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Abstract

*-や²æı±や¬̶¬Ø°や¹Øや¬°©¬©±Øや̶やŒ°̶ª²ı©-̶œやŁıTØ°Ø-²ı̶œやØ®³̶²ı©-やŒ©°や²æØやØœØª²°ıª̶œや
RCや̶-Łや-$やªı°ª³ı²やı-や²Ø°ß±や©Œや²æØやŒ°̶ª²ı©-̶œや²ıßØやŁØ°ıµ̶²ıµØ±や©Œや²æØや$̶¬³²©や
²½¬Ø╆や5æØや©°ŁØ°や©Œや²æØやŁØ°ıµ̶²ıµØやÆØı-ºやª©-±ıŁØ°ØŁやı±やｰや┗や¦"┙やｱ╆や5©やøØØ¬や²æØや
ŁıßØ-±ı©-̶œı²½や©Œや ²æØや¬æ½±ıª̶œや¬̶°̶ßØ²Ø°±やR, L, Cや ²æØや-Ø¹や¬̶°̶ßØ²Ø°やゎや ı±や
ı-²°©Ł³ªØŁ╆や5æı±や¬̶°̶ßØ²Ø°やªæ̶°̶ª²Ø°ı¾Ø±や²æØやØ¼ı±²Ø-ªØや©ŒやŒ°̶ª²ı©-̶œや±²°³ª²³-

°Ø±やı-や²æØや±½±²Øß╆や"や°Øœ̶²ı©-やÆØ²¹ØØ-や²æØやŒ°̶ª²ı©-̶œや©°ŁØ°や²ıßØやŁØ°ıµ̶²ıµØや¦ 

̶-Łや²æØや-Ø¹や¬̶°̶ßØ²Ø°やゎやı±やŒ©³-Ł╆や5æØや-³ßØ°ıªや-̶¬œ̶ªØや²°̶-±Œ©°ßやßØ²æ©Łや
¹̶±や³±ØŁやŒ©°や²æØや±ıß³œ̶²ı©-や©Œや²æØやØ®³̶²ı©-±や°Ø±³œ²±╆や5æØや°Ø±³œ²±や±æ©¹や²æ̶²や
²æØや Œ°̶ª²ı©-̶œやŁıTØ°Ø-²ı̶œやØ®³̶²ı©-±やºØ-Ø°̶œı¾Øや ²æØやÆØæ̶µı©°や©Œや ²æØやªæ̶°ºØ╇や
µ©œ²̶ºØや̶-Łやª³°°Ø-²やŁØ¬Ø-Łı-ºや©Œや²æØやµ̶œ³Ø±や©Œや¦. The classical cases are re-

ª©µØ°ØŁやÆ½や²̶øı-ºや²æØやœıßı²や¹æØ-や¦や└やｱ╆や"-や̶-̶œ½±ı±やı-や²æØやŒ°Ø®³Ø-ª½やŁ©ß̶ı-や
of an RCやªı°ª³ı²や±æ©¹±や²æØや̶ ¬¬œıª̶²ı©-や̶ -Łや³±Øや©ŒやŒ°̶ª²ı©-̶œや©°ŁØ°やŁıTØ°Ø-²ı̶œや
Ø®³̶²ı©-±╆
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Introduction

"œ²æ©³ºæや ²æØや ß̶²æØß̶²ıª̶œや Œ©³-Ł̶²ı©-や ©Œや '°̶ª²ı©-̶œや
$̶œª³œ³±や〉'$《や¹̶±やØ±²̶Æœı±æØŁや©µØ°やｲｰｰや½Ø̶°±や̶º©╇や²æØ°Øや
°Øß̶ı-±や̶や±³ÆłØª²や®³ı²Øや-Ø¹や²©やß̶²æØß̶²ıªı̶-±╆や'$╇やı--

µ©œµı-ºやŁØ°ıµ̶²ıµØ±や̶-Łやı-²Øº°̶œ±や©Œや-©-まı-²ØºØ°や©°ŁØ°╇や
ı±や ²æØや -̶²³°̶œや ºØ-Ø°̶œı¾̶²ı©-や ©Œや ²æØや ªœ̶±±ıª̶œや ª̶œª³œ³±や
〉0œŁæ̶ßや̶-Łや4¬̶-ıØ°╇やｱｹｷｴ╉や.ıœœØ°や̶-Łや3©±±╇やｱｹｹｳ╉や4̶-

ßø©やet al╆╇やｱｹｹｳ╉や1©Łœ³Æ-½ややet al╆╇やｱｹｹｹ╉や6ªæ̶ıøı-╇やｲｰｱｳ《╆や
.̶-½や¬æ½±ıª̶œや¬æØ-©ßØ-̶やæ̶µØや｠ı-²°ı-±ıªをや Œ°̶ª²ı©-̶œや
©°ŁØ°やŁØ±ª°ı¬²ı©-±や̶-Łや±©や'$や ı±や-ØªØ±±̶°½や ı-や©°ŁØ°や ²©や
Ø¼¬œ̶ı-や²æØß╆や*-やß̶-½や̶¬¬œıª̶²ı©-±や'$や¬°©µıŁØ±やß©°Øや
̶ªª³°̶²Øやß©ŁØœ±や©Œや²æØや¬æ½±ıª̶œや±½±²Øß±や²æ̶-や©°Łı-̶°½や
ª̶œª³œ³±や Ł©╆や 4ı-ªØや ı²±や ±³ªªØ±±や ŁØ±ª°ıÆı-ºや ̶-©ß̶œ©³±や
ŁıT³±ı©-や〉8½±±やet al╆╇やｱｹｸｶ╉や)ıœŒØ°╇やｲｰｰｰ《╇や〉.ØnœØ°や̶-Łや
,œ̶Œ²Ø°╇や ｲｰｰｰ╉や"º°̶¹̶œや et al╆╇や ｲｰｰｴ《や -©-まı-²ØºØ°や ©°ŁØ°や
ª̶œª³œ³±やÆ©²æやı-や©-Øまや̶-Łやß³œ²ıまŁıßØ-±ı©-̶œや±¬̶ªØ±╇やı²や
æ̶±やÆØª©ßØや̶-やıß¬©°²̶-²や²©©œやı-やß̶-½や̶°Ø̶±や©Œや¬æ½±ıª±╇や
ßØªæ̶-ıª±╇や ªæØßı±²°½╇や Ø-ºı-ØØ°ı-º╇や R-̶-ªØ±や ØœØª²°©-

ß̶º-Ø²ı±ßや̶ -ŁやÆı©Ø-ºı-ØØ°ı-ºや〉1Ø²°̶±╇やｲｰｱｰ╉や0ÆØıŁ̶²やet 

al╆╇や ｲｰｱｱ╉や)ıœŒØ°╇や ｱｹｷｴ╉や8Ø±²や et al╆╇や ｲｰｰｳ╉や 3©±̶œØ±や et al., 

ｲｰｱｲ╉や.̶ºı-やet al╆╇やｲｰｰｶ╉や(ŸßØ¾やet al╆╇やｲｰｱｲª╉や(ŸßØ¾やet 

al╆╇や ｲｰｱｲŁ╉や$̶¬³²©や ̶-Łや.̶ı-̶°Łı╇や ｱｹｷｱ《╆や '³-Ł̶ßØ-²̶œや
¬æ½±ıª̶œや ª©-±ıŁØ°̶²ı©-±や ı-や Œ̶µ©°や ©Œや ²æØや³±Øや©Œやß©ŁØœ±や
Æ̶±ØŁや©-やŁØ°ıµ̶²ıµØ±や©Œや-©-まı-²ØºØ°や©°ŁØ°や̶°ØやºıµØ-やı-や
8Ø±²Ø°œ³-Łや 〉ｱｹｹｴ《╇や 7ØœıØµや 〉ｲｰｰｴ《や ̶-Łや #̶œØ̶-³や et al. 

〉ｲｰｱｰ《╆や5æØや̶Łµ̶-²̶ºØや©Œや³±ı-ºやŒ°̶ª²ı©-̶œや©°ŁØ°や±½±²Øß±や
ª©ß¬̶°ØŁや¹ı²æや±½±²Øß±や©Œやı-²ØºØ°や©°ŁØ°やı±や²æ̶²や²æØやŒ©°-
ßØ°やæ̶±やı-R-ı²ØやßØß©°½╇や¹æıœØや©²æØ°±やæ̶µØやR-ı²ØやßØ-

ß©°½╆や5æı±やı±や²æØやß̶ı-や̶Łµ̶-²̶ºØや©Œや'$やı-やª©ß¬̶°ı±©-や
¹ı²æや²æØやªœ̶±±ıª̶œやı-²ØºØ°ま©°ŁØ°やß©ŁØœ±╇やı-や¹æıªæや±³ªæや
ØTØª²±や̶°Øやı-やŒ̶ª²や-ØºœØª²ØŁ╆

5©や ̶-̶œ½¾Øや ²æØやŁ½-̶ßıª̶œや ÆØæ̶µı©°や ©Œや ̶や Œ°̶ª²ı©-̶œや
±½±²Øßやı²やı±や-ØªØ±±̶°½や²©や³±Øや̶-や̶¬¬°©¬°ı̶²ØやŁØR-ı²ı©-や
©Œや²æØやŒ°̶ª²ı©-̶œやŁØ°ıµ̶²ıµØ╆や*-やŒ̶ª²╇や²æØやŁØR-ı²ı©-±や©Œや²æØや

Œ°̶ª²ı©-̶œや ©°ŁØ°や ŁØ°ıµ̶²ıµØや ̶°Øや -©²や ³-ı®³Øや ̶-Łや ²æØ°Øや
Ø¼ı±²や±ØµØ°̶œやŁØR-ı²ı©-±╇やı-ªœ³Łı-ºや(°4-¹̶œŁま-Ø²-ıø©µ╇や
3ıØß̶--ま-ı©³µıœœØ╇や8Ø½œ╇や3ıØ±¾╇や̶-Łや²æØや$̶¬³²©や°Ø¬°Ø-

±Ø-²̶²ı©-╆や*-や²æØや$̶¬³²©やª̶±Ø╇や²æØやŁØ°ıµ̶²ıµØや©Œや̶やª©-±-
²̶-²や ı±や ¾Ø°©や ̶-Łや ¹Øや ª̶-や ¬°©¬Ø°œ½や ŁØR-Øや ²æØや ı-ı²ı̶œや
ª©-Łı²ı©-±や Œ©°や ²æØや Œ°̶ª²ı©-̶œや ŁıTØ°Ø-²ı̶œや Ø®³̶²ı©-±や ±©や
²æ̶²や ²æØ½や ª̶-や ÆØや æ̶-ŁœØŁや ̶-̶œ©º©³±œ½や ²©や ²æØや ªœ̶±±ıª̶œや
ı-²ØºØ°やª̶±Ø╆や$̶¬³²©やŁØ°ıµ̶²ıµØやıß¬œıØ±や̶ やßØß©°½やØTØª²や
Æ½やßØ̶-±や©Œや̶や ª©-µ©œ³²ı©-やÆØ²¹ØØ-や ²æØや ı-²ØºØ°や©°ŁØ°や
ŁØ°ıµ̶²ıµØや̶-Łや̶や¬©¹Ø°や©Œや²ıßØや〉1©Łœ³Æ-½╇やｱｹｹｴ╉や(³²ıÔ-

°°Ø¾やet al╆╇やｲｰｱｰ《╆や'©°や²æØ±Øや°Ø̶±©-±╇やı-や²æı±や¬̶¬Ø°や¹Øや¬°Ø-

ŒØ°や²©や³±Øや²æØや$̶¬³²©やŒ°̶ª²ı©-̶œやŁØ°ıµ̶²ıµØやŁØR-ØŁやÆ½╈

( )
1 ( )
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vi vii v? Ð - /I / / や や 〉ｱ《

where nむｱや┗やまや┗やnや〉nやı±や/《╇や̶-Łやf 〉n《〉わ《や°Ø¬°Ø±Ø-²±や²æØやŁØ-

°ıµ̶²ıµØや©Œや©°ŁØ°やn╇や °Ø̶œや Œ³-ª²ı©-やØµ̶œ³̶²ØŁや ı-や t╆や8©°-
øı-ºや¹ı²æや ²æı±や ŁØR-ı²ı©-や ı±や ıß¬©°²̶-²や ÆØª̶³±Øや ©Œや ²æØや
̶Æıœı²½や ²©や ÆØや ıß¬œØßØ-²ØŁや -³ßØ°ıª̶œœ½や 〉1©Łœ³Æ-½╇や
ｱｹｹｴ《╆や5æØや$̶¬³²©やŁØ°ıµ̶²ıµØやæ̶±や²æØやŒ©œœ©¹ı-ºや¬°©¬Ø°-
²½╈やıŒやf 〉t《やı±や̶やª©-±²̶-²╇や²æØ-やı²±やŁØ°ıµ̶²ıµØやı±や¾Ø°©╆や5æı±や
Ł©Ø±や -©²や æ̶¬¬Ø-や¹ı²æや ©²æØ°や °Ø¬°Ø±Ø-²̶²ı©-±╆や"-©²æØ°や
µØ°½やıß¬©°²̶-²やŒØ̶²³°Øやı-や²æØやŒ©°ßや©Œや$̶¬³²©やŒ°̶ª²ı©-̶œや
ŁØ°ıµ̶²ıµØやı±や²æ̶²やı²±や-̶¬œ̶ªØや²°̶-±Œ©°ßやı±╈

や や や や や ややややややややや〉ｲ《
 

'°©ßやØ®³̶²ı©-や〉ｲ《╇や¹Øやª̶-や±ØØや²æ̶²や²æØや°Ø¬°Ø±Ø-²̶²ı©-や©Œや
²æØや$̶¬³²©やŁØ°ıµ̶²ıµØやı-や-̶¬œ̶ªØやŁ©ß̶ı-や³±ı-ºや²æØやı-ı-
tial conditions f 〉ø《〉ｰ《や¹æØ°Øやkやı±やı-²ØºØ°╆や*Œや²æØやı-ı²ı̶œやª©--

Łı²ı©-±や̶°Øや¾Ø°©╇や²æı±や°ØŁ³ªØ±や²©╈

} ’ 1け け * + け 3
( ) ( ) (0)

0
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n k k

L D f t s F s f s
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Resumen

En este trabajo se propone una ecuación diferencial fraccionaria para los circui-

tos RC y LC en términos de la derivada fraccionaria en el tiempo del tipo Caputo. 

El orden considerado de la derivada es 0 < ¦や┙やｱ╆や1̶°̶やß̶-²Ø-Ø°やœ̶やŁıßØ-±ı©--

̶œıŁ̶ŁやŒç±ıª̶やŁØやœ©±や¬̶°ÀßØ²°©±や3╇や-╇や$╇や±Øやı-²°©Ł³ªØや³-や-³Øµ©や¬̶°ÀßØ²°©やゎ╆や&±²Øや
parámetro caracteriza la existencia de estructuras fraccionarias en el sistema. Se 

encuentra la relación entre el orden de la derivada fraccionaria ¦ y el nuevo 

¬̶°ÀßØ²°©やゎ╆や&œやßÔ²©Ł©やŁØやœ̶や²°̶-±Œ©°ß̶Ł̶や-³ßÔ°ıª̶やŁØや-̶¬œ̶ªØやŒ³Øや³±̶Ł©や¬̶°̶や
la simulación de las ecuaciones resultantes. Los resultados muestran que las ec-

uaciones diferenciales fraccionarias generalizan el comportamiento de la carga, 

voltaje y corriente dependiendo de la elección de ¦. Los casos clásicos se recu-

peran en el límite cuando ¦や└やｱ╆や6-や̶-Àœı±ı±やØ-やØœやŁ©ßı-ı©やŁØやœ̶やŒ°Øª³Ø-ªı̶やŁØや³-や
circuito RC muestra la aplicación y uso de ecuaciones diferenciales de orden 

fraccionario.

Descriptores: 

̋" ektewkvqu"gnfievtkequ
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    や 〉ｳ《
   

5æı±やı±やª©-±ı±²Ø-²や¹ı²æや²æØや³±³̶œやŁØR-ı²ı©-や©Œや²æØや-̶¬œ̶-

ªØや²°̶-±Œ©°ßや¹æØ-やまやı±や̶-やı-²ØºØ°╆や*-やºØ-Ø°̶œ╇や̶やŒ°̶ª²ı©-

-̶œや©°ŁØ°やŁıTØ°Ø-²ı̶œやØ®³̶²ı©-やæ̶±や²æØやŒ©°ß

    や 〉ｴ《
    

where ¦k > ¦kむｱ and akや̶°Øや̶-½や°Ø̶œや-³ßÆØ°±╇やg〉t《やª̶-やÆØや
±ØØ-や̶±や²æØや±©³°ªØや©Œや̶やŁ½-̶ßıªや±½±²Øß╆や*-µØ°±Øや²°̶-±-
Œ©°ßや ｰや ┗や ¦や ┙や ｱや °Ø®³ı°Ø±や ²æØや ı-²°©Ł³ª²ı©-や ©Œや ̶や ±¬Øªı̶œや
Œ³-ª²ı©-╆や 5æØや.ım̶ºま-ØVØ°や Œ³-ª²ı©-╇や ¹æØ°Øや ♭や ı±や ²æØや
º̶ßß̶やŒ³-ª²ı©-╇や¹æıªæやı±やŁØR-ØŁや̶±

や や や や や や 〉ｵ《
( ) ,    ( , 0),

, 0 ( )

m
t

E t a b
a b m am b

¢? @Â? I -
 

Œ°©ßや〉ｵ《やıŒやaや└やｱ╇やbや└やｱ╇や¹Øや©Æ²̶ı-や²æØやØ¼¬°Ø±±ı©-やEｱ,ｱや〉t《や└やe
t. 

5æØや.ım̶ºま-ØŒSØ°やŒ³-ª²ı©-やı±や̶ やºØ-Ø°̶œı¾̶²ı©-や©Œや²æØやØ¼-

¬©-Ø-²ı̶œやŒ³-ª²ı©-╆

Numerical Laplace transform 

5æØや-̶¬œ̶ªØや²°̶-±Œ©°ßやı±や̶や³±ØŒ³œや²©©œやŒ©°や̶-̶œ½¾ı-ºやœı-
-Ø̶°や±½±²Øß±やÆØª̶³±Øやı²や±ıß¬œıRØ±や²æØや¬°©ÆœØßや©ŒやŁØ̶-

œı-ºや¹ı²æやŁıTØ°Ø-²ı̶œやØ®³̶²ı©-±やı-や²æØや²ıßØやŁ©ß̶ı-やÆ½や
ª©-µØ°²ı-ºや ²æØßや ı-²©や ̶œºØÆ°̶ıªや Ø®³̶²ı©-±や ¹ı²æı-や ²æØや
Œ°Ø®³Ø-ª½や Ł©ß̶ı-╆や 5æØや -³ßØ°ıª̶œや -̶¬œ̶ªØや ²°̶-±Œ©°ßや
〉/-5《や ı±やØ±±Ø-²ı̶œœ½や̶やß©ŁıRØŁやŁı±ª°Ø²Øや'©³°ıØ°や ²°̶-±-
Œ©°ßや〉%'5《や²æ°©³ºæや̶や¹ı-Ł©¹ı-ºやŒ³-ª²ı©-や〉(ıÆÆ±や¬æØ-

-©ßØ-©-《や̶-Łや̶や±²̶Æıœı²½やŒ̶ª²©°や〉̶œı̶±ı-º《╇や〉1°©̶øı±や̶-Łや
.̶-©œ̶øı±╇や ｱｹｹｶ《╆や %ØµØœ©¬ßØ-²や ©Œや ²æØや /-5や ̶-Łや ı²±や
̶¬¬œıª̶²ı©-や²©や²æØや̶-̶œ½±ı±や©Œや±½±²Øß±やæ̶±やÆØØ-や¹ØœœやŁ©-

ª³ßØ-²ØŁや©µØ°や²æØや¬̶±²やｴｰや½Ø̶°±や〉3̶ßı°Ø¾やet al╆╇やｲｰｰｴ╉や
8ıœª©¼や̶-Łや(ıÆ±©-╇やｱｹｹｸ《╆や)©¹ØµØ°╇やı²±や³±Øやæ̶±や²°̶Łı-
²ı©-̶œœ½やÆØØ-やœıßı²ØŁや²©や²æØや̶-̶œ½±ı±や©Œや¬°©ÆœØß±や¹æØ°Øや
²æØや°Ø±³œ²やª̶-やÆØやØ¼¬°Ø±±ØŁやı-や²Ø°ß±や©Œや±ıß¬œØやŒ³-ª²ı©-±や
²æ̶²や̶œœ©¹や²æØや³±Øや©Œや²̶ÆœØ±や©Œや-̶¬œ̶ªØや²°̶-±Œ©°ß±や〉.©-

°Ø-©や̶-Łや3̶ßç°Ø¾╇やｲｰｰｸ《╆や8æØ-や³±ı-ºやŁı±ª°Ø²Øや ²Øªæ-ı-
®³Ø±や ı-や ²æØや Œ°Ø®³Ø-ª½や Ł©ß̶ı-╇や ª©ß¬³²̶²ı©-や ²ıßØや
ÆØª©ßØ±や̶-やıß¬©°²̶-²やŒ̶ª²©°や±ı-ªØやı²や°Ø®³ı°Ø±や̶やªØ°²̶ı-や
̶ß©³-²や©Œや²ıßØや²©や²°̶-±Œ©°ßや²æØやŁ̶²̶やŒ°©ßや²æØやŒ°Ø®³Ø--

ª½やŁ©ß̶ı-や²©や²æØや²ıßØやŁ©ß̶ı-や©°やµıªØやµØ°±̶╆や)©¹ØµØ°╇や
Æ½や³±ı-ºや²æØやŒ̶±²や'©³°ıØ°や²°̶-±Œ©°ßや〉''5《や²æØや²ıßØや-Ø-

ªØ±±̶°½やŒ©°やª©ß¬³²̶²ı©-やı±やº°Ø̶²œ½や°ØŁ³ªØŁや̶-Łや̶±や̶や°Ø-

±³œ²や²æØや²Øªæ-ı®³Ø±や©Œや̶-̶œ½±ı±やı-や²æØやŒ°Ø®³Ø-ª½やŁ©ß̶ı-や
ÆØª©ßØや̶-や̶m°̶ª²ıµØや©¬²ı©-╆

4æØ-ºやı-µØ±²ıº̶²ØŁや²æØやµ̶œıŁı²½や©Œや̶¬¬œ½ı-ºや-³ßØ°ı-
ª̶œや ı-µØ°±Øや-̶¬œ̶ªØや ²°̶-±Œ©°ßや̶œº©°ı²æß±や ı-や Œ°̶ª²ı©-̶œや
ª̶œª³œ³±や 〉4æØ-ºや ½や $æØ-╇や ｲｰｱｱ《╆や *-や ̶や ¬̶¬Ø°や ©Œや (ŸßØ¾や

〉ｲｰｱｲÆ《╇や ̶-や ©µØ°µıØ¹や ©Œや ̶や ßØ²æ©Ł©œ©º½や Æ̶±ØŁや ©-や ²æØや
/-5や̶-Łや̶¬¬œıØŁや²©や²æØや̶-̶œ½±ı±や©ŒやØœØª²°©ß̶º-Ø²ıªや²°̶--

±ıØ-²や¬æØ-©ßØ-̶やı-や¬©¹Ø°や±½±²Øß±やŁØ±ª°ıÆØŁやÆ½やŁıTØ-

°Ø-²ı̶œや Ø®³̶²ı©-±や ©Œや Œ°̶ª²ı©-̶œや ©°ŁØ°╇や ̶や /Ø¹²©-ま²½¬Øや
ßØ²æ©Ł©œ©º½や²©やª̶œª³œ̶²ØやØı²æØ°や²æØや²°̶-±ıØ-²や©°や²æØや¬Ø-

°ı©Łıªや±²Ø̶Ł½や±²̶²Øやı±や³±ØŁや̶-Łや²æØやŁØR-ı²ı©-や©Œや$̶¬³²©や
Œ°̶ª²ı©-̶œや ŁØ°ıµ̶²ıµØや ı±や ̶¬¬œıØŁ╆や 5©や ØœØª²°ıª̶œや -Ø²¹©°ø±や
ı-ªœ³Łı-ºや-©-œı-Ø̶°や°Ø̶ª²©°±や̶-ŁやØœØª²°©-ıªやŁØµıªØ±╆

*-や²æØや¬°Ø±Ø-²や¹©°øや¹Øや̶°Øやı-²Ø°Ø±²ØŁやı-や²æØや±²³Ł½や©Œや
̶や±ıß¬œØやØœØª²°ıª̶œやªı°ª³ı²やª©-±ı±²ı-ºや©Œや̶や°Ø±ı±²©°╇や̶-やı--

Ł³ª²©°や̶-Łや̶やª̶¬̶ªı²©°╇やı-や²æØやŒ°̶ßØ¹©°øや©Œや²æØやŒ°̶ª²ı©-

-̶œやŁØ°ıµ̶²ıµØや̶¬¬œ½ı-ºや²æØやßØ²æ©Łや©Œや²æØや/-5やŒ©°や²æØや
±ıß³œ̶²ı©-±╆

Description

6±ı-ºや²æØや,ı°ªææ©Tやµ©œ²̶ºØやœ̶¹や̶-Łや²æØやªı°ª³ı²や©Œや'ıº³-

°Øやｱ╇や¹Øやæ̶µØ╈

Hkiwtg"30"Ektewkv"ykvj"c"htcevcn"gngogpv"cpf"c"ecrcekvqt

E〉t《や└やVe〉t《や+ VC〉t《╇や や や 〉ｶ《

where E〉t《や ı±や²æØや±©³°ªØやµ©œ²̶ºØ╇やVe〉t《や ı±や²æØやµ©œ²̶ºØやı-や
²æØやŒ°̶ª²̶œやØœØßØ-²や̶-ŁやVC〉t《やı±や²æØやµ©œ²̶ºØやı-や²æØやª̶¬̶-

ªı²©°╆や5æØやµ©œ²̶ºØやı-や²æØやŒ°̶ª²̶œやØœØßØ-²やı±

    〉ｷ《

¹æØ°Øやぽや』ｱ╇やｲ【やı±や̶ や¬̶°̶ßØ²Ø°や²æ̶²やŁØ²Ø°ßı-Ø±や¹æØ²æØ°や²æØや
ØœØßØ-²やeやı±や̶ や°Ø±ı±²©°や©°やı-Ł³ª²©°╇やー や┗や¦や┙やｱ╇や²æØや¬°©Ł³ª²やぽ¦ 

ŁØ²Ø°ßı-Ø±や²æØや©°ŁØ°や©Œや²æØやŒ°̶ª²ı©-̶œやŁıTØ°Ø-²ı̶œやØ®³̶-

tion e 』R, L【やŁØR-Ø±や²æØやªæ̶°̶ª²Ø°ı±²ıª±や©Œやe╇やゎやı±や̶や¬̶°̶ßØ-

²Ø°や²æ̶²やŁØ²Ø°ßı-Ø±や²æØやŒ°̶ª²ı©-̶œや±²°³ª²³°Ø±や©Œやe.

Fractional electrical circuit RC

5̶øı-ºやı-や〉ｷ《やØや└や3╇やぽや└ｱ, ゎe= ゎR ,や²æØやŒ°̶ª²ı©-̶œやŁıTØ°Ø--

²ı̶œやØ®³̶²ı©-やŒ©°やRCやªı°ª³ı²やı±

} ’け け
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 〉ｸ《

3ØªØ-²œ½や (ŸßØ¾や et al╆や 〉ｲｰｱｲ̶《や ¬°©¬©±ØŁや ̶や ±½±²Øß̶²ıªや
¹̶½や²©やª©-±²°³ª²やŒ°̶ª²ı©-̶œやŁıTØ°Ø-²ı̶œやØ®³̶²ı©-±やŒ©°や²æØや
¬æ½±ıª̶œや±½±²Øß±╆や4³ªæや̶や¹̶½やª©-±ı±²±やı-や̶-̶œ½¾ı-ºや²æØや
ŁıßØ-±ı©-̶œı²½や©Œや²æØや©°Łı-̶°½やŁØ°ıµ̶²ıµØや©¬Ø°̶²©°や̶-Łや
²°½ı-ºや²©やÆ°ı-ºやı²や²©や̶やŒ°̶ª²ı©-̶œやŁØ°ıµ̶²ıµØや©¬Ø°̶²©°やª©--

sistently.

5æØやı-²°©Ł³ª²ı©-や©Œや²æØや¬̶°̶ßØ²Ø°やゎR ̶œœ©¹±やŁıßØ--

±ı©-̶œやª©-±ı±²Ø-ª½や¹æØ-や》ゎR] = sec

や や や やややややややややや╇や や〉ｹ《

with ¦や└やｱや²æØやØ®³̶²ı©-や〉ｹ《やÆØª©ßØ±や̶-や©°Łı-̶°½やŁıTØ-

°Ø-²ı̶œや Ø®³̶²ı©-や ²æØやR°±²や©°ŁØ°や¹ı²æや °Ø±¬Øª²や ²©や ²ıßØや t. 
5æı±やı±や©-œ½や²°³Ø╇や̶±や±²̶²ØŁや̶Æ©µØ╇やıŒやゎRやæ̶±やŁıßØ-±ı©-±や
of seconds.

6±ı-ºや ²æØやØ¼¬°Ø±±ı©-や 〉ｸ《╇や ²æØや Œ°̶ª²ı©-̶œやŁıTØ°Ø-²ı̶œや
Ø®³̶²ı©-やŒ©°や̶やªı°ª³ı²や©Œや̶やª̶¬̶ªı²©°や̶-Łや̶や°Ø±ı±²©°やæ̶±や
²æØやŒ©°ß

                           , 〉ｱｰ《

with

け 1 けk
j /?
R

RC
"や や や 〉ｱｱ《

5æØやª©-±²̶-²やわ¦や̶œ±©やª̶-やÆØやª̶œœØŁやŒ°̶ª²ı©-̶œや²ıßØやª©-±-
²̶-²やŁ³Øや²©やı²±やŁıßØ-±ı©-̶œı²½や》sec]¦╆や8æØ-や¦や└やｱ╇やØ®³̶-

²ı©-や 〉ｱｱ《や °Øª©µØ°±や ²æØや ©°Łı-̶°½や ²ıßØや ª©-±²̶-²╇や ıØ╆╇や
わｱや└やわや└やRC.

The ¦や¬̶°̶ßØ²Ø°╇や¹æıªæや°Ø¬°Ø±Ø-²±や²æØや©°ŁØ°や©Œや²æØや
Œ°̶ª²ı©-̶œや²ıßØやŁØ°ıµ̶²ıµØやı-や〉ｱｰ《╇やª̶-やÆØや°Øœ̶²ØŁや²©や²æØや
¬̶°̶ßØ²Ø°やゎR╇や¹æıªæやªæ̶°̶ª²Ø°ı¾Ø±や²æØや¬°Ø±Ø-ªØや©ŒやŒ°̶ª-

²ı©-̶œや ±²°³ª²³°Ø±や 〉S³ª²³̶²ı©-±《や ı-や ²æØや ±½±²Øß╆や *-や ²æı±や
ª̶±Øや²æØやØß¬ı°ıªや°Øœ̶²ı©-±æı¬やı±やºıµØ-やÆ½や²æØやØ¼¬°Ø±±ı©-

jけ ? R

RC
"╇やや や 〉ｱｲ《

²æ³±╇や²æØやß̶º-ı²³ŁØ

みや└やｱやみや¦╇やや や 〉ｱｳ《

ªæ̶°̶ª²Ø°ı¾Ø±や ²æØや Ø¼ı±²Ø-ªØや ©Œや Œ°̶ª²ı©-̶œや ±²°³ª²³°Ø±や ı-や
²æØや±½±²Øß╆

*²やª̶-やÆØや±ØØ-や²æı±や¹̶½╈やıŒや¦や└やｱ╇や²æØ-╇やŒ°©ßや〉ｱｲ《や¹Øや
æ̶µØやゎRや└やわや└やRCや̶-ŁやæØ-ªØやみや└やｰやı-や〉ｱｳ《╇や¹æıªæやßØ̶-±や
²æ̶²や²æØや±½±²ØßやŁ©Ø±や-©²やæ̶µØやŒ°̶ª²ı©-̶œや±²°³ª²³°Ø±╇やı²や
is an ordinary RCや ªı°ª³ı²╆や )©¹ØµØ°╇や ı-や ²æØや °̶-ºØや
ｰや┗や¦や┗やｱ╇や©°やｰや┗やゎや┗やわ╇や²æØや®³̶-²ı²½やみやı-ª°Ø̶±Ø±や̶-Łや²Ø-Ł±や
²©や³-ı²½╇や±ı-ªØやı-や²æØや±½±²ØßやØ̶ªæやı±や̶º̶ı-や̶やŒ°̶ª²ı©-̶œや
±²°³ª²³°Ø╆

"±±³ßı-ºや ¾Ø°©や ı-ı²ı̶œや ª©-Łı²ı©-±╇や q 〉ｰ《や └や ｰや ̶-Łや 
E 〉t《や└や±ı-やァ²╇や²æØや-̶¬œ̶ªØや²°̶-±Œ©°ßや̶¬¬œıØŁや²©や〉ｱｰ《や°Ø-

±³œ²±やı-

* +
け

け
け

( ) ( )
1k
k

? Ã Ô-Ä ÕÄ ÕÅ Ö

C
Q s E s

s

   

〉ｱｴ《

5æØやµ©œ²̶ºØやı-や²æØやª̶¬̶ªı²©°やı±や

* +
け

け
け

1
( ) ( )

1k
k

? Ã Ô-Ä ÕÄ ÕÅ Ö
CV s E s

s

   

〉ｱｵ《

5æØやª³°°Ø-²やª̶-やÆØや©Æ²̶ı-ØŁや̶¬¬œ½ı-ºやı-µØ°±Øや-³ßØ°ıªや
-̶¬œ̶ªØや²°̶-±Œ©°ßやı-や〉ｱｴ《や̶-ŁやŁıTØ°Ø-²ı̶²ı-ºや¹ı²æや°Ø±-
¬Øª²や²©や²ıßØ╆

Htcevkqpcn"gngevtkecn"ektewkv"NE

5̶øı-ºやı-や〉ｷ《やe = L╇やぽや└やｲ╇やゎeや└やゎLやı±や©Æ²̶ı-ØŁや²æØやŒ°̶ª²ı©-̶œや
ŁıTØ°Ø-²ı̶œやØ®³̶²ı©-やŒ©°や²æØやLCやªı°ª³ı²やı±や©Æ²̶ı-ØŁ

2け

2(1 け+ 4け

( ) ( )
( ).    (0 け 3+/ - ? > ~

L

L d q t q t
E t

dt Cu
                      

〉ｱｶ《や
 

6±ı-ºや ²æØや Ø¼¬°Ø±±ı©-や 〉ｱｶ《╇や ²æØや Œ°̶ª²ı©-̶œや ŁıTØ°Ø-²ı̶œや
Ø®³̶²ı©-やŒ©°や̶やªı°ª³ı²やª©-²̶ı-ı-ºや̶やª̶¬̶ªı²©°や̶-Łや̶-やı--

Ł³ª²©°やæ̶±や²æØやŒ©°ß

2け

2け
け け

( ) ( )
( )- ?

L L

d q t q t C
E t

dt v v " やや や 〉ｱｷ《

where

け 1 け/?L

L

LCv u "   

〉ｱｸ《

け

1 け け

( ) ( )
( ),     (0 け 3+

j / - ? > ~
R

R d q t q t
E t

dt C
 

け

け
け け

( ) ( )
( )- ?d q t q t C
E t

dt v v

* +け

1 け け

1 1
,         0 け 3

sec/
Ç × ? > ~È ÙÉ ÚR

d

dtu
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The constant わL¦ ̶œ±©や ª̶-や ÆØや ª̶œœØŁや Œ°̶ª²ı©-̶œや ²ıßØや
ª©-±²̶-²や Ł³Øや ²©や ı²±や ŁıßØ-±ı©-̶œı²½や 》sec『╆や8æØ-や ¦や └や ｱ╇や
Œ°©ßや 〉ｱｸ《や °Øª©µØ°±や ²æØや©°Łı-̶°½や ²ıßØやª©-±²̶-²╇や ²æı±や ı±╇や
わ-ｱ = わL = LC .

The ¦や¬̶°̶ßØ²Ø°╇や̶±やÆØŒ©°Ø╇や²æ̶²や°Ø¬°Ø±Ø-²±や²æØや©°ŁØ°や
©ŒやŒ°̶ª²ı©-̶œや²ıßØやŁØ°ıµ̶²ıµØやı-や〉ｱｷ《╇やª̶-やÆØや°Øœ̶²ØŁや²©や²æØや
¬̶°̶ßØ²Ø°やゎL╇や¹æıªæやªæ̶°̶ª²Ø°ı¾Ø±や²æØや¬°Ø±Ø-ªØや©ŒやŒ°̶ª-

²ı©-̶œや ±²°³ª²³°Ø±や 〉S³ª²³̶²ı©-±《や ı-や ²æØや ±½±²Øß╆や *-や ²æı±や
ª̶±Øや²æØやØß¬ı°ıªや°Øœ̶²ı©-±æı¬やı±やºıµØ-やÆ½や²æØやØ¼¬°Ø±±ı©-

jけ ? L

LC

   

ややややややややややややややや╇ややや 〉ｱｹ《

²æ³±╇や²æØやß̶º-ı²³ŁØ

みや└やｱやみや¦Aやや 〉ｲｰ《

ªæ̶°̶ª²Ø°ı¾Øや²æØやØ¼ı±²Ø-ªØや©ŒやŒ°̶ª²ı©-̶œや±²°³ª²³°Ø±やı-や²æØや
±½±²Øß╆

:©³やª̶-や±ØØやı²や²æı±や¹̶½╈やıŒや¦や└やｱ╇や²æØ-╇やŒ°©ßや〉ｱｹ《や¹Øや
æ̶µØやゎL

ｲ = LCや̶-Łや²æØ°ØŒ©°Øやみや└やｰやı-や〉ｲｰ《╇や¹æıªæやßØ̶-±や
²æ̶²や²æØや±½±²Øßやæ̶±や-©やŒ°̶ª²ı©-̶œや±²°³ª²³°Ø±╇やı±や̶-や©°Łı-
nary LCや ªı°ª³ı²╆や)©¹ØµØ°╇や ı-や ²æØや °̶-ºØや ｰや ┗やゎや ┗や LC , 

〉³-Ł̶ß¬ØŁや -̶²³°̶œや Œ°Ø®³Ø-ª½《╇や ²æØや ß̶º-ı²³ŁØや み in-

ª°Ø̶±Ø±や̶-Łや²Ø-Ł±や²©や ²æØや³-ı²╇や̶±や ı-や ²æØや±½±²Øßや̶°Øや ı--

ª°Ø̶±ı-ºœ½やŒ©³-ŁやŒ°̶ª²ı©-̶œや±²°³ª²³°Ø±╆
"±±³ßı-ºや²æØやı-ı²ı̶œやª©-Łı²ı©-±やq 〉ｰ《や└やqｰ,     〉ｰ《や└やｰや

̶-Łや¬©¹Ø°や±³¬¬œ½やE 〉t《や└や±ı-やァ〉t《╇や²æØや-̶¬œ̶ªØや²°̶-±Œ©°ßや
̶¬¬œıØŁや²©や〉ｱｷ《や°Ø±³œ²±╇

0 け
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CE s q s
Q s

s

" や や や 〉ｲｱ《

5æØやµ©œ²̶ºØやı-や²æØやª̶¬̶ªı²©°やı±や

0 け
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け

け

( ) k
( ) .

1k
k

-? Ã Ô-Ä ÕÄ ÕÅ Ö

L

C

L

L

CE s q s
V s

C s

"    

〉ｲｲ《

5æØやª³°°Ø-²やª̶-やÆØや©Æ²̶ı-ØŁや̶¬¬œ½ı-ºやı-µØ°±Øや-³ßØ°ıªや
-̶¬œ̶ªØや²°̶-±Œ©°ßやı-や〉ｲｱ《や̶-ŁやŁıTØ°Ø-²ı̶²ı-ºや¹ı²æや°Ø±-
¬Øª²や²©や²ıßØ╆

Results

"œœや±ıß³œ̶²ı©-±や³±ØŁや."5-"#やｷ╆ｵ╆や〉3ｲｰｰｷÆ《╇や'ıº³°Ø±やｲ╇や
ｳや̶ -Łやｴや±æ©¹や²æØや±ıß³œ̶²ı©-やŒ©°やRCやªı°ª³ı²やまや└やｱ╇やまや└やー ╆ｹｸ╇や
まや└やｰ╆ｹｶ╇や Œ©°や ²æØやªæ̶°ºØ╇やµ©œ²̶ºØや̶-Łやª³°°Ø-²╇や°Ø±¬Øª²ı-
µØœ½╇や³±ı-ºやRや└やｱやpu, Cや└やｰ╆ｱやpuや̶-Łやァや└やｲるｶｰ╆
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Hkiwtg"60"Itcrj"qh"vjg"ewttgpv"kp"vjg"RC"htcevkqpcn"ektewkv"hqt"
fkhhgtgpv"xcnwgu"qh"¦

Hkiwtg"70"Itcrj"qh"vjg"ewttgpv"kp"vjg"NE"htcevkqpcn"ektewkv"hqt"
fkhhgtgpv"xcnwgu"qh"¦

'ıº³°Øや ｵや ±æ©¹や ²æØや ±ıß³œ̶²ı©-や Œ©°や -$や ªı°ª³ı²や ¦や └や ｱ╇や
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'°©ßや²æØや'ıº³°Øやｷ╇やı²やª̶-やÆØや±ØØ-や²æ̶²や²æØやŒ°̶ª²ı©-̶œやŁı-
TØ°Ø-²ı̶œやØ®³̶²ı©-や〉ｳｵ《や©Æ²̶ı-ØŁやŁØ±ª°ıÆØ±やÆØ±²や²æØやßØ̶-

±³°ØßØ-²や©ŒやØœØª²°ıª̶œやıß¬ØŁ̶-ªØや±¬Øª²°©±ª©¬½╆

Discussion

5æØや'ıº³°Ø±やｲや̶-Łやｴや±æ©¹や²æØやªæ̶°ºØや̶-Łやª³°°Ø-²やı-や²æØや
RCやªı°ª³ı²╇や°Ø±¬Øª²ıµØœ½╆や'°©ßや'ıº³°Øやｳやª̶-や©Æ±Ø°µØや²æ̶²や
as ¦やı-ª°Ø̶±Ø±やŒ°©ßやー ╆ｹｶや²©やｱ╇や²æØやŒ°̶ª²̶œやØœØßØ-²やÆØæ̶µØ±や
as a resistor of resistance R for ¦や└やｱ╇やı-²Ø°ßØŁı̶²Øやµ̶œ³Ø±や
of ¦やŁØ²Ø°ßı-Ø±やÆØæ̶µı©°やÆØ²¹ØØ-や̶やª̶¬̶ªı²©°や̶-Łや̶や°Ø-

±ı±²©°╆や*-や²æØや'ıº³°Øやｵやı±や©Æ±Ø°µØŁや̶やÆØæ̶µı©°やı-Ł³ª²ıµØや
for ¦や└やｱ╇やı-²Ø°ßØŁı̶²Øやµ̶œ³Ø±やŁØ²Ø°ßı-ØやÆØæ̶µı©°やÆØ²-
¹ØØ-やı-Ł³ª²©°や̶-Łや°Ø±ı±²©°╆

*²やæ̶±やÆØØ-やŒ©³-Łや²æ̶²やŒ©°やØµØ°½やｰや┗や¦や┙やｱ╇や²æØやœ©̶Łや
stored in the RCやªı°ª³ı²や ı±やŁı°Øª²œ½や¬°©¬©°²ı©-̶œや ²©や²æØや
µ©œ²̶ºØや©-や²æØやª̶¬̶ªı²©°╉やı²やŒ©œœ©¹±や²æ̶²や²æØやÆØæ̶µı©°や©Œや
²æØやªæ̶°ºØや©-や²æØやª̶¬̶ªı²©°や¹ıœœやºıµØやıŁØ-²ıª̶œやª³°µØ±や²©や
²æ©±Øや±æ©¹-やı-や'ıº³°Øやｳ╆

5æı±やª³°°Ø-²やÆØæ̶µı©°やª̶-やÆØやı-Ł³ªØŁやŒ°©ßやµ©œ²̶ºØや
in the capacitor, for ¦や└やｱや¹ıœœやæ̶µØや̶やª³°°Ø-²やµ̶œ³ØやØ®³̶œや
²©や²æØや°̶²ı©やÆØ²¹ØØ-や²æØや±³¬¬œ½やµ©œ²̶ºØや̶-Łや°Ø±ı±²̶-ªØや
Œ©°や ²や └や ｰ╇や ̶-Łや¹ıœœやŁØª°Ø̶±Øや¹ı²æや ²ıßØや³-²ıœや ı²や °Ø̶ªæØ±や
¾Ø°©╇や̶やŒ³œœま©°ŁØ°や3$やªı°ª³ı²╆

"±や²©や²æØやŒ°̶ª²ı©-̶œやLCやªı°ª³ı²╇やı±や©Æ±Ø°µØŁやı-や'ıº³°Øや
ｵ╇や²æØやª³°°Ø-²やı-ª°Ø̶±Ø±や̶±や²æØや¦やµ̶œ³Ø±やŁØª°Ø̶±ØやŒ°©ßやｱや
²©やｰ╆ｹｶやı-Łıª̶²ı-ºやœ©±±Ø±やı-や²æØやLCや±Ø°ıØ±やªı°ª³ı²╇や²æı±やª̶-や
ÆØや±ØØ-やÆØª̶³±Øや²æØ°Øやı±や̶ やŁ̶ß¬ı-ºやµ©œ²̶ºØやª³°µØ±╇や²½¬ı-
cal of an RLCやªı°ª³ı²や¹ı²æやœ©±±Ø±╆
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Conclusions 

5æØや Œ°̶ª²ı©-̶œやŁıTØ°Ø-²ı̶œや Ø®³̶²ı©-や Œ©°や ²æØや3$や̶-Łや-$や
ªı°ª³ı²±やæ̶±やÆØØ-や¬°©¬©±ØŁ╆や5æØや °ØœØµ̶-²や̶±¬Øª²や©Œや ²æı±や
¹©°øや ı±や ²æØや¹̶½や²©や ı-²°©Ł³ªØや ²æØや Œ°̶ª²ı©-̶œやŁØ°ıµ̶²ıµØ±や
©¬Ø°̶²©°±╇や¬°©µıŁı-ºや̶や±½±²Øß̶²ıªや¹̶½や²©やª©-±²°³ª²や ²æØや
Œ°̶ª²ı©-̶œやŁıTØ°Ø-²ı̶œやØ®³̶²ı©-±や©Œや̶-½や¬æ½±ıª̶œや±½±²Øßや
øØØ¬ı-ºや²æØやŁıßØ-±ı©-̶œı²½や©Œや²æØや¬æ½±ıª̶œや¬̶°̶ßØ²Ø°±╆や
5æØや©°ŁØ°や©Œや²æØやŁØ°ıµ̶²ıµØやÆØı-ºやª©-±ıŁØ°ØŁやı±やｰや┗や¦や┙やｱ╆や
5©やøØØ¬や²æØやŁıßØ-±ı©-̶œı²½や©Œや²æØや¬æ½±ıª̶œや¬̶°̶ßØ²Ø°±や3╇や
-╇や$や²æØや-Ø¹や¬̶°̶ßØ²Ø°やゎやı±やı-²°©Ł³ªØŁ╆や5æı±や¬̶°̶ßØ²Ø°や
ªæ̶°̶ª²Ø°ı¾Ø±や²æØやØ¼ı±²Ø-ªØや©ŒやŒ°̶ª²̶œや±²°³ª²³°Ø±やı-や²æØや±½±-
²Øßや 〉ª©ß¬©-Ø-²±や ²æ̶²や ±æ©¹や ̶-や ı-²Ø°ßØŁı̶²Øや ÆØæ̶µı©°や
ÆØ²¹ØØ-やª©-±Ø°µ̶²ıµØや̶-ŁやŁı±±ı¬̶²ıµØや±½±²Øß±《╇や²æØやŒ°̶ª-
²ı©-̶œや ²ıßØや ª©ß¬©-Ø-²±や ªæ̶-ºØや ²æØや ²ıßØや ª©-±²̶-²や ̶-Łや
̶TØª²や ²æØや ²°̶-±ıØ-²や °Ø±¬©-±Øや©Œや ²æØや ±½±²Øßや 〉(³ç̶や et al., 

ｲｰｱｳ《╆や"や°Øœ̶²ı©-やÆØ²¹ØØ-や²æØやŒ°̶ª²ı©-̶œや©°ŁØ°や²ıßØやŁØ°ı-
µ̶²ıµØや¦や̶-Łや²æØや-Ø¹や¬̶°̶ßØ²Ø°やゎやı±やŒ©³-Ł╆や5æØや-³ßØ°ıªや
-̶¬œ̶ªØや²°̶-±Œ©°ßやßØ²æ©Łや¹̶±や³±ØŁやŒ©°や²æØや±ıß³œ̶²ı©-や
©Œや²æØやØ®³̶²ı©-±や°Ø±³œ²±╆や5æØやªœ̶±±ıª̶œやª̶±Ø±や̶°Øや°Øª©µØ°ØŁや
Æ½や²̶øı-ºや²æØやœıßı²や¹æØ-や¦や└やｱ╆や"œ±©╇や²æØやª©-ªØ¬²や©ŒやŒ°̶ª-
²ı©-̶œや²ıßØやª©-±²̶-²やæ̶±やÆØØ-やı-²°©Ł³ªØŁ╆

'°©ßや ²æØや ŁØ±ª°ı¬²ı©-や ©Œや ²æØや Œ°̶ª²ı©-̶œや ŁıTØ°Ø-²ı̶œや
Ø®³̶²ı©-やß©ŁØœ±やª̶-やÆØや-©²ØŁや²æ̶²や²æØや°Ø¬°Ø±Ø-²̶²ı©-や©Œや
²æØや$©œØやß©ŁØœやı±やºØ-Ø°̶²ØŁや²©や±©œµØや²æØやRCやªı°ª³ı²や ı-や
²æØや Œ©°ß̶œı±ßや ©Œや Œ°̶ª²ı©-̶œや ª̶œª³œ³±╆や 5æØや ±ıß³œ̶²ı©-±や
©Æ²̶ı-ØŁやŒ°©ßや²æØやŒ°̶ª²ı©-̶œや°Ø¬°Ø±Ø-²̶²ı©-や±æ©¹ı-ºや̶や
ÆØmØ°やŁØ±ª°ı¬²ı©-や²æ̶-や²æ©±Øや©Æ²̶ı-ØŁやÆ½や²æØやØ®³̶²ı©-±や
©Œや ı-²ØºØ°や©°ŁØ°╆や5æØやØ¼¬©-Ø-²や©Œや ²æØや Œ°̶ª²ı©-̶œやŁıTØ-

°Ø-²ı̶œやØ®³̶²ı©-や²æ̶²やÆØ±²やR²±や²æØやRCやªı°ª³ı²やı±やま└ｰ╆ｹｸｲｵ╆
8ı²æや²æØや̶¬¬°©̶ªæや¬°Ø±Ø-²ØŁやæØ°Ø╇やı²や¹ıœœやÆØや¬©±±ı-

ÆœØや²©やæ̶µØや̶やÆØmØ°や±²³Ł½や©Œや²æØや²°̶-±ıØ-²やØTØª²±やı-や²æØや
ØœØª²°ıª̶œや±½±²Øß±╆や"œ±©╇や²æØやØœØª²°ıª̶œやªı°ª³ı²や¹ıœœや¬°©µı-
ŁØや ̶や °©Æ³±²や Œ°̶ßØ¹©°øや Œ©°や ±²³Ł½ı-ºや ²æØや Æı©ØœØª²°ıª̶œや
°Ø±¬©-±Øや²©や²°̶-±ıØ-²や±²ıß³œı╇や¹æØ-や̶-やØ®³ıµ̶œØ-²やØœØª-

²°ıª̶œやªı°ª³ı²やæ̶±やÆØØ-や³±ØŁ╆
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