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NOBBIINIEHUE TOYHOCTH PACUYETA
IJIOCKOITAPAJIJIEJIBHOI'O MAT'HUTHOT'O ITOJISA
B KYCOYHO-OJJHOPOJHBIX CPEJAX
METOJIOM JIBOMHOI'O CJIOS

U.Il. Cmaonux, J[.M. @urunnos

[Tyrem npuMeHeHus 3aKOHA MOITHOTO TOKa B MHTErPaJIbHOM (POpMeE 7Sl KOHTYPOB, OXBaThIBaO-
IUX Ka>KABLH OTPe30K pa3OMeHus IPaHULBI pa3zelia cpel, MoydeHa cucTeMa JIMHeHHBIX aiaredpanyec-
kux ypaBHeHui# (CJIAY) OTHOCUTENBEHO HEM3BECTHBIX 3HAUEHHH TUIOTHOCTH JBOWHOTO CJIOSI TIPH HC-
MIOB30BAaHUU HENPEPBIBHOW KYCOUHO-TMHEHHON anmpokcumarmu. Ilpumenenue nanHoit CJIAY mo-
3BOJISIET TOBBICUTH TOYHOCTH paciyeTa MarHUTHOTO OIS 10 CPAaBHEHHUIO C METOJIOM KOJUIOKAILIMH pele-
HUS UHTETPaIbHOTO YPaBHEHUSL.

Knrouegvie cnosa: CJIAY, unmeepanvhoe ypasnenue, 080UHOU CLOU 3apsi008, Memoo KOJLIOKA-
Yuil, KyCOYHO-00HOPOOHAS Cpedd, MAZHUMOCMAmuyecKkoe noje.

BBenenue

OnHHUM U3 OCHOBHBIX METOJIOB PEIICHUS MHTEerpanbHbIX ypaBHeHui (1Y) siBisiercst meron Koj-
nokanui [1, c. 168]. Ha mpakTuke monoxkeHue TOUYEK KOIJIOKAIUN BRIOMPAETCs U3 COOOpakeHUi mpo-
CTOTHI (HapUMep, B IIEHTpaxX OTPE3KOB Pa30OMEHUs ), YTO HE BCEr/a sBJISETCs ONTUMANbHBIM. B pabo-
Tax (cM.: [2; 3]) mpennoXeH YHCIEHHBIM METOA, B KOTOPOM TOYKH KOJIJIOKAIIMil HE 3a/1al0TCsl BOBCE.
HpI/I O9TOM JOCTUTACTCA CYHICCTBCHHOC MNPCUMYIICCTBO IO TOYHOCTU pacu€Ta MAarHUTHOIO ITOJIA U,
KaK CJIEICTBHUE, 110 00beMy BBIUMCIICHUH 110 CPaBHEHHUIO C METOJIOM KoJutoKanuii pemenus UY. B [2] B
Ka4yecTBEe BTOPUUYHBIX MCTOYHHUKOB PACCMOTPEH MPOCTOM CIION 3apsAoB, B [3] — MPOCTOM CIIOM TOKOB.
B nanHoli craThe B Kau€CTBE BTOPUUYHBIX MCTOUHUKOB paccMaTpUBAETCA JIBOMHOM CIIOW 3apAJiOB.

IIycTh B MarHUTOCTATHYECKOE TLIOCKOTAPAJIIETBHOE MONe By, 3aJaHHOE B MPOCTPAHCTBE C Mar-
HUTHOM MPOHUIIAEMOCTHIO L, TOMEILCH UIUHAD MPOM3BOJILHOM (hOPMBI CedeHUs. MarHUTHAs POHHIIA-
eMOCTh MaTepualia IMJIMHAPa MOCTOsIHHA U paBHa L (cM. puc. 1). Heobxomumo paccunTaTh pe3yabTu-
pyroliee MarHuTHOE MOJIe.
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Puc. 1. Cevuenne MarHUTHOM CUCTEMBI IIIIMHAPA

1. KyCO‘lHO-HOCTOHHHaﬂ annmpoKCUMaluA MJIOTHOCTH T

JIBoitHO¥ cio¥t 00pa3oBaH IBYMs pa3HOMMEHHO 3apsHKEHHBIMHU CIOSIMU C TLIOTHOCTBIO ©. [1nor-
HOCTH IBOHHOTO cJ10s paBHa T = od (puc. 1).
WY oTHOCHUTENTHHO MIOTHOCTH ABOWHOTO CJI0sI UMeeT BUJ [5, c. 140]:

1 u— T (P),F Ny —
(0)+ L # ﬂ0§( ) PQ)le: (14 /J)%(Q)‘ O
THYHy Yy T H+ Hy
3nech 7y, ACHO U3 puCyHKa 1, j () — mOTeHUMAI Mo Bo (Bo = -grad 0,)-
[pu BeIBOZIE ypaBHeHMUs (1) OBLIO KCIIONB30BAHO YCIOBHUE:
@_i © o
m m,

3aMeTuM, YTO MPH KYCOYHO-TIOCTOSIHHOW ammpoKcUManud QyHKIUH T(Q) TpaHUYHOE YCIOBHE
H = H He BBINOIHACTCA HUA B OHOM Touke O rpaHMIbI.
Ha camom zene npu ycnosun T(Q) = T, = const JIETKO MOTy4UTh:

Vv
= 3
n (Q ) in (Q ’ ( )
rae QJr u Q — OPEACIbHBIC TOYKU I'PAHUIBI BHYTPU U CHAPYXU HUJIUH/IPA.

! 13

Ho torna ;111%1(Q+ )N‘—’m0 " (O ), 10 ects

H, (Q+ )NgH" (Q' ]. 4)

Tem He MeHee U3BECTHO [4], YTO HCIIONB30BaHUE KyCOUHO-TTOCTOSHHOM alpOKCUMAIIUU MCKOMO
¢ynxun ©(Q) B 1Y (1) mo3BosseT paccuuThIBaTh MOJIE B ¢ BEChbMa BBICOKOH TOYHOCTBIO. ITO 00bBsC-
HSETCs TeM, 4To rpaHuyHoe yenosue H,(Q" )= H, (Q ) npu nepexone or MY (1) K ero koHedHOMep-
HOMY aHaJIOTy BBITIONHSACTCS B CPEIHEM.
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[Ipoumtoctpupyem ckazanHoe. Tak kak npu nonydenuun CJIAY u3z Y (1) TpebyeTcs BhINONHE-
HUE PaBEHCTB:

@) _ji@)i@) i@) j@)_ji@) @) i)

s LI > > (5)
my m my m my m my
e N — 4KCIIo 2IEMEHTOB pa3OMeH s TPAHMIbI, TO U3 HUX CJIELYET
(Qk+l) (Qk) J (Qk+l) J (Qk) ~1,2,.N, ©)
my
1 Ot 1 o
TO €CTh —T B'dl=— B,dl (k=1,2, ..., N) umm
o o
o o
1 Hidl= 7 H,dl k=1,2,..,N. (7)
o o

dopmyia (7) npencrapiser coOOH 3aIUCh 3aKOHA IMOJIHOTO TOKA B MHTErPaIbHOU (hopMe 111 KOH-
Typa, OECKOHEUHO OIHM3KO MPUJIETArOIIEero K TPAHUIIE U ITPOXOISIIIEro Yepe3 CepelnHbl COCETHUX OTPe3-
KoB pasouenus (touku O, u O, ).

2. Kycoqﬂo-.m/lﬂeifmaﬂ aAannmpoKCUMAIUA IJIOTHOCTH T

PaccMoTrpuM cityuaii HCronb30BaHUs KyCOYHO-THHEHHOH anmpoKkcuMaiuy HCkoMor GpyHkmu t(Q)
B Y (1).

CoBMeCTHM HaYaslo JEKapTOBOW CHCTEMbI KOOPIMHAT ¢ LEHTPoM orpe3ka Al,. OCh x HampaBum
10 KacaTeTbHOMY HaIlpaBJICHHUIO, OCh y — 110 HOpMautH (puc. 1).

(@) 1, (- ®)

rae 7', u T, — 3Ha4eHus (YHKIMH T,(X) COOTBETCTBEHHO HA JIEBOM M MPaBOM KOHIIAX OTpe3ka Al,.
Hcnonb3yst (8) u 3anuceiBas MY (1) nuist AByX TOYEK KOJUTOKAIMH, PUHAIEKAIIUX OTPE3KY Al
(0603Ha4Mm 5TH Touku OF U OF), nony4unm CJIAY:

N N
He A+ e BYF CY, k=12...N,
i=1 i=1
He o )
He AF S+ e B§F C¥ k=12...N,
i=1 i=1
te A = B 2, AF= BY = +1C¥=- 1] (). CF - 1) ,(0F:1 = b
| 4 4 ' ' mtm,
X 5
Av:l_T 3 i_,’_ 1gj( P PQI}')d y_ % gj P> PQI}')d (lNOk)
2p Dy, li 2 PQ,y Dl 2 PQ/Y
K Ny, Vo
Ag'/: I_T _ i-}- lgl(l)z—l)gby)dx’ B;XV % gj( P> PQ/}V)d (ZNOk)
Zp DI, Di 2 Troy 2p D/, D/, ”Q/}V
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[pu BrIBONE BBIpaXkeHuit st koo pduumrentos CIIAY (9) Touku OF 1 OF BHIOUpaNUCh Ha PaccTo-
stuuM Al,/4 BIIEBO M BIIPABO OT LIEHTPA OTpe3Ka Al,.

YMmenbpmuTh unciio HeuspecTHbIX B CJIAY (9) (mpu coxpaHeHn# BEIOpaHHOTO crioco0a anmpoKCcH-
MaIMH) MOKHO ITyTeM IMTPUMEHEHMsI HEMPEPIBHON anmpoKcuMupytoeld Gyakuuu. s sToro nocratou-
HO IOTPeOOBATh BHIONHEHUS paBeHCTB § =t ¥ (k=1,2, ..., N—1), t§= t §. OnHaxo, Kak Moka3aau
YHCIIEHHBIC PacueThl, IPUMEHEHHE yKa3aHHoro TpeboBanus K CJIAY (9) MpHBOIUT K CYIIECTBEHHOMY
YMEHBIIEHUIO TOYHOCTH PACUETOB.

[Ipusenem unoit BeiBO CJIAY, KOTOpBI TO3BONSET MPUMEHUTH HEMPEPHIBHYIO KyCOYHO-THHEHHYIO
AT POKCUMAIIMIO TUIOTHOCTH ABOMHOTO cJ10sl. JJaHHBII BEIBOI HE MTpearonaraetr ucmoib3oBanus 1Y (1).

B coorBercTBHM ¢ 3aKOHOM IOJTHOTO TOKa B MHTErPaJbHON opMe JUIsl 3aMKHYTOTO KOHTYpa, OX-
BaThIBAIOLIETO OTPe30K A/, (puc. 1), MOXKHO 3anucaTh

T H+ﬁkdl: T H- ﬁkdl,k: 1,2,...,N‘ (10)

DI D

Wcnons3ys cBsi3b Mexkay BekTopamu H u B, u3 (10) momyunm:

%T(B + B + B )nkdl——T(B + B, + B, Yi,dl, k=12,..,N, an
DI{ My DI,
rae E; — MHAYKIHA NCPBUYIHOIO MAarHMTHOI'O I1OJIA; E — UHAYKOWUA, 06ycn013neHHa5[ HBOﬁHBIM CJIOEM
nornocku Al o B— — UHIYKLUS, 06yCJIOBJIeHHa$I JIBOMHBIM CJIOEM Ha BCEX OCTaAJIBLHBIX OTpe3Kax I'paHUlIbI.
Oeanzio T Bji,dl= 1 Byi,dl= 1 Bjidl T Biidl= 1 Bjiidl= T Bjiidl
DI DI, D]I:' DI YA

Torma (12) HpI/IMeT Buj (g Beex k=1,2, ..., N):

1 1
- — ndl+—-—TB i+~ Bl il — B, jidl= 0
%m gﬁ ’ n’b A k ‘ n/IOD/L ) (12)

[To 3aKk0oHyY TTOTHOTO TOKa MO>KHO 3amucaTh (puc. 1):

TB i, dl- TB ndl- s, d+ts,d= 0

(13)
DI A
W3 cummerpun cinenyer: - T E;kﬁkdl= T Efkﬁkdl. U3 (13) momyuaem:
D/, DI,
5 i, 1y
B n dl=
AT a8

N

IIpencraBum B—t B Beipakenun (12) B Bune B, = € B, rue El — WHJYKUUS MarHuTHOIO IO,

=1
iNok

00yCJIOBJIEHHAs i-i TIONIOCKOM B TOYKax OTpe3ka Al,.
Hcnonb3yst BeIpaKeHHE LI BEKTOPA WHIYKIIMKM MarHUTHOT'O TIOJIst JBOWHOTO CJI0sI, B, MOXHO TIpeJI-
CTaBHUTh B BUJIC:

B (o)=L i~ Ixi 20, o ~ 1 dl, +-! Tf+12+ff IZ(ﬁi,FPQ Voo = 170 dl, =

3 3
2 Al [ Tro 2 Al Tro

/() + 2t Hl b10). (15)
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Hcnonb3ys npeacTaBieHue s B—t, BeIpaxkenus (15) u (14), momyunm CJIAY:

N N
tyﬂ' Zy+ e (Aki+l+Bki)ttyl+C (Aki+Bki+l)ty: Ckvk: 1,2,..,N. (16)
ik ik
iy R iy . L =
B (16) 4,= 171 I;lbb(Q)' b[XQ)Ekdl’ B,=-1l7 K_lb)(Q)"' biQ)Ekdl’ C=2r7 Bonkd‘; npu
Dl,‘,JIg) i BI DI, i bI DI,

i =N BMmecto i + 1 Hamo monarats 1; mpu i = 1 BMecTo i — 1 Hamo monarats V.

3amerum, yto nipu BeiBoge CJIAY ypaBHeHue (10) MokeT OBITH 3amucaHo Ui KOHTYPOB, Yac-
THYHO OXBATBIBAIONIMX JIBA CMEXKHBIX oTpeska Al u Al .

3. IlpuMep nmpUMeHeHHsI Pa3padoTAHHOT0 METOa
Paccmotpum mpumep pacuera riiocKorapauieIbHOTO MAarHUTHOTO TTOJIS dJIeKTpoMaruura (puc. 2).
| &&i &0 ay T 0ii ebaai 1hol i aai edii oiaiaa 1TRoTyiia e 6aai a 1000 w,. [To obmoTke 3meKTpO-
MarduTa C YMCJIOM BHTKOB W T€YET TOK /.

Hy [
15 5 o
A
L E»
w
15 e
= <
A
30 30 30

Puc. 2. MarautHas cuctema 3J1eKTpOMarHura

s pemenus 3agauu Bocnonb3yemcs CJIAY (9) u (16) u popmysoii (15).

[Tockomsky CJIAY (9) anmpokcumupyer Y (1), To, O4EBUAHO, €ro pEIICHHE NMPU YBEITHICHUH
umcna pasouenui N ctpemutes K pemennro MY, C momomipio pacuera ycTaHOBIeHO Takoe N .- = 260,
Ipu KOTOPOM npuOimkenHoe pemenne MY npakrnyecku He MeHseTcss. O003HauMM 3TO pelIeHHeE Ty, a
COOTBETCTBYIOIIIEE PAcTIpeieieHHe HATIPSXKEHHOCTH MarHUTHOTO TioNs B 3a30pe — ff,. Torma s jio-
6oro N < N,_. MOXHO BBECTH OLICHKH TTOTPEITHOCTH TTOTYYEHHOTO PEIICHHUSL:

o= tlgogu, 4 [#- ﬁT“qOO%’

o] |#:]

rae ||r||2 = i;rz(P)dZP, "15[”2 = §H2(M)dZM (L — y4gacrok 3a3opa, puc. 1).
! L
B Tabnuiie npuBeneHBl pe3ylbTaThl pacyeToB.

UYucno ypasaenuii CJIAY ITorpemnocts &, % ITorpewmHocTs 4, %
CJIAY (16)
20 0,51 3,516
40 0,10 0,782
CIIAY (9)
20 0,36 12,59
40 0,18 1,930
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W3 Tabnuipl BUAHO, 4TO METOA, OcHOBaHHBIM Ha perrenun CJIAY (16), obmagaer mpeumylie-
CTBOM HaJ MeToloM, ocHOBaHHEIM Ha pernennu CJIAY (9). Tak, npu uncne ypaBaenuii CJIAY (16),
paBHOM 20, mocTHraeTcs mpruemieMas s IPOeKTUPOBAHMS TOYHOCTb, a pH pemeHuu CJIAY (9) npu
TOM >K€ YHCIie ypaBHEHUH MOrPelIHOCTh pacyera Mol HEeMpUeMIIeMO BelTHKa.

BoiBoabI

1. B crarbe ycTaHOBIIEH paHee HEM3BECTHBINM (PAKT, YTO MPHU PEHICHUH MHTETPAIbHOrO YPaBHEHHUS
OTHOCHUTENBHO TUIOTHOCTU JIBOMHOIO CJIOSl METOJIOM KOJUIOKALIMA MPY KyCOYHO-TIOCTOAHHOM amnIpoKcuma-
MY TPAHIYHOE YCIIOBHE TS BEKTOPA HAIPSHXKEHHOCTH MAarHUTHOTO ITOJIS BBITIONHSIETCS TOJIBKO B CPEITHEM.

2. IlpennoskeH HOBBIN YHCIICHHBINM METOM, OCHOBAHHBIN Ha cocTaBieHuu u perenuu CJIAY orHOCH-
TEbHO KOA((HUIIMEHTOB aNMpPOKCMMAIIMK TIOTHOCTH JBOWHOIO cjos. B ocHoBe BeiBoma CJIAY nexur
3aKOH IOJHOr0 ToKa. HTerpalibHOE ypaBHEHUE 371€Ch HE UCTIONB3YeTCs. B TaHHOM METONE OTCYTCTBYIOT
JKECTKO (PMKCHPOBAHHBIC TOUKU KOJUTOKaruid. Kak moka3and 4uMCACHHBIC pAaCUeThl, HHTCTPUPOBAHKE 110
KOHTYpaM, OXBAaTHIBAIOIMM YaCTH CMEKHBIX OTPE3KOB Pa30MECHIIS, IPUBOAUT K YBEITUUCHUIO TOYHOCTH T10
CPaBHEHHUIO C HHTETPUPOBAHUEM M0 KOHTYPaM, OXBAThIBAIOIUM KaK/IbIii OTPE3OK B OTJAEIBbHOCTH.
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INCREASING OF THE ACCURACY OF CALCULATION
OF PLANE-PARALLELMAGNETIC FIELD
IN PIECEWISE-HOMOGENEOUS MEDIUMS
BY THE DOUBLE LAYER METHOD

1.P. Stadnyk, D.M. Filippov

SLAE for the unknown values of density of double layer at use continuous piecewise-linear
approximation is got by application of Ampere’s circuital law in the integral form for circuits covering
each segment of the boundary of partition of mediums. Application of this SLAE allows to reduce
the volume of calculations in comparison with the collocation method of solution of integral equations.

Key words: SLAE, integral equation, double layer of charges, collocation method, piecewise-
homogeneous medium, magnetostatic field.

ISSN 2222-8896. Bectn. BoJarorp. roc. yu-ra. Cep. 1, Mar. ®u3. 2012. Ne 2 (17)




