JOIATOK A
Kon nmporpamu

Input

Clear ["Global "]
A=1;
M=1;
BoundProbType = [1, 2];
ki=a;
kz=8;
consl = Switch [BoundProbType [ [1]],
1, uld] =8,
2,u'[8] =8,
3,u'[@] -kiu[B] ==4a,
_» Return[-1]
IH
cons2 = Switch [BoundProbType [ [2]],
1, ul] =4,
2,u'[1] =8,
3,u"[1] +k2ul] =8,
_s Return[-1]
I:
flaghotsaveToFile = 85
Outputfolder = "E:\\from_d\\ucheb\\dip\\Output";
CurrentProblemFolder = "1,2; h=8.85; e=18"-5";
OutputFolder = FileNameloin [ [OutputFolder, CurrentProblemFolder]] ;
eps = 187 ;
h = 8.85;
MAXITER = 388;
hp = 8.1;
pbeg = 8.1; pend = 8.9;
hg = 8.1;
qgbeg = 8.1; gend = 8.9;

Function definitions

~ AlphaBethaCalculations

SetDirectory [OutputFolder] ;
FuncMinMaxil[p_] := {z“" Beta[p+1, p+2],

F o [Beta[p+1,p+2] —ZBeta[;_. D+, p+2]]+2'!"' Beta[;_. p+1]};

1 1
FuncMinMaxiz[p ] := {2*"‘ Be‘ta[—, D+l ok 1] , 2 BE'I:E’—, D+2, P04 1] };
2 H

1 1 1
FuncMinMax21[p | := {z""‘ Ee'ta’—, p+1l, o [- +E.e-ta[—, p+1]]};
- 2 o+l 2

Funcl3[x_, k1 k2 ,p ] :=
1

[ (k2 +2) - [B2 1) x] 2¢7% [R2+1)7
[1+ k2 [1-x]) et . o o
(7urn'tegra'te[5" [[k2+2) - [R2+1)5) 7, 5,8, x]] +NIn'tegr'a'te[5" [[R2+2) - [R2+1) 5] 7 [1+ 02 [1-5]], (5, ¥, 1]]];
x
Func23[x , k1 , k2 ,p ] :=
1

[2+ B2 [1-x) [1+ x)) 27 k2"
[[li-ﬁu? f1-x]) Nl:n'tegr'a'te[[2+fr2 [1-5) [1+5)]7, (5,8, x]] +N1:n'tegr'a'te[[1+fr2 [1-5)) [2+k2 (1-5) [1+5))7, (5, %, 1]]]_;

Func31[x , k1 , k2 ,p ] :=
1

[1+ [R1+1) x] 2°7% [R1I+1)7

Rlx+1)

[NIn‘tegr'atE[[ﬁ'lsi- 1) [1-5]7 [1+ (R1+1] 517, 5, @, x]] ¥ [[ . NIm:Egr‘a'te[[l—s] L+ (RLe1) 5]7, (s, x, 1]]];
1-x

Func32[x_, k1 k2 ,p ] :=
- [Nrntegr‘a'te[ [Fls+1) [2+k1s[2-5]]", (5,8, x]] +[Flx+l] & NIntEgr‘a'tE[ [Z¢R1s[2-5]]", [5, x, 1]]];
[2+ k1% [2-x]] 277 R27

Func33[x_, k1_, k2 , p_] := [1/ [ [ [2+k2) ¢ k2 (2+k2) x - (B1+ k2 + R1E2) x‘] €277 (Rl R2 'u'qe]*']]

[[1+'n2 [1-x]) nNIn‘tegr‘a'tE[['ﬁlsi- 1 & [[z+-'72] +R1 (24 k2] 5- [R1e k2 + R1E2) s‘];, (s, 8, x]] +

(1 + 1) eNIntEgr‘a'tE[[li- B2 [1-5]] [[zma] +R1[2¢ R2)] 5- [R1# k2 + R1EZ) s‘]*', s, x, 1]]];



[#Define AlBetCalcs)
AlBetCalc[[p , 9,4 , & ], Outputdddress | := Mndule[[] »
FuncMinMax [pp ] = (-1, -1];
Func[xx , pp ] = -13
ml=-1;Ml=-1;m2=-1;M2=-1;
Lf [BoundProbType [ [1]] # 3 &8 BoundProbType [ [2]] # 3,
FuncMinMax [pp ] = Switch [BoundProbType,
[1, 1], FuncMirMax1l [pp] ,
[1, 2], FuncMirMaxl2 [pp] .
[2, 1], FuncMinMax21 [pp] ,
s -2, -]
1:
[ml, M1] = FuncMinMax [p];
[M2, m2] = FuncMinMax [-g] ;

¥

Func[xx , pp | = Switch[BoundProbType,
[1, 3], Funcl3[xx, ki, k2, pp] // Hold,
[2, 3], Func23[xx, k1, k2, pp] /¢ Hold,
[3, 1], Func3l[xx, ki, k2, pp] /¢ Hold,
[3, 2], Func32 [xx, k1, k2, pp] /7 Hold,
[3, 3], Func33 [xx, k1, k2, pp] /¢ Hold,
s [-2,-2]
1:
ml = Minimize [ [ReleaseHold®Func[x, p] .8 2 x £ 1], =] [[1]] // Quiet;
M1 = Maximize [[ReleaseHold@Func[x, pl, 8 5 x 2 1), x] [[2]] // Quiet;
m2 = Minimize [ [ReleaseHold@Func[x, -g] , 8 = x £ 1], =] [[1]] /¢ Quiet;
M2 = Maximize [ [ReleaseHold®Func[x, -9] , 8 £ x £ 1], =] [[1]] /¢ Quiet;
13
exprl = [.&mla""+g.fm2,ﬂ"] -
expri = [.&Hl,ﬂ; +g;ﬂza"] -3;

res = Findm[[ercprl =48, expr2 =87, [[=, 1], [B, 28]], AccuracyGoal <+ Infinity, PrecisionGoal + 18, MaxIlterations — lﬂw] Ff Chop;
alpha = res[[1, 2]];

betha = res[[2, 2]];

[ eOutpute|

[®0utputs]
ABGraph = Show [
RegionPlot [ (exprl = @ 88 expr2 = 8], [« -8.1, 5], [B, -8.1, 35], AspectRatio —+ 1, PlotPoints —+ 58, FramelLabel - ["x", "E"]1] .,
ListPlot [[[ [z, B8] /. res]], PlotStyle - Directive [PointSize [B8.815] , Black] ]
1 /4 Quiet;

rl=Row[["ml = ",m1, ", M1 = ", M1]];
r2=Row[["m2 = ", ml, ", M2 = ", M2]];

r3 = Row [["71]

rd = Row [{"An-_cx' wn_.,ﬂ"za"}] H

5 = fiow [{"..‘Lw._,ﬂ'w.w_.,ﬂ"sﬂ"]];

r6 = Row [[""]] 3

r7=Row[["x = ", alpha”, @ = ", bethal] ;l
ABOutputString = Column[[rl, rZ, r3, rd4, r5, ré, r7]];
ABOutputArray = [alpha, betha] ;

If [Outputdddress # ™",

Save [Outputadddress, ABOutputarray] ;

Save [Outputdddress, ABGraph)] ;

Save [OutputAddress, ABOutputstring] ;
1:
ABOUTpUTArray

] [#end of modules)

ethod

G[x , xi_ ] = GreenFunction[(-u'" [xx], consl, cons2], ufxx] , (ax, 8, 1], xi] /.xx =+ x
warr = Table [k, [k, 8, 1, h]];

Imterp [arr_, x_ ] = Piecauise’

[arr [[1+1]] =arr [[i]]]) [x-xarr[[i]]]

Table[{gr‘r‘[[i]] + L warr[[]] s x s warr[[+1]] },

h
[i, 1, Length[arr] - 1]]
| ## simp1sy;
NImt[G1 , 62 ] :=Module[(xi, xx],
ukki = Table [
If [1 = 188 ToString [consl] = "u[8] == &" || i = Length [xarr] && Tostring [cons2] = "u[1] == &", 8,

NInteprate [G2 [xarr [ [1] ], =3], (=i, 8, xarr[[i]]]] +
MIntegrate [G2 [=arr [ [4] ], xi] , (=i, arr[[i]], 2]]
].n
[, 1, Length [xarr] 1];
ukk = Function[[xx], Imterp [ukki, xx]]
1



T[wk ;uf_, x ] t=Module[ (=i, xx],
Fllaxx_, xi_] =G[xx, xi] [[2]] F [vk, wk, xi] ;
Fa[ox , wi | =G[me, xi] [[1]] F[wh, »h, xi] 5
NImt[F1, FZ] [x] // Chop]

Gl[x_, xi_] =G[x, xi] [[1]1;
G2[x , xi ] =G[x, xi] [[2]];

vd [x_] = MInt[G1, G2] [x];

wa[x ] 1= alpud[x];

wl [x ] r=betud [x];

nzero = eps/ 2;

amax = MMaximize[[wd [x], x znzero, x £ 1-nzero], x] [[2, 1, 2]];
wmin = MMinimize[[wd [x], x & nzero, x £ 1-nzero], x] [[2, 1, 2]];

[#Define methods)
MainMethod [[p 9, A s & 1, [alpha_, betha ], Outputdddress | := Module | [],

Flv aw o] = dux]™ ruw[x]™;
T[wk_ywi_, x ] :=Module[[xi, xx],
Fllsx , xi ] = G[mey wi] [[2]] F vk, oy xi]
F2[xx_, xi_] = G[xx, xi] [ [1]] F[wvk, wk, xi] ;
WInt[F1, F2] [x] /7 Chop];
vk [x ] :=w8[x] /. alp s alpha;
wh[x ] :=wd[x] /. bet—» betha;
k=8;
5=(1:
size = Medium;
s8 = Plot [ [wk [x] , vk [x] ], (x,8, 1], PlotLegends - ["w. ", "v,"], ImageSize -+ size
» Plotstyle - [ [Black, Thickness [8.884] ], [Dashed, Black, Thickness [8.885] 1]];
appendTa [s, 58] ;
Error = [];

1
pogr [_] == Chop | ~ (uk [x] - vk [1] | ;

err = Maximize[[pogr([x] , @ = x = 1], x] [[1]];
AppendTo [Error, err] ;

[#Method main loops]
While[Last [Error] » eps &% k £ MAXITER,

k=k+1;

vk [x ] =T [vk, wk, x] ;

wh [x ] =T [wk, vk, x];

err = Maximize[[pogr[x], @ 2 x =2 1], x] [[1]];
AppendTo [Error, err] ;

sk = Plot [ [wk [x] , wk [x] ], [x, 8, 1], ImageSize + size

s Plotstyle - [ [Black , Thickness[8.884] ], [Dashed, Black, Thickness [8.885] 1]];

AppendTo [5, sk] ;

1:

ut[x ] = ;—[vk[x] vk [2]1

st = Plot [Legended [ut [x] , "u*"], [x, @, 1], PlotStyle -+ [DotDashed, Thickness -+ 8.885] , ImageSize » size] ;
AppendTo [S, s5t] ;

1
pogr[x_] = Chop ;[Hk [=] -wk [x]] 3

err = FindaxValue [pogr [x], (x, 8, 1]1];
normut = FindMaxValue [ut[x], (=, 8, 1]];
relerr = err / normut;
ErrRatios = Table[Error[[j+1]] fError[ (311, (s 1, k]] s
convRateEstl = Median [ErrRatios] ;
convRateEst2 = Mean [ErrRatios] ;
[#0utputs]
MethodGraph = Show [5, Imagesize —+ size, AxesLabel = {"x") L C AR 3] }],
label = Row [ [Subscript ["w", k], Subscript["-v", k]]];
ErrorGraph = Plot [wk [x] - vk [x], [x, 8, 1], PlotLegends <+ label, ImageSize <+ Small] ;
tabl = Table[[], Error[[j+1] ], ErrRatios [ [§1] ], (3. 2, k1]
ConvRateEstGrid = Grid [Transpose [PrependTo [tabl, ["k", "err™, "g est"]]]];
tab = Table[(xo, ut[xo] ], (%o, 8, 1, 8.2]];
UnGrid = ﬁr‘id[Tr‘anspuse[PrEpendTﬂ [‘tab, ["x", ' }] ] ] H
OutputString = Row [[™  |lu, }=", normut, " Error=", err, " Relative error=", relerr, " k=", k, " , Convergence rate estimate=",
comiRateEstl, ™ or ", conviateEst2]] ;
Outputérray = [normut, err, relerr, k, comviateEstl, convRateEst2]
If [Cutputaddress £ ",
[Save [Outputaddress, MethodGraph] ;
Save [Outputdddress, ErrorGraph] ;
Save [Dutputaddress, ConvRateEstGrid] ;
Save [Outputdddress, UnGrid] ;
save [Outputdddress, Outputstring] ;
Save [Outputaddress, Outputarray] ;)
1;
Outputdrray
[e2end of modules)



Main loop

params = [8,8,48,4d];

albet = (@, 8];

methodOutput = (8,8, 8,8,8,8);

OutputFileName = "";

Outputaddress = "";

Fullowtput = (["p"™, "g", "A", "u", "=, "A", "|u, }", "sbc. noxwika®, "BigH. nowwbka™, "iTepauid”, "ouinka a6ismsocTil™, "ouinka sfismkocTiz™]];
shortOutput = (("p", "g", "| \&Subscriptox [u, n] }")11;

GeneralOutputFileName = "GeneralOutput.nb™;

GeneralOutputAddress = FileNameloin [ [OutputFolder, GeneralOutputFileName] ] ;
IterationOutputFileName = "IterationOutput.nb™;

IterationOutputdddress = FileNamedodn [ [OutputFolder, IterationOutputFileName]] ;

[%Loops]
For[p = pbeg, p <= pend, p = p + hp,
For[q = gbeg, q <= gend, q = q+ hq,
[params = [p, q, A, M1
If [flaghotSaveTofile £ 1,
OutputFileNsme = "Output p=" 4z Tostring [p] <7 * g=" <p ToString [g] <> " lam="<» ToString [A] <& " mu=" <> ToString [u] <» " .nb";
Outputdddress = FileNamelodn [ [OutputFolder, OutputFileName]] ;
Is
albet = AlBetCalc [params, Outputaddress] ;
methodOutput = MainMethod [params, albet, Outputaddress] ;
IteartionOutput = Flatten [ [params, albet, methodOutput]] ;
AppendTo [FullDutput, IteartionOutput] ;
AppendTo [ShortOutput, (p, q, methodOutput [[1]]1]
save [ IterationOutputaddress, [teartionOutput] ;
Print["p=", p, " ,9=", g, " done"]]
1
1

~  [&Outputs]
FulloutputGrid = Grid [FullOutput, Frame - A11]
ShortDutputGrid = Grid [ShortOutput, Frame - A11]
NormOutputGraph = ListPlot3D [Drop [ShortOutputGrid[ [1] ], 1] ]
save [GeneralOutputaddress, FullOutputGrid] ;
save [GeneralOutputaddress, ShortOutputGrid] ;
Save [GeneralOutputdddress, NormOutputGraph] ;



BIJIOMICTh ATECTAIIIMHOT POBOTH

[To3HauenHs HaiimenyBanns Hon.
B1JIOMOCTI

TexcToBl TOKyMEHTH

1 [TosicHIOBasIbHA 3aMCKa 80 c.

2 [Tpe3enTariiiHuii MmaTepian 27 c.
[H111 JOKYMEHTH

3 Po3nipykiBKU niporpam 4 c.

4 Peniensis 2 C.

5 Biaryk kepiBHuKa 1c.

3acrocyBaHHA MeTOAY ABOOIYHHMX HAOIMAKEHD /10

PO3B’sI3aHHS MilIaHUX KPailoBUX 3aja4 J1Jisl

HANIBJIiHIHUX 3BHYAHHNX AU (epeHniaIbHUX PiBHAHD

3min | Apk. Homep noxkym. Hign. | darta
Po3po6. Boponenko M.JI (Tema po6oTn) Apkym | ApkywiB
Iepesip. Cunopos M.B. Binomicts
H. xonrp. (Cugopor M.B. arecraniiiHol XHYPE
3aTB. TepsimeB A.Jl. poGoru Kadeapa ITM




