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Having given, that Q (h0; Н0) is equal to 
 and substituted (3) into (1), 

we’ll yield the following: 

  (4)

Having given, that 

we’ll yield the following:

 (5)

So, the resulting equation of the transient re-
gime (e.g. the dynamics) in the coordinates’ incre-
ments, we’ll give the dimensionless form, by means 
of the h and H relative deviations introducing: 

   

   (6)

where hН and НН – are some constant baseline val-
ues of the water level and the moving (in our case, 
the head in the over – membrane chamber). 

Having substituted the Δh and ΔH values, we’ll 
get the following: 

  (7) 

For the dimensionless receiving of all the equa-
tion terms, we’ll divide it by the coeffi cient хIN and 
then, having taken the Laplace transforms (e.g. the 
entries in the pictures, or in the operator form), we’ll 
obtain the dynamics equation, in the following form: 

 (Тр – 1) хINPUT = КхOUT,  (8)

where  – the time constant, having 

obtained from the equation (7), by means of divid-
ing by the coeffi cient at хINPUT; 

 – is the transfer coeffi cient;

р – the symbol (e.g. the operator) of the dif-
ferentiation. 

The characteristic equation of the equation (8) 
will have the following form: 

 Тр – l = 0,  (9)
whence 

  (10)

Thus, from the equation (10), it is clear, that the 
check valve operation will be stable, if р has the 
negative real part. So, the time constant Т, in this 
case, must be the negative one, i.e. the denominator 

 will be less than zero, in other words, it is 

presented itself the decreasing function. 

Indeed, at the h increase, the fl ow rate through 
the calibrated hole is decreased. Thus, here, there is 

always observed the  inequality. 
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It is necessary to be considered the various 
factors research challenge at the wells’ protection 
process from their sanding up, for the theoretical 
researches confi rmation. 
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I. The laboratory – bench and development 
tests have been carried out, without interrupting the 
wells’ operation technological process. 

– The Well № 1 – the water hammer presence at 
the pump restarting, and, as a result of the increased 
turbulence (e.g. fl ows whirling pool), there is the 
abundant occurrence of the suspended particle: 

   (1)
 V·ρ = m1;  (2)
 m1·q = F1. (3) 

– The Well № 2 – at the КОР-1.0 check valve 
presence, with the adjustable opening time, by the 
complete water hammer absence, at the repeatedly 
restarted deep well pump, and, therefore, there are 
the reduced turbulence phenomenon and the com-
plete suspensions absence in the water: 

  (4)
 V·ρ = m2; (5)
 m2·q = F2 (6)
and as a result of:

 q > a;   F1 < F2. 
II. The production process testing and the cor-

responding technological tests – this is the simul-
taneous water pumping during 10 days and nights 
(e.g. 240 hours), with the use of the two turbine me-
ters of the BB-50 cold water for the water volume 
measuring, having fl owed through the well № 1 and 
the well № 2 pipelines, simultaneously at the tem-
perature up to 30 °С and the pressure up to 1 MPa: 

The well № 1:                  The well № 2:

                 (7)
 V·ρ = m1;                   V·ρ = m2;  (8)
 m1·Ci = G1;              m1·Ci = G2;  (9)

where Ci – the specifi c concentration of the sus-
pensions. 

As a result, by the obtained data, we can see, 
the specifi c concentration of the sandy suspensions 
is very high and the volume of the settled sand is 
great, that in the well № 1, which has no the check 
valve with the adjustable opening time, and also the 
artifi cial structure of the pebbly fi lter. The specifi c 
concentration density is quite so small, that in the 
sedimentation tank, we don’t fi nd the settled sand 
in the well № 2, having equipped with the check 
valve with the adjustable the opening time, and the 
artifi cial pebbly fi lter structure. 

The production – processing and technologi-
cal (e.g. operating) experimental tests have already 
been carried out during the 3 summer months (e.g. 

92 days and nights): June, July, and August – in the 
season of the greatest use of the water resources. 
So, the check valve КОР-1.0 had been temporarily 
installed at the production – processing and techno-
logical tests on the well № 1, as a result of which 
the completely different experimental data were 
received, which were then recorded in the tests 
log, where the sand content in the samples was de-
creased signifi cantly, in comparison with the previ-
ous samples. The well fl ow rate has been remained 
the same, and it has been equaled to Q = 6,5 m3/h 
or Q = 156 m3/day, at the fi ne sand content 20 g per 
1 m3 water or 312 g/day. 

So, the experimental data readings from the 
samples, having taken during the production – pro-
cessing and technological tests during the 92 days 
and nights of the experiments have already been 
given the stable results by the production rate 
Q = 14,8 m3/h. or 355,2 m3/day, at the fi ne sand con-
tent 0,001 g/qm3 in the well № 2, having equipped 
by the artifi cial pebble fi lter and by the check valve 
КОР-1.0, This was given us every reason to be be-
lieved, that the experimental tests had already been 
confi rmed the choice correctness of the input pa-
rameters of the processes under their study. 

So, the statistic data and the theoretical analysis 
results have already been allowed, according to the 
researches plan A, B, C, to be justifi ed the setting 
ranges and the varying levels of the input param-
eters to be obtained the statistics equations and the 
aerohydrodynamics at the operating pumping out: 

   (10) 

   (11)

where J – the change in pressure; Рk – the pressure; 
Сk – the suspensions concentration; t – the time.

The equation of the aerohydrodynamics fl ow 
patterns: 

  (12)

– the increase (fl ow rate) quantity of fl ow equation: 
a) by the infl ow increasing;
b) by the fi ltration coeffi cient increase: 

   (13)

where Vd.v – the depressive funnel volume; Кf – the 
fi ltration coeffi cient. 

– the external and internal forces interaction 
equation at the artifi cial pebbly fi lter installation:

   (14)

– the kinetics and aerohydrodynamics equation 
for the nominal characteristics:

   (15) 
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The variation limits in the factors, under the 
production – processing and technological ex-
ploitation conditions, at the maximum water se-
lection and sampling intake regime, have been 
allowed to be taken the mathematical descrip-
tion making up production of the initial and the 
boundary conditions, the differential equations 
of the processes: 

   (16) 

References

1. Ovodov V.S. The Agricultural Water Supply and Flood-
ing / The Teaching Aid. – M.: Kolos. 2004.

2. Ovcharenko E.Kh. The Hydraulic Phenomena Mod-
eling on Hydro–Technical Structures / E.Kh. Ovcharenko, 
A.E. Tichshenko // The Teaching Aid. – Novocherkassk, 2002.

3. The Experimental Filtration Works / Under the editor-
ship of V.M. Shestakov and D.N. Bashkatov // The Teaching 
Aid. – M.: The Subsoil, 2004.

4. Plotnikov N.A. The Assessment of Underground Re-
sources // The Teaching Aid. – М.: Gosgeologtehizdat, 1999.

5. Turkin A.A. The Physical and Mechanical Properties of 
Sand Particles, Contaminating Wells / A.A. Turkin, S.K. Ma-

nasyan // The Supplement to the Bulletin. – The KrasSAgU, 
2004. – Р. 72–74.

6. Sibirina T.F. The Hydraulics and Hydrology. The Labo-
ratory Workshop. The KrasSAgU / T.F. Sibirina, A.A. Turkin / 
The Methodical Manual. – The Achinsk Branch of the Kras-
SAgU. – Achinsk, 2005. –Р. 42. 

7. Turkin A.A. The Artifi cial Gravel Filter // The Supple-
ment to the Bulletin. – The KrasSAgU, 2005. – Р. 138–140. 

8. Turkin A.A. The Device for Gravel Filter Construction in 
Well / A.A. Turkin, T.F. Sibirina, S.K. Manasyan // The Bulletin 
of the KrasSAgU. – 2008. – P.138–140.

9. Turkin A.A. The Purifi cation Process of Abandoned 
Wells / А.А. Turkin, S.K. Manasyan // The Supplement to the 
Bulletin of the KrasSAgU. – Рart 1. – 2006. – Р. 348–349.

10. Turkin A.A. The Challenges of Household – Drinking 
Provision of the Achinsk Region // The Supplement to the Bul-
letin of the KrasSAgU. – 2007. – Р. 74–76. 

11. Turkin A.A. The Construction Method of Gravel Fil-
ter in Well Downhole / A.A. Turkin, T.F. Sibirina, S.K. Mana-
syan // The Supplement to the Bulletin of the KrasSAgU. – 2008. – 
Р. 74–76. 

The work is submitted to the International Sci-
entifi c Conference «Science and education pressing 
questions», Russia (Moscow), May, 21-24, 2013, 
came to the editorial offi ce оn 29.04.2013.


