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E

D

E1x

C '
E'

r1Er1D

rD'
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[ (C'D', C'E')]
2

C'D' (xC'D', yC'D', zC'D'), C'E' (xC'E', yC'E', zC'E')
AD', BE'

. (3)

C'D' C'E'

2
''''''''

2
''''''''

2
''''''''

2
''''

2
''''

2
''''

2
'' ','

EECzEDDCzD

EECyEDDCyDEECxEDDCxD

ECDCECDCECDCED

ztrztr

ytrytrxtrxtr

zzyyxxCCf

. (4)

', , ' AB
(

AD' BE'
C'.
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( 1).
C'
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min,',' ''''
2

'' ECDCED ttfCCf . (5)

(C'D', C'E')
C'D' C'E' AD'

BE' f (tC'D', tC'E').
tC'D' tC'E' AD' BE' .

tC'D' tC'E'

min

f (tC'D', tC'E')
[4].
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tD'M = tC'D' tE'M = tC'E'. (11)

xD'M, yD'M, zD'M (12), xE'M, yE'M, zE'M (13)
C'D'M (xD'M, yD'M, zD'M), C'E'M (xE'M, yE'M, zE'M),

(C'D'M, C'E'M) AD' BE'
min
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xC' C' (xC' = 0),
AD' AD'C'.

AD'C' AD'

2).
C

ABC1 C'
ABC1.

, , ,
AB

D

C
ABC1.

1) 

= = 63,9 = 19,5
= 45600 .

D1

1 15000 yD = AD1 = 10000 , 1 = 15000 .

xA = 0, yA = 0, zA = 0.
y z B xD D

y = 0, z = 0, xD = 0. zD D y , z
x
zD = AD1 tg = = 3875 ;
yE = BE1 sin = = 13470 ;
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zE = BE1 tg = = 5312 ;
xE = AB BE1 cos = 45600 = 39001 .

A (xA, yA, zA), B (xB, yB, zB), D (xD, yD, zD), E (xE, yE, zE)

AD BE ( 1).
xDM, yDM, zDM, xEM, yEM, zEM CDM (xDM, yDM, zDM), CEM (xEM, yE'M, zE'M),

(CDM, CEM)
AD BE min xDM = 0 ; xEM = 7,61 ; yDM = 93279 ;
yEM = 93066 ; zDM = 36149 ; zEM = 36699 .

C (xC, yC, zC)
[CDM, CEM].

x = 3,81 , y = 93172,1 , z = 36423,8 .

x = 3,81 , y = 106,5 , z = 275,7 .
x = 100 %, y = 0,11 %,

z = 0,75 %. x = 0,9 % x = 0,034 .

ABC1 [6-7].

ABC1

ABC1.

= AB = 45600
C'

ABC1

1)

= 1 = 1,33
xD' D' xD' = zD'

D' y , z x
zD' = AD1 = 261,86 yE' = yE = BE1 = 13470,41
zE' = BE1 ' = 349,1 xE' = xE = AB BE1 = 39001

A (xA, yA, zA), B (xB, yB, zB), D' (xD', yD', zD'), E' (xE', yE', zE'

AD' BE' ( 1).
xD'M, yD'M, zD'M, xE'M, yE'M, zE'M

C'D'M (xD'M, yD'M, zD'M), C'E'M (xE'M, yE'M, zE'M

(C'D'M, C'E'M AD' BE'
min xD'M = 0 yD'M = 93080,5 zD'M = 2437,4

xE'M = 0,0136 yE'M = 93081,15 zE'M = 2412,5
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C' (xC', yC', zC'

C'D'M, C'E'M]

x = 0,0068 y = 93080,8 z = 2424,95

'x = 6,8 -3 = 0,0068 'y = 0,325 ; 'z = 12,45

'x = 100 %, 'y = 0,0004 %, 'z = 0,5 %. 'x = 0,9 % x ' = 0,00006
C
ABC1

36423,8 CC1 = 36423,8 C'
ABC1 2424,95

C'C1 = 2424,95 .
 (C'C = CC1+C'C1)

C, ,
ABC1 C', ,

ABC1, C'
C

C'C=38848,8 .

. 1.

ABC1.

2.

ABC1

ABC1.

AB.
C'

ABC1

.
3. , , , ', ',

AB)

4.
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THE OPTIMIZING APPROACH TO DETERMINATION THE 
PARAMETERS OF AN INACCESSIBLE POINT 

In the present research the optimizing approach to the determination of 
the parameters of an inaccessible point of an object is developed. The common 
issues are revealed and essential steps of their resolution are identified. 

The essence of the problem is that the unavoidable contradiction between 
a need of obtaining the exact value of the determined parameter and an error 
involved in any measurement. The purpose of the present work is to develop in a 
complex three-dimensional geometrical and analytical models of the 
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determination of the minimum domain (area, vicinity) of values of the 
parameters of an inaccessible point of an object. 

It is achieved in two steps: 1. Development of a three-dimensional 
geometrical model with crossed directional rays for contactless determination of
the coordinates of an inaccessible point of an object under a given arrangement 
of the geodetic equipment. 2. Development of an optimizing analytical model for 
the determination of domain (area, vicinity) of values of parameters of an
inaccessible point of an object according to the developed three-dimensional 
geometrical model with crossed directional rays. In the proposed optimizing 
approach, the three-dimensional geometrical model with crossed directional 
rays for the determination of coordinates of the inaccessible point of an object is 
developed. It is discussed that points and C', coordinated of which to be 
determined, locates in domain [CDM, CEM], [C'D'M, C'E'M] of the minimum 

min between crossed directional rays. The optimizing problem of the 
determination of coordinates of an inaccessible point of an object in space is 
reduced to a problem of the determination of the minimum distance between two 
crossed directional rays. It is shown that the problem has a unique solution if 
the directional rays are not parallel. It is discussed that mathematical finding of 
an extremum of function of the distance between two directional rays, and the
discussed minimum, has real geometrical interpretation.

= f (tC'D', tC'E') reaches its extremum min when its partial derivatives by each 
variable are equal to zero. Therefore, the system of the differential equations 
solved. The required point C' (xC', yC', zC') can be located, for example, in the 
middle of the minimum segment [C'D'M, C'E'M]. The proposed approach is verified 
using real experimental data.

Keywords: an object, point, extremum, directional ray, collimating ray, 
coordinates of a point, geometrical model, analytical model.
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