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CD2.#').E*/132!E$E7'!E'7275(2!(17!*&2(!Q44=E$54)!-?$9=$(3&5!&;!(17!;3'2(!5$(='$99)!?75(39$(76!
974(='7!(17$('7!%=39(!35!$!('&E34$9!'7:3&5R!/17!41$9975:7!S$2!(&!6723:5!$!%3&4938$(34!$8E13(17$('7!
&;!TTJ!27$(2>!S1341!6&72!5&(!=27!$3'!4&563(3&535:!$56!'78$352!4&8;&'($%97!$(!(17!2$87!(387R!U!
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1.!Introduction  
<3&4938$(34! %=39635:2! $99&S!(17! 4&5('&9! $56! (17! 9383($(3&5! &;! 757':)! 4&52=8E(3&52>! E$'(34=9$'9)!
38E$4(35:! (17! %=39635:! 274(&'R! [&S7?7'>! (&! %7!E'&E7'9)! =276>! &44=E$5(2! 8=2(! %7! 35! $! 4&8;&'($%97!
23(=$(3&5!352367!(17!%=39635:>!S1341!S399!E'7?75(!(17!$663(3&5!&;!$4(3?7!4&52=87'!7O=3E875(2R!<74$=27!
&;!(17!5=8%7'!&;!?$'3$%972!35;9=75435:!(17'8$9!4&8;&'(!352367!(17!%=39635:2>!(17!&44=E$5(2Y!&E353&52!$'7!
?7')!38E&'($5(!35!&'67'!(&!=567'2($56!(17!35(7''79$(3&5213E2!%7(S775!(1727!63;;7'75(!?$'3$%972R\"] !
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75?3'&5875(! $56! 4$5! (&97'$(7! S$'87'! 356&&'! (78E7'$(='72!\K]>! E$'(34=9$'9)! 35! 5$(='$99)! ?75(39$(76!
%=39635:2>!S1341!1$2!976!(&!(17!$6&E(3&5!&;!57S!2($56$'62!&;!$6$E(3?7!4&8;&'(!\M>I]!
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4&52=8E(3&5>! 75?3'&5875($9! 38E$4(>! $56! &44=E$5(!2752$(3&5! $56!(17'8$9!_=6:875(R! *Q-! $99&S!
3675(3;)35:!E'&%9782!35!(17!%=39635:2!$56!(&!4174X!(17!E7';&'8$547!(1$(!(17!%=39635:!E'&83276!\T]R!̀ 1$939!
13:193:1(76! (17! 38E&'($547! &;! *Q-! %)! E'&?3635:! ;776%$4X! (&! (17! %=39635:! &S57'>!=235:!E1)234$9!
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9&$62!$'7!&;(75!13:1!$56!8=2(!%7!632('3%=(76!&?7'!9$':7!$'7$2R!+5!$663(3&5>!(17!(17'8$9!41$'$4(7'32(342!
8=2(!%7!35!$44&'6$547!S3(1!(17!$4&=2(34!E'3543E972!\H]R!B727$'4172!$%&=(!974(='7! (17$('72!35!('&E34$9!
4938$(72!8$359)!;&4=276!&5!$3'V4&563(3&576!%=39635:2!\de"J] !
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2.!Research methodology  
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?75(39$(3&5>!2&9$'! :$352!$'7!$?&3676!S3(1!9$':7!&?7'1$5:2!(1$(!E'&(74(!(17!:9$22!9&=?7'2!$56!(17!8$35!
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4'763(!0B75C!D$'$)&9@!

A/F-#"*: ! *'3543E972! &;! 5$(='$9! ?75(39$(3&5R! /17!
&E7576!m!A!21$E7!n!$(!(17!(&E!&;!(17!'&&;!4'7$(72!
$!9&S!E'722='7!S1341!$99&S2!$3'! ;9&S2! (&!4&87!
;'&8! (17! 23672! 0%9=7! $''&S2@! &'! =567'57$(1! (17!
27$(2!0&'$5:7!$56!:'775!$''&S2@R!+8$:7!4&='(72)!
&;!Q93?37'!<'$%$5(!
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$99&4$(76!(1'&=:1&=(!(17!$8E13(17$('7R!!

+5! (17! 2$87!(387>! &5! (17! '&&;>! $! S7$(17'! 2($(3&5! S$2! 87$2='35:! S356! 2E776! $56! 63'74(3&5>! $3'!
(78E7'$(='7>!$56!'79$(3?7!1=8363()!=567'!$!?75(39$(76!2179(7'>!'$35;$99>!$56!2&9$'!'$63$(3&5R!

g='35:! (17! 632('3%=(3&5! E7'3&6! &;! (17! 4&8;&'(! 2='?7)2>! $! (17'8$9! g$($! #&::7'>! 87$2='35:!$3'!
(78E7'$(='7>!%9$4X!:9&%7!(78E7'$(='7>!1=8363()>!9=835&23()>!DQK!4&5475('$(3&5!$56!S356!2E776>!1$2!
%775!E9$476!35!(17!%97$417'2!35!(17!475('$9!$'7$!&;!(17!$8E13(17$('7R>"8"J!13:1>!35!(17!=27'Y2!93?35:V
2E$47R!!

/17! ;3'2(!87$2='7875(2!1$?7!%775!4&56=4(76! ;&'!H!8&5(12>!;'&8 !g7478%7'!KJ"I! (&!N=57!KJ"TR!
U663(3&5$9!87$2='72!1$?7!%775!4$''376!&=(!35!KJ"a!$56!KJ"HR!

G'D,"*9!,7$2='76!E$'$87(7'!

+52('=875(!$56!87$2='76!
E$'$87(7'2! o=$5(3()! #&4$(3&5! ,7$2='7875(!E7'3&6! U44='$54)!

U3'!(78E7'$(='7!$56!'79$(3?7!
1=8363()!2752&'2! G!

/1'&=:1&=(!(17!
$8E13(17$('7!

D&5(35=&=2!87$2='7875(2!
%7(S775!N$5=$')!$56!N=57!
KJ"T!!!!!!!!!
p!KJ"aiKJ"H!
/387!35(7'?$9q!"J!835=(72!!

/78E7'$(='7!q!piV!
KZ!!
B79$(3?7!1=8363()!q!
piV!KZ!!

f7$(17'! 2($(3&5!0S356!2E776!$56!
63'74(3&5>!$3'!(78E7'$(='7!$56!
'79$(3?7!1=8363()!=567'!$!
?75(39$(76!2179(7'>!'$35;$99>!$56!
2&9$'!'$63$(3&5@!

" ! Q5!(17!'&&;!

D&5(35=&=2!87$2='7875(2!
%7(S775!N$5=$')!$56!N=57!
KJ"T!!!!!!!!!
p!KJ"aiKJ"H!!

!!

/17'8$9!g$($!#&::7'!0$3'!
(78E7'$(='7>!%9$4X!:9&%7!
(78E7'$(='7>!'79$(3?7!1=8363()>!
9=835&23()>!$56!$3'!2E776@!

" !

+5!(17!%97$417'2!
0475('$9!$'7$!&;!(17!
$8E13(17$('7!>"8"J!
13:1>!35!(17!=27'Y2!
93?35:V2E$47@!

g='35:!(17!!(387!29&(2!&;!
2='?7)2!%7(S775!N$5=$')!$56!
N=57!KJ"T!!!!!!!!!
p!KJ"aiKJ"H!
/387!35(7'?$9q!"T!274&562!

f356!2E776!q!J>JK!
8i2!;&'!J>JT8i2!r!
?!r!"8i!!&'!J>"!8i2!
;&'!"8i2!r!?!r!T!
8i2!

!

!"<"!=0>?&6)+3&-'0%3&2'-
<723672!(17!87$2='7875(2>!S7!1$?7!('376!(&!$22722!(17!=27'2Y!(17'8$9!E7'47E(3&5!&;!(17!%=39635:R!!U!(&($9!
&;! ""II! O=72(3&55$3'72! 1$?7! %775! 4&8E97(76>! &?7'! $%&=(! (S75()! (387! 29&(2R!/17! =27'2!S7'7!8&2(9)!
2(=675(2!;'&8!(17!=53?7'23()!&'!E7&E97!S1&!4&87!(&!$((756!4&5;7'75472!&'!E7';&'8$5472R!

/17!2='?7)!3549=672!&E75!&'!49&276!O=72(3&52!$%&=(!=27'Y2!4&8;&'(>!$3'!8&?7875(>!1=8363()>!%=(!$92&!
O=72(3&52!4&547'535:!(173'!E7'2&5$9!35;&'8$(3&5!049&(135:@>!$4&=2(342>!2E$47>!;='53(='7>!$56!?32=$9!$2E74(R!
-$41! E7'2&5! 8=2(! 35634$(7! 132! &'! 17'! E&23(3&5! 35! (17! %97$417'2R! /132! 8$X72! 3(! 7$237'! (&! 3675(3;)!
E'&%978$(34!$'7$2R!F&87!O=72(3&52!5776!(&!%7!4&8E97(76!$(!(17!%7:35535:!&;!(17!29&(!$56!&(17'2!$(!(17!
756!&;!3(R!f 7!4&52367'! (1$(!(17! ;3'2(!38E'7223&5!67E7562!&5!(17!E'7?3&=2!$4(3?3()!$56!5&(!&5!(17! '7$9!
$(8&2E17'7!&;!(17!%=39635:R!!

F='?7)!O=72(3&52!21&=96!%7!7$2)!(&!=567'2($56>!(17!4&5(7b(!57762!(&!%7!E'7275(76!35!$!4&5?75375(!
;&'8 >! $56! 6$($!8=2(! %7! 7$239)!'74&'676! $56! E'&472276R! F='?7)! :3?72! =2! &44=E$5(2W!2752$(3&5! $56!
_=6:875(!;&'!(17!(17'8$9>!1):'&87('34!$56!$3'!2E776!4&8;&'(>!&?7'!(132!E7'3&6>!=235:!(17!(1'77!24$972!
67;3576! %)! +FQ! "JTT"! 0"GGT@R!/17! (17'8$9! 2752$(3&5! 32! :3?75! %)! (17! E7'47E(3?7! _=6:875(! 24$97R! +(!
'7E'7275(2!=27'W2!;77935:!$(!(17!8&875(R!/17!7?$9=$(3?7!_=6:875(!24$97!:3?72!(17!(17'8$9!_=6:875(!&;!
(17!75?3'&5875(R!!/17!9$2(!E$'(!&;!(17!2='?7)!$382!(&!3675(3;)!$99!(17!4&8875(2!$56!367$2!(1$(!S399!%7!
=276!(&!$5$9)^7!(17!4&8;&'(!E'&;397!$44&'635:!(&!(17!9&4$(3&5>!$56!(&!8$X7!?$'3&=2!38E'&?7875(2!35!(17!
%=39635:R!U(!(17!2$87!(387>!E1)234$9!87$2='7875(2!$99&S!(&!E'&?367!&%_74(3?7!O=$5(3($(3?7!6$($!$56!(&!
9&4$(7!E'&%9782R!!

!
!
!



CISBAT 2019
Journal of Physics: Conference Series 1343 (2019) 012189

IOP Publishing
doi:10.1088/1742-6596/1343/1/012189

4

G'D,"*: !/17'8$9!2752$(3&5!$56!(17'8$9!_=6:875(!

!
/17'8$9!

2752$(3&5!24$97!V!
*7'47E(3?7!

_=6:875(!!$(!(17!
8&875(!

c7')!4&96! D&96! F93:1(9)!4&96! .73(17'!1&(!5&'!
4&96!

F93:1(9)!1&(! [&( ! c7')!1&( !

VM! K! " ! J! " ! K! M!

!

/17'8$9!_=6:875(!24$97!
&;!(17!75?3'&5875(!!

D&8;&'($%97! F93:1(9)!
=54&8;&'($%97! A54&8;&'($%97!

c7')!
=54&8;&'($%97!

J! " ! K! M!

!"@"!AB)&('+,(-,.-%&'01)'-,3&%-*-1,(C&%-D&%+,4-,.-)+;&-
L'&8!(17!'72=9(2!&;!(17!E&2(V&44=E$54)!7?$9=$(3&5!&?7'!2E743;34!29&(2>!S7!$3876!(&!7bE$56!(17!&44=E$5(2Y!
;77935:2! &?7'! $! 9&5:7'! (387VE7'3&6>! %)! ;35635:! 4&''79$(3&52! %7(S775! (17! 356&&'! (78E7'$(='7>! (17!
(78E7'$(='7!&;!(17!%9$4X!:9&%7!&?7'!$!29&(>!$56!(17!(17'8$9!2752$(3&5!24&'7!:3?75!%)!(17!=27'2R!+5!&'67'!
(&!&%($35!(17!'72=9(2!&?7'!$5!7b(75676!E7'3&6>!(17!;&99&S35:!2(7E2!S7'7!574722$')q-
- =)&D-#!!D&''79$(3&5!%7(S775!%9$4X!:9&%7!(78E7'$(='7!$56!(17'8$9!2752$(3&5!8$'X!&?7'!2E743;34!29&(2!

=)&D-!!!D&''79$(3&5!%7(S775!352367!(78E7'$(='7!$56!%9$4X!:9&%7!(78E7'$(='7!&?7'!2E743;34!29&(2!
- =)&D-<!!+52367!(78E7'$(='7!87$2='7875(!&?7'!a!8&5(12!
- =)&D-@!!+5(7'E&9$(3&5!$56!67(7'835$(3&5!&;!(17!(17'8$9!2752$(3&5!8$'X!&?7'!(17!S1&97!E7'3&6!

!"E"!F44+)+,(*1-;,(+),%+(C-
/132!32!(17!;3'2(!%=39635:!35!B7=53&5!+29$56!(&!%7!(72(76!35!$!S356!(=5579!35!(17!-3;;79!9$%&'$(&')!35!*$'32R!
+5!&'67'! (&!?$936$(7! (17!E'&E7'!%=39635:!&E7'$(3&5>!S7!=276!$5!7bE7'3875($9!E'&(&4&9>!67?79&E76!%)!
N$4O=72!P$56787'>!S3(1!$3';9&S!87(7'2!$99&S76!(&!?7'3;)!(17!$3';9&S!7;;343754)!352367!(17!974(='7!(17$('7>!
72E743$99)!&5!2($:7!$56!35!(17!63;;7'75(!'&S2!S17'7!=27'2!$'7!27$(76>!6='35:!63;;7'75(!E7'3&62!$56!35(7523()!
&;!S356R!!L35$99)>!(17!9$2(!2(7E!&;!(17!;776%$4X!4&5232(76!35!$5$9) ^35:!(17!757':)!E7';&'8$547!&;!(17!
%=39635:>!(1$5X2!(&!757':)!87(7'2>!352($9976!%)!756V=272R!/17! 4&8E97(7!'72=9(2!&;!(1727!2(=6372!S399!%7!
'7E&'(76!35!$!2=%27O=75(!E$E7'R!

3.!Results and discussion 
L'&8!(17!%=39635:Y2!352('=875($(3&5!$56!4&8;&'(!2='?7)2>!S7!4$5!$5$9)27!63;;7'75(!&=(4&872q!$5$9)232!
&;!(17!&?7'$99!4&8;&'(>!4&8;&'(!$5$9)232!%)!$'7$>!%=39635:!;=54(3&535:R!!
U5$9)̂ 35:! (17! 356&&'! (78E7'$(='7! 87$2='7875(2>! S7! 4$5! 277! (1$(!(17!1&((72(! 8&5(12! 7b(756! ;'&8!
g7478%7'!(&!,$'41>!;&'!(17!)7$'!KJ"T>!S3(1!2&87!(78E7'$(='72!7b477635:!MJhR!!

/17! &?7'$99! (17'8$9! 2752$(3&5! 32! s573(17'! 1&(! 5&'! 4&96s>! $56! (17! (17'8$9! _=6:875(! 32! s293:1(9)!
=54&8;&'($%97s>!S1341!8$)!4&''72E&56! (&!$!9$4X!&;!?75(39$(3&5!352367! (17!974(='7! (17$('7!6='35:! (17!
1&((72(!8&5(12R![&S7?7'>!(17!:3?75!8$'X2!$'7!8&'7!35!9357!S3(1!$!4&8;&'($%97!̂ &57R!/17!13:172(!(17'8$9!
_=6:875(!'$(35:2!$'7!'7$4176!;&'!(17!$'7$2!$(!(17!%&((&8!&;!(17!$8E13(17$('7>!49&27!(&!(17!2($:7R!/132!4$5!
%7!7bE9$3576!%)!(17!;$4(!(1$(!(17!9&S7'!$'7$2!$'7!293:1(9)!9722!7bE&276!(&!9$(7'$9!S356&S2R!f7!1$?7!;&=56!
(1$(!(17!8&'7!:757'$9!4&547E(!&;!(17'8$9!_=6:875(!32!5&(!$9S$)2!S799V=567'2(&&6!%)!=27'2>!4&5('$')!(&!
(17!4&547E(!&;!(17'8$9!2752$(3&5>!S1341!%7((7'!6724'3%72!(17!=27'Y2!;77935:!$44&'635:!(&!$!?7')!2E743;34!
;$4(&'R!

B72=9(2!&;! (17!7?$9=$(3&5! ;&'8! :3?7!$!9357$'! '7:'7223&5!%7(S775!%9$4X! :9&%7!(78E7'$(='7!$56! (17!
:9&%$9!(17'8$9!2752$(3&5!8$'XR!AE!(&!KdRThD>!=27'2!;779!s!.73(17'!1&(!5&'!4&96!sR!<7)&56!KdRThD>!=27'2!
2($'(!(&!;779!sF93:1(9)![&(st!3(!32!17'7!(1$(!(17!E'&E7'!8$5$:7875(!&;!(17!&E7535:!&;!(17!S356&S2!8=2(!
%7!4$''376!&=(>!35!&'67'!(&!354'7$27!(17!$3'!?79&43()R!
! !
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A/F-#"*@! /17'8$9! 2752$(3&5! 7?&9=(3&5u! -b$8E97! &;! N$5=$')! KJ>! KJ"TuKE8! (&! IE8R! 0/$3'! v! U3'!
(78E7'$(='7! \hD]>! /:! v!<9$4X! :9&%7! (78E7'$(='7! \hD]>!B[!v!B79$(3?7!1=8363()! \Z]!$56!c$3'!v!U3'!
?79&43()@!

!

?79&43()!\8i2]@!

!
!
!
!
!
!
!
!
!
Q?7'!(17!a!8&5(12!2='?7)76!35!KJ"T>!HdZ!&;!&44=E$5(2!;79(!(1$(!(17)!S7'7!35!$!57=('$9!23(=$(3&5R!"IZ!
;79(!293:1(9)!1&(!%7(S775!g7478%7'!$56!,$'41>!(17!S$'872(!8&5(12!&;!KJ"TR!Q?7'!(132!E7'3&6>!(17!974(='7!
(17$('7! 32! 5&(! %=2)! %74$=27! &;! 241&&9! 1&936$)2>! (17'7;&'7! (17! 13:1! (78E7'$(='72! $'7! 5&(! 574722$')!
632(='%35:!;&'!=27'2R!KKZ!S7'7!293:1(9)!4&96!$;(7'!,$)>!$(!(17!%7:35535:!&;!(17!S35(7'!27$2&5R!!+5!2=887'>!
(17!8&2(!=54&8;&'($%97!E7'3&6!32!%7(S775!5&&5!$56!I!ER8R!+5!S35(7'>!3(Y2!(17!&EE&23(7R!!
!
A/F-#"*H!/17!
7b(75676!(17'8$9!
2752$(3&5!%7(S775!
g7478%7'!$56!N=57!
KJ"TR!w799&S!v!
F93:1(9)!1&(>!P'775!v!
.73(17'!1&(!5&'!4&96>!
<9=7!v!F93:1(9)!4&96!

!

!
*
A/F-#"*I *#357$'!
'7:'7223&5!%7(S775!
%9$4X!:9&%7!
(78E7'$(='7!$56!
(17'8$9!2752$(3&5!35!
KJ"T*

*

!

!"#$%$&$'($) !*#"*)+ ,$()"*)+ -*)&. /0)12 -*+

!"#

$%"#

$&"#

'(#

&(#

)(#

I " H

IH

ad
dI

aH
Ta

IGIM IJ
MK

"d "I H

J

KJ

IJ

aJ

dJ

"JJ

!U(!(17
%7:35535:!&;

(17!29&(

U(!(17!%'7$XU(!(17!756!&;
(17!29&(

.=
8%

7'
!&

;!E
7'

2&
52

D&96

F93:1(9)!4&96

.73(17'!1&(!5&'!4&96

F93:1(9)!1&(

[&(

c7')!1&(

/$3'!v!MJ>IhD!
/:!v!MJ!hD!

B[!v!aH>d!Z!
c$3'!v!JRaG!8i2!

/$3'!v!M"hD!
/:!v!MK>d!hD!
B[!v!aM>T!Z!

c$3'!v!JR"G!8i2!

/$3'!v!M">ahD!
/:!v!M">M!hD!
B[!v!aK>H!Z!

c$3'!v!JR"a!8i2!

Q=(6&&'!4&563(3&52!
/ $3'!7b(!87$5!v!MK>T!hD!

c$3'!7b(!87$5!v!I!8i2!0.i.Q@!
.&!'$35;$99!

B$(17'!49&=6)!
!
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U!9$4X!&;!$3'!8&?7875(!32!;79(!%)!(17!8$_&'3()!&;!=27'2!35!1&(!E7'3&62>!7?75!3;!(17'8$9!4&8;&'(!32!'7$4176R!
/17!475('$9!E$'(!&;!(17!(17$('7!32!9722!7;;34375(!35!(7'82!&;!$3'!8&?7875(2!S17'7$2!(17!23672!&;!(17!(17$('7!
$'7!8&'7!4&8;&'($%97R!f3(1!'7;7'7547!(&!757':)!E7';&'8$5472>!(132!355&?$(3?7!974(='7!(17$('7!4&52=872!
&59)!KM!Xf1i8ji)7$'>! S1341!32!;&='!(3872!9722!(1$5!$!2($56$'6!974(='7!(17$('7R!!

4.!Conclusion 
B72=9(2! 21&S! (1$(! (17!*Q- !&;!(17! ;3'2(! 5$(='$99)! ?75(39$(76! 974(='7! (17$('7! 35! (17! /'&E342!32!&?7'$99!
E&23(3?7R!/17!974(='7!(17$('7!&;!#$!B7=53&5!:3?72!$!4&8;&'($%97!S&'X!75?3'&5875(!S3(1&=(!=235:!$3'!
4&563(3&535:>!S1341!32!?7')!'7$22='35:!;&'!(17!2($;;!&;!(17!A53?7'23()!$56!(17!6723:57'2!&;!(132!57S!X356!
&;!%=39635:R!!+(!21&=96!$99&S!(17!A53?7'23()!(&!$6$E(!(17!&44=E$(3&5!24176=97>!$?&3635:!4&5;7'7547!$56!
974(='72!%7(S775!8366$)!$56!I!E8!35!(17!2=887'>!35!&'67'!(&!&E(383^7!=27'2W!4&8;&'(R!!
QE(383^35:!5$(='$9!?75(39$(3&5!32!$5!38E&'($5(!X7)!35!('&E34$9!4938$(72!$56!179E2!(&!$?&36!(17!=27!&;!$3'!
4&563(3&535:R!/17! ?75(39$(3&5! E'3543E972! =276! &5! (7'(3$')! %=39635:2>!2=41! $2! &;;3472>!$'7! 8&'7! 7$239)!
'7E7$($%97>!%74$=27!(17)!$'7!:757'$99)!8&'7!4&8E$4(!$56!8&'7!2=3($%97!;&'!5$(='$9!4'&22V?75(39$(3&5R!
/132!2(=6)!1$2!21&S5!3(!32!E&223%97!(&!%)E$22!$3'!4&563(3&535:!;&'!$5!$8E13(17$('7!S3(1!$!9$':7'!2('=4(='7>!
%)!&E(383̂35:!$3'!;9&S2!=235:!$!67E'722='32$(3&5!S799!2)2(78R!
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