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raspunosa 3.r.. Py6HH C.B. P9 - 12245 

nonst, BO.::J6ymaaeMble OpH HH>K€KUHH nyt.tKa B 8llr'83BTOp, 

H Oll€HK8 HX BnHHHHH Ha nonepe'-tHOe llBH*eHHe '-IBCTHU 

BhiaeaeHbl Bbipa)KeHHH anH Korepeurao soa6y>KaeHHhlX ny'-IKOM E H H 
aonH. PaccMOTpeHbi npoMemyTKH speMeHH KaK no MOMeHTa 3BMhiKBHHH ny'-IKa 

B KOnbUO, KO["JlB npOHCXOllHT H8KonneHHe 3H8pr'HH 3T0r'O nonst B KBMepe, 

TaK H nocne aaMbiKBHHSI, Korns Haer aaryxauue soa6y*lleHHhiX Kone6auHH. 

OueHKa r:reprHH B036y)KJl€HHbiX Bonn UOKB3ana, qro npu 4HCne 1 18CTHU B KOfll;; 

ue -10 norepu 3Hepruu qacruUaMH ny4Ka npaKTnqecKu ue snuueT ua 
xapaKTepHCTHKH paBHOBeCHO["O llBH)f{8HHSI. noK838HO T8K>Ke, 1.JTO HefiCTBH€ 

aoa6y)Kaeuaoro nons:r npuaoanT K HeKoTopoii: MoaynstUHH cpeaHeKsanpaTH 11HhJX 
pa3Mepos nyqKa, cna6oH a rex cnyqaSJx, Koraa napaMeTpb1 cucret~.u,, uc 
COOTBeTCTBylOT pe30H811CHbiM. 

Pa6ora Bhmonueua B Ornene HOBLJX Meronos ycKopeHHH 0115111. 

Coo6meHHe 06'bellHHeHHoro HHCTHTyTa HllepHhiX HCCnellOBBHHI!, fly6ua 1979 

Gavrilova Z.G., Rubin S.B. P9 

Fields Excited at the Beam Injection into 
an Adgezator and Estimation of Their Effect 
on Transverse Motion of Beam Particles 

12245 

E and H wave modes exited coherently by the beam 
are considered. Time intervals both before the moment 
of beam closing and after the closing, when damping of 
excited wave modes take place, are considered. Estima­
tion of excited wave modes indicated that at the ring 
particle number of approx. -10 13 the energy loss does 
not effect on characteristics of equilibrium motion. It 
is shown that the action of excited field leads to a 
modulation of the beam mean square dimension which is 
weak when parameters of the system do not correspond to 
resonance ones. 

The invest1gation has been performed at the 
Department of New Acceleration Methods, JINR. 
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B npou;ecce HH)I(eKu;HH JneKTpOHOB B KaMepy a~reJaTopa, 

HaqHHaB C MOMeHTa nOBBneHHB $pORTa nyqxa H KOHqag BpeMeHeM 

3aMbiKaHHB ero B KOnbiJ;O, pacnpe~eneHHe 3apB~OB H TOKOB B KaMe· 

pe OCTaeTCB HeO~HOpO~HbiM B a3HMyTanbHOM HanpaBneHHH. IlpH 

~OCT a TOqHoH BenHqHHe HH)I(eKTHpyeMoro TOKa B036y)l(~eHHble HM 

a3HMyTanbHO • HeO~HOpO~Hble nonB MOryT OKa3a TbCB 6onb1IIHMH. 

TaK KaK KaMepa, npe~cTaBnBeMaB KaK pe3oHaTop C KOHeqHOH 

~o6poTHOCTbiO, 6y~eT "JBeHeTb" ewe HeKoTopoe BpeMB H nocne 

JaMbiKaHHB nyqKa, TO HHTepeCHO OIJ;eHHTb o6pa THOe ~eHCTBHe 

JToro nonx Ha ~BH)I{eHHe qacTHIJ; "· HH)I(e JTa ·Ja~aqa paccMoTpe­

Ha B npH6nH)I(eHHH Ja~aHHOrO TOKa. PeweHHe Be~eTCB MeTO~OM 

pa3nO)I(eHHB no C06CTBeHHbiM $yHKIJ;HBM H~eanbHo·npOBO~BJ.llero 

u;HnHH~pHqecxoro peJoHaTopa /2,3/, 

1. 

B Koop~HHaTax (r. q>, z), r~e pa~Hyc KaMe phi a, BbiCOTa D, 
Haqano Koop~HHaT coBna~aeT c u;eHTpoM ee neBoro Topu;a. KaMepa 

npoHHJaHa no~TOBHHbiM BHeWHHM MarHHTHbiM noneM I3 O C noKaJa­

TeneM cna~a n. 

IlyCTb B TOqKe {rj> = 0, f= R0 , Z= %) npH t =Q nOBBnBeTCB $pOHT 

TOHKOrO no ceqeHHIO nyqKa JneKTpOHOB, ~BH)I(YJ.liHXCB C nOCTOliHHOH 

CKOpOCTblO v
0

. Ilona~aB B MarHHTHOe none, qacTHIJ;bl, npH ycnOBHH 

cornacoBaHHB V O H I3 O .~BH)I(YTCJI CTporo B aJHMyTanbHOM HanpaB· 

neHHH, T.e. nyqox, Bee y~nHHBJICb, "pacnpocTpaHJieTCB no ¢". 

1 KorepeHTHoe CHHxpoTpoHHoe HJnyqeHHe nyqxa, nocTeneHHO 

JanonHJIIOI.llero paBHOBeCHYIO op6HTY, 6e3 yqeTa BnHBHHJI KaMepbl 

KaK peJoHaTopa, paccMaTpHBanocb B Ill. 
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COOTBeTCTBYIOIQBe Bblpa)l(eHBJI ~Jl.ll DJIOTHOCTB 3apJI~a B TOKa 3anu­
lliyTCJI B BB~e 

o(r-R
0

) 
0 p(t, r, ¢. z) = p a(U t- ¢)------o(z- --), 

0 2rrr 2 
0.S:¢.S:2rr 

= j 
z r 

= 0, j_,_=pV =pUR 
'f' ¢ 0 

/1/ 

r~e D - UBKJIOTpouuaJI qacToTa, a(x) - e~uuuquaJI l)lyHKUBJI, p 0 -

HOpMBpOBOqHaJI KOHCTaHTa, onpe~eJIJieMaJI B3 YCJIOBBJI, qTO DOJlHbiH 

3ap.ll~ cryCTKa B MOMeHT, KOr~a nyqoK 3aMKHeTCJI B KOJILUO, 

paBHJieTCJI 3a~aHHOH BeJIBqBHe Q = eN, r~e N - DOJIHOe qucJIO 

qacTBU B crycTKe. HHTerpupyJI p(t, r, ¢. z) no BCeMy o6'LeMy 

BHYTPB pe3oHaTopa ~JIJI t= -}[-. uaxo~BM p
0 

= Q. 

llpB t > 271-U' T.e. nocne 3aMbiKaHBJI nyqxa, TOK coxpaHJieTcJI 

DOCTOJIHHbiM. 

,li;JIJI onpe~eJieHBJI B036y)l(~eHHbiX DOJieH BCDOJ1L3yeTCJI KYJIOHOB­

CKaJI xanu6poBKa noTeuuuanoB. CucTeMa uopMupoBaHHbiX co6cTBeu-

Hblx l)lyHKUBH (A = Is, n, ml, v = Is, n, m I, a = Is, n, m I 
MYJILTBBH~eKcbl/: 

1/ ~JlJI E -BOJIH 

hs d Knm C 1 cosn¢ 
(A ) =- ---- J ( ----r)sin(h z)x I C -

A r k A dr n a s 2 sm n¢ 

h 8 n Knm -C 1 sinn¢ 
(A ) =- ----- J (-r)sin(h z) x I I 

>. ¢ kAr n a 8 C2 cosn¢ 

K~m Knm 
(A ) = ---J _(_---- r)cos(h z) x :\z 2n a s 

k A a 

c1cosn¢ I, 
C 2sinn¢ 

I' 

/2/ 

r~e K nm - m- biH xopeHL ypaBHeHBJI J n C(:) - 0, n = 0,1,2, ... , m = 1,2, .. ., 

h = ~ ' (8=0,1,2, ... ,), k ~ = h 2 + (-~!!!!1-) 2 
• 

s 0 " s a 

4 

2c& OS 

c1 = c2 = ------ . npu n = 1,2, ••• , s = 0, 1,2, ••• , 

..jb Knm J~{Knm ) 

& = ! 2, s I o 
OS . -- I 

../2. s = 0 ' 

2c..j2 c = ----- --- --, 
1 -

npu n= 0, S= 0,1,2, ••.• 

V D K om J 1 (K om) 

2/ ~JlJI H - BOJIH (Av)z=O, 
, 

K nm - KOpeHL ypaBHeHBJI 

r~e 

J~{~) = 0, (n = 0,1,2, ••• ). 

_, n K'-

(A ) = -J (~r) sin(h z) x 
v r r n a s 

-C'1sinn¢ 

C~-cosn¢ 

d K' C! cosn¢ 
(A ) _;_=- -J (~r) sin(h 

8
z) xI I, 

v 'f' dr n a C'-sinn¢ 
2 

2 2 K ~-m 2 
k = h + (---) 

v s a 

4C 

/3/ 

/4/ 

C'- =C'-
1 2 ---------------------- npB s,n = 1,2,3 •... 

..;o J (K '- ) [K 'I! - n 2 ] ~ 
n nm nm 

C' = C'-
1 2 

~JIJI s =0 npu J11060M n; 

C~= ----
' J ( , ) ..jDKoin o "om 

' C'- = 0, 
2 

/5/ 

npa n = 0, s = 0.1.2 .... 
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Co6cTBeHHble 4Jyaxuaa rrpo.nonbaoro rron.11 

Knm C 3cosn¢ 
¢ = J (-- r) sin (h z) x I C . I, 

a n a s 
4 

smn¢ /6/ 

4c 
K m 2 2 C - C = ---------

2 _ h
2 

+ (-..!.:--) = k,_, 3- 4 ayDJ'(Knm) ka - 8 a n n,s= 1,2,3, ... , 

C 3 =C 4 =0 .D;Jl.ll s = o. rrpa mo6ow n 

c = 
3 

2v_2_c __ _ 

ayD J 1 (K Om) 
c 4 = o. rrpa n = 0. s = 1,2, .... . 

)J;JI.II t>O IIOJI.II MOlKHO rrpe.D;CTaBHTb C IIOMOmbiO pa3JIOlKeHH.II 

A =A 1 +A2 =~A,_(r)q,_(t)+;Av(r)q)t), 

2 2 1 r . q, + c k, q, =- J(r,t)A, (r)dr, 
A,V ~,V ~,V C V A,V 

1 aA 
EB11Xp.=-c--at· 

E noTeBu. = - grad_ 

H =rot A, 

(p(r',t)L ¢a(r)¢a(r') 

v 
a k2 ~ (dr). 

a 

/7/ 

/8/ 

/9/ 

/10/ 

3aeprH.II xalK.noro BH.D;a xone6a&ai .naeTc.ll o6wqaoi 4Jopwynoi 

5, l.,v 
. 2 2 2 2 

= q A,v + c-· k A,v q A,v • /11/ 

,lJ;JI.II IIOJIHOB OIIpe.D;eJieHHOCTH B /9/ He06XO.Il;HMO 3a.D;aTb Ha'laJibHble 

ycnoBB.II. Tax xax .no IIO.IIBJieHH.II rryqxa (t _::: 0) pe3oHaTop ae 6wn 

B036y)K.Il;eH, TO IIpHHHMaeM 

q,_,,,lt=O =qA,I' ~t~O =0. /12/ 

6 

II. 

BwpaJKeHB.II .D;JI.II OT.D;eJibHbiX THIIOB nonei, onpe.nenea&we &a 

OCHOBaHHB COOTHOWeHHB /8/·/12/, H3·3a HX rpOM03.D;KOCTH BbiHe· 

ceHbl B rrpanolKeaae 1. Kax BH.D;HO &3 4Jopwyn /cw. rrpanolKeaae 1/. 
BH.D; BpeMeHHOB 3aBHCHMOCTH H3MeH.IIeTC.II B MOMeHT t = ..2g-, 
KOr.D;a IIpOHCXO.D;HT 3aMbiKaHHe IIY'IKaBHapacTaHHe TOKarrpexpaiQaeT· 

I 
2rr 

c.11 cawa rron.11 aenpepwBHbl rrpa t = ---- I. <l>opwaJibHO H3Meaeaae n 
BH.D;a 3aBHCHMOCTH OT t IIOJiy'laeTC.II IlpH HHTerpHpOBaHBB B /9/, 
T .K. IlpHXO.D;HTC.II HHTepBaJI HHTerpHpOBaHH.II pa36HBaTb Ha .D;Be 

qacTH TO'IKOB t = -~- H "CWHBaTJ." COOTBeTCTBYIOUUle peweHB.II. 

,LVl.11 .nanb&eilwero BBe.ne&w o6o3Ha'leHH.II 

e = ct, 0 = ck
0

, k A= k 
0
a A, kv = k 0av • /13/ 

n t 
2rr ~ 

pa ? -0 B a3HMyTaJih&o-caMMeTpH'IHOH qacTH non.11 aweeTC.II 

IIOCTO.IIHHa.ll BO BpeMeHH 'laCTb. Oaa COOTBeTCTByeT MarHHTHOMY 

H 3JieKTpH'IeCKOMY IIOJI.IIM IIY'IKa, KOTOpbiB c4JopMHpOBaJIC.II B xawepe 

B 3aMXHYTOe ICOJlbJ.lO. fipH 3TOM CTaTH'IeCXOe MarHHTHOe IIOJie 

oxa3anoch 3anepTb1M B xawepe Tax, xax 6y.D;TO 6w oHa csepxrrpo­

BO.D;.IIma.ll. ,lJ;eBCTBHTe·JibHO, .D;Jl.ll BeKTOpHoro IIOTeHUBaJia 3TOB 'laCTH 

IIOJI.II IIOJIY'IHTC.II 

A = L 
¢ s,m=l 

SQ Ro ko J 1 <K;ffi ~) J 1 (K rim -i-) 
a2D2J2( '· )[( K~in )2 o Kom a + 

sin~ · Bn-(~) 2] 2 smD-z./14/ 

D 

BwrroJIHHB B I 14/ cywwuposaaae no m *, nocne aexoTopwx npeo6-

pa3oBaHHii, .D;JI.II r <-: R.0 rrony'IHM 

4R k Q oo It(ITB rD) 
A 00 "<'·BIT ·BIT ¢ = 4. Bm-· sm-z x 

n s= 1 2 D Il(IT~) 
D 

Ro a a Ro 
x [K 

1
<1Ts 0 )I 

1
(1TB 0 )- K 1(n:B0 H1 (ITs-0 )1 /15/ 

* fi~B CYMMHpOBaHBH y.D;o6HO BCIIOJlb30BaTb 4JopMyJlbl, npHBe.D;eH· 

awe 8 41 aa cTp. 3. 
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/npH r ./ R 0 B 'lneHax no.n JHaxoM cyMMbl a /15/r H R
0 

cne,nyeT 

noMeHJITb MeCTaMH/. /14/ COOTBeTCTByeT BelCTOpHOMy noTeH~.tHany 
nocTOJIHHoro xpyroBoro Toxa, noMe~eHHoro B csepxnposo,nJI~~ 

ItHnHH,npH'Iecxyw o6onoqxy. AHanorH'IHble npeo6paJoBaHHJI MO~Ho 
BblnonHJITb H ,nnJI cxanJipHoro noTeH~.tHana ¢. 

Bbi'IHCnHM JHeprHID nonJI, ocTasneHHoro B peJoHaTope nocne 

JaMbiXaHHJI ny'lxa. B cooTBeTCTBHH c o6~eB: rl>opMynoB: ,nnJI JHeprHH 

OCI.tHnnJITOpa nonJI q 2 
1 c

2 
k

2 
q 

2 
= If,, CYMMHpyJI no BCeM OCI.tHn· 

nJITopaM, nony'IHM: 

MJI E - BOnH 

2 2 2 2 . 2 S77 . 2 2 Ro 2 2 
16Q k 0 n s sm (-)sm (aA77)Jn("nm--a)(n +all.) 

&, = I ----......2..----------. E ' 
o3 A k4K2J'2(K )(a2-n2)2 

A nm n nm A 

/16/ 

s, n, m = 1.2,3, .... 

MJI H- BOnH 

a4J2(", ) 
v 0 om 

/17/ 
(0) gQ 2R2 

{f; H = -----~--- ~ 
77 2 a2 D s,;= 

. 2 S77 . 2 , 2 , Ro 
sm (-) sm <a 77). J · (" ---) 

2 v 1 nm a 

---------------------------

2 2 , 2 . 2 S77 . 2 , , Ro 2 2 
16Q R~0 "nin sm (2-)sm (av 77)·J n~"nm-a)(n + av) c-

0H =------I --------------
772 a2D n,s,m= 1 k 2J2 ( , . )( 2 _ 2 )( ,2 _ 2] 

v n Knm a v n K nm n 

s, n, m = 1,2,3 .... /18/ 

llpHBe,neHHble Bblpa~eHHJI ,nnJI noneB: COOTBeTCTBYIDT O,nHOMepHOMy 

nyqxy, HMeiD~eMy npoT JI~eHHOCTb TOnblCO no aJHMyTaJibHOH lCOOp­

,nHHaTe. ll03TOMy B TO'IlCaX CaMOrO nyqxa CYMMapHble Bblpa~eHHJI 
JIBnJIIDTCJI norapHrPM§.'IecxH pacxo,nJI~HMHCJI ,nnJI x~.noB: aJHMyTanb­

HoB: rapMoHBXH /T.e. ,nBoHHble cyMMbl no m, s pacxo,nJITCJI/. Pac­

xo,nJITCJI H CYMMbl /16/·/18/. qT06bl MO~HO 6blnO HCnOJib30BaTb 

BCe nony'leHHble Bblpa~eHHJI, CJie,nyeT orpaHH'IHTbCJI B HHX lCOHeq­

HbiM 'IHCnOM 'lneHOB, C'IHTaJI COOTBeTCTByiD~He pJI,nbl aCHMnTOTH· 

'leCKHMH. OcHoBaHHJI ,nJIJI JToro JaXJIID'IaiDTCJI B cne.nyw~eM: rnaB­

HbiH Bxna.n B B036y~,neHHoe none, .na~e B TOM cnyqae, xor.na 

ny'IOlC HMeeT lCOHe'IHYID TOJI~HY, ,naiDT BOnHbl, B036y:>K,naeMble 

8 

xorepeHTHO. )J.nHHbl TaxHx BOnH 6onbwe HnH nopJI,nxa nonepe'IHoro 

paJMepa nyqxa. KorepeHTHYID ~e qacTb nonJI MO~o. o,nHaxo, 

npH6nH~eHHO OnHCaTb HelCOTOpbiM lCOHe'IHbiM 'IHCnOM 'lneHOB nony­

'leHHbiX CYMM. )J.eHCTBHTenbHO, BBe,neHHe pa3MepOB no lCOOp,nHHaTe 

z /wHpHHbl 2o I H no r /pa,nHanbHOH Ton~HHbl 2i'1 I npHBe.neT 

lC nOJIBneHHID B 'lneHax cyMM .nononHHTenbHoro MHO~HTenJI 

Sill (77S o/D) 
THna 

77S 0/D 
H JaMeHe, HanpHMep, MHO~HTenJI THna 

K nm 
, Ro 

J (" ---) 
n nm a 

a (R o.i\) (R -i\) 
Ha pa3HOCTb ---[J (K' _ _9 ___ )- J (K' __ 2__)]. 

2!\ n nm a n nm a 

0TCID,na cne,nyeT, 'ITO npH S < _1:!_, 
0 

CTByeT lCOrepeHTHbiM BOnHaM/ 

m < -~/'ITO lCalC pa3 H COOTBeT· 
77!\ 

COOTBeTCTBYID~He 'lneHbl CYMM 

"TpexMepHOH Ja,na'IH" H "o,nHOMepHOH Ja,na'IH" He CHnbHO OTnH'IaiDT· 

CJI ,npyr OT ,npyra. llpH o6paTHbiX HepaBeHCTBaX yXa3aHHble MHO­

~TenH cnoco6cTBYIDT /B TpexMepHoH Ja,naqe/ no,naBneHHID ocTa­

TO'IHbiX 'lneHOB CYMM H, cne,noBaTenbHO, Ha'IHHaJI C 3THX 3Ha'leHHH 

s, m /He y'IHTbiBaJI npH o~.teHxax HexoTopoB: nepexo,nHoB: o6nacTH/ 

MO~HO o6opBaTb CYMMbl H B O,nHOMepHOH Ja,na'le. 

III. 

PaccMoTpHM .neB:cTBHe HaB:,neHHoro nonJI Ha nonepe'IHoe ,nB~e­

HHe 'laCTHU caMoro nyqxa, T.e. Ha 6eTaTpOHHble xone6aHHJI. B 

p~anbHOM cnyqae pe30HaTOp HMeeT lCOHe'IHYID ,no6pOTHOCTb, H BOJ· 

6y~eHHble nonJI 6blcTpo JaTyxaiDT. lloJTOMY .nocTaTO'IHO npocne­

.nHTb 3a HX BnHJIHHeM Ha ny'IOlC B Te'leHHe 10-20 nepHO,nOB o6pa­

~eHHJI qacTHUbl B xaMepe c MOMeHTa JaMbiXaHHJI ny'lxa B xonbuo. 

B lCa'leCTBe HCXO,nHbiX 6epyTCJI COOTHOWeHHJI ,nnJI 6eTaTpOHHbiX 

xone6aHHH c y'leTOM cTaTH'IecxHx noneB: caMoro xonbua /6e3 

y'leTa BJIHJIHHJI 3KpaHHpOBlCH/, CM •. '5/. 

Cf3t m 
0 = ck = -( 1 + 11 J ), 

o Ro 

me 
2 

PJ.Y ..1. (l + 
11

P), 
Bo =- eRo 

r 0N 16 -
p = 2lnb-;g• l1- 277R

0
y..l 
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2 - 4 
11 r = ( 1 - n )( 1 + 1S) - [ 

11 
11P 

g(b+ g)y 2 ~1 2- + -2-1' 
-1 _L 

t' 2 =n(1+ ~1 _ 1 ~ ,cP z 11 -------- +- !_ ___ I 
h(bt-g)y2/l2 2 ' 

-1 ..L 

/19/ 

r,ne r =2,8·10 " 13
cM, h ,g - OTHOWeHHJI nonyoceif JnnHllTH'ieCKOrO 

DODepe'iHOrO Ce'ieHHJI KOnb.Ua,•·i~,,.~- KBa)J.paTbl 'iaCTOT 6eTaTp0H" 

HbiX KOne6aHHH B HCBOJMYlUeHHOM KOnb.Ue, B 0 ,tr- BHeWHee MarHur­

HOe none u ero noKaJaTenb cna.na. Hoene paJHO>KeHHJI nony'ieHHbiX 

Bblpa>KeHHH )J.nR none.i!: B OKpecTHOCTH paBHOBCCHOH op6HT-bl /(r -· R , 
0 

z - D/2) I H BKmo'ieHHJI B ypasueHHJI )J.nR 6eTaTpoHHbiX Kone6a-

HHii nocne)J.HHe npHHHMaiOT BH)J. (z Z - p_ , X r .. R ) 
2 0 

.. R r r R 
x +- v 2 x =- __ q_H(O)t- __ q__ __ E (O) +- x( __JL_ E( 1 )-~! ( 1)) /20/ 

r B z e k2 r e k2 r B z , 

.. 2-
z \- l' z z 

0 y..L 0 y-1 0 0 

_ Ro (1) ro (1J 
z(---H r + ---- E z ), 

B e }' k2 
0 ..L 0 

/21/ 

(0) (0) 
r.ne KoJI)xlluuueHTbl /c y'leToM JaBHCHMOCTH <P =nt+cf>/H z .E r • 

E;l) ,H<;> ,H(;),E(;) JIBnJIJOTCJI liJYHKUHJIMH cf; ''. H WTpHXOM o60JHa'ieHO 

.D.HI)xllepeHUHPOBaHHe no <jJ. HJ- Ja rpoMoJ,nKoCTH Bblpa>KeHHH .nnR 

:nux KoJI)xlluuueHTOB OHH npuse.neHbl B npuno>KeHHH I I. 
TaK KaK OCHOBHOH HHTepec npe)J.CTaBnJICT llOBC)J.eHHe llY'iKa 

KaK uenoro npH HanH'IHH BOJMYlUCHHH, TO 1201, /21/ HCllOnbJYIOTCJI 

)J.anee )J.nll onpe)J.enCHHJI HJMeHeHHJI ero Cpe)J.HeKBa,npaTH'IHbiX paJ­

MCpOB. C JTOH UCnbiO HCllOnbJyeTCJI MCTO)J.HKa, HJnO>KCHHaJI B H 
, 

flyCTb Xo• x
1

, i x
2

, Xl = v
1

, Z = v
2

• /22/ 

Tor)J.a CHCTCMa /20/, /21/ JaDHWCTCJI B WOPMC 

y A(c/>)y ' ~~, /23/ 

c 8 1201, /211 BKlliO'iCHbl TOnbKO JaBHCJilUHC OT BpeMeHH 'inCHbl 

BOJ6y>K)J.CHHbJX none if; DOCTOJIHHbiC 'laCTH MOryT 6b1Tb liJeHOMCHOllO­

ruqecKH .no6aaneHbi a Bblpa>KeHHJI I 191. 
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- x ~ o. . l 
8 1231 y =·(=); A= ( ~ ~ - 6nO'IHaJI MaTpuua, COCTOJiutaJI HJ 

v b(¢), 0 

MaTpHU: ,nsyx HyneBbiX, e,nHHH'IHOH H MaTpH.Ubl b C 3llCMCHTaMH 

b11 

&(1) 

='I'(_:__+ 
ko 

R J{ (1) 
0 

1~)-v2 +11J r ' 
b12 = 0, 

R J{ ( 1) 

b21 = 0, 

& (1) 

b - ·'·( z 22- '!' ---ko -

0 r 
-1--a;--)- v2 

+ 11J z ' 

~ T 
B- seKTop-cTon6eu~(O,O,brO~ r.ne 

b1 

(0) 
RoJ{z 1 (O) 

'1'(--- + -& r ), 
1 + 11P ko 

1241 

/25/ 

c (0) }{ (1) 
H "" r ' ... ' . r I CBJIJaHbl c cucTeMoii K031)xllauueHTOB I E(~~ ... ,H ~ 1 )1 
COOTHOWeHHJIMH 

- - 8Q - -
IE, Hl=-~l&, HI 

Da2k 
0 

H 'I' 8~~--
Da2k0y-l. e 

1261 

8 lli/ CTpOJITCJI ypaBHeHBJI ,nnJI MOMeHTOB 1- ro B 2- ro DOpJI,nKOB 

OT WYHKUHH pacnpe,neneHHJI. B cnyqae 1231, 1261 3TH ypasHeHHJI 

6y,nyT Bblrnli)J.eTb TaK: 

<tm~ = o. 
c1f> 

,;1 ~<iii I 
~=Alll 

c1f> 

~II 

+B. -~- = x_mii + fuiiA *, 
d¢ 

r,ne A B 13 COOTBeTCTBYIOT liJopMynaM 1241-1261 *. 

1271 

Ecnu B Ha'lanbHblii MOMeHT nyqoK 6bln cornacosaH H h, g -

nonyocu ero nonepe'IHoro ce'ICHBJI, TO B Ka'leCTBe uaqanbHbiX 

ycnosuii .nn11 127 I MO>KHO npBHJITb ** 

* 3aMeTBM, 'ITO B paCCMOTpCHHOM npa6nB>KCHBB CHCTCMa 1201, 
1211 oKaJanacb paJBJIJaHHoii. 

' 3,neCb B Ka'ICCTBC b,g BJJITbl BCTHHHbiC pa3MCpbl nonyoceii, 

a HC HX OTHOWCHHJI K R 01KaK B 1191. 
11 



b 
2
/4, o. o. 00 

- I ~ I g2/4, b2vr2/ 4, m (O) = o. m 11 co) = o. 0 

0, 0, o. 0 
I /28/ 

o. 0, o. g2vi/4 

COOTHOWeHHJI /23/-/28/ HCnOJib30BaJIHCb .IUIJI 'iHCJieHHbiX paC'ieTOB. 

IY. 

~JIJI OUeHKH JHeprHH B036Y*~eHHbiX BOJIH no ~OpMyJiaM /16/­

-/18/ H HHTerpHpOBaHHJI ypaBHeHHB /24/-/28/ fibiJIH C~eJiaHbl 
~OpTpaHHble nporpaMMbl ~JIJI CDC- 6500. no 3THM nporpaMMaM 

npoBe~eHbl Bbl'iHCJieHHJI. 

1/ ~JIJI ny'iKa paJMepaMHh=g =0,9cM, R
0

=35cM, Y-1..=4, 

N =10 
13 

B KaMepe C a =50 CM, D =10 CM npH CYMMHpOBaHHH 

B /16/-/18/ ~0 6 aJHMyTaJibHbiX rapMOHHK H S,m:_;2Q' noJiy'iH" 

JIHCb CJie~YIOIUHe BeJIH'iHHbl 3HeprHH B036Y*~eHHbiX noneii: 

c- 2 ~ 2 
t9E-"2,0·10 3PZ, ,l<JH=6,3·10 3pZ, c-(O)_ 12·10 2 3pZ. l'J - • 

H 

Y~aJieHHe TopueBbiX cTeHoK KaMepbl Ha paccTOJIHHe D =40 eM 

npHBeJIO K yBeJIH'ieHHIO 3THX 3Ha'ieHHB ~0 'li;E =9,4·10 2 3pZ, /i;H= 

=2,6·10 
4 

3pZ, (;_~ ~)=2,8·10 2 3pZ. PaCCMOTpeHHble CJiy'iaH COOTBeT­

CTBYIOT HH3WHM aJHMyTaJibHbiM rapMOHHKaM. 0~HaKO H3 Bblpa*eHHB 

.IUIJI noneii npH t < ff- / CM. npHJIO*eHHe 1/, B KOTOpblx npHcyT­

CTBYIOT 'iJieHbl, nponopuHoHaJibHble cos(nk
0
!), sin(nk 0 f). BH~Ho, 

'iTO "HaKa'iKa JHeprHH" B pe30HaTOp npOHCXO~HT rJiaBHbiM 

o6pa30M Ja C'ieT CHHXpOTpOHHOrO H3JIY'ieHHJI. noJTOMY cneKTpaJib· 

HaJI 06JiaCTb B036y~eHHOro nOJIJI, ~aiOIUaJI CyiUeCTBeHHbiB JHep­

reTH'ieCKHB BKJia~, .....IIO n ~Oll*Ha npoCTHpaTbCJI HeCKOJibKO ~aJibWe 

/6e 3 y'ieTa KorepeHTHOCTH ~o n - y 1 I. noJTOMY ~JIJI cnyqaJI D = 

=40 CM 6biJIH Y'iTeHbl ~onoJIHHTeJibHO rapMOHHKH c 6 ::.: n :::_ 28, 

m =1, S S 10, 'iTO ~aJIO ~OnOJIHHTeJibHO ,\,S E=9,6 .10 33pZ, ~/i;H= 

=3·10
4 3pZ. HeKOTOpbiB OCTaTOK /B OCHOBHOM BKJia~ E BOJIH/ npH 

* no S JTO paBHOCHJibHO 39, T.K. CYMMHpOBaHHe H~eT no (28-l). 

12 

1 

1 
J 

m = 1, S .$ S :S_ D/11 MO*HO OUeHHTb C nOMOIUb10 aCHMnTOTH'ieCKOrO 

Bblpa*eHHJI ( '7 = R 
0

/ a) ~JIJI I 16/ 

~li; E-
~~~~-a2 ( ~+ 772)_ 

D3ry2(l-ry2)2 , 2 1/3 
J n (n + 1.8 n ) 

nmax 

~ 
n= no 

J ~(7J n) 

-------------------- -

/29/ 17 
256Q 2s(l+ry 2 ) "' --3 -{-n(l-ry 2)213 

- ------------ ~ n e 
D3ry2(l-ry2)st2 n=n 0 

KOTOpoe npH D =40 ~aeT/I.fJ,E~2,8·10 4 3pZ. TaKHM o6pa30M, nony-
' 4 

qaeTCJI cyMMapHaJI oueHKa 0-9,6 ·10 3pz, 'iTO B nepec'ieTe Ha 

JJieKTpOHBOJibTbl Ha O~HY 'iaCTHUY COCTaBJIJieT 6·10 3 . TaKOBa JHep­

rHJI, TepJieMaJI JJieKTpOHOM Ja BpeMJI C MOMeHTa BJieTa B KaMepy 

~0 MOMeHTa JaMbiKaHHJI cryCTKa B KOJibUO. 

2/ BJIHJIHHe B036Y*~eHHbiX noneii Ha cpe~HeKBa~paTH'iHble 

pa3Mepbl ny'iKa Ja BpeMJI HeCKOJibKHX nepBbiX o6opOTOB 'iHCJieHHO 

oueHHBanocb ~JIJI cornacoBaHHoro ny'iKa c napaMeTpaMH b =0,4, 

g=1,8 CM, N=3·10
13

. B O~HOM CJiyqae pa3Mepb1 KaMepbl 6b1JIH: 

a =60 CM, D =10 eM npH paBHOBecHoM pa~Hyce R0 =40 eM, ii =0,6, 

Y-L =5. B ~pyroM CJiyqae a =46 CM, D =9 CM npH R035 CM, n =0,23, 

Y-L =4,5. 

H3 Bblpa*eHHH ~JIJI KOJclNPHUHeHTOB, BXO~JIIUHX B /24/, /25/ 

/eM. npHJIO*eHHe II/, BH~HO, 'iTO npH onpe~eJieHHbiX COOTHOWeHHJIX 

reoMeTpH'ieCKHX pa3MepOB KaMepbl, npH KOTOpbiX BeJIH'iHHbl a v- n 

HJIH a A- n OKa3biBa10TCJI MaJibiMH /T. e. IIpH 6JIH3KOM COBna~eHHH 

rapMOHHK 'iaCTOTbl o6paiUeHHJI C C06CTBeHHbiMH 'iaCTOTaMH KaMepbl/, 

noJiyqaeTCJI HeKOTOpoe yBeJIH'ieHHe aMnJIHTY~ B036Y*~eHHbiX nOJieB. 

npH 6JIH3KOM *e COBna~eHHH O~HOH H3 BeJIH'iHH a ± II , 
1/ 

a , ± n C Y~BOeHHOH BeJIH'iHHOB !' HJIH v B CHCTeMe noJiyqaeTCJI 
" r z 

napaMeTpH'ieCKHH pe30HaHC. 3aMeTHM, KpOMe TOro, 'iTO B npouecce 

C*aTHJI KOJibUa BeJIH'iHHbl Vr H Vz H3MeHJI10TCJI CO BpeMeHeM, 

nOJTOMY BHaqaJie C*aTHJI, noKa paCCMaTpHBaeMble IIOJIJI He JaTyx­

JIH, B03HHKHOBeHHe yCJIOBHB ~JIJI napaMeTpH'ieCKOrO peJOHaHca 

BnOJIHe B03MO*HO. 

O~HaKo npH 'iHCJieHHOM paccMoTpeHHH JTHX BonpocoB ~JIJI 

yKa3aHHbiX BbiWe BapHaHTOB 3Ha'ieHHB napaMeTpOB, KOTOpble Bb16pa­

Hbl H3 6onee HJIH MeHee peaJibHbiX YCJIOBHB, OKa3biBaeTCJI, 'iTO 

peJOHaHCHble COOTHOWeHHJI OCyiUeCTBJIJIIOTCJI ~JIJI ~OCTaTO'iHO BbiCO· 

13 



KHX n -rapMOHHK. TaKHM o6paJoM, onacHOCTL peJoHaHCHLIX .IIBJie­

HHii 3Ha'IHTCJibHO CHH)I(aCTC.II. TaK, HanpHMep, Jl,JIJI BTOporo BapHaH­

Ta KaMepbl "pe30HaHCHbiM Ha6opoM" .li.JI.II rapMOHHKH nOJI.II OKa3aJIHCb 

3Ha'ICHH.II n =23, r = m = 1 c paccTpOBKOB Ia A - n- 2v r 1-0,02 H n =26 

m = f =1 C paccTpOBKOB laA-n-2vz 1-0,0l.HO npH TaKHX n 

aMnJIHTY.li.Hble 3Ha'ICHH.II COOTBCTCTBYIOIUHX 'IJICHOB noJiy'laiOTC.II 

.li.OCTaTO'IHO MaJibiMH, n03TOMY npH 'IHCJICHHOM C'leTe Ha6JIIO.U.aJiaCb 

JIHWL cna6o ycHJIHBaiOlQa.llc.ll MO.U.YJI.IIIJ.H.II orH6aiOIUHX ny'IKa". CooTBeT­

CTBYIOIUHe rpacjJHKH H3MeHeHH.II OrH6aiOlQBX ny'IKa no Z B no r 

.Koop.U.HHaTaM .u.aHbl Ha puc. 1, 2. OcHOBHble qacTOTbl MO.li.YJIJID.BB 

B 060BX CJiy'la.IIX OKa3aJIHCb 6JIB3KBMH K OTMe'leHHbiM 'laCTOTaM 

a A - n. O'leBB.li.HO, 'ITO npB MeHLweii paccTpoiiKe Mor no 6bl nony­

'IBTbC.II yCHJieHBe pacKa'IKB MO.li.YJI.IIIJ,BB. 

'terJ 
q; 

Q~l -=::± • ,.< = . s 

T1 - .~o- 6,1 
' 

Q.5 

til 

Puc.l. Fpa(JuK U3MeHeHu.R ozu6a10111ei1 z- pa3Mepa nyt~Ka. 

)J,JI.II nepBoro BapBaHTa KaMepbl /c'leT B .u.aHHOM cnyqae npoBo­

.D.HJIC.II TOJibKO .li.JI.II HB3KBX 'laC TOT ns 5, m::;4. r :;.5 I MO.U.YJI.IIIJ,BH npaKTB­

'IeCKB He Ha6JIIO.U.aJIOCb. 0.U.HaKO npB y.u.aJieHBB TOpD,eBbiX CTeHOK 

KaMepbl OT ny'IKa Ha paCCTOJIHHe D/2 =50 CM MO.li.YJI.IIIJ,H.II yBeJIB'IB­

JiaCb. CooTBeTCTBYIOIUBii rpacjJBK BJMeHeHH.II pa.u.HaJILHoro pa3Mepa 

~ 0TMCTBM ClUe pa3, 'ITO H3- Ja MaJIOB .U.06pOTHOCTB KaMepbl, 

paccMaTpHBaCMOB KaK pe30HaTop, aMnJIHTY.li.Hble 3Ha'ICHB.II noJieii 

JaTyXaiOT B TC'ICHHC -20 nepBO.li.OB 060p0TOB 'laCTBIJ,. 

14 

l 
I 

91~ 

(9 

1,' 

T- M:- JS 
.... I,Tf • 

Puc.2. rpa(JUK U3MeHeHUJI ozu6aiOJ11eU paouaAbHOZO pa3Mepa ny'IKa. 

N•J 
I 

(9. 

!I 

I.L ___ -5-
tO IS 26--- - is - jo ff(;wy;' 

1,5· 

Puc.3. Fpa(JuK U3MeHeHu.R ozu6a10111ei1 paouaAbHozo pa3Mepa nyt~Ka 
OAJI KUMepbl C OaAeKO 0/IJCI/IOJIJIIUMU IIJOpije6biMU CIIJeHKUMU. 
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)lJUI 3Toro cnyqag npHBe)leH Ha puc. 3. H3MeHeHHe z -pa3Mepa 

3,lleCb OKaJanOCb HeCKOnbKO MeHbWHM pa,llHanbHOrO. 

TipoBe)leHHble pacqeTbl noxaJblBaiOT, 'ITO npu o6~eM 'IHcne 

qacTHU B xon~oue nocne ero JaMbiKaHHJI ~ 5·10 13 anHJIHHe B036yJK­

,llaeMblX TIY'IKOM noneH Ha ,llBHJKeHHe CaMHX qaCTHU MO:lKeT CKa3aTb­

CJI numb npu onpe,lleneHHOM Hey,lla'IHOM no)l6ope paJMepoa xaMepbl 

H npu )lOCTaTO'IHO BblCOKOH ee )l06pOTHOCTH. 

B JaKnJO'IeHHe aaTopbl6naro,llap11T 3.A. Tiepen~owTeiiHa, H.IO.Ka­

JapHHOBa H B.~.llleauoaa Ja noneJHble o6cyJK)leHHJI H JaMe'laHHJI. 

IJpUAOJICeHUe J 

1/ E- aonHbl /npu n=O; s =0,1,2 H npu s=O, n=l,2, ... auxpeable 

nonJI OTCYTCTBYIOT/. 

. Srr Knm 
8Q•S•n•S1ll-p;- .J n(-a-RO) 

Tipu n , s = 1,2 ,3 ... PA 
a 2 D 2 • K 2 • k~ a 2 (a 2 - n 2) J' 2 ( K ) 

nm A A n n m 
/14/ 

2rr 
Tipu 0:2: t :2:-0 6y)leT Hz · 0 

J (.!._K ) lsinn¢[(1-coskA~(aA2-n2)+(coskA~-cosnk Aa~ 
2 n a nm' s rr tJ"' " 

Hr =-k0PA a cos-z 
r D cosn¢[a~·Sinnk 0~ -aAnsinkA~] 

I
eos n ¢Rcos nk 0~-cos kA ~a~+(cos ki-l)(af-n ~ 

H¢ KnmkoP~a-J'(.LK rJcos~z 
n n a n D sinn¢[a;sinnk[-naA sinki] 

rr • s •Knm P,l. a 
E r =-

D 

16 

J' (...!'_K ) sin~z 
n a nnf D 

l 

cos n ¢ [!!.__sink A~- sin n k 0~] a A 

sinn¢[cosnk0~ -coskA~] 

2 LK )cos~z " 

l 

cosn¢[ ~:ink,~-sinnk 0~] 

E z=KnmPAJn(a nm D sinn¢[cosnk 0~- coski] 

l 

sin n ¢[sin nk 0~- __!!_sin kA ~] 
rr a 2• s .n. I\ r . s 71 a A 

E.-~.=- ------J (-K )sm-z 
'f' Dr n a nm' D 
. cosn¢[cosnk 0~-coskA~] 

llpH 2rr < t : 
12 Hz = 0 

l sin n¢. n2 • sin aA rr. sin (kA ~-a A 11) 
2k0a 2PA r s rr 

H =----J (-K )cos--z 
r r n a nm D 

cosn¢ •naA ·SinaArr.cos(kA~-aArr) 

H ¢ = 2 k oK n m·l\ 
l 

cosn¢·n· sinaArr. sin(k A~-aArr) 

aJ' ( l-K )cos~z n a nm D 
-sin n ¢ • a A· sin a A"· cos (kA ~-a A rr) 

2rr.a·S·K .P. l cosn¢ .E_sina,rr•cos(k,~-a,rr) 
E 

nm·A '(r . srr aA " 1\ 1\ 
=- -------· J -K )sm-z 

r D n a nm D 
sinn¢ sinaArr· sin(kA~-aArr) 

cosn¢ -;-sinaArr·cos(kA~-aArr) 

E =2K 2 .p,J (.LK )cos SD"zl A 
z nm " n a nm 

sinn¢. sin a A"· sin ( kA ~-a A") 

2rr·n·a 2.s PA ~-sin n¢. -7;- sin a A rr. cos (k l-a A") 
E¢=- ----J (...!.K )sin.§.l!_z A 

Dr n a nm D 
cos n¢ ·sin aArr. sin (kA~..:.aA 17 ) 

17 



2/ H - BonHLI /npH s =0, n =0,1,2 ... BHxpeBoro nonJI HeT/. 

Ro , 2 
SQ Rosin_,. J; (aK'nm )Knm 

llpH s • n = 1•2 · · · p v = 3 2 2 2 2 2 2 , . \f ' 2 2] 
aD koav(av-n )Jn(KninfLKnm- n 

npu O<t<3.~ 6y.D.eT Ez=O /15/ - - n 
cosn¢ (a 2sinnk0~-nav • sinkv~) 

K' • ko·D·P ~ v nm v sin~z.J (.LK ) 
rr·n D n a nm 

sin n¢ [ a~(1- cos n k0~)- n2(1-cos k~] 
H 

z 

\

cosn¢ (a~sinn k 0 ~ -av· n-sink0 ~) 
a • s ·ko P v s " , r , H =------•COS-Z•J (-K 0m) 

r . n D 
0 

a sinn¢[ae(1-cosnk
0
f)-n 2(1-coslvcf)] 

H¢ =- kos .a2 ·Pv 
K' -­

nm • r 
\ 

sinn¢ (av·n·sin kv~ +aesinnk0~) 
•COS~Z J (!_K' ) D n a nm 

cos n ¢ [a~ (1-cos nk0f)- n2(1-cos ~f) 

2 k2 2 E _ av• 0 ·D·a ·n·Pv 
r "•K' ·r nm 

\ 

-sinn¢(cosnkc{-cos~~) 
sin~zJ (.LK' ) 

D n a nm 
cosn¢(sinnk

0
(-..!!.._.sink 0 a v 

v 

E _ 5·kfi·D·a·Pv \ cosn¢(cosnko~-cosk ~) 
cp-- rr sin SDrr z ,j (!_K, ) V n a nm 

llpu t > _lk, E =O sinn¢(sinnk ~-..!!.._sink &) -' n ' z If' a v v~ 
2K~m·ko·D .p 1 cosn¢ •av· sinav" •Cos(~-aJT)n 

H =- v sin.§ll..LJ (.!..K' ) 
z rr•n D n a nm 

sin n¢·n 2• sinUv"' sin (kv~-UJT) 

18 

2s. k0• a·Pv 
Hr= n 

1 

cosn¢· n •av· sinavrr -cos(~_l-q_,rr) 

cos~~ z J '(.!..K' ) 
D n a nm 2 . & 

sin n¢. n • sinavrr • sm (kv~ -av") 

Rep= 
2k 

0 
s .a 2. Pv 1-sin n¢ • n. a v·sin Uv". cos (kv~-Uv") 

, COS ..§Jl Z J ( .!_ • K ' ) 
K .r D n' a nm 

nm · 2 cosn¢-n •Sina rr•sin(k ~-a rr) v v v 

2 oa3· k~·D .a2 •n• Pv 
E = ------,,..----

r rr•K ·r 
1

-sinn¢. si~rr •Sin(kj-avrr) 

sin ~ z J (.!.. K ' ' D n a nm' 
nm -cosn¢ ·: • sinavrr·COs(kj"-qp) 

v 

2 1 cos n ¢ · sin avrr • sin (kv~ -av rr) 
2 a 2 • ko·P. .o.a s 

E v v · •TT J, ( r , ) 
c~-=- ---------sm-z -K 
'I' rr D n a nm . 

-sinn¢·7. sinllv"' cos(kJ'-avrr) 
v 

fipH n = 0, s = 1,2, .... Ez=Er=H¢=0 

R0 srr 
4R 0.Q.J

1
(K' -)sin..,-

2 rr om a ~ 
npB t<- q = - n · v 2 2 2<,) D • a • a v • J 0 K om 

Ec~-=-~·J (K' .!..)sin s
0

rr z(1-coskv~) 
"~' rr 1 om a 

s • qv , r Srr r{ 1 . J H =- -- J (K - )cos-z(k - -·smk ) 
r D, k 

0 
1 om a D a v 

Hz= K.om J
0
(K' L)sin-s0"z(k 0~--1-sinkJ:) rr•a•k 0 oma av v 
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t 2 rr E 2q 11 J ( , r ) . s rr . ( ) . (k c ) >-n-: ,~.=---· 1 K -sm-zsmarrsm s-a_.rr 
- u 't' TT om a D v v ·v 

2s.qv r s 1 
H =- .J (K' -)cos2-z[rr--sina rr·Cos(kj-c;_,rr)l 

r D • k 
0 

1 om a D a11 v 

2K' 
H = om J (K' ..!...)sin....§..!Lz[rr--1-sinaJ7•COS(kj-c;_,rr)l. 

z rr·a·ko o oma D a 11 

Haxoaeu, ,11.nx noTeauaanbHOii: qacTH 3nexTpaqecxoro nonx: npa s =0 

amo6oM n Er=Erp=Ez = 0. IlpH t::;-~ an,s=1,2,3, .•. 

20 

STT R 0 
8Q sin(-...-)J (-K ) 

"" n a nm -
PA = /16/ 

D·a 2 k 2 .a 2 ·J 2 (K) 
0 A n nm 

l 
cosn¢·sinnko( 

-p . srrz 
K , Sln-

-- -~.Jn{{Knm) D sinn¢(1-cosnk
0

() 
Er- rr.a.n 

PA ( !....)sin~z E ~---·J Knm 
_ ~- sin n ¢ • sin n k0( 

cp 
17
.r n a D cosn¢ (1-cosnk

0
() 

-
sPA 

E =--J (K 
z Dn n nm I 

cosn¢. sinnk
0

( 
!.... )cos~17z 
a D 

sinn¢ (1-cosnk
0
() · 

npH n=O, S= 1,2,3, ... E¢=0 

4Q J ( R o) . s rr ( r ) . s rr 
•Kom • 0 K om a Sln-2 J 1 K om- Slll-Z 

E a D 
r 3 2 2 

rr•a ·D·ko·a .J 1(K ) A om 

4 Q ( R o) · srr ( r ) srr •S·J0 K -- sm -·J K - cos-z 
E = _ om a 2 1 om a D 

z 
02 .a2 • k2•a2 .J2(K 

0. A 1 om 

. krt 

• ko(. 

2n-
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