1
Qlxl_ s x2 5 £1 4 &2 ] 1= -3 Log[r[x1,
G2[x1 5 x2_, €1, &2 ] := Lag[

1
Ki[xI_, x2_, &1_, &2 ] = gy (DIqixl, x2, £1, £2]1, {£1, 2}] + D[g[x1, x2, £1, £2], {£2, 2}1);

TIOJIATOK A

®aiin MKI' Lambda=0,5 IliBkpyr.nb

(+*MeTog keazidyHkuii lpiHasz)
(#3agaHHA NOYaTKOBMX OaHWX+ )

Off[NIntegrate: :slwcon] 5

= noadpa Blalii—y

Off[NInteg

rate: :eincr] ;

Off[General: :stop] ;

A=B.5;

1=25e= 16_3';

x[x1_, x2_] == {x1, x2}; E[£L_, £2_1 := {£1, £2};3

Pl[i_,y var_] := LegendreP[i, var];

D " awrauAnE NenBEArn nnnsE

FIXI_y X2y €15 2.1 = (xl- D2+ (x2- D)7

wxl 4 x2 ] := x2 {1—x12— x.?z}_;

0= Irr||;t1:i.r|:i'l:Ilneg:i.-::tn[J'cz +y 18Ry =0, {x,y]) ];

(#NobypoBa CUCTEMW KOOPAWHATHWX $yHKULA)

ph[i_y 1 s=w[x1ly %x2] P[i, x1] P[Js 2%x2-1];
(1+1) (1+2)

n=z ——— 3

2
2x = {};

For[i=0,1i<1,i++, For[j=08, j<1-1i, j++, {Appe

(#3apganHA dyHKUuid, wWo BXOAATeE B0 iHTerpanbHOro piBHAHHAR)

1
- F_‘[:)‘:-!J x,.'z-tﬂ’ﬁ]

ndTo[2x, ki, j11}11;

2
x2y €1y ¢2]1° +Aw(xl, x2] w[£l, £21];

| -arx, %2, &, 215

62



63

(#MovaTkoBe HabnumeHHA+)

ulxl_, x2 ] =1.;

(#MaTpuua cucTemn Fansopkinax)
m = Table[NIntegrate[®x[[i]] @x[[j]1], {x1, x2} € 0] - NIntegrate [K1[x1, x2, £1, £2] ®£[[i]1] @x[[j1]1, {x1, x2} € 0, {£1, £2} € 0], {J, n}, {i, n}];

MatrixForm[m]
@.8858837 @.8145899 -@.8289585 -2.36517x107% 5.32828x 167 -@.8386219
B.88662569 @.8114899 B.88896185 2.30299x187% -1.48335x187° -@.e8296
-@.8254349 -@.88385257 @.ele4499 -4.44647 % 107% 9.96834x 10712 @.8e8736083

1.17764x 1877  7.77349x 1871 -3.39447x10°%  @8.88677138 9.808486179 -4.72694x 187F
-1.4427 %187 -2.49833x107 -2.38166x10"° -9.8PE0193388 ©.000776084  7.18862x 1677
| -8.838731 -8.88615248 8. 8068363 -1.99849x 18711 7.58864 1877 ©.8129981

(#Nobyaosa nepworo HabaumenHax)

1 1 2
b= Table[ulntegrate[cz[n, x2, £1, £21 (A* (— + = sulgl, ;’2]4]] ox[[§11, {1, x2} € 2, {£1, £2] & 0, AccuracyGoal = s], s n}];
Bn - TVDHOE HHTErpHpOBaHe 5 4 Tpefyeman aficon. TOHHOCTB

c = Chop[LinearSolve[m, b]];

(#MNepwe HabnumeHHa:)
n

ul[x1_, x2 ] = c[[k1] =x[[kll;

k=l

error = NMaximize[ {Abs[u[x1, x2] - ul[x1, x2]], {x1, x2} € 0}, {x1, x2}1[[1]1]1;

k=1;

Pr:i.nt[" k= "y ky" Moxwbka = ", er‘r‘or‘];

(#ITepauiinmii npouecs)
Nh:i.le[er‘ror‘ > g, {

ulxl_, x2 ] = ul[x1, x2];

1 1 K
b =Table[h|1ntegrate[62[x1, x2, £1, £2] [).* (— + —-=xu[£l, §2]4]] ox[[§]1]s {x1, x2} €0, {1, £2} € 0, AccuracyGoal » 5], {3 n}];
. > o i 5 4 o I ey

¢ = Chop[LinearSolve[m, b]];

ul[x1_, x2 ] :Zc[[k]] ox[ (k113

kel

error = NMaximize [ {Abs[u[x1, x2] —ul[xl, x21], {x1, x2} e 0}, {x1, x2}1[[11];

ke+;

Pr:i.nt[" k= "y ky" Moxwbka = ", er‘r‘or‘];};]

Moxwbra = 1.

Moxwbra = @.8622772

= & & =
[}

1
2

=3 Moxwbrka = @.88517962
4 MNoxwbrka = @.888458488

ulxl 5, x2 ] =ul[xl, x2];
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(#Nobyposa nosepxui Ta ninii piexa HabnaumeHoro pose’ A3Ky#)
Plot3D[u[xl, x2], {x1, x2} = 0, RegionFunction <+ Function[{x, ¥y 2}, x*2+ y~2 < 1], PlotRange » Full]
/|
{od
] I,' LTt 0o
|
D.Dﬁ‘l ™ |
to/ || |
0.04fF | T
L |
L/ ~— |
0.0z £/ |
/ |
0.o0 . n . L 1
1.0 0.5 oo 0.5 1.0

Full,

tyle —+ { {Black, Thick}},

don[{xy yy 7}, x*2+ y*2 < 1], PlotRange »

ange [0.005, 0.07, 0.005] ], ContourLabels + (Text[Framed[z3], {1, =2}, Background - White] &), Contours:

ContourPlot [u[x1, x2], {xl, x2} € 0, As
Contours -+ Function[ {min, max}, R;

Contourshading - None]

8.8695385

(#AHaniTuynnid Burnag nabnmxeHoro pose’asky+)

u[xl, x2]
8.203323x2 (1 -x1" -x27) - 2.88792x107° x1x2 [1-x1® - x2") + 8.00881823 [-1-3x1%) x2 [1-3a” - x2?) -
©.8838536x2 (-1 +2x2) [1-x1%-x2%) - 1.88135x107 x1x2 (-1+2x2) (1-x1-x2%} - 2.8194739 x2 [1-x1% - x2®] [1-6x2+ 6x2%)
ulx, yl
8.203323y (1-x"-y’) - 2.08792x18° xy (1-x" -y®| - 0.00881829 (-1-3x"|y [1-x"-y*] -
) [1-6y-6y)

8.8838536y (-1+2y) [1-3"-y) -1.88135x1087 xy (-1=2y} [1-x" -y} £ 0.0194739y [1-" -y

®aiin MKI' Lambda=0,5 Ysepts kpyra.nb

(#MeTog keazidyHkuii lpinas)
{#3agaHHA NOYATKOBWMX HAAHWXH)

OFf [NIntegrate::slwcon];

seincr]

OFf [NIntegrate:

Off[General: :stop] ;

A=0.5;5
1=25¢e= 16'5;
KIxI_y x2_] 2= {x1, x2}5 E0&1_5 £2_ ] 1= { &1y £2}5
P[i_y var_] := LegendreP[1i, varl;




FIXI_y %2 5 1, 2.1 1= (x1- &%+ (x2- &) 5
wlxl_, x2 ] 1= x1%x24 {1—):12— x.?z};

0 = ImplicitRegion[{x® +y* =1, y = @, x = 0}, {x, y}]|;

(#Mobyposa cHCTeMM KOOPAMHATHHX dyHKUIAE)

wk[i_y 1 := wlxl, x2] P[i, x1] P[js 2%x2-1];
{(1+1) {(1+2)
n ————;
2
@x = {};
For[i=9,1i<1lyis++,For[j=9, j=<1-1, j++, {AppendTo[=x, pk[i, j11}11;

(#3apanHA dyHxUifA, Wo BxoAATE A0 IHTerpancHoro piBHAHHAX)

1
2
qQIx1_, x2 5 £1_4 62 ] == —5_ Lag[r‘[x.’l, X2y 1y 217 +Aw[xly, x2] w[ £, ;—'.?]];

1
oEAXLm ¥ <21

G2[x1_, x2 5 £1_5 £2_] ] -qlxly x2y g1, £2]5

65

1
BA[xD 5 %2 5 &1 5 £2 ] = “om (DLqlxl, x2, &1, £2], {£1, 23] + D[qlxl, x2, £1, £2]5 {£2, 231} 5
i - .

(#MNouyaTkoBe HabnMKEHHA )

ulxl_, x2 1 =1.3

(#MaTpuus cucTemn lanbopkinasz)

m = Table [NIntegrate[®x[[i]] ®x[[j1]1, {x1, x2} € 0] - NIntegrate [K1[x1, %2, £1, £2] ®S[[i]1] @x[[j1]1, {x1, x2} € 0, {£1, £2} € 0], {Js n}, {i, n}];

8.88161991 ©.PBBR4AEE394 -B.@BB674937 B.8B@533391 -2.64889x18 -8.880133502 |
-0.0800280973 ©.800186265 7.95571x16™° -0.000038883 2.080887546 -8.8888338376
-8.80056358 -0.8808035113 ©.8908386471 -8.88029211 -8.0888155553 ©0.0008438896
©.908795515 -0.34231x10” -0.808331958 ©.800@454556 -0.0000136483 1.86409 x187°
-0.008041198 ©.8800851871 8.32795x187° -0.88083527 8. 6eBe4EE1 —-@.8888195712
\ —@.888162577 -@.8088417156 ©.8208676392 -0.80801808272 -8.00802240809 B.88B115562 |

(#Nobyposa nepworo HabawmenHas)

1 1 2
b= Table[hl]n‘tegrate[ﬁi[xi, x2, £1, £2] (At (g + ; #ul£l, Ei]‘]] 2x[[§11s {x1, x2} € @, {£1, £2} € @, AccuracyGoa

c = Chop[LinearSolve[m, b]];

(#Nepue HabnumeHHs*)

n
ul[xi_, x2_] :Zc[[k]] 2x[ [k]1;

k=l

error = NMaximize [Abs [u[x1, ®2] —ul[x1l, x2]], {x1, x2}y e Q] [[1]1];

f_]', n}] 3
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Print[" k="ysky" Noxwbka = ™, er‘r‘or‘];

(#ITepauiitnmit npouecs)

While|error > &, {
LHEKN-NOKa

ulxI_, x2 ] =ul[xl, x2];

1 1 3
b= Table[hl]ntegrate[(}?_[xl, X2, £1, £2] (}.* (— + Zsul&l, £2] 4]] ox[[§11, {x1, x2} 0, {£1, £2} € 0, AccuracyGoal - 5], (i, n}];
- . T BaHue E T q N. TOUHOCTE

c = Chop[LinearSolve[m, b]];

ullxl_, x2_1 :chkn ox[[k11;

kml

error = NMaximize [Abs [u
~ .

[x1, x2] - ul[x1, x2]1, {x1, ®x2} el [[1]1]1;

k++;

Print[" k="yky" Moxmbka = “, er‘ror‘];};]

Noxwbka = 1.
MNoxwBra = 8.8383779
Noxwbka = @.88210166

= & = =%
1
oW om e

MNoxwbka = 8.88681809662
ulxl 4 x2 ] =ul[xl, x2];

(#Nobynosa nosepxni Ta niviA pisnA Habnumenoro poss’' A3Ky+)

Plcrt3D[u[x1, ®2] s {x1ly @, 1}, {x2, @, 1}, RegionFunction - Fum:t:i.on[{x, Vs Z}s V™24 2 < 1], PlotRange » Full]

e EHHbIX n HE- - H

ContourPlot [u[xl, %2]y {11, @y 1}, {%2, @, 1}, AspectRatio -+ Automatic, RegionFunction = Fun

ction[{x, Vs 7l W xn24 pn2 < 1], PlotRange —» Full,

Contours —+ Function[ {min, max}, Range[©.005, 8.5, 8.005] ], ContourLabels + (Text[Framed[#3], {#1, #2}, Background + White] &), ContourStyle + { {Black, Thick}},

ContourShading -+ None]
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NMa imize[{u[x1, x2],0<xl<1, asxzs'\f1_x12 }, fxl, x?.}][[l]]

@.a837581

(*AHANIiTHYHMA BUrAAg HabAMKEeHOro pO3B’ A3KY#)
u[xl, x2]
©.525795 x1 %2 (1-x1° - %27} - 0.419616 %1 x2 (1 -x1° - %27} - 8.0431118 1 (-1 3x1%) x2 [1-x1% - x2%) -
8.165261x1x2 (-1+2x2) [1-x1%-x2%) - 0.0349263 x1% x2 (-1 +2x2) [1-x1%-x2%) + 0.0543867 x1x2 [1-x1% - x2*| [1-6x2=+6x2°)

ufx, ¥l

8.525795xy [1-x"-y") - 0.419616x" y {1 -x" - y*} - 8.8431118x (-1=3x"} y [1-x" -y7) -
8.165261xy (-1=2y) [1-x" -y*} =8.08349263x" y (-1=2y) [1-x"-y"| -8.8543867xy ([1-x"-y"| [1-6y=6y°)

®aiin MKI' Lambda=0,5 IlosoBuna emirca.nb

(#MeTog keazidyHruyid piHa=)
(#3agaHHA MOYaTKOBMX OaHHX# )

O [NIntegrate::slwcon] ;

M [NIntegrate:::eincr];

Off [General: :stop] ;

A=8.5;al=06.3; b1=1.;

1=2;e= 1@'3;
¥[x1_y x2 ] 1= {x1y, x2}5 E05T_» 62 ] 1= {1y £2};
P[i_s var_] := LegendreP[i, var];

a

rixl_, x2 , &1, £2 ] :='\f (x1- 2 (x2-02;

x1*  x2?
w[xl 4, x2 ] :=x2|1-— - —|;
al* ba®

®
Q= Implicitﬂegian[{E + £ £l,y = ﬂ}, {¥, y}]j

(#Mobyposa cucTeMn koopAWMHaTHHX dyHKUINAs)

pkli_, j_1 := wixl, x2] P[i, x1] P[j, 2x2-1];
(1+1) (1=2)

= 5 H

n

@x={1};
For[i=9,1i=<1lyis++,For[j=9, j=1-1, j++, {AppendTo[=x, pk[iy 113113



(#3apgaHHA dyHKULNA, WO BXOAATH B0 iHTerpanbHoro piBHAHHAZ)

Lxl_y x2_, &1, 2.1 2= -~ Lag[r[xi, 2, ﬂ, ;111 +dwixl, x2] w[£l, £21];

1
G2[x1_y x2_, €1_, €21 = Lag[r[xi oy | -arx1, x2, a1, 215
1 .'I x

KL[x1_, x2_, €1_, ¢2.] =

gy (D[qlxls KE: €1, €2], {£14 2}1] +D[C|[K1: Kls €1, €21, {£2, 2}1) 35

(#MoyaTkose HabnMmeHHA )

ufxl_, x2 ] =

(#MaTpuus cucTemn Fanbopkinas)

m= Tﬂble[NIntegr‘ilte[!)([[:l]] !)([ []]], {x1, x2} € Q] —NIntegr‘ilte[Kl[:Kl, )(?_, €1, €2] TELLi]] @x[[3]1]s {x1, %2} €0,y (€1, €2} € Q)5 {Js n}s {1y N}];

MatrixForm[m]

8.84581521 9.88737187 -8.8122985 -1.1845x18% 1.89828x187'? -@.822853
9.808363597 ©.0045434 ©.080138056 -3.61746x187'' G.05@8x1e'  -@.8@175685
-9.8143951 -8.80160457  ©.88516985 -4.76697x187'" 7.67288x167''  B8.8B679569

-1.39143x187%% 1.21282x 187 2.54231x1872  B.800334961

4.9963x187°
2.64922 %107 1.36824x187 4.4775x187

5.53e83x 1071
-9.8233883 -8.88362101

1.18135x 167
8.8111876

-5.2065x187°

@.BB083085
-1.83447 x187F

-9.52584x187*

B8.88594572
(#Mobyposa nepworo HabavmenHA)
b= Table[NIntegrat

3
e[r,zm, X2, £1, £2] [1* [— + = xul£l, 5213]] 2x[ (311, {x1, x2} € 0, {&1, £2} € Q, Atturﬂtvﬁﬂﬂ-'ﬁ]s {3, “}]
Taf HOE UHTErpuL e 5 4 o
C= Chop[LlnearSol\re[m, bl ],

(#Nobynosa nepuoro HabnukeHHA#)

11
b= Table[ulntegrate[ﬁz[n, X2, €1, €21 (A* [g + 5 *ulEL, .52]4]] ox[[1115 X1, X2} € 0, {E1, €2} €0, Accuracyﬁoal—;ﬁ], {-_|, n}]

(#Nepwe HabnumeHHAS )

ullx1_, x2 1 :Zc[[k]] ox[[k]1;

k=1

error = Maxmlze[nbs [u[xl, :(2] - u1[)(1, ¥2]]s {x1, x2} e Q] [[1]1];

Prin‘t[" k =",k " TlNoxubxa = "

3 error] 3

(#ITepauiiinniA npouecs)
thle[error >y {

ulxI_, x2 ] = ul[xl, x2];

1 1
b = Table Nlntegrate GZ[xl, x2, §1, £2] [).* [ + - +u[&l, £2] 4]] =x[[§1]1, {x1, x2} €0, {1, £2} = 0, AccuracyGoal -+ 5], {3
TabnuLa SHAYEHHI DE | ! 5 4

n}]
c= Chop[LlnearSolve[m, bl ],

ullx1_, x2_1 =Zc[[k11 ox[[k11;

k=l

68



k 1

k 2

ke = 3 Moxubra
k=4

69

error = NMaximize [Abs[u[x1l, ¥2] —ul[xl, ¥x2] 1, {x1, x2} el [[1]1]1;

k+s;
Print[" k= "y k™ Moxwbka = “, errﬂr];];]

MNoxwbka = 1.
= 8.8215588

= B.88185979
= B.2BB8240048

MNoxnbka

MNoxnbka

[x1 5 x2 ] =ul[xl, x2];

u
(#Mobygosa nosepxni Ta ninii pisva Habnuwenoro poss’asky#)
. . . . . X" pn2
PlotBD[u[x:l, *#2]y {%1y -al, al}, {x2, @, b1}, AspectRatio » Automatic, RegionFunction » Functlon[{x, Vs Z}s T+t 7 < 1], PlotRange - Full]
al’ b1
|
| 0z
|
|
II 0.0
| —
| |
[ \
! |
[ ] \ 0.z
|
] =1
| | \
D.DZDE | L — I|
oosE | - |
) )
oo | f
\
| |
0.005 & _‘y
] L )
0.000 L
o0 0.5 1.0
xn2 yn2
—_— < 1], PlotRange - Full,
a1’ b1?

ContourP]ot[u[xl, x2], {x1, -al, al}, {x2, @, bl}, AspectRatio -+ Automatic, RegionFunction » Function[[x, Vs Z}s

Contours - Function[{min, max}, Range[0.005, 0.02, 0.0005] ] , ContourLabels - (Text[Framed[=3], {zl, =2}, Background = White] &), ContourStyle - {{Black, Thick}},

Contourshading » Mone]

0eL

(#AHaniTuynkid BUrnAn HabnuweHoro po3s’ ASKY+)

ul[x1l, x2]
.B818508 x2 (1 - 11,1111 %1% - 1. x2%] - 5.54805x 187% 1 x2 (1 - 11,1111 1% - 1. x2%] - 8823668 [-1+ 3 x1%) x2 [1- 11,1111 %1% - 1., x2%] -
9.844672%2 (-1+2x2) [1-11.1111x1% - 1. %27} - 8.82326% 107 x1x2 (-1+2x2) [1-11.1111x1% - 1. x2*} + 0.0191248 x2 {1 - 11.1111x1° - 1. x2°} [1-6x2 + 6x27]

Jy {1-111101 % -1yt -

1-6y-6y°)

ulxs yl
2.0818598y [1-11.1111%" - 1. y*} = 5.54005x 187 xy [1-11.1111 %" - 1. y*| - 0.823668 (-1 3x")
11,1111 - 1. y?] £ 0.8191248y (1-11.1111 %" - 1. y*}

0.644672y (-1=2y) [1-11.1111x" - 1. y*} - 8.82326x 167 xy (-1 2y) |1



daiin MKI' Lambda=3_IliBkpyr.nb

(#MeTog kepazidyHkuiid MpiHazx)

(#3agaHHA NOYAaTKOBMX HOaHWXE )

O [NIntegrate: :slwcon]
B |KBAgPaTYpHOE WHTErpUpoEa
Off [NIntegrate: :eincr] ;

B |KBagpaTypHOE WHTErpUpos
ﬂff[GenE ~al::stop];

A =33

1=25e=10"

3

H[xI_, x2 ] 1= {xI, x2};5 £[&1_, £2 ] 1= {1y £2}5
P[i yvar_] : LegendrEP[t, var] ;
P—tyHeumA Nlesangpa nepeoro poga

rixl_, x2_, £1_, £2_] :=\f (x1- 1) a (x2-£2)° ;
WwlxI 5 x2 ] z= x2 {1—:;12— x.?z};

= 1rr||;~11|:1'I:I?ulegl-::|nr||[J(2 +y' <18y =z 0, {x, y}]_,

HEABHO 23gaHHan odnacTe

(#Nobynosa CHCTEMHA KOOPOWMHATHMX dyHKUINA=)

ok[i_y 71 := w[x1, ®x2] P[i, ®x1] P[js 2%x2-1];
(1+1) (1+2)
= —2 H
Bx={1};
For[i=9, 1=1, 1++, Far[] =0y j=1l-1y j++, {AppendTo[z=x, ki, j11311;

ArF Th B FAHE

LT oooasl o Nty

(#3apanHA dyHKULA, Bo Bx0pATE A0 IHTerpansHoOro piEHAHHAZ)

1
QLxl_y X2 5 €15 €21 = -~ Lag[r[xi, x25 €1, ¢21% + dw([x1,y x2] w1, £21];

HETYpaneHbIW norapuogm

1
e 1Ly #2250y, £2]

G2Ix1_, x2_, £1_, £2_1 = Lag[ | -atxa, 2, a1, 215

1

KL[xI_5 %2 5 ¢1_5 £2 ] = - — (D[q[x1, x2, &1y 2] {E15 2}] + D[qIx1, %25 £1y £2]5 {£25 2}]) 5

2

OHIPEPEHLHHDOBATE OHREREHLHHPOBATE

(#MNovwaTkoBe HabnMmeHHA )

ufxI_, x2 1 =1.;

70



(#MaTpuua cucTemu I'anhopKiHax'—;

71

m = Table[NIntegrate [@x[[1]] @x[[]]]s {x1, x2} £ Q] - NIntegrate [K1[x1, x2, &1, £2] TEL[1]] @[[J]1]s {x1, 2} € 0, {E1, £2} £ 0], {Jy N}, {1y n}]1;

MatrixForm[m]
9.9858837 2.9143899 -8.8209585 -2.36517x107° 5.32828x187t -8.8396219
9.80662569 9.9114699 ©.90896185 2.30299x107% -1.48335x1877 -0.88296
-@.0254849 -0.80305287 ©.9184499 -4.44647x 107 0.96834x167*  ©.8@873603
1.17764x 187  7.77349x107™" -3.39447x187°  @.80677138 9.000486179 -4.72604 x 187F
-1.4427x107% -2.49033x107° -2.38166x 107 -0.@000193338 ©.000776004  7.18862x 1@7°

-8.838731 -8.88615248 B.8868363 -1.99849x 187 7.58864 x 1877 9.8129991

(#Nobygosa nepworo HabnuweHHA)

1 1 3
b:Table[MIntegrate[Gz[m, X2, £1, £2] [J.* [E + 5 rulen, gz]i]] Bx[[i11, {x1, x2} € @, {£1, £2} £ 0, AccuracyGoal - 5], {i» n}];

¢ = Chop [LinearSolve[m, b11;

(#Nepuwe Habnumennas)
n
ullx1_, x2_1 = c[[k]]2x[[k]13

k=1
error = NMaximize [ {Abs [u[x1, x2] - ul[x1, x2]1], {x1, x2} € @}, {x1, x2}]1[[1]1];
k=13

Print[" k = ", ky " Moxmbka = ", error];

(#ITepaulinmii npouecs)

Hh:i.le[er‘ror > E, {

ulxI_, x2_ ] = ul[x1, x2];

11 3
b= Tab]e[NIntegr‘ate[GZ[xi, X2, £1, £2] [.1* (E + S RuleL, 5211]] ox[[§11, {x1, x2} € @, {£1, £2} € @, Accur‘acyGoa]—;E-], i n}];

c = Chop[Linearsolve[m, b]];

wifxl_, x2_] = ) cl[kl] ex[[k]];

k=l

error = NMaximize [ {Abs[u[x1l, »2] - ul[xl, %217, {x1, x2} e 0}, {x1, x231[[1]1];

k++;
Print[" k =",k " fowéka = ", error];];]
k=1 MNoxmbra = 1.

k=2 NoxwbBrka = B.136226
k=3 Moxwbra = @.8454259
k=4 MNoxwbra = @.8148516
k=5 Moxwbra = @.8841531

k =B MNoxubrka = @.88125459
k =7 MNoxwbxka = @.888368978

ulxl_, x2 ] =ul[xl, x2];



(#Nobygosa nosepxul Ta ninid pisns nabnumenoro po3s’ A3wy#)
Plot3D[u[x1, x2], {x

1, %2} € @, RegionFunction » Function[{x, ¥,y z}, x"*2+ y~2 < 1], PlotRa
rpading diyHELW 2% n VEHHBIX PErMOHANEHAA ByHE- |dyHELMA oToOpax
1.0
05
a0 06
[
0.4
]
oz
h n n -
1.0 0.8 oo

oo
05 1.0

KOHTYpHbI rpaduk

ContourPlot [u[x1, x2], {x1, x2} € Q, AspectRatio » Automatic, RegionFunction » Function[{x, y, z}, x*2 + y*2 < 1], PlotRange » Full,
acnexTHoe oTH-- |[aBTOMaTWY - |peruoHansHan dyHk - |dyHryma B
KOHTYph! thyHELWMA

|auanason
Contourshading + None]

oTOoDpaxas B NOMHOM O
[TekcT aMNEHHIH

ok Gensii KOHTY

YPHBI

NMaximize[ {u[x1, x2], {x1, ®x2} 0}, {x1l, x2}1[[1]]
YHCNEHHAA MAKCHMUEALNA

@.623789

(#AHaNiTHHHWA BMrnAj HabnwweHoro poss’ A3Ky#)
ulxl, x2]

1.69276 %2 [1-x17 - x27| - 1.88931 %187 x1x2 (1-x17 - %27} - 0.817478 [-1+ 317 x2 (1 -1’ - 2% -
ulx, yl

[P R S T -7 [P R - T (. 2 (9 o el o2l
1.69276y |1-x" -y | -1.80931x10 xy |1-X" -y | -0.817478 (-1 +3x |y [1-x" -y
2

8.734838y (-1+2y) [1-x" -y’ - 1.69145x18  xy (-1+2y) (1-x

2

y'] ce.1e3000y [1-x" -’} [1-6y-6y’)

daiin MKI' Lambda=3 YsepTh kpyra.nb

(+#MeTon KepazidyHKuil piHas)
(#3agaHHA NOYaTKOBMX OaHHX+ )

Off [NIntegrate::slwcon] ;

KBAOpaTyYpHOE HHT

pOBd

O [NIntegrate::eincr];

KBagpaTypHOE MHT

Contours - Function[ {min, max}, Range[0.0005, 8.65, 0.085] ], ContourLabels + (Text[Framed[#3], {1, 52}, Background - White] &), ContourStyle = { {Black, Tl

nge - Full]

B NoMHI

CTUNB

hick} },

HEPHBIA |3

PHBI

©.734838x2 (-1+2x2) (1-w1”-x2") - 1.69145% 107 x1x2 (-1+2x2) [1-x1"-x2") - @.103009 x2 [1-x1" -x2"} [1-6x2 - 6x27)



73

O [General: :stop] ;

LI

A =303

1=2;e=18";
W[xl_y x2_ ] i= {x1, x2}5 E[£1_4 &2 ] 1= {1y £2};
P[i_, var_] := LegendreP[i, var];

FIXI_y X2y €15 2.1 = (xd- D2+ (x2- &) 5
wlxl 5, x2 ] = xIzxxZx {1—:4'12— X.?z}j

plltltHEglﬂn[{Kz 1y 21,y =0, x=0}, {x,y}];

(#MNobypoea CUCTEMHM KOOpPAWHaTHHMX dyHrKuiiz)
wh[i_, 7 1 :=w[xly x2] P[1, x1] P[], 2x2-1];
(1+1) (1+2)

2 ¥

Zx={};
Far‘[l—ﬂ, i1, iss, Far[] B, j£1l-1i, j++, {AppendTa[!x, tpk[l, j11311;

S ANO e NG -

nHE

TE=ox /. {x1l - £1, x2 » £2};

(#3agaHHA $yHKUiA, Wo BXOOATH B0 IHTErpansHOro pPilBHAHHA)

1
qLxl_y x2 5 €15 €2 ) == -~ Lag[r[xi, x25 &1, ;1'12+4w[x1, x2] w[£1y £2]];5

1
Clxly X2y 21 £2]

G2[x1_, x2_, £1_, £2.1 : Lag[ | -atx, x2, a1, 215

1
Ki[x1l_, x2 5 ¢l 562 ] = py (D[qlxls Ki: €1, €2], {£1, 2}] +D[=|[K1: KZ: €1, £€2], {£25 2}1);

{#MNovyaTrkose HabnMMeHHA )

ulxI 5, x2 ] =1.;

(#MaTpuus cucTemn lansopkivasz)
m —Table[NIntegr‘ate[!x[ [1]] mx[[]] 1, {x1, x2} e 0] - MIntegr‘ate[l(l[xl, 1(2, §1, £2] mE[[1]] =2x[ []] 1s {x1, x2} e 0, {£1, £2} €], (], n}y {i, n}l;

MatrixForm[m]

B.@8le1991 ©.8080468394 -9.000674937 ©.880833391 -2.64889x1877 -0.880133502
-9.pB08289973 ©.9BOLEB265 7.95571x18° -@.008033883 B.6BB0B57546 -0.80800338376
-@.88856358 -©.800835113 @.800306471 -0.80029211 -0.80080155553 ©.00008435896
8.808735515 -9.34231x187 -9.8009331958 ©.808454556 -0.8080136483 1.86489x187°
-9.880841198 ©.8080851871 B8.32795x18° -9.98083527 @.0o004661 —-@.eeBa195712
| -8.888162577 -©.00800417156 ©.0000676392 -0.0000180272 -0.0000224889 @.800115582 |
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(#Nobyposa nepworo HabAuKeHHA:)

1 1
b = Table N]ntegr‘ilte[GZ[xl, x?_, £1, £2] [J.* [g + ; +u[&l, §2]4]] ox[[j1]1, {x1, ¥x2} €0, {£1, £2} €0, Accur‘acyﬁoal—) 5], {3 n}]
Tafn-- |KEagpaTYPHOE WHTEM akne Man abcon. ToUHOCTE

C= Chop[LlnearSolve[m, b] ],

0TC " |PEWMTE NHHERHBIE

(#Nepuwe Habamwennas)

n
ullxl_, x2_1 :Zc[[kn ox[[k]1;

k=1

error = NMaximize [Abs[u[x1y %2] - ul[x1s x2]], {x1, x2} e Q] [[1]1];

YWCNEHHER - |36CONINTHOE SHAYEHNE
k=1;

Print[" k= "y ky " Moxmbka = ", ermr];
NeyaTaTk

(#ITepauiiinmii npouyecs)
While|error » €4 {
UuKn-noka

ufxd_, x2 1 = ul[xl, x2];

i 1
b= Table[MIntegrate[G?_[xl, %2, fl, £2] [}.* [ + —-=u[&1, £2] 4]] @x[[1]1s {x1, x2} €0, {£1, £2} € 0, AccuracyGoal -+ 5], {]_, n}];
- - 5 4 -
afin-- |kea, ) & ad a

M. TO4H

c= Chop[Llnear‘Solve[m, bl ] H

b IMHEIH

n
ul[x1_, x2_] :Zc[ k11 2x[[k11;
k=1
|
error = NMaximize [Abs [u[x1, ¥2] - ul[x1, x2]], {x1, x2} € 2] [[1]];

YHCNEeHHaA " |30 CONNTHOE SHAYEHHE

k++;

Pr:i.nt[" k=", ks " Moxubka = ", ermr];};]
Ne4aTaTs
k=1 Noxubka = 1.
k=2 Noxubka = ©.142247
k=3 MNoxwbrka = 8.8292712
k=4 MNoxwbka = 8.88633625
k=75 Noxubka = @.88328399
k=8 Noxubka = 8.808473786

u[xI_y x2 ] = ul[xl, x2];

{#Mobynosa nosepxyi Ta ninii pisnA nabnukenoro po3s’ AzKy+)

Plot3D[u[x1, #2]y {x1, @, 1}, {x2, @, 1}, Reg1onFunct10n—1 Functlon[{x, Vs Zds NV xA24 02 < 1], PlotRange - Full]

rpafuK @YHELWKH 2-X NEpEMEHHEIX PETMOHANBHAR MYHE "~ |DYHK] orobpaxae - |B nonm
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ContourPlot[u[xl, %¥2]y {x1y @y 1}, {x2, @, 1}, AspectRatio + Automatic, RegionFunction » Funttion[[x, Vi Ty NV xA2+ 2 < 1], PlotRange - Full,

Contours —+ Function[{min, max}, Range[@.@05, 0.3, 9.025] ], ContourLabels » (Text[Framed[#3], {&I, %2}, Background + White] &), Contourstyle —+ { {Black, Thick}},

ContourShading » Mﬂne]

T
0105
0.205

R

(*AHANiTHYHWA Burnag HabaukeHoro poss’ AsKy*)
u[xl, x2]

4.91288x1x2 (1-x1” - x2%) - 4.77893 x1" x2 (1 - x1” - x2”) + 8.826349 %1 (-1 +3x1") x2 [1-x1” - x2%) -

2

1.72953x1x2 (-122x2) [1-x1"-x2%] = 1.16862x1" %2 (-1 +2x2) [1-x1"-x2") - @.409142x1 %2 (1 -x1” - x2"} [1-6x2=6x2°)

ulxs ¥l
4,91288xy (1-x% -y} -4.77893x7 y (1-2" -y"] -+ 8.826349x (13"} y [1-x"-y") -
1.72953xy (-1=2y) [1-x"-y") < 1.16062%  y (-1=2y) [1-x" -y") - @.400142xy [1-x"-y") [1-6y-6y°)

®aitn MKI' Lambda=3_IlonoBuHa exirca.nb

(#MeTon kKeazidpyHKuiid MpiHas)
(#3agaHHA MNOYAaTKOBMX OaHWXE )

Off [NIntegrate: :slwcon] 5
O [NIntegrate: ::eincr];

Off[General: :stop] ;

A

1

J.;5a1=0.3; b1 =1.;

25 = 19_3'5

¥[xI 5 x2 ] 2= {xI, x2}5 S 5 £2 ] 1= {1 £2}5

P[i_, var_] := LegendreP[i, var];

rixl_, x2_ 5 £1_5 €2 ] :=-u'[ (x1-en s (x2- £2)% 5
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x1*  x2?
wlxl_ 5, x2 ] := x2

e
0= Implic'tﬂeg'an[ + ::2 21, yzx G}: {3, }"}]3

(#MNobynoBa CHCTEMM KOOPAMHATHHX dyHKUIA)

whli_, 7 1 :=w[xly x2] P[1, x1] P[], 2x2-1];
{(l+1) (1+2)
n= ————

2
2x={};
For[i =@,

i<l,i++, For[j=9, j=1-1i, j++, {AppendTo[®x, pk[i, j113}11;

P

B KEOHE

(#3amanHa $yHkuii, wo sxopATb Ao iHTerpanbHorc piBHAHHAR)

1
qlxl_, x2_, £1_, £2 ] == -3 Log[r

[x1, x2, £1, £21% + 4w(x1, x2] w[£1, £21];

a LB

1
G201, x2_, £1_, £2_] = Log| e 5P_)]] —qlx1, x2, £1, £21;
HaTypRAEYEA forh i

KL[x1_, x2_, €1_5 €2_1 =

1
- — (D[qlx1y x2, C1,
2H | anddepenumnposar

£2], {1, 2}] +D[q[xl, x2, £1

LHRpUSal b

3 £2]15 {£25 2}1) 5

(#MNouyaTkoee HabnuweHHAS)

ulxI , x2 ] =1.;

(#MaTpuya cuctemm lansopkiHaz)

m = Table [NIntegrate[@x[[i]] @x[[j]1]1, {x1, x2} £ 0] - NIn

tegrate [K1[x1, x2, £1, £2] @E[[1]1] @x[[j1], {x1, %2} € @, {£1, £2} € 2], {J, n}s {15 n}]1;

MatrixForm[m]

@.8481521 ©.88737187 ~9.8122965  -1.1845:x187F 1.99828:.187° ~8.822853
8.88363597 8.08045434 ©.088138856 -3.61746x107" 6.9508x 107"  -P.BB175605
-@.9143951 -8.80168457  ©.88516985 -4.76697x1871' 7.67288x107  ©.08679569

-1.39143x107% 1.21282x 187 2.54231x167%2

. BaB334961
-5.2865 x187°

2.64922x107%  1.38824x 1871
-@.8233883

4.9963x187%

8.80803885
-1.83447 % 107% -9.52584 1671

4.4775x 187
8.88534572

5.53683x 1871
1.18135x 187
8.8111676

-@.88362181
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(#Nobygosa nepworo HabnaumeHHAx)

1 1
b = Table N]ntegrate G2 [¥1, %2, £1, £2] [J.* [— +—&u[&l, §2]4]] ox[[j1], {x1, %2} e 0, {£1, £2} = 0, AccuracyGoal » 5], {3 n}]
Tafin--- |KBaApaTYPHOE WHTETPUPOBAHHE 5 4 Tpebyeman aficon. TOYHDCTE

c = Chop[LinearSolve[m, b]];
OTC |PEUNTE NUHEHHLIE YPABHEHKA

(#Mepwe HabnmmenHax)

n
ul[x1_, x2_] :Zc[[kll ax[[k11;

=
error = NMaximize[Abs[u[x1, x2] —ul[x1l, x2]], {x1, x2} € Q] [[1]1];

YWCNeHHanA - |afconmoTHoe 3HaYeHHE

k=1;

print[" k = ", k, " TNoxubka = ", error];
neyararb

(#ITepauiiinmit npouecs)

Hhile[ermr > Ey {
uukn-noka

ulxl_y x2 ] =ul[xl, x2];

1 1
b = Table NIn‘tegrate G2[xl, x2, &1, £2] [J.* [— + —xu[fl, £2] 4]] ox[[j11, {x1, x2} € 2, {£1, £2} € 0, AccuracyGoal -+ 6], {3 n}]
Taln-- |KEa@PATYPHOE HHTETPHROSAHNE 5 4 Tpefyeman aficon. ToYHOCTE

¢ = Chop[LinearSolve[m, b]];
0TG- |PEWNTE NHHERHEIE YPABHEHNA
n
ul[x1l_, x2_] :Zc[[k]] 2x[[k]1];

k=l

error = NMaximize [Abs [u[x1, x2] —ul[x1, x2]], {x1, x2} €] [[1]];
yWcnedHas- - [afconwTHoe sHaYeHue

k++;
Print[" k=", k" Moxwbka = ", ermr];};]
NE4aTaTh

k=1 MNoxwbrka = 1.

k=12 Moxwbka = 8.8991434

k=3 Moxwbka = 8.8127549

k=4 Moxwbka = @.8828536

k=5 MNoxwbka = @.800200683

ulxl y x2 ] =ull[xl, x2];

(#MNobygosa nosepxni Ta niniA pisHAa nabnawxenoro poss' Asky#)

A a3
Plot3D|u[x1, x2] s {x1, x2} €0, Aspectllatla—o Automatic, RegionFunction » Functlon[{x, Vi zk, —+ J.-'_z < 1] Plotllange = Full]
rpaduE GyHELMI 2-X NEPEMEHHbIX ACMEKTHOE OTH™" [ABTOMATHY " |pErnOHaNEHAR dyHE |dyHKLIA al b1 oToGpaxae  |B nomHo
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X"2 ~2
ContourPlo‘t[u[xl, %21, {x1, x2} € 2, AspectRatio - Automatic, RegionFunction = Fum:tion[{x, Vs Z}, —* y—z < 1], PlotRange —» Full,
T ar ErHoHankHan o b q al’ b1’ - I

KOHTYPHEIA rpadinK BCNEKTHOE OTH- |3BTOMATHY-- |pernonankHal H byHEL

lack, Thick}},

Contours - Function[ {min, max}, Range[@.8, .15, 8.825] ], Contourlabels —» (Text [Framed[z3], {#1, 22}, Background » White] &), ContourStyle - {{B

Contourshading —+ None

1ol T T T T T ul

(#AHaniTuunuii Burnag HabnukeHoro po3e’ A3Ky#)
ul[x1l, x2]
8.462928 x2 (1 -11.1111x1% - 1. x2%} £3.321%107 x1x2 [1-11.1111 x1% - 1. x2*} - ©.88188619 (-1 - 3x1%) x2 [1-11.11111% - 1. x27) -
@.314338 %2 (-1+2x2) [1-11.111131° - 1. x2%} - 3.41015% 187 3l %2 (-1 +2x2) {1-11.1111x1% - 1. %2"} =+ 8.114984 2 [1- 11,1121 x1” - 1. x2°} [1-6x2+6x2%)

ufx, yl
©.482928 y (1-11.1111%° - 1.y} = 3.321%107 xy [1-11.1111%" - 1. y*| - 0.8@188619 [-1+ 37| y (1-11.1111%° - 1. y*} -
@.314338y (-1+2y) (1-11.1111%" - 1. )%} - 3.41015x18  xy (-1+2y) (1-11.1111%" - 1. y*} - 0.114984y [1-11.1111%" - 1. )*) (1-6y = 6)°)

®aiin MKI' Lambda=10_ITiBkpyr.nb

(«MeTon kepazidpyHKuin MpiHax)
(#3agaHHA MOYaTKOBMX [aHWX+ )

Off [NIntegrate::slwcon]

O [General: :stop] ;

A=10.;

1=2;e= 1@“3;
K[xl_y x2_ ] 2= {51, x2}5 E[&1_» &2 ] 1= {1y £2}5
P[i_, var_] := LegendreP[i, var];




FIXIy X2, £1_, 2.1 = (x1- D)2+ (x2- )7 5
wlxl , x2 ] == x2 {1—){12— x.?z};

0 = ImplicitRegion[x” +y* = 188y = 0, {x, y}];

AHHAA © =

(#Nobynosa CHCTEMHW KOOPAMHATHHX $yHKUIA)

phkli 5 j ] 1= w[xly x2] P[i, x1] P[j, 2x2-1];
(1+1) (1+2)
ns ——————— 3
2
zx={};
For[i=0,1i=<1,i++;For[j=9y j=1-1i, j++, {AppendTo[2x, pk[is j113}11;

2 =2x /. {xl -+ £1, x2 » £2};

(#3aganHA dyHxuii, wo BxomATe A0 iHTerpanbHOro piBHAHHAH)

1
Alxl_y x2_ 5 £1 5 62.] == -5 Log[r

[x1, x2, £1, £21° + 4w[x1, x2] w[£1, £21];

1
G2[x1_, x2 5 £1 4 £2 ] := Lag[r[x__[ <2, 71, 2] ] —qlaly x2y &1, 5215
HaTypatsted Tk M
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1
KI[x1 5 x2 5 ¢1 52 ]= ey (DIqlxl, x25 £15 £2]5 {£€1, 23] + D[q[x1, %2, €1, £2], {£25 23]} 5

(#MNovyaTkoBe HabnWMeHHA)

ufxI 5, x2 ] =1.3

(#MaTpuuA cucTemu lanbopkidas)
m = Table[NIntegrate[@x[[i]] 2x

MatrixForm[m]

©.9858837 ©.9148899 -0.8299585 -2.36517x107'% 5.32828x16°  -6.0306219
9.8BB662569 ©.9114699 ©.88B96185 2.30299x167% -1.48335x107 -8.88296
-@.8254849 -9.88385287 8.9184499 -4.44547x187% 9.96834x1877  B.PBE73603
1.17764 %187  7.77349 %1871 -3.30447x107%  0.88677138 ©.800486179 -4.72694:x 1877
-1.4427x107%% -2.496833x107 -2.38166x16™° -9.0000193388 0.0007760604  7.18862x187%°
| -®8.836731 -©.88615248 8. 0868363 -1.99849x 187 7.58864 x 1877 9.9129981

(#MNobynosa nepworo HabnvweHHA)

i 1 3
b = Tahle[N]ntegrate[GZ[xl, x2, £1, £2] [).* (— + - xu[£l, 52]4]] 2x[[§1], {x1, x2} £ 0, {£1, £2} = 0, Accu
Tafn-- |ke HOE HHTET e 5 4 Tpe

¢ = Chop[LinearSolve[my b]];

(#Nepwe HabnuweHHA)
n
ul[xl 3 x2 1= Zc[[k]] ox[[k11;

kml

error = NMaximize [ {Abs [u[x1l, ®2] — ul[x1l, ®2]], {1, ®x2} €0}, {x1, x2}][[1]1];

YiCNEeHHARA afconuTHoe SHAYeHUE

k=1;

=", k, " TNoxubka = ", er‘r‘or‘];

racyGo

al - 6], {3, n}];
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(#ITepauiiinuit npouecs)
While | error > g, {
UWKN-noka

ulxl_, x2 ] = ul[xl, x2];

1 1

b= Table[N]ntegrate[GZ[xl, X2, £1, £2] [1* [ + - su[£l, £2] 4]] Bx[[§11, ix1, x2} € @, {£1, £2} € 0, Accuracyﬁoal—) 5], s n}]
B = - 5 1 o o
abn--- [kBagpatyp BaHHE MaR nocTe

c= Chop[LlnearSolve[m, bll;

ullxl , x2_1 =) c[[k]]ex[[KI];

k=1

error = hllaxmlze[{nhs[u[xl, x?.] —ul[xly, x2] ],y {x1, x2} € 2}, {x1, x2}][[1]1];

k++;

Print[" k= "y ky" Moxwbka = ", error];};]

Ne4aTaTs
k=1 MoxuGrka = 1.74879
k=2 Moxwbrka = 1.13868
k=3 MoxuBrka = @.685474
k =4 ToxuOxka = @.489683
k=75 MoxuGrka = @.241254
k =6 ToxuOxka = 8.141993
k=7 MoxuGrka = @.8815882
k =8 Toxubra = 8.8455223
k=28 MoxuGrka = @.8268378
k = 18 Moxubeka = 8.8155153
k =11 MoxwBrka = @.88982394
k =12 Moxwbrka = @.88518952
k =13 Moxwbrka = @.88294287
k = 14 Moxwbrka = @.88167239

k = 15 MoxkOka = @.888955413
ulxl_y x2_ ] = ul[xl, x2]3;
(#Mobyposa nosepxHi Ta niniA pisvAa HabnukeHoro poss’ Askyx)

Plot3D[u[x1, ®2], {x1, ®2} £ 0, RegionFunction -+ Function[{x, ¥y 7}y "2 & y*2 2 1], Plo'tllange—;~ Full]

rpafivE dvHELMK 2=% N

PErMOHANEHER HyHK - [dyHKUNA oToGpaExKae - |B nomH

Plot3D[u[x1, xl], {x1, x2} € 04 IleglonFunttlon—: Funttlon[{x, Yy Thy X2+ yr2 1], Plo‘tllﬂnge—o Full]
YH p ankHa

B nont

0.5

0.0

{

Contours —+ Function[ {miny max}, Range[@.@, 5.5, 8.5]], ContourLabels -+ (Text[Framed[uS], {1, 52}, Backgmund—»lrlhlte] &), ContourStyle -+ {{Black, Thlck}},

KOHTYP dyHKUMA an KOHTYPHBIE METHKH Tekc NEHHBII hoH Geneii KOHTYPHBIA CTHAL YEpHIF
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(#AHaniTHuHWi BUrnAg HabnuweHoro po3e’ ASKY*)

uf[xl, x2]
13.2419x2 [1-x1% - x2%) - 1.54882 187 x1x2 [1-x1% - x2%] - 1.52496 [-1 = 3x1%] x2 (1-x1% - x2?] -
6.2757x2 (-1=2x2) [1-x1"-x2") - ©.000014524 x1x2 (-1+2x2) [1-x17-x2%] - @.8248854 x2 [1-x1° - x2”| [1-6x2+6x2%)

ulx, yl

13.2419y [1-x"-y"} - 1.54882x18° xy [1-x" -y"] -1.52496 [-1:3x" | y [1-x"-y") -
6.2757y (-1+2y) [1-x"-y"| - @.0e0014824xy (-1:2y) [L-x" -y} -@.0240854y [1-x"-y°| [1-6y= 6y

®aiin MKI' Lambda=10_ Ygepth kpyra.nb

(#*MeTog keazidyHkuid lpinax)
(#3agaHHA MNOYaTKOBMX OaHHX# )

OFf [NIntegrate: :slwcon] 5
Off [NIntegrate: :eincr] ;

Off [General: :stop] ;

A=10.;

1=23;e= 1@'3;
HIx1_ 5 22 ] 1= {xly x2}5 E[51_4 22 ] 1= {1y &2} ;
Pli_s var_] := LegendreP[i, var];

rlxl_, x2 , &1, £2 ] :='J (x1-132 s (x2-£2)% ;5
wlxl , x2 ] := xl*xz*{l—xlz—x.?z};

0 = ImplicitRegion[{x* +y* =1, y = 0, x = 8}, {x, y}];
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(#MobypoBa CACTEMHW KOOPAWHaTHHX dyHKUiis)

phk[i_y J 1 1= w[xl, x2] P[i, ®1] P[j, 2x2-1];
{(1+1) (1+2)
ns ——— 3
2

2x={};
For[i=9,i=1,i++sFor[j=@, j=1-1iy j++, {AppendTo[2x, okliy j11311;

1L

BL-2x /. {xl s £1, x2 5 £2};
(#3apanHA ¢yHKULiA, wo BxopATL Ao iHTerpansHoro piBHAHHAX)

1
qQLxl_y X2 5 &1, &2 ] 2= - Log[r[x1, x2y &1, £21° + 4w[xl, x2] w[ &£, £2]];5

1
Gz[xI_; X.-?_j ﬂ_; ﬂ_] = Lﬂg[r[x_'[ Xl*ﬂ ﬂ] ] _q[xI_'l XQJ ﬂ_‘l ﬁ]i
TyparshoM Torh g

1
Ki[x1_» x2_ 5, &1 _,¢2 ] = g (DLqxl, %2, £1, £2], {E1, 2}] + D[qxl, %2, £1, £2], {£2, 2}1);

(#MNoyaTKkoBEe HabnWKMeHHAZ)

ulxl 5, x2 ]1=1.;

(#MaTpuua cucTemn Manbopkinas:)
m = Table[NIntegrate[@x[[i]] @x[[j]]1s {x1, x2} € @] - NIntegrate[K1[

xly x2y £1, £2] 2E[L1] 2x[[j1]5 {x15 %2} € 2y {£1, £2} € 2]y {Js n}s [is n}]5

MatrixForm[m]

2.88161991 ©.9000468394 -0.000674937 ©.800833391 -2.64889x10 -0.PEE133502
-8.8080289973 0.889180265 7.95571x18°° -@.8BBO38383 B.0BREET546 -0.8BBB338376
-@.88856358 -9.0008035113 ©.000386471 -8.68029211 -0.80808155553 ©.0000435895
©.808795515 -9.34231x167 -0.880331958 ©.000454556 -0.0000136483 1.56489x187°
-0.000041198 ©.0808851871 B5.32795x18™° -0.80083527 @.6ee0d661 —@.88a@195712
| -©.880162577 -0.20RE417156 0.80BRGT76302 -0.0080130272 -0.8800224800 0.888115562

(#Mobypoea nepworo HabnukeHHA*)

i 1 3
b= Tahle[hl]ntegrate[(i?.[xl, X2, £1, £2] [).* [g + ; +ul[&l, §2]4]] ox[[J11s {x1, 2} € @, {£1, £2} € @, AccuracyGo

¢ = Chop[LinearSolve[m, b]1;

(#Nepuwe HabawmeHHA )
n
ul[xI_, x2_] =Zc[[k]] ox[[k11;
(=
error = NMaximize [Abs [u[x1, x2] - ul[x1, x2]], {x1, x2} e 2] [[1]];

Print[" k= "3ky " Noxmbka = ", error];
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(#ITepauiitnit npouecs)
While| error = g, {
LUHEN-NIOKE

ulxl_, x2 1 = ul[xl, x2];

1 1
b= Table[mntegrate[(;z[x1, %2, §1, £2] (1* [5 + S rulel, €2] 4]] ox[[§11, {x1, x2} €0, {£1, £2} € q, Accuracyﬁoal—) 5], {], n}]
Tabn- |KB ary pOBa 1am abcon. To CTh

C= Chop[LlnearSolve[m, b11;

oTC - Tk N

[

ul[x1_s x2_1 :Zc[[k]] ox[[k]11]

k=1

error = NMaximize [Abs [u[x1, x2] - ul[xl, x2]], {1, x2} e Q] [[1]];

YWcneHHas - ([afconuTHOoE SHaYeHne

ket
Print[" k="3ky" Moxwbka = ", ermr]j};]
NEYaTaThk

k=1 Noxubrka = 1.

k=2 Noxwbrka = @.182381

k=3 MNoxwnbra = @.8245649

k=4 Noxwbka = @.88876673

k=5 MNoxubra = @.88389486

k =8 Noxwbka = @.8812158

k=7 MNoxwbra = @.808531887

ulxl_, x2 ] =ul[xl, x2];

(#Nobypoea nosepxHi Ta ninii pisna Habnuwenoro pose’A3Ky#)

Plo‘t3D[u[x1, x2], {x1l, @, 1}, {x2, 0, 1}, ReglanFum:tlan—) Funl:tlon[{x, Yy Zhy W x"2 4+ pn2 < 1] Plo‘tRange—; Full]
rpadime p 3 Hi

[ by dos Gensit OHTYDHIIT CTHNE uephiii [rnprsii

ContourShading Mm\e]
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{#AHaniTu4HWA BUrnag HabnukeHoro poss' AsKy#)

ulxl, x2]

25.3868 x1x2 [1-x1" - x2%) - 23.1482x1% %2 (1-x1® - %27} = 2.98969 x1 [-1+3x1%) x2 (1 -2:1® -x2%) -

10.6215x1x2 (-1 222} [1-x1% -2} =7.18895x1% x2 (-1+2x2) [1-x1% -x2®} = 1.36@68x1x2 (1-x1" -x2"} [1-6x2=6x2"]

ufx, ¥l
25.3868xy (1-%"-y?] —23.1482x7y (1-%" -y?] ©2.98969x [-1-3x" |y [1-%" -y*] -
18.6215xy (-1=2y) [1-x"-y"} +7.18895x" y (-1=2y) (1-x"-y*] < 1.36@68xy [1-x"-y") [1-6y-6y")

®aiin MKI' Lambda=10_ITonoBuna enirnca.nb

(+MeTog keazidyHkuin MpiHax)
{#3aQaHHA NOYETKOBMX OaHHXE )

O [NIntegrate: :slwcon] ;

Off [NIntegrate::eincr] ;

m
T
=i
i
T
T
T

Off [General: :stop];

A=10.;al=0.3; bl =1.;

l1=25;e= 1@'5;
WIxI_, x2 ] 1= {x1, x2};5 £[&1_,5 &2 ] := {1y £2}5
P[i , var_] := LegendreP[i, var];

rixi_, x2_, £1_5 €2 ::'u" (x1-eN2s (x2- ) ;

x1*  x2?
wxl_, x2 ] :=x2|1-— - —|;
a1’  b1?
N T o
2= Tnplicithegion[ {5 + s < 1oy 2 0}y Lo ]

(#Mobyposa CHCTEMM KOOPAMHATHMX gyHEUIA+)

phkli_y 7 1 :=wxl, x2] P[iy x1] P[J, 2%x2-1];
(L+1) (1+2)
ns ———— 5
2
Zx = {1;

For[i=9,1i=<1,i++3For[j=0,j=1-1i, j++, {AppendTo[2x, pk[is j11}11;

&= ®x /. {x1 - £1, X2 » £2};
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(#3apganHA §yHKULA, wo BxopATe Ao iHTerpancHoro piBHAHHA)

1
alxl_y x2 5 61, €2 1 3= -~ Log[rlxl, x2, £1, 212 +dw[xl, x2] w1, £21];

1
G20x1_, x2_, £1_, €2_] = Log| | -atx1, x2, a1, 213

arypB AL e #e ka, 521

1
B1[xI_a x2_5 &1 _4 62 1= g (DLglxls %2y £1y £2]5 {£15 23] + D[qlxds %2, £1, £21, {£25 23105
bl . .

(#MoyaTkoBe HabnMMeHHA®)

ulxl_, x2 1 =1.;

(#MaTpuuna cucTemn lanbopkidas)
m = Table [NIntegrate[@x[[i]] @x[[j1]1s {x1, x2} € Q] - NIntegrate [K1[x1l, x2, &1, £2] @£[[1]1]1 @x[[]1]1, {x1, x2} €0, {£1, £2} € 0], {Js n}, {1y n}];

8.8481521 8.88737187 -9.8122985 -1.1845x18°° 1.89028x18°F  -9.822853
9. 08363597 9.8045434 9.808138056 -3.61746x1087 6.9588x107'  -@.8B175685
-@.8143951 -0.80160457  0.80516985 -4.76697x187! 7.67288x167  B.8BE679569

-1.39143 %107 1.21282x107% 2.54231x107  @.080334961 4.9963x107° 5.53083x 167!
2.64922x187°  1.36824x107"" 4.4775x187'  -5.2065x 187° ©0.80003085  1.18135x187°
| -8.8233883 -0.80362181  9.80594572 -1.83447x197F -9.52584x187M'  ©.8111876

(#Nobynosa nepworo HabnuKeHHAX)

1 1 3
b= Tahle[hl]ntegrate[GZ[xl, ®2, £1, £2] ().* (— + - xuf£l, .52]4]] 2x[[§1]1, {x1, x2} £ 0, {£1, £2} = 0, AccuracyGoal
Tafn-- ; IHTE He 5 4 T 8A 2

_—’_5] 2 f_js “}]5

¢ = Chop[LinearSolve[m, b]];

(#Mepwe HabnumeHHAS )
n
ul[xI_, %21 =) c[[kl] ex[[k]];
(=
error = NMaximize [Abs [u[x1y x2] - ul[x1, %211, {x1; x2} e Q] [[1]1];

UWCMERHAR - |36 CoNTHOE ZTHaYEHIE

k=1;

Prin‘t[" k ="y ks " MNoxubka = ", er‘r‘or‘];

(#ITepauiittmit npouecs)

Hhile[error > Ey {

ulxl_, x2 ] =ul[xl, x2];

1 1 3
b= Tahle[MIn‘tegrate[G?_[xi, x2, £1, £2] ().* [— + —+xu[£l, £2] 4]] 2x[[j1]1, {x1, x2} € 2, {£1, £2} € o, AccuracyGoal + 6|, {], n}]j
Tafn--—- |ke PHOE WHTE HHE 5 4 Tpel Gcon. ToOUHOCTE

c = Chop[LinearSolve[m, b]];

ul[xl_, x2_1] :Zc[[kn ox[[k]13
k=1

error = NMaximize [Abs [u[x1, x2] - ul[x1l, x2]], {x1, x2} e Q] [[1]]1;

k++;
Pr:i.nt[" k=",k,™ TNoxwbka = ", error];};]
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Noxubka = 1.

Moxubrka = @.148867
MNoxwbka = @.8361883
Moxubrka = @.812227
Moxwubrka = 8.883168121

= ®x x & & &
i
L R SR T

Moxwbrka = 8.888807491
ul[xI_y x2 ] = ul[x1, x2];
(#MNobynosa nosepxHi Ta niniA piBHA HabnwweHoro po3s’A3Ky#)

xh2 oy~

2
Plot3D[u[x1, %21, {x1, -al, al}, {x2, @, b1}, AspectRatio + Automatic, RegionFunction » Function[{x, Vs Z}s — t—7 < 1], PlotRange —+ Full]
@yHELN 2—X 1 - acnet otH- |a AaTuu- |o - ByvHE |dvHELE al b1 oTo ae- |B nomkc
10f |
H Il
I 1
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.1 I| | II|
Lo [
ol || |
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[<E=F | (I
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Fo = | |I !
Iu' | | l'\
] |I I| I|
| | |I ||I
/
[ b
L
T
|I f
|
I| .'I
I|I f
\
e . ,
0z oo oz
. . . . . x"2 yh2
Con‘tourPlcrt[u[xi, x2], {x1, -al, al}, {x2, O, b1}, AspectRatio - Automatic, RegionFunction » Funttlon[(x, Vi T} —S t—3 < 1], PlotRange - Full,
KOHTYPHB BKTHOE OTH-- |aBTo 1y |pe ank HE-- |dyHKLMA al b1’ o .

Contours —+ Function[ {min, max}, Range[@.05, 5, 0.85] ], ContourLabels + (Text[Framed[#3], {#1, 52}, Background -+ White] &), ContourStyle -+ { {Black, Thick}},

ContourShading + None

{#AHaniTuunuiA BUrnag HabnuxeHoro pose’ AsKyx)
u[xl, x2]

1.3671x2 (1-11.1111 x1% - 1. %27} + 1.37281x 10" x1x2 [1-11.1111x1% - 1. x2*} - 0.464688 (-1 +3x1%) x2 [1-11.1111x2% - 1. x2*) -
1.4833x2 (-1+2x2) (1-11.1121x1% - 1. %27} - 7.88542x 187" x1x2 (-1+2x2) (1-1L.1111x1° - 1. x2*} = 8.432294 %2 (1- 11.1111x1% - 1. x2*) (1-6x2+6x2°)

ulxs yl

1.3671y [1-11.1111%" - 1. y*} = 1.37281x107 xy (1-11.11115" - 1. y*| - 0.464688 [-1 3] y ([1-11.1111%" - 1. y*) -

- (-1:2y) [1-11. -1yt -7, %107 xy (-1+2y) [1-11. -1yt ce. (1-11. x-Loy') [1-6y=6y)
1.4833y (-1+2y) [1-11.1111%° - 1.y} - 7.88542%107 xy (-122y) [1-11.1111x" - 1.y*) +0.432204y (1-11.1111%° - 1. y*} (1-6y=6y’)



BIZIOMICTb ATECTALUMHOI POBOTHU

IloznaueHusa HavimenyBanns Hon.

B1JIOMOCTI

TekcToBl JOKyMEHTH

1 ITosicHIOBaJIbHA 3aITCKa 86 c.

2 [Ipe3enTamiitnuii MaTepian 40 c.

[H111 HOKYMEHTH

3 PoznpykiBku nporpam 25 c.
4 Peniensis 2 c.
5 Biaryk kepiBHHKa lc.

Merton kBa3idpynkuiii I'pina B 3acTocyBaHHi 10

PO3B’sI3aHHSI KPailoBUX 3a7a4 Il HeJiHiiiHIX

3min | Apk. Homep noxkym. Hign. | darta eJiNTUYHMUX PiBHAHb B 00/1aCTAX CKJIaAHOI reoMeTpil
Po3po6. Yepuumon B.C. (Tema po6oTn) Apkym | ApkywiB
Iepesip. IKosiocoBa C.B. Bigomicts
H. koHTp. Cupopos M.B. arecrauiiiHoi podoTu XHYPE
3ars. TeBsimeB A./l. kadenpa IIM




