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C~cTeMa paCTRmK~ BWBegeHHOrO ny4Ka npOTOHOB np~ nOMO~H 

C -3neKTpoga, KaK noKa3anH 3KCnepHMeHTW Ha CHHXP04~Kfl0Tpo-
He /l,2!, RBnReTCR AOCTaT04HO 3<)J<)JeKT~BHofi, H n03TOMy TaKyiO CHC
TeMy npegnon<Jr<JeTCH HCnOflb30BaTb Ha ycTaHOBKe 11¢ 11 • 06~He Tpe-
6osaH~H K CHCTeMe paCTHmKH ny4Ka YCTaHOBKH 11¢ 11 np~ nOMO~H 
C-3neKTpoga C<)JOpMynHpOBaHW B pa6oTe 13~ BKpaT4e OHH CBOAHTCH 
K cnegyiO~eMy: cpegHHH YacToTa c~cTeMw f 0 = 14,48 Mr4, gesHa4HH 
4aCTOTbl ;\f II= .:!:_30 Kr4, Ha6op 3HeprHH 3a o6opOT i\W= 15 K3B 1 

MaKCHMaflbHWCi pag~yc rm = 2745 MM 1 3<)J<)JeKT~BHaH WHp~Ha gopom
KH i\r = 1 4 1 3 CM. 

3aga4a COCTO~T B TOM, 4T06W YAOBfleTBOp~Tb yKa3aHHWM Tpe6o
BaH~HM OnT~MaflbHWM o6pa30M np~ ycnos~~ npOCTOTW KOHCTPYKT~B

HOfi cxeMbl C -3neKTpoga, M~H~ManbHOCi Heo6xog~Moe1 B4 MO~HOCT~, 
ygo6cTsa 3KcnnyaTa4~~- PeweH~e ee ycnomHReTcR 3agaHHOCTbiO 
reOMeTp~~ YCKOp~TeflbHOfi KaMepw ~ B03MOmHOCTbiO 3Ha4~TeflbHWX 
pag~a4HOHHWX Harpy30K B6n~3~ YCKOp~TenH. nepsoe 06CTOHTenb
CTBO orpaH~4~BaeT BW60p KOHCTPYK4~A C-3neKTpoga, a BTOpoe np~
BOA~T K Heo6xog~MOCT~ pa3Me~eH~H B4 annapaTypw 3a 3a~~ToA Ha 
3Ha4~TeflbHOM paCCTOHH~H OT Harpy3K~. 

BbiEiOP CXEMbl 11 PAC4ET C -3nEKTPOAA 

113 3HepreT~4eCK~x ~ reoMeTp~4eCK~x coo6pameH~A C-3neKTPOA 
gonmeH pa6oTaTb Ha nepBOCi KpaTHOCT~ 4aCTOTW 06pa~eH~H npOTOHOB. 
3neKTP~4eCK~ C-3neKTPOA npegcTasnHeT co6oA gsa OTpe3Ka nnoc
KoA n~H~~ c sonHOBbiM conpoT~BneH~eM Z 0G gn~HoA R0/2 /rge R -
cpegH~Ci pag~yc, 0 - yrnosaH npoTHmeHHOCTb C -3neKTpoga/, pa-
30MKHyTwx Ha OAHOM KOH4e ~ nogKnl04eHHWX gpyr~M KOH40M K KOaK
C~anbHOfi 4eTsepTbBOnHoBoC1 KOPOTK03aMKHyToC1 n~H~~. Era napa
MeTpw B T04KC nOAKfli04CHHH K fl~H~~ OnpegenHIOTCH BWpameH~HM~ 
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U~x c = u;n cos( {3 RO) 
~ , 

z -
Z . oe {JRO 

BX c = -j--Ctg(--) 
2 2 

U ~ - HOpM~pOBaHHOe YCKOpfliOIJ1ee HanpHl!<eH!-1e: 

U' 
m 

Urn f . 0 
=-Sin-, 

2 2 t:.W 

/1/ 

/2/ 

1 

:1 

... 



a sonHOBOe conpoT~sneH~e Z0c c y4eTOM npos~caH~H nonA onpe
AenAeTCH swpameH~HM~ 

100 
z oc = -3- [ OM J ' 

c1 

h c 1 = [M + 2b + 2 vo,9rr a ( n<P/cM], 

a H-h ( CM), 

Y2 
b = ( H ln 2H-h - h ln[ h(2H-h)] J/" 

a a 

/3/ 

[eM], 

rAe h - 3¢<l>eKT~BHbl~ sepT~KanbHbl~ paaMep C -3neKTPOAa /anepyy
pa + 1 eM/.~ npeAnonaraeTcH, 4TO ero paA~anbHaH npoTHmeHHOCTb 
pasHa (M + h/2). 

Dbln BbmonHeH pac4eT TaKoii peaoHaHcHoii /C-3neKTPOA nn10c 
4eTsepTbBOnHosaH n~H~H/ c~cTeMw AnH C-3neKTPOAOB paan~4HOi1 
yrnosoA npoTHmeHHOCT~ np~ paaHwx anepTypax. npeAnonaranocb, 
4TO HapymHWA A~aMeTp pe30HaHCHOi1 nHH~~ - 200 MM, BOnHOBOe 
conpoT~sneHHe - 51 OM. 

8KpaT4e peaynbTaTW pac4eTa CBOAHTCH K cneAYIO~eMy: npH ~a
MeHeHH~ yrnosoR npOTH~eHHOCTH 3neKTPOAa OT 30 AO 90 rpaAYCOB 
MO~HOCTb noTepb Pa ~aMeHHeTCH np~MepHo OT 3 KBT AO 600 BT, 
AnHHa peaoHaHCHOR nMHH~- OT 4 AO 2 M, A06pOTHOCTb Qc OCTaeT
CH np~MepHO noCTOHHHOi:i ~ 6nH3KOR K 2000. 

B~AHO, 4To co6cTBeHHaH nonoca 4acTOT cHcTeMw 

2M = r0 /Q < 8,5 Kr4 c c - /4/ 

SHa4HTenbHO MeHbwe Heo6xoA~Moi1 AeB~a4HH 4acTOTW Ha C-3neKT
POAe. 

PacwHpeH~e nonocbl MO>KHo ocy~ecTB~Tb, HarpymaR KOHTYP cocpe
AOT04eHHWM ConpOT~BneH~eM 11 1 ~n~ ~CnOnbSYR CBH3aHHWe KOHTy-
pw 141

. 8 cny4ae n~TaHHH CMCTeMW 4epea AnMHHWii <l>~Aep BTOpO~ sa
p~aHT CTaHOB~TCR HenpMeMneMWM BB~AY 04eHb 3Ha4~TenbHOrO ~3Me
HeH~R BXOAHOrO COnpOT~BneH~R B pa604eM AHanaSOHe 4aCTOT. 

Mo~HOCTb noTepb, CBRSaHHaR c nony4eHHeM Heo6xoA~MoA nonocw 
4aCTOT KOHTypa ±i\fH, onpeAenReTCR BblpameH~eM 

MH 
p = p /Q = p 2- /5/ a peak H peak f ' 

0 

rAe p k - peaKTI1BHaR MO~HOCTb. 
pea " Ha pHc. 1 noKaaaHa aaBMC~MOCTb P k OT yrnosoH npOTHmeHHo---- pea 

CT~ C-3neKTPOAa I h = 50 MM/. BHAHO, 4To peanbHbiM KOMnpoMHc-
coM /noTep~-paaMepw/ RBnReTCR C-3neKTPOA c yrnosoA npoTRmeH-
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Pnc.l. 3aBHCHMOCTb peaKTHBHOH 
MO~HOCTll OT yrnoBOH rrpOTH~eH
HOCTll C -3neKTpop;a, 

Pnc. 2. KoHCTPYKIJ;llH C -3neKTpop;a 
ll pe30HaHCHOH nHHllll: ) - BBOp; 

BO,D;bi; 2, 3 - Bop;ooxna~aeMbif! pe-
3HC TOp ll Bb!COKO'IaC TOTHb!H pa3'beM; 
4 - KOHp;eHCaTop; 5 - BBOp; BO,D;bl 
oxna~eHHH C -3neKTpo;o;a; 6 
npoxop;Holi ll30nHTop; 7 - C-gneKT
po;o;; 8 - YCKOpHTenbHaH KaMepa; 
9 - CHCTeMa KperrJ1eHHH C -::meKT
pop;a B yCKOpllTenbHOH KaMepe; 
JQ - 50-0MHaH pe3oHaHCHaH nllHllH. ....,.. 
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HOCTb~ 60 rpaAycos. KoHCTPYK4~R C-3neKTPOAa npeACTasneHa Ha 
p~c.2, pac4eTH~e napaMeTp~ B Ta6n.1. np~ 3TOM B COOTBeTCTBM~ 
C /5/ CYMMapHaR MO~HOCTb nOTepb AnH nony4eH~R He06XOA~MO~ no
noc~ 4aCTOT /KOHTYP nn~c WYHT~PY~~ee conpoT~BneH~e/ Pai AOnm
Ha cocTaBnRTb 8 KBT. 

Ta6mm;a I 

B u_,c I,~c P.c P,. .. c t. L,.., 1?.4 !J...,.A ?,....z Q 
rpa.u RB A PT MBA M A BT MBA MBA -

60 15 I95 roo I,4I6 3,09 330 850 0,514 I,93 2000 

B036YmAEHHE C-3nEKTPOAA 

3Ks~saneHTHaR CXeMa KOHTypa C-3neKTPOAa B T04Ke B036ymAe
H~R np~ KOHAYKT~BHO~ CBR3M npeACTaBnReT c060~ napannenbHO BKn~-
4eHHble ~MneAaHC C -3neKTPOAa ~ pe30HaHCHO~ n~H~~ Z, aKT~BHO
ro conpoTMBneH~R n~H~~ R~ ~ wyHT~PY~~ero c9npoT~sneHMR R,ne
pec4~TaHHoro s T04KY sKn~4eH~R, R3; np~4eM Z onpeAenReTcR aana
ceHHO~ 3Hepr~e~, R ~ - MO~HOCTb~ noTepb s n~H~~, R 3 - MO~HOCTb~ 
noTepb s conpoT~sneH~~ /s TOM cny4ae, KOrAa T04K~ noAKn~4eHMR 
conpoT~BneH~R ~ CBR3~ cosnaAa~T, R3aR /: 

2 2 2 . 2 
RBX a UBX I 2P ai a z 0 Im Sill (f3of BX)/2P ai' 

R ~ = Z ~I! sin 
2 

({3 0 f sx! /2P an a R BX (Pai /P an ) , 

R 3 a Rsin2 
({3 0 E8x )/sin2 ({3 0 eR), 

p ai a 8 KBT. 

!6! 

nocKonbKY R 8x o6paayeTcR s peaynbTaTe napannenbHoro coe
A~HeH~R R~ ~ R 3 , 

R 3a R~ R8x /i(R ~ -R 8x) a R 8x (P<U; /Pan )/(Pai/P M -1). /7/ 
np~seAeHH~e s~pameH~H ~ AaHH~e Ta6n.1 noasonRDT ycTaHoB~Tb 

CBR3b MemAy eBX ~ Rsx 'Ex ~ R. 
HMneAaHc KOHTypa ~MeeT BMA 

R8 x . R8xa~f 
z a l-:;-K2(~f)2 - J 1 + K2(M)2-' /S/ 

rAe ~f - OTKJlOfleH~e 4aCTOTbl. OT pe30HaHCHO~, K a 2Q H/f 0 • 

4 

r 

'"t ... 
J. 

:'\\ 
\l 

Ha KpaRx nonOCbl K~f a± 1 

· RBx . Rsx 
Z=--+J--, 

2 2 

~ 

!8 '! 

T.e. ~~AeP B036YmAeH~R OKa3~BaeTCR HarpymeHH~M Ha KOMnneKCHOe 
conpoT~sneH~e, KOMnoHeHTbl KOToporo no a6conDTHO~ sen~4~He pas
HRDTCR nOJlOB~He conpoT~BJleH~R np~ pe30HaHce. 8 CBR3~ C 3T~M 
BCTaeT BOnpoc, KaK~M AOJlmHO 6~Tb COOTHOWeH~e MemAY Rux ~ Zo 
Ka6enR, 4T06~ OTpameHHaR MO~HOCTb B A~anaaoHe 4aCTOT 6~na 
M~H~ManbHO~. 

B TOM cny4ae, KOrAa aaTyxaH~e s ~~Aepe Mano, T.e. so scex 
npaKT~4ecK~ ~HTepecH~x cny4aRx, sonHosoe conpoT~sneH~e ~~Aepa 
Z 0 MOmHO C4~TaTb Ae~CTB~TenbH~M ~ ycpeAHeHH~~ nOTOK MO~HOCT~, 
npOXOAR~M~ no ~MAepy, 6yAeT paBHRTbCR pa3HOCT~ MO~HOCTe~ na
Aa~~ei1 P na,LI ~ OTpalKeHHOi1 POTp BOJlH; 

. 2 
p a p na,LI - p orp = p Ha,LI (1 - w I ) ' /9/ 

rAe K03~~M4MeHT otpalKeHMR no HanpRmeH~D r onpeAenReTCR sw-
palKeH~eM 

r a _Uorp e -2y~ a Uor£_ e -2(a~ + j~) 
Una.z:~ U na,ll, 

/10/ 

a- K03~~M4MeHT 3aTyXaH~R, {3 - nOCTORHHaR 
Aepa, ~ - paccTORHMe oT Harpy3KM. B MecTe 
pe3oHaHCHO~ nMHMM ~a 0, ZH a rH + jxH' 

pacnpocTpaHeH~R ~H

BKJlD4eH~R Ka6enR M 

2 2 
. 2 (rH-Zo)+XH Jrp 

1r I a --------e II 2 2 
(r H+ Z 0) + X II 

tf!}/J a 

2xH'Z o 
/11/ 2 2 2 (r 11 +XH)-z 

H, cneAOBaTenbHO, 

• 2 
- p orp. I a w II I 

p lla,ll l! 

2 2 (rii-Zo) +XH 

(r II+ zo)1f:-xT- /12/ 

Ha Kpa~ nonoCbl nponycKaHHR KOHTYP.a C-3neKTPOAa x 11 aR11 =Rm(2 
H, cneAOBaTenbHO, 

. 2 (1-y) 2 + 1 
lf'IHK = ------, /13/ 

(1 +Y) 2 + 1 

rAe y = 2Z 0 /R x . 
BblpalKeHI1e 713/ cTpet~~TCR K 1 np~ y ... 0 ~n~ 6ecKoHe4HOCTH 

H HMeeT MMH~MYM B T04Ke 

y . =.;2- HnH R = ..;2. Z 
min BX 0 

/14/ 
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Ta6JIHIJ;a 2 

-
!J I,O !,25 Y2 I,5 !,75 2,0 

(P.r,. /P,..1 ~ 0,2000 0, I7"'~ O,I7I6 0,1724 0,!825 0,2000 

- --
(P.r,. /P,..I >,. O,IIII ·o,l1532 O,CI294 O,a204 0,0044 0,0000 

Ta6~a 3 

-
[,. N 0 IO 20 30 50 00 roo 

;;; 
i Pr, KilT 7,73 8,16 8,63 9,!2 I0,18 12, CJI 13,42 

-~ 
,:C p KilT 9,!l> 9,55 IO,IO 10,63 II,92 14,00 !5,70 
.., nc ... 
~ P,, KBT 7,79 7,93 8,33 8,4 7,73 7,86 8,00 . 
0 

"' i Pr.. KBT 9,l15 9,12 9,76 9,84 9,20 9,28 9,44 

B Ta6n. 2 npeACTaa.neHbl OTHOWeHI-'t.A P0TP I Pna,Ll' pacc4~1TaHHbie no 
~OpMyne 113/ AJ1.A P.AAa 3Ha4eHI-1~ y, a TdK~e COOTB€TCTBYID~I-1e 
3Ha4eHI-1.A PoTpiP fla,L\ np1-1 pesoHaHce, pacC41>1TaHHbie c noMo~biD Bbi
pa~eHI-1.A 

PoTp --I 
p na.!\ p 

(1- yl2) 2 

(1 + yl2) 2 /15/ 

A.n.A Ka6e.ne~ C BOJ1HOBbiM conpOTI-1BJ1eH!-1eM 50 OM B COOTBeTCT-BI-11-1 
c 1141 BXOAHOe conpoTHBneHHe C-sneKTPOAa AOJ1~Ho 6wTb 

R BX == 70 '71 OM. 

naAaiOUja.A MOU\HOCTb, nOCTynaiD~a.A K Harpy3Ke p Hfl ! B CBR31>1 C no
TepRMI-1 B Ka6ene 6yAeT MeHbWe, 4eM MOUIHOCTb reHepaTOpa pr : 

2cd 
p r = p nn e • I 161 

• 2 
rAe Pnn =PH I (1-lrH I \ p II- MO!I\HOCTb B Harpy3Ke' e - AJ11>1Ha 
Ka6en.A. 

CpeAH 84 Ka6e.neH, o6ecne4HBaiD~HX nepeAa4y Heo6XOAHMO~ Mo~
HOCTH, KOHCTPYKTH~HO HaH6onee YA06HWM /TOHKHMI RBJ1ReTCR Ka6enb 
PK-50-11-21 c Ko3$~~>'~4HeHToM saTyxaHHR a, Ha 4acToTe 14 Mr4 paa
HWM 2,76·10-S H/M. HomeT 6WTb TaKme HCnOJ1b30BaH Ka6enb 
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PHc. 3. Bxop;Hbie xapaKTepHCTHKH 
--- Zsx 
¢up;epa /I- Re(-

2
-)=f(¢) /, 

( Zsx 0 I /2- Irn -zo-> = r(¢) Ha 

KpaiO IIOJIOCbl rrponyCKaHHH; 3 -
Zax 

Re(--)= f(¢), 4 
Zo 

Irn {Zax/Z o) = f(¢) B u;eHTpe 

IIOJIOCbl rrporrycKaHHH; 5 
IDaxl U0 I = f(¢) Ha Kpaw rro-

Uax 
JIOCbl nporryCKaHHH; 6 - 1--1 

Uo 
= f(¢) B IJ;€HTpe IIOJIOCbl 
nporrycKaHHH. 

<p' 

PK-50-24-16, KOTOpbi~ 6naroAapR 6onbWHM pasMepaM HMeeT 3Ha4H
TenbHO M€HbWH~ K03$$H4H€HT 3aTyXaHI-1R: 

a f= 14 Mrrt 4' 18 ·1 0 -
4 

/H/M/. 

B Ta6n. 3 npeACTaaneHbi 3Ha4eH~>'~R Pr np~-1 pesoHaHce 1-1 Ha KpaiD 
nonocbi s 3aBHCI-1MOCTI-1 OT A111-1...!:i!>l Ka6enR /PK-50-11-21 1-1 PK-50-24-16/ 
A11R cny4aR, KOrAa Raxpe3 :=v2 Z 0 Ka6eJI.ll• a P 11 =8 KBT. 

BXOAHOe conpOTI-1BJ1eHI-1e $1-lAepa B T04Ke nOAKJ1ID4eH!-1R K reHepa
TOpy onpeAenReTCR awpa~eHHeM 

. 1 + r e -2yE 

z BX = z 0 ----:---.:.2-y E- ' 
1-re 

/17/ 

KOTOpOe MOmHO npeACTaBI-1Tb, BOCnOJ1b30BaBWI-1Cb /11/ 1-1 /14/, 8 Bi-1-
A€ 

Z 2 -4ae -2ae 
ax 1 - a e - j 2ae sin¢ 

z-;;- = -1 + a2;=4at2ae-2<if cos¢- /18/ 

rAe a 4€HTpe nonocw nponycKaHHR 

ap = (v2 -1)
2 

, sin¢P = sin2{3E, cos¢P = cos2{3£, /19/ 

a Ha KpaiD 

ak =<i2- 1), sin¢ k = -cos2{3 e • cos¢k = sin2{3 e . /20/ 
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B~AHO, 4TO c pocToM J Z8x / Z 0 ~ 1, . OAHaKo np~ np~eMne
MbiX 3Ha4eH~Hx noTepb s Ka6ene sap~au~~ Z ex np~ ~3MeHeH~~ 

era An~Hbl AOBOnbHO 3Ha4~TenbHbl. Ha p~c. 3 np~BeAeHbl 3Ha4eH~H 
Zsx / z 0 AnH Ka6enH PK-50-11-21 C~nbHOH An~HOH e = 
= 2,\k /29,28 M/ np~ ~3MeHeH~~ era An~Hbl c waroM -0,61 M (i'1cf> =30° ), 
pacc4~TaHHble AnH ueHTpa ~ KpaH nonocbl nponycKaH~H C-3neKT
POAa. TaM me npeACTasneHbl sen~4~Hbl HanpHmeH~H, nony4eHHble c 
nOMO~b~ BblpameH~H 

. 2 2 
U 1 Zo z0 R 1 z 0 z0x 1-.-1 = -(1 + -) ch2~ + -- sh2a~ +-(1- -)cos2f3~+ -sin2~, 
U H 2 p2 p 2 2 p2 p 2 

2 2 2 - - /21/ 
rAe p = R + X, Rp= v' 2Z 0 , xp=O, Rk = xk = Zo h/ 2. 

H3MeHeH~e $a3osoH An~Hbl $~Aepa, CBH3aHHoe c ~3MeHeH~eM 4aCTOTbl 
s npouecce AeB~au~~ 

-(- 27Tf 
i'1cf>=v'- --M, 

£o c /22/ 

rAe c - cKopocTb cseTa, AnH paccMaTp~saeMoro cny4aH He np~

H~MaeTCH BO BH~MaH~e, T.K. COCTaBnHeT BCero 17 2 rpaAyCa. 
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G1azov A.A. et a1. <l-82-110 
C-E1ectrode of "F" Installation 

Parameters of the system of beam stretching by means of C-electrode are 
calculated. The main requirements for beam stretching are: average frequen-
cy- 14.48 MHz, frequency deviation -f30 kHz, energy gain 1~ keV, ma-
ximum radius - 2745 mm, path effective length - 143 mm. Electrically 
C-electrode involves two sections of a plane line ha~ing a form of a seg
ment, open on one end and connected by the other end to coaxial quarter
wave short-circuit 1 ine. Due to significant radiation loads in the place 
of C·electrode location, it is necessary to position H.F. apparatus behind 
the protection on a sufficient distance from the load. 

The investigation has been performed at the Laboratory of Nuclear 
Problems, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1982 

nepeoo.q O.C.BI1HOrpa.qoBOH. 


