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BoeBOliHH M,A, H .np, P9 - 11089 

PeaoaaTopHbiA .naT'IHK napaMeTpOB ny'lKOB aapiDKeHHbiX 'laCTHU 

.D.ns H3MepeHHH napaMeTpOB ny'lKOB 'laCTHU1 nony'laeMbiX Ha nHHeitHbiX 

pe30HaHCHblX YCKOpHTenHX npOTOHOB H TH)KenbiX HOHOB, npe.nnaraeTCH HCllOnb-

30BaTb TOpOH]:IanbHbiA pe30HaTop, KOTOpblit npH CyllleCTBeHHO MeHblllHX, '!eM 

Y UHnHHllpH'leCKOI'O pe30HaTOpa, ra6apHTaX HMeeT npaKTH'leCKH Ty )Ke qyB

CTBH~enbHOCTb, PaCC'lHTaHHblit H 9KCnepHMeHTanbHO npoBepeHHblll o6pa3eU, 

HaCTpOeHHblll Ha pe30HaHCHyiO 'laCTOTY - 145 Mfu, HMeeT MaKCHManbHbiA AHa 

MeTp 340MM, npOliOnbHblll pa3Mep 80MM1 a paCCTOHHHe Me)K]:Iy CTeHKaMH B 

eMKOCTHOA 'laCTH - 2MM, JllaMepeHHH npOBO]:IHnHCb Ha ny'lKaX npoTOHOB, .neit

TOHOB H a -'laCTHU, LJyBCTBHTenbHOCTb llaT'lHKa - 0,6 8/MA, 

Pa6oTa BbmonHeHa B fla6opaTopHH BbiCOKHX saeprHll OJIIHJII, 

Ilpenp&HT 061>e,AJUieHHOrO BHCTBTYT& •,llepBWX BCCJJe,llOB&BBI • .l{y6aa 1977 

Voevodin M.A. et al, P9 - 11089 

Toroidal Cavity for Measuring Charge Particle Beams 

For measuring parameters of beam particles produced on 
linear resonance accelerators of protons and heavy ions a toroidal 
cavity is proposed, This posseses practically similar sensitivity at 
considerably smaller sizes,as compared to the cylindrical one. A cal
culated and experimentally tested sample tuned to appr. :145 Me has 

a maximum diameter of 340 mm, its longitudinal size is 80 mm, the 
distance between walls in a capactitance part is about 2 mm. The 
measurements were performed on the proton, deuteron and a -particle 
beams, The cavity sensitivity was 0,6 V/mA 

The investigation has been performed at the Laboratory 
of High Energy, JINR, 
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.0nH H3MepeHHSI napaMeTpOB ny'IKOB 38pSDKeHHbiX 'ISC

THU, HM910IUHX MOllynHUHIO nnoTHOCTH B npOllOnbHOM HanpaB

neHHH,HCfiOJJb3YIOTCSI oo'heMHhre pe3oHaTophr. 06nallaH no cpa

BHeHHIO C llPYI'HMH np03p8'1HbiMH ll8T'IHK8MH H8HBbiCW9H 'IYB

CTBHTenbHOCTbiO H PSlllOM llPYI'HX npeHMyiUeCTB, 3TH ycTpOHCT

Ba HSWnH WHpOKOe npHM9H9HH9 llnSI llHSI'HOCTHKH ny'IKOB,rnaB

HblM OOP830M, H8 aneKTpOHHbiX pe30H8HCHbiX ycKOpHTe -
/1-:ii/ -:'> 6 nHX . vneKTpOHHbie yCKOpHTenH pa OTSIOT B 

CSHTHMeTpOBOM llH8fi830He llnHH BOnH, H 3TO onpellenSieT 

HeOOJJbWHe raoapHTbl ll8T'IHK8, fiOCKOnbKY llHSMeTp, Hanpu

Mep, UHnHHllpH'leCKOI'O pe30H8TOpa, B030Y*ll89MOI'O H8 

sonae E 010 , paseH D 0 -0,764 ,\ m ( A m- llnHHa son-

'Hbi rapMOHHKH c HOMepoM m ) • Ha nuaeiiHbiX ycKopuTenSIX 

TH*enbiX 38pSDKeHHbiX '18CTHU HCnonb3yeTCSI MeTpOBbiH llH8-

fi830H llnHH aona. B 'ISCTHOCTH, llnuaa sonHbi ycKopSIIOIUe

ro nonSI B nuHeHHOM ycKOpHTene nY-20 - HH*eKTOpe CHH

xpo«<Ja30TpOH8 011 RYI - cocTasnSieT - 2M, noaToMy uunua

llPH'leCKHH pe30H8TOp, HSCTpoeHHbiH H8 nepsyiO rapMOHHKY 

TOKa ny'IKa, HMen Obi llHSMeTp - 1 ,5M, OllHH H3 nyTeii 

yMeHbW9HHSI raoapHTOB 38Kni0'189TCSI B HCnOnb30B8HHH llnSI 

H3MepeHHH oonee BbiCOKHX rapMOHHK, HanpHMep 3-i!:, 6-H 

H T.ll. lSI· 0llH8KO npH 3TOM yMeHbW89TCSI 'IYBCTBHTenb-

HOCTb ll8T'IHK8, fiOCKOnbKY aMnnHTYllbl rapMOHHK fi8ll810T 

C pOCTOM HX HOMepa H, KpOMe Toro, 83-38 ysenH'I9HHSI 

'18CTOTbi, H8 KOTOpOH npOH3BOllSITCSI H3MepeHHH, pacTyT 

Tpe6osaHHH, npell'bSIBnSieMhre K annapaType, ucnonb3yeMoii 

nnH ycuneHHH curaana, a TSK*e K Ka'leCTsy cornacosaHHH 

aneMeHTOB Tp8KT8, 

B llSHHOA paooTe paccMoTpeaa llpyraH B03MO*HOCTb 

YM9HbW9HHSI raoapHTOB ll8T'IHK8, 38Kni0'1810Ul8SICSI B HCnOnb-
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soBaHHH ang H3MepeHHfi He uHnHHapHqecKoro, a TopoHaanh
Horo pesoHaTopa. 

BbJEOP ITAPAMETPOB l1 KOHCTPYKUI1.H 

ITapaMeTpbi CHMMeTpHqHoro TopoHaanbHoro pesoHaTopa, 
He HMeromero OTBepCTHB ang nponeTa ny'l:Ka, MO)!{HO pac
cqHTaTh H3 cneayromHX COOTHOmeHHH /S/: 

L 8t L D 
1
12 

A -rrdl-[1 + --(ln- -0,386)]ln"T"l. 
0 2t 77 d t u 

( 1 ) 

Q o· Po fro· (2) 

170 [ L • t .In D/d 
p --

0 d 8t L 
1 + -;a (ln T - 0.386 ) 

Y2 
] (OM) I (3) 

Rs 
r 0~ -[0,5+2L(lld+11D)+2lnD/d] (OM) 

2rr 
(4) 

rae A 0 - pesoHaHcHaB anHHa BOnHhi, Q 0 - ao6poTHOCTh 
c yqeTOM noTeph TonhKO B o6onoqKe pesoHaTopa, Rs = 
4,53-10-3 A o'h (ang MeAH). CMbiCn OCTanbHbiX o6os-

HaqeHHR gceH H3 pH c. 1. XapaKTep saBHCHMOCTH A0 H Q0 
OT BenHqHHhl 3830p8 B eMKOCTHOH qaCTH pe30H8TOp8 ang 
HeKOTopbiX BapHaHTOB noKasaH Ha pH c. 2. H anHqHe OTBep-

CTHH aHaMeTpOM d npHBeAeT K yMeHbmeHHIO pe30H8HCHOR 
1 

AnHHbi BOnHbi : 

A= Ao [ 1- (~/d)2]112. (5) 

B Bbi6paHHOM BapHaHTe ( D =340MM 1 d =230MM, L =80MM) 
HSnHqHe OTBepCTHH AH8MeTpOM d 

1 
= 100MM yMeHhmaeT 
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pH c. 1. CxeMSTHqeCKOe H306pa)!{eHHe CHMMeTpHqHoro To

poHaanbHOrO pesoHaTopa. 

pesoaaacHyiO anHHy BOnHhi npHMepHo aa 5%. PaccTOHHHe 
Me)!{ay CTeHKSMH pe30H8TOpa B eMKOCTHOA qaCTH COCTa
BnBeT - 2MM1 8 BenHqHH8 A06pOTHOCTH QO - 5000. 

Oco6eHHOCTbiO KOHCTpyKUHH BBnBeTCH To, qTo pesoHa
Top aaxoaHTCB B aTMoccflepe. 3To noosongeT cymecTBeHHo 
ynpocTHTh TexaonorHIO H3roToBneHHB H o6nerqHTb saaaqy 
noacTpOAKH pe30H8HCHOA qacTOTbi H C'beMa HHcl!OpM8IlHH. 
Ha pH c. 3 noKa3aHa KOHCTpyKilHB aaTqHKa. PesoHaTop B 
JlSHHOM cnyqae Bbrnonaea pas'beMHbiMi ero nonoBHHKH, coe
JlHHBIOmHecg nocpeJlCTBOM WeCTH8Jlll8TH 60.JITOB 1 pacnono-
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Ill - D =450MM, d =276MM, L =50MM. 
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pH c. s.- KoHCTpyKUHSI Jl8T'IHK8: 1 - peaoHaTop, 2 - KO:>KyX, 

3 - KepaMH'IeCK8SI TpyoKa, 4 - Me)lHbie :3Kp8Hbl 1 5 - Ba

KYYMHbie ynnoTHeHHH, 6 - neTnH CBSI3H, 7 - MeXaHH3M 

rpyooii: fiO)lCTpOHKH '18CTOTbi 1 8 - HOHOnpOBOJl 1 9 1 11 -

<iJToponnac'I'oBbie waii:obi, 10 - MeTannH'IeCKHe oo:>KHMbi. 

>KeHHbiX paBHOMepHO no Hapy:>KHOMY JlH8MeTpy, BbiJl8BneHbi 

H3 nHCTOBOH Me)lH TOniiiHHOH 1 ,5MM H OTnonHpOB8Hbl BHYT

pH. LJTOObi HCKniO'IHTb B03MO:>KHOCTb 38MbiK8HHSI CTeHOK, 

B eMKOCTHOH qaCTH pe30HaTopa ycTaHOBneHbi JlH:3neKTpH-
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'leCKBe wa:A6bi 9, 11. Pe3oHaTop HalleT Ha KepaMB'IeCKYIO 

Tpy6y 3, KOTOpag ~8HUeBbiMB COeJlBHeHBBMB CO'IneHBeTCB 

C KOHU8MB BOHODpOBOJl8 8 B ynnOTHBeTCB Ha B8KYYM pe-

3BHOBbiMB ynnoTHeHHBMB 5. 06>KBMbl 10 o6ecne'IBB810T sne
KTpB'IeCKB:A KOHT8KT pe30H8TOpa C BOHODpOBOJlOM. MeJlHbie 

SKp8Hbl 4 npeJlOXpaHBIOT BayTpeHHIOIO DOBepXHOCTb KepaMB

'IeCKO:A Tpy6hl (38 BCKniO'IeHBeM Y3KO:A KOnbueao:A DOnOCKH 

B UeHTp8nbHO:A '18CTB, He06XOJlBMO:A JlnB B036y>KJleHBB pe-

30H8TOpa) OT B03MO>KHOrO H8KannBB8HBB sneKTpB'IeCKBX 

38pBJloB. Pe3oHaTop 38IIlBllleH CHapy>KB pa3'beMHbiM MeTan

na'leCKBM KO>KyXOM 2, H8 TOpUaX KOToporo BMeiOTCB OTBep

CTBB JlnB DOJlCOeJlBHeHBB nBHB:A CBB3H K JlB8MeTp8nbHO npo

THBODOnO>KHbiM neTnBM 6 H llOCTyna K MeX8HB3MY rpy6o:A 

DOJlCTpO:AKH '18CTOTbl 7 • TinaBH8B DOJlCTpO:AKa '18CTOTbl ocy

IIlecTanaeTCB JlBCT8HUHOHHO ynpaanaeMO:A DOllBB>KHO:A nonaT

KO:A (Ha pac.S He DOK838Ha) B HHllYKTBBHO:A '18CTB pe30H8-

Topa. Ha p B c. 4 DOK838H 06lllB:A BBJl Jl8T'IHK8 CO CHBTOii 

DOnOBBHO:A KO>KyXa. 

3KCTIEPHMEHTAnbHAH TIPOBEPKA 

lJ.aT'IBK yCT8H8BnHBancg H8 Tp8KTe BH>KeKUBH '18CTHU B CBH

xpo¢la30TpOH nocne BbipaBHBBaTena B MOJlynaTopa sHeprHB 

H BCDOnb30Bancg llnB KOHTpong napaMeTpOB ny'IKOB npoTo

HOB, Jle:ATOHOB H a -'18CTBU. PaCCTOBHHe OT pe30H8Topa 

nY-20 JlO MeCTa ycTaHOBKB Jl8T'IHK8 COCTaanano - 21M. 

O!MeTuM, 'ITO a ll8HHOM cnyqae Jl8T'IBK 'IYBCTBBTeneH He 

TOnbKO K B3MeHeHBIO TOK8 DY'IK8 0 HO B K H3MeHeHBIO MrHo

BeHHOrO SHepreTB'IeCKOrO CDeKTpa, DOCKOnbKY 8MDnBTyJl8 

OCHOBHO:A rapMOHHKH TOK8 Dy'IK8 0 H8 KOTopyiO H8CTpOeH pe-

30H8TOp, 38BBCHT OT ¢la30BOII: DpOTB>KeHHOCTB cryCTKOB, 

onpeJlenaeMo:A a HaweM cnyqae SHepreTH'IeCKBM pa36pocoM 

!).W /W 171 • TaKBM o6pa3oM, MO>KHO roaopnTb o 'IYBCTBB

TenbHOCTB S0 , KOTOpag COOTBeTCTByeT BMeiOllle:Acg ¢la3o

BO:ii DpOTB>KeHHOCTH cryCTKOB c/J O B MeCTe yCT8HOBKH Jl8T

'IHK8. ToK ny'IKa a sKcnepuMeHTax aapbupoaanca a npene

nax oT 20 MKA JlO 20 MA. KoHTponb ToKa ocywecTananca 

c noMOlllbiO noaca PoroacKoro u uanBHJlpa <PapaJlea. CnrHa

nbi C pe30H8TOpa CHHM8nBCb OJlHOBpeMeHHO C JlBYX neTenb 

CBB3B, Harpy>KeHHbiX H8 llnBHHbiH Ka6enb (- 40M) C BOnHo-
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p H c. 4. 06lllHH BUll ll8 T'IHK8o 

BhiM conpoTuaneaueM 75 OM. H3MepeHna noKa3anu, 'ITO 

qyacTBBTenbHOCTb Jl8T'IBKa a naHHhiX ycnoauax : S0 = 
0,6 BIMA. 

Pa6oTa naT'IBKa B Te'leHue JlnBTenbaoro nepnoJla oTnu

qanacb xopoweii CTa6unbHOCTbiO. 
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ABTOpbi Bbxpa:lKaiOT 6naronapaoc'l'h .n.n.3HHOBbeBy H 
ID.n.Ee3HOI'HX 38 HHTepec K pa6oTe H CO.r:teACTBHe, a TaK
:lKe coTpy.r:tHHKaM ceKTopa HH:lKeKUHH 38 noMomb npH npoBe
.r:teHHH H3MepeHHA. 
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