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Be ta trons have the ad van tages of small size, light weight, and sim ple op er a tion. They are
widely used in non-de struc tive test ing, cargo, and ve hi cle safety in spec tion sys tems. Mag netic
field dis tri bu tion is an es sen tial pa ram e ter of be ta trons and has been in ves ti gated via ex per i -
men tal meth ods. Re cently, sim u la tions have been per formed for the mag netic field dis tri bu -
tion gen er ated by dif fer ent mag netic pole pa ram e ters. In this study, the fi nite el e ment method 
is em ployed to sim u late the mag netic field dis tri bu tion. The ef fects of the dif fer ent mag netic
end face open ing an gles, pole pro tru sion sizes, num ber of cen tral mag netic pads, and mag -
netic pole bot tom width on the mag netic field dis tri bu tion are sim u lated. Based on the sim u -
la tion re sults, mag netic poles are de vel oped, and the mag netic field dis tri bu tion is mea sured
by a gauss me ter. The rel a tive er ror of the mea sured and sim u lated equi lib rium or bit is 2.1 %,
and the rel a tive er ror of the mag netic field de cay in dex is 3.3 %. The mag netic field dis tri bu -
tion can sat isfy the es sen tial con di tions that the mag netic field at equi lib rium or bit of the be ta -
tron is equal to half of the av er age mag netic field within equi lib rium or bit and the mag netic
field de cay in dex is greater than 0 and less than 1. The re sults show that the fi nite el e ment sim -
u la tion method and es tab lished model have high re li abil ity and ef fec tively im prove the de sign
ac cu racy of mag netic poles.
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IN TRO DUC TION

Be ta trons are de vices used to gen er ate high-en -
ergy elec tron beams and X-rays [1]. Since Kerst [2-4]
de vel oped the first be ta tron in 1940, nu mer ous stud ies
have been con ducted on be ta trons. Be ta trons are
widely used in non-de struc tive test ing, cargo, and ve -
hi cle se cu rity in spec tion sys tems, and in dus trial X-ray
im ag ing sys tems due to their ad van tages of small size,
light weight, sim ple op er a tion, no re quire ment for wa -
ter cool ing, and low cost [5-8].

The core com po nent of a be ta tron is a mag netic
pole (MP) [9]. The MP face shape di rectly de ter mines
the change law of the mag netic field (MF) at the be ta -
tron air gap, and elec trons are ac cel er ated un der the
MF at the air gap. An ideal se lec tion of the mag netic
end face shape can make the MF pro duce a sta ble fo -
cus ing force on elec trons [4] and di rectly af fect the

num ber of elec trons cap tured [10-13] and ac cel er ated
as well as the in ten sity of the brems strah lung [14] gen -
er ated by the be ta tron. Al though many re search ers
have fo cused on the pa ram e ter im prove ment of mag -
netic end faces, the mag netic end face shape is de ter -
mined us ing an elec tro lytic cell model and a grav ity
model [9], and er rors gen er ated us ing the model test
can reach 20-30 %. Us ing sim u la tion meth ods, the in -
flu ence of MP face shape on the cor re spond ing or bit
[15] and the MF de cay in dex can be more ex ten sively
in ves ti gated than us ing ex per i men tal meth ods.

In this study, the fi nite el e ment anal y sis method
[16] is em ployed to es tab lish an MP model of be ta tron,
sim u late the spa tial dis tri bu tion of the MF, and op ti -
mize the MP shape. The MP were de vel oped based on
the sim u lated data and the MF dis tri bu tion was mea -
sured by a gauss me ter. The ef fects of dif fer ent mag -
netic end face pa ram e ters on the equi lib rium or bit and
MF de cay in dex are dis cussed.
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METH OD OL OGY

Geo met ric model pa ram e ters

The mag net struc ture of a be ta tron adopts a
[-shaped mag netic cir cuit struc ture [17]. Fig ure 1 de -
picts the cross-sec tion of the mag net struc ture, which
is mainly di vided into MP, a hor i zon tal mag netic yoke, 
a ver ti cal mag netic yoke, and a cen tral mag netic pad.
Elec trons move un der the MF at an air gap be tween an
up per MP (UMP) and a lower MP (LMP). The core of
the mag net struc ture is the MP, and the UMP and LMP
face shapes di rectly de ter mine the MF dis tri bu tion
(MFD) [18-20]. The main pa ram e ters of the MP model 
are as fol lows: the di am e ter, the height, the dis tance
be tween the UMP and LMP, and the di am e ter of the
cen tral  mag netic  pad, and they are 170 mm, 97 mm,
32 mm, and 70 mm, re spec tively. The MP, yoke, and
cen tral mag netic pad are made of sil i con steel sheets.

SIM U LA TION MODEL

To in crease the fill ing fac tor of the gap be tween the 
UMP and LMP, four cen tral mag netic pads with a thick -
ness of 5 mm were se lected in the ini tial sim u la tion, and
the FR4 fibre board was used for in su la tion be tween
mag netic pad pairs. The num ber of turns of the ex ci ta tion 
wind ing [3] was 70 turns, and the num ber of turns was
8-8-7-6-6 from the in side to the out side. This lay out was
used to pre vent the coil from block ing the X-ray out put
from the be ta tron. The sim u la tion geo met ric model
adopts the cen tral 2-D ro ta tional axisymmetric model,
which sim pli fies the geo met ric struc ture com plex ity in
the sim u la tion soft ware, and the model con forms to the
geo met ric struc ture of the ac tual be ta tron de sign. The
model sim u la tion cal cu la tion uses the elec tro mag netic

field phys i cal in ter face of the al ter nat ing cur rent/di rect
cur rent mod ule of the COMSOL soft ware [21], and the
es tab lished sim u la tion model is shown in fig. 2.

In fig. 2, the or ange, yel low, brown, and light
blue do mains are the sil i con steel sheet, coil, cen tral
bolt, air do main, and in fi nite el e ment do main, re spec -
tively. In the sim u la tion cal cu la tion, the coil model
adopted a sin gle-wire coil group model, and the coil
ex ci ta tion cur rent was 200 A. The mesh se quence type
was set to phys ics con trol mesh, and the mesh size was
set to a finer.

FI NITE EL E MENT SIM U LA TION

In flu ence of mag netic end
face open ing an gle

The MF used by the be ta tron is a con stant gra di -
ent MF. Only by se lect ing ap pro pri ate pa ram e ters can
the elec trons be ac cel er ated in a sta ble or bit and gen er -
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Figure 1. Mag net struc ture

Figure 2. Sim u la tion model



ate a sta ble fo cus ing force for elec trons. The con stant
gra di ent MF is rotationally sym met ric to the z-axis,
and the MF is sym met ri cal up and down to the cen tral
plane of z = 0. Ad di tion ally, the change of the ax ial
com po nent of the MF in the air gap be tween the UMP
and LMP with ra dius r must sat isfy the fol low ing

H
C

r
z n

= (1)

where n is the MF de cay in dex and C is the con stant. To 
make the elec trons meet the fo cus ing re quire ments
and avoid res o nance due to ax ial and ra dial vi bra tions,
the MF de cay in dex  should  sat isfy  the con di tion of
0.5 < n < 1 [2, 4]. If the MF strength (MFS) on the equi -
lib rium or bit of elec tron mo tion is H0, eq. (1) can be
ex pressed as fol lows
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Ac cord ing to the re quire ment of sta ble mo tion of 
elec trons on the equi lib rium or bit, the MFS on the
elec tron equi lib rium or bit should be equal to half of
the av er age MFS in side the or bit at any time; i. e., the
con di tion of 2:1 [2, 4] must be sat is fied, as fol lows

H
H

0
0

2
= (3)

The MFD should sat isfy eqs. (2) and (3) si mul ta -
neously; thus, the MF should only be es tab lished
within the range of the air gap be tween the UMP and
LMP ac cord ing to the vari a tion law of eq. (2). To en -
sure that the MF at the air gap changes ac cord ing to eq.
(2), the two op po site mag netic end faces of the UMP
and LMP should have a cer tain spe cial shape.

Be cause the mag netic per me abil ity of the MP
sil i con steel sheet is much larger than that of air, most
mag netic re sis tance of the en tire mag net is con cen -
trated in the air gap be tween the MP, so it can be ap -
prox i mated that the MP sur face is equipotential [22].
Thus, we have

l l0 0H Hxm mx= (4)

where lx and Hmx are the length of the MF lines and
MFS in the air gap at the ra dius rx, re spec tively and l0

and H0m are the length of the MF lines and MFS, in the
air gap at the equi lib rium or bit r0, re spec tively. Be -
cause the cur va ture of the MF lines in the air gap be -
tween the MP is min ute, the length of the MF lines and
the air gap be tween the MP dif fer by no more than 1-2
%.  From eqs. (2) and (4), we have
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where dx and d0 are the sizes of the air gap be tween the
MP at the ra dius rx and equi lib rium or bit r0, re spec -
tively.  Ac cord ing to the re la tional ex pres sion given by 
eq. (5), the UMP and LMP faces should be curved sur -
faces. It is dif fi cult to man u fac ture a curved sur face

that con forms to eq. (5) in the ac tual ma chin ing pro -
cess. How ever, be cause the cur va ture of the curve
generatrix is not large, the curved sur face can be con -
sid ered a plane in the sim u la tion cal cu la tion, and the
an gle be tween the plane and hor i zon tal plane is q
(shown in fig. 3).

The an gle q di rectly de ter mines the MFD law. 
Ac cord ing to the geo met ric model in fig. 3, the MFD
along the ra dial di rec tion of the cen tral plane is cal cu -
lated when the an gle q is 5°, 10°, 15°, 20°, 25°, and 30° 
(shown in fig. 4).

From fig. 4, the MFS grad u ally de creases with
an in crease in q, es pe cially in the range of the MP air
gap, the de crease is more pro nounced. When the an gle
q ex ceeds 20°, the MF falls rap idly at the air gap,
chang ing the MF, which can not sat isfy eq. (3). In the
elec tron ac cel er a tion re gion, the dis tri bu tion of the av -
er age MFS value when  q is 5°, 10°, and 15° is shown
in fig. 5.

In fig. 5, the in ter sec tion point be tween the MFS
curve and the av er age curve is the point where the ra -
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Fig ure 3. Sche matic di a gram of MP

Fig ure 4. MFD with dif fer ent open ing an gles of MP



dius of the elec tron equi lib rium or bit is lo cated. 
Clearly, the in ter sec tion point only ex ists when the an -
gle is 5° and 10°, and the two curves have no in ter sec -
tion point when the an gle is 15°, which does not sat isfy 
the re quire ments. The MFD near the equi lib rium or bit
when the an gle is 5° and 10° is shown in fig. 6.

When q was 5°, the MF de cay in dex n near the
equi lib rium or bit was 0.331. At this time, n < 0.5, which
con tra dicts 0.5 < n < 1. When q was 10°, n = 0.748,
which sat is fies 0.5 < n < 1, so the op ti mal open ing an gle
of the MP face should be ap prox i mately 10°.  The dis tri -
bu tion of MF lines when q is 10° is shown in fig. 7.

From fig. 7, the MF lines at the air gap be tween
the MP are bent out ward into a bar rel shape [15], and
the gen er ated MF is a drum-shaped field, which meets
the fo cus ing re quire ments of elec trons.

IN FLU ENCE OF POLE
EDGE PRO TRU SION

The chang ing law of MF at the MP air gap must
sat isfy eq. (2). How ever, ow ing to the ex is tence of
mag netic flux leak age (MFL) on both sides of the MP
edge, the afore men tioned law is af fected to a cer tain

ex tent.  From fig. 7, some mag netic lines of force pen e -
trate the coil from the edge of the MP to the yoke, and
the closer they are to the edge of the MP an gle, the
more pro found they are, caus ing the MF in ten sity to
fall rap idly near the edge.

To com pen sate for the MFL at the pole edges, a
spe cial pro tru sion can be used on the pole edges.  The
struc ture of the pro tru sion edge is shown in fig. 8,
where h and w are the height and an gle of the pro tru -
sion edge, re spec tively.  The MFD with and with out
pro tru sion are cal cu lated in COMSOL (shown in fig.
9).

From fig. 9, at the MP edge, the MFS with the
pro tru sion is higher than that with out the pro tru sion,
which can ef fec tively com pen sate for the weak en ing
of the MFS due to the edge MFL. In the ac tual MP de -
sign, there is no spe cial so lu tion method for the pro tru -
sion edge size. Gen er ally, the op ti mal size is se lected
by test ing mod els with dif fer ent pa ram e ters. The pro -
tru sion height is gen er ally be tween 5 mm and 12 mm.
If the pro tru sion is too high, it will af fect the equi lib -
rium or bit. Mean while, if the pro tru sion is too low, the
com pen sa tion ef fect is not ob vi ous. The pro tru sion an -
gle is gen er ally be tween 20° and 60°. It in creases the
dif fi culty of pro cess ing sil i con steel sheets. In
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Fig ure 5. Dis tri bu tion map of the av er age value of the
MF

Fig ure 6. The MFD near the equi lib rium or bit: an gle: (a) 5°, (b) 10°

Fig ure 7. Dis tri bu tion of MF lines of force with MP
open ing an gle of 10°



COMSOL, the pro tru sion edge height is set to 5 mm,
and the an gle is var ied at 20°, 25°, 30°, 35°, 40°, 45°,
50°, 55°, and 60°. The sim u la tion re sults are shown in
fig. 10.

From fig. 10, when the pro tru sion height is con -
stant, the MFD of dif fer ent pro tru sion an gles is al most
the same, and the pro tru sion an gle in sig nif i cantly af fects
the MFD. There fore, in the ac tual de sign, con sid er ing the 
dif fi culty and weight of MP pro cess ing, the an gle can be
ap pro pri ately se lected to be ap prox i mately 30°.

The pro tru sion an gle cal cu lated in COMSOL is
30°, and the pro tru sion heights are 5 mm, 7 mm, 9 mm,
and 11 mm.  The cor re spond ing MFD is shown in fig.
11.  From fig. 11, the higher the pro tru sion height, the
greater the MFS at the MP edge is com pen sated for.
When the height ex ceeds 9 mm, the MF pro duces an
ob vi ous pro tru sion, which se ri ously dam ages the MF
ac cord ing to eq. (2). There fore, when de sign ing the
pro tru sion, the height should not ex ceed 9 mm, it
should be ap prox i mately 7 mm.

IN FLU ENCE OF THE NUM BER AND
THICK NESS OF THE CEN TRAL
MAG NETIC PAD

To sat isfy the con di tion of an MF of 2:1, the cen -
tral mag netic pad with a ra dius rc should have the cor -
re spond ing MFS Hcm with the equi lib rium or bit. In
this part of the inter-pole space, ac cord ing to eq. (4),
the air gap should sat isfy the fol low ing

d dc

H

H
= 0

0m

cm

(6)

To ad just the law that the MF in the ring r0-rc de -
cays ex po nen tially along the ra dius, the air gap dc

should be di vided into sev eral small air gaps. For this
pur pose, a spe cial mag netic pad needs to be placed in
the mid dle of the MP. 

A sche matic of the struc ture of plac ing the cen -
tral mag netic pad is shown in fig. 12, where dc = d1 +
+.d1+ d1 – the size of the air gap, hb – the thick ness of
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 Fig ure 8. Sche matic di a gram of the pro tru sion struc ture

Fig ure 9. The MFD with and with out pro tru sion

Fig ure 10. The MFD at dif fer ent an gles when the height
of the pro tru sion is 5 mm

Fig ure 11. The MFD of dif fer ent heights when the
pro tru sion an gle is 30°



the cen tral mag netic pad and dc' is the dis tance be -
tween the UMP and LMP at the ra dius rc. Ac cord ing to
the sche matic, the num ber of mag netic pads can be cal -
cu lated us ing the fol low ing

h
m

c c

c
b =

¢ -d d
(7)

where mc is the num ber of mag netic pads. Ac cord -
ingly, only the re quire ments of the air gap are con sid -
ered, and the in flu ence of the mag netic pads on the
nearby MF, as well as the equi lib rium or bit, is not con -
sid ered. Fur ther ex per i ments are re quired to se lect the
op ti mal num ber of mag netic pads. When the num ber
of mag netic pads cal cu lated in COMSOL is 2, 3, 4, and 
5, the MFD law is shown in fig. 13.

From fig. 13, when one and three mag netic pads
are used, the MF lines near the cen tral mag netic pad are
se verely dis torted, and the dis torted MF lines can not
meet the elec tronic fo cus ing re quire ments, so it is im -
pos si ble to choose less than three mag netic pads.  When
four and five mag netic pads are se lected, the MFD can
well meet the re quire ments.  At this time, the MFD of
the elec tronic equi lib rium or bit is shown in fig. 14.

From fig. 14, n = 0.563 and 0.502 for four and
five mag netic pads, re spec tively, both of which meet
the MF fo cus ing re quire ments. The mag netic pad
com prises mul ti ple sil i con steel sheets stacked and
bonded by glue. Con sid er ing that the more mag netic
pads there are, the thin ner the thick ness of a sin gle
mag netic pad will be, which will sig nif i cantly in crease 
the pro cess ing dif fi culty of the mag netic pad, choos -
ing four mag netic pads is ideal.

IN FLU ENCE OF POLE
BOT TOM WIDTH

Be cause the cen tral part of the MP and mag netic
pad are much heavier in terms of mag netic flux than
the rest of the MP, the MP ma te rial can not be fully em -
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Fig ure 12. Sche matic di a gram of the cen tral mag netic
pad struc ture

Fig ure 13. The MFD of dif fer ent num bers of mag netic
pads

Fig ure 14. The MFD near the equi lib rium or bit: (a) 4 mag netic pads, (b) 5 mag netic pads



ployed, thereby dra mat i cally re duc ing the econ omy of
the elec tro mag net of the en tire ra di a tor.  To ex ploit the
MP ma te rial with out de stroy ing the 2:1 and MF fo cus -
ing con di tions, the MP cyl in der's bot tom width can be
ap pro pri ately changed (shown in fig. 15).

In the sim u la tion model pa ram e ters, b0 is fixed at
85 mm  and  the  val ues of bH are set to 83 mm, 81 mm,
79 mm, 77 mm, 75 mm, 73 mm, 71 mm, 69 mm, 67 mm, 
and 65 mm in COMSOL. The cal cu lated MFD is shown 
in fig. 16.

From the fig. 16, as the value of bH de creases, the 
MFS at the cen tral mag netic pad de creases grad u ally,
while the change in MFS at the MP air gap is small. 
This phe nom e non will cause a cer tain de vi a tion from
the equi lib rium or bit and in sig nif i cantly af fect the
MFD law near the equi lib rium or bit.

Ac cord ing to the 2:1 con di tion, the cor re spond -
ing equi lib rium or bit ra dius is cal cu lated, and the equi -

lib rium or bit ra dius is 65.5 mm with out re duc ing the
MP cyl in der's bot tom width, i. e., bH is 85 mm.

From tab. 1, when bH is re duced from 83 to 65
mm, the equi lib rium or bit ra dius grad u ally in creases.
When bH is be tween 83 and 73 mm, the er ror of the
equi lib rium or bit ra dius can be kept within 3 %, so the
MP bot tom width can be ap pro pri ately re duced. The
cyl in der ra dius is ap prox i mately 73 mm, which can re -
duce the MP weight and im prove the equip ment econ -
omy.

EX PER I MENTS AND RE SULTS

Based on the re sults ob tained from the previous
sim u la tions, we de vel oped the cor re spond ing MP us -
ing 0.3 mm sil i con steel, as shown in fig. 17.

The pa ram e ters of the MP and mag netic pad are
shown in tab. 2.

To ver ify whether the MFD gen er ated by the de -
vel oped mag netic pole is con sis tent with the sim u la -
tion, a mag netic gauss me ter is used to test the MFD.
The ex per i men tal test struc ture di a gram and test sys -
tem are shown in fig. 18 and fig. 19.

Dur ing the test, the ex ci ta tion power is used to
sup ply power to the ex ci ta tion wind ings to gen er ate
the nec es sary ex ci ta tion cur rent. The Gauss me ter
probe mea sures the MFS point by point along the ra -
dial di rec tion in the z = 0 plane. The MFD test re sults
are shown in fig. 20.
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Fig ure 15. Sche matic di a gram of op ti mized mag netic
poles

Fig ure 16. The MFD when bH is dif fer ent value

Ta ble 1. Equi lib rium or bit ra dius cor re spond ing
to dif fer ent bH val ues

bH [mm] Equi lib rium or bit [mm] Er ror [%]

83 65.5 0

81 65.7 0.3

79 65.9 0.6

77 66.1 0.9

75 66.7 1.8

73 66.7 1.8

71 67.5 3.1

69 67.7 3.4

67 68.4 4.4

65 69 5.3

Fig ure 17. The MP and mag netic pad



The mea sured re sults are in ac cor dance with the
sim u lated. The MFS de creases slightly in the ra dial di -
rec tion in side the cen tral mag netic pad, which may be
caused by the un even ness of the sil i con steel sheet. In
the elec tron ac cel er a tion re gion, the mea sured MFS is
slightly higher than the sim u lated value. The pa ram e -
ters near the equi lib rium or bit are shown in tab. 3.

The rel a tive er ror of the equi lib rium or bit is 2.1 %,
and the rel a tive er ror of the mag netic field fall ing in dex is 
3.3 %. Both pa ram e ters sat isfy the be ta tron con di tion.
The re sults show that the val ues ob tained by the fi nite el -
e ment soft ware sim u la tion have high ac cu racy.

CON CLU SIONS

In this study, the MF sim u la tion of the be ta tron
based on the COMSOL fi nite el e ment sim u la tion soft -
ware is em ployed, and the MP is de vel oped. The fol -
low ing con clu sions are drawn:

· The op ti mal mag netic end face open ing an gle is
10°.

· The MP edge should be de signed to be pro tru sion;
the ideal pro tru sion height and an gle are 7 mm and 
30°, re spec tively; the ideal num ber of cen tral
mag netic  pads be tween the UMP and LMP is 4;
the MP cyl in der's bot tom width and ra dius can be
re duced by 12 mm to main tain an equi lib rium or -
bit change within 3 %.

Us ing an MP of this shape, the ra dius of the elec -
tron equi lib rium or bit is cal cu lated as 66.7 mm, and
the MF de cay in dex near the equi lib rium or bit is 0.61.
Based on sim u la tion re sults, MP is de vel oped and
tested. The rel a tive er ror of the mea sured and sim u -
lated equi lib rium or bit is 2.1 %, and the rel a tive er ror
of the mag netic field fall ing in dex is 3.3 %. The MFD
law sat is fies the be ta tron re quire ments.

The ex per i men tal re sults prove the ac cu racy and
fea si bil ity of the pro posed sim u la tion method. This
sim u la tion al lows re search ers to quickly find the op ti -
mal de sign so lu tion when de vel op ing new ac cel er a tor
mod els.
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Ta ble. 3 Mea sured and sim u lated re sults

Pa ram e ter Mea sured Sim u lated Rel a tive er ror

Equi lib rium or bit 65.3 mm 66.7 mm 2.1 %

The MF fall ing in dex n 0.59 0.61 3.3 %

Ta ble 2. The MP pa ram e ter

Pa ram e ter Value

Height 97 mm

Di am e ter 170 mm

The MP open ing an gle 10°

Cen tral air gap height 32 mm

The MP bot tom di am e ter 146 mm

Pro tru sion height 7 mm

Pro tru sion an gle 30°

Cen tral mag netic pads 4

Cen tral mag netic pad width 70 mm

Cen tral mag netic pad thick ness 5.5 mm

Fig ure 18. Ex per i men tal test struc ture di a gram

Fig ure 19. Ex per i men tal test sys tem

Fig ure 20. Sim u lated and mea sured MFD
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Ci QU, @en-Bo VANG, \in-Haj LI, Haj-Tao VANG, Haj-[eng ^EN, Bin TANG

SIMULACIONA  ANALIZA  I  EKSPERIMENT  UTICAJA  OBLIKA
MAGNETNOG  POLA  NA  BE TA TRON  MAGNETNO  POQE

Betatroni imaju prednosti male veli~ine, male te`ine i jednostavnog rada; oni se
{iroko koriste u ispitivawu bez razarawa sistemima za kontrolu bezbednosti tereta i vozila.
Raspodela magnetnog poqa je bitan parametar betatrona i istra`ena je eksperimentalnim
metodama. Nedavno je simulirana raspodela magnetnog poqa generisana razli~itim parametrima
magnetnih polova. U ovoj studiji kori{}ena je metoda kona~nih elemenata za simulirawe
raspodele magnetnog poqa. Simulirani su efekti na distribuciju magnetnog poqa: razli~itih
uglova otvarawa krajeva magneta, veli~ina ispup~ewa polova, broja centralnih magnetnih podloga 
i {irine dna magnetnog pola. Na osnovu rezultata simulacije projektovan je magnetni pol i merena 
je raspodela magnetnog poqa gausmetrom. Relativno odstupawe izmerene i simulirane ravnote`ne
orbite je 2.1 %, a relativno odstupawe indeksa raspada magnetnog poqa je 3.3 %. Raspodela
magnetnog poqa zadovoqava bitne uslove da je magnetno poqe na ravnote`noj orbiti betatrona
jednako polovini prose~nog magnetnog poqa unutar ravnote`ne orbite, a indeks opadawa
magnetnog poqa je ve}i od nule i mawi od jedan. Rezultati pokazuju da simulacija metodom kona~nih
elemenata i uspostavqeni model imaju visoku pouzdanost i efikasno poboq{avaju ta~nost
projektovawa magnetnih polova.

Kqu~ne re~i: be ta tron, magnetno poqe, magnetni pol, metoda kona~nih elemenata


