pmcneHHH. HMne;:i;aHca no cpopMyn,aM 

o -cTaT. -aona. · 
/12/, /14/ ;:i;aroT Im Z 0 =0,04, lmZ 0 . =0,007. ,D;nn pa3· 

. . 6 
6poca, cornacHo ycnoBHIO /6/, nonyqHM _L>2 %. 

,y -·. 

* IlepBhiii-qneH :iToro pa3no)KeHHH. 6bm Haii;:i;eH K.IIen­
nerpHHH H A. CeccnepoM B l,1/. ,D;nn KBa3HcTaTHCTHqecKoii 
qacTH HMne;:i;aHca B Toii )Ke paooTe nonyqeao B;:i;Boe 6onbwee 
3HaqeHHe, qeM ;:i;aeT /12/. · 

** 3TOT cpaKT, KaK n ynoMH.HyTaH. -HeTO'JHOCTb B pa6o;e I?~ 
6hm yKa3aH A.r .lioHq•.OcMOilOBCKHM /e/. . . ,>' . ', 
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'Puc. 1. PeaKTHBHaH qacTb HMfieJJ.,aHca B 3aBHCHMOCTH OT 
b/r

0 
npu b/h = 5. 

IlpuaeJJ.,eM 
.-,-- . . .. Z BOnH.· e~e OP.HO npeJJ..cTaBJieHHe JJ,JIH 0 . 

00 2 
BOnH. • 211 Ks E 'o In (k, Ero) h 

Zo =' - l: [ , th ( K -) -
2 k2 N sE 2 

r,D,e 

b s =l rE 

I ,2(k r ) 
rHO th(K 

n sH 
NsH KsH 

'o h yJl, 

sE 

/15/ 

2 2 1/2-
K =(k EH -k) . lfa /15/ nerKo BHJJ,eTh, qTo 

sE, H r • 

npu h/b ➔ oo Zo nepexoJJ.,HT e BhipameHHe JJ,JIH peaK· 

THBHOH qacTH HMDeJJ.,aHca e eoJIHoBoJJ..e /6,9,10!.-
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I 
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2. Pe3ucmue11aJ1 11eycmoii'-1ueocmb 

HaHJJ,eM Terreph pe3HCTHBHYIO rrorrpaBKy K HMIIeJJ,aHcy • 

,!J;JIH yqeTa KOHeqHQH rrpoeo,D,HMOCTH BOCII0Jih3 yeMCH rpaHnq­

HhIM YCJIOBHeM JleOHTOBHqa 
➔ ➔ ➔ ➔ ➔ 

[ n E ] = [ n [ n H ]] • (1 + i ) R , /16/ 
➔ ➔ 

r,D,e £ H I/ • HarrpxmeHHOCTH 3JieKT-puqecKoro H MarHHTH0· 
- . ➔ 

ro rroneH Ha rroeepXHOCTH rrp0B0JJ,HHKa, n - BHellIHHH Hop-

fl 1/2 
MaJihH0 K rrpoBOJJ..H~eH rpaHnue, R ,J8--) , a - IIp0B0JJ,HM0CTh 

11a 

CTeH0K. Orrpe,D,eJIHH pe3HCTHBHhie II0JIH KaK B03My~eHHe 

rronen e HJJ,eaJihH0M peJoHaTope, HaHJJ,eM rronpaeKy e nepeoM 

nopH,D,Ke no R: !).l = l'l·lflJ + !!:.l-'21 , rJJ.e 

. ~r,, 
I!:. Z = -(1 +i) R 

211r~ 

nhb 

00 

l: 
q=J 

+ ( nk\/[ In (xq'c,) - 2 
r k I ( -v · b) b 
0 q n ,,.._ q 

2 
l ',i ( Xq ro ) 

+ 
1'2(.., b) 

n "'q /17/ 

[' ( ') 2 
n X q ro ] I 

I' (x b) 
n q 

yqHTbIBaeT KOHeqHyIO npoB0JJ.,HMOCTh IJ.HJIHH,D,pHqe CKOH no -

eepXHOCTH, a 

- (2) . 211 00 

ll.Z = -( 1 + i JR - l: 
n 

n/ ( k E r0 ) 2 1 I{ n r ] __ + 
E h N 

s=I ,\ •ch(K -n) . sE 
ns sE t!-

I' (k 'o ) r n rH 0 
+ [-. h 

b ch ( K -z-) 
sH 

]
2 1 
-I 

NsH 

/18/ 

- KoHeqHyIO npoeoJJ,HMOCTh Topuoe. B npe,D,eJie • h/b>>l,KorJJ.,a 
CYMMY MO)KHO 3aMeHHTh HHTerpaJIOM, Bhlpamenue /17 / 
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I 

,IJ;aeT peJHCTHBHYIO ,IJ;06aei<y K HMIIe,IJ;a.Hcy KOm,ua B BOnHo· 

BO,IJ;e /6, 11/ !, . 
IlpH BbIIIOnHeHHH ycnOBH11 /11/ HMeeM 

2 
-rlJ 211ro . -1 

!). Z = -(1 + i) R --;;;;,; • sh 2 ¢. / 19 / 

Ecnn, KpoMe Toro, ¢>>1, TO 

-r2J 2r 
!). l = -(1 + i ) R n; . /20/ 

B YJKOM peJOHaTope ( h/b «1) peJHCTHBHbie 34>qieKTbl 

orrpe,D;emIIOTC.!I B OCHOBHOM KOHe1.rnoii rrpOBO.I(HMOCTblO TOp· 

ueBhlX CTeHOK. Ha pHC. 2 rrpnBe,IJ;eHa JaBHCHMOCTb BenH1.J:HHbl 

ab 1/2 - r2J · - . , . . . 
W =-( 

7
J Re!). Z OT b/r0 rrim b/h=5, IlyHKTHPHhie 

KpHBhie rrocT_poeHbI no giopMyne /20/. 

w 
t 

\ 
\ 
~ 
~ 
~ 

--- --~--------
--- ---------

0 1 5 10 &Ir,, 

. ab 1/2 "'r2J 
PHC. 2. 3aBHCHM0CTb - W= -(-) Re t,.Z .·. 
b/h = 5. c 

OT b/r O rrpH 

12 

O6paTHMC.!I Tenepb K pemeHHIO ,IJ;HcrrepcHoHHoro ypaa- ~ 
HeHH.!I / 4/. IIpe,D;CTaBn.11.11 HMIIe,IJ;aHC a BH,IJ;e Z = U +i V (U =Re !1Z), 
nony1.1~M _ . 

112 
_ __ 112 

p = ±v' ,8( I Z I - V) + i [a+ y /3 (I Z I + V) ], ( U .< 0). 

B Tex o6naCT.!IX qacTOT~ r,IJ;e. BOJMO)Kl!a HOM (V>O), 
Manoii peJHCTHBHOH ,IJ;o6aBKoii M0)KHO rrpeHe6pe1.11,. TaK, 

,IJ;n.11 rrpHBe,IJ;eHHhIX Bbillle rrapaMeTpoa H able = 5.10 6 

j U I :510-3 • EcnH )Ke V-< o, peJHCTHBHhie 3cjicjieKThI - e,IJ;HH· 

CTBeHHblH HCT01.J:HHK HeyCTOH1.J:HBOCTH, IlpH1.J:eM ycnOBHe yc­

TOH1.J:HBOCTH M0)KH0 JaIIHCaTb B BH.I(e 

!). 2 2 

( y) I/ 2 U 
-- >-J.1 --

,y •Y r 21 VI /21/ -

EcnH cjiyHKUHH pacrrpe,D;eneHH.11 o6na,IJ;aeT peJKO crra,IJ;aro­

mHMil fpaHHUaMH, TO, KaK y)Ke OTMe1.J:anOCh, He06XO.I(HMO, 

1.J:T06hI Re· J!_ 
n 

ne)Kana B npe,D;enax paJ6poca no 1.1acT0TaM 

o6pa~eHH.!1. 3TO IlpH~O.I(HT K 6onee )KeCTK0MY, He)KenH 

/21/, orpaHH1.J:eHHIO hi. TaK, ,IJ;n.11 pacrrpe,IJ;eneHn.11 raycca 

KpHTepnii YCTOH1.J:HBOCTH C0BIIa,IJ;aeT c /6/, a K0T0pOM 

V cne,IJ;yeT JaMeHHTh Ha I Z I . 

3. PeaonaHcHaJl ueycmoii<1ueocmb 

XoT.11 3T0T THTI aeycTOH1.J:HBOCTHHccne,IJ;oBanc.11paHeel4•5~ 

Mbl K0pOTKO Ha HeM 0CTaH0BHMC.!I, Il0CK0nhKY B yKaJaHHblX 

. pa6oTaX He Yl.J:HTbIBanacb HepeJOHaHCHa.!I qacTb HMile,IJ;aHca. 

KaK BH.I(HO HJ Bblpa)KeHH.!I /8/, n - .11 rapM0HHKa M0)KeT 

nh 
peJOHHpOBa Tb nHIIIb npH r O <--, TaK 1.J:TO C0OTBeTCTByI0-

17 

UlHM B1>16opoM reoMeTpHH KaMepbI MO)KHO HJ6e)KaTb peJo­

HaHC0B nepBbIX HaH6onee onaCHblX rapMOHHK. 

IlpH · qacTOTe BOJMymeHH.11, 6nHJKoii K o,IJ;Hoii HJ co6-

CTBeHHhIX 1.J:aCTOT KaMepbl · (Q = <u = C k E H), HMile,IJ;aHC . pea. n. 
/8/ MO)KHO npe,D;cTaBHTb a BH.I(e 

,13 



I 

(u \~; , l:e,·· 

z Cl)-.,.,. ), i (P + .n /22/ 
; 

r,ne 

=0 

p - BKna,n Hepe3OHaHCHblX• M'o,n B HMne,naHC, ~(l = 

(u pea. 
~ = 

,nm1 E - BOnH H 
4 rrr o 

m = - b2 k 2 : 
J\ h nH 

k2. 1: (k Ero) 
:r r . --- . 

k, 2 N 
rE sE 

I , 2(k r ) 
n rH O .. 

NsH 

,nna - H. - BonH. Koueirny10 npoBo,nHMOCTh cTeHoK KaMephI 
yqTe¥ KaK KOMnneKCHYIO nonpaBKY K co6CTBCHHOH qacToTe 
3a cqeT ,no6pOTHOCTH. Q ' npe11e6per'aa c,nBHI'OM co6CTBeH-

' (OJ i 
HOH qaCTOThl (u = (u ' • ( 1 + 2Q) · pea. pea. 

,ll.HcnepCHOHHOe ypaBHeHHe /4/ Teneph npHHHMaeT BH.n 

2 !R 
(p + o - ia) = - 2 f3 ( p + . 

1 - ' p 1 - 2Q · 
) ' /23/ 

t • 

0-(u(O} 

r.ne p = - pea: o =p -Pi. B TOqHOM pe3OHaHce (Repl=O) 

• n(uo 

ycToiiqHBOCTH ( Im p 
1 
~ 0) npR cl>HKCHpoeaHHhIX napaMeTpax 

. a H - f3 -6y,nyT COOTBCTCTBOBaTh 3HaqeHHH ,no6pOTHOCTH 

Q < Qmu ...?l. • ( 1 
= ,: 

p 1/2 
_.:..) . 

T/ 
/24/ 

T/ -= a 2 /2(3. TaK_HM o6pa3OM, npH p; > T/• qTO COOTBCTCTByeT 
HOM, _ nyqoK HeycToiiqHB He3aBHCHMO OT BenHqHHhl Q. . 

-EcnH 5' < 0, TO ,nm1 - Q = Q max _ OTHOCHTCilbHaJI paccTpoiiKa -
- . u . . ... . . • , ' 

Me)K,ny ,neHCTBHTenhHOH qacThlO qacTOTbl BO3MymeHHH H 

_ n -ii rapMOHHKOii qacTOThI o6pameHH~ 8=a(l-
91)1

12
· 6onLwe 

~-. -- -- _- - - - - - T/ 
nonywHpHHhI pacnpe,neneHHH no qacToTaM a . B pe3ynLTaTe 

::14 

nyqoK c pacnpe,neneHHeM rayccOBCKOro THila MO)KCT 6b1Tb 
HeycToiiqHe H3·3a 3KcnoHeHUHanhHO Manoro qffcna qacTHU, 
qTo .nenaeT MexaHH3M 3aTyxaHHJI Jiau.nay He3cliclieKTHBHbIM / 2/. 

· B Y3KOM pe3oHaTope (h I b « 1) npH ,no6poTHOCTHX 

b 2 
Q < ( T) WHPHHa pe3oHaHCHhIX nHHHH CTaHOBHTCJI 6onhwe 

paCCTOJIHHJI Me)K,ny HHMH H npe,ncTaeneHHe /22/ ,nnH HMne­
,nauca HenpaeoMepuo. Tor,na HMne,nauc B oKpecTHOCTH 
m - ro pe 3OHauca MO)KHO npH6nH»ceHHO 3ailHCa Tb B BH,ne 

m+l. z = - 2 I - Qr fR r + i P, 
f=m-L 

/25/ 

2 b 2 
r,ne 2 L = Q fy) - qHcno nHHHii, nepeKpbIBaIOLQHX m -ii 

pe3OHaHC. A,nHa6aTHqecKoe H3MCHeHHe qacTOTbl o6paJ:UeHHJI 
nyqKa Isl e 3TOM cnyqae, oqeeH,nHo, uecymecTBeuuo, TaK 
Ka.K HMne,nauc /25/ y)Ke ue HMeeT pe3oua11c11oro xapaK­
Tepa. 

3aeucnMOCTh P OT ,
0 

lh ,nnH n = 1,2,3 npH l,=0 no­
Ka3ana Ha PHC. 3. Ha PHC. 4 npe,ncTaeneHbl Ko3clicl>HUHCHTbl 
9l ,nn11 n = 1,2,3, s = J .;. 10 , q = 1 . 

IlpHBe.neM B 3aKn10qe11He cl>opMynhI .nna ,no6poTHOCTH pe-
3OHaTopa Ha £ H ll Mo,nax COOTBeTCTBeHHO: 

Q-1 = ( C 1/2 Eq ] 

nE 21rok nE ) •(,;- + b) 

-I -2 c 1/2 b 2 1 
Q =(bknH) ·(2 k ) ·[(1rq-h) ·(-h+ 

nH TTO nH 

n 
2 

1 
---,--· -) , + 
(>,.H/-n2 b (>..HJ2-n2 

n • ns 

(),. H 4 
ns) 1 

-], 
b 

/26/ 

/27/ 
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2 
rJJ,e k = ( 

nE,H 

E,H 2 
.\ 2 rrq) 
.::..:_ J + ( T ' 
b 

IIPH q 1, 2, .... 

12 

LO 

OS 

1 
E = - IIpH q = 0 H i = ] 

q 2 'l 

I I I 1.- '~ ' , .. 

0. ~ 0.6 0.7 ' \o.g ~ 

-Q5 

•-H-pe30HOHCW 

o-E-pesoHIIICbl 

Pnc. 3. Hepe30HaHCHaH qaCTb HMIIeJJ,aHca B 3aBHCHMOCTH 
OT rO /h JJ.JIH peJoHaTopa c b/h = 5. 

ABTOPLI IIOJILJYIOTCH cnyqaeM rro6naroJJ,apHTL 3.A.Ile­

penLIIITeiiHa 3a IIOCTOHHHLIH HHTepec K pa6oTe H CTHMYJIH­

PYIOI.QHe o6cy)K)J.eHHH. 

IlpUAOJ1Ce11ue 

IlpHBeJJ,eM cl>opMyJILI CYMMHpOBaHHH ITO KOpHHM 6eccene­

BLIX <l>YHKUHH, KOTOPLie .6LIJIH HCIIOJib30BaHLI rrpH rronyqeHHH 

cl>opMyJI /9/, /10/, /17 /, a TaK)Ke IIOHaJJ,o6HTCH BO BTOpoii 

qacTH pa6oTLI. CornaCHO MeTOJJ.Y pa3JIO)KeHHH KHe3epa-

30MMepcl>eJIL)J,a ! 12! HMeeM: 

· 16 

.\,•i02 

3 

2 

1 

0 
1 2 3 

Pnc. 4. Ko3cl>cl>m1:neHTLI 

~ 5 

~ ns I 

6 1 

e-H-pe3oHOHCbl 

o-E--peaoHOHCbl 

8 9 10 S 

JJ.JIH peJoHaTopa c b/h =5. 
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00 
I (>.. E X) I (>.. E X) 

n ns n ns 

I 
s=l 

2 E 2 
[ Z - (>.. ) ] N sE ns 

rrj n (xz) 

4]n(z)' .[Jn(z}Yn(Xz)-

- J ( Xz) Yn (z}], 
n 

00 

I 
s=l 

I ff ff 
(>.. x)J (>.. · X) rrl (xz) 

n ns n ns n 

[z 2 _ (>..ff }2] N = 
41

, () • []' (z)Y (Xz) -
ns sff z n n 

n 

- I (Xz)Y' (z)], 
n n 

00 

I 
s=l 

E E 
]' (>..ns x)J' ( A X) n n ns n x n-1 

[ z 2 - ( A : s ) ] W s E = - 4 z 2x 2 ( X) ( l + X 

2 

n) + 

rr I' (xz) 
+ n • [I (z) Y' (Xz)-l' (Xz)Y (z)], 

n n n n 4 J (z) 
n 

00 

I 
s= 1 

ff , ff X) " _
1 

2n 
]'( >.. x)l (>.. ns . . (.!...Jn (l - X ) + 

n ns n = - --2~1 X 
4z X [z:.(>..ff )2]N 

ns sff 

rrl' (xz) 
n 

+ ------
41' (z)· 

[]' (z) Y' (Xz) - I' (Xz)Y' (z)l, 
n n n n 

n 

r,z:i:e Y n (x) - 4iYHKl(HH HeiiMaHa, 0 :;; x -S. X :5 1. B TeKCTe 

HCilOilh3YIOTCH cne,z:i:yIOll(He o6o3Ha1.JeHHH: 

18 

G (x,z) = I (xz)•[K (xz)-1 (xz)D (z)], 
nE,ff n n n nE,ff 

G" (xz)=l' (xz).[K' (xz)-1' (xz)D (z)] 
nE,H n n n nE,H 

G' (x,z)=-
1
-[..!...(l'(xz)K (xz)+l (xz)K' (xz))-1 (xz)['(xz) 

nE,H XZ 2 n n. . n n n n 

D II (z)], 
nE, 

r,z:i:e DnE=Kn(z)/ln(z) , Dnff=K:(z)/1:(z), ln(x) - MO.IJ:H· 

<iiHl(HPOBaHHa.H <iiYHKUHH lieccenH, Kn (x)- <iiYHKUHH MaK,z:i:o-

Hani.,z:i:a. 
,' 
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