
Pll-94-202 

M.B.lOm~ameaa, O.11.lOJI)];amea 

KOMTIJIEKC TIPOrPAMM MSFE3D 
,LI,JI.5! PACqETOB TIPOCTPAHCTBEHHbIX 
MArHl1TOCTAT11qECKl1X TIOJIER. 

BEPCl15I 1.2 



Bse~euae 

B HacTOJ1m;ee BpeM.11. CYJI\eCTnyeT OTHOCHTeJILHo 6om,moe 1:oJIH'leCTBO 
nporpa.MM, IlpeAHaolla'leHHLIX AruI MaTeMaTH'lecxoro MOAeJilIPOBallll!l 0Jiel:­
TpOMarHHTHLIX noJieii paoJIH'IHLIX 0Jie1:Tpoq>HOH'l8Cl:BX ycTa.uonox [1,2]. ::ho, 
B~HMO, CB.llOaHO c 6ypm,IM paoBHTHeM BLr'IHCJIHTeJILHOH TexHHl'.Hj paoHoo6-
paoHeM 0llel:TpO<pm3H'leCl:BX YCTa.HOBOX, XOTOpLie, llanpHMep, n <J)mlne BLi­
COUIX 0Heprmi, MoryT 6LITL ynmrMLHLIMlij a Tax:m:e C XOMMep:o;Hamroa:QHeii 
Ha.H6onee HOBeCTHLIX nporpa.MM. 

HacTO.lllll;aJI pa.6oTa IlOCB.lllqeHa AaRLHe:e:meMy. paoBHTmo. H MO~H<J?)na.:QHR 
. . ' . . . 

nepCHH 1.1 nporpaMMlil MSFE3D c D;eJILJO nxJIJO'leHH.ll uonLIX MeTOAOB H pao-
pa.6oTaHllLIX anropHTMOn [3,4]. K xapal:Tepm.IM a.nropHTMll'leCJ:IDd oco6eH­
HOCT.llM nepcHH 1.1 CJieAYeT OTHeCTH Cllero'JOm;He. ·. 

• Hcnom.oonauae AHqiq>epeHD;HanLHoi q>opyYmq>onxH oa~a'IH ·. MarHHTO­
cTaTHXH OTHOCHTem.HO 06:m;ero (nHyTpH q>eppoMarHeTHEa,) Hp~­
pona.1moro (n nooJzyXe) cxanapHLIX noTeHD;HaJion. 

• HcnollLOonaHHe MeTOAa xoue'IHLIX aneMeHTon AlI.11 AHCXpeTBOa.:o;HH oa­
A&'Dlj n xa"!eCTne 0JieM~HTOB pao6HeHH.ll orpaHH"leHHO:i pac'IeTJIOH 06-
JiacTH MoJKHo nLI6HpaTL npoBOBOJILHLie BLIIIYXJILie mecTmpa.uuuxH. . . .. • ' . 

• Ana cnoco6a BLI"IHcnenmt noTeHD;Hana OT 06:MoTox <f,8: 

- no q>opMyJie <f,B(z) = <f,B(y)- J(Hs)rdr, rAe (Hs)r - Ta.HrCHD;HaJIL­
HaJI XOMilOHeHTa noruI OT o6MOTOX, HHTerpupona.HHe BeAeTC.ll no 11e­
lOTopoi xpHBOi, npm1aAJie2Kam;ei · no»epXHOCTH q>eppoMarHeTna, 
z,y - TO'llB 0TOH nonepXHOCTlij 

- nocpeACTBOM pemeHH.ll JIHHeiHoi xpaenoi O&Aa"IH AruI ypanHellH.ll 
Jlannaca. nHyTpH 06nacn1, Oa.HHMa.eMOi cpeppoMarHeTHl:0.1-f. 

•. Ana. MeTOAa. pemeuu mmeapHOonauuoi ciicTeMLI: . 

- MeTOA cRMMeTpH'IHoi noCJieAona.TeJILHoi nepxuei pen:axcaD;HH c 
aAa.llTHBHLIM llOJIHHOMHaJILHLIM (BT) ycxopeHHCMj . 

- MeTOA uenom10:ii: q>a.ITopHOa.:o;HH Xooeccxoro c conp.lllKeHHLIMH rpa.­
AHCHTa.MH npH npCABa.PBTeJILHOM ynop.llAO"ICHHH.HeHOnecTHLIX no 
o6paTHOMY a.nropHTMY KaTxHJIJia-Ma.1:111. 

B HOBYJO nepcHJO - 1.2 nporpa.MMLI MSFE3D A06a.BJICHLI CJieAYJO:m;He an­
ropHTMLI. 

• Hcnom.oonattHe ycxopeHHoro HTepa:QHOHHoro npo:o;ecca [4] AU pemeuu 
HeJIHHeiuoi CHCTCMLI ypa.BHCHHH, noJIY"IeHHoi B peoyJILTaTe AHCXpCTH­
Oa.:o;HH Oa.Aa."IH; 



• Hcnom,oOBaJilI~ cne:QHalll,HbIX anroplITMOB [3] p;ll.ll 6hlCTporo pemeHIUl 
mmeapHOOBaHHoii CHCTeMhl ypa.BHeHHH c paope1rrnHHoii MaTpill:\eii Ha 
Be:KTopHbIX H napam1em,Ho-BeXTOpHbIX 8BM; 

• Hcnom,ooBaJIHe 6ecxoHe1IHhlX 0neMeHTOB [5] p;ll.ll 6onee To1IHoro y11eTa 
ycnoBWI Ha 6ecxoHe1IHocTH, nocxom,xy oaµ;a11a pemaeTc.11 BO BceM npo­
cTpa.HCTBe. 

IlpHBeAeM xpaTxo coµ;ep::lKaHJie pa.6oTLI no naparpa.<pa.M. 
B nepBoM naparpa.<pe npHBop;HTc.H p;H<M>epeH:QHam,Ha.s: <pOPMYlIJIPOBXa oa­

p;a'lH Ma.i:HJITOCTaTmtH JI ee XOHe1IHo-0neMeHTHa.s: p;JicxpeTHOa.I(HJ{j paccMa­
TpHBaeTc.H np1ntep oap;a.HWI yCJIOBWI )];JipJIXlle Ha nJIOCKOCTJI CJIMMeTpJIJI Ma­
rHJITHOH CJICTeMLI c Y1JeTOM OaKOHa nomioro Toxa; o6cy::iKp;a.IOTc.ll <popMylll,I 
p;ll.ll Blil'IHCJieHWI 0JieMeHTOB Ma.TpHW,I H IlOBepXHOCTHLIX HHTerpanoB B npa­
BOH 11aCTH HenHHeiiHoii CJICTeMhl. 

Bo BTOpOM naparpa.<pe paccMaTpHBaJOTc.11 <popMylll,I H anropHTMLI p;ll.ll 
BliI'IHCJieHWI noTeH:QHaJia H noll.ll OT 06MOTXJI • .I(aeTc.H KpaTXall xapaxTepJI­
CTHXa cBoiicTB HTepa:QHOHHOro npou;ecca p;ll.ll pemeHWI HeJIHHeiiHoii cJicTeM1>1 
ypa.BHeHHH JI npeAo6ycnoBneHHoro MeTop;a conpIDKeHHLIX rpap;HeHTOB. 

B TpeTLeM naparpa.<pe. npHBOp;HTc.11 HH<pOpMa.I(HJ{ 06 opra.HlIOaD;HH npo­
rpa.MMLI H npHMepLI HeJl:OTOpbIX pac'IeTOB. 

B Oa:KlllO'leHJie <popMylllipYJOTCJI BJ,IBO!);J,I H OCHOBHLie BOOMO::lKHOCTH Bep­
CHH 1.2 nporpaMMLI MSFE3D. 

1 <l>opMyn1:1pOB1'a ORAR"ll:I 1:1 ee ABC:rcpeTl:IO~B.K 

· 1.1 <l>opMYJIBpou:1:a oaAa'IB 

PaccMOTpHM 03.AalJY HaxO::iKAeHWI pacnpeAeneHWI MarHHTHOro nolI.ll, coop;a.H­
HOro CTa:QHOHapHLIMH TOXa.MB B npOBOp;Huax H HaMar11B1JeHHOCTJ,IO Haxo­
~c.11 B npocTpa.HCTBe HOOTpOnHbIX <peppoMarlleTJIXOB. Kax HOBeCTHO, B 
ClIYlJae OTCYTCTBWI noBepXHOCTHLIX TOXOB H TOXOB, npoTeXa.IOII\HX no <pep­
poMarHeTJIXaM, 0Ta oaµ;a11a CBO!);HTc.11 : K uaxo.lK,11,eumo BeKTOpa·. MarHHTHOH HH­
/zy][D;HH jj H BeXTOpa HanpIDKeHHOCTH MarHHTHoro nolI.ll ii HO CTa.I(BOHapHbIX 
ypa.BHeHuii MaxcBenna : 

vxii=/, 
V•B =0, 

B = JJJJoif, 

lim IHI =0. 
•~oo 

2 

(1) 

(2) 

(3) 

(4) 

rµ;e J - oap;a.HHall BeXTOp-<pyHJ:D;RI[ nJIOTHOCTB TOiaj µ - HOBeCTHall 'PYHl'.D;Rll 

MarHBTHoii npOHID:\aeMoCTB cpeµ;, p;llll <peppoMarHHTHLIX cpeµ; µ = µ(IHI) ; 
/Jo - nocTOllHHa.s: MarHBTHOH npOHID:\aeMOCTB B BaxyyYe. IlpeACTa.BHM ii B. 
BffAe CYMMLI p;Byx BeXTopoB: 

H = HF+ Hs, 
rµ;e iis OilPeAell.lleTc.H HO ypa.BHeHHH: 

vxii5 = J, 

v-iis = O. 

(5) 

(6) 

ii5 IlPeACTaBlI.lleT co6oii, Ta:KHM o6paooM, none, coop;a.BaeMoe ToxoBOii. 06-
MOTxoi. Ono MOJR:eT 6LITL BLI1IBCJieHo no oa.IoHy Buo-Canapa: 

➔ 1-'of ➔ 1 Hs(:c) = 41r Jxvl:c-yldy, 
Os 

(7) 

rµ;e n., .;. 06nacT1>, Oa.HBMaeMaJI o6MOTXOH, 1:c - YI - paccTO.llHBe Me::iKAY TO'l­
XaMH X By. 

Ho ypaBneHHH (1), (5) B (6) CJICJO'eT, 11To Hr- 0TO BKnaµ; OT &ex Ma­
rHBTHbIX MaTepBaJIOB H ero MOlKHO npeACTa.BBTI, B BffAe. 

HF= -V</>, (8) 

rµ;e </> - p~poBa.HHLIH cxall.llpHLIB noTeH:QHan. 
BLIBa.IOT ClIYlJaB, xorµ;a iiF H iis BMeIOT 6om,mue, 6lllIOXHe no OHa'leHBIO 

H npOTBBOJIOlIO::lKHLie no OHa.J:Y BelIH'lllHLI BHYTJ>B o6na.CTH lKeneoa, nooTOMY 
CyYMapHoe none ii B ypa.BHeHHH (5) oxaoLIBaeTc.11 Mano n BLI1JBCJI.lleTc.11 c 
6om,moi norpelilHOCTLIO. KpoMe Toro, nocxonHy ii ucnom,oyeTc.11 p;llll Bhl-
11ucneHWI µ Ha KaJKp;oii HTepau;BB npH pememm µ;ucxpeTBOOBa.HHOB HeJIH­
He~o:ii ClICTeMhl, TO no BLIIIIeyxanaHHOH npB1IBHe µ, TaJt::lKe MO::lKeT OnpeAe­
JUiTbCJI c omn6Koii:. 

Bo uo6elKa.HBe 1JHcneHHo:ii Heycioii1IHBocTu, PeAYD;BPOBaHHLiii noTeHu;uan: 
</> ucnom,oyeTc.H TOlIJ,J:O BHe <peppoMarHlITHbIX o6nacTeii. AB <peppoMarJIBT­
HbIX o6naCT.HX1 rp;e j = 0, BBOp;BTc.11 061:QlIB noTel:i:QHall'tp: 

ii= -Vtp. 

ThxHM o6paooM, BCe npocTpaHCTBO !);enBTCJl Ha p;Be o6nacTB. 

1. tJ,-06nacT1>. 8To 06nacT1>, oaHBMaeMaJI <fleppoMarHeTBXaMH - nF. Ho 
(2), (3) HMeeM 

V,µ,'i/tp = 0, :CEUF• 
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(9) 



2. q>-06nacT1>. 8To 06nacT1> 6eo q>eppoMarHeTm:oB - nA = R3 \ S1p. Hc­
nom.oy.H (5) H (8), nony,mM 

ii =-V</>+iis. 
A HO (2), (3) H (6) HMeeM 

V,Vef> = 0, ZES1A. (10) 

06ooHa'JBM 'Iepeo r rpamuzy MelKJzy S1p H S1A. 
lfo ypaBHeHmi MaJ'HHTOCTaTHXH cn~yeT He06XOAHMOCTb BbIJIOilHeHH.H 

CJreAYIO~ ycnoBim. HopMMl>HaJ[ l'.OMIIOHeHTa BeXTopa jj H TaHreH~aill>Ha.!l 

XOMIIOHeHTa.BeXTOpa ii AOIDKHLI 6LITI> HenpepLIBHLI Ha mo6oi noBepXHOCTB. 

8TB ycnoBH.H AOillKHLI BLinOlIHJITl>CJI u Ha 6ecxoHe'IHOCTB, u Ha mo6oi rpa­
Hm:i;e, B 'IacTHOCTB, Ha r: 

tp = </> + </>5 , zer, 

81/J 8</> ... -
µ-;,,;::: = = + n•Hs, zer, an an. 

lim </> = 0, :r; E S1A, 
Z-+00 

rAe noTeH~an <l>5 BBOABTCll no q>opMyJie 

H5 ;, -v</>5, zeS1p. 

(11) 

Ha mo6oi 6ecxoHe'IHo YAaneHHoi rpaHm:i;e BMeeM nu6o 8t/J/8n = 0 - ycno­

Bue HeiiMaHa, T .e. none napannem.Ho rpaHm:i;e, nu6o t/J. = canst - ycnoBue 
,[{upnxn:e, T.e. none HOpMan1>Ho x rpaHm:i;e. 

B TOM Cny'Iae, eCJIH t/J-06nacT1> HMeeT ABa mm: 6onee ycnoBH.H ,[{upBXne, 

OHa'IeHBe l'.OHCTaHTLI M02KeT 6LITI> pa.GnB'IHO AM XalKAOH BO rpaHm:i;. Ecnu · 
XOHCTaHTa 6epeTCJl paBHoii Hyn10 Ha OAHOB BO Hux, To. ypaBHenue {1) M0-

2KeT. 6LITI> ·npoBHTerpupoBaHo, H, Tal'.HM o6paooM, 6mT HairneHLI OHa'IeHH.H 

ocTaBIDBXCJl XOHCTaHT. PaccMoTpHM cneror10~ npHMep.' Ha puc. 1 HOo6pa-

2KeHa 'IacT1> ce'IeHH.H MarHHTHoi cucTeMLI B nnocxocTu XOY, lllIHHH AB u 

AC - Tal'.Be_ OCH CHMMeTpHH, 'ITO TaHreH~aJil>Ha.!l XOMilOHeHTa IlOJij[ Ha 0THX 

lIHHH.HX paBHa Hymo. Ha OCJlX cilMMeTpHH nonaraeM </> = 0 B q>-o6nacTH H Ha 

DE t/J = 0 B t/J-o6nacTu. ~lTo6LI HaBTH oHa'IeHHe. t/J = canst Ha.. FG, npoBH­

TerpnpyeM VxH • ii ( ii - HOPMaJib x nJIOcxocTH pHcyHXa) no noBepxHOCTH S, 
orpaHH'IeHHoi DFGED. Tax xax Ha. DE ii-dl= O, To 

J vxii-ii = J ii-di. 
S DFGE 

IloBepXHOCTb S npBHaA1Ie2KBT o6JiacTH t/J, me J = o, IlOOTOMY MOllCHO Ha.lIH­
caT1>: 

ii-dl=-dt/J. 
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Cn~oBaTmHo, HO YJ.)aBHeHH.H (1) cpaoy nOny'IaeM' 

'PFG - 'PDE = l 
HlIH 

"PFG = I, 
rj:\e I - nonHLiii TOI'.. Ta.xHM o6paooM, oHa.'IeHBe HeuoBeCTHoi xoHcTaHTLI Ha. 

FG Ha.xOAHTCJI uo oa.xoHa. nonHoro Toia.. 

B ~o, 
'P = canst _,,,,,.,,.- I 

<I> - 06na.cT1>: 

t/J-06llacT1>: I A</,= 0 
V•µ.Vt/J = 0 

A~ 
Aef,= 0 \XI 
<l>=O D "'= Ci, E </,= 0 

PHc. 1. '9:acTI> ce'IeHH.H,MarHHTHOB CHCTeMJ,I nnocxocTl>JO XOY 
(x npHMepy o.a.Aa.HB.R YCJIOBHJI .[{Hpmare) 

1.2 Koee~Bo-ooeMeBTB8JI ABCEpeTBO~WI. 
• • ' 1 

C 

.[{HcxpeTBO~ uenpepLIBHLIX AH4><flepe~am,HLIX YPaBlleHHH OCHOBLIBa.­

eTCII Ha. M.eTO):\e ·ThnepxBHa, HanpBMep, (6). Bi.t6epeM B npocTpa.HCTBe Hexo­

TOPYJO orpamrieHHYJO Oj:\HOClUIOBYJO 06nacT1> n, COAepXanzyIO; S1p, B oxpy­

.lKa.DllJJ'lO ee 'IacTb' o6lla.cTH S1 A. Paoo61>eM S1 Ha. BLIIIyJ:llLle mecTHrpamnu:B 

O; Ta.I'., 'IT06LI n = un; I ninni = 0, xorna.. i=,:j, np~nonara.a Tau.Ke, 'ITO 

IaJKAa.!1 rpa.Hb alleMeHTa. O; llll.lleTCll rpa.111,10 APyroro aneMeHTa., a. rpa.um:i;a 

r-coCTaBlleHa BO rpa.HeB BLI6pa.HHLIX 0lleMeHTOB, 

BB~eM B npocTpa.HCTBe c npn1oyrom.Hoi }\exapToBoi CHCTeMoi xoopAH­

HaT OTHOCHTelll>HO nepeMeHHOB e = (e1,e2,e3) mmeim.Je q>yHX~ q>OpMLI 

N:,, AU xy6a (-1, 1)3 B BUAe, · 

N~(e) = (1/8)(1 + D"m1e
1 )(1 + D"m2e

2){l + um3e3), m = 1,; .. , 8, 

r}\e x~eHTLI O'mJ; BLI6Bpa.DTCll paBHLIMB 1 HllB -1, 'IT06LI N:,, 6LI1Ia 

paBHa. 1 B · BepIDBHe c HOMepoM m B paBHa. 0 B mo6oi APyroi BepDIBHe. 

Y'IHTLIBa.ll, 'ITO'xy6 [-1,1)3 nepexOABT B 0lleMeHT fi; npH BCilOllLOOBa.HBH 

npeo6paooBa.mu (7): · 
8 z• = E z}.mN~(e), k = 1,2,3, 

m-1 
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• 
rp;e x}.m, k == 1, 2, 3 - xoopp;HHaTLI BeplIIRHLI 8lleMeHTa fi; C HOMepoM 'm, 
MO:lKHO nOJIY'IHTL 6aoHCHLie <l>YHJU{HH Ha aneMeHTe fi;.:... Nm({(x)),m = 1, ... 8. 
PemeHHe oap;a'IH (9)-(11) 6yp;eM HCHTI, B BHp;e: 

t/J(x) = "Et/J;Ni(x), xefiF, 
. ; 

t/>{x) = "£</>;N;(z), xefiA. 
; 

IloTeHIU1a.n: </>8 Ta.JClKe npep;CTa.BBM B BHp;e 

· </>8(x) = "£</>f N;(x), xefip. 
; 

(12) 

't!epeo t/J;, </>;, </tJ 0600HaqeuLI oHaqeHll!I noTeHIUlaJIOB B ym1a.x npocTpa.H­
CTBeHHoi ceTXJI, nonyqeHHOH B peoym,TaTe p;HcxpeTHO~ o6nacTH fi. 
Ilop;CTa.Bllll BLipalKeHJlj[ p;ll.ll t/J H </> qepeo 6aoHCHLie <l>YHXIU!H (12) B 0606-
~eHJIYIO <J>opMymq>OBXY [4] oap;aqH (9)-(11) JI Y'JHTLIBaJl xpaeBLie ycnoBRII., 
nonyqHY ypa.BHeHHe p;ll.ll onpep;eneHRII. t/J JI </>: 

~ t/J; J µV Ni•V N;drt + L t/J; JV Ni. V N;dO + L </>;JV Ni. V N;dO = 
:r:;EOp Op . ·. . ' z;er OA .. :r:;.EOA 0A . 

=-JNin-H8dS+ "£ 4>f jvNi•VN;dO. (13) 
r :r:;er oA 

HHTerpanLI no o6JiaCT.llM OF,OA , BXOp;.![~e B (13), BLI'IHCJJJ[JOTCJI ~PH 
noMO~ CJMMHpOBaHll!I BXllap;oB OT OT}l;enI,HLIX aneMeHTOB fi;. B npep;enax 
xaxp;oro Taxoro aJieMeHTa µ C'IHTaeTCJl nocTOHHHoi, ee aprJMeHT BLiqHcrui­
eTCJl B qeHTpe. !lop; qeHTpOM eneMeHTa fi; IIOHBMaeTCJl TO'tJJ[a z;, XalK}l;aJl XO· 
opp;HHaTa XOTOpOH llll.lleTCJl Cpep;HBM apHq>MeTlf'IeCIHM XOOpp;HHaT BeplIIRH 
meCTHrpa.HHHXa. IlpH Bl,IqJIClleJIHH HHTerpaJIOB no OT}l;ellLJILIM 8lleMeHTaM fi.1: 
J1cnom,oyeTCJl HOonapa.MeTpJl"Jecxoe npeo6paooBa.HHe xaJKp;oro oneMeJITa B 
xy6 [-1, 1]3. TaxHM o6paooM, p;ll.ll i,j- oneMeJITa k-oi oneMeJITJIOH MaTpHqLI 
HMeeM npep;CTa.BlleJIHe: 

at~ µ(IH(z.1:)1) j v N/'v Nfdx = 
0~ 

= µ(IH(z.1:)I) J (Ji'1VNt)T(Ji'1VNJ)det(J.1,)d{, 
[-1,IP . 

rp;e MaTpHqa J.1, = {8zi/8{i}iJ=l,2,3, OHa:K T OOHaqaeT Tpa.HCnOHHpOBaHHe. 
HcnOJII,oyJI xy6aTyp11Lie <J>opMyJILI I'aycca [8], OTc10p;a nollJ'IHM 

_ Na 

at= µ(IH(z,1:)1) "E g({z)pz, 
l=l 

rp;e Pl - BeCOBLie XOOq,q>JIIUleHTLI. 
6 

! \ 

,nu BLI"JHCJieHll!I noBepXHOCTHLIX HHTerpaJIOB B npaBOH qacTB ypaBHeHll!I 
(13) HcnonwyeTCJI Ta lK.e TexHna, T.e. HoonapaMeTpJl"Jecxoe npeo6paooBa­
HHe BLIIlYXlIOfO qeTLipexyrom,11ma B nap;paT [-1, 1]2 H xy6aTypHLie <J>op-

MYlILI raycca. . 
BLiqHcne11He aneMeHTHLIX MaTpHq no 6ecxoHe"!HLIM aneMeHTaM npoBo-

p;HTCJI auanorH"IHO [5]. 

2 · MeTOAhl, ucnon:bOyeMhle B nporpaMMe 

2.1 BbI'IHcneHHe IIOJIJI H IIOTCH~HaJI8 OT. o6MOTKH, 

BexTop Hs BLI"JHCll.lleTCJI no oaxoHy BHo-CaBapa (7)'. 8ToT HHTerpa.n: BLI· 
'IHCll.lleTCJI npH nOMO}qH CyMMHpOBaHll!I BXllap;oB OT .. oTp;enLHLIX OJieMeHTOB, 
Ha xoTopLie pao6HBaeTCJl _o6nacTL Os; OaHHMaeMaJI o6MoTxoi. B xaqecTBe 
eneMeHTOB 6epyTCJI npoHOBOJILHLie BLIIJJXJILie me,C'I'.HrPaHHHXH,. B 'lacT~O­
CTH, np.llMLie npHOMhl C npoHOBOJII,HLIMH BI,IIlJXJII,IMH 'leTLipexyrom,HHXaMJI 
B ocaoBaHll!IX HJIH n:p.llMoyroru,HLie napa.n:nenenHnep;1,1; IlpH Bhl'IHCJieHHH HH· . . 

Terpana no npoHOBOJil,HOMY BLinyXJIOMY mecTHrpaHHHXY HCnOJII,OYJOTCJl xy-
6aTypLI I'aycca, no np.llMoi npHOMe - cHa'la.n:a HcnonwyeTCJl <J>opMyna H1,10-
TOHa-Jleii6HHqa p;rui: CBep;eHWl x HHTerpHpOBaHHJO no 'leTLipexyroJII,HBXaM, 
a. oaTeM xy6aTypLI faycca; HHTerpa.n no np.llMoyrom,HoMy napa.lllleneirHnep;y 

BLI'IHCll.lleTC.ll no aHa.JIHTH"JeCXHM <J>opMyJiaM. 
,nu Ha.xolKp;eHHH. noTeHIU!a.lla .</>8 MOlKHO pemaTL oap;aqy p;rui: ypaBHellll!I 

~ ... 
Jlannaca BHYTPH o6nacTH <J>eppoMarHeTHXOB Op: 

A</>8 (x) = O, zeOp (14) 

C xpaeBLIMH ycnoBH.llMH: 

8</>8 - -
8n = -n•Hs, zer. (15) 

PemeHHe Taxoii oap;a"IH cy~ecTByeT H 

-V</>8 = Hs(x), xeOp. (16) 

IloTeHIU!a.ll </>8 Ha.xop;HTC.ll C TO"JHOCTLJO p;o XOHCTaHTLI, HO npep;CTaBJieHBe 
(16} ep;HHCTBeHHO [4]. EcJIB: o6paTHTLCJl X npBMepy HO naparpaq>a 1, TO BMe­
CTO YCJIOBH.ll. HeiiMaHa (15} Ha Bceii noBepXHO<;TH.q>eppoMarHeTHXOB nyqme 

oap;aTL CMemaHH~e ycnoB:u: 

8</>8 /an= -n-iis, 
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Ha nonepxaocTH, npoxoA.11mei 11epeo mrnHH DF H EG, .H 

</15=0, 

Ha no»epxHocTH, npoxoA.11mei 11epeo mm:HIO DE H 

</>5 = const, 

Ha no»epxaocTH, npoxoA~ei 11epeo mm:HD FG. KoHCTaHTa Hax0AHTCJI HO 

oa.i:oHa nOJilloro TOJ:a. ,lJ;Jlll pemeHH.ll oaAa'iH (14),(15) ucnom.oyeTCJl MeTOA 

IOHe'iHLIX 0JieMeHTOB H noTeH~aJI </>5 · HaxOAHTCJl HO ypa»HeHH.ll: 

~ </tJ jvNj•VN;dO=-jNjn•HsdS. 
:;en, n, r 

2.2 MeTOA pewellll.ll aenaaeiiao:ii c&cTeMY ypaeaeaa:ii. 

,lJ;HcipeTBO~ HenpepLIBHOH OaAa'iH npHBOAHT I HelIHHemioi CHCTeMe ypa-
BHeHHH C paopexeHHoi MaTpHD;~i: ' •. 

F(µ)y=b; µ = µ(y) (17) 

AnropHTM pemeHWl cHcTeMLI (17) BLirJlllAHT cn:eAyx>mHM o6paooM. 

1. 3aAaJOTCJl Ha'iam.HLie ~Ha11eHH.ll MarHHTHoi npoHHD;aeMoCTH µ0 , noTeH­

~aJia Yo, napa.MeTp To ."7 1. 

,lJ;Jlll n = o, 1, ... BLIIlOlIH.lllOTCJl ClIElAYJOmHe 0TanLI: 

2. PeimITL mrneapHOOBaHHYJO CHCTeMy 

F(µn)Y = b. 

3. IlonollOITL 

Yn+l = TnY + (1- Tn)Yn• 

4. BLI'iHCJIHTL HeB.llOIY b..::. F(µn)Yn+lt npoBepHTL CXOAHMOCTL HTep~­

OHHoro npon;~cca; eClIH CXOAHMOCTL He AOCTHI'HyTa, TO IlPOAOlllKHTL 

BLI'iHCJieHH.ll. 

5. BLI'iHClIHTL 1-'n+l = µ(Yn+1)• 

6. B OaBHCHMOCTJ! OT IlOB~eHH.ll HOpMLI µn+l - µn OaAaTL napaMeTp Tn+l E 
(0, lj B nepeiTH Ha 0Tari 2. 
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Ku nonm,ma.ioT peoym.TaTLI 'iHCJieHHLIX pac11e-roB, BBE!AeHHe napaMeT­

pa Tn e (0, lj cymecTBeHHO yc1op.11eT CXOAHMOCTL HemrneiiHoro HTep~oH-­

Horo npori;ecca, oco6eHHo Ha ero nOCJIE!AHHX HTep~. IlpHBE!AeM Teope­

TH'ieCIYJO on;eHIY CIOpOCTH oro~OCTH npon;ecca, BLITeia.JOIIJ;YIO HO o6mei 

Teopm HTep~OHHLIX MeTOAOB pemeHH.11 HeJIHHeHHLIX ypa»HeHHH [9]. Ecml 
Tn = To(l.;...ap) H Yo npHHaAllelKHT HeIOTOpoi O1:pecTHOCTH TO'iHoro pemeHH.ll 

HelIHHeiHoi CHCTeMLI y•' TO cnpaBE!AlIHBO Hepa»eHCTBO' 

· IIYn - y•ll2 S P11 IIY0 - y•ll2, 

rAe Uxll~ = r;f:1 xi. KoHCTaHTa p onpE!AeJ111eTCJ1 HO ClIElAYJO~ cpopMyn: ' 

1-o- l-a'Y1 
p= l+o-' o-= l+.a72' 

a== 'Y3 . 
. J'Y1'Y2 +,yf 

2 
To= 'Yl +'Y2. 

3AeCL IlOCTO.llHHLie 'Yi, i = 1, 2, 3 O&Aa.JOTC.ll HepaBeHCTBa.MH'. 
4 • • ' 

'11 S Cn S '12, 

110.5 * ( Cn - cnv112 S 'Y3IIYll2, 
' . 

rAe Cn=F;-1F'(Yn), F'(y) - M&TpHD;a H1:06H. 

Ha IaxAoi HemrneiiH:oi HTep~ aJiropHTMa pemaeTC.ll mrneapHOOBaH­

Has: CHCTeMa ypa»HeHHH c paopeEeHHoi MaTpHD;ei: 

Fnx = b • (18) 

,D;ll.ll 6LICTporo pemeHWl CHCTeMLI Ha. BeITOPHLIX H napa.mreJILHO-Be:nopHLIX 

8BM B 0TOi BepCHH nporpaMMLI ecTL BOOMOlKHOCTL HCilOJU,OOBa.HU BeXTop­

HLIX allrOpHTMOB [3], OCHOBaHHLIX Ha. MeTOAe Hen~oro paono2K.eH:u'xonec-

c1:oro c conputeHHLIMH rpa.AlieHTa.MH [10]. ' > > · 
·IlycTL Fn = {/i;)iJ•r.N' MaTpHIJ;a. M = fjTbfj;;rAe D,= {<4}i .. 'f,N - AH-

• ' '. . :, . '. N • • •• •• • • 

arOHalILHaJI MaTpHD;a., u = {uij}jJ ... r;N - BepXHeTpeyrOIILH&II. BLI'iHcn:eHHe 

eneMeHTOB Ma.TPHD; b H U npoBOAHTC.ll no q>OpM}'lla.M 

• i-1 . ·• . , 
AU i oT 1 AO N : · ~ = /ii..:. E ulid.1: · 

. 11,,,1 .. 

AU j OT i + 1 AO N : { 
ecml /i; = o, ro ii;; f·o; ·. . ·. 
. BHa.11e ui; = Uii - r;j;fi~d.1:u~)/<4. 

- • J ' 

To:M:\a. ~ aopocTH CXOAJIMOCT• KeTOAa Hen0.11Horo paonoxemu XOJiecaoro 

C COilpJIJKeBHJJVB rp&AJleHT&Jd cnpa.BeWIJ1Ba.on;epa·[ll]: 

nz, - z•11s2v'i11'11zo - z•n. 
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rj:\e Zo - HCXOTopoe Ha'laJILHOe npa6lllDKeHBe, a z• - TO'IHOe pemeHBe CB-

CTCMI,I (18), f/ = (._,m~ 1)/(.._m+ 1) B 

1' = ..\m=(M-l Fn)/,\min(M-1 Fn) 

- 'IHCJIO o6yCJIOBJieHHOCTB npej:\o6yCJIOBJieHHOH CBCTeMLI. 
Cxoj:\BMOCTL BTepa.qHOHHOro npon;ecca no J£ XOHTPOJIHpyeTCll 'IHCJIOM (1: 

1 N. µ~+1 _ µ~ 
Ne ~11 'µ~+1 , I $ (1, 

J= J 

rj:\e Ne - 'IHCJIO eJieMeHTOB B nF. 
H Tepa.qHOHHLIH npon;ecc BO BTOpOM nyHXTe anropBTMa oaxaH'IBBaeTCll, 

][al: TOJILXO BLIIIOJIH.lleTCll HepaBeHCTBO. 

l!F(J£n)li - bll~/lllill~ , $ (2. 

3 KpaTxoe onnca.Hne nporpaMMhl MSFE3D 

3.1 Oprauuoa~HJI nporpaMM:bl 

Kax npaB:e:no, peme1111e oaj:\a'IH no nporpa.MMe MSFE3D npoBOJ:\HTCll B 'le­

TLipe eTa.na: 

1) BlJ'IHCIIeH:e:e nolI.ll oT o6MoTox Hs. :e: noTeHD;HaJia </>5; 

2) reHepan;:e:.a: cTpYJ:TYPLI MaTpHD;LI J:\lI.ll oaj:\aHHOi reoMeTpHH ; 

3) pemeH:e:e Hemmeimoi c:e:cTeMlil ypaBJieH:e:i; 

4). BLI'IHCJieHBe xoMnoHeHT nou; BLIBOJ:\ peoyJILTaTOB. 
' ' < •• • 

lloCJie Xa.x<.j:\oro eTana BOOMO:lKeH c6poc Heo6XOJ:\BMOH HHq>opMan;:e:H B 
<I>aiinLI Ha ):\BC][. 0Ha_MO:lKeT 6LITL BCnOJILO?BaHa )J;lI.ll pa60TLI nporpaMMI,I 
Ha. crreJzyIOID;HX mara.x. BooMO:lKHO TaI:lKe oTµ;en:i.Hoe BLIIIOlIHeHBe Xa.x<.j:\oro 

' ' , ; '. . 

aTana. 
,Il,mt pa60TLI nporpaMMLI Ha nepBOM ma.re oap;aeTCX XOHq>Hrypan;Rll. 06-

MOTXB, C 9TOH D;eJILBJ BCll o6MOT][a JIH6o ee 'lacTL (c yqeTOM CHMMeTpHH) 
pao6HBaeTCll Ha cyneperreMeHTLI, ][00p):\HHaTLI Bepnnm ][OTOPLIX oap;aBJTCll 
B OnpCAeJICHHOM nop.llj:\Xe BO BXO):\HOM <I>aine. 3p;ecL :lKe onpep;emteTCll ,::e:n 
cynepaJieMCHTOB. HMH MoryT 6LITL npOBOBOJILHLie BLiny:s:lILie mecT:e:rpaHHB­
XB, np.llMLie npBOMLI C BLiny:s:JILIMH 'leTLipex:yrOJILHHiaMH B OCHOBa.HH.llX HJIH 

nplIMoyroJILHLie na.paJIJien:enHnCALI· MoxeT 6LITL oa.j:\aHa. Tax.ze Bpa.m;a.T~­
Ha.ll cHMMeTpH.ll )J;JI.ll cyneperreMeHTOB, 'IHCJIO pao6BeH:e:i no HanpaBJieHH.llM 
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ocei xoop):\HHa.T u HaJIPaBJieHBe TOia B IaJK):\O~ uo cynepaneMeHTOB. 3a.j:\a.­
CTCll TailKe nnoTHOCTL TOJ:a. 

,Il,llll pemeHH.ll oaj:\a'IH onpCAeJieHH.ll noTeHn;:e:ana. </>5 o6nacTL q>eppoMarHe­
THIOB nF TailKe pao6HBaeTCll H~ cyn:epaneMeHTLI,paµ;aBJTC.ll :s:oopµ;HHa.TLI :e:x 
BepmHH, 'IHCJIO pao6ueH:e:i no HanpaBJieHH.llM ocei xoopµ;HHaT, xoµ; Ma.Tepu­
ana., rpaHH'IHLie yCJIOBH.ll p;llll _ cynepaneMeHTOB. 3aµ;aBJTCJl Tax.ze na.pa.MeTpLI 
HTepa.n;HOHHOro npon;ecca: MaICBMaJILHOe 'IHCJIO JIHHeHHLIX BTepa.n;:e:i H TO'I­
HOCTL pemeHH.ll, PeoyJILTaT pa6oTLI nporpa.MMI,I Ha nepBOM ma.re MO:lKHO 
oan:e:caTL Ha µ;:e:cx B <I>aiJI ICFI. .. . · · 

Ha BTOJ>OM mare Tpe6yeTcx HHq>opMan;:e:.a: o reoMeTpHH Bceii: pa:c'leTHoi 
o6JiacTH. B 9TOM CJiyqae )J;aHHLie oaµ;a.BJTCll TaK xe, KaK H Ha nepBOM mare )J;llll 
onpeµ;eneHu </>5, p;o6a.BJI.lleTcx 'l'OJILIO HHq>OpMa.n;Rll o cynepaneMeHTa.x B BOO­
µ;yxe H yCJIOBH.ll Ha rpaHHD;a.x MelKp;y OF~ OA• CreHepBpOBaHHa.ll CTpy:s:Typa 
Ma.TpHD;LI oan:e:cLIBaeTcx B ·<1>ain ICR. 

llporpa.MMa. MSFE3D HMeeT HecxOJILxo BCTpoeHHLIX Ta6JIHD; p;llll MarHHT­
Hoi npoHHD;aeMOCTB, eCTL BOOMO.ZHOCTL BBeCTH B µ;pyrue OaBBCHMOCTB. 

Ha TpeTLeM mare Tpe6yeTCll Oaj:\aHHe CIICAYBJlD;HX na.pa.MeTpOB: MaICH­
MaJILHoro 'IHCJia. HeJIHHeHHLIX H JIHHCHHLIX HTepa.n;:e:i, TO'IHOCTL pemeHH.ll. 
llporpa.MMa. ocy111;eCTBJilleT c6opxy aJieMeHTHLIX MaTp:e:n; j:\JI.ll 0lleMeHTOB, oa.­
BHCllID;HX OT µ(IHI), Ha xa.x<.µ;oi HemmeiHoi :e:Tepa.n;n. llonyqeHHoe pemeH:e:e 
HemmeiHoi c:e:cTeMlil oan:e:cLIBaeTcx B qiaiJI IFEM. Heo6XOJ:\HMO OTMeTHTL, 
'ITO Ha 0TOM mare MO:lKHO c6pOCHTL B 0TOT <I>aiin npoMeJKyTO'IHOe pemeH:e:e, 
a. oaTeM B ):\pyroM pelKHMe npO):\Oll:lKHTL HTepa.n;n, HCilOllL!JY.ll 0TY HHq>OpMa­
n;mo. 

Ha 'leTBepTOM mare BLI'IHCll.llIOTCll XOMnOHeHTLI nolI.ll.B y:s:aoaHHLIX o6Jia­
CT.llX, PeoynLTaT oan:e:CLIBaeTcx B qiaiin OUT. 

CYID;eCTByeT TaIJKe HecxonLxo nporpaMM J:\ll.ll o6pa6oTx:e: ~ony'leHHoi 
HHq>OpMa.n;HH, C HX noMOID;LIO MO)KHO BLI):\eJIHTL )J;aHHLie. B HHTepecyl()ID;HX 
TO'IXa.x, npoBeCTH HHTepnOJI.llll;Jll(), a TaI)Ke nepe<.f>opMaTBpOBaHBe J:\llll no­
CTopoeHH.ll rpaq>BIOB c noMOID;LIO rpaq>H'lecx:e:x mi.KeToB nporpaMM: · · · 

3.2 , IIpuMepbI pac"leToB 

Ha puc.2. npeµ;cTaBJieH npBMep MarHBTHOH CBCTeMLI, ):\JUI IOTopoi Tpe6o­
BaJIOCL onpCAenHTL MarHHTHOe none BHYTPH q,eppoMarHeTHia: BBBµ;y CHM­

MeTpBB MarHBTHoi cucTeMLI oap;a'la pemanacL B 1/16 'lacTB npocTpaH­
CTBa; Ha. puc.3 IlpCACTaBJieH npBMep Heperyll.llpHoro pao6ueHH.ll Ha cynepa­
JieMeHTLI ce'leHH.ll pac'leTHoi o6nacTB B nnocxocTB XOY. Ha puc.4,5 uoo-
6pa.x<.eHLI JIOny'leJIHLie B peoyJILTaTe pac'leTa By :e: · Bz: J:OMnOHeHTLI nOJI.ll 
B q>eppoMarHeTBie npH z= 12 MM, CTpelliaMB y:s:anaHLI rpaHHD;LI o6MOTJtB, 

XOTOpa.ll BnlIOTHYIO np:e:nerana lt q>eppoMarHeTBIY. Ma:s:CHMaJILHOe OHa'leHHe 

ll 



11,MleH 

ki 4' ~ »7,9.2.CH 

Pm:.- 2. · MarmITHaJI cHcTeMa •i3 BHµ;e TOpOH1'a 

Pnc. 3. IlpHMep pao6HCUWI pac•1eT11oii o6nacTR 11a cynep0neMeHThl 
( ceTJc1me B mrocxocTH XOY) 

ocHOBHoi IOMIIOHCHTLI norui: BHYTPH qieppoMa.I'HElTHKa ·~ 1,8 Tu. PacTJeT npo­
Bop;BJICll. Ha 8BM EC-1037 Arui: ceT:ui:, coµ;epxam;ei 16700 yonoB'. 

B Hacro.s:~ee BpeM.11 nporpaMMa MSFE3D aµ;anTHpoBaHa Taux.e Ha Be1t­

Top11oi 8BM CONVEX C120. ,D;rui: 0Toro paopa6oTaHLI cne~am,HLie aJI­
ropHTMLI 13). 'I'mm'lH8.ll HCJillHCHH8.ll oaµ;a"la. B 43000 H~HOBCCTHLIX.Tpe6yeT 
:::i 20 Hemmeii:HLIX :e:Tepa.iµm. Iloµ;o6H8.ll oa.µ;a.qa pemaJiacL, HanpHMep, µ;rui: 
cneupoMeTpnec1toro .MarH:e:Ta CII-40, 06~:e:ii: B:e:µ; IoToporo npeµ;cTa.BJICH 
Ha. pHc.6. ,,D;n.s: llOJIY'lCHH.s: Tpe6yeMoro llO.ll.l[ B n;eHTpe MarH:e:Ta Bo.= o, 75 Tu 
6LIJIO C)l;CJiaHO U.S:TL pac"ICTOB c D;CJILIO onpeµ;eJICHH.s: Heo6xoµ;:e:Moi CBJILI TOia, 
B peoym.TaTe BCJIH"IHHa cBJILI TOia cocTaBBJia I= 144308 A. Pacnpeµ;eneHHe 
BLI"IHCJJeHHOH OCHOBHOi OTHOCHTCJILHOB J:OMilOHCHTLI MarHHTHOro. IlOlUl 

B,/Bo(z) 11 cpaBHCHHC c )];8.HHLIMH HOMepeH:e:ii: noxao~o Ha pHc.7. IlpH BLI­
"IHClleH:e:.s:x HCilOJII,00BaJI8.CI, CCTia, COCTO.lUIJ;8.ll HO 51840 yonoB. CpaBHCHHC 

12 

Z•12mm 

-1.10 

-1.32 0.00 

-1.54 

-1.76 

Pnc. 4. Pacnpeµ;ene11ae ocuoBHOii KoMno11eHThI non.a B 11 BHYTPH 
cpcppoMarHcTnKa 

0.5625 

0.3750 

0.1875 

0.0000 

Z•12mm 

o.oo 

P11c. 5. Pacnpeµ;ene1111e icoM11011eHThl non.a B: BHYTPH cpeppoMarHeTnxa 
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320c,,, 

~soc,.. 

Pnc. 6. 06mnii BHA cneKTpoMeTpn'lecKoro MarnnTa CII-40 

0.8 

0.6 

0.4 

0.2 

0 

By/BO 

*. Experimental data 

- Computed data 

-200 -150 -100 -50 0 50 100 150 200 
Z(Cm) 

Pnc. 7. Cpannenne pacc'IHTanoii H 0KcnepnMeHTaJih11oii ocuonnoii 

KOMilOHCHTbl IlOJill By no OTH~llleHHIO K Bo B):\OJlh OCH oz 
npn x=O cM, y=l CM. 

pac'leTHOH H axcnepnMeHTaJIJ,HblX KpHBbIX noxaoan:o, 'ITO B npeAeJiax AJIHHbl 

MaI'HHTa 01m COBITaAa.IOT C TO'IHOCTLIO ~ 'lQ".""3 • Bonee ITOAP06HI,Ie peoylIL­

TaTI.i pac'leTOB ony6mn:OBa.Hbl B pa6oTe [4]. B Ta6~e 1 IlPOAeMOHCTpnpo­

Ba.H 0<_M>exT HCilOJil,OOBa.HRll BCKTOpHbIX aJII'OPHTMOB (MeTOA 2) B cpa.BHCHHH 

C HCilOJil,OOBaHHeM IlOCJICAOBaTeJILHblX aJII'OpHTMOB, :Tpa.HCllllpOBa.HHblX C 

BeKTOpHoii OilTHMHOa~eii (MeTOA 1), N-'IHCJIO yoJIOB CeTKH. 

Ta6Jin~a 1 

N MeTOJ:\ 06mee BpeM.ll pemeHH.ll HeJIHHeiiHoi CHCTeMLI 

42120 1 5 'lacOB 5 MHHYT 

2 2 'la.ca 10 MHHYT 
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38.KJIIO'leBBe 

Paopa6oTa.H xoMnnexc nporpaMM MSFE3D, npeAHaoHa'leHHLIH Arut pac­

'leTOB npocTpa.HCTBeHHbIX MaI'HHTOCTaTH'leCKHX noneii. BepcH.ll 1.2 0TOro· 

KOMITJieKca HMeeT ClICAYJOll.\lle BOOMO.:lKHOCTH. 

• llcnoJII,OOBa.HHe ):\Hq>qlepeH~aJILHOH IlOCTa.HOBKH o~a'IH MarHHTOCTa­

THKH OTHOCHTeJILHO o6mero (B ~eppoMarHeTHKe) n p~OBa.HHOro 

(B BOOAJXC) CKarutpHbIX IlOTCH~aJIOB IlOOBOilllCT npOBO):\HTI, C ):\OCTa­

TO'lHOH TO'IHOCTl,IO ycTOH'lHBble x onm6KaM oxpyrneHRll Bbl'IHClleHU 

MaI'HHTHOH HHAJK~HH H 11anp.11.2KeHHOCTH IlOII.ll He TOJil,KO B BOOAyxe, HO 

H B qieppOMaI'HCTHKe. 

• llcnoJILOOBa.HHe ):\ll.ll AHCKpeTHO~ OaAa'lH MCTOAa KOHC'llibIX 0JieMeH­

TOB H Bbl60p B xa'leCTBe 0JICMeHTOB pa.o6neHU orpaHH'lCHHOH o6JiacTH 

npOHOBOJILHblX BbIIl}'KllbIX meCTHrpa.HHHKOB IlOOBOJIJlCT npOBOAHTh MO­

}:\eJIHpOBaJIHe 0JlCKTpOMaI'HHTHbIX noneii 0JICKTpoq>HOH'leCKHX YCTaJIOBOK 

C npaKTH'lCCKH JII06oi "paoyMHoii" reoMeTpHeii. 

• BBCACHHC B HTep~HOHHYIO cxeMy napaMeTpa r,.E(O, 1] npH pemeHHH HC­

JIHHCHHOH cncTeM1,1 an:re6paH'lecxnx ypaBHe11ri n HCITOJII,OOBamre pa.o­

pa6oTaJIHblX BCKTOpHbIX anropHTMOB IlOOBOJI.llCT npoBOAHTL C AOCTa­

TO'lHOH TO'IHOCTLIO MOAeJIHpOB3.HHC 0JieKTpOMarHHTHblX nonei CaMoro 

paoHoro ypoBHJl He TOJil,KO Ha IlOCJICAOBaTeJILHbIX, HO H, oco6eHHO 04>­

cJ>eKTHBHO, Ha BCKTOpHbIX n napaJIJICJil,HO-BCKTOpHbIX 8BM. 

• HcnollhooBaJIHe 6ecxoHe'lHblX aJieMeHTOB All.ll HeorpaHH'leHHOH o6nacTn 

c Heo6XOAHMOH TO'IHOCTI>IO IlOOBOJIJICT Y'IHTLIBaTL YCJIOBHC Ha 6ecxo-

11e'IJIOCTH H Bbl'IHCJIJITI, OHa'leHU MarHHTHOH HHAJK~HH B YAaJICHHbIX 

OT MaI'HHTa TO'IKax npocTpa.HCTBa. 

B 11acTO.llll.\ee BpeM.ll npOBO):\HTC.ll pa6oTa no BUIIO'ICHHIO B nporpaMMY 

6aoncHblX cJ>yux~ 6onee ni.Icoxoro nopllj:\Ka. 

ABTOpbI Bbipa.:iKa.IOT rny6oxYIO 6naroAapHOCTh oa ITOAJ:\ep.:lKKy H noneoHble 

06cy.2KAeHU npoq,eccopy E.Il.)KffAKOBy. ABTOpbI TaK.lKe 6naroAapHbI 

A.B.<l>CAopony oa noJieOHble 06cy.2KAeHu Ha Ha'lam.Hoii cTa):\HH pa6oTbl no 

COOAa.HHIO nepCHH 1.1, P .C.ErHK.llHY oa noMo~ B ocnoeHHH M'F)X'a., Poccu:e:­

cxri ¢oim¢yuAaMeHTaJibH&IX ucCJieAoBauuii aa noMepxKy · (rpaHT N94-01-

01354-a). · 
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I0n11arnesa M.E., I0n11arnes O.lf. 
KoMnJieKc nporpaMM MSFE3D J:IJlll pac11eTOs 
rrpoCTpaHCTBeHHbIX MamHTOCTan111ecn1x ITOJieH. BepCHll 1.2 

Pl 1-94-202 

Pa3pa60TaH KOMITJieKC rrporpaMM, npe11tta3Ha11eHHblH /:IJISI pac11eTOB npoCTpancTBeHHbIX 
MamHTOCTaTH'leCKHX ITOJieH. XapaKTepHblMH oco6eHHOCTSIMH KOMITJieKca SIBJISIIOTCSI: 
- J:IH!pcpepenu;HaJibHaSI q,opMy JIHpOBKa 3a11a11H OTHOCHTeJibHO o6iu;ero H peJzyu;Hposannoro CKaJillp-
Hb!X ITOTeHD;HaJIOB; 

- MeT0/1 KOHe'IHbIX 3JieMeHTOB J:IJlll /1HCKpeTH3all;HH 3a11a11H; 
- ycKopenHblH HTepau;HOlll!blH npou;ecc J:IJlll perneHHll HeJIHHeHHOH CHCTeMbl ypasHeHHH; 
- B03M0)1{1!0CTb HCI10Jib30BaHHll crreu;HaJibHbIX anropHTMOB J:IJlll 6bICTporo perneHHll JIHHeapH30Ban-

HOH CHCTeMbl ypaBHeHHH C pa3pe)Kel!HOH MaTpHu;eH Ha BeKTOpHblX H napanneJibllO-BeKTOpllbIX 

3BM; 
- 6eCKOHe'!Hble 3JieMel!Tbl /:IJlll 6onee TO'IHOl'O y11eTa ycJIOBHll na 6eCKOHe'IHOCTH. 

IlpHBOJ:ll!TCll ou;eHKH CKOpOCTH CX0/1HMOCTH HTepau;HOHHbIX rrpou;ecCOB, KpaTKOe OITHCaHHe KOM­
n..'leKca H rrpHMepbl pac11eTOB. 

Pa6orn BblITOJIHena B Jla6opaTOpHH Bbl'IHCJIHTeJibl!OH TeXHHKH H aBTOMaTH3au;HH OIUIH. 

Coo6iu;enHe Q6,,e11Hne1111oro HHCTHTYTa ll):lepnbIX HCCJie):IOBaHHH. Jl:y6na, 1994 

IlepeB0/1 aBTOpOB 

Yuldasheva M.B., Yuldashev O.I. Pll-94-202 
The Program Complex MSFE3D for Computations 
of Three-Dimensional Magnetostatic Fields. Version 1.2 

The program complex for computations of three-dimensional magnetostatic fields has been 
developed. The characteristic peculiarities of the complex are: 

- differential formulation of the problem for total and reduced scalar potentials; 
- finite element method for discretization of the problem; · 
- accelerated iterative process for solving system of the nonlinear equations; 

- possibility of using special algorithms for fast solving linearized system of the equations with sparse 
matrix by vector and parallel-vector computers; 
- infinite elements for more accurate consideration of the condition at infinity. 

The rate of convergence of iterative process, brief description of the complex and examples 
of computations are presented. 

The investigation has been performed at the Laboratory of Computing Techniques and Automa­
tion, JINR. 
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