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The method of a differential approach to solving the 
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The method for solving nonlinear discretized equations 
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HallOOJiee IIOilYJUipHI,IMH M8TO,Il;8MH pememm sa,n;a't!H MarHiiTOCT8TllKI{ 

JIDJimoTca Mwro.n.u, ocHoBaHHHe Ha .mrQ4JepeH.IJ;ll8JU,HOH nocTaHOBRJI-3/. I\ 
'1!110.JJY ,ll;OCTOlllICTD .I\1!Q1J)epem~Ia.7U,HO!i IIOCT8HOBim Heo6XO,n.HMO OTH8CTH OTH~ 

CllT8Jll,I-fYJO npOCTOl'Y Bl:l:'t!HCJI8Hllli . ROS<.Ix}m:i;neHTOB M8Tpm.1; .I(1!0Rp8TH30Bamrux 

ypaBHeHIDi:,paspeJKem-rocTl> aTnx MaTp:iru;, 6hlcTpyro npou;e.nypy onpe.n;eJISHM 

IIOJifI B pac'!eTHOH OCJJiaCTll no cpaBHeHUIO C HHTerpa.1U,HI:IM!!-;-M8TO,ll;8Mll peme­
mm sa.n;a't!U MarHUTOCT8Tllllli. K H8,Il;OCT8TR8M CJie.nyeT OTHe9Tn.npo6JieMY 

reHepawrn ceTRn, CT!:l:ROBRY pas.n;eJia .cpe.n;, sa.n;aHne rpaHWIHhlX ycJioBm!, 

Heocixo.n;lfMOCT:E, BO MHOrnx CJJY't!8.ffX pememm 38,Il;B'IJ! B OOJiaCTll, 3H8't!lIT8.7ll,HO 

npenumaroll!eH o6JiaCTl>, r.n;e Heo6x6.n;MMo sHaTl> pacnpe,n;eJieHiie noM. ,IJ;Jia 
,JJ;OCT1DK9HmI YA01?J.(0TBOpllT8Jil:,HOH TO't!HOCT¥ BI:I'HICJI9H:r.dt. npnXO.n;HTC.ff ,JJ;p06HTB 

pac-qeTHYJO o6JI8CT:E, Ha OOJU,IDOe R0Jrn't!8CTBO 3Jiei.rnHTOB, '!!TO npHBO,lJ;HT R 

..• H9JlJ,IH8.tiHl:l:M ,JJ;UCRpeTM30B8HllliM CllCT8MaM OOJU,UlOfi pa3M9pHOCTH. Pememrn 

IIO,JJ;OOH!:l:X CUCT91,1 .fIBJUieTC.ff YSJIOB!:l:M MOMeHTOM BCeH npo6JieMH. 
B .n;aHHOH pa6oTe npe.n;npHH.iITB IIOIIHTRa :t!CII0.7ll,~O,B8Tl:, aJirop:llTMH, 

,P83BUThle ,lJ;JI.ff M8TO,JJ;8 o6MMHhlX UHTerpaJI:E,IlliX ypaBH8Hllfl:, ,ll;JI.ff pemelm/I 

sa,n;a-qn M8I'HHTOCT8TliIRli B .mrtlxJ?epeH.IJ;HaJI:E,HOH IlOCT8HOBRe. 

§ I. IlocTaHoBRa·sana't!K 

Hycn B, if, M eCT!, I!H.lJ.YR:t~JI, Hanp.H.JKeHHOCT:E,!ll.HaM8I'Hlf'i0H-

HOCTl:, MarHHTHOro IlOJIJI. MMeeT M9CTO CJI8)];YJOU\98 ypaBHeHRe: 

{I) 

r.n;e ii5 
(a) - noJie TOROBhlX o6MoToR. B11n:110HBM JIBHhlH Bll,I( . 'I' , 

MH IlOJJY't!a0M RHTerp8.7ll,HYJO IlOCT8HOBRY 3a,Il;8't!I{ M8PHHTOCT8'f1'KJI 

<-{Ca) = 4 ~ J (M(x), '.la tx~a-, )dvx ; (2) 
G 

I',n;e G - 00JI8CT:E,, 38IlOJIH8HHM qieppOM8I'H9TJIROM. 



Ba.1m1Il1HU ii, ii, M CBR38Hli H8Jill.H8HHHMH COOTHOlli8llliRMH 

if(xJ -f'oj1 < ffi(xll J 
ii<xl 

(3) 

M(x) 
B(xJ _ 
.flo - H(x) '· 

r.I(e }' = .fl i ra fl - MarrmTHa.R: rrpomrn;aeMocTI>, f O - Marm1THarr 
npomm;aeMOCTI> BaKyYMa. · 

CqiopMJJmpyeM 3Mav A. 
3JJA.a..~! 
PaccMoTpnM tf' (x), y.n;oBJieTBOpmonzyID CJI~.IlYIOll\UM ypaBHeHJL'IM: 

6.-lf Cxl +.di.v MCxJ = o, 
X x X € IntG, 

Ll. ~ lf ('x) = o, Xt:.R
3

\ G. 

HopMaJII,HaJI rrpoHSBO.I(Haff Cf Ha rpamrn;e o6JiacTn 

'7J !/ 
'on-

c)<.f) 

- 7J + n 
CM,iil 

DG 

(4) 

(5) 

TepIIHT pasph!B 

(6) 

r.n;e ~ ~n-
G ' a 

- rrpe.n;eJI IiOpl,faJII,HOH IIpOH3BO,ll;HOH Cf cnapy,!m o6JiaCTI{ 
'o <f+ npe.n;eJI HOpMaJII,HOtt npoM3BO,ll;HO}I rrneyTpR o6JiaCTP. G 
'Zin 

Ho rroBe.n;eHue <f ex> Ha oeCROH0'1IHOCTU HaKJia,ll;lmaeTC.fI CJie,nyraqee YCJIO-
mm: 

lim 'f(x) = 0 

1~1~ 00 

IloTeHI.{UaJI <p<xl rm (2) ecTI> pernemi:e sa,I(a'IIH A. 

(7) 

BcJie,I(CTBIIe Toro, 'ITO Mhl He B COCTO.IIHHli pemaTI> 3a.I(a'iY BO BCeM npocTpaH-
CTBe R3 • pacCMOTp:mn ,I(OCTaTO'IIHO 60JII,ruyl0 BhllIYKJJY}:J o6JiaCTI, K 

( G c. K ) , C<J)OpMYJIHpyeM 38,I(a'iY B. 
3,M.a'IIa_B 
PaCCMOTpHM q,(X) , Y.IlOBJI8TBOpfil001YD ypaBH8Hru!M (4), (6) B 

06.JracT.11 K • YpaBHeH.1:18 (5) 3a'd8Hl:IM ypaBH8H.118M 

~x c.pcx> = o, X€ K \ G. 

.llJur BHIIOJmermJI ycJIOBllH ( 7) rroTpe6yeM paBeIICTBa 
Ha rpamme · oOJiacTu K: 

2 

'f (x) 

cs) l 
HYJIJO t 

1:f(x> = o, xE nK • (9) 

.J ;J;aJII,He,1:uei,, oy.I(eT rrpoBe.n;eHa o~eHRa yr-:.TioHeHKiI pememm 38.I(atnr A 
or peruemm sa.n;a'IIII :J. 

§ 2 . ,li,ICRP8Til:3aUJm 

.llJLcr ,n;ircEpernsar~m sa~a'IIv. _pasoG·1eM 06.11acr:r, K Ha 061,e.zurnemre 

rer<ea3m.ioB { Gi1 K=},!1 Gi T8R, R_ar< 81'0. ,I(8JI80TC.FI II.PH JlCil0.Jll,30B8HI1H 
1.18'1'0,I(a ICOH8'IlihlX SJI8M0HTOB, Ilpi~ 3TOM 6y,I(eM upe.I(IloJiaraTI, J 'ITO 

. L ..•.. 
G = U G. · • Or pasunemm K Ha SJieMeHThl rr0Tpe6ye1v1, 'l:TOCJH rpamr-

i=1 1 

l\ct D~ COCTOHJia H3 rpaHei1 reRca::i,Il;pOB (T.e. HU 0)41la TO'IRa rpaHir~ 
DG He npm-ra,I(Jle>Ka.na BHYTPOHHOCTH HR O.I(HOI'O reKC83.Il_pa -Gi ) • IJyCTI, 

fp,, .j=1,r] - Ha6op nepuma pa36ReHILFI. IIycn f'p_ ,P. , ... ,P. z l J . · l 1 1 1
8 

! 
ecn nepumm,r HeROToporo _ Gi (pHc. I). _ 1 2 

P. P. 
18 17 

pi(' 4,r-. -. ___ ...:,--~( i3. 

P. 
11 

/ 
✓--

,,, 

I 

I. 
/fr - -

.,,, ,,, is 

Pnc.I 

PaCCMOTp:mn e,)UrnH'IIHUii eyo ~o: 
G0 =(x<x 1 ,x2 ,x3 ) o~xi~1 i=1,3} • 

i3Be,ne:-n c.11e.I(y10u.t,re t}ym~m t]_,opM1/ 41: 

f 1 (x 1 ,x2
,.x

3
) ( 1-x1 ) ( 1-x

2
) ( 1-x

3 
), 

f 2 (x1.'x2 ,x3 ) = ~1 (1-~2 ) (1-~
3
), 

f
3

(x
1

,x
2

,x
3

) 

f
4

(x
1
,x

2
,x

3
) 

f
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(x
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2

,x
3
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3
), 

(1-x
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2

(1-x
3
), 

( 1-x1 ) (1-x2 )x3 , 
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f
6 

(x
1 
,x

2
,x

3
) = x 1 (1-x2 )x

3
, 

f 7 (x 1 ,x2 ,x3 ) = x 1 -x2 -~3 , 

f 8 (x
1

,x2 ,x
3

) = (1-x1 )x
2

x
3

• 

B:ee~eu napaMeTpR3~ G1 CJI9;zyrom!UJI o6pasoM. Ka::~ofi TO'IIte (d,,B, 0> 

8,lUUllflJHoro Icy"6a G IlOC'.:'8BUM B COOTBeTCTBJ.l:0 x U3 G. cJie-
0 1 

JzylOl!lliM o6pa30M: 

a 
x(ot,a,r> = L i\ fk<cl.,a,.r>. 

k=1 k 

IIycT1> { v. J - Ha6op sna'IeHHil HeKoH (kfHKLUnr v rxi cv <x> = o, x E: nK 
]{} - Ann ' -B Bepnnrnax p . (V. =V (P.)) • pOKCIU,rn:pye:J lJ.iYHKlUilO V (x) 

B G. (pKc~I) c1e~e:ti qiylll<IU{en vh<x>: i . 

. 8 

vh ex <"',a, r» = L v 1 fk < o1. , ri , 0 > 
k=1 k . 

0603H8't!HM sh npocTpaHCTBO <liYHK!Ulli ( vh } . • OTMeTIIM, 'ITO 

Cf B 38,lW'tIH B WU! JIIOdoro vh €. sh UMeeT M0CTO WIH pememm 
TOJIQ:{8CTBO 

s ( V'fB, VVh) + j ( vvh ,Ml =O 
k . k (IO) 

IlyCTI, { pj, j ,:. 1 , J J 8CTI, Ha6op . BHyTpeHHHX BepllIKH pas6nemm k 

Onpe,l10JIJOI Ha6op 6a3KCHHX Q.iYHKWIH { ~ J B npocTpaHCTBe sh: 

{ 

1 , i=j 

~CPil = 
Q I i;o!j 

IlpK6Jm3IIM HaMarHil't!e~HOCT1> M B o6JiaCTK G Icy'CO'IHO-IlOCTORHHOH 
B8KTOJ?-lllYH1Uij18H Mh (x) ( Mh (x):M (ai) , x €. Gi, ; ai -D;eHT.P01'.n 

Gi ). B K8'tI8CTB8 IlpKOJIHJK8HHOro pemeIDUI 3~8'tIH B 6y,J1eM paccMaTpH~ 
B8T1, <fh (x) Il3 sh . , y.n;oBJieTBOpmoll{8H ,nJlH JIJ06oH v~ Il3 

(IO) CJI8,ey!)Ill8MY Y.PaBHemm: 

5<v9'h<x>,V~>dvx+ Scv1, Mh<x»dvx. 
k k 

4 

···, 

! . 

I' 

f 

0TCJO):(a .ZPlfl: { ~ j 1 IlOJJy'laeM CJie,!zyJOIIlYlO CilCTeMy ypaBHemu1: 

J. ~ ~ 'f._. (VV~, vvhj)dV., + 
j=1 J J . ,._ 

k 

( h -h -,1 ,:i<vvi,M (XqdVX = 0 

K 

(II) 

i = 1 ,J • 

Ji,Jm Toro, 'IT06H orrpe.i1e.JllITl> pacnpe,l1eJiemre HaMarH1ft!eHHOCTLI B G, 

npmrnTerpn_pyeM (l) no OT)];eJII,HOMY reKC8S)U)Y Gi • IIpn:6JllUKaR: H8IlpmKeH-

HOCT1, H(x) Kyco1mo-rrocToR:HH01i: BeKTop ~-iyma.urnii Hh(xl (Hh(xl=H(aj) 

B G. ) H 3aMeHRR: !f'(x) Ha 'l'h (x) K3 (II), IlOJJy'laeM CJie,IzyKieyIO 
i 

t.;.acTeMy ypaB1Ie1rn:t: 

~ Hh(x)dVX = 5 Hs(x)dVX + )v!f11
(x)dVX. 

Gi Gi . Gi 
(12) 

i=1 ,L • 

B 

-h ) IlyCTI, M. 0CTI, 3Ha't!eHHe M (x) B Gi (i=1 ,L 
i 

AHaJIOrH'IHO, Bi :V. ii1 eCTI, 3H81I8Hiill Bh (x) H iih (x) 

Gi • BBe.n;eM cJie;zyJOnjlle 06osua11emm: 

,. - - - )T B = (B1 ,B2 , ••• ,BL , 

A - - -H )T H = (H 1 ,H2 , ••• , L , 

"' - - ' - T M = (M1 ,M2 , ••• ,~) • 

,.. s r -s c ... s _ T 
H =(.) H (x)dVx' ••• , J n (x)dVx) • 

.G1 GL 

h · h lraK,ey" Toro, 'ITO 'f (x) JlHH8HHO 38BIICJ!T OT M (X) , CIICTeMy 

( I2) MOJKHO_ COKpameHHO 88IIIIC8TI, c.ne;zyJOIIU™ 06 pasoM: 

[ c ] i"i = 9s + [ A ] M • (I3) 

MaTp:iru;a [ A 1 B ( 13) 8CTI, MaTp:iru;a pa3Mepa [ 3L->t 3L 1 , a [cJ-
,IO{arOHaJIJ,H8R M8Tpim;a Bll.IJ;8 

5 



v,v. . 0 ,v 
1 

Vzv 
~ Vz • 

. · v 0 t.\{.v 
I.. 

r.n:e vi . ecTI, 06'.l:.eM Gi • 

Yi:rYTHBaa (3), rreperrnl!leM (I3) cJie,nyrolljllM oopasoM: 

[ c J B =}I
O 

< f,,5 + ( [ c J + [A] J M (BJ J • (I4) 

,ll.71..fI pememm HeJIYHeliHofi cncTeMH (I4) , · rrpe,n:JiaraeTca CJie.IJYRiIIU{ii MTepau;uon­

HHfr rrpo~ecc: · 

[ 1" AS J J " "' C Bk+1=}'o(H +([c +[A )M(Bk) ), 

" ... 5 B = H , 
0 

k=O, 1, 2, ••• • 

(I5) 

§ 3. OoocHoBaHne paccMaTpnBaeMofi nncKpeTHSOBaHHOM rrocTaHOBKn 

B ,n;aJII:,HeiimeM H8M llOTpeOyJOTCJI OOIJjHe CBOliCTBa' UH.IJYKUim i.1ar!IIITHOro 

· llOJIJI B • HaIIpmKeHHOCT:H H 
eCTI, MO.IJYJm:, COOTBeTCTBeHHO 

raTI>, 'ITO ,ll;JlJI narrp~SHHOCTH 

. "oH 
O<d._ !::f'o 'oB~1, 

ll HaMarHM'tJ:9HHOCTl! M • IlycTI> B)I,M 

B, ii, M • 13 ,n;aJI:hHeiimeM oyi.eM npe,n;rroJia-

H=H(B) HM99T M9CTO.HepaB9HCTBO 

(I6) 

r.n;e of.. llOCTOJIHHO .I(JlfI .n;aHHoro Tima TICeJiesa H He 38Bli0li[T OT B • KaK 

II.J)8B:ll:JIO,' 8TO HepaB9HCTBO HMeeT Mee.TO~ Ha;~arHR'tJ:emioc'i'i .· M , , .IiooaBO'tJ:HOe 

noJie, cos,n;aBaeMoe .1AeJieso1.1 no MO.IJYJl.IO orpaHJ{'{eHo: 

M~ Mrnax. (I'7) 

HMeeT MeCTO JieMMa/5/ 

6·, 

I' 

Jiei,1~m I. lTp1r BHuo.irnemm ycJiomm (I6) .n:M JII06ux s
1 

u ii
2 

l1M09T J..l9CTO uepnBeHc·.rno 

}'cllM(B1 ) - M(B2 ) II!:- qjl13,-i32 ll (I8) 

I',n;e o ~ q <.. 1 
h ;rs orrpe.1ieJieHn.a 

sh 
Cf (x) CJie,nyeT' 'ITO .illOCJOii Vh(x) 1m rrpocTpaHCTBa 

HM891' :,10C'l'O T0)~9CT130 

1 <vrh<~),VVh(x)I + ~(VVh(x),Mh(x))dVX 0 • (I9) 
k k 

h - h -0'tJ:9Bll,I(HO, "ITO 31'0 'l'O~eCTBO m,ieeT M9CTO LI J.{JJJI V (x) = <f (x): 

i 11'7':fh (X) II 2 + r (V 1l (x) ;E-t (x)dVX = 0. (JO) 

t< I{ 

HcnOJlI,3YJI HepaBeHCTBO reJffi,D.epa, TIOJJY"I89M CJie,nyrolljee COOT:JOwemrn: 

)II V<t<Mh(x)) II 2
avx !:- )IIMh<x> 112avx • 

K 
G 

(.;I) 

Y"IliTblBaJI (20), (~I) MOiitUO llOJiy'tJ:HTI, uepaBel!CTBO 

S11vf U-ih<x>) + Mh(x>ll 2av_~ )I/Mh<x>U 2av_ • 
G X G . X 

(~.c) 

-h(-PacCMOTpliM H01WTO_pyro l\YCO'tJ:IIO IlOCTOJIHHYIO BeI{TOp <.l1YHI<LCUIO D X) 

HCilOJU,3Y.ff H0JJBB9HCTBO reJII>,ICepa 1!3 (2~), rroJJy'!aeM 

s ( (~ </h(Mh(x)) + Mh(x) ,Dh(x)dVX ~ [ ( ymh(x) /I 2avx) ( 511ri1~(x) ii 2avx) J1n_ 
G G G 

.UaHHOa HepaBaHCTBO Ira iI3UKe MaTplm [ C ] n [ A 1 MOJKHO samrcaTI, CJIS­
,n;yroin;IM OOpaSoM: · 

«[c 1 +[AJ)M,D)~ [c [cJM,M) c(c)o,n)] 112 
(~3) 

r.n:e o - BeKTOp, accor.umpoBaHHHji c 

m.,eeT M9CTO CJie~aa Jl0MMa: 

JieMMa 2. CHCTeMa ypaBHeHlltt (II) 
,il;orcasaTaJlI,CTBO JIOMMhl CJJe,nyeT ns 

Ha rpamme 06JiacT:11 DK • 

i 

nh(x) 

liMeaT 9).(J,fHCTB0HHOe perneHMe. 

(21) H paBeUCTBO 'fhlx) HYJJJO 



11MeeT MecTo TeopetAa: 
TeooeMa I 
HeJII!H9:WHaff CliCT9M8 ypaBHeHRii (I~) IDAeeT pellleHr;e ~ 
JlOK838TeJil>CTBO 

-~ 

'limOJY Toro, lITO wm J1I06oro i Mepa G. 6oJU,me HYJIJI, noJiyqaer.1 
l. 

o6paTHMOCT:E, M8TpKIUI [ C 1 B (I4). YtIUTHB8H (17) ,IlOJJYtiaeM orpaHiitJ:eII-
HOCTli 

A A II L.. II M(B) - c, • 

PaccMoTpKM onepaTop 

F(B) =[c r1 <ro<H5 +([c]+[A]JM(B) ). 

°'1:eBR,nHo, qTo onepaTop 
PaCCMOTpHM map u B 

F(B) 
R3L: 

HenpepIIBeH B 

-.--.-----JL-=!~!-HBtl = f'oll[cr
111 <II H5 11 +(ll[c]l/+Jl(A]ll>c,>}. 

R3L 

OnepaTop F(B) . 

nepeBO,l(HT BhlnyKJioe MHQlJt8OTBO U C8MO B cede ; 

F(U)C U, 

Wap u ROMilBRTeH B R
3

L • HcrroJI1>sy.iI rrpm,n:i-rn !Jay.n;ep/\ 9 I, no.ny-
. qaeM' tITO onepaTop F RMeeT Heno.n;BJVKHyIO TOt!ey. CncTeMH ( I 4) H' RaR 

CJie.n;CTBHe, {I2) HMeIOT pemeHue. 
HMeeT MeCTO TeopeMa: 
TeopeMa 2 

C:irnTeMa ypruiHeHRR ( Ii{) I!MeeT 9.IC!fHCTBeHHoe pemeHirn. 
l(oxaaaTeJI1,cTBo 
'JT A A 
A0I1YCTIDA, 'tlT0 CYII1eCTBY10T )Ula pememur a, R B2 ; 

[c]B1 =Jll0 CH5+c[c)+[A]JAc~1ll 

[ c ]~2 = f 0 Cfi
5 
+ c [c )+f AJJ M o1

2
i J. 

(24), 

(25) 

BHtrHTaR (~4) Ha (25) H YMHOJKaH c:fa.lJ.HpHo Ha B
2
-B

1 , no.nyqaeM 

c[c](B2-B,>, d\-B,ll = f!o«[cJ+[A]) (M(B2)-M(B1ll,(B2-B,)). 
Yq«THBBH (23), llMeeM . . . 

cf c) (B2-B1), o\-B,)) f- f': ((C )(M(B2) -M(B1)), (M(B~) -M cs·,)). 

Ha uepaB8HCTBa (IS) CJie,i,yeT 

8, 

I 
J 

I 
( 

f 
:f 

I 
I 
I 
I 

I 
I 
l 
J 
I ,, 

{
. 

I 

I 

I 
'I 
{ 

I 
/1. 

2 A "' .I\ I'\ (1-q) ((CJ(B2-B1), (B2-B1))~ 0, 

Bnrr,mr Toro, '!To o~ q L 1 , IIOJzytiaeM B2=B
1 u Teopeua . .n;oRa-

38Ha. 

AHaJiornqm1M oc5paaoM .n;oRaaunaeTCH TeopeMa: 
TeopetJa 3 

TTTepa~oHHHll npo~ecc (IS) cXO,n;IiTCH OT .moc5oro HaqaJlbuoro npHc5Jlll­
iKeHILff co cRopoCTI,JO reoMeTpHtlecRoit rrporpecmnr co saaMeHaTeJieM q H3 
(IS). 

.lloR838T9JThCTBO 
Hs (IS) c.n.anyeT 

] 
A A J [ ] A A A A [c (Bk+1-Bk) = f'o<[c + A ) (M(Bk)-M(Bk-1))). 

Y'!HTHB8H t~3) U {I8), IlOJJY'I89M 

c[c J o\+1-~kl , o\+1-:skJ > ~ q2 
c [ c] ci\ -Bk_1 > , cik -~k-, > J • 

Oi:5o3Haqxu 4Bk = Bk-Bk_1,AMk=MC€kJ-~Cgk_1l • 
PaccMoTpID.! PMll t, t\ : 

°"' ~ A ~ ,._ 

B = B + L,._t:. Bk 
o k=1 

00 

* A,._ ~ A 

M = M(B ) + L. A Mk 
o k=1 

Ua (26) cJie.nyeT, qTo 

ll[c]
112

t.Bkll~ qk-1 ll[c]1I2 AB1 II 

ll[cJ1/2AMk/l f: qk l![c]1/2~B1 /I 

(26) 

(27) 

(28) 

Ms (27) H (28) CJ!8.JtY8T, ll:TO PH.IUl t~ CXO,Itf!TCJI a0COJl!OTHO R 

~'T' 11 ~ ct1'! , K0T0pHe .fIBJlHIOTCJi pemeHll9M (I 'I} • llMeIOT M8CT0 
o~ewrn: 

ll BT - BNII ~ ,~: ll[cr1I2 11 ll[c]1I26B, II, 

~ ~ A A N+1 
IIM(BT)-M{BNl II~~ ll[cJ-1/2 II l!Jc]1/2AB, II. 
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0~9HKM YRJIOH0Hll9 pememm 'f' A 88,I.{8'Ili A OT pernemur Cf B 

8a,I{atiH B. Pa81IOCTI, u (x) = "'A (x) - 'fB (x) eCTI, <11,YHKI.{lIII rapr110HH"CJ:e-

CKasr B k ~ 

Au:: O, xE.K • 

u(x) := 'fAfx), x€DK. 

(29) 

(30) 

}!8 rrp.r~una MaIWI™YMa AJI.1I rapMoHn:qecKMx rirymaur:/6/ c:Jie,nyeT, 'ITO 

I u (x) I ~ max I </'A Cx> I ; 
xta:DK 

M8 (2) CJie,nyeT, 'ITO 

- 4~ ll/M(y)/(dVY 
I u(x) If - 2 

(lxt-d) 

(3I) 

(32) 

r,I{e d - ,I{V.:aMeTp o6JiaCTM G IIpeMIOJiara.A:, tiTo :::pamu:i;a 06JiacT.1I K 

,I.{OCTaTOtIHO y,I{aJieHa OT o6JiaCTU G , yql1THBM . ( I7), onpe,I{eJillM lWHCTaH-

Ty E 1 : 

£ 1 = max !1r 
XGDK 

1 

mes G•~ax 

2 (I x/-d) 

KOTopan Ciy.I{eT Ma.lltopKpoBaTh / u Cxl I Bo Bceii oclJiac'l.'H k 

AHaJiorU"CJ:HHM o6pa80M onpe.I{eJIMM KOHCTaHTy-

& 2 = max 
XE'.DK 

mes G•Mmax 
l 3 

1T (jxf-d) 

(33) 

(3.4) 

ROTopaa 6y.I{eT Ma~opHpoBaTh / '7>':i <fACx>/ ua rpau:m:i;e oclJiacTM K 
X 

HMeeT M8CTO CJ18.lJYIO!lla.A: TeopeMa: 

Teope~m 4 
IIycTb £, = ~d.iv(M (x))JdV- . , TOr,I{a 

3 G x 

· S llvu(xlil 
2
avx ~ E 1 •<£ 2L1<+£.3 +L;c,/o1ma1t>, 

K 
r.n;e Lk , LG - Mepa rparnn.u,r DK .II. DG 

l1oRa3aT9JII,CTBO 

Ms (29) CJie,nyeT, 'ITO 

~ //vu(X)II 
2
dv- = s { ~-- u(x)}•U(X)dV- • 

K x DK "Ilx x 
Ha IlOCTaHOBIUI sa.n;atili A ll 88.IJ;a"CJ:U B no.nyqaeM 

10 

(35} 

S CLI. lf B+dlv(Ml 'f A- c A 'f A +d iv(M J> </BldVi=o • 
K 

(36) 

Y'InTUBan cRatioR HOpMaJibHO:ti npmrnB0.11:Hoi1 Ha rpaHm.:i;e _DG 9!.fHKIUIB 

<f A I! lf B rr paBeHc'rBo IJYJiiO 0Y!iIW;n.i1 'fB (x) · Ha DK , HMeeM 

tt,~~:'fA =- ~dlV(M)< 'fA- 'fB)dvx +~(M,n(JQ C_'fA- 'f'B)dSx • 
,;{ x G 'DG . -· 

(37) 

0Tcro.n;a H us (31)-(35) cJie,nyeT YTBepJn,D;emre TeopeM.u. 

118 Teope.Mh! 4 BHTeRaeT, 1!'1'0 rrpu YB9JIU1I9HJ{H OOJiaCTII K CYil\0CTBY-
ST KOHCTaHTa . co , 1ITO 3!M881' /,JeCTO HepaBSHCTBO 

r /l'illfA(x)- V'fB(x)// 2d_vx=: c~ 
K R 

I',i.1;0 R ecTb min /x I 
x E-DK 

HMeeT :.1eCTO JIGW,18: 

Jle1,1Ma 3 

(38). 

13 rrpeMoJimKemm orpaHII"CJ:eHHOcTn _0606111eirnux Brop1-1x rrpousBo.n;llllx 

lf' A (x) H M (x) m,1eer M9CTO HepaBeHCTBO 

~ IIVlfh(x) - VlfA(x) I/ 
2
dvx ~ :1 + C2h

2 

r.n:e c, l! c2 38BHC.Ff1' TOJibltO OT tf A (x) 

h - MaKCI!MaJibHLili .n;uaMeTp [ Gi 1 
l(oKa3aTeJibCTBO 

u M(x> 

Pacc1,,10TpHll! BCIIOMOraTeJII>HY10 lilYHI~mo q'h (x) • 0TJIU1IHe 

Zfh(x) OT Lj'h(x) COCTOHT B TOM, 1ITO rr_pn orrpe.n;eJiemm y,h(x) 

BMecro Mh(x) cl"e_peTc.A: M(x): 

S ,..,h h 
( 'iJ tD (x), 'ifV. (x)) dV- + 

K J 1 X s. C VV~(x) ,M(x) JdV- = O, . - (39) 
K X 1=1,J• 

113 ( IO) , (39) CJie,nyeT, "llTO .11:JI.ff v vh (x) E. sh MM99T M9CTO TOJJVJ;ecT-
BO 

( /!V~h (x)+ VVh{5c)- .Vlf (x) Ii 2av_ = ( /IVqh (x)-· V!fB (x)) 2dV-
) B X l . X +j/lvi (x)U 2 dV.:.. - · x. 
k k 
0TCIO.n;a ,nJ1Jl. IIpOM3BOJII,HQil vh E sh U/A89l.I 

~ H V~h Cxl- Vt.f B Cxl II 2
dvx {: ~ II vvh (xl- V<f

8 
Cx> II 2dvx 

K K 

II . 



)LaJrne cJiem,eT: 

) /lvg, hex>- V<fB Cx> /I 2dvx ~ 2 cf II v 'fA c-io- VCf'B Cxl If 2
dvx + 

k k 
+ {IIV<.f A ex> - vvh ex> fl 2

dv=x> • 

. lipe,IUIOJiarM, TITO . p830I!8Hil9. OOJiaCTK K Ha M9M8H~H { G i } 

HO xopo!llee ( T. e. HeT BHpOJK,IJ;emu=i: aneueHTOB) , oep,a B KatrecTne 

HHTeprrOJIRHT 'fA (x) , II3 (38), ( 40) UOJzy''I89M 

r II V(/h (x) - V:'f B (x) /I 2avx ~ :~ + C4h2 

k 

(40) 

.IJ;OCT8TO'I­

Vh(x) 

(4I) 

r.I(e C3 U c4 38B:.fCJIT TOJII:,KO OT M(x) Ii: 'fA (x) 

orpam!'IeHHOCTI, 0606ll1SHHOH BTO.fJOil H.POH3BO.I(HOii M(x) 
• YcIUTHBaJI 

113 (,~I) HMeeM 

f II l7 tfh<xl - V'fh<x> II 2 
dvx ~ c5h

2
• 

k 

A8Jl99 M3 (38), (41), (4Z) M HepaBSHCTBa 

J 1/Vifh<x> - V'/'A<x>/1 
2
avx f JC) c II V<fh<x>-vitcx>/1 2 + 

k . k . 
+ll'i7ijh(x) -V'/'B(x)l/ 2 +/IV'fBCx)-VtfA(xJ/1 2JdVX) 

rro.nyqaeM YTBe.PJK,nemrn JISMMH. 

Ht,1eeT MSC TO T90p9M8: 

TeopeMa 5 

(~) 

13 npe,IUIOJIOJKSHUH orpaHINSHHOCTlI 060elll10HHHX BTOpHX npOH3BO.I(HHX 

c.pA Cx>, MCx>, sex> u nHTerpa.na f1cl.iv(M(x)JldV.1 .I(llcr~peTn3oBaHHoe 

pernemre ah (x} cxo.zt1tTcJI R HenpepuIIHoMy a Cxl ', M BHllOJIHJieTcJI 

HepaBeHCTBO 

{IIBh(x}-B(x) II 2dvx ~ ah2
. + : 2 

k 

r;:i;e KOHCT8HT8 a K b HS 38BMCJIT OT h li R 

J10K838T9Jll,CTBO 

Hs ( I2) CJie)zyeT 

r -h _ er -s _ 5 -h _ jB (x)dVx = J H (x}dVx + M (x)dVx + 

. Gi Gi Gi 

i=l ,L • 

12 

{v«t(l~h(x))dVx )f'o, (43) 

Gi 

Ji..nfl HenpepHBHoro pememrn: IDASIOT MSC.Ta CJI0)1yIOIIIH9 COOTHOlll8HIDI: 

s B(x}dVX- =()tt5 (x)dV- + s M(X)dV- + j V'fA(M(x))dV-) 41 (44) 
Gi Gi x Gi x Gi X Jo, 

i=l ,L • 

-:If X 
IIycTI. B 1 , M1 ecTI. 3Ha'!eHIDI Ii Cxl , M CxJ i3 1{0HTpon,1iEix G 1 , 

Bi , i\ - 8H8'!9HID! Bh (x) , Mh (x) B Gi • PaccMOTpRM 

KYCOTJHO-IIOCTOJIHHUe B0KTOM,J'HKWU! ~ (x) , Bx (x) (~ (x} =K:, Bx (x) =B~ , 
l. l. 

x E. G . l . • Ms ( 44) CJie.ZJ;yeT 
l. 

( sx<xldV- =' ii5 cxJdV- + ( c~<x>+vcfc.M"cx>>dv- + i'i<x>)u, (45) J x ~ x l. x Jo 
Gi Gi G . . · 

r;:i;e R(x)= s (M(x}-Mx(x))dVx- J<B(x)-Bix}}dVX+ Jcv<pA(M(x))-D''fh(Mh(x))dVX. 
G. G. Jl'o G. 

l. l. ,l.._. 
Jm:KTM (43) H3 (45), YMHOJKaJI cKaMpHo Ha B1-a

1 
) Ji! cy-MMHpya 

no 1 no.nyqaeM 

s /I Bx(x)-Bh(x) JI 2dV- =d ( (Bx(x)-Bh(x)·), (V'/h(Mx(x}) + Mx(x)-
k X k 

- V'f h (Mh !x)} -Mh (x}) dVx f ~ (R (x) ,' (Bx (x) -Bh (x)) dVx) fo • 

OTcIO){a cJie;:i;yeT 
k 

J l!'Bx (x)-Bh (x) l/favx =(j ( (Bx (x)-Bh (x)), (V'f h (MX (x) -Mh (x}) + 

k k 

+ (Mx (x) -~ (x))) dV- +J (R (x) , (Bx (x) -Bh (x)) dV- } ./'o . 
.X X 

k 

Ms (22) no.nyqaeM 

S11 ii"<x> - iihcxill 2avx bo.s )II BxCxJ-iih<x> /{ 2~vx + 

k 2J . k( . 
+0,5Alo /IMX(x) -Mh(x)/rav- +CJ (R(x),(Bx(x) - Bh(x))dV-lfo· 

/"' k x k ,x 

Ilpe.I(IlOJiaraJI orpaH~eHHOCTI, o6o6!ll9HHHX BTopiix npOR8BO.I(HHX M(x) 11 

. B(x) , a Taroite orpaH111I8HHOCTI, KHTerpa~OB OT KBa,lij)aTa MO.ZJ;y~0li 

~TKX npoKSBO.I(HHX no R
3 H y,mTHBM pesy~bT8T ~8MMU a; KM88M 

o.s J IIIix(xJ-Bh(x} /I 2dvx- !: o.s()liMxC¥J-~Cxl 11 2av )ft!+ 
K G X · 

+ [ < ~ II Bx Cxl-Bh CxJ II 2avx)(C1h2 + :~ >] 1 /2 • . 
K 

0TCI1Jt8 .II }13 (18) llOJJY1l88M 71':Be_p,imene T80.P8MH. 

13 



Pnc.2 

BoCI>MaJI 1I8CT:& )U!IIOJII,HOro MarHIITa 

l,t .. - RHTerpa.JU,lraJI 

- .n;nQ¢epem~uaJJ.I>HaR 

·~1--------------~ 

4, 

10. to ~~- tto .so. ,o 10 to 90 ~ c.ac 
,,, . 

.Pnc.3 

CpaBnemrE3 pesy.nTaTQB pacti:eTa .no. HHTerpaJII,Hofi n .z~m10epef!W1a.JII,Ho:tt · 

IIOCTaHOBKO 

I, \; • • _i ~., ,, :, -._; \J, 

14 

§ 4. 'IIICJl8HHHe pesyJII>TCTH 

Ilpe,n;JIO.li:eHHaR M9TO)UUCa ClHJia UCilO.Jll,30BaHa ,IWI C03~aHim KOMllJieKca 

nporpaMM pacti:eTa TpexMepHWC MarHHTOCT8TlftleCKUX IIOJieii MAGDA 

J,.JlfI perneHIL'I mmeitnotr Cl!CT9l'Ali ypaBH9HHii (II) HCilOJl1,30BaJIC.ff IA9TO~ He­

IIOJIHOl'O ;a3JIO;rmmm XOJ1er.ucoro B cotJ:eTaHim. C M9TO~OM · COIIp;iiiC9HHHX rpamr­

eHTOB/7 • l(o;v1nJie1cc npcrpaMM MAGDA liCIIOJII,30BaJICJI ;n;JIJI pacti:eTa IlOJliI 

.IUffiOJU,Horo MarHHTa (puc .2) • Brur~ CHMMeTpim pacnpe~eJiemm nOJIJI s~ati:a 

pe!llaJiac1, Ha l/8 ociJ1acT11 K • Pacti:eTHaJI oClJiaCTl> paschmaJraci. Ha 20736 

3Jl9M9HTOB. npu 3TOM o6JiaC'l'l, (91)1)0MarHeTUKa pas6uBaJiac1, Ha 5184 3JI9M9H­

Ta. 061!lee 1m:CJIO Y3JIOB paBHRJIOCI, 23275. Gyw.rnpHOe Bpe:m o;eHTpaJII,HO~O, 

npoo;eccopa EC I066. 38Tpati:9HHOG ,Ha Bl,ltJ:UCJI9HHG M8Tpno; )UICICJ;)9TM30B8HHHX 

YJ>aBHemrH ,no.JIJI OT TorcoBHX o6MOTOK 11 80 lllaron nTeparurnrmoro rrpoo;ecca 

(I5), COCTBBIIJIO OICOJ!O 4.5 tJ:aca. Ha j)IIC,3 II.l)lfBG~9HO CpaBrremre p93YJII,T8-

TOB pac'IeTa ,n;aHHoro Me'L'O~~ c peayJII,TaTru,m. pactJ:eTOB Toro Me MarmrTa 

no UIITerpaJil>HOit M9TO)U{Ke1·
8/. .· 
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