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ДОДАТОК А 

Програмний код 

 

 

 Приклад програмної реалізації виводу графічного зображення: 

using System; 

using System.Collections.Generic; 

using System.Drawing; 

using System.Drawing.Drawing2D; 

using System.Windows.Forms; 

using Mathematical.Expressions; 

 

namespace DynamicSystems 

{ 

    public partial class AppForm : Form 

    { 

        private Calculator calc; 

        private Dictionary<string, double> vars; 

        private string evolutionVarName; 

        private double evolutionStep; 

 

        public AppForm() 

        { 
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            InitializeComponent(); 

            calc = new Calculator(); 

        } 

 

        private void init() 

        { 

            vars = initVars(); 

            evolutionVarName = getEvolutionVarName(); 

            evolutionStep = getEvolutionStep(); 

        } 

 

        private void calculateBtn_Click(object sender, EventArgs e) 

        { 

            init(); 

 

            List<Pair> results = new List<Pair>(); 

            for (long i = 0; i < iterCountControl.Value; ++i) 

            { 

                if (i != 0) 

                { 

                    goNextStep(); 

                } 

                Matrix matrix = initMatrix(); 

                double result = calc.calculate(matrix); 

                results.Add(prepareResult(result)); 
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            } 

            resultGraph.Image = new ResultPrinter(resultGraph.Width, 

resultGraph.Height).draw(results, evolutionVarName); 

        } 

 

 

        private Dictionary<string, double> initVars() 

        { 

            Dictionary<string, double> dictionary = new Dictionary<string, 

double>(); 

            for (int rowIdx = 0; rowIdx < variablesGrd.Rows.Count - 1; ++rowIdx) 

            { 

                

dictionary.Add(variablesGrd.Rows[rowIdx].Cells[0].Value.ToString(), 

Convert.ToDouble(variablesGrd.Rows[rowIdx].Cells[1].Value.ToString())); 

            } 

            return dictionary; 

        } 

 

        private Matrix initMatrix() 

        { 

            Matrix matrix = new Matrix(); 

            matrix.A = evalExpr(matrix11.Text); 

            matrix.B = evalExpr(matrix12.Text); 

            matrix.C = evalExpr(matrix21.Text); 

            matrix.D = evalExpr(matrix22.Text); 
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            return matrix; 

        } 

 

        private double evalExpr(string expr) 

        { 

            ExpressionEval eval = new ExpressionEval(expr); 

 

            foreach (KeyValuePair<string, double> var in vars) 

            { 

                eval.SetVariable(var.Key, var.Value); 

            } 

            return (double)eval.Evaluate(); 

        } 

 

        private int getEvolutionVarId() 

        { 

            for (int rowIdx = 0; rowIdx < variablesGrd.Rows.Count - 1; ++rowIdx) 

            { 

                if (variablesGrd.Rows[rowIdx].Cells[2].Value != null) 

                { 

                    return rowIdx; 

                } 

            } 

            return -1; 

        } 
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        private string getEvolutionVarName() 

        { 

            int varId = getEvolutionVarId(); 

            if (varId != -1) 

            { 

                return variablesGrd.Rows[varId].Cells[0].Value.ToString(); 

            } 

            return null; 

        } 

 

        private double getEvolutionStep() 

        { 

            int varId = getEvolutionVarId(); 

            if (varId != -1) 

            { 

                return 

Convert.ToDouble(variablesGrd.Rows[varId].Cells[2].Value.ToString()); 

            } 

            return 0; 

        } 

 

        private void goNextStep() 

        { 

            vars[evolutionVarName] += evolutionStep; 

        } 
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        private Pair prepareResult(double result) 

        { 

            return new Pair 

            { 

                Var = (evolutionVarName != null ? vars[evolutionVarName] : 0), 

                Result = result 

            }; 

        } 

 

        private class Pair 

        { 

            public double Var { get; set; } 

            public double Result { get; set; } 

        } 

 

        private class ResultPrinter 

        { 

            private const int MARGIN = 5; 

            private int width; 

            private int height; 

            private double horizontalFactor; 

            private double verticalFactor; 

            private double xMinValue; 

            private double yMinValue; 
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            public ResultPrinter(int width, int height) 

            { 

                this.width = width; 

                this.height = height; 

            } 

 

            public Bitmap draw(List<Pair> result, string varName) 

            { 

                init(result); 

                Bitmap bm = new Bitmap(width, height); 

                Graphics gr = Graphics.FromImage(bm); 

                gr.Clear(Color.White); 

                gr.SmoothingMode = SmoothingMode.AntiAlias; 

                Pen redPen = new Pen(Color.Red, 1); 

                Font mainFont = new Font("Verdana", 14f, FontStyle.Regular, 

System.Drawing.GraphicsUnit.Point, ((byte)(204))); 

                Font smallFont = new Font("Verdana", 8f, FontStyle.Regular, 

System.Drawing.GraphicsUnit.Point, ((byte)(204))); 

                Brush blackBrush = new SolidBrush(Color.Black); 

                gr.DrawString("e", mainFont, blackBrush, new Point(5, 7)); 

                gr.DrawString("A", smallFont, blackBrush, new Point(16, 5)); 

                gr.DrawString(varName, mainFont, blackBrush, new Point(width-

20, height - 20)); 

                for (int i = 1; i < result.Count; ++i) 

                { 
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                    gr.DrawLine(redPen, calculateX(result[i - 1].Var), 

calculateY(result[i - 1].Result), calculateX(result[i].Var), 

calculateY(result[i].Result)); 

                } 

                return bm; 

            } 

 

            private float calculateX(double value) 

            { 

                return (float)(MARGIN + (value - xMinValue) * horizontalFactor); 

            } 

 

            private float calculateY(double value) 

            { 

                return (float)(height - MARGIN - ((value - yMinValue) * 

verticalFactor)); 

            } 

 

            private void init(List<Pair> result) 

            { 

                initHorizontalCharacteristics(result); 

                initVerticalCharacteristics(result); 

            } 

 

            private void initHorizontalCharacteristics(List<Pair> result) 

            { 
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                double minValue = result[0].Var; 

                double maxValue = result[0].Var; 

                foreach (Pair pair in result) 

                { 

                    if (pair.Var > maxValue) { maxValue = pair.Var; } 

                    if (pair.Var < minValue) { minValue = pair.Var; } 

                } 

                horizontalFactor = ((double)width - MARGIN * 2) / (maxValue - 

minValue); 

                xMinValue = minValue; 

            } 

 

            private void initVerticalCharacteristics(List<Pair> result) 

            { 

                double minValue = result[0].Result; 

                double maxValue = result[0].Result; 

                foreach (Pair pair in result) 

                { 

                    if (pair.Result > maxValue) { maxValue = pair.Result; } 

                    if (pair.Result < minValue) { minValue = pair.Result; } 

                } 

                verticalFactor = ((double)height - MARGIN * 2) / (maxValue - 

minValue); 

                yMinValue = minValue; 

            } 
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        } 

    } 

} 

 

 

ДОДАТОК Б 

Слайди презентації 

 

 

 

 



49 
 

 

 

 

 

 

 

 



50 
 

 

 

 

 

 

 

 



51 
 

 

 

 

 

 

 

 



52 
 

 

 

 

 

 

 

 



53 
 

 

 

 

 

 



54 
 

 

 

 

 

 

 

 


