
A N N A L E S

WPKXGTU KVCV KU " "OCT KCG " "EWT KG / UMŸQFQYUMC
NWDNKP"Î"RQNQPKC

XQN0"ZNXKKK."5" UGEVKQ"J" 4236

Wpkygtu{vgv"Gmqpqoke¦p{"y"Mcvqykecej."Mcvgftc"DcpmqyqWek"k"T{pm„y"Hkpcpuqy{ej

VQOCU¥"¥KGNKLUMK

Fnce¦giq"rkgpk>f¦"gngmvtqpke¦p{"rq¦quvclg"octvy>"mqpegrel>A
Yj{"fqgu"gngevtqpke"oqpg{"tgockp"qpn{"c"fgcf"eqpegrvA

UŽqyc"mnwe¦qyg<"rkgpk>f¦."dcpm."rkgpk>f¦"gngmvtqpke¦p{."rqnkv{mc"oqpgvctpc"

Mg{"yqtfu<"oqpg{."dcpm."gngevtqpke"oqpg{."oqpgvct{"rqnke{

YuvCr

RquvCrwl>ec"y"quvcvpkej"fgmcfcej"tgyqnwelc"vgngkphqtocv{e¦pc"uvyct¦c"fqiqfpg"
yctwpmk"fq"tq¦yqlw"nke¦p{ej"tq¦yk>¦cM"¦"rqitcpke¦c"pqyqe¦gup{ej"vgejpqnqikk"qtc¦"
vgqtkk"k"rtcmv{mk"rkgpk>f¦c0"Tq¦yk>¦cpkc"vg."qmtgWncpg"rqvqe¦p{o"vgtokpgo"ãrkgpk>f¦"
gngmvtqpke¦p{Ñ."dc¦wl>"pc"pkgocvgtkcnpqWek"rkgpk>f¦c"ymŽcfqygiq."mv„t{"lcmq"¦crku"
kphqtoce{lp{"rqffclg" ukC" rt¦gvyct¦cpkw"y" Wtqfqykumw" kphqtocv{e¦p{o0"Y" tqmw"
4222"rqlCekg" ãrkgpk>f¦" gngmvtqpke¦p{Ñ"fqe¦gmcŽq" ukC" rtcypgl" hqtocnk¦celk" k" qfv>f"
q¦pce¦c" lgf{pkg"y{tcapkg"y{qftCdpkqp>" mcvgiqtkC" kppqycelk" rŽcvpke¦{ej0"Pqyc"
rgturgmv{yc"rq¦ycncŽc"qe¦gmkyc5."kc"y"pkgfŽwiko"e¦cukg"kuvqvpkg"¦okgpk"ukC"pcvwtc"
yur„Že¦gupgiq"rkgpk>f¦c." u{uvgoqyq" vmyk>egiq"y"ykgmcej"okpkqp{ej." qrctvc" pc"
mqgi¦{uvgpelk"mqu¦vqypgl"k"ctejcke¦pgl"y"hqtokg"iqv„ymk"k"rkgpk>f¦c"ymŽcfqygiq0"
Rtge{¦{lpkg"wtgiwnqycpc"mqpegrelc"rkgpk>f¦c"gngmvtqpke¦pgiq"ugpuw"uvtkevq"rq¦yc-

ncŽc"qe¦gmkyc5."cg" vtcf{e{lpc"rcrkgtqyc"iqv„ymc" lwc"ymt„veg"¦quvcpkg"¦cuv>rkqpc"
gngmvtqpke¦p{o." pqyqe¦gup{o" k" vcpko"qfrqykgfpkmkgo0"T¦ge¦{ykuvqW5" qmc¦cŽc"
ukC"tq¦e¦ctqywl>ec0"Rq"ejyknqy{o"y¦tqWekg"¦ckpvgtguqycpkc"pqy>"mqpegrel>"Wykcv"
rt¦guvcŽ"ukC"kpvgtguqyc5"uvyqt¦qp{o"tgiwnce{lpkg"oqfgngo"iqv„ymk"gngmvtqpke¦pgl0"
Fnce¦giq"vcm"ukC"uvcŽqA"E¦{"¦cycc{Ž"dtcm"cvtcme{lpgiq"oqfgnw"dk¦pguqygiq"¦cejCec-

l>egiq"fq"mqt¦{uvcpkc"¦"pqygl"mqpegrelkA"E¦{"rtqrqpqycpg"tq¦yk>¦cpkg"qmc¦cŽq"ukC"
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pkgcvtcme{lpg"fnc"we¦guvpkm„y"qdtqvw"rkgpkCcpgiqA"E¦{"oqcg"¦d{v"y{uqmkg"qmc¦cŽ{"
ukC"dctkgt{"vgejpqnqike¦pgA"¥"rgturgmv{y{"mknmwpcuvw"ncv"oqcpc"pcdtc5"rqfglt¦gM."
cg"rt¦{e¦{p{."fnc"mv„t{ej"y"ZZK"ykgmw"vtyco{"rt¦{"vtcf{e{lp{o"oqfgnw"rkgpk>f¦c."
ocl>"pcvwtC"oqpgvctp>0"Egngo"pkpkglu¦giq"qrtceqycpkc"lguv"yumc¦cpkg"yccpkglu¦{ej"
rŽcu¦e¦{¦p" qff¦kcŽ{ycpkc" rkgpk>f¦c" gngmvtqpke¦pgiq" ugpuw" uvtkevq" pc" uvcdknpqW5"
u{uvgow"rkgpkCcpgiq0

30"Rkgpk>f¦"gngmvtqpke¦p{"Î"qf"wlCekc"largo"fq"stricto

Rqyu¦gejpkg"rqf"rqlCekgo"ãrkgpk>f¦"gngmvtqpke¦p{Ñ"tq¦wokg"ukC"ã¦gur„Ž"vgej-

pkm" kphqtocv{e¦p{ej" k" vgngmqowpkmce{lp{ej."woqcnkykcl>e{ej"rt¦grŽ{y"uvtwokgpk"
rkgpkCcp{ej"*mcrkvcŽ„y+"dg¦"wc{ekc"fqmwogpv„y"rcrkgtqy{ej"y"uvquwpmcej"okCf¦{"
dcpmcok."lgfpquvmcok"iqurqfcte¦{ok"k"mqpuwogpvcokÑ"]Lcyqtumk"k"kppk."3;;7."u0"359_0"
Y"wlCekw"nctiq"¦cvgo"okcpgo"rkgpk>f¦c"gngmvtqpke¦pgiq"oqcpc"qmtgWnk5"rŽcvpqWek"
fqmqp{ycpg"¦"wc{ekgo"vtcf{e{lp{ej"mctv"rŽcvpke¦{ej"e¦{"y{fcycpkg"dcpmqyk"f{u-
rq¦{elk"rŽcvpke¦{ej"¦c"rqWtgfpkevygo"mqorwvgtc."vcdngvw"e¦{"vgnghqpw"*uvcelqpctpgiq"
nwd"mqo„tmqygiq+0"Q"rkgpk>f¦w" gngmvtqpke¦p{o"o„yk" ukC"y"qdu¦ct¦g" mtclqy{ej"
k"okCf¦{pctqfqy{ej"u{uvgo„y"tq¦tcejwpm„y"okCf¦{dcpmqy{ej."lcm"t„ypkgc"rt¦{"
cpcnk¦kg"pqyqe¦gup{ej."¦kpvgitqycp{ej"u{uvgo„y"kphqtocv{¦celk"dcpm„y0

Gmurcpulc" Kpvgtpgvw" k"oqdknp{ej"wt¦>f¦gM" gngmvtqpke¦p{ej"rt¦{e¦{pkŽc" ukC" fq"
kuvqvpgiq"¦t„cpkeqycpkc"kppqycelk"tq¦nke¦gpkqy{ej."okCf¦{"kpp{ok"¦g"y¦inCfw"pc"
yctuvyC"e{tmwncelk0"Pcldctf¦kgl"rqrwnctpg"u>"tq¦yk>¦cpkc"woqcnkykcl>eg"wc{vmqy-

pkmqo"uyqdqfpg"f{urqpqycpkg"¦cuqdcok"rkgpk>f¦c"y"rquvcek"ymŽcfw"pc"tcejwpmw"
dcpmqy{o"k"rq¦quvcl>egiq"rqf"uvcŽ>"mqpvtqn>"dcpmw"*t{uwpgm"3+0"

"
T{uwpgm"30"Oqfgn"rŽcvpqWek"qrctv{"pc"e{tmwncelk"y"yctuvykg"rkgpk>f¦c"ymŽcfqygiq"

`t„fŽq<"qrtceqycpkg"yŽcupg0

Fq" vgiq" v{rw" tq¦yk>¦cM"oqcpc" ¦cnke¦{5" vtcpucmelg" rŽcvpke¦g" tgcnk¦qycpg" ¦c"
rqWtgfpkevygo"gngmvtqpke¦p{ej" mcpcŽ„y"fquvCrw" fq" tcejwpm„y"dcpmqy{ej" e¦{"
rŽcvpqWek"fqmqp{ycpg"¦"wc{ekgo"mctv"rŽcvpke¦{ej0"Uknpg"w¦cngcpkgpkg"qf"urtcypqWek"
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kphtcuvtwmvwt{"tq¦nke¦gpkqygl"dcpm„y"k"¦yk>¦cpg"¦"v{o"qitcpke¦gpkc"rt¦{e¦{pkŽ{"ukC"
fq"rqu¦wmkycpkc" tq¦yk>¦cM"u¦{du¦{ej" k" vcMu¦{ej0"E¦CW5"¦"pkej" *iŽ„ypkg"u{uvgo{"
okmtqrŽcvpqWek" k" rt¦gfrŽceqpg+" rt¦gpquk"yctuvyC" e{tmwncelk" ¦" rq¦kqow" tcejwpmw"
dcpmqygiq"pc"rq¦kqo"qrgtcvqtc"u{uvgow"*t{uwpgm"4+0

T{uwpgm"40"Oqfgn"rŽcvpqWek"qrctv{"pc"yctuvykg"qrgtcvqtc"u{uvgow

`t„fŽq<"qrtceqycpkg"yŽcupg0

HwpmelC"qrgtcvqtc"u{uvgow"urgŽpkc"y{qftCdpkqp{"rqfokqv."qduŽwiwl>e{"pkg¦cngcp{"
u{uvgo"tcejwpm„y"yktvwcnp{ej."pc"mv„t{ej"rt¦gejqy{ycpc"lguv"kphqtocelc"q"¦cuqdcej"
rkgpkCcp{ej"rqu¦e¦gi„np{ej"we¦guvpkm„y0"E{tmwncelc"rkgpk>f¦c"y"u{uvgokg"fqmqpwlg"
ukC"rt¦g¦"¦okcp{"¦crku„y"pc"yktvwcnp{ej"mqpvcej"we¦guvpkm„y."lgf{pkg"y"u{uvgokg"
kphqtocv{e¦p{o"qrgtcvqtc."dg¦"mqpkge¦pqWek"cpiccqycpkc"kphtcuvtwmvwt{"dcpmqygl."
f¦kCmk"e¦gow"lguv"u¦{dmc"k"vcpkc0"Oqpgvct{¦celk"¦cuqd„y"pc"tcejwpmcej"yktvwcnp{ej"
fqmqpwlg"ukC"pc"c{e¦gpkg"we¦guvpkmc"u{uvgow0

Rt¦gŽqoqy{o"oqogpvgo"y"gyqnwelk" kppqycelk"rŽcvpke¦{ej"uvcŽq"ukC"¦ckpkelq-

ycpkg"tq¦yk>¦cM"rt¦guwycl>e{ej"yctuvyC"e{tmwncelk"¦"rq¦kqow"dcpmw"nwd"qrgtcvqtc"
pc"rq¦kqo"mnkgpvc"*t{uwpgm"5+0

T{uwpgm"50"Oqfgn"rŽcvpqWek"qrctv{"pc"yctuvykg"mnkgpvc

`t„fŽq<"qrtceqycpkg"yŽcupg0
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Y"oqfgnw" v{o" lgfpquvmk" rkgpkCcpg" ¦pclfwl>" ukC" dg¦rqWtgfpkq"y"rqukcfcpkw"
mnkgpv„y" *pc" mctvcej" ¦" hwpmel>" gngmvtqpke¦pgl" rqtvoqpgvmk." pc" f{umw"mqorwvgtc"
quqdkuvgiq."y"vgnghqpkg"mqo„tmqy{o"e¦{"vcdngekg+"k"rt¦gokgu¦e¦cl>"ukC"dg¦rqWtgfpkq"
okCf¦{"pkok"pc"y¦„t"vtcf{e{lpgl"iqv„ymk0"EcŽmqykekg"wpkg¦cngcpkc"vq"uvtqp{"rŽcvpq-

Wek"qf"mqpkge¦pqWek"mqowpkmqycpkc"ukC"¦"yctuvy>"dcpmqy>"nwd"qrgtcvqtc"u{uvgow0"
Oqfgn"rŽcvpqWek"qrctv{"pc"yctuvykg"mnkgpvc" uvcŽ" ukC"rqfuvcy>"mqpegrelk"rkgpk>f¦c"
gngmvtqpke¦pgiq"ugpuw"uvtkevq0

40"Rtcypg"curgmv{"hwpmelqpqycpkc"rkgpk>f¦c"gngmvtqpke¦pgiq"sensu stricto

Mqpegrelc"rŽcvpqWek"qrctv{ej"pc"yctuvykg"mnkgpvc"¦pcnc¦Žc"ukC"w"rqfuvcy"y>umkgl"
fghkpkelk"rkgpk>f¦c"gngmvtqpke¦pgiq"*RG+."uhqtowŽqycpgl"rt¦g¦"fqmwogpv"DKU"rqWykCeq-

p{"kornkmcelqo"tq¦yqlw"rkgpk>f¦c"gngmvtqpke¦pgiq"fnc"dcpm„y"egpvtcnp{ej0"Qdqm"kuvqv{"
RG"lcmq"ãyctvqWek"¦ocic¦{pqycpglÑ."rt¦gejqy{ycpgl"y"wt¦>f¦gpkw"gngmvtqpke¦p{o"
dCf>e{o"y"rqukcfcpkw"mnkgpvc."fqmwogpv"rqfmtgWnc"rqyu¦gejp{"ejctcmvgt"lgiq"qdkgiw0"
Y"qft„cpkgpkw"¦cvgo"qf"nke¦p{ej"nqmcnp{ej"k"urgelcnkuv{e¦p{ej"u{uvgo„y"rŽcvpqWek"
rt¦gfrŽceqp{ej"*pr0"mctv{"vgnghqpke¦pg."mctv{"tcdcvqyg."ngikv{ocelg"uvwfgpemkg"¦"hwpm-

el>"rŽcvpke¦>."mctv{"rctmkpiqyg+"tq¦yk>¦cpkg"vq"oc"egej{"rkgpk>f¦c"k"rqykppq"d{5"
yŽ>e¦qpg"y"WekuŽ{"qdu¦ct"rqnkv{mk"rkgpkCcpgl"]Kornkecvkqpu"Hqt"Egpvtcn"DcpmuÈ."3;;8_0"

Mqpegrelc"RG"uhqtowŽqycpc"rt¦g¦"DKU"¦quvcŽc"y"pkgfŽwiko"e¦cukg"¦ckorngogpvq-

ycpc"y"u{uvgokg"rtcyp{o"Wpkk"Gwtqrglumkgl"¦c"rqWtgfpkevygo"42221681YG"RG"k"Tcf{"
y"urtcykg"rqfgloqycpkc"k"rtqycf¦gpkc"f¦kcŽcnpqWek"rt¦g¦"kpuv{vwelg"rkgpk>f¦c"gngm-

vtqpke¦pgiq"qtc¦"pcf¦qtw"quvtqcpqWekqygiq"pcf"kej"f¦kcŽcnpqWek>"]F{tgmv{yc"42221681
YG_0"Ymt„veg"qmc¦cŽq"ukC."cg"pkgmv„tg"lgl"rt¦grku{"wvtwfpkcŽ{"yftcccpkg"pqy{ej"tq¦-

yk>¦cM0"V{oe¦cugo"rt¦gfokqvgo"qftCdpgl"tgiwncelk"uvcŽ"ukC"t{pgm"wuŽwi"rŽcvpke¦{ej"
ytc¦"¦"kpuv{vwelcok"rŽcvpke¦{ok"lcmq"pqy>"mcvgiqtk>"fquvcye„y"wuŽwi"rŽcvpke¦{ej"
]F{tgmv{yc"42291861YG_0"Pkg¦dCfpg"qmc¦cŽq" ukC" fquvquqycpkg" ¦cucf"y{fcycpkc"
k"hwpmelqpqycpkc"RG"fq"pqy{ej"wyctwpmqycM"rtcyp{ej."lcm"t„ypkgc"qticpk¦ce{lp{ej"
k"vgejpqnqike¦p{ej0"Y"ghgmekg"52"rcaf¦kgtpkmc"422;"t0"ygu¦Žc"y"c{ekc"pqyc"f{tgmv{yc"
Rctncogpvw"Gwtqrglumkgiq"k"Tcf{"422;13321YG."wej{ncl>ec"f{tgmv{yC"42221681YG0

Y"Rqnueg"qfrqykgf¦k>"pc"f{tgmv{yC"42221681YG"uvcŽc"ukC"Wuvcyc"¦"fpkc"34"yt¦gW-
pkc"4224"t0"q"gngmvtqpke¦p{ej"kpuvtwogpvcej"rŽcvpke¦{ej30"Qdqm"tgiwncelk"fqv{e¦>e{ej"
mctv"rŽcvpke¦{ej"k"wuŽwi"dcpmqyqWek"gngmvtqpke¦pgl"fghkpkqycŽc"qpc"u¦e¦gi„Žqyq"myguvkg"
kpuvtwogpv„y"RG."c"vcmcg"lgiq"gokulk"k"qdkgiw0"Y"u¦e¦gi„npqWek"y"¦yk>¦mw"¦"qfrq-

ykgfpkok"¦crkucok"y"wuvcykg"Rtcyq"dcpmqyg"y{fcycpkg"kpuvtwogpvw"RG"uvcŽq"ukC"
e¦{ppqWek>"dcpmqy>"ugpuw"uvtkevq0"FqWykcfe¦gpkc"mtclqyg"*rqfqdpkg"lcm"¦citcpke¦pg+"
rqvykgtf¦kŽ{"¦"e¦cugo."cg"wvyqt¦qp{"u{uvgo"tgiwnce{lp{"pkg"uvyct¦c"fqiqfp{ej"yc-

twpm„y"fnc"tq¦yqlw"vgl"kppqyce{lpgl"hqto{"tq¦nke¦gM"rkgpkCcp{ej0"Tgiwncelg"Wuvcy{"

3" Wuvcyc"¦"fpkc"34"yt¦gWpkc"4224"t0"q"gngmvtqpke¦p{ej"kpuvtwogpvcej"rŽcvpke¦{ej."F¦0W0"4224"Pt"38;"
rq¦0"35:70
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q"gngmvtqpke¦p{ej"kpuvtwogpvcej"rŽcvpke¦{ej"pkg"fqrtqycf¦kŽ{"fq"ccfpgl"¦pce¦>egl"
korngogpvcelk0"Rt¦gŽqoqy{o"oqogpvgo"fnc"t{pmw"wuŽwi"rŽcvpke¦{ej"uvcŽq"ukC"yglWekg"
y"c{ekg"46"rcaf¦kgtpkmc"4233"t0"Wuvcy{"¦"fpkc"3;"ukgtrpkc"4233"t0"q"wuŽwicej"rŽcvpk-
e¦{ej4."dCf>egl"qfrqykgf¦k>"pc"f{tgmv{yC"42291861YG0"Y"mt„vmko"e¦cukg"qmc¦cŽq"
ukC."cg"fqv{eje¦cuqyg"tgiwncelg"fqv{e¦>eg"RG"pkg"rt¦{uvcl>"fq"pqy{ej"tco"rtcyp{ej."
ocl>e{ej"pc" egnw" uvyqt¦gpkg" lgfpqnkvgiq" u{uvgow"wuŽwi"rŽcvpke¦{ej0"Pqygnk¦celc"
gwtqrglumkgl"f{tgmv{y{"¦ckpkelqycŽc"t„ypkgc"¦okcp{"y"rqnumko"u{uvgokg"rtcyp{o0"
Rt¦gdkgicŽ{"qpc"lgfpcm"kpp{o"vqtgo0"9"rcaf¦kgtpkmc"4235"t0"ygu¦Žc"y"c{ekg"Wuvcyc"
¦"34"nkrec"4235"t0"Î"q"¦okcpkg"wuvcy{"q"wuŽwicej"rŽcvpke¦{ej"qtc¦"pkgmv„t{ej"kpp{ej"
wuvcy50"Rqfuvcyqyg"oqf{hkmcelg"y{pkmcl>eg"¦"pqygnk¦celk"wuvcy{"yk>c>"ukC"¦"yŽ>e¦g-

pkgo"fq"pkgl"rt¦grku„y"pqtocnk¦wl>e{ej"y{fcycpkg."y{mwr"k"f{uvt{dwelC"RG"qtc¦"vyq-

t¦gpkg."qticpk¦celC."f¦kcŽcnpqW5"k"pcf¦„t"pcf"lgiq"kpuv{vwelcok0"UŽwc>"qpg"yftqcgpkw"fq"
rqnumkgiq"u{uvgow"rtcypgiq"f{tgmv{y{"422;13321YG0"Mqpugmygpel>"v{ej"f¦kcŽcM"lguv"
wej{ngpkg"Wuvcy{"q"gngmvtqpke¦p{ej"kpuvtwogpvcej"rŽcvpke¦{ej."c"v{o"uco{o"¦cyctekg"
y"lgfp{o"cmekg"rtcyp{o"lgfpqnkv{ej"tgiwncelk"qdglowl>e{ej"yu¦{uvmkg"wuŽwik"rŽcvpke¦g0

50"Rqtccmc"mqpegrelk"RG

¥crqe¦>vmqycpg"dnkumq"36"ncv"vgow"rtceg"tgiwnce{lpg"fqv{e¦>eg"RG"¦fcycŽ{"ukC"
tq¦rqe¦{pc5"pqy>."rt¦gŽqoqy>"grqmC"y"f¦kglcej"rkgpk>f¦c0"Rqyu¦gejpkg"qe¦gmkycpq."
kc"y"pkgfŽwiko"e¦cukg"pcfglf¦kg"mtgu"uvctqoqfpgl."rcrkgtqygl"hqto{"iqv„ymk."mv„tc"
¦quvcpkg"¦cuv>rkqpc"qfrqykgfpkmkgo"gngmvtqpke¦p{o."pqyqe¦gup{o"k"vcpko0"T¦ge¦{-

ykuvqW5"qmc¦cŽc"ukC"ecŽmqykekg"qfokgppc0"Y"Rqnueg"fq"ejyknk"qdgepgl"yŽcWekykg"pkg"
yftqcqpq"u{uvgow"rŽcvpqWek"urgŽpkcl>egiq"wuvcyqyg"¦cŽqcgpkc0"Dcfcpkc"Mqokvgvw"
U{uvgo„y"RŽcvpqWek"k"Tq¦nke¦gM"*Eqokvgg"qp"Rc{ogpv"cpf"Ugvvngogpv"U{uvgou+"rt¦{"
Dcpmw"Tq¦tcejwpm„y"OkCf¦{pctqfqy{ej"y"Dc¦{ngk"yumc¦wl>"pc"octikpcnp{"¦cmtgu"
y{mqt¦{uvcpkc"rkgpk>f¦c"gngmvtqpke¦pgiq"t„ypkgc"¦c"itcpke>"*vcdgnc"3+0

Vcdgnc"30"Nke¦dc"rŽcvpqWek"¦"wc{ekgo"kpuvtwogpv„y"RG"y"tgncelk" 
fq"nke¦d{"rŽcvpqWek"mctvcok"rŽcvpke¦{ok"*'+"fnc"y{dtcp{ej"mtcl„y

"

ヲヰヰン ヲヰヰヴ ヲヰヰヵ ヲヰヰヶ ヲヰヰΑ ヲヰヰΒ ヲヰヰΓ ヲヰヱヰ ヲヰヱヱ
0Wﾉｪｷ; ヱΑがヴХ ヱヵがΓХ ヱンがΒХ ヱヲがヰХ ヱヰがヴХ ΒがΑХ ΑがヱХ ヵがΑХ ヴがヴХ
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dｷWﾏI┞ ヱがΓХ ヱがΑХ ヱがヶХ ヱがΑХ ヲがンХ ヲがヱХ ヱがΒХ ヱがヵХ ヱがヲХ
‡ﾍﾗIｴ┞ ヰがンХ ヱがンХ ヱがΑХ ヲがΑХ ンがΑХ ヵがヲХ ヶがヱХ ΑがΓХ ΓがΑХ
Kﾗﾉ;ﾐSｷ; ΓがヱХ ΓがΒХ ヱヰがヴХ ヱヰがΑХ ヱヰがンХ ΓがヴХ ΒがヶХ ΑがΒХ ΑがヲХ
}┣┘;ﾃI;ヴｷ; ヵがヶХ ヵがヲХ ヴがΓХ ヴがヶХ ヴがヰХ ンがヶХ ンがヰХ ヲがンХ ヱがΑХ
}ｷﾐｪ;ヮ┌ヴ ヱンヶヲがΑХ ヱンヱヵがヶХ ヱヲヱΒがΑХ ヱヰΓヴがΓХ ΓΒヲがヶХ ヱヰヲヵがΓХ ΓΓΒがヲХ ヱヰΒヰがヵХ ヱンヰヲがヵХ

`t„fŽq<"]Uvcvkuvkeu"qp"rc{ogpv."422:."422;."4232."4233."4234."4235_0

4" Wuvcyc"¦"fpkc"3;"ukgtrpkc"4233"t0"q"wuŽwicej"rŽcvpke¦{ej."F¦0W0"4233"pt"3;;"rq¦0"33970
5" Wuvcyc"¦"fpkc"34"nkrec"4235"t0"q"¦okcpkg"wuvcy{"q"wuŽwicej"rŽcvpke¦{ej"qtc¦"pkgmv„t{ej"kpp{ej"wuvcy."

F¦0W0"4235"pt"2"rq¦0"32580
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Y"Gwtqrkg."pcygv"y"mtclcej"q"pcly{cu¦{o"rq¦kqokg"y{mqt¦{uvcpkc"RG."tgncelc"
nke¦d{"vtcpucmelk"¦"lgiq"wc{ekgo"fq"nke¦d{"vtcpucmelk"¦"y{mqt¦{uvcpkgo"mctv"rŽcvpk-
e¦{ej"que{nwlg"pc"rq¦kqokg"eq"pcly{cgl"mknmw"rtqegpv0"Kuvqvp{"y¦tquv"pc"mqt¦{W5"RG"
oqcpc"¦cqdugtyqyc5"lgf{pkg"y"rt¦{rcfmw"YŽqej0"Y"kpp{ej"rcMuvycej"y{tcapkg"
fqokpwlg"vgpfgpelc"urcfmqyc0"Y{uvCrwlg"qpc"t„ypkgc"y"uvquwpmw"nke¦d{"rŽcvpqWek"
RG"fq"ecŽmqykvgl"nke¦d{"vtcpucmelk"¦"wc{ekgo"yu¦{uvmkej"kpuvtwogpv„y"rŽcvpke¦{ej."
vcmkej" lcm"rqngegpkg"rt¦gngyw."rqngegpkg"¦crŽcv{."mctv{"rŽcvpke¦g."e¦gmk." kppg"rŽcv-
pqWek."RG"*vcdgnc"4+0"

Vcdgnc"40"Nke¦dc"rŽcvpqWek"¦"wc{ekgo"kpuvtwogpv„y"rkgpk>f¦c"gngmvtqpke¦pgiq" 
y"tgncelk"fq"qi„npgl"nke¦d{"vtcpucmelk"rŽcvpke¦{ej"*'+

"

ヲヰヰン ヲヰヰヴ ヲヰヰヵ ヲヰヰヶ ヲヰヰΑ ヲヰヰΒ ヲヰヰΓ ヲヰヱヰ ヲヰヱヱ
0Wﾉｪｷ; ヶがヴХ ヵがΓХ ヵがヴХ ヴがΓХ ヴがンХ ンがΑХ ンがヱХ ヲがヵХ ヲがヰХ
Eヴ;ﾐIﾃ; ヰがヱХ ヰがヱХ ヰがヱХ ヰがヱХ ヰがヲХ ヰがヲХ ヰがヲХ ヰがヲХ ヰがンХ
dｷWﾏI┞ ヰがンХ ヰがンХ ヰがヲХ ヰがヲХ ヰがンХ ヰがンХ ヰがンХ ヰがヲХ ヰがヲХ
‡ﾍﾗIｴ┞ ヰがヱХ ヰがヴХ ヰがヶХ ヰがΓХ ヱがンХ ヱがΓХ ヲがンХ ンがヰХ ンがΑХ
Kﾗﾉ;ﾐSｷ; ンがヰХ ンがヴХ ンがΒХ ンがΓХ ンがΓХ ンがΑХ ンがヵХ ンがンХ ンがヱХ
}┣┘;ﾃI;ヴｷ; ヲがヱХ ヱがΓХ ヱがΒХ ヱがΑХ ヱがヵХ ヱがヴХ ヱがヲХ ヱがヱХ ヰがΑХ
}ｷﾐｪ;ヮ┌ヴ ΒヵがヴХ ΒヵがンХ ΒΒがヱХ ΒヴがヲХ ΒンがンХ ΒヴがヴХ ΒヴがΑХ ΒヵがヵХ ΒΒがヱХ

`t„fŽq<"rcvt¦"vcdgnc"30

Rt¦{e¦{p"rqtccmk"mqpegrelk"rkgpk>f¦c"gngmvtqpke¦pgiq"oqcpc"wrcvt{yc5"y"t„c-

p{ej"qdu¦ctcej<" ru{ejqnqike¦p{o." vgejpqnqike¦p{o." dk¦pguqy{o."oqpgvctp{o0"
Y"rkgtyu¦gl"mqnglpqWek"qdcy{"oqi>"dwf¦k5"qitcpke¦gpkc"vgejpqnqike¦pg0"RquvCrwl>ec"
qf"ncv"tgyqnwelc"vgngkphqtocv{e¦pc"¦pkquŽc"lgfpcm"kuvqvpg"dctkgt{"uvql>eg"pc"ftqf¦g"
fqyqnpgl" mqpegrelk" RG0"Rqyu¦gejpg"wukgekqykgpkg." qdhkvqW5" t„cpqtqfp{ej." eqtc¦"
y{iqfpkglu¦{ej" vgtokpcnk" fquvCrqy{ej."yek>c"fqumqpcnu¦g" vgejpkmk" ¦cdg¦rkge¦gM"
urtcykcl>." cg" rqfuvcyqy{o"r{vcpkgo." lcmkg" uvqk"yur„Že¦gWpkg" rt¦gf" kpkelcvqtcok"
pqy{ej" tq¦yk>¦cM." lguv" pkg" vq." e¦{." cng" lcm" rqykpp{"d{5"yftcccpg" ¦okcp{" k" lcmk"
dCf¦kg" vgiq" ghgmv" gmqpqoke¦p{0"¥pce¦pkg" kuvqvpkglu¦c" dqykgo"y{fclg" ukC" myguvkc"
¦cejCv" dk¦pguqy{ej0"Pqyg" tq¦yk>¦cpkc"owu¦>" qrŽcec5" ukC"yu¦{uvmko0"Y"itqpkg"
kpvgtguctkwu¦{" u{uvgow"owu¦>" ¦pcnga5" ukC"y"rkgtyu¦gl" mqnglpqWek" mnkgpek." mv„t¦{"
qegpkcl>"mccfg"pqyg"tq¦yk>¦cpkg"lcmq"cnvgtpcv{yC"fnc"uvquqycp{ej"fqv{eje¦cu"hqto"
rŽcvpqWek0"T„ypkgc"vy„te{"kphtcuvtwmvwt{"*dcpmk."urt¦gfcye{."cigpek"tq¦nke¦gpkqyk"
kvf0+"owu¦>"¦{umc5"rt¦gmqpcpkg."cg"wf¦kcŽ"y"pqygl"kpkelcv{ykg"lguv"fnc"pkej"qrŽcecnp{0"
Pkg"dg¦"¦pce¦gpkc"oqcg"d{5"rqvgpelcnpc"wvtcvc"rq¦{elk"rt¦g¦"fqokpwl>e{ej"itce¦{"
hwpmelqpwl>e{ej"pc"mqpmwtgpe{lp{o"t{pmw"*pc"rt¦{mŽcf"qticpk¦celk"mctv"rŽcvpke¦{ej+0"
¥pcng¦kgpkg"qrv{ocnpgiq"oqfgnw"dk¦pguqygiq"wyctwpmqycpg"lguv"¦okcp>"urquqdw"
o{Wngpkc"¦"mqpmwtgpe{lpgiq"pc"mqqrgtce{lp{0"Rqoqepg"oqiŽqd{"d{5"¦ccpiccqyc-

pkg"kpuv{vwelk"rwdnke¦p{ej."y"u¦e¦gi„npqWek"dcpmw"egpvtcnpgiq0"Y"qfe¦wekw"cwvqtc"
vq"yŽcWpkg"dtcm"vcmkgiq"¦ccpiccqycpkc"lguv"iŽ„yp{o"e¦{ppkmkgo"rt¦gu>f¦cl>e{o"
q"fqv{eje¦cuqygl"rqtcceg"pqygl"mqpegrelk"RG0"Cmv{ypc"rq¦{elc"dcpmw"egpvtcnpgiq"
y¦ocepkcŽcd{"dqykgo"¦cwhcpkg" fq"pqygl" hqtowŽ{"rkgpk>f¦c." c"yurctvc" rgypgiq"
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tqf¦clw" rt¦{owugo" ngikunce{lp{o"rqoqiŽcd{" t„ypkgc" wmu¦vcŽvqyc5"qfrqykgfpk"
oqfgn"dk¦pguqy{"k"qrgtce{lp{0"

60"Oqpgvctpg"curgmv{"tq¦yqlw"RG

Yqdge"rquvCrwl>egl"gmurcpulk"pqy{ej"kpuvtwogpv„y"rŽcvpqWek"dcpmk"egpvtcnpg"
pkgwejtqppkg"uvcp>"rt¦gf"y{¦ycpkcok"qdglowl>e{ok"oqpkvqtqycpkg"kppqycelk"qtc¦"
dcfcpkg"kej"rqvgpelcnpgiq"yrŽ{yw"pc"rqnkv{mC"rkgpkCcp>"]Kppqxcvkqpu"kp"tgvckn"rc{-

ogpvuÈ."ocl"4234."u0"7:_0"Y"v{o"mqpvgmWekg"f¦kcŽcpkc"dcpm„y"egpvtcnp{ej"oqi>"okg5"
ejctcmvgt"dkgtp{"k"¦cejqycye¦{"*dtcm"yurctekc"fnc"kppqycelk"tgcnpkg"yrŽ{ycl>e{ej"
pc"fqv{eje¦cuqy>"rqnkv{mC"oqpgvctp>+" cndq" e¦{pp{" k" fquvquqycye¦{" *yurkgtcpkg"
rqc{vge¦p{ej"fnc"iqurqfctmk"tq¦yk>¦cM"mqu¦vgo"¦okcp{"tgiwŽ"rqnkv{mk"oqpgvctpgl+0"
Kuvqv>"rtqdngow"lguv"¦cvgo"yumc¦cpkg"rŽcu¦e¦{¦p"qff¦kcŽ{ycpkc"t„cp{ej"mqpegrelk"
RG"pc"rqnkv{mC"oqpgvctp>"]¥kgnkMumk."4235_0"Oqcg"qpq"rt¦{dtc5"ejctcmvgt"rqr{vqy{"
k"rqfccqy{0"Ghgmv"rqr{vqy{"q¦pce¦c"¦okcp{"¦crqvt¦gdqycpkc"dcpm„y"pc"tg¦gty{"
rŽ{ppqWek"y"dcpmw" egpvtcnp{o." umwvmwl>eg" ¦okcpcok" kpvgpu{ypqWek" qff¦kcŽ{yc-

pkc" kpuvtwogpv„y"rqnkv{mk"rkgpkCcpgl" k"rtgul>"pc"t{pmqyg"uvqr{"rtqegpvqyg0"Ghgmv"
rqfccqy{"¦"mqngk"yk>cg"ukC"¦"yrŽ{ygo"rkgpk>f¦c"gngmvtqpke¦pgiq"pc"dkncpu"dcpmw"
egpvtcnpgiq"iŽ„ypkg"rqrt¦g¦"¦okcp{"rqfcc{"iqv„ymk"][cr."4232_0"Urcfgm"rqfcc{"
iqv„ymk"qitcpke¦cŽd{"¦fqnpqW5"DE"fq"rqfgloqycpkc"pc"fwc>"umcnC"qrgtcelk"fquvct-
e¦cpkc"tg¦gty"cndq"kej"cduqtrelk ]Kornkecvkqpu"Hqt"Egpvtcn"DcpmuÈ."3;;8_0"Wdqe¦p{o"
ghgmvgo"d{Žqd{"qitcpke¦gpkg" ¦{um„y"¦" ugpkqtcvw0"¥"mqngk" ¦pce¦p{"y¦tquv" rqfcc{"
iqv„ymk"q¦pce¦cŽd{"mtqm"y" v{Ž"y"gyqnwelk"rkgpk>f¦c."mv„tgiq"uvtwmvwtc"qrkgtc"ukC"
pc"fqokpcelk"rkgpk>f¦c"ymŽcfqygiq0"

70"V{r{"tgncelk"oqpgvctp{ej"t„cp{ej"oqfgnk"RG

Ejctcmvgt"k"ukŽc"qff¦kcŽ{ycpkc"oqpgvctpgiq"u>"uknpkg"w¦cngcpkqpg"qf"rt¦{lCvgiq"
oqfgnw"RG"]¥kgnkMumk."4226_0"Okoq"kc"qrkucp{"ye¦gWpkgl"u{uvgo"tgiwncelk"pkg"qmtgWnc"
u¦e¦gi„Žqyq"¦cucf"lgiq"qticpk¦celk."pcngc{"uvykgtf¦k5."kc"ygfŽwi"fqo{Wnpgl"hqtowŽ{"
RG"okcŽd{"rgŽpk5"hwpmelC"lgf{pkg"kpuvtwogpvw"tq¦nke¦gM"¦c"rqoqe>"vtcf{e{lpgiq"rkg-

pk>f¦c"dcpmqygiq0"Uejgocv"f¦kcŽcpkc"*t{uwpgm"6+"oqcpc"y„ye¦cu"qrkuc5"y"rquvcek"
¦compkCvgiq"e{mnw." kpkelqycpgiq"rt¦g¦"dcpm"rtqycf¦>e{"tcejwpgm"tq¦nke¦gpkqy{"
mnkgpvc"*3+0"¥"kpkelcv{y{"mnkgpvc"dcpm"wokgu¦e¦c"pc"lgiq"kpuvtwogpekg"RG"qmtgWnqp>"
yctvqW5"rkgpkCcp>."e¦giq"mqpugmygpel>"lguv"¦cuv>rkgpkg"y"dkncpukg"dcpmw"¦qdqyk>¦cpkc"
yqdge"mqpmtgvpgiq"mnkgpvc"qi„np{o"¦qdqyk>¦cpkgo"¦"v{vwŽw"gokulk"RG"*4+0"¥"ftwikgl"
uvtqp{"dcpmk"oqi>"rt¦{loqyc5"lgfpquvmk"RG"y{fcycpg"rt¦g¦"kppg"dcpmk."w¦pcl>e"
kej"t„ypqyctvqWek>"tcejwpmk"uyqkej"mnkgpv„y"*5+0"Oqpgvct{¦celc"rqyuvcŽ{ej"y"vgp"
urqu„d"pcngcpqWek"oqcg"fqmqpc5"ukC"y"ftqf¦g"y¦clgop{ej"tq¦tcejwpm„y"okCf¦{"
dcpmcok"*6+0"Lgcgnk"wc{vmqypkm"RG"fqmqpc"lgiq"woqt¦gpkc"y"dcpmw"y{fcye{"*7+."
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lgfpquvmk"RG"¦pkmp>."eq"umwvmwlg"v{nmq"rt¦gokgu¦e¦gpkgo"ucnf"vtcf{e{lpgiq"rkgpk>f¦c"
ymŽcfqygiq0

"

T{uwpgm"6"Oqfgn"RG"qrctv{"pc"gokulk"rt¦g¦"dcpm"mqogte{lp{

`t„fŽq<"qrtceqycpkg"yŽcupg0

Rqfuvcyqy{"f{ngocv"oqpgvctp{"f{umwvqycp{"y"mqpvgmWekg"vgiq"oqfgnw"fqv{e¦{"
r{vcpkc."e¦{"Wtqfmk"uvcpqyk>eg"y"dkncpukg"kpuv{vwelk"mtgf{vqygl"rqmt{ekg"gokulk"RG"u>"
fgrq¦{vcok"k"rqfngicl>"qdqyk>¦mqyk"qfrtqycf¦cpkc"tg¦gty{"qdqyk>¦mqygl0"Lgcgnk"
vcm." vq" e¦{ppkmkgo"fge{fwl>e{o"q"yrŽ{ykg" pc" rqnkv{mC"oqpgvctp>"oqcg"d{5" lgl"
y{uqmqW50"Rt¦{lowl>e"t

F
"lcmq"uvqrC"tg¦gty{"qdqyk>¦mqygl"qf"¦y{mŽ{ej"fgrq¦{v„y."

a r
EM
"lcmq"uvqrC"tg¦gty{"qdqyk>¦mqygl"qf"Wtqfm„y"rt¦{lCv{ej"y"¦cokcp"¦c"gokulC"

RG."oqcpc"y{mc¦c5."cg"¦cejqf¦k"¦cngcpqW5"*3+."qmtgWncl>ec"uwduv{vwelC"okCf¦{"rkg-

pk>f¦go"iqv„ymqy{o"y{eqhcp{o"¦"qdkgiw."rt¦g¦pce¦qp{o"pc"pcd{ekg"lgfpquvgm"
RG."c"¦okcp>"rqfcc{"rkgpk>f¦c"okgt¦qp>"citgicvgo"O30"

 
11

D EM

D

r rM

C r

− −∂
= −

∂
" *3+

¥iqfpkg"¦"ctv0"9"Wuvcy{"q"wuŽwicej"rŽcvpke¦{ej"Wtqfmk"rkgpkCcpg"qvt¦{o{ycpg"
y"¦cokcp"¦c"y{fcycp{"rkgpk>f¦"gngmvtqpke¦p{"pkg"uvcpqyk>"fgrq¦{vw."eq"q¦pce¦c"
fqo{Wnpkg" ¦gtqy>" uvqrC" tg¦gty{"qdqyk>¦mqygl0"Y" vcmkgl" u{vwcelk"y{fcycpkg"RG"
y"¦cokcp"¦c"vtcf{e{lp>"iqv„ymC"rqyqfwlg"y¦tquv"rqfcc{"rkgpk>f¦c0"Dcpm"egpvtcnp{."
eje>e" ¦pgwvtcnk¦qyc5"yrŽ{y"gmurcpulk"RG"pc"rqfcc"rkgpk>f¦c."o„iŽd{"f>c{5"fq"
wuvcngpkc"y{cu¦gl"uvqr{"tg¦gty{"qdqyk>¦mqygl"qf"ucnf"RG"*fnc"t

F
 = r

EM 
ghgmv"uwduv{-

vwelk" iqv„ymk" k"RG" lguv" pgwvtcnp{+" ]Dgtgpvugp."4227_0"Vcmkg"f¦kcŽcpkc"jcoqycŽ{d{"
lgfpcm"gmurcpulC0"Qdqm"¦gtqygiq"qrtqegpvqycpkc"vq"yŽcWpkg"¦gtqyc"uvqrc"tg¦gty{"
qdqyk>¦mqygl"oc"d{5"fnc"dcpm„y."y{fcye„y"RG"rqfuvcy>"cvtcme{lpqWek"oqfgnw"
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dk¦pguqygiq0"Y"rt¦{rcfmw"pcd{ycpkc"RG"pkg" ¦c" iqv„ymC." c"y" ekCcct" tcejwpmw"
dkgc>egiq"mnkgpvc"¦cngcpqW5"¦okcp"rqfcc{"rkgpk>f¦c"qf"uv„r"tg¦gty{"qdqyk>¦mqygl"
lguv" rqfqdpc0"Mqpygtulc" fgrq¦{vw." qf"mv„tgiq"dcpm"qfrtqycf¦c" tg¦gtyC"pc"pkg-

qdlCvg" vcmko"qdqyk>¦mkgo"¦qdqyk>¦cpkg"¦" v{vwŽw"gokulk"RG."rqyqfwlg"wyqnpkgpkg"
fqfcvmqygl"rŽ{ppqWek"fq"mtgcelk"rkgpk>f¦c0"Y"rt¦{rcfmw"t„ypqWek"qdw"uv„r"ghgmv"
oqpgvctp{"lguv"pgwvtcnp{0"

Cnvgtpcv{yp{"oqfgn"hwpmelqpqycpkc"RG"qrkgtc"ukC"pc"kpuv{vwelk"rqlgf{pe¦giq"
qt{ikpcvqtc"*y{fcye{+"RG0"HwpmelC"vC"o„iŽd{"rgŽpk5"y{v{rqycp{"rqfokqv."qduŽw-

iwl>e{"¦ctc¦go"u{uvgo"rŽcvpqWek"RG0"T„ypkgc"y"vcmko"rt¦{rcfmw"y{mqt¦{uvcpkg"
RG"oqcg"¦quvc5"qrkucpg"lcmq"¦compkCv{"e{mn"*t{uwpgm"7+0

T{uwpgm"70"Oqfgn"RG"qrctv{"pc"gokulk"rt¦g¦"qt{ikpcvqtc

`t„fŽq<"qrtceqycpkg"yŽcupg0

Dcpm"¦cokgt¦cl>e{"y{fcyc5"mnkgpvqo"lgfpquvmk"RG"mqt¦{uvc"¦"wuŽwi"qt{ikpcvqtc"
*3+."qf"mv„tgiq"pcd{yc"lgfpquvmk"RG"*4+"y"¦cokcp"¦c"t„ypqyccp>"myqvC"rkgpk>f¦c"
dcpmqygiq0"Y{fcl>e"RG"mnkgpvqyk" *5+." rq¦d{yc" ukC" kej" ¦g" uyqlgiq"dkncpuw0"Rqlc-

ykcl>"ukC"qpg"rqpqypkg"ytc¦"¦"y{mwrkgpkgo"qf"mnkgpvc0"Y"qft„cpkgpkw"lgfpcm"qf"
rqrt¦gfpkgiq"oqfgnw"yu¦{uvmkg"lgfpquvmk"RG"rqejqf¦>"qf"lgfpgiq"qt{ikpcvqtc0"Pkg"
kuvpkglg"¦cvgo"rqvt¦gdc"rt¦grtqycf¦cpkc"tq¦tcejwpmw"okCf¦{dcpmqygiq0"Lgfpquvmk"
RG"oqcpc"eq"pcly{cgl"woqt¦{5"w"qt{ikpcvqtc"*7+0"Oqpgvctpg"mqpugmygpelg"rtg¦gp-

vqycpgiq"oqfgnw"qitcpke¦cl>"ukC"¦cvgo"iŽ„ypkg"fq"qo„ykqpgiq"ye¦gWpkgl"ghgmvw"
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rqfccqygiq."dCf>egiq"umwvmkgo"qitcpke¦gpkc"¦crqvt¦gdqycpkc"pc"vtcf{e{lp>"iqv„ymC"
DE0"Y{fclg"ukC"rt¦{"v{o."cg"oqfgn"vgp"lguv"¦pce¦pkg"ghgmv{ypkglu¦{"gmqpqoke¦pkg."
qdpkccl>e"mqu¦v{"qrgtce{lpg"u{uvgow0

EcŽmqykekg"qfokgpp{"ejctcmvgt"oc"oqfgn"RG"¦cmŽcfcl>e{"gokulg"rt¦g¦"DE"pc"
¦cucfcej" kfgpv{e¦p{ej"¦"rkgpk>f¦go"iqv„ymqy{o"]¥cfqtc."¥kgnkMumk."4234_0" Lcmq"
cg"qrkgtc"ukC"pc"rqfglWekw"¦cuqdqy{o."vcm"hwpmelqpwl>e{"RG"y"rgŽpk"¦cuŽwiwlg"pc"
okcpq"iqv„ymk" gngmvtqpke¦pgl." hwpmelqpwl>egl" qdqm" *c"y"oqcnkygl" rgturgmv{ykg"
¦cokcuv+"vtcf{e{lpgl"*t{uwpgm"8+0

T{uwpgm"80"Oqfgn"RG"qrctv{"pc"gokulk"rt¦g¦"dcpm"egpvtcnp{

`t„fŽq<"qrtceqycpkg"yŽcupg0

Iqv„ymc"gngmvtqpke¦pc"lguv"gokvqycpc"rt¦g¦"DE"*3+"pc"¦cucfcej"kfgpv{e¦p{ej"
lcm" vtcf{e{lpc" k"rqfqdpkg"wfquvCrpkcpc"dcpmqo"mqogte{lp{o"*4+0" Lgf{pc" t„cpkec"
fqv{e¦{"hqto{"*okglueg"vtcf{e{lpgiq"umctdec"¦clowlg"umctdkge"gngmvtqpke¦p{+0"Dcpmk"
mqogte{lpg"pc"c{e¦gpkg"y{rŽcecl>"mnkgpvqo"iqv„ymC"gngmvtqpke¦p>"qdqm"vtcf{e{lpgl"
*5+"qtc¦"cpcnqike¦pkg"rt¦{lowl>"yrŽcv{"iqv„ymqyg"*6+0"T„ypkgc"vwvcl"lgf{pc"t„cpkec"
fqv{e¦{" hqto{" *okglueg"rqtvoqpgvmk" vtcf{e{lpgl" ¦clowlg"mctvc" ejkrqyc" ¦" hwpmel>"
gngmvtqpke¦pgl"rqtvoqpgvmk+0"Pkg"kuvpkglg"rqvt¦gdc"tq¦nke¦gM"okCf¦{dcpmqy{ej"cpk"
woct¦cpkc"iqv„ymk"gngmvtqpke¦pgl."mv„tc"oc"uvcvwu"rtcypgiq"Wtqfmc"rŽcvpke¦giq0

Iqv„ymc"gngmvtqpke¦pc"y{fclg"ukC"pcldctf¦kgl"mqpvtqygtu{lpc"¦"rwpmvw"ykf¦gpkc"
oqpgvctpgiq0"¥" lgfpgl" uvtqp{"dqykgo"pcngccŽqd{"qe¦gmkyc5."cg"ocl>e" kfgpv{e¦p{"
uvcvwu"¦"iqv„ym>"vtcf{e{lp>."dCf¦kg"ecŽmqykekg"pgwvtcnpc"¦"rwpmvw"ykf¦gpkc"rqnkv{mk"
oqpgvctpgl0"Y"dkncpukg"dcpmw"egpvtcnpgiq"k"y"dkncpucej"dcpm„y"mqogte{lp{ej"pkg"
d{Žqd{"lcmqWekqygl"t„cpke{"okCf¦{"gykfgpel>"iqv„ymk"vtcf{e{lpgl"c"gngmvtqpke¦pgl0"
¥"ftwikgl"uvtqp{"lgfpcm"mnwe¦qyg"¦pce¦gpkg"oqcg"okg5"ecŽmqykekg"qfokgppc"hwpm-

elqpcnpqW50"Y"qft„cpkgpkw"dqykgo"qf"vtcf{e{lpgl"iqv„ymc"gngmvtqpke¦pc"oqcg"d{5"
wc{ycpc"y"vtcpucmelcej"pc"qfngiŽqW5."pc"y¦„t"rŽcvpqWek"dg¦iqv„ymqy{ej0"Y"rqŽ>-

e¦gpkw"¦"rqyu¦gejp{o"¦cwhcpkgo"*y{pkmcl>e{o"iŽ„ypkg"¦"lgfpq¦pce¦pgiq"uvcvwuw"
rtcypgiq"Wtqfmc"rŽcvpke¦giq+"oqiŽqd{"vq"rtqycf¦k5"fq"qitqopgiq"y¦tquvw"rqr{vw"
pc" vC" hqtoC"rkgpk>f¦c"rt¦{" lgfpqe¦gup{o"qitcpke¦gpkw"rqr{vw"pc"dg¦iqv„ymqyg"
tg¦gty{"tq¦nke¦gpkqyg0"Y{yqŽ{ycŽqd{"vq"rtgulC"pc"¦okcpC"uvtwmvwt{"rqfcc{"rkgpk>-
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f¦c."rqngicl>egl"pc"y¦tqWekg"rqfcc{"iqv„ymk"*qi„Žgo"Î"vtcf{e{lpgl"k"gngmvtqpke¦pgl+"
mqu¦vgo"rqfcc{"rkgpk>f¦c"ymŽcfqygiq0"Oqpgvctpg"mqpugmygpelg"vcmkgiq"¦lcykumc"u>"
vtwfpg"fq"qu¦ceqycpkc0"Oqcpc"rqfglt¦gyc5."cg"qdcy{"rt¦gf"uwduv{vwel>"rkgpk>f¦c"
ymŽcfqygiq"k"iqv„ymk"gngmvtqpke¦pgl"dcpmw"egpvtcnpgiq"u>"mnwe¦qy{o"e¦{ppkmkgo"
rqyuvt¦{owl>e{o"dcpmk"egpvtcnpg"rt¦gf"vgiq"v{rw"kpkelcv{y>0

¥cmqMe¦gpkg

IŽ„yp{o"y{t„cpkmkgo"rkgpk>f¦c"gngmvtqpke¦pgiq"ugpuw"uvtkevq" *RG+" lguv"dg¦-

rqWtgfpk" *pc"y¦„t" vtcf{e{lpgl" iqv„ymk+" vtcpuhgt"yctvqWek" rkgpkCcp{ej"rqokCf¦{"
kpuvtwogpvcok" rkgpk>f¦c" gngmvtqpke¦pgiq"dCf>e{ej"y"rqukcfcpkw" wc{vmqypkm„y0"
Rq¦qtpkg"ydtgy" uhqtowŽqycpgl"yg"yuvCrkg" jkrqvg¦kg"oqcpc"yumc¦c5" pc" nke¦pg"
tq¦yk>¦cpkc" ¦iqfpg" ¦" rqy{cu¦{o"mt{vgtkwo0"Pkg" urgŽpkcl>" qpg" lgfpcm" lgfpgiq"
¦"pclyccpkglu¦{ej"y{oqi„y"tgiwnce{lp{ej."lcmko"lguv"qdqyk>¦gm"y{okcp{"pc"rkg-

pk>f¦"dcpmqy{"ygfŽwi"yctvqWek"pqokpcnpgl0"Pcldctf¦kgl"v{rqy{"rt¦{mŽcf"vcmkgiq"
tq¦yk>¦cpkc" uvcpqyk" dkveqkp0" Lcmq"ycnwvc" cnvgtpcv{ypc" lguv" mtgqycp{" ecŽmqykekg"
rq¦c" ugmvqtgo"dcpmqy{o" k" ¦"y{mqt¦{uvcpkgo"¦cucf." mv„tg" uvql>"y" urt¦ge¦pqWek"
¦g"at„fŽcok"yctvqWek"rkgpk>f¦c"dcpmqygiq0"YctvqW5"lgfpquvmk"dkveqkpc"¦okgpkc"ukC"
pc"umwvgm"pkg¦cngcp{ej"qf"rqnkv{mk"oqpgvctpgl"ukŽ"t{pmqy{ej."c"lgiq"rqfcc"pkg"oc"
ccfpgiq"¦yk>¦mw"¦"tgcnp>"uhgt>"iqurqfctmk0"Citgu{ypc"rtqoqelc"vgl"mt{rvqycnwv{"
y{yqŽwlg"f{umwulC"pc" vgocv" lgl"rt¦{u¦ŽqWek" t„ypkgc"y"curgmekg"rqnkv{mk"oqpgvct-
pgl0"Rqlcykcl>"ukC"iŽqu{"q"oqcnkyqWek"w¦pcpkc"dkveqkpc"¦c"rtcyp{"Wtqfgm"rŽcvpke¦{0"
Urgmvcmwnctpg"fgdcv{"pc"vgp"vgocv"rtqycf¦kŽ{"yŽcf¦g"oqpgvctpg"Pkgokge."Uvcp„y"
¥lgfpqe¦qp{ej."Ejkp"k"Vclncpfkk0"Y"pkgmv„t{ej"rt¦{rcfmcej"]jvvr<11yyy0¦gtqjgfig0
eqo1pqfg16999:7_"dkveqkp"w¦pcpq"lgWnk"pkg"¦c"rgŽpqrtcyp{"rkgpk>f¦."vq"rt¦{pclopkgl"
¦c"qhkelcnp{"Wtqfgm"tq¦nke¦gM"rkgpkCcp{ej0"¥"e¦cugo"lgfpcm"ykCmu¦qW5"v{ej"fgmnc-

tcelk"y{eqhcpq"]jvvr<11yyy0epde0eqo1kf1322;45773_0"Lcmq"iŽ„yp>"rt¦{e¦{pC"rqfclg"
ukC"mqpmwtgpelC"oqpgvctp>"yqdge"ycnwv{"rcMuvyqygl" ]Tcocucuvt{."4236_0"Dkveqkp"
rq¦quvclg"¦cvgo"rt¦gfg"yu¦{uvmko"rt¦gfokqvgo"urgmwncelk"hkpcpuqy{ej."mv„t{"rt¦{"
dtcmw"yurctekc"¦g"uvtqp{"yŽcf¦"oqpgvctp{ej"pkg"w¦{umc"uvcvwuw"rkgpk>f¦c0

Kpp{o"rt¦{mŽcfgo"f{umwulk"pc"vgocv"oqpgvctp{ej"curgmv„y"kppqycelk"¦"qdu¦ctw"
RG"lguv"rtqrq¦{elc"O0"Mkodcnnc."cd{"dcpm"egpvtcnp{"gokvqycŽ"t„ypqngiŽ>"fq"vtcf{-

e{lpgl"iqv„ymC"gngmvtqpke¦p>0"IŽ„yp{ej"mqt¦{Wek"Mkodcnn"wrcvtwlg"lgfpcm"pkg"v{ng"
y"wpqyqe¦gWpkgpkw"k"wurtcypkgpkw"qdtqvw"*lcm"oc"vq"okglueg"y"qrkucpgl"ye¦gWpkgl"
mqpegrelk"gokulk"iqv„ymk"gngmvtqpke¦pgl+."c"y"oqcnkyqWek"yrtqycf¦gpkc"wlgop{ej"
uv„r"¦ytqvw."rqc>fcp{ej."lgiq"¦fcpkgo."fq"uv{ownqycpkc"y¦tquvw"iqurqfcte¦giq0"
¥crtqrqpqycp{"ogejcpk¦o"mqgi¦{uvgpelk"vcmkgl"iqv„ymk"¦"fqv{eje¦cuqy{ok"hqto-

cok"rkgpk>f¦c"oc"qitcpke¦{5"oqcnkyqW5"wekge¦mk"rt¦gf"wlgop{o"qrtqegpvqycpkgo"
fgrq¦{v„y"rqrt¦g¦"y{rŽcvC"k"vg¦cwt{¦celC"rkgpk>f¦c"rcrkgtqygiq"]Mkodcnn."4235_0"
Pkg"rqfglowl>e"f{umwulk"pcf"tcelqpcnpqWek>"vcmkgl"rtqrq¦{elk."yctvq"¦yt„ek5"wyciC"
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pc"vtwfp{"fq"rt¦gykf¦gpkc"mkgtwpgm"k"¦cmtgu"oqcnky{ej"mqpugmygpelk"oqpgvctp{ej"
yrtqycf¦gpkc"t„cp{ej"mqpegrelk"rkgpk>f¦c"gngmvtqpke¦pgiq0

Mqpmnwfwl>e"tq¦ycccpkc"pc"vgocv"rt¦{e¦{p"rqtccmk"mqpegrelk"rkgpk>f¦c"gngmvtq-

pke¦pgiq."pcngc{"y{tc¦k5"rt¦{rwu¦e¦gpkg."cg"qdgepkg"vq"yŽcWpkg"e¦{ppkmk"q"ejctcm-

vgt¦g"oqpgvctp{o"ocl>"fge{fwl>eg"¦pce¦gpkg0"Rtqoqycpg"tgiwnce{lpkg"tq¦yk>¦cpkc"
yrtcyf¦kg"pkg"rqyqfwl>"fcngmq"kf>e{ej"mqpugmygpelk"oqpgvctp{ej."cng"u>"¦Žqcqpg"
vgejpke¦pkg"k"pkgcvtcme{lpg"dk¦pguqyq0"¥"ftwikgl"uvtqp{"iqv„ymc"gngmvtqpke¦pc"dcpmw"
egpvtcnpgiq"y{fclg"ukC"tq¦yk>¦cpkgo"pcldctf¦kgl"pcvwtcnp{o"k"rqc>fcp{o."lgfpcm"lgl"
mqpugmygpelg"oqpgvctpg"u>"pclykCmu¦g"k"¦fcl>"ukC"dwf¦k5"qr„t"dcpm„y"egpvtcnp{ej0"
Y"ghgmekg"y{fclg"ukC."cg"oqcpc"qe¦gmkyc5"rt„d"ejq5d{"rt¦glWekqygiq"¦cuvquqycpkc"
oqfgnw"rqWtgfpkgiq."qrctvgiq"pc"kpuv{vwelk"qt{ikpcvqtc"]Mcu¦wdumk."Ykfcyumk_0"Rt¦{"
nke¦p{ej"¦cngvcej"qticpk¦ce{lpq/vgejpke¦p{ej"rq¦ycncŽd{"qp"yŽcf¦qo"oqpgvctp{o"
uvqrpkqyq"quyqk5"ukC"¦"y{¦ycpkcok"oqpgvctp{ok."rt¦{"lgfpqe¦gup{o"dtcmw"dg¦-

rqWtgfpkgl"rtgulk"pc"¦okcpC"uvtwmvwt{"dkncpuw"DE0

Dkdnkqitchkc

30" Dgtgpvugp"C0."Fkikvcn"Oqpg{."Nkswkfkv{."cpf"Oqpgvct{"Rqnke{."*qtkikpcnn{"rwdnkujgf"kp"Lwn{"3;;9+"
ÐHktuv"Oqpfc{Ñ."Fgegodgt" 4227." jvvr<11hktuvoqpfc{0qti1qlu1kpfgz0rjr1ho1ctvkeng1xkgy1373413649"
*fquvCr<"4402604236+0

40" F{tgmv{yc"Rctncogpvw"Gwtqrglumkgiq"k"Tcf{"42221681YG"¦"fpkc"3:"yt¦gWpkc"4222"t0"y"urtcykg"
rqfgloqycpkc"k"rtqycf¦gpkc"f¦kcŽcnpqWek"rt¦g¦"kpuv{vwelg"rkgpk>f¦c"gngmvtqpke¦pgiq"qtc¦"pcf¦qtw"
quvtqcpqWekqygiq"pcf"kej"f¦kcŽcnpqWek>."F¦0W0"N"497"¦"49032042220

50" F{tgmv{yc"Rctncogpvw"Gwtqrglumkgiq"k"Tcf{"42291861YG"¦"fpkc"35"nkuvqrcfc"4229"t0"y"urtcykg"
wuŽwi"rŽcvpke¦{ej"y"tcocej"t{pmw"ygypCvt¦pgiq"¦okgpkcl>ec"f{tgmv{y{";9191YG."42241871YG."
42271821YG"k"422816:1YG"k"wej{ncl>ec"f{tgmv{yC";9171YG."F¦0W0"N"53;"¦"7034042290

60" F{tgmv{yc"Rctncogpvw"Gwtqrglumkgiq"k"Tcf{"422;13321YG"¦"fpkc"38"yt¦gWpkc"422;"t0"y"urtcykg"
rqfgloqycpkc"k"rtqycf¦gpkc"f¦kcŽcnpqWek"rt¦g¦"kpuv{vwelg"rkgpk>f¦c"gngmvtqpke¦pgiq"qtc¦"pcf¦qtw"
quvtqcpqWekqygiq"pcf"kej"f¦kcŽcnpqWek>."¦okgpkcl>ec"f{tgmv{y{"42271821YG"k"422816:1YG"qtc¦"
wej{ncl>ec"f{tgmv{yC"42221681YG"*vgmuv"ocl>e{"¦pce¦gpkg"fnc"GQI+"F¦0W0"N"489"¦"320320422;0

70" Kornkecvkqpu"Hqt"Egpvtcn"Dcpmu"qh"vjg"Fgxgnqrogpv"qh"Gngevtqpke"Oqpg{."Dcpm"hqt"Kpvgtpcvkqpcn"
Ugvvngogpvu."Dcung."Qevqdgt"3;;80

80" Kppqxcvkqpu"kp"tgvckn"rc{ogpvu0"Tgrqtv"qh"vjg"Yqtmkpi"Itqwr"qp"Kppqxcvkqpu"kp"Tgvckn"Rc{ogpvu."
Dcpm"hqt"Kpvgtpcvkqpcn"Ugvvngogpvu."Oc{"42340

90" Lcyqtumk"Y0."Mt¦{cmkgyke¦"¥0."MqukMumk"D0."Dcpmk"Î"t{pgm."qrgtcelg."rqnkv{mc."Rqnvgz."Yctu¦cyc"3;;70
:0" Mcu¦wdumk"T0Y0."Ykfcyumk"R0."OqcnkyqWek" uvyqt¦gpkc"y"Rqnueg" egpvtcnpgl" kpuv{vwelk" rkgpk>f¦c"

gngmvtqpke¦pgiq."cpcnk¦c"t{pmw."mqu¦v{."mqt¦{Wek."¥DR."qrtceqycpkg"ygypCvt¦pg."jvvr<11¦dr0rn1rwdnke1
tgrq¦{vqtkwo1fncadcpmqy1tcf{akamqokvgv{1vgejpqnqikgadcpmqyg1rwdnkmcelg1egpvtakpuvarg0rfh0

;0" Mkodcnn"O0."Jqy"Uwdqtfkpcvkpi"Rcrgt"Ewttgpe{"vq"Gngevtqpke"Oqpg{"Ecp"Gpf"Tgeguukqpu"cpf"
Gpf"Kphncvkqp."Eqphguukqpu"qh"c"Uwrrn{/Ukfg"Nkdgtcn."Octej"4235"jvvr<11dnqi0uwrrn{ukfgnkdgtcn0eqo1
rquv1684665536241swctv¦/7/jqy/uwdqtfkpcvkpi/rcrgt/ewttgpe{/vq"*fquvCr<"3402504236+0

320" Tcocucuvt{"C0."Dkveqkp< Kh"[qw"EcpÓv"Dcp"Kv."Ujqwnf"[qw"Tgiwncvg"KvA"Vjg"Ogtkvu"qh"Ngicnk¦cvkqp."
Xgtfkev"Î"Ngicn"Cpcn{uku"cpf"Eqoogpvct{"htqo"Lwuvkc."jvvr<11xgtfkev0lwuvkc0eqo142361241471dkveqkp/
ecpv/dcp/tgiwncvg"*fquvCr<"4:02404236+0
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330" Uvcvkuvkeu"qp"rc{ogpv."engctkpi"cpf"ugvvngogpv"u{uvgou"kp"vjg"ERUU"eqwpvtkgu0"Hkiwtgu"hqt"422:."
422;."4232."4233."4234."4235."Eqookvvgg"qp"Rc{ogpv"cpf"Ugvvngogpv"U{uvgou."Dcpm"hqt"Kpvgtpc-

vkqpcn"Ugvvngogpvu0
340" Wuvcyc" ¦" fpkc" 34"yt¦gWpkc" 4224"t0" q" gngmvtqpke¦p{ej" kpuvtwogpvcej" rŽcvpke¦{ej."F¦0W0" 4224"

pt"38;"rq¦0"35:70
350" Wuvcyc"¦"fpkc"3;"ukgtrpkc"4233"t0"q"wuŽwicej"rŽcvpke¦{ej."F¦0W0"4233"pt"3;;"rq¦0"33970
360" Wuvcyc"¦"fpkc"34"nkrec"4235"t0"q"¦okcpkg"wuvcy{"q"wuŽwicej"rŽcvpke¦{ej"qtc¦"pkgmv„t{ej"kpp{ej"

wuvcy."F¦0W0"4235"pt"2"rq¦0"32580
370" yyy0epde0eqo1kf1322;45773"*fquvCr<"4:02504236+0
380" yyy0¦gtqjgfig0eqo1pqfg16999:7"*fquvCr<"5202504236+0
390" [cr"L0."Ecuj"wug"kp"Ukpicrqtg"ftqru"cu"g/vtcpucevkqpu"enkod."¥FPgv."Cwiwuv"4232."jvvr<11yyy0

¦fpgv0eqo1ecuj/wug/kp/ukpicrqtg/ftqru/cu/g/vtcpucevkqpu/enkod/428442462;"*fquvCr<"4202604236+0
3:0" ¥cfqtc"J0."¥kgnkMumk"V0."Rkgpk>f¦"yur„Že¦gup{"c"mt{¦{u{"hkpcpuqyg."Fkhkp."Yctu¦cyc"42340
3;0" ¥kgnkMumk"V0."Oqfgng"hwpmelqpqycpkc"iqv„ymk"gngmvtqpke¦pgl."]y<_"¥cuvquqycpkc"tq¦yk>¦cM"kphqt-

ocv{e¦p{ej"y" kpuv{vwelcej" hkpcpuqy{ej." Rtceg"Pcwmqyg"Cmcfgokk"Gmqpqoke¦pgl" ko0"Qumctc"
Ncpigiq"yg"YtqeŽcykw."C0"Iqurqfctqyke¦"*tgf0+."YtqeŽcy"42260

420" ¥kgnkMumk"V0."Oqpgvctpg"f{ngocv{"gokulk"rkgpk>f¦c."ãDcpmÑ"4225."pt"40

Yj{"fqgu"gngevtqpke"oqpg{"tgockp"qpn{"c"fgcf"eqpegrvA

Vjg"vgto"gngevtqpke"oqpg{"qrgtcvgu"kp"vyq"ogcpkpiu0"Vjg"hktuv"ogcpkpi"tghgtu"vq"cnn"v{rgu"qh"rc{-

ogpv"kppqxcvkqpu."cv"ngcuv"rctvn{"dcugf"qp"kphqtocvkqp"kphtcuvtwevwtg0"36"{gctu"ciq."pcttqyn{"vtkoogf"
fghkpkvkqp"qh"gngevtqpke"oqpg{"ycu"guvcdnkujgf0"Dcugf"qp"ngicn"fqewogpvu"kv"tghgtu"vq"urgekhke"v{rg"qh"
rc{ogpv"kppqxcvkqpu."vtcpuhgttkpi"oqpg{"xcnwgu"fktgevn{"dgvyggp"gngevtqpke"oqpg{"kpuvtwogpvu."rqu-
uguugf"d{"vjg"ukfgu"qh"vjg"rc{ogpv0

Pcttqyn{"guvcdnkujgf"eqpegrv"qh"gngevtqpke"oqpg{"uggogf"vq"uvctv"c"pgy"rgtkqf"kp"vjg"eqpvgorqtct{"
jkuvqt{"qh"oqpg{0"Kvu"ghhgev"yqwnf"dg"vjg"uwduvkvwvkqp"qh"vtcfkvkqpcn."rcrgt/dcugf"ecuj."ykvj"kvu"gngevtqpke"
gswkxcngpv0"Wphqtvwpcvgn{."vjg"gzrgtkgpeg"qh"vjg"rcuv"ugxgtcn"{gctu"fkf"pqv"eqphkto"vjqug"gzrgevcvkqpu0"
Vjg"eqpegrv"qh"gngevtqpke"oqpg{"jcu"hckngf"kp"rtcevkeg0

Ocp{"curgevu"qh"vjcv"uvcvg"eqwnf"dg"vcmgp"kpvq"ceeqwpv"*uqekcn."ngicn."vgejpkecn."dwukpguu+0"Kv"uggou"
jqygxgt."vjcv"etwekcn"hcevqtu"eqog"htqo"oqpgvct{"urjgtg0"Vjgug"ctg"lwuv"oqpgvct{"curgevu"yjkej"uggo"
vq"uvqr"egpvtcn"dcpmu"htqo"uvtqpi"uwrrqtv"qh"c"pgy"kfgc"qh"gngevtqpke"ecuj0
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