4. DKOHOMMNYHbIE Pa3HOCTHbIE CXeMbl.

Cxema nepemMeHHbIX Han paBneva

CxeMbl npuMeHAemMbIe ONnA peleHnd MHOroMmepHbIX 3aaad
n covetTawuue B cebe AOCTOUHCTBaAa SABHbLIX U HEeABHbIX
CXeéM Ha3biBaloTCA 3KOHOMWUYHbBIMM.

JKOHOMMYHas pa3HOCTHaA cxema:
1)aBnsaeTca 6e3ycrioBHO YCTOUYNBOM;

2)TpebyeT npu nepexoge CO CMoss Ha Crou 4ucna
apudpmeTnyeckmnx onepau,uu NPONOPLUOHANILHOIrO 4Yucny
Yy3J10B CEeTKM.

OcHOBHOM uageen NOCTPOEHUSA IKOHOMUYHbIX PA3HOCTHbIX
CXeM fiBNnfieTcsA cBegeHne MHOroMepHoOU 3agaum K Luenouke
oAHOMepHbIX 3aga4dy. OgHOUM U3 nepBbIX IKOHOMUYHLIX
cxeMm siBnfaetcsa noctpoeHHaa B 1955 roay l[MucmeHoM un
Pakdopaom cxema nepeMeHHbIX HanpaBneHun
(mpoaonbHO-NonepeYyHasa cxema).



PaccmMoTpum HavyanbHO-KpaeBylo 3agauy:

%:Lu+f(x,t), (x,t)eQ;, (60)

u(x,0)=u,(x), xeD, (61)

u(xt)=u(x), xel', te[0,T], (62)
o°u

Lu=Au=Lu+Lu, Lu= (a=12),

OX_*

a

D={0<x, <l ;a=12}, Q =Dx(0,T], x=(x,X,)

BeBegeMm [OBYMepHYH TMPOCTPAHCTBEHHYKD CETKY UM OAHOMEpPHYHO
BPEMEHHYIO CEeTKMU:

o, =@, =0+, z{(xnl,xnz)e D; 0<n <N ; 05:1,2},

t=t , =t +0,57; y= ys%, Q= f(xn,ts).

S+—
2



3aMeHuUM andpdepeHumnanbHble onepartopbl KOHeYHO-

Lu—> Ay =AY+ Ay, Ay=Ye,, a=12

Cxema lNucmeHa-Pakdoppa ocywecTtBnsaeT nepexon co Cnof S
Ha crnou s+1 B pABa wara, WUCNONb3ys MNPOMEXYTOYHbLIN

(ApoOHbIN) crioun:

LAy e (63)
0,57

s+1 3t .

Ll Ay Ay (64)
0,57

y(%,0)=uy(x), xeam, (65)

y*t=u, n,=0,n,=N,, (66a)

1
y 2=up, n,=0,n =N, (66b)



YpaBHeHue (63) saBnaetcA HesIBHbIM MO MEepPBOMY HamnpaBrieHU W
AABHbIM MO BTOPOMY, a ypaBHeHue (64) aBnsieTca ABHbIM MO NepBOMY

HarnpaBneHUo N HeABHbIM No BTopomy. U3 (63) u (64) nonyyaem:

2 _ _ 2

Sy-Ay=F  F=2y+Ay+o 67)

2 A = — 2 _

;y—A2y=F, F=;y+Aly+¢- (63)
izyn—l_2 iz_l_i Vn +i27n+1__|:n’ n1=1,2, ’Nl_l’ (69)
hl 1 hl 1 h1 1 1
Yo, = My = 0, n, =Ny, (70)
1 . 1 1). 1 . —
h_zzynzl_z(h_;—l_; yn2 +h—22yn2+1 _—Fnz, n2 :1,2,..., N2 —1, (71)
S\/nz = Hy, n,=0,n,=N,, (72)



3ameyaHue. B dhopmynax (69)-(72) nuweTca TONMbKO U3MEHAKLWMUCA
WHAOEKC U He nuwieTcs PUKCUpoBaHHbIN MHAOEKC.

Popmynsl (69)-(70) onncbiBarOT NPOroHKU BAOSIb KaXXA0U CTPOKU Npun
n,=1,...,N, —=1. Tak kak kaxxgas nporoHka BAOSb CTPOKM TpebyeT

O ( Nl) apudmeTnyecKkunx onepauum, TO obOuee yucro
apucdmMeTUYECKUX onepauun npu BbINOJIHEHUUM  MNPOroHOK BAOJSb
ctpok paBHo O ( N,N, )

AHanorn4yHo I'I_p0I'OHKa BAOJb CTONOLIOB NPpU KaXXaoM n = 1..., N1 -1
TpebyeT O(NZ) onepauuu , a NOJSIHOE YUCIIO onepauun npu

BbINOMHEHMN BCEX MPOroHOK BAONbL cTon6uos paBHo (O ( NlNZ)'

CyeT NO cXeme MepeMeHHbIX HanpaeneHuM TpebyeT uucna
apudMmeTn4eCcKMUx onepauuun Q(NlNZ) nponopuvoHaribHOro Yuvcny
Y3J&I0B CETKU U Ha KaXAabIN y3eJT CeTKU NMPpUXoanuTCsa YUCNOo onepauuu,
He 3aBucslee OT u4ucna Yy3noB. Tak Kak MOXHO [AoKa3aTb
0e3yCrnoBHYHO YCTOMUYUMBOCTb CXE€Mbl NMepeMeHHbIX HarnpaBrieHUU, TO
OHa ABNfeTCcA 3KOHOMUYHON PAa3HOCTHON CXEMOMN.

CxeMy nepeMeHHbIX HarnpaBfieHUN Herb3A 0000WUTL HAa TPEeXMEePHbIN
cnydan: chopmaribHO HanMcaHHasa cxema yXxe He OyaeT yCTOMYUBOM.

MHoromepHble CXeMbl MOXXHO NOCTPOUTb, BBOASA NMOHATUE CYMMapPHOWM
annpokcumauum (JIOC — nokanbHO-04HOMEpPHbIe CXeMbl).



5. KoHcepBaTUBHbIE OOQHOPOAHbIE PA3HOCTHLIE

CXeMbl.

lNop OAHOPOAHbLIMU pa3HOCTHbIMU cxemamu (OPC)
NMOHMMAKOTCHA TaKue CxeMbl, BUO KOTOPbIX He 3aBUCUT HU OT
BbIOOpa KOHKpPEeTHOM 3a4a4vM U3 OaHHOro Krnacca, Hu oT Bbibopa
Pa3HOCTHOM CEeTKMW.

Koacphuumentol OPC onpepgensrTca Kak (pyHKUUOHANDbI

(wabrioHHbIe dyHKUMOHanNbI) oT koadpcpunumeHTOB
AanddepeHLUanbHOro ypaBHeHuUs.
LLupoko pacnpocTpaHeHbl OPC CKBO3HOIro (vnn

HenpepbIBHOrO) cyeTa.

p ~ mea ~
wXCMbI, Bbipa)‘Ka'rGi.U,'v‘le Ha cée

Ha3blBakOTCA KOHCepBaTUBHbLIMUN UITN ONBEPIreHTHbIMM.

Cxembil, Hapyuwawuumme 3aKOHbl COXpaHeHuUsA, Ha3biBalOTCH
HeKOHCepBaTUBHbLIMU UITAN aAncoarnaHCcHbIMM.



1) UHTerpo-nHtepnonsaumoHHbin metoa (MMM) — metoq 6GanaHca

NOCTPOEHUA KOHCepBaTUBHbLIX PA3HOCTHbIX CXEeM.
PaccmoTtpum ypaBHeHuUe:

(k()u'(x)) =a(x)u(x)=~f (x). (73)
rae k(x) n q(x) moryTt O6bITb pa3pbiBHbIMU PYHKLUNUAMMN.

YpaBHeHue (73) onucbiBaeT CTauuMoOHapHoOe pacrnpegeneHve Tenna B
cTepxHe. BBeAéM paBHOMepHyK CeTKy (), U NPOMEXYTOUHbIe
NOTOKOBbLIE Y35kl X ;.. =X;+0,5h. 3anuwem _3aKoH
coxpaHeHus Tenna (ypaBHeHue banaHca) Ana oTpeska [)g 05 X +0’5]:

i+0.5 Xi+0,5

W, o5 —W.,0s —Xj q(x) u(x)dx+ j f(x) dx=0, (74)

Xi_05 Xi_05

d_u
dx

- TenJsiIoBOMU NOTOK.

roe W(x):—k(x)



Npeanonoxum, utoU = U, = const npwm Xi—o 5 < X< XiJrO 5
Torpa X0 5 | |

_f qg(x)u(x)dx = hu,d;, (75)
o -1 d 76
e | —FXJ q(x) dx. (76)
du W
MpounHTerpupyem paBeHCTBO & = _? Ha oTpe3kKe [Xi_l, X. ] :
+ W(x)
ST !
Monoxum \\\/ :Wi—o,5 —const nmpu X ; < X< X.Torna
o dx
Ui, — U, :Wi—0,5 i@ (78)



niun U —u.

Wi os = =8 — n = = —ailg (79)
n - N -1
rae 1 Xi dX
a =< — —_ 7 80
=1 I ) (80)
U3 dopmyn (74), (76), (79), (80) nonyumnm:
1 Yiaa 7Y Yi = Yia
—<La I+ l _aq ! —dy =—0, 81
h { 1+1 h [ h |y| ¢| ( )
rae 1 Xi+0 5
o= | f(x)dx (82)

i-0,5

3ameyaHue. UHTerpanbl (76), (80) n (82) asnatrorca wabroHHbIMU
¢pyHKLMOHanNamu.



2) MeTtoa KOHeuHbIX 3rieMmeHTOoB (MKJ) — npoeKUMOHHO-
CeTOUYHbIN MeToA.
PaccmoTpum KpaeByro 3apavy:

_%(p(x)g—ij+q(x)u:f(x), x€(0,1), (83)
u(0)=0, u(1)=0. (84)

NMokpoem otpe3zok () < X <1 cucremoir uHTepsanoB X, 1 < X< X, m
ans kaxaoro K>1 Beeném dynkumio @, (XS)Z

0, 0<x<Xx_,,

3(X), %y =x<X
5, (%), % Sx<x,

0, X, XX =1,

o, (X) =1 (85)




rge X — Xk—l

&, (X) == X1 SXS< X, Ay o5 =X — X1
k-0,5
~ X, ..—X
W, (X) - XL’ X S XS X Ak+o,5 = X1 — X (86)
@y (z() k+0,5
1 Cucrema coyHKUUN {a)k (X)}

nofiHa B TOM CMbICrie, YTO NobyIo
HenpepbIBHYI0 PYHKLUIO (0()()5
C BO3MOXHbIMU U3FIOMaMMn B Y3NOBbIX
TOouYKax {Xk} M obpaljaroLlyrocs B
X  Hy”nb B rpaHNYHbIX TOYKax oTpe3Ka
[0,1] MOXHO NpeAcTaBUTbL B BUAE
FINHEMHON KOMOMHaUUKU (pyHKLUN
{a)k (X)} o(X)= Z(pka)k, rae B kayecTBe KO3p(PULMEHTOB CTOSAT
3HaYeHUsi camoin PyHKUUU (D(X) B TOYKax X, . @ = go(xk).

1R 4

X, =0 = X X X Xy =1



CMCTeMa{a)k (X)} obnapaet TakKe HEKOTOpPbIM aHarNorom CBOUCTBa

OPTOINoOHAaJN1IbHOCTM.

1

(0, n<k-2,
%AK_O,S, n=~k-1,

1

(@0@,) = [0 (X) @, (X)dX=1Z(A g5 +Acs05), N=k, (87)

0

3
1

gAk+O,5’ n= k +1,

kO, n>k+2.

YMHOXUM (83) Ha ¢ (X) U npouHTerpupyem ot 0 Ao 1:

5

p(x)d—

j+CI(X)u—f(x)}a)k(x)dx:o_ (8)



NMpouHTerpupyem dopmyny (88) no yacTtsAm ¢ y4eTOM rpaHUYHbIX
ycnoBuu (84):

: du de,

— f dx=0 89
{{p(X)dX —oHa(x)u (x))wk} X (89)
MNpeactaBum nuterpan (89) B BuAe CyMmmbl MHTErpanosB:

Xk+l

Z j {p(x)gi dda)xk +(q(x)u—f(x))a)k}dx:0. (90)

K Xk

Uwem peweHne 3apaum (83)-(84) B BUAe pasnoxeHusa no cucrteme {a)k (X)} :

u(x):zk:uka)k(x). (91)

U3 dopmyn (85) n (91) nonyunm:

Xy

dudo ~ Proos
J P00 G = () (92)

X1



Xk+1

(po) 8@ gy Peos .
PV "o A )

Xy

Xy

jq(x) U @ dx = Qk 0,5 k1+qk 0,54k

X1

Xk+1

CI(X) U o, dx = g.3u, +Qk+o sUi1

I',El,e 1 Xk +1

(92)

(93)



YuntbiBaa hopmynbl (90), (92), nocTpouM pa3HOCTHYHO CXeMy:

pk—0,5 pk+0,5
A (uk _ukl)_A (uk+1_uk)+
k—0,5 k+0,5
1,2 11 2,2 1,2 _
T 05Uk 1 T (qk—O,S T 0cios ) Uy + 0o sUies = Fies (94)

roe

F= [ (0 adks | F()adk= | f(x) o (x)dx (95)

Xk-1 Xk-1
K ypaBHeHusaM (95) cneayet 406aBUTbL rpaHUYHbIe YCITIOBUA:

. N . _ N
uO_U, uN _U-

A~~~
O
(@)

—

3ameyaHue. UHTerpansbl (93) aBnsaoTcA WabNMOHHLIMU PYHKUMOHaNaMu.



3) [llpumep cxembl, pacxogswenca B Ccriyvyae
pa3pbIBHbIX KO3(PPULNEHTOB.
PaccmoTpum KpaeByro 3apavy:
(k(x)u'(x)) =0, xe(0,1), (97)
u(0)=1, u(1)=0. (98)
3aMeHUM NpousBoAHbIe PAa3HOCTHbLIMU NPOU3BOAHbLIMU MO chopMynam:
(ku') =ku"+kW, u"~-u
u.,—u

1+1 -1

27h

(48 i |

u~u., k'~k.,

XX 1 X

rae U... = . B pe3ynbTaTe nony4yum pasHOCTHYIO 3agauvy:

k Yia — Zzi T Yia Kiss —Kiy Yies = Vi _ 0, 1<i<N -1, (99)
h 2h 2h
Yo=1 Yy, =0. (100)




Pa3sHocTHyo cxemy (99), (100) moxxXHO npuBeCcTU K BUAY:

1
|+ (by, —ay,)—dy =0 (102)
Yo=1 yy =0, (102)
rge
a = ki . I(i+1 B ki—1 ’ bi _ ki n I(i+1 B I(i—l , di = = 0. (103)

3ameyaHue. YpaBHeHue (101) — obwmm Bua pasHOCTHOU CXeMbl
BTOPOro nopsaka.

lNMokaxem, yto cxema (99), (100) pacxogutca gaxe B Kracce KyCO4YHO-
NOCTOAHHbLIX KO3 PNLNEHTOB:

k,, xe€(0,&),
k(x):{kz, xe(&1),

roe f - UppaLMnoHanbLHoe YUCcno, f =X, + Qh, X = nh, = (0,1),

(104)



To4yHoe peweHue 3apaum (97), (98), (104), ynoBnersopsowee yCcrnoBmuam

cAoAnMnNaQwaliAa IAAMoaoT RiART
VIO TIVIZy VIIVICO I DVify.

_Jl—aox, xe[0,£],
u(x)= 5y (1-x), xe[6] (105)
kl

-1
a,=(x+(1-x)&) ", By =xa = > (106)
2
Hanpém peweHune pasHocTtHou 3apauum (99), (100), (104).
Takkak & =0 =k npn O<i<n, a =hb =k, npn N+1<i<N,
TO ypaBHeHue (99) npuHumaeT BUA: _
V., —2Y.+Y., =0 npwm 1N, | #n+1. (107)

PeweHue ypaBHeHus (107) onpepensetca cneaywowen oopmynon:

roe

(108)

l1-ax, 0<x<Xx,
Yi = y(Xi):

Bl-%), X, <x<1.



Koadpdpuumentol o n [ onpeaenum ns ypasHeHus (99) npu =N

l=n+1:

i 1-X . )—(1-ax. ))+a.ah=0,
) n (ﬁ( n+1) ( n)) n (109)
\bn+118h +a (ﬁ(l_ Xn+1) _(1_ ax, )) =0.
U3 dopmyn (103) u (104) Haxoanm:
1 1
a =Z(5k1—k2), a .. :Z(kl +3k, ),
b, :%(3& 1K), b, = %(5k2 k). (110)

Pewas cuctemy (109) c koacpdpuumeHtamu (110) oTHocuTenbHO (Y M IB
MyuntbiBas, utox =¢&—60h, X, =&+ (1_ (9) h, onpegenum ¢y w IB :

a=(,u+(1—,u).§+h(l—@—(l—@),u))_l, L= ua,

rge .
,U=3+Z/1, 1_5;( 1

= . (111)
5—y 3y +1




MpepenbHblit nepexoa npu h — Qpaér:

Ema:%,gmﬁ:@, (112)
T &= (ur@-w)8)’, B = ua, (113)

C nomowbio nHTEepnonauum goonpeaenum doyHkumro (108) yi Ha BCEM
orpeske 0 < X <1. Nonyunm cyHKuMIO Y(X, h) , 3aQaHHYIO PN X [0,1],
npUYém: y(xi,h) =Y.

NMepengéem K npegeny:

0(x)=lim§(x,h)=

h—0

{1—§Ox, 0<Xx<$, (114)

B, (1-x), £<x<1,
CpaBHUM U(X) C TOYHbIM pewieHMem 3agaum (97), (98), (104) U (X)
U3 dopmyn (106), (111), (113) cnepyer, uto l](X) =Uu (X) , €CInu
a, =0a,, P, =P, OTKyAa BbiTekaeT, uto y=1 n k =k,



BbiBo/. PeweHne (108) pasHocTHoOM 3apgaum (99), (100), (104) npu h — 0

ceThnoamMmuTea v chvuviiiam u X vaTanaa nnu e i Vg ATMAIULA AT
vlv\ll'l'llvll mn w,lll\q'l'l , l\vlvv“ll llv'l [\1 [\2 “w I JEIFI 1I01GA WIi

TOYHOro peweHna 3apgaum (97), (98), (104). CnepoBaTtenbHO,
pa3HocTHaaA cxema (99), (100), (104) pacxoauTtcs.

~

dusnyecknin cMbicn pyHKLUK l](X): byHKLMSA U(X) siBNAeTCcs

pewieHnem 3agaum (97), (98), (104), yAOBIEeTBOPAOLWUM
cnegyrowmMm ycnosusam npm X = C .

[a]=0, [ki']=-a,(u-x)k, =0,

rae (] - MOLWIHOCTL TOYEYHOro UCTOYHMKa (ctoka) Tennanpun X = 5
Mpu y —>5+0 q— *oo.
Pusnyeckana npmymHa pacxoammocTtu cxembl (99), (100) coctonT B TOM,

YTO OHa HapywaeT OanaHc (3akOH coxpaHeHusl) Tenna. Cxema He
ABJIAETCA KOHCepBaTUBHOM.



6. CnekTpanbHbIX aHaNnN3 pa3HOCTHOMU
3agayuv Kowun.

1. Heobxogumoe cnekTpanbHoOe ycrioBue
ycTonuymBocTtu HemmaHa.

PaccmoTtpum 3agavy Kowu ona ypaBHeHUs nepeHoca:

ou _8u

=0, xeR' te(0,T] 1
ot oX ( ] (1)
u(x,0)=pu(x), xeR" (2)
Pa3HocTHasa cxema ansa 3apayuu (1)-(2) nmeet cneayrowmm BuAa:
s+1 . S S . S
yn yn . yn+1 yn — O, (3)
T h

Vo=@, n=041.; s=0,1...S.  (4)



BBenéM paBHOMEPHYK HOPMY Ha croe:

|-mex(n): ©

Ana yctonunsoctu pewweHua 3agaum (3),(4) no HayanbHbLIM AaHHbIM
HeobxoanmMo, 4ToObLI ycrioBue (6)

vii<M|ly’ll, s=0,1,...,S (6)

BbIMOJIHANOCHL, B YaCTHOCTMU, €CNn HavarnbHaa PYHKUUA eCTb KaKas-
HUOyAb rapMoOHMKa:

yo=e“", n=0,+1,..., (7)

roe (0 - BelweCTBEHHbIW nNapameTp.
PeweHue 3agaum (3),(4) npumet BUA;:

y; = A%, ®



MapameTp A = Z(a) onpeagenseTcd nNpu noactaHoBKe peweHus (8) B
ypaBHeHue (3):

A(a)=1-r+re", r=%:const (9)
U3 dopmyn (7) n (8) cnenyert:

Vi|=|A(a) Yy

Ansa BbInoNnHeHUA HepaBeHCTBa (5) Heobxoaumo, YTOObLI
BbIMOJTHANIOCb HEPaBEeHCTBO:

Aa) <M, s=01,..,S (11)

(10)

S max (n)

max(n)

niun

A(a)<1+Cr (12)



TakK Kak

S Cirs _ AGT AA

mN nv1 1
C e <e " =WV,

IN

/1 1 ﬂ-\
\J.‘I‘ 1L}
roe Cl - NOCTOsIHHAasA, He 3aBUCAWAA OT X U T

FapMmoHuKa € ABNAeTcA cobcTBeHHOU hbyHKUMEeNn onepartopa
nepexopga co cnos S Ha cnomn S+1.:

.t =(1-r)y; +ry,,, n=0,£1,.. (13)

n

COOTBETCTBYHLEN COOCTBEHHOMY 3HAYEHUIO (9) /1(0! )

JlnHua, KoTopyto npoberaeT TouKa 1(05) Ha KOMMMEeKCHOWN NNOCKOCTH,
Korga o npoberaet BeLWECTBEHHYHO OCb, BCS COCTOUT U3
cob6CTBEHHbIX 3HAa4YeHUN U ABMNAETCSH CNEeKTPOM onepaTopa nepexoaa.

Heobxoaumoe cnektpanbHoe ycrnoBue yctonumsoctn Heummana (12):
CMeKTp onepartopa nepexoga, COOTBETCTBYHOLWEro pa3HOCTHOMY
ypaBHEHMIO, OOJKEH JieXaTb B Kpyre paguyca 1+Q_Z' Ha
KOMMJIEKCHOM NMMOCKOCTM.



3ameuvaHue. Ecnu cnekTp onepartopa nepexona He 3aBUCUT OT T , To
ycnoBue (12) paBHOCUNBLHO TPpeOoOBaHUIO, YTOOLI CMIEKTP fnexan B
eANHNYHOM Kpyre:

A(a)|<1. (14)

CnekTp (9) — OKPYXHOCTb C LIeHTPOM B Toukel— I u paguycom I,
Mpu r <1 - cneKkTp NexuT B eAMHUYHOM Kpyre, npyn r =1
coBnagaeT C eAMHNYHOMN OKPYXHOCTbIO, anpu I > 1 nexwut BHe
eAUHUYHOro Kpyra.

Ycnoeue Heiimana Beinonnsetcsa npu | <1 (7 < h).

1-r>0 1-r<0



2. NNpumepsil.

A) YpaBHeHUue nepeHoca (BTopasa cxema).

s+1

yn _yrs; . Y§—Y§_l :O,
T h
y'=¢, n=0,%1,..; s=0,1,...,S.

CneKkTp onepartopa nepexoga umeeT BUA;:



Bb) YpaBHeHMe TennonpoBOAHOCTMU:
u —a‘u, =0, xeR' te(0,T],
u(x,0)=¢(x), xeR"
PaccmoTpum siBHYIO cXxeMmy:

s+1

Yo “¥o g2 Yna =2ty g
T h

y'=p, n=0+1..; s=0,1..,5S

Noacraenas (8) B ypaBHeHue (20), nony4unm:

A-1 ,e“-2+e™
~a

T h?

=0.

(18)
(19)

(20)

(21)

(22)



| | (@ a2y
e'a‘24+e'a __ ezgie 2 :—sinz(%j, (23)

To \ /
Z(a):l—4razsin2%, r:%. (24)

Mpu U3MEHEHUU (¢ YMCHIOo /1(0() npoGeraeT otpesok 1—4ra° < 1 <1.
Ycnosue HelimaHa BeinonHeHo, ecnu ] —4rg? > —1 ,0TKyAa nonyvaem,
h2

1
yto <—— n _
M T < e (25)




PaccmoTpum HeABHYHO CXeMmy:

s+1 S s+1 s+1 s+1
Yo Vs _ 32 Yo — 2yn T Yo _ 0
T h? -

y=¢, n=0,+1,..; s=0,1,..,S.

AHanorn4yHo npeablaylemMy crny4aro, nonyvaem:

1 T
A = ,
(a) 1+ 4ra’sin’ ¢ '

1_ < A<
1+4ra’sin’ «

YcnoBue HenmaHa BbINOSIHEHO MNpu flob6oM [,

:F'

CnekTp /1(05) 3anonHseT OTPe30K BeLeCTBEHHOW OCH:

(26)

(27)

(28)

(29)



B) Cnyyan HeCKONbKUX NPOCTPaAHCTBEHHbLIX NepeMeHHbIX.
ou o°u o
Tz TRz
ot ox° oy
u(x y,0)=f(xy), (xy)eR’ (31)

ABHas Pa3HOCTHaA cXxemMa nMmeeT BUA.
s+1 S S S S S S S
Vo =Var Vaun = NVon tVain Vapa =2V, +V

m+l,n m—l,n m,n+1 m,n—l — O 32
T h? h? (32)

(X, y)eRz, te(O,T], (30)

Voo =0uns Pun =1 (X, ¥,); mn=0,£1,...;5=0,1,...,S. (33)

3agaBasi HayanbHYO (BYHKUMIO B BUAe ABYMEPHON rapMOHMUKM,
3aBUCSLLEN OT ABYX BelLleCTBEHHbIX NapameTpoBy M [

VO = g ="M mn=04+1,..; $=0,%1,..,S (34)



Hangém peweHna Buaa:

Vrr? _ﬂs (0[ 18) am+,b’n). (35)

NoacraBnasa peweHune (35) B ypaBHeHuUe (32), nonyyum:
o O
A(a, B)=1-4rsin’ E—4rsm2'§ (36)

NMpun nameHeHnn ¢ mn ,B TOo4kKa ﬂ:ﬁ(a,ﬁ) npoberaeT oTpe3okK

1—8r < 1 <] BelecTBEeHHOU OCH
Ycnosusi HenmaHa BbinonHstoTes, ecnu ] —8r > —1

h2
F < WOKOHYaTenbHO: 7 < —,

=7 1

OoTKyAa cregyert



