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PacqaT Mar!IHTHoro nonH oT HaMarH&'Ie!IHhlx Ten s npe.anonomeHaa pasHoMep

Horo HaMaran'IHBaHaH nx o6'beMa no HanpasneHHIO BHewHero o.aHopo.aHoro nonll 

HCnOnb3yeTCSI B TeXHHKe ¢opMHpOB8HHSl M8rHHTHbiX noneA .anSI YCKOpHTeneA 38-

pH.lKeHHbiX 'IBCTHu H .aaeT xopowee cornacae c SKcnepaMeHTOM/2:-7/. 

O.aHaKo OTcyTCTBHe 'IHcneaHbiX KPKTepaes TO'IHOCTH K rpaanu npaMeH&MocTa 

MeTo.aa p8BHOMepHoro H8M8rHK'IHB8RBSI HBnsteTCSI ero CY!IleCTBeH!IbiM He.aoCT8TKOM, 

Bonee ToitHhle pacqaT&I MBrHHTHoro nonH oT HBMarHK'IeHHhlx Hesnnnncou.aanb

Hb!x Ten MO.lKHO c.aenaTb, ecnn BOCnonb30B8TbCSI MeTO.aHKOA, p83BHTOA B pa6oTe/l/, 

06wee BhlpameHae CKBnHpHoro noTeHuaana .anH HaMarHH'IeHHoro Tena npoaa

sonbHoA ¢opMbl B npSIMOyrOUbHOA CHCTeMe KOop.aHH8T &MeeT BH.a 

+ ( )IJI 
2 + ...• (J) 

r.ae 
M -HaMarHH'IeHHOCTb sneMeHTa o6'beMa, 

H 0 -HanpHmeHHOCTb BHewHe./'r 

KOMflOHeHTy H O • 
ro HaMarHH'IHBaiOwero nonH, E cnH npe.anonaraTb, 'ITO H 

0 
KMeeT TOflbKO o.aHy 

, TO 

'I' 
I 

__ z __ -__ z-,:-- d v ' 

1;' ;:- !8 

3 

(2) 



ljl3 R f, 
v 

a'l', a'l'
1 

a"T(x '-x) + ~(y'- y) 
y d ' 

v ' I r' --; Is 

rne r II -seKTOpbl nono:M<eHIIR aneMeHTapnoro o6'beMa 11 TO'!KII Ha6mo-

neHHHo 

B cny qae UHJlHHnpllqec x or o ceKTOpllanbHoro xonbua ( CM.pllc. l ) cxanstpHbill 

UOT6HU1!8n 5 nepBOM H BTOpOM npH6nii:M< e HIISJX IIMeeT BHn/8/ 

'P 
I 

ljl 
3 

a ¢0 
=a;:- f 

-¢u 

R3 

d ¢ ' f 
R I 

<Po R2 h 

h 
r 'd r ' J 

-h 

d z ' 

[ ( z '- z) 
3 

+ · r ' 
3 

+ r 
2 

- 2 r ' r cos ( </> ' - ¢.)]I{ 

= J d¢' f r 'd r' J d z' r ' - r cos ( ¢ ' - ¢ ) 
------

a '~~1 
-a-;-;--¢0 

?2 

R I 

'Ill 
o¢ ' 

2 

-h [ ( z '- z )
2 + r ' 3 + r 3 -2 r'r cos( ¢ '-¢lJ 8/ 3 

sin ( ¢' - ¢) 

[ ( ' ) 3 '2 2 ' ( A.. ' A.. l 3/2 z - ·z + r + r - 2 r r cos '~' - ., ) 

r 

PHc . 1 

4 

(3) 

(4) 

(5) 



8 TI!KOM BH.O,e COOTHOWeHHR {4) K (5) RBIIRIOTCR CliO)f(HbiMH He TOllbKO .O.liH 

auanuaa, Ho 11 .o.nH npoae.o.euag 'fHcneuu&rx pacq~TOB Ha 38M. O.o.HaKo .o,ng ua

liHH.o,pa H KOllbUeBoA WHMMbl ~~ KBK HB116onee npOCTbiX UHliHH.O,pHqecKRx KOHcPH

rypauaA, M O)f(HO, IICUOllb3yg 38M, pBCC'fHTBTb BKliB.O, BTOporo npa6nH)f(eHHH R 

OUeHHTb, TBKHM 06p830M, TO'fHOCTb nepaoro rrpR6liH)f(eHKH rrpK p8C'f~Te COCTBBIIR-

IOWRX flOliii OT UHliHH.O,pOB If KOIIbU e BbiX WHMM, KOr.o,a HBM BrHH'feHHOCTb BX 

06'beMa 6nH3K8 UpK HBCbi WBHHH K npe.o,enbHoll BeliH'fHHe M s 

I.nocTauoaKa aa.z;aqa 

8 cl!yqae UHIII!H.o,pa npe.o.en&I RHTerpapoaaaag .O.llll Bhipa:>KeHHR ( 5) 6y.o.yT 

¢-o. ¢ 0 -tr ,R 1 ~o. R
2 

.. R 
Tor.o,a, B o BTopoM npH6liH:lKeHHH , Bhrpa)f(euae CKa-

liRpHoro llOTe HUH8li8 .O.liH TOofeK HB6liiO.O,eHHR BHyTpH UHliRH.o,pa HMeer D H.o, 

17 R z 

'P (r,z) •2fd</>' f r 'd r 'fJ ~ 
2 0 0 0 ac ' ( r '- r cos¢' )dz ' 

r.o. e 

n a'P I 
+ f a;;-

a'l' 1 -z'A 
a;-:- •- 2trR / ( e 

( r ' - r cos if> ' ) d z ' 

-< 2h - z '>A 
- e 

a J 1 iAr'), J 1(AR) -ct>yHKUHK 'Eecceng nepaoro pona. 

8&rpa)f(eKae (7) nonyqaeTCII npa .o.act>ct>epe uuapoaauaa no 

I . 

+ 

CKBliHpuor o llOTeHUKBna IJI I 

nepe ueceaa HB Hlf)f(Hee OCHOBBHKe UKliHH.o,pa). 

B nepBOM npa6nH)f(BHHR / I/ ( CRCTeMa KOOp.O,liHBT 

x/ Konbueaag WRMMa paccMaTpHBaeTcll K ax pa3HOCTb COOTBeTCTBy iOLUHx 
UHliHI!JlpOB pa.o,aycoa R 

2 
K R 

1 

5 

(6) 

(7) 



CnenyeT OTMeTHT b , 'ITO Bbrpa:>KeHH e ljl I B ypa aHeHHH (7) OTllH'!B eTC Sl 

OT C OOTBeTC TBY!OlUef'O B b!pB :>KeHHSl CKB1!SlpH O f'O fi OT e H UH BllB 'II I H3 p a60Tb/l/ 

TeM, 'I T O KOOpLI HH B T bl T O'!eK HB61! JOLi eHH Sl B H y TpH HBM B f'HP. '!eHH Of'O UHllHHLi p a , 

pBCC'!HTb!BB eMOI' O B nepB OM npH61IH:>KeHHH 1 3BMeHeHbl H B KOOpLiHH BTbl :meM e HTBpH bl X 

o6'beMoB, T. e . z -. z , r-. r 11 60 n pH p BC C M OTp e HHH BO BTOpO!.j npH61IH:>K e HHH 

CBMO HBM B f'HII <JeHHOe T e llO C TBH OBHTC Sl H C T O •IH H K OM fi011Sl. 

H a B b i pa:>KeHHSl ( I ) nng MarHnTFIOro nom• HM e eM 

( I ) ( 2 ) 
II ( r , z ) = II ( r ,z ) + ~1 

Ho 
II ( r , z ) + ... , 

f'Lie LI068BK B K 11 01110 B O B TO p OM npH6l! H :>KeH HH Oll p e nemre TC Sl K B K 

H (
2

) ( r , z) M 

4Trll 0 

a ll'2(r,z ) 

az 
M 

2 "ll 0 

Tr 

J 
R 

d </> ' J r' d ~-
0 

X 

(8) 

x 1 f a '!' t 
0 ar' 

- 3 ( z - z ' ) ( r ' - r cos ¢ ') dz ' 2fh a 'l't 
+ --

[ ( " 2 , 2 2 ' ./.. }l /~ • a r ' 
z- z 1 + r + r - 2r r cos 'P -J 

3 ( z ' - z )( r '- r cos¢ "I dz' k-( 
9

) 

[ (z :...z)2 +r ' 2+ r 2-2r 'rcos¢' ]~/2 

Tr R 

3M .f <icp ' j 
2rrll 0 o o 

2 h 

r' dr ' J 
0 

a 'Vt "( z - z ' ){ r -r cos</>') d z' 
a;:- 2 2 2 6/2 

[ ( z - z ' ) + r ' + r - 2 r 'r cos¢ 1 

a 'I' 
.Llng tPYHKUHK -a ~ M O:>K H O 3811HC 8Tb/9 / 'ITO 

r ' 

aljlt 2rrR [ z'
2
+r'

2
+R

2 
[ (2h-z'l+r'

2
+R

2
] -,-.- t o~ _ __ ____ I- o~ I. (IO) 

ar rry'Rr 2Rr' 2Rr' 
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rae Q ~ ( x l 
- c~epuqecxag ~YHKUHR ne~RH.Ilpa ~Toporo PO.Il8 c . nonyuenhiM HH-

,lleKCOM. 

Ecna aocnonbaoaaTbcs npeacTaaneuueM ~yaxuuu ne~auapa BToporo poaa a au
' 91 ae runepreoMeTpuqecxoro psaa , To 

5 3 7 
F( T• - 4-; -

4
-;[ 2 R r 

[ z ' 2 + r ' 2 + R 2 J a/2 

5 3 7 2Rr ' )2) F ( -, • --.;[ 
4 -.- ' .. ( 2 h - z ') 2 + r '2 + R ? 

[ ( 2 h - z ') 2 + r ,2 + R 2 ] 3/ 2 
I . 

C yq<lTOM (I I) Bbipa~eaue ( 9) Mo~uo aanucaTb xax 

(2) 
a. ( r ,z ) a-

2b 

J (z-z') 
0 

rae 

[ z , 2 + r , 2 + R 2 J 8/2 

5 3 7 2Rr' F ( -, --; __ ; [ _________ __, 2) 

4 4 4 ( 2 h-z , 12+ r ' 2 + R2 

tr 
X I r ' J 

0 

[ ( 2 h - z ' ) 2 + r ' 2 + R 2 J 8/2 

tr 

- r J 
0 

coscp' de/>' 
I . 

A • (z - z ' ) 
2 

+ r ' ~ + t 
2 

- 2 r ' r cos cp ' • 

I d z X 

(II} 

( 12) 

Opouaaoas uecno~uwe npeo6paaoaauus, nonyqHM ans BepTHKRnhuoA cocTaans~(2) 

meA H (r , z l MaruuTuoro nons ao aTopoM npu6nu~eauu, qTo 
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r.ae 

(2) I q 

H (r, z) • 
M 

"'o 
-2- f pdp f (<-(ld( X 

0 0 
[(p+ ,)2 +<•-(>2f/.l[(p-(l 2+<•-(l2] 

x [lP2 +(2+ (f -ef]~l2p2' 2 E( .k) 

(p _, )2 +<•-()2 
[p2 +(2+<•-( l2 ]K (k)J x 

F (-5- _3_. 7 ·[ 2p ) 
4. 4 ,-4-. ~) 

x[ '> +P +I 

2 ]2) ( 5 3 . _ 7_; [ 2 2 I 
F T • -4 ' 4 ( q-(l +p + ]-

[ ( 2 + p 2 + I ] a/2 l < q _ e > 2 + P 2 + 1 13/2 

I q 

- f p 3 dp f 
0 

(t -() d( [4 p2+(2+(t- ( l2 E(U-

[(p+'l2+(t-(l2]a/2[(p-')2+(t-(l2] ( p-(la +(c-()2 

( 13) 

F(2... 3.7 2 
-K(k) j[ 4 '4'4;[~ '> +P +I 

.]2) F( .L, _3 ; _7_;[ ~p !l )2) 
4 4 4 (q-.;\ + p + I ] I. 

[ ( 2 + p 2 + I ]3/2 

p ~ (= z f = _z_ 
R R R 

[ ( q _ ( ) 2 + p 2 + I ]3/2 

q a 2h 
R 

r _r_ ' 
<, a R ( 14) 

a E ( k ) , K ( k) - nol\Hbte snnllnTII'!eCKHe IIHTerpanbt BToporo 11 nepeoro pon8, 

rne 

k 2 4 p' 
( p + ( )2 +( 2 

B btpalKeHIIe ( 13) c np8eennHBO KBK enyTpH, T8K 11 BHe 118M8rHII'!e HHoro UHnHHilp8 • 

.fi8nhHel!mee HHTerpHpO B8HHe COOTIIOllleiiHSI ( 13) OK838110Cb He B03MOlKIIblM, nos

TOMY BKI18.U BTOporo np116n11lKeiiHSI 6btn '!IICI1e11110 p8CC'JHT6H C noMO!UblO 38M AnSI 

p 83 11b!X 3H8'!ell lll! H , 2 h , z H r • 

CnenyeT oTMeTIITh, '!TO c Tporlll! p8c'!e T nonH H ( 2) ( r, z) . BllyTpll H8MilrHII

B TO'!Ke ps' '!eHHOrO U1111HHilpll H8 ero OCH HeB03MOlKeB, T8K K8K 

H e = • Bblp8lKeHIIe ( 13 ) IIMeeT OCo6eHIIOCTb, KOTOpyto Henb3 SI ycTpllHIITb np11 

'!ltcne HIIOM p8C'!eT e 118 3BM. nosToMy np11 

R, 
Bbtpe3811CH O'!eHb TOHKIIII UII I1HHilP ( ---

R2 

p8C'!ilTe M8rHHTHOrO non!l H8 OCH UHI1HIIIlp8 

-2 
= JQ ) II .8KTII'!eCK II p8CC'!IITblB8nOC b 

none 118 oc11 UllniiiiU PII'!eCKoro KOnhu8 . B aToM cny'!8e 1111Terp8nbt no p 113 ( 13) 

-2 
IIMetoT n pe.ae n b t 10 H I. 
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2. PeaynhTSTbi 

Ha pac. 2 noxaaaao none eo BTopoM npn51IBJKeHHR anyTpH nony6ecKoue•llloro 

COllOCTaBneHbl nepaoe npa6nnxce11ae B 
llHllHllllpa Ha ero OCR, a Ha pHc. 3 II 4 

M 
CYMMa nepaoro H BTOpOr<> rtpH -,r,:-•0,1 

X~ 
aa oca uanauApoa nony6ecKoaeqnon a xo-

H9'1HOI! BblCOTbl, COOTBeTCTB9HHO 

PacnpeAenenae aepTHXI!nbHOI! COCTSBnHIOI!lel! MarnliTHOro llOnii Ha OCH UHllHHA

poa p83HOI! BblCOTbl ( q • 1,2,4,20) Bne 06'b9MOB C Y'l~TOM BTOp'lro UpH6nHlt<eHUII 

npeAcTar.neno na pac. 5 H 6. nyllKTHpoM llnH cpaaneaa>J llano none a nepsoM npa-

5naJKeaan, pacq(!T KOToporo npOH3BO!lanca na cneay 10mel! .PopMyne 

(I) M R 
H (r.z) • --I :V f 

z 2,. 0 0 

rae y 
1 

•- z 

nnnapa). 
( CHCTeMa KOOpLlHilaT lla HH)I{HeM 0CilOB81lHH UH-

ToqnocTb npoaeQenabrx pac .. ~Toa pacnpeaenennR nona na oca uanHa!lpoa c 

noMOlllbiO 38M ( pac. 2,3,4,5,6) MO)I{IfO OUenHTb H3 conocTasnenal! non11 BO BTO-

poM npn6nHJKeaaa npa z • 0 .una uanaa.upoa nony6ecKoneqnol! BbtCOTbt a naweM 

( / 1/ cny'!ae H 
2
>(0,0) = 1,244 M a ananHTH'IecKoro pacqf!Ta,npoae.uennoro a pa6oTe , . 

.umr Toll )l{e TO'!KH 11<
2> (0,0) x 1,180 M • 
• 

Ha pHC. 7 llOK8381l rpa<!JHK H3MeHeRHH BepTHKllllbllOI! COCT8Bil51JOI!le l! MBr!IHT-

Horo nonr H • B 3 8BIICIIMOCT\I OT P8!lllyca nna UlllliiH.Upa KOH9 '1H0 1 Bbi COT bl B He nocpen-
z -3 

CTB91lHOI\ 6mn oCTI! K ero OCHOBBHIISTM(q • 4, 2h a 2.~.10 ) , a HB pRe . 8, 9,10 , 11 

B nnOCKOCTII z • Coast~ 6onee YllaneanoA OT 0CilOB8HHa llHnHilllpOB. 

Ha pnc. 13,14,15, 16,17 noKa3aHbr rpa<jJHKH H3Me nenuR aepTnxanbaoll c o c Taa

llHJotneli M8 rlfi!TIIOI'O nona Hr. B 38BIICI!MOCTH OT fl ll.:ll!yc a LlnR KOnbU9 BbiX llli!MM ;-> 8:311011 

BbiCOTbl ( q •2,4, 20 ) . 

xl 
B nellcTanTenbnocTa none anyTpH paccMaTpuaaeMbrx o6paauoa na rrpaaneno 
ClpOTHBOnOilOlKHO BH9lllHeMy H8MSrllH'IIIB8101!le My non10. 
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113 aHallll3a UpHBe,lleHHb!X KpHBb!X CllC.QyeT, ' ITO: 

J ) .llllS! UOily6eC~O HC'iHOI'O UllllHH.llpa MaKCHManb Hbll! BKila.ll Ha OCH U llllHH.Qpa 

BRYTPH ero o6beMa cocTaansteT 66% npH z ~ 2 R Ha ocHoBaHHH u HnH H.apa z =0 

BTOpoe npHOilHJKeHHe npH pacq{lTe COCTaBilSIIOIUel! MAI'HHTHOI'O nomt H ~2) ( 0 ,0) COC-

TSBJIS!eT OTHOCHTellbHO nepBOI'O 25%; 2) .ann li HiUIH.llpOB KOHe'IHOll Bb!COTbl UpH r =0 

MaJtCHMallbHAn nonpaBKA K nepBOM Y npHOilH:>KeHI! IO COCTAB1!SleT 39% .ann UHilHHUpA C 

q •2 H npH z = + h , A .llllS! 6onee B b!TnayTb!X UHilHHUpOB ( q > 2 ) nonpasKa 

3Ha'IHTCilbHA npH z =0 (25% .ann UllllHHUpa q =20) II CTpeMI!TCn K HyniO npH 

• -+ h ; 3) BHe illlnHH.llpOB nonpABKA K ilOil!O Hz ( r, z ) OT BTOpOI'O npH6nH:>KeHHS! 

cymecTBeHHa B UpOCTpa HCT·Be, HenocpeUCTBeHHO npltll CI'AIOIUeM K OCHOBAHHnM H 60KO-

BOlt cTopoae UHilHH.llpa ; 4) n p H pac'!eTe nonst H z (r , z l npH z = h H r > R 

( B cpe.auel! fii10CKOCTH UllllHHII.pA) llllSI UHilHH.llpa, y KO TOpOI'O q = 1, BTOpOe np1101111-

lKeHBe MAKCIIMAn bHO H COCTA BnHeT 24%. Ilmt ll llllHH.llpA q 2 nonpABKA OT BTOpOI'O 

UpHOnH:>t<eHH n COCTA BI1HeT 13%, 0 /lllS! BbiTHHYTbiX UHilHHUpOB ( q .? 4 ) mi:na.a 

BToporo npu6nH:>KeHHn yMeHbwaeTcn, H HM MOlKHO npeHe6peqb. Bo nce x cnyqaHx 

(cM.pHt. 12) npH pacq{lTe UOnH OT HaMai'HH'ICHHWX UHilHHilpOB BHe BX 06beMa B 

c p ennell nnocKOCTH z = h BK11A.£l BTOpOI'O npHOnH:>KeHHS! y MeHbWAeTCSI C pA.llHYCOM. 

KaK noKa3biBAIOT pac'l t'Tbi, Heo6xoni!MO yqlfTbiBaTb BTopoe npH6nsJKeHHe nps pacqe-

Te COCTaBilSIIOIUHX il011SI H ( r, z . OT HAM8I'HH'IeHHWX UlllllfH.llpOB H KOilbl! eBWX 

WHMM B cnenyiOIUHX o6naCTSIX npOCTpA HCTBA : 

I) nnst UHilHH.apoB If KOilbUeBbiX WHMM, y KOTDpbiX I < ...!!!..._ < 10 B ili10CKO
R 

CTSIX, y.aaneHHh!X OT OCHOBaHH II UHnHHnpa Ha paCCTOnHHe z ,5. h , If ann KOOp.llHHaT 

TO'IeK ua6niOneHHH r ~ 2R ; 

2) .£l11Sl Bb!THHYT blX UHI1HH.£lpOB H KOilbUeBblX W H MM 
2h 

-R--

Ha OCR H illlOCKOCTS!X , ynan eH!lbiX OT OCIIOBaHHll HA paCCTOSitiHe 

> 10) TOilbKO 

~ 0,2 h • 

ABTOpbl C 'IHTaiOT CBOHM npBHTH bi M nonroM no6naronapHTb H.IO.llJupuKoBy 3o 

DOMOWb B COCTaBneHHH nporpaMM npH npoBeneHHH 'IHCneHHbiX pacq{lTOB Ha 3BM, 

n u T e p a T y p a 

I. R.J.Joseph and E.Schlomann- Demagnetising fie ld in nonellipsoidal bodies - J .Appl. Pbys -li, 
1579 (1965). 

2. B.H.IlaHHnos, O.B.CasqeHKO. MeTon ljloKycupoBKH 3apH :>KeHHbiX qacTHU oT ycKopH

Tenell. nT3, 1959, N .. 3, 17-20. 
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