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1. BBeneHHe 

MarHHTHOe none KaTyrneK nocTORHHoro TOKa paccMaTpHBanocb pRllOM 

8BTOpoB. BbmH nonyqeHbl Bbipa)KeHHR, Oill!Cb!B8IOIIIHe MarHHTHble nong Ka

TyllleK pa3HbIX BHllOB. 

MarHHTHoe none KpyroBoro BHTKa, none Ha ocu coneHoHlla, a TaK:11rn 
/ 1,2/ 

none TOp0Hll8nbHOro coneHOHll8 paccMaTpHB8IOTCR, HanpHMep, B pa60T8X • 

none OllHOcnoli:HblX coneHOHllOB paccM aTpHB8JIOCb T8KHMH 8BTOpaMH 
/3/ /4/ /5/ 

KaK A. BeiiraHll , 11.11. ITeKKep , P. Ka3eHaB • 

MarHHTHOe none TpexMepHbIX K8TyllleK npRMoyronbHOli: q>OpMbl nonpo6-
/6/ u 

HO HCcnenoBaHo B pa5oTe • a TOHKHX KaTyllleK annHncounanbHOlf q>opMbl -
/7/ 

BnroaTTOM • 

Pacnpenenemrn KOMnoHeHT nonR cqiepuqeCKHX onHocnoli:HhIX KaTyrneK 
/8/ 

H3yqeHo 3BepeTTOM H OceMeli:KH8HOM • 

O5muii cnyqali: pacnpeneneHHR MarHHTHoro nong aKcuanbaoro, panuanb

Horo H TOp0Hll8nbHOro ceKTOpHanbHhlX coneHOHllOB uccnenoBaH H8MH pa-
/9/ 

Hee 

Pacq~T KOMnoHeHT nonsI coneHOHlla KOHeqHbIX pa3MepoB ll8H '4. C:Hoy 
/10/ /11/ r. BpayHOM H n. <l>naKCOM • ITocnellHHMH MarHHTHOe none cone-

HOHlla KOHeqHbIX pa3MepoB paccMaTpHBanocb K8K cynepnoammR MarHHTHbIX_ 

noneli: qeTb!pex COOTBeTCTByIOIIIHX nony6ecKoHeqHb!X coneHOHllOB. 
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B .[lBHHOii pa6oTe rryTeM HHTerpHpoBaHHSI BeKTOpHoro IIOTeHUHana 

Kpyroaoro BHTKa C TOKOM rronytieHbl Bbipa:H<eHHSI, IIO3BOnmomHe HaiiTH 

pacrrpe.cteneHHSI MarHHTHoro rrom1 coneHOHAOB KOHetiHbIX pa3MepoB B BH.cte 

KOM6HHBUHH H3BeCTHbIX ii>YHKUHii C annHIITH'l9CKHMH HHTerpanaMH rrepaoro, 

BToporo H TpeTbero po.eta. TTocne.ctnee, rro nameMy MHeHHIO, 6y.cteT crro

co6cTaoaaTb KaK 6onee 6,1cTpoMy pactieTy rroneii c rroMO111b10 3BM cone

HOHAOB KOHe'IHbIX pa3MepoB, TaK H 6onee .cteTanbHOMY Hccne.ctOBBHHIO oco-

6eHHOCTeii HX pacrrpe.cteneHHSI. 

2. BeKTOpllbiii rroTeHuHan 

EcnH J rrnoTHOCTb TOKa B o6MOTKe coneHOH.cta, TO B9KTOpHbiii 

IIOTeHuHan MO:H<eT 6bITb rrpe.ctCTaBneH B BH.cte o6beMHoro HHTerpana IIO 

rrpocTpaHCTBY, B KOTOpOM J OTnH'IHO OT nynsr, B BH.[le 

A (µo/4rr) f ,J --2~ 
V IP I 

( 1) 

r.cte p r' r- paCCTOSIHHe OT TO'IKH ua6n10.cteHHSI p AO aneMeHTap-

noro o6beM a d v '; ;, H r , COOTB9TCTB9HHO 1 BeKTOpb! - IIOnO:1K9HHSI 

d v' H TO'IKH na6nro.cteHHSI P ( pHc. 1). 

Ilnsr KOHe'IHbIX paaMepoB aKCHanbHO-CHMMeTpH'IHOro coneHOH.cta IlOCTo

SIHHOro TOKa, o6MOTKa KOToporo COCTOHT H3 HeKoToporo 'IHCna TOKOBhlX 

BHTKOB, rrnoTHOCTb TOKa j HMeeT TOnbKO a3HMyTanbHYIO KOMilOJI9HTY j ¢~. 

B UHnHHApHtieCKOii CHCTeMe KOOPAHHBT, IIOKaaaunoii na pHC. 1, 

Bbipa:H<eHHe BeKTOpHoro IlOTeHUHana MO:1KHO npe.ctcTaBHTb KaK 

A = (µ 0 I 4rr ) ;¢ J I, 
V 

cos¢' dv' 

1 P 1 
( 2) 
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3)leCb e¢ - 83HMyTallbHbIH e)lHHH"IHbIH BeKTOp. Tor)la BeKTOpHbIH 

rroTeHuHall HMeeT TOllbKO 83HMyTallbHYIO cocTnBllHIOmyro, KOTOpag B pa

UHOH8llH3HpOB8HHOii: CHCTeMe e)lHHllU MKS HMeeT BH)l 

77 R:! h. 2 2 2 -½ 
Acp=(µ 0/2TT) J f coscp'dcp'f r'dr' J r(z'-z) +r'+r -2r'rcos(<b'-¢)] dz', 

0 RI -h 

I')le r, • ¢ , ' z - KOOPJlHH8Tbl rrepeMeHHOii: TO"IKII 9l!eMeHT8pHOI'O o6'beMa, 

r , ¢ , z - KOOPJlHHaTbI TO"IKH aa61110)leHHSI P , a R 1 , R 2 , 2h 

reoMeTpH"IeCKHe rrapaMeTpbl o6MOTKH coneHOH)la. 

ITpn HHTerpnpOB8HHH COOTHOlli0HHH (3) Heo6xo)lHMO Y"IlITbIB8Tb, 'ITO 

coneHOHJl HBl!HeTCSI aKcnanbHo-cnMMeTpH"IHhIM, a I z ' - -z l - MOJlYllb. 

Tor)la rrpn z < -h , ecnn BBecTH o6osHatJ:eHne 

y z - z (4) 

D y 2 +r ' 2 +r 2 -2r'r cos ¢' , ( 5) 

Bbip8)KeHHe ( 3) MO)KHO rreperrHC8Tb Cl!eJlyIOIJIHM o6pa30M 

77 R2 Y2 -½ 
A ¢ = ( µ 0 I 217 ) J J, cos ¢ ' d¢ ' f r 'dr ' f D d y 

o -'R1 Yt 
( 6) 

I'Jle 

( 7) 
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llm1 o5nacTir -h '.:: z ~ h IUITerpHpOB8HHe no Z , He05XOllHMO 

npoBeCTH, pa35HB8H STY o5naCTb Ha llBe 'l8CTH: 1) OT z , = -h llO z 

H 2) OT z '= z llO h 

llnH 9TOI"'O cny'laSI COOTHOll!eHHe_ ( 3) HMeeT BHll 

TT Ra z 2 2 2 -½ 
A ,1.. =· ( µ /2TT) J f cos¢ 'd¢ ' f r' dr' [ f [ ( z - z ') +r' +r -2r r cos¢ '] Jz ' + 

'I' 0 0 R -h 
1 

( 8) 

h 2 2 2 -½ 
+ f z [ ( z ' - z ) +r ' + r - 2r r cos ¢ ' ] dz ' 

Mcnonb3YSI (5) H BBOllSI 

{

z - z ' 
y = 

z' - z 
( 9) 

nony'IHM 

A,1..=(µ
0 

/2rr)J f
17

cos¢'d¢'JRar'dr' [ fy1D-½ dy +Jy2 D-½ dy ] , (10) 
'I' 0 R1 0 0 

rae 

Y2 = h - z ' Y1 z + h . ( 11) 

ITpH z > h pellleHHe nony'laeTCSI aHanorH'IHbIM cnoco5oM , KaK H npH 

z < - h • 
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IToaToMy B nanhHefiUieM orpannqnM paccMoTpenne BeKTopnoro rro

Tenunana, KOMIIOH9HT IIOJI.11 H IIpOH3B0/lHbIX COCTaBJI.IIIOmnx Mal'HHTHOJ'O IIOJI.11 

TOnhKO /lJI.11 o5nacTefi z < - h n -h < z < h . 

MnTerpnpy.11 ( 6) nnn ( 10) no y n r' , HMeeM 

( 12) 

rne 

TT Y., 2 2 Y., 
A 0¢,<r',y)=f

0 
coscf,' l(y/2)0 +[(r'-r cos2cf,')/2]Arsh(y/B ) + 

+yrcoscf,'Arsh[(r'-rcoscf,')/(y2+r 2 sin 2 cf,') ~ - (13) 

- r 2 sin cf, ' cos cf, 'arc tg [ y ( r ' - r cos cf, ') / r sin cf, 'D ½ ]I def, ', 

a 

B = r ' 2 + r 2 
- 2 r ' r cos cf, ' ( 14) 

B COOTHOIII9HHH (12) H T8K)Ke npH rrocnenyromnx pacqeTaX 3HaK 

MHHYC H Y2 ' Y1 • orrpeneneHHbJe ( 7)' Heo5XO/lHMO HCIIOJih30B8Th B ~5-

JIBCTH z < -h 'a 3H8K IIJIIDC H Y2 ' y 1 onpeneneHHhie ( 11) - B o5na

CTH -h -:;. z ::; h • 
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Bbip8)K0Hlie ( 12). KaK IIOK83bIBaeT Herrocpe)lCTBeHHaSI rrpoBepKa. 

/12/ 
YAOBneTBOpSieT COOTHOlll0HlilO d A¢= 0 B o6nacTH, r)le HeT TOKOB rrpoBo-

)lliMOCTH, H d A¢= - µ. 0 J - B o6nacTH, rAe cymecTBYIOT TOKli rrpoBOAH-

MOCTH, rrpIPieM orrepaTop d A¢ orrpeAensieM KaK 

d A ¢ = ( µ. 
0 

I 2 rr ) J I d A 
0

g,< R
2 

, y 
2

) - d A
0

/ R 
1

, y 
2 

) ] + 

( 15) 

+ [ dA 0 ¢,(R 2 , y 1 ) -dA 0¢,<R i,Y1 )] l , 

rAe 

dAo¢,(r ', Y ) 
2 2 2 2 2 

( a A O ¢ / a y ) ( a y I a z ) + a Ao¢, I a r + 

( 16) 

+(1/r) (aA 0 ¢/ar ) -A 0¢/r 2 
• 

3. KoMIIOH0HThI_lli}_llSI 

AKcHanhHaSI COCTaBnSIIOill8SI rronsi. 

flpH z < _ h 11 -h<z< h c rroMOIIIhJO ( 12) 11 ( 13) aaii:AeM, tJTO 

Hz(r,z)=(l/µ. 0 )[a(rA¢)/ar] 

( 17)· 

= (J/2rr) l[H 0 /R 2,y 2)-H 0 z(R 1 ,y 2 )] + [Hoz<R2,Y1) -HoJR19y1)ll, 
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rile 

TT ½ 2 2 2 ½ 
H 

O 
( r ' , y ) = f cos ¢ ' I ( y /2r) D + [ ( r ' - 3r cos ¢ ') / 2r ] Arsh ( y I B ) + 

z 0 

+2y cos¢'Arsh[(r'-rcos¢')/(y 2+r 2 sin¢')½] - (18) 

- } sin2 ¢ 'arctg [y (r '-r cos¢') / r sin¢' D½] l d¢ ' • 

Hcrronbaysr cooT1rnwe1rne cos 
2 

¢ ' = ! (cos 2¢ +1) H HliTerpHpysr ( 18) 

IIO '18CTSIM 0 IIOJIY'IHM 

-yr 3 f (cos 3 ¢'/BD½) d¢'+2yr'r 2 /(cos 4¢'/BD½)d¢ '-
o 0 

( 19) 

TT TT 

+yr ( r
2 

+y2) f [cos3¢ '/(y2 +r2 sin2 ¢ ') D½]d¢ '-y r 3 f [cos5 ¢ '/(y2+r 2sin2¢')Dli[d¢'+ 
0 0 . 

g 



rile 

C 
1 

( r ', r) = r cos 8 cf, ' arc lg [ y ( r ' - r cos cf, ' ) / r sin cf, ' D ½ ] I ~ 

( 20) 

- r ( TT/ 2) [ 1 + sign ( r ' - r ) ] . 

u/9 13/ 
Ilocne pSilla rrpeo6paaosamrn ' Bb1pa)Kemre senH'IHHhI H0 z ( r ', y ) 

MO)KHO rrpellCT8BHTb B cnellyIOIIIeM BHlle 

2 2 -½ 
H O z ( r ', y ) = -3 yr ' [ ( r '+ r) + y ] K ( k) +r ' Q ( na ) Il ( "a , k , TT/ 2 ) + 

2 2 ½ 
+ (y + r ) [ Q (n 1)Il (n 1 ,k ,TT/2) -Q(n 2)Il(n 2 ,k,TT/2)] + (21) 

TT 
+ y f Arsh [ ( r ' - r cos cf, ') / ( y 2 + r 2 sin 2 cf, ' ) ½ ] d cf, ' + C 1 ( r ', r ) , 

0 

rile K ( k ) , Il ( n , k , TT / 2 - rronHhte snnHIITH'lecKHe HHTerpanhI rrep-

soro H TpeTbero ~Olla, a 

Q(n) =[0-n2 )(1-k 2 /n 2 )]½, k 2=(4r'r)/[(r'+r)
2

+y
2

] , 

2 2r 2 
"1 = - n = 2 

(/ +r 2
) ½ -r 

2r 

( 
2 2-1/2 

y +r J +r 

10 

2 

"·3 

'4r'r 

(r'+r)2 

( 22) 



OTMeTHM, 'ITO npH Y=O. Hoz (r:,o) =C1 (r',r). 

Ecmr BBeCTH npeaenhI R 2 H R i am1 1 ' B nocToHHHyIO C 1 (r' , r ) , 

TO oHa HMee.T BHll 

R 
C

1
(r',r) I 2 =-r(rr/2) [sign(R

2
-r)-sign(R

1
-r)]. (23) 

Rl 

Hnu 

={ 0 IlpH 

-rrr npn 
( 24) 

TaKHM o6pa30M, ecnn BBeCTH ( 21) H ( 24) B Bb!pa)KeHHe ( 17), TO 

rronytJHM OKOH'laTenbHYIO ¢opMyny ang aKcnanbHOfi COCTaBnHIOmefi nonH. 

B 6onee yao6Hofi i:tnH pactJeToB ¢opMe Bb1pa)KeHHe H Oz ( r' , y ) 
/14/ 

MO)KHO npeacTaBHTb, ecnH Bocnonb30B8TbCH pesynbTaTaMH pa6oThl 

no Ta6ynupoBaHHIO annHITTHtJeCKHX HHTerpanoB, KaK 
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rJle 

2 2 ½ 2 2½ 
a =arcsink, /3 1 =arc sin l[r'+r) +y] /[{y +r) +r'] I, 

{ 26) 

/3
2 

=arc sin I[ { y 2 +r 2) ½_r'] /[ {r' -r ) 2 +Y 2] ½I, /3
3 

=arcsin I y /[ { r' -r) 2+ y2] ½ I • 

Pa)luanbHas:i cocTaBnmomas:i nons:i. 

B o6nacTli z < -h li -h 'S_z ~ h us { 12) li { 13) HSft)leM, 'ITO 

Hr{r,z)=-0/µ 0 ){aA,az)".'{J/277)1 [H
0
r{R2 ,y2 )-H

0
r{R1 ,y 2)] x 

x{ay2 /az) + [H
0
r{R 2 ,y 1)-H

0
r {R 1,y1)]{ay 1 /az) I . 

C ytJeTOM Benli'IliH a y
2 

/ a z li ay 1 / a z nony'IliM, 'ITO BO BCeM 

npocTpaHCTBe 

Hr (r,z) =0 /277) IH 0 r{R2,Y2>-U.,r(R1 ,Y2) -

( 27) 

( 28) 

rJle 

-H or { R 2 • Y 1 ) + ff or { R 1 • y 1 ) } ' 

H 0 r(r',y) =2lcoscp'D½dcp'+ 

+2r / cos
2
¢' Arsh [(r'-rcoscp')/(/+r

2
sin

2
¢')½]d¢'. 

0 

12 
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Y11HTb!B8.II COOTHOW0HHe cos 2 ¢ , = ~ (cos 2¢, + 1) ,H3 ( 29) HMeeM 

H ( , ) ( , 2 2 2) I" ,I.. , D-½ d ,I.. , 4 , I" 2 ,I.. , D -½ d ,I.. , r , y = 2 r + r + y cos 'I' 'I' - r r cos 'I' 'I' + 
or O 0 

1T 
+r f cos2¢' Arsh [(r'-rcos¢')/(y

2
+r

2
sin

2
¢')½-_id¢'+ 

0 

1T 
+ r f Arsh [(r ' - r cos ¢ ' ) / ( y 2 + r 2 sin 2 ¢ ' ) ½ ] d ¢ ' . 

0 

I1crro.11bsy.1I rrpeo6pasoBaHHSI, aHanorH'lf!bie rrpeo6pasoBaHH.II rrpH 

(30) 

Bb!BO.lle aKCH8.llbHOii COCT8B.II.II!Olll0ll, MO:IKHO rrpellCTaBHTb Bblp8:1K0HHe Hor (r', Y) 

KBK 

-½ 
H (r',y) = (r'/r)[(r'+ r ) 2 +y 2

] 
12E(k)+(r'/r)(r' 2-r 2+3y 2)[(r'+r);.y] K(k)-

or 

3.1:tecb E (k ) - rronHhiii a.11.11HIITH11eCKHii HHTerpa.11 BToporo po.Ila. 

TaKHM o6pasoM, IIpH pacqeTe pa.1:tH8.llbHOii COCT8B.II.II!Olll0ll IIO.11.II Heo6-

XOllHMO HCIIO . .llb3OB8Tb (28), r.1:te Ho, (r',y) orrpe.1:te.11.1IeTC.II (31), a Y2 'Yt 
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HMelOT COOTBeTCTBYIOIIllle 3Ha'leHmi: Jlml: Ka)K)loil: paccMaTpllBaeMoil: o5na

CTll npocTpaHCTBa. 
. /14/ 

C noMOIIlblO Ta5ynnpoBaHlibIX cpyHKUHil: XeyMaHa , Bbipa)KeHne 

ff o.Cr', y} MO)KHO T8K)Ke npe)lcTaBHTb KaK 

H (r'',y) =(11/2){-(r'/r) [(r'+r)
2
+/]

12
E

0
(a)+L[(r'

2
-r 2+y)((/+r)!r?+ 

or 2r 

½ 
+2y 2r '][ (r' +r) 2 +y 2]-12[(y 2 +r2> =i-r'rFO (a)-(y/2r)( y2+r2) ½ X 

( 32) 

x[Ao(at f3t) - Ao (at /32)] l + 

+(r/2)f Arsh [ (r '-r coscf, ') / (y
2 
+r 

2
sin cf,') 12 ] def,' , 

0 . 

r)le a , f3 t , {3 2 onpeJlenSIJOTCSI ( 26). 

B Bbipa)KeHHSIX JlJISI H ( r, z )n H ( r, z ) , onnchIBaJOmnx MarHHTHoe 
z r 

none coneH0HJla KOHe'IHbIX paaMepoB C nocTOSIHHblM TOKOM, HaM a:e 

y)lanocb npe)lCT8BllTb OCTaTO'IHbiil: llHTerpan no cf, , B BH)le KOM5HH8UHH 

H3BeCTHbIX cpyHKUHil:. O)lHaKo npn pac'leTaX nonSI MO)KHO Bocnonh30B8TbCSI 

ero npH5nn)KeHHhIM pell!eHneM. ITpn aToM, Y'IHTb!BaSI npenenhI R 2 H R 1 , 

ocTaTO'IHbiil: llHTerpan no cf, , MO)KHO npe)lCTaBHTb KaK 

f Arsh [(r'-r cos cf,') /(y2 +r 2 sin2 cf,') 12 ] def,' lR2 
0 · R (33) 

1T " ½ =i fn [r'-rcoscf,'+D
12

]dcf,'lR
2 =i fn[l +(r'-rcoscf,')/D ]dcf,'IR~ 

0 Rt O Rt 

+ ( "/2 ) fn { r , 2+r 2 + y 2 + [ ( r , ;. 1' 2 + y 2 ) 2 -4r , 2 r 2 ] ½ l l R 2 • 
Rt 

14 



EcnH y,/40, -1< r'-rcos¢' < 1. Torlla nOllHHTerpanb

(y 2 + r' 2+ r2-2r'r cos¢ ?'I.. 

Hoe Bb1pa)Kemi:e B COOTHOIIIemm ( 33) MO)KHO pa3nO)KHTb B pSill, H, orpaHH-

'U'IB8SICb nepBbIMH qneHaMH, npHB8CTH YK838HHb[H BbIIIIe HHTerpan K nonHbIM 

annHnTuqecKHM HHTerpanaM nepsoro H BToporo poJia. 

Ha CBOHCTB MarHHTHOI'O nonn OT coneHOHlla KOH8'!HhlX pa3M8p0B 

OTM8THM, 'ITO 

1) aKcHanbHaSI COCT8MSIIOID8SI nonn SIBnSieTCSI '!8THOH 'PYHKUHeil OT z' 

2) pallHanb~aSI KOMnOH8HT8 nonn SIBnSieTCSI H8'!~THOH 'PYHKUHeil 

OT Z, T.e. 

Hr ( r, z ) = - H, ( r - z ) , (35) 

4. ITpoH3BODHhJe KoMnoHeHT MarHHTHoro nonn no 

npocTpaHCTBeHHbIM KoopnHllaTaM 

Hcnonh3YSI npOH3B0llHbl8 annHnTH'!8CKHX HHTerpanOB no MOJiynro k 
/ 15 16/ u 

H napaMeTpy n • • H8Hll8M cneJiyroume Bb!p8)K8HHSI · JinSI npoH3B0llHbIX 

KOMnoHeHT ff z ( r, Z )H ff r ( r, Z ) no npocTp8HCTB8HHblM KOOpllHH8T8M 

( 36) 
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rae 

-Y., 
Dz ( r ', y ) = 2 r ' [ ( r' + r )2 + 2 ] K ( k) -z 

( 37) 

-/7 Arsh [(r'- r cos¢')/ (y2 +r 2 sin2¢')Y.i] def>'. 0 . 

a Hz ( r, z) / a r au, (r,z) / az = (J/217) X 

xl[Dz, (R 2 ,y2 )-Dz, (R 1 ,y2)] + (38) 

+ [ Dz, (R2 ,Y1) -Dz, (R1 ,Y1)1 I , 

r'Jle 

Dz (r',y) =-(2r'y/r) [(r'+r)
2 

+/1-Y.,K(k) + 
r 

2 2 Y., ] ( 39) 
+[(y +r) '/r [Q(n 1)Il(n 1 ,k,rr/2)-Q (n

2
)Il(n

2
,k,rr/2)] + 

+C (r', r) + C (r', r ) 
2 3 • 

a 

. IT 

C2 ( r',r )=cos 
3
¢ 'arc tg[y ( r'-r cos¢ ') / rsin ¢ 'D ~ I 

0
=-(rr/2)[1+sign (r' -r)] ( 40) 

16 



C ( , ) , 3 ,1,.., • ,1,. '/ ( , 2 2 2 , -1.. ')D ¾I 0 
8 

r ,r =-yr r cos 'f' sm'f' r +r - r r cosw , 
TT 

HnH B pa3HbIX o6nacTSIX npocTpaHCTBa 

{ 

O IlpH 

= -TT IlpH 

{ 

0 IlpH 

= -+ IlpH 

. _!_ IlpH 
2 

rf. R 1 , r f. R 2 

r = R1 

-DR,(R2,Y1) +DR,(R1 ,y1) I, 

17 
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( 42) 

( 43) 

(44) 



r.oe 

DR, ( r', y) = ( r '/r 2) [ ( r '+r) 
2 
+ /] ½E (k )-( r '/r 

2
)( r '

2
+3 r 2+3 y 2) [ ( r '+ r) 2 +Y r~ (k) + 

+ly (y 2 +r 2 )1i/r 2 ][Q (n 1)1l(nt'k,11/2)-Q(n
2
)Il(n

2
,k,11/2)] + (45) 

1T 

+ f Arsh [ ( r' - r cos ¢ ') / ( y 2 + r2sin ¢ ')½] d ¢ ' . 
0 

Ha CBOHCTB npoH3BO.llHhIX KOMITOH0HT M8I'HHTHOI'O nonH no npocTpaH

CTBeHHhIM Koop.oHiiaTaM OTMeTHM cne.oy10nme: 

auz(r,z) /az =-auz (r .-z) / az ' ( 46) 

.au (r,z) /ar 
z 

au (r,-z) /ar 
z 

( 47) 

a U, (t, z) / ar = -au, (r, -z) / dr ( 48) 

5. lfacTHhie cnytrnH 

Ha ocH (npH r 0 ) neI'KO H8HTH H3 (17), (21), (28) H (31),~TO 

2 2 ½ 2 2 ½, R2 
Uz(0,z)=(J/2)ly2 fn[r'+(r'+y 2 ) 1+y1fn[r'+(r' +Y1) J}IR{ (49) 

18 



3TO COOTHOIIl9HHe SIBmieTCSI H3B9CTHbIM Bbip8)K9HH9M aKCHanhHOH 

cocTaBnSIIDll!9H rronsi Ha OCH KOHeqHbIX pasMepoB coneHonaoB ITOCTOSIHHoro 

TOKB. 

H, ( 0, z) = 0, ( 50) 

a Hz ( o, z ) ;a z = (J I 2 ) I r ' / ( r '
2 

+ y : ) ½ - en [ r ' + ( r ' 
2 
+ /

2 
) ½ 1 -

( 51) 

(52) 

(53) 

B cnyqae nony5ecKoHeqnoro coneHonaa c HyneBbIM BHyTpeHHHM 

/11/ 
paanycoM, ansi KoToporo r. EpayH H n. <1>naKc rrocTponnn pac'!eTHb1e 

HOMorpaMMbI, YAOOHO rrepexoaHTh K HOBOH CHCTeMe KOOPAHHaT ( Haqano 

B TO'!Ke z = - h • r = 0 ) • Toraa rrocne COOTB9TCTB9HHblX rrpeo5pasoBaHHH 

Bb1pa)KeHHii: KOMITOHeHT rronsi ( 17) H ( 28) rrpn 2 h ➔ 00 , R 1 = 0 , R 2 = R 

Haii:aeM, 'ITO 
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0C00>(r, z) = (J/21r) { 1rR ·-3Rz[(R+r )
2 

+z
2
]~(k)+RQ(n3 ) Il (n 8 ,k,1r/2) + 

z 

+ ( r 2 + z 2) ½ [ Q (nl ) Il ( n 1' k, 1T /2) -Q (n 2) Il ( n 2 ,k, 1r/2) ] + 

(54) 

1T 

+ z f en [ ( R - r cos¢ '+ D ½ ) / { ( r 
2 
+ z2) ½ - r cos ¢ ' }] d ¢ ' l , 

0 

(oo) 2 2 ½ 
H,(r,z) =(J/4") {(R/r) [(R +r) +z ] E(k) 

2 2 2 [ 2 21-½ .-(R/r) (R -r +3z ) (R+r) +z K(k)+ 

( 55) 
+ ( z /r) ( r 2 + z 2 ) ½ [ Q ( n 1) Il ( n 1' k, 1T /2 )-Q ( n2) Il ( n 2' k, 1r/2) l -

-r 
1T 

f en [ R - r cos¢ ' + D ½ ] / { ( r 2 + z 2 
) ½ - r cos ¢ ' l ] d ¢ ' I , 

0 

rne D , k , n rrony'Iel!bI na ( 5) n ( 22) rrpn aaMeae y aa z n r 

aa R • CnenyeT T8K)K0 OTM0THTh, · 'ITO rrpH nmpqiepeHunpoBaHHH Bbip8)K0HHH 

KOMIIOH0HT IIOlIH (17) H (29) no r' H rrocnenyromeil: rroncTaHOBKe r ' = R 

MO)KHO Hail:TH H3B0CTHbl0 Bbip8)K0HHH COCT8BlIHIOIUHX Maf'HHTHOI'O rromr OT 

u /3,4,5/ 
TOHKOI'O O)lHOClIOHHOI'O coneaonna • 
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8. ITpnMep pacrrpeneneHHH MarHHTHoro rrong oT 

coneHonna KOH0'IHbIX pa3MepoB C ITOCTOHHHblM 

TOKOM 

Ha pnc. 2 n 3 rrpnseneH '!aCTHbIH cny'lan pacrrpeneneHHH MarHHTHoro 

rrong oT coneHonna KoHe'IHhIX pa3Mepos. 

Pac'!eTbI rrposonnnnch nng pa3HhIX rrnocKocTen z = const ( z = 0 , 

-h/2, -h , -3h/2 , -2h ) nng coneHonna co cneny10mnMn reoMeTpn'lec-

KllMll rrapaMeTpaMn: 2 h / R2 = 3 n R 1 / R 2 = .0,5 • 

PacnpeneneHne MarHHTHoro nong OT aToro coneHonna rrpencTaBneHo 

5e3pa3M0pHbIMll senn'IHHaMll ff z /JR 2 , ( aH z / a r) / J , ff r / J R 2 

ll ( a ff r / a r) / J B 3aBHCllMOCTll OT 5e3pa3MepHOll KOOpllllHaTbl T = r / R 2 • 

ITporpaMMa pac'!eTa KOMITOH0HT nong llX npoll3BOllHblX no npocTpaH

CTBeHHbIM KoopnmraTaM HarrncaHa Ha H3bIKe <t>OPTPAH-83. 3Ha'leHnH rronHhIX 

annHITTll'l0CKllX llHTerpanoB nepsoro ll BTOporo pona Bhl'lllCnHnllCb C nOMOll!b!O 
/17/ 

npn5nmKeHnn '4e5billleBa B cjiopMe facTnHra , a 3Ha'leHHH nonHhIX annnn-

TH'leCKHX nHTerpanos TpeTbero pona onpenengnnch nyTeM HHTerpnpoBaHnH 

no MeTony CnMnCoHa. 

ITpn Bbl'lllCneHHll nonen B nnOCKOCTHX z = + h ( y = 0 ) Hll)l{Hllll npenen 

B OCTaTO'IHOM llHTerpane, Y'lllTb!BaH ero oco6eHHOCTll, cnenyeT 5paTb OTnll'l
-5 

HbIM OT Hyng, HO 5nn3KllMll K HeMy, HarrpnMep, 10 • ITpn 9TOM Olllll6Ka 

s Bbl'lllCneHllll OCTaTO'IHOro llHTerpana npeHe6pe)KllMO Mana. 

Pac'!eT 6e3pa3MepHbIX qiyHKUllll, xapaKTepll3YIOIIlllX pacnpenen~Hlle 

MarHHTHOro nong B OllHOll ll3 TO'leK npocTpaHCTBa, COCTasngn MeHee OllHOll 

ceKy Hilb! Ha MalllHHe CDC -1804A. 

XapaKTepaon oco5eaaocThIO pacrrpeneneHnn MarHHTHoro nong HBnHeT-

cg TO, 'ITO aKcnanhHaH KOMnoHeHTa B pa3HbIX nnoCKOCTHX Z = const 

rrpn - h < z < h nMeeT MaKcnMyM npH r = R 1 , 3aTeM 6bICTpo rranaeT 

B o5nacTH, rne UHpKyn1rpyeT TOK, no OTpHUBTenbHbIX 3Ha'lel!Hll rrpH r ?. R 2 ' 

rrp1r6nlf)K8HCb K HyneBhlM 3ll8'l9IIHHM Ha 5onhlllHX paCCTOHHHHX OT coneao1rna. 
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... 

B nnocKoCTHX z = const BHe reoMeTpHqecKHX pa3MepoB coneHOHJla 

MBKCHMYM aKCHanhHOH COCTaBnmomeii: HMeeT MeCTO npH r = 0 

MaKCHMBnhHbJe 3HaqeHHH paaHanhHOH COCTaBnmomeii: nonsi: HMeIOT 

MeCTO B nnocKOCTHX z = - h HnH z = h • ITonO)KeHHe MBKCHMyMa B pacnpe

aeneHHH nonsi: H, = f ( r) B nnocKOCTHX z = const pa3Hoe. 
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