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Abstract

Placing a magnetometer on unmanned aerial vehicle (UAV) seems to be an easy task as 
the sensor is rather lightweight in comparison with other geophysical sensors. But, the 
realization of an unmanned aeromagnetic system (UAMS) faces multiple technical com-
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survey, the most important is the issue of a platform’s (UAV) magnetic noise and its 
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magnetic surveys with multirotor UAMS in Leningrad region, Republic Sakha-Yakutia, 
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ments of magnetic anomalies for geological, archeological, and other purposes.

Keywords:  geophysics, magnetic survey, magnetometer, unmanned aeromagnetic 
system (UAMS), unmanned aerial vehicle (UAV)

1. Introduction
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using a compass for detecting iron ore deposits, but systematic magnetic surveys have started 
at the end of nineteenth—beginning of twentieth century with invention of magnetometers [ �W]. 
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distances between parallel lines and points of measurements [2]. Aeromagnetic survey is usu-
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tions. Unmanned aeromagnetic system (UAMS) can operate lower, starting from few meters. 
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This is important for geological interpretation of magnetic anomalies as the magnetic signal 
weakens at a distance from the source. Another advantage of UAMS is a pure economic one. A 
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of the aircraft’s noise compensation. In traditional aeromagnetic survey, such systems con-
tain additional magnetometers and use special algorithms facilitating results characterized by 
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cally, rejects use of lightweight UAVs, which eliminates UAMS advantages over using a piloted 
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Choice of magnetometer for UAMS is also important. It should be lightweight, tolerant to 
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2. UAV as a platform for unmanned aeromagnetic system

The advisability of using UAVs to carry out aeromagnetic surveys is based on the fact that 
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have clear advantages in comparison with multirotor UAVs.

2.1. Fixed-wing UAV
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As far as use of gondola for distancing magnetic sensor from the UAV is rather impossible for 
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magnetic survey [�[].
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���›�˜�–�1Figure 1, it is absolutely clear that, for a lightweight UAV:

• major sources of magnetic noise are electric engine and servos producing anomalies with 
�Š�–�™�•�’�•�ž�•�Ž�1�˜�•�1�\�V�V�.�]�V�V�1�—���ò

• the most appropriate location of magnetic sensors is at the ends of wings, and, in that case, 
the servos should be placed in the UAV’s main body instead of wings.

Another obvious conclusion relates with the UAV’s engine type. Replacement of an electric 
engine with combustion one in accordance with the results of mathematical modeling makes 
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(Figure 3a) and built ( Figure 3b).
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 facilitating UAV operation.

Figure 3.�1���Ž�œ�’�•�—�1�˜�•�1���	�Ž�˜�œ�Œ�Š�—�,�Y�V�W���1�û�Š�ü�1�Š�—�•�1�’�•�œ�1�•�Š�ž�—�Œ�‘�1�û�‹�ü�ï

Figure 2. ���	�Ž�˜�œ�Œ�Š�—�,�X�V�W���1�–�Š�•�—�Ž�•�’�Œ�1�—�˜�’�œ�Ž�1�–�Ž�Š�œ�ž�›�Ž�–�Ž�—�•�1�û�Š�ü�1�Š�—�•�1�‹�Š�Œ�”�•�›�˜�ž�—�•�1�–�Š�•�—�Ž�•�’�Œ�1���Ž�•�•�1�û�‹�ü�ï
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2.2. Multirotor UAV

Multirotor UAV can be characterized as easiest-to-control type of unmanned aircrafts. At the 
�œ�Š�–�Ž�1�•�’�–�Ž�ð�1 �’�•�œ�1�–�Š�•�—�Ž�•�’�Œ�1�—�˜�’�œ�Ž�1�’�œ�1�–�ž�Œ�‘�1 �–�˜�›�Ž�1 �Œ�˜�–�™�•�’�Œ�Š�•�Ž�•�1 �’�—�1�Œ�˜�–�™�Š�›�’�œ�˜�—�1� �’�•�‘�1 �Š�1���¡�Ž�•�,� �’�—�•�1
UAV because of minimum four electric engines. And, there is no room for a magnetic sensor 
�’�—�1�•�‘�Ž�1�–�Š�’�—�1�������1�‹�˜�•�¢�ð�1�œ�˜�1� �Ž�1�‘�Š�Ÿ�Ž�1�•�˜�1�Œ�˜�—�œ�’�•�Ž�›�1�ž�œ�Ž�1�˜�•�1�—�˜�—�,�–�Š�•�—�Ž�•�’�Œ�1�•�˜�—�•�˜�•�Š�1�Š�4�Š�Œ�‘�Ž�•�1�•�˜�1�•�‘�Ž�1
UAV by rope (cable).

���Š�•�—�Ž�•�’�Œ�1�—�˜�’�œ�Ž�1�˜�•�1���	�Ž�˜�œ�Œ�Š�—�,�Z�V�W���1�š�ž�Š�•�Œ�˜�™�•�Ž�›�1�ûFigure 5�ü�1�–�Ž�Š�œ�ž�›�Ž�•�1�Š�•�1�•�’���Ž�›�Ž�—�•�1�•�’�œ�•�Š�—�Œ�Ž�œ�1�•�›�˜�–�1
the UAV is given in Table 1.
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Later, in order to improve UAMS aerodynamic characteristics, a crossbar-shape gondola had 

Figure 4.�1���Ž�Š�œ�ž�›�Ž�•�1�–�Š�•�—�Ž�•�’�Œ�1�Ž���Ž�Œ�•�1�˜�•�1���	�Ž�˜�œ�Œ�Š�—�,�Y�V�W���ï�1���˜�—�•�˜�ž�›�1�’�—�•�Ž�›�Ÿ�Š�•�/�X�[�1�—���ò�1�Œ�˜�—�•�˜�ž�›�1�’�—�•�Ž�›�Ÿ�Š�•�1�’�—�1�•�‘�Ž�1�œ�’�•�Ž�‹�Š�›�/�W�1�—���ï

Figure 5.�1���ž�Š�•�Œ�˜�™�•�Ž�›�1���	�Ž�˜�œ�Œ�Š�—�,�Z�V�W���ï
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Figure 6.�1���—�–�Š�—�—�Ž�•�1�Š�Ž�›�˜�–�Š�•�—�Ž�•�’�Œ�1�œ�¢�œ�•�Ž�–�1�û���������ü�1�˜�—�1�•�‘�Ž�1�‹�Š�œ�’�œ�1�˜�•�1���	�Ž�˜�œ�Œ�Š�—�,�Z�V�W���ï

been designed (Figure 6�ü�ï�1���ž�›�’�—�•�1�•�‘�Ž�1���’�•�‘�•�ð�1�•�‘�Ž�1�Š�ž�•�˜�™�’�•�˜�•�1�ž�œ�Ž�œ�1�Œ�˜�™�•�Ž�›���œ�1�	�������1�•�˜�›�1�—�Š�Ÿ�’�•�Š�•�’�˜�—�ð�1�Š�—�•�1
GNSS on the outer frame registers the magnetometer’s allocation using time synchronization 
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depending on magnetic and aerodynamic characteristics of the aircraft.

3. Magnetometer

���’���Ž�›�Ž�—�•�1�–�˜�•�Ž�•�œ�1�˜�•�1�–�Š�•�—�Ž�•�˜�–�Ž�•�Ž�›�œ�1�‘�Š�Ÿ�Ž�1�‹�Ž�Ž�—�1�Œ�˜�—�œ�’�•�Ž�›�Ž�•�1�•�˜�›�1���������ï�1���‘�Ž�1�–�Š�•�—�Ž�•�’�Œ�1�œ�Ž�—�œ�˜�›�1�•�˜�›�1
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Distance from the UAV, m Max amplitude of magnetic noise, nT

�W �¿�[

2 �¿�W

�Y �¿�V�ï�W

Table 1.�1���Ž�Š�œ�ž�›�Ž�•�1�–�Š�•�—�Ž�•�’�Œ�1�—�˜�’�œ�Ž�1�˜�•�1���	�Ž�˜�œ�Œ�Š�—�,�Z�V�W���1�š�ž�Š�•�Œ�˜�™�•�Ž�›�ï
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�•�Ž�œ�œ�1�•�‘�Š�—�1�W�V�1�–�Ž�Š�œ�ž�›�Ž�–�Ž�—�•�œ�1�™�Ž�›�1�œ�Ž�Œ�˜�—�•�ò�1�Š�—�•�1�û�Œ�ü�1�’�—�œ�Ž�—�œ�’�•�’�Ÿ�Ž�1�•�˜�1�˜�›�’�Ž�—�•�Š�•�’�˜�—�ï�1���œ�1�•�Š�›�1�Š�œ�1�—�˜�1�˜�—�Ž�1�•�›�˜�–�1
�•�‘�Ž�1�–�Š�•�—�Ž�•�˜�–�Ž�•�Ž�›�œ�1�’�—�1�•�‘�Ž�1�–�Š�›�”�Ž�•�1�›�Ž�œ�™�˜�—�•�Ž�•�1�•�˜�1�•�‘�Ž�œ�Ž�1�›�Ž�š�ž�Ž�œ�•�œ�1� �’�•�‘�˜�ž�•�1�Š�1�œ�ž���Œ�’�Ž�—�•�1�Š�•�Š�™�•�Š�•�’�˜�—�ð�1
a new rubidium vapor magnetometer (RVM) has been designed and built for the purpose.

���‘�Ž�1�œ�™�Ž�Œ�’���Œ�Š�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�›�ž�‹�’�•�’�ž�–�1�Ÿ�Š�™�˜�›�1�–�Š�•�—�Ž�•�˜�–�Ž�•�Ž�›�1�û�������ò�1Figure 7) is listed in Table 2. 
The RVM includes: (i) magnetic sensor with a bulb containing vapor Rb �^�]�ò�1�û�’�’�ü�1�•�‘�Ž�1���•�Ž�Œ�•�›�˜�—�’�Œ�1
���˜�—�•�›�˜�•�1 ���—�’�•�1 �û�������ü�1 �’�—�Œ�•�ž�•�’�—�•�1 �•�‘�Ž�1 �˜�™�•�’�Œ�Š�•�1 �™�ž�–�™�’�—�•�1 �•�Š�–�™�ò�1 �Š�—�•�1 �û�’�’�’�ü�1 �•�‘�Ž�1 �™�˜� �Ž�›�1 �œ�˜�ž�›�Œ�Ž�1 �û�—�˜�•�1
shown in Figure 7�ü�ï�1���•�•�1�•�‘�Ž�1�™�Š�›�•�œ�1�Š�›�Ž�1�•�Ž�œ�’�•�—�Ž�•�1�Š�œ�1�œ�Ž�™�Š�›�Š�•�Ž�1�–�˜�•�ž�•�Ž�œ�1�Œ�˜�—�—�Ž�Œ�•�Ž�•�1�‹�¢�1���‹�Ž�›�,�˜�™�•�’�Œ�1
and electric cables, which facilitate distribution of the weight in the UAMS.

���‘�Ž�1���������œ�1�—�˜�’�œ�Ž�1�‘�Š�œ�1�‹�Ž�Ž�—�1�Œ�‘�Ž�Œ�”�Ž�•�1�Š�•�1�•�‘�Ž�1�–�Š�•�—�Ž�•�’�Œ�1���Ž�•�•�1�œ�•�Š�‹�’�•�’�£�Ž�›�ð�1�Š�—�•�1�’�•�1�’�œ�1�Š�‹�˜�ž�•�1�W�V�1�™���&�Æ�
�£�ï�1
���‘�Ž�1�•�›�Š�—�œ�’�•�’�˜�—�1�™�›�˜�Œ�Ž�œ�œ�1�û�œ�™�Ž�Ž�•�1�˜�•�1�›�Ž�Š�Œ�•�’�˜�—�1�•�˜�1�Š�1�“�ž�–�™�1���Ž�•�•�ü�1�•�Š�”�Ž�œ�1�Y�V�1�–�œ�ï

To evaluate an absolute error of the RVM, a series of comparative tests has been conducted 
�ž�œ�’�—�•�1�•�‘�Ž�1�Œ�˜�–�–�Ž�›�Œ�’�Š�•�•�¢�1�Š�Ÿ�Š�’�•�Š�‹�•�Ž�1�Œ�Ž�œ�’�ž�–�1�Ÿ�Š�™�˜�›�1�	�Ž�˜�–�Ž�•�›�’�Œ�œ�1�	�,�^�[�^�1�Š�—�•�1���Ÿ�Ž�›�‘�Š�ž�œ�Ž�›�1�����������1
�–�Š�•�—�Ž�•�˜�–�Ž�•�Ž�›�œ�ï�1���‘�Ž�1���Ž�•�•�1�•�Ž�œ�•�œ�1� �Ž�›�Ž�1�˜�›�•�Š�—�’�£�Ž�•�1�’�—�1�•�‘�Ž�1�Š�›�Ž�Š�1�•�›�Ž�Ž�1�˜�•�1�’�—�•�ž�œ�•�›�’�Š�•�1�—�˜�’�œ�Ž�1�Š�—�•�1�Š�—�˜�–�Š-
�•�˜�ž�œ�1�–�Š�•�—�Ž�•�’�Œ�1���Ž�•�•�1�•�›�Š�•�’�Ž�—�•�œ�1�û���Ž�—�’�—�•�›�Š�•�1�›�Ž�•�’�˜�—�ð�1���ž�œ�œ�’�Š�ü�ï

���Š�—�•�Ž�1�˜�•�1�•�Ž�œ�•�œ�1�‘�Š�œ�1�‹�Ž�Ž�—�1�Œ�˜�—�•�ž�Œ�•�Ž�•�1�’�—�1�˜�›�•�Ž�›�1�•�˜�1�Ž�Ÿ�Š�•�ž�Š�•�Ž�1�Š�—�1�’�—���ž�Ž�—�Œ�Ž�1�˜�•�1�•�Ž�–�™�Ž�›�Š�•�ž�›�Ž�1�˜�—�1�•�‘�Ž�1
measurements. The results demonstrate independence of measurements as well as of the 
measurement’s error estimation of the temperature of both magnetic sensor and electronic 
unit of RVM [ �\].

���—�˜�•�‘�Ž�›�1�œ�•�Š�—�•�Š�›�•�1�•�Ž�œ�•�1� �Š�œ�1�Œ�˜�—�•�ž�Œ�•�Ž�•�1�’�—�œ�’�•�Ž�1�•�‘�Ž�1�Œ�Š�•�’�‹�›�Š�•�’�˜�—�1�•�Ž�œ�•�1�œ�•�Š�•�’�˜�—�1���������,�Z�1�’�—�1�˜�›�•�Ž�›�1�•�˜�1
�•�Ž���—�Ž�1�•�‘�Ž�1�–�Ž�•�›�˜�•�˜�•�’�Œ�Š�•�1�Œ�‘�Š�›�Š�Œ�•�Ž�›�’�œ�•�’�Œ�œ�1�˜�•�1�•�‘�Ž�1�–�Š�•�—�Ž�•�˜�–�Ž�•�Ž�›�ï�1���‘�Ž�1�•�Ž�œ�•�1�‘�Š�•�1�•�Š�”�Ž�—�1�™�•�Š�Œ�Ž�1�Š�•�1�•�‘�Ž�1

Figure 7. Rubidium vapor magnetometer (RVM).
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�j�ð�1�—�� �Êes(B), nT S(B), nT

�X�V�ð�V�V�V �V�ï�^�\ �V�ï�V�X

�Y�V�ð�V�V�V �V�ï�W�_ �V�ï�V�X

�Z�V�ð�V�V�V �º�V�ï�W�_ �V�ï�V�X

�[�V�ð�V�V�V �º�V�ï�\�V �V�ï�V�X

�\�V�ð�V�V�V �º�W�ï�X�^ �V�ï�V�W

�]�V�ð�V�V�V �º�X�ï�V�] �V�ï�V�W

�^�V�ð�V�V�V �º�Y�ï�V�[ �V�ï�V�Y

�_�V�ð�V�V�V �º�Z�ï�[�W �V�ï�V�Z

�W�V�V�V�1�V�V�V �º�\�ï�Y�W �V�ï�V�Y

Table 3.�1�������1�œ�¢�œ�•�Ž�–�Š�•�’�Œ�1�Ž�›�›�˜�›�œ�1�Êse(B) and standard deviation S(B) depending on the magnetic induction (B).

�•�Š�Œ�’�•�’�•�’�Ž�œ�1�˜�•�1���	���������1���	�Ž�˜�•�˜�•�˜�›�Š�£�Ÿ�Ž�•�”�Š���1�’�—�1���Ž�—�’�—�•�›�Š�•�1�›�Ž�•�’�˜�—�ð�1���œ�Ž�Ÿ�˜�•�˜�£�‘�œ�”�1�•�’�œ�•�›�’�Œ�•�ï�1���Ž�œ�ž�•�•�œ�1
�˜�•�1�•�‘�Ž�1�������1�œ�¢�œ�•�Ž�–�Š�•�’�Œ�1�Ž�›�›�˜�›�œ�1�Êse(B) and standard deviation S(B) with a measurement range of 
magnetic induction module (B) are shown in Table 3.

���•�•�1�•�‘�Ž�1�Ž�¡�™�Ž�›�’�–�Ž�—�•�œ�1�•�Ž�–�˜�—�œ�•�›�Š�•�Ž�1�Œ�˜�—�•�˜�›�–�’�•�¢�1�˜�•�1�Š�•�•�1�������1�Œ�‘�Š�›�Š�Œ�•�Ž�›�’�œ�•�’�Œ�œ�1� �’�•�‘�1�›�Ž�š�ž�Ž�œ�•�œ�1�˜�•�1�‘�’�•�‘�1
precision aeromagnetic survey.

4. Experiments and surveys

A number of magnetic surveys measuring total magnetic intensity (TMI) have been car -
�›�’�Ž�•�1 �˜�ž�•�1 �ž�œ�’�—�•�1 ���������1 �•�ž�›�’�—�•�1 �•�‘�Ž�1 �•�Š�•�•�1 �˜�•�1 �X�V�W�\�1 �Š�—�•�1 �X�V�W�]�1 �’�—�1 �•�’���Ž�›�Ž�—�•�1 �›�Ž�•�’�˜�—�œ�1 �˜�•�1 ���ž�œ�œ�’�Š�1 �Š�—�•�1
Kazakhstan (Table 4�ü�ï�1���—�1�Š�•�•�1�Œ�Š�œ�Ž�œ�ð�1�•�‘�Ž�1�™�›�Ž�™�›�˜�•�›�Š�–�–�Ž�•�1���’�•�‘�•�œ�1� �Ž�›�Ž�1�Ž�¡�Ž�Œ�ž�•�Ž�•�1�Š�•�˜�—�•�1�•�‘�Ž�1�™�Š�›�Š�•-
�•�Ž�•�1�•�’�—�Ž�œ�ï�1���¡�Š�–�™�•�Ž�1�˜�•�1�Š�1���’�•�‘�•�1�•�Š�¢�˜�ž�•�1�’�œ�1�•�Ž�–�˜�—�œ�•�›�Š�•�Ž�•�1�’�—�1Figure 8.

Sensitivity �W�V�1�™���&�Æ�
�£

���’�Ž�•�•�1�›�Š�—�•�Ž �X�V�ð�V�V�V�.�W�V�V�ð�V�V�V�1�—��

���›�Ž�š�ž�Ž�—�Œ�¢�1�›�Ž�œ�™�˜�—�œ�Ž �X�V�V�1�
�£

Sampling rate �W�V�V�V�1�
�£

The range sensor angles �¹�Z�[�Ú

Power �^�.�Y�[�1���ð�1�W�V�1��

Environment temperature �º�X�V�1�ó�1�¸�1�\�V�Ú�ˆ

���Ž�’�•�‘�•�1�˜�•�1�•�‘�Ž�1�œ�Ž�—�œ�˜�›�&������ �W�X�V�1�•�&�Y�V�V�1�•

Table 2.�1���™�Ž�Œ�’���Œ�Š�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�›�ž�‹�’�•�’�ž�–�1�Ÿ�Š�™�˜�›�1�–�Š�•�—�Ž�•�˜�–�Ž�•�Ž�›�1�û�������ü�ï
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Location Size of area Height of the 
survey (position 
of the sensor)

Distance 
between the 
���’�•�‘�•�1�•�’�—�Ž�œ

Type of the survey

Leningrad region, Agalatovo 
village

�V�ï�^�1�¼�1�W�1�”�– �W�[�V�1�–�1�•�›�˜�–�1�•�‘�Ž�1
highest point

�[�V�1�– Test survey

Republic Sakha-Yakutia �W�1�¼�1�W�1�”�– �W�V�V�1�–�1�•�›�˜�–�1�•�‘�Ž�1
highest point

�W�V�V�1�– Demonstration survey

Republic Kazakhstan, Eastern 
Kazakhstan, southwestern part  
of Kazakhstan Altay

�]�ï�[�1�¼�1�Z�1�”�– �[�V�1�–�1�•�›�˜�–�1�•�‘�Ž�1
surface

�[�V�1�– Commercial survey

�W�1�¼�1�W�1�”�–�1
detalization

�Y�V�1�–�1�•�›�˜�–�1�•�‘�Ž�1
surface

�[�V�1�– Commercial survey

�]�V�1�–�1�•�›�˜�–�1�•�‘�Ž�1
surface

�W�V�V�1�– Commercial survey

Republic Kazakhstan, Central 
Kazakhstan

�Y�ï�[�1�¼�1�W�X�1�”�– �Y�V�1�–�1�•�›�˜�–�1�•�‘�Ž�1
surface

�W�V�V�1�– Commercial survey

Table 4.�1���Š�•�—�Ž�•�’�Œ�1�œ�ž�›�Ÿ�Ž�¢�œ�1�Ž�¡�Ž�Œ�ž�•�Ž�•�1�‹�¢�1�	�Ž�˜�œ�Œ�Š�—�ð�1���•�•�ï�1�‹�Ž�•� �Ž�Ž�—�1���Ž�™�•�Ž�–�‹�Ž�›�1�X�V�W�\�1�Š�—�•�1���˜�Ÿ�Ž�–�‹�Ž�›�1�X�V�W�]�1�ž�œ�’�—�•�1���������1�˜�—�1�•�‘�Ž�1
�‹�Š�œ�’�œ�1�˜�•�1���	�Ž�˜�œ�Œ�Š�—�,�Z�V�W���1�š�ž�Š�•�Œ�˜�™�•�Ž�›�1� �’�•�‘�1�������ï

Figure 8.�1�������1�–�Š�™�1�˜�•�1�•�‘�Ž�1���›�œ�•�1�•�Ž�œ�•�1�œ�ž�›�Ÿ�Ž�¢�1�’�—�1���Ž�—�’�—�•�›�Š�•�1�›�Ž�•�’�˜�—�ï
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���‘�Ž�1���›�œ�•�1�œ�ž�›�Ÿ�Ž�¢�1�‘�Š�œ�1�‹�Ž�Ž�—�1�Œ�Š�›�›�’�Ž�•�1�˜�ž�•�1�’�—�1���Ž�—�’�—�•�›�Š�•�1�›�Ž�•�’�˜�—�1�“�ž�œ�•�1�Š�œ�1�Š�1�•�Ž�œ�•�1�˜�•�1���������1�’�—�1�•�‘�Ž�1�Š�›�Ž�Š�1� �’�•�‘�1
�›�Ž�•�Š�•�’�Ÿ�Ž�•�¢�1�š�ž�’�Ž�•�1�—�Š�•�ž�›�Š�•�1�–�Š�•�—�Ž�•�’�Œ�1���Ž�•�•�1� �’�•�‘�1�Š�1�•�˜�Œ�Š�•�1�������1�Š�—�˜�–�Š�•�¢�1�˜�•�1�˜�Ÿ�Ž�›�1�\�V�1�—���1�Š�–�™�•�’�•�ž�•�Ž�1�–�Ž�Š-
sured during regional aeromagnetic survey. The test survey has revealed an anomaly of con-
�Œ�˜�›�•�Š�—�•�1�œ�‘�Š�™�Ž�1� �’�•�‘�1�‘�’�•�‘�Ž�›�1�û�Š�‹�˜�Ÿ�Ž�1�Y�V�V�1�—���ü�1�’�—�•�Ž�—�œ�’�•�¢�ð�1� �‘�’�Œ�‘�1�’�œ�1�•�ž�Ž�1�•�˜�1�•�˜� �Ž�›�1�‘�Ž�’�•�‘�•�1�˜�•�1�•�‘�Ž�1���’�•�‘�•�ï

���‘�Ž�1�›�Ž�œ�ž�•�•�œ�1�˜�•�1�•�‘�Ž�1�œ�ž�›�Ÿ�Ž�¢�1�Œ�˜�—���›�–�1� �˜�›�”�Š�‹�’�•�’�•�¢�1�˜�•�1���������ï�1���•�œ�˜�ð�1�•�‘�Ž�1�Œ�˜�–�™�Š�›�’�œ�˜�—�1�˜�•�1�•�Š�œ�”�1�•�’�—�Ž�œ�1�Š�—�•�1
�›�Ž�Š�•�1�œ�ž�›�Ÿ�Ž�¢�1�•�’�—�Ž�œ�1�œ�‘�˜� �œ�1�•�‘�Ž�1�•�’���Ž�›�Ž�—�Œ�Ž�1�˜�•�1�Š�‹�˜�ž�•�1�W�V�1�–�1�•�˜�›�1�Š�•�•�1���’�•�‘�•�œ�1�˜�•�1�œ�˜�ž�•�‘� �Š�›�•�1�•�’�›�Ž�Œ�•�’�˜�—�1�Š�—�•�1
�Š�™�™�›�˜�¡�’�–�Š�•�Ž�•�¢�1�W�1�–�1� �‘�Ž�—�1�•�‘�Ž�1�������1�–�˜�Ÿ�Ž�•�1�—�˜�›�•�‘� �Š�›�•�1�ûFigure 8). The latest demonstrates an 
�’�—���ž�Ž�—�Œ�Ž�1�˜�•�1� �Ž�œ�•�1� �’�—�•�1�û�W�V�1�–�&�œ�ü�1�˜�—�1�Š�1�›�’�—�•�,�œ�‘�Š�™�Ž�•�1�•�˜�—�•�˜�•�Š�ï�1���•�•�Ž�›�1�•�‘�’�œ�1�œ�ž�›�Ÿ�Ž�¢�ð�1�•�‘�Ž�1�—�Ž� �1�•�˜�—�•�˜�•�Š�1
�•�Ž�œ�’�•�—�1�û�Œ�›�˜�œ�œ�‹�Š�›�ü�1�‘�Š�œ�1�‹�Ž�Ž�—�1�’�–�™�•�Ž�–�Ž�—�•�Ž�•�1�Š�—�•�1�ž�œ�Ž�•�1�’�—�1�Š�•�•�1�•�‘�Ž�1�œ�ž�‹�œ�Ž�š�ž�Ž�—�•�1�œ�ž�›�Ÿ�Ž�¢�œ�ï�1���‘�Ž�1�›�˜�™�Ž�1
�•�Ž�—�•�•�‘�1�‘�Š�œ�1�‹�Ž�Ž�—�1�Œ�ž�•�1�•�›�˜�–�1�[�V�1�•�˜�1�X�V�1�–�ï

The second test was conducted in Republic Sakha-Yakutia in the area determined by potential 
UAMS buyer ( Figure 9�ü�ï�1���‘�Ž�1�Š�›�Ž�Š�1�’�œ�1�•�˜�Œ�Š�•�Ž�•�1�Š�•�1�•�‘�Ž�1���Š�—�”�1�˜�•�1�’�›�˜�—�1�˜�›�Ž�1�•�Ž�™�˜�œ�’�•�1�Š�—�•�1�’�œ�1�Œ�‘�Š�›�Š�Œ�•�Ž�›-
ized by more intensive TMI anomalies.

The survey has demonstrated stable measurements under conditions of high-gradient (up 
�•�˜�1 �Y�V�1 �—���&�–�ü�1 �–�Š�•�—�Ž�•�’�Œ�1 ���Ž�•�•�1 �Š�—�•�ð�1 �‹�¢�1 �Œ�˜�—�Œ�•�ž�œ�’�˜�—�1 �˜�•�1 �•�‘�Ž�1 �‹�ž�¢�Ž�›�ð�1 �•�˜�˜�•�1 �Œ�˜�–�™�•�’�Š�—�Œ�Ž�1 � �’�•�‘�1 �›�Ž�œ�ž�•�•�œ�1
�˜�•�1�•�›�˜�ž�—�•�1�œ�ž�›�Ÿ�Ž�¢�ï�1��� �˜�1���������œ�1�‘�Š�Ÿ�Ž�1�‹�Ž�Ž�—�1�Š�Œ�š�ž�’�›�Ž�•�ð�1�Š�—�•�ð�1�‹�¢�1�—�˜� �ð�1�Š�‹�˜�ž�•�1�W�V�V�1�”�–2�1�˜�•�1�W�ñ�W�V�ð�V�V�V�1
magnetic survey has been carried out.

���—�1�X�V�W�]�ð�1 �Z�\�[�1 �•�’�—�Ž�1�”�–�1 �˜�•�1 �W�ñ�W�V�ð�V�V�V�1���������1 �–�Š�•�—�Ž�•�’�Œ�1�œ�ž�›�Ÿ�Ž�¢�1 �‘�Š�œ�1�‹�Ž�Ž�—�1�Œ�Š�›�›�’�Ž�•�1 �˜�ž�•�1 �’�—�1���Ž�—�•�›�Š�•�1
Kazakhstan [�]]. The task of the survey is geological mapping, in particular—tracing of 
zones prospective for lead-zinc and iron-manganese ores of stratiform type in carbonyte 
�›�˜�Œ�”�œ�1�‹�ž�›�’�Ž�•�1 �ž�—�•�Ž�›�1 �œ�Š�—�•�1 �Š�—�•�1 �Œ�•�Š�¢�1 �•�Ž�™�˜�œ�’�•�œ�ï�1 ���‘�Š�•�1 �’�œ�1�’�–�™�˜�›�•�Š�—�•�ð�1 �Š�1 �Œ�˜�–�™�Š�›�’�œ�˜�—�1� �Š�œ�1�–�Š�•�Ž�1
between UAMS and ground survey ( Figure 10) as well as between UAMS and traditional 
aeromagnetic survey (Figure 11).

Figure 9. TMI map of the demonstration survey in Republic Sakha-Yakutia.
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Figure 10.�1���˜�–�™�Š�›�’�œ�˜�—�1 �˜�•�1 �•�›�˜�ž�—�•�1 �û�‹�•�ž�Ž�ü�1 �Š�—�•�1 ���������1 �û�›�Ž�•�ü�1 �–�Ž�Š�œ�ž�›�Ž�–�Ž�—�•�œ�1 �Š�•�˜�—�•�1 �•�‘�Ž�1 �œ�Š�–�Ž�1 �•�’�—�Ž�ï�1 ���,�Š�¡�’�œ�/�•�’�œ�•�Š�—�Œ�Ž�ð�1 �–�ò�1
���,�Š�¡�’�œ�/�������ð�1�—���ï

Figure 11.�1�������1�–�Š�™�1�˜�•�1�•�‘�Ž�1�Œ�˜�–�–�Ž�›�Œ�’�Š�•�1�œ�ž�›�Ÿ�Ž�¢�1�’�—�1���Ž�—�•�›�Š�•�1�
�Š�£�Š�”�‘�œ�•�Š�—�ñ�1�û�Š�ü�1���������1�W�ñ�W�V�ð�V�V�V�1�œ�ž�›�Ÿ�Ž�¢�ð�1�X�V�W�]�1�Š�—�•�1�û�‹�ü�1�W�ñ�X�[�ð�V�V�V�1
�Š�Ž�›�˜�–�Š�•�—�Ž�•�’�Œ�1�œ�ž�›�Ÿ�Ž�¢�ð�1�W�_�^�^�ï
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���‘�Ž�1�œ�ž�›�Ÿ�Ž�¢�1� �Š�œ�1�Œ�Š�›�›�’�Ž�•�1�˜�ž�•�1�Š�•�1�Š�œ�1�•�˜� �1�Š�œ�1�Y�V�1�–�1�‘�Ž�’�•�‘�•�1�û�œ�Ž�—�œ�˜�›�1�™�˜�œ�’�•�’�˜�—�ü�ï�1���˜�—�•�›�˜�•�1�–�Ž�Š�œ�ž�›�Ž�–�Ž�—�•�œ�1
�•�Ž�–�˜�—�œ�•�›�Š�•�Ž�1�������1�œ�•�Š�—�•�Š�›�•�1�•�Ž�Ÿ�’�Š�•�’�˜�—�1�Š�•�1�¹�V�ï�Y�[�1�—���ð�1� �‘�’�Œ�‘�1�’�œ�1�Š�1�Ÿ�Ž�›�¢�1�•�˜�˜�•�1�Œ�‘�Š�›�Š�Œ�•�Ž�›�’�œ�•�’�Œ�1�’�—�1�Œ�˜�–-
parison with both traditional aeromagnetic and ground surveys.

���‘�Ž�1�–�˜�›�Ž�1�•�Ž�•�Š�’�•�Ž�•�1�û�W�ñ�[�V�V�V�ü�1���������1�œ�ž�›�Ÿ�Ž�¢�1� �Š�œ�1�Ž�¡�Ž�Œ�ž�•�Ž�•�1�’�—�1�•�‘�Ž�1���Š�œ�•�Ž�›�—�1�
�Š�£�Š�”�‘�œ�•�Š�—�1�˜�Ÿ�Ž�›�1�Š�—�1
�Š�›�Ž�Š�1�˜�•�1�Y�V�1�œ�š�ï�1�”�–�1�’�—�1�•�‘�Ž�1�•�›�Š�–�Ž�œ�1�˜�•�1�•�˜�•�•�1�˜�›�Ž�1�•�Ž�™�˜�œ�’�•�œ�1�™�›�˜�œ�™�Ž�Œ�•�’�—�•�ï

5. Conclusions

���•�1�•�‘�Ž�1�–�˜�–�Ž�—�•�ð�1�•�‘�Ž�1�ž�œ�Ž�1�˜�•�1�������1�’�—�1�•�Ž�˜�•�˜�•�¢�ð�1�’�—�Œ�•�ž�•�’�—�•�1���������1�–�Š�•�—�Ž�•�’�Œ�1�œ�ž�›�Ÿ�Ž�¢�ð�1�Ž�¡�™�Ž�›�’�Ž�—�Œ�Ž�œ�1�Š�1
�•�Š�œ�•�1�•�›�˜� �ï�1���—�1�X�V�W�\�ð�1�œ�™�Ž�Œ�’�Š�•�1�œ�Ž�œ�œ�’�˜�—�1�—�Š�–�Ž�•�1�����—�–�Š�—�—�Ž�•�1�Š�Ž�›�’�Š�•�1�Ÿ�Ž�‘�’�Œ�•�Ž�œ�1�û�������ü�,�‹�Š�œ�Ž�•�1�•�Ž�Œ�‘�—�˜�•�˜-
�•�’�Ž�œ�1�•�˜�›�1�•�Ž�˜�•�˜�•�¢�1�Š�—�•�1���Š�›�•�‘�1�œ�Œ�’�Ž�—�Œ�Ž�œ���1�‘�Š�•�1�‹�Ž�Ž�—�1�˜�›�•�Š�—�’�£�Ž�•�1�’�—�1�•�‘�Ž�1�•�›�Š�–�Ž�œ�1�˜�•�1�Y�[�•�‘�1���—�•�Ž�›�—�Š�•�’�˜�—�Š�•�1
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Symposium of International Association for Genesis of Ore Deposits (IAGOD). These events 
indicate an interest of geological community to the new opportunities and, vice versa, growing 
readiness of the technologies for implementation.

In the frames of this study, few technical conclusions can be made, including the following:
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• design of UAMS includes deep adaptation of both UAV and magnetometer, target -
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• UAMS magnetic survey is more informative in comparison with traditional aerial survey at 
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the market.

One of the promising directions of the further development of UAMS magnetic survey is mul -
tilevel magnetic survey. Theoretical basis for such survey has been developed in the middle 
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useful for geological purposes.

In comparison with traditional magnetic survey, advantages of UAMS are:
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Altogether, UAMS magnetic survey represents the future of magnetic prospecting, especially—
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