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1) Результаты выполнения программы
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2) Листинг программы
using System;
using System.Collections.Generic;
using System.Linq;
using System.Text;

namespace VM2
{
    class Matrix
    {
        public int n;
        public double[][] values;

        public Matrix()
        {
            n=0;
        }

        public Matrix(int an)
        {
            n=an;
            values=new double[n][];
            for (int i = 0; i < n; i++)
            {
                values[i] = new double[n];
            }
        }

        public static Matrix genGilbertMatrix(int an)
        {
            Matrix result = new Matrix(an);
            for (int i = 0; i < an; i++)
            {
                for (int j = 0; j < an; j++)
                {
                    result.values[i][j]=(double)1/(i+j+1);
                }
            }

            return result;
        }

        public void genWellObusl(double diap)
        {
            Random rn=new Random();
            for (int i = 0; i < n; i++)
            {
                for (int j = 0; j < n; j++)
                {
                    values[i][j] = rn.NextDouble() * diap * 2 - diap;
                }
            }
        }

        public void genBadObusl(double diap, double pow)
        {
            double mnozh = 1;
            for (int i = 0; i < pow; i++)
            {
                mnozh *= 10;
            }

            Matrix L = new Matrix(n);
            Matrix U = new Matrix(n);
            Random rn=new Random();
            for (int i = 0; i < n; i++)
            {
                for (int j = 0; j <= i; j++)
                {
                    L.values[i][j] = rn.NextDouble() * diap * 2 - diap;
                    U.values[j][i] = rn.NextDouble() * diap * 2 - diap;
                }
            }

            for (int i = 0; i < n; i++)
            {
                L.values[i][i] /= mnozh;
                U.values[i][i] /= mnozh;
            }

            Matrix result=L.multiply(U);
            for (int i = 0; i < n; i++)
            {
                for (int j = 0; j < n; j++)
                {
                    this.values[i][j] = result.values[i][j];
                }
            }
        }

        public Matrix multiply(Matrix m2)
        {
            if (m2.n != n)
                return null;

            Matrix result = new Matrix(n);
            for (int i = 0; i < n; i++)
            {
                for (int j = 0; j < n; j++)
                {
                    result.values[i][j] = 0;
                    for (int k = 0; k < n; k++)
                    {
                        result.values[i][j] += this.values[i][k] * m2.values[k][j];
                    }
                }
            }
            return result;
        }

        public Vector calcF(Vector X)
        {
            if (this.n != X.len)
                return null;

            Vector result = new Vector(X.len);
            for (int i = 0; i < n; i++)
            {
                result[i] = 0;
                for (int j = 0; j < n; j++)
                {
                    result[i] += values[i][j] * X[j];
                }
            }

            return result;
        }
    }

    class Vector
    {
        public int len;
        double[] values;

        public double this[int i]
        {
            get
            {
                return values[i];
            }

            set
            {
                values[i] = value;
            }
        }

        public Vector()
        {
            len=0;
        }

        public Vector(int alen)
        {
            len=alen;
            values=new double[len];
        }

        public static Vector genOneVect(int alen)
        {
            Vector result = new Vector();
            result.len = alen;
            result.values = new double[alen];
            for (int i = 0; i < alen; i++)
            {
                result[i] = 1;
            }
            return result;
        }

        public void genValues(double maxVal)
        {
            Random rn=new Random();
            for (int i = 0; i < len; i++)
            {
                values[i] = rn.NextDouble()*maxVal*2 - maxVal;
            }
        }
    }

    class Tester
    {
        static readonly Random rn = new Random();

        static Vector X, F;
        static Matrix A;
        public delegate void GenInput(int kolEquation, double range, int pow, Vector X, out Matrix A, out Vector F);
        public delegate int SolveMethod(Matrix A, Vector F, out Vector X);

        public static GenInput genInputdel = new GenInput(GenInputWell);
        public static SolveMethod solveMethoddel = new SolveMethod(solveGauss);

        public static void GenInputWell(int kolEquation, double range, int pow, Vector X, out Matrix A, out Vector F)
        {
            A = new Matrix(kolEquation);
            A.genWellObusl(range);
            F = A.calcF(X);
        }

        public static void GenInputBad(int kolEquation, double range, int pow, Vector X, out Matrix A, out Vector F)
        {
            A = new Matrix(kolEquation);
            A.genBadObusl(range,pow);
            F = A.calcF(X);
        }

        public static void GenInputGilbert(int kolEquation, double range, int pow, Vector X, out Matrix A, out Vector F)
        {
            A = Matrix.genGilbertMatrix(kolEquation);
            F = A.calcF(X);
        }

        //процедура приведения верхнетреугольной матрицы в диагональную
        public static void goBack(Matrix A, Vector F)
        {
            int size = F.len;
            double mn;
            //поднимаемся вверх
            for (int i = size - 1; i >= 0; i--)
            {
                for (int i2 = i - 1; i2 >= 0; i2--)
                {
                    mn = -A.values[i2][i];
                    A.values[i2][i] = 0;
                    F[i2] += mn * F[i];
                }
            }
        }

        //решение системы методом Гаусса
        public static int solveGauss(Matrix A, Vector F, out Vector X)
        {
            int size=F.len;
            X = new Vector(size);
            double mn = 0;
            for (int i = 0; i < size; i++)
            {
                try
                {
                    //делаем на диагонали единичный элемент
                    mn = 1/A.values[i][i];
                    A.values[i][i] = 1;
                    for (int j = i + 1; j < size; j++)
                    {
                        A.values[i][j] *= mn;
                    }
                    F[i] *= mn;

                    //вычитаем уравнение из последующих
                    for (int i2 = i + 1; i2 < size; i2++)
                    {
                        mn = -A.values[i2][i];
                        A.values[i2][i]=0;
                        for (int j = i+1; j < size; j++)
                        {
                            A.values[i2][j] += mn * A.values[i][j];
                        }
                        F[i2] += mn * F[i];
                    }
                }
                catch (Exception e)
                {
                    return i;
                }
            }

            goBack(A, F);

            //копируем результат в ответ
            for (int i = 0; i < size; i++)
            {
                X[i] = F[i];
            }

            return 0;
        }

        //решение системы методом вращений
        public static int solveRotate(Matrix A, Vector F, out Vector X)
        {
            int size = F.len;
            X = new Vector(size);
            double a, b, c, s, buf;
            for (int i = 0; i < size; i++)
            {
                try
                {
                    for (int j = i + 1; j < size; j++)
                    {
                        a = A.values[i][i];
                        b = A.values[j][i];
                        c = a / Math.Sqrt(a * a + b * b);
                        s = b / Math.Sqrt(a * a + b * b);
                        buf = F[i];
                        F[i] = c * F[i] + s * F[j];
                        F[j] = -s * buf + c * F[j];
                        for (int k = i; k < size; k++)
                        {
                            buf = A.values[i][k];
                            A.values[i][k] = c * A.values[i][k] + s * A.values[j][k];
                            A.values[j][k] = -s * buf + c * A.values[j][k];
                        }
                    }
                }
                catch (Exception e)
                {
                    return i;
                }
            }

            //сделаем главную диагональ единичной
            for (int i = 0; i < size; i++)
            {
                try
                {
                    double mn = 1 / A.values[i][i];
                    A.values[i][i] = 1;
                    for (int j = i + 1; j < size; j++)
                    {
                        A.values[i][j]*=mn;
                    }
                    F[i] *= mn;
                }
                catch (Exception e)
                {
                    return i;
                }
            }

            goBack(A, F);

            //копируем результат в ответ
            for (int i = 0; i < size; i++)
            {
                X[i] = F[i];
            }

            return 0;
        }
        

        //процедура тестирования метода
        static void testMethod(int kolTests, double range, int pow, int kolEquation, out double epsAvg)
        {
            Matrix A;
            Vector X = Vector.genOneVect(kolEquation);
            Vector F;
            bool noErr = false;
            double[] epsAvgs = new double[kolTests];
            Vector outX = new Vector();
            for (int i = 0; i < kolTests; i++)
            {
                while (!noErr)
                {
                    genInputdel(kolEquation, range, pow, X, out A, out F);
                    noErr = solveMethoddel(A, F, out outX) == 0; //если все функции выдали нули, значит ошибки не было
                }
                epsAvgs[i] = 0;
                for (int j = 0; j < kolEquation; j++)
                {
                    epsAvgs[i] = Math.Max(Math.Abs(X[j] - outX[j]), epsAvgs[i]);
                }
            }

            //а теперь считаем средние значения оценок
            epsAvg = 0;
            for (int i = 0; i < kolTests; i++)
            {
                epsAvg += epsAvgs[i];
            }
            epsAvg /= kolTests;
        }

        /// <summary />
        /// <param name="kolTests">количество систем, которые надо решить</param>
        /// <param name="range">диапазон значений</param>
        /// <param name="kolEquation">количество уравнений</param>
        /// <param name="epsAvg">средняя относительная погрешность</param>
        /// <param name="epsAvgRotate">среднее значение оценки точности</param>
        public static void test(int kolTests, double range, int pow, int kolEquation, out double epsAvgGauss, out double epsAvgRotate)
        {
            solveMethoddel = new SolveMethod(solveGauss);
            testMethod(kolTests, range, pow, kolEquation, out epsAvgGauss);
            solveMethoddel = new SolveMethod(solveRotate);
            testMethod(kolTests, range, pow, kolEquation, out epsAvgRotate);
        }
 
    }

    public partial class Form1 : Form
    {

        public Form1()
        {
            InitializeComponent();
            var data = new[] { 10, 100, 100 };
            double zn1, zn2;
            DataGridView curTable = dgvResultGood;
            curTable.Rows.Add(3);
            Tester.genInputdel = new Tester.GenInput(Tester.GenInputWell);
            for (int i = 0; i < 3; i++)
            {
                curTable[0, i].Value = (i + 1).ToString(); // номер
                curTable[1, i].Value = data[i % 3].ToString(); // размерность
                //dgvResult[2, i].Value = "[-" + data[i / 3].ToString() + ";" + data[i / 3].ToString() + "]"; // диапазон
                Tester.test(1, 1, 0, data[i % 3], out zn1, out zn2);
                curTable[2, i].Value = zn1.ToString();
                curTable[3, i].Value = zn2.ToString();
            }

            data = new int[] {7, 14};
            int[] pow = new int[] {2, 4, 6};
            curTable = dgvResultBad;
            curTable.Rows.Add(6);
            Tester.genInputdel = new Tester.GenInput(Tester.GenInputBad);
            for (int i = 0; i < 6; i++)
            {
                curTable[0, i].Value = (i + 1).ToString(); // номер
                curTable[1, i].Value = pow[i % 3].ToString(); // порядок k
                curTable[2, i].Value =  data[i / 3].ToString(); // размерность
                Tester.test(1, 10, pow[i % 3], data[i / 3], out zn1, out zn2);
                curTable[3, i].Value = zn1.ToString();
                curTable[4, i].Value = zn2.ToString();
            }

            data = new int[] { 4, 6, 8, 10, 12, 14 };
            curTable = dgvResultGilbert;
            curTable.Rows.Add(6);
            Tester.genInputdel = new Tester.GenInput(Tester.GenInputGilbert);
            for (int i = 0; i < 6; i++)
            {
                curTable[0, i].Value = (i + 1).ToString(); // номер
                curTable[1, i].Value = data[i % 6].ToString(); // размерность
                Tester.test(1, 1, 0, data[i % 6], out zn1, out zn2);
                curTable[2, i].Value = zn1.ToString();
                curTable[3, i].Value = zn2.ToString();
            }
        }
    }
}
image1.png
Morpeusocrs merogs Mayeca Morpewrocrs MeTona spauerh

PaswepriocTs cncreve
7,16093850883226E-14  |7,7715611723761E-16
7,84705633805061E-13 | 2,02060590481778E-14
1,58613078227177E-09  |3,50386386571699E-13





image2.png
ByoToBREL VAT

Mopsnorc k Paswepriocrs cncrewss Morpewnocrs meroma Maycca Morpeurocrs MeToma spauers

247,65237749883 87,6386806048212
5181,45311345508 4617330,76632782

11763113,0884849 205268142,505265
780,63546856959 7669,90360506529
1152222,46838502 754514,820072242

6 14 978620737856118 27153196,5263705





image3.png
Wiarpiia Fansbepta

Paswepriocrs cnctewss Morpewnocrs meroma Maycca Morpeurocrs Merona spauers

4 [473843186010017E-13  |8,17568235333065E-13
-_ 577401237933373E-10 | 1,18898313417048E-09

s s eommmen  musmwsocn
o commseonsi omoweaseny
s m owuswmous  ommsases
s ommesm oo





