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Critical Review of Two-dimensional Slope Stability Analysis by
Discontinuity Layout Optimization, Limit Equilibrium and
Strength Reduction Methods

By Cheng Y M.

Abstract- While the limit equilibrium and finite element methods have been used by the engineers
for a variety of slope stability problems for many years, the use of limit analysis has started to
attract the attentions of engineers and researchers in recent years. In this paper, the differences
between these three major methods will be studied in terms of factors of safety and the locations
of critical failure surfaces. From the study, it is found that even with the use of recent versions of
finite element or limit analysis programs, surprising and unreasonable results can still be found
frequently, and the use of the classical limit equilibrium appears to be robust over various difficult
problems with relatively complex geologic conditions. On the other hand, the differences
between the three methods can be considered as small for normal problems.
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reduction method, local minimum.
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Critical Review of Two-dimensional Slope
Stability Analysis by Discontinuity Layout
Optimization, Limit Equilibrium and Strength
Reduction Methods

Cheng Y M.

Absiract- While the limit equilibrium and finite element methods
have been used by the engineers for a variety of slope stability
problems for many years, the use of limit analysis has started
to attract the attentions of engineers and researchers in recent
years. In this paper, the differences between these three major
methods will be studied in terms of factors of safety and the
locations of critical failure surfaces. From the study, it is found
that even with the use of recent versions of finite element or
limit analysis programs, surprising and unreasonable results
can still be found frequently, and the use of the classical limit
equilibrium appears to be robust over various difficult
problems with relatively complex geologic conditions. On the
other hand, the differences between the three methods can be
considered as small for normal problems.

Keywords: slope stability, limit equilibrium method,
discontinuity layout optimization, strength reduction
method, local minimum.

[. INTRODUCTION

p to the present, the limit equilibrium method
(LEM) is still the most popular method as used

by engineers and researchers for slope stability
analysis. In general, LEM can be classified under two
major groups: “simplified” methods and “rigorous”
methods. Traditionally, the LEM is taken to be a
statically indeterminate problem, and assumptions on
the distributions of internal forces are required for the
solution of the factor of safety (Cheng and Lau 2014).
Various methods of analysis are adopted for various
engineering applications, and the Spencer method
appears to be the most popular at present. Cheng et al.
(2010), Cheng et al. (2011) and Cheng et al. (2013) have
pointed out that if the concept of extrema (extremum
principle or equivalently numerical variational principle)
or the ultimate state is considered, then there will be
sufficient condition to solve a slope stability problem
without the use of internal force distribution function or
any other arbitrary assumption, and the LEM will
become a  statistically  determinate  problem.
Furthermore, Cheng et al. (2010) have also found that

Author: School of Civil Engineering, Qingdao University of Technology,
China. Department of Civil and Environmental Engineering, The Hong
Kong Polytechnic University, Hong Kong.

e-mail: natureymc@yahoo.com.hk

the convergence problem using the Spencer method
may affect the determination of the lowest factor of
safety and the location of critical failure surface. Cheng
et al. (2010) Cheng et al. (2011) and Cheng et al. (2013)
have however also pointed out that for normal problems,
the extrema will be close to the classical solutions by
Spencer so that the determination of the extrema is
necessary only for complicated problems. The power of
the LEM is finally illustrated by the equivalence between
the bearing capacity, lateral earth pressure and slope
stability problems. The extremum from the LEM is
equivalent to the results from plasticity solutions, and
the results from the LEM can be a good approximation
of the solution of a general geotechnical problem.

The strength reduction method (SRM),
implemented through the finite element method, was
applied for slope stability analysis as early as 1975 by
Zienkiewicz et al. Later the SRM was applied by Naylor
(1982), Donald and Giam (1988), Matsui and San
(1992), Ugai and Leshchinsky (1995), Dawson et al.
(1999), Griffiths and Lane (1999), Zheng et al. (2005),
Cheng et al. (2007a), Wei et al.(2009), Wei and Cheng
(2009a, 2009b), Wei and Cheng (2010) and Nian et al.
(2012). More recently, the SRM was implemented by
other numerical procedures such as the mesh-free
method (MFM) and the spectral-element method (SEM)
(Tiwari, 2015). SRM technique has also been
implemented into several commercial geotechnical finite
element programs for engineering applications. A
detailed discussion and study about the use of SRM in
slope stability analysis has been given by Cheng et al.
(2007a). Various problems including sensitivity to mesh
design, size of solution domain, dilation angle,
numerical instability with different SRM computer
programs have been identified by Cheng et al. (2007a),
and some program developers have updated their
programs in accordance with the identified problems.

Griffiths and Lane (1999) and Cheng et al.
(2007a) have demonstrated that there are no major
differences between the factors of safety from SRM and
LEM for normal problems. Similar conclusions have
been reached by Lu et al. (2014) and Liu et al. (2015) for
2D and 3D slope geometries. On the other hand,
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Tschuchnigg et al. (2015) compared LEM, SRM and
limit analysis methods, and showed that for steep
slopes with low factors of safety, the flow rule may have
a significant influence on the comparisons, while
numerical instabilities may occur in the case of non-
associated plasticity with large differences between the
friction angle and dilation angle. Tshuchnigg et al
(2015b) further investigated this phenomenon and
proposed various approaches, based on the work on
plasticity by Davis (1968), to overcome such obstacle.

Shen and Karakus (2014) and Zhao et al. (2015)
implemented the SRM with nonlinear failure criteria to
study rock and soil slope stability, respectively, but they
adopted different ‘strength reduction strategies’, and
Zhao et al. (2015) concluded that the factors of safety
obtained by SRM will be substantially influenced by
these strategies, i.e., whether the ‘cohesive’ and ‘stress-
dependent’ components of shear strength are factored
separately or simultaneously in the SRM analyses.

Limit analysis does not require the interslice
force function and is free of convergence problem which
are unavoidable for the classical limit equilibrium
method (except for the extremum principle by Cheng et
al. 2010). It has the advantages similar to the LEM in
that no constitutive model and initial conditions are
required, a flow rule is however required to specified
which is usually not critical towards the factor of safety
(similar to the interslice force function). For limit analysis,
the upper bound approach is the more popular
approach, and recently some commercial programs are
available for the limit analysis of the stability
geotechnical problems. The equivalency between limit
analysis and LEM has been demonstrated by
Leshchinsky et al. (1985). It is usually considered that
the LEM methods cannot satisfy all of the equilibrium
requirements. This understanding is true for the classical
LEM, but has been demonstrated to be not true with the
extremum principle by Cheng et al. (2010), Cheng et al.
(2011) and Cheng et al. (2013). The uses of limit
analysis for simple geotechnical stability problems have
been discussed by Chen (1975), but such analytical
approach is not practical for real problems with complex
geometry and soil/geologic conditions.

For limit analysis, a new approach called the
discontinuity layout optimization method (DLO) has
attracted the attention of some engineers and
researchers. DLO procedure expresses the limit analysis
problem entirely in terms of lines of discontinuity instead
of elements as in the classical continuum problem
(Smith and Gilbert 2007). Using DLO, a large number of
potential discontinuities are set up at different
orientations; while the continuum based element
formulations, discontinuities are typically restricted to lie
only at the edges of elements. With the use of modern
optimization algorithms, an optimized solution can be
achieved easily. After the initial success by Smith and
Gilbert (2007), there are different works in DLO by Clarke

© 2022 Global Journals

et al. (2013), Smith and Gilbert (2013), Bauer and
Lackner (2015), Al-Defae and Knappett (2015),
Leshchinsky  (2015), Vahedifard et al. (2014),
Leshchinsky and Ambauen (2015). The original DLO
formulation suffers from the limitation that only the
translation mechanism can be considered. In view of
such limitation, Gilbert et al. (2010) and later Smithy and
Gilbert (2013) have extended the DLO formulation to
cover the rotational formulation. Since DLO is actually a
numerical form of limit analysis, the basic limitation of
limit analysis is similar to that for DLO.

a) Some Case Studies with LEM and DLO

Yu et al. (1998) have given a very detailed
comparison between the use of limit analysis and LEM,
and it is found that the results from the two methods are
similar and comparable in most cases for relatively
simple problems. Recently, DLO has been adopted for
slope stability analysis by Leshchinsky and Ambauen
(2015), and it is found that the results by DLO and LEM
are comparable in general. Leshchinsky and Ambauen
(2015) have however found some cases for which there
are noticeable differences between the DLO and LEM,
and they have concluded that DLO requires less
assumption on the location of collapse, and therefore
may be more preferable than LEM, especially for
complex, yet realistic geotechnical problems. After
reviewing the examples by Leshchinsky and Ambauen
(2015), the authors tend to disagree with the results and
comments by Leshchinsky and Ambauen (2015). There
are some limitations in the works by Leshchinsky and
Ambauen (2015) which include: 1) use of classical LEM
method which are greatly affected by convergence
problem (Cheng et al. 2008, Cheng et al. 2010); 2)
critical failure surface has not been determined (Fig.12
from Leshchinsky and Ambauen 2015 has only
considered 151 surfaces); 3) interslice force function
can be critical in complex problems. As discussed by
Cheng (2003), Cheng et al. (2010) and Cheng et al.
(2013), these three problems can lead to relatively poor
solution in some cases by the classical LEM, and the
extremum principle by Cheng et al. (2010), Cheng et al.
(2011) and Cheng et al. (2013) have overcome these
problems and can provide solutions similar to some
classical plasticity problems which are not possible with
the classical LEM. A fair comparison and commentary
on these methods must be based on reliable and robust
analyses that identify the differences between DLO and
LEM. Some problems with the DLO have been
previously identified by Cheng (2018), and more studies
will be carried out in this paper.

With reference to Fig.1 which is Fig.5a by
Leshchinsky and Ambauen (2015), the soil parameters
are unit weight=19 kN/m3, ¢’'=28 kPa and ¢'=20°. The
critical result by DLO pass below the toe of the slope at
the right hand side of Fig.1 by Leshchinsky and
Ambauen (2015). On the other hand, the critical result



by the authors using the heuristic optimization method
and Spencer method developed by Cheng et al. (2007a)
and Cheng and Lau (2014) pass through the toe of the
slope. The critical result by Baker (1980) also pass
through the toe of the slope while the critical result by
Krahn and Fredlund (1997) (not shown for clarity) is
similar to that by DLO but extends further to the right of
the toe. The result by Krahn and Fredlund (1997) is not
determined by the use of advanced optimization
algorithm, and the adequacy of the result has not been
confirmed. The authors have tried several updated

commercial programs and have obtained results similar
to that by the authors as shown in Fig.1. Since the

friction angle of the soil is 20° which is not a small value,
the critical result by limit analysis will pass through the
toe of slope as demonstrated by Chen (1975) using limit
analysis. In views of the above discussion, the authors
will suggest that the results by DLO cannot give the
critical solution for such a simple case which is
surprising to the authors.

L eshchinsky-Ambauen (2015)
Spencer Method

Fig. 1: Comparisons of DLO and LEM for Fig.5a by Leshchinsky and Ambauen (2015), FOS=2.03 by DLO and 1.94
by Spencer method

With reference to Fig.2 where there is a 0.5m
thickness of soft material for soil layer 2, the soail
parameters are unit weight=19 kN/m® ¢’=28 kPa and

¢'=20° for layer 1 and unit weight=19 kN/m?, ¢'=0 kPa

and ¢'=10° for soail layer 2. The results by DLO and the
authors are very similar except that the critical result by
the authors lies at the bottom of the soft layer while the
results by Leshchinsky and Ambauen (2015) lie at the
top of the soft layer. The critical results by Baker (1980)
and Krahn and Fredlund (1997) are also at the bottom of
the soft band but are mistaken to be at the top of the
soft band by Leshchinsky and Ambauen (2015). The
authors reduce the thickness of the soft layer to 1mm,
and the factor of safety as well as the critical result will
then be equal to that by Leshchinsky and Ambauen
(2015), Baker (1980), and Krahn and Fredlund (1997).
When the authors increase the thickness of the soft layer
to 1.5m, the critical result will still lie at the bottom of the
soft layer with a factor of safety 1.14. Since the shear
strength parameters at soil layer 2 are low, the weight of
the soil tends to push the soft material to the right so
that the critical slip surface should lie within the soft
band, and the results by the authors are more
reasonable as compared with other results. As
discussed by Cheng (2007) and Cheng et al. (2012), the
presence of a soft band is mathematically equivalent to
a Dirac function, for which many optimization algorithms
fail to work. The domain transformation technique by
Cheng (2007) and the coupled optimization algorithm by
Cheng et al. (2012) have effectively overcome this
problem without any special precaution required by the
engineers in the analysis. In Fig.3 which is same as that

for Fig.2 with a pore pressure ratio 0.25 (Fig.5d by
Leshchinsky and Ambauen, 2015), the critical result by
Leshchinsky and Ambauen (2015) lies at the top of the
soft band while the critical results by the authors, Baker
(1980), and Krahn and Fredlund (1997) (mistaken to be
at the top of the soft band by Leshchinsky and
Ambauen 2015) lie at the bottom of the soft band, and
the inability to locate the critical result for a soft band by
DLO is clearly illustrated. In Fig.4 which is same as that
for Fig.2 with a prescribed water table (Fig.5f by
Leshchinsky and Ambauen, 2015), the critical result
again lie at the bottom of the soft band which are
different the critical result by Leshchinsky and Ambauen
(2015) (again Baker 1980 and Krahn and Fredlund 1997
also get critical result at bottom of soft band but are
mistaken to be top of soft band by Leshchinsky and
Ambauen 2015).
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Spencer Method

L eshchinsky-Ambauen (2015) =

(@)

Fig. 2: Comparisons of DLO and LEM for Fig.5b by Leshchinsky and Ambauen (2015), FOS=1.28 by DLO and 1.21
by Spencer method. The thickness of the soft band has been increased to 1.25m for the result in Fig.2b with

FOS=1.14

L eshchinsky-Ambauen (2015)
Spencer Method

Fig. 3: Comparisons of DLO and LEM for Fig.5d by Leshchinsky and Ambauen (2015), FOS=1.01 by DLO and 0.99
by Spencer method

L eshchinsky-Ambauen (2015)
Spencer Method

Fig. 4: Comparisons of DLO and LEM for Fig.5f by Leshchinsky and Ambauen (2015), FOS=1.14 by DLO and 1.07
by Spencer method

In Fig.5 (Fig.12 by Leshchinsky and Ambauen,
2015), there are great differences between the critical
result by the authors and Leshchinsky and Ambauen
(2015). The soil parameters are unit weight=20 kN/m?,
c'=0 kPa and ¢'=30° for soil layer 1, unit weight=19
kN/m? c'=0 kPa and ¢’'=45° for soil layer 2 and unit
weight=19 kN/m?, ¢'=10 kPa and ¢’'=0° for soil layer 3.
On the left hand side of the critical slip surface by
Leshchinsky and Ambauen (2015), there is a very
sudden change in the slope of the critical failure surface
which seems unlikely to happen. At the right hand side
of the critical slip surface by Leshchinsky and Ambauen
(2015), the critical slip surface is nearly vertical, which is
also highly unlikely, as the friction angle of soil layer 1
and 2 are 30° and 40° respectively with zero cohesive
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strength. When this same slip surface by Leshchinsky
and Ambauen (2015) is considered with the M-P method
using f(x)=sin(x), the authors actually get a factor of
safety of 1.05, which is significantly greater than the
result of 0.95 by Leshchinsky and Ambauen (2015).

This problem is then reanalyzed by the authors
using LEM to locate the critical slip surface. For this
problem, the use of f(x)=1 is poor in convergence, and
the authors get a slightly different critical slip surface
and a factor of safety of 0.97 by using f(x)=1.0. As
mentioned by Cheng et al. (2008, 2010), f(x) can be
critical in some cases which will affect the optimized
solution. In this respect, the authors have also adopted
the extremum principle (Cheng et al. 2010, 20110, 2013)
and have obtained a critical solution 0.915 which is



close to that by using f(x)=sin(x). Since the extremum
principle, which is practically equivalent to the lower
bound approach, satisfies all the force and moment
equilibrium with acceptable internal forces and is free
from convergence problem, this result can be

Limit Analysis (2015)
M-P

considered as a very good estimation of the critical
result for the present problem. The authors view that the
critical result by Leshchinsky and Ambauen (2015) is
possibly a local minimum instead of being the global
minimum.

Fig. 5: Comparisons of DLO and LEM for Fig.12 by Leshchinsky and Ambauen (2015), FOS=0.95 by DLO and 1.0
by Spencer method by Leshchinsky and Ambauen (2015) using 151 trial surface, 0.92 by M-P method using
f(x)=sin(x) and 0.97 by f(x)=1.0 by the authors using about 20000 trials with simulated annealing optimization

method

The authors have adopted an accuracy of 0.001
in all the global optimization search in the present study,
and the global minima of each example has been tested
with different optimization algorithms for confirmation.
Based on the above case studies, it can be concluded
that some of the past reported results in literature which
are not optimized with the modern optimization
algorithms may not be reliable enough for comparisons.
In particular, for the presence of a soft band which is a
difficult problem, the present study and the works by
Cheng (2007), Cheng et al. (2012) have demonstrated
that great care must be taken in order to obtain a good
result. Furthermore, as a relatively new computational
method, DLO has been demonstrated to be affected by
the soft band or local minima problem. Overall, the
authors view that the problems presented in this section
are not fundamental deficiencies of DLO. Instead, they
highlight the limitations of the numerical technique in
implementing the DLO up to the present moment. With
refined and improved numerical technique coupled with
DLO, the authors expect that better results will be
produced by DLO in the future. On the other hand, it is
dangerous to compare the advantages and limitations
of different stability methods based on old results or
computer programs with limitations. Some of the
comments in previous literature are possibly distorted by
the limitations of the computational technique in
computer programs instead of being the actual
comparisons of different stability analysis methods.

b) Further Study on DLO, SRM and LEM

Cheng et al. (2007a) and many others have
conducted comparisons between LEM and SRM, and it
is generally found that the factor of safety and the critical
failure surface are not sensitive to the dilation angle, and
the results from SRM are comparable to LEM in most

cases. Cheng et al. (2007a) have however found many
minor problems in several commercial SRM programs in
the previous study, and many of these commercial
programs have updated the programs with reference to
the case studies by Cheng et al. (2007a). With reference

to the 45°slope as shown in Fig.6 which has been
studied by Cheng et al. (2006), the authors have also
found that results from DLO are comparable to LEM and
SRM in many cases, but there are some cases where
greater differences (more than 5% in Table 1) are
observed between DLO and other methods, which are
worth consideration. In Table 1, the critical factors of
safety by LEM are obtained by the Spencer method, and
the results are close to that by the extremum principle
except for the three values for the case of zero friction
angle which are marked with * in Tablel. In the full
comparisons between the three methods, it is found that
the factors of safety from DLO are always greater than
those by the other methods, and the differences
become greater with smaller friction angle, but the
differences between the critical failure surfaces from the
three methods are however minor. For SRM, the authors
have found some surprising results from another
program (new version) for which the results are given by
cases 10 to 13 in Table 1. The SRM2 analysis is very
sensitive to the dilation angle when the friction angle

approaches 45°, and the factors of safety (as shown in
bracket in Table 1) from this program are particularly low
for SRM2 analysis.
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Fig. 6: Comparisons between LEM, SRM and DLO (based on Cheng et al. 2007a)

Table 1: Comparisons between DLO, LEM and SRM for Fig. 6 (SRM1 means zero dilation angle, SRM2 means
dilation angle=friction angle)

Case | c(kPa) | & FOS(LEM) FOS(DLO) FOS(SRM1) | FOS(SRM2)
1 5 5 0.41 0.44 0.42 0.42
2 10 5 0.65 0.71 0.67 0.67
3 10 15 0.98 1.04 0.98 1.01
4 20 5 1.06 1.22 1.13 1.14
5 20 15 1.48 1.61 1.51 1.53
6 20 25 1.85 1.96 1.87 1.88
7 5 0 0.2 (0.21%) 0.24 0.21 0.21
8 10 0 0.4 (0.42%) 0.47 0.44 0.44
9 20 0 0.8 (0.85%) 0.95 0.89 0.89
10 2 45 1.35 1.40 1.42 1.44 (fail)
11 5 45 1.65 1.70 1.68 1.74 (0.98)
12 10 45 2.04 2.09 2.05 2.15(1.1)
13 20 45 2.69 2.79 2.67 2.83 (1.59)

In view of the surprising SRM2 results for

¢'=45° for that particular SRM program, the dilation
angle is varied and the results are shown in Table 2. It is
noticed that the computer program is very sensitive to
the dilation angle case, and a small change in the
dilation angle will give a significant change in the factor
of safety which is obviously not correct. Furthermore, it
is also noticed that a smaller dilation angle sometimes
result in a higher factor of safety, which is again
obviously wrong. For the critical failure surface, there are
great differences between the case for c¢'=2kPa,
W'=40° and c'=2kPa, W'=35° as shown in Fig.7. In
fact, the result in Fig7b is similar to that by LEM, DLO
and SRM1, and the factor of safety from it is also close
to the other three methods. It appears that SRM
program determine a wrong critical failure surface and
factor of safety, but the reason behind such problem is
unknown and surprising. Cheng et al. (2007a) have
found many limitations in the commercial SRM
programs, and it appears that the updated version of
some SRM programs may still face numerical problems
under some cases which should be addressed.
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Table 2: Effect of dilation angle W’ for a SRM program with problem results as shown in Table 1

| . , fos fos
Case c' (kPa) o' () W () by SRM2 by LEM

1 2 45 45 no solution
2 2 45 449 no solution 135
3 2 45 40 1.22 '
4 2 45 35 1.4
5 5 45 45 0.98
6 5 45 44.9 1.19
7 5 45 40 1.47 165
8 5 45 35 1.69
9 10 45 45 1.1
10 10 45 44.9 1.49
11 10 45 40 2.05 2.04
12 10 45 35 2.06
13 20 45 45 1.59
14 20 45 449 2.03 569
15 20 45 40 2.62 '
16 20 45 35 2.67

(@)
Fig. 7: Critical failure surface for SRM2 analysis (¢c'=2 kPa), W'=40° for (a) [cursor in (a)?] and 35° for (b)

Being a new numerical method for DLO, the
authors have considered another interesting case for
this method. For a slope with very low to zero cohesive
strength, the critical failure surface will be a shallow face
failure. If the friction angle is equal to the slope angle,
then the critical factor of safety of the slope should be
equal to 1.0. From Table 3, it is however found that if ¢’
is 0.03 kPa to 0O, the critical factor of safety is much
greater 1.0 while the critical failure surface is not a near
surface failure. As long as ¢’ is not too small, the results

from DLO will then be normal. The authors view that the
surprising results from DLO as shown in Tables 1 and 3
are the problems of the numerical implementation
instead of the problem of DLO itself. It is possible that
these kinds of problems may be overcome in the future,
and the reason for the numerical problems behind DLO
must be investigated. It is also interesting to note that
the authors have never found such problem for LEM and
SRM programs so far.

Table 3: Factor of safety from DLO for the case of friction angle equal to the slope angle (¢'=0)

Case ¢’ (kPa)

1 0.03

0.1

0.03

0.1

0.03

(O~ W

0.1

¥ () FOS
30 1.42
30 1.01
35 1.62
35 1.02
40 1.84
40 1.02

For the problem with a soft band at soil layer 2
as discussed by Cheng et al. (2007a), surprising results
are again obtained by DLO. The unit weight of the soils
are 19 kN/m®, and ¢'=20 kPa and ¢’'=35° for soil layer
1, ¢'=0 kPa and ¢'=25° for soil layer 2 and ¢'=10 kPa

and ¢’'=35° for soil layer 3. As discussed by Cheng et
al. (2007a), it appears that some SRM programs are
affected by the size of the solution domain. The factor of
safety for LEM is obtained as 0.927 by the Spencer
method by Cheng et al. (2007a), and this value lie within
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the SRM1 and SRM2 results by Plaxis and the new
version of Phase (8.0). On the other hand, the factor of
safety appears to be highly dependent on the nodal
number adopted in the analysis. Even if 2000 nodal
number is adopted, the factor of safety from DLO still
appears to be unsatisfactory which is given in Table 4.
The results by DLO are higher than those by LEM or

0,0

SRM under all cases in Table 4, and the differences are
not minor. Surprisingly, the critical failure surface from
DLO as shown in Fig.9 is similar to that by LEM or SRM
(Cheng et al. 2007a). From Table 4, it can be concluded
that the most influential factor in a proper DLO analysis
is the nodal number.

28,15

20,15

28,10
28,95

X

28,0

Fig. 8: A slope problem with a soft band as discussed by Cheng et al. (2007a)

Table 4: FOS for different nodal number and tolerance of analysis (c'=0, ¢'=25° for the soft band) for the problem in

Fig. 8
28m domain size, solution tolerance 0.01, different nodal density
FOS difference
Case Nodal No. FOS by DLO FOS by LEM with LEM (DLO %)
1 250 1.356 0.927 -46.28
2 500 1.069 0.927 -156.32
3 1000 1.082 0.927 -16.72
4 2000 1.055 0.927 -13.81
28m domain size, nodal density 500, different solution tolerance
Case Solution FOS FOS FOS difference
tolerance by DLO by LEM with LEM (DLO %)
1 0.01 1.069 0.927 -156.32
2 0.001 1.069 0.927 -15.32
3 0.004 1.069 0.927 -156.32
4 0.005 1.069 0.927 -156.32
Solution tolerance 0.01, nodal density 500, different domain size
Case | Domain Size (m) FOS FOS FOS difference
by DLO by LEM with LEM (DLO %)
1 28 1.069 0.927 -156.32
20 1.093 0.927 -17.91
12 1.025 0.927 -10.57
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CRITICAL REVIEW OF TWO-DIMENSIONAL SLOPE STABILITY ANALYSIS BY DISCONTINUITY LAYOUT OPTIMIZATION, LIMIT
EQUILIBRIUM AND STRENGTH REDUCTION METHODS

Fig. 9: Critical failure surface from DLO for the problem in Fig. 8

If the third layer of soil instead of the second
layer of soil is a soft material, the factor of safety has
been established to be 1.29 from Spencer method, 1.27
from Extremum principle and 1.33 for SRM2 for all the
SRM programs as discussed by Cheng et al. (2007a),
and f(x) is relatively important for the present case (in
general f(x) is not negligible if the friction angle is low).
On the other hand, the result by DLO will approach the
above factor of safety when the nodal number is large
enough (Table 5). However, while the critical failure
surfaces from LEM and SRM agree quite well as shown
in Fig.10a and 10b, the critical failure surface from DLO
extends further to the right in Fig.10c. To further examine
these results, the authors have found another local
minimum 1.29 with the Spencer method for the failure
surface as shown in Fig.11, which is very similar to that

one by DLO as shown in Fig.10. The authors view that a
local minimum has been obtained from the DLO
analysis. It should also be notes that the failure surfaces
in Fig.10a and Fig.11 bear virtually the same factors of
safety, and the differences between the two values are
small so that it can be viewed that there are two global
minimum for this problem. LEM can analyzed such
problem easily while it takes more effort for SRM to
detect the result in Fig.11. Actually, without the previous
knowledge about the existence of another global
minimum, engineers will miss the result in Fig.11 easily.
For DLO, the failure surface as given by Fig.10a or 10b
cannot be obtained even increasing nodal number as
given in Table 5. In this respect, there are some inherent
limitation in the present development of DLO.

Table 5: DLO, SRM and LEM analysis for the problem in Fig. 8, when the third layer of soil has low shear strength

DLO analysis of soft soil layer 3 with
different nodal density (28 domain, solution tolerance 0.01)
case| Nodal No FOS FOS FOS FOS difference | "o aoronce
. H [+
by DLO by SRM2 by LEM with LEM (DLO%) (SRM2%)
1 250 1.405 1.33 1.27 -8.91 -3.10
2 500 1.358 1.33 1.27 -5.27 -3.10
3 1000 1.35 1.33 1.27 -4.65 -3.10
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Fig. 10: Critical failure surface for the problem in Fig.8 when the third layer of soil is soft material (a) result from
Extremum principle; (b) result from SRM2; (c) result from DLO
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Fig. 11: Another LEM global minimum for the problem in Fig.8, when the third layer of soil is soft material
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c) Some More Surprising Results

A slope with a thin and weak layer is a special
case and major numerical problem can exists. For this
case, the Cheng's model is used in this section. To
analyze this problem, Zolfaghari et al. (2005) applied a
genetic algorithm by using Morgenstern-Price Method
Cheng et al. (2007) used a particle swarm optimization
by Spencer Method. The slope geometry and the soil
properties are shown in Fig. 12-14. It should be noted

that ¢’ is zero and ¢’ is smaller for the soft band layer. In
the parametric study, different shear strength are used
and DLO, LEM, SRM 1 and SRM 2 are carried out. SRM
1 is a non-associated flow rule analysis with a dilation
angle = 0, while SRM 2 is an associated flow rule
analysis with a dilation angle = friction angle. The
thickness of soft band is set to be 500mm, 5mm and
2mm with three different slopes, while the soil properties
are kept to be the same for three cases.

Soil A

Soil A

500mm 5mm 2mm
m| x|y [ x| v [ x| v
Alolalo]| a4 [o]f a4
B|la|la|la]| a [a]| a
c cl2]|6[2] 6 |20 6
D | 20]55] 205995 | 20 | 5.998
o E| 4 [35] 4[3995] 4 (3998
Fig. 12: A slope with a soft band (model 1)
500mm 5mm 2mm
mfl x|y | x| v | x]| v
Alofa]o 4 | o] 4
B| 4|4l a 4 | 4| a4
cl2] 7 2| 7 |20] 7
D |20]|65]| 20 6.995 | 20 | 6.998
E| 4|35| 4 [3995( 4 |3.998
Fig. 13: A slope with a soft band (model 2)
Soil A
c
D
Soil B
Soil A

Fig. 14: A slope with a soft band (model 3)

In this analysis, number of nodes are set to be
500, 1000, 2000 in DLO and number of mesh are set to
be 2000, 5000, 10000 in SRM. For the LEM, number of
slices is set to be 50. Additionally, the number of mesh

in SRM is increased (maximum 10000) to resolve the
cases which the difference between SRM 1 and SRM 2
is significantly large (> 8%).
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From the analysis, the FOS by SRM have great
differences from those by DLO, particularly for the soft
band problem with a thickness of 2mm. In model 1, the
FOS are determined to be 1.163 and 1.396 from DLO (¢’
= 5 and 10 kPa for Soil A respectively) with 1000 nodes,
while the FOS are 1.23 (¢’ = 5 kPa for Soil A) and 1.02
(¢’ = 10 kPa for Sail A) in SRM 1 with 5000 and 10000
meshes respectively. For SRM 2, the FOS are found to
be 1.28 and 0.74 in the same cases, and FOS are 1.129
and 1.3362 from LEM.

For the slope analysis by DLO, one thing as
found is that the number of nodes is a factor affecting
the result. There can be no solutions for some cases in
the three models. The number of nodes is required to
adjust to fix the problem. For example in model 2 with
soft band of 2mm thickness, the result cannot be
determined if the number of nodes is set to be 1000. If it

is 900, the solution can be determined. Another thing
found in DLO is that the FOS changes slightly with the
large change in the number of nodes (from 500
increases to 2000) in all cases.

In the SRM, the FOS obtained from SRM 2
should be larger than those from SRM 1 theoretically.
Interestingly, the result from a SRM program shows that
the FOS obtained from SRM 1 is larger than that from
SRM 2 when the soft band becomes thinner or steeper.
Apart from that, the difference between FOS from SRM 1
and SRM 2 is supposed to be small (around 2%),
however, the differences are more than 2% for all the
cases. In model 2 (¢’ = 10kPa for Soil A and the soft
band has a thickness of 2mm), the FOS is found to be
1.05 from SRM 1 and 0.42 from SRM 2 with 10000
elements. The difference of FOS between them is
60.0%.

Table 6: Results for model 1

Factor of safety FOS by DLO, LEM and SRM for case 1

Numberof Numberof Thicknessof soft _ . , , FOS FOS FOS FOS
Soil Type c'(kPa) d'(°)
Nodes (DLO) Mesh (SRM) band (mm) (DLO) (LEM) (SRM1) (SRM2)

500 Soil A > 35 1.096 1.1033 1.02 1.09

Soil B 0 25
500 Soil A 10 3 1.275 1.1842 117 1.24

Soil B 0 25
5 ZO'_'I ’; g 2? 1.165 1.1279 1.2 1.28

200 2000 so‘ll A 10 35
5 o! 1.396 1.3347 0.98 0.9

Soil B 0 25
2 Soil A > 3 1.166 1.129 1.24 1.28

Soil B 0 25
2 Soil A 10 3 1.397 1.3362 0.96 0.7

Soil B 0 25
5 Soil A > 3 1.162 1.1279 122 1.28

Soil B 0 25
5 §°'_'I : t)o 32 1.395 1.3347 122 0.95

1000 5000 S°f| . . -
2 o! 1.163 1129 1.3 1.28

Soil B 0 25
2 Soil A 10 3 1.39% 1.3362 0.93 0.85

Soil B 0 25
5 ZO',II’; 100 ;2 ) 3;50 ig('):t'or; 1.3347 1.21 0.96

2000 10000 so'll A 10 3 N (s | tr'w =
2 o! ©>olution 1.3362 1.02 0.74
Soil B 0 25 1.396 (1000 nodes)
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Table 7: Results for model 2

Factor of safety FOS by DLO, LEM and SRM for case 2

Numberof Numberof Thickness of soft . , e FOS FOS FOS FOS
Soil Type c'(kPa) d'(°)
Nodes (LEM) Mesh (SRM) band (mm) (DLO) (LEM) (SRM1) (SRM2)
500 Soil A > % 1.06 1.0522 0.98 1.04
Soil B 25
500 Soil A 10 % 1.223 1.1937 111 117
Soil B 0 25
5 zo'll /; (5) ;2 1.128 1.0924 12 127
500 2000 so'I 1A 10 35
5 o! 1338 1.2829 116 0.94
Soil B 0 25
) SOI.| A 5 35 No Solution 1.0935 121 127
Soil B 0 25 1.127 (600 nodes)
2 Soil A 10 3 1.34 1.2833 1.05 0.4
Soil B 25
5 Soil A > 3 1.123 1.0924 122 1.28
Soil B 0 25
5 §°','| ’; 100 22 1337 1.2829 137 0.79
1000 3000 so‘ll A 5 35 No Soluti
2 ol 0 >olution 1.0935 12 127
Soil B 0 25 1.126 (900 nodes)
) SOI‘| A 10 35 No Solution 1.2833 148 0.35
Soil B 0 25 1.339 (900 nodes)
5 §°{||g t)o ;2 . 3;'7° ig(')gt'or; 1.2829 137 0.74
2000 10000 So‘I A 10 35 N (S I :0 =
2 o! 0 >olution 1.2833 1.05 0.42
Soil B 0 25 1.339 (900 nodes)
Table 8: Results for model 3
Factor of safety FOS by DLO, LEM and SRM for case 3
Numberof  Numberof Thickness of soft Soil Type ' (kPa) &' () FOS FOS FOS FOS
Nodes (LEM) Mesh (SRM)  band (mm) e (DLO) (LEM) (SRM1) (SRM2)
500 Soil A 5 35 1.021 1.0288 0.93 1
Soil B 0 25
500 Soil A 10 35 1.169 1.138 1.06 1.13
Soil B 0 25
o s g e o
200 2000 so'll A 10 35 N (s I o
5 ol o Solution 1.217 1.06 0.74
Soil B o] 25 1.276 (600 nodes)
2 Soil A 5 35 1.084 1.0548 1.16 1.27
Soil B 0 25
5 Soil A 10 35 No Solution 1.2106 1.42 0.29
Soil B 0 25 1.278 (600 nodes)
5 Soi_l A 5 35 No Solution 1.0528 11 0.98
Soil B o] 25 1.082 (700 nodes)
oo m o el L
1000 5000 S°_'I A s o -276 (950 nodes)
2 ol 1.082 1.0548 0.995 1.26
Soil B 0 25
2 Soil A 10 35 1.277 1.2106 1.44 0.8
Soil B 0 25
5 Soi_l A 5 35 No Solution 1.0528 1.08 0.77
Soil B [o] 25 1.082 (700 nodes)
5 ZO','“AB 100 zi ) 2':2 Sgc;';t'og 1.217 0.995 0.74
2000 10000 so'll A 5 35 N (s I ron
2 of o Solution 1.0548 1.17 1.26
Soil B [0] 25 1.081 (1900 nodes)
2 SOI-|A 10 35 No Solution 1.2106 15 11
Soil B 0 25 1.276 (1800 nodes)

If we look careful into the results in Tables in 6
to 8, we may be disappointed to find that commercial
programs cannot perform well under some cases, and
the errors can be significant or even ridiculous! For a
new problem without any known solution, how should an
engineer assess and accept the results from the
computer programs is a difficulty issue. The reasons for

these numerical problems should also be rectified in the
updated versions of the commercial programs. In fact,
the authors have tested several versions of the
commercial programs and find that each version may
give rise to different problems. So far, the authors
cannot find a commercial SRM program which can be
correct/reasonable under all cases! Actually, the authors
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have constructed more problem cases, but the
examples as shown here are sufficient to illustrate the
difficulty to develop a numerical algorithm/computer
program which can pass through all types of material
parameters and geometry.

[I. DIsSCUSSION

In this study, the three major methods for slope
stability analysis have been studied and compared. In
general, all the three methods will give similar results
under normal cases. Through this study, several
problems are however identified which must be
considered with care. It is found that DLO always gives
a higher factor of safety as compared with LEM or SRM.
Even though the differences are small in most cases,
there are also cases where the differences are
appreciable (> 10%), for which the results by DLO have
to be used with some caution. DLO has been
demonstrated to be sensitive to the nodal number, and
an adequate nodal number should always be adopted
in practice.

The authors have also found some surprising
results from SRM analysis. The authors have not tested
all the SRM programs in market, and there are only
limited case studies (including those not shown in this
paper) to conclude the performance of the SRM
programs. The sensitivity of a SRM analysis when the
friction angle and dilation angle are high should be
noted, and the results should be carefully assessed.
Cheng et al. (2007a) have mentioned the difficulty in the
nonlinear solution scheme and the assessment of the
critical condition from SRM, and it appears that some
current SRM programs may still fail to work properly
under some special cases. The authors have also noted
that other programs occasionally give SRM1 factor of
safety slightly higher than that for SRM2, but the
differences are usually small and not critical. There are
some cases where the results from SRM are highly
unacceptable, but without the knowledge on the
acceptable results, how can an engineer judge and
accept the results from any SRM program?

An interesting issue to note is the occurrence of
multiple local minimum in a slope analysis. For the
results in Fig.10 and Fig.11, there are actually two
critical failure surfaces with the same factor of safety
1.29 wusing the Spencer method which can be
considered as multiple global minimum problem. Using
the Extremum principle, the authors have however
obtained only one global minimum for this problem, but
it is possible (though rare) that there are multiple global
minimum (with the same minimum value) even with the
extremum principle. As mentioned by Cheng et al.
(2007a), the use of LEM for such case is simple. The
authors simply choose to view all the trial failure
surfaces with a factor of safety within 2% (or other value)
from the global minimum, and the problem of local

© 2022 Global Journals

minimum or even multiple global minimum can be
detected immediately. On the other hand, such
application in SRM is still not automatic in general, and
usually the users need to exercise some kind of tricks in
order to detect the other local minimum or global
minimum. It is very easy for the users to miss the other
global or local minimum from SRM, and very few users
carry out this check in routine design work as SRM is
much more time consuming as compared with LEM. For
DLO, it appears to be trapped by the local minimum in
the present study. The authors are also not aware of any
simple method to detect all local/global minima by DLO,
at least up to the present development of the method. In
this respect, the authors view that DLO is still green at
present, and there are still plenty of works ahead for
enhancing DLO.

[11. CONCLUSION

The purpose of the present study is not an
assessment of the slope stability programs, but an
assessment of the slope stability methods. In general,
the authors view that DLO, LEM and SRM can be
effective for normal cases. There are, however, many
problems identified in SRM and DLO which engineers
and researchers should consider. LEM has been
developed for many vyears, and the problem of
convergence, location of critical failure surface and local
minimum have been studied in depth by Cheng (2003),
Cheng (2007), Cheng et al (2007b), Cheng et al. (2008),
Cheng et al. (2010), Cheng et al. (2011), Cheng et al.
(2013) and many others. LEM can be considered to be a
very mature and robust tool to the engineers for various
difficult problems. On the other hand, there are still
some minor problems for SRM and some major
problems for DLO. The authors tend to view that the
problems as found are the results of the numerical
implementation instead of the nature of SRM and DLO.
With the continuous development in SRM and DLO, the
authors believe that these two methods can become
robust tools to the engineers in the future.

The authors would also like to point out that
some previous research works compare the results by
LEM with other methods, and such comparisons may be
misleading since many previous LEM results are not
accurate enough due to the convergence problem or
issues with finding the global minimum. This problem is
clearly illustrated for the cases in Figs. 1 to 4 in this
study as well as some other research works. The
previous LEM results by other researchers (without the
use of modern optimization method) are not the critical
results for these cases, and the comparisons based on
such results can be misleading.

Although the authors view that DLO, LEM and
SRM can all perform well in general, the authors tend to
prefer LEM at present for normal routine analysis and
design. LEM is simple to operate and robust for a variety



of conditions. It is also fast in computation and easy to
detect different local minimum. Most importantly, the
results from a “proper” LEM analysis are comparable to
those by SRM or DLO, while problematic cases for LEM
are rare with the present development of the method.
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AJAIITAOMOHHBIEKIIMMATHUYECKHUE ITPOEKTbI

Suzdaleva Antonina L.

Abstract- Adaptive Climate Actions are activities aimed at
ensuring the safety of the population and reducing the
damage caused by climate change. Catastrophic phenomena
that occur during the global transformation of climatic
conditions are diverse. Therefore, the development of various
Adaptive Climate Actions is required. The most important is to
minimize the negative effects of catastrophic events such as
floods, rising ocean levels, abnormal floods droughts, forest
fires, reduced crop yields, the spread of undesirable
organisms and ecological frustrations. Some dangerous
phenomena and processes develop simultaneously and are
interdependent. In these cases, it is advisable to develop
integrated programs combining several different activities.
Adaptive Climate Actions addresses issues that are critical to
many people's daily lives and should be prioritized in the
allocation of climate finance. This approach is likely to be
resisted by numerous environmental officials. However, the
measures they are taking to combat climate change do not
have a tangible effect and will not give it in the future. Since in
different periods of the Earth's existence, the climate and the
content of CO, in the atmosphere were subject to significant
fluctuations. And against the background of these fluctuations,
limiting the volume of anthropogenic emissions of greenhouse
gases cannot play a significant role.On the contrary, the
development of integrated programs of Adaptive Climate
Actions will eventually mitigate the negative effects of climate
change.

Keywords: adaptive climate actions, ocean level rise,
abnormal droughts and floods, forest fires, reduced crop
yields, the spread of undesirable organisms, ecological
frustrations.

Abvempaxkmuoiii- Anantanuonsble Kimmarndeckue [leiictBus
— JTO0 MepONpHATHUS, HaNpaBJeHHble Ha ofecrnedyeHue
0e3onacHOCTH HaceJIeHHus " YMeHbIIEeHUSI ylepoa,
BBI3BAHHOIO0 M3MeHeHueM kJjumata. Karactpoduyeckue
SIBJICHUsl, KOTOpble IPOMCXOAAT BO BpeMs I100a1bHOM
TpaHchopManuH KIMMATHYECKUX YCIOBHH MHOro00pasHbI.
IT0 00yc/I0BIMBAET HEOOXOAUMOCTh Pa3padoTKH Pa3IUYHBIX
AnantauuoHnsix Kammaruveckux [leiictBuii. Haubonee
Ba’KHOC 3HA4YCHUEC HMeeT MHUHHUMMU3ANUA HEraTUuBHbIX
Noc/jaeCTBMIl CJeIyIOIIMX SIBJIeHUI. HaBOAHEHMH, MoabeMa
ypoBHd MHpPOBOr0O OKeaHa, AHOMAJIBHBIX 3aCyX, JIECHBIX
NO0KAPOB, NAaJeHHs YPOKAHHOCTH CeJIbCKOXO03iiCTBEHHBIX,
pacuiupenusi apeajioB pacnpocTpaHeHusl HeKeJdaTeJbHbIX
OpPraHu3MoOB H JKojJorumdeckux ¢pycrpanuii. Hexoropbie
OIacHbI€ SIBJICHUSA U NMPOLECCHI Pa3BUBAIOTCH OAHOBPEMEHHO U
ABJISAIOTCH B33HM006yCJ’lOBJ’leHHbIMP[. B ITHX caydasax
nejecoodpasHa  pa3paboTka  KOMILUIEKCHBIX  NPOrpamm,

Author: Doctor of Biological Sciences, Professor, Moscow State
University of Civil Engineering (National Research University),
Yaroslavskoyeshosse, Russia. e-mail: SuzdalevaAL@yandex.ru

00beIMHAIOMIMX  HECKOJbKO  PA3IU4YHBIX  HANpPaBJICHUM
nesiTeJbHOCTH. AgantanuoHnble Kiaumatnueckue [lelicTBusi
HaNpaB/ieHbl HA pelleHHe NpodJieM, UrPaOIIMUX BAKHEHIIYI0
pPoJib B IOBCeJHCBHOW 3KM3HH MHOTHX JIOJeH, M JOJIKHBI
HMeTh NPHOPUTET NpPH pacnpeaeleHnH (HHAHCHPOBAHUS.
BeposiTHO, Takoii MOAX01 BBLI30OBET CONPOTHBJICHHE CO
CTOPOHBI MHOTOYHMCJICHHBIX JKOJOTHYeCKHX YHHOBHHKOB.
Oanako npeAnpuHUMAaeMble HMMH Mepbl 10 Oopne ¢
KJIMMATHYeCKMMH H3MEHEHMSIMH He [aloT OINyTHMOIO
3¢pdexra m He maayTt ero B Oyaymem. Tak kak B pasHble
NnepHoJbl CylIeCTBOBaHUS 3eMJIH KJIUMAT H cofAep:KaHHe B
arMochepe COZ2 ObLIM  NOABEP:KEHBI  3HAYMTEIbHBIM
kosnebanussiM. Ha ux  ¢done orpanumyeHue  oObema
AHTPONOTeHHOH JMHMCCHM NAPHHUKOBBIX Tra3oB He MOxKeT
UrpaTh cymecTBeHHoil posu. Hanporus, paspaloTka
KOMILIEKCHBIX TNporpaMm AjaanTanuoHHblx KiammaTnmyeckmx
JeiictBuii B KOHeEYHOM HTOre MO3BOJIHT HHUBEJHPOBATHL
HeraTHMBHbIC IOC/IeCTBUS H3MEHEHHS KJIMMATA.

[. Bsenenne

a0irroaroreecss B HacTOsIIee BpeMs TIIOOATBHOE

HU3MEHEHHE KJIMMaTa COMPOBOXK/IACTCS

3HAYUTEIIbHBIM YBEIHYCHHUEM KOJINYECTBaU
MacIITabOB Pa3IMYHOTO POJa KaTaCTPOPUIECKUX COOBITHI
(Abbass et al., 2022). TlompITku pemieHUs TaHHOU
npobaeMbl  0003HAYAIOTCS  TEPMHUHOM  KIMMATHYCCKHE
npoektsl (climate actions)(ISO 14080:2018).91u npoekTs
pa3pabaThiBalOTCS OJHOBPEMEHHO B JABYX Pa3IHYHBIX
HampaBieHusx. Llembl0 MepBOro ©3 HHUX  SIBISETCS
yIpaBlicHHEe KIAMaTOM Ha OCHOBE KOPPEKLHH (aKTOPOB,
OTpeNIeISIFONIAX  ero0  mapamMeTpsl. [lo3ToMy mom00HBIC
JNCHCTBHS MOXHO O00O3HAYUTH KaK KOPPEKUYUOHHDbIE
Kaumamuueckue npoexkmul.IIpHoOpuTETHOE 3HAYCHHE B
JAHHOW O0JIaCTH TPHUAACTCS  YKECTOUYCHHIO Mep II0
OTPaHUYCHHIO BBIOPOCOB MPOMBIIIUICHHBIMH u
CeNIbCKOXO3SICTBEHHBIMI O0OBEKTAMHU IMAPHUKOBBIX T'a30B,
rnaBHeIM oOpazom CO, u CH, (Peters et al., 2020; Santos
et al., 2022; Tosun, 2022; Cy3nanesa,
2022a).CyiiecTByIOT ¥ ApPYrue BO3MOXKHOCTH KOPPEKIUH
rno6ansHOro KJIMMaTa. Hanpumep, CTUMYJISIIIUSI
nornomenne  CO,, pacrenusmu, cekBectpanus (CCS,
CarbonCaptureand Storage), t.e. mepeBoj; ra3000pa3HbIx
COCMMHECHUI yriepoja B KHUAKYK WIH TBepAyw (Gazy u
JOJITOCPOYHOE XpAHEHHE OTHUX MPOAYKTOB, a TaKKe
pasnuYHBlE CIMOCOOBI CHMIKEHHS TEMIIEpaTypbl 3eMHOM
MOBEPXHOCTH, HAIPUMEp, IyTEeM IOBBIMICHHS €€ alb0eno
WM OpraHu3allid HCKYCCTBEHHBIX amBe/utiHroB (artificial
upwelling) nogseMa K MOBEPXHOCTH OKeaHa XOJOIHBIX BOJ
W3 €ro TIyOuH.
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Bropoe HampaBiieHHE KIMMAaTHYECKHX IIPOEKTOB
BKITIOYaeT JEHCTBHSA IO aJaNTalMHCOINYMOB H 3JIEMEHTOB
OKpyXaromiel cpeasl K HEOJarompusATHBIM H3MEHEHUSIM
KJIMMaTa. B COOTBETCTBHHM C 3TUM, 3Ta AEATEIBHOCTH MOKET
paccMaTpuBaThCsl KaK a0GnMAyUOHHbIE KIUMAmuiecKue
npoekmpt VIX 1eNbl0  SBISETCS  HE  IIPEAOTBpAlICHHUE
W3MEHEHMs KJIMMara, a OCYyLIeCTBICHHE JIEHCTBHH,
CIOCOOHBIX 00ecCIeunTh 0E30MacCHOCTh KHU3HEACATEIHHOCTH
HaceJeHHs u COXPaHUTb 6nopasHoobOpasue B
N3MEHUBILUXCS YCIOBHUSX.

[TpoGneme Koppekuuu copepkaHusi B atmocdepe
MIAPHUKOBBIX Ta30B B TIIOCIECTHHWE JACCSATWICTHA OBLIO
MOCBSIIEHO OONBIIOE KOJTMYECTBO HAYYHBIX MCCICIOBAHMUH.
Co3maHbl BIUATEIbHBIE MEXIYHAPOAHBIE W HalMOHAIBHBIC
OpraHW3alliM, TOTOBBIE TIPUMEHATh WX pe3yIbTaThl Ha
npaktuke. Pa3paboTaHa MeXIyHapOAHAas CTpaTerHs STOU
JIESITEIIbHOCTH,  3aKpelyieHHass B MHOTOYHCIIEHHBIX
COTJIAIICHUAX n MIporpaMmax. AnanTanoHHBIM
KJIMMaTU4eCKUM  IIPOEKTaM  YJAENseTCs  HECPaBHEHHO
MCHBIICC BHHMAHUC. B 60Hb1HI/IHCTBe CJIydyacB 3THU
JIeficTBUS TPEACTaBISIOT COOOM pPa3pO3HEHHBIE MOIBITKU
PEeUINTL YaCTHBIC HpO6HeMLI, BO3HUKAOIIUEC B OTIACIIbHBIX
permonax. llenpro  cratbu  sBiseTCS — 0OOCHOBaHHE
HCO6XOZ[I/IMOCTI/I YCUICHHUSA BHUMAHUA K adalTallMOHHBIM
KJIMMaTHYEeCKUM INPOEKTaM, a TaKKe CHCTEMaTH3allMH ATOH
ACATCIIBHOCTH, KOTOpas MOKET OBITh MCIIOJIB30BaHa Kak
OCHOBA JUTSI pa3pabOTKN KOMIUIEKCHBIX ITPOTPAMM.

a) Cpasnumenvholii aunanus KOPPEKYUOHHBIX u
adanmayUOHHbIX KIUMAMUYECKUX NPOEKIMO8
Koppekmust conepkaHus IapHUKOBBIX Ta30B B
aTMocepe WIM LeJCHANPaBICHHOE H3MEHEHHE IPYIuX
KIMMATOTCHHBIX ~ (DaKTOpOB  INpEAIoNaraeT —MOJydYeHHEe
OLIYTUMBIX  PE3yJbTaTOB,  JAOIIHUX  NPAKTHYSCKHH
3¢ PEKTTONBKO Yepe3 IOCTaTOYHO MIUTEIBHBIN Mepruos

BpemeHn (tabmmma 1), DTa  AEATENBHOCTH  MOXKET
OCYIIECTBIIATHCA B TEUCHUC MHOTHX HGCHTHH@THﬁ,
JEMOHCTPHPYSI CBOM JOCTIKEHHS B (popMe TCHACHIHO3HO
WHTEPIPETUPYEMBIX JAaHHBIX MOHHUTOpHHra. B kauecte
OCHOBHOI'0 MPAKTHYECKOTO PE3ylibTaTapacCMaTPpUBACTCA
orpaHquHHe HpOMI)IIHJ'IeHHLIX BI)I6pOCOB HapHI/IKOBbIX
razoB. BmecTe ¢ TeM, 3HAUMMOCTD dTUX JCUCTBUI BBI3BIBACT
Bce Oonpmne coMHeHus. Hampumep, B HacTosimee Bpems
OYCHb 3HAYUTCIIbHBIC 06LGMLI HapHI/IKOBI)IX ra30oB
BBIAC/IAIOTCA B IIpoHECCE Afrpajgalliui 30H MHOTOJICTHEH
Mep3noTel B CeBepHOM momymmapuu. HekoTopele yueHble
MoJIaraloT, 4to aHTpomoreHHble BbIOpocsl CO, u CH, He
CIOCOOHBI OKa3aTh KaKOro-JIH0O0 CYIIECTBCHHOI'O BJIMAHUA
Ha KIMMATUYCCKHUE TIPOLECCChI Ha CI)OHC €CTCCTBCHHBIX
HCTOYHHMKOB uX smuccuu (Soonetal., 1999; CopoxrtuH,
2008; Topomumukwuii, 2019). He Bbl3blBa€T COMHEHUN
nMWbe  TOT @akT, 4YTO Ha COBPEMEHHOM aTane
HabnogaeTca 3HaAYUTENbHOE W3MEHEHME CKOPOCTU
KNMMMaTUYECKNX WM3MEHEHUN W WX TeHaeHuun. Bce
yalle nOoCneacTBnd 3TUX MNPOLECCOB MPUHUMAIOT
KaTacTpoduyeckuii xapakrtep. ApantaunoHHble
KNUMaTU4eCcKne NMpoekTbl paspabaTbiBalOTCs C LENbto
pewnTb BO3HMKawowme npobnembinogobHoro poga B
KOHKpeTHble cpokn. Mx obwen uenbio aBnsieTcs
MUHUMU3ALUMS HeraTUBHbIX MOCNEACTBUN M3MEHEHUN
KnuMata He B NnaHeTapHoM MacwTabe, a Ha
onpegeneHHon Tepputopun. [log  HeraTUMBHbIMU
nocneacTeMsaMn B AaHHOM crlydae nogapasymMeBaroTcs
nobble SBMEHUS, CMPOBOLMPOBAHHbIE U3MEHEHNEM
KNUMaTUYECKUX YCINOBWUIW, KOTOpble npeacTaBnsaloT
OMacHOCTb AN HaceneHusl, HaHOCAT 3Ha4YuMTenbHbIN
3KOHOMUYECKUI N IKONOrMYecknin yuiepo.

Tabruya 1. OCHOBHble aTpUBYTbl KNMMMaTUYECKMX NMPOEKTOB

ATpudyT

KoppeKkunoHHbIe MPOEKTHI

AnantanmMoHHbIe IMPOCKThI

OcHOBHas IICNIb

HpeIIOTBpaH_[eHI/Ie HU3MCHCHHUA KiIMMaTa

O6ecneuenne 6€301aCHOCTH
JKU3HENEATEILHOCTH HACEICHHS

Maciitab 0XXuaaeMbIx I'moGanbHbIH PernonanbHbIN WIN JTOKAIbHBIN
Pe3ynbTaToB
O00CcHOBaHHE 1EJIECO00PaA3HOCTH Teoperuueckoe Koukperusuposantoe

I'maBHOE HaIIpaBJICHUC
JACATCIIBHOCTU

Ycunenue KOHTPOJIA ITPOMBIINIICHHBIX
BI)I6p0COB TMapHUKOBLIX Ir'a30B

Co3manue 6IarompUsATHBIX YCIOBHHI JUTS
JKU3HH JIFOJICH B TIEPHO]T TII00ATBHBIX
KIIMMATHYECKUX U3MEHEHHUI

Cpok peau3anuu

He orpannuen

JerepmMuHMpoBaH

OrneHka pe3yIbTaTHBHOCTH

IlaHHI:Ie KIIMMAaTHYECKOI'0O MOHUTOPHUHI'A

CreneHp peaJbHOro pelieHus MpoodIeMbl

OcHOBHOII NapaMeTp OTYETHOCTH

CyMMa 3aTpav4CHHBIX CPCACTB

PeanpHBIC pe3yIbTaTH

b) Obwas koHuenuus paspabomku adanmayuoHHbIX
KnumMamuyecKux rpoeKkmo.

Kak CBMOETENbCTBYIOT pe3ynbTaThbl
naneoknMmaTU4eckux uccrnegoBaHuin, GbICTpoTeYHas
TpaHcopMaumna KnMMaTUYEeCcKon CcucTembl 3emnu
npovcxoguna HeogHokpaTHo. [lMepuoabl rnobanbHbIX
KNMMMaTUYECKUX W3MEHEHU, BO BpPEeMsl KOTOPbIX
MacwTabbl 1 cuna NposiBIIEHNS MHOMMX €CTECTBEHHbIX
MPOLIECCOB  Pe3ko  BO3pacTalT, OTHOCUTENBHO
HenpogorknTenbHbl. locne  3TOro  MpoucxoguT

© 2022 Global Journals

cTabunusauust KnuMaTU4Yeckom CcucTembl. YCnoBwus,
cchopMupoBaBLUMECS  HA  Pas3NU4YHbIX  yvacTkax
nnaHeTbl, NpnobpeTarT OTHOCUTENBHOE MOCTOAHCTRO,
XOTS  Hepeako  3Ha4uTenbHO  oTnuMyakTea  OT
cyllecTBOBaBLUUX paHee. CnegyeT OTMETUTb, YTO B
3Ty CXemy TpaHcdopmauun BMMCbIBAOTCA Aaxe
camble KaTacTpoduuHble KNMMaTU4eckue cueHapum,
KOTOpble, MO MHEHWI0 HEeKOTOpbIX CMNeunanncTos,
MOryT peanu3oBaTbCsl Npu yTpaTe KOHTpons 3a
aHTPOMOreHHbIMKN BbiBpocamn NapHMKOBLIX ra3oB. Tak,



copgepxaHme CO.B aTMocdepe B HOPCKMI nepuog, Ans
KOTOpOro ©Obln  XxapakTepHbl MSArKMA KnMMaT Ha
oonblUern Yyactu nnaHeTbl n BeCbMa BbICOKOE
OGuopasHooOpasme, Obll B HECKONbKO pa3 Bblle
coBpeMeHHoro. CriegoBaTenbHO, pelleHmem npobnem,
CBS13aHHbIX c NPOUCXOAALLUMU rno6anbHbIM
M3MEHeHWeM Knumarta, MornuM Obl cTaTb  Mepbl,
obecneynBatomne MaKkcuMmarbHO BO3MOXHYIO
MUHUMM3aLMIO NOTEepPb NPY Nepexoae YenoBeyecTsa U

NPUPOAHBLIX  3KOCMCTEM B  HOBOe  CcTabunbHoe
COCTOSIHME  KNMMMaTUYecKoM CcUCTeMbl, a Takke
obneryeHne nocriegyloweagantauun  nogen K
HOBbIM YCIOBUSIM N COXpaHEHUI B  HUX

cyllecTBytoLero bmopasHoobpasusi. B cootBeTcTBUM C
3TUM, pa3paboTka afanTauMOHHBLIX KNMMaTUYEeCKUX
NMPOEKTOB [OJ/MKHA OCHOBBIBATLCA Ha CreayloLmnx
KOHLIENTYyanbHbIX NpUHLUMNAXx:

1. B: KpaTKOCpO‘-IHOVI nepcrnekTmnee nx Uenblo ABNAETCA

2. B: ponrocpodHoi nepcrnektuBe MNpUOpUTETHOE
3HayeHMe  nepexoauT K co3gaHuio  cpefbl,
OraronpuaTHOM ANA XKU3HEeZEeATENbHOCTU Nogen u
NO3BOSSIOLLEN COXPaHUTb CYLLECTBYIOLUN YPOBEHb
BuropasHoobpasus.

HeraTuHble nocneacTsus rnobanbHbIX
M3MEHEeHW KnumaTa npeacTasnsioT cobow LLUMPOKMI
CMEKTP pasfnnyHbIX NPOLIECCOB U ABMNeHu (Tabnuua 2).
Mo aTONNPUYNHE pasBuTue ajanTaunoHHbIX
KNUMaTUYECKMX MPOEKTOB [OMMKHO OCYLLECTBNATHCS B
HECKONbKUX OTAENbHbIX HanpaBneHuax. OHu moryT
npecnefoBatb  Kak  KpaTKOCPOYHbIE, Tak U
JonrocpoyHble Lenu. B nocnegHem cnyvae pelueHue
npobnem B KPaTKOCPOYHOW MEPCNEKTUBE MOXET
paccmaTpuBaTbCd Kak 3aBeplLueHue nepBoro atana
nnaHupyemomn (monrocpoyHon) DeATenbHOCTMU.
ALanTaumMoHHbIN  KNUMATUYECKUN  MPOEKT  MOXET
BKMOYaTb OEeNCTBUSA, OOHOBPEMEHHO HarpaBlieHHble

3almTa  HacerneHus, obbekToB
AeAaTenbHOCTH n oKpyXatoLleu
KaTacTponyeckmx nocneacTenmn

KITMMaTU4ECKNX UBMEHEHUN.

YyeroBeYeckomn

cpeabl oT
rnobanbHbIX

mepbl

BMOOB Bpeautenen

Tabnuya 2: OCHOBHble BUAbI aAanTaLMOHHbIX KIMMaTUYeCKUX NPOEeKTOB

HAaBOJOHEHUS U 3aCYXHU

HACENICHUsSI U 3aIUThI
OKpYKaroIel cpebl
OT aHOMAaJIbHBIX

T’ APOKIIMMATUYECKUX
¢duykryarmit

HerarnBnblie Hean KINMaTHYECKUX NPOEKTOB
MOCJeACTBUSA
H3MeHeHMSs KpaTkocpounbie Hoarocpounbie
KJIUMATa
IIpeBentuBHas
pa3paboTka
IporpamMm
AHOMATBHBIC obecrieyeHus Co3ianue ceTH BOJHOPECYPCHOM

6€30MaCHOCTH JIOTHCTUKH M OpraHU3aLus

MEX[yHapOIHOTO PBIHKA PECYPCOB
MIPECHOM BOABI

Jlecanie TIOKaphbI

CHmxeHHe pucka
JIECHBIX MOXapOB U
NPEBEHTHBHBIC MEPEI
0 X JIOKaJIHM3aIMU

VYrpasnsiemas 3ameHa
JIeTpaupyIONINX JeCOB
9KOCHCTEMAMH,COOTBETCTBYIOMNMHU
HOBBIMKJIMMATHYECKUM YCIOBHSIM

CHMXEHHE ypoiKaeB
CEIIbCKOXO03SICTBEHHBIX

Opranuszanus
MOCTaBOK B PETHOHBI,
HCTIBITHIBAIOIIIHE

MonepHuzanus chepbl
CeIIbCKOXO03SHCTBEHHOTO

KYJIBTYp JIeUINT MHUIIEeBBIX IIPOU3BOJCTBA
TPOIYKTOB
CoxpaHeHne
XO3SHCTREHHOTO H Co3zaaHne IpUpOJHO-TEXHUYECKHX
OKoorniecKne PEKPEALHOHHOTO cucTeM, 00ecIeUnBarOIIIX
¢dpycTpanun TOTeHIHaNa nm’peGHocmv colMyMa B pecypcax
TPHPOHBIX OKpYJKaloLIei cpemst
9KOCHCTEM
IMoabeM ypoBHs CrpourenscTso Co31aHlE UCKYCCTBEHHBIX
MupoBoro okeana 3arp6am/ITeanbe 3eMEJIbHBIX yIaCTKOB
Jam

Pacmmpenue apeanos
HEXeTaTeTbHBIX
OpTaHN3MOB

KapanTunHubsle
MEpPbl, MOHUTOPUHT
HMHBaWJepOB U UX
YHUUYTOXKEHHE

Co3manue ycinoBHii,He
JOMYCKAIOIIIX MacCOBOTO
pa3BUTHUS UHBAWEPOB

Ha MWHUMM3AUNIO HECKONbKUX BWAOB HEraTuBHbIX
npoueccoB W saBneHun. Hanpumep, agantaunoHHas
MOZEPHU3ALNSA CENbCKOro X035MCTBa MOXET BKIOYaTh
Mo KOHTPOJIO 3a pPacnpoCTpPaHEHWEM HOBbIX
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c) AHOMarsbHbIe 3acyxu U Ha8OOHEHUSs
CyllecTByeT HECKOJIbKO TUMOB 3TUX SABMEHWMN.

C TOYKM 3peHuMst paccmaTpvBaemMon Mpobnemsbl
HanbonbLniA nHTEpec npeacTaBnsoT Tak
HasblBaeMble  «METEOPOSIorM4yeckne»  3acyxum U
HaBogHeHMs1, 0oOycrnoBneHHble  AeduuuToMm  Unu

N30bITOYHBIM KOMMYECTBOM aTMOCdEPHbIX OCaAKOB.
AHOMarnbHbIMK cunTaloTCa ABMeHns nogobHoro poaa,
MacwTabbl  KOTOpPbIX  3HAYUTENbHO  MpPeBbIWAalT
YPOBEHb  MAPOMETEOPOoNiornyecknx  orykTyauun,
HabnoaasLmnXcs B OaHHOM pervoHe B
npeawecTesylOWwMn  nepuog  BpemeHu. [Ona  wux
0603Ha4yeHnss mcnonb3yeTcss TEPMUH 4Ype3BblHanHbIe
cutyaumm (emergencies). YacToTa " cuna
3TUXMPOTMBOMOSIOXKHBIX MO CBOEMY  XapakTtepy
ABMNEHUN B  COBPEMEHHOM  MWpPE  MOCTOSIHHO
BO3pacTaloT, rMmaBHbiM 06pa3om, MO OOHOW N TOW Xe
npuyvHe — BCreacTBuMe nepepacnpeneneHusHopMbI
aTMOC(EpHbIX  OCaaKoB Mexgy  pasnuMyHbIMU
y4yacTkaMu 3eMHOW MNOBEPXHOCTW, KOTOpOe BbI3BaHO
NMPOUCXOASLLEN nepecTporikomn KnumaTtmn4eckon
cuctemsbl (Lehner et al., 2006; Hirabayashi et al., 2008;
Muralikrishnan et al., 2022). OcHoBHOe 3HadeHue
nveroT n3mMeHeHune Xapakrtepa LMpKynauum
BO3QYLWHbLIX Macc, MX TemnepaTypa W BIaXHOCTb.
3Hauumyro ponb B yBenudeHuM  macwTabos
HaBOOHEHMWIN, BEPOSATHO, TaKKe WrpaeT yBenM4eHue
ucnapenust Bogbl C noBepxHocT MwupoBoro okeaHa,
0o0ycrnoBneHHoe MOBLILEHNE  TemnepaTypbl  €ero
noBepxHocTHoro crnosd (Held, Soden, 2006; Zika et al.,
2018).

ItoBble NpoaoImKUTENbHBIE 3aCYXU U CUMbHBIE

HaBOOHEHUS Bceraa NpeacTaBnAlT  OMacHble
saBneHns. Ecnu  oHM He npeBbialoT  YPOBEHb,
HabnoaaBLLINCA B npeaLecTByoL I
nepuon,Xxapaktep KuU3HeOoesaTenbHOCTU  HaceneHus

perMoHa M ero 3KOCUCTEMbl MOCMe OKOHYaHUSTaKuX
cobbITMI NOCTENEHHO BOCCTaHaBNuBatTcs. B otnvune
OT 93TOr0 NOCNEeACTBMS  aHOMarbHbIX 3acyX W
HaBOAHEHUN Hepeako npuobpeTarT HeobpaTUMbIA U
KkaTtacTpodudeckmii xapakrep. Hanpumep, B 1970-1974
. B CTpaHax BocTtouHon Adpuknm B pesynbraTe
aHomarbHOW 3acyxu normbno okono 1,2 MnH. Yenosek

(Ocunos, 1995). Ona Toro 4TtoObl He [OOMYyCTUTb
NOBTOPEHUA  MOAOOHbLIX  COObITMIM  HeobxoguMmo
npeBeHTUBHOpa3spabaTbiBaTbh aganTauuoHHble

KnMmaTuyeckne npoektbl. B cnyyae aHomanbHbIX
3acyx B KpaTKOCPOYHOW NepcnekTvBe 3TO CO3AaHuve
3anacoB BOAbl M BUPTyarbHON BOAbI, T.€. MULLEBbLIX U
WHbIX XXM3HEHHO HeobXxoaNMbIX NPOAYKTOB,
Npoun3BOACTBO KOTOpPbIX TpebyeT 3aTpat
3HauuTenbHoro kommyectBa Bogpl (Allan, 1998).
KpomeToro, Heobxogvma opraHm3aums CUCTEMbI KX
[OCTaBKM B  PErnOHbl, UCMbITbIBAOLNE  BOAHbIN
ctpecc.lMpobnema MUHMMUK3aLMSA aHoMarbHbIX
HaBOAHEHMWN HenocpeacTBEHHO B MOMEHT
BO3HWKHOBEHMS  Yrpo3bl 3aTOMMEHWs TeppuTopuu
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ocyulecTBndeTcdA nytemMm Cco3faHuda nperpag  ond
pacnpocTtpaHeHnsa NaBOAKOBbIX BOA, MNOBbIWLWEHUA
MHTEHCUBHOCTHU nx CTOKa (Hanpmmep, nytem

yBenuMyeHns NoNyckoB Yepes MroTUHbI) U 0TBOAA BOA
B MOHWXKeHUsa penbeda. Kak 3To HM napagokcanbHo,
HaceneHwe BO BpeMdA HaBOOHEHWW HyXAaeTcs He
TONMbKO B MuLlE, HO N B 4ncTon Boae. [laBoaKoBble

BOAbl  HeEpegko  onacHbl  Ans nuTbs  M3-3a
COAEpPXalMXCA B HUX 3arpaAs3HMTENEN U NaTOreHHbIX
MMWKPOOPraHmamMoB. Pe3ynbTaTMBHOCTb BCEX 3TUX
OencTBum 3Ha4YNTEnNbLHO BO3pacTaeT npu
npeaBapuTENbHOM  NnaHMpoBaHMM U pa3spaboTke
KOMMMEKCHbIX  MporpaMM C  Y4eTOM  MECTHbIX
ocobeHHocTer. CrnepoBaTenbHO, Ha  OCHOBaHUK
HabnarLwmxes TeHOeHUunn N3MeHeHNs
rMOpoKIMMaTUYECKUX yCIOBUMA Heob6xoauMo

onpeaenvTb PEMMOHbI, B KOTOPbIX BbICOKa BEPOSITHOCTb
aHOMarbHbIX 3acCyX M HaBOAHEHWI. B COBOKYMHOCTM
9T [OeicTBMS NpencTaBnsiioT coboli  pa3paboTky
KpaTKOCPOYHOro  adanTauMoHHOIrO  KIMMaTUYeCcKoro
npoekTa.

Motennenue Knumara cornpoBoxpgaetcs
nosbiweHnemobbema atMocdepHbix ocagkos (Tabari,
2020; Bucherie et al., 2022), 4To AOMKHO NPMBOAUTL K
yBEMNNYEHUIO MMPOBbIX 3anacos npecHon
Boabl.[ToO3TOMY B OOMArOCPOYHOW  MepcrnekTuee
nNpobrembl aHOMarnbHbIX 3aCyX M HaBOAHEHWA MOTYT
ObITb OOHOBPEMEHHO pELUEHbl MyTEM CO3[aHWUSI CETU
BOAHOPECYPCHON NOrncTuku (water resources logistics)
T.e. TUOPOTEXHUYECKMX CUCTEM, OCYLLECTBIISIOLLMX
nepepacnpegeneHve BogHbix pecypcoB (Cyspanesa,
2017; 2020a; Suzdaleva et al., 2017). QkoHOMMYeCKas
uenecoobpasHOCTb  peanusaumMm  3TUX  MNPOEKTOB
obycrnoBneHa B COBPEMEHHOM Mupe OOBLEeKTMBHON
Heo6Xx0AMMOCTbIO  (DOPMMPOBAHMSA  MEXOYHAPOAHOIO
pblHKa pecypcoB npecHon Boabl (Cysganesa,
loptoHoBa, 2014; Cyspanesa, 2015a). CTtabunbHOCTb
nogayv BOAbl HYXOAKOLWMMCS B HEN pernoHam MOXeT
ObiITb obecneyeHa nyTemM oOpraHMsauMyM BOAHbIX
Oeno3nTapueB —BOAOXPAHWUNULLY, NpegHa3HAYEeHHbIX
ONsl  HaKOMMEHMS W  XpaHeHUs1 U30bITOYHBLIX BOA,
obpasyowmxca B pedvHbix bacceriHax B nepuogbl
HaBogHeHun (Cyspanesa, 2022b). KoHeuHon Lenblo
3TON  OeATenbHOCTW  gBnsieTcs MUHUMU3aLUNS
HeraTMBHbIX MOCNEACTBUN  U3MEHEeHWn  Knumara.
CnepoBaternbHO, ee MOXHO paccMaTpuBaTb Kak OAMH
13 BUOOB afanTalMOHHbIX KIUMaTUYEeCKUX MPOEKTOB.
Nx peanusauusi no3BonuT nogaepXusartb
GraronpusiTHyto coumanbHO-3KOHOMUYECKYHO "
9KOJTOTMYECKYID CUTyauWio Kak B pervoHax-goHopax,
cTpagalwux OT HaBOAHEHWW, TaK W B pervoHax-
peuMnueHTax, WCMbITbIBAOWMX KaTacTpodUYeCKUi
4eduunT BoOHbIX peCypcoB.

d) JlecHbie noxapebl
MacwTab aTux siBneHuin u obwas nnowagb
3aTPOHYTbIX UMW Y4acTKOB B NMocrneaHue OecaTuneTms



3HauymTenbHo Bo3pocnu (Epuuos u gp., 2016; Williams
et al., 2019; Abrametal., 2021; Tyukavina et al., 2022).
Tonbko B 2019 r. B Poccum Bbiropeno 6onee 10
munnmnoHosrektapoB neca (Way, Ckaudko, 2020).
PacnpoctpaHeHO  MHeHuWe, COrnacHO  KOTOPOMY
NMPUYUHON ITOrO ABNSAETCA NOTenneHwe Knumara.
OpHako, Kak nokasblBaeT aHanu3 maTepuanos,
NecHble KpyrnHble noXapbl Nepuoanyecku BO3HUKAOT
Janeko He Ha BcCex YyyacTkax nMnaHeTbl, rage
OoTMeYaeTcs TeHAEeHLUMS MOBbILWEHUS cpeaHerofoBou
uUnu cpepHece3oHHon Temnepatypbl. OBbIYHO Takum
CoBbITHAM npepliecteyet MeTeoponornyeckas
3acyxa, BO BPEMS KOTOPbIX 4YacTb AEPEBbLEB MU WX
noberos nornbaet (Aldersley et al., 2011; Pontes-Lopes
et al, 2021; Richardson et al.,, 2022). BbicbixaeT
NMCTOBOW ONagj v BanexXHWK Ha MOBEPXHOCTU NoYyBbI. B
pe3ynbTaTte BO3HUKAOT OOBEKTMBHbIE MNPEANOCHINKN
ONs noxapa, B pe3ynbTaTe KOTOPOro YHUYTOXaeTcs
necHas akocuctema. EctecTBeHHOE BOCCTaHOBMEHUE
pacTUTENbHOCTU (CyKLeccus) OObIYHO NpogormkaeTcs
MHorve rogbl. [MoaToMy B HacTosiliee Bpems Tpy4HO
OLEHWTb ero pesynbTaThl Ha y4yacTKax BbIrOpeBLUEro
neca. Ho MoXHO NpeanonoXuTb, YTO NPU U3MEHEeHUU
KNMMaTUYEeCKUX YCNOBMIA Ha BbIFOPEBLUMX Yy4yacTkax
npovsongetr obpasoBaHMe  HOBOM  SKOCUCTEMBI,
oTnuyalwLLenca oT paHee cyuwecTBoBaslen. B psage
PEerMoHoB nepmoamMyeckoe BO3HMKHOBEHME MNOXapoB
MOXHO paccmaTpvBaTtb Kak 3aKOHOMepHOe
npeBpalleHMe 4YacTu 30Hbl JIECHbIX 3KOCUCTEM B
necocTenHble U cTenHble 3KocucTeMbl. C 3TOW TOYKM
3pEHMS, COXPaHEHWE U BOCCTAHOBJIEHMENECOB Ha
OaHHbIX y4YacTKax $SBMseTca MNOMbITKON 3agepXxaTb
pasBuTue 9KOCUCTEM, oTBEYaLLNX HOBbIM
KNMMaTm4yeckum ycnosusam. MNMosTomy B JONTOCPOYHOM
nepcnekTuee pe3ynbTaTUBHOCTb OesTenbHoCTH
Bbi3blBa€T COMHeHus. Bmecte ¢ Tem, npu
BO3HVMKHOBEHMM  MECHbIX MNOXapoB  Heobxoammo
npeanpuMHMMaThb onepaTuBHble AEWCTBUMS N0 UX
TyweHuno, a Tarke no obecneveHno 6e3onacHOCTM
HaceneHns © BO3MOXHOMY COXpPaHEHMI0 BUuoThI.
[daHHoe npoTuBopeYne MOXHO paspeLlnTb Ha OCHOBE
CKOOPAMHUPOBAHHOW pa3paboTku KpaTKOCPOYHbLIX U
OOMrOCPOYHbIX  adanTauMOHHbIX KNMMaTu4eckmnx
npoektoB. B Onwkanwen nepcrnektnBe WX LENbHO
OOMMKHO SBMSATbCS CHWKEHUE pucka BO3HUKHOBEHUS
NeCHbIX MOXapoB W OCYLLECTBEHWE MPEBEHTUBHbIX
Mep Mo WX foKanuM3auuu (Hampumep, co3gaHue
pasnmnyHbIX Gapbepos, NPensaTCTBYHOLLMX
pacnpocTpaHeHunio orHs). B gomrocpoyHom nnaHe
uenecoobpasHo 0O4HOBPEMEHHO pa3paboTaTb NPOEKThbI
no ynpaBnseMon 3ameHe MOoABEpPXXEHHbIX BblIrOPaHuio
NeCHbIX 3KOCUCTEM, 3KOCUCTEMAMW, YCTOMYMBLIMU B
HOBbIX KNMMaTU4eckux ycrnosusix. [MaBHOM 3agaven
ABNSETCA MUHMMM3aUUSA NepexogHoro nepvoga, Ans
KOTOPOro  xapaktepHa rmbenb  AOMUHUPYIOLMX
ApeBecHbIX MopoAd OT HegocTatka Bnaru, BbICOKOW
TemnepaTypbl B IETHEN NEPUOS U BCMbILLEK Pa3BUTUSA

OopraHn3moB-BpeanTenen  neca. Hanpumep, B
MockoBckort obnactun Poccunckon Pepgepaumm B
HacToslllee Bpemsi Habniogaetcs maccoBasi rmbenb
enu. OcnabneHHble OepeBbsi TMOHYT B pesynbTarte
MacCOBOIro pasBUTUS NapasUTUPYIOLMX Ha HUX XKYKOB
kopoepos-Tunorpacdos (Typograph bar kbeetle) (nat. —
Ipstypographus), YMCNEHHOCTb KOTOPbLIX MHOFOKPaTHO
yBenuyunacs. B pesynbTaTte BO3HMKaIOT
noXxapoornacHble CKOMMeHUsi CYXOCTOSI U BanexHuKa.
MoaToMy apanTauMoOHHblE KrMMaTU4YecKkue MnpoeKkThl
[JaHHOro HanpaBreHus MoryTnpegycmaTpusaTb
n3bumpaTtenbHyl0 NMKBMOAUUIO OErpaavpyroLlmx Necos
N YyTUNM3auU0 HaKOMMEHHOro Ha 3TUX TEPPUTOPUSAX
pactTutenbHoro Martepuana. OAHOBPEMEHHO 3Tu
KnMMaTudeckne MpoeKTbl AOMKHbI NpedycmaTpyBaTh
Mepbl MO COXPaHEHWD NEeCHON pacTUTENbHOCTUM Ha
y4acTkax C noaxodsawummn Orns HUX YCroBusSIMK, a
Takke co3gaHne pedyrMymMoB Ons pPedkux U
3HOEMUYHbIX BUOOB XXUBOTHbIX U PacTEHUN.

e) CHuxeHue CEJIbCKOX035(ICMBEHHbIX
Kynbmyp

B nocnegHue pecatunetuss B pesynbTarte
N3MEHEHMe KnnmaTta 3Ha4yMTeNnbHO CHU3UIICA MUPOBOMN
o6beM Npon3BOACTBaA MHOTUX BMOOB
CeNbCKOXO3SMCTBEHHON MPOOYKLUMU, B T.4. OCHOBHbIX
3epHoBbIX KynbTyp (Lesk et al., 2016). Ecnn paHbLue
nogobHble sBNEHWs OblNM  XapakTepHbl, [NaBHbIM
obpa3om, ana adpuKkaHCKMX CTpaH, TO B HacTosiiee
BpeMs OHU Bce 6Gornee 3HauUMMO MPOSIBNAOTCH U B
Apyrux pervoHax, Bkrnoyasa 3anagHyto Espony n CLUA
(Nelson et al., 2013). lNMoTenneHne knuMaTa TakKke
OKa3blBaeT HeraTMBHOE BMNUSAHME W HA TaKylBaXHYHO
obnacTe nNpou3BOACTBa MULLEBbIX MPOAYKTOB Kak
akBakynbTypa (Froehlich et al., 2018). B ycnosusax
HenpekpaLllatoLerocs pocTa HapogoHaceneHus
nnaHeTbl JanbHenwee pasBuUTUE 3TUX TEeHOEHLUMN
co3gaeT yrpo3dy rnobanbHOro MnpoAoOBONbCTBEHHOIO
kpuanca (Cysganesa, 2020b). [aHHasa npobrema
oTYyacTU pellaeTcsi NyTeM MNOCTaBOK B PEMUOHbI, HEe
CrnocobHble B HOBbIX YCMOBUSIX CaMOCTOSITENIbHO
obecneunte cebss  QOCTATOYHBIM  KONMYECTBOM
NULLEBBIX NPOAYKTOB. CosgaHne nogo6HbIX
MNOrUCTUYECKUX LIENMOYEK MOXET paccMaTpmBaTbCsl Kak
OAHO n3 HanpaBneHun aganTaunoHHbIX
KnMmaTU4eCcKknx MpoekToB. Ho aTu pencrteua moryt
AaBaTb MNO3WUTUBHBLIA 3A(PPEKT NUWb B TeveHue
OrpaHMYEHHOro NepMoaa BPEMEHU. Yxe B Onvkanwem
Oyoywem CTpaHbl, CenbCKOe XO35IMCTBO KOTOPbIX He
UCMbITbIBAET OLLYTMMOrO HEraTMBHOrO BO34ENCTBUS
W3MEHEHWA KNMMarta, He CMOryT YAOBNETBOPUTb
3anpocbl  pacTywero HapogoHaceneHuss  3emnu.
MoaTtomy pelweHve npobnembl B  AONFOCPOYHOMN
nepcnektuee MoxeT OblTb OCHOBaHO TOMbKO Ha
yBEMMYEHNN MNPOU3BOACTBA MULLEBOM  MPOAYKUMU
HEMoOCpPeaCTBEHHO B CTpaHax, MCMbITbIBAOWNX €€
aedvumt, Ha OCHOBe MoJepHu3auuu  cdepsbl
CenbCKOXO3ANCTBEHHOIO npou3soacTea. Peanusauus

ypoxxaee
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3TOM 3afayn MOXET OCYLLECTBIATbCS HECKOITbKMMM
nytamu. Bo MHormx cnydvasix pesynbTaT MOXET ObiTb
OOCTUTHYT Ha OCHOBE cTpouTenbCcTBa
rMOPOTEXHUYECKUX  CUCTEM, PYHKLNOHNPOBAHNE
KOTOPbIX MO3BOMUT YBENUYUTL OOBLEM [OOCTYMHbIX
pecypcoB npecHomn BOAbI (MmexbaccenHoBoe
nepepacnpegeneHme pevyHoro CToKa, OrnpecHeHue
Mopckux Bog u ap.) (Cyspanesa, [optoHoBa, 2018).
3HauuTenbHbIN 3hhekT MoXeT AaTb BblpallMBaHue
HOBbIX COPTOB W BWOOB CEIIbCKOXO3SWCTBEHHbIX

KynbTyp, BHeApeHne B MNPaKTUKy arpoTtexHn4eckux
WHHoBauun (Bhatta et al.,, 2017, Palomo, 2017).B
HEKOTOPbIX pervoHax HeobXxo4MMo Oynet
npeanpuHATb OencTBus, HanpasrieHHble Ha

Mony4YyeHVe MakCMMarbHOW MOMb3bl OT W3MEHEHMS
knumaTa. Hanpumep, B Kutae notenneHue knvmara
coenano  BO3MOXHbIM  BblpallyMBaHuWE  KymnbTyp,
Jawowmx 3 ypoxas B rod, B CeBepHbIX pernoHax
cTpaHsbl (Liu, 2022).

f)  Okonoauveckue chpycmpayuu

Mog aTM TepMMHOM MOHMMAITCA PasfUyHble
opmbl nuweHus yeroBeka BO3MOXHOCTM
yOOBMNEeTBOPATb CBOM  MnoTpebHocTM B obnactu
NCMoNb30BaHUS paHee AOCTYMNHbIX AN HEro pecypcos
oKpyXatoLlem cpeabl (Cyspanesa, 2015b).
CoBOKYMHOCTb MaTepuanbHbIX M [OyXOBHbIX ©6nar,
nonyyaemblX nOAbMW MNPU  KOHTaKTe C NPUPOLJON,

0603Ha4YaeTca TEPMMHOM  JKOCUCTEMHbIE  YCIyIu
(ecosystem services). [lo cBoeMy XxapakTepy OHU
BecbMa MHoroobpasHbl (Performance ..., 2012,
Pramova et al, 2012;). Ho ¢ TOYkM 3peHus

paccmaTpvMBaemMon npobnemsl
nmeroT  obecneumBatowme  ycnyrm - (provisioning
services) - nuWeBble W HeMuLEeBble MNPOOYKTHI
(Hanpumep, gpeBecuHa, Heobxoanmasi 4N NOCTPONKK
XUMULL, M UX OTOMMEHUST), Nony4aemMble OT S3KOCUCTEM,
W KynbTypHble ycnyri (cultural services), Bkntovatowme
pekpeaumoHHoe ncnonb3oBaHve NPUPOOHbIX
TEpPPUTOPUA N ICTETUYECKOE YAOBMETBOPEHME OT UX
3pUTENBHONO  BOCMPUATUSA.  YXYALWEeHWe COCTOSHUS

OCHOBHOE 3Ha4eHune

oKpy>KatoLen cpensl, npovcxoasiiee npu
TpaHcdopmaL M 3KOCUCTEM B pesynbTaTe U3MeHeHNs
KMMMaTa, 4YacTU4HO  WNM  MOJIHOCTbIO  fiMwaeT

HaceneHne MHOIMX PErMoHOB WCMONb30oBaTb 3T
Bo3amoxHocTu (Nelson et al., 2013). Takaa TeHAeHUUN
pa3BuMBaeTcs Ha (OHe HeraTUBHbLIX MNOCHNEACTBUI
pocTa HapofoHaceneHus (ypbaHusauum, 3arpsisHeHUs)

" ycunusaet nx adhhekT. BosHukatrowme
akonornyeckne  dpycrtpaumMm  cnocobHbl  oKasaTb
CEPbE3HOE BNUSIHUE HA MNCUXUKY, MNPOBOLUPYIOT

pasBuTME [enpeccuin K arpeccUBHOrO MOBEOEHNUS,
KOTOpOoe MOXeT CTaTb MPUYMHOM OCTPbIX CoLManbHO-
NONUTUYECKUX KOHMNUKTOB. OCoBeHHO OONe3HEeHHbI
akonornyeckne pyctpaumm Ansi KOPEHHbIX HapoaoB
(indigenous peoples), 3aHMMaOWNXCA TPaAULMOHHBIM
NpMpoAOoNofb30BaHMEM. Herpagaums paHee

© 2022 Global Journals

CyLLEeCTBOBaBLUMX 3KOCMCTEM,CNPOBOLIMPOBaHHast
NnoTensieHneM Knumarta, OOHOBPEMEHHO nuwiaet
npeacTaBuTeNen 3TUX HApPOLOB Kak MaTepuanbHoOn
OCHOBbl >KM3HM (NULKW, BOAbl), Tak W paspywaet
npvBbIYHbIE AN HWUX ycroBus cpedpl. CrnegyeT
06paTuTb BHUMaHWe elle Ha OAWH BaXKHbl heHOMEH.
Mpn CHWXEeHWMM KadecTBa XWU3HU, KOTOPOEe Hepeako
conpoBoXaaeT KpynHoMacwTabHyo TpaHcdhopMaLmio
YCIOBUI OKpyXatoLlen cpedbl B nepuop rnobanbHbix
KNUMaTUYECKUX W3MEHEHUN, BO MHOIMMX perMoHax

noaM  HaumHaT 6Gonee  WHTEHCMBHO —OCBauBaTb
npupoaHble  pecypcbl  (Locatelli,  2016). 3Ta
aeaTenbHocTb B OOMbLWKMHCTBE — CrlydyaeB  He

KOHTPOJTIMPYETCA U YyCUnmMBaeT npouecc perpagaudunm

NMPUPOAHLIX 3KOCUCTEM, 4YTO B CBOKW oyepedb
ycunueaeT  akoriorndeckve  cpyctpauuu.  Ons
pelleHnss [OaHHbIX npobnem Takke Heobxoauma
pa3paboTka afanTaumMoHHbIX KNMUMaTUYEeCKMX

NMPOeKTOoB. B KpaTKOCPOYHOW MepcrnekTMBe UX rmaBHOWN
Lenblo ABMSETCS COXpaHeHWe NPUPOOHbLIX 3KOCUCTEM,
MX XO3SINCTBEHHOrO W peKpeaLMoHHOro noTeHuuana.
OpgHako B ycnoBusiX — JanbHeWWwero  passBuTUS
HabnogarWwnxes TeHAEHUMIA NPoLEeCcC HeoTBPaTMMOM
TpaHcopMauny OCTaHOBWUTb HenNb3s, €ro MOXHO
TONbkO  3amennutb.  [lodTOMYyB  AONTOCPOYHOM
nepcnekTuBe Lenblo aganTauuoHHbIX KIMMaTUYeCKnx
MPOEKTOB AOSKHO CTaTb CO34aHve perynvpyemoro
B3aVMOAEVICTBMSA COLMYMOB M OKpyXalLlen cpeabl,
npu  KOTOPOM  3Konorumdeckve pyctpauum  He
oxXBaTblBalOT  3HAYMTENMbHYD  4YacTb  COLMYMOB.
Hanbonee peanbHbIM pelleHMeM OaHHOW 3ajayn B
YyCMoBMAX  MeHsloWerocd  knMmata WM pocTta
HapoJoHaceneHusAsBNsSeTCs  Co3faHve  MPUPOOHO-
TEXHUYECKNX CUCTEM, CMOCOOHbLIX YAOBNETBOPATb
mMaTtepuanbHble W OyXOBHble 3anpocbl Pa3fnYHbIX
coumymoB. Takve cCuUCTeMbl NPEeACcTaBnsalT cobon
COBOKYMHOCTb ~ 9MEMEHTOB  MPUPOAHOM  cpefpl,
cTtabunbHoe CyLLleCTBOBaHue KOTOPbIX
obecneunBaeTcd (PYHKUMOHMPOBAHNEM WHXEHEPHO-
TexHunyecknx ob6bektoB (Cysgamesa, 2016). Wx
nprvMepom ABNSAOTCA MHoOrve COBpPEMEHHbIE
HauuoHarsbHble NapKu.

g) [lodwem yposHs Mupoeozo okeaHa

HeopgHokpaTtHo BbICKa3bIBanoCb
npeanosioXeHune, 4to rnobdanbHoe NOoTenfeHne MOXeT
Bbl3BaTb MHTEHCMBHOE TasHMEe NegHVMKOB AHTapKTUAbI
n [pennaHgunm, conpoBoXgawleecss W3MEHEHNEM
Xapaktepa uupKynsauum n ypoeHs MnpoBoro okeaHaHa
HecKonbko AecATkoB MeTpoB (Hansen et al., 2015).
CyllectByeT U UHAs TOYKa 3peHus, NoAaKpenrieHHas
pesynbTataMuM MWCCNeAoBaHWN, COMMacHO KOTOPbIM
Macca fba 1 CHera Ha H0XXHOM Morioce 3a nocrnegHue
30-40 net Bospactana (lWau, CkaukoB, 2020).
HecmoTps Ha pasnuume BO B3rnsgax Cneuuanucros,
YenoBeyecTBO AOMKHO ObiTb rOTOBO K Xydllemy Wu3
cueHapveB, MNpuM  KOTOPOM  MOXET  MPOM3ONTM



3aTONMEHNE MHOTUX NPUBPEXHBIX TeppuTopuin. Ha HMX
npoxmeBaeT OonblIOe  KONMMYecTBO  nogen. Ux
nepeceneHne B Apyrue PErvoHbl CTpaHbl,
obecneyeHne pabotom UM Kunbem  noTpedyet
OrPOMHBIX  (PUHAHCOBLIX 3aTpaT WU, C BbICOKON
BEPOSITHOCTbIO, fyner conposoxaaTtbcs
BO3HUKHOBEHMEM  OCTpbIX COLManbHbIX npobnem.
Kpome TOro, pAns nNpMMOPCKUX PaMoOHOB Takke
XapakTepHa BbICOKast KOHLIeHTpaums
NPOM3BOACTBEHHbLIX OOBLEKTOB, 3aTOMNMeHne KOTOpPbIX
HensbexHO BbI3OBET 3KoMornyeckyro karactpody. Ux
nepemelleHne Ha [Jpyrue Yy4acTkM B HEKOTOPbIX
cnyvasix npeactaBnsieT cobow TpyaHOBLINOSTHUMYHO
3agadvy. [lpumepom MOryT CRyXuTb aTOMHble
3NEKTPOCTaHUUN, WCMOMb3yloWwmne Afs  OXNaXKa4eHUs
PEKTOPOB MOpPCKyl0 Bogy. Takum obpasom, 6es
MPUHATMS CBOEBPEMEHHbLIX Mep MNOABbEM YPOBHS
MupoBoro okeaHa HeW3OEXHO HaHeceT OrpoOMHbIN
9KOHOMWYECKMI W 3aKonormdeckun yuwepb, a Takke
BbI30BET  pe3Koe  yxydleHue  counanbHom u
aemorpacdpmdeckon cutyaumun. [locKomnbKy MPUYMHOW
BO3HUKHOBEHUSA BCEX NepeymcrieHHbIX npobnem byaer

ABNATbCS  JanbHenwee  pasBuTue  rnobanbHoro
NOTENMEHUsA, TO YCUMUS MO WX PELUEHUI0 MOXHO
paccmatpvBaTb Kak  OOHO M3  HanpaBneHun

afanTaunoHHbIX KNMMaTUYecKMx npoekToB.OWwyTumble
pes3ynbTaTbl B OTHOCWUTENbHO KOPOTKWIA CPOK MOryT
OblTb MONy4YeHbl MNyTEM CTpouUTeNbCTBa AamMb U UHbIX

TMOPOTEXHUYECKUX COOPYXKEHUI, KoTopble
M30NMPYIOTOT  MOPSi  Yy4acTKu, noaBep)KeHHble
3atonneHuio. [ogoGHaa [OeATenbHOCTbL (co3gaHue

nonb4epoB) ocyulecTBnsAetca B HupepnaHgax yxe
COTHM NneT. B HacTosiLee BpeMs nonbaepbl cO34atTCs
W BO MHOMMX Apyrux cTpaHax. Bmecte ¢ Tewm,
npakTUdeckn Bcerga CyLlecTBYeT PUCK 3aTonfeHus
3TUX TeppuTOpUN, yTO MOXET UMETb
KaTtacTpodudeckme nocnencteud. [Npumepom moryT
CNYXXWUTb Tparndyeckue cobbiTus, npousowenne B
Hosom OpneaHe B 2005 r. [NpopbIB 3arpaguTenbHbIX
namb Bo Bpems yparaHa KatpmHa npusen k rnbenmu
bonee 1500 u4enosek (Kates et al., 2006). [lpwu
NPOrHO3upyeMoMm noBbilleHUN  ypoBHA  MupoBoro
OKeaHa, a Takke YBEeriM4eHUn CuMbl U Y4acTOThbl
LUTOPMOBbIX  SIBMIEHUN  BEPOSTHOCTb  MOBTOPEHMS
nogobHbix  cobbiTMii  Bo3pacTaeT. [lostomy B
O0NrocpoYHON nepcrnexkTee agantaunoHHble
KnMMaTudeckne MpoeKTbl AAHHOTO  HamnpaBlieHus
3aKMnYyalTCcss B M3MEHEHMM Xxapaktepa MOPCKMX
GeperoB NyTeM CO34aHUSA UCKYCCTBEHHbIX 3€MeSIbHbIX
y4acTkoB. OTa [edATenbHOCTb nonyvaeTr Bce bonee
LWwMpokKoe pacnpocTtpaHeHme. Oxunpaetcd, uto kK 2030
o6waga nnowanb NCKYCCTBEHHbIX 3€MENbHbIX Y4aCTKOB
pocturHet 12,5 mnH. km? (Chee et al., 2017). Ha
CO3[aHHbIX TakuM 0Opa3oM Tepputopusix yxe
NpoOXMBaeT 3HaYUTEeNbHOE KONMU4ecTBOo nwogen. Wx
6e3onacHoe CyllecTBOBaHWE 3aBUCUT OT CTeneHu
yyeTa BO3MOXHOIO MoBbILLEHMNS YPOBHS

MupoBorookeaHa  npu  paspaboTke
NCKYCCTBEHHbIX 3EMESIbHbIX Y4aCTKOB.

NMPOEKTOB

h) PacwupeHue
op2aHu3Mos8
HexenatenbHble opraHuMambl  (undesirable
organisms) — 9TO BCe BuAbl MMWKPOOPraHM3MOB,
pPacTEHUN N XMBOTHBIX, CMOCOOHbLIE CO34aTb Yrposy
ONS  JKU3HM U 300pOBbs  NOAEW,  HaHecTu
3HauMTEnNbHbIA MaTepuanbHbli yuiepb wunu BbI3BaTb
YXYOWEHNE  COCTOSHMS  OKpyXawlwewn  cpenpl,
3aTpygHsIIOWENR  UCMOMb30BaHME €€ PecypcoB
(nonydyeHne akocucTeMmHblx  ycnyr) (Cysganesa,
2022c).Takum 0bpas3om, coCTaB 3TOW rpynnbl BeCbMa
pasHoobpaseH, kak M XapakTep HaHOCMMOro Bpeaa.
HexenatenbHbiMu opraHnsmamm ABNAOTCH:
BO3OyAUTENN 1 NEPEHOCUMKN 3aD0ONeBaHUn YernoBeka,
XWUBOTHbIX  UPACTEHWUN;  XULWHWKM U S00BUTbIE
OpraHm3mbl, MPUCYTCTBME KOTOPbIX B cpefde cosgaet
Yyrpo3y AN XWU3HW TIOAEN; COPHSKW, 3aTpygHsowme
BblpalLMBaHue n NnepepaboTKy CENbCKOXO3ANCTBEHHbIX
KynbTyp; OpraHuM3mbl, Bbi3blBalOLWME OMONOrMyecKknii
nomexm npu akcnnyatauum obopygosaHusd. OgHUM 13
HeraTMBHbIX MOCMNEACTBUA  MOTENfieHusa  KnMmarta
ABMNSIETCA BO3HWKHOBEHWE BO MHOMMX pPermoHax
YCINOBUIA, MPUrOAHbIX OIS Pa3BUTUSA PasfnyHbIX rpymmn
HexenaTtenbHbIX opraHuamoB (Koncki, Aronson, 2015;
Robinson et al., 2020; Dai et al., 2022). UHTeHcuBHOE
nepemeLlLeHne Nogen 1 rpy3oB co3gaeT ycrnoBust s
X MPOHUKHOBEHWSI B 3TU Yy4yacTKM nnaHeTbl. [Ons
0003Ha4YeHUsa TakuMxX SBMEHUA Ham Obin npeanoxeH
TEPMUH «TeXHOKNMmartundeckas nHeasus» (Cysganesa
n gp., 2015). SKOHOMUYECKUA U IKONOrMYeckmn ywepb
oT pacLimpeHms apeanos pacnpocTpaHeHus
HexernaTenbHbIX OPraHM3mMoB MOCTOSIHHO BO3pacTaeT.
B HekoTopbIx cnyyasx 370 co3gaeT yrpo3y Ans XU3HU
nogen. [dencteBus No  npegoTBpalleHuo  Takux
SABNEHNI " MWUHUMMU3aL MU UX  HeraTUBHbIX
nocneacTBUN MOTryT paccMaTpuBaTbCsl Kak OOUH U3
BYAOB afanTauuoHHbIX KNMMaTUYEeCKUX MpoekToB. B
KpaTKOCPO4HOWM nepcrnekTmsee He [onyctuTb
pacnpocTpaHeHue HexenaTernbHbIX OpraHusMoB B
HOBbIE PEMMOHbI MOXHO MyTEM OnpeaeneHns pafioHoB,
KOTOpble MpUrogHbl AnAs  pacrnpoCTPaHEHUs  3TUX
opraHnamoB (Bradley et al.,, 2010), opraHusauwuemn
KapaHTUHHbIX  Mep, a Takke  npoBedeHuem
MOHUTOPWMHIra  MNOSIBMIEHUS  MHBaAMOepoB UM UX
onepaTuBHbIM YHUUTOXEHNEM, B T, c
ncnonb3oBaHnemM nectuuymaos. OgHako aTU OencTBuS,
Kak npaBuro, MOryT daTb fullb BpPEMEHHbIN
pesynbTar. [loatomy npu peweHun npobnembl B
[ONrOCPOYHONM NEePCneKkTnBe B KA4YECTBE MaBHOW Lienu
cnegyeT paccmaTtpuBaTtb He co3gaHne 6apbepoB Ha
NyTW pacnpoCTpaHEHMs HeXenaTenbHOro opraHvMama,
a orpaHuYeHune ero pasBuTUs 4O YPOBHS, NMPU KOTOPOM
HaHOCUMMbI MM Bped MWHUMMArneH. AHanusupys
BO3MOXHbIE MYTU OOCTWXKEHUS 3TOW LUenu cregyeT

apearsios HexXXeriameJsibHbIX
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BCMOMHWTb, 4YTO Hauboree oOnacHole SBreHWs
HabnoaaTca HermocpeacTBEHHO Nocrne uHBasvu. Jns
3TOr0 nepuvoda XapakTepHO  3KCMOHEeHLuManbHoe
BO3pacTaHUsi YWUCMEHHOCTW WHBaigepa, koTopas
3aTEM MOXET PE3KO CHU3UTbCS [0 YPOBHS, MNpw
KOTOPOM HeraTuBHble MOCNEACTBUS ero BcerneHus

yMeHbLLIAOTCA. JTO  MNPOUCXOAMT B  pesynbTaTte
MOABMEHWUA Yy  [OaHHbIX BUAOB  BMOMOrMYecKmx
BparoB. CriefjoBatenbHQ 3adadveit  aganTaLMOHHO

KNMMaTUYEeCKOro  MpOoeKTa,  HampaBfieHHOro  Ha
pelieHne npobrnembl B OONTOCPOYHOW MEepCrnekTuBe,
MOXEeT CTaTb MNPEBEHTUBHOE CO34aHMe YCMOBUM,
NpenaTCTBYIOLLMNX BCMbILLUKE pasBuTUS
HexernaTenbHOro opraHusama. Hanpumep, 3ato MoxeT
ObITb ueneHanpasneHHas NHTpOOYKUMS
GuonorMyecknx BparoB HexxenaTenbHOro opraHuama.

[1. 3aknioyerune
O6obweHne ©n  knaccudpukaumst  BMAOOB
DEesATENnbHOCTH, KOoTOopble no npaBy MoryT

paccMmaTpuBaTbCs Kak a(peKkTBHbIE afanTauuoHHbIe
KnMMaTudeckne MnpoekTbl, BaXHO Ans 06OoCHOBaHMWSA
HeobXxoAMMOCTU UX (PUHAHCMPOBAHWS W3 CPEACTB,
BblgensieMblx Ha 6opbby € napHWKOBBIM 3dhdhekToMm.
Bonee TOro, OHM [OMKHBI paccMaTpuMBaTbCHA Kak
npuopuTeTHOE HanpaBneHue paboTbl no
npegoTBpaLLEHNIO HeraTUBHbIX nocneacTeun
rnobanbHbIX KIMMaTUYECKMX W3MEHEHWUN, MOCKOSbKY
pe3ynbTaTbl peannsauun TakMx NPOEKTOB MO3BOMAT
obecneunte  6e30MacHOCTb  XU3HEAEATEINbHOCTH
HaceneHne M coxpaHeHwe npupoaHbiXx o6bekToB. B
OTNMYME OT MOMbITOK KOppPEeKuun BrMoreoxmmmyeckoro
UuKna yrnepoga, dTa AesaTenbHOCTb npeanonaraer
KOHKPEeTU3aLuo [OCTUTHYTLIX 3(PEKTOB U  OLEHKY
3PPEKTUBHOCTN (PUHAHCOBLIX 3aTpaTt. HeTBbldbiBaeT
COMHEHUI, YTO 3TO BbI3OBET COMPOTMBIIEHUE apMunn
(PYHKUMOHEPOB, nNWYHOe Onarononyyne  KOTOpbIX
CTpouTCsl Ha NpuceoeHuncebe nNpaBa KOHTPONMPOBaTh

NPOMbILLIIEHHOCTb n CeIbCKOX03SIMCTBEHHOE
npovseoacTeo.B COBPEMEHHOM Mupe nx
[AesATeNbHOCTb BCE Gonbliee npuobpeTtaeT
MONUTUYECKUA  OTTEHOK.  Jluaepbl  Gopbbbl  C

BbIOpoCcamMy MapHWKOBLIX T[a30B Hepeako JenakT
yCMEeLWHY0 Kapbepy B opraHax Bnactu. Bmecte ¢ Tem,
npeanpvHMMaeMble UMW Mepbl  MOKa He Jdanu
owytumoro addekra. HecmMoTpsi HA MHOrOYUCTIEHHbIE
KOHbepeHUnn 1 nporpaMMHble 3asBIIEHNs Ha CamMOM
BbICOKOM YPOBHE, MOMbITKU U3MEHUTb X0, rnobanbHbIX
KNMMaTu4ecknx npoLeccoB, CKOpee BCero, He gagyT
pesynbtata u B Oyaywem. Knumat 3emnm un
cogepxaHve B atmoccepe CO,BO Bce nepuoabl ee
ncTopmm ObInn NOABEPXKEHDI 3HauYUTEnNbHbIM
konebaHnsM. Ha wux ¢oHe orpaHudeHne obbema
@HTPOMOreHHOW 3MUCCUMN NapHUKOBbLIX ra30B HE MOXeT
urpatb CywectBeHHoW ponu. Bmecte ¢ Tem,
pa3paboTka KOMMIIEKCHbIX NPOrpamMM permoHarnbHbIX 1
MEeXPperMoHarnbHbIX afanTauMoHHbIX KIMMaTU4eCKnx
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MPOEKTOB, @ B KOHEYHOM wuTOore u ux rnobansHon
CUCTEMbl  MO3BOSIUT  HUBENMPOBATb  HeraTuBHbIE
NMocneacTBus W3MEHEHUS KvMMarta, He [onyckas
KaTacTpodMyeckoro yxygleHus YCNOBUW B KaKOM-
nmnbo yyacTke nnaHeThbl.
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The Journey of Life Creation

Dr. Rami Ayoob

Absiract- Life is a gift for all humans as it gives meaning to
their existence by practicing and exploring the Events, and
Activities that occur around them.

To explain these events, we need to look at the root
of causing them by understanding how these objects, events,
creatures, or any matter are created. So we will go over a
Journey on how this life is working and explain about the
mechanism of this life since it's made.

The goal of this paper is to simplify the
understanding of our lives and to put the priorities where
human needs to work together to create a better life, and
peaceful environment.

Astronomy is the crucial factor to accomplish this

goal by giving it the right and fair explanations on how the
Objects are working, connected or Created, and
understanding the way of the Universe system is designed
and what is worth and not worth to be explored and analyze,
human efforts shall be utilized and optimized on what reflect
benefits on them for continuous life improvements and
developments.
Keywords. astronomy, life, deep space, earth, sun,
environment, galaxy, big bang, gravitation, heliocentric
model, geocentric model, orbit, planet, solar system,
space exploration.

[. INTRODUCTION

his exploration Journey will provide an overview of
Thuman life from Astronomy prospective as it will

explain the stages of Life creation from the time
was born and the events that came after.

We will discuss what has been discovered
during this period and what we learned, and how this
revolution of knowledge gained, impact human lives
itself and what can be added in the future.

We are Looking close at the purpose of this Life
and if the events and activities of the Universe behavior
have relations and direct impact on the human or if our
Life is just a consequence or sub phenomenon of the
cosmic event.

We will analyze the solar system mechanism as
a direct impact system on the Earth and if there are any
influences between the Earth and the other planets or if
each matter has its characteristics and behavior.

In-depth evaluation of the Physics Laws or
Astrophysics especially, and if there are any relations
with these laws to the other objects outside the earth’s
atmosphere, or if these Laws are applied to the solar
system overall.

In conclusion, what should be the road map of
the following Astronomy studies and researches? How

Author: Manama, Kingdom of Bahrain. e-mail: Rayoob@hotmail.com

these researches will impact human Life as a direct
influencer from the cosmic events, What should be
learned and researched, and what is not worth the
efforts spent on such researches and as a result how we
can develop a better human Life by understanding the
purpose of this life and how its work.

a) Method

1. The method used in this research is an analysis of
the given data from multiple resources such as
Space Agencies, Astronomy, and physics
authorities, mainly from their websites.

2. Physics and mathematical formulas have been
involved in process and comparing The given data,
such as Newton’s Law of Motion, F = M * A,

3. Besides the self-study and monitoring of the earth
sphere, supported with shots of the stars and
planets.

b) Purpose

1. To simplify the understanding of Astronomy, how it
works and what should be learned as helpful
information for the general public.

2. To assign the priorities of the research and, optimize
the resources for the purpose of each task, utilizing
the efforts taken in the right direction of the studies.

3. To come out with the conclusion to improve human
Life and develop a road map of creating a
framework to get a peaceful and safe environment.

[1. THE CURRENT STATE OF ART IN
ASTROPHYSICS

In this chapter, we will explain how Space
Agencies, Astronomers, Physics Scientists,
Researchers, or any stakeholders in this domain are
looking at the Universe over history.

The overview of the mechanisms of how the
universe works, the laws that apply to it, what are the
scientific explanations of the phenomenon, and the
events observed within ourgalaxy.

What has been discovered in Astronomy, what is
under study, what needs more explorations and input
data to provide the right explanations of events, states,
and behavior of the Universe.

a) The Big Bang

The big bang is how astronomers explain the
way the universe began. It is the idea that the universe
started as just a single point, then expanded and
stretched to grow as large as it is right now, and it is still
stretching.
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When the universe began, it was just hot, tiny
particles mixed with light and energy. It was nothing like
what we see now. As everything expanded and took up
more Space, it cooled down.

The tiny particles grouped together. They
formed atoms. Then those atoms are grouped together.
Over lots of time, atoms came together to form stars
and galaxies.

Afterglow Light
Pattern
375,000 yrs.

Dark Ages

Inflation

Quantunm
Fluctuations

1st Stars

The first stars created bigger atoms and groups
of atoms. That led to more stars being born. At the same
time, galaxies were crashing and grouping together. As
new stars were being born and dying, then things like
asteroids, comets, planets, and black holes formed (1).

Dark Energy
Accelerated Expansion

Development of
Galaxies, Planets, etc.

about 400 million yrs.

Big Bang Expansion

13.77 billion years

Figure 1: The Big Bang (by NASA)

b) The Solar Systern & the Heliocentric Mode!

Our solar system consists of an average star we
call the Sun, the planets Mercury, Venus, Earth, Mars,
Jupiter, Saturn, Uranus, Neptune, and Pluto. It includes:
the satellites of the planets; numerous comets,
asteroids, and meteoroids; and the interplanetary
medium. The Sun is the richest source of
electromagnetic energy (mainly in the form of heat and
light) in the solar system. The Sun's nearest known
stellar neighbor is a red dwarf star called Proxima
Centauri, at a distance of 4.3 light years away. The
whole solar system, together with the local stars visible
on a clear night, orbits the center of our home galaxy, a
spiral disk of 200 billion stars we call the Milky Way. The
Milky Way has two small galaxies orbiting it nearby,
which are visible from the southern hemisphere. They
are called the Large Magellanic Cloud and the Small
Magellanic Cloud. The nearest large galaxy is the
Andromeda Galaxy. It is a spiral galaxy like the Milky
Way but is 4 times as massive and is 2 million light years
away. Our galaxy, one of billions of galaxies known,
travels through intergalactic space.

Most of the satellites of the planets, and the
asteroids revolve around the Sun in the same direction,
in nearly circular orbits. When looking down from above
the Sun's at the North Pole, the planets orbit in a
counter- clockwise direction. The planets orbit the Sun in
or near the same plane, called the ecliptic. Pluto is a
special case in that its orbit is the most highly inclined
(18 degrees) and the most highly elliptical of all the
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planets. Because of this, for part of its orbit, Pluto is
closer to the Sun than Neptune. The axis of rotation for

most planets is nearly perpendicular to the ecliptic. The
exceptions are Uranus and Pluto, which are tipped on
their sides (2).



Orbits of the Planets

c) Theory of General Relativity

The part of the wide-ranging physical theory of
relativity was formed by the German-born physicist
Albert Einstein. It was conceived by Einstein in 1916.
General relativity is concerned with gravity, one of the
fundamental forces in the universe. Gravity defines
macroscopic behavior, so general relativity describes
large- scale physical phenomena.

General relativity follows Einstein’s principle of
equivalence: on a local scale, it is impossible to
distinguish between physical effects due to gravity and
those due to acceleration. Gravity is treated as a
geometric phenomenon that arises from the curvature of
space-time. The solution of the field equations that
describe general relativity can yield answers to different
physical situations, such as planetary dynamics, the
birth and death of stars, black holes, and the evolution
of the universe. General relativity has been
experimentally verified by observations of gravitational
lenses, the orbit of the planet Mercury, the dilation of
time in Earth’s gravitational field, and gravitational waves
from merging black holes (3).

Gravity is most accurately described by the
general theory of relativity, which describes gravity not
as a force, but a consequence of the curvature of space
time caused by the uneven distribution of mass (4).

As he worked out the equations for his general
theory of relativity, Einstein realized that massive objects
caused a distortion in space-time. Imagine setting a
large body in the center of a trampoline. The body would
press down into the fabric, causing it to dimple. A
marble rolled around the edge would spiral inward
toward the body, pulled in much the same way that the
gravity of a planet pulls at rocks in space.

Figure 2: The Solar System

- N
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Figure 3: The General Relativity
[11. RESEARCH ANALYSIS

Based on the above information, there are many
clarifications that require us to rethink again on the
current discoveries and how the Universe is formed, as
well there are many theories over history rise controversy
on the way how they are extracted.

We always need to look to the root of the cause
and analyze the available data to come out with
significant results which lead to the practical theories,
which make sense and can provide valuable benefits
that are reflected on the human being.

In this chapter, I'll explain each point of the above
Current State of Art in Astrophysics from a logical and
scientific point of view, which will end up with a concept
that requires us to reshape the road map in the
Astronomy world.

a) Universe Creation for Purpose VS The Big Bang
As explained earlier about the Big Bang Theory,
Astronomer look to the beginning of the universe as a
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single point, then expanded and stretched to grow as it
is right now, and formed galaxies, Planets, stars,
asteroids, and other matters.

If we accept this theory, many questions pop up:

If the Universe created from a single point, why
the content of the Universe is not identical? each object
in the universe has its dimensions and characteristics.

What is the system of the Big Bang at each
stage? As each stage has its own shaping and forming,
so what are the physics laws for that phenomenon?

What is the type of energy engaged at the first
point, and what is the source of it? the first point of the
creation is the moment of the explosion.

What is the order in sequence the creation of
the planets in the solar system, especially the earth?
And what is the scientific conclusion that the earth is the
only place for human life?

If the dark energy is the force, that causes the
expansion of the Universe, So why this force is
mysterious, and not measurable? And why its conflict
with the theory of general relativity, which describes that
gravity, is not a force?

Many questions and questions need
explanations and answers, which takes ages and tons of
research and exploration to provide these answers, and
most of the time might the answers will still be unknown,
under study, or assumptions.

We need to re-evaluate the concept from a
logical point of view as if we take each question from the
above will end up with no sensible answer.

The way how the Universe is designed and
created is much more advanced than an explosion at
the first point, as explained in the Big Bang Theory, or
the nature behind all these events and activities in the
Universe.

So what is behind this Phenomenon?

If we look closely, we will recognize that in this
massive space, including the galaxies, planets, stars,
and other objects, the earth is formed as a tiny entity in
this big place, and we will also recognize that the earth
is the only life and rich of resources in this massive
place.

The Giant Sun is occupied with serving the
earth and for human specifically, as the health benefits
from the sunlight is unlimited such:

1. Initiating the process of producing vitamin D in the

body

Supporting healthy bones

Managing calcium levels

Reducing inflammation

Supporting the immune system and glucose

metabolism

Lower blood pressure levels

7. Release stores of nitrogen oxides And massive
other benefits of the sun (5).

ok wo

2

HEALTH BENEFITS ASSOCIATED WITH
REGULAR & OPTIMUM EXPOSURE TO SUNLIGHT

ﬁ www.healthonics.healthcare

@Healthonies

Figure 4: The Benefits of the Sun

Besides the four seasons in twelve months (365
Days), these seasons and the temperature is fit for a life,
not as on the other planets, as it is not fit for human,
either too cold (Freeze level) or too hot (Burn Level).

If we look at the moon, it orbits the earth and
rotates around its Axis once every month for almost 27
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days (6). From the faces of the moon, we recognize the
start and the end of each month, which allows counting

the number of years, and this is the primary purpose of
the moon’s Creation.
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Figure 5: The Moon Phases

The Stars and the Planets can explain to us how
each one of them has its location, Diminutions,
elements, and behavior where we cannot get two
objects identical or similar, and this is the beauty of this
creation which allow us to think for a moment of this
fantastic design and creativity, the Stars shine because
they are extremely hot. The source of their energy is
nuclear reactions going on deep inside the star, planets
do not have nuclear fusion, and they do not produce
their light. Instead, they shine with light reflected from
the sun. When we look at the planets in the night sky,
such as Venus, that called "Evening Star" we see
reflected sunlight.

Considering the Big Dipper (Group of Stars)
and the Polaris, which give us the directions as they are
always located in the north and never changed their
location since the Universe creation or one of the stars
disappeared or died (The supernova), compared to the
death of the other stars.

Many other events, behaviors, and activities in
the Universe, some of them observed and some still
under exploration give us a clear picture that the
universe does not begin in a single point or explosion,
its much beyond that as it requires so advanced
designing, planning, connecting & locating, stability,
continuity, execution processing, recycling and other
elements which makes the Universe sustainable.

So the Big Bang theory simplifies the Universe
creation Process and keeps it to the nature, and the
nature is managed by itself, and this is not a proper
Validations and Analysis of these input data, as this
Theory ignores all the required elements as mentioned
above for the Universe Sustainability.

b) The Geocentric Model vs. The Heliocentric Mode!

In the previous published paper, “The Truth
Behind The Solar System In The Universe” (7), | mentioned
that one of the vital factors that supports the Heliocentric

Model is the Sidereal day which it is proved not correct
due to several facts as explained in that paper, so
below, we will explain why the Geocentric is the accurate
Model of our Solar system.

Based on the current statistics, the earth rotates
around its axis once every 23.9 Hours at speed of
1676.56 km/h, and the circumference of the earth is
40,074.16 km (8).

The Earth orbits the sun in 365.25 Days at
speed of 107,280 km/h, and the circumference of this
orbit is 940 Million/km (9). Linking the above statistics,
we realize that the earth is finishing a complete one
rotation in 23 hours and 56 min, by —4 minutes every day
of the length of the day, which is 24 Hours. For example, if
today the sun rise at 6 am at particular location on the
earth, tomorrow the sun will rise at 6 am —4 minutes at the
exact place, same scenario every day by —4 min. Let's
apply the explained factin (3.1) to the heliocentric model as
shown below in Figure 6.
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Figure 6: The heliocentric model

If we consider the current solar system
methodology that the earth orbiting the sun, we will end
up with that at same location of the above example, the
sun will rise some time at 12 am and some time will set
at 12 pm, or some time will rise at 4 pm and will set at 4
am, Likewise onwards all the year, and this is never
happened at the history of the human been or at the
time of the earth creation. So the Heliocentric model is
not applicable to the above data, as the earth’s speed
does not match the day length (Solar Day), which is
aligned with the sun rising and set, and led to 24 Hours
duration as per to the time invention (10). Geocentric is
the only model that can match the above data and keep
the balance for the day time (24 Hours), with + or — 210 3
Hours between the winter and summer in the average of
the earth locations (Equatorial line, for example). By
applying the above data, the Sun will orbit the earth at
the same circumference of 940 Million/km at the same
speed of 107,280 km/h, which was considered for the
earth (9). The earth rotates around its axis once every
23.9 Hours at a speed of 1041 mph (1676.56 km/h) and
the circumference of the earth is 40,074.16 km (9). To
maintain the —4 minutes difference in the rotation speed
with the day length (24 Hours) the sun will move over its
orbit: ((107,280 km/h) x 23.9 h) = 2,563,992 km. So the
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earth’s rotation speed must be aligned with the sun’s
orbit speed per day, And by applying the below
equation: Earth circumference x Sun orbit speed = Sun
Daily movement distance x Earth Rotation Speed.
Applying the data to the equation: Earth Rotation Speed
= 1676.74 km/h. And this is the recent record of the
earth’s rotation speed. Figure 7 will explain the applied
data.
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Figure 7: The Geocentric Model

c) The Potential Energy vs. The Theory of General
Relativity

General Relativity is the current description of
gravitation in modern physics as it is not as a force, but
as a consequence of the curvature of space time
caused by the uneven distribution of mass. The
curvature of space time is directly related to the energy
and momentum of whatever matter and radiation are
present. So in short, Einstein’s Theory explained thateach
event and activity is related to each other, and this is
fundamental to classic physics, especially Astrophysics.

In conclusion, in chapter 3.2, it's explained thatthe
Geocentric Model is the accurate model and description of
the mechanism of our solar system where the sun is
orbiting the earth, not the opposite, the earth has a
much smaller mass than the sun, so the curvature of
space time is not the cause of the gravity which makes
the earth orbit the sun and likewise for the other planets.
And this led us to conclusion 3.1, that the creation
stages of the universe as explained in the Big Bang
Theory are not a consequence of related events and
activities in sequence ages, Therefore, the cause of this
creation is more advance than it began from a single
point of explosion.

[V. RESEARCH CONCLUSION

After the analysis of the above data, and the
study conducted on the current state of Art in Astronomy
and Astrophysics, we will list in this chapter the output of
this analysis, which will lead us to an amended model of
the Universe:

1. The figure of Big Bang theory is not Valid as the
creation of the Universe is more advanced and
requires elements to get the results of what we have
today, these elements include but are not limited to
advanced designing, planning, connecting &
locating, stability, continuity, execution processing,
recycling and other factors which makes the
Universe sustainable.

2. Connecting Multiple data and the relations of
several events led us to that the Universe is
adopting the Geocentric Model, and this applies to
the entire universe, not limited to the Solar system
and deep analytics study accrued in the other paper
explained in detail how we got this result (7).

3. The Theory of General relativity is not applicable in
space time as with the above results, all the events
and the activities in the Universe are independent.

4. Each object in the Universe, such as Planets, Stars,
Asteroid and others, have it's Characteristics and
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Physics as the laws applied to a particular object is
not applicable to other unless physical experiments
are conducted on that object, for example, if we
need to apply the physics laws of the Earth on Mars,
we need to do the same Physics experiments on
Mars Physically.

5. Water is the primary source of life for Human and
other creatures such as Plants, Animals, and others.
70% of The Human bodies consist of water as well
in high percentage for the others. And about 71% of
the earth’s surface is water (11), and this
percentage keeps the balance of life. So the earth is
significant because it contains water which is not
available on the other planets along with the
additional resources of life such as Air.

6. The first object built in the Universe is the Earth and
it was entirely created in 4 Days, including all the
Layers, Seas, Oceans, Mountains, Elements, Sands,
Rocks, and other objects, and is well prepared to
receive the Humankind as it includes all the
necessary resources for Life.

7. After the creation of the Earth, Its followed by 7 Skies
which built in 2 Days, the first Sky is the one
surrounded the earth, and it includes the Sun,
Moon, Planets, Stars, Galaxies, and other
discovered Objects. The second sky and onward
are out of human beings reach and exploration.

V. RESEARCH RECOMMENDATIONS

As a result of all these analyses and the study
conducted on the available data, the conclusion we got
and the Universe model we explained. We acknowledge
that the earth is significant and the only source and
place for human life as it has the all required resources
to survive, addition, the other objects in space such as
the sun and moon, are assigned for humans as the only
ones who take the benefits of them, as well for the stars
which gave us the directions from their fixed locations.

So all the events and the activities happened
and are happening in the Universe have a direct impact
on the Earth. especially on the human where we formed
as a central influencers of this Universe, so we need at
the end to come out with recommendations on how
should be the engagement of the future researches and
exploration in Astronomy and Astrophysics, what should
be the priority in Science that reflect direct benefit on the
human, so below Il mention some of these
recommendations which considered as a top Trends:

1. As a priority, the exploration and Researches
projects shall be under one objective and goal, what
will be the outcome and the benefits of these
projects and how they will have a direct impact on
the human, and if they will return improvement on
life as it is the primary conceming matter for the
existence of Human.
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Exploring the space is so dangerous and costly,
whatever if the Science and Technology are
advanced, the resources and budget are available,
it will be still a high risk as the exploration will be in
an environment not designed for humans, which will
harm these explorations as we need to adapt with
this environment which has different nature as what
we have and used to live with on the earth, so most
of these missions are subject for failure.

We need to Identify what is subject for learning,
exploration, and research, and what is or not worth
carrying the efforts and costs of these missions, as
a priority is what will reflect benefit on Humans as a
primary objective, so to list these projects based on
the priority and to try always to minimize the
expenditures which are not necessarily.

All the researches shall consider the Geocentric
model as the base for Astronomy, which create the
road map of the exploration and studies projects for
collecting Information about our Universe, as this
model will shortcut much analyses, answer any
questions and correct many principals.

The Universe Creation details are not available to
the human as all has been collected about how the
universe is created are just assumptions or based
on theories most of them are not correct or accurate
such as the Big Bang and all the studies followed,
so if the foundation is not correct, all the results of
the researches, the extracted laws, and the
exploration missions will be not correct or accurate
also, we can judge what we discovered on earth as
the human present the events happened or still
happening, all the Earth activities are recognized,
measured, figured, explainable and tangible
because they are reached and lived by the human,
they are designed to be understandable and usable,
fit for purpose they created for and sustain the
environment, so the nature of earth is the only place
where we complete each other.

So, as an objective, the focus shall be on what can
develop the earth from the environment prospective
in terms of the natural elements such as the water,
air, geographic components, the atmosphere
layers, earth layers, plants, animals, and other
creatures. So instead of spending billions,
sacrificing Humans, wasting significant knowledge,
talents, and resources, it would be grateful if utilizing
and optimizing these elements on what is beneficial
to humans directly, the knowledge about space and
the universe we belong to it, is important and will
affect on us as human to know how the things work
and connected, still this extreme un required efforts
and costs make the things complicated and led to
more mysteries events and endless discoveries for
limited stakeholders of these missions. To focus
more on human relations and connections, improve
social life and economy, and make the Earth



peaceful for humans. And this is the how we utilize
these resources.

VI. SUMMARY

As a result, Space is so vast, Every planet, star,
or any other object has its own rules, physics, chemistry,
and other sciences, as we cannot apply what we
learned and practiced on earth to another planet, star or
space unless if the humans can live there and do the
same learning path as what they did on the earth and
come out with different sciences than what they
produced on the earth. But human capabilities only
allow them to learn from the place were born and the
events around them.
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Abstract- Diabetes is a serious disease that spreads rapidly
around the world and is first surprising. Its danger factors are
therefore quite high. A different technique to identify diabetes
at an early stage is to gradually decline in general health. This
approach will reveal the health of the body's organs before
symptoms manifest. Using machine learning approaches, a
framework for the diabetes prediction system is built in this
research papers first stages. One popular method for
streamlining the diabetes screening process is machine
learning. A developed system using a machine learning
algorithm and the PIMA health dataset. Using a health
analyzer machine, health checks are performed. Diabetic and
non-diabetic individuals are separated using the Support
Vector machine (SVM) approach. The outcome displays the
PIMA accuracy of the SVM algorithm.

Keywords: diabetic prediction, support vector machine,
accuracy.

[. INTRODUCTION

he risk factors for developing diabetes are
Tnumerous and growing rapidly. Diabetes is an

unexpected, severe disease that is expanding
throughout the world. 90 million of India estimated
1391.99 million people have diabetes, according to a
November 14, 2019 article in The Hindu. Additionally,
the ninth edition of the Atlas, published by the
International Diabetic Foundation (IDF), forecast that
there will be 134 million diabetics worldwide by 2045.
This study article discusses how to create and develop
a framework to use machine learning approaches to
prevent future complications as well as to identify type-
1, type-2, gestational, and pre-diabetic. A clinical
dataset model that uses data gathered from digital
surveys and hospitals to predict type-1, type-2, and pre-
diabetic diabetes. The main purpose of study is to
enhance people's lives and make them more relaxed.
The Python Data Analysis Library (PANDA), or data
wrangling, was used to make the csv, tsv, or sql
database useable based on the clinical data set that
was obtained. Machine learning  (algorithms)
approaches are used on the processed data. Slight
variations with various datasets can aid to lead the
accuracy as different ML algorithms are used to various
data sets to determine accuracy. A framework that
predicts diabetes will be created using training and
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testing that is based on maximal accuracy. We are
talking about how to create a framework model using
clinical data that has been gathered from surveys and
hospital path labs that may predict if a patient will
acquire type-1, type-2, or pre-diabetes as well as future
risk factors.

Figure 1: Diabetics ie second highest in the world

The risk factors for developing diabetes are
numerous and growing rapidly. Diabetes is an
unexpected, severe disease that is expanding
throughout the world. 90 million of India's estimated
1391.99 million people have diabetes, according to a
November 14, 2019 article in The Hindu. Additionally,
the ninth edition of the Atlas, published by the
International Diabetic Foundation (IDF), forecast that
there will be 134 million diabetics worldwide by 2045.
This study article discusses how to create and develop
a framework to use machine learning approaches to
prevent future complications as well as to identify type-
1, type-2, gestational, and pre-diabetic. A clinical
dataset model that uses data gathered from digital
surveys and hospitals to predict type-1, type-2, and pre-
diabetic diabetes. The main purpose of study is to
enhance people's lives and make them more relaxed.
The Python Data Analysis Library (PANDA), or data
wrangling, was used to make the csv, tsv, or sql
database useable based on the clinical data set that
was obtained. Machine Learning Algorithms approaches
are used on the processed data. Slight variations with
various datasets can aid to lead the accuracy as
different ML algorithms are used to various data sets to
determine accuracy. A framework that predicts diabetes
will be created using training and testing that is based
on maximal accuracy. We are talking about how to
create a framework model using clinical data that has
been gathered from surveys and hospital path labs that
may predict if a patient will acquire type-1, type-2, or
pre-diabetes as well as future risk factors.

Support Vector Machines (SVM) are used to
provide substantial accuracy in N-dimensional space
with less computeability, clearly classifying the data
points. To determine the margins of the data set from
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the plan, hyper planes are employed as decision
boundaries. Support Vector Machine is design to made
strong by the assistance of cost function and gradient in
determining the margin between plane and data sets.
When the presence of diabetes is predicted and
confirmed based on clinical data and symptoms, this
research technique provides a complete solution by
registering patients. Step-by-step solutions are provided
by this system, including testing, consultation with a
doctor, and the prescription of medicine. For this
presentation, only SVM will be used however, there will
be a sequence of all algorithms which will be used to
design ge With various libraries like Matplotlib, Pyplot,
and others, we use Python programming for backend
coding. Python Panda is used for data analytics, and
CSS is used for the front end. The author has the right to
retain the idea. This study is ongoing, thus it must not be
replicated or copied.

This essay is structured as follows: Section 1
presents the past research on diabetes done by various
researchers. In part 3, problem identification is
completed. Goal of the issue statement in Section 4.
Section 5 provides a suggested technique for employing
several ML algorithms to handle diabetes challenges.
The accuracy rate, error rate, and other metrics are
computed, and the SVM's results for predicting diabetes
are provided in section 6.

[1. ExisTING WORK

a) Literature of Diabetic Complication

First, we looked at a number of articles and
talks on current hot topics in the healthcare machine
learning. If diabetes is not treated promptly, a number of
long-term complications have been described by the
Mayo Clinic USA. The risk of problem increases with the
duration of diabetes and the degree to which your blood
sugar is under control. Diabetes problems might
eventually become incapacitating or even fatal. Among
the potential issues[1].

i. Cardiovascular Disease
Diabetes may raises the risk of a amount of
cardiovascular issues, such as coronary artery disease
with chest discomfort (angina), heart attacks, strokes,
and arterial constriction (atherosclerosis). Diabetes
increase your risk of initial heart disease or stroke[5].

ii. Nerve Damage (Neuropathy)

The walls of the tiny blood arteries (capillaries)
may feed nerves that can get damaged by too much
sugar, mainly in your legs. The tingling, numbness,
burning, or pain that may result from this typically starts
at the tips of the toes or fingers and progressively
moves upper. If uncared for, the afflict limbs can go fully
numb. Problems with nausea, vomiting, diarrhoea, or
constipation can outcome from damage to the nerves
that control digestion. It could cause erectile dysfunction
in males.

© 2022 Global Journals

iii. Kidney Damage (Nephropathy)

The kidneys' millions of glomeruli, or groups of
small blood vessels, filter waste from your blood. This
sensitive filtration mechanism can be harmed by
diabetes. A kidney transplant or dialysis may be
necessary if there is severe damage that results in
kidney failure or irreversible end-stage kidney disease.

iv. Eye Damage (Retinopathy)

Diabetes can cause diabetic retinopathy, which
can damage the retina's blood vessels and result in
blindness. Diabetes also raises the risk of glaucoma and
cataracts, two devastating eye diseases.

v. Foot Damage
Various foot issues are more likely to occur
when there is nerve injury in the feet or insufficient blood
supply to the feet. Blisters and injuries that go untreated
can get seriously infected and heal badly. An eventual
toe, foot, or limb amputation may be necessary due to
these illnesses.

vi. Skin Conditions
Diabetes patients are more likely to experience
hearing issues.

vii. Hearing Impairment
Hearing problems are more common in people
with diabetes.
viii. Alzheimer's Disease
Alzheimer's disease and other forms of
dementia may be more likely in people with type 2
diabetes. The danger seems to increase as your blood
sugar control declines. There are suggestions about
how these conditions could be related, but none have
been shown.

ix. Depression
Diabetes patients, both type 1 and type 2,
frequently experience depressive symptoms. Diabetes
control may be impacted by depression (mayoclinic.org,
USA).

b) Previous Studies on Diabetic using Machine
Learning

If the case study of the long-term consequence
had not been examined utilising machine learning, our
list of references would be lacking. In one debate during
the 2019 IEEE International Conference on Deep
Learning and Machine Leamning in Turkey, it was
suggested to use a generalised additive model to
predict severe Retinopathy of Prematurity. Without the
medical literature pertaining to our case study, severe
retinopathy of prematurity, our list of references would
be lacking (RoP). Retinopathy in infants, particularly
those who weigh less than 1500 grammes at birth, can
result in blindness if disease progresses to stages 4 and
beyond. Thus, routine examinations by nurses,
neonatologists, and ophthalmologists guarantee that
therapy is administered if RoP exceeds a certain
threshold, such as a diagnosis of severe RoP[2].



Another international conference, ICITACEE,
conducted in Indonesia, discussed the application of
machine learning techniques such the Gray Level
Occurence matrix, Support Vector Machine, and K
Nearest Neighbor to predict diabetes using iridology.

The procedure starts with data gathering in the
form of iris image acquisition and blood glucose level
monitoring, after which image processing is carried out.
Pre-image processing, image processing, and
classification are the main three steps that the iris image
processing process goes through. Image augmentation,
image localisation, and image normalisation are all parts
of the pre-image processing step. While feature

extraction and ROl segmentation make up the image
processing step. We also included references to four
outstanding studies for a more omprehensive overview
of diabetes and its long-term complications.

In-depth explanations of renal damage caused
by uncontrolled diabetes were provided by Linta Antony,
who also provided an algorithm.

For more general discussion on diabetic and its
long-term complication we have also referred four
excellent papers.

Linta Antony explained in detailed the about
kidney disease because of diabetic unmanaged and has
given an algorithm.

Algorithm 1. Proposed Method Pseudo-Code

BEGIN
. Import the data for model

. Encode texts to integer values
. Scale the data for correct fit

0O ~NO O W =

9. Append the best features in list

. Impute the missing values for correctness

. Store various scaling methods in a variable *Feature Selection’
. Set name as name of feature selection methods

. FOR name, feature selection methods in Feature Selection:

. Select best features from methods

10. Count the happening of the features
11. Select the features with occurrence. >3

12. PRINT selected features
END FOR

13. Store somany models in sinle variable called "unsupervised_models'

14. Set name as name of models

15. Set the scoring to different validation scores

16. Set the parameters of the models

17. FOR name, unsupervised models in unsupervised _model:

18. Cluster the data

19. Classify the clusters in to CKD and non CKD
20. Calculate validation scores for future prediction
21. Save the results as csv _file to use to generate model

END FOR
END [5].
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Table 1. Diabetic parameter of independent variable

Variables/Values

Atributes Inst Inst2  Inst3 Inst4  Insts
Gender M M M M M
Family N N N N N
Diabetic
High BP Y Y N N Y
Physical 1HR <1HR 1HR <1HR 1HR
Alcohol N N N N Y
BMI 29 28 24 23 27
Seep 8 8 8 8 10
SoundJeep 6 6 6 6 10
Regual Y N Y N Y
Medicine
Junk Food OCA VOFN OCA OCA OCA
BP Level NOR NOR NOR NOR H
Pregnancy 0 0 0 0 0
P Diabetic 0 0 0 0 0
Urination NOTM NOTM NOTM NOTM NOTM
Diabeti N N N N Y

[1I. PROBLEM IDENTIFICATION

With 1,393 million people, India has the second-
largest population in the world and may surpass China
as the most populous country by the middle of the
decade due to people's busy lives and lack of time to
care for or assess their own health. According to IDF
USA, India has one in six diabetics, making it the
country with the second-highest number of diabetics
worldwide with an estimated 77 million and a startling
134 million in 25 years[23].

Because of the nation's population, economy,
and demographics, major illnesses frequently progress
into a variety of problems, and people tend to wait until
something goes wrong before seeking care. As this
diabetic causes rapid harm to families, societies, and
countries, it may have an impact on how those entities
develop, either directly or indirectly.

This is a major issue that affects the younger
generation as well, therefore it has to be identified
quickly, treated effectively, and maintained with user-
friendly systems (ML). If discovered at a critical time,
identifying long-term complications is another significant
issue[23].

V. OBJECTIVE

My long-term goals with this research study are
to make it easy to identify long-term complications and
determine if a person has diabetes if symptoms are
recognised. 'l achieve this objective by achieving the
following goals:

o Determine if the person with diabetic of with what
type, based on feed dataset through system.

© 2022 Global Journals

e Determine a trained dataset based on feed to act
upon.

e Assess healthy habit procedure.

e Compare whether or not diabetic managed based
on periodic feed dataset.

e Determine long term complications of diabetic
through system.

e Assess diagnostic medical procedure.

V. PROPOSED METHODOLOGY

To understand a person with diabetes and the
sort of machine learning algorithms and ANN that play a
crucial part in fines, much study is necessary. Since
accuracy is determined by how well the selected actions
mirror the proper ones, machine learning is the process
of teaching computers to adjust or adapt their actions
(whether these actions are generating predictions or
commanding a robot) in order to become more
accurate.

Imagine playing Scrabble (or another game)
against a machine. CASE STUDY: In the beginning, you
might win every time, but after several games, it starts to
defeat you, until eventually you never do. Either you're
becoming worse, or the Scrabble-winning machine is
getting smarter. This is a sort of generalisation because
once it figures out how to defeat you, it may continue to
apply the same tactics against other players rather than
starting over with every new opponent[24].

a) Types of Machine Learning

i. Supervised Learning
The method generalises to  respond
appropriately to all potential inputs based on a training



set of examples with the right answers (targets), which is
supplied. This is also known as imitation learning.

ii. Unsupervised Learning
The algorithm instead looks for commonalities
between the inputs such that inputs that share anything
are grouped together, rather than providing correct
answers. Density estimation is a statistical method used
in unsupervised learning.

iii. Reinforcement Learning

Between supervised and uncontrolled learning,
this falls. Although the algorithm is informed when the
solution is incorrect, it is not informed how to make it
right. It must investigate and test out several options
before figuring out how to provide the correct response.
Because the monitor only assigns a score and makes
no suggestions for improvement, reinforcement learning
is sometimes referred to as learning with a critic.

iv. Evolutionary Learning

It is possible to think of biological evolution as a
learning process whereby organisms make adjustments
to increase their chances of reproduction and survival.
We'll examine how this may be computer-modeled using
the concept of fitness, which is equivalent to a rating for
how effective the present solution is.

The majority of learning takes place in
supervised leaming, which will be the subject of the
following several chapters. We'll examine what it is and
the sorts of issues it may be used to tackle before we
get started[24].

b) ML Algorithms

i. Logistic Regression Method
Logistic regression is a type of supervised

learning techniques which deals the details of
dependent variable and independent variable can be
understood using sigmoid function. Actually logistic
regression not used for regression problems rather is a
type of machine learning classification problem where
the dependent variable is dichotomous (0/1, -1/1,
true/false) and independent variable can binominal,
ordinal, interval or ratio-level[9]. The sigmoid/logistic
function is given as

1
1+e™*

y:

Where, y is the output that the result of weighted
sum of input variables x. If output is greater than 0.5, the
result is 1 else the result is 0 [5][7].

Where, y is the result which is the result of
weighted sum of input variables x. If the result is
greather than 0.5, the result is 1 else the result is 0.

ii. K-Nearest Neighbor Classifier
K-Nearest Neighbor (KNN) techniques are used
to solve problems related to regression as well as
classification, conversely it is being used to solve
classification problems in business. Its main advantage

is simplicity of translation and less computation time. In
figure 2, (KNN example) the points (3.5, 6) and (4.5, 5.5)
will be allocated in any one of the clusters. (Neha Prerna
Tiggaa et. Al.,, 2019). The K nearest neighbor uses
Euclidean distance function to calculate distances with
existing data points and any new data point. Thus, (3.5,
6) will belong to the green cluster, whereas, (4.5, 5.5) will
belong to the red cluster [6][13].

72—
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Figure 2: KNN datasets example

iii. Support Vector Machine (SVM)

In machine learning techniques, SVM is a
supervised classifier that may be applied to both
classification and regression. It is mostly used to
address classification-related issues. SVM attempts to
categorise data points in a multidimensional space
using the proper hyperplane. A decision boundary for
classifying data points is a hyperplane. With the widest
possible gap between the classes and the hyperplane,
the hyperplane classifies the data points. Support vector
machine classification is shown in Figure 3[7][22].

p ; Class A
* Class B
*

*
*

Y-Axis

Figure 3: Support Vector Machine

iv. Naive Bayes Classification Method

Naive bayes classification method is a
probabilistic machine learning algorithm based on
Bayes theorem described in probability. Even with its
simplicity it outperforms other classifiers; hence, it is one
of the best classifiers. The Bayes theorem for calculating
posterior probability is given below[6][22].

p(x|o)p(c)
PEM ==

Where, P(c|x) = Posterior Probability
P(x|c) = Likelihood
P(c) = Class Prior Probability
P(x) = Predictor Prior Probability
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v. Decision Tree Classification
Method A Decision Tree is works on the
principle of decision making. It can be described in form
of tree and provides high accuracy and stability[6].

c) The Machine Learning Process

It briefly examines the process by which
machine learning algorithms can be selected, applied,
and evaluated for the problem.

i. Data Collection and Preparation

Target data is also necessary for supervised
learning, which may need consulting subject-matter
experts and making large time commitments. The
quantity of data must also be taken into account.
Machine learning methods require large quantities of
data, ideally without too much noise, but as dataset
sizes grow, so do computational costs, and it is typically
hard to estimate the exact point at which there is
enough data but not too much computer overhead.

ii. Feature Selection

We examined potential traits that may be
advantageous for coin identification. It entails
determining the characteristics that are most beneficial
for the issue at hand. In the case of the coins example
above, human common sense was used to select some
potentially beneficial qualities and to ignore others; this
generally needs previous knowledge of the issue and
the data.

Algorithm Selection This book should be able to
prepare you for selecting an acceptable algorithm (or
algorithms) given the dataset since understanding the
fundamental concepts of each algorithm and examples
of how to apply them is exactly what is needed for this.
Selection of Parameters and Models There are several
algorithms that contain parameters that need to be
manually specified or that need testing to get the right
values.

Given the dataset, method, and parameters,
training should consist of nothing more complicated

than the application of computer resources to create a
model of the data in order to forecast the results on
fresh data.

Evaluation A system must be tested and
assessed for correctness before it can be put into use,
as shown in Fig. 4. demonstrates the process of
diagnosing diabetes using data on which it was not
trained.

Architecture diagram for diabetes prediction
model. This model has five different modules.

These modules include-

1. Dataset Collection
2. Data Pre-processing
3. Clustering

4. Build Model

VI. EVALUATION

There are total 952 people, which include 372
women and 580 men, are chosen for study who are 18
years of age or older. A questionnaire that was self-
prepared based on the required dataset for generating
the model that might help to predict diabetes was given
to the participants and is provided in Table 1, as base
but based on this dataset further questionnaire may be
prepared to calculate future prediction. The same tests
were carried out on a different database called the PIMA
Indian Diabetes database in order to confirm the
model's validity. A sample dataset obtained using a
questionnaire is shown in Figure 5. [9][24].

Architecture diagram for diabetes prediction
model. This model has five different modules.

These modules include-

1. Dataset Collection

2. Data Pre-processing

3. Clustering

4. Build Model & Evaluation

Data Mining

Salected
Data Data Subset

o]

A Praprocessed Data

Interprotation /
Evaluation

00l LE

Data Falterms

—_—

Knowladge

e

Figure 4: Process to know diabetic
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Figure 5: Diabetes Prediction Model

In this study, total 952 participants are selected
aged 18 and above, out of which 580 are males and 372
are females. The participants were asked to answer a
questionnaire shown in Table1 which was self-prepared
based on the constraints that could lead to diabetes. In
order to verify the validity of model same experiments
were performed on another database called PIMA Indian
Diabetes database shown in Table1. Figure 5 shows
sample dataset collected through questionnaire[6].

EXPECTED OUTCOME OF THE
PrROPOSED WORK

VII.

Following the use of several machine learning
algorithms on the dataset, the accuracy results are as
follows. The maximum accuracy is achieved with logistic
regression (96%).

The following measure specified in the equation
may be computed using the confusion matrices that
were collected. True Negative (TN), False Positive (FP),
False Negative (FN), and True Positive were the results
of these matrices (TP). Because there are more non-
diabetic cases than diabetic ones in both datasets, the
TN is greater than the TP. As a result, all strategies
provide  worthwhile  outcomes. The  following
measurements have been computed using the provided
formulae in order to determine the precise accuracy of
each approach.

TP+TN

Accuracy Rate= ———
TP+TN+FN+FP

FN+FP

ErrorRate = ————
TP+TN+FN+FP

Sensitivity =

TP+FN

TN
TN+FP

Specificity =

TP
TP+FP

Precision =

2x(Precision *Sensitivity )

F- Measure = — —
Precision +Sensitivity
(TP+TN)—(FP+FN)
(TP+FP)(TP+FN)(TN+FP)(TN+FN)

MCC =

Table 2: Result of KNN

Algorithms
SVM

Accuracy
99%

Only support vector machine algorithm has
been analysed on PIMA dataset further more will be
analysed on primary dataset with different algorithm.

VIII. CONCLUSION

Because diabetes is a severe condition that can
impair any part of the body if not detected early or
treated promptly, the goal of this effort is to raise
awareness of it and provide a framework to minimize
risk of developing it. In the literature, only the PIMA
dataset has been analyzed, whereas in this paper, the
primary dataset has been collected and worked on
machine learning technology that has involved to predict
diabetic at any stage with certain parameters. Here, only
the support vector machine algorithm has been used on
PIMA as well as the primary dataset are used at the
early phase of research to know the person is diabetic
or undiabetic with 99% accuracy, and further many ML
algorithms on PIMA and research survey primary
datase.
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Effect of Electrolyte Concentration in
Electrochemical Deposition on CO-NI-FE
Film Composition

R. D. Tikhonov

Abstract- A study on electrochemical deposition in a triple-
component Co-Ni-Fe system from a chloride electrolyte
solution with equal concentrations of Co, Ni, and Fe was
performed. The concentrations used were 0.48; 0.083;
0.00625 mol/l, and the temperature was 70°C. The relative
content of the components in the film approached the
composition of the electrolyte, when the concentration of each
component was slightly decreased. The dependence of the
composition of films on the current density is explained by
concentration polarization.

Keywords. Co-N-Fe films, chloride electrolyte, partial ion
current balance, electrochemical deposition.

[. INTRODUCTION

hin fiims of triple alloys consisting of the
Tferromagnetic metals Fe, Co and Ni have a high

magnetization saturation, high magnetic
permeability and low coercivity, and they are used in
many areas, such as computers, read/write heads and
microelectromechanical systems (MEMS).
Electrochemical deposition is one of the most preferred
methods for producing thin layers of alloy due to its
simplicity, cost-effectiveness, versatility and relatively
rapid deposition.

A characteristic feature of the electrochemical
deposition of Co-Ni-Fe films is the discrepancy between
the fraction of elements in the electrolyte and in the film,
which makes it difficult to obtain a film with the desired
electrophysical properties. This paper presents the
results of a study on electrochemical deposition of a
triple Co-Ni-Fe system from a chloride electrolyte
solution with equivalent concentrations of Co, Ni, and Fe
at 0.48, 0.083, and 0.00625 mol/l and a temperature of
70°C. The study of electrochemical deposition of Co-Ni-
Fe alloys provides new insight into the mechanisms that
determine the composition of the precipitated layers and
their dependence on the composition of the electrolyte.

Finding the composition of the electrolyte to
obtain the desired composition of the precipitated film is
a very time-consuming task. The decision on the
composition of the electrolyte depends on the
introduction of additives into the electrolyte that
improves the mechanical properties, adhesion and
morphology of the films. The conducted studies of
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congruent electrochemical deposition of the triple Co-
Ni-Fe system with equal concentrations of components
in the electrolyte allow us to approach finding a solution
to the electrolyte composition problem that determines
the composition of precipitated films of complex
composition.

[1. ELECTROCHEMICAL DEPOSITION OF
CO-NI-FE FiLms

For the deposition of Co-Ni-Fe films, a chloride
electrolyte  solution containing three components,
CoCl,*6H,0, FeCl,*4H,0, and NiCl,*6H,0, was used,
with the components in a 1:1:1 molar ratio; three
concentrations were tested: 0.48, 0.083, and 0.00625
mol/l [1-3]. Various additives were added to the
electrolyte solution in the following concentrations:
H,BO;, - 20 g/I, C,H,NaNO,S*2H,0 - 1.5 g/I, HCI - 3 ml/l.
The film from the specified electrolyte was deposited in
a galvanic bath with a volume of 2 liters and a graphite
anode. A vertically-oriented metallized silicon wafer was
used as the cathode. The distance between the anode
and the cathode was 8 cm.

Insoluble hydroxides were removed by filtration.
An alloy film with a diameter of 8 cm was obtained on
the metallized Ni surface of a 100 mm silicon wafer. The
electrolyte was heated by a submersible heater to 70°C
and mixed with a magnetic stirrer. A constant current
density of 3 to 40 mA/cm? was maintained in the
deposition area on the silicon wafer.

As the concentration of CoCl,, NiCl,, and FeCl,
salts in the electrolyte solution increased, the resistance
of the solution decreased, and this resistance
determined the amount of current passing between the
anode and the cathode and the voltage that changed
linearly with increasing current. At a current density of 16
mA/cm?, the voltage between the anode and the
cathode was 2 V, 35 V, and 55 V in the different
electrolyte solutions.

With a difference in electrolyte concentrations of
77 times, the growth rate of Co-Ni-Fe films practically
does not depend on the concentration of the electrolyte.
The growth rate of Co-Ni-Fe films increases with
increasing current density and half the values calculated
according to Faraday's law, i.e. the cathode current
output is 0.5.
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1. Electrolytes with Co, Ni, and Fe concentrations of 0.48 mol/l [2] precipitated at a current density of 3.6 mA/cm?.
The composition of the film was Cogs,Nig sFegs. At a low current density, the composition of the film was
characterized by a high nickel content and low iron and content. When the current density of the Co-Ni-Fe film
increased to 15 mA/cm?, the iron content rose to 41.3%, and at a current density of 20 mA/cm?, it remained
approximately the same at 42.35%. When the current density of the Co-Ni-Fe film increased to 15 mA/cm?, the
nickel content decreased to 7.9%, and at a current density of 20 mA/cm?, it remained at the same level of 7.85%.
The actual change in the iron and nickel content at a current density of 10 mA/cm? changed the relative cobalt
content to 59%. At current densities of 15 and 20 mA/cm?, the cobalt content had similar values of 49 and 48%.

Fig. 1: Dependence of the composition of films obtained from a three-component solution on the electric current
density of 3.6 + 20 mA/cm?. The solution contained CoCl,, NiCl,, and FeCl, with each component at a concentration
of 0.48 mol/l, and it also contained the following additives: H,BO, - 20 g/I, C,H,NaNO,S-2H,0 - 1.5 g/I, and HCI - 3
mi/l.

2. Figure 2 shows the relative contents of Co, Ni, and Fe in the film during deposition from the electrolyte solution
when the concentration of each component was 0.083 mol/l. There is a weak dependence on the current density
at a value of more than 25 mA/cm?; in the Co-Ni-Fe film, the nickel content is 19 - 22%, the iron content is 28 -
33%, and the cobalt content has a value of 55 - 47%. With a lower current density, the composition of the Co-Ni-
Fe film varies greatly; the nickel content decreases from 57 to 19%, the iron content increases from 5 to 28%,
and the cobalt content ranges from 42 - 55 - 48%.

Fig. 2: Dependence of the composition of films obtained from a three-component solution on the electric current
density of 3.6 + 40 mA/cm?. The solution contained CoCl,, NiCl,, FeCl,, and the concentration of each component
was 0.083 mol/l. The solution included the following additives: boric acid, saccharin, hydrochloric acid.

Comparison of the dependences on the current density of the composition of films obtained from a three-
component solution of CoCl,, NiCl,, FeCl, in which the concentration of the components was either 0.48 mol/l or
0.083 mol/l showed that the dependencies were similar. Increasing the current density led to a decrease in the nickel
content and an increase in the iron content, and the predominant cobalt deposition persisted. Their dependence of
the composition of the films on the current density was stable within a certain area.

At a current of more than 25 mA/cm?, the ratio of metal concentrations in the film to the metal concentrations
in the electrolyte was 1.44 for cobalt, 0.97 for iron, and 0.54 for nickel, which is almost the same as the values at an
electrolyte concentration of 0.48 moll/l, but closer to the concentrations in the electrolyte. The relative contents of Co,
Ni, and Fe in the film differ from the composition of the electrolyte and are highly dependent on the current density. It
is not possible to control the deposition with the current density to obtain a film composition equal to the
composition of the electrolyte.

3. Electrochemical deposition of Co-Ni-Fe films was performed in an electrolyte solution in which the Co, Ni, Fe
chloride concentrations were all 0.00625 moll/l. The solution also contained 30% hydrochloric acid (0.3 ml/l), and
the temperature was 70°C. Redeposition was carried out from the same electrolyte solution, but with the addition
of saccharin and boric acid, the results are shown in Table 1.

Table 1: Thickness H and composition of Co-Ni-Fe films after electrochemical deposition from an electrolyte solution
in which each component had a concentration of 0.00625 mol/l. The solution also contained added boric acid and
saccharin. Process parameters: pH of the electrolyte, voltage between the anode and cathode U, electric current |,
deposition time t, film growth rate V.

#|Ph |UV||,Ma|T,Min|Hu|V,NmMin | Co, % | Ni, % | Fe, % | Electrolyte Additive

1 | 262] 68 | 500 | 30 4,34 145 42 135 | 44

2 | 225| 58 | 500 | 30 3,19 106 34 35 31 Sa‘?gﬁ””

3 | 28 | 81 | 570 | 30 4,36 177 51 20 30

4 | 22 | 855 570 | 30 5,31 145 453 | 17,8 | 369 boric acid 20 ml/i

5 | 235| 7,75 | 534 30 4,5 150 44,5 24 31,5 Saccharin 1,5 g/l

6 | 27 | 104| 610 | 10 1.9 190 359 | 29,7 | 336

7 | 255]83 | 610 | 10 |28 88 506 | 137 | 357 | Saccharini5gll
boric acid 20 ml/l

The results of the study on the composition of lines. The Co content is indicated by rectangular
the films are shown in Figure 3. markers and a dashed line. The Ni content is indicated
Without electrolyte additives the compositions Dy triangular markers and a dotted line. The Fe content
of Co-Ni-Fe films shows with markers connected by s indicated by round markers and a solid line. For the
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samples that contained additives to the electrolyte
(saccharin at concentrations of 3 g/l (at 10 mA/cm?) and
15 g/l (at 10.7 mA/cm?® and boric acid at a
concentration of 20 g/l (at 11.4 mA/cm?), the
composition values are presented in the form of
individual points. Arrows indicate changes in the
composition of films for the selected current in
electrolyte  solutions  containing the appropriate
additives.

As seen in the figure, the compositions of the
films depend on the current, and at a current density of
12.2 mA/cm?, the compositions of the metals in the Co-
Ni-Fe films are close to 33% molar content of CoCl,,
NiCl,, FeCl, salts in the electrolyte, i.e., congruent

electrochemical deposition of the triple-component Co-
Ni-Fe alloy is observed.

Additives to the electrolyte change the
composition of the films and disrupt the congruence of
deposition in various ways. Saccharin increases the
content of Co and Ni and reduces the content of Fe.
With a decrease in the additive from 3 to 1.5 g/l, the
change in composition decreases. Boric acid at 20 g/l
increases the content of Co and Fe and reduces the
content of Ni.

The simultaneous addition of saccharin (1.5 g/l)
and boric acid (20 ml/l) increases the content of Co,
slightly reduces the content of Ni and greatly reduces
the content of Fe.

Fig. 3. Dependence on the current density J in the range of 10 - 12.8 mA/cm? percentage of the components of films
C(Co; Ni; Fe), obtained from an electrolyte with an equal 33% molar content of salts CoCl,, NiCl,, FeCl,, each with a

concentration of 0.00625 mol/l.

The thickness of the concentrated films was
measured using an MSA-500 microsystem analyzer. The
study of the composition of the films was carried out
using a PhilipsXL 40 energy dispersion X-ray
microanalyzer.

The dependences of the composition of Co-Ni-
Fe films and their magnetic properties on the conditions
of electrochemical deposition were studied.

Figure 4 shows the dependences of the voltage
between the anode and cathode on the stabilized
current  densities of 5-20 mA/cm? at equal
concentrations of CoCl,, NiCl,, and FeCl, salts in the
electrolyte.

The voltage drop across the interelectrode
space varies almost linearly with increasing current
density from 5 to 20 mA/cm2, i.e. the ohmic conductivity
of the electrolyte determines the current in the operating
mode. In the galvanostatic mode of electrochemical
deposition from the chloride electrolyte with equal
concentrations of each component, a decrease of the
concentration leads to an increase of the voltage drop
across the interelectrode space due to a decrease of
the amount of ions in the electrolyte.

Fig. 4: Voltage between the anode and cathode as a function of current density of 5-20 mA/cm?2 at the
concentrations of CoCl,, NiCl,, and FeCl, salts in the chloride electrolyte, M: (7) 0.5, (2) 0.08, and (3) 0.0074.

The growth rates of Co-Ni-Fe films in Fig. 5
differ little for the electrochemical deposition from the
chloride electrolytes with the concentration of each
component, M: 0.0074; 0.08; 0.5, ie. when the
concentration differs by 70 times. The growth rate of Co-

Ni-Fe films increases with increasing current density;
however, it only slightly depends on the concentration of
the components. The growth rates of Co-Ni-Fe films,
which are calculated by the Faraday’s law, exceed the
experimental values by approximately two times.

Fig. 5: Dependence of growth rate V of Co-Ni-Fe films on the cathode current density J calculated by the Faraday’s
law (4) and the experimental curves for the electrolytes with the concentration of each component, M: 0.0074 (3);

0.08 (2); and 0.5 (7).

The results, which were obtained using the
electrochemical deposition from the chloride electrolyte
with the concentration of each component, M: 0.0074
(8); 0.08 (2); and 0.5 (7), the development of the
procedure for the electrolyte preparation with the
spectrum control, and the deposition at a temperature of
70°C enable one to obtain a low coercive force of Co-Ni-
Fe films in a rather wide range of iron content in the film.

[1I. MAGNETIZATION AND COERCIVE FORCE
OF CO-NI-FE F1LMsS

The magnetization and coercive force of the Co-
Ni-Fe films were determined by the hysteresis loop of
the magnetic field flux on the magnetic properties
analyzer. The composition of the films on the plates was
determined using an  energy-dispersive  X-ray
microanalyzer. The results of measurements of
magnetic parameters: specific magnetization B/h,
coercive force Hc and composition of films of triple alloy
Co-Ni-Fe are presented in Figure 6.

Fig. 6: Dependence of B/h magnetization (1) and the coercive force He (2) of Co-Ni-Fe films on the content of Fe.
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Magnetization of Co-Ni-Fe films of 130 nWb/pu at
a Fe content of 13% to 23%. The coercive force of Co-
Ni-Fe films has a minimum value of 1.25 Oe with a Fe
content of 16%.

IV. DISCUSSION OF THE RESULTS

The contents of the components in the film,
which were fabricated by the electrochemical deposition
from the three-component solutions of FeCl,, CoCl,, and
NiCl, with equal concentrations of the components, do
not correspond to the composition of the electrolyte. At
a high current density, when cobalt and iron are
predominantly deposited, and a fraction of nickel in the
deposit is small, the dependence of the fim
composition on the current density at the cathode is
stabilized.

Fe-Co-Ni  films were deposited by the
electrochemical method from a sulfate chloride
electrolyte [4], containing, moll / I. NiSO,- 0.304, NiCl,
0.084, CoSO, 0.1, FeSO, 0.036, H;BO; 20 g /I, 2 g/ |
stabilizer, 4 g / | tartaric acid, 4 g / | bleach, 0.1 g / |
wetting agent and tartaric acid additives. Optimum
conditions for obtaining high-quality films of Fes,
206C0u43.8.61 0Nino 540 CUIrENt density 4 A / dm?, temperature
40 °C, pH 2.3-3.2, tartaric acid concentration 8-12 g / |,
molar Co?* / Ni#* ratio = 0.26-0.4. The composition of
the film depends on the current density, electrolyte
temperature, and pH. The ratio of the content of
elements in the electrolyte and the film is observed —
CRL for Fe, Co = 3, and for Ni = 0.5. Cobalt and iron
precipitate with a concentration greater than in the
electrolyte, and less nickel.

For electrochemical deposition of iron, the
abnormal deposition is characteristic. Iron is deposited
more intensively than cobalt and nickel. Cobalt is
deposited more intensively than nickel. [4].

Estimating the deposition rate based on
electrochemical potentials assumes a normal deposition
of nickel, but there are many factors in the processes
that determine metal deposition.

The concept of congruent electrochemical
deposition determines the equality of the electrolyte and
sludge compositions.

The composition of Co-Ni-Fe films formed by
electrochemical  deposition  depends on  the
temperature, pH, concentration and electrolyte
composition [5-6]. The congruence of deposition is
achieved by deposition from electrolytes with low
concentrations of components and without additives.
The same is true of the congruent deposition of Ni-Fe
films [7-9].

The choice of current density used to obtain the
desired composition of films is widely used in
electrochemical deposition. The mechanism of the
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influence of the cathode current density on the
composition of the resulting alloys is not defined.

One can ask the following: why does the
composition of the Co-Ni-Fe film in our experiment
depend on the density of the current, and at a high
current density, why does the composition cease to
change?

Here are some of the specifics of the
processes. The resistance of the electrolyte in the
electrode space is crucial for the ion conduction of
dissolved salts.

The total current of the ions discharged on the
cathode is much smaller than the current that is set
during the process. This difference is due to the large
current of ions that do not participate in deposition.

The nickel ions deposited on the cathode are
formed on the anode at a high concentration and have
little mobility. Iron ions are formed on the anode at a low
concentration and have mobility due to the many ions of
nickel. Cobalt ions are formed on the anode at a
medium concentration but have greater mobility than
iron atoms. These are the ions that are involved in the
electrochemical reaction occurring during metal
deposition. It is possible that such ions are hydroxide
species formed by the hydrolysis of CoCIOH, NiCIOH,
and FeCIOH.

Current leakage is a continuous process, and
the discharge of positive ions on the cathode should be
accompanied by the formation of positive ions on the
anode. The rate of deposition practically does not
depend on the concentration of salts but depends on
the density of the current, i.e., the number of positive
ions created on the anode and discharged on the
cathode. The mobility of active ions varies according to
the different natures of the salts.

V. CHEMICAL AND ELECTROCHEMICAL
REACTIONS IN ELECTROLYTE

a) Hydrogen index of CoCl,, NiCl,, FeCl, solutions

In solutions of CoCl,, NiCl,, FeCl,, a hydrogen
pH was measured using a testo 206 meter [6]. The
dependence of pH on the concentration of one-
component solutions in the concentration range of 0.01
-1 moll / I'is shown in Figure 7. At a concentration of 1
moll / I, dissolving NiCl, gives pH = 5.8, CoCl, gives pH
= 4.7, FeCl, gives pH = 2.7. The pH value characterizes
the ion balance: the concentration of hydrogen,
hydroxyl, acidity or alkalinity of water. Consequently, the
hydrolysis of ferric chloride reduces the concentration of
hydrogen during dissociation of water the most and
increases the amount of hydroxyl.

A change in pH during dilution of the solution is
not monotonous, but there are local peaks and a
change in slope in the dependence. This means that a
decrease in the concentration of the impurity is



accompanied by a change in the degree of ionization
and the value of the charge of ions. Local peaks are
located in the dependences at different salt
concentrations: NiCl, - 0.5 moll / I; CoCl, - 0.08 moll / I

FeCl, - 0.02 moll / |. To obtain the same level of salt
ionization, it is necessary to have solutions of each of
the salts or of the order of 1 moll /1, or 0.01 moll / I.

pH

NiCl12

CoCl12

-

.—'--

FeCl2

0.01

0.1

C, M/1

Fig. 7: The dependence of the pH of solutions of CoCl,, NiCl,, FeCl, on concentration C.

Prior to the peaks, the dependences of pH on
salt concentration are linear. After peaks, there is
practically no dependence of pH on the concentration of
salts of NiCl,, CoCl,, but for FeCl, there is a change, but
at a slower rate than in the linear section.

b) Hydrolysis Reaction and Electrode Reactions

The experimental features of electrochemical
deposition are described by a sequence of chemical
and electrochemical reactions. The dissolution of cobalt,
nickel and iron chlorides is accompanied by a hydrolysis
reaction [5].

FeCl, + H,O < FeCIOH + H* + CI".
NiCl, + H,O < NiCIOH + H* + CI..
CoCl, + H,0O <> CoCIOH + H* + CI~.

On the anode, there is an electrochemical
reaction, and in accordance with the size of the current
and the potentials of ionization, positive ions with
different concentrations are formed. At the nickel anode,
chlorine dissolves the electrode when produced.

Graphite anodes are successfully used in the
electrolysis of chloride salt solutions, and the anode
potential at them is low. The products of the destruction
of graphite anodes do not contaminate the cathode
metal. On graphite anodes, chlorine is released.

FeOH™ + H* + Cl, 1.
NiOH* + H* + Cl, 1.
CoOH* +H* + Cl, 1.

Under the influence of the electric field in the
electrolyte, there is a drift in the positive ions of the metal
hydroxides from the anode to the cathode at a speed

determined by the magnitude of the mobility of the ions
and the tension of the electric field.

On the cathode, there is an electrochemical
reaction of metal discharge from hydroxide species and
the formation of water molecules.

FeOH' + e + H" = Fe + H,O.
NiOH" + e + H" = Ni + H,O.
CoOH* + e + H" = Co + H,0.
On the cathode, there is an electrochemical

reaction of metal discharge from hydroxide species and
the formation of water molecules.

c) Concentration Polarization

The change in the electrode potential due to a
change in the concentration of reagents in the electrode
space during the passage of current is called
concentration  polarization  [10].  Electrochemical
reactions on the electrodes lead to a significant change
in the concentrations of substances due to the slow
diffusion of reagents or the removal of reaction
products. The difference in the diffusion coefficients or
mobility of the ions of the electrolyte component
determines the balance of partial ionic currents and the
content of the components in the film from the current
density.

Based on the concept of concentration
polarization, our results on the dependence of the
concentration of the components of the triple alloy Co-
Ni-Fe on the current density can be interpreted taking
into account the dependence of the mobility of the ions,
and not the potential of the electrode. Polarization of the
electrode - the change in its potential has the same
value for the ions of the three metals, and the mobility of
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the metal ions differs significantly, as the measurements
show with a dynamic change in the potential of the
electrode.

It has been experimentally established [11] that
an area with an increased pH value is formed near the
cathode (Figure 8).

Fig. 8: pH profiles in the vicinity of cathode during Fe-Ni alloy deposition. (Fe** 0.2 M/L, Ni#* 0.8 M/L)

An increase in pH to a value of 7 in the region of
0.5 mm near the cathode indicates the release of water
during a cathode electrochemical reaction. The greater
the current density, the stronger the deviation of the
composition of the electrolyte near the cathode from a
uniform homogeneous one corresponding to the
thermodynamic equilibrium occurs.

The ions of the electrolyte component have
different diffusion coefficients during the diffusion
mechanism of mass transfer and mobility values during
drift of ions in an electric field, which determines the
different dependence of the content of components in
the film on the current density, which creates a layer of
concentration polarization that limits the mass transfer of
electroactive ions to the electrode. The formation of a
layer with a high pH value in the rolling region of the
electrolyte explains the dependence of the composition
of the precipitate on the mixing of the electrolyte, which
violates the layer of concentration polarization.

The thickness of the layer deposited by the
electrolyte during an electrochemical reaction - SISEER
is fairly large, on the order of a millimeter. A layer of this
thickness has a significant effect on the mass transfer of
ions to the electrodes.

The formation of a layer with a changed
composition in the cathode region of the electrolyte
explains the dependence of the composition of the
sediment on the mixing of the electrolyte that destroys
the concentration polarization layer.

The lower the concentration of the electrolyte is,
the smaller the deviation of the composition of the films

from the equilibrium state and the closer the
composition of the films to the composition of the
electrolyte.  Therefore, congruent electrochemical
deposition of Co-Ni-Fe alloy can be obtained only when
the concentrations of the main components of the
electrolyte are low and when boric acid and saccharin
are not added.

The flow of ionic current disrupts the
thermodynamic equilibrium in the electrolyte due to the
release of the products of electrochemical reactions in
the electrode regions, and the mixing of the electrolyte
with mechanical or magnetic stirrers, when exposed to
an ultrasonic field, during rotation or reciprocating
movement of the cathode, erodes the electrode layers
and evens out the distribution of salts in the electrolyte.

With a dynamic change in voltage at a speed of
10 mV / s and control of the current flowing through the
electrode, the dynamic nature of the behavior of ion
currents is manifested [12] (Figure 9). The presence of
current peaks in the dynamic mode of voltage change is
associated with the kinetic properties of the ions. The
positive ions formed on the anode when approaching
the cathode change the potential near the working
electrode and reduce the current of the electrode. The
difference in the mobility of cobalt, iron and nickel ions
determines the temporal and amplitude change in the
electrode current.

Fig. 9: Dependence of electrode current in a three-electrode electrochemical cell on dynamically changing voltage in
solutions: 1- NiSO4; 2- FeS04; 3- CoSO4; 4- FeS0O4 + NiSO4 +CoS04.

The presence of current peaks in the dynamic
mode of voltage change is associated with the kinetic
properties of the ions. The positive ions formed on the
anode when approaching the cathode change the
potential near the working electrode and reduce the
current of the electrode. The difference in the mobility of
cobalt, iron and nickel ions determines the temporal and
amplitude change in the electrode current.

The flow of ionic current disrupts the
thermodynamic equilibrium in the electrolyte due to the
release of the products of electrochemical reactions in
the electrode regions, and the mixing of the electrolyte
with mechanical or magnetic stirrers, when exposed to
an ultrasonic field, during rotation or reciprocating
movement of the cathode, erodes the electrode layers
and evens out the distribution of salts in the electrolyte.

With a low cathode current density and a high
concentration of salts in SISEER, a low concentration of
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residues of molecules arises, from which metal atoms
are released and which limit the flow of ionic currents of
all three metals. The composition of the film is
determined by partial ion currents in accordance with
the mobility of ions in the electrolyte with the initial
concentration of components. The increase in current
density leads to an increase in the content of molecule
residues after the electrochemical reaction of metal
release on the cathode. The contribution of partial
currents of metal ions depends on the composition of
the concentration polarization layer. There is a
limitation in the deposited film of the nickel
concentration alloy, which has a small amount of
mobility. Iron-containing ions have more mobility in the
concentration polarization layer. The concentration of
iron in the film increases. The mobility of cobalt-
containing ions in SISEER is high, which leads to a



strong increase in the relative content of cobalt in the
film.

Stirring the salt solution disrupts SISEER.
Carrying out the process of electrochemical precipitation
without mixing reduces the nickel content and increases
the iron content in the film, since there is no violation of
CISER. With a high cathode current density and a low
concentration of salts in the electrolyte region near the
cathode, the flow of ionic currents of all three metals is
not limited. As a result, congruent deposition of the Co-
Ni-Fe alloy film is observed.

Establishes [13] that at a given speed of
rotation of the cathode, it is possible to select the
density of the deposition current to obtain a given film
composition at a different ratio of nickel and iron in the
electrolyte. Electrochemical precipitation of Ni-Fe alloys
with a wide spectrum of composition was carried out
from a sulfate-chloride electrolyte containing Ni#* / Fe®*
ions (nickel sulfate - iron chloride) in proportions of 5: 1,
10: 1, 15: 1, 20: 1, 25: 1, boric and ascorbic acids,
saccharin, sodium lauryl sulfate (Figure 10).

Fig. 10: Deposition of Nig,Fe,q permalloy films from an electrolyte with a different ratio of the content of the main
components of Ni: Fe at current density — j and platinum cathode displacement rate [13].

The processes were carried out at current
densities (20 - 160 mA/cm2), room temperature 230C,
pH = 3.0. The cathode was a platinum disk moving at a
speed of 0.0005 - 0.008 cm / s. The change in cathode
speed and current density made it possible, as shown in
Figure 10, for a given ratio of nickel and iron 10: 1, 15: 1,
20: 1, 25: 1 in the electrolyte to obtain the composition
of the permalloy film Nig,Fe;s.

In our experiment with electrolyte stirring,
according to the terminology adopted in the book [14],
the effect of diffusion on the rate of electrochemical
processes is not basic. The transport of electroactive
ions is determined by the migration of ions at a high
current of the background electrolyte. It should be noted
that in the book it is believed that the voltage drop in the
electrolyte occurs near the electrodes, and the field
strength in the electrolyte is very small, which
contradicts the continuity of the current.

Based on the experimental results of obtaining
Co-Ni-Fe films, a mechanism of electrochemical
deposition based on the phenomena of salt hydrolysis,
discharge of positive ions at the anode, drift of ions in
the volume of the electrolyte and discharge of negative
ions at the cathode with precipitation of metals and the
formation of SISEER [15], has been proposed.

Experimental data show a difference between
the deposition rate of the three components of the Co-
Ni-Fe alloy and the metal content in the electrolyte. The
determining factor is the equality of the charges of the
ions that form the partial currents of the electroactive
ions. For the Triple Alloy Co-Ni-Fe, such conditions are
met at an electrolyte component concentration of 0.06
M/L and a current density of 12 mA/cm?, which gives
congruent deposition.

VI. CONCLUSION

The deposition of Co-Ni-Fe films was performed
in a chloride electrolyte with a ratio of Cg,: Cyii Cre = 1
1: 1, and technology for preparing an electrolyte via
filtration and performing deposition at a temperature of
70°C was developed. It was found that the desired 1:1:1
ratio of concentrations of the metals in the film was

achieved at a current density of 125 mA/cm? and a
metal chloride concentration of 0.00625 M/L. Co-Ni-Fe
films are obtained reproducibly with minimal mechanical
stresses and with good adhesion to the nickel sublayer
during electrochemical deposition. The mechanistic
study of the electrochemical deposition of a Co-Ni-Fe
alloy as the electrolyte concentration changes resulted
in congruent deposition of the three-component alloy.
The use of congruent electrochemical deposition will
simplify the choice of electrolyte composition for
obtaining films with a complex composition. A review of
the literature [16—- 47] shows that none of the
researchers used this method of research.
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PREFERRED AUTHOR GUIDELINES

We accept the manuscript submissions in any standard (generic) format.

We typeset manuscripts using advanced typesetting tools like Adobe In Design, CorelDraw, TeXnicCenter, and TeXStudio.
We usually recommend authors submit their research using any standard format they are comfortable with, and let Global
Journals do the rest.

Alternatively, you can download our basic template from https://globaljournals.org/Template.zip

Authors should submit their complete paper/article, including text illustrations, graphics, conclusions, artwork, and tables.
Authors who are not able to submit manuscript using the form above can email the manuscript department at
submit@globaljournals.org or get in touch with chiefeditor@globaljournals.org if they wish to send the abstract before
submission.

BEFORE AND DURING SUBMISSION

Authors must ensure the information provided during the submission of a paper is authentic. Please go through the
following checklist before submitting:

1. Authors must go through the complete author guideline and understand and agree to Global Journals' ethics and code
of conduct, along with author responsibilities.

2. Authors must accept the privacy policy, terms, and conditions of Global Journals.

Ensure corresponding author’s email address and postal address are accurate and reachable.

4. Manuscript to be submitted must include keywords, an abstract, a paper title, co-author(s') names and details (email
address, name, phone number, and institution), figures and illustrations in vector format including appropriate
captions, tables, including titles and footnotes, a conclusion, results, acknowledgments and references.

5. Authors should submit paper in a ZIP archive if any supplementary files are required along with the paper.

Proper permissions must be acquired for the use of any copyrighted material.

7. Manuscript submitted must not have been submitted or published elsewhere and all authors must be aware of the
submission.

w

o

Declaration of Conflicts of Interest

It is required for authors to declare all financial, institutional, and personal relationships with other individuals and
organizations that could influence (bias) their research.

PoLiCY ON PLAGIARISM
Plagiarism is not acceptable in Global Journals submissions at all.

Plagiarized content will not be considered for publication. We reserve the right to inform authors’ institutions about
plagiarism detected either before or after publication. If plagiarism is identified, we will follow COPE guidelines:

Authors are solely responsible for all the plagiarism that is found. The author must not fabricate, falsify or plagiarize
existing research data. The following, if copied, will be considered plagiarism:

e  Words (language)

e Ideas

e Findings

e  Writings

e Diagrams

e Graphs

e lllustrations

e |lectures
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e  Printed material

e  Graphic representations
e Computer programs

e  Electronic material

e Any other original work

AUTHORSHIP POLICIES

Global Journals follows the definition of authorship set up by the Open Association of Research Society, USA. According to
its guidelines, authorship criteria must be based on:

1. Substantial contributions to the conception and acquisition of data, analysis, and interpretation of findings.
2. Drafting the paper and revising it critically regarding important academic content.
3. Final approval of the version of the paper to be published.

Changes in Authorship

The corresponding author should mention the name and complete details of all co-authors during submission and in
manuscript. We support addition, rearrangement, manipulation, and deletions in authors list till the early view publication
of the journal. We expect that corresponding author will notify all co-authors of submission. We follow COPE guidelines for
changes in authorship.

Copyright

During submission of the manuscript, the author is confirming an exclusive license agreement with Global Journals which
gives Global Journals the authority to reproduce, reuse, and republish authors' research. We also believe in flexible
copyright terms where copyright may remain with authors/employers/institutions as well. Contact your editor after
acceptance to choose your copyright policy. You may follow this form for copyright transfers.

Appealing Decisions

Unless specified in the notification, the Editorial Board’s decision on publication of the paper is final and cannot be
appealed before making the major change in the manuscript.

Acknowledgments

Contributors to the research other than authors credited should be mentioned in Acknowledgments. The source of funding
for the research can be included. Suppliers of resources may be mentioned along with their addresses.

Declaration of funding sources

Global Journals is in partnership with various universities, laboratories, and other institutions worldwide in the research
domain. Authors are requested to disclose their source of funding during every stage of their research, such as making
analysis, performing laboratory operations, computing data, and using institutional resources, from writing an article to its
submission. This will also help authors to get reimbursements by requesting an open access publication letter from Global
Journals and submitting to the respective funding source.

PREPARING YOUR MANUSCRIPT

Authors can submit papers and articles in an acceptable file format: MS Word (doc, docx), LaTeX (.tex, .zip or .rar including
all of your files), Adobe PDF (.pdf), rich text format (.rtf), simple text document (.txt), Open Document Text (.odt), and
Apple Pages (.pages). Our professional layout editors will format the entire paper according to our official guidelines. This is
one of the highlights of publishing with Global Journals—authors should not be concerned about the formatting of their
paper. Global Journals accepts articles and manuscripts in every major language, be it Spanish, Chinese, Japanese,
Portuguese, Russian, French, German, Dutch, Italian, Greek, or any other national language, but the title, subtitle, and
abstract should be in English. This will facilitate indexing and the pre-peer review process.

The following is the official style and template developed for publication of a research paper. Authors are not required to
follow this style during the submission of the paper. It is just for reference purposes.
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Manuscript Style Instruction (Optional)

e  Microsoft Word Document Setting Instructions.

e  Font type of all text should be Swis721 Lt BT.

e Pagesize: 8.27" x 11", left margin: 0.65, right margin: 0.65, bottom margin: 0.75.

e  Paper title should be in one column of font size 24.

e Author name in font size of 11 in one column.

e  Abstract: font size 9 with the word “Abstract” in bold italics.

e  Main text: font size 10 with two justified columns.

e Two columns with equal column width of 3.38 and spacing of 0.2.

e  First character must be three lines drop-capped.

e The paragraph before spacing of 1 pt and after of 0 pt.

e Line spacing of 1 pt.

e Large images must be in one column.

e The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10.
e The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10.

Structure and Format of Manuscript

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words.
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers
are reports of significant research (typically less than 7,000 words, including tables, figures, and references)

A research paper must include:

a) Atitle which should be relevant to the theme of the paper.

b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.

c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus.

d) Anintroduction, giving fundamental background objectives.

e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit

repetition, sources of information must be given, and numerical methods must be specified by reference.
f)  Results which should be presented concisely by well-designed tables and figures.
g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i)  Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also
be summarized.

j)  There should be brief acknowledgments.

k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow
instructions. They will also be published with much fewer delays than those that require much technical and editorial
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.
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FORMAT STRUCTURE

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to
published guidelines.

All manuscripts submitted to Global Journals should include:
Title

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with
spaces), names of the authors and co-authors, and the place(s) where the work was carried out.

Author details
The full postal address of any related author(s) must be specified.
Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval,
mining, and indexing.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list
of possible keywords and phrases to try.

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases,
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.
Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality
image.

Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable
format and not as images. References to these tables (if any) must be mentioned accurately.
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Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). Please give the data for
figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and with
a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the
color fee after acceptance of the paper.

Tips FOR WRITING A GOOD QUALITY ENGINEERING RESEARCH PAPER

Techniques for writing a good quality engineering research paper:

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of research engineering then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.

20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.
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21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e  Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e  Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.
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e Use paragraphs to split each significant point (excluding the abstract).

e Align the primary line of each section.

e Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

o O O

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.

The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

0 Briefly explain the study's tentative purpose and how it meets the declared objectives.
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Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

0 Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

0 Resources and methods are not a set of information.
0 Skip all descriptive information and surroundings—save it for the argument.
0 Leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.
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Content:

0 Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

In the manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.

Present a background, such as by describing the question that was addressed by creation of an exacting study.

Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if

appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or
manuscript.

O O O

What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."

Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.
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Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS

decision of Paper. This report will be the property of Global Journals.

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXI

Grades

A-B

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and
mistake

spelling

Well organized, meaningful

specification, sound
conclusion, logical and
concise explanation, highly
structured paragraph
reference cited

Complete and correct

format, well organized

C-D

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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