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1 . BBE,liEHHE 

HcKa~eHHe aaMKHYToR op6HT~ ny4Ka e paAHanbHOM HanpaeneHHH 
e~a~eaeTc~ aaHMyTanbHoR acHMMeTpHeR MarHHTHoro non~. OcHoeHoR 
BKnaA B B03My~eHHe op6HT~ BHOC~T Te rapMOHHKH, HOMepa KOTOP~X 
6nH3KH K 4aCTOTe 6eTaTpOHHbiX KOne6aHHR. no3TOMY KOppeK~HH noAne
~HT B OCHOBHOM nepea~ rapMOHHKa ~ypbe a3HMyTanbHOR aCHMMeTpHH 
eepTHKanbHOR COCTaBn~~~eR MarHHTHOro non~ Hz/V. nepea~ rapMOHH
Ka HCKa~eHH~ Hz c aMnnHTYAOR 0,5% e CHHxpo~aaoTpoHe OHHH e pe
aynbTaTe HCKa~eHH~ op6HTbl MO~eT npHBeCTH K yMeHbWeHH~ pa6o4eR 
o6nacTH Ha 50 eM. TaKHM o6paaoM, HMe~~Hec~ H no~en~~Hec~ HC
Ka~eHH~ e pacnpeAeneHHH MarHHTHoro non~ no a3HMYTY MoryT npH
eecTH K cy~eCTBeHHOMY CHH~eHH~ HHTeHCHBHOCTH YCKOpeHHOrO ny4Ka 
B CHHXp~a30TPOHe. 

Uenb AaHHoR pa6oT~ - onpeAenHTb pacnpeAeneHHe HCKa~eHHR Hz 
no a3HMYTY B pa604eR o6naCTH KaMepbl, O~eHHTb HX BnH~HHe Ha op-
6HTy ny4Ka H CKOppeKTHpOBaTb HMe~~HeC~ HCKa~eHH~, ecnH HeB03MO~
HO YCTpaHHTb B~3BaBWHe HX npH4HH~. 

2. METO,(IHKA H3MEPEHH~ 

BHa4ane H3Mep~nocb pacnpeAeneHHe ocTaT04Horo MarHHTHoro non~ 

lllio · no a3HMYTY -rr-% An~ H = 160 3 Ha paAHycax R 0 H R 0 .:!:_60 eM nocne 

~HKna pa3MarHH4HBaHH~ C TOKOM 800 A /H 0 = 53/. 3aTeM 6bln0 H3Me

~HII 
peHo pacnpeAeneHHe MarHHTHoro non~ no aaHMYTY ---% oT ~HKna 

H 
. 3 

c H = 4x10 3/c npH H = 160 3 Ha Tex ~e paAHycax I R0 H Ro+60 eM/. 
HaMepeHH~ npoBOAHnHCb 6annHCTH4eCKHM ranbeaHoMeTpoM H ABYM~ 

KaTyWKaMH, AnHHa KOTOp~x paBH~naCb AnHHe non~ca B a3HMyTanbHOM 
HanpaeneHHH. 0AHa H3 KaTyWeK OCTaeanacb HenOABH~HOR /Ha onopHOM 
non~ce/, a BTopa~ nepeMe~anacb no non~caM MarHHTa Ha H3Mep~eMbiX 
paAHYCaX. nocTO~HH~e KaTyWeK SW = 90000 CM2. BHT. 

~H 
3aBHCHMOCTb - =f(8) B~4HCn~naCb no ~OpMyne 
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rAe ~a - noKa3aHHR ra~bBaHOMeTpa, COOTBeTCTBY~~He pa3HOCTH cpeA
HHX 3Ha4eHHH MarHHTHOrO nO~R ~H Ha H3MepReMOM H onopHOM no~~CaX, 
ayp- noKa3aHHR ra~bBaHOMeTpa, COOTBeTCTBY~~He cpeAHeMy 3Ha4eHH~ 
MarHHTHoro no~R H Ha H3MepReMoM no~~ce; K - K03$$H~HeHT wyHTH
posKH ra~bBaHoMeTpa. 

~H 
0WH6Ka npH H3MepeHHH -% paBHR~aC b: 

H 
o ~H 

H 
---xi~ 

H 

a~a 

~a 

Ba +~ oK a~a 

~a 

1 o&zl+o~a2 
=±-

a 
+-·~· 

yp K ' 

npH ~a = 100 MM H lJ~a 1 =8~a 2= .:!:_0 ,25 

a a \In 
npH ayp=150 MM __.u:_. 

ayp 
.:!:_0' 17%. 

MM, 

2 

O~a 

~a 

K= 
2 

R sHewH. 8K aR BHeniH. 8Rl oR 2 
-=2 ·+ --+--. 

R1R2 K RBHemH. R 1 R2 

~a 

.:!:_0,25%; 

RaHeWH. H3MepR~OCb MOCTOM conpOTHB~eHHH C T04HOCTb~ .:!:_0,5%. 
ConpoTHB~eHHR R1 H R 2 ycTaHaB~Hsa~HCb Ha wTence~bH~X Mara3HHax 

c T04HOCTb~ +0, 1%. no3TOMY BK <+1,2%. 
- K --

ra~bBaHOMeTp OTK~~4a~CR OT H3MepHTe~bHOH GXeM~ C nOM~b~ cne
UHa~bHOro YCTDOHCTBa B MOMeHT nona4H ~Mnvnbr.a nT ~nMna~aTn~a 
BeAy~ero MarHHTHOIO nO~R yCKOPHTe~R. 0wH6Ka npH OTK~~4eHHH AO
CTHra~a HeCKO~bKHX COT~X AO~eH npo~eHTa. 

~H 
TaKHM o6pa30M, OWH6Ka B H3MepeHHH ---· He ~O~~Ha 6~Tb Xy~e 

.:!:_1 ,7%. H 

3. PE3YllbTATbl HCCilEAOBAHH~ 

PacnpeAe~eHHe MarHHTHoro no~R no a3HMYTY ~%npH H = 160 3 
H 

6~~0 H3MepeHO no BCeM no~~CaM MarHHTa Ha paAHYCaX R 0 H Ro .:!:_60 CM 
npH ToKe s ~HK~e pa3MarHH4HBaHHR 800 A. Pa3Ae~bHO H3MepR~OCb pac-

Hu 3 · 
npeAe~eHHe MarHHTHOro nO~R no a3HMYTY ~% OT ~HK~a C H =4 ·1 0 3/c 

H OT OCTaT04HOrO nO~R ~O % A~R H = 160 3 noc~e oKOH4aHHR ~HK~a 

pa3MarHH4HBaHHR C TeM me TOKOM. 
no~y4eHH~e B npo~ecce H3MepeHHR pe3y~bTaTbl no3BO~H~H ycTpa

HHTb HaH6o~ee onacH~e ~oKa~bHble HCKameHHR MarHHTHoro no~R, s~-

3BaHH~e nORB~eHHeM KOHTYPOB TOKOB, OXBaTbiBa~4HX MarHHTOnPOBOA, 

2 

ll 

• 

Ta6Jm~a I 

~H H %, ycpep;HeHHoe no KBap;paHTaM, A H H A R- npH 

H = 160 3, r =RoH R 0 .:!:_60 eM, lu.p= 800 A 

Rlla.lij) ~ %, ~· Alt fl. 4 + 60 CM Ro Ro- 60 CM 

qy% 0 

I ~;~ 0 

Tc., ;v 0 

~o, f'J +0,18 

II ~% +0,03 
4J:!. cJ "1r" ,o +0,21 
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PHc.l. llepBaH rapMOHHKa HCKa
JKeHHH op6HTbi nytiKa no pap;Hycy 
(A&) p;o KoppeK~HH. H = 160 3, 
ToK pa3MarHH'lHBaHHH 800 A. 
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B OCHOBHOM ~3-3a HapyweH~H ~30nH~~~ MemAY AeTanHM~ BaKyyMHOH 
KaMepbl ~ MarH~TonpoBOAOM. ~H ~H~ ~O 

8 Ta6n. 1 np~eeAeHbl 3Ha4eH~H H%, -w-% ~ If""% ,ycpeAHeHHble no 

KBaApaHTaM, OTHOC~TenbHO KBaApaHTa l Ha ~3MepeHHbiX PaA~YCaX 

np~ H = 160 3. 8 3TOH me Ta6n~~e ~ Ha p~c.1 np~BeAeHbl a~a4eH~H 
aMnn~TYA nepBOH rapMOH~K~ a3~MyTanbHOH aC~MMeTp~~ MarH~THOro 
nonH AH , ~cKameH~H op6~Tbl ny4Ka no paA~YCY A R 1-1 ~x pacnpeAene
H~e no aa~MYTY np~ H = 160 3, nony4eHHble ~3 AaHHbiX ~3MepeHHH. 
Ha H~X B~AHO, 4TO ac~MMeTp~H a pacnpeAeneH~~ MarH~THoro nonH no 
a3~MYTY B MOMeHT ~HmeK~~~ np~BOA~T K nOHBneH~~ nepBOH rapMOH~K~ 
~cKameH~H op6~Tbl ny4Ka no paA~YCY C aMnn~TYAOH 6-8 CM. 

Ta6nm~a 2 

BenH~HHa TOKa B 06MOTKaX KOppeK~HH nepBOH H BTOpOH rapMOHHK 
a3HMYTaJibHOH aCHMMeTpHH C ~HCJIOM BHTKOB n = 2, H = I60 3, 
I~. p = 800 A 

I-H rapMOHHKa 2-H rapMOHHKa 

06MOTKH sin I cos I sin II cos n 

ToK /A/ +0,5* +3,0 +0,25 +0,25 

* 3HaK + 03Ha~aeT, ~TO ITOJlO~TeJlbHaR: A06aBKa ITOJIH C03AaeTCH 
Ha I H ll KBaApaHTax o6MOTKaMH nepBOH rapMOHHKH, Ha I H III KBaA
paHTax - o6MOTKaMH BTopoH rapMOHHKH. 

B Ta6n.2 np~eeAeHbl pac4eTHble 3Ha4eH~H T9KOB a o6MoTKax Kop
peK~~~ nepBOH ~ BTOPOH rapMOH~K ~ypbe C 4~CnOM B~TKOB B H~X, 
paBHbiM 2. Op~ TaKOH KoppeK~~~ c noM~b~ ~3Mep~TenbHbiX 3neKTpo
AOB 131 onpeAeneHO nonomeH~e ny4Ka no PaA~YCY B BOC bM~ T04KaX 
aa~MyTa Konb~a MarH~Ta c waroM 40°-50° Ha paA~Ycax R0 ~ Ro +45 eM 
Ha H = 170 3. AaHHble 3T~x ~aMepeH~H np~BeAeHbl a Ta6n.3, ~3-KoTo-

j\ 
'J 

poH B~AHO, 4TO ~CKameH~e CKoppeKT~POBaHHOH op6~Tbl ny4Ka np~ · 
H = 170 3 COCTaenHeT 3-5 CM BMeCTO 12-16 CM AO ee KOppeK~~~. ~ 

OnpeAeneHHbiH ~HTepec npeACTaBnHeT ~H~OPMa~~H o pacnpeAeneH~~ . · 
MarH~THoro nonH no aa~MYTY Ha paan~4HbiX paA~ycax a n~HeHHbiX \.1 

npoMemyTKax ~ Ha KPaHx KBaApaHTOB. Ha Manblx nonHx 3TO pacnpe-
AeneH~e HYmHo 3HaTb AnH onpeAeneH~H ero en~HH~R Ha op6~TY ~H
*eKT~pyeMoro ~ ycKOPReMoro ny4Ka, a Ha 6onbw~x nonRx - AnR 
Y4eTa Bn~RH~H pacnpeAeneH~R Ha ny40K, BbiBOA~MbiH ~3 KaMepbl ycKo
PHTenR H TpaHCnopT~pyeMbiH K ~~3H4eCK~M ycTaHOBKaM. 

H· 
B Ta6n. 4 ~ Ha p~c. 2 npHBeAeHo -rf-%- f(fJ) np~ H = 160 3 y KpaR 

KBaApaHTa I ~ Ha BBOAHOM nHHeHHOM npoMeM<yTKe Ha paA~ycax R0 
~ R0 +70 eM. 

4 

Ta6JIH~a 3 

ITono~eHHe n~Ka no p~Hycy /MM/ nocne KoppeK~HH 
a3HMYTaJibHOH acwMMeTpHH MarHHTHoro non.fl. H = I 70 3, 

I~.p = 800 A 

RBa.r(p. I II Ill IY 

~ ) 270 66° 18° 63° 27° 66° 27° p 72 

R. + 45 CM 0 0 -20 -40 -50 -40 -40 -20 

R. +20 +10 -IO -IO -IO 0 -IO 0 

R.- 45 CM -50 -10 -IO -10 -10 0 -IO -50 

Ta6nH~a 4 

H· 
lf-%= f (fJ) Ha KpaiO KBaApaHTa I H B npoMe~yTKe BBOAa• 

H = 160 3, r = Ro H Ro + 70 eM 

l{pal KBa.np. I IIpoMellt.BBo.na 
(R RB~TY IY) 

l. (eM) Ro ~.+ 70 CM I.. (eM) flo Ro + 70 CM 
I I 

200 100 - 8 7 62 5 63.5 
no r:n .5 96 17.5 50 507 

80 96.5 945 27.5 37.8 38 
60 945 92 5 37 5 31 30.5 
40 94.3 92.3 57.5 2!3 2I 
30 94 92 77.5 16 15 
20 92 8 91 2 107.5 7 8 8.5 
IO 88 87.5 137 5 3 4 3.9 
0 7l 78.5 180 o.5 o.s 

--

H· 
PHc.2. 1"f-%=f(fJ) B npoMe~TKe 

BBOAa H Y KpaR: KBaApaHTa 
H = I 60 3 ; I - r ~ R 0 , 2 - 200 /50 /()() '<J 0 50 /(}() /50CM 

r = Ro+ 70 CM. 'k&idpriHm/ flP<J!'feX!I/1101< Moaa 

0 
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Ta6JIH~a 5 

H. 
-

1 % = f(8) B JIHHeHHb!X npoMeJKyTKaX H Ha KpaHX KBap;paHTOB 1 H 

H = I 60 H I 1500 3, r = Ro 

~ 

IIpoMeJK. BEO.D; YCiwpmom.1 BHBO.n; YcRopiiOO!.II 
H 

~ ~ 

:> 160 II500 160 II500 160 II500 160 II500 ,H 

• H 192,3 100 100 100 100 100 100 100 100 P,H 
100,8 99,4 98,1 99,4 97,8 99,9 98,1 99,8 98,1 ~~ 

IQH 0 78,2 76,5 79,3 76,3 79,3 76,3 79 76,7 ~H 

89,2 15,4 17,6 13,5 16,9 15,5 17,2 15,1 -17 
:I: 178,4 2 2,7 O,I 2,4 2,2 2,3 0,2 2,3 
It: 
E-< 267,6 -0,1 0 -0,2 0 0 0 -0,1 0 :» 
~ 356,8 -0,1 -0,2 -0,1 -0,1. -0,1 -0,1 0 -0,1 Q) 

~ 
0 
p, 
t:: 356,8 -0,2 -0,2 -O,I -0,2 -0,1 -0,1 -0,1 -0,1 

267,6 -0,3 0 0,1 0 0 0, -O,I 0 
:> 178,4 1,3 2,7 2,7 2,4 1,8 2,3 2 2,3 
H 89,2 16 17,7 17,8 17 16,0 17,8 15,4 17,2 ~ 

H 
H 0 78,1 76,7 82,3 76,4 r,:8,6 77,8 78,2 77 • H 

p, ~ 

100,8 99,3 98 99,4 97,6 99.5 99 99.4 9fl.2 ~H m,_, 

~ H~ j 192,3 ) 100 1 100 1 100 jwo f 100 f1oo f 100 I 100 

6 

Hi,O; 
7fl11 

_i7~of00 

200 fOO 0 100 200 300CM 

Hi. 0; 
H'o 
fOQ.'-...--

20 

300 200 IOO 0 100 200CN 

k!Jai3paHmi npoMexymol\ &6oaa. flpo,.,e:JiCym0/(1ii/oiJa K6aopaHm]1 

H. 
PHc.3.~%=f(8) B npOMe~TKe BBO,D;a H B npoMeJKyTKe BhlBO,D;a, 

H 
I- H = 160 3, 2- H = 11500 3. 

H· 
B Ta6n.5 H Ha p~o~c.3 np~o~BeAeHo lf-%=f(8}np~o~H 160 H 11500 3 

s n~o~HeHHbiX npoMe>KyTKax Ha paAHyce R0 • 

Ta6JIH~a 6 

H. 
if-% = f(8} B npoMeJKyTKe BhiBO,D;bi H Ha Kpruo KBap;paHTa II 

H = 11500 3, r = R0, R0 + 50 eM H R0 + 125 eM 

L (eM) Ro ~0 + 50 CM L (cH) Ro+ 125 CM 

135 roo 146,5 46 
II5 99,8 126,5 45,7 
95 99,5 98,5 101,5 45,2 
75 98 96,5 81,5 45 
55 96 94,5 56,5 44,3 
45 95 93,5 26,5 41,5 
35 94 92,7 16,5 40,5 
25 92,6 91,5 6,5 38,5 
15 90 89 
5 84 84 
5 72 72,5 3,5 35,6 
15 56 56,7 13,5 31,6 
25 43 :.t3,5 23,5 27,2 
..,,. .., . .., . 

GVt't vv V'>o ... .., vu,v 

45 28 28,2 43,5 20,4 
55 24 23,5 53,5 18 
65 20 20,2 63,5 15,8 
75 17,5 17,1 73,5 13,7 
85 . 14,8 14,8 83,5 II,8 
95 12,4 12,4 93,5 10,2 
105 10,5 10,6 103,5 8,4 
ll5 8,5 8,8 II3,5 6,8 
125 6,9 6,9 123,5 5,4 
135 5,5 5,5 133,5 4,3 
145 3,2 - 143,5 3,2 

H· 
B Ta6n. 6 H Ha p~o~c. 4 np~o~seAeHo -yf-% == f (0) Ha H = 11500 3 y Kpa.A 

KBaAPaHTa U H B npoMe>KyTKe B~BOAa Ha paAHYCaX Roo R0 + 50 CM 
~o~ R0 + 125 eM. 

~3 np~o~BeAeHH~X AaHH~x BHAHo, 4TO acHMMeTpH.A B pacnpeAeneHHH 
MarHHTHoro non.A no a3HMYTY B nHHeHH~X npoMe>KYTKaX cpaBHHTenbHO 
He3Ha4HTenbHa H He npeACTaBn.AeT onaCHOCTH An.A HCKa>KeHH.A op6HT~ 
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ny4Ka. 3TO MOATBePAHnOCb H 3KCnep~MeHTa~bHO~ npoeepKO~, nyTeM 
C03AaHH~ A06aB04Horo MarHHTHoro non~ Toro H APYroro 3HaKa o6-
MOTKaMH, ynomeHHbiMH Ha nonOBHHaX npoMemyTKOB, a TaKme BOKpyr 
ABYX Kpa~HHX cepAe4HHKOB KBaApaHTOB. npH 3TOM yeenH4eHH~ aa
XBaTa B KBa3H6eTaTpOHH~~ H CHHXPOTpOHH~~ pemHM~ YCKOpeHH~ He 
Ha6n~Aanocb. 

~% 

3.... • .,.___ 
H· 

120 &J 1io o 

K6aUpaHm0 npaMe~!ITTIOI< 

PHC. 4. -i-%= .f( 0) B npoMeJKYTKe 

BhJBop;a H y Kpaa KBa,o;paHTa II, 
H = 115003; I- r,.R 0• 
2 - r = R0 + 50 eM, 3 - r =Ro+ 
+ 125 CM. 

npoBeAeHH~e HccneAOBaHH~ noaeonHnH: 

1. nony4HTb noApo6Hy~ KapTy pacnpeAeneHH~ MarHHTHoro non~ 
no a3HMYTY B pa6o4eH o6nacTH KaMep~ B Ha4anbH~~ nepHOA yCKopeHH~, 
a Ha B~BOAHOM npoMemyTKe H BHe pa6o4e~ o6naCTH - npH H = 

11,5 K3 

2. B~~BHTb H ycTpaHHTb onacH~e noKanbH~e HCKameHH~. 

3. YcTaHOBHTb, 4TO acHMMeTpH~ B pacnpeAeneHHH MarHHTHoro non~ 
no a3HMYTY B nHHeHH~X npOMemyTKaX He3Ha4HTenbHa H He BHOCHT O~y
THM~X HCKameHHH B nonomeHHe op6HT~ ny4Ka no paAHYCY. 

4. PaCC4HTaTb He06XOAHM~e TOKH B 06MOTKaX KOppeK~HH nepBOH 
H BTOPO~ rapMOHHK aCHMMeTpHH MarHHTHOro non~ no a3HMYTY, KOTOp~e 

n03BOnHnH yMeHbWHTb HCKameHHe op6HT~ ny4Ka no paAHYCY C 15 AO 
5 CM. 
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3e5onoTMH B.n. M AP• 9-83-335 
AaHMYTaAbHaA HBOAHOPOAHOCTb MarHMTHoro nonA a CHHXPO$aaoTpoHe OMRM 
M koppeK~MA Op6HTW ny~Ka no PaAMYCY 8 Ha~anbHWH nepHQA YCKopeHMA 

npHaeAeHw AaHHwe o pacnpeAeneHHH MarHHTHoro nonA H • 160 3 no aaMMYTY 
KB8AP8HTOB MarHHTa Ha PaAHYCaX Ro H Ro+60 CM npH TOKe 8 ~HKne pa3M8rHH~H-
88HHA 800 A, 0 aenH~HHe aMnnHTYAW H nono•eHHH nepBOH rapMOHMKM a3MMyT&nbHOH 
8CHMMBTPHM M8rHHTHOro nonA, HCKa*eHHH op6HTW ny~Ka no PaAHYCY, a T8M*e 
0 aenM~MH8X TOKa 8 o6MOTKaX KOppeK~HH, CnY*~HX AnA KOMneHCa~HH HCK8*8HHH. 
nPeACTaaneHo pacnpeAeneHHe MarHMTHoro nonA no a3HMYTY a nHHeAHwx npOMe
*YTKax, a TaK*e Ha KPaAX KBaApaHTOB 8 pa6o~eH o6nacTH H SHe ee npH H • 
• 160, 3000 H 11500 3. noKa3aHa pe3ynbTaTH8HOCTb KOppeK~HH HCKa*eHHH Op6HTW 
ny~Ka no paAHYCY B Ha~anbHWH nepHOA yCKOpeHHA. 

Pa6oTa awnonHeHa a na6opaTopHH awcoKHX 3HeprHH OHRM. 

C~eHMe ~HHeHHOrO HHCTHTYTa ftAepHWX HCCneAOBaHHA. AY6Ha 1983 

Zabolotin V.P. et al. • 9-83-335 
Azimuthal Inhomogeneity of Magnetic Field In JINR Synchrophasotron 
and Correcting of Beam Orbit over Radius at the Initial Stage of 
Acceleration 

Information Is presented on the distribution of magnetic field H • 
• 160 Oe over magnet quadrant azimuth on Ro and Ro+ 60 cmradil for 800 A 
current in demagnetization cycle, on amplitude value and position of the 
first harmonics of azimuthal symmetry of the magnetic field and beam orbit 
distortion over radius, as well as on current values In correction coils 
which serve to compensate distortions. The magnetic field distrlbut.lon over 
azimuth in I inear gaps and on edges of the quadrants ln the working region 
and outside It at H-160, 3000 and 11500 Oe is presented. The posslbll itles 
are shown of correcting the beam orbit distortions over radius at the Initi
al stage of acceleration. 

The Investigation has been performed at the Laboratory of High 
Energies, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1983 

nepeBOA O.C.BHHOrPaAOBOH. 


