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FBepuneen uwmezu atikein npobnemanapea sHcana npukiadoblk maceneiepee 6auiaHblumyy myuyHoypme depuncen QyHKyus-
1apOblL 4eUMENOOHYH, KOKYCMAH My3yl20H MAALLIMAMMAapobl MeKWUI0oHyH Murdemmepu kapaieatn. Byn macenenep scyypynyuyy
MaaneimMam mypyHoe 0em aiblul MaaiblMammapobl 6epyy MeHeH agmomMammauimulpblicai 001000pI00 CUCIEMANAPbl KIACCMAH
mamemamuxansik scenmoonop 6oonua MathCAD unmezpandvix npospammanvik KAmMCbI3000HY KOLOOHYY MeHen yeuunou. Mamema-
TMUKAIbIK nakemmep OULOUP2eH 63 apa bIH2AULYY HCAHA KON QYHKYUOHANOYY KOTOOHMO NPOSPAMMANApObl UUIKe Aublpyyea sHcapoam
CAHObIK IKCNEPUMEHMMED, Yeuyy2o Kon canoazvl annpokcumayuonnvlx muidemmepou. MathCAD nakemmun manauicwiz ynxyuo-
HANObIK MYMKYHYYAYKMOPY KYPAnoap MeHeH KAMCbL3 Kbliam, MAMEeMamuKaiblk MOOeI000 KeHUupy aOucmeumupuieer Muioemmepou
MYPeaH HCaKblH MAAHUIEPUHUH DYHKYUSIAPHL YUYPOA ap KAHOAU MAAHUOe apeyMeHm He2u3uHoe KO100 60120 mabauya Maaiblman-
MapovIH AHCApOaMbl MEHEH 2N00AN0bIK HCAHA TOKANObIK UHMEPNOAAYUS MEHEH, IKCMPANONAYUsL MUiOemmepu.

Hezuzzu c0300p. Cbi36IKmyy UHMEPROIUPIOO, CHIAUH UHMEPROIUPIOO, MAMEMAMUKALLIK MOO0eN000, MAAIbIMAm my3000,
CAHOBIK MAN000, IKCHEPUMEHMANObIK MAANBIMATNINAD, HAMBLUNCANAD.

B npedcmaenennoil pabome paccmompensl 3a0a4u UHMEPROIAYUY MAOIUYHO 3A0AHHOU DYHKYUU, CLANCUBAHUS CLYUAIHO
ChOPMUPOBAHHBIX OAHHBIX, CEAZAHHBIX C KOHKDEMHbIMU NPOOIeMAMU U 60NPOCAMU NPUKTIAOHO20 XapaKkmepa. mu 3a0a4u peuenvl ¢
UCNONb306AHUEM — UHMESPUPOBAHHOU — NPOSPAMMHOU — cucmembvl  ONil  MAMEMAMUYECKUX —pAciemos u3 Kiacca — Cucmem
asmomamusuposanno2o npoekmuposanus, nakema MathCAD, ¢ npedcmasnenuem 6bIXOOHbIX OAHHLIX 6 6ude 2paghuuecKoll
ungopmayuu. Mamemamuueckue nakemol, npeocmagiusiiowue coboil Y0ooHvle U MHO2ODYHKYUOHANbHBIE NPUKIAOHbIE NPOSPAMMbI,
NnoMO2al0m peanu306bl8antb YUCIeHHble IKCRePUMEHMbL, peulanmsb 60abuoe KOIUIecmseo annpokcumMayuontslx 3aoaq. Heocnopumole
@yuryuonanvuvie osmoochocmu naxkema MathCAD npedocmagnaiom uHcmpymenmul 015l MAMEMAMUYecKo20 MoO0eruposanus
WUPOKO20 Kpy2a CReyUaiu3upOSaHHbIX 3a0ay HAXOHCOCHUs! NPUOTIUICEHHBIX 3HAYEHUL YHKYUYU NpU T0O0M 3HAYEHUU apeyMeHma Ha
OCHOBE UMEIOWUXCSE MADIUYHBIX OAHHBIX ¢ ROMOWbLIO 2100ANBHOL U JIOKALLHOU UHMEPNONAYUY, 3A0ay IKCIMPANOISAYUL.

Knrouesvie cnosa: nuneiinass uHmMepnousiyus, CHAAUH-UHMEPROISAYUS, MAMeMAMUYECKoe MOOeAUposanue, CladiCuganue
OGHHBIX, YUCTCHHbLI AHATU3, IKCNEPUMEHMANbHbLE OAHHbLEe, PE3YIbMAMbl.

In this paper, the problems of interpolation of a table-given function, smoothing of randomly generated data associated with
specific problems and questions of an applied nature are considered. These problems are solved using an integrated software system
for mathematical calculations from the class of computer-aided design systems, the MathCAD package, with the presentation of the
output data in the form of graphical information. Mathematical packages, which are convenient and multifunctional applications, help
to implement numerical experiments, solve a large number of approximation problems. The indisputable functionality of the MathCAD
package provides tools for mathematical modeling of a wide range of specialized problems of finding approximate values of a function
at any value of an argument on the basis of available tabular data using global and local interpolation, extrapolation problems.

Key words: linear interpolation, spline interpolation, mathematical modeling, data smoothing, numerical analysis, experimental
data, results.

The need to interpolate functions is mainly due to two reasons:

1. The function f (X) has a complex analytical description that causes certain difficulties in its use (for

example, f (X) is a special function: gamma function, elliptic function, etc.).
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2. The analytical description of the function f (x) is unknown, i.e. f (x) is given ina table. Thus, it
Is necessary to have the analytical description approximately representing f (x) (for example, for calculation:

values of f (X) in arbitrary points, definition of integrals and derivatives of f (X) , etc.).

The MathCAD package contains tools for solving problems of interpolation of a tabular given function
[1, 2].

Interpolation uses the values of some function given in a series of points to predict the values of the
function between them. In MathCAD, you can connect data points with straight lines (linear interpolation) or
connect them with polynomial segments (spline interpolation) [3, 4]. Interpolation functions define a curve
that passes exactly through specified points. Because of this, the result is very sensitive to data errors.

In linear interpolation, MathCAD connects existing data points with straight lines. This is done by the

function linterp (v, vy, X).
The function linterp uses data vectors VX and Vy, to return an interpolated value Y corresponding to

the third argument X . The arguments VX and vy must be vectors of the same length. The vector VX must

contain real values in ascending order.

This function connects data points with line segments, thus creating a polyline. The interpolated value
for a particular is the ordinate of the corresponding polyline point.

Spline interpolation gives much better results. Spline interpolation allows you to draw a curve through
a set of points such that the first and second derivatives of the curve are continuous at each point. This curve
is formed by creating a series of cubic polynomials passing through sets of three adjacent points. The cubic
polynomials then dock with each other to form a single curve.

For linear interpolation of a function specified in tabular form, you must perform the following steps:

1) Create vectors VX and vy containing the given table values of the argument X and function y .

The elements VX must be arranged in ascending order.

2) Calculate the vector VS(VX) = linterp (vX,vy,vx).

3) Build graphs of functions: given in tabular form vy (VX) and calculated by linear interpolation
VS(VX).

To spline interpolate a function defined in tabular form, you must do the following:

1) Create vectors VX and vy containing the given table values of the argument X and function Yy .

The elements VX must be arranged in ascending order.
2) Calculate the vectors of the second derivatives of the interpolation curve at the points under
consideration:

VS, = Ispline(vx,vy) — for linear spline interpolation,
VS, = pSp"ﬂG(VX,VY) — for parabolic spline interpolation,

VS, = cspline(VX,VY) —for cubic spline interpolation.
3) Calculate spline interpolation vectors:
Vk1 (VX) = interp (vsl,vx,vy, VX) — for linear spline interpolation,

VK, (vX) = interp (VS2 ,vx,vy,vx) — for parabolic spline interpolation,
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VK, (vX) =interp (ng,VX, vy, VX) — for cubic spline interpolation.

4) Build graphs of functions: given in tabular form VY(VX) and calculated by spline interpolation

VK, (VX), VK, (VX), VKg (VX).

Task number 1
Perform linear and spline interpolation of the function specified in the table view.

Xi 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

yi 0 0.1 0.2 0.3 0.47 0.5 0.61 0.7 0.8 0.9

Plot graphs of the original function as well as interpolation results. To compare the results.
Solving the problem of linear interpolation of the function:

1) Let's create vectors of the given table values of argument and function (Fig. 1):

0 0
0.1 0.1
0.2 0.2
0.3 0.3
0.4 0.47

VX = VY =
0.5 0.5
0.6 0.61
0.7 0.7
0.8 0.8
0.9 0.9

Fig. 1. Tables of values of argument VX' and function VY

2) Calculate the vector of linear interpolation:

A(VX) = linterp(VX,vY,vX)

3) Construct graphs of functions: given in tabular form vy (VX) and calculated by linear
interpolation A(VX) (Fig. 2).
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Fig. 2. Graphs of given \vY (VX) and computed functions A(VX)

Conclusion: from the analysis of the constructed graphs, it can be concluded that the graph of the linear
function completely coincides with the graph of the original function and is a set of segments connecting the
points of the original data. However, interpolation can not only connect the data points with lines, but also
calculate the corresponding values that can be used to predict the value of the dependence at those points where
it has not been measured by experience. Thus, linear interpolation gives an acceptable result for the given
source data.

The solution of the problem of spline interpolation:

1) Let's create vectors of the given table values of argument and function.

2) Calculate the vectors of the second derivatives of the interpolation curve at the points under
consideration:

VSh =Ispling(VX,VY)
VSc = pspling(VX,VY)
VSd = cspline(VX,VY)

3) Calculate the spline interpolation vectors:

B(VX ) =interp(VSh,VX VY, VX)
C(VX)=interp(VSc,VX,VY,VX)
D(VX)=interp(VSd,VX,VY VX)

4) Let's construct graphs of the functions given in table form VY (VX) and calculated by spline
interpolation B(VX'), C(VX), D(VX) (Fig. 3).
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Fig. 3. Graphs of given \vY (VX) and computed functions B(VX ), C(VX), D(VX)

Conclusion: from the analysis of the constructed graphs, it can be concluded that the spline interpolation
graphs are smooth lines connecting the points of the original data. Within the set of values of all three lines is
constructed by using polynomials of different types are the same. Thus, spline interpolation gives a good result
for the given source data.

A very important task in the processing of experimental results is the smoothing of the obtained data.
Smoothing always involves some way of local averaging the data, in which non-systematic components cancel
each other out.

Smoothing involves using a set of values y and returning a new set of values Yy that is smoother than
the original set. Unlike regression and interpolation, smoothing results in a new set of values Yy rather than

a function that can evaluate values between given data points. Each element in the vector must have a value,
because MathCAD assigns a value of 0 to any elements that are not explicitly defined.
To smooth the data, follow these steps:

1) Create vectors of initial values X and Y . The elements of the vector X must be arranged in
ascending order.
2) Perform data smoothing with built-in MathCAD functions:

s, = medsmooth(y,Nn) — smoothing with moving median, S, =ksmooth(X, y,b) — smoothing with
Gaussian data core, S; = supsmooth(x, y) — least squares smoothing.

Plot graphs: source data Y(X) and smoothing functions S, (X), S, (X), S3(X).

Task number 2

Using the rnd function, generate 50 random numbers from the range [0,5]. Perform data smoothing
(using various built-in functions). Plot graphs of the original and smoothed functions. To compare the results.

Decision:

1)  Let's create vectors of initial values from 50 random numbers from the range [0,5] (Fig. 4):
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1= 1..50
X =1
vi == md(5)
O 0

0 0 0 0

1 1 1 2.183

2 2 2 2.889

3 3 3 3.143

4 4 4 2.521

5 5 5 3.479

6 O o 0.95
X=17 ri Y =17 0.892

8 8 8 2.287

9 9 9 0.488

10 10 10 0.472

11 11 11 4.657

12 12 12 4.473

13 13 13 1.137

14 14 14 2.054

15 15

Fig. 4. Vectors of initial values of 50 random numbers.

2) Perform data smoothing with built-in MathCAD functions:
a= medsmooth(y,ll) — smoothing with moving median,

b= ksmooth(x, y,11) — smoothing with Gaussian data core,
C= supsmooth(x, Y) — smoothing by the method of least squares.
3) Let's build graphs: the initial data Y, (Xi ) and smoothed functions a; (Xi ),b(Xi ),Ci (Xi ) (Fig. 5).
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Fig. 5. Graphs of source data Y (Xi ) and smoothed functions d (XI ), b(Xi ), G (Xi )

Conclusion: from the analysis of the graphs, it can be concluded that the fundamental condition for
success in smoothing the data is the correct choice of the algorithm depending on the nature of the original
data. In addition, the results of smoothing data using the medsmooth and ksmooth functions are highly
dependent on the selection of the smoothing window size. Thus, the best result of data smoothing was shown
by the supsmooth function with adaptive selection of different smoothing bandwidth for different parts of the
data.
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