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1. BBe,zteHHe 

' PellieHHe rrpo6JieMhl rrpoeKTHpoBaHH.II H OIITHMH3aUHH MarHHTHOI'O 

KOHTypa, Bhl6opa cpe,nHero ypOBH.II Maf'HHTHOI'O IIOJI.II, ~opMhl Mar-
' ' ' 

HHTH08 CTPYKTYPhl H ee ~0KycHpy10mHx CB08CTB ,ztJI.II UHKJIOTpOHHhIX, 

'Ma~HHTOB, TaK Ha3hIBaeMoro KOMIIaKTHoro' THIIa, OIIHChIBaeTC.II Ha 

'pa3HOM ypoBHe CJIO~HOCTH H TOqHoCTH B rry6JIHKal.{H.IIX HeCKOJibKHX 

aBTOpOB (1, 2, 3, 4],' 
' ' 

'B 3T08 'rry6JIHKaUHH IIOKa3aHhl pe3yJibTa~hl aHaJIH3a HeKOTOphIX 
. . 

3aBHCHMOCTe8 MarHHTHhIX CTPYKT~p, 3KCIIepHMeHTaJibHO IIOJiyqeHHhIX 

Ha_ MO,neJibHhIX H Ha peaJibHO .ne8CT~y10mHX UHKJIOTpOHHhIX MarHHTax 

KOMIIaKTHOI'O THIIa C UHJIHH.ztpHqecKHMH IIOJIIOCaMH, KOTOphle TO~e 

Il03BOJI.IIIOT rrpocTO, HO rrpH TOM .nocTaTOqHo ToqHo ,oueHHTb H OIITH

MH3HpOBaTb Bh111JeyrroM.1IHYThle xapaKTepHCTHKH UHKJIOTpOHHhIX MarHH

TOB 3TOI'O THIIa. 

2. 3aBHCHMOCTb cpe.nHero Maf'HHTHOI'O IIOJI.II OT xapaKTepHCTHK 

IlHTaHH.!I H reoMeTpHH 3a3opa. <B> = f (NI/d ') 
cp 

8KcrrepHMeHTaJibHhle ~aHHhle 3T08 3aBHCHMOCTH 6hIJIH rronyqeHhl B 

pe3yJI&TaTe aHaJIH3a MarHHTHllX IlOJie8 

~) MO,neJibHhIX Y225P, Y200B 

6) peaJibHO~e8CTBy~mHx Y400, Y400M 

UHKJIOTpOHHhIX,MarHHTOB. 

·, B cJiyqae MO,zteJibHhIX MarHHTOB cpe.nHee MarHHTHOe IIOJie 6hIJIO 

BhlqHCJieHO KaK_ cpe,nHee apH~MeTHqecKoe H3 TOKOBoif 3aBHCHMOCTH. 

3TOro IIOJI.II B ,ztOJIHHe H Mex.ny ceKTopaMH UHKJIOTPOHHOI'O MarHHTa. 

JUHi ,ne8cTB y10mero MarHHTa UHKJioTpoHa Y400 cpe.nHee MarHHTHOe 

IlOJie 6UJIO BhlqHCJieHO H3 ~H3HqecKHX xapaKTepHCTHK. peaJipHO YCKO~ 

peHHhIX HOHOB, a ,ztJI.II UHKJIOTpOHHOro MarHHTa Y400M H3 KapThl Hi~ 

MepeHHOI'O MarHHTHoro IIOJI.II .ztJI.II pa3HhIX ypoBHe8 B036yx.neHH.II Mar

HHTa .. 



TaKHM o6pa30M nonyqeHHLle 3KCnepHMeHTaJJbHLle 

,nocTaToqHo'ToqHO annpoKCHM~poaaTb IlOJJHHOMOM 

TOqKH MOlKHO 

<B> = b + b (NI/d ) + b (NI/d )
2 

+ b cp 2 cp 3 
(NI/d )

3 + cp 
0 1 

+ b (NI/d ) 4 + b (NI/d )
5 

+ b (NI/d )
6 + 

cp 5 cp 6 cp 
4 

+ b (NI/d )
7 + b (NI/d )

8 
, 

7 C p 8 C p 
[Tn; 

r.ne (NI) ... aMnep-BHTKH OCHOBH08 KaTyillKH 

d ... ( d + dceKT) f 2 cp .QOn 

C K03¢¢HUHeHTaMH: 
-7 

b
5 

= ~9,7169•10_
8 

b = 1,5891•10-
2 

0 ·. 

bl.= 1,2607•10-l 

b
2 

= 4,0324•10-
3 

b · = · -7 9752•10-
4 

3 , . 

b
4

,= 3,9207•10-
5 

b
6 

= 1,32_40•10 · 
. -11 

b = -9,4476•10 
7 . 

b
8 

= 2, 7608•10-
13 

npH cpe,nHeM KBa_µpaTHqecKOM OTKJJOHeHHH paBHOM 

[pHC, 1]. 

10
5 

A/m] 

3, 93•10"
2 

npocTo8 3aMeHo8 nepeMeHHLIX MOl!CHO TaKl!Ce annpOKCHMHpoBaTb 

3aBHCHMOCTb NI/d = f (<B>) IlOJJHHOMOM cp 

NI/d = d + d <B> +' d <B> 2 + d <B> 
3 + 

3 cp 0 1 2 

+ d <B> 4 + d <B> 
5 + d <B> 

6 
+ 

4 5 6 

+ d <B> 
7 + d <B> 

8 

7 8 

C K03¢¢HUHeHTaMH: 

d = ·-3 7387 • 10-
2 

0 I 

dl' = 1, 7161•10
2 

d . = '-1 4132•103 
2 , 

d ;,,,· 4 7141'~103 
3 , . 

a · =·:..8: o3i7•io3
' 

4 I 

·1: 

d5 

d6 

d1 
d 
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[ • 10
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A/m; Tn] 

7,6759•10
3

' 
. . 3 

-4,1501•10 

1,is57•10
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;..1',3881•102
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PHC. 1. AnnpOKCHMHp088HH8H 38BHCHMOCTb cpe~Hero M8I'HHTHOI'O . . . 
llORH OT xapaKrepHCTHK llHT8HHH H reoMeTpHH 3830pa. 

d, = NI 
d + d <B> .· + . . . + d <B> 

8 

0 1 8 

cp 
_[m; 10

5 
A, TJJ] 

KOTopyID MOlKHO HCilOJJb30BaTb .ItJJH nepBoHaqaJJbHOr~ ¢0pMHpOBaHHH 

pa,nHaJJbHorri pocTa MarHHTHOI'O IlOJJH TonmHH08 ceKTopa. 

3 •. 3aBHCHMOCTL aMTIJJHTY.ItLI 83HMYT8JJLH08 BapHal{HH'IlOJJSl'OT ypoBHSI 

cpe.nuero MarHHTH9ro IlOJJH_ H COOTHOill8HHH .3~3opo~ B ){OJJHHe H 

Mex:.ny ceKTopaMH .. .i\BceKT = f ( <B>, d /d ) 
, . .non , non ceKT 

.l{JJH aHaJJH3a HCilOJJb30BaJJHCL. 3KcnepHM8HTaJJLHLle .naHHLl8, 

noJJyqeHHLle Ha MO)l8JJLHLIX i,mrHHTax Y225,P H Y200B npH MeHHIDmeMCH 

ypoBHe cpe.i(Her,o MaI'HHTHOI'O . ,IlOJJH <B>. H COOTHOilleHHH HX 

B03.llYillHLIX 3a3opoB B M8CTe H3MepeHH' [p~c.2], KOTOpoe ){JJH 

MarHHTOB coo'-raeTCTB8HHO MeHHJJOCb B ripe.nenax OT 1, 42 .no 2, 29 H 

OT 2,80 .l(O 4,84. 

3 

/ 



AHaJIH3 nonyqeHHUX_ 3KcnepHMeHTaJibHUX ~aHHUX noKa3aJI, qTQ 

~JI.II Ka:xc~oro cpe~Hero ypoBHSl MarHHTHOrO IlOJI.H <B> 3aBHCHMOCTb 

aMilJIHTy~u a3HMyTaJibH08 aapHiQHH 

eTC.H ct>YHKQHe8 OTHOllleHH.H 3a3opoB 

polllO annpoKCHMHpyeTC.H ct>YHKQHe8 

MarHHTHOrO IlOJI.H LI.BceKT 
non· 

LI.BceKT = f (d /d ) 
non JlOn ceKT 

LI.BceKT = K / (d /d ) 
non non ceKT 

1, 

( LI.B ceKT) z = a [ ( d / d ) _ l ] • 
non non ceKT 

3KcnepHMeHTaJibHUe ~aHHUe_ noKa3UBanT, qTQ napaMeTp 

a= f (<B>) H xopolllO annpoKCHMHpyeTCSl IlOJIHHOMOM 

.H B JI.R

H XO-

HJIH 

a = C 
0 

+ c <B> + c <B> 2 + . . • + c <B> 
5 

1 2 . 5 
[TJI; TJI) 

[pHc.3] 

C K03cJ>cJ>HQHeHTaMH: 

C = -2 4547•10~ 
- 0 ' 
C

1 
= 1,9852•10_:

1 

C = -7 4543•10-l 
2 ' 

C 
3 

C = 
4 

cs 

2,2666 

-1,6582 

3, 5515 • 10-
1 

- - ~ 

npH cpe~HeM KBa~paTHqecKOM .OTKJIOHeHHH paBHOM 5,06•10 . 

B pe3YJibTaTe 3aBHCHMOCTb, KOTOpa.H annpOKCHMHpyeT 3Kcne

pHMeHTaJibHUe ToqKH, MO~HO onHcaTb cne~ynmHM ypaBHeHHeM 

LI.BceKT = / a (d /d ) - 1, 
[TJI; TJI] 

non .qon ceKT 
[ pHC. 4] 

BTOpHM cnoco6oM aHaJIHTHqecKoro onHcaHH.H 3KCnepHMeHTaJibHHX 

~aHHUX aMilJIHTy~u a3HMy-ra.nbH08 aapHaQHH MarHHTHoro noJIH LI.BceKT . non 

.HBJI.HeTC.H onHcaHHe ~BYXMepHHM IlOJIHHOMOM TpeTbe8 CTeneHH•' 

LI.BceKT _ 
non -

- 2 
g + g <B> + g ,- (d /d ) + g <B> + 

0 1 2. 11 on c e KT 3 -
+ g <B> (d /d ) + g (d /d ) 

2 
+ 

4 non c e KT " 5 Jl o n c e1t T 

+ g <B> 3 + g <B>
2 

(d /d ) + 
6. 7 ~on C8KT 

+ g <B> (d /d ) + g (d /d ) 
3 

8 non ceKT 9 non ceKT 
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PHc: 2. 3KcnepHMeHT8RbHlle 388HCHMOCTH aMllRHTYAll a3HMYTBRbHOh 

BapHaaHH llORH OT - ypoBHH cpeApero M8I'HHTHOI'O llORH H 

COOTHOWeHHH 383OpOB B AORHHe H MeZAY ceKTOpaMH, 
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PHC. 3. 3aBHCHMOCTb napaMeTpa a OT ypoBHH cpeAHero M8I'HHTHOI'O 

llORH, 
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V 
B hill - B valley = sqr(a * {~d valley/d hill) - 1))) 

2.0 
d valley/d hill from 1.5 to 5. step 0.5 ; sector angle = volley angle 
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PHC, 4. AnnpoKCHMHp088HH8R 38BHCHMOCTb 8MllRHTYAY 83HMYT8RbHO°' 

BapHaUHH llORR OT ypoBHR cpeAHero M8I'HHTHOI'O-llOHR H 

COOTHOmeHHR 3830pOB B AORHHe H MeZAY ceKTopaMH, 

c K03tpcpeueef!TaMe: 

-1 -1 
g0 = -2,6913•10 g = -1,1253•10 

5 . 

g = -8,0737•10'"
1 . g = -2, 6620•10-l 

1 . , 6 '• . 
' -1 ' -1 

g ,= 3,6648•10 . g7 = -1, 3616•10 
2 

7,9492•10-l 
-2 

g = g
8 

= -2,2105•10, 
3 

g = 5,6815•10_1. g = 9,4078•10-3
. 

4 9 

-2 
npe cpe.l{HeM KBa.l{paTH'leCKOM OTKnoHeHHH, paBHOM 4,85•10,. 

Pe3ynbTaTH 3T08, annpOKCHMal(HH npHBe.l{eHH Ha [pHC.5]. 
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PHC. 5. AnnpoKCHMHpOB8HH8R 38BHCHMOCTb 8MllRHTYAY 83HMYT8RbHOR 

B8pH8UHH llORR OT ypoBHR cpeAHero M8I'HHTHOI'O llORR H 

COOTHomeHHR 3830pOB B AORHHe H MeZAY ceKTOpaMH (AByX

MepHYM llORHHOMOM), 

4. 3aBHCHMOCTb cJIYHICI{HH BapHal{HH MarHHTHoro nom1 ( cpnaTTepa) F 

OT BenH'IHHl,I cpe.1tnero MarHHTHOro non.11 H COOTHOllieHH.11 reo-

MeTpH'leCICHX 3a3opoB B .l{OnHHe H Mex.ny ceICTOpaMH 

F = f ( <B>, d /d ) 
Jl0":1 CS.KT 

BenH'IHH8.: tpnaTTepa F HMeeT npHHQHilHaRbHOe 3Ha'leHee ,nn.11 

onpe,neneue'.11 '.'laCTOTH aKcHanbHHX 6eTaTpOHHHX. KOne6aHHil 

vz 
z 

k + N
2 

Nz-1 
F (1 + 2 tg

2
(;) 

H ycT08'1HBOCTH ,llBHEeHH.11 ycKopH~~HX qacTHI{ H TaKxe BnH.lleT,Ha 

BeRH'IHHy. 'laCTOTH pa,neanbH_HX 6eTaTpOHHHX Kone6auea. 

vz 
r 

1 +.k + 3W 
(N2 -1) (N -4/ (1 + tg2(;) 
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ECJIH .n:onycTHTb, qTo a3HMyTaJibHaH ¢opMa aHaJIH3HpyeMoro 

MarHHTHOro IlOJIH B nepBOM npH6JIH~eHHH .n:ocTaToqHo TOqHo OilHCU

BaeTCH npHMoyroJibH08, TO BeJIH'-IHHa spnaTTepa F xopowo OilHCU

BaeTCH 3aBHCHMOCTblO 

F = (ABceKT/ 2<B>)2 • 
JlOJI 

AHaJIH3 ¢JiaTTepa F peaJibHO cymecTBYIOIUHX MarHHTOB IlOKa3U

BaeT, qTo a3HMyTaJibHOe pacnpe.n:eneHHe MarHHTHOro IlOJIH 6JIH~e K 

TpaneueH.n:anbHo8 ¢opMe. 

3TO CHH~aeT BeJIHqHHY ¢JiaTTepa F Ha BeJIHqHHY OKOJIO 10%, H 

Tor.na 

F = 0
1

9 (ABceKT/ 2<B>) 2 
/lOJI 

TaKHM o6pa30M, nonyqeHHUe ToqKH 3aBHCHMOCTH MO~HO annpoK

CHMHpOBaTb ,n:ByMepHUM IlOJIHHOMOM TpeTbe8 CTeneHH., 

<B> + h (d /d , ) + h <B>
2 + F, = h~ + h

1
, 

+ h 
4 

2 non ceKT 3 

<B> (d /d ) + h (d /d ) 
2 

+ 
non c eKT 5 non ceKT 

+ h 
6 

+ h 
8 

<B>
3 + h <B>

2
. (d /d ) + 

7 11011 ceKT • 
<B> (d /d ) 

2 + h (d /d )
3 

non. ceKT 9 non ceKT 

C K03¢¢HUHeHTaMH: 

ho 

hl 

h2 
h3 

h4 

npH cpe,n:HeM 

[pHc.6]. 

= -9,1335•10-
2 h = 1, 8852 • 10-3 

5 

= -1, 6807•10-
2 h 

-3 = 4,6096•10 
6 

= 8,5595•10-
2 h = -3,4667•10-

2 
7 ' 

= 1, 9013•10-
2 h = -3, 5811•,lo-:-

4 

8 

= 3 t 2~50•10-
2 h = -1 4242•10-

4 
9 I 

KBa,n:paTHqecKOM OTKJIOHeHHH, paBHOM 9, 57•10-3 

cne.n:yeT OTMeTHTb, qTo ,UJIH ueHTpaJibHUX o6nacTe8 UHKJIOTpo~ 

HOB, r.n:e a3HMyTaJibHaH npOTH~eHHOCTb ceKTopa cpaBHHMa C BeJIH~ 

qffH08 d , BeJIHqHHa ¢JiaTTepa F yMeHblllaeTCH B 2-3 pa3a OT 
ceKT , 

BUllienpHBe,n:eHHUX BeJIHqHH. 
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trapezoidal form of ozimutal field , 
d valley/d hill from 1.5 to 5.5 step 0.5 sector angle = valley angle, 
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PHC. 6., AnnpoKCHMHpOBBHHBR 3BBHCHMOCTb ~AaTTepa F OT ypoBHR 
\" ' . ' 

cpe~Hero MBI'HHTHOI'O llOAR H COOTHOmeHHR 3830p0B B 

~OAHHe H Mez~y CeKTopaMH. 

5. 3aBHCHMOCTL no,n:'beMa pa,n:Ham,Horo pacnpe,n:eneHHH cpe.n:uero 

MarHHTHOro IlOJIH ABRBWBOT IlOJIH B neuTpe MarHHTa 

AB .= f (B ) Rawe ueHTp 

rro.nneM pa,nHaJihHoro pacnpe.neneHHH cpe,n:uero MarHHTHoro nonH 
ABRawa onpe.n:ennncH ypaBHeHHeM 

AB = <B> - B Rawe ueHTp 

KE.!,K pa3HHUa BeJIHqHH cpe.n:Hero MarHHTHoro IlOJIH <B> Ha , pa,n:Hyce 

BUBO,n:a MarHHTa (0,86 - 0,89 R 
non10c 

) H IlOJIH B ueHTpe MarHHTa 

B 
ueaTp 

Bni MO,neJibHUX UHKJIOTpOHHUX MarHHTOB Y2006, Y225P, E2 H J{JIH 

.ne8CTBYIOIUero MarHHTa Y400M 3TH BeJIHqHHU 6UJIH nonyqeHU H3;0n

THMa.riLH08 H30XJJOHH08KpHBo8 p~,nHaJibHoro pacnpe.neneHHH MarHHT-

9 
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Haro nom1, KOTopue 6HJIH C HCilOJib30BaHHeM nporpaMMll "Magnit" 

[ 8] annpoKCHMHpOBaHH 3KCnepHMeHTaJibHO noJiytieHHlle TO'!KH 3T08 

3aBHCHMOCTH. 

B cJiyqae ae8CTByIDmero MarHHTa Y400 BeJIHtIHHH noaoeMa paaH-

aJibHoro pacnpeaeJieHHH IlOJIH f1B 6UJIH Bll'!HCJI8Hll npHMO H3 ~H-
RBhlB 

3H'i8CKHX xapaKTepHCTHK YCKOpHIDmHx HOHOB. 

AHaJIH3 3aBHCHMOCTH f1B =f (B . . ) H ee rpa~H'i8CKOe H30;_ 
RBYB ueHTp 

6pa'1C8HH8 [pHc.7] IlOKa3UBaIDT,. 'ITO B8JIH'iHHa noaoeMa paaHaJibHOrO 

pacnpeaeJieHHH IlOJIH f1B C B036y,icaeHHeM MarHHTa, H COOTBeT-
RBLIB 

CTBeHHO, C pocTOM IlOJIH B UeHTpe MarHHTa naaaeT .H annpoKCH-

MHpoBaTb ee MO)l(HQ JIHHe8H08 naaaIDme8 ~YHKUH~8 c rpaaHeHTOM 

k= -0,2674 •. · 
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PHC. 7. 3KcnepHMeHT8JlbHl:Je 38BHCHMOCTH no,a'beMa 

pacnpe.aeReHHR cpe,aHero M8I'HHTHOI'O llORR, 

pa.aHa".nbHoro 

6. Pa,nHa_JILHaSI 3RBHCHMOC'rb BapHal{HH cpeaHero 

OT BapHlltiHH' nomi" B···ueHTpe MarHHTa 

MarHHTHoro IlOJISI 

var<B> 
R 

= f (varB } 
ueHTp 

li3BeCTHO, 'ITO . ''npH yaeJIHtieirnH B036y)l(aeHHH B 
' -- ' 

KaTyWKe MarHHTa UHKJIOTpciHa .. OT Hym1 no Hei°oTopo8 

OC.HOBH08. 

BeJIH'iHHll 

10 

pa.nHaJibHoe pacnpe.neJieHHe cpeaHero MarHHTHoro noJIH coxpa-~ 

HHeTCH. -~ 
~ ~ . 
CHTyauHH H3M8HHeTCH npH 6oJiee BllCOKHX BeJIH'iHHax B036y,ic-

aeHHH B OCHOBH08 o6MOTKe, np~ KOTopux Y3JIH HJIH tiaCTH MarHHT

HllX y 3JIOB. 6JIH3 KHX K Me,nHaHH08 IlJIOCKOCTH HCilllTHBaIDT Hacume

HHe. MO)l(HO oueHHTb, 'ITO 3TO npoHCXO.llHT npH 'B > 1; 7-1, 8 TJI. 
CeKT 

npH 3TOM BapHaUHH MarHHTHoro noJIH npH H3lt!eHeHHH ~036y,icaemrn 

MarHHTa 60JibWe B UeHTpaJibH08 o6JiaCTH UHKJIOTpOHa KOMilaKTHOro 

THila, 'ieM Ha 60JibWHX paaHycax 

.. var B > var<B> 
U8HTp R [pHC_, 8] 

Experimental Points of u400m Cyclotron 
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PHC. 8. Pa,aH8RbH8R 
Radius· of Cyclotron Pole [m] 

38BHCHMOCTb B8pH8UHH cpe.aHero 

llORR OT B8pH8UHH llORR.B UBHTpe M8I'HHTB, 

M8I'HHTHOI'O 

nJI~ Bcex_ HaMH HCCJieaoBaHHHX MarHHTOB MOJ!CHO C IlOMOmbID_3aBH

CHMOCTH, noKa3aHH08 Ha pHc.7; aoKa3aTb, 'ITO 

var<B> 
Rawe 

• 
= (k + 1) 

11 

varB 
_UeHTp 



r.ne R = 
BhlB 

0,86 - 0,89 Rnomoca 

k = ~0,2674 
Q 

Cne.nyeT OTMeTHTb npH 3TOM, qTo ,llil.SI Ka~.noro R~ 

R 2 
var<B> "' [ 1 +k (-R--) ) varB , 

R ueHTP 
BbJB . 

qTo no3BOn.SieT ~OpMHpOBaTb H30XpOHHOe MarHHTHOe none TOnbKO 3a, 

cqeT ~apHaQHH TOKa nHTaHH.SI OCHOBH08 o6MOTKH. npH 3TOM pe3KO 

yMeHbrnaeTC.SI MOmHOCTb KOppeKTHPYDinHX KaTyrneK. 

3Ta oco6eHHOCTb Hcnonb3yeTC.SI Ha QHKnOTpOHax T.SI~e~ux HOHOB 

RHP OllHll Y200, Y400, Y400M. 

7. OCHOBHUe xapaKTepHCTHKH npoauanH3HpOBaHHUX MarHHTOB 

Y Bcex npoaHanH3HpOBaHHUX HaMH QHKnoTpOHHHX MarHHTOB KOM

naKTHoro nrna ceqeHHe BHeWHero MarHHTHoro KOHTypa cnpoeKTH

poBauo TaK, qTo6u ypoBeHb MarHHTHoro non.SI B HeM He npeBuwan 
ff 

BenHqHHU 1,7 Tn, H OTHOllieHHe paCCTO.SIHH.SI L OT QeHTpa OCHOBH08 

.... , ,,' 
..... _ ,, 
,., 

_,/ '•,,I I_, 

u225r proflled sectors· 
9 

L / R pole = 0.609 

u200b proflled sectors 

PHC. 9. lIOJIOJKeH_H~ OCHOBHOil K8TYl1IKH H paJJ.H8JIH8R (/JOP,l!'=!_ ceKTOpOB_ 

'' ' . y MOJJ.eJIHHX M8I'HHTOB. Y225P H· Y200B. ,_,. 

12 

o6MOTKH JlO Me,llHaHH08 nnocKOCTH K pa.nHycy R iIOnDCHoro Ha-
non 

KOHeqHHKa He CilHlliKOM OTnHqanc.SI OT BenHqHHU 0,6 [pHc. 9, 10): 

L / R .pole = 0.578 

' =-r-------- - 1 ____ ,_ 

- -------------------------- ------------------------------

u400m profiled .sectors 

PHC.1.0. lIOJIOJE.eHHe OCHOBH0/1 KaTyl1IKH H paJJ.H8JIH8R (/JOpMa ceKTOpOB 

y M8I'HHT8 Y400M, 

B cnyqae MO,llenbHUX QHKnoTpOHHHX MarHHTOB Y225P H Y200B c 

,llHaMeTpOM nonDCHoro HaKOHeqHHKa,0,2 M pa.nHanbHa.SI 3aBHCHMOCTb 

cpe.nHero MarHHTHOro non.SI ~OpMHpyeTC.SI H3MeHeHHeM TonmHHU ceK- ' 

Topa co CTOpOHU Me,llHaHH08 nnocKOCTH MarHHTa . a a3HMyTanbHa.SI 

BapHaQH.SI MarHHTHOro non.SI ,llOCTHraeTC.SI qeTUpbM.SI np.SIMUMH ceK

TopaMH [ pHC. 9, 11, 12]. 

ll3 qffcna pean~HO cymecTBYDinHX QHKnoTpOHHUX nonuoMaCWTa6HUX 

MarHHTOB 6unH ripoaHanH3HpOBaHU ,llBa MarHHTa Y400M H Y400. 

Y MarHHTa Y400M c ,llHaMeTpOM nonDca 4 M pa.nHanbHa.SI ~OpMa 

cpe.nHero MarHHTHoro non.SI C~OpMHpOBaHa H3MeHeHHeM TonmHHH ceK

Topa co CTOpOHU nonDca. A3HMyTanhHa.SI BapHaQH.SI MarHHTHOro non.SI 

peanH3yeTC.SI qeTHpbM.SI CnHpanbHUMH ceKTOpaMH [pHC. 10,13]. UHK

noTpOHHH8 MarHHT E2 .SIBn.SieTC.SI, C TOqKH 3peHH.SI MarHHTH08 

CTpyKTypu era yMeHbrneuuoa MO,llenbD B MaCWTa6e 1:2,92. 

13 
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a.OE+oaoa .-

PHC.13. A3HMJT8AbH8H ~opMa cnHpaAHUX. ceKTOpoB y MarHHTa Y200E. 
l..OE+oCXJl ... 

PHC,11. A3HMJT8AbH8H ~OpMa npHMUX ceKTOpOB y MOABAbHoro Mar-

HHT8 Y225P. I B npouecce aHanH3a' Tauce 61rnH Hcnonb30~am,1 HeKOTop1rn .naH-

C :'ZFKBCtt... '\u2b"-'2brlo .DttP 3-Dct-.l~ 

1 .OE+oCXJI. ... 

PHc.12. A3HMJT8AbH8H ~OpMa np_HMUX CeKTOpOB y MOABAbHOr_o Mar-, 

HH,T8_ Y2DOE, ., 

14' 

HI,te, nonytJeHHI.iie H3 cf>H3HtJeCKHx· xapaKTepHCTHK peanbHa cymecT
BYIOIUera' UHKnoTpaHHara nonHaMaCUJTa6Horo ', MarHHTa Y400 c .nHa

' MeTpaM nan10ca 4 M. Pa.nHanhHaSI· cpopr.ia cpe.nHera MarHHTHara nansi 
y 3Tara MarHHTa ccpapMHpOBaH~ nnaBHUM' H3MeHeHHeM TOnIUHHU ceK-

Tapa co CTapaHU era Me,nHaHHaR nnacKOCTH, A3HMyTanbHaSI BapHa-

UHSI ~arHHTHara nanSI peanH3yeTCSl ~eTUpbMSI,np~~UMH ceKTap~MH: 
MarHHTHOe inane' H3Mepsinacb .naTtJHKaMH Xanna B Me.nHaHHa8 

nnacKaCTH Ba3,nyrnHara 3a3apa UHKnoTpOHHUX MarHHTOB. 

8. 3a:icn10tJeHHe 

nonytJeHHaSI rpacf>HtJ~cKaSI, Ho rnaBHOe aHanHTHtJecKaSI. cpopMa no~ 

Ka3aHHUX 3aBHCHMOCTe8 na3BOnSieT npoCTUMH pact{eTHUMH cpe.n

CTBaMH, , ylCe ,B HatJanbHUX cpa3ax pactJeTa MarHHTHO8 CTpyKTypu 

iurnnoi-pc.n1~oro Marmna, · .nocrnTotJHo TatJHo anpe.nenHTb H ~IITHMH~ 

3Hp6Baib ee:_o~HO~Hue iapiKTepHCTHKH .. 
.. ; ! . ",. '. :·:. . '' ' ,_: ,~ : . . . i /' . -. ~ .• ·. •. ; , ; .•. \ ,, . ' , ' ... 

3aBHCHMOCTb <B> = f (NI/d ) [pHC; 1) na3BOnSieT OilTHManbHa 
. cp , · .. · .:.• ·.·. ·_;. ,;: 

BU6HpaTb ypoBeHb MarHHTHOro nonsi MarHHTa , ee o6paTHaSI, cpopMa, 
NI/d = f(<B>) - oueHHTb MOIUHOCTb .. MarHH-ta'·ii MalCeT 6u+b'H·C~ · 

cp ,.' '. ., ', , \ • >, • C ,; ;• i .'; t : , : • . C '< 
nonb3aBaHa .nnH npe,nBapHTenbHoro cpopMHpo~aHHH pa.nHanbHo8 saBH-
CHMaCTH MarHHTHaro nonsi H3MeHeHHeM T?nWHHU ceKTapa. 

15, 



/ 

3aBHCHMOCT~ pa3HHUH 

d /d ) [pHc.4,5) 
, non cexT 

pa.ztHaJibHYIO 3aBHCHMOCTb 

MarHHTHOro IIOJI.H 6BceKT 

non. 
II03BOJI.HeT rrpe.ztBapHT8JibHO 

cpe.ztHero MarHHTHoro rron.H 

= f (<B>, 

qJOpMHpoBaTb 

H3MeHeHHeM 

a3HMyTaJibHoro yrna ceKTopa. 

BMeCTe C 3aBHCHMOCTblO cpnaTTepa F '= f (<B>, d /d ) • - non ceKT 

(pHC. 6) 1103B OJI.HeT oueHHTb CflOKYCHpyIO~He CBOHCTBa MarHHTHOH 

CTpyKTypu H BH6paTb 110,ltXO.zt.HmyIO eH reoMeTpHIO B03.ltYillHHX 3a3opoB 

,ltOJIHHH H ceKTOpa. 

3aBHCHMOCTb pa.ztHaJibHoro IIO.zt'beMa 6B = f (B ) H Ba-
Ra&IB ueHTP 

pHaUHH var<B> = f (varB ) 
· R QeHTP 

(pHc. 7, 8 J .cpe.ztHero MarHHTHoro 

IIOJI.H II03BOJI.HeT cpopMHpoaaTb H30XpOHHOe · MarHHTHOe IIOJie 

IIOJib30BaHHeM 3cpcpeKTa aBTOMaTHqecKoro 

IIOJI.H C yaeJIHqeHHeM HacumeHH.H MarHHTa. 
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fyrib6eKRH'f.r., ¢paHKO' A. 
AnropHTM CHHTeJa H, aHanHJa 
xapaKTepHCTHK MarH11THblX CTPYKTYP 

pg:.92-129 

H30XpOHHblX 411KnOTPOHOB C 4HnHHAPH'leCKHMH no1110caMH . 
npoeeAeH aHanHJ HeKOTOPblX,JaBHCHMOCTeH MarHHTHblX CTPYKTYP 4HKnOTPOH

HblX MarHHTOB KOMnaKTHoro THna c 4HnHHAPHYeCKHMH non~caMH, HJrOTOBneH
HblX HJ MarHHTHOro ~eneJa c COAep~aHHeM yrnepOAa OT 0,03 AO 0,07%. 

B peJynbTaTe aHanHJ'a 3KcnepHMeHTanbHblX AaHHblX 6blf1H nonyYeHbl aHam1rn-
YeCKHe ,3aBHCHMOCTH: 

1 
• • , , ' 

- cpeAHero MarHHTHoro nonR OT xapaKTepHCTHK nHTaHHR H reoMeTpHH Ja-
Jopa, . _ 

.. - .aMnnHTYAbl aJHMyTanbHOH eapHa4HH nonR H ¢naTTepa OT eenHYHHbl cpeA
Hero MarHHTHOro nonR H COOTHOWeHHR reoMeTpH'leCKHX Ja3opoe e'AonHHe .H 
MemAy ceKTopaMH, 

· - noAbeMa paAHcVlbHor~'pacnpeAeneHHR cpeAHero MarHHTHoro nonR OT nonR 
e 4eHTpe MarHHTa, 

- paAHanbHoA eapHa4HH cpeilHero.MarHHTHoro nonR OT eapHa4HH nonR e 
4eHTpe,MarHHTa. 

Pa6oTa BblnonHeHa e_na6opaTopHH RAePHblX peaK4HA HM r.H.¢nepoea 0~~~-· 

IlpenpHHT 061>CAHHCHHOI'O HHCTHTy!a llllCPHhlX HCCJJe~oaauHl\, ll.yCiHa '1992, 

nepeeoA aeTopoe 

Gulbekyan G;G., Franko J •. 
Algorithm of Synthesis and Analysis 

.of Magnetic Structure Characteristics 

, 

of.Isochronous Cyclotrons with Cylindrical Poles 

. ' 

P9-92-129 

The analysis of some magnetic structure dependencies of the compact 
cyclotron magnets with cylindrical poles made of magnetic iron with 
carbon content from 0.03 up to 0.07% is carried out. 
, As a result of the analysis of the experimental data'the.analytical 
dependencies are obtained: . . 

- .the mean magnetic field versus power characteristics and gap geo-
metry; . · .. 

- the amplitude of the azimuthal field variation and flutter versus 
value of the mean magnetic.field and geometric gap relations in the 
valley and between sectors; 

- radial distribution rise of the mean magnetic field versus field 
in the centre of a magnet'; .. . . . 

. - radial .variation .of the mean magnetic field versus field variation 
.in the centre of a magnet. · , .. .' 

The investigation has been performed at.the Flerov Laboratory of 
Nuclear R~actions,.JINR. · · · · 

I . . 

Preprint of theJolnt lnstHute for Nuclear Re~~~n;h. Dubn~.1992 


