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KpaCHhiX A.K., Xannep P. 
9 - 11588 

06 OllTIIMH38UUH napaMeTpOB K08KCHB11bllhlX J1HHHll C <jleppiiTOBhlMH 

KOllbU8MH 

PaccMoTpeH nonpoc onTHMH38UHH aneKTpOTGXIH!'IeCKHX napaMeTpOB npu 

KOHCTpyHpOB8HHII K08KCH811bHhlX llHHIIll C <jleppHTOBhlMII K011bll8MH, o6naaa!OIIIIIX 

nonbimeHHOfi ynenbHOII aneproeMKOCTh!O. Pac'!eTI•I nponeaeHhl nns; cny'la!l 

JlByxcnollHOll 113011!1UHH llUHHH C BHyTpeHHHM <jleppHTOBLIM CJ10eM .I13110>K8H8 

MGT0llHK8 Bbi6opa OllTHM8llbHblX reoMeTpH'1€lCKHX pa3MepOB K08KCH811bllOfl 

H30ll!IUHH. 

Pa6oTa Bhmonnena B 0TJlene HOBhiX MeTOllOB ycKopeHHSI 0115111. 

Coo6meHHe 06bellHHeHHOf'O HHCTIITyTa S!llepHb!X HCCnenonaHHii. fiy6Ha 1978 

Krasnykh A.K., Haller R, 9 - 11588 

On Parameter Optimization of Coaxial Lines with 

Ferrite Rings 

The choice of electrotechnical parameters for coaxial lines 
filled with ferrite was considered, The lines have an inct"eased 
energy cap3.citance, Coaxial lines including two layers of insu
lators and an inside ferrite layer were calculated, The method for 
choosing an optimal geometry for coaxial insulation is described. 

The investigation has been performed at the Department 

of New Acceleration Methods, JlNR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© }978 06'beP.HHeHHb!if HHCTHTyT RP.epHblX HCClleP.OBBHifif [ly6H8 

BBE,4EHHE 

B Mo~uoii uauoceKYH.IJ.HOii HMnynLcnoii TexuuKe 111 

a TaK)Ke B HeKOTOphiX CHnhHOTO'IHhiX HH.IJ.YKUHOHHhiX YCKO

puTen.RX 121 HCllOnh3YIOTC.fl 4JopMHpyiO~He KOaKCHanhHbie nu

HHH c 4JeppHTOBhiMH KonLu;aMH. B KaqecTae ,IJ.ononuuTenL

uoii H30n.RD;HH - BCne,IJ.CTBHe OTHOCHTenhHO Manoii 3neKTpH· 

'leCKOH npO'IHOCTH 4JeppHTa - 'laCTO llpHMeH.RIOTC.fl )KH,II.KHe 

HnH TBep,D.ble ,IJ.H3neKTpHKH 13 •41 . IlapaMeTphl TaKHX nHHHH 

/aonuoaoe conpoTHBneuue, uanp.R)KeuuocTH/ onpe,IJ.en.RIOTC.R 

HX reoMeTpH'IeCKHMH pa3MepaMH H CBOHCTBaMH llpHMe

H.ReMbiX ,IJ.H3neKTpHKOB H ,IJ.O~Hhl 6b1Tb OllTHMH3HpOBaHbl 

C TO'IKH 3peHH.fl 3414leKTHBHOrO HCllOnh30BaHH.fl H30n.RD;HH, 
'ITO npHBO,IJ.HT, B KOHe'IHOM C'leTe, K ,IJ.OCTH)KeHHIO MaKCH-

ManbHOH y,IJ.enbuoii 3HeproeMKOCTH. HH)Ke paccMoTpeu 

BOllpOC OllTHMH3aD;HH 3THX napaMeTpOB. 

OElJ!HE IIPOEJIEMhl 

PaccMaTpuaaeTC.R cnyqaii, Kor,IJ.a HJon.RUH.R KoaKcuanL

HhiX nHHHH COCTOHT H3 .IJ.BYX cnoeB, npH'IeM 4JeppHTOBble 

KOnhu;a, HaHH3aHHble Ha BHyTpeHHHH CTep)KeHb, o6pa-

3YIOT auyTpeuuuii cnoii /puc. 1/. B Ka'lecTae ,IJ.ononuuTenL

uoii H30n.RD;HH (BHeWHHH cnoii) npHMeH.RIOTC.fl )KH,II.KHe (Ka· 

CTopoaoe Macno, Tpauc4J. Macno, rnuu;epuu, BO.IJ.a) unu Taep

.IJ.hle (naacau unu 4JToponnacT) .IJ.H3neKTpHKH. 3uaqeuu.R 

.IJ.H3neKTpuqecKux npouuu;aeMocTeii ux npuae,IJ.eHhl a ma6AUfle. 
IlpH KOHCTpyHpOBaHHH npe,D.nonaraeTC.R, 'ITO BHyTpeHHHH 

cnoii .RBn.ReTc.R 3neKTpuqecKH "cna6oii" HJon.Ru;ueii, noTo-
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MY 'ITO 3neKTpuqecKaH npo'IHOCTh ¢eppHTOBhiX MaTepHanoa 

cocTaanHeT 10-o-100 KB/cM /5/ *. )l.nH onpe,D,eneHHH onTH

ManhHbiX napaMeTpOB nHHHH, npH KOTOpbiX Hanp.!DKeHHOCTb 

Ha BHyTpeHHCM CTep)I(He 6y,D,eT MHHHManbHOH, eCTb ,D,Be 

npHHll,HIIHanbHble B03MO)I(HOCTH: 

D.uaneK TpHK fr 

cpeppHT 7 

Kacrop.M. 4,5 

TpaHCcp,M, 2,5 

BOlla 80 

rmn~epuH 50 

l18BC8H 2,2 

Ta61lUf4a 

0THOW8HHe f /f 2 11 (2 /f 1 

1,56 2,8 0,09 0,16 3,18 1 

0,64 2 

0,36 3 

11,43 4 

7,14 5 

0,31 0,49 0,88 0,03 0,05 6 

2 3 4 5 6 

Puc. 1. CxeMamu~ecKoe u3o6pa

xeHue oeyXCilOUHOU U301lRijUU. 

* Cnyqa:ii, Kor,D,a JneKTpuqecKH "cna6o:ii" H30nHu;Heii 

JlBnHeTCJI BHeWHHH cnoii:, MO)I(eT 6b1Tb paCCMOTpeH C yqe
TOM pe3ynLTaTOB pa60Tbl/6/. 

4 

a/ reoMeTpH'IeCKHe pa3Mepbi ( R 1 , R3 ) H npuMeHHe-

Mhle ,D,H3neKTpHKH (f 1 ,£ 2 ) ,D,aHhi, HCKOMbiM HBnHeTCJl OllTH

ManhHhiH pa,D,HYC clJeppHTOBhiX KOnen. (R 2 ) /eM. puc. Jj; 
6/ pa,D,HYC clJeppHTOBhiX KOnen; (R 2), BHeWHHH pa,D,HYC 

(Rg) H f 1 ,f 2 ,D,aHbl, HCKOMbiM HBnHeTCJl OIITHManbHbiH pa-

.D.HYC BHyTpeHHero rrpoBO.D.HHKa R 1 . 

KpoMe Toro, B03MO)I(eH cnyqaii, rrpH KOTopoM 3a,D,aeTCH 

OIIpe,D,eneHHaH TOnii.J;HHa KOnhu;a R 7 -R 1~, a HCKOMhiM HB

mieTCH OIITHManbHhiH pa,D,HYC R { 7. 

Bb/EOP OIITHMAJibHbiX 
FEOMETPHl.JECKHX PA3MEPOB 

B OIIHCaHHOH KOM6HHHpOBaHHOH H30nHI.J;HH 

HaH uarrp.!DKeHHOCTh EH
1 

orrpe,D,enHeTcH H3 

E ~ U 
H1 

Rl-E1 ·k 

r,D,e U- ,D,CHCTBYIOII.J;ee B nHHHH HaiipH)I(CHHe, 

1 R2 1 R3 
k- - ln - + -- ln --

fl Rt <2 R2 

MaKCHManb-

/1/ 

B cnyqae "a", cornacHo Bhipa)l(eHHIO I l/, MHHHMyMa 

¢YHKUHH EH 1 =f(R 2 ) He cymecTayeT. EcnH ~'t> ~' 2 /uarrpH

Mep, clJeppHT - KaCTOpOBOe Macno/, TO HaiipJl)l(eHHOCTb 

En 1 MoHOTOHHO pacTeT c yaenH'IeHHeM BHewHero pa,D,Hyca 

4!eppHTa R 2 , H uao6opon rrpH ( 1 <f 
2 

/HarrpHMep, ¢eppHT -

rnuu;epHH/, E H 1 MOHOTOHHO yMeHhWaeTCJI B pOCTOM R2 
/puc. 2/. 

3To 03HaqaeT, 'ITO, c O.D.HOH cTopoHhl, R2 ,D,Oll)l(eH 6biTh 

ManbiM (£ 1 >< 2 ), a c ,D,pyroii - R 2 ,D,Oll)l(eH 6h1Th 6onhlllHM, 

'IT06hi rro B03MO)I(HOCTH 6blna HH3KaH HarrpH)I(CHHOCTh EH
1

. 

B cnyqae"6"MHHHMYM ¢YHKUHH Eu 1 ,.f(R 1) cymecTayeT. 

113 I l/ cne,D,yeT, 'ITO onTHManLHhiH pa,D,uyc 

( R 1) O!IT 
Y 1-y 1 1 = R 3 • R2 • e, y •( 1 < 2 , 

H COOTBeTBCHHO M.HHHManLHaJI HaiipH)I(eHHOCTb 

u 
(E ) %--

Ht MHH (R 
1
) 

OIIT 

/2/ 

/3/ 
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12 

TO 

8 

-~6 J 
I. 

2 

0-
0 0,2 0,1. 0,6 

R2t 
IRJ 

0,8 1,0 

Puc. 2. 3aeucUMOCIIIb EH
1
,.f(R2 ) (R 1 -const) 

Ha puc. 3 B3o6pa>KeHa 3aBHCBMOCTL EH1 - f(R 1) ,nmi 
HeCKOnLKBX 3Ha'leHBH f tff 2 · BB.IJ;HO, 'ITO npaKTB'IeCKH MHHB
MYM HanpJI>KeHHOCTB * B03MO>KHO peanB30BaTL He ,IJ;nJI BCeX 
3Ha'leHBH R2 /R3 B ( 1 /f 2 . 3To 03Ha'laeT, 'ITO B caMoM Ha
qane Heo6xo.IJ;BMO npoaepBTL, ,nnJI KaKBX 3Ha'leHBH cy~ecT

ayeT onTBMyM. Bae,nJI B /2/ ycnoaue 

Os R1/R2s 1, 
nony'IBM HepaaeHCTBO, onpe.nenJIIOIUee rpaHBUY o6nacTH 
OllTBMyMa: 

-1/y 
e :s_RlR3 ~1, /4/ 

eM. puc. 4. 

*llpu 3TOM npe.nnonaraeM, cor nacHo cny11a10 "6", 'ITO 
BLI60p .IJ;B3neKTpBKOB onpe,nenJieTCJI ,npyrBMB ycnOBBJIMB, 
HanpBMep 6onLWBM 3Ha'leHBeM f~<fl B T .,n. 

6 

8 

<J6 
~ I H I c.} I 

R 2j,_ = 0,5 
R3 

Eo = VjR3 

i, I '.. \ I I I I I 

:0.88 

21 hi 
'~56 

I I l 
0 0.2 O,L. 0,6 O,S 1, 0 

R~ 
'R3 

Puc. 3. 3aeucuMOCIIIb EH
1 

"'f(R 1) (R 2 -const). 

o.st I ~ , I I :jf I 

0:: 
0,1. r< -l~-~~-+--L I I.W I I ..---I 

0,5 0,8 1 2 
[1/ 
/[2 

5 8 10 20 

Puc. 4. K onpeoeAeHwo onmuMyMa fPYHKliUU E H{"' 

f (R 1 ) (R 2 zconst ). 

7 



EenH napa 3Ha'ieHHH (R2 /R3 , E /E 2) Haxo,IJ.HTeH BHYTPH 

3aWTpHXOBaHHOH o6naeTH, TO OnTHMYM eeTb, H Hao6opoT: 
eenH HeT, TO EH 1 MOHOTOHHO na.u.aeT e yBeiTH'ieHHeM R 1. 

EenH onTHMYM ey~eeTByeT, TO MO:>KHO onpe.u.enHTb H3 

npHBe,IJ.eHHblX 3aBHeHMOeTeH BeiTH'iHHbl (R 1) H (EH ) 

I 5
:1 OITT 1 MHH 

puc. 'I· 

1,u1-,-----r--~----

0,8 

t 
v~ \¥&~ -'· v-,o t v,, lt.o R2jR3 

2~-+---+ 

e 

~.1 1/:74~ I I 

~I , V # Jf' I I I 
€ ---, 

~, 8~ 1/., II I . I I l 
~ 

1ol Ill IIJ 

12 1 II II UJJ!i I I I 1 
-- 0,1. 0,6 0,8 1,0 

R%3 

Puc. 5. Onmu~caAbHble 3Ha<~eHUJi R 1 , E H OITT 1 MHH 
OAJi 

pa3AU<~HbiX coomHoweHUU E 
1 

IE 
2 

(R
2 

,.,const). 

8 

'I 

' 

I 
I 

no H3BeeTHOH BeiTH'iHHe EH1 MO:>KHO paee'iHTaTb Ha

npJDKeHHOeTb BO BHeWHeM enoe EH
2 

E ~(R1 ).(~)E . 
H2 R E H1 

2 2 

/5/ 

HanpHMep: .u.n» KoaKeHanbHOH eHeTeMbi I R3 = 7 MM, 

R2= 5 MM, E
1
= 7, E2 = 4,5/ npH U=25 KBHanpH:>KeH

HOeTb BO BHyTpeHHeM enoe EH 1 ,li,OIT:>KHa 6b1Tb MHHHManb

HOH, eooTBeTeTBeHHO /eM. puc. 4/ napa 3Ha'!eHHH R 2 /R 3 = 
= 0,71, E1 /E 2 = 1,56 Haxo.IJ.HTeH BHYTPH 3aWTpHxoaaHHOH 

o6naeTH, T.e. onTHMYM eymeeTByeT. 
H3 puc. 5 ene.u.yeT .u.n» onTHMaiTbHbiX 3Ha'ieHHH: 

(R
1
) = 3,1 MM H (EH) -82 KB/cM. 
OTIT fMHH-

H3 /5/ nony'IHM 

E H !.<79 KB/cM. 
2 

PaeeMoTpHM .u.anbwe enyqaH, Kor.u.a TonmHHa BHyTpeH

Hero erroR ~ noeTOHHHa. H3 I 1/ nony'IHM .D.ITH R2 -R 1 .. ~ .. 
.. const TpaHeu.eH,IJ.eHTHOe Bbipa:>KeHHe 

ln[(R1onr+~/-Y.~] ,.~+y•(R1)QIU,y,.E /E 
R 3 (R.y ~+(R) 1 2 

OIIT 1 OIIT 

/6/ 

CooTBeTeTBeHHO nony'IHM ,IJ.ITH MHHHMaiTbHOH HanpH:>KeHHO-

eTH 
U [ (R 1) +~] 

(E ) = --~O~IIT~--------- 171 
H1MHH (R 1) [L'\+(R 1) •y). 

OIIT OIIT 

PeweHHH /6/ H /7 I 6blnH paee'iHTaHbi e noMombro 

3BM. KaK y:>Ke noKa3aHo Bblwe, MHHHMYM cilYHKIJ.HH ~ ... f(R 1) 

eymeeTayeT He .D.ITH aeex nap 3Ha'ieHHH ~/R 3 , E 1 /E·: . 
AHanorH'iHO no /4/ MO:>KHO onpe.u.enHTb o6naeTb MHHHMyMa 

H3 Bblpa:>KeHHH 

y::: 

~ ~ 
ln (1- RKp ) + ___22. 

3 R3 

~.!SP -1 
R3 

/8/ 
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r,IJ;e y .. ..- 1 /..-
2 

, ~p- R3 -(R 
1

) 0 m /eM. puc. 6/. )).JIB Tex nap 

3HaqeHHi, KOTOphle HaXO,IJ;BTCB B 3aWTpHXOBaHHOi 06Jia

CTH, CyiUeCTByeT MHHHMyM. B 3TOM CJiyqae MO)I(HO onpe

,IJ;eJIHTb OIITHMaJibHhle 3HaqeHHB BHyTpeHHero pa,D;Hyca R 1 H 

COOTBeTCTBeHHO MHHHMYM HanpB)I(eHHOCTH (EH
1 

) C IIOMO~biO 

puc. 7. HanpHMep: ,IJ;JIB KOaKcHaJibHoi CHCTeMhl I R 3 = 7 ..w..w, 
!\ = 2 MM, € 1 = 7, € 

2 
= 4,5 H U = 25 KB/ OIITHMaJibHhli 

pa,D;HYC R1 H MHHHMaJibHaB HanpB)I(eHHOCTb (EH ) BBJIB

IOTCB HCKOMhlMH. )).JIB 3a,IJ;aHHhlX 3HaqeHHi R 3,
1 !\ , f 

1 

I,OIT-rlll------r~r----T--,-,---....,......----

o.al--1 I I I I I I I I ::oo«:~ll I ~ 

:€11.61 I I I I I I ~. I I I I I ~ 

<I 
0-'1 I I I I ::x¥'" I I I I 

2 5 2 5 8 , 2 5 8 10
1 

2 5 

'/c2 

Puc. 6. K onpeoeAeHuro onmu..wy..wa fPYHKijUU EH
1
,.f(R 1 ) 

(!\,R
2
-R 1 zconst). 

""2 orrTHMYM cyiUeCTByeT I CM. puc. 6/. )J.aJiee, H3 puc. 7 
H Bhlpa)l(eHHB /5/ CJie,IJ;yeT, qTO ,!~;JIB OIITHMaJibHhlX 3HaqeHHi 

(R 1 ) =2,5 MM, (EH) = 79 KB/CM, EH = 67 KB/c..w. 
OfiT 1 MI1H 2 

3TH npHMephl IIOKa3hlBaiOT, qTo C IIOMOIUbiO ,IJ;aHHhlX 

rpai}IHKOB MoryT onpe,D;eJIBTbCB reoMeTpHqecKHe pa3Mephl 

KOaKCHaJibHOi H30JIB~HH, KOTOphlM COOTBeTCTByeT MHHH

MaJibHOe 3HaqeuHe HanpB)I(eHHOCTH EH 
1 

. Ha rrpaKTHKe 3TH 

pa3Mephl KOppeKTHpyiOTCB C yqeTOM CTaH,D;apTHOrO pB,D;a 

l}leppHTOBhlX KOJieU. 

10 

'le 

I v1• • V,4 v1o v,o "11.0 6t 
I I I 'RJ 

0,2 

A=R2-R1 

' r - u E.- /RJ 

-[ 

I 
0_1, 0,6 0,8 

1\/RJ 

1,0 

Puc. 7. Onmu..waAbHbre 3Ha'leHu.R R 1 u EH 
OfiT 1 MI1H 

AU'lHblX COOJfHOUleHUU € 1 /..- 2 (t1-R2 -R 1 -const). 

OAJI pa3-

HeCMOTpB Ha OIITHMaJibHhle COOTHOWeHHB, B03MO)I(eH 

CJiyqai, IIpH KOTOPOM MHHHMaJibHaB HaiipB)I(eHHOCTb EH
1 

rrpeBhlWaeT ,IJ;OIIYCTHMYIO 3JieKTpHqeCKYIO npoqHOCTb l}leppH

Ta. l1To6bl yMeHhWHTb EH Hy)I(Ho rrpHMeHHTb JIH6o 6oJib

wui BHeWHHi pa,IJ;Hyc R3 
1
, ' JIH6o ,IJ;onoJIHHTeJihHhli cJioi 

c 6oJibwei 3JieKTpHqecKoi npoquocTbiO. B ,IJ;aJibHeiweM 

paCCMaTpHBaeTCB 3TOT CJiyqai. 
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IIPHMEHEHHE ,l(OIIOJIHHTEJibHOTO CJIOJI 

B cnyqae TpexcnoiiHoii H3onx:o;HH I puc. 8a/ MaKCHManh

Hax HanpB:)KeHHOCTb Ha BHyTpeHHeM CTep)KHe EH 1 nony

qaeTCH H3 

E (3) 

H1 

u ----
1 R2 1 R3 1 R 4] 

R E [--ln-+ -ln-- + --ln --
1 r1 <1 R1 <2 R2 <3 R3 

/10/ 

/HH.IJ.eKc /3/ o6o3HaqaeT qHcno cnoea/. 

,lJ;nH o:o;eHKH ,II.eHCTBHH ,II.OllOllHHTenhHOrO CllOH (R 3 , f 2 ) 

Ha Hanpx)KeHHOCTb nonx B $eppHTe EH
1 

paccMaTpHaaeTcx 

cnyqaii: 

(3) 1 / 

(EH1) 1 --< 1 , r,II.e o~E1;E2,y~<1;f3, 
K "'c;-]2) = 1 +(o-y )I'n R3 

H1 Ml1H R2 
/11/ 

Y.IJ.oBneTaopeHHe 3Toro HepaaeHcTBa, T.e. yMeHhrneHHe 

HanpH)KeHHOCTH EH
1

, B03MO)KHO TOnhKO npH < 2 < < 3 

B 3TOM cnyqae aonHoaoe conpoTHBneHHe Z(
3

) yaenHqHaaeT

cx llO cpaBHeHHIO C .IJ.BYXCllOHHOH CHCTeMOH. 

Ha puc. 86 H3o6pa)KeHhi B03MO)I(Hble 3aBHCHMOCTH Ha-

npx)KeHHOCTH EH1 H BOllHOBoro conpoTHBneHHH zC
3

) 

OT cooTHOIDeHHH R
3 

I R 
2 

.IJ.nH HeKoTophiX o6hlqHo npH

MeHxeMhiX .IJ.H3neKTpHKOB. TaK, .IJ.nH npHMepa 2.1 I< 1 = 7, 
E 

2 
= 4,5, (R 1)

0
ITT:::..3,1 MM, R 2 : 5 MM, R 4 = 7 MM/ MaK

CHManbHaH HallpB:)KeHHOCTb B $eppHTe EH 1 yMeHbiDaeTCH 

Ha 220/o, ecnH Ha $eppHTbl HaMaTbiBaeTCH cnoii $Toponnac

Ta /f r ~ 2,2/ TOlliUHHOH 1 MM. A yaenHqeHHe BOllHOBOrO 

COllpOTHBneHHH B 3TOM cnyqae COCTaBHT 140/o /CM. puc.86/. 

3AKJIJO lJEHHE 

llpH KOHCTpyHpOBaHHH llHHHH, o6na,II.aiOI.UHX 6onhlliOH 

y,II.enhHOH 3HeproeMKOCTbiO, B03HHKaeT He06XO,II.HMOCTb on

THMH3HpOBaTb HX 3neKTpoMexaHHqecKHe napaMeTpbl. Bhl-

12 

a/ 

8=3.18 2,0 

1,8 

1,6 

I 6/ 
0,61 '\ "" .- I 

~ 

0.1.1 I /"""'·,-I ~ 

021 I' ,' 
I I , I I I • I -i 

- === :::~~8- ---I (.• 

,' ~--
• I 
I,' l '--,, ...... 

Olt<t--
RJt 2 2,5 /0 

1R2 

1,5 

Puc. 8. ,l(eiicmeue oono;mumeAbHOZO CAOJI. 
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6op OllTHManLHhlX COOTHOWeHHH 3aBHCHT npH 3TOM KaK 

OT reoMeTpH'IeCKHX pa3MepOB, TaK H OT CBOHCTB ,AH3neKT" 

PHKOB. OnTHMYM 3neKTPH'IeCKOH HanpH~eHHOCTH npaKTH" 

'leCKH cymecTsyeT He ,AnH scex 3Ha'leHHH napaMeTpoB nu

HHH. C noMOil{LIO npuse,AeHHhlX rpacilHKOB Mo~eT ynpomaTL

CH KOHCTpyHpOBaHHe nHHHH, 'laCTH'IHO 3anonHeHHhlX cilep· 

pHTOM. 

ABTOphl Bhlpa~aiOT npH3HaTenbHOCTb r .B.,IJ;on6HnOBY 

H B.Il.CapaHu;esy 3a BHHMaHHe K pa6oTe. 
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