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ANNOTATION
The article describes the principle of operation of the device for geophysical exploration, which is based on the action of
detonation waves to a limited area of the earth’s surface at a shallow depth (up to 100 m), a block diagram and timing
diagrams explaining the principle of the device.
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INTRODUCTION

The most important factors that increase the reliability and safety of the construction process in complex
hydrogeological conditions, the accuracy and reliability source data when conducting survey works.

One of the most important parts of buildings and structures, is the Foundation, which is designed to
transfer the load from all of the building structures on the base. But for the selection of constructive decisions of
the Foundation must be clearly and know exactly what is the basis of what the engineering-geological elements
it is represented, what mechanical and deformation properties [1]. The problem of finding different items, voids,
and other inhomogeneities located beneath the surface of the earth, is very relevant during construction and
archaeological work, as well as in many other spheres of economic activity [2].

In this regard, quite urgent is to develop a device for geophysical prospecting of the earth's crust, which
provides sufficient performance registration information and the possibility of their repeated use.

The main part. For performance reasons, registration information and more reusability the authors
developed a device for geophysical prospecting of the earth's crust on the basis of detonation generator block
diagram is shown in Fig.1.

The device operates as follows. The synchronizing generator SG generates a sequence of short rectangular
pulses with a repetition period (the maximum depth of exploration; - the speed of propagation of acoustic waves
in the medium, Fig. 2, a time t1) which acts on the trigger input of the source of acoustic radiation of IAS, NH1
first indicator and the second indicator NH2. In which the first and second MUH1 NH2 indicator reset information
and is prepared to receive regular information, at the same time the release of the first single-shot OV1 is
formed a rectangular pulse (Fig. 2, b) which is supplied to the trigger input of the generator of short pulses GKI,
solenoid gaseous hydrocarbon fuel ESC and solenoid valve compressed air EQ. At the same time, the open state
of the solenoid valve EQ and ESC corresponds to the duration of the rectangular pulses generated by the first
one-shot OV1, which is sufficient to completely fill uglevodorodnogo a mixture chamber of a detonation
generator of DK.

With the trailing edge of the output pulse of the first single-shot OV1 (time t2 Fig. 2) is the generator of
short pulses of GKI, the result at its output is formed a short square pulse, which simultaneously affect the input
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of the initiation system SI, the second one-shot OB2 and trigger with separate start SFS. Further, at the output of
the latter is a logical "I1" and is fed to the input of the meter time intervals EVIE.

Fig. 1. Block diagram of a device for geophysical exploration of the earth's crust based on a

detonation generator.

The impact of a short pulse from the output of the GKI short pulse generator to the input of the SI
initiation system generates a high-voltage voltage pulse in its output (Fig. 2d). A high-voltage pulse from the
output of the initiation system acts on the input of the ultrasonic ignition device and leads to ignition of the
hydrocarbon-air mixture inside the detonation chamber. Further, due to the acceleration of the flame front
inside the detonation chamber of a recreation center, a shock wave is formed at its output and acts on the earth's
surface. At time t2, a rectangular pulse is generated at the output of the second one-shot OB2 (Fig. 2f), the
duration of which is longer than the envelope of a multi-frequency damped oscillation, i.e., tOV2> t33K.

A rectangular pulse formed at the output of the second one-shot OB2 acts on the input of switch K and
blocks the input of the BOES echo processing unit from the PI radiation receiver.

The impact of a shock wave on the earth’s surface excites multi-frequency harmonic, damped seismic
waves (Fig. 2, e), the waveforms and frequency composition of which depend on many factors, such as the
nature of the impact pulse absorbing the properties of the medium, as well as structural features of the interface
on the path waves, etc. [3].
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Fig. 2. Timing diagrams of the device.
In modern seismic exploration, powerful explosive sources are used, which have a pulse duration of
several hundred milliseconds, and the frequency band of the spectrum of excited seismic waves is 1 - 200 Hz

[4].
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It is known that the frequency band of the spectrum of multifrequency, damped, seismic waves excited
by a shock wave, with an increase in the pulse duration, narrows and vice versa with a decrease - expands,
therefore when using detonation generators as an excitation source, the frequency band of excited seismic waves
expands several times, so how the duration of the exposure pulse in detonation generators, depending on the
length of the detonation tube, can range from several tens of microseconds to several milliseconds [5].

Vo
v

hmin - minimum depth of the desired object; Vv 5 " V3 - the propagation velocity of the detonation wave and

The required length of the detonation chamber is determined from the condition L K < th in’ roe:

3

seismic waves at the depth of the prospected portion of the earth's crust, respectively [6-8].

According to [9,10] and the foregoing, the formed harmonic, damped, seismic wave on the earth's surface
has the form: P(t) = Pe™ sin( et )+ P,e ' sin(w,t)+...+ Pe ™ sin(w,t) (1)
Where: P, P,,..., P,- maximum amplitude of harmonic components at frequencies
W 1,0 ,...,0 respectively; @, =27 f,, @, -27f,,...,0, =27 f - circular frequency;

a,,0,,...,0, - media attenuation coefficients that correspond to frequencies @,@,,...,®, respectively; t-

time.

From the theory of flaw detection, it is known that the main information about the nature of the desired
object is contained in the phase shift of the echo signals [9, 11]; therefore, the formed wave propagating along
the earth’s surface travels the distance hc and reaches the surface of the desired object, reflected from it,
undergoing changes of the phase of each harmonic component, the distance hc passes once more and reaches
the surface of the earth where the PI radiation receiver is installed (Fig. 2g), while the wave acting on the PI
radiation receiver has the form.

P,(t)=Py e “sin[w,(t—7,)+@,]+ Py, e sinf[o,(t—7, ) +@,]+... -
et Py e sinfo, (t-7,)+0,]

Where: P91’ P32 yeo oy P3n - maximum amplitude of harmonic components of echo signals at frequencies
@,,0,,...,0, respectively;

D, Py, P, - frequency shift of echoes at frequencies @,,®,,...,®, respectively; - delay T, time

of echoes corresponding to the distance - 24,.
The electrical signal generated at the output of the PI radiation receiver has the form.

Us(t)=U, e sinf[o,(t—7,)+¢,]+U,, e sin[o,(t—7, )+ @,]+... )
3
wtU, e sinfo, (t-7,)+09,]

Where: U 31,U 32,...,U 9 - maximum voltage amplitude of the harmonic components of the echo

signals at frequencies @,,®,,...,®, respectively.

According to the theory of acoustic control methods, to assess the nature of the desired object, it suffices to
measure the phase shift between two adjacent harmonic components of the echo signals, which differ in
frequency [9,11].

The choice of the corresponding pair of harmonic components of the echo signals is made according to
their more intense amplitude, which in seismic exploration using powerful explosive sources corresponds to the
frequency range of 20-80 Hz [3,4].

It has been experimentally established that when using detonation generators, which have a pulse duration
in the order of one millisecond, the frequency range at levels of 0.5 of the maximum amplitude of the echo
signals is 20 - 400 Hz, which allows the use of more high-frequency, harmonic, components of the echo signals
for determination and classification the desired object at a depth of 100 m.

It is known that in phase metering to measure phase shifts between a component of harmonic signals, it is
necessary to bring them to the same frequency by multiplying their initial frequency.
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Then the phase shift between the selected harmonic components at a frequency of their frequency
according to is defined as

@y =Ky, @ (= (K + ey,
Bringing them to the same frequency, for example @ = k(k +1)a)0 , by multiplying frequencies @) and

Wmyqy Tespectively on (k +l) and k, allows you to determine the phase difference between the harmonic

components of the echo signals.
V= (k +1) O — k¢(m+1)
Where: M =1,2,...- number of the selected harmonic component.

When the frequencies of the selected harmonic components @, Wy slightly differ from each

and
other, then you can take @y = @1y = Py

Therefore, the phase difference between the harmonic components will be equal to the phase shift of the
echo signal ¥ = @4 (Fig. 2 m).

The implementation of this method of measuring the phase shift between the harmonic components of the
echo signals is performed in the block processing of the echo signals of BOES (Fig.1).

This electric output signal of the radiation receiver PI is applied through the switch To the input of the
processing unit of the echo of BOES.

The electrical signal corresponding to the reflected acoustic signal from the surface of the earth P(t) is
blocked by switch To period of time of a damped oscillatory process on the earth's surface (Fig. 2. W), and the
electric signal corresponding to the reflected echo from the surface of the object re(t) passes through the switch
after a time interval t OB2 switch is in the locked state by the output pulse of the second one-shot S (Fig. 2. e).

Passing through the switch an electrical signal which corresponds to the reflected echo from the surface of
the desired object 10, are simultaneously energized on the input of the first F1 and second F2 filter. The electric
signal (Fig. 2) corresponding to the frequency output from the first filter F1 passes through the amplifier limiter
YOI'l (Fig. And 2) is then fed to the second input of the trigger with separate run SFS and through the
frequency doubler ADC to one of the inputs of the phase detector FD (Fig. 2. th). To the second input of the
phase detector PD is fed a corresponding electrical signal (Fig. 2) with a frequency which is received through
the second amplifier limiter YOI2 output from the second filter F2.

Thus, the output of the phase detector PD is formed an electric signal proportional to the phase shift
between harmonic components of the echo (Fig. 2 m), and the output of the trigger with separate run, is formed
a rectangular pulse whose duration corresponds to the distance to the desired object z, and is measured on the
meter of time intervals EVIE. Signal corresponding to the distance z is displayed on the display VIH1, and the

display MIH2 shows a signal corresponding to a phase shift ¥/ = @,

Conclusion The use of the proposed device in geophysical exploration based on detonation generators in
the construction industry makes it possible to determine and classify underground formations, objects, voids and
other inhomogeneities at a depth of up to 100 m, which is due to the use of higher-frequency harmonic
components of echo signals in the range of 20 - 400 Hz. Improving the accuracy of measurements is achieved
by eliminating the influence of reflected signals from the earth's surface on the control result.
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