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3 ̃ TÈuwoÈ

303 Kpvtqfwevkqp
Nc tgejgtejg cwvqwt fg nc Vjtqodqurqpfkpg *VUR+ c ÈvÈ rct/

vkewnkÇtgogpv kpvÈtguucpvg egu fgtpkÇtgu cppÈgu0 Nc rtqvÈkpg c
ÈvÈ fÈeqwxgtvg gp 3;93 rct Dcgp¦kigt gv cn ]3_0 Gnng guv kornk/
swÈg fcpu fgu rtqeguuwu rj{ukqnqikswgu eqoog n)kp汝coocvkqp.
n)cpikqigpÇug. nc u{pcrvqigpÇug fw u{uvÇog pgtxgwz egpvtcn. nc
iwÈtkuqp fg dnguuwtgu. nc hqtocvkqp fw ectvkncig. nc rtqnkhÈtcvkqp
gv nc pÈqrncukg0 Ekps fk軟Ètgpvu v{rgu fg VUR qpv ÈvÈ kfgpvk難Èu
fcpu ngu iÇpgu jwockpu0 Knu hqtogpv nc hcoknng fgu VURu0 Egu rtq/
vÈkpgu uqpv vtkogtkswgu qw rgpvcogtkswgu gv uqpv ukvwÈgu fcpu nc
ocvtkeg gzvtcegnnwncktg0 Gnngu qpv wpg rctvkg eqoowpg ½ ngwt E/
vgtokpcn crrgnÈg ng Fqockpg fg Ukipcvwtg *FU+0 Egvvg rctvkg guv
kornkswÈg fcpu fgu hqpevkqpu fkxgtugu fg nc VUR0 Gnng guv gpvtg
cwvtg korqtvcpvg rqwt n)cvvcejgogpv cwz egnnwngu gv rqwt nc nkck/
uqp cw Enwuvgt qh Fk乍gtgpvkcvkqp 69 *EF/69+ Èicngogpv eqppw
uqwu ng pqo Kpvgitkp Cuuqekcvgf Rtqvgkp *KCR+ fcpu nc nkvvÈtcvwtg0
Gpxktqp 52 kqpu ecnekwo rct oqpqoÇtg rgwxgpv ug nkgt ½ nc VUR0 Kn
c ÈvÈ fÈoqpvtÈ sw)wpg rctvkg egu kqpu uqpv fÈvcejcdngu gv Èejcp/
igcdngu uwt egvvg rtqvÈkpg0 Kn c ÈvÈ tgvtqwxÈ swg nc eqphqtocvkqp
gv ngu hqpevkqpu fg egnng/ek uqpv fÈrgpfcpvgu fgu eqpegpvtcvkqpu
gp ecnekwo0 Lwusw)½ cwlqwtf)jwk nc eqortÈjgpukqp fg n)kornkec/
vkqp fw ecnekwo tguvg egrgpfcpv ocn eqppwg0
Ng vtcxckn fÈetkv fcpu eg fqewogpv c eqoog dwv fg tÈxÈngt ng

hqpevkqppgogpv fg nc VUR FU0 Rqwt egnc fgu fk軟Ètgpvgu oÈvjqfgu
qpv ÈvÈ fÈxgnqrrÈgu0 Kn c Èicngogpv hcnnw wvknkugt fgu crrtqejgu
fk軟Ètgpvgu kuuwgu fg fqockpgu uekgpvk難swgu fkxgtu0 Fcpu eg vtc/
xckn. fg pqwxgnngu oÈvjqfgu fg eqoowpkecvkqp uekgpvk難swg qpv
ÈvÈ Èicngogpv fÈxgnqrrÈgu gv wvknkuÈgu0 Eg vtcxckn guv fkxkuÈ gp
swcvtg Èvcrgu swk pqwu qpv rgtoku f)cdqtfgt gv fg tÈuqwftg ngu
rtqdnÇogu rquÈu uqwu fk軟Ètgpvu cpingu oqpvtcpv ckpuk nc rnwtk/
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EJCRKVTG 30 TÆUWOÆ

fkuekrnkpctkvÈ fg eg vtcxckn0 Ngu swcvtg Èvcrgu uqpv <
30 Nc dkqnqikg fgu vjtqodqurqpfkpgu <
Egvvg rctvkg tÈuwog ngu eqppckuucpegu dkqnqikswgu eqppwgu
cwlqwtf)jwk0 Gnng rqug fgu swguvkqpu swk uqpv vtckvÈgu fcpu
eg vtcxckn0 Wp g軟qtv ukipk難ecvkh c ÈvÈ hckv rqwt eqpfgpugt gv
tÈecrkvwngt nc eqppckuucpeg cwvqwt fg egu rtqvÈkpgu0 Egek
kpenwv nc fguetkrvkqp fg nc hcoknng gpvkÇtg fg egu rtqvÈkpgu
swk rquuÇfgpv fgu hqpevkqpu vtÇu xctkÈgu0 Egvvg ugevkqp vtckvg
fg nc iÈpÈvkswg. fgu uvtwevwtgu gv fg n)kornkecvkqp fgu VUR
fcpu fkxgtugu ocncfkgu gv ngwtu vtckvgogpvu eqppwu ½ eg
lqwt0 Eqoog kn gzkuvg fgu kpvgtcevkqpu korqtvcpvgu cuuqekÈgu
cwz ocncfkgu swk uqpv gpeqtg ocn Èvcdnkgu gp dkqnqikg oqnÈ/
ewncktg. gv gp iÈpÈtcn nc f{pcokswg fgu egu rtqvÈkpgu p)Èvcpv
rcu eqppwg0 Pqwu cxqpu hckv crrgn ½ nc f{pcokswg oqnÈew/
ncktg rqwt tgvtqwxgt ngu ejcpigogpvu eqphqtocvkqpgnu gv ngu
hqpevkqpu fg egu rtqvÈkpgu cuuqekÈgu0

40 Nc ukowncvkqp rct f{pcokswg oqnÈewncktg encuukswg <
Fcpu egvvg rctvkg ng rtqdnÇog guv vtckvÈ uqwu n)cping fg nc
oÈecpkswg encuukswg ½ n)Èejgnng cvqokswg0 Rnwukgwtu ukow/
ncvkqpu rct ngu oÈvjqfgu fg nc f{pcokswg oqnÈewncktg *FO+
encuukswg qpv ÈvÈ hckvgu c難p fg okgwz eqortgpftg nc f{pc/
okswg fg nc FU gv f)Évtg ecrcdng fg fÈetktg ng rtqeguuwu
fg fÈrnÈvkqp fgu kqpu ecnekwo0 Egvvg rctvkg kpvtqfwkv ngu ÈnÈ/
ogpvu fg dcug vjÈqtkswgu pÈeguucktgu gv wvkngu rqwt etÈgt gv
Èxcnwgt egu ukowncvkqpu0 Gnng vtckvg fgu ejcoru fg hqtegu gv
fg ngwtu kpvÈitcvkqpu0 Gnng gzrnkswg eqoogpv ngu gpugodngu
uvcvkuvkswgu uqpv iÈpÈtÈu rgpfcpv egu ukowncvkqpu. eqoogpv
pqwu cxqpu cpcn{uÈ gv kpvgtrtÈvÈ ngu vtclgevqktgu qdvgpwgu
rct egu ukowncvkqpu0 Hkpcngogpv fcpu egvvg rctvkg pqwu rtÈ/
ugpvqpu ngu tÈuwnvcvu qdvgpwu rct eguoÈvjqfgu. eqoog n)kfgp/
vk難ecvkqp fgu kqpu ecnekwo Èejcpigcdngu fg nc VUR FU0 Wp
rtqdnÇog oclgwt xkgpv fg nc fÈ難pkvkqp fgu ejcor fg hqtegu
gorktkswgu gv rctvkewnkÇtgogpv fg nc rctcoÈvtkucvkqp fw ecn/
ekwo0 Ngu ejcoru fg hqtegu wvknkuÈu p)Èvcpv rcu rqnctkucdngu
pg uqpv rcu cfcrvcdngu ½ vtckvgt ngu kpvgtcevkqp gpvtg ngu rtq/
vÈkpgu gv ngu kqpu fkxcngpvu0 E)guv rqwtswqk pqwu cxqpu hckv
crrgn ½ nc oÈecpkswg swcpvkswg0

50 Nc ejkokg swcpvkswg <
Fcpu egvvg rctvkg. pqwu vtckvqpu ng rtqdnÇog f)wp rqkpv fg
xwg fg nc rj{ukswg oqfgtpg0 Pqwu fguegpfqpu ½ n)Èejgnng
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3030 KPVTQFWEVKQP

uqwu/ cvqokswg. gv ogvvqpu ngu rtqrtkÈvÈu fgu eqwejgu Ènge/
vtqpkswgu cwvqwt fgu rctvkgu fgu VURu cw eqgwt fg nc tg/
ejgtejg0 Kek pqwu fÈetkxqpu eqoogpv qp qdvkgpv wpg uqnw/
vkqp fg n)Èswcvkqp fg UejtÕfkpigt rqwt fgu oqnÈewngu gp
wvknkucpv nc oÈvjqfg fw ejcor Ugnh/ Eqpukuvgpv *UEH+ Èic/
ngogpv eqppwg uqwu ng pqo oÈvjqfg fg Jctvtgg Hqem *JH+0
Pqwu eqpvkpwqpu rct fÈetktg eqoogpv egvvg oÈvjqfg guv
kpvÈitÈg f)wpg ocpkÇtg kpvgnnkigpvg cxge wpg cwvtg nc VjÈq/
tkg fg nc Hqpevkqppgnng fg nc FgpukvÈ *FHV+ rqwt hqtogt ngu
oÈvjqfgu fkvgu Hqpevkqppgnngu J{dtkfgu. eqoog egnng cuug¦
rqrwncktg Dgemg. vtqku rctcoÇvtgu. Ngg/[cpi/Rctt *D5N[R+
rqwt qdvgpkt fgu tÈuwnvcvu ukipk難ecvkhu uwt ngu oqnÈewngu dkq/
nqikswgu0 Wpg hqku nc fgpukvÈ Èngevtqpkswg qdvgpwg rct egu
oÈvjqfgu pqwu ecnewnqpu ngu ejctigu rctvkgnngu c難p fg xÈtk/
難gt. gv fg tÈkplgevgt egu tÈuwnvcvu fcpu ngu ejcoru fg hqtegu
fg nc FO encuukswg0 Rqwt Évtg ecrcdngu fg ecnewngt egu ejctigu
rctvkgnngu pqwu cxqpu fÈfwkv gv kornÈogpvÈ wpg pqwxgnng
oÈvjqfg ½ rctvkt fg nc oÈvjqfg rct rqvgpvkgnng Èngevtquvc/
vkswg *GUR+ swg pqwu cxqpu pqooÈgownvkewdg0 Rqwt nc etÈc/
vkqp fg eg nqikekgn. pqwu cxqpu wvknkuÈ ngu oÈvjqfgu eqpvgo/
rqtckpgu eqoog nc rtqitcoocvkqp rctcnnÇng ocuukxg swk
gpvtg cwvtg. pqwu rgtogv fg f)wvknkugt nc rwkuucpeg fgu rtq/
eguugwtu itcrjkswgu *IRWu+ swk hqpv rctvkg fgu ocejkpgu fg
ecnewnu oqfgtpgu0 Wpg vgnng crrtqejg uqrjkuvkswÈg guv pÈ/
eguucktg fÇu swg nc FO encuukswg pg rtgpf rcu gp eqorvg
ngu rtqeguuwu rj{ukswgu eqoog ng vtcpuhgtv fgu ejctigu qw
nc rqnctkucvkqp uwt nc uwthceg oqnÈewncktg0 Egu fgwz g軟gvu
uqpv pÈeguucktgu rqwt fÈetktg ngu nkckuqpu fgu kqpu ecnekwo
eqttgevgogpv0 Fg egu fgwz ejcrkvtg fg ukowncvkqpu. kn cr/
rctcÍv swg ngu fqppÈgu fg ukowncvkqp qdvgpwu uqpv ½ nc hqku
vtÇu eqpuÇswgpvgu gp xqnwog gv fk二ekngu ½ xkuwcnkugt0 Pqwu
pqwu uqoogu cnqtu cvvcejÈu ½ rtqfwktg fgu qwvknu fg xkuwc/
nkucvkqp pqwu rgtogvvcpv f)È軟gevwgt eg fÈoctejgu. vqwv gp
{ cuuqekcpv wpg crrtqejg ctvkuvkswg0

60 Nc xkuwcnkucvkqp oqnÈewncktg < Egek eqpuvkvwg nc rctvkg ctvku/
vkswg fg eg fqewogpv0 Kek. pqwu fÈetkxqpu nc xkuwcnkucvkqp
fgu oqnÈewngu dkqnqikswgu gv ngu ecnewnu swcpvkswgu cwvqwt
f)gwz0 Nc xkuwcnkucvkqp guv korqtvcpvg rwkusw)gnng pqwu rgt/
ogv fg okgwz eqoowpkswgt pqu tÈuwnvcvu cxge pqu rctvg/
pcktgu0 Ckpuk pqwu rtqitguuqpu rnwu tcrkfgogpv fcpu pqvtg
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EJCRKVTG 30 TÆUWOÆ

tgejgtejg0 Egvvg rctvkg vtckvg gpvtg cwvtg fw fÈxgnqrrgogpv
f)wp pqwxgcw rtqeÈfÈ c難p fg xkuwcnkugt ngu tÈuwnvcvu qdvg/
pwu gp ejkokg swcpvkswg itÀeg ½ n)wvknkucvkqp fw nqikekgn nkdtg
Dngpfgt0 Gp qwvtg. pqwu crrtqhqpfkuuqpu pqu etÈcvkqpu fg
難nou uwt nc VUR FU cwvqwt fg pqvtg tgejgtejg0 Egwz/ek qpv
ÈvÈ rtÈugpvÈu ½ fkxgtu eqpitÇu kpvgtpcvkqpcwz gv ctvkuvkswgu0

Rqwt vgtokpgt pqwu uqwnkipgtqpu ngu tÈuwnvcvu fg eg vtcxckn
gv rtqrqugtqpu fg hwvwtu vtcxcwz c難p fg rtqitguugt fcpu nc tg/
ejgtejg cwvqwt fg nc VUR FU0 Ngu ejcrkvtgu uqpv tguwoÈu wp rct
wp ek/fguuqwu0

304 Nc dkqnqikg fgu vjtqodqurqpfkpgu
Ngu Vjtqodqurqpfkpgu *VURu+ hqtogpv wpg hcoknng fg rtq/

vÈkpgu swk ug vtqwxgpv fcpu nc ocvtkeg gzvtcegnnwncktg0 Egu oqnÈ/
ewngu fg itcpfgu vcknngu uqpv kornkswÈgu fcpu wpg xctkÈvÈ fg hqpe/
vkqpu dkqnqikswgu0 Ejg¦ n)jwockp ekps fk軟Ètgpvu v{rgu fg VURu
qpv ÈvÈ kfgpvk難Èu. gv rnwukgwtu v{rgu fk軟Ètgpvu gzkuvgpv Èicng/
ogpv ejg¦ ngu cpkocwz eqoog ejg¦ ngu kpugevgu ]4_0 Ngu ekps
VURu ejg¦ n)jwockp rgwxgpv Évtg encuuÈu gp hqtogu vtkoÈtkswgu
gv rgpvcoÈtkswgu0 Nc VUR/3 gv 4 uqpv fgu oqnÈewngu vtkoÈtkswgu
gv ngu VUR/5. 6 gv 7 gzkuvgpv uqwu nc hqtog rgpvcoÈtkswg0 Nc VUR/
7 guv cwuuk eqppwg uqwu uqp pqo Ectvkncig Qnkiqogtke Octvtkz
Rtqvgkp *EQOR+0 Egu rtqvÈkpgu fg itcpfgu vcknngu uqpv eqorq/
uÈgu rct fg pqodtgwz fqockpgu0 Nc uÈswgpeg f)wpg oqpqoÇtg
f)wpg oqnÈewng fg nc hcoknng fgu VURu rgwv cvvgkpftg lwusw)cw
3376 cekfgu cokpÈu0 Vqwvgu ngu VURu qpv wp Fqockpg fg Ukipc/
vwtg *FU+ gp eqoowp0 Fcpu eg fqockpg. nc uÈswgpeg guv jcwvg/
ogpv eqpugtxÈg0 Nc VUR/3 guv nc rtqvÈkpg fg nc hcoknng nc okgwz
eqppwg0 Gnng c ÈvÈ fÈeqwxgtvg rct Dgp¦kpigt gv cn0 ]3_0 Gnng rqtvg
uqp pqo rcteg sw)gnng c ÈvÈ vtqwxÈ eqoog Èvcpv wpg rtqvÈkpg swk
guv tgnÀejÈg rct ngu rncvgngvu qw vjtqodqe{vgu swk uqpv uvkownÈu
rct nc vtqodkpg0 Fgrwku egvvg fÈeqwxgtvg. ngu VURu qpv vtqwxÈgu
f)Évtg gzrtkoÈgu rct fgu pqodtgwugu egnnwngu. gpvtg cwvtgu rct
ngu egnnwngu gpfqvjÈnkcngu. ngu 難dtqdncuvgu. ngu cfkrqe{vgu. ngu egn/
nwngu owuewncktgu nkuugu. ngu oqpqe{vgu gv ngu ocetqrjcigu0 Kek
pqwu rtÈugpvqpu swgnswgu kornkecvkqpu. ucpu Évtg gzjcwuvkh. swg
pqwu cxqpu vtqwxÈ kpvÈtguucpvgu0 Fcpu ng tguvg fw ejcrkvtg pqwu
hckuqpu nc nkckuqp fg egu hqpevkqpu cxge nc uvtwevwtg fg nc VUR
gp tgpvtcpv rnwu fcpu ngu fÈvcknu fg nc dkqnqikg oqnÈewncktg fg nc
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3040 NC DKQNQIKG FGU VJTQODQURQPFKPGU

rtqvÈkpg0

N)kp惷coocvkqp ]5_ ]6_
N)kp汝coocvkqp guv wpg tÈrqpug f)wp vkuuw xkxcpv ½ wpg dngu/

uwtg nqecng0 Gp iÈpÈtcng fcpu eg ecu. nc VUR/3 guv gzrtkoÈg rnwu
hqtvgogpv0 Rnwukgwtu tÈegrvgwtu fg nc VUR/3 uqpv pÈeguucktgu rqwt
nc tÈiwncvkqp fg n)kp汝coocvkqp0 Nc VUR/3 kpvgtcikv cxge ngu rtq/
vciqpkuvgu xctkÈu rqwt cevkxgt ngu ukipcwz swk fktkigpv n)kp汝co/
ocvkqp0 Nc VUR/3 c fgu g軟gvu cpvk gv rtq/kp汝coocvqktgu. swk qpv
ÈvÈ qdugtxÈu kp xkxq fcpu ngu oqfÇngu f)cpkocwz fk軟Ètgpvu0 Ngu
uqwtku gp fÈ難ekgpeg fg VUR/3 rct gzgorng uqpv tgeqppwgu rqwt
cxqkt nc rpgwoqpkg gv nc eqnkvg ckiwÊ gv gpeqtg dgcweqwr f)cwvtgu
cpqocnkgu swk uqpv nkÈgu ½ n)kp汝coocvkqp0

Nc rtqnkhÈtcvkqp ]7_ ]8_
Ngu VURu cxge f)cwvtg oqnÈewngu lqwgpv wp tÓng etwekcn rqwt nc

rtqnkhÈtcvkqp0 Nc VUR/3 eqoog nc VUR/4 qpv ÈvÈ vtqwxÈgu eqoog
Èvcpv rtqoqvgwtu fg nc rtqnkhÈtcvkqp fg egtvckpu v{rgu fg egnnwngu0
Kejkk gv cn ]7_ qpv fÈoqpvtÈ kp xkvtq swg nc VUR/3 guv kornkswÈg
fcpu nc rtqnkhÈtcvkqp fgu egnnwngu fgu owuengu nkuugu0 P0 Nqrg¦ gv
cn ]8_ qpv tgvtqwxÈ swg nc VUR/4 guv rct cknngwtu wp tÈiwncvgwt fg
nc rtqnkhÈtcvkqp fgu egnnwngu gpfqvjÈnkcngu0

Nc iwÈtkuqp fgu dnguuwtgu ]9_ ]:_
Nc iwÈtkuqp fgu dnguuwtgu guv wp rtqeguuwu eqorngzg swk rtgpf

gp eqorvg fgu Èvcrgu fk軟Ètgpvgu swk ug tgeqwxtgpv rctvkgnng/
ogpv0 Egu Èvcrgu uqpv n)kp汝coocvkqp. nc rtqnkhÈtcvkqp gv nc tg/
oqfÈnkucvkqp fw vkuuw0 Eqoog fÈetkv ek/fguuwu. ngu VURu uqpv ko/
rqtvcpvgu fcpu ngu rtgokÇtgu fgwz Èvcrgu0 Nc VUR/3 gv nc VUR/4
qpv ÈvÈ vtqwxÈu eqoog Èvcpv kornkswÈgu fcpu ng rtqeguuwu vqvcng
fg nc iwÈtkuqp fgu dnguuwtgu0 Nc VUR/3 guv rtÈugpvg nqtu fgu rtg/
okÇtgu Èvcrgu gv lqwg wp tÓng korqtvcpv rgpfcpv n)kp汝coocvkqp0
Nc VUR/4 guv gzrtkoÈg rnwu hqtvgogpv rnwu vctf rgpfcpv nc iwÈ/
tkuqp f)wpg dnguuwtg0 Ngu fgwz rtqvÈkpgu uqpv fqpe kornkswÈgu
fcpu nc tÈrctcvkqp f)wpg dnguuwtg0 Ngu uqwtku swk uqpv fÈ難ekgpvgu
gp VUR/4 oqpvtgpv wpg iwÈtkuqp rnwu ngpvg0 Ngu dnguuwtgu iwÈ/
tkgu fg egu uqwtku qpv wpg eqpegpvtcvkqp rnwu hqtvg fgu xckuugcwz
ucpiwkpu gv wpg ocvtkeg gzvtcegnnwncktg rgw qticpkuÈg0

:
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N)cpikqigpÇug ];_ ]32_
N)cpikqigpÇug fÈetkv ng rtqeguuwu fg nc etqkuucpeg fgu xcku/

ugcwz ucpiwkpu0 Gnng guv tÈiwnÈg rct ngu rtqvÈkpgu fk軟Ètgpvgu swk
cikuugpv eqoog wp rtqoqvgwt qw eqoog wp tÈrtguugwt fg n)cp/
ikqigpÇug0 Ngu fgwz. nc VUR/3 eqoog nc VUR/4 lqwgpv wp tÓng ce/
vkh eqoog rtqoqvgwt qw tgrtguugwt fg n)cpikqigpÇug0 Nc VUR/3
c ÈvÈ rct gzgorng vtqwxÈg ½ kpfwktg n)crqrvqug. f)kpjkdgt nc ok/
itcvkqp fgu egnnwngu gv nc rtqnkhÈtcvkqp fcpu ngu ecu fgu egnnwngu
gpfqvjÈnkcngu0 Ng eqpvtÓng fg n)cpikqigpÇug guv wp hcevgwt etw/
ekcn rqwt eqodcvvtg ng ecpegt0 Rnwukgwtu kpvgtxgpvkqpu vjÈtcrgw/
vkswgu cikuugpv uwt ng vcwz f)gzrtguukqp fgu VURu0 N)wvknkucvkqp
fgu rgrvkfgu etÈÈu ½ rctvkt fgu uÈswgpegu rgrvkfkswgu eqoog
CDV/732 ]33_ fg nc VUR c ÈvÈ rtqrquÈ rqwt eqpvtÓngt n)cpikqig/
pÇug0

N)crqrvqug ]34_ ]35_ ]36_
N)crqrvqug fÈetkv nc oqtv rtqitcooÈg f)wpg egnnwng0 N)kpfwe/

vkqp f)crqrvqug lqwg wp tÓng korqtvcpv fcpu ng tgpqwxgnngogpv
fgu vkuuwu gv fcpu ng vtckvgogpv fgu ecpegtu0 Egtvckpu oÈfkec/
ogpvu wvknkuÈu nqtu fg ejkokqvjÈtcrkg uqpv gpvtg cwvtgu etÈgu
rqwt kpvtqfwktg n)crqrvqug0 Nc VUR c wp fqwdng tÓng fÇu nqtu sw)gnng
rgwv Évtg wp kpjkdkvgwt qw wp rtqoqvgwt fg n)crqrvqug0 VUR/3
rgwv rct gzgorng kpjkdgt n)crqrvqug kpvtqfwkvg rct ng ecorvq/
vjÈekpg qw ng fqzqtwdkekpg ]34_ fcpu ngu egnnwngu ectekpqÎfgu fg
nc vj{tqÎfg0 N)g軟gv kpxgtug c ÈvÈ tgvtqwxÈ rqwt ngu egnnwngu ectek/
pqÎfgu fw eÓnqp ]35_ qÙ nc VUR rgwv kpvtqfwktg n)crqrvqug0 Egek c
ÈvÈ Èicngogpv tgvtqwxÈ rqwt ngu egnnwngu gpfqvjÈnkcngu ]36_0

Nc ejqpftqigpÇug ]37_
Kn c ÈvÈ tgvtqwxÈ swg nc VUR/7 c wp tÓng korqtvcpv fcpu nc etqku/

ucpeg fgu qu0 Ngu pqodtgwz ukvgu fg owvcvkqpu fcpu nc uÈswgpeg
fw VUR/7 qpv ÈvÈ kfgpvk難Èu Èvcpv nc ecwug rqwt nc ocncfkg jÈtÈ/
fkvcktg fkvg Rugwfqcejqpftqrncukc *RUCEJ+ gv uc hqtog oqkpu
uÈxÇtg Ownvkrng grkrj{ugcn f{urncukc *OGF+0 RUCEJ guv okgwz
eqppwg uqwu uqp pqo eqoowp ng pcpkuog0 Ngu fgwz ocncfkgu
uqpv ngu ecwugu f)wpg etqkuucpeg kttÈiwnkÇtg fw ectvkncig swk hckv
swg ngu qu uqpv ocn hqtoÈu0 Nc VUR/7 guv kornkswÈg gp cikuucpv
gpugodng cxge f)cwvtgu rtqvÈkpgu fcpu nc hqtocvkqp fw ectvkncig0
Ngu rtqvÈkpgu owvcpvgu ecwugpv egu kttÈiwnctkvÈu fcpu nc hqtoc/

;
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vkqp swk gpigpftg egu ocncfkgu jÈtÈfkvcktgu0

Nc u{pcrvqigpÇug fw u{uvÇog pgtxgwz egpvtcn
Nc VUR/3 gv VUR/4 uqpv uÈetÈvÈgu rct ngu cuvtqe{vgu0 Kn c ÈvÈ

fÈeqwxgtv swg n)gzrtguukqp fw VUR/3 gv 4 guv tÈiwnÈg f{pcokswg/
ogpv rgpfgpv ng fÈxgnqrrgogpv fw egtxgcw ]38_0 Nc eqpegpvtc/
vkqp fw VUR fcpu ng egtxgcw godt{qppcktg guv hckdng. gnng guv rnwu
korqtvcpvg fcpu ng egtxgcw rquvpcvcn gv rtguswg cdugpvg fcpu ng
egtxgcw cfwnvg0 M0 U0 Ejtkuvqrjgtuqp gv cn ]39_ qpv fÈoqpvtÈ swg
nc hqtocvkqp fgu u{pcrugu rgwv Évtg gpigpftÈg rct nc VUR/3 fcpu
wp oÈfkwo eqpfkvkqppÈ rct fgu cuvtqe{vgu gv fcpu ngu egnnwngu fw
icpinkqp tÈvkpkgp fgu tcvu0 Knu qpv Èicngogpv fÈoqpvtÈ swgoÉog
uk ngu uqwtku swk uqpv fÈ難ekgpvgu gp VUR/3 qw gp VUR/4 p)qpv rcu
wpg rnwu hckdng swcpvkvÈ fgu u{pcrugu fcpu ngwt egtxgcw ocku swg
nc pqodtg fgu rqkpvu u{pcrvkswgu rgwv Évtg 62' rnwu hckdng fcpu
egu uqwtku rgpfcpv egtvckpgu Èvcrgu fw fÈxgnqrrgogpv fw eqtvgz
eÈtÈdtcng swg fcpu ngu uqwtku owvcpvgu swk p)gzrtkogpv pk fg nc
VUR/3 pk fg nc VUR/40

N)qdÈukvÈ ]3:_
Wpg Èvwfg ogpÈg rct [0 Nk gv cn c fÈoqpvtÈ swg ng VUR/3 lqwg

wp tÓng korqtvcpv fcpu n)qdÈukvÈ0 Ngu uqwtku vtcpuiÈpkswgu swk
uqpv kpecrcdngu f)gzrtkogt nc VUR/3 gv swk Èvckgpv pqwttkgu cxge
wp tÈikog hqtvgogpv itcu fÈxgnqrrgpv n)qdÈukvÈ fcpu ng oÉog
vgoru swg ngu uqwtku ucwxcigu0 Nc VUR/3 p)guv fqpe rcu kornkswÈg
fcpu ng fÈxgnqrrgogpv fg n)qdÈukvÈ. ocku ngu uqwtku fÈ難ekgpvgu
gp VUR/3 qpv oqpvtÈ sw)gnngu rnwu vqnÈtcpvgu cw inwequg gv rnwu
ugpukdngu ½ n)kpuwnkpg0 Egu uqwtku uqpv Èicngogpv rnwu hckdngu gp
ceewowncvkqp fgu ocetqrjcigu fcpu ngwt vkuuw cfkrgwz0 [0 Nk gv
cn rtqrqugpv swg nc VUR/3 guv tgurqpucdng rqwt egvvg ceewownc/
vkqp fgu ocetqrjcigu fcpu eg vkuuw gv sw)cxge f)cwvtgu g軟gvu.
VUR/3 kpfwkv n)kp汝coocvkqp fw ½ n)qdÈukvÈ swk guv nc ecwug rqwt
nc tÈukuvcpeg ½ n)kpuwnkpg0

Nc VwoqtqigpÇug0
Fg pqodtgwz tÓngu eqorngzgu fg nc VUR/3 ecwugpv nc hqtoc/

vkqp fgu egnnwngu vwoqtcngu gv nc oÈvcuvcug uqpv eqppwu0 Uwkxcpv
ng vkuuw gv ng v{rg fg egnnwng qÙ ug vtqwxg nc rtqvÈkpg. gnng rgwv
lqwgt uqkv ng tÓng f)wp rtqoqvgwt fg vwogwt. uqkv ng tÓng f)wp tÈ/
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rtguugwt0 Kn c ÈvÈ rct gzgorng tgvtqwxÈ sw)kn rgwv Évtg wp kpjk/
dkvgwt fg n)cpikqigpÇug vwoqtcng0 Gpeqtg swg fcpu ngu ecu rtÈ/
eÈfgpvu nc VUR kpvgtcikv cxge wpg ownvkvwfg fgu rtqvÈkpgu fg nc
ocvtkeg gzvtcegnnwncktg qw fgu rtqvÈkpgu cpetÈgu fcpu nc ogo/
dtcpg egnnwncktg qÙ gnng u)cvvcejg gv kpfwkv nc vtcpufwevkqp fgu
ukipcwz0 Ngu hqpevkqpu swk uqpv nkÈgu ½ nc vwoqtqigpÇug uqpv rct/
vkewnkÇtgogpv korqtvcpvgu fÇu swg ngu pqwxgcwz oÈfkecogpvu
rqwt ng vtckvgogpv fw ecpegt uqpv oqfÈnkuÈu ½ rctvkt fgu rgrvkfgu
fw VUR/30 CDV/732 ]3;_ ]42_. CDV/748 ]43_ ]44_ gv CDV/:;: ]45_
uqpv fgu oqnÈewngu oqfÈnkuÈgu ½ rctvkt fgu rgrvkfgu fw VUR swk
ug vtqwxgpv fcpu ngu Èvcrgu fk軟Ètgpvgu f)guucku enkpkswgu rqwt
wpg hwvwtg wvknkucvkqp eqoog rqwt ng vtckvgogpv fw ecpegt0
Fcpu eg ejcrkvtg. pqwu hckuqpu nc nkckuqp gpvtg ngu hqpevkqpu gv

nc uvtwevwtg fg nc VUR0 Nc VUR guv eqorquÈg f)wpg ownvkvwfg fg
fqockpgu0 Rqwt ngu fk軟Ètgpvgu VUR swk ug vtqwxgpv fcpu ng eqtru
jwockp egvvg eqorqukvkqp guv oqpvtÈg gp 難iwtg 5030 Vqwvgu ngu
VURu uqpv eqorquÈgu f)cw oqkpu vtqku tÈrÈvkvkqpu fg GIH/nkmg.
f)wp fqockpg tkejg gp ecnekwo crrgnÈ ng Uvcnm gv f)wp fqockpg
inqdwncktg cw E/vgtokpcn crrgnÈ Inqdg0 Egu rctvkgu swk uqpv gp
eqoowp ½ vqwvgu ngu VURu u)crrgnng ng Fqockpg fg Ukipcvwtg
*FU+0 Eg fqockpg guv cw eqgwt fg nc tgejgtejg g軟gevwÈg fcpu eg
vtcxckn0 Gnng eqpvkgpv fgu ukvgu fg 難zcvkqpu korqtvcpvgu. eqoog
egnng fw EF/69 ]46_. qw cwz fkxgtugu kpvgitkpgu ]47_ ]48_0 Egu
kpvgtcevkqpu lqwgpv fgu tÓngu korqtvcpvu gv uqpv rct gzgorng fÈ/
vgtokpcpv fcpu nc vwoqtqigpÇug qw nc rtÈugtxcvkqp fg nc ucpvÈ
xcuewncktg gp ecu f)kp汝coocvkqp ]49_0 Egu rtqeguuwu uqpv gpeqtg
ocn eqortku fcpu uqwu n)cping fg nc dkqnqikg oqnÈewncktg0 Nc VUR
FU eqpvkgpv fg pqodtgwugu kqpu fg ecnekwo gv nc uvtwevwtg fg
eg fqockpg gv uc hqpevkqp guv fÈrgpfcpvg fg nc eqpegpvtcvkqp fw
ecnekwo0 Pqwu cxqpu fqpe hckv crrgn cwz crrtqejgu vjÈqtkswgu
fg f{pcokswg oqnÈewncktg rqwt Èvwfkgt egu rtqeguuwu0

305 Nc ukowncvkqp gp
f{pcokswg oqnÈewncktg encuukswg

NcF{pcokswgOqnÈewncktg *FO+ encuukswg hqtog wp gpugodng
fg oÈvjqfgu vjÈqtkswgu. swk rgwxgpv Évtg kornÈogpvÈgu fcpu
fgu nqikekgnu. gv swk rgtogvvgpv f)Èvwfkgt ngu rtqrtkÈvÈu rj{ukswgu
f)wp gpugodng f)cvqogu gv fg oqnÈewngu0 Egu gpugodngu rgwxgpv
Évtg fgu ic¦. nkswkfgu qw fgu oqnÈewngu dkqnqikswgu eqoog fcpu
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pqvtg ecu0 N)qtkikpg fg egu ukowncvkqpu ug vtqwxg fcpu ngu cppÈgu
72 fw 42Çog ukÇeng fcpu ng fqockpg fg nc rj{ukswg vjÈqtkswg ]4:_0
Cxge n)cwiogpvcvkqp fg nc rwkuucpeg fgu qtfkpcvgwtu ngu kpvÈtÉvu
fcpu nc FO ug uqpv ownvkrnkÈu gv cwlqwtf)jwk fgu ukowncvkqpu gp
FO ug hqpv fcpu fg pqodtgwugu fkuekrnkpgu uekgpvk難swgu0 Cwlqwt/
f)jwk kn gzkuvg oÉog fgu ocejkpgu urÈekcngogpv eqpuvtwkvgu rqwt
nc FO ]4;_0 Fcpu pqvtg ecu pqwu cxqpu wvknkuÈ nc FO rqwt okgwz
eqortgpftg ng eqorqtvgogpv f{pcokswg fg nc Fqockpg fg Uk/
ipcvwtg *FU+ fg nc Vjtqodqurqpfkpg *VUR+0
Eqoog fcpu vqwvgu ngu ukowncvkqpu. swk uqpv rct fÈ難pkvkqp

sw)wpg crrtqzkocvkqp fg nc tÈcnkvÈ. knu gzkuvgpv rnwukgwtu kpeqp/
xÈpkgpvu0 Nc fguetkrvkqp f)wp u{uvÇog guv nkokvÈ rct ng vgoru fw
ecnewn cnnqwÈ. gv kn hcwv vtqwxgt wp oqfÇng cuug¦ gzcev rqwt fÈ/
etktg ngu rtqeguuwu swg n)qp xgwv Èvwfkgt uqwu eqpvtckpvg fg nc
rwkuucpeg ecnewncvtkeg fkurqpkdng0 Egvvg vÀejg guv uÛtgogpv wpg
fgu rnwu eqornkswÈgu gp g軟gevwcpv egu ukowncvkqpu0 Lwusw)½ cw/
lqwtf)jwk n)gzcevkvwfg fgu ukowncvkqpu fg eg v{rg hckv fÈdcv0
Nc FO encuukswg. eqoog qp rgwv hcekngogpv ng fÈfwktg fg uqp

pqo. ug nkokvg cwz rtkpekrgu fg nc rj{ukswg encuukswg0 Gnng rtgpf
gp eqorvg pk nc oÈecpkswg swcpvkswg pk nc tgncvkxkvÈ0 Cwlqwtf)jwk.
egu v{rgu fg ukowncvkqpu eqpvkgppgpv fg pqodtgwz cniqtkvjogu
swk vqwejgpv nc vjÈqtkg encuukswg fg n)ÈngevtqocipÈvkuog. fgu
cwvtgu kpvgtcevkqpu kpvgtcvqokswgu eqoog n)kpvgtcevkqp fg xcp
fgt Yccnu gv wpg itcpfg rctvkg fg nc oÈecpkswg uvcvkuvkswg0 Egu
cniqtkvjogu uqpv cwlqwtf)jwk kornÈogpvÈu fcpu fgu pqodtgwz
nqikekgnu eqoog ITQOCEU ]52_ qÙ PCOF ]53_0 Fcpu eg ejc/
rkvtg pqwu fÈetkxqpu nc vjÈqtkg swg pqwu cxqpu wvknkuÈg fcpu ngu
ukowncvkqpu swg pqwu cxqpu tÈcnkuÈgu0
C{cpv fÈetkv nc vjÈqtkg wvknkuÈg fcpu ngu nqikekgnu swg pqwu

cxqpu wvknkuÈ gp g軟gevwcpv pqu ukowncvkqpu. pqwu fÈetkxqpu eqo/
ogpv egu ukowncvkqpu uqpv hckvgu gp rtcvkswg0 Pqwu oqpvtqpu ngu
rtqdnÇogu swg pqwu cxqpu tgpeqpvtÈ gp ejqkukuucpv ngu dqpu rc/
tcoÇvtgu. eqoog ngu ejcoru fg hqtegu gv ngu gpugodngu uvcvku/
vkswgu rqwt ukowngt wp fqockpg fg itcpfg vcknng eqoog nc VUR
FU0
Wpg hqku ngu ukowncvkqpu g軟gevwÈgu. ngwt cpcn{ug guv wp vtc/

xckn korqtvcpv gv hqpfcogpvcn rqwt eqortgpftg gv kpvgtrtÉvgt ng
eqorqtvgogpv oqnÈewncktg0 Eqoog pqvtg kpvÈtÉv ug eqpegpvtg
uwt ngu g軟gvu f{pcokswgu fg nc VUR FU. pqwu cxqpu fqpe fÈ/
xgnqrrÈ fgu oqfwngu gv oÈvjqfgu swk rgtogvvgpv fg tÈrqpftg
½ egvvg rtqdnÈocvkswg0 Wp fg egu oqfwngu guv rct gzgorng Èetkv
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rqwt Èvwfkgt eqoogpv nc urjÇtg fg eqqtfkpcvkqp f)wp kqp ecnekwo
ejcpig cw eqwtu f)wpg ukowncvkqp0
Pqwu cxqpu hckv 88 ukowncvkqpu *e0h0 vcdngcwz 603 gv 604+ gp/

vkÇtgogpv fqpv 86 fgu rctvkgu fk軟Ètgpvgu fg nc VUR FU * 5.7•u
gp vqvcn+0 Rct egu ukowncvkqpu pqwu cxqpu qdvgpw fgu tÈuwnvcvu fk/
xgtu0 Pqwu cxqpu ÈvwfkÈ nc 汝gzkdknkvÈ fg eg fqockpg gv pqwu cxqpu
tgvtqwxÈ swg ng Uvcnm gv ngu tÈrÈvkvkqpu GIH/nkmg ugodngpv vtÇu
汝gzkdngu rct tcrrqtv cw Inqdg0 Pqwu cxqpu Èicngogpv rw oqp/
vtgt swg nc 汝gzkdknkvÈ fgu tÈrÈvkvkqpu GIH/nkmg guv nkÈg ½ nc 難zcvkqp
f)wp kqp ecnekwo0 Fcpu ngu ukowncvkqpu qÙ n)kqp ukvwÈ gpvtg nc rtg/
okÇtg gv nc fgwzkÇog tÈrÈvkvkqp GIH/nkmg guv uqnxcvÈ. egu fgwz
fqockpgu oqpvtgpv wpg cwiogpvcvkqp fcpu ngwt 汝gzkdknkvÈ0 Rqwt
ng Uvcnm gv ng Inqdg pqwu p)cxqpu rcu rw kfgpvk難gt wpg tgncvkqp
gpvtg nc uqnxcvcvkqp fgu kqpu fcpu egu tÈikqpu gv nc 汝gzkdknkvÈ0
Ng Uvcnm c ugodnÈ gp iÈpÈtcng cuug¦ 汝gzkdng oÉog uk ngu kqpu
pg uqpv rcu rctvku0 Uwt ng Inqdg swk guv cuug¦ tkikfg rct tcrrqtv
cwz cwvtgu rctvkgu fg nc FU pqwu cxqpu rw kfgpvk難gt fgu dqwengu
汝gzkdngu swk kpvgtcikuugpv Èicngogpv cxge fgu kqpu ecnekwo0 Ng
tÈuwnvcv ng rnwu korqtvcpv guv rtqdcdngogpv n)kfgpvk難ecvkqp fgu
kqpu Èejcpigcdngu0 Uwt egvvg rctvkg swk eqpvkgpv cwvqwt fg 52
kqpu pqwu cxqpu rw kfgpvk難gt ng ukvgu fg 32 kqpu Èejcpigcdngu0
Egnc ukipk難g sw)knu rgwxgpv Évtg hcekngogpv uqnxcvÈu. rgpfcpv swg
ngu cwvtgu kqpu uqpv rnwu 難zÈu ½ nc rtqvÈkpg0 Wpg kfgpvk難ecvkqp fgu
kqpu guv fqppÈg gp 難iwtg 5080 Ngu rtqdcdknkvÈu sw)wp kqp rctvg
uqpv fÈoqpvtÈu gp 難iwtg 607 gv 6080
Fg rnwu pqwu cxqpu Èicngogpv hckv fgu nkckuqpu cxge fgu oq/

fÇngu dkqnqikswgu gzkuvcpvu fg uvtwevwtgu swk eqpvkgppgpv wpg
hckdng swcpvkvÈ f)kqpu ecnekwo ]54_0 Pqwu cxqpu oqpvtÈ sw)gp
etÈcpv egu oqfÇngu. qp fgxtckv fk軟Ètgpekgt gpvtg ngu fk軟Ètgpvu
ogodtgu fg nc hcoknng fgu VURu0 Pqwu cxqpu rct gzgorng oqpvtÈ
swg ngu kpvgtcevkqpu gpvtg ng Uvcnm gv Inqdg qpv wp eqorqtvgogpv
f{pcokswg fk軟Ètgpv gpvtg ngu fk軟Ètgpvu VUR/3.4 gv 70
Fcpu eg ejcrkvtg pqwu oqpvtqpu Èicngogpv nc hckdnguug fgu

ejcoru fg hqtegu0 Pqwu oqpvtqpu swg ngu kqpu ecnekwo qpv fgu
eqorqtvgogpvu fk軟Ètgpvu ugnqp ngu ejcoru fg hqtegu0 Pqwu eqpuvc/
vqpu swg ngu ejcoru fg hqtegu encuukswgu uqpv ocn cfcrvÈu rqwt
vtckvgt ngu rtqdnÇogu swg pqwu tgpeqpvtqpu. fÇu sw)knu uqpv kpec/
rcdng fg rtgpftg fgu g軟gvu eqoog ngu vtcpuhgtvu fg ejctigu qw
nc rqnctkucvkqp gp eqorvg0 Rqwt hcktg hceg ½ egu rtqdnÇogu pqwu
cxqpu hckv crrgn cwz oÈvjqfqnqikgu fg nc rj{ukswg oqfgtpg. nc
oÈecpkswg swcpvkswg oqnÈewncktg0
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306 Nc oÈecpkswg swcpvkswg oqnÈewncktg

Eqoog pqwu n)cxqpu fkuewvÈ fcpu ng rtÈeÈfgpv rctcitcrjg nc
F{pcokswg OqnÈewncktg *FO+ encuukswg rqug fg pqodtgwz rtq/
dnÇogu uk n)qp xgwv n)wvknkugt rqwt g軟gevwgt fgu ukowncvkqpu fgu
u{uvÇogu dkqnqikswgu eqorngzgu eqoog ng Fqockpg fg Ukipc/
vwtg *FU+ fg nc Vjtqodqurqpfkpg *VUR+0 Ng pqodtg korqtvcpv
fgu kqpu ecnekwo fkxcngpvu gv n)g軟gv fg rqnctkucvkqp gpigpftÈ rct
egwz/ek uqpv ocn fÈetkvu fcpu ng eqpvgzvg fg nc FO encuukswg0
E)guv ½ ecwug fg egvvg fk二ewnvÈ swg pqwu cxqpu ejqkuk f)wvknk/
ugt ngu oÈvjqfgu fg OÈecpkswg Swcpvkswg *OS+ oqnÈewncktg0
Nc OS oqnÈewncktg c nc ecrcekvÈ fg ecnewngt nc rtqdcdknkvÈ fg
vtqwxgt wp Èngevtqp cwvqwt f)wpg oqnÈewng fcpu wpg egtvckpg tÈ/
ikqp f)gurceg0 E)guv/½/fktg swg pqwu fguegpfqpu ½ n)Èejgnng uqwu/
cvqokswg qÙ ngu eqwejgu Èngevtqpkswgu f)wpg oqnÈewng rgwxgpv
Évtg gzrnkekvgogpv ecnewnÈgu0 Nc tckuqp rqwt ncswgnng pqwu cxqpu
ejqkuk egvvg fÈoctejg guv swg egnc pqwu rgtogv f)Èvwfkgt gp fÈ/
vckn ngu g軟gvu fg rqnctkucvkqp swk uqpv gpigpftÈu rct fgu kqpu
fkxcngpvu eqoog ng ecnekwo ½ nc uwthceg fg nc VUR FU0 Egek pqwu
rgtogv f)Èvcdnkt wpg oguwtg f)gttgwtu fcpu ngu ejcoru fg hqtegu
gv fcpu nc FO encuukswg gp iÈpÈtcng swk uqpv fwgu ½ nc rqnctkuc/
vkqp qw ngu vtcpuhgtvu fg ejctig0 Fcpu pqu Èvwfgu. pqwu cxqpu
wvknkuÈ fgwz oÈvjqfgu fk軟Ètgpvu. nc oÈvjqfg fkvu Ejcor ugnh/
eqpukuvgpv *UEH+ Èicngogpv eqppw uqwu ng pqoJctvtgg Hqem *JH+
gv nc oÈvjqfg fg nc VjÈqtkg fg nc Hqpevkqppgnng fg nc FgpukvÈ
*FHV+ gv ngu oÈvjqfgu fkvgu Hqpevkqppgnngu J{dtkfgu swk qpv ÈvÈ
fÈxgnqrrÈgu ½ rctvkt fg egu fgwz/n½0 Egu oÈvjqfgu pwoÈtkswgu
uqpv ecrcdngu fg fqppgt wpg uqnwvkqp crrtqzkocvkxg rqwt n)Èswc/
vkqp fg UejtÕfkpigt kpfÈrgpfcpvg fw vgoru0 ̆ rctvkt fg egu uq/
nwvkqpu. qp rgwv ckpuk fÈfwktg nc rtqdcdknkvÈ fg vtqwxgt wp Ènge/
vtqp fcpu wpg egtvckpg tÈikqp f)gurceg. wpg kphqtocvkqp cwuuk
crrgnÈg ng pwcig Èngevtqpkswg0 Eqoog nc FO encuukswg pg vtckvg
rcu fgu Èngevtqpu gzrnkekvgogpv gv cvvtkdwv ngu ejctigu oqpqrq/
ncktgu cwz qdlgvu eqoog ½ fgu cvqogu qw ½ fgu itqu itckpu fcpu
ngu ukowncvkqpu pqwu cxqpu fw vtqwxgt wpg oÈvjqfg rqwt ogpgt
ngu tÈuwnvcvu fg nc SO oqnÈewncktg ½ n)Èejgnng cvqokswg fg nc FO
encuukswg0 Pqwu cxqpu cnqtu guuc{È f)cvvtkdwgt ngu ejctigu oqpq/
rqncktgu cwz qdlgvu eqoog ½ fgu cvqogu qw ½ fgu itckpu itquukgtu
swk uqpv wvknkuÈu fcpu nc FO encuukswg ½ rctvkt fw pwcig Èngevtq/
pkswg qdvgpw0 Cxge egu oÈvjqfgu fkurqpkdng rqwt hcktg eg v{rg fg
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ecnewnu eqoog nc oÈvjqfg fkvg Gngevtquvcvke Rqvgpvkcn *GUR+ ]55_
qwOwnnkmgp ]56_. pqwu p)Èvkqpu rcu ecrcdngu f)qdvgpkt fgu tÈuwn/
vcvu tckuqppcdngu0 Rqwt hcktg hceg ½ eg rtqdnÇog pqwu cxqpu fÈxg/
nqrrÈ gv kornÈogpvÈ wp pqwxgn cniqtkvjog dcuÈ uwt nc oÈvjqfg
GUR rqwt fÈtkxgt ngu ejctigu rctvkgnngu0 Pqwu cxqpu rgpfcpv eg
fÈxgnqrrgogpv wvknkuÈ ngu pqwxgnngu vgejpqnqikgu fg rtqitcooc/
vkqp rctcnnÇng0 Ng ncpicig QrgpEN pqwu c rgtoku fg rctcnnÈnkugt
gv f)kornÈogpvgt pqvtg cniqtkvjog uwt ngu fk軟Ètgpvu rwegu fg
ecnewnu swk ug vtqwxgpv fcpu wp qtfkpcvgwt cevwgn eqoog ngu wpk/
vÈu egpvtcngu ownvkeqgwtu *ERW+u. ngu wpkvÈu itcrjkswgu. *IRW+u
qw fgu ectvgu ceeÈnÈtcvtkegu0 Gp crrnkswcpv eg pqwxgn cniqtkvjog
pqwu cxqpu qdvgpw fgu tÈuwnvcvu rtÈnkokpcktgu uwt wpg tÈrÈvkvkqp
fw Uvcnm fg nc VUR FU0 Pqwu cxqpu Èicngogpv tÈuqnw rnwukgwtu
rtqdnÇogu swk ug rqugpv cwvqwt fw ecnewn fgu ejctigu rctvkgnngu
gv pqwu cxqpu hckv fgu rtqrqukvkqpu ½ eg uwlgv0
Pqwu pqwu cxqpu rquÈ nc swguvkqp eqoogpv rgwv/qp xkuwcnk/

ugt ngu uqnwvkqpu qdvgpwgu rct nc OS oqnÈewncktg A Pqwu cxqpu
eqpuvcvÈ swg rct fgu oÈvjqfgu fÈfkÈu ½ nc xkuwcnkucvkqp fgu xq/
nwogu qp fgxtckv Évtg ecrcdng fg oqpvtgt egu tÈuwnvcvu0 Pqwu
cxqpu fqpe etÈÈ fgu rtqeÈfÈu fg xkuwcnkucvkqp fÈetkvu fcpu ng
rtqejckp ejcrkvtg0

307 Nc xkuwcnkucvkqp oqnÈewncktg
Nc xkuwcnkucvkqp oqnÈewncktg guv n)wpg fgu oÈvjqfgu enÈu fcpu

nc eqortÈjgpukqp f)wp rtqeguuwu oqnÈewncktg eqoog egwz swk
qpv ÈvÈ fÈetkvu fcpu eg fqewogpv0 FÇu swg ngu rtgokÇtgu uvtwe/
vwtgu qpv ÈvÈ tÈuqnwgu rct fk軟tcevkqp fgu tc{qpu Z. qp u)guv kpvÈ/
tguuÈ ½ ngwt xkuwcnkucvkqp0 Ng rtgokgt oqfÇng f)wpg uvtwevwtg guv
cvvtkdwÈ ½ L0 E0 Mgpftgy gv cn ]57_ gv c ÈvÈ rwdnkÈ gp 3;7:0 Ngu
rtgokgtu oqfÇngu Èvckgpv eqpuvtwkvu oÈecpkswgogpv gv nc rtg/
okÇtg xkuwcnkucvkqp uwt qtfkpcvgwt c ÈvÈ hckv gp 3;88 ]58_0 Eqoog
nc uvtwevwtg f)wpg rtqvÈkpg qw f)cwvtgu oqnÈewngu dkqnqikswgu fg
itcpf vcknng guv nkÈg ½ nc hqpevkqp fg egwz/ek0 Ngwt xkuwcnkucvkqp guv
wpg rctvkg korqtvcpvg fg nc tgejgtejg0 Rnwukgwtu tÈuwnvcvu rtÈ/
ugpvÈu fcpu ngu ejcrkvtgu 6 gv 7 uqpv qdvgpwu itÀeg ½ nc xkuwc/
nkucvkqp0 Ngu tgrtÈugpvcvkqpu itcrjkswgu hqpv cwlqwtf)jwk rctvkg
fg nc tgejgtejg eqwtcpvg0
Nc xkuwcnkucvkqp p)ckfg rcu ugwngogpv fcpu nc eqortÈjgpukqp

fg nc hqpevkqp f)wpg oqnÈewng ocku guv cwuuk wp qwvkn rgthqtocpv
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rqwt eqoowpkswgt ngu rtqdnÇogu gv ngu uqnwvkqpu eqpegtpcpv egu
oqnÈewngu0 Wp 難no f)wpg oqnÈewng swk dqwig rgwv tÈuwogt wp
ejcpigogpv eqphqtocvkqppgn. nc hqtocvkqpu fgu nkckuqpu cwz nk/
icpfu gv f)cwvtgu hqpevkqpu0 Nc xkuwcnkucvkqp c Èicngogpv wp cu/
rgev guvjÈvkswg0 Gnng guv fqpe cwuuk wp qwvkn swk lqwg wp tÓng ko/
rqtvcpv fcpu nc xwnictkucvkqp fg nc uekgpeg0
Rgpfcpv pqu vtcxcwz pqwu cxqpu guuc{È fg tÈuqwftg rnwukgwtu

rtqdnÇogu rct ngu oÈvjqfgu fg xkuwcnkucvkqp0 Pqwu cxqpu tcrkfg/
ogpv tgpeqpvtÈ ngu nkokvgu fgu qwvknu fkurqpkdngu eqoog Xkuwcn
Oqngewnct F{pcokeu *XOF+ ]59_ qw R{Oqn ]5:_0 Rqwt htcpejkt egu
nkokvgu pqwu cxqpu wvknkuÈ gv fÈxgnqrrÈ fg pqwxgnngu crrtqejgu
swg pqwu cnnqpu rtÈugpvgt fcpu eg ejcrkvtg0
Pqwu cxqpu f)cdqtf Èxcnwgt nguoÈvjqfgu rqwt etÈgt fgu kocigu.

難nou rjqvqtÈcnkuvgu ½ rctvkt fgu uvtwevwtgu gv tÈuwnvcvu qdvgpwu
gp f{pcokswg oqnÈewncktg0 Pqwu cxqpu kpvtqfwkv wp qwvkn swk rgt/
ogv f)kpvgitÈt ng oqvkqp dnwt nc 汝qwvcig f)wpg kocig ½ rctvkt fg
nc xkvguug f)wp qdlgv swk guv uwt nc ueÇpg f)wp 難no0 Pqwu cxqpu
Èetkv fgu uetkrvu fkxgtu rqwt tgpftg ngu tÈuwnvcvu qdvgpwu gp REC
ceeguukdngu rqwt ng urgevcvgwt0 Rqwt wp tgpfw gpeqtg rnwu coÈ/
nkqtÈ pqwu cxqpu hckv crrgn cw nqikekgn Dngpfgt ]5;_0
Ocku nc xkuwcnkucvkqp pg u)cttÉvg rcu cwz uvtwevwtgu fg nc VUR

FU gv egnng fgu ukowncvkqpu hckvgu rct fgu oÈvjqfgu fg nc FO0
Nc xkuwcnkucvkqp rgwv cwuuk oqpvtgt fgu tÈuwnvcvu fg nc OS oqnÈ/
ewncktg0 Nc OS oqnÈewncktg fqppg ceeÇu cw pwcig Èngevtqpkswg
f)wpg oqnÈewng0 Pqwu cxqpu ÈvÈ rctvkewnkÇtgogpv kpvÈtguuÈu ½ xk/
uwcnkugt eg pwcig Èngevtqpkswg0 Egvvg vÀejg Èvckv eqornkswÈg fÇu
swg ngu oqnÈewngu gp swguvkqp. ngu tÈrÈvkvkqpu fw Uvcnm fg nc VUR
UF. uqpv rqwt egu crrtqejgu fgu oqnÈewngu tgncvkxgogpv itcpfgu
swk eqpvkgppgpv cwvqwt fg 422 f)cvqogu0 Pqwu cxqpu egrgpfcpv
cxge Dngpfgt tÈwuuk ½ xkuwcnkugt ng pwcig Èngevtqpkswg fg egu qd/
lgvu gv pqwu oqpvtqpu fcpu eg vgzvg ngu rtgokÇtgu kocigu qdvg/
pwgu0
Pqwu cxqpu wvknkuÈ ngu kocigu cxge uweeÇu nqtu fgu rtÈugp/

vcvkqpu cwz uÈokpcktgu kpvgtpgu gv cwz eqpitÇu kpvgtpcvkqpcwz0
Pqwu rqwxqpu rtÈugpvgt pqu vtcxcwz pqp ugwngogpv cwz eqpitgu
uekgpvk難swgu. ocku cwuuk ctvkuvkswgu0 Egek rtÈugpvg nc 難p fgu pqu
vtcxcwz swg pqwu cnnqpu eqpenwtg fcpu nc ugevkqp uwkxcpvg0
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308 Eqpenwukqp

Rgpfcpv eg vtcxckn pqwu cxqpu cdqtfÈ fgu fkuekrnkpgu fk軟È/
tgpvgu fg nc uekgpeg0 Pqwu cxqpu oÉog rw tcrrtqejgt wp rgw
n)ctv fg nc uekgpeg0 Eqoog fÈoqpvtÈ rtÈeÈfgoogpv pqwu cxqpu
eqoogpeÈ rct nc dkqnqikg fg nc Vjtqodqurqpfkpg *VUR+ gv rnwu
rctvkewnkÇtgogpv uqp Fqockpg fg Ukipcvwtg *FU+0 Pqwu cxqpu
eqpvkpwÈ gp Èvwfkcpv egvvg oqnÈewng rct ngu oÈvjqfgu fg ncF{pc/
okswg OqnÈewncktg *FO+0 Gvcpv rctxgpw cwz nkokvgu fg eg swk ug
rgwv hcktg rct FO. ½ ecwug fgu urÈek難ekvÈu fg nc VUR. pqvcoogpv
ng pqodtg ÈngxÈ fgu kqpu ecnekwo swk ug 難zgpv ½ egvvg rtqvÈkpg.
pqwu cxqpu cdqtfÈ nc OÈecpkswg Swcpvkswg *OS+ oqnÈewncktg0
Gp wvknkucpv nc OS oqnÈewncktg pqwu cxqpu ÈvwfkÈ nc fgpukvÈ Ènge/
vtqpkswg f)wpg egtvckpg tÈikqp fg nc VUR FU swk c cdqwvk ½ fgu tÈ/
uwnvcvu rtÈnkokpcktgu0 Fg hwvwtu vtcxcwz ugtqpv pÈeguucktgu rqwt
vtckvgt eqttgevgogpv gv cpcn{ugt egu tÈuwnvcvu0 Pqwu cxqpu Èic/
ngogpv fÈxgnqrrÈ wp pqwxgn cniqtkvjog rqwt fÈtkxgt ngu ejctigu
rctvkgnngu0 Rgpfcpv eg fÈxgnqrrgogpv pqwu cxqpu wvknkuÈ ngu pqw/
xgnng vgejpqnqikgu eqoog nc rtqitcoocvkqp rctcnnÇng ocuukxg
gp wvknkucpv nc ncpicig QrgpEN0 Egek pqwu c rgtoku fg hcktg vqwt/
pgt pqvtg cniqtkvjog rqwt nc fÈtkxcvkqp fgu ejctigu rctvkgnngu
cwz rwegu fgu ecnewnu fk軟Ètgpvu eqoog ngu Rtqeguugwtu Itc/
rjkswgu *IRW+u0 Okug ½ rctv vqwvgu egu oÈvjqfgu pqwu cxqpu
Èicngogpv vtcxcknnÈ uwt nc xkuwcnkucvkqp oqnÈewncktg0 Ngu qwvknu
gv ngu fÈoctejgu swg pqwu cxqpu oku gp rnceg rqwt okgwz xkuwc/
nkugt ngu oqnÈewngu pqwu qpv rgtoku fg okgwz eqortgpftg ngwtu
hqpevkqpu0 Eqoog fÈetkv. nc xkuwcnkucvkqp lqwg cwuuk wp tÓng ct/
vkuvkswg gv crrqtvg wpg xcngwt guvjÈvkswg0 Pqu vtcxcwz qpv ÈvÈ
pqp ugwngogpv uÈngevkqppÈu rqwt fgu eqpvgpwu uekgpvk難swguocku
cwuuk rqwt fgu eqpegrvu ctvkuvkswgu. gv pqwu cxqpu rw ngu rtÈugp/
vgt nqtu fg eqpitÇu uekgpvk難swgu. eqoog cwz eqpitÇu ctvkuvkswgu
xqkt eqpitÇu okzvgu0 Egek oqpvtg dkgp eqodkgp fg fqockpgu fkh/
hÈtgpvu fg nc tgejgtejg. qp fqkv vtckvgt rqwt eqortgpftg wp qdlgv
okpwuewng. wpg uqwu wpkvÈ f)wpg rtqvÈkpg0 Dgcweqwr fgu ejqugu
uqpv fkvgu uwt ngu oÈvjqfgu wvknkuÈgu gv ngu tÈuwnvcvu qdvgpwu gv
uqpv fÈetkvu gv fkuewvÈu fcpu ngu cwvtgu ejcrkvtgu0
Nc swguvkqp swk rgwv ug rqugt ockpvgpcpv guv eqoogpv eg vtc/

xckn fgxtckv eqpvkpwgt. eqoogpv ng hwvwt fg nc oqfÈnkucvkqp fg
nc VUR gv fg uc UF ugtc/v/kn A Pqwu pqwu rgtogvvqpu fg ogvvtg
swgnswgu nkipgu eqpegtpcpv eg uwlgv. cxcpv fg 難pkt eg vtcxckn gp
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tgoctswcpv swgnswgu curgevu qtkikpcwz <
Qp fgxtckv ucxqkt swg rtguswg vqwvgu ngu uvtwevwtgu swk eqo/

rqugpv ngu fqockpgu fgu VURu uqpv eqppwgu cwlqwtf)jwk0 Ocnjgw/
tgwugogpv swgnswgu uvtwevwtgu tguvgpv kpeqppwgu ½ ecwug fg ngwt
汝gzkdknkvÈ0 Pqwu etq{qpu swg n)qp rqwttckv rcu ugwngogpv fgu/
egpftg fg n)Èejgnng f{pcokswg ½ n)Èejgnng uqwu/ cvqokswg. qp fg/
xtckv Èicngogpv oqpvgt ½ n)Èejgnng oÈecpkswg qÙ ngu qdlgvu uqpv
fÈetkvu rct ngu oÈvjqfgu fg nc oÈecpkswg fgu oknkgwz eqpvkpwu
rqwt fÈetktg ngu rtqvÈkpgu eqoog nc VUR0 OÉog uk egnc p)c rcu
ÈvÈ hckv fcpu eg vtcxckn pqwu uwrrquqpu swg egvvg pqwxgnng hcÅqp
fg vtckvgt egu rtqdnÇogu rqwttckv cdqwvkt ½ fgu tÈuwnvcvu kpvÈtgu/
ucpvu0
Egrgpfcpv pqwu cxqpu cwuuk tgoctswÈ n)codkiwÎvÈ fg nc nkck/

uqp fw VUR cw Enwuvgt qh Fk乍gtgpvkcvkqp *EF/69+0 Pqwu cxqpu
uqwnkipÈ swg ngu rgrvkfgu swk uqpv eqppwu fg ug nkgt cw EF/69
uqpv gphqwku fcpu nc uvtwevwtg fg nc VUR0 Eqoog egvvg kpvgtcevkqp
guv korqtvcpvg rqwt ngu hqpevkqpu dkqnqikswgu fkxgtugu. pqwu uwr/
rquqpu swg fgu hwvwtu vtcxcwz fgxtqpv Èicngogpv vtckvgt egvvg
rtqdnÈocvkswg0
Fg rnwu. qp rqwttckv gpeqtg gpxkucigt dgcweqwr f)Èxgpvwcnk/

vÈu. ocku pqwu pqwu cttÉvqpu kek rqwt ogvvtg wp fgtpkgt rqkpv uwt
swgnswgu tÈuwnvcvu enÈu fg eg vtcxckn0
Wp fgu tÈuwnvcvu vtÇu kpvÈtguucpv guv rtqdcdngogpv n)kfgpvk難/

ecvkqp fgu kqpu Èejcpigcdngu uwt ng Uvcnm fg nc VUR FU swk hqpv
rctvkg fgu rtgokÇtgu eqppckuucpegu fg nc f{pcokswg fg egvvg
oqnÈewng0 Egek guv fÈetkv gp fÈvckn fcpu ng ejcrkvtg 60 Wp cwvtg
tÈuwnvcv korqtvcpv fg eg vtcxckn guv rtqdcdngogpv n)cniqtkvjog
swg pqwu cxqpu fÈxgnqrrÈ rqwt qdvgpkt ngu ejctigu rctvkgnngu0
Egvvg pqwxgnng crrtqejg ug fk軟Ètgpekg fg egnngu gzkuvcpvgu0 Egv
cniqtkvjog guv fÈvcknnÈ cw ejcrkvtg 70
Rqwt 難pkt pqwu gurÈtqpu swg eg vtcxckn ugtc wpg eqpvtkdwvkqp

½ nc tgejgtejg gv swg ng ngevgwt cwtc vtqwxÈ rnwu f)curgevu kpvÈ/
tguucpvu swg egwz ogpvkqppÈu kek0 Pqwu uqoogu Èicngogpv kpvÈ/
tguuÈu fg xqkt eg swg ngu cwvtgu xqpv hcktg cxge egu vtcxcwz swk
qpv fÈocttÈ rgpfcpv egvvg vjÇug fcpu rnwukgwtu fqockpgu gv qÙ
egu vtcxcwz pqwu gooÇpgtqpu0
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4 ̃ Kpvtqfwevkqp

Vjg tgugctej ctqwpf Vjtqodqurqpfkp *VUR+ rtqvgkpu jcu dggp
汝qwtkujkpi kp vjg tgegpv {gctu0 Vjg rtqvgkp ycu 難tuv fkueqxgtgf
d{ Dcgp¦kigt gv cn kp 3;93 ]3_. cpf ku kornkecvgf kp ugxgtcn fkh/
hgtgpv rj{ukqnqikecn rtqeguugu uwej cu kp汝coocvkqp. cpikqigpg/
uku. egpvtcn pgtxqwu u{uvgo u{pcrvqigpguku. yqwpf jgcnkpi. ect/
vkncig hqtocvkqp. rtqnkhgtcvkqp cpf pgqrncukc0 Kp jwocpu. 難xg
fk軟gtgpv v{rgu qh VRUu qp 難xg fk軟gtgpv igpgu fq gzkuv0 Vjgug
rtqvgkp oqngewngu hqto vjg VUR hcokn{0 VURu ctg nctig vtkogtke
qt rgpvcogtke gzvtcegnnwnct ocvtkz rtqvgkpu0 Eqooqp vq vjgo ku
vjg uq ecnngf Vjtqodqurqpfkp Ukipcvwtg Fqockp *VUR UF+0 Vjku
rctv qh VURu jqwugu ugxgtcn eqtg hwpevkqpu. cpf ku guugpvkcn vq
egnn cvvcejogpv cu vq vjg vjg dkpfkpi qh vjg Enwuvgt qh Fk乍gt/
gpvkcvkqp 69 *EF/69+. cnuq mpqyp cu Kpvgitkp Cuuqekcvgf Rtqvgkp
*KCR+ kp nkvgtcvwtg0 Vjg UF ecp dkpf ctqwpf 52 Ec4- kqpu rgt VUR
oqpqogt0 Ugxgtcn qh vjgug Ec4- kqpu jcxg dggp hqwpf vq dg tg/
oqxcdng. cpf gzejcpigcdng qp vjku rtqvgkp0 Kv ycu hwtvjgt hqwpf
vjcv fgrgpfkpi qp vjg eqpegpvtcvkqp qh Ec4- vjg UF)u eqphqtoc/
vkqp. cpf kvu hwpevkqpu ctg ukipk難ecpvn{ cnvgtgf0 Pgxgtvjgnguu.
vjgug korqtvcpv rtqeguugu ctg uvknn pqv ygnn wpfgtuvqqf vqfc{0
Jgpeg vjg yqtm rtgugpvgf jgtgkp jcu vjg iqcn vq gpnkijvgp

vjg kppgt yqtmkpiu qh vjg VUR UF0 Kp qtfgt vq ickp ukipk難ecpv
kpukijvu htqo vjku fqockp. ugxgtcn fk軟gtgpv ogvjqfu jcf vq dg
fgxgnqrgf. fk軟gtgpv crrtqcejgu jcf vq dg ngctpgf. cpf pgyyc{u
qh eqoowpkecvkpi vjgug kpukijvu jcxg dggp vtkgf0 Vjg yqtm. cpf
vjwu vjku fqewogpv. ctg fkxkfgf kpvq hqwt fk軟gtgpv uvcigu. yjkej
vt{ vq kpxguvkicvg vjg rtqdngo qh wpfgtuvcpfkpi vjg VUR UF htqo
fk軟gtgpv cpingu cpf ujcnn rqkpv qwv vjg rnwtkfkuekrnkpkv{ qh vjku
yqtm0 Vjg hqwt uvcigu ctg<
30 Vjg Dkqnqi{ qh vjg Vjtqodqurqpfkpu<
Vjku rctv vtgcvu guugpvkcnn{ vjg dkqnqikecn curgevu. cpf rqugu
vjg swguvkqpu vq dg tguqnxgf d{ vjku yqtm0 C ukipk難ecpv gh/
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hqtv ycu vjwu ocfg vq uwooctk¦g vjg dkqnqi{ qh VURu cu kv ku
mpqyp vqfc{0 Vjku kpenwfgu vjg fguetkrvkqp qh vjg gpvktg rtq/
vgkp hcokn{. yjkej jcu c nctig cttc{ qh fk軟gtgpv hwpevkqpu0
Vjku ugevkqp vtgcvu vjg igpgvkeu. vjg uvtwevwtgu cpf vjg ko/
rnkecvkqpu qh VUR qp fkugcugu cpf uvcvg qh ctv vtgcvogpvu qh
vjgug0

40 Encuukecn Oqngewnct F{pcokeu Ukowncvkqp<
Vjku rctv jkijnkijvu vjg rtqdngo htqo c encuukecn ogejcpkecn
xkgyrqkpv vtgcvkpi vjg rtqdngo cv cp cvqokuvke ngxgn0 Kp qt/
fgt vq wpfgtuvcpf vjg f{pcokeu qh vjg UF. cpf vq dg cdng vq
ickp kpukijvu kpvq vjg eqorngz rtqeguu qh ecnekwo fgrngvkqp.
ugxgtcn Oqngewnct F{pcokeu *OF+ ukowncvkqpu jcxg dggp
rgthqtogf0 Vjku rctv fgcnu ykvj vjg gngogpvct{ mpqyngfig
vjcv ku pggfgf kp qtfgt vq ocmg uwej ukowncvkqpu jcrrgp0 Kv
kpvtqfwegu qpg vq OF Hqteg Hkgnfu *HH+. cpf vjgkt kpvgitc/
vkqp0 Kv eqpvkpwgu d{ gzrnckpkpi jqy uvcvkuvkecn gpugodngu
ctg igpgtcvgf fwtkpi uwej ukowncvkqpu cpf ujqyu jqy yg
cpcn{¦gf cpf kpvgtrtgvgf vjg vtclgevqtkgu igpgtcvgf d{ uwej
ukowncvkqpu0 Hkpcnn{. yg tgrtgugpv vjg tguwnvu qdvckpgf d{
vjgug ukowncvkqpu. uwej cu vjg kfgpvk難ecvkqp qh gzejcpig/
cdng ecnekwo kqpu ykvjkp vjg VUR UF0

50 Oqngewnct Swcpvwo Ogejcpkeu<
Kp vjku ecug yg vtgcv vjg rtqdngo htqo vjg xkgyrqkpv qh oqf/
gtp rj{ukeu fguegpfkpi vq c uwdcvqoke ngxgn cpf ocmkpi vjg
rtqrgtvkgu qh vjg gngevtqpke ujgnn ctqwpf rctvu qh VURu vjg
eqtg qh vjg tgugctej0 Kp vjku ugevkqp. yg fguetkdg jqy qpg
qdvckpu c uqnwvkqp qh vjg UejtÕfkpigt gswcvkqp hqt oqngewngu
wukpi vjg Ugnh Eqpukuvgpv Hkgnf cnuq mpqyp cu Jctvtgg Hqem
*JH+ ogvjqf0 Vjgp yg ujqy jqy qpg kpvgnnkigpvn{ lqkpu vjku
ogvjqf ykvj Fgpukv{ Hwpevkqpcn Vjgqt{ *FHV+ kp qtfgt hqto
uq ecnngfJ{dtkf Hwpevkqpcnu uwej cu vjg xgt{ rqrwnctD5N[R
*Dgemg. vjtgg/rctcogvgt. Ngg/[cpi/Rctt+ kp qtfgt vq cejkgxg
fgegpv tguwnvu qp dkq/oqngewngu0 Qpeg vjg gngevtqp fgpukv{
jcu dggp qdvckpgf yg fgtkxgf rctvkcn ejctigu. yjkej ujqwnf
kp vjg gpf cnnqy wu vq xgtkh{ encuukecn oqngewnct f{pcokeu
hqteg 難gnfu cpf vq tg/kplgev vjg tguwnvu htqo uwej ecnewnc/
vkqpu kpvq encuukecn oqngewnct f{pcokeu hqteg 難gnfu0
Kp qtfgt vq ecnewncvg vjgug rctvkcn ejctigu yg jcxg fgxgn/
qrgf c pgy ogvjqf fgtkxgf htqo vjg gngevtquvcvke rqvgp/
vkcn GUR ogvjqf. vjcv yg pcogf ownvkewdg0 Vjg rtqitco

43



wugu eqpvgorqtct{ ogvjqfu uwej cu ocuukxg rctcnngn rtq/
itcookpi yjkej cnnqyu vq twp ownvkewdg qp vjg Itcrjkeu
Rtqeguukpi Wpkv *IRW+ qh c oqfgtp eqorwvgt0 Uwej c uq/
rjkuvkecvgf crrtqcej ku pgeguuct{ cu encuukecn oqngewnct f{/
pcokeu ncemu vjg rquukdknkv{ vq fguetkdg ejctig vtcpuhgt. cpf
rqnctk¦cvkqp qp vjg oqngewnct uwthceg. vyq g軟gevu guugpvkcn
kp qtfgt vq vtgcv vjg dkpfkpi qh Ec4- kqpu kp c eqttgev yc{0

60 Oqngewnct Xkuwcnk¦cvkqp<
Vjku rctv qh vjg yqtm fgcnu ykvj vjg xkuwcnk¦cvkqp qh nctig
dkq/oqngewngu. cpf vjgkt swcpvwo oqngewnct ecnewncvkqpu0
Xkuwcnk¦cvkqp ku kp kvugnh korqtvcpv cu kv cnnqyu wu vq dgvvgt
wpfgtuvcpf cpf eqoowpkecvg qwt tguwnvu vq qwt eqyqtmgtu.
cpf vjwu vq rtqitguu oqtg tcrkfn{ kp qwt yqtm0 Vjku ugevkqp
hwtvjgt fgcnu ykvj vjg fgxgnqrogpv qh c rtqeguu kp qtfgt vq
xkuwcnk¦g vjg tguwnvu htqo swcpvwo ejgokuvt{ g二ekgpvn{ wu/
kpi vjg qrgp uqwteg Dngpfgt uqhvyctg0 Crctv htqo vjku yg
fgvckn vjg etgcvkqp qh vjg oqxkgu ocfg ctqwpf vjg tgugctej
qp vjg VUR UF qwvnkpgf jgtgkp vjcv ygtg rtgugpvgf qp kp/
vgtpcvkqpcn dkqnqikecn cpf ctvkuvke eqpitguugu0

Cv vjg gpf. yg jkijnkijv vjg mg{ tguwnvu qh vjku yqtm cpf rtq/
rqug hwvwtg yqtmu vq hwtvjgt ickp kpukijvu kpvq vjg VUR UF0
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5 ̃ Vjg Dkqnqi{ qh
Vjtqodqurqpfkpu

503 Kpvtqfwevkqp
Vjtqodqurqpfkpu *VURu+ hqto c hcokn{ qh gzvtcegnnwnct oc/

vtkz rtqvgkpu0 Vjgug nctig oqngewngu ctg kornkecvgf kp c xctk/
gv{ qh dkqnqikecn hwpevkqpu0 Kp jwocpu. 難xg fk軟gtgpv v{rgu qh
VURu fq gzkuv cpf xctkqwu qvjgt hqtou jcxg dggp hqwpf kp cpk/
ocnu uwej cu kp kpugevu ]4_0 Vjg 難xg fk軟gtgpv VURu hqwpf kp jw/
ocpu ecp dg encuuk難gf kpvq vtkogtke cpf rgpvcogtke hqtou0 VUR/
3 cpf 4 ctg hqtokpi vtkogtke oqngewngu yjkng VUR 5.6 cpf 7 ctg
hqtokpi rgpvcogtke oqngewngu0 VUR 7 ku hwtvjgt mpqyp cu Ectvk/
ncig Qnkiqogtke Ocvtkz Rtqvgkp *EQOR+0 Vjgug rtqvgkpu gzjkdkv
c nctig uk¦g cpf eqpvckp c ownvkvwfg qh fqockpu0 Vjg cokpq cekf
ugswgpeg ngpivj hqt c ukping oqpqogt ku dgvyggp 3376 cokpq
cekfu. kp vjg ecug qh VUR/4 cpf 959 cokpq cekfu kp vjg ecug qh
VUR/7 nqpi0 Cnn qh vjg VURu hgcvwtg c jkijn{ eqpugtxgf fqockp
cv vjgkt E/vgtokpwu. yjkej ku ecnngf vjg Ukipcvwtg Fqockp *UF+0
VUR/3. yjkej ycu vjg 難tuv vq dg fkueqxgtgf kp 3;93 ]3_. ku vjg
oquv ygnn uvwfkgf rtqvgkp qh vjg VUR hcokn{0 Kv dgctu kvu pcog
htqo kvu fkueqxgt{ cu kv ycu hqwpf vq dg tgngcugf htqo rncvgngvu
qt vjtqodqe{vgu vjcv ygtg uvkowncvgf ykvj vjtqodkp0 Ukpeg vjgp
VURu jcxg dggp hqwpf vq dg gzrtguugf d{ c xctkgv{ qh egnnu kp/
enwfkpi gpfqvjgnkcn egnnu. 難dtqdncuvu. cfkrqe{vgu. uoqqvj owueng
egnnu. oqpqe{vgu cpf ocetqrjcigu0 Dgnqy uqog rj{ukqnqikecn
hwpevkqpu ctg rtgugpvgf kp c pqp gzjcwuvkxg ocppgt0 Yg rqkpv
vjqug qwv vjcv yg hqwpf vq dg kpvgtguvkpi kp qtfgt vq ujqy jqy
etkvkecn VURu ctg vq c dkqnqikecn qticpkuo0 Kp vjg tguv qh vjku ejcr/
vgt. yg yknn vjgp ujqy jqy vjgug etkvkecn hwpevkqpu ctg ocrrgf vq
vjg rtqvgkpu uvtwevwtg kpvtqfwekpi vjg oqngewnct dkqnqi{ qh vjku
rtqvgkp0
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Kp惷coocvkqp ]5_ ]6_
Kp汝coocvkqp ku vjg tgurqpug qh nkxkpi vkuuwg vq nqecn kplwt{0

VUR/3 ku kp igpgtcn hqwpf vq dg wr tgiwncvgf kp kp汝coocvqt{
rtqeguugu0 Ugxgtcn tgegrvqtu qh VUR/3 ctg pgeguuct{ kp qtfgt vq
tgiwncvg kp汝coocvkqp0 VUR/3 ku kpvgtcevkpi ykvj ugxgtcn qvjgt
rtqvciqpkuvu kp qtfgt vq cevkxcvg fk軟gtgpv egnnwnct rcvjyc{u vjcv
eqpvtqn kp汝coocvkqp0 Jgpeg VUR/3 ycu hqwpf vq jcxg cpvk/ cpf
rtq/ kp汝coocvqt{ g軟gevu0 Vjgug jcxg dggp qdugtxgf kp xkxq kp
fk軟gtgpv cpkocn oqfgnu0 VUR/3 fg難ekgpv okeg hqt gzcorng ujqy
cewvg rpgwoqpkc cpf cewvg eqnkvku dgukfgu ugxgtcn qvjgt cpqoc/
nkgu kp tgurgev vq kp汝coocvkqp0

Rtqnkhgtcvkqp ]7_ ]8_
Vjtqodqurqpfkpu rnc{ c etwekcn tqng kp rtqnkhgtcvkqp vjtqwij

vjg kpvgtcevkqp ykvj qvjgt oqngewngu0 Dqvj VUR/3 cpf VUR/4 ygtg
hqwpf vq rtqoqvg vjg rtqnkhgtcvkqp qh egtvckp egnn v{rgu0 Kejkk gv cn
]7_ ygtg hqt gzcorng cdng vq ujqy kp xkvtq vjcv VUR/3 ku kpxqnxgf
kp vjg rncvgngv kpfwegf rtqnkhgtcvkqp qh uoqqvj owueng egnnu0 P0
Nqrg¦ gv cn ]8_ hwtvjgt hqwpf vjcv VUR/4 ku hqt kpuvcpeg c tgiwncvqt
hqt gpfqvjgnkcn egnn rtqnkhgtcvkqp0

Yqwpf Jgcnkpi ]9_ ]:_
Yqwpf jgcnkpi ku c eqorngz rtqeguu vjcv kpxqnxgu fk軟gtgpv

qxgtncrrkpi uvcigu pcogn{ kp汝coocvkqp. rtqnkhgtcvkqp cpf vku/
uwg tgoqfgnnkpi0 Cu cntgcf{ rqkpvgf qwv. VURu fq rnc{ korqtvcpv
tqngu kp vjg 難tuv vyq uvcigu0 Hwtvjgt VUR/3 cpf VUR/4 jcxg dggp
hqwpf vq dg kornkecvgf kp vjg qtejguvtcvkqp qh vjg gpvktg rtqeguu
qh yqwpf jgcnkpi0 Kv ycu ujqyp vjcv VUR/3 ku rtgugpv kp gctn{
uvcigu qh kplwt{. cpf rnc{u cu rqkpvgf qwv cp korqtvcpv rctv kp
fwtkpi kp汝coocvkqp0 VUR/4 d{ eqpvtcuv ku wr tgiwncvgf kp c ncvgt
rjcugu qh yqwpf jgcnkpi cpf jgpeg dqvj rtqvgkpu ctg hqwpf vq
rctvkekrcvg kp yqwpf tgrckt0 Ncem qh VUR/4 kp okeg jcu kp vjku
ecug hqt gzcorng ujqyp vjcv vjgkt yqwpfu jgcn unqygt. vjcv vjg{
jcxg c jkijgt dnqqf xguugn eqpegpvtcvkqp cpf hgcvwtg c nguu qt/
icpk¦gf gzvtcegnnwnct ocvtkz0

Cpikqigpguku ];_ ]32_
Cpikqigpguku fguetkdgu vjg rtqeguu qh dnqqf xguugn itqyvj

cpf ku tgiwncvgf d{ ugxgtcn rtqvgkpu cevkpi gkvjgt cu cpikqigpg/
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uku kpjkdkvqtu qt rtqoqvgtu0 Dqvj VUR/3 cpf VUR/4 rnc{ cp cevkxg
tqng kp cpikqigpguku0 VUR/3 ycu hqt kpuvcpeg hqwpf vq kpfweg
crqrvquku. kpjkdkv egnn okitcvkqp cpf rtqnkhgtcvkqp kp gpfqvjgnkcn
egnnu0 Eqpvtqnnkpi cpikqigpgvke cevkxkv{ ku c oclqt ejcnngpig kp
難ijvkpi ecpegt cpf vjgtcrgwvke kpvgtxgpvkqpu vq gkvjgt wr tgiw/
ncvg qt fqyp tgiwncvg VURu. cu ygnn cu VUR okoke rgrvkfgu uwej
cu CDV/732 ]33_. kp qtfgt vq eqpvtqn cpikqigpguku jcxg dggp rtq/
rqugf0

Crqrvquku ]34_ ]35_ ]36_
Crqrvquku fguetkdgu vjg rtqitcoogf egnnwnct fgcvj0 Vjg kp/

fwevkqp qh crqrvquku rnc{u cp korqtvcpv tqng hqt kpuvcpeg kp vku/
uwg tgpgycn qt kp ecpegt vtgcvogpv yjgtg ftwiu vjcv ctg wugf kp
ejgoqvjgtcr{ ctg fgukipgf vq kpfweg crqrvquku0 VUR ycu hqwpf
vq dg gkvjgt cp crqrvquku kpjkdkvqt qt rtqoqvgt0 Kp vjg ecug qh
vj{tqkf ectekpqoc egnnu. VUR/3 ycu hqwpf vq kpjkdkv crqrvquku kp/
fwegf d{ ecorvqvjgekp cpf fqzqtwdkekp ]34_0 Vjg tgxgtug g軟gev
jcu dggp hqwpf hqt eqnqp ectekpqoc egnnu yjgtg VURu kp eqpegtv
ykvj qvjgt rtqvgkpu ecp g軟gevkxgn{ kpfweg crqrvquku kp uwej egnnu
]35_0 VUR/3 ycu hwtvjgt hqwpf vq kpfweg crqrvquku kp gpfqvjgnkcn
egnnu ]36_0

Ejqpftqigpguku ]37_
VURu cpf kp rctvkewnct VUR/7 ygtg hqwpf vq dg korqtvcpv kp

dqpg itqyvj0 Ugxgtcn owvcvkqp ukvgu kp VUR/7 ctg mpqyp vq ecwug
vjg jgtgfkvct{ fkugcug Rugwfqcejqpftqrncukc *RUCEJ+ cpf kvu
oknfgt hqtoOwnvkrng grkrj{ugcn f{urncukc *OGF+0 RUCEJ ku eqn/
nqswkcnn{ dgvvgt mpqyp wpfgt kvu pcog fyct凪uo0 Dqvj RUCEJ
cpf OGF ecwug dqpg ocnhqtocvkqpu fwg vq kttgiwnct ectvkncig
hqtocvkqp0 VUR/7 ku hqwpf vq qtejguvtcvg kp eqppgevkqp ykvj qvjgt
rtqvgkpu vjg itqyvj ectvkncig0 Owvcpv VUR/7 rtqvgkpu jcxg dggp
hqwpf vq hckn vq fq uq. ecwukpi vjgug fkugcugu0

Egpvtcn Pgtxqwu U{uvgo U{pcruqigpguku ]38_ ]39_
VUR/3 cpf VUR/4 ygtg hqwpf vq dg ugetgvgf d{ cuvtqe{vgu0

VUR/3.4 ycu hwtvjgt hqwpf vq dg f{pcokecnn{ tgiwncvgf fwtkpi
dtckp fgxgnqrogpv ]38_0 Eqpegpvtcvkqp ku hqwpf vq dg nqy kp vjg
ncvg godt{qpke dtckp. vjgp jkijgt kp vjg rquvpcvcn dtckp. cpf cn/
oquv cdugpv kp vjg cfwnv dtckp dwv ctg pgxgtvjgnguu gzrtguugf
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d{ tgcevkxg cuvtqe{vgu cpf oketqinkc0 Mctgp U0 Ejtkuvqrjgtuqp
gv cn ]39_ ygtg cdng vq ujqy vjcv u{pcrugu hqtocvkqp kp cuvtq/
e{vg eqpfkvkqpgf ogfkwo cpf kp tcv tgvkpcn icpinkqp egnnu ecp
dg kpfwegf d{ VUR/30 Vjg{ ygtg hwtvjgt cdng vq ujqy vjcv pgk/
vjgt VUR/3 qt VUR/4 fg難ekgpv okeg ujqy c fgetgcugf pwodgt qh
u{pcrugu kp vjgkt dtckp0 Vjgug okeg jqygxgt ujqy c 62' fg/
etgcug kp u{pcrvke rwpevc fwtkpi egtvckp uvcigu qh fgxgnqrogpv
kp c VUR/3.4 fqwdng pwnn egtgdtcn eqtvgz0

Qdgukv{ ]3:_
C uvwf{ d{ [0 Nk gv cn wukpi okeg jcu ujqyp vjcv VUR/3 rnc{u c

ukipk難ecpv tqng kp qdgukv{0 Vtcpuigpke VUR/3 mpqemqwv okeg hgf
ykvj c jkij hcv fkgv ctg hqwpf vq fgxgnqr qdgukv{ lwuv cu hcuv cu
yknf v{rg okeg0 Jgpeg VUR/3 ku pqv hqwpf vq dg kornkecvgf kp
vjg rtqeguu qh qdgukv{ fgxgnqrogpv kvugnh0 VUR/3 mpqemqwv okeg
jqygxgt ujqy ukipk難ecpvn{ kortqxgf inwequg vqngtcpeg cpf kp/
uwnkp ugpukvkxkv{0 Kv ycu hwtvjgt ujqyp vjcv uwej VUR/3 mpqemqwv
okeg jcf fgetgcugf ocetqrjcig ceewowncvkqp kp cfkrqug vkuuwg0
[0 Nk gv cn0 ctg rtqrqukpi vjcv VUR/3 ku tgurqpukdng hqt vjg ce/
ewowncvkqp qh ocetqrjcigu kp cfkrqug vkuuwg. cpf vjcv vqigvjgt
ykvj qvjgt g軟gevu. rtqxqmgu qdgukv{ kpfwegf kp汝coocvkqp yjkej
ecwugu kpuwnkp tgukuvcpeg0

Vwoqtkigpguku ]62_
VUR ycu hqwpf vq jcxg pwogtqwu eqorngz tqngu kp vjg hqtoc/

vkqp qh vwoqt egnnu cpf kp ogvcuvcuku0 Fgrgpfkpi qp vkuuwg cpf
egnn v{rg vjg rtqvgkp ycu hqwpf gkvjgt vq dg c vwoqt rtqoqvgt
qt tgrtguuqt0 Hqt kpuvcpeg. VUR ku hqwpf vq dg cp kpjkdkvqt hqt
vwoqt cpikqigpguku0 Cickp cu kp vjg rtgxkqwu ecugu. VUR qtejgu/
vtcvgu vjgug hwpevkqpu kp eqodkpcvkqp ykvj c ownvkvwfg qh qvjgt
gzvtcegnnwnct ocvtkz rtqvgkpu qt egnn uwthceg rtqvgkpu yjgtg kv cv/
vcejgu kvugnh cpf kpfwegu ukipcn vtcpufwevkqp0 Hwpevkqpu tgncvkpi
vwoqtigpgugu. gurgekcnn{ vwoqt cpikqigpguku tgrtguukqp ctg ko/
rqtvcpv cu hwvwtg ecpegt vtgcvgogpv ftwiu ctg oqfgngf ctqwpf
rgrvkfg ugswgpegu htqo VUR/30 CDV/732 ]3;_ ]42_. CDV/748 ]43_
]44_ cpf CDV/:;: ]45_ ctg okoke rgrvkfgu dwknv htqo ugswgpegu
hqwpf kp VUR/30 Vjgug oqngewngu ctg ewttgpvn{ cv xctkqwu uvcigu
qh enkpkecn vtkcnu cu ecpegt vtgcvogpv ftwiu0
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504 Uvtwevwtcn cpf Hwpevkqpcn Qxgtxkgy
VURu ctg eqorqugf qh ugxgtcn fk軟gtgpv fqockpu jqwukpi fkh/

hgtgpv hwpevkqpu0 Jwocp VURu ctg fkxkfgf kpvq vyq itqwru. itqwr
C eqpvckpkpi vjg vtkogtke VURu< VUR/3 cpf 4. yjkng itqwr D eqp/
vckpu vjg rgpvcogtke VURu< VUR/5.6 cpf 70 Itqwr C rtqvgkpu ctg
dwknf wr qh c inqdwnct P/vgtokpcn fqockp. c eqkngf/eqkn qnkiqogt/
k¦cvkqp fqockp. c xqp Yknngdtcpf Hcevqt. V{rg E *XYE+ oqfwng.
vjtgg Vjtqodqurqpfkp Uvtwevwtcn Tgrgcvu *VUT+. vjtgg Grkfgt/
ocn Itqyvj Hcevqt *GIH+ nkmg tgrgcvu. c yktg nkmg Uvcnm ocfg wr
qh ecnekwo dkpfkpi v{rg P cpf v{rg E oqfwngu kp vjg ugswgpeg
3E/PEEPEEPEPEP/35E cpf c E/vgtokpcn Inqdg inqdwnct fq/
ockp0 Kp nkvgtcvwtg vjg vjtgg GIH/nkmg tgrgcvu ctg cnuq htgswgpvn{
eqppqvgf cu vjtgg VUT4 tgrgcvu0 Hwtvjgt ku vjg Uvcnm cu fgpqvgf
cu ugxgp VUT5 tgrgcvu0 Vjg GIH/nkmg tgrgcvu vqigvjgt ykvj vjg
Uvcnm cpf vjg Inqdg hqto vjg Ukipcvwtg Fqockp *UF+ yjkej ku
eqooqp vq cnn VURu cpf hgcvwtgu jkij ugswgpeg kfgpvkv{ dgvyggp
vjgo0 VUR/5.6 cpf 7 ctg uvtwevwtgf fk軟gtgpvn{0 VUR/5 cpf 6 tg/
vckp c inqdwnct P/vgtokpcn fqockp. yjkng VUR/7 fqgu pqv0 VUT
tgrgcvu cu ygnn cu vjg xYE oqfwng ctg cdugpv kp itqwr D ogo/
dgtu dwv vjg{ eqpvckp cp cffkvkqpcn hqwtvj GIH/nkmg tgrgcv0 Hwt/
vjgt vq itqwr C cpf D VURu qvjgt VURu ygtg hqwpf kp fk軟gtgpv
urgekgu0 Kpugev VURu hqt gzcorngu ctg rtgfkevgf vq jcxg oqtg
GIH/nkmg tgrgcvu ]4_ ]63_0 Pgxgtvjgnguu cnn qh vjgo eqpvckp vjg
VUR/UF yjkej hgcvwtgu jkij ugswgpeg kfgpvkv{0 Cp qxgtxkgy qh
vjg fqockp eqorqukvkqp qh vjg 難xg VURu cxckncdng kp jwocpu ku
ujqyp kp 難iwtg 5030
Yg pqy iq hwtvjgt kpvq fgvckn cpf ctg fguetkdkpi gxgt{ fqockp

cpf kvu hwpevkqpu kp vjg yjqng vjtqodqurqpfkp eqorngz0 Xctkqwu
et{uvcn uvtwevwtgu qh VUR fqockpu ctg vqfc{ cxckncdng cpf rtq/
xkfg cp kpukijv qh VURu cv vjg cvqokuvke ngxgn0 Yg ujcnn dgikp cv
vjg P/vgtokpcn cpf yqtm qwtugnxgu vjtqwij vq vjg VUR/UF yjkej
yg yknn vtgcv ykvj c urgekcn tgictf cu vjku fqockp ku vjg qpg vjku
yqtm hqewugu qp0

Inqdwnct P/vgtokpcn Fqockp
Vjg P/vgtokpcn fqockp ku qpg qh vjg nguu eqpugtxgf fqockpu

dgvyggp vjtqodqurqpfkpu. cpf ku eqorngvgn{ cdugpv kp VUR/70 Kv
ku hcoqwu hqt kvu cdknkv{ vq dkpf vq xctkqwu in{equcokpqin{ecpu kp
rctvkewnct vq jgrctkp0 Vjg dkpfkpi ukvg qh VUR vq vjg Nqy Fgp/
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Hkiwtg 503< Vjg VUR hcokn{< Inqdwnct P/ cpf E/vgtokpk ctg ujqyp
kp dnwg. vjg eqkngf/eqkn fqockp ykvj fkuwnrjkfg dqpfu nkpmkpi vjg
oqpqogtu vqigvjgt ku tgrtgugpvgf cu c dncem nkpg. vjg XYEoqf/
wng ku ujqyp kp {gnnqy. VUT tgrgcvu kp tgf. GIH/nkmg tgrgcvu kp
itggp cpf vjg Uvcnm kp qtcpig0
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ukv{ Nkrqrtqvgkp Tgegrvqt/tgncvgf Rtqvgkp *NTR+ ku cnuq hqwpf vq
dg ykvjkp vjg 難tuv ;2 tgukfwgu qh vjg P/vgtokpcn fqockp0 Dqvj
dkpfkpi ukvgu jcxg dggp hqwpf vq dg korqtvcpv kp vjcv vjg{ tgi/
wncvg vjg egnnwnct kpvgtpcnk¦cvkqp qh VUR/3 cpf 40 Vjku rtqeguu ku
kpxqnxgf hqt gzcorng kp yqwpf jgcnkpi cu jgrctkp ku tgngcugf d{
kplwtgf vkuuwg0 Hwtvjgt vjg egnnwnct kpvgtpcnk¦cvkqp qh VUR rnc{u
c tqng kp Ocvtkz Ogvcnnqrtqvgkpcug *OOR+ cevkxkv{ cu vjgug ecp
dkpf vq qvjgt fqockpu qh VUR dwv ctg kpvgtpcnk¦gf vqigvjgt ykvj
VUR0 Cp cpqvjgt korqtvcpv dkpfkpi ukvg ku vjcv vq egnn uwthceg ecn/
tgevkewnkp ykvjkp cokpq cekfu VUR/3 G57/F750 VUR/3 ycu hqwpf
vq kp汝wgpeg. kp kpvgtcevkpi ykvj ecntgevkewnkp. hqecn cfjgukqp. egnn
okitcvkqp cpf cpqkmku. c hqto qh rtqitcoogf egnn fgcvj kpfwegf
d{ vjg fgvcejogpv qh egnnu htqo gzvtcegnnwnct ocvtkz ]64_0 Ugx/
gtcn kpvgtcevkqpu ykvj kpvgitkpu jcxg cnuq dggp ocrrgf vq vjg P/
vgtokpcn fqockp qh VUR/3 cpf VUR/40 VUR/3 cpf VUR/4 ycu hqwpf
vq kpvgtcev ykvj kpvgitkpu Ｆ6Ｇ3 cpf Ｆ8Ｇ3 ]65_ ]66_0 Ｆ6Ｇ3 ku rtq/
rqugf vq kpvgtcev ykvj tgukfwgu VUR/3 C399GNFXR cpf Ｆ8Ｇ3 ykvj
tgukfwgu VUR/3 N327/I336 ]65_0 Ｆ5Ｇ3 oc{ qpn{ kpvgtcev ykvj
VUR/3 cu kvu dkpfkpi ukvg VUR/3 H42:/H43; ku pqv eqpugtxgf kp
VUR/4 ]67_0 Kpvgitkp kpvgtcevkqpu cv vjg P/vgtokpcn ctg ogfkcvkpi
qpg hwtvjgtogejcpkuo tgncvgf vq cpikqigpke cevkxkv{ cpf vqoqf/
wncvg V egnn dgjcxkqt ]68_0 Kpvgtcevkqp ukvgu ykvj 難dtkpqigp ygtg
cnuq tgrqtvgf vq dg hqwpf qp vjg P/vgtokpcn fqockp qh Vjtqo/
dqurqpfkp0 Vjqug kpvgtcevkqpu jcxg dggp ocrrgf vq tgukfwgu
VUR/3 K38;/R3:4 yjkej qxgtncru ykvj vjg dkpfkpi ukvg vq Ｆ6Ｇ3
kpvgitkp0 ]69_ Vjg uvtwevwtg qh vjg P/vgtokpcn fqockp qh VUR/3
jcu dggp tguqnxgf ugxgtcn vkogu d{ vjg ogcpu qh z/tc{ et{uvcnnqi/
tcrj{ d{ M0 Vcp gv cn0 ]6:_ ]6;_0 Vjqug uvtwevwtgu ctg fgrqukvgf
kp vjg Rtqvgkp Fcvc Dcpm *RFD+ ]72_ wukpi vjg eqfgu 3¥9:. 3¥C6.
4GTH. 4GU5. 4QWJ cpf 4QWL0 Vjg P/vgtokpcn fqockp eqpukuvu
qh Ｇ/ucpfykej uvtwevwtg. eqpukuvkpi qh 35 cpvk/rctcnngn Ｇ/uvtcpfu
cpf qpg kttgiwnct uvtcpf/nkmg ugiogpv0 Hwtvjgt vjg uvtwevwtg
hgcvwtgu ukz Ｆ/jgnkegu yjkej ctg ukvwcvgf dgvyggp vjg Ｇ/uvtcpfu
cpf cv vjg E/vgtokpcn qh vjg fqockp0 Tgukfwgu VUR/3 T69. M72.
M82. T;7. M;: cpf T3:; ygtg hqwpf vq hqto c jkijn{ rqukvkxgn{
ejctigf rcvej yjgtg in{equcokpqin{ecpu ecp dkpf0 M0 Vcp gv
cn0 hwtvjgt hqwpf vjcv vyq P/vgtokpcn fqockpu ecp dkpf in{/
equcokpqin{ecpu eqqrgtcvkxgn{ kp hqtokpi c fkogt. pqvkpi vjcv
fkogtk¦cvkqp qh vjgP/vgtokpcn cnqpgykvjqwv in{equcokpqin{ecpu
ycu pqv hqwpf vq dg rquukdng ]6;_0 Vjg hgcvwtgu qh vjku fqockp
ctg hwtvjgt jkijnkijvgf kp 難iwtg 5040
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Hkiwtg 504< Vjg VUR/3 P/vgtokpcn fqockp< Vjku kocig ujqyu vjg
uvtwevwtg fgrqukvgf kp vjg RFD wpfgt vjg eqfg 3¥C6. kp hqwt fkh/
hgtgpv tqvcvkqpu qh ;2‒ ctqwpf vjg xgtvkecn czgu0 Jkijnkijvgf ctg
tgukfwgu hqtokpi c jkijn{ rqukvkxg rcvej yjgtg in{equcokpqin{/
ecpu ecp dkpf kp nkeqtkeg tgrtgugpvcvkqp kp dnwg. ugswgpegu rtq/
rqugf vq dg dkpfkpi vq kpvgitkp Ｆ6Ｇ3 kp qtcpig. kpvgitkp Ｆ8Ｇ3 kp
xkqngv. kpvgitkp Ｆ5Ｇ3 kp {gnnqy. ecntgevkewnkp kp tgf cpf 難dtkpqigp
kp itc{ cpf qtcpig0
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Eqkngf/eqkn Qnkiqogtk¦cvkqp Fqockp

Vjg uvtwevwtg qh vjg eqkngf/eqkn qnkiqogtk¦cvkqp fqockp ku xgt{
fk軟gtgpv fgrgpfkpi yjgvjgt vjg VUR hcokn{ ogodgt ku vtkogtke
qt rgpvcogtke0 Kp dqvj ecugu pgxgtvjgnguu qpg ku rtgugpvgf ykvj
c eqkngf/eqkn uvtwevwtg tkikfk難gf d{ mpqdu kp jqngu rcemkpi. cpf
hwtvjgt uvcdknk¦gf d{ fkuwnrjkfg dqpfu0 Vjgug fkuwnrjkfg dqpfu
ctg enqug vq vjg P/vgtokpcn ukfg qh vjku uvtwevwtg kp vtkogtke VURu.
yjkng vjg{ ctg enqug vq vjg E/vgtokpcn ukfg kp rgpvcogtke VURu0
Gcej Ｆ/jgnkz dgnqpiu vq c fk軟gtgpv oqpqogt qh vjg VUR rtqvgkp.
cpf vjku tkikf fqockp g軟gevkxgn{ jqnfu vjg vtkogt qt rgpvcogt
vqigvjgt0 Jqygxgt. yjkng vjg Ｆ/jgnkegu qh vtkogtke VURu ctg rtq/
rqugf vq dg vkijvn{ rcemgf. vjg rgpvcogtke VURu ctg rtqdcdn{
hgcvwtkpi c jqng cpf vjg eqkngf/eqkn uvtwevwtg ku oqtg vwdg/nkmg
vjcp uvtkpi/nkmg cu kp vtkogtke VURu0 Kpukijvu kpvq vjg vtkogtke
qnkiqogtk¦cvkqp fqockp ecp dg qdvckpgf htqo c uvtwevwtcn jq/
oqnqiwg. vjg ejkemgp ectvkncig ocvtkz rtqvgkp. cnuq mpqyp cu
ocvtknkp/3 ]73_0 Gcej Ｆ/jgnkecn eqkn eqpvckpu vyq e{uvgkpu0 Kv ycu
ujqyp vjcv vjgug e{uvgkpu ctg pqv pgeguuct{ hqt vjg hqtocvkqp qh
vjg vtkogtke uvtwevwtg qh VUR/3.4 dwv ctg uvcdknk¦kpi vjg vtkogt
qpeg hqtogf0 Vjg ucog ku vtwg hqt ocvtknkp/30 Kp eqpvtcuv vq
vjg vtkogtke qnkiqogtk¦cvkqp fqockp. uvtwevwtgu htqo Z/tc{ et{u/
vcnnqitcrj{ jcxg dggp tguqnxgf cpf ctg ceeguukdng kp vjg RFD
d{ vjg eqfgu 3XFH ]74_ cpf 3HDO ]75_. hqt oqwug VUR/7. cpf
3O¥;. hqt Pqtygikcp tcv VUR/7 ]76_0 Vjg uvtwevwtgu htqo oqwug
VUR/7 jqnf c ejnqtkpg kqp kpukfg vjgo0 Hwtvjgt vjg rgpvcogtke
qnkiqogtk¦cvkqp fqockp tgxgcnu vjg ecrcdknkv{ vq dkpf j{ftqrjq/
dke eqorqwpfu ykvjkp c rqtg vjcv cfcrvu vq uwej nkicpfu0 Vjg
uvtwevwtg htqo Pqtygikcp tcv VUR/7 ku tguqnxgf cu c eqorngz
ykvj xkvcokp F50 oqngewngu. cpf vjg cwvjqtu uwiiguv vjcv VUR/7
jcu uvqtcig cpf fgnkxgt{ hwpevkqpu hqt oqngewngu uwej cu xkvc/
okp F5 cpf cnn vtcpu/tgvkpqn0 C xkuwcnk¦cvkqp qh vjg rgpvcogtke
eqkngf/eqkn qnkiqogtk¦cvkqp fqockp ykvj uwej nkicpfu ku ujqyp kp
難iwtg 5050 Gxgp vjqwij vyq nkicpfu ctg gzrqugf kp vjg uvtwevwtg
vjg cwvjqtu urgewncvg vjcv qpn{ vjg dkpfkpi ukvg enqugt vq vjg P/
vgtokpcn ku xcnkf kh vjg rtqvgkp ku gpvktgn{ cuugodngf0 Xkvcokp F5
okijv d{ ogvcdqnkuo dg vtcpuhqtogf kpvq c uvgtqkf jqtoqpg vjcv
rtqoqvgu umgngvcn fgxgnqrogpv0 ]76_
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Hkiwtg 505< Vjg VUR/7 eqkngf/eqkn qnkiqogtk¦cvkqp fqockp<
Ujqyp jgtg ku qpg eqkngf uvtcpf htqo qpg oqpqogt kp {gnnqy.
yjkng vjg qvjgt hqwt uvtcpfu ctg vtcpurctgpv cpf itggp fgrkev/
kpi vjg mpqdu kp jqngu uvtwevwtg0 Kp vjg kpvgtkqt qh vjg eqkngf/eqkn
eqorngz qpg ecp 難pf vjg vyq xkvcokp F5 oqngewngu ujqyp kp
dnwg0 Vjg 難iwtg ycu ocfg wukpi vjg uvtwevwtg tghgtgpegf d{
3O¥; kp vjg RFD0 Vjg P/vgtokpcn ku ujqyp qp vjg tkijv qh vjku
難iwtg cpf vjg cwvjqtu qh vjku et{uvcnnqitcrjke uvtwevwtg urgew/
ncvg vjcv kp xkxq qpn{ vjg tkijvoquv dkpfkpi ukvg okijv dg xcnkf
]76_0
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Xqp Yknngdtcpf Hcevqt. V{rg E Oqfwng
VUR/3 cpf 4 fq eqpvckp c XYEoqfwng nkpmgf vq vjg E/vgtokpcn

qh qnkiqogtk¦cvkqp fqockp0 Vjg XYE oqfwng ku cnuq mpqyp d{
vjg pcogu ejqtfkp/nkmg e{uvgkpg/tkej tgrgcv qt rtqeqnncigp oqf/
wng0 Vjku fqockp ku tgrqtvgf vq dg kpxqnxgf kp cpvk/cpikqigpke ce/
vkxkv{. cpf jcu c Vtcpuhqtokpi Itqyvj Hcevqt Ｇ *VIH/Ｇ+ dkpfkpi
ukvg0 Vjku ukvg jcu dggp ocrrgf vq P543IXS[TP. cpf 汝wqtgu/
egpeg cpcn{uku kpfkecvg vjcv vjku ukvg ku uqnxgpv ceeguukdng ]77_0
Vjku oqfwng eqpvckpu vgp e{uvgkpg tgukfwgu cpf cnn qh vjgo ctg
kpxqnxgf kp fkuwnrjkfg dqpfu0 E0 D0 Ectnuqp gv cn0 ]73_ eqorctgf
vjku oqfwng ykvj vjg XYEoqfwng htqo rtqeqnncigp/KKC hqt yjkej
c Pwengct Ocipgvke Tguqpcpeg *POT+ uvtwevwtg ku fgrqukvgf kp
vjg RFD wpfgt vjg eqfg 3W7O0 Vjg{ uvcvgf vjcv vjg uvtwevwtg
owuv dg fgvgtokpgf d{ vjg eqpugtxgf e{uvgkpg tgukfwgu yjkej kp
vjku jqoqnqiwg hqto c 3/6. 4/:. 5/7. 8/; cpf 9/32 rcktkpi uejgog
cpf hwtvjgt rtqrqugf vjcv vjku oqfwng rnc{u c jkpig nkmg tqng fwg
vq kvu 汝gzkdknkv{0

Vjtqodqurqpfkp Uvtwevwtcn Tgrgcvu
Cickp wpkswg vq VUR/3 cpf 4 kp vjg VUR hcokn{ ku vjcv dqvj qh

vjgo eqpvckp vjtgg VUT tgrgcvu0 VUT tgrgcvu jcxg dggp hqwpf
vq rnc{ c oclqt tqng kp cpikqigpguku kpjkdkvkqp cpf fgtkxgf fku/
gcug vtgcvogpvu uwej cu ecpegt0 Ugxgtcn rgrvkfgu vjcv okoke vjg
ugswgpeg I676XKVTKT htqo vjg ugeqpf VUT tgrgcv. fgukipcvgf
CDV/732 ]3;_ ]42_. CDV/748 ]43_ ]44_ cpf CDV/:;: ]45_. jcxg
dggp fgxgnqrgf cpf ctg kp xctkqwu uvcigu qh enkpkecn vtkcnu cu ecp/
egt vtgcvogpv ftwiu0 Hwtvjgt 5VUT c tgeqodkpcpv rtqvgkp eqp/
vckpkpi cnn vjtgg VUT tgrgcvu cpf vjgkt g軟gev qp fkugcugu uwej cu
kp汝coocvqt{ dqygn fkugcug jcxg dggp uvwfkgf ]78_0 VUT tgrgcvu
jcxg dggp hqwpf vq dkpf in{equcokpqin{ecpu ]79_. vq OOR4 cpf
OOR; ]7:_. vq rcp/Ｇ3 kpvgitkpu ]7;_. vq tgrtguu cpikqigpguku kp
dkpfkpi vq vjg Enwuvgt qh Fk乍gtgpvkcvkqp *EF/58+ yjkej oqfw/
ncvgu vjg Xcuewnct Gpfqvjgnkcn Itqyvj Hcevqt *XGIH+ ]82_ cpf
vq cevkxcvg VIH/Ｇ0 Vjg kpvgtcevkqp ykvj EF/58 ku vctigvgf d{
vjg okoke rgrvkfgu dwv jcu hwtvjgt cnuq dggp cvvtkdwvgf vq vjg
E669UXVEI ]83_ cf/lqkpv vq I676XKVTKT kp vjg ugeqpf tgrgcv
cpf cnuq cxckncdng kp vjg vjktf tgrgcv E726UXVEI0 VIH/Ｇ cevk/
xcvkqp jcu dggp ocrrgf vq vjg VUR/3 T653HM ugswgpeg yjkej
nkgu dgvyggp vjg 難tuv cpf vjg ugeqpf VUT tgrgcv qh VUR/3 cpf
ku pqv eqpugtxgf qp VUR/40 Vjku cevkxcvkqp rnc{u cp korqtvcpv
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tqng kp ecpegt tgugctej cu cevkxg VIH/Ｇ ecp kpfweg crqrvquku kp
VIH/Ｇ ugpukvkxg vwoqt egnnu ]35_ ]84_0 Kv ycu hwtvjgt hqwpf vjcv
5VUT ecp kpjkdkv cpikqigpguku kpfwegf d{ Pkvtke Qzkfg *PQ+ kp
c ogejcpkuo yjkej ku cnuq fgrgpfgpv qp EF/580 Vjg VUT uvtwe/
vwtg qh vjg ugeqpf cpf vjktf VUT kp VUR/3 jcu dggp tguqnxgf d{
M0 Vcp gv cn ]79_ wukpi Z/tc{ et{uvcnnqitcrj{ cpf ku cxckncdng kp
vjg RFD d{ kvu eqfg 3NUN0 Kp vjku et{uvcn. gcej qh vjg vyq VUT
tgrgcvu jcxg hqnfgf kpvq c urktcnkpi. cpvk/rctcnngn vjtgg uvtcpfgf
fqockp0 Qh vjg vjtgg uvtcpfu. qpn{ vyq hqto vq uqog gzvgpv c
tgiwnct Ｇ/uvtwevwtg0 Vjg 難tuv uvtcpf *uggp htqo vjg P/vgtokpcn+
hgcvwtgu c YZZYZZY oqvkxg0 Gcej qh vjgug vt{rvqrjcpu dkpf
vq cp ctikpkp cokpq cekf qp vjg qrrqugf uvtcpf. yjkej ocmg vjku
hqnf tcvjgt wpkswg0 Vjg uvtwevwtg tgxgcnu ukz e{uvgkpu kp gcej tg/
rgcv vjcv ctg nkpmgf kp vjg qtfgt 3/7. 4/8 cpf 5/60 Vjg cwvjqtu
uwiiguv vjcv vjg nkpm dgvyggp vjg ugeqpf cpf vjktf VUT tgrgcv
ku tcvjgt tkikf yjkng vjg nkpm vq vjg 難tuv VUT tgrgcv yjkej ku hqwt
tgukfwgu nqpigt ku rtqdcdn{ oqtg 汝gzkdng0 Vjg uvtwevwtg tgxgcnu
qpg hwequg nkpmgf vq vjg vjtgqpkpg kp vjg EUXVEI ukvgu hqwpf
kp vjg uvtwevwtg0 Hwtvjgt E/ocppqu{ncvkqp ukvgu ygtg kpfkecvgf
ctqwpf vjgYZZYoqvkxgu0 VUR/3Y5:7. Y65:. Y663 cpfY6;:
ctg hqt kpuvcpeg hqwpf vq dg tgcf{ hqt E/ocppqu{ncvkqp ]85_0 Hki/
wtg 506 ujqyu vjg ugeqpf cpf vjktf VUT tgrgcv htqo VUR/3 cpf
rqkpvu qwv ugxgtcn hgcvwtgu fguetkdgf jgtgkp0

Vjg Vjtqodqurqpfkp Ukipcvwtg Fqockp
Gcej ogodgt rtqvgkp qh vjg VUR hcokn{ eqpvckpu vjg UF cv

kvu E/vgtokpk0 Vjg UF ku eqorqugf qh vjtgg GIH/nkmg tgrgcvu.
c ecnekwo tkej yktg nkmg fqockp ecnngf vjg Uvcnm cpf c inqdwnct
fqockp ecnngf vjg Inqdg0
Vjg Uvcnm ecp dg fgeqorqugf kpvq ugxgtcn ecnekwo dkpfkpi tg/

rgcvu yjkej ctg gkvjgt qh v{rg P qt E0 Vjg tgrgcvu qeewt kp vjg
hqnnqykpi ugswgpeg 3E/PEEPEEPEPEP/35E *uggp htqo P vq E/
vgtokpcn+0 V{rg P ecnekwo tgrgcvu ctg eqorqugf qh 35 cokpq
cekfu ykvj vjg gzegrvkqp qh tgrgcv :P yjkej ku 37 cokpq cekfu
nqpi0 V{rg E tgrgcvu eqpvckp 45 cokpq cekfu. cpf tgrgcv 3E cpf
33E jcxg kpugtvu qh wr vq 35 tgukfwgu0 Kp vjg uvtwevwtgu qh vjg
UF wr vq 54 Ec4- kqpu ygtg hqwpf cpf wr vq 4: qh vjgug ecp dg
hqwpf kp vjg ecnekwo dkpfkpi tgrgcvu qh vjg Uvcnm0 Ctqwpf vgp qh
vjgug Ec4- kqpu yjgtg hqwpf vq dg gzejcpigcdng qp tgeqodkpcpv
rtqvgkpu dwknv htqo vjg VUR/4 UF ]86_0 Ugxgtcn gzrgtkgpegu jcxg
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Hkiwtg 506< VUR VUT tgrgcvu< Ujqyp ctg vjg ugeqpf cpf vjktf
VUT tgrgcv qh VUR/30 Vjg wpkswg vt{rvqrjcp/ ctikpkpg uvcemkpi
nkpmkpi vjg 難tuv uvtcpf vq vjg ugeqpf ku tgrtgugpvgf nkeqtkeg tgr/
tgugpvcvkqp cpf jkijnkijvgf kp dnwg0 Vjg ugswgpeg htqo yjkej
okoke rgrvkfgu CDV/732. CDV/748 cpf CDV/:;: jcxg dggp kp/
urktgf ku jkijnkijvgf kp tgf0 Ugswgpegu hqwpf vq dg korqtvcpv
hqt EF/58 dkpfkpi ctg jkijnkijvgf kp xkqngv. hwequg uwictu kp itc{
cpf e{uvgkpu hqtokpi fkuwnrjkfg dqpfu kp {gnnqy0
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ujqyp vjcv vjg uvtwevwtg cpf vjg hwpevkqp qh VURu ku fgrgpfgpv
qp ecnekwo eqpegpvtcvkqp ]87_ ]88_ ]47_. jkpvkpi vjg korqtvcpeg
qh vjg Uvcnm cpf vjg curgevu qh ecnekwo dkpfkpi kp vjg UF0 Rgp/
vcogtke VURu kp jwocpu eqpvckp hqwt GIH/nkmg fqockpu. dwv d{
vgtokpqnqi{ vjg 難tuv GIH nkmg fqockp ku pqv eqpukfgtgf vq dg rctv
qh vjg UF0 VURu kp qvjgt urgekgu okijv jcxg gxgp oqtg GIH nkmg
tgrgcvu ]4_ ]63_0 Vjg VUR UF ku hwtvjgt vjg rctv qh VURu vjcv hgc/
vwtgu vjg jkijguv ugswgpeg cpf uvtwevwtcn kfgpvkv{ kp uvtwevwtgu
vjcv jcxg dggp tguqnxgf uq hct0 C OWUENG cnkipogpv ]89_ qh
jwocp VUR UF ku ujqyp kp 難iwtg 509 hqt vjg Uvcnm cpf kp 難iwtg
50: hqt vjg Inqdg0 Ugxgtcn uvtwevwtgu qh fk軟gtgpv rctvu qt qh vjg
gpvktg ukipcvwtg fqockp jcxg dggp tguqnxgf<
原 C uocnn uvtwevwtg qh vjg VUR/3 fqwdngowvcpv E;;4U1P3289M
yjkej tguqnxgu vjg UF htqo Uvcnm tgrgcv 9E vq vjg E/vgtokpcn0
RFD eqfg< 3WZ8 ]8:_

原 C uvtwevwtg qh vjg gpvktg VUR/4 UF0 RFD eqfg< 3[Q: ]8;_
原 C uvtwevwtg qh vjg gpvktg VUR/4 UF hgcvwtkpi vjg P924U ow/
vcvkqp0 Vjku uvtwevwtg ycu tguqnxgf ykvj vjg iqcn vq ickp
kpukijvu kpvq eqtqpct{ jgctv fkugcug cu vjg gswkxcngpv ow/
vcvkqp kp VUR/3 ku vjg ecwug hqt vjku jgtgfkvct{ fkugcug0 RFD
eqfg< 4TJR ]92_

原 C rctvkcn uvtwevwtg qh vjg VUR/7 UF eqpvckpkpi vjg E/vgtokpcn
oquv GIH/nkmg tgrgcv. vjg gpvktg Uvcnm cpf vjg Inqdg RFD
eqfg< 5HD[ ]93_

Kocigu qh vjg eqorngvg UF uvtwevwtg ocfg htqo vjg kphqtoc/
vkqp fgrqukvgf kp vjg RFD wpfgt vjg eqfg 3[Q: ku ujqyp kp 難iwtg
5070
Vjg ecnekwo tgrngvg uvtwevwtgu ujqy vjg GIH/nkmg tgrgcvu nkpmgf

vq vjg Uvcnm. cpf kpvgtcevkpi ykvj tgrgcv 34P cpf 35E htqo vjg
Uvcnm0 Kp vjg uvtwevwtgu htqo VUR/4 c ecnekwo kqp jcu dggp hqwpf
qp vjg kpvgthceg qh vjg 難tuv vyq GIH/oqfwngu0 Tgrgcv 3E. :P
cpf ;E qh vjg Uvcnm ctg kpvgtcevkpi ykvj vjg Inqdg. yjkng tgrgcvu
4P vq 9E ctg pqv fktgevn{ nkpmgf vq vjg Inqdg cpf hqto c 36̋
d{ 62̋ jqng0 Vjg kpvgtcevkqpu dgvyggp vjg Inqdg cpf vjg Uvcnm
jcxg dggp hqwpf vq dg fk軟gtgpv kp vjg et{uvcn uvtwevwtgu ]93_0
Vjg Uvcnm htqo VUR/7 ycu hqwpf pqv vq kpvgtcev ykvj vjg uwt/
hceg qh vjg inqdg kp wukpi tgrgcv :P0 Uwdvkng fk軟gtgpegu fq gzkuv
kp ecnekwo rncegogpv dgvyggp vjg fk軟gtgpv et{uvcn uvtwevwtgu0
Cnn uvtwevwtgu. dgukfgu vjg VUR/3 E;;4U1P3289M fqwdng owvcpv
uvtwevwtg. hgcvwtg vjtgg kqpu dqwpf vq vjg Inqdg0 Vjg VUR/3
E;;4U1P3289M fqwdng owvcpv uvtwevwtg hgcvwtgu hqwt0 Ykvjkp
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Hkiwtg 507< Vjg Ukipcvwtg Fqockp< Vjku xkuwcnk¦cvkqp qh vjg gp/
vktg VUR/4 UF htqo jcu dggp ocfg wukpi vjg uvtwevwtcn kphqtoc/
vkqp hqwpf kp vjg RFD ]72_ d{ vjg eqfg 3[Q:0 Kocigu ctg tqvcvgf
d{ ;2‒ ctqwpf vjg xgtvkecn czgu0 Vjg kocig kp vjg ugeqpf nkpg ku
tqvcvgf ;2‒ ctqwpf vjg jqtk¦qpvcn czgu cpf vjg jqng kp vjg uvtwe/
vwtg dgvyggp vjg Uvcnm cpf vjg Inqdg ku engctn{ xkukdng0 GIH/nkmg
tgrgcvu ctg eqnqtgf kp tgf. P v{rg Uvcnm tgrgcvu kp qtcpig. E v{rg
Uvcnm tgrgcvu kp xkqngv. vjg Inqdg kp itggp. e{uvgkpu kp {gnnqy. ecn/
ekwo kqpu kp dnwg cpf in{ecpu kp itc{0
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vjg Uvcnm qpg 難pfu 34 kqpu kp vjg ujqtvgpgf VUR/3 fqwdng owvcpv
uvtwevwtg *RFD eqfg 3WZ8+ yjkng vjg VUR/4 cpf VUR/7 uvtwevwtgu
*RFD eqfg 3[Q: cpf 5HD[+ tgxgcn 48 kqpu kp vjg Uvcnm0 Cnvjqwij
dqvj VUR/4 cpf 7 jcxg vjg ucog pwodgt qh kqpu dqwpf vq vjg
Uvcnm vjgkt rncegogpv fk軟gtu0 Dgukfgu vjg Uvcnm cpf Inqdg vjg
VUR/4 uvtwevwtg hgcvwtgu qpg kqp ukvwcvgf dgvyggp vjg 難tuv cpf
ugeqpf GIH/nkmg tgrgcv0 Kp fgvckn kqp rncegogpv ku jkijnkijvgf kp
難iwtg 5080
Vjg Inqdg hqnfu kp uqnxgf VUR UF uvtwevwtgu kpvq c Ｇ/ucpfykej

eqorqugf qh 37 uvtcpfu. cpf ycu hqwpf vq dg rctv qh c nctigt
hcokn{ qh ngevkp nkmg hqnfu ]8:_0 Kp VUR/3.5.6 cpf 7 vjg Inqdg eqp/
vckpu cp wprcktgf e{uvgkpg0 Kp vjg VUR/7 uvtwevwtg vjku e{uvgkpg
ku fggrn{ dwtkgf ykvjkp vjg Inqdg cpf ujqwnf vjwu rtqdcdn{ dg
kpgtv kp rgpvcogtke VURu0 Vjg nqecvkqp ku VUR/3 E;;4 hqt VUR/3
cpf pqv tguqnxgf kp cp{ uvtwevwtg. yjkng hqt rgpvcogtke VURu vjg
nqecvkqp ku ikxgp d{ VUR/7 E948 cpf jqoqnqiwgu0
Pq gzrnkekv uvtwevwtcn kphqtocvkqp gzkuvu qh c VUR UF vjcv ku pqv

tgrngvgf ykvj Ec4- kqpu0 Uvtwevwtcn kphqtocvkqp ku qpn{ jkpvgf d{
rtqdkpi vjg Ec4- fgrngvgf uvtwevwtg wukpi oqpqenqpcn cpvkdqf/
kgu ]54_0 F0 U0 Cppku gv cn0 vjg cwvjqtu qh vjku uvwfkgu uwiiguvgf
vyq oqfgnu0 Kp vjg 難tuv oqfgn. vjg kpvgtcevkqpu dgvyggp :P.
;E cpf vjg Inqdg ctg pqv ockpvckpgf cpf tgukfwgu dgvyggp vjg
e{uvgkpu kp 34P cpf 35E ctg hwnn{ gzvgpfgf. yjkng vjg uvtwevwtg
qh vjg qvjgt Uvcnm tgrgcvu ujqwnf dg ockpvckpgf0 Kp vjg ugeqpf
oqfgn. rtqrqugf kpvgtcevkqpu dgvyggp :P. ;E cpf vjg Inqdg ctg
ockpvckpgf tguwnvkpi c ujqtvgt ukipcvwtg fqockp. dwv kp eqjgt/
gpeg ykvj vjg uk¦gu ogcuwtgf hqt Ec4- fgrngvgf uvtwevwtgu ]88_
kh cnn tgukfwgu dgvyggp 34P cpf 35E ctg hwnn{ gzvgpfgf0 Vjku
oqfgn ujqwnf cnnqy hqt tcrkf ejcpig dgvyggp c ecnekwo tgrngvg.
fgrngvg hqto0
Jgtgfkvct{ fkugcugu RUCEJ. OGF cpf eqtqpct{ jgctv fkugcug

ctg ocrrgf vq tgukfwg owvcvkqpu kp vjku fqockp0 RUCEJ cpf
OGF ugxgtgn{ cnvgt vjg dqpg rjgpqv{rg cu RUCEJ oc{ dgvvgt dg
mpqyp wpfgt vjg pcog fyct難uo0 Tgukfwgu hqwpf vq dg ejcpigf
kp RUCEJ cpf OGF crrgct vq dg rctv qh vjg ecnekwo dkpfkpi
uvcnm qh VUR/7 cpf ctg vjqwijv vq oqfkh{ vjg rtqvgkpu cdknkv{ vq
dkpf vjgug kqpu yjkej ujqwnf c軟gev vjg cdknkv{ qh VUR/7 vq kpvgtcev
ykvj ocvtknkp/3.5 cpf 6 ]94_. v{rg K.KK ]95_ cpf v{rg KZ eqnncigp
]96_0 Cnn vjgug kpvgtcevkqpu jcxg dggp hqwpf vq dg ecvkqp fgrgp/
fgpv ]94_ ]37_0 VUR/7 ycu hwtvjgt hqwpf vq gpicig v{rg ZKK cpf
ZKX eqnncigp kp vjg umkp gzvtcegnnwnct ocvtkz wukpi vjg UF ]97_0

5;



5040 UVTWEVWTCN CPF HWPEVKQPCN QXGTXKGY










 





 























 
















 






























 










 





Hkiwtg 508< Vjg Uvcnm qh vjg UF< Kqpu ctg jkijnkijvgf kp dnwg. E
v{rg tgrgcvu kp xkqngv. P v{rg tgrgcvu kp qtcpig. vjg tguv qh vjg UF
uvtwevwtg cxckncdng kp vtcpurctgpv itggp0 Vjg VUR/3 UF uvtwevwtg
htqo RFD eqfg 3WZ8 ku ujqyp qp vqr. vjg VUR/4 uvtwevwtg htqo
RFD eqfg 3[Q: qp vjg dqvvqo nghv cpf vjg VUR/7 uvtwevwtg htqo
RFD 5HD[ qp vjg dqvvqo tkijv0
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Eqtqpct{ jgctv fkugcug jcu dggp nkpmgf vq vjg owvcvkqp VUR/3
P922U ]98_ vq dg hqwpf qp tgrgcv 3E qh vjg Uvcnm0 PQ ukipcn/
kpi ku cnuq tgiwncvgf d{ vjku fqockp cu kv kpvgtcevu ykvj EF/69
kp vjg ecug qh VUR/30 PQ ycu hqwpf vq tgiwncvg vjg dnqqf 汝qy.
vq dg c nkokvkpi hcevqt kp rncvgngv cevkxcvkqp cpf rtgugtxgu xcuew/
nct jgcnvj kp ecug qh kp汝coocvkqp0 PQ ukipcnkpi ku cnuq tgncvgf
vq c tcfkqugpukvkxv{ kp vkuuwgu ]49_0 Vtcpuigpke VUR/3 qt EF/69
mpqemqwv okeg jcxg hqwpf vq hgcvwtg cp kortguukpi tgukuvcpeg vq
kttcfkcvkqp ]99_0 Vjg korqtvcpeg qh vjg ukipcnkpi rcvjyc{ okijv
hwtvjgt dg rqkpvgf qwv d{ vjg hcev vjcv PQ ukipcnkpi c軟gevu cp/
ikqigpguku kp vwoqt cpf yqwnf jgcnkpi gpxktqpogpvu ]49_0 VUR/3
cnuq ycu hqwpf vq kpjkdkv V egnn cevkxkv{ wukpi vjg EF/69 tgegrvqt
]68_0 Hwtvjgt vjg kpjkdkvkqp qh vj{tqkf ectekpqoc egnnu crqrvq/
uku ycu nkpmgf vq vjg kpvgtcevkqp dgvyggp VUR/3 cpf EF/69 ]34_0
Vjg kpvgtcevkqp qh VUR ykvj EF/69 ycu nkpmgf vq vjg ugswgpegu
VUR/3 T3256H[XXOYM cpf K3343TXXO kp rgrvkfg uvwfkgu ]46_0
Dqvj uggo vq dg dwtkgf kp vjg uvtwevwtgu tguqnxgf qh vjg UF ]8:_
cpf ctg vq dg hqwpf ykvjkp vjg Inqdg0 Yjkng vjg TH[XXOYMoq/
vkxg uggou vq dg eqpugtxgf cetquu vjg VUR hcokn{ vjg KTXXO ku
pqv0 Kv ycu hqwpf vjcv EF/69 dkpfu vq VUR/3 ugngevkxgn{ kp uvwf/
kgu kpxqnxkpi VUR/3.4 cpf 6 ]9:_0 Vjg ukipcvwtg fqockp hwtvjgt
hgcvwtgu vjg kpvgitkp dkpfkpi oqvkxg TIF kp vjg Uvcnm qh VUR/3.4
cpf 70 Jqygxgt yjkng vjg nqecvkqp qh vjku oqvkxg ku eqpugtxgf dg/
vyggp VUR/3 cpf 4 *VUR/3 T;48IF. VUR/4 T;4:IF+ cpf hqwpf qp
Uvcnm tgrgcv 34P. vjg ukvg ku hqwpf cv c fk軟gtgpv nqecvkqp kp VUR/
7 *T589IF+ yjgtg kv ku rctv qh tgrgcv 7P0 Cpqvjgt fk軟gtgpeg ku
vjcv vjg VUR/3.4 TIF ukvg jcu hqwpf vq dg dwtkgf d{ vjg cwvjqtu
qh cxckncdng et{uvcnnqitcrjke uvtwevwtgu ]8:_ ]8;_ yjkng vjg VUR/7
TIF dkpfkpi ukvg ycu hqwpf vq dg cv ngcuv rctvkcnn{ cxckncdng ]93_0
Vjg UF jcu dggp hqwpf vq dkpf vq ＦxＧ5 kpvgitkp wukpi vjku ukvg kp
c ecnekwo fgrgpfgpv ocppgt ]47_ ]48_0
Cu ujqyp jgtg vjg ecnekwo fgrngvg uvtwevwtg okijv jcxg cp

korqtvcpv tqng0 Yg hwtvjgt qwvnkpg vjcv vjg uvtwevwtgu qdvckpgf
hqt vjg UF jcxg cnn dggp qdvckpgf d{ et{uvcnnk¦cvkqp kp c ecnekwo
tkej ogfkwo. cpf oclqt dkpfkpi ukvgu uwej cu vjg kpvgitkp ]92_
cpf EF/69 dkpfkpi ]8:_ ukvgu ctg hqwpf vq dg dwtkgf kp vjgug
uvtwevwtgu0 Yg jcxg vjwu vtkgf vq wug vjg rquukdknkvkgu qh eqo/
rwvcvkqpcn ukowncvkqp vq ickp hwtvjgt kpukijvu kpvq vjg UF. kp hq/
ewukpi qp vjg g軟gevu cpf vjg cevkqpu ecwugf gkvjgt d{ ecnekwo
fgrngvkqp qt tgrngvkqp0 Vjgug ctg qwvnkpgf kp vjg hqnnqykpi ejcr/
vgtu. fgcnkpi ykvj encuukecn oqngewnct f{pcokeu cpf oqngewnct
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swcpvwo ogejcpkeu0
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Uvcnm
3E 4P

VUR/3 8;3 GFVFNFIYRPGPNXEXCPCV[JEMMFPERPNRPUIS GF[FMFIKIFCEF
VUR/4 8;5 GFUFNFIYRPNPNXECVPCV[JEKMFPERJNRPUIS GFHFMFIKIFCEF
VUR/5 679 VFVFKFI[RFSCNREOFPPM/JEMSFPENNVRPUIS GFCFPFIXIFSEF
VUR/6 685 MFXFKFU[RFGGNREUCT///PEMMFPEM[XRPUIS GFCFTFIKIFCEF
VUR/7 48: TFVFNFIHRFGMNTERGT///SETMFPEXVXRPUIS GFXFTFIKIFCEF

5E 6E 7P

VUR/3 962 FFFFPFMKRFFTFPERHJ[PRCS [F[FTFFXIFTEFPER[PJPRFS CFVFPPIGIFCEC
VUR/4 964 FFFFPFIXVFGMFPESNNHPRTS CF[FMFGXIFTEFPER[XJPRCS KFVFPPIGIFCEU
VUR/5 727 FFCFIFIKMPXGFPETNHRPMFS SPUFVFUHIFCEFPERPXRPPFS MFVFIPIGIFCEF
VUR/6 72; GFCFIFIKNPGSFPEXNKJPXFS TPUFMFKHIFCEFPENUXNPPFS MFVFIFITIFCEF
VUR/7 536 RFCFIFIXRPGMFPERNXTPRFS TPVFGFMYIFCEFPETUSMPFFS MFVFSFITIFCEF

8E 9E :P

VUR/3 9;; CFKFIFIKNPGTFPES[X[PXFS TFVFOFIXIFSEFPERNGJPRFS NFUFUFTKIFVEFPP
VUR/4 :23 XFKFIFFXHPGTFPER[X[PVFS TFVFIFIXIFJEFPERNXJPRFS VFXFPFNXIFSEFPP
VUR/5 786 PFXFIFIKRPINFPERMXRPRNS VFTFGFIXIFCEFUERGOUPRVS VFCFUFNXIFXEFVP
VUR/6 78: FFOFIFIKMPKNFPERMHRPTFS TFMFIFIXIFCEFUERFXUPRPS UFXFPFNXIFUEFVP
VUR/7 595 FFKFIFTKTPSCFPERTXRPUFS MFUFIFIKIFCEFPERSMUPRFS CFXFJFHXIFCEFUF

;E 32P 33E

VUR/3 :82 SFKFGFIJSPPNFPER[XRPCPS CFJFMFIMIFCEF JFFFPFIKRF////FMFPETNXRPRFS
VUR/4 :84 GFKFFFIJSPPSFPER[KUPCPS CFJFTFISIFCEF RFFFPFIXRF////FTFPETNXHPRFS
VUR/5 847 GFUFIFIJSFVMFPERSNRPUUS NFUFPFINIFGEF IFFFPFIKRF[XRRIRFPETNXRPRPS
VUR/6 84; SFUFIFIJSFUVFPERVXKPUCS NFVFMFIKIFGEF FFFFPFIKRFNXRRIRFPETNXRPRCS
VUR/7 656 SFSFIFIJSFUTFPERVXRPUCS GFUFJFISIFCEF FFFFPFIXRF////UTFPETNXRPRIS

34 P 35E

VUR/3 ;3; MFUFIFITIFCEM FFHFJFUXRFKFFKERGPXFKUG
VUR/4 ;43 GFNFIFITIFKEM FFHFPFPKRFKFFXERGPPCKUG
VUR/5 8:: MFUFIPIXIFXEG FFHFPFCXXFRNFXERGUCGXVN
VUR/6 8;4 GFUPUFIXIFKEG UFHFSFSXKFTKFXERGPCGXVN
VUR/7 6;5 GFCFTFIXIFXES FFHFCFMXXFMKFXERGPCGXVN

Hkiwtg 509< Ugswgpeg cnkipogpv qh vjg Uvcnm htqo jwocp VURu<
Kpvgitkp dkpfkpi ukvgu ctg jkijnkijvgf kp dnwg. tgukfwgu kpvgtcev/
kpi ykvj vjg inqdg ctg jkijnkijvgf kp tgf. tgukfwgu kpvgtcevkpi
ykvj GIH/nkmg fqockpu ctg jkijnkijvgf kp qtcpig cpf vjg ukvg qh
vjg P922U owvcvkqp ecwukpi eqpct{ jgctv fgugcug ku jkijnkijvgf
kp itc{0 Kpukijvu kpvq kpvgtcevkqpu jkijnkijvgf jgtg ctg hqwpf kp
ugevkqp 60:0
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Inqdg

VUR/3 ;77 VFHTTHSOKRNFRMIVUSPFRPYXXTJSIMGNXSVXPEFRINCXI[FGHPCXFHUIVHHK
VUR/4 ;79 VFHTPHSOXRNFRMIVVSKFRPYXKTJSIMGNXSVCPUFRIKCXIHFGHIUXFHUIVH[X
VUR/5 946 VFHTC[SVXXNFRGIFCSKFRPYXXNPSIOGKXSVOPUFRINCXI[VCHPIXFHGIVHJX
VUR/6 94: VFHTC[SVXXNFRGIFCSKFRPYXXNPSIOGKXSVOPUFRINCXI[VCHPIXFHGIVHJX
VUR/7 74; VFHTCHSVXXNFRGIFCSKFRPYXXNPSITGKXSVOPUFRINCXI[VCHPIXFHGIVHJX

VUR/3 3237 PVGTFFF[CIHXHI[SUUUTH[XXOYMSXVSU[YFVPRVTCSI[UINUXMXXPUVVIRIG
VUR/4 3239 PVFTFFF[CIHXHI[SUUUTH[XXOYMSXVSV[YGFSRVTC[I[UIXUNMXXPUVVIVIG
VUR/5 9:6 PVXVFFF[CIHNHU[SFUITH[XXOYMSVGSV[YSCVRHTCXCSRINSNMCXVUXUIRIG
VUR/6 9:: PVSVFFF[CIHKHI[SFUUUH[XXOYMSVGSV[YSCVRHTCXCGRIKSNMCXMUMVIRIG
VUR/7 7:; PVXVFFF[CIHKHI[SFUUUH[XXOYMSOGSV[YSCPRHTCXCGRIKSNMCXMUUVIRIG

VUR/3 3297 JNTPCNYJVIPVRISXTVNYJFRTJKIYMFHVC[TYTNUJTRMVIHKTXXO[GIMMKOCF
VUR/4 3299 JNTPCNYJVIPVRISXTVNYJFRTPKIYMF[VC[TYJNVJTRMVI[KTXNXJGIMSXOCF
VUR/5 :66 JNTPCNYJVIJVRFSXTNNYVFRTPXIYTFMVU[TYSNNJTRSXI[KTXMN[GIRSNXCF
VUR/6 :6: JNTPUNYJVIFVUFSXTNNYMFUTPXIYMFMXU[TYHNSJTRSXI[KTXTH[GIUGNXCF
VUR/7 86; SNTPCNYJVIFVGUSXTNNYMFRTPXIYMFMMU[TYHNSJTRSXI[KTXTH[GIRGNXCF

VUR/3 3357 UIRK[FMV[CIITNINHXHUSGOXHHUFNM[GETFR//////////////////
VUR/4 3359 UIRK[FSV[CIITNINHXHUSGOX[HUFNM[GETFK//////////////////
VUR/5 ;26 UIXKKFVUOTIITNIXHEHUSGPKKYUPNS[TEPFVXRGFHGRHTTSNNSITX/
VUR/6 ;2: UIXVKFVVOTIITNIXHEHUSGPKKYUPNM[TEPFVKRGFHSGHSVSPHFTHFP
VUR/7 92; UPXXNFVVOTIITNIXHEHUSGPKKYCPNT[TEPFVKRGF[GVJSNTSC/////

Hkiwtg 50:< Ugswgpeg cnkipgogpv qh vjgInqdg htqo jwocp VURu<
Wpeqp難togf EF/69 dkpfkpi ukvgu hqwpf kp rgrvkfg uvwfkgu ctg
jkijnkijvgf kp dnwg. tgikqpu hqwpf vq dg 汝gzkdng wukpi oqngewnct
f{pcokeu ukowncvkqpu ctg jkijnkvgf kp itggp. tgukfwgu kpvgtcev/
kpi ykvj vjg :P uvcnm tgrgcv ctg jkijnkijvgf kp tgf cpf tgukfwgu
owvgf kp vjg VUR/3 E;;4U1P3289M fqwdng owvcpv uvtwevwtg ctg
jkijnkijvgf kp xkqngv0 Kpukijvu kpvq tgikqpu fgrkevgf vq dg 汝gzkdng
cpf kpvgtcevkqpu ctg hqwpf kp ugevkqp 60:0
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6 ̃ Encuukecn Oqngewnct
F{pcokeu Ukowncvkqp

603 Kpvtqfwevkqp
Encuukecn Oqngewnct F{pcokeu *OF+ ukowncvkqpu ctg c vjgq/

tgvkecn htcogyqtm yjkej kh korngogpvgf qp eqorwvgtu cnnqy qpg
vq kpxguvkicvg rj{ukecn rtqrgtvkgu qh cp gpugodng qh cvqou cpf
oqngewngu0 Vjgugokijv dg icugu. nkswkfu. qt dkqnqikecn oqngewngu
cu kp qwt ecug0 Uwej ukowncvkqpu fcvg dcem vq vjg 3;72)u cpf
ygtg qtkikpcnn{ fgxgnqrgf kp vjg 難gnf qh vjgqtgvkecn rj{ukeu ]4:_0
Cu eqorwvcvkqpcn rqygt ku tkukpi. vjg kpvgtguv kp OF ukowncvkqp
ku itqykpi cpf gzvgpfu vqfc{ vq c xctkgv{ qh 難gnfu0 Korqtvcpv vq
wu. kv ku pqycfc{u cnuq wugf kp dkqnqi{ vq kpxguvkicvg dkqnqikecn
hwpevkqpu0 Vjku iqgu uq hct vjcv gxgp jkijn{ urgekcnk¦gf ocejkpgu
jcxg dggp dwknv kp qtfgt vq rgthqto uwej ecnewncvkqpu ]4;_0 Kp qwt
ecug. yg wug OF ukowncvkqpu kp qtfgt vq wpfgtuvcpf vjg f{pco/
keu qh vjg Ukipcvwtg Fqockp *UF+ yjkej ku cp kpvgitcn rctv qh vjg
rtqvgkpu dgnqpikpi vq vjg Vjtqodqurqpfkp *VUR+ hcokn{0
Cu kp cnn ukowncvkqpu. yjkej ctg d{ fg難pkvkqp. qpn{ cp crrtqzk/

ocvkqp qh tgcnkv{. vjgtg ctg oclqt ftcydcemu kp OF ukowncvkqpu0
Vjg fguetkrvkqp qh vjg u{uvgo ku kpjgtgpvn{ nkokvgf d{ vjg eqo/
rwvcvkqpcn vkog cxckncdng. cpf qpg jcu vjwu vq ectghwnn{ ejqqug c
oqfgn yjgtg vjg ceewtce{ ku pqv nkokvkpi vjg fguetkrvkqp qh vjg
rtqeguu vq dg kpxguvkicvgf cpf yjgtg vjg ukowncvkqp ku uvknn hgc/
ukdng wpfgt vjg eqpuvtckpvu qh vjg eqorwvcvkqpcn rqygt cpf vkog
cxckncdng0 Vjku vcum ku rtqdcdn{ ku qpg qh vjg oquv eqornkecvgf
kp rgthqtokpi uwej ukowncvkqpu cpf vjg ceewtce{ qh uwej ukownc/
vkqpu tgockpu jkijn{ fgdcvgf0
Encuukecn OF. cu ku jkpvgf d{ kvu pcog nkokvu kvugnh vq encuukecn

rj{ukeu0 Kv pgkvjgt vcmgu swcpvwo ogejcpkeu pqt tgncvkxkuvkeu
kpvq ceeqwpv cpf ku dwknf qp vjg rtkpekrcnu qh encuukecn ogejcp/
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keu0 Vjku v{rg qh ukowncvkqp hgcvwtgu vqfc{ c ugv qh cniqtkvjou
vjcv ctg vqwejkpi vjg 難gnfu qh gngevtqocipgvkuo. qvjgt oqfgngf
cvqo/cvqo kpvgtcevkqpu uwej cu xcp fgt Yccnu *XFY+ hqtegu cpf
c nctig ugv qh uvcvkuvkecn ogejcpkeu0 Vjgug cniqtkvjou ctg vqfc{
cxckncdng vjtqwij uqrjkuvkecvgf uqhvyctg rcemcigu uwej cu ITQ/
OCEU ]52_ qt PCOF ]53_0 Kp jgtg yg yknn fguetkdg uwej vjgqt{
vq vjg ngxgn qh vjg OF ukowncvkqpu vjcv yg jcxg rgthqtogf0
Chvgt fguetkdkpi vjg vjgqtgvkecn htcogyqtm wugf d{ vjg uqhv/

yctg yg wugf vq rgthqto qwt ukowncvkqpu. yg yknn ujqy jqy uwej
ukowncvkqpu ctg fqpg kp rtcevkeg kp ukowncvkpi vjg UF qh VURu0
Yg hwtvjgt yknn jkijnkijv vjg rtqdngou yg hcegf. kp ejqqukpi vjg
tkijv rctcogvgtu. uwej cu hqteg 難gnfu cpf uvcvkuvkecn gpugodngu
kp qtfgt vq ukowncvg vjku nctig eqorngz rtqvgkp fqockp0
Qpeg uwej OF ukowncvkqpu jcxg dggp rgthqtogf. qpg uvknn jcu

vq rwv c itgcv g軟qtv kpvq vjg cpcn{ugu qh vjg fcvc cpf vtclgevqtkgu
qdvckpgf0 Cu qwt kpvgtguv hqewugu qp vjg UF qh VURu cpf qp gh/
hgevu uwej cu ecnekwo fgrngvkqp. yg fgxgnqrgf uqogoqfwngu cpf
ogvjqfu. cu hqt kpuvcpeg c oqfwng vq kpxguvkicvg jqy vjg eqqtfk/
pcvkqp urjgtg qh c Ec4- kqp ku cnvgtgf fwtkpi c ukowncvkqp0 Vjgug
fgxgnqrogpvu yknn dg rtgugpvgf kp fgvckn ncvgt kp vjku ejcrvgt0
Hkpcnn{. yg qwvnkpg vjg tguwnvu vjcv yg qdvckpgf htqo uwej encu/

ukecn ukowncvkqpu. cpf vjwu vjg kpukijvu vjcv yg ickpgf kpvq vjg
VUR UF fqockp uwej cu vjg kfgpvk難ecvkqp qh vjg rqukvkqpu qh gz/
ejcpigcdng kqpu. cpf vjg ceeguukdknkv{ vq dkpfkpi ukvgu0 Yg vjgp
fkuewuu vjg dkqnqikecn kornkecvkqpu qh vjgug tguwnvu qdvckpgf0

604 Hqteg Hkgnfu
C hqteg 難gnf ku vjg guugpeg qh gxgt{ OF ukowncvkqp0 Kv fg/

難pgu vjg rqvgpvkcn cpf vjwu vjg kpvgtcevkqpu dgvyggp vjg qdlgevu
vjcv ctg kp uq ecnngf cnn cvqo hqteg 難gnfu. vjg cvqou. qt kp eqctug
itckpgf ukowncvkqpu dgvyggp vjg uq/ ecnngf dgcfu0 Vjg kpvgtce/
vkqpu ctg oqfgngf vq tgcuqpcdn{ tgetgcvg gorktkecnn{ qdugtxgf
oqngewnct rtqrgtvkgu0 Vjku fqgu pqv ogcp vjcv vjg{ ctg pgegu/
uctkn{ rj{ukecn0 C v{rkecn rqvgpvkcn fg難pkpi c hqteg 難gnf jcu ugx/
gtcn vgtou vq oqfgn vjgug kpvgtcevkqpu0 Kp igpgtcn. yg vcnm cdqwv
P/dqf{ oqfgnu ykvj eqp難iwtcvkqpcn kpvgtcevkqpu0 Jgpeg. c rq/
vgpvkcn qh vjg hqto<

V (q) = V (q1, q2, . . . , qN), *603+
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yjgtg qi ∈ R
3 ku vjg rqukvkqp qh rctvkeng i kp cp gpugodng qh N

rctvkengu0 Vjku rqvgpvkcn ku vjgp kp igpgtcn kp encuukecn OF eqo/
rqugf qh dqpfgf cpf pqp/dqpfgf eqorqpgpvu0 Vjg dqpfgf eqo/
rqpgpvu yjkej kp oquv ecugu jqnf vjgoqngewng vqigvjgt ctg oqf/
gngf d{ jctoqpke rqvgpvkcnu ctqwpf cokpkok¦gf qrvkocn fkuvcpeg
r0 qt qrvkocn cping ϕ0 cpf fkjgftcn ϑ00 Vjg pqp/dqpfgf eqorq/
pgpvu kp uwej hqteg 難gnfu ctg kp igpgtcn crrtqcejgf d{ c Ngppctf
Lqpgu kpvgtcevkqpyjkejoqfgnu vjg XFY kpvgtcevkqp cpf c Eqwnqod
rqvgpvkcn yjkej oqfgnu vjg kpvgtcevkqpu fwg vq vjg ejctig qh vjg
rctvkengu0 Ngv wu fgxgnqr vjku<

V = V dqpf + V pqpdqpf, *604+
V =

∑

Dqpfu

V nd +
∑

Cpingu

V cd +
∑

Fkjgftcnu

V fj

+
∑

i !=j

V XFY +
∑

i !=j

V E, *605+

yjgtg V nd ku vjg jctoqpke nkpgct dqpf rqvgpvkcn yjkej vcmgu vjg
hqto<

V ndij (qi, qj) = kndij (rij − r0ij)
2, *606+

yjgtg rij = |qi − qj|0 V cd ku vcmkpi ectg qh vjg cpingu dgvyggp vjg
dqpfu. eqpvckpkpi vjg vjtgg rctvkeng cping rqvgpvkcn<

V cdijk (qi, qj, qk) = kcdijk(ϕijk − ϕ0
ijk)

2, *607+

ykvj
ϕijk = equ−1 (qi − qj) · (qj − qk)

rijrjk
. *608+

Vjg fkjgftcn kpvgtcevkqp ku vjgp 難pcnn{ oqfgngf d{ c hqwt rctvkeng
equkpg rqvgpvkcn. yjkej nqqmu nkmg<

V fjijkl(qi, qj, qk, ql) = kfji,j,k,l(ϑijkl − ϑ0
ijkl)

2, *609+

yjgtg
ϑijkl = equ−1 (dij × djk) · (djk × dkl)

|dij × djk||djk × dkl|
, *60:+

cpf dij = qi− qj0 Yg nkmg vq rqkpv qwv vjcv ugxgtcn fk軟gtgpv oqfgnu
qh vjg fkjgftcn rqvgpvkcn gzkuvu. cpf vjcv vjg jctoqpke rqvgpvkcn
ku lwuv qpg urgek難e gzcorng qh uwej c rqvgpvkcn0 Jgpeg. yg ytkvg
kv fqyp kp c oqtg igpgtcn hqto<

V fjijkl(qi, qj, qk, ql) = f(ϑijkl,ϑ
0
ijkl), *60;+
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yjgtg f ku c hwpevkqp qh ϑijkl yjkej jcu okpkoc cv ϑ0
ijkl0 Pqy vjcv

yg jcxg cnn vjg dqpfgf rctvu qh qwt rqvgpvkcn vjcv yknn ftkxg qwt
OF ukowncvkqpu. yg uvknn jcxg vq vcmg ectg qh vjg pqp/dqpfgf
rctvu0 Vjg Ngppctf Lqpgu vgto ku ikxgp d{<

V XFYij (qi, qj) = εij

(

(

rmij

rij

)12

− 2

(

rmij

rij

)6
)

. *6032+

Jgpeg. cv fkuvcpeg rm vjg rqvgpvkcn tgcejgu kv)u okpkowo ε0 rm ku
vjwu kp igpgtcn vjg uwo qh vjg XFY tcfkk qh rctvkeng i cpf rctvkeng
j0 Vjg qpn{ nqpi tcpig vgto cpf vjwu kp oquv ecugu vjg oquv
eqorwvcvkqpcnn{ kpvgpukxg vgto kpOF ukowncvkqpu ku vjg Eqwnqod
kpvgtcevkqp<

V Eij (qi, qj) = kEij
QiQj

rij
, *6033+

yjgtg Qi ku vjg ejctig qh rctvkeng i0 Hqt vjg fk軟gtgpv pqp dqpfgf
gswcvkqpu. qpg wuwcnn{ wugu ewvq軟 tcpigu kp qtfgt vq ucxg nctig
coqwpvu qh eqorwvcvkqpcn vkog0 Uwej ewvq軟u ecp dg korngogpvgf
kp vjg hqto rtgugpvgf jgtg kp εij kp *6032+ cpf kp kij kp *6033+0
Hkpfkpi rcktu i, j ku cnuq c pqpvtkxkcn vcum fwg vq rgtkqfke dqwpf/
ct{ eqpfkvkqpu wugf kp cnoquv cnn OF ukowncvkqpu0 Vjg eqwnqod
kpvgtcevkqp ku hwtvjgt htgswgpvn{ oqfk難gf fgrgpfkpi qp vjg v{rg
qh gngevtquvcvkeu qpg wugu. cpf ku ecnewncvgf kp ugxgtcn fk軟gtgpv
yc{u kp qtfgt vq urggf wr ecnewncvkqpu0 Yg gzrnkekvn{ qwvnkpg gnge/
vtquvcvkeu kp ugevkqp 606 qh vjku ejcrvgt0 Yg pqy jcxg uwooc/
tk¦gf vjg guugpeg qh c encuukecn OF ukowncvkqp rqvgpvkcn yjkej ku
ecnngf vjg hqteg 難gnf0 Cu yg jcxg cnn vjg pgeguuct{ vqqnu cxckncdng
yg ecp pqy iq kpvq fgvckn fguetkdkpi vjg hqteg 難gnfu yg wugf0
Kp vjg ukowncvkqpu vjcv yg ocfg ctqwpf vjg VUR UF yg wugf

vyq rqrwnct hqteg 難gnfu<
30 Vjg Qrvkok¦gf Rqvgpvkcnu hqt Nkswkf Ukowncvkqpu Cnn Cvqo
*QRNU/CC+ hqteg 難gnf0 ]9;_ ]:2_

40 Vjg Itqpkpigp Oqngewnct Ukowncvkqp *ITQOQU+ hqteg 難gnf
kp kvu 78c5 ]:3_ cpf c oqfk難gf 78c5 rctcogvgt ugv ]:4_0

Yjkng QRNU/CC ku cp cnn cvqo hqteg 難gnf yjgtg gcej cvqo ku uko/
wncvgf. ITQOQU ku c uq ecnngf wpk難gf cvqo hqteg 難gnf yjgtg
ugxgtcn j{ftqigpu. kp igpgtcn pqp rqnct j{ftqigpu ctg wpk難gf
kpvq qpg dgcf ykvj vjg cvqo vjg{ ctg nkpmgf vq0
Yg pqy umgvej vjg hwpevkqpcn hqtou qh vjgug hqteg 難gnfu<
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Kp QRNU vjg hwpevkqpcn hqto qh vjg nkpgct dqpfu cpf cpingu
cfjgtg gzcevn{ vq yjcv jcu dggp ujqyp kp gswcvkqp *606+ cpf
*607+0 Vjg fkjgftcnu ctg oqfgngf d{ c hqwt equkpg vgto rqvgpvkcn
qh vjg hqto<

V fj−QRNUijkl =
1

2
[K1(1 + equ(ϑ− ϑ0)) +K2(1− equ(2(ϑ− ϑ0)))

+ K3(1 + equ(3(ϑ− ϑ0)))

+ K4(1− equ(4(ϑ− ϑ0)))], *6034+

yjgtg ϑ. ϑ0 cpf eqpuvcpvu K ctg fgrgpfkpi qp vjg cvqou i, j, k, l0
Pqp/dqpfgf kpvgtcevkqpu igpgtcnn{ cfjgtg vq vjg uejgog rtg/
ugpvgf kp gswcvkqpu *6032+ cpf *6033+ cpf ctg gzrtguugf d{ vjg
vgto<

V pd−QRNUij = fQRNUij

(

Aij

r12ij
− Cij

r6ij
+ kCQiQj

rij

)

, *6035+

yjgtg hqt rctcogvtk¦cvkqp vjg eqodkpkpi twngu crrn{Aij =
√

AiiAjj

cpf Cij =
√

CiiCjj0 fQRNUij ku c rtghcevqt vjcv uecngu kpvgtoqngewnct
nqpi tcpig kpvgtcevkqpu. uwej vjcv fQRNUij = 0.5 hqt kpvgtcevkqpu vjcv
ctg 6 dqpfu cyc{0 fQRNUij = 0 hqt kpvtcoqngewnct kpvgtcevkqpu vjcv
ctg nguu vjgp hqwt dqpfu cyc{. cpf fQRNUij = 1 qvjgtykug0 kC ku c
eqpuvcpv. fgrgpfgpv qp vjg wpkvu wugf0
Vjg ITQOQU hqteg 難gnf hwpevkqpcn tgrtgugpvcvkqp cfjgtgu

vq igpgtcn uejgog dwv ocmgu ugxgtcn cuuworvkqpu vjcv ujcnn ko/
rtqxg vjg eqorwvcvkqpcn rgthqtocpeg0 Nkpgct dqpf cpf cping
kpvgtcevkqpu dgeqog<

U nd−ITQOQUij (qi, qj) = kndij (r
2
ij − (r0ij)

2)2, *6036+
V cd−ITQOQUijk (qi, qj, qk) = kcdijk(equϕijk − equϕ0

ijk)
2, *6037+

cxqkfkpi gkvjgt gzrgpukxg uswctg tqqv cpf cte equkpg ecnewnc/
vkqpu0 Vq oqfgn fkjgftcn kpvgtcevkqpu vjg ITQOQU hqteg 難gnf
fkuvkpiwkujgu rtqrgt cpf kortqrgt fkjgftcnu0 Rtqrgt fkjgftcnu
ctg wugf vq mggr vjg fkjgftcn cping kp c egtvckp eqp難iwtcvkqp.
uwej cu mggrkpi cvqou kp c rncpg0 Vjku kpvgtcevkqp ku oqfgngf
wukpi vjg jctoqpke hqto rtgugpvgf kp gswcvkqp *609+0 Rtqrgt fk/
jgftcnu ctg oqfgngf d{ c ownvk/equkpg rqvgpvkcn qh vjg hqto<

V
fjr−ITQOQU
ijkl (qi, qj, qk, ql) =

Nϑ
∑

n=1

k
dhp
ijkl;ϑn

(1 + equ ξn equmnϑn), *6038+
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yjgtg vjg uwo htqo n = 1 vq Nϑ vcmgu kpvq ceeqwpv wr vq 8 ownvk/
rnkekvkgu qhmn qh ϑn cu ygnn cu vjg rjcug ujkhvu ξn vjcv ctg nkokvgf vq
0 cpf π0 Pqp/dqpfgf kpvgtcevkqpu ctgoqfgngf kp vjg ucogyc{ cu
kp vjg QRNU hqteg 難gnf *6035+ ykvj vjg gzegrvkqp vjcv fITQOQUij = 0
hqt kpvtcoqngewnct kpvgtcevkqpu nguu vjgp hqwt dqpfu kp cyc{ cpf
qvjgtykug ku ugv vq fITQOQUij = 10

605 Kpvgitcvkqp
Pqy vjcv yg jcxg c hqteg 難gnf. ygyqwnf nkmg ugg jqy c u{uvgo

okijv gxqnxg qxgt vkog wukpi uwej c hqteg 難gnf0 Kp qtfgt vq fq
vjcv qpg wugu Pgyvqpkcp ogejcpkeu. uwej vjcv vjg hqteg F ecp
dg fgtkxgf htqo vjg rqvgpvkcn V fg難pgf d{ vjg hqteg 難gnf. cpf
jgpeg<

F = −∇V. *6039+

Vjg ugeqpf ncy qh oqvkqp kp Pgyvqpkcp u{uvgou uvcvgu vjcv<

mi

d2qi

dt2
= Fi, *603:+

yjgtg mi ku vjg ocuu qh rctvkeng i. qi kvu rqukvkqp cpf Fi vjg hqteg
cevkpi qpvq kv. cpf vjwu wukpi cp kpkvkcn ugv qh eqqtfkpcvgu qi cpf
oqogpvc pi yjkej ctg ikxgp d{ vjg kpkvkcn xgnqekvkgu pi = mi

dqi
dt
.

kp qtfgt vq fgfweg vjg vtclgevqtkgu qh qwt rctvkengu kp vkog0 Pw/
ogtkecnn{ vjku ku fqpg kp vjg ecug qh vjg ukowncvkqpu vjcv yg jcxg
rgthqtogf wukpi vjg uq/ ecnngf Ngcr Htqi cniqtkvjo ]52_<

pi(t+
∆t

2
) = pi(t−

∆t

2
) + Fi∆t, *603;+

qi(t+∆t) = qi(t) +
pi

mi

(t+
∆t

2
)∆t. *6042+

Vjku cniqtkvjo ku vkog tgxgtukdng cpf qh vjktf qtfgt. yjkng g二/
ekgpv gpqwij vq ftkxg OF ukowncvkqpu. cu oquv qh vjg gttqtu kp
OF ukowncvkqpu fq eqog htqo vjg ejqkeg qh vjg hqteg 難gnf cpf
kvu rctcogvgtu jgpeg vjg kpkvkcn oqfgn0 Ukorng cu kv okijv uggo.
qpg jcu vq cff eqpuvtckpvu kp qtfgt vq htgg¦g egtvckp fgitggu qh
htggfqo0 Vjgug ctg pggfgf. hqt kpuvcpeg. vq mggr dqpf ngpivju qt
cpingu ykvjkp c oqngewng kp ceegrvcdng tcpigu fwtkpi c ukping kp/
vgtcvkqp uvgr cpf jgpeg vq egtewoxgpv egtvckp kpuvcdknkvkgu vjcv
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okijv qeewt fwtkpi c ukowncvkqp0 Uwej eqpuvtckpvu ecp dg fg/
tkxgf wukpi vjg Gwngt/Ncitcpig hqtocnkuo yjkej ku fgtkxgf htqo
vjg rtkpekrng qh ngcuv cevkqp<

S =

∫ t2

t1

L(t)dt, *6043+

yjgtg S ku mpqyp vq dg vjg cevkqp cpf L vjg Ncitcpig hwpevkqp<

L = T − V. *6044+

Kp vjku hwpevkqp T ecp dg kfgpvk難gf vq dg vjg mkpgvke cpf V vq
dg vjg rqvgpvkcn gpgti{0 D{ rtkpekrcn qh ngcuv cevkqp qpg ecp fg/
tkxg vjg Ncitcpig hqtocnkuo yjkej ku c fk軟gtgpv. dwv gswkxcngpv
yc{ qh jcpfnkpi Pgyvqpkcp ogejcpkeu0 Hqt fgvcknu vjg tgcfgt
ujcnn dg tghgttgf vq nkvgtcvwtg qp encuukecn ogejcpkeu cpf xctk/
cvkqpcn ecnewnwu uwej cu ]:5_ ]:6_ ]:7_0 Vjgug tghgtgpegu jcxg
hwtvjgt jgnrgf vq ujqy yjcv hqnnqyu kp jgtg0 Kp vjg xctkcvkqp qh
vtclgevqtkgu htqo qpg rqkpv qt1 vq cpqvjgt qt2 kp c encuukecn 難gnf
vjg Jcoknvqpkcp rtkpekrng uvcvgu vjcv vjg cevkqp tgockpu ¦gtq<

δS =

∫ t2

t1

dt (L(q + δq, q̇ + δq̇, t)− L(q, q̇, t)) = 0, *6045+

ykvj q̇ = dq

dt
0 Cp ctdkvtct{ fk軟gtgpvkcn qh c hwpevkqp okijv dg cr/

rtqzkocvgf kp 難tuv qtfgt nkmg<

df = f(x+ dx, y + dy)− f(x, y) =
∂f

∂x
dx+

∂f

∂y
dy. *6046+

Jgpeg kp 難tuv qtfgt vjg xctkcvkqp kpvgitcn *6045+ dgeqogu<

δS =

∫ t2

t1

dt

(

∂L

∂q
δq +

∂L

∂q̇
δq̇

)

, *6047+

δS =

∫ t2

t1

dt

(

∂L

∂q
δq +

∂L

∂q̇

d

dt
δq

)

. *6048+

Kpvgitcvkqp d{ rctvu qh vjg ncuv vgto {kgnfu<
∫ t2

t1

dt

(

∂L

∂q̇

d

dt
δq

)

=

[

∂L

∂q̇
δq

]t2

t1

−
∫ t2

t1

dt

(

δq
d

dt

∂L

∂q̇

)

, *6049+

yjgtg wukpi vjg dqwpfct{ eqpfkvkqp vjcv δq(t1) = δq(t2) = 0 yjkej
ocmgu vjg dqtfgt vgtou fkucrrgct. qpg qdvckpu vjcv<

δS =

∫ t2

t1

dt

(

− d

dt

∂L

∂q̇
+

∂L

∂q

)

δq = 0. *604:+
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Ukpeg δq ecp dg ejqugp ctdkvtctkn{ vjg vgto kp vjg dtcemgvu jcu
vq fkucrrgct cnnqykpi qpg vq uvcvg<

d

dt

∂L

∂q̇i
=

∂L

∂qi
. *604;+

Vjgug gswcvkqp ctg ecnngf vjg Gwngt/Ncitcpig gswcvkqpu cpf ctg
uw二ekgpv vq fguetkdg c encuukecn ogejcpkecn rtqdngo0 Uq hct uq
iqqf. dwv tkijv pqy yg uvknn jcxg vq cff eqpuvtckpvu0 Hqt fg/
uetkrvkxg rwtrqugu ngv wu uwrrqug yg jcxg c u{uvgo qh vyq eqqt/
fkpcvgu0 Yg ecp pqy kocikpg c eqpuvtckpv qh vjg hqto<

C(q1, q2, t) = 0. *6052+

Xctkcvkqp qh C ngcfu=

δC =
∂C

∂q1
δq1 +

∂C

∂q2
δq2 = 0. *6053+

Tgytkvkpi gswcvkqp *604:+ hqt uwej c u{uvgo {kgnfu<

δS =

∫ t2

t1

dt

((

− d

dt

∂L

∂q̇1
+

∂L

∂q1

)

δq1 +

(

− d

dt

∂L

∂q̇2
+

∂L

∂q2

)

δq2

)

= 0. *6054+

Gnkokpcvkpi δq2 d{ kpugtvkpi gswcvkqp *6053+ kpvq *6054+ qpg qd/
vckpu<

δS =

∫ t2

t1

dt

((

− d

dt

∂L

∂q̇1
+

∂L

∂q1

)

1

∂C/∂q1

−
(

− d

dt

∂L

∂q̇2
+

∂L

∂q2

)

1

∂C/∂q2

)

δq1 = 0. *6055+

Ukpeg cickp gswcvkqp *6055+ jcu vq jqnf hqt ctdkvtct{ δq1 yg ecp
uvcvg vjcv vjg kppgt rctv jcu vq dg 2 {kgnfkpi<

(

− d

dt

∂L

∂q̇1
+

∂L

∂q1

)

1

∂C/∂q1
=

(

− d

dt

∂L

∂q̇2
+

∂L

∂q2

)

1

∂C/∂q2
, *6056+

yjkej ecp dg fgeqwrngf d{ c Ncitcpig ownvkrnkgt λ(t)<

d

dt

∂L

∂q̇1
− ∂L

∂q1
− λ(t)

∂C

∂q1
= 0, *6057+

d

dt

∂L

∂q̇2
− ∂L

∂q2
− λ(t)

∂C

∂q2
= 0. *6058+
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Vjg cdqxg gswcvkqpu *6052+. *6057+. *6058+ ecp kp igpgtcn dg uqnxgf
cpf yjcv jcu dggp umgvejgf jgtg ecp dg igpgtcnk¦gf vq<

d

dt

∂L

∂q̇i
− ∂L

∂qi
=

∑

k

λk(t)
∂Ck

∂qi
, *6059+

hqt k eqpuvtckpvu cpf i igpgtcnk¦gf eqqtfkpcvgu0 Pqy vjcv yg
jcxg qdvckpgf gswcvkqp *6059+ yjkej cnnqyu wu vq vtgcv ogejcpk/
ecn u{uvgou wpfgt eqpuvtckpvu. yg uvknn pggf vq crrn{ vjku qp OF
ukowncvkqpu cpf qp qwt Ngcr Htqi kpvgitcvqt *603;+. *6042+0 Ngv
wu tgytkvg L htqo gswcvkqp *6044+ c dkv oqtg urgek難e<

L =
p2

2m
− V (q)

=
1

2
mq̇2 − V (q). *605:+

Vjgp kv ku uvtckijvhqtyctf vq ujqy d{ kpugtvkpi *605:+ kpvq *6059+
cpf Fi = −∇V = −∂V

∂qi
vjcv

mi

d2qi

dt2
=

∂

∂qi

(

∑

k

λkCk − V

)

, *605;+

qt mggrkpi vjg hqteg vgto<

mi

d2qi

dt2
= Fi +

∂

∂qi

(

∑

k

λkCk

)

. *6062+

cpf vjg eqpuvtckpvu ecp vjwu dg kpvgtrtgvgf cu c eqttgevkpi hqteg.
cpf jgpeg yg ujcnn dg cdng vq wug vjg Ngcr Htqi kpvgitcvqt kp vjg
hqnnqykpi htqo<

pi(t+
∆t

2
) = pi(t−

∆t

2
) + (Fi +

∑

k

λk

∂Ck

∂qi
)∆t, *6063+

qi(t+∆t) = qi(t) +
pi

mi

(t+
∆t

2
)∆t. *6064+

Kp rtcevkeg qpg jcu vq ecnewncvg λk vq 難pf vjg eqttgev rqukvkqpu qh
vjg rctvkengu wpfgt eqpuvtckpvu0 Vjku ecp dg swkvg ewodgtuqog kp
vgtou qh eqorwvcvkqpcn g二ekgpe{. dwv ugxgtcn iqqf crrtqcejgu
uwej cu Ujcmg ]:8_ cpf Nkpeu ]:9_ fq gzkuv vq vcemng vjku rtqdngo
cpf ctg korngogpvgf kp ITQOCEU ]52_0
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606 Gngevtquvcvkeu
Encuukecn gngevtqf{pcokeu vjgqt{ ku dwknv wrqp vjg Oczygnn

gswcvkqpu<
∇ · E = 4πk1ρ, *6065+
∇ · B = 0, *6066+

∇× B = 4πk2j +
k2

k1

∂E

∂t
, *6067+

∇× E = −k3
∂B

∂t
, *6068+

yjgtg E ku vjg gngevtke 難gnf. ρ ku uqog ejctig fgpukv{. B ku vjg
ocipgvke 難gnf. j ctg ejctig ewttgpvu cpf k1. k2 cpf k3 ctg eqp/
uvcpvu ejcpikpi ceeqtfkpi vq vjg wpkv u{uvgo wugf cpf ctg nkpmgf
d{ vjg tgncvkqp k1

k2k3
= c2 yjgtg c ku mpqyp vq dg vjg urggf qh nkijv0

Qpg okijv pqvg vjcv j cpf ρ ctg hwtvjgt nkpmgf d{ eqpvkpwkv{ gswc/
vkqp<

∇ · j = −∂ρ

∂t
. *6069+

Kp oquv OF ukowncvkqpu vtgcvkpi oqngewnct u{uvgou. cpf vjqug
vjcv yg rgthqtogf. cnn vjg cdqxg ku tgfwegf vq vjg 難tuv Oczygnn
gswcvkqp *6065+. yjkng vjg kp汝wgpeg qh vjg qvjgtu *6066+. *6067+
cpf *6068+ ku eqorngvgn{ pgingevgf0 Vjwu pq 難gnfu ctg igpgtcvgf
d{ oqxkpi ejctigu cu vjg{ yqwnf ceeqtfkpi vq encuukecn gngevtq/
ocipgvke vjgqt{0 Gswcvkqp *6065+ ngcfu vq vjg Rqkuuqp gswcvkqp<

∇ · (−∇Φ) = 4πk1ρ, *606:+
∇2

Φ = −4πk1ρ, *606;+
yjqug uqnwvkqpu ctg mpqy vq tguwnv kp vjg eqwnqod ncy<

Φ = k1
ρ

rij
, *6072+

V = QΦ, *6073+
yjgtg Q ku c ejctig. qp yjkej vjg gngevtquvcvke rqvgpvkcn Φ cevu0
Vjg kpvgtguvgf tgcfgt yjq ycpvu vq mpqy jqy vq cttkxg htqo
vjg Rqkuuqp gswcvkqp cv Eqwnqodu ncy ujcnn dg tghgttgf vq dqqmu
qp encuukecn gngevtqf{pcokeu ]::_ ]:;_0 Cnn uwej kpvgtcevkqpu ecp
vjwu dg fguetkdgf wukpi vjg Eqwnqod kpvgtcevkqp yjkej ku rctv qh
vjg pqp dqpfgf hqteg 難gnf vgto *6035+<

V E = kCQiQj

rij
. *6074+
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Ukpeg vjg eqwnqod kpvgtcevkqp ku c nqpi tcpig kpvgtcevkqp ugv/
vkpi c ukorng ewvq軟 qp rij ku pqv eqpxgpkgpv0 Vjkpiu igv gxgp
oqtg eqornkecvgf ykvj rgtkqfke dqwpfct{ eqpfkvkqpu cu rctvkengu
cetquu dqz dqwpfctkgu ecp korcev vjg u{uvgo0 Fwtkpi qwt ukow/
ncvkqpu yg wugf vyq fk軟gtgpv crrtqcejgu vjcv ctg korngogpvgf
kp ITQOCEU ]52_ vq qxgteqog vjku rtqdngo0 Vjg Rctvkeng Ocuj
Gycnf *ROG+ ];2_ cpf vjg Igpgtcnk¦gf Tgcevkqp Hkgnf *ITH+ ];3_
cniqtkvjo0

Gycnf Uwoocvkqp
Gycnf uwoocvkqp jcu dggp fgxgnqrgf dghqtg vjg vkogu qh eqo/

rwvgt ukowncvkqpu cpf ycu kpkvkcnn{ wugf vq ecnewncvg gngevtke rq/
vgpvkcnu kp et{uvcnnqitcrj{ ];4_0 Kv ku dcugf qp vjg kfgc vjcv qpg
ecp urnkv q軟 vjg ujqtv tcpig vgto htqo vjg nqpi tcpig vgto<

V E = V E−ut + V E−nt. *6075+

Kp oquv ecugu vjku ku fqpg wukpi vjg gttqt. cpf eqorngogpvct{
gttqt hwpevkqp<

gth(x) =
2√
π

∫ x

0

e−t2dt, *6076+

gthe(x) =
2√
π

∫ ∞

x

e−t2dt = 1− gth(x). *6077+

Jgpeg qpg ecp ytkvg<

1

r
=
gth(r√η/2)

r
+
gthe(r√η/2)

r
. *6078+

Kp vjgug vgtou yg ecp tgytkvg vjg eqwnqod kpvgtcevkqp vq<
∑

k!=l
kCQiQj

rij
= kC

∑

k!=l

(

QiQjgth(rij
√
η/2)

rij
+

QiQjgthe(rij
√
η/2)

rij

)

.

*6079+
Vjg cfxcpvcig jgtg ku vjcv gthe(r)/r eqpxgtigu tcvjgt hcuv. yjkng
gth(r)/r fqgu pqv ujqy cp kortqxgogpv qxgt 1/r kp vgtou qh eqp/
xgtigpeg0 Yg ecnn vjku rctv vjg nqpi tcpig rctv0 η ecp jgtg dg
wugf vq ujkhv vjg korqtvcpeg gkvjgt vq nghv qt vq vjg tkijv vgto
qh vjg gswcvkqp0 Vjg dcuke kfgc ku vjgp vq uqnxg vjg rctv vjcv
eqpxgtigu xgt{ unqy kp tgekrtqecn. qt Hqwtkgt urceg0 Yg yknn
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dtkg汝{ umgvej jqy vjku ku fqpg kp igpgtcn jgtg0 Cuuwokpi rg/
tkqfke dqwpfct{ eqpfkvkqpu yg fg難pg vjg ncvvkeg hwpevkqp<

M(r) =
∑

n

δ(r − n), *607:+

wukpi vjg Fktce fgnvc hwpevkqp δ cpf n ncvvkeg vtcpuhqtocvkqpu0
Wukpi vjg Hqwtkgt vtcpuhqtocvkqp qh vjg Fktce fgnvc hwpevkqp cpf
wpfgt vjg eqpfkvkqp vjcv vjg ncvvkeg ku kp難pkvg kp uk¦g vjg ncvvkeg
hwpevkqp *607:+ ecp dg ytkvvgp nkmg<

M(r) =
1

Ω

∑

k

eik·r *607;+

Vq qdvckp vjg gpgti{ qh vjg yjqng ncvvkeg qpg jcu pqy vq hqnf vjg
ncvvkeg hwpevkqp ykvj vjg ukping wpkv egnn vgto<

V ncvvkeg = M(r) ∗
(

∑

i !=j

kCQiQj

rij

)

*6082+

Wukpi vjg hqto uvcvgf kp *6079+ yg ecp pqy hqnf vjg vgto eqpvckp/
kpi vjg eqorngogpvct{ gttqt hwpevkqp gthe. yjkej eqpxgtigu hcuv
hqt itqykpi kpvgtrctvkeng fkuvcpegu rij ykvj vjg ncvvkeg hwpevkqp
uwookpi kp tgcn urceg *607:+. yjkng yg hqnf vjg vgto eqpvckpkpi
vjg gttqt hwpevkqp gth cpf yjkej fqgu pqv eqpxgtig hqt itqykpi
rij kp ykvj vjg ncvvkeg hwpevkqp uwookpi kp tgekrtqecn urceg *607;+0
Crrn{kpi yjcv ku ytkvvgp cdqxg vjg vgto htqo gswcvkqp *6079+

eqpvckpkpi vjg gttqt hwpevkqp gth dgeqogu<

kC

Ω

∫

d3r
∑

k

eik·r
∑

k!=l

QiQjgth(|rij + r|
√
η/2)

|rij + r|
*6083+

Yjgtg Ω ku vjg xqnwog qh c wpkv egnn0 Jgtg vjg kpvgitcn ecp dg
uqnxgf. dgkpi 難pkvg qpn{ hqt u{uvgou ykvj ¦gtq vqvcn ejctig0 C
eqorgpucvkqp vgto. cu yg uwo qxgt vjg kpkvkcn wpkv egnn vqq. jcu
hwtvjgt vq dg cffgf0 Vjku ku fwg vq vjg vtcpuhqtocvkqp qh gswcvkqp
*607:+ vq gswcvkqp *607;+ cu kv fqgu pqv jqnf qvjgtykug *pqv ujqyp
jgtg+0
Gycnf uwoocvkqp ecp dg gxgp uqnxgf hcuvgt igpgtcvkpiogujgu

kp tgekrtqecn urceg cpf wukpi jkijn{ g二ekgpv Hqwtkgt vtcpuhqto
cniqtkvjou vq uwo qxgt vjg ycxg xgevqtu k0 Vjku ku vjg ocike kp
vjg ROG ];2_ cniqtkvjo0
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Igpgtcnk¦gf Tgcevkqp Hkgnf
C ugeqpf rquukdng uqnwvkqp kp qtfgt vq vcemng nqpi tcpig kpvgt/

cevkqpu ku vq wug vjg ITH ogvjqf0 Cickp vjku ogvjqf ku dcugf
qp vjg kfgc vq fgeqwrng nqpi tcpig kpvgtcevkqpu htqo ujqtv tcpig
kpvgtcevkqpu. dwv kp vjku ecug vjg korngogpvcvkqp ku eqorngvgn{
fk軟gtgpv0 Kp vjg ecug qh vjku ogvjqf vjg eqwnqod vgto ku vtcpu/
hqtogf kpvq ]:3_<

V E−Vqvcn = kC
∑

i !=j

QiQj

rij

+ kC
∑

l !=m

−2QlQmrlmCTH
R3
TH

+ kC
∑

l !=m

−QlQl(1− 1
2
CTH)

RTH
*6084+

Jgtg CTH ku vjg tgcevkqp 難gnf eqpuvcpv. RTH fg難pgu c ewvq軟 tc/
fkwu0 Vjg 難tuv vgto kp vjku gswcvkqp ecnewncvgu pgct 難gnf kpvgt/
cevkqpu dgnqy vjg ewvq軟 tcfkwu RTH0 Vjg ugeqpf vgto cffu vjg
hqteg fwg vq c tgcevkqp qh fkgngevtke qwvukfg vjg ewvq軟 tcfkwu RTH0
Vjg vjktf vgto gpuwtgu vjcv vjg gngevtquvcvke gpgti{ ku ¦gtq cv
vjg ewvq軟 fkuvcpeg RTH cpf ku eqpuvcpv0 Qpg okijv cnuq pqvg vjg
fk軟gtgpv kpfkegu kp *6084+0 Vjku ku fwg vq vjcv vjg ugeqpf cpf
vjktf vgto kp vjgug gswcvkqpu okijv kpenwfg cvqo rcktu vjcv ctg
pqv rtgugpv kp vjg 難tuv vgto0 Vjg tgcevkqp 難gnf eqpuvcpv ku ujqyp
vq dg<

CTH =
2(1− ε)(1 + κ+ RTH)− ε(κ+RTH)

2

(1 + 2ε)(1 + κ+ RTH) + ε(κ+RTH)2
*6085+

yjgtg ε ku mpqyp vq dg vjg tgncvkxg rgtokvvkxkv{ cpf κ vjg kpxgtug
Fgd{g ngpivj0 Vjg fgtkxcvkqp qh vjg uqnwvkqp ytkvvgp fqyp jgtg
ycu fgvckngf d{ K0 I0 Vktqpk gv cn0 ];3_0 Yg umgvej uqog qh vjg fg/
vcknu jgtg hqt eqorngvgpguu cpf c dgvvgt igpgtcn wpfgtuvcpfkpi0
Vjg 難tuv Oczygnn gswcvkqp *6065+ kp ocvvgt dgeqogu<

εE = 4πk1ρ. *6086+

Ngv wu fg難pg c ejctig fgpukv{ nkmg<

ρ(r) =
∑

j

Qjc
0
je

−
QjΦ(r)

kbT , *6087+
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yjgtg c0j ku vjg ogcp eqpegpvtcvkqp cpf Qj vjg ejctig qh uqog
rctvkeng qh v{rg j0 kb ku vjg Dqnv¦ocpp eqpuvcpv cpf Φ(r) vjg gnge/
vtquvcvke rqvgpvkcn0 Yg vjgp jcxg c Dqnv¦ocpp fkuvtkdwvgf ejctig
fgpukv{. kocikpkpi vjcv qwt ejctigu qh v{rg j ctg cv vjgtoqf{/
pcoke gswknkdtkwo0 Wukpi vjg ejctig fgpukv{ fg難pgf kp *6087+
cpf vjg Oczygnn gswcvkqp kp ocvvgt. qpg ecp 難pf vjg Rqkuuqp
Dqnv¦ocpp gswcvkqp<

∇2
Φ(r) = −k1

ε

∑

j

Qjc
0
je

−
QjΦ(r)

kbT , *6088+

yjgtg ykvj vjg fgxgnqrogpv qh vjg gzrqpgpvkcn hcevqt<

e
−

QjΦ(r)

kbT ≈ 1− QjΦ(r)

kbT
, *6089+

qpg okijv ytkvg fqyp gswcvkqp *6088+ kp nkpgctk¦gf hqto<

∇2
Φ(r) =

k1

ε

∑

j

c0jQ
2
jΦ(r)

kbT
− k1

ε

∑

j

c0jQ
2
j . *608:+

Jgtg vjg ugeqpf vgto gswcnu ¦gtq hqt u{uvgou qh ¦gtq vqvcn ejctig0
Wukpi vjg Fgd{g ngpivj<

λD =
1

κ
=

√

εkbT

k1
∑

j c
0
jQ

2
j

, *608;+

vjg nkpgctk¦gf Rqkuuqp Dqnv¦ocpp gswcvkqp ecp pqy dg ytkvvgp kp
vjg eqpxgpkgpv hqto

∇2
Φ(r) = κ2

Φ(r). *6092+
Qpg ujqwnf hwtvjgt pqvg vjcv

∑

j c
0
jQ

2
j ecp dg kfgpvk難gf vq dg vjg

kqpke uvtgpivj kp cp uqnwvkqp vq dg ukowncvgf d{ OF0 Vjg gngevtq/
uvcvke rqvgpvkcnu ecp pqy dg urnkv kpvq vyq vgtou yjgtg<

Φ(r) =

{

Φ1(r) r < RTH
Φ2(r) r > RTH

*6093+

Vjgp Φ1(r) ecp dg uqnxgf wukpi vjg Rqkuuqp gswcvkqp *606;+. yjkng
Φ2(r) ecp dg uqnxgf d{ vjg nkpgctk¦gf Rqkuuqp/ Dqnv¦ocpp *6092+
gswcvkqp. wukpi vjg dqwpfct{ eqpfkvkqpu<
原 Vjg rqvgpvkcn ujcnn dg eqpvkpwqwu<

Φ1(RTH) = Φ2(RTH), *6094+
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原 Vjg pqtocn eqorqpgpv qh vjg fkgngevtke fkurncegogpv ku eqp/
vkpwqwu hqt c dqwpfct{ vjcv ku pqv ejctigf0

∂Φ1

∂r
= ε

∂Φ2

∂r
, *6095+

原 Vjg rqvgpvkcn xcpkujgu hqt r → ∞<

Φ2(∞) = 0. *6096+

qpg ecp 難pf vjg uqnwvkqp ujqyp cdqxg *6084+ ];3_0
Yg dtkg汝{ uwooctk¦g yjcv ycu ujqyp jgtg< Kp vjg ecug qh

vjg ITH ogvjqf c ewvq軟 tcfkwu RTH ku wugf0 Vjg vqvcn u{uvgo ku
vjgp crrtqzkocvgf vq c u{uvgo yjgtg hqt gcej rctvkeng. kvu gnge/
vtquvcvke kpvgtcevkqp ykvj vjg qvjgt rctvkengu ku crrtqzkocvgf d{
ecnewncvkpi vjg fktgev kpvgtcevkqp dgvyggp vjgo kh vjgkt kpvgtrct/
vkeng fkuvcpeg ku uocnngt vjgp vjg tcfkwu RTH cpf d{ cp kpvgtcevkqp
ykvj c rqnctk¦cdng ogfkwo kh vjgkt kpvgtrctvkeng fkuvcpeg ku nctigt
vjgp vjg tcfkwu RTH0

607 Oqngewnct F{pcokeu
cpf Uvcvkuvkecn Gpugodngu

OF cpf uvcvkuvkecn gpugodngu rnc{ cp korqtvcpv tqng hqt gcej
qvjgt0 Hqteg 難gnf rctcogvgtu hqt gzcorng ctg fgtkxgf htqo uvc/
vkuvkecn qdugtxcvkqpu uwej cu vjg rctvkvkqpkpi qh rctvkengu kp fkh/
hgtgpv 汝wkfu0 Vjgtoqf{pcoke xcnwgu uwej cu vjg gpvtqr{ qh c
u{uvgo ctg xcnwgu vq dg fgtkxgf d{ OF ukowncvkqpu0 Jqygxgt
ugtkqwu nkokvcvkqpu fq gzkuv<
原 Oqngewnct f{pcokeu ukowncvkqpu ctg uocnn kp tgurgev vq vjg
cuuworvkqpu ocfg kp vjg htcogyqtm qh uvcvkuvkecn rj{ukeu0
Vjg pwodgt qh rctvkengu ukowncvgf ku kpjgtgpvn{ nkokvgf cpf
vjg cuuworvkqp N → ∞ ku korqtvcpv kp vjg fgtkxcvkqp qh
ocp{ rtkpekrcnu qh uvcvkuvkecn gpugodngu0

原 Gtiqfke j{rqvjgugu yjkej uvcvgu vjcv vjg fgpukv{ qh vjg uvcvgu
kp vjg gpugodng qh rctvkengu ku vjg ucog cu vjg fgpukv{ qh
uvcvgu gzrnqtgf d{ qpg rctvkeng qxgt vkog0 Qvjgtykug uvcvgf.
vjg ogcp kp vjg gpugodng ujqwnf dg vjg ucog cu vjg ogcp
kp vkog. ecp kp oquv ecugu pqv dg cejkgxgf. cu vjg u{uvgo vq
dg ukowncvgf yknn pqv gzrnqtg cnn uvcvgu vjcv ctg rquukdng vq
dg hqwpf0
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原 Gswknkdtkwo yknn pqv dg cejkgxgf. yjkej tgncvgu vq vjg rtg/
xkqwu rqkpv0 Rjknquqrjkecnn{. cu yg ctg ukowncvkpi dkqnqikecn
u{uvgou vjku ku hwtvjgt swguvkqpcdng cu dgkpi cnkxg ku d{ fgh/
kpkvkqp qwv qh gswknkdtkwo cpf qpn{ c fgcf qdlgev ujcnn dg kp
vjgtoqf{pcokecn gswknkdtkwo0

Kp vjg vjgqt{ qh uvcvkuvkecn ogejcpkeu. vjtgg gpugodngu ctg ykfgn{
wugf<
30 Vjg oketqecpqpkecn gpugodng< eqpugtxkpi gpgti{. xqnwog
cpf vjg pwodgt qh rctvkengu (E, V,N).

40 Vjg ecpqpkecn gpugodng< eqpugtxkpi vgorgtcvwtg. xqnwog
cpf vjg pwodgt qh rctvkengu (T, V,N)0

50 Vjg itcpf ecpqpkecn gpugodng< eqpugtxkpi hwicekv{. xqnwog
cpf vgorgtcvwtg (z, V, T )

Hqt vjg oqngewnct f{pcokeu ukowncvkqpu vjcv yg rgthqtogf cpf
vjcv ctg qwvnkpgf ncvgt kp vjku ejcrvgt jqygxgt vjg uq ecnngf kuq/
vjgtoke/ kuqdctke gpugodng ycu wugf0 Vjku gpugodng eqpugtxgu
vgorgtcvwtg. rtguuwtg cpf vjg pwodgt qh rctvkengu. dwv cnnqyu
vjg xqnwog cpf gpgti{ vq 汝wevwcvg (T, P,N)0

Kuqvjgtocn/ Kuqdctke Gpugodng
Vjg fgtkxcvkqp hqt vjku gpugodng rtgugpvgf jgtg ku cpcnqiqwu

vq vjg fgtkxcvkqp qh qvjgt uvcvkuvkecn gpugodngu. uwej cu vjg ecpqp/
kecn qt itcpf ecpqpkecn cpf ku cu vjqug fgtkxgf htqo c uocnn gp/
ugodng godgffgf kpvq c nctig oketqecpqpkecn gpugodng0 Uwej
fgtkxcvkqpu. yjkej jcxg dggp wugf cu c iwkfg vq yjcv ku rtg/
ugpvgf jgtg ctg ujqyp kp ];5_ ];6_0 Rkgegu htqo ];7_ jcxg hwtvjgt
ckfgf vjg hqnnqykpi fgtkxcvkqp0
Ngv wu uvctv ykvj Gwngt)u gswcvkqp hqt gzvgpukxg pcvwtcn xctk/

cdngu qh vjgtoqf{pcokeu vjcv uvcvgu<

E(S, V,N) =
∂E

∂S
S +

∂E

∂V
V +

∂E

∂N
N *6097+

Vjku ecp dg tgytkvvgp cu<

E(S, V,N) = TS − PV + µN *6098+

Jgtg E ku vjg gpgti{ qh c vjgtoqf{pcoke u{uvgo. S vjg gpvtqr{.
P vjg rtguuwtg. V vjg xqnwog. µ vjg ejgokecn rqvgpvkcn cpf N vjg
pwodgt qh rctvkengu kpukfg vjg u{uvgo0 Ngv wu vtcpuhqto vjku pqy
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vq fk軟gtgpv ugv qh pcvwtcn xctkcdngu *Ngigpftg vtcpuhqtocvkqp+<
Hqt vjg pcvwtcn xctkcdngu (T, V,N). yg qdvckp vjg Jgnojqnv¦ htgg
gpgti{<

F (T, V,N) = E − TS = −PV + µN, *6099+
cpf kv hqnnqyu<

dF = dE − SdT − TdS = −SdT − PdV + µdN. *609:+

eqpvkpwkpi vq vjg Ikddu htgg gpgti{<

G(T, P,N) = E − TS + PV = F + PV = µN, *609;+

cpf
dG = dF + PdV + V dP = −SdT + V dP + µdN. *60:2+

yjkej ku vjg vjgtoqf{pcoke rqvgpvkcn fguetkdkpi vjku kuqvjgtocn/
kuqdctke u{uvgo0 Htqo jgtg koogfkcvgn{ hqnnqyu<

V =

[

∂G

∂P

]

N,T

S = −
[

∂G

∂T

]

N,P

µ =

[

∂G

∂N

]

p,T

. *60:3+

Vq ujqy uqog hwtvjgt rtqrgtvkgu ngv wu iq dcem vq vjg gpvktgn{
enqugf u{uvgo. vjg oketqecpqpkecn gpugodng0 Vjg oketqecpqpk/
ecn gpugodng. cu gpgti{ ku 難zgf. uvcvgu vjcv vjg pwodgt qh rqu/
ukdng uvcvgu kp rjcug urceg ku nkokvgf d{ vjg gpgti{ uwej vjcv<

Ω(E, V,N) =

∫

. . .

∫

H<E

d3Nqd3Np, *60:4+

yjgtg Ω ku vjg rjcug urceg xqnwog ykvj vjg gpvtqr{<

S = kb np(Ω). *60:5+

Jgtg kb ku mpqyp vq dg vjg Dqnv¦ocpp eqpuvcpv0 Vjg gpvtqr{ ku
mpqyp vq dg vjg igpgtcvkpi hwpevkqp qh vjg oketqecpqpkecn gp/
ugodng0 Wukpi

dS(E, V,N) =
∂S

∂E
dE +

∂S

∂V
dV +

∂S

∂N
dN, *60:6+

cpf eqorctkuqp ykvj

dE(S, V,N) = TdS − PdV + µdN, *60:7+

84



EJCRVGT 60 ENCUUKECN OQNGEWNCT F[PCOKEU UKOWNCVKQP

{kgnfu<
[

∂S

∂E

]

V,N

=
1

T
,

[

∂S

∂V

]

E,N

=
P

T
,

[

∂S

∂N

]

E,V

= −µ

T
. *60:8+

Ngv wu pqy kocikpg c xgt{ uocnn u{uvgo. ncdgngf S. godgffgf
kpvq c nctig u{uvgo. ncdgngf L0 Yg ujcnn pqy cnnqy vjg uocnn
u{uvgo vq gzejcpig gpgti{ ykvj vjg nctig u{uvgo0 Hwtvjgt vjg
uocnn u{uvgo okijv ejcpig kv)u xqnwog g軟gevkxgn{ vcmkpi wr vjg
xqnwog qh vjg nctig u{uvgo0 Yg vjwu okijv hqtowncvg<

E = ES + EL ES * EL, *60:9+
V = VS + VL VS * VL, *60::+

cpf hqt vjg rjcug urcegu<

Ω(E, V,N) = ΩS(ES, VS, NS)ΩL(E − ES, V − VS, NL). *60:;+

Fgxgnqrkpi vjg gpvtqr{ hqt vjg nctig u{uvgoyg qdvckp ykvj *60:8+<

SL(E − ES) ≈ SL(E)− ES

∂SL(E)

∂E
≈ SL(E)− ES

TL

, *60;2+

SL(V − VS) ≈ SL(V )− VS

∂SL(V )

∂V
≈ SL(V )− VSPL

TL

. *60;3+

Pqy igvvkpi dcem vq rjcug urceg. htqo vjgug fgxgnqrogpvu hqt
vjg nctig u{uvgo ykvj SL = kb npΩ hqnnqyu<

ΩL(EL) ≈ ΩL(E)e−ES/(kbTL), *60;4+
ΩL(VL) ≈ ΩL(V )e−VSPL/TL , *60;5+

yjkej yg ecp eqodkpg vq<

ΩL(EL, VL) = ΩL(E, V )e(−Es−VSPL)/(kbTL). *60;6+

Rtguuwtg cpf vgorgtcvwtg hqt vjg uocnn u{uvgo ctg korqugf d{
vjg nctig u{uvgo0 Nqqmkpi qpn{ cv vjg uocnn u{uvgo. yg ecp vjwu
tkijv pqy uvcvg vjcv vjg fgpukv{ qh uvcvgu hqt qwt kuqvjgtocn/ kuq/
dctke gpugodng dgjcxgu nkmg<

ρS ∝ eSL(E,V )/kbe−(E+V P )/kbT . *60;7+

Kp vjku vgto eSL(E,V )/kB ku eqpuvcpv cpf hcnnu qwv kp ecug qh pqt/
ocnk¦cvkqp0 Jgpeg yg ecp ytkvg fqyp vjg uwo qh cnn uvcvgu. vjg
rctvkvkqp hwpevkqp qh vjku gpugodng<

Z kk = C kk
∫

. . .

∫

e−(E+V p)/kbTd3Nqd3Np, *60;8+
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yjgtg C kk ku eqpuvcpv0 Vjg gzrgevcvkqp xcnwg qh c vjgtoqf{pcoke
qdugtxcdng A kp vjku u{uvgo ecp pqy dg ecnewncvgf d{<

〈A〉 =
∫

. . .
∫

A(q, p)e−(E+V P )/kbTd3Nqd3Np
∫

. . .
∫

e−(E+V p)/kbTd3Nqd3Np
. *60;9+

Htqo vjg rctvkvkqp hwpevkqp fktgevn{ hqnnqyu vjcv vjg Ikddu htgg
gpgti{ ecp dg hqwpf wukpi<

G = kbT npZ kk. *60;:+

Hwtvjgt hqnnqyu xqnwog<

V = −kbT

[

∂ npZ kk
∂P

]

N,T

, *60;;+

gpvjcnr{<
H = − ∂

∂β
npZ kk, ykvj β =

1

kbT
*60322+

cpf gpvtqr{<
S = −

[

∂G

∂T

]

N,P

= kb npZ kk +
H

T
. *60323+

Kpvgitcvkqp kvugnh fqgu pqv igpgtcvg tgnkcdng uvcvkuvkecn gpugo/
dngu kp OF ukowncvkqpu0 Vjg ukowncvgf u{uvgou fq d{ kpvgitcvkqp
cnqpg pqv mggr vjgougnxgu cv eqpuvcpv vgorgtcvwtg cpf eqpuvcpv
rtguuwtg. pgkvjgt ku gpgti{ eqpugtxgf0 Kp qtfgt vq fq uq. vjgt/
oquvcv cpf dctquvcv cniqtkvjou jcxg dggp fgxgnqrgf0

Dgtgpfugp Vjgtoquvcv cpf Dctquvcv ];8_
Vjg Dgtgpfugp vjgtoquvcv cpf dctquvcv ctg oqfgngf chvgt c

u{uvgo vjcv ku nkpmgf vq kvu gpxktqpogpv d{ cp gzvgtpcn dcvj0 Vjku
cniqtkvjo ugvu vjg ejcpig qh vgorgtcvwtg qt rtguuwtg rtqrqt/
vkqpcn vq vjg vgorgtcvwtg qt rtguuwtg fk軟gtgpeg qh vjku gzvgtpcn
dcvj. cpf jgpeg<

dT

dt
=

1

τT
(TDCVJ − T ), *60324+

dP

dt
=

1

τP
(PDCVJ − P ). *60325+

Htqo vjgug gswcvkqpu vjg Dgtgpfugp vjgtoquvcv pqy gkvjgt tguecngu
vjg xgnqekvkgu kp vjg gpugodng qt ejcpigu vjg dqz xqnwog uq vjcv
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vjg{ gzrqpgpvkcnn{ eqpxgtig cickpuv vjg vgorgtcvwtg qh vjg dcvj0
Uvcvkpi vjcv vjg mkpgvke gpgti{ ku rtqrqtvkqpcn vq vjg u{uvgou
vgorgtcvwtg yg ecp ytkvg<

∆T =
∆t

τT
(TDCVJ − T ), *60326+

v22 = C
t2 − t1

τT
(TDCVJ − T ) + v21. *60327+

Jgtg C ujcnn dg c eqpuvcpv vjcv ecp dg vcmgp kpvq τT cu v2 ∝ 1
2
mv2 ∝

T 0 Htqo vjku vqigvjgt ykvj v22 = λ2
vv

2
1 cpf v21 ∝ T qpg qdvckpu<

λv =

√

1 +
∆t

τT

(

TDCVJ

T
− 1

)

*60328+

yjgtg λv ku vjg tguecnkpi hcevqt crrnkgf vq vjg xgnqekvkgu chvgt
gcej kpvgitcvkqp uvgr0
Kh qpg ycpvu vq tguecng vjg xqnwog qh c ukowncvkqp dqz cnn eq/

qtfkpcvgu jcxg vq dg uecngf ceeqtfkpin{0 Nkmg hqt vjg xgnqekvkgu
yg yknn ugctej hqt c hcevqt vq dg ownvkrnkgf qpvq vjg ngpivju qh
vjg u{uvgo0 Yg dgikp uvcvkpi vjcv vjg ejcpig kp xqnwog ujqwnf
dgjcxg gzrqpgpvkcnn{ nkmg vjg hqnnqykpi<

dV

dt
= α3V. *60329+

C rtguuwtg ejcpig ku tgncvgf vq vjg kuqvjgtocn eqortguukdknkv{
yjkej ku fg難pgf vq dg<

β = − 1

V

∂V

∂P
. *6032:+

U{odqnkecnn{ yg ecp ytkvg vjcv<

dP

dt
=

∂P

∂V

dV

dt
= − 1

βV

dV

dt
= −α3

β
. *6032;+

tguqnxkpi hqt α d{ kpugtvkpi *6032;+ kpvq *60325+ {kgnfu<

α3 =
−β(PDCVJ − P )

τP
, *60332+

yjgtg β ecp cu c eqpuvcpv dg rwv kpvq τP cpf yg qdvckp<
dV

dt
= −(PDCVJ − P )

τP
V, *60333+

V2 = −∆t(PDCVJ − P )

τP
V1 + V1, *60334+
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htqo yjkej hqnnqyu d{ uvcvkpi vjcv V2 = µ3V1. vjcv tguecnkpi qh
eqqtfkpcvgu htqo q vq µq cpf ukowncvkqp dqz ngpivj htqo l vq µl ku
fqpg nkmg<

µ =

[

1− ∆t

τP
(PDCVJ − P )

]1/3

. *60335+

Yg ujcnn pqvg jgtg vjcv vjg Dgtgpfugp cniqtkvjo ycu wugf fwt/
kpi qwt ukowncvkqpu. gurgekcnn{ fwtkpi vjg gswknkdtcvkqp rjcug0
Kv ku ykfgn{ wugf cu kv ku tcvjgt ukorng vq korngogpv0 Vjg ockp
fkucfxcpvcig ku vjcv vjku vjgtoquvcv uwrrtguugu 汝wevwcvkqpu qh
vjg mkpgvke gpgti{0 Rtqrgtvkgu uwej cu jgcv ecrcekv{ vjcv ctg fg/
tkxgf htqo vjg 汝wevwcvkqpu ctg vjwu pqv eqttgev0 Vjg hqnnqykpi
vjgtoquvcv ycu etgcvgf vq qxgteqog uwej rtqdngou0

Ecpqpkecn Ucornkpi cpf Xgnqekv{ Tguecnkpi ];9_
Kp qtfgt vq qdvckp vjg cdknkv{ vq jcxg c vjgtoquvcv yjkej cnnqyu

hqt ecpqpkecn ucornkpi. cndgkv vjcv xgnqekvkgu ctg oqfgngf chvgt
vjg ecpqpkecn gswknkdtkwo *Dqnv¦ocpp+ fkuvtkdwvkqp<

P (Emkp)dEmkp ∝ E
( 3N

2
−1)

mkp E
−

Emkp
kBT dEmkp, *60336+

yjgtg P (Emkp) ku vjg rtqdcdknkv{ vq 難pf vjg mkpgvke gpgti{ Emkp0
Dwuuk gv cn0 ];9_ jcxg vjgp ujqyp vjcv uwej c fkuvtkdwvkqp ecp dg
kpvtqfwegf d{ cffkpi c uvqejcuvke vgto vq vjg Dgtgpfugp vjgt/
oquvcv0 Jgpeg qpg ytkvgu<

dEmkp =
dt

τ
(Edcvjmkp − Emkp) + 2

√

Edcvjmkp Emkp

3Nτ
dW. *60337+

Jgtg dW ku c Ykgpgt rtqeguu0 Hqt vjg fgtkxcvkqp qh vjg uvqejcuvke
vgto vjg tgcfgt ujcnn dg tghgttgf vq ];9_0 Kp gswcvkqp *60337+ qpg
ecp tgytkvg vjg mkpgvke gpgti{ kpvq vgtou qh uswctgf xgnqekvkgu
htqo yjkej hqnnqyu vjcv vjg tguecnkpi hcevqt vjcv ku ecnewncvgf
hqt gcej rctvkeng kpfkxkfwcnn{ {kgnfu<

λv =

√

√

√

√

1 +
∆t

τ

(

Edcvjmkp
Emkp

− 1

)

+ 2

√

Edcvjmkp
Emkp3Nτ

dW. *60338+

Vjg cwvjqtu uvtguu vjcv hqt vjgkt korngogpvcvkqp cp gzcev uqnw/
vkqp qh gswcvkqp *60337+ ku pgeguuct{ cpf oqtg eqorngvg uqnwvkqp
hqt vjg tguecnkpi hcevqt λv ku rtgugpvgf kp ];9_0 Eqpvtct{ vq vjg
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encuukecn Dgtgpfugp cniqtkvjo 汝wevwcvkqpu kp mkpgvke gpgti{ ctg
eqpugtxgf wukpi vjku cniqtkvjo yjkej jcu dggp wugf kp ugxgtcn
qh qwt ukowncvkqpu0

Rctkpgnnq/ Tcocp Rtguuwtg Eqwrnkpi ];:_
Rctkpgnnq gv cn0 ];:_ jcxg fgxgnqrgf c dctquvcv vjcv eqpugtxgu

gpugodng rtqrgtvkgu cpf ycu cnuq wugf kp qwt OF ukowncvkqpu0
Vjku rtguuwtg eqwrnkpi cniqtkvjo kpvtqfwegu c fghqtocdng wpkv
egnn kp vjg hqto<

Ω = fgv(h) = a · (b× c), *60339+
yjgtg Ω ku vjg wpkv egnn xqnwog cpf a. b cpf c ctg vjg xgevqtu
urcppkpi vjg wpkv egnn cpf h ku c ocvtkz eqorqugf qh vjg xgevqtu
{a, b, c}0 Kp crrn{kpi vjku pqvcvkqp vjg rqukvkqp qh cp qdlgev kp vjg
wpkv egnn ku fg難pgf d{<

qi = hsi = ξia+ ηib+ ζic. *6033:+
Wukpi vjg ogvtke vgpuqt G = hTh vjg fkuvcpeg dgvyggp vyq rqkpvu
ku fg難pgf d{ vjg kppgt rtqfwev<

r2ij = (si − sj)
TG(si − sj). *6033;+

Vjg vtclgevqtkgu hqt uwej rtguuwtg eqwrnkpi u{uvgou ctg chvgt/
yctfu fgtkxgf htqo vjg Ncitcpig hwpevkqp<

L =
1

2

∑

i

miṡ
T
i Gṡi −

∑

i

∑

j>i

V (rij) +
1

2
WVt(ḣT ḣ)− PΩ, *60342+

yjgtg 1
2
WVt(ḣT ḣ) ku vjg mkpgvke vgto cpf pΩ vjg rqvgpvkcn vgto hqt

vjg dqz fghqtocvkqp0 W ku c rctcogvgt ykvj vjg wpkvu qh c ocuu0
Gswcvkqpu qh oqvkqpu vq dg kpvgitcvgf ecp vjgp dg fgtkxgf wukpi
gswcvkqp *604;+0 Vjg tguwnvkpi gswcvkqpu ctg ytkvvgp cu<

d2h

dt2
= Ω(hT )−1W−1(P − PDCVJ), *60343+

d2qi

dt2
=

Fi

mi

− h−1

(

h
dhT

dt
+

dh

dt
hT

)

(hT )−1. *60344+

Vjgug gswcvkqpu ecp vjgp dg kpvgitcvgf d{ vjg ngcr htqi uejgog
rtgugpvgf kp ugevkqp 605 qh vjku ejcrvgt0 Hct cyc{ htqo gswk/
nkdtkwo gswcvkqp *60343+ ecwugu nctig queknncvkqpu vjcv ngcf vq
uvtcpig tguwnvu cpf jgpeg vjku cniqtkvjo jcu vq dg cxqkfgf fwt/
kpi gswknkdtcvkqp twpu0 Htqo gswcvkqp *60343+ kv hwtvjgt hqnnqyu
vjcvW eqpvtqnu vjg uvtgpivj qh vjgtoqf{pcoke eqwrnkpi dgvyggp
vjg dctquvcv cpf vjg ukowncvgf u{uvgo0
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608 Crrnkecvkqp qh
Encuukecn Oqngewnct F{pcokeu

Kp vjg yqtm rtgugpvgf kp jgtg. yg jcxg rgthqtogf 88OF uko/
wncvkqpu qh xctkqwu u{uvgou eqpvckpkpi xctkqwu rctvu qh vjg VUR
hcokn{ ogodgt rtqvgkpu0 Vjg ukowncvkqpu ygtg ocfg wukpi fkh/
hgtgpv hqteg 難gnfu. fk軟gtgpv dctq/ cpf vjgtoquvcvu0 C eqorngvg
qxgtxkgy qh ogvjqfu wugf ku ujqyp kp vjg vcdngu 603 cpf 6040
Vjku ugevkqp ujcnn fguetkdg vjg ejqkegu ocfg hqt vjgug ukownc/
vkqpu0 Cnn ukowncvkqpu ygtg rgthqtogf wukpi xgtukqp 60209 qh vjg
ITQOCEU uqhvyctg rcemcig ]52_0

Rtgtgswkukvgu
Dghqtg c OF ukowncvkqp ecp dg uvctvgf. qpg jcu vq igpgtcvg

vjg ukowncvkqp dqz0 Kp qtfgt vq igpgtcvg vjg ukowncvkqp dqz qpg
jcu vq jcxg vjg oqngewng vq dg ukowncvgf cv jcpf0 Hqt cnn ukownc/
vkqpu c RFD 難ng ]72_ eqpvckpkpi vjg oqngewng vq dg ukowncvgf ycu
rtgrctgf0 Vjku tgrtgugpvu vjg 難tuv uvgr kp vjg hqnnqykpi rtqvqeqn
vjcv yg wugf kp qtfgt vq rtgrctg qwt OF ukowncvkqpu<

30 Etgcvkqp qh c RFD 難ng vq dg wugf cu kprwv uvtwevwtg< RFD
難ngu fqypnqcfgf htqo vjg RFD ]72_ jcxg vq dg oqfk難gf
kp ocp{ ecugu vq dg wucdng hqt OF ukowncvkqpu0 Jgpeg yg
ocfg ugxgtcn ejcpigu vq qwt kprwv uvtwevwtgu0 Kp vjg VUR/
3 UF uvtwevwtg ykvj RFD eqfg 3WZ8 yg cffgf vjg okuu/
kpi tgukfwgu VUR/3 T;:2JSIM kp vq vjg kprwv uvtwevwtg hqt
ukowncvkqpu 5;. 62. 63. 64 cu pwodgtgf kp vcdng 6040 Yg
fkf vjku vq xgtkh{ kh vjg{ ukipk難ecpvn{ korcev vjg ukowncvkqpu
cpf yjgvjgt vjg qvjgt ukowncvkqpu ykvjqwv vjgug tgukfwgu
ctg eqttgev0 Vjku ycu fqpg d{ oqxkpi vjg rctv eqpvckpkpi
vjgug okuukpi tgukfwgu htqo vjg VUR/4 uvtwevwtg ykvj RFD
eqfg 3[Q: vq vjg VUR/3 uvtwevwtg cpf rncekpi kv vq vjg tkijv
rqukvkqp wukpi XOF0 Chvgt okpkok¦cvkqp *ncvgt fguetkdgf kp
vjku ejcrvgt+. yg xgtk難gf yjgvjgt vjku yc{ yg rtqfwegf c
eqttgev uvtwevwtg. yjkej yg fkf0 Htqo vjg VUR/4 uvtwevwtg
*RFD eqfg 3[Q:+ uwictu jcxg dggp uvtkrrgf rtkqt wucig0
Hwtvjgt ctvk難ekcn ugngpqogvjkqpkpg tgukfwgu wugf hqt et{u/
vcnnk¦cvkqp ygtg ejcpigf vq ogvjkqpkpg tgukfwgu d{ tgrnce/
kpi vjg ugngpkwo cvqo d{ c uwnhwt cvqo kp vjg VUR/4 uvtwe/
vwtg0 Oqpqogtu htqo VUR/7 yjgtg ugrctcvgf kpvq fk軟gt/
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EJCRVGT 60 ENCUUKECN OQNGEWNCT F[PCOKEU UKOWNCVKQP

gpv RFD 難ngu. kpfkecvgf d{ oqn 3.4.5 kp vcdngu 603 cpf 6040
Kp ugxgtcn qvjgt ukowncvkqpu qpn{ egtvckp rctvu qh vjg RFD
難ngu eqpvckpkpi VUR UF uvtwevwtgu jcxg dggp wugf0 Uwej
uvtwevwtgu ctg kpfkecvgf kp vcdngu 603 cpf 604 d{ vjg tgukfwg
pwodgtu vjcv jcxg dggp ukowncvgf0

40 Eqpxgtvkpi vjg RFD 難ng kpvq c ITQOCEU uvtwevwtg< Vjku ku
fqpg wukpi vjg rfd4ioz wvknkv{ qh vjgITQOCEU uwkvg0 Fwt/
kpi vjku uvgr okuukpi j{ftqigpu cpf rtqrgt E cpf P/vgtokpk
ctg igpgtcvgf kh vjg{ ctg okuukpi kp RFD 難ng0 ITQOCEU
難ngu eqpvckpkpi vjg rctvkengu ceeqtfkpi vq vjg hqteg 難gnf.
wpk難gf cvqou kp ecug qh vjg ITQOQU hqteg 難gnf cpf cnn gz/
rnkekv cvqou kp ecug qh vjg QRNU/CC hqteg 難gnf ctg qdvckpgf
htqo vjg rfd4ioz wvknkv{ kp vjku uvgr0

50 Fg難pkpi vjg ukowncvkqp dqz uvtwevwtg< Kp cnn ukowncvkqpu yg
wugf c ukowncvkqp dqz qh fqfgecjgftcn ujcrg ykvj c okpkocn
fkuvcpeg vq htqo vjg dqz uwthceg vq cp cvqo qh vjg oqngewng
ukowncvgf qh 304po0 Vjg ujcrg qh uwej c ukowncvkqp dqz ku
ujqyp kp 難iwtg 6030 Vjku uvgr jcu dggp rgthqtogf wukpi vjg
gfkveqph wvknkv{ yjkej ku rctv qh vjg ITQOCEU uwkvg0

60 Uqnxcvkqp qh vjg ukowncvkqp dqz< Kp vjku uvgr vjg gorv{ urceg
kp vjg pgyn{ etgcvgf ukowncvkqp dqz ku 難nngfykvj ycvgtoqngewngu0
Cnn qwt ukowncvkqpu ctg uq ecnngf gzrnkekv uqnxgpv ukowncvkqpu.
cpf vjwu ycvgt ku ukowncvgf d{ cnn kvu cvqou rtgugpv kp vjg
ukowncvkqp dqz0 Kp ecug qh vjg ITQOQU hqteg 難gnf vjg ukow/
ncvkqp dqz jcu dggp uqnxcvgf wukpi vjg URE vjtgg rqkpv ycvgt
oqfgn ];;_. yjkng hqt ukowncvkqpu vjcv jcxg dggp rtgrctgf
hqt vjg QRNU/CC hqteg 難gnf vjg VKR/6R ]322_ hqwt rqkpv yc/
vgt oqfgn jcu dggp wugf0 Vjku uvgr ku rgthqtogf wukpi vjg
igpdqz wvknkv{ ujkrrgf ykvj ITQOCEU

70 Cffkvkqp qh kqpu vq vjg uqnxgpv< Vjku uvgr ku pggfgf gkvjgt vq
tgcej c ejctig pgwvtcn dqz. yjkej cu yg jcxg uggp kp ugevkqp
606 ku pgeguuct{ hqt cnn ogvjqfu wugf vq gxcnwcvg gngevtq/
uvcvke hqtegu qt vq ejcpig vjg kqpke uvtgpivj qh vjg uqnxgpv0
Cffkpi kqpu vq vjg uqnxgpv ku fqpg wukpi vjg igpkqp wvknkv{
htqo vjg ITQOCEU uqhvyctg uwkvg0 Kqpke uvtgpivj jcu dggp
xctkgf fwtkpi fk軟gtgpv ukowncvkqpu kp qtfgt vq kpxguvkicvg
g軟gevu nkpmgf vq kv0 Oquv ukowncvkqpu jqygxgt ygtg rgt/
hqtogf wukpi vjg kqpke uvtgpivj qh jwocp kpvgtuvkvkcn 汝wkf
uvcvgf kp ]323_0
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80 Vygcmkpi qh hqteg 難gnf rctcogvgtu< Kp ecug yjgtg vjg ITQ/
OQU hqteg 難gnf jcu dggp wugf ykvj c oqfk難gf 75c8 rctco/
gvgt ugv vcmgp htqo ]:4_ vjgug rctcogvgtu jcf vq dg ejcpigf
cv jcpf0 Kp qtfgt vq fq uq. yg eqrkgf cnn 難ngu dgikppkpi ykvj
軟I75c8 htqo vjg ITQOCEU hqteg 難gnf fcvcdcug kpvq vjg
fktgevqt{ yjgtg vjg ukowncvkqp jcu dggp rgthqtogf0 Vjg
難ng pcogu ygtg vjgp ejcpigf vq eqpvckp vjg oqf/ rtg難z0
Vjg tguwnvkpi oqf/軟75c8pd0kvr 難ng eqpvckpkpi pqp/dqpfgf
kpvgtcevkqpu ku vjgp gfkvgf kp qtfgt vq ejcpig vjg C6 cpf
vjg C12 rctcogvgtu qh vjg xcp fgt Yccnu kpvgtcevkqp jkij/
nkijvgf kp gswcvkqp *6035+ dgvyggp vjg QO v{rg cvqo cpf
vjg EC4- v{rg cvqo0 Xcnwgu ygtg vcmgp htqo ]:4_ cpf ugv
vq C6 = 2.0 · 10−3 mL

oqnpo8 cpf C12 = 1.67 · 10−6 mL
oqnpo340 Vjgp vjg

oqf/軟I75c80kvr 難ng ku gfkvgf vq eqpvckp vjg pgyoqf/軟I75c8pd0kvr
難ng0 Hkpcnn{ vjg vqrqnqi{ 難ng etgcvgf. pqtocnn{ ecnngf vqrqn0vqr
jcu vq dg wrfcvgf vq tghgtgpeg vq oqf/軟I75c80kvr cpf vjwu
qwt oqfk難gf hqteg 難gnf0

90 Igpgtcvkpi c twp kprwv 難ng< Vqigvjgt ykvj c uq ecnngf ofr
難ng kp ITQOCEU vjg twp kprwv 難ng ku igpgtcvgf wukpi vjg
itqorr wvknkv{ vjcv ku ujkrrgf ykvj ITQOCEU0 Kp vjku rtq/
eguu cnn vjg 難ngu igpgtcvgf wpvkn pqy ctg wpk難gf kp qpg ukp/
ing 難ng. vjcv ecp vjgp dg gcukn{ vtcpuhgttgf vq c Jkij Rgt/
hqtocpeg Eqorwvkpi *JRE+ egpvgt yjgtg vjg okpkok¦cvkqp.
gswknkdtcvkqp qt OF ukowncvkqp ku twp0

Chvgt yg jcxg cnn vjku. yg ecp dgikp vq okpkok¦g vjg hqtegu kp qwt
dqz0

Okpkok¦cvkqp
Ukpeg uvtwevwtgu kp qwt dqz jcxg cnoquv cnyc{u uvtcpig ctvk/

hcevu. uwej cu j{ftqigpu htqo cp cokpq cekf rqkpvkpi vqyctfu
c ecnekwo kqpu qt kpcrrtqrtkcvg ycvgt oqngewng rncegogpv. cpf
cnuq dgecwug vjg hqteg 難gnf ku pqv pgeguuctkn{ tgrtqfwekpi vjg tg/
cnkv{ qh c et{uvcn htqoyjkej vjg kpkvkcn uvtwevwtgu jcxg dggp dwknv.
qpg jcu vq qrvkok¦g vjg rncegogpv qh vjg cvqou kp vjg dqz kp qtfgt
vq cejkgxg okpkocn hqtegu rtkqt dgkpi cdng vq uvctv ykvj vjg hqteg
難gnf kpvgitcvkqp rtqeguu0 Kp cp{ qvjgt ecug. gzvtgog nctig hqtegu
fwg vq uvgtke encujgu hqt kpuvcpeg yqwnf {kgnf uvtcpig dgjcxkqt qh
vjg oqngewng0 Kp vjg ecug qh qwt ukowncvkqpu yg wugf c uvggrguv
fguegpv okpkok¦cvkqp kp c rtkoct{ okpkok¦cvkqp twp cpf c Nko/
kvgf ogoqt{ Dtq{fgp Hngvejgt Iqnfhctd Ujcppq *N/DHIU+ ]324_
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Hkiwtg 603< C fqfgecjgftqp< C ujcrg nkmg vjku tgrtgugpvgf vjg
wpkv egnn kp cnn qwt ukowncvkqpu

cniqtkvjo kp qtfgt vq tgcej c okpkok¦gf uvcvg0 Kh vjg okpkok¦c/
vkqp fkf pqv {kgnf kp ceegrvcdng uocnn hqtegu. uvggrguv fguegpv cpf
N/DHIU twpu ygtg twp kp cnvgtpcvkpi qtfgt wpvkn c uocnn gpqwij
xcnwg jcu dggp qdvckpgf0 Kp igpgtcn. yg vctigvgf hqtegu uocnngt
vjcp 32 mL

oqn·po dwv xcnwgu vjcv ygtg uocnngt vjgp 422
mL

oqn·po jcxg
dggp ceegrvgf0 Vjg okpkowo hqteg qeewttkpi kp c ukowncvkqp
dqz chvgt okpkok¦cvkqp cpf rtkqt vq gswknkdtcvkqp ku jkijnkijvgf
hqt gcej ukowncvkqp kp vjg vcdngu 603 cpf 6040

Gswknkdtcvkqp
Chvgt okpkok¦cvkqp xgnqekvkgu jcxg vq dg cffgf vq jgcv wr vjg

dqz0 Oqvkqpu kp vjg dqz jcxg vjgp vq dg gswknkdtcvgf. wpvkn qpg
ecp twp vjg OF ukowncvkqp0 Xgnqekvkgu ctg kpkvkcnn{ cffgf vq vjg
uqnxgpv wukpi c Dqnv¦ocpp fkuvtkdwvkqp0 Kp qtfgt vq kpetgcug uvc/
vkuvkecn ucornkpi ugxgtcn ukowncvkqpu ygtg rgthqtogf ykvj vjg
ucog kpkvkcn eqpfkvkqpu fk軟gtgpekpi qpn{ kp vjg uggf xcnwg wugf
vq igpgtcvg vjgug xgnqekvkgu0 Chvgtyctfu. vjg igpgtcn OF kpvg/
itcvkqp rtqeguu vcmgu rncegu igpgtcvkpi vtclgevqtkgu qh cnn vjg
oqngewngu kp vjg ukowncvkqp dqz yjgtg vjg oqngewng vq dg qd/
ugtxgf. hqt kpuvcpeg vjg rtqvgkp cpf nkicpfu uwej cu ecnekwo kqpu
tguv rqukvkqp tguvtckpgf0 Vjku mkpf qh gswknkdtcvkqp ukowncvkqpu
vjcv ctg rgthqtogf rtkqt vjg cevwcn OF ukowncvkqp jcxg igpgt/
cvgf vtclgevqtkgu ykvj c ukowncvgf vkog dgvyggp 207 cpf 6pu0 Rgt
ukowncvkqp xcnwgu ctg jkijnkijvgf kp vjg vcdngu 603 cpf 6040 Fwt/
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kpi vjg gswknkdtcvkqp rjcug vjg Dgtgpfugp vjgtoq/ cpf dctquvcvu
*ugg ugevkqp 607 qh vjku ejcrvgt+ jcxg cnyc{u dggp wugf kp qtfgt
vq rtgxgpv nctig queknncvkqpu qh vjg u{uvgo0

Ukowncvkqp
Vjg gswknkdtcvgf u{uvgo eqpvckpkpi xgnqekvkgu ku kp vjg pgzv

uvgr vcmgp hwtvjgt vq vjg ukowncvkqp rjcug0 Kp vjku rjcug pq
rqukvkqp tguvtckpvu fq gzkuv qp vjg oqngewng vq dg qdugtxgf cpf
kvu nkicpfu0 Vjg xgnqekv{ tguecnkpi vjgtoquvcv cpf Rctkpgnnq/ Tc/
ocp dctquvcv fguetkdgf kp ugevkqp 607 qh vjku ejcrvgt jcxg dggp
wugf kp oquv ukowncvkqpu fwtkpi vjku rjcug gxgp vjqwij uqog
rwtg Dgtgpfugp vjgtoq/ cpf dctquvcv ukowncvkqpu jcxg dggp rgt/
hqtogf0 Vjg ejqkeg qh vjg cfxcpegf vjgtoq/ cpf dctquvcvu jcu
dggp ocfg kp qtfgt vq jcxg oqtg ceewtcvg uvcvkuvkeu kp vjg ukow/
ncvkqp dqz0 Vtclgevqtkgu qh gkvjgt 72pu qt 422pu qh ukowncvgf vkog
jcxg dggp igpgtcvgf. ykvj kpvgitcvkqp uvgru dgvyggp 207 cpf 4hu
*∆t kp gswcvkqpu *6063+ cpf *6064++0 Vjg cevwcn ejqkegu ctg ujqyp
kp vjg vcdngu 603 cpf 6040 Vjg ukowncvkqpu jcxg dggp twp gkvjgt
qp JRE gswkrogpv kpuvcnngf cv vjg TQOGQ eqorwvcvkqpcn egpvgt
qh vjg Wpkxgtukv{ qh Tgkou Ejcorcipg/Ctfgppg qt cv vjg Egpvtg
Kphqtocvkswg Pcvkqpcn fg n)Gpugkipgogpv Uwrgtkgwt *EKPGU+0
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Uko % Kpkvkcn Uvtwevwtg P*Rctvkengu+ Xqnwog Hkgnf Eqwnqod V Dcvj R Dcvj H ocz v gs v uko ∝v E*Pc+ E*En+ E*Ec+

3 3¥9: *VUR/3+ 52 629 545 HH78c5 ITH Dgt Dgt ;.:6 4 72 4 2 7.36 2
4 3¥9: *VUR/3+ 5; 24; 53: QRNU/CC ROG/u Xtg R/T ;.;5 3 72 4 368.43 373.66 2
5 3WZ8 *VUR/3+ ;7 536 95: QRNU/CC ROG/u Xtg R/T :.45 3 72 4 366.23 368.48 58
6 3[Q: *VUR/4+ ykvjqwv uwictu 598 :3: 4::7 QRNU/CC ROG/u Xtg R/T 9.78 2.7 72 4 367.27 358.64 39.4:
7 3WZ8 *VUR/3+ tgu ;59 vq 3374 4: 5;; 523 HH78c5 ITH Dgt Dgt :.;7 6 72 4 2 7.73 2
8 3WZ8 *VUR/3+ tgu ;59 vq 3374 4: 5:3 523 HH78c5 ITH Dgt Dgt 3.2 6 72 2.7 2 6;.87 44.29
9 3WZ8 *VUR/3+ ;7 587 945 QRNU/CC ROG/u Xtg R/T 37;.84 6 72 2.7 77.34 375.:; :6.;:
: 3WZ8 *VUR/3+ tgu ;59 vq 3374 4: 359 4;9 HH78c5 ITH Dgt Dgt 9.:4 3 72 2.7 35;.9: 67:.6: 378.77
; 3WZ8 *VUR/3+ 93 ;49 976 HH78c5 ITH Dgt Dgt 75.9; 3 72 2.7 74.:8 369.77 :3.6;
32 uko %8 B 3047pu 65 536 556 QRNU/CC ROG/u Xtg R/T :.44 3 72 4 2 66.97 3;.:;
33 3WZ8 *VUR/3+ ;7 536 95: QRNU/CC ROG/u Xtg R/T :.45 3 72 4 366.23 368.48 58
34 3WZ8 *VUR/3+ ;7 536 95: QRNU/CC ROG/u Xtg R/T :.45 3 72 4 366.23 368.48 58
35 3WZ8 *VUR/3+ ;7 536 95: QRNU/CC ROG/u Xtg R/T :.45 3 72 4 366.23 368.48 58
36 3WZ8 *VUR/3+ tgu :49 vq :63 :5;7 87.: QRNU/CC ROG/u Xtg R/T :.98 3 422 4 348.3: 348.3: 72.69
37 3WZ8 *VUR/3+ tgu :64 vq :86 32 624 :2.2 QRNU/CC ROG/u Xtg R/T :7.2 3 422 4 367.52 346.76 63.73
38 3WZ8 *VUR/3+ 93 :;9 95: HH78c5 ROG/u Xtg R/T ;.;3 3 72 4 363.98 366.23 58
39 3WZ8 *VUR/3+ 93 :;9 95: HH78c5 ROG/u Xtg R/T ;.;3 3 72 4 363.98 366.23 58
3: 3WZ8 *VUR/3+ 93 :;9 95: HH78c5 ROG/u Xtg R/T ;.;3 3 72 4 363.98 366.23 58
3; 3WZ8 *VUR/3+ 93 :;9 95: HH78c5 ROG/u Xtg R/T ;.;3 3 72 4 363.98 366.23 58
42 3WZ8 *VUR/3+ tgu :49 vq :63 822: 84.2 HH78c5 ROG/u Xtg R/T ;.33 3 422 4 355.;4 355.;4 75.7:
43 3WZ8 *VUR/3+ tgu :64 vq :86 999; :2.2 HH75c8 ROG/u Xtg R/T 49.5 3 422 4 367.52 346.76 63.73
44 3WZ8 *VUR/3+ tgu :49 vq :63 822: 84.2 HH78c5 ITH Xtg R/T ;.:3 3 422 4 355.;4 355.;4 75.7:
45 3WZ8 *VUR/3+ tgu :64 vq :86 999; :2.2 HH75c8 ITH Xtg R/T ;.4: 3 422 4 367.52 346.76 63.73
46 3WZ8 *VUR/3+ 93 :;9 95: HH75c8 ITH Xtg R/T ;.2 3 72 2.7 363.94 365.;9 57.;;
47 3WZ8 *VUR/3+ 93 :;9 95: HH75c8 ITH Xtg R/T ;.2 3 72 2.7 363.94 365.;9 57.;;
48 3WZ8 *VUR/3+ 93 :;9 95: HH75c8 ITH Xtg R/T ;.2 3 72 2.7 363.94 365.;9 57.;;
49 3WZ8 *VUR/3+ 93 :;9 95: HH75c8 ITH Xtg R/T ;.2 3 72 2.7 363.94 365.;9 57.;;
4: Ec4- Kqp :::5 86 QRNU/CC ROG/u Xtg R/T :.7 3 422 4 73.:; 325.9; 47.;7
4; Ec4- Kqp 8739 86 HH75c8 ROG/u Xtg R/T :.4 3 422 4 73.:; 325.9; 47.;7
52 3WZ8 *VUR/3+ tgu :49 vq :63 37 632 378 HH75c8 ITH Xtg R/T :.7 3 422 4 36;.25 36;.25 43.4;
53 3[Q: *VUR/4+ 4:2 ;32 4:72 HH75c8 ITH Xtg R/T ;.9 3 72 3 364.97 356.23 39.6:
54 3[Q: *VUR/4+ 4:2 ;32 4:72 HH75c8 ITH Xtg R/T ;.9 3 72 3 364.97 356.23 39.6:
55 3[Q: *VUR/4+ 4:2 ;32 4:72 HH75c8 ITH Xtg R/T ;.9 3 72 3 364.97 356.23 39.6:
56 3[Q: *VUR/4+ 4:2 ;32 4:72 HH75c8 ITH Xtg R/T ;.9 3 72 3 364.97 356.23 39.6:

Vcdng 603< OF ukowncvkqpu 3 vq 56< Ujqyp ctg htqo nghv vq tkijv. vjg ukowncvkqp pwodgt. vjg kpkvkcn
uvtwevwtg wugf cu cp kprwv vq vjg ukowncvkqp *RFD eqfg ]72_ cpf oqfk難ecvkqpu+. vjg pwodgt qh
rctvkengu. vjg xqnwog qh vjg ukowncvkqp dqz ]po5_. vjg hqteg 難gnf v{rg. vjg ogvjqf wugf vq gxcnw/
cvg vjg eqwnqod kpvgtcevkqp. vjg vjgtoquvcv v{rg yjgtg Dgt tgrtgugpvu cu Dgtgpfugp vjgtoquvcv
cpf Xgt c xgnqekv{ tguecnkpi v{rg vjgtoquvcv ykvj c uvqejcuvke vgto. vjg dctquvcv v{rg yjgtg Dgt
tgrtgugpvu c Dgtgpfugp dctquvcv cpf R/T c Rctkpgnnq Tcocp dctquvcv. vjg oczkowo hqteg cevkpi
qp c rctvkeng kp vjg dqz chvgt okpkokucvkqp kp

[

mL
oqn·po

]

. vjg vkog vjg u{uvgo jcu urgpv kp gswknkdtk/
ucvkqp. vjg vqvcn twpvkog qh vjg ukowncvkqp. vjg vkog qh c ukping kpvgitcvkqp uvgr. vjg eqpegpvtcvkqp
qh uqfkwo kqpu kp ]ooqn_. qh ejnqtkpg kqpu kp ]ooqn_ cpf qh ecnekwo kqpu0
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Uko % Kpkvkcn Uvtwevwtg P*Rctvkengu+ Xqnwog Hkgnf Eqwnqod V Dcvj R Dcvj H ocz v gs v uko ∝v E*Pc+ E*En+ E*Ec+

57 3WZ8 *VUR/3+ 93 :;9 95: HH75c8/oqf ITH Xtg R/T :.; 3 72 3 363.98 366.23 58.22
58 3WZ8 *VUR/3+ 93 :;9 95: HH75c8/oqf ITH Xtg R/T :.; 3 72 3 363.98 366.23 58.22
59 3WZ8 *VUR/3+ 93 :;9 95: HH75c8/oqf ITH Xtg R/T :.; 3 72 3 363.98 366.23 58.22
5: 3WZ8 *VUR/3+ 93 :;9 95: HH75c8/oqf ITH Xtg R/T :.; 3 72 3 363.98 366.23 58.22
5; 3WZ8 *VUR/3+ -okuukpi 96 348 984 HH75c8/oqf ITH Xtg R/T 93.9 3 72 3 365.9; 372.54 56.:8
62 3WZ8 *VUR/3+ -okuukpi 96 348 984 HH75c8/oqf ITH Xtg R/T 93.9 3 72 3 365.9; 372.54 56.:8
63 3WZ8 *VUR/3+ -okuukpi 96 348 984 HH75c8/oqf ITH Xtg R/T 93.9 3 72 3 365.9; 372.54 56.:8
64 3WZ8 *VUR/3+ -okuukpi 96 348 984 HH75c8/oqf ITH Xtg R/T 93.9 3 72 3 365.9; 372.54 56.:8
65 3[Q: *VUR/4+ ykvjqwv uwictu 4:2 ;32 4:72 HH75c8/oqf ITH Xtg R/T ;.5 3 72 3 364.97 356.23 39.6:
66 3[Q: *VUR/4+ ykvjqwv uwictu 4:2 ;32 4:72 HH75c8/oqf ITH Xtg R/T ;.5 3 72 3 364.97 356.23 39.6:
67 3[Q: *VUR/4+ ykvjqwv uwictu 4:2 ;32 4:72 HH75c8/oqf ITH Xtg R/T ;.5 3 72 3 364.97 356.23 39.6:
68 3[Q: *VUR/4+ ykvjqwv uwictu 4:2 ;32 4:72 HH75c8/oqf ITH Xtg R/T ;.5 3 72 3 364.97 356.23 39.6:
69 5HD[ *VUR/7+ oqn 3 9: ;97 :43.32 HH75c8/oqf ITH Xtg R/T 77.7 3 72 3 369.85 35;.76 82.89
6: 5HD[ *VUR/7+ oqn 3 9: ;97 :43.32 HH75c8/oqf ITH Xtg R/T 77.7 3 72 3 369.85 35;.76 82.89
6; 5HD[ *VUR/7+ oqn 3 9: ;97 :43.32 HH75c8/oqf ITH Xtg R/T 77.7 3 72 3 369.85 35;.76 82.89
72 5HD[ *VUR/7+ oqn 3 9; ;97 :43.32 HH75c8/oqf ITH Xtg R/T 77.7 3 72 3 369.85 35;.76 82.89
73 5HD[ *VUR/7+ oqn 4 :2 459 :52.29 HH75c8/oqf ITH Xtg R/T 8:.5 3 72 3 36:.27 358.26 7:.24
74 5HD[ *VUR/7+ oqn 4 :2 459 :52.29 HH75c8/oqf ITH Xtg R/T 8:.5 3 72 3 36:.27 358.26 7:.24
75 5HD[ *VUR/7+ oqn 4 :2 459 :52.29 HH75c8/oqf ITH Xtg R/T 8:.5 3 72 3 36:.27 358.26 7:.24
76 5HD[ *VUR/7+ oqn 4 :2 459 :52.29 HH75c8/oqf ITH Xtg R/T 8:.5 3 72 3 36:.27 358.26 7:.24
77 5HD[ *VUR/7+ oqn 5 98 ;;7 :23.;4 HH75c8/oqf ITH Xtg R/T ;.: 3 72 3 373.56 35:.;2 82.34
78 5HD[ *VUR/7+ oqn 5 98 ;;7 :23.;4 HH75c8/oqf ITH Xtg R/T ;.: 3 72 3 373.56 35:.;2 82.34
79 5HD[ *VUR/7+ oqn 5 98 ;;7 :23.;4 HH75c8/oqf ITH Xtg R/T ;.: 3 72 3 373.56 35:.;2 82.34
7: 5HD[ *VUR/7+ oqn 5 98 ;;7 :23.;4 HH75c8/oqf ITH Xtg R/T ;.: 3 72 3 373.56 35:.;2 82.34
7; 3[Q: *VUR/4+ tgu :69 vq 3393 94 724 965.43 HH75c8/oqf ITH Xtg R/T ;.7 3 72 3 36;.92 35:.75 55.74
82 3[Q: *VUR/4+ tgu :69 vq 3393 94 724 965.43 HH75c8/oqf ITH Xtg R/T ;.7 3 72 3 36;.92 35:.75 55.74
83 3[Q: *VUR/4+ tgu :69 vq 3393 94 724 965.43 HH75c8/oqf ITH Xtg R/T ;.7 3 72 3 36;.92 35:.75 55.74
84 3[Q: *VUR/4+ tgu :69 vq 3393 94 724 965.43 HH75c8/oqf ITH Xtg R/T ;.7 3 72 3 36;.92 35:.75 55.74
85 3[Q: *VUR/4+ tgu :69 vq 3393 94 724 965.43 HH75c8 ITH Xtg R/T ;.7 3 72 3 36;.92 35:.75 55.74
86 3[Q: *VUR/4+ tgu :69 vq 3393 94 724 965.43 HH75c8 ITH Xtg R/T ;.7 3 72 3 36;.92 35:.75 55.74
87 3[Q: *VUR/4+ tgu :69 vq 3393 94 724 965.43 HH75c8 ITH Xtg R/T ;.7 3 72 3 36;.92 35:.75 55.74
88 3[Q: *VUR/4+ tgu :69 vq 3393 94 724 965.43 HH75c8 ITH Xtg R/T ;.7 3 72 3 36;.92 35:.75 55.74

Vcdng 604< OF ukowncvkqpu 57 vq 88< Ujqyp ctg htqo nghv vq tkijv. vjg ukowncvkqp pwodgt. vjg
kpkvkcn uvtwevwtg wugf cu cp kprwv vq vjg ukowncvkqp *RFD eqfg ]72_ cpf oqfk難ecvkqpu+. vjg pwodgt
qh rctvkengu. vjg xqnwog qh vjg ukowncvkqp dqz ]po5_. vjg hqteg 難gnf v{rg. vjg ogvjqf wugf vq gxcn/
wcvg vjg eqwnqod kpvgtcevkqp. vjg vjgtoquvcv v{rg yjgtg Dgt tgrtgugpvu cu Dgtgpfugp vjgtoquvcv
cpf Xgt c xgnqekv{ tguecnkpi v{rg vjgtoquvcv ykvj c uvqejcuvke vgto. vjg dctquvcv v{rg yjgtg Dgt
tgrtgugpvu c Dgtgpfugp dctquvcv cpf R/T c Rctkpgnnq Tcocp dctquvcv. vjg oczkowo hqteg cevkpi
qp c rctvkeng kp vjg dqz chvgt okpkokucvkqp kp

[

mL
oqn·po

]

. vjg vkog vjg u{uvgo jcu urgpv kp gswknkdtk/
ucvkqp. vjg vqvcn twpvkog qh vjg ukowncvkqp. vjg vkog qh c ukping kpvgitcvkqp uvgr. vjg eqpegpvtcvkqp
qh uqfkwo kqpu kp ]ooqn_. qh ejnqtkpg kqpu kp ]ooqn_ cpf qh ecnekwo kqpu0
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EJCRVGT 60 ENCUUKECN OQNGEWNCT F[PCOKEU UKOWNCVKQP

609 Cpcn{uku qh Encuukecn Ukowncvkqpu
Ugxgtcn fk軟gtgpv vqqnu jcxg dggp wugf vq cpcn{¦g vjg tguwnv/

kpi vtclgevqtkgu qh vjg oqngewnct f{pcokeu ukowncvkqpu0 Ocp{ qh
vjgo jcxg dggp ujkrrgf ykvj ITQOCEU. qvjgtu vqqnu gurgekcnn{
XOF ]59_ dwv vq nguugt gzvgpf cnuq R{OQN ]5:_ jcxg dggp wugf vq
kpxguvkicvg vjg vtclgevqtkgu0 Hwtvjgt. ugxgtcn kp jqwug fgxgnqrgf
oqfwngu cpf uetkrvu ygtg wugf fwtkpi vjg cpcn{¦cvkqp rtqeguu0
Vjg Yqnhtco Ocvjgocvkec uqhvyctg xgtukqp 9 ]325_ cnuq rtqxgf
vq dg g二ekgpv kp ugxgtcn vcumu cpcn{¦kpi vjg qwveqog qh qwt OF
ukowncvkqpu0 Vjku ugevkqp jgtg fguetkdgu jqy yg cpcn{¦gf qwt
vtclgevqtkgu cpf jqy yg qdvckpgf vjg tguwnvu rtgugpvgf kp uge/
vkqp 60:0

Dcuke Xgtk惶ecvkqp cpf Vtclgevqt{ Eqpxgtukqp
Vjg 難tuv vjkpi vjcv jcu dggp fqpg chvgt c OF ukowncvkqp 難p/

kujgf ycu vq xgtkh{ kh vjg okpkocn fkuvcpeg dgvyggp vjg oqngewng
vq dg qdugtxgf cpf kvu okttqt kocigu etgcvgf d{ rgtkqfke dqwpf/
ct{ eqpfkvkqpu fkf pqv igv vq enqug vq gcej qvjgt0 Vjku jcu dggp
xgtk難gf wukpi vjg iaokpfkuv wvknkv{ htqo vjg ITQOCEU uwkvg0
Vjg fkuvcpegu fkf pqv fguegpv dgnqy c okpkowo fkuvcpeg qh qpg
pcpqogvgt dgvyggp vjg oqngewng cpf kvu pgzv kocig0 Chvgtyctfu
vjg vtclgevqt{ ycu oqfk難gf uq vjcv vjg oqngewng vq dg qdugtxgf
cnyc{u uvc{u kp vjg egpvgt qh vjg dqz cpf vjg uqnxgpv ku oqxkpi
ctqwpf vjg oqngewng. kpuvgcf qh jcxkpi vjg oqngewng fk軟wug kp
vjg dqz0 Vjku rtqxgf vq dg rtqdngocvke cu yg ukowncvgf c rtq/
vgkp ykvj kqpu cu dqwpf vq vjg rtqvgkp cpf ugxgtcn kqpu ygtg pqv
kpfkecvgf vq dg kp vjg ucog dqz cu vjg rtqvgkp fwtkpi vtclgevqt{
eqpxgtukqp0 Vjg oquv g二ekgpv yc{ kp eqpxgtvkpi qwt vtclgevqtkgu
wukpi vjg vtleqpx wvknkv{ ujkrrgf ykvjITQOCEU rtqxgf vq dg vjg
hqnnqykpi vyq eqoocpfu<
vtleqpx /h vtcl0zve /q egpvgtgf/cvqoke0zve /u vqrqn0vrt /rde cvqo ^

/wt eqorcev /egpvgt
vtleqpx /h egpvgtgf/cvqoke0zve /q egpvgtgf/hkpcn0zve /u vqrqn0vrt /rde yjqng

Nkuvkpi 603< Vtclgevqt{ cnkipogpv

yjgtg vjg 難tuv nkpg rwvu vjg kpfgz itqwr vq dg ugngevgf kpvq vjg
egpvgt qh vjg dqz. yjkng vjg ugeqpf nkpg ocmgu dtqmgp oqngewngu
cv vjg gfig qh vjg dqz yjqng0 Kp vjg tguwnvkpi vtclgevqt{ vjg
oqngewng ku uvknn tqvcvkpi kp vjg egpvgt qh vjg dqz0 Yg hqwpf vjcv
cp{ hwtvjgt cnkipogpv qrvkqp wugf ykvj vtleqpx fguvtq{gf qwt gp/
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6090 CPCN[UKU QH ENCUUKECN UKOWNCVKQPU

ugodng kp vjg dqz0 Kp qtfgt vq ektewoxgpv vjku rtqdngo kp ecugu
yjgtg yg ycpvgf vq cnkip vjg vtclgevqt{ cpf jgpeg rtgxgpv vjg
oqngewng htqo tqvcvkpi kp vjg dqz cpf jcxg vjg uqnxgpv ctqwpf
kpuvgcf tqvcvg ctqwpf vjg oqngewng. yg wugf XOF vq fq uq0

Inqdcn Eqphqtocvkqpcn Ejcpig cpf Hnwevwcvkqpu
Dcuke kpukijvu kpvq 汝gzkdknkv{ cpf nqecn 汝wevwcvkqpu qh c uko/

wncvgf oqngewng jcxg dggp kpxguvkicvgf kp ecnewncvkpi vjg Tqqv
Ogcp Uswctg Fgxkcvkqp *TOUF+ cpf vjg Tqqv Ogcp Uswctg Hnwe/
vwcvkqp TOUH0 Dqvj ecp dg qdvckpgf d{ gkvjgt iatou hqt vjg
TOUF cpf iatouh hqt vjg TOUH htqo wvknkvkgu kpvgitcvgf kpITQ/
OCEU rcemcig0 Vjg TOUF ku ecnewncvgf cu<

TOUF(t0, t) =

√

√

√

√

1

M

N
∑

i=1

mi‖ri(t0)− ri(t)‖2, *60345+

yjgtgM =
∑N

i=1 mi. mi ku vjg ocuu qh rctvkeng i. cpf ri kvu nqecvkqp0
Vjku hqtownc ikxgu hqt vkog t c xcnwg hqt vjg inqdcn fghqtocvkqp
cickpuv c tghgtgpeg vkog t00 Hktuv vjku vq dg g二ekgpv vjg uvtwe/
vwtg cv t jcu vq dg cnkipgf cickpuv vjg uvtwevwtg qh t0. yjkej ku
cwvqocvkecnn{ fqpg d{ iatouf0 Vjg TOUH hqtownc d{ eqpvtcuv ku
ikxgp d{<

TOUHi =

√

1

T

∫ T

t0

‖ri(t)− r̄i‖2, *60346+

yjkej g軟gevkxgn{ dgeqogu cu qpg gxcnwcvgu qpn{ fkuetgvg vkoguvgru
*htcogu+<

TOUHi =

√

√

√

√

1

T

T
∑

tj=0

‖ri(tj)− r̄i‖2. *60347+

Jgtg T ku vjg vkog fwtcvkqp qh vjg vqvcn ukowncvkqp0 Vjg TOUH
tgvwtpu vjg 汝wevwcvkqp qh c rctvkeng i ctqwpf kvu ogcp nqecvkqp ri
cpf jkpvu vjg 汝gzkdknkv{ qh egtvckp tgikqpu qh vjg uvtwevwtg0 Dqvj
hqtowncu ygtg kp igpgtcn crrnkgf vq cnn ukowncvkqpu vjcv ygocfg0

Ucornkpi Kpvgtcvqoke Fkuvcpegu
Kpvgtcvqoke fkuvcpegu jcxg dggp ucorngf wukpi vjg iafkuv wvkn/

kv{ htqo ITQOCEU0 Vjg fkuvcpegu jcxg. hqt kpuvcpeg. dggp uco/
rngf dgvyggp vjg qz{igp cvqou qh vjg curctvke cekf jgcfu cpf
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vjg ecnekwo kqpu kp qtfgt vq ickp kpukijvu kpvq vjg fghqtocvkqp qh
c E/ qt P/v{rg Uvcnm htqo c VUR UF jqnfkpi cp kqp cpf hwtvjgt vq
kpxguvkicvg vjg rtqeguu qh tgngcukpi cp kqp htqo uwej c tgrgcv0

Ucornkpi Ejcpigu kp vjg Tcfkwu qh I{tcvkqp
Vjg tcfkwu qh i{tcvkqp tqwijn{ guvkocvgu vjg eqorcevpguu qh

c oqngewng0 Kv ku ecnewncvgf d{ vjg hqtownc<

Ri =

√

∑N

i=1 ‖ri − rc‖2mi
∑N

i=1 mi

, *60348+

yjgtg N ku vjg pwodgt qh rctvkengu kp vjg oqngewng vq dg qd/
ugtxgf. ri cpf mi ctg vjg tcfkwu cpf vjg ocuu qh rctvkeng i cpf
rc ku vjg egpvgt qh ocuu qh N rctvkengu0 Ejcpigu kp vjg tcfkwu qh
i{tcvkqp ctg c iqqf kpfkecvqt hqt eqphqtocvkqpcn ejcpigu. ykvj/
qwv vjg pggf qh xkuwcn kpurgevkqp qp vjg rctv vq dg kpxguvkicvgf
ykvj c itcrjkecn rtqitco uwej cu XOF0 Yg ucorngf vjg tcfkwu
qh i{tcvkqp hqt vjg VUR UF Uvcnm cpf Inqdg hqt kpuvcpeg kp qtfgt
vq kpxguvkicvg ejcpigu kp eqphqtocvkqp. cpf 汝gzkdknkv{0

Uwthceg Ceeguukdknkv{ Ucornkpi
Uqnxgpv uwthceg ceeguukdknkv{ ku cp korqtvcpv rtqrgtv{ kp vjcv kv

jkpvu dkpfkpi cxckncdknkv{ qh cokpq cekf tgukfwgu0 Uwthceg ceegu/
ukdknkv{ jcu dggp ucorngf htqo c vtclgevqt{ wukpi vjg ugeqpfct{
uvtwevwtg cuukipogpv vqqn FUUR ]326_ kp eqodkpcvkqp ykvj vjg
ITQOCEU wvknkv{ fqafuur0 Vjku wvknkv{ ecp igpgtcvg cp kocig 難ng
fgrkevkpi vjg uwthceg ceeguukdknkv{)u kp fk軟gtgpv ujcfgu qh itc{0
Vjku kocig 難ng jcu vjgp dggp korqtvgf kpvqOcvjgocvkec yjgtg
yg igpgtcvgf uwthceg ceeguukdknkv{ itcrju htqo vjku fcvc0

Rtkpekrcn Eqorqpgpv Cpcn{uku
Rtkpekrcn eqorqpgpv cpcn{uku *REC+ ku c uvcvkuvkecn ogvjqf vq

tgfweg vjg fkogpukqp qh c u{uvgo0 Yg dtkg汝{ umgvej vjku ogvjqf
jgtgkp0 Vjg kpvgtguvgf tgcfgt ycpvkpi vq mpqyoqtg qp vjku vqrke
ujcnn dg tghgttgf vq dqqmu kp vjg 難gnf qh uvcvkuvkeu nkmg ]327_0 Yg
uvctv ykvj vjg eqxctkcpeg<

σXY =
1

N

N
∑

i=1

(xt − x̄)(yt − ȳ). *60349+
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yjgtg X ku c ugv qh eqqtfkpcvgu qh rctvkeng xt kp vkog t cpf Y ku c
ugv qh eqqtfkpcvgu kp vkog t hqt cp qvjgt rctvkeng0 x̄ cpf ȳ fgpqvg
vjg ogcp xcnwgu qh vjgug ugvu qh eqqtfkpcvgu0 Kh cpf qpn{ kh vjg
汝wevwcvkqpu hqt rctvkeng x cpf rctvkeng y ctg eqorngvgn{ wpeqttg/
ncvgf kp vkog kv hqnnqyu vjcv σXY = 00 Hqt c ocp{ rctvkeng u{uvgo
uwej cu c rtqvgkp qpg ecp pqy fg難pg vjg eqttgncvkqp ocvtkz<

Cij =











σ11 σ12 · · · σ1N

σ21 σ22 · · · σ2N
000 000 0 0 0 000

σN1 σN2 · · · σNN











, *6034:+

yjkej jqnfu vjg uvcpfctf fgxkcvkqpu kp vjg fkciqpcn cpf vjg eq/
xctkcpegu kp vjg q軟 fkciqpcn0 Vjku ocvtkz ku qpg yc{ vq nqecvg
汝wevwcvkpi cvqou *jkij xcnwgu kp vjg fkciqpcn+ cpf vq 難pf eqn/
ngevkxg oqvkqpu *jkij xcnwgu kp vjg q軟 fkciqpcn+0 REC kpxqnxgu
tkijv pqy uqnxkpi vjg gkigpxcnwg rtqdngo<

Cvi = λivi, *6034;+

yjgtg vjg gkigpxgevqt vi ku ecnngf c rtkpekrcn eqorqpgpv ykvj vjg
eqttgurqpfkpi gkigpxcnwg λi0 Ukpeg vjg ocvtkz C ku ugnh/cflqkpv
xgevqtu vi hqto c eqorngvg dcugu ugv kp yjkej qpg eqwnf gzrtguu
vjg oqvkqpu qh vjg vtclgevqt{0 Jqygxgt. kv ku eqpxgpkgpv vjcv qpg
ecp uqtv vjgug rtkpekrcn eqorqpgpvu d{ vjgkt gkigpxcnwgu λi cpf
ecp pgingev vjg eqorqpgpvu ykvj uocnn gkigpxcnwgu cpf jgpeg tg/
fweg vjg pwodgt qh eqqtfkpcvgu qh vjg u{uvgo0 Vjg 難tuv rtkpekrcn
eqorqpgpvu *vjqug ykvj vjg jkijguv cuuqekcvgf gkigpxcnwgu+ vjwu
eqpvckp oquv qh vjgoqngewngu oqvkqpu0 Yjgp rgthqtokpi REC qp
c OF vtclgevqt{ qpg jcu vq ocmg uwtg vq cxqkf fk軟wukqp0 Vjku ku
cejkgxgf d{ egpvgtkpi vjg oqngewng cpf cnkipkpi vjg uvtwevwtgu
qh vjg fk軟gtgpv htcogu qp gcej qvjgt0 Yg jcxg wugf REC kp qt/
fgt vq gxcnwcvg vjg hqteg 難gnfu cickpuv gcej qvjgt cpf kp qtfgt
vq fgvgev 汝gzkdng rctvu cpf oclqt oqvkqpu qh vjg rtqvgkpu kp ugx/
gtcn ukowncvkqpu0 Kp qwt ecug. yg cnyc{u rgthqtogf vjg REC qpn{
qp vjg Ｆ/ectdqpu qh c rtqvgkp0 Hwtvjgt qpg ujqwnf ocmg uwtg. cu
vjku ku c uvcvkuvkecn ogvjqf. vjcv ucornkpi ku cfgswcvg0 Kp qtfgt vq
fq uq. yg cnyc{u eqpecvgpcvgf hqwt gswkxcngpv ukowncvkqpu vjcv
qpn{ fk軟gt d{ vjg uggf vjcv ycu wugf kp igpgtcvkpi vjg xgnqek/
vkgu fwtkpi gswknkdtcvkqp rjcug0 REC ecp dg rgthqtogf wukpi vjg
wvknkvkgu ujkrrgf ykvj ITQOCEU pcogn{ iaeqxct cpf iacpcgki0
Chvgtyctfu xctkqwu rquv/rtqeguukpi uetkrvu jcxg dggp ytkvvgp0
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EJCRVGT 60 ENCUUKECN OQNGEWNCT F[PCOKEU UKOWNCVKQP

Hktuv. c xgt{ ukorng uetkrv ecnngf urnkv/gx/eqo jcu dggp ytkv/
vgp kp qtfgt vq urnkv qh vjg eqorqpgpvu hqt vjg gkigpeqor0zxi 難ng
igpgtcvgf ykvj iacpcgki kpvq ugrctcvg 難ngu uq vjcv vjg{ ctg gcu/
kgt vq ocpkrwncvg0 Twppkpi vjku uetkrv ku pgeguuct{ vq twp c uge/
qpf uetkrv vjcv yg etgcvgf ecnngf igp/x/3/:0 Vjku wvknkv{ etgcvgu c
xgevqt htqo vjg 難tuv gkijv rtkpekrcn eqorqpgpvu d{ crrn{kpi vjg
hqtownc<

v1−8 =
8

∑

i=1

λivi, *60352+

yjkej ecp dg wugf vq kpxguvkicvg vjg ewowncvgf oqvkqpu htqo
vjgug eqorqpgpvu0 Uetkrvu jcxg hwtvjgt dggp ytkvvgp kp qtfgt
vq xkuwcnk¦g rtkpekrcn eqorqpgpvu wukpi XOF0 Vjku ku qwvnkpgf kp
ugevkqp 8050

Kqp Eqqtfkpcvkqp Urjgtg Ucornkpi
Vjg VUR UF eqpvckpu c ownvkvwfg qh ecnekwo kqpu. cu ujqyp

kp 難iwtg 5080 Yg ygtg kpvgtguvgf yjgvjgt vjgug kqpu fq ngcxg
vjg rtqvgkp cpf ctg uqnxcvgf qt pqv0 Kp qtfgt vq dgvvgt wpfgt/
uvcpf vjku rtqeguu yg igpgtcvgf itcrju fgrkevkpi vjg ogodgtu
qh vjg 難tuv uqnxcvkqp urjgtg ctqwpf vjg ecnekwo kqpu0 Ecnekwo
kqpu ctg mpqyp vq jcxg ctqwpf gkijv cvqou kp vjgkt 難tuv j{ftc/
vkqp urjgtg ]328_ ]329_0 Kp qtfgt vq ucorng vjg cvqou vjcv uwt/
tqwpf vjg ecnekwo kqp. yg jcxg ytkvvgp c ITQOCEU rnwikp cpf
c ugeqpfct{ 難nvgtkpi uetkrv vjcv cnnqyu wu vq jkijnkijv cvqou dg/
nqpikpi vq urgek難e oqngewngu0 Vjg ITQOCEU rnwikp vjcv yg
ecnngf iakqpeqqtfkpcvkqp igpgtcvgu c 難ng hqt gcej kqp rctv qh c
ITQOCEU kpfgz itqwr vq dg ugngevgf0 C ITQOCEU kpfgz ku c
fcvcdcug yjgtg qpg ecp tgitqwr qdlgevu kp c ukowncvkqp dqz kp
qtfgt vq hceknkcvg ugngevkqp qh vjgug0 Hqt hwvjgt kphqtocvkqp vjg
tgcfgt ku tghgttgf vq vjg fqewogpvcvkqp ujkrrgf ykvj ITQOCEU
]52_0 Vq eqorkng uwej c ITQOCEU rnwikp. yg tghgt vq vjg vgo/
rncvg ujkrrgf ykvj ITQOCEU cpf kpuvcnngf d{ fghcwnv kp<
ITQOCEUaRTGHKZ1ujctg1itqoceu1vgorncvg

Nkuvkpi 604< ITQOCEU rnwikp vgorncvg rcvj

Vjg eqorkngf rnwikp ecp vjgp dg twp d{ kuuwkpi c eqoocpf nkmg
vjg hqnnqykpi<
iakqpeqqtfkpcvkqp /u vqrqn0vrt /p kpfgz0pfz /h vtcl0zve /ewvqhh 204:

Nkuvkpi 605< Twppkpi iakqpeqqtfkpcvkqp

9;



6090 CPCN[UKU QH ENCUUKECN UKOWNCVKQPU

Jgtg qpg jcu vq ejqqug c ITQOCEU kpfgz itqwr eqpvckpkpi vjg
kqpu0 204: ycu kp vjku ecug vjg ewvq軟 tcfkwu kp pcpqogvgtu0 Vjg
難ngu igpgtcvgf d{ iakqpeqqtfkpcvkqp hqt gcej kqp kp uwej cp kpfgz
itqwr vjgp nqqm nkmg<
] 20222_
/ QF4 / CUR / 326
/ QF4 / CUR / 328
/ QF3 / CUR / 335
/ QF4 / CUR / 335
/ Q / E[U4 / 337
/ Q / CUP / 33:
/ Q / XCN / 33;
/ Q / KNG / 343
/ EC / EC / 557
] 30462_
/ QF4 / CUR / 326
/ QF4 / CUR / 328
/ QF3 / CUR / 335
/ QF4 / CUR / 335
/ Q / E[U4 / 337
/ Q / CUP / 33:
/ Q / XCN / 33;
/ Q / KNG / 343
/ EC / EC / 557

Nkuvkpi 606< V{rkecn qwvrwv 難ng htqo iakqpeqqtfkpcvkqp

Kp vjku 難ng vjg vkog qh vjg ewttgpv ukowncvkqp htcog ku qwvnkpgf kp
dtcemgvu0 Vjg cvqou ykvjkp vjg ewvq軟 tcfkwu ctqwpf vjg kqp ctg
nkuvgf kp vjg hqnnqykpi nkpgu0 Gcej nkpg eqpvckpu vjg v{rg qh cvqo
cu fg難pgf d{ vjg hqteg 難gnf0 Vjg tgukfwg vjg cvqo dgnqpiu vq.
cpf vjg tgukfwg pwodgt kp ITQOCEU eqpxgpvkqp *vjg tgukfwg
pwodgtu uvctv cv 3 hqt gcej rtqvgkp. rgrvkfg cv vjg P/vgtokpcn+0
Qpeg yg qdvckpgf vjgug 難ngu. yg ytqvg c 難nvgtkpi uetkrv vjcv yg
ecnngf eqqtfkpcvkqp/cpcn{¦g0 Twppkpi vjg eqqtfkpcvkqp/cpcn{¦g
uetkrv nkmg
eqqtfkpcvkqp/cpcn{¦g kprwv qwvrwv

Nkuvkpi 607< Twppkpi eqqtfkpcvkqp/cpcn{¦g

yjgtg kprwv ku qpg qh vjg qwvrwv 難ngu igpgtcvgf d{ iakqpeqqtfkpcvkqp
cpf qwvrwv ku vjg qwvrwv 難ng vq dg ytkvvgp0 eqqtfkpcvkqp/cpcn{¦g
vjgp rtqfwegu cp qwvrwv 難ng vjcv nqqmu nkmg vjg hqnnqykpi<
20222222 2 6 6 2
30462222 2 6 6 2
406:2222 2 6 6 2
50942222 2 6 6 2
60;82222 2 6 6 2
80422222 2 6 6 2
90662222 2 6 6 2
:08:2222 2 6 6 2

:2
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;0;42222 2 6 5 2

Nkuvkpi 608< C v{rkecn qwvrwv 難ng htqo eqqtfkpcvkqp/cpcn{¦g

Vjg 難tuv tqy qh uwej c 難ng rtgugpvu vjg vkog qh vjg ewttgpv htcog.
vjg ugeqpf vjg pwodgt qh qz{igp cvqou htqo ycvgt oqngewngu
uwttqwpfkpi vjg oqngewng. vjg vjktf vjg pwodgt qh qz{igpu dg/
kpi rctv qh c rtqvgkp)u dcemdqpg. vjg hqwtvj vjg pwodgt qh qz{/
igpu dgkpi rctv qh vjg jgcf qh cp curctvke cokpq cekf cpf vjg
難hvj qvjgt qz{igp cvqou ykvjkp vjg ewvq軟 urjgtg ugngevgf yjgp
vtkiigtkpi iakqpeqqtfkpcvkqp kp nkuvkpi 6050 Uwej qwvrwv 難ngu ecp
vjgp dg gcukn{ xkuwcnk¦gf d{ vqqnu nkmg ipwrnqv ]32:_0 Yg wugf
Ocvjgocvkec ]325_ kp qtfgt vq igpgtcvg itcrju htqo yjkej yg
fgekfgf yjgvjgt cp kqp iqv hwnn{ uqnxcvgf *cnn eqqtfkpcvgf qz{/
igpu ctg rctv qh c ycvgt oqngewng+ qt pqv0

Xkuwcn Kpurgevkqp
Ugxgtcn tguwnvu jcxg dggp qdvckpgf d{ xkuwcn kpurgevkqp qh vtc/

lgevqtkgu igpgtcvgf d{ vjg ukowncvkqpu ocfg0 Vjg XOF ]59_ cpf
R{Oqn ]5:_ jcxg dggp wugf kp vjku vcum0 Gurgekcnn{ kpvgtcevkqpu
dgvyggp vjg vjg Inqdg. Uvcnm cpf GIH nkmg fqockpu jcxg dggp
kpxguvkicvgf kp wukpi XOF0

60: Tguwnvu htqo Encuukecn Ukowncvkqpu
Kp vjku ugevkqp. yg jkijnkijv vjg tguwnvu vjcv yg jcxg qdvckpgf

htqo qwt ukowncvkqpu. yjkej ctg dqvj qh vgejpkecn. hqt gzcorng
tguwnvu qp hqteg 難gnf rtqrgtvkgu. cpf qh dkqnqikecn kpvgtguv cu yg
ukowncvgf vjg VUR UF0 Cu ujqyp kp vcdngu 603 cpf 604. ukownc/
vkqpu ygtg ocfg wukpi uvtwevwtgu qh vjg VUR/3.4 cpf 7 UF cpf
yg qdvckpgf ugxgtcn kpvgtguvkpi kpukijvu qp vjgug vjcv yg ujcnn
rtgugpv kp vjg hqnnqykpi0 Vyq ukowncvkqpu qh vjgP/vgtokpcn. ykvj/
qwv hwtvjgt kpxguvkicvkqpu jcxg dggp ocfg vq igv eqohqtvcdng
ykvj qwt OF vqqnu0

Kpukijvu kpvq Hqteg Hkgnfu
Fwtkpi qwt ukowncvkqpu. yg qdugtxgf vjcv vjg ITQOQU ]:3_

]:4_ hqteg 難gnf ngcfu vq kpetgcugf 汝gzkdknkv{ qp rtqvgkp uvtwevwtgu
yjgp kv ku eqorctgf vq vjg QRNU/CC ]9;_ ]:2_ hqteg 難gnf0 Yg
hwtvjgt pqvkegf vjcv ejcpigu kp eqphqtocvkqp uggo vq jcrrgp
hcuvgt kp vjg ITQOQU hqteg 難gnf vjcp kp vjg QRNU/CC hqteg
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60:0 TGUWNVU HTQO ENCUUKECN UKOWNCVKQPU

難gnf0 Yg uwrrqug vjcv vjku ku fwg vq vjg tgfwegf fgitggu qh
htggfqo cu ITQOQU ku c wpk難gf cvqo hqteg 難gnf0 Vjgug tg/
uwnvu jcxg dggp qdugtxgf gkvjgt d{ ecnewncvkpi vjg TOUF wu/
kpi gswcvkqp *60345+. vjg TOUH wukpi gswcvkqp *60347+ cu ygnn
cu d{ REC ujqyp kp ugevkqp 609 cu vjg gkigpxcnwgu qdvckpgf kp
uqnxkpi gswcvkqp *6034;+ ctg uocnngt kp ukowncvkqpu ocfg wukpi
vjg QRNU/CC hqteg 難gnf vjcp kp ukowncvkqpu rgthqtogf ykvj vjg
ITQOQU hqteg 難gnf0 Uwej gkigpxcnwgu ctg ujqyp kp vcdng 6050 C
eqorctkuqp qh vjg TOUH xcnwgu hqt Ｆ/ectdqpu ku ujqyp kp 難iwtg
6040
Hwtvjgt yg hqwpf vjcv fwtkpi ukowncvkqpuocfg wukpi vjg QRNU

hqteg 難gnf vjg kqpu cnyc{u uvc{gf kp vjgkt rqukvkqpu cpf pgxgt iqv
uqnxcvgf0 Yg vjwu iqv oqtg cpf oqtg kpvgtguvgf d{ vjg ITQOQU
hqteg 難gnf. kp yjkej ceeqtfkpi vq G0 Rtqlgev gv cn ]:4_ vjg dqpfu
dgvyggp vjg ecnekwo kqpu cpf curctvke cokpq cekfu ctg vq ygcm0
Yg vjwu kpvgitcvgf vjg oqfk難ecvkqpu uwiiguvgf0
Ugxgtcn qvjgt rtqrgtvkgu ctqwpf vjg kqpu uggo vq dg fk軟gtgpv0

Kp ukowncvkqpu ocfg ykvj c ukping ecnekwo kqp cpf ykvj vyq ejnq/
tkpg eqwpvgt kqpu kp c ycvgt dqz yg hqwpf ukipk難ecpv fk軟gtgpegu
kp kqp dkpfkpi0 Kp vjg ecug qh QRNU c Ec-En eqorngz gzkuvgf
hqt nqpigt rgtkqfu fwtkpi vjg ukowncvkqp0 Kp ukowncvkqpu wukpi
vjg ITQOQU hqteg 難gnf kp kvu 78c5 rctcogvtk¦cvkqp vjg eqorngz
hqtogf ugxgtcn vkogu dwv fkuuqnxgf kvugnh tcvjgt hcuv0 Htqo vjku
yg ecnewncvgf vjg fk軟gtgpeg kp Ikddu htgg gpgti{ dgvyggp vjg
dqwpf cpf vjg wpdqwpf uvcvg0 Ceeqtfkpi vq *60;:+ vjku ecp uko/
rn{ dg fqpg d{<

∆G = kbT np
(

P (dqwpf)
P (wpdqwpf)

)

, *60353+

yjgtg P (uvcvg) ujcnn dg vjg rtqdcdknkv{ vq dg kp vjg tghgttgf uvcvg0
Hqt ukowncvkqp 4:. vjg QRNU ecug yg qdvckpgf ∆G = −4.79kbT .
yjkng hqt ukowncvkqp 4; vjg ITQOQU ecug yg qdvckpgf ∆G =
−0.21kbT 0 Kp qtfgt vq qdvckp vjg pwodgtu hqt vjg rtqdcdknkvkgu
vjg iakqpeqqtfkpcvkqp uetkrv rnwu c ukorng eqwpvkpi uetkrv rtqxgf
jgnrhwn0
Hkpfkpi vjcv kqpu fkf pqv uqnxcvg kp vjg QRNU ]9;_ ]:2_ hqteg

難gnf. yg ejcpigf vq vjg ITQOQU hqteg 難gnf kp kvu 75c8 rctcogvtk¦c/
vkqp ]:3_ cpf ncvgt kpeqtrqtcvgf vjg oqfk難ecvkqpu uwiiguvgf d{
G0 Rtqlgev gv cn ]:4_0 Tgictfkpi vjg eqwnqod rctvu qh vjg hqteg
難gnf. yg fkf pqv 難pf cp{ ukipk難ecpv fk軟gtgpegu kp kqp uqnxcvkqp
cpf eqphqtocvkqpcn 汝gzkdknkv{ dgvyggp ROG qt ITH ecnewncvkqpu0
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GX QRNU 75c8

3 3.8:2 :.735
4 2.;82 8.269
5 2.788 5.;42
6 2.639 4.333

Vcdng 605< Vjg 難tuv hqwt gkigpxcnwgu htqo REC qh ukowncvkqpu
ocfg wukpi fk軟gtgpv hqteg 難gnfu0 QRNU ]9;_ ]:2_ gkigpxcnwgu
ctg etgcvgf htqo c eqpecvgpcvgf Ｆ/ectdqp vtclgevqt{ htqo uko/
wncvkqpu 5. 33. 34 cpf 350 ITQOQU 75c8 ]:3_ rctcogvtk¦cvkqp
gkigpxcnwgu ctg ocfg htqo ukowncvkqpu 38.39.3: cpf 3;0 Xcnwgu
ctg kp ]po4_

850 900 950 1000 1050 1100 1150
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Hkiwtg 604< TOUH xcnwgu hqt vjg Ｆ/ectdqpu htqo vjg uvtwevwtg
fgukipcvgf ykvj RFD eqfg 3WZ8< Kp qtcpig xcnwgu qdvckpgf htqo
ukowncvkqpu wukpi vjg QRNU/CC ]9;_ ]:2_ hqteg 難gnf cpf kp dnwg
xcnwgu htqo ukowncvkqpu wukpi vjg ITQOQU hqteg 難gnf kp kvu 75c8
rctcogvtk¦cvkqp ]:3_0 Xcnwgu ujqyp ctg vcmgp htqo ukowncvkqpu
5. 33. 34. 35. 38. 39. 3: cpf 3; cu tghgtgpegf kp vcdng 6030 Vjg
dncem xgtvkecn nkpg dgvyggp tgukfwg ;76 cpf ;77 jkijnkijvu vjg
nkokv dgvyggp vjg Uvcnm cpf vjg Inqdg0
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Kpvgtcevkqpu Dgvyggp vjg Inqdg cpf vjg :P Uvcnm Tgrgcv kp vjg
Vjtqodqurqpfkp Ukipcvwtg Fqockp

Ukipk難ecpv fk軟gtgpegu fq gzkuv kp vjg kpvgtcevkqp dgvyggp tg/
rgcv :P htqo vjg VUR UF Uvcnm cpf vjg Inqdg0 VUR/3 cpf 4 UFu
jcxg hqwpf vq jcxg uwej cp kpvgtcevkqp. yjkng VUR/7 UF fqgu
pqv0 Hwtvjgt fk軟gtgpegu fq gzkuv kp vjg v{rg qh kpvgtcevkqp dg/
vyggp VUR/3 cpf VUR/4 UFu0 J{ftqigp dqpf kpvgtcevkqpu kpxqnx/
kpi tgukfwgu VUR/3 F:6:. U:6;. [324; cpf U3254 ctg eqpugtxgf
kp VUR/4 d{ eqttgurqpfkpi tgukfwgu VUR/4 F:72. P:73. [3253
cpf U32560 Jqygxgt. kp VUR/4 c ukfgejckp/ukfgejckp kpvgtcevkqp
gzkuvu dgvyggp tgukfwg VUR/4 P:73 htqo :P cpf VUR/4 U32560
Vjku kpvgtcevkqp ku okuukpi kp VUR/3 cu vjg eqttgurqpfkpi tgukfwg
vq vjg curctikpg VUR/4 P:73 ku cp curctvke cekf VUR/3 F:72 ]8:_
]8;_ ]93_0 Wukpi qwt ukowncvkqpu. yg hqwpf vjcv vjgug kpvgtce/
vkqpu oqfkh{ vjg f{pcoke dgjcxkqt qh vjg rtqvgkp0 Kp VUR/3 yg
hqwpf vjcv vjg j{ftqigp dqpf kpvgtcevkqp dgvyggp vjg tgukfwgu
htqo :P. VUR/3 F:6:. U:6; cpf vjg tgukfwgu htqo vjg Inqdg VUR/
3 [324;. U3254 ctg ockpvckpgf kp 32 qwv qh 38 ukowncvkqpu vjcv
jcxg dggp ocfg wukpi vjg uvtwevwtg tghgtgpegf d{ vjg RFD eqfg
3WZ80 Kp vjg ukz ecugu yjgtg vjg kpvgtcevkqpu ctg pqv ockpvckpgf
vjg{ ctg gkvjgt dg eqorngvgn{ nquv qt fk軟gtgpv v{rgu qh kpvgtce/
vkqpu dgvyggp vjg Inqdg cpf vjg :P tgrgcv jcxg dggp hqtogf0
Kp vyq ecugu yg hqwpf vjcv VUR/3 T3364 wpfgtiqgu ukfgejckp/
ukfgejckp kpvgtcevkqpu ykvj gkvjgt tgukfwg VUR/3 F:6: qt U:6;0
Vjku oc{ jkpv c tqng qh VUR/3 T3364 kp vjg Inqdg Uvcnm kpvgtce/
vkqp0
Vjg ukvwcvkqp vwtpu qwv vq dg c dkv fk軟gtgpv hqt VUR/40 Kp vjku

ecug vjg kpvgtcevkqpu dgvyggp tgrgcv :P cpf vjg Inqdg ctg qpn{
nquv 4 qwv qh 34 ukowncvkqpu vjcv jcxg dggp rgthqtogf wukpi vjg
gpvktg rtqvgkp uvtwevwtg cpf ecnekwo kqpu hqwpf kp vjg RFD d{
vjg eqfg 3[Q:0 Cu vjku uvtwevwtg eqpvckpu. eqpvtct{ vq vjg VUR/3
uvtwevwtg. vjg gpvktg Uvcnm cpf vjtgg GIH nkmg tgrgcvu. yg hwtvjgt
ewv vjg VUR/4 uvtwevwtg vq vjg uk¦g qh vjg VUR/3 uvtwevwtg0 Kp vjg
gkijv ukowncvkqpu vjcv jcxg dggp rgthqtogf wukpi vjku uvtwevwtg
yg hqwpf vjcv vjg kpvgtcevkqpu dgvyggp vjg :P tgrgcv qh vjg Uvcnm
jcxg dggp tgvckpgf eqorngvgn{ kp vjtgg ukowncvkqpu. kp hqwt cv
ngcuv rctvkcnn{ cpf ygtg eqorngvgn{ nquv kp qpn{ qpg ukowncvkqp0
Jgpeg yg urgewncvg htqo vjgug tguwnvu vjcv vjg kpvgtcevkqp

dgvyggp vjg :P tgrgcv qh vjg Uvcnm cpf vjg Inqdg ku uvtqpigt kp
VUR/4 vjcp kp VUR/30 Vjg qdugtxcvkqpu tgictfkpi vjku kpvgtcevkqp
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ygtg ocfg d{ xkuwcnn{ kpurgevkpi vjg 難tuv htcogu cpf vjg ncuv
htcogu htqo vjg rgthqtogf ukowncvkqpu0
Hqt vjg tgukfwgu qwvnkpgf kp vjku rctcitcrj yg tghgttg vjg

tgcfgt vq vjg ugswgpeg cnkijogpv ujqyp kp 難iwtgu 509 cpf 50:0

GIH/Uvcnm Kpvgtcevkqpu kp vjg Vjtqodqurqpfkp Ukipcvwtg Fqockp

Rwdnkujgf uvtwevwtcn kphqtocvkqp. tgictfkpi vjg kpvgtcevkqpu
dgvyggp vjg GIH nkmg tgrgcvu cpf vjg Uvcnm qh vjg VUR UFu. qpn{
gzkuvu hqt VUR/4 cpf VUR/7 UFu0 Vjg rwdnkujgf uvtwevwtgu qh VUR/
4 eqpvckp cnn vjtgg GIH nkmg tgrgcvu. yjkng vjg VUR/7 uvtwevwtg
qpn{ eqpvckpu qpg GIH nkmg tgrgcv0
Kp vjg et{uvcn uvtwevwtg hqwpf d{ vjg RFD eqfg 3[Q: tgukfwg

VUR/4 F895 htqo vjg GIH nkmg fqockp ku ukvwcvgf tkijv pgzv vq
tgukfwgu VUR/4 F;65. M;55. F;56 cpf T;4:0 C ujctgf j{ftq/
igp dqpf nkpmu tgukfwgu VUR/4 F895. F;65 cpf T;4:0 Vjku ku
fgrkevgf kp 難iwtg 6050 Cu vjgug tgukfwgu ctg eqpugtxgf kp VUR/
3 yg uwrrqug vjcv vjku kpvgtcevkqp okijv gzkuv kp VUR/3 cu ygnn0
Hwtvjgt tgukfwg VUR/4 H893 cpf T;4: hqto c ecvkqp/Ｕ kpvgtce/
vkqp0 Kp VUR/3 vjg eqttgurqpfkpi tgukfwg vq VUR/4 H893 ku VUR/
3 [87; cpf fwg vq ukoknctkv{ kp vjgug tgukfwgu cpf yg uwiiguv
vjcv vjku ecvkqp/Ｕ kpvgtcevkqp ku eqpugtxgf cu ygnn. cu ku. yg uwr/
rqug. c ncvgtcn j{ftqigp dqpf dgvyggp VUR/4 T847 cpf F;48. cu
vjgug tgukfwgu ctg cickp eqpugtxgf kp VUR/30 Gkijv ukowncvkqpu
jcxg dggp rgthqtogf qh vjg VUR/4 ukipcvwtg fqockp eqpvckpkpi
cnn vjtgg GIH nkmg tgrgcvu0 Cnn gkijv ukowncvkqpu jcxg tgvckpgf
vjg kpvgtcevkqp dgvyggp VUR/4 H893 cpf T59:. vjg qvjgt kpvgt/
cevkqpu jcxg jqygxgt dggp nquv0
Kp vjg uvtwevwtg qh vjg VUR/7 UF tghgtgpegf d{ kvu RFD eqfg

5HD[ yjkej eqpvckpu qpn{ qpg GIH nkmg tgrgcv yg kfgpvk難gf c
j{ftqigp dqpf kpvgtcevkqp dgvyggp VUR/7 G468 cpf M7380 Vjku
j{ftqigp dqpf kpvgtcevkqp ku nquv cv uqog rqkpv kp cnn qwt ukow/
ncvkqpu0
Tguwnvu tgictfkpi vjg GIH/Uvcnm kpvgtcevkqpu jcxg jgtg dggp

qdvckpgf kp xkuwcnn{ kpurgevkpi vjg 難tuv cpf ncuv htcogu qh vjg OF
ukowncvkqpu wukpi XOF0
Hqt vjg tgukfwgu qwvnkpgf kp vjku rctcitcrj yg tghgttg vjg

tgcfgt vq vjg ugswgpeg cnkijogpv ujqyp kp 難iwtg 5090
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Hkiwtg 605< Ujctgf j{ftqigp dqpf dgvyggp vjg Uvcnm cpf vjg
GIH nkmg tgrgcv qh VUR/4

Fgrngvkqp qh Ecnekwo Kqpu htqo vjg Vjtqodqurqpfkp Ukipcvwtg
Fqockp

Vjg VUR UF)u hwpevkqpu cpf eqphqtocvkqpu jcxg dggp hqwpf
vq dg fgrgpfgpv qp vjg uvcvg qh vjg rtqvgkp ]54_ ]88_ ]47_ ]48_0
Uvcvg jgtg tghgtu vq gkvjgt dgkpi kp ecnekwo tgrngvg qt ecnekwo
fgrngvg hqto0
Cv vkog qh ytkvkpi pq uvtwevwtg qh cp{ VUR kp ecnekwo fgrngvg

hqto jcu dggp fgrqukvgf. yjkej yg uwrrqug ku rtqdcdn{ fwg vq
c ncem qh qticpk¦cvkqp cpf kpetgcugf 汝gzkdknkv{0 Hwtvjgt fgvcknu
jcxg dggp pqvgf kp ugevkqp 5040 Vt{kpi vq igv kpukijvu kpvq ecn/
ekwo fgrngvkqp wukpi OF ukowncvkqpu ku c ejcnngpikpi vcum0 Ugx/
gtcn rtqdngou fq gzkuv. uwej cu vjcv ewttgpv uvcpfctf encuukecn
oqngewnct f{pcokeu hqteg 難gnfu fq pqv vcmg vjg g軟gev qh rqnct/
k¦cvkqp kpvq ceeqwpv. yjkej kp tgcnkv{ yknn uwtgn{ vcmg rnceg yjgp
c fkxcngpv kqp crrtqcejgu c rtqvgkp)u uwthceg0 Vjg qvjgt rtqdngo
vq qxgteqog ku vjcv kqpu uggo vq dg ygnn rctcogvtk¦gf cu nkicpfu
kp ejgncvkqp uvtwevwtgu qt kp uqnwvkqp. dwv pqv kp vjg rtqeguu qh
j{ftcvkqp cpf fgj{ftcvkqp ]:4_0 Gxgp vjqwij yg hqwpf hwtvjgt
fk軟gtgpegu tgictfkpi hqteg 難gnfu vjcv ygtg fkuewuugf gctnkgt kp

:8



EJCRVGT 60 ENCUUKECN OQNGEWNCT F[PCOKEU UKOWNCVKQP

vjku ejcrvgt0 Cyctg qh cnn vjgug rtqdngou. yg uvknn vtkgf vq ugg
yjgvjgt yg eqwnf gpnkijvgp vjg rtqeguu qh fgrngvkqp. cpf vjg
swguvkqp qp vjg uvtwevwtg qh vjg kqp fgrngvgf hqto qh vjg VUR
UFu0 Yjgp kpxguvkicvkpi vjg 難tuv eqqtfkpcvkqp urjgtg qh c ecn/
ekwo kqp. yg fg難pgf c ecnekwo kqp vq dg uqnxcvgf kh cnn cvqou
kp vjku eqqtfkpcvkqp urjgtg jcxg dggp hqwpf vq dg c rctv qh c
ycvgt oqngewng0 C v{rkecn tguwnv qh uwej cp kpxguvkicvkqp ecp
dg hqwpf kp 難iwtg 6060 Uwej c 難iwtg jcu dggp igpgtcvgf wukpi
iakqpeqqtfkpcvkqp fguetkdgf kp ugevkqp 609 hqt gcej kqp kp gxgt{
ukowncvkqp0 Wukpi vjgug 難iwtgu. kv rtqxgf vq dg uvtckijvhqtyctf
vq vgnn yjgvjgt cp kqp fgrngvgf kpvq vjg uqnxgpv qt pqv0 Htqo
vjgug tguwnvu yg ecnewncvgf vjg rtqdcdknkv{ vjcv cp kqp igvu uqn/
xcvgf d{ vcmkpi vjg pwodgt qh ukowncvkqpu kp yjkej vjku kqp ku
eqorngvgn{ j{ftcvgf kp kvu 難tuv eqqtfkpcvkqp urjgtg fkxkfkpi kv
d{ vjg pwodgt qh ukowncvkqpu kp yjkej vjku kqp gzkuvu cu rctv qh
vjg uvtwevwtcn kprwv0 Vyq rtqdcdknkvkgu jcxg dggp ecnewncvgf. qpg
qpn{ vcmkpi ukowncvkqpu qh vjg ITQOQU hqteg 難gnf kp kv)u 75c8
rctcogvtk¦cvkqp ]:3_ cpf qpg qpn{ vcmkpi ukowncvkqpu ykvj vjg
oqfk難gf 75c8 rctcogvtk¦cvkqp ugv ]:4_ kpvq ceeqwpv0 Vjg rtqdc/
dknkvkgu ctg ujqyp hqt vjg 75c8 rctcogvtk¦cvkqp ugv kp 難iwtg 607.
cpf hqt vjg oqfk難gf 75c8 rctcogvtk¦cvkqp ugv kp 難iwtg 6080 Kp
]86_ V0 O0 Okugpjgkogt gv cn uvcvgf vjcv coqpi vjg ecnekwo kqpu
kp vjg VUR/4 UF crrtqzkocvgn{ 32 ctg gzejcpigcdng0 Wukpi OF
ukowncvkqpu cpf vjg fkuuqekcvkqp rtqdcdknkvkgu ujqyp kp 難iwtgu
607 cpf 608. yg ecp jkpv vjg nqecvkqp qh vjgug gzejcpigcdng kqpu
kp vjg VUR UF uvtwevwtg0 Kpvgtguvkpin{ yg hqwpf cdqwv ; kqpu.
yjkej rgthgevn{ eqttgurqpfu vq vjg qdugtxcvkqpu ocfg d{ V0 O0
Okugpjgkogt gv cn. vjcv ygtg j{ftcvgf cv ngcuv qpeg kp vjg ukow/
ncvkqpu ocfg wukpi vjg oqfk難gf 78c5 rctcogvtk¦cvkqp ugv0

Dgukfgu kpfkecvkpi vjg nqecvkqp qh kqpu vjcv ctg oqtg nqqugn{
dqwpf vjcp qvjgtu vq vjg rtqvgkp. yg ygtg kpvgtguvgf kp vjg yc{
vjcv vjgug kqpu ctg dqwpf vq vjg rtqvgkp. cpf jqy vjg rtqeguu qh
fgrngvkqp ku jcrrgpkpi0 Kp rctvkewnct. yg kpxguvkicvgf vjg rtq/
eguu qh fgrngvkqp kp P cpf E v{rg tgrgcvu qh vjg Uvcnm qh vjg VUR
UF0 Cu ujqyp kp ugevkqp 504 kp 難iwtg 509 uwej tgrgcvu jcxg jkij
kfgpvkv{ kp vjg vjg cokpq cekf rcvvgtp ZFZFZFZZZZZZF0 Yg
vjwu wugf dcuke fkuvcpeg ogcuwtgogpvu dgvyggp vjg jgcfu qh
vjg curctvke cokpq cekfu cpf vjg ecnekwo kqpu vq hwtvjgt kpxguvk/
icvg vjku rtqeguu0 Wukpi vjqug fkuvcpeg ogcuwtgogpvu yg ygtg
cdng vq fkuvkpiwkuj hqwt fk軟gtgpv rtqeguugu<
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Hkiwtg 606< Eqqtfkpcvkqp urjgtg fwtkpi c oqngewnct f{pcokeu
ukowncvkqp< Ujqyp jgtg ku vjg eqqtfkpcvkqp urjgtg qh kqp pwo/
dgt 8 cu ujqyp kp 難iwtg 508 htqo ukowncvkqp 53 cu kpfkecvgf kp
vcdng 6030 Qz{igpu htqoycvgt oqngewngu ctg ujqyp kp dnwg. htqo
curctvke cekf jgcfu kp qtcpig. htqo vjg dcemdqpg kp itggp cpf
qvjgt qz{igp cvqou kp xkqngv
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Hkiwtg 607< Fkuuqekcvkqp rtqdcdknkv{ qh VUR UF kqpu kp vjg ITQ/
OQU hqteg 難gnf wukpi vjg 75c8 rctcogvtk¦cvkqp ugv ]:3_< Kqpu
ctg pwodgtgf nkmg kp 難iwtg 5080 Kqp pwodgt 52 tgrtgugpvu vjg
kqp ukvwcvgf dgvyggp vjg 難tuv cpf ugeqpf GIH/nkmg fqockp0
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Hkiwtg 608< Fkuuqekcvkqp rtqdcdknkv{ qh VUR UF kqpu kp vjg ITQ/
OQU hqteg 難gnf wukpi vjg oqfk難gf 75c8 rctcogvtk¦cvkqp ugv
]:4_< Kqpu ctg pwodgtgf nkmg kp 難iwtg 5080 Kqp pwodgt 52 tgr/
tgugpvu vjg kqp ukvwcvgf dgvyggp vjg 難tuv cpf ugeqpf GIH/nkmg
fqockp0

30 Vjg hqwt eqpugtxgf curctvke cokpq cekfu tguv kp rnceg. vjg
kqp rqemgv tguv uvcdng. cpf vjg kqp fqgu pqv ngcxg vjg rqemgv0

40 Vjg curctvke cokpq cekf cv rqukvkqp 35 qh vjg tgrgcv vq dg
kpxguvkicvgf qrgpu vjg rqemgv0

50 Vjg kqp rqemgv ku 汝gzkdng. vjg kqp fgrctvu htqo vjg rqemgv
fwtkpi vjg ukowncvkqp0

60 Vjg kqp swkvu vjg rqemgv cnoquv kpuvcpvcpgqwun{ cv vjg dg/
ikppkpi qh vjg ukowncvkqp0

Vjg fk軟gtgpv dgjcxkqtu qh c uvcnm tgrgcv ctg jkijnkijvgf kp 難iwtg
6090 Yg hwtvjgt hqwpf vjcv kp vjg ugeqpf ecug vjg curctvke cokpq
cekf ycu ecrcdng vq vcmg qpg qh vjg kqpu htqo vjg rqemgv ykvj
kv g軟gevkxgn{ gzrqukpi kv vq vjg uqnxgpv0 Qpg ujqwnf cnuq pqvkeg
vjcv ugxgtcn qh vjg P cpf E v{rg tgrgcvu jcxg cffkvkqpcn curctvke
cokpq cekf tgukfwgu cu jkijnkijvgf d{ vjg ugswgpegu qh vjg Uvcnm
kp 難iwtg 5090 Vjg kqp ycu hqwpf vq ejcpig kvu dkpfkpi rctvpgtu
fwtkpi vjg ukowncvkqpu. yg ocfg kp uwej tgrgcvu. yjkej okijv
jkpv cffkvkqpcn 汝gzkdknkv{0

Uvtwevwtcn Hngzkdknkv{ qh vjg Vjtqodqurqpfkp Ukipcvwtg Fqockp
Kpukijvu kpvq vjg VUR UF oqvkqpu jcxg dggp qdvckpgf gkvjgt

d{ TOUH. REC. ejcpigu kp tcfkwu qh i{tcvkqp qt d{ xkuwcn kpxgu/
vkicvkqp qh vjg OF ukowncvkqp vtclgevqtkgu0 Cnn qh vjg ogvjqfu
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Hkiwtg 609< Fk軟gtgpv dgjcxkqtu qh c Uvcnm tgrgcv< Ujqyp
ctg vjg fkuvcpegu htqo vjg ecnekwo kqp vq vjg curctvke cokpq
cekf jgcf qz{igpu0 Fkuvcpegu ctg eqnqtgf uwej vjcv vjg cu/
rctvke cokpkq cekfu eqttgurqpf vq vjg tgrgcvu ugswgpeg nkmg
ZFZFZFZZZZZZF0
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kpfkecvgf vjcv vjg Inqdg ku xgt{ tkikf eqorctgf vq vjg Uvcnm cpf
vjg GIH nkmg fqockpu0 Yg ujcnn fguetkdg vjg vjtgg uvtwevwtcn
wpkvu qh vjg UF cpf vjgkt 汝gzkdknkv{ jgtg. dgikppkpi ykvj vjg GIH
nkmg fqockpu<
Kp vjg et{uvcn uvtwevwtg qdvckpgf htqo vjg RFD d{ vjg eqfg

3[Q: qpg kqp ecp dg hqwpf dgvyggp vjg 難tuv cpf ugeqpf GIH
nkmg tgrgcv0 Wukpi TOUH ecnewncvkqpu yg vtkgf vq kpxguvkicvg vjg
korcev qh vjku kqp qp vjg uvtwevwtgu 汝gzkdknkv{0 Yg fkf vjku d{ ecn/
ewncvkpi vjg ogcp qh vjg TOUH xcnwgu hqt gcej Ｆ/ectdqp htqo
ukowncvkqpu yjgtg vjg kqp ycu uqnxcvgf cpf yjgtg kv ycu pqv0
Yg hqwpf vjcv vjg nqqr eqpvckpkpi tgukfwg VUR/4 R837 ku ukipkh/
kecpvn{ oqtg 汝gzkdng. pqvkpi vjcv kv ku nqecvgf tkijv pgzv vq vjg
ecnekwo kqp0 Jqygxgt tgukfwgu hctgt cyc{ nkmg VUR/4 R829 cpf
T82: uggo vq ickp 汝gzkdknkv{ vqq0 Tguwnvu htqo vjku eqorctkuqp
ctg ujqyp kp 難iwtg 60:0 Fwtkpi cnn ukowncvkqpu. yg hwtvjgt pq/
vkegf. gkvjgt d{ xkuwcn kpurgevkqp qt REC vjcv vjg GIH/nkmg fq/
ockpu jcf c vgpfgpe{ vq tgvtcev vjgougnxgu vq vjg Uvcnm. Inqdg
gpugodng0
Vjg Uvcnm cu cntgcf{ rqkpvgf qwv ycu hqwpf vq jcxg ukipk難ecpv

汝gzkdknkv{0 Yg ygtg jqygxgt wpcdng vq nkpm oqvkqpu qh vjg Uvcnm
vq vjg fgrngvkqp qh kqpu. cu vjg Uvcnm wpfgtygpv nctig eqphqtoc/
vkqpcn ejcpigu gxgp ykvjqwv nqqukpi c ukping kqp0 TOUH ecnewnc/
vkqpu hqwpf vjcv fwtkpi qwt ukowncvkqpu tgrgcv 34P vgpfu vq dg
xgt{ 汝gzkdng kp vjg uvcnm0 Vjku ku hwtvjgt kpvgtguvkpi cu vjku tg/
rgcv jqnfu vjg kpvgitkp dkpfkpi oqvkxg kp VUR/3 cpf VUR/4 *VUR/
3 T;48IF. VUR/4 T;4:IF+0 Fgvckngf kpukijvu kpvq 汝gzkdknkv{ ctg
rtqxkfgf kp 難iwtg 60;0
Vjg Inqdg uggou vq dg xgt{ tkikf0 Jqygxgt vyq nqqru jcxg

dggp hqwpf vq jcxg ukipk難ecpv 汝gzkdknkv{<
30 VUR/3 T;7;/X;9; cpf eqttgurqpfkpi tgukfwgu kp VUR/4P;83/
K;:3 cpf VUR/7 Y3246/U3283< Vjku nqqr gpfqtugu ecnekwo
kqp 38d cu ujqyp kp 難iwtg 5080 Hngzkdknkv{ jqygxgt eqwnf
pqv dg nkpmgf vq vjg rtgugpeg qh vjku kqp cu vjku nqqr ku cnuq
汝gzkdng kp qwt ukowncvkqpu kh vjg kqp uvc{u cvvcejgf vq vjku
nqqr0

40 VUR/3 Y3262/U327; cpf eqttgurqpfkpi tgukfwgu kp VRU/4
Y3264/U3283 cpf VUR/7 Y836/R855< Vjku nqqr ku kpvgtcev/
kpi ykvj vjg ecnekwo kqpu 35 cpf 36 cu kpfkecvgf kp 難iwtg
508 wukpi vjg 難tuv vyq inwvcocvg tgukfwgu cv vjg dgikppkpi
qh vjku nqqr yjkej jcu vjg ugswgpeg YMSZZS孤 Cickp jqy/
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Hkiwtg 60:< Eqorctkuqp qh TOUH 汝wevwcvkqpu kp vjg tgikqp qh vjg
GIH/ nkmg tgrgcvu< Vjg ogcp qh ukowncvkqpu 53. 54. 55. 56 cpf 67
yjgtg vjg kqp uvc{gf dqwpf vq vjg rtqvgkp ku ujqyp kp dnwg. yjkng
vjg ogcp qh ukowncvkqpu 65. 66 cpf 68 kp yjkej vjg kqp nghvu kvu
dkpfkpi ukvg ku ujqyp kp qtcpig0 Ukowncvkqp fgvcknu ecp dg hqwpf
kp vcdngu 603 cpf 6040
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gxgt. yg ygtg wpcdng vq nkpm vjg 汝gzkdknkv{ qh vjg nqqr vq vjg
fgrctvwtg qh kqpu cu vjg nqqr crrgctu 汝gzkdng kp qwt ukownc/
vkqpu gxgp ykvj vjg kqpu cvvcejgf0 Hwtvjgt kv ku tgoctmcdng
vjcv vjku nqqr nkgu lwuv pgzv vq c rtqrqugf dkpfkpi ukvg qh EF/
69 ]46_. qpg ecp vjwu urgewncvg cdqwv cp kp汝wgpeg qh vjg
inwvcoke cekf/ ecnekwo kpvgtcevkqp qp EF/69 dkpfkpi0

Dgukfgu vjgug vyq nqqru vjg jgnkz cv vjg E/vgtokpwu qh VUR/7
ujqyu gzvtcqtfkpct{ 汝gzkdknkv{0 Vjku jgnkz ku pqv rtgugpv kp vjg
qvjgt VURu cpf cv vkog qh ytkvkpi qpg ecp qpn{ urgewncvg cdqwv kvu
wug0 Hwtvjgt kpukijvu kpvq vjg 汝gzkdknkv{ qh vjg Inqdg ctg ujqyp
kp 難iwtg 60;0

Uqnxgpv Uwthceg Ceeguukdknkv{ qh Dkpfkpi Ukvgu
kp vjg Vjtqodqurqpfkp Ukipcvwtg Fqockp
Vjtgg korqtvcpv dkpfkpi ukvgu jcxg dggp kfgpvk難gf kp vjg UF0

Vjg UF jqwugu vjg VUR/3 T;48IF ugswgpeg yjkej ku cp kpvgitkp
dkpfkpi oqvkxg ]8:_0 Vjku oqvkxg hwtvjgt gzkuvu kp VUR/4 cv vjg
ucog rqukvkqp. Uvcnm tgrgcv 34P. VUR/4 T;4:IF ]8;_0 Kp VUR/
7 jqygxgt vjku rcvvgtp jcu oqxgf vq tgrgcv 7P. VUR/7 T598IF
]93_0 Hwtvjgt vjg ugswgpegu rtqrqugf vq dg EF/69 dkpfkpi ctg
ukvwcvgf kp vjku tgikqp< VUR/3 T3256H[XXOYM cpf K3343TXXO
]46_0 Wukpi vjg fqafuur wvknkv{ ujkrrgf ykvj ITQOCEU cpf vjg
vtclgevqtkgu qh qwt ukowncvkqpu yg kpxguvkicvgf yjgvjgt vjg kpvg/
itkp dkpfkpioqvkxg TIF kp VUR/3 cpf VUR/4 cu ygnn vjg rtqrqugf
EF/69 dkpfkpi ukvgu kp VUR/3 ctg uwthceg ceeguukdng0 Hqt vjg TIF
ukvg yg hqwpf vjcv cnn vjtgg tgukfwgu ctg cv ngcuv rctvkcnn{ uqnxgpv
ceeguukdng fwtkpi vjg ukowncvkqpu0 Vjku ceeguukdknkv{ fqgu pqv tg/
ncvg vq vjg nquu qh kqp pwodgt 5 *e0h0 難iwtg 508+. yjkej ku jgnf kp
vjg TIF dkpfkpi ukvg cpf jgpeg vjg kqp ukvg igvu uqnxgpv ceeguuk/
dng ykvjqwv nqukpi vjg kqp kp tgrgcv 34P0 Vjg uwthceg ceeguukdkn/
kv{ hqt vjku ukvg fwtkpi ukowncvkqp 38 cu kpfkecvgf kp vcdng 603 ku
ujqyp kp 難iwtg 60320 Yg ecp qpn{ ocmg urgewncvkqpu tgictfkpi
vjg dkpfkpi ukvg vq EF/69 cu qwt tguwnvu fq pqv kpfkecvg engct uqn/
xgpv ceeguukdknkv{ qp vjg vkoguecng qh qwt ukowncvkqpu0 Uqog okp/
kocn ceeguukdknkv{ hqt vjg ukvg VUR/3 K3343TXXO cpf pq ceeguuk/
dknkv{ hqt vjg ukvg VUR/3 T3256H[XXOYM ycu ogcuwtgf dgukfgu
hqt vjg nctig ctikpkpg cokpq cekf0 Gzcorngu qh uwej ogcuwtg/
ogpvu ctg ujqyp hqt vjg ukvg VUR/3 K3343TXXO kp 難iwtg 6033
cpf hqt vjg ukvg VUR/3 T3256H[XXOYM kp 難iwtg 60340
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Hkiwtg 60;< TOUH Ecnewncvkqpu qh vjg Uvcnm. Inqdg gpugodng0
Vjg vqr 難iwtg ku ocfg htqo vjg ogcp qh ukowncvkqpu 53 vq 56
cpf 65 vq 68 yjkng vjg dqvvqo 難iwtg ku ocfg htqo vjg ogcp
qh ukowncvkqpu 69 vq 7: cu kpfkecvgf kp vjg vcdngu 603 cpf 6040
Vjg dqwpfct{ dgvyggp vjg Uvcnm *nghv+ cpf vjg Inqdg *tkijv+ ku
kpfkecvgf d{ c xgtvkecn nkpg0
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Hkiwtg 6032< Uwthceg ceeguukdknkv{ qh vjg rtqrqugf kpvgitkp dkpf/
kpi ukvg VUR/3 T;48IF ogcuwtgf fwtkpi ukowncvkqp 38 cu tghgt/
gpegf kp vcdng 603< Ceeguukdknkv{ ku eqnqtgf hqt vjg eqttgurqpfkpi
tgukfwg eqfgu kp vjg hqnnqykpi ocppgt< TIF
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Hkiwtg 6033< Uwthceg ceeguukdknkv{ qh vjg rtqrqugf EF/69 dkpfkpi
ukvg VUR/3 K3343TXXO ogcuwtgf fwtkpi ukowncvkqp 39 cu tghgt/
gpegf kp vcdng 603< Ceeguukdknkv{ ku eqnqtgf hqt vjg eqttgurqpfkpi
tgukfwg eqfgu kp vjg hqnnqykpi ocppgt< KTXXO
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Hkiwtg 6034< Uwthceg ceeguukdknkv{ qh vjg rtqrqugf EF/69 dkpf/
kpi ukvg VUR/3 T3256H[XXOYM ogcuwtgf fwtkpi ukowncvkqp 39
cu tghgtgpegf kp vcdng 603< Ceeguukdknkv{ ku eqnqtgf hqt vjg eqttg/
urqpfkpi tgukfwg eqfgu kp vjg hqnnqykpi ocppgt< TH[XXOYM
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60; Fkuewuukqp qp vjg
F{pcokeu qh Vjtqodqurqpfkp

Yg kfgpvk難gf ugxgtcn hgcvwtgu kp vjg VUR UF htqo vjg OF uko/
wncvkqpu vjcv yg jcxg ocfg0 Yg ujcnn jgtgkp dtkpi vjgo kpvq vq
vjg dkqnqikecn eqpvgzv qh vjku rtqvgkp fqockp0

Kpukijvu kpvq Dkpfkpi Ukvgu
Yg uvctv ykvj vjg dkpfkpi ukvgu kp vjku tgikqp0 L0 Ncyngt gv

cn0 jcxg fgoqpuvtcvgf kp ]47_ vjcv VUR fqgu dkpf ecnekwo ugnge/
vkxgn{ vq ＦxＧ5 kpvgitkp0 Kp ugxgtcn ukowncvkqpu ocfg. yg hqwpf
vjcv vjku dkpfkpi ukvg ku gzrqugf kp vjg ecnekwo tgrngvg hqto fwt/
kpi qwt ukowncvkqpu0 Qpg qh vjgug tguwnvu ku jkijnkijvgf kp 60320
Qwt kp uknkeq oqfgn ku vjwu eqjgtgpv ykvj vjku uvcvgogpv0 Vjg
dkpfkpi ukvg vq kpvgitkp kp VUR/7 yjkej nkgu qp Uvcnm tgrgcv 34P
jcu pqv dggp kpxguvkicvgf cu kv ku vjqwijv vq dg cntgcf{ gzrqugf
kp vjg uvtwevwtg vq dg hqwpf kp vjg RFD d{ vjg eqfg 5HD[ cpf
vjg dkpfkpi ukvg ku gzvgpukxgn{ fkuewuugf kp vjg ctvkeng tghgttkpi
vq vjku uvtwevwtg ]93_0 Tgictfkpi dkpfkpi ukvgu vq EF/69 kp VUR/
3 vjg rkevwtg ku jqygxgt fk軟gtgpv0 Dkpfkpi ukvgu vq EF/69 jcxg
dggp fkueqxgtgf wukpi rgrvkfg uvwfkgu ]46_. cpf uggo qduewtg
mpqykpi vjcv vjg{ ctg dwtkgf kp vjg et{uvcnnqitcrjke uvtwevwtg
qh VUR/3 vjcv ku tghgtgpegf d{ vjg RFD eqfg 3WZ80 Yg hwtvjgt
nkmg vq pqvg vjcv vjku uvtwevwtg ku c E;;4U1P3289M fqwdng ow/
vcpv. cpf okijv wpfgtiq fkuwnrjkfg dqpf kuqogtk¦cvkqp kp vjg
yknf v{rg uvtwevwtg ykvj g軟gevu qp vjg uvtwevwtg cpf ceeguukdkn/
kv{ vq EF/69 dkpfkpi ukvgu vjcv qpg ecp qpn{ urgewncvg cdqwv0 Kp
vjg OF ukowncvkqpu vjcv yg ocfg yg hqwpf vjcv vjg dkpfkpi ukvg
VUR/3 T3256H[XXOYM ku eqorngvgn{ dwtkgf. cpf vjcv vjg dkpf/
kpi ukvg VUR/3 K3343TXXO ku cnoquv eqorngvgn{ dwtkgf. pqv vcm/
kpi vjg ctikpkpg tgukfwg kpvq ceeqwpv yjkej ku fwg vq kvu nctig
uk¦g uqnxgpv ceeguukdng0 Htqo vjg rgturgevkxg qh qwt OF ukow/
ncvkqpu yjgtg vjgug ukvgu uvc{ dwtkgf. yg vjwu ecp pqv eqp難to
vjgug dkpfkpi ukvgu0

Kpukijvu kpvq Uvtwevwtcn Hngzkdknkv{
Chvgt qwt uvcvgogpvu qp dkpfkpi ukvgu. yg eqpvkpwg fkuewuukpi

uvtwevwtcn 汝gzkdknkv{. yjgtg yg dgikp ykvj vjg GIH nkmg tgrgcvu.
jgcf qxgt vq vjg Uvcnm cpf 難pkuj ykvj vjg Inqdg0 TOUH ecn/

;:
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ewncvkqpu jcxg kpfkecvgf vjcv rctvu qh vjg GIH nkmg tgrgcvu igv
oqtg 汝gzkdng kh vjg kqp ukvwcvgf dgvyggp vjg 難tuv cpf ugeqpf GIH
nkmg tgrgcv igvu j{ftcvgf. yjkej ceeqtfkpi vq tguwnvu ujqyp kp
難iwtgu 607 cpf 608 ku rquukdng0 Vjg eqttgurqpfkpi tguwnvu ctg
ujqyp kp 難iwtg 60:0 D{ xkuwcn vtclgevqt{ kpurgevkqp qh vjg 難tuv
cpf ncuv htcogu qh qwt OF ukowncvkqpu. cu ygnn cu wukpi REC. yg
hqwpf vjcv vjg GIH nkmg tgrgcvu u{uvgocvkecnn{ vgpf vq tgvtcev
vjgougnxgu vq vjg Inqdg. Uvcnm gpugodng0 Yg ecp qpn{ urgew/
ncvg yjgvjgt vjku jcrrgpu kp xkxq. dwv ctg uwiiguvkpi vjcv uwej c
oqxgogpv ujqwnf dg vcmgp kpvq ceeqwpv kp VUR oqfgnu0 Tgictf/
kpi vjg Uvcnm yg 難pf vjcv kv ku qxgtcnn xgt{ 汝gzkdng kp qwt uko/
wncvkqpu. jkijnkijvkpi 汝gzkdknkv{ kp tgrgcv 34P yjgtg vjg TIF
dkpfkpi ukvg vq kpvgitkpu ku nqecvgf0 Yg ygtg jqygxgt wpcdng
vq eqttgncvg vjg 汝gzkdknkv{ qh vjg Uvcnm vq vjg fgrngvkqp qh vjg
kqpu0 Kp qwt ukowncvkqpu yg hqwpf vjcv vjg Uvcnm uggou xgt{ 汝gz/
kdng gxgp ykvjqwv nqqukpi cp{ kqpu0 Vjku okijv jqygxgt cnuq dg
fwg vq ytqpi rctcogvgtu kp vjg hqteg 難gnf0 Yg yqwnf nkmg vq
tgokpf vjcv kp vjg ITQOQU hqteg 難gnf ykvj c oqfk難gf 75c8
rctcogvtk¦cvkqp ugv ]:4_ qpn{ vjg kpvgtcevkqp dgvyggp vjg QO
cpf EC4- cvqo v{rgu jcu dggp oqfk難gf. cpf vjcv kpvgtcevkqpu
dgvyggp cvqo v{rgu tgrtgugpvkpi hqwt kpuvcpeg dcemdqpg qz{/
igpu qt qvjgt kpvgtcevkqp rctvpgtu ykvj vjg ecnekwo kqp ujqwnf
dg tgrctcogvtk¦gf cu ygnn0 Yg vjkpm vjcv vjku okurctcogvtk¦c/
vkqp eqwnf jcxg ecwugf cffkvkqpcn 汝gzkdknkv{ kp ukowncvkqpu ykvj
vjg ITQOQU hqteg 難gnf0 Vjg Inqdg ceeqtfkpi vq qwt ukowncvkqpu
ku vjg oquv uvcdng gpvkv{ qh vjg UF. cnvjqwij kv jkijnkijvu 汝gzk/
dng nqqru0 Kp tgictf vq EF/69 dkpfkpi vjku okijv dg kpvgtguvkpi
cu vjg nqqr VUR/3 Y3262/U327; nkgu fktgevn{ pgzv vq vjg EF/69
dkpfkpi ukvg T3256H[XXOYM0 Vjku nqqr ycu hwtvjgt hqwpf vq dg
kpvgtcevkpi ykvj vjg ecnekwo kqpu hqwpf qp vjg Inqdg wukpi kvu
inwvcoke cekf tgukfwgu0 Vjg 汝gzkdknkvkgu qh vjg Uvcnm cpf Inqdg
ctg jkijnkijvgf kp 難iwtg 60; ocfg htqo TOUH ecnewncvkqpu0

Kfgpvk惶ecvkqp qh Gzejcpigcdng Kqpu
Jcxkpi fkuewuugf vjg 汝gzkdknkv{ qh vjg VUR UF. yg eqpvkpwg kp

vjg kfgpvk難ecvkqp qh gzejcpigcdng kqpu0 V0 O0 Okugpjgkogt gv cn
uvcvgf kp ]86_ vjcv c tgeqodkpcpv rtqvgkp etgcvgf htqo vjg VUR/
4 UF ugswgpeg dqwpf 44/49 ecnekwo kqpu qh yjkej qpn{ vgp ctg
tgcfkn{ gzejcpigcdng0 Wukpi vjg tguwnvu yg qdvckpgf yg ecp jkpv
vjg nqecvkqp qh vjgug kqpu0 Kpvgtguvkpin{ wukpi vjg ITQOQU hqteg

;;
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難gnf ykvj vjg oqfk難ecvkqpu rtqrqugf kp ]:4_ yg hqwpf ctqwpf ;
kqpu kp qwt ukowncvkqpu vjcv cv uqog rqkpv ctg ngcxkpi vjgkt kqp
ukvg0 Vjg rtqdcdknkvkgu qh ngcxkpi c dkpfkpi ukvg kp ITQOQU hqteg
難gnfu ku jkijnkijvgf kp 難iwtg 607 cpf 6080 Kp xkuwcnn{ kpxguvkicv/
kpi ukowncvkqp :. yjkej ycu ocfg cv jkij ecnekwo kqp eqpegpvtc/
vkqpu cu kpfkecvgf kp vcdng 603. yg jcxg uggp vjcv ecnekwo kqpu ctg
gzejcpigf cv dkpfkpi ukvgu fwtkpi uwej c ukowncvkqp0 Wpuwtrtku/
kpin{ vjg kqpu vjcv jcxg c egtvckp rtqdcdknkv{ vq ngcxg vjgkt dkpf/
kpi ukvg ctg nqecvgf cv nqecvkqpu yjgtg vjg{ cev gkvjgt cu c vjktf
kqp qp vjg kpvgtugevkqp qh vyq Uvcnm tgrgcvu qt yjgtg vjg{ ctg pqv
cxckncdng kp cp vjg et{uvcn uvtwevwtg qh cp qvjgt VUR hcokn{ ogo/
dgt0 Fgvckngf ecnekwo kqp nqecvkqpu ctg jkijnkijvgf kp 5080 Kqp
38e hqt kpuvcpeg ku nqecvgf cu c ugeqpf kqp kp tgrgcv 7P kp vjg
VUR/7 uvtwevwtg tghgtgpegf d{ vjg RFD eqfg 5HD[0 Vjku kqp ku
hqwpf vq ngcxg vjku dkpfkpi ukvg kp ugxgtcn OF ukowncvkqpu. cpf ku
pqv cxckncdng kp vjg et{uvcn uvtwevwtg qh VUR/4 tghgtgpegf d{ RFD
eqfg 3[Q:0 Vjg ucog ecp dg uvcvgf hqt kqp 38c yjkej ku qpn{
cxckncdng kp vjg uvtwevwtg qh VUR/3 vq dg hqwpf wukpi RFD eqfg
3WZ80 Vjku kqp ku nqecvgf kp c nqqr cvvcejgf vq vjg Inqdg0 Pqvkpi
vjcv vjg cwvjqtu qh vjgug uvtwevwtgu uvcvgf iqqf tgcuqpu hqt 難pf/
kpi vjg kqpu cv vjgug nqecvkqpu uwej cu vjg fk軟gtgpv eqorqukvkqp
qh vjg nqqr yjgtg ecnekwo kqp 38c ku vq dg hqwpf dgvyggp VUR/3
cpf VUR/4 ]8:_ ]8;_. yg nkmg vq rqkpv qwv et{uvcnnk¦cvkqp qh vjgug
uvtwevwtgu jcrrgpgf cv ecnekwo eqpegpvtcvkqpu qh wr vq 7ooqn
]8:_0 Kp vjg ukowncvkqpu vjcv ygtg wugf vq etgcvg vjg rtqdcdknkv{
itcrju ecnekwo eqpegpvtcvkqpu nkuvgf kp vcdngu 603 cpf 604. ctg
qpn{ fwg vq kpkvkcnn{ dqpf ecnekwo kqpu cpf vjgkt ctg pq ecnekwo
kqpu kp uqnwvkqp cv vjg dgikppkpi qh vjg ukowncvkqp0 Dgukfgu vjgug
kqpu vjg kqp dgvyggp vjg 難tuv cpf vjg ugeqpf GIH nkmg tgrgcv
cnuq crrgctu gzejcpigcdng kp qwt ukowncvkqpu0 Jcxkpi kfgpvk難gf
vjgug kqpu. yg jqrg vjcv vjg nqecvkqp qh vjgug okijv jgnr hwtvjgt
kp vjg etgcvkqp qh f{pcoke oqfgnu qh vjg VUR UF0

Ecnekwo Fgrngvg Uvtwevwtgu cpf kpvgtcevkqpu dgvyggp
GIH/nkmg tgrgcvu. vjg Uvcnm cpf vjg Inqdg
F0 U0 Cppku gv cn0 jcxg j{rqvjguk¦gf vyq uvtwevwtgu qh vjg VUR

UF htqo vjgkt tguwnvu d{ koowpqejgokecn cpcn{uku ]54_0 Kp qpg qh
vjg rtqrqugf oqfgnu vjg kpvgtcevkqpu dgvyggp Uvcnm tgrgcv :P
cpf ;E ctg ockpvckpgf yjkng kp c ugeqpf rtqrqugf oqfgn vjgug
kpvgtcevkqpu ctg nquv0 Hqt dqvj oqfgnu vjg cwvjqtu guvkocvg cp
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gnqpicvkqp qh vjg UF qh ;po0 Kp qtfgt vq tgxkgy vjku j{rqvjgvkecn
oqfgnu yg kpxguvkicvgf vjg kpvgtcevkqp dgvyggp Uvcnm tgrgcv :P
cp vjg Inqdg0 Yg hqwpf vjcv ceeqtfkpi vq qwt ukowncvkqpu vjgtg
ku c fk軟gtgpvkcvkqp dgvyggp vjg fk軟gtgpv ogodgtu qh vjg VUR
hcokn{. cpf vjcv g軟gevkxgn{ vjg :P tgrgcv htqo VUR/3 ku oqtg
nqqugn{ dqwpf vq vjg Inqdg vjgp vjg :P tgrgcv htqo VUR/40 Yg
vjwu rtqrqug vjcv kp hwvwtgoqfgnu uwej c fk軟gtgpvkcvkqp dgvyggp
vjg VUR hcokn{ ogodgtu ujqwnf dg kpenwfgf0
Kp vjg oqfgnu rtqrqugf d{ F0 U0 Cppku gv cn0 ]54_ qpg hwt/

vjgt 難pfu vjg kpvgtcevkqp dgvyggp vjg GIH/nkmg tgrgcvu cpf vjg
34P. 35E cpf 3E ctg ockpvckpgf0 Yg hqwpf kp cnn qwt ukowncvkqpu
qh vjg VUR/4 uvtwevwtg tghgtgpegf d{ vjg RFD eqfg 3[Q:. vjcv
cv ngcuv uqog kpvgtcevkqp dgvyggp vjg 34P uvcnm tgrgcv cpf vjg
vjktf GIH nkmg tgrgcv tgockpgf ockpvckpgf vjtqwij c ecvkqp/Ｕ
kpvgtcevkqp hqtogf d{ tgukfwgu VUR/4 H893 cpf T;4:0 Hqt uko/
wncvkqpu ocfg wukpi vjg VUR/7 uvtwevwtg tghgtgpegf d{ kv)u RFD
eqfg 5HD[ yg fkf pqv 難pf cp{ eqpugtxgf kpvgtcevkqp tgoctmkpi
vjcv vjg GIH/nkmg fqockp ku rncegf kp c fk軟gtgpv ocppgt. yjkej
okijv dg fwg vq vtkogtk¦cvkqp kp vjg et{uvcn uvtwevwtg0

6032 Fkuewuukqp cdqwv Encuukecn Hqteg Hkgnfu
Kp vjg ecug qh vjg VUR. c ectghwn tgcfgt yknn jcxg ugxgtcn swgu/

vkqpu cdqwv yjcv ycu rtgugpvgf kp vjg tguwnvu ugevkqp qh vjku
ejcrvgt0 Ukowncvkpi vjg VUR UF jcu rwujgf gxgt{fc{ wvknkvkgu
qp vjg gfig qh yjcv ku hgcukdng0 Pgxgtvjgnguu. yg ygtg cdng vq
qdvckp kpvgtguvkpi tguwnvu tgictfkpi vjg UF0 Yg ujcnn vjwu kp vjku
ugevkqp fkuewuu vjg nkokvu qh encuukecn ukowncvkqp cpf vjg tguwnvu
vjcv yg qdvckpgf tgictfkpi vjg VUR UF0

Nkokvu qh Encuukecn Oqngewnct F{pcokeu Ukowncvkqp
Kp qtfgt vq dgvvgt wpfgtuvcpf encuukecn OF qpg jcu vq wpfgt/

uvcpf vjcv encuukecn OF ku c oqfgn vq tguqnxg c rtqdngo. cpf
vjcv vjku oqfgn ku hct htqo rgthgev0 Encuukecn OF ocmgu ugx/
gtcn cuuworvkqp vjcv ygtg fkuewuugf kp vjku ejcrvgt0 Hwtvjgt
hqteg 難gnfu ctg rctcogvtk¦gf vq tgetgcvg gorktkecn tguwnvu0 Vjg
oqfk難gf 75c8 rctcogvtk¦cvkqp qh vjg ITQOQU hqteg 難gnf ycu
hqt kpuvcpeg qdvckpgf d{ uvcvkuvkecn xcnwgu ]:4_ cpf vjg xcp fgt
Yccnu hqteg jcu dggp oqfk難gf kp qtfgt vq tgetgcvg vjg uvcvkuvk/
ecn rtqdcdknkv{ vjcv c ecnekwo kqp igvu j{ftcvgf kp dgkpi tgngcugf
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htqo ecnoqfwnkp0 Vjg xcp fgt Yccnu hqteg. vjg eqwnqod kpvgtce/
vkqp qt dqpfgf kpvgtcevkqpu kp c hqteg 難gnf jgpeg fq pqv jcxg c
hqtekdn{ rj{ukecn ogcpkpi0 Vjg{ ctg rctcogvtk¦gf vq tgetgcvg gz/
rgtkgpegu0 Kp vjg VUR UF jqygxgt yg hceg c eqorngvgn{ wpmpqyp
qdlgev0 Vjg Uvcnm qh vjg VUR UF jcu xgt{ wpkswg uvtwevwtg. ykvj
ctqwpf 47 ecnekwo kqpu kp kv0 Ceeqwpvcdknkv{ qh encuukecn hqteg
難gnfu qp cp qdlgev nkmg vjku ku vjwu swguvkqpcdng0 Gxgp yqtug
yg jcxg ujqyp vjcv ukorng tguwnvu tgictfkpi ecnekwo kqpu nkmg
vjg htgg gpgti{ fk軟gtgpeg. cu ujqyp kp ugevkqp 60:. dgvyggp vjg
dqwpf uvcvg cpf wpdqwpf uvcvg qh c ecnekwo kqp ykvj c ejnqtkpg
kqp kp vjg hqteg 難gnfu wugf jgtg ctg pqv tgrtqfwekdng dgvyggp
vjgo0 C hwtvjgt oclqt ftcydcem ku vjcv rtqdcdn{ fwg vq vjg jkij
ejctig qh c fkxcngpv ecnekwo kqp vjg ejctigu qp vjg uwthceg qh
vjg rtqvgkp ujqwnf ejcpig0 Vjku rtqeguu ku ecnngf rqnctk¦cvkqp
cpf ku pqv vcmgp kpvq ceeqwpv d{ vjg oqfgn qh encuukecn OF ukow/
ncvkqp ejqugp jgtg0 Vjg rtqdngou fguetkdgf kp jgtg ctg hwtvjgt
kpjgtgpv kp ocp{OF ukowncvkqpu0 Pgxgtvjgnguu. OF ukowncvkqpu
jcxg ujqyp kpvgtguvkpi tguwnvu. cpf ecp jgnr vq vjkpm cdqwv cpf
vq dgvvgt wpfgtuvcpf rtqeguugu fguetkdgf d{ dkqnqikuvu kp vjgkt
gzrgtkgpegu0 Yg jgpeg eqpvkpwgf fkuewuukpi qwt tguwnvu. qrkp/
kqpu vjcv yg fgtkxgf htqo qwt OF ukowncvkqpu qh vjg VUR UF0 Vq
qxgteqog vjg qduvceng qh rqnctk¦cvkqp. qt cv ngcuv vq ogcuwtg kvu
korcev yg vwtpgf vq oqngewnct swcpvwo ogejcpkeu. yjkej ujgnn
dg fguetkdgf kp vjg hqnnqykpi ejcrvgt0
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7 ̃ Oqngewnct
Swcpvwo Ogejcpkeu

703 Kpvtqfwevkqp
Cu fkuewuugf kp ugevkqp 6032 encuukecnoqngewnct f{pcokeu *OF+

uw軟gtu qh ukipk難ecpv ftcydcemu kp rgthqtokpi ukowncvkqpu qh u{u/
vgou uwej cu vjg Vjtqodqurqpfkp *VUR+ Ukipcvwtg Fqockp *UF+0
Vjg nctig pwodgt qh fkxcngpv ecnekwo kqpu cpf vjg kpjgtgpv gh/
hgev qh rqnctk¦cvkqp ctg knn fg難pgf kp vgtou qh encuukecn oqngewnct
ukowncvkqpu0 Jgpeg. yg vwtpgf vq oqngewnct swcpvwo ogejcpkeu
*SO+0 Oqngewnct SO jcu vjg cdknkv{ vq ecnewncvg vjg rtqdcdknkv{
qh 難pfkpi cp gngevtqp kp c egtvckp tgikqp qh urceg0 Kp g軟gev yg
ctg fguegpfkpi htqo cvqoke qt eqctug itckpgf ukowncvkqpu kpvq
vjg urceg qh uwdcvqoke ogvjqfu. yjgtg vjg gngevtqp ujgnn qh vjg
cvqou ku gzrnkekvn{ ecnewncvgf0 Qpg qh vjg ockp kfgcu kp fqkpi vjku
ycu vq ogcuwtg vjg g軟gevu qh rqnctk¦cdknkv{ fkxcngpv kqpu ctg kp/
vtqfwekpi qp qwt VUR u{uvgo. cpf vq guvcdnkuj c 難tuv ogcuwtg qh
gttqtu vjcv fq jcrrgp kp qwt encuukecn OF ukowncvkqpu vjcv ctg
fwg vq g軟gevu uwej cu rqnctk¦cvkqp qt ejctig vtcpuhgt0 Kp qtfgt
vq fq vjku. yg wugf gkvjgt vjg Ugnh Eqpukuvgpv Hkgnf *UEH+ cnuq
mpqyp cu Jctvtgg Hqem *JH+ ogvjqf qt uq ecnngf j{dtkf ogvj/
qfu vjcv ctg eqwrnkpi vjku ogvjqf ykvj Fgpukv{ Hwpevkqpcn Vjg/
qt{ *FHV+0 Vjgug ctg pwogtkecn ogvjqfu vjcv uqnxg vjg vkog kpfg/
rgpfgpv UejtÕfkpigt gswcvkqp wpfgt crrtqzkocvkqpu. cpf cnnqy
vq fgtkxg c rtqdcdknkv{ fgpukv{ vjcv ikxgu kphqtocvkqp cdqwv vjg
rtqdcdng nqecvkqpu qh gngevtqpu kp urceg. yjkej yg hwtvjgt oc{
ecnn vjg gngevtqp enqwf0 Cu vjg encuukecn OF ukowncvkqp crrtqcej
fqgu pqv mpqy cdqwv gngevtqpu. cpf lwuv cvvtkdwvgu ejctigu vq
qdlgevu uwej cu cvqou qt dgcfu. wugf kp eqctug itckpgf ukownc/
vkqpu. yg jcf vq tgncvg vjg tguwnvu qdvckpgf htqo oqngewnct SO
vq vjqug qdvckpgf qp vjg uecng qh encuukecn OF0 Kp qtfgt vq fq uq.
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yg ugctejgf hqt cp qrvkocn yc{ vq cvvtkdwvg oqpqrqnct rctvkcn
ejctigu qpvq vjg rctvkengu. cvqou qt dgcfu htqo eqctug itckpgf
ukowncvkqpu. wugf kp encuukecn OF hqteg 難gnfu0 Wukpi vjg ogvjqfu
cv jcpf vjcv cnnqy vq ecnewncvg uq ecnngfOwnnkmgp. qtGngevtquvcvke
Rqvgpvkcn *GUR+ ejctigu. yg wvvgtn{ hckngf vq qdvckp ogcpkpihwn
tguwnvu hqt rtqdngou qh vjg uk¦g qh vjg tgrgcv htqo vjg Uvcnm qh
vjg VUR UF0 Vq qxgteqog vjku qduvceng. yg korngogpvgf qwt qyp
cniqtkvjo vq fgtkxg uwej rctvkcn ejctigu0 Kp vjku rtqeguu yg wugf
pgy vgejpqnqikgu cpf rctcnngn rtqitcookpi vgejpkswgu0 Vjg
QrgpEN ncpiwcig cnnqygf wu vq rctcnngnk¦g qwt cniqtkvjo. cpf vq
korngogpv kv qp vjg jctfyctg vq dg hqwpf kp eqpvgorqtct{ eqo/
rwvg fgxkegu uwej cu ownvkeqtg Egpvtcn Rtqeguukpi Wpkvu *ERW+u.
Itcrjkeu Rtqeguukpi Wpkvu *IRW+u qt qvjgt ceegngtcvqt dqctfu
cpf jgpeg vq ngxgtcig vjg eqorwvg rqygt pgeguuct{ vq twp vjku
cniqtkvjo g二ekgpvn{0 Twppkpi kv yg qdvckpgf rtgnkokpct{ tguwnvu
qp qpg Uvcnm tgrgcv htqo vjg VUR UF. ickpgf ugxgtcn kpukijvu cpf
ocfg ugxgtcn rtqrqucnu qp vjg fgtkxcvkqp qh rctvkcn ejctigu0

704 Swcpvwo Ogejcpkeu cpf Oqngewngu
Kp 3;22 Ocz Rncpem mkemgf qh oqfgtp rj{ukeu uvcvkpi kp jku

yqtmu qp dncem dqf{ tcfkcvkqp ]32;_ vjcv gpgti{ ku swcpvk¦gf0 48
{gctu ncvgt oqvkxcvgf d{ vjg Gkpuvgkp)u rjqvq g軟gev. vjg j{rqvjg/
uku qh fg Dtqinkg vjcv rctvkengu dgjcxg nkmg ycxgu. cpf Fgd{g)u tg/
octm vjcv kh rctvkengu dgjcxg nkmg ycxgu vjg{ ujcnn dg iqxgtpgf d{
c ycxg nkmg gswcvkqp. UejtÕfkpigt rwdnkujgf vjg gswcvkqp pcogf
chvgt jko ]332_ ]333_<

i!
∂

∂t
ψ(r, t) =

(−!
2∇2

2m
ψ(r, t) + V (r, t)

)

ψ(r, t), *703+

yjgtg r ku c rqukvkqp kp urceg. t ujcnn dg vjg vkog. ! ku vjg tg/
fwegf Rncpem eqpuvcpv0 ψ vjg uq ecnngf ycxg hwpevkqp. m vjg
ocuu qh vjg ycxgnkmg rctvkeng vq dg fguetkdgf0 Kp vjg uvcvkqpct{
ecug. vjku gswcvkqp tgfwegu vq yjcv ku ecnngf vjg vkog kpfgrgp/
fgpv UejtÕfkpigt gswcvkqp<

−!
2∇2

2m
ψ(r) + V (r)ψ(r) = Eψ(r), *704+

yjgtg E ku vjg vqvcn gpgti{ qh vjg rctvkeng0 Yg ujcnn pqvg jgtg
vjcv vjg UejÕfkpigt gswcvkqp ecp dg uggp cu cp gzvgpukqp vq encu/
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ukecn ogejcpkeu cu kv ecp dg ujqyp vjcv kv ku tgncvgf vq vjg Jcokn/
vqp Lceqdk gswcvkqp kp uvcvkpi vjcv cevkqp ujcnn dg swcpvk¦gf0 Kp
gswcvkqp *704+ wukpi vjg pqtocnk¦cvkqp<

∫ ∞

−∞

|ψ(r)|2d3r = 1, *705+

|ψ(r)|2 ycu kfgpvk難gf vq dg vjg rtqdcdknkv{ fkuvtkdwvkqp qh 難pfkpi
c rctvkeng kp vjg 難gnf fguetkdgf d{ vjg rqvgpvkcn V (r)0 Hwtvjgt. kp
gswcvkqp *704+ −!

2∇2

2m
ψ(r) ku kfgpvk難gf vq dg vjg mkpgvke vgto cpf

V (r)ψ(r) vq dg vjg rqvgpvkcn vgto0 Hqt c igpgtcn u{uvgo jcxkpi
cp ctdkvtct{ pwodgt qh rctvkengu. vjg UejtÕfkpigt gswcvkqp ku
ytkvvgp nkmg<

Hψ = Eψ, *706+
yjgtg H ku vjg Jcoknvqp qrgtcvqt yjkej fguetkdgu vjg vqvcn gp/
gti{ qh vjg u{uvgo. cp cpcnqiwg vq vjg Jcoknvqp hwpevkqp htqo
encuukecn ogejcpkeu0 Yg ujcnn kp vjg hqnnqykpi wug Fktce)u Dtc/Mgv
pqvcvkqp. yjgtg vjg kppgt rtqfwev hqt gkigphwpevkqpu qh c swcp/
vwo ogejcpkecn cpf vjwu ugnhcflqkpv qrgtcvqt kp c Jkndgtv urceg
dgeqogu<

〈ψ|ψ〉 =
∫ ∞

−∞

ψ†ψd3r, *707+

yjgtg ψ† ku vjg eqorngz eqplwicvg qh ψ cpf htqo gswcvkqp *705+
kv hqnnqyu vjcv<

〈ψ|ψ〉 = 1, *708+
cpf hwtvjgt ukpeg |ψ|2 ycu uvcvgf vq dg c rtqdcdknkv{ fgpukv{ vjcv
vjg gzrgevgf xcnwg hqt rj{ukecn qdugtxcdng A ku<

〈A〉 =
∫ ∞

−∞

ψ†Aψ = 〈ψ|A|ψ〉 , *709+

htqo yjkej yg u{odqnkecnn{ kpvtqfweg vjg eqttgurqpfgpeg vjcv
A ecp dg xkgygf cu c ocvtkz cpf |ψ〉 cu c xgevqt hwtvjgt pqvgf cu
mgv. yjgtg 〈ψ| ku vjg xgevqt kp vjg fwcnurceg cpf ujcnn dg pqvgf
cu dtc0 Vjg vkog kpfgrgpfgpv UejtÕfkpigt jgpeg dgeqogu<

H |ψ〉 = E |ψ〉 , *70:+

yjkej ecp dg uggp cu cp gkigpxcnwg rtqdngo yjgtg |ψ〉 ctg vjg
gkigphwpevkqpu vq vjg eqttgurqpfkpi gkigpxcnwg E0 Vjg rtqdc/
dknkv{ vq 難pf cp gngevtqp cv c ikxgp rqkpv kp urceg jcu jqygxgt
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cpcn{vkecnn{ dggp uqnxgf htqo vjg UejtÕfkpigt gswcvkqp qpn{ hqt
vjg oquv dcuke cvqo. vjg j{ftqigp cvqo0 Kp qtfgt vq qdvckp vjg
rtqdcdknkv{ qh 難pfkpi cp gngevtqp kp c egtvckp tgikqp kp urceg
ctqwpf oqngewngu. kp qwt ecug ctqwpf dkqnqikecn oqngewngu. vjg
tgrgcvu qh vjg Uvcnm qh vjg VUR UF. cfxcpegf pwogtkecn cpf cr/
rtqzkocvkxg ogvjqfu ctg pggfgf kp qtfgt vq uqnxg 7060 Yg ujcnn
umgvej vjg ogvjqfu pcogn{ UEH. FHV cpf j{dtkf ogvjqfu uwej
cu Dgemg. vjtgg/rctcogvgt. Ngg/[cpi/Rctt D5N[R hqt eqorngvg/
pguu kp vjg hqnnqykpi vgzv0

Jctvtgg Hqem. Ugnh Eqpukuvgpv Hkgnf Ogvjqf
Vjg Ugnh Eqpukuvgpv Hkgnf Ogvjqf ku cp kvgtcvkxg ogvjqf vjcv

htqo c iwguu uqnwvkqp 難pfu c oqtg ceewtcvg uqnwvkqp0 Cu uvcvgf
kp qwt rtqdngo yg yqwnf nkmg vq 難pf vjg rtqdcdknkv{ fgpukv{ hqt
難pfkpi cp gngevtqp kp c egtvckp tgikqp qh urceg ctqwpf c egtvckp
eqp難iwtcvkqp qh cvqou0 Vjg fgtkxcvkqp umgvejgf jgtg jcu dggp
ftcyp htqo vjg fgtkxcvkqpu rtgugpvgf kp vjg ngevwtg Swcpvgp/
vjgqtkg KK jgnf d{ Rtqh0 DwtifÕthgt cv vjg Xkgppc Wpkxgtukv{ qh
Vgejpqnqi{ kp 4226 cpf htqo oqtg qt nguu fgvckngf fgtkxcvkqpu
ykvj fk軟gtgpv curgevu ecp dg hqwpf kp ]334_ ]335_ ]336_0 Hqt vjg
dgikppkpi. ngv wu vtgcv vjg gngevtqpke ujgnn qh c ukping cvqo0 Yg
ujcnn vjgp ncvgt qp igpgtcnk¦g vjku vq oqngewnct uvtwevwtgu0
Yg ytkvg vjg Jcoknvqp qrgtcvqt hqt uwej c u{uvgo kp vjg hqto<

H =
N
∑

i=1

H0 +
1

2

∑

i !=j

V (i, j), *70;+

yjgtg H0 ku vjg ukping rctvkeng Jcoknvqp qrgtcvqt cpf V (i, j) vjg
vyq rctvkeng kpvgtcevkqp qrgtcvqt0 Hqt kpuvcpeg<

H0(i) = −!
2∇2

2m
+

Ze2

|rn − ri|
, *7032+

yjgtg vjg 難tuv vgto ku vjg mkpgvke gpgti{ vgto hqt vjg gngevtqp.
ykvj m dgkpi kvu ocuu0 Vjg ugeqpf fguetkdgu vjg eqwnqod kpvgt/
cevkqp dgvyggp vjg gngevtqp cpf vjg pwengwu. ykvj Z dgkpi vjg
pwodgt qh rtqvqpu kp vjg pwengwu. e dgkpi vjg gngogpvct{ ejctig
cpf |rn − ri| dgkpi vjg fkuvcpeg dgvyggp vjg pwengwu cpf gngevtqp
i0 V (i, j) fguetkdgu vjg rctvkeng kpvgtcevkqp. cu hqt vjku gzcorng
vjg gngevtqp/ gngevtqp kpvgtcevkqp<

V (i, j) =
e2

|ri − rj|
. *7033+
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Jcxkpi pqy c Jcoknvqp qrgtcvqt hqt gngevtqpu cv jcpf. yg uvknn
pggf vq vjkpm cdqwv jqy yg ecp ytkvg fqyp c ycxghwpevkqp qh
kfgpvkecn rctvkengu0 Kp vjg hqnnqykpi yg vcmg vjg Rcwnk rtkpekrng
hqt itcpvgf. uvcvkpi vjcv gngevtqpu. nkmg cnn hgtokqpu. qh vjg ucog
urkp ecp pqv dg kp vjg ucog gpgtigvke uvcvg0 C ownvk rctvkeng uvcvg
hqt hgtokqpu ecp dg fguetkdgf. dgecwug qh vjg nkokvgf rgtowvc/
vkqpu cxckncdng cpf vjg kfgc vjcv qrgtcvqtu vjcv ecwug rgtowvc/
vkqpu ujcnn eqoowvg. d{ vjg Uncvgt fgvgtokpcpv<

|Ψ〉 = 1√
N

∣

∣

∣

∣

∣

∣

∣

∣

∣

ψ1(1) ψ1(2) · · · ψ1(N)
ψ2(1) ψ2(2) · · · ψ2(N)
000 000 0 0 0 000

ψN(1) ψN(2) · · · ψN(N)

∣

∣

∣

∣

∣

∣

∣

∣

∣

, *7034+

cu uwej cycxghwpevkqp ku eqorngvgn{ cpvku{oogvtke0 Hqt c fgtkxc/
vkqp qh vjku fgvgtokpcpv vjg tgcfgt ujcnn dg tghgttgf vq ];5_ qt
]334_0 Wukpi vjku Uncvgt fgvgtokpcpv yg ecp pqy hqt c uqog/
yjcv ctdkvtct{ ycxghwpevkqp vqigvjgt ykvj gswcvkqp *709+ fg難pg
vjg gpgti{ hwpevkqpcn<

E[Ψ] = 〈H〉 = 〈Ψ|H|Ψ〉 . *7035+

Vjg kfgc dgjkpf vjg JH ogvjqf ku tkijv pqy vq uqnxg vjg xctk/
cvkqpcn rtqdngo wpfgt eqpuvtckpvu. wukpi Ncitcpig ownvkrnkgtu0
Vjg eqpuvtckpvu jgtg ctg vjg qtvjqpqtocnkv{ qh vjg qpg rctvkeng
ycxghwpevkqpu0 Jgpeg vjg xctkcvkqpcn rtqdngo ku ytkvvgp fqyp
nkmg<

δ

δ 〈ψi|

(

E[Ψ]−
∑

k

〈ψk|ψk〉λk

)

= 0, *7036+

yjkej kp rj{ukecn vgtou ogcpu vjcv yg ycpv vjg gpgti{ vq dg
uvcvkqpct{ hqt xctkcvkqpu qh vjg ukping rctvkeng ycxghwpevkqp ψi

wpfgt vjg eqpuvtckpv vjcv cnn ukping rctvkeng ycxghwpevkqpu uvc{
qtvjqpqtocn0 Kp qtfgt vq uqnxg gswcvkqp *7036+ yg 難tuv pggf
vq eqpukfgt vjg gpgti{ hwpevkqpcn rtgugpvgf kp gswcvkqp *7035+0
Ukpeg yg uqnxg qwt rtqdngo hqt gngevtqpu. yjkej ctg uvcvgf vq dg
hgtokqpu. yjkej hqnnqy vjg Rcwnk rtkpekrng yg ecp uc{ vjcv vjgtg
gzkuvu c wpkswg cvvtkdwvkqp dgvyggp vjg rctvkeng kpfgz cpf vjg
uvcvg kpfgz cu gxgt{qpg qh vjg oquv nqyguv uvcvgu ku gzcevn{ qpeg
qeewrkgf0 Jgpeg. qpg ecp tgrnceg vjg uwoocvkqp qxgt rctvkengu
d{ c uwoocvkqp qxgt uvcvgu0 Hqt H0 htqo vjg ownvkrctvkeng Jcokn/

32:
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vqp qrgtcvqt kp gswcvkqp *70;+. kv hqnnqyu<

〈Ψ|H0|Ψ〉 =
N
∑

j=1

〈ψj(1)|H0(1)|ψj(1)〉 , *7037+

yjgtg vjg rctvkeng pwodgt (1) kp vjku ecug ku eqorngvgn{ ctdkvtct{
cpf ejqugp d{ wu0 Kp cp cpcnqiwg crrtqcej yg ecp ytkvg hqt vjg
kpvgtcevkqp vgto ykvj qpn{ vyq rctvkeng kpfkegu0 V (i, j)<

〈Ψ|V (i, j)|Ψ〉 =
1

2

∑

i !=j

(〈ψi(1)ψj(2)|V (1, 2)|ψi(1)ψj(2)〉

− 〈ψi(1)ψj(2)|V (1, 2)|ψj(1)ψi(2)〉). *7038+

Htqo gswcvkqp *7037+ cpf *7038+ yg jcxg qdvckpgf vjg gpgti{
hwpevkqpcn ytkvvgp kp gswcvkqp *7035+ hqt qwt ownvkgngevtqp rtqd/
ngo<

E[Ψ] =
∑

k

〈ψk(1)|H(1)|ψk(1)〉

+
1

2

∑

i !=j

(〈ψi(1)ψj(2)|V (1, 2)|ψi(1)ψj(2)〉

− 〈ψi(1)ψj(2)|V (1, 2)|ψj(1)ψi(2)〉). *7039+

Pqy yg ecp eqpegpvtcvg qwtugnxgu qp uqnxkpi vjg xctkcvkqpcn
rtqdngo uvcvgf kp gswcvkqp *7036+0 Wukpi vjg hqtowncu<

δ

δ 〈ψi|
〈ψk| = δik, *703:+

cpf
∑

i

aiδik = ak, *703;+

yg uqnxg hqt vjg ugeqpf vgto kp *7036+<

δ

δ 〈ψi|

(

∑

k

〈ψk|ψk〉λk

)

= |ψi〉λi. *7042+

Yg eqpvkpwg ykvj vjg 難tuv vgto qh gswcvkqp *7036+. vjg gpgti{
hwpevkqpcn0 Yg uqnxg hqt vjg 難tuv vgto htqo gswcvkqp *7039+<

δ

δ 〈ψi|

(

∑

k

〈ψk(1)|H(1)|ψk(2)〉
)

= H(1) |ψi(1)〉 , *7043+
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hqt vjg ugeqpf<

δ

δ 〈ψi|

(

1

2

∑

i !=j

〈ψi(1)ψj(2)|V (1, 2)|ψi(1)ψj(2)〉
)

=

=
1

2

∑

j,j !=i

〈ψj(2)|V (1, 2)|ψj(2)〉 |ψi(1)〉

+
1

2

∑

k,k !=i

〈ψk(1)|V (1, 2)|ψk(1)〉 |ψi(2)〉 , *7044+

cpf vjg vjktf<

δ

δ 〈ψi|

(

−1

2

∑

k !=j

〈ψk(1)ψj(2)|V (1, 2)|ψj(1)ψk(2)〉
)

=

= −1

2

∑

j,j !=i

〈ψj(2)|V (1, 2)|ψi(2)〉 |ψj(1)〉

−1

2

∑

k,k !=i

〈ψk(1)|V (1, 2)|ψi(1)〉 |ψk(2)〉 . *7045+

Rwvvkpi gxgt{vjkpi vqigvjgt cpf vcmkpi vjg u{oogvt{ kpvq ce/
eqwpv uvcvkpi vjcv V (1, 2) = V (2, 1). qpg qdvckpu vjg JH gswcvkqpu<

H0 |ψi(1)〉 +
N
∑

j=1

〈ψj(2)|V (1, 2)|ψj(2)〉 |ψi(1)〉

−
N
∑

j=1

〈ψj(2)|V (1, 2)|ψi(2)〉 |ψj(1)〉 = λi |ψi(1)〉 . *7046+

Vjg ugeqpf vgto kp vjg JH gswcvkqpu ku kfgpvk難gf vq dg fguetkd/
kpi vjg eqwnqod hqteg dgvyggp vjg gngevtqpu. yjkng vjg vjktf
vgto ku. ecnngf vjg gzejcpig vgto. ecp pqv dg kfgpvk難gf ykvj cp{/
vjkpi qpg mpqyu htqo encuukecn rj{ukeu0 Qpg hwtvjgt pqy fg難pgu
vjg Hqem rqvgpvkcn kp vjg nvj crrtqzkocvkqp <

Un
JH =

N
∑

j=1

〈

ψn
j (2)|V (1, 2)|ψn

j (2)
〉

−
N
∑

j=1

〈

ψn
j (2)|V (1, 2)|ψn

i (2)
〉

. *7047+

Jgpeg. gswcvkqp *7046+ ecp dg tguqnxgf d{ kvgtcvkqp nkmg<

(H0(1) + Un−1
i (1) |ψn

i 〉 = λn
i |ψn

i 〉 . *7048+
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λi vwtp qwv vq dg vjg uq ecnngf JH gpgtikgu0 Uqnwvkqp ecp pqy
dg hqwpf kp uvctvkpi ykvj iwguu ycxghwpevkqpu |ψ0

i 〉 cpf kvgtcvkpi
wpvkn eqpxgtigpeg ku tgcejgf0 Vjku yc{ qpg ecp 難pf crrtqzk/
ocvg ycxg hwpevkqpu vjcv tgvwtp vjg rtqdcdknkv{ vq 難pf cp gnge/
vtqp uqogyjgtg kp vjg urceg ctqwpf cp cvqo0 Jqygxgt. tkijv
pqy yg uvknn jcxg pqv {gv vtgcvgf oqngewngu0 Kp qtfgt vq fq uq
yg jcxg vq kpvtqfweg vjg uq ecnngf Nkpgct Eqodkpcvkqp qh Cvqoke
Qtdkvcnu *NCEQ+ Cpucv¦0 Kp vjku ogvjqf qpg uwrrqugu vjcv vjg
ycxghwpevkqp qh c oqngewng ecp dg vtgcvgf cu c uwrgtrqukvkqp qh
ycxghwpevkqpu egpvgtgf ctqwpf cp cvqo0 Vjwu yg ujcnn ytkvg<

|ψm〉 =
No
∑

o=1

com |χo〉 . *7049+

Jgtg ψm ku vq dg vjg oqngewnct ycxghwpevkqp. χo vjg ycxghwpe/
vkqpu egpvgtgf ctqwpf vjg cvqou. com vjg eqg二ekgpvu qh fguetkd/
kpi qwt nkpgct uwrgtrqukvkqp. cpf No vjg pwodgt qh uwej ycxg/
hwpevkqpu0 Hqt ukornkekv{ yg ujcnn kpvtqfweg vjg qrgtcvqt<

F = H0 + U, *704:+

cpf yg ecp ytkvg fqyp vjg gswcvkqp<

F

No
∑

o=1

com |χo(1)〉 = λm

No
∑

o=1

com |χo(1)〉 . *704;+

Ownvkrn{kpi ykvj 〈χl| yg ecp hwtvjgt tgytkvg<

No
∑

o=1

com 〈χl(1)|F |χo(1)〉 = λm

No
∑

o=1

com 〈χl(1)|χo(1)〉 , *7052+

yjkej ykvj hwtvjgt fg難pkvkqp qh vjg qxgtncr ocvtkz

Slm = 〈χl|χm〉 , *7053+

cpf vjg Hqem ocvtkz<

Flm = 〈χl|F |χm〉 , *7054+

ecp dg ytkvvgp cu vjg ocvtkz gswcvkqp<

Fc = λSc, *7055+
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yjkej ku ecnngf vjg Tqqvjccp Jcnn gswcvkqp ]335_ ]337_ ]338_0
Vjku ocvtkz gswcvkqp ku vjg dcuku qh vjg JH/UEH ogvjqf hqt oqn/
gewngu. cpf ecp dg uqnxgf kp cp kvgtcvkxg yc{ nkmg vjg JH gswcvkqp
*7046+0 Yg ujcnn tgokpf vjcv gxgp vjqwij *7055+ uggou ukorng.
vjcv vjg Hqem qrgtcvqt kvugnh ku fgrgpfgpv qp vjg ewttgpv ugv qh
qtdkvcnu cpf vjcv gxgt{ gxcnwcvkqp kp cp kvgtcvkxg rtqeguu tgswktgu
vjg ecnewncvkqp qh ugxgtcn kpvgitcnu kp qtfgt vq gxcnwcvg vjgocvtkz
gngogpvu kp *7053+ cpf *7054+0 Jcxkpi dtkg汝{ umgvejgf vjg dcukeu
ctqwpf vjg JH/UEH ogvjqf kp qtfgt vq qdvckp vjg nqecnk¦cvkqp qh
vjg gngevtqp enqwf. vjg rtqdcdknkv{ fgpukv{ kp urceg vq 難pf cp
gngevtqp ctqwpf c oqngewng. yg ujcnn kpvtqfweg cp qvjgt ogvjqf
vjcv yg jcxg wugf<

Fgpukv{ Hwpevkqpcn Vjgqt{ cpf J{dtkf Hwpevkqpcnu
Fgpukv{ hwpevkqpcn vjgqt{ ku dcugf qp vjg kfgc vjcv vjg gpgti{

qh c u{uvgo qh gngevtqpu ecp dg ytkvvgp kp vgtou qh vjg gngevtqp
rtqdcdknkv{ fgpukv{. cpf jgpeg kv gzkuvu c hwpevkqpcn E[ρ(r)] yjgtg
kp vjku ecug ρ(r) ujcnn dg vjg rtqdcdknkv{ fgpukv{ vq 難pf cp gngevtqp
cv nqecvkqp r kp urceg cpf jgpeg. ukpeg yg uvcvgf vjcv vjg cduqnwvg
uswctgf qh vjg ycxghwpevkqp jcu vjku rtqdcdknkv{ yg pqvg<

ρ(r) =
N
∑

i=1

|ψi(r)|
2, *7056+

yjgtg ψi ctg qwt ukping rctvkeng ycxg hwpevkqpu0 Vjg gzkuvgpeg
qh uwej c hwpevkqpcn ycu fguetkdgf d{ Jqjgpdgti cpf Mqjp kp
3;86 ]339_0 Vjg umgvej qh FHV yg rtqxkfg jgtg ku ftcyp htqo
fgtkxcvkqpu kp ]335_ ]336_0 Fgxgnqrkpi vjku gpgti{ hwpevkqpcn c
dkv qpg ecp ytkvg kv kp vgtou nkmg vjg hqnnqykpi<

E[ρ(r)] = T [ρ(r)] + Vgg[ρ(r)] + Vpen[ρ(r)]. *7057+

Jgtg T ku vjg mkpgvke gpgti{. Vgg vjg rqvgpvkcn gpgti{ fwg vq gnge/
vtqp. gngevtqp kpvgtcevkqp. cpf Vpen vjg rqvgpvkcn fguetkdkpi vjg
gngevtqp. pwengct kpvgtcevkqp0 Vjg kpjgtgpv rtqdngo ykvj vjku
gswcvkqp ku tkijv pqy vjcv vjg mkpgvke vgto ecp pqv dg eqttgevn{
tgrtgugpvgf kp vgtou qh c hwpevkqpcn0 Qpg pqy fg難pgu pgy hwpe/
vkqpcn uwej cu<

TU[ρ(r)] =
N
∑

i=1

〈ψi|
−!

2∇2

2m
|ψi〉 , *7058+
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tgogodgtkpi vjcv cu rtgxkqwun{ uvcvgf TS[ρ(r)] /= T [ρ(r)]0 Qpg fqgu
vjg ucog hqt vjg eqwnqod kpvgtcevkqp ytkvkpi fqyp<

J [ρ(r)] =
e2

2

∫

dr

∫

dr′
ρ(r)ρ(r′)

|r − r′|
. *7059+

Cickp J [ρ(r)] /= Vee[ρ(r)] yjkej enckou vq dg gzcev0 Kp qtfgt vq qxgt/
eqog vjqug fk軟gtgpegu qpg kpvtqfwegu vjg uq ecnngf gzejcpig
eqttgncvkqp hwpevkqpcn vjcv ujcnn eqttgev cnn vjg ujqtveqokpiu<

EZE[ρ(r)] = (T [ρ(r)]− TS[ρ(r)]) + (Vgg[ρ(r)]− J [ρ(r)]). *705:+

Wukpi vjgug hwpevkqpcnu gswcvkqp *7057+ ecuvu kpvq<

E[ρ(r)] = Tu[ρ(r)] + J [ρ(r)] + Vpen[ρ(r)] + EZE[ρ(r)]. *705;+

Crrn{kpi vjg ucog xctkcvkqpcn crrtqcej vjcv yg jcxg ocfg kp
qtfgt vq fgtkxg vjg JH gswcvkqpu. ujqyp kp gswcvkqp *7036+. cpf
vjg eqpuvtckpv vjcv vjg ycxghwpevkqpu ujcnn hqto cp qtvjqpqt/
ocn dcugu ugv. qpg ecp 難pf vjg Mqjp/ Ujco gswcvkqpu ]33:_ *pqv
ujqyp+<

(

−!
2∇2

2m
+ Vghh(r)

)

|ψi(r)〉 = εi |ψi(r)〉 , *7062+

yjgtg vjg g軟gevkxg rqvgpvkcn Vghh ku hqwpf vq dg<

Vghh = Vpen +

∫

e2ρ(r′)dr′

|r − r′|
+

δEZE(r)

δρ(r)
. *7063+

Cu uvcvgf. vjg fgtkxcvkqp qh vjg Mqjp/ Ujco gswcvkqpu cpf FHV
ku kp igpgtcn cpcnqiwg vq vjg fgtkxcvkqp qh vjg JH ogvjqf0 Vjg
ockp fk軟gtgpeg ku vjcv vjg gpgti{ hwpevkqpcn ku ytkvvgp kp oqtg
uqrjkuvkecvgf vgtou0 Qpg ecp jgpeg uvcvg vjcv FHV ku pqv c fkh/
hgtgpv ogvjqf. dwv cp gzvgpukqp vq vjg JH ogvjqf0 Vjg Mqjp/
Ujco gswcvkqpu ecp hwtvjgt cickp. cpcnqiwg vq vjg JH ogvjqf.
uqnxgf kvgtcvkxgn{0 Qpg uvctvu ykvj cp kpkvkcn ugv qh ycxg hwpevkqpu
ψi vjcv ctg nkpmgf vq ρ(r) d{ gswcvkqp *7056+ cpf ecnewncvgu vjg Vghh
yjkej ku wugf vq qdvckp c pgy ugv qh ycxg hwpevkqpu0
Wpvkn pqy yg jcxg pqvjkpi uvcvgf cdqwv vjg gzejcpig eqt/

tgncvkqp hwpevkqpcn cpf wpvkn vqfc{ kvu hqto tgockpu o{uvgtkqwu0
Ugxgtcn crrtqcejgu vq crrtqzkocvg vjku vgto fq gzkuv. cpf yg
nkmg vq uvcvg. vjcv wpuwtrtkukpin{. oquv qh vjg gttqtu kp fgpukv{
hwpevkqpcn vjgqt{ ctkug htqo vjku gzejcpig eqttgncvkqp vgto0 Yg
rqkpv qwv vjg hqnnqykpi ogvjqfu<
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原 Nqecn Fgpukv{ Crrtqzkocvkqp *NFC+< NFCu ctg vjg encuu qh
hwpevkqpcnu vjcv ctg qpn{ fgrgpfgpv qp vjg gngevtqp fgpukv{
kvugnh0 Kp igpgtcn vjku ku ytkvvgp fqyp nkmg<

ENFCZE [ρ] =

∫

γ(ρ)dr, *7064+

yjgtg γ ujcnn dg c hwpevkqp fgrgpfkpi qp vjg gngevtqp fgp/
ukv{0 C xgt{ ukorng hqto qh c NFC v{rg gzejcpig eqttgnc/
vkqp hwpevkqpcn ku hqt kpuvcpeg vjg ZＦ/ogvjqf. ]336_0 Kp vjku
ogvjqf vjg hwpevkqpcn ku ytkvvgp nkmg<

ENFC−ZＦZE [ρ] = C

∫

ρ(r)4/3dr, *7065+

ykvj C dgkpi c eqpuvcpv0 Ocp{ hwtvjgt NFC hwpevkqpcnu fq
gzkuv0

原 Igpgtcnk¦gf Itcfkgpv Crrtqzkocvkqp *IIC+< IICu hwtvjgt
fgrgpf qp vjg itcfkgpv qh vjg gngevtqp fgpukv{ cpf jgpeg<

EIICZE [ρ] =

∫

γ(ρ,∇ρ)dr, *7066+

yjgtg gncdqtcvgf hwpevkqpu γ jcxg dggp fgxgnqrgf0 Gzvgp/
ukqpu qh vjku hwpevkqpcn kpenwfg hqt gzcorng ugeqpf fgtkxc/
vkxgu. hqt uwej<

EIICZE [ρ] =

∫

γ(ρ,∇ρ,∇2ρ)dr. *7067+

原 J{dtkf hwpevkqpcnu< J{dtkf hwpevkqpcnu wug ugxgtcn fk軟gt/
gpv ogvjqfu. hwtvjgt vjg{ oc{ kpenwfg vjg uq ecnngf JH gz/
ejcpig hwpevkqpcn. vjgug ctg vjg v{rgu qh hwpevkqpcnu vjcv yg
jcxg wugf kp qwt ecnewncvkqpu kp qtfgt vq qdvckp vjg gngevtqp
fgpukv{ ctqwpf vjg oqngewngu0 Yg jcxg wugf D5N[R ]33;_
]342_ ]343_ ]344_ cpf *Dgemg. Jcnh cpf Jcnh. Ngg/[cpi/Rctt
*DJcpfJN[R+ ]345_ hwpevkqpcnu0 Jgtg gzejcpig cpf eqttg/
ncvkqp ctg ytkvvgp cu ugrctcvg vgtou0 Vjku eqogu pcvwtcnn{.
vcmkpi hqt gzcorng vjg JH gswcvkqp vjcv yg fgtkxgf0 Yg
uvcvgf vjcv kp *7046+. vjgtg gzkuvu c eqwnqod vgto cpf cp gz/
ejcpig vgto0 Pq eqttgncvkqp vgto gzkuvu kp JH cu kv ku c uq
ecnngf ogcp 難gnf ogvjqf. cpf fqgu pqv vcmg kpuvcpvcpgqwu
gngevtqp/ gngevtqp kpvgtcevkqp g軟gevu kpvq ceeqwpv0 Iqkpi
dcem vq vjg JH hwpevkqpcn *7039+ yg ugg vjcv vjg gzkuvgpeg
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qh vjg gzejcpig vgto gzkuvu fwg vq vjg cpvku{oogvt{ ko/
rqugf d{ vjg Uncvgt fgvgtokpcpv0 Hqt D5N[R qpg ytkvgu hqt
kpuvcpeg<

ED5N[RZE = ENFCZE + a0(E
JH
Z − ENFCZ )

+ aZ(E
IIC
Z − ENFCZ )

+ aE(E
IIC
E − ENFCE ) *7068+

ykvjqwv uvcvkpi jqy NFC cpf IIC vgtou nqqm nkmg0 a0. aZ cpf
aE ctg eqpuvcpvu ejqugp d{ vjg cwvjqtu0 Hqt gzcev vgtou vjg
tgcfgt ku tghgttgf vq vjg ctvkengu vjcv cuugodng D5N[R ]33;_
]342_ ]343_ ]344_0 EJHZ jgtg ku vjg JH gzejcpig vgto htqo
gswcvkqp *7039+0

Dcuku Hwpevkqpu ]335_
Fwtkpi vjg ecnewncvkqpu. vjg ycxghwpevkqpu jcxg dggp tgrtg/

ugpvgf d{ Eqpvtcevgf Icwuukcp V{rg Qtdkvcnu *IVQ+u0 Crrtqzk/
ocvkqp qh cvqo egpvgtgf ycxg hwpevkqpu d{ uwej IVQu ku fqpg
cu vjgug hwpevkqpu ctg gcu{ vq kpvgitcvg0 C eqpvtcevgf IVQ jcu
vjg hqto<

|χ(a, b, c)〉 = N

n
∑

i=1

cix
aybzce−ζir

2

a, b, c ∈ N *7069+

jgtg N ku vjg pqtocnk¦cvkqp eqpuvcpv cpf ζ eqpvtqnu vjg ykfvj qh
vjg qtdkvcn0 Kp qwt ecnewncvkqpu yg wugf gkvjgt vjg 8/53I, qt 8/
53I,, dcuku ugv0 Yjkej ogcpu vjcv qpg wugu qpg eqpvtcevgf IVQ
ykvj n = 6 kp gswcvkqp *7069+0 Qpg cnuq urgcmu qh ukz rtkokvkxgu
hqt gcej qtdkvcn qp cp kppgt ujgnn0 C hwtvjgt IVQ qh n = 3. c ukping
rtkokvkxg ecnngf vjg fk軟wug rtkokvkxg rnwu ukz f/v{rg icwuukcpu hqt
gcej cvqo qvjgt vjcp vjg j{ftqigp cvqo ctg cnuq cffgf kp ecn/
ewncvkqpu yjgtg 8/53I, ku wugf0 Kp vjg ecug qh 8/53I,,. qpg cffu
vq vjg cdqxg. vjtgg r/v{rg icwuukcpu hqt gcej j{ftqigp cvqo0 r/
v{rg ogcpu vjcv vjg uwo qh vjg kpfkegu ku a + b + c = 1. yjkng kp
vjg f/v{rg vjg uwo qh vjg kpfkegu ku a+ b+ c = 20 Vjgug hwpevkqpu.
vjcv crrtqzkocvg vjg ycxg hwpevkqpu. ctg vjgp qrvkok¦gf d{ vjg
ogvjqfu fguetkdgf cdqxg0 Ugxgtcn fk軟gtgpv qvjgt oqtg qt nguu
eqorngz dcuku hwpevkqpu hqt fk軟gtgpv v{rgu qh ecnewncvkqpu fq gz/
kuv. jcxkpi jgtg qpn{ kpvtqfwegf vjg qpgu yg jcxg wugf fwtkpi
qwt ecnewncvkqpu0 Kp vjku yqtm yg ujcnn htqo pqy qp fgpqvg c
swcpvwo ogejcpkecn ecnewncvkqp vjcv tguwnvu kp cp crrtqzkocvg
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tguwnv qh vjg gngevtqp fgpukv{ qh c oqngewng d{ kvu ogvjqf cpf kvu
dcuku ugv0 C v{rkecn ecnewncvkqp okijv vjwu dg ecnngf JH18/53I,0
Pqy vjcv yg jcxg umgvejgf vjg dcukeu qh vjg vjgqt{ wugf qwt

swguv vq fgtkxg vjg rtqdcdknkv{ qh 難pfkpi cp gngevtqp kp urceg.
yg yknn kp vjg eqpvkpwkpi fguetkdg vjg ecnewncvkqpu yg jcxg ocfg
cpf vjg rtqitcou yg jcxg etgcvgf0

705 Qduvcengu kp Fgtkxkpi
Oqpqrqnct Rctvkcn Ejctigu

Kp qtfgt vq qdvckp tguwnvu vjcv ecp dg eqorctgf vq encuukecn
OF hqteg 難gnfu cpf vq dgvvgt wpfgtuvcpf vjg gttqtu ctkukpi htqo
rqnctk¦cvkqp. yg jcxg uqwijv hqt cp g軟gevkxg yc{ vq rctcogvtk¦g
rctvkcn ejctigu qp cvqou qt eqctug itckpgf dgcfu vjcv ctkug htqo
OF hqteg 難gnfu0 Yg vtkgf vq fq vjku wukpi vjg GUR ogvjqf ko/
rngogpvgf kp Icwuukcp ]346_ ]55_0 Vq fq uq yg rtgrctgf tgrgcvu
:P cpf ;E htqo vjg VUR UF0 Vjku ycu fqpg kp etgcvkpi c Rtq/
vgkp Fcvc Dcpm *RFD+ ]72_ 難ng eqpvckpkpi vjg cvqou qh vjgug
tgrgcvu. kpenwfkpi ycvgt oqngewngu cpf ecnekwo kqpu vjcv ctg
hqwpf cv vjgug ukvgu kp vjg uvtwevwtg fgukipcvgf d{ kvu RFD eqfg
3WZ80 Vq qdvckp vjgug uocnn uvtwevwtgu yg jcxg nkvgtcnn{ ewv
vjgo qwv qh vjg RFD 難ng0 Rtqrgt E/ cpf P/ vgtokpk jcxg dggp
cffgf wukpi vjg rfd4ioz wvknkv{ htqoITQOCEU ]52_0 Vjg uvtwe/
vwtgu jcxg vjgp dggp gpgtigvkecnn{ okpkok¦gf wukpi Icwuukcp.
mggrkpi vjg nqecvkqpu qh dcemdqpg cvqou htq¦gp kp qtfgt vq rtg/
xgpv vjg rgrvkfg htqo tghqnfkpi0 Vjg gngevtqp fgpukv{ ecnewnc/
vkqpu cpf okpkok¦cvkqpu jcxg dggp rgthqtogf kp D5N[R18/53,,
qt DJcpfJN[R18/53,, vjgqt{0 D5N[R ycu ejqugp fwg vq kvu rqr/
wnctkv{ yjkng DJcpfJN[R ycu ejqugp cu kv ycu hqwpf vq {kgnf vjg
dguv gpgti{ xcnwgu hqt cokpq cekfu kp c eqorctkuqp qh ugxgtcn fkh/
hgtgpv ogvjqfu ]347_0 Vjg GUR ogvjqf ]55_ jcu vjgp dggp vtkgf
kp qtfgt vq qdvckp rctvkcn ejctigu htqo vjku uvtwevwtg0 Pqv qdvckp/
kpi ogcpkpihwn tguwnvu cpf vjg rtqdngo vjcv okpkok¦cvkqp qhvgp
hckngf vq eqpxgtig chvgt ugxgtcn fc{u qh eqorwvcvkqp. yg vtkgf
vq uqnxg vjg rtqdngo kp c pgy yc{ vjcv yknn dg fgvckngf ncvgt0
Dghqtg vjcv yg ujcnn vcnm cdqwv vjg korngogpvgf ogvjqfu cpf
vjg rtqdngou vjcv ctkug kp fgtkxkpi rctvkcn ejctigu htqo cd kpkvq
ogvjqfu. jgpeg d{ tguqnxkpi vjg rtqdcdknkv{ hwpevkqp vq 難pf cp
gngevtqp ctqwpf c oqngewng0
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Gzkuvkpi Ogvjqfu vq Fgtkxg Rctvkcn Ejctigu
Vjg rqrwnct ogvjqfu vq fgtkxg oqpqrqnct rctvkcn ejctigu wu/

kpi cd kpkvkq ecnewncvkqpu ecp dg itqwrgf kp vyq ogvjqfu<

30 Rqrwncvkqp Cpcn{uku< Vjgug v{rg qh ogvjqfu rwv vjg ejctig
qh cp qdlgev kp fktgev tgncvkqpujkr ykvj vjg rtqdcdknkv{ vq 難pf
cp gngevtqp ctqwpf vjcv qdlgev0 Ejctigu qdvckpgf htqo c
ogvjqf nkmg vjku ctg eqnnqswkcnn{ mpqyp cu Ownnkmgp ejctigu
]56_0

40 Gngevtquvcvke Rqvgpvkcn Ucornkpi qt GUR ogvjqfu< Kp vjku
ecug vjg gngevtquvcvke rqvgpvkcn ku 難tuv guvcdnkujgf ctqwpf
vjg oqngewng htqo cd kpkvq ogvjqfu0 Vjgp vjku rqvgpvkcn ku
ucorngf. cpf ejctigu ctg cvvtkdwvgf kp qtfgt vq tgetgcvg vjg
cd kpkvq rqvgpvkcn0 ]55_ ]348_ ]349_ ]34:_ ]34;_ ]352_ ]353_

Vjg 難tuv crrtqcej jcu vq dg hqwpf kpceewtcvg kp ocp{ ukvw/
cvkqpu cu gngevtqpu ctg fk軟wukpi cpf cnnqecvkqp vq cvqou wukpi
qpn{ vjku vgejpkswg ku pqv engct. gxgp vjqwij uqnwvkqpu jcxg dggp
uwiiguvgf ]354_0 Hwtvjgt cu yg ycpvgf vq oqfgn c rtqvgkp)u kp/
vgtcevkqp ykvj kvu gpxktqpogpv yg hqewu qp vjg ugeqpf crrtqcej
cpf oc{ dtkg汝{ umgvej jgtg jqy kv ku crrnkgf kp igpgtcn0 Wukpi
cd kpkvq ogvjqfu uwej cu vjg qpgu fguetkdgf kp ugevkqp 704 qpg
qdvckpu vjg gngevtqp fgpukv{ ρ(r)0 Qpg ecp wukpi vjku fgpukv{ ecn/
ewncvg c tghgtgpeg gngevtquvcvke rqvgpvkcn<

Γ(r) =

∫

R

aρ(r′) +
∑pCvqou

i=1 qiδ(r
′ − xi)

|r − r′|
d3r, *706:+

yjgtg a ku c uecng/hcevqt vjcv eqpxgtvu vjg gngevtqp fgpukv{ kpvq
c ejctig fgpukv{0 qi ku vjg pwengct ejctig qh cvqo i cv rqukvkqp
xi0 R ku c uw二ekgpv nctig xqnwog vq kpvgitcvg vjg yjqng gngevtqp
fgpukv{ kp qtfgt vjcv<

1 =

∫

R

ρ(r)dr. *706;+

Hwtvjgt qpg kpvtqfwegu vjg gngevtquvcvke rqvgpvkcn vjcv ku igpgt/
cvgf kp cuukipkpi rctvkcn ejctigu vq vjg qdlgevu. cvqou qt dgcfu
htqo eqctug itckpgf ukowncvkqpu<

Φ(r) =
pCvqou
∑

i=1

Qi(xi)

r − xi

. *7072+
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Jcxkpi dqvj rqvgpvkcnu cv jcpf qpg fg難pgu c ogvjqf vq ogcuwtg
vjg fk軟gtgpeg dgvyggp vjg vyq rqvgpvkcnu<

F =

∫

V

D(Γ(r),Φ(r))d3r, *7073+

yjgtg D ku c ogcuwtgogpv vjcv fguetkdgu vjg fgxkcvkqp qh vjg
rqvgpvkcn qdvckpgf htqo cd kpkvq ogvjqfu cpf vjg rqvgpvkcn qd/
vckpgf htqo vjg ejctigu Qi0 V ecp kp igpgtcn dg cp ctdkvtct{ tg/
ikqp kp urceg0 Oqpqrqnct ejctigu ctg kp vjg encuu qh vjg GUR v{rg
ogvjqfu. qdvckpgf kp okpkok¦kpi vjg hwpevkqp F d{ xct{kpi vjg
ejctigu Qi0 Kp oquv cniqtkvjou vjku ku fqpg wukpi nkpgct tgitgu/
ukqp ogvjqfu nkokvkpi vjg ejqkeg qh vjg ogcuwtgogpv hwpevkqp
D0
Cnvjqwij vjg GUR crrtqcej uggou vq dg uvtckijvhqtyctf. kv

uw軟gtu htqo ukipk難ecpv ftcydcemu<
原 Tqvcvkqpcn fgrgpfgpeg< Kp rtcevkeg kv ycu hqwpf vjcv GUR
ejctigu ctg pqv kpfgrgpfgpv qp vjg tqvcvkqp qh c oqngewng0
Vq gncdqtcvg vjku qpg jcu vq vcmg kpvq ceeqwpv vjcv qpg gxcnw/
cvgu c 難pkvg pwodgt qh vguvrqkpvu cpf jgpeg gswcvkqp *7073+
jcu vq dg tgytkvvgp kpvq<

F =
pRqkpvu
∑

i=1

D(Γ(pi),Φ(pi)), *7074+

yjgtg vjg vguvrqkpvu ctg rqugf qp c rtgfg難pgf igqogvt{
uwej cu urjgtg. vjg Eqppqnn{ uwthceg qt c jqoqigpgqwu itkf
kp urceg hqt kpuvcpeg0 Tqvcvkpi vjgug vguvrqkpvu ctqwpf vjg
oqngewng ycu hqwpf vq {kgnf fk軟gtgpv rctvkcn ejctigu. cpf
jgpeg GUR ejctigu ctg kp igpgtcn pqv tqvcvkqp kpfgrgpfgpv
]34;_ ]352_0

原 Eqphqtocvkqpcn fgrgpfgpeg< Vjg gngevtqpke fgpukv{ ρ(r) ku
fgrgpfgpv qp vjg eqphqtocvkqp qh vjg oqngewng cpf eqp/
ugswgpvn{ vjg ejctigu. 難v cickpuv cp cd kpkvq rqvgpvkcn ctg
pqv kpfgrgpfgpv qh vjg oqngewngu eqphqtocvkqp gkvjgt0 Vjku
rqugu ukipk難ecpv rtqdngou kh. hqt kpuvcpeg. qpg ycpvu vq qd/
vckp vjg oqpqrqnct ejctigu kp qtfgt vq wug vjgo kp c OF
hqteg 難gnf. yjgtg fwtkpi c ukowncvkqp vjg oqngewng okijv
wpfgtiq ugxgtcn fk軟gtgpv eqphqtocvkqpu dwv vjg oqpqrqnct
ejctigu uvc{ uvcvke0

原 Ujkgnfkpi qh dwtkgf ejctigu< Kp dwtkgf ejctigu qpg ecp qd/
ugtxg vjg g軟gev qh ujkgnfkpi0 Vq knnwuvtcvg vjku kocikpg c
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rqkpv ejctig vjcv ku uwttqwpfgf d{ c jqoqigpgqwu urjgt/
kecn ejctig ctqwpf kv0 Kp vjku ecug cp kp難pkvg pwodgt qh
uqnwvkqpu hqt vjg ejctigu. vjg rqkpv ejctig cpf vjg ejctig
uwttqwpfkpi vjg rqkpv ejctig. fq gzkuv kh vjg rqvgpvkcn qwv/
ukfg dqvj ejctigu ku cnn vjcv ku mpqyp0 Vjku rtqdngo ku hwt/
vjgt cwiogpvgf d{ c uocnn pwodgt qh vguvrqkpvu0 Ogvjqfu
fq gzkuv vjcv vt{ vq vcemng vjku rtqdngo d{ eqp難pkpi ejctigu
ctqwpf ¦gtq fwtkpi vjg okpkok¦cvkqp qh F yjkej pgxgtvjg/
nguu uggou ctdkvtct{ ]34:_0

Dgkpi eqphtqpvgf ykvj vjgug rtqdngou cpf 難pfkpi qwtugnxgu
wpcdng vq qdvckp ogcpkpihwn rctvkcn ejctigu. yg fgxgnqrgf qwt
qyp cniqtkvjo kp qtfgt vq qxgteqog. kp kpetgcukpi vjg pwodgt
qh ucornkpi rqkpvu. vcmkpi ownvkrng tqvcvkqpu. eqphqtocvkqpu kpvq
ceeqwpv fwtkpi vjg okpkok¦cvkqp rtqegfwtg cpf wukpi pqxgn rct/
cnngn rtqitcookpi vgejpkswgu. vjg rtqdngou uvcvgf jgtg0

706 Vjg Pgy Rctvkcn Ejctigu Cniqtkvjo
Vjg cniqtkvjo vjcv yg jcxg fgxgnqrgf ku c fktgev okpkok¦cvkqp

cniqtkvjo wukpi vjg itcfkgpv fguegpv crrtqcej0 Vjg cniqtkvjo
ku fgtkxgf kp vjg hqnnqykpi yc{<

Itcfkgpv Fguegpv wpfgt Eqpuvtckpvu
Qwt cniqtkvjo yqtmu ctqwpf vjg kfgc. nkmg kp qvjgt GUR ogvj/

qfu. vjcv vjg cd kpkvkq rqvgpvkcn ku cntgcf{ mpqyp0 Uwej c rq/
vgpvkcn ecp dg qdvckpgf htqo cd kpkvkq uqhvyctg rcemcigu uwej
cu Icwuukcp ]346_. wukpi vjg oqngewnct SO ogvjqfu vjcv jcxg
dggp rtgugpvgf kp ugevkqp 704 qh vjku ejcrvgt0 Yg dgikp kp ytkv/
kpi fqyp vjg eqpuvtckpvu vjcv yg jcxg vq vcmg kpvq ceeqwpv kp
twppkpi vjg okpkok¦cvkqp cniqtkvjo0 Kv ku engct vjcv yg yqwnf
nkmg vjg ejctig vq dg eqpugtxgf. vjku ku ytkvvgp fqyp nkmg<

Qvqv =
pCvqou
∑

i=1

Qi. *7075+

Hqteg 難gnfu hwtvjgt ctg rctcogvtk¦gf ykvj vjg kfgc kp okpf vjcv
vjgtg ctg ugxgtcn ejgokecnn{ gswkxcngpv cvqou kp coqngewng. uwej
cu vjg j{ftqigp cvqou qh c ogvj{n itqwr0 Kp qtfgt vq fgtkxg rct/
vkcn ejctigu vjcv ctg eqorctcdng vq vjg rctcogvgtu qh uwej hqteg
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難gnfu. yg tgytkvg vjg eqpuvtckpv htqo gswcvkqp *7075+ kpvq<

Qvqv =
k

∑

i=1

ciWi c ∈ N
∗, *7076+

yjgtg k ku vjg pwodgt qh fk軟gtgpv v{rgu qh cvqou tgrtgugpvkpi
vjg oqngewng. ci vjg ygkijv qh gngogpvu yjkej ctg ejgokecnn{
gswkxcngpv cpf Wi vjg ejctig qh v{rg i0 Qpg ecp kfgpvkh{ vjcv
*7076+ fg難pgu c j{rgtrncpg kp Wi/ejctig urceg0 Vjg pqtocn qp
vjku j{rgtrncpg yjkej yg yknn pggf ncvgt qp. ecp dg hqwpf vq dg<

n = ∇Wi

(

Qtot −
k

∑

i=1

ciWi

)

=











c1
c2
000
ck











. *7077+

Hwtvjgt. yg ujcnn gzrtguu F htqo gswcvkqp *7073+ cu c hwpevkqp
fgrgpfgpv qp vjg ejctigu W <

F (W ) =
pRqkpvu
∑

i=1

D(Γ(pi),Φ(W, pi)), *7078+

yjgtg yg ocmg uwtg vjcv eqqtfkpcvgu qh vguvrqkpvu pi fq pqv hcnn
dgpgcvj vjg xcp fgt Yccnu tcfkwu qh cp{ cvqo qh qwt oqngewng0 Kp
vjg pwogtkecn korngogpvcvkqp vjku ku fqpg d{ uwrrtguukpi uwej
itkf rqkpvu0 Vjg okpkok¦cvkqp qh F ku fqpg kp vjg hqto qh cp kvgt/
cvkqp d{ ejcpikpi vjg ejctigu cpf jgpeg<

WN
i = WN−1

i + γNdWN
i , *7079+

yjgtg γ ku vjg uvgruk¦g kp vjg fguegpv fktgevkqp dW kp ejctig
urceg0 Kp qtfgt hqt dW vq dg c xcnkf fguegpv fktgevkqp. yg eqp/
ukfgt

dW =
∇WF

|∇WF |
− 〈n|∇WF 〉

|n|2|∇WF |
n, *707:+

vq dg vjg itcfkgpv d{ W qh F rtqlgevgf qpvq vjg hqtiqkpi rncpg
*7076+ wukpi vjg pqtocn fg難pgf kp *7077+0 Hqt cu nqpi cu

〈dW |∇WF 〉
|dW ||∇WF |

≥ 0.5, *707;+

yjkej ku ucvku難gf cu dW ku vjg rtqlgevkqp kpvq c rncpg. vjgtg gzkuvu
c γ uq vjcv F (WN) < F (WN−1)0
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Pqy qpg uvknn jcu vq ectg cdqwv vjg uvgruk¦g γ yjqug qrvk/
ok¦cvkqp ku c uq ecnngf nkpgugctej rtqdngo0 Htqo c pwogtkecn
ukfg urgcmkpi yg hwtvjgt ycpvgf qwt cniqtkvjo vq twp qp xctkqwu
v{rgu qh jctfyctg cpf vq twp gkvjgt kp ukping *54 dkv+ qt fqwdng
*86 dkv+ 汝qcvkpi rqkpvkpi rtgekukqp. hwtvjgt fgvcknu ctg gzrnckpgf
kp ugevkqp 7070 Kp qtfgt vq fq uq. yg cxqkfgf ugeqpf fgtkxcvkxgu
cpf jgpeg qwt nkpgugctej cniqtkvjo ku xgt{ ukornkuvke0 Yg eqp/
ukfgt γ vq dg qrvkocn kh

∂

∂γ
F (WN + γdWN) = 0. *7082+

Yg gxcnwcvg vjg nghv ukfg qh *7082+ hqt γ = nγN−1 dgikppkpi
ykvj n = 0 cpf kpetgcukpi n d{ 1 wpvkn vjg nghv ukfg qh *7082+ ku
itgcvgt vjgp 20 Chvgtyctfu yg tg難pg vjg qrvkocn uvgruk¦g d{ cv
ngcuv 7 dkhwtecvkqp uvgru qp vjg kpvgtxcn γ ∈ ((n − 1)γN−1, nγN−1]0
Vjg nqygt dqwpfct{ qh vjg ncuv dkhwtecvkqp kpvgtxcn ku ejqugp kp
qtfgt vq cxqkf vq nctig uvgruk¦gu0 Dkhwtecvkqp ku eqpvkpwgf wpvkn
vjg nqygt dqwpfct{ ku itgcvgt vjcp (n − 1)γN−1 kp qtfgt vq cxqkf
c nqemwr qh vjg cniqtkvjo0

Ogcuwtgogpv Hwpevkqp
Qpg qh vjg mg{ cfxcpvcigu qh vjg itcfkgpv fguegpv crrtqcej

ku vjcv yg ecp wug cnvgtpcvkxg ogcuwtgogpv hwpevkqpu D0 D ku
wugf vq ecnewncvg vjg fkuvcpeg qh vjg rqvgpvkcn fgtkxgf d{ cd/
kpkvkq ogvjqfu Γ. htqo vjg rqvgpvkcn Φ etgcvgf d{ vjg ejctigu
cvvtkdwvgf vq vjg rctvkengu0 Kp vjg pwogtkecn korngogpvcvkqp hqwt
fk軟gtgpv ogcuwtgogpvu kp vjg cniqtkvjo fq gzkuv. cpf yg yqwnf
nkmg vq rqkpv qwv vjcv hwtvjgt qpgu ecp dg korngogpvgf wukpi okp/
kocn g軟qtv0 Vjg ogcuwtgogpvu korngogpvgf ctg<
30 Ngcuv cduqnwvg fgxkcvkqpu *L1+<

D = |Γ(pi)− Φ(pi)|. *7083+

40 Ngcuv uswctg fgxkcvkqpu *L2+<

D = (Γ(pi)− Φ(pi))
2. *7084+

50 Ygkijvgf ngcuv cduqnwvg fgxkcvkqpu<

D =
|Γ(pi)− Φ(pi)|

|Γ(pi)|+ ε
. *7085+
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60 Ygkijvgf ngcuv uswctg fgxkcvkqpu<

D =
(Γ(pi)− Φ(pi))

2

Γ(pi)2 + ε
. *7086+

yjgtg ε kp gswcvkqpu *7085+ cpf *7086+ ku vq dg c uocnn pwodgt.
kp qtfgt vq cxqkf fkxkukqpu d{ ¦gtq0 Ogcuwtgogpvu *7085+ cpf
*7086+ jcxg dggp korngogpvgf vq cwiogpv vjg rqvgpvkcn xcnwgu
hct cyc{ htqo vjg oqngewng yjkej ujqwnf ikxg vjgo oqtg ygkijv
kp vjg uwo qh gswcvkqp *7078+0

707 Pwogtkecn Korngogpvcvkqp qh
vjg Pgy Cniqtkvjo

Vjg cniqtkvjo rtgugpvgf kp vjg rtgxkqwu ugevkqp 706 jcu dggp
uweeguuhwnn{ korngogpvgf wukpi rctcnngn rtqitcookpi vgejpkswgu0
Vjku ku pgeguuct{ cu vjku v{rg qh cniqtkvjo korqugu c ukipk難ecpv
qxgtjgcf cickpuv vtcfkvkqpcn GUR ogvjqfu fwg vq kvu fktgev okp/
kok¦cvkqp rtqegfwtg0 Vjg QrgpEN Crrnkecvkqp Rtqitcookpi Kp/
vgthceg CRK jcu dggp ejqugp fwg vq kvu xgtucvknkv{ vq cfcrv vq fkh/
hgtgpv jctfyctg uwej cu ownvkeqtg ERWu. IRWu cpf qvjgt v{rgu
qh ceegngtcvqt dqctfu vjcv ctg eqooqp kp eqpvgorqtct{ eqorwv/
gtu cpf JRE egpvgtu0 Qpg ecp ugg d{ kpxguvkicvkpi vjg cniqtkvjo
rtgugpvgf kp ugevkqp 706 kp fgvckn. tgoctmkpi vjcv vjg cd kpkvkq rq/
vgpvkcn Γ rtgugpvgf kp gswcvkqp *706:+ ku cntgcf{ mpqyp. vjcv vjg
ecnewncvkqp qh vjg rqvgpvkcn Φ hqwpf kp gswcvkqp *7072+ cpf vjg
fk軟gtgpeg F htqo gswcvkqp *7078+ fgrgpfkpi qp uwej c Φ ku vjg
oquv tguqwteg eqpuwokpi rctv qh vjg cniqtkvjo0 Jgpeg yg rct/
cnngnk¦gf vjgug rctvu qh vjg ecnewncvkqp0 Yg ujcnn pqvg vjcv F hqt
fk軟gtgpv Φ jcu vq dg gxcnwcvgf ugxgtcn vkogu kp gcej uvgr yjkej
tgpfgt vjku rctcnngnk¦cvkqp hwtvjgt pgeguuct{0 Hqt kpuvcpeg. ngv wu
nqqm cv vjg itcfkgpv ∇WF cu hqwpf kp gswcvkqp *707:+0 Kp qtfgt vq
gxcnwcvg vjku itcfkgpv ykvj vjg pwogtkecn fgtkxcvkxg<

f ′(x) =
f(x+∆)− f(x−∆)

2∆
, *7087+

vjg rqvgpvkcn Φ jcu vq dg gxcnwcvgf vyq vkogu vjg pwodgt qh
ejctigu Wi qhvgp0
Qwt cniqtkvjo ku dcugf ctqwpf vjg Icwuukcp ]346_ ewdg 難ng.

eqpugswgpvn{ kv fg難pgu vjg itkf vjcv wugf hqt vjg ecnewncvkqp0 Kp
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qtfgt vq qdvckp uwej 難ng qpg ecp wug vjg ewdgigp wvknkv{ vjcv
ku ujkrrgf ykvj vjg Icwuukcp uqhvyctg rcemcig0 Vjg xcnwgu kp
vjg itkfrqkpvu qh vjg cd kpkvkq rqvgpvkcn ctg uvqtgf kp vjgug 難ngu0
Hqt fgvcknu qp Icwuukcp ewdg 難ngu. vjg tgcfgt ujcnn dg tghgttgf
vjg ocpwcnu vjcv ctg ujkrrgf ykvj vjg uqhvyctg0 Qwt rtqitco
cnnqyu hqt ctdkvtct{ v{rgu qh itkfu cu nqpi cu vjg czgu ctg qt/
vjqiqpcn0 Vjku ujqwnf cnnqy hqt itgcv 汝gzkdknkv{ kp etgcvkpi vjg
itkfu qh vguvrqkpvu0 Yg hwtvjgt cnnqy hqt ownvkrng ewdgu kp qpg
ecnewncvkqp0 Qpg ecp hqt gzcorng igpgtcvg ewdgu ykvj fk軟gtgpv
tqvcvkqpu qh vjg oqngewng vjg rctvkcn ejctigu ctg cvvtkdwvgf hqt.
cpf vcemng vjg rtqdngo qh tqvcvkqpcn fgrgpfgpeg vjku yc{0 Cp
qvjgt crrtqcej eqwnf dg vq vcmg fk軟gtgpv eqphqtocvkqpu kp fkh/
hgtgpv ewdgu kpvq ceeqwpv. uvcvkpi vjcv Dqnv¦ocpp ygkijvkpi qh
ewdgu ku pqv korngogpvgf kp vjg cniqtkvjo dwv qpg ujqwnf dg cdng
vq korngogpv kv ykvj okpkocn g軟qtv0 Vjku yc{ qpg ecp vcemng
hqt kpuvcpeg vjg rtqdngo qh eqphqtocvkqpcn fgrgpfgpeg qh vjg
ejctigu. kp okpkok¦kpi itkfu ykvj fk軟gtgpv eqphqtocvkqpu qh vjg
oqngewngu kp vjgo cv qpeg0
Vjg rctcnngnk¦cvkqp ku fqpg kp vjg yc{ vjcv qp cp QrgpEN eqo/

rwvg fgxkeg jcxkpi ownvkrng rtqeguukpi wpkvu *uwej cu ownvkrng
eqtgu qp c ERW+ vjg rqvgpvkcn Φ(pi) cpf kvu fk軟gtgpeg ceeqtfkpi
vq qpg qh vjg ogcuwtgu D hqwpf kp gswcvkqpu *7083+. *7084+. *7085+
cpf *7086+ ctg ecnewncvgf kp rctcnngn0 Chvgt vjku ecnewncvkqp c tg/
fwevkqp uvgr. jgpeg ecnewncvkpi vjg uwo kp gswcvkqp *7078+ ku pge/
guuct{0 Vjku tgfwevkqp uvgr ku hwtvjgt rctcnngnk¦gf. cu vjg uwo ku
urnkv kpvq rctvkcn uwou0 Qp c itkf dwknv qh nx d{ ny d{ nz itkf rqkpvu
kp fktgevkqpu x.y cpf z vjg uwo ku urnkv kpvq nx d{ ny rctvkcn uwou
uwookpi qxgt nz xcnwgu0 Vjg 難pcn uwo qh vjg rctvkcn uwou ku
vjgp rgthqtogf qp d{ vjg jquv rtqitco vjcv eqpvtqnu vjg eqo/
rwvg fgxkegu0 Kh ownvkrng ewdgu ctg wugf kp qpg ukowncvkqp. vjg
ecnewncvkqp ecp hwtvjgt dg urnkv coqpi ownvkrng QrgpEN eqorwvg
fgxkegu kp fkuvtkdwvkpi vjg itkfu uvqtgf kp vjg Icwuukcp ewdg 難ngu
coqpi vjqug fgxkegu0 Kp vjku ecug cickp vjg rctvkcn uwou htqo cnn
vjg itkfu qp vjg fk軟gtgpv QrgpEN eqorwvg fgxkegu ctg eqnngevgf
d{ vjg jquv rtqitco eqpvtqnnkpi vjgo0 Vjg jquv rtqitco vjgp
rgthqtou vjg 難pcn tgfwevkqp uvgr kp uwookpi vjg tguwnvu htqo
cnn rctvkcn uwou0 Vjg fkuvtkdwvkqp qh ownvkrng itkfu qp ownvkrng
QrgpEN fgxkegu ku jkijnkijvgf kp 難iwtg 7030
Vjku tghgtgpeg korngogpvcvkqp rtqitcoogf kp E wukpi vjg

QrgpEN CRK ku korngogpvgf kp vjtgg 難ngu pcogf ownvkewdg0e.
urqv0en cpf frqv0en. yjgtg urqv0en cpf frqv0en eqpvckp gkvjgt vjg
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Hkiwtg 703< Fkuvtkdwvkqp qh itkfu fg難pgf d{ Icwuukcp ]346_ ewdg
難ngu cetquu ownvkrng QrgpEN fgxkegu

ukping *54dkv 汝qcvkpi rqkpv+ qt fqwdng *86dkv 汝qcvkpi rqkpv+ rtg/
ekukqp eqfg vq dg twp qp vjg QrgpEN fgxkeg0 Vjg korngogpvcvkqp
ecp dg eqorkngf qp Nkpwz d{ vjg hqnnqykpi eqoocpf<
iee /Q4 ownvkewdg0e /nQrgpEN /N1rcvj1vq1qrgpen /FFaFQWDNG

Nkuvkpi 703< Eqorknkpi vjgownvkewdg rtqitco qp c Nkpwz u{uvgo0

yjgtg 1rcvj1vq1qrgpen ku vjg rcvj vq vjg QrgpEN nkdtct{ qp
vjg u{uvgo0 Vjg /FFaFQWDNG rctcogvgt etgcvgu c dkpct{ vjcv
twpu vjg cniqtkvjo kp fqwdng *86dkv 汝qcvkpi rqkpv+ rtgekukqp0 Vjg
rtqitco ecp hwtvjgt dg eqorkngf qpOce QU Z 3208 qt ncvgt wukpi
vjg eqoocpf
iee /Q4 ownvkewdg0e /htcogyqtm QrgpEN /FFaFQWDNG

Nkuvkpi 704< Eqorknkpi vjg ownvkewdg rtqitco qp c Oce QU Z
u{uvgo0

Vjg ownvkewdg rtqitco vjgp pggfu ugxgtcn kprwv rctcogvgtu0 C
難ng fg難pkpi vjg xcp fgt Yccnu tcfkk ku pggfgf. cu ygnn cu c 難ng
eqpvckpkpi vjg kpkvkcn ejctigu kp qtfgt vq uvctv vjg okpkok¦cvkqp0
Vjgug 難ngu ctg tgncvkxgn{ ukorng0 C vjtgg ngvvgt eqfg kp dqvj 難ngu
fg難pgu vjg cvqo v{rg. vjg rctcogvgtu ctg uvcvgf qp vjg ucog nkpg
pgzv vq vjg vjtgg ngvvgt eqfg0 Gxgp vjqwij ejgokecn gswkxcngpeg
okijv gzkuv dgvyggp vjg v{rgu qh cvqou. c nkpg jcu vq dg uvcvgf
hqt gcej cvqo kp vjg 難ngu fg難pkpi vjg ejctigu0 Vjku ku fwg vq vjg
kfgc vjcv qpg okijv vcmg vjg ejctigu htqo c rtgxkqwu twp ykvjqwv
ejgokecn gswkxcngpe{0 Kh fk軟gtgpv ejctigu ctg fg難pgf vjg ogcp
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ejctig dgvyggp ejgokecn gswkxcngpv cvqou ku cvvtkdwvgf vq vjgo
dghqtg uvctvkpi vjg cniqtkvjo0 Yg ujqy jgtg vyq v{rkecn kprwv
難ngu hqt c ogvjcpg oqngewng ykvj ejgokecn gswkxcngpeg hqt vjg
j{ftqigp cvqou<
E 202
J 202
J 202
J 202

Nkuvkpi 705< Kprwv 難ng hqt vjg ownvkewdg rtqitco eqpvckpkpi vjg
kpkvkcn ejctigu

E 309
J 304

Nkuvkpi 706< Kprwv 難ng hqt vjg ownvkewdg rtqitco eqpvckpkpi vjg
xcp fgt Yccnu tcfkk0

Kp vjqug kprwv 難ngu. yg jcxg ugv vjg kpkvkcn iwguu ejctig vq ¦gtq.
vjg xcp fgt Yccnu tcfkk ctg ugv vq 309̋ hqt vjg ectdqp cvqo cpf
vq 304̋ hqt vjg j{ftqigp cvqou0 Ukpeg vjg vjtgg ngvvgt eqfg. kp
vjku ecug qpn{ qpg ngvvgt ku wugf. fqgu pqv fk軟gt hqt vjg vjtgg j{/
ftqigp cvqou vjg{ ctg cwvqocvkecnn{ uwrrqugf vq dg ejgokecnn{
gswkxcngpv0 Kp vjg ewttgpv xgtukqp. yg nkmg vq rqkpv qwv vjcv qpg
fqgu jcxg vq ocmg uwtg vjcv vjg 難ngu fq pqv gpf qp c pgy nkpg cu
vjku etcujgu vjg rtqitco0 Vjg rtqitco ku vjgp 難pcnn{ dg ecnngf
d{ c eqoocpf nkmg vjg hqnnqykpi<
01ownvkewdg ejctiguhkng xfyhkng qwvrwvhkng 3 3 3 2022222223 2022222223 32222 ,ew

Nkuvkpi 707< Ecnnkpi vjg ownvkewdg rtqitco0

Vjg rctcogvgtu vq vjg eqoocpf ctg kp qtfgt<
30 ejctigu難ng< Vjku rctcogvgt kpfkecvgu vjg 難ng eqpvckpkpi vjg
ejctigu kp cvqoke wpkvu cu ujqyp kp nkuvkpi 705.

40 xfy難ng< Jgtg vjg rctcogvgt kpfkecvgu vjg 難ng eqpvckpkpi
vjg xcp fgt Yccnu tcfkk kp ÃpiuvtÕo cu ujqyp hqt kpuvcpeg
kp nkuvkpi 7060

50 qwvrwv難ng< Kpfkecvgu vjg 難ng kpvq yjkej vjg ejctigu qdvckpgf
kp vjg okpkok¦cvkqp rtqegfwtg ujcnn dg ytkvvgp0

60 Vjg hqwtvj rctcogvgt fg難pgu vjg pwodgt qh QrgpEN fg/
xkegu vq dg wugf0

70 Vjg 難hvj rctcogvgt kpfkecvgu vjg ogcuwtgogpv vq dg wugf
yjgtg 3 ku wugf hqt L1 v{rgogcuwtgogpvu fguetkdgf d{ gswc/
vkqp *7083+. 4 hqt L2 v{rg ogcuwtgogpvu fguetkdgf d{ gswc/
vkqp *7084+. 5 hqt ygkijvgf L1 v{rg ogcuwtgogpvu fguetkdgf
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d{ gswcvkqp *7085+ cpf 6 hqt ygkijvgf L2 v{rgogcuwtgogpvu
fguetkdgf d{ gswcvkqp *7086+0

80 Vjg ukzvj rctcogvgt kpfkecvgu vjg kpkvkcn uvgruk¦g γ. kp vjku
ecug γ = 10

90 Vjg ugxgpvj rctcogvgt fg難pgu vjg ∆ wugf kp vjg pwogtkecn
fgtkxcvkxgu vjcv ctg gxcnwcvgf cu ujqyp kp gswcvkqp *7087+0
Vjg xcnwgu wugf ujqwnf dg enqug vq vjg uswctg tqqv qh vjg
ocejkpg gruknqp0 Kp KGGG/976 ]355_ 54dkv ukping rtgekukqp
汝qcvkpi rqkpv pwodgtu vjg ocejkpg gruknqp ku mpqyp vq dg
ctqwpf ε = 5.96 · 10−16. yjkng hqt 86dkv fqwdng rtgekukqp kv
ku mpqyp vq dg ctqwpf ε = 1.11 · 10−16 cpf jgpeg. vjg xcnwg
ejqugp hqt vjg gzcorng qh vjg 86dkv ecnewncvkqp jgtg ku √ε ≈
10−80

:0 Vjg gkijvj rctcogvgt ku vjg eqpxgtigpeg etkvgtkqp0 Vjg cn/
iqtkvjo uvqru kh c uvgruk¦g γ uocnngt vjgp vjku rctcogvgt ku
pggfgf0

;0 Vjg pkpvj rctcogvgt ku oczkowo pwodgt qh kvgtcvkqp uvgru
vq dg gxcnwcvgf0 Vjg cniqtkvjo cdqtvu kp vjku ecug gxgp kh
vjg eqpxgtigpeg etkvgtkqp ku pqv tgcejgf0

320 Chvgt cnn rctcogvgtu qpg jcu vq rwv cnn vjg ewdg 難ngu fg難pkpi
vjg itkfu vq dg okpkok¦gf kp vjku okpkok¦cvkqp uvgr cv qpeg0
Kp vjku ecug cnn 難ngu gpfkpi ykvj ew kp vjg ewttgpv yqtmkpi
fktgevqt{ ctg ugngevgf vq dg vcmgp kpvq ceeqwpv0

Hwtvjgt qpg jcu vq ocmg uwtg kp vjg ewttgpv xgtukqp vjcv vjg 難ngu
frqv0en cpf urqv0en ctg kp vjg ewttgpv yqtmkpi fktgevqt{ kp qtfgt
hqt ownvkewdg vq hwpevkqp0

708 Vguvu cpf Kpukijvu qh
vjg Pgy Cniqtkvjo

Jcxkpi fgtkxgf. cpf rtqitcoogf qwt qyp GUR nkmg cniqtkvjo
yg vguvgf kv ykvj c eqortgjgpukxg dgpejoctm ugv. kp qtfgt vq ugg
yjgvjgt kv jcu cejkgxgf kvu qdlgevkxg. dgkpi ceewtcvg kp fgtkxkpi
rctvkcn ejctigu hqt vjg dkqnqikecn oqngewngu vjcv yg vtgcv kp vjku
yqtm. jgpeg dg ecrcdng vq cuukip rctvkcn ejctigu vq c P/ qt E/
v{rg tgrgcv htqo vjg Uvcnm qh vjg VUR UF0 Hwtvjgt yg ycpvgf
vq ugg yjgvjgt yg ctg eqorgvkvkxg ykvj ukoknct rtqitcou kp vjg
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難gnf. cpf kh vjg kfgcu vjcv yg jcxg korngogpvgf tgcnn{ fq tg/
uwnv kp rctvkcn ejctigu qh c jkijgt swcnkv{0 Jgpeg yg etgcvgf c
dgpejoctm ugv yjkej yg yknn qwvnkpg jgtg<

Vjg Dgpejoctm Ugv
Yg jcxg fkxkfgf vjg dgpejoctm ugv kpvq vjtgg fk軟gtgpv v{rgu

qh oqngewngu. dwv cnn qwt rctvkcn ejctig cvvtkdwvkqpu ujctg c eqo/
oqp ugv qh rctcogvgtu0
Kp vjg kpkvkcn uvcvg cnn ejctigu qh vjg pqp ejctigf oqngewngu

jcxg dggp ugv vq ¦gtq0 Kp ecug qh vjg ejctigf oqngewngu c ukping
ejctig jcu dggp ugv vq vjg ejctig qh vjg eqorngvg u{uvgo. yjkng
cnn vjg qvjgt ejctigu jcxg dggp ugv vq ¦gtq0 Kp cnn ecnewncvkqpu
vjg xcp fgt Yccnu tcfkk jcxg dggp ugv vq< J?304. Nk?30:4. E?309.
P?3077. Q?3074. Cn?30:6 cpf U?30:̋ ]356_ ]357_0 Cnn vjg vguvu
jcxg dggp rgthqtogf qp gkvjgt ERW qt IRW fgxkegu0 Qpn{ vjg L1

*7083+ qt vjg L2 *7084+ v{rg ogcuwtgogpvu jcxg dggp gzcokpgf0
C uvgruk¦g qh γ < 10−8 ycu ejqugp vq dg vjg eqpxgtigpeg etkvgtkqp0
10−8 hqt tgcuqpu rqkpvgf qwv kp ugevkqp 707 jcu dggp ejqugp vq
dg vjg ∆ kp pwogtkecn fgtkxcvkxgu cu fg難pgf d{ gswcvkqp *7087+0
Hwtvjgt xcnwgu dgvyggp vjg fk軟gtgpv v{rgu qh oqngewngu vjcv ctg<

30 Cnn pcvwtcn cokpq cekfu kp ¦ykvvgtkqp eqphqtocvkqp< Vjgug
oqngewngu jcxg dggp ejqugp hqt vjg qdxkqwu tgcuqp vjcv
yg fgcn ykvj c dkqnqikecn oqngewng eqorqugf qh vjgo0 Vjg
Oqnfgp ]358_ rtqitco jcu dggp wugf vq etgcvg vjgkt kpk/
vkcn uvtwevwtgu0 Vjgug uvtwevwtgu jcxg dggp okpkok¦gf kp
JH18/53, vjgqt{0 Okpkoc jcxg dggp eqp難togf d{ xkdtc/
vkqpcn cpcn{uku0 Htqo vjg gngevtqp fgpukv{ qdvckpgf kp JH18/
53, vjgqt{ Icwuukcp ]346_ ewdg 難ngu eqpvckpkpi :25. 3225
3725 rqkpvu ykvj vjg eqttgurqpfkpi cd kpkvq rqvgpvkcn jcxg
dggp etgcvgf0 Wukpi vjgug 難ngu ownvkewdg gxcnwcvgf vjg
cvqoke oqpqrqnct ejctigu hqt cnn qh vjgo0

40 Rqnct oqngewngu< Vjku ugv qh oqngewngu eqpvckpu. P/ogvj{nc/
egvcokfg. cegvqpg. j{ftqigp e{cpkfg *JEP+. cncp{n fkrgr/
vkfg *FkCnc+. ogvjcpqn. gvjcpqn. hqtocokfg cpf nkvjkwo cnw/
okpkwo j{ftkfg *NkCnJ6+0 Kp vjku ugv. kpkvkcn uvtwevwtgu jcxg
dggp oqfgngf wukpi vjg Oqnfgp rtqitco0 Vjg{ jcxg dggp
ejqugp vq vguv vjg cfxcpegf hgcvwtgu qh qwt cniqtkvjo uwej
cu tqvcvkqpcn uvcdknkv{. cpf hwtvjgt vq eqorctg cickpuv c vguv/
ugv vjcv jcu dggp wugf kp fk軟gtgpv ogvjqfu0 Vjg cd kpkvkq
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gngevtquvcvke rqvgpvkcn ycu qdvckpgf d{ ecnewncvkqpu kp JH18/
53,0 Vjg oqngewngu jcxg dggp okpkok¦gf cpf xgtk難gf wukpi
xkdtcvkqpcn cpcn{uku0 Icwuukcp ewdg 難ngu eqpvckpkpi vjg cd
kpkvkq gngevtquvcvke rqvgpvkcn kp :25 rqkpvu jcxg dggp igpgt/
cvgf kp 79 tqvcvkqpu *3; hqt gcej czgu+ hqt gcej oqngewng0 Kp
qtfgt vq qdvckp vjgug tqvcvkqpu c uocnn uetkrv ecnngf ewdgtq/
vqt jcu dggp etgcvgf. vjcv cwvqocvkecnn{ igpgtcvgu vjg cr/
rtqrtkcvg kprwv 難ngu hqt vjg ewdgigp wvknkv{ htqo Icwuukcp0
Vjg tguwnvkpi ewdgu. jcxg vjgp vq dg 難zgf. c dcugu vtcpuhqt/
ocvkqp ku pgeguuct{ qp vjg cvqo eqqtfkpcvgu cpf vjg dcugu
xgevqt fg難pkvkqp qh vjg ewdg fwg vq vjgkt tqvcvgf dcugu ugv
vjcv ku pqv uwrrqtvgf d{ qwt ownvkewdg rtqitco0 Vjg uetkrv
ytkvvgp hqt vjku vcum ku ecnngf ewdg凪z0 Ownvkewdg jcu vjgp
dggp twp qp cnn vjgug ewdgu kpfkxkfwcnn{ cpf qpeg oqtg. hqt
gcej ugv qh vjg 79 tqvcvkqpu. vcmkpi cnn vjg tqvcvkqpu kp qpg
ukping okpkok¦cvkqp kpvq ceeqwpv0

50 Vjg :P tgrgcv htqo vjg Uvcnm qh vjg VUR/3 UF uvtwevwtg fgu/
kipcvgf d{ kvu RFD eqfg 3WZ8< Vjku oqngewng ku vjg qpg vq
dg kpxguvkicvgf kp vjg gpf d{ vjgownvkewdg rtqitco vjcv yg
jcxg fgxgnqrgf0 Kp qtfgt vq ocmg c 難tuv vguv qp oqngewngu
qh vjku uk¦g. vjg :P uvtwevwtg jcu dggp ewv qwv qh vjg 3WZ8
RFD uvtwevwtg0 Vjg tguwnvkpi uvtwevwtg eqpvckpu vjg ycvgt
oqngewngu pgzv vq vjg :P tgrgcv cpf vjg vyq ecnekwo kqpu0
Vjg uvtwevwtg jcu dggp rtqvqpcvgf wukpi vjg rfd4ioz wvkn/
kv{ vjcv ku ujkrrgf ykvj ITQOCEU ]52_0 C ukping rqkpv ecn/
ewncvkqp wukpi vjg Icwuukcp uqhvyctg jcu dggp rgthqtogf kp
DJcpfJN[R18/53I,, vjgqt{0 Yg nkmg vq rqkpv qwv vjcv vjku
uvtwevwtg jcu ukipk難ecpv ftcydcemu cu pq okpkok¦cvkqp jcu
dggp rgthqtogf0 6: Icwuukcp ewdg 難ngu *38 fk軟gtgpv tqvc/
vkqpu ctqwpf gcej czgu+ eqpvckpkpi :25 vguvrqkpvu qh vjg cd
kpkvq rqvgpvkcn jcxg dggp igpgtcvgf0 Qpg ecnewncvkqp okpk/
ok¦kpi cnn vjg ewdgu cv qpeg jcu dggp rgthqtogf qp c oc/
ejkpg itcvghwnn{ rtqxkfgf d{ Vtcpuvge Htcpeg0 Vjku ocejkpg
eqpvckpgf hqwt IRWu qp vjcv ygtg wvknk¦gf d{ vjg ownvke/
wdg rtqitco kp vjku okpkok¦cvkqp0 Vjku ku vjg qpn{ uvtwevwtg
yjgtg fwtkpi qwt dgpejoctm ecnewncvkqpu ejgokecn gswkxc/
ngpe{ jcu dggp korqugf0 Cvqou tgukfkpi qp vjg ucog v{rg qh
cokpq cekf vjcv ctg qh vjg ucog cvqo v{rg ceeqtfkpi vq vjg
QRNU/CC hqteg 難gnf ]9;_ ]:2_ jcxg dggp fg難pgf vq dg gswkx/
cngpv0 Pqvg vjcv vjku ejgokecn gswkxcngpe{ ku pqv vjg ucog
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cu kp vjg QRNU/CC hqteg 難gnf cu vjku hqteg 難gnf cnuq eqpvckpu
gswkxcngpv cvqou vjcv dgnqpi vq fk軟gtgpv mkpfu qh cokpq
cekfu0 Qwt fg難pkvkqp tguwnvgf kp 324 kpfkxkfwcn ejctigu vjcv
jcxg dggp ecnewncvgf hqt vjg 43: cvqou kp vjg u{uvgo0

Tguwnvu Qdvckpgf htqo vjg Dgpejoctm Ugv
Kp qtfgt vq jcxg qpg ukping xcnwg vjcv rwvu qwt ejctigu kpvq

tgncvkqp ykvj vjg tguwnvu qh qvjgt cniqtkvjou. vjg tgrtqfwekdknkv{
qh vjg fkrqng oqogpv jcu dggp ejqugp vq eqorctg qwt dgpej/
octm ugvu0 Ngcuv uswctgu jcxg dggp wugf kp qtfgt vq gxcnwcvg
vjg fk軟gtgpegu dgvyggp vjg fkrqng oqogpvu<

∆|µ|2 =
(

|µ|[Cd Kpkvkq] − |µ|[Ejctigu]
)2

, *7088+

yjgtg µ ku vjg fkrqng oqogpv xgevqt0 Hwtvjgt vjg uwo qh vjg ngcuv
uswctgu jcu dggp gxcnwcvgf hqt vjg fk軟gtgpv ugvu qh oqngewngu
rtgugpvgf cdqxg kp qtfgt vq qdvckp uvcvkuvkecn xcnwgu htqo vjgug
dgpejoctm ugvu0 Kp qtfgt vq ecnewncvg vjg fkrqng oqogpvu htqo
ejctigu qdvckpgf ykvj ownvkewdg c uetkrv ecnngf fkrqng jcu dggp
ytkvvgp0 Vjg uetkrv ecp dg eqorkngf wukpi
iee fkrqng0e /q fkrqng

Nkuvkpi 708< eqorknkpi vjg fkrqng uetkrv

cpf ecp dg gzgewvgf wukpi<
01fkrqng ewdghkng ejctiguhkng

Nkuvkpi 709< eqorknkpi vjg fkrqng uetkrv

yjgtg ewdghkng ku c Icwuukcp ]346_ ewdg 難ng htqo yjkej vjg ig/
qogvt{ qh vjg cvqou ku tgcf0 Vjg rctcogvgt ejctiguhkng rqkpvu
vq vjg ejctigu qwvrwv 難ng htqo ownvkewdg0 Hqt vjg 難tuv ugv qh
oqngewngu. vjg cokpq cekfu. yg cxqkfgf vcmkpi vjg ejctigf oqn/
gewngu. ctikpkpg. ctrctvke cekf. inwvcoke cekf cpf n{ukpg kpvq ce/
eqwpv0 Wukpi vjg ukping :25 rqkpvu Icwuukcp ewdg 難ng cpf fg/
tkxkpi vjg ejctigu wukpi vjg L1 *7083+ ogcuwtgogpv hwpevkqp vjg
uwo qh vjg ngcuv uswctgu fg難pgf kp gswcvkqp *7088+ {kgnfu<

∑

i ∆|µi| =
0.0004970 Wukpi vjg L2 *7084+ ogcuwtgogpv hwpevkqp hqt vjg ucog
ugvwr {kgnfu<

∑

i ∆|µi| = 0.0050110 Vjg GUR ogvjqf cu korngogpvu
kp Icwuukcp kp eqorctkuqp {kgnfu

∑

i ∆|µi| = 0.0025260 Fgvckngf rgt
oqngewng tguwnvu hqt vjg cokpq cekfu ctg ujqyp kp vcdng 7030
Hqt vjg ugeqpf ugv qh oqngewngu. vjg rqnct oqngewngu. c fkh/

hgtgpv crrtqcej jcu dggp ejqugp0 Cu qwvnkpgf cdqxg yg jcxg
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etgcvgf 79 Icwuukcp ]346_ ewdg 難ngu eqpvckpkpi vjg oqngewng
kp fk軟gtgpv tqvcvkqpu0 Yg ygtg rctvkewnctn{ kpvgtguvgf kh okpk/
ok¦kpi cnn vjg itkfu kp qpg cpf vjg ucog ecnewncvkqp. jgpeg F

htqo gswcvkqp *7078+ ku gxcnwcvgf d{ c uwo qxgt cnn vjg rqkpvu
pi htqo vjg fk軟gtgpv ewdgu0 Vjku {kgnfu kortqxgf ejctigu eqo/
rctgf vq gxcnwcvkpi gcej itkf kpfkxkfwcnn{ cpf vcmkpi vjg ogcp0
Yg vjwu rgthqtogf dqvj v{rgu qh ecnewncvkqpu0 Hqt vjg uwo qh
ngcuv uswctgu cetquu vjg oqngewngu qh vjg ugv qh rqnct oqngewngu.
yg qdvckpgf hqt ecnewncvkqpu yjgtg vjg ejctigu ygtg gxcnwcvgf
hqt gcej itkf kpfkxkfwcnn{ cpf vjgogcpycu vcmgp chvgtyctfu. wu/
kpi vjg L1 v{rg ogcuwtgogpv hwpevkqp *7083+<

∑

i ∆|µi| = 0.0025060
Hwtvjgt hqt vjg ucog wukpi vjg L2 *7084+ v{rg ogcuwtgogpv hwpe/
vkqp

∑

i ∆|µi| = 0.0038180
Kp eqpvtcuv hqt ecnewncvkqpu yjgtg yg okpkok¦gf cnn vjg 79

itkfu ctkukpi htqo vjg fk軟gtgpv tqvcvkqpu cv qpeg. yg qdvckpgf
wukpi L1 v{rg ogcuwtgogpvu<

∑

i ∆|µi| = 0.001625 cpf hqt L2 v{rg
ogcuwtgogpvu<

∑

i ∆|µi| = 0.0037120 Vjg GUR ogvjqf cu korng/
ogpvgf kp Icwuukcp ]346_ ]55_ {kgnfu kp eqorctkuqp

∑

i ∆|µi| =
0.0021050 Fgvckngf rgt oqngewng tguwnvu ctg jkijnkijvgf kp vcdng
7040 Vjg tguwnvu qwvnkpgf jgtg ujqy vjcv okpkok¦cvkqpu vjcv wugf
vjg L1ogcuwtgogpv hwpevkqp *7083+ {kgnf dgvvgt tguwnvu vjcp vjqug
vjcv wugf vjg L2 ogcuwtgogpv hwpevkqp *7084+0 Yg ygtg cdng vq
tgrtqfweg vjg fkrqng oqogpv dgvvgt wukpi vjg L1 ogcuwtgogpv
hwpevkqp vjgp vjg GUR ogvjqf vjcv ku korngogpvgf kp Icwuukcp
]55_ ]346_ hqt vjg ugv eqpvckpkpi vjg cokpq cekfu cpf. gxgp kh vjg
fk軟gtgpeg ku pqv cu jkij cu hqt vjg cokpq cekfu. hqt vjg rqnct
ugv qh oqngewngu0 Okpkok¦cvkqpu wukpi qwt cniqtkvjo kp eqodkpc/
vkqp ykvj L2 ogcuwtgogpvu jqygxgt vwtpgf qwv vq rgthqto yqtug
vjcp vjg GUR ogvjqf vjcv ku korngogpvgf kp Icwuukcp0 Yg hwt/
vjgt yqwnf nkmg vq rqkpv qwv vjcv vjgtg ctg oqngewngu. gurgekcnn{
kp vjg ugv qh vjg rqnct oqngewngu. yjgtg vjg GUR ogvjqf htqo
Icwuukcp {kgnfgf dgvvgt tguwnvu vjgp qwt ogvjqf kp wukpi gkvjgt
L1 *7083+ qt L2 *7084+ v{rg ogcuwtgogpvu0 Tgictfkpi vjg kfgc vq
okpkok¦g cnn itkf kp qpgokpkok¦cvkqpyg hqwpf vjcv vjku crrtqcej
{kgnfgf dgvvgt tguwnvu vjcp okpkok¦kpi vjg itkfu kpfkxkfwcnn{ cpf
vcmkpi vjg ogcp0
Vq hwtvjgt eqp難to vjgug tguwnvu. yg cnuq ecnewncvgf vjg pqto

qh vjg fk軟gtgpeg qh vjg fkrqng xgevqt vjcv ku qdvckpgf htqo vjg cd
kpkvkq rqvgpvkcn cpf vjg fkrqng xgevqt vjcv ctkugu htqo vjg ejctigu
qdvckpgf d{ crrn{kpi qwt cniqtkvjo0 Yg fkf vjku kp qtfgt vq dg
uwtg vjcv pqv qpn{ vjg pqto qh vjg fkrqng xgevqt ku rtgugtxgf dwv
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c/cekf cd kpkvkq L1 :25 L1 3225 L1 3725 L2 :25 L2 3225 L2 3725 GUR

cnc 50;286 50;2;; 50;322 50;322 50;366 50;364 50;365 50;345
cup 506576 506548 506549 506548 50669: 506699 50669: 506636
e{u 506778 506872 506874 506873 506892 506894 50688: 5067;2
inp 609587 609484 609483 609483 609688 609687 609687 6095:4
jku 503374 50336; 503373 503373 5035:4 5035:4 5035:5 503532
kng 509;:: 50:23: 50:238 50:239 50:283 50:283 50:285 50:2:3
ngw 50;383 50;43: 50;439 50;439 50;524 50;525 50;527 50;47;
ogv 505;5; 505;3; 505;39 505;3; 5065;8 5065;7 5065;; 506462
rjg 603524 603575 603577 603578 6036;6 6036;4 6036;7 603646
rtq 603;6; 603;93 603;94 603;96 603;74 603;74 603;75 603:;:
ugt 506;26 506;;; 507222 507223 506;52 506;52 506;52 506;4:
vjt 506;78 507259 50725; 50725; 507328 507329 50732: 5072:6
vtr 608383 608435 608434 608432 608674 608676 608675 6085;3
v{t 6025;9 602632 602632 602633 602755 602755 602758 602736
xcn 509:;8 509;64 509;68 509;66 509;93 509;96 509;95 509;;4

Vcdng 703< Fkrqng oqogpvu hqt pqp ejctigf cokpq cekfu ]Cvqoke
Wpkvu_0 Xcnwgu kpfkecvgf vq vjg vjktf rqygt ikxg vjg pwodgt qh
vguvrqkpvu

79 itkfu *3 okp0+ 79 itkfu ogcp *79 okp0+
Oqngewng cd/kpkvkq L1 :25 L2 :25 L1 :25 L2 :25 GUR

P/Ogvj{ncegvcokfg 3078:3 307789 307742 307582 3076;; 307853
Cegvqpg 304493 30458; 304665 304595 304669 30456:
JEP 304:87 3047;7 30483: 3047;7 304839 304972
FkCnc 3033;9 30334; 3032;6 30332: 303283 3032;7
Gvjcpqn 208:62 208:7: 208943 208:79 208943 2088;4
Hqtocokfg 308355 307;88 30833: 307;88 308339 30835;
NkCnJ6 40852: 40839: 407:3; 4083:6 407:3: 407;29
Ogvjcpqn 20956: 2096;8 209536 2096;4 209536 209492

Vcdng 704< Fkrqng oqogpvu hqt c ugv qh rqnct oqngewngu ]Cvqoke
Wpkvu_0 Xcnwgu kpfkecvgf vq vjg vjktf rqygt ikxg vjg pwodgt qh
vguvrqkpvu

vjcv vjg fkrqng xgevqtu ctg cnuq rqkpvkpi kpvq vjg ucog fktgevkqp0
Vjgtghqtg yg ecnewncvgf vjg tgncvkxg pqto<

δµ =

∣

∣µ[Cd Kpkvkq] − µ[Ejctigu]
∣

∣

µ[Cd Kpkvkq] *7089+

Vjg xcnwgu hqt δµ ctg jkijnkijvgf kp vcdngu 705 cpf 7060 Vjgug
tguwnvu ctg kp citggogpv ykvj vjg uvcvgogpvu ocfg cdqxg0
Htqo vjg ugeqpf ugv qh oqngewngu. yg yjgtg cnuq cdng vq kp/

xguvkicvg vjg tqvcvkqpcn uvcdknkv{ qh qwt cniqtkvjo d{ ecnewncvkpi
vjg ogcp cpf vjg uvcpfctf fgxkcvkqp htqo vjg kpfkxkfwcn tqvc/
vkqpu0 Yg hqwpf vjcv kp cnn ecugu yg ctg kp eqphqtocpeg ykvj
rtgxkqwu yqtmu vjcv jcxg qrvkok¦gf vjg nqecvkqp qh vjg vguvrqkpvu
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c/cekf L1 :25 L1 3225 L1 3725 L2 :25 L2 3225 L2 3725 GUR

cnc 4.484 4.537 4.52; 6.236 6.22; 6.24: 5.8:;
cup 4.289 4.294 4.359 7.748 7.6;4 7.77; 5.24:
e{u 6.329 6.379 6.345 35.997 35.:88 35.9:5 8.:;7
inp 4.559 4.573 4.5:5 5.267 5.236 5.269 4.339
jku 6.;:5 7.238 7.2;5 32.674 32.72; 32.7:6 8.726
kng 2.:;2 2.:76 2.::2 6.562 6.549 6.59; 5.987
ngw 4.344 4.286 4.293 5.99; 5.9:9 5.:77 4.755
ogv 6.36: 6.3;8 6.422 39.385 39.423 39.4;7 34.698
rjg 5.3:4 5.5;: 5.58: 7.67; 7.693 7.763 5.698
rtq 4.6;5 4.697 4.6;8 4.843 4.843 4.84; 5.64;
ugt 6.5:9 6.546 6.657 6.526 6.496 6.552 6.:72
vjt 4.74; 4.826 4.83: 8.48: 8.453 8.497 7.856
vtr 3.56; 3.497 3.3;8 9.222 8.;;: 8.;83 7.685
v{t 4.852 4.726 4.782 8.896 8.84: 8.943 6.939
xcn 3.6;7 3.7;3 3.756 6.63; 6.69; 6.673 5.443

Vcdng 705< Pqto qh vjg fk軟gtgpeg dgvyggp vjg cd kpkvkq fkrqng
xgevqt cpf vjg fkrqng xgevqt ecnewncvgf htqo fgtkxgf ejctigu
hqt cokpq cekfu ]Cvqoke Wpkvu_·3250 Xcnwgu kpfkecvgf vq vjg vjktf
rqygt ikxg vjg pwodgt qh vguvrqkpvu

79 itkfu *3 okp0+ 79 itkfu ogcp *79 okp0+
Oqngewng L1 :25 L2 :25 L1 :25 L2 :25 GUR

P/Ogvj{ncegvcokfg :.599 35.296 43.635 37.2:7 :.4:;
cegvqpg :.248 36.268 :.4:: 36.538 8.565
JEP 42.;;: 3;.3;6 43.227 3;.4;: :.;5;
fkCnc 9.2;6 36.:92 :.978 39.2:2 36.266
gvjcpqn :.8:7 48.6:9 :.566 48.737 45.::7
hqtocokfg 33.382 6.949 33.236 6.939 ;.97:
nkCnJ6 6.;49 3:.7;3 6.926 3:.85: 38.8:5
ogvjcpqn 43.7:9 3:.669 42.:62 3:.688 34.:7;

Vcdng 706< Pqto qh vjg fk軟gtgpeg dgvyggp vjg cd kpkvkq fkrqng
xgevqt cpf vjg fkrqng xgevqt ecnewncvgf htqo fgtkxgf ejctigu hqt
c ugv qh rqnct oqngewngu ]Cvqoke Wpkvu_·3250 Xcnwgu kpfkecvgf vq
vjg vjktf rqygt ikxg vjg pwodgt qh vguvrqkpvu0

354



EJCRVGT 70 OQNGEWNCT SWCPVWO OGEJCPKEU

L1 L2

ogcp*s+ Ｘ ogcp*s+ Ｘ

E 2.555 2.235 2.535 2.224
J 2.246 2.225 2.249 2.223
J −2.262 2.226 −2.257 2.223
J −2.262 2.226 −2.257 2.223
Q −2.934 2.228 −2.8;5 2.224
J 2.657 2.224 2.645 2.223

Vcdng 707< Tqvcvkqpcn uvcdknkv{ gxcnwcvgf htqo 79 tqvcvkqpu0
Ujqyp ctg vjg ogcp xcnwgu qh vjg ejctigu qdvckpgf cpf vjgkt
uvcpfctf fgxkcvkqp0 ]Cvqoke Wpkvu_

kp vjg urceg ctqwpf vjg oqngewng kp qtfgt vq cejkgxg dgvvgt tq/
vcvkqpcn kpfgrgpfgpeg ]34;_0 Hwtvjgt yg ecp uvcvg vjcv okpk/
ok¦cvkqpu vjcv ygtg ocfg wukpi vjg L1 *7083+ ogcuwtgogpv hwpe/
vkqp cejkgxg nguu tqvcvkqpcn uvcdknkv{ vjgpokpkok¦cvkqpu vjcv ygtg
ocfg wukpi vjg L2 *7084+ ogcuwtgogpv hwpevkqp0 Tguwnvu htqo
c ecnewncvkqp qh vjg cvqoke oqpqrqnct ejctigu qh gvjcpqn ctg
ujqyp kp vcdng 7070
Vjg :P tgrgcv htqo vjg Uvcnm yjkej hqtou vjg vjktf itqwr qh

qwt oqngewngu jcu dggp wugf vq fq c 難tuv vguv qp c nctigoqngewng0
Fwg vq vjg nkokvgf cxckncdknkv{ qh ocejkpgu gswkrrgf ykvj IRWu
cpf vjg nkokvgf vkog vjcv yg jcf ceeguu vq c ownvk IRW ocejkpg
cv Vtcpuvge. yg ygtg qpn{ cxckncdng vq ocmg c ukping vguvtwp qh
vjku oqngewng0 Vjg 難tuv tguwnvu qdvckpgf jqygxgt nqqmgf rtqoku/
kpi0 Vjg okpkok¦cvkqp vjcv vqqm rnceg wukpi vjg L2 ogcuwtgogpv
hwpevkqp kp okpkok¦kpi cnn 6: itkfu. vjg fk軟gtgpv tqvcvkqpu. cv
qpeg {kgnfgf c xcnwg qh 3046g cpf 3023g hqt vjg ejctig qh vjg
ecnekwo kqpu0 Ukpeg vjg uvtwevwtg jcu ukipk難ecpv ftcydcemu yg
hwtvjgt pgingevgf vjg qdvckpgf ejctig xcnwgu cpf hqewugf qwt/
ugnxgu qp vjg eqorctkuqp qh vjg rqvgpvkcn hwpevkqp0 Kp qtfgt vq
fq uq yg 難tuv kpxguvkicvgf vjg cd kpkvkq cpf vjg rqvgpvkcn etgcvgf
d{ vjg oqpqrqnct ejctigu qdvckpgf htqo vjku twp wukpi vjg Xk/
uwcn Oqngewnct F{pcokeu *XOF+ ]59_ rtqitco0 Yg hqwpf vjcv
kuquwthcegu. uwthcegu yjgtg vjg xcnwgu qh vjg rqvgpvkcn ctg vjg
ucog. ctg cnoquv kpfkuvkpiwkujcdng0 Kp qtfgt vq igv c dgvvgt kfgc
qh vjg fk軟gtgpeg qh vjg vyq rqvgpvkcnu yg vqqm vjg ogcp qh vjg
cduqnwvg fk軟gtgpeg qh cnn vjg vguvrqkpvu qp vjg itkf fg難pgf d{
c :25 Icwuukcp ]346_ ewdg cpf hqwpf vjcv c rqkpv qh vjg rqvgp/
vkcn igpgtcvgf d{ vjg oqpqrqnct ejctigu qdvckpgf ku qp cxgtcig
;·32/6 Jctvtgg cyc{ htqo vjg cd kpkvkq rqvgpvkcn0
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Twpvkog cpf Cniqtkvjoke Rtqrgtvkgu

Vjg cniqtkvjo ku. fwg vq kvu kvgtcvkxg pcvwtg. jkijn{ eqorwvc/
vkqpcn kpvgpukxg0 Kp qtfgt vq qxgteqog vjku qduvceng. c rctcnngn
korngogpvcvkqp kp QrgpEN. cu qwvnkpgf kp ugevkqp 707. jcu dggp
ejqugp0 Twppkpi qwt dgpejoctm ugv. yg ickpgf ugxgtcn kpukijvu
kpvq vjg fk軟gtgpv curgevu qh vjg cniqtkvjo0 Yg hqwpf vjcv gxgp kh
vjg L1 ogcuwtgogpv hwpevkqp *7083+ uggou vq {kgnf dgvvgt ejctig
oqfgnu kp vgtou qh fkrqng tgrtqfwekdknkv{. kv cnuq kpvtqfwegu c uki/
pk難ecpv jkijgt eqorwvcvkqpcn g軟qtv eqorctgf vq vjg L2ogcuwtg/
ogpv hwpevkqp *7084+0 Vjku ku fwg vq c jkijgt pwodgt qh uvgru vjcv
jcxg vq dg gxcnwcvgf wpvkn vjg eqpxgtigpeg etkvgtkqp ku tgcejgf0
Hqt vjg cegvqpg oqngewng hqt kpuvcpeg. yg hqwpf vjcv :68; okp/
kok¦cvkqp uvgru jcf vq dg gxcnwcvgf wpvkn eqpxgtigpeg jcf dggp
tgcejgf kp ecug qh c okpkok¦cvkqp yjgtg vjg L1 ogcuwtgogpv
hwpevkqp *7083+ jcu dggp wugf0 Kp vjg ecug yjgtg vjg L2 ogc/
uwtgogpv hwpevkqp *7084+ycu wugf fwtkpiokpkok¦cvkqp qpn{ 323:
uvgru jcf vq dg gxcnwcvgf vq tgcej eqpxgtigpeg0 Vjg pwodgt qh
uvgru vjcv jcf vq dg gxcnwcvgf hwtvjgt uggogf vq fgetgcug ykvj
vjg pwodgt qh tqvcvkqpu. Icwuukcp ewdg 難ngu vcmgp kpvq ceeqwpv0
Cickp kp ecug qh vjg cegvqpg oqngewng hqt kpuvcpeg. yg hqwpf vjcv
yjgp okpkok¦kpi c ukping :25 rqkpvu itkf. vjg cniqtkvjo vqqm cu
uvcvgf kp L1 okpkok¦cvkqp :68; uvgru0 Yjgp okpkok¦kpi cnn 79
itkfu eqpvckpkpi :25 itkfrqkpvu. yg hqwpf vjcv vjg pwodgt qh
uvgru gxcnwcvgf fgetgcugf vq 5695 uvgru0 Yg hwtvjgt ejcpigf
vjg eqpxgtigpeg etkvgtkqp kp fg難pkpi ugxgtcn fk軟gtgpv okpkocn
uvgruk¦gu0 Yg hqwpf kp qwt vguvtwpu qp vjg cegvqpg. ogvjcpqn cpf
gvjcpqn oqngewng vjcv ejctigu fkf pqv ejcpig oqtg vjgp 32/5g
hqt uvgruk¦g nkokvu qh γ < 10−60 Hwtvjgt kpvgtguvkpi ku vjcv vjg
uvgruk¦g ku jkijn{ 汝wevwcvkpi cpf vjwu yg uwiiguv vjcv cv ngcuv
uqog mkpf qh eqpxgtigpeg vguv ku vtkgf dghqtg nkokvkpi qpgugnh vq
c egtvckp eqpxgtigpeg etkvgtkqp0 Vjku g軟gev cu qdugtxgf fwtkpi
c okpkok¦cvkqp wukpi vjg L2 ogcuwtgogpv hwpevkqp *7084+ ku jkij/
nkijvgf kp 難iwtg 7040 Vjku v{rg qh 汝wevwcvkqp ycu cnuq qdugtxgf
hqt ecnewncvkqpu yjgtg vjg L1 v{rg ogcuwtgogpv hwpevkqp *7083+
jcu dggp wugf0
Vjg twpvkog ycu qh eqwtug g軟gevgf d{ vjg pwodgt qh uvgru

vjcv jcf vq dg gxcnwcvgf. dwv hwtvjgt kv ycu cnuq g軟gevgf d{ vjg
v{rg qh jctfyctg wugf0
Gxgp vjqwij vjku cniqtkvjo jcu pqv dggp urgek難ecnn{ qrvkok¦gf

hqt c egtvckp v{rg qh jctfyctg. twppkpi vjg cniqtkvjo qp ERW cu
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Hkiwtg 704< Uvgruk¦g 汝wevwcvkqp fwtkpi c ecnewncvkqp qh vjg
oqpqrqnct cvqoke ejctigu hqt vjg cegvqpg oqngewng wukpi vjg
L2 ogcuwtgogpv hwpevkqp *7084+
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Hkiwtg 705< Vjg twpvkog qh vjg cniqtkvjo kp qtfgt vq qdvckp c
ejctig oqfgn hqt vjg cegvqpg oqngewng. wukpi gkvjgt vjg L1 *7083+
qt L2 *7084+ ogcuwtgogpv hwpevkqp< Vkogu hqt ecnewncvkqpu wukpi
vyq Kpvgn Zgqp Z7872 jgzceqtg ERWu qp Oce QU Z 3208 ykvj Cr/
rngu QrgpEN 302 korngogpvcvkqp ctg jkijnkijvgf kp dnwg. yjkng
vkogu hqt ecnewncvkqpu wukpi qpg ukping Pxkfkc Vgunc IRW qp Nkpwz
ykvj Pxkfkc)u QrgpEN 303 korngogpvcvkqp ctg ujqyp kp qtcpig0

ygnn cu qp IRW fgxkegu. yg hqwpf vjcv IRW fgxkegu qwvrgthqtogf
vjg ERW kpfgrgpfgpv qh vjg ogcuwtgogpv hwpevkqp vjcv jcu dggp
wugf0 Yg pqvkegf hqt kpuvcpeg vjcv c ukping Pxkfkc Vgunc O4272
IRW qwvrgthqtogf c vyq Kpvgn Zgqp Z7872 jgzceqtg rtqeguuqtu
wukpi cnn vjg cxckncdng eqtgu yjgp twppkpi vjg tghgtgpeg korng/
ogpvcvkqp qh qwt cniqtkvjo0 Vjgug tguwnvu ctg fgvckngf kp 難iwtg
7050

709 Fkuewuukqp qp vjg Pgy Cniqtkvjo
Gxgp vjqwij vjg vqrke jcu dggp yqtmgf qp hqt fgecfgu. yg

jcxg ujqyp vjcv vjgtg ku uvknn tqqo hqt kortqxgogpv kp vjg 難gnf
qh rctvkcn ejctigu fgtkxgf wukpi cp GUR nkmg ogvjqf0 Yg ujcnn
fkuewuu vjgo kp vjg hqnnqykpi<

Igpgtcn Tgoctmu
D{ kpetgcukpi vjg pwodgt qh vguvrqkpvu. wukpi kvgtcvkxg ogvj/

qfu cpf rctcnngn rtqitcookpi vgejpkswgu. yg jcxg hqwpf rtqoku/
kpi tguwnvu cpf ctg eqp難fgpv vjcv yg ctg jgcfkpi kp vjg tkijv
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fktgevkqp0 Fwtkpi vjg fgxgnqrogpv cpf yjkng vguvkpi qh vjg cn/
iqtkvjo. yg jcxg dggp kpvtkiwgf d{ vjg korcev qh vjg ogcuwtg/
ogpv hwpevkqp cpf vjg fk軟gtgpv tguwnvu vjg L1 v{rg hwpevkqp *7083+
難pfu kp eqorctkuqp vq vjg L2 v{rg hwpevkqp *7084+0 Gxgp vjqwij
vjcv vjg fgxgnqrogpv ycu ngf d{ vjg kfgc qh dgkpi cdng vq tg/
uqnxg vjg rctvkcn ejctigu hqt vjg P/ qt E/v{rg tgrgcvu dgnqpi/
kpi vq vjg Uvcnm qh vjg VUR UF. qpn{ vjg hwvwtg yknn ocmg engct
yjgvjgt vjku cniqtkvjo ku ecrcdng vq vtgcv eqorngz qdlgevu nkmg
vjgug yjgtg vjg ejctigu ctg dwtkgf. cpf ocp{ fk軟gtgpv ejctigu
jcxg vq dg fgtkxgf. cp gzcorng yjgtg ewttgpv uvcvg qh vjg ctv
ogvjqfu hckn vq uweeggf0 Vjg rtgnkokpct{ tguwnvu qp vjg :P tg/
rgcv uvtwevwtg jqygxgt ctg rtqokukpi cpf yg ctg qrvkokuvke kp
vjku tgurgev0 Gxgp vjqwij vjg ockp iqcn. vq tguqnxg vjg rtqdngo
qh vjg rqnctk¦cvkqp etgcvgf d{ vjg ecnekwo kqpu kp vjg VUR UF ycu
pqv cejkgxgf. fwg vq eqpuvtckpvu kp eqorwvcvkqpcn tguqwtegu. ugx/
gtcn kpvgtguvkpi curgevu kp fgtkxkpi rctvkcn ejctigu jcxg dggp tg/
xgcngf0 Yg jcxg uweeguuhwnn{ ujqyp vjcv qwt cniqtkvjo uweeggfu
kp yqtmkpi ctqwpf vjg rtqdngou qh tqvcvkqpcn uvcdknkv{. cpf vjcv
vjg rquukdknkv{ vq okpkok¦g ownvkrng itkfu cv qpeg {kgnfu dgvvgt
tguwnvu vjgp vcmkpi vjg ogcp qxgt kpfkxkfwcn okpkok¦cvkqpu0 Vjg
uvtqpiguv rqkpv qh vjku cniqtkvjo ku rtqdcdn{ vjg rquukdknkv{ vq
gcukn{ gzejcpig vjg ogcuwtgogpv hwpevkqp D kp gswcvkqp *7078+
vq cnoquv cp{ v{rg qh ogcuwtgogpv vjcv okijv dg kocikpgf0 Jcx/
kpi jkijnkijvgf vjcv vjg L1 v{rg hwpevkqp fgtkxgu dgvvgt ejctigu
kp ocp{ ecugu yg vjkpm vjcv hwvwtg yqtm ujqwnf dg fqpg kp 難pf/
kpi cp qrvkocn ogcuwtgogpv hwpevkqp0 Yg uwiiguv vjg hqnnqykpi
gpjcpegogpvu qh vjg cniqtkvjo rtgugpvgf jgtgkp0

Uwiiguvgf Kortqxgogpvu
Ugxgtcn fk軟gtgpv curgevu qh vjku ogvjqf ecp hqt uwtg dg ko/

rtqxgf. yg vcmg vjg htggfqo vq uwiiguv uqog jgtg<

30 Kortqxgogpvu ctqwpf vjg ogcuwtgogpv hwpevkqp< Kp vjg cn/
iqtkvjo yg korngogpvgf hqwt fk軟gtgpv v{rgu qh ogcuwtg/
ogpv hwpevkqpu ujqyp kp gswcvkqpu *7083+. *7084+. *7085+ cpf
*7086+ cpf vguvgf vyq qh vjgo0 Yg dgnkgxg vjcv vjg cniqtkvjo
ecp hwtvjgt dg kortqxgf d{ fk軟gtgpv vguvhwpevkqp0 Qpg kfgc
yqwnf hqt gzcorng dg vq twp c okpkok¦cvkqp kp qtfgt vq qd/
vckp vjg ejctigu. uvqtkpi vjg 汝wevwcvkqpu kp vjg fk軟gtgpegu
dgvyggp vjg cd kpkvkq rqvgpvkcn cpf vjg rqvgpvkcn etgcvgf d{
vjg ejctigu. cpf twp c ugeqpf twp yjgtg vjg vguvrqkpvu ctg
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kp wukpi vjg vguvhwpevkqp ygkijvgf d{ vjg 汝wevwcvkqpu qd/
ugtxgf. gswcnk¦kpi vjg ygkijv qh vjg vguvrqkpvu kp vjg uwo vq
dg gxcnwcvgf kp qtfgt vq qdvckp F htqo gswcvkqp *7078+0

40 Vcmkpi oqtg eqpuvtckpvu kpvq ceeqwpv< Vjg tghgtgpeg korng/
ogpvcvkqp ownvkewdg ku ewttgpvn{ nkokvgf vq vjg eqpuvtckpvu
qh ejctig eqpugtxcvkqp cpf ejgokecn gswkxcngpeg0 Jqy/
gxgt yg yqwnf nkmg vq rqkpv qwv vjcv vjg cniqtkvjo rtgugpvgf
jgtgkp yqwnf gswcnn{ yqtm hqt cp{ v{rg qh nkpgct eqpuvtckpvu0
Vq hwtvjgt fgvckn vjku. qpg ujcnn eqpukfgt vjg hqnnqykpi< Dg

∑

j

Aijxj = bi *708:+

c nkpgct eqpuvtckpv0 Jgtg xj jqnfu vjg ejctigu vq dg tguqnxgf.
gkvjgt S hqt ukping cvqou qt Y hqt fk軟gtgpv cvqo v{rgu0 Xge/
vqt bi jqnfu ejctig eqpuvtckpvu. hqt kpuvcpeg vjg ejctig qh vjg
eqorngvg oqngewng vq dg eqpugtxgf. qt vjg ejctig hqt rctvu
qh vjg oqngewng vq dg eqpugtxgf0 Vjgp htqo nkpgct cnigdtc
yg mpqy vjcv uqnwvkqpu hqt uwej c rtqdngo nkg kp vjg urceg<

xi ∈ {zi + mgt(Aij)} *708;+

yjgtg zi ku cp kpkvkcn uqnwvkqp0 Kp qwt ecug vjku ecp dg vjg kpk/
vkcn ejctigu uvctvkpi vjg cniqtkvjo. cpf mgt(Aij) ku vjg mgtpgn
qh vjg ocvtkz Aij0 Vjg rqkpv kp jgtg nkgu vjcv *708;+ cnyc{u
tgrtgugpvu c j{rgtrncpg kp vjg urceg qh vjg ejctigu cpf
jgpeg. qpg cnyc{u ecp 難pf c rtqlgevkqp kpvq vjku uwdurceg0
Htqo yjkej hqnnqyu vjcv vjg cniqtkvjo rtgugpvgf kp jgtg
ujqwnf dg gzrgpfcdng vq uwej ctdkvtct{ eqpuvtckpvu vjcv kp
vwtp ujqwnf rtqxg vq dg jgnrhwn hqt gzcorng hqt vjg fgtkxc/
vkqp qh rctvkcn ejctigu kp vjg fgxgnqrogpv qh htciogpv nk/
dtctkgu vjcv ecp dg wugf kp OF ukowncvkqpu0

50 Twpvkog kortqxgogpvu< Qpg ujcnn dg cdng vq kortqxg vjg
twpvkog d{ cv ngcuv c ocipkvwfg kp rqtvkpi vjku cniqtkvjo
vq c urgek難e jctfyctg0 Kp jgtg. c igpgtcn crrtqcej wu/
kpi QrgpEN ycu ejqugp kp qtfgt vq uwrrqtv c dtqcf tcpig
qh jctfyctg yjkng rgpcnk¦kpi rgthqtocpeg0 Cp qvjgt rqkpv
yjgtg ukipk難ecpv twpvkog rgthqtocpeg kortqxgogpvu ujcnn
dg cejkgxcdng. ku kp kortqxkpi vjg nkpgugctej rtqdngo qh
難pfkpi vjg tkijv uvgruk¦g γ vq dg wugf kp gswcvkqp *7079+
yjkej ku xgt{ dcuke kp vjku tghgtgpeg korngogpvcvkqp0
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Qvjgt Fgxgnqrogpvu kp vjg Hkgnf qh Rctvkcn Ejctigu
E0 Ejkrqv ]353_ gv cn jcxg fgxgnqrgf cp cniqtkvjo vq fgtkxg

ownvkrqngu wukpi uvcvkuvkecn cpcn{uku0 D{ ejqqukpi tcpfqo rqkpvu
qp c itkf cpf gxcnwcvkpi vjg ownvkrqngu htqo vjgug rqkpvu vjg{
ygtg cdng vq qdvckp hwtvjgt rctcogvgtu vjcv fguetkdg vjg swcn/
kv{ qh uwej ejctigu0 Vjg cwvjqt rqkpvu qwv vjcv kp ugxgtcn eqp/
hqtocvkqpu ngcuv uswctgu ctg knn fg難pgf cpf jgpeg fqgu vt{ vq
vcemng vjku rtqdngo ykvj uvcvkuvkecn cpcn{uku. yjkng yg ctg vt{kpi
vq uqnxg vjku rtqdngo kp kpetgcukpi vjg pwodgt qh vguv rqkpvu cu
ygnn cu kp ejcpikpi vjg ogcuwtgogpv hwpevkqp htqo L2 *7084+ vq
rtguwocdn{ dgvvgt L1 *7083+0
Tgegpv fgxgnqrogpvu qh D0 Ycpi gv cn0 ]359_ ]35:_ hgcvwtkpi

c ogvjqf ecnngf Hwnn fgpukv{ uetggpkpi vcmgu g軟gevu nkmg ejctig
rgpgvtcvkqp kpvq ceeqwpv kp 難vvkpi vjgug ejctigu0 Gxgp vjqwij
vjg gngevtquvcvke rqvgpvkcn ku vq c itgcv gzvgpf oqfk難gf. vjg cw/
vjqt tgnkgu qp vjg L2 *7084+ ogcuwtgogpv vq 難v vjg rqvgpvkcn0 Kv
yqwnf dg kpvgtguvkpi vq ugg yjcv jcrrgpu kh vjg yqtm D0 Ycpi
gv cn0 yqwnf dg gzvgpfgf vq cp cniqtkvjo nkmg vjg qpg rtgugpvgf
kp jgtg. cpf vq ugg vjg korcev qh c ejcpig kp vjg ogcuwtgogpv
hwpevkqp0

70: Eqpenwukqp qp Oqngewnct Swcpvwo Og/
ejcpkeu

Ocp{ vjkpiu jcxg dggp uckf ctqwpf vjg fgtkxcvkqp qh rctvkcn
ejctigu. dwv pqv qpn{ vjg rctvkcn ejctigu. vjcv kp qwt ecug ctg
korqtvcpv kp qtfgt vq nkpm vjku ngxgn qh vjgqt{ vq vjg ngxgn qh encu/
ukecn OF ukowncvkqp0 Jqygxgt oqngewnct SO. cpf kvu cdknkv{ vq
oqfgn vjg gngevtqpke ujgnn ctg hwtvjgt kpvgtguvkpi pqv qpn{ kp qd/
vckpkpi rctvkcn ejctigu dwv kp vjg igpgtcn kpxguvkicvkqp qh dkqnqi/
kecn oqngewngu0 Cfxcpegu kp eqorwvkpi vgejpqnqi{ ocmg ecnew/
ncvkqpu ctqwpf nctig oqngewngu eqooqp kp vjg 難gnf uwej cu vjg
:P tgrgcv htqo vjg VUR UF)u Uvcnm hgcukdng cu kv ycu ujqyp kp
jgtg0 Qpg ujqwnf hwtvjgt cnuq uvcvg vjcv cnuq oqngewnct SO. lwuv
cu encuukecn OF ukowncvkqp jcu kvu ygcmpguugu0 C nctig pwodgt
qh fk軟gtgpv SO ogvjqfu. cpf dcuku ugvu {kgnf {gv korgthgev tg/
uwnvu vjcv fgxkcvg htqo gorktkecn ogcuwtgogpvu0 Qpg oc{ rqkpv
qwv hqt kpuvcpvcpgqwu vjg nctig fk軟gtgpegu kp fkrqng oqogpvu
qdvckpgf htqo cd kpkvkq ecnewncvkqpu vq dg hqwpf kp vjg Pcvkqpcn
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Kpuvkvwvg qh Uvcpfctfu Eqorwvcvkqpcn Ejgokuvt{ Eqorctkuqp cpf
Dgpejoctm Fcvcdcug *EEEDFD+ ]35;_0 Tgictfkpi vjg ycxghwpe/
vkqp. cpf kvu cdknkv{ vq tgrtgugpv vjg rtqdcdknkv{ fgpukv{ qh 難pf/
kpi cp gngevtqp ctqwpf c oqngewng. ujqtvgt vjg gngevtqp enqwf yg
ygtg pqv qpn{ kpvgtguvgf kp fgtkxkpi rctvkcn ejctigu htqo vjgug
ogvjqfu. dwv cnuq kp xkuwcnk¦kpi uwej SO tguwnvu0 Ceeqtfkpin{
yg fgxgnqrgfogvjqfu vjcv cnnqy wu vq kpxguvkicvg ejcpigu kp vjg
gngevtqp fgpukv{. cu yg ejcpig vjg eqphqtocvkqp qh vjg oqngewng.
yjkej dtkpiu wu tkijv vq vjg pgzv ejcrvgt. oqngewnct xkuwcnk¦c/
vkqp0
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8 ̃ Oqngewnct Xkuwcnk¦cvkqp

803 Kpvtqfwevkqp
Oqngewnct xkuwcnk¦cvkqp ku c mg{ogvjqf kp qtfgt vq wpfgtuvcpf

ocetqoqngewnct rtqeguugu uwej cu vjqug fguetkdgf jgtgkp0 Xkuw/
cnk¦cvkqp qh ocetqoqngewngu fcvgu cv ngcuv dcem vq vjg 難tuv Z/tc{
uvtwevwtgu qh uwej oqngewngu0 Vjg 難tuv xkuwcn oqfgn qh uwej c
uvtwevwtg ku cvvtkdwvgf vq L0 E0 Mgpftgy gv cn0 ]57_ yjkej jcu dggp
rwdnkujgf kp 3;7:0 Vjgug oqfgnu ygtg kpkvkcnn{ dwknf ogejcpk/
ecnn{. uykvejkpi vq eqorwvgtu cu uqqp cu 3;88 ]58_0 Cu vjg uvtwe/
vwtg qh rtqvgkpu qt qvjgt nctig dkqnqikecn oqngewngu ku tgncvgf vq
kvu hwpevkqp. xkuwcnk¦kpi kv ku cp korqtvcpv hcevqt kp tgugctej0 Ugx/
gtcn tguwnvu vjcv yg rtgugpvgf kp ejcrvgtu 6 cpf 7 jcxg qpn{ dggp
rquukdng fwg vq vjg xkuwcnk¦cvkqp qh vjg tguwnvu0 Itcrjkecn tgrtg/
ugpvcvkqpu qh dkqnqikecn oqngewngu jcxg jgpeg dgeqog uvcpfctf0
Hwtvjgt itcrjkecn xkuwcnk¦cvkqp jgnru pqv qpn{ kp wpfgtuvcpf/

kpi vjg hwpevkqp qh dkqnqikecn oqngewngu dwv cnuq kp eqoowpkecv/
kpi rtqdngou cpf uqnwvkqpu ctqwpf vjgo0 C oqxkg qh c oqxkpi
oqngewng ecp uwooctk¦g c eqphqtocvkqpcn ejcpig. dkpfkpi vq
fk軟gtgpv nkicpfu cpf qvjgt f{pcokecn hwpevkqpu0 Dgukfgu vjgug
tcvjgt rtcevkecn curgevu. xkuwcnk¦cvkqp cnuq jcu cp cguvjgvke cu/
rgev0 Vjg xkuwcnk¦cvkqp qh ocetqoqngewngu ecp vjwu hwtvjgt rnc{
c tqng kp ctv cpf cnuq kp xwnictk¦cvkqp qh vjg tgugctej wpfgtvcmgp0
Cu cntgcf{ uvcvgf yg vtkgf vq tguqnxg ugxgtcn rtqdngou d{ vjg

ogvjqfu qh oqngewnct xkuwcnk¦cvkqp fwtkpi vjg yqtm rtgugpvgf
jgtgkp cpf ygtg tcvjgt swkemn{ eqphtqpvgf ykvj vjg nkokvcvkqpu
qh cxckncdng vqqnu uwej cu Xkuwcn Oqngewnct F{pcokeu *XOF+ ]59_
cpf R{Oqn ]5:_0 Kp qtfgt vq qxgteqog vjgug nkokvcvkqpu yg ygtg
wukpi pgy crrtqcejgu. fgxgnqrkpi pgy ogvjqfu yjkej yg yknn
rtgugpv kp vjg hqnnqykpi0 Rtgugpvkpi rctvu qh qwt yqtm. yg ygtg
hwtvjgt rctvkewnctn{ kpvgtguvgf kp etgcvkpi jkij swcnkv{ rjqvqtg/
cnkuvke oqxkgu vq hceknkvcvg eqoowpkecvkqpu fwtkpi kpvgtpcn ugo/
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Hkiwtg 803< Cp knnwuvtcvkqp qh c tc{ vtcekpi cniqtkvjo

kpctu cpf rtgugpvcvkqpu cv kpvgtpcvkqpcn eqpitguugu0

804 Kpvtqfwevkqp vq Eqorwvgt Itcrjkeu
cpf Tc{ Vtcekpi

Kp vjku ugevkqp yg yknn dtkg汝{ kpvtqfweg vjg dcuke vgejpkswgu
vjcv ctg wugf d{ vjg eqorwvgt uqhvyctg vq igpgtcvg tgcnkuvke ko/
cigu0
Tc{ vtcekpi ku vjg uvcvg qh vjg ctv vgejpkswg vq igpgtcvg rjqvq/

tgcnkuvke kocigu kp wukpi c eqorwvgt0 Vjgug cniqtkvjou ctg dwknv
ctqwpf vjg kfgc vjcv qpg nkvgtcnn{ vtcegu vjg rcvj qh c tc{ htqo vjg
qdugtxgt vjtqwij c rkzgn qp c uetggp. jkvvkpi vjg qdlgevu kp vjg
uegpg. tg汝gevkpi qp vjgo wpvkn vjg tc{ jcu vtcxgngf c egtvckp fku/
vcpeg qt jcu wpfgtygpv c egtvckp pwodgt qh tg汝gevkqpu0 Kp vjku
rtqeguu. vjg eqnqt xcnwg qh vjg rkzgn qp vjg uetggp ku ecnewncvgf0
Cp knnwuvtcvkqp ku ujqyp kp 難iwtg 8030
Vjg rj{ukecn oqfgn dgjkpf tc{ vtcekpi fguetkdgf cdqxg ku xgt{

汝gzkdng cpf kocig swcnkv{ cpf ceewtce{ ctg nctign{ fgrgpfgpv qp
vjg ceewtce{ qh vjku oqfgn0 Yg ujcnn dtkg汝{ umgvej vjg uwthceg qp
jqy vjku ku fqpg0 Vjg vjgqt{ dgjkpf tc{ vtcekpi ycu uwooctk¦gf
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kp vjg tgpfgtkpi gswcvkqp ]362_<

I(x, x′) = g(x, x′)

(

ε(x, x′) +

∫

S

ρ(x, x′, x′′)I(x′, x′′)dx′′

)

, *803+

yjgtg I(x, x′) ku vjg kpvgpukv{ qh nkijv rcuukpi htqo rqkpv x′ vq x.
g(x, x′) ku c igqogvt{ vgto ε ujcnn dg tgncvgf vq vjg kpvgpukv{ qh
gokvvgf nkijv cpf ρ(x, x′, x′′) ujcnn dg tgncvgf vq vjg kpvgpukv{ qh
nkijv uecvvgtgf htqo x′′ vq x′ d{ vjg uwthceg cv x′0 S ujcnn dg cnn
uwthcegu kp vjg u{uvgo yjkej kpenwfgu c dcemitqwpf uwthceg. kp
igpgtcn c jgokurjgtg vjcv ku nctig gpqwij vq eqpvckp vjg gpvktg
u{uvgo qh uwthcegu0 Jgtg qpg ecp ugg vjcv vjg igqogvt{ vgto
g(x, x′). vjg vgto vq dg tgncvgf vq gokvvcpeg ε(x, x′) cpf vjg vgto
vq dg tgncvgf vq nkijv uecvvgtkpi ρ(x, x′, x′′) ctg xgt{ xciwg uvcvg/
ogpvu cpf vjgug vgtou ecp dg cfcrvgf vq vjg ngxgn qh vjgqt{ wugf0
Vjg tgpfgtkpi gswcvkqp hwtvjgt ngcxgu qwv c nqv vq dg hqwpf kp c
eqooqp tc{ vtcegt0 Ycxgngpivj. rqnctk¦cvkqp cpf cu pq rjcug
ku vcmgp kpvq ceeqwpv kp gswcvkqp *803+0 Fk軟tcevkqp ku cnuq twngf
qwv0 Pgxgtvjgnguu yg ujcnn uvcvg kv jgtg hqt vjg rtkpekrngu qh tc{
vtcekpi. yjkej ku qpg qh vjg mg{ogvjqfu korngogpvgf kp vjg eqo/
rwvgt rtqitcou vjcv yg jcxg wugf0 Yg hwtvjgt ujcnn vjkpm c dkv
cdqwv vjg uqnwvkqp qh gswcvkqp *803+ hqt yjkej ugxgtcn ogvjqfu
jcxg dggp fgxgnqrgf0 Ngv wu tgytkvg gswcvkqp *803+ uq vjcv<

I = gε+ gMI, *804+

yjgtgM ku c nkpgct qrgtcvqt. c ocvtkz kh {qw ycpv. vjcv fguetkdgu
vjg kpvgitcn kp gswcvkqp *803+0 Yg ecp hwtvjgt tgytkvg vjku kpvq<

(3− gM)I = gε, *805+

yjgtg 3 ku vjg kfgpvkv{ cpf jgpeg. yg ecp fq vjg Pgwocpp ugtkgu
fgxgnqrogpv<

I = (3− gM)−1gε = gε+ gMgε+ gMgMgε+ g(Mg)3ε . . . *806+

Vjku ecp dg rj{ukecnn{ kpvgtrtgvgf cu kh I ku vjg uwo qh c qpeg
uecvvgtgf vgto. c vykeg uecvvgtgf vgto. gve0 Dcuke crrtqzkoc/
vkqpu ecp vjgp dg ocfg nkmg vjg hqnnqykpi<

I = gε+ gMε0, *807+

yjkej tgfwegu kvugnh rtcevkecnn{. cuM qrgtcvgu fktgevn{ qp εo. vq c
uwo qxgt rqkpv nkijv uqwtegu0 Kp vjku crrtqzkocvkqp. cu vjg kpvg/
itcn qxgt x′′ ku okuukpi cnn xkukdknkv{ htqo gokvvkpi uwthcegu. vjgtg
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ctg pq ujcfqyu cpf pq gzvgpfgf nkijvkpi uwthcegu0 Vjku rtqd/
cdn{ ku qpg qh vjg oquv ukorng korngogpvcvkqpu qh c tgpfgtkpi
cniqtkvjo0 Ngv wu lwuv iq c dkv hwtvjgt<

I = gε+ gMogεo + gMogMogεo + . . . *808+

Kp vjku ecug Mo ujcnn dg cp qrgtcvqt vjcv vcmgu tg汝gzkqp cpf tg/
htcevkqp kpvq ceeqwpv kp uwookpi kp fk軟gtgpv yc{u qxgt gεo0 C
oqfgn nkmg vjku ecp ceeqwpv hqt hgcvwtgu nkmg ujcfqyu. tg汝gzkqp
qt tghtcevkqp0 Vjku ku rtgvv{ dcuke eqorctgf vq yjcv ku korngogpv
kp vqfc{)u tc{ vtcekpi tgpfgt gpikpgu. dwv ujqwnf ikxg c dcuke kfgc
cdqwv jqy tc{ vtcekpi yqtmu cpf jqy tc{ vtcekpi cniqtkvjou ctg
fgxgnqrgf0

805 Xkuwcnk¦cvkqp cpf Encuukecn
Oqngewnct F{pcokeu

Cu c nctig rctv qh vjg yqtm rtgugpvgf jgtgkp fgcnu ykvj encu/
ukecn Oqngewnct F{pcokeu *OF+0 Yg fgfkecvg vjku ugevkqp vq vjg
xkuwcnk¦cvkqp qh vjg hgcvwtgu qh OF ukowncvkqpu cpf vjg vtclgevqt{
tguwnvkpi htqo uwej0 Kp qtfgt vq fq uq. yg ujcnn 難tuv vjkpm cdqwv
dcuke xkuwcnk¦cvkqp qh c oqngewnct uvtwevwtg uwej cu c rtqvgkp.
cpf jqy vq igpgtcvg jkij swcnkv{ kocigu htqo vjgo0

Rtqvgkp Uvtwevwtg Tgpfgtkpi
Fwtkpi qwt yqtm. yg igpgtcvgf rjqvqtgcnkuvke tgpfgtkpiu gk/

vjgt ykvj XOF ]59_ cpf Vcej{qp ]363_ qt R{Oqn ]5:_ kp eqplwpe/
vkqp ykvj Dngpfgt ]5;_0 Rjqvqtgcnkuvke kocigu qh rtqvgkpu jcxg kp
igpgtcn dggp etgcvgf htqo c ectvqqp oguj tgrtgugpvcvkqp ykvj
urjgtgu hqt kqpu qt nkeqtkeg tgrtgugpvcvkqp hqt nkicpfu0 Yg yknn cv
難tuv fguetkdg jqy tgpfgtkpi kp XOF ku fqpg. cpf vjgp jgcf qxgt
vq vjg R{Oqn. Dngpfgt eqodkpcvkqp0
Kp XOF. cp gzrqtv 難nvgt hqt vjg Vcej{qp tc{ vtcegt gzkuvu0 Vjku

gzrqtv 難nvgt cnnqyu qpg vq igpgtcvg kprwv 難ngu hqt Vcej{qp0 Kp
igpgtcn qpg jcu vq rtqeggf kp vjg hqnnqykpi yc{ kp qtfgt vq igp/
gtcvg c jkij swcnkv{ kocig<
Qpg jcu vq ocmg uwtg vjcv vjg uvtwevwtg ku ygnn tgrtgugpvgf kp

XOFu QrgpIN Fkurnc{0 Cu vjg fkurnc{ hwtvjgt fg難pgu vjg uk¦g qh
vjg tguwnvkpi kocig. vjg fkurnc{ uk¦g ujqwnf dg c ownvkrng qh vjg
難pcn tguqnwvkqp. uq vjcv vjg swqvkgpv tguwnvkpi htqo fkxkfkpi vjg
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kocigu jgkijv d{ kvu ykfvj ku eqpugtxgf0 Kp qtfgt vq tguk¦g vjg
fkurnc{ vq vjg tkijv uk¦g vjg hqnnqykpi eqoocpf ecp dg kuuwgf qp
vjg eqpuqng ykvjkp XOF<
fkurnc{ tguk¦g ykfvj jgkijv

Nkuvkpi 803< Tguk¦kpi vjg XOF QrgpIN fkurnc{

Jgtg ykfvj cpf jgkijv ctg tgrtgugpvkpi vjg pwodgt qh rkzgnu0
Hwtvjgt. codkgpv qeenwukqp cpf ujcfqyu ctg cffkpi tgcnkuo vq
vjg 難pcn kocig0 Vjgug hgcvwtgu ecp dg vwtpgf qp d{ vjg hqnnqykpi
eqoocpfu kp vjg eqpuqng qh XOF<
fkurnc{ ujcfqyu qp
fkurnc{ codkgpvqeenwukqp qp
fkurnc{ cqcodkgpv 20:2
fkurnc{ fktgev 2052

Nkuvkpi 804< Gpcdnkpi codkgpv qeenwukqp cpf ujcfqyu

Gpcdnkpi ujcfqyu pggfu pq hwtvjgt gzrncpcvkqp0 Codkgpv qeenw/
ukqp ku c ogvjqf yjkej ecnewncvgu vjg ceeguukdknkv{ qh qdlgevu kp
c uegpg. vq nkijv. fwuv qt qvjgt rctvkengu0 Kp vjku ecug vjku cn/
nqyu dwtkgf qdlgevu. nkmg jqngu kp c oqngewng vq crrgct fctmgt
vjcp pqp dwtkgf qdlgevu0 Hwtvjgt. yg uwiiguv vjcv qpg xgtk難gu
vjg eqnqtu cpf vjg ocvgtkcnu wugf dghqtg tgpfgtkpi vjg kocig. kp
qtfgt vq igpgtcvg kocigu vjcv ctg xkuwcnn{ cpf vgejpkecnn{ rngcu/
kpi0 Qh urgekcn korqtvcpeg dghqtg tgpfgtkpi ujqwnf dg vjg ejqkeg
yjgvjgt qpg yqwnf nkmg vq etgcvg cp qtvjqitcrjke qt c rgturge/
vkxg kocig0 Qtvjqitcrjke kocigu crrgct cu c fktgev rtqlgevkqp
qpvq c vyq fkogpukqpcn rncpg. yjkng rgturgevkxg kocigu tgetgcvg
c kocig cu kh ecrvwtgf d{ c ecogtc ngpu qt vjg jwocp g{g0 Hct
cyc{ qdlgevu vjwu crrgct uocnngt kp rgturgevkxg kocigu. yjkng
kp qtvjqitcrjke kocigu vjg{ crrgct qh vjg ucog uk¦g cu enqug
qdlgevu0 Yjkng rgturgevkxg kocigu ctg oqtg pcvwtcn. cpf ctg
yjcv yg ctg wugf vq nqqmkpi cv rjqvqu. hqt vgejpkecn tgcuqpu qt/
vjqitcrjke kocigu ctg uqogvkogu rtghgtcdng0 C eqorctkuqp dg/
vyggp qtvjqitcrjke cpf rgturgevkxg kocigu ku ujqyp kp 難iwtg
8040 Kp XOF qpg ecp uykvej dgvyggp vjg vyq v{rgu qh rtqlge/
vkqpu wukpi vjg hqnnqykpi eqoocpfu<
fkurnc{ rtqlgevkqp Qtvjqitcrjke

Nkuvkpi 805< Uykvejkpi vq vjg qtvjqitcrjke rtqlgevkqp0

fkurnc{ rtqlgevkqp Rgturgevkxg

Nkuvkpi 806< Uykvejkpi vq vjg rgturgevkxg rtqlgevkqp0
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Igpgtcvkpi c Vcej{qp kprwv 難ng ecp vjgp dg fqpg d{ kuuwkpi vjg
hqnnqykpi eqoocpf vq vjg eqpuqng qh XOF<
tgpfgt Vcej{qp kprwvhkngpcog0fcv

Nkuvkpi 807< Igpgtcvkpi c Vcej{qp kprwv 難ng0

Tgpfgtkpi ecp vjcp dg fqpg gzvgtpcnn{ d{ ecnnkpi vcej{qp<
vcej{qp kprwvhkngpcog0fcv /ccucorngu 38 /tgu jgkijv ykfvj /hqtocv RPI tguwnv0rpi

Nkuvkpi 808< Tgpfgtkpi cp kocig ykvj Vcej{qp0

Kp vjku ecug. 38 ucorngu hqt cpvkcnkcukpi jcxg dggp wugf yjkej kp
igpgtcn ogcpu vjcv 38 kocigu ykvj c unkijvn{ fkurncegf ecogtc
c igpgtcvgf cpf c uoqqvjgf kocig htqo vjg tguwnvkpi kocig ku
igpgtcvgf kp qtfgt vq cxqkf tqwij gfigu0 Vjg jgkijv cpf vjg
ykfvj ikxg vjg pwodgt qh rkzgnu qh vjg 難pcn kocig0 Hqt kocigu
vq dg rtkpvgf qp rcrgt. qpg ujqwnf mpqy vjcv vjg jwocp g{g
ku ecrcdng qh fkuvkpiwkujkpi ctqwpf 522 fqvu rgt kpej cpf vjcv
oquv rtkpvgtu ctg cdng vq rtkpv cv tguqnwvkqpu qh 822 fqvu rgt kpej
cpf wryctfu0 Qpg jcu vjwu vq ejqqug cp cfgswcvg tguqnwvkqp hqt
rtkpvgf eqoowpkecvkqpu0 Uqog tgcfgtu okijv pqvg vjcv qpg ecp
igpgtcvg kocigu wukpi Vcej{qp fktgevn{ htqo ykvjkp XOF0 Vjg
yc{ qh fgeqwrnkpi vjg 難pcn tgpfgtkpi htqo XOF ujqyp jgtg jcu
vjg cfxcpvcig vjcv Vcej{qp kprwv 難ngu ecp dg oqxgf vq hcuv oc/
ejkpgu cu vjg{ fq gzkuv kp Jkij Rgthqtocpeg Eqorwvkpi *JRE+
egpvgtu. yjkej ecp dg wughwn kp vjg ecug qh tgpfgtkpi oqxkgu. cu
ujqyp ncvgt0
Wukpi R{Oqn cpfDngpfgt vjg rtqeguu yg jcxg ejqugp ku uqog/

yjcv fk軟gtgpv0 R{Oqn kp vjku ecug ku wugf vq igpgtcvg vjg uegpg.
yjkej ku gzrqtvgf kp cXktvwtcn Tgcnkv{Oqfgnkpi Ncpiwcig *XTON+
難ng0 Korqtvkpi uwej c 難ng igpgtcvgf kp R{Oqn kp Dngpfgt rqugu
ugxgtcn rtqdngou0 Kp qtfgt vq qxgteqog vjgug. vyq fk軟gtgpv xgt/
ukqpu *406; cpf 407 qt jkijgt+ qh Dngpfgt jcxg dggp wugf0 Yg
uvctvgf ykvj Dngpfgt xgtukqp 406; cpf korqtvgf vjg XTON 難ng0
Kp Dngpfgt cp qdlgev vq dg tgpfgtgf ku kp igpgtcn fguetkdgf d{
xgtvkegu. yjkej ctg vjg eqtpgtu qh cp qdlgev0 Vjgug xgtvkegu ctg
vjgp nkpmgf d{ gfigu. yjkej ecp urcp hcegu0 Cv vjg korqtv. yg
jcxg ejqugp c ekteng uwdfkxkukqp qh 54. ogcpkpi vjcv c ekteng ku
tgrtgugpvgf d{ 54 xgtvkegu0 Vjg korqtv kpDngpfgt igpgtcvgu ugx/
gtcn qdlgevu0 Qdlgevu kp Dngpfgt ctg c fcvc uvtwevwtg vjcv eqpvckp
vjg xgtvkegu. gfigu. hcegu cpf owej oqtg. uwej cu ocvgtkcn fcvc
nkmg eqnqt qt vjg kpfgz qh tghtcevkqp. qh cp qdlgev kp vjg uegpg vq
dg tgpfgtgf0 Qdlgevu jcxg dggp etgcvgf hqt kpuvcpeg hqt gcej kqp
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Hkiwtg 804< ; ewdgu tgpfgtgf wukpi rgturgevkxg rtqlgevkqp qp vjg
nghv cpf kp qtvjqitcrjke rtqlgevkqp qp vjg tkijv0

cpf hqt vjg oguj jkijnkijvkpi vjg ugeqpfct{ uvtwevwtg qh c rtq/
vgkp. yjkej yg okijv ecnn ectvqqp oguj kp jgtg0 Chvgt vjg korqtv
kp Dngpfgt xgtukqp 406; vjg hqnnqykpi rtqvqeqn ycu crrnkgf<
30 Tgoqxkpi fqwdngu< Cu vjg korqtv qh c XTON 難ng htqo R{/

Oqn igpgtcvgu ocp{ xgtvkegu kp vjg ucog nqecvkqp0 Qpg ecp
tgoqxg vjgo wukpi vjg tgoqxg fqwdngu dwvvqp kp Dngpfgt)u
gfkv oqfg0

40 Eqpxgtvkpi Vtkcpingu vq Swcfu< Kp ecnnkpi vjg Vtku vq Swcfu
hwpevkqp hqt cnn korqtvgf ogujgu qpg ecp ocmg Dngpfgt vt{
vq etgcvg hcegu ykvj hqwt eqtpgtu htqo hcegu ykvj vjtgg eqt/
pgtu0 Vjku g軟gevkxgn{ tgfwegu vjg pwodgt qh xgtvkegu cpf
ujqwnf ocmg vjg tgpfgtgf qdlgevu uoqqvjgt0

50 Hkzkpi pqtocnu< Pqtocnu ctg vjg pqtocn xgevqtu qp vjg hcegu0
Vjgug ctg korqtvcpv vq gzkuv cpf vq dg kp rtqrgt fktgevkqp.
rqkpvkpi vq vjg qwvukfg qh vjg oguj vjcv tgrtgugpvu vjg rtq/
vgkp0 Kp qtfgt vq cuuwtg vjku. yg twp vjg 凪zacnnapqtocnu0r{
Dngpfgt R{vjqp uetkrv. yjkej ycu mkpfn{ rtqxkfgf d{ Cpftgc
Ygkmgtv htqo vjg Ngkdpk¦ Tgejgp¦gpvtwo kp Owpkej0

60 Igpgtcvkpi ocvgtkcnu htqo xgtvgz eqnqtu< Yjgp vjg ogujgu
ctg etgcvgf d{ korqtvkpi vjg XTON 難ng igpgtcvgf d{ R{/
Oqn. vjg eqnqtu ctg cffgf cu xgtvgz eqnqtu vq vjg oguj0 Yg
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twp vjgogujaocvahtqoxeqnu0r{ Dngpfgt R{vjqp uetkrv kp qt/
fgt vq igpgtcvg ocvgtkcnu htqo vjgug xgtvgz eqnqtu0 Ocvgtk/
cnu kp Dngpfgt ctg fcvc uvtwevwtgu qh cp qdlgev vjcv ecp dg
cuukipgf vq xgtvkegu cpf hcegu cpf eqpvckp v{rkecn ocvgtkcn
rtqrgtvkgu nkmg vjg kpfgz qh tghtcevkqp. eqnqt gve0 Xgtvgz eqn/
qtu kp vjg eqpvtcuv ctg pqv qh vjku uvtwevwtg cpf lwuv fg難pg
vjg eqnqt qh c xgtvkeg kpfgrgpfgpv htqo vjg v{rg qh ocvg/
tkcn0 Vjg vtcpuhqtocvkqp qh xgtvgz eqnqtu vq ocvgtkcnu cnnqyu
wu chvgtyctfu hqt gzcorng vq ocmg c rctv qh vjg tgpfgtgf
oqngewng vtcpurctgpv. kh vjku rctv ycu jkijnkijvgf kp c urg/
ekcn eqnqt kp R{Oqn0 Vjku uetkrv ycu cnuq mkpfn{ rtqxkfgf d{
Cpftgc Ygkmgtv0

70 Uykvejkpi vq Dngpfgt 407 qt jkijgt< Kp vjg ncuv uvgr vjg 難ng
ku ucxgf kp Dngpfgt 406;0 C pgygt xgtukqp qh Dngpfgt ku vjgp
qrgpgf0 Wukpi vjg Crrgpf eqoocpf yg vjgp kpugtv vjg qd/
lgevu htqo vjg ucxgf 難ng kpvq vjg pgygt xgtukqp qh Dngpfgt0
Yg fq vjku yc{. cu vjg kpvgthceg ku cnuq ucxgf kp vjg 難ngu
ucxgf d{ Dngpfgt cpf yg fq pqv ycpv vq jcxg vjg wugt kp/
vgthceg qh vjg pgy xgtukqpu qh Dngpfgt oqfk難gf htqo yjcv
ycu ucxgf kp Dngpfgt 406;0

Htqo jgtg qp qpg ecp cff rtqrgt nkijvpkpi kp Dngpfgt. ejcpig
vjg ocvgtkcnu qh vjg oqngewng vq dg tgpfgtgf cpf iq cjgcf ykvj
tgpfgtkpi0 Yg yqwnf nkmg vq pqvg vjcv tkijv pqy uqrjkuvkecvgf
vqqnu hqt korqtvkpi oqngewngu htqo 難ngu nkmg Rtqvgkp Fcvc Dcpm
*RFD+ ]72_ 難ngu fq gzkuv0 Uwej vqqnu ctg korngogpvgf kp kpvg/
itcvgf uqhvyctg rcemcigu uwej cu vjg Godgffgf R{vjqp Oqnge/
wnct Xkgygt *gROX+ ]364_ qt Dkqdngpfgt ]365_0 Vjg rtqvqeqn jgtg
ycu wugf cu yg hgnv vjcv yg ickpgf uqog 汝gzkdknkv{. cu eqpvtct{
vq Dkqdngpfgt. yjkej ku ujkrrgf cu c eqorngvg rcemcig qt gROX.
yjkej yqtmu qpn{ ykvj egtvckp xgtukqpu qh Dngpfgt. yg ygtg cdng
vq wug vjg ncvguv Dngpfgt xgtukqp cxckncdng cpf hgnv dgvvgt wukpi
c uvqem Dngpfgt xgtukqp vjcp c oqfk難gf qpg0 Cp kocig qh vjg
Vjtqodqurqpfkp *VUR+ Ukipcvwtg Fqockp *UF+ tgpfgtgf ykvj
Dngpfgt ecp dg hqwpf kp 難iwtg 8050

Oqxkgu htqo Encuukecn Oqngewnct F{pcokeu Vtclgevqtkgu
Pqy vjcv yg jcxg ujqyp jqy vq tgpfgt c ukping uvtwevwtg. yg

ecp iq cjgcf vqoqxkg tgpfgtkpi. kp rctvkewnct vq vjg tgpfgtkpi qh
encuukecn oqngewnct f{pcokeu vtclgevqtkgu0 Qwt ukowncvkqpu ygtg
cnn ocfg ykvj ITQOCEU ]52_0 Rgthqtokpi oqngewnct f{pcokeu
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Hkiwtg 805< C rjqvqtgcnkuvke kocig qh vjg VUR UF ocfg ykvj vjg
jgnr qh Dngpfgt

ku qwvnkpgf kp fgvckn kp ejcrvgt 60 Vtclgevqtkgu htqo ukowncvkqpu
ecp gcukn{ qrgpgf kp XOF0 Gxgp vjqwij vjg vtclgevqtkgu ecp dg
kpxguvkicvgf kp XOF. ugxgtcn uvgru jcf vq dg fqpg vq etgcvg jkij
swcnkv{ oqxkgu htqo uwej vtclgevqtkgu0 C dki nkokvcvkqp hwtvjgt ku
vjg nctig uk¦g qh OF vtclgevqtkgu cpf jgpeg. vjg nctig coqwpv
qh Tcpfqo Ceeguu Ogoqt{ *TCO+ tgswktgf d{ XOF0 Cpqvjgt
qduvceng ku vjcv yg ygtg pqv cdng wukpi vjg vqqnu ujkrrgf ykvj
Itqoceu vq rtgxgpv vjg oqngewng htqo vwtpkpi ctqwpf kvu czgu
kp vjg ukowncvkqp dqz0 Kp vjg ecug qh oqngewnct xkuwcnk¦cvkqp kv
ku jqygxgt rtghgtcdng vq jcxg vjg dqz tqvcvkpi ctqwpf c 難zgf
oqngewng0 Vjg uvcpfctf vtcpuhqtocvkqp qh vtclgevqtkgu jcu dggp
fguetkdgf kp fgvckn kp ugevkqp 6090 C hwtvjgt rtqdngo ku vjcv tgp/
fgtkpi oqxkgu ykvj XOF cpf Vcej{qp cnqpg fqgu pqv cnnqy hqt
oqvkqp dnwt. yjkej ocmgu c oqxkg htqo cp OF ukowncvkqp cr/
rgct dk¦cttg cv uvcpfctf htcog tcvgu qh ctqwpf 47 htcogu rgt
ugeqpf0 Oqvkqp dnwt ku vjg g軟gev. vjcv ocmgu hcuv oqxkpi qd/
lgev crrgctu uogctgf qp cp kocig0 Cv vjg ogpvkqpgf htcog tcvg
vjg jwocp g{g pqvkegu vjcv vjg oqxgogpv ku pqv uoqqvj kp vjg
cdugpeg qh oqvkqp dnwt0 Yg ygtg cdng vq qxgteqog cnn vjg rtqd/
ngou ogpvkqpgf jgtg cpf yknn ujqy jqy yg etgcvgf oqxkgu htqo
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ITQOCEU vtclgevqtkgu kp vjg hqnnqykpi0
Gxgt{vjkpi dgukfgu 難pcn tgpfgtkpi ykvj Vcej{qp. cpf vjg cf/

fkvkqp qh oqvkqp dnwt ku korngogpvgf d{ c Vqqn Eqoocpf Ncp/
iwcig *VEN+ uetkrv vjcv ku gzgewvgfykvjkpXOF0 Vq wug vjku uetkrv
qpg rtgtgswkukvgu c vtclgevqt{ yjgtg vjg rtqvgkp ku egpvgtgfykvjkp
vjg ukowncvkqp dqz0 Jqy uwej c vtclgevqt{ ecp dg qdvckpgf ku gz/
rnckpgf kp ugevkqp 6090 Vjg uetkrv dgikpu ykvj vjg hqnnqykpi nkpgu<
ugv vcknugngev $rtqvgkp$
ugv dgiahtcog $3$
ugv gpfahtcog $62222$
ugv uvtkfg $4222$
oqn nqcf itq kpkvkcnhtcog0itq

Nkuvkpi 809< Jgcf qh vjg vtclgevqt{atgpfgt0ven uetkrv0

Kp vjku ecug vjg qdlgev vq dg jkijnkijvgf kp vjg oqxkg ku ugngevgf
d{ vjg XOF cvqo ugngevkqp rtqvgkp0 Vjg 難tuv htcog qh vjg oqxkg
vq dg tgpfgtgf htqo vjg vtclgevqt{ ku vjg htcog pwodgt 3 cpf
vjg ncuv htcog ku vjg 62222vj htcog0 Vjg uvtkfg xcnwg ku wugf
vq mggr ogoqt{ wucig nqy0 Kv fg難pgu jqy ocp{ htcogu XOF
ujcnn nqcf kpvq TCO cv qpeg0 Vjg 難ng kpkvcnhtcog0itq eqpvckpu
vjg kpkvkcn htcog qh vjg vtclgevqt{0 Uwej c 難ng ecp dg etgcvgf d{
vjg iavtcleqpx wvknkv{ vjcv ku ujkrrgf ykvj ITQOCEU0 Pqy yg
pggf vq fg難pg dcuke fkurnc{ rtqrgtvkgu. vjku ku fqpg d{ kuuwkpi
vjg hqnnqykpi eqoocpf<
fkurnc{ rtqlgevkqp Qtvjqitcrjke
czgu nqecvkqp Qhh
fkurnc{ ujcfqyu qp
fkurnc{ codkgpvqeenwukqp qp
fkurnc{ cqcodkgpv 20:2
fkurnc{ cqfktgev 2052

Nkuvkpi 80:< Ugvvkpi dcuke fkurnc{ rtqrgtvkgu kp vjg vtclge/
vqt{atgpfgt0ven uetkrv0

Jgtg yg wug vjg qtvjqitcrjke rtqlgevkqp cpf vwtp vjg czgu kp/
fkecvqt q軟0 Vjgp yg ycpv vjg oqngewng kp vjku ecug vq dg tgp/
fgtgf kp ectvqqp tgrtgugpvcvkqp yjkej ku fqpg d{ vjg hqnnqykpi
vyq nkpgu<
oqn oqfugngev 2 2 rtqvgkp
oqn oqfuv{ng 2 2 PgyEctvqqp 205 80 603 2

Nkuvkpi 80;< Ejcpikpi vjg tgrtgugpvcvkqp vq ectvqqp tgrtgugpvc/
vkqp kp vjg vtclgevqt{atgpfgt0ven uetkrv

Qpg ecp cff fk軟gtgpv tgrtgugpvcvkqpu vq vjgug vyq nkpgu. uwej
cu c nkeqtkeg tgrtgugpvcvkqp hqt nkicpfu0 Hwtvjgt eqnqt ejcpigu
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ecp dg kpenwfgf0 Kp vjg hqnnqykpi nkpgu yg ujqy jqy qpg ecp. hqt
gzcorng. ejcpig vjg eqnqt qh c Ｇ/ujggv<
eqnqt Uvtwevwtg GzvgpfgfaDgvc {gnnqy
eqnqt ejcpig tid 6 30 30 206

Nkuvkpi 8032< Ejcpikpi vjg eqnqt qh Ｇ/ujggvu vtclgevqt{atgpfgt0ven
uetkrv0

Jgtg kp vjg 難tuv nkpg vjg eqnqt qh Ｇ/ujggvu ku ejcpigf vq {gnnqy.
cpf kp vjg ugeqpf nkpg vjg tgf itggp cpf dnwg xcnwgu qh vjg Ｇ/
ujggv ctg ejcpigf0 6 ku XOFu kpfgz hqt vjg {gnnqy eqnqt0 Qvjgt
eqnqtu ctg tghgtgpegf d{ fk軟gtgpv kpfkegu0 Kp vjg pgzv uvgr yg
ejcpig vjg xkgyrqkpv kp qtfgt vq nqqm cv vjg rtqvgkp htqo vjg
tkijv fktgevkqp0 Hwtvjgt yg ejcpig vjg tguqnwvkqp cpf ¦qqo kp
qp vjg rtqvgkp<
fkurnc{ tguk¦g 822 822
fkurnc{ tgugvxkgy
tqvcvg z d{ 42
tqvcvg { d{ 32
uecng d{ 409

Nkuvkpi 8033< Ugvvkpi vjg tguqnwvkqp cpf vjg tkijv xkgyrqkpv kp
vjg vtclgevqt{atgpfgt0ven uetkrv

Kp vjg 難tuv nkpg. yg ugv vjg fkurnc{ uk¦g vq dg 822 vq 822 rkz/
gnu. yjkej cnnqyu wu vq tgpfgt uswctgf kocigu0 Vjg tgugvxkgy
eqoocpf egpvgtu vjg oqngewng qp vjg uetggp0 Vjg tqvcvg eqo/
ocpfu vwtp vjg oqngewng ctqwpf vjg urgek難gf czgu d{ vjg urgek/
難gf fgitggu0 Vjg uecng eqoocpf ¦qqou kp vq vjg rtqvgkp d{ vjg
uecnghcevqt urgek難gf0 Pqy vjcv yg mpqy jqy yg yknn nqqm cv qwt
oqngewng. yg ecp uvctv vjg tgpfgtnqqr igpgtcvkpi kprwv 難ngu hqt
Vcej{qp wukpi<
hqt }ugv eqwpvgt &dgiahtcog’ } &eqwpvgt > &gpfahtcog ’ ^

} ugv eqwpvgt ]gzrt &eqwpvgt-&uvtkfg_’ }

ugv dgiykpfqy &eqwpvgt
ugv gpfykpfqy ]gzrt &eqwpvgt-&uvtkfg_
oqn cffhkng vtcl0zve hktuv &dgiykpfqy ncuv &gpfykpfqy yckvhqt cnn

ugv pwodgtaqhahtcogu ]oqnkphq vqr igv pwohtcogu_
hqt }ugv k 3’ } &k > &pwodgtaqhahtcogu ’ } kpet k ’ }

ugv dghqtg ]gzrt &k/3_
ugv pqy ]gzrt &k_
ugv qpg ]cvqougngev vqr &vcknugngev htcog &dghqtg _
ugv vyq ]cvqougngev vqr &vcknugngev htcog &pqy _
ugv vocvtkz ]ogcuwtg hkv &vyq &qpg_
ugv yjqng ]cvqougngev ]&vyq oqnkf_ $cnn$ htcog &pqy _
&yjqng oqxg &vocvtkz

’

hqt }ugv z 3’ } &z > ]gzrt &pwodgtaqhahtcogu/3_ ’ } kpet z ’ }
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cpkocvg iqvq &z
ugv htcogpcog ]gzrt &eqwpvgt-&z_
tgpfgt Vcej{qp &htcogpcog0fcv
1wut1dkp1d¦kr4 &htcogpcog0fcv

’

ugv pwodgtaqhahtcoguaokpwuavyq ]gzrt &pwodgtaqhahtcogu/4_

cpkocvg fgngvg dgi 2 gpf &pwodgtaqhahtcoguaokpwuavyq umkr 2 2
’

Nkuvkpi 8034< Vjg tgpfgtnqqr kp vjg vtclgevqt{atgpfgt0ven uetkrv

yjgtg vtcl0zve ku vjg vtclgevqt{ 難ng qdvckpgf htqo c encuukecn oqnge/
wnct f{pcokeu ukowncvkqp0 Jgtg vjg qwvgtoquv nqqr kvgtcvgu cetquu
vjg htcogu kp uvtkfgu cu fg難pgf kp nkuvkpi 8090 Vjg 難tuv kppgt
nqqru cnkipu vjgoqngewnct uvtwevwtgu dgvyggp vjg fk軟gtgpv htcogu
qp vjg vtclgevqt{ uq vjcv vjg oqngewng uvc{u kp rqukvkqp cpf fqgu
pqv tqvcvg0 Vjg ugeqpf nqqr igpgtcvgu vjg Vcej{qp kprwv 難ngu cpf
eqortguugu vjgo kp qtfgt vq ucxg fkum urceg cu c nqv qh htcogu
ecp eqpuwog pqp/pginkikdng coqwpvu0 Kp vjg ncuv vyq nkpgu. qpg
ecp ugg vjcv vyq htcogu qh c uvtkfg ctg cnyc{u mgrv vq cuuwtg
rtqrgt cnkipogpv dgvyggp vjg uvtkfgu0 Pqy vjcv yg jcxg qd/
vckpgf pwogtqwu Vcej{qp kprwv 難ngu. yg jcxg vq tgpfgt vjgo0
Vjku ecp dggp fqpg d{ nqqrkpi cetquu vjg vjg 難ngu cpf wukpi
Vcej{qp vq tgpfgt vjgo cnn d{ c eqoocpf nkmg vjg qpg ujqyp
kp nkuvkpi 8080 Chvgt cnn kocigu jcxg dggp tgpfgtgf. qpg jcu vq
vcmg ectg qh vjg oqvkqp dnwt g軟gev0 Yg jcxg etgcvgf vjg oqvkqp
dnwt g軟gev kp qxgtucornkpi gcej kocig0 Gxgt{ 難pcn htcog qh vjg
oqxkg ku vjwu etgcvgf htqo ownvkrng tgpfgtgf kocigu0 Yg hqwpf
vjcv igpgtcvkpi c 難pcn htcog htqo 34 vq 38 kocigu ycu uw二ekgpv
vq igpgtcvg xkuwcnn{ crrgcnkpi oqxkgu htqo vtclgevqtkgu0 Kp qwt
ecug yg fkf vjku d{ cffkpi cp cnrjc ejcppgn vq gcej kocig0 Cp
cnrjc ejcppgn ku c rkzgn xcnwg vjcv fg難pgu vjg vtcpurctgpe{ qh
vjg rkzgn0 Vjku yc{ yg ocfg gxgt{ rkzgn qh gcej kpfkxkfwcn ko/
cig jcxg cp qrcekv{<

O =
1

Pwodgt qh kocigu vq dgogtigf *809+

Vjgp yg cffgf vjg kocigu vqigvjgt hqtokpi vjg 難pcn kocig0 Kh
vjg xcnwg qh c rkzgn jcu pqv ejcpigf qxgt vjg pwodgt qh kocigu
vjcv jcxg dggp ogtigf vjku yc{ vjg rkzgn xcnwg uvc{u gzcevn{ vjg
ucog0 Vjg vjg xcnwg tgegkxgf kp vjg 難pcn kocig ku c pqtogf uwo
qh vjg kocigu vjcv jcxg dggp wugf vq etgcvg vjg 難pcn kocig. gh/
hgevkxgn{ etgcvkpi vjg kortguukqp qh oqvkqp dnwt0 Yg jcxg korng/
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ogpvgf vjku kp c uocnn uetkrv kp Qdlgevkxg/E wukpi Crrngu rtqrtk/
gvct{ Eqtg Kocig htcogyqtm cpf jgpeg. vjg hqnnqykpi uetkrv qpn{
twpu qp vjg Oce QU Z qrgtcvkpi u{uvgo0 Vjg ucog g軟gev ujqwnf
jqygxgt dg gcukn{ korngogpvgf kp fk軟gtgpv yc{u qp qvjgt rncv/
hqtou0 Vq wug qwt uetkrv ecnngf kociguadngpf qpg jcu vq eqorkng
kv kp vjg hqnnqykpi yc{<
iee /Q4 kocigadngpf0o /htcogyqtm CrrMkv /htcogyqtm Swctv¦Eqtg /q kocigadngpf

Nkuvkpi 8035< Eqorknkpi vjg kociguadngpf uetkrv

Vjg uetkrv vjgp ecp dg twp kuuwkpi vjg eqoocpf<
kocigadngpf kocig30rpi kocig40rpi ]000_ hkpcnkocig0rpi

Nkuvkpi 8036< Ecnnkpi vjg kociguadngpf uetkrv

yjgtg cnn kocigu dghqtg vjg 難pcn kocig ctg ogtigf kpvq vjg 難/
pcnkocig0 Cp kocig etgcvgf ykvj vjku uetkrv htqo vjg 難tuv vygnxg
htcogu qh ukowncvkqp 53. cu kpfkecvgf kp vcdng 603 ecp dg hqwpf
kp 難iwtg 8060 Nqqrkpi cetquu vjg kocigu etgcvgf d{ Vcej{qp qpg
ecp etgcvg uwej 難pcn kocigu hqt vjg gpvktg oqxkg0 Kp vjg 難pcn
uvgr vjg tguwnvkpi dnwttgf kocigu ctg gpeqfgf kpvq c oqxkg 難ng0
Vjku ecp dg cejkgxgf wukpi c xctkgv{ qh rtqitcou vjcv jcxg dggp
ytkvvgp kp qtfgt vq gpeqfg xkfgqu uwej cu 乍orgi qt Crrng Swkem/
vkog0

Xkuwcnk¦cvkqp qh Tguwnvu htqo Rtkpekrcn Eqorqpgpv Cpcn{uku
Rtkpekrcn Eqorqpgpv Cpcn{uku *REC+ jcu dggp wugf vq kpxgu/

vkicvg vjg oqvkqpu. eqphqtocvkqpcn ejcpigu. fwtkpi qwt ukownc/
vkqpu0 REC jcu dggp fkuewuugf kp fgvckn kp ugevkqp 6090 Kp REC qpg
qdvckpu vjg uq ecnngf rtkpekrcn eqorqpgpvu. xgevqtu vjcv ikxg vjg
rtkpekrcn fktgevkqpu kp yjkej vjg oqvkqpu qh vjg rtqvgkp jcrrgp0
Uwej c rtkpekrcn eqorqpgpv jqnfu vjtgg xcnwgu hqt gcej qdlgev.
cvqo qt eqctug itckpgf dgcfu. kp gcej ukowncvkqp0 Rnqvvkpi vjgug
xgevqtu qpvq cp kpkvkcn uvtwevwtg jcu rtqqhgf vq dg cp g二ekgpv yc{
vq kpxguvkicvgoqvkqpu kpOF ukowncvkqpu0 Vjg ngpivj qh gcej xge/
vqt ku rtqrqtvkqpcn vq vjg cornkvwfg qh oqvkqpu kp vjg fktgevkqpu
vjcv vjg xgevqtu ctg rqkpvkpi vq0 Vjku yc{ qpg ecp gkvjgt kpxgu/
vkicvg yjgtg ukipk難ecpv 汝gzkdknkv{ ku vq dg hqwpf qp vjg oqngewng
qt rtqvgkp kpxguvkicvgf qt yjgtg eqphqtocvkqpcn ejcpigu okijv
vcmg rnceg0 Cp knnwuvtcvkqp ku ujqyp kp 難iwtg 8070 Uwej c 難iwtg
ecp dg ftcyp kp XOF wukpi vjg hqnnqykpi uetkrv<
ugv urnkvhkngfkt $1ukowncvkqp/z1eqorunkv$
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Hkiwtg 806< Dnwttgf kocig< Vjku kocig jcu dggp etgcvgf wukpi
vjg kociguadngpf uetkrv htqo vjg vjg 難tuv vygnxg htcogu qh uko/
wncvkqp 53 cu tghgtgpegf kp vcdng 6030
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ugv xgevqtahkng ]qrgp &urnkvhkngfkt1vqvcnqwv_

rtqe xofaftcyacttqy }oqn uvctv gpf’ }
% cp cttqy ku ocfg qh c e{nkpfgt cpf c eqpg 207 208
ugv okffng ]xgecff &uvctv ]xgeuecng 207 ]xgekpxgtv ]xgeuwd &gpf &uvctv____
ugv hkpcngpf ]xgecff &uvctv ]xgeuecng 208 ]xgekpxgtv ]xgeuwd &gpf &uvctv____
itcrjkeu &oqn e{nkpfgt &uvctv &okffng tcfkwu 203
itcrjkeu &oqn eqpg &okffng &hkpcngpf tcfkwu 204

’

hqt }ugv k 3’ } &k > 843 ’ }kpet k ’ }
ugv ugn ]cvqougngev vqr $tgukf &k cpf v{rg EC$_
ugv dcugz ]gzrt ]&ugn igv z__
ugv dcug{ ]gzrt ]&ugn igv {__
ugv dcug¦ ]gzrt ]&ugn igv ¦__
ugv dcug $&dcugz &dcug{ &dcug¦$
igvu &xgevqtahkng nkpg
uecp &nkpg $'u 'u 'u$ xgez xge{ xge¦
ugv xge $&xgez &xge{ &xge¦$
ugv vctigv ]xgecff &dcug &xge_
xofaftcyacttqy vqr &dcug &vctigv

’

enqug xgevqtahkng

Nkuvkpi 8037< Tgpfgtkpi REC xgevqtu wukpi XOF vtclge/
vqt{atgpfgt0ven uetkrv

yjgtg vjg urnkv凪ngfkt ku vjg fktgevqt{ yjgtg vjg uetkrvu urnkv/gx/
eqo cpf igp/x/3/: jcxg dggp twp0 Vjgug vyq uetkrvu igpgtcvg vjg
難ngu pgeguuct{ vq twp vjg vtclgevqt{atgpfgt0ven uetkrv rtgugpvgf
jgtg0 Hqt hwtvjgt fgvcknu vjg tgcfgt ku tghgttgf vq ugevkqp 6090 Kp
vjg uetkrv ujqyp jgtg kp nkuvkpi 8037 vjg xgevqtu ctg ftcyp qp vjg
nqecvkqpu qh vjg Ｆ/ectdqpu0 Vjg pwodgt 843 tgrtgugpvu vjg pwo/
dgt qh tgukfwgu cpf vjwu Ｆ/ectdqpu cxckncdng kp vjku uvtwevwtg0
Qpg ujcnn oqfkh{ vjg dgikppkpi qh vjg hqt nqqr cpf vjg cvqo ug/
ngevkqp ceeqtfkpi vq RECu ocfg. yjgp wukpi vjku uetkrv0

806 Xkuwcnk¦cvkqp cpfOqngewnct SwcpvwoOg/
ejcpkeu

Kp vjku ugevkqp. yg ujqy jqy yg xkuwcnk¦gf vjg tguwnvu qd/
vckpgf htqo oqngewnct swcpvwo ogejcpkeu yjkej ycu vtgcvgf
kp fgvckn kp ejcrvgt 70 Qpg qh vjg rtkpekrcn qdlgevkxgu qh uwej
c ecnewncvkqpu ku vq qdvckp vjg rtqdcdknkv{ vq 難pf cp gngevtqp kp
c egtvckp tgikqp kp urceg0 Xkuwcnk¦kpi vjku gngevtqp fgpukv{ cn/
nqyu qpg vq kpxguvkicvg vjg fghqtocvkqp qh vjku rtqdcdknkv{ enqwf0
Jgpeg. qpg okijv xkuwcnn{ gzrgtkgpeg rj{ukecn rtqrgtvkgu uwej
cu rqnctk¦cvkqp0 Xkuwcnk¦cvkqp qh vjg gngevtqp enqwf. vjg rtqdcdkn/
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Hkiwtg 807< Xkuwcnk¦cvkqp qh rtkpekrcn eqorqpgpvu< Jgtg vjg 難tuv
gkijv rtkpekrcn eqorqpgpvu ceeqtfkpi vq gswcvkqp *60352+ gxcn/
wcvgf htqo ukowncvkqpu 53. 54. 55 cpf 56 ctg ujqyp cu itc{ ct/
tqyu qp vjg nqecvkqpu qh vjg Ｆ/ectdqpu0 Vjg GIH/nkmg tgrgcvu ctg
jkijnkijvgf kp tgf. P v{rg tgrgcvu htqo vjg Uvcnm kp qtcpig. E
v{rg tgrgcvu kp xkqngv. vjg Inqdg kp itggp cpf vjg ecnekwo kqpu kp
dnwg0 Fgvcknu qh vjg ukowncvkqpu ctg jkijnkijvgf kp vcdng 6030
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kv{ vq 難pf cp gngevtqp kp c egtvckp tgikqp kp urceg. jcu dggp fqpg
wukpi vjg xqnwog tgpfgtkpi vgejpkswg kp Dngpfgt ]5;_0 Kp xqnwog
tgpfgtkpi c xqnwog eqpvckpkpi c xqzgn fgpukv{ ecp dg xkuwcnk¦gf0
Vjku vgejpkswg ku rctvkewnctn{ wughwn. hqt kpuvcpeg. kp vjg tgpfgt/
kpi qh enqwfu. cpf fcvgu cv ngcuv dcem vq vjg gctn{ 3;:2)u ]366_0
Kp ejcrvgt 7 yg fgcnv ykvj rctvkewnct nctig oqngewngu *kp vgtou qh
oqngewnct swcpvwo ogejcpkeu+0 Cv vjg vkog yjgp yg 難tuv vtkgf
vq ocmg vjgug mkpf qh xkuwcnk¦cvkqpu. xqnwog tgpfgtkpi kp XOF
]59_ ycu pqv cdng vq nqcf c xqzgn itkf qh vjg tguqnwvkqp tgswktgf
vq qdvckp fgegpv tguwnvu hqt vjg nctig oqngewngu yg vtgcvgf0 Xqn/
wog tgpfgtkpi kp R{Oqn ]5:_ ycu pqv {gv gzkuvgpv0 Jgpeg. yg
vwtpgf vq Dngpfgt0

Tgpfgtkpi vjg Gngevtqp Enqwf kp Dngpfgt
Kp qtfgt vq tgpfgt vjg gngevtqp fgpukv{ kp Dngpfgt qpg jcu 難tuv

vq vtcpuhqto kv kpvq c hqtocv vjcv Dngpfgt wpfgtuvcpfu0 Dngpfgt
ecp tgcf uq ecnngf : dkv tcy 難ngu0 Cp : dkv tcy 難ng ku pqvjkpi gnug
vjgp c 難ng vjcv eqpvckpu pqvjkpi oqtg vjgp : dkv xcnwgu0 Vjgtg/
hqtg kv jcu pq fcvc urgek難ecvkqp. 難ng jgcfgt qt qvjgt ogvcfcvc
vjcv ku uvqtgf ykvj kv0 Qpg ecp ugg uwej c 難ng cu cp cttc{ qh xcn/
wgu tcpikpi htqo 2 vq 477. yjkej ku cnn vjcv cp : dkv kpvgigt ecp
jqnf0 Vjgug 難ngu ecp vjgp dg wugf kp Dngpfgt. yjgtg qpg urgek/
難gu vjg itkf fcvc. jgpeg jqy ocp{ rqkpvu fq gzkuv kp z. {. cpf ¦
fktgevkqp0 Vjgug rqkpvu ctg ocrrgf vq vjg fcvc uvqtgf kp vjg :
dkv tcy 難ng cpf ecp kp汝wgpeg vjg xqnwog vq dg tgpfgtgf. kp ocp{
fk軟gtgpv yc{u0 Vjg fcvcuvtwevwtg pggfgf vq igpgtcvg 難ngu vjcv
ctg tgcfcdng d{ Dngpfgt ku gzrtguugf kp vjg E ncpiwcig kp vjg
hqnnqykpi yc{<
hqt*kpfgzaz?2=kpfgzaz>uk¦gz=kpfgzaz--+ }
hqt*kpfgza{?2=kpfgza{>uk¦g{=kpfgza{--+ }
hqt*kpfgza¦?2=kpfgza¦>uk¦g¦=kpfgza¦--+ }
kpfgz ? kpfgzaz-kpfgza{,uk¦gz-kpfgza¦,uk¦gzD[uk¦g{=
uocnnvcdng]kpfgz_ ? *ejct+tkpv*/okp-dkivcdng]kpfgz_,tguecnghcevqt+=

’
’

’
hqt*k?2=k>pwoahtcogu=k--+ }
ytkvg*tcyhkng.uocnnvcdng.uk¦gz,uk¦g{,uk¦g¦+=

’

Nkuvkpi 8038< Ytkvkpi cp : dkv tcy 難ng hqt Dngpfgt

Yjgtg kpfgzaz. kpfgza{ cpf kpfgza¦ ctg vjg kpfkegu qh vjg rqkpvu
qh vjg itkf0 Kp vjg kppgt rctv qh vjg nqqr c xcnwg ku tguecngf vq 難v
kpvq vjg 478 xcnwgu vjcv vjku fcvcv{rg q軟gtu0 Kp vjg ugeqpf nqqr
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kp vjku uetkrv. vjg tcy 難ng ku ytkvvgp vq vjg fkum0 Kp vjku ecug. qpg
cpf vjg ucog htcog ku ytkvvgp ownvkrng vkogu0 Vjku ku vq rqkpv qwv
vjcv qpg eqwnf hwtvjgt cff vq vjg : dkv tcy 難ngu oqtg cpf oqtg
xcnwgu yjkej ctg tgcf d{ Dngpfgt kp rtgrctkpi vjg tgpfgtkpi qh
ugxgtcn fk軟gtgpv htcogu qh c oqxkg0 Vjku yc{ qpg jcu vjg cdkn/
kv{ vq ejcpig vjg ujcrg qh c enqwf htqo htcog vq htcog fwtkpi c
oqxkg0 C rtqrgtv{ vjcv yg yknn wug ncvgt qp0 Fk軟gtgpv : dkv tcy
難ngu ecp dg wugf vq oqfgn c xqzgn ugv qh c xqnwog vq dg tgpfgtgf0
Qpg : dkv tcy 難ng ecp. hqt kpuvcpeg. dg wugf vq igpgtcvg vjg fgp/
ukv{ qh vjg xqzgnu. yjkng cp qvjgt : dkv tcy 難ng ecp dg wugf vq
ocr fk軟gtgpv tg汝gzkqp qt vtcpuokuukqp eqnqtu vq fk軟gtgpv xqz/
gnu. kpfgrgpfgpv qh vjg fgpukv{0 Vjg tg汝gzkqp cpf vtcpuokuukqp
eqnqtu kp汝wgpeg vjg eqnqt qh nkijv uecvvgtgf d{ vjg xqnwog0 Vjg
wug qh ownvkrng : dkv tcy 難ngu vq oqfgn c ukping xqnwog ku hwt/
vjgt c hgcvwtg vjcv yg okijv 難pf wughwn ncvgt qp0 Kp qtfgt vq
tgpfgt c ukping kocig qh vjg gngevtqp enqwf yg etgcvgf c uetkrv
vjcv igpgtcvgu uwej : dkv tcy 凪ngu htqo Icwuukcp ]346_ ewdg 難ngu
vjcv eqpvckp vjg gngevtqp fgpukv{0 Cu cntgcf{ rqkpvgf qwv kp 707 c
Icwuukcp ewdg 難ng ecp dg etgcvgf wukpi vjg ewdgigp wvknkv{ htqo
Icwuukcp0 Vjg igqogvt{ qh uwej c Icwuukcp ewdg 難ng ecp dg fg/
難pgf wukpi c uocnn vgzv 難ng0 Vjku okijv dg pgeguuct{ cu. qvjgt
vjgp vjg pcog kpfkecvgu. ewdgigp d{ fghcwnv etgcvgu Icwuukcp
ewdg 難ngu vjcv ctg ewdqkfgu cpf pqv ewdgu kp vjgkt ujcrg0 C 難ng
vq fg難pg vjg gzcev uvtwevwtg qh Icwuukcp ewdg 難ng nqqmu nkmg
/3./;028:739./90288554./;09:699;
/722.2025.202.202
722.202.2025.202
722.202.202.2025

Nkuvkpi 8039< Rctcogvgtu vq igpgtcvg c ewdg 難ng

Vjg /3 rctcogvgt kp vjg 難tuv nkpg vgnnu ewdgigp vq etgcvg hqtocv/
vgf 難ngu0 Vjg pgzv vtgg rctcogvgtu ctg vjg qtkikp qh vjg Icwuukcp
ewdg 難ng vq dg igpgtcvgf0 Vjg hqnnqykpi vjtgg nkpgu eqpvckp kp vjg
難tuv xcnwg vjg pwodgt qh rqkpvu vq dg gzrtguugf kp gcej fktgevkqp
hqnnqygf d{ vjg fktgevkqp xgevqt0 Vjg okpwu kp vjg ugeqpf nkpg kp/
fkecvgu vjcv xcnwgu ctg gzrtguugf kp cvqoke wpkvu0 D{ oqfkh{kpi
vjg ngpivj qh vjg fktgevkqp xgevqt cpf vjg pwodgt qh rqkpvu vq
dg gzrtguugf. yg ecp igpgtcvg Icwuukcp ewdg 難ngu qh ctdkvtct{
tguqnwvkqp cpf gpuwtg vjcv vjgug 難ngu eqpvckp c ewdgnkmg itkf0
Wukpi vjku kphqtocvkqp c Icwuukcp ewdg 難ng ecp dg etgcvgf htqo
c Icwuukcp ejgemrqkpv 難ng qdvckpgf htqo c swcpvwo/ogejcpkecn
ecnewncvkqp kp vjg hqnnqykpi yc{<
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ecv igqogvt{ ̃ ewdgigp 2 fgpukv{?ueh ejgemrqkpv0hejm ewdghkng /3

Nkuvkpi 803:< Igpgtcvkpi c ewdg 難ng

yjgtg igqogvt{ ku c vgzv難ng eqpvckpkpi vjg igqogvt{ qh vjgIcwu/
ukcp ewdg 難ng cu qwvnkpgf kp nkuvkpi 8039. ejgemrqkpv0hejm ku c
hqtocvvgf ejgemrqkpv 難ng eqpvckpkpi vjg tguwnvu htqo c swcpvwo/
ogejcpkecn ecnewncvkqp cpf ewdghkng ku vjg Icwuukcp ewdg 難ng vq
dg ytkvvgp0 Hqt vjg etgcvkqp qh ejgemrqkpv 難ngu cpf qvjgt kphqt/
ocvkqp. vjg tgcfgt ku tghgttgf vq vjg ocpwcn ujkrrgf ykvj vjg
Icwuukcp uqhvyctg0 Qpeg vjg Icwuukcp ewdg 難ng jcu dggp qd/
vckpgf. kv ecp dg eqpxgtvgf d{ qwt ewdg4tcy uetkrv kpvq cp : dkv
tcy 難ng vjcv ku tgcfcdng d{ Dngpfgt0 Vjg ewdg4tcy uetkrv cwvq/
ocvkecnn{ ugctejgu hqt vjg oczkowo cpf okpkowo fgpukv{ xcnwg
hqwpf kp vjg Icwuukcp ewdg 難ng cpf ocru xcnwgu vq : dkv kpvgigt
xcnwgu cpf vjgtghqtg vq xcnwgu tcpikpi htqo 2 vq 4770 Vjku uetkrv
ecp dg eqorkngf d{ vjg hqnnqykpi eqoocpf<
iee /Q4 ewdg4tcy0e /q ewdg4tcy

Nkuvkpi 803;< Eqorknkpi vjg ewdg4tcy uetkrv

Vjg uetkrv ecp vjgp dg twp d{ kuuwkpi vjg eqoocpf<
01ewdg4tcy ewdghkng tcyhkng 3

Nkuvkpi 8042< Eqorknkpi vjg ewdg4tcy uetkrv

yjgtg ewdghkng ku c Icwuukcp ewdg 難ng vq dg eqpxgtvgf. tcyhkng
ku c : dkv tcy 難ng vq dg ytkvvgp0 Vjg pwodgt 3 kpfkecvgu vjcv
vjg fcvc ujqwnf dg ytkvvgp qpn{ qpeg vq vjg 難ng0 Jkijgt pwodgtu
igpgtcvg c nctigt 難ng ytkvkpi vjg ucog fcvc ownvkrng vkogu vq vjg
難ng. yjkej kp igpgtcn ujqwnf pqv dg pgeguuct{0 Kp Dngpfgt vjku
難ng ku vjgp wugf d{ c ewdg qdlgev hqt kpuvcpeg0 Vjg ewdg qdlgev kp
Dngpfgt jcu vq dg cuukipgf vq dg qh xqnwog ocvgtkcn0 Vjgp c vgz/
vwtg ku cffgf vq vjku ocvgtkcn. yjkej ku qh v{rg Xqzgn Fcvc0 Kp vjg
rcpgn qh vjg vgzvwtg rtqrgtvkgu kp vjg xqzgn fcvc ugevkqp qpg ecp
ugngev vjg 難ng hqtocv : Dkv TCY cpf vjg kp汝wgpegu vjku 難ng jcu
qp vjg xqnwog eqpvckpgf kp vjg ewdg qdlgev0 Hwtvjgt ugngevkqpu
kp Dngpfgt ctg ugnh gzrnckpkpi cpf pqv hwtvjgt qwvnkpgf jgtg0 Cp
kocig qh vjg gngevtqp fgpukv{ qh vjg :P Uvcnm tgrgcv ocfg ykvj
Dngpfgt wukpi vjku ogvjqf ku ujqyp kp 難iwtg 8080 Yg ujcnn pqvg
vjcv vjku oqngewng eqpvckpu oqtg vjgp 422 cvqou cpf vjcv vjku
ku vjg 難tuv 難iwtg qh uwej c nctig oqngewng kp vjku tgrtgugpvcvkqp
vjcv yg jcxg uggp0
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Hkiwtg 808< Vjg gngevtqp enqwf qh vjg :P tgrgcv htqo vjg Uvcnm
qh vjg VUR UF tgpfgtgf wukpi vjg xqnwog tgpfgtkpi vgejpkswgu
kp Dngpfgt ]5;_0
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Ocmkpi c Oqxkg htqo Tguwnvu Qdvckpgf htqo Oqngewnct Swcpvwo
Ogejcpkeu

Hwtvjgt kpvtkiwgf. yg ycpvgf vq ocmg c oqxkg wukpi qwt pgy
vqqn0 Vjku ujqwnf cnnqy wu vq kpxguvkicvg xkuwcnn{ yjcv jcrrgpu
qp c swcpvwo oqngewnctngxgn kh c ecnekwo kqp gpeqwpvgtu cp cu/
rctvke cokpq cekf. c rtqeguu vjcv ku etwekcn vq wpfgtuvcpf vjg
f{pcokeu qh vjg Uvcnm tgrgcvu htqo vjg VUR UF0 Kp qtfgt vq fq
uq yg ecnewncvgf vjg ycxg hwpevkqp qh cp curctvke cekf vqigvjgt
ykvj c ecnekwo cvqo cv fk軟gtgpv fkuvcpegu0 Vjgug ecnewncvkqpu
yjgtg ocfg wukpi DJcpfJN[R18/53I,, vjgqt{0 Vjg{ ctg jqy/
gxgt kpjgtgpvn{ ytqpi cu pq ycvgt oqngewngu ctqwpf vjg ecnekwo
kqpu fq gzkuv cpf vjg uvtwevwtgu ygtg pqv okpkok¦gf kp qtfgt vq
ocmg vjku oqxkg0 Vjg vjgqt{ cpf jqy uwej swcpvwo ecnewncvkqpu
ctg rgthqtogf ku qwvnkpgf kp ejcrvgt 70 Cp{yc{. yg ygtg uwe/
eguuhwn kp tgpfgtkpi qwt ecnekwo/curctvke cekf kpvgtcevkqp kp xce/
wwo. cpf dgnkgxg vjcv tgpfgtkpiu nkmg vjku ecp rtqxkfg kpukijvu
kpvq swcpvwo oqngewnct rtqeguugu0 Kpfggf qpg ecp ugg vjg gnge/
vtqp fgpukv{ fghqto cu vjg eqphqtocvkqp qh vjg ecnewncvgf u{uvgo
ejcpigu0 Yg yknn fguetkdg jgtg vjg uvgru kp qtfgt vq ocmg uwej
c oqxkg<
Kp vjg 難tuv rnceg qpg jcu vq igpgtcvg c dwpej qh Icwuukcp kp/

rwv 難ngu hqt cnn vjg ecnewncvkqpu. yjgtg vjg igqogvt{ qh c rctv
qh vjg u{uvgo uvc{u vjg ucog. yjkng cp qvjgt rctv ku oqxkpi0 Kp
qwt ecug vjg curctvke cokpq cekf cnyc{u uvc{u cv tguv. yjkng vjg
ecnekwo kqp ku oqxkpi htqo htcog vq htcog *htqo Icwuukcp kprwv
難ng vq Icwuukcp kprwv 難ng+ vq c fk軟gtgpv rqukvkqp0 Qpg ujcnn dg
tghgttgf vq vjg tghgtgpeg ocpwcn vjcv eqogu ykvj Icwuukcp jqy
vq igpgtcvg uwej kprwv 難ngu0 Cnn vjg kprwv 難ngu twp c swcpvwo
ogejcpkecn ecnewncvkqp kp qtfgt vq qdvckp vjg gngevtqp fgpukv{
ctqwpf gcej oqngewng. cpf tguwnv kp c ugrctcvg ejgemrqkpv 難ng
htqo yjkej c Icwuukcp ewdg 難ng ku igpgtcvgf0 Vjg dki rtqdngo
kp jgtg ku vjcv gxgt{ Icwuukcp ewdg 難ng d{ fghcwnv tguwnvu kp c
fk軟gtgpv igqogvt{0 Vjg oqngewngu kp vjgug 難ngu ctg uvqtgf cv c
fk軟gtgpv nqecvkqp kp c fk軟gtgpv tqvcvkqp0 Vq qxgteqog vjku kuuwg
yg igpgtcvgf c ewdgcnkip uetkrv vjcv cnnqyu wu vq cnkip vjg u{u/
vgou cpf vq igpgtcvg Icwuukcp ewdg 難ngu qh vjg ucog igqogvt{0
Kp qtfgt vq fq uq yg ecnewncvgf vjg vgpuqt qh kpgtvkc. egpvgtgf
vjg pqp oqxkpi rctv. kp qwt ecug vjg curctvke cekf. cpf ecnew/
ncvgf c dcuku vtcpuhqtocvkqp uq vjcv vjg ockp kpgtvkcn czgu cnkip
ykvj vjg eqqtfkpcvg czgu qh vjg ewdg0 Vjgug dcuku vjgp ecp dg
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wugf cu kpkvkcn xgevqtu kp vjg igpgtcvkqp qh vjg Icwuukcp ewdg
難ng cu qwvnkpgf kp nkuvkpi 8039 cpf jgpeg cnn ewdgu yknn eqpvckp
vjg ucog itkf rqkpvu ctqwpf vjg pqp oqxkpi rctv. vjg curctvke
cokpq cekf kp qwt ecug0 Qwt ewdgcnkip uetkrv ecp dg eqorkngf qp
c Wpkz u{uvgo kp vjg hqnnqykpi yc{<
iee /Q4 ewdgcnkip0e /ndncu /nncrcem /N1rcvj /q ewdgcnkip

Nkuvkpi 8043< Eqorknkpi vjg ewdgcnkip uetkrv qp c Wpkz u{uvgo

Jgtg /ndncu cpf /nncrcem ecnnu vjg ncrcem nkdtct{ pgeguuct{ kp
qtfgt vq ecnewncvg vjg gkigpxgevqtu qh vjg kpgtvkcn vgpuqt. jgpeg
vjg kpgtvkcn czgu0 /N1rcvj kpfkecvgu vjg rcvj yjgtg vjgug nk/
dtctkgu ecp dg hqwpf0 Qp c Oce QU Z vjku uetkrv ecp dg eqo/
rkngf wukpi vjg xgeNkd htcogyqtm vjcv eqpvckpu qrvkok¦gf dncu
cpf ncrcem hwpevkqpu0
iee /Q4 ewdgcnkip0e /htcogyqtm xgeNkd /q ewdgcnkip

Nkuvkpi 8044< Eqorknkpi vjg ewdgcnkip uetkrv qp Oce QU Z

Vjg uetkrv ku vjgp twp kp kuuwkpi vjg hqnnqykpi eqoocpf kp qt/
fgt vq igpgtcvg vgzv upkrrgvu nkmg vjg qpgu ujqyp kp nkuvkpi 80390
Vjgug uocnn vgzv 難ngu ugtxg cu kprwv 難ngu kp qtfgt vq etgcvg vjg
Icwuukcp ewdgu kp vjg eqttgev dcuku<
01ewdgcnkip kprwv0ewdg qwvhqtocv gzegrvkqpu

Nkuvkpi 8045< Twppkpi vjg ewdgcnkip uetkrv

Jgtg kprwv0ewdg ku vjg qtkikpcn Icwuukcp ewdg 難ng vjcv jcu pqv
wpfgtiqpg c eqqtfkpcvg vtcpuhqtocvkqp. qwvhqtocv ku vjg pcog
qh vjg vgzv upkrrgv vjcv eqpvckpu vjg kprwv rctcogvgtu cu jkij/
nkijvgf kp nkuvkpi 8039 kp qtfgt vq igpgtcvg vjg Icwuukcp ewdg 難ng
kp vjg cnkipgf eqqtfkpcvgu0 gzegrvkqpu ku c 難ng eqpvckpkpi vjg
oqxkpi rctvu qh vjg oqngewng. yjkej kp vjku ecug ku vjg ecnekwo
kqp0 Vjg hqtocv qh vjku 難ng ku tcvjgt ukorng0 Gcej nkpg kp vjku 難ng
uvcpfu hqt cp cvqo vq dg gzenwfgf kp vjg kpgtvkcn czgu ecnewncvkqp0
Uwej c nkpg vjgp eqpvckpu c pwodgt. yjkej ku vjg pwodgt qh vjg
cvqo vq dg gzenwfgf0 Vjg pwodgt qh vjg cvqo ku fg難pgf d{ vjg
qeewttgpeg kp vjg Icwuukcp 難ng0 Dgyctg vjcv vjg 難tuv nkpg eqp/
vckpkpi cp cvqo kp vjg ewdg 難ng ku jgtg kpfgzgf ykvj pwodgt 20
Wukpi vjg pgy eqqtfkpcvg 難ngu etgcvgf ykvj vjku uetkrv hqt gxgt{
htcog hqt yjkej c rtgxkqwun{ Icwuukcp ewdg 難ng jcu dggp igpgt/
cvgf. c pgy Icwuukcp ewdg 難ng kp vjg cnkipgf eqqtfkpcvgu ku pqy
dwknv0 Chvgtyctfu qpg jcu vq etgcvg cp : dkv tcy 難ng vjcv eqp/
vckpu cnn vjg kphqtocvkqp qh cnn vjg Icwuukcp ewdg 難ngu vjcv jcxg
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dggp qdvckpgf hqt gcej htcog kp vjg oqxkg0 Kp qtfgt vq fq vjku
yg etgcvgf c pgy uetkrv ecnngf ownvkewdg4tcy0 Vjku ycu pgegu/
uct{ cu qpg jcu vq 難pf vjg oczkowo cpf vjg okpkowo xcnwg qh
c itkf rqkpv qxgt cnn vjg Icwuukcp Ewdg 難ngu kp qtfgt vq eqttgevn{
eqpxgtv vjgo kpvq : dkv kpvgigt hqtocvu0 Cu ujqyp dghqtg vjg :
dkv tcy 難ng ecp jqnf vjg xqzgn fcvc hqt oqtg vjgp qpg htcog qh c
oqxkg. yjkej ycu hwtvjgt wugf kp vjku uetkrv0 Vjgownvkewdg4tcy
uetkrv ku eqorkngf d{ vjg eqoocpf<
iee /Q4 ownvkewdg4tcy0e /q ownvkewdg4tcy

Nkuvkpi 8046< Eqorknkpi vjg ownvkewdg4tcy uetkrv

Vjg uetkrv vjgp ecp dg ecnngf d{ vjg eqoocpf<
01ownvkewdg4tcy ewdghkng3 ewdghkng4 ]000_ ewdghkngP qwvhkng0tcy

Nkuvkpi 8047< Twppkpi vjg ownvkewdg4tcy uetkrv

yjgtg ewdghkng3 孤ewdghkngP ctg vjg Icwuukcp ewdg 難ngu vjcv
eqpvckp hqt kpuvcpeg vjg gngevtqp fgpukv{ hqt gcej htcog qh qwt
oqxkg0 Vjg rctcogvgt qwvhkng0tcy ku vjg : dkv tcy 難ng vjcv eqp/
vckpu vjg xqzgn kphqtocvkqp hqt cnn qh vjg htcogu qh vjg pgy oqxkg
vq dg tgpfgtgf0
Kp qwt ecug yg fkf vjg yjqng rtqegfwtg vykeg qpeg igpgtcvkpi

cp : dkv tcy 難ng eqpvckpkpi vjg gngevtqp fgpukv{. cpf c ugeqpf :
dkv tcy 難ng eqpvckpkpi vjg gngevtquvcvke rqvgpvkcn0 Vjg gngevtq/
uvcvke : dkv tcy 難ng jcu vjgp dggp ocrrgf vq c eqnqt itcfkgpv
kp Dngpfgt yjkej kp vwtp ycu ocrrgf vq vjg tg汝gevgf eqnqt qh
c xqzgn kp vjg xqnwog vq dg tgpfgtgf0 Vjg gngevtqp fgpukv{ ycu
kpvwkvkxgn{ ocrrgf vq vjg xqnwogu fgpukv{0 Jgpeg. yg qdvckpgf
vjg gngevtqp enqwf eqnqtgf ykvj vjg ewttgpv gngevtquvcvke rqvgp/
vkcn xcnwgu0 C uvknn htcog qh vjg oqxkg igpgtcvgf wukpi vjku rtq/
egfwtg ecp dg hqwpf kp 難iwtg 8090
Cv vjg gpf qh vjku ugevkqp yg yqwnf hwtvjgt nkmg vq rqkpv qwv

vjcv SO ukowncvkqp rcemcigu uwej cu EROF ]367_. ykvjqwv iqkpi
kpvq cp{ fgvcknu qh uwej ukowncvkqpu. fq uwrrqtv vjg rquukdknkv{
vq qwvrwv Icwuukcp ewdg 難ngu0 Ogvjqfu nkmg vjqug ujqyp jgtg
ujqwnf vjwu dg crrnkecdng vq uwej ukowncvkqpu. cpf yg ctg gcigt
vq ugg vjg 難tuv oqxkg ocfg ykvj Dngpfgt htqo uwej c v{rg qh
ukowncvkqp0
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Hkiwtg 809< Vjg gngevtqp enqwf qh c ecnekwo/ curctvke cokpq cekf
eqorngz< Ctgcu eqnqtgf kp dnwg kpfkecvg c pgicvkxg gngevtquvcvke
rqvgpvkcn. yjkng ctgcu ykvj c rqukvkxg rqvgpvkcn ctg kpfkecvgf kp
tgf0
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Fwtkpi vjku yqtm yg jcxg vqwejgf ugxgtcn fk軟gtgpv 難gnfu qh
uekgpeg cpf ygtg gxgp ecrcdng vq dtkpi uekgpeg cpf ctv c dkv
enqugt0 Cu ujqyp kp vjg ejcrvgt 5. yg uvctvgf vjku yqtm d{ nqqm/
kpi cv vjg dkqnqi{ qh vjg Vjtqodqurqpfkp *VUR+ oqngewng cpf
oqtg urgek難e kvu Ukipcvwtg Fqockp *UF+0 Yg eqpvkpwgf kp rgt/
hqtokpiOqngewnct F{pcokeu *OF+ ukowncvkqpu cu ujqyp kp ejcr/
vgt 60 Cttkxkpi cv vjg nkokvu qh yjcv ku hgcukdng kp rgthqtokpi
OF ukowncvkqpu fwg vq vjg urgek難eu qh vjg VUR UF cpf vjg nctig
pwodgt qh ecnekwo/ rtqvgkp kpvgtcevkqpu. yg vwtpgf vq oqngewnct
Swcpvwo Ogejcpkeu *SO+0 Wukpi oqngewnct SO cu qwvnkpgf kp
ejcrvgt 7 yg kpxguvkicvgf vjg gngevtqp fgpukv{ qh c egtvckp tg/
ikqp kp vjg VUR UF cpf qdvckpgf rtgnkokpct{ tguwnvu vjcv pggf
hwvwtg yqtm kp qtfgt vq dg eqttgevn{ cpcn{¦gf cpf kpvgtrtgvgf0
Yg hwtvjgt fgxgnqrgf c pgy cniqtkvjo vq fgtkxg rctvkcn ejctigu
wukpi pgy rtqitcookpi vgejpkswgu. vjcv kpenwfg c ocuukxg rct/
cnngn rtqitcookpi crrtqcej wukpi QrgpEN0 Vjku cnnqygf wu vq
twp qwt pgy rctvkcn ejctigu cniqtkvjo qp fk軟gtgpv mkpfu qh Jctf/
yctg uwej cu Itcrjkeu Rtqeguukpi Wpkvu *IRW+u0 Dgukfgu cnn qh
vjku yg fgxgnqrgf ogvjqfu kp qtfgt vq dgvvgt xkuwcnk¦g cpf jgpeg
vq dgvvgt wpfgtuvcpf vjg rtqeguugu vjcv yg jcxg kpxguvkicvgf0 Xk/
uwcnk¦cvkqp cu qwvnkpgf kp ejcrvgt 8 cnuq rnc{u cp ctvkuvke tqng cpf
ku qh cguvjgvke xcnwg0 Vjcv qwt yqtmu jcxg dggp ugngevgf pqv qpn{
hqt uekgpvk難e dwv cnuq ctvkuvke. qt okzgf ctvkuvke uekgpvk難e eqphgt/
gpegu ujqyu jqy hct vjku yqtm tgcejgu. cpf jqy ocp{ fk軟gtgpv
難gnfu qpg jcu vq vtgcv kp qtfgt vq igv cp qxgtxkgy qh c okpkcvwtg
qdlgev. c fqockp qh c rtqvgkp kpukfg qwt qyp dqf{0 Ocp{ fk軟gt/
gpv vjkpiu cdqwv vjg ogvjqfu wugf. cdqwv vjg tguwnvu qdvckpgf
jcxg dggp fkuewuugf cpf eqpenwfgf kp vjg fk軟gtgpv ejcrvgtu0
Vjg swguvkqp qpg okijv rqug pqy ku yjgtg fqgu vjku yqtm

eqpvkpwg cpf jqy fqgu vjg hwvwtg kpoqfgnkpi VUR cpf kvu UF nqqm
nkmg0 Yg yqwnf nkmg vq ocmg uqog 難pcn uvcvgogpvu jgtg dghqtg
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gpfkpi vjku yqtm ykvj uqog jkijnkijvu qh yjcv yg jcxg etgcvgf
cpf qdugtxgf<
Qpg ujqwnf mpqy vjcv cnoquv cnn vjg uvtwevwtgu qh vjg fk軟gtgpv

fqockpu qh vjg VURu ctg mpqyp. yjkej ycu kp fgvckn rqkpvgf qwv
kp ejcrvgt 50 Gxgp vqwij ugxgtcn uvtwevwtgu cpf c ogejcpkecn
vjgqtgvkecn oqfgn ctg rtqdcdn{ jctf vq qdvckp. cu ugxgtcn oqf/
wngu hgcvwtg ukipk難ecpv 汝gzkdknkv{0 Yg vjkpm vjcv cp qvjgt yc{
ujqwnf dg pqv nkmg wu iqkpi fqyp htqo vjg encuukecn OF fguetkr/
vkqp qp cp cvqoke ngxgn vq c uwd/ cvqoke ngxgn. dwv vq fq vjg kp/
xgtug. kp iqkpi htqo cp cvqoke ngxgn. vq c ogejcpkecn ngxgn. yjgtg
rtqvgkpu ctg fguetkdgf d{ dwknfkpi dnqemu qh eqpvkpwwo ogejcp/
keu cpf vq kpxguvkicvg vjg rtqvgkp wukpi uwejoqfgnu0 Gxgp vjqwij
vjku jcu pqv dggp vtgcvgf kp jgtg. yg dgnkgxg vjcv vjku yqtm yqwnf
dg kpvgtguvkpi. cpf okijv jkpv ugxgtcn tguwnvu0 Uqogvjkpi eqo/
rngvgn{ fk軟gtgpv ku vjg codkiwkv{ qh Enwuvgt qh Fk乍gtgpvkcvkqp
*EF/69+ dkpfkpi0 Yg jcxg qwvnkpgf kp ejcrvgt 5 vjcv rgrvkfgu
htqo vjg VUR UF jcxg dggp kpfkecvgf vq dg EF/69 dkpfkpi. jqy/
gxgt vjgug dkpfkpi ukvgu uggo. cu qwvnkpgf kp ejcrvgt 6. vq dg
dwtkgf0 Cu vjku kpvgtcevkqp ku korqtvcpv hqt ugxgtcn dkqnqikecn
hwpevkqpu yg vjkpm hwtvjgt yqtm ujqwnf dg fqpg vq gpnkijvgp vjgug
rtqeguugu0 Ocp{ hwtvjgt fk軟gtgpv vjkpiu eqwnf dg gpxkukqpgf.
dwv yg ujcnn gpf jgtg rqkpvkpi qwv qpeg oqtg vjg mg{ hgcvwtgu qh
vjku yqtm0
Vjg jkijnkijvu qh vjku yqtm ctg rtqdcdn{ vjg kfgpvk難ecvkqp qh

gzejcpigcdng kqpu qp vjg Uvcnm qh vjg VUR UF. cpf vjg 難tuv kp/
ukijvu kpvq vjg f{pcokeu qh vjku nctig fqockp0 Vjku jcu dggp kp
fgvckn fguetkdgf cpf fkuewuugf kp ejcrvgt 60 Hwtvjgt yg vjkpm
vjcv qwt pgy rctvkcn ejctigu cniqtkvjo ku qpg qh vjg mg{ rtqf/
wevu vjcv jcxg dggp etgcvgf cu c rctv qh vjku yqtm0 Vjku pgy
crrtqcej ku fgrctvkpi kp ugxgtcn yc{u htqo vjg gzkuvkpi qpgu0
Cpf vjg tgcfgt ujcnn dg tghgttgf vq ejcrvgt 7 hqt hwtvjgt fgvcknu0
Jqygxgt dgukfgu vjgug yg jqrg vjcv vjku yqtm ku kfgpvk難gf vq dg
c eqpvtkdwvkqp vq ocp{ fk軟gtgpv oqtg vqrkeu. cpf ctg kpvgtguvgf
vq ugg yjcv qvjgtu okijv fq ykvj vjg yqtm vjcv jcu dggp uvctvgf
kp ocp{ fk軟gtgpv yc{u kp jgtg. cpf yjgtg vjqug yqtmu okijv
ngcf wu0
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C03 Rtgugpvcvkqpu
Rctvu qh vjku yqtm ygtg rtgugpvgf cv vjg hqnnqykpi eqpitguugu<

30 UqekÈvÈ HtcpÅcku fg Dkqrj{ukswg / UHD 4232< kp Eqnng uwt
Nqwr. Htcpegykvj vjg rquvgt< Oqngewnct F{pcokeu qh Vjtqo/
dqurqpfkp

40 Itqwrg fg Itcrjkuog gv OqfÈnkucvkqp OqnÈewncktg / IIOO
4233< kp Nc Tqejgnng. Htcpeg ykvj vjg rquvgt< Oqngewnct
F{pcokeu / Vjtqodqurqpfkp Ukipcvwtg Fqockp

50 Kpvgnnkigpv U{uvgou hqt Oqngewnct Dkqnqi{ / KUOD 4233< kp
Xkgppc. Cwuvtkc ykvj vjg rquvgt< Kpukijvu vq vjg Vjtqodqurqpfkp
Ukipcvwtg Fqockp

60 5FUki 4233 < kp Xkgppc. Cwuvtkc ykvj vjg rquvgt< F{pcokeu
qh vjg Vjtqodqurqpfkpg Ukipcvwtg Fqockp

70 Gwtqrgcp Dkqrj{ukeu Eqpitguu / GDUC 4233< kp Dwfcrguv.
Jwpict{ ykvj vjg Rquvgt< Vjtqodqurqpfkp)u E/Vgtokpwu

80 Dngpfgt Eqphgtgpeg 4233< kp Couvgtfco. Pgvjgtncpfu ykvj
vjg vcnm< Dngpfgt kp Swcpvwo1Dkq/ Ejgokuvt{

90 Tgpeqpvtg fgu Ejkokuvgu VjÈqtkekgpu Htcpeqrjqpgu / TEVH
4234< kp Octugknng. Htcpeg ykvj vjg vcnm< Ownvkewdg / Fg nc
hqpevkqp f)qpfg cwz ejctigu rctvkgnngu cpf vjg rquvgt< Own/
vkewdg< Fg nc hqpevkqp f)qpfg cwz ejctigu rctvkgnngu

:0 5FUki 4234< kp Nqpi Dgcej. Ecnkhqtpkc WUC ykvj vjg rquvgt<
Vjg Fgrngvkqp qh Ecnekwo Kqpu Gzrnqtgf d{ OF Ukowncvkqpu<
C ecug uvwf{ qp Vjtqodqurqpfkp
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C04 Cempqyngfiogpvu
原 Vjg tgikqp qh Ejcorcipg Ctfgppg ku vjcpmgf hqt hwpfkpi
vjku rtqlgev0

原 Vjg vjgugu fktgevqtu Ocpwgn Fcwejg¦ cpf Ncwtgpv Octvkp{
cu ygnn cu vjg rgqrng yqtmkpi kp vjg Ncdqtcvqktg fg Uki/
pcnkucvkqp gv TÈegrvgwtu Ocvtkekgnu *UkTOc+ ctg itgcvhwnn{
vjcpmgf hqt iwkfkpi vjg uvwfgpv qh vjku vjgugu cpf hqt jcx/
kpi jgnrgf yjgtgxgt rquukdng0

原 Ecvjgtkpg Gvejgdguv cpf jgt vgco F{pcokswg fgu Uvtwe/
vwtgu gv Kpvgtcevkqpu fguOcetqoqnÈewngu Dkqnqikswgu *FUKOD+
ctg cempqyngfigf hqt vjg itgcv eqqrgtcvkqp vjcv ycu cejkgxgf
fwtkpi vjku rtqlgev0

原 Gtke Jgpqp ku itgcvhwnn{ vjcpmgf hqt jku uekgpvk難e ckf kp vjg
難gnf qh swcpvwo ejgokuvt{0

原 Yg vjcpmJgnowv Ucv¦igt cpf CpftgcYgkmgtv hqt vjgkt itgcv
htgg Dngpfgt eqwtugu cv vjg Ngkdpk¦ Tgejgp¦gpvtwo NT¥ kp
Owpkej vjcv yg jcxg cvvgpfgf kp 42330

原 Yg ctg vjcpmhwn hqt vjg eqwtugu qh vjg Ejkokuvgu VjÈqtkekgpu
fw Itcpf/Guv vjcv yg jcxg cvvgpfgf kp 42320

原 Okejcgn Pkignu ku vjcpmgf hqt vjg qticpk¦cvkqp qh vjg Gw/
tqrgcp Oqngewnct Dkqnqi{ Qticpk¦cvkqp *GODQ+ eqwtugu cv
vjg Rcuvgwt Kpuvkvwvg kp Rctku 4232 yjkej yg cvvgpfgf0

原 Yg vjcpm Vtcpuvge Htcpeg. vjgEgpvtg KphqtocvkswgPcvkqpcn
fg n)Gpugkipgogpv UwrÈtkgwt *EKPGU+. vjg Egpvtg fg Ecnewn
fg Ejcorcipg Ctfgppg TQOGQ cpf vjg Rncvhqtog oqf/
gnkucvkqp oqnÈewncktg ownvkÈejgnng *RO5+ yjkej jcxg itcvg/
hwnn{ fgfkecvgf eqorwvcvkqpcn vkog qp vjgkt ocejkpgu vq qwt
rtqlgevu0

原 Hkpcnn{ vjg cwvjqt vjcpmu jku hcokn{. htkgpfu cpf cnn vjqug
yjq rtqxkfgf fkuewuukqpu. uqekcn cpf gxgt{ qvjgt mkpf qh
kocikpcdng uwrrqtv vjcv jcxg jgnrgf vq tgcnk¦g vjku vjguku0
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]3_ Dcgp¦kigt PN. Dtqfkg IP. Oclgtwu RY0 C Vjtqodkp/
Ugpukvkxg Rtqvgkp qh Jwocp Rncvgngv Ogodtcpgu0 Rtqeggf/
kpiu qh vjg Pcvkqpcn Cecfgo{ qh Uekgpegu0 3;93=8:*3+<462/
/4650

]4_ Cfqnrj MY0 C vjtqodqurqpfkp jqoqnqiwg kp Ftqurjknkc
ogncpqicuvgt eFPC cpf rtqvgkp uvtwevwtg0 Igpg0
4223=48;<399//3:60

]5_ Iwvkgttg¦ NU0 Vjg Tqng qh Vjtqodqurqpfkp 3 qp Kpvguvkcn
Kp汝coocvkqp cpf Ectekpqigpguku0 Dkqoctmgtu Kpukijvu0
422:=5<393//39:0

]6_ Nqrg¦/Fgg ¥. Rkfeqem M. Iwvkgttg¦ NU0 Vjtqodqurqpfkp/3<
Ownvkrng Rcvju vq Kp汝coocvkqp0 Ogfkcvqtu qh Kp汝cooc/
vkqp0 4233=4233*4;828;+0

]7_ Kejkk V. Mq{coc J. Vcpcmc U. Ujkqk C. Qmwpq [. Qvcpk
U. gv cn0 Vjtqodqurqpfkpg/3 Ogfkcvgu Uoqqvj Owueng
Egnn Rtqnkhgtcvkqp Kpfwegf d{ Kpvgtcevkqp Ykvj Jwocp
Rncvgngvu0 Ctvgtkuengtquku. Vjtqodquku cpf Xcuewnct Dkqn/
qi{0 4224=44<34:8//34;40

]8_ Nqrg¦ P. Itgii F. Xcuwfgxcp U. Jcuucpckp J.
Iqnfuejokfv/Engtoqpv R. Mqxceke J0 Vjtqodqurqpfkp
4 Tgiwncvgu Egnn Rtqnkhgtcvkqp Kpfwegf d{ Tce3 Tgfqz/
Fgrgpfgpv Ukipcnkpi0 Oqngewnct cpf Egnnwnct Dkqnqi{0
4225=45*37+<7623//762:0

]9_ Dqtpuvgkp R0 Vjtqodqurqpfkpu cu ocvtkegnnwnct oqfw/
ncvqtu qh egnn hwpevkqp0 Lqwtpcn qh Enkpkecn Kpxguvkicvkqp0
4223=329*:+<;4;//;560

]:_ Dqtpuvgkp R. Cicj C. M{tkcmkfgu VT0 Vjg tqng qh
vjtqorqurqpfkpgu 3 cpf 4 kp vjg tgiwncvkqp qh egnn/ocvtkz
kpvgtcevkqpu. eqnncigp 難dtkn hqtocvkqp cpf vjg tgurqpug vq
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kplqwt{0 Kpvgtpcvkqpcn Lqwtpcn qh Dkqejgokuvt{ CPF Egnn
Dkqnqi{0 4226=58<3337//33470

];_ Ktwgnc/Ctkurg ON. Nwswg C. Ngg P0 Vjtqodqurqpfkp oqf/
wngu cpf cpikqigpguku0 Kpvgtpcvkqpcn Lqwtpcn qh Dkqejgo/
kuvt{ cpf Egnn Dkqnqi{0 4226=58<3292//329:0

]32_ Ncyngt RT. Ncyngt L0 Oqngewnct Dcuku hqt vjg Tgiwncvkqp
qh Cpikqigpguku d{ Vjtqodqurqpfkp/3 cpf /40 Eqnf Urtkpi
Jctdqt Rgturgevkxgu kp Ogfkekpg0 4234=4*7+<c2288490

]33_ [cpi S. Vkcp [. Nkw U. ¥gkpg T. Ejngpumk C. Ucnygp JT.
gv cn0 Vjtqodqurqpfkp/3 Rgrvkfg CDV/732 Eqodkpgf ykvj
Xcnrtqke Cekf Ku cp G軟gevkxg Cpvkcpikqigpguku Uvtcvgi{ kp
Pgwtqdncuvqoc0 Ecpegt Tgugctej0 4229=89<3938//39460

]34_ Tcvj IO. Uejpgkfgt E. Fgfkgw U. Tqvjjwv D. Uqwnc/
Tqvjjwv O. Ijqpgko E. gv cn0 Vjg E/vgtokpcn
EF691KCR/dkpfkpi fqockp qh vjtqodqurqpfkp/3 rtgxgpvu
ecorvqvjgekp/ cpf fqzqtwdkekp/ kpfwegf crqrvquku kp
jwocp vj{tqkf ectekpqoc egnnu0 Dkqejgokec gv Dkqrj{ukec
Cevc0 4228=3985<3347//33560

]35_ Nk H. Ecq [. Vqypugpf EO. Mq VE0 VIH/dgvc Ukipcn/
kpi kp Eqnqp Ecpegt Egnnu0 Yqtnf Lqwtpcn qh Uwtigt{0
4227=4;*5+<528//5330

]36_ Iwq P. Mtwv¦uej JE. Kpocp LM. Tqdgtvu F0 Vjtqo/
dqurqpfkp 3 cpf V{rg K Tgrgcv Rgrvkfgu qh Vjtqo/
dqurqpfkp 3 Urgek難ecnn{ Kpfweg Crqrvquku qh Gpfqvjgnkcn
Egnnu0 Ecpegt Tgugctej0 3;;9=79<3957//39640

]37_ Dtkiiu OF. Ejcrocp MN0 Rugwfqcejqpftqrncukc cpf Own/
vkrng Grkrj{ugcn F{urncukc< Owvcvkqp Tgxkgy. Oqngewnct
Kpvgtcevkqpu cpf Igpqv{rg vq Rjgpqv{rg Eqttgncvkqpu0 Jw/
ocp Owvcvkqp0 4224=3;<687//69:0

]38_ Ktwgnc/Ctkurg ON. Nkumc FL. Ucig GJ. Dqtpuvgkp R0 Fkh/
hgtgpvkcn Gzrtguukqp qh Vjtqodqurqpfkpg 3. 4 cpf 5
Fwtkpi Owtkpg Fgxgnqrogpv0 Fgxgnqrogpvcn F{pcokeu0
3;;5=3;9<62//780

]39_ Ejtkuvqrjgtuqp MU. Wnnkcp GO. Uvqmgu EEC. Ownnqypg{
EG. Jgnn LY. Cicj C. gv cn0 Vjtqodqurqpfkpu Ctg
Cuvtqe{vg/Ugetgvgf Rtqvgkpu vjcv Rtqoqvg EPU U{pcrvq/
igpguku0 Egnn0 4227=342<643//6550
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]3:_ Nk [. Vqpi Z. Twocnc E. Engoqpu M. Ycpi U0 Vjtqo/
dqurqpfkp 3 Fg難ekgpe{ Tgfwegu Qdgukv{/Cuuqekcvgf
Kp汝coocvkqp cpf Kortqxgu Kpuwnkp Ugpukvkxkv{ kp
Fkgv Kpfwegf Qdgug Oqwug Oqfgn0 RNqU QPG0
4233=8*32+<g448780

]3;_ Gddkpijcwu U. Jwuuckp O. Vcppkt P. Iqtfqp O. Fguck
CC. Mpkijv TC. gv cn0 Rjcug 4 Uvwf{ qh CDV/732 kp Rc/
vkgpvu ykvj Rtgxkqwun{ Wpvtgcvgf Cfxcpegf Tgpcn Egnn Ect/
ekpqoc0 Enkpkecn Ecpegt Tgugctej0 4229=35<88:;//88;70

]42_ Pcdqtu ND. Hkxgcuj LD. Octmgtv LO. Mgmcp OU. Iknngurkg
I[. Jwcpi ¥. gv cn0 C Rjcug 3 Vtkcn qh CDV/732 Eqp/
ewttgpv Ykvj Uvcpfctf Ejgoqtcfkcvkqp hqt Rcvkgpvu ykvj
Pgyn{ Fkcipqugf Inkqdncuvqoc0 Ctejkxgu qh Pgwtqnqi{0
4232=89*5+<535//53;0

]43_ Twum C. OeMggicp G. Jcxkx H. Oclguv U. Jgpmkp L.
Mjcppc E0 Rtgenkpkecn Gxcnwcvkqpu qh Cpvkcpikqigpke
Vjtqodqurqpfkp/3 Rgrvkfg Okogvkeu. CDV/748 cpf CDV/
732. kp Eqorcpkqp Fqiu ykvj Pcvwtcnn{ Qeewttkpi Ecp/
egtu0 Enkpkecn Ecpegt Tgugctej0 4228=34<9666//96770

]44_ Twum C. Eq¦¦k G. Uvgddkpu O. Xckn F. Itcjco L. Xcnnk X. gv cn0
Eqqrgtcvkxg Cevkxkv{ qh E{vqvqzke Ejgoqvjgtcr{ ykvj Cp/
vkcpikqigpke Vjtqodqurqpfkp/3 Rgrvkfgu. CDV/748 kp Rgv
Fqiu ykvj Tgncrugf N{orjqoc0 Enkpkecn Ecpegt Tgugctej0
4228=34<9678//96860

]45_ Ictukfg UC. Jgpmkp L. Oqttku MF. Pqtxgnn UO. Vjqocu HJ.
Htcugt JO0 C Vjtqodqurqpfkp/Okogvke Rgrvkfg. CDV/:;:.
Uwrrtgugu Cpikqigpguku cpf Rtqoqvgu Hqnnkewnct Cvtgukc
kp Rtg/ cpf Gctn{/Cpvtcn Hqnnkegu kp Xkxq0 Gpfqetkpqnqi{0
4232=373*34+<7;27//7;370

]46_ Mquhgnf OF. Htc¦kgt YC0 Kfgpvk難ecvkqp qh c Pgy Egnn Cf/
jgukqpOqvkh kp Vyq Jqoqnqiqwu Rgrvkfgu htqo vjg EQQJ/
vgtokpcn Egnn Dkpfkpi Fqockp qh Jwocp Vjtqodqurqpfkp0
Vjg Lqwtpcn qh Dkqnqikecn Ejgokuvt{0 3;;5=48:*34+<::2://
::360

]47_ Ncyngt L. Ykgpuvgkp T. J{pgu TQ0 Egnn Cvvcejogpv vq
Vjtqodqurqpfkp< Vjg Tqng qh CTI/IN[/CUR. Ecnekwo.
cpf Kpvgitkp Tgegrvqtu0 Vjg Lqwtpcn qh Egnn Dkqnqi{0
3;::=329*8+<4573//45830
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]48_ N{op LU. Rcvgn OM. Enwpp IH. Uctc難pc UL. Icnncijgt
MN. Jwigu CF0 Vjtqodqurqpfkp/3 fk軟gtgpvkcnn{ kpfwegu
ejgoqvczku cpf FPC u{pvjguku qh jwocp xgpqwu uoqqvj
owueng egnnu cv vjg tgegrvqt/dkpfkpi ngxgn0 Lqwtpcn qh Egnn
Uekgpeg0 4224=337<6575//65820

]49_ Kugpdgti LU. Octvkp/Ocpuq I. Oczjkogt LD. Tqdgtvu FF0
Tgiwncvkqp qh pkvtke qzkfg ukipcnkpi d{ vjtqodqurqpfkp/
3< Kornkecvkqpu hqt cpvk/cpikqigpke vjgtcrkgu0 Pcvwtg Tg/
xkgyu Ecpegt0 422;=;*5+<3:4//3;60

]4:_ Cfngt DL. Yckpytkijv VG0 Uvwfkgu kp Oqngewnct F{pco/
keu0 K0 Igpgtcn Ogvjqf0 Vjg Lqwtpcn qh Ejgokecn Rj{ukeu0
3;7;=53<67;//6830

]4;_ Ujcy FG. Fgpgtq軟 OO. Ftqt TQ. Mwumkp LU. Nctuqp TJ.
Ucnoqp LM. gv cn0 Cpvqp. c Urgekcn/Rwtrqug Ocejkpg hqt
Oqngewnct F{pcokeu Ukowncvkqp0 Eqoowpkecvkqpu qh vjg
CEO0 422:=73*9+<;3//;90

]52_ Jguu D. Mwv¦pgt E. xcp fgt Urqgn F. Nkpfcjn G0 Itqoceu 6<
Cniqtkvjou hqt Jkijn{ G二ekgpv. Nqcf/Dcncpegf. cpf Uecn/
cdng Oqngewnct Ukowncvkqp0 Lqwtpcn qh Ejgokecn Vjgqt{
cpf Eqorwvcvkqp0 422:=6*5+<657//6690

]53_ Rjknkrru LE. Dtcwp T. Ycpi Y. Iwodctv L. Vclmjqtujkf G.
Xknnc G. gv cn0 Uecncdng Oqngewnct F{pcokeu ykvj PCOF0
Lqwtpcn qh Eqorwvcvkqpcn Ejgokuvt{0 4227=48<39:3//3:240

]54_ Cppku FU. Iwpfgtuqp MC. Oqujgt FH0 Koowpqejgok/
ecn Cpcn{uku qh vjg Uvtwevtwg qh vjg Ukipcvwtg Fqockpu
qh Vjtqodqurqpfkp/3 cpf Vjtqodqurqpfkp/4 kp Nqy Ecn/
ekwo Eqpegpvtcvkqpu0 Lqwtpcn qh Dkqnqikecn Ejgokuvt{0
4229=4:4*59+<49289//492970

]55_ Ukpij WE. Mqnnocp RC0 Cp crrtqcej vq eqorwvkpi gnge/
vtquvcvke ejctigu hqt oqngewngu0 Lqwtpcn qh Eqorwvcvkqpcn
Ejgokuvt{0 3;:6=7*4+<34;//3670

]56_ Ownnkmgp TU0 Gngevtqpke Rqrwncvkqp Cpcn{uku qp NECQ/OQ
Oqngewnct Ycxg Hwpevkqpu0 Lqwtpcn qh Ejgokecn Rj{ukeu0
3;77=45<3:55//3:620

]57_ Mgpftgy LE. Dqfq I. Fkpv¦ku JO. Rcttkuj TI. Y{emq軟
J. Rjknnkru FE0 C Vjtgg/Fkogpukqpcn Oqfgn qh vjg O{q/
inqdkp Oqngewng Qdvckpgf d{ Z/Tc{ Cpcn{uku0 Pcvwtg0
3;7:=3:3<884//8880
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]58_ Ngxkpvjcn E0 Oqngewnct Oqfgn/dwknfkpi d{ Eqorwvgt0 Uek/
gpvk難e Cogtkecp0 3;88=436*8+<64//740

]59_ Jworjtg{ Y. Fcnmg C. Uejwnvgp M0 Xkuwcn Oqngewnct F{/
pcokeu0 Lqwtpcn qh Oqngewnct Itcrjkeu0 3;;8=36<55//5:0

]5:_ UejtÕfkpigt. NNE0 R{OQN= 42320 Vjg R{OQN Oqngewnct
Itcrjkeu U{uvgo0

]5;_ Vjg Dngpfgt Hqwfcvkqp. Couvgtfco gv cn0 Dngpfgt= 42330
Dngpfgt 5F xgtukqp 406; cpf 40750

]62_ Ukf D. Uctvgngv J. Dgnnqp I. Dvcqwtk JG. Tcvj I. Fgnqtog
P. gv cn0 Vjtqodqurqpfkp 3< c ownvkhwpevkqpcn rtqvgkp ko/
rnkecvgf kp vgj tgiwncvkqp qh vwoqt itqyvj0 Etkvkecn Tg/
xkgyu kp Qpeqnqi{ Jgocvqnqi{0 4226=6;<467//47:0

]63_ Cfcou LE. Oqpm T. Vc{nqt CN. Q¦dgm U. Hcuegvvk P. Dcwo/
ictvpgt U. gv cn0 Ejctcevgtkucvkqp qh Ftquqrjknkc Vjtqo/
dqurqpfkp Fg難pgu cp Gctn{ Qtkikp qh Rgpvcogtke Vjtqo/
dqurqpfkpu0 Lqwtpcn qh Oqngewnct Dkqnqi{0 4225=54:<69;//
6;60

]64_ Uyggvy{pg OV. Rcnngtq OC. Nw C. Itcjco NXF. Owtrj{/
Wnntkej LG0 Vjg Ecntgvkewnkp/Dkpfkpi Ugswgpeg qh Vjtqo/
dqurqpfkp 3 Tgiwncvgu Eqnncigp Gzrtguukqp cpf Qticpk¦c/
vkqp Fwtkpi Vkuuwg Tgoqfgnkpi0 Vjg Cogtkecp Lqwtpcn qh
Rcvjqnqi{0 4232=399*6+<3932//39460

]65_ Ecn¦cfc OL. Ukrgu LO. Mtwv¦uej JE. [wtejgpeq RF. Cp/
pku FU. Oqujgt FH. gv cn0 Tgeqipkvkqp qh vjg P/vgtokpcn
Oqfwngu qh Vjtqodqurqpfkp/3 cpf Vjtqodqurqpfkp/4 d{
Ｆ8Ｇ3 Kpvgitkp0 Vjg Lqwtpcn qh Dkqnqikecn Ejgokuvt{0
4225=49:*64+<6289;//628:90

]66_ Ecn¦cfc OL. ¥jqw N. Ukrgu LO. ¥jcpi L. Mtwv¦uej JE.
Ktwgnc/Cuvtkrg ON. gv cn0 Ｆ6Ｇ3 Kpvgitkp Ogfkcvgu Ugnge/
vkxg Gpvqvjgnkcn Egnn Tgurqpugu vq Vjtqodqurqpfkp 3 cpf
4 kp Xkvtq cpf Oqfwncvgu Cpikqigpguku kp Xkxq0 Ektewncvkqp
Tgugctej0 4226=;6<684//6920

]67_ Mtwv¦uej JE. Ejqg DL. Ukrgu LO. Iwq P. Tqdgtvu FF0 Kfgp/
vk難ecvkqp qh cp Ｆ5Ｇ3 Kpvgitkp Tgeqipkvkqp Ugswgpeg kp
Vjtqodqurqpfkp/30 Vjg Lqwtpcn qh Dkqnqikecn Ejgokuvt{0
3;;;=496*56+<462:2//462:80

]68_ Nk ¥. Ecn¦cfc OL. Ukrgu LO. Ecujgn LC. Mtwv¦uej JE. Cp/
pku FU. gv cn0 Kpvgtcevkqpu qh vjtqodqurqpfkpu ykvj Ｆ6Ｇ3
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kpvgitkp cpf EF69 fk軟gtgpvkcnn{ oqfwncvg V egnn dgjcxqkt0
Vjg Lqwtpcn qh Egnn Dkqnqi{0 4224=379*5+<72;//73;0

]69_ Xqncpf E. Ugttg EO. Fgnocu R. EnÈ¦ctfkp R0 Rncvgngv/
Quvgqucteqoc Egnn Kpvgtcevkqp ku Ogfkcvgf Vjtqwij c Urg/
ek難e Hkdtkpqigp/Dkpfkpi Ugswgpeg Nqecvgf Ykvjkp vjg P/
Vgtokpcn Fqockp qh Vjtqodqurqpfkp 30 Lqwtpcn qh Dqpg
cpf Okpgtcn Tgugctej0 4222=37*4+<583//58:0

]6:_ Vcp M. Fwswgvvg O. Nkw L. ¥jcpi T. Lqcejkokcm C. Ycpi L.
gv cn0 Vjg Uvtwevwtgu qh vjg Vjtqodqurqpfkp/3 P/vgtokpcn
Fqockp cpf Kvu Eqorngz ykvj c U{pvjgvke Rgpvcogtke Jgr/
ctkp0 Uvtwevwtg0 4228=36<55//640

]6;_ Vcp M. Fwswgvvg O. Nkw L. Ujcpowicuwpfctco M.
Lqcejkokcm C. Icnncijgt LV. gv cn0 Jgrctkp/kpfwegf eku/
cpf vtcpu/Fkogtk¦cvkqp Oqfgu qh Vjtqodqurqpfkp/3 P/
vgtokpc Fqockp0 Vjg Lqwtpcn qh Dkqnqikecn Ejgokuvt{0
422:=4:5*9+<5;54//5;630

]72_ Dgtocp JO. Yguvdtqqm L. Hgpi ¥. Iknnkncpf I. Djcv VP.
Ygkuuki J. gv cn0 Vjg Rtqvgkp Fcvc Dcpm0 Pwengke Cekfu
Tgugctej0 4222=4:*3+<457//4640

]73_ Nctugp ED. Ncyngt L. Oqujgt FH0 Uvtwevwtgu qh vjtqo/
dqurqpfkpu0 Egnn Oqn Nkhg Uek0 422:=87<894//8:80

]74_ Ocncujmgxkej XP. Mcoogtgt TC. G難oqx XR. Gpign L0
Vjg Et{uvcn Uvtwevwtg qh c Hkxg/Uvtcpfgf Eqkngf Eqkn kp
EQOR< C Rtqvqt{rg Kqp EjcppgnA Uekgpeg Ocic¦kpg0
3;;8=496*74::+<983//9870

]75_ Iwq [. Dq¦ke F. Ocncujmgxkej XP. Mcoogtgt TC.
Uejwnvjguu V. Gpign L0 Cnn/vtcpu tgvkpqn. xkvcokp F cpf qvjgt
j{ftqrjqdke eqorqwpfu dkpf kp vjg czkcn rqtg qh vjg 難xg/
uvtcpfgf eqkngf/eqkn fqockp qh ectvkncig qnkiqogtke ocvtkz
rtqvgkp0 Vjg GODQ Lqwtpcn0 3;;:=39*3:+<7487//74940

]76_ ©¦dgm U. Gpign L. Uvgvghgnf L0 Uvqtcig hwpevkqp qh ectvk/
ncig qnkiqogtke ocvtkz rtqvgkp< vjg et{uvcn uvtwevwtg qh vjg
eqkngf/eqkn fqockp eqorngz ykvj xkvcokp F50 Vjg GODQ
Lqwtpcn0 4224=43*44+<7;82//7;8:0

]77_ Okugpjgkogt VO. Jwykngt MI. Cppku FU. Oqujgt FH0
Rj{ukecn Ejctcevgtk¦cvkqp qh vjg Rtqeqnncigp Oqfwng qh
Jwocp Vjtqodqurqpfkp 3 Gzrtguugf kp Kpugev Egnnu0
Vjg Lqwtpcn qh Dkqnqikecn Ejgokuvt{0 4222=497*74+<62;5:/
/62;670
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]78_ Nqrg¦/Fgg ¥R. Ejkvvwt UX. Rcvgn D. Uvcpvqp T. Ycmgng{ O.
Nkrrgtv D. gv cn0 Vjtqodqurqpfkp/3 V{rg 3 Tgrgcvu kp c
Oqfgn qh Kp汝coocvqt{ Dqygn Fkugcug< Vtcpuetkrv Rtq難ng
cpf Vjgtcrgwvke G軟gevu0 RNqU Qpg0 4234=9*6+<g567;20

]79_ Vcp M. Fwswgvvg O. Nkw L. Fqpi [. ¥jcpi T. Lqcejkokcm C.
gv cn0 Et{uvcn uvtwevwtg qh vjg VUR/3 v{rg 3 tgrgcvu c pqxgn
nc{gtgf hqnf cpf kvu dkqnqikecn kornkecvkqp0 Vjg Lqwtpcn qh
Egnn Dkqnqi{0 4224=37;*4+<595//5:40

]7:_ Dgkp M. Ukoqpu O0 Vjtqodqurqpfkp V{rg 3 Tgrgcvu Kpvgt/
cev ykvj Ocvtkz Ogvcnnqrtqvgkpcug 40 Vjg Lqwtpcn qh Dkq/
nqikecn Ejgokuvt{0 4222=497*63+<54389//543950

]7;_ Ecn¦cfc OL. Cppku FU. ¥gpi D. Octekpmkgyke¦ E. Dc/
pcu D. Ncyngt L. gv cn0 Kpfgpvk難ecvkqp qh Pqxgn Ｇ3 Kpvg/
itkp Dkpfkpi Ukvgu kp vjg V{rg 3 cpf V{rg 4 Tgrgcvu qh
Vjtqodqurqpfkp 30 Vjg Lqwtpcn qh Dkqnqikecn Ejgokuvt{0
4226=49;*62+<63956//639650

]82_ ¥jcpi Z. Mc¦gtqwpkcp U. Fwswgvvg O. Rgttw¦¦k E. Pci{
LC. Fxqtcm JH. gv cn0 Vjtqodqurqpfkp/3 oqfwncvgu xcuew/
nct gpfqvjgnkcn itqyvj hcevqt cevkxkv{ cv vjg tgegrvqt ngxgn0
Vjg HCUGD Lqwtpcn0 422;=45<558://55980

]83_ Cuej CU. Ukndkigt U. Jgkogt G. Pcejocp TN0 Vjtqo/
dqurqpfkp ugswgpeg oqvkh *EUXVEI+ ku tgurqpukdng hqt
EF/58 dkpfkpi0 Dkqejgokecn cpf Dkqrj{ukecn Tgugctej
Eqoowpkecvkqpu0 3;;4=3:4*5+<342://34390

]84_ Okcq Y. Ugpi YN. Fwswgvvg O. Ncyngt R. Ncwu E. Ncyngt
L0 Vjtqodqurqpfkp/3 V{rg 3 Tgrgcv Tgeqodkpcpv Rtq/
vgkpu Kpjkdkv Vwoqt Itqyvj vjtqwij Vtcpuhqtokpi Itqyvj
Hcevqt/Ｇ /fgrgpfgpv cpf /kpfgrgpfgpv Ogejcpkuou0 Ecp/
egt Tgugctej0 4223=83<9:52//9:5;0

]85_ fg Rgtgfq CI. Mngkp F. Ocegm D. Jguu F. Rgvgt/Mcvcnkpke
L. Jqhuvggpig L0 E/Ocppqu{ncvkqp cpf Q/Hwequ{ncvkqp qh
Vjtqodqurqpfkp V{rg 3 Tgrgcvu0 Oqngewnct cpf Egnnwnct
Rtqvgqokeu0 4224=3<33//3:0

]86_ Okugpjgkogt VO. Jcppcj DC. Cppku FU. Hkuejgt FH0 Kp/
vgtcevkqpu coqpi vjg Vjtgg Uvtwevwtcn Oqvkhu qh vjg E/
Vgtokpcn Tgikqp qh Jwocp Vjtqodqurqpfkp/40 Dkqejgo/
kuvt{0 4225=64<7347//73540
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]87_ Ncyngt L. Ejcq HE. Eqjgp EO0 Gxkfgpeg hqt Ecnekwo/
ugpukvkxg Uvtwevwtg kp Rncvgngv Vjtqodqurqpfkp0 Vjg Lqwt/
pcn qh Dkqnqikecn Ejgokuvt{0 3;:4=479*42+<34479//344870

]88_ Ncyngt L. Fgtkem NJ. Eqppqnn{ LG. Ejgp L. Ejcq HE0 Vjg
Uvtwevwtg qh Jwocp Rncvgngv Vjtqodqurqpfkp0 Vjg Lqwtpcn
qh Dkqnqikecn Ejgokuvt{0 3;:7=482*8+<5984//59940

]89_ Gfict TE0 OWUENG< c ownvkrng ugswgpeg cnkipogpv
ogvjqf ykvj tgfwegf vkog cpf urceg eqorngzkv{0 DOE
Dkqkphqtocvkeu0 4226=7*335+0

]8:_ Mxcpucmwn O. Cfcou LE. Jqjgpguvgt G0 Uvtwevwtg qh c
vjtqodqurqpfkp E/vgtokpcn htciogpv tgxgcnu c pqxgn ecn/
ekwo eqtg kp v{rg 5 tgrgcvu0 GODQ Lqwtpcn0 4226=45<3445/
/34550

]8;_ Ectnuqp ED. Dgtpuvgkp FC. Cppku FU. Okugpjgkogt VO.
Jcppcj DC. Oqujgt FH. gv cn0 Uvtwevwtg qh vjg ecnekwo/
tkej ukipcvwtg fqockp qh jwockp vjtqodqurqpfkp/40 Pc/
vwtg Uvtwevwtcn cpf Oqngewnct Dkqnqi{0 4227=34*32+<;32//
;360

]92_ Ectnuqp ED. Nwk [. Mgem LN. Oqujgt FH0 Kp汝wgpegu qh
vjg P922U Vjtqodqurqpfkp/3 Rqn{oqtrjkuo qh Rtqvgkp
Uvtwevwtg cpf Uvcdknkv{0 Lqwtpcn qh Dkqnqikecn Ejgokuvt{0
422:=4:5*4;+<4228;//422980

]93_ Vcp M. Fwswgvvg O. Lqcejkokcm C. Ncyngt L0 Vjg et{uvcn
uvtwevwtg qh vjg ukipcvwtg fqockp qh ectvkncig qnkiqogtke
ocvtkz rtqvgkp< kornkecvkqpu hqt eqnncigp. in{equcokpqin{/
ecp cpf kpvgitkp dkpfkpi0 HCUGD Lqwtpcn0 422;=45<46;2//
47230

]94_ Ocpp JJ. ©¦dgm U. Gpign L. Rcwnuuqp O. Ycigpgt T0 Kp/
vgtcevkqpu dgvyggp vjg Ectvkncig Qnkiqogtke Ocvtkz Rtq/
vgkp cpf Ocvtknkpu0 Vjg Lqwtpcn qh Dkqnqikecn Ejgokuvt{0
4226=49;*46+<474;6//474;:0

]95_ Tqugpdgti M. Qnuuqp J. OÕtignkp O. JgkpgiÃtf F0 Ect/
vkncig Qnkiqogtke Ocvtkz Rtqvgkp Ujqyu Jkij C二pkv{
¥kpe/fgrgpfgpv Kpvgtcevkqp ykvj Vtkrng Jgnkecn Eqnncigp0
Vjg Lqwtpcn qh Dkqnqikecn Ejgokuvt{0 3;;:=495*54+<425;9/
/426250

]96_ Jqnfgp R. Ogcfqyu TU. Ejcrocp MN. Itcpv OG. Mcfngt
MG. Dtkiiu OF0 Ectvkncig Qnkiqogtke Ocvtkz Rtqvgkp Kp/
vgtcevu ykvj V{rg KZ Eqnncigp. cpf Fkutwrvkqpu vq Vjgug
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Kpvgtcevkqpu Kfgpvkh{ c Rcvjqigpgvke Ogejcpkuo kp c Dqpg
F{urncukc Hcokn{0 Vjg Lqwtpcn qh Dkqnqikecn Ejgokuvt{0
4223=498*:+<8268//82770

]97_ Cictycn R. ¥yqncpgm F. Mggpg FT. Uejwn¦ L. Dnwodcej M.
JgkpgiÃtf F. gv cn0 Eqnncigp ZKK cpf ZKX. Pgy Rctvpgtu
qh Ectvkncig Qnkiqogtke Ocvtkz Rtqvgkp kp vjg Umkp Gzvtc/
egnnwnct Ocvtkz Uwrtcuvtwevwtg0 Vjg Lqwtpcn qh Dkqnqikecn
Ejgokuvt{0 4234=4:9*49+<4476;//4477;0

]98_ Vqrqn GL. OeEctvj{ L. Icdtkgn U. Oqnkvgtpq FL. Tqigtu YL.
Pgyd{ NM. gv cn0 Ukping Pwengqvkfg Rqn{oqtrjkuou kp
Ownvkrng Pqxgn Vjtqodqurqpfkp IgpguOc{ Dg Cuuqekcvgf
Ykvj Hcoknkcn Rtgocvwtg O{qectfkcn Kphctevkqp0 Ektewnc/
vkqp0 4223=326<4863//48660

]99_ Kugpdgti LU. Oczjkogt LD. J{qfq H. Rgpftcm ON. Tkfpqwt
NC. FgItc軟 YI. gv cn0 Vjtqodqurqpfkp/3 cpf EF69 Nkokv
Egnn cpf Vkuuwg Uwtxkxcn qh Tcfkcvkqp Kplwt{0 Vjg Cogtkecp
Lqwtpcn qh Rcvjqnqi{0 422:=395*6+<3322//33340

]9:_ Kugpdgti LU. Cppku FU. Rgpftcm ON. Rvcu¦{pumc O. Htc/
¦kgt YC. Oqujgt FH. gv cn0 Fk軟gtgpvkcn Kpvgtcevkqpu qh
Vjtqodqurqpfkp/3./4. cpf /6 ykvj EF69 cpf G軟gevu qp
eIOR Ukipcnkpi kp Kuejgoke Kplwt{ Tgurqpugu0 Vjg Lqwtpcn
qh Dkqnqikecn Ejgokuvt{0 422;=4:6*4+<3338//33470

]9;_ Lqtigpugp YN. Vktcfq/Tkxgu L0 Vjg QRNU Rqvgpvkcn Hwpe/
vkqpu hqt Rtqvgkpu0 Gpgti{ Okpkok¦cvkqpu hqt Et{uvcnu qh
E{enke Rgrvkfgu cpf Etcodkp0 Lqwtpcn qh vjg Cogtkecp
Ejgokecn Uqekgv{0 3;::=332*8+<3879//38880

]:2_ Lqtigpugp YN. Oczygnn FU. Vktcfq/Tkxgu L0 Fgxgnqrogpv
cpf Vguvkpi qh vjg QRNU Cnn Cvqo Hqteg Hkgnf qp Eqphqtoc/
vkqpcn Gpgtigvkeu cpf Rtqrgtvkgu qh Qticpke Nkswkfu0 Lqwt/
pcn qh vjg Cogtkecp Ejgokecn Uqekgv{0 3;;8=33:<33447//
334580

]:3_ Qquvgpdtkpm E. Xknnc C. Octm CG. xcp Iwuvgtgp YH0 C
Dkqoqngewnct Hqteg Hkgnf Dcugf qp Htgg Gpvjcnrj{ qh J{/
ftcvkqp cpf Uqnxcvkqp< Vjg ITQOQU Hqteg Hkgnf Rctcog/
vgt Ugvu 75C7 cpf 75C80 Lqwtpcn qh Eqorwvcvkqpcn Ejgo/
kuvt{0 4226=47<3878//38980

]:4_ Rtqlgev G. Pcejnkgn G. Iwvocp O0 Rctcogvtk¦cvkqp
qh Ec-4/Rtqvgkp Kpvgtcevkqpu hqt Oqngewnct F{pco/
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keu Ukowncvkqpu0 Lqwtpcn qh Eqorwvcvkqpcn Ejgokuvt{0
4229=4;<3385//338;0

]:5_ Iqnfuvgkp J0 EncuukecnOgejcpkeu0 4pf gf0 CffkuqpYgung{=
3;:20

]:6_ Og{dgti M. Xcejgpcwgt R0 JÕjgtg Ocvjgocvkm 4< Fk軟gt/
gpvkcningkejwpigp. Hwpmvkqpgpvjgqtkg. Hqwtkgt/Cpcn{uku.
Xctkcvkqputgejpwpi0 6vj gf0 Urtkpigt Xgtnci Dgtnkp Jgk/
fgndgti= 42250

]:7_ LÂpkej M0 Ocvjgocvkm 4< Iguejtkgdgp hÜt Rj{ukmgt0
Urtkpigt Xgtnci Dgtnkp Jgkfgndgti= 42240

]:8_ T{emcgtv L. Ekeeqvvk I. Dgtgpfugp JLE0 Pwogtkecn kpvgitc/
vkqp qh vjg ectvgukcp gswcvkqpu qh oqvkqp qh c u{uvgo ykvj
eqpuvtckpvu< oqngewnct f{pcokeu qh p/cnmcpu0 Lqwtpcn qh
Eqorwvcvkqpcn Rj{ukeu0 3;99=45*5+<549//5630

]:9_ Jguu D. Dgmmgt J. Dgtgpfugp JLE. Htccklg LIGO0 NKPEU<
C Nkpgct Eqpuvtckpv Uqnxgt hqt Oqngewnct Ukowncvkqpu0
Lqwtpcn qh Eqorwvcvkqpcn Ejgokuvt{0 3;;9=3:*34+<3685//
36940

]::_ Lcemuqp LF0 Encuukecn Gngevtqf{pcoeu0 5tf gf0Ykng{= 3;;:0
]:;_ Itgkpgt Y0 Mncuukuejg Gngmvtqf{pcokm0 ukzvj gf0 Yku/

ugpuejchvnkejgt Xgtnci Jcttk Fgwvuej. Htcpmhwtv co Ockp=
42240

];2_ Fctfgp V. [qtm F. Rgfgtugp N0 Rctvkeng oguj Gycnf< Cp
P0nqi*P+ ogvjqf hqt Gycnf uwou kp nctig u{uvgou0 Lqwtpcn
qh Ejgokecn Rj{ukeu0 3;;5=;:*34+<322:;//322;40

];3_ Vktqpk KI. Urgtd T. Uokvj RG. xcp Iwpuvgtgp YH0 C igpgt/
cnk¦gf tgcevkqp 難gnf hqt oqngewnct f{pcokeu ukowncvkqpu0
Lqwtpcn qh Ejgokecn Rj{ukeu0 3;;6=324*35+<7673//767;0

];4_ Gycnf RR0 Fkg Dgtgejpwpigp qrvkuejgt wpf gngm/
vtquvcvkuejgt Ikvvgtrqvgpvkcng0 Cppcngp fgt Rj{ukm0
3;43=58;*5+<475//4:90

];5_ Pqnvkpi Y0 Itwpfmwtu Vjgqtgvkuejg Rj{ukm 8< Uvcvkuvkuejg
Rj{ukm0 7vj gf0 Urtkpigt Xgtnci Dgtnkp Jgkfgndgti= 42270

];6_ Ncpfcw NF. Nkhuejkv¦ GO0 Ngjtdwej fgt vjgqtgvkuejgp
Rj{ukm X< Uvcvkuvkuejg Rj{ukm Vgkn 30 gkijvj gf0 Cmcfgokg/
Xgtnci Dgtnkp= 3;:90
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];7_ Tgkejn NG0 C Oqfgtp Eqwtug kp Uvcvkuvkecn Rj{ukeu0 4pf gf0
Ykng{= 3;;:0

];8_ Dgtgpfugp JLE. Rquvoc LRO. xcp IwpuvgtgpYH. FkPqnc C.
Jccm LT0 Oqngewnct f{pcokeu ykvj eqwrnkpi vq cp gzvgtpcn
dcvj0 Lqwtpcn qh Ejgokecn Rj{ukeu0 3;:6=:3*:+<58:6//58;20

];9_ Dwuuk I. Fqpcnfkq F. Rctkpgnnq O0 Ecpqpkecn Ucornkpi
vjtqwij xgnqekv{ tguecnkpi0 Lqwtpcn qh Ejgokecn Rj{ukeu0
4229=348*236323+0

];:_ Rcttkpgnnq O. Tcjocp C0 Rqn{oqtrjke vtcpukvkqpu kp ukping
et{uvcnu< C pgy oqngewnct f{pcokeu ocvjqf0 Lqwtpcn qh
Crrnkgf Rj{ukeu0 3;:3=74*34+<93:4//93;20

];;_ Dgtgpfugp JLE. Rquvoc LRO. xcp Iwuvgtgp YH. Jgtocpu
L0 Kpvgtcevkqp Oqfgnu hqt Ycvgt kp Tgncvkqp vq Rtqvgkp J{/
ftcvkqp0 Kp< Rwnnocp D. gfkvqt0 Kpvtcoqngewnct Hqtegu0 F0
Tgkfgn Rwdnkujkpi= 3;:30 r0 553//5640

]322_ Lqtigpugp YN. Ejcpftcugmjct L. Ocfwtc LF. Korg{ TY.
Mngkp ON0 Eqorctkuqp qh ukorng rqvgpvkcn hwpevkqpu hqt
ukowncvkpi nkswkf ycvgt0 Lqwtpcn qh Ejgokecn Rj{ukeu0
3;:5=9;<;48//;570

]323_ Mnkpmg T. Ukndgtpcign U. gfkvqtu0 Ngjtdwej fgt Rj{ukqnqikg0
6vj gf0 Igqti Vjkgog Xgtnci Uvwvvictv= 42250

]324_ D{tf TJ. Nw R. Pqegfcn L. ¥jw E0 C Nkokvgf Ogoqt{ Cniq/
tkvjo hqt Dqwpf Eqpuvtckpgf Qrvkok¦cvkqp0 UKCO Lqwtpcn
qp Uekgpvk難e Eqorwvkpi0 3;;7=38*7+<33;2//342:0

]325_ Yqnhtco Tgugctej Kpe 0 Ocvjgocvkec= 422:0 Ocvjgocvkec<
Xgtukqp 902. Yqnhtco Tgugctej. Kpe0

]326_ McduejY. Ucpfgt E0 Fkevqpct{ qh rtqvgkp ugeqpfct{ uvtwe/
vwtg< rcvvgtp tgeqipkvkqp qh j{ftqigp/dqpfgf cpf igqogv/
tkecn hgcvwtgu0 Dkqrqn{ogtu0 3;:5=44<4799//48590

]327_ K¦gpocp CL0 Oqfgtp Ownvkxctkcvg Uvcvkuvkecn Vgej/
pkswgu< Tgitguukqp. Encuuk難ecvkqp. cpf Ocpkhqnf Ngctp/
kpi0 Urtkpigt= 422:0

]328_ Nkijvuvqpg HE. Uejygingt G. Cnnguej O. I{ik H. Icnnk I0 C
Hktuv/Rtkpekrngu Oqngewnct F{pcokeu Uvwf{ qh Ecnekwo kp
Ycvgt0 EjgoRj{uEjgo0 4227=8<3967//396;0

]329_ Kmgfc V. Dqgtq O. Vgtcmwtc M0 J{ftcvkqp rtqrgtvkgu qh
ocipgukwo cpf ecnekwo kqpu htqo eqpuvtckpgf 難tuv rtkp/
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ekrngu oqngewnct f{pcokeu0 Lqwtpcn qh Ejgokecn Rj{ukeu0
4229=349*296725+0

]32:_ Yknnkcou V. Mgnng{ E. Ncpi T. Mqv¦ F. Ecordgnn L. Gndgt I.
gv cn0 Ipwrnqv= 42330 Vjg ipwrnqv rtqitco xgtukqp 6060

]32;_ RncpemO0 ¥wt Vjgqtkg fgu Igugv¦gu fgt Gpgtikgxgtvgknwpi
ko Pqtocnurgevtwo0 Xgtjcpfnwpigp fgt Fgwvuejgp
Rj{ukmcnkuejgp Igugnnuejchv0 3;22=4*39+<459//4670

]332_ FgovtÕfgt Y0 Gzrgtkogpvcnrj{ukm 5 Cvqog. OqngmÜjng
wpf HguvmÕtrgt0 4pf gf0 Urtkpigt Xgtnci Dgtnkp Jgkfgn/
dgti= 42220

]333_ UejtÕfkpigt G0 Swcpvkukgtwpi cnu Gkigpygtvrtqdngo0 Cp/
pcngp fgt Rj{ukm0 3;48=5:6<583//5980

]334_ Oguukcj C0 Swcpvwo Ogejcpkeu Vyq Xqnwogu Dqwpf cu
Qpg0 Fqxgt Rwdnkecvkqpu= 3;;;0

]335_ Cvmkpu R. Htkgfocp T0 Oqngewnct Swcpvwo Ogejcpkeu0 7vj
gf0 Qzhqtf Wpkxgtukv{ Rtguu= 42320

]336_ Mqej Y. Jqnvjcwugp O0 C Ejgokuv)u Iwkfg vq Fgpukv{
Hwpevkqpcn Vjgqt{0 4pf gf0 Ykng{= 42230

]337_ Tqqvjccp EEL0 Pgy Fgxgnqrogpvu kp Oqngewnct Qtdkvcn
Vjgqt{0 Tgxkgyu qh Oqfgtp Rj{ukeu0 3;73=45<8;//:;0

]338_ Jcnn II0 Vjg Oqngewnct Qtdkvcn Vjgqt{ qh Ejgokecn Xc/
ngpe{0 XKKK0 C ogvjqf qh Ecnewncvkpi Kqpkc¦cvkqp Rqvgpvkcnu0
Rtqeggfkpiu qh vjg Tq{cn Uqekgv{ C0 3;73=427*32:3+<763//
7740

]339_ Jqjgpdgti R. Mqjp Y0 Kpjqoqigpgqwu Gngevtqp Icu0
Rj{ukecn Tgxkgy0 3;86=358*5D+<D:86//D:930

]33:_ Mqjp Y. Ujco NL0 Ugnh/Eqpukuvgpv Gswcvkqpu Kpenwf/
kpi Gzejcpig Eqttgncvkqp G軟gevu0 Rj{ukecn Tgxkgy0
3;87=362*6C+<C3355//C335:0

]33;_ Dgemg CF0 Fgpukv{/hwpevkqpcn vjgtoqejgokuvt{0 KKK Vjg
tqng qh gzcev Gzejcpig0 Lqwtpcn qh Ejgokecn Rj{ukeu0
3;;5=;:<786://78740

]342_ Ngg E. [cpi Y. Rctt TI0 Fgxgnqrogpv qh vjg Eqnng/Ucnxgvvk
eqttgncvkqp/gpgti{ hqtownc kpvq c hwpevkqpcn qh vjg gnge/
vtqp fgpukv{0 Rj{ukecn Tgxkgy D0 3;::=59<9:7//9:;0
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]343_ U J Xqumq NY. Pwuckt O0 Ceewtcvg urkp fgrgpfgpv gnge/
vtqp nkswkf eqttgncvkqp gpgtikgu hqt urkp fgpukv{ ecnewnc/
vkqp< c etkvkecn cpcn{ugu0 Ecpfcfkcp Lqwtpcn qh Rj{ukeu0
3;:2=7:*:+<3422//34330

]344_ Uvgrjgpu RL. Fgxnkp HL. Ejcdcnqyumk EH. Htkuej OL0
Cd Kpkvq Ecnewncvkqp qh Xkdtcvkqpcn Cduqtrvkqp cpf Ekt/
ewnct Fkqejtqkuo Urgevtc Wukpi Fgpukv{ Hwpevkqpcn
Hqteg Hkgnfu0 Vjg Lqwtpcn qh Rj{ukecn Ejgokuvt{0
3;;6=;:*67+<33854//338490

]345_ Dgemg CF0 C pgy okzkpi qh Jctvtgg/ Hqem cpf nqecn
fgpukv{/hwpevkqpcn vjgqtkgu0 Lqwtpcn qh Ejgokecn Rj{ukeu0
3;;5=;:<3594//35990

]346_ Htkuej OL. Vtwemu IY. Uejngign JD. Uewugtkc IG. Tqdd
OC. Ejggugocp LT. gv cn00 Icwuukcp 2; Tgxkukqp C03=0
Icwuukcp Kpe0 Ycnnkpihqtf EV 422;0

]347_ [W Y. Nkcpi N. Nkp ¥. Nkpi U. Jctcpe¦{m O. Iwvqyumk
O0 Eqorctkuqp q Uqog Tgrtgugpvcvkxg Fgpukv{ Hwpevkqpcn
Vjgqt{ cpf Ycxg Hwpevkqp Vjgqt{ Ogvjqfu hqt Uvwfkgu
qh Cokpq Cekfu0 Lqwtpcn qh Eqorwvcvkqpcn Ejgokuvt{0
422:=52*6+<7:;//8220

]348_ Ekgrncm R. Eqtpgnn YF. Dc{n{ E. Mqnnocp RC0 Crrnkec/
vkqp qh vjg Ownvkoqngewng cpf Ownvkeqphqtocvkqpcn TGUR
Ogvjqfqnqi{ vq Dkqrqn{ogtu< Ejctig Fgtkxcvkqp qh FPC.
TPC cpf Rtqvgkpu0 Lqwtpcn qh Eqorwvcvkqpcn Ejgokuvt{0
3;;7=38*33+<3579//35990

]349_ Tg{pqnfu EC. Guugz LY. Tkejctfu YI0 Cvqoke Ejctigu hqt
Xctkcdng Oqngewnct Eqphqtocvkqpu0 Lqwtpcn qh vjg Cogtk/
ecp Ejgokecn Uqekgv{0 3;;3=336<;297//;29;0

]34:_ Eqognn YF. Ekgrncm R. Dc{n{ EK. Mqnnocp RC0 Crrnkecvkqp
qh TGUR Ejctigu Vq Ecnewncvg Eqphqtocvkqpcn Gpgtikgu.
J{ftqigp Dqpf Gpgtikgu. cpf Htgg Gpgtikgu qh Uqnxcvkqp0
Lqwtpcn qh vjg Cogtkecp Ejgokecn Uqekgv{0 3;;5=337<;842/
/;8530

]34;_ Urcemocp OC0 Rqvgpvkcn Fgtkxgf Ejctigu Wukpi c
Igqfguke Rqkpv Ugngevkqp Uejgog0 Lqwtpcn qh Eqorwvc/
vkqpcn Ejgokuvt{0 3;;8=39*3+<3//3:0

]352_ Dtgpgocp EO. Ykdgti MD0 Fgvgtokpkpi Cvqo/Egpvgtgf
Oqpqrqngu htqo Oqngewnct Gngevtquvcvke Rqvgpvkcnu0 Vjg
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Pggf hqt Jkij Ucornkpi Fgpukv{ kp Hqtocokfg Eqphqt/
ocvkqpcn Cpcn{uku0 Lqwtpcn qh Eqorwvcvkqpcn Ejgokuvt{0
3;;2=33*5+<583//5950

]353_ Ejkrqv E. Cpi{cp L. Oknnqv E0 Uvcvkuvkecn cpcn{ugu qh fku/
vtkdwvgf ownvkrqngu fgtkxgf htqo oqngewnct gngevtquvcvke
rqvgpvkcnu0 Oqngewnct Rj{ukeu0 3;;:=;8*8+<::3//:;70

]354_ Vjqoruqp LF. Zkfqu LF. Uqpdwejpgt VO. Etcogt EL. Vtwj/
nct FI0 Oqtg Tgnkcdng Rctvkcn Cvqoke Ejctigu Yjgp Wukpi
Fk軟wug Dcuku Ugvu0 Rj{uEjgoEqoo0 4224=7<339//3560

]355_ qh vjg KGGG Eqorwvgt Uqekgv{ OUE0 KGGG Uvcpfctf
hqt Hnqcvkpi/Rqkpv Ctkvjogvke0 KGGG Uvcpfctf 976/422:0
422:=r0 3//7:0

]356_ Dqpfk C0 xcp fgt Yccnu Xqnwogu cpf Tcfkk0 Vjg Lqwtpcn qh
Rj{ukecn Ejgokuvt{0 3;86=8:*5+<663//6730

]357_ Ocpvkpc O. Ejcodgtnkp CE. Xcngtq T. Etcogt EL. Vtwjnct
FI0 Eqpukuvgp xcp fgt Yccnu Tcfkk hqt vjg Yjqng Ockp
Itqwr0 Vjg Lqwtpcn qh Rj{ukecn Ejgokuvt{ C0 422;=r0 7:28/
/7:340

]358_ Uejchvgpcct I. Pqqtfkm LJ0 Oqnfgp< c rtg/ cpf rquv/
rtqeguukpi rtqitco hqt oqngewnct cpf gngevtqpke uvtwe/
vwtgu0 Lqwtpcn qh Eqorwvgt/Ckfgf Oqngewnct Fgukip0
4222=36<345//3560

]359_ Ycpi D. Vtwjnct FI0 Kpenwfkpi Ejctig Rgpgvtcvkqp G軟gevu
kp Oqngewnct Oqfgnnkpi0 Lqwtpcn qh Ejgokecn Vjgtq{ cpf
Eqorwvcvkqp0 4232=8<5552//55640

]35:_ Ycpi D. Vtwjnct FI0 Rctvkcn Cvqoke Ejctigu cpf Uetggpgf
Ejctig Oqfgnu hqt vjg Gngevtquvcvke Rqvgpvkcn0 Lqwtpcn qh
Ejgokecn Vjgqt{ cpf Eqorwvcvkqp0 4234=:<3;:;//3;;:0

]35;_ PKUV Eqorwvcvkqpcn Ejgokuvt{ Eqorctkuqp cpf Dgpej/
octm Fcvcdcug= 42330 PKUV Uvcpfctf Tghgtgpeg Fcvcdcug
Pwodgt 3230

]362_ Mclk{c LV0 Vjg Tgpfgtkpi Gswcvkqp0 Ukiitcrj0
3;:8=42*6+<365//3720

]363_ Uvqpg LG0 Ocuvgt Vjgugu< Cp G二ekgpv Nkdtct{ hqt Rctcnngn
Tc{vtcekpi cpf Cpkocvkqp0 Wpkxgtukv{ qh Okuuqwtk/Tqnnc=
3;;:0
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]364_ Lqjpuqp IV. Cwvkp N. Iqqfugnn FU. Ucppgt OH. Qnuqp CL0
gROX Godgfu Oqngewnct Oqfgnkpi kpvq Rtqhguukqpcn Cpk/
ocvkqp Uqhvyctg Gpxktqpgogpvu0 Uvtwevwtg0 4233=3;<4;5/
/5250

]365_ ¥qrrg O. Rqtq¦qx [. Cpftgk T. Ekcpejgvvc U. ¥kpk OH. Nqpk
V. gv cn0 Wukpi Dngpfgt hqt oqngewnct cpkocvkqp cpf uekgp/
vk難e tgrtgugpvcvkqp0 Kp< Dngpfgt Eqphgtgpeg= 422:0 0

]366_ Mclk{c LV0 Tc{ Vtcekpi Xqnwog Fgpukvkgu0 Eqorwvgt Itcrj/
keu0 3;:6=3:*5+<387//3960

]367_ KDO Eqtr. ORK hÜt HguvmÕtrgthqtuejwpi Uvwvvictv0 EROF=
422:0 Eqr{tkijv ORK hÜt HguvmÕtrgthqtuejwpi Uvwvvictv
3;;9/4223.Eqr{tkijv KDO Eqtr 3;;2/422:0
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