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y254. �!�0 ��4�!� 7 +�"!�#��*� �*"+���$�#!) !� ��"& �1�##. ��% &'#�"! ��*���"!�##. +���"!�#���*
& $4� + � /�" ��$ �0��##. *)! � $�!���$ *�)����, +��(�$ � %������$� !����& !�$�. y25,3�!4. ��$ �0��##.
������#!�&'#�, *)! � ) �������/#�, $���1�, ��)��##. !�  #1�#��#�-�������/#�, $���1�, �� ("#00!' $�!���$
*�)����, +��(�$ �, .*�� #�+�.$* � 4 &'-� � � ���,. ��1&���, ��4 ��$ �0��##. *)! � ��&�"' ) "+��.!&���,
)$���,, *�&� ��4��1�##. � ���#�, % &�( "+�* (# �4� "&�4*� *�&���0!'".. �'����# � �$�-����4#�*� � �#�,
*���# "� !) ��+)"*�0!' 4���!� %������, !����& ! �, +�����1#� ���& ����#�, ) �&�*!��##�, !�,��$�!��, (39), �
� �#�$� "�"!�$�$� ���#�/�##. *)!���, ��&�/�#. 6��4 &'-��� %����� !����& !� (39) +�� &.0!' �� !�/# "!0 #�
+��%�� (#  (".*.+. *)!� <1'')  !�/#  (".*.+. *)!� �� 5''). 9�/# "!' ��$ �0��##. ��&�1�!' � � �+&��) #��*� +�,�4�*,
"���� .*�,  #"!�)$�#!�&'# , +�,�4*� �+���!��� !� +�,�4*� ���# -#'��� "���������. ����, � � � �+!�*�-
$�,�# /#�, !����& ! � �� %������, #� +����4�/�7 �$�#-�##. �+&��)  #"!�)$�#!�&'#�, +�,�4�* /� �, +��#�
)")#�##., !�$) +�"!�7 +�!�##. +�� ��% &'# "!' ��$ �0��##. *)! � &�-� � ��# 7� )"!�#��*� & $4�  +�� !�,
#�"* &'*� ��% &'#� ��*���"!��)��!� +���"!�#��*� & $4� + � /�" ��$ �0��##. *)! � $�!���$ *�)����, +��(�$ �.
�+&��  * &'* "!'  #"!�)$�#!�&'#�, +�,�4�* � +�.��0 %������, !����& ! � (39) #� �$�#-�&�"', � +�,�4�*
�+���!��� "!�&� ���� $�#-�, �"* &'*� � �& * �� ("#07!'". 4�� (��� )/�"! , ��!�$�!�/#�. ��,�4*� ���# -#'���
"��������� ��&�-�0!'".  �,# ( �+&�� �$�#-�!� "*&��#�. ��$ �0��##. *)!�$ �#�� /�"!�#� %��������
!����& !� (39) ��!�$�!�����# , � ���)&'!�!� � �)�& �)0!'". #� ��"+&��. �+���!�� �� ("#07 %�#!�)��##.,
�"!�#��&07 +��&�� ) ��4�/�( "!�#  ��*�#)7 � �)��##.. �!1�, +�!� 4#� ��"& ��!� ��% &'# "!' ��*���"!�##.
$�!��) *�)����, +��(�$ � �&. ��$ �0��##. ������#!�&'#�, *)! � %������$� !����& !�$� (39). �2f�-d545�.

&. +������##. �*"+���$�#!) � � 4��#� * &'*� #�(+�-���# -�, ")/�"#�, %������, !����& ! � (39) � �#�,
� �$-����4#�* � !� $���� *�% (. ��$ �0��##. ��*�#)��&� �� ���$� +�����$�$� ) - "!' +��(�$ �. 
&. "�$�
%������, !����& ! � (39) ��*�#�#� ��$ �0��##. ������#!�&'#��� *)!�, +���#�& ����#� !� �% #�#� !�/# "!'
�!��$�#�, ���)&'!�! �, �� ("#�#� �, #��$�& ��% 0 !� *���&.% (#� �+��%0��##. ���)&'!�! � ��"& �1�##..
�4�!,.4 /,.�f/4 54 �14!5�9/2 f/492//j. �)/�"# �������/# +��&���, ��*��$� %����� !����& !� (39),
"'����# ��"!�"��)0!' ) 4���!'�, ��&)�., ������ �, 4)� �#�%!��, �*�#�$ *� !� �4���#� *���#�. 2�&��#�0
+�������0 ��*���"!�##. ")/�"#�, %������, !����& ! � (39) 7 �, ��"�*� !�/# "!' !� !�, �� ��#� $�1)!'
�� ("#0��!� +�"!��&�# �����##. � ��!�$�!�/#�$) �4� #�+ ���!�$�!�/#�$) ��1�$�, �� $ # $�&'#�� )/�"! 
�+���!��� � +��%�" *��)��##.. ��#�* ���)&'!�!� ��$ �0��#' ��&�1�!' � � �+&��) +�,�4�*, �"�4&���
 #"!�)$�#!�&'#�,. 9�$) �*!)�&'#� + �����##. !�/#�"! ��$ �0��##. ������#!�&'#�, *)! � %������$�
!����& !�$� $�!���$ *�)����, +��(�$ �, �� ������#� � %'�$) ��"& �1�## .
������	 
����: %������( !����& !, �&�*!��##�( !�,��$�!�, *�)��� +��(�$�, !�/# "!'.

� 5��
��$ �0��##. ������#!�&'#�, *)! � �+!�*�-

$�,�# /#�$� !����& !�$� � �������/#�, $���1�,
��)��##. !�  #1�#��#�-�������/#�, $���1�, �� ("#0-
0!' $�!���$ *�)����, +��(�$ �, .*�� #�+�.$* �
4 &'-� # 1 ���,  $�!���$ �*��$��� *)!� #� +)#*!�,
� ���$� #�+�.$*�$�. �!�� *�)����, +��(�$ �
+����4�/�7 ��$ �0��##. * &'*�$� +��(�$�$�, ��-
&�1#� � � #��4, �#�� !�/#�"! ���)&'!�! �, � +�-
��"!�#��*�0 & $4� $ 1 +��(�$�$�. 6 +�.��0 %����-
��, !����& ! � ��$ �0��##. *)! � +�/�&� ��*�#)��!�
&�-� � ��# 70 )"!�#��*�0 & $4�, 0°00'00''. �&�
+���, � � � �+!�*�-$�,�# /#�, !����& ! � ��
%������, #� +����4�/�7 �$�#-�##. �+&��)  #"!�)-
$�#!�&'#�, +�,�4�* /� �, +��#� )")#�##., !�$)

��#�*�7 +�!�##. +�� ��% &'# "!' ��$ �0��##. *)! �
&�-� #� �"#�� ��# 7� )"!�#��*� & $4�  +�� !�,
#�"* &'*� ��% &'#� ��*���"!��)��!� +���"!�#��*�
& $4� + � /�" ��$ �0��##. *)! � $�!���$ *�)����,
+��(�$ �.

�, 54/,.!4 �1,g-2e�
�'����# � �# � �$�-����4#�*� *���# "� !)

��+)"*�0!' 4���!� %������, !����& ! �, +�����1#�
���& ����#�, ) �&�*!��##�, !�,��$�!��, (39), �
� �#�$� "�"!�$�$� ���#�/�##. *)!���, ��&�/�#.
6��4 &'-��� %����� !����& !� (39) +�� &.0!' ��
!�/# "!0 #� +��%�� (#  (".*.+. *)!� <1'')  !�/# 
(".*.+. *)!� �� 5''). 9�/# "!' ��$ �0��##. ��&�1�!'
� � �+&��) +�,�4�*, "���� .*�,:  #"!�)$�#!�&'# ,
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+�,�4*� �+���!��� !� +�,�4*� ���# -#'��� "���-
������. 6 +�.��0 %������, !����& ! � (39) �+&��  
* &'* "!'  #"!�)$�#!�&'#�, +�,�4�* #� �$�#-�-
&�"', � +�,�4�* �+���!��� "!�&� ���� $�#-�,
�"* &'*� � �& * �� ("#07!'". 4�� (��� )/�"! ,
��!�$�!�/#�. ��,�4*� ���# -#'��� "��������� ��-
&�-�0!'".  �,# ( �+&�� �$�#-�!� "*&��#�. ��$ -
�0��##. *)!�$ �#�� /�"!�#� %�������� !����& !�
(39) ��!�$�!�����# , � ���)&'!�!� � �)�& �)0!'". #�
��"+&��. �+���!�� �� ("#07 %�#!�)��##., �"!�-
#��&07 +��&�� ) ��4�/�( "!�#  ��*�#)7 � �)��##..
�*�� +��&�� ��4�!�����#�(, !� � �)��##. �� ("#0-
7!'". ��!�$�!�����#� %������$ !����& !�$ (39) ��
��+�$���0 "����$�!�� �.

�� #�-) �)$*), #��4, �#� ��"& ��!� ��% &'# "!'
��*���"!�##. $�!��) *�)����, +��(�$ � + � /�"
��$ �0��##. ������#!�&'#�, *)! � %������$� !����-
& !�$� (39).

y254
�!� ��"& �1�##. – +����"!� *���*!#�( �*"+�-

��$�#! ) &�4���!��#�, )$���, (%� ��"!' �$��)
$ # $ �)��!� �+&�� ���# -#'��� "���������  
�$�#-�!� * &'* "!' +�,�4�* �+���!���, ��*���"!�-
�)0/� +��$)"��� %�#!�)��##. !���) !� ��"& ��!�
��% &'# "!' ��*���"!�##. +���"!�#���* & $4� + � /�"
��$ �0��##. *)! � $�!���$ *�)����, +��(�$ �
%������$� !����& !�$� (39).

��!-43 , /,./,<, e452184-�

&. +������##. �*"+���$�#!) � "+�% �&'#�

�4&��#�# ( &�4���!�� � 4)� "!����#�( "!�#� �&.
��$ �0��##. ������#!�&'#�, *)! �. �,�$) ���!�-)-
��##. � ���#�, % &�( ($���*) +���#� #� ��". 1. 

��
. 1. "���� ����/������ �	����� .	��� (����),
���	���� � ��
�������	


&. +������##. �*"+���$�#!) � � 4��#� #�(+�-
-���# ")/�"# %����� !����& !� (39) � �#�, � �$-
����4#�* � !� $���� *�% ( (!�4&. 1). 

,�-��.� 1 
�,1,5!4 7414!521� 5�!4 f438j/�7

� 2! �21�e2/58 c�:1,.�7 52,3,-858.
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��1�# +��&�� �"!�#��&0��&� #� #���&�1#�( � �
+ �&��� !� *�#"!�)*% � 4)� �& 4�!�##�( "!��+, .*�(
"+���7!'". #� *�� ## +�����. 	�#!�)��##.
�� ("#0��&� +��$)"���, +�����./� +��&�� )
��4�/�( "!�#. � �)��&� #� � *"���# "+�% �&'# 
� ���# % &  ($��*�), "+�/�!*) #� +�/�!*��) $��*),
�����$ #� ��)�), !��!0 !� ��$�*�&� ������#!, ��
���, +�&�1�#' *�)�� (�� !� ��).

��$ �0��##. ��*�#)��&� �� ���$� +�����$�$�:
“������$�-1” � ��#��� +�&�1�##. & $4� (0°) !�
“������$�-2”  � +���"!��&.##.$ & $4� (*�1#  60°), ��
- "!' +��(�$ �. � �"!�# �� � ���#�, % &�( "!�#���&�
~25 $. 6���&�$ �&. "�$� %������, !����& ! � (39)
��*�#�#� 504 ��$ �0��##. ������#!�&'#��� *)!�.

�!��$��-� ���)&'!�!�, �4/�"&�&� ��� (m0���)
��$ �) *)!� ) *�1#�$) +��(�$ �&. ���, +�����$ !� �,
"����# �#�/�##. �&. )" , ��� .#�, � �*"+���$�#! 
+��&�� �. �"* &'*� � �*"+���$�#! ��� .# +��&���
� �#�� !�/#�"! , +��(#.!� � -�##. �� ("#�!�
#��$�& ��% 0 �!��$�#�, ���)&'!�! � (���. !�4&. 2) !�
����1�#� #��$�& ����# +�*��#�*� !�/#�"!  (m0���)
�� ���$)&�0: m0���= m0��� / m0.

6���&'# �#�/�##. +�,�4�* �� “������$�0-1”  
“������$�0-2” ��� �#00!' 0,75 !� 0,57 � �+�� �#�.
	� ��#�/�7, �� ) ��� ��*�#�##. "+�"!���1�##.
+��-�0 +�����$�0, .*) �����/�( ��*���"!��)0!' #�
����4#�%!� , �!��/�7!'". �� 24,2 % !�/#�"! + � /�"
��$ �0��##. ������#!�&'#�, *)! �. 2��� /#� #��$�& -
����# *��� % 7#!� !�/#�"! +�*���#� #� ��". 2. 

9�*�1 ��*�#�#� *���&.% (#� �+��%0��##. ���)&'-
!�! � ��"& �1�##.. 2��� /#� +���##. *��� % 7#! �
*���&.% � � �)�& ����#� #� ��". 3. 

�* 4�/�$�, �$ #� *���&.% (#�� *����� (���. ��". 3) 
��$�#"!�)7 � �$ ## "!' $ 1 ��*���"!�#�$� +�����-
$�$� ��$ �0��##. ������#!�&'#��� *)!�, � )����&'-
#�# �#�/�##. #��$�& ����#�, *��� % 7#! � !�/#�"! 
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��� ��$ �0��##. ������#!�&'#��� *)!� – 0,75 �&.
+��-�� +�����$� !� 0,57 �&. ��)��� +�����$�, "� �/�!'
+�� $�1&�� "!' + �����##. !�/#�"! ��$ �0��##. )

��� ��*���"!�##. $�!��) *�)����, +��(�$ � �
+���"!��&.##.$ & $4� + � /�" ��4�!� � %������$�
!����& !�$� (39).

,�-��.� 2 
�/492//j /,1e4-8f,.4/�7 !,2:8c8n/58. 5,9/, 58

��+�.$ � �)��##.
�����#7 �#�/�##.,

m0���1–2 1–3 1–1 

 South NTS-382 R10
+-$ #1 1,04 0,62 0,52 0,73 
+-$ #2 0,62 0,49 0,66 0,59 

Trimble S3 Series
+-$ #1 0,24 0,15 0,17 0,19 
+-$ #2 0,26 0,17 0,15 0,19 

Leica-TCRP-1201
+-$ #1 2,90 1,79 1,04 1,91 
+-$ #2 2,00 1,61 1,05 1,55 

Leica TCR405 ultra
+-$ #1 0,60 0,50 0,60 0,57 
+-$ #2 0,39 0,57 0,35 0,44 

Sokkia Set-610
+-$ #1 0,52 0,32 0,41 0,42 
+-$ #2 0,41 0,20 0,41 0,34 

Trimble M3 DR 
+-$ #1 0,23 0,96 0,59 0,59 
+-$ #2 0,37 0,45 0,33 0,38 

Topcon IS301 
+-$ #1 0,77 1,10 0,74 0,87 
+-$ #2 0,43 0,76 0,29 0,50 

��
. 2. (�	�� �����	������� ���1	.	2��	� �����
�	 ��� .�1���� ������	�	� (',)
����$�� �	� �����
����� ����� ���	������
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��
. 3. (�	�� ���1	.	2��	� �����.	# ��� .�1���� ������	�	� (',)
����$�� �	� �����
����� ����� ���	������

�� /,.!�
�� + �"!�� ���)&'!�! � +������#��� �*"+���$�#!)

$�1#� �+��#�#� ���4�!� ��"#���*, �� �&. + ���-
��##. !�/#�"! ��$ �0��##. ������#!�&'#�, *)! �
%������$� !����& !�$� (39) *���� ��*���"!��)��!�
$�!�� *�)����, +��(�$ �.
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TO ACCURACY OF COURSE MEASUREMENTS BY DIGITAL THEODOLITES 

Aim. The purpose of this work is to formulate an experiment and study the feasibility of using permutations of 
the limb when measuring the angles by the method of circular techniques by digital theodolites (ET). Methodology.
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Measurement of horizontal angles in geodetic networks of condensation and engineering geodesic networks is 
carried out by the method of circular techniques with the number of directions more than two. It is important that 
the angles were measured in favorable conditions with calm images of visions or weakly shaken images. To date, 
many digital theodolites, mostly implemented in electronic metering stations (ETs), various manufacturers of the 
countries of the world, with different systems of determination of angular variables are issued. For the most part, 
digital theodolites (ETs) are divided precisely on the precision (with the angle of the angle <1'') and the exact ones 
(with an angle of angle up to 5''). The accuracy of the measurement depends on the effects of a number of errors, 
including: instrumental errors, operator errors and environmental errors. The transition from opto-mechanical 
theodolites to digital does not involve reducing the influence of instrumental errors or their complete elimination; 
therefore, the question arises of the expediency of measuring the angles from only one limb setting and how much 
it would be advisable to use limb permutations when measuring angles using circular techniques. With regard to 
instrumental errors, with the advent of digital theodolites (ET), their impact and the number did not become 
smaller, and the operator errors somewhat decreased, since the counting is carried out without his participation, 
automatically. Errors of the environment remain and their impact is difficult to reduce. Measurements of the digital 
part of the digital theodolite (ET) are automated, and the results are visualized on the display. The operator carries 
out the centering, installs the device in working condition and carries out the visage. Thus, there is the content to 
explore the feasibility of using the method of circular techniques when measuring the horizontal angles of digital 
theodolites (ET). Results. For the experiment, a number of the most common modern digital theodolites (ETs) of 
different manufacturers and modifications have been selected. Measurement was performed in two programs in six 
techniques. In total, for the seven digital theodolites (ET) horizontal angle measurements were performed, the 
analysis and evaluation of the accuracy of the obtained results, their normalization and correlation processing of the 
research results were performed. Scientific novelty and practical significance. Modern geodetic instruments, in 
particular digital theodolites (ET), today carry out tasks in many fields of geodesy, construction, economics and 
defense of countries. The main advantage of the use of modern digital theodolites (ET) is their high accuracy and 
the fact that they can perform the tasks in automatic or semi-automatic modes with minimal human participation in 
the control process. However, the results of measurements depend on the effect of errors, and especially on the 
instrumental ones. Therefore, increasing the accuracy of measuring the horizontal angles by digital theodolites by 
the method of circular techniques, proved in this study, is relevant. 

Key words: digital theodolite, total station, the method of circular techniques, accuracy. 

References
Deumlich F., Staiger R. (2002). Instrumentation in Surveying Technology. (9), 426 p.
Joeckel R., Stober M. and Huep W. (2008). Electronic distance and direction measurement and their integration into 

current positioning methods, Wichmann Verlag, Heidelberg, Germany. 
Płatek A. (1991). Geodetic electromagnetic rangefinders and electronic tachymeters. Cz. 1. Warsaw: other, 158 p. 
Karsunskaia . . (2000). Analysis of the influence of instrumental errors in the cumulative raster directional sensors 

using the computer model of the sensor. Proceedings of higher educational institutions. Geodesy and aerial
photography, No. 4, p. 115–128. 

Kuznetsov P. N., Vasiutynskyi Y. Yu., Yambaev Kh. K. (1984).Geodetic Instrumentation. Moscow: Nedra, 364 p. 
Ostrovskyi A. L., Moroz O. I., Tarnavskyi V. L. (2007). Geodesy. Lviv: Lviv Polytechnic Publishing House, 508 p. 
Selykhanovych V. H. (1981). Geodesy. Vol. 2. Moscow: Nedra, 544 p. 
Spyrydonov A. Y. (2003). Fundamentals of geodesic metrology. Moscow: Cartgeocentre-Geodesyzdat, 247 p. 
Trevoho Y. S., Shevchuk P. M. (1986). City polygonometry. Moscow: Nedra, 199 p. 
Trevoho I. S., Shevchenko T. H., Moroz O. I. (2012). Geodetic instruments. Workshop. Lviv: Lviv Publishing House, 

240 p. 
Trevoho I. S. (2017). Engineering and geodetic works in bridges and tunnels: a summary of lectures for students special. 

“Bridges and transportation tunnels”; Lviv Polytechnic National University. Second ed., supplemented and corrected. 
Lviv: Lviv Polytechnic Publishing House, 124 p. 

Shevchenko T. H., Moroz O. I., Trevoho I. S. (2009). Geodetic instruments. Lviv: Lviv Polytechnic Publishing House, 
482 p. 


