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AHHOTAUEH 

ITpHBe~eHH pe3yBDTaTH qxcne:!Boro pacqeTa pacnpe~exeBHa uar

HBTBoro nons B aasope BHBO~Horo cenTy,y-•arRHTa. ITpoBaBe~eHa o~ex• 

xa BBHSRHa KOB~rypaUBH centyua ua pacnpe~exeBHe noxa. 



I. B B e A e a H e 

ITpH BHBOXe nepBHqRWX qacTHU pasxeneHHe UHPKYXHpym~ero H BH

BeleHHoro nyqxa ocy~eCTBXseTcs c nouo~iD Tax Ba3HBaeMHX cenTyu-uar

HHTOB (pHc.I), KOTOp.We npe,ltOTaBX.HDT 00601 C-o6pa3HYe KarHHTY 0 

TOBKHU TOKOBecym.u npOBO,ltBHKOK/I,2J'. 3TOT npOBO~HK, Ba3HBaeYHI 

oenTyYOM, OT,lteXseT QHpKyXBpym.HI nyqoK OT BHBO,ltHKOro. Centyu-uar

BHT ,Jtox:a:es HlleTi Jli8Jloe pacoeauoe none BBe sasopa, qTo6w He swsw

Bati B03JiYD{eBHI UHPKYJIHPYDutero n~·qxa. B TO :a:e Bpexs noJle BHytpH 

sasopa centyu-uarBHta xoxzso 6wtl o~opoXBwu H ae HKeti HeJIBBei

BooTH, qTo6H Be yBeXBqHBati ~eBTHBHHI 3MHTTaBC BWBO,ltHKOrO nyqxao 

qTo6w Y.ltOBJleTBOpHti atHK rpe6oBaBHau;npx cosxaaHH oenryu

xarBBTOB npOB3BOlHTCB npexsapHTeJiHOe KO,lt8JlHpOBaBHe DOJlB HJIH ero 

no,ltp06Hwl qmcneBHHI pacqer. 

B nocxe,ltsee Bpeua npH pacqe~e uarHHTOB anexTpo~HsHqecxHx 

ycTaHOBOlt MHpOKO npHMeHSDD{He qHcneHHHe UeTO,ltU, B qaCTHOCTH KeTO,lt 

xoaeqawx pasaocreR pemeaxs xz~epeBQHaJliBYX ypaBBeBBI llyaocosa 

BJIH llanJiaoa, KOTOpHM Y.ltOBJleTBOpseT BeBTOpHYI DOT8HUHaJl ,ltByKepHO

ro nona. B o6D{eu cnyqae none pao~Ht.w~eTca c yqeToM :rpex cpe.It 

(BS.Xyyll, :a:exeso, toxonecyutaa qacTi) npH /J..-f = j1 (B). 

B uactoaDteR pa6oTe Bwnonaenw paoqeTw pacnpexeneBHa noxa xxs 

ReCEOJliltBX KOB,HrypaQHI oentyua B npBBOlHTOS cpaBBHT8JliHWe xapaK

TepHCTBKH paOCKOTpeHHHX BapBaBTOBo 

Bee paoqerw npoBO.ItHJIHCi c mcnoJiisosas•e• nporpaMK LA'TTl-(~ 
B f~I _c;.<;~JJ j'3,4L 
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2. rrocTa&OBRa 3!!aqm 

YKa3a.RBas BHme 3a.,D;aqa pacq~~Ta noJis centyM-:uarBmTa CBO.JtHTcs 

K pemeBBm sexmaeiBoro ypaBBeHBs Uyaccoaa B o6nacTK, H306paxeaaol 

aa puc. 2. 

:?-;-(~ ·~-) +;~ (J;-·J.~7oc- C.'1'77j(x,y), (I) 

r,1te 

tt - 2 - xo:amoHeHTa BeKtopaoro noTeHuuaJia .JtBYMepaoro :uarBHTHoro 

nons; 

k:, ~ 
1 
~ - ,JteKapTOBH KOOp,lHH8.TH (CK); 

d (x 1 ~) - fiJIO THOCT:b TOKa, npOTe K8.1UI(er 0 B 2 -Harrpa.BJieHIH1 (a/ C~); 
)A (t~c..du)- 118.rRHTII8.SI npOBHU8.e:UOC T:b Q}eppovarHHTIIOl cpe,JtH 38Jta.R8. 

B BH~e Ta6JIBUH I. 

Ypas eHHe (I) pemaeTcs npH KpaeBHX yCJIOBHHX: 

I)2f= 0 Ha BH8illHefi rpaBHUe 06JI8.CTH (pHc.2) r, qTO HBJISI-

eTCH HeKOTOpHK ,JtOny~eHHeMe 
(6U 
2)~• 0 B Jle,JtHa.HHOl fiJIOCKOCTH (3T8. nJOCROCT:b COBfi8.,Jt8.eT C 

~n-

nJIOCKOCT:bD X 2: ) . 
Ha rpaHHuax ri, r2 H r3 (BHyTpeBHHX rpBHHuax 06JI8.CTH) ~OJIZ-

BH BHfiOJIHHT:bCSI CJie,JtyD~He YCJIUBHH COnpszeHHa: 

I) ( ~ • .Fu.d(T.I} ) - BenpepHBHo; 
./ ·~ .J ) ) ~ 2) ;7i · ( lrL • tza..c.:r (C.: - !lenpeiJblbHO, r,D;e '- - BeKTOp 

xaca.TeJI~»BOI K noBepxsocTH zene3a , 
·~ . 

t-z..- - BeKTOp HOpMaJI~ ::t :t.le,JtHaBHOI fiJIOCKOCTH. 

Ilporpawa L A 'TT r CE H p rt I 5' J ¢ N pema.I)T ypaB-

HeHHe (I) B KOHeqHo-pa3HOCTHO:U B:ii,Jte Ha HeperyJigpHOl TpeyroJI:&KOI 

cexxe B 3~aHHOI o6xacTH JleTO.JtOJi BepxHel pexaxcauHH. B xaqecTBe 

ucxo.xawc .JtaHHwc x nporpaJillla:Y f_ ATT..TCE H PrZ ZSS'.RfA/ 
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cocTaBnaeTca norMqecxaa ~Marpa~. (pHc.3). B aTOH ~MarpaMMe BU

~enaDTca Bee o6nacTM TOKa, zene3<:. H B03Jtyxa (BaKYYJ.l8.) c rroMont~>D 

38Jta.HM.a n;enoqMcneHHux xoop~HHaT c~nopaux Y31IOB. KpoMe Toro, 3THM 

OIIOpH!iM Y31Id.M CTaB.RTC.R B COOTBeTC:TBMe KOOp~HHaTU TOl!eK peaJibHOi! 

KOH~Hrypan;HH (pHc.I)o B peaJibHOi! reoMeTpHM coce~HHe onopHHe y3-

1IH BCer~a COe~HH.RDTC.R OTpe3KaMH rpmlbiXo 

B yKa3a.HHiiX nporpaMMaX HM8e!C.R B03MOXHOCTb paccqHTiiBaTb TaK

ze H 8KCHaAl>HO-CHKUeTpHqHHe IIOJI.a, KOTOp!ie OIIHCHBaDTC.R ypaBHeHH-

lHa pa3~eJieHH.R CJiyqaa )teKapTOBiiX KOOp~HHaT H D;HHJIHH~pHqecKHX B 

HCXO)tHHX ~aHHHX 3a,n;aeTC.R YCJIOBHOe qHCHOe qMCJieHHUU pacqeT pacnpe

~eneHH.R nona cenTyM-MarHHTa ITpOH3BO~HJIC.R B )teKapTOBOU CHCTeMe KO

Op,ltHHaT. 

3. Pe3Y1Il>TaTH pacqeTOB 

B xaqeCTBe HCXO)tHOI KOH~Mrypa.n;HH cenTyu-uarHHTa, )tna KOTO

poro paCCliHTUBaJIOCl> uarHHTHOe non~~, 6blJia B3.RTa KOHcpHrypan;Ma, 

H306pazeHHaa Ha pHCol co cne~ymmm4H paauepaMH B oM: 

k = 6.5 CJ; == lo2 

S' == 0.2 v == 0.5 

tt-:: 1 = f == 0.2 f:o lilt 24 

'd = 0.2 R:t = 28 

p = 5.5 £} 
ft = 4 

3aTeu 6unH paccqHtaHw pa.cnpe;~eneHHa uarHHTHoro nons eme ,Jtna 

tpex KoHqn~rypan;HU centym, a HueHHO: 
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I 

KOH!l>HrypauHs IT p = 6.3, ~ • 0.4, ocT~:oHae pasuepu Te 

ze, qTo H B KOH~HrypayHH !; 

XOHWHrypaUHSI lli p = 6.4, OCT·3.Jl:OHHe pa3Mepbl Te ze, qTo B 

XOHtPHrypayHH IT; 

xoHW:arypaqHSI IY p = 6.2, ocraXDHble paauepu Te xe, q'fo H B 

KOHtPHrypayHH II. 

B xaqecTBe BenHqHHbl, XapaxTepH3YDDteit O.]tHOpO,ltHOCT:O nons B 3a-

30pe cenTy:u:-uarHHta, B3ata !}Jg,~ (Cf1B saaope. Hs pHc.4 BH,ltHo, qTo 

ycJIOBHil O.JtHOpO.JtBOCTH (pas6poc o/;; ~ ....... )( paBeH rv 0.86 ~/.: B aasope) 

nyqme Bcero Y.ltOBJie'fBOpSieT xoa~HrypanHa II, o,ltHopo,ltHocT:o nonSI no

nyqeaa sa cqeT H3MeHeHHSI BbiCOTH BaytpeHHeit qacTH 06:U:OTXH. 

nna BH6paHHOit XOH~HrypayHH IT 6HJIH paccqHT&Hbl nona IIpH 

:J • 6 KA, j = 8 xA, _f"J = 10 K.A H -J = 12 xAo Ha pHC o5 IlpHBe,lteHbl 

KpHBHe 3aBHCHMOCTH pacnpe,lteJieHHSI ITOJISI OT TOKa ,ltJISI XOB~HrypauHH IT. 

Ha pHc.6 npHBe,lteHu pesyn:otaT~ MarHHTHax Hsuepes:a~t, BunonaeH

aux B centy:u:-:u:arBHTe, xoa~Hrypanwa xotoporo npHBe,lteHa Ha pHc.I. 

MarBHTHble H314epeHHSI BblnOJIHanHC:O C nOMOJI(:OJ) ,ltnHHBOit HHTerpaJI:OHOI 

ItaTymKH, KOTOpaSI ,ltaBana cpe,ltHDD BeJIHqHHy nona no ,ltJIHHe uarHHTa 

C yqeTO:U: KpaeB /2/. 

CpaBHeHHe pucyHKOB 4,5,6 rroxasaaaeT, q'fo nyqme Bcero pact~eT

aoe pacnpe.]teneRHe nonSI COOTBeTCTByeT 3KCnepHMeHTan:&HOJ4Y .]tnSI KOH

~HrypayHH II. 

H3 pBcyuxa 6 BH,ltHo, qTo n~eHHe nona aa sa3op, nonyqeaaoro 

3KcnepiUa:eHTan:oao, xeR:ome, q eu paccqeTHoe (paccqeTaoe ::::- 0 .86%, 

'"' . 3KcnepuueHTaJI:&Hoe ::: 0 .5~ .Jtna , ) • 10 JC A ) • 3To o6'DacsaeTcs, 

nO-BH,ltHMO:u:y, BO-IIepBHX, :U:eTO.]tO:U: H3Me~eHHI H BO-BTOpHX, OTnHqHeM 

pean:oaoro nona oT paccqeTBoro, ll. pacqeTH npoBO.ltHJIHc:o lJISI .ltBY

vepaoro cnyqas:. 

O.JtBaxo pasHHna pact~eToB H 3RcnepH:u:eBTa He npeBumaeT 0.5~, 
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qTO yKa3HBaeT Ha B03UOEHOCTL HcnonL30BaHHH BYmeH3XOZeHHO! UeTOlH

KH xxa pacqexa Tpe6yeuoro pacnpeleXeHHH nona. 3To uoxeT o6nerqHTL 

npo~eCC npoeKTHpOBaHHH MarHHTOB C TOHKHUH cenTyURKHo 



Ta6JIHqa I 

B Jl- /u (B) -E (B) 

!000 !06 3190 0.3I35XI0-3 

4000 I6xro6 6380 o.I567 x ro-3 

5900 34.81 X 106 6270 o.I595 x ro-3 

7000 49 x ro6 5580 o.r792 x ro-3 

9300 86.49 x ro6 "3700 o.2703 x ro-3 

10600 !!2.36 X 106 2820 o, 3546 x ro-3 

!!300 127.69 x ro6 2240 o.4464 x ro-3 

!2000 I44 x ro6 !9!0 o.5236 x ro-3 

!3000 I69 x ro6 1300 o.7692 x 10-3 

!4000 196 x 106 700 o.1429 x ro-2 

15200 23I.04 x ro6 242 o.4132 x ro-2 

!7000 289 X 106 136 o.7353 x ro-2 

!8200 33!.24 x ro6 72.5 o.1379 x ro-1 

!8900 357.2! X !06 50.! o.I996 x ro-1 

!9700 388.09 x 106 39.2 0.2551 x ro-1 

!9800 392.04 x 106 31.6 o .3!65 x ro-1 



JIVITEPATYPA 

I. H. H. Unstiitter. CERN 65-36, Geneva, 1965. 

2. JI.Il.3HHOB:DeB H ,ltp., Co06lltBBHe emu~ 9-6537, Jly6Ha, !972 r. 
lJ 

3. K.Halback, R.Holsinger, S.Magua:ey. Proc. of the Fifth Intern. v 

Con:f. on Magnet Technology. Fra1:seati, 1975. 

4. C.E.BopoznoB H ~p. Coo6~eHHS OHnH P9-50I3, Jly6Ba, !970 r. 



~~ 
~ 
8 
0 
~ 

'() 
0 

X 
J-l1 
8 
0 ....... C\J 
p< 

~ 
~ 
(!) 

p-' 
E-t 

S? 
JII 

(\1 I 'C) 

C\? 

.. 
~ 
::>:, 
E-t 
J:j 
<D 
(.) 

H . 
C\J 
E-t 
"'"' ""' ..,... 
>-'-< 
1=-i . 
~ l=f 

> 0 c~ 

-1 ll:J 
"~ 0 
::>:, p., 
8 J:j 
J:j 0 
CD 8 
u lSI 

~ 
d) 1=-i 
~ ~ ::r: t=-~ 

(!) 
p< 
(l) 

0 (Y) 

H 

u 
~ 

'"' P-i 

I 



II 

" 
X

 

P~
1c

. 
? 

. 
O

cb
ra

cT
:n

, 
B

 R
O
T
o
p
o
~
 

ne
m

ae
'i'

cH
 y

pa
B

H
eH

11
e 

IT
ya

cc
o

H
a

 
r~ 

ee
 
r~

Ja
Hl

~I
lh

!:
 

r-
B

H
8!

'T
H

51
1I

 
rp

aH
IH

.J
;a

 
O

O
Ji

ac
 T

 :
:'

 
r I

 
-

rp
aH

:n
J;

a 
./K

e.J
ie 

3
a

' 
r 2

 -
rp

m
-m

ua
 

Ce
TI

TY
!-

~a
, 

r 3
 -

rn
a

it
:]

U
a

 B
irJ

T
pe

R
H

e:
fi 

-q
ac

T
;j 

O
C

LO
TR

B
. 



. 
(Y) 



B/
Bm

ow
%

 

[ 

98
 91
 

96
 

_ 
_ 

I 
·-

--
X

 

P
n

c
. 

4
. 

P
a

c
-q

e
T

H
o

e
 

ps
.c

iJ
:T

)e
:n

;e
Ji

eH
ne

 
rr

o.
Jm

 
B

 
s
a

s
o

p
e

 
L'

,a
rH

JI
JT

a 
B

 
sa

B
IW

:M
M

O
C

T
ll 

o
T

 

KO
IF

~T
ir

yp
ai

J;
rJ

;J
 

(I
 -

IY
) 

ce
nr
:y
~.
,r
a 

lJ
 

B
hi

C
O

T
bi

 
B

H
y-

T
p

e
H

H
e

rr
 

-q
ac

T
}1

 
O

c5
M

O
T

K
Ji

. 

·
~
.
;
~
 .. ,::

::~-
:{;J

.:~v
.,:·

:~·;
-mm:

.u:J
4=:k

 .....
 J5.

i'::
:::A

m·;w
::~"

::t1
'Y-.

,o.:
ZC4 

: .... ~~
~
,
.
,
.
-
-
_
,
9
1
1
.
1
1
1
!
1
1
l
~
l
i
l
!
i
'
B
I
I
!
I
•
-
-
-
-
~
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
,
j
 



B
/B

, ..
. %

 

" 
(0

0
 

9!
J5

 

. 
~
 

X
 

I 
Y

::t
 

7 
, 

9 
10

 
u 

f2
 

13
 

~~ 
f5

 
fG

 
11

 
11

 
f9

 
eo

 
21

 
2/

J 
2s

 
:z~t 

24
 

26
 

I!
! 

u 

L
_

 
--

··
·-

·-·
 -

·-
·-
--
-·
-·
-~
--
·~
· 

-·
-
-·

--
--

--
-~

--
--

--
--

-!
 

P
E

C
. 

5 
.P

a
c
"t

ie
T

H
O

e
 

p
a

c
rr

p
e

:n
e

J
ie

n
:r

:e
 

IIO
.J

JJ
! 

B
 

3
a

3
0

D
e

 
IJ

ia
rH

J~
Ta

 
:U

.ID
I 

T
O

K
O

B
 

6
, 

8 
, 

IO
 

B
 I

2
 R

A 
( K

p!
:'1

B
1I

e 
I 

-
4 

) 
:U

JI.
A:

 
c
e

n
T

y
M

a
 

c 
pa

31
vr

e:
pa

rv
m

 
=

 0
,2

 O
M

, 
=

 
=

 
=

 0
,2

 O
M

, 
=

 
0

,4
 O

M
 

E
 

B
b

iC
O

T
O

ft
 

B
H

J
T

p
e

H
H

e
M

 
0

6
M

O
T

K
M

 
6

,3
 

O
M

 
(K

O
K

c
p

P
ir

y
p

a
u

rm
 
2

).
 

•
-
,
y
.
.
-
~
 

··
·t

r 
'""

" 
-,

s
-r

-
-..

.. 
· 

., .
 ..

,,
..

.P
t(

~~
:-

r 
¥

·"
--

JW
'i

'·
· 

·~
-~
~-
-~
--
~-
•-
-:
:~
~:
-'
~_
j.

: 
~;

:.
~,

~ .
 .:

-:
§.
<;
lj
-j
'J
ii
il
i\
JS
Jt
a~
N'
i~
~~
;;
~.
&m
ii
 

W
W

U
E

 
u

tA
&

 
~
~
.
.
-
"
'
~
-
-
:
~
.
.
-
~
-
.
,
:
.
;
t
"
~
_
.
z
u
z
 

~
 



8%
 

~ 
r
r
-
r
-
r
-
r
-
r
~
~
~
~
~
~
-

f0
0 

~· 
I 

I 
I 

F
 

I 
I 

I 
I 

I 
I 

:M
il 

I 

1 
I 

I 
I 

I 
I 

I 
I 

P
B

c.
 

6
. 

M
sM

en
eH

:H
oe

 
pa

cr
rp

e:
n;

eJ
ie

H
JJ

e 
n

o
M

 B
 

sa
so

p
e

 
ce

rr
T

yM
-M

ar
H

I1
T

a 

Ti
p£

 
pa

3H
H

X
 

TO
R

aX
. 

-,.
r..

,!!
'<_

o.N
~ 

~ 
'~

"'
"~

 ·. 
~.r

.:r
·..

:-o
 

·~'·
.tti

ftl'
_·-,

. 
:..

:~~
-·z

.:-
:r.

 -·
\"<

L 
.
T
:
:
o
~
·
 ~
"'
11
'"
<.
:.
:.
. 

,._
.a:

'!Q
5£:

.&•
>3f

i'<
ii~

W(;
!!_

..,
'Ii

i..
:':

::~
ll.

..%
:1"

;j;
t;l

3:"
·~ 

~-
~;
 . .

,":
' 

-··
~·:

·\.
i£,

1 .
.
,
:
:
:
~
:
l
h
~
;
l
i
'
G
a
i
W
i
l
l
J
J
k
f
L
L
&
&
b
 

~
;
-
~
~
·
:
~
~
'
:
.
.
,
~
-
d
~
~
-
'
i
~
~
.
k
:
·
·
·
-
:
:
g
_
~
~
~
~
'
t
i
~
M
f
~
'
"
:
i
-
~
~
~
;
j
Q
:
.
&
_
~
;
_
.
;
·
:
~
-
.
;
:
,
.
,
J
-
.
:
:
·
.
f
~
<
:
.
t
i
l
:
t
~
,
~
i
i
~
T
-
5
§
3
5
 


