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In this paper it is proposed a method of acoustic pulses generation in a wellbore by means a plasma gun which
located at the well mouth. Acoustic measurements results are presented. It is shown that the wellhead pressure af-
fects on the amplitude and hydrodynamic pulse shape, on its attenuation and the impact intensity at the wellbottom
zone. It was determined the range of wellhead pressures at which a impulse force of wave reaches the highest values
at the well bottom zone. It is shown that this method can favorably affect on the oil well productivity.
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INTRODUCTION

At this time low-temperature plasma is not only used
as a science research object but as a working medium
under different industrial tasks solution. Thermal
plasma high power density and temperature determines
the high speed of thermal impact on the body and pro-
vides high chemical reaction speed between plasma
constituents. It permits to develop a new effective tech-
nologies and equipments which have good materials
consumption efficiency, power efficiency and environ-
mental safety. The plasma engineering and technology
is one of the industry fields where production interests
and applied researches are firmly weaved with funda-
mental science. The range of thermal plasma applica-
tions is very wide: plasma formations can serve as
sources of charged particles [1], as a working medium
in space electrojet engines [2] and realizes the hyperve-
locity acceleration of bodies [3, 4], modeling the space
vehicles entry conditions into the atmosphere, as well
as, their using as a source for-plasma in a thermonuclear
fusion research [5]. The plasma technology application
can significantly improve the productivity of melting
and thermal aggregates [6], new coating types [7].

In addition, plasma discharge in water are used as a
intensive sources of acoustic fields [8]. This discharge
type is not only the object of scientific interest [9], but
also it has wide application [10].

In the past decades it was developed a wave impact
techniques of electric discharge on the producing layers
for problem solution concerning production of liquid
hydrocarbons [11, 12]. However, these methods have a
number of limitations and complicated technical solu-
tion which includes several kilometers immersion of the
plasma generator which is structurally combined with
energy storage and realizing the discharge in non-
conductive liquid.

It should be noted that such high voltage submersible
equipment operates under adverse environmental condi-
tions: pore pressure can reach several hundred atmos-
pheres and the temperature — 373 K. The extremely re-
stricted conditions of a deep devices arrangement in harsh
environments dictate specific solutions faced to electrical
engineers. A specific feature of these devices with the
coaxial power electrical circuit of the discharge is the
fact that their high-voltage pulse capacitors, high-current
switch and the discharge electrode system is placed in a
steel tubular body of small diameter (about 140 mm)
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which is lowered on the high-voltage cable into a steel
case pipe to the well perforation zone.

It should be noted that the dynamics of the plasma
formation and, consequently, the characteristics gener-
ated by means of acoustic waves depend on the fluid
pressure in the well. In addition, the effectiveness of the
impact depends on the state of the reservoir. These cir-
cumstances restrict the use of such devices. So on the
Ukraine deposits it is possible to process vertical wells
up to 3.5 km by means of using this method.

To remove these shortcomings it is reasonably to use
the controllable powerful energy sources which would
permit to receive the required acoustic field regardless
of well fluid electroconductivity conditions, the confin-
ing pressure, the pore pressure and the reservoir depth,
and to reduce repair time and effort.

In this regard, pulsed plasma generators [5, 13, 14]
(plasma guns) are of great interest. It operates by means
of high pressure pulsed arc discharge and placed on the
wellhead. Basic advantage of these generators as com-
pared to explosive sources is that not only large concen-
trated plasma streams energy can be released (10 MJ
and more) but also to control the energy release rate. It
will provide required fluid acoustic pulse characteristics
and permits to avoid dependence on the electrically
conductive fluid properties. The location of the elastic
wave source at the wellhead removes its size restrictions
and allows to control the conditions under which plasma
formation expansion takes place.

The generation of acoustic fields in the liquid by
means of the injection into her dense plasmoid, which is
formed by powerful plasma source, was described for
the first time in [15]. However in this work the excita-
tion of acoustic pulses was realized in the open space.
But for solution of this problem it should place genera-
tors in fluid-filled wells. The computer simulations re-
sults [16] show that it is possible the situation when
steam-gas cylinder expands one-dimensionally deep
into the well and acts on fluid as a piston. Besides of
that, excited oscillation modes in the well and its damp-
ing will considerably differ from the amplitude attenua-
tion in the "free water." On these circumstances it was
rightly pointed out in [17].

In this connection it is necessary to substantiate con-
ditions under which it will be possible one-dimensional
expansion of plasmoids. Additionally it should be de-
termined the energy and time parameters of the arc dis-
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charge, at which in the well-acoustic waveguide, soli-
tary elastic hydrodynamical pulses are generated with
such characteristics under which it is possible to in-
crease well productivity.

1. CONDITIONS OF SOLITARY ELASTIC
PULSES GENERATING

1.1. CONDITIONS OF SOLITARY ELASTIC
PULSES GENERATING BY MEANS OF PLASMA
FORMATION

When the plasma generator is located in the well
mouth, for effective impact on the bottomhole zone it is
necessary to excite a solitary pulse in the fluid that fills
the well - acoustic waveguide. The realization of this
method of elastic waves excitation needs some condi-
tions which are determined below.

The elastic waves excitation in a liquid can be real-
ized by means of the shift of the boundary between lig-
uid and the other medium - medium of wave source.
Elastic waves excitation by means of a solid-state
source is rather simple character from the theoretical
view point. However, the high power wave’s excitation
by means of moving the piston leads to a number of
technical difficulties. It should also be noted that the
efficiency of energy conversion into acoustic power
decreases at increasing the piston mass [8].

Electric-discharge source (spark) is more simple and
reliable in engineering work. When the waveguide is
filled conductive liquid it is also possible to initiate a
discharge under electrical breakdown of liquid [9].

Regardless of the electrical liquid properties the dis-
charge can be realized in the gas preliminary filled the
upper part of the vertical waveguide. There are two pos-
sible cases. In one case the gas-filled region covers the
waveguide section completely.

In this situation the characteristic time of disturbance
propagation in the plasma-forming medium

tordy v, (D

1
where the d, — waveguide diameter, v, — sound speed
in the gas medium.
During this time, the difference in the displacement

of the fluid boundaries at different points of its surface
was of the:

px = PO 1, z, )
Mt r,c
where p — pressure of the gas cavity, ¢ — sound speed
in liquid, r,— liquid density.
We assume that during the discharge lifetime ¢, the

cavity pressure reaches maximum value p_ . Then
assuming fip (t)/ﬂt » p.../t, weget
2
1 d
Dx: pmax _%{Bg — pmax B dB' (3)
t, reuv revy vt

At elastic waves generation there are achievable re-
/ (reve)=1 and d, / (vst,)= 1. Con-

sequently Dx = d, and boundary surface of mediums

lations p

max

can be considered as flat. Then under discharge realiza-
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tion in the gas-filled gap it can be excited elastic unipo-
lar pulse with a flat wave front in waveguide [18].

In the second case, the gas piston formation occurs
under plasma jet injection into the liquid from the re-
gion which is only partially overlapping waveguide sec-
tion. We suppose that region filled by gas is cylinder of
height # and diameter d, = d, which is smaller than

the waveguide diameter d, . For simplicity, we assume

that cylinder axis coincides with cavity axis. Note that
the discharge in such a cavity is conveniently realized
by means of electrodes placed on the cylinder ends.
After initiation of the discharge in the gas gap the
energy is released by a certain law E (¢) and it is con-

verted into the plasma formation internal energy W and
is expended in doing work 4 :
E=W+A4. “)

If the phase boundary is not flat, then at the end of
the energy input into the cavity the inertia kinetic en-
ergy of liquid is partially converted to stretching poten-
tial energy.

If phase boundary is flat, the process of converting
the kinetic energy into stretching potential energy is
impossible [18] and gas expansion will lead to the radia-
tion of a solitary compression pulse.

From practice it is known [9] that the discharge real-
ized on the rigid plane surface liquid discharge leads to
the cavity formation which has the hemisphere shape.
The motion law of such a cavity is the same as for a
cavity in an infinite liquid, but in which it has been re-
leased twice as much energy. In this case, at the initial
stage of expansion the rate of the sphere radius R

changes [9]:
B= p/r,. Q)

Consequently, in a cylindrical waveguide the crite-
rion of the solitary pulse excitation is the conditions
under which medium boundary can be considered as flat
and its movement is translational, that is, when the gas
cavity diameter exceeds the waveguide diameter:

2R > d, . (6)

We estimate the discharge parameters at which this

condition is satisfied. Suppose that during the time ¢

of electric current in gas it was released energy E . In
accordance with (6) the gas volume at the end of the
discharge:

V> pd,;/12. @)
The average liquid flow velocity through the
waveguide cross section of the area S = pd, / 4 is:

d
<v>: vy _ 4V2 > Lpd; 4 —= l_B' (8)
t,S t,pd, 12 t,pd, 31,
In this case the kinetic energy of liquid
2
E . Sroc<v> t,/ 2 or
d’ d d!
E, : pBroc B2tp:£roc—3, 9)
4 2Pt 72 7t
the potential energy of cavity:
P = pJ > pdyp,/ 12, (10)

and the gas internal energy according to [2]:
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W=pV i@ D>ppd; - 1) /12, (11)
where p, — static (equilibrium) pressure in the fluid, p, —
gas pressure, V' — gas volume, g — gas adiabatic index.

Then, according to (4, 9, 10 and 11) we can estimate
the energy which is necessary to release under discharge
in liquid for plasma injection with the purpose to gener-

E>E, +P+W = L

ate solitary elastic pulse
12
12°° % 6t , g - g (12)

1.2. THE DETERMINATION OF DISCHARGE
ENERGY AND TIME PARAMETERS

In this paper it is proposed the technique of bottom-
hole zone (BHZ) treatment, which should be considered
as vibration-wave method in accordance to the classifi-
cation of [19]. This method and the mechanical equip-
ment of its realization were proposed by S.M. Gadiev in
the 60's and it is called "vibration" in [20]. Under the
embodiment of this method it uses a hydraulic thrust
load of the liquid pumped into the well. Used in this
method spool valve or flap types vibrators excite quasi-
sinusoidal waves with frequency from 50 Hz to 1.5 kHz.
The excited wave amplitude are nearly a few atmos-
pheres. It should be noted that such method is imple-
mented under depression [19] as a rule.

The main effect of the vibration-wave impact on
the BHZ is achieved, according to the author [20], due
to the cracks formation in the BHZ, the influence on the
rheological liquids properties, increase the mobility of
liquids in the stratum, etc.

At this moment in spite of hydrodynamic mechani-
cal type generators attractiveness it is not widely used
because of its unreliability, low efficiency and greater
power inputs [19].

For further discharge characteristics evaluations
we (accordingly to [19]) will suppose that for the effec-
tive impact on the BHZ it is necessary to excite the hy-
drodynamic pulse in the well, pulse fundamental fre-

quency f, .. » (2t D)I is the order of kilohertz and

the pulse amplitude 4, should be 10 atm at the well

bottom:

Joma = 10° Hz,

4, = 10° Pa, (13.2)

To determine the pulse amplitude 4, at the wellhead
it is necessary to consider the fact that under sound
propagation the large tangential velocity component
gradient appears in the liquid wall layer. This gradient
causes viscous dissipation of energy [21]. In this case
the attenuation coefficient is equal to the energy dissi-
pated per unit time per unit wall surface per unit pipe
length which divided by twice the total energy flux
through the tube cross section:

T4

where w= 2pf — wave cyclic frequency, R, — tube

(13.1)

o i

RcK

(14)

radius, n, ¢, ¢, and c, — kinematic viscosity, thermal
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diffusivity and heat capacity of the fluid at constant vol-
ume and pressure.

We note that a attenuation coefficient is inversely
proportional to the tube radius. This indicates on the
using of the waveguide as well casings which have a
minimum diameter R, = 146 mm.

Currently wells depth can reach z : 5 km.
The amplitude of the plane acoustic wave traveling

along the z axis decreases with distance as e”“*, and
intensity —as e >** . Then:
A,= 4 e (15)

Substituting numerical values in (13.2), (14) and
(15) we can see that the pulse amplitude should be on
the order of 4 MPa near the wellhead.

However, the realization of the required plasma for-
mation regime of expansion is rather serious technical
problem under taken up radius R, , even when the fluid

pressure at the wellhead p, is equal to atmospheric

pressure. As thus the released discharge energy accord-
ing to (12) must exceed the amount of 100 kJ and the
generator electrode system should have a rather compli-
cated construction.

In addition, the fluid in the well is a two-phase sys-
tem — liquid encapsulating the gas bubbles. In such me-
dium the sound attenuation increases by several orders
of magnitude, if the bubble is resonating with the inci-
dent sound wave. The bubble resonance frequency can
often be determined by the formula Minnaerta [22]:

w, = R, nggpo/ Foos (16)
where p, is the equilibrium liquid pressure, R — is the gas

bubble radius, for which the adiabatic index equals g,-

It is seen from the formula (16) that the resonance
can be avoided by increasing the pressure of liquid.

The pointed above circumstances forces to realize
the discharge in the tube with a radius d, /2= R .
For this purpose, it is more convenient to use a segment
of standard pump-compressor pipe (PCP) with diameter

d, : 5 cm. Then, even under the liquid pressure in the

5 MPa the calculations by formula (12) gives the value
of £; 3kl,andat p) = latm £ ; 2KkJ.

However, for the estimation of input energy in dis-
charge it must take into account wave energy loss under
going from the pipe with cross section S = pd; /4 to

the pipe with cross-section §, = pRT2 / 4. In this case,

the ratio of energy flux of transmitted and incident har-
2

D=1-((5,- S) (5,+5)) [211,

which for the above values d, and R, yieldsD ; 0.4.

Consequently, in the pipe with cross section S the en-
ergy flow and input energy must satisfy the following
conditions:

monic waves is

2

FiiR2 4, E? Ft an
Dp ’ 2rc ’ . L
As for the considered values, the product F ¢ | does

not exceed the first units of kJ and then under the tech-
nical calculations more attention should be paid to cal-
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culations by the formula (12). As previously deter-
mined, £ > 3KklJ.

2. EXPERIMENTAL EQUIPMENT
AND DIAGNOSTICS

The above estimates were taken into account when
creating a elastic pulses generator in the liquid, the main
element of which is the plasma gun. The generator elec-
trical circuit diagram is shown in Fig. 1,a, its arrange-
ment at the well mouth is illustrated in Fig. 1,b, and the
appearance of the generator discharge chamber is shown
in Fig. 1,c.

N
™ \6
Fig. 1. Elastic pulses generator: a) an electronic circuit

diagram; b) the instruments allocation scheme at the
wellhead; c) the appearance of the plasma gun

4

The discharge chamber plasma gun is made of thick-
walled insulating pipe 1 with two electrodes: the ring 2
and core 3. The diameter of the dielectric channel is
8 mm, interelectrode distance ~ 8 cm. Accelerator elec-
trodes 2 and 3 are connected in parallel with the energy
storage CI through the nonlinear separating inductance
L - magnetic key.

The operating voltage and capacitance of energy
storage — 5 kV and 1.80 mF, discharge duration was
~ 0.5 ms. Thus, the condition (12) and (13.1) are satisfied.

The magnetic key is the inductance L of 20 turns of
copper wire wound on a toroidal permalloy core with
inner and outer diameters of 10 and 25 cm, respectively,
tape thickness — 0.05 mm, width — 3 cm. A initiating
high-voltage pulse formed at the discharge capacitor C2
to the primary winding of the pulse transformer IT after
actuation of controllable discharger P. Pulse trans-
former, with the number of coils in the primary and sec-
ondary windings of the 1/16, was made on the same
ferromagnetic core used in a magnetic key. High-
voltage pulse was applied to the electrode gap through
the capacitor C3.
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The more detailed description of the generator is
given in [23], and electrical characteristics - in [24].

Plasma gun is hermetically connected through the
electrode 2 with a standard flange 4 by wellbore equip-
ment. Working gas came in the chamber top from the
input electrode 3 through high pressure hose 5. A surplus
of gas, borehole fluid degassing products and fluid is
evacuated through the hole in the flange 4 and the valve 6
into the atmosphere. In the wellbore liquid operating
pressure (wellhead pressure) is provided by fluid feeding
through the pipe 7 into the acoustic tube — well 8. The
pump-compressor pipe segment 9 is situated between the
well head and the plasma gun. The piezoelectric trans-
ducer 10 and electrodynamic seismic sensors 11 type GS-
20DX is placed on the segment 9. The piezoelectric
transducer 10 was used to determine the radial PCP dis-
placement, which is proportional to the pressure pertur-
bations in the liquid, and wellhead vibrations are regis-
tered by means of seismic sensors 11 in the vertical di-
rection. These vibrations are excited by hydrodynamic
pulse under moving from PCP into big-diameter pipe.
The sensors signals are fed to a line-in sound card,
which acts as the ADC. The signals are recorded and
processed using the software «PowerGraphy.

3. THE MEASUREMENT RESULTS
AND THEIR DISCUSSION

Under experiments there were found regimes when
incoming from the piezoelectric transducer 10 signal
was a solitary pulse, the characteristic shape of which is
shown in Fig. 2. This signal indicates that the plasma
formation (plasmoid) ejected from the gun into the lig-
uid generates a solitary elastic quasi-sinusoidal pulse in
the well. The first half-cycle pulse is caused by the ex-
pansion of the plasmoid when current flows through it.
The processes of recombination and heat transfer in the
plasmoid plays a main role after that the discharge cur-
rent is broken. By reason of that a depression pulse ap-
pears in the liquid (note that in computer simulations
[16] it was considered only the processes that lead to
compression pulse).

t, ms

Pressure

Fig. 2. Elastic pulse pressure

Fig. 3 gives a representation of the frequency spec-
trum of the excited oscillations. This figure shows that
oscillation spectrum is continuous and has the most in-
tense components whose frequencies lie between 0.1
and 1.5 kHz.

Thus it is achieved the frequency conditions (13.1)
which are needed for vibration-wave impact on the BHZ
[19].
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Fig. 3. Spectrum of elastic pulse

Interesting to note that at the compression stage the
maximum pressure depends on the input energy, and the
wellhead pressure. The first of these relationships is
illustrated in Fig. 4, on which the abscissa is the voltage
U on the energy storage, and the vertical axis is the
pressure maximum A, in relative terms. The measure-

ments were performed at p =25 atm. It is noted that

solitary pulses have not appeared under voltage
UlJ 2.5 kV.

Fig. 4 confirms the validity of condition (12). In-
deed, according to Figure 4 the minimum value energy
of capacitive storage is of the 5.5 kJ, and the calculation
by formula (12) gives a value of 2.5 kJ. This energy
value indicates on the validity of the condition (12). It
should be noted that the comparison does not take into
account the residual voltage of energy storage.

50

40 Hf

% 30 o
= e
20 [iEas

10 =

0 m
2.0 2.5

3.0 3.5 4.0 45 5.0
U, kv

Fig. 4. Dependence of hydro pulse pressure maximum
from voltage on energy storage

18T
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Fig. 5. Dependence of pulse pressure maximum A,,z on

wellhead pressure P
The second pressure maximum 4, dependence

from wellhead pressure P is more complicated, as
ISSN 1562-6016. BAHT. 2013. Ne4(86)

shown in Fig. 5. These data were obtained when the
storage voltage U was U = 4 kV.

It can be suggested that the nature of this depend-
ence is caused not only by the pressure P , but also by
the gas bubbles presence in the fluid.

Using piezoelectric transducer observation of the
hydro pulse reflected from the bottom hole is very diffi-
cult. Therefore, it is advisable to register liquid distur-
bances by means of using the more sensitive seismic
sensors 11 (Fig. 1,b) which registers vibration of the
well head. The record of such oscillations under hydro
pulse generation is shown in Fig. 6. So as the wellhead
is enough complex structure, the waveform displace-
ment of the wellhead has a form different from the de-
caying sinusoid.

It should be noted that the results presented here
were obtained at the oil well number 42 Yaroshivskogo
deposit of Priluky NGDU. The depth of the well was
4200 m, operational column had a diameter of pipes:
393.7 mm in depth from 0 to 2200 m, 295.3 mm at a
depth of 2200 to 2610 m, 215.9 mm at a depth of 2610
to 4200 m.

Because of the well design the waveform was ob-
tained by recording the signal from the seismic sensor
11, on Fig. 7 the finish part of waveform is shown (ini-
tial part of this waveform is shown in Fig. 6).

.r._l

h0

t, ms

300 400

Fig. 6. Waveform of well head displacement due
to the generation of hydro pulse

As follows from this figure, at the hole mouth the
registration time of the waves reflected from the transi-
tions, i.e., peaks 4, , A, , is equal to the propagation

time of the respective distances (peak 4,,) with the

h1? h2?

elastic wave velocity in water (1450 m / s). It should be
noted that the peak heights4, , 4,, u 4,, are in two

hl? h2
orders smaller than the oscillations amplitude 4, .

t,ms
3000 4000 5000
Fig. 7. Waveform of well head displacement due

to the reflected hydrowaves
It should be noted that these peaks 4, , 4,, and 4,,

were recorded only after realizations of several dozen of
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plasma gun actuations. Furthermore, it should also point
out that with the growth of gun actuations number, a
gradual increase of the oscillations amplitude is re-
vealed.

Thus, it can be suggested that multiple discharge ini-
tiation contributed to the reduction of gas content in the
well fluid.

The advantage of continuous signals4, , 4, , 4

and 4,, registration is that the measuring device is not

h0? h2

immersed in well bottom and for the 4, and 4,, sig-

nals we can estimate the impulse that well bottom gets
from the reflected hydro pulse. This statement is based
on the dependence (15) and the independence of the D
coefficient on the direction of wave propagation. It
should also be noted that the pressure pulse have an
impact on the wellhead during several microseconds.
The wellhead natural period is ~ 30 ms according to Fig.
6, that is, this is an impact shock. Then relation between
the oscillations amplitude of the wellhead and hydro
pulse impact shock can be considered linear.

It is easy to then if the wellhead is placed mentally
into well bottom then the amplitude of the wellhead

oscillations is:
A, = ‘/Aho‘-Iéth . (18)

This relationship (18) and results of oscillations reg-
istering which are similar to those in Fig. 6 and 7 allow

to establish the dependence of the impulse k4, on the

hole bottom and wellhead pressure P . The results of
this experimental data analysis are presented in Figure
8. In this figure, the vertical axis plotted in dimen-
sionless units of the impulse k4, transmitted to well

bottom by elastic wave. These data were obtained when
the storage voltage was U = 4 kV too.

It is interesting that pressure P range of highest
values k4, coincides with such range P at which, ac-

cording to Fig. 5, there are smallest values of ampli-
tudeApZ .
120¢ 0 1
110 7 s
100 i =
. 90 7 \\\
< 80 e
70 ’é]
60—
50

70 20 30 40

P, atm
Fig. 8. Dependence of impulsekA ,, which transmitted

to well bottom from elastic wave, on wellhead pressure

Possibly the reasons for this fact are the nonlinear
properties of two-phase fluid and the spectra of elastic
pulses. Both of these reasons are related to the magni-
tude of the wellhead pressure. Under the acoustic waves
propagation in two-phase fluid the waves are trans-
formed into the shock waves [19], which is known to
have a strong damping.
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The analysis of Fig. 8 shows that the impact on the
BHZ by the proposed method it should preferably carry
out when the wellhead pressure lies in range from 10 to
25 atm. It is especially necessary to note that after the
described above experiment series with plasma gun,
which consisted of 87 elastic pulse excitations at well
mouth, the oil production was changed.

That is, before a acoustic impact the well production
rate was 0.04 ton/day, and after the acoustic fields gen-
eration the production became 119.7 tons of oil and
7.19 m® of gas during the next 63 days, according to the
measurements of NGDU specialists.

The acoustic field generation by means of the de-
scribed method is usually accompanied by an increase
in production rate in other wells.

CONCLUSIONS

The described above results lead to the following
conclusions and permits to point out the direction of
further researches.

The proposed method of acoustic field generation
by means of a plasma gun which located at the well
mouth is put into practice with a good outcome.

This indicates the validity of the proposed criterion
(12) for the development of analogous solitary acoustic
pulses generators.

The measurements results indicate that the value of
the wellhead pressure is one of the most important pa-
rameters which affect on such quantities as the ampli-
tude, the shape and the attenuation of the generated hy-
drodynamic pulse, as well as on the intensity of the
acoustic impact on the well bottom. The corresponding
dependence is illustrated by experimental data.

The optimal wellhead pressure range was deter-
mined.

It is demonstrated that acoustic fields generated by
this method can positively affect on the subsequent
process of oil production.

However, the results point to the need of the follow-
ing actions.

At first, it is needed to clarify the nature of the effect
of gas bubbles in the liquid on the plasmoid expansion.

The second, for the practical application of the
method (oil well productivity stimulation) it is necessary
to determine the applicability conditions, as well as the
duration or the multiplicity of acts impact on the BHZ.

We note especially the arising problem, which fol-
lows from the contradiction to increase the pressure
(repression) in the well on this method and the experi-
ence of submersible hydro-wave generators, whose
work is recommended [19] in a depression (decrease
bottom hole pressure). The solution of these problems
should clarify the mechanisms of acoustic impact which
is described in this paper.
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Vvedenie v
1984,

TEHEPAIIUS AKYCTHUYECKHUX MOJIEM IIJIASMEHHBIMHU CT'YCTKAMHU B CKBAJKMHAX
B.U. ®@eoyn, I0.E. Konaoa, O.H. Bynanuyx

B crarbe npeanoxeH MeTo/ reHepalyy akyCTUYECKUX TOJIEH ¢ MIOMOILBIO TUIa3MEeHHOM nywku. [IpuBenens! pe-
3yJIbTaThl aKyCcTHYECKUX n3MepeHuil. [lokazaHo, uTo naBleHHE Ha yCThe CKBAXKUHBI BIUSET HAa aMIUIUTYIy U (opmy
THAPOMMILYJIBCA, €r0 3aTyXaHHe U Ha MHTCHCUBHOCTh BO3/CHCTBUSA B 001acTy 32005 ckBakUHBI. OnpeeneH HHTep-
BaJI JJaBJICHWI Ha yCThE CKBAXXMHBI, HA KOTOPOM JIOCTHTAalOTCSl HanOOJIbININE 3HAYCHUSI MMITYJIbCa CHJIBI Ha 3a00M
ckBaXuHbI. [l0ka3zaHo, 4TO JaHHBIA METOJI MOXKET OJIArONPUSTHO BIMATH Ha MOCIEAYIONINHA Tpoliecc HehTeq00bIun.

I'EHEPAIIA AKYCTUYHUX ITOJIIB IIVTASMOBUMMU 3I'YCTKAMMUM Y CBEPAJIOBUHAX
B.1. ®eoyn, 1O.€. Konaoa, O.M. Bynanuyx

VY crarTi 3anponoHOBAaHO METOJ T'eHepallii aKyCTHYHHX ITOJIiB 3 BUKOPHCTAHHAM I1a3MOBOi rapMatu. HaBeneHo
pe3yJIbTaTH aKyCTHYHUX BHMiproBaHb. [10Ka3aHO, IO TUCK B YCTi CBEpUIOBHHHM BIUIMBAE HA aMILTITYAY Ta (opMy
TiAPOIMITYTTCY, HOTO 3aracaHHs Ta Ha IHTCHCHBHICTD [ii Ha 00JacTe BHOOK. BH3HAaUeHO iHTEpBa THUCKIB B YCTI
CBEpJIOBUHU, TPH SKOMY JOCATAIOThCS HAMOLIbIII 3HAUYeHHs il iMITyJibcy cuiid Ha BuOid. [loka3aHo, 1mo naHui
METO]l MOXKE CIPUSITH ICTOTHOMY 30UIbIICHHIO BUJOOYTKY HAQTH.
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