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Introduction. 

Calculation of the weight of the function in the parametric method of equalization. To evaluate the 

accuracy of any magnitude ix  should be given in the form of a function of measurement results, as a result of 

which the following formula of the theory of measurement errors can be accepted 
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The weight to be searched for is the magnitude, given the condition of the problem, or the desired unknown 
t  through equalized values of or measured quantities ix   can be clearly expressed by equalized values. Let's 

denote the evaluated quantity by F. 

Expressed by the equalized values of the parameters as follows 

),....,( 1 kttFF = , 

the second case, i.e. when it is expressed by the equalized values of the measured quantities, is as follows 

),....,( 1 nxxF = . 

will be. 

But all measurement results are expressed in the form of the following equations through the necessary 

unknowns: 

),...,1)....(,....( 1 nittfx kii ==  

then the second state easily follows the first state [1-5]. Therefore, we limit ourselves to considering only the 

first case (the case of expression of unknowns by equal values). 

So the following function 

),....,( 1 kttFF =  

is available and it is required to determine the weight of the quantity F. Here, t-values are not measurement 

results. Therefore, we will discuss as follows: += 0tt  va F and the size   can be considered as a function 
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of unknowns, that is, as unknowns of a system of normal equations. If we express the measurement results of 

these unknowns by , then the problem will have a solution presented in the form of the function of the 

measurement results of the quantity F. 

For this, we get the result as follows. Before,   We express the unknowns in the form of linear functions of 

the normal equations and the degrees of freedom. For example, these exemptions  lpa1 ,  lpa2 ,…., lpak  

are sums of , then it is not difficult to express the unknowns in the form of linear functions of l, i.e., in the 

form of the freedom terms of the correction equation. So if iiiii xxxtttfl −=−= 00
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1 ),,(  if we consider 

that the weight of the quantity is equal to the weight of the measurement result, the problem is solved, i.e, 

quantities act as the results of measurements in the assessment of accuracy. 

  it is easy to express the unknowns in the form of linear functions of the degrees of freedom of the normal 

equations using the inverse matrix [6-10]. We write the system of normal equations in matrix form. 

LN −=  

From here  

LN
N

L 1−−=−=  

QN =−1
 as and corresponding inverse matrix elements jsQ  we enter the designations via , here, j - line 

number, s - is the column number. In that case 

QL−=  

or 
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Any j  for the unknown can be written as follows 

kjkjjj LQLQLQ *....** 2211 −−−−=    (1) 

In the parametric method, the coefficients of the inverse matrix of normal equations are also called weight 

coefficients. 

 

The Main Part. 

1. Calculation of weight coefficients by the additional graph method 

jjQ  weight coefficients, that is, the diagonal elements of the inverse matrix are called coefficients squared. 

Below we will consider whether they are always positive. The remaining weight coefficients are called non-

quadratic coefficients. 

Coefficients off the square diagonal have properties of symmetry with respect to this diagonal, i.e 

QQ
sjjs

= .  (2) 

We will prove the validity of this equality below. 

It is known that the following theorem for square matrices is known from matrix theory 
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that is, the permutation operation and square matrix substitution can be interchanged. 

As a result of its symmetry, the matrix of coefficients of normal equations can be written as follows 

NN T =   (4) 
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therefore, taking into account (3) and (4), we obtain the following 

11)( −− = NN T
 

from here 

11 )( −− = TNN  

or 

= QQ  

that is, as we were asked to prove, the inverse matrix is also symmetric with respect to the main diagonal. 

Now let's consider the methods of calculating weight coefficients. 

These methods are based on the following known relationships 

ENNNN == −− 11   (5) 

(ya’ni 1
11
==

N
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N
) 

where E is the unit matrix. For N and Q matrices, equality (5) in expanded form is as follows: 
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  (6) 

Based on the rule of substitution of matrices and taking into account the symmetry of non-quadratic elements 

of matrices N and Q, for any arbitrary row (column), the following system of weighting coefficients can be 

written: 
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We got a system of normal equations that differs from the main system (for unknowns t) only by the degrees 

of freedom. In system (7), all free terms are equal to zero in all equations, except for the jth equation, where 

the free term is equal to 1(one). 

In order to find the s-th row of weighting coefficients, it is necessary to solve the system of equations almost 

the same as (7) by putting 1 (one) instead of the free term in the same s-th equation (the remaining free terms 

are zero) . 

The system of equations (7) is performed based on the calculation of weight coefficients by the method of 

additional graphs. This method is based on the following procedure. 

Additional graphs are included in the scheme of solving normal equations for each sought j-th row of weight 

coefficients. In this graph, -1 is written in the j-th equation row of the main system. In the additional column, 

the same changes are made as in the L column. 
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After all the transformations are completed, the weighting coefficients are calculated in the same way as the 

unknowns, but not by using the L graph, but by using the appropriate additional graph. 

The method of calculating weight coefficients using an additional graph is accepted only in cases where it is 

necessary to determine some rows of the inverse matrix. If it is required to find all the elements of the inverse 

matrix, then it is effective to choose the Ganzen method [11-15]. 

 

2. Calculation of weight coefficients according to the Hansen method 

If all the rows of the inverse matrix are counted in sequence, starting from the last and ending at the first, then 

no additional graphing is required. To determine all weight coefficients, it is sufficient to have the eliminative 

equations of the main system of normal equations. Such a solution may be the result of the property of 

symmetry of the weight coefficients with respect to the quadratic diagonal. 

We consider the calculation of weight coefficients by the Ganzen method on the example of four normal 

equations. 

First of all, we determine the last row of weight coefficients. We write down the following system of equations 

in the appropriate case. 
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For example, the free terms of the first three equations are equal to zero here, then the free term of the last 

equation remains unchanged after the first three unknowns are eliminated, as a result we get the following 

equation 

0144
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44 =−QN . 

in which the weight coefficient is as follows 
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In general, it is as follows 
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414243 , vaQQQ the weight coefficients can be easily found using the eliminative series, a scheme for solving 

normal equations. In these lines, taking into account the system (8), the free limits should be taken as zero 

[16-20]. Thus, the weighting coefficients are determined as follows 









++=

+=

=

44144313421241

4424432342

443443

QEQEQEQ

QEQEQ

QEQ

  (10) 

Below we write the system of equations for the third row of the inverse matrix 
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(11) the last of the four unknowns of the system is defined as Q33=Q34 above. 

We have the following system to determine the remaining unknowns 
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The second line of weighting coefficients is defined as follows 
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Finally, we get the following formulas for calculating the weight coefficients of the first row 
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After obtaining the inverse matrix of each successive j-th row, the following formula is used to check it  

1)(....)()( 222111
=−++−+−  jkkkjj QLQLQL   (15) 

It is easy to sum up this formula, the equations of any system of equations for the weighting coefficients [21-

24]. 

All calculations with the Hansen method are performed on small electronic calculators without intermediate 

records. 
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