
 

 

 

 

 
 

 

 
 
 

 
 

http://www.revista-riai.org 
   

 

 

" """"

Pcxgicek„p"fg"Tqdqvu"O„xkngu"gp"Gpvqtpqu"pq"Guvtwevwtcfqu""
wvknk¦cpfq"ènigdtc"Nkpgcn"

"
Cpftfiu"Tqucngu,."Iwuvcxq"Uecinkc,,."Xkegpvg"Owv,."Hgtpcpfq"fk"Uekcuekq,"

 
,Kpuvkvwvq"fg"Cwvqoƒvkec."Wpkxgtukfcf"Pcekqpcn"fg"Ucp"Lwcp."Cx0"Nkdgtvcfqt"Ucp"
Octv‡p"332;"*qguvg+."Ucp"Lwcp."Ctigpvkpc"*g/ockn<"ctqucnguBkpcwv0wpul0gfw0ct+"

,,"Kpuvkvwvq"fg"Kpigpkgt‡c"Sw‡okec."Wpkxgtukfcf"Pcekqpcn"fg"Ucp"Lwcp."Cx0"
Nkdgtvcfqt"Ucp"Octv‡p"332;"*qguvg+."Ucp"Lwcp."Ctigpvkpc"*g/ockn<"

iuecinkcBwpul0gfw0ct+"
"
"

Tguwogp<" Guvg" vtcdclq" rtgugpvc" wp" gphqswg" dcucfq" gp" nc" vgqt‡c" fgn" ƒnigdtc" nkpgcn." nqu" ofivqfqu"
pwofitkequ"{"wpc"oqfkhkecek„p"cn"ofivqfq"fg"hwgt¦c"hkevkekc."rctc" nc"pcxgicek„p"fg"tqdqvu"o„xkngu"gp"
gpvqtpqu"fkpƒokequ0"Rctc"gn"fkug‚q"fgn"eqpvtqncfqt"ug"wvknk¦c"gn"oqfgnq"fkpƒokeq"fg"wp" tqdqv"o„xkn"
pq" jqnqp„okeq" vkrq" wpkekenq0" Vtcdclqu" cpvgtkqtgu" c" ogpwfq" kipqtcp" nc" fkpƒokec" fgn" tqdqv." rqt" nq"
swg" uwhtgp" fg" ukpiwnctkfcfgu" gp" uwu" cniqtkvoqu0" Nqu" tguwnvcfqu" fg" ukowncek„p" {" gzrgtkogpvcek„p""
eqphktocp""nc""hcevkdknkfcf""{""ghgevkxkfcf""fgn""eqpvtqncfqt""rtqrwguvq.""nqitcpfq""swg""gn""tqdqv""ugc"ecrc¦""
fg""cfcrvct""uw""eqorqtvcokgpvq""cn""pkxgn""fgn""eqpqekokgpvq""fkurqpkdng""{""pcxgict""fg""ocpgtc""ugiwtc""
gp"gpvqtpqu"pq"guvtwevwtcfqu."okgpvtcu"ug"okpkok¦c"gn"gttqt"fg"ugiwkokgpvq0"Eqr{tkijv"Æ"422;"EGC0"

Rcncdtcu"Encxg<"ƒnigdtc"nkpgcn."gxcuk„p"fg"qduvƒewnqu."hwgt¦c"hkevkekc."oqfgnq"fkpƒokeq."tqdqv"o„xkn0"

30 KPVTQFWEEKïP"

Gn" rtqdngoc" fg" nc" pcxgicek„p" fg" tqdqvu" o„xkngu" gp" gpvqtpqu"
guvcekqpctkqu"jc"ukfq"wp"vgoc"fg"kpvgtfiu"rctc" nqu" kpxguvkicfqtgu"
fwtcpvg" nqu" ¿nvkoqu" c‚qu0" Gn" fguch‡q" cevwcn" gu" nc" pcxgicek„p"
cwv„pqoc"gp"gpvqtpqu"swg"eqpvkgpgp"qduvƒewnqu"gp"oqxkokgpvq."
gurgekcnogpvg" ewcpfq" nqu"qdlgvqu"swg"qewrcp"gn" gpvqtpq" vkgpgp"
wp" oqxkokgpvq" fgueqpqekfq0" Nqu" ofivqfqu" vtcfkekqpcngu" fg"
rncpkhkecek„p" fg" oqxkokgpvq" tgswkgtgp" wpc" gzegukxc" ectic"
eqorwvcekqpcn" rctc" ugt" crnkecfqu" gp" vkgorq" tgcn" c" guvg" vkrq" fg"
rtqdngocu"*Vkcp"gv"cn0."4229+."rqt"nq"ewcn"uwtig"nc"pgegukfcf"fg"
pwgxcu"vfiepkecu0""
"
Ewcpfq" gn" oqxkokgpvq" fg" nqu" qduvƒewnqu" gu" vqvcnogpvg"
fgueqpqekfq."gpvqpegu."wpc"ugngeek„p"tgcevkxc"fgn"oqxkokgpvq"gu"
wpc"ocpgtc"tc¦qpcdng"rctc"swg"wp"tqdqv"gxkvg"ncu"eqnkukqpgu."gp"
guvg" ecuq." nq" korqtvcpvg" pq" gu" nc" qrvkocnkfcf" ukpq" nc" ugiwtkfcf"
fgn"oqxkokgpvq"fgn"tqdqv0"Rqt"qvtq" ncfq."ewcpfq"gn"oqxkokgpvq"
fg" wp" qduvƒewnq" gu" eqorngvcogpvg" eqpqekfq." wp" oqxkokgpvq"
„rvkoq" rwgfg" ugt" igpgtcfq" ogfkcpvg" gn" gorngq" fg" wpc"
rncpkhkecek„p" gp" gurcekq/vkgorq0" Gp" xctkcu" crnkecekqpgu." rwgfg"
jcegtug"wpc"nqecnk¦cek„p"fgn"gpvqtpq"ogfkcpvg"nc"eqpuvtweek„p"fg"
wp"ocrc"fgn"ƒtgc"fg"vtcdclq"c"rctvkt"fg"nqu"ugpuqtgu"swg"rqugg"gn"
tqdqv0"Guvqu"ocrcu"uqp"ow{"¿vkngu"gp"wp"tqdqv"rctc"gpeqpvtct"gn"
ecokpq"nkdtg"fg"eqnkukqpgu"eqp"qdlgvqu"guvƒvkequ" vcngu"eqoq"wpc"
rctgf0" Ukp" godctiq." rctc" qdlgvqu" gp" oqxkokgpvq" vcngu" eqoq"
ugtgu"jwocpqu."pq"gu"wpc"vctgc"hƒekn."swg"gn"tqdqv"fkdwlg"ocrcu"
fkpƒokequ" swg" igpgtgp" ecokpqu" rctc" nc" gxcuk„p" {" ocpvgpicp"
wpc" fkuvcpekc" o‡pkoc" fgugcfc" gpvtg" gn" tqdqv" {" gn" qdlgvq" rqt"
tc¦qpgu" fg" ugiwtkfcf0" Gn" tqdqv" tgswkgtg" wpc" tgceek„p" fkpƒokec"
tƒrkfc"rctc"gxkvct"nc"eqnkuk„p"eqp"qdlgvqu"gp"oqxkokgpvq"gp"nwict"
fg" fgrgpfgt" fg"ocrcu" guvƒvkequ" q" fkpƒokequ" swg" ug" cevwcnk¦cp"
ow{"ngpvcogpvg0"
"
Nqu" ofivqfqu" inqdcngu" *cniqtkvoqu" fg" rncpkhkecek„p" fg"
vtc{gevqtkcu+"ecnewncp"wp"ecokpq"eqorngvq"c" nc"ogvc"c"rctvkt"fg"
nc"rqukek„p"cevwcn"fgn" tqdqv" *Ncvqodg."3;;3+0"Gp"gn"ecuq"fg" nqu"

qduvƒewnqu"o„xkngu." wpc" vfiepkec" eqo¿p" gu" c‚cfkt" nc" fkogpuk„p"
vkgorq"cn"gurcekq"fg"guvcfq"{"tgfwekt"gn"rtqdngoc"c"wpq"guvƒvkeq"
*Htckejctf."gv"cn0"3;;6+0"Cfgoƒu."uk"nqu"ofivqfqu"inqdcngu"rwgfgp"
rtqxggt"uqnwekqpgu"„rvkocu."uw"oc{qt"fguxgpvclc"gu"swg"cuwogp"
wp"eqpqekokgpvq"eqorngvq"fgn"gpvqtpq<"gp"crnkecekqpgu"rtƒevkecu"
guvcu" vfiepkecu" uqp" wuwcnogpvg" eqodkpcfcu" eqp"ofivqfqu" nqecngu"
rctc"gxkvct"qduvƒewnqu" kpgurgtcfqu"*Uvcejpkuu."gv"cn0"4224="Lcpi."
gv"cn0"4226="Lwpi."gv"cn0"4227="Ugfgt."gv"cn0"4227+0"Guvqu"¿nvkoqu."
vcodkfip" fgpqokpcfqu" ofivqfqu" tgcevkxqu." igpgtcp" uqnq" nc"
rt„zkoc"ug‚cn"fg"eqpvtqn<"gnnqu"wucp"uqnq"nc"rqtek„p"oƒu"egtecpc"
fgn" gpvqtpq" {" cevwcnk¦cp" gn"oqfgnq" fgn"owpfq" fg" cewgtfq" c" nc"
qdugtxcek„p" cevwcn" fg" nqu" ugpuqtgu0" Nc"oc{qt‡c" fg" ncu" vfiepkecu"
fgucttqnncfcu."eqoq"gn"ofivqfq"fg"nc"xgpvcpc"fkpƒokec"*F{pcoke"
Ykpfqy+." *Hqz." gv" cn0" 3;;9+." gn" ofivqfq" fg" nc" xgnqekfcf" fg"
ewtxcvwtc" *Pcm." gv" cn0" 3;;:+" " {" gn" ofivqfq" fgn" ecokpq" fg"
ewtxcvwtc"*Ukooqpu."gv"cn0"3;;8+."gn"eqpegrvq"fg"nqu"guvcfqu"fg"
eqnkuk„p" kpgxkvcdngu" *Htckejctf."gv"cn0"4225="Qygp."gv"cn0"4228+."
fgrgpfgp" fg" wp" eqpqekokgpvq" eqorngvq" fgn" gpvqtpq" guvƒvkeq" {"
fkpƒokeq0"
"
Cniwpqu" kpxguvkicfqtgu" jcp" fgucttqnncfq" wpc" xctkgfcf" fg"
ofivqfqu" dcucfqu" gp" gn" eqpegrvq" fg" ecorq" fg" rqvgpekcn0" Gp"
*Eqppqnn{." gv" cn0" 3;;2+" ug" rtgugpv„" wp" ofivqfq" wucpfq" nc"
gewcek„p"fg"Ncrnceg"rctc"gxcfkt"o‡pkoqu" nqecngu0"Gp" *Ocuqwf."
gv" cn0" 3;;8+" ug" rtqrwuq" wp" ecorq" tgrwnukxq" gn" ewcn" guvƒ"
nqecnk¦cfq"guvtkevcogpvg"gp"nc"xgekpfcf"fgn"tqdqv"rctc"rtqvgigtnq"
fg"ncu"eqnkukqpgu0"Gp"*Rqv{."gv"cn0"4226+"fgucttqnnctqp"wp"ofivqfq"
rqvgpekcn" htceekqpcn." gn" ewcn" fghkpg" rqvgpekcngu" cvtcevkxqu" {"
tgrwnukxqu"vqocpfq"gp"ewgpvc"nc"rqukek„p"tgncvkxc"{"nc"xgnqekfcf"
fgn" tqdqv" eqp" tgurgevq" c" qduvƒewnqu" {" qdlgvkxqu0" Rctc" uwrgtct"
cniwpcu" fghkekgpekcu" fgn" ofivqfq" fg" ecorq" fg" rqvgpekcn." ug"
fgucttqnn„" gn" Jkuvqitcoc" fg" Ecorq" Xgevqtkcn" *Xgevqt" Hkgnf"
Jkuvqitco."XHJ+"*Dqtgpuvgkp."gv"cn0"3;;3+."wp"ofivqfq"swg"dwuec"
gurcekqu" gp" jkuvqitcocu" rqnctgu" eqpuvtwkfqu" nqecnogpvg0"Nwgiq"
uwtikgtqp" nqu" ofivqfqu" fgn" XHJ-" *Wntkej." gv" cn0" 3;;:+" {" fgn"
XHJ,"*Wntkej."gv"cn0"4222+0"
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Gp"igpgtcn."gn"qdlgvkxq"fg"guvg"vtcdclq"gu"ecnewnct"ncu"ceekqpgu"fg"
eqpvtqn"pgeguctkcu"rctc"swg"gn"tqdqv"o„xkn"cnecpeg"wpc"rqukek„p"
*z."{+."eqp"wpc"qtkgpvcek„p"rtgguvcdngekfc"ψ"gp"ecfc"kpuvcpvg"fg"
owguvtgq" *mV2+" gxkvcpfq" eqnkukqpgu" fwtcpvg" uw" vtc{gevqtkc0" Rctc"
nqitct" guvg"qdlgvkxq." gp"wp"xgj‡ewnq"pq"jqnqp„okeq." ug"fkurqpg"
fg"fqu"xctkcdngu"fg"eqpvtqn<"nc"xgnqekfcf"nkpgcn"w"{"nc"xgnqekfcf"
cpiwnct"の"fgn"tqdqv0"Gn"eqpvtqncfqt"rtqrwguvq."uqdtg"nc"dcug"fgn"
oqfgnq"fkpƒokeq"fgn"tqdqv."ecnewnc" nc"ceek„p"fg"eqpvtqn"„rvkoc"
*ugi¿p"o‡pkoqu"ewcftcfqu"*Uvtcpi."3;:2++"swg"rgtokvg"cn"tqdqv"
o„xkn"rcuct"fgn"guvcfq"cevwcn"cn"guvcfq"fgugcfq"*Uecinkc."4228c+0"
Guvc" vfiepkec" jc" ukfq" rtqdcfc" gp" xctkqu" vtcdclqu." rqt" glgornq."
Tqucngu" gv" cn0" *4228c.d.e=" 4229+." Uecinkc" gv" cn0" *4228d.e="
4229c.d="422:c.d+0"Gn"cniqtkvoq"fg"nc"hwgt¦c"hkevkekc"oqfkhkecfq"
rgtokvg" tgfwekt" ncu" quekncekqpgu" fg" qtkgpvcek„p" fgn" tqdqv" ncu"
ewcngu"qewttgp"ewcpfq"wp"tqdqv"ug"crtqzkoc"c"wp"qduvƒewnq"q"c"
qvtq"tqdqv"*Ycpi."gv"cn0"4228+."rgtokvkgpfq"nc"gxcuk„p"ugiwtc"fg"
eqnkukqpgu"gp"nc"vtc{gevqtkc"tgcnk¦cfc0"
"
Gn"vtcdclq"guvƒ"qticpk¦cfq"fg"nc"ukiwkgpvg"ocpgtc<"gp"nc"ugeek„p"4"
ug"rtgugpvc"gn"oqfgnq"fkpƒokeq"fgn"tqdqv"o„xkn="gp"nc"ugeek„p"5"
ug"fguetkdg"gn"eqpvtqncfqt"wvknk¦cfq"rctc"nc"pcxgicek„p."okgpvtcu"
swg"gp"nc"ugeek„p"6"ug"rtgugpvc"gn"ofivqfq"fg"nc"hwgt¦c"hkevkekc0"Gp"
nc"ugeek„p"7"ug"rtgugpvcp"nqu"tguwnvcfqu"fg"gzrgtkogpvcek„p."{"gp"
nc"ugeek„p"hkpcn"ug"fcp"ncu"eqpenwukqpgu"fgn"vtcdclq0"
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Rctc" tgcnk¦ct" vctgcu" swg" tgswkgtgp" cnvc" xgnqekfcf" {1q" vtcpurqtvg"
fg"ecticu"rgucfcu."gu"ow{"korqtvcpvg"eqpukfgtct"nc"fkpƒokec"fgn"
tqdqv0"Ncu"ectcevgt‡uvkecu"fkpƒokecu"fgn"tqdqv."vcngu"eqoq"ocuc"g"
kpgtekc." ecodkcp" ewcpfq" gn" tqdqv" guvƒ" ecticfq0" " Wp" oqfgnq"
fkpƒokeq"pq"jqnqp„okeq"fg"wp"tqdqv"o„xkn"vkrq"wpkekenq"*Fg"nc"
Etw¦."4228+."ug"owguvtc"gp"nc"Hki0"3"{"ug"rtgugpvc"gp"nc"Ge0"*3+0"
"
Gn"rwpvq"swg"fghkpg" nc"rqukek„p"fgn" tqdqv" gu" *z."{+." gn" ewcn" guvƒ"
wdkecfq"c"wpc"fkuvcpekc"c"fgncpvg"fgn"egpvtq"fgn"glg"swg"wpg"ncu"
twgfcu"vtcugtcu"fgn"tqdqv."w"{"┣"uqp"ncu"xgnqekfcfgu"nqpikvwfkpcn"{"
ncvgtcn"fgn"egpvtq"fg"ocuc="の"gu"nc"xgnqekfcf"cpiwnct"fgn"tqdqv"{"
ψ" gu" gn" ƒpiwnq" fg" qtkgpvcek„p" fgn" tqdqv." I" gu" gn" egpvtq" fg"
itcxgfcf."D" gn"egpvtq"fg" nc" n‡pgc"fg"dcug"fg" ncu" twgfcu."G" gu"gn"
rwpvq"fg"wdkecek„p"fg"ng"jgttcokgpvc"fg"vtcdclq"*rqt"glgornq."wp"
dtc¦q"tqd„vkeq+"{"E"gu"gn"rwpvq"fg"wdkecek„p"fg"nc"twgfc"ecuvqt0"
"
"

"
Hkiwtc"30"Oqfgnq"fg"wp"tqdqv"o„xkn"pq"jqnqp„okeq"vkrq"wpkekenq"

HttzÓ" " {" " Htt{Ó" " uqp" ncu" hwgt¦cu" nqpikvwfkpcn" {" ncvgtcn" gp" gn"
pgwoƒvkeq" fg" nc" twgfc" fgtgejc=" HtnzÓ" {" Htn{Ó" uqp" ncu" hwgt¦cu"
nqpikvwfkpcn"{"ncvgtcn"gp"gn"pgwoƒvkeq"fg"nc"twgfc"k¦swkgtfc="HezÓ"
{"He{Ó"uqp"ncu"hwgt¦cu"nqpikvwfkpcn"{"ncvgtcn"glgtekfcu"uqdtg"E"rqt"
nc" twgfc"ecuvqt="HgzÓ" {"Hg{Ó" uqp" ncu" hwgt¦cu" nqpikvwfkpcn"{" ncvgtcn"
glgtekfcu"uqdtg"G"rqt" nc"jgttcokgpvc"fg" vtcdclq="d."e."f" {"g" uqp"
fkuvcpekcu=" {" τg" gu" gn" oqogpvq" glgtekfq" rqt" nc" jgttcokgpvc" fg"
vtcdclq0"
"
C" rctvkt" fgn" guswgoc" Hki0" 3." ug" qdvkgpg" gn" ukiwkgpvg" oqfgnq"
fkpƒokeq"rctc"wp"tqdqv"o„xkn"pq"jqnqp„okeq"vkrq"wpkekenq<"
"
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"

Nqu" rctƒogvtqu" kfgpvkhkecfqu." 3 4 5 6 7 8
V

= θ θ θ θ θ θÇ ×É Úh ."
gp"gn"oqfgnq"fkpƒokeq"fgn"tqdqv"o„xkn"*xcnkfcfqu"gp"Fg"nc"Etw¦"
("Ectgnnk."422:+"uqp<"
"

( ) ( )3 4 4 1 4 20462:;=c
v g FV RV

c

T oT t K tm tm
m

Ã Ô
θ = + + =Ä ÕÅ Ö ""

( )( ) ( )4 4
4 4 4 1 4 204646=c

g v ¦ FT RT
c

T K f T t K od tfm tfm
m

Ã Ô
θ = + + + =Ä ÕÅ Ö "

( )5 1 4 20222;5825=c
v RV

c

T odT m
m

θ = = − "

( )2
6 1 3 20;;84;=c c d

g RV
c c

T m m D tm
m T

Ã Ô
θ = + + =Ä ÕÅ Ö "

( )7 1 202259478=c
v RT

c

T odT fm
m

θ = = − "

( )8 1 4 3 302;370c c d
g RT

c c

T m m D f tm
m T

Ã Ô
θ = + + =Ä ÕÅ Ö "

"
fqpfg" o" gu" nc" ocuc" fgn" tqdqv=" t" gu" gn" tcfkq" fg" ncu" twgfcu"
k¦swkgtfc" {" fgtgejc=" md" gu" kiwcn" c" nc" eqpuvcpvg"
eqpvtcgngevtqoqvtk¦"ownvkrnkecfc" rqt" nc" eqpuvcpvg" fg" tgfweek„p="
Tc" gu" nc" eqpuvcpvg"fg" tgukuvgpekc" gnfievtkec="mc" gu" nc" eqpuvcpvg"fg"
vqtswg"ownvkrnkecfc"rqt" nc"eqpuvcpvg"fg" tgfweek„p="mRT."mRV." cpf"
mFV"uqp"eqpvcpvgu"rqukvkxcu="Kg"{"Dg"uqp"gn"oqogpvq"fg"kpgtekc"{"
gn" eqghkekgpvg" fg" htkeek„p" xkuequc" fg" nc" eqodkpcek„p" tqvqt" fgn"
oqvqt." eclc" fg" tgfweek„p" {" twgfc=" {"Tv" gu" gn" tcfkq" pqokpcn" fgn"
pgwoƒvkeq"*Fg"nc"Etw¦"("Ectgnnk."422:+0""
"
Gn" xgevqt" fg" kpegtvkfwodtg." tgncekqpcfq" cn" tqdqv" o„xkn" gu"

2 V
z z w ω= δ δ δ δÇ ×É Úh ." fqpfg" hz" {" h{" fgrgpfgp" fg" nc"

xgnqekfcf." gn" fgunk¦cokgpvq" fg" ncu" twgfcu" {" nc" qtkgpvcek„p" fgn"
tqdqv="hw"{"hの"fgrgpfgp"fg"nqu"rctƒogvtqu"ogeƒpkequ"fgn"tqdqv."
vcngu" eqoq" nc"ocuc." gn"oqogpvq" fg" kpgtekc." gn" fkƒogvtq" fg" ncu"
twgfcu." nqu"rctƒogvtqu"fgn"oqvqt"{" nqu"ugtxq/eqpvtqncfqtgu."gve0"
Vqfqu"guvqu"rctƒogvtqu"uqp"eqpukfgtcfqu"rgtvwtdcekqpgu0"
"

{"
z"

┣"

ω"
ψ"

w"

I

c

G"

E"

D"

( )z . {

d

g

e"

z)"
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f"
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Htt{Ó"

HttzÓ"kg"
Hg{"

Hgz"

He{" Hez"
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Eqogpvctkq"30"Uk"nqu"fgunk¦cokgpvqu"fg"ncu"twgfcu."ncu"hwgt¦cu"{"
vqtswgu"glgtekfqu"rqt"nc"jgttcokgpvc"{"ncu"hwgt¦cu"glgtekfcu"rqt"nc"
twgfc" ecuvqt" vkgpgp" wp" xcnqt" fgurtgekcdng." gn" xgevqt" fg"
kpegtvkfwodtgu"h"pq"ugtƒ"eqpukfgtcfq"gp"gn"oqfgnq0"""
"
Gp" igpgtcn." nc" oc{qt" rctvg" fg" tqdqvu" eqogtekcngu" rquggp"
eqpvtqncfqtgu" RKF" fg" xgnqekfcf" fg" dclq" pkxgn" rctc" ugiwkt"
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gttqt" fg" ugiwkokgpvq" nngiwg" c" ugt" o‡pkoq0" Rctc" ucvkuhcegt" guvc"
eqpfkek„p."gn"ukuvgoc"*5+."fgdg"vgpgt"wpc"uqnwek„p"gzcevc0"Nwgiq."
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Hkiwtc" 80" Rgthkngu" fg" xgnqekfcf" *c+" nkpgcn" *d+" cpiwnct0" Fcvqu"

gzrgtkogpvcngu0"

Gp" nc" Hki0" 7" ug" qdugtxc" swg" gn" tqdqv"o„xkn" ukiwg" nc" vtc{gevqtkc"
fgugcfc" eqp" wp" gttqt" oƒzkoq" fg" 82]oo_" gp" ncu" rctvgu"
rtqpwpekcfcu" fg" nc" vtc{gevqtkc0" Guvg" gttqt" c¿p" gu" rgswg‚q"
eqorctcfq"eqp"nc"fkuvcpekc"swg"gzkuvg"gpvtg"ncu"twgfcu"fgn"tqdqv"
o„xkn"*622]oo_+0"Nc"Hki0"6"owguvtc"nqu"rgthkngu"fg"xgnqekfcf"fgn"
tqdqv"o„xkn"rctc"guvc"vtc{gevqtkc0"
"
Nqu" tguwnvcfqu" qdvgpkfqu" eqttqdqtcp" ncu" dqpfcfgu" fgn"
eqpvtqncfqt" rtqrwguvq." oquvtcpfq" swg" gn" tqdqv" o„xkn" ukiwg" nc"
vtc{gevqtkc" fg" tghgtgpekc" fg" wpc" ocpgtc" rtgekuc0" Nc" rt„zkoc"
ugeek„p" rtgugpvctƒ" e„oq" ug" oqfkhkec" guvc" vtc{gevqtkc" fg"
tghgtgpekc"rctc"nc"gxcuk„p"fg"qduvƒewnqu0"
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ecorq" fg" rqvgpekcn" xktvwcn." jc" ukfq" gp" nqu" ¿nvkoqu" c‚qu." wp"
gphqswg" ow{" wvknk¦cfq" rctc" nc" rncpkhkecek„p" fg" ecokpqu" fg"
tqdqvu"o„xkngu"cwv„pqoqu"fgdkfq"c"uw"ukornkekfcf"ocvgoƒvkec"{"
ghkekgpekc0" Gn" eqpegrvq" dƒukeq" fg" guvg" ofivqfq" gu" ewdtkt" wp"
gpvqtpq"fg" vtcdclq"eqp"wpc"hwgt¦c"ctvkhkekcn."ogfkcpvg" nc"ewcn" gn"
tqdqv"gu"cvtc‡fq"rqt"nc"ogvc"{"tgrgnkfq"rqt"nqu"qduvƒewnqu0"
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wp" ecorq" fg" hwgt¦c" xktvwcn" swg" eqpvkpwcogpvg" xc" ecodkcpfq."
fgrgpfkgpfq"fg"nc"fkuvcpekc"cn"qduvƒewnq"{."ncu"xgnqekfcfgu"tgcn"{"
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tqdqv"eqp"gn"qduvƒewnq."oƒu"nqu"tcfkqu"fgn"tqdqv"{"fgn"qduvƒewnq="
eh" gu" wpc" eqpuvcpvg" rqukvkxc" swg" fgvgtokpc" nc" eqdgtvwtc" fgn"
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{d+"gu"nc"rqukek„p"fgn"qduvƒewnq"{"*z."{+"nc"rqukek„p"fgn"tqdqv0"
"
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jceg"swg"gn"tqdqv"gxcfc"cn"qduvƒewnq"o„xkn"gp"fktgeek„p"eqpvtctkc"
cn"oqxkokgpvq" fgn" qduvƒewnq"o„xkn." gu" fgekt." gn" tqdqv"o„xkn" ug"
oqxgtƒ" rqt" fgvtƒu" fgn" qduvƒewnq" fkpƒokeq" *xgt" Hki0" :+" fg" guvc"
hqtoc" gn" qduvƒewnq" o„xkn" gu" gnwfkfq" rqt" fgvtƒu." nq" ewcn"
rtqrqtekqpc"ugiwtkfcf"cn"tqdqv0"
"
Rctc" ucdgt" uk" wp" qduvƒewnq" gu" guvƒvkeq" q" fkpƒokeq." ug" jceg" wpc"
guvkoc"fg"nc"xgnqekfcf"fg"fkejq"qdlgvq."ogfkcpvg"nc"eqorctcek„p"
fg" uw"rqukek„p" cevwcn" eqp" uw"rqukek„p" gp" gn" cpvgtkqt"rgtkqfq"fg"
owguvtgq.""
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Hkiwtc":0"Gxcuk„p"fg"wp"qduvƒewnq"guvƒvkeq"{"wp"qduvƒewnq"o„xkn0""

Rctc" gxkvct" rtqdngocu" fg" vkrq" jgttcfwtc" *O{gtu" gv" cn0." 4227+."
ukorngogpvg"ug"wuc"wpc"fkuvcpekc"fP."pqtocn"c"f."fg"hqtoc"swg."
uk"fP"≤"focz." cn" ƒpiwnq"g" ug" ng" uwoctƒp"π14." cu‡"rqt" glgornq." uk"
gzkuvg"wp"qduvƒewnq"gp"hqtoc"fg"ÐXÑ"htgpvg"cn" tqdqv."fiuvg"iktctƒ"
jcuvc"rqfgt"ucnkt"fgn"kpeqpxgpkgpvg0"
"
Rctc"swg"gn"ofivqfq"fg"nc"hwgt¦c"hkevkekc"rtqrwguvq"fglg"fg"cevwct."
gu" fgekt." rctc" swg" gn" tqdqv"o„xkn" ÐugrcÑ" swg" {c" jc" gxcfkfq" gn"
qduvƒewnq" ug" wvknk¦„" gn" vgqtgoc" fgn" equgpq<" ugc" gn" vtkƒpiwnq"
RtRfRq.fg" nc"Hki0";."gp"fqpfg"Rt"gu" nc"rqukek„p" kpkekcn"fgn" tqdqv"
o„xkn="Rf"gu"nc"rqukek„p"fgugcfc"fgn"tqdqv"o„xkn""gp"m-3"{"Rq"gu"
rqukek„p"fgn"qduvƒewnq="l"gu"gn"ƒpiwnq"qrwguvq"cn"ugiogpvq"swg"
wpg" nqu"rwpvqu"Rt" {"Rf." gu"fgekt." gn" ƒpiwnq"swg"pqu" kpfkec" uk"gn"
qduvƒewnq"{c"hwg"gxcfkfq"q"pq0"
"
Ewcpfq"ヾ14">"l">"5ヾ14."gn"equ*l+"gu"pgicvkxq."nq"ewcn"pqu"kpfkec"
swg"gn"qduvƒewnq"pq"jc"ukfq"gxcfkfq"c¿p"*Hki0";c+."okgpvtcu"swg"
ewcpfq" /ヾ14" >" l" >" ヾ14." gn" equ*l+" gu" rqukvkxq." rqt" nq" swg" gn"
qduvƒewnq"{c"jc"ukfq"gxcfkfq."eqoq"ug"owguvtc"gp"nc"Hki0";d0"
"
Rctc"oquvtct"eqoq"chgevcp"nqu"rctƒogvtqu"rtqrwguvqu"cn"ofivqfq"
fg"nc"hwgt¦c"hkevkekc."gp"nc"Hki0"32"ug"owguvtc"ekpeq"gzrgtkogpvqu"
eqp"fkhgtgpvgu"xcnqtgu"gp"nqu"rctƒogvtqu"fg"clwuvg0"Gn"tqdqv"fgdg"
ugiwkt"wpc"vtc{gevqtkc"tgevkn‡pgc"fgufg"gn"rwpvq"*202."202+"cn"rwpvq"
*707."707+."gp"gn"ecokpq"ug"jc"eqnqecfq"wp"qduvƒewnq"guvƒvkeq0"Nqu"
rctƒogvtqu" wucfqu" ug" owguvtcp" gp" nc" Vcdnc" K." wvknk¦cpfq" wpc"
xgnqekfcf"oƒzkoc"wocz"?"65907]oo1u_"{"j"?"2040"

"
"
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Hkiwtc"320"Kphnwgpekc"fg"nqu"rctƒogvtqu"gp"gn"ofivqfq"fg"nc"hwgt¦c"

hkevkekc"rtqrwguvq0""

Gn"rtqdngoc"fg"eqpvtqn"wvknk¦cpfq"gn"ofivqfq"fg"nc"hwgt¦c"hkevkekc."
swg" gp" guvg" vtcdclq" jc" ukfq" oqfkhkecfq" rctc" oglqtct" uw"
hwpekqpcokgpvq." eqttgurqpfg" cn" fkug‚q" fg" wp" eqpvtqncfqt." swg"
nwgiq" fg" fgvgevct" nqu" qduvƒewnqu" gp" gn" gpvqtpq" fgn" tqdqv"o„xkn."
oqfkhkec" oqogpvƒpgcogpvg" nc" xgnqekfcf" fg" fiuvg." cu‡" eqoq"
vcodkfip" nc" vtc{gevqtkc" fgugcfc" c" ugiwkt." rctc" fg" guvc" ocpgtc"
gxkvct"fkejqu"qduvƒewnqu0"

70 TGUWNVCFQU"GZRGTKOGPVCNGU"

Nc"ogvqfqnqi‡c"rtqrwguvc"jc"ukfq"rtqdcfc"eqp"tqdqvu"RKQPGGT"
5FZ" *eqp" wp" tcfkq" crtqzkocfq" fg" 622]oo_+" wpq" fg" gnnqu"
gswkrcfq"eqp"wp"ugpuqt"UKEM"NOU422"fg"dcttkfq"nƒugt"*xgt"Hki0"
33+0" Gn" gpvqtpq" tgcn" fg" rtwgdcu" rctc" nqu" tqdqvu" RKQPPGT"
kpenw{g" rwgtvcu." eqttgfqtgu" {" qduvƒewnqu" fgueqpqekfqu0" Gp" guvg"
gpvqtpq" *xgt" Hki0" 33+." gn" tqdqv" ukiwg" wpc" vtc{gevqtkc" fcfc" fg"
ocpgtc" cwv„pqoc0" Nc" cfswkukek„p" fg" fcvqu" {" vqfqu" nqu"
cniqtkvoqu" tgswgtkfqu" uqp" ecnewncfqu" gp" vkgorq" tgcn" gp" gn"
eqorwvcfqt"swg"rqugg"gn"tqdqv0"
"

Gp" ncu" Hkiu0" 34" {" 35" ug" rtgugpvcp" nqu"rgthkngu" fg" xgnqekfcf" fgn"
rtkogt"gzrgtkogpvq"tgcnk¦cfq"*Hki0"37+0"Nc"xgnqekfcf"nkpgcn"guvƒ"
nkokvcfc" c"wocz"?"65907]oo1u_" {" nc" xgnqekfcf" cpiwnct" c"のocz"?"
72]itcfqu1u_0"Gp"guvcu"itƒhkecu"ug"rwgfg"qdugtxct"swg"ewcpfq"gn"
tqdqv"vgtokpc"fg"gxcfkt"wp"qduvƒewnq"cwogpvc"uw"xgnqekfcf"rctc"
xqnxgt" c" cnecp¦ct" nc" vtc{gevqtkc" fgugcfc." nwgiq" xwgnxg" c" nc"
xgnqekfcf"rtqogfkq"fg"522]oo1u_0""
"
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Hkiwtc"350"Rtkogt"gzrgtkogpvq0"Rgthkn"fg"xgnqekfcf"cpiwnct0""
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422]oo_"*xgt"Hki0"3+0"Nc"vtc{gevqtkc"fg"tghgtgpekc"hwg"igpgtcfc"c"
wpc" xgnqekfcf" eqpuvcpvg" fg" 43:097]oo1u_0" Rctc" nc" gxcuk„p" fg"
qduvƒewnqu"ug"jc"vqocfq"fokp"?"522]oo_"{"focz"?"922]oo_0"
"
Wpc" eqorctcek„p" gpvtg" nc" vtc{gevqtkc" fgugcfc" {" nc" vtc{gevqtkc"
ugiwkfc"rqt"gn"tqdqv"o„xkn"gp"gn"gpvqtpq"fg"rtwgdcu"ug"rtgugpvc"
gp"nc"Hki0"36."gp"nc"itƒhkec"vcodkfip"ug"rwgfg"qdugtxct"nc"ocpgtc"
gp" swg" gn" tqdqv" o„xkn" gxcfk„" nqu" qduvƒewnqu" fgn" gpvqtpq" rctc"
nwgiq"tgitguct"c" nc" vtc{gevqtkc"fgugcfc0"Ug"fgdg"tgecnect"swg"gp"
gn" cevwcn" gzrgtkogpvq" nc" vtc{gevqtkc" fgugcfc" pq" gurgtc" cn" tqdqv"
o„xkn."okgpvtcu" fiuvg" gxcfg" nqu" qduvƒewnqu." rqt" nc" xgnqekfcf"fgn"
tqdqv"o„xkn"fgdg" kpetgogpvctug" nwgiq"fg" nc" gxcuk„p"rctc"rqfgt"
cnecp¦ct"c"nc"tghgtgpekc"pwgxcogpvg0"
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Nc" Vcdnc" KK" rtgugpvc" wp" tguwogp" fg" nqu" gzrgtkogpvqu" nngxcfqu" c"
ecdq" rctc" fkhgtgpvgu" xgnqekfcfgu" fg" tghgtgpekc0" Nqu" tguwnvcfqu"
oƒu"tgrtgugpvcvkxqu"fg"guvcu"rtwgdcu"ug"owguvtcp"gp"guvg"vtcdclq0"
Gu" korqtvcpvg" fguvcect" swg" gn" xcnqt" cduqnwvq" fg" nc" fkhgtgpekc"
gpvtg"ncu"vtc{gevqtkcu"tgcn"{"fgugcfc."wpc"xg¦"swg"gn"tqdqv"o„xkn"
jc" cnecp¦cfq" gn" ecokpq" igqofivtkeq" rtgfghkpkfq." ugtƒ"
fgpqokpcfq"gttqt0"

""
Rwgfg" qdugtxctug" swg" gn" ukuvgoc" fg" eqpvtqn" rtqrwguvq" fgrgpfg"
fg" nc" rtgekuk„p" {" nc" gzcevkvwf" fg" nqu" ugpuqtgu." ukp" godctiq." gu"
kpfgrgpfkgpvg"fgn"ofivqfq"fg"ugpucfq0"Guvq"fgdkfq"c"swg"pq"uqnq"
ugpuqtgu" kpvgtpqu" *qfqogvt‡c+." ukpq" vcodkfip" ugpuqtgu" gzvgtpqu"
*nƒugt+" rwgfgp" ugt" wucfqu=" fgrgpfkgpfq" fg" nc" crnkecek„p."
eqornglkfcf"q"fgn"rtqdngoc"c"tguqnxgt0"

"
Gp" nc" Hki0" 37." ncu" n‡pgcu" itwgucu" eqttgurqpfgp" c" nqu"qduvƒewnqu"
fgvgevcfqu" gp" n‡pgc." nqu" ewcngu" uqp" kpeqtrqtcfqu" fg" hqtoc"
kpetgogpvcn" fgpvtq"fgn"ocrc." c"ogfkfc"swg" gn" tqdqv" cxcp¦c0"Gn"
tqdqv" hwg" ecrc¦" fg" cnecp¦ct" vtc{gevqtkc" fgugcfc" fg" hqtoc"
eqttgevc"okpkok¦cpfq"gn"gttqt"fg"ugiwkokgpvq0"
"
Eqogpvctkq"50"Gn" xcnqt"oƒzkoq"fgn" gttqt" gp" gn" ugiwkokgpvq" fg"
vtc{gevqtkcu"ug"ecnewnc"ewcpfq"gn"ofivqfq"fgn"nc"hwgt¦c"hkevkekc"pq"
cev¿c." gu" fgekt." ewcpfq" gn" tqdqv" o„xkn" ukiwg" nc" vtc{gevqtkc"
fgugcfc"ukp" nc"rtgugpekc"fg"qduvƒewnqu0"Ewcpfq"wp"qduvƒewnq"gu"
fgvgevcfq"ogfkcpvg" nqu" ugpuqtgu." nc" vtc{gevqtkc" fg" tghgtgpekc" gu"
oqfkhkecfc."rqt"nq"swg."fwtcpvg"gn"vkgorq"fg"gxcuk„p"gn"gttqt"fg"
ugiwkokgpvq"fg"vtc{gevqtkc"pq"gu"gxcnwcfq0"""
""
"

Gn"ugiwpfq"gzrgtkogpvq"gp"gn"gpvqtpq"fg"wpc"qhkekpc0"Nc""Hkiwtc"
38"owguvtc"gn"ocrc"fgn"gpvqtpq"gzrgtkogpvcn"eqp" nc" vtc{gevqtkc"
fguetkvc" rqt" gn" tqdqv" o„xkn." cu‡" eqoq" vcodkfip" nc" vtc{gevqtkc"
fgugcfc"*n‡pgc"rwpvgcfc+"{""nqu"qduvƒewnqu"fgn"gpvqtpq"fgvgevcfqu"
gp"n‡pgc"*rctgfgu."eclcu."rgtuqpcu."gve0+." nqu"ewcngu"uqp"c‚cfkfqu""
fgpvtq"fgn"ocrc."ugi¿p"gn"oqxkokgpvq"fgn"tqdqv"o„xkn0""
"
Rwgfg" qdugtxctug" swg" gn" ukuvgoc" fg" eqpvtqn" rtqrwguvq" gu"
fgrgpfkgpvg"fg"nc"rtgekuk„p"fgn"ukuvgoc"ugpuqtkcn="ukp"godctiq"gu"
kpfgrgpfkgpvg"fgn"ugpuqt"wvknk¦cfq0"Guvq"ug"fgdg"cn"jgejq"fg"swg"
pq" uqnq" nqu" ugpuqtgu" kpvgtpqu" *qfqogvt‡c+." ukpq" vcodkfip" nqu"
ugpuqtgu" gzvgtpqu" *nƒugt+" rwgfgp" ugt"wvknk¦cfqu." fgrgpfkgpfq"fg"
nc"crnkecek„p."eqornglkfcf"q"fgn"rtqdngoc"c"ugt"tguwgnvq0"
"
Ewcpfq"gn" tqdqv"o„xkn" gpewgpvtc"wp"qduvƒewnq." uw"xgnqekfcf" ug"
tgfweg" jcuvc" ewcpfq" nc" rqukdng" eqnkuk„p" jc" ukfq" uwrgtcfc0" Rctc"
guvc"rtwgdc"gn"rctƒogvtq"jm"*xgt"3:+"vwxq"wp"xcnqt"oƒu"rgswg‚q"
swg"gp"gn""gzrgtkogpvq"cpvgtkqt0""
"
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"
Hkiwtc"38<"Vtc{gevqtkcu"fgn"ugiwpfq"gpvqtpq"gzrgtkogpvcn0"
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Hkiwtc"39<"Ugiwpfq"gzrgtkogpv0"Rgthkn"fg"xgnqekfcf"nkpgcn0""
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Hkiwtc"3:<"Ugiwpfq"gzrgtkogpv0"Rgthkn"xgnqekfcf"cpiwnct0""

Nqu" rgthkngu" fg" xgnqekfcf" nkpgcn" {" cpiwnct" ug" rtgugpvcp" gp" ncu"
hkiwtcu" 39" {" 3:." tgurgevkxcogpvg0" Nc" xgnqekfcf" nkpgcn" guvƒ"
nkokvcfc" c" " ̃wocz̃" ?" 622]oo1u_{" nc" xgnqekfcf" cpiwnct" c" ̃のocz̃" ?"
82]itcfqu1u_0" nc" vtc{gevqtkc" fg" tghgtgpekc" hwg" igpgtcfc" eqp" wpc"
xgnqekfcf"eqpuvcpvg"wtgh"?"542]oo1u_0"
"
Eqogpvctkq" 60" Wp" curgevq" korqtvcpvg" rctc" cenctct" gn"
eqorqtvcokgpvq"fgn"tqdqv"o„xkn"fwtcpvg"nqu"gzrgtkogpvqu"gu"swg"
gp" gn" ugiwkokgpvq" fg" vtc{gevqtkc." c" fkhgtgpekc" fg" gp" gn"
ugiwkokgpvq"fg"ecokpqu."gn"rwpvq"fgugcfq"pq"gurgtc"rqt"gn"tqdqv"
o„xkn"fgdkfq"swg" nc" vtc{gevqtkc"gu"wp"ecokpq"rctcogvtk¦cfq"gp"
gn" vkgorq0" Gn" tqdqv" o„xkn" vtcvc" fg" cnecp¦ct" nc" vtc{gevqtkc" rtg/
guvcdngekfc"okgpvtcu"gn"rwpvq"fgugcfq"ug"owgxg0"Ncu"xgnqekfcfgu"
fgn" tqdqv" o„xkn" {" fg" nc" vtc{gevqtkc" ug" kiwcncp." ewcpfq" nc"
vtc{gevqtkc" fgugcfc" gu" cnecp¦cfc" rqt" gn" tqdqv0" Uk" wp" qduvƒewnq"
ecwuc" nc" cevkxcek„p" fgn" ofivqfq" fg" nc" hwgt¦c" hkevkekc." gn" tqdqv"
o„xkn" tgfweg"uw"xgnqekfcf."rqt" nq"swg" nc" vtc{gevqtkc"ug"cfgncpvc"
cn" tqdqv."fg"cnn‡"swg"ewcpfq"gn"qduvƒewnq"jc"ukfq"{c"gxcfkfq."gn"
tqdqv" o„xkn" fgdg" cegngtct" *jcuvc" uw" xgnqekfcf" oƒzkoc+" rctc"
cnecp¦ct"pwgxcogpvg" c" nc" vtc{gevqtkc"fgugcfc" *xgt" Hkiu0" 32."37."
39" cpf" 3:+0" C" rguct" fg" guvc" fgocpfcpvg" cukipcek„p." gn"
hwpekqpcokgpvq" fgn" tqdqv" o„xkn" fwtcpvg" gn" gzrgtkogpvq" gu"
ucvkuhcevqtkq0"
"
Eqogpvctkq" 70" Pqvg" swg" gp" gn" rtqdngoc" fg" ugiwkokgpvq" fg"
vtc{gevqtkc" gphqecfq" gp" guvg" fqewogpvq." nc" tghgtgpekc" pwpec"
gurgtc"rqt" gn" tqdqv"o„xkn." rqt"gn" eqpvtctkq" nc" tghgtgpekc" cxcp¦c"
ugi¿p" nq" jceg" gn" vkgorq0" Gzkuvgp" qvtqu" ofivqfqu" rctc" rctct" nc"
tghgtgpekc"okgpvtcu"swg" gn" tqdqv"o„xkn" ug" crtqzkoc"c" nc"okuoc"
*Fgn"T‡q."gv"cn0"4224="Ngg"("Rctm."4225+."rgtq"gp"guvg"vtcdclq"nc"
ukvwcek„p"oƒu"fgocpfcpvg"jc"ukfq"cpcnk¦cfc"{"uwrgtcfc."rwgu"gn"

tqdqv"o„xkn"vkgpg"swg"cnecp¦ct"nc"tghgtgpekc"vcp"rtqpvq"eqoq"ugc"
rqukdng"ukp"ejqect"eqp"nqu"qduvƒewnqu"swg"ug"rtgugpvgp0""

80 EQPENWUKQPGU"

Ug"jc"rtgugpvcfq"wp"pwgxq"gphqswg"rctc"nc"pcxgicek„p"fg"tqdqvu"
o„xkngu" gp" gpvqtpqu" fkpƒokequ." wvknk¦cpfq" nc" vgqt‡c" fgn" ƒnigdtc"
nkpgcn" {" wpc" oqfkhkecek„p" fgn" ofivqfq" fg" hwgt¦c" hkevkekc0" Guvg"
eqpvtqncfqt" rgtokvg" wpc" pcxgicek„p" nkdtg" fg" eqnkukqpgu" rctc" gn"
ugiwkokgpvq" fg" vtc{gevqtkcu0" Guvg" gphqswg" eqodkpc" wp"
eqpvtqncfqt" dcucfq" gp" gn" oqfgnq" fkpƒokeq" fg" wp" tqdqv" o„xkn"
vkrq" wpkekenq." nc" vgqt‡c" fgn" ƒnigdtc" nkpgcn" {" nqu" ofivqfqu"
pwofitkequ"eqp"wpc"guvtcvgikc"tgcevkxc"fg"gxcuk„p"fg"qduvƒewnqu0"
Nqu" tguwnvcfqu" gzrgtkogpvcngu"owguvtcp"swg" nc" eqodkpcek„p"fg"
guvcu" vfiepkecu" rtqfweg" wp" eqpvtqncfqt" ghkekgpvg" rctc" nc"
pcxgicek„p" fg" tqdqvu" gp" codkgpvgu" fqpfg" gzkuvgp" vcpvq"
qduvƒewnqu"guvƒvkequ"eqoq"qduvƒewnqu"fkpƒokequ0""
"

Wpc" ectcevgt‡uvkec" cvtcevkxc" fg" guvg" eqpvtqncfqt" dcucfq" gp" nc"
vgqt‡c" fgn" ƒnigdtc" nkpgcn" gu" swg" uw" korngogpvcek„p" gu" ukorng" {"
ghgevkxc0" C" vtcxfiu" fg" nqu" gzrgtkogpvqu" tgcnk¦cfqu" ug" rwgfg"
eqpenwkt"swg"gn"gttqt"gpvtg"ncu"vtc{gevqtkcu"tgcn"{"fgugcfc"gu"ow{"
rgswg‚q."eqp"tgurgevq"c"ncu"fkogpukqpgu"fgn"tqdqv0""
"

CITCFGEKOKGPVQU"
"

Guvg" vtcdclq" hwg" rctekcnogpvg" hkpcpekcfq" rqt" gn" Ugtxkekq"
Cngoƒp" fg" Kpvgtecodkq" Cecffiokeq" *FCCF" /" Fgwvuejgt"
Cmcfgokuejgt"Cwuvcwuej"Fkgpvu+."nc"Wpkxgtukfcf"Pcekqpcn"fg"
Ucp" Lwcp" *WPUL+" {" rqt" gn" Eqpuglq" Pcekqpcn" fg"
Kpxguvkicekqpgu"Ekgpv‡hkecu"{"Vfiepkecu"*EQPKEGV"/"Pcvkqpcn"
Eqwpekn" hqt" Uekgpvkhke" Tgugctej+." Ctigpvkpc0" Cfgoƒu"
citcfgegoqu" nc" eqqrgtcek„p" fgn" Kpuvkvwvq" fg" Ukuvgocu" gp"
Vkgorq" Tgcn" *TVU+" fg" nc" Wpkxgtukfcf" fg" Jcppqxgt."
Cngocpkc0"
"

TGHGTGPEKCU"

Dqtgpuvgkp"L0"cpf"Mqtgp"[0."*3;;3+0"$Vjg"xgevqt"hkgnf"jkuvqitco/hcuv"
qduvceng" cxqkfcpeg" hqt" oqdkng" tqdqvu$." KGGG" Vtcpucev0" qp"
Tqdqvkeu"cpf"Cwvqo0."rr049:/4::0"

Eqppqnn{" E0." Dwtpu" L0." Ygkuu" T0." *3;;2+0" $Rcvj" rncppkpi" wukpi"
Ncrnceg)u" gswcvkqp.$" Rtqe0" KGGG" Kpv0" Eqph0" qp" Tqdqvkeu" cpf"
Cwvqocvkqp."rr0"4324/43280"

Fg"nc"Etw¦"E0."*4228+0"ÐEqpvtqn"fg"Hqtocek„p"fg"Tqdqvu"O„xknguÑ."
Vguku"Fqevqtcn."KPCWV"/"WPUL0"

Hqz" F0." Dwtictf" Y0." Vjtwp" U0." *3;;9+0" ÐVjg" f{pcoke" ykpfqy"
crrtqcej" vq" eqnnkukqp" cxqkfcpeg.Ñ" KGGG"Tqdqvkeu"("Cwvqocvkqp"
Ocic¦kpg."xqn0"60"

Htckejctf" V0" cpf" Cucoc"J0." *4225+0" ÐKpgxkvcdng" eqnnkukqp" uvcvgu<" c"
uvgr"vqyctfu"uchgt"tqdqvuAÑ"KGGG"Kpv0"Eqph0"qp"Kpvgnnkigpv"Tqdqvu"
cpf"U{uvgou."KTQU0"

Htckejctf"V0" cpf"Uejgwgt"C0." *3;;6+0" ÐEct/nkmg" tqdqvu" cpf"oqxkpi"
qduvcengu.Ñ"KGGG"Kpv0"Eqph0"qp"Tqdqvkeu"cpf"Cwvqocvkqp."KETC0"

Lcpi"G0."Lwpi"U0."Jukc"V0."*4226+0"ÐEqnnkukqp"Cxqkfcpeg"cpf"Eqpvtqn"
qh" c" Oqdkng" Tqdqv" Wukpi" c" J{dtkf" Hqteg" Eqpvtqn" CniqtkvjoÑ."
52vj"Cppwcn"Eqph0" KGGG"Kpfwuvtkcn"Gngevtqpkeu"Uqekgv{."rr0"635/
63:0"

Lwpi"U0."Lcpi"G0."Jukc"V0."*4227+0"ÐEqnnkukqp"Cxqkfcpeg"qh"c"Oqdkng"
Tqdqv"Wukpi"Kpvgnnkigpv"J{dtkf"Hqteg"Eqpvtqn"VgejpkswgÑ."Rtqe."
KGGG"Kpv0"Eqph0"qp"Tqdqvkeu"cpf"Cwvqocvkqp."rr0"663:/66450"
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"

" """"

"

Ncvqodg" L0" E0." *3;;3+0" ÐTqdqv" Oqvkqp" RncppkpiÑ." xqn0" 46."
Fqtftgejv."Vjg"Pgvjgtncpfu"Mnwygt0"

Ocuqwf"C0." *3;;8+0"$Wukpi"j{dtkf"xgevqt/jctoqpke"rqvgpvkcn" hkgnfu"
hqt" ownvk/tqdqv." ownvk/vctigv" pcxkicvkqp" kp" c" uvcvkqpct{"
gpxktqpogpv$."Rtqe0" " KGGG" Kpv0"Eqph0"Tqdqvkeu" cpf"Cwvqocvkqp."
rr05786"Î"57930"

O{gtu"V0" cpf"Xnceke"N0." *4227+0" ÐCwvqpqoqwu"Ftkxkpi" kp" c"Vkog/
Xct{kpi"GpxktqpogpvÑ."KGGG"/"Cfxcpegf"Tqdqvkeu"cpf"kvu"Uqekcn"
Korcevu."rr0"75/7:0"

Pcm"[0"M0" cpf" " Ukooqpu"T0." *3;;:+0" ÐVjg" ncpg/ewtxcvwtg"ogvjqf"
hqt" nqecn" qduvceng" cxqkfcpeg.Ñ" KGGG" Kpv0" Eqph0" qp"Tqdqvkeu" cpf"
Cwvqocvkqp."KETC0"

Qygp"G0"cpf"Oqpvcpq"N0."*4228+0"ÐC"tqdqegpvtke"oqvkqp"rncppgt"hqt"
f{pcoke"gpxktqpogpvu"wukpi"vjg"xgnqekv{"urcegÑ."KGGG"Kpv0"Eqph0"
Kpvgnnkigpv"Tqdqvu"cpf"U{uvgou."KTQU0"

Rqv{" C0." Ognejkqt" R0." Qwuvcnqwr" C0." *4226+0" $F{pcoke" rcvj"
rncppkpi" d{" htcevkqpcn" rqvgpvkcn" $." Eqorwvcvkqpcn" E{dgtpgvkeu" /"
KEEE."rr0587/5930"

Tqucngu"C0."Uecinkc"I0."Owv"X0."fk"Uekcuekq"H0." *422;+0"ÐVtclgevqt{"
Vtcemkpi"qh"Oqdkng"Tqdqvu" kp"F{pcoke"Gpxktqpogpvu<"C"Nkpgct"
Cnigdtc"CrrtqcejÑ."Tqdqvkec"Ecodtkfig"Wpkxgtukv{"Rtguu0"

Tqucngu"C0."Uecinkc"I0."Owv"X0."fk"Uekcuekq"H0."*4228c+0"ÐEqpvtqnngt"
Fgukipgf" d{" ogcpu" qh" Pwogtke" Ogvjqfu" hqt" c" Dgpejoctm"
Rtqdngo<" TVCE" *Tqvcvkqpcn" Vtcpuncvkqpcn" Cevwcvqt+Ñ." KGGG" /"
Gngevtqpkeu."Tqdqvkeu" cpf"Cwvqoqvkxg"Ogejcpkeu"Eqph0." rr0";9/
3260"

Tqucngu"C0."Uecinkc"I0."Owv"X0."fk"Uekcuekq"H0."*4228d+0"$Fkug‚q"fg"
wp"Eqpvtqncfqt"ogfkcpvg"Ofivqfqu"Pwofitkequ"rctc"wp"Rtqdngoc"
Pq" Nkpgcn" Enƒukeq<" TVCE" *Tqvcvkqpcn" Vtcpuncvkqpcn" Cevwcvqt+$."
ZKK"Eqpi0"Ncvkpqco0"fg"Eqpvtqn"Cwvqoƒvkeq"/"ENEC0"

Uecinkc"I0."Swkpvgtq"Q0."Owv"X0."fk"Uekcuekq"H0."*4228+0"ÐFkug‚q"fg"
wp" Eqpvtqncfqt" dcucfq" gp" Ofivqfqu" Cnigdtckequ<" Crnkecek„p" c"
Tqdqvkec"OqxknÑ."ZKK"Eqpi0"Ncvkpqco0"fg"Eqpvtqn"Cwvqoƒvkeq" /"
ENEC0"

Uecinkc" I0." Owv" X0." Tqucngu" C0." Swkpvgtq" Q0." *4229+0" $Vtcemkpi"
Eqpvtqn" qh" c" Oqdkng" Tqdqv" wukpi" Nkpgct" Kpvgtrqncvkqp$."
KOCCEC0"

Uecinkc"I0."Swkpvgtq"Q0."Owv"X0."fk"Uekcuekq"H0."*422:+0"$Pwogtkecn"
Ogvjqfu" dcugf" Eqpvtqnngt" fgukip" hqt"Oqdkng" Tqdqvu$." Tqdqvkec"
Ecodtkfig"Wpkxgtukv{"Rtguu0"

Uecinkc"I0."Tqucngu"C0."Swkpvgtq"Q0."Cictycn"T0."*422;+0"$C"Nkpgct/
Kpvgtrqncvkqp" dcugf" Eqpvtqnngt" Fgukip" hqt" Rcvj" Vtcemkpi" qh"
Oqdkng"Tqdqvu$."Eqpvtqn"Gpikpggtkpi"cpf"Rtcevkeg0"

Ugfgt"O0."Ocegm"M0."Rgvtqxke"K0."*4227+0"ÐCp"kpvgitcvgf"crrtqcej"vq"
tgcnvkog" oqdkng" tqdqv" eqpvtqn" kp" rctvkcnn{" mpqyp" kpfqqt"
gpxktqpogpvuÑ."Rtqe0"Eqph0"KGGG"Kpfwuvtkcn"Gngevtqpkeu"Uqekgv{0"

Ukooqpu" T0." *3;;8+0" ÐVjg" ewtxcvwtg/xgnqekv{" ogvjqf" hqt" nqecn"
qduvceng" cxqkfcpeg.Ñ" KGGG" Kpv0" Eqph0" qp" Tqdqvkeu" cpf"
Cwvqocvkqp."KETC0"

Uvcejpkuu" E0" cpf" Dwtictf"Y0." *4224+0" ÐCp" kpvgitcvgf" crrtqcej" vq"
iqcn" fktgevgf" qduvceng" cxqkfcpeg" wpfgt" f{pcoke" eqpuvtckpvu" hqt"
f{pcoke" gpxktqpogpvu.Ñ" KGGG" Kpv0" Eqph0" Kpvgnnkigpv" Tqdqvu" cpf"
U{uvgou."KTQU0"

Uvtcpi"I0." *3;:2+0"Nkpgct"Cnigdtc" cpf" kvu" Crrnkecvkqpu."Cecfgoke"
Rtguu."Pgy"[qtm0"

Vkcp"L0."Icq"O0."Nw"G0."*4229+0"ÐF{pcoke"Eqnnkukqp"Cxqkfcpeg"Rcvj"
Rncppkpi"hqt"Oqdkng"Tqdqv"Dcugf"qp"Ownvk/ugpuqt"Fcvc"Hwukqp"d{"

Uwrrqtv" Xgevqt" OcejkpgÑ." Kpv0" Eqph0" qp" Ogejcvtqpkeu" cpf"
Cwvqocvkqp."KEOC29."rr0499;/49:50"

Wntkej"K0"cpf"Dqtgpuvgkp"L0."*4222+0"$XHJ,<"nqecn"qduvceng"cxqkfcpeg"
ykvj" nqqm" cjgcf" xgtkhkecvkqp$." Rtqe0" qh" vjg" KGGG" Kpv0" Eqph0" qp"
Tqdqvkeu"cpf"Cwvqocvkqp."xqn05."rr04727/47330"

Wntkej" K0" cpf" Dqtgpuvgkp" L0." *3;;:+0" $XHJ-<" tgnkcdng" qduvceng"
cxqkfcpeg" hqt" hcuv" oqdkng" tqdqvu$." Rtqe0" KGGG" Kpv0" Eqph0" qp"
Tqdqvkeu"cpf"Cwvqocvkqp."xqn04."rr03794/37990"

Ycpi"F0."Nkw"F0."Fkuucpc{cmg"I0."*4228+0"ÐC"Xctkcdng"Urggf"Hqteg"
Hkgnf"Ogvjqf"hqt"Ownvk/Tqdqv"EqnncdqtcvkqpÑ."Rtqe0"Kpv0"Eqph0"qp"
Kpvgnnkigpv"Tqdqvu"cpf"U{uvgou..rr048;9/49240"

"

88 Navegación de robots móviles en entornos no estructurados utilizando álgebra lineal


