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computers. This paper shows the quality and efficiency of 

mathematical models based on the experimental results of 
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---------------------------------------------------------------------***-------------------------------------------------------------------

INTRODUCTION. The mathematical model of the experimental results of regression analysis in the 

processing of statistical data was used to construct the regression equation using the least squares method 

and to assess the quality, adequacy and value of regression coefficients of these models [5,8,9]. In solving 

these problems, the model is based on the formula for the approximate approximation of the error in the 

assessment of quality, the adequacy of the model-regression equation from Fisher's F-criterion, the value of 

regression coefficients from the Student's criterion. The methods and programs in the Maple system were 

used to solve all these problems [1,2,3,5,6,10,11]. 

MAIN PART. The results of experiments to determine the relationship between the number of products sold 

as a result of observations and the amount of x spent on its advertising are as follows. 

x 1.5 4.0 5.0 7.0 8.5 10.0 11.0 12.5 

y 5.0 4.5 7.0 6.5 9.5 9.0 11.0 9.0 

 

Based on the results of this experiment, it is important to determine the best-effective relationship-regression 

equation for the analysis and draw conclusions and decisions based on it. To do this, we solve the problem 

of choosing the most effective of the linear, logarithmic and hyperbolic connections based on the results of 

experiments found in the method of small squares [4]:  

1.We use the following system to determine the parameters b,a  of the linear regression equation 

y ax b  : 
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2. We use the following system to determine the b,a  parameters of the logarithmic regression equation 

ln( )y a x b  : 
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3. We use the following system to determine the b,a  parameters of the 
b

у a
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equation: 
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To determine the y ax b  , , 
b

у a
x

 
 
connections found in the above systems (1), 

(2), (3), and for each connection, we perform all of the following statistical estimates based on the Maple 

program. 

1. Evaluation of model quality. To evaluate the quality of the model, the average approximation error is 

determined. We determine the average deviation (approximation) of the calculated data from the actual 

data by the following formula: 

1

1
100%

n
i i

i i

y y
A

п y


  . 

The smaller these deviations, the closer the found values are to the theoretical values. This indicates the 

quality-efficiency of the model. An average error of 8-10%, or no more than 12-15% rest, determines the 

quality of the model.  

2.  Evaluation of model adequacy. We determine the adequacy of the regression equation based on Fisher's 

F-criterion with the following formula: 

2

2

y

qold

S
F

S
  

ln( )y a x b 
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regression equation determines how many times the experimental results y  are better than the average. We 

find it from the ratio of the above variances. The value of this criterion F is compared with the value 

Ftab(α,k1,k2) in the application table, where α- value, k1=n-1, k2=n-m-1 degrees of freedom, n-number of 

experiments, m- the number of parameters belonging to x. In this case: 

-if the calculation result is F>Ftab, the regression equation found is adequate (statistically significant); 

-if F<Ftab, the regression equation is not adequate. 

3.  Evaluation of the value of regression coefficients. 

 According to the student's criterion, we evaluate the values of a and b of the coefficients by comparing their 

random errors with ma and mb: 
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og‘ishma. Bu ta, tb lar v=n-2 erkinlik darajasi bo‘yicha Styudent taqsimotiga bo‘ysunadi. Styudent kriteriyasi 

uchun tuzilgan taqsimot jadvalidan kritik qiymatni tkr=t(α,v) kabi topamiz: 

standard deviation. These units, ta, tb are subject to the Student's distribution according to the degree of 

freedom v=n-2 From the distribution table constructed for the student criterion, we find the critical value as 

tkr=t(α,v): 

 1) if ta>tkr, parameter a is statistically valuable, otherwise it is not valuable; 

 2) If tb>tkr, parameter b is statistically significant, otherwise it is not. 

Now to find the solution of the problem of determining the quality, adequacy, value of the coefficients of the 

linear regression equation (model) found on the basis of the table compiled on the above n=8 observations, 

directly below Maple program. 

1. 1. A straight line is connected according to the above rule: 

Maple software 

> restart; with(stats): Digits:=5: n:=8: 

Values found on the basis of experimental results: 

> x1:=1.5:x2:=4:x3:=5:x4:=7:x5:=8.5:x6:=10:x7:=11:x8:=12.5: 

> y1:=5:y2:=4.5:y3:=7:y4:=6.5:y5:=9.5:y6:=9:y7:=11:y8:=9: 

Random quantities: 

> X:=Vector([x1,x2,x3,x4,x5,x6,x7,x8],datatype=float): 
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> Y:=Vector([y1,y2,y3,y4,y5,y6,y7,y8],datatype=float): 

Determining the coefficients and equations of linear correlation of random variables: 

> SX:=add(X[i],i=1..n);  

> SY:=add(Y[i],i=1..n);  

> SXX:=add(X[i]^2,i=1..n);  

> SYY:=add(Y[i]^2,i=1..n);  

> SXY:=add(X[i]*Y[i],i=1..n);  

Determining the coefficients of the straight line correlation equation (1): 

> ab:=solve({a*SX+n*b=SY,a*SXX+b*SX=SXY},{a,b});  

 

Determine the equation of a straight line connection: 

> yt:=ab[1]*x+ab[2];  

> a:=.532; b:=3.726;   

The value and sum of the straight line connections: 

> Yt:={seq(a*X[i]+b,i=1..n)}; 

 

> SXY2:=add((Y[i]-a*X[i]-b)^2,i=1..n);  

The average deviation and sum of the experimental values from the straight line connection: 

> A:=seq(abs((Y[i]-a*X[i]-b)/Y[i]),i=1..n): A:=evalf(%,4)*100; 

 

> SA:=add(abs((Y[i]-a*X[i]-b)/Y[i]),i=1..n)*100;  

Let's create a table to determine the values corresponding to the following variables and their sum: 

> u:=array(1..10,1..8): 

> for i to n do for j to n do 

u[1,1]:="X[i]";u[1,2]:="Y[i]";u[1,3]:="X[i]^2"; 

u[1,4]:="Y[i]^2"; u[1,5]:="X[i]*Y[i]"; u[1,6]:="a*X[i]+b"; u[1,7]:="(Y[i]-a*X[i]-b)^2"; 

 u[1,8]:="A[i]"; u[i+1,1]:=X[i];u[i+1,2]:=Y[i];u[i+1,3]:=X[i]^2; u[i+1,4]:=Y[i]^2; u[i+1,5]:=X[i]*Y[i]; 

 u[i+1,6]:=a*X[i]+b; u[i+1,7]:=(Y[i]-a*X[i]-b)^2; u[i+1,8]:=A[i]; 

u[n+2,1]:=SX; u[n+2,2]:=SY; u[n+2,3]:=SXX; u[n+2,4]:=SYY;u[n+2,5]:=SXY; u[n+1,6]:=a*X[i]+b;  

u[n+2,6]:=`-`; u[n+2,7]:=SXY2; u[n+2,8]:=SA; 

od;od; evalf(evalm(u),5); 
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From the values of these variables and the sum of the last line, we use the linear relationship in statistical 

estimates:. 

1)  The effectiveness of the connection found: 

> At:=add(abs((Y[k]-a*X[k]-b)/Y[k]),k=1..n)/n;  

> At:=At*100;  

Average deviation of values found in the experiment with regression correlation: 13.12%. If the 

approximation error is not more than 12-15%, the structured link model is a good module and allows to 

estimate (predict) the calculations in advance.  

2)  Assess the adequacy of the bond: the number of n-experiments and the degrees of freedom k1, k2:  

> n:=8.: m:=1: k1:=n-1; k2:=n-m-1;   

General dispersion: 

> S2y:=(SYY-SY^2/n)/k1;  

Residual dispersion: 

> S2qol:=add((Y[k]-a*X[k]-b)^2,k=1..n)/k2;  

F-Fisher criterion: 

> F:=S2y/S2qol;  

According to the Fisher table Ftab(α,k1,k2)=Ftab(0.05,7,6)=4.21 

> Ftab:=4.21: #F<Ftab linear connection is adequate 

3) Evaluation of the value of regression coefficients: 

Find the random error of the coefficients: 

> sigma[x]:=sqrt(SXX/n-(SX/n)^2);  

> ma:=S2qol/(sigma[x]*sqrt(n));  

> mb:=S2qol*sqrt(SXX)/(n*sigma[x]);  

We evaluate the value of the found regression coefficients with their random error according to the Student's 

criterion: 

> a:=.5325984252; b:=3.726299213;   
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> ta:=a/ma;  

> tb:=b/mb;  

From the distribution table (appendix) on the student's criterion we get the critical value: tkr=t(α,v)=t(α,n-

2)=t(0.05, 6)=2.45 

In this case, we see that the coefficients a and b are statistically significant, since ta>tkr , tb>tkr: 

> tkr:=2.45: 

> ta-tkr>0;  

> tb-tkr>0;  

This means that the linear relationship formed for the experimental results is completely adequate, and we 

found that all its coefficients are valuable. 

2. The logarithmic relationship y=a⋅ln(x)+b is based on the above rule: 

Maple software 

> restart; with(stats):  

> Digits:=6: n:=8: 

> x1:=1.5:x2:=4:x3:=5:x4:=7:x5:=8.5:x6:=10:x7:=11: x8:=12.5: 

> y1:=5:y2:=4.5: y3:=7:y4:=6.5: y5:=9.5: y6:=9: y7:=11: y8:=9: 

> X:=Vector([x1,x2,x3,x4,x5,x6,x7,x8],datatype=float): 

> Y:=Vector([y1,y2,y3,y4,y5,y6,y7,y8],datatype=float): 

> {seq(X[i],i=1..n)}: evalf(%,4); SX:=add(X[i],i=1..n);  

  

> SXX:=add(X[i]^2,i=1..n);  

> {seq(Y[i],i=1..n)}: evalf(%,4); SY:=add(Y[i],i=1..n);  

  

> SYY:=add(Y[i]^2,i=1..n);  

> seq(ln(X[i]),i=1..n): evalf(%,4); 

 

> SlnX:=add(ln(X[i]),i=1..n);  

> seq(ln(X[i])^2,i=1..n): evalf(%,4); 

 

> SlnXX:=add((ln(X[i])^2),i=1..n);  

> {seq(Y[i]*ln(X[i]),i=1..n)}: evalf(%,4); 

 

> SYlnX:=add(Y[i]*ln(X[i]),i=1..n);  

Determining the coefficients of the logarithmic correlation equation (2): 
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> ab:=solve({a*SlnX+n*b=SY,a*SlnXX+b*SlnX=SYlnX},{a,b});  

> yt:=ab[1]*ln(x)+ab[2];  

We set a and b in the system solution to y=aln(x)+b ga qo‘yamiz: 

> a:=2.70471; b:=2.71307;   

> Yt:={seq(a*ln(X[i])+b,i=1..n)}: evalf(%,4); 

 

> seq((Y[i]-a*ln(X[i])-b)^2,i=1..n) 

 

> SYYt2:=add((Y[i]-a*ln(X[i])-b)^2,i=1..n);  

> A:=seq(abs((Y[i]-a*ln(X[i])-b)/Y[i]),i=1..8): A:=evalf(%,4); 

  

> SA:=add(abs((Y[i]-a*ln(X[i])-b)/Y[i]),i=1..n)*100; 

 

> #At:=add(abs((Y[i]-a*X[i]-b)/Y[i]),i=1..n)*100/n; 

> u:=array(1..10,1..8):  

> for i to n do for j to n do 

u[1,1]:="X[i]";u[1,2]:="Y[i]";u[1,3]:="ln(X[i])"; 

u[1,4]:="ln(X[i])^2"; 

u[1,5]:="ln(X[i])*Y[i]"; u[1,6]:="a*ln(X[i])+b"; u[1,7]:="(Y[i]-a*ln(X[i])-b)^2"; u[1,8]:="A[i]"; 

u[i+1,1]:=X[i];u[i+1,2]:=Y[i];u[i+1,3]:=ln(X[i]); u[i+1,4]:=ln(X[i])^2; 

u[i+1,5]:=ln(X[i])*Y[i]; u[i+1,6]:=a*ln(X[i])+b; u[i+1,7]:=(Y[i]-a*ln(X[i])-b)^2; u[i+1,8]:=A[i]; 

u[n+2,1]:=SX;u[n+2,2]:=SY; u[n,6]:=a*ln(X[i])+b;u[n+2,6]:=`-`; u[n+2,3]:=SlnX; u[n+2,4]:=SlnXX; 

u[n+2,5]:=SYlnX; u[n+2,7]:=SYYt2; u[n+2,8]:=SA; 

od;od; evalf(evalm(u),5); 
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We use the logarithmic relationship of the values of these variables and the sum of the last line in statistical 

estimates:. 

1) The effectiveness of the found link: 

> add((Y[k]-a*ln(X[k])-b)^2,k=1..n);  

> At:=add(abs((Y[k]-a*ln(X[k])-b)/Y[k]),k=1..n)/n; 

 

> At:=At*100;  

Average deviation of values found in the experiment with regression correlation: 13.12%. A structured 

module with an approximation error of no more than 12-15% is a good module for predicting computational 

calculations. 

2) Assess the adequacy of the connection: 

n is the number of tests.  

> n:=8.: m:=1: k1:=n-1; k2:=n-m-1;   

General dispersion: 

> S2y:=(SYY-SY^2/n)/k1;  

Residual dispersion: 

> S2qol:=add((Y[k]-a*ln(X[k])-b)^2,k=1..n)/k2; 

 

F-Fisher criterion: 

> F:=S2y/S2qol;  

According to Fisher's schedule Ftab(α,k1,k2)=Ftab(0.05,7,6)=4.21 

> Ftab:=4.21: #F<Ftab the logarithmic relationship is adequate 

> F<Ftab:#(2.64<4.21) 

3) Evaluation of the value of regression coefficients: 

Find the random error of the coefficients: 

> sigma[x]:=sqrt(SXX/n-(SX/n)^2);  

> ma:=S2qol/(sigma[x]*sqrt(n));  

> mb:=S2qol*sqrt(SXX)/(n*sigma[x])  

We evaluate the value of the found regression coefficients with their random error according to the Student's 

criterion: 

> #a:=.5325984252; b:=3.726299213; 

> ta:=a/ma;  

> tb:=b/mb;  

From the Student Criteria Distribution Table (Appendix) we get the critical value: tkr=t(α,v)=t(α,n-

2)=t(0.05, 6)=2.45. 
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From this:  

> tkr:=2.45: 

> ta-tkr>0;  # a statistically valuable  

> tb-tkr>0;  # b not statistically valuable 

From this we see that the coefficients a are statistically significant and b are not statistically significant. So, 

the linear relationship model is completely adequate to Fisher's F-criterion, and we found that some of its 

coefficients are not values. The model found can be used to draw conclusions and make decisions based on 

the results of a given experiment, but it cannot be used to make predictions. 

3. The hyperbolic relationship y=a/x+b is based on the above rule: 

Maple software 

> restart; with(stats): Digits:=6: n:=8: 

> x1:=1.5:x2:=4: x3:=5:x4:=7: x5:=8.5:x6:=10:x7:=11:x8:=12.5: 

> y1:=5:y2:=4.5: y3:=7:y4:=6.5: y5:=9.5: y6:=9: y7:=11:y8:=9: 

> X:=Vector([x1,x2,x3,x4,x5,x6,x7,x8],datatype=float): 

> Y:=Vector([y1,y2,y3,y4,y5,y6,y7,y8],datatype=float): 

> {seq(X[i],i=1..n)}: evalf(%,4); SX:=add(X[i],i=1..n);  

  

> SXX:=add(X[i]^2,i=1..n);  

> {seq(Y[i],i=1..n)}: evalf(%,4); SY:=add(Y[i],i=1..n);  

  

> SYY:=add(Y[i]^2,i=1..n);  

> seq(Y[i]/X[i],i=1..n): evalf(%,4); 

 

> SYX:=add(Y[i]/X[i],i=1..n);  

> seq(1/X[i],i=1..n): evalf(%,4); 

 

> S1X:=add(1/X[i],i=1..n);  

> seq(1/X[i]^2,i=1..n): evalf(%,4);  

 

> S1XX:=add((1/X[i]^2),i=1..n);  

Determining the coefficients of the hyperbolic coupling equation (3): 

> ab:=solve({a*S1X+n*b=SY,a*S1XX+b*S1X=SYX},{a,b});  

 

> yt:=ab[1]/x+ab[2];  
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We set a and b in the system solution to y = a / x + b: 

> a:=-8.05421; b:=9.34676;   

> Yt:={seq(a/X[i]+b,i=1..n)}: evalf(%,4); 

 

> seq((Y[i]-a/X[i]-b)^2,i=1..n) 

 

> SYYt2:=add((Y[i]-a/X[i]-b)^2,i=1..n); 

 

> seq((abs((Y[i]-a/X[i]-b)/Y[i]))*1,i=1..n): evalf(%,4); 

  

> A:=seq(abs((Y[i]-a/X[i]-b)/Y[i]),i=1..8): A:=evalf(%,4); 

  

> SA:=add(abs((Y[i]-a/(X[i])-b)/Y[i]),i=1..n);  

> A100:={seq(abs((Y[i]-a/X[i]-b)/Y[i]),i=1..n)*100}; 

 

> SA100:=add(abs((Y[i]-a/(X[i])-b)/Y[i]),i=1..n)*100; 

 

> u:=array(1..10,1..10):  

> for i to n do for j to n do 

u[1,1]:="X[i]";u[1,2]:="Y[i]";u[1,3]:="X[i]^2";u[1,4]:="Y[i]/X[i]"; u[1,5]:="1/X[i]"; 

 u[1,6]:="1/X[i]^2"; u[1,7]:="Yt=a/X[i]+b";u[1,8]:="(Y[i]-a/X[i]-b)^2"; u[1,9]:="A[i]"; 

 u[1,10]:="A100"; 

u[i+1,1]:=X[i];u[i+1,2]:=Y[i];u[i+1,3]:=X[i]^2;u[i+1,4]:=Y[i]/X[i]; u[i+1,5]:=1/X[i]; u[i+1,6]:=1/X[i]^2;  

u[i+1,7]:=a/X[i]+b; u[i+1,8]:=(Y[i]-a/X[i]-b)^2;  

u[i+1,9]:=A[i];u[i+1,10]:=A100[i]; 

u[n+2,1]:=SX;u[n+2,2]:=SY; u[n+2,6]:=1/X[i]^2; u[n+2,3]:=SXX; u[n+2,4]:=SYX;  

u[n+2,5]:=S1X;u[n+2,7]:=`-`; u[n+2,8]:=SYYt2; u[n+2,9]:=SA; u[n+2,10]:=SA100; 

od;od; evalf(evalm(u),5); 
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From the values of these variables and the sum of the last line, we use the hyperbolic relationship in 

statistical estimates :. 

1) The effectiveness of the found link: 

> At:=add(abs((Y[k]-a/X[k]-b)/Y[k]),k=1..n)/n;  

> At:=At*100;  

Average deviation of values found in the experiment with regression correlation: 20.21%. This link-model is 

considered inefficient (a model-link calculation based on an approximation error of no more than 12-15% is 

a good model for forecasting). 

2) Assess the adequacy of the connection: the number of n-tests.  

> n:=8.: m:=1: k1:=n-1; k2:=n-m-1;   

General dispersion: 

> S2y:=(SYY-SY^2/n)/k1;  

Residual dispersion: 

> S2qol:=add((Y[k]-a/X[k]-b)^2,k=1..n)/k2;  

F-Fisher criterion: 

> F:=S2y/S2qol;  

According to Fisher's schedule Ftab(α,k1,k2)=Ftab(0.05,7,6)=4.21 

> Ftab:=4.21: #F<Ftab logorifimik bog‘lanish adekvat 

> F<Ftab:#(1.60<4.21) 

3) Evaluation of the value of regression coefficients: 

Find the random error of the coefficients: 

> sigma[x]:=sqrt(SXX/n-(SX/n)^2);  

> ma:=S2qol/(sigma[x]*sqrt(n));  

> mb:=S2qol*sqrt(SXX)/(n*sigma[x])  

We evaluate the value of the found regression coefficients with their random error according to the Student's 

criterion: 

> #a:=.5325984252; b:=3.726299213; 
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> ta:=a/ma;  

> tb:=b/mb;  

From the Student Criteria Distribution Table (Appendix) we get the critical value: tkr=t(α,v)=t(α,n-

2)=t(0.05, 6)=2.45 

From this:  

> tkr:=2.45: 

> ta-tkr>0; # a statistik qiymtdor  

> tb-tkr>0;  # b statistik qiymtdor emas 

From this we see that the coefficient a is not statistically significant and b is statistically significant. So, the 

hyperbolic relationship model is completely adequate to Fisher's F-criterion, and we found that some of its 

coefficients are not valuable. The model found can be used to draw conclusions and make decisions based 

on the results of a given experiment, but it cannot be used to make predictions. 

We will now construct the graphs in a single coordinate system to compare the connections found.  

Maple software  

> restart;  

> with(stats):with(plots): 

> x1:=1.5:x2:=4:x3:=5:x4:=7:x5:=8.5:x6:=10:x7:=11:x8:=12.5: 

> y1:=5:y2:=4.5:y3:=7:y4:=6.5:y5:=9.5: y6:=9:y7:=11:y8:=9: 

> r1:=rhs(fit[leastsquare[[x,y],y=a*x+b,{a,b}]] ([[x1,x2,x3,x4,x5,x6,x7,x8],[y1,y2,y3,y4,y5,y6,y7,y8]]));  

 

> r2:=rhs(fit[leastsquare[[x,y],y=a*ln(x)+b,{a,b}]]  

([[x1,x2,x3,x4,x5,x6,x7,x8],[y1,y2,y3,y4,y5,y6,y7,y8]]));  

 

> r3:=rhs(fit[leastsquare[[x,y],y=a/x+b,{a,b}]] ([[x1,x2,x3,x4,x5,x6,x7,x8],[y1,y2,y3,y4,y5,y6,y7,y8]])); 

 

> NXY:=pointplot([[x1,y1],[x2,y2],[x3,y3],[x4,y4],[x5,y5],  

[x6,y6],[x7,y7],[x8,y8]],thickness=3,symbol=BOX,symbolsize=30,color=red): 

> p1:=plot(r1,x=1..16,4..13,linestyle = [solid], legend=["y=ax+b"],thickness=3,color=[blue]): 

> p2:=plot(r2,x=1..16,4..13,linestyle = [longdash], legend=["y=aln(x)+b"],thickness=3,color=[red]): 

> p3:=plot(r3,x=1..16,4..13,linestyle = [dashdot], legend=["y=a/x+b"],thickness=3,color=[black]): 

> display(p1,p2,p3,NXY); (Figure 1) 
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 Figure 1. Link comparison chart. 
  

Regression equation 

Degree of 

freedom 
Dispersion 

Fisher's 

criterion 

The 

average 

error 

aproc. 

Student Criteria 

k1 k2 general residue Ftab Fk1,k2 Ai, 100 t1 t2 tkr 

y=0.53x+3.73 7 6 5.28 1.47 3.59 4.21 13.11 3.06 3.6 2.45 

y=2.71·ln(x)+2.7 7 6 5.28 2.00 2.64 4.21 15.58 1.64 1 3.57 2.45 

y=-8.05/x+9.34 7 8 5.28 3.28 3.28 4.21 20.21 3.44 -24.4 2.45 
 

CONCLUSION. Thus, we can see from the last table that the linear link-model found on the basis of the 

small squares method is the best regression equation for the experimental results: the smallest residual 

variance (
2 1.47qoldS  ), the largest Fisher criterion F (F = 3.59) and the mean of the data to the smallest 

deviation-approximation (13.11%), both coefficients are valuable according to the Student's criterion (t1>tkr, 

t1>tkr). This means that the linear relationship formed for the experimental results is completely adequate, 

and we found that all its coefficients are valuable. We have seen that accurate, fast, and high-quality results 

can be obtained using Maple to build a model and determine its effectiveness to draw conclusions and make 

decisions based on the results of a given experiment. 
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