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Notos A New Subclass of Multivalent Function
Defined by using Jackson Derivative
Operator

Shivani Indora * & S. K. Bissu °

Abstract- In this paper the authors have used Jackson Derivative operator to form a new subclass of multivalent function
and derived some results for a function belonging to new subclass of multivalent functions. The main emphasis is on
coefficient estimate of functions belonging to new subclass of multivalent function, the radii of starlikeness, convexity
and close to convexity properties of a function have also been discussed. The results reduces to the earlier known
results of Silverman, Srivastava, Altintas and Khosravianarab by assuming some particular values of the parameters.

Keywords: jackson derivative operator, multivalent functions, coefficient estimate, radii of starlikeness.
[. INTRODUCTION

Let J(p) be the class of analytic and p- valent function f(z). The function f(z)
can be expressed as

f@) =20 = Ly aiz" (1.1)

where p is some natural number, n € N

The function f(z) defined in (1.1) isan analytic function and p - valent function
in the open unit disc

U ={z: |z| <1}

If a function f(z) € H(p) satisfies the following condition

z2f (2)
Re{m}>(p ZEU,, 0< @<p ,p €N (1.2)

Global Journal of Science Frontier Research (F) Volume XXII Issue V Version I H Year 2022

then f(z) is a p — valent starlike function of order ¢
and if a function f(z) € H (p) satisfies the following condition
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Re{1+%}>(p ze€U;, 0 o<p ,p EN (1.3)

then f(z) is a p — valent convex function of order ¢

To define a new subclass of multivalent function by using Jackson derivative, we use
the following definitions

Definition 1. Letf(z) = zF —¥p_, ., axz" and g(z) = zP — ¥i_,,, bez" are the
members of the class H(p), then their convolution product or Hadamard product is
defined as

f*9@) = (9* @) = 2" =Xy abiz” (1.4)

and generally the convolution product of functions f(z) and g(z) is denoted by
(f *9)(2) or(g * f)(2).

Definition 2: The Jackson ¢- derivative of a function f(z) is denoted by
D,f(z) or D, , f(z) and it is defined as

D,,f(2) = ]C(ZZ):#Z #0andq # 1 (1.5)

The Jackson’s q — derivative tends to ordinary derivative when q tends to 1.
The Jackson g- derivative can also be written as

Fg(1+7r)

Dl,z"m = ————
9. [g(1+r—-m)

z'™m where m >0,r > -1 (1.6)

A new class of multivalent function form by using Jackson Derivative Operator
is defined in the following definition.

Definition 5.3: A function f(z) € H(p) is also belongs to new subclass
Yonp (o, B, 4, €, q) if it follow the following condition

(z+ﬁz2)(D;’fz+“1f(z)) + z(z2+ﬁz)(D;’fj5+2f(z))
A-2(0 £ )+ 2G+82)(D ()

Re >« (1.7)

wherez € Uy,meENU{0},0<a<p 0<B<1,0<A1<1land0<é<1

By taking particular values of the parameters,n,p,q, S, 1, £ we get the previously
defined subclasses of univalent and multivalent function. These classes were studied by
Silverman [14], Srivastava [15], Altintas et. al [2] and Khosravianarb et. al [7].

Particular Cases:
1. fm=0,=0,§=0,q - 1then from (1.7) we get

z(D1.f@) + 122 (D2,f(2))

Re >a

A= (DL,f(@) + 12(D1.f (D))

© 2022 Global Journals
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which is equivalent to

° zf (2) + 1z%f" (2)
¢ {(1 ~Df@) + Azf’(z)} -

sowe get ¥, ., (@, 0,4,0,1) = T(n,p,A, a) and this classwas studied byAltintas et al. [2]
2. Ifm=0,8=0,q = lthen from (1.7) we get

Ref

z (Df;lf(z)) + 1z? (Df;zf(z)) 3
Re " >a S
5 (-2 (0,1 ) + 22 (D1 ()
g % 50 Yo, (2,0,4,81) =T(n,p,A,a,¢) and this class was studied by Khosravianarb et :
Sk al.[7] 5
< g 5
Eg 3. fm=0,=0,§=0,g > 1,1 =0 then from (1.7) we get Z
S g
SRS g
§= . {Zf'(Z)} . << T
e a <a g
Ty f@ P &
S LB =
g 3 § 50 ¥)np(a,0,0,0,1) = T*(p,a) and T*(p,a) is the class of p valent starlike function of .
Ry ég order a. £
2SE 4 Ifm=08=0E=0,-1,1=0,p=1 then from (1.7) we get <
28y =
.8 S zf (z -
=58 Re{f()}>a 0<a<1 =
o 2
~ Qo 3
% S ; 50 ¥ ,1(,0,0,0,1) = T*(1, &) , which was earlier studied by Srivastava et al. [15]. N
O -~ v
12 2
£ =3 5. fm=0,=0§=0qg—->1,1=0,p=1,n=1 then from (1.7) we get S
o hor'c a9
2 S5 , Y
< .0 zf (2) £
-8 Re{ } > a 0<a<l1 ;
8% %) ;
NS .
g 3= Then we get a class which was earlier discussed by Silverman [14]. £
—_ s M =
c S & 6. fm=0=0%=0,q— 1,1 = 1then from (1.7) we get =
SEE 2
Fy 5 of (@) + 2 @) E
= ﬁ = Re ; >a 0<a<p
=S zf @)
< %<
o~ which is equivalent to Re {1 + %} > a 0<a<p |

50 ¥onp (0, 0,1,0,1) = C*(p, @) and C*(p, @) represent a class of p valent convex function
of order a.

© 2022 Global Journals
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7. fm=0,8=0%8=0,q > 1,4 =1,p = 1then from (1.7) we get

0<axl1

zf” (z)} oo

Re {1 + @

sowe get ¥y, 1(a,0,1,0,1) = C*(1, @) ,which was earlier by studied Srivastava et al. [15].
8. Ifm=0,=0,§=0,g > 1,1=1,p=1,n=1then from (1.7) we get

0<ax<l1

T,

Re {1 + @

and this class of convex function was first introduced by Silverman [14].

[I. COEFFICIENT ESTIMATE

In this part of the paper we derive the coefficient estimate of function f(z),

f(2) € ¥ pp(a, B, 4,8 Q)

Theorem 1: A function f(z) = zP — };_, +p az® and f(z) € H (p) then f(z) belong to the
class Wy np (o, B,AE, q) if and only if

—~
[\]
—

N

Yoo mgé {(1+ﬂ)[k—(m+f)]q[1—0(/1+/1[k—(m+§+1)]q]_a(1_,1)} <1
k=n+p "pk A+B)[p—(m+)]g[1—a2 +A[p—(m+E+1D)]g|—a (1-2) k =

Iy 1+ (A+p—(m+$))
Iy (1+p)Fg(A+k—(m+$))

mg _
WhereEp,k =

zeU,meNU{0},0<a<p, 0<p<1,0<1<1and0<é<1

Proof: Let us consider that f(z) € ¥, ,, ,(a,,4,§,q) so we have

(z+822) (D] £ () 42 2482 (042 )

ke a-D(py £ ) + aG+p22)(Dp T ()

>«

Since f(z) = zP — Zf=n+p a,z* and

m+& _ Iy (1+p) p—(m+&) _ T I'q (1+k) k—(m+&)
Dy, f(2) = i) 2 Yhentp PG W ? (2.2)

so we have

Doz =t min? Lic=n+p T g—amagy) % (2.3)

m+é+2 _ _ Tq (Atp) p—(m+E+2) _ Joo Tq (I+k) k—(m+E+2)
Doz =1 et 2 2ic=n+p T G 41) % Z (2:4)
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By using (2.2), (2.3) and (2.4) in (2.1) then we get numerator and denominator
of (2.1) as numerator is denoted by N and denominator by D

2y [ FaA+P) p—(m+e+1) _ Tq (1+k) k—(m+$+1)]
= G+ B2 [F ey ? Lin+p T le—amaty) Y 2 *
A(z2 + B7) I,A+p) SP—(m+E+2) _ Z L, (A+k) a Zk—m+E+2)
[[((p—(m+¢&+1)) T,(k—(m+&+1)) *
D=01-4) [Fq(1+P—(m+§))Z = Zilentn Ty ey *
1 2 Fq (1+p) p—(m+&+1) _ F‘I A +k k—(m+§+1)
(z+ pz°) z ay z
Iy(p— (m+9) &t Ty (k= (m+9)
solve above by using [n], = F"FL(::) and on considering the value of z to be real and let
q

z = 1 then we get

I, (1+p)
L,(l+p—(m+&

)[(1 +Bp-m+O,[1—al+Ap— (m+E+1D],] —a(l—2)]

N r,(1+k)
> k;p Fq(l +k—(m+9§) a[(1 + B[k — (m+§)]q[1—a/1+/1[k— (m+¢+ 1)]q]

—a(l- /1)]

on simplifying we get,

e (A= m+ O] [1—ar+ Ak — (m+ &+ D], ] —a(l - 2)
Z E ’f{ : . }akS:l
Wt A+Bp—-m+d,[1—-ar+Ap—(m+E+D],]—a(l-2)

_ Iy (1+Kk)T g (1+p—(m+E))
Iy (1+p)Tg(A+k—(m+$))

where Ep k =

Conversely: Let us assume the inequality (2.1) is true

To Prove: f(z) € ¥, ., (@, B, 4,8 q), for this we have to show that

(z+ ,BZZ)< m+€+1f(z)> + A (z? +,BZ)< m+€+2f( ))

“ =0 (D F) + A+ g2 (D ()

>a

According to Lemma [4]

© 2022 Global Journals
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if w=u+iv then Rew Za ©lw—-(_1+a)|<|w+ {1 —a)| (2.5)

Let L =|lw— 1+ a)l

_ )05 @) 2 G2 (07 @)

d 2.6
- YT T a0 @) + 1 (0 @) (26)
|G (07 @) + 2 (22 +p2) (07 T (@)
o ( pmHE ) r(n+§+1 ) -1+ (2.7)
a-0(0) r @) + A+ F @)
and K = |lw+ (1 — )l
_ |05 @) + 2 P (0 @)
( m+§ ) Sn+§+1 ) t(1-a) (2.8)
A-2(0 £ )+ 2 G422 (D ()

From (2.7) and (2.8), K—L >0
ie.lw+ (1—-pB)| —Iw— (1 + B)| > 0 which implies Re(w) > «

(z4+822) (0 £ @) + 2 G242 (D £ )
Hence the inequality Re >a

-2)(0p F @) + A+ @)

which implies f(z) € ¥, ,, (o, B,4,%,q)
so, the proof of theorem 1 is completed

Corollary 1: Let the function f(z) =zP — ¥, ,, az"is a member of new subclass
Ynp (@ B,4,8 q) of multivalent function then

< {(1+ﬁ)[p—(m+f)]q[1—a/1 +/1[p—(m+f+1)]q]—a(1—l)} 1
k=

A+B)[k—(m+)]g[1— ad + Alk—(m+E+1)]g |- (1-2)) E™* (2'9)

where k = n + p, p is some natural number, n is a natural number.

[I11. PROPERTY OF NEW SUBCLASS RELATED TO RADII OF STAR LIKENESS, CONVEXITY AND
CLOSE TO CONVEXITY

In this part of the paper, we derive some results related to Radii of starlikeness,
convexity and close to convexity for the function f(z) belonging to the new subclass

Pnnp (@B, 4,8 q)

Theorem 2: Let the function f(z)=2zP —X;_, p Ak z¢ and f(z) belong to
Ynnp (B, 4,E q) then the function f(z) is p-valent close to convex of order ¢ ;0 < ¢ <
p in|z| < r{ , where
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1
= inf {(p_q;) {(1+ﬁ)[k—(m+$)]q[1— al +/1[k—(m+g+1)]q]—a(1—/1)}Em,g}ﬁ
V7 k2n+pl\ k Ja+mb-m+O]g[1 —ar + Alp—(m+E+D]g]-a(1-2)) Pk

(3.1)

Proof: Let f(z) € W, (0, B,4,8,q) and f(z) = zP — X7_ ., az"

To prove f(z) is p-valent close to convex of order ¢ ;0< ¢ <pin |z| <7 for
this we have to show that

LO _pl<p-o |zl < rf (3.2)

-1 © k-1
pz? B Zk=n+pkakz
zr—1 p

f (@ ‘_
—p| =

zp—1

0 k-1
Zk=n+p kak z

zp—1

< Yienap kay 12|77 (3.3)
The inequality (3.2) is less than or equal to p — ¢ if

o k _
Zk=n+p (ﬁ) a; |Z|k P <1 (34)

we know that f(z) € ¥, ,,,(a, B,4,§ q) if and only if

i Emg{(1+ﬁ)[k—(m+€)]q[1—a/1+A[k—(m+€+1)]q]—a(1—/1)}a -
PE A+ B)p-m+Ol[1—ar + Ap-m+E+ D], —a(l -]

k=n+p
The inequality (3.2) is hold true if
k
-
p—9

< g {(1 +Bk—m+ ], [1-ar + Alk—(m+¢+1D],]—aCd —/1)}
TP A+ B - m+ O] [1—ar + Ap - (n+§+ D] —a(l -2

or, we have

k—p < (P2 pmd {(1+ﬁ)[k—(m+$)]q[1—al +A[k—(m+§+1)]q]—a(1—l)}
|zl —( k )Ep,k A+B)[p—(m+)]g[1-ad + A[p—(m+E+1)]g]-a(1-2) (3'5)

so we get the required result
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lz| < 7y

_inf {(p—<p){(1+ﬁ)[k—(m+§)]q[1—a/1 + Alk— (m+ &+ D], —a(1—z)]}Em_§}ﬁ
kzn+p (N k /A +B)p-m+O],[1—ar + Ap—(m+E+ D], —a(t—1)]) P*

Hence, the given function f(z) is p-valent close to convex of order ¢
Theorem 3: Let the function f(z) = zP — X¥_, 4, apz® and f(2) € ¥y (a,B,4,8,q) then
the function f(z)is a p-valent starlike of order ¢ ;0 < ¢ <p in |z| <1y ,where

1

= inf {(p—(p){(1+ﬁ)[k—(m+f)]q[1—az(+1([k—(m+f+1)]q]—a(1—1()} m,g}ﬁ
2 7 k=n+p\k—o/ A+ p-m+6)]g[1-ak+4p—(m+E+D)]g|-a(1-H) ~Pk

(3.6)

Proof: Let f(z) € ¥y np(a,B,4,5,q) and f(z) = z° — X7 4 a,z*

To prove the function f(z) is p-valent starlike of order ¢;0< @ <p in |z| < r; for
this we have to show that

zf (2) .
Z7\zZ) <p—

Now we take the L.H.S. part of the inequality (3.7)

z(pzP ™! = Xionsp kax 27

—ye k
ZP = YR —n+p WZ

2f (2) ‘ _
f@ P

_p‘

ZI?=n+p(k - p)akzk

— J'»© k
zP Zk=n+pakz

< Zen ap CeplaglaF
=N, aklzF P

The inequality (3.7) is less than or equal to p — ¢ if

o) (k—p) _
Z,{:Hp(p_(p)ak |z P <1 (3.9)

we know that f(z) € ¥, ,,,(a, B,4,§,q) if and only if

i Emg{(l+ﬁ)[k—(m+§)]q[1—a/1+A[k—(m+€+1)]q]—a(1—l)}a .,
A+ -+ O)[1-a2 + Ap—m+E+ D) -a =D T

k=n+
The inequality (3.9) is hold true if
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k —
s
p—¢

< g {(1+ﬁ)[k— m+O),[1- ar + Ak —(m+E&+1)],]-aCd —/1)}
TP A+ -Mm+ )] [1—ad + Ap—(m+E+ D], —a(l—2)

or, we have

k—p < (P=0) pmi {(1+ﬁ)[k—(m+$)]q[1—al +A[k—(m+§+1)]q]—a(1—l)} 1
|zl _(k—go)Epfk A+B)p—(m+E)]g[1-ad + A[p—(m+E+1)]g]-a(1-2) (3.10)

so we get the required result

lz| <7y

1

_ inf {(p—go){(1+,8)[k—(m+f)]q[1—a/1+A[k—(m+f+1)]q]—a(l—A)}Emg}k—p
kzn+p M-/ (4B -+l —ar + Ap — (m+& + D]g] —a@ - 1) 7"

Hence, the given function f(z) is p-valent starlike of order ¢

Theorem 4: Let the function f(z) = z2P— X, 1 arz*and f(z) € ¥, (o, B,A4,%,q) then
the given function f(z) is a p-valent convex function of order ¢ ;0 < ¢ <p in |z| < 13,
where

1
= inf {E (p_¢,) {(1+ﬁ)[k—(m+f)]q[1—od +A[k—(m+§+1)]q]—a(1—l)} Em,.g}ﬁ (3.11)
3T k=zn +ple\k—o/ la+)p-(m+O)]g[1-ah + Alp—(m+¢+D)]g|-a(1-1)) " Pk '

Proof: Let f(Z) € lIjm,n,p (o, 3, 4,8 q) aﬂdf(z) =zP — Zl;.o=n+p Clka

To prove the function f(z) is p-valent convex function of order ¢;0<¢ <p
in |z| < r3 for this we have to show that

zf" (2)
f' (2

+(1—p)| <p—¢ |z| <73 (3.12)

Taking the L.H.S. part of the inequality (3.12)

‘Zf (2) F(-p)

—+(1—P)‘

_ ‘Z(P(P —DzP7? = X, k(k — Day 272
f(@ -

-1 o k—1
pr _Zk=n +p kakZ

Zli’,.ozn +p k(k — p)ak zkr
P — Xpenip ko zkP
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< Zl;.o=n +p k(k - p)aklzlk_p
N p— Zl?:nﬂ) kaklzlk_p

The inequality (3.12) is less than or equal to p — ¢ if

© k(k—=2) —
Eionp oy @ 12177 <1 (3.13)

we know that f(z) € ¥, ,,,(a, B,4,§ q) if and only if

i mf{u + Bk — (m+ O, [1—ar + Ak — (m+ &+ D], ] —a(1—,1)}
E]; akS1
PELA+BIp—-m+d],[l—art + Alp—(m+E+ D], | —a(l-2)

k=n+p
The inequality (3.12) is hold true if

k (k—
_<—(p)|zlk_p
Pp\p—9¢

mg {(1+ﬁ)[k—(m+€)]q[1 —al + A[k—(m+€+1)]q]—a(1—l)}
TP LA+ -m+ O [1—at + Ap—(m+E+ D], —a@-2)

or, we have

k=p <« P
|lz]*7P <

(=2) {<1+B>[k—(m+f)1q[1—aﬂ +“"‘(m+§+1)]q]_a(1_m} (3.14)

k=p) “Pk A+ p—(m+E)]g[1—ar + Alp—(m+E+D]g]-a(1-2)
so we get the required result
lz| <75

_ inf {B<p—g0>{(1 + B[k —(m + O)],[1- ar +/1[k—(m+f+1)]q]—a(l—A)]Emlf}’fP
k2n+plk\k— o/ (1+B)p—(m+ O [1-ad+ Ap - m+ ¢+ D] | a1 -] P

k

Hence, the given function f(z) is p-valent convex function of order ¢
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Unbranched Riemann Domains over Q-Complete Spaces
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Abstract- It is proved that if I : X — Q is an unbranched Riemann domain and locally r-complete
morphism over a g-complete space Q, then X is cohomo- logically (g + r — 1)-complete, if
g = 2. We have shown in [1] that if [T : X — Q is an unbranched Riemann domain and locally
g-complete morphism over a Stein space Q, then X is cohomologically g-complete with respect
to the struc- ture sheaf. In section 4 of this article, we prove by means of a counterexample that
that there exists for each integer n = 3 an open subset Q < Cn which is locally (n — 1)-complete
but Q is not (n — 1)-complete. The counterexample we give is obtained by making a slight
modification of a recent example given by the author [2].

In 1962, Andreotti and Grauert [3] showed finiteness and vanishing the- orems
for cohomology groups of analytic spaces under geometric conditions of g-convexity.
Since then the question whether the reciprocal statements of these theorems are true
have been subject to extensive studies.
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Ret Unbranched Riemann Domains over
Q-Complete Spaces

Youssef Alaoui

Abstract

It is proved that if 7 : X — Q is an unbranched Riemann domain and locally
r-complete morphism over a g-complete space €2, then X is cohomologically
(¢ + r — 1)-complete if ¢ > 2. We have shown in [1] that if 7 : X — Q is an
unbranched Riemann domain and locally g-complete morphism over a Stein
space €2, then X is cohomologically g-complete for the structure sheaf Ox. In
section 4 of this article, we prove using a counter-example that there exists for

AndreotiGrauert

Conjecture, Vladikavkaz Math. J., 2022, vol. 24, no. 1, pp. 1424.

DOLI: 10.46698/a8931-0543-3696-0

each integer n > 3 an open subset @ C C™ which is locally (n — 1)-complete,
but Q is not (n — 1)-complete. The counter-example we give is based on a
recent example given by the author [2].

By the theory of Andreotti and Grauert [3] it is known that a g-complete

to the

complex space is always cohomologically g-complete. A counter-example to the
converse of this theorem was given in [2], where it is shown that there exists for
each integer n > 3 a domain  C C™ which is cohomologically (n—1)-complete
but © is not (n — 1)-complete. Since then, the question of whether the joint
statements of these theorems are factual has been subject to extensive studies.
For example, it was shown that if X is a Stein manifold and if D C X is an
open subset that has a C? boundary such that H?(D,Op) = 0 for all p > q,
then D is g-complete.

In this article, we prove that for any pair of integers (n,q), 2 < ¢ < n, there
exists an open subset Q of C" which is cohomologically (¢ — 1)-complete but
Q is not (§ — 1)-complete if n = mq + 1, where m = [%] denotes as usual the
integral part of % and g=n—m+ 1.

A Counter-Example

[. [NTRODUCTION

Let 7 : X — Y be a holomorphic map of complex spaces. Then 7 is said to be
locally r-complete if there exists for every € Y an open neighborhood U in Y
such that 7=1(U) is r-complete.

A Riemann domain over a complex space Y is a pair (X,II), where 7 : X —» Y
is a holomorphic map which is non-degenerate at every point of X, i.e., 71 (m(z))
is a discrete set at each point € X. The pair (X, ) is called unbranched or
unramified if 7 : X — Y is locally biholomorphic.

2. Y. Alaoui,

Let X and Y be complex spaces and 7 : X — Y an unbranched Riemann domain
such that Y is g-complete and 7 a locally r-complete morphism.

Author: Y. Alaoui. Department of Fundamental Sciences, Hassan Il Institute of Agronomy and Veterinary
Sciences, B.P. 6202, Rabat-Instituts, 10101. Morocco. e-mails: y.alaoui@iav.ac.ma,
comp5123ster@gmail.com
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Does it follow that X is (¢ 4+ r — 1)-complete?

It was shown in [4] that this problem has a positive answer when ¢ = r = 1 and
X and Y have isolated singularities.

It is known from [9] that if 7 : X — Q is an unbranched Riemann domain
between two complex spaces with isolated singularities, €2 g-complete, and 7 is
locally 1-complete, then X is g-complete.

We have shown in [1] that if 7 : X — Q is a locally ¢-complete unbranched
Riemann domain over an n-dimensional Stein complex space €2, then X is
cohomologically g-complete with respect to the structure Ox.

As aresult, the author has provided a positive answer to the local Steiness problem
: he has proved that if X is a Stein space and if Q@ C X is a locally Stein open
subset of X, then  is Stein. (See [1]).

In this article, we prove that if 7 : X — Q is a locally r-complete unbranched
Riemann domain over a g-complete n-dimensional complex space €2, then for any
coherent analytic sheaf F on X, the cohomology group H'(X,F) vanishes for all
I>r+q—1,if¢g>2.

In particular, we obtain the interesting conclusion.

Corollary. If X is a q-complete complex space of dimension n and if @ C X is a
locally r-complete open subset of X, then

(a) Q is cohomologically (q +r — 1)-complete if ¢ > 2.

(b) Q is cohomologically r-complete with respect to the structure sheaf if X is a
Stein space (g =1).

It should be mentioned [13] that if Y is g-complete and if 7 : X — Y is a lo-
cally r-complete morphism, then the space X is cohomologically (¢ + r)-complete.
But in general, H9t"~1(X, Ox) does not vanish, even when 7 : X — Y is locally
1-complete and ¢ = 1 [12] (See also [6]).

The above question generalizes the following classical problem:
Is a locally g-complete open subset €2 of a Stein space X necessarily g-complete?

A counter-example to this problem is not known. One can easily verify that
Q is cohomologically (g + 1)-complete. It is easy to see that a cohomologically
g-complete open subset 2 C C™ is always g-complete with corners. But it is
unknown if these two conditions are equivalent.

By the theory of Andreotti and Grauert [3], it is known that if X is a g-complete
complex space, then for every coherent analytic sheaf F on X, the cohomology
group H?(X,F) =0 for all p > ¢. But it is not known if these two conditions are
equivalent except when X is a Stein manifold, 2 C X is cohomologically g-complete
with respect to the structure sheaf Oq and €2 has a smooth boundary [7]. In [2],
we have shown that there exists for each n > 3 an open subset 2 C C™ which is
cohomologically (n — 1)-complete, but € is not (n — 1)-complete.

In section 4 of this article, we prove that for each n > 3, there exists an integer ¢
with 2 < g < n such that for any coherent analytic sheaf F, the cohomology group
HP(Q, F) vanishes for all p > ¢ but € is not g-complete.

[1. PRELIMINARIES

We start by recalling some definitions and results concerning g-complete spaces.
Let © be an open set in C™ with complex coordinates zq, - - - , z,. Then it is known
that a function ¢ € C*° () is g-convex if for every point z € Q, the Levi form.

9?2¢(z) n
Zazlaf 57, J7 é‘ec

Has at most ¢ — 1 negative or zero eigenvalues.
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cohomologie des espaces complexes. Bull. Soc. Math. France 90

3. A. Andreotti and H. Grauert, Th
(1962;) 193 — 259.

A smooth real-valued function ¢ on a complex space X is called g-convex if every
point x € X has a local chart U — D C C" such that ¢|y has an extension
¢ € C*°(D,R) which is g-convex on D.

Two g-convex functions ¢,y on X have the exact positivity directions if, for each
point z € X, there exists an open neighborhood U of x that can be identified to a
closed analytic subset B of a domain D of some C”, and a complex vector subspace
E of C" of dimension > n— ¢+ 1 such that the Levi forms of L, (¢,&) and L, (¢, &),
z € U, are positive definite when restricted to E.

We say that X is g-complete if there exists a g-convex function ¢ € C°(X,R)
which is exhaustive on X, i.e. {z € X;¢(x) < c} is relatively compact for any
ceR.

A complex space X is said to be cohomologically g-complete if the cohomology
groups H?(X, F), F € Coh(X), vanish for all p > q.

An open subset D of ) is called ¢-Runge, if for every compact set K C D, there
is a g-convex exhaustion function ¢ € C*°(£2) such that

Kc{zeQ:¢(x)<0}ccD

This generalizes the classical notion of Runge pairs of Stein spaces.

It is shown in [3] that if D is ¢-Runge in 2, then for every coherent analytic sheaf
F on 2, the cohomology groups H?(D, F) vanish for p > ¢ and the restriction map

H?(Q,F) — HP(D,F)

has a dense image for all p > q — 1.

A holomorphic map 7 : X — € of complex spaces is called a g-complete morphism
if there exists a g-convex function : X — R such that for every real number y € R,
the restriction of II from {z € X; (z) < pu} to Qis proper. The canonical topologies
on HP(X, F) are separated for all p > ¢+ 1 and for every coherent analytic sheaf
Fon X.

[1T. UNBRUNCHED RIEMANN DOMAINS OVER Q-COMPLETE SPACES

Theorem 1. Let X and Y be two n-dimensional complex spaces such thatY is q-
complete and w : X =Y is an unbranched Riemann domain and locally r-complete
morphism. Then X is cohomologically (q + r — 1)-complete.

Proof. Since Y is g-complete, there exists, according to [14], a smooth g-convex
function ¢ : Y —]0,+oo[ such that for every real number A\, Y(A) = {y € Y :
o(y) < A} is relatively compact in Y and {y € Y : ¢(y) < A} \ Y (\) contains at
most one point. Put p = ¢+r—1 and let F be a coherent analytic sheaf on X. We
define X (A\) = II"1(Y(\)) and consider the set A of all real numbers X such that

HP(X(N\),F)=0.
To prove that H?(X (\),F) = 0 for every A € R, it will be sufficient to show that
(a) A#( and, if A € A and X < A, then \ € A.
(b) if A\; = X and \j € A for all j, then X € A.
(c) if A\p € A, there exists €9 > 0 such that A\g + ¢ € A.
We first prove assertion (a). Clearly, A is not empty. Indeed if
Ao = min{p(x);x € Y}, then | — 0o, \g] C A. Also, if A € A and X < A, then by

theorem 1 of [13], the restriction map
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HP(X(N), F) = HP(X(X), F)

has a dense range. Moreover, p is, in addition, injective. In fact, let
HP(X(N),F) == H"(X (), F)

be the restriction map, where p is any real number with u < Min(\, Ag). Then
the compostion p’op is obviously injective. This implies that the restriction p is
injective, which means that HP(X(\), F) =0 and X' € A.

To prove (c), we fix some A\g € A and suppose that {y € Y : ¢(y) = Ao} \0Y (o) =
{yo} for some yo € Y.

Let U be a Stein open neighborhood of g such that II=(U) is r-complete and

UNY (M) = 0. There exist finitely many Stein open sets U; CC Y, 1 < i < k,
k

disjoint from U such that 0Y (Ag) C U U; and II71(U;) are r-complete. Let 6; €

i=1
k

C°(U;, RT) be smooth compactly supported functions such that Z 0:(§)) >0 at
i=1
every point £ € 9Y (A\g). We can therefore choose sufficiently small numbers ¢; > 0,

0 < i <k, so that the functions ¢; : Y — R, 1 < i < k, defined by
Go=0, di=0— Y c;b;
j=1

Are g-convex with the same positivity directions. If we set
Yi={z €Y :¢i(x) <A} and Yy =Y (N\g), then
YochicYaC-CY, Yo CC Y, Y \Y,og CcCU; for 1<i<k

Moreover, since ¢ is exhaustive, there exists g9 > 0 such that Y (Ao +¢9) C Y UU.

We define for an arbitrary real number A with \g < A < Mg + €9 and integer
Jj =0, ,k, the sets Y;(A\) = Y; NY()\) and X;(\) = II71(Y;(N).

Since Y(A) = (Y(A) NYr) U(Y(A) NU), then X(\) = X;(A\) UV()N), where
V) =1 YA NU) = {z € TYU) : ¢goll(x) < A} is p-complete, because

~(U) is r-complete and ¢oll is g-convex. Moreover, X;(\) NV (A) is p-Runge in
V(A). Therefore

HP(X(N), F) = HP(X,(A), F) & HP(V(A), F) = H?(Xx(X), F)

To prove (c), we show inductively on j that HP(X;()\), F) = 0. For j = 0 this is
clearly satisfied since Xo(A) = X (A\g) and Ag € A. Assume now that j > 1 and that
Hp(Xjfl()\),.F) = 0. Since }/J = Y—jfl U (Y; n Uj), then X]()\) = Xjfl()\) @] ‘/]()\),

where

Notes
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V() =71 (U; nY;(N) = {2 € I7H(U;) : poll(z) < X, pjoll(z) < Ao}

is p-complete since II7!(U;) is r-complete and ¢oll and ¢;0ll are g-convex with
the same positivity directions. Furthermore, as X;_1(A) N V;(A)) = X;_1(A) N
O-YU;) = {z € T7YU;) : ¢j_10l(x) < Ao, ¢poll(xz) < A} is clearly p-Runge in
II-1(U;), then the restriction map

’

H*(ITH(U;), F) % H*(X;-1(\) N V;(A), F)

has a dense image for all s > p — 1. Since p’ is clearly injective and p — 1 > r,
then HP~1(X;_1(\) N V;()),F) = 0. Therefore from the Mayer-Vietoris sequence

for cohomology
= HPTHXG (N NV (N, F) = HP(XG(N), F) = HP (X1 (M), F) = -

we deduce that H?(X;(\), F) = 0.

To prove statement (b), it is sufficient to show that if A\; ~ XA and \; € A
for all j, then

has a dense image.
To complete the proof of theorem 1, it is, therefore, enough, according to (Cf. [3],

p. 250), to show the following lemma.

Lemma 1. For every pair of real numbers u < X\, the restriction map

HP™HX (), F) = HPH(X (), F)
has a dense range.

Proof. We consider the set T of all real numbers A such that
HP"Y (X (N), F) = HP 1 (X (), F)

has a dense range for all u < A.

To see that T is not empty, we choose \g = min{p(y);y € Y}. Then clearly
] — 00, )\0] cT.

To prove that T is open in | — oo, +o0] it is, therefore, sufficient to show that if
A € T, there exists € > 0 such that A+¢& € T. For this, we consider a finite covering
(Ui)i<i<k of {y € Y : ¢(z) = A} by Stein open sets U; CC Y and compactly sup-
ported functions 6; € C°(U;), 0; >0, =1,--- , k such that II"1(U;) is r-complete

k
and Z@l(x) > 0 at any point of 9Y'(A\). Define Y; = {z € Y : ¢,(z) < A} where
i=1
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J

¢j(2) = d(z) — Z ¢;b;, with ¢; > 0 sufficiently small so that ¢;(z) are still g-convex
1

With the same positivity directions for 1 < j < k.

If we consider the following sets defined in the lemma 2

YO ={y €Y :9y) <A}, X(A) =T HY(N), Y, = {z €Y : ¢(x) <
/\0} and Yy = Y()\Q), then

YochicYoaC--CY,YoCC Yy, Y \Y,y CcCU; for 1<i<k
and X;(\) =171 Y; NY () = X;_1(A\) UV;(N), where
Vi(\) =171 U; NY;(N) = {z € ITHU;) : poll(z) < A, pjoll(z) < Ao}

Now since X;_1(A)NV;(A) is p-Runge in the p-complete set V;(X) and HP(X;(N), F) =

0, it follows from the long exact sequence of cohomology
o PTG, F) = HPN G (0, ) @ HP (V;(0), ) -
HPH (X510 (A) N V;(N), F) = HP(X;(A), F) =
that the restriction map

HPH(X;(N), F) = HP7H(X;_1(N), F)

has a dense range.

Moreover, since ¢ is exhaustive, there exists ¢ > 0 such that Y (A +¢) C Y. We

deduce that the restriction map
HP" Y (X (A +¢), F) = H"HX(\), F)

has a dense image, which implies that A +¢ € T.
Let now A\j € T, j > 0, such that A; 7 A, and let & = (U;);cr be a countable base

of Stein open covering of X. Then the restriction map between spaces of cocycles
-1 -1
zZ? (u|X>\j+17]:) — Z° (u|X>\ja‘F)

has dense image for j > 0. Let A’ < A and j € N such that X" < \;. By [1, p.246],
the restriction map Z"2(U|x,,F) — Z"_Q(U|XAJ,,]:) has a dense image. Since
Aj €T, then Z"’Q(Z/I|XA7,,]-') — Z"*(U|x,,, F) has also a dense image, and hence
reT. '

Now since HP(X(j),F) = 0 for all j € N and H?~}(X(j + 1), F) has a dense
image in HP~1(X (j), F) for all j > 0, it follows from ( [3], p. 250) that
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H?(X,F)— HP(X(0),F)

is bijective, which shows that H?(X,F) = 0.

[V. A COUNTER-EXAMPLE TO THE ANDREOTTI-GRAUERT CONJECTURE

Theorem 2. There exists for each integer n > 3 a cohomologically q-complete open
subset Q C C™, 2 < g < n, which is not qg-complete.

We consider the following example due to Diederich and Forness [4]. Let (n,q)
n

be a pair of integers with 2 < ¢ < n and such that n = mq + 1, where m = [f]
the integral part of %. We define the functions.

0;(z) +Zaz +N||Z||4—*\|?«’||2 j=1--,m,
and
Pm+1(2) = —01(2) =+ —om(z +Zaz 2+ N|l2|* - ||Z||2,
n m+j(g—1)
where 0;(z) = Im(z;)+ Z |zi| > —(m+1) Z |zi)%, for j=1,---,m
i=m+1 i=m+(j—1)(g—1)+1

z = (21,22, "+ ,2n), and N > 0 a positive constant. Then, if N is large enough,
the functions ¢1, - - ¢o are g-convex on C" and, if p = Max(¢1, -+ , dms1), then,

for £, > 0 small enough, the set D., = {z € C": p(z) < —¢,} is relatively compact
in the unit ball B = B(0,1) if N is sufficiently large. (See [4]).

We fix some € > £y and consider a covering (U;);en of D¢, by Stein open subsets
U; CC D., and functions ; € C§°(C™,R) such that

6; >0, Supp(d;) CC UJ,ZG )>0 at any point z € dD..

We can therefore choose sufficienly small positive numbers ¢y, , ¢ so that the

J
functions ¢; ; = ¢; — Zcﬁl are g-convex for i =1,--- m+land 1 <j<k.
1=1

We define ¢; 0 = ¢; fori =1,--- ,m+1, Dy = D, and D; = {z € D, : pj(2) <
J
—¢e}, where p;(z) = p— Z ¢i0; for j =1,--- k. Then p; are g-convex with corners

i=1
and it is clear that

Dy C Dy C---C Dy, Dy CCDkCCDEO andDj\Dj_1 CCU]' forj=1,---=k.

Lemma 2. In the situation described above, for any coherent analytic sheaf F on
D.,, the restriction map HP(D;y1,F) — HP(D;, F) is surjective for allp > §—1
and all 0 < j < k—1. In particular, dimcH?(D;, F) < oo, if p> G — 1.
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Proof. We first prove that the cohomology group H?(D;NU;, F) = 0 for allp > ¢—1,
0<j<k and1 <[ <k Infact, the set D; N U; can be written in the form
D;nU=DiN---NDj, ., where D; = {2z € Uy : ¢; ;(2) < —¢} are clearly
g-complete. Then for every iy, -+ ,ip € {1,--- ,m+1}, D; N---ND; are

(G — 1)-complete. Therefore, by using Proposition 1 of [11], we obtain

H?(D;NU,F) = H™(D{U---UD,, 1, F)

if p > ¢ — 1, which implies that H?(D; NU;, F) =0 for all p > ¢ — 1.

Now since Dj+1 = D;U(D;j41NUj41), it follows from the Mayer-Vietoris sequence
for cohomology

— Hp(DjJrl,]:) — Hp(Dj,f) @Hp(Dj+1 N Uj+1,f) — Hp(Dj N Uj+1,.7:) —
HPM(Djir, F) —

that the restriction map
H?(Djt1, F) — HP(D;, F)

is surjective when p > g — 1.
Let now A be the set of all real numbers € > ¢y such that H?(D., F) = 0 for all
p>q—1

Lemma 3. -The set A is not empty and, if e € A, € > ¢¢, then there exits ' € A
such that g < &’ < e.

Proof. In fact, if po = Min_ .5{$i(2),i =1,--- ,m + 1}, then one sees easily that
[— o, +o0[C A.

For the proof of the second assertion, if with the notations of lemma 1 we set
Dy = D., we obtain Dy C Dy C --- C Dy, Dy CC Dy, CC D, and D; \ D;—; CC
Ujforj=1,---=k.

We fix some 1 < j < kand1 <1<k, andset D;,NU; =DiN---D;, ., where
D) ={z€U: ¢;;(z) < —¢}, then D] are g-complete and ¢g-Runge in U;. Therefore

because of the proof of lemma 2, one obtains
HP(D;NU,F) = H™(D{U---UD,,,,,F) =0
for p > ¢ — 1 and, consequently, the restriction map
HP(D;i1,F) — HP(D;, F)
is surjective for all p > ¢ — 1.

We now show inductively on j that H9~(D;, F) = 0. For j = 0, this is clearly
satisfied since Dy = D. and € € A. Assume now that this property has already

Ref
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been proved for j < k. Since for every i1, ,im, in {1,--- ,;m + 1}, the open set
D; n---NnDj is (¢~ 1)-Runge in U;, then the restriction map

HP(U;, F) — HP(D, ---N D}

Tm

F)

has a dense range for p > ¢ — 2. Since the canonical topologies on H*(Dj N---N
D; ,F) are obviously separated for i > 2, then HP(D; N---ND; ,F) =0 for all
p > ¢ — 2. We know from Proposition 1 of [11] that H?(D; NU,;, F) & HPT™(D}{ U
--UDy, 1, F)forp>§—2=mn—m—1. We can choose the covering (U;)1<i<
of D, such that U; \ D} U---U Dy, ., has no compact connected components,
so it follows from the mean theorem of [5], that the restriction H?(U;, F) —

HP(DyU---UD;, 1, F) has a dense image for p > n — 1. This proves that
H?(D; NU,F) = H*"™(D{U---UD, .,F)=0 for all p>q—2.

Now since HQ_Q(DJ‘ N Uj+1,]‘—) = Hq_l(DjJrl N Uj+1,]:) = Hq_l(Dj,]:) =0, it

follows from the Mayer-Vietoris sequence for cohomolgy
— H12(DjNUj41, F) = HT Y (Djy1, F) = H YDy, FY@HT Y (Dj1NUj41, F) —

that Hd—l(Dj+1,f') =0.

On the other hand, since p is proper, there exists ¢’ > 0 such that e —&’ > ¢, and
D. o ={2€ D, :p(z) <e —e} CC Dy.

Since H1=Y(Dy, F) — HI"Y(D._., F) is surjective, HI"1(Dy, F) = 0 and
dimcHIY(D._or, F) < 00, then HI= (Do, F) = 0, whence € — ¢’ € A.

Lemma 4. The open set D, is cohomologically (§ — 1)-complete.

Proof. For this, we consider the set A of all real numbers ¢ > ¢¢ such that
HP(D.,F) =0 for all p > G — 1. Then by lemma 3, A is not empty and open
in [g9,00[. Moreover, if ¢ = Inf(A), there exists a decreasing sequence of real
numbers ¢; € A, j > 1, such that ; N\, e. Since H?(D,, F) =0 for p > G—1 and,
by lemma 1, the restriction map H?(D.,,,,F) — HP(D.,,F) is surjective for all
p > q— 2, then by ( [3], p. 250), the restriction map

H?(D.,F) — H?(D.,,F)

is an isomorphism for p > ¢ — 1, which shows that € € A.

Assume now that € > €g. Then there exists, according to lemma 1, &’ € A such
that g9 < ¢’ < &, which contradicts the fact that ¢ = Inf(A). We conclude that

e =¢g¢ € A, and hence D, is cohomologically (¢ — 1)-complete.

End of the proof of theorem 2

We have shown that D, is cohomologically (¢ — 1)-complete. We are now going
to prove that for a good choice of the contants £y and N, we can find an € > ¢
such that D, is cohomologically (§ — 1)-complete but © not (§ — 1)-complete.
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In fact, it was shown by Diederich-Forness [4] that if 6 > 0 is small enough, then
the topological sphere of real dimension n + ¢ — 2

Ss={z€Cr:af+ - +al +zms1f’ + - +|ml =4

n m+j(g—1)
yi=— Y lal+(m+1) > 2> for j=1,---,m}
i=m+1 i=m+(j—1)(g—1)+1

is not homologous to 0 in D.,. This follows from the fact that the set F = {z €
C":xy =2 =+ =z, = 0} does not intersect D,,, since on F

3 m m )
Oj=yj+ 7D W NQ_u)? for j=1,-,m
=1

i=1

and

3%~ o 22
¢m+1=—y1—"'—ym+Z;yi"'N(;yi)

such that p > 0 on E. So the following real form of degree n + G — 2

n n n
w = (meJr Z y§)72n+m(2(fl)ixidaz1/\~--dzi/\-~/\dmn/\dym+1 A A
i=1 i=m-+1 i=1

dyn + > (~1)" ympider A Adwn Adymir A A dYmgs A A dyy)
=1

is well-defined and d-closed on D,,. Since w does not depend on yi, -+ ,¥Ym, then
by the standard argument | 55 W # 0. Therefore Ss is not homologous to 0 in Dy, .

Let &; be the sheaf of germs of C*° g-forms on C" and 7, the sheaf of germs of

C*° d-closed g-forms. Then we have an exact sequence of sheaf homomorphisms

O—>Tq—>8qi>7;+1—>0

Since by the de Rham theorem for every p > 1, the cohomology group H?(D,,,C)
is isomorphic to

{weT(D,,,&) : df =0}

{dw:w € T'(Dey,Ep—1)}

it follows from Stokes formula that H"*9=2(D. ,C) does not vanish.

0
We are going to show that H"(D,,, ODEO) =0forallr with1<r<qg-3.
We first assert that we can choose N, €y, and € > gg such that, if, with the
notations of Proposition 1, we set

m

1 )
6;(2) = 0j(2) + Y oi(2)* + N[l = LIl G =1, ,m,

i=1

and

Smr1(2) = 0(2) + Y 0i(2)” + NlJ2||* - illzllz’ where o(z) =~ oi(2),
i=1 i=1

Ref
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n m+j(g—1)

0j(z) = Im(z;) + Z |zi]* — (m + 1) Z |zi|%, for j=1,---,m,
i=m+1 i=m+(j—1)(g—1)+1

(z) = N||z||4fi||z\|2+€0 and p(z) = Max(¢1(z), - ,¢m+1)+z 0i(2)*+ (2)—eo,
i=1

then we obtain
D.={z€D.:¢(z) <eyp—e}

where m’ = Min,p, (2), and
$(z) = 0(2) + Y 0i(2)* +m
i=1

In fact, we can choose € > ¢ sufficiently big and A > 0 small enough so that
go—e<m' < (1+A).Min,p5_ (z)and Ae — (1 + A)eg > 0.

On the other hand, if § = Min_.p_ [|2]|?, then we have

1 _
O<5§Hz||2<mf%0 for every ze€ D,

Therefore by suitable choice of gy, € and IV we can also achieve that

1 . 1 . E—¢€p
(NIl = {112112) = Min,eg (NI|2I1* = J11211%) < Min(Z==2, X6 = (14 N)eo),

€0

and

£ —

Mazx EO,)\E— (14 Neo),

1 1 ,
2D, (NI = 112117 = (V1= = Z1I211%) < Min

for every z € D..

Because (2) < &g — ¢ on D, then clearly we obtain

o(2) = a(z)+Z oi(2)*4m/ < o(2)+Y_ 0i(2)*+(1+A).4(2)) < (14+A)(e0—¢), if z € D,

i=1
which shows that
D.={z€D.:¢(z2) <eg—e}
We are now going to show that for every none-positive real number a with a <
€o — €, the open sets
B, ={z€D.:¢(2) < a}
are relatively compact in D..

To see this, we consider a sequence (z;)j>0 C B, which converges to a point
z € D.. Then one has for every sufficiently large integer j

i 1
p(z5) = Maz(o1(25), -+ ,om(zj),0(25)) + Zoi(zj)2 + N||z|[* - i\lzjll2 < -
i=1

Since

¢(Z]) < Eyp—€+ )\1/1(,2]) < (1 + )\)(50 — 5)

© 2022 Global Journals

Global Journal of Science Frontier Research (F) Volume XXII Issue V Version I E Year 2022



(F) Volume XXII Issue V Version I

Research

Frontier

Global Journal of Science

© 2022 Global Journals

and
1 . 1
Nllesll* = 3112512 = Min, s, (NIJzll* = 51l211%) < Xe = (1 + X)eg
then

p(z) = d(z;) + N(||z|* — i||zj||2) —m <eg—¢e+A(z) + Ae — (1 + N)eo

A passage to the limit shows that
p(z) <eg—e+Mp(2)+Ae—(1+Neg < (1+A)(eg—¢) +Ae — (1 + Negg = —¢,

because (z) < g9 — &, which implies that z € D.. We conclude that with such a
choice of €9, N, and ¢ the limit z € D., and hence the open set

By ={z€ D, : ¢(z) < a}

is relatively compact in D, for all real numbers «, with a < g¢ — €.

Now since ¢ is in addition (m + 2)-convex, then a similar proof of theorem 15
of [3] shows that, if Q! is the sheaf of germs of holomorphic i-forms on C", i > 0,
(Q° = Ocn), and B. = {z € D, : ¢(z) < ¢} for ¢ < &g — ¢, then the map

H"(D., Q") — H"(D. \ B, Q")

is injective for every r < n—m —1 and ¢ < g9 —&. Then obviously H"(D., Q%) =0
for1<r<n—m-—2andi>0. In fact, let ¢g = Ma:czeﬁng(z). Then there exists

21 € OD. such that ¢(z1) = ¢p. Since ¢y = ¢(z1) = o(z1) + Zai(zl)z +m <
i=1

p(z1)+eo0 < eg—e, then B, = D, and hence H"(D.,Q") =0for 1 <r <n—m-—2.

Now if we suppose that D, is (§ — 1)-complete, then there exists a C'* strictly

(¢ — 1)-convex function : D. — R such that D.. = {z € D. : (2) < ¢} is
relatively compact in D, for every ¢ € R.

We now consider the resolution of the constant sheaf C on D,
0-CoH0%ot % ... 5%am 50

If we set Z9 = Im(Q7~! A ) for 1 < j <n—1, then we get short exact sequences

1
0—-—C—-0—-272 —0

0225002527150
027150 50" >0

Since, by Proposition 1, D, is cohomologically (§— 1)-complete, then H" (D, Q%) =
O forall”>¢g—1andi>0. So we obtain the isomorphisms

qul(DE’ Z’nfl) o~ Loy H2n7m72(DE’ Zl) o H2’n7m71(D87c)
and the exact sequence

N Hq__Q(DE,Qn) N Hti—l(DE7Zn—1) N Hti—l(Dan—l) =0
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We deduce that the map
H2(D., Q") 5 H""72(D,,C)

is surjective. The map ¢ is defined as follows : If a differential form w € C2%_5(De)

satisfies the equationﬁw =0, then w is also d-closed and therefore defines a coho-
mology class in H"t972(D,, C).

Moreover, since, by theorem 1 in [8], every d-closed differential form w € C2°._,(D,)

n,g—2
is cohomologous to a d-closed (n, ¢ — 2) differntial form w’ € C5% 5 (D), it follows
that the map

H™%(D.,Q") & H"*72(D,,C)
is bijective.
Now if we suppose that D, is (§ — 1)-complete, then there exists a C'* strictly

(G — 1)-convex function : D, — R such that D.. = {z € D. : (2) < ¢} is
relatively compact in D, for every ¢ € R.

Notice that for the given ¢, if § > 0 is small enough, the topological sphere
Ss={z€C": 2 + |2+ +|z* =4, 01(2) =0} C D,

Since is exhaustive on D., there exists ¢ > 0 such that Ss is not homologuous
to 0in D, . Let ¢ > ¢/. Then D, . and D, » are (§ — 1)-complete and, similarly
H?(D. ., Q") = H?(D. ,Q") =0for 1 <p<n-—m—2andi>0. Also the maps
H2(D. ., Q") — H""9"2(D, .,C) and H7"%(D. ,Q") — H""9=2(D, +,C) are
bijective. Moreover, since the levi form of has at least m + 1 strictly positive
eingenvalues, then by using Morse theory (See for instance [7] ) we find that

Hn+q~_2(DE,Ca (C) = Hn+q_2(D6,c” (C)
It follows from the commutative diagram of continuous maps

H®2(D, ., Q") — H"t12(D, .C)
4 +
HT%(D, ., Q") — H""~%(D, .,,C)

that the restriction homomorphism

HT™%(D. ., Q") — HI?(D. «+,Q")

is bijective. Since in addition D, . is relatively compact in D, ., the function
being exhaustive on D, then, according to theorem 11 of [1], one obtains

dimcHIT?(D. o, Q") < 00

Since the sheaf Q" is isomorphic to Op_, then we have also dimCHq*Q(Dg’c/, Op.) <
oo. Furthermore, since D, . is cohomologically (G—1)-complete and H"(D., Op_) =
0for 1 <r <mn—m—2, it follows from theorem 1 of [6] that D, . is Stein, which
is in contradiction with the fact that H"*4-2(D, .., C) # 0, since S5 C D, . is not
homologous to 0 in D, .. We conclude that D, is cohomologically (§— 1)-complete
but not (¢ — 1)-complete.
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2.

Theorem 3. There exists for each integer n > 3 a cohomologically (n—1)-complete
open subset ) of C™ which is locally (n — 1)-complete in C™ but Q is not (n — 1)-

complete.

Proof. We consider for n > 3 the functions ¢1, ¢ : C* — R defined by

$1(2) = 01(2) + 01(2)? + Nl[z][* = iIIZIIQ,
$2(2) = —01(2) + 01(2)* + NJ|zl[* — iIIZHa

where o1(2) = Im(z1) + Z |zi|? — |22|%, 2 = (21,22, , 2n), and N > 0 a positive
i=3

constant. Then, if N is large enough, the functions ¢; and ¢4 are (n — 1)-convex on
C™ and, if p = Max(¢1, ¢2), then, for €, > 0 small enough, the set D, = {z € C":
p(z) < —&,} is relatively compact in the unit ball B = B(0,1), if N is sufficiently
large.

According to ( [2], p. 20), we can choose g9 > 0 such that if § = Min_.5_||z[[?,

€0

then we have

1 _
0<6§Hz||2<w—%0 or every z € D,

and that by a suitable choice of € > g,
D.={z€C":p(z) < —¢}

is cohomologically (n — 1)-complete but not (n — 1)-complete.

Now if we suppose that at a boundary point zg € 9D, we have ¢1(z0) = ¢2(20),
then oy(z9) = 0 and, hence N|zg|* — @ = e. This implies |2|> = g (1 +
V1+64Ne < ﬁ. Therefore %m < %, which is a contradiction. This
implies that ¢1(z) # ¢2(z) at every boundary point z € dD.. We conclude that
with such a choice of g9 , N and €, D, is obviously locally (n — 1)-complete in

Cc.
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Abstact- This Paper investigates the behavior of daily exchange rates between USD/INR, GBP/INR, CHF/INR and
JPY/INR. This Paper attempts to examine the performance of ARCH/GARCH model in forecasting the currencies traded
in Indian foreign exchange markets. The accuracy of the forecast is compared with Mean Error (ME), Mean Absolute
Error (MAE), Mean Percentage error (MPE), Mean Absolute Percentage Error (MAPE) and Root Mean Squared Error
(RMSE), Mean Absolute Square Error. Study the performance indicators of model by using AIC and BIC values. This
paper attempts to examine the performance of ARCH/GARCH model in forecasting the currencies traded in Indian
foreign exchange markets. Study the Forecasting value of next 5 years exchange rates USD American dollar, GBP
British Pound, CHF Swiss Franc and JPY Japanese JPY currencies with INR Indian data from that investigates the
behavior of daily exchange rates between USD/INR, GBP/INR, CHF/INR and JPY/INR.

Comparison of daily exchange rates of USD American dollar, GBP British Pound, CHF Swiss Franc and JPY
Japanese JPY currencies with INR Indian currency data taken from 15" May 2011-13" May 2021 analyzed is collected
from the official website (http://www.rbi.org.in) of Reserve Bank of India (RBI).

After choosing the best model, serial correlation and heteroscedasticity is checked. Also, by using the Jarque-
Bera test it can be stated if the residuals are normally distributed or not. At last the conditional standard deviation is
plotted. Autoregressive conditional heteroskedasticity (ARCH) models are used for modelling observed time series. Also
they are used in order to characterize various observed time series. An ARCH (g) model is estimated using ordinary
least squares.

Keywords: forex, forecasting, ARCH, GRACH.

[. [NTRODUCTION

Generally, we se ARMA model for evaluate conditional mean and ARCH to
evaluate Conditional variance or Volatility or Dispersion. We are more interested to
find out conditional variance, because we want to use the past history to forecast the

variance. In financial market depends on “Volatility is clustering” implies time varying
conditional variance.

In financial marketing risk has become an important part both for risk
management and for regulatory purposes. Different investors have different levels of risk
that they willing to take volatility is perceived as a measure of risk.

ARMA models are mainly focused on to model the conditional expectation of a
process given the past, but in an ARMA model the conditional variance given the past
is constant. What does this mean for, say, modeling stock returns? Suppose we have
noticed that recent daily returns have been unusually volatile. We might forecast that

tomorrow’s return is also more variable than usual. However, an ARMA model cannot

capture this type of behavior because its conditional variance is constant. So we need
improved time series models if we desire to model the non constant volatility. In this

Author a o: Department of Statistics, Osmania University, Hyderabad. e-mails: rani0130@gmail.com, jyothi2263@gmail.com
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paper we look at ARCH and GARCH time series models that are becoming widely used
in econometrics and finance because they have randomly varying volatility. ARCH is an
acronym meaning Auto Regressive Conditional Heteroscedasticity. In ARCH models the
conditional variance has a structure very similar to the structure of the conditional
expectation in an AR model. We first study the ARCH (1) model, which is the simplest
GARCH model and similar to an AR (1) model. Then we look at ARCH (p) models
that are analogous to AR (p) models. Finally, we look at GARCH (Generalized ARCH)
models that model conditional variances much as the conditional expectation is modeled
by an ARMA model.

Econometricians are being asked to forecast and analyze the size of the errors of
the model. In this case the questions are about volatility and the standard tools have
become the ARCH/GARCH models. The basic version of the least squares model
assumes that, the expected value of all error terms when squared is the same at any
given point. This assumption is called homoskedasticity and it is this assumption that is
the focus of ARCH/GARCH models.

ARCH models were introduced by Engle (1982) generalized autoregressive
conditional heteroscedasticity (GARCH) (Bollerslev, 1986) were developed early in
stock market forecasting. However, these models are generally not effective tools for
forecasting due to the non-linearity of data and the occurrence of shocks (Sharma et al.
2016). The model assumes that the variance of the current error term is related to the
size of previous period error terms.

Emerson Rodolfo Abraham et al/ (2020) study the Time Series Prediction with
Artificial Neural Networks: An Analysis Using Brazilian Soybean Production. In this
paper they were collected the data 1961-2016 regarding soybean production in Brazil.
The results reveal that ANN is the best approach to predict soybean harvest area and
production while classical linear function remains more effective to predict soybean
yield.

The work of Babu et a/ (2014) proposed a hybrid system based on ARIMA and
GARCH models. The authors collected data from January 2010 to January 2011 to
define the first dataset (TD1) used for evaluating the performance of their model. As
reported in this, they compared results between the proposed approach and other
autoregressive models such as ARIMA, GARCH etc. The corresponding errors measures
(MAPE, MAE, MaxAPE and RMSE) show that the proposed approach outperforms
other models. Furthermore, the authors considered SBI shares from January 2010 to
December 2010 to test the performance of proposed approach. The error performance
measures (MAE, MaxAPE, etc.) confirmed that the proposed method obtains better
results among others model (ARIMA and GARCH single scenario etc.). Also, the
proposed hybrid system minimizes error performance. Despite achieving considerable
results, autoregressive models present several limitations for stock price prediction
compared to ML-based techniques.

Hamilton (1994) proposed the increasing interest in predicting the future
behavior of complex systems by involving a temporal component. Researchers have
investigated this problem modeling a convenient representation for financial data, the
so-called time series (i.e., numerical data points observed sequentially through time).
Previous studies have highlighted the difficulty studying financial time series accurately
due to their non-linear and non-stationary patterns.

Dinesh et a/ (2021) studied the Integration of genetic algorithm with artificial
neural network for stock market forecasting. In this they were proposed an intelligent
forecasting method based on a hybrid of an Artificial Neural Network (ANN) and a
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Genetic Algorithm (GA) and uses two US stock market indices, DOW30 and
NASDAQ100, for forecasting. The data were partitioned into training, testing, and
validation datasets. The model validation was done on the stock data of the COVID-19
period. The experimental findings obtained using the DOW30 and NASDAQ100 reveal
that the accuracy of the GA and ANN hybrid model for the DOW30 and NASDAQ100
is greater than that of the single ANN (BPANN) technique, both in the short and long
term.

Various ARCH models have been applied by researchers to analyze the volatility
of exchange rates in different countries. For example some studies are: (Benavides,

2006) in which the author analyses the volatility forecast for the Mexican Peso — U.S.
Dollar exchange rate, (Trenca et. al., 2011) which analyzes the evolution of the
exchange rate for: Euro/RON, dollar/RON, yen/RON, British pound/RON, Swiss
franc/RON for a period of five years from 2005 until 2011, (Alam et. al., 2012) in which
the authors analyze exchange rates of Bangladeshi Taka (BDT) against the U.S. Dollar
(USD) for the period of July 03, 2006 to April 30, 2012, (Musa et. al, 2014) forecast the
exchange rate volatility between Naira and US Dollar using GARCH models.

[1. LITERATURE REVIEW

a) Arch Model

ARCH is as AR component except we use lag or variance rather than lag of
dependent variable.
The following reasons for the ARCH success:

e ARCH models are simple and easy to handle
e ARCH models take care of clustered errors
e ARCH models take care of nonlinearities

e ARCH models take care of changes in the econometrician’s ability to forecast. The
basic equation of estimation of parameters in ARCH model is given in (4.2.2)
Let Y, be N (0, 1). The process Z, is an ARCH (q) process if it is stationary and

if it satisfies for all‘t’ and some strictly positive valued process g;, the equations

Zt == O-t Yt e (1)

ol =@y + EYEL + EYE, + . +E YA, .. (2)

Constraints on parameters:

e variance has to be positive:

Po > 07 517 EZ""'Eq—l 2 07 Eq >0

e Stationary:

St &+t <1

b) Garch Model

GARCH is as MA component except we use past error of variance equation
rather than past error of mean equation. In ARCH model computational problems may
arise when the polynomial presents a high order. To facilitate such computation,
Bollerslev (1986) proposed a Generalized Autoregressive Conditional Heteroskedasticity
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(GARCH) model. GARCH (p,q) model (generalized autoregressive conditional

heteroskedasticity) - equation for variance o?.

of =@o+ &YE + &Y, + +qut2—q + 81071 + 8,08, + ... +5q0t2—p - (3)

It is quite obvious the similar structure of Autoregressive Moving Average
(ARMA) and GARCH processes: a GARCH (p, q) has a polynomial § (L) of order “p” -

the autoregressive term, and a polynomial ¢ (L) of order “q” - the moving average term.

¢) Estimation of Value at Risk (VAR)

Value at Risk (VaR) estimates the maximum expected loss on an investment,
over a given period of time and given a specified degree of confidence. A value at risk
statistic has three components: a time period, a confidence level and a loss amount
(expressed either in currency or loss percentage). Value at risk answers question like
what is the worst I can, with a 95% or 99% level of confidence, expect to lose in
investment over the next day, month or year. According to Glyn (2014) value at risk is
given by

Var =u+Za o (4)

In this research, value at risk (VaR) will be estimated using GARCH models
identified between USD/INR, GBP/INR, CHF/INR and JPY/INR on the foreign
exchange rate.

d) Methodology

ARCH and GARCH models have become important tools in the analysis of time
series data, particularly in financial application. These models are especially useful when
the goal of the study is to analyse and forecast volatility. This study investigates the
volatility in foreign exchange rate.

This Paper investigates the behavior of daily exchange rates between USD/INR,
GBP/INR, CHF/INR and JPY/INR. This Paper attempts to examine the performance
of ARCH/GARCH model in forecasting the currencies traded in Indian foreign
exchange markets. This paper attempts to examine the performance of ARCH/GARCH
model in forecasting the currencies traded in Indian foreign exchange markets. Study
the Forecasting value of next 5 years exchange rates USD American dollar, GBP
British Pound, CHF Swiss Franc and JPY Japanese JPY currencies with INR Indian
data from that investigates the behavior of daily exchange rates between USD/INR,
GBP/INR, CHF/INR and JPY/INR.

Comparison of daily exchange rates of USD American dollar, GBP British
Pound, CHF Swiss Franc and JPY Japanese JPY currencies with INR Indian currency
data taken from 15™ May 2011-13™ May 2021 analyzed is collected from the official
website (http://www.rbi.org.in) of Reserve Bank of India (RBI).

After choosing the best model, serial correlation and heteroscedasticity is
checked. Also, by using the Jarque-Bera test it can be stated if the residuals are
normally distributed or not. At last the conditional standard deviation is plotted.
Autoregressive conditional heteroskedasticity (ARCH) models are used for modelling
observed time series. Also they are used in order to characterize various observed time
series. An ARCH (q) model is estimated using ordinary least squares.

Objectives: Constructing ARCH/GARCH model for the investigated time series
includes the following flowchart:
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e) Check for Stationarity
Check for stationarity of daily exchange rates between USD/INR, GBP/INR,
CHF/INR and JPY/INR data.

Forex GBP/INR ARIMA residuals

Moo

omom

|
il

Forex USD/INR ARIMA residuals

(R =R ]
[ R

Forex WAN/JINR ARINMA residuals

0.0 —

Figure 1.2.1: Residual Plots of the Daily Exchange Rates between USD/INR,
GBP/INR, CHF/INR and JPY/INR
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Observation of above Residual plots of the daily exchange rates between
USD/INR, GBP/INR, CHF/INR and JPY/INR all are in the form of non-stationary,
so we preferred ARCH and GARCH Models to test the diagnostic checking.

f) ARCH, GARCH Comparison and Analysis

We shall be developing two types of models (ARCH - autoregressive conditional
heteroskedastic model, GARCH - generalized autoregressive conditional heteroskedastic
model and compare them in order to find the best model.

i. Arch Analysis

Table 1.2.1: Chi- Squared and P-Values for the Fitted Model based on Daily Exchange
Rates between USD/INR, GBP/INR, CHF/INR and JPY/INR

Chi-squared p-value
USD/INR 200.77 [ 2.26-16
GBP/INR 41.134 =1.422e-10
CHF/INR 97.26 i 2.2e-16
JPY/INR 70.278 [ 2.2¢-16

Small p-values (less than 0.05) suggest that the data is stationary and doesn’t
need to be differenced, From Table 1.2.1 above, it is clearly seen that all the p-values of
ADF test are less than 0.05, suggesting that the series of the foreign exchange rates of
USD/INR, GBP/INR, CHF/INR and JPY/INR are stationary in mean but not in
variance. Also, the USD/INR, GBP/INR, CHF/INR and JPY/INR foreign exchange
rates show a clear evidence of ARCH effect since the p-values of Chi-square test are less

thana = 0.05. This signifies that the variances of the foreign exchange rates are non-
constant for all the periods specified. The Box and Jenkins procedure is applied to the

variance series (Zi °) obtained from difference logged series of the closing prices which
will lead to the model building process.

ii. Garch Analysis

The model building procedures begins with the identified GARCH processes for
the USD/INR, GBP/INR, CHF/INR and JPY/INR foreign exchange rates. The
GARCH process based on following tests for checking its diagnostic Jarque Bera Test,
Box-Ljung test. From Table 1.2.6, GARCH (1,1) process was identified for USD/INR
foreign exchange rates, GARCH(1,1) process was identified for GBP/INR foreign
exchange rates, GARCH (2,2) process was identified for CHF/INR foreign exchange
rates and GARCH (1,1) process was identified for JPY/INR foreign exchange rates.

Below table present the GARCH processes and their parameters for USD/INR,
GBP/INR, CHF/INR and JPY/INR foreign exchange rates.

Table 1.2.1: Summary of Garch Model Fit for USD/INR, GBP/INR, CHF /INR and
JPY/INR Foreign Exchange Rates

Countries Model Parameters

Identified a0 al B1 B2
USD/INR | GARCH(1,1I) 0.0020391 0.0642354 0.9040804 NIL
GBP/INR | GARCH(1,1) 0.018310 0.084582 0.841950 NIL
CHF/INR | GARCH(2,2) 0.0041388 0.1077998 0.2238257 0.6525444
JPY/INR | GARCH(I,I) 2.259e-05 5.000e-02 5.000e-02 NIL

The volatility model identified for USD/INR, GBP/INR, CHF/INR and
JPY/INR foreign exchange rates are:
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o2 = 0.0020391 + 0.00203 ZZ2 ; +0.9040804 o?_, .. (5)
o2 = 0.018310 + 0.084582 ZZ ; +0.84195 o2, .. (6)
o2 = 0.0041388 + 0.1077998 Z2 ; +0.223825702_; + 0.652544402_; .. (7)
02 = 2.259e-05 + 5.000e-02 Z2 ; + 5.000e-02 o2 ; . (8)

Table 1.2.2: Evaluation of Garch Model Fit for USD/INR Foreign Exchange Rates

GARCH(1,1) Parameters
a0 al B1
Standard Error 0.0001203 0.0043000 0.0050571
t-value 16.95 14.94 178.78
Pr((>—t—) <2e-16 <2e-16 <2e-16

Table 1.2.3: Evaluation of Garch Model Fit for GBP/INR Foreign Exchange Rates

GARCH(1,1) Parameters
a0 al B1
Standard Error 0.002088 0.004876 0.012585
t-value 8.77 17.34 66.90
Pr((>—t—) <2e-16 <2e-16 <2e-16

Table 1.2.4: Evaluation of Garch Model Fit for CHF /INR Foreign Exchange Rates

GARCH(1,1) Parameters
a0 al Bl B2
Standard Error | 0.0005061 0.0072744 0.0537764 0.0507097
t-value 8.177 14.819 4.162 12.868
Pr((>—t—) 2.22e-16 < 2e-16 3.15e-05 < 2e-16

Table 1.2.5: Evaluation of Garch Model Fit for JPY/INR Foreign Exchange Rates

GARCH(1,1) Parameters
a0 al Bl
Standard Error 3.782e-06 6.694e-03 1.495e-01
t-value 5.973 7.470 0.334
Pr{(;—t) 2.336-09 8.0dc-14 0.738

Table 1.2.6: Diagnostic Tests of Garch Model Fit for USD/INR, GBP/INR, CHF /INR
and JPY/INR Foreign Exchange Rates

Countries Jarque Bera Test Box-Ljung test
Chi Chi
squared p-value squared p-value
USD/INR 21112 i 2.2e-16 7.5815 0.005897
GBP/INR 3442.1 i 2.2e-16 1.7723 0.1831
CHF/INR 234670 i 2.2e-16 0.0041978 0.9483
JPY/INR 2310.1 i 2.2e-16 7.6918 0.005547
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g) Volatility USD/INR, GBP/INR, CHF/INR and JPY/INR Foreign Exchange Rates

The volatility is measured by the conditional standard deviation and it is

presented in figure 1.2.2
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Figure 1.2.2: Conditional Standard Deviation Plot of USD/INR, GBP/INR, CHF/INR

1.

2.

3.

4.

And JPY/INR Foreign Exchange Rates

[11. CoNCLUSION

The test p-values from tables 1.2.1 (shown in the second column) are more than 5%,
so in this model there is no ARCH effect, meaning that we have a good model.

From the p-value of the Jarque - Bera test we can state that the residuals are not
normally distributed, which is not desirable. So, the only problem of the model is
that the residuals are not normally distributed. The volatility is measured by the
conditional standard deviation and it is presented in figure 1.2.2

The Box-Ljung test indicates that the ARCH (1) model is dynamically adequate
with white noise error.

The volatility experienced by the insurance returns series were modeled using
univariate Generalized Autoregressive Conditional Heterskedastic (GARCH) model
and observed that GARCH (1,1) was identified as the best model for USD/INR and
GBR/INR and YAN/INR. GARCH(2,2) was identified as the best model for
USD/INR CHF/INR.
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10.

11.

12

13.

© 2022

. The Jarque Bera Test indicates the USD/INR, GBP/INR, CHF/INR and JPY/INR

foreign exchange rates are significant.

The Box-Ljung test indicates that the USD/INR and JPY/INR foreign exchange
rates are significant remaining GBP/INR, CHF/INR foreign exchange rates are
insignificant.

The study has shown that GARCH models are better models for analyzing foreign
exchange rates data.
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Abstract-1n the present work, the main intention is to introduce new type of closed sets namelyGg**-closed sets in Grill
Topological spaces and study some of their properties.

Keywords: topological space, grill, operator ¢, g-closed set, Gg-closed set, Gg*-closed set, Gg**-closed
set.

[. INTRODUCTION

N. Levine[l] introduced the concept of generalized closed sets in topological
spaces. Later many authors introduced new types closed sets in topological spaces and
established their properties. They also studied the relationship with other types of
closed sets in topological spaces. The concept of Grill was first introduced by Choquet
[2] in the year 1947.Some authors introduced the concept of generalized closed set in
Grill topological spaces in later years. In 2012, Dhananjoy Mandal and M. N.
Mukherjee[3], introduced the concept of Gg-closed set in Grill topological spaces and
studied their properties. In the year 2017, M. Kaleswari and others[4] introduced the
concept of Gg*-closed sets in Grill topological spaces and established some of their
properties. With their inspiration the concept of Gg**-closed set in a Grill topological
space was introduced in the present work and studied some of their properties.

[1. PRELIMINARIES

Definition 2.1

A Grillon a topological space (X,r) is a nonempty collection G of nonempty
subsets of X such that
(i) AeG,AcBc X=BeG

(i) AcX,Bc X, AuUBeG=AeGor Be(G.

If G is a Grill on a topological space(X,7), then it is called a Grill topological
space denoted with (X,7,G).

Author: Professor in Mathematics, Dept. of BS&H, ISTS Engineering College for Women, Eastgonagudem, Andhrpradesh.
e-mail: wsrch@gmail.com
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Definition 2.2
Let (X,7,G) be a Grill topological space and Ais any subset of X .The operator

¢:P(4) —> P(4) is defined as ¢(4)={xe X [lUNAeG,VU e7(x)} where 7r(x) denotes
the neighbourhood of x in the space X .

Definition 2.3:

A subset4 of a Grill topological space(X,r,G) is said to be Gg-closed if
¢(A) cU whenever 4c U and U is open in X . The complement of a Gg-closed set is
a Gg-open set.

Definition 2.4: [6]

A subset 4 of a Grill topological space(X,7r,G) is said to be Gg*-closed if
¢(A)g U whenever Ac U and Uis g-open in X .The complement of a Gg*-closed set is
a Gg*-open set.

Throughout the paper, by a space X we always mean a topological space (X,7)

with no separation axioms assumed. For any subset A of the space X, the closure of 4 is
denoted with c/(A4)and interior of the subset A4 is denoted withint (A)

Theorem 2.5:/5]
Let (X,7,G) be a Grill topological space. Then for any 4c X,Bc X the
following hold:

(@) Ac B= ¢(4) < ¢(B)
(b) p(4V B) =p(A4)w ¢(B)
(©) #(#(A4)) = d(A) =cl(¢(A)) = cl(A)

[II.  Gg™-CroseD SETS IN GRILL TOPOLOGICAL SPACES

In this section a new type of closed set was defined in a Grill topological space
with an example.

Definition 3.1:
A subset 4 of a Grill topological space(X,r,G) is said to be Gg**-closed set if

¢(4)cU whenever AcU and U is g*-open in X . The complement of a Gg**-closed

set is a Gg**-open set.

Example 3.2:

Consider X= {a,b,c}, v={, X {a}.{a,b}{a,c}{b}} and G ={X ,{a}{a,c}. Then,
(X,7,G) is a Grill topological space. In this space, g*-closed sets are
{2, X ,{b} {c}{b,c}.{a,c}}. Take the set A={a,c} in the space. Then,
t(a) ={X {a}.{a,b}.{a,c},7(b) ={X ,{b} {a,b}}and 7(c) ={X ,{a,c}}.

Now, {a}nA={a}e G {a,b}nA={a}e G {a,c}nA={a,c}eG, X "A=AeG. This
shows thata € ¢(4). In a similar way we can check b ¢ ¢(A),c e ¢p(A4). So, ¢(A) ={a,c}.

Also, the g*-open sets containing A4 are {X,{a,c}}and each of the sets contain
#(A). Hence, the set A={a,c}is a Gg**-closed set in the Grill topological space
(X,7,G).
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[V.  ProrerTiES OF Gg™*-CLOSED SETS

This section is dedicated to study some simple properties of Gg**-closed sets.

Theorem 4.1:
In a Grill topological space(X ,T,G), every non-member of G is Gg**-closed.

Proof:
N Let 4 be any non-member of G and U be a g*-open set containing 4. Then,
otes ANU = A¢G. This shows that ¢(4)={}cU and hence A4is Gg**-closed set.

Remark: S
The converse of the above theorem need not be true. This can be seen from the =

following example. i
41

Example 4.2:

Consider the Grill topological space (X ,T,G) defined by the sets X ={a,b,c},
r ={J, X {a}.{a,b}.{a,c}{b}}, G ={X {a}{a,c}}.In this space 4={a,c} is a Gg**-closed
set but it is a member of the grillG .

Issue V Version I

Theorem 4.3:
In a Grill topological space (X ,T,G), every closed set is a Gg**-closed set. =
<
Proof: g
Let 4 be any closed set in the Grill topological space(X ,T,G). Then, A=cl(4). =
Let U be any g*-open set containing 4. Then, U is a g*-open set containingc/(4)-
We claim that ¢(4) c U .Supposex € ¢(A).Then, ANU € G,VU e r(x) . This implies that -
xecl(4) and soxeU . Hence, ¢(4) cU as we claimed. —;
Remark: E
The converse of the above theorem need not be true. This can be seen from the =2
following example. S
Example 4.4: g
Let X ={a,b,c},7 ={3, X {a}{a,b}{a,c},{b}} and G ={X,{a}.{a,c} be a grill. %
Then(X,7,G)is a Grill topological space. In the space, 4={b,c} is a Gg**-closed set -
but it is not a closed set. E
Theorem 4.5: 2
In a grill topological space (X ,r,G), every g*— closed set is a Gg**-closed set. :g
Proof: -
Let A be ag*-closed set in the Grill topological space (X ,r,G) and U be any
g*-open set containing 4 .Then, ¢(4) c U. Hence, A4 is a Gg**-closed set. -

Remark:
The converse of the above theorem need not be true. This can be seen from the
following example.
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Example 4.6:

Let X ={a,b,c}, v ={3, X ,{a},{a,b}.{a,c}{b}} and G ={X {a}.{a,c}} be a grill.
Then,(X ,T,G) is a Grill topological space. In the space, 4={a,b} is a Gg**-closed set,
but it is not a g*-closed set.

Theorem 4.7:
In a Grill topological space (X,7,G), every Gg*-closed set is a Gg**-closed set.

Notes

Proof:
Let 4 be any Gg*-closed set in the Grill topological space(X ,z',G) and U be any

g*-open set containing 4 .Then, ¢(4) cU .Hence, 4 is a Gg**-closed set.

Remark:
The converse of the above theorem need not be true. This can be seen from the
following example.

Example 4.5:
Let X ={a,b,c}, v ={3, X {a}.{a,b}{a,c},{b}} and G ={X,{a}{a,c}} be a grill.

Then,(X ,T,G) is a grill topological space. In the space, 4={ab} is a Gg**-closed

setbut it is not a Gg*-closed set.

Theorem 4.9:
In a Grill topological space (X,7,G) union of any two Gg**-closed setsis aGg**-

closed set.

Proof:
Let A4,B be any two Gg**-closed sets in a Grill topological Space(X ,T,G). Let

U be any g*-open set containing AUB. Since 4c AUB,Bc AUB, Uis a g*-open set
containing 4 and Balso. Since, both the sets are Gg**-closed,¢(4) cU,4(B) cU. But
#(AU B) = ¢(A) U g(B) < U. This shows that the set 4UB is a Gg**-closed set.

Remark:
In a Grill topological space(X ,r,G), intersection of two Gg**-closed sets need

not be a Gg**-closed set. This can be seen in the following example.
Example 4.10:

Let X ={a,b,c}, 1 ={3, X {a}{a,b}{a,c}{b}} and G ={X,{a} {a,c}} be a grill.
Then,(X ,z',G) is a Grill topological space. In the space, the subsets 4={a,b} and
B ={a,c} are Gg**-closed sets, but the intersection{a} is not a Gg**-closed set.

Theorem 4.11:
If 4,B are two subsets of a grill topological space (X ,Z',G) such that 4 is a
Gg**-closed setand 4 < B < ¢(4), then Bis a Gg**-closed set.

Proof:
Let Ube any g*-open set containing B in the Grill topological space(X ,T,G).

This implies,U is ag*-open set containing 4 also. Since A is a Gg**-closed, ¢(4)cU .

© 2022 Global Journals



But, B c ¢(A4) = ¢(B) < ¢(¢(A)) =¢(A). This shows that ¢#(B)cU and hence Bis a
Gg**-closed set.

V. CONCLUSION

In this paper an attempt was made to introduce the concept of Gg**-closed sets
in a Grill topological space. Some basic properties of these sets were discussed. In
continuation to this, continuity using these closed sets can be studied in future work.

Notes
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[. [NTRODUCTION

The idea of fuzzy uncertainty as a major role occurs in all fields of science and engineering
domains and it was initially developed by Zadeh [17]. Many scientists concentrated the fuzzy
uncertainty to predict the fuzzified solution of the applications. The idea of fuzzification in
group into uncertainty subgroup is introduced by Rosenfeld [14]. This is the first uncertainty
filation of any quantity of algorithmic structures and newly expressed in another dimension in
the different fields of science and engineering. The uncertainty is initially discussed through the
n-ary systems by Kasner [7] and Dudek [2]. Furthermore, extension of this uncertainty on n-ary
groups introduced by Dornte [6]. The uncertainty of n-ary groups as a generalization of
uncertainty subgroup discussed by Davvz in [5]. Atanassov [1] introduced the axioms of set
properties with notations in uncertainty sets. Dudek [3] has established the axioms of set
properties along with basic notations using n-ary systems. Investigate of uncertainty n-ary
subgroups introduced by [13]. The fermatean uncertainty sets was initially introduced by
Senapathi and Yager [15]. D. Molodtsov’s introduced the concept of soft sets in [11]. Followed
by, the cubic fermatean uncertainty soft ideal structures, defining basic notions in soft sets along
with suitable applications were presented in [9]. R.Nagarajan studied fermatean uncertainty
multi-group over multi-homomorphism [12].

In this paper, an extension of the fermatean uncertainty soft subgroup structures under a norm.
Also, the cubic fermatean uncertainty soft ideal structures and fermatean uncertainty multi-group
over multi-homomorphism are discussed in detail.

The rest of the article is structured as follows: Section 2 explained the preliminaries related to
the present study. Section 3 presented an extension fermatean uncertainty under normal
subgroups such important theoretical proofs, corollaries and numerical examples related to these
results. Conclusions and future research directions are presented in Section 4.
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I1. PRELIMINARIES

Let G be a non-empty set. Define (G, p) be an n-dimensional groupoid as a mapping
p:G,—>G,n=2. Let Y;,Yi,»Yizs---»Y; be the sequence of elements in n-dimensional
groupoids denoted by yij . The symbol y,, " is a set of symbols y,,,, Vi.,»-..,=Y;., =Y commonly
denoted by y®.  Mathematically, = we  write IS YA = ,o(yln ) and

R OIS RR AR R AR AN VA) Bt (AL VA |

For any Y,,...,Y¥,,, €G then n-dimensional groupoid (G,p) is called (i, j)—associative if it
satisfies

ol by ™ )= ol el )y )

For all 1<i< j<n,the above operationpis associative then (G,p)is said to be an n-
dimensional semi group. Moreover, the n-dimensional groupoid satisfies associative condition if
and only if it is called (1, j)— associative for all j=2,...n. In binary case, the value of n=2 is

called usual semi group. Lety,Y,,Y,,...Y, € G with an integer i e {1, 2,3,...n }, there exists an
object zin G such that

i-1

,O(y, 5ZLyens yi+1n ):yo (1)

The above Eqn. (1) is known as i-solvable or solvable at the place ‘i’. If the solution is unique
then Eqn. (1) is uniquely i-solvable.

For i=1,...,n, an n-dimensional groupoid (G, p) is uniquely solvable then it is called an n-

dimensional quasigroup. An n-dimensional quasigroup satisfies the associative property then it
is called n-dimensional group.

For n>3,the element Czn_2 in an n-dimensional operation p defines binary operation
yex= ,o(y,czn_2 ) If (G, p) is an n-dimensional group the (G,o) is a group. Followed by the
nature of different groups were obtained based on the element Czn_z. In all cases, these groups
are isomorphic to each other [4]. So, we can consider only the groups of the form
ret, (G, p)=(G,e) satisfies the operation yex= p(y,cz(nfz),x). In this group, take €=cC then

y! :p( c,c™), y,c).

Dudek and Michalski et. al [4] proved the result is as follows: For the elementsa,Y," € G in an n-
dimensional group (G, p), there exists a group (G, o) with automorphism ¢ satisfies

p(yln ):yl°¢(X2)°¢2(X3)'--"¢n_l(xn)'a (2)

Senapati and Yager et. al [15]: Let X be a universe of discourse. The operation Fin X is a
fermatean uncertainty set (FUS) defined by F :{<X, me (x), N (x))/x X} with corresponding
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membership functions me (x): X —[0,1] and ne (x):X —=[-1,0] satisfies
0<(me (x)f +(ne (x))] <1 Vx e X. Herein, me (X),n-(x) denotes the degree of membership and
non-membership of an element X F .

Senapati and Yager et. al [16]: For any FUS, the elementsx,F € X the degree of an
indeterminacy is given by HF(X) = 3\/1—(mF (X))3 —(nF (x))3 . The ordered pair of the
membership functions (mF (x), Ne (X)) is the fermatean uncertainty number (FUN) denoted by
F=(m..,ng).

2+y?=1 Fermatheon Membership Grade

P
xeyel

0 X

Figure 2.1: Fermatean membership grade

Senapati and Yager et. al [15]: The degree of the set of fuzzy membership functions are more than
the degrees of both set of Pythagorean membership grades and bi-uncertainty membership grades.
These membership grades are graphically plotted in Figure 2.2.

"spl{r\rir al fuzzy set

Figure 2.2: Types of membership functions

In Figure 2.1, the set of points on the line x + y <1shows the bi-uncertainty membership values.

Moreover, the set of points that covers from the line x + y <1above to atmost x> + y* <1 shows
the degree of Pythagorean membership values.

Davvaz and Dudek et. al [5]: An extension uncertainty subgroup (EUSG) in an n-dimensional
group on (G, p) satisfies following axioms

EUSG, : Forall y," €G, z(py,")2min {14y,..... 14/, }.

o

EUSG, : Forall y," € G, u ( yj > u(y).

Put n=3 in the above condition (EUSG;) we get)=/= y is
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EUSG, : Forall y € G, (u (y) =ﬂ(Y)]

For every y e G, there exists a natural number p such that 9(")=y where gl(p)indicates the

skew elementsy(p_l)and V(°)=y. W.A. Dudek et. al: describes an uncertainty over n-

dimensional subgroups satisfies ,u( y) > ,u( y) VyeG.

Followed by the above backgrounds scope of the study, we discussed the theorems in Fermatean
uncertainty of normal subgroups with suitable numerical examples.

[1I. EXTENSION FERMATEAN UNCERTAINTY OF NORMAL SUBGROUPS

In this section, an extension fermatean uncertainty (T, S) normal subgroup with related
theorems, corollary with suitable examples are discussed in detail.

Definition 3.1: A collection of Fermatean uncertainty A:(m on A3)in Gis said to be an
extension fermatean uncertainty (T, S) under normal subgroup of (G, p) satisfies the following
axioms:

EFUSG,: Forall y," €G = (m,’(o(y," )= T m (v, )-..om (v, )

EFUSG, : Forall y," €G = (n,f(p(yl” ))SS{nf(yl),---,nf(yn )})
EFUSG, : Forall yeG = (m,’(y)>m,’(y))

EFUSG, : Forall yeG = (n,f(y) < nA3(y))

EUSG, : Forall y,"eG = ﬂ(y)Zﬂ(y)

FExample 3.2: Let (Z4, p) be an extension Fermatean uncertainty subgroup. Define a
mapping p:Z44 —Z, defined by p(yl Y2, Y35 Y4 ): S (Y1 Y25 Y35 Y4 )
Consider, (Z s p) is a 4-dimensional additive subgroup of an integer modulo 4. Let

A= (m on A3) be the fermatean uncertainty collection in (Z,, p) given by

; {0.3, if y=0

;[ 0.8, if y=0
and n, = .
0.8, if y=123

m =
Al03, if y=123

The above fermatean uncertainty collection A:(m A3,n A3) satisfies an extension fermatean
uncertainty subgroup of (Z 45 p).

Theorem 3.3: 1f {A, Jiel } is an arbitrary family of an extension fermatean uncertainty

subgroup of (G,p)then A is also an extension fermatean uncertainty subgroup of

(G, p) given by
NA=. (xmy(y). v, (v))y G |
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Proof: According to Definition 3.1: the proof of this theorem obviously satisfied.

Theorem 3.4: Let Az(m A3, n A3) be a collection of fermatean uncertainty in G is an extension
fermatean  uncertainty = subgroup  of (G, p) with  operation 0 satisfies

A=l (m(v), 10, (v)) [y e 6.

Proof: From Definition 3.1: the membership function ma satisfies the axioms EFUSG, and
EFUSG, .

Let y," €G then the membership function can be written as

ﬁAs(p(yln»: 1- mAS(P(yln))
<1-T {mA3(y1)a'-'°mA3(yn)}

=3 {mA3(y1 ), mAs(yz )’ e mA3 (yl—n )}

And

ma(y)=1-m,(y)< 1= m.(y)=m,’(y)

Hence, the notion QA is an extension of fermatean uncertainty subgroup of (G, p).

Definition 3.5: Let A:(m A3, n A3) be a fermatean uncertainty collection in G . Let k € [0, l] with
the bounds of membership function on G is defined by

U (mA3;k) = {y € G/mA3 (Y)Zk},

L(nA3;k)= {y eG/nA3(y)sk}

Herein, the symbolm,’ and n,” denotes the level k-cutinG .

The consequence of the following theorems to be proved based on the results discussed in
[Dudek].

Theorem 3.6: Let A be the fermatean uncertainty collection in G with the image
Im(m N ): {k./iel} and Im(n N )= {k /e I} is also an extension fermatean uncertainty subgroup
of (G, p). If and only if the m A3 -level k-cut and n A3 -level k-cut of G are extension subgroups
of (G,p) for every k €[0,1] such that k e Im(m A3) N Im(nA3 ), which are known as m,’-level

extension subgroups and n A3 -level extension subgroups respectively.

Proof: Let A be an extension fermatean uncertainty subgroup of (G,p). If
y, €G and k €[0,1], then m,*('y, )>k forall i=1,2,3,...,n thus
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m, (o )=T e (v ma (v, )2k
this implies ( p(y,"))e U (m,:k) and (ply,"))e U (m,’ :k) and
n (ol )<8 Bl () .om, (v, )} <k
implies ( p(y,"))e L(n,*:k).
Moreover, for some ye U (m,’:k) and ye L(n,’:k) we have

mA3(§/1)2 mA3(y1)Zk and nA3(91)£ nA3(y1 )Sk’

implies yeU(mA3;k) and ye L(nA3;k).

Thus, m A3 -level k-cut and n A3 -level k-cut are also an extension subgroup of (G, p).

Conversely, assume that bothm A3 -level k-cut and n A3 -level k-cut are extension subgroup of
Define

=T () ome (v, )f and K ={n (v, )., (3, )}
Forsome y," €G theny," €U (m,’:k, ) and y," e L(n,’;k, ).
Consequently py,")eU(m,*:k,) and p(y,")e L(n, k).
Thus, m,”(oly," )2 ky =T 2 (y he-om,(y, )|
n (o )<k =S4, (v, heeam (3, )
Taking y,"€ U (m,’;k) andy," L(n, k) then
m,>(y) =k, >k andn,’(y) = k <k.
Thus, yeU(m,’:k,) and ye L(n,’;k, ).

Since, by the assumption, 96 U (m,f ;ko) and E/e L(nA3 ;K ),

Where m,’ (y)z k,=m,’(y)and n,’ (&)2 k,=n,’(y).
This completes the proof.
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Theorem 3.7: Let A be the fermatean uncertainty collection in G is an extension fermatean
uncertainty subgroup of (G, p) if and only if m,’ —level k-cut and n,’ —level k-cut of G are

also extension subgroup of (G, p) . For each i=1,2,3,...,n and yln € G satisfies the following
conditions:

M m (o) = Tim(y).m(y,) )

) n(oly") <5 {0 (v heon (v2)§

i) m2(y) = T{m (v )eam (v ).m oy, P m (v )m ()
) nJ(%) <810 (0 ().n (v, S Ind (v )0 (v,

Proof: According to Theorem 3.6, for each non-empty level subsets both U (m,f ; ) and
L(nA3 ; kl) are closed under p operation in (G, p) withy," eU (mA3 ;ko) and y," € L(nA3 ;kl)
satisfies p( yln)eU (mA3 ; ko) and p( yln)e L(nA3 ; kl)
Forsome i=1,2,....,n and zeG wehave Y,,Y, ,Y,, , where p(yii_l,z,ymn) satisfies
Yy, €U (m,f ;kO) andy, € L(n N ;kl). From the above conditions (iii) and (iv), we have
m,>(z)>k and n,’(z ) <k. Therefore, ze m,’(k ) and ze n,’(z)is a solution of Eqn.(1).
Conclude that both level k-cuts m A3 and n A3 is also an extension subgroups in G .

Conversely, assume that both level k-cuts m A3 and n A3 in G be an extension subgroups then the
following conditions in (i) and (i1) are proved.

n .
For y, € G we consider

ko =T {mAS(yi ),- ) mAS(yi—l )’ mA3 (,O ()/1nj )l mA3(yi—1 )mA3(yn )}
=Sk ) 0 (o 7 s (v )ne (3, )f

then it satisfies yii_1 , ymn , p( y]n )e U (mA3 ;ko) and yiH, ymn’ /0( yl")e L(nA3 ; kl)
According to Definition 3.1: then we obtained as y, eU (m N ;ko) and y, € L(n N kl).
Thus, m,’('y, )=k, and n,’(y, )<k, satisfies the conditions (iii) and (iv).

Definition 3.8: The subgroups (G,p) and (Gl, p) are under fermatean extension and for
any y," € G define a homomorphism map: « : G — G'defined by

alply’ ) pla ) where " (" Jeer(y,)....cx(y).

The above homomorphism map is said to be a fermatean extension homomorphism. For any
fermatean uncertainty collection Ae G', we define a pre image of A under « is denoted by

a'(A).Also, the fermatean uncertainty collection in G is defined by
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o' (A)= (m e (A), nia ' (A)),

Where, m, e (A)(y)=m,’((y)) and n, e (A)(y) =n,’(a(y)) ¥ y€G.

For any A€ G, the symbol a(A) as the image of A under « is also a fermatean uncertainty
collection in G' defined by a(A)= (asup(m N ), ainf(n N )) :

m, (y), if a'(x ,
ForallyeGand xeG' then O‘Sup(X) {SupymA1 (X()y ) o ( )i ¢

0, Otherwise

yea™ (x)
0, elsewhere

o ()~ {inf n(y), if a'(x)#¢,

Theorem 3.9: For ally € G, an into map «:G—>G' is defined by a(y)z a(y). If A be an
extension fermatean uncertainty subgroup of (Gl, p) then o' (A) is also an extension fermatean
uncertainty subgroup under (G, p).

Proof:
Let y," €G we have ma,l(A; (p(yln )) =m,’ (06 (yI” ))

<s{n(a(y)....n (a(y,)]

=5{n, o (' (%0)
m, ' V) = m (aly)= m(a(y)=m, ()
0,1 ) =0 (@(y) < n(a(y)=n,. ()

Converse part is obviously true to be discussed in Theorem 3.10.

Theorem 3.10: Leta:G — G' be an extension homomorphism. Ife™'(A) is an extension
fermatean uncertainty subgroup of (G, p) then A is also an extension fermatean uncertainty

group of (G‘ , p).
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Theorem 3.11:Let o : G — G' be amap. If A is an extension fermatean uncertainty subgroup
of (G,p) then & (A)z (y, Ao (m3A>, lo 2 (n3A)) is also an extension fermatean uncertainty
subgroup of (Gl, p).

Proof: Let a: G — G' be amap and for any X", y," €G then

{yi/yi ea_l(p(x1n))}c{p(y1n)EG/Xl € Ol_l(Xl),yz = a‘l(xz),...,yn e05_1()(n)}

We have a, (m3AXp(X1n»= sup {m3A(y1n)/yi ea’ (p(xln))}

>sup {m3A(p( yln»/y1 ca(x),y,ea(x),....y, € a’l(xn)}

oy (a6 ) = inf 02aly" )y, € @ o x"))}

<inf {n3A(p( yl"»/y1 cea'(x),y,ea(x),....y, € a’l(xn)}

Hence the Theorem is proved.
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Corollary 3.12: A fermatean uncertainty collection A on (G, o) is a fermatean uncertainty
subgroup iff it satisfies the following relations for any X, y € G given by

(i) m*a(xy) = T{m*a(x), m*a(y)} and n*a(xy) < S{n*a(x), n*a(y)}
(i) m*a(X) = T{ma(y), m*a(xy)} and n*a(x) <S{na(y), n’a(xy)}

(iii ) m*a(y) = T {m*a(x), m*a(xy)} and n*a(y) < S{n’a(x), na(xy)}

Theorem 3.13: Let A be a collection of an extension fermatean uncertainty subgroup (G, p).
For any X,y e G, there exist a € G such that m3A(a) > m3A(X) and n3A(a) < n3A(X) then A isan
extension fermatean uncertainty subgroup of ret_ (G, p).

Proof: For each a,x,y e G , we have the relation
m’a(xy) = m*a(p(x, a2, )
>T{ma(x), m*a(a),m*a(y) |
—T{m’a(x), m*a(y)}
Also, we write n*a(xy) = n*a(p(x.a"?,y))
< 8{n’a(x), n°a(@),n’(y) }
= s{n'a(x). n*a(y)

ma(x ) = m3A(p(a, x") X, a )) 2T{m3A(x),m3A(>_() m3A(a),m3A(5)}
= m*a(x)

n-3)

n3A(x"):n3A(p(a,x( ,;(,5))Ss{n3A(x),n%(iln%(a),n%(é)}
=n’a(x)
In theorem 3.13, for that we have m’a(a)>m’a(x) and n*a(a) <n’a(x).

This completes the proof. Followed by the numerical example is discussed here.

FExample 3.14: Define a map: ,0:243 —Z, on (Z4,p) defined by p(yl,yz,y3):S(yl,y2,y3).
Clearly, the ternary subgroup (Z 45 p) obtained fromZ,under this map. The fermatean
uncertainty collection A is given by
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1, if y=0
RO A

0.3, if y=123
0, if y=0

n’ =
) {0.8, if y=123

Clearly, we say that A is also a fermatean uncertainty ternary subgroup of (Z 4,,0). For
Notes ret,(Z,,p), we have the algebraic operations are

m’a(000) = m*a(p(0, 1, 0)) = m’a(1) = 0.3 is not greater than T {m*a(0), m*A(0)}=1.
Also, n*a(0#0)=n’(p(0, 1,0)) = n*a(1) = 0.8 is not less than S {n*(0), n*A(0)}=0.

Hence, for that we have m*a(a) >m’a(x) and n’a(a) <n’a(x).

Theorem 3.15: Let A be an extension fermatean uncertainty subgroup of ret, (G,p). For

any x,a e G satisfies m*a(a)>m’a(x) and na(a)<n’a(x) then A is an extension fermatean
uncertainty subgroup under (G, p).

Proof From Theorem 2.1: for any extension subgroup of the form given in Eqn. (2), we have
(G,°) = reta(G,,O), ¢(X) = p(a, Y, y(”‘z)) and b:p(a,. ..,a ) then

m*a(@(y) = m*alpla, v, y© )

>T{m*ala) m*a(y),m*a(a) } = ma(y),
(6 (v) = m*aola. #ly) y™2)

> T{m%(al m>a(g(y)), m3A(a)}: m*a(g(y))

> m'a(y)
In general, for any y € G, k € N then the relation mSA(¢k (y))z m3A(y) is true.

Similarly, *a(¢(y)) = nalola, v, y©?))
<s{ala) w’a(y).n’a(@)}= n’a(y),
n’a(g? (v)) = nalola, g(y), y™2))

< s{ala) n°alg(y)).w°a(@)f = n°A(4(y))

In general, for any y € G, k € N then the relation n3A(¢k (y))s n’a(y) is true.
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For every x € G, the following relations are obviously true. We have,

thus,

m3A(b)=m3A(p(a ..... 5))2m3A(5)2m3A(y)

n*ab) =n's(pla.....a ) <n'a(a) <na(y)

' alo(y,") = ma(y, 0 (. )o (¥, )o---o (v, )ob)

Finally, we have,

Thus

This result is derived.
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Corollary 3.16: Let (G, p) be a ternary group. For any fermatean uncertainty subgroup
ret, (G, p) is also a fermatean uncertainty ternary subgroup under (G, p).

Proof Let a be an intermediate element of ret (G,p). For eachyeG, the following

inequalities are m*a(a)> m%(?) and n’a(a) < nﬁ(;).

then we have m3A(a)2 m’a(y) and n3A(5)s n*a(y)

Notes

But in ternary group a=a (involution operator). For any a,y € G we have

mSA(a) = mﬁ(&)z m3A(a)2 m3A(y) and

n'a(a) =n'a{a)< n'a(a) < nia(y)

QD |l

So, m3A(a) = m3A( )2 m3A(y) and

n3A(a) = I’13A(5.)§ n3A( y)

The above relations are satisfying the Theorem 3.15. Followed by the numerical example is
discussed here.

Example 3.17: Define a map: p:Zu3 — Z,, under the additive group (le , p) defined by
p(y] RRA )= S (y, Yss Y5 ) Let A be a fermatean uncertainty subgroup of
ret, (G,p) induced by subgroups S, :{11 }, S, :{5,11 } and S, ={1,3,5, 7,9,11 }

Define the fermatean uncertainty collection A as follows

0.7, if y=11
0.5, if y=5
m’a(y) =
y) 03, if y=1,3,7,9
0.1, if yes,
0.2, if y=11
04, if y=5
n’a(y)=
) 0.6, if y=1,3,7,9
0.8, if yes,

Then, m*a(5)=m’a(7)=0.3 is not greater than are equal to 0.5 = m’a(5)
n’a(5)=m’a(7)=0.6 is not less than are equal to 0.4 = n’a(5)
Hence, the collection A is not a fermatean uncertainty ternary subgroup.
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Remarks 3.18: From Example 3.17, the following results are true.

(1) The fermatean uncertainty subgroups of group ret, (G, p) are not an extension fermatean
uncertainty subgroups.

(i) In Theorem 3.15: the conditions m’a(a)>m’a(y) and n’a(a)<n’a(y) cannot be
neglected. Also, in the Example 3.17: we have m3A(a):0.3 i1s not greater than are equal to
0.5 =m’a(5) and n*a(a)=0.6 is not less than are equal to 0.4=nx(5).

(iii) The relations m’a(a)>m’a(y) and n’a(a)<n’a(y) cannot be replaced by

m3A(a) > m’(y) and n%(é)s n’a(y), where a is an identity element of ret,(G, p). In Example
3.17, forany ye Z,,, T=11then m*a(11)> m’a(y) and n*a(11) < n’a(y) .

Theorem 3.19: An extension subgroup (G, p) of b-derived group (G, 0). For any collection A in
an extension fermatean uncertainty subgroup under (G,e) such that m,(b)>m,(y)
and n A(b) <n A(y), Vv y € G is also an extension fermatean uncertainty subgroup under (G, p).

Proof* According to the extension principle rules (EFUSGi) and (EFUSGi) defined in
Definition 3.1: to prove the extension principle rules (EFUSG3) and (EFUSG4) under the
extension group (G, p), the b-exempted from an extension fermatean uncertainty subgroup

(G, 0) gives

Y=(y"?ob)’

Followed by for each y € G,
a(y) =y o) ey )

2T {mA(y", b))} = ma(y)

<s{n’a(y"?, n'a()} = n*(y)

This completes the proof of the result.

Corollary 3.20: For any fermatean uncertainty group of a group (G, 0) is an extension
fermatean uncertainty subgroup of (G, p) obtained by (G, 0).

Proof: An extension group (G, p) is obtained from (G, e) by substituting an element b =e in
Theorem 3.19 gives the relations m,(e)>m,(y),n,(e)<n,(y), V y eG. Therefore,

m’a(5) = m’a(7) = 0.3is not greater than are equal to 0.5 = m’a(5)
n’a(5) = n*a(7) = 0.6 is not less than are equal to 0.4 = n*x(5)

Hence, the collection A is not a fermatean uncertainty ternary subgroup of (G, p).
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[V. CONCLUSIONS

We explained different aspects of cubic fermatean uncertainty soft ideal structures and
fermatean uncertainty multi-group over multi-homomorphism. An extension of this fermatean
uncertainty study using soft subgroup structures with norm. Moreover, we discussed the
important mathematical proofs as Theorems, corollaries and suitable examples. In future, we
extended this research into field of picture uncertainty collection and spherical uncertainty
collections.
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mathematics and mathematical physics. The sediment of the bases of turbine units was determined by
the method of V. A. Florin. Preliminary calculations confirmed the possibility of a significant impact of
vibration on the sediment of the bases of turbine units.
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The Effect of Vibration on the Sediment of
the Bases of Turbine Units

Sh. Altynbekov

Abstract- The paper presents a mathematical model of the problem of assessing the effect of vibration on the sediment
of the bases of turbine units of a built array of hereditarily aging heterogeneous two-phase soil. The constructed model
takes into account the distribution of the vibration wave in the soil mass, the initial porosity coefficient is assumed to be
a variable value depending on spatial coordinates. For the initial conditions of the problem, solutions of the Laplace
equation in the corresponding boundary conditions are accepted. The solution of the boundary value problem is found
by methods of applied mathematics and mathematical physics. The sediment of the bases of turbine units was
determined by the method of V. A. Florin. Preliminary calculations confirmed the possibility of a significant impact of
vibration on the sediment of the bases of turbine units.

Keywords: vibration, sediment of turbine unit bases, reliability, iteration and approximation methods.

[. BgeneHue

OnHuM U3 CTUXUHHBIX O€ACTBUH B OOJBIION CTENEHM 3aBUCUT OT BHOPALIMOHHOTO
COCTOSIHUSL TypOoarperaToB aTOMHOW 3JIEKTPOCTaHIIMU, OT CBS3YIOUIMX BEIIECTB B COCTaBe
IpyHTa U OT paclpeesneHusi BUOpallMOHHOM BOJHBI B TPYHTOBOM MaccuBe. B 3aBHCHMOCTH OT
HUX BHOpallMOHHOE BO3ACUCTBHE Ha XapakTep JeopMaluu IUIOTHO YIUIOTHEHHBIX T'PYHTOB
MOJKET OBITh MaJIOCYIIECTBEHHBIM, CYIIECTBEHHBIM, Pa3pyLIUTEIbHBIM. DTOMY BOIpPOCY MpH
pa3NUYHBIX [MOCTAHOBKAaX IOCBAILIEHa MHOXeCTBO paboT. IIpoBereHue MepBBIX AETaTbHBIX
UCCIIEIOBAaHUI  Tpoliecca  Pa3KWKEHUs  [EeCUYAaHBIX TPYHTOB, UX KOHCOJNMAAIMH U
JMHAMUYECKOTO YIUIOTHEHHUSI B3PBIBHBIM METOJIOM HAdajloch MOJ pykoBojacTBoM mpod. IT.JI.
WBanosa (MBanoB, 1983). DTu wucciemoBaHusi Ga3upOBANINCH HAa TEOPUH KOHCOJHUIAINH,
co3nanHoi mpod. B.A.@mopunbiM (Oropun 1961). 3a pybexom, B ocobennoctu B CIIA u
SInonum, BeayTcsh MacIITaOHble HMCCIEOBaHMS SIBICHUS PAa3KMKEHUS T'PYHTOB OCHOBAHHUU U
coopyxennit (Seed 1982, Idriss 2008, Boulanger 2017, Ishihara 2016, Towhata 2015,
Kokusho 2015). lanusie uccnemoBanusi nposoamnack B CIIA mpod. Seed H. B. u 6sun
nposoiukensl ero yuenukamu mpod. I. M. Idrissunmpod. R. W. Boulanger (Idriss 2008,
Boulanger 2017). Muoronertane wuccnemoBanust mpod. K. Ishihara (Smonus) OGbutu
00006mIeHbl yaeHbIM B MOHOTpaduu «[loBenenue rpyHtoB mpu 3emuerpecerusix | (CII6., 2006,
nep. Ha pyc. s3.) (Ishihara2006).M. 0. A6eneB (AGenes 1983) ommcan MeTopl
NIPOEKTUPOBAHUSA, CTPOMUTENBCTBA M  OKCIUIyaTalldd TPOMBIIUIEHHBIX H  TPaKJaHCKUX
COOpPYXEHHMI Ha cialbIX BOJO-HACBIIICHHBIX TIMHHUCTBIX TIpyHTax. B paboTe paccMOTpeHsI
METOJbl OIIEHKH CBOMCTB YKa3aHHBIX TPYHTOB, a TaKKe METOJbl IMPOECKTUPOBAHUSI U
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YCTpPOICTBA pa3WYHBIX BUAOB MCKYCCTBEHHBIX OCHOBAaHHUW U TpEIeNbl MPUMEHUMOCTH
pa3IMYHbIX METOJOB YIUIOTHEHUSI TPYHTOB B 3aBUCUMOCTH OT CBOICTBa OCHOBaHUU
KOHCTpYKIMU coopyxenuit. A. JI. Tompaun, C. P. Mecusn, I'.®. Pycramsin (ConbauH,
MecusiH, Pycramsr1985) peumin IJIOCKOH 3a7a4u KOHCOJIU AU BOJIO-
HACBIIICHHOTOTJIMHUCTOTO TPYHTa € YYE€TOM BHOpPALIMOHHOW TOJI3Y4ECTH CKeJeTa, IMpu
npeHeOpeKeHne CHKUMAeMOCTH TBEPAbIX YaCTUIl MU TOPOBOH BOJABI M H3MEHSEMOCTb
kodddurmenta dunpTparuu. [ pemeHust 3Toi 3a7aud KMCIOIb30BaHO OOBIYHOE ypaBHEHHE
MJIOCKOW 3amaun  (UIbTPAIlMOHHOW KOHconuaauuu. [lpu BBIBOJE 0OmEro ypaBHEHUS
BUOPALIMOHHOM KOHCOJIMAAIMM TPYHTOBOTO OCHOBAaHHS C y4eTOM BHOPAIIMOHHOW MOJ3y4ecTH
CKeJeTa ero Mepa MpeicTaBlieHa B BHUJAE MPOU3BEACHUS MEpPbl CTAaTUYECKUE IMOJI3Yy4eCTH U
¢yukimu  amrmatyasl  konmeGanus. C. S, Kymump (Kymmup 1988)  wuccnenosana
KOHCOJIMJJAIIMOHHBIE SIBICHUS B TOPQSHBIX T'PYHTAaX MpU TUHAMUYECKHX BosjaencTBusx. JI.b.
Macnos (MacnoB 2012) paccMOTpen TEOpETHYECKHE BOIPOCHI pacyeTa BBIHYKICHHBIX
rapMOHUYECKHX KOJIeOaHUN MOPHUCTBIX CTPYKTYP B HACHIIMICHHBIX XKUIAKOCTHIO. [lokazaHo, uTo
C YBEIWYCHHUEM 4YacTOThI BO30YkKIeHHUS J(PPEKT HWHEPIMOHHOTO B3auMOJCHCTBUA a3
MOpOyIpyroroMarepuaia CTAaHOBUTCS BECbMa CYIIECTBEHHBIM, OCOOCHHO JMJIsi aMIUINTY]I
naBieHWsT JKUAKocTH B mopax. B cratee O.I. Munaesa (Mwunaes 2018) mnpuBeaeHsl
pe3yabTaThl TEOPETUYECKOTO OOOCHOBAaHUS Ha MpUMepe pa3pabOTaHHOM aHaTUTHYECKOMN
pacueTHO MOJeNU U MOJEBbIX UCIBITAHUIMETO1a TIIyOMHHOTO BUOPOYIUIOTHEHUSI OCHOBAHUIA.
II. AnteiabekoB  (AnteiHOek0B2016, 2018)  chopmymupoBan  MHOTOMAPAMETPHUYECKOM
MaTeMaTH4YeCKOH MOJENH 3ajJauyd BHOPAIlMOHHOM KOHCOJMIAIMU COJICHBIX M HECOJCHBIX
rpyHTOB. lcrnenoBan BOIPOCH CYIIECTBOBAaHMS M €AMHCTBEHHOCTH. (OOOCHOBal METOJbI
pemieHus. 3agadya CBOJAUTCA K KOHEYHO — Pa3HOCTHOM KpaeBOWM 3ajade, sl KOTOPOM
UCCIJIeIOBaHa MOTPEIIHOCTh JOKAIbHO — OJHOMEpPHOM cxeMbl. J[aHbl almpHOpHbBIC OIICHKU U ee
pemerust. [IpuBeeHBI Pe3yIbTaThl MPEIBAPUTENBHBIX pacdeToB. B crartesax Ieiiar (2018a u
2018 b)perieHne ypaBHEHHS KOHCONHAANUH TMOJIYYEHO 0€3 KaKUX-THOO TOTOIHUTENBHBIX
JOMyIIEHUH KpoMe YyueTa HaydaJbHBIX ycJIOBUU. PelieHue moOKa3pIBaeT, 4YTO MOCIE
BBIKJIFOUCHHSI BHOPAIIMOHHOTO BO3JACUCTBUS OTCYTCTBYET KaKOW - JMOO OCTAaTOYHBIA dPQeKT
BiusiHUs  BHOparmonnoro BosgaeiictBus. E. C. CobGoneB (CoGoneB 2014), A.3. Tep-
Maprupocsa  (Tep-Maprupocsia~ 2010).EJI. Ycommna (Ycommua 2016) BHecmu
ONpeelieHHble BKJIaJbl B TMOBBIIICHUS HAJAEKHOCTH pabOThl OCHOBAaHWUN 3JaHUU H

COOPYKEHHUM.
AHanu3 CylIecTBYIOIUX pabOT HpUBEN K CIEAYIOLIEMY BBIBOJY: XapaKTep BIIUSHUSA

BI/I6paHI/IOHHI)IX BOSH@ﬁCTBHﬁ Ha YIUIOTHCHHUC TPYyHTa ABJIACTCA OYCHBL CIIOXKHBIM H
HEAOCTATOYHO HCCICIOBaHHBIM. HYTI/I HUCCIICO0BATC/IIM CTOJIKHYJIHUCH C MLCJIBIM PAIOM
CCPBC3HBIX HpO6J’I€M, CBA3aHHBIX TJIaBHBIM 06pa30M C HC H3YYCHHOCTHBIO AWHAMHYCCKOI'O

BOSH@ﬁCTBHH Ha IpouecCC KOHCOJIMAAaUUuU CBA3HBIX 'PYHTOB.
@yHgamMeHT TypOoarperatoB aTOMHOW — AJIEKTPOCTAHLMN  MPEACTABIAIOT  COOOM

CIIOKHYI0O KOHCTPYKLHIO, BKJIIOYAIOIIYI0 HUXXHIOW (YHIAaMEHTHYIO IUIUTY,CUCTEMY KOJIOHH-
CTOEK M CUCTEMY BEpXHHMX purenei. XKecTkue KpenjeHHs Bajla-IIPOBOJA CUCTEMbI «TypOUHa-
reHepaTop ,B MOAIIMIHUKAX JONYCKAalOT BEChbMAa MaJlO€ CMEIIECHHE OIOp MOJIUIMIIHUKOB M
TakUM 0Opa30oM HaKJIaJbIBAIOT JKECTKUE OIPAaHWYEHMsI HAa MPOrHObl HIKHUX (PYHIAMEHTHBIX
mwutT. CoOBpEeMEHHbIE TEXHUYECKHE YCIOBHUS OIPAaHMYMBAIOT ATH MPOruObl BEITUYMHAMU
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1/10000 mnuabl QyHOAMEHTHON MIMTHI 1isi TypOoarperatoB momHocteio 10 300 mMBt. B
Clly4ya€ CTPOUTENbCTBA ATOMHBIX DJJEKTPOCTAHLUUU  HAIJIMHUCTBIX  BOJO-HACBIIIEHHBIX
OCHOBAHUAX B pPE3yibTaTe IPOLIECCOB KOHCOIUIALMHU MU IOJI3Y4ECTH CKEJIeTa IPYHTa HUMEET
MECTO HapacTaHHe NpoTHOOB  (QYHIAMEHTOB BO BpPEMEHH, KOTOpPOE HE0O0XOAUMO
MIPOTHO3UPOBATh Ul OLEHKH HAJEeKHOCTH TypOoarperatoB. HanexHOCTh TypOoarperatoB B
3HAYUTEIBHON MepeorpeaensieTcss UX BUOPALMOHHBIM COCTOSSHUEM U XapaKTepPOM YIJIOTHEHUS
IPYHTOBBIX OCHOBaHMH. IIpM HepaBHOMEpPHOW OCAaJKE TPYHTOBBIX OCHOBAaHHMHM BO3HHUKACT
HEYpaBHOBEIICHHAs LEHTpOOEKHAas Cujla, YTO HE JKENaTelIbHO Ha MpakTuke. lIpu cTOJb
MaJbIX BEJIMYMHAX JIOMYCKAeMBIX NPOTHMOOB BO3HHMKAET HEOOXOJUMOCTh B pa3paboTke
COBEpILIEHHBIX METOJIOB pacyera, B KOTOPHIX C HAMOOJbIIEH MOJHOTOW YYHUTHIBAIUCH OBl
peanbHbIe CBOMCTBA TNIMHUCTBIX I'PYHTOB. Jl0 HACTOSLIEr0 BPEMEHU BO BCEX CYILECTBYIOIIUX
MCCIICIOBAaHUSAX HAYAIbHBIM KOA(Q(PUIMEHT MOPUCTOCTH CUUTAICS MOCTOSHHOW BEIMYMHOH. B
JNEUCTBUTEIBHOCTH OH  HE  SABJIAETCS  IIOCTOSSHHOM  BEIMYMHOM, OH  3aBUCHT  OT
MPOCTPAHCTBEHHBIX KOOPAMHAT. OJTO YTBEPXKICHHE OCOOCHHO BEpHO, KOTAAa H3ydaeMble
OOBEKTHl  SABIISIOTCS HEOJHOPOJHOM MOpUCTOM cpemoil. He wuccienoBaHo — BiMsHHE
MEPEMEHHOCTh HAYaJIbHOTO KO3((UIIMEHTa NOPUCTOCTH Ha XapakTep YIUIOTHEHHs TPYHTOB. B
pacdyerax HENOCTATOYHO H3Y4YEHBl BIHMSAHUSA I[APAaMETPOB  HEOJHOPOJHOCTH, CTEIICHU
¢u3nUeckoil HEMMHEHHOCTH, KPAeBhIX YCIOBUN, NEPEMEHHOCTH KOA(PPHUIMEHTOB (PUIbTpaInH,
OOKOBOTO JaBJIEHUSI, MTHOBEHHOTO YIJIOTHEHHUS M HAa4YaJbHOTO KOA(QUIIMEHTa MOPUCTOCTH HA
XapakTep BUOpallMOHHOW KOHcoMMJauuu TpyHTOB.Kak wH3BecTHO, BO3AEHCTBHS BHOpaluu
NPUBOAUT K JIOTIOJIHUTEIBHBIM OCTaTOYHBIM OC3JKaM. ['pYHT MCHBITBIBaeT BUOpAIIMOHHBII
3QQEKT U CO BpEeMEHEM B 3aBUCHMOCTU OT (PM3MKO — MEXaHHMUYECKUX CBOMCTB, aMIUIUTYIOW H
4acTOTOM KoJNeOaHUM MOTYT IUIOTHO YIUIOTHATCA. BnusHue BuOpauunm Ha aedopmanuu
IUIOTHBIX YIUIOTHEHHBIX TPYHTOB M3YYCHO HEIOCTATOYHO ToJMHO. B pabdorax (TombauH,
Mecusin, Pycramsa 1985), (Anteia6exkoB 2016, 2018) npu ydere BUOPAIHOHHOM MOI3YYECTH
CKelleTa TpyHTa, (DyHKIMs, Xapakrepusyromiass aedopMaliy I0JI3YUYeCTH IpPeJCTaBICHbl B
BUJIC TPOU3BEICHUE MEphl CTATUYECKON MOJ3Y4YeCTH M (YHKIHUU aMIUTUTYABl KOJeOaHMIA.
Bo3MoxHOCTh TakoW MOCTAaHOBKM BOMpOCAa OrpaHMYeHO. PacmpeneneHue BOJH BHOpanuu B
I'PYHTOBBIX OCHOBAHMSAX OCTAeTCsl B TeHU.B paboTe Bce 3THM BONPOCHI HAXOAUT CBOU OTBETHI.
C 1enpl0 TEOPETUYECKOTO MCCIEAOBAHUS JIAHHBIX BOIPOCOB PACCMOTPUM  CIEAYIOILYIO
3azauy.

[[. Tlocranoska 3amauu.

PaccmoTpuM  yrmoTHeHME  3€MISSHOM  Cpellbl, Haxojsduieecs MoJ — JAEHCTBUEM
pacripesielIeHHOM Harpy3kd ¢ MHTEHCUBHOCTBIO (. UTOOBI M3y4UTh 3TOT MpOIEcC, MO3BOJIBTE:
e ['pyHT COCTOUT U3 TBEPAOU M KHUIKOH (ha3.
e Moayns npedopmaruu TpyHTa H  Ko3((duimeHT OOKOBOTO JaBlIEHHS B Ipolecce
YIUIOTHEHUS] U3MEHSIOTCS 10 TTyOMHE COOTBETCTBEHHO C 3aKOHAMHU:

E(x3) = Eg(ay + aze™*3*3)71,

1 _
a(xz) = o) ap(ay + a,e™%3%3), (1)
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§(x3) = §pe*4*3

rae  Ey,agéoaq, @y a3,y - ONBITHBIE NaHHBIE,

e VYpaBHEHHE COCTOSIHUA CKeJIeTa IPyHTa MPEACTABICHO B BULC

CYMMaFJIaBHBIX HOPMAaJIBHBIX HaHp}DKCHI/II\/'I (I‘I/IHOTCSa

Oyukus € (t, 7,0 (T))

1
1+ (- 1Delx)

e(t) = e(ry) —

Ha@ow® - f1 6K (t,7,2,6(0))dr}

(T,B (T)) N ac (t,T,B (T))

K(t 1, x,B(t)):U(x)f 0(0) ot

O(x,t) = ny(HO (x) — H(x, t))

MMOJI3Y4ECTHU CKCJICTAa I'PYyHTA, AlllIPOKCHUMHUPOBAHA BBIPAKCHUEM

C(t, T, 9(‘[)) = @(r,0(0)(t — 1)U (x,t), M > 1,

3)

(4)

®nopun1961) ompenernena B Buje

(5)

B (4), xapakrepmsyromas aebopManiu BHOPALMOHHOM

(6)

®Oynkuuan (x), xapakrepusyromas Ko>hpuiuesT aehopMairy MoJI3y4ecTH NPUHATA B BUIE

n(x) = as + age97*3

Oyuxuusf (t,0 (7)), Bxomsmas B (4), Ipe[CTaBlICHa B CICAYIOUIEM BHJIE:

f(1,6(®) = B(D)O() + B2 (1)™ (), m > 0

B kauecTBe QyHKIMU CTapeHUS NPEJIOKEHBI:

Ay
8 +B16 (1)

(p(T,H(T)) =Cy +

p1(t) = Pro +L,32(T) = Py + P >0

tk+B12 th+B55

HavanbHbiil K03 (UIHEHT BKIIOUCH B (3) MpeACTaBlIcHA B CIEAYIONIEM BHUJIE:

© 2022 Global Journals

€(x1) = agCh(aqxl) : alOCh(allxz) " Qe *13%3,
0<a3<1,0<ay<1,0<a;p<1,0<a <1,

0<(X12<1,0<a13<1

(7)

(10)

(11)

Notes



Notes

3necy  &(t)- koapduuueHt mnopucroctH; &(Tq) - HaydalbHbBIM KO3(durmeHT
IIOPUCTOCTH; T - BO3pacT ckelera TIpyHTa; n =1,2,3 B 3aBUCUMOCTH OT MEPHOCTH
paccMaTpuBaeMOM 3amauu,y- yaenbHbl Bec Bombl; Hi(x),H(x.t)- GyHKumm Hamopos;
x=(X1,X3,X3)- TPOCTPAHCTBEHHbIC KOOPAMHATHI; Coy— MPEICIBHOE 3HAYCHHE MEphI
n03y4ecT;A, Bj, — HEKOTOpbIE MapaMeTphl, 3aBUCALIME OT CBOWMCTBA M YCIOBUM CTapeHUS
Cpensl; as, &g, A7, Ag, Ao, A10, A11, A12, 13, M, M, k, 1o B11,812,B20,B21,B22 - ONBITHBIC JAHHBIC.
o Koadduuuent unprpanmu JIUHEHHO 3aBUCUT OT KOA(PPHUIIMEHTA TOPUCTOCTH

K, = Kos + K1(x,8),s = 1,2,3, (12)

rae Ko; > 0,K;; > 0 - onbITHBIE JTaHHBIE.
e VmioTtHeHue rpyHTta nomunHeHa mogenu (Tepuarnl933)— (Onopuna 1948)
e Ha noBepXHOCTH 36MHOH MOPOJIbI MPOUCXOAUT MEPEMEHHBIA BOJO-00MEH C OKpYKaromen
Cpenoi.
Torna maremaTnueckasi MO/I€Ib BUOPAIIMOHHONW KOHCOJIMIAINN HEOAHOPOIHOTO TPyHTA
B obmactu €2, = G X (t,00) omMChIBaeTCs B CIEIYIOUICH KpaeBOW 3a1a4u

M e )i (oot b0 0, 22 ) 4
ot = Gvxs) ) | KsCom 6 Ho, U H) 32
s=
+Cl(xITI tIHOI UIH) = L(H)I x,te.Qoo = G X (t' 00)7 (]‘3)

G=(-L<x;<l,—1; <x;<1,0<x3 <h)
H|t=‘[1 = H()(X), X € 67 (14)

W _ @

3) 0H
X 5= Hleg=gy = 1 (g, x3,0), X()

(4
+X1 )Hlxl =l — wZ(XZr X3, t)r (15)

10 5 = 2P Hl ey = P3G, 0, 8 S xS H Ly, = s G, 8), (16
1) 0H 2 3) 0H (4
02— 2P Hleymo = s (%0, 0, 287 5 4 XS Hlgon = Y6 Cr, 220, (17)
3n1ech
_ (L4egp)(1428pe™%4%3)
Cv(x3) - 3a0y(a1+aze—a3x3) bl (18)
ng) Xﬁ = (0=1,2,3; n = 1,2,3) - KOS(I)(I)I/IL[I/ICHTLI BOJIOOTJA4H, YJIOBJIETBOPSIOLINE

YCIIOBUSM: )(,(l “ > 0, )(,(laH) >0, ()(,(l )) + ()(,(laH)) # 0 mia moborox € G; Y(x,t)-

Hamop BOJIOHOCHOTO TOPU30HTA, MPUIJIETAIOUIEr0 K paccMaTpUBaeMON TEPPUTOPUM; BHJIbI
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Gynxumit  Cy(x,7,t,Hy, U, H), K (x,7,t,Hy,U,H)(s = 1,2,3) B (13) onpenenstorcs
sasucuvoctami (1), (2), (3), (4), (5),(6),(7),(8),(9),(10),(11)n (12). D ymxumn
HENPEPHIBHBI ¥ OTPAaHUYEHHEI.

Crenyer otmetuts, uto ¢yHkuust Hy(x) B (5) u (14), TO ecth

v
Hy(x) = z z Dy, 1, <cos X1 + By, sin—= x1> X
=S VK VK

Notes

. Pi
X3 + By, sin—=

Pi, j >
X | cos X, |-
< VK2 VEKiz ?

v.2 +p.2 v.2 +p.2
- "ip o L LA
<ch / K X3 + Bs;,i,Sh / Ko x3> (19)

peuIeHue 3a1a4uu

X aZHO K aH0 LK 62H CoxeG
01 7.2 9x7 02 5.2 9x7 03 5.2 9x7 =uUx

OH, OH,
m Yo @) _ 3) Y0 4) _
Xl ax Xl H0|X1=—€1 - O' Xl axl +X1 H0|X1=€1 - O'
@m0Ho ¢ 3) 9Ho

2 4
X2 %, — X2 )H0|x2=—{’2 =0, x a_xz-l_)é )H0|x2={’2 =0,

(2) _
3 9xs X3 Holxz=0 =0,

J0H, q
1 G+ 0 Holegmn =0 Il <@ lwl < b,

H
3 0 4
Xé ) xg +X§ )H0|X3=h = OI

rane Dyjj, Byj, Byj¥ Fij — u3BecTHbIE KOY(POUIMEHTHI, ONPEACTAEMbIE B IPOLECCE PELICHHUS

3aJ1auu, Uy ;, Up; — TOJIOKUTEIbHbIE KOPHU ypaBHEHUS BUIA

1 3 2 4
1§ )f;l PP

ctgu = , s=1,2; 20
gu = Dy 4)+X(2) §3))4;4TS (20)

N

@yukuus U(x,t) B (6)

U(x, t) = Z Z Z (Ai1i2i3 COST[/‘{ilizig apt + Bi1i2i3 Sinﬂ/‘{ilizia, aot) X

i1=1iy=1i3=1
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Notes

Py + B sinlzy |V (2 —3%3
X <cos\/_x1 +Bhlsm\/_x1) X (cos\/K_zxz +le-zsm\/K_zxZ)VVm2 ( 2 /% e 2 ) (21)

pelieHue 3aaauu

at? £ 0x 5
UCx,0) = §(x), o2 = h(x)
au au
5 (D) 5(2) —0 +® 5(4) _
Xl a x4 Xl U|x1=—£’1 - 0 Xl a +X1 lel_fl - 0'
au au
~(1) ~(2) —n 53 ~(4)
XZ a Xy Xl U|x2=—€2 - O XZ a Xy +X2 leZ ={, — O’
au au
-1 ~(2 ~(3 ~(4
2o e ~ 7 V1m0 = 0,75 5 —+ e + 757Ul xpmn = 0,
31ech: AlllzlgaBlllzlgrBllerZLz W3BECTHBIE KOA(PPUIIUEHTHI,0NpeeNsseMble W3 HadadbHBIX U
I'PaHUYHBIX YCIIOBHIA; VVi i (x3) - dynkums cocrosimas u3 komOuHaimu ¢(yHkuuidi beccens

1

11127 i1ipi3z~
COCTaBJIEHHOTO M3 KOMOWHAUMH 3TUX (QYHKUMHA; Vi, ;- MOJIOKHUTENbHbIE KOPHH YPAaBHEHHS

IIEPBOTO M BTOPOTO poJga HHIACKCA V; IMOJIOKUTCIIbHBIC KOPHU YPAaBHCHMUA,

Buga (20); K (s = 1,2,3)— K03 HUIHEHTHI, XapaKTepU3yIOLUIHe CONPOTUBICHHE MOPUCTOM

Cpeabl IBUXKYIIUXCS BOJH; Yn U )Z,(lﬁl)(a = 1,2,3;n = 1,2,3)— xo3pPULueHTH BOJIHO OTAAYH,

(a+1))2

YIOBJIETBOPAIOUIMECYCIOBUAM:  {,, (@ > 0, )?,(laﬂ) >0, ()(,(la))z + (¥, # 0gns  mro6oro

X € G;ypaBHEHUs
KsZ'(x3) + (ize—ﬁm — @+ 52))Z(x3) =0

TOCJIE/IOBATEILHBIM BBEACHHEM HOBBIX mepeMeHHbix (Kopener 1960)

~ 272

y=——x3+ Sin

T M Z= eY
2h a-Ks3

npuBeneHo kK ypaBHenuto beccens (KopemeB 1971),00mee pemieHne KOTOPOTO
M3BECTHO; OPTOTOHAIBHOCTh (DYHKIIUI { Viiiy (xg)}c BeCOM e %*3  QueBMJIHO U He Tpebyercs

BJ0OKa3aTCIbCTBC.

I1l. CymectBoBanue M EaunctBeHHOCTH Penienus

Teopema 3.1.
Ilyems C,(x3), Ci(x,7,t,Hy, U, H) K, (x,7,t,Hy, U, H)(s = 1,2,3)— nonoosicumenvivie
@ynryuu xnacca C2(x € G,0 <1, <t <T <0)NC(Q,), pynxyua H(x,t) yoosremeopsem
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ypasuenuio (12) 6 Q,,, nauarvnomy ycrosuio (13) u epanuunviv ycnosusm (14), (15), (16) u
L(H)=0(L(H)<0) 6 Q,, ¢yuxkyua Hy(x) codepaucumca 6 obracmu onpedenenus
onepamopa Jlannaca. Toeoa s3adaua (13), (14), (15), (16), (17) umeem eduncmeennoe
pewieHue. Omo peuieHue HeNpPepvi6HO 3ABUCUM OM HAYAILHLIX U 2PAHUYHLIX OAHHbIX,
napamempos Kodgh@duyuenmos urbmpayuu, MCHOBEHHO20 YNIOMHeHUs U DOK08020 0asle s,
a makace c860000HO20 deMeHma.

JlokazarenbCTBOTEOPEMBI 3.1 NPUBOIUTCANO TOM KE CXEME, YTO U J0Ka3aTeIbCTBO
TeopeMbInpuBeieHHO B paborax B. C. BmamumupoBa 26, B. . Apcenmna 27, III.
AnteiHOekoBa 28,29,30. B mokazarenbCTBE YUTEHBI: CBOMCTBA TapaMeTpPOB YpaBHEHHE
cocrostHue cpempl  (4); rumote3a B.A.@Dnopura (5); yCIOBHS TJIAIKOCTH U YCIOBHE
COTJIACOBAHHOCTH; MPUHIUITBI MAKCUMyMa U MUHHMYyMa; Teopembl C. baHaxa u  pasioxeHus
o COOCTBEHHBIM (YHKIHUSAM; TPHU3HAKK CXOJUMOCTH MaKOPHUPYEeMbIX psIoB. B xome
JI0Ka3aTebCTBa TMOATBEPIKICHO (DU3MUECKH OYEBUAHBIN (DaKT, YTO JABJICHHUE B MOPOBOM
KHUJIKOCTH JIBMDKETCS TOJBKO W3 MECT C BBICOKMM JaBJICHHEM B MECTO C 0ojiee HH3KHM
JTABJICHUCM.

[V. Meroasl Pemenus 3amaun.

CymecTByeT  MHOTOYMCIEHHBIE  METOJAbl  pacyeToB  (QWIbTPAUU  KUJAKOCTH
31,32,33,34,35. 1 QuIbTpallMOHHON KOHCOIUAAIMKU TPyHTOB 15,16,36,37,38,39,40,41. 3neck
MPEINOYTEHUE OTAAETCS WTEpPallMOHHOMY METOJy, METOJly BBEICHHS HOBOM HEM3BECTHOMU
GyHKIMM, METOAy NpeoOpa3oBaHMsI HEOJHOPOJHBIX TPAaHUYHBIX YCJIOBUM B OJHOPOJHBIE,
Merony @Dypbe, METOAY allpOKCHUMAIMH, METOJy BBEICHHS HOBBIX IEPEMEHHBIX U
TEOPEMEOPA3IIOKEHUNUIIO COOCTBEHHBIM (PYHKILIHSM.

[IpencraBuM UTEPALIMOHHBIA METOJ B BUAEC TEOPEMBI.

Teopema 4.1 (memoo umepayuu ).
[Tyctp BbIMONHSIOTCS ycinoBusi Teopembid.l. H(x,t) — pemenne 3amaun (13), (14),
(15), (16), (17) m Hi(x,t)(k=1,2,3,...) — peuenne auddepeHInanTbHOrO ypaBHEHUS

d2H,

OH %H
a_tk = Cp(x3) - (Kll 222 + Kip —

axg

92H,
K35 ) + D1 (x, t),
3

k=123..., (22)

yAOBJIETBOpsifoIIMe HauaidbHeIM (14) u rpanuyHbIM ycnoBusm (15), (16), (17), u
H > H;. Torma mnocnenosarenpHocts {H,} (k=1,2,3,...) mnpu k — cocxomurcst K
equHcTBeHHOMY pemenuo H(x,t) 3amaun (13), (14), (15), (15), (17).

Oyaxiua®y_(x,t), k=1,2,3,... B (21) onpenensiercst 3aBucumoctsimu (1), (2), (3),
(4), (5), (6),(7),(8),(9),(10) u (11) u sBNsAETCS HENPEPHIBHBIM M OrPAaHUYCHHBIM.

Jloka3zarenbctBo.Paccyxnenns, anamoruuneie (AnteiHOekoB 2018) u  HCmoab3yer
IPHUHIHUI MakCUMyMa U Teopemsl cpaBHenus. CormacHo Teopeme 3.1 3amaun (13), (14), (15),
(16), (17) u (21), (14), (15) , (16), (17) uMeroT eAMHCTBEHHbIE pelleHUs. B cooTBeTcTBHH
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C TPHHIHUIOM MakcumyMma, Tumnote3sl B.A.DmopuHa (5) W TEOpeMbl CpaBHEHHsS UISI ATHX

pEeLIeHUI, UMEEM
H1 SH3 SHZ SH5 SH4 <. SH2k+1 SHZka

orcroja, mnepenymeposas uxH, =U;, Hz =U,, H, =Us, .., umeeMm U;<U, <
U3 <---< UZk—l < U2k nim UZk > Hl <H.

CrietoBaTenbHO, MOCIenoBaTeabHoCTh {H), } npu k — oo cxogures k pemenuro H(x,t)
samaun (13), (14), (15), (16), (17). Teopema moka3aHa.

Memoo es6edenuss HooU Heuzgecmuou @Gynkyuu. Memoo npeobpazosanus HeOOHOPOOHBIX
CPAHUYHBIX YCIIOBULL 8 0OHOPOOHbIE.

BeneM HOBYIO HensBecTHYIO GyHKIU0 W (x,t)
H,(x,t) = P(x, t) + W, (x,t), k=1,2,3,..., (23)

Ora (yHKIUSA SBISETCS OTKIOHEHHWEM OT W3BecTHOW (yHkuu Y(x,t)u Oyner
OTIpeieNieHa KaK pelIeHUe YpaBHCHHS

awy

azw
% = Cy(x3) - (K11 k

+ K12

azwk)

+(P1'k_1(x, t, (I)k_l(x, t,)), k:1,2,3,... (24)

C OJHOPOJHBIMH I'PAHUYHBIMU YCIOBUAMU

Xl( : xk Z8! )Wklxlz_ll =0, X( ) - Xl( )Wk|x1=l1 =0, (25)
Xg )?Zk _Xg )WkleZ_IZ = 0’ Xg )?Zk +X§ )WkleIIZ = 0! (26)
1) ow 2 3) oW 4
:g )?;_X:g )V,/k|x3:0 = O’ X:g )?3]("')(3(, )WkleZh = Or (27)
1 C HaA4YaJIbHBIM YCJIOBUCM
Wi (6, 70) = Ho () — (6, 71). (28)

[Mpencrasnss Gynkmuio P(x,t) B BUgeS

Y(x,t) = ( (1)x1 +,B(1))( @ 4 1,[)1(x2,x3,t)) ( (1)x1 + ,8(1)) X

( (3)+¢2(x2,x3,t)) ( (2)x2+5(2))
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x QY+ 3 (a2, 0) + (@222 + B52) 05 + a1, 03, ) +

+( (3)x3 + 5(3)) ()((1) + Y5 (xy, %2, 1)) + ( (3)x3 + 5(3)) ()((3) + Yo (x1,%2,8))  (29)

TpeOyeM, OHa yHoBieTBOpsula ycioBusiM BujgoB (15), (16) wu (17).Torma
k03 dunueHTs B (29)01HO3HAYHO OMPEACIISIOTCS

) (3) ) (2) (1) (2)

M _x 1 _ X M _x 1 _ X
al - P 1 * ) sz - P 2 )
X1 X1 X1 xi
4 3 4 2 1 2
@ _ 250 @ _ x5t @ _ 1 @ _ x50+
al - x ) 1 * ) 2 * ) 2 )
X2 X2 X2 X2
4 (€] 4 2 1
(3) ( ) (3) )+){( ) (3) _ ( ) G3) _ ( )
X; 9 1 X; 9 2 X; 9 2 X; 9

rac

2) @3 2) (4 1) (4
1= a0 4 2B 4 DS

2) @3 2) (4 1) (4
1 = 10 + 255 P,

2 3 2 4 1 4
1= 120 + x PP + 1P

Memoo @ypve. Memoo annpokcumayuu. Memoo 68edeHusi HOBbIX NePEMEHHBIX.
IlycTe s Havana:

CDLk_l(x, t, CDk_l(x, t, )) = 0, k:1,2,3,....

Torza, cornacHo BbIIEYKa3aHHBIM METOJaM, pemenue 3axaun (27), (28), (29), (30),
(31) HETpYAHO TMPEACTAaBUT TaKk

Wk(x,t) :Zﬁzlﬁi 1ZL3 1 Diiyigis (cos\/_x1 + By, sm\/_xl) X
20i1iyia &
x(co J_ + By, Si J_ )mem <a1—\/%33€ 2x3>-e nizist k€ N (30)

3)lec1, Dyiyiyi; — WM3BECTHBIE KOI(POHUIMEHTHI, ONPEAETIEMBIE B MPOLECCE PEIICHUs
(x3)— GyHKOES, cocrosimas w3 KoMmOwHanuu (yHKOWA beccens mepBoro u
A

l1i2 i3 ;_

safgaud; Vi,

BTOPOTO poaga MHIACKCA V; MOJIOKUTCIBHBIC KOPHU YpPAaBHCHUA, COCTOANIME U3 3THUX

1112'
KOMOHMHAIUH.
Juis pewenus 3amaun (24), (25), (26), (27), (28),31eCh MBI HCIOJIB30BATH METO/

annpoKCHMaliu. B COOTBETCTBUU € ITUMMETOZOM GYHKIHS 1+ 2&e ¥ 5 (18) 3ameHsercs
bynxumeit E(xs):
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Fy) = (1 + 28 exp <<lnw) _ x_s)

1+2¢, h

GyHKIMSA ) + a,e”®*3 B (18) 3amensieTcst QyHKIHEH @(x;):

~ . a1+aze_“3h) X3
a(x3) = (a1 + az) exp <(ln Twta ) H >, T.e.

—ag4h
1+ 28pe™ ™" =~ (1 +28) exp <(ln%) %)’

- aj+aze MY x
a; + a;e” 3% ~ (a1 + a,) exp ((ln;) f)

a1tay

142&g exp (—agx3)

Hanee, mpunuMas Bo BHuUManue (31) u (32), dyHKIMA

3amensiercs Qynxmeit C,(x3):

=

a1+aye *3%3 a1+ar (1+2{0)(a1+a2e_“3h)

142600743 1428 ((ln (1+2¢’06‘“4”)(a1+a2)) 73)

Jlerko 3amMeTuTh, 4TO NpH X3 = 0 U X3 = h anmpokcumarms (36) abCONOTHO TOYHA, U
npu a3z, a4 — 0 MOTPEeNIHOCTD ANIPOKCUMAIMU CTPEMUTCA K Hyar0. OHa Ul MajibIX 3HaYEHUN

Q3 U (4 BIOJHE JOIMYCTUMO B IIPAKTUYECKHUX pacyeTax.
Janee, yanutbiBas (33), MOCIEIOBATEIBHO BBOUM HOBBIX MEPEMEHHBIX

4h2)2

—unz=e’
aK13

a 1
y=—5-x3t3In

Torpa nuddepenmanbHoe ypaBHEeHHE

Ki3Z"(x3) + (Fe™ " — (v* + p?)Z(x3) = 0

jerko ceoauTcs K ypaBHenuio Beccenms (KopeneB 1971), ofiiee pemieHne KOTOPOTO

HU3BECTHO. 31€eCh

_ (1+zeoe—“4h)(a1+az)/h
(1+2§0) (a1 +aze=@3m)/ ™

Memoo paznodicenuti 6 COOCMBEHHBIX PYHKYUSAX U peulerue 3a0adu.
IlycTts Teneps :

@Lk_l(x, t, @k_l(x, t)) * 0, k:1,2,3,... .

ar1+ay exp (—azx3)

—
w
[\
~—
~

'H

(18) 7
\Q
—
>
©
(33) ~
=
e
v
c
-
S
S
g
3
z

Global Journal of Science

pennonaraeM, 4ro HenpepsiBHas QyHKuust Pqj_1(x,t, Pp_q1(x,t)) nmeer xycouno- [
HENpPEePhIBHYIO IPOM3BOAHYIO IIEPBOrO  IOPsAKa [O X, M U1 9TOM (QYHKIM HpPH BCex
t > 1, > 0 Bemmoimsiercss Bce yciosus thma (25),(26),(27).Torma peruenue 3amaun (24),

(25), (26), (27), (29) MOXKHO IPENCTABUTH TaK
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Vil

0 0 0 . Viq
W, (x,t) :Zi1=1 Zi2=1 Zi3=1 Tki1i2i3(t) (cosmxl + By;, sin —mxl) X

24iqipi3 _gx3)
L

Pi . P .
x| COS—=2 x2+B2i123|nl2x2]~Vm112 <a K13 ez
VK12 VK12
2

T, = ([ o5 Mot dt + D “Higigist
kiqigiz (t) = 1kiqiyis (£) - €701 E+ Dyiyipiz )€ 7111287

[Mocrasmsst psan (34) B (23) u yuursiBas (29), npu k — oo HOIydHM pELICHHE 3a/a4d
(13), (14), (15), (16), (17).
Cnencreue.Ecii  BOJONPOHMIIAEMOCTh TPYHTA B HAMpPaBJICHHH OCH X; (OCH X;)

npeHeOpeXMMO Mala, TO JIETKO MPOBEPUTH, 4YTO COOCTBEHHBIE 3HAUeHHA v, (P, ),
XapaKTepU3yIOIUe YPOBHH IbE30METPUUYECKUX HAIMOPOB, PAaBHBIHYJIIO, @ COOTBETCTBYIOIIUE
UM COOCTBEHHbIE (DYHKIMH, SIBJSIOIIMECS BOJHOBBIMH (QYHKIMAMH AuddepeHInaibHoTo
orepaTropa BTOPOTO TOPSJIKA, PaBHbI enuHHUIE. B 3TOM ciydae JErko MOJyYHTh pelIeHUe
IUIOCKOW KpaeBO# 3aqauu u3 peureHust (37), M aHATOTHYHO OJHOMEPHOU 3a/1auH.

V.  Omnpegenenne Ocanok OcnoBanuii TypOoarperaTos.

CornacHo wMmetofny, mpuBeaeHHOMY B pabore (®Paopun 1961) u mnosyuyeHHBIX
pe3yabTaToB (19),(23),(34), HeTpyaHO ONpPEACIUTh 0CaI0K TPYHTOBOTO OCHOBAHUS, BhI3BAHHBIN
Harpys3kou q:

s (t) = 200 rataac 2 (g (x) — Hy (x, ) dxs. (35)

1+¢gg 0 1+2§06—a4x3

[IpeaBaputenbHbie pacueTsl 0 GpopMmysie (35) nokazaiu:

e Harpyska, nmpuioxeHHass Ha BEPXHIOIO HMOBEPXHOCTh CJIOSi MacCHBa 3€MJITHOW CpeIpl, CO
BPEMEHEM IIEePENIaeTCs K €ro CKeJeTy.

e [lpu Oonpmux 3HAYCHHSAX TMApaMeTpa Q3W  MAIbIX 3HAYEHUSX  IapaMETpPOB
Q, &1, & YIUIOTHEHUE TPYHTA HE 3aBUCHUT OT BpeMeHH. BuOpanmonHoe yIuioTHEHHEe CTaporo
HEOJHOPOJAHOTO TpyHTa HE 3aBHCUT OT BPEMEHH, 3aBUCUT OT TPOCTPAHCTBEHHBIX
KOOp/WHAT.

e (C yBenuueHueM KO3PPUIIMEHTa OOKOBOIO JABJIEHUS YMEHBILIAETCS OCaJ0K I'PYHTOBBIX
OCHOBAaHUM.

e Ocanok ciosi HEOJHOPOTHBIX TPYHTOBBIX OCHOBAaHHMHA C BO3PACTaHHWEM I1aPaMETPOBA3U
Q7 YBEIIMIUBACTCS, a 3aTEM IOCTEIIEHHO YMEHBIIACTCS.

e Bospacr ckenera 10cTaTOYHO 3aMETHO BJIMSIET HA XapaKTep OCAJIKU IPYHTOBBIX OCHOBAaHUI.
DTO BIUSHHUE MOXKET OBITh MaJIO CYIIECTBEHHBIM TOJIBKO NpUAy, B19, P11, B20, f21 — 0

e B HavanpHBIC MOMEHTHI BpEMEHH BUOPAIIMOHHOE BO3/ICHCTBHE HA MOJI3YYECTh CKeJIeTa BOIO-
HACHIIIEHHOTO TJIMHICTOTO TPyHTa HanOoJIee SIPKO MPOSIBIIETCS, a CO BPEMEHEM CTaHOBHUTCS
MaJIO 3aMETHBIM.

e OcanoKk HEOJHOPOJHBIX TPYHTOBBIX OCHOBAHWW CHJIBHO 3aBHUCHT OT THIA TPAHUYHBIX
yCIOBHA. B 3aBHCHMOCTH OT HUX TPOMCXOJUT OOpATHBIN MPOIecC YINIOTHEHUS- HaOyXaHus
IpyHTA.

e BulpannoHHoe yIuIOTHEHHE CHUJIBHO 3aBHCHT OT CTETICHH BIIAXXHOCTH TPYHTA M BSDKYIIUX
BEIIECTB B NIOYBE, MTAPAMETPOB IMOJI3YUECTH, CTATHUYECKON HArpy3KH, aMIUIATY/Ibl U YaCTOTHI
Konebanun. B 3aBUCMMOCTH OT HHX, MpH TNPUMEHEHHH MOJEPHU3HPOBAHHOTO
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BUOPAIIMOHHOTO YIUIOTHUTENS MOKHO YMEHBUIMT pa3sHUIy 3HAYEHUH MOPUCTOCTH IO
rIIyOMHE YIUIOTHAEMOTO OCHOBAHMS M TEM CaMbIM 3HAYUTEIBHO YITYYIIUTh PABHOMEPHOCTH
YIUIOTHEHUs TIpyHTa. IIpy 3TOM MOXKHO JOCTUTHYT 3HAYUTEIBHOE  YBEIUYCHHUE
MEXaHUYECKUX XAPAKTEPUCTUK MEJKUX U CPEIHUX TPYHTOB OCHOBAHMIA.

VI. Baxmouenue

BubpanronHoe Bo3eicTBIE HAa XapakTep AedopMallii TNIOTHO YIIOTHEHHBIX TPYHTOB
3aBUCHT OT BHOPAIMOHHOTO COCTOSHHE TypOoarperaTa M OT CBS3YIOIIMX BEIIECTB B COCTaBe
rpyHTa. B 3aBUCHMOCTH OT HUX BUOPAIMOHHOE BO3JICHCTBHIE HA XapakTep Aedopmaliiu mioTHO
VIUIOTHEHHBIX TPYHTOB MOKET OBITh MAJIO CYIIECTBEHHBIM, CYIIECTBEHHBIM, Pa3pyIIUTEILHBIM.
Bcemu stumMu mporieccamMu MOXHO YIpaBisTh. Bompoc: Kak ymopaBisiTb — 3TO  BOIPOC
3aBTpairHero AHs. Pa0oTa mMOCBsAIeHa OJHOMY W3 HEJIOCTATOYHO H3YYCHHBIX BOIPOCOB
BUOPAIIMOHHOW KOHCOJUAAINNA HEOTHOPOJHBIX TPYHTOB. [IpuBOAMTCS HOBask MaTeMaTHYeCKas
MOCTAaHOBKA 3a/auu. VccienoBaHbl BOMPOCHI CYILIECTBOBAHUS W E€AMHCTBEHHOCTH ISl HEeE.
O6ocHoBanbl MeToabl pemieHUs. OOOCHOBaHHBIE METOIBI ANMMPOKCHUMAIIMM W UTEPAIUH
SIBJISIIOTCS. HOBBIM BKJIQZOM B MPHUKIAIHYIO MEXaHHMKY T'pYHTOB. IIpuMeHeHue uX mo3BOJSET
M3YYHUTH 00JIee CIIOKHBIE MPOOIEMBI TCOPUU KOHCOIUIAINN HEOTHOPOIHBIX TPYHTOB.

[Tomyuennsie pesynbratel (19),(21),(29),(34) u dopmyna pacuera (35) maer Ham

BO3MOJKHOCTh KOJINYECTBEHHOTO M KAaueCTBEHHOTO aHajM3a B OLIEHKE BJIMSHUS BUOpaIMM Ha
0CaJIOK OCHOBaHHMI TypOOarperatoB U COOPY>KEHHIA.
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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.

Tirs FOR WRITING A GOOD QUALITY SCIENCE FRONTIER RESEARCH PAPER

Techniques for writing a good quality Science Frontier 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 science frontier 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 dafter 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.
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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.

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.
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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.

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.

(ol olNe]

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.
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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.

O Briefly explain the study's tentative purpose and how it meets the declared objectives.

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:

O 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:

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

Content:

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

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

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

0 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.

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."
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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.

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.

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXI

Grades

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 spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

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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