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PaccMOTPIIIM 3aAa4y peweHI!Ifl AByx- I!!Illll TpexMepHbiX 3I1I1HnTH4ec
KHX ypaBHeHHH, B03HHKaiOIJtHX B MarHHTOCTaTHKe· npH HCnOI1b30BaHHH 
AH<JxllepeHI.IHallbHOH H CMeWaHHOH /l/ nOCTaHOBOK. npH,.IeHeHHe MeTOAa 
KOHe4HbiX 3IleMeHTOB IMK31 HilH MeTOAa KOHe4HbiX pa::.HocTel4 IMKP I 
OCHOBaHO Ha AHCKpeTH3al.IHH 06JlaCTH OnpeAelleHHfl HEH3BeCTHOH 
$YHK1.1HH C waroM, IlOKallbHO COrJlaCOBaHHbiM C rpaAHEHTOM HCKOMQ
ro peweHHfl. npH 3TOM annpOKCHMal.IHfl HellHHeHHOCTH npOBOAHTCfl, 
KaK npasHno, c HcnonbaosaHHeM Toro *e caMoro cel04Horo nH6o 
KOHe4H03JleMeHTHOrO pa36HeHHfl, 4TO B o6~eM CI1y4aE MHOrOKpaTHO 
yBeJ1H4HBaeT Bbi4HCI1HTellbHble 3aTpaTbl Ha y4eT HellHt-eHHbiX 3<JxlleK
TOB no cpaBHeHH~ C IlHHeHHbiM CI1y4aeM. 

PeweHHe HellHHeHHOH npo6JleMbl CBOAHTCfl K onpeAEileHH~ B Ka*
AOH T04Ke x IKoHTHHYallbHaR HellHHeHHOcTbl o6nacT~ $eppoMarHe
THKa OF, HapRAY C HCKOMbiM noTeHLIHallOM, 3Ha4eHH~ $YHK1.1HH ~(X) 
- MarHHTHOH npoHHI.IaeMOCTH cpeAbl lnH6o $YHK1.1HH v( x 5 = ~-l(x) I, 
3aBHCfl~eH HellHHeHHO OT MOAYilfl rpaAHeHTa HCKOMOH $YHK1.1HH B 
T04Ke x. AnR WHPOKoro KJ1acca aaAa4 BilHRHHe T04HC·CTH annpoKcH
Mal.IHH $YHK1.1HH ~(X), X ~ 0 F, Ha 3Ha4eHHfl peweHHfl B HCCileAyeMOH 
06JlaCTI<1 TaKOBO, 4TO HeT He06XOAHMOCTH HCnOI1b30BcTb $YHK1.1H~ 

~(X) B 06JlaCTH HellHHeHHOCTH Ha CTOilb *e MellKOH CeTKe, 4TO H 
Allfl annpOKCHMal.IHH HCKOMOrO peweHHfl. Ha npaKTHKe 3TO npHBOAHT 
K TOMy, 4TO B PRAe CI1y4aeB HCnOJ1b3yeTCfl ynpo~eHt-aR IlHHeHHafl 
MOAellb C nOCTORHHbiMH 3Ha4eHHRMH MarHHTHOH npOHHUaeMOCTH B OA
HOH 1<1I1H HeCKOilbKHX riOA06JlaCTRX, H3 KOTOPbiX COCTCHT $eppoMar
HeTHK. Bb16op 3TIIIX nocTORHHbiX oc~ecTBilReTcR 3Mn~pH4eCKH. 
EcTecTBeHHO, 4TO TaKoe ''orpy6neHHe11 MOAellH He roasonReT no
I1Y4HTb peweHHe C rapaHTHPOBaHHOH T04HOCTb~. 

B pa6oTe npeAf1araeTcR HenonHo-Hei1HHei4HaR (IN) nocTaHOBKa 
ypaBHeHHH MarHHTOCTaTHKH, B KOTOPOH HCnOJ1b3yeTC~ KOHe4HOMep
HaR Hei1HHei4HocTb. TaKaR nocTaHOBKa noasonReT aBlOMaTH4eCKH 
peryllHPOBaTb He06XOAHMY~ T04HOCTb y4eTa KOHTHHYollbHOH 3aBH
CHMOCTH ~(X), o6ecne4HBafl B03MO*HOCTb OnTHMH3al.I~H Bbi4HCI1HTellb
HbiX 3aTpaT Ha y4eT HellHHeHHbiX 3¢$eKTOB. ~CXOAHa~ HellHHe~Hafl 

MOAellb nolly4aeTCR B npeAellbHOM CI1y4ae. 
OcHOBHaR HAeR HenonHo-Hel1HHei4Hol4 nocTaHOBKH aaKI1~4aeTcR 

B pa36HeHHH 06JlaCTH HellHHeHHOCTH 0 F Ha KOHe4HOe 4HCI10 p nOA
p 

o6nacTeH OF= U 0 1 ,' B Ka*AOH 1113 KOTOpbiX nonaraeM ~(X)= ~i, 
1 = 1 

@ 061te,IUIHeHH 1 



l,p, rAe HeH3BeCTH~e KOHCTaHT~ ~1 , noAnema~He onpeAene
HH~, B~pama~TC~ 4epe3 rpaAHeHT HCKOMO~ $yHK~HH B o6naCTH {}i 

no l!>opMyne ~~ = ~ (x1 ) , a 4Hcno i 1 ecTb cpeAHee 3Ha4eHHe no 
o6nacTH 0 1 MOAYn~ rpaAHeHTa peweHH~. OpH p = 1 nony4aeM Mo
Aenb c nocTo~HH~M 3Ha4eHHeM K03I!>I!>H~HeHTa ~(x) B o6nacTH OF, 
nOAnema~HM onpeAeneHH~, a npH P -+ 00 , d = m~X ( diam 0 i ) -+ 0 TaKa~ 

1 

MOAenb CKOnb yrOAHO 6nH3Ka K HCXOAHO~ 3aAa4e C KOHTHHyanbHO~ 
HenHHe~HOCTb~ {FN). 

0TMeTHM, 4TO 3KOHOMH4H~e 4HcneHH~e cxeM~ AnR HenHHe~H~x 
ypaBHeHH~, anbTepHaTHBH~e CTaHAapTHO~ annpOKCHMa~HH no MeTo
AY ranepKHHa, MOryT 6~Tb nony4eH~ Ha OCHOBe rpynnOBO~ I!>OpMy
nHpOBKH MK3 12•31 • 

B § 1 ycTaHoeneHo, 4TO HenHHe~H~H onepaTop KpaeeoH aaAa4H 
BIN -nocTaHoBKe npH H3BeCTH~x Tpe6oeaHH~x Ha II>YHK~H~ ~(x) o6-
naAaeT CBOHCTBaMH CHnbHOH MOHOTOHHOCTH, nHnWH~-Henpep~BHOCTH 
H noTeH~HanbHOCTH B COOTBeTCTB~~X co6oneBCKHX npOCTpaH
CTBax. KaK cneACTBHe - 3aAa4a HMeeT eAHHCTBeHHOe peWeHHe, KO
TOpOe MOmHO Ha~TH MeTOAOM npOCT~X HTepa~HH C nepeo6ycnaBnHBa
HHeM, o6o6~eHH~M MeTOAOM COnp~meHH~X rpaAHeHTOB HnH MeTOAaMH 
Hb~TOHOBCKOrO THna. 0ony4eH~ O~eHKH pa3HOCTH peweHHH An~ 3a
Aa4 B FN- H IN -nocTaHOBKax. 

B § 2 paccMOTpeHo ypaeHeHHe paaAeneHH~ o6nacTH B IN -I!>Op
t~ynHpoeKe An~ pa36HeHHR "waxMaTHoro" THna. · Hay4eH~ II>YHK~Ho
ndJibMbft:: \...ttUYi\:. taea MCfiVii-ie~Horo vnepaTvpa r.:;aHn:apc - C-rc:,::co~, 

onpeAeneHHoro nHwb Ha BHYTPeHHHX rpaHH~ax pa3Aena noAo6nacTe~ 
0 1, CI!>OPMYnHpOBaH~ HTepa~HOHH~e npo~eCC~ peweHH~ B03HHKa~HX 

ypaBHeHH~, CBOA~~HeC~ K MHOrOKpaTHOMY peweHH~ nHHe~HO~ Kpae
BOH 3aAa4H c nocTo~HH~MH 3Ha4eHH~MH K031!>1!>H~HeHTa ~(x) = ~ 1, 
X E 0 i B KamAO~ H3 nOA06nacTeH. 

6~CTp~e HTepa~HOHH~e MeTOA~ peweHH~ TaKHX 3aAa4, HMe~He 
CKOPOCTb CXOAHMOCTH, He 3aBHC~~y~ OT OTHOWeHH~ K031!>1l>H~HeHTOB 

~~ B COCeAHHX nOA06naCT~X, paCCMOTpe~ B cneAY~e~ pa6oTe. 
MeTOA~ AeKoMn03H~HH o6nacTH c BHYTPeHHHMH T04KaMH nepece-

4eHH~ An~ nHHe~H~X 3nnHnTH4eCKHX KOHe4H03neMeHTH~X CHCTeM 
ypaeHeHH~ paccMaTpHeanHcb e 141 , a nepeo6ycnaenHBaTenH An~ 
TaKHX 3aAa4 ~ HCnOnb 3Y~He 11WaXMaTHOe 11 pa36HeHHe o6naCTH, 
CTPO~TC~ B I I . 

00CTpOeHH~e HTepa~HOHH~e MeTOA~ peweHH~ HenHHe~HOH 3aAa4H 
B IN-noCTaHOBKe, TaK me,KaK H anropHTM~ peweHH~ COOTBeTCTBy~
~e~ nHHe~HO~ npo6neM~, CBOA~TC~ K He3aBHCHMOMY peweHH~ Kpae
B~X 3aAa4 B nOA06nacT~X ni. TaKOH ecTeCTBeHH~~ napannenH3M 
AenaeT paccMaTpHeaeM~~ nOAXOA HaH6onee 31!>1l>eKTHBH~M npH Hcnonb
aoeaHHH Ha napannenbH~x 3BM. KpoMe Toro, IN -nocTaHOBKa 
n03BOn~eT He3aBHCHMO npOBOAHTb annpOKCHMa~H~ HeH3BeCTHO~ 
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'" 

I!>YHK~HH H annpOKCHMa~H~ HenHHe~HOCTH. 0pHHHMa~ BO BHHMaHHe 
cna6y~ /norapHI!>MH4eCKy~/ 3aBHCHMOCTb ~4HCnHTenbHOH pa6oT~ OT 
pa3MepHOCTH AHCKpeTH30BaHHO~ CHCTeM~ ypaBHeHH~ B paC4eTe Ha 
OAHO HeH3BeCTHOe /KaK 6yAeT noKa3aHO · B CneAY~~eH pa6oTe/, MOm
HO CAenaTb B~BOA 0 TOM, 4TO ypaBHeHH~ B IN -nOCTaHOBKe MOryT 
6~Tb nonomeH~ B OCHOBY rH6KHX /T.e. n03BOn~~HX 3l!>l!>eKTHBHO 
HCnOnb30BaTb ynpo~a~He OC06eHHOCTH MOAenHpyeMO~ CHCTeM~/ H 
B TO me epeM~ YHHBepcanbH~X MOAYnbH~X KOMnneKCOB nporpaMM, 
npeAHa3Ha4eHH~x An~ peweHH~ ABYMepH~x H npocTpaHcTeeHH~x aa
Aa4 MarHHTOcTaTHKH B orpaHH4eHHO~ o6nacTH. Cny4a~ HeorpaHH-
4eHHOH o6nacTH, cornaCHO ~ 2, peanH3yeTC~ Ha OCHOBe KOM6H
HHPOBaHHO~ nocTaHOBKH /l, l I , 

An~ peweHH~ Kpaee~x 3aAa4 e noAo6nacT~x MOmHo npHMeH~Tb 
nH6o MKP, nH6o MK3 e 3aBHCHMOCTH OT reoMeTpHH noAo6nacTe~. 
003TOMY ecnH HCnOnb30BaTb AOCTaT04HO WHPOKH~ Ha6op MOAyne~ 
An~ peweHH~ aaAa4 AHpHxne H cMewaHH~x B noAo6nacT~x npocTo~ 
I!>OPM~, TO pacCMOTpeHH~~ nOAXOA AaeT B03MOmHOCTb I!>OPMHPOBaTb 
naKeT nporpaMM An~ peweHH~ KamAO~ KOHKpeTHO~ 3aAa4H, aAeKBaT
HO OTpama~H~ /no ypoBH~ onTHMH3a~HH OTAenbH~X MOAyneH/ cnom
HOCTb reoMeTpHH H HenHHe~HO~ 3aBHCHMOCTH MOAenHpyeMOH MarHHT
HO~ CHCTeM~ B OTAenbH~X nOA06naCT~X. 

0TMeTHM, 4TO onepaTop~ OyaHKape - CTeKnoea AnR nHHe~H~x 
3nnHnTH4eCKHX ypaBHeHH~ H3y4eH~ B/e,?l, cny4a~ KBa3HnHHe~H~X 
3nnHnTH4eCKHX 3a~a4 B oroaHH4eHHO~ o6naCTH paCCMOTpeH B/8/, 
a HenHHe~Ha~ 3aAa4a B FN-nocTaHOBKe An~ HeorpaHH4eHHO~ o6na
CTH HCCneAOBanaCb ell/, 

§ 1. YPABHEHH~ An~ IN-OOCTAHOBKH, HX CBO~CTBA 

YpaeHeHH~ B ~-nocTaHOBKe ~en~~Tc~ ynpo~eHH~M eapHaHTOM 
MOAenH, onHc~ea~~e~ npocTpaHCTBeHHOe pacnpeAeneHHe MarHHTHoro 
non~ Ha ocHoee cTa~HOHapHoro ypaeHeHH~ MaKceenna An~ H30Tpon
HOH cpeA~ npH HcnonbaoeaHHH ABYX cKan~pH~x noTeH~Hanoe. B 
ABYMepHoM cny4ae oxeaT~Ba~Tc~ TaKme ypaeHeHH~ An~ eeKTopHoro 
noTeH~Hana. CI!>OpMynHpyeM CHa4ana HCXOAH~e ypaBHeHH~ C KOHTH
HyanbHO~ HenHHe~HOCTb~ /3aAa4a FN/. 

OycTb orpaHH4eHHa~ o6nacTb n e RN' N = 2,3 c nHnWH~eBO~ 
rpaHH~e~ r eCTb 06"beAHHeHHe ABYX o6nacTe~ 0 = n 0 u 0 ~ ' HMe~
~HX nHnWH~eB~ rpaHH~~ ro H rf. 0603Ha4HM r~ = rf\( r n rt) • 

3a8at~.a FN. Ha~TH II>YHK~H~ li(x), x E 0, YAOBneTBop~~Y~ 
ypaeHeHH~ 
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Au 
N. a 

"" _ ~ - a 1(w) = 0, 
i = 1 ax 

i 

ur=o, [ u lrll 0, [ .£.!L] r = 'I' (x) • 
an 11 

/1.1/ 

rAe W = gradu = (y1,,..,yN)T, ( .)fll- CKaLIOK COOTBeTCTBYIOII\ei1 

~YHK4~~ Ha fll , dU/dn - KOHOpManbHaR npo~3BOAHaR, a 

{ 

y , X E (l0 , 
. i 

a.(w) = 
I IL(jyj)y!, X E Gl., i = 1,N 

N 

np~ I Y 12 
= ~ Y .2• 

1 = 1 I 

/1.2/ 

npeAnonaraeM, LITO 3aAaHHaR ~YHK4~R IL(t)' t E [ O,oo) YAOBileT
BOpReT KaK~M-n~6o ~3 YCilOB~i1 

!L(t) ::::. m1 > 0, /1.3a/ 

!L(t)t-IL(r).r::::. m(t-r), t ~r. m > 0, /1.36/ 

l.fo\o .. f.\.1 / Ul• -•1 
,,.... \" J "' - ,.... \ • J a. l _::: .,.,. I ... .. L " 

/1 . 3r:J/ 

a I-ll ( t) ·t I .s M. at 
/1.3r/ 

3aAaLia FN cooTaeTcTayeT A~~epeH4~anbHOi1 nocTaHoaKe ypaaHeH~i1 
MarH~TOCTaT~K~ B orpaH~LieHHOJ:i o6naCT~. KpoMe Taro, K TaKOJ:i 
npo6neMe np~XOA~M Ha Ka*AOM ware ~Tepa4~0HHoro npo4ecca pewe
H~R ypaBHeH~M MarH~TOCTaT~K~ B KOM6~H~pOBaHHOJ:i nOCTaHOBKe111 . 

PaccMoTp~M IN -~opMyn~poaKy AilR ypaaHeH~i1 /1.1/, /1.2/. Pa-

306beM o6naCTb (l ~ Ha KOHeLIHOe Ll~cno nOA06nacTei1 (l l 
p 

u nt • 
= 1 

(l I n (lj = ~ i f, j , ~MeiOIII~X n~nW~4eBbl rpaH~4bl f 1 • 

3aoa14.a IN . HilV.T~ ~YHK4~10 u(x)' X En, YAOBileTBOPRIOII\YIO 
ypaaHeH~IO /1.1 I c ~YHK4~ei1 a 1(w), i = 1,N B~Aa 

a
1 
(w) 

{

y, x EG, 
I o 

- 1 - IL[ (--- J 
mes nj nj 

= 1, p' 
/1.4/ 2 ";\ lwl dx) ].y

1
, X E(lj' 

4 

' l 
l; 
-~ 

( 

AOnonHeHHOMy ycnoB~RMH Ha rpaHH4aX rkj ' 061i1HX AnR o6nacTei1 
fk ~ lj ~ He Jle*alllHX Ha f/L: 

au 
[u] =[-] =0, k,J=l,p, rkJn rll=¢. /1.5/ 

rkJ an rkj 

PaccMOTPHM o6o6111eHHYIO ~pMynHPOBKY 3aAaL1~ /1.1/, /1.4/, 
/1.5/. OnpeAen~M onepaTOPbl H npocTpaHcTaa 

. o 1 (N) 
H = L2 < n >, v = w 2 w >, Y = L 2 <n> =, L 2 x ... x L 2,. 

• 
T : u .... I grad u I ; T ~ ( V ... Y ) , 

AIN : y-+ la1(y), .,, ,a N(y)l- g, 

N 

/1.6/ 

rAe n~Hei1Hbli1 

H~e cornacHo 
HenpepbiBHoro 

~yHK4~0Han g E Y*, aHanor~LIHo 111 , ecTb npoAOil*e
TeopeMe XaHa - 6aHaxa Ha ace t~>((l) IlHHei1Horo 
~YHK4~0Hana g : 

g(Th) = J 'P(s)y (h(s))ds, 'o'h E V. 
r o 

IL 

/1.71 

-'h 
3AeCb Y0 : V ... W 2 (f IL ) - onepaTOP CileAa 1211 ";\ Ha f LL ~YHK4~i1 ~3 
npOCTpaHCTBa v~ BblnOilHReTCR ycnoe~e 'I' e W2 (f"'). 3HaKOM -
byAeM Ob03HaLiaTb HeKOTOpoe nOAnpocTpaHCTBO COOTBeTCTBYIOIIlero 
npOCTpaHCTBa, KOTOpOe onpeAeilReTCR B 3aB~CHMOCTH OT pacnono
*eH~R rpaH~4 r ~ r~ . Hanp~Mep' ecn~ r n r 1 = .!2), TO MO*HO no
OO*~Tb 

wt .. <rl'> = w2~, <rl' > o:·lu E- w
2
';\ <rll >. (u, g

0
) = o I, 

0 

w;';\ <rl') = w;.~ <rll)"" lv E- w;~ <rll ), (v,1) = o I, 
/1.8/ 

rAe g 0 - nilOTHOCTb noTeH4~ana Po6eHa Ha rl'' a CKanRpHoe npo
~3BeAeH~e paccMaTp~eaeM a L 2(f I') • 

npOCTOJ:i npoaepKOM CBOMCTB 3HepreT~LieCKOrO paCWHpeH~R/te/ 
ycTaHaan~eaeTCR ' 

Jle.M.Ma 1. ,llnR BCRKOM ~YHK4~~ 'PEW2';\(fl') onepaT~Pbl ~ 
npocTpaHcTea /1.6/ 3aAaiOT 3HepreT~LiecKoe pacw~peHHe A=T*A

1
NT 

onepaTopa /1.1/, /1.4/, /1.5/. 
0TMeTHM, LITO ecTeCTBeHHaR o6naCTb onpeAeileHHR onepaTopa 

- p -
/1 . 1/, /1 . 4/, /1 . 51 ecTb M(A) = u c2 (0

1
), a o6nacTb onpeAe-

1 = 0 
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neHI-1R D(A) nony4aeTcR 1-13 M(A) np~-1 BblnonHeHI-11-1 KpaeBbiX ycnos~-1~ 
/1.1 I, /1.5/. 

TaKI-1M o6pa3oM, 3aAa4y IN MOmHo 3an1-1caTb s o6o6~eHHO~ ¢op-
MYili-1POBKe: Ha~TI-1 $YHK~I-1~ U E V TaKy~, 4TO 

(A IN Tu, T71) = 0, 'V71 E V. /1.9/ 

nepenHweM ypaBHeHHe /1.9/ B 3KBI-1BaneHTHOM Bl-1~e. BBeAeM 
o6o3Ha4eHHR g 

1 
=mesO 1 1-1 r 1 (y) = (g 1 10~ IY 1

2 dx) 
1 

• OnpeAe-
1 

Ill-1M KOHCTaHTbl p.
0

= 1, p. 1(u) = p.(r1{Vu)), i = l,p 1-1 paCCMOTPI-1M 
KBaApaTH4Hble /B KamAOH o6nacTH 0 1/ ¢opMbl AilR i = o,p : 

0 1 
A

1
(u,v) =p.

1
(u) f (Vu, Vv)dx, 'Vu,v E- W2 (0). 

01 

TorAa ypasHeHHe /1.9/ npHMeT BHA 
p 0 1 
I Ak(u,v)- f 'l'(s)y

0
(v)ds=0, Vv E W 2 (0). /1.10/ 

k=o r ,.,. 

Jle.M.Ma 2. a/ Ecn~-1 BblnonHeHo ycnos1-1e /1 . 3a/, TO onepaTop A 
K03P~I-1THBeH C $YHK~HeH y(s) = m 1s, a eCill-1 $YHK~HR p.(t) t B03-
pacTaeT 1-1111-1 cTporo so3pacTaeT, TOA MOHOTOHeH 1-1111-1 cTporo 
MOHOTOHeH. 

6/ npl-1 BblnOilHeHI-11-1 ycnOBHH /1.36/ onepaTOP A CI-1IlbHO MOHO-
TOHeH. 

B/ -~3 CBOHCTBa /1.3s/ CileAyeT IlHnWH~-HenpepbiBHOCTb onepa-
TOpa A. 

r I npH YCilOBI-111 /1 • 3r I onepaTop A A1-1$$epeH~HpyeM no raTO, 
a npH YCilOBHH n. /6/ npOH3BOAHaR nOJIOmHTeilbHO onpeAeileHa 
C KOHCTaHTOH m1 1-1 CHMMeTpH4Ha. 

AI OnepaTop A 1N noTeH~HaneH c noTeH~HanoM 

p T 1 (y) 

F 
0 

( y ) = F 
0 

(0) + I g 1 f p. ( s ) s ds , 
1 = 0 0 

rAe npH i = 0 p. ( s ) = 1. 
J{oKasame.lli:JCmeo np1-1seAeM AJlR onpeAeneHHOCTH np~-1 N = 

nonb3yeM o6o3Ha4eHHR: AilR y , z , v E L~J (0) nonaraeM 
3 

r 1 = 't ( y ) ' a 1 = '1 ( z ) ' ( y' z ) 

6 

= I. ykzk. 
k=1 

/1.11/ 

3. ~c-

.... 

,. 
I 

J 

f 

TaK KaK, cornacHo neMMe 1.4 191 , csol::icTsa /a/-/s/ AilR onepaTo
pa A cneAY~T 1-13 cooTBeTCTBY~Hx cso~cTB onepaTopa AtN , pac
CMOTPHM 3TOT onepaTop. Ero K03P~I-1THBHOCTb 04eBHAHa. ~cnonb-
3YR HepaseHCTBO Wsap~a, HMeeM 

p 

<AIN y- A
1
Nz' y-z>y = I [p. 1(r1 ) f (y,y-z)dx-

. i = o oi 

- ll 1 (a 1 ) f ( z' Y - z) dx] ;;:, [ Ill ( '1 ) g i (' ~ - ria i) -
o. 

-p.i(ai)gi(riai -a~)]= 1 gi[p.1(ri)r1-
i 

- ll i( a i ) a i ]( 'i -a i ) ~ m I g i ( ll i - CT 1 ) 
2

' 
i 

OTKYAa CileAyeT MOHOTOHHOCTb, 111-160 CTporaR MOHOTOHHOCTb one
paTOpa AIN• 

Csol::icTBO /6/ cneAyeT 1-13 n./a/, ecn~-1 Hcnonb30BaTb pa3nome
HI-1e onepaTopa AIN B CYMMY MOHOTOHHOrO 1-1 CHilbHO MOHOTOHHOrO 
onepaTopos, s cooTBeTCTBHI-1 c npeAcTasneHHeM p. (t) = (l'(t) -m 1) +mr 

~IlR AOKa3aTeilbCTBa n./B/ HCOOilb3yeM 04eBHAHOe CileACTBHe 
HepaseHCTBa /1.3s/: 

\(p.(t) -p.(r))tl ~2Mit-rl· 

nony41-1M, nonaraR v = ( f v 2dx) ~ 
i 0 

i 
p 

<A
1
Ny -A

1
Nz,v>y =I. p.

1
(r

1
).f (y-z,v)dX+ 

i = 0 01 
p 

+i~o[p.i(ri)-p.i(ui)JJ.<z,v)dx ~ 
1 

p ~ 
~MIIy-z_ily ·IIV\Iy+ 

1
:

0
gt IP.t(r1)-p.t(at)icrtvt. 

~anee, HCnOilb3YR HepaBeHCTBO 

~ 2 ~ g 1 ir 1 -a 1 1 ~ (f ly-z\ dx) , 
ot 

o~eHHBaeM BTopoe cnaraeMoe, Hcnonb3YR HepaseHCTBO renbAepa: 
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~ 

p I p 2 ly\ 

:5 2M I. g~ lr
1 
-u

1
1.v1 $.2M l v 1( ( ly-zl dx) $ 

i=o i i=O fl 

~ 2M II y- z lly· II vII Y' 

4TO npHBOAHT K o~eHKe, AOKa3~Ba~eH n.lel: 

< A IN y - A IN z. v >y ~ 3M II y - z II y • II v II y. 

PaccMOTPHM $YHK~H~ 
p 

s .... <ll(s) = I ll(r1(y+ sz)) f (y + sz,v)dx. 
i = 0 0 

1 

TorAa no onpeAeneHH~ 
p 

<A
1
'N(y)z,v>y =<ll'(s)l _=I [~-t(r1 (y)) f (z,v)dx + 

S-0 1=0 {} 
1 

+~(ri)(gl rl(y))-1 f (y,z)dx f (y,v)dx], 
ar 0 0 

i i 

11 • 121 

OTKYAa cneAyeT CHMMeTpH~ onepaTopa A;N. an~ AOKa3aTenbCTBa 
nono~HTenbHO~ onpeAeneHHOCTH Hcnonb3yeM HepaseHCTBO 

!_ll(r_)_.r+ll(r) ;:,m >0. 
ar 11.131 

Hcnonb3y~ e Ka~AO~ noAo6nacTH 0
1 

seKTOP y = y. ( .f y 2 dx) -~ 
01 nepenHWeM 11.121 B BHAe 

p 

< A IN ( Y ) z , z > Y = l [ ll ( r1 ( y ) ) f ( z , z ) dx + 
I= o 0 

i 11.141 

+ aall(ri).r1 [ f (y,z)dx]2] 
r 0 

I 

, 
H paCCMOTPHM ABa cny4a~: 

all 
1 I Tr ( r ) • r > 0 , TOr Aa H 3 I 1 • 1 4 I , cneAye T 

p 
<A ~N (y) z, z > Y ~ l ll (r 1 (y)) f (z,z) dx ;:, m 1 f ( z, z ) dx. 

1=0 0 1 0 

8 

"' 
... 

2l~(r).r < 0, TOrAa, cornacHo 11.131, HMeeM 
ar 

p 

<A IN (y) z. z >y ~ I. [ ll ( T I ( y )) J ( z. z ) dx + 
t= o n1 

p 
all - -

+-(r
1
)r

1 
.f (z,z)dx·.f (y,y)dx] ~ m l 

ar n n 1 = 0 
1 1 

f(z,z)dx. 

01 

no3TOM~ KOHCTaHTa nono~HTenbHOH onpeAeneHHOCTH An~ AIN ecTb 
m2 = nnn(m, m 1 ) = m1• 

HanoMHHM, 4TO ecnH F0 eCTb noTeH~Han An~_on)PaTopa AIN• 
TO F(x) = F0 (Tx) - noTeH~Han An~ onepaTopa A 19 • nycTb y,z E
E L(~) (0) , TOrAa An~ F 0(Y) H3 11.11 I HMeeM 

r1 (y + tz ) 
1 p 

lim -[F (y+ tz) -F (y)] = .JL[ I. g 1 f Sll(S)ds] 
t-+ 0 t 0 0 dt t = 0 0 t== 0 

p 

= I. 
t = 0 

p 

I . - -

glll(r1(y))r1(y) d~ rl(y +tZ) lt=o= 

It ( r 1 ( y ) ) f ( y, Z ) dx = < AIN y, z >y , 

f£1 

4TO 3aeepwaeT AOKa3aTenbCTBO neMM~. 
Henocp.eACTBeHH~M cneACTBHeM neMM 1, 2 ~en~eTc~ 
Teope.Ma 1 .nycTb a~nonHeH~ ycnoaH~ /1.36,al ,TOrAa An~ ac~

Ko~ $YHK~HH 'I' E w2~ <rll) 3aAa4a /1 • 91 lrnH 11.101 I HMeeT 
eAHHCTBeHHoe o6o6~eHHoe peweHHe u E lj2 (0). 

nepeHAeM K o~eHKe pa3HOCTH peweHHH 3aAa4 FN H IN • 06o6~eH
HOe peweHHe nepBOH H3 HHX 0603Ha4HM UFN' a BTOPOH - U IN • no
no~HM U~= UFN -uiN • llN=Il(l VuiN\) • 1-'JN = ll(r1) • 

Jle.M.Ma J. CnpaBeAnHBa o~eHKa 

p 2 2 ';-\ 
llu~llv::; m-\:

1
.<JIIlN-ILINIIVu1N I dx) • 

I 

EcnH I Vu 1Ni 2 E- LqC0 1), 1 ~ q <oo, q-1 + p-1 = 1, TO 

I 1 • 1 51 

P 2 ';-\ 12 II';-\ llu~llv::; c ~ ll<~tN-IliN) II 0 >II I vuiN L <O >' 11.161 
1-1 Lp( 1 q 1 
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,llnR AOKaSaTenbCTBa B~4TeM HS paaeHCTBa 

f #L(IVuFNI) VuFN' V(UFN-uiN )dx- f 'l'y0 (ull)ds = 0 
o r 

ll 

paaeHCTBO 11. 101 npH V = U Ll• nony4HM COOTHOWeHHe 

J <~t<IVuFNI)· VuFN -~t(IV u1NI)Vu 1N )Vulldx + 
0 

p 

+ !. J (#l(\ V UIN I) 
i = 1 0 

i 

ll IN)VuiN • Vulldx = 0, 

HS KOTOporo B CHny CHnbHOH MOHOTOHHOCTH onepaTopa A AnR SaAa-
4H FN, HepaaeHCTBa renbAepa H 3KBHBaneHTHOCTH HOPM II u llv H 
II vu II IHepaaeHCTBO nyaHKapel HMeeM Ol(eHKY 11 . 151. ,llanee 

L 2 (0 ) 

saMe4aeM, 4TO ll (I Vu IN I) E L P (01 ), 1 ::; p ::; "" AnR acex i . no-
3TOMY E1CnH I vuiN 12 E Lq(O) ' TO B CHny HepaeeHCTBa renbAepa 
Ol(eHKa 11.161 cneAyeT HS 11.151. 

npH AOnOnHHTenbH~X npeAnOnO*eHHRX yT04HHM Ol(eHKY nepeoro 
coMHO*HTenR e npaeoH 4acTH 11 . 161. 06osHa4HM v = IV u IN I . 
CnpaeeAnHea 

2 
Jle.MMa 4. nycTb IV v l E L p'(O~) , 4Hcno p > 0 TaKOBO, 4TO 

p~ Np'(N _ p')-1, a r-1:: (p')- 1 + p-J. • TorAa a~nonHeHo 

llll (I v u I) - ll ( 't ( v u IN ) II L (0 ) .$ A 011 I v v21 IlL , (0 ) ' 11 . 17 I 
IN . p i p i 

-1 ( 0 ) 1 + ,F_ rAe A 
0 
~ c max g 1 diam 1 r • 

1.$1.$ p 

npH AOKaSaTenbCTBe Ol(eHKH 11.171 HCnOnbSyeTCR nerKO npoee
pReMaR Ol(eHKa 11.181. 

Jle.MMa 5. ,llnR BCRKOH !)lyHKL(HH z E Lp(0 1), TaKoH, 4TO z2 e 
<;; Lp<01) H z ;::: 0, e~nonHeHo 

II z - T ( z ) II L (0. ) ;::: 
1 p 1 

c II z 2 - ( T ( z ) ) 2 II L (0 ) • 
-- i p i 't ( z) 11.181 

BepHeMCR K Ol(eHKe 11.161. 8 CHny 11.181 HMeeM 

2p !hp 
ll~t -It II .$ c ( J I v( x) - 1

1 
( v) I dx) .$ 

N IN L (0 ) O 
2p i i 

1 
< c II v 2 - ( T ( v ) ) 2 II . .,--- . 
- i ~p (0 1 ) r 

1 
( V ) 

10 

~ 

... 

, 
j 

npHMeHHM K nepaoMy COMHO*HTen~ HepaaeHCTBO Co6oneaa/10/' 
e KOTopoM nonaraeM x = v2 , q' = 2p, r-1 = (p')-1+ (q' )-1 

1+~-

< llx- m(x)\IL ,(01)-
c r 

-(diam01) II I v X I II L ,(01 ) ' 
p 

11 . 191 
q g1 

4TO npHBOAHT K Ol(eHKe 

::; cr1 (v)-
1
A 0 IIIVv

2
1.11LP,(0

1
)• 

C APYrOH CTOPOH~, 

Ill vv
2

111 <'il ) ::; 2111 Vv I IlL , • II v IlL , ' 
Lp' • i 2p 2p 

n03TOMY B HTOre HMeeM 

II#LN-#LINIIL (O) ~ A 0 IIIVviiiL (O )llviiL ,r1(vf
1

• 
2p i 2p, i 2p 

nono*HM e HepaaeHcTae 11.191 r = 1, a TaK*e q' = p' = 2 lp = 1, 
q = 00 I. npeAnOnO*HM TaK*e' 4TO mes {} i ~ c( diamOi)N' T .e. Ao .$ 
< c diam0 1 • B HTore cnpaeeAnHBa 
- 2 --

Jle.MMa 6. nycTb I vvl2 E L.,(O,) ' v E Loo (01) ' i = 1,p ' 
TOrAa a~nonHeHa ol(eHKa - • 

II u ill! v .$ c d1 • d 2 ( mes 0]. ) 'Ia , 

rAe d 1 = max ( diam 0 1 ) , 
1,$i.$P 

11.201 

d2 = max< III Vv 12 11'/a 
i L 2 (0 1 ) 

2 'IVa X . II v I L 2 (0 1 ) 

X II v 
2

11 ~ (0 ) . 11 v 11-Ll 2(0 i)). 
00 i 

1 -
3a.Me-q,aHue • fcnH I VuiN I E C (01 ) , TO HS 11.161 cneAyeT 

Ol(eHKa 
p 

2 'Ia llu 11 ;:; cdiam0 1 !. llv IlL <0
1
)· 

Llv 1=1 q 

0TMeTHM, 4TO Ol(eHKa BHAa lluilllv~C·d 1 RBnReTCR,nO-BHAH
MOMy, Heyny4waeMoH AnR paccMoTpeHHoro cnoco6a annpoKcHMal(HH 

HenHHeHHOCTH. 
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PaCCMOTP~M APYr~e T~n~ Kpaea~x ycnoB~H Ha rpaH~~e r . AHa
nor~4HO TeopeMe 1 ycTaHaBn~BaeTCR OAH03Ha4HaR pa3pew~MOCTb 
HeOAHOPOAH~X IHa r I Kpaea~x 3aAa4 ,ll~p~xne ~ HeHMaHa AflR IN -
nocTaHOBK~. HanpHMep, AflR 3aAa4~ HeHMaHa cnpaaeAn~aa neMMa, 
noA06HaR neMMe 2, a TaK>Ke _ -~ -•;} 

Teope.Ma 2. ,llnR BCRKOH <)lyHK~~~ 'I' E W2,1 ( rll ) H g E W2,1 (r) 
c~ecTByeT eA~HCTBeHHOe o6o6~eHHOe peweHHe u e w~,(O) • YA0-

1 • 0 

aneTBOPRIOUiee ypaaHeH~IO "iT/ E- W2 g (0) : 
• 0 

p 

!. A k ( u , "') - J 'I' ( s ) y 
0 

( "' ) ds = J g ( s ) y
0 

( 71 ) ds • 1 1 • 21 1 
k= o r. r 

p. 

~cnonb3YR pe3ynbTaT TeopeM~ 2, MOlKeM onpeAen~Tb Hen~He~Hw~ 
onepaTOP nyaHKape - CTeKnoaa SIN AflR 3aAa4H B IN -nocTaHOBKe' 
SIN ~ (W2-~ (f)-+ W~ ( r )) , KOTOp~~ BCRKO~ <)lyHK~~~ g ~ Z"' = 

• •lo 
=W2~ conocTaanReT cneA y

0
(u)EZ <)lyHK~H~u Ha rpaH~~e r, 

rAe u - peweH~e 3aAa4~ 11.211, TaK 4TO cnpaaeAn~ao paaeHCTBO 

< SIN g' "' > " < yo ( u ) ' 71 >' "iT/ E z otc • 11 . 22/ 

~cnonb3YR caoHcTaa onepaTopa A, ycTaHoaneHH~e a neMMe 2, 
aHanorH4H0/1/, MOIKHO AOKa3aTb CfleAYIO~yiO TeopeMy. 

Teorce.Ma 3. noH B~nonHeHt.tiA yrnnRt.tL:t /1 -3!!-!!/ 0~e~~=:::~ ~IN 
RBfl.ReTCR C~flbHO MOHOTOHH~M, Henpep~BH~M ~ o6naAaeT o6paTHbiM 
SIJ, KOTOPWH RBnReTcR n~nwH~-Henpep~BH~M, c~nbHO MOHOTOHHWM, 
s1J ~ ( Z .... Z"'). np~ ycnoBHH lr I onepaTop SiN1 A~<l><)lepeH~~pyeM 
no raTo, np~4eM R =[SfJ]'(v) nono>KHTenbHO onpeAeneH ~ CHMMeTpH-

s-1 4eH. noTeH~~an onepaTopa IN 3aAaeTCR paaeHCTBOM 

p r
1
(jgradvj) 

F(u) = F(O) + !. g
1 

.f ~t(t)tdt, y0 (v) = u. 
i = 0 0 

TeopeMa 3 no3aOnReT nocTpOHTb, aHanor~4Ho 111 , ypaaHeHHR 
MeTOAa pa3AeneH~R o6naCTH AnR KOM6~HHpOBaHHOH nOCTaHOBK~, 
KOrAa peweHHe u KpaeaoH 3aAa4~ IN ~~eTCR eo seeM npocTpaHcTae 
RN AflR Kpaeaoro ycnoa~R u(.,..) = 0. EcnH K H L - HHTerpanbH~e 
onepaTOP~ ABOHHoro H npocToro cnOR Ha noaepXHOCT~ r ' a ur = 
= Y0 (u) eCTb cneA peweH~R u Ha :noH noaepxHOCTH, TO cnpaaeA
n~ao ypaaHeHHe 

S -1 G -1 INUr+ Ur=O, 11 .231 

rAe G E f (Z .... Z"') , G 
-1 

(E + K) L. npH peweHHH ypaaHeHHR 

12 

} 

1 

/1.221 C He06XO~MOCTbiO np~XOA~M K B~4HCneH~IO 3Ha4eH~H onepa
TOpa SIJu AnR u E Z, 4To BKfll04aeT peweHHe HeOAHOPOAHOH 3aAa-
4~ ,llHpHxne B~Aa IN 11.11, 11.41, 11.51 B o6nacT~ 0. nocneA
HRR 3aAa4a nerKO CBOA~TCR K OAHOPOAHOH, T. e. C ycnoa~eM Ur= 0. 
,llanee cocpeAOT04~M BHHMaH~e Ha MeTOAaX peweHHR OAHOPOAHOH 
3aAa4~ IN. 

3a.Me'll.aHUe. nony4eHH~e pe3yflbTaTbl cnpaBeAn~Bbl B ABYMepHOM 
cny4ae KaK AflR AeKapTOBOH CHCTeM~ KOOPA~HaT, TaK ~ B (r,zr 
reoMeTp~H AflR ypaaHeH~R B~Aa 

1 a au a au) - -(r~t -) + -· -(IL- = ~. r ar ar oz oz 
KOTOpoe nony4aeTCR H3 TpexMepHOrO ypaBI:IeH~<tR 11.1/ B ~HflHHAP~-
4eCK~X KOOPA~HaTax c y4eTOM paaeHCTBa ou/o¢ = 0. 

§ 2. METO,ll~ PEWEH~R HEn~HE~HOA 3A,llA4~ IN 
~ COOTBETCTBY~~X rAnEPK~HCK~X C~CTEM 

PaccMOTP~M pa36~eH~R o6naCT~ 0 "waxMaTHOro11 T~na l4epHo-
·M 

6enoel 0 = k ~ 
0 

0 k , rAe 0 k eCTb npRMOyronbH~KH mt60 napanne-

nenHneA~• TaK >Ke,KaK H 0. MHOlKeCTBO nOA06nacTeH Ok_ pa36~ea
eM Ha ABa nOAMHOIKeCTBa 0 a ~ 0 W• TaK 4TO 0 = 0 ... u 0"' u r. 
rAe ri- aHyTpeHH~e rpaHH~~ o6nacTeH Ok, T.~. r;·n r =·!2'. 
Hanp~Mep, B ABYMepHOM cny4ae KneTKH nk nony4aiOTCR pa36~eH~eM 
o6naCTH 0( m -1) BepT~KanbH~MH H ( n- 1) rop~30HTaflbH~MH flHHH-

RM~. np~ ~CnOflb30BaHH~ ABYMepHOH HyMepa~~~ o6nacTeH Ok , T.e. 

0= 

Os"" 

u 0 ij ' i = 1,m 
1, J 

u 0 ij ' i + j 
i,J 

,J=l,n ,M=m·n, 

- 4eTHOe 4~Cfl0 

Ow= u o tJ i + j - He4eTHOe 4~COO. 
i,j 

nonaraeM 

Pa36HeH~R B TpexMePHOM cny4ae CTPO~M aHanorH4HO. nPHAePlKH
BaRCb OAHOMepHOH ~HAeKca~~H, o6o3Ha4~M 4epe3 18 H Iw MHO>KecT
ea ~HAeKCOB AnR KheTOK ~3 nB ~ Ow COO~BeTCTB:HHO. ,llnR 6onbWeH 
RCHOCTH ~3flOlKeHHR paCCMOTP~M ABYMepH~H Cny4a~, OCTaHaBnH
BaRCb, no Mepe HaA06HOCT~, Ha oco6eHHOCTRX B TpexMepHOM ea
pHaHTe. 

o6o3Ha4HM an
1 

= u r~= r 1, TorAa u r 1 =rur1 = u r 1 • 
k = 1 1 E I B 1 E- Iw 

0 1 -1 - 1 
OnpeAen~M Ha6op npocTpaHCTB! V=W2(0), vi~W2(0i)={uE-W2(0.), 
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RBnRo~~xcR AnR scex i = O,M cy~eH~eM Ha 0 1 HeKoTopoH ~YHK~~~ 
u E V} • npocTpaHCTBa cneAOB ·Y 1 u Ha ri ~YHKLI~H u E v o603HaLI~M 

\.\ -\.\ --vi = w 2 ( ri ) , i = 0, M a npOCTpaHCTBa cneAOB HOpManbHbiX 
1 au -\.\ --\.\ 

npo~3BOAHbiX y U = --1 r Llepe3 V 1 = W 2 1 (ri ) . 0603HaLI~M 
i an i • 

TaK~e 

w\.\ 
· r,s 

l: e V \.\. 
i E I i ' 

B 

w\.\ 
r,w 

l: • v \.\ 
i E i • Iw 

nycTb u E v - peweH~e HCXOAHOH 3aAaLI~ IN , TOrAa c~eCTByeT 
eA~HCTBeHHbiH cneA ~U Ha ·~ 3TOH ~YHKLI~~ ~ cnpaBeAn~Bbl npeA
CTaeneH~R 

Y1 u I • yiu E wr,s• 
i E 18 

y
1 
u = I • y u G- Wr • 

iEI i ,W w 

OnepaTOpbl nyaHKape - CTeKnosa AnR nannac~aHa a 0 1 o6o3HaLI~M 
-1 · v \.\ v-\.\ o Llepe3 8 fl. 1 ~, COOTBeTCTBeHHO, S /}. i . i -+ i . TMeLiaeM, 

LITO ' 

KerS :-1 = I u G- v\4 : u = const l. 
n, 1 

B c~ny ~pMynbl rp~Ha ~MeeM 

f I 12 f au -1 vu dx =- -uds=<S 1 b.u,u>, 
0 r an . 

i 1 

OTKYAa AnR i = O,M nonyLiaeM 

[ 1 -1 ]\.\ r 
1 

(V u ) = - < S 
1 

/}. u i, u 1 > , u i = Y i U , 
gi • 

12.1 I 

T.e. KOHCTaHTbl l't(U) = l!(r1(Vu)), i 
Llepe3 3HaLieH~R KOMnOHeHT y i U E Vi\.\ 
neHbl KOHCTaHTbl l't(U) cornaCHO 12.1/. 
HanbHble onepaTopbl M 8 = I. • IL 1E1 ~ 

= l,M Bblpa~aOTCR TOnbKO 
nycTb AnR U e V onpeAe
TorAa onpeAen~M A~aro
M w = '1 • 1L i E i , rAe 

1 Etw i E 18 \.\ 
Ei- TO~eCTBeHHble onepaTOPbl Ha vi ' a TaK~e onepaTOPbl 

-1 -1 -1 ~ s-1 s-1 M s-t s-1 M s-t 
s 'D A = l: • s1 b. • sw b. = "' • t b.; B = a· B b.' w = w. w,N 

...,u i E I ' ' i E 1 • . ' 
B W 

B c~ny onpeAeneH~R npocTpaHCTB w~ B ~ w~ w BCRKYO ~YHKLIIAO 
l4 wtt • v u EWr Mo~Ho cLI~TaTb ~ 3neMeHTOM .r~ , ecn~ noAe~cTeoeaTb 
,B ,W 

14 

Ha Hee He~oTopbiM\.\onepaTopoM nepecTaHoBK~ T, TaKIAM, LITO TT~ 
= E, T: w~ B .... Wr WJ lA onpeAenReMbiM B COOTBeTCTB~IA c.6nOLIHbiM 

· · r 1 111 1 1 npeACTaeneHHeM 3neMeHTOB Ha · 1: u1= y 1u = u 1 ,u2, u 3 , u 4 , 
rAe LleTblpe KOMnOHeHTbl COOTBeTCTByOT LleTblpeM CTOPOHaM npRMO
yronbHIAKa 0 1 lA OAHOepeMeHHo RBnROTCR KOMnoHeHTaM~ LleTblpex 
npHnera~~x K 01 npRMoyronbH~Koe. TeneJb onpeAeniAM HOPMY 
B npocTpaHCTBe wt, B I~ aHanor~LIHO B wr, w I no ~pMynaM 

llu ll
2
wl4 = l: llu1 ll!\.\ + I. II (Tu) 1 1l~\.\, 
r, B i ~I B i i E IW 1 

12.21 
2 

II v llw\4 
r,w 

l: II< T *v >. II \.\ + l: II vi II \.\ 
tEl 1 Vi iEI V. B W 1 

TaKIAM o6pa3oM, onepaTop T ycTaHaen~o~~eaeT B3a~MHO OAH03HaLIHoe \4 \.\ -1 s -1 v COOTBeTCTBIAe Me~AY Wr B ~ W r W , a onepaTOpbl S8 ~ W Ae~-
CTBYOT KaK ' ' 

s - 1 : wt .... w -\.\ = l: • v -\4 • 
B ,B r,B iEls i 

12.31 
s - 1 ~ w\.\ .... w-\.\ 

w r,w r,w 
I • v-\.\ 

i E I i w 

no3TOMY ecn~ u E v eCTb peweHIAe 3aAaLIIA IN ' TO ~YHKLI~R u r = 
= YI u , onpeAeneHHaR Ha rl ' YAOBneTBOpReT ypaeHeH~O Is CMbiC
ne paeeHcTea a W -\.\ · I s;r 
A 1ur = M 8 .s;.~ ur + T*Mws;~b. Tur = '1', 12.41 

rAe ~YHK~IAR 'I' E W2~ (rl') onpeAeneHa paHee. npeAnonaraeTCR, 
LITO rl' E ri. YpaeHeH~e 12.41 eCTb ypaeHeHIAe pa3AeneH~R o6na
CT~ AnR 3aAaLI~ IN np~ ~cnonb30BaH~-t~ noAo6nacTeH 0 8 lA 0 W• co
CTOR~~x ~3 KneTOK, ~MeO~IAX BHyTpeHH~e TOLIK~ nepeceLieH~R rpa
H~LI· CTPYKTypa HenHHeHHOCTIA onepaTopa Ar onpeAenReTCR A~aro
HanbHbiMH HHO~~TenRM~ M8 H Mw c ~cnonb3oeaHHeM ~pMynbl 12.1 I. 

PaccMOTPIAM MeTOAbl peweH~R ypaeHeHIAR 12.41, npeAeap~o~~TenbHO 
H3YLIIAB ~YHKLI~OHanb'Hble CBOHCTBa~epaTopa AI= A1+ A2. nycTb 
CHaLiana KOHCTaHTbl 1L i > 0, i = O,M !.. onpeAenRIO~~e onepaTop A I 
B 12.4/, He 3aBHCRT OT Ur, T.e. l'o = ( l'o•••••I'M)T- ~~KCHpo
BaHHbiH BeKTOP. 0603HaLI~M COOTBeTCTBY~HH nHHeHHbiH onepaTOP 

(- ) \.\ -\.\ Llepe3 A 1L 0 , X = Wr B , X* = Wr ..J3 • 
Jle.MJ'tla ? . Onepatop A(j.i 

0
) E ~ (X ... x.., CHMMeTpHLieH H nono-

~~TenbHO onpeAeneH. Ecn~ onpeAen~o~~Tb 3KB~eaneHTHble HOPMbl 
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II 
2 - -1 (- -1 

u II x = ( M 8 ( p. 0) S ~. B u , u ) + ( M w I' 0) S ~. w Tu , Tu ) , 
/2.5/ 

2 -1 
llvllx*= (A(ji0 ) v,v), 

TO A(ji0 ) RBnReTcR AYanH3HPY~~HM oTo6pa~eHHeM 3T~x npocTpaHCTB, 
T.e. o6naAaeT CBOHCTBOM 

(A(jl
0

)u ,u) = llu IIi = IIA(p.o)u IIi*· 

/Jo1Ca3ame.fltJcmeo. OnepaTopbl S11s H S X,1w CHMMeTpH4Hbl H 
nepecTaHOB04Hbl c onepaTopaMH M B H M Vf• OTKYAa cneAyeT c~MMeT
PH4HOCTb onepaTopoe A

1 
~ A

2
• Aanee 

(A 1 +A 2 u,u) = I 1-1 1 (8~ 1~ u
1
,u 1) :<:. m1 I (8~1 u 1,u 1 ) 

i~IUI=I ' ~I ' B W 

=m 1 J 1Viil2
dx ~ cllull2

o 1 n n w2 (u) 
c I 

i E I 

~c( 
2 2 

I II u 1 II v\4 + I II ( Tu.) 1 II v \4 
~IB I iE-Iw i 

- 11 2 ~ II ut wi<0
1 

> 

2 
c II u llx 

/2.6/ 

rAe HCnOnb30BanH 3KBHBaneHTHOCTb llull~~(fl)l<i 1\(Vu)IIL:i{l)'a TaK

~e H3BeCTHY~ o~eHKY AnR cneAOB ~YHK~HH H3 W~(01 )Ha nHnWH~eBbiX 
KpHBbiX nH60 noeepXHOCTRX 1121: 

llyoull \4 r $ cllullwt({l) 
W2(1) 2 i 

H3 HepaeeHCTBa /2.6/ cneAyeT nono~HTenbHaR onpeAeneHHOCTb 
A(~ 0), a aHanorH4HaR ~./e/ neMMbl 2 o~eHKa ceepxy ycTaHaen~ea
eT orpaHH4eHHOCTb A(ll 0 ). nocneAHee yTeep~eHHe neMMbl cneAyeT 
H3 HepaBeHCTBa /2.6/ H onpeAeneHHR AyanH311PY~~ero OTo6pa~e
HHR /9/ • 

PaccMOTPHM HenHHeHHbiH cny4aH. 
Jle.MJ>ta 8. a/ OnepaTop A1 E (X .. X*) npH ycnoBHRX /6/-/r/ 

neMMbl 2 CHnbHO MOHOTOHeH C KOHCTaHTOH m1, nHnWH~-HenpepbiBeH 

C KOHCTaHTOH 3M, nOTeH~HaneH H HMeeT npOH3BOAHY~ raTO, RBnR~
~y~CR CHMMeTpH4eCKHM H nonO~HTenbHO onpeAeneHHbiM onepaTOPOM. 

6/ AnR BCRKOH ~YHK~HH llJ E-X* c~ecTeyeT eAHHCTBeHHoe pewe
HHe ur EX ypaBHeHHR /2.4/' coenaAa~~ee co cneAOM Yr u Ha rl 
o6o6~eHHoro peweHHR ypaeHeHHR /1.10/. 1 
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CBOHCTBa nyHKTa /a/ cneA~T H3 COOTBeTCTBY~HX CBOHCTB 
onepaTopa A1N. HMeeM, HanpHMep, 

-1 
(A u-Arv,u-v) =I (ll1(ui)S1 ~ui-r i E I ' 

-1 ( -1 
-Ill (vi ) S i, ~vi • u i- vi ) = 1 ! ' (A IN u ) Tyo,l u i - /2.7/ 

- A1N(v) Ty~.~ vi. Y~.~ (u -v) ~ m1 1 ~ 1 
llx;.~ (u 1 -vi) II ~J<n1 ) ~ 

~ c II u - vII~, 

noA06Ho o~eHKe /2.6/. flHnwH~-HenpepbiBHOCTb nony4aeTcR H3 aHa
norH4Horo ceoHCTBa onepaTopa AIN. CeoHCTea npOH3BOAHOH raTa 
cneAY~T H3 CBOHCTB onepaTopa A}N(y), Y EX, H npeACTaeneHHR 

(AI'(y) z,v) = I <A'IN(y)y~\zi,y~~vi>=<AiN(y)z,v>, 
1 ~ I ' ' 

BbiTeKa~ero H3 /2.7 I. nyHKT /6/ cneAyeT H3 YTBep~AeHHH nyHK
Ta /a/ H BbiBOAa ypaBHeHHR /2.4/. 

neMMbl 7,8 n03BOnR~T C~pMynHpOBaTb ycnOBHR CXOAHMOCTH Hb~
TOHOBCKIAX lA rrr:t.f11AP1-1Tt-UJY M~T0t:!0~ ~~!!!e~!"'!~ yp~!!~e~!~~ /2. .1~/, :! 

TaK~e MeTOAOB THna npOCTbiX HTepa~HH C nepeo6ycnaBnHBaTeneM. 
OcTaHOBHMCR Ha nocneAHeH rpynne MeTOAOB. Hcnonb3YR TeopeMy 
4, 5191

, nerKO AOKa3b1BaeTCR 
Tgope.Ma 4. nycTb iio ~ RM+ 1 

- npOH3BOnbHbiH BeKTOP c nooo
~HTenbHbiMH KOMnOHeH.TaMH H BblnOnHeHbl HepaBeHCTBa 

(Aiu -A 1 v,u-v);;: m
0

(A(i£
0
)(u-v),u-v), 

/2.8/ 

IIA 1u-A1 viii* ~M~(A(ji0 )(u-v),u-v), u,v~X. 

Tor Aa np~ r ~ ( 0, 2~ ; 1
) HTepa~HOHHbiH npo~ecc 

u - u A(- ) n+1 n 
ll o T 

=-A u + llJ; n = 1 ,2, ... 
I n /2.9/ 

CXOAHTCR K peweHH~ UrypaBHeHHR /2.4/ CO CKOPOCTb~ 
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II un -uri I 
ref (r) . . 

< II A r u 0 - 11' I I * • q = max 11 - rm • 1 - r M I' 
-1-q(r) X o o 

AflR n~6oro u
0

E X . 
0TMen1M, 4TO nptA r = 2(M

0 
+ m0 )-

1 nony1.1aeM q(r) 
= (M0 -m 0 ) (M 0 + m0 )-

1 • 

3aMe~aHue. 0THOCtATenbHO MeTOAa Hb~ToHa cnpaBeAntABO yT
eepmAeHtAe, nonHOCTb~ aHanortAI.IHOe TeopeMe 7 tA3 111 • np~;~ ~;~ccne
AOBaHtAIA rpaAtAeHTH~X MeTOAOB MOmHO nptAMeHtATb TeOpeMy 4.2fB/. 

3cM>eKTIABHaR pea1tiA3ai..IIAR MeTOAa /2.9/, TaK me KaK Hb~TOHOB
CKIAX lA rpaAIAeHTH~X MeTOAOB, 3aBIACIAT OT B03MOmHOCTIA 3KOHOMIAI.I
HOrO o6pa~eHIAR ntAHeHHoro onepaTopa A(~o). no3TOMY Aanee pac
CMOTPIAM npo6neMy nocTpoeHIAR nerKo o6paTtAM~x nepeo6ycnaen~;~ea
Tenei:1 B AflR onepaTopa TtAna A ( il0 ) , T. e. TaKIAX CIAMMeTptAI.IH~x 
ntAHeHH~x onepaTopoe B > 0, "'TO 

c
2 

( B u, u ) ~ (A ( ~ 
0

) u, u ) ~ c1 ( Bu, u) ,. u ~ X, /2.10/ 

rAe KOHCTaHT~ c2 , C 1 > 0 11cna6o11 3aBIACRT, rn6o BOBCe He 3aBtA
CRT OT 3neMeHTa U . Ho npemAe C$QpMyn~;~pyeM KOHei.IHOMepHy~ an
npOKCIAMai..IIA~ ypaBHeHIAR /2.4/ no MeTOAY ranepKtAHa lA ycTaHOBIAM 
AflR Hee CXOAIAMOCTb anroptATMOB TtAna /2.9/. AnR annpoKCIAMai..IIAIA 
/2.4/ MomHo TaKme ~;~cnonb30BaTb cxeM~ MKP •. 

r1yrn. :X
0 

<X - ni-1Hei:1Hoe nonnoocToaHCTBO a X c HOPMOH, IAHAy
I..IIAPOBaHHOH IA3 X , h 1 , ••• , h0 - nonHaR ntAHei:iHo He3aBtACtAMaR 
CIACTeMa 6a31ACH~x tllYHKI..IIAH B X n· 06o3Hai.IIAM 1.1epe3 10 E (X 0 .... X) 
onepaTop enomeHIAR Xn B X lA 1.1epe3 Iri E (X* .... X~) - conpRmeH
H~H K ~ onepaTop. PaCCMOTPIAM CIACTeMy ypaBHeHIAH AflR ranepKtAH
CKOro peweHIAR u n ~ X0 : 

<AI un 'hi> = <'I', hi>, = 1,n, /2.11/ 
/9/ 

KOTOpoe MOmHO 3antACaTb KaK onepaTOpHOe ypaBHeHtAe B Xn 

A
0

U
0

='1'
0

; A
0 

=t;A1I
0 

e (X
0 

.... x:), '1' 0 = t;'l' Ex:. /2.12/ 

CornacHo neMMe 1.4 191 ceoi:icTea onepaTopa At nepeHoCRTCR Ha 
An B c~;~ny paeeHCTBa \1 10U0 I I = \1 U0 II • H3 TeopeMbl 3. 3 191 

cneAyeT 
Jle.MMa 9. np11 yCOOBIARX /6/- /B/ neMM~ 2 ypaBHeHtAe /2.12/ 

11MeeT eAIAHCTBeHHOe peweHtAe, AnR KOTOporo cnpaBeAntABa Ol..leHKa 

II un- ur llx 
3M 

< - inf I I v - ur l\ X • 
- m1 v~Xn 

/2.13/ 
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nptAMeHRR TeopeMy 4.619~ npiAXOAIAM K YTBepmAeHIA~ /3KBIABaneHTHaR 
HOpMa B X0 lAx: onpeAenReTCR 1.1epe3 onepaTop IriA(~~In aHano
rHI.IHO /2.5//. 

TeopeMa 5. nycTb B~nonHeH~ ycnOBI1R TeopeM~ 4. TorAa AnR 
r ~ (0,2M01 ~ IATepai..II10HH~H npo1..1ecc 

- u 1 - u A (fL) n, n,i-1 
n o 

=-~ u i 1+'1', n n,- n r 
/2.14/ 

A (ji) = I*A(ji )I , i = 1,2, ••• 
n o n o n 

CXOAIATCR B X K peweHIA~ U0 ypaBHeH11R /2.12/ CO CKOPOCTb~ 

rql . 
l\u 01 -u llx "--liAr u -'I'll-. q=maxl1-rm 0 ,1-rM 0 l, , n 1 _ q n,o A .. 

OT noooro Hal.lanbHOro np~;~6n~;~meHIAR Un,o E X n • 
npiA peweHIAIA ypaeHeHtAR /2. 12/ Ha nOAnPOCTpaHCTBe X n Ol..leHKY 

/2.10/ TaKme cneAyeT paccMaTptABaTb niAWb AnR u E xn, nptAI.IeM 
KOHCTaHTbl C 1 , c2 AOnmH~ 11 cna6o11 3aBtACeTb OT pa3MepHOCTI1 n 
noAnPOCTpaHCTBa X0 • 6onee nOAp06HO BOnpOCbl B~6opa npOCTpaHCTB 
X0 AflR IACnOnb3yeMOro pa361AeHIAR Ha nOA06naCTIA 0

1
, i = Q,'M , 

B ABYMepHOM lA TpeXMepHOM cny1.1ae paCCMOTPIAM B cneAy~eH pa6o
Te. 3AeCb nptABeAeM ni1Wb OAIAH npOCTOH nptAMep. 0603Hai.IIAM BHyT
peHHIAe BepWI1Hbl nOA05nacTelil ll 1.1epe3 gk' k = i,M 1 , gk '¢ l. 
6yAeM paCCMaTptABaTb o6naCTIA fl 1 /npRMOyrOnbHIAKIA ntA60 napanne
nentAneA~/ KaK cTaHAaPTHble KOHei.IHble 3neMeHT~ nepeoro nopRAKa 
cepeHAIAnOBa ceMeHCTBa c y3naMIA B BepWI1Hax gk. EcntA 4epe3 vn 
0603Hai.IIATb npOCTpaHCTBO COOTBeTCTBY~IAX cepeHAIAnOBbiX 6a311C
Hb1X tllYHKI..IIAH, TO cneAbl 3TI1X 6a311CHbiX tllYHKI..IIAH Ha BHyTpeHHIAX 
rpaHtAI..IaX r 1 o6pa3y~T 6a31AC hi IAHTepecy~ero HaC nOAOpoCTpaH
CTBa Xn. B ABYMepHOM cny1.1ae X n = L n,2 - MHOmecTBO ntAHeHHbiX 
Ha KamAOH IA3 l.leTwpex CTOpOH npRMOyrOnbHIAKa 0 i tllYHKI..IIAH, He-
n pepbiBHbiX Ha rl . B TpexMepHOM cnyl.lae tllYHKI..IIAIA 1;13 Xn = L n,3 
nfAHeHHbl Ha pe6pax 06MCTei:1 0 1 lA 6tAntAHeHHbl Ha BCeX rpaHRX. 
Pa3MepHOCTb npocTpaHCTBa L n 2 lA L n 3 pasHa M I • nycTb UMI 

' , - T 
eCTb peweHIAe 3aAa411 /2.12/. Tor Aa AnR BeKTopa c = (c1, ••• , eM) E 

'M . I 
M1 I 

~ R , rAe uM =I ciht, ypasHeHI1e /2.12/ npeepa~aeTCfl 
I i = 1 

B HentAHeHHY~ anre6paiA4eCKy~ CIACTeMy ypaBHeHIAH, coenaAa~~y~ 

C KOHei.IH0-3neMeHTHOH CI1CTeMOH Anfl ypaBHeHIAfl B tllOpMe /1.20/, 
nonyl.leHHoi:i Ha ocHoee MeToAa ranepKtAHa Anfl nocTpoeHHoro ce
Mei:icTBa cepeHAIAnOBbiX 6a31ACHbiX tllYHKI..IIAH. 3TO cneAyeT IA3 COOT-
HOWeHIAfl 
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M 

<Aiun,hi> ~ Ak(un• hi) 
/2.15/ p=O 

- -
u ,h 1 ~ Xn' un,hi E Vn• y0 r 1 un= Un' y hi =hi' 

n • or 
• I 

B~TeKa~ero H3 TOro, 4TO paCCMOTpeHH~e 6a3HCH~e $YHK~HH ~Bn~
~TC~ rapMOHH4eCKHMH BHYTPH Ka*AOH o6nacTH 0 1• 

TaKHM o6pa3oM, npocTeHwHe annpoKCHMa~HH ypaaHeHH~ /2.11/ 
/B 3TOM cny4ae npe,qnonaraeM, 4TO d nop~,qKa hI !14oryT coana
,qaTb C COOTBeTCTBY~~HMH AHCKpeTH30BaHH~MH ypaBHeHH~MH An~ 

3a~4H /1.20/. 
OTMeTHM, 4TO onepaTop~ AI H AI,n HMe~T 6no4HY~ n~THAHaro

HanbHY~ CTPYKTypy B ABYMepHOM cny4ae H CeMHAHaroHanbHY~ CTpyK
TYPY B TpeXMepHOM cny4ae, ecnH K OAHOMy 6nOKY OTHeCTH HeH3-
BeCTH~e, Onpe,qeneHHble Ha [ i , i = f;ll" • , 

flerKo BH,qeTb, 4TO ace pe3ynbTaT~ H3 § 2 cnpaae,qnHB~ ,qn~ 

npOH3BOnbHOrO pa36HeHH~, TOnOnOrH4eCKH 3KBHBaneHTHOrO 11WaX
MaTHOMY11, T. e. nony4a~eMYC~ H3 Hero npH nOMO~H B3aHMHO OAH0-
3Ha4HOrO oTo6pa*eHH~ Knacca C1 • B rsyMepHoM cny4ae Tpe6yeTc~, 
4To6~ Ka*~~ BHyTpeHH~fl aepwHHa 6~na o6~ei1 ,qn~ 4eTblpex no,q
o6nacTei1, a B TpexMepHOM - ,(lnfl BOCbMH. rpaHH~~ no,qo6nacTe~ 

ol AO~H~ 6~Tb nHnWH~eBbiMH. Pe3ynbTaTbl cnpaae,qnHBbl H ,(lnfl 
pa36HeHHH 6onee o6~ero BH,qa, Kor,qa BHYTPCHH~fl aepwHHa fiBnA-141 
eTc~ o6~ei1 ,qn~ 4eTHoro 4Hcna /He MeHee 4eT~pex/ no,qobnacTeH . 

B cne,qy~ei:i pa6oTe paccMOTPHM nepeo6ycnaBnHBaTenH ,qnfl 
onepaTopa A1 H ero AHCKpeTH~X aHanoroa AI.n , a TaK*e H3Y4HM 
BOnpoCbl OnTHMH3a~HH pa3MepHOCTH MaCCHBOB, He06XOAHMbiX ,(lnfl 
peweHHfl npo6ne~ /2.12/. 

AaTop a~pa*aeT 6naro,qapHOCTb npo$. E .n .lKHAKOBy 3a BHHMa
HHe K pa6oTe, a TaK*e C.AHMOBOH H r.E.Ma3ypKeBH4Y 3a none3-
H~e o6cY*AeHHfl. 
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TEMATMqECKME KATErOPMM UYBnMKAUMA 

OB~E~EHHOrO MHCTMTYTA ~PHYX 
MCCJIE,l(OBAHMA 

M~meKc TeMaTHKa 

1. 3KcnepHMeHTanbHaR ~H3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKaR ~H3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTanbHaR HeHTPOHHaR ~H3HKa 

4. TeopeTH4ecKaR ~H3HKa HH3KHX 3HeprHH 

5. HaTeMaTHKa 

6. RAepHaR cneKTPOCKOnHR H paAHOXHMHR 

]. ~H3HKa TR*enwx HOHOB 

8. KpHoreHHKa 

9. YcKopHTenH 

10. ABTOMaTH3a~HR o6pa6oTKH 3KcnepHMeHTanbHWX 

AaHHwx 

11. Bw4HCnHTenbHaR MaTeMaTHKa H TeXHHKa 

12. XHMHR 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

14. HccneAOBaHHR TBePAWX Ten H *HAKOCTeH 
RAePHWMH MeToAaMH 

15. 3KcnepHMeHTanbHaR ~H3HKa RAePHWX peaK~HH 
npH HH3KHX 3HeprHRX 

16. AosHMeTpHR H ~H3HKa sa~HTW 

1]. TeopHR KOHAeHCHpOBaHHOrO COCTORHHR 

18. Hcnonb30BaHHe pesynbTaTOB H MeTOAOB 
~YHAaMeHTanbHWX ~H3H4eCKHX HCCneAOBaHHH 
B CMe*HWX o6naCTRX HayKH H TeXHHKH 

19. 6H~H3HKa 

XopOMcK~~ 6.H. 
Kpaeawe 3aAa4H MarHHTOCTaTHKH a HenonHO-HenHHeHHO~ 
nocTaHOaKe H MeTOAW HX peweHHR 
HccneAoaaHHe .HenHHe~HOH npo6neMw 

P11-88-lt80 

npeAnaraeTCR HenonHO-HenHHeHHaR nocTaHOaKa ypaaHeHHH MarHHTOCTaTHKH AnR 
cKanRpHOrO noTeH~Hana. 06naCTb HenHHeHHOCTH pa36HaaeTCR Ha KOHe4HOe 4HCno 
noAo6nacTeH, 8 Ka*AO~ H3 KOTOpwX nonaraeM 8Ha4eHHe MarHHTHOH npOHH~aeMOCTH 
paaHWM KOHCTaHTe,nOAne•~eH onpeAeneHH~ H 3aBHCR~eH HenHHeHHO OT cpeAHero 
aHa4eHHR rpaAHeHTa peweHHR a AaHHOH noAo6nacTH. nonY4eHa ~eHKa norpewHOCTH 
TaKOH MOAenH no OTHOWeHH~ K HCXOAHOMY ypaaHeHH~ MaKcaenna AnR CKanApHoro 
noTeH~Hana. H3y4eHW ~YHK~HOHanbHWe CaOHCTaa HenHHeHHOro onepaTopa, nocypoeHO 
ypaaHeHHe pa3AeneHHR o6naCTH, onpeAeneHHOe nHWb Ha aHyTpeHHHX rpaHH~ax 

noAo6nacTeH. PaccMOTpeHw HTepa~HOHHwe npo~eccw peweHHR ypaaHeHHH a HenonHo
HenHHeHHOH nocTaHOaKe, a TaK•e HX AHCKpeTHWX aHanoroa, nony4eHHWX Ha OCHOae 
MeTOAa ranepKHHa. PacCMOTpeHHaR MaTeMaTH4eCKaR MOAenb HaH6onee ~KTHaHa 
npH HCnOnb30aaHHH Ha napannenbHWX 38M, TaK KaK Ka*AWH war HTepa~HOHHOrO npo
~ecca CaOAHTCR K He3aaHCHMOMY peweHH~ 3aAa4 a nOA06naCTRX. 

Pa6oTa awnonHeHa a fla6opaTOPHH aW4HCnHTenbHOH TeXHHKH H aaTOMaTH3a~HH 
OHRH. 

Coo6meHHe 061oe,IUDieHHOro HHCTHT)'Ta .RAepHhlx HCCJieAOBaHHii. )ly6Ha 1988 

nepeaoA aaTopa 

Khoromsky B.N. , P11-88-lt80 
Magnetostatlcs Boundary Value Problems In Incomplete-Non! lnear 
Formulation and Methods for Their Solution. 
Investigation of Nonl lnear Problem 

Incomplete-non! lnear formulation of the magnetostatlc equations for the 
scale potential Is presented.The domain of non-linearity Is partitioned Into 
a finite number of subdomalns with the quantity of magnetic permeance fixed 
constant In each of subdomalns. These constants depend on the average value 
of solution gradient In substructures. The estimations of accuracy for this 
model In comparison with the Maxwell equation Is presented. The functional 
characteristics of nonl lnear operator Is studied. The equation of domain 
decomposition defined only on the Internal boundaries of subregions Is deve
loped. The Iteration processes for solving equations In the incomplete-non
! lnear formulation and their discrete analogues based on the Galerkln me
thod are proposed. This mathematical model Is well suited for parallel com
puting environments, since every step of the Iteration process consists of 
Independent solution of problems In subdomalns. 

The Investigation has been performed at the Laboratory of Computing 
Techniques and Automation, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1988 



HET JIH IlPOBEJIOB B BAlDER 5H5JIHOTEKE? 

Bhl MO>KeTe nonyqHn no noqye nepe•IHcneHHble HH>Ke IOfHrH, ecnH OHH He 6hmH 3a
Ka3aHhl p&Hee. 

!l13-84-63 Tpynhl XI Me>KAYH&poAHoro CHMno3HyMa no ll,!l.epHoli 
. 3JieKTpOHHKe. 6paTHCJI&&a, lleiOCJIOB&KHII, 1983. 

ll2-84-366 TpyAhl 7 Me>KAYHapo.:u10ro coae~UAHHR no npo6neMaM 
KBaHTOBOH TeopHH nom1. Anywn,1984. 

ll1 ,2-84-599 TpyAbl VII Me>KAyHapoAHoro ceMHHapa no npo6neMBM 
<j>H3HKH BbiCOKHI 3HeprHli . Jly6Ha, 1984. 

!l17-84-850 Tpynhllll Me>KAyHapoAHoro CHMn03ifYM& no H36paHHhiM 
np06JieM&M CTaTHCTH'IeCKOH MeiaHHKH. !ly6Ha, 1984. 
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