Лабораторная работа Куклина Андрея,

студента факультета «Прикладная математика»

группы ПМК-1-98 по предмету
«Асимптотические методы решения НВСИДУ»

Теоретическая часть

Нелинейное сингулярное интегральное уравнение вида:
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где f(t), b(t) – заданные функции, непрерывные на сегменте [-1, 1];

K(x, () – ядро, непрерывное на 
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 и удовлетворяющее условию Липшица 
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Суть метода Фурье-Лежандра заключается в замене функции K(x, () рядом Фурье вида:
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где Ск – неизвестные коэффициенты,(Рк – многочлен Лежандра, определяемый по формуле:
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где 
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 - известные постоянные коэффициенты:


[image: image7.wmf].

)!

(

!

)

1

(

)

1

(

2

!

)!

(

)!

(

)

1

(

,

)!

2

(

2

)

!

(

1

2

a

a

b

a

a

-

-

+

-

×

-

+

-

=

=

+

i

i

i

k

i

k

b

k

k

k

i

i

ki

k

л


Подставив ряд (2) в уравнение (1), имеем:
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где 
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Таким образом, с помощью ряда Фурье-Лежандра нелинейное сингулярное интегральное уравнение приведено к регулярному нелинейному интегральному уравнению (4).

В этой работе удерживаются первые пять членов ряда, что обеспечивает удовлетворительную точность. Первые пять членов ряда Фурье-Лежандра выглядят так: 
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Регулярное нелинейное интегральное уравнение (4) решаем методом последовательных приближений:


[image: image11.wmf])

5

(

,

))

(

,

(

)

,

(

)

(

)

(

1

1

1

ò

-

+

+

=

dx

x

x

K

x

t

H

t

f

t

n

т

j

l

j


За начальное приближение можно взять 
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 В моем случае я брал 
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, чтобы убедиться, что в обоих случаях решение сходится к одной и той же функции.

Процесс нахождения приближений продолжается до тех пор, пока 
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В моей лабораторной работе были даны следующие значения для уравнения (5): 
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; a = 0,4; b = 0,5; ( = 1; f(x) = sin(x2). 

Использованный язык программирования – С++, среда разработки – Microsoft Visual C++.

Приложение 1. Исходный текст программы

//Author: Andrew Kuklin

//Requester: Dujsheev Esenkan Dujsheevich

//Date: 21 December, 2002

//Purpose: Project on solution of integral-differential equation 

//
using regularization by Lejandr's polynomials.

//
Solution is found by method of sequential approximations.

//
Definite integrals are counted by trapezoid method.

//Platform: 32-bit Windows

//Environment: Visual C++ 6.0

//Required libraries

#include "stdafx.h"

#include <iostream>

#include <cmath> 

#include <stdio.h>

using namespace std;                   

//Constants in the kernel (lambda is considered to be = 1)

double globalA = 0.4;

double globalB = 0.5;

//Step in computation of definite integrals

double globalStep = 0.00001;

//Calculate first part of the kernel 

//(unique for each student, K(x, fi(x))

double calculateFirstPartOfKernel(double param){


return globalA * (1-pow(param, 2))/atan(4+pow(param, 2)+globalB);

}

//Calculate second part of the kernel 

//(the same for all students H(t, x)

double calculateSecondPartOfKernel(double param, double c0, double c1, double c2, double c3, double c4){


return pow(sin(pow(param, 2))+c0 + c1*param+c2*(pow(param, 2))+c3*(pow(param, 3))+c4*(pow(param, 4)), 2);

}

//These functions compute corresponding factors from t^0 to t^4

double calculateT0(double c0, double c1, double c2, double c3, double c4){


double result=0;


double p1FirstFactor=0;


double p1FirstPartOfTheKernel=0;


double p1SecondPartOfTheKernel=0;


double p2FirstFactor=0;


double p2FirstPartOfTheKernel=0;


double p2SecondPartOfTheKernel=0;


for(double i = -1; i<=1; i+=globalStep){



p1FirstFactor = 1-0.1*(pow(i, 2)-0.33333)+0.05754*(pow(i, 4)-0.85714*(pow(i, 2)+0.08571));



p1FirstPartOfTheKernel = calculateFirstPartOfKernel(i);



p1SecondPartOfTheKernel = calculateSecondPartOfKernel(i, c0, c1, c2, c3, c4);



p2FirstFactor = 1-0.1*(pow(i+globalStep, 2)-0.33333)+0.05754*(pow(i+globalStep, 4)-0.85714*(pow(i+globalStep, 2)+0.08571));



p2FirstPartOfTheKernel = calculateFirstPartOfKernel(i+globalStep);



p2SecondPartOfTheKernel = calculateSecondPartOfKernel(i+globalStep, c0, c1, c2, c3, c4);



result+=(fabs(p1FirstFactor*p1FirstPartOfTheKernel*p1SecondPartOfTheKernel+p2FirstFactor*p2FirstPartOfTheKernel*p2SecondPartOfTheKernel)/2)*globalStep;


}


return result;

}

double calculateT1(double c0, double c1, double c2, double c3, double c4){


double result=0;


double p1FirstFactor=0;


double p1FirstPartOfTheKernel=0;


double p1SecondPartOfTheKernel=0;


double p2FirstFactor=0;


double p2FirstPartOfTheKernel=0;


double p2SecondPartOfTheKernel=0;


for(double i = -1; i<=1; i+=globalStep){



p1FirstFactor = 1-0.35714*(pow(i, 3)-0.6*i);



p1FirstPartOfTheKernel = calculateFirstPartOfKernel(i);



p1SecondPartOfTheKernel = calculateSecondPartOfKernel(i, c0, c1, c2, c3, c4);



p2FirstFactor = 1-0.35714*(pow(i+globalStep, 3)-0.6*(i+globalStep));



p2FirstPartOfTheKernel = calculateFirstPartOfKernel(i+globalStep);



p2SecondPartOfTheKernel = calculateSecondPartOfKernel(i+globalStep, c0, c1, c2, c3, c4);



result+=(fabs(p1FirstFactor*p1FirstPartOfTheKernel*p1SecondPartOfTheKernel+p2FirstFactor*p2FirstPartOfTheKernel*p2SecondPartOfTheKernel)/2)*globalStep;


}


return result;

}

double calculateT2(double c0, double c1, double c2, double c3, double c4){


double result=0;


double p1FirstFactor=0;


double p1FirstPartOfTheKernel=0;


double p1SecondPartOfTheKernel=0;


double p2FirstFactor=0;


double p2FirstPartOfTheKernel=0;


double p2SecondPartOfTheKernel=0;


for(double i = -1; i<=1; i+=globalStep){



p1FirstFactor = pow(i, 2)-0.33333-0.61111*(pow(i, 4)-0.85714*(pow(i, 2))+0.08571);



p1FirstPartOfTheKernel = calculateFirstPartOfKernel(i);



p1SecondPartOfTheKernel = calculateSecondPartOfKernel(i, c0, c1, c2, c3, c4);



p1FirstFactor = pow(i+globalStep, 2)-0.33333-0.61111*(pow(i+globalStep, 4)-0.85714*(pow(i+globalStep, 2))+0.08571);



p1FirstPartOfTheKernel = calculateFirstPartOfKernel(i+globalStep);



p1SecondPartOfTheKernel = calculateSecondPartOfKernel(i+globalStep, c0, c1, c2, c3, c4);



result+=(fabs(p1FirstFactor*p1FirstPartOfTheKernel*p1SecondPartOfTheKernel+p2FirstFactor*p2FirstPartOfTheKernel*p2SecondPartOfTheKernel)/2)*globalStep;


}



return result;

}

double calculateT3(double c0, double c1, double c2, double c3, double c4){


double result=0;


double p1FirstFactor=0;


double p1FirstPartOfTheKernel=0;


double p1SecondPartOfTheKernel=0;


double p2FirstFactor=0;


double p2FirstPartOfTheKernel=0;


double p2SecondPartOfTheKernel=0;


for(double i = -1; i<=1; i+=globalStep){



p1FirstFactor = pow(i, 3)-0.6*i;



p1FirstPartOfTheKernel = calculateFirstPartOfKernel(i);



p1SecondPartOfTheKernel = calculateSecondPartOfKernel(i, c0, c1, c2, c3, c4);



p1FirstFactor = pow(i+globalStep, 3)-0.6*(i+globalStep);



p1FirstPartOfTheKernel = calculateFirstPartOfKernel(i+globalStep);



p1SecondPartOfTheKernel = calculateSecondPartOfKernel(i+globalStep, c0, c1, c2, c3, c4);



result+=(fabs(p1FirstFactor*p1FirstPartOfTheKernel*p1SecondPartOfTheKernel+p2FirstFactor*p2FirstPartOfTheKernel*p2SecondPartOfTheKernel)/2)*globalStep;


}



return result;

}

double calculateT4(double c0, double c1, double c2, double c3, double c4){


double result=0;


double p1FirstFactor=0;


double p1FirstPartOfTheKernel=0;


double p1SecondPartOfTheKernel=0;


double p2FirstFactor=0;


double p2FirstPartOfTheKernel=0;


double p2SecondPartOfTheKernel=0;


for(double i = -1; i<=1; i+=globalStep){



p1FirstFactor = pow(i, 4)-0.85714*(pow(i, 2))+0.08571;



p1FirstPartOfTheKernel = calculateFirstPartOfKernel(i);



p1SecondPartOfTheKernel = calculateSecondPartOfKernel(i, c0, c1, c2, c3, c4);



p1FirstFactor = pow(i+globalStep, 4)-0.85714*(pow(i+globalStep, 2))+0.08571;



p1FirstPartOfTheKernel = calculateFirstPartOfKernel(i+globalStep);



p1SecondPartOfTheKernel = calculateSecondPartOfKernel(i+globalStep, c0, c1, c2, c3, c4);



result+=(fabs(p1FirstFactor*p1FirstPartOfTheKernel*p1SecondPartOfTheKernel+p2FirstFactor*p2FirstPartOfTheKernel*p2SecondPartOfTheKernel)/2)*globalStep;


}


return result;

}

int main(int argc, char* argv[]){


double result =0;


FILE* outputFile;


//Open output file


outputFile = fopen("output.txt", "w+t");


if(outputFile == NULL ){



return 1;


}


//Zero approximation in the method of sequential approximations


fprintf(outputFile, "Approximation #0, fi(x)=0");


fprintf(outputFile, "\n");



//First iteration


fprintf(outputFile, "Iteration #1");


fprintf(outputFile, "\n");



fprintf(outputFile, "===============");


fprintf(outputFile, "\n");



double coef0 = calculateT0(0, 0, 0, 0, 0);


fprintf(outputFile, "Coefficient at t^0=");


fprintf(outputFile, "%g", coef0);


fprintf(outputFile, "\n");




double coef1 = calculateT1(0, 0, 0, 0, 0);


fprintf(outputFile, "Coefficient at t^1=");


fprintf(outputFile, "%g", coef1);


fprintf(outputFile, "\n");




double coef2 = calculateT2(0, 0, 0, 0, 0);


fprintf(outputFile, "Coefficient at t^2=");


fprintf(outputFile, "%g", coef2);


fprintf(outputFile, "\n");




double coef3 = calculateT3(0, 0, 0, 0, 0);


fprintf(outputFile, "Coefficient at t^3=");


fprintf(outputFile, "%g", coef3);


fprintf(outputFile, "\n");




double coef4 = calculateT4(0, 0, 0, 0, 0);


fprintf(outputFile, "Coefficient at t^4=");


fprintf(outputFile, "%g", coef4);


fprintf(outputFile, "\n");




for(int x=1; x<10; x++) {



fprintf(outputFile, "\n");





fprintf(outputFile, "---------------");





fprintf(outputFile, "\n");





fprintf(outputFile, "Iteration #");





fprintf(outputFile, "%d", x+1);





fprintf(outputFile, "\n");





fprintf(outputFile, "===============");





fprintf(outputFile, "\n");





coef0 = calculateT0(coef0, coef1, coef2, coef3, coef4);



fprintf(outputFile, "Coefficient at t^0=");



fprintf(outputFile, "%g", coef0);



fprintf(outputFile, "\n");





coef1 = calculateT1(coef0, coef1, coef2, coef3, coef4);



fprintf(outputFile, "Coefficient at t^1=");



fprintf(outputFile, "%g", coef1);



fprintf(outputFile, "\n");





coef2 = calculateT2(coef0, coef1, coef2, coef3, coef4);



fprintf(outputFile, "Coefficient at t^2=");



fprintf(outputFile, "%g", coef2);



fprintf(outputFile, "\n");





coef3 = calculateT3(coef0, coef1, coef2, coef3, coef4);



fprintf(outputFile, "Coefficient at t^3=");



fprintf(outputFile, "%g", coef3);



fprintf(outputFile, "\n");





coef4 = calculateT4(coef0, coef1, coef2, coef3, coef4);



fprintf(outputFile, "Coefficient at t^4=");



fprintf(outputFile, "%g", coef4);



fprintf(outputFile, "\n");




}


fclose(outputFile);


return 0;

}

Приложение 2. Листинг программы с нулевым приближением 
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Approximation #0, fi(x)=0

---------------

Iteration #1

===============

Coefficient at t^0=0.0286458

Coefficient at t^1=0.0295931

Coefficient at t^2=0.00384285

Coefficient at t^3=0.00176159

Coefficient at t^4=0.00101855

---------------

Iteration #2

===============

Coefficient at t^0=0.0335259

Coefficient at t^1=0.0354675

Coefficient at t^2=0.0044884

Coefficient at t^3=0.00213204

Coefficient at t^4=0.00120852

---------------

Iteration #3

===============

Coefficient at t^0=0.0344442

Coefficient at t^1=0.0357217

Coefficient at t^2=0.00451342

Coefficient at t^3=0.00214289

Coefficient at t^4=0.00121404

---------------

Iteration #4

===============

Coefficient at t^0=0.0346074

Coefficient at t^1=0.0357545

Coefficient at t^2=0.00451689

Coefficient at t^3=0.00214474

Coefficient at t^4=0.00121498

---------------

Iteration #5

===============

Coefficient at t^0=0.0346364

Coefficient at t^1=0.0357602

Coefficient at t^2=0.00451749

Coefficient at t^3=0.00214507

Coefficient at t^4=0.00121515

---------------

Iteration #6

===============

Coefficient at t^0=0.0346415

Coefficient at t^1=0.0357612

Coefficient at t^2=0.0045176

Coefficient at t^3=0.00214513

Coefficient at t^4=0.00121518

---------------

Iteration #7

===============

Coefficient at t^0=0.0346424

Coefficient at t^1=0.0357613

Coefficient at t^2=0.00451762

Coefficient at t^3=0.00214514

Coefficient at t^4=0.00121519

---------------

Iteration #8

===============

Coefficient at t^0=0.0346426

Coefficient at t^1=0.0357614

Coefficient at t^2=0.00451762

Coefficient at t^3=0.00214514

Coefficient at t^4=0.00121519

---------------

Iteration #9

===============

Coefficient at t^0=0.0346426

Coefficient at t^1=0.0357614

Coefficient at t^2=0.00451762

Coefficient at t^3=0.00214514

Coefficient at t^4=0.00121519

---------------

Iteration #10

===============

Coefficient at t^0=0.0346426

Coefficient at t^1=0.0357614

Coefficient at t^2=0.00451762

Coefficient at t^3=0.00214514

Coefficient at t^4=0.00121519

Приложение 2. Листинг программы с нулевым приближением 
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Approximation #0, fi(x)=x

---------------

Iteration #1

===============

Coefficient at t^0=0.104859

Coefficient at t^1=0.108651

Coefficient at t^2=0.0123761

Coefficient at t^3=0.00668879

Coefficient at t^4=0.00353718

---------------

Iteration #2

===============

Coefficient at t^0=0.0503948

Coefficient at t^1=0.0402962

Coefficient at t^2=0.00492867

Coefficient at t^3=0.00233536

Coefficient at t^4=0.001312

---------------

Iteration #3

===============

Coefficient at t^0=0.0375514

Coefficient at t^1=0.0363494

Coefficient at t^2=0.00457956

Coefficient at t^3=0.00217835

Coefficient at t^4=0.00123211

---------------

Iteration #4

===============

Coefficient at t^0=0.0351623

Coefficient at t^1=0.0358632

Coefficient at t^2=0.00452852

Coefficient at t^3=0.00215104

Coefficient at t^4=0.00121819

---------------

Iteration #5

===============

Coefficient at t^0=0.0347349

Coefficient at t^1=0.0357794

Coefficient at t^2=0.00451955

Coefficient at t^3=0.00214619

Coefficient at t^4=0.00121572

---------------

Iteration #6

===============

Coefficient at t^0=0.034659

Coefficient at t^1=0.0357646

Coefficient at t^2=0.00451796

Coefficient at t^3=0.00214533

Coefficient at t^4=0.00121528

---------------

Iteration #7

===============

Coefficient at t^0=0.0346456

Coefficient at t^1=0.0357619

Coefficient at t^2=0.00451768

Coefficient at t^3=0.00214517

Coefficient at t^4=0.0012152

---------------

Iteration #8

===============

Coefficient at t^0=0.0346432

Coefficient at t^1=0.0357615

Coefficient at t^2=0.00451763

Coefficient at t^3=0.00214515

Coefficient at t^4=0.00121519

---------------

Iteration #9

===============

Coefficient at t^0=0.0346427

Coefficient at t^1=0.0357614

Coefficient at t^2=0.00451762

Coefficient at t^3=0.00214514

Coefficient at t^4=0.00121519

---------------

Iteration #10

===============

Coefficient at t^0=0.0346427

Coefficient at t^1=0.0357614

Coefficient at t^2=0.00451762

Coefficient at t^3=0.00214514

Coefficient at t^4=0.00121519
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