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Properties of true errors
True errors were be found when we know the true value of the measured quantity. In geodetic measurements and in any other measurements, the true value of the measured quantity is unknown, therefore the most probable value of this quantity is taken, the sum of probable errors must be zero, the sum of true errors must be zero, therefore it is necessary to investigate the probable and true errors in an algebraic circle .
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The nature of true errors is manifested in closed systems, each (any) element of a closed system is neutral and opposite to all other elements and can be the beginning and end of the system. Therefore, a simple, closed system was be considered as some kind of algebraic circle of elements, the dimensions of which are measured not exactly, but with some error.
Definition 1. The set of all elements of a closed system is called a circle K, if the algebraic sum of the values of these elements is a true physical quantity.
[bookmark: _GoBack]Definition 2. The set of all elements of a closed system is called a circle M if the algebraic sum of the values of these elements is zero.
In circle K and circle M, we consider their own subsets, arcs D and  which are opposite to each other and such that [1]
                            .                            (1)
Theorem. If the elements of the system create circle K or circle M, then the algebraic sum of their true errors is zero, and the algebraic sums of errors of the elements of any two opposite arcs D and D ̅ of circle K or circle M will be equal in magnitude and have opposite signs.
Proof. Let X1, X2, . . ., Хn are the true values of the elements of circle K or circle M; x1, x2, . . ., хn – approximate (measured) values of the elements; Δ1, Δ2, . . ., Δn are the true errors of the elements.
If C is the algebraic sum of the true values of the elements of the circle K, or C = 0 in the circle M, then we can write
                                                                                                   (2)
Let's add the right and left sides of these equations, we get:
                     Δ1 + Δ2 + . . .+ Δn = x1 + x2 . . .+ xn – (X1 + X2 + . . .+ Xn).
Here the algebraic sum of the elements will be
                                                 ,                                       (3)
then the sum of the true errors of the elements will be
                                                         .
Let's divide circle K or circle M into two opposite arcs D and , introduce the notation
                             .                                          (4)

Then the true errors of arcs D and  will be determined
                                                                                                   (5)
                                                                                                   (6)
Let's add the left and right parts of equations (5) and (6), we get
                                .
But by definition
                                           ,
therefore
                                                           ,
                                                         ,
or
                           ,

                         
Let's take all equal internal angles β1, β2, β3, . . ., βn of a closed polygonometric (or theodolite) course, which create a circle K, because their true sum is known: .
If Δ1, Δ2 Δ3, . . ., Δn are the true errors of the angles, then by the theorem we get
                                                       .
For example, let's take all equalized excesses h1, h2, h3, . . ., hn of a closed leveling stroke. The set of all excesses creates a circle M, because the algebraic sum of the excesses is zero, i.e . Suppose that Δ1, Δ2, Δ3, . . ., Δn are true errors of excesses, then also
                                                        .
For example, let's take all equalized excesses h1, h2, h3, . . ., hn of a closed leveling stroke. The set of all excesses creates a circle M, because the algebraic sum of excesses is zero, that is, . Suppose that Δ1, Δ2, Δ3, . . ., Δn are true errors of excesses, then also
                                                        .
Let's divide the circle M into two opposite arcs D and , i.e. first take any excesses from M, in the amount from one to n -1 excesses, regardless of the order of excesses in the course. This set of excesses will create the arc D, and the set of excesses that will remain will create the opposite arc , from the theorem it follows that the algebraic sum of all true errors of the excesses of the closed stroke is zero, and the algebraic sums of the true errors of the arcs D and  have equal modules and opposite signs.
To determine the planned coordinates x and y of points of polygonometric (theodolite) moves, coordinate increments are determined by formulas
                                                    ,
where d is the measured distance (horizontal laying) between adjacent points, the coordinates of which are determined; α are equalized directional angles, which are reduced to circle M.
We equalize the increments of the coordinates, bringing them to the circle M, in such a way that
                                                    ,
where n is the number of defined points.
By making corrections to the coordinate increments, we thereby equalize the lengths of the measured distances between adjacent points.
Note that the circle M is formed in the same way by the equalized increments of the coordinates of the points of the closed polygonal (theodolite) course.
In a closed equalized system, true errors do not accumulate, but are compensated.
True errors do not accumulate in the sums of elements of a closed equalized system. If the angles of a closed polygonometric (theodolite) course are precisely measured, and then they are equalized, and if the mean square error of the alignment of the angles mβ is known, then all the directional angles of the sides of the polygonometric (theodolite) course have the same mean square error mα = mβ. Similarly, if in a closed leveling course the excesses with the root mean square error mh of the leveled excess are exactly measured, then all the heights (marks) of the points (benchmarks) will have such mean square error mH = mh. If the distances between the points are exactly measured and the mean square error of determining the distances md is obtained during alignment, then the mean square errors of the coordinate increments with equal influence of the accuracy of linear and angular measurements will be
                                                    ,
these formulas include mean squared errors in determining the lengths of lines and angles.
The given theorem establishes a feature of the distribution of true errors. It is proved that the algebraic sum of the true errors of the elements of the closed equalized system is zero.
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