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Hmoweno 8.11. H np. P9 - 11422 
KeanpynonbHbie nHH3bi Ha nocroHHHbiX MarHurax H3 SmCo 5 
( ar • }0,4 K3/CM B anepType 0,92x0,98 CM 2 

) 

Paapa6oraHbl H HCCnenoeaHbl nee Monenu KBanpynonbHbiX nHH3 co 
CTanbHbiM !!pMOM UHnHHilpH'18CKOil tjlopMbl, BHeUlHHil llHBM9Tp !IJlMB paBeH 
8,2 eM, wupHHB HpMa - 2,0 CM, nomoca nuH3bi uaroroeneHbi H3 SmCo5 
c sHepreTH'IeCKHM npouaeeneHHeM (BH)max = 18 Mrc· 3. PaaMep nomocoe -
1,6Jtl,6x0,8 CM S. 8 anepType } ,Oxl,O CM 2 nony'!eH rpa!lH9HT MBrHHTHOrO 
non!! ar: 10 K3fCM, B anepType 2,0x2,0 CM2 - ar: 5,0 K3fcM, 
noKB38HO, 'ITO npH nepeXOJle K MBTepHanaM C (BH)maz : 60 Mrc•3 HMeeT
C!I B03MO*HOCTb C03118Tb B anepType 3 CM rp811H9HT KB8!lpynonbHOrO MBr
RKTHOrO non!! ar ~}0 K3fcM, 

Paapa60T8HRbie nHH3bl MOmHO HCnonb30B8Tb e nuHeiiHbiX ycKOpHTenax, 
cenapaTOpBX HCTO'IHHKOB nonRpH30B8RHbiX HOHOB H npO'IHX nO!l06HbiX 
ycTpoi!CTB8X, 

Pa6ora Bb!DOnHeHa B na6opaTOpHH BbiCOKHX SHeprHil 011.SII1, 

flpenpRHT 06be.llHHeHHOrO HHCTHTyTB l!JlepHblX HCCnellOB6HHA. lly6Ha 1978 

Ilyushchenko V.I. et al. P9 - 11422 
Quadrupole Lenses on Stable SmCo 5 Magnets 
( ar • 10.4 kOe/cm in a 0,92x0,98 em 2 Bore) 

Two prototypes of quadrupole lenses with a cylindrical 
steel yoke have been developed and investigated at the High 
Energy Laboratory, JINR. The yoke has an outer diameter of 8.2cm 
and a width of 2.0 em. The lens poles were made from SmCo 5 
with an energy product of (BH) mu-:. 18 mG Oe, The pole size was 
1,6x1.6x0.8 em~ A magnetic field gradient in excess of ar-10 Oe/cm 
was obtained in a 1.0x1.0 em 2 bore and a r • 5,0 kOe/cm-in a 
2.0x2.0 cm 2 bore. It is possible to realize a quadrupole magnetic 
field grac-'ient of G r • 10 kOe/cm in a 3 em bore using hard 
magnetic compouhd with (Binma:r-:. 60 G.Oe. The designed lenses 
can be used at linear accelerators, polarized ion source separators 
and other devices. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 
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BBE,4EHHE 

B uacToJimee speYJI .D;nJI nony'leHHJI :warHHTHbiX nonei: 
pa3nH'IHOi: l)op:wbl nps:weHJIJOTCJI "Tennble" 3neKTpo:warus
Tbl, csepxnposo.D;JIUUie 3neKTpo:warHHTbl H nocToJIHHble :war
HHTbl. Bee ,~~;ei:CTBYJOUUie ycKopsTens nocTpoeHbl ua "Ten
nwx" 3neKTpOYarHHTaX, pa6oTaiOIJUIX B HYnynbCHOY HnH 
nocTOJIHHOY pe>Ks:wax 1 1•2 1 . Csepxnposo.D;JIUUie :warHHTbl 
B pe>KHYe nHTaHHJI nOCTOJIHHbiY TOKOY HCnOnb3YIOTCJI B 
nHHHJIX TpaHCnOpTHpOBKH ny'IKOB 3apJI>KeHHbiX 'laCTH~ISI • 
H:wnynbCHble csepxnposo.D;JIUUie :warHHTbl uaxo.D;JITCJI B cTa
,D;HH pa3pa60TKB H B ,D;ei:CTBYIOIJUIX yCKOPHTenJIX He nps

YeHJIIOTCJI I 41 

B nocne,~~;use ro.D;bl 6blnH uaqa Tbl sccne,~~;osaHHJI no sc
nonb30BaHHIO nOCTOJIHHbiX :warHHTOB H3 yarHHTHO·>KeCT· 
KHX YaTepHanOB THna l)eppHTOB, cnnaBOB anbHHKO H pe,D;KO-
3e:wen:t.HbiX :weTannos /P3M/ 15( B qacTHOCTH, Ksa,~~;pynonb
Hble nHH3bl c nonJOca:ws H3 P3M npe,~~;nonaraeTcJI nps:we

HBTb B nHHeRHbiX yCKOpHTenJIX 
16 

'
7 

I 

B 1977 r. B JIB3 OIUIH 6bln pa3pa6oTaH auanH3Hpy10-
IJUIH ,D;Hnon:t.HbiR :warHHT ,D;nJI JIM P- :warHHTOYeTpa C nonJO
ca:ws H3 Sm Co 5 • KOTOpbli: o6ecne'IHBan :waKcH:wanbHOe 
none H = 6500 3 B 3a3ope 6 ,.,,., H none H = 1540 3 
C HeO,D;HOpO,D;HOCTbiO .MI/H:; 1.5 · 10-4 B 3a3ope 13 MM 181, 

B sacToJime:w coo6tneHHH npe,~~;cTasneHbl pe3ynJ.TaTbl H3:we
peusi: YarHHTHbiX xapaKTepHCTHK KBa,D;pynOnbHbiX nHH3 C no
nJOCaYH H3 SmCo 5 c 3HepreTH'IeCKHY npoH3Be,D;eHHeY 

(Bll)max -::.18 Mzc-3. 
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KOHCTPYK~H.R JIHH3 

MarHBTHO-TBep~we KBa~pynonB BMenB CTanbHOe SpMO 
C BHeWHBM ~BaMeTpOM 8,2 CM B WBpBHOH 2 CM. JiwnB B3· 
roTosneHw ~Be Mo~enB nBH3 - K1 B K2. B nepsoii Mo~enB 
/puc. 1/ nomoca B3 P3M /1,6x1,6x0,8 cM 3 I ycTaHaBnBsa
nBCb DO CTOpOHaM KBa~paTHOH anepTypw C H b = 4,0 CM, 

D - CTOJ'lb 

• -SmCos 

~ - TeKCTOilL.LT 

~ 

Puc. 1. Mooe.Ab K1 Keaopyno.AbHOU AUH3bl c noAK>CaMu 
U3 P3M. 

BO BTOpoii MO~enB - C H b:; 2,0 CM. KpoMe :noro, MO~enb 
K1 6Lma BcnwTaHa c amoMBHBeBWM spMoM, a TaiOKe co 
CTanbHWM RpMOM H CTanbHbiMB WYHTaMB BMeCTO 60KOBWX 
TeKcTonBTOBbiX scTaBOK. CTanLHwe HaKoHeqHBKB orpaHB
qBsanB anepTypy C H b = 2,0 CM. Bo BTopoii MO~enB DOMBMO 
sapBaJJTa c nomocaMB pa3MepoM 1 ,6x1 ,6x0,8 cM3

, KOTopwe 
orpaHBqBsanB anepTypy 2,0x2,0 cM2. 6hln peanB30BaH 
sapBaHT c ~ononHBTenbHbiMB nomocaMB B anepTypoii ~o 
0,98x0,92 cM 2 I puc. 2/. Ilomoca BMenB 3HepreTHqecKoe 
npoH3Be~eHHe (BH)max -=- 18 Mzc ·3 c pa36pocoM ±10~. 
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Puc. 2. MoOeAb K2 Keaopyno.AbHOU AUH3W c noAIOCaMu 
U3 P3M. 

~OpMa DOJDOCOB B DOJDOCHWX HaKOHeqHBKOB BW6paHa 
HeODTBManbBOH C TOqKB 3peHB.& BKna~a MynhTBDOneii 6onee 
BWCOKOrO DOpR,IUCa C N = 6,10,14 B OCHOBHOe none C N = 4. 
B ~anbHeiiweM npe~nonaraeTCR ODTBMB3Bp0Ba Tb KOHCTPYK
UIIIO nBH3W TaKBM o6pa30M, qT06W, BCDOnh3YR MarHBTW 
MBHBManbHOrO 06'1teMa B 3a~aHHOB (K>pMW, DOnyqBTb MaKcB
ManbHWH rpa~eHT G r B MBHBManhHWB BKna~ rapMOHBK 
c N = 6,10,14 B anepType 3a,Aassoro pa3wepa. 

METO,JQIKA H PE3YJI:bTATbl H3MEPEHH1i 

H3MepeHBR pacnpe~eneBB:ii warHBTHoro non.a B pa~anb
HOM HanpasneHBB BWDOnBRnBCb C DOMOJQbiO nneHOqHOrO 
~aTqBKa Xonna c pa3MepaMB qyscTBBTenhHO:ii 30HW 1x3 M..l-. 

,D.aTqBK pacnonarancs so spews B3MepeHBii ,AnBHHOii cTo
poHoii B~Onb OCB nBH3W, qTO o6ecneqBBan0 npOCTpaHCT· 
BeHHOe pa3pemeHBe Ha ypOBBe 1 MM. JIBH3a BKOOp,ABHaTBO
H3MepBTenhHOe ycTpo:iicTBO npBBe~eBW sa puc. 3. ToqHOCTh 
B3MepeHBH MarBBTOMeTpa C BWBO~OM ~aHBWX Ba IUicl»POBOH 
BOnbTMeTp COCTaBnsna -10-3 
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Puc. 3. BHeUlHUU euo AUH3bl. 

Pe3ynhTaThl H3Mepeuuii scex DJITH sapHaBTOB nBB3 

DpBBeAeHhl B ma6A. 1. IIpeADonaranoch, qyo rpaHBUbl aDep

Typw ODpeAenJinBCh TOnhKO DOmoCaMH B3 P3M, TaK KaK 

)l(ene3HWe HaKOHeqHBKB He KOHD;eHTpBpOBanB MarHBTHbiH 

DOT OK. 

MaKCBManhHWH B3MepeHHhlH rpaABeHT cocTasun G r = 
= 10,4 K3/CM B aDepType 0,98x0,92 CM~ nuHeHHOCTh pac

DpeAeneHBJI MarHHTHOrO DOnJI DO paABYCY BnniOCTpBpyeT

CJI Ha puc. 4. OrpaHaqeHBJI DO B3MepeHHWM ToqKaM B pa-
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Puc. 4. PacnpeoeAeHue MazHumHozo noAJI e anepmype 
0,98x0,92 CM2. 

AHAJIH3 IIOJIYflEHHhiX P E3Y Jlh T A TOB 

3KcDepuMeHTanhBWe 3HaqeHBJI Gr B accneAoBaHHhlX 

11BH3aX DpeBiollllaiOT MaKCBManhHhle rpaABeHTW, KOTOphle 

Heo6XOABMO o6ecDequsaTh B nBHeHHWX YCKOpBTenJIX TBDa 

nY- 20 nB3 OHJIH. nuH3W DOA06Horo Knacca MO)I(HO c yc

DexoM DPBMeHJITh, HaDpBMep, B ceDapaTope aTOMHoro Dyq

Ka BCTOqHBKa DOnJipB30BaHHWX BOHOB. 

~ng o6ecDeqeHBR swcoKoro KaqecTBa KBaAPYDOnhHoro 

MarHBTHOrO DOnR BMeeTCJI B03MO)I(H0CTh perynBpOBKB BKna

Aa BWCOKBX rapMOHBK C DOMOID;hiO CTanhHWX DOniOCHWX 

HaKOHeqHBKOB B DOABB)I(HWX CTanhHWX WYHTOB B WYHTOB 

B3 P3M, KOTopwe BBOARTCJI B 3a3opw Me)I(AY DOniOCaMB. 

7 



)J.aHHWe, npHBe,D.eHHWe B •a611. 1, CJie,D.yeT CpaBHHTio 
•c pe3yn~oTaTaMH CBeHcoHa H .u.p/71 , KOTopwe 6wnH nony
'leHw ,D.nJI nHH3 c nomocaua H3 ,D.HaueTpanJ.HO HauarHH
'IeHHWX .D.HCKOB H3 P3M c (BH)max = 21,6MTc·3/cu. 
IIUJ6A. 2/. Bec1o ,D.Hana3oH rpa,D.HeHTOB oT 4,7 .u.o 10,4 K3/cM 
nony'leH HaMH B anepTypax c Hb/2 = /1,0-0,46/ eM. 

Ta61JUfla 1 

rpa,D.HeHThl, H3MepeHHWe ,D.nJI ICBa,D.pynOJIIoHWX nHH3 
c nomocauH H3 SmCo 5 c (BH)max = 18 Mrc • 3. H b-
pa3uep anepTypw, HP - TO~Ha nomoca. 

Hb 
-2- [eM] 2,0 

+ 2,o++ 2,0 1,0 0,46 

~ 0,2 0,2 0,2 0,4 1,75 
Hb 

G [K3/eM] r 0,07 0,01 0,77 4,70 10,36 
-
+ - JipMO H3 aJDOMHHHJI. 
+ + - JipMO H3 CTanH C WYHTaMH. 

Ta611Uf4Q 2 

rpa,D.HeHThl, H3MepeHHhle ,IJ.JIJI ICBa,D.pynOJIJ.HhiX nHH3 

c .D.HCKOBWMH nomoca .. H H3 SmCo 5 c (BH }n ax= 21,6 Mrc .3. 
Pa.u.ayc nomoca R P = 0,964, pa.u.ayc anepTypw - Rb. 
BHeWHHB ,D.HaMeTp nHH3hl - 8,0 CM, WHpHHa JipMa - 2,0 CM. 

Rb [eM] 0,964 0,838 0,741 0,665 0,602 

~ 1 1 '15 1,30 1,45 1,60 
Rb 

Qr [ K3/eM) 6,13 7,42 8,64 10,10 11 '1 0 
-
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3neMeHTapHWB paC'IeT C y'leTOM IC03~HnHeHTOB 3a
nonueHHJI noJCa3wBaeT, 'ITO yBenH'IeHHe rpa.u.aeHTa B nuH-
3ax, pa3pa6oTaHHwx auepaJCaHcKoB: rpynnoB:, o6~JICHJieTcJI 
TOJIJ.ICO 6onee BWCOICHM 3Ha'leHHeM IC03pi{HTHBHOB CHBW H • 

B Ksa.u.pynonJ.HWX nHH3ax, pa3pa6oTaHHWX rpynnoB: KaJ
'IHHCKoro, HCUOJIIo30BanHCio UOJDOCa H3 CUJiaBOB aJIJ.HHICO 
c (BH) max:: 9 Mrc. 3 161

. MaiCCHMaJIJ.HhiB rpa.u.HeHT G r = 
::5 K3/cM 6wn nony'leH B anepType c Rb = 1,0 eM. 

IIpa 3TOM BHeWHHB .u.JJaMeTp Jipua H3 cTanH apuKo 
6wn paBeH 14,6 eM, pa3ue~ noJDOca - 3,8x3,2 eM 2 . 

HaKoHeu;, B pa6oTe 1 1 6wno npoBe,D.eHo cpaBHeHae 
O,D.HHaiCOBWX no pa3MepaM KBa,D.pynoneB C UOJDOCaMH H3 
cnnaBa ALNICO- V c (3H)max = 5,0 MTc·3, 6apHeBoro 
$eppHTa INDOX- 5 c (BH) = 3,5Mrc.3 u cauapaB:-max 
Ko6anJ.TOBoro cnnaBa HICOREX-22 c (BH) max= 21,6 MTc "3. 

B anepType c Rb = 0,6 CM rpa.u.aeHTW pacnpe.u.enJIJIHCJo 
CJie.D.YIOIIUIM o6pa30M:q(ALNICO-V):G r(INDOX-5):0 r(HICOREX-22)= 
= 2,41 : 4,77 : 11,10 K3/cM. H3 npHBe,D.eHHWX .u.aHHwx 
CJie,D.yeT, 'ITO, BO·nepBWX, npH cpaBHHMWX 3Ha'leHHJIX 
(BH)max Y ALNICO-V H INDOX-5 6oJIJ.WHMH 3Ha'leHHJI· 
MH Or xapaKTepH3yeTCJI MaTepHaJI C 6onee BldCOICOB 
K03PU:HTHBHOB CHJIOB He. Bo-BTopwx, INDOX-5 H HICOREX-22 
HMeJOT no.u.o6Hwe KPHBWe pa3MarHH'IHBaHHJI c - H :::: B r 

~ e 
npH 3TOM OTHOWeHHe BeJIH'IHH IC03piJ;HTHBHOH CHJihl paBHO 
2,44 H OTHOWeHHe rpa,D.HeHTOB COCTaBJIJieT 2,34. B UOCJie,D.
HeM CJiyqae MO*HO C'IHTaTJo, 'ITO o6a OTHOWeHHJI npaiCTH
'IeCICH COBUa,IJ;aJOT, T .e. rpa,IJ;HeHT 0 r onpe,IJ;eJIJieTCJI TOJIJ.ICO 
BeJIH'IHHOB He .D;aHHoro MaTepaana. 

)J,JIJI ICa'leCTBeHHOB OIJ;eHICH BKJia,IJ;a *eJie3a npH HCUOJIJ.• 
30BaHHH CTaJIJ.HhiX MarHHTOUpOBO.D;OB Ha UOJDOCa JIHH3hl 
K2 c Hb = 2x1,0 CM HaKJieHBaJIHCJo cTaJIJ.HWe HaKoHe'IHHKH 
TOJIIIJ;HHOB 0,5 eM. HecuoTpJI Ha yMeHJ.WeHHe 3~eKTHBHOB 
anepTypw .D;O Hb = 2x0,5 CM, nony'leHHWB rpa.D;HeHT co
CTaBHJI BCero 3,7 K3/CM · BMeCTO nepBOHa'laJIJ.HOro 
4,7 K3/CM. 

IIony'leHHWe pe3yJIJ.TaTw no.D;TBep~aJOT c.D;enaHHwe pa
Hee BWBO.D;Id/

5
/ 0 B03MO*HOCTH peaJIH3aiJ;HH ICBa.D;pynOJIIoHhiX 

nHH3 C 0 r ~ 10 K3/CM B anepType C 2Rb = 3 CM npH HC
llOJIIo30BaHHH P3M c (BH) max = 60 Mrc. 3, ICOTOpwe B 
HaCTOJIIIJ;ee BpeMJI HaXO.D;JITCJI B CTa,IJ;HH pa3pa60TICH. 
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B 3aKJUO'IeHBe YW C'IBTaeY CBOBY npB.IITHWY AOn· 
row no6naroAaPBTJ. H.A.Wenaesa 3a nocTaHOBKY 3aAa'IB, 
B.B.Cepreesa 3a npeAOCTasneaBe B aame pacnop.IIX<eHBe 
MarHBTOB B3 P3M B ,n.Cseacoaa 3a nnoAoTsopai.le ABC-

KyccBB no 3aTpoayTWY sonpocaM. 

JIHTEPATYPA 

1. Catalogue of High-Energy Accelerators. SLAC, Stan
ford, May, 1974. 

2. Compendium of Linear Accelerators - 1976. AECL-
5615, Chalk River, Ontario, Sept., 1976. 

3. Robins K.E. e.a. IEEE Trans., 1977, NS-24, No. 3, 
p.1320. 

4. Byrns R.A. e.a. IEEE Trans., 1977, NS-24, No. 3, 
p.1325. 

5. Tpe~uUlKUH P.M., HAroll#eHKO B.H., MuwuH ,4.,4. OHJIH, 
9-10887, ,4y6Ha, 1977. 

6. Kan~uHCKUU H.M. HT3, 1977, J(g4, c.23. 
7. Swenson D.A. e.a. B KH.: TpyObl X MeJICoyHapooHorl 

KOH;epeHijUU no yCKOpUIIIe/IJIM 3ap.1131CeHHbiX ~CIIIUII 
ebiCOKUX 3Hepzuu. Cepnyxoe, 1977, 111.1, c.295. 

8. HAroll#eHKO B.H., KapnyHuH A.B., KyAuKoe JO.B. OHJIH, 
10-10970, ,l{y6Ha, 1977. 

10. 

PyKonucb nocmynu11a e u3oameAbCKUU omoe11 
29 Mapma 1978 zooa. 


