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BBE.llEHME 

B CBH3H C nOHCKaMH nyTeH nOBbiUJeHHH TeMna YCKOpeHHH 3apH)I(eHHbiX 
11 ' 

'laCTHU H nOHBJieHHeM CXeM ABYXDY'IKOBOrO ycKopeHHH , B03pOC HHTe-

pec K nepHO.lU{'IeCKHM YCKOpHIOlUHM CTpyKTypaM CO CJIO)I(HOH <f>opMOH 

nonepe'IHoro cet~eHHH. Oco6eHHO nepcneKTHBHhiMH ,lJ,JIH uenew ycKopeHHR 

'laCTHU B 06JiaCTH penRTHBHCTCKHX 3HeprHH RBJIRIOTCR )lHa<f>parMHpOBaHHble 

BOJIHOBO)lbl, n03BOJIHIOtUHe npH <f>a30BOH CKOpOCTH BOJIHhl, paBHOH CKOpO

CTH CBeTa, nony'laTb BbiCOKHe HanpR)I(eHHOCTH YCKOpRIOtUero nOJIR 

(- 1 r3B/M). TaKHe 60JibUJHe rpanHeHTbl nonR MoryT 6biTb )lOCTHrHyTbl 

TOJibKO npH pa6oTe Ha BbiCOKHX 'laCTOTax (f - 30 rru), 'ITO,B CBOIO O'lepe)lb, 

npHBO)lHT K COKpameHHIO nonepe'IHbiX pa3MepOB BOJIHOBO)la, yMeHbllleHHIO 

npOCTpaHCTBeHHOrO nepHO)la, yBeJIH'IeHHIO Tpe6oBaHHH K 'IHCTOTe noBepx-
12 I 

HOCTH H T .)l. • 

OcHOBHaR 3a)la'la npoeKTHpoBaHHR nepHOJlH'IeCKHX BOJIHOBO)lOB cocTo

HT B Bbi6ope TaKOH reoMeTpHH CTpyKTypbi, KOTOpaR o6ecne'IHBaeT Tpe6ye • 

Mble pa)lHOTeXHH'IecKHe napaMeTpbi. B CBR3H C 3THM )lJIH Bhi6opa OnTHMaJib

HOH <f>opMbl lllHpOKO npHMeHRIOTCR MeTO)lbl 'IHCJieHHOrO MO)leJIHpOBaHHH. 

B HaCTOHtUeH pa6oTe Ha OCHOBe MeTO)la KOHe'IHbiX 3JieMeHTOB ! 3, 4 ! H 

MeTO)la 'laCTH'IHbiX 06JiaCTeif' I&! Bbi'IHCJIRIOTCR pa)lHOTeXHH'IecKHe XapaKTe

pHCTHKH )lHa<f>parMHpOBaHHOrO BOJIHOBO)la, HCnOJIL3yeMbie B npoeKTe 
/2 I 

nayxnyt~Koaoro ycKopHTeJIH • 

qHCJieHHble HCCJie)lOBaHHH npOBO)lHJIHCb C nOMOlUhiO naKeTa npHKJia)l

HbiX nporpaMM MULTIMODE JlJIR BOJIHOBOJlOB c npRMhiMH H 3aKpyrneH

HhiMH KpaRMH )lHa<f>parM B CJiyqae a3HMYTaJihHO O)lHOpO)lHbiX BOJIH. ,llJIR 

BOJIHOBO)lOB C npRMbiMH KpaRMH )lHa<f>parM npOBO)lHJICR pacqeT TaK)I(e 

MeTO)lOM 'laCTH'IHbiX 06JiaCTeH, KaK )lJIR a3HMYTaJihHO O)lHOpO)lHbiX BOJIH, 

TaK H ,lJ,JIR BOJIH C BapHaQHeH no a3HMyTy. 

1. nOCT AHOBKA 3A.llA qJ1 

l13BecTHO, 'ITO B CJiyqae OCecHMMeTpH'IHOH CTpyKTypbi KOMnOHeHThl 

H ¢ H E¢ 3JieKTpoMarHHTHhiX nonew B pe3oHaTope 6e3 aapHauHH no a3HMYTY 

RBJIRIOTCR pellleHHeM cneKTpaJibHOH 3a)la'IH 

LU a 1 au 
-r---

a r r a r 
a2 u 
az 2 

= k 2 u. 

--·~----------
,; Gb1.tl!iinnmioiil KHC'iln'}"f I 
'
rj ~tl'Y?.~X rar.:- -~'~ :1:Ji!l~mQ 
!j 5~·~:- Jp .-~-~:~! 1~ . 
. - ,__..._ ___ ... -.. ---····~·--·· 
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llpH 3TOM .!!U I = 0 AJIH E -BOJIH, u I = 0 )J;JIH H-BOJIH, u I an = 0. 3)J;ech r -Me-
,.. r r= o 

TaJIJIH'IeCKHe rpaHHUhi nonepe'IHOrO Ce'IeHHH BOJIHOBO)J;a, k - BOJIHOBOe 
'IHcno. Ha rpaHHuax z = 0 H z = D/2 CTaBHTCH ycnoBHH 'IeTHOCTH HJIH He
'IeTHOCTH pememm. 

B cnyqae nepHO)J;H'IecKoil CTpyKTyphi cpyHKUHH u - KOMnneKcHaH 13 1
: 

U = F8 ( r, z ) - i FA ( r, z ) , 

a cpyHKUHH F8 H FA HBJIHJOTCH pemeHHHMH ypaaHeHHH 

2 2 
LF8 = k F 8 , LFA = k FA 

npH 3TOM 

Fs 

a Fs 

an 

r 
= 0' 

I = o, 
r 

FA I = 0 
r 

aFA I 
an 

r 

0 

)J;JIH H-BOJIH, 

)J;JIH E -BOJIH. 

B o6oHx CJIY'IaHX Ha roaHHuax r = 0. z = 0, z = n;~ f'T<~R<>'T'f'<> 
rpaHH'IHhie ycnoBHH: 

Fs I = o, FA I = 0, 
r = o r = o 

aFs 
= 0, -I az FA I = 0, 

z=o z = 0 

[F8 Sin(hz) - FA Cos(hz )] I = 0, 
z = L,/2 

aF aF 
[~Cos(hl':') + ~Sin (hz)] I = 0. 

az az z=L/2 

(1.2) 

f"'n0TT'l"1"U"\TTTTXI"\ 

----~.~---~·-

(1.3) 

(1.4) 

3)J;ecb h D = () - C)J;BHr cpa3 Ha nepHo)J;, npH 3TOM cpa30Bhie CKopocTH rap

wD 
MOHHK Pn = • rpaHH'IHhie YCJIOBHH (1.4) BhiTeKaJOT H3 Teope-

(hD + 211n) c 

Mhl <DJIOKe, CM., HanpHMep, /5 '. 

naKeT npHKJla)J;HhiX nporpaMM MULTIMODE npe)J;Ha3Ha'IeH )J;JIH 'IHCJieH
Horo pemeHHH paCCMOTpeHHhiX 3a)J;a'I H onpe)J;eJieHHH no noJiy'IeHHOMY pe-

2 

'1 

WeHHIO Heo6XO)J;HMhiX pa)J;HOTeXHH'IecKHX xapaKTepHCTHK BOJIHOBO)J;a /4,6,10 ;' 

B yKa3aHHhiX pa6oTax )J;OCTaTO'IHO no)J;po6Ho ooocaHhi 'IHcneHHhie MeTO)J;hi, 
HcnonL3yeMhie B naKeTe. 

2. 0 OPOrPAMME ALF 

.llnH nocTpoeHHH )J;HcnepcHOHHhiX KPHBhiX MeTO)J;OM 'IaCTH'IHhiX o6-
nacTeil 6Lrna Hcnonb30BaHa nporpaMMa ALF, 17 1• 

KaK H3BecTHO, CM., HanpHMep, 'iS 1, B 3TOM MeTo)J;e BHyTpeHHHH o6-
nacTb BOJIHOBO)J;a pa36HBaeTCH UHJIHH)J;pH'IecKOH noBepXHOCTbiO r = a Ha 
)];Be o6nacTH: I - r ,$ a - o6nacTL pacnpocTpaHeHHH H II - a ~ r :;; b - pe3o

HaTopHaH o6nacTL. KoMnoHeHTLI noJIH Ez H H¢, HanpHMep, HMeJOT BH)J; 

I im¢ "" J m (an r) ihn z -iw t Ez (r, z, t ) = e l A ---e e 
n=-oe lnJm(ana) 

(2.1) 
I , im¢"'" 

H¢ ( r, z, t ) = 1 e l k 
[-An 

J ~(an r) mh n rnh n 
--( 

Aln + an J m (an a) kr aa2 n==-oe 
n 

Jm(an r) ihn z - i(u t 
+ A2n) ]e e 

an J ~ (an a) 

r)J;e an 

II 
E z (r, Z, t ) 

II II¢ (r, z, t) 

y'k~ n • 

"'" im¢ ~ e , 
n ~ o 

. imch "'" 
1e l 

n '= o 

[ "n'm 3, -B ,] 
x 2 1n 2n 

da/( , 
n 

r)J;e 

hn = h t 2"n 
D 

, n, I 2 - oon' B 
1 4 1 n 

Zlm(Kn'r) z ( I Cos [ r1 ' ( z + _! )] -iw t 
lm ~<n 'a) n 2 e , 

in'lk 2-Bon'Bl ,zlm (Kn' r) 

4K; n zlm(Kn'a) 
m11n' (2.2) -- )( 
2kr 

Z2m ( K n, f) 
Cos[ 71 ,(z +_!)]e-iwt 

n 2 1 K , Z
2
' ( /( , a ) 

n m n 

Z lm (Kn ,r) = Jm(Kn' r)Nm (Kn' b) - Nm(Kn' r )J m<Kn' b), 
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Z
2 

(K ,f)=J (K ,r)N'(K ,b)-N (K ,r)J'(K ,b);K'2=k2-n2,, n,= 
17n'. 

m n m n m n m n m n n ''n .,n d 

ll1Tpux - npOH3BOAHaR no apryMeHTY 1.\HJIHHAPHtJecKoii ¢YHKI.\HH. CmHBaR 

pemeHHR MR TaHreH[\HaJihHbiX KOMnoHeHT nOJIR npH r = a H HCnOJih3YR 

CBOHCTBa opToroHaJihHOCTH .u noJIHOThi co6cTBeHHhiX ¢YHKL\HH, norry•meM 

6ec KOHetJHYIO arrre6pa.H'Iec KyiO C.HCTeMy AJIR l-{e.H3BecTHbiX <flyHK[\HH A l 11 , B ln,. 

HccrreAOBaHHe A.HcnepcHOHHhix cBoiicm cTpyKTYPhi k ( h ) HJIH f (8 ) npo

BOAHTCR Ha OCHOBe AeTepMHHaHTa MaTpHL\hl { uk ! , KOTOpbiH RBJIReTCR <flyHK

[\Heif h H k : Detluk ! ~ <1> ( h, k ) , rAe h - nocTORHHaR pacnpocTpaHeHHR 

C06CTBeHHhiX BOJIH B CHCTeMe, k =w/C. ,lJ;JIR yrrytJilleHHR CXOAHMOCTH 3JieMeH

TOB MaTpHI.\hl HCnOJih30BaHO ycJIOBHe Ha pe6pe /8/, 
llorraraeM k = {3 h H onpeAerrReM KOpHH ypasHeHHR <1> ( h, {3 h) = 0 B 3a

BHCHMOCTH OT {3 . B CHJIY nepHOAH'IHOCTU H CUMMeTpUU 3aBHCUMOCTU k (h) 
AOCTaTO'IHO paCCMOTpeTh HHTepBaJI Os_h.:;;; 11/D . lloUCK KOpHeif ypasHeHUR 

¢ (h, {3 h) = 0 npoU3BOAUTCR npn <fl.HKCUpOBaHHOM {3 nyTeM 33AaHUR pa36U

eHUR UHTepBarra (0, 11/D) c lllaroM ~h no nepeMeHHOH h H onpeAeJieH.HR 

KOHKpeTHOrO KOpHR BHyTpU KIDKAOrO HHTepBaJia MHHOH 2~ h MeTOAOM 

HbiOToHa. l13MeHeHneM napaMerpa {3 onpeAeJIRIOTCR Apyrne TOtJKn AHcnep

cnoHHhiX KpnBhiX. Eonee noApo6Ho aHaJIUTU'IecKne BhrpiDKeHHR n nccrre

AOBaHHe AUCnepCHOHHbiX CBOHCTB CTpyKTyphi H3JIO:>KeHhl B pa6oTe 
1

9
1

. 

3. PE3YJihTATbl PACqETA 

uepeUAeM K onnCaHHIO pe3yJihTaTOB 'IHCJieHHOrO MOAeJinpoBaHUR 

AHa¢parM.upoBaHHoro BOJIHOBOAa. Ha puc. 1 noKa3aHa reoMeTpnR cooTBeT

CTBywmeii nepHOAU'IeCKOH CTpyKTyphl U npHHRTbie 0603Ha'leHUR. 

z 

l 

Puc. 1. CxeMa BOIIHOBOOa. 

qHCJICHHbie 3HatJeHHR reOMeTpU'IecKHX napaMeTpOB BOJIHOBOAa 6biJIU 

B3RThi U3 pa60Thi 121 : a = 0,7950 MM, b = 3,377 MM, paCCTORHUe Me:>KAY 

AUCKaMH d = 2,891 MM, nepHOA CTpyKTyphi D = 3,3740 MM. 

,lJ;JIR BOJIHOBOAa C 3aKpyrJieHHhiMU KpaRMH A.HCKOB 6bmO npUHRTO, 

'ITO paAHyC 3aKpyrJieHHR paBeH nOJIOBUHe TOJIIUUHhl AUCKa. 

OcHOBHhiMn xapaKTepncTHKaMn BOJIHOBOAa c 6erymeii E -BOJIHOH 

RBJIRIOTCR 'laCTOThi U <fla30Bbie CKOpOCTU OTAeJibHhiX rapMOHUK. ,IJ;JIH OCHOB

HOH rapMOHUKU E 
0 

to ¢a3oBaR cKopocTh (v = f3 c) cBR3aHa c qacToToii f n 

CABHrOM ¢a3hi Ha nepHOA (} CJieAyiOIUUM o6pa3oM: hD=~D= (},rAe A0 = ~. 
Aof3 

4 

Puc. 2. ,l(uacpa.MMa EpUllii/03Ha. 

Ha puc. 2 noKa3aHhi 3Ha

tJeHUR tJaCTOThl f KaK <flyHK-

1.\HU (J AJIR BOJIHhl E 0 1, norry

qeHHble pa3HhiMU MeTOAaMn. 

3AeCb KpUBaR 1 - 3HatJeHHR 

f, Bhi'IHCJieHHhle no nporpaMMe 

MULTIMODE MR npRMhiX 

KpaeB AHa¢parM. npn UAeaJih

HOH npoBoAnMocTn CTeHoK, 1 '-
AJIR peaJihHOH npOBOAUMOCTU 

(AJIR MeAH) • KpHBaR 2 

urn..d 

J4.6 

l'<4 

J4,1 JO 60 

_,,,,,------- --l 

90 120 150 180 9 

3Ha'leHUR f , Bhi'IUCJieHHhie no TOll :>Ke nporpaMMe AJIR 3aKpyrneHHhiX KpaeB 

AHa¢parM AJIR UAeaJihHOH npoBOAUMOcTn, 2 ' - AJIR pearrhHOii. KpHBaR 3 -
3Ha'leHUR f , Bhi'IHCJieHHhle no MeTOAY 'laCTU'IHhiX o6nacTeH (nporpaMMa 

ALF). 

KaK BlfAHO, 3HatJeHHR pe30HaHCHhiX tJaCTOT, Bhi'IUCJieHHhie pa3HhiMH 

MeTOAaMU, COBnaAaiOT C TO'IHOCThlO He Xy:>Ke 0,03%. 3TO nOATBep:>KAaeT

CR AaHHbiMU Ta6JI. 1, rAe npnBeAeHhl COOTBeTCTByiOIUHe 1.\U<flpbl AJIR npRMhiX 

Ana¢parM. 

B Ta6n. 2 npuBeAeHhl 3Ha'leHUR f AJIR npRMhiX H 3aKpyrrreHHhiX KpaeB 

Ana¢parM, BhltJUCJieHHhle no nporpaMMe MULTIMODF. n.TT<> '"'.":':'~'!!c!!~!! :: 

peaJibHOH npOBOAHMOCTU CTeHOK BOJIHOBOAa. 

KaK BlfAHO U3 pHc. 2 n Ta6rr. 2, AJIR BOJIHOBOAa c 3aKpyrrreHHhiMn 

KpaRMU A.Ha<flparM pe30HaHCHbie 'laCTOThi yBeJIU'IUBaiOTCR no CpaBHeHUIO 

C MOAeJiblO npRMhiX AUCKOB, TaK, HanpnMep, AJIR 0 = 120° pOeT f COCTaB

JIReT 0,3%. 
qTO KacaeTCR ytJeTa peaJihHOH npoBOAUMOCTU CTeHOK BOJIHOBOAa, 

TO 3TOT 3<fl<fleKT npUBOA.HT K CpaBHUTeJibHO He60JiblliOMy CHH:>KeHHIO pe30-

HaHCHOH 'laCThThl (B cpeAHeM Ha 0,025%). 
B rrnTepazype oTcyTcmyiOT 3KcnepuMeHTaJihHhie AaHHhre AJIR pa3JIU'I

HhiX <fla30BhiX CABUrOB (} B AUana30He MHJIJIUMeTpOBhiX BOJIH. ,lJ;JIR 0 -140°, 

39,6° 46,26° 55,62° 

t11 (rrai) 34,2579 34,2679 

tA(r,.) 
f34.26~ 34,2697 34,2792 

fl(A) 3,5 3 2,5 

fl'., •• 0,0034 0,0039 0,0044 

n . {3 (A) puMe'laHue. (A) ,f3rp 
npocpaMMe ALF. 

Ta6izu1Ja 1 

69,46° 92,7° 126,54° 139,32° !46. 7° 164° 

34,2646 34,3!63 34,3597 34,3726 34,3767 34,3666 

34,2954 34,3257 34,3673 34,3797 34,3655 34,395! 

2,0 !,5 I ,I I,O 0,95 0,65 

0,0050 0,0054 0,0043 0,0035 o:oooo 0,00!5 

rfia30BaJI u cpynnoBaJI cKopocru E 0 (B011Hbl no 

5 



C\1 

g 
~ 

~ 
~ 

6 

0 
0 
c;o 
H 

0 
0 
U') 
H 

0 
0 
'<I' 
H 

0 
U') 
co 
['-

en 
C") 
H 

0 
U') 
N 
N -
~ 
H 

0 
0 
N 
H 

0 

~ 

0 
0 
(!) 

0 

~ 

q, 

co 
&! 
C") . 
(); 

H 
H 
co 
C") . 
'<I' 
C") 

N 
C") 
c:--
C") 

'<I' 
C") 

U') 
N c:--
C") -
~ 

N 
N 

~ 
(;I) 

(!) 
N 
H 
C") . 
(); 

0 
C") 
c:--
N . 
'<I' 
C") 

H 
'<I' 
'<I' 
N -'<I' 
C") 

" ..._ 
L 

::0 

U') C") 0 

~ ~ C") 
N 

C") U') U') . . 
(); (); (); 

en H ~ ['- N 

~ N 0 
U') U') . . 

'<I' '<I' (); C") C") 

0 en N 
0 '<I' co 
~ H en 

U') '<I' . 
'<I' '<I' '<I' 
C") C") C") 

(!) 
N en 
H ['-
H en 
U') '<I' 

'<I' (); C") 

C") 
en 
U') 
C") -
~ ., 

en (); H co 0 
C") co ['-
C") '<I' '<I' - -(); '<I' (); C") 

C") U') N en g c:--en H 
N '<I' '<I' - -(;I) (); (); 

co (!) 
~ en c:--

U') ['-
~ N C") -'<I' '<I' (); C") C") 

en @ ... 
0 ..., 
C") 

~ "' N <') -~ (); ~ 
til') 

" s s ... .... ... 
l.. l.. L 

:..J ~"' ~"' 

en N 
C") ['-
['- ['- 0 
['- ['-. 
0 0 

~ ~ co 
N 

~ C") 0 
en 0 . . 

0 0 0 

U') U') <.0 
'<I' co t5 en (j) 
en en 0 . - .. 
0 0 0 

0 -H 

['-
C") 

0 0 - 0 
H -0 

U') 0 co 
en '<I' s U') <.0 
H H 0 - - -H f-f 0 

C") <.0 (!) 
'<I' en U') 

'<I' '<I' 0 
U') U') 0 - -H H 0 

['- (X) co 
C") @ '<I' 
H 0 
C") C") 0 - - -N N 0 

<.0 ~ (X) 

~ ~ N 
0 

(!) <.0 0 - - -'<I' ..,. 0 

...,o. .... "' ~L 

Cll. Cll. Cll. 

0 

H 
C") 
0 
0 

0 

co 
'<I' 
0 
0 -0 

co 
'<I' 
0 
0 

0 

U') 
(!) 
0 
0 -0 

U') 
['-
0 
0 

0 

'k.. 
'>) 
c 
c. 
«;; 

iilo. 
~L 

Cll. 

'l:l ~ . 
<::) :0 i:: 
~ ::1: " 
" ::1: <::) 
::s "' J::l.. 'C:> '=': <::) 

!:1 ~ t; 
.0 ~ "' ~ <::s :0 
~"' 'l:l 
s;: 0: ~ 
~ ~ ~ 
~- 1::\: 
'"' .0 "' 

:0 ~ ~ 
::1: <::) ::r 
C3 !. S! 
'l' cJ' ~ 

..... ... 
wo I:! 1::: 

<:::! ~ ~ ... " ... 
~ <::! 0 
" "' <::) <::s I '-' 
"' I 

I '~E" 
'-o::t. 

'..:I • ::s 
'- 8~ 

• II 0:::. e-
8 c CQ. 
'I ::S • 
c J::l.. i:: 

s;: " ::s 'l:l <::) 
l::l..ol::l.. 
s;: ~ 0 
'l:l " ~ 
<::) ::! " 
~ 'C:> "' 
" ~ :0 
::! - 'l:l 'C:> .0 0 

::1: -
~ -<; "' 

:O~'S. 
~ "' "' 0: ~ ::! 
§- ~ ::r 

<::! :>! 
0: "' ;:.., 

~ ~ ~ 
'C:> "' - "" .0 - ~ :1: .0 'I) 

~ ~ """' 
0 '=': '::> 
'l:l 0 ;:, 
I 'Jl "' 
_.. C) I 
oW en w o::t. 

::! ::! <::) ::! 

~ e ...l 
'-.J<::i::O.. 
<::! "' • "' ~ 0 

enS' 
..:I'-"' 

c.... .. ~ 

~ ~ :;; 
~ s: 0 
<::! "' ::! 
"' :1: J::l.. 
~ ~ s;: 
::! <:o 

~ tl ~ 
::s " J;:l..::! 
S::'C:> 

1\ 
l 

,\ 
\ 

Eo a Hill Ta6/lULf.a 3 

fj IJrp r< rr") (} fj fJrp r<rrul (} 

!,5 -0,8I•Io-2 62,312 !,3 - 0,37•!0-2 53,!29 0,9I9J.r 

I.8 o.r6·ro-1 53.244 o.689~ I.8 o.35·ro-2 62.327 u 
Vtlf<JI' 

2,2 - o,5r-ro-2 62,354 0,6381' 2,0 - O,I9·I0-1 53,296 0,599fi' 

2,5 - o,s6·ro-2 62,373 0,56111" 2,5 - o,23·ro-I 53,409 0,48IF 

3,0 - 0,57•ro-2 62,396 0,468/T 3,0 - 0,24·ro-I 53,493 o,4or r 
3,5 - o,55·ro-2 62,4!3 0,40Ir 3,5 - 0,24·!0-I 53,556 0,344 'il 

7,0 - O,I8·IO-I 53,723 0~!73 IT 

Ell! 

fj Prp r<rr"> (} f3 f3rp H211 r<rr") () 

!,8 0,24·!0-I 73,844 0, 9231 2,0 - 0,93"!0-3 72,459 o,8I5 r 
2.0 o,49·ro-I 73,668 0,829T 2,5 - O,I7·I0-2 72,469 0,652 yr 

2,5 o, 75·ro-I 73,!95 0,6591" 3,0 - O,I9·I0-2 72.478 0.5431T 
--. --

3.0 0.79·ro-I 72.80! 0.546~1 3,5 o,7o·ro-r 72,525 o,466A'J ~ 
- --

7.0 0,44•Io-I 7!,88! 0,23! r fJ flrp "on r<rrl{) (} 

r.8 o.r9·ro-3 74.949 o.937 w-
E012 - - 2 0 o JB·ro-3 74 948 0 843,-

fj t3r_p-

2,2 - 0,25·!0-2 - 2.5 o.62·ro-3 74.944 o.§Z4 r 
~T 3,0 o,68·ro-3 74,94! 0,562 ,-

r<rrl{) o 

95,085 0,972 

2,5 - O,I9·ro-I ,, 95,!43 0,856 3,5 0,69•!0:::3 74,939 0,482 .,-

- 0,36'!0-I 3,0 
- 4,0 0,66·IQ-~ 74,937 0.42!,.. 
1fT 95,320 0,7!5 

3,5 - 0,43•!0-I 
- fi&Jd. 
,£ 3,0 O,I5·I0-2 III, 73I o,838r 95,499 0,6!4 

3,5 0,22·ro-2 III, 721 0, 7!8 .,-

4,0 0,25·!0-~ III, 7!2 0,628,.. 

4,5 0,26•IO~z III,704 0,558,.. 
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Puc.J. 0CijU/1.!102paMMO pe30IIOHCHblX 'IOCTOT. 

{:3 = 1 Ha puc, 3 npUBe,lleHa OCIUUJJIO-t--J b 0 I rpaMMa 12
· 

1
, rne noKa3aHhi pe3oHaHc

Hbie 'laCTOTbl ,llJIH MaKeTa BOJIHOBO-

CBB 855-3541 na c BhiweyKa3aHHhiMU napaMerpaMu. 
lJaCTOTbl, COOTBeTCTBYIOIUHe nuKaM 
cneaa Hanpaao, cnenyromue: f ~ 
= 34,380; 34,450; 34,515; 

34,575 rru. Aaropbl He ,llaiOT o6nHCHeHUH 3TOMy HBJieHHIO. 3Ha'leHue 'laCTO
Thi, COOTBeTCTBYIOI..Uee HaH60JibWeMy nuKy, OTMe'leHO Ha puc. 2 KpecTUKOM. 
KaK BH.llHO, pac'leTHoe 3Ha'leHue xopowo coananaer c U3MepeHHhiM. 

B ra6n.3 noKa3aHhi pe30HaHCHhie 'laCTOThi rapMOHUK noJIH c aapuauu
eH: no a3uMyTy, Bhi'IUCJieHHhie no nporpaMMe ALF. Bee oHu BhiWe a 1,5-
3 pa3a 'laCTOTbl OCHOBHOH rapMOHUKU U UMeiOT !l>a30Bbie CKOpOCTU {3 60Jib
We e,llUHUQhi. B CBH3U c 3TUM BJIUHHUe ux Ha npO.llOJibHOe .llBU)f(eHue qacruu 
ny'IKa 6y,lleT HecymecrneHHbiM, O,llHaKO HX pOJib npu HeyCTOH'IHBOCTU TUna 
"beam break-up", npuaonHmeH: K yae.rru'leHHIO nonepe'IHhiX pa3Mepoa ny'IKa 
C pe3KO Bbipa)f(eHHOH HeCUMMeTpUeH, MO)f(eT 6hiTb 3Ha'IUTeJihHOH. 

IJpu UCnOJib30BaHUU ,llHa<t>parMHpOBaHHhiX BOJIHOBO,llOB KaK YCKOpHIO
Il.{UX crpyKTyp Heo6xonuMo 3HaTb He TOJibKO .llHCnepcuoHHbie xapaKTepu
CTUKU, HO U 3HepreTU'IecKUe Be.JIU'IHHbi. Ba)f(HeHWUMU U3 HUX HBJIHIOTCH: 
aenuquHa aeKropa IloliHTHHra - II= [E. H] 1 , noroK MOJ..UHOCTU, npoxo-

B z.=u 

.llHmeH: qepe3 crpyKrypy -Pw=2rr (rlldr , 3HepruH, 3anaceHHaH BOJIHoH: a ne
o 

pUO,lle CTpyKTypbl- W = J1 ( jH,_ j2 d V ov 'I' 
MOil.{HOCTb noTepb B npOBO,llHil.{UX 

nJIOCKOCTHX Ps = RsJI H¢ j 2dS. 
O.llHUM U3 rnaaHhiX MOMeHTOB npu npoeKrupoaauuu BOJIHoaona a Ka

'lecrae YCKOpHIOil.{eH CTpyKTypbl C BbiCOKOH HanpH)f(eHHOCTbiO nOJIH HBJIHeT
CH BOnpOC 0 pacnpe,lleJieHUU U Be.JIH'IUHe 3JieKTpU'lecKoro nOJIH B CUCTeMe. 

Ha puc. 4, 5 npHBe,lleHbi 3Ha'leHHH HOpMaJibHOH KOMnoHeHThi 3JieKTpu
qecKoro nOJIH B,llOJib npOBO,llHIIUiX noaepXHOCTeH .llJIH OCHOBHOH rapMOHU
KU nOJIH B CJiyqae npHMbiX ,llHCKOB. 

KaK noKa3aJI pacqer, .llJIH aonHoaona c 3aKpyrneHHhiMu KpaHMU nucKoa 
MaKcuMaJibHoe 3Ha'leHue En , onpe.lle.JIHIOJ..Uee onacHOCTb npo6oH a BOJIHO
aone, Ha 16% MeHbWe, 'leM .llJIH BOJIHOBO,lla C npHMbiMU ,llUCKaMU. 

Ha puc. 6 noKa3auo pacnpene.rreHue 3JieKTpU'IecKoro nonH B.llOJib ocu 
cucreMhi (E z ) .llJIH nonoauHhi npocrpancrneHHoro nepuona crpyKryphi; 
KpHBbie .llJIH npHMhiX U 3aKpyrJieHHJ>IX ,l{HCKOB npaKTU'lecKH COBna,llaiOT. 

IJ03TOMy cpe,llHee yCKOpHl(lll.{~ DOJie Ha OCH CUCTeMbl O,llUHaKOBO 
.llJIH o6oux aapuanroa (Ecp = 3,(}·1.0:S B/M) .. · 

IloroK MOJ..UHocru cocraan.R.'~· .itpli 3TOM 6,88 ·10 6 Br - .llJIH npHMhix 
.llUCKoa u 9,05 ·106 Br- .llJIH 3aKpyrJJeHiu.IX. 

., ·. 

8 

"t< 
t:! 
:::t 
::::! 

~ 
~ 

N N ~;j 
~rJiiSi~~~ . . . . 

vr- o 
,..... 00 0 

,3 E-1 AA A 
u E-1 ~~~~~~~@ ~~ HH H ~ A'Ht-t-10~~~ 

'~ E-IE-1 E-1 ~~ ~ ~ <~~~o~~~~ 
~~~~ << < ''~'~' ~0 •••••• 
AA~O~~~ ~ ~>U<U>>~~ 00~~~~ 

I I I 
o~v~~~ ~~vro ~ ro~ ~ ~ro ~ 
000000 0000 0 00 0 00 0 

~ I I 
• ~ AAAAAA AAAA A AA A AA A 

r-r-v~r-oooro~ro~~r-~•• ~ro~~""'~~or- ~ o~v~o~ 
Nror-~r-ro~~ov~~r-r-r-~r-r- ~~~~v~~o~ ~oo~vro~o 
~~~""'~~~rooooo~~roo~~ o~ro~~o~o~ ~~ororo~~~ 
~~~~~~~r-oo~oo~~~~~ ~~~vo~~ooo~~orov~~~ 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • N • • • • • • 

~ 
> 
IX) 
0 

A 
0 

8 
0 . 
~ 

~ 

~ 
~ 

oo~r-or-~~or-o~~~~~~~~vv~o~o~~o~ ~ov~~r-
~~ ~ 0 u u 
~""' ~ ~ ~ ~ ""'""' . . ~ 

~~ ~ ~ 
u u 

NN rJ;j 
rJrJ!iSi~~~ 

u 
~f'El HH 
'~ E-IE-1 
~~~~ <·< 
AA::oiO~~~ 

o~•~~~ 
000000 

H 
E-1 
~ 

~ 

""' ~ 
""' . 
0 
u 
~ 

0 . 
0 
II 
~ 

vr- o 
oo 0 

AA A 
E-1~~'<1''<1'~~ 

E-1 ~rovor-r-~ 
o:: ~o::r-r-~vro~ 
Cl A-....,.H~Ot-~~'<1' 
Cll ::a :a ::s < :a pr,. • • • • • • 
''~'~' ~0 00~~~~ 
~>U<U>>~::;;! I I I 

~~vro ~ ro~ ~ ~ro ~ 
0000 0 00 0 00 0 

Q • • • • t- I I 
...:.~ • • • • '"'' .=..::..:::..:::..:::..:::. ~..:..::..::. ~ ~.::. .::. .=..:=. .=. 
~-r-r-~~~~oo~~o~~~r-~~ ~~~o~o~or- v o~r-r-~~ 
H~ror-~~~~~o~r-~~~~ro~~ ~~~~~~~o~ voo~ro~ov 
~ ~~o~r-o~oovg~r-~~~~ ro~~orov~o~ ~~oro~vr-ro 

Ei 
u 

~ 

e 
~ 

~ 
li!; 

~~~Na>~~oov ~ovo~~ ro~~~o•~ooov~orov~~r-• . . . . . . .. . . . . . . . . . . . . . . . . . . . . ~ . . . . . . 
oo~~or-~~ovo~~r-~~~~~vv~o~o~~o~ ~o•~~~ 

r-~ ~ r-
~~ ~ ~ •• ~~ 

n u 
~ ~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . 

~ 

••••••0•••••••••••••• • •••Pot ••••:=it• • •>-t • • .......... • • • • • • • • • • • • • • • .. • • .......... • ••• , • 
• •E-t • • •> • • • • • • • • • • • • • • •::iCJl • •N • • • •::::&1 • 

• • •H • • • • • • • • • • • • • • • • •::S •UH • .......... • • • •0 • 
•••>•••rzl••••···~··••......,.•O• ~··N ••••:=1• 
• • H • • •> • • • • • • •0 • • • •-< • •O< • •* • • • • • • •gE-t • • •< • • • • • • •H • • ·~~Lr\A • • •* • • • • • 

• 0 • • •91: • • • • • • •E-t;z; • • ·~HVHO~ • •!:> • • • •E-t • 
• P • • • • • •Q • •-<O • • • ~v~uo • • • • • •E-t • 
•o,::::a • •,:::::ao •E-4Q •0 • •P-tH • • • H~HH Cll •r:-1 • • • ·~::I 
•-<12; • •00:: ·~OE-tH • •HE-t • • • JZ.e •Jkt A~ •O • • • •C\10 
•>O • •Hc-1 ·~H~~ • •Cilcel •H • ........., 0 H ·~ • • •::11 
• U • •P::t-1 •H~<Il'l • ·~P., o:=;, •E-IU U r.:l •<~ ·~ ., lltl 

• ·~ • ·~ U~lltiE-IP-1 • •HH •H •ll::H U H -H •E-I~UO •>~U 
• • ~ • •P-1~'-1-tP-I~ ~ •A~ ·~ ·O~ME-1 ~f'El ·~i'E-1 • f'Elli!; • • • • O>llr< li!;~U • ~ • ·~E-1 ~ :Z:~H >U •r.:l~< 
• •A • IZt 0 • H • • U:Z:!i!;:Z:UE-1~17l < •E-1 E-1 

H ~·5~~~~U~~•~A•f!i~~ll'IE-I~E-IH re~ ~llr<><E-1~ 
:X:~ >•li:e-te-tOP-1 E-1~~ ·~O HH<HO::~ ~ E-1 ~ZH 
E-l::;,!i!;li!;<• HHU =~~~O~•OE-I~~~::;;!~E-Ili!; UH~li!; ::::;,~ 
~HHH~ E-117l~ li!;O:::;;!H!P-1 ~P.,UE-1 UO E-IH~::;;!Oli!;~~ 

A IZ.OO!i!;OHH~ 0 <Hii:tE-IIi:tE-1 ~ ZOHHO ~ ~<~~~~HHHOHE-IE-Ir.:l ~OE-I~~HOJ;i!;Oli!;~~p§oHE-IE-IH~ 
~O::UUOH:Z:~IItiHE-1< ~f'El>P..U!i!; < H H~ O:Z:~r.:l <E-IIi:t~ 

~~ <17l>>~<~~ H <H~P~O~O ~li!;l7l~>E-I~<Hli!; 
~~ :X:> ~p !i!;~A~IItiiZ.HE-10 P., P.,~~O < H~~E-1~ 
E-IE-1 ~ llti~P-IIl'lli!; HOIIti~H f'ElH H<~H~IIti~H UH H 000 17lPP..f'Elf'ilHH~ A~ ~H~H AE-1 < ~ZIItl r.:IP., >~~ll'le~~<O~E-IE-IH~O AE-I~~~~<M~AH E-l~re<UU~P 
<<~0:: <:Z::Z:~HE-IE-IH~E-I~HP~PO r.:l< ~OHOO ~uu-o 
UUIZtli:t ~P.,P.,~A<<~~~H~AE-I~Z Z~ ~>~E-IIlr< E-l<<f'ElU 

9 



EniB/M) 

510 8 r 

2 10 8 I 
\ 

I 
I 
I 

4·105 
I 

2 10 5 

di z 
Puc. 4. Pacnpeoe.neHue En -KoMno
HeHTbl 800/lb ocu z . 1 - r ~ a ; 
2- r c b. 

Puc. 6. PacnpeOeJ/eHue E z -KoMnoHeHTbl 
oOOJlb ocu z: npu r - 0. 

llOJJHaR CBO.D.Ka OCHOBHbiX pe-

3YJJbTaTOB pac'leTa no nporpaMMe 

MULTIMODE npe.D.CTaBJJeHa B Ta6n.4: 

LIN - .D.JJR npRMhiX, SQ - .D.JJR 3a

KpyrneHHhiX .D.HCKOB. 

3AKJI10qEH.HE 

En8/H} 

109 

108 

107 

106 aa _ __. __ ~_ ~ 
r 

Puc. 5. PacnpeiJe.neHue En-KOMnoHeH
Tbl no paiJuycy npu Z=d/2. 

Ez8/N)~ 

• ••• 1 ~ 

\ .. 1, 

2108 

0.25 O,SZ/0 

B pa6oTe H3JJO:>KeHbi pe3yJJ&TRTbi 'IHCJJeunoro Mo.D.eJJHpOBaHHR Bbico

Ko'lacTOTHbiX xapaKTepHCTHK .D.HaQ>parMHpOBaHHOrO BOJJHOBO.D.a, npoBe

.D.eHHOrO .D.JJR np.RMOyroJJ&HbiX KpaeB .D.HCKOB no .IJ.BYM nporpaMMaM: 

MULTIMODE - ua ocuose MeTo.D.a KOHe'IHLIX :meMeHToB, ALF - Ha ocuose 

MeTOJI.a 'laCTH'IHbiX 06JJaCTeH. 

Pe3yJJbTaTbi Bbi'IHCJJeHHR .D.HcnepcHOHHOH 3aBHCHMOCTH - .D.HarpaMMa 

BpHJIJJI03Ha - noKa3aJJH cosna.u.euHe pe3yJJLTaToB, 'ITO no.D.TBep:>K,D;aeTcR 

TaK:>Ke pe3yJJbTaT8MH H3MepeHHH. 

llaKeT nporpaMM MUL TIM ODE HcnoJJb30BaJJC.R TaK:>Ke .D.JJR 'IHCJJeH

Horo MO.IJ.eJJHpOBaHHR BOJJHOBOJI.a C 6oJJee CJJO:>KHOH Q>opMOH nonepequoro 

10 

ce'leHHR (3aKpyrneHHbie KpaR JI.HCKOB). KpoMe Toro, 3Ta nporpaMMa no3BO

JJReT paCCMOTpeT& p.RJI. TOHKHX 3Q>Q>eKTOB B pacnpe.D.eJieHHH UOJJR H Bbi'IHC

JIHTb 3HepreTH'IeCKHe xapaKTepHCTHKH CHCTeMbl. 

B 3aKJIIO'IeHHe aaTopbi 6Jiaro.D.ap.RT 3.A.llepeJibWTeiiua 3a nJJO.D.OTBop

Hbie o6cy:>K.D.eHHR. 
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Kac11Hes M.C. H .n;p. 
Pacqe-r BbiCOKO'IaCTOTHbiX xapaKTepHCTHK 
.n;Ha$parMHpOBaHHbiX BOnHOBO)J;OB 

P9-87-268 

Bbi'IHcneHbi pa.n;HoTeXHH'IecKHe xapaKTepHCTHKH .n;Ha$parMHpo
BaHHoro sonHoso.n;a, npHrO.n;Horo .n;nR Mo.n;enH .n;syxny'IKOBoro 
ycKopeHHR. Pac11eTLI MR sonHoso.n;a c npRMbiMH .n;HcKaMH noKa-
3anH COBOa)J;eHHe pe30HaHCHbiX 'laCTOT, Bbi11HcneHHbiX DO nporpaM
MaM: MULTIMODE- MeTo.n; KOHeliHbiX 3neMeHTOB HALF- MeTo.n; 
'laCTHliHbiX o6nacTeii. llaKeT nporpaMM MULTIMODE HcnonL3o
sancR TaK)I(e MR liHCJieHHOrO MO)J;enHpOBaHHR BOnHOBO)J;a C 3aKpyr
neHHbiMH KpaRMH )J;HCKOB, OOCTPOeHHR KapTHHbl pacnpe.n;eneHHR 
DOnR H HeKOTOpbiX 3HepreTHlleCKHX xapaKTepHCTHK CHCTeMbl. 

Pa6oTa BhmonHeHa a Jia6opaTopHH Bbi'IHcnHTenLHOH TeXHHKH 
H asToMaTH3aUHH H OT.n;ene HOBbiX MeTo.n;oa ycKopeHHR OHHH. 

Coo6meHHe 06'be}lHHeHHOrO HHCTHTyTa RllepHbiX HCCne.llOBaHHH.Jly6Ha 1987 

llepeso.n;O.C.BHHoroanoaoii 

Kaschiev M.S. et al. 
Calculations of High Frequency Parameters 
of Disc-Loaded Waveguides 

P9-87-268l 

Radiotechnical parameters of disc-loaded waveguide suitable 
for modeling two-beam acceleration are designed. Two series of 
calculations using the finite element method (MULTIMODE) and 
restricted region method (ALF) lead to coinciding resonance fre
quencies for rectangular-disc waveguide. The MULTIMODE prog
ram packet is also used for the numerical shaping of the rounded
edge-disc waveguide, the field distribution picture and several ener
gy parameters of the designed system. 

The investigation has been perfonned at the Laboratory of Com
puting Techniques and Automation and Department of New Acce
leration Methods, JINR. 
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