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Abstract: Decreasing and inverted bathtub-shaped hazard rates arise in lifetime data and require models that can describe both
patterns. This paper introduces the inverse power Garhy distribution (IPGD), a two-parameter model obtained through an inverse
power transformation of the Garhy distribution. We derive its moments, incomplete moments, survival function, and Mills ratio. The
parameters are estimated using fifteen classical methods, and a simulation study examines their performance across different sample
sizes. Applications to flood and engineering datasets show that the IPGD provides a better fit than the Garhy distribution and several
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new ones because real-world data often exhibit
characteristics that cannot be adequately described by
existing models. As a result, many flexible classes of
probability distributions have been developed to model

1 Introduction

Probability distributions are useful for describing real-life
phenomena. They are used in engineering to model

machine and component failure times. They are applied in
environmental studies to describe rainfall, flood levels,
and extreme events. They are used in medicine to study
survival times and treatment outcomes. These examples
show that probability models are needed to study
uncertainty and to make decisions under risk.

Although many probability distributions have been
proposed in the literature, there is still a need to develop

complex data.

Mixture distributions are an important class of
probability distributions. They are obtained by combining
two or more component distributions to model complex
data. They have been widely used in engineering, finance,
environmental studies, and many other fields. Examples
include the xgamma distribution [1], Shukla distribution
[2], the new exponential gamma distribution [3],

* Corresponding author e-mail: hakhogeer @uqu.edu.sa

© 2026 NSP
Natural Sciences Publishing Cor.


http://dx.doi.org/10.18576/amis/200608

1568 %N S\

R. H. Albayyat et al.: An inverse power lifetime model with decreasing and unimodal...

Chris-Jerry distribution [4], Komal distribution [5],
EX-Lindley distribution [6], Lindley modified Lindley
distribution [7], and the Obulezi distribution [8].

Among these models, the Garhy distribution proposed
by [9] has attracted research interest because of its simple
form and useful statistical properties. Ref. [9] applied the
distribution to two real-life datasets, where it
outperformed several existing mixture distributions. The
Garhy distribution has also been studied in recent works.
For example, [10] proposed the Half-Logistic Garhy
distribution, while [11] studied the stress—strength
reliability parameter of the Garhy distribution under
different record sampling schemes using both classical
and Bayesian estimation methods. These studies show the
continued interest in the Garhy distribution and its
potential for further development.

The classical Garhy distribution has a limitation. Its
hazard rate is strictly increasing, which limits its
application to data with other hazard rate patterns. This
limitation motivates the development of new extensions
that can accommodate additional hazard rate shapes.

One useful approach for extending existing
distributions is the inverse power transformation. This
method introduces an additional parameter and increases
the flexibility of the baseline distribution. It has been used
to develop several flexible lifetime distributions.
Examples include the inverse power Akshaya distribution
[12], the inverse-power logistic-exponential distribution
[13], the inverse power half-logistic distribution [14], the
inverse power Perk distribution [15], the inverse power
novel two-parameter quadratic exponential distribution
[16], and the inverse power induced Bilal distribution
[17]. These studies show that the inverse power
transformation is an effective method for developing
flexible probability distributions.

Motivated by these studies, this paper proposes a new
extension of the Garhy distribution using the inverse
power transformation. The resulting model is called the
Inverse Power Garhy distribution (IPGD). The proposed
distribution introduces one additional parameter, which
increases its flexibility. It can accommodate decreasing
and non-monotonic hazard rate shapes that are not
supported by the classical Garhy distribution. Several
statistical properties of the proposed distribution are
derived, its parameters are estimated using fifteen
classical estimation methods, and its performance is
evaluated through simulation studies and applications to
environmental and engineering datasets.

Motivation and Contributions

The main motivations and contributions of this study
are summarized as follows:

—To develop a new extension of the Garhy distribution
using the inverse power transformation.

-To introduce a more flexible distribution that can
accommodate a wider range of hazard rate shapes
than the classical Garhy distribution.

—To derive important statistical properties of the
proposed distribution, including the moments,
survival function, incomplete moments, and harmonic
mean.

—To estimate the model parameters using fifteen
classical estimation methods and evaluate their
performance through a simulation study.

-To demonstrate the usefulness of the proposed
distribution using real-life environmental and
engineering datasets.

-To compare the performance of the proposed
distribution with the Garhy distribution and other
competing models.

The organization of the remaining sections of this study is
illustrated in Figure 1.

2 Formulation of the Inverse Power Garhy
Distribution

In this section, we construct the Inverse Power Garhy

Distribution (IPGD) as a transformation of the Garhy

distribution [9] and derive its reliability and survival

characteristics. Let ¥ be a random variable following the

Garhy distribution with cumulative distribution function
(CDF)

31(2))2
Fiy;x)=1— Kky+1 Ky
(v %) <K1+6+(y+ Oe ;
y>0, x>0.

ey

Using the transformation X =Y -1/ ¢ we obtain the
inverse power Garhy distribution (IPGD). The CDF of X
is obtained as

. ket —2¢ 3K 0
F(x;x,¢)=e [K‘x <K3+6+x)—|—1}, @

x>0, x>0, ¢ >0.

Differentiating the CDF (2) with respect to x, the
probability density function is obtained as

K3¢x73¢7lefxx’¢ (szq) + 3)

flrik,9) = e , x>0.(3)
The survival (reliability) function is defined as
F(X; K, ¢) =

- 3k
1—e ™ 0 [szd’ (1(34-6 +X¢> + 1:| .

The hazard rate function is defined by

R G ST
1O Frixo)

K3 gx 301 e ? (K2x¢ +3)
_ K346
P—ee? [er 20 (35 +49) +1]

K3
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Fig. 1: Flowchart of the Remaining Sections of the Study.

The reversed hazard rate function is defined as

(XK, 0) = i((i:z’ ‘(7;))
K39x30—1e=r? (2,043
346

e ? {Kx*m (,ﬁiﬁ +x¢) + 1] '

The cumulative hazard function is given by

H(x;x,¢0) = —In[F(x;x,9)]

=—In [1 —efmi(p (K‘x2¢ (Kfj-6 +X¢> + 1)

The odds function and the Mills ratio are defined as
follows

Ox(xix,9) = ig zz;

P {Kx*w (K§i6 —|—x¢) + 1]

| —e k! [Kx—z‘i’ (K?‘ +x¢) + 1} ’

+6
and
F(x;x,0)
flxx,0)
| —ere? [xx*z‘f’ (Kiié +x¢) + 1}

K3 ¢x*3¢*1e*’<"7¢ (K2x¢ +3)
K346

M(x;x,¢) =

Figure 2  presents the two-dimensional and
three-dimensional plots of the probability density
function of the IPGD for selected parameter values. The
density function is positively skewed and unimodal,
depending on the parameter values. These shapes show
that the proposed distribution is flexible and suitable for
modelling positively skewed lifetime data.

either a decreasing or an inverted bathtub shape,
depending on the parameter values. This shows that the
proposed distribution is flexible and can model different
lifetime behaviours.

3 Statistical Properties

In this section, some important statistical properties of the
IPGD are presented.

3.1 Mode

In this subsection, the following theorem provides the
mode of the IPGD.

Theorem 1. Let X be a random variable following the
IPGD with PDF (3), then, the mode of the IPGD is given
by

K0 —33¢+1) o
/10 =330+ DI+ 1239(29 + 1)
= 2229 + 1)
“)

Proof. The mode is obtained by maximizing the PDF.
Taking the natural logarithm yields

3
In(f(x)) = In < Kff6> — (3¢ +1)In(x)

—xx ¢ +In(k%x? 4-3).

Differentiating with respect to x, we obtain

d _3¢+1
Sn(7(x) = -

K291
K2x9 +3°

+rgx 04

The critical point satisfies % In(f(x)) = 0, which implies

Figure 3 shows the hazard rate function of the IPGD 3¢p+1 o K2ox9!
for selected parameter values. The hazard rate can take - T Kdx + 203 0.
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Fig. 2: 2D Plots of PDF and 3D Plots of PDF at x = 1.5 for the [PGD.
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Fig. 3: 2D Plots of HRF and 3D Plots of HRF at k = 1.5 for the IPGD.

Multiplying both sides by x gives

(39 + 1)+ pa—? 4 0

Let y = x?. Then the above equation becomes

K¢ Ky
Bo+1)+ y +K2y—|—3

Multiplying by y(k?y +3), we get

K29 3

—(3¢+ D)y(K*y+3) + k0 (K*y+3) + k*9y* = 0.

After expansion and simplification, the above expression
reduces to

K220+ 1)y> + (330 +1) — K3¢]y—31(¢ ~0.
By using the quadratic formula, we have
K0 —3(3¢+1)

/[0 =330 + DF + 1263920 + 1)
2K2(29 +1) '

y:
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Finally, recalling that y = x?%, the mode of the IPGD is
given by

Xm = (ym)]/(P
Ko —3(30 +1) /e
+ \/[x3¢ —3(30+ 1)* + 12639 (29 + 1)

2Kk2(2¢ +1)
This completes the proof.

3.2 Ordinary Moments

In this subsection, we derive an explicit expression for the
rth ordinary moment of the IPGD.

Theorem 2. Let X be a random variable following the
IPGD with PDF (3), then, the rth ordinary moment of X
is given by
W= E(X")
__ﬂw(@3+®¢30r(25)r<2¢ (5)
(K3+6)0 ’ '

Proof. By definition, the rth ordinary moment is

w =) = [ s
Substituting the PDF (3) of the IPGD, we obtain

= K9 T 30—
T K3+6Jo

3 oo

K _

= ¢ Kz/ e P
K3+6 0

—|—3/ooxr3¢le“¢dx] .
0

le—kx? (K2x¢ + 3) dx

To evaluate these integrals, consider the transformation r =

kx~?, then
3 {e)
, K¢ 2 (1 L,z/ 1—L _;
= K| —x? t %e'dt
b=s ((p 0 ¢

+3(éﬁ’”V¢/wﬁrme1m>]
JO

“(s7er(-5)
(o))

Then,

= K30
ToK3+6

After simplification, we obtain

K"/0 ((K3+6)¢—3r)1"(2—£)
(K3+6)0

/

W=

, r<2¢.

This completes the proof.

Corollary 1. The mean of the IPGD is obtained by setting
r = 1 in the previous theorem, yielding

K19 ((+6)9-3)I (2 4)

H=EX) = (K316)0

Similarly, the second ordinary moment is

K0 (2 +6)9—6)T (2-32)

E(X%) = (K3+6)¢

Therefore, the variance of X is given by

K29 ((K*+6)¢—6)T (2—2)

Var(X) = e 0
@ (4 +6)0 -1 (2-4)]°
B (K3+6)¢ '

Figure 4 shows the three-dimensional plots of the
mean, variance, skewness, and kurtosis of the IPGD. The
plots illustrate the effect of the model parameters on these
measures.

3.3 Incomplete Moments

Incomplete moments play an important role in reliability
analysis, income inequality measures, mean residual life
functions, and actuarial applications. In this subsection,
explicit expressions for the lower and upper incomplete
moments of the IPGD are derived.

Theorem 3. Let X be a random variable following the
IPGD with PDF (3), then, the sth lower incomplete

moment of X, is given by
3 s ¢>
kI |2—— Kt
( o

+3r (3—;,m¢>]7

where TI'(s,z) denotes the upper incomplete gamma
function.

b
T x34+6

my(t)

(6)
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Fig. 4: 3D plots of the mean, the variance, the skewness, and the kurtosis for the IPGD

Proof. By definition,

t
my(1) :/ X f(x)dx.
0
Substituting the PDF (3) of the IPGD yields

3 t
K ‘ -
my(t) = fé [ 0730l (6020 4 3) de
3
_ K¢ rcz/tx*“2¢*le*"f¢dx
K346 0

+3/txs_3¢_1e_'<x¢dx] .
0

To evaluate these integrals, consider the transformation
u=rKkx?, then

1 s_3 [* _s
+3$K¢ 3/ ¢u2 ¢e”du].
Kt—

After some simplifications, we obtain

r <2 - %, Kt_¢)
+3r (3 ;,m—‘?’) 1 .

This completes the proof.

K¢
K3 +6

my(1)

Theorem 4. The sth upper incomplete moment of the

IPGD, is given by
3 s —¢>
K'Yy|l2——,kt
( ¢

+3y(3—;,m¢>],

where Y(s,z) denotes the lower incomplete gamma
function.

Ks/9

Proof. By definition,
M, (1) = / ¥ f(x)dx.
t
Substituting the density function yields

¢
K3+6

+3/mxs3¢]e'(x_¢dx] )
t

Ms(t) =

261 —kx?
Kz/ 201 et g
Jt

Following the derivation of the lower incomplete
moments, we get
3 S o0
K y(Z— —, Kt >
¢

+3y(3—;,m¢>].

Hence, the desired result follows.

s

Mi(t)

%316

3.4 Inverse Moments and Harmonic Mean

Inverse moments are useful in reliability theory, actuarial
science, and survival analysis. In this subsection, explicit
expressions for the inverse moments and the harmonic
mean of the IPGD are derived.

Theorem S. Let X be a random variable following the
IPGD with PDF (3), then, the sth inverse moment of X is

given by
sp (S s
[K g (¢ ”) o (¢ Hﬂ " ®

Proof. By definition, the sth inverse moment is

K‘_S/¢
K346
s> 0.

E(X™%)

E(X™%) = /wafsf(x)dx.
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Substituting the PDF of the IPGD, we obtain 4 Estimation methods
3 oo L .
_s K [0} —5=30—1 —xkx9 (.2 ¢ The fifteen estimation methods used to estimate the
EXT) = K3+6 Jo * ¢ (K * +3) dx parameters of the proposed distribution are presented in

3 oo this section.
_ ’3(‘75 Kz/ 201 el
K> +6 0
P 301 —kx 0 4.1 Method of maximum likelihood
+3/ X e dx|.
0

Maximum likelihood estimation has also been used in
related studies [18,19,20].

Consider the transformation u = kx ¢, then oL . o
The log-likelihood function of the IPGD is given by:

K3¢ 1 r00
-5\ _ 27 —s/¢—2 s/0+1 ,—u n
EX™)= K3+6 K ¢K ./0 u e "du E(igqb):3nlog1<+nlog¢—(3¢+I)ZIngi
i=1
+ 3lK7s/¢73 /w w92 dy | . - Kzn"qu’ + Zn: log(szq’ +3)
9 0 ="' & l
Then —nlog(x> 46).
3 The maximum likelihood estimates are obtained by
E(X%) = K§f6 K2 (; Ks/92 ((“; + 2>> numerically maximizing the log-likelihood function.

D)

After simplification, we obtain

: 4.2 Method of Anderson-Darling

The parameter estimates of the proposed distribution
using this method are obtained by minimizing the

—s/¢ following function:
Ex) =2 ler(Sea)var(243)].
K346 ¢ ¢ | S
AD=—n——-Y (2i—1)|log | e i
This completes the proof. i3
Corollary 2. The first inverse moment of the IPGD is X Kx;nz 0 < 33 K —|—x??n) +1
obtained by setting s = 1 in Equation (8) of the previous K7 +6

theorem. Thus,

¢
+ log <1 — e Mn—itim

1/0
Ex N ="2"ler(2+ 1) +ar(3+1)]. i 3k
K3+6 ¢ (P X Kxnfgirl:n +x:€7i+l:n +1

K3+6

Corollary 3. The harmonic mean of a positive random
variable X is defined by

4.3 Method of Cramer von Mises

1
E(X1) The parameter estimates of the proposed distribution
“1/¢ -1 using this method are obtained by minimizing the
X Kr(2+ 1 +3r(3+ 1 following function:
K346 ) ) ’
1 < —kx?
Therefore, the harmonic mean of the IPGD is CVM = Ton + Z e in
i=1
3 1/¢ 2
H— (x* +6)x/ . oo (35 0, ,) 2t
O (2+5) 430 (3+ ) Y\ G316 i m |
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4.4 Method of maximum product of spacings

The parameter estimates of the proposed distribution
using this method are obtained by maximizing the
following function:

1 n+1
MPS = —— log I; (x;
nrl ,:ZI 0og t(xl)a

where,

Ii(xi) = F(xi:n) _F(xi—lzn)

o e { 3k
g (K%-;f‘p <1<3+6 +xfn> + 1)
el 20 (3K 0
—e Mt (Kxi—l;n(ic3+6+xi_1:" )

F(x0:n) =0and F (xp41:) = 1.

4.5 Method of least squares

The parameter estimates of the proposed distribution
using this method are obtained by minimizing the
following function:

< [Kx-‘b
LS=Y |e in

i=1
-2 3k i
X <Kxi:n¢ <K3+6+x2”> +1> R

4.6 Method of right tail Anderson Darling

2

The parameter estimates of the proposed distribution
using this method are obtained by minimizing the
following function:

n < e
RTAD = - -2 KX
;2 |e

i=1

_2 3k
X (Kxi:nd’ (K3+6 +xfn> +1>>

4.7 Method of weighted least squares

The parameter estimates of the proposed distribution
using this method are obtained by minimizing the
following function:

& (n+1)2(n+2)
WLS_; iln—i+1)

_2 3x i
X (le-:nq) <K‘3+6+x§?") +1> — o

4.8 Method of left tail Anderson Darling

—-0

e_Kxi:n

The parameter estimates of the proposed distribution
using this method are obtained by minimizing the
following function:

n

1 -0
—=) (2i—1)log (e_mi:n

i3
_ 3

x [ kx 20 K +x0 ) +1 .
in K'3 +6 n

4.9 Method of minimum spacing absolute
distance

The parameter estimates of the proposed distribution
using this method are obtained by minimizing the
following function:

n+1
MSAD =)

i=1

I—

1
n+1|

4.10 Method of minimum spacing absolute-log
distance

The parameter estimates of the proposed distribution
using this method are obtained by minimizing the
following function:

n+1
MSALD = Z
i=1

logl; —log

n+l"
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4.11 Method of Anderson Darling left tail
second order

The parameter estimates of the proposed distribution
using this method are obtained by minimizing the
following function:

n

—9

ADLTSO =2 log <e"xf:n
i=1

-2 3k
X (Kxi:nq) <K‘3+6 +x?n> + 1))

+li (2i—1)

iz -9 _ .
! é'ini:n (Kxi:nm (K3+6 +x ) —+ 1)

4.12 Kolmogorov Method

The parameter estimates of the proposed distribution
using this method are obtained by minimizing the
following function:

- —e —KXn
n

-2 3k
X <le‘;n¢ <K3+6 +x?n> + 1)7
— ) 3K i—1
e KXjon (K‘xi:nlp (K‘3+6 +x?n> +1> — " ]

4.13 Method of minimum spacing square
distance

KM = MAX

1<i<n

The parameter estimates of the proposed distribution
using this method are obtained by minimizing the
following function:

n+l1 1 2
MSSD =Y (1,»—n+1> :

i=1

4.14 Method of minimum spacing square-log
distance

The parameter estimates of the proposed distribution
using this method are obtained by minimizing the
following function:

n+1

1 2
MSSLD = Z(logl log 1) :
=1

4.15 Method of minimum spacing Linex
distance

The parameter estimates of the proposed distribution
using this method are obtained by minimizing the
following function:

ntl 1 1
MSLD = et — (- —— ) —1].
s Z{ ' ( +1) ]

i=1

5 Numerical simulation

We performed a comprehensive Monte Carlo simulation
analysis to evaluate the estimators of the IPGD, its
flexibility, and its usefulness across various sample sizes.
All calculations were performed according to the settings
provided by the R software environment. In the
simulation we performed, we used the following exact
metrics, outlined as follows:

—Average bias (BIAS):

~ 1L .
Bias(J)| = — J—J|.
Bias@)| = L1~

—Mean squared errors (MSE):
MSE = 1 i(i—J)2
L i=1 .
—Mean relative errors (MRE):
1L

Z\J J|/.

[_

MRE =

—Average absolute difference (D,):

Dyps = ZZ'F -xlja

11]

F(xijiJ)].
—Maximum absolute difference (D, ):

Dax = *Z maX ‘F(X,j, ) F()Cij;/j”.

—1/=b

—Average scaled absolute error (ASAE):

I =%
ASAE = — u7
n = x,—x
where J = (¢, k), L is the number of simulation

replications, and 7 is the sample size.

Tables 1 to 5 present the Monte Carlo simulation
results for the IPGD across different sample sizes, with
L = 1,000 simulation replications for each setting. The
results generally show lower values of the evaluation
measures as the sample size increases, suggesting
improved estimation performance. The simulation
rankings in Table 6 indicate that MLE achieves the
smallest overall rank, followed by MPSE.

© 2026 NSP
Natural Sciences Publishing Cor.


www.naturalspublishing.com/Journals.asp

R. H. Albayyat et al.: An inverse power lifetime model with decreasing and unimodal...

\O
~
g}
—

{s1y6Cl {8)69 fentll {o}08 ry9ct {188 ey 111 (6}1L (sys¥ Wl {ror {e)€€ {9}18 [ {s1}1€ I 00€
{$1}09010°0  (5}80800°0  {¢(}91010°0  {(1}9T800°0  {¢}S8II00  {£1}S06000  {1}€8800°0  {;}T8LO00  (£}8EL00'0  {9)0LLOO0  (g}¥6L000  {g}¥FLO0'0  (5}SSLOO0  {c}F9LOOO  {1}¥6900°0 avsy  00¢
(SI}ESPEDD  (6)899T00  (¢[}LOEEOT0  (1)8S9TO0 (4} PLVEDD  (0;}198T00 (¢ }6EEE00  (11)SLBTOV  (JTLSTOO  (g)€99TO0  (¢}IFPSTOO  (}SLVTOOD  (9)€P9TO0  (z)66VT00  (4)SPSTOO e 00€g
{s}SLITO0  (gi¥¥910°0  (p3811T00  (g}SYII00  (£1}S90T00  {o}09LI00  (¢}680T0°0  {1}E8LIO0  (}€6S10°0  (}ITIIO0  ((}THSIO0  (1}9LSTO0  (}€T9100  (£09SI00  (¢}S9S10°0 “ra 00€
(p1)9TLEDD  (g)618TO0  (£1}109€0°0  (;}OI8TO0  (¢}LSIEDD (o1} 100E0°0 (¢} IELEDD  (1)TTIEO0  (g)SBLIOO  (¢}€EITO0  (;}HO9TO0  (6)0T8TO0  (g}6L9TO0  ()60LT00  (}EILTO0  (NTAN  00€
p1pPTIS00  (}9€0P00  {¢}SOFPO0  (or}LIEVO0  {¢}0L9900  (q}EIEPO0  {1}9LEVOO  (}0SBEO0  (}8LOEO'0  (g1}T6EVO0  (}01CH00 {1}PL1€00 (181P0°0  (7}0PSE00  (1)P88€0°0  (PHAN  00€
{c1)69800°0  (6)8TSO00  (£1)T0800°0  (;}€8V000  (5}9€800°0  {o;}LESO00  (¢[}0€800°0 (1) THSO00  (g}LLVOOO  (f}OEPOO0  (}9SPO00  ()TOPO00  (PLHOOD  ()68000  (;}8TPO00  (MASW  00€
H1I8E6000 (91895000 (713069000 (¢} 11L00T0  (¢}E8STO0 (53929000  [g;}9L900°0  ({c}66¥00°0  {3PESO00  {3€8900°0 (3009000  (;}T8E000  (6}8TI000  (-OIFO00  (;1TISO00  (PASW  00€
{p1}ESPLO0  (g)8€9S0°0  (71}€0TLO0  {,30T9SO°0  {¢}EIELOO  ({5;}T0090°0  (c}I9PLO'0  {}EFTI00  (9J0LSSOO  (¢}99TSO0  (1}80TS00  {6}0F9SO'0  (}8SESO'D  {1)8IVSO0  {}9TPSO'0  (SVIE  00€
13 ILOLO0  [1FS090°0  (¢1}86990°0  {o1}SLYI00 (3900010 (}69¥90°0 (1 }H9S900  (}PLLSOO  [}896S0°0  (71}L8S90°0  (4FI€90°0  ((}IOLKO0  (;31LT00  (f}0IESO0 (3978500  (P)SVIA  00€

{ryLel {s)0L {enpl 1l {or}98 {spylel {eyeL {z1yeol {s}18 {x)6! (31 {16 {e)be {1}89 [ {0}09 R KO
1)S6TI00  (113S9010°0  (¢jOLITO0  (1)9TOI00 (¢ }PEPIOO  (6)SE0I00 (¢ }6E1T00  (o)8E0I00  (}PLBO0T0  (1)TSBO00  (1)LP6000  (}6S6000  (9)886000 (116000  (g}€E0100 VSV 0P
{c1}ES8E0°0  {g100TE00  (51}008E0°0  {o1}TLEEOD  {g}8OLED'D  {cPSEEOD  (£1}€09€0°0  (3}696C0°0  (£}90LT00 {6}9S0€0°0  (}LLVEDD  (£}99LT0°0 {o}CLIEO0  (1}6€9T0°0  {£}961€0°0 wiaq ove
(1)SEETO0  (g)810T0°0  (¢[}EPETO0  (6}1SOTO0  (¢}8IETO0  (4;}890T0°0  (¢}S9TTO0  (}LS8IO0  (f}€L9T00  (,)OSBIO0  (;1}STITOO  (}LOLIOOD  (}6€610°0  (;}0SII00  {;}T6610°0 raove
($1}696£0°0  (6}8TSEO0  (71}TO6E00  (g)PTSEDD  ()SSOPO0  (1}LISEO0  (g)SI6EDD (o) ISTEOD  (7)T6STO0  (1}PTOEO0  ((}L99E00  (¢}L96TO0  (J09TEOD  (1}1S8TO0  ((}99€00  (NHIN  0¥C
H1yS9T900  (g)PTSPO0  (e)TELSOO  (7)80LSO0  {c)68690°0  (g)8I6V00  (FSOSO0  (1€0EP00  (8I0PO0  (PLLPOO (10600 (0SPHO0  (oFITSO0  (1j0€8E00 (g I91F00  (OHIN  ObT
(1}ES6000  (6)TO8000  (£1}6T6000  (5)89L000  (}T8OI00  ([}LVLOOO  (g}1S6000  (9)€6900°0  (g)SSSO00  (1}PLSO00  (}908000  (z}[E€S000  (c)S8900°0  (1}9TSO00  (;;3bS8000  (MASW  0O¥T
{p1}6CEI00  (5}08900°0  (¢}TECIO0  (g}6STI00  {¢}€0LIO0  {£}LLLOOO (6JET6000  (9}€6900°0  (7}99S000  (}85800°0  {;}EFOI00  (c}069000  ({(;}6T010°0  (;}6FS000  (¢}609000  (PHASN  0OtT
(h1)6E6L00  ()LSOLOO  (z1}POBLOT0  (g)LPOLOO  (¢}OTI80°0  ()SE0LO0  (¢}6T8LO0  (9)TIS900  (c}PBLSOO  (4)6F0900  (;1}PEELOO  (PEGSOD  ()0TSI00  (}TOLSO0  {o))€1EL00  (D)SVIE 0P
{#1}86€60°0  (9}L8L90°0  {¢[}86S80°0 (711195800  (¢}E8YOI'0  (g}LLELOO (6)T8SLO0 (1 FSYO0'0 (920900 (1}09TLO0  (11}S8E800 (L9900 (o1}ITLOO  {;}SYLSOD  (T¥T900  (P)SVIE  OvT

{e1611 {138 {s116T1 {6)€9 {r10T1 {01}S'L9 {z1}811 {9)8Y {319 {smiLh {su19 (e} {sw)Ly {2}8¢ {ysLe vy X 00T
{er} 119100 (o}OTPIO0  (5}L1910°0  ({g}SLETOO  {¢}9€0T00  ((}9LEIOO  (£}LOSTO0  (1}STPIO0  (1}90C10°0 {9}LITI00 {1}¥ST10°0 {5}80T10°0 {£}89T10°0  (g)SLITO0  (¢}€9110°0 avsy 00T
(en0SLEO0  {1PTOE00  (c)68TSO0  (JOLIEOD  (z)TIEPO0  (g}€SLEDD  (prjTO6P00  (7)9TSEO0 (o} IBLEDD  (cJTEIEO0  (5)99LEDO  (9)€S9E00  (5)08SE00  (POSEND  ()6SSE00 @ 00T
(£1)9€6T0°0  (11}6SPT00  (o18STEO0D  ({}TOTTO0  (¢}F8STOO  (6}SETOO  511S90€0°0  (1}S8ITO0  (o}9LETOO  (¢}0SITO0  (giPb€TO0  (;}91€T00  (3STITO0  (9EITO0  (9}€STTO0 q o0c
{e1}608V0°0 {11} IVEVO0  (c}SE9SO0  (p)EPIE00 (7} ILVPO0  (}6SOPO0  (}STESO'0  (JO6LEDD  (o}0TTHO0  (}PEVEOD  (g)8VOVO0  (9}8S6E0°0  {1}96EE00  {(¢}€TIEO0  {,}E00K0'0  (MDHAN 00T
[41}0V8LO0 (91199500 (¢1}F08LO0  {o1186Y90°0  (¢}STESOO  (}STISO0  (¢}PSILOO  (1}9ESSO0 ([} I6VSO0  (gPPEI00 ;1899500 (£}LOISO0  (}IS690°0  (g}LF6SO0  (;}8ESPO0  (HTIW 00T
{e}P0910°0  (11}EPII00  (c}PTOTO0  (1}LV8O00  (71}18TI00  (c6}6SOI00  (1}9L910°0  (¢}86800°0  (g0VO100  (c}0SLO00 ;3620100  {g}P€600°0  {1}SELO0TD  {¢}90800°0  {¢6}6S0100  (DASW 00T
(e)TPITO0  (PSOI00  (4)T8ITO0  {)SSSIO0 (¢ }LPITO0 (1} IHOI00  (¢}I8810°0  (g11TI00  (¢}6TOI00  (6)STPIOO  (ob8II00  (z}€96000  (o}TOSIO0  (,HT6II00  (;}6TLO00  (HASW 00T
(11819600 {[}€8980°0  {cJOLTIIO  (4}S8TLOD  {z}TV680'0  (6}61180°0  (5}6T901°0  (c}I8SLOT0  {o}0PP8O'0  (7}69890°0  (5}S6080°0  (9}916L0°0  {316L90°0  (¢}9VTLOO  {,3S0080°0  (¥)SVIA 00T
G1)09LIT0  ()T6P8O0  (¢}LOLITO  {o}LPL600  (¢)88YTI'0  (}LEPBOD (¢} I8YII0  (;)POEBO0  (¢}9ETBO0  (6)LIS600  (,)T0SBO0  (J099LO0  (;}9THOI0  (5)0T6800 (13908900  (§)SvVId 00T

{rystl (s)¥L {s)8C1 {6)SL {en?1l (11188 {2)901 {o)s8 (e)1€ (O {9198 ms1e (169 @9t (1Ll oA 0gl
(N9E1T00  (g)66L10°0  (cyPLETOO  (}0S8I00  (p)P6ITO0  (7)T88I0°0  (;jTLBIOD  (6)6T8I0°0  (;)€8910°0  (1)8ISIO0  (€T9I00  (gII00  (€LOI00  (f}€6SI00 (1919100 VSV  O€l
GUSPLSO0  (g1699V0°0  (c}9V6S0°0  (6}189V00  (£}T60SO0  {3PESYO0  (¢1180SSO0  (o9TLHO0  (7981H00  (J0I9PO0  (HETIVO0  (JETEPOO (o} ITIVO0  [1}OPEVO0  {1LEOVOO g o€l
{s1}9€9€0°0  {(1}888C0°0 {5} 119€0°0  {9)TOLTO0  {¢}€TIEO0  {;1}SE0EO0  {¢}TOLEO0  (5}698T0°0  (£}809T0°0  (g)8LLTO0  (g)8F8TO0  (5}L69T0O0  {£}9T8TO0  {¢}TTITO0  {1}€9¥T0O0 “ra 0€l
(S1}EET900  (()696Y0°0  (¢[}L06S00  (g}LTIVOO  (z1}PSOSO0  (;1}STOSO0  (5}LSO900  (gPH6O0  (FIO0  (1}ISEPO0  (PO6PO0  (LISPO0  (o}100S00 (599500  (£)TOPPO0  (MEAN  O€L
{e1}TSLBO0  (9}€9TLO0  {gr}LTO0I0  {1}P8EB00  (5}LEIGOD  {5}807L0O°0 (6)868L0°0 (o ITI800  (}8T6S00  (3PIL800  (JOSL900  (1}90S90°0  (,}98€L00  {g}TI¥900  (7)S€T900  (PHIN 0]
(c1)9STTO0  (z1}LSLIO0 (¢} 1€TTO0  (gJLIETO0 (113109100 ()SSSIO0  (5}9PTTOO  (o1)88S10°0  (JTTEIOO (o) I9TIO0  ()SEPIOO  (¢}I9TI00  (g)66V100  ()6¥TI00  (;)TETIO0  (MASW  O€l
{ZnISILTO0  (9}89L10°0  {c}I86£0°0  {(}TTECO0  {¢}89LTO0  {1P9810°0 {6}E1€C0°0  ({}8EETO0  (¢TOPIO0  (5}856T00  (c}L¥I10°0 {p}LTSTO0 (5)780T0°0  (;}8IFI00  (¢)6€PI00  (PASW  OFI
(LOPTI0  (6)6E660°0  (¢yPI8IT0  (g}€STE00 (71801010 (;;}0€001°0  (5}STITIO (688600  (c}6TT600  (;}10L80°0  (;380860°0  (}SE0600  (or}€00010  (;}TE1600  (£}€0880°0  ()SVIE O€l
(n8TIEL0  (S6801°0  (cjOPOST'0  (}9LSTIO  (4}SOLELO  (TITIII0  (qLVSIT0  (ol9ITI0  {;316880°0 (¢} 1LOST0  (}S6001°0  (1}6SL600  (,36L01T0 (1919600  (1€S€60°0  (HSVIE  0€1

{p1}CCl {8}C9 {g1}0CL {¥}¥ {s1}8C1 {9}CS {11}001 {z1}C01 {119¢ {6}08 (Vs {g}€€ {o1}$8 15144 {¢}0¢ syury X 0L
[e1)TVSE00  ([9}L88TO0 (5} PILEDD  (¢}T88TO0  (¢}T60VO0 (g} 1L6TO0  (¢}ELEEDD  {;3TOIE00  ({OPLTOO  (}IOVTO0  ;}S68T00  ()TILTO0  (6}T86TO0  (;}08LTO0  {(}986T0°0  AVSY  OL
{s}PPEB00  (g}9L890°0  (5}TIBLO0  {g}€SPO00  (¢}LEILOO  {£)TTI900  (g}60SLOO  (}THELOO  (£)TEIR00  ((1}96TLO0  (9}TI990'0  (g}LTSY00  (6}PEILOD  ($}STS900  {1}81190°0 e 0L
(e} ITISO0  (g)9PEPO0  (p)SLBYO0  (¢JLOGEDO  (¢)8VLKOO  ()881H00  (¢}TSIHO0  (11}6SSPO0  (j)LIBED0  {o)SPPPO0  (1)8SO0P00  ()001F00  (5)89EFO0  (}680F00  (£}LS8E00 rq oL
(I1}TE6LO0  (z}ESOLOT0  (g}LSOLOTO  (g}61L90°0  {c}8SE80°0  (5}LL6900  (o}6SLLO'O  (p3PPEBO'O  ((}THLIOD  (g}6FILOT0  (,}6SOLOT0  (;310S900  {e}PTLLOO (o} ISOLOD (066900  (DTIN 0L
(c}T88PI0  (}PESBOO  (¢}66YTI0  (g)OE901°0  (5}SOSTI'O  (9LP600  (;}PEBIIO  (PEETIO  (¢}60680°0  (7}€1TTI0  (jIEI010  ()LS660°0  (o}ELEITO  ()€9€60°0  (;}S8EBO0  (PHAIN 0L
{e8IV00  (o}9F0F0'0  (p}9LFPO0  (}PP8TO0  {¢}689V0°0  (9}LL6TO0 {61L18€0°0  {e}€IEVO0  (}0T6TO0 {8}9LLEOO {z)<¥8T0°0 {1}6TSTO0 (1 FTIVO0  (1}SSTEO0  (,)€88T0°0  (MASW 0L
(c1)T6S80°0  (7)6VSTOO  (£1)T8TSO0  (PEIHO0  (51}66V90°0  (9)88TEOD  (¢}6ESSO0  (or}616V00  (¢}€9LTO0  (13SIISO0  (1)SISE00  ()6TTEO0  (6€6LFO0  ()T6IE00  (;311STO0  (HASW 0L
(yP98ST0  (z)SO6ST0  {¢}PI6ST°0  (7)8EPET0  (c)SILOTO  (p}FS6ET0  (p)8ISSTO  (5)88991°0  (o)P8PEID  (g)86TSI°0  (LITPIO  (;3100S10  ()8FPST0  (g)TOIPT0  (}6L6ET0  (M)SVIA 0L
(CIJETETTO  (g3108TI0 (¢)8PL8TO  (g)9V6ST'O (4 }LSLSTO  (yPITHI0  (j1}ISLLIO  (gTO0LI0  (F9SETO  (7)0TESI0  (13L6ISTO  ()9E6FI'0  (o}090LI0  (pybhOFI'0  (1)8LSTI'0  (P)SVIH 0L

{s1y8CL {2)6C {en)601 {or}€6 p€ll {6)568 {8)5'S8 {1)8 {9}6F {1)s6 (s}L€ {9 {an)Lo r)9¢ {e)S€ R KO
{e1}LST00  (}S6TSO0 (5365900 (}10TSO0  {¢}OTILOO  (£1}S9SS0°0  {11}€9SS00  {o}9TVSO0  (}PSSHO0  (1}L8FFO0  (}PILVOO  (}LS6VO0  (9}€98F0°0  (¢)SSOPO0 (11969700 qavsy 0z
()SPITI0 () IF1600  (p}9SITI0  ()SLIOTO (1 1}ELLOTO  (¢)9ISTIO  (g)61901°0  (9)€8600  (;}08960°0  (7}18L01'0  (}TIE600  (}L9160°0  (or}LPLOIO  (5}10T600  (;}STI60°0 wue 0T
{c1}LTIB00  {6}T98S00  {p1}06FLO0  (g}8FVI0°0  (£}SILIO0  {¢}SIVLOO  (51}96590°0  (9}91650°0 (3801900  {;1}L€990°0  (}T6LSOO {$}0€850°0 {6}LVS90°0  (£)0T8SO'0  {{}89950°0 “rq 0T
()OPSTI0  (J0P660°0  (5)98601°0  (5}961TI0  (z1}06811°0  (o;}L99TT0  (6€00IT0  (ITEOID  (;}6€601°0  (;;}96L11°0  (;}98880°0  (z}60T60°0  (¢PPOTI0  (5}ISION0  (9)09S010  (MHEIN 0T
G16010T0  (SL8TI0  (o}0TLETO  (6)S68LI0  (¢1}10881°0  (;}6ESLI0  (11}80T8I°0  (9}09091°0  (}8LSET0  (z}LSE8T0  (g}109LI0  (¢}I6TEI0  (o}86081°0  (TOEYI0 ;1 1L8E1°0  (PHIN 0T
(ULPION0 (51198900 (9}699L0°0  (7)08060°0  {11}L1060°0  (6}9TEBO0  (g)086L0°0  {;}I9LLOT0  (or}T8S800  (p}ESEE00  {()ELBYOO  (7)6T6HO0  (¢)SPIG00  (¢}66T90°0  (0TILOO (WIS 0T
(6LIET0  {}S68S0°0 (o 1TEBLID  (o}SYITIO  (4}8VOPI'0  (og}bT8OI0  (c}PTBOI0  ;3L9860°0  (}SI890°0  {1J90SET0 (91299600  (}F16S00  (¢}808E1°0  (}9PT8O0  (1}9VLLOOD  (PASW 0T
{s1}€60STO  (c}08861°0  (g}TLOITO  (}TOEVTO  (¢1}6LLETO  {o}PELETO  (6}900CC0 {c}EVO0T0  (;}8L8IT0  (;1T6SETO  (}ILLLIO (@8IV8I'0  (¢1}880VT'0  (,}€0€0T0  {}1TIITO  (SVIA 0T
[p11€910E°0  [1TIE61'0  (¢[}08SSE0  (61TH89TO  (¢}10T8TO  (,}80€9T0  (;}TIELTO  (9}060VT0  (}L9E0TO  (z1SESLTO  (110P9TO0  (}LE6610  (o}LVILTO  (}88S1TO  (;}9080T0  (§)SvId 0T
HANTSIN dATISSIN dAdSSIN a3 d40sav. JATVSIN dJAvVSIN q4avira d8TM 4avid d8710 dSdN JINAD 4av TN 54 u

‘€0 =23 ‘7’0 = ¢ uayMm SQINSLAW UOIIR[AWIS JO SINSAY ] I[qEL

© 2026 NSP

Natural Sciences Publishing Cor.



o
@
«
i)
<
=]
-
=
[}
=
=
o
<
on
-8
=
Z
i)
=
o
=
<
-
=
=
<
g
2
2
2
~
—~
\O
N
=}
N
~
0
o0
g}
—
!

o~
\O
g}
—
°
)
Z
=)
(3]
5
78}
4
=
—
£
=
=)
(=%
<

{p1}SCI Sy {enpL 11 {6}18 {s1}Cel {s'11}€6 {s11}€6 {g}¥9 {g}SPE {9}SS {109 {191 {01}88 9143 1S4 sy 00€
(GUELEIOO  {o}€TIT00  (¢}SETIO0  (()EP6000  (¢1}S9STO0 {11} ISTIO0  (£}SOTIO0  (9}S680010  (c}SE8000 (3206000  {}E1800°0  (c}8L8O00  {;}99800°0  (z}€€8000  (g}ST6000  AVSYV  00€
{PILTTEOD  (}6LTTO0  {¢}0SOE00  (}TVSTOO  {g}690F00  {o}€€9T0°0  (7}16L20°0  ()SIFTO0  (}SIETO0  (g}€VETO0  (g}SLFTO0  (}08ITO0  {1[}€0LTO0  {g}16TTO0  ()T6TTO0 i 00¢
H1}010200 (8171000 (¢1€8810°0  (()89S100  (¢}69TTO0  (o}THOI00  (}6ELI00  (19VI00  (¢c)8IVI00  (o}6VPI00  ()€0SI00  (pPPEI0  (1}09910°0  (7}66E10°0  (c}0EP10°0 g 00€
{enSISP00  (1}LLEEO0  (¢}8ESKO'0  (g)8I8C0°0  (g}86ELO0  (1}0€6E00  (PI8C00  (5}8LSYO0  (¢}6FEE00 {c}617€0°0 {616T8£0°0 (1IOTIE00  (1}TETHO0  (9}99SE00  (£}STIEO0  (MIIN  00€
(c1}TOEE0D  [)0SETO0  (¢}8SOE00  ((}66ST00  (;}8LTEO0  (1}1TLTOO  (7}6S6T0°0 (13191200 (JETHTO0  (,J08VTO0 (o} ILFTOO  (£}8ETT00 JSS9T0'0  (}86TTO0  (5}60ST0°0  (HIAN  00€
(111986000 (FTTTOO  (¢}0E8E0D (o }E01E00  (¢}TEROI0  ()PI6TO0  (,}61LT0°0  (7}L89E00  (¢}8POTO0  (1}661T00  (g)9TLTO0 (388100  (;}TIVE00  (o}bLSTOO  (;306L10°0  (MASW  00€
(1}1TLO00  (}89E00°0  (¢}FEI000  (oPFFO00  (5)0S900°0  F6H000  (z}FTSO00  (7)SOE000  (;}6TE000  (g)SIFO00  (00FO00  (;}00S000  ()8THOO0  (¢FIE000  (o}08€000  (9)HSN  00€
(@}108S10  (;0T8IT'0  (¢}I88S10  (POEET0  (g)€68ST0  (opSLEI'O  (JISEET0  (p)bTO91°0  ((TTLITO (996110 (gOOYEI'D  (}0T60I'0  ;jTISYI0 (o I8PTI0  (£}LE601'0  (Y)SVIE  00€
(1}S0990°0  (5}00LVO0  (¢}9T190°0  ((}86IS00  (5}9SS90°0  (;pTHPSO0  (z}8I16S00  (}TTEVOO  (}LF8PO0  (096V00  (THGYO0  (}9LFFO0  (o1}0I€SO0  (}96SV00  (g)L10SO0  (#)SVIH  00€

{p1Lel {e1v6 {e1}611 {6)8L {s1}6C1 {o}t9 {01108 {8189 {ys'ec {1}9 {5309 {r)S9¢ {1}88 {181 {c10€ sy ove
{enSPPI00  {o€6110°0  (pE6YI00  (c}LSOI00  {¢3S8910°0  {13¥8TI00  (7}90EI00  (}€S600°0  {1}PTE000  (g}0SO0100  (1}TL6000 (91666000 (1086000  (£}TS6000 ;1620100 HVYSV  0¥C
(1}0ESE00  (£}ELOSO0  (¢1}90FE00  ()TLBTOD  (¢}8EIYO0  (o}118C0°0 [ }PSOSO0  (g)LTSTO0  (¢}€SSTO0  (}68LTO0  (yPI8TO0  (4}L09TO0  (o}LPOSO0  (;}8EPTOO (005200 ““a  0O¥T
{p1}6S1T0°0  (z}1€610°0 (¢} ITITO0 (g} I9LIO0  {¢}TLTTO0  (g}8PLIOO  {1}SI6I00  (9}0TLIOO  {¢g}¥8STO0  ({c}OILIOO {LILELTOO (o} P8STO0  {o}LS8I00  (}S8FI00  (4}S8S10°0 “rq ore
GISLYSO0  (g)69THO0  (£}68LP00  (gy10THO0  (¢}S89LOT0  (}6SOO0  ((}STSEOD  (e)9E6Y00 (168900 (o}SOSFO0  (y611H00 (o} ILOVOD  {}9LOVO0  (;JOI6E00  (pFITE0D  (MAAN 0T
(cIILESEO0  {}861E00 (5 }TESEDD  (()806T00 (¢} IEVE00 (1006200  (z}PIEE00  (¢}819T00  (p}bSITO0  (¢,1006T00  (o}P68TO0  (}€SSTOO  {o1}6SOEO0  {}PFPPTO0  (¢}669T0°0  (PTIN 0T
{H1IS1TS00  (6)8IVE00  (¢}SPSPO0  (or}0P9E00  (¢}OIOIT'0  (}I00E00  {1}9E6T0°0  (¢}LLLYO'O  (7}69ST00  {,)EPEEO0  (g)8LEEOD  (o}6VTEO0  (;3E0IPO0  (}T1LTO0  (13$9610°0  (MIASW  0¥C
{(1}6SLO00  {1}6€900°0 (¢ 3P6LOOD  {3LISO00  {¢[}IELO0D  (6}LVSO0D  (£1}96900°0  {o}P0SO0T0  {}OSPO00 {00000 (g)SESO00  (z}€6E00°0  {o;}18S000  {}TIE000  (19LPO00  (HASW  0OFT
{(p1}CO161°0 (g3 IVOVI0  (£}TOLOT0  (gyPOLYIO (6386890  (5}SOTKI0 {e}88EE1°0  (e}9LTLIO  (£}016T1°0  (4}890S1°0  (,181¥¥1°0 {o}6VTPI0  (11}S9€91°0  (1}989€1°0  (1yLYTII0  (DSVIA  0FC
(I}ELOLOD  (;1}S6E90°0  (y1}P90LO0  (()LIBSOD  (¢}T9890°0  (g1}008S00  (7}8T990°0  (¢}SETSOO  (1}LOESOO  (g}008S0°0  (9)68LSO0  (}SOISO0  (o}81190°0  (;}L88Y00  (c}L6ESO0  ($)SVIE 0T

{sy9¢l {or}$9L {z1}C01 {8}5°0L {r1yscl {en}OT1 (L8 {s9}£9 sl Ly {s}C8 {s9}€9 {6}SL {0}0¢ {e)s1e sy 00T
G1I6LOT00 (oI LOFIO0 (1809100  (JELIIO0  (¢3SEBIO0  (pLIPIO0  (7}€CSI00 (601100 (13166000  (L60I00 (1960100  (g}8V1100  (P80I00  (o}€0I100  {¢¢}960100  HVSY 00T
(p1}TLLEDD  (Q}OLIE00  (1}0TSE00  (6}TOTEO0  (}88SPO'0  (71}68FE00  (1}61VE00 (1190600 (£}S68T00  (5}TO0E00  (}ISOEO0  (,)8VIE00  (1}9TTEO0  {1}¥8LTOO  (¢}P96T0°0 g 00T
(p1)TEETO0 (896100 z}LSITOO  (o8L6I00  (¢}LPSTOO  (e}SOITO0  ()EPITO0  (gyPP8IO0  (}E6LIOO  (9)968100  (}LSS8IO0  (,4P6100  (g)LP6100 (13169100  (}¥S8I00 g 00T
(1}08VSO0  [)TLSYO'0  ()6L8YO0  (H}ELEVOD  (oPFTO00  ()8ETSOO  (JOLEPOD  (5)069S0°0  (TSTHOO  (JTOEVOO  (oTEISOO  (g)9T8KO0  (jPITSO0 (o} 10SKO0  (1}6ITHO0  (MFAN 00T
(cIJOLLEDO  (}OVEED0  (7)S6SE0D  {o}PTHEDD (11} IESE00  (5}609€0°0  (¢}66SE00  (£}0S8TO0  (p}LTOO0  (g)LSTE00  (c}086TO0  {,}991€00  (g)861€00  (;}0I8TO0  (}¥SIE00  (PTIN 00T
(c1}OVSSO0  (g)S9BE00  (01}668P0°0  (}PEBEDD  (g366191°0  (11)TIOSO0  (;}ISSE00  ()6S090°0  (|JELEEDD  (TO9EO0  (gTO8KO0  (1)TOSE0D  (7}9PESOO  (9}8E8E00  ((}0TLEOD  (WASW 00T
(131680000 (6}T0L000  (¢}S6L000  {c6}COLO00  (¢}STRO00  (11}6FLO00  (5}LS8000  ({;301S000  (c¢}1895000 (51199000  (¢¢}895000  {13TEI000  ({}P6S000  (7}SISO00  (9}1€9000  ($AS 00T
(1081610 [T0091°0  (g)9LOLI'0  (}90EST'0  (o}PSETEO (7} IEEBI0  (P6TSI0  (;)91661°0  (1€88F1°0  (ILESTO  (o}196L10  (g416891°0  (}6VT8I0  (o}TSLSIO  (;}LOLK1'0  (M)SVIE 00T
{1} IPSLO0  (6}T6990°0  (g}I61LO°0  (o}LF890°0  {11}T90LO0  (}8ITLOO  {¢}L6ILOO  {£}00LSO'0 {$}£5090°0 {9}71€90°0 {£109650°0 {£}TEE90°0 (8196€90°0 (13029500 (¢}80€90°0  ($)SVIA 00T

fenptl (8)1L {s1y6c! {s)€8 {r}Let {1)89 {9}$9 {6}LL {21}k {e)t€ {1ys6 {r)or {o1}8L 19! {y0c Sy o€l
(€}L90T00  {o}€6910°0  (p}P6ITO0  (L6PIOO  (¢ILPETO0 (3 ITLIO0  (z}P9810°0  (JTOPIO0  (1)SSEI00  (g)SOPIO0  (PEEIO0  (LEPIOO  {)STEIN0  (¢}SEEIO0  (qpbEPIO0  AVSY Ol
(e}ETEPO0  ()LVBED0 (4 LISPO0  ()SI9E00  (c)909S0°0  (1J09LEOD  (g}LEIEOD  ((}SE6EOD  (;j0EOMO0  (c)SOPEDOD  (z1)SSTHOO (1} I6VEDD  (o}EP6E00 (7 IEEEO0  (;O8IE00 G 0gl
(}SILTO0  (6}TOVTO0  (3}918C0°0  (}0TTTO0  {¢}680€0°0  (;}SOETO0  (o}1TTTO0  {(g)8LETO0  {;13SIVTO0  (p}P9ITO0  (£3TEITO0  (¢}8FITO0 (o} PEVTO0  (£}90TO0  (;}LP610°0 rq o ogl
(211892900 (1}S91S0°0 (53998900 (c}6TTSO0 (P90 (;3T9SCO0  {gP6SS00 (1 }1STIN0  (¢}96€90°0  (¢}SEOSO0  (6}0T6SO0  (9}8TSSOD  ((1}T0090°0  {}TOLYOO  (g}L80SO'0  (MFAAN  0€L
@OIEP00  (TOIPO0  (191SPO0  (o}618E00  (¢)SPEVO'0  (;J0T8E00D  (JL8IEO0  (g)SO6E00  [jSPIVO0  (1}199€0°0  (p)LSPPO0  (JLVPEODD  (g)SEOPO0  (7)L6EEO0  (;}0ITE00  (PFAN Ol
{L}TVSLO0  (1}S8ESO'0  (p}L6SBO0  (9}THBSO'0  (¢}S69PTO  (;}S86S0°0  {g}06L90°0  (¢}TLLLOO  (¢(}VEBLOD  (}6E6V0'0  (}ILILOO  (¢}8LSSOD  (o}9ETLO0  {3TTLYOO  (g}9S6¥0°0  (MASW  0€l
(}TETI00  (ILSTIO0  (¢}9SEI00  (0}688000 (113980100  (g}TT600°0  {;}01600°0  (}1L8000  (oPSOIO0 (1698000  (,}8YTI00  ((PLLOOD  (6)9S600°0  (7}S8900°0 (13149000  ($)HASW  0€l
{z1}6€61T0  (5}6L08T°0  (5}TEOPTO  (c}TOEBT'0  (cpPPLOYO  (1)89F61°0 {8)08S61°0  (1}8L8ITO  (¢}98€TTO  (31TILTO {6)0TLOTO (9ILVEOT'0  (1}L00ITO  (1}ELLITO  (¢j€08LIO  (¥)SVI  O€1
(1)€€9800  [o}POT800 ([} IE060°0  (9)8€9L00  (¢)069800  (;J0POLOD  (q}ELELOO  ()0I8LO0  ;1)06T800  (5)ETELOO  (p}EI6800  (P6890°0  (()0LOSO0  (7}€6L900  (;}0TKI00  (9)SVIA Ol

{enst! (s)vL iyl r)9¢ {sn€cl {6108 {eny¥01 {01}06 {)€¢C {s)cv )9 (Ll {11)66 {e)C€ {9)8S sy oL
{c}CEIE00  {or)8EVTO0  (g[)LLBTO0  (g}ESITO0  (p)STIE00  {11}0LSTOO  (71)€S8TO0  (}S9ITO0 (13906100 (9}S60TO0  (}1€0T00  (}060T0°0  (4)}8L0T00  {7}LE6IO0  (;)TEITO0O HVSV 0L
(€1}89S90°0  (6}1L9SO0  (5}S8890°0  (1}SPOYO0 (¢} PISLOO  (}899S0°0  (z}EPIO00  ([0}TISSO0  (}STLYOO  (}bTBYO0  (3SEPSO0  (}TSSPOO  (;1}€0190°0  {c}186V00  {o}€STSO0 wig oL
{e1}SLOE00 (o} 1T9E00  {g)€8THO0  (1}ELOEO0  (p)861F00  (c}LSSEO0  (7)PTBEOD  (g)SPSEO0  (}806T0°0  (¢}T86TO0  (,}P9EL00  (}6T8TO0  {[}S8LED'D  {g}P60E0'0  (9)TETEOD ra 0L
(G118SSTI0  ()880L00  (¢}6V660°0  {1}89990°0 (¢ }L8SEI0  (g}6T6LO0  (()8E6LO0  (g}L8IOI'0  (;J0S890°0  (IESLOTO (o PPPBOT0  (}IVL900  {}16S60°0  (7}8ELY00  (q}9THLOOD  (MAAN 0L
{on}LE6S00  {11}65T90°0  {¢)STOLO0  (1}9TTSO0  (71}08T900  (}T06S0°0  (5[}6TH900 (1989500  (¢}L6LYOO (186700 {o}PPSS0°0 (LLSYO0  (¢}S9€90°0  (c}9€ESO0  (;,}6€950°0  (PTAW 0L
GIOTIETO  ()€8860°0  (;1J09ELI0  (P6LOI0  (o}LTOSE0  (LILEID  (gLO6TI'0  (e}LFSOTO (189010 (;99STI0  (oSIIPI0  (;}01980°0  (£}0T681°0  (7)6VE600 (169110  (MASW 0L
(QUSPPTO0  {oyb1T200  (o)PLLTO0  ()THBIO0 (1 PPTTO0  (6)LTITO0  (5}S9STOO  (gJ€00T00  (}ESPIO0  (bPSI00  (o)SPRIOO  (1}68TI00  (¢}6SPTO0  (;}69910°0  (;}L8810°0  (HHASW  OL
(1) ISPOF0  (LOSYTO  (z)€T8PEQ  [[6EEETO  (oybSSLEO  (g)ISLLTO  (6)€8LLTO  (¢)€S9SED  (p}LL6ETO  (;)8SE9TO  (0)TSS6TO  (¢)€6SETO  (1)LISEED  (()€8SETO  (9)0665T0  (VSvId 0L
(OUELBITO  {}6ISTI0  [cJ0SOPTI'0  (1)TSPOT0  (¢}19STI0  (6)€0STI'0  (;}8S8TI0  (gJELEIT0  (}€6S600 (3696600  (9)88011°0  (}ESI600  (¢(}0SLTIO  (}1L90T0  (;}6LTIT°0  (P)SVIA  OL

[ {6)69 {en}t0l {0)9¢ {s18C1 {rycot {z1yt01 {o}¥s ()79 {s}CS {2)8¢ {1}t {ony¥L (Gl {r}0S syryX 0T
(411080900 (o1}SLEYO0  (¢}8Y8S00  ()OPYHO0  (7}008S0°0  (;}POLSO0  (gyPII900  (J6€THO0  (}980P00  (g)90PH00  ()TO6E00  (}10VPO0  (1ESIPO0  (}L86E00  (q}T6EFO0  HVSY 0T
{(pETOIT0 (o} I8E010  (z}€09TT0 (1} 1LS60°0  {g}ELETIO  (ePELITO  {1pE6SITO  ((}0ES60°0  (}8L660°0  {;}€69600  (¢}TSE600  (1}T60600  {cFSTOI'0  {c}TLS60'0  (9}S8S60°0 i 0c
GIPEELOO  (o1)SE890°0  (¢1}LLTLOO  (o)LEOSOD  (11}€80LO0  (}SSTLOO  {g}9SPLO0  (}THLSO0D  (;}TLO9OO  (c}6T8S00  (5}SO6S00  (f}SPLSOD  (6)T8TI00  (5)EL0900  (c}6£650°0 g 0T
{g1}STEOTO  ((}TOPTI0  (5}€8S0T0  (c}009FVI°0  (¢}€0IETO  (ITLYLIO  (9}TOLYI'0  (z}PO9LTO  {o1}60€LI°0  (TI9STO {6)SEI91°0 {p}C9EVT°0 {SILLOST'O  (eyP16E1°0  (¢)6S9ET°0  (MIIN 0T
GUELEITO  (e)T96110  (g)9EP0I0  [H0TEOI0  (¢)069TI0  z}€06I10  (}9TITIO (69600 (;}998600 (606600  (z}66260°0  (;)88L80°0 JSOIIT0  ()81T01°0  (6}1S801°0  (PFAN 0T
(c}LSTTEO  (1}TP6LTO  (5}€00E8°0  (o}P09LS'O (¢ |}06SHOTT  (g}I8E€TSO (611980 (11}960S90 (213086890  (}IPE6YO  (9)9180S0  (£}819SE0  (8ESISO  (pTSTIO (g IPPIFO  (DASW 0T
GOLETT0  (or)T8T800  (11)69S80°0  (}F61900  (c69SIT'0  (71)88S60°0  (g}6F001°0  (1)LVEIOD  (g}9VS900  ()LESIOO  (z}L96SOD  (1}99KSO0 (6} IPIB00  ,)9TLIOO  (g)9P9LO0  (PEASW 0T
(n8EITILO  [)8I9EF0  ()THOTLO  (g}101IS0  (g)6S808°0  (;1}0SII90  (g}8991S0  (7}SIONY0  ()T8S090  (JIPIVSO  ((TLYISO  (1}LITOSO (5816850  ()6698Y°0  (}808LF0  (Y)SVIE 0T
(ULPLTTO  ()€T6ET0  (5)TLBOTO  {;30¥90T0 (¢} I8€STO  (z1}SO8ETO  (p}€STSTO  (¢}L8E610  (p)TELOI0  ()81861°0  (7}86S81'0  (1}SLSLI'0  (o1}0£€TTO  (g}LEVOTO  (6}€0LITO  (P)SVIH 0T
ANTSIN dATISSIN ddsSIN a3 dosav dATVSIN dAvsIn 4avrt g8TM d4avrd 48710 dSdIN HINAD aav TN sq u

"'G'¢ =X ‘0'7 = ¢ UM SIINSBIW UONEB[NUIS JO SNSAY T I[qEL

© 2026 NSP

Natural Sciences Publishing Cor.


www.naturalspublishing.com/Journals.asp

R. H. Albayyat et al.: An inverse power lifetime model with decreasing and unimodal...

0
~
g}
—

)9l {0)68 {en8T1 {1}$9 {spyvel {6)S'8L {znySo1 {or}08 {59 {r)9¢ {s}SL {2)8¢ {is'88 {g)6C el g 00€
{e1}09010°0  {;150800°0  {5[}I8010°0 (1818000  {g}T9EI00  {o}6¥800°0  (£1}86800°0  {11}69800°0  (}€0L000  {{}SS9000  {g}118000  {5}90L000  {9}66L000  {g}8ILO00  (£}989000  HVSY  00¢
(GI)OEIE00  (PLYTO0  (g)T86TO0  (96ETO0  (¢}6TTEO0  {;}66STO0  (7)888T00  (4)TSSTO0  (9)TTVTO0  (4)SLETO0  {g)PSSTOO  {g)86TTO0  (01}06ST00  (¢}06TTO0  (j0LT200  "“a  00€
{c1}8€610°0  (1)9¥SI00  (¢}0€8I0°0  (p}PSPIO0  (p13¥9810°0  (pPI9I00  (£}L6LIO0 (g} 00 {9}66¥10°0 {c}S8PI00  (g}09ST10°0  ({}TTVIO0  {(1}69S10°0  {£}60¥10°0  {;}SOFI0°0 raq 00€
(1}L88YO0  (}68LEDD  (¢)TOLYOO (o)} IOVHO0  (¢)TT6SO0  (9)8S6E0°0  (7)S6VPO0  (g)LOEPO0  (¢)889E0°0  ()6L6E00 (1 6THPO0  (7)TO9EODD  ()EIEPOD  (1)9ELEOTD  (jPBEEO0D  (MTAN  00€
{p1}616€0°0 (g} 1L6TO0  {¢1}069€0°0  (c}806C0°0  {g}TO0SO0 (g6} THTEOD  {11}TSTEOO (g6} TPTEOD ;3056200 (QIESLTO0  (9)9€6T0°0  (5}068T0°0  (7}SLEEDD  (g}LTSTO0  {;3SOLTO0  (PHAN  00€
Gy IPT000  (9PI000  ()€TT000 (113902000  (¢}ESE000  (9}9S100°0  (7}01T000  (¢g)981000  (}EEI000  (,}L91000  ((}T0T000  (7)TEI000  (¢)981000  (1)SPI000  ((}L11000 (MASW  00€
GIT6TTO0  (H6LTIO0  (}900T00  (o}PTTIO0  [¢}P69E00  (6)8IFI00  [11}6€S100  (o}I6VI00  (g)68TI00 ;3100100  (}€0TIO0 (691100  (z}FS9100  (£)86010°0 (3901100  (PASW  00€
(#1}016E0°0  (}I€0E0°0  {¢}EEBEO0  {(}0TSEO0  (c}BELVO0  (g}LITEDD  {(¢}96SE00  (g}9PFEO'D  (J0S6TO0  ()€8IE00 (1 yPPSEO0  (£}T8BTO0  {(}ISPEODD  (1}686C0°0  {}L0LCO'0  (¥)SVIA  00€
GUSSLITO  (g)TI680°0  (}69011°0  (}PTL8O0  [¢}SLTSTO  (o}9TL600  {11}SSL60D  (6)STLEOD  (;}1S880°0  (}8ST8O'0  (9)80880°0 (699800  (z}9TIOI0  (c}08¥80°0 (13911800 ($)SVIE  00€

{enyocl {099 oyl {0}19 syl {6}0L {11)96 {zyt0l {s)8¥ {r}st {or}e8 {o)Le {8189 (G133 [ SyuryX 0re
(GI}6PTIO0  (}6S600°0  (¢)91TI00  (PS6000  (¢}6S9100  (g)9V600°0  (}L80100 (113950100 (c}PI800°0  {;}8SLO00  (;}688000  (c}808000  (9)1800°0  (¢}16L000 (608000 VSV 0T
{e1}SLYED0  (}L68TO0  (51}08SE00  (}L99TO0  {¢1}0LLEOD  {r}EI6C00  (£}STOEO0  (;[}6¥6C00  (5}6€9T0°0 {}8PSTO0  (g}S98T00  {9}TLITO0  {,}6TLTO0  {}¥SSTOO  {{}SO¥TO0 i orc
(e1)9EITO0  ()TIBIO0  (¢)0ETTO0  (H)E6SIO0  (pyP9ITO0  ()SISIO0  (7)TI8I00  ()8PLIOO  (}€TII00  (z)6SSI00  (g)€PLIO0  ({9)0L910°0  ()LLIIO0  ()P9SI00  (jLLpI00  “Pa  0OfT
GUSILSO0 (¢ EIEP00 (989500 (or}€96V0°0  (¢1PTSI00  (cp}ETEPO0  (11}I86V00  (¢}PLTSO0  (}99FF00  (o}8IEH00  (0SIVO0  ()€00K00 (g} I8VHO0  ()POIHO0 (1310800 (DIAN 04T
(NEEIPO0  (g)66VEDD  (41)98THO0  (PLIED0  (}ITI900  (or}LLSEO0  (}I9SE0D  (z1)096E0°0  (cJLBIEO0  (198IE00  ({;)TTIE00 (7 160E0°0  (1)6THEOD (o I6IE00  (1}1SOE00  (PHIN  0¥T
(i} 1TE000  ()T6I000  (1)LTE000  (11)SPTO00  (PTHO00  (5}061000  (p;)0FTO00 (713692000 (o}P61000  (,}POTO00  (g)€1T000  (g)891000  (()SITO00  (¢}L91000  (}PEI000  (MASW 0T
(1}S09T00  (1}6L9T00  (1)6T6T00  (g)8ESTO0 (3 [EPSO0  (g)SSLIOO  (p}€E8T00  (7}TOVTO0  (1)86FI00 (€100 (;}TT6I00  (1}89E100  (()6T8I00  (c}66VI00  (z)6LEI00  (HASW  0FT
(PIYTLSPO0  (cp}ISPEO0  (g)6VSPO0 (01} IL6E00  (¢}61TSO0  (cp}ISPEOO  (1)S86E0D  (7}61THO0  ()ELSEO0  (g}bSPEODD  (6)OTLEDD  (7)€OTEOD  (5)S8SEO0D  (¢}€8TEO0  (jIHOE00  (¥)SVIA 0T
(c1}86ETI0  (g)86Y010  (p}8S8TI0  ()€TS60°0  (c}P9E8T'0 (o IELOTO  (6}€8901°0  (¢}6L8IT0  (c}09S60°0  (1}LSS60°0  {11}L9801°0  (}VLT600  (}L8TOI0  (o}VLS600  (1}€S1600  (P)SVIE  0OVT

{ryIct {s)or {en911 w9 {s1}SET {6)C8 {111L6 {z1}801 9)5'8 {rH1e {or}¥8 {1161 {8)5°L9 {@)€C (R vy 00T
{p1}9TPI00  (g}8F010°0  {¢}LLEIOO  (}€8010°0  (¢}PPOI00  (o}€CITO0  (£}8LITO0  (;}9EIT00  {c}0S600°0 {1}SP800°0  (9}TIOT00  (£}¥68000  {,}6€0100  (1)876000  (}¥T6000  AVSY 00T
(IILEGEO0  (JITOE00  (c)618E00D  (g)SE0EO0  (yPPTHO0  (or)8STEOD  (7)ILEEDD  {11J0SEEDD  (c9)TEOE0D  ()0T6TO0 (6} ILIEDD  (g)L68TO0  (¢9)TE0E00  (;)LTRTO0  (z)LF8TO0  *™“a 00T
GUIIFT00  ()S9810°0  (}19€T00  (}0S810°0  (c}89PTO0  (;1}0TOTO0  (71}€90T00  (o}610T0°0  (g}€68100  (;}€0810°0  (6)80610°0  (}008I00  ()SESIO0  (J09LIOO  (3$9L100  *Pa 00T
(1}L0L900  (1}S00S0'0  {¢}9L6SO'0  (g}LTISOD  (c}BLILOTO  (g}LL6VO'D  {o}8VESO0 (1 }09ESO0  (}STBYOO  (H}LLIVOO  (g}LbPSO0  (¢}90SHO0  ((}681SO°0 (7} IPEVO'O  {;3p6IF00  (DTAN 00T
(@S6LYO0  ()00SE00  ()8TBHO0  (JLEIEOD  (c1}61690°0  (;0EIFO0 o} LSOVOD  (5}0S8FO0  (6}ISLEDD  {cJOISE00  (g)TILEDD  {}8SEE0T0  (,}L89E0T0  ()TISE00  (g}F8IE00  (PHAIN 00T
($1}9TP000  (PETO00  {¢3PLEOOO  (g}SSTOOD  (¢(}18TSO00  (1}1STO00  {91}00E00°0  (¢}81€000  (}8€TO00  (13PTTOO0 {1 ;3PI€000  (£}€61000  ((}06T000  (g}96100°0  {;}L8100°0  (MHSN 00T
(e1)9LTEO0  ((}LO9TOO  (7)LSTEDD  (jSHOTO0  (¢)TOLIOO  (}9PETO0  (;}19PTO0  (5}LLEEDD  (c)988I00  ()L08I00  ((TEITOO  {1)TEIIO0  (g)€1ITO0  (¢}69910°0  (9)6T6100 (HASW 00T
($1199€S0°0 ([} PO0V0'0 (¢} I8LYO0  (g}TOIVO0  (c}TPLSO0 (g} IB6E0°0  {o}8LTPO'0  (;}88THO'0  (J098E0D0  (1)TPLEO'D  (71}8SEVOD  (¢}SO9E00  (ISIPO0  (7TLVEO'0  {}SSECO'0  (N)SVIA 00T
(P8EPI0 (00SOI'0  (c)€8FPI0  (TI6010  (}LSLOTO  (}68ETI0 (o} ILITI0  (4}0SSPI'0  ()TSTIT0  (OESOI'0  (g)9E1I1°0  (13PL00I0  ()T90IT'0  (1)9ESOI0  (o)€SOIT'0  (PSVIE 00T

{r1}ecl {s}9 {e1}8T1 {L}6S {s1}S¢1 {s}1L {z1}S01 {11}96 {€}8€ wr {6}SL st {01}06 {0167 {061 Yy X 0€l
(G)TEBIO0  (gIEEI00  (g)6VLIO0  (g)8PPIO0  (cyPSPTO0  (}6TSI00  (1VESIO0  (7}OLSIO0  (;)OTTIO0  ((OSIIO0  (o}P6TI00  (gS8II00  (HE0EI00  (g}6€TIO0  (z)8LIIO0  AVSV  Ofl
GULTLPO0  (PEIE00  ()9S9V00  (EPLEOD  [o18SISO0  (o}900F00  (z1}SSSPO0  {5)066£0°0  (JOVSE00  (1LTIEO0  (g}P68E00  ()SBEE00 {1 1}LPOPOO  (9}9L9E00  (;}89TEO0 U@ 0€1
(#1}01620°0  {}1LTTO0  {¢1)998T0°0  (9}T8TTO0  {g1}986T0°0  {1}90STO0  (71}€€8T0°0  (}61FC0°0  (¢}8LITO0  (4}6€TTO0  (g)TOETO0  (7)€EITO0  {o}6¥PC00  (;}S8CCO0 (11710200 “a o€l
(1} T8LLOTO  (1}ESOSO0  (z)61TLOO  (}P1890°0  (¢}L66800  (;}L6SI00  (g)SETLOO  (o}TTEINO  ()6T6SO0  (9)SHO900  (g)SPLIOO (708000 (11} T110LO0  (;}96SS00  (¢)8TTSO0  (NTIN  O€1
(c1}SS8S00  (g)09SH00  (51}988S0°0  ()S8IVO0  (c}9LS800  (HTYSYOO  {113S60S0°0  (£}99S500  (}6TEVOO  (1)8IEVO0  (o;}ELOSO0  (}I86E00  (EV6HO0  ()TISKOO  (}LI0VO0  (PHAN  O€]
(+1}TT9000  (£}08T000  (}1SS000  (()6VP000  (¢}SIB000  (;}ITHO00  (;}S0S000  {o;}08Y000  (}09E000 (906000  (gyPbH000  ({1}LSTOO0  (7}€1SO00  (1)PSE000  (}b62000  (MASW  O€1
{en}EPLYO0  (16S0E0°0  (41}0SLYO’0  (H}PTLTO0  {g}69TTT0  (c}66LT00  (11}6¥6£0°0  (£}68TVO0  (¢}9£920°0 (018V8T0°0  ()P6EE00  (1}6E1TO0  {1}689€0°0 (1106200  (}1€9T0°0  (PASN  OEI
(p1}9TTI00  (JEPOVO'0  (7)SLLSOD  (}ISPSO0  (}86ILO0  (;)8LTSO0  (¢)88LSOD  ({o}8SPSO0  (JEPLYOO  (9)9E8PO0D  (g)96€S0°0  (7P90FO0 (113609500 (p)LLYHO0  ()€81F0°0 ()SVIA  Of1
(NS9SLI0  (g)I89ET0  (p)8S9LI0  (SSSTI0  ({g}6TLSTO  [,)LTIEN0  (11)S8TSIO  (£1}66991°0  (}886TI0  (;3#S6TI0  [o18ITSI0  (EV6IT0  (6T8VI0  (9)SESEI0  (31SOTI0  (PSVIE 01

{ey901 {L)88 {sv1)0EL {9)€S {sv1)0€L {58128 {o1}€8 {21,001 {s3C8 {s2}Lt {s8)C8 syt {11)<6 (el {ryst Spura 0L
(eOVLLTO0 (690000  (5)96LT00  {gPSITO0  [¢}9TSEO0  (o)TITTO0  {11}0EETO0  (¢}EIFTO0  (¢}6E8IO0  (;3SSLIOO  (o)€L6I00  (HPTBIO0  (,)600T00  (}9€610°0  (;}S¥8I00  HAVSY  OL
{en}L0190°0  (8PPS00 (g j0F690°0  (ILVISO0 (53 ISPO0°0  (11}9TISO0  (71}018S0°0  {p}T09S00  (9}L9TSO0  (1}SOISO0 (51805500 (g}SE0SO0  ({(169SSO°0  {}ELIVO0  (£}6L6¥0°0 i 0L
(1}86LEDO  (PTHEDD  ()9ITHO0  ()6TIE00  (}99LEOO (1 }LSPEOD (7} IHIE00  (JLTPEOO  (9)9LTEO0  ()TLIEDD  (o}6TPE00  (,)THIEDD  (;)86EE00  (;)TI6TO0 (7jThOE00  *a oL
(1399010 (9}SOT800  {¢}EEITIO  (6}99€60°0  (p}L6TII0  (g}L880°0  {{;}PLI6O0  {o}6LS60°0  (;}LE0800  (}ES6LO'0 (3679800 (¢}S8SLOD  (71}0€660°0  {1}66TLO0  {}90180°0 (MTIN 0L
(ULPE900  (1JLOSO00  ()09FLO0  (}SPI9N0  (}TI90I0  (5)9S890°0  (JOEEI00  (¢}0TTLOO  (g)L9990°0  (z}066S00  (z}0TOLOO  (5}1TTI00  (;1}LO0LO0  (;}LIBSO0  (9)9EE900  (PHAIN  OL
{e1}PSOT00  ($}0S900°0  {51}8IE€100  (}LS600°0  (¢}LSETO0  (g}PE€LOOO  {o1}IL600°0  (;1}086000  {¢}#€900°0 (c}LS900°0  (PTLO00  (£}8SS000  (7}1T0100  {{}LTSO00  (9}8L900°0  (MASN 0L
(LILEEID  (}ES0900  {pyPI6LO0  (JOLSSOD  {c)TSPOI0  (g)OPE900  (g}SPTI00  (z}9IPLOD  (or}S0990°0  (7}9SPSO0  ()TI6LO0  (1)TEISO0  (11}890L00  (1}EE0SO0 (109900  (PASW 0L
(c1}10S80°0  (9}P9S90°0  (}LOL600  ()E6VLOD  (p1}LEO6O0  (g)660L00  (;1}6ELLOD  (o}€99L0°0  (p}OEPI00  (€9E900  (,J€0690°0 (7890900  (z1}PP6LOO  (;}6E8SO0  (c)S8P90°0  (¥ISVIH  OL
(1} 1780T0  (1J0TS61°0 (1) I8€TTO  (PEPBI0  (}986I€0  (6}LISOTO  (c}166810  (¢}1991TO  (4)T000T0 (g} IL6LTI0  (z}6SOITO  (;}€9981°0  (11}TTOITO  (;3TOILI0 (91600610 (P)SVIH 0L

bl {r)6¥ {en)601 {9}C8 {s)0€l 819 {1)s6 {or}c6 {s)1s {6}18 {1}09 {1yoc {z1}£01 @y {e}Le RS K
(#1196290°0  (g}TLVFO0 (e} 1LT900  (616S9P00  (g}L9€80°0  {FI8FO0  {o}00LFO0  (7}ESSSO0  (()TSTHOO (369600 (}9SFHO0  (9SIF00  ()919F0°0  (1)8EEVO0 (1084700  HVSV 0z
GUSOEIT0  ([)LT860°0  (g)ESLITO  (9)60S60°0  (¢}EOETT0  ((}8T001'0  (7)TH8OI'0  (g}1S8600  (;)08E600  ()€68600  ({c}10S600  (g)STI6O0  (11)8VTOI0  (¢}0T680°0  (;)8€880°0 ™ 0T
H19TILO0  (r3SST90°0  {¢}€TELOO  ()098S0°0 (711685900  (;1}88T90°0  (¢}0T890°0  {,390090°0 {g}87850°0 {81STI90°0  (9}98850°0  ({6}T98S00  (6}LEIYO0  {£}S8SSO0  {{}0SESO0 raq 0T
(@)86Y610  (1)8LLST'0  ()STSOTO  (01}90081°0  (c}PSPITO  (g)00FO1'0  (;j0IE8I0  (g)060LI0  ()81091°0  (gEPSLIO  (,}6T691°0  (7j916F1'0  (¢}0SS61°0  (1}908V1°0  (¢)90SST'0  (MTIN 0T
(@L6SET0  ()SEOTI0  (o€OTET0 (3895010 (g}1T8OTO [ POLIT0  (IVETI0  (pj€99F1°0  (g96TTI0 (1 jTHTEI0  (SITTIO  (HI¥9010  (¢}06TPI0  (()8T8OI0 (o} ITITIO  (PHIN 0T
(e1)T66E0°0  ()9E9T00  (z1)TOLEDD  (EIEE00  (¢1}09SPO0  (1)88STO0  (o1)8SPEOD (L JLE6TO0  ()9VITO0  (;}ILIE0D  (g)SLOEOO  (1}L90TO0  (p}9LEVO0  (7)ELOTOO  ()S8STO0  (MHASW 0T
(OP80IE0  ()VTEOTO  (o}FBOSTO  (1TS610  (¢1TOITLO  (}SO9ETO  p1}0889T0  (p}PSOLEQD  (6}€E89TO  (¢}8TTIE0  (g)8089T0  (}S6EST0  (¢}9POSE0  (1}99L0TO  (;}SLYSTO  (PASW 0T
{21}86SST'0  (1}TTOTL0 (51} 0THOL0 (o }SOPPI0 (g} €9ILI0  (}0TIET0  (1}8YOVI'0  (g)TLOETO (ISI8TI0  (PEOVI'0  (EPSEI0  (-€E611°0  (ej0P9ST0  (13SYSII0  (¢)SOFTI'0  (MSVId 0T
(UTOIF0  (19019€°0  (o}60€6€0  {1POLIE0  [ciPOPTO0  [1€6TSE0  (}ETOLED  (,}066EF'0  (g}8889€°0  (;[}STLOE0  (}9V99€°0  (1TTOIE0  (¢1698TH0  (}V8YTE0  (9}T9€9€°0  (PSvid 0T
HANTSIN dAISSIN ddsSN a1 q0sav JATVSIN dAvsSIn 4davr1 dSTM 4david gs8710 dSdN HNAD 4av TN 54 u

‘' 0 =2 ‘0°¢ = ¢ USYM SAINSBAW UOTIR[AWIS JO SINSAY € I[qEL

© 2026 NSP

Natural Sciences Publishing Cor.



o
@
«
i)
<
=]
-
=
[}
=
=
o
<
on
-8
=
Z
i)
=
o
=
<
-
=
=
<
g
2
2
2
~
—~
\O
N
=}
N
~
0
o0
g}
—
!

o~
\O
g}
—
°
)
Z
=)
(3]
5
78}
4
=
—
£
=
=)
(=%
<

{enoll {or}8L {spy6cl )9 Ll {11166 bl {9 {e)s°6C {o}¥9 {6)$9L {s)5°6¢ {8)99 {2)8¢ ysel Yy X 00€
{e1)60E100  [o1}STOTI00  [;11S6E100 (5816000  (¢}II9100  {3S9010°0  (£3TITIO0 (51006000  (}9T8000  {o)6¥800°0  {¢4)TES000  (£)STRO00 ;1198000  (;}7T8000  {¢4)TES000  AVSY  00€
{e1}6Y0E0°0  {p[)€89T0°0  (5}9LTE00  ()THPTO0 (o }POLEOD'D  (11}€S8TO0  (¢}9P0E0'0  (69S9T0°0  (¢}61€T00  {9)0ISTO0  (g)69ST00  (5)91¥T00  {1}9FSTO0  (£}80€C00  {{}#0TTO0 wia 00¢
(1}69810°0  (p}€S9100  (5}06610°0  ()S6VI00  (g}P60TO0  (})LSLIOD  (£1}99810°0  (6J0E9100  (c}60VI00  (g}PTSIOO  (g)SSSIO0  (4}E6YIO0  (1)8ESIO0  (¢}10PI00  {}THEIOO q00g
{e1)COEE00  (9}6T8TO0  (5}E89E0°0  (}€0STO0  (}L91SO0  {1}6VOE00  (¢}0ITEOD  (5)SL8TO0 (cISLSTO0  (,9Y8TO0  {1}PS6TO0  (¢}STSTOO  (e}PP6TO0  (1}P9STOO  (1}9THTO0  (NTIN  00€
(e} 1LOV00  (p)6TIPO0 (¢} LVOSO0  (7)THSEODD  (7)9SSPO0  (;)ESSPO0  (p}08LYOT0  (}6VLEDD  ()PISEDD  (g)PEOMO0  (6)EPOVOT0  (;}0E8E0T0  (o)€08E0°0  (1)66SE0T0  {}LETEOO  (PHAW  00€
{e1}LO¥00°0  (9}SLTO00  {41}8LF00°0  {5}99T00°0 {s1}11010°0 (IPEE00'0  (7}L9€000  (5)00€00°0  {cz}LTTOO0  (,}€8T000  {(}0TE00°0  {¢g}LTTOOO (610000 (4)€ETO00  {3TITO00  (NDIASW  00€
(€1}S8200°0  (oPIZ000  (c}9EE000  (¢4)€L1000  (¢}682000  (;}PSTO00  (HrpLI€000  (c4)€LI000  (z)9S1000  ((}EITO00 (51802000  (,P61000  (9}I8100°0 (191000  (1}OE1000  (P)HASW  00€
(c1}L80S00  (g}EPTHO0  (p}PTSSOO  (HPSLEDD (o) ISLLOO  (;)ELSPO0  (¢}SI8YO0  (g)TIEPO0  (JTISEDO  (1}69THOO (o} IEPFO0  (¢}88LEOTD  (()91PPO0  (1)9PBE0T0  (1}6€9€00  (M)SVIA  00€
(ePOTHO0  (o)9ILEOD  (c}EVSHO0  ()881E00  (z()00IFO0  (;)L60FO0 () TOEHO0  (JPLEEDD  (¢)80TEDD  (g)0E9E00  (6}6EIE00  {LPPEOO  (o)€THEOD  (1}6ETEO0  (;}€1620°0  (P)SVIA  00€

fenp1ct for}L8 {sny8cl {€)9¥ (ryset (ys'L6 eIl {8)98 {2)5C {s9}€S {s9)€S {r}0S {s)Cs {6}C9 ! REC K
{enOLVI00 o ISTIO0  (p3I8YI00  (qPITI00  (}S9910°0  (113TCTIO0  (¢}86T10°0  (5}F9600°0  (1}€E6000  {¢}LS6000 (g7 1010°0 {1}88600°0  {}SY600°0  (c}6L600°0  {9}£€8600°0 avsy - ore
(e} 119€0°0  (o)L68TO0  (5}LSIED0  (9)TLLTO0  (g)860F00  (;)LPIE00  (¢}PPPE00  (g)00820°0  (7)6V9T00  (1)OILTO0  (6)S68TO0  (PLLTOO  (¢)889T00  (}91LTO0  (;3STSTOO @ 0¥
{e1}L1TT00  {p}08LIO0  (41}6€CTO0 ;3669100 {s1}85€20°0 {(upP6100  (£1}9€1T00  (}19910°0 {3 119100 {p}€€910°0 {6}LLLTOO {8)81L10°0 {e}91910°0  (9}€9910°0  {1}9¥S10°0 raq orc
(c1)9S6£0°0  (6}L8IE00  (p}€OIHO0  (PESTO0  (g)SESSOD  (oPSTEOD (g1} IPSEO0  (1)STHEOD  (P0STO0  (EIIE00  (JEIOSO0  (1)606T00  (g)LEIEO0  (g)OEOE00  (}€8920°0  (MHAW 04T
(p1}TI8S00  [}66VP0°0  (c1}6L6SO0  [c}6L6EDD  (c1}0L6VO0  (¢1J0L6VO0  (¢}SITSOO  (fSI6E00  (11TEOKO0  (g)STIVOO  (JOTIVO0  {}08IV00  (g)0ETHO0  (6}06THO'0  (;3SILEDD  (PTIN  0O¥T
{c1}67S000  (6}SSE00°0  (51}9LS000  (¢}TTEO00  {c13L9010°0  {1}S9L00°0  (¢3SPPO00 (1} IEP000  (}S6T000  (g}TSE000  (1}SIE000  (g}6LTO00  (g}8EE00°0  {,}LPEOO'0  {1}8L200°0  (MASW  0¥T
{cVEVO00  [o}8FT000 ;131000 [,361T000  (o(}66T000 (113662000  {c}SPE000 (73002000 (F1T000  (g)STTO00  ((1TITO00  (,}EITO00  ([9}81TO00  (6}€FCO00  (13S81000  (HASW  0PT
{e1}PE6SO0 (6} I8LVO0  (p}PSI900  (¢}TSTHOO (g} €0E80°0  {}STOVO0  (¢3TIESO0 (1 }LEISOO  (390THO0  (JOLIPOO  (}6ISPO0  (pP9EVO0  (g)90LVO0  (g}SPSPO'0  (}STOVO0  (NSVIA  0¥T
(1} TETSO0  ()6V0P00 (¢} I8ESO0 () I8SE0D (¢ JELVPOO (¢ JELVPOO  (¢)8ELVO0  (PTSEDD  (1)8TIED0  (g)EILEOD  (}8OLEO0  (;)TILEOD  (g)LOBEO0  (6}198€0°0  (}68€€00  (P)SVIA  O¥T

{s1y6Cl (s}1L {en}0Tl {c}6C {rpLel {on}LL {e13L01 {o}0L {s}1L i {se)€€ (5144 {sy1L {se)€€ o1 sy 00T
169100 ()8ETIO0  (¢}PLIIO0  (H9STIO0  (g)0TOTO0  (;)THEIOD  (¢}0ESIO0  (gIITIO0 (13920100  (g)9TII00  (}IOI100  (1)S6010°0  (o}S9TI00  (¢}T8OI00 (7080100  HVSV 00T
{#1}00070°0  (p1}98CE0°0  (¢}¥88E0°0  (}SL6TOO {sn}PCrr0'0 {11}10EE00  (£}LEIE00  ((}661€0°0 {9}8TI1E0°0 {}171€0°0 {$}SE0L0°0 {¢}¥90£0°0 {s}18I€0°0  {;}€S6T00  (¢}¥S6TO0 i 00T
GUPTPTO0  (PH0T00 (¢} 10VT00  (OE8I00  (g)€ISTO0 (L1020 (£}0PTTO0  (6)0T6I00  (JELBIO0 (9888100  (£}0TBIO0  (;JL0610°0  (gjPI610°0  (j}ELLIOO (5 TE8I00 00T
(pPISPO0  (p}ESEE00  (¢}9ITHOO (716000 (o}LIE900  (;}E0LEO0 (1 ;}108E0°0  {o}E8LEOD  (6}6LLEDD  (7}9V8EOD  (o}€6SE0T0  (¢JLOTEO0  (g)9ILEDO  (}8LPEOT0  (;}€T6C00  (WTIN 00T
511602900 {1}S8TSO0  (5}TTO900  (}LLFFOO  (£}915S0°0 (8)T81S00 (1895500 (c}099V0'0  {1}LLESOD  (FSTSOO  {(}E9EKO0  (9}€08Y00  (L}8LEVO0  (p}EPSHO0  (gybIFFO0  (HFIN 00T
($1}TOLO00  (H}ETYO00  (¢}EP9000  ()S8E000  ()88ET00  (1)89Y000  (11}86Y000  (o)T6PO00  (6)LLVOOO  (£}T0S000  (g}8EPO00  (f}LPEO00  (g)9LPO00  (}EEPO0T0  (;3PIE000  (MEASW 00T
{s1)E6Y00°0  (6}LTEO00  (p}ESPO00  (}6STOO0  {¢1}88€00°0 (8)61€000  (z1}F8€00°0  (4}9LT000 (o1} IVE000  (;}ESE000  (£0STOO0  (93T8TO00  {L}TIE000  (c}I8TO00  (13b+T000  (PHASW 00T
(+1}9P890°0  (;}OE0SO0  (¢}PTEIOO  (7)9E9PO0  (g)9LV6O0  (;)FSSSO0  (;)TOLSOO  (or}SLISOO  (5)699S0°0  (z}69LSO0D  (9)68ESO0  (¢}OSLYOO  (g)SLSSOO  (}91TSO0  (;}S8EKO0  (W)SVIA 00T
{s1}885S0°0  (or}LSLYO0  (41}0TYSO0  (}6T0F0°0 {z1}596¥0°0 {3}799¥0°0 {e1}110S0°0  {}P61F00  {11}6E€8Y0°0  ({6}6CLF00 {1}LT6£0°0 {9}€TEVO0 (JO8FFO0  (1)880V0°0  (£)€L6E00  (§)SVIE 00T

{r1}sTl {11}06 {en811 {r}or {s1y9Tl (8)9L {z}stl {01198 (o {6}V8 {98 ! {e)6C (Bl wle Sy 0gl
(NEEVTO0  (g)60L100  (7}8EETO0  ([9}8L910°0  (¢[}TESTOO  (o€1610°0  (,1189LT00  (11}S66100  (;3L6910°0  (g)SILIO0  (¥PSI00  ()9THIO0 ([ LLEIOO  (}9L910°0  (;}8EEI00  AVSY  Ofl
(p1IL90SO0  (ILETYO0  (yTS8PO0  {1)996£0°0  (}90SSO0  (g9POMO0  (zr}L8LYO0  (on)861F00  (g)ESBE00D  (g)TO0KO0  (FOSE00D  (1}TOSE00  (7)609E00  (;OLIE0D  (c}099€00 @ OEl
H1)080E00  [11}88STO0  (z1}9V6T00  ([)TLYTO0  (¢}6TIE00  (o}LISTO0  {c}8L6TO0  (6)SISTO0  (g}TBETOO  {)LTHTO0  (}86TTO0  (;}I81TO0  (-80TTO0  (;}¥STTO0O  (c}TSTTO0O g ogl
{€1)08SS00  {p}9T8Y00  (5}9¥9S00  (£}819€0°0  {¢}SS8LOO (901P0°0  (EVBPO0 (¢} IS8PO0  (g}ELOVO'0  (GLOLPO'O  (g}6LEVO'0  (}6TSEO0  {(}PTOPO'0  (4}I86E0°0  (¢)€1LEO0  (DTAN  O€l
(sI}TPOLO0  (p)T6990°0  (¢1}TITLOO  (1)8L9S00  (z)9L0LO0  (6)TOTIO0  (p}6LILOT0  (;}610900  (g)TII900  (;}LF8I00  (}99LSO0  (;}LPOSOO  (¢}I6SSO0  (9)66850°0  (-)8€SSO0  (HHAW  OEl
{en}L9010°0  {p[}€0800°0  (5}LOTIO0  (c}PESO00  {c}€9CTO0 {9}66S00°0 (713988000 {11)€L8000  (;1S19000  ({6}€8L00°0  (5}8¥900°0 (1IE9P00°0  (4)LLSOO0  (c}6LSO00  {¢j6LV000  (MHSIN  O€I
(c1}91800°0 (19000 (¢11P9900°0  (1)81F000  (£)0V9000  (6)SISO00  (p}9LLO0TO  (;}89K000  (g)P8HO00  (;)T9S000  (}0THOO0  (;}6TEO00  (¢}LO6EODO  (g)8EPO00  (7}6LE00D  (PASN  OEl
{g1}69€80°0  {[}6€TLO0  (41}69¥80°0  {¢}LTFSO'O {c1}T8LITO {£}6S190°0 (1S9TLO0  (£1)9LTLO0  {9}60190°0 {6)961L0°0 {8189590°0 {1}£6250°0 (c}LEO90'0 (1} 1L6SO0  (¢)OLSSO0  (¥)SVIA  O€T
()SPILO0  (p)€2090°0  (¢}9€S90°0  ()01ISO0  (£)69€90°0  (6}9€9S0°0  (p)TI6900  (,LIFSOO  (g)9VSSO0  (}T9190°0  (c}68ISO0  (;)THSHOO  (¢JTEOSO0  (9)60ESO0  (7P86H00  (P)SVIA  OEl

{en¥cl (LS {eny911 [ pylel {or}€6 fenstt {s)1s {9)9S {6)€L {8)8S ey {13101 e {91 Sy X oL
{on)6¥Iv00  (9}S8FE00  {1FTEFO0  (}PI0E00  {c}SFTSO0 {}8ILEDD  (¢}6SSYO0  (g}LTOFO0  ()9LOFOO (gt ¥HP0'0  (1S9STO0  (}9VETO0 (1} 169V0°0 () PLFTO0  (5)9L8T00 avsy 0L
H1ISS900  (61S9VSO0  [¢1SIS900  [;3080S0°0  {¢}6E0LO0  {o}F69S00 (1 }FBEYD0  (061S00  (}616V00  (o)SPISO0  (g}€0ES00  (}L80SO0  (;}LSLSO0  (;}SS9PO0  (-}TL8YOO wueq oL
{en)9L6E00  (EEIPEDD  (pLI0FO0  (}STIEO0  (c}L80VO'0  (11}TOSE00  (¢}€68€0°0  (£}891€0°0  (£}€96T00  (5)TE0LO0  (g)98CTEO0  {g)8FIE00  ((}€8FE00  {1}0¥8TO0  {¢}0€0E0°0 “a 0L
(1} IL6LOTO  (¢JEOSSO0 (¢} LVVLOO  (p)PPSSO0  (g)LPEGOD  (o}€6Y90°0  (¢1}LEOLOO  (o}LVLSOO  ()S80900  (6)TOI900  (;}9€8SO0  (c}9SSSO0  {1}L0S900  (f}8LYSOO  (;)LPLKOO  (MHIN 0L
{s1}L6TOI0  (1TLEBO'O  (¢}60L60°0  (1)8L8LOO {01}26680°0 {z1}LST60°0  (51}SOTOI'0  {¢}6LTLOO {c}6L6LOO {6}£0S80°0 {£y98080°0 (91610800 (113950600 (7} 161200  (;}PLILOO  (PHIIN 0L
HS9IT00  (£)S9010°0  (¢}08810°0  ()€9T100  (g)SSTEOD (31100 (¢1}ITLIOO  (g)€SEI00  (6)6SEI00  (;)T6TIO0  (g)86110°0  (¢}I18010°0  (oPISIO0 (5660100  {3£98000  (MASW 0L
(cILOSIO0  (6}ST6000  (¢1}19T100  (1)88L00°0  {;}0SOI00 (3910100  (5}TOEI00  (¢}TTLOOD ;1868000  (g}S0600°0  {c}66L00°0  (9}0TBO00  (z3PLOIOD  (;}EP9000  (£}LS9000  (PHASN 0L
pn9S6I10  (PST8O0 (e ILIIT0  (;)91€80°0  (c0TOFI'0  {or)OPL600  (}9SSOI'0  (9)0T980°0  (g)8TI600  (()TSI600  (PSLOO  (PEEBO0  (1}I9L60°0  (z)LIT8O0  (1j0TILOO  ()SVId 0L
(eIILITO00  (g)SESLOT0  (¢18ELBOD  [1}060L00  {o}€6080°0 (7} IFTBO0  (3S8I60°0  (}1SS900  (JI8ILO0  (g)€S9LOT0  (;JLLTLOO  (o)LITLOO  (;j0SISO0  (}TLPOOO  (;3LSPO00  (P)SVIA  OL

{entll {9}29 {snyocl {2)s¢C ry8Il (b0l {s)98 {6}0L {syeL {o1}68 {0)$9 {£}6¢C {rytor e el Surg 0T
(€190T0  {[JLYEITO  (g)0SLEED  (1)O8PTI0  (}LEOITO  (6)80TTTO  ()6S9IT0  (g)I8EITO  (¢)TIE6TO  (p}1ESIE0  (0)6S8TTO  (()THLBOO  (¢)6SPEP'D  (}9P99T0  (;1LS9800  HVSY 0T
1y ILOTT0  (g)SPIOL0 (¢} IVCIT'0  (1}PEL600 {s1}66TC1°0 {1}0C0IT°0  {or}0STOT°0  {17}€6T01°0  {,}08001°0 {5}85860°0 {9}¥5660°0 {2}29060°0 {6}86101°0  {¢106060°0  {{}79880°0 i 0T
(U IPTLOO (1) P8F90°0  (¢1196890°0  (HPII900  ()LL6900  (z}€S890°0  (o}EIPI00  (g)01TI00  (6€1TI00  (;)8T0900  (g}80190°0  (¢}LIBSOO  (c}LPO9DO  (¢}ELSSOO  {1}89ES0°0 g 0T
{Z1)9EIPI0 (1980010  (41}89SPI°0  (£}18€60°0 {s1}098LT°0 {01}S89C1°0 {9}6LIIT°0 {6}8L9T1°0 {)PCTTI'0  (;}89LTT°0  (,}901TT°0 HILTOI0  (eTHIVI0  (g)SI0IT0  {1}88T600  (MIYIN 0T
(PITELLIO  (gTLTIT0  (y€0ILI0  (1)TOLTIO  (6PLII0  (¢j096LI0  (€6SST0  (566P91°0  (9)808S1°0  (7)T6891°0  (,}€S6ST°0  (18TEFI0  (}96S91°0  (}ELLELD  (fSPIEI0  (HFIN 0T
(21}TO6LI00  (1)8L8ED0  (¢JOLSLOO  ()69SE0D  (c)8TVTI0  (gJLLESOO  (9}STOPOD (61169500 (or}918S0°0  (;}PITI00  ([}LLTSOO  (}96YE00  (5}PETO0  (}6SEVOO  (1396T€00  (MEASW 0T
{(SFTTHO0  (p)9EFE0D  (5}6E6E0°0  ()SSITO0  {)ELSEOD  ()0T6E00  (JOSTEND  (,JLVTEDD  (g}€LIEDD  ((}LTVEDD  (g)0SEE00  (1)STSTOO  (7}16SE00  (¢}TOPTO0  (700ZT00  (PHSN 0T
(@POTITO  (J6TIST0  (5)TS8ITO  (7)TLOVI0  (c)06L9TO  (}8T061°0  (9}89L91°0  (6)LI061°0  (g)SEEBI0  (jTSIGI0  (;}6SI8I0  (1JOPESIO  (¢)€ITITO  (GJ€TSIIO  {;)TE6ETO  (NSVIA 0T
{p1}6S6ST°0  {g}SPOVI'0  (¢}T6ESI'0  (}€ISITO {11}PL0ST°0 {s1}¥9191°0 {IVEOPI'0  (6)6V8Y1°0 {9}LTTPI0  (£1}C0TSI'0  {LSEVIO (11S68T1°0 (o1 19E6Y1°0  (¢)96€TI0  (7j0€8I1°0  (P)svid 0T

HJANTSIN dAISSIN ddsSIN a3 dosav dATVSIN dAVSIN d4avrt g8TM david ds710 dSdN JINAD aav 1IN sq u

ST =X ‘6’0 = ¢ UM SIINSBIW UONEB[NWIS JO SINSAY i I[qEL

© 2026 NSP

Natural Sciences Publishing Cor.


www.naturalspublishing.com/Journals.asp

R. H. Albayyat et al.: An inverse power lifetime model with decreasing and unimodal...

=3
=
v
—

{enptll (8}€9 {ry0ct ()P {sySel o} 18 {11001 {zycol {e)S1e {9}68 {6)0L @ ey s e g 00€
{en)OEEI00  {oEPII00  (5)89E100  (PPOI00  {¢iPPSIO0  ((}LETIO0  (¢}LIEI00  {g}€00I00  (5}L6600°0  {£}91010°0  (¢}T86000  {9}S00I00  {1}09600°0 {z}€96000  (g)81010°0  AVSV ~ 00¢
(c}LSTE00  ()68STO0  (5)98IE0°0  (g)LEVTOO  (¢)9V6EOD  ()19STOO  (£1}6SLTO0  {11}ITLTO0  (¢)88ETOD  ()EISTOO  (g)6€ST00  (}POETO0  (}9EPTO0  (1)TEETO0  (79T€CO0 @ 00€
{e1}C8610°0 (o} 119100 {41}S6610°0  {/THPSIO0  {g}60TTO0  {}L8SIO0  {z}PILI00 {c¢}097100  {9}6€S10°0 {3}ESSIO0  ((}IEPIO0  (}8IFI00  {¢g}09FI00  (7¥SPIO0 “rq 00€
(1}8LOYO0  (}6SBED0  (¢}8LSKOO  (1}I9EE00  (¢)€6890°0 (o)} IFTHOO (7} IFSPO0  (1)8VEPOD  (p)LPBEOD  ()T60PO0 (o €61F00  ()PELEDD  (g)0TOVO0  (1)SPOVO0 (7 11PE00  (MDHAWN  00€
{nSLLYO0  (91698€0°0  (¢1}0€6¥0°0  {o1}L61F00  {g}STI600  (}€80V0°0  ({}SPIVO0  ($1}T0TSO0 (¢} 1TLEOO {c1958€0°0 (L18S0F00  (7}€09€0°0  (1}TEFFO0  (;}OSLEOD  (TIPEODO  (HFTIW  00€
GIE6TTIO  (J9PPBO0  (¢)TELITO  (7J0SOLOO  (¢}6V8LTO  (q)LIS600  (zyITLITO  (1ITIII0  (1)P8080°0  ()THP60'0  (o}PSO0I0  ()SI6LOD  (g)SEE600  (;}19€60°0  (1}TLI900  (MHSW  00€
(1)0€650°0  (91TT6E00  (¢}01090°0  (g}SISPO0  (¢}08LOTO (3060700 (o}0SSHO0  (5}TS690°0  (()THSEDD  (}8SIE00  (()TESPOO  (13STE00  {}SP8YO0 () I€9E00  (£)S9TE00  (HHSN  00€
(#1}0L08T0  (}9SIETO  (¢}99VLTO  (13P910T0  {}SSEIV0  {oyOPPSTO (¢} LVTLTO  {11}1609T°0  (5)080€T0  (g)€SSHTO  (6)091STO  {c}POVCTO  (}L1IFTO {UELTYTO  (7S90T0  (NSVIA  00€
(1660610 (o}SLYST0 ¢} 1TLOI0  (o}L8LO10  (¢}09FIE0  (g}IEEIT'0 (51085910  (5}L08OTO  (c}S88PI0  (bTHSI0  (;}EETII0  (TIPPI0  {}8TLLI0  (;)000SI0  (}6V9E1°0  (P)SVIA  00€

)9l {0}88 {e}601 {1}6S {sysel {6}£8 {126 {z1}86 {r}9¢ @€ {8)89 {e)€€ {or)$8 {syc¥ {1yst I 0vT
H1}90S100  (p)9TI00  (¢)TOYIO0  (TLITOO  (¢)699100  (;1}I8EI00  (z}€OPIO0  (1)60I10°0 (901100  (LTII00 (7160100  (g)TSTIO0  (o}IEIT00  (;}8LOI0T0  (,8Y1100  HVSY  ObCT
p1ISI19€0°0 (V16200 (¢)8TELO0  (,}6€8TO°0  {opLVIVO0  (1TTIE00  (£1}691€0°0  {o1}TLOLOO  (}PTPCO0 {£106920°0 {310S8T0°0  ()}€TLTO0  {9}96LTO0 {e}TPLTO0  (7)9L¥T00 i orc
GIOPTTO0 (1181000  (¢}P60TO0  (gJ08LI00  (¢)61€C00  (;1}09610°0  (£}TLOIO0  (p1}09810°0  ()SLFIOD  (S9910°0  (,4TSLIOD (o) IOLIOD  (;J08910°0  (c}S6910°0  (7I¥SI00  *¥a@  ope
GILTSSO0  (E8EV00  (1}I88V00  (1}T88E00  (¢}619LO0 (o) PL8YOD  (6}LS8YOD  (¢}086P00  (;}IESPO0  (o}9PPHO0  (g)EVSPO0  (OFIPO0  (}0STSO0  (OIFHO0  (jP6rE00  (MIAW  0bT
(r1}69SS0°0  (9)88THO0 (£} E0ESO0  (orjTEBKOD  (cy[IL600  (;}E8SPO0  (JE6LFOD  (¢1)9IFSO0  ()SOIPO0  (1}SO0V0'0  (g)69LFO0  (z)6LOVOO  {;}SS8HO0  (ILTHO0  (nEEIPO0  (HFAN  0bT
(PIJELSOTO  (pSLLOTO  (z1JOSSET'O  (7)96€60°0  (c)EEOPED  (6)6L9TI'0  (o)88EET0  (;1}69VEID  (TIONTI0  (6L60I'0  (g)SSITI'O  ()TES600  (e)P6THI0 (o} ISEITO (13991200  (MASW  0bT
(p1)9TP80°0 (o} I¥8F00  (£1}0€690°0  (5}SI1090°0  {¢}S609T0  (;}8I1SO0  ((1}TITI00 (¢} PEELOO  (5)9TEVO'0  {1PEOVO'0  (11}8€T90°0  {¢}0SIFOO  {g}¥THSO0 (ILYSPO0  (¢)8TTHO0  (PHSIN  0FCT
(r}OSIEE0  (1J00SITO (1 1}P8T6TO  (HE6TETO  (c)9ILSKO  (o)EPT6TO  (gTHI6TO  (7)0886T0  ()L8ILTO  (9)SLI9TO  (g)6STLTO  (c)OP8PTO  (g)6LEIED  (c}6SPITO  (;}S960T0 (NSVIE  0bT
{p1}SLTTTO  {}€SILIO  (£}€ITITO  {p}6TEO6L'0  (o}EV8BE0  (PEEBIO (6} ILI6I0  (¢}€99ITO (g} 1THII°0 {1}61091°0 (SILLOGI'O  (7)81€91°0  ()8IF6I0  ()T8OLI'0  (1)€ESOI'0  (P)SVIA  0vT

{enpL1l {1)09 {r1}sTl {s)St {s1}S€1 {818 {s'11)06 {s'11}06 {£}6C nlr {o}s8 {2}9¢ {6}€8 {9187 (st Spurg< 00T
{$1}86910°0  (p}8SYIO0  (¢}¥TOI00  (g}9LTIO0  {g}PP8I00  (;}6ISIO0  (£}TLSTO0  (4}L6110°0 {1}99110°0 {£}CTTIO0 {}E0TI00  (7)9LITI00  {9}SOTIO0O {e}C8ITI0°0  {6)LLTIO0  HVSV 00T
() TILEOO  (o)0ETEOD (4 PI6E00  (1)LV6TO0  (g)€9SPO0  (;1)SPEED0  (£}9THEO0  ([)6EIE00  (}IF8TO0  (PI6TO0  (g)ESTE0D  (o)bTOLO0D  (6)09IE0°0  (c}086T00  ()L68200 @ 00T
(€1)96TT00  [o1}TTOTO0  (p}91PTO0  (;}0E810°0  (¢}6¥STOO  {11}611T0°0  (£}6TITO0  (o}6L810°0  (1}LVLIOO  (€6LI00 (13668100  (g716100  (6LI6100  (}pb8I00  (£j08LI00  *¥@ 00T
{c1}0£680°0  (13L66V0°0  (}8FFI0°0  (EIPPO0 (399800  (g}ITISO0  ((J061SO0  (71}LSESOO  {}LLLPO'O  (5}SIOPO0  (}LLTSO0  (}6ESPO0  (91}99TSO0  {9}0P8FO0  (¢}PI9V00  (MHIN 00T
(16500 (}S9SPO0  [;1}€STIO0  (;1L91SO0  ({¢}0E901°0  (g}06TSO0  (o}THESOO  (£1}9S8S00  (¢}ITSPO0  (}6T8Y0°0 ([} ILVSO0  ([)TSTHOO  (6)0TESOD  (}€69K00  (3T6IF00  (HFIW 00T
{e1}SLIOTO  {}60SET0  (p1}SILETO  ($}€SIEN0  (g}9ILEV'D  (g}00SPI'0  (61€6TST°0  (¢[}1STOI0  (g)8L9ET'0 (IOVTI0  (oryTLESTO  (1yILTIT0  (1019S1°0 (3 ISLETD  (7}09LIT0  (MASW 00T
(21}LS8800  (¢}9ESSO0 (4} IPION0  (6)901L0°0  (¢)6L6IE0 (5196900  (;)8SS90°0  (¢}LTI600  (1)THSSO0  ()T68SO0 (1 1}E9BLOT0  ()TEEPOD  (}L8LLOD  (g}8TIY00  (7166V00 (PHSW 00T
{c1}I8SSE0  (1}€866T0  (11}9898E€°0  (1}8LYITO  {c}E€661S0  (g)8TLOCO  ()EPIIE0  (z}OVITE0  (}€998TO  (1}889LTO {1 1}F99IE€0  (}9ETLTO  (o}L6STE0  (9}8€06T0  (¢}€89LT0  (NSVIA 00T
(e1)0S9ETO  (1TITBI0  (5)TIOSTO  {;}L990TO  (¢)8ISTHO  (g)I91ITO  ()89EITO  (7)ETHETO  (¢)SBO8I'0  (g)SIEGI0  (11}S8BITO  (z)600LI'0  (6)6LTITO  (}PLLBIO  (;369L91°0 (§)SVIE 00T

{en}STI {s)9L {r1}611 {yeL {s1}S€1 {(11}L8 {6}78 {x1116 {sycr {o}6 {e}S7E (st {o1}5's8 e {r}17 Sy X 0gl
(e1)29020°0  (or}10810°0 (3101200 (5)68S10°0  (cjTOITO0  (11)69810°0  (z1PL6I00  (z}OSPIO0  (EEPIO0D  (F6PI00  (cg)86YI00  (0ISIO0 (¢g)86V100  (L9PI00  (5)8TSIO0  AVSY  OEl
H1688Y00 [ ISTPO0  [e}6LLYO0  (g}€06€0°0  ([¢}66VSO0  [o}0POV00  (z}SLYHO0  (gPEOVO0  (}999E00  (}6ILEOD  (TISEO0  (;}LI9EEO0  (HLILEDD  (o)SOLEOD  (jTI8E00 @ Ogl
{p1}810€0°0  {11)S6STO0  {¢}F96T00  (6}9SFTO0 (¢} POIE00  {o1}S6FTO0  (£}TV8TO0  (g)9FPTO0  (5)TICCO0  {g)TOETO0  (g}LSITO0  {1}E0ITO0  {¢}STTTO0 {9}0SETO0  {£}L6ETO0 “a U3
(+1)T8080°0  (6)STTIOO  (¢)8THLOO  (1)€€9S0°0  ()8LS600  (01}6SEI00  (5)89190°0  (7}09V90°0  ()E6LSOD  (,)SEI900  (9)TOSSO0  (}LOISOD  {;)TLEIOD  (¢}00SSO0  (7}61€S00  (MHAWN  O€l
(n1LOLO0  ()€€TI00  (1}LISLOO  (o}€6L90°0 (g} IOSEI0  (6}9€590°0  (g}L8TI0°0  (71}ISILOO  (g}FSTI900  ()€V8SO0  ((}€€8S00  (1}10€S0°0  (¢}T8ILO0  (;)088S00  {c}668500  (PITAW  O€I
(1} I89VE0  (g)08IITO  (¢JELE6TO  ({[JLIBITO  (o)LILESD  ()€06TTO  (g)€V8TTO  (p1}9T6ETO  (¢)S8LOI'0  (11)6I0VTO  (5)€H061°0  ()6LOST'0  (7)SSPPTO  (¢}SLOLIO  (7)1TEIT0  (MASW  O€l
{o1}P6TTI0  (9}LOL600  (£1}8T9ET°0  {[}LESTIO  (¢}ESISSO (g} ITION0  (g}STO0T°0  (4[}866F10  {;306860°0 {p}£6¥60°0 (c}0SS600 (13506900 (¢}SLOET0  (7}€VS800  (¢}LSO60°0  (PHASN Ol
(GJEOY8Y0  (8PELEQ  (¢JOLSPFO  (1)96LEED  (c)SOPLSO  (o1)9SISE0  (g)LOOLE'D  (71)TILBE'D  ()9SLPED  (,)TIBIED  (9)SIBPED  ()0PIOE0  {}PETBED  (¢}866TE0  (-)SI6IE0  (NSVIE  O€l
()E8T8TO  (JTE6YTO  (511LITOS0  (o)TLILTO  (¢}E0TSSO  (6)SPIOTO  (}9PISTO  (¢}FTLYTO  (g}919PTO  (JILEETO  ((JEEEETO  (13SOTITO  (}6TL8TO  (,}1TSETO  ()L6SETO  (P)SVIA  O€l

{en}911 {1199 {p1}y€Cl {seyIv {siyI€l {6169 {01}08 {z1)86 {s)6¥ {o}1S {se}1¥ mlc {1126 {3)89 {t¥e syuvy X 0L
(cIIL90E00  [o1}68FC00  ;1}0L6TO0  (;3LITTO0  (¢}PE6TO0  {113SEITO0  (£}0LLTO0 (1690200  (}€60TO0  (61S9TTO0  ((}SSOTO0 (o} IEITO0  (¢}9S0TO0  ([}€TOTO0  (g)€€CCO0  AVSY 0L
{€1186190°0 (1607500 (g}09890°0  (;}0F8Y0°0  (5}L¥990°0  {11}8T8SO0  (£1}19850°0  ((1}TTISO0  {9}6TISO0  (5)SS6Y00  (c}868Y0°0  (f}EVBFOD  (5}0€SSO0 {L}ILESOO  {g}1€0SO0 wia 0L
(e1)TOLEDO  (()LOSEO0  (¢}E6THO0  (7)STOEDD  (5)018E00  (£)8TLEOD  (;[}089E0°0  (o}66EE00  (}PITIE00  (50POEO0  (;}SO0E00  (¢)6EOE00  (g)88EE00  (,TIEE00  ()LTIE0D  *Pa@ oL
($1329S01°0  (c}STYBO'0 (¢} POLOI'0  (13SOTLOO  {c}9SETI0  (5)9SS80°0  (4}LEEBOO  (1}99T60°0  {9}SSPBO'0  (6}£9980°0  (1}S9V800  {}ILLLOO  (£}TTE6O0  (91}66980°0  (c}1€9L00 (MTIN 0L
(11}06860°0  {;}9€S80°0  (4}PPSOI'0  (5}19880°0 (o) IE8PI'0  (PTHBOD  (or}€8880°0  (¢)09HOI'0  (,)9PEBO0  (JOSELOD  (9)TLVBOD  (}LETLOD  (7)TSION0  (g)90980°0  (¢}SLOSOD  (HHAN 0L
($11SS0S90  (g}SOSOV'0  {¢}SILSSO  (¢}89EVE0  {}TO0E80  (1}I8ILED  (,)8SEOV'O  (}6EEESO  (9)9698E°0  {o}0ISHFO  (}IVI8E0  {3TOLPEOD  (3E9T0S0  (5}S980F0  (¢}9LLYED  (WASW 0L
(11)1869TT0  {1)S6T61°0  (£1}66Y9T0  (6}101TTO  {cjTO0EY0  (}68ILI0  (p)90PTTO  (51)T80TE0  (g}OLL8ID  (J€VLVI0  (nIPILIO  {}6EOEI0  (ejL6YOED  ()0€60T°0  (c}9V691°0  (PHSW 0L
(r1}OLEEY0  (}ISSOSO  (¢)€T8INO  (|)TETEVO  (g)SEIPLO  (gPEEISO  (5)0T00S'0  (11}L6SSSO  (9)6TLOSO  (g}POOTSO  (,)TOLOSO  ()6TI0  (z}PEESSO  (o)T6ITSO  (7)€8LSKO  (NSVIE 0L
(19S6€0  (FPIVED  (pJLLITHO  (PPPSED  (o)€TE6SD  ()969EE0  (oj0ESSED  (¢)6E8IF0  (1)SBEEE0  ()00V6TO  (9)888EE°0  (1)0S68TO  (7)8090F'0  (g}€THPED  (c}00ETED  ()SVIE 0L

{enStI (L {spyect {£}6€ Ll (8)C9 (r8Y {z1}901 {1)68 {6}£9 (ony18 {s)6¥ (<8 {2)8¢ {9} R O
{s1}8LT90°0  {p[)TLOSO0  (5}6TTI00  (9}SIOVO0 (1 PPESOO (1} ITESOO (¢} 119S0°0  (g)S8SHO'0  {1}TBOE00  (6)9ILV00  (£00CHO0 (1 TOFFO0  (,}1€90°0 {g}6STHO0  (g)989¥0°0  AVSV 0z
(G)98PIT0  (JTTS600  (¢}98911°0  {1}8T880°0  ()€8901°0  (4;}9€001°0  (;jTOI0I0 (7} I€TOI0  ()9EP60'0  (1)6LF600  (,PLIG0D  (9)9FS60°0  (6}L9L600  (f}SPI600  (5)829600 @ 0T
{I}LLTLOO  (g}19090°0 {41} PLTLOO  (}9ELSO0  {¢}90S90°0  (;1}8THI00  (£}6SF90°0  (1}6TE900 (1) TESO0 {£190850°0 {6}6S6S0°0  (5}L6090°0  {9}T865S0°0 {1}LS9S00  {;}€1090°0 raq 0z
(1}E0681°0  (1)S09ST0  (¢}6LVOTO  (1}8V611°0  (;1)SLOLI0  (g)16E91°0  (7)6TLFI'0  (¢)09TLIO  (10S91'0  (o)TI691°0  (¢}991LI0  (TOIN0  (;)TSEIN0  (¢}896V10  (o)p6191°0  (MIAN 0T
OIS069T°0  (1JLS8TI0 (z}ILLLI0  ({g}SS6S1°0  (¢}8LIPTO  (¢JT8EFI0  (hOPIFI0  (539900T0 (6011910 (o}81EST0  (}8TELI0  (JLSTST'O  ()LV8LI0  (}LT9STO  ()816FI0  (PIIN 0T
(r1)9S6S0T  {6)6T99E T ()9€880T  (1)ST8S60 () TBEVLT  (JEOTOET  (g)08SSTT  (11)0P6TLT  ()TIETYT  (e)69T68'T  (GPESENT  (o)0TSTHT  (r}€6089'T  (1}IS68ET  (,)LTESST  (MASW 0T
(61TE908°0  (1}TI6EF'O  ()9EST80  [11}69TERO  (¢TITTO T (8LSYSO  (6TEIS0 (1 1€9TTT  [TO8LLO  (o)9LOSL'O  (¢1}888L8'O  [1}6S1L90  (¢}8TI90T  (g}€6L6LO (3995690  (PASW 0T
{p1}OIPELT  ($}8T9€6'0  (g}9L8TTT  (1}8891L°0  {1}0SFTO'T  (g}SPERG'O  (£}9LE8Y'0  (¢3TISEOT (6900660  {op}SLYIOT  (£1}L66C0'T (3119960 (1011860 (1118680  (o}L91L60 (M)SVIA 0T
(1619290 {18THIS0  [z11S8OIL0  (510T8E90  (¢[}E1L860  (¢}LTSLSO  [16SS9S0  (51}S9TO8°0  (60VFP90  (o1TLTI90 {1 111€69°0 (00190 (}88E1L°0 (605790 (;)TL9650  (§)SVIA 0T
HANTSIN dATISSIN ddsSIN a3 d0sav ATVSIN dJAvSIN q4davira dSTIM S (CNAR:| g8710 dSdN dNAD 4av TN 54 u

‘09 =2 ‘0'% = ¢ USyM SQINSBAW UOTIR[AWIS JO SINSAY G I[qEL

© 2026 NSP

Natural Sciences Publishing Cor.



%N ==y 1581

Appl. Math. Inf. Sci. 20, No. 6, 1567-1588 (2026) / www.naturalspublishing.com/Journals.asp

Table 6: Ranks for estimation methods simulation tables.

Parameter n MLE ADE CVME MPSE OLSE RTADE WLSE LTADE MSADE MSALDE ADSOE KE MSSDE MSSLDE MSLNDE

¢=02 k=03 20 3.0 4.0 12.0 1.0 5.0 11.0 6.0 7.0 8.0 9.0 14.0 10.0 13.0 2.0 15.0
70 2.0 5.0 10.0 3.0 7.0 9.0 1.0 12.0 11.0 6.0 15.0 4.0 13.0 8.0 14.0

130 1.0 2.0 7.0 4.0 6.0 5.0 3.0 10.0 12.0 11.0 13.0 9.0 15.0 8.0 14.0

200 1.0 2.0 4.5 3.0 7.5 4.5 75 6.0 12.0 10.0 14.0 9.0 15.0 11.0 13.0

240 6.0 1.0 7.0 3.0 11.0 4.0 2.0 5.0 12.0 9.0 15.0 10.0 13.0 8.0 14.0

300 1.5 1.5 6.0 3.0 4.0 7.0 5.0 9.0 12.0 11.0 14.0 10.0 13.0 8.0 15.0

¢0=20, k=35 20 4.0 3.0 10.0 1.0 2.0 5.0 8.0 6.0 12.0 11.0 15.0 7.0 13.0 9.0 14.0
70 6.0 3.0 11.0 1.0 7.0 5.0 2.0 10.0 12.0 9.0 15.0 4.0 14.0 8.0 13.0

130 2.0 1.0 10.0 4.0 11.0 3.0 12.0 9.0 6.0 7.0 14.0 5.0 15.0 8.0 13.0

200 3.0 2.0 9.0 6.5 5.0 4.0 1.0 6.5 11.0 13.0 14.0 8.0 12.0 10.0 15.0

240 3.0 1.0 11.0 4.0 5.0 7.0 2.0 8.0 10.0 6.0 15.0 9.0 13.0 12.0 14.0

300 5.0 2.0 10.0 1.0 7.0 6.0 3.0 8.0 11.5 11.5 15.0 9.0 13.0 4.0 14.0

¢=30, k=08 20 3.0 2.0 12.0 1.0 7.0 9.0 5.0 10.0 11.0 8.0 15.0 6.0 13.0 4.0 14.0
70 4.0 1.0 11.0 25 8.5 25 5.0 12.0 10.0 8.5 14.5 6.0 14.5 7.0 13.0

130 2.0 6.0 10.0 1.0 9.0 4.0 3.0 11.0 12.0 8.0 15.0 7.0 13.0 5.0 14.0

200 3.0 2.0 8.0 1.0 10.0 4.0 6.0 12.0 11.0 9.0 15.0 7.0 13.0 5.0 14.0

240 1.0 3.0 8.0 2.0 10.0 4.0 5.0 12.0 11.0 9.0 15.0 6.0 14.0 7.0 13.0

300 1.0 3.0 11.0 2.0 8.0 4.0 5.0 10.0 12.0 9.0 15.0 7.0 13.0 6.0 14.0

¢=09, k=15 20 1.0 4.0 11.0 3.0 7.0 10.0 8.0 9.0 5.0 12.0 14.0 2.0 15.0 6.0 13.0
70 1.0 2.0 11.0 4.0 8.0 9.0 6.0 5.0 12.0 10.0 14.0 3.0 13.0 7.0 15.0

130 2.0 5.0 3.0 1.0 6.0 9.0 7.0 10.0 12.0 8.0 15.0 4.0 13.0 11.0 14.0

200 1.0 35 8.0 5.0 35 11.0 8.0 6.0 12.0 10.0 14.0 2.0 13.0 8.0 15.0

240 1.0 9.0 5.0 4.0 6.5 6.5 2.0 8.0 12.0 11.0 14.0 3.0 15.0 10.0 13.0

300 1.0 2.0 8.0 5.0 9.0 6.0 3.0 7.0 12.0 11.0 14.0 4.0 15.0 10.0 13.0

¢=40, k=60 20 6.0 2.0 11.0 5.0 10.0 9.0 7.0 12.0 4.0 8.0 14.0 3.0 15.0 1.0 13.0
70 2.0 8.0 11.0 1.0 35 6.0 5.0 12.0 10.0 9.0 15.0 3.5 14.0 7.0 13.0

130 4.0 2.0 10.0 1.0 3.0 6.0 5.0 12.0 9.0 11.0 15.0 7.0 14.0 8.0 13.0

200 1.0 6.0 9.0 2.0 10.0 4.0 3.0 11.5 11.5 8.0 15.0 5.0 14.0 7.0 13.0

240 1.0 5.0 10.0 3.0 8.0 2.0 4.0 12.0 11.0 9.0 15.0 7.0 13.0 6.0 14.0

300 1.0 4.0 7.0 2.0 9.0 6.0 3.0 12.0 11.0 10.0 15.0 5.0 14.0 8.0 13.0

Y Ranks 735 970 271.5 80.0 213.5 182.5 142.5 280.0 318.0 282.0 436.5 181.5 410.5 219.0 412.0

Overall Rank 1 3 9 2 7 6 4 10 12 11 15 5 13 8 14

6 Real data analysis —Inverse Gompertz distribution (IGD) [23]:

To show the usefulness of the proposed inverse power
Garhy distribution (IPGD), we applied it to two real

datasets.

The first dataset, obtained from [21], contains the
failure times of 24 mechanical components. The data are:
30.94, 18.51, 16.62, 51.56, 22.85, 22.38, 19.08,
49.56,17.12, 10.67, 25.43, 10.24, 27.47, 14.70, 14.10,
29.93, 27.98, 36.02, 19.40, 14.97, 22.57, 12.26, 18.14,
18.84

The second dataset, obtained from [22], gives the
maximum annual flood discharges of the North
Saskatchewan River at Edmonton over 47 years. The data
are given below:

19.885, 20.940, 21.820, 23.700, 24.888, 25.460,
25.760, 26.720, 27.500, 28.100, 28.600, 30.200, 30.380,
31.500, 32.600, 32.680, 34.400, 35.347, 35.700, 38.100,
39.020, 39.200, 40.000, 40.400, 40.400, 42.250, 44.020,
44.730, 44.900, 46.300, 50.330, 51.442, 57.220, 58.700,
58.800, 61.200, 61.740, 65.440, 65.597, 66.000, 74.100,
75.800, 84.100, 106.600, 109.700, 121.970, 185.560

For comparison purposes, the IPGD was fitted
together with some well-known lifetime and continuous
distributions, namely the inverse Gompertz distribution
(IGD), gamma distribution (GAD), Weibull distribution
(WD), Garhy distribution (GD), Rayleigh distribution
(RD), Chris Jerry distribution (CJD), Lindley distribution
(LD), and XLindley distribution (XLD).

The CDFs of the competing models are:

—Gamma distribution (GAD):

(o, Bx)

Fx;a,p)=1- (o)

—Weibull distribution (WD) [24]:
Fi)=1-¢()".

—Garhy distribution (GD) [9]:

3K2x2

Fx)=1- (M + (kx+ 1)) e ®

—Rayleigh distribution (RD) [25]:

2
F(x)=1—exp <—2§2> .
—Chris Jerry Distribution (CJD) [4]:

F(x):l—[1+ 652

—Lindley distribution (LD) [26]:

0+1+ 9xe_9X

Flx)=1—
(x) 0+1

6x(9x—|—2)} o0
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—XLindley distribution (XLD) [27]:

L O6x o bx
F(x)=1 <1+(1—|—9)2> .

Table 7 presents the descriptive statistics of the two
datasets, while Figure 5 shows the nonparametric plots,
including the histograms, kernel density estimates, and
boxplots.

From Table 7, both datasets have positive skewness
and kurtosis values greater than 3. Dataset II has higher
skewness and kurtosis than Dataset I, indicating greater
asymmetry and more pronounced extreme observations.

From Figure 5, the histograms and density plots
confirm that both datasets are positively skewed. The
boxplots also suggest unusually large observations,
especially for Dataset II. These shapes agree well with the
behaviour that the proposed IPGD can capture.

Table 7: Descriptive statistics for the two datasets.

Measure Dataset I  Dataset II
size 24 47
Mean 22.97 50.00
Variance 115.67 960.78
Skewness 1.35 2.30
Kurtosis 4.36 9.52
Minimum 10.24 19.89
Maximum 51.56 185.56
Range 41.32 165.68

Table 8 presents the maximum likelihood estimates,
standard errors, negative log-likelihood (NLL) values,
Akaike Information Criterion (AIC), corrected Akaike
Information Criterion (AICc), Bayesian Information
Criterion (BIC), and Hannan—Quinn Information
Criterion (HQIC) for all fitted models.

The rule used here is simple: the model with the
smallest negative log-likelihood, AIC, AICc, BIC, and
HQIC values is considered the best model among the
competitors.

For Dataset I, Table 8 shows that the IPGD gives the
smallest values of negative log-likelihood (85.7254), AIC
(175.4508), AICc (176.0221), BIC (177.8069), and HQIC
(176.0758). This clearly shows that the IPGD provides the
best fit among all fitted models for the mechanical failure
time data.

For Dataset II, the same pattern is observed. The IPGD
again has the smallest negative log-likelihood (208.2477),
AIC (420.4955), AICc (420.7682), BIC (424.1958), and
HQIC (421.8879). This indicates that the proposed model
also gives the best fit for the flood discharge data.

To further assess the fitting performance, Table 9
presents the Kolmogorov—Smirnov (KS),
Anderson—Darling (AD), and Cramér—von Mises (CVM)
statistics with their corresponding p-values, root mean

Histogram: Data | Histogram: Data Il
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01234567
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r T T T 1 r T T T 1
0 50 100 150 200

Values Values
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Fig. 5: Nonparametric plots of the two datasets, including
histograms, kernel density estimates, and box plots.

square error (RMSE), coefficient of determination
(COD), and weighted extropy (WEXT). Following Ref.
[28], weighted extropy is also considered in the model
comparison.

The results are interpreted as follows:

—Smaller KS, AD, CVM, and RMSE values indicate a
better fit.

—Larger p-values indicate less evidence against the fitted
model under the corresponding goodness-of-fit test.

—Larger COD values indicate a better fit.

—-Lower WEXT values are preferred under the
comparison approach in [28].

For Dataset I, Table 9 shows that the IPGD has the
smallest KS (0.0710), AD (0.1627), CVM (0.0210), and
RMSE (0.0286), together with the largest COD value
(0.9900). It also has the highest p-values and the lowest
WEXT value (—0.3473). These results favor the IPGD
among the competing models for the first dataset.

For Dataset II, the IPGD again has the smallest KS
(0.0669), AD (0.1564), CVM (0.0231), and RMSE
(0.0242), together with the largest COD value (0.9934). It
also has the highest p-values and the lowest WEXT value
(—0.3128). These results favor the IPGD among the
competing models for the second dataset.

In addition to the numerical results, the graphical
comparisons also support the superiority of the proposed
model.

For the density fit, Figure 6 presents the estimated
probability density functions of all competing models for
the first dataset. The plot shows that the fitted density of
the IPGD follows the shape of the histogram more closely

© 2026 NSP
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Table 8: Parameter estimates, standard errors, negative log-likelihood values, and information criteria for the competing
models fitted to the two datasets.

Model E| SE(E;) E; SE(E») NLL AIC AICc BIC HQIC
Data I
IPGD(k,¢) 430.5087 8.4652 1.8521 0.0516  85.7254  175.4508 176.0221 177.8069 176.0758
IGD(&, ﬁ) 4.0694 2.1805 38.8591 9.8968  88.2103 180.4207 180.9921 182.7768 181.0457
GAD(ﬁ, a) 024774  0.0719 5.6915 1.5781 86.9446  177.8892 178.4607 180.2454 178.5143
WD(fc,i) 2.3096 0.3356  26.0285 2.3695 88.8910  181.7820 182.3534 184.1381 182.4070

GD(K) 0.1306 0.0153 - - 89.1017  180.2034 180.3853  181.3815 180.5160

RD(@) 17.8672 1.7885 - - 89.3341 180.6683  180.8501 181.8463  180.9808

CID(6) 0.1270 0.0151 - - 90.0331 182.0662 182.2480 183.2442  182.3787

LD(6) 0.0837 0.0121 - - 92.8833 187.7666 187.9484 188.9446 188.0791

XLD(6) 0.0807 0.0117 - - 93.5479  189.0959 189.2777 190.2739  189.4084
Data 11

IPGD(k,¢9) 827.3746 5.9459  1.6683  0.0294 208.2477 420.4955 420.7682 424.1958 421.8879
IGD(&,ﬁ) 8.7226 1.6045 75.1176 43450 210.3244 424.6489 4249216 428.3492  426.0413
GAD(ﬁ, &) 0.0773 0.0162  3.8654 0.7582 214.4539 4329078 433.1805 436.6081 434.3003
WD(&, 1) 1.7959 0.1767 56.7176  4.3988  219.0020 442.0040 442.2767 445.7043  443.3965

GD(k) 0.0600 0.0051 - - 215.2139 4324278 4325167 4342780 433.1241
RD(&) 41.4688  3.4246 - - 219.6309 441.2619 441.3508 443.1120 441.9581
CID(6) 0.0592 0.0050 - - 2159941 4339882 434.0771 435.8383  434.6844
LD(6) 0.0393 0.0041 - - 219.6914 4413828 441.4717 443.2330 442.0791
XLD() 0.0385 0.0040 - - 220.2949 4425898 442.6787 444.4399  443.2860

Table 9: Goodness-of-fit statistics and weighted extropy values for the competing models fitted to the two datasets.

Model KS KS-pv AD AD-pv  CVM CVM-pv RMSE WEXT COD

Datal
IPGD 0.0710 0.9990 0.1627 0.9976 0.0210 0.9967 0.0286 -0.3473  0.9900
IGD 0.1252 0.8021 0.6199 0.6276 0.0874 0.6546 0.0527 -0.3076 0.9575
GAD 0.1404 0.6799 0.4032 0.8443 0.0569 0.8383 0.0464 -0.3292 0.9730
WD 0.1438 0.6515 0.7474 0.5190 0.1084 0.5485 0.0609 -0.2886 0.9447
GD 0.1556 0.5541 0.8998 0.4132 0.1353 0.4399 0.0649 -0.2343 0.9203
RD 0.1514 0.5883 0.8582 0.4397 0.1219 0.4907 0.0619 -0.2500 0.9329
CJD 0.1778 0.3882 1.1275 0.2962 0.1759 0.3209 0.0754 -0.2182 0.8832
LD 0.2399 0.1062 19678 0.0962 0.3413 0.1033 0.1089 -0.1782 0.6704
XLD 02527 0.0774 2.1379 0.0778 0.3761 0.0829 0.1147 -0.1708 0.6119

Data I1
IPGD 0.0669 09845 0.1564 0.9981 0.0231 0.9936 0.0242 -0.3128 0.9934
IGD 0.0835 0.8982 0.4686 0.7781 0.0606  0.8124  0.0330 -0.2988 0.9854
GAD 0.1312 03935 1.0519 0.3307 0.1661 0.3450  0.0577 -0.2685 0.9562
WD 0.1412 0.3058 1.7577 0.1256 0.2695 0.1651 0.0717 -0.2245 09146
GD 0.1191 0.5174 1.1721 0.2782 0.1654  0.3468 0.0553 -0.2344 0.9526
RD 0.1745 0.1143 2.0665 0.0847 0.3651 0.0892 0.0856 -0.2500 0.8917
CID  0.1321 0.3852 1.2998 0.2323 0.1820  0.3059 0.0579 -0.2264 0.9460
LD 0.1978 0.0507 2.4242 0.0546 0.3769 0.0828 0.0842 -0.1829 0.8471
XLD 0.2049 0.0387 2.5736 0.0456 0.4055 0.0695 0.0876  -0.1787 0.8300
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Fig. 6: Estimated PDFs of the competing models for the first dataset.
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Fig. 7: Estimated PDFs of the competing models for the second dataset.

than the other models. It captures the right-skewed pattern
and the peak of the data very well.

Similarly, Figure 7 shows the estimated probability
density functions for the second dataset. The IPGD again
gives the closest agreement with the histogram shape. It
better captures the strong right skewness and the heavier
tail behaviour observed in the flood discharge data.

For the cumulative fit, Figure 8 compares the
empirical cumulative distribution function with the fitted
cumulative distribution functions for the first dataset. The
fitted CDF of the IPGD lies closest to the empirical CDF

over almost the entire data range. The closeness between
the two curves indicates that the proposed model
describes the cumulative behaviour of the data more
accurately than the other models.

The same behaviour is seen in Figure 9 for the second
dataset. The fitted CDF of the IPGD almost overlaps with
the empirical CDF. This graphical evidence agrees with
the goodness-of-fit statistics and confirms the better
performance of the IPGD.

The probability—probability plots also give further
support. Figure 10 presents the P—P plots for the first
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Fig. 9: Plots comparing the empirical CDF with the fitted CDFs of all models for the second dataset.

dataset. The points for the IPGD are more closely aligned
with the diagonal reference line than those of the
competing models. This close alignment indicates that the
theoretical probabilities from the IPGD agree well with
the empirical probabilities.

Likewise, Figure 11 shows the P-P plots for the
second dataset. The IPGD produces points that lie close
to the diagonal reference line, supporting the numerical
results.

The graphical comparisons in Figures 6-11 support
the numerical results in Tables 8 and 9. Among the

models considered, the IPGD provides the best overall fit
for both datasets based on the reported information
criteria and goodness-of-fit statistics.

7 Conclusion

A new two-parameter distribution called the Inverse
Power Garhy distribution (IPGD) was proposed in this
study. The model was obtained by applying the inverse
power transformation to the Garhy distribution. The

© 2026 NSP
Natural Sciences Publishing Cor.


www.naturalspublishing.com/Journals.asp

1586

R. H. Albayyat et al.: An inverse power lifetime model with decreasing and unimodal...

IPGD

GAD

Observed
00 04 08

Observed
00 04 08

Observed

00 04 08

0.0 04

Expected

Expected

GD

0.6 0.0 0.4 0.6

Expected

RD

Observed
Observed

00 04 08
00 04 08

Observed

L1

00 04 08

0.0

Expected

cJD

Expected

LD

0.0 0.4 0.6 1.0

Expected

XLD

Observed
Observed

T R

00 04 08
00 04 08

Observed

T R

00 04 08

Expected

1.0

Expected
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Fig. 11: P-P plots of the fitted models for the second
dataset

proposed distribution can model decreasing and inverted
bathtub-shaped hazard functions. Several statistical
properties of the distribution were derived. The model
parameters were estimated using fifteen classical
estimation methods. A simulation study was conducted to
examine the finite-sample performance of the estimators.
The proposed distribution was applied to flood and
engineering datasets. The results showed that it provided

a better fit than the Garhy distribution and several existing
models. The IPGD may be useful in engineering,
environmental science, reliability analysis, and related
fields. Future studies may consider applications of the
proposed distribution to other types of data and the
development of further extensions.
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