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 In 2017, work was continued on equipping the Bezvodnoye landfill with necessary 

instruments and systems for the study of thunderstorm electricity and related phenomena. The 

main efforts were directed to the creation of an infrastructure that allows to dispose of the 

necessary devices, to provide reliable communication with them for managing the operating 

modes and data collection. 

  The landfill site, located in the Kstovo district of the Nizhny Novgorod Oblast, is a fairly 

even site located on the high right bank of the Volga River at about 100 meters above the water 

level. The plan for the location of objects in the territory is shown in Figure 1. 

 

Figure 1. The plan for the location of objects in the territory of the Bezvodnoye landfill.  

 At the landfill, there is a large laboratory building (1), which is equipped with a room for 

installation of basic computer data collecting systems, as well as synchronization and control 

devices. In addition, there are two remote rooms suitable for the installation of measuring 

equipment - a metal hangar (3) and a garage (4). Near the laboratory building, there is a platform 

(2) for installing radio antennas and instruments for measuring quasistatic fields and atmospheric 

conductivity, as well as other equipment. At a distance of 60 m from the casing, there is a tower 



of 22 m high (5), on top of which there is a small platform for installation of optical instruments, 

because from there you can see the horizon line 360 degrees. 

  In 2017 in the building worked: Boltek thunder-locator, antenna of which is installed on 

the site near the casing, a data collecting system from two HF antennas, a condenser antenna of 

the ultra long range, which is used as a sensor of the trigger system for synchronous recording of 

electromagnetic fields of lightning discharges in a wide frequency range, electrostatic flux meter 

for measuring the quasistatic electric field of the atmosphere, acoustic profile "MFAS" 

manufactured by Scinteс, which allows measuring the wind speed profile up to heights of 800 m, 

as well as an analyzer of nanosized aerosols manufactured by GRIMM. 

  In the garage, a second data collecting system was installed from two other HF antennas, 

which was connected by a synchronization cable to the casing. 

  In 2017, the following infrastructure works were carried out:  

- Wooden houses were built and placed on the territory to house HF antennas in order to provide 

protection against precipitation and other risk factors. In the future, these cottages will also house 

X-ray and gamma-ray quanta formed during lightning discharges.  

 

- Optical cables were underlaid, connecting the laboratory building with remote measuring points 

- a tower, a hangar and a garage, which would allow not only to transmit synchronization signals 

with minimal delays and high noise protection, even during a thunderstorm, when wired 

transmission systems are subject to strong pickups, transmitters and receivers of signals, but also 

provide remote access to the collection systems over an Ethernet network using interface 

converters between wired and optical cables. 

 The main element of the laboratory is the installation of the mapping of lightning 

discharges of nearby thunderstorms, which is a differential-ranging type with a small base 

recording the wave form of radio emission in the frequency range 50 kHz - 30 MHz. Four 

antennas and two data recording systems using two-channel 14-bit ADCs with a maximum clock 

frequency of 60 MHz and an internal memory of 512 MB are used to receive the radio emission. 

In measurements in 2017, magnetic antenna modules were used, oriented to receiving the east-

west and north-south components of the magnetic field. Each recording system records data from 

two separated antenna modules (one recording system is used to record data from modules 1 and 

2, and the other from modules 3 and 4) connected to it by cables of the same length for all 

installation modules (about 60 m). The trigger pulse for triggering the detection systems at the 



time of the lightning discharge was generated by a special device for receiving a low-frequency 

(below 10 kHz) radio emission accompanying a lightning discharge placed in the location of one 

of them. On the second registration system, the trigger pulse was fed via a specially underlaid 

cable using an optocoupler, the propagation time of the radio signal was previously measured. 

Both recording systems conducted a continuous recording of the radio emission received by the 

antenna modules into a circular buffer organized in the internal memory of the ADC. After the 

arrival of the trigger signal, the recording continued for some pre-set time, after which the entire 

buffer was written to the RAM and then to the hard disk of the computer. The use of a common 

trigger pulse guarantees the recording of the same lightning by both recording systems. The 

clock frequency of the ADC was 60 MHz and the recording time of each event was 2 seconds 

with a history of 0.4 seconds. In addition, one of the antenna modules was connected to a special 

system for recording fast processes, allowing quasicontinuous recording of a signal with a high 

temporal resolution for a relatively long time, in which data was recorded using RAID from 4 

hard disks. At the clock frequency of a single-channel 14-bit ADC of 50 MHz, this system 

allowed recording for several hours with a loss of approximately 5-10% of the data. The 

continuity of the recording was monitored by the signals of the RFM radio station, which 

transmitted the reference frequency and time, which were allocated directly from the received 

record. The relative location of the receiving points of the system for mapping lightning 

discharges in observations of 2017 is indicated by the squares in Figure 1.  

 For synchronous launch of computers located at a distance of about 300 m from one 

another, a coaxial cable was underlaid. With the direct (parallel) connection of the 

synchronization inputs of analog-to-digital converters installed in computers, it was found out 

that due to different ground points on the connecting cable, especially in thunderstorm 

conditions, there are strong pickups with a network frequency of 50 Hz, which causes false 

operations of the remote computer, which also often mask the response from the transmitted 

trigger pulses. 

 To fight this phenomenon, an optronic galvanic isolation device for a long 

synchronization cable was developed and manufactured, which made it possible to completely 

eliminate false positives. This device was tested in a laboratory using one of the recording 

systems. The system was started in manual mode through a optronic cable, one trigger signal was 

sent to one of the ADC channels, and on the other, a trigger pulse directly from the system of its 

formation. In this way, the delay of the remote recording system was determined. At long 

distances, the synchronization of measuring points using a cable is not possible. In this 

connection, a synchronization system over the radio channel was tested on a low-base unit. An 

unlicensed 5.8 GHz range was chosen, which is used for radio control of models and for which a 



sufficiently large number of transmitters and receivers with a broad band required for the 

transmission of a television signal have been designed. In addition, in this range it is not difficult 

to make a compact antenna with a high directionality. We used a television image transmission 

system made on the basis of receivers and transmitters providing a transmission band of a pulse 

signal of not less than 6 MHz, which allows the transmission of impulse signals with a front time 

of 0.1 mksec, i.е. at the level of temporal stability provided by GPS-GLONASS systems. 

   

а)    b)    c) 

Figure 2 - Elements of a radio synchronization system used for its testing: a) a transmitter, b) a 

receiver, c) a remote data collecting computer with synchronization system elements along a 

coaxial cable and over a radio channel. 

 Elements of the radio channel synchronization system used for its testing are shown in 

Figure 2. 

 The transmitted signal power was 30 dBm, antennas with a gain ratio of 14 dB were used, 

the distance from the transmitter to the receiver was 245 meters. In addition, the transmitter and 

receiver were connected to the source of pulses and the recording computer, respectively, with 

coaxial cables of 60 m long each. Registration of transmitted synchronization pulses was 

performed on the computer of the remote point. The trigger signal that arrived at the ADC trigger 

input via a coaxial cable with optronic galvanic isolation also came to the signal input of the 

ADC. The signal from the receiver that passed through the radio channel entered the other input 

of the ADC. Thus, signals from both synchronization channels were recorded. The results of the 

radio channel tests are summarized in Figure 3, which shows simultaneous recording of 

triggering pulses from the start of a remote recording system transmitted over a cable with 

optocoupler and a radio channel for 35 cases. The recording system was launched through a 

cable channel. It can be seen from the figure that the time delay of the radio signal (more 



precisely, the lead over the cable, since the delay in the cable and the optocoupler is greater than 

in the radio channel) is stable enough to use it to start the remote system. The spread of the data 

in Figure 3 is due to the different arrival time of the trigger pulse with respect to the clock pulse 

of the ADC and does not exceed one clock cycle. 

 

Figure 3 - Simultaneous recording of the triggering pulses for starting a remote registration 

system via a cable (with optocoupler) and a radio channel. The recording system was launched 

through a cable channel. 

 As a result of the first measurements, only one-channel quasicontinuous recording of the 

radio-frequency radiation of a thunderstorm cloud was obtained during several hours of its 

existence, during which a check was made whether the recorded signal was a pickup on a (rather 

long) cable connecting the antenna to the recording device. To do this, during the recording, the 

antenna power was turned off for a period of about 5 minutes. As a result, it has been established 

that pickups with the cable is at least 40 dB below the signal level from the antenna. 

 Analysis of the data obtained during the quasicontinuous recording showed that the 

lightning cloud is characterized by the existence of pulsed submicrosecond radiation that exists 

at time intervals with a peculiar duration of a fraction of a second separated by intervals of 

approximately the same duration when the radiation (at the sensitivity level of the receiving 

device) is absent. The beginning of radiation is always sudden and does not show signs of 

gradual development. It should be noted that according to the data of the Nizhny Novgorod 

regional lightning guidance system, only one lightning discharge occurred in the coverage zone 

of the system (more than 200 km from the observation point) in about 9 seconds from the 

beginning of the record at a distance of more than 100 km from the observation point. Thus, a 

rather intense light from a thunderstorm cloud also occurs in the intervals between lightning 



discharges. A detailed analysis of this radiation and its comparison with the data of the 

Nizhny Novgorod regional lightning-regulating system is expected to be carried out in 2018. 
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