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To improve the rate of penetration (ROP) in unconventional natural gas drilling and shorten 
the drilling cycle, hydraulic pulse cavitating jet generator (HPCJG) is designed which couples 
the advantages of pulsed jet and cavitating jet on the basis of the analysis of the jet-modulating 
mechanism. When drilling fluid flows through the tool, the fluid will be modulated to the pulsed 
and cavitating jet by application of the impellers and by entering into the self-resonant chamber. 
Thus, pulsed cavitating jet is formed at the outlet of the bit nozzle. Because of jet pulsation, cavitating 
erosion, and local negative-pressure effect, the cleaning efficiency of wellbore cuttings and the ROP 
will be enhanced. Several well-times of field tests with HPCJG were conducted in Xuanye-1 well 
in shale gas well and Zhi-4 well in coal bed gas well, and the ROP comparison between field tests 
intervals with HPCJG and that of adjacent intervals of the same well or adjacent wells without 
HPCJG were carried out. The tests results show that the ROP of Xuanye-1 well in 2 two different 
wellbore sizes are 2.73 m/h and 1.74 m/h respectively. The average ROP of field tests interval were 
enhanced by approximately 58.2% and 18.1% compared with the adjacent intervals. The ROP of 
Zhi-4 well is 1.74 m/h, and the ROP of field tests were enhanced by approximately 21.6% compared 
with the adjacent Zhi-1 well and 187.7% compared with the adjacent Zhi-2 well. The hydraulic pulse 
cavitating jet drilling technology can remarkably improve the ROP of shale gas and coal bed gas 
drilling and reduce the drilling costs. Hydraulic pulse cavitating jet drilling technique can afford an 
effective approach to improve ROP in unconventional natural gas resources.
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1. Introduction
As the world reserves of hydrocarbons from 

conventional reservoirs peaks and begins to decline, 
unconventional natural gas resources will play 
an increasingly important role in energy supply. 
Unconventional natural gas resources are rich and 
widely distributed around the globe. Shale gas and 
coal bed gas in unconventional resources has good 
developing prospects. An analyst expects that shale 
gas will provide as much as half the natural-gas 
production in North America by 2030 [1]. Shale gas 
also receives more and more attention in China. 
Strong oil and gas demand is pushing coal bed 
methane (CBM) exploration and production, and 
CBM will become an important energy source in the 
future in China [2].

Given the downturn of natural-gas prices, it is 
vitally important to reduce the costs of drilling 
unconventional gas wells. The slow ROP becomes 
a bottleneck which enhances the costs of drilling 
technology in unconventional gas resources well. 
Thus, improving ROP and reducing drilling time 
will be an effective means to reduce the costs of 
drilling. Research and field tests show that the 
transfer of hydraulic energy is more efficient than 
that of mechanical energy.

In order to break up the rocks and clear out 
the down hole cuttings, Li and coworkers [3-5] 
successfully designed an HPCJG that combines the 
advantages of a pulsed jet and a cavitating jet, which 

is a feasible way to enhance ROP in conventional 
natural gas reservoirs wells effectively without an 
additional increase in surface equipment capacity. 
To validate the results of HPCJG in unconventional 
natural gas resources, the field tests with HPCJG 
were taken on various conditions in shale gas and 
CBM wells. And the tool has effective application 
in unconventional gas resources drilling. Improving 
ROP and reducing drilling time by hydraulic pulsed 
cavitating jet drilling technique is an effective method.

2. Structural design and operating principle 
of HPCJG

The structural design of the HPCJG consists of a 
top and a bottom box joint, a main body, an elastic 
collar, a diverting device, impellers, an impeller shaft, 
an impeller bed, a self-oscillation nozzle, and a cavity 
resonator (resonant chamber) [4], as shown in figure 1.

The slope-flow channel of the diverting device 
(fig.2) placed at the top of the body cavity can change 
the flow direction and velocity of drilling fluids and 
generate tangential impacting force. This force can 
make impellers revolve continuously at a high speed. 
Impeller assembly consists of the body, impeller 
(fig.3), impeller shaft and shaft sleeve. The impeller 
is installed on the shaft, and sits on the impeller 
bed by shaft sleeve. With the impacting force on 
impeller blade from the transient drilling fluids flow, 
it rotates at a high speed that changes the flow aisle 
areas continuously. The continuous jet is modulated 
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to pulsed jet while passing through the impeller 
assembly.

When the pulsed jet generated by the impeller 
assembly flows into the bottom resonant chamber 
(fig.4) which is placed at the bottom of the tool, the 
self-resonant chamber of HPCJG can amplify the 
pulsing signal of drilling fluid and generate the fluid 

resonance. The self-resonant chamber is designed 
based on organ pipe type as shown in figure 4, and 
the upper two-stage narrowing of the flow in the self-
oscillation nozzle designed on the basis of organ pipe 
type is to form cavitating jet. The last stage narrowing 
of the flow in the self-oscillation nozzle provides the 
flow channel for cavitating jet that has been caused.

When the pulsed jet flows through the contracted 
cross-section of the resonant chamber, the original 
resonating pressure fluctuation occurs. Then pressure 
fluctuation will be returned to the chamber to form 
the pressure oscillation. According to the theory of 
transient flow, when the inherent frequency of fluid 
flow matches the forced oscillation frequency of 
fluid flow generated by HPCJG, the fluid acoustic 
resonance is generated and then the returned pressure 
oscillation will be amplified in the resonant chamber. 
Cavitating jet (cavitation) is generated by self-resonant 
chamber through systematic theoretical analysis and 
experimental research [6].

Thus the intense pulsating turbulent vortex rings 
are formed at the outlet and the pulsating pressure 
impact on the bottom hole so that the flow field is 
improved.

3. Mechanism to improve ROP of hydraulic-
pulsed cavitating jet

The HPCJG is installed upon the bit, which 
couples fluid oscillation and cavitating effects and 
can modulate the steady flowing drilling fluids into a 
pulsed cavitating jet. It generates three kinds of effect 
at the bottom hole: hydraulic pulse, cavitating erosion 
and instantaneous negative pressure. The combination 
of hydraulic-pulsed jet and cavitating jet can change 
the flow field at bottom hole and rock-stress state so 

Fig.1. Structure of HPCJG

Fig.3. Impeller of HPCJG

Fig.2. Diverting device of HPCJG

Fig.4. Resonant chamber of HPCJG 
based on organ pipe type
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as to enhance rock-breaking and cuttings-cleaning 
efficiency and improve ROP.

(1) Hydraulic pulse—The intermittent water-
hammer impacting pressure of the pulsed jet that acts 
on the target surface is much larger than the stagnation 
pressure of the continuous jet. The impacting pressure 
can decrease the rock-breaking specific energy 
dramatically. The resonant chamber amplifies the 
pressure oscillation generated by the hydraulic-
pulsed tool and generates the fluid resonance. Then 
the pulsed-jet out-of-bit nozzle can improve the flow 
field at bottom hole and enhance rock-breaking and 
cuttings cleaning efficiency.

(2) Cavitating erosion—The generation of pressure 
pulsation can easily produce air bubbles near the 
bottom because of pressure reduction on cavitation 
occurrence. Under the same delivery capacity, the 
impact pressure of the cavitating jet is approximately 
8.6 to 124 times larger than the stagnation pressure 
of the continuous jet, which assists the rock-breaking 
and enhances cuttings-cleaning effects.

(3) Instantaneous negative pressure—Pulsed jet and 
pressure oscillation produce relatively instantaneous 
negative pressure at the bottom and cause local 
instantaneous underbalance state, which can change 
the stress state of rock and make it easier to break.

When hydraulic pulsed jet is shaped around the 
nozzle, a low-pressure area will occur around the bit 
because of the oscillating pressure generated by the 
hydraulic pulsed cavitating jet generator, which can 
reduce the chip hold down effect caused by annulus 
fluid column pressure. The mechanism of improving 
ROP and cuttings-cleaning efficiency is similar to 
underbalanced drilling technology, thus drilling time 
and costs can be reduced greatly.

4. Jet hydraulic performance tests of HPCJG
Laboratory tests were carried out with a small-

sized generator in the Water Jet Research Center at the 
China University of Petroleum, and the experimental 
apparatus for laboratory tests of HPCJG is illustrated 
in figure 5. The power was supplied by a triplex 
plunger pump with a maximum flow rate of 350 L/min.

Laboratory tests indicated that the amplitude of 
pulsing pressure and pressure drop produced by 
the HPCJG increased as the flow rate increased. 
Moreover, the pulse frequency of the generator was 
invariable as the flow rate remained constant under 
the same structure of HPCJG [e.g.,when the flow rate 
was 350 LPM, the pulse frequency was approximately 
14 Hz, and the pulsing-pressure amplitude was 
approximately 3 MPa; however, when the flow rate 
was 350 LPM without HPCJG, the pulse frequency was 
the operational frequency of the plunger pump, and 
the pulsing-pressure amplitude was approximately 
0.9 MPa (fig.6)].

The pulse pressure, pulse frequency and pressure 
loss with different flow rate were investigated at the 
Xin11-Gengxie 18 well by the surface tests equipments 
which recorded the curves of stand pipe pressure and 
time in conventional drilling and hydraulic pulsated 
cavitating jet drilling. The testing drilling assembly 
was bit + HPCJG + Φ158.7mm drill collar + Φ127mm 
drill pipe + Kelly. Bit-nozzle pressure was tested 
under two circumstances-with and without HPCJG. 
The field experimental tests results are presented in 
figure 7.

 (1) When the flow rate is 1650, 1782, 1920 L/min 
(LPM), producing obvious pulsing pressure produced 
by hydraulic pulsed cavitating jet generator is 1.5, 2.1, 
2.2 MPa respectively and the amplitude increases as 

Fig.5. Experimental apparatus for laboratory tests of HPCJG
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the flow rate increases.
(2) The pulse frequency of hydraulic pulsed 

cavitating jet generator increases slowly as the flow 
rate increases. When the flow rate is 1650, 1782, 

1920LPM, the pulse frequency is about 8.5, 
9.3 and 10.1Hz.

(3) When the flow rate is between 
1650, 1782, 1920 LPM, the pressure loss of 
hydraulic pulsed cavitating jet generator is 
about 0.56, 0.58, 0.60MPa.

5. Field tests and results analysis of 
HPCJG in unconventional natural gas 
well

5.1. Field tests of Xuanye-1 well in shale 
gas resources

1. General situation of Xuanye-1 well
Xuanye-1 well locates between Shikou 

Village and Yuehong Village in Ningguo 
County, Anhui Province, which is a 
shale gas well of China Petrochemical 
Corporation. The objective formation of 
Xuanye-1 well designed as a vertical well 
(2848.80 m) exists in Lower Cambrian 
Hetang Member-Dachenling Member in 
the central part of Yangtzi Basin. The aim 
of Xuanye-1 drilling is to investigate the 
gas-bearing situation of shale reservoir, 
evaluate the shale gas resources potential, 
and to explore the adaptability of drilling 

technical parameters.
The rock of Xuanye-1 well has features of tight, 

abrasivity, low porosity and low permeability, thus 
the speed of well drilling is slow and the cycle of 

Fig.6. Laboratory tests results

Fig.7. Field test results
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building well is long. The average ROP of adjacent 
Wanning-1 well and Wanning-2 well in the same 
formation is 0.6 m/h, and the rock drillability of 
Wanning-1 and Wanning-2 Well is higher than 5, 
even up to 10.

2. Field tests of HPCJG in Xuanye-1 well
In the drilling process, this formation is subjected 

easily to incline, but the control requirement of the well 
inclination is relatively high, so a PDM are required to 
modify the inclination. Given the relatively slow ROP 
in the lower intervals, the combination of HPCJG and 
PDM is used to improve the ROP. Hydraulic-pulsed 
cavitating-jet compound drilling is a new method 
that installs the HPCJG between the bit and the PDM. 
Twice applications of HPCJG have been carried out in 
Xuanye-1 well, and the bottom hole assembly (BHA) 
is applied as follows:

BHA for the first time: Ø311.1mm PDC Bit 
+  Ø228 mm HPCJG + Ø197 mm PDM + Ø203.2 
mm Drill collar×1 + Centralizers +Ø203.2 mm Drill 
collar×1+Ø177.8 mm Drill collar×2 + Ø165 mm Drill 
collar×2 + Heavy weight drill pipe×2 + Ø127 mm 
Drill pipe.

BHA for the second time: Ø215.9 mm PDC Bit 
+ Ø178 mm HPCJG + Float valve + Ø165 mm Non-
magnetic drill collar×1+Ø165 mm Drill collar×18 + 
Ø127 mm Heavy weight drill pipe×9 + Ø127 mm 
Drill pipe.

Field operation parameters in Xuanye-1 well are 
displayed in table 1.

In the field tests of HPCJG in Xuanye-1 well, the 
BHA will be not needed to change except installing 
HPCJG between the bit and drill collar or PDM.

3. Test-results analysis of HPCJG in Xuanye-1 well
The adjacent wells of Xuanye-1 well have only 

Wanning-1 Well and Wanning-2 Well, but the 

drilling parameters of two wells are not suitable to 
make the comparison with tests results of Xuanye-1 
well because the two wells are drilled as parameter 
wells and are requested for coring in the whole 
drilling process. Thus, the ROP comparisons of the 
hydraulic-pulsed cavitating-jet drilling tests with 
adjacent intervals in the same well are carried out.

The HPCJG combined with PDC Bit and PDM is 
applied with the well depth of 1147.51 ~ 1243.28 m, 
and the net digging footage with HPCJG is 95.77 m; 
the net drilling time is 35.08 h and the average ROP in 
the interval is 2.73 m/h. Compared with conventional 
drilling without HPCJG, the ROP had been enhanced 
by 58.2% with the same drilling parameters and 
properties of rock and drilling fluid (fig.8). 

The HPCJG combined with only PDC Bit is used 
with the well depth of 2060.58 ~ 2848.80 m, and the 
net digging footage with HPCJG in the interval is 
369.08 m; the net drilling time is 211.58 h and the 
average ROP in the interval is 1.74 m/h. Several 
coring operations are carried out which could 
affect the average ROP in the drilling interval. 
Compared with conventional drilling without 
HPCJG in the interval, the ROP had been enhanced 
by 18.1% with the same drilling parameters and 
properties of rock and drilling fluid. The details 
are presented in table 2. The lifetime of the tool is 
more than 200 hours, with a maximum recorded 
operation time of more than 520 hours.

Tests results indicate that the HPCJG works well 
with PDC Bit and PDM tools and has no interference 
with them. As a result, the HPCJG is compatible 
with shale gas reservoirs drilling and adapts well 
to abrasiveness formation. The generator can meet 
the field requirements on reliability and lifetime. 
Hydraulic-pulsed cavitating-jet combined–drilling 
technique (HPCJDT) can offer an effective and safe 
approach to improve ROP in shale gas wells.

Interval, m
Drilling parameters Properties of drilling fluid

Weight on 
bit, kN

Rotate 
speed, rpm

Displace-
ment, L/s

Pump 
pressure, MPa

Density, 
g/cm3

Viscosity, 
s

1147.51-1243.28 80 90-110 39 9 1.15 48
2060.58-2848.80 40-100 40-65 34-38 9-11 1.12 34-52

hole 
diameter, mm

Interval,
m

Footage,
m

Drilling
time, h

ROP, 
m/h

ROP
Increase, %

Test interval 311.1 1147.51-1243.28 95.77 35.08 2.73 -

Adjacent interval 311.1
1023.93-1147.51 132.58 57.77 2.14 27.7

58.2
1243.28-1329.19 85.91 64.67 1.33 105.3

Test interval 215.9 2060.58-2848.80
With HPCJG 369.08 211.58 1.74 -

Adjacent interval 215.9 2060.58-2848.80
Without HPCJG 254.92 172.42 1.48 18.1

Table 1 
On-site field operation parameters of tests interval in Xuanye-1 well

Table 2 
ROP comparison of hydraulic-pulsed cavitating-jet combined–drilling tests and adjacent intervals
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5.2. Field tests of Zhi-4 well in CBM resources
1. General situation of Zhi-4 well
Zhi-4 well locates in southwest of Bainiba Village 

in Zhijin County, Guizhou Province, which is a 
CBM well. The objective formation of Zhi-4 well 
designed as a vertical well (576.0 m) exists in Upper 
Permian(P2x) Xuanwei Formation. The formation is 
complex, and this formation is subjected easily to 
incline in the drilling process. The formation has high 
porosity and permeability which leads to serious 
formation leakage, and there is little information of 
adjacent wells to provide references for drilling.

The ROP of Zhi-4 well is slow because non-
uniform distribution of in situ stresses and formation 
undercompaction. Given the relatively slow ROP in the 
adjacent wells in the same formation, the combination 
of HPCJG is used to improve the ROP.

2. Field tests of HPCJG in Zhi-4 well
The bottom hole assembly (BHA) 

combined with HPCJG is applied in Zhi-4 
well as follows:

BHA: Ø215.9 mm PDC Bit + Ø178 mm 
HPCJG + Ø177.8 mm Non-magnetic drill 
collar×1 + Ø177.8 mm Drill collar×1 + Ø215 
mm Spiral stabilizer×1 + Ø177.8 mm Drill 
collar×1 + Ø215 mm Spiral stabilizer×1 + 
ØΦ177.8 mm Drill collar×1 + Ø165 mm Drill 
collar×8  + Ø127 mm Drill pipe.

Field operation parameters in Zhi-4 Well 
are displayed in table 3.

In the field tests of HPCJG in Zhi-4 
Well, the BHA will be not needed to change 
except installing HPCJG between the bit 
and drill collar.

3. Test-results analysis of HPCJG in Zhi-4 
well

Field tests of HPCJG combined with 
PDC Bit are carried out with the well 
depth of 196.00~223.16 m, 228.65~280.55 m, 
287.36~302.49 m and 319.50~432.00 m 
respectively, and the net digging footage 

with HPCJG is 206.69 m; the net drilling time is 
32.75 h and the average ROP in the interval is 6.30 
m/h. Compared with Zhi-1 well and Zhi-2 well 
without HPCJG in the same formation, the ROP had 
been enhanced by 21.6% and 187.7% respectively 
with the same drilling parameters and properties of 
rock and drilling fluid. The details are presented in 
table 4. ROP comparison between Zhi-4 well in the 
fourth time and Zhi-1 well is presented in figure 9.

Test results indicate that the HPCJG is compatible 
CBM reservoirs drilling and adapts well to complex 
formation. The generator can meet the field 
requirements on reliability and lifetime. HPCJDT 
can offer an effective and safe technique to improve 
ROP in CBM wells.

Drilling parameters Properties of drilling fluid

Weight 
on bit, KN

Rotate 
speed, rpm

Displacement,
L/s

Pump 
pressure, MPa

Density,
g/cm3

Viscosity,
s

20-60 70-80 100-107 1-2.9 1.02-1.09 40-50

Well
name Interval, m Lithology Footage,

m
Drilling 
time, h

ROP,
m/h

ROP 
increase, %

 Average ROP 
increase, %

Zhi-4

196.00-223.16

Shale 206.69 32.75 6.30 - -
228.65-280.55
287.36-302.49
319.50-432.00

Zhi-1 241.17-359.97 Shale 118.8 23.00 5.17 21.6
110.6

Zhi-2
280.00-375.50

Shale 137.30 62.67 2.19 187.7
384.20-426.00

Fig.8 Drilling time comparison of Xuanye-1 
and adjacent intervals

Table 4 
ROP comparison of hydraulic-pulsed cavitating-jet combined–drilling tests and adjacent intervals

Table 3 
On-site field operation parameters of test interval in Zhi-4 well
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6. Conclusions
Based on the theoretical study and field tests of HPCJG in unconventional natural gas wells, 

the following conclusions for HPCJDT can be achieved:
1. The modulating mechanisms of the HPCJG including pressure wave modulation and shear-

wave rectification is presented. The HPCJG, which usually be installed between the bit and the drill 
collar or other drilling tool, can modulate the steady-flowing drilling fluid to a pulsed cavitating 
jet and generate three types of effects at bottom hole: hydraulic pulse, cavitating erosion, and 
instantaneous negative pressure. The combination of hydraulic-pulsation jet and cavitating jet 
can change the flow field at bottom hole and the rock-stress state to enhance rock-breaking and 
cuttings-cleanout efficiency and improve the ROP in the unconventional reservoirs drilling process.

2. Fields surface tests of HPCJG indicate that significant pressure fluctuations, the amplitude 
value and pulse frequency increase are produced as the flow rate increases. When the flow rate 
is between 1650 and 1920 LPM, the pulsing pressure amplitude is approximately 1.5 to 2.2 MPa, 
pressure drop is approximately 0.56 to 0.60 MPa, and pulse frequencies is about 8.5 to10.1 Hz.

3. In the case of different bit types, formation, and drilling fluid densities, field tests of hydraulic 
pulsed cavitating jet drilling technology in unconventional natural gas wells are carried out. The 
results show that hydraulic pulsed cavitating jet drilling technology may significantly improve 
the ROP and has good adaptability and flexibility. Field tests results indicate that compared with 
adjacent intervals drilling without HPCJG, the ROP of Xuanye-1 well in shale gas reservoirs had 
been enhanced by 58.2% and 18.1% respectively in twice field applications with the same drilling 
parameters and properties of rock and drilling fluid; the ROP of Zhi-4 well in CBM reservoirs had 
been enhanced by 21.6% and 187.7% respectively compared with adjacent Zhi-1 well and Zhi-2 
well without HPCJG in the same formation.

Fig.9 Drilling time comparison of Zhi-4 well and adjacent well
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Применение гидравлического генератора 
импульсно-кавитирующей струи при бурении скважин 

природного газа нетипичного происхождения 

Д.Лянгбин1, Г.Ли2, С.Тянтай1, М.Жанг1, Х.Ши1 
(Сианьский Нефтяной Университет, Китайский Нефтяной Университет)

Реферат

В статье рассматривается гидравлический генератор импульсно-кавитирующей струи 
(ГГИКС), сочетающий в себе преимущества импульсного и кавитирующего генераторов, 
с целью повышения механической скорости проходки (МСП) при бурении скважин при-
родного газа нетипичного происхождения и сокращения цикла бурения. Показано, что 
благодаря импульсной струе, образующейся на выходе из сопла долота, кавитационной 
эрозии и локальному воздействию отрицательного давления, увеличивается эффектив-
ность очистки ствола скважины от бурового шлама, а также повышается механическая 
скорость бурения. Промысловые испытания ГГИКС проводились в скважинах сланцево-
го газа (Xuanye-1) и газа из угольных пластов (Zhi-4). Приводится сравнительный анализ 
МСП при бурении скважин с использованием и без использования ГГИКС. Результаты 
промысловых исследований показали, что МСП скважины сланцевого газа с разными 
диаметрами ствола составила 2.73 и 1.74 м/ч соответственно, а средняя МСП увеличилась 
на 58.2% и 18.1%. МСП скважины газа из угольных пластов составила 1.74 м/ч, а по сравне-
нию с соседними увеличилась на 21.6% и 187.7%. Полученные результаты демонстриру-
ют, что использование ГГИКС может существенно улучшить МСП при бурении скважин 
сланцевого газа и газа из угольных пластов и сократить затраты на бурение.
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Xülasə

 Məqalədə  qeyri-ənənəvi təbii qaz quyularının qazılması zaman qazmanın mexaniki sürətini 
(QMS) artırmaq və qazma siklini azaltmaq məqsədilə impulslu və kavitasiya generatorlarının 
üstünlüklərini özündə cəmləşdirən impuls-kavitasiya şırnaqlı hidravlik generator (İKŞHG) 
təqdim edilir. Göstərilmişdir ki, balta ucluğunun çıxışında yaranmış impulslu şırnağın, 
kavitasiya eroziyasının və əks təzyiqin lokal təsiri hesabına quyu lüləsinin qazma şlamından 
təmizlənməsinin effektivliyi, həmçinin QMS-nin sürəti artır. İKŞHG-nın mədən sınaqları şist 
qaz (Xuanye-1) və kömür laylarından çıxarılan qaz (Zhi-4) quyularında aparılmışdır. İKŞHG-
dən istifadə edərək və etməyərək qazılan quyuların QMS-nin müqayisəli təhlili aparılmışdır. 
Mədən tədqiqatlarının nəticələri göstərmişdir ki, lüləsi müxtəlif diametrli olan şist qaz 
quyularının QMS-i uyğun olaraq 2.73 və 1.74 m/saat təşkil edir və orta QMS təqribən 58.2% və 
18.1% artmışdır. Kömür laylarından çıxarılan qaz quyusunun QMS 1.74 m/s olmuşdur, qonşu 
quyularla müqayisədə isə təqribən 21.6% və 187.7% artmışdır. Əldə edilən nəticələr göstərir ki, 
şist qaz quyularının və kömür laylarından çıxarılan qaz quyularının qazmasında İKŞHG-nin 
istifadəsi QMS-ni əhəmiyyətli şəkildə yaxşılaşdıra və qazma xərclərini azalda bilər. 


