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ДОДАТОК А 

 Лістінг програми 

 

class Spline: 

    """ 

    This class implements splines 

    """ 

 

    def __init__(self, spline_base, coord_number, a, b): 

        """ 

        :param spline_base: order of the spline 

        :param coord_number: number of coordinate functions 

        :param a: a-coordinate 

        :param b: b-coordinate 

        """ 

 

        self.kx = [] 

        self.ky = [] 

        i = -spline_base + 4 

        j = -spline_base + 4 

        while i <= coord_number - 1 - spline_base + 4: 

            while j <= coord_number - 1 - spline_base + 4: 

                self.ky.append(j) 

                self.kx.append(i) 

                j += 1 

            i += 1 

            j = -spline_base + 4 

        self.spHx = a / (coord_number - spline_base + 1) 

        self.spHy = b / (coord_number - spline_base + 1) 

 

    @staticmethod 

    def unit_step(x): 

        """ 

        represents the unit step function 

        :param x: x-coordinate 

        :return: represents the unit step function, equal to 0 for x<0 and 1 for 

x>=0. 

        """ 

        if x < 0: 

            return 0 

 

        return 1 

 

    def spline_base(self, x): 

        """ 

        spline of 6 order 

        :param x: x-coordinate 

        :return: spline of 6 order real value 

        """ 

        return (11 / 20 - x ** 2 / 2 + x ** 4 / 4 - x ** 5 / 12) * 

(self.unit_step(x) - self.unit_step(x - 1)) + \ 

               (17 / 40 + (5 * x) / 8 - (7 * x ** 2) / 4 + (5 * x ** 3) / 4 - (3 

* x ** 4) / 8 + x ** 5 / 24) * ( 

                   self.unit_step(x - 1) - self.unit_step(x - 2)) + \ 

               (243 / 120 - (81 * x) / 24 + (9 * x ** 2) / 4 - (3 * x ** 3) / 4 

+ x ** 4 / 8 - x ** 5 / 120) * ( 

                   self.unit_step(x - 2) - self.unit_step(x - 3)) 

 

    def d1_spline(self, x): 

        """ 
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        first derivative of spline 6 order 

        :param x: x-coordinate 

        :return: first derivative of spline 6 order real value 

        """ 

        return (-x + x ** 3 - (5 * x ** 4) / 12) * (self.unit_step(x) - 

self.unit_step(x - 1)) + \ 

               (5 / 8 - (7 * x) / 2 + (15 * x ** 2) / 4 - (3 * x ** 3) / 2 + (5 

* x ** 4) / 24) * ( 

                   self.unit_step(x - 1) - self.unit_step(x - 2)) + \ 

               (-27 / 8 + (9 * x) / 2 - (9 * x ** 2) / 4 + x ** 3 / 2 - x ** 4 / 

24) * ( 

                   self.unit_step(x - 2) - self.unit_step(x - 3)) 

 

    def d2_spline(self, x): 

        """ 

        second derivative of spline 6 order 

        :param x: x-coordinate 

        :return: second derivative of spline 6 order real value 

        """ 

        return (-1 + 3 * x ** 2 - (5 * x ** 3) / 3) * (self.unit_step(x) - 

self.unit_step(x - 1)) + \ 

               (-7 / 2 + (15 * x) / 2 - (9 * x ** 2) / 2 + (5 * x ** 3) / 6) * ( 

                   self.unit_step(x - 1) - self.unit_step(x - 2)) + \ 

               (9 / 2 - (9 * x) / 2 + (3 * x ** 2) / 2 - x ** 3 / 6) * ( 

                   self.unit_step(x - 2) - self.unit_step(x - 3)) 

 

    def spline(self, k, x, y): 

        """ 

        coordinate function 

        :param k: natural number [1,coord_number] 

        :param x: x-coordinate 

        :param y: y-coordinate 

        :return: coordinate function real value 

        """ 

        return self.spline_base(abs(x / self.spHx - self.kx[k-1])) * 

self.spline_base(abs(y / self.spHy - self.ky[k-1])) 

 

    def d1x(self, k, x, y): 

        """ 

        first derivative of coordinate function with respect to x 

        :param k:natural number [1,coord_number] 

        :param x: x-coordinate 

        :param y: y-coordinate 

        :return: first derivative of coordinate function with respect to x real 

value 

        """ 

        return np.sign(x / self.spHx - self.kx[k-1]) / self.spHx * 

self.d1_spline( 

            abs(x / self.spHx - self.kx[k-1])) * self.spline_base(abs(y / 

self.spHy - self.ky[k-1])) 

 

    def d1y(self, k, x, y): 

        """ 

        first derivative of coordinate function with respect to y 

        :param k: natural number [1,coord_number] 

        :param x: x-coordinate 

        :param y: y-coordinate 

        :return: first derivative of coordinate function with respect to y real 

value 

        """ 

        return np.sign(y / self.spHy - self.ky[k-1]) / self.spHy * 

self.spline_base( 

            abs(x / self.spHx - self.kx[k-1])) * self.d1_spline( 

            abs(y / self.spHy - self.ky[k-1])) 
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    def d2x(self, k, x, y): 

        """ 

        second derivative of coordinate function with respect to x 

        :param k: natural number [1,coord_number] 

        :param x: x-coordinate 

        :param y: y-coordinate 

        :return: second derivative of coordinate function with respect to x real 

value 

        """ 

        return 1 / self.spHx ** 2 * self.d2_spline(abs(x / self.spHx - 

self.kx[k-1])) * self.spline_base( 

            abs(y / self.spHy - self.ky[k-1])) 

 

    def d2y(self, k, x, y): 

        """ 

        second derivative of coordinate function with respect to y 

        :param k: natural number [1,coord_number] 

        :param x: x-coordinate 

        :param y: y-coordinate 

        :return: second derivative of coordinate function with respect to y real 

value 

        """ 

        return 1 / self.spHy ** 2 * self.spline_base(abs(x / self.spHx - 

self.kx[k-1])) * self.d2_spline( 

            abs(y / self.spHy - self.ky[k-1])) 
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