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The aim. To study the abilities of electronic tacheometers to control geometric parameters of engineering
constructions. Methods. The analysis of standard-setting documents for conducting geodetic works in industrial
production and construction was carried out. The methods and devices used for this purpose were explored. Results.
It is proposed to use electronic tacheometer and special methodology for such tasks. For this purpose, the research of
a distance-measuring theodolite of an electronic tacheometer was conducted. In order to control the measurement of
distances directly on the construction site, a 10-meter invar wire stand was developed, which was previously tested at
the 1st-grade standard in the research institute of metrology with an accuracy of no greater than 0.01 mm. The method
of transmission of reference distances, where special spheres and geodetic points are fixed by an aperture were
developed. For direct measurements of the sections, the method of invar wire tensing was investigated, and
mechanical balancing of the weighing system was performed. The control of the instrument's angular values was
fulfilled on a higher-order metrological installation. The influence of non-perpendicular axes and eccentricity on the
accuracy of angles measurement was established. To optimize pointing at a reflective mark, the design of the mark
and the special bracket, which with the accuracy of not worse than 100, orientates the mark perpendicularly to the
light beam of an electronic tachometer, was researched. The triple prism was also investigated, the relationship
between height, diameter and reflection center was established. The design of a spherical reflector and a stand for
laying runs with compensation of centering, reduction, and heights measurement of a device-reflector was developed.
The construction of a bracket (vector) with two reflectors for the measurement work was developed. A three-
dimensional model of an industrial object for optimal planning of places for fixing a geodetic basis and transition
points of an electronic tacheometer was elaborated. Scientific novelty. The method of balancing forces in a geodetic
tripod can be considered as the basis for the initiation of an automated centering of a device. Optical calculation of a
triple prism can be used to determine a permanent of a geodetic device without measurements on the basis. The
calculation of the optimal geodetic mark image provides unambiguous visibility and increases the accuracy of angular
measurements. Practical significance. Using the developed method, it is possible with the help of any tacheometer to
determine the spatial coordinates of an engineering construction with control and optimal accuracy.

Key words: technical measurements, precision measurements, standard linear basis, study of electronic
tacheometers, instrument correction, linear angular measurements, optimization of geodetic measurements.

Introduction

Modern development of some fundamental
branches of science and spheres of the economy
lead to the necessity of constructing unique
structures and installment of scientific and
technological equipment with high precision. These
structures include: linear and ring nuclear
accelerators, large radio telescopes and antenna
complexes, automated production lines, and other
special structures. Normal functioning of such
aparatus during their operation is only possible with
high accuracy with the connection of elements of
building  structures and the technological
equipment.

During construction and operation of civilian
high rise buildings, large industrial buildings,
nuclear and thermal power plants, large reactors,
bridge transitions, radio-antenna complexes, and

installations of technological equipment, high-
precision  geodetic measurements are also
performed. The parameters of structures subject to
control in metallurgy, engineering, energy,
transport, and civil engineering have dimensions
of up to hundreds of meters, and the precision for
their control is from 0.02 to 0.5 mm [Baran, 2012].
The problem of increasing the geometric
accuracy during construction of engineering
structures led to the need to develop new methods
of engineering and geodetic works and control and
assembly measurements. These issues are relevant
to the improvement of the methods of constructing
planed-high-altitude backbone geodetic networks.
The standards for the accuracy of the work and
the choice of instruments are regulated by the
normative documents of Ukraine [National Building
Regulations (DBN), 2010, National Standards of
Ukraine (DSTU-N), 2009]. We will also consider
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some of the standards of European requirements in
this field [ISO, 2014, ISO, 2015].

Let us take a closer look at National Standards
of Ukraine [DSTU-N, 2009], where the key
element is the allowance — the absolute value of the
difference between the boundary values of the
geometric parameter. The allowance is set and
depends on the nominal dimensions of the part and
the accuracy class.

Dx=i>k, €))
where 1 — the unit of allowance (the value of the
interval being measured), k — the coefficient of
accuracy.

There are nine allowances:
manufacturing of building construction:

1) Linear sizes;

2) Linearity;

3) Perpendicularity;

4) Diagonal uniformity;

geodetic marking:

5) Marking points and axes in plan;

6) Rendering points and vertical axes, as
well as pivoting points,

0 7) Marking and transfer of altitude marks;

installation and construction work:

0 8) Landmarks adjustment;

0 9) Installation symmetry.

There are six classes of accuracy: two for
metal construction as well as for reinforced
concrete and brick constructions.

An absolute margin of error is distinguished,
which is normalized, and an actual margin of error
is obtained from measurements. For a measured
parameter to correspond to a certain accuracy class,
the actual margin of error must be less than the
absolute. The absolute margin of error is linearly
dependent on allowance:

dXe = K XDX, )
where K — coefficient, that depends on the purpose
of measurement and the nature of the object.

Thus, for the measurement performed under the
control of the accuracy of the elements
manufacturing and installation, as well as the
accuracy control of the marking works, K = 0.2 is
taken. For the measurement, performed in the
course of marking works, K = 0.4 is taken.

The measurements of the mean square error is
obtained directly with a confidence probability P =
= 0.988 linearly depends on the actual margin of error:
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Table 1 shows the value of allowances and
errors for the first, third, and fifth classes of
accuracy at K = 0.2 for a four-meter component.

Since the construction may consist of several
components, the concept of functional allowance,
that is a system of modules (a set of rules for the
interconnection of the dimensions of volumetric-
planning or structural elements of buildings and
structures), is introduced in the standard [DSTU-N,
2009]. Also, the notion of a dimension chain is
introduced — a set of dimensions that forms a closed
loop, which is directly used in solving the problems
of construction technology.

Analyzing Table 1, we conclude that the
accuracy requirements for the mean square error is
from 0.02 mm to 5 mm for the various classes of
accuracy and different allowances are quite high.

Table1
Allowances and errorsfor thefirst, third,
and fifth classes of accuracy at K = 0,2

Alloj\\fv_ance Dx,mm | &, mm | d,,,mm

Accuracy | s sl [ 3]s | 1 | 3]s
class

1 0.2/1.0/6.0 | 0.04/0.2/1.2 | 0.02/0.1/0.5
2 1.0/6.0/38 0.2/1.2/7.6 0.1/0.5/3.0
3 0.2/1.6/10 | 0.04/0.3/2.0 | 0.02/0.1/0.8
4 1.0/6.0/38 0.2/1.2/7.6 0.1/0.5/3.0
5 0.2/1.4/9.6 | 0.04/0.3/1.9 | 0.02/0.1/0.8
6 0.2/0.6/3.8 | 0.04/0.1/0.8 | 0.02/0.04/0.3
7 0.2/1.0/6.4 | 0.04/0.2/1.3 | 0.02/0.1/0.5
8 1.5/9.6/64 0.3/1.9/13 0.1/0.8/5.2
9 0.6/3.6/26 | 0.12/0.7/5.2 | 0.05/0.3/2.1

In Ukraine, where the production of high
precision geodetic equipment is not
implemented practically, the classic approach to
controlling the geometric parameters of engineering
structures is predominantly used. Thus, in the
scientific works of Borovyi and Baran [Borovyi,
2017, Baran, 2012], the control of geometric
parameters is performed by the following methods:

Verification of linearity is performed by string,
string-optical, optical micrometry, indicator,
collimation, autocollimation, auto-reflection, and
interference methods. The basis of these methods is
the construction of a pivot and the measurement of
deviations in relation to it by special devices such
as alinometers.

Verification of axial alignment is performed by
placing rectilinear structures in relation to a pivot in
the two planes. Theodolites and roulettes are used.

Horizontal  verification is completed by
a horizontal leveling method with an improved
mechanism. Geodetic levels are used.
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Verification of the high-altitude position of

structuresusesthe  method  of  geometric,
hydrostatic, and micro leveling.
Verification of the dopeis performed

by the method of leveling and asloping pivot. In
this case, levels and optical quadrants are used.

Vertical verificationuses the method of a
mechanical vertical, optical vertica, and of a
vertical reference plane. Instruments of vertical
projection are applied. For example, to control the
verticality of shafts in ionization channels of the
nuclear power plant, and the linearity of the beams
of suspension cranes, it is necessary to issue
modern vertical projection devices with a
micrometer nozzle.

Verification of parallelismuses the method of
side leveling. The instruments used areinside
gauges and roul ettes.

Verification of perpendicularity applies the
method of determining the horizontal angle between
two flat dructures. Theodolite and electronic
tacheometer are used.

Verification of plane is conducted by the
method of leveling the surface. The devices used in
this case area geodetic level, camera, electronic
tacheometer, and a laser scanner.

Verification of curvilinearity appliesthe method
of rolling and encircling. Inside gauges and roulettes
are used.

In the works of Burak and Voitenko [Burak,
2010, Voitenko, 2011], the use of electronic
tacheometers for the observation of complex
engineering constructions was proposed.

It should be noted that the European practice
of execution of such works differsfrom ours. With
access to the development of specialized
equipment, their engineers, for virtualy every
measuring task, create a unique device and offer
measurement techniques. For example, in the works
of Werner and Bihter [Werner, 2017, Bihter, 2010],
it is recommended to use special equipment such as
inclinometers, laser trackers, and scanners, to
determine the geometric parameters and study the
stability of the spatial-temporal position of building
structures.

The world-renowned TESA  Company,
Switzerland, and the newly formed
Ukrainian company Microtech PNPP for high-
precision measurements, offer to use modern dash
devices equipped with an electronic display and
automated counting. These devices are high-
precision and can be used only for small linear
objects. Main technical characteristics include:
range of workin terms of distanceis 0-0,3 m,

measuring speed — 1/5 s, accuracy of measurements
+0,05 mm.

3D scanners should also be used for high-
precision engineering measurements [Romanishin,
2012]. The essence of terrestrial laser
scanning means measuring  distances from the
scanner to the points of the object at high speed
and registration of the corresponding directions
(vertical and horizontal angles). The principle of
the object's general mapping, not its individual
points, is used. Therefore, aterrestrial laser scanner
can be characterized asa mapping measuring
system, thework resultof which is a three
dimensional image, the so-called scan (cloud of
points). The representation of the results of
terrestrial laser scanning is an array of laser
reflection points from objects in the field of view of
the scanner, with five characteristics, namely
spatial coordinates (X, Y, Z), intensity and color.
Main technical characteristics include: range of
work in terms of distanceis 0.6-130 m, measuring
speed — 976000/1 s, accuracy of measurements
2 mm.

The principle of a laser tracker operation in the
geometric sense is the same as of alaser scanner.
The device measures horizontal, vertical angles and
spatial distances. In the physical sense, the deviceis
more perfect, and as a result more accurate. The
scientific work [LEICA, 2014] presents the use of a
laser tracker for virtually all measurements.

Main technical characteristics include: range of
work in terms of distanceis 0—-80 m, measuring
speed — 16 000/1 s, accuracy of measurements —
16 um + 0,8 um/m.

Coordinate-measuring machines are high-tech
and precise. They are thesystemsthat have six
degrees of freedomwith three directions of the
axesand three turning corners. In determining the
coordinate system, the parameters of the degrees of
freedom, which are stored in the program for
coordinate transformation, are calculated. Control
points (geodetic points) are used to set the external
coordinate system. The general principle of the
coordinate-measuring machine's operation is that
the object is measured by a spherical probe. During
each contact to the surface, the coordinates are read
aong the directions of the X, Y, Z axes. The
coordinates of the points defined by the probe are
transmitted to the computer for analysis. Before the
measurements are performed, the calibration of a
probe, as well as determining its diameter and
distance along the axes X, Y, Z from the base point,
are carried out.
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Before measuring a component, the coordinate
system in which all calculations will be performed
is determined. The coordinate system is usually
defined on the basis of a technical drawing of, for
example, planes, cylinders, cones, or control points
on surfaces of arbitrary shape.

Main technical characteristics include: range of
work in terms of distanceis 0-3.7 m, measuring
speed —1/1 s, accuracy of measurements — 6 um.

Fig. 1. Measurement technology integrated graph

From the analysis of the listed geodetic systems
for the measurement of building structures a
schematic diagram (Fig. 1) is compiled, in which
the indicated instruments for measuring, their
accuracy, and range of distances are shown.

Electronic tacheometers are predominantly used
in Ukraine, thus there is a need to take a closer look
at their capabilities.

Aim
To study the possihilities of electronic
tacheometers for the control of geometric

parameters of engineering constructions.

M ethods

It is proposed to consider the measuring system to
determine the geometric parameters of engineering
condruction (Fig. 2), which incdude an eectronic
tacheometer, a single prism transducer, a spherica
transducer, a dud prism transducer (vector), and a mini
tripod.

For further research we will use the
electronic tacheometer Leica TCR1201 R300 with
the following basic technical characteristics:
accuracy of distance measurement is1 mm +1 ppm,
accuracy of angles measurement —1".

The advantages of this measurement system
over the ones mentioned above are obvious:
mobility, a large range of distance measurement,
and lower costs.

Fig. 2. Measurement system for determining
the geometric parameters of building construction

Concerning the determination of the
measurement accuracy, this question requires
additional research, becausein this caseit is
necessary to take into account severa factors:
firstly, direct measurements of horizontal, vertical
angles and distances that are carried out under
complicated industrial conditions, which affect
observance of the accuracy of measurements;
secondly, the accuracy depends on the binding to
the origina geodetic basis (network configuration);
thirdly, the direct accuracy determination of the
spatial coordinates of the measuring object.

The control of the angle measuring part of the
electronic tacheometer Leica TCR1201 R300 is
caried out on “VETU” 01-03-05-98 “AUPNT”
autocollimating installation designed to determine
and control the metrological characteristics of
geodetic instruments, namely optica and laser
levels, theodolites, vertical projection devices. and
the angle measuring part of optical and electronic
tacheometers (Fig. 3). The average square error of
the angle of 180° reproduction by autocollimating
“AUPNT"” sight tubes in the vertical and horizontal
planes does not exceed 0,7"". We performed six
measuring methods, determined the impact of
eccentricities and non-perpendicularity of the axes
on the accuracy of the angles, and the mean square
error of measurement of the horizontal and vertical
angles was determined.

To enter an electronic tacheometer into the
coordinate system of an engineering structure or a
large-sized component, it is necessary to perform
collimating and measuring for at |east two paints.

According to V. Bolshakov [Bolshakov, 1976],
the most precise visual focusing can be performed
on a single bar, with which the horizontal and
vertical lines of the net of threads are aligned. To
optimize the geodetic mark in order to
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accurately collimate the mark on the drawing, the
intersection of the two lines should be depicted.
However, given the problem of ensuring the
perpendicularity of the mark plane to the beam, the
intersection of the lines is better to replace it with
the point of a certain diameter.

Fig. 3. Installation of “ AUPNT”

Let us consider our argument in more detail.
For this we use the Rayleigh resolution formula
(Rayleigh's Criterion for resolution). It relates to the
same extent toal devices, because it is
predetermined by the resolution of the eye. We see
two points separately if they are perceived by
different photosensitive cells on the retina of the
eye. Andthis happens when the center of the
diffraction disk of the one coincides with the
minimum on the diffraction pattern of the second.
In other words, the condition or the limit of
resolution (the ability to see separately) is the
angular half-width of the first diffraction minimum
from the gap.

There are two resolutions distinguished. Linear
resolution is the minimum distance between two
separate point objects, in which they are perceived
as separate objectsthat donot merge. Angular
resolution isthe minimum angle between point
objects, when they are still percelved as separate
objects. The resolution of optical devicesis limited
by both the fundamental physica laws (for
example, diffraction of light),as well asthe
imperfection of the device.

Thus, according to Bolshakov [ Bolshakov,
1976], the condition of optical resolution is written
as.

d A

—=122=, 4
5 - (4)

where 4 = 570 nm, the average wavelength of
optical range, a = 2 mm, the mean diameter of the
human eye pupil, d is the distance between the two

points on which they are observed as separate, D is
the distance from the observer to the surveying
target.

Having entered into (1) the value p, — the
number of seconds in the radian and v — the
increase of the sight tube, we obtain the formulas
for determining the limiting resolution while
collimating with the naked eye and with a sight
tube:

d_ 1024, (5a)
D a

d 104 P (5b)
D a-v

We substitute the values in the given formulas,
bringing them to the same units — meters:

( d j _1.9,0.00000057- 206265 __ .
D Jgye 0.002
d

(_) 192 0.00000057 - 206265 _
D Sghttube

24.

0.002-30

We calculate the boundary resolution d for
different distances D. The results obtained are
given in the table. These calculations are confirmed
by the results of the visual acuity test of Golovin-
Sivtsev [Chyzh, 2013], where it is considered that a
person has a “perfect” sight if he/she can read the
row from a distance of 5 meters, while the distance
between the elements is 3 mm. Fig. 4 graphicaly
shows the values of Table 2 for the 30* sight tube.

Table 2
Limiting linear resolution at different
distancesfor an eye and a sight tube with
an increase of 30*

D,m 5 10 20 30 40 50

d, mmeye| 1.7 35 7 105 | 14 | 175
d, mMmS7T.| 0.06 | 0.1 0.2 0.4 0.5 0.6
£
g 200 .
- 100 i
: e |
gi-10— b 5 @
'E'{"]} i i g i® M!" .

008 0.0 020 04 o5 os 128 5 5}-—. Distance, M

Fig. 4. Limiting linear resolution at different
distances for a sight tube with an increase of 30*

Based on theoretical calculations, we proposed
an optima image of the geodetic mark for
collimation at various distances, which is presented
inFig. 5.
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Section for collimation to 200 m —
Section for collimation to 100 m —
Section for collimation to 50 m —
Section for collimation to 10 m —=—

Fig. 5. Optimum image of a mark for
accurate colliamting at different distances

Concerning the reflective material, in the work
of Lambin [Lambin, 2011], light reflective films
based on microprisms were investigated, which
found that the fairness and accuracy of the distance
measurement and the angles on the film reflectors
depend on the perpendicularity of the reflecting
surface to the visor plane of the beam.

In order to ensure high accuracy of
measurements, and compensate for the error of
non-perpendicularity, it is proposed to start the
measuring geodetic work with planning in three-
dimensional space. For this purpose, a three-
dimensional holder was developed, Fig. 6.

A spherical reflector and a stand were aso
developed for the transfer of the geodesic basis
coordinates from the origina basis to the points of
measurement of the building structure, in the
process of which compensates for the errors of
centering, reduction. and height measurements, see
Fig. 7.

Angle of slope,
numerical valueis
determined by the
angle of slope of
agiven direction

Angle between planes,
numerical valueis
determined by the
position angle of
agiven direction

Fig. 6. Three-dimensional holder

Fig. 7. A spherical reflector
and a stand

The man eements of the manufactured
reflector are a triangle of optical glass BK7 with
parameters. diameter — D, height — H, distance —
A from the entrance border to the center of
reflection — O and d — path of light beam in atriple
prism. Also, the metal sphere with the parameters:
R — radius and center — O. Dependences were used
to calculate the parameters of the reflector.
[Rusynom, 1963]:

H
A=1s163" ©
d= % J3. ©)

The following values were obtained for the
spherical reflector we designed: D = 40.6 mm,
H=29.1mm, A =19.19 mm, d = 35.16 mm.

To control the distance measuring component, a
working ten-meter standard unit of length from the
invar wire and two scales, as well as a tensioning
and balancing system were made.

An instalation kit for measuring 10-meter
segmentsis shownin Fig. 8.

The actual value of the length of the working
standard was determined on “BETY” 01-03-05-98.
It needs to be noted that the transfer of the unit size
of the working standard to the standard measuring
tape of the 2nd level and the working means of
measuring equipment, namely the meters of linear
displacements and measuring wires up to 24 m, can
be carried out by direct measurement in accordance
with the National Standardsof Ukraine 3741-98
“Metrology”.

We have improved the method of measuring the
segments by invar wire. Dimensions have been
reduced to 10 meters, a tension system has been
developed, and a photo fixation technique which
provides accurate counts from 20 to 40 microns has
been used [Perii, 2014].

Fig. 8. Set of installation for measurement
of ten-meter segments
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State verification standard “VETU” 01-03-05-
98 for measuring instruments of length with an
accuracy of 1 umisshowninFig. 9.

Fig. 9. Calibration of a ten-meter invar wire

The measurement scheme of the basic ten-meter
segment is shown in Fig. 10. In order to maintain a
stable position of tripodsl and 2, the task of
balancing the tension system arises. finding the
optimal distance | from the support leg to the center
and the height of the tripod — h.

In order for the tension system to be in
equilibrium, it is necessary that the tripods 1 and 2,
which perceive the horizontal forces caused by the
tension of the invar wire and the weight of the
counterweight to a 10kg weight, bein a position of
stable equilibrium (Fig. 10). This balance will be
ensured when al the legs of the tripod exert a
clamping force.

Fig. 10. Installation scheme for measuring
10-meter sections

To establish the correspondence between the
active forces and the geometric parameters of the
tripod, which provide the above conditions, we
consider the equilibrium of the node D (Fig. 11).

Since the spatial convergent system of forces
makes influence on the object of equillibrium, we
write the equation of equilibrium in the form:

> Fz =0,—P+ R cosa + R, Cos + Rycosa =0
D Fy =0,-P+Rsina - R,sinacos60- Rysinrcos60=0 (8)
D Fx =0-R,sinacos30+ Rysinarcos30=0

From the third equation of the system (8), we

have R,;=R;=R. Then, we substitute the obtained

values in the first and second equations and express
R and R; in thisway:

R P(tga -1)

3sina ©
R-——_2R (10)
" cosa '

The analysis of the dependences (9) and (10)
shows that at o <450 the forces of R and R; will be
negative, and at a> 450, they will be positive. This
means that, based on the condition of equilibrium
(8), at a> 450 the tripod will be in a stable
equilibrium position, and a a <450 - the
equilibrium will be disturbed. The angle o> 450 can
only be provided under condition | > h (Fig. 10).

The calculations of the tripod balance during
loading according to Fig.11, can be checked,
considering the balance of only the leg, which rests
in the projection (point A). We record the moment
of force at point A:

D M ,(F)=0, (11)
-Ph+Rl =0 . (12

For equilibrium it is necessary to withstand the
condition:

Rl >Ph. (13)

Since P, = P, then the equilibrium condition
will be written as:

[>h,
which corresponds to previous calculations.

(14)

ITincraBka

Fig. 11. Balancing of the force system
of tension installation
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Since geodetic tripods in the expanded state have a
maximum length of 1.8 m, in order to ensure
equilibrium of the system, the points of the geodetic
basis should belaid a aheight of not morethan 1.3 m.

It is also suggested to use a three-dimensional
model, where coordinates of stations and stamps
are apriori known. Given the available information,
it is possible to determine:

—optimal coordinates for station installation;

—accuracy of determination of the station
coordinates;

—horizontal and vertical angles to ensure
perpendicularity of the sight beam to the marking
plane.

The technique allows to reduce the number of
stations during the measurement works. For
example, a quadrangular structure can be measured
from two stations.

Scientific novelty and practical significance

The method of balancing forces in a geodetic
tripod is the first attempt to automate the alignment
of the device. Optical caculation of a triple
prism can be used to determine a permanent of a
geodetic device without measurements as the basis.
The calculation of the optimal geodetic mark image
provides unambiguous collimating and increases
the accuracy of angular measurements. The method
of laying the geodetic stroke with the use of a
spherical reflector on the supports, which
significantly compensates for the errors of
centering, reduction and measurement of heights of
the devicelreflector, is investigated. [Lithinsky
2015, Vivat 2015, Vivat 2016].

The proposed three-dimensiona model and
three-dimensional mark will increase accuracy,
efficiency and reduce the cost of engineering and
geodetic measurements.

Conclusions

The method for determination of geometrical
parameters of engineering structures in the spatial
coordinate system with the help of an
electronic tacheometer was researched. For this
purpose, a ten-meter standard for the control of the
distance measuring part was made.

The influence of the errors of angular
measurements on the coordinates being determined
was investigated.

A gpecid  device for linear-angular
measurements was created, which allows to center
special marks for measuring angles with glued
reflective films for measuring lines with an
accuracy of 0.05 mm.
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JOCIIJDKEHHA ITPUITAAIB 1JI1 BUMIPIOBAHHSA TEOMETPUYHUX
ITAPAMETPIB KOHCTPYKIIN IHKEHEPHUX CITIOPY /]

MeTta. BukoHaTn JOCIiPKEHHS! MOKIMBOCTEH €IEKTPOHHUX TaXEOMETPIB 1010 KOHTPOJIIO HUMU T'€OMETPUIHHIX
napaMeTpiB IH)XKEHEpHHX KOHCTpYKUii. Mertoauka. [IpoaHani3oBaHO HOpPMAaTHBHY JITEpaTypy Ha BHKOHAHHS
TeOJIC3NYHUX POOIT y MPOMHCIOBOMY BHPOOHHITBI Ta OymiBHUNTBI. J{OCTHI/KEHO METOAM Ta NpPWIATH, SKI
3aCTOCOBYIOTh ISl 1bOro. Pe3yabTaTh. 3alpolOHOBAHO BHKOPHCTOBYBATH Ui TAaKMX 3a/ad EJICKTPOHHUIA
TaxXeoMETp Ta CIICLialbHy METOAMKY. [l IbOTo MPOBEICHO JOCHIIIKEHHS BilalieMipa elIeKTPOHHOTO TaXeoMeTpa.
Jns koHTpodro BHMIipY Bigmanel Oes3mocepenHp0 Ha OyniBeIbHOMY MaWTaHUYUKy pPO3POOIEHO YCTAaHOBKY 3
JECITUMETPOBOTO 1HBAPHOTO JPOTY, SKY IOIEPEIHBO MOBIPEHO HAa €TaNOHI 1-TO po3psny y HAayKOBO IOCIiTHOMY
THCTUTYTI MeTpoJiorii 3 To4HicTiO, mo He mnepesuiryBana 0,01 mm. Po3pobneHo MeToamky mepenadi eTagoHHOT
BiJ1alli, B sIKiii BUKOPHCTAHO cClielianbHi cepr Ta reofe3nvHi MyHKTH 3akKpimsieHi oTBopoM. Jlist mpsiMux BUMIpIB
BIJIPI3KIB JIOCIIKEHO METOJIMKY HATSATY 1HBapHOTO JPOTY, & TAKOXK BUKOHAHO MEXaHIuHe BPIBHOBAXKEHHS I'MPbOBOI
cucteMd. KOHTpOJb KyTOBMX BEIMYMH NpPWIAAY 3AIHCHEHO HAa METPOJIOTIUHIM YCTQHOBII BHIIOTO MHOPSIKY.
BcraHoBieHO BIUTMB HEMEPIEHANMKYIISIPHOCTI OCEl Ta eKCIEHTPUCUTETY Ha TOYHICTh BUMIpY KyTiB. [lyist ontimizarii
HaBEJICHHS Ha CBITJIOBIIOMBHY MapKy IPOBEJCHO JOCII/DKCHHS PUCYHKa MapKH Ta CIENialbHOr0 KPOHIITEHHA, 10
JIalI0 MOJJIMBICTH 3 TouHicTIO B Mexxkax 10° 30pieHTyBaTH MapKy MNEpHEHIMKYJSIPHO JIO CBITJIOBOTO ITPOMEHS
CIIEKTPOHHOI'0 TaxeoMeTpa. TakoX IOCHi/UKEHO TPUIIENbIPH3MY 1 BCTAHOBJIEHO 3aJEXKHICTh MDK BHCOTOIO,
ZiaMeTpoM Ta IICHTPOM BiIOUTTS. P03p0o0IeHO KOHCTPYKILiIO CHEpUIHOTO BiIOMBAYA Ta MiICTABKH IS TPOKIATaHHS
XOJIiB 3 KOMIICHCAII€I0 MMOXUOOK IIEHTPYBAHHSA, PEAYKINi Ta BUMIpY BHCOT AU Mpuiamy i BimomBada. PozpobieHo
KOHCTPYKIIiFO KpOHIITelHHa (BEKTOpa) 3 IBOMA BiOWBaYaMu [T BUKOHAHHS 0OMipHHX po6iT. PO3po6iieHo TpuMipHy
MOJIEJIb ITPOMHCIIOBOTO 00’ €KTa IJIsi ONTHMAJIBHOTO IUIAHYBAHHS MICLb JUIS 3aKpPIIUICHHS T'€0JEe3WYHOI OCHOBH Ta
MepeXiIHUX TOYOK JUIsi BCTAHOBIICHHS €JIEKTPOHHOTO Taxeomerpa. HaykoBa HoBH3HAa MeTo 1 BPIBHOBRKEHHS CHIT Y
re0JIC3UNYHOMY ILITATHUBI MOYKHA PO3MIISIATH SIK OCHOBY JUIsl 3aIll0YaTKyBaHHSI aBTOMATH3allil LIEHTPYBAHHS MPHIIaLy.
ONTHUYHUHI PO3paxyHOK TPHIENIBIPU3MH MOXKHA 3aCTOCYBATH JJIsi BU3HAYCHHS MOCTIHHOI MOMPABKU I'€0/IC3UYHOTO
npwiany Oe3 BHMIpiB Ha 0Oa3uci. Po3paxyHOK ONTHManbHOrO 300pakKEHHS TIe0JIe3MYHOT Mapku 3abesrieuye
OJIHO3HAYHICTh Bi3yBaHHs Ta IIJIBUILYE TOYHICTh KYyTOBHX BHMiptoBaHb. IlpakTnuHa 3HauymicTh. Kopucryouncs
PO3pOOJICHOI0 METOJUKOI0, MOKHA OyAb-SIKUM EJICKTPOHHMM TaXxEOMETPOM BH3HAYMTH IIPOCTOPOBI KOOPIMHATH
IH)KEHEPHOT KOHCTPYKIII{ 3 KOHTPOJIEM BUMIpPiB Ta ONTHMAaIbHOIO IXHBOIO TOYHICTIO.

Kntouosi cnosa: TexHiUHI 1 BUCOKOTOYHI BUMIpPIOBAHHS, €TATOHHHUN JIHIHHUN 0a3uC, JOCIIIHKEHHS SIEKTPOHHIX
TaXeoMETPiB, MPHUJIAIOBA MOMIPABKA, JTIHIHHO-KYTOBI BUMIpH, ONTHMI3allis TEOIC3NIHNX BUMIPIOBAHb.
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