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Filter cake formed by large particles has an increased porosity, and also, a greater permeability. 
The objective of this work is to provide a comprehensive review of the microscopic structure and 
elementary composition, particle size distribution, and polymer concentration in different layers 
of the filter cake to reveal the mechanism which led to the changes of structure of filter cake. The 
effect of inorganic salt on the structure of filter cake has been conducted. The results obtained show 
that a high level of electrolyte contamination has facilitated the flocculation of drilling fluid. The 
gel strength becomes too weak to suspend larger particles, and they are easier to deposit in fluid 
with electrolyte contamination. As a result, the particle size of the bottom layer of the filter cake is 
larger than that of middle layer and top layer. It is possible to improve the salt tolerance of brine 
based drilling fluid, in other words, provide a plentiful supply and homogeneous distribution of 
deformable colloidal particles which are formed by bentonite and polymers in the filter cake. The 
deformable colloidal particles plug pores of various sizes, increasing the percolating resistance of 
the filter cake and reducing the velocity of filtration. 
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1. Introduction
Drilling fluids consists of dissolved and suspended 

solids, liquids, and treating agents, with the liquid 
being the continuous phase. Under high temperature 
conditions, additives lose their effectiveness as they 
become too soluble, and they may actually become 
detrimental to other fluid properties such as viscosity 
when their thermal limit is exceeded [1]. In fluid, 
drag is the cumulative resistance determined by 
particle size, deposition velocity and fluid viscosity. 
Friction between layers of fluid produces viscous 
drag against particles and filtrate. Obviously, the 
larger viscoelasticity of polymer solution under high 
temperature and high pressure (HTHP), the higher 
percolation resistance, and the greater of proportion 
of high injection pressure arising from elastic effect. 

To stabilize the wellbore area, the drilling fluid 
forms a filter cake which bridges the formation face 
under overbalance condition. Filter cake builds up 
over the face of the porous medium and filtrate invades 
the formation [2]. The homogeneity of the filter cake 
affects the properties of filtration process. The filter 
cake permeability depends on a well-designed drilling 
fluids and additives. The filter cake should allow for 
minimum filtration, prevent solid invasions to the 
formation, and withstand high differential overbalance 
pressures [3]. When the drilling fluid contains particles 
of different sizes, the larger particles of the drilling 
fluid form the skeleton of the filter cake and the smaller 
particles can migrate and deposit within the porous 
cake formed by the large particles. Simultaneously, the 
cake may undergo a compaction process by the effect 
of the fluid drag as the suspension of smaller particles 
flow through the cake [4]. The particle size distribution 

(PSD) of solids in the filter cake is determined using 
a conventional laser light scattering instrument [5] 
and using a laser diffraction method [6]. Also it 
was measured by a Leica microscope [7]. Drilling 
fluid filtration tests showed that the PSD in the 
wellbore fluid played an extremely important role 
in determining the extent and depth of damage 
induced [8]. The filter cake formed by the large particles 
was unable to prevent the invasion of small drill solids 
and polymers. Scanning Electron Microscopy (SEM) 
is generally used to examine the surface morphology 
of samples and identify the elemental constitution of 
filter cake [7,9-11]. This is accomplished by generating 
high-resolution images of the areas of interest within 
the sample and detects changes in its chemical 
composition at micro structural level. 

The objective of this work is to provide a 
comprehensive review of the microscopic structure 
and elementary composition, PSD, and polymers 
concentration in different layers of the filter cake to 
reveal the mechanism which led to the changes of 
structure of filter cake. A series analysis of the HTHP 
fluid loss experiments accounting for characterization 
of the filter cake was undertaken. The effect of 
inorganic salt on the structure of filter cake of water 
based drilling fluid has been conducted. 

2. Experimental studies
2.1. Properties of the drilling fluid 
Filter cake is strongly dependent on drilling fluid 

properties such as density, apparent viscosity, plastic 
viscosity and yield point [12]. Water based drilling 
fluid formula was selected in the experiments which 
contained barite as weighting materials and bentonite 
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was used as a viscosifier, the composition of the 
drilling fluid is given in table 1. Table 2 summarizes 
the properties of the drilling fluid. 

Note: AV - apparent viscosity; PV - plastic viscosity; 
YP - yield point; FLAPI - American Petroleum Institute 
filtrate volume; FLHTHP - high temperature and high 
pressure filtrate volume. All properties taken at room 
temperature after thermal aging in a roller oven for 
16 hours at 150 oC except FLHTHP taken at 150 oC with 
differential pressure of 3.5 MPa.  

2.2. HTHP filtration tests and filter cake sample 
preparation 

The objective of this work is to reveal the effect of 
inorganic salt (NaCl) on the filter cake characteristics. 
The microscopic structure and PSD of the fluids and their 
filter cakes were studied to investigate the appearance of 
system after thermal aging in a roller oven for 16 hours 
at 150 oC. HTHP fluid loss test were operated under 
differential pressure of 500 psi at 150 oC. At the end of 
the test, the excess drilling fluid was decanted and the 
filter cake was washed gently. After measuring the 
filter cake thickness, the filter cake was equally split 
into three layers as shown in figure 1. Small piece of 
filter cake was then removed and freeze-dried quickly 
at -40 °C. The frozen water in the filter cake was then 
removed by vacuum sublimation. The structure of 

the dried cake was then studied using the scanning 
electron microscope (SEM).

2.3. SEM and EDs analysis 
In this work, FEI Quanta 200 F was used to undertake 

analysis of filter cake samples. An accelerating voltage 
of 20.00 kV was used during analysis and imaging 
was performed using secondary electron imaging 
mode. Micro-chemical analysis of samples was carried 
out using EDs detector coupled with INCA EDs 
software. The Si(Li) EDs detector was equipped with 
an atmospheric thin window capable of detecting 
elements down to Barium. 

2.4. PSD analysis
PSD of filter cake layer was measured using Malvern 

Mastersizer 2000 instrument. The samples are prepared 
in a consistent way in aqueous media, so as to provide 
the most reproducible and reliable results.

 
3. Results and discussion
3.1. Bentonite dispersion and flocculation 
The particle size and their distribution have great 

influence on microstructure and permeability of filter 
cake. Filter cake formed by large particles has a 
greater permeability, and also, an increased porosity. 
The obtained PSD results in figure 2 indicate that 

Additives
Formula number

1# 2# 3# 4# 5# 6# 7# 8#
Water, g 400 400 400 400 400 400 400 400
Bentonite (viscosifier), g 12 12 12 12 12 12 12 12
NaOH 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
P(AMPS- DMDAAC-AA-AM) polymer 
(for short: ADAA) (filtrate reducer), g 0 0 0 0 0 0 8.0 8.0

Sodium sulfo methylated phenolic 
resin (filtrate reducer), g 0 0 12 12 12 12 12 12

Resinex (filtrate reducer), g 0 0 12 12 12 12 12 12
Sodium sulfonated gilsonite 
(filtrate reducer), g 0 0 8.0 8.0 8.0 8.0 8.0 8.0

NaCl, g 0 144 0 0 144 144 144 144
Barite, g 0 0 0 800 0 800 0 800

Table 1
Chemical compositions of water based drilling fluid

Experiment
number Aging temperature AV,

mPa.s
PV,

mPa.s
YP,
Pa

gel (10”/10’),
Pa/Pa

FLAPI,
ml

FLHTHP,
ml

1# 150 oC/16h 3.5 3.0 0.5 - 35.0 -

2# 150 oC/16h 7.0 4.0 3.0 - >150 -

3# 150 oC/16h 21.0 15.0 6.0 0.5/3.5 1.0 12.4

4# 150 oC/16h 48.5 41.0 7.5 8.5/15.0 1.2 10.2

5# 150 oC/16h 15.5 14.0 1.5 1.0/7.0 3.0 38.7

6# 150 oC/16h 36.0 33.0 3.0 7.0/14.0 1.4 26.2

7# 150 oC/16h 31.0 24.0 7.0 5.0/12.5 2.6 14.8

8# 150 oC/16h 44.0 35.0 9.0 6.0/14.5 1.0 6.0

Table 2
Properties of the drilling fluids
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inorganic salt in slurry does not promote hydration 
and dispersion of clay particles but rather promote 
the flocculation of them. Consequently, the velocity 
of filtration of such slurry and the thickness of the 
filter cake formed in a given time are higher than 
that of electrolyte poor suspensions. This is because 
cations adhere to the surfaces of clay particles and 
then compress their diffused double layer. As a result, 
clay particles can be closer to each other. Besides, the 
additional electrolytes in the system reduced energy 
barrier that the particles must overcome and so the 
clay particles can come into contact with one another 
and agglomerate [13]. 

3.2. Microscopic structure of filter cake 
3.2.1. Microscopic structure of filter cake of freshwater 

based bentonite slurry
Many of the pictures taken at the top of the static 

filter cake samples present a vertical orientation of 
the bentonite platelets. Parallel "channels" structure 
were immediately noticed in the pictures of the top 
of the filter cake formed from 3% bentonite slurry. 
Not only edge-to-edge and edge-to-face joining, 
but also face to face of the clay platelets have been 
observed in figure 3.

3.2.2. Effect of polymers on microscopic structure of 
filter cake of freshwater based drilling fluid 

Figure 4 presents SEM micrographs of HTHP 
filter cake of freshwater based drilling fluid without 
weighting materials. "Channels" structure of bentonite 
slurry cake turned into "honeycomb" structure when 
fluid loss additives were added to the bentonite 
slurry. Consequently, the filter loss experienced a 
sharp cutoff. Elemental analysis result in Figure 
6 demonstrates that the lattice of the structure is 
composed of bentonite clay platelets and polymers. 
Compared with bentonite slurry (sample 1#), the 
additional of polymer additives has greatly improved 
the composition of the surface of the filter cake (sample 
3#) as well as its hydration and swelling properties. 

It should be mentioned that the pore does not 
represent flow channel, but rather a series of "boxes" 
stacked together. As a result, the "honeycomb" 
structure does not represent "flow thru" channels. 
Instead, pore wall with good swelling properties 
can produce a large resistance to fluid flow through 
the filter cake. This is because that, the additional 
additives adhere to the clay platelets through chemical 
bonds like hydrogen bond, etc., and reinforce the 
hydration ability of particles, as a result, form more 

Fig.2. The difference of the PSD between freshwater 
based and saturated sodium chloride based bentonite slurry
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 Fig.5. SEM micrographs of HTHP filter cake for brine based drilling 
fluid (sample 5#), image to the right is the enlarged image for the left

Fig.3. The microscopic structure of freshwater based bentonite slurry 
filter cake made under static conditions (differential pressure of 100 psi at room 

temperature), image to the right is the enlarged image for the left

Fig.4. SEM micrographs of HTHP filter cake for freshwater based drilling 
fluid (sample 3#), image to the right is the enlarged image for the left
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Fig.6. Elemental analysis of HTHP filter cake obtained at experiment 3# and 5# in table 1

deformable elastic-plastic colloidal particles with clay 
particles, plug pores of various sizes and then increase 
the percolating resistance of the filter cake. 

3.2.3. Effect of inorganic salt on filter cake microscopic 
structure

It can be seen from sample 5# (fig.5) bentonite 
together with polymers nearly failed to maintain 
its "honeycomb" structure in filter cake when it is 
contaminated with saturated salt. The pore size and 
pore wall thickness are larger than that of sample 
3# (fig.4). Figure 6 presents more Na and Cl element 
were detected in sample 5# than that of sample 
3#, this indicates that a high level of electrolyte 
contamination in sample 5#. Hence, according to the 
elemental analysis results (fig.6), SEM micrographs 
of simple 3# and sample 5# (fig.4~.5), the swelling 
capability should have been inhibited because of 
the considerable chemical stress caused by the large 
number of finely NaCl crystals on the surface of the 

pore wall (fig.6). This is because both the additional 
electrolyte in the system and high temperature 
have reduced energy barrier that the particles must 
overcome and so the clay particles come into contact 
with one another and flocculation [13]. The pore 
size and pore wall thickness increase because of 
clay flocculation. As a result, the flow resistance 
through the filter cake reduced because of the 
increased pore size and the poor swelling capability 
of the pore wall, in consequence, an increase in filter 
cake permeability, in other words, poor filtration 
controls can be visible during the HTHP filtration 
test. For example, electrolyte contamination of the 
freshwater based drilling fluid with saturated salt 
increases the HTHP filtrate, reflected by a 38.7 mL 
fluid loss (sample 5#), compared with 12.4 mL for the 
uncontaminated drilling fluid (sample 3#).  

Figure 7 presents effect of saturated salt on 
the microscopic structure of weighting drilling 
fluid. Figure 7 (a) shows a uniform distribution of 
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Fig.8. Elemental analysis of HTHP filter cake obtained at experiment 6# in table 1

bentonite and polymers in filter cake, however, their 
flocculation were observed in figure 7 (b) by the effect 
of saturated salt. The bentonite flocculation and its 
heterogeneous distribution was demonstrated by 
energy dispersion spectrum analysis (EDs) of figure 
7 (b) (sample 6#) when compare the element analysis 
results of point G, H & I with that of point K, J (fig.8). 
This further indicates that the salt have facilitated 
the flocculation of bentonite. Obviously, not enough 
deformable colloidal particles are available which 
were expected to plug pores between particles in the 
filter cake.

3.2.4. PSD of filter cake after inorganic salt 
contaminated

The PSD of different layers of filter cake for each of 
the samples are presented in figures 9-10, submicron 
particles are visible in the filter cake. For sample 4#, 
there is no obvious difference among the PSD of the 
bottom layer, middle layer and top layer when no 
salt is added to the fluid (fig.9), and this indicates 
that filter cake is approximate homogeneous. 

However, filter cake becomes heterogeneous when 

saturated NaCl is added (sample 6#). Though there is 
no obvious difference between the PSD of the middle 
layer and top layer, particle size of bottom layer of the 
filter cake becomes larger than that of middle layer 
and top layer (fig.10). This is probably because the 
gel strength becomes too weak to suspend particles 
due to electrolyte contamination (table 2 sample 5# 
& 6#), and larger particles are easier to deposition in 
fluid with weak gel strength. Those also indicate that 
high concentration of inorganic salt had facilitated 
the flocculation of drilling fluid. Obviously, it would 
lead to the increase of particle size, associate in the 
form of a loose, open network as is shown in figure 
7, in other words, a considerable increases in cake 
permeability as well as fluid loss. 

3.3. Improve of salt resistance of brine based 
drilling fluid

3.3.1. The improve of salt resistance by the additional of 
ADAA 

According to the results above, it is necessary 
to improve the salt resistance of the drilling fluid 
system, hence, a new fluid loss additive (for simple: 

Fig.9. PSD of different filter cake layers in sample 4#
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Fig.10. PSD of different filter cake layers after electrolyte contamination with saturated salt (sample 6#)

ADAA) with good salt resistance for drilling fluids 
was synthesized by a redox initiating system from 
2-acrylamido-2-methyl propane sulfonic acid 
(AMPS) and dimethyl diallyl ammonium chloride 
(DMDAAC), crylic acid (AA), acrylamide (AM). 
Then, an additional of 8.0 g ADAA was added to 
sample 5# and sample 6# respectively to improve 
their salt resistance. Table 3 summarizes the 
rheological property of sample 7# and sample 8#. 
Acceptable increase of apparent viscosity, plastic 
viscosity and yield point were measured. SEM 
micrographs presented in figure 11 indicate that the 
clay flocculation was greatly improved compared 
with that of sample 5# in figure 5. 

For further research of the salt tolerance of 
ADAA, SEM micrographs of filter cake of freshwater 
based and brine based drilling fluid were conducted. 
Microscopic structure of sample 8# is presented in 
figure 12. The flocculation of bentonite no longer 
exists after 8.0 g ADAA was added by comparing it 
with SEM micrograph of sample 6# in figure 7(b). As 

a result, the HTHP fluid loss was greatly reduced in 
sample 8# compared with sample 6#. Reflected by a 
26.2 mL fluid loss (sample 6#), compared with 6.0 
mL for the uncontaminated drilling fluid (sample 
8#). This is because that the flocculation of bentonite 
would damage the homogeneous distribution the 
deformable colloidal particles in filter cake, which 
was expected harmful for the block of void space.

Those ideas were obtained from a microscopic 
view use SEM scanner, to further confirm those 
above, characteristics of filter cake layers were 
determined from a comprehensive view.

3.3.2. Polymer and absorbed water content in filter cake
Adsorbed water mass concentration of the filter 

cake was determined from the weight difference 
upon drying in an oven at 100 °C for 6 h. 
The treating agents used in this work were all 
organics which were mainly composed of C, H, 
O, N, S and few other chemical elements. Most 
of them would burn and turn into gases at high 

Fig.11. SEM micrographs of HTHP filter cake with an additional of ADAA
 (sample 7#), image to the right is the enlarged image for the left
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temperature. Hence, after the adsorbed water mass 
concentration was measured, the polymer mass 
concentration of the filter cake was determined 
from the weight difference upon burning in a muffle 
furnace at 700  oC for 30 min. 

The results presented in figure 13 illustrate that 
both the adsorbed water and the polymer contents 
in bottom layer of the filter cake are lower than 
that of the top layer. Comparing with the SEM 
micrographs of cake sample4#, 6# & 8#, the results 
indicate that the additional of ADAA is beneficial 
to the increase of polymers concentration in 
filter cake. It had contributed to build-up an 
impermeable filter cake and then reduced the 
filtrate volume. The mass concentration of polymer 
in the filter cake and its ability to resist desorption 

and dehydration under high temperature was 
important issues of filter cake permeability.  

From above, the terrible situation changed for 
the better in sample 8# due to the additional of 
salt resistance fluid loss additive, ADAA. The 
characteristics of cake layers of sample 8#, such 
as microscopic structure, PSD (not presented), 
polymers and absorbed water content are similar 
to that of sample 4#, this indicates that a high 
level of polymers content and their homogeneous 
distribution in filter cake would help to maintain 
a homogeneous cake as well as reduce cake 
permeability and the amount of fluid filtration.

4. Conclusions 
In this study, the effect of inorganic salt on the 

structure of filter cake of water based drilling fluid 
has been conducted. Comprehensive methods such as 
rheological properties, fluid loss test, scanning electron 
microscope and energy dispersion spectrum as well 
as PSD analysis, etc. are used to reveal the mechanism 
which led to the changes of structure of filter cake. 

The experimental results show that when inorganic 
salt is added in slurry, it does not promote hydration 
and dispersion of clay particles but rather promote the 
flocculation of them and, in consequence, increase the 
particle size. Filter cake formed by large particles has 
an increased porosity, and also, a greater permeability, 
associate in the form of a loose, open network filter 
cake. It is necessary and available to add some fluid 
loss additives with good salt resistance so as to improve 
the salt tolerance of brine based drilling fluid, in other 
words, provide a plentiful supply and homogeneous 
distribution of deformable elastic-plastic colloidal 
particles which are formed by bentonite and polymers 
in the filter cake. The deformable elastic-plastic colloidal 
particles plug pores of various sizes, then, increase 
the percolating resistance of the filter cake and, in 
consequence, reduce the velocity of filtration. 

Fig.13. Polymers and absorbed water content in HTHP filter cake

Fig.12.  SEM micrographs of HTHP 
filter cake for sample 8#

3% 5% 7% 9% 11%

Bottom 
layer

Middle 
layer

Top layer

Polymer mass concentration

Sample 4#

Sample 6#

Sample 8#

a)

20% 40% 60%

Bottom 
layer

Middle 
layer

Top layer

Adsorbed water mass concentration

Sample 4#

Sample 6#

Sample 8#

b)



2013 №2                                                                         ELMİ ƏSƏRLƏR  •  PROCEEDINGS  •  НАУЧНЫЕ ТРУДЫ      

38

2014 №1

References
1. G.D.Stefano, E.Stamatakis, S.Young. Meeting the ultrahigh-temperature/ultrahigh-pressure fluid challenge 

//SPE Drilling & completion. -2013. -Vol.28. -No.1. -P.86-92.
2. F.Civan. A multi-phase mud filtrate invasion and wellbore filter cake formation model //SPE 28709, 1994.
3. M.Mahmoud, S.Al-Mutairi, B.Bageri. Different techniques for characterizing the filter cake //SPE 163960, 2013.
4. C.Tien, R.Bai, B.V.Ramarao. Analysis of cake growth in cake filtration: Effect of fine particle retention 

//AIChE Journal. -1997. -Vol.43. –No.1. –P.33-44.  
5. E.Pitoni, D.A.Ballard, R.M.Kelly. Changes in solids composition of reservoir drill in fluids during drilling and 

the impact on filter cake properties //SPE 54753, 1999.
6. Z.M.Zain, A.Suri, M.M.Sharma. Mechanisms of mud cake removal during flowback //SPE 58797, 2000.
7. S.Elkatatny, M.A.Mahmoud, H.A.Nasr-El-Din. Characterization of filter cake generated by water-based 

drilling fluids using CT scan //SPE Drilling & completion. -2012. -Vol.27. –No.2. –P.282-293.  
8. A.Suri, M.M.Sharma. Strategies for sizing particles in drilling and completion fluid //SPE Journal. -2004. 

-Vol.9. -No.1. -P.13-23.  
9. R.L.Borst, F.J.Shell. The effect of thinners on the fabric of clay muds and gels //Journal of Petroleum 

technology. -1971. -Vol.23. -No.10. -P.1193-1201.  
10. K.E.Porte. A basic scanning electron microscope study of drilling fluids //SPE 8790, 1980. 
11. M.B.Alotaibi, H.A.Nasr-El-Din, A.D.Hill. Characteristics and removal of filter cake formed by formate-based 

drilling mud. //SPE 112427, 2008.
12. D.Jiao, M.M.Sharma. Mechanism of cake buildup in crossflow filtration of colloidal suspensions //Journal 

of Colloid and interface science. -1994. -Vol.162. –No.2. –P.454-462.
13. P.F.Luckham, S.Rossi. The colloidal and rheological properties of bentonite suspensions. //Advances in 

Colloid and interface science. -1999. -Vol.82. –No.1-3. -P.43-92.

Влияние неорганической соли на структуру фильтрационной корки, 
образуемой буровым раствором на водной основе 

Я.Руганг1, Ж.Гуанченг1, Е.Лонгуан1, Л.Вей1, Д.Тиангинг2

(1Китайский Нефтяной Университет, 
2Китайская Нефтепромысловая Сервисная Компания)

Реферат
В статье, с целью изучения механизма, приводящего к изменениям структуры фильтрационной корки, 

образуемой буровыми растворами на водной основе, приводится всесторонний обзор её микроскопической 
структуры, элементного и гранулометрического состава, концентрации полимеров в различных слоях филь-
трационной корки. Показано, что высокий уровень загрязнения электролитами способствует флокуляции 
бурового раствора, прочность геля ослабевает настолько, что он теряет способность удерживать крупные 
частицы во взвешенном состоянии и они легко оседают в жидкости. При этом размер частиц, оседающих 
в нижнем слое фильтрационной корки, больше чем размер частиц, оседающих в среднем и верхнем слоях. 
Также рассматривается возможность улучшения солеустойчивости бурового раствора, приготовленного 
на основе рассола (brine), иными словами, обеспечения в фильтрационной корке большого запаса и одно-
родного распределения деформируемых коллоидных частиц, образованных бентонитами и полимерами, 
которые закупоривают поры различных размеров, тем самым увеличивая сопротивление фильтрационной 
корки и уменьшая скорость фильтрации.
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Məqalədə su əsaslı qazma məhlullarının yaratdığı gil qabığının strukturunda dəyişikliklərə səbəb olan 
mexanizmi öyrənmək məqsədilə onun mikroskopik strukturu, element və qranulometrik tərkibi, gil qabığının 
müxtəlif qatlarında polimerlərin konsentrasiyasının hərtərəfli icmalı verilir. Göstərilir ki, elekrolitlərlə 
çirklənmənin yüksək səviyyəsi qazma məhlulunun flokulyasiyasına imkan yaradır. Gelin möhkəmliyi o 
qədər zəifləyir ki, o, böyük hissəcikləri asılı vəziyyətdə saxlamaq qabiliyyətini itirir və həmin hissəciklər 
mayedə asanlıqla çökürlər. Belə ki, gil qabığının alt qatında çökmüş hissəciklərin ölçüsü orta və üst qatdakı 
hissəciklərin ölçüsündən böyükdür. Bundan əlavə duzlu su (brine) əsasında hazırlanmış qazma məhlulunun 
duzadavamlılığının yaxşılaşdırılması imkanları, başqa sözlə desək, gil qabığında böyük ehtiyatın təminatı, 
müxtəlif ölçülü məsamələrin təcrid edilməsi və bununla da gil qabığının müqavimətinin artmasına və süzülmə 
sürətinin azalmasına səbəb olan bentonit və polimerlər tərəfindən yaranmış deformasiya olunan kolloid 
hissəciklərin eyni yayılması nəzərdən keçirilir. 


