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1. Beeagenne
Bo MHOrHX (H3HYECKMX YCTaHOBKAX HCIOJB3YIOTCA MArHHTHBIE CHCTEMbl

pasnmuuHOi koHGurypauuu. IIpuMepoM MOTYT CHYXHTb CHEKTPOMETPHYECKHE
MarsuThl. C npakTHYecKo# TOUKH 3peHHs OYeHb BAXHO C XOpole#t TOYHOCTBIO 3HATH
paciipesie/ieHHe MATHHTHOTO TI0/14, CO3aBaEMOTO TaKoil CHCTeMOil.

PeanbHo npobrema cBOAMTCS K IOCTAHOBKE 3aJayd MAarHHTOCTATHKH O
HaxOXKACHHH paclnpefe/leHdss MAarHHTHOTO IIOJIA pacCMaTpUBAEMON MarHMTHOM
CHCTEMBI.

H3-3a cnoxHofi KOHOMIypallHH MarHHTHOM CHCTEMBbI pelIeHHE 3afadud
OObIYHO HILETCs YHCIEHHBIMH MeToaMH. OueHb 4YacTO IPH pacyeTe KOHKpETHOl
MAarHuTHOH CHCTEMBI 06/1aCTh, B KOTOpO#i pelllaeTca Kpaepas 3aa4ya, HMEET KyCOYHO-
Iaaxyio rpaHdiy. B Taxux cnmyvasx peleHHe 3afaud MM NPOH3BOAHBIE PELICHHA
MOryT HMMeTb 0coOGeHHOCTh. IloaToMy HeoGXOAMMO HCHO/B30BaTh CHELHANBHBIC

METOABI IIPH YHCIICHHOM IIOMCKE pELIeHHA.

2. Ouenxa pocTa MATHHTHOIO I0JIA
ITokaxceM, YTO B OKPECTHOCTH YIVIOBOH TOYKH ()eppOMArHETHKA MarHHTHOE

10JI€ YIOBIETBOPSET YCIOBUIO

H(s)scoln—rl—+w(s), 1

rae C,- NOCTOAHHasA BeNMH4nHA, w(s)- orpaHHYeHHas QYHKLMA, 7, - PaCCTOSHHE O

YIJIOBOH TOYKH.
Hcxopst M3 MHTErpanbHOM IIOCTAHOBKH 3ala4H  MarHHTOCTaTHKH [1]

MArfHHuTHOC MOoJie NIpeaAcTaBHMO B BHIIE

H(s)=Hc(s)-V, [(M(p),V,¥(s,p))dv,, @



rae H.- mnome OT HCTOYHHKOB C TOKOM, M - BEKTOp HaMarrUYeHHOCTH

1
deppomarnernka, dynxmus (s, p) pasna UM z—lnr:p COOTBETCTBEHHO VIS
T

sp

3- MepHOT0 ¥ 2- MepHOTo ciydas; 2, - 061acTb peppoMarseTHKa.

BexTop HaMarHU4YeHHOCTH

M =px(H)H =, (n(H)-1)H,
THe W,- TOCTOSHHas BenwumHa, ) (H)- MarHMTHas BOCIPHHMYHBOCTS, a W(H)-

MAarHuTHas IIPOHULAEMOCTh (heppoMarHeTHKa.

IIpu Gonpmux momsx ( H — o ) s p(H ) CIIPaBEUIUBO IIPEACTaBIIEHHE

[2.3]
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p.(H)=1+%—EB— npu H —> o,

rae A, B - NOCTOSHHbIE IIOTOXHTENbHBIE BETHYUHEL
CnemoBarensHo, mpu H — oo BenuuuHa M =|M | OrpaHH4YeHa HEKOTOPOi

KOHCTaHTOH M| =p 4.

PaccmoTpuM 2- MepHBIH cinyyaii, u3 (2) moayduM

A(s)=4, (s)—%t-Vsﬂ.[[M(p),%—Jdup .
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rie o,, = J'Pm (cos<p,p)P,,(cos¢,p)d(pp » G- mocrosmnas BemmumHa, W (s)-
0

orpann4eHHas QyHKIHA. TakuM 06pa3oM, yCTaHOBIIEHA CIIPaBELTMBOCTD BHIPAXKEHHS

D).

3. Meron crymeHHs CeTKH B OKPECTHOCTH YIJIOBOi TOYKH

B paborax [5-7] npuBeneHs! NpUMEpPH! MOCTPOEHHS Pa3sHOCTHOM CETKH I
HEKOTOPBIX KPaeBBIX 3a1a4 B 0671acTAX ¢ yIioBoit Toukoi. OCHOBHAA HAES COCTOUT B
CTyIICHHH Pa3sHOCTHOM CETKHM HJIM KOHEYHBIX JJIEMEHTOB C TeM, YTOOHI CHENaTh
IPHEMIIEMO# IOTPEMIHOCTD aNNpPOKCHMAIHH 3ajadd. JTa IOrPEIHOCTE CaraeTcs u3

HHTETPAJIOB I10 3JICMCHTAPHBIM OGIlaCTﬂM, KOTOPBIC OLICHHUBAIOTCS BEJIMYMHAMH BHOA
B
CH? el ©)

roe h, - nuaMeTp i-H SneMeHTapHOH o0ONacTH MM SYEHKH ceTKH; f-
TIOJIOXKHTENbHOE UHCIIO; |Juf, , - HopMa byHKIMH Ha 5TOH 06nacTH, conepxamas k -1

IIPOU3BOOHYIO, C- KOHCTaHTa, HE 3aBUCAIIAs OT 3THX MHOXxHTenei. Toraa MOXHO,

HampuMep, NoTpe6oBaTh, YTOOBI BENMUMHBI (3) OKAa3awIUCh OJMHAKOBEIMH B
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paccmarpuBaemoit obmactn. C 9TOM LENbI0 MOXHO yMeHbImath A" o6paTHoO
TPONOPUHMOHANEHO BEIMUMHAM [[uf|, , TIPH OAXO/IE K OCOGBIM TOUKAM.

IToxaxem CIPaBE€UIHBOCTD CIICAYIOLIECTO YTBEPXKICHHA.

Teopema
Ilycre V(s)- pemeHne 3anaud MAarHHTOCTATHKA B  HHTETPATHHOM
TOCTAHOBKe, HAliICHHOE YHCICHHBIM MeToxoM, a H (s)- TouHoe pemenme. Torma

CIIpaBeIMBa OLCHKA

5 il 2 (12 4

||V H"Iq(D)<yh (i’ h-alnk-B)+O(k*), @)
rae o,pB,y- NOCTOSHHBIE MOJIOKMTENbHbIE BEIHYMHBL, h- nuamerp obnactu D,
SBISIOIIEHCS  AYEHKOM pa3sHOCTHOM CETKHM, CoIepXaiielfl YIJNIOBYIO TOYKY

¢deppoMarseTuka.

Jloka3aTeabCcTBO

B cuny (2) s ¥ (s) cnpaBeumuBo BepaxcerHe

Jj=1 Q; P,

P(5)=Fe(s)- V.3 | [M (ﬁj),f:' }dv, ©)

N
rae H - 3sHayeHHe NONA B A4eiike Q;, j=1...N; UQj =Q,; r,

;" pacCcTodaHHue OT

j=1
TOYKH S JI0 TOYKH p; €L, .

Paccmotpum pasanny ¥ (s)-H (s).

Ps)-F(s)=-Lv.3 I(M(ﬁj)—ﬂ(ﬁ(pj)),f%}dv.

sp;

B CHITy OrpaHHYCHHOCTH BEJIMYHHBI IM | <M, ciemyer

o (#,)-22 (A (p,))

<2M, mna j=1...N. Takum 06pa3oM, NOITyIuM
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N
+8M°Z g
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T

B pe3synpTate, HCIIONB3YS OIEHKY, ONYYEHHYIO B IIPEABIAYIIEM IIYHKTE, HAXOIUM
|I7(s)—ﬁ(s)|<Czln;1—+w2 () (6)

Tenepp ocTaercs oueHHTH "V—ﬁ ":(D), rae obmacte D seuserca S;(Q)-

& —oxpectHOCTHIO ToukH Q. Ucnons3ys (6), monydaem

||I7—H|L(D) = J]V (s)-H (s)[ av<

<yh (I’ h—alnh—ﬁ)+o(h“),

roe h =23, a,B,y- nocrosHHsle 3HaueHHs. IIOTyYEHHEIA pe3yIbTaT COOTBETCTBYET

.

Hcxoma U3 cka3aHHOTO BBIIIE H HEpaBeHCTBA (4) GBUI IIPEIVIOKEH CleAyOIHi

METOJ CTyIIEHHS Pa3HOCTHOM CETKH

dx=d,, x,-x,,=h,, m=1,2..M.

3mech d,- HEKOTOpas MOCTOSHHAsA BeJIMYMHA, M - 4MCIO pa3sOHEHHil BIONL OCH
koopauHat (OX umu OY) B OKPECTHOCTH YIIOBOM TOYKH, /- INAr CETKH, X, -
KOOpIMHATa y3ja CETKH BAONb ocd OX mmu OY (Hayano CHCTEMBI KOODAHHAT

HaXOJIUTCA B YIJIOBOM TOUKe), 3HaYenue |x| <1.



4. Pacyer MarHUTHOrO 10JIsi B OKPECTHOCTH YIJIOBOH TOYKH

B pasnene 2 6blta mIpHBefeHa BEPXHSAA OLEHKA MAOINYCTHMOIO pOCTa
MarHMTHOrO TOJI B OKPECTHOCTH YTJIOBOM TOukM (eppoMarHetrka. B pasmene 3
HCXOJI M3 CIIEJIAHHOM OIEHKH OBUI IPEIOKEH METOA CIyLIEHHs PAa3HOCTHOM CETKH B
OKPECTHOCTH YIJIOBOH TOYKH. B 3TOM pa3sjerne mpuBeneHB! pe3ynbTaThl YHCIEHHOTO
pacyeTa MarHHTHOH CHCTEMBI C MCIIONB30BaHHEM Takoro Meroza. W3 pacueros
BHIHO, YTO ONHMCAHHEIA METOJ CTyIIEHHS CETKH [aeT CYLIECTBEHHOE YIIydIEeHHE
TOYHOCTH BBIYMCIIIEMOTO pacnpeneeHUs MarHUTHOTO IOJIA.

PaccmatpuBanacs MarHuTHas CHCTeMa, H306paxeHHas Ha puc.2. O6nacts Q,
COOTBETCTBYET BakyyMy, a obnacts ), 3anomHena ¢eppomarHernkoM. JIuHeiiHsIe

pasMepsl CHCTeMBbI yka3aHel B Tabn. 1. B paccMarpuBaemoii o6rmacTu pemmnanachk

KpaeBas 3aiaya

iua_/i’_.'.ioai:O, pleUQV=Q,

ox &x o oy

Az,r, =A=|r"

1,24 _o4, @
onl.,  onl’

Az|x=0=c’ Az|x=x =—C’ aA’ =0’

L : on y=0,5

COOTBETCTBYIOIAA ITOCTAHOBKE 3aJa4d MAarHMTOCTATHKH OTHOCHTEJIBHO BEKTOPHOIO

norenmmana 4, [4). Oynxuns 9 =1/p(B), rae p(B)- MarHuTHas NPOHMIAEMOCTH

deppomarseTrka, B - MOIYJh BEKTOpa MATHHTHOM WHAYKUHH B =rotd, r,-

rpanuna paszena cpeli, C - HOCTOsAHHas BeJIHYHHA.

Tabmuna 1

X, M X, M WM Vs M

0.5 1.0 0.5 1.0




| Y
B
r, | r r
Q, L
1—‘-0-
N r 1 @
Q
X
g x, x,
Puc. 2

Touka Q Ha pHc.2 sIBJIAETCS YITIOBO# TOUKOM ¢ KoopauHatamu (x,,y,). Ha
puc.3 MYHKTHPHOM JMHKeH H306pakena okpecTHOCTh 1, yriosoit Touku Q(x,,y,).

Bemuunna Ax = Ay =0.2m.

x —Ax X, x +Ax

Puc. 3
Jns oneHkH 3(GEKTHBHOCTH ONMHMCAHHOTO B pasfene 3 MeToha CryLIEHHs
Pa3HOCTHO# CETKH MPOBOAMIIUCEH CIIEAYIOIINE BEIYUCIICHHS:
1-# Bapmanrt. Haxomunoce pemenue 3amaun (1) Ha mociexoBaTelbHOCTH
cerok (10k)-(10k), rae k =1,2,4,8,10,20,40. T.e. nomysamucs cetku 10-10,
9



20-20, ....400-400. IIpx 3TOM B OKPECTHOCTH YrJoBOH ToukH Il, mar

CeTKH ObL1 paBHOMEDHBIH;

2-i BapnanT. 3anaya (1) paccuuThIBaNach Ha TOW )€ IOCIENOBATENLHOCTH
cetok mpu k=1,2,4,8, Tonbko B 00GiacTH I1, mar cerku BrIGHpancs
COIJIaCHO OIIMCAaHHOMY B paszielie 3 METOAY CTYIIEHHS Pa3HOCTHOM ceTku. B
obnactu Q\I1,, 10 CPABHEHHMIO C MPEIBLITYIIMM BAPHAHTOM, IIar PasHOCTHOH

ceTkd He m3MmeHsica. KomuuecTBo Y3JI0OBBIX TOYCK B obnactu HQ 0CTaBaJIOCh

TPEXHHM, MEHAIOCh TONBKO HX pacmpenenende. Ha puc. 4 u3oGpaxen

TIPHOIM3HTENBHBLE BHI CETKH B OKPECTHOCTH YIJI0BOM TOukH Q.

~

H
©
=

Puc. 4

Pe3ynbraTel, monmydyeHHbIe U3 BBIYMCIICHHI 10 IEPBOMY BapUaHTy, CUHTATHCEH
Kak OBI «3TAIOHHBIMHY, TAK KaK [P YBEIHYEHHH YHCIIA pa3OHEHHI IPEeaTIoNaranoch,
YTO TOYHOCTH BBIYMCIIIEMOIO PEIICHMS NOJDKHA YBEIHYHBATBHCS, 32 HCKIIIOYEHHEM,
BO3MOJXHO, HEKOTOPOH OKPECTHOCTH YIJIOBOH TOYKH.

Hanee pe3yneTaTsl, IOMYYEHHBIE IIPH BBIMHCICHHH [0 BTOPOMY BapHaHTy,

CPaBHHBAIIHCH C PE3YJIbTaTaMH, IIOJIy4CHHBIMH 110 IEPBOMY BapHaHTY.

Ha puc. 5 — 8 mnpexncraBiensl pacnpeneneHus B, (x) opu y=y, i

pasiMuHBIX ceTok. Ha Bcex pHCyHKax «dTanoHHoe» pacmpenenenne B, (x),
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nocyuraHHoe Ha cetke 400-400, o6o3HayeHo tracel. I'paduku, oGo3HayeHHEIE
trace2 u trace3, - 310 pacmpenenenns B, (X), IOCUMTAaHHEIE 1O NEPBOMY H IO
BTOPOMY BapHaHTy COOTBETCTBeHHO. Ha puc.5 mokasaHsl pacmpeneneHus,

BeIYHMCIIEHHBIE Ha ceTke 10-10, Ha puc.6 - Ha cetke 20-20, Ha puc.7 - Ha CeTKe

40-40, na puc. 8 - Ha ceTke 80-80.

4.5 T T T T T T T T

35

By

25

trace 1
trace 2
©  trace 3 Puc. 5

+ X

4.5 T T T T

X

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
X

X trace 1

+ trace 2

@ trace3 Puc. 6
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45 T

S S

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
X
X trace 1
“+ trace2 Puc. 7
@ trace 3
5 T T T T T T T T
45 1
4 -
1.5
1 1 1 1 1 1 1 1 1
0 0.1 02 0.3 0.4 0.5 0.6 0.7 0.8 0.9
X
X" trace 1
+
trace 2
° trace 3 Puc. 8
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Huxe npuBonuTcs cpaBHMTENbHAA Tabll. 2 3HAYEHHH MOJA B TpeX ToukKax: B (0,0),

Pz(xlao) H Q(xl7yl)‘

Tabnuna 2
PaBHOMepHas ceTka B obmactu I1,
Cerxa B,(R),Tn B,(BR,), Tn B,(Q), Tn
10-10 2.274 2.074 2.902
20-20 2.248 2.038 3.126
40-40 2.237 2.024 3.374
80-80 2.231 2.018 3.645
100-100 223 2.017 3.738
200-200 2.206 2.014 4.045
400-400 2.158 2.012 4.358
HepasHomepHast ceTka B o6mactu I,
Cerka B,(R),Tn B,(B,), Tn B,(Q), Tn
10-10 2.266 2.038 3.133
20-20 2241 2.02 3.604
40-40 2.233 2.015 4.061
80-80 2.229 2.013 4.527

W3 Tabn. 2 u rpaduKoB, NpHBEJEHHBIX HA PHC. 5 — 8, BUAHO, YTO TOYHOCTH PacyeTOB
10 BTOpOMY BapHaHTy (HEpaBHOMEpHas CETKa) CYLIECTBEHHO BBIIE aHAIOTHYHBIX
pacyeToB IO NEpBOMY BapHaHTy (paBHOMepHas ceTka). OTCIOa MOXHO 3aKIIIOYHTh,
9YTO NPEIOXKEHHBIH METOJ IIOCTPOECHHA Pa3HOCTHOM CETKH B OKPECTHOCTH YTJIOBOM
TOYKH OIpaBJbIBAET CBOE HCHONB30BAaHHE M JAeT pPe3yNbTaThl [0 TOYHOCTH,
CpaBHHMBIE C Pe3yJbTaTaMH, MOJyYaeMbIMH JIMIIb Ha CETKax C YHCIOM Y3JIOB IO

KaXx0# ocH B 4 - 5 pa3 GOJIBIINM, YEM Y HCXOJHOM CETKH.
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XKunkos E. I1., Ilepenenxun E. E. P11-2003-40
OweHKa pocTa MarHMTHOTO TI0JI B OKPECTHOCTH YIJIOBOM TOYKH
theppomarHeTuka mIs 3aqa4d MarHHTOCTATHKM

ITocraHoBKa 3aJayd MarHMTOCTATUKM BO3HHKAET IIPH TIOMCKE pacIpeneecHus
MarHMUTHOIO NOJIS, CO3aBaEMOTO MarHUTHON CHUCTEMOH, BXOJISIIEH B COCTAaB MHO-
I'UX (pU3MYECKMX YCTAHOBOK, TAKUX, HAlPUMEP, KaK YCKOPHTEIIH.

Yacro GbiBaet, 4To 0611acTh, B KOTOPOH pellaeTcs KpaeBas 3aia4ya MarHMTOCTa-
THKH, HMeeT KYCOYHO-IJIaiKyl0 TpaHully. B Takux ciyyadx IpM YMCIIEHHOM Haxo-
XICHHM pELICHUS 3aJayd HeoOXOOMMO YUHMTHIBATL XapakTep €ro IOBENCHHs
B OKPECTHOCTH YIJIOBOH TOYKH.

Henaerca BepxHss OLEHKa AOIMyCTUMOIO pOCTa MarHUTHOTO MMOJIsi B OKPECTHO-
CTH YIIIOBOIi TOYKH. Ha OCHOBaHHHM MONYYEHHON OLEHKH IPEUIaraeTcsi METOH Cry-
IleHUs Pa3HOCTHOH CETKH BOJIM3H YIVIOBOH TOYKH.

IpuBoouTCS MpHUMEp pacuera MOXENBHOH 3ajayd B oOiacTd, comepxatueif

YIJIOBYIO TOYKY.

Pa6ora BeinonHeHa B JlaGoparopun nHdopMaloHHsIX TexHonoruit OMAH.

IpenpuntT OGBEAMHEHHOTO HHCTHTYTa SAEPHBIX HccnenoBanuil. Jy6Ha, 2003

IepeBon aBTOpOB

Zhidkov E. P., Perepelkin E. E. P11-2003-40
Estimation of Magnetic Field Growth in Corner Domain
for Magnetostatic Problem

Magnetostatic problem arises when searching the magnetic field distribution,
generated by magnet systems encountered in many physical devices such as accel-
erators.

The domain, in which a boundary value problem is solved, has often a piece-
wise-smooth boundary. In such cases, numerical calculations of the problem re-
quire the consideration of the solution behavior in the corner domain.

In this paper an upper estimate is given of maximum possible growth
of the magnetic field in the corner domain. In terms of this estimate a method is
proposed of condensing the differential grid near the corner domain. An example
is given of the modeling problem in the corner domain.

The investigation has been performed at the Laboratory of Information Tech-
nologies, JINR.
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