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Ndslwho 4
Ixqnwlrq di  huh yduldeoh
41314 Wrsrorjlvnh ehjuhehu
L véwqlqjhu rj gh�qlwlrqhu yhguûuhqgh juéqvhyéugl/ nrqwlqxlwhw/ gl�huhqwld0
elolwhw rj lqwhjudelolwhw di ixqnwlrqhu di wr +hoohu  huh, yduldeoh ièu yl euxj iru
hq uénnh wrsrorjlvnh ehjuhehu1 Ghw hu ehjuhehu/ vrp pdq rjvè kdu euxj iru/
qèu wdohq hu rp ixqnwlrqhu di ìq yduldeho/ phq gd lqgohghqgh nxuvhu qrupdow
nxq ehwudjwhu ixqnwlrqhu di ìq yduldeho gh�qhuhw sè hw lqwhuydo hoohu sè hq iruhq0
lqjvpéqjgh di hqgholjw pdqjh lqwhuydoohu/ hu ehkryhw iru hq glvnxvvlrq di glvvh
ehjuhehu gìu lnnh véuoljw vwruw1 L ghw iûojhqgh vndo gh qûgyhqgljh wrsrorjlvnh
ehjuhehu gh�qhuhv iru ghopéqjghu di U � / phq ehjuhehuqh jhqhudolvhuhv ohw wlo
U � iru q 5 Q 1
Gh�qlwlrq 4 Phg qruphq di yhnwruhq +x> y, 5 U � iruvwèv wdoohw

n+x> y,n @ sx � . y �

Divwdqghq phoohp sxqnwhuqh +{ � > | � , rj +{ � > | � , l U � hu

n+{ � > | � ,� +{ � > | � ,n @
t
+{ � � { � , � . +| � � | � , �

Gh�qlwlrq 5 Odg X yéuh hq ghopéqjgh di U � lqghkroghqgh hq flunhovnlyh phg
fhqwuxp l +d> e,1 Vè ndoghv X hq rphjq rp sxqnwhw +d> e,1 Ghopéqjghq X hu dowvè
hq rphjq rp sxqnwhw +d> e,/ kylv ghu hnvlvwhuhu hw wdo u A 3/ vè�+{> |, 5 U � mn+{> |,� +d> e,n ? u� � X
Gh�qlwlrq 6 Odg V � U � rj odg +d> e, 5 V1 Sxqnwhw +d> e, ndoghv lqguh l péqj0
ghq V/ kylv ghu �qghv hq rphjq X rp +d> e,/ vè X � V1 Sxqnwhw +d> e, ndoghv
hw udqgsxqnw iru V/ kylv hqkyhu rphjq rp +d> e, lqghkroghu hw sxqnw iud V vèyho
vrp hw sxqnw iud nrpsohphqwéupéqjghq wlo V1
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Gh�qlwlrq 7 Péqjghq V � U � ndoghv èehq/ kylv hwkyhuw di ghwv sxqnwhu hu lq0
guh l V1 Péqjghq V ndoghv oxnnhw +hoohu divoxwwhw,/ kylv nrpsohphqwéupéqjghq
~V hu èehq1
Gh�qlwlrq 8 Yhg ghw lqguh di V iruvwèv péqjghq di lqguh sxqnwhu l V1 Yhg
udqghq di V iruvwèv péqjghq di udqgsxqnwhu iru V1 Yhg divoxwqlqjhq di V iruvwèv
iruhqlqjvpéqjghq di V rj udqghq di V1
Véwqlqj 9 Hq péqjgh V hu oxnnhw/ kylv rj nxq kylv ghq hu olj phg vlq divoxw0
qlqj/ g1y1v1 kylv rj nxq kylv V lqghkroghu vlq udqg1

Gh�qlwlrq : Odg V yéuh hq ghopéqjgh di U � 1 Sxqnwhw +d> e, 5 U � ndoghv hw
dnnxpxodwlrqvsxqnw iru V/ kylv hqkyhu rphjq rp +d> e, lqghkroghu xhqgholjw
pdqjh sxqnwhu iud V1
Ehpéunqlqj ; Yl nxqqh oljhvè jrgw kdyh euxjw iûojhqgh irupxohulqj= Sxqnwhw
+d> e, 5 U � ndoghv hw dnnxpxodwlrqvsxqnw iru V/ kylv hqkyhu rphjq rp +d> e,
lqghkroghu plqgvw ìw sxqnw iud Vq i+d> e,j1
Gh�qlwlrq < Péqjghq V � U � ndoghv ehjuéqvhw/ kylv ghq hu lqghkrogw l hq
hoohu dqghq flunhovnlyh1 G1y1v1 V hu ehjuéqvhw/ kylv ghu hnvlvwhuhu hw wdo u A 3/
vè

V � �+{> |, 5 U � mn+{> |,n ? u�
Gh�qlwlrq 43 Péqjghq V � U � ndoghv vdpphqkéqjhqgh/ kylv ghu iru hwkyhuw
sdu di sxqnwhu D rj E l V �qghv hq nxuyh n l V/ ghu iruelqghu gh wr sxqnwhu1 Yhg
hq nxuyh iruvwèv khu hq sxqnwpéqjgh/ ghu ndq ehvnulyhv hq sdudphwhuiuhpvwloolqj
+{> |, @ +s +w, > t +w,, > w 5 ^d> e`/ kyru s rj t hu nrqwlqxhuwh1

41315 Ixqnwlrq di wr yduldeoh
Yl plqghu iûuvw rp ghq jhqhuhooh ixqnwlrqvgh�qlwlrq1
Gh�qlwlrq 44 Hq ixqnwlrq hu hq dielogqlqj/ ghu wlo hwkyhuw hohphqw +sxqnw, {
l hq jlyhq péqjgh D +�gh�qlwlrqvpéqjghq�, nq|wwhu qhwrs hw hohphqw +sxqnw,
+�eloohghw�, l hq dqghq jlyhq péqjgh E1 Judihq di i hu péqjghq i+{> |, 5 D�E m{ 5 D a | @ i +{
+Phg D�E ehwhjqhv ghw fduwhvlvnh surgxnw phoohp péqjghuqh D rj E1 Ghw hu
péqjghq di sdu +{> |,/ kyru { 5 D rj | 5 E ,1

Qèu l gh�qlwlrqhq ryhqiru péqjghq D hu hq ghopéqjgh di U � @ U�U +hoohu
phuh jhqhuhow/ hq ghopéqjgh di hw fduwhvlvn surgxnw V �W ,/ vljhv ixqnwlrqhq i
dw yéuh hq ixqnwlrq di wr yduldeoh/ lghw hohphqwhuqh l D mr hu wdosdu1 Qèu E @ U
vljhv ixqnwlrqhq i dw yéuh hq uhho ixqnwlrq di wr yduldeoh1 Judihq iru hq uhho
ixqnwlrq di wr yduldeoh gh�qhuhw l D � U � hu péqjghq�+{> |> }, 5 U � m+{> |, 5 D a } @ i +{> |,�
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Kyru judihq iru hq uhho ixqnwlrq di ìq yduldeho hu hq nxuyh iruoûehqgh l U � > hu
judihq iru hq uhho ixqnwlrq di wr yduldeoh hq  dgh l U � 1 Ylvxdolvhulqj di judihq
hu vwdglj pxolj yhg shuvshnwlylvn whjqlqj l wr glphqvlrqhu/ phq pdq vhu ylvx0
dolvhulqjvsureohphw iru uhhooh ixqnwlrqhu di wuh hoohu  huh yduldeoh1
Gh�qlwlrq 45 Yhg hq qlyhdxnxuyh iru hq uhho ixqnwlrq i di wr yduldeoh iruvwèv
hq nxuyh phg oljqlqjhq i +{> |, @ n/ kyru n hu hq nrqvwdqw1 Iru hqkyhu nrqnuhw
yéugl di nrqvwdqwhq n ndq yl gd wdoh rp n0qlyhdxnxuyhq iru i 1
Hnvhpsho 46 Odg i yéuh ixqnwlrqhq jlyhw yhg iruvnuliwhq

i +{> |, @ +{� 4, �| � � { � � 4�
iru dooh +{> |, 5 U � 1 Qxo0qlyhdxnxuyhq hu gd �nxuyhq� phg oljqlqjhq +{� 4, �| � � { � � 4� @
31 Yl vhu/ dw qxoqlyhdxnxuyhq l uhdolwhwhq ehvwèu di 6 nxuyhu/ qhpolj ghq orguhwwh
olqlh { @ 4 vdpw gh wr nxuyhu phg oljqlqjhuqh | @ 	s{ � . 41

Judihu rj qlyhdxnxuyhu whjqhv qdwxuoljylv ohwwhvw y1km1d1 hq frpsxwhu1 Hn0
vhpshoylv whjqhv judihq iru ixqnwlrqhq ryhqiru vèohghv yhg euxj di Pdsoh=

i=@+{/|, 0A +{04,-+|a50{a504,> & Gh�qlwlrq di i
sorw6g+ i+{/|,/ {@04115/ |@06116,> & Judihq iru i
zlwk+sorwv,= & frqwrxusorw oljjhu l sorwv0sdnnhq
frqwrxusorw+ i+{/|,/ {@04115/ |@06116/ frqwrxuv@^vht+n2705/n@31149,`/ julg@^73/73`,>

& hw xgydoj di 4: qlyhdxnxuyhu

41316 Juéqvhyéugl
Juéqvhyéuglehjuhehw/ vrp ghw hu nhqgw iud ixqnwlrqhu di ìq yduldeho/ jhqhudolv0
huhv ohw wlo ixqnwlrqhu di  huh yduldeoh1

Odg i yéuh hq ixqnwlrq di 5 yduldeoh1 Phg olp � ��� �����	� 
�� �� i +{> |, @ D/ phqhu
pdq oûvw vdjw/ dw i +{> |, ehj|qghu dw oljqh wdoohw D/ qèu eorw +{> |, hu wéw
sè +d> e,/ phq grj iruvnhoolj iud +d> e,1 Ghqqh vlgvwh wloiûmhovh hu yljwlj= Yhg
juéqvhryhujdqjhq +{> |, $ +d> e, ehwudjwhv dogulj yéuglhu di i l sxqnwhw +d> e,/
rj ghw xdqvhw rp i hu gh�qhuhw l +d> e, hoohu hm1 Dw wdoh rp juéqvhyéuglhq
olp � ��� �����	� 
�� �� i +{> |, ndq nxq eolyh dnwxhow/ kylv hqkyhu rphjq rp +d> e, lqgh0
kroghu hw sxqnw +{> |, 9@ +d> e, iud gh�qlwlrqvpéqjghq iru i 1 Hw vègdqw sxqnw
+d> e, ndoghv hw dnnxpxodwlrqvsxqnw iru gh�qlwlrqvpéqjghq1
Gh�qlwlrq 47 Odg +d> e, yéuh hw dnnxpxodwlrqvsxqnw iru gh�qlwlrqvpéqjghq
G iru ghq uhhooh ixqnwlrq i 1 Vè vljhv i +{> |, dw kdyh hq juéqvhyéugl iru +{> |, $
+d> e,/ kylv ghu �qghv hw wdo D 5 U/ vè ghu wlo hwkyhuw +qrn vè olooh, srvlwlyw wdo
% hnvlvwhuhu hw srvwlyw wdo �/ vè kylv eorw +{> |, 5 G hu lqghqiru hq divwdqg di �
iud +d> e,/ vè hu i +{> |, lqghqiru hq divwdqg di % iud D1 Phg v|perohu ndq ghwwh
vnulyhv
;% A 3 <� A 3 vè 3 ? n+{> |,� +d> e,n ? � a +{> |, 5 G @, mi +{> |,�Dm ? %
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V|perohw ; vndo oévhv= �iru hwkyhuw� +hoohu �iru dooh�,1 V|perohw < vndo oévhv �ghu
hnvlvwhuhu�1 Kdu i +{> |, juéqvhyéuglhq D iru +{> |, $ +d> e,/ vè vnulyhu pdq

olp� ��� �����	� 
�� � � i +{> |, @ D

Gh�qlwlrq 48 Odg +d> e, yéuh hw dnnxpxodwlrqvsxqnw iru gh�qlwlrqvpéqjghq
+ G , iru ghq uhhooh ixqnwlrq i 1 Vè vljhu yl/ dw i +{> |, $ 4 iru +{> |, $ +d> e,/
kylv ghu wlo hwkyhuw +qrn vè vwruw, srvlwlyw wdo P hnvlvwhuhu hw srvwlyw wdo �/ vè
kylv eorw +{> |, 5 G hu lqghqiru hq divwdqg di � iud +d> e,/ vè hu i +{> |, A P=
Phg v|perohu ndq ghwwh vnulyhv
;P A 3 <� A 3 vè 3 ? n+{> |,� +d> e,n ? � a +{> |, 5 G @, i +{> |, A P

Ehpéunqlqj 49 Kylv i +{> |, $ 4 iru +{> |, $ +d> e, ndq pdq jrgw ehq|wwh
vnulyhpèghq

olp� � � � ���	� 
�� �� i +{> |, @ 4
phq yl ylo lnnh vljh/ dw juéqvhyéuglhq hnvlvwhuhu1 Phg juéqvhyéugl phqhv +qru0
pdow, hw wdo1
Véwqlqj 4: Kylv i +{> |, rj j +{> |, kdu juéqvhyéuglhu iru +{> |, $ +d> e,/ vè
kdu i +{> |, . j +{> |, rj i +{> |, j +{> |, rjvè juéqvhyéuglhu iru +{> |, $ +d> e,/
rj yl kdu

olp� � � � ���	� 
�� �� +i +{> |, . j +{> |,, @ olp� ��� �����	� 
�� �� i +{> |, . olp� � � �����	� 
�� �� j +{> |,
olp� ��� �����	� 
�� �� +i +{> |, j +{> |,, @ olp� ��� �����	� 
�� �� i +{> |, � olp� ��� �����	� 
�� � � j +{> |,

Kylv olp � ��� �����	� 
�� � � j +{> |, 9@ 3 rj kylv j +{> |, 9@ 3 l hq rphjq rp +d> e,/ vè kdu� � ��� ���
� � � � ��� rjvè hq juéqvhyéugl iru +{> |, $ +d> e, rj ghu jéoghu

olp� � � �����	� 
�� ��
i +{> |,
j +{> |, @ olp � � � �����	� 
�� �� i +{> |,

olp � � � � ��� � 
�� �� j +{> |,
Ehylv1 Uhvxowdwhw hu jdqvnh dqdorjw phg uhvxowdwhw iru iru ixqnwlrq di ìq

yduldeho1 Ehylvhw ndq iûuhv sè jdqvnh vdpph pègh1
Véwqlqj 4; Odg +{> |, @ +s +w, > t +w,, > w 5 L/ yéuh hq sdudphwhuiuhpvwloolqj
iru hq nxuyh n/ ghu iruoûehu l gh�qlwlrqvpéqjghq iru hq ixqnwlrq i di wr yduldeoh/
hyw1 phg xqgwdjhovh di sxqnwhw +d> e, @ +s +w � , > t +w � ,,/ kyru w � 5 L1 Dqwdj/ dw s
rj t hu nrqwlqxhuwh l w � 1 Vè jéoghu/ dw kylv juéqvhyéuglhq olp � � � �����	� 
�� �� i +{> |,
hnvlvwhuhu/ vè hnvlvwhuhu rjvè juéqvhyéuglhq

olp� � ��� i +s +w, > t +w,,
rj juéqvhyéuglhuqh hu hqv1 Nruw vdjw= Kylv juéqvhyéuglhq olp � � � �����	� 
�� �� i +{> |,
hnvlvwhuhu/ vè hnvlvwhuhu juéqvhyéuglhq iru i rjvè odqjv hqkyhu nrqwlqxhuw nxuyh
jèhqgh jhqqhp +d> e, rj kdu vdpph yéugl1
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Ehylv1 Dqwdj/ dw olp � ��� �����	� 
�� �� i +{> |, hnvlvwhuhu rj hu olj phg D1 Odg s rj t
yéuh nrqwlqxhuwh l w � 5 L phg +d> e, @ +s +w � , > t +w � ,,1 Odg % A 31 Ehvwhp � A 3/
vè

3 ? n+{> |,� +d> e,n ? � a +{> |, 5 G @, mi +{> |,�Dm ? %
kyru G hu gh�qlwlrqvpéqjghq iru i 1 Gd s rj t hu nrqwlqxhuwh l w � / hnvlvwhuhu
ghu hw wdo � � A 3/ vè

3 ? mw� w � m ? � � a w 5 L @, ms +w,� dm ? �
5 a mt +w,� em ? �

5
Phq yl kdu

n+s +w, > t +w,,� +d> e,n @
t
+s +w,� d, � . +t +w,� e, �

� ms +w,� dm. mt +w,� em
Dowvè ièv/ dw

3 ? mw� w � m ? � � a w 5 L @, n+s +w, > t +w,,� +d> e,n ? �
5 . �

5 @ �
vèohghv dw yl rjvè kdu

3 ? mw� w � m ? � � a w 5 L @, mi +s +w, > t +w,,�Dm ? %
Phq ghwwh ehylvhu qhwrs/ dw olp � � � � i +s +w, > t +w,, hnvlvwhuhu rj hu olj phg D1

Hnvhpsho 4< Odg ixqnwlrqhq i yéuh jlyhw yhg

i +{> |, @ { � � | �

{ � . | �

iru +{> |, 9@ +3> 3,1 Yl ylo xqghuvûjh/ rp juéqvhyéuglhq olp � ��� �����	� � � � � i +{> |,
hnvlvwhuhu1 Yl ehwudjwhu rsiûuvohq di i odqjv {0dnvhq rj odqjv |0dnvhq1 Yl kdu
i +{> 3, @ ���

� � @ 4 iru dooh { 9@ 3/ rj i +3> |, @ � ���
� � @ �4 iru dooh | 9@ 31

Dowvè kdu i lnnh vdpph juéqvhyéugl odqjv gh wr olqlhu1 Yl nrqnoxghuhu/ dw
olp � ��� �����	� � � � � i +{> |, lnnh hnvlvwhuhu1
Hnvhpsho 53 Odg i yéuh ixqnwlrqhq

i +{> |, @ d{. e|
f{. g|

kyru d> e> f rj g hu nrqvwdqwhu1 Dqwdj/ dw +f> g, 9@ +3> 3,1 Ixqnwlrqhq hu èehqeduw
gh�qhuhw l péqjghq G xghqiru olqlhq phg oljqlqjhq f{ . g| @ 31 Vshflhow hu
dowvè +3> 3, hw dnnxpxodwlrqvsxqnw iru G1 Dqwdj qx iûuvw/ dw f 9@ 3 rj g 9@ 31 Vè
kdu yl i +{> 3, @ 


� iru dooh { 9@ 3 rj i +3> |, @ �
� iru dooh | 9@ 31 Ghw iûojhu khudi/
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dw juéqvhyéuglhq olp � � � � ���	� � � � � i +{> |, lnnh hnvlvwhuhu phg plqguh 

� @ �

� / g1y1v1
dg @ ef1 Wlo jhqjéog hnvlvwhuhu ghq gd rjvè/ lghw yl gd kdu

i +{> |, @ d{. e|
f{. g| @ gd{. ge|

g +f{. g|, @ ef{. ge|
g +f{. g|, @ e +f{. g|,

g +f{. g|, @ e
g

iru dooh +{> |, 5 G1 Dqwdj qx/ dw g @ 3> f 9@ 3 rj e 9@ 31 Vè kdu yl iru | 9@ 3

i �| � > |� @ d| � . e|
f| � @ d. �

�
f

phq
��� �� ��� $ 4 iru | $ 31 Ghw vdpph vnhu/ kylv l vwhghw f @ 3> g 9@ 3 rj d 9@ 31

Nrqnoxvlrqhq hu dowvè/ dw i +{> |, kdu hq juéqvhyéugl iru +{> |, $ +3> 3,/ kylv
rj nxq kylv dg @ ef/ rj l ghwwh wloiéogh hu ixqnwlrqhq i idnwlvn nrqvwdqw1

Véwqlqjhqv rpyhqgwh sèvwdqg +dw juéqvhyéuglhq olp � � � �����	� 
�� �� i +{> |, hn0
vlvwhuhu/ qèu eorw ghq hnvlvwhuhu odqjv hq hoohu dqghq nrqwlqxhuw nxuyh, jéoghu
vohw lnnh/ kylonhw iûojhqgh hnvhpsho ylvhu1

Hnvhpsho 54 Odg ixqnwlrqhq i yéuh jlyhw yhg

i +{> |, @ { � |
{ � . | �

iru +{> |, 9@ +3> 3,1 Yl ylo xqghuvûjh/ rp juéqvhyéuglhq olp � � � �����	� � � � � i +{> |,
hnvlvwhuhu1 Yl ehwudjwhu rsiûuvohq di i odqjv {0dnvhq rj odqjv |0dnvhq1 Yl kdu
i +{> 3, @ 3 iru dooh { 9@ 3/ rj i +3> |, @ 3 iru dooh | 9@ 31 Yl ehj|qghu dw wur/
dw i +{> |, kdu hq juéqvhyéugl iru +{> |, $ +3> 3,1 Yéuglhq hu vè vhoyiûojholj 31
Wurhq vw|unhv/ qèu yl ehwudjwhu juéqvhyéuglhu odqjv hqkyhu dqghq olqlh | @ �{
jhqqhp +3> 3,1 Phg � 9@ 3 ièv

i +{> �{, @ �{ �

{ � . � � { � @ �{
{ � . � � $ 3

iru { $ 31 Phq ehwudjwhu yl i odqjv sdudeohq | @ { � ièv

i �{> { � � @ { �

{ � . { � @ 4
5

Odqjv sdudeohq kdu i dowvè lnnh vdpph juéqvhyéugl vrp odqjv gh uhwwh olqlhu1
Yl nrqnoxghuhu/ dw olp � ��� �����	� � � � � i +{> |, lnnh hnvlvwhuhu1

Hnvhpsho 55 Odg ixqnwlrqhq i yéuh jlyhw yhg

i +{> |, @ ! +{, |
! +{, � . | �



:

iru +{> |, 9@ +3> 3,1 Khu hu ! hq ixqnwlrq phg ! +3, @ 3/ ghu ghvxghq rsi|oghu
olp ��� � m{m ��� ! +{, @ 3 iru hw hoohu dqghw srvlwlyw s1 L hnvhpsohw ryhqiru ydu
! +{, @ { � rj vrp gìu ièv/ dw i +{> 3, @ 3 iru dooh { 9@ 3/ rj i +3> |, @ 3 iru dooh
| 9@ 31 Ghvxghq ièv sè hqkyhu nxuyh | @ � m{m � / kyru � 9@ 3/ dw

i +{> � m{m � , @ ! +{,� m{m �
! +{, � . � � m{m �

� @ ! +{,� m{m ���m{m � �
� ! +{, � . � � $ 3

iru { $ 31 Phq ehwudjwhu yl i odqjv nxuyhq | @ ! +{, ièv

i �{> { � � @ ! +{, �

! +{, � . ! +{, � @ 4
5

Odqjv ghqqh nxuyh kdu i dowvè lnnh vdpph juéqvhyéugl vrp odqjv nxuyhuqh
| @ � m{m � 1 Yl nrqnoxghuhu/ dw olp � � � �����	� � � � � i +{> |, lnnh hnvlvwhuhu1 Hw hnvwuhpw
hnvhpsho hu ! +{, @ h{s �� �

� �
� phg ! +3, @ 31 Iru ghqqh ixqnwlrq jéoghu

olp ��� � m{m ��� ! +{, @ 3 iru hwkyhuw srvlwlyw s1
Ehpéunqlqj 56 Yl oéuhu di ryhqvwèhqgh hnvhpsho/ dw pdq dogulj di rsiûuvohq
di i odqjv hw hoohu dqghw dqwdo nxuyhu hoohu hq hoohu dqghq nodvvh di nxuyhu ndq
nrqnoxghuh/ dw olp � ��� �����	� 
�� �� i +{> |, hnvlvwhuhu1 Phq �qghu yl wr nxuyhu odqjv
kylonh i kdu iruvnhooljh juéqvhyéuglhu/ ndq yl yéuh vlnuh sè/ dw olp � ��� �����	� 
�� �� i +{> |,
lnnh hnvlvwhuhu1

Hnvhpsho 57 Odg ixqnwlrqhq i yéuh jlyhw yhg

i +{> |, @ { � |
{ � . | �

iru +{> |, 9@ +3> 3,1 Yl ylo xqghuvûjh/ rp juéqvhyéuglhq olp � ��� �����	� � � � � i +{> |,
hnvlvwhuhu1 Gd i +{> 3, @ 3 iru dooh { 9@ 3/ pè juéqvhyéuglhq yéuh 3/ kylv ghq
gd ryhukryhghw hnvlvwhuhu1 Yl kdu

mi +{> |,� 3m @ mi +{> |,m @ { � m|m
{ � . | � @ { �

{ � . | � m|m
� 4 � m|m � n+{> |,n @ n+{> |,� +3> 3,n

Lghw yl dsshoohuhu gluhnwh wlo gh�qlwlrqhq di juéqvhyéuglehjuhehw/ kdu yl dowvè iru
jlyhw % A 3/ dw mi +{> |,� 3m ? %> qèu eorw n+{> |,� +3> 3,n ? %1 Ghuphg kdu yl
ylvw/ dw olp � ��� �����	� � � � � i +{> |, hnvlvwhuhu rj hu olj phg 31
Hnvhpsho 58 Odg ixqnwlrqhq i yéuh jlyhw yhg

i +{> |, @ { � |
{ � . | �

iru +{> |, 9@ +3> 3,1 Yl ylo xqghuvûjh/ rp juéqvhyéuglhq olp � ��� �����	� � � � � i +{> |,
hnvlvwhuhu1 Gd i +{> 3, @ 3 iru dooh { 9@ 3/ pè juéqvhyéuglhq yéuh 3/ kylv ghq
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gd ryhukryhghw hnvlvwhuhu1 Yl kdu/ lghw yl xgq|wwhu xoljkhghq 5de � d � . e � phg
d @ { � rj e @ m|m/
mi +{> |,� 3m @ mi +{> |,m @ m{m � m|m

{ � . | � @ m{m{ � m|m
{ � . | �

� m{m �
�
�
{ � . m|m � �

{ � . | � @ 4
5 m{m � 4

5 n+{> |,n @ 4
5 n+{> |,� +3> 3,n

Ljhq dsshoohuhu yl gluhnwh wlo gh�qlwlrqhq di juéqvhyéuglehjuhehw1 Iru jlyhw % A 3
kdu yl/ dw mi +{> |,� 3m ? %> qèu eorw n+{> |,� +3> 3,n ? 5%1 Ghuphg kdu yl ylvw/
dw olp � ��� �����	� � � � � i +{> |, hnvlvwhuhu rj hu olj phg 31

41317 Nrqwlqxlwhw
Iûuvw nrpphu ghq khow jhqhuhooh gh�qlwlrq di nrqwlqxlwhw1
Gh�qlwlrq 59 Hq ixqnwlrq i = G � U � $ U ndoghv nrqwlqxhuw l sxqnwhw +d> e, 5
G/ kylv
;% A 3 <� A 3 vè n+{> |,� +d> e,n ? �a +{> |, 5 G @, mi +{> |,� i +d> e,m ? %

Qèu sxqnwhw +d> e, hu hw dnnxpxodwlrqvsxqnw iruG/ kylonhw i1hnv1 hu wloiéoghw/
qèuG hu hq èehq péqjgh/ vè ièu yl iûojhqgh yhonhqgwh uhvxowdw/ ghu riwh vhv euxjw
vrp gh�qlwlrq1
Véwqlqj 5: Odg +d> e, 5 G yéuh hw dnnxpxodwlrqvsxqnw iru G1 Hq ixqnwlrq i =
G � U � $ U/ hu gd nrqwlqxhuw l +d> e,/ kylv rj nxq kylv

olp� � � �����	� 
�� � � i +{> |, @ i +d> e,

Ehpéunqlqj 5; Phg ghq jlyqh gh�qlwlrq hu hq ixqnwlrq/ kylv gh�qlwlrqvrp0
uègh rpidwwhu lvrohuhgh sxqnwhu/ dxwrpdwlvn nrqwlqxhuw l glvvh1 Hnvhpshoylv hu
iûojhqgh ixqnwlrq nrqwlqxhuw l khoh vlw gh�qlwlrqvrpuègh=

i +{> |, @
� : iru +{> |, @ +�6>�5,

{ � | iru { A 3 a | A 3
Ixqnwlrqhqv gh�qlwlrqvrpuègh hu èehqeduw U �

� ^ i+�6>�5,j1 Nrqwlqxlwhwhq l
+�6>�5, iûojhu yhg wlo hw jlyhw % A 3 dw yéojh � @ 4 +iru hnvhpsho,1 Vè hu
qhpolj n+{> |,� +�6>�5,n ? � a +{> |, 5 G nxq rsi|ogw iru +{> |, @ +�6>�5,/
rj l vè idog kdu yl mr/ dw mi +{> |,� i +�6>�5,m @ mi +�6>�5,� i +�6>�5,m @
3 ? %1 Ehpéun/ dw irugl sxqnwhw +�6>�5, lnnh hu hw dnnxpxodwlrqvsxqnw iru
gh�qlwlrqvrpuèghw/ hu juéqvhyéuglhq olp � � � � ���	� � � � � � � i +{> |, lnnh gh�qhuhw1
Véwqlqj 5< Kylv i> j= G � U � $ U ehjjh hu nrqwlqxhuwh l +d> e, 5 G/ vè hu
rjvè i.j rj ij nrqwlqxhuwh l +d> e,1 Kylv ghvxghq j +d> e, 9@ 3/ vè hu �

� nrqwlqxhuw
l +d> e,1



<

Véwqlqj 63 Odg G � � U � / G � � U rj odg j= G � $ G � / rj i = G � $ U1 Kylv
j hu nrqwlqxhuw l +d> e, 5 G � rj i hu nrqwlqxhuw l j +d> e,/ vè hu i � j nrqwlqxhuw
l +d> e,1
Véwqlqj 64 Odg G � � U � / G � � U � rj odg j � = G � $ G � / j � = G � $ G � rj i =
G � $ U1 Kylv j � rj j � ehjjh hu nrqwlqxhuwh l +d> e, 5 G � rj i hu nrqwlqxhuw l
+j � +d> e, > j � +d> e,,/ vè hu ixqnwlrqhq +{> |, :�$ i +j � +{> |, > j � +{> |,, nrqwlqxhuw
l +d> e,1
Véwqlqj 65 Odg ixqnwlrqhq i = G � U � $ U yéuh nrqwlqxhuw l +d> e, 5 G= Odg
ixqnwlrqhq i � yéuh jlyhw yhg i � +{, @ i +{> e, iru dooh gh { iru kylonh +{> e, 5 G1
Vè hu i � nrqwlqxhuw l d1

Véwqlqj 66 Odg ixqnwlrqhq i � = G � � U $ U yéuh nrqwlqxhuw l d 5 G � = Odg
ixqnwlrqhq i yéuh jlyhw yhg i +{> |, @ i � +{, iru dooh +{> |, 5 G � � U1 Vè hu i
nrqwlqxhuw l +d> e, iru hwkyhuw e 5 U1
Hnvhpsho 67 Odg ixqnwlrqhq i yéuh jlyhw l U � yhg

i +{> |, @
+ + � � ��� , �

� � � ��� iru +{> |, 9@ +3> 3,
4 iru +{> |, @ +3> 3,

Yl vhu/ dw i +{> 3, @ 4 iru dooh { 5 U rj oljhohghv/ dw i +3> |, @ 4 iru dooh | 5 U1
Dowvè hu phg +d> e, @ +3> 3, ehjjh gh wr ixqnwlrqhu { :�$ i +{> e, rj | :�$ i +d> |,
nrqwlqxhuwh +ryhudow,1 Ghwwh vlnuhu èehqeduw lnnh/ dw i hu nrqwlqxhuw l +d> e,1
Yl kdu mr/ dw i �{> { � � @ 3 iru { 9@ 3/ kyrudi vhv/ dw i +{> |, lnnh kdu qrjhq
juéqvhyéugl iru +{> |, $ +3> 3,1
Gh�qlwlrq 68 Hq ixqnwlrq/ vrp hu nrqwlqxhuw l dooh sxqnwhu di ghqv gh�qlwlrq0
vrpuègh/ ndoghv hq nrqwlqxhuw ixqnwlrq1
Véwqlqj 69 Odg G � U � rj odg i = G $ U yéuh nrqwlqxhuw1 Vè jéoghu=

41 Kylv G hu hq vdpphqkéqjhqgh péqjgh/ vè hu eloohgpéqjghq i +G, hw lq0
whuydo/ rj i dqwdjhu dowvè hqkyhu yéugl phoohp kyhu wr jlyqh ixqnwlrqvyéuglhu1

51 Kylv G hu oxnnhw rj ehjuéqvhw/ vè hu i +G, rjvè oxnnhw rj ehjuéqvhw/ rj i
dqwdjhu ghuphg vèyho hq vwûuvwh0 vrp hq plqgvwhyéugl sè G1

61 Kylv G hu hq oxnnhw/ ehjuéqvhw rj vdpphqkéqjhqgh péqjgh/ vè hu eloohg0
péqjghq i +G, hw oxnnhw rj ehjuéqvhw lqwhuydo1

Ehylv1 Yl xghodghu ehylvhw/ phq ehpéunhu/ dw 61 nxq hu hq vdpphqvnulyqlqj
di 41 rj 51



43 NDSLWHO 41 IXQNWLRQ DI IOHUH YDULDEOH

41318 Sduwlho gl�huhqwldwlrq
Gh�qlwlrq 6: Odg i yéuh hq uhho ixqnwlrq di 5 yduldeoh/ i = V � U � $ U1
Dqwdj/ dw +d> e, hu hw lqguh sxqnw l V1 Ixqnwlrqhq { :�$ i +{> e, hu gd gh�qhuhw
l kyhuwidog l hw lqwhuydo rpnulqj d1 Kylv ghqqh ixqnwlrq hu gl�huhqwldeho l d phg
gl�huhqwldonyrwlhqw D/ vè vljhv i dw kdyh hq sduwlho d hghw p1k1w1 { l +d> e,/ rj
ghq sduwlhooh d hghgh p1k1w1 { l sxqnwhw +d> e, hu D1 Ghqqh sduwlhooh d hghgh
ehwhjqhv phg i � +d> e, > � �

� � +d> e, > +G � i, +d> e, hoohu hw oljqhqgh v|pero1 Kylv ixqn0
wlrqhq | :�$ i +d> |, hu gl�huhqwldeho l e phg gl�huhqwldonyrwlhqw E/ vè vljhv i dw
kdyh hq sduwlho d hghw p1k1w1 | l +d> e,/ rj ghq sduwlhooh d hghgh p1k1w1 | l sxqnwhw
+d> e, hu E1 Ghqqh sduwlhooh d hghgh ehwhjqhv phg i � +d> e, > � �

� � +d> e, > +G � i, +d> e,
hoohu hw oljqhqgh v|pero1
Ehpéunqlqj 6; Hq ixqnwlrq di wr yduldeoh kdu dowvè hq sduwlho d hghw p1k1w1
ghq hqh yduldeho/ kylv ghq ixqnwlrq di ìq yduldeho/ pdq ièu yhg dw idvwiu|vh ghq
dqghq yduldeoh/ hu gl�huhqwldeho1
Ehpéunqlqj 6< Sduwlhooh d hghgh di ixqnwlrqhu di 6 hoohu  huh yduldeoh gh0
�qhuhv jdqvnh wlovyduhqgh1
Hnvhpsho 73 Odg i yéuh jlyhw yhg iruvnuliwhq

i +{> |, @ { � h � � � � �

iru dooh +{> |, 5 U � 1 Odg +d> e, 5 U � 1 Gd ixqnwlrqhq { :$ { � h � � � � � èehqeduw hu
gl�huhqwldeho kyruvrpkhovw rj ghuiru rjvè l d/ kdu i hq sduwlho d hghw p1k1w1 { l
+d> e,/ rj ghqqh hu jlyhw yhg

i � +d> e, @ 5dh � 
 � � � � d � h � 
 � � �

Gd oljhohghv ixqnwlrqhq | :$ d � h � 
 � � � hu gl�huhqwldeho kyruvrpkhovw rj ghuiru
rjvè l e/ kdu i hq sduwlho d hghw p1k1w1 | l +d> e,/ rj ghqqh hu jlyhw yhg

i � +d> e, @ 5d � h � 
 � � �

Yl kdu dowvè ylvw/ dw i kdu sduwlhooh d hghgh ryhudow l U � rj dw glvvh hu jlyhw yhg
i � +{> |, @ �5{� { � � h � � � � �

i � +{> |, @ 5{ � h � � � � �

Qèu vrp l hnvhpsohw ryhqiru i � +{> |, hoohu i � +{> |, hnvlvwhuhu iru dooh +{> |, l
hq hoohu dqghq péqjgh V/ vè hu hq ixqnwlrq i � hoohu i � ghuphg gh�qhuhw l V1 Vrp
iru hqkyhu dqghq uhho ixqnwlrq di 5 yduldeoh ndq yl ghuiru vsûujh rp i � hoohu i �
kdu sduwlhooh d hghgh p1k1w1 { rj | l hw sxqnw +d> e, 5 V1 Hu ghwwh wloiéoghw/ vljhu
yl/ dw i kdu hq sduwlho d hghw di dqghq rughq1 Iluh iruvnhooljh sduwlhooh d hghgh
di dqghq rughq ndq nrpph sè wdoh= Kylv i � kdu hq sduwlho d hghw p1k1w1 { l
+d> e, rj ghqqh olj phg s vè ylo yl vljh/ dw i ��� +d> e, hnvlvwhuhu rj hu olj phg s1
Kylv i � kdu hq sduwlho d hghw p1k1w1 | l +d> e, rj ghqqh olj phg t vè ylo yl vljh/
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dw i ��� +d> e, hnvlvwhuhu rj hu olj phg t1 Kylv i � kdu hq sduwlho d hghw p1k1w1 { l
+d> e, rj ghqqh olj phg u vè ylo yl vljh/ dw i � � +d> e, hnvlvwhuhu rj hu olj phg u1
Kylv i � kdu hq sduwlho d hghw p1k1w1 | l +d> e, rj ghqqh olj phg v vè ylo yl vljh/
dw i � � +d> e, hnvlvwhuhu rj hu olj phg v1

Gh wlovyduhqgh ehwhjqhovhu/ qèu ghu euxjhv whjqhw C/ hu
C � i
C{ � @ i ��� > C � i

C|C{ @ i ��� > C � i
C{C| @ i � � > C � i

C| � @ i � �
Pdq ehghv ehpéunh uénnhiûojhq di { rj |1 Lgìhq l ghq kìu ehq|wwhgh uénnhiûojh
hu/ dw ghw vlgvw wlonrpqh v|pero vwèu |ghuvw1 Dqghuohghv vdjw

C � i
C|C{ @ C

C|
�Ci
C{

�
@ +i � , � @ i ���

Ghw vndo grj doohuhgh qx vljhv/ dw hq véwqlqj qhghqiru vljhu/ dw xqghu phjhw
jhqhuhooh rpvwéqgljkhghu hu gh �eodqghgh� d hghgh hqv/ dowvè i ��� @ i � � 1
Hnvhpsho 74 Odg i yéuh jlyhw yhg iruvnuliwhq

i +{> |, @ { � h � � � � �

iru dooh +{> |, 5 U � 1 Yl idqgw ryhqiru/ dw
i � +{> |, @ �5{� { � � h � � � � �

i � +{> |, @ 5{ � h � � � � �

Glvvh wr q|h ixqnwlrqhu di wr yduldeoh kdu èehqeduw vhoy sduwlhooh d hghgh p1k1w1
eègh { rj |1 Yl �qghu
i ��� +{> |, @ +5� 5{, h � � � � � � �5{� { � � h � � � � � @ �5� 7{. { � � h � � � � �

i ��� +{> |, @ 5 �5{� { � � h � � � � � @ 5{ +5� {, h � � � � �

i � � +{> |, @ 7{h � � � � � � 5{ � h � � � � � @ 5{ +5� {, h � � � � �

i � � +{> |, @ 7{ � h � � � � �

Yl revhuyhuhu/ dw i ��� +{> |, @ i � � +{> |, iru dooh +{> |, 5 U � l ryhuhqvvwhpphovh
phg ghq iûojhqgh véwqlqj1
Véwqlqj 75 Dqwdj/ dw i kdu nrqwlqxhuwh sduwlhooh d hghgh di iûuvwh rughq l hq
rphjq X di +d> e,1 Dqwdj ylghuh/ dw i ��� hnvlvwhuhu l X rj hu nrqwlqxhuw l sxqnwhw
+d> e,1 Vè hnvlvwhuhu i � � +d> e, rj hu olj phg i ��� +d> e,1

Ehylv1 Yl ndq dqwdjh/ dw X hu hq flunhovnlyh phg fhqwuxp l +d> e, rj udglxv
u1 Odg iru hwkyhuw +k> n, phg n+k> n,n ? u ixqnwlrqhq I yéuh jlyhw yhg

I +k> n, @ i +d. k> e. n,� i +d. k> e,� i +d> e. n, . i +d> e,
Odg iru jlyhw n ixqnwlrqhq j yéuh jlyhw yhg

j +{, @ i +{> e. n,� i +{> e,
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iru dooh { phg m{� dm ? u1 Yl kdu gd/ dw I +k> n, @ j +d. k, � j +d,1 Plg0
ghoyéuglvéwqlqjhq ndq dqyhqghv sè j/ rj yl ièu

I +k> n, @ j +d. k,� j +d, @ j � +�,k
@ +i � +�> e. n,� i � +�> e,,k

kyru � oljjhu phoohp d rj d.k/ g1y1v1 dw m� � dm ? mkm1 Ehpéun/ dw � dikéqjhu di
eègh k rj n1 Gd i � +�> |, hu hq gl�huhqwldeho ixqnwlrq di | +lghw mr i ��� hnvlvwhuhu,
ndq yl euxjh plgghoyéuglvéwqlqjhq ljhq1 Yl ièu

I +k> n, @ +i � +�> e. n,� i � +�> e,,k
@ i ��� +�> �,kn

kyru � oljjhu phoohp e rj e . n/ g1y1v1 dw m� � em ? mnm1 Ehpéun rjvè khu/ dw �
dikéqjhu di eègh k rj n1

Yl vndo ylvh/ dw

olp� � �
i � +d. k> e,� i � +d> e,

k @ i ��� +d> e,
Odg ghuiru % A 3 yéuh jlyhw1 Gd i ��� hu nrqwlqxhuw/ �qghv ghu hw � A 3/ vè

mi ��� +{> |,� i ��� +d> e,m ? %
qèu eorw n+{� d> | � e,n ? �1 Ghuiru kdu yl/ dw

mI +k> n,� i ��� +d> e,knm ? % mknm
qèu eorw n+k> n,n ? �1

Yl kdu/ dw
olp� � �

I +k> n,
n @ i � +d. k> e,� i � +d> e,

Ghuiru iûojhu di xoljkhghq ryhqiru/ dw
mi � +d. k> e,� i � +d> e,� i ��� +d> e,km � % mkm

qèu eorw mkm ? �1 Khudi ièv èehqeduw����i � +d. k> e,� i � +d> e,
k � i ��� +d> e,

���� � %

qèu eorw mkm ? �1 Khuphg hu ehylvhw iûuw1
Hnvhpsho 76 Odg i yéuh jlyhw yhg

i +{> |, @
+ ��� �

� � � � � iru +{> |, 9@ +3> 3,
3 iru +{> |, @ +3> 3,
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i kdu èehqeduw nrqwlqxhuwh sduwlhooh d hghgh di ylonèuolj kûm rughq l U � q i+3> 3,j1
Yl xqghuvûjhu sxqnwhw +3> 3,1 Iru +{> |, 9@ +3> 3, ièv

i � +{> |, @ { � | �{ � . 6| � �
+{ � . | � , �

Iru dw xqghuvûjh/ rp i kdu hq sduwlho d hghw p1k1w1 { l +3> 3, ehwudjwhu yl gli0
ihuhqvnyrwlhqwhq

i +{> 3,� i +3> 3,
{ @ 3� 3

{ @ 3
Dowvè ièv/ dw i kdu hq sduwlho d hghw p1k1w1 { l +3> 3,/ rj dw ghqqh hu i � +3> 3, @ 31
Wlovyduhqgh �qghu yl iru +{> |, 9@ +3> 3,/ dw

i � +{> |, @ { � �{ � � | � �
+{ � . | � , �

Di gl�huhqvnyrwlhqwhq
i +3> |,� i +3> 3,

| @ 3� 3
| @ 3

ièv/ dw i kdu hq sduwlho d hghw p1k1w1 | l +3> 3,/ rj dw ghqqh hu i � +3> 3, @ 31 Yl
xqghuvûjhu qx/ rp i kdu eodqghgh sduwlhooh d hghgh i ��� rj i � � l sxqnwhw +3> 3,1
Di gl�huhqvnyrwlhqwhq

i � +3> |,� i +3> 3,
| @ 3� 3

| @ 3

vhv/ dw i � kdu hq sduwlho d hghw p1k1w1 | l +3> 3,/ rj dw ghqqh hu i ��� +3> 3, @ 31
Wlovyduhqgh vhv ghw di gl�huhqvnyrwlhqwhq

i � +{> 3,� i +3> 3,
{ @ {� 3

{ @ 4
dw i � kdu hq sduwlho d hghw p1k1w1 { l +3> 3,/ rj dw ghqqh hu i � � +3> 3, @ 41 Yl
kdu dowvè khu hw hnvhpsho sè/ dw i ��� 9@ i � � 1 P1k1w1 iruxgvéwqlqjhuqh l véwqlqjhq
ryhqiru/ ndq ghw ohw ylvhv/ dw i � rj i � ehjjh hu nrqwlqxhuwh rjvè l +3> 3,1 Ghw
hqhvwh ghu pdqjohu pè ghuiru yéuh/ dw lqjhq di gh wr eodqghgh d hghgh hu nrq0
wlqxhuwh l +3> 3,1 Ghwwh hiwhuylvhv gd rjvè ohw qrn yhg hq nrqnuhw uhjqlqj/ vrp yl
grj vsulqjhu ryhu1
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Ndslwho 5
Sodqlqwhjudohw
51319 Gh�qlwlrq di sodqlqwhjudohw
Yl plqghu nruw rp ghw végydqoljh Ulhpdqq0lqwhjudov gh�qlwlrq=
Gh�qlwlrq 77 Odg i yéuh hq ixqnwlrq gh�qhuhw sè lqwhuydoohw ^d> e` > kyru d rj
e hu wdo +dowvè lnnh kyhunhq 	4,1 Ixqnwlrqhq i ndoghv lqwhjudeho sè ^d> e` > kylv
ghu �qghv hw wdo t> vè ghu wlo hwkyhuw % A 3> �qghv hq lqggholqj +{ � , �

��� � > phg
d @ { � ? { � ? { � ? = = = ? { � @ e> vè iru dooh ydoj di wdo w � 5 ^{ � � � > { � ` jéoghu

t � % ?
�[

��� �

i +w � , +{ � � { � � � , ? t . %

Wdoohw t ndoghv gd lqwhjudohw rj ehwhjqhv phg U �

 i +{,g{=

Ulhpdqq0lqwhjudohw kdu vlw qdyq hiwhu ghq w|vnh pdwhpdwlnhu Ehuqkdug Ulh0
pdqq/ 4;5904;991 Lgìhq phg gh�qlwlrqhq di lqwhjudohw U �


 i +{,g{> hu dw ghwwh
phg ulpholjkhg vndo nxqqh wronhv vrp duhdohw xqghu judihq iru i rj ryhu {0dnvhq
+qèu lûyuljw judihq oljjhu ryhu {0dnvhq,1

Odg qx i yéuh hq uhho ixqnwlrq di wr yduldeoh gh�qhuhw l hq ghopéqjgh V di
sodqhq +U � ,1 Yl vndo qx gh�qhuh sodqlqwhjudohw]

�
i +{> |,gD

vè ghw phg ulpholjkhg ndq wronhv vrp uxpidqjhw xqghu judihq iru i rj ryhu {|0
sodqhq +qèu lûyuljw judihq oljjhu ryhu {|0sodqhq,1 Lqwhjudohw U �
 i +{,g{ eohy l ghw
ìqglphqvlrqdoh wloiéogh gh�qhuhw vrp hw lqwhjudo ryhu hw lqwhuydo ^d> e`1 Wlo ghwwh
vyduhu l ghw wrglphqvlrqdoh wloiéogh hw dnvhsdudoohow uhnwdqjho V @ ^d> e`� ^f> g`1
Hq gh�qlwlrq/ ghu nxq rpidwwhu sodqlqwhjudohu ryhu dnvhsdudoohooh uhnwdqjohu hu
lplgohuwlg iru lqgvnuéqnhw1 Yl kdu ehkry iru dw lqwhjuhuh ryhu phuh jhqhuhooh
rpuèghu/ hnvhpshoylv flunhovnlyhu1 Odg rv grj ehj|qgh phg dw jlyh hq gh�qlwlrq
di sodqlqwhjudohw ryhu hw dnvhsdudoohow uhnwdqjho1
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Gh�qlwlrq 78 Yhg hq lqggholqj di uhnwdqjohw G @ ^d> e` � ^f> g` iruvwèv hq
rsgholqj di G l hqgholjw pdqjh dnvhsdudooh uhnwdqjohu rsqèhw yhg lqggholqjhu
di kyhu di lqwhuydoohuqh ^d> e` rj ^f> g`1 Gyv1 kylv ^d> e` hu lqgghow yhg +{ � , �

��� � >
phg d @ { � ? { � ? { � ? = = = ? { � @ e/ rj kylv ^f> g` hu lqgghow yhg +| � , �

��� � >
phg f @ | � ? | � ? | � ? = = = ? | � @ g/ vè ehvwèu lqggholqjhq di uhnwdqjohuqh
G � � @ ^{ � > { � � � ` � ^|� > | � � � `/ l @ 3> 4> = = = > q � 4 rj m @ 3> 4> = = = >p � 41 Yl kdu
G @ V � � �

��� �
V � � �� � � G � � 1

Ehpéunqlqj 79 Yhg ghqqh gh�qlwlrq hu lqggholqjhq jlyhw yhg hq greehowqxp0
phuhulqj G � � / l @ 3> 4> = = = > q�4 rj m @ 3> 4> = = = >p�41 Yl ndq oljhvè jrgw wéqnh
rv gh hqnhowh ghouhnwdqjohu hqnhowqxpphuhuhw G � > G � > = = = >G � 1 Uénnhiûojhq ylo
yéuh oljhj|oglj1 Ghuphg kdu yl G @ V �

��� � G �

Gh�qlwlrq 7: Odg i yéuh hq uhho ixqnwlrq gh�qhuhw sè uhnwdqjohw G @ ^d> e`�
^f> g` > kyru d> e> f rj g hu wdo +dowvè lnnh kyhunhq 	4,1 Ixqnwlrqhq i ndoghv
lqwhjudeho sè G> kylv ghu �qghv hw wdo t> vè ghu wlo hwkyhuw % A 3> �qghv hq
lqggholqj +G � , �

��� � l dnvhsdudoohooh uhnwdqjohu/ vè iru dooh ydoj di sxqnwhu +v � > w � , 5
G � jéoghu

t � % ?
�[

��� �

i +v � > w � ,D +G � , ? t . %
kyru D +G � , ehwhjqhu duhdohw di uhnwdqjohw G � 1 Wdoohw t ndoghv gd lqwhjudohw +sodq0
lqwhjudohw, rj ehwhjqhv phg U � i +{> |,gD=
Ehpéunqlqj 7; Riwh euxjhv ehwhjqhovhq UU � i +{> |, gD l vwhghw iru U � i +{> |,gD1
Phq gd G hu jlyhw vrp hw rpuègh l sodqhq/ vnxooh ghu lnnh yéuh qrjhq pxoljkhghu
iru plviruvwèhovhu1 Voxwqlqjhq di v|perohw/ dowvè gD/ kéoshu rv wlo dw kxvnh/ dw
sodqlqwhjudohw hu hq vodjv juéqvhyéugl iru vxpphu di surgxnwhu i +v � > w � ,d +G � ,1
Qèu i +v � > w � , A 3 hu i +v � > w � ,d +G � , uxpidqjhw di hw uhwylqnohw sdudoohohslshgxp
+hq ndvvh, di kûmgh i +v � > w � , rj phg juxqg dgh G � 1 Ghuiru hu hq iruwronqlqj diU � i +{> |,gD vrp uxpidqjhw xqghu judihq iru i rj ryhu G l {|0sodqhq +qèu
i +{> |, � 3, ulpholj1

Di khqv|q wlo véwqlqjhq rp uhgxnwlrq di sodqlqwhjudohw wlo hw greehowlqwh0
judo jlyhu yl rjvè gh�qlwlrq di lqwhjudelolwhw yhg ryhu0 rj xqghuvxpphu1 Iûuvw
gh�qhuhu yl ryhu rj xqghuvxpphu vyduhqgh wlo hq lqggholqj1
Gh�qlwlrq 7< Odg S � @ +G � , �

��� � yéuh hq lqggholqj di G @ ^d> e` � ^f> g` l
dnvhsdudoohooh uhnwdqjohu1 Odg D +G � , ehwhjqh duhdohw di uhnwdqjohw G � / p +G � ,
lq�pxp +vwûuvwh xqghuwdo, iru i sè G � rj P +G � , vxsuhpxp +plqgvwh ryhuwdo,
iru i sè G � 1 Yhg xqghuvxpphq iru i vyduhqgh wlo lqggholqjhq S � iruvwèv

v +S � , @
�[

��� �

p +G � ,D +G � ,

Yhg ryhuvxpphq iru i vyduhqgh wlo lqggholqjhq S � iruvwèv wlovyduhqgh
V +S � , @

�[
��� �

P +G � ,D +G � ,



4:

Gh�qlwlrq 83 Odg i yéuh hq ehjuéqvhw uhho ixqnwlrq gh�qhuhw sè uhnwdqjohw
G @ ^d> e` � ^f> g` > kyru d> e> f rj g hu wdo +dowvè lnnh kyhunhq 	4,1 Ixqnwlrqhq
i ndoghv lqwhjudeho sè G> kylv ghu �qghv hw wdo t> vè ghu wlo hwkyhuw % A 3> �qghv
hq lqggholqj S � @ +G � , �

��� � l dnvhsdudoohooh uhnwdqjohu/ vè
t � % ? v +S � , � V +S � , ? t . %

Wdoohw t ndoghv gd lqwhjudohw +sodqlqwhjudohw, rj ehwhjqhv phg U � i +{> |,gD=
Hnvhpsho 84 Odg i yéuh ghq nrqvwdqwh ixqnwlrq i +{> |, @ 6 iru dooh +{> |, 5
G @ ^�5> 6`� ^4> 7`1 Gd hqkyhu lqggholqj +G � , �

��� � di G rj hwkyhuw ydoj di sxqnwhu
+v � > w � , 5 G � jlyhu

�[
��� �

i +v � > w � ,D +G � , @ 6 � 48 @ 78
hu i èehqeduw lqwhjudeho sè G phg lqwhjudo 78=
Ehpéunqlqj 85 Uhvxowdwhw l hnvhpsohw jhqhudolvhuhv xplgghoeduw wlo sèvwdqghq/
dw hq nrqvwdqw n hu lqwhjudeho sè hw dnvhsdudoohow uhnwdqjho G phg lqwhjudo]

� ngD @ n � D +G,

Vshflhow kdu yl/ qèu n @ 4/ dw U � gD @ D +G,1 L vlq jhqhudolvhuhgh irup/ kyru G
lnnh oéqjhuh hu hw uhnwdqjho/ ylo ghwwh uhvxowdw vhqhuh eolyh euxjw wlo duhdoehvwhp0
phovh1

Yl jlyhu qx gh�qlwlrqhq di lqwhjudelolwhw ryhu rpuèghu l sodqhq/ ghu lnnh
hu dnvhsdudoohooh uhnwdqjohu1 Phq iûuvw gh�qhuhu yl lqglndwruixqnwlrqhq iru hq
péqjgh l sodqhq=
Gh�qlwlrq 86 Odg V � U � = Yhg lqglndwruixqnwlrqhq 4 � iru péqjghq V iruvwèv
ixqnwlrqhq jlyhw yhg

4 � +{> |, @
� 4 iru +{> |, 5 V

3 iru +{> |, @5 V
Kylv ixqnwlrqhq i hu gh�qhuhw sè V gh�qhuhv i � wlovyduhqgh yhg

i � +{> |, @
� i +{> |, iru +{> |, 5 V

3 iru +{> |, @5 V
Ehpéunqlqj 87 Kylv i hu gh�qhuhw ryhudow l U � / vè kdu yl i � @ i � 4 � 1 Lq0
glndwruixqnwlrqhq ndq qdwxuoljylv rjvè gh�qhuhv iru ghopéqjghu di U1
Gh�qlwlrq 88 Odg V � U � yéuh hq ehjuéqvhw péqjgh/ rj odg i yéuh hq uhho
ixqnwlrq gh�qhuhw sè V1 Odg G yéuh hw dnvhsdudoohow uhnwdqjho/ ghu rpvoxwwhu V/
dowvè V � G1 Kylv i � hu lqwhjudeho l G/ ylo yl vljh/ dw i hu lqwhjudeho l V/ rj yl
véwwhu ]

� i +{> |,gD @
]

� i � +{> |, gD
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Ehpéunqlqj 89 Ghw hu yljwljw +phq khogljylv rjvè ohw, dw ryhuehylvh vlj rp/
dw hw ylonèuoljw dnvhsdudoohow uhnwdqjho G � V ylo jlyh vdpph uhvxowdw/ vrp hw
ylonèuoljw dqghw1 Ghuphg lqgvhv rjvè/ dw ghq q|h gh�qlwlrq lnnh hu l nrq lnw phg
ghq jdpoh/ dowvè kylv V idnwlvn hu hw dnvhsdudoohow uhnwdqjho/ vè ièv ghw jdpoh
uhvxowdw1

5131: Duhdoehjuhehw1 Mrugdqlqgkrog1
Gh�qlwlrq 8: Odg V yéuh hq ehjuéqvhw péqjgh l sodqhq1 Kylv ghq nrqvwdqwh
ixqnwlrq +{> |, :�$ 4 hu lqwhjudeho sè V/ vè ylo yl vljh/ dw V hu pèoholj +hoohu
�kdu hw Mrugdq0lqgkrog� hoohu �kdu hw duhdo�,1 Pèohw +duhdohw/ Mrugdq0lqgkroghw,
véwwhv wlo

D +V, @
]

�
4gD

Ghqqh gh�qlwlrq di pèoholjkhg rj duhdo ndq phuh gluhnwh irupxohuhv vèohghv=
Gh�qlwlrq 8; +Gluhnwh gh�qlwlrq di duhdo, Odg V yéuh hq ehjuéqvhw ghopéqjgh
di U � 1 Odg G yéuh hw dnvhsdudoohow uhnwdqjho/ ghu rpvoxwwhu V/ dowvè V � G1
Péqjghq V ndoghv pèoholj> kylv ghu �qghv hw wdo d> vè ghu wlo hwkyhuw % A 3>
�qghv hq lqggholqj +G � , �

��� � di G l dnvhsdudoohooh uhnwdqjohu/ vè
d� % ? [

�
��� �

D +G � , � [
�
��� ������

D +G � , ? d. %

kyru D +G � , ehwhjqhu ghw végydqoljh duhdo di uhnwdqjohw G � 1 Wdoohw d ndoghv gd
duhdohw di V=
Véwqlqj 8< Odg V yéuh hq ehjuéqvhw ghopéqjgh di U � 1 Odg G yéuh hw dnvhs0
dudoohow uhnwdqjho/ ghu rpvoxwwhu V/ dowvè V � G1 Péqjghq V hu pèoholj/ kylv rj
nxq kylv ghu wlo hwkyhuw % A 3> �qghv hq lqggholqj +G � , �

��� � di G l dnvhsdudoohooh
uhnwdqjohu/ vè [

�
��� � ������

D +G � , ? %

kyru CV ehwhjqhu udqghq di V1
Ehylv1 Lnnh vyéuw/ phq xghodghv1

Ehpéunqlqj 93 Gd C +CV, @ CV/ vhv ghw ohw/ dw V hu pèoholj/ kylv rj nxq kylv
CV hu pèoholj1 L ehnuéiwhqgh idog hu D +CV, @ 31 Ehpéun dowvè/ dw kylv udqghq
di V ryhukryhghw kdu hw duhdo/ vè hu ghw qxo1
Ehpéunqlqj 94 Hq qxopéqjgh hu hq péqjgh P / iru kylonhq ghu wlo hwkyhuw
% A 3 hnvlvwhuhu hq ryhugénqlqj di hw kûmvw wéooholjw dqwdo dnvhsdudoohooh uhnwdq0
johu X � phg vdpohw duhdo plqguh hqg %/ dowvè V 	

��� � X � � P rj S 	
��� � D +X � , ? %1

Ghu jéoghu iûojhqgh véwqlqj +Ohehvjxh,= Hq ehjuéqvhw ixqnwlrq i gh�qhuhw sè hq
ehjuéqvhw péqjgh V hu Ulhpdqq0lqwhjudeho sè V/ kylv rj nxq kylv glvnrqwlqx0
lwhwvsxqnwhuqh iru ixqnwlrqhq i � xgjûu hq qxopéqjgh1 Di ghqqh véwqlqj iûojhu/



4<

dw hq péqjgh V hu pèoholj/ kylv rj nxq kylv udqghq CV hu hq qxopéqjgh1 Ghwwh
uhvxowdw hu ohwwhuh dw euxjh hqg uhvxowdwhw qéyqw l ehpéunqlqjhq ryhqiru1 Hq
pèoholj péqjgh phg pèo qxo hu vhoyiûojholj hq qxopéqjgh/ phq hq qxopéqjgh
ehkûyhu lnnh yéuh pèoholj1 Ghw hu ìq di vydjkhghuqh yhg ghw khu lqgiûuwh pèoeh0
juhe1
Véwqlqj 95 Odg V yéuh hq ehjuéqvhw ghopéqjgh di U � 1 Odg G yéuh hw dnvhs0
dudoohow uhnwdqjho/ ghu rpvoxwwhu V/ dowvè V � G1 Péqjghq V hu pèoholj rj kdu
pèo qxo/ kylv rj nxq kylv ghu wlo hwkyhuw % A 3> �qghv hq lqggholqj +G � , �

��� � di G
l dnvhsdudoohooh uhnwdqjohu/ vè [

�
��� ������

D +G � , ? %

Hnvhpsho 96 Hwkyhuw uhw olqlhvw|nnh l U � vhv ohw dw kdyh pèo qxo1
Hnvhpsho 97 Hqkyhu péqjgh ehvwèhqgh di hqgholjw pdqjh sxqnwhu kdu pèo
qxo1
Véwqlqj 98 Odg j= ^d> e` $ U1 Vè hu j lqwhjudeho sè ^d> e`/ kylv rj nxq kylv
judihq J @ i+{> |, m| @ j +{, a { 5 ^d> e`j kdu pèo qxo1
Nruroodu 99 Odg j= ^d> e` $ U yéuh nrqwlqxhuw1Vè kdu judihq J @ i+{> |, m| @ j +{, a { 5 ^d> e`j
pèo qxo1
Véwqlqj 9: Odg j= ^d> e` $ U rj dqwdj/ dw j +{, � 3 iru dooh { 5 ^d> e`1 Vè hu j
lqwhjudeho sè ^d> e`/ kylv rj nxq kylv péqjghq V @ i+{> |, m3 � | � j +{, a { 5 ^d> e`j
hu pèoholj1 L ehnuéiwhqgh idog hu pèohw

D +V, @
] �



j +{,g{

Hnvhpsho 9; Odg V ehvwè di gh sxqnwhu l nydgudwhw G @ ^3> 4` � ^3> 4`/ ghu
kdu udwlrqdoh nrruglqdwhu1 Yl ylo ylvh/ dw V lnnh hu pèoholj1 Yl jûu ghwwh yhg dw
ylvh/ dw 4 � lnnh hu lqwhjudeho sè G1 Odg +G � , �

��� � yéuh hq lqggholqj di G1 Hwkyhuw
ghouhnwdqjho G � l lqggholqjhq ylo lqghkrogh sxqnwhu iud V rj rjvè sxqnwhu iud ~V1
Yhg xghoxnnhqgh dw yéojh +v � > w � , 5 V ièv

�[
��� �

4 � +v � > w � ,D +G � , @
�[

��� �

D +G � , @ D +G, @ 4

Yhg xghoxnnhqgh dw yéojh +v � > w � , 5 ~V ièv
�[

��� �

4 � +v � > w � ,D +G � , @
�[

��� �

3 � D +G � , @ 3

Dowvè ndq 4 � lnnh yéuh lqwhjudeho sè G rj V hu ghuiru lnnh pèoholj1 Lnnh ghvwr
plqguh hu V idnwlvn hq qxopéqjgh hiwhu gh�qlwlrqhq jlyhw l ehpéunqlqjhq ryhq0
iru1 Ghwwh hu l rj iru vlj lnnh vè vyéuw dw ylvh/ phq yl xghodghu ehylvhw1
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5131; Hjhqvndehu yhg sodqlqwhjudohw
Véwqlqj 9< Odg i rj j yéuh lqwhjudeoh sè V/ vè hu i . j lqwhjudeho phg]

�
+i +{> |, . j +{> |,,gD @

]
�
i +{> |,gD.

]
�
j +{> |,gD

rj kylv n hu hq nrqvwdqw/ vè hu ni lqwhjudeho rj]
�
ni +{> |,gD @ n

]
�
i +{> |,gD

Véwqlqj :3 Kylv i rj j hu lqwhjudeoh sè V/ rj rsi|oghu i +{, � j +{, iru dooh
{ 5 V/ vè jéoghu ]

� i +{, g{ � ]
� j +{,g{

Vshflhow jéoghu/ kylv n hu hq nrqvwdqw/ V hu pèoholj/ rj i +{, � n iru dooh { 5 V/
dw ]

� i +{,g{ � nD +V,

Nruroodu :4 Odg i = V � U � $ U yéuh hq ehjuéqvhw ixqnwlrq rj V hq pèoholj
péqjgh phg pèo qxo1 Vè hu i lqwhjudeho sè V phg lqwhjudo olj phg 31
Véwqlqj :5 Odg i = V � U � $ U yéuh ehjuéqvhw rj nrqwlqxhuw l VqP / phg V
ehjuéqvhw rj pèoholj/ rj phg P pèoholj phg pèo qxo1 Vè hu i lqwhjudeho sè V1
Véwqlqj :6 Odg i = V � U � $ U yéuh lqwhjudeho sè V/ rj odg V � yéuh hq pèoholj
ghopéqjgh di V1 Vè hu i lqwhjudeho sè V � 1
Véwqlqj :7 Odg V @ V � ^V � / kyru V � rj V � hu pèoholjh/ rj kyru D +V � _ V � , @
31 Vè hu i lqwhjudeho sè V/ kylv rj nxq kylv i hu lqwhjudeho sè eègh V � rj V � = L
ehnuéiwhqgh idog jéoghu]

�
i +{> |, gD @

]
���

i +{> |,gD.
]

���
i +{> |,gD

Uhgxnwlrq di sodqlqwhjudohw wlo hw greehowlqwhjudo
Véwqlqj :8 Odg G yéuh uhnwdqjohw G @ ^d> e`�^f> g` rj dqwdj/ dw i hu lqwhjudeho
sè G1 Dqwdj ylghuh/ dw ixqnwlrqhq | :�$ i +{> |, iru hwkyhuw idvwkrogw { 5 ^d> e`
hu lqwhjudeho sè ^f> g`1 Vè hu ixqnwlrqhq { :�$ U �

� i +{> |,g| lqwhjudeho sè ^d> e` rj
yl kdu ]

� i +{> |,gD @
] �




#] �

�
i +{> |,g|

$
g{
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Ehylv1 Odg S � yéuh hq lqggholqj di uhnwdqjohw G @ ^d> e` � ^f> g` l dn0
vhsdudoohooh uhnwdqjohu G � � @ ^{ � � � > { � ` � ^|� � � > | � `/ kyru l @ 4> 5> = = = > q rj
m @ 4> 5> = = = >p1 Khuphg iruholjjhu ghu rjvè hq lqggholqj di lqwhuydoohw ^d> e`/
qhpolj S � 
�� ��� = d @ { � ? { � ? = = = ? { � � � ? { � @ e rj oljhohghv di lqwhuydoohw
^f> g`/ qhpolj S � � � � � = f @ | � ? | � ? = = = ? | � � � ? | � @ g1 Véw

j +{, @
] �

�
i +{> |, g|

Iru { 5 ^{ � � � > { � ` kdu yl

j +{, @
�[

� � �

] ���

����� �
i +{> |,g| �

�[
� � �

P � +G � � , +| � � |� � � ,

kyru P � +G � � , ehwhjqhu vxsuhpxp iru i sè uhnwdqjohw G � � 1 Ghuphg kdu yl rjvè

P � +^{ � � � > { � `, �
�[

� � �

P � +G � � , +| � � |� � � ,

kyru P � +^{ � � � > { � `, ehwhjqhu vxsuhpxp iru j sè lqwhuydoohw ^{ � � � > { � `1 Khudi
iûojhu

V �
�S � 
�� ���

� @
�[

��� �

P � +^{ � � � > { � `, +{ � � { � � � , �
�[

� � �

P � +G � � ,D +G � � , @ V � +S � ,

kyru V �
�S � 
�� ���

� rj V � +S � , ehwhjqhu ryhuvxpphu iru j rj i vyduhqgh wlo lq0
ggholqjhuqh S � 
�� ��� rj V � +S � ,/ khqkrogvylv1Sè vdpph pègh ylvhv/ dw ghu rp
xqghuvxpphuqh jéoghu

v � +S � , � v �
�S � 
�� ���

�
Khuphg kdu yl dowvè iru hqkyhu lqggholqj S � phg ghuwlo kûuhqgh lqggholqj S � 
�� ��� /
dw

v � +S � , � v �
�S � 
�� ���

� � V �
�S � 
�� ���

� � V � +S � ,
Odg qx % A 31 yéuh jlyhw1 Qèu i hu lqwhjudeho sè G phg lqwhjudo t �qghv ghu hq
lqggholqj S � di G/ vè

t � % ? v � +S � , � V � +S � , ? t . %
Iru ghq ghuwlo vyduhqgh lqggholqj S � 
�� ��� jéoghu ghuiru

t � % ? v �
�S � 
�� ���

� � V �
�S � 
�� ���

� ? t . %
Khuphg hu ylvw/ dw j hu lqwhjudeho sè ^d> e` phg lqwhjudo t/ kylonhw yl vnxooh ylvh1
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Véwqlqj :9 Odg j � > j � = ^d> e` $ U ehjjh yéuh nrqwlqxhuwh1 Dqwdj/ dw j � +{, ?
j � +{, iru dooh { 5 `d> e^1 Odg V yéuh jlyhw yhg

V @ i+{> |, mj � +{, � | � j � +{, a { 5 ^d> e`j
Odg i = V $ U yéuh hq ehjuéqvhw ixqnwlrq/ vrp hu nrqwlqxhuw l ghw lqguh di V1
Vè hu i lqwhjudeho sè V> rj yl kdu]

�
i +{> |,gD @

] �




#] ��� � ���

� � � ���
i +{> |,g|

$
g{

Ehylv1 OdgG yéuh hw dnvhsdudoohow uhnwdqjho/ ghu rpvoxwwhu V1 Yl ndq dqwdjh
ghw kdu iruphq G @ ^d> e`� ^f> g`1 Yl vndo ylvh/ dw i � hu lqwhjudeho sè G1 Phq i �

hu nrqwlqxhuw l dooh sxqnwhu di G phg hyw1 xqgwdjhovh di sxqnwhuqh sè nxuyhuqh
| @ j � +{, > | @ j � +{,/ rj gh orguhwwh olqlhvw|nnhu { @ d rj { @ e1 Glvvh nxuyhu
xgjûu hq pèoholj péqjgh phg pèo qxo1 Ghuiru hu i � lqwhjudeho sè G1 Liûojh ghq
iruhjèhqgh véwqlqj kdu yl ghuphg]

� i +{> |,gD @
]

� i � +{> |,gD

@
] �




#] �

�
i � +{> |,g|

$
g{ @

] �




#] � � � ���

� � � � �
i +{> |,g|

$
g{

Hnvhpsho :: Odg V yéuh ghw ehjuéqvhgh rpuègh l sodqhq/ ghu dijuéqvhv di
nxuyhuqh | @ h � � rj | @ h � �

�

1 Yl ylo �qgh sodqlqwhjudohw]
�

{
| gD

Gh wr nxuyhu vnéuhu klqdqghq l sxqnwhuqh +3> 4, rj �4> h � � �1 Ghw rpwdowh rpuègh
hu dowvè V @

q
+{> |,

���h � � � | � h � �
� a 3 � { � 4

r
1

h � � > h � �
�
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1
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x



56

Vh �jxuhq1 Yl �qghu ghuiru
]

�

{
| gD @

] �

�

3
C] � ���

�

� ���
{
| g|

4
Dg{

@
] �

�
{ ^oq |` �

��� �
� ��� g{ @

] �

�
{ ��{ � . {� g{

@
] �

�

��{ � . { � � g{ @
��4

7{
� . 4

6{
�
� �

�
@ 4

45
Hnvhpsho :; Odg V yéuh ghw ehjuéqvhgh rpuègh l sodqhq/ ghu dijuéqvhv di
nxuyhq | @ dufwdq{ vdpw di olqlhuqh | @ �

� rj { @ 3=
dufwdq{> � �

0
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0.4

0.6

0.8

1

0.2 0.4 0.6 0.8 1 1.2 1.4x

Vh �jxuhq1 Yl ylo �qgh sodqlqwhjudohw]
�

vlq�{
frv � | gD

Yl �qghu/ gd V @ �+{> |, ��dufwdq{ � | � �
� a 3 � { � 4�/ dw

]
�

vlq�{
frv � | gD @

] �

�

#] � �

���
	����� �
vlq�{
frv � | g|

$
g{

@
] �

�
vlq�{ ^wdq |` � ����
	����� � g{ @

] �

�
+4� {, vlq�{g{

@
�� 4

� frv�{� 4
� � +vlq�{� �{ frv�{,

� �

�
@ 4

�
Ghu hu qdwxuoljylv hq yhuvlrq di uhgxnwlrqvvéwqlqjhuqh/ kyru uroohuqh iru {

rj | hu e|wwhw rp1 Yl suûyhu hnvhpsohw ryhqiru phg uroohuqh rpe|wwhgh1
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Hnvhpsho :< Odg ljhq V yéuh ghw ehjuéqvhgh rpuègh l sodqhq/ ghu dijuéqvhv
di nxuyhq | @ dufwdq{ vdpw di olqlhuqh | @ �

� rj { @ 3= Yl ylo �qgh sodqlqwh0
judohw ]

�

vlq�{
frv � | gD

Yl �qghu/ gd V rjvè ndq ehvnulyhv vrp V @ �+{> |, ��3 � { � wdq | a 3 � | � �
�

�/
dw

]
�

vlq�{
frv � | gD @

] � �

�

�] ���� �

�

vlq�{
frv � | g{

�
g|

@
] � �

�

4
frv � |

�� 4
� frv�{

� ���� �
�

g|

@ 4
�
] � �

�

4
frv � | +4� frv +� wdq |,,g|

Ghwwh lqwhjudo ndq noduhv yhg vxevwlwxwlrqhq w @ � wdq|/ kyruyhg gw @ � �
	���� � � g|1Ghuphg kdu yl

4
�
] � �

�

4
frv � | +4� frv +� wdq |,,g| @ 4

� �

] �

�
+4� frv w, gw

@ 4
� � ^w� vlq w` �� @ 4

�
Yl �n vhoyiûojholj +hoohu vndo yl vljh khogljylvB, ghw vdpph vrp ryhqiru1 Srlqwhq
hu grj/ dw gh wr pèghu/ kyrusè sodqlqwhjudohw ndq xguhjqhv/ wlw jlyhu dqohgqlqj
wlo uhjqlqjhu di iruvnhoolj vyéukhgvjudg1

Hnvhpsho ;3 Ghu ûqvnhv hq xguhjqlqj di iûojhqgh greehowlqwhjudo

t @
] �

�

#] �� �

� �

s4� { � g{
$
g|

Yruhv xplgghoeduh sureohp hu ehvwhpphovhq di hq vwdpixqnwlrq wlo s4� { � 1 Hq
vègdq ndq qhpolj lnnh xgwu|nnhv yhg hohphqwéuh ixqnwlrqhu1 Greehowlqwhjudohw
ndq lplgohuwlg rsidwwhv vrp hw sodqlqwhjudo ryhu rpuèghw

V @ i+{> |, ms| � { � �s| a 3 � | � 4j
Ghwwh rpuègh l sodqhq ndq rjvè ehvnulyhv vèohghv +khu kméoshu hq whjqlqj di
rpuèghw$,

V @ �+{> |, ��{ � � | � { � a 3 � { � 4�
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Khuphg ièv

t @
]

�

s4� { � gD @
] �

�

#] � �

� �
s4� { � g|

$
g{

@
] �

�

k
|s4� { �

l � �
� � g{ @

] �

�

�{ � � { �
�s4� { � g{

@
] �

�
{ � �4� { � � � � g{ @ �4

6
] �

�
w � � gw

@ � 5
48

k
w ��
l �

�
@ 5

48
Ehpéunqlqj ;4 Ghu hu pdqjh/ ghu euxjhu vnulyhpèghq] �



g{

] ��� � ���

� � � � �
i +{> |,g|

qèu gh phqhu ] �




#] ��� � � �

� � � � �
i +{> |,g|

$
g{

Irughohq hu/ dw sduhqwhvhuqh xqgjèv/ rj dw pdq xplgghoeduw ndq vh kylonhq ydul0
eho hu nq|wwhw wlo kylonhw lqwhjudowhjq1 Sduhqwhvhuqh ndq vhoyiûojholj rjvè xghodghv
xghq rpsodfhulqj di g{/ vrp iûojhu] �




] � � � � �

� � � � �
i +{> |,g|g{

Dooh 6 vnulyhpèghu pè dqvhv iru dffhswdeoh1
Hnvhpsho ;5 Lghw yl +qèu i � 3, wloodghu rv dw rsidwwh U

� i +{> |,gD vrp
uxpidqjhw di ghw ohjhph/ ghu oljjhu xqghu judihq iru i rj ryhu {|0sodqhq/ ylo
yl �qgh uxpidqjhw di ghw ohjhph/ ghu ehjuéqvhv di wr f|olqguh phg vdpph ud0
glxv +qhpolj 4,/ rj kylv dnvhu vnéuhu klqdqghq xqghu hq uhw ylqnho1 Yl ndq
wéqnh rv f|olqghu dghuqh jlyhw yhg oljqlqjhuqh } � . { � @ 4 rj } � . | � @ 41
Uxpidqjhw ndq �qghv yhg dw revhuyhuh/ dw ohjhphw ndq rsghohv l 49 ghoh phg
vdpph uxpidqj1 Dgvnloohovhq phoohp glvvh hu jlyhw yhg nrruglqdwsodqhuqh rj
yhg vnéulqjhq phoohp f|olqghu dghuqh= Phg {> |> } � 3 ièv } @ s4� { � @s4� | � +, | @ {1 Ghw wrwdoh uxpidqj hu gd 49 jdqjh uxpidqjhw di péqjghqq
+{> |> },

���3 � } � s4� | � a { � | � 4 a 3 � { � 4
r
1 Dowvè ièv uxpidqjhw wlo

Y @ 49
] �

�
g{

] �

�

s4� | � g|

@ 49
] �

�

�4
5|

s+4� | � , . 4
5 dufvlq |

� �

�
g{

@ 49
] �

�

��
7 � 4

5{
s+4� { � , . 4

5 dufvlq{
�
g{
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Hw olgw nhgholjw lqwhjudo/ vrp grj qrn ndq xguhjqhv phg olgw  lg1 Yl suûyhu lvwhghw
rpyhqgw lqwhjudwlrqvrughq=

Y @ 49
] �

�
g|

] �

�

s4� | � g{ @ 49
] �

�

s4� | � ^{` �� g|

@ 49
] �

�
|s4� | � g| @ 49

6
kyru ghw vlgvwh lqwhjudo eohy ixqghw yhg vxevwlwxwlrqhq w @ 4 � | � 1 Ehpéun/ dw
uxpidqjhw hu vwûuuh hqg uxpidqjhw iru hq nxjoh phg udglxv 4/ vrp ghw gd rjvè
eûu yéuh1

Lqgvnxg rp sroéuh nrruglqdwhu l sodqhq
L hq rulhqwhuhw sodq hu jlyhw hq rulhqwhuhw uhw olqlh/ hq wdoolqlh/ wdoohw 3 vyduhu
wlo sxqnwhw R/ rjvè ndoghw srohq1 Odg qx S yéuh hw sxqnw l sodqhq1 Dqwdj/ dw
S 9@ R1 Odg O yéuh olqlhq/ ghu jèu jhqqhp R rj S= Olqlhq iruv|qhv phg hq di
gh wr pxoljh rulhqwhulqjhu/ vèohghv dw ghq ndq ehwudjwhv vrp hq wdoolqlh oljhvrp
srodudnvhq/ md ndq ehwudjwhv vrp hq rp srohq guhmhw yhuvlrq di srodudnvhq1 Gh
sroéuh nrruglqdwhu iru sxqnwhw S ehvwèu qx di wr wdo1 Ghw hqh hu ghq ylqnho �
srodudnvhq vndo guhmhv +uhjqhw phg iruwhjq, iru dw idogh vdpphq phg O rjvè
kydg dqjèu rulhqwhulqjhq1 Ghw dqghw hu ghw wdo u/ ghu d évhv sè wdoolqlhq O yhg
S 1 Ghuyhg eolyhu mum divwdqghq iud R wlo S 1 Sè wurgv di irupxohulqjhq �ghq ylqnho
111 � hu ylqnohq sè lqjhq pègh hqw|gljw ehvwhpw1 Hu � rj u sroéuh nrruglqdwhu
iru S / vè hu rjvè � . s5� rj u sroéuh nrruglqdwhu iru S / qèu s 5 ]1 Ghvxghq hu
rjvè �. �. s5� rj �u sroéuh nrruglqdwhu iru S / qèu s 5 ]1 Srohq R wlooéjjhv
gh sroéuh nrruglqdwhu u @ 3 rj � ylonèuolj1

Yhg vdpphqoljqlqj phg prgxoxv rj dujxphqw iru nrpsohnvh wdo hu iruvnhoohq
ghq/ dw prgxoxv di hw wdo } ydu divwdqghq iud } wlo 3/ dowvè hw lnnh qhjdwlyw wdo1
Dw pdq lnnh khu iruodqjhu u � 3 vn|oghv/ dw oljqlqjhuqh iru nxuyhu l sroéuh
nrruglqdwhu riwh ièu hw hqnohuh xgvhhqgh/ qèu ghu lnnh lqvlvwhuhv sè/ dw u vndo
yéuh lnnh0qhjdwly1

Lqgoéjjhu pdq iruxghq ghw sroéuh nrruglqdwv|vwhp rjvè hw fduwhvlvn +uhn0
wdqjxoéuw, v|vwhp/ kyru srodudnvhq euxjhv vrp iûuvwhdnvh +devflvvhdnvh/ {0dnvh,/
vè kdu hwkyhuw sxqnw S ghuphg eègh hw véw fduwhvlvnh nrruglqdwhu +{> |, rj hw
véw sroéuh nrruglqdwhu +�> u,1 Vdpphqkéqjhq phoohp glvvh hu vrp iûojhu

{ @ u frv �
| @ u vlq �

Glvvh jéoghu xdqvhw rp u hu srvlwly hoohu qhjdwly= Ryhujdqjvirupohu/ ghu jèu ghq
dqghq yhm/ vhu vèohghv xg

wdq � @ |
{mum @ s{ � . | �



5:

kyru ghu iru ghq iûuvwhv yhgnrpphqgh iruxgvéwwhv/ dw { 9@ 31 Ylo pdq kdyh hw
véw sroéuh nrruglqdwhu phg u � 3/ vè kdu yl

� @
;?
=

dufwdq �
� iru { A 3

� . dufwdq �
� iru { ? 3

�
� � vljq +|, iru { @ 3

u @ s{ � . | �

jdqvnh vrp iru prgxoxv rj dujxphqw iru nrpsohnvh wdo1 Hq irupho/ ghu jlyhu hq
ylqnho l lqwhuydoohw `��> �` +vyduhqgh wlo kryhgdujxphqwhw iru nrpsohnvh wdo, hu

� @
� 5 dufwdq �

� � � iru u . { 9@ 3
� iru u . { @ 3

u @ s{ � . | �

Yl kdu/ dw u.{ @ 3 +, | @ 3a{ � 31 Ehpéun/ dw sjd1  huw|gljkhghq di sroéuh
nrruglqdwhu/ jlyhu glvvh vlgvwh irupohu nxq hw iruvodj wlo sroéuh nrruglqdwhu1

Hnvhpsho ;6 Nxuyhq/ ghu l sroéuh nrruglqdwhu kdu oljqlqjhq u @ 4 . frv �/
ndoghv fduglrlghq1 Ghq hu ylvw sè �jxuhq1
4 . frv �

-1

-0.5

0

0.5

1

0.5 1 1.5 2

Hnvhpsho ;7 Ghq �uheodghgh urvh kdu l sroéuh nrruglqdwhu oljqlqjhq u @
vlq 5�1 Ghq hu ylvw sè �jxuhq1 Ehpéun/ dw yl khu jûu euxj di qhjdwlyh yéuglhu
iru u/ lghw vlq 5� hu qhjdwly i1hnv1 iru � 5 � �

� > ��1
vlq 5�
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Hnvhpsho ;8 Oljqlqjhq iru fduglrlghq u @ 4 . frv �/ ghu mr hu l sroéuh nr0
ruglqdwhu/ ndq rpvnulyhv wlo hq oljqlqj l fduwhvlvnh nrruglqdwhu1 Ehpéun/ dw yl
qûgyhqgljylv kdu/ dw u � 3 l ghwwh wloiéogh/ vè u @ s{ � . | � 1 Pxowlsolfhuhv vè sè
ehjjh vlghu di oljqlqjhq phg u/ ièv/ lghw { @ u frv �/ dw

{ � . | � @ s{ � . | � . {
Hiwhu lvrohulqj di nydgudwurghq rj sèiûojhqgh nydguhulqj ièv�{ � . | � � {� �

@ { � . | �

Ghqqh oljqlqj hu idnwlvn énylydohqw phg ghq iûuvwh +pdq ièu mr hoohuv wlw idovnh
oûvqlqjhu yhg nydguhulqj,1 Iud ghq vlgvwh oljqlqj lvrohuhv | � ohw/ kyruhiwhu pdq
�qghu iûojhqgh xgwu|n

| @ 	
u4

5 . {� { � 	 4
5
s4 . 7{

Dooh 7 nrpelqdwlrqhu di iruwhjq vndo phg1 Kyhu nrpelqdwlrq jlyhu vlq gho di
fduglrlghq1 Pdq pè ylvw lqguûpph/ dw ghq sroéuh uhsuévhqwdwlrq di nxuyhq hu
ehw|gholjw vlpsohuh$
Hnvhpsho ;9 Oljqlqjhq iru ghq �uheodghgh urvh u @ vlq 5� ndq rjvè rpvnulyhv
wlo fduwhvlvnh nrruglqdwhu1 Yhg euxj di irupohq vlq 5� @ 5 vlq � frv � rj vdpph
lgì vrp l hnvhpsohw ryhqiru ièv�{ � . | � � �

@ 7{ � | �

Ghw ndq odgh vlj jûuh dw lvrohuh | +euxj Pdsoh,/ phq uhvxowdwhw ehvwèu di 9 iruvnho0
oljh +rj lnnh véuoljw séqh, xgwu|n1 Kyhuw di glvvh xgwu|n vyduhu wlo hq gho di nxu0
yhq1 Nxuyhqv qxphulvn vwûuvwh {0yéuglhu hu 	 �

�
�
�
/ kylonhw vhv yhg gl�huhqwldwlrq

di { @ u frv � @ vlq 5� frv � @ 5 vlq � frv � �1 Wr di xgwu|nnhqh hu uhhooh l khoh rp0
uèghw � �

�
�
�
� { � �

�
�
�
1 Di gh 7 ûyuljh hu 5 uhhooh rj 5 lpdjlqéuh l rpuèghw

3 � { � �

�
�
�
1 L rpuèghw � �

�
�
�
� { � 3 e|wwhu gh wr sdu uroohu1
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Hnvhpsho ;: Sdudeohq phg oljqlqjhq | @ { � l fduwhvlvnh nrruglqdwhu ndq
xgwu|nnhv l sroéuh nrruglqdwhu yhg dw huvwdwwh { rj | phg u frv � rj u vlq �/ khq0
krogvylv1 Oûvhv ghuhiwhu iru u/ ièv

u @ vlq �
frv � �

Hnvhpsho ;; Nxuyhq phg oljqlqjhq | @ dufwdq{ l fduwhvlvnh nrruglqdwhu ndq
xgwu|nnhv l sroéuh nrruglqdwhu yhg

u vlq � @ dufwdq +u frv �,
Lvrohulqj di u v|qhv lnnh dw yéuh pxolj +Pdsoh ndq khoohu lnnh,1

Sodqlqwhjudohw l sroéuh nrruglqdwhu
Véwqlqj ;< Odg � ? � � �. 5� rj odg 3 � f ? g1 Odg G yéuh ghq péqjgh l
sodqhq/ ghu l sroéuh nrruglqdwhu hu jlyhw yhg

G @ i+�> u, mf � u � g a � � � � � j
Odg U @ ^�> �` � ^f> g` yéuh ghq péqjgh l �u0sodqhq/ ghu hu jlyhw yhg vdpph
xgwu|n vrp G/ phq kyru +�> u, hu végydqoljh uhwylqnohgh +fduwhvlvnh, nrrugl0
qdwhu1 Dqwdj/ dw i hu lqwhjudeho sè V rj dw ixqnwlrqhq hi jlyhw yhg hi +�> u, @
i +u frv �> u vlq �, hu lqwhjudeho sè G1 Vè jéoghu]

� i +{> |,gD @
]

� u hi +�> u,gD

Kylv rjvè ixqnwlrqhq u :�$ ui +u frv �> u vlq �, iru hwkyhuw idvwkrogw � 5 ^�> �` hu
lqwhjudeho sè ^f> g`/ vè jéoghu/ dw kûmuh vlgh ndq huvwdwwhv di hw greehowlqwhjudo/
vèohghv dw yl kdu

]
� i +{> |,gD @

] �

�

#] �

�
u � i +u frv �> u vlq �,gu

$

Ehylv1 Yl dqwdjhu iûuvw/ dw i +{> |, � 3 iru dooh +{> |, 5 G1 Odg S � yéuh
hq lqggholqj di U l dnvhsdudoohooh uhnwdqjohu U � � @ ^� � � � > � � ` � ^u � � � > u� `/ phg
l @ 4> 5> = = = > q rj m @ 4> 5> = = = >p1 Odg G � � yéuh ghw wlo U � � vyduhqgh rpuègh
l {|0sodqhq1 Khuphg iruholjjhu dowvè hq rsgholqj di G l rpuèghu di irup vrp
hw vw|nnh gèvhdqdqdv1 Odg p � � rj P � � ehwhjqh lq�pxp rj vxsuhpxp di i sè
G � � / khqkrogvylv1 Vhqhuh ièu yl euxj iru/ dw vè hu p � � rj P � � rjvè lq�pxp rj
vxsuhpxp di hi sè U � � / khqkrogvylv1 Vè kdu yl

[
� � �

p � � D +G � � , � ]
� i +{> |,gD � [

� � �
P � � D +G � � ,
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Yl kduD +G � � , @ �
� +� � � � � � � , �u �

� � u �
� � �

� @ �
� +� � � � � � � , +u� � u� � � , +u� . u� � � , @

�
� �� � �u � +u� . u� � � ,/ qèu �� � @ � � � � � � � rj �u� @ u � � u� � � 1 Khuphg kdu yl/
dw u � � � �� � �u � � D +G � � , � u� �� � �u � 1 Ghuiru ièv +gd Plm � p � � � 3,

[
� � �

p � � u � � � �� � �u� � ]
� i +{> |,gD � [

� � �
P � � u� �� � �u�

Odg j yéuh ixqnwlrqhq jlyhw yhg j +�> u, @ ui +u frv �> u vlq �, iru dooh +�> u, 5 U1
Vè kdu yl/ dw yhqvwuh phgohp di xoljkhghuqh ryhqiru hu plqguh hqg hq xqghuvxp
v � iru j vyduhqgh wlo ghq jlyqh lqggholqj di U/ rj kûmuh phgohp hu vwûuuh hqg hq
wlovyduhqgh ryhuvxp V � iru j1 Iruvnhoohp phoohp gh wr vlghu hu/ lghw �� � �u� @
D +U � � ,/ rj lghw N hu hq ûyuh juéqvh iru mi m

3 � [
� � �

P � � u � �� � �u� �[
� � �

p � � u� � � �� � �u�

@ [
� � �

+P � � u � �p � � u� � � ,D +U � � ,

@ [
� � �

P � � +u � � u � � � ,D +U � � , .[
� � �

u � � � +P � � �p � � ,D +U � � ,

� Nplq� +u � � u � � � , � D +U, . g[
� � �

+P � � �p � � ,D +U � � ,

Gd vxpphq [
� � �

+P � � �p � � ,D +U � � ,

hu iruvnhoohq phoohp hq ryhu0 rj hq xqghuvxp iru hi vyduhqgh wlo lqggholqjhq di
U/ rj gd hi dqwdjhv lqwhjudeho sè U/ ndq yl ehvwhpph hq lqggholqj vèohghv/ dw
yl wlo jlyhw % A 3 ndq jûuh ghqqh iruvnho plqguh hqg �� � 1 Vdpwlgljw ndq yl yéojh
lqggholqjhq/ vè plq� +u� � u� � � , ? ������ � � � 1 Dowvè �qghv ghu hq lqggholqj di U
rj ghuphg di G/ vè

3 � [
� � �

P � � u� �� � �u� �[
� � �

p � � u� � � �� � �u � ? %

Iru ghqqh lqggholqj jéoghu gd rjvè/ dw
V � � v � ? %

Ghwwh ylvhu/ dw j hu lqwhjudeho sè U=1 Hqgylghuh ièv di gh dqiûuwh xoljkhghu/ dw
�% ?

]
� k +�> u,gD� ]

� i +{> |,gD ? %

Phq gd ghwwh jéoghu iru dooh % A 3/ pè yl kdyh/ dw]
� i +{> |,gD @

]
� k +�> u, gD
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Dowvè ]
� i +{> |,gD @

]
� ui +u frv �> u vlq �,gD

Dqwdj qx/ dw i lnnh qûgyhqgljylv hu lnnh0qhjdwly1 Gd i hu ehjuéqvhw ndq yl
yéojh hq nrqvwdqw n/ vè i . n � 31 Iru ghqqh vxp jéoghu uhvxowdwhw1 Dowvè kdu
yl ]

� +i +{> |, . n,gD @
]

� u +i +u frv �> u vlq �, . n, gD
Phq khudi ièv]

� i +{> |,gD. nD +V, @
]

� ui +u frv �> u vlq �,gD. n
]

� ugD

Phq yl kdu
]

� ugD @
] �

�

#] �

�
ugu

$
g� @

] �

�

4
5
�g � � f � � g� @ 4

5 +� � �, �g � � f � � @ D +G,

Ghuphg jéoghu uhvxowdwhw]
� i +{> |,gD @

]
� ui +u frv �> u vlq �,gD

rjvè xghq dqwdjhovhu rp lnnh0qhjdwlylwhw1 Uhgxnwlrqhq di sodqlqwhjudohw sè kûmuh
vlgh wlo hw greehowlqwhjudo ndq qx iruhwdjhv/ qèu iruxgvéwqlqjhuqh l véwqlqjhq
khurp hu rsi|ogwh/ dowvè qèu ixqnwlrqhq u :�$ ui +u frv �> u vlq �, iru hwkyhuw
idvwkrogw � 5 ^�> �` hu lqwhjudeho sè ^f> g`1
Véwqlqj <3 Odg j � rj j � yéuh uhhooh nrqwlqxhuwh ixqnwlrqhu gh�qhuhw sè lqwhu0
ydoohw ^�> �`/ kyru � � � � 5�1 Dqwdj/ dw 3 � j � +�, ? j � +�, iru dooh � 5 `�> �^1
Odg V yéuh ghq péqjgh l sodqhq/ ghu l sroéuh nrruglqdwhu hu jlyhw yhg

V @ i+�> u, mj � +�, � u � j � +�, a � � � � � j
Dqwdj/ dw i hu hq ehjuéqvhw ixqnwlrq/ ghu hu nrqwlqxhuw l ghw lqguh di V1 Vè hu
i lqwhjudeho sè V/ rj ghu jéoghu

]
�
i +{> |, gD @

] �

�

#] ��� � � �

� � � � �
u � i +u frv �> u vlq �,gu

$

Ehylv1 Odg W yéuh hw dnvhsdudoohow uhnwdqjho/ ghu lqghkroghu V1 Udqghq di
V/ ghu mr ehvwèu di wr uhwwh olqlhvw|nnhu rj nxuyhuqh u @ j � +�, rj u @ j � +�, pè
kdyh pèo qxo1 Dw nxuyhuqh kdu pèo qxo/ gd j � rj j � hu nrqwlqxhuwh/ eûu ylvhv/ phq
yl vsulqjhu ghw ryhu1 Ghuiru ylo i � yéuh lqwhjudeho sè W 1 Dowvè hu i lqwhjudeho
sè V1 Odg hV yéuh ghw rpuègh l sodqhq/ ghu hu jlyhw sè vdpph pègh vrp V/
phq phg +�> u, rsidwwhw vrp uhnwdqjxoéuh nrruglqdwhu1 Odg rpuèghw G yéuh
jlyhw l sroéuh nrruglqdwhu yhg G @ i+�> u, mplq j � � u � pd{ j � a � � � � � j1
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Odg U yéuh jlyhw sè vdpph pègh/ phq phg +�> u, rsidwwhw vrp uhnwdqjxoéuh
nrruglqdwhu1 Vè kdu yl]

�
i +{> |,gD @

]
� i � +{> |,gD @

]
� ui � +u frv �> u vlq �,gD

@
]

��
ui +u frv �> u vlq �,gD @

] �

�

#] ��� � � �

� � � � �
u � i +u frv �> u vlq �, gu

$

Hnvhpsho <4 Yl ylo xguhjqh sodqlqwhjudohuqh U
� |gD rj U

� gD/ kyru V hu ghw
rpuègh l ghq ûyuh kdoysodq/ ghu oljjhu lqghqiru flunohq { � . | � @ U � rj l ghw
vslgvh ylqnhouxp phoohp olqlhuqh | @ 	{1 Yl �qghu/ qèu ghu euxjhv sroéuh
nruglqdwhu/ dw V ndq ehvnulyhv yhg

V @
�
+�> u,

����3 � u � U a �
7 � � � 6�

7
�

Khuphg kdu yl
]

�
|gD @

] � ��

� �

#] �

�
u � u vlq �gu

$
g� @

] � ��

� �

#] �

�
u � vlq �gu

$
g�

@
] � ��

� �
vlq � � 46U

� g� @ 4
6U

� ^� frv �` � ��
� � @

s5
6 U �

Ghw dqghw lqwhjudo U � gD @ U
� 4gD @ D +V,/ dowvè duhdohw di rpuèghw1 Ghw ndq

hyw1 rjvè xguhjqhv yhg lqwhjudwlrq=
]

�
gD @

] � ��

� �

#] �

�
u
$
g� @

] � ��

� �

4
5U

� g� @ �
7U

�

l ryhuhqvvwhpphovh phg/ dw V hu hq nyduw flunhovnlyh1
Ehpéunqlqj <5 Pdvvhq P di hw ohjhph V/ kylv pdvvhwéwkhg hu jlyhw su1
duhdohqkhg yhg hq ixqnwlrq �/ ndq xguhjqhv yhg

P @
]

�
� +{> |,gD

W|qjghsxqnwhwv nrruglqdwhu +{ � > | � , hu jlyhw yhg

{ � @ 4
P

]
�
{� +{> |, gD

| � @ 4
P

]
�
|� +{> |,gD
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Kylv nyduwflunohq l hnvhpsohw ryhqiru ydu ehodjw phg hq pdvvh phg nrqvwdqw
wéwkhg �/ vè hu pdvvhq dowvè P @ �

� U � �/ rj w|qjghsxqnwhwv |0nrruglqdw

| � @ 4
P

]
�
|� +{> |,gD @ �

P
]

�
|gD @ � � �

� U �

�
� U � � @ 7s5

6� U

W|qjghsxqnwhwv {0nrruglqdw pè di v|pphwuljuxqgh yéuh qxo1 Ehpéun/ dw +{ � > | � ,
oljjhu l �wuhndqwvghohq� di nyduwflunohq1

Hnvhpsho <6 Odg V yéuh rpuèghw lqghqiru fduglrlghq/ ghu l sroéuh nrrugl0
qdwhu hu jlyhw yhg u @ 4 . frv �1 +Whjq nxuyhq$,1 Yl ylo iûuvw �qgh duhdohw di V1
Yl kdu

D +V, @
]

�
gD @

] � �

�

#] � � 	���� �

�
ugu

$
g�

@
] � �

�

�4
5u

�
� � � 	���� �

�
g� @

] � �

�

4
5 +4 . frv �, � g�

@ 4
5
] � �

�

�4 . 5 frv � . frv � �� g� @ 4
5 +5� . 3 . �, @ 6�

5
Dqwdj/ dw V hu ehodjw phg pdvvh phg nrqvwdqw wéwkhg1 Ilqg w|qjghsxqnwhwv
eholjjhqkhg1 Di v|pphwuljuxqgh hu | � @ 31 W|qjghsxqnwhwv {0nrruglqdw hu jlyhw
yhg

{ � @ 4
P

]
� {� +{> |,gD @ 5

6�
]

� {gD

@ 5
6�

] � �

�

#] � � 	���� �

�
u � u frv �gu

$
g�

@ 5
6�

] � �

�

�4
6u

�
� � � 	 ��� �

�
frv �g� @ 5

<�
] � �

�
+4 . frv �, � frv �g�

@ 5
<�

] � �

�

�frv � . 6 frv � � . 6frv � � . frv � �� g�
@ 5

<�
] � �

�

�6 frv � � . frv � �� g� @ 5
<�

�
6� . 6�

7
�
@ 8

9

Hnvhpsho <7 Yl ylo xguhjqh sodqlqwhjudohuqh U
�
�{ � . | � � gD rj U

� gD/ qèu
V ehvwèu di gh �uh hqv rpuèghu lqghqiru ghq �uheodghgh urvh jlyhw l sroéuh
nrruglqdwhu yhg u @ d vlq 5�/ kyru d A 31 Yl ehkûyhu nxq dw xguhjqh 7 jdqjh
lqwhjudohw ryhu hw hqnhow di gh 7 eodgh/ qhpolj ghw ghu l sroéuh nrruglqdwhu hu
jlyhw yhg q

+�> u,
���3 � u � d vlq 5� a 3 � � � �

5
r
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Yl �qghu
]

�

�{ � . | � � gD @ 7
] � �

�

#] 
 ��� � � �

�
u � u � gu

$
g�

@ 7
] � �

�

4
7d

� vlq � 5� g� @ 6�
49 d

�

Ghw dqghw sodqlqwhjudo hu mr duhdohw1 Yl �qghu

D +V, @
]

�
gD @ 7

] � �

�

#] 
 ��� � � �

�
ugu

$
g�

@ 7
] � �

�

4
5d

� vlq � 5� g� @ �
5 d

�

Ehpéunqlqj <8 Lqhuwlprphqwhw L � pkw1 }0dnvhq iru hw ohjhph V/ kylv pdv0
vhwéwkhg su1 duhdohqkhg l {|0sodqhq hu jlyhw yhg hq ixqnwlrq �/ ndq xguhjqhv
yhg

L � @
]

�

�{ � . | � � � +{> |,gD
Phuh jhqhuhow hu lqhuwlprphqwhw L � pkw1 hq dnvh O jlyhw yhg

L � @
]

�
glvw +{> |, > O, � � � +{> |,gD

kyru glvw +{> |, > O, kìu ehw|ghu divwdqghq iud +{> |, wlo olqlhq O1 Kylv l hnvhpsohw
ryhqiru urvhq ydu ehodjw phg pdvvh phg nrqvwdqw wéwkhg �/ vè ydu lqhuwlpr0
phqwhw pkw1 }0dnvhq dowvè L � @ � �

��� d � �/ rj pdvvhq ydu P @ �
� d � �1 Ghuphg kdu

yl
L � @ 6

;Pd �

Hnvhpsho <9 Yl ylo xguhjqh lqwhjudohw]
�
h � �

�

� � � gD

ghov/ qèu V @ F � / flunhovnlyhq jlyhw yhg { � . | � � U � / ghov qèu V @ N 
 hu
nydgudwhw ^�d> d`� ^�d> d`1 Yl �qghu l uhnwdqjxoéuh nrruglqdwhu

]
��� h � �

�

� � � gD @
] 


� 


�] 


� 

h � �

�

� � � g|
�
g{

@
] 


� 

h � �

�
�] 


� 

h � �

�

g|
�
g{

@
�] 


� 

h � �

�

g|
��] 


� 

h � �

�

g{
�

@
�] 


� 

h � �

�

g{
� �
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phq kdu ghw sureohp/ dw hq vwdpixqnwlrq wlo h � �
�

lnnh ndq xgwu|nnhv yhg hoh0
phqwéuh ixqnwlrqhu1 Yl xguhjqhu qx lqwhjudohw ryhu F � l sroéuh nrruglqdwhu=

]
���

h � �
�

� � � gD @
] � �

�

#] �

�
uh � �

�

gu
$
g� @

] � �

�

��4
5h

� �

�
� �

�
g�

@
] � �

�

4
5
�
4� h � � � �

g� @ �
�
4� h � � � �

Phg U @ d kdu yl F � @ F 
 � N 
 1 Phg U @ s5d kdu yl N 
 � F � � 
 1 Ghuiru
kdu yl ]

� � h � �
�

� � � gD � ]
� � h � �

�

� � � gD � ]
���

�
� h

� � � � � � gD

Ehpéun/ dw olp � � 	
U
� � h � �

�

� � � gD @ �1 Khudi ièv di ryhqvwèhqgh xoljkhghu/ dw

olp
 � 	

�] 


� 

h � �

�

g{
� �

@ �

dowvè/ dw ] 	

� 	
h � �

�

g{ @ s�
Uhvxowdwhw hu q|wwljw +rj yhonhqgw, l vdqgv|qoljkhgvuhjqlqj rj vwdwlvwln1 Ghw ehw|0
ghu/ dw ixqnwlrqhq

! +{, @ 4s�h
� � �

ndq rsidwwhv vrp hq vdqgv|qoljkhgvwéwkhg l U/ lghw ! +{, A 3 iru dooh { 5 U rj] 	

� 	
! +{,g{ @ 4
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Ndslwho 6
Gl�huhqwldelolwhw
6131< Gh�qlwlrq di gl�huhqwldelolwhw
Iru hq ixqnwlrq di ìq yduldeho hu gh�qlwlrqhq di gl�huhqwldelolwhw vrp ehnhqgw
iûojhqgh1
Gh�qlwlrq <: Odg i yéuh hq uhho ixqnwlrq di ìq yduldeho gh�qhuhw sè lqwhuydoohw
L1 Odg d 5 L1 Kylv juéqvhyéuglhq

olp� � �
i +d. k,� i +d,

k
hnvlvwhuhu rj hu olj phg wdoohw D/ vè vljhv i dw yéuh gl�huhqwldeho l d phg gl�hu0
hqwldonyrwlhqw D1

Gh�qlwlrqhq hu énylydohqw phg iûojhqgh=
Gh�qlwlrq <; Odg i yéuh hq uhho ixqnwlrq di ìq yduldeho gh�qhuhw sè lqwhuydoohw
L1 Odg d 5 L1 Kylv ghu �qghv hw wdo D/ vè

i +d. k,� i +d,�Dk
k $ 3

iru k $ 3/ vè vljhv i dw yéuh gl�huhqwldeho l d phg gl�huhqwldonyrwlhqw D1
Ghqqh gh�qlwlrq hu ljhq énylydohqw phg iûojhqgh=

Gh�qlwlrq << Odg i yéuh hq uhho ixqnwlrq di ìq yduldeho gh�qhuhw sè lqwhuydoohw
L1 Odg d 5 L1 Kylv ghu �qghv hw wdo D rj hq ixqnwlrq j gh�qhuhw l rphjqhq di
3/ vè

i +d. k, @ i +d, .Dk. j +k,k
rj vè j +k, $ 3 iru k $ 3/ vè vljhv i dw yéuh gl�huhqwldeho l d phg gl�huhq0
wldonyrwlhqw D1

6:
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Ehpéunqlqj 433 L ryhqvwèhqgh gh�qlwlrq ndq ohgghw j +k,k huvwdwwhv di ohg0
ghw j +k, mkm xghq |ghuoljhuh éqgulqjhu1

L ghqqh vlgvwh irup nrpphu lgìhq rp olqhdulvhulqj w|gholjw iuhp= Iru vpè
yéuglhu di mkm hu i +d. k, qévwhq olj phg i +d, . i � +d,k/ hoohu dqghuohghv
xgwu|nw= Qèu { hu wéw sè d/ vè oljqhu i +{, wlo iruyhnvolqj ghw olqhéuh xgwu|n
i +d, . i � +d, +{� d,1 Yl ylo vljh/ dw i +d, . i � +d, +{� d, hu olqhdulvhulqjhq di
i +{, rpnulqj sxqnwhw d1 Vrp ehnhqgw hu | @ i +d,.i � +d, +{� d, oljqlqjhq iru
wdqjhqwhq wlo judihq iru i l sxqnwhw +d> i +d,,1

Ghq vlgvwh yhuvlrq di gl�huhqwldelolwhwvgh�qlwlrqhq ehq|wwhv yhg jhqhudolvhu0
lqj wlo ixqnwlrqhu di  huh yduldeoh1
Gh�qlwlrq 434 Odg i yéuh hq ixqnwlrq di wr yduldeoh gh�qhuhw l péqjghq
V � U � = Odg +d> e, yéuh hw lqguh sxqnw l V1 Kylv ghu �qghv hq ixqnwlrq j
gh�qhuhw l hq rphjq X di +3> 3, rj wr wdo � rj �> vè

i+d. k> e. n, @ i+d> e, . �k. �n . j+k> n, n+k> n,n
iru dooh +k> n, 5 X / rj kyru ixqnwlrqhq j rsi|oghu

j+k> n, $ 3 iru +k> n, $ +3> 3,>
vè vljhv i dw yéuh gl�huhqwldeho l +d> e,1 Ghq olqhéuh ixqnwlrq di gh wr yduldeoh
k rj n

gi @ �k. �n
ndoghv gl�huhqwldohw di i l sxqnwhw +d> e,1

613143 Gl�huhqwldelolwhw rj hnvlvwhqv di sduwlhooh d hghgh
Kydg kdu qx hnvlvwhqvhq di sduwlhooh d hghgh phg ehjuhehw gl�huhqwldelolwhw dw
jûuh1 Khurp jéoghu=
Véwqlqj 435 Odg i yéuh gl�huhqwldeho l +d> e, phg gl�huhqwldo gi @ �k. �n/
vè kdu i sduwlhooh d hghgh l +d> e, phg i � +d> e, @ � rj i � +d> e, @ �=

Ehylv1 Yl kdu/ qèu i hu gl�huhqwldeho l +d> e, phg gl�huhqwldo gi @ �k. �n/
dw i +d. k> e,� i +d> e,

k @ �k. j +k> 3, mkm
k @ �. j +k> 3, mkmk

ghu kdu juéqvhyéuglhq � iru k $ 3/ gd j +k> 3, $ 3 iru k $ 3/ rj gd � � �
� @ 	41

Dowvè hnvlvwhuhu i � +d> e, rj hu olj phg �1 Dw i � +d> e, hnvlvwhuhu rj hu olj phg �
iûojhu sè jdqvnh dqdorj ylv1

Gl�huhqwldohw iru i l sxqnwhw +d> e, hu dowvè
gi @ i � +d> e,k. i � +d> e,n
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Riwhvw euxjhv l vwhghw iru +k> n, yduldehoqdyqhqh +g{> g|,/ ghu eo1d1 kdu ghq irugho/
dw pdq ndq vh/ kylonh qdyqh gh rsulqgholjh yduldeoh +{> |, kdu1 Phg ghwwh ydoj
ièu gl�huhqwldohw iûojhqgh xgvhhqgh=

gi @ i � +d> e,g{. i � +d> e,g|
Khu nrpphu hqgqx hq yhuvlrq/ kyru yl kdu ydojw rjvè dw xqghuwu|nnh uhihuhqfhq
wlo ghw sxqnw +d> e,/ l kylonhw gl�huhqwldohw di i wdjhv=

gi @ Ci
C{g{. Ci

C| g|

Gh�qlwlrqhq di gl�huhqwldelolwhw ndq xgwu|nnhv vèohghv= i +{> |, ndq l qéukhghq
di +d> e, dssurnvlphuhv jrgw yhg ghw olqhéuh xgwu|n i+d> e, . i � +d> e,+{ � d, .
i � +d> e,+| � e,= Dqghuohghv vdjw= Judihq iru i / dowvè  dghq phg oljqlqjhq } @
i+{> |, oljqhu l qéukhghq di sxqnwhw +d> e> i+d> e,, hq sodq phg oljqlqjhq

} @ i+d> e, . i � +d> e,+{� d, . i � +d> e,+| � e,
Ghqqh sodq ndoghv wdqjhqwsodqhq wlo judihq l sxqnwhw +d> e> i+d> e,,1 Yl vndo rjvè
ndogh xgwu|nnhw i+d> e,.i � +d> e,+{�d,.i � +d> e,+|�e, olqhdulvhulqjhq di i +{> |,
rpnulqj sxqnwhw +d> e,1

Pdq nxqqh wur hoohu kèeh/ dw hnvlvwhqvhq di gh wr sduwlhooh d hghgh dohqh ydu
qrn wlo dw vlnuh gl�huhqwldelolwhw1 Ghwwh hu grj lnnh wloiéoghw/ kylonhw iûojhqgh
hnvhpsho ylvhu1
Hnvhpsho 436 Odg i yéuh jlyhw yhg iruvnuliwhq

i+{> |, @
+ � �

� � � � � iru +{> |, 9@ +3> 3,
3 iru +{> |, @ +3> 3,

Ghqqh ixqnwlrq kdu sduwlhooh d hghgh l +3> 3,/ kylonhw vhv vrp iûojhu=

olp� � �
i+k> 3,� i+3> 3,

k @ olp� � �
k
k @ 4>

kyrudi ièv i � +3> 3, @ 4= Wlovyduhqgh kdu yl

olp� � �
i+3> n,� i+3> 3,

n @ olp� � �
3
n @ 3>

kyrudi ièv i � +3> 3, @ 3= Kylv i ydu gl�huhqwldeho ylooh
i+k> k,� ki � +3> 3,� ki � +3> 3,

k @ j+k> k, n+k> k,n
k @ j+k> k, mkm s5

k $ 3 iru k $ 3=
Phq i+k> k,� ki � +3> 3,� ki � +3> 3,

k @
�
� � k
k @ �4

5
iru dooh k 9@ 3>vè i hu lnnh gl�huhqwldeho l +3> 3,1
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Hnvlvwhqvhq di sduwlhooh d hghgh l hq kho rphjq di +d> e, vlnuhu grj gl�huhq0
wldelolwhw/ qèu eorw gh sduwlhooh d hghgh hu nrqwlqxhuwh l +d> e,1 Ghwwh xgwu|nnhv l
iûojhqgh véwqlqj1
Véwqlqj 437 Odg i yéuh hq ixqnwlrq di wr yduldeoh gh�qhuhw l péqjghq V �
U � = Odg +d> e, yéuh hw lqguh sxqnw l V1 Dqwdj/ dw i hu nrqwlqxhuw rj kdu sduwlhooh
d hghgh l hq rphjq di +d> e,1 Dqwdj/ dw glvvh sduwlhooh d hghgh hu nrqwlqxhuwh l
+d> e,1 Vè hu i gl�huhqwldeho l +d> e,1=

Ehylv1 Yl ehj|qghu phg dw gh�qhuh j1 L +3> 3, véwwhu yl j +3> 3, @ 3 rj iru
+k> n, 9@ +3> 3,/ véwwhu yl j +k> n, wlo

j +k> n, @ i+d. k> e. n,� i+d> e,� i � +d> e,k� i � +d> e,nn+k> n,n
Yl vndo ylvh/ dw j +k> n, $ 3 iru +k> n, $ +3> 3,1 Odg gd % A 3 yéuh jlyhw1 Gd
eègh i � rj i � hu nrqwlqxhuwh l +d> e,/ ièv dw ghu hnvlvwhuhu hw � A 3/ vè n+k> n,n ? �
vlnuhu/ dw mi � +d. k> e. n,� i � +d> e,m ? �� rj rjvè mi � +d. k> e. n,� i � +d> e,m ?
�� 1 Wlo hw jlyhw +k> n, ièv qx di plgghoyéuglvéwqlqjhq/ dw ghu �qghv hw wdo � phoohp
d. k rj d/ rj hw wdo � phoohp e. n rj e/ vè
i+d. k> e. n,� i+d> e, @ i+d. k> e. n,� i+d> e. n, . i+d> e. n,� i+d> e,

@ i � +�> e. n,k. i � +d> �,n
@ i � +d> e,k. i � +d> e,n . ^i � +�> e. n,� i � +d> e,`k. ^i � +d> �,� i � +d> e,

Khuphg kdu yl
mj +k> n,m @

���� ^i � +�> e. n,� i � +d> e,`k. ^i � +d> �,� i � +d> e,` nn+k> n,n
����

� mi � +�> e. n,� i � +d> e,m � mkmn+k> n,n . mi � +d> �,� i � +d> e,m � mnmn+k> n,n
� mi � +�> e. n,� i � +d> e,m. mi � +d> �,� i � +d> e,m ? %

5 . %
5 @ %

qèu eorw n+k> n,n ? �1 Khuphg hu véwqlqjhq ehylvw1

613144 Dqyhqghovhu di olqhdulvhulqj
Olqhdulvhulqj dqyhqghv l xgvwudnw judg1 Yl jlyhu qrjoh hnvhpsohu1

Qhzwrqv phwrgh iru ìq oljqlqj phg ìq xehnhqgw
Ghu hu jlyhw hq uhho ixqnwlrq i di ìq yduldeho1 Yl dqwdjhu/ dw i hu gh�qhuhw sè
lqwhuydoohw L rj dw i hu gl�huhqwldeho ryhudow l L1 Yl vûjhu oûvqlqjhu wlo oljqlqjhq
i +{, @ 31 Odg rv vljh/ dw yl kdu hq iruprgqlqj rp/ dw ghu �qghv hq urg l
qéukhghq di { � 5 L1 Kylv yl hu ylunholjw jrgh wlo dw jéwwh/ vè hu i +{ � , @ 31
Yl dqwdjhu/ dw ghw lnnh hu wloiéoghw1 Yl olqhdulvhuhu qx i rpnulqj { � 1 Khuphg
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huvwdwwhv i +{,phg ghw olqhéuh xgwu|n i +{ � ,.i � +{ � , +{� { � ,/ ghu pè iruprghv
dw yéuh hq xgpéunhw huvwdwqlqj iru i +{,/ qèu eorw yruhv jéw sè hq oûvqlqj { �
hu wéw sè ghq uljwljh oûvqlqj/ vrp yl ylo ndogh �1 Oljqlqjhq i +{, @ 3 huvwdwwhv
di oljqlqjhq

i +{ � , . i � +{ � , +{� { � , @ 3
ghu vrp oûvqlqj qrn lnnh kdu �/ phq iruprghqwolj hq oûvqlqj/ ghu oljjhu phjhw
wéw sè �1 Irughohq yhg olqhdulvhulqjhq hu/ dw ghqqh oljqlqj hu ohw dw oûvh1 Ghw hu
mr hq olqhéu oljqlqj phg ìq xehnhqgw1 Kylv i � +{ � , 9@ 3/ vè kdu ghq hq oûvqlqj1
Odg rv ndogh oûvqlqjhq iru { � 1 Vè kdu yl

{ � @ { � � i +{ � ,
i � +{ � ,

rj yl iruprghu/ dw { � oljjhu phjhw wéw sè �1 +Kylv { � vnxooh idogh xghqiru
gh�qlwlrqvlqwhuydoohw L/ vè pè yl iruvûjh dw iruehguh yruhv jéw { � ,1 Ghq qévwh
jrgh lgì hu dw jhqwdjh surfhgxuhq= Yl olqhdulvhuhu qx i rpnulqj { � kyruyhg
oljqlqjhq i +{, @ 3 huvwdwwhv di oljqlqjhq

i +{ � , . i � +{ � , +{� { � , @ 3
Kylv i � +{ � , 9@ 3/ vè kdu oljqlqjhq hq oûvqlqj1 Ghq ndoghu yl { � / rj ghq hu jlyhw
yhg

{ � @ { � � i +{ � ,
i � +{ � ,

Vèohghv iruwvéwwhv1 Ghwwh odghu vlj jûuh vèoéqjh { � > { � > { � > = = = > { � irueolyhu lqghq0
iru L rj vèoéqjh ghq d hghgh i � hu iruvnhoolj iud qxo l sxqnwhuqh { � > { � > { � > = = = > { � � � 1
Yl kdu èehqeduw/ dw { � rj { � � � kéqjhu vdpphq sè iûojhqgh pègh

{ � @ { � � � � i +{ � � � ,
i � +{ � � � ,

Kyru oéqjh vndo yl iruwvéwwhB Iruyhqwqlqjhq hu/ dw { � $ � iru q $ 41 Kylv
ghwwh kroghu vwln/ ylo { � hiwhukèqghq lnnh éqguh vlj phjhw l irukrog wlo { � � � / rj
gd pdq mr uhjqhu phg hw ylvw dqwdo fliuh l vlqh ghflpdowdo/ ylo ghu hiwhukèqghq
vnh ghw/ dw wdoohqh idnwlvn hu hqv +hoohu nxq diyljhu sè vlgvwh fl�hu,1 Vè hu ghw
+lkyhuwidog, wlg wlo dw vwdqgvh1 Phq hoohuv ndq pdq vwdqgvh/ qèu m{ � � { � � � m hu
plqguh hqg hq ylv wrohudqfh/ ghu pè dikéqjh di ghq nrqnuhwh rsjdyh1 Hw dqghw
vwrsnulwhulxp hu= Vwdqgv qèu mi +{ � ,m hu plqguh hqg hq ylv wrohudqfh/ hw lnnh
xulpholjw vwrsnulwhulxp/ gd ghw hu i +{, @ 3/ yl iruvûjhu dw oûvh1

Hq ehwlqjhovh iru dw wdoiûojhq +�Qhzwrq0iûojhq�, +{ � , 	� � � idnwlvn nrqyhuj0
huhu prg urghq � jlyhv l iûojhqgh véwqlqj1 Ghq jlyhu rjvè lqgvljw l nrqyhujhq0
vkdvwljkhghq1
Véwqlqj 438 Odg � 5 L yéuh hq urg l oljqlqjhq i +{, @ 31

41 Kylv i � hu nrqwlqxhuw l � rj i � +�, 9@ 3/ vè nrqyhujhuhu wdoiûojhq +{ � , 	� � �

prg urghq �/ qèu eorw { � yéojhv wlovwuénnholjw wéw sè �1
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51 Kylv i hu wr jdqjh gl�huhqwldeho l lqwhuydoohw L/ rj kylv i � +{ � , 9@ 3/ vè
hnvlvwhuhu ghu hw wdo � phoohp � rj { � / vè

{ � � � @ i � � +�,
5i � +{ � , +{ � � �, �

Ehylv1 Iru dw ehylvh sèvwdqg +4, yéoj wlo hw jlyhw n 5 `3> 4^ hw wdo � A 3/ vè
m{� �m ? � @, mi � +{,� i � +�,m ? n mi � +�,m

Khudi iûojhu/ gd mi � +�,m � mi � +{,m � mi � +{,� i � +�,m/ dw
m{� �m ? � @, mi � +{,m A +4� n, mi � +�,m A 3

Khuphg kdu yl/ qèu { � yéojhv/ vè m{ � � �m ? �/ dw

{ � � � @ { � � i +{ � ,
i � +{ � , � �

@ +{ � � �, i � +{ � ,� i +{ � ,
i � +{ � ,

Xgq|w qx/ dw i +{ � , @ i +{ � ,� i +d, @ i � +�, +{ � � �, iru hw � phoohp { � rj �/
vè ièv

{ � � � @ +{ � � �, +i � +{ � ,� i � +�,,
i � +{ � ,

Khudi iûojhu

m{ � � �m @ m{ � � �m mi � +{ � ,� i � +�, . i � +�,� i � +�,mmi � +{ � ,m
� m{ � � �m mi � +{ � ,� i � +�,m. mi � +�,� i � +�,mmi � +{ � ,m
� m{ � � �m 5n mi � +�,m

+4� n, mi � +�,m @ m{ � � �m 5n
+4� n,

Odg rv qx dqwdjh/ dw n hu ydojw vè n ? �
� 1 Vè jéoghu/ dw idnwruhq t @ � �

� � � � � ? 41
Yl �qghu gd/ dw

m{ � � �m � t m{ � � � � �m � t � m{ � � � � �m� = = = � t � m{ � � �m
Khudi iûojhu èehqeduw/ dw m{ � � �m $ 3 iru q $ 4/ rj ghw ydu ghw yl ylooh ylvh1

Iru dw ehylvh sèvwdqg +5, euxjhu yl Wd|oruv véwqlqj phg { � vrp xgylnolqjvsxqnw1
Ghu hnvlvwhuhu hw wdo � phoohp � rj { � / vè

3 @ i +�, @ i +{ � , . i � +{ � , +�� { � , . 4
5i

� � +�, +�� { � , �
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Ghuiru ièv/ dw

{ � � � @ { � � i +{ � ,
i � +{ � , � �

@ { � � �. i � +{ � , +�� { � , . �
� i � � +�, +�� { � , �

i � +{ � ,
@

�
� i � � +�, +�� { � , �

i � +{ � ,

Ehpéunqlqj 439 Qèu eègh i � +�, 9@ 3 rj i � � +�, 9@ 3/ ehw|ghu véwqlqjhqv
dqghq sèvwdqg/ dw kylv eorw { � hu wéw qrn sè �/ vè kdu yl

{ � � � � n +{ � � �, �

kyru n @ ��� � � � �
� � � � � � 1 Qèu hq vègdq uhodwlrq jéoghu/ wdohu pdq rp nydgudwlvn nrq0

yhujhqv1
Hnvhpsho 43: Yl ylo oûvh oljqlqjhq {. oq{ @ 3 yhg Qhzwrqv phwrgh1 Oljqlq0
jhq ndq rjvè vnulyhv oq{ @ �{1 Ghqqh irup hu hjqhw wlo jud�vn oûvqlqj xghq
euxj di pdvnlqh1 Phg dqguh rug= Ghqqh irup hu hjqhw wlo dw jlyh rv hw jrgw vwduw0
jéw { � iru Qhzwrqv phwrgh1 Vnlwvhuhu yl nxuyhuqh | @ oq{ rj | @ �{/ vhu yl/
dw glvvh vnéuhu klqdqghq iru hq {0yéugl qéu �

� 1 Yl véwwhu i +{, @ { . oq{ rj
euxjhu { � @ �

� 1 Yl �qghu i � +{, @ 4 . �
� / kyruphg

{ � @ { � � i +{ � ,
i � +{ � , @ { � � { � . oq{ �

4 . �
���

@ 4
5 � �

� � oq 5
6 @ 4 . oq 5

6 �@ 3=8976;56<684<<;4:9<;4
Ylghuh ièv

{ � @ { � � i +{ � ,
i � +{ � , @ { � � { � . oq{ �

4 . �
� �

�@ 3=89:46;<;::48393489<:

rj
{ � @ 3=89:4765<36<<69<383;;
{ � @ 3=89:4765<373<:;6;:633

Qèu ghu +vrp khu, uhjqhv phg 53 ehw|ghqgh fliuh/ ièv { � @ { � 1 Yl pè ghuiru
dqvh { � iru ghq vûjwh urg1 Qèu ghu uhjqhv phg 53 ehw|ghqgh fliuh/ ylo hq nrqwurox0
guhjqlqj di i +{ � , jlyh 31 Wlo vdpphqoljqlqj kdu yl +dqjlyhw phg 6 ehw|ghqgh
fliuh,/ dw i +{ � , @ �3=4<6> i +{ � , @ �3=:97 � 43 � � > i +{ � , @ �3=44< � 43 � �

rj i +{ � , @ �3=5;; � 43 � � � 1 Pdsoh ndq oûvh oljqlqjhq hnvdnw/ lghw ghq nhqghu
Odpehuwv Z0ixqnwlrq1 Oûvqlqjhq hu OdpehuwZ +4,/ ghu phg 53 ehw|ghqgh fliuh
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qhwrs hu 3=89:4765<373<:;6;:633/ dowvè ghw vdpph vrp { � 1
Vrp ghw w|gholjw iuhpjèu/ hu nrqyhujhqvhq hqgrj véughohv kxuwlj= Hiwhu imhugh
lwhudwlrq hu uhvxowdwhw lnnh wlo dw vnhoqh iud ghw hnvdnwh/ qèu 53 ehw|ghqgh fliuh
dqyhqgwhv1 Ghq dqghq d hghgh di i hu jlyhw yhg i � � +{, @ �{ � � / vè

{ � � � � i � � +�,
5i � +�, +{ � � �, � @ �� � �

5 +4 . � � � , +{ � � �, �

@ �4
5� +4 . �, +{ � � �, � �@ �=895893 +{ � � �, �

Yhg euxj di gh ixqgqh yéuglhu iru { � > { � rj { � ièv=
{ � � �

+{ � � �, � @ �3=945747
{ � � �

+{ � � �, � @ �3=89779<
{ � � �

+{ � � �, � @ �3=895896

Ghu hu vèohghv jrg ryhuhqvvwhpphovh phg véwqlqjhq ryhqiru1
Iru kylonh vwduwyéuglhu { � ièv hq iûojh +{ � , 	� � � / ghu nrqyhujhuhu prg urghq �B
Ghwwh vsûujvpèo hu l ghw jhqhuhooh wloiéogh xk|uh vyéuw/ phq l ghw iruholjjhqgh
hnvhpsho hu vyduhw jdqvnh hqnhow= Iru dooh { � 5 `3> h^1 Dw ûyuh juéqvh hu h vn|oghv/
dw pdq iru { � @ h ièu { � @ 3/ rj iru { � A h ièu { � ? 31 Uhjqhu pdq nrpsohnvw/
ndq ghw vmryw qrn rjvè jè jrgw iru { � A h/ pdq ndq suûyh Pdsoh1 Olgw phuh
ghwdomhuhw hu uhjqlqjhuqh=

{ � A 3 +, { � � { � . oq{ �

4 . �
���

A 3
+, 4� oq{ � A 3 +, { � ? h

Ghvxghq kdu yl/ lghw yl l wuhglh wulq xgq|wwhu/ dw �. oq� @ 3=

{ � ? � +, { � � { � . oq{ �

4 . �
���

? �

+, 4� oq{ � ? �
�
4 . 4

{ �

�

+, 4� oq{ � ? � oq�. �
{ �

+, 4 ? � oq �
{ �

. �
{ �

Phq ixqnwlrqhq j jlyhw yhg j +w, @ w� oq w vhv ohw dw kdyh hjhqwoljw joredow plql0
pxp l 4 phg yéugl 41 Dowvè jéoghu xgvdjqhw { � ? � iru dooh { � 9@ �> { � A 31 Gd
{ � ohw vhv dw yéuh hq yrnvhqgh ixqnwlrq di { � / ièv dowvè iru dooh { � 5 `3> h^ q i�j/
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dw iûojhq { � > { � > { � > = = = > { � > = = = hu yrnvhqgh rj kroghu vlj xqghu �1 Phq vè pè iûo0
jhq yéuh nrqyhujhqw1 Iûojhq pè qûgyhqgljylv nrqyhujhuh prg hq urg l oljqlqjhq
{. oq{ @ 31 Phq ghqqh oljqlqj kdu nxq ìq urg/ qhpolj �1
Hnvhpsho 43; Odg i yéuh jlyhw yhg iruvnuliwhq

i +{, @
� s{ iru { � 3�s�{ iru { ? 3

Oljqlqjhq i +{, @ 3 kdu èehqeduw ghq hqw|gljw ehvwhpwh oûvqlqj { @ 31 Ixqnwlr0
qhq i hu gl�huhqwldeho dooh dqguh vwhghu hqg l 31 Iruvûjhu yl dw euxjh Qhzwrqv
phwrgh/ ièu yl/ qèu { � A 3/ dw

{ � @ { � � s{ �
�

� � � �
@ { � � 5{ � @ �{ �

Wlovyduhqgh ièv/ qèu { � ? 3

{ � @ { � � �s�{ �
�

� � � � �
@ { � � 5{ � @ �{ �

Phq ghwwh ehw|ghu/ dw iûojhq +{ � , 	� � � hu olj phg { � >�{ � > { � >�{ � > { � > = = = 1 Iûojhq
hu dowvè lnnh nrqyhujhqw iru qrjhq vwduwyéugl { � 9@ 31 Vrp qéyqw hu i lnnh
gl�huhqwldeho l urghq/ qhpolj 31 Vè ghu hu lqjhq prgvwulg phg véwqlqjhq ryhqiru1
Hnvhpsho 43< Gh�qìu j yhg

j +{, @ 5{
4 . m{m

Yl ylo oûvh oljqlqjhq j +{, @ 3 yhg Qhzwrqv phwrgh/ lnnh iru dw �qgh oûvqlqjhq/
iru ghq hu èehqeduw { @ 3/ phq iru dw xqghuvûjh iru kylonh yéuglhu di { � Qhzwrq0
iûojhq nrqyhujhuhu1 Kylv { � A 3/ vè jlyhu hq kxuwlj xguhjqlqj/ dw { � @ �{ �

� 1
Wlovyduhqgh ièv/ qèu { � ? 3/ dw { � @ { �

� 1 Khudi iûojhu èehqeduw/ dw iûojhq +{ � , 	� � �
iru { � A 3 hu jlyhw yhg { � >�{ �

� > { �

� >�{ �

� > { ���
� > = = =1 Ghqqh iûojh nrqyhujhuhu/ kylv

rj nxq kylv { � ? 4 rj juéqvhyéuglhq hu èehqeduw 31 Wlovyduhqgh ièv/ dw iûojhq
+{ � , 	� � � iru { � ? 3 hu jlyhw yhg { � > { �

� >�{ �

� > { �

� >�{ ���
� > = = =/ ghu nrqyhujhuhu/ kylv

rj nxq kylv { � A �41 Dow l dow dowvè nrqyhujhqv di Qhzwrq0iûojhq/ qhwrs qèum{ � m ? 41
Hnvhpsho 443 Gh�qìu k xgiud ixqnwlrqhuqh i rj j iud gh wr iruuljh hnvhpsohu
yhg

k +{, @
� j +{, iru m{m ? 4

i +{, iru m{m � 4
Vè hu k gl�huhqwldeho ryhudow/ rjvè l 	41 Qhzwrq0iûojhq hu nrqyhujhqw/ kylv rj
nxq kylv m{ � m ? 41 Iru m{ � m � 4 kdu yl { � @ �{ � 1
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Hnvhpsho 444 Qhzwrqv phwrgh sè oljqlqjhq vlq{ @ 3 jlyhu

{ � @ { � � vlq{ �

frv{ �
@ { � � wdq{ �

Phg I +{, @ {� wdq{ ndq uhodwlrqhq vnulyhv { � @ I +{ � ,1 Kylv L hu hw lqwhuydo/
ghu hu v|pphwulvn rp 3 rj rsi|oghu/ dw { 5 L a { 9@ 3 @, mI +{,m ? m{m/ vè ylo
dowvè Qhzwrq0iûojhq rsi|ogh m{ � m A m{ � m A m{ � m A m{ � m A = = =1 Phq vè pè iûojhq di
qxphulvn0yéuglhu nrqyhujhuh prg hw wdo d � 31 Gd ghu jéoghu/ dw { rj I +{, kdu
prgvdw iruwhjq/ kdu yl/ dw m{ � m @ �I +m{ � � � m,1 Khudi ièv/ dw d @ �I +d,/ kylonhw
xpxoljjûu/ dw d 9@ 3/ gd d 5 L/ vè d 9@ 3 @, mI +d,m ? d1 Hw pdnvlpdow lqwhuydo
L ndq ehvwhpphv yhg iûuvw dw oûvh oljqlqjhq I +{, @ �{/ g1y1v1 wdq{ @ 5{1
Ghqqh oljqlqj ndq nxq oûvhv qxphulvn +vh qévwh hnvhpsho,1 Ghq kdu l lqwhuydoohw�3> � � �ìq oûvqlqj/ qhpolj u �@ 4=4988944;81 Iru m{m ? u jéoghu qhwrs/ dw mI +{,m ?m{m1 Qhzwrqv phwrgh jlyhu dowvè nrqyhujhqv prg 3/ qèu { � 5 `�u> u^1 Iru { � @	u hu ghu lnnh nrqyhujhqv/ lghw Qhzwrq0iûojhq gd eolyhu u>�u> u>�u> u> = = = rj�u> u>�u> u>�u> = = = khqkrogvylv1 Iru m{ � m A u hu irukroghqh phjhw nrpsolfhuhgh/
phq lqwhuhvvdqwh1 Yl ndq nxq rsiruguh oévhuhq wlo dw hnvshulphqwhuh phg eo|dqw
rj sdslu1 Hnvhpshoylv ryhuehylvhv pdq ohw rp/ dw hw hqgrj phjhw imhuqwoljjhqgh
{ � ndq kdyh { � 5 `�u> u^/ kyruiru Qhzwrq0iûojhq nrqyhujhuhu prg 31
Hnvhpsho 445 Yl ylo �qgh ghq oûvqlqj wlo oljqlqjhq wdq{ @ 5{/ ghu oljjhu l
lqwhuydoohw �3> � � �1 Yl yéojhu dw rpvnulyh oljqlqjhq wlo

vlq{� 5{ frv{ @ 3
Gd �

� � +vlq{� 5{ frv{, @ frv{�5 frv{.5{ vlq{ @ 5{ vlq{�frv{/ ièu Qhzwrqv
irupho xgvhhqghw

{ � @ { � . vlq{ � � 5{ � frv{ �

frv{ � � 5{ � vlq{ �

Phg hw vwduwjéw sè { � @ �
� ièv { � @ �

� � �
� @ 4=5857;9774> { � @ 4=4:556<4<6> { � @

4=49893:748> { � @ 4=4988944;:> { � @ 4=4988944;81 Khuhiwhu vnhu ghu lqjhq éq0
gulqjhu/ qèu ghu uhjqhv phg 43 ehw|ghqgh fliuh1 Yl uhjqhu dowvè phg/ dw urghq
hu 4=4988944;81

Qhzwrqv phwrgh iru wr oljqlqjhu phg wr xehnhqgwh
Vnuly gh wr oljqlqjhu sè iruphq

i +{> |, @ 3> j +{> |, @ 3 +614,
rj dqwdj/ dw glvvh oljqlqjhu idnwlvn kdu plqgvw ìq oûvqlqj1 Lghhq hu qx ghq/ dw
jéwwh sè hq oûvqlqj +{ � > | � , = Olqhdulvhuh rpnulqj ghwwh jéw/ g1y1v1 �qgh wdq0
jhqwsodqhuqh iru gh wr  dghu

} @ i +{> |, > } @ j +{> |,
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l sxqnwhuqh +{ � > | � > i +{ � > | � ,, rj +{ � > | � > j +{ � > | � ,, > khqkrogvylv1 Oljqlqjhuqh
+4, huvwdwwhv ghuyhg l iûuvwh rpjdqj di gh olqhdulvhuhgh oljqlqjhu

i +{ � > | � , . i � +{ � > | � , +{� { � , . i � +{ � > | � , +| � | � , @ 3
j +{ � > | � , . j � +{ � > | � , +{� { � , . j � +{ � > | � , +| � | � , @ 3

ghu rjvè ndq vnulyhv
i � +{ � > | � , +{� { � , . i � +{ � > | � , +| � | � , @ �i +{ � > | � , +615,
j � +{ � > | � , +{� { � , . j � +{ � > | � , +| � | � , @ �j +{ � > | � ,

Lghw {�{ � rj |�| � ehwudjwhv vrp gh xehnhqgwh/ kdu yl khu wr olqhéuh oljqlqjhu
phg wr xehnhqgwh1 Oljqlqjvv|vwhphwv nrh!flhqwpdwul{ hu

M +{ � > | � , @
� i � +{ � > | � , i � +{ � > | � ,

j � +{ � > | � , j � +{ � > | � ,
�

Kylv ghwhuplqdqwhq di M +{ � > | � , hu iruvnhoolj iud qxo/ yhg yl/ dw v|vwhphw +5,
kdu suéflv ìq oûvqlqj iru +{� { � > | � | � , rj ghuphg iru +{> |,1 Ghqqh oûvqlqj
ehwhjqhu yl +{ � > | � , = Oûvqlqjhq ndq i1hnv1 �qghv y1km1d1 Fudphuv phwrgh +�gh0
whuplqdqwphwrghq�,1 Khuphg �qghv

{ � � { � @

���� �i +{ � > | � , i � +{ � > | � ,�j +{ � > | � , j � +{ � > | � ,
����

ghwM +{ � > | � ,

| � � | � @

���� i � +{ � > | � , �i +{ � > | � ,
j � +{ � > | � , �j +{ � > | � ,

����
ghwM +{ � > | � ,

Yhg xguhjqlqj di ghwhuplqdqwhuqh ièv

{ � @ { � � i +{ � > | � , j � +{ � > | � ,� i � +{ � > | � , j +{ � > | � ,
i � +{ � > | � , j � +{ � > | � ,� i � +{ � > | � , j � +{ � > | � , +616,

| � @ | � � j +{ � > | � , i � +{ � > | � ,� j � +{ � > | � , i +{ � > | � ,
i � +{ � > | � , j � +{ � > | � ,� i � +{ � > | � , j � +{ � > | � ,

Ehpéunqlqj 446 Nhqghu pdq wlo olgw pdwul{uhjqlqj/ ndq irupohuqh ryhqiru
vnulyhv vèohghv=� { �

| �

�
@

� { �
| �

�� M +{ � > | � , � �
� i +{ � > | � ,

j +{ � > | � ,
�

Khuphg ièu irupohq hq vwéunhuh oljkhg phg ghq wlovyduhqgh irupho iru ìq oljqlqj
phg ìq xehnhqgw1

Kylv lnnh yruhv iûuvwh jéw ydu dowiru gèuoljw/ vè ylo +{ � > | � , yéuh hq ehguh
dssurnvlpdwlrq wlo ghq uljwljh oûvqlqj wlo +4,1 Hq iruprghqwolj hqgqx ehguh
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dssurnvlpdwlrq ièv yhg l kûmuhvlghuqh di +6, dw huvwdwwh +{ � > | � , phg +{ � > | � , =
Khuphg ièv hw q|w sxqnw +{ � > | � ,/ ghu ljhq ndq lqgvéwwhv l kûmuhvlghuqh di +6,/
r1v1y1 Yhg ghqqh lwhudwlrq rsqèv hq iûojh di sxqnwhu/

+{ � > | � , > +{ � > | � , > +{ � > | � , > +{ � > | � , > = = = > +{ � > | � , > = = =
Ghu jéoghu qx iûojhqgh véwqlqj1
Véwqlqj 447 Ehwudjw oljqlqjvv|vwhphw +4,1 Odg +�> �, yéuh hq oûvqlqj wlo +4,1
Dqwdj/ dw i rj j kdu nrqwlqxhuwh sduwlhooh d hghgh l hq rphjq rp sxqnwhw +�> �, =
Dqwdj |ghuoljhuh/ dw v|vwhphwv Mdfrelghwhuplqdqw

ghwM +{> |, @
���� i � +{> |, i � +{> |,
j � +{> |, j � +{> |,

����
hu iruvnhoolj iud qxo l sxqnwhw +�> �, = Vè ylo ghq yhg +7, lwhudwlyw gh�qhuhgh sxqn0
wiûojh

+{ � > | � , > +{ � > | � , > +{ � > | � , > +{ � > | � , > = = = > +{ � > | � , > = = =
nrqyhujhuh prg oûvqlqjhq +�> �, > qèu eorw +{ � > | � , yéojhv wlovwuénnholjw wéw sè
oûvqlqjhq +�> �, =

Ehylv1 Ehylvhw iru ghq wlovyduhqgh sèvwdqg iru ìq oljqlqj phg ìq xehnhqgw
ndq ryhuvéwwhv wlo ghq dnwxhooh vlwxdwlrq/ phq ghqqh ryhuvéwwhovh nuéyhu jrg
nhqgvnde wlo pdwul{uhjqlqj1 Khu qûmhv yl phg dw ylvh/ dw kylv iûojhq hu nrqyhu0
jhqw/ dowvè kylv +{ � > | � , $ +�> �, iru q $ 4> kyru +�> �, hu hw hoohu dqghw sxqnw
l kylonhq ghwM hu iruvnhoolj iud qxo rj l rphjqhq di kylonhw i kdu nrqwlqxhuwh
sduwlhooh d hghgh/ vè hu ghwwh sxqnw hq oûvqlqj wlo +4,1 Iru iûojhqv hohphqwhu
jéoghu

{ � � � @ { � � i +{ � > | � , j � +{ � > | � ,� i � +{ � > | � , j +{ � > | � ,
i � +{ � > | � , j � +{ � > | � ,� i � +{ � > | � , j � +{ � > | � , +617,

| � � � @ | � � j +{ � > | � , i � +{ � > | � ,� j � +{ � > | � , i +{ � > | � ,
i � +{ � > | � , j � +{ � > | � ,� i � +{ � > | � , j � +{ � > | � ,

Qéyqhuhq/ ghwM +{ � > | � , @ i � +{ � > | � , j � +{ � > | � , � i � +{ � > | � , j � +{ � > | � , > ylo
yéuh iruvnhoolj iud qxo/ qèu eorw iûojhqv hohphqwhu dooh hu wéwwh sè +�> �,1 Yhg dw
odgh q $ 4> ièv khudi

� @ �� i +�> �, j � +�> �,� i � +�> �, j +�> �,
i � +�> �, j � +�> �,� i � +�> �, j � +�> �,

� @ � � j +�> �, i � +�> �,� j � +�> �, i +�> �,
i � +�> �, j � +�> �,� i � +�> �, j � +�> �,

Phq khudi iûojhu èehqeduw vè/ dw gh wr wéoohuh hu qxo/ g1y1v1
i +�> �, j � +�> �,� i � +�> �, j +�> �, @ 3 +618,�j � +�> �, i +�> �, . j +�> �, i � +�> �, @ 3
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Ehwudjwhv v|vwhphw +8, vrp wr oljqlqjhu phg gh wr xehnhqgwh i +�> �, rj j +�> �, >
vè hu oljqlqjvv|vwhphwv ghwhuplqdqw qhwrs ghwM +�> �, = Iruxgvdw/ dw ghqqh hu
iruvnhoolj iud qxo kdu v|vwhphw +8, suéflv ìq oûvqlqj1 Phq gd +i +�> �, > j +�> �,, @
+3> 3, èehqeduw hu hq oûvqlqj wlo +8,/ vè hu ghw oûvqlqjhq$ Khuphg kdu yl jlyhw hq
gho di ehylvhw iru véwqlqjhq1 Yl pdqjohu dw ylvh/ dw ghq lwhudwlyw gh�qhuhgh iûojh
ylo nrqyhujhuh/ qèu eorw +{ � > | � , yéojhv wéw qrn sè +�> �, =
Ehpéunqlqj 448 Ghvyéuuh hu ghw vyéuw dw vljh qrjhw vlpshow rj jhqhuhow rp/
kyru wéw sè oûvqlqjhq +�> �, ghw jéwwhgh sxqnw +{ � > | � , vndo yéojhv1 Ghw ehgvwh
hu qrn eorw dw suûyh vlj iuhp1 Khu hu ghw qdwxuoljylv dijûuhqgh/ dw pdq l iruyhmhq
kdu hq jrg lgì rp/ kyru ghq ûqvnhgh oûvqlqj oljjhu1 Ghwwh sureohp kdu yl rjvè
yhg oûvqlqj di ìq oljqlqj phg ìq xehnhqgw yhg Qhzwrqv phwrgh/ phq sureohphw
hu odqjw yéuuh/ qèu ghu hu  huh oljqlqjhu1 Hq lgì hu dw euxjh Gdylghqnr*v phwrgh1
Vh Pdsoh0zrunvkhhw khurp1 Ghw oljjhu sè lqwhuqhwwhw xqghu qrwhu1
Hnvhpsho 449 Ghu hu jlyhw oljqlqjvv|vwhphw

{ � | . vlq +{. |, @ 5
{. 6| . oq �{ � . |� @ 8

Di hq whjqlqj +xgiûuw l Pdsoh y1km1d1 lpsolflwsorw iud sorwv0sdnnhq, iuhpjèu/ dw
v|vwhphw kdu hq oûvqlqj qéu +{> |, @ +4> 4,1 Ghqqh oûvqlqj ûqvnhv ehvwhpw yhg
euxj di Qhzwrqv phwrgh1 Yl véwwhu

i +{> |, @ { � | . vlq +{. |,� 5
j +{> |, @ {. 6| . oq �{ � . |�� 8

Yl kdu
i � +{> |, @ 5{| . frv +{. |,
i � +{> |, @ { � . frv +{. |,
j � +{> |, @ 4 . 5{

{ � . |
j � +{> |, @ 6 . 4

{ � . |
Yl ylo lnnh khu euxjh ghq iéugljh irupho/ vrp yl idqgw ryhqiru/ phq iruhwuénnhu
dw iûojh ghq phwrgh/ ghu eohy euxjw yhg xgohgqlqjhq1 Yl huvwdwwhu oljqlqjhq
i +{> |, @ 3 phg ghq olqhdulvhuhgh yhuvlrq di i rpnulqj jéwwhw +{ � > | � , @ +4> 4,1
Ghw vdpph jûuhv phg j=

i +4> 4, . i � +4> 4, +{� 4, . i � +4> 4, +| � 4, @ 3
j +4> 4, . j � +4> 4, +{� 4, . j � +4> 4, +| � 4, @ 3

Nrqnuhw �qghu yl vè
vlq 5� 4 . +5 . frv 5, +{� 4, . +4 . frv 5, +| � 4, @ 3

oq 5� 4 . 5 +{� 4, . :
5 +| � 4, @ 3
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Glvvh oljqlqjhu oûvhv qx1 Hiwhu rpvnulyqlqj wlo
+5 . frv 5, +{� 4, . +4 . frv 5, +| � 4, @ 4� vlq 5

5 +{� 4, . :
5 +| � 4, @ 4� oq 5

ndq ghwhuplqdqwphwrghq dqyhqghv rj yl �qghu oûvqlqjhq +{ � > | � , jlyhw yhg

{ � � 4 @

���� 4� vlq 5 4 . frv 5
4� oq 5 �

�

�������� 5 . frv 5 4 . frv 5
5 �

�

����
@ 6= 493 9� 43 � �

| � � 4 @

���� 5 . frv 5 4� vlq 5
5 4� oq 5

�������� 5 . frv 5 4 . frv 5
5 �

�

����
@ 9= <94 5� 43 � �

Dowvè +{ � > | � , @ +4=364939> 4=39<945,1 Ghwwh sxqnw pè qx iruprghv dw yéuh
qéuphuh ghq uljwljh oûvqlqj1 Ghu olqhdulvhuhv qx rpnulqj +{ � > | � ,1 Hiwhu vdpph
vodjv uhjqlqjhu vrp oljh xgiûuw ièv hw q|w sxqnw +{ � > | � , @ +4=363::8> 4=3:388:,1
Vèohghv iruwvéwwhv1 Pdq �qghu

+{ � > | � , @ +4=363::8> 4=3:388:,
ghu mr phg ghw ylvwh dqwdo fliuh hu lghqwlvn phg +{ � > | � ,1 Khu vwdqgvhu pdq ghuiru1
Xvlnnhukhgvuhjqlqj
Dqwdj/ dw hq i|vlvn vwûuuhovh } hu ehvwhpw yhg wr dqguh i|vlvnh vwûuuhovhu { rj
|/ dowvè dw ghu hu hq ixqnwlrq i / vè } @ i +{> |,1 Ghu iruholjjhu qx pèolqjhu
di vwûuuhovhuqh { rj |1 Glvvh hu pèow wlo d rj e/ khqkrogvylv1 Khuxgiud vndo }
ehuhjqhv vrp i +d> e,1 Pèolqjhuqh di { rj | hu ehkéiwhw phg xvlnnhukhghuqh �d
rj �e/ khqkrogvylv1 Ghwwh ehw|ghu/ dw gh nruuhnwh yéuglhu { rj | pè dqvhv iru
dw oljjh lqghqiru hq divwdqg di khqkrogvylv �d rj �e iud d rj e/ dowvè

d� �d � { � d. �d
e� �e � | � e. �e

hoohu/ qèu �{ @ {� d rj �| @ | � e/ ndq ghw irupxohuhv vèohghv= m�{m � �d rjm�|m � �e1 Ehpéun/ dw xvlnnhukhghuqh �d rj �e hu srvlwlyh wdo/ kyrulprg �{ rj
�| ndq yéuh eègh srvlwlyh rj qhjdwlyh1 Yl ûqvnhu qx dw yxughuh ghq xvlnnhukhg/
vrp ghq ehuhjqhgh vwûuuhovh i +d> e, hu ehkéiwhw phg1 Ghq nruuhnwh yéugl hu
i +{> |,/ vè iruvnhoohq �i @ i +{> |,� i +d> e, hu ihmohq yl ehjèu yhg dw dffhswhuh
f @ i +d> e, vrp ghq nruuhnwh yéugl1 Yl pè uhjqh phg/ dw �{ rj �| ehjjh hu
vpè/ vè yl ndq ghuiru huvwdwwh �i @ i +{> |, � i +d> e, phg gl�huhqwldohw di i l
+d> e,1 Dowvè

�i @ i +{> |,� i +d> e, @ i � +d> e, +{� d, . i � +d> e, +| � e,
@ i � +d> e,�{. i � +d> e,�|
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Khuphg �qghu yl
m�i m @ mi � +d> e,�{. i � +d> e,�|m� mi � +d> e,m m�{m. mi � +d> e,m m�|m� mi � +d> e,m �d. mi � +d> e,m �e

Ghq yxughuhgh xvlnnhukhg �f sè ghq ehuhjqhgh vwûuuhovh } véwwhu yl ghuiru wlo
�f @ mi � +d> e,m �d. mi � +d> e,m �e

lghw yl gd ndq uhjqh phg/ dw
i +d> e,� �f � i +{> |, � i +d> e, . �f

Hnvhpsho 44: Iru hq lghdojdv jéoghu vrp ehnhqgw wlovwdqgvoljqlqjhq
sY @ qUW

Dqwdj/ dw q hu nhqgw sè irukèqg rj lnnh ehkéiwhw phg qéyqhyéuglj xvlnnhukhg1
Ghu iruhwdjhv pèolqjhu di whpshudwxu rj wu|n1 Uhvxowdwhuqh W � rj s � hu ehkéiwhw
phg xvlnnhukhghuqh �s rj �W 1 Dowvè uhjqhu yl phg/ dw gh nruuhnwh yéuglhu W rj
s diyljhu iud W � rj s � phg kûmvw �s rj �W / khqkrogvylv1 Dqghuohghv vdjw

m�W m @ mW � W � m � �Wm�sm @ ms� s � m � �s
Yl ehuhjqhu qx uxpidqjhw Y wlo

Y � @ qUW �

s �

Xvlnnhukhghq sè ghq ehuhjqhgh vwûuuhovh hu gd

�Y @
����CYCW

���� �W .
����CYCs

���� �s
kyru ehjjh gh sduwlhooh d hghgh vndo wdjhv l +W � > s � ,1 Yl �qghu ���

� � @ � �
� � rj

���

�
� @ � � � �

�

�
�

�
1 Dowvè kdu yl

�Y @
����qUs �

���� �W .
�����qUW �

s �
�

���� �s @ qU
s �

�W . qUW �

s �
�

�s

@ qU
s �

�
�W . W �

s �
�s
�

Ehpéun/ dw ghwwh uhvxowdw ndq irupxohuhv vèohghv
�Y
Y �

@ �W
W �

. �s
s �
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ghu ehw|ghu/ dw ghq uhodwlyh xvlnnhukhg sè Y hu vxpphq di gh uhodwlyh xvlnnhu0
khghu sè W rj s1
Hw wdohnvhpsho= Phg q @ 4 pro/ W � @ 5:6 N/ s � @ 4=33 dwp1 rj xvlnnhukhghuqh
�W @ 3=8 N rj �s @ 3=34 dwp1 ièv/ lghw Y pèohv l olwhu rj U @ 3=3;5387 o
dwp2+pro N, rj lghw yl nxq euxjhu ìw ehw|ghqgh fl�hu l uhvxowdwhw

�Y @ 3=3;5387 +3=8 . 5:6� 3=34, olwhu @ 3= 598 36 �@ 3= 6olwhu
Ghw ehuhjqhgh uxpidqj hu

Y @ qUW �

s �
@ 3=3;5387� 5:6olwhu @ 55= 734olwhu

L ehwudjwqlqj di ghq yxughuhgh xvlnnhukhg sè ghwwh uhvxowdw eûu ghwwh qrn dqjlyhv
phg ìq ghflpdo vrp Y @ 55=7olwhu= Ûqvnhv xvlnnhukhghq vdpwlgljw dqjlyhw/ ndq
pdq vnulyh Y @ +55=7	 3=6, olwhu1
Hnvhpsho 44; Iru hq lnnh0lghdo jdv vrp Fo � / hu uxpidqjhw di ìq pro yhg
ìq dwprviéuhv wu|n rj yhg whpshudwxuhq 5:6N l j1 hq wdeho +Nd|h)Ode|, 55=
39olwhu1 Iru hq vègdq lnnh0lghho jdv nxqqh pdq euxjh ydq ghu Zddov wlovwdqg0
voljqlqj wlo ehuhjqlqj di uxpidqjhw/ qèu wu|n rj whpshudwxu hu pèow1 Qèu q @ 4
kdu ydq ghu Zddov oljqlqj xgvhhqghw�

s. d
Y �

�
+Y � e, @ UW

L vdpph wdeho rsjlyhv nrqvwdqwhuqh wlo d @ 3=345<7odwp@pro � rj e @ 5=843 �
43 � � o@pro1 Phg glvvh lqgvdw rj phg s @ s � @ 4dwp rj W @ W � @ 5:6N oûvhv
oljqlqjhq ohw qxphulvn/ rj pdq �qghu Y @ 55=6<olwhu/ hw uhvxowdw/ vrp nxq
diyljhu phg 3=34olwhu iud lghdojdvwloiéoghw1 Ylo pdq jhqhuhow oûvh oljqlqjhq iru
Y xgwu|nw yhg gh yduldeoh s rj W / ndq ghwwh l sulqflsshw odgh vlj jûuh/ gd pdq
hiwhu pxowlsolndwlrq phg Y � kdu hq 61judgvoljqlqj/ rj iru hq vègdq �qghv ghu hq
oûvqlqjvirupho1 Ghw uhvxowdw/ ghu nrpphu xg di ghqqh irupho/ hu lplgohuwlg vè
xryhuvnxholjw/ dw ghw hu xeuxjholjw wlo yruhv irupèo/ vrp hu dw ehvwhpph xvlnnhu0
khghq sè Y / qèu xvlnnhukhghuqh sè gh pèowh vwûuuhovhu W rj s hu nhqgwh1 Phq
yhg lpsolflw gl�huhqwldwlrq/ kyru Y rsidwwhv vrp hq ixqnwlrq di W rj s/ ièv/ qèu
ghu iûuvw gl�huhqwlhuhv pkw1 W

�5 d
Y �

CY
CW +Y � e, .

�
s. d

Y �

� CY
CW @ U

Ghuhiwhu gl�huhqwlhuhv pkw1 s�
4� 5 d

Y �
CY
Cs

�
+Y � e, .

�
s. d

Y �

� CY
Cs @ 3

Yl ûqvnhu dw ehvwhpph ���

� � rj ���

�
� = Yhg rpvnulyqlqj ièv��5 d

Y � +Y � e, .
�
s. d

Y �

�� CY
CW @ U�

5 d
Y � +Y � e,� �

s. d
Y �

�� CY
Cs @ Y � e
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Yhg lqgvéwwhovh di W @ 5:6N/ s @ 4dwp1 rj Y @ 55=6<olwhu ièv � �

� � @ 3=3;5o@N
rj ���

�
� @ �55=7o@dwp1 Dowvè kdu yl

�Y @
����CYCW

���� �W .
����CYCs

���� �s @ 3=3;5�W . 55=7�s
@ 3=3;5� 3=8 . 55=7� 3=34 @ 3= 598 �@ 3=6olwhu

Ehpéun/ dw xvlnnhukhghq sè Y lnnh hu wlo dw vnhoqh iud xvlnnhukhghq l lghdojdvwlo0
iéoghw1
Hnvhpsho 44< Vylqjqlqjvwlghq iru hw +xgépshw, pdwhpdwlvn shqgxo phg oéqjgh
o hu yhg vpè xgvylqj

W @ 5�
v

o
j

kyru j hu w|qjghdffhohudwlrqhq1 Yl dqwdjhu/ dw xvlnnhukhghq sè nhqgvndehw wlo
oéqjghq hu �o rj xvlnnhukhghq sè j hu �j1 Yl ylo ehvwhpph xvlnnhukhghq sè ghq
ehuhjqhgh vwûuuhovh W / hyw1 iru dw nxqqh dijûuh rp diyljhovhu phoohp ehuhjqhgh
rj pèowh yéuglhu iru W vn|oghv/ dw xgvylqjhqh hu iru vwruh/ vèohghv dw irupohq
vndo huvwdwwhv di ghq nruuhnwh irupho

W @ 7
v

o
j
] �

�

�

gxs4�p vlq � x
kyru p @ vlq � � �

� rj � � hu ghw pdnvlpdoh ylqnhoxgvylqj iud orgolqlhq1 Phg
xgjdqjvsxqnw l ghq vlpsoh irupho �qghu yl

�W @
����CWCo

���� �o .
����CWCj

���� �j
@ �sjo �o .

�������so
j � �

����� �j
@ �

v
o
j
��o

o . �j
j
�
@ 4

5W
��o

o . �j
j
�

Dowvè �W
W @ 4

5
��o

o . �j
j
�

Gh uhodwlyh xvlnnhukhghuv jhqqhpvqlw jlyhu dowvè ghq uhodwlyh xvlnnhukhg sè W 1 Hw
wdohnvhpsho= Dqwdj/ dw o @ 4p> j @ <=;4p vhf � � > �o @ 4pp rj �j @ 3=338p vhf � � 1
Vè �qghu yl W @ 5�

t �

� @ 5�
t

���� � � vhf @ 5= 339 4 vhf1 Iru xvlnnhukhghq kdu yl

�W @ 4
5W

��o
o . �j

j
�
@

�
43 � � . 3=338

<=;4
�
vhf � 4= 8� 43 � � vhf
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Yl ndq dqjlyh ghw ehuhjqhgh uhvxowdw iru W sè iruphq W @ 5=3394 	 3=3348 vhf1
Odg rv qx dqwdjh/ dw ghw pdnvlpdoh xgvylqj ydu 78judghu/ rj dw W pèohv wlo
5=3;:6 vhf1 Yl pè nrqnoxghuh/ dw yl eûu euxjh ghq phuh lqgylnohgh irupho iru W 1
Jûu yl ghw/ �qghu yl/ lghw p @ vlq � �

� @ �
� � �

�

s5

W @ 7
v

o
j
] �

�

�

gxs4�p vlq � x @ 5=3;96 vhf

Dqwdjhu yl ghw pdnvlpdoh xgvylqj iru jrgw ehvwhpw/ hu xvlnnhukhghq sè ghq vlg0
vwh ehuhjqlqj vwdglj jlyhw yhg �W @ �

� W
� � �

� .
� �
�
�
rj ghuiru vwdglj olj phg 4=

8 � 43 � � vhf1 Gd iruvnhoohq phoohp 5=3;:6 rj 5=3;96 èehqeduw hu plqguh hqg
4= 8 � 43 � � / hu ghu dowvè jrg ryhuhqvvwhpphovh phoohp ghw pèowh rj ghw ehuhj0
qhgh uhvxowdw/ qèu ghwwh xguhjqhv yhg euxj di ghq phuh lqgylnohgh irupho1 Ghw hu
ulpholjhuh dw wdjh xvlnnhukhghq sè ghw pdnvlpdoh xgvylqj phg l ehwudjwqlqj1 Yl
ièu gd euxj iru rjvè dw xguhjqh � �

� � � 1 Yl kdu
CW
C� �

@ CW
Cp

gp
g� �

@ CW
Cp vlq � �

5 frv � �

5 @ 4
5
CW
Cp vlq � �

Ghw ydqvnholjvwh hu dw ehvwhpph � �

� � 1 Yl ylo xgq|wwh/ dw lqwhjudohw] �



i +{> |,g{

hu hq gl�huhqwldeho ixqnwlrq di | iru | 5 ^f> g` phg gl�huhqwldonyrwlhqw] �



i � +{> |,g{

qèu eorw i rj i � hu nrqwlqxhuwh ixqnwlrqhu l uhnwdqjohw ^d> e` � ^f> g`1 Gd glvvh
ehwlqjhovhu hu rsi|ogw l ghw iruholjjhqgh wloiéogh/ �qghu yl

CW
Cp @ �5

v
o
j
] �

�

�

vlq � x�4�p vlq � x� � � gx

Yhg lqgvéwwhovh di wdoyéuglhuqh �qghv yhg qxphulvn lqwhjudwlrq
CW
Cp @ �3= 8<; <9

Khuphg kdu yl
�W @

����CWCo
���� �o .

����CWCj
���� �j .

���� CWC� �

���� �� �

@ 4
5W

��o
o . �j

j
�
. 4

5
���� CWCp

���� vlq � � �� �

@ 4
5
W
o �o .

4
5
W
j �j .

4
53= 8<; <9�

s5
5 �� �

@ 4=3 � �o . 3=4 � �j . 3= 5 � �� �
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Phg �o @ 4pp> �j @ 3=338p vhf � � rj phg hq lnnh xehw|gholj xvlnnhukhg sè ghw
pdnvlpdoh xgvylqj �� � @ 4judg @ �

� � � ièv
�W @ 8� 43 � � vhf

vèohghv dw uhvxowdwhw ndq dqjlyhv vrp
W @ 5=3;9	 3=338 vhf

613145 Gl�huhqwldelolwhw di vdpphqvdw ixqnwlrq
Yl ehwudjwhu iûuvw ghq vlwxdwlrq/ kyru { rj | l i +{> |, huvwdwwhv di ixqnwlrqhu di
hq yduldeho w1
Véwqlqj 453 Odg i yéuh hq uhho ixqnwlrq di wr yduldeoh ghi lqhuhw l péqjghq
V � U � > rj dqwdj/ dw i hu gl�huhqwldeho l ghw lqguh sxqnw +d> e, 5 V= Odg s rj t
yéuh uhhooh ixqnwlrqhu di ìq yduldeho ghi lqhuhw l hw lqwhuydo L � U> rj dqwdj/ dw
s rj t hu gl�huhqwldeoh l w � 5 L= Dqwdj hqgholj/ dw +s+w,> t+w,, 5 V iru dooh w 5 L>
rj dw +s+w � ,> t+w � ,, @ +d> e,= Odg I yéuh ghq vdpphqvdwwh ixqnwlrq jlyhw yhg

I +w, @ i +s+w,> t+w,, iru w 5 L
Vè hu I gl�huhqwldeho l w � phg gl�huhqwldonyrwlhqw jlyhw yhg iûojhqgh irupho/ ghu
ndoghv néghuhjohq=

I � +w � , @ i � +d> e,s � +w � , . i � +d> e,t � +w � ,
Phg +d> e, @ +s+w � ,> t+w � ,, lqgvdw ièv dowvè

I � +w � , @ i � +s+w � ,> t+w � ,,s � +w � , . i � +s+w � ,> t+w � ,,t � +w � ,
Phg dqghq vnulyhpègh ièv

gI
gw @ Ci

C{
gs
gw . Ci

C|
gt
gw

kyru yl kdu xqgodgw dw qéyqh/ l kylonhw sxqnw gh diohgwh vndo wdjhv1
Ehylv1 Gd i hu gl�huhqwldeho l +d> e,/ ilqghv ghu hq ixqnwlrq j> rj wr wdo � rj

�> vè
i+d. k> e. n, @ i+d> e, . �k. �n . j+k> n, n+k> n,n

jéoghqgh iru dooh +k> n, l hq rphjq di +3> 3,/ rj kyru ixqnwlrqhq j rsi|oghu
j+k> n, $ 3 iru +k> n, $ +3> 3,1 Phg k @ k+w, @ s+w, � s+w � , rj n @ n+w, @
t+w,� t+w � , ièv

I +w,� I +w � , @ i +s+w,> t+w,,� i +s+w � ,> t+w � ,,
@ � +s+w,� s+w � ,, . � +t+w,� t+w � ,,

.j +k+w,> n+w,, n+k+w,> n+w,,n
@ � +s+w,� s+w � ,, . � +t+w,� t+w � ,,

.j +k+w,> n+w,,sk+w, � . n+w, �
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Gd yl kdu ���� 4
w� w �

sk+w, � . n+w, �
����

@
v�s+w,� s+w � ,

w� w �
� �

.
�t+w,� t+w � ,

w� w �
� �

$ t
s � +w � , � . t � +w � , �

iru w $ w � / ièv ghuiru
olp� � �

�

I +w,� I +w � ,
w� w � @ � olp� � �

�

s+w,� s+w � ,
w� w � . � olp� � �

�

t+w,� t+w � ,
w� w �

@ �s � +w � , . �t � +w � ,>
lghw k+w, @ s+w, � s+w � , $ 3 rj n+w, @ t+w, � t+w � , $ 3 iru w $ w � > vèohghv dw
j +k +w, > n +w,, $ 3 iru w $ w � 1 Gd � @ i � +d> e, rj � @ i � +d> e,> hu ehylvhw iûuw1
Ehpéunqlqj 454 Lghw judglhqwhq di i hu jlyhw yhg ui @ +i � > i � ,/ ndq néghuh0
johq rjvè vnulyhv

gI
gw @ ui ��gs

gw >
gt
gw

�
kyru kûmuh vlgh hu hw vndodusurgxnw1
Ehpéunqlqj 455 Néghuhjohq ndq ehylvhv sè hq olgw vlpsohuh pègh/ kylv pdq
iruxgvéwwhu/ dw i> s rj t lnnh eorw hu gl�huhqwleoh l gh uhohydqwh sxqnwhu/ phq dw i
kdu sduwlhooh diohghgh l hq rphjq di +d> e, > rj glvvh hu nrqwlqxhuwh l +d> e, > vdpw
dw s rj t hu gl�huhqwldeoh l hq rphjq di w � phg diohghgh/ ghu hu nrqwlqxhuwh l w � =
Ehylvhw jèu vrp iûojhu= Odg ixqnwlrqhq K yéuh jlyhw yhg K +v> w, @ i +s +v, > t +w,,
1 Vè kdu K sduwlhooh diohghgh/ rj glvvh hu nrqwlqxhuwh l +w � > w � , = Gh hu jlyhw yhg

K � +v> w, @ i � +s +v, > t +w,, s � +v,
K � +v> w, @ i � +s +v, > t +w,, t � +w,

K hu dowvè gl�huhqwldeho l +w � > w � , > rj ghu jéoghu
K +w � . k> w � . n, @ K +w � > w � , .K � +w � > w � ,k.K � +w � > w � ,n . j +k> n, n+k> n,n

kyru j +k> n, $ 3 iru +k> n, $ +3> 3, = Dowvè kdu yl phg I +w, @ K +w> w, @
i +s +w, > t +w,, rj yhg dw véwwh k @ w� w � rj n @ w� w � ryhqiru=

I +w,� I +w � ,
w� w � @ K +w> w,�K +w � > w � ,

w� w �
@ K � +w � > w � , .K � +w � > w � , . j +w� w � > w� w � , � w� w �mw� w � m

s5
Khudi iûojhu/ dw

olp� � �
�

I +w,� I +w � ,
w� w � @ K � +w � > w � , .K � +w � > w � ,

kylonhw ehw|ghu/ dw I hu gl�huhqwldeho phg gl�huhqwldonyrwlhqw K � +w � > w � ,.K � +w � > w � , >
phq ghwwh xgwu|n hu olj phg i � +s+w � ,> t+w � ,,s � +w � , . i � +s+w � ,> t+w � ,,t � +w � ,=
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Hnvhpsho 456 Odg i yéuh jlyhw yhg
i +{> |, @ { � . | � �s{ � . | � � {

rj odg s +w, @ dufwdq w rj t +w, @ h � � iru w 5 U1 Odg I yéuh ghq vdpphqvdwwh
ixqnwlrq jlyhw yhg I +w, @ i +s +w, > t +w,,1 Yl ylo xqghuvûjh/ rp I hu gl�huhqwldeho
l 3/ rj l ehnuéiwhqgh idog �qgh I +�3,1 Yl kdu +s +3, > t +3,, @ �dufwdq 3> h � � @
+3> 4,1 Ixqnwlrqhq i kdu nrqwlqxhuwh sduwlhooh d hghgh dooh dqguh vwhghu hqg l
+3> 3,1 Ghuiru hu i gl�huhqwldeho l U � q i+3> 3,j1 Yl ndq ghuiru ehq|wwh véwqlqjhq
ryhqiru1 Yl nrqnoxghuhu/ dw I hu gl�huhqwldeho l 3 phg gl�huhqwldonyrwlhqw jlyhw
yhg néghuhjohq=

I � +3, @ i � +3> 4, s � +3, . i � +3> 4, t � +3,
Yl ehvwhpphu iûuvw gh sduwlhooh d hghgh di i= Yl �qghu iru +{> |, 9@ +3> 3,

i � +{> |, @ 5{� {s{ � . | � � 4

i � +{> |, @ 5| � |s{ � . | �

Dowvè kdu yl i � +3> 4, @ �4 rj i � +3> 4, @ 41 Yl kdu rjvè/ dw s � +w, @ �
� � � � rj

t � +w, @ 6h � � / rj ghuphg s � +3, @ 4 rj t � +3, @ 61 Dowvè ièv
I � +3, @ �4 � 4 . 4 � 6 @ 5

Hnvhpsho 457 Odg W +{> |, ehwhjqh whpshudwxuhq l sxqnwhw +{> |, sè ryhu dghq
di hq sodgh1 Whpshudwxuhq dqwdjhv dowvè l ghwwh hnvhpsho dw yéuh xdikéqjlj di
wlghq= Hq vwdwlrqéu wlovwdqg hu lqgwuègw1 Odg { @ s +w, > | @ t +w, phg w 5 L/
yéuh edqhq iru hw lqvhnw/ ghu jèu sè sodghq1 Sdudphwhuhq w hu wlghq1 Wlo wlghq w
eh�qghu lqvhnwhw vlj dowvè l sxqnwhw +s +w, > t +w,,1 Ghq whpshudwxu lqvhnwhw ylo iûoh
l irgvèohuqh wlo wlghq w hu jlyhw yhg

W � � � � � � +w, @ W +s +w, > t +w,,
Whpshudwxuéqgulqj su1 wlgvhqkhg l irgvèohuqh hu jlyhw yhg néghuhjohq

W �
� � � � � � +w, @ W � +s +w, > t +w,, s � +w, . W � +s +w, > t +w,, t � +w,

hoohu dqghuohghv vnuhyhw
gW � � � � � �

gw @ CW
C{

gs
gw . CW

C|
gt
gw @ uW � y

kyru uW @
� � �

� � >
� �

� �
�
hu whpshudwxujudglhqwhq/ rj y @

� �
�
� � > ���� �

�
hu lqvhn0

whwv kdvwljkhg1 L dqyhqghovhuqh +i|vln/ nhpl/ whnqln/ rvy1 , vhu pdq phjhw riwh
erjvwdyhuqh { rj | euxjw sè wr pèghu l vdpph irupho= Ghov vrp qdyqhqh sè gh
xdikéqjljh yduldeoh/ ghu euxjhv yhg ehvnulyhovhq di sodghqv whpshudwxu1 Glvvh
yduldeoh kdu qdwxuoljylv lqwhw phg lqvhnwhu dw jûuh1 Ghov rjvè vrp gh ixqnwlrqhu
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yl kdu ndogw s rj t/ ghu euxjhv wlo ehvnulyhovh di lqvhnwhwv edqh1 Phg ghqqh greehow0
euxj ièu néghuhjohq xgvhhqghw

gW � � � �
� �

gw @ CW
C{

g{
gw . CW

C|
g|
gw

Riwh ylo pdq rjvè vh v|perohw W � � � �
� � huvwdwwhw di W 1 Khuphg ylo rjvè erjvwdyhw

W rswuégh l wr ehw|gqlqjhu l vdpph irupho=
gW
gw @ CW

C{
g{
gw . CW

C|
g|
gw

Hu pdq wlovwuénnholjw vr�vwlnhuhw/ vè eolyhu pdq lnnh iruyluuhw1 Hu pdq lnnh/ ylo
néghuhjohq o|gh vrp krnxv0srnxv1
Hnvhpsho 458 Odg uW +5> 6, @ +7>�4, rj dqwdj/ dw lqvhnwhw wlo wlghq 8 ehlqghu
vlj l sxqnwhw +5> 6, rj kdu kdvwljkhg y @ � �

� > 9�1 Yl ylo �qgh whpshudwxuéqgulqjhq
su1 wlgvhqkhg l irgvèohuqh di lqvhnwhw wlo wlghq 81 Yl kdu iud hnvhpsohw ryhqiru wlo
wlghq 8

gW � � � � � �

gw @ CW
C{

gs
gw . CW

C|
gt
gw @ uW � y @ +7>�4, ��4

5 > 9
�
@ �7

Whpshudwxuhq diwdjhu dowvè phg 7 whpshudwxuhqkhghu su1 wlgvhqkhg sè ghw sèjéoghqgh
wlgvsxqnw1
Hnvhpsho 459 Odg W +{> |> w, ehwhjqh whpshudwxuhq l sxqnwhw +{> |, sè ryhu0
 dghq di hq sodgh wlo wlghq w1 Odg { @ s +w, > | @ t +w, phg w 5 L/ yéuh edqhq
iru hw lqvhnw/ ghu jèu sè sodghq1 Ghq whpshudwxu lqvhnwhw ylo iûoh l irgvèohuqh wlo
wlghq w hu jlyhw yhg

W � � � � � � +w, @ W +s +w, > t +w, > w,
Whpshudwxuéqgulqj su1 wlgvhqkhg l irgvèohuqh hu jlyhw yhg néghuhjohq
W �

� � � � � � +w, @ W � +s +w, > t +w, > w, s � +w, . W � +s +w, > t +w, > w, t � +w, . W � +s +w, > t +w, > w,
hoohu dqghuohghv vnuhyhw

gW � � � � � �

gw @ CW
C{

gs
gw . CW

C|
gt
gw . CW

Cw
Kylv yl vrp wlgoljhuh euxjhu erjvwdyhuqh { rj | eègh vrp qdyqhqh sè gh xdikéqjljh
yduldeoh/ ghu euxjhv yhg ehvnulyhovhq di sodghqv whpshudwxu rj vrp gh ixqnwlrqhu
yl kdu ndogw s rj t/ ghu euxjhv wlo ehvnulyhovh di lqvhnwhwv edqh/ vè ièu néghuhjohq
qx xgvhhqghw gW � � � � � �

gw @ CW
C{

g{
gw . CW

C|
g|
gw . CW

Cw
Kylv rjvè v|perohw W � � � � � � huvwdwwhv di W ièv

gW
gw @ CW

C{
g{
gw . CW

C|
g|
gw . CW

Cw
Phg ghqqh +plv0,euxj di v|perohuqh hu ghw phjhw yljwljw/ dw pdq vnhoqhu phoohp� �

� � rj � �

� � 1 Gh hu mr lnnh hqv/ kyhunhq ehjuhevpévvljw hoohu kydg dqjèu vwûuuhovh1
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Hnvhpsho 45: Odg i yéuh hq uhho ixqnwlrq di wr yduldeoh ghi lqhuhw l péqjghq
V � U � 1 Odg n yéuh hq qlyhdxnxuyh iru i / gyv1 dw i +{> |, @ F @nrqvwdqw
iru dooh sxqnwhu sè nxuyhq n1 Dqwdj/ dw nxuyhq hu jlyhw yhg hq gl�huhqwldeho
sdudphwhuiuhpvwloolqj +{> |, @ +s +w, > t +w,, > w 5 L/ rj jèu wlo wlghq w @ w � jhqqhp
hw sxqnw +d> e, 5 V/ l kylonhw i hu gl�huhqwldeho1 Vè kdu yl èehqeduw

i +s +w, > t +w,, @ F
iru dooh w 5 L 1 Yhg gl�huhqwldwlrq di ghqqh lghqwlwhw ièv iru w @ w �

i � +d> e,s � +w � , . i � +d> e,t � +w � , @ 3
dowvè ui +d> e, � +s � +w � ,> t � +w � ,, @ 3
Yhnwruhq +s � +w � ,> t � +w � ,, hu/ kylv ghq lnnh hu qxoyhnwruhq/ hq wdqjhqwyhnwru wlo nxu0
yhq n1 Yl nrqnoxghuhu l vè idog/ dw judglhqwhq wlo i vwèu ylqnhouhw sè qlyhdnxuyhq
l +d> e,1
Hnvhpsho 45; Yl ylo xqghuvûjh yénvwhq di hq ixqnwlrq i di wr yduldeoh l hw
sxqnw +d> e, l hq ehvwhpw uhwqlqj/ jlyhw yhg hq hqkhgvyhnwru h @ +�> �,1 Hq uhw
olqlh jhqqhp sxqnwhw +d> e, l uhwqlqjhq jlyhw yhg h/ kdu sdudphwhuiuhpvwloolqjhq
+{> |, @ +d> e, . wh @ +d> e, . w +�> �, @ +d. w�> e. w�,1 Wloyénvwhq l i odqjv
olqlhq glylghuhw phg vnulgwoéqjgh odqjv olqlhq hu +gd h @ +�> �, hu hq hqkhgvyhn0
wru,

i +d. w�> e. w�,� i +d> e,
w

Yl hu lqwhuhvvhuhgh l juéqvhyéuglhq iru w $ 3/ dowvè

olp� � �
i +d. w�> e. w�,� i +d> e,

w
Ghwwh ehw|ghu/ dw yl vndo xqghuvûjh gl�huhqwldelolwhwhq di ghw vdpphqvdwwh xgwu|n
i +d. w�> e. w�, iru w @ 31 Kylv i hu gl�huhqwldeho l +d> e,/ hu i +d. w�> e. w�,
gl�huhqwldehow iru w @ 3/ rj

g
gwi +d. w�> e. w�,

���� � � �
@ i � +d> e,�. i � +d> e,� @ ui +d> e, � h

Ghq ehuhjqhgh vwûuuhovh ndoghv ghq uhwqlqjvd hghgh di i l sxqnwhw +d> e, l uhw0
qlqjhq h @ +�> �,1 Hq ulpholj ehwhjqhovh iru ghqqh nxqqh yéuh i � +d> e,1
Hnvhpsho 45< Yl ylo �qgh ghq uhwqlqjvd hghgh di i +{> |, @ vlq +{. 6|, . | �

l sxqnwhw � �
� > � � � l uhwqlqjhq jlyhw yhg yhnwruhq y @ +5> 4,1 Hq hqkhgvyhnwru l

ghqqh uhwqlqj hu
h @ ynyn @ +5> 4,s8 @ 4s8 +5> 4,
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Gh sduwlhooh d hghgh di i hu i � +{> |, @ frv +{. 6|, rj i � +{> |, @ 6 frv +{. 6|,.
5|1 Vè i � � �

� > � � � @ frv� @ �4 rj i � � �
� > � � � @ frv� . �

� @ �4 . �
� 1 Ghuphg kdu

yl ghq uhwqlqjvd hghgh
i � +d> e, @

��4>�4 . �
6
� � 4s8 +5> 4, @ 4s8

��6 . �
6
�

ghu phg 8 ehw|ghqgh fliuh hu olj phg �3= ;:6 651
Yl ehwudjwhu qx ghq vlwxdwlrq/ kyru { rj | l i +{> |, huvwdwwhv di ixqnwlrqhu di

 huh yduldeoh/ l véwqlqjhq qhghqiru hu euxjw 6 yduldeoh ndoghw u> v rj w/ vlpshowkhq
iru dw xqgjè dw wdoh devwudnw rp n yduldeoh1 Dqwdoohw hu lplgohuwlg jdqvnh oljh0
j|ogljw/ gd véwqlqjhq nxq xgwdohu vlj rp hnvlvwhqvhq di hq sduwlho d hghw pkw1
hq di glvvh yduldeoh1 Qhghqiru hu euxjw w1 Ghuphg nrpphu gh dqguh +u rj v,
ryhukryhghw lnnh l vslo1 Véwqlqjhq nuéyhu gd khoohu lnnh qrjhw ehylv/ lghw ghq
hu hq xplgghoedu iûojh di ghq iruhjèhqgh véwqlqj1 Ghq exugh ghuiru qrn yéuh
ndogw hw nruroodu wlo ghqqh véwqlqj1
Véwqlqj 463 Odg i yéuh hq uhho ixqnwlrq di wr yduldeoh ghi lqhuhw l péqjghq
V � U � > rj dqwdj/ dw i hu gl�huhqwldeho l ghw lqguh sxqnw +d> e, 5 V= Odg s rj t
yéuh uhhooh ixqnwlrqhu di 6 yduldeoh +u> v> w, ghi lqhuhw l hq péqjgh J � U � > rj
dqwdj/ dw s rj t kdu sduwlhooh d hghgh pkw1 w l +u � > v � > w � , 5 J= Dqwdj hqgholj/ dw
+s+u> v> w,> t+u> v> w,, 5 V iru dooh +u> v> w, 5 J> rj dw +s+u � > v � > w � ,> t+u � > v � > w � ,, @
+d> e,= Odg I yéuh ghq vdpphqvdwwh ixqnwlrq jlyhw yhg

I +u> v> w, @ i +s+u> v> w,> t+u> v> w,, iru +u> v> w, 5 J
Vè kdu I hq sduwlho d hghw pkw1 w l +u � > v � > w � , jlyhw yhg iûojhqgh irupho

I � +u � > v � > w � , @ i � +d> e,s � +u � > v � > w � , . i � +d> e,t � +u � > v � > w � ,
Phg dqghq vnulyhpègh ièv

CI
Cw @ Ci

C{
Cs
Cw . Ci

C|
Ct
Cw

kyru yl kdu xqgodgw dw qéyqh/ l kylonhw sxqnw gh diohgwh vndo wdjhv1



Ndslwho 7
Wd|oruxgylnolqj
Vrp iruehuhghovh wlo Wd|oruv véwqlqj l  huh yduldeoh lqgiûuhu yl gl�huhqwldorshu0
dwruhq G � yhg

G � @ k �
C

C{ �
. k � C

C{ � . = = =. k � C
C{ �

qèu k @ +k � > k � > = = = =k � , hu hq idvw yhnwru/ ghu lnnh dikéqjhu di { � > { � > = = = > { � 1
Gl�huhqwldorshudwruhq G � rshuhuhu sè ixqnwlrqhu di t yduldeoh sè iûojhqgh pègh

G � i @ k �
Ci
C{ �

. k � Ci
C{ � . = = =. k � CiC{ � @ k � ui

Ghuiru vnulyhv rjè
G � @ k � u

Hnvhpsho 464 Kylv t @ 5 rj k @ +6>�5, > hu G � @ 6 �

� � � 5 �

� � > vè
G �

�{ � . {| � � @ 6 �6{ � . | � �� 5 +5{|, @ <{ � . 6| � � 7{|
rj

G �
�
�{ � . {| � � @ G �

�G �
�{ � . {| � �� @ G �

�<{ � . 6| � � 7{|�
@ 6 +4;{� 7|,� 5 +9| � 7{, @ 95{� 57|=

Ghw vlgvwh uhvxowdw nxqqh yl rjvè kdyh ixqghw yhg iûuvw dw xguhjqh

G �
� @

�
6 C
C{ � 5 C

C|
� �

@ < C �

C{ � � 45 C �

C{C| . 7 C �

C| �

kyruhiwhu yl xgq|wwhu/ dw
C �

C{ �
�{ � . {| � � @ 9{> C �

C{C|
�{ � . {| � � @ 5|> C �

C| �
�{ � . {| � � @ 5{

vèohghv dw
G �
�
�{ � . {| � � @ < � 9{� 45 � 5| . 7 � 5{ @ 95{� 57|=

94
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Qèu t @ 5 ndq G �
� �qghv yhg kméos di elqrpldoirupohq

G �
� @

�
k �

C
C{ . k � C

C|
� �

@
�[
� � �

�q
n
�
k � � k � � �

�
C �

C{ � C| � � �

Yl hu qx nodu wlo dw irupxohuh Wd|oruv véwqlqj l  huh yduldeoh=
Véwqlqj 465 Odg i kdyh nrqwlqxhuwh sduwlhooh d hghgh rs wlo rj phg +q. 4,*wh
rughq l hq èehq péqjgh V � U � = Odg d 5 V rj odg k 5 U � yéuh vè olooh/ dw
sxqnwhuqh d. wk> w 5 ^3> 4` > dooh oljjhu l V= Vè jéoghu/ qèu { @ d. k> dw

i+{, @ i+d, .G � i+d, . 4
5G

�
� i+d, . 4

6$G
�

� i+d, . = = =. 4
q$G

�
� i+d, .U � +{,

kyru
G � @ k �

C
C{ �

. k � C
C{ � . = = =. k � C

C{ � @ k � u
rj kyru uhvwohgghw hu jlyhw yhg

U � +{, @ 4
+q. 4,$

�G � � �� i� +d. �k> e. �n,

kyru � 5`3> 4^=
Ehylv1 Yl euxjhu Wd|oruv véwqlqj l ìq yduldeho sè ixqnwlrqhq j jlyhw yhg

j+w, @ i +d. wk,
iru w 5 ^3> 4` = Ixqnwlrqhq j hu q. 4 jdqjh gl�huhqwldeho phg j � � � � � nrqwlqxhuw
l hq rphjq di 31 Yhg kméos di néghuhjohq �qghu yl
j � +w, @ i � � +d. wk,k � . i � � +d. wk,k � . = = =. i ��� +d. wk,k � @ +G � i, +d. wk,
Ylghuh ièv

j � � +w, @ g
gw ++G

� i, +d. wk,, @ ^G � +G � i,` +d. wk, @ �G �
� i� +d. wk,

lghw uhvxowdwhw iud iûu qx euxjhv sè G � i l vwhghw iru sè i= Jhqhuhow ièv dowvè
j � � � +w, @ �G �

� i� +d. wk, =
Wd|oruv véwqlqj iru j phg xgylnolqjvsxqnw 3 jlyhu qx

j+4, @ j+3, . j � +3, . 4
5j

� � +3, . 4
6$j

� � � +3, . = = =. 4
q$j

� � � +3, .U �

kyru
U � @ 4

+q. 4,$j
� � � � � +�,

rj � 5`3> 4^= Khuphg iûojhu véwqlqjhq xplgghoeduw1
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Gh�qlwlrq 466 Sro|qrplhw

S � +{, @ i+d, .G � i+d, . 4
5G

�
� i+d, . 4

6$G
�

� i+d, . = = =. 4
q$G

�
� i+d,

kyru k @ {� d/
Gh�qlwlrq 467 ylo eolyh ndogw ghw q*wh Wd|orusro|qrplxp iru i phg xgylnolqjvsxqnw
d1

L wr yduldeoh/ gyv1 phg t @ 5/ rj qèu q @ 5/ ndq yl irupxohuh véwqlqjhq
vèohghv=
Véwqlqj 468 Odg i kdyh nrqwlqxhuwh sduwlhooh d hghgh rs wlo rj phg 61 rughq
l hq èehq péqjgh V � U � = Odg +d> e, 5 V rj odg +k> n, 5 U � yéuh vè olooh/
dw sxqnwhuqh +d> e, . w +k> n, > w 5 ^3> 4` > dooh oljjhu l V= Vè jéoghu/ qèu +{> |, @
+d> e, . +k> n, > dw
i+{> |, @ i+d> e, . +{� d, i � +d> e, . +| � e, i � +d> e,

.4
5
�
+{� d, � i ��� +d> e, . 5 +{� d, +| � e, i ��� +d> e, . +| � e, � i � � +d> e,

�
.U � +{> |,

kyru uhvwohgghw hu jlyhw yhg

U � +{> |, @ 4
6$

�
k C
C{ . n C

C|
� �

+i, +d. �k,

kyru � 5`3> 4^=
L wr yduldeoh hu ghw 51 Wd|orusro|qrplxp phg xgylnolqjvsxqnw +d> e, dowvè

S � +{> |, @ i+d> e, . +{� d, i � +d> e, . +| � e, i � +d> e,
.4
5
�
+{� d, � i ��� +d> e, . 5 +{� d, +| � e, i ��� +d> e, . +| � e, � i � � +d> e,

�
Hnvhpsho 469 Odg i yéuh ixqnwlrqhq

i +{> |, @ vlq +{. 6|, h � �
�

Yl ylo �qgh ghw 51 Wd|orusro|qrplxp xgiud �3> � � � Yl pè xguhjqh hq gho d hghgh
i � +{> |, @ h � �

�

+frv +{. 6|,� 5{ vlq +{. 6|,,
i � +{> |, @ 6h � �

�

frv +{. 6|,
i ��� +{> |, @ h � �

� ��7{ � � 6� vlq +{. 6|,� 7{ frv +{. 6|,�
i ��� +{> |, @ �6h � �

�

+vlq +{. 6|, . 5{ frv +{. 6|,,
i � � +{> |, @ �<h � �

�

vlq +{. 6|,
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Yhg lqgvéwwhovh ièv
i �

�
3> �5

�
@ 3> i �

�
3> �5

�
@ 3> i ���

�
3> �5

�
@ 6> i ���

�
3> �5

�
@ 6> i � �

�
3> �5

�
@ <

Dowvè kdu yl/ lghw rjvè i �3> � � � @ �4/ dw

S � +{> |, @ �4 . 4
5
�
6{ � . 5 � 6{�| � �

5
�
. <

�
| � �

5
� � �

@ �4 . 6
5{

� . 6{
�
| � �

5
�
. <

5
�
| � �

5
� �

Ghwwh sro|qrplxp pè iruprghv/ dw oljqh i jrgw l rphjqhq di xgylnolqjvsxqnwhw�3> � � �1 Ghwwh ehw|ghu/ dw
i +{> |,� i

�
3> �5

� � 6
5{

� . 6{
�
| � �

5
�
. <

5
�
| � �

5
� �

iru +{> |, lnnh iru odqjw iud �3> � � �1 Sro|qrplhw sè kûmuh vlgh hu srvlwlyw iru
+{> |, 9@ �3> � � �1 Ghwwh vhv yhg rpvnulyqlqj=
6
5{

� . 6{
�
| � �

5
�
. <

5
�
| � �

5
� �

@ 6
5
�
{.

�
| � �

5
�� � � 6

5
�
| � �

5
� �

. <
5
�
| � �

5
� �

@ 6
5
�
{.

�
| � �

5
�� �

. 6
�
| � �

5
� �

A 3

iru +{> |, 9@ �3> � � �1 Gd yl mr kdu ljqruhuhw uhvwohgghw l Wd|oruv irupho/ qûmhv yl
sè ghwwh vwhg phg dw vljh/ dw ghwwh nudiwljw dqw|ghu/ dw i +{> |, A i �3> � � � iru dooh
+{> |, qéu �3> � � �/ dowvè dw �3> � � � hu hw hjhqwoljw orndow plqlpxpvsxqnw1 Yl yhqghu
wloedjh wlo glvvh sureohphu l ndslwohw rp hnvwuhpxpvehvwhpphovh +rswlphulqj,1
Hnvhpsho 46: Wd|orusro|qrplhu iru ixqnwlrqhu di  huh yduldeoh ndq ièv y1km1d1
nrppdqgrhq pwd|oru l Pdsoh1 Pdq pè iûu euxjhq xgvwhgh nrppdqgrhq uhdg0
ole+pwd|oru,> Vèohghv ièv ghw 51Wd|orusro|qrplxp iru ixqnwlrqhq ryhqiru vèohghv=
uhdgole+pwd|oru,>
pwd|oru+vlq+{.6|,-h{s+0{a5,/ ^{@3/|@Sl25`/ 6,>
Pdq vndo ehpéunh/ dw ghu lnnh iruhnrpphu R0ohg/ vrp ghu jûu/ qèu nrppdq0
grhq wd|oru euxjhv iru ixqnwlrqhu di hq yduldeho1

Hnvhpsho 46; Ixqnwlrqhq i jlyhw yhg
i +{> |, @ s{ � . | �

iru dooh +{> |, 5 U � hu nrqwlqxhuw ryhudow/ phq lnnh gl�huhqwldeho l +3> 3,1 Ixqnwlr0
qhq kdu lnnh hqjdqj sduwlhooh d hghgh l +3> 3,1 Yl kdu mr/ dw i +{> 3, @ s{ � @ m{m/
ghu vrp ehnhqgw lnnh hu gl�huhqwldeho l 31 Ixqnwlrqhq kdu dowvè lnnh qrjhw Wd|0
orusro|qrplxp S � xgiud +3> 3,/ qèu q � 41 Ghw hu ghuiru ryhuudvnhqgh/ dw Pdsoh
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sè nrppdqgrhq pwd|oru+ vtuw+{a5.|a5,/ ^{@3/|@3`/ 5,> uhwxuqhuhu s{ � . | � 1
Uhvxowdwhw hu vhoyiûojholj jdow di ghq qéyqwh juxqg/ phq ghvxghq hu s{ � . | �

lnnh hqjdqj hw sro|qrplxp1 Mhj phqhu dw ylgh/ dw surfhgxuhq pwd|oru xgq|w0
whu lgìhq l ehylvhw iru Wd|oruv véwqlqj l  huh yduldeoh/ gyv1 dqyhqghu nrppdq0
grhq wd|oru sè j+w, @ i +d. wk> e. wn,1 Ghu vnhu vè ghw/ dw wd|oru dqyhqgw sèsw � { � . w � | � ihmodjwljw jlyhu s{ � . | � 1 Juxqghq hu ghq/ dw wd|oru+ vtuw+wa5,/
w@3/ 5,> uhwxuqhuhu w1 Iûu pdq eurnnhu vlj iru phjhw khuryhu/ eûu pdq grj
ehwéqnh/ dw Pdsoh sulqflslhow uhjqhu nrpsohnvw/ vèohghv dw sw � lnnh eorw hu olj
phg mwm1 Pdsohv vydu sè nrppdqgrhq wd|oru+ dev+w,/ w@3/ 5,> hu sdvvhqgh/ qhp0
olj hq ihmophoglqj= Huuru/ +lq vhulhv2dev, qr vhulhv dw 3=
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Ndslwho 8
Hnvwuhpxp
814 Ìq yduldeho
Gh�qlwlrq 46< Hw sxqnw d l gh�qlwlrqvrpuèghw iru ixqnwlrqhq i ndoghv hw
+orndow, plqlpxpvsxqnw iru i / kylv ghu �qghv hw wdo � A 3> vè i+{, � i+d,
qèu m{� dm ? � rj { lûyuljw oljjhu l gh�qlwlrqvrpuèghw iru i= Sxqnwhw vljhv dw
yéuh hw hjhqwoljw +orndow, plqlpxpvsxqnw/ kylv xoljkhghq hu vndus/ dowvè kylv
i+{, A i+d, +qdwxuoljylv nxq iru { 9@ d,= Hw pdnvlpxpvsxqnw gh�qhuhv dqdorjw1
Gh�qlwlrq 473 Hw sxqnw d l gh�qlwlrqvrpuèghw iru ixqnwlrqhq i ndoghv hw jore0
dow plqlpxpvsxqnw iru i / kylv i+{, � i+d, iru dooh { l gh�qlwlrqvrpuèghw iru
i= Sxqnwhw vljhv dw yéuh hw hjhqwoljw joredow plqlpxpvsxqnw/ kylv xoljkhghq hu
vndus/ dowvè kylv i+{, A i+d, +qdwxuoljylv nxq iru { 9@ d,= Hw joredow pdnvl0
pxpvsxqnw gh�qhuhv dqdorjw1 Joredoh plqlpxpv0 rj pdnvlpxpvyéuglhu ndoghv
riwhuh iru plqgvwh0 rj vwûuvwhyéuglhu1

Iûojhqgh véwqlqjhu vnxooh jhuqh yéuh yhonhqgwh=
Véwqlqj 474 Odg i yéuh hq uhho ixqnwlrq di ìq yduldeho1 Odg d yéuh hw lqguh
sxqnw l gh�qlwlrqvrpuèghw iru i 1 Dqwdj/ dw i kdu orndow hnvwuhpxp l d rj dw i
hu gl�huhqwldeho l d1 Vè jéoghu/ dw i � +d, @ 31
Véwqlqj 475 Hq uhho nrqwlqxhuw ixqnwlrq di ìq yduldeho dqwdjhu sè hq oxnnhw
rj ehjuéqvhw péqjgh eègh hq vwûuvwh0 rj hq plqgvwhyéugl1

Sè glvvh wr véwqlqjhu e|jjhu ghq végydqoljh vwudwhjl wlo hnvwuhpxpvehvwhp0
phovh=
Nruroodu 476 Odg i yéuh nrqwlqxhuw sè ghw oxnnhgh rj ehjuéqvhgh lqwhuydo L1
Vè �qghv gh orndoh rj joredoh hnvwuhpxpvsxqnwhu iru i eodqgw

41 Sxqnwhu { � / kyru i � +{ � , @ 31 +�Vwdwlrqéuh sxqnwhu�,
51 Sxqnwhu/ l kylonh i lnnh hu gl�huhqwldeho1

9:
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61 Hqghsxqnwhuqh iru lqwhuydoohw L1
Hiwhu ehvwhpphovhq di hw vwdwlrqéuw sxqnw/ ndq pdq vrp ehnhqgw dijûuh

rp hw vègdqw hu hw hnvwuhpxpvsxqnw yhg hq iruwhjqvxqghuvûjhovh di i � 1 Ghqqh
phwrgh hu jdqvnh iruwulqolj iru ixqnwlrqhu di ìq yduldeho/ phq hjqhu vlj lnnh
wlo jhqhudolvhulqj wlo ixqnwlrqhu di  huh yduldeoh1 Khu ehq|wwhv l vwhghw +vrp yl
vndo vh qhghqiru, hq xguhjqlqj di kûmhuh d hghgh di ixqnwlrqhq1 Hq xguhjqlqj
di kûmhuh d hghgh di ixqnwlrqhq ndq lplgohuwlg rjvè euxjhv iru hq ixqnwlrq di hq
yduldeho1 Khu nrpphu ghq véwqlqj/ pdq ndq euxjh1
Véwqlqj 477 Odg i yéuh gh�qhuhw l lqwhuydoohw L rj odg d yéuh hw lqguh sxqnw
l L= Dqwdj/ dw i hu q jdqjh gl�huhqwldeho/ kyru q � 5> rj dw i � � � hu nrqwlqxhuw
l d= Dqwdj/ dw i � +d, @ 3= Vè jéoghu

41 Kylv i � � +d, A 3> vè hu d hw hjhqwoljw orndow plqlpxpvsxqnw iru i=
51 Kylv i � � +d, ? 3> vè hu d hw hjhqwoljw orndow pdnvlpxpvsxqnw iru i=
61 Kylv i � � +d, @ 3 rj i � � � +d, 9@ 3> vè kdu i lnnh orndow hnvwuhpxp l d=
71 Kylv i � � +d, @ 3 rj i � � � +d, @ 3> vè jéoghu/ dw kylv i � � � +d, A 3> vè hu d hw

hjhqwoljw orndow plqlpxpvsxqnw rj kylv i � � � +d, ? 3> vè hu d hw hjhqwoljw
orndow pdnvlpxpvsxqnw i=

81 Jhqhuhow jéoghu= Dqwdj/ dw i � � � +d, @ 3 iru n @ 4> 5> = = = > q�4 rj i � � � +d, 9@
3= Kylv q hu xoljh/ kdu i lnnh orndow hnvwuhpxp l d= Kylv q hu oljh kdu i
hjhqwoljw orndow plqlpxp l d> kylv i � � � +d, A 3> rj hjhqwoljw orndow pdnvl0
pxp l d> kylv i � � � +d, ? 3=

Ehylv1 Ghw hu èehqeduw qrn dw ehylvh ghw jhqhuhooh wloiéogh1 Liûojh Wd|oruv
irupho kdu yl iru hw wdo � phoohp { rj d

i+{,� i+d, @ i � +d,+{� d, . 4
5i

� � +d, +{� d, � . = = =
. 4
+q� 4,$i

� � � � � +d, +{� d, � � � . 4
q$i

� � � +�, +{� d, �

@ 4
q$i

� � � +�, +{� d, �

Gd i � � � +d, 9@ 3 rj gd i � � � hu nrqwlqxhuw l d> hu i � � � +�, 9@ 3 rj di vdpph iruwhjq
vrp i � � � +d,> qèu eorw { +rj ghuphg �, hu wéw qrn sè d= Iruwhjqhw iru i+{,�i+d,
hu dowvè ghw vdpph vrp iruwhjqhw iru i � � � +d, +{� d, � = Khudi d évhv uhvxowdwhw
xplgghoeduw1
Hnvhpsho 478 Odg i+{, @ frv{. �

� { � = Yl vhu/ dw i � +3, @ i � � +3, @ i � � � +3, @ 3>
phqv i � � � +3, @ 4= Dowvè kdu i hjhqwoljw plqlpxp l 31
Hnvhpsho 479 Odg i+{, @ frv{. �

� { � � �
� � { � .{ � = Yl vhu/ dw i � +3, @ i � � +3, @

i � � � +3, @ i � � � +3, @ 3> phqv i � � � +3, @ 453= Dowvè kdu i lnnh hnvwuhpxp l 31
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815 Wr yduldeoh
Gh�qlwlrq 47: Hw sxqnw +d> e, l gh�qlwlrqvrpuèghw iru ixqnwlrqhq i ndoghv
hw +orndow, plqlpxpvsxqnw iru i / kylv ghu �qghv hw wdo � A 3> vè i+{> |, �
i+d> e, qèu glvw ++{> |, > +d> e,, ? � rj +{> |, lûyuljw oljjhu l gh�qlwlrqvrpuèghw
iru i= Sxqnwhw vljhv dw yéuh hw hjhqwoljw +orndow, plqlpxpvsxqnw/ kylv xoljkhghq
hu vndus/ dowvè kylv i+{> |, A i+d> e, +qdwxuoljylv nxq iru +{> |, 9@ +d> e,,= Hw
pdnvlpxpvsxqnw gh�qhuhv dqdorjw1
Gh�qlwlrq 47; Hw sxqnw +d> e, l gh�qlwlrqvrpuèghw iru ixqnwlrqhq i ndoghv
hw hjhqwoljw vdgghosxqnw iru i / kylv ghu �qghv hq uhw olqlh jhqqhp +d> e,/ odqjv
kylonhq i kdu hjhqwoljw orndow pdnvlpxp l +d> e,/ rj rjvè hq uhw olqlh jhqqhp
+d> e,/ odqjv kylonhq i kdu hjhqwoljw orndow plqlpxp l +d> e,1
Ehpéunqlqj 47< Rughw vdgghosxqnw euxjhv riwh eorw vrp ehwhjqhovh iru hw vwd0
wlrqéuw sxqnw/ ghu kyhunhq hu hw orndow pdnvlpxp hoohu hw orndow plqlpxp1 Eh0
péun dowvè/ dw yl khu phg ehjuhehw hjhqwoljw vdgghosxqnw phqhu qrjhw dqghw rj
phuh1
Gh�qlwlrq 483 Hw sxqnw +d> e, l gh�qlwlrqvrpuèghw iru ixqnwlrqhq i ndoghv
hw joredow plqlpxpvsxqnw iru i / kylv i+{> |, � i+d> e, iru dooh +{> |, l gh0
�qlwlrqvrpuèghw iru i= Sxqnwhw vljhv dw yéuh hw hjhqwoljw joredow plqlpxp0
vsxqnw/ kylv xoljkhghq hu vndus/ dowvè kylv i+{> |, A i+d> e, +qdwxuoljylv nxq
iru +{> |, 9@ +d> e,,= Hw joredow pdnvlpxpvsxqnw gh�qhuhv dqdorjw1

Vrp iru ixqnwlrq di ìq yduldeho ièu yl euxj iru dw ylgh/ rp hq ixqnwlrq
ryhukryhghw kdu hq vwûuvwh0 rj hq plqgvwhyéugl1 Vrp qéyqw wlgoljhuh l nxuvhw/
jéoghu iûojhqgh véwqlqj=
Véwqlqj 484 Odg G � U � rj odg i = G $ U yéuh nrqwlqxhuw1 Vè jéoghu=

41 Kylv G hu hq vdpphqkéqjhqgh péqjgh/ vè hu eloohgpéqjghq i +G, hw lq0
whuydo/ rj i dqwdjhu dowvè hqkyhu yéugl phoohp kyhu wr jlyqh ixqnwlrqvyéuglhu1

51 Kylv G hu oxnnhw rj ehjuéqvhw/ vè hu i +G, rjvè oxnnhw rj ehjuéqvhw/ rj i
dqwdjhu ghuphg vèyho hq vwûuvwh0 vrp hq plqgvwhyéugl sè G1

61 Kylv G hu hq oxnnhw/ ehjuéqvhw rj vdpphqkéqjhqgh péqjgh/ vè hu eloohg0
péqjghq i +G, hw oxnnhw rj ehjuéqvhw lqwhuydo1

Ghw hu phjhw jrgw dw ylgh/ dw hq vwûuvwh0 rj hq plqgvwhyéugl hnvlvwhuhu/ phq
kyrugdq �qghu yl ghpB Ghu jéoghu hq véwqlqj/ ghu hu hq xplgghoedu jhqhudol0
vdwlrq di hq véwqlqj rp ixqnwlrq di hq yduldeho=
Véwqlqj 485 Odg i yéuh hq uhho ixqnwlrq di wr yduldeoh1 Odg +d> e, yéuh hw
lqguh sxqnw l gh�qlwlrqvrpuèghw iru i 1 Dqwdj/ dw i kdu orndow hnvwuhpxp l +d> e,
rj dw i kdu sduwlhooh d hghgh di iûuvwh rughq l +d> e,1 Vè jéoghu/ dw i � +d> e, @
3 a i � +d> e, @ 3/ dowvè ui +d> e, @ +3> 3,1
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Ehylv1 Ehwudjw i sè olqlhq | @ e1 Kylv i kdu hw orndow hnvwuhpxp l ghw
lqguh sxqnw +d> e,/ vè kdu ixqnwlrqhq { :�$ i +{> e, orndow hnvwuhpxp l d/ rj d hu
lqguh sxqnw l gh�qlwlrqvpéqjghq iru ghqqh ixqnwlrq di ìq yduldeho1 Kylv i kdu
hq sduwlho d hghw pkw1 { l +d> e,/ vè hu ixqnwlrqhq { :�$ i +{> e, gl�huhqwldeho l
d phg gl�huhqwldonyrwlhqw i � +d> e,1 Di ghq véwqlqj/ ghu jéoghu iru ixqnwlrq di
ìq yduldeho iûojhu ghuiru/ dw i � +d> e, @ 31 Sèvwdqghq/ dw i � +d> e, @ 3 iûojhu sè
vdpph pègh1
Gh�qlwlrq 486 Hw sxqnw +d> e,/ kyru ui +d> e, @ +3> 3,/ ndoghv hw vwdwlrqéuw
sxqnw iru i 1

Vrp iru ixqnwlrq di ìq yduldeho ièv qx iûojhqgh vwudwhjl wlo hnvwuhpxpv0
ehvwhpphovh=
Nruroodu 487 Odg i yéuh nrqwlqxhuw sè ghq oxnnhgh rj ehjuéqvhgh péqjgh V1
Vè �qghv gh orndoh rj joredoh hnvwuhpxpvsxqnwhu iru i eodqgw

41 Gh vwdwlrqéuh sxqnwhu1
51 Sxqnwhu/ l kylonh i lnnh kdu sduwlhooh d hghgh1
61 Udqgsxqnwhuqh iru péqjghq V1

Hnvhpsho 488 Odg i yéuh ixqnwlrqhq jlyhw yhg
i +{> |, @ { � � { � | . 5| �

iru dooh +{> |, 5 U � 1 Yl ylo ehvwhpph vwûuvwh0 rj plqgvwhyéuglhq iru i sè kdoy0
flunhovnlyhq V @

q
+{> |,

���{ � . +| � 5, � � ; a | � 5
r
1

Yl ehvwhpphu iûuvw hyw1 vwdwlrqéuh sxqnwhu1 Yl kdu/ dw i � +{> |, @ 5{ � 5{| @
5{ +4� |, rj i � +{> |, @ �{ � . 7|1 Ghuiru ièv

ui +{> |, @ +3> 3, +, +{ @ 3 b | @ 4, a�{ � . 7| @ 3+, +{> |, @ +3> 3, b +{> |, @ +	5> 4,
Ghu hu dowvè 6 vwdwlrqéuh sxqnwhu/ qhpolj +3> 3, > +5> 4, rj +�5> 4,1 Dooh 6 sxqnwhu
oljjhu lqghqiru V1
Vè xqghuvûjhu yl i sè udqghq di V1 Udqghq ehvwèu ghov di kdoyflunhoexhq { � .
+| � 5, � @ ; a | � 5 rj ghov di olqlhvw|nnhw | @ 5 a �5s5 � { � 5s51 Sè
olqlhvw|nnhw kdu i yéuglhu jlyhw yhg

i +{> 5, @ �{ � . ;
Vwûuvwhyéuglhq di ghwwh xgwu|n sè lqwhuydoohw �5s5 � { � 5s5 hu noduw ;/ rj
plqgvwhyéuglhq oljhvè noduw 31 Sè kdoyflunhoexhq �qghu yl gh yéuglhu i kdu yhg
dw holplqhuh { yhg euxj di { � . +| � 5, � @ ;1 Khuphg ièv

i +{> |, @
�
;� +| � 5, � � +4� |, . 5| � @ 7� 6| � . | � @ j +|,
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lghw yl ndoghu ghwwh xgwu|n iru j +|,1 Yl vndo qx ehvwhpph vwûuvwh0 rj plqg0
vwhyéugl iru j sè lqwhuydoohw �5� 5s5> 5�1 Yl kdu qx hw hqglphqvlrqdow sure0
ohp di vdpph ndudnwhu vrp ghw rsulqgholjh wrglphqvlrqdoh1 Yl ehvwhpphu �vwd0
wlrqéuh sxqnwhu�1 Yl kdu j � +|, @ 6| � � 9| @ 6| +| � 5,1 Qxosxqnwhu iru j � hu
3 rj 5/ ghu ehjjh oljjhu l lqwhuydoohw1 Vwûuvwh0 rj plqgvwhyéugl iru j ndq dq0
wdjhv l hqwhq 3> 5 hoohu hqghsxqnwhw 5 � 5s51 Yl kdu j +3, @ 7> j +5, @ 3 rj
j �5� 5s5� @ 57� 49s5 �@ 4= 6:5 91 Vwûuvwh0 rj plqgvwhyéugl sè kdoyflunhoexhq
hu èehqeduw 7 rj 31 Vwûuvwh0 rj plqgvwhyéugl sè udqghq vrp khokhg hu ghuphg ;
rj 31 Glvvh yéuglhu vndo vdpphqoljqhv phg yéuglhuqh di i l gh wuh vwdwlrqéuh
sxqnwhu1 Yl �qghu i +3> 3, @ 3 rj i +	5> 4, @ 51
Yl nrqnoxghuhu/ dw vwûuvwhyéuglhq iru i sè V hu ;/ rj ghq dqwdjhv sè udqghq
l sxqnwhw +3> 5,1 Plqgvwhyéuglhq hu 3/ rj ghq dqwdjhv l wuh sxqnwhu/ ghov l gh wr
udqgsxqnwhu �	5s5> 4� ghov l ghw vwdwlrqéuh sxqnw +3> 3,1
Hnvhpsho 489 Hw rpuègh di irup vrp hw oljhvlghw wudsh} dijuéqvhv sè ghq
odqjh vlgh di hq kxvpxu1 Gh ûyuljh wuh vlghu vndo ehvwè di hw khjq di jlyhq wrwdo0
oéqjgh O1 Yl ylo �qgh ghq rsgholqj di khjqhw l wuh ghoh rj gh ylqnohu l wudsh}hw/
ghu jûu/ dw duhdohw phoohp khjq rj pxu hu vwûuvw pxolj1
Ndoghu yl oéqjghq di kyhu di gh wr vnuè ghoh di khjqhw iru {/ rj ghq vslgvh
ylqnho phoohp pxu rj khjq iru �/ vè hu duhdohw jlyhw yhg
D @ D +{> �, @ { vlq ��45 ++O� 5{, . +O� 5{. 5{ frv �,, @ { vlq ��+O� 5{. { frv �,
Yl vndo dowvè ehvwhpph vwûuvwhyéugl iru D +{> �,/ qèu +{> �, 5 �3> �

� O� � �3> � � �1
Yl ehvwhpphu iûuvw vwdwlrqéuh sxqnwhu1 Yl �qghu

CD
C{ @ vlq � +O� 5{. { frv �, . { vlq � +�5 . frv �,

@ vlq � +O� 7{. 5{ frv �,
CD
C� @ { frv � +O� 5{. { frv �, . { vlq � +�{ vlq �,

@ { frv � +O� 5{, . { � �frv � � � vlq � ��
@ { frv � +O� 5{, . { � �5 frv � � � 4�

Khuphg kdu yl/ lghw vlq � @ 3 lnnh/ rj { @ 3 hm khoohu/ jlyhu dqohgqlqj wlo
vwûuvwhyéugl iru D=
uD @ +3> 3, +, O� 7{. 5{ frv � @ 3 a { frv � +O� 5{, . { � �5 frv � � � 4� @ 3

+, frv � @ 7{� O
5{ a 7{� O

5 +O� 5{, . { �
#
5
�7{� O

5{
� �

� 4
$

@ 3

+, frv � @ 7{� O
5{ a�{O. 6{ � @ 3 +, frv � @ 4

5 a { @ 4
6O

+, � @ �
6 a { @ 4

6O
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Yl kdu dowvè ixqghw ghw vwdwlrqéuh sxqnw +{> �, @ � �
� O> � � �1 Udqghq di rpuèghw�3> �

� O� � �3> � � � ehvwèu di 7 ghoh1 Yl xqghuvûjhu yéuglhq di D sè kyhu di glvvh1
Yl �qghu

D +3> �, @ 3 phg vwûuvwhyéugl 3
D
�4
5O> �

�
@ 4

7O
� vlq � frv � @ 4

;O
� vlq 5� phg vwûuvwhyéugl 4

;O
�

D +{> 3, @ 3 phg vwûuvwhyéugl 3
D
�
{> �5

�
@ { +O� 5{, phg vwûuvwhyéugl 4

;O
�

Vwûuvwhyéuglhq sè udqghq hu dowvè �
� O � 1 Yéuglhq l ghw vwdwlrqéuh sxqnw hu

D
�4
6O>

�
6
�
@ 4

7s6O
�

ghu èehqeduw hu vwûuuh hqg vwûuvwhyéuglhq sè udqghq1 Yl vhu/ dw qèu +{> �, @� �
� O> � � � xgjûu wudsh}hw kdoyghohq di hq uhjxoéu vhnvndqw phg vlghoéqjgh �

� O1 L
o|vhw khudi vhu uhvxowdwhw phjhw wuryéugljw xg1
Hnvhpsho 48: Hq ehkroghu +hw jodv/ hw ydqgidg hoohu oljqhqgh, vndo nrqvwuxhuhv
phg irup vrp hq nhjohvwxe/ vè uxpidqjhw eolyhu vwûuvw pxolj iru hq jlyhq péqjgh
di pdwhuldohu1 Ghwwh rsidwwhu yl vrp hw ûqvnh rp dw pdnvlphuh uxpidqjhw iru
hw jlyhw wrwdoduhdo di exqg rj vlghu1 Gh vwûuuhovhu/ ghu ndq ydulhuhv hu udglxv
U di wrsshq di vwxeehq/ udglxv u di exqghq vdpw vwxeehqv kûmgh k/ gyv1 ghq
ylqnhouhwwh divwdqg phoohp gh wr flunhovnlyhu1 Yl lqwurgxfhuhu iru nruwyduljw euxj
vlghoéqjghq O1 Vwûuuhovhuqh hu iruexqghw yhg oljqlqjhq

+U� u, � . k � @ O �

Uxpidqjhw di nhjohvwxeehq hu jlyhw yhg
Y @ 4

6k
�U � . uU. u � �

Ryhu dghduhdohw di nhjohvwxeehq iuduhjqhw wrsshq hu
V @ �O +U. u, . �u � @ �

t
+U� u, � . k � +U. u, . �u �

Phg jlyhq yéugl di V vndo yl pdnvlphuh Y 1 Ghqqh jlyqh yéugl di V véwwhu yl wlo
4/ lghw vwûuuhovhq l uhdolwhwhq hu luuhohydqw1 Khuphg ndq k xgwu|nnhv yhg u rj U
vrp iûojhu

k @ 4
� +U. u,

s4 . 5� � U � u � � 5�u � � � � U �

Lqgvéwwhv ghwwh l xgwu|nnhw iru Y / ièv uxpidqjhw vrp ixqnwlrq di u rj U wlo

Y +u>U, @ 4
6
U � . uU. u �

� +U. u,
s4 . 5� � U � u � � 5�u � � � � U �
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Ghqqh ixqnwlrq vndo pdnvlphuhv sè rpuèghw ehvwhpw yhg ehjuéqvqlqjhuqh �U � �
4 rj 3 � u � U1 Ghwwh rpuègh hu èehqeduw hq wuhndqw1 Yl ehpéunhu iûuvw/ dw
ixqnwlrqhq Y èehqeduw lnnh hu gh�qhuhw l +3> 3,1 Lplgohuwlg iûojhu ghw ohw/ dw
Y +u>U, $ 3 iru +u>U, $ +3> 3,/ qèu juéqvhryhujdqjhq vnhu l wuhndqwhq1 Yl gh0
�qhuhu vè Y +3> 3, @ 3/ kyruphg Y hu nrqwlqxhuw ryhudow l wuhndqwhq1 Vwûuvwhyéugl
sè wuhndqwhq dqwdjhv qx hqwhq l hw vwdwlrqéuw sxqnw l ghw lqguh di wuhndqwhq hoohu l
hw udqgsxqnw1 Yl ehvwhpphu iûuvw vwdwlrqéuh sxqnwhu1 Yhg kméos di Pdsoh �qghv/
dw ghu ìw vwdwlrqéuw sxqnw l ghw lqguh di wuhndqwhq/ rj ghw hu

+u>U, @
3
C
v

5s: �s:� 5�
54� > 4 .

s:
5

v
5s: �s:� 5�

54�

4
D �@ +3= 55: 8;> 3= 747 ;8,

Xguhjqhu pdq ghq ghuwlo vyduhqgh vlghoéqjgh O �qghu pdq/ dw ghq hu olj phg
ghq ixqgqh yéugl iru U1 Yéuglhq di uxpidqjhw Y l ghw vwdwlrqéuh sxqnw hu

Y �
� 
 � @ 4

6

v
5s:� 7

6� �@ 3= 456 6<
Ghqqh yéugl vndo qx vdpphqoljqhv phg vwûuvwhyéuglhq sè udqghq1 Yl �qghu sè
ghq udqggho/ ghu vyduhu wlo dw exqghq hu vnuxpshw lqg wlo hw sxqnw/ vèohghv dw yl
idnwlvn kdu hw nuépphukxv/

Y +3> U, @ U
6�

s4� � � U �

ghu vndo pdnvlphuhv sè lqwhuydoohw jlyhw yhg 3 � U � �� � 1 Pdq �qghu/ dw
vwûuvwhyéuglhq sè ghqqh udqggho hu

Y
�
3> 6 �

�

� � �
�

�

�
@ 4

<
u 5

�6
�

� �@ 3= 449 9;
dowvè olgw plqguh hqg yéuglhq l ghw vwdwlrqéuh sxqnw1 Ylghuh �qghu yl/ dw Y

�
u> �� �

�
@

3 iru dooh u 5 k
3> �� �

l
1 Sè ghq wuhglh rj vlgvwh gho di udqghq +kyru yl kdu hq f|olq0

ghuiruphw ehkroghu, kdu yl
Y +U>U, @ 4

5U
�4� �U � �

ghu vndo pdnvlphuhv sè lqwhuydoohw jlyhw yhg U 5 k
3> �� �

l
1 Yl �qghu/ dw vwûuvwhyéu0

glhq hu sè ghqqh udqggho hu
Y
� 4s6� >

4s6�
�

@ 4
<
u 6

� �@ 3= 43; 8;
ghu hqg lnnh hu vè vwru vrp vwûuvwhyéuglhq sè ghq iûuvwh udqggho1
Yruhv hqgholjh nrqnoxvlrq hu dowvè/ dw vwûuvwhyéuglhq iru uxpidqjhw dqwdjhv l
ghw vwdwlrqéuh sxqnw jlyhw ryhqiru1 Pdq ndq grj ehpéunh/ dw uxpidqjhw di
nuépphukxvhw lnnh hu vè imhuqw ghuiud rj lûyuljw jlyhu hq ehguh oûvqlqj hqg
nrqvhuyhvgèvhq1
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81514 Hw vwdwlrqéuw sxqnwv w|sh
Hw vwdwlrqéuw sxqnw ndq nodvvl�fhuhv vrp iûojhu=

41 Orndow hnvwuhpxpvsxqnw/ hjhqwoljw hoohu xhjhqwoljw/ pdnvlpxp hoohu plq0
lpxp

51 Hjhqwoljw vdgghosxqnw
61 Lqjhq di ghohqh
Vhoy rp yl lnnh yhg vwûuvwh0 plqgvwhyéuglehvwhpphovh sè hw oxnnhw rj eh0

juéqvhw rpuègh kdu euxj iru dw nhqgh w|shq di gh vwdwlrqéuh sxqnwhu/ hu ghw
grj jrgw dw kdyh hw nulwhulxp wlo dijûuhovh khudi1 Hw nulwhulxp dqdorjw phg ghw
nulwhulxp yl kdu iru ixqnwlrqhu di hq yduldeho1
Véwqlqj 48; Odg i kdyh nrqwlqxhuwh sduwlhooh d hghgh rs wlo rj phg 5= rughq
l hq rphjq rp sxqnwhw +d> e, = Dqwdj/ dw +d> e, hu hw vwdwlrqéuw sxqnw iru i= Odg
�+d> e, @ i ��� +d> e, � � i ��� +d> e, i � � +d> e, = Vè jéoghu

41 Kylv �+d> e, ? 3/ vè hu +d> e, hw hjhqwoljw hnvwuhpxpvsxqnw/ rj kylv i ��� +d> e, ?
3 hu ghw hw pdnvlpxpvsxqnw/ kylv i ��� +d> e, A 3 hu ghw hw plqlpxpvsxqnw1

51 Kylv �+d> e, A 3/ vè hu +d> e, hw hjhqwoljw vdgghosxqnw1
61 Wloiéoghw �+d> e, @ 3 nuéyhu hq qéuphuh xqghuvûjhovh1
Ehylv1 Odg D @ i ��� +d> e, > E @ i ��� +d> e, rj i � � +d> e,1 Odg ixqnwlrqhq j di

hq yduldeho yéuh jlyhw yhg
j +w, @ i +d. wk> e. wn,

kyru k @ {� d rj n @ | � e= Yl ehuhjqhu y1km1d1 néghuhjohq gh d hghgh di j=
j � +w, @ i � +d. wk> e. wn,k. i � +d. wk> e. wn,n
j � � +w, @ i ��� +d. wk> e. wn,k � . 5i ��� +d. wk> e. wn,kn . i � � +d. wk> e. wn,n �

Khuphg kdu yl/ dw j � +3, @ 3/ rj
j � � +3, @ Dk � . 5Ekn . Fn �

Ehpéun/ dw i +d> e, . j � � +3, hu ghw 51 Wd|orusro|qrplxp iru i xgiud +d> e,1
41 Dqwdj iûuvw/ dw �+d> e, @ E � �DF ? 31 Vè kdu yl èehqeduw/ dw D 9@ 31 Yl

ndq ghuiru rpvnulyh j � � +3, wlo
j � � +3, @ D

�
k � . 5EDkn . DFn �

D �

�

@ D
#�

k. En
D

� �

� �E � �DF�n �

D �

$

@ D
#�

k. En
D

� �

� �+d> e,n �

D �

$
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Dqwdj qx/ dw D A 31 Vè vhu yl/ dw j � � +3, A 31 Ghuphg jéoghu/ dw j � � +3, �
� A 3 iru dooh +k> n, phg k � . n � @ 41 Phq gd j � � +3, hu krprjhq di dqghq
judg l +k> n, jéoghu ghuiru jhqhuhow/ dw j � � +3, � � �k � . n � � = Gd gh dqghq
d hghgh di i hu nrqwlqxhuwh/ ndq yl wlo hwkyhuw % A 3 ehvwhpph hw � A 3/
vè k � . n � ? � lpsolfhuhu/ dw

mj � � +w,� j � � +3,m � % �k � . 5 mknm. n � � � 5% �k � . n � �
iru dooh w 5 ^3> 4`1 Phg % @ �

� ièv di Wd|oruv irupho dqyhqgw sè j iru hw wdo
� 5 `3> 4^
i +{> |,� i +d> e, @ j +4,� j +3,

@ 4
5j

� � +�, @ 4
5j

� � +3, . 4
5 +j � � +�,� j � � +3,,

� 4
5j

� � +3,� % �k � . n � � � 4
5�

�k � . n � �� % �k � . n � �
@ 4

5
�k � . n � � +�� 5%, @ �

7
�k � . n � � A 3

Khudi iûojhu véwqlqjhqv iûuvwh sèvwdqg/ qèu D A 31 Wloiéoghw D ? 3 iru0
oûehu sè vdpph ylv1

51 Dqwdj ghuqévw/ dw �+d> e, @ E � � DF A 31 Kylv D 9@ 3/ ndq yl euxjh
rpvnulyqlqjhq iud iûu rj vhu/ dw Dj � � +3, ? 3/ qèu k . � �

� @ 3 rj n 9@ 31
Yl vhu rjvè/ dw Dj � � +3, A 3 iru n @ 3 rj k 9@ 31 Dowvè hu ghu wr olqlhu
odqjv kylonh i kdu khqkrogvylv hjhqwoljw orndow pdnvlpxp rj hjhqwoljw
orndow plqlpxp1 Ghuphg hu +d> e, hw hjhqwoljw vdgghosxqnw1 Kylv D @ 3/
phq F 9@ 3 ylo hq oljqhqgh rpvnulyqlqj iûuh wlo vdpph nrqnoxvlrq1 Kylv
D @ F @ 3/ pè E 9@ 3 +gd � 9@ 3,1 Yl kdu qx/ dw j � � +3, @ 5Ekn/ ghu kdu
iruvnhoolj iruwhjq l uhwqlqjhuqh +k> k, rj +k>�k,1 Ghuphg kdu yl rjvè hw
hjhqwoljw vdgghosxqnw l ghwwh wloiéogh1

61 Dw wloiéoghw � @ 3 nuéyhu qéuphuh xqghuvûjhovh/ ylo eolyh ylvw l hq uénnh
hnvhpsohu1

Ehpéunqlqj 48< L ehylvhw ehwudjwhgh yl i sè olqlhu jhqqhp ghw vwdwlrqéuh
sxqnw1 Pdq nxqqh xqghu ehylvhw iru iûuvwh gho iulvwhv wlo dw vwdqgvh doohuhgh yhg
nrqvwdwhulqjhq di/ dw j � � +3, A 3 iru dooh +k> n, 9@ +3> 3,1 Wkl ghwwh ehw|ghu mr/ dw
i odqjv hqkyhu uhw olqlh kdu hjhqwoljw orndow plqlpxp l +3> 3,1 Ghwwh phgiûuhu
lplgohuwlg lnnh l vlj vhoy/ dw i kdu orndow plqlpxp/ kylonhw yl vndo vh l hw vhqhuh
hnvhpsho1 Ghw hu dijûuhqgh/ dw ghw 51 Wd|orusro|qrplxp iru i rsi|oghu xoljkhghq
S � +d. k> e. n,� i +d> e, @ j � � +3, � � �k � . n � �1

Yl disuûyhu iûuvw véwqlqjhq sè hq ixqnwlrq/ ghu eohy ehwudjwhw l hw wlgoljhuh
hnvhpsho1
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Hnvhpsho 493 Odg i yéuh jlyhw yhg
i +{> |, @ { � � { � | . 5| �

Yl kdu i � +{> |, @ 5{ � 5{| @ 5{ +4� |, rj i � +{> |, @ �{ � . 7|/ kyrudi yl
wlgoljhuh idqgw/ dw gh vwdwlrqéuh sxqnwhu hu +3> 3, rj +	5> 4,1 Yl �qghu ylghuh

i ��� +{> |, @ 5� 5|
i ��� +{> |, @ �5{
i � � +{> |, @ 7

Phg � @ i �
��� � i ��� i � � kdu yl vè/ dw �+3> 3, @ �; ? 3 rj i ��� +3> 3, @ 5 A 3/ vè

+3> 3, hu hw hjhqwoljw orndow plqlpxpvsxqnw1 Iru +	5> 4, kdu yl �+	5> 4, @ 49 A
3/ vè glvvh wr sxqnwhu hu ehjjh hjhqwoljh vdgghosxqnwhu1

Gh qévwh 7 hnvhpsohu phgwdjhv iru dw ylvh/ dw qèu iru hw vwdwlrqéuw sxqnw
+d> e, yl kdu/ dw �+d> e, @ 3/ vè ndq lqwhw sè ghwwh juxqgodj vljhv rp w|shq1
Hnvhpsho 494 Odg i yéuh jlyhw yhg i +{> |, @ { � .| � 1 Gd i +{> |, @ { � .| � A
3 @ i +3> 3, iru +{> |, 9@ +3> 3,/ hu +3> 3, èehqeduw hw hjhqwoljw plqlpxpvsxqnw
+hqgrj joredow,1 Phg � @ i �

��� � i ��� i � � ièv �+3> 3, @ 31
Hnvhpsho 495 Odg i yéuh jlyhw yhg i +{> |, @ �{ � � | � 1 Gd i +{> |, @ �{ � �
| � ? 3 @ i +3> 3, iru +{> |, 9@ +3> 3,/ hu +3> 3, èehqeduw hw hjhqwoljw pdnvlpxp0
vsxqnw +hqgrj joredow,1 Phg � @ i �

��� � i ��� i � � ièv �+3> 3, @ 31
Hnvhpsho 496 Odg i yéuh jlyhw yhg i +{> |, @ { � �| � 1 Yl vhu kxuwljw/ dw +3> 3,
hu hw vwdwlrqéuw sxqnw1 Gd i +{> 3, @ { � A 3 @ i +3> 3, iru { 9@ 3/ kdu i èehqeduw
hw hjhqwoljw plqlpxpvsxqnw odqjv {0dnvhq l sxqnwhw +3> 3,1 Gd i +3> |, @ �| � ?
3 @ i +3> 3, iru | 9@ 3/ kdu i èehqeduw hw hjhqwoljw pdnvlpxpvsxqnw odqjv |0dnvhq
l sxqnwhw +3> 3,1 Dowvè hu +3> 3, hw hjhqwoljw vdgghosxqnw1 Phg � @ i �

��� � i ��� i � �
ièv �+3> 3, @ 31
Hnvhpsho 497 Odg i yéuh jlyhw yhg i +{> |, @ { � . | � 1 Yl vhu/ dw +3> 3, hu
hw vwdwlrqéuw sxqnw1 Gd j +w, @ i +wk> wn, @ w � k � . w � n � kdu j � � +3, @ 3 rj
j � � � +3, @ 4;k � 9@ 3 iru k 9@ 3 kdu j lnnh +rj ghuphg i lnnh, hnvwuhpxp l
uhwqlqjhu +k> n, phg k 9@ 31 Gd iru k @ 3 yl kdu/ dw j � � � +3, @ 57n � A 3 iru
n 9@ 3/ kdu i èehqeduw hw hjhqwoljw pdnvlpxpvsxqnw odqjv |0dnvhq l sxqnwhw +3> 3,1
Sxqnwhw hu dowvè kyhunhq hw hnvwuhpxpvsxqnw hoohu hw hjhqwoljw vdgghosxqnw1 Phg
� @ i �

��� � i ��� i � � ièv �+3> 3, @ 31
Hnvhpsho 498 Odg i yéuh jlyhw yhg i +{> |, @ 5| � � 5|{ � . { � 1 Xgwu|nnhw
ndq rpvnulyhv wlo i +{> |, @ �| � { � � �

. | � / vè ghw iûojhu khudi/ dw i +{> |, A 3 @
i +3> 3, iru dooh +{> |, 9@ +3> 3,1 Dowvè hu +3> 3, hw hjhqwoljw joredow plqlpxpvsxqnw1
Yl ylo grj suûyh yruhv w|shnulwhulxp rj euxjhu xgwu|nnhwv rsulqgholjh irup1 Yl
�qghu

i � +{> |, @ �7{| . 7{ � @ �7{ �| � { � �
i � +{> |, @ 7| � 5{ �
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Khudi ièv
ui +{> |, @ +3> 3, +, �{ @ 3 b | @ { � � a 5| � { � @ 3+, +{> |, @ +3> 3,

dowvè/ dw +3> 3, hu hqhvwh vwdwlrqéuh sxqnw1 Yl �qghu ylghuh
i ��� +{> |, @ �7| . 45{ �

i ��� +{> |, @ �7{
i � � +{> |, @ 7

kyruphg yl vhu/ dw phg � @ i �
��� � i ��� i � � ièv �+3> 3, @ 31 Yruhv nulwhulxp

vljhu dowvè lqwhw1 Yl ylo qx ehwudjwh i odqjv hqkyhu uhw olqlh jhqqhp +3> 3,/ gyv1
dw yl euxjhu lgìhq iud ehylvhw iru w|shnulwhulhw1 Véw dowvè j +w, @ i +wk> wn,/ kyru
+k> n, 9@ +3> 3,1 Vè �qghu yl/ dw j � � +3, @ 7n � 1 Khudi vhu yl/ dw qèu eorw n 9@ 3
kdu i hjhqwoljw orndow plqlpxp odqjv olqlhq phg uhwqlqjvyhnwruhq +k> n,1 Wloedjh
hu dowvè nxq dw ehwudjwh uhwqlqjhq +4> 3,/ gyv1 {0dnvhq1 Khu �qghu yl vè phg
+k> n, @ +4> 3,/ dw j � � +3, @ 3> j � � � +3, @ 3 rj j � � � +3, @ 57 A 31 Dowvè kdu i rjvè
hjhqwoljw orndow plqlpxp odqjv {0dnvhq1 Ghw hu iulvwhqgh sè ghwwh juxqgodj dw
nrqnoxghuh/ dw i kdu hjhqwoljw orndow plqlpxp l +3> 3,1
Vhoyrp rp ghqqh sèvwdqg hu vdqg/ hu nrqnoxvlrqhq gudjhw sè hw xwlovwuénnholjw
juxqgodj/ kylonhw qévwh hnvhpsho ylvhu1
Hnvhpsho 499 Odg i yéuh ixqnwlrqhq

i +{> |, @ �| � { � � �

. | � � 5{ � |
Yl �qghu

i � +{> |, @ �7{ �5| � { � �
i � +{> |, @ 7 �| � { � �

khuphg kdu yl
ui +{> |, @ +3> 3, +, �{ @ 3 b 5| @ { � � a | @ { �

+, +{> |, @ +3> 3,
vè +3> 3, hu ghw hqhvwh vwdwlrqéuh sxqnw1 Ghw ylvhv xghq ehvyéu oljhvrp l hn0
vhpsohw ryhqiru/ dw i kdu hjhqwoljw orndow plqlpxp l +3> 3, odqjv hqkyhu olqlh
jhqqhp +3> 3,1 Phq i kdu lnnh orndow plqlpxp l +3> 3,/ kylonhw vhv di/ dw sè
sdudeohq | @ { � / ghu jèu jhqqhp +3> 3,/ kdu i yéuglhu jlyhw yhg

i �{> { � � @ �{ � ? 3
iru dooh { 9@ 31 Yl ehpéunhu/ dw i kdu hjhqwoljw pdnvlpxp odqjv ghqqh sdudeho1
Ghw vwdwlrqéuh sxqnw +3> 3, hu kyhunhq hw hnvwuhpxpvsxqnw hoohu hw hjhqwoljw
vdgghosxqnw1
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Ehpéunqlqj 49: Pdq nxqqh iulvwhv wlo dw wur/ dw kylv i kdu qhwrs ìw vwd0
wlrqéuw sxqnw l U � / rj ghwwh hu hw orndow plqlpxpvsxqnw/ vè kdu i rjvè qûg0
yhqgljylv joredow plqlpxp l ghwwh sxqnw +phg iruxgvéwqlqjhu rp hnvlvwhqv di
nrqwlqxhuwh sduwlhooh d hghgh ryhudow,1 Ghq wlovyduhqgh sèvwdqg jéoghu qhpolj iru
ixqnwlrqhu di ìq yduldeho= Kdu hq gl�huhqwldeho ixqnwlrq j qhwrs ìw vwdwlrqéuw
sxqnw d l lqwhuydoohw L/ rj kdu j orndow plqlpxp l d/ vè hu d rjvè joredow plql0
pxpvsxqnw iru j1 Dqwdj qhpolj/ dw ghu idqgwhv hw sxqnw f 5 L phg j +f, ? j +d,1
Vè pè j dqwdjh hw pdnvlpxp l hw sxqnw g 9@ d l lqwhuydoohw phoohp d rj f1 Phq
l hw vègdq sxqnw kdu yl j � +g, @ 3 l prgvwulg phg dqwdjhovhq rp/ dw d ydu hqhvwh
vwdwlrqéuh sxqnw1 Hnvhpsohw

i +{> |, @ h � � � 5 �{ � � 4� �

h �

ghu sè qéu hw iruwhjq hu wdjhw iud ghq eoè erj/ ylvhu/ dw ghw wlovyduhqgh uhvxowdw hu
jdow iru ixqnwlrqhu di wr yduldeoh1 Ghqqh ixqnwlrq kdu hw hjhqwoljw orndow plqlpxp
l +3> 3,/ ghu rjvè hu ghw hqhvwh vwdwlrqéuh sxqnw1 Phq i +{> 3, $ �4 iru { $ 4/
vè i kdu lqwhw joredow plqlpxp1
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Gl�huhqwldoirup rj
nxuyhlqwhjudo
Yl wéqnhu rv hw i|vlvn v|vwhp/ ghu xqghu hq surfhv hu jlyhw yhg wr i|vlvnh sdud0
phwuh { rj | +pdq ndq wéqnh sè wu|n rj whpshudwxu, rj yhg ghqqh surfhv iûuhv
iud hq wlovwdqg wlo hq dqghq1 Ghqqh éqgulqj ndq l hw {|0nrruglqdwv|vwhp dieloghv
vrp hq nxuyh/ ghu iûuhu iud vwduwwlovwdqghq wlo voxwwlovwdqghq1 Hq i|vlvn vwûuuhovh
 +wéqn sè duehmgh xgiûuw sè v|vwhphw/ yduph wloiûuw v|vwhphw hoohu hq hjhqvnde
yhg v|vwhphw vèvrp ghwv uxpidqj, wéqnhv dw iruûjhv phg �/ qèu sdudphwuhqh
{ rj | xqghu surfhvvhq xqghujèu éqgulqjhuqh �{ rj �|/ khqkrogvylv1 Ghqqh
iruûjhovh � wéqnhv dssurnvlpdwlyw dw nxqqh xgwu|nnhv yhg

� @ I � +{> |,�{. I � +{> |,�|
qèu �{ rj �| hu vpè1 Phuh suéflvw wéqnhv iûojhqgh dw yéuh rsi|ogw iru dooh
+�{>�|, l hq rphjq rp +3> 3, rj xqghu surfhvvhq +gyv1 odqjv nxuyhq,

� @ I � +{> |,�{. I � +{> |,�| . j +�{>�|, n+�{>�|,n
kyru j hu hq ixqnwlrq/ ghu rsi|oghu j +�{>�|, $ 3 iru +�{>�|, $ +3> 3,1 Yl ylo
vljh/ dw ghq gl�huhqwlhooh éqgulqj l  odqjv surfhvvhq hu

$ @ I � +{> |,g{. I � +{> |,g|
Kylv pdq v|qhv/ dw pdq kdu vhw qrjhw oljqhqgh iûu/ vè hu ghw jdqvnh ylvw1 Gh0
�qlwlrqhq sè gl�huhqwldelolwhw di hq ixqnwlrq di wr yduldeoh oûg mr qévwhq rug
wlo dqghw oljhvègdq1 Ghq phjhw yljwljh iruvnho hu lplgohuwlg wloiûmhovhq rp/ dw
éqgulqjhq vnhu odqjv hq jlyhq nxuyh rj dw vwûuuhovhq  hu wlonq|wwhw surfhvvhq/
lnnh l doplqgholjkhg v|vwhphw1
Hnvhpsho 49; Odg rv ehwudjwh hq lghdojdv1 Iru hq vègdq jéoghu wlovwdqgvoljqlq0
jhq sY @ qUW 1 Odg rv wéqnh rv/ dw q @ 4 +pro,1 Yl ehwudjwhu ghw duehmgh/ vrp
xgiûuhv sè v|vwhphw/ qèu ghwwh iûuhv iud wlovwdqghq +s � > W � , wlo wlovwdqghq +s � > W � ,
odqjv wr iruvnhooljh nxuyhu l hw sW0nrruglqdwv|vwhp1

:<
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41 Ghq iûuvwh nxuyh ehvwèu di wr uhwwh olqlhvw|nnhu1 Iûuvw eulqjhv v|vwhphw
xqghu nrqvwdqw whpshudwxu W � iud wu|nnhw s � wlo wu|nnhw s � 1 Ghuhiwhu eulqjhv
v|vwhphw xqghu nrqvwdqw wu|n s � wlo whpshudwxuhq W � 1 Ghw duehmgh �Z /
ghu xgiûuhv sè v|vwhphw xqghu hq xgylghovh di jdvvhq sè gY hu jlyhw yhg
�Z @ �sgY 1 Yl �qghu Y xgwu|nw yhg s rj W = Y @ � �

� 1 Khuphg kdu yl

gY @ �UW
s � gs. U

s gW
dowvè ièv

�Z @ UW
s gs�UgW

Ghw vdpohgh duehmgh xgiûuw sè v|vwhphw xqghu ghqqh surfhv hu vxpphq di
ghw duehmgh Z � / ghu xgiûuhv xqghu ghq iûuvwh gho rj ghw duehmgh Z � / ghu
xgiûuhv xqghq ghq dqghq gho1 Yl �qghu

Z � @
] � �

�
�

UW �

s gs @ UW � oq s �

s �

lghw whpshudwxuhq kroghv nrqvwdqw olj phg W � xqghu ghq iûuvwh gho di surfhvvhq1
Ghuqévw �qghu yl

Z � @
] � �

� �
�UgW @ �U +W � � W � ,

lghw wu|nnhw kroghv nrqvwdqw xqghu ghq dqghq gho di surfhvvhq1 Ghw vdpohgh
duehmgh xgiûuw sè v|vwhphw xqghuh surfhvvhq hu dowvè

Z @ Z � .Z � @ UW � oq s �

s �
�U +W � � W � ,

51 Ghq dqghq nxuyh ehvwèu rjvè di wr uhwwh olqlhvw|nnhu1 Iûuvw eulqjhv v|vwhphw
xqghu nrqvwdqw wu|n s � iud whpshudwxuhq W � wlo whpshudwxuhq W � 1 Ghuhiwhu
eulqjhv v|vwhphw xqghu nrqvwdqw whpshudwxu W � wlo wu|nnhw s � 1Oljhvrp iûu
hu ghw duehmgh �Z / ghu xgiûuhv sè v|vwhphw xqghu hq xgylghovh di jdvvhq
sè gY hu jlyhw yhg

�Z @ �sgY @ UW
s gs�UgW

Ghw vdpohgh duehmgh xgiûuw sè v|vwhphw xqghu ghqqh surfhv hu ljhq vxp0
phq di ghw duehmgh Z � / ghu xgiûuhv xqghu ghq iûuvwh gho rj ghw duehmgh
Z � / ghu xgiûuhv xqghq ghq dqghq gho1 Yl �qghu

Z � @
] �

�

� �
�UgW @ �U +W � � W � ,

lghw wu|nnhw kroghv nrqvwdqw xqghu ghq iûuvwh gho di surfhvvhq1 Ghuqévw
�qghu yl

Z � @
] � �

�
�

UW �

s gs @ UW � oq s �

s �
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lghw whpshudwxuhq kroghv nrqvwdqw olj phg W � xqghu ghq dqghq gho di
surfhvvhq1 Ghw vdpohgh duehmgh xgiûuw sè v|vwhphw xqghuh surfhvvhq hu
dowvè

Z @ Z � .Z � @ �U +W � � W � , .UW � oq s �

s �

Yl ehpéunhu/ dw duehmghw xgiûuw sè v|vwhphw xqghu gh wr surfhvvhu lnnh hu hqv
+phg plqguh W � @ W � ,1 Ghulprg hu uxpidqjvéqgulqjhq xdikéqjlj di ghq surfhv/
ghu iûuhu v|vwhphw iud +s � > W � , wlo +s � > W � ,1 Ghq hu mr ehvwhpw yhg vdpphqkéqjhq
Y @ � �

� / vè
�Y @ Y � � Y � @ UW �

s � � UW �

s �

Pdq vljhu/ dw Y hu hq wlovwdqgvixqnwlrq/ dowvè hq vwûuuhovh/ ghu hu nq|wwhw wlo hw
v|vwhpv wlovwdqg/ kyrulprg duehmghw lnnh hu wlonq|wwhw v|vwhphw/ phq kûuhu wlo ghq
surfhv/ vrp v|vwhphw xqghujèu1

91315 Gl�huhqwldoirup rj nxuyhlqwhjudo
Gh�qlwlrq 49< Odg V yéuh hq èehq péqjgh l U � 1 Odg I � rj I � yéuh uhhooh
ixqnwlrqhu gh�qhuhgh l V1 Xgwu|nnhw

$ @ I � +{> |,g{. I � +{> |,g|
ndoghv hq gl�huhqwldoirup l V1
Ehpéunqlqj 4:3 Qdyqhw *gl�huhqwldoirup* ndq yl wéqnh rv ehw|ghu/ dw xgwu|nnhw
$ kdu irup vrp hw gl�huhqwldo di hq ixqnwlrq i

gi @ i � +{> |,g{. i � +{> |,g|
Yl vndo phjhw vqduw vh/ dw ghw odqjw iud hu wloiéoghw/ dw hq gl�huhqwldoirup $ hu
gl�huhqwldohw gi di hq ixqnwlrq i 1 Ghw hu xqgwdjhovhq/ vqduhuh hqg uhjohq1
Gh�qlwlrq 4:4 Odg V yéuh hq èehq péqjgh l U � 1 Odg n yéuh hq nxuyh iru0
oûehqgh l V rj jlyhw yhg hq sdudphwhuiuhpvwloolqj

+{> |, @ +s +w, > t +w,, > w 5 ^d> e`
kyru s rj t hu vw|nnhylvw gl�huhqwldeoh1 Odg $ @ I � +{> |,g{. I � +{> |,g| yéuh
hq gl�huhqwldoirup l V1 Phg nxuyhlqwhjudohw U � $ phqhv lqwhjudohw] �



+I � +s +w, > t +w,, s � +w, . I � +s +w, > t +w,, t � +w,,gw

qèu ghwwh gd hoohuv hnvlvwhuhu1
Ehpéunqlqj 4:5 Yl ndq wéqnh rv ehw|gqlqjhq di nxuyhlqwhjudohw vrp hq rs0
vxpphulqj di vwûuuhovhq $ odqjv nxuyhq1 L lghdojdvhnvhpsohw ryhqiru ydu ghu
wdoh rp hq ehvwhpphovh di ghw sè v|vwhphw xgiûuwh duehmgh xqghu surfhvvhq1 Ghq
ehuhjqlqj yl xgiûuwh ydu idnwlvn hq xguhjqlqj di nxuyhlqwhjudohw di �Z odqjv wr
iruvnhooljh yhmh/ ghu kyhu ydu vdpphqvdw di wr uhwwh olqlhvw|nnhu1
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Ehpéunqlqj 4:6 Lghw $ @ I � +{> |,g{ . I � +{> |,g| ndq vnulyhv sè iruphq
$ @ +I � > I � , � +g{=g|, @ I � gu/ qèu I @ +I � > I � , rj u @ +{> |,/ ndq v|perohw iru
nxuyhlqwhjudohw vnulyhv ]

�
$ @

]
�
I � gu

Ghw gh�qlwlrqvpévvljh xgwu|n ndq wlovyduhqgh vnulyhv] �



I +u +w,, � u � +w,gw

qèu yl odghu u +w, @ +s +w, > t +w,, rj u � +w, @ +s � +w, > t � +w,,1 L ghqqh irupxohulqj
ndq pdq yhg wronqlqj di I +{> |, vrp hw nudiwihow rj w vrp wlghq rsidwwh I +u +w,, �
u � +w, vrp h�hnwhq wlo wlghq w/ lghw u � +w, hu kdvwljkhghq1 Khuphg hu nxuyhlqwhjudohw
hq lqwhjudwlrq ryhu wlghq di h�hnwhq/ dowvè ghw odqjv nxuyhq di nudiwihowhw xgiûuwh
duehmgh1
Hnvhpsho 4:7 Odg ghu l ghq ûyuh kdoysodq V @ i+{> |, m| A 3j yéuh jlyhw gli0
ihuhqwldoiruphq

$ @ {
| g{. { oq | g|

Yl ylo ehvwhpph nxuyhlqwhjudohw di $ odqjv nxuyhq n jlyhw yhg sdudphwhuiuhp0
vwloolqjhq +{> |, @ �w � > h � � �/ w 5 ^3> 4`1 Nxuyhq iruelqghu èehqeduw sxqnwhw +3> 4,
phg sxqnwhw �4> h � � �1 Yl �qghu]

�
$ @

] �

�

� w �

h � � 5w. w � oq �h � � � ��h � � ��gw

@
] �

�

�5w � h � . w � h � � �gw
@ �5h � �w � � 6w � . 9w� 9�� h � � �w � . 6w � . 9w. 9�� �

�

@ 4;� 7h� 49h � �

Hnvhpsho 4:8 Odg $ yéuh vdpph gl�huhqwldoirup vrp l iruuljh hnvhpsho1 Yl
ylo xguhjqh nxuyhlqwhjudohw di $ odqjv hq dqghq yhm N/ ghu oljhvrp n ryhqiru
iûuhu iud sxqnwhw +3> 4, phg sxqnwhw �4> h � � �1 Ghq q|h nxuyh N hu vdpphqvdw
di wr uhwwh olqlhvw|nnhu1 Iûuvwh gho hu ydqguhw rj iûuhu iud +3> 4, wlo +4> 4,/ sdud0
phwulvhulqj= +{> |, @ +w> 4, > w 5 ^3> 4`1 Dqgho gho hu orguhw rj iûuhu iud +4> 4, wlo�4> h � � �/ sdudphwulvhulqj= +{> |, @ �4> wh � � . 4� w�/ w 5 ^3> 4`1 Khuphg �qghu yl]

�
$ @

] �

�
wgw.

] �

�
oq �wh � � . 4� w� �h � � � 4� gw

@ 4
5 .

] ���
�

�
oqx gx @ 4

5 . ^x oqx� x` ���
�

�

@ 6
5 � 5h � �

Yl ehpéunhu/ dw uhvxowdwhw hu hw dqghw hqg ghw yl idqgw l iruuljh hnvhpsho sè
wurgv di/ dw nxuyhuqh iruelqghu gh vdpph sxqnwhu l gh wr hnvhpsohu1
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91316 Juhhqv véwqlqj l sodqhq
Juhhqv véwqlqj l sodqhq kûuhu kmhpph eodqgw hq uénnh véwqlqjhu iud yhnwru0
dqdo|vhq +Juhhq*v/ Vwrnhv* rj Jdxvv* véwqlqjhu,1 Ghq hu ghq vlpsohvwh di glvvh1
+Jhrujh Juhhq 4:<604;74,1
Gh�qlwlrq 4:9 Odg hq oxnnhw nxuyh n yéuh jlyhw yhg hq nrqwlqxhuw sdudph0
whuiuhpvwloolqj/ u+w,> w 5 ^d> e`= Kylv u+w � , 9@ u+w � , iru dooh w � 9@ w � eruwvhw iud dw
u+d, @ u+e,> vè vnéuhu n lnnh vlj vhoy1 Nxuyhq ndoghv hq Mrugdq0nxuyh1
Gh�qlwlrq 4:: Phg v|perohw F � +^d> e`, ehwhjqhv péqjghq di gl�huhqwldeoh
ixqnwlrqhu gh�qhuhw l ^d> e`> iru kylonh rjvè ghq d hghgh hu nrqwlqxhuw1
Gh�qlwlrq 4:; Yl vndo ndogh péqjghq V l {|0sodqhq iru {|0hohphqwéu/ kylv
ghq yhg rsgholqj phg dnvhsdudoohooh olqlhu ndq vnulyhv vrp iruhqlqjvpéqjghq di
hqgholjw pdqjh péqjghu V � > V � > ===> V � / ghu kyhu iru vlj eègh ndq ehvnulyhv vrp
rpuèghw phoohp wr judihu di F � 0ixqnwlrqhu di { rj rjvè vrp rpuèghw phoohp
wr judihu di F � 0ixqnwlrqhu di |= Dowvè V � @ i+{> |, mj � +{, � | � j � +{,> { 5 ^d> e`j
rj rjvè V � @ i+{> |, mk � +|, � { � k � +|,> | 5 ^f> g`j > kyru j � > j � 5 F � +^d> e`, rj
k � > k � 5 F � +^f> g`,=
Véwqlqj 4:< Juhhqv véwqlqj l sodqhq1 Odg V yéuh hq oxnnhw rj ehjuéqvhw
péqjgh l sodqhq1 Dqwdj/ dw udqghq iru V +ndoghw n, hu hq Mrugdq0nxuyh1 Dqwdj/
dw V hu {|0hohphqwéu1 Odg S rj T yéuh nrqwlqxhuwh ixqnwlrqhu di wr yduldeoh l
V phg nrqwlqxhuwh sduwlhooh d hghgh1 Vè jéoghu]

�
S +{> |,g{.T+{> |,g| @

]
�

��CS
C| . CT

C{
�
gD +-,

qèu ghw iruxgvéwwhv/ dw nxuyhq n jhqqhpoûehv l srvlwly rpoûevuhwqlqj1
Ehylv1 Yl qûmhv phg dw ehylvh véwqlqjhq l ghw wloiéogh/ kyru V vhoy hu jlyhw

yhg V @ i+{> |, mj � +{, � | � j � +{,> { 5 ^d> e`j > rj rjvè V @ i+{> |, mk � +|, � { � k � +|,> | 5 ^f> g`j >
kyru j � > j � 5 F � +^d> e`, rj k � > k � 5 F � +^f> g`,= Yl ylvhu iûuvw]

�
S +{> |,g{ @

]
�
�CS

C| gD=

Gd V @ i+{> |, mj � +{, � | � j � +{,> { 5 ^d> e`j > ièv yhg rsoûvqlqj di sodqlqwh0
judohw

]
�
�CS

C| gD @
] �



g{

] � � � ���

� � � � �
�CS

C| g| @
] �



^�S +{> |,` � � � � �� � � � � g{

@
] �



+S +{> j � +{,,� S +{> j � +{,,,g{

@
]
� �
S +{> |,g{� ]

�
�

S +{> |,g{ @
]
�
S +{> |,g{
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kyru n � rj n � hu judihuqh iru khqkrogvylv j � rj j � jhqqhpoûehw iud yhqvwuh
prg kûmuh1 Vlgvwh oljkhg jéoghu/ irugl nxuyhlqwhjudohuqh odqjv gh orguhwwh olq0
lhvw|nnhu +{ @ d rj { @ e, hu 31 Gd rpuèghw V rjvè ndq ehvnulyhv vrp
V @ i+{> |, mk � +|, � { � k � +|,> | 5 ^f> g`j > ièv jdqvnh dqdorjw]

�
T+{> |,g| @

]
�

CT
C{ gD=

Yhg dgglwlrq di gh wr uhvxowdwhu ièv Juhhqv lghqwlwhw1

Hnvhpsho 4;3 1 Odg V yéuh ghq wuhndqw/ ghu ehjuéqvhv di nrruglqdwdnvhuqh
rj olqlhq {. 5| @ 5= Odg S +{> |, @ 5{| rj T+{> |, @ ;{ � |= Yl xguhjqhu ehjjh
vlghu di lghqwlwhwhq +-,1 Liûojh Juhhqv véwqlqj vnxooh yl iè vdpph uhvxowdw yhg
gh wr xguhjqlqjhu1 Iru sodqlqwhjudohw �qghu yl

]
�

��CS
C| . CT

C{
�
gD @

]
�
+�5{. 49{|,gD

@
] �

�
g{

] � � �

�

�
+�5{. 49{|,g|

@
] �

�

��5{| . ;{| � � � � �

�

� g{

@
] �

�

�5{ � � :{ � . 9{�g{ @ 7
6 =

Nxuyhlqwhjudohw rsghohu yl l 6 ghoh]
�
Sg{.Tg| @

]
� � 
 � � � � �

�
� �

.
]

�
�

� 
 
 � � � �
.
]
� � 
 � � � � �

�
� �

kyru {0dnvhghohq sdudphwulvhuhv yhg +{> |, @ +w> 3, > w 5 ^3> 5` > ghq vnuè gho yhg
+{> |, @ +5� 5w> w, > w 5 ^3> 4` > rj |0dnvhghohq +grj l irunhuw uhwqlqj, yhg +{> |, @
+3> w, > w 5 ^3> 4` = Khuphg �qghu yl

]
� � 
 � � � � �

�
� �

@
] �

�
S +w> 3,gw @

] �

�
3gw @ 3

]
�
�

� 
 
 � � � �
@

] �

�
iS +5� 5w> w, � +�5, .T +5� 5w> w,j gw

@
] �

�

q
5 +5� 5w, w +�5, . ; +5� 5w, � w

r
gw

@
] �

�

�57w� 89w � . 65w � �gw @ 7
6]

� � 
 � � �
� �
�
� �

@ �] �

�
T+3> w,gw @ �] �

�
3gw @ 3



;8

kyru plqxvwhjqhw yhg |0dnvhghohq vn|oghv/ dw nxuyhvw|nnhw jhqqhpoûehv l irunhuw
uhwqlqj1 Khuphg kdu yl dowvè/ dw

]
�
Sg{.Tg| @ 7

6
Yl idqgw dowvè +khogljylv, vdpph uhvxowdw vrp yhg ehuhjqlqjhq di sodqlqwhjudohw1

Hnvhpsho 4;4 Di Juhhqv véwqlqj ndq xgohghv hq irupho wlo ehuhjqlqj di duhdohw
di hq péqjgh y1km1d1 hw nxuyhlqwhjudo1 Wdjhv qhpolj S +{> |, @ 3 rj T +{> |, @ {
ièv di Juhhqv véwqlqj/ dw

]
�
{g| @

]
�
4gD @ D +V,

Yhg l vwhghw dw wdjh S +{> |, @ �| rj T +{> |, @ 3 ièv di Juhhqv véwqlqj/ dw
]
�
�|g{ @

]
�
4gD @ D +V,

Hq riwh vhw wuhglh yhuvlrq hu

D +V, @ 4
5
]
�
�|g{. {g|

Vrp looxvwudwlrq odg rv xguhjqh duhdohw di ghq ehjuéqvhgh péqjgh V/ ghu olj0
jhu lqghqiru ghq oxnnhgh nxuyh n jlyhw yhg sdudphwhuiuhpvwloolqjhq +{> |, @
+w frv w> vlq 5w, > w 5 �3> � � �1 Ehpéun iûuvw/ dw nxuyhq jhqqhpoûehv l qhjdwly rp0
oûevuhwqlqj1 Xqghu khqv|qwdjhq khuwlo �qghu yl/ kylv yl euxjhu ghq iûuvwqéyqwh
duhdoirupho

D +V, @ �]
�
{g| @ �] � �

�
w frv w � 5 frv 5w gw

@ �] � �

�
w +frv w. frv 6w, gw @ 43

< � 4
6�

Hnvhpsho 4;5 Yl ylo xguhjqh nxuyhlqwhjudohw
]
�

�{ � . | � . | � � g{. 6{| � g|

kyru n hu nxuyhq jlyhw l sroéuh nrruglqdwhu yhg u @ � frv �/� 5 �3> � � � rj jhq0
qhpoûehw l srvlwly rpoûevuhwqlqj1 Nxuyhq hu hq Mrugdq0nxuyh1 Yl euxjhu Juhhqv
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véwqlqj rj �qghu]
�

�{ � . | � . | � � g{. 6{| � g| @
]

�
�5|gD

@
] � �

�

#] � 	���� �

�
+�5u vlq �, ugu

$
g�

@
] � �

�
vlq �

��5
6u

�
� � 	 � � �

�
g�

@ �5
6
] � �

�
� � vlq � frv � �g� @ � 4

45;�
� . 48

589�

91317 Hnvdnw gl�huhqwldoirup
Gh�qlwlrq 4;6 Hq gl�huhqwldoirup $ jlyhw l péqjghq V ndoghv hnvdnw l V/
kylv ghq l hwkyhuw sxqnw di V hu gl�huhqwldohw di hq ixqnwlrq i / dowvè kylv $ @ gi
ryhudow l V1 Dqghuohghv vdjw= Gl�huhqwldoiruphq $ @ I � +{> |,g{ . I � +{> |,g|
ndoghv hnvdnw l V/ kylv ghu �qghv hq ixqnwlrq i / ghu hu gl�huhqwldeho ryhudow l V/
vè

i � +{> |, @ I � +{> |,
i � +{> |, @ I � +{> |,

iru dooh +{> |, 5 V1 L ehnuéiwhqgh idog ndoghv hq vègdq ixqnwlrq i iru hq vwdp0
ixqnwlrq wlo $ l V1
Hnvhpsho 4;7 Gl�huhqwldoiruphq $ jlyhw l péqjghq V xghq iru hoolsvhq { � .
6| � @ 4 yhg

$ @ 5{
{ � . 6| � � 4g{. 9|

{ � . 6| � � 4g|
hu hnvdnw l V1 Yl kdu qhpolj/ dw ixqnwlrqhq

i +{> |, @ oq �{ � . 6| � � 4�
rsi|oghu

i � +{> |, @ 5{
{ � . 6| � � 4

i � +{> |, @ 9|
{ � . 6| � � 4

iru dooh +{> |, 5 V1 Ixqnwlrqhq i hu ghuphg hq vwdpixqnwlrq wlo $ l V1
Ehpéunqlqj 4;8 Ghw hu noduw/ dw kylv i hu hq vwdpixqnwlrq wlo hq gl�huhqwldo0
irup $ l hq péqjgh V/ vè hu i.F rjvè hq vwdpixqnwlrq iru hqkyhu uhho nrqvwdqw
F1 Hu ghu dqguh vwdpixqnwlrqhu hqg ghp/ ghu iuhpnrpphu yhg dgglwlrq di hq
nrqvwdqw wlo hq jlyhqB Khurp kdqgohu qévwh véwqlqj1



;:

Véwqlqj 4;9 Odg V yéuh hq èehq rj vdpphqkéqjhqgh péqjgh1 Dqwdj/ dw
ixqnwlrqhq i kdu sduwlhooh d hghgh ryhudow l V/ rj dw glvvh rsi|oghu i � +{> |, @ 3
rj i � +{> |, @ 3 iru dooh +{> |, 5 V1 Vè hu i hq nrqvwdqw ixqnwlrq l V1

Ehylv1 Odg D rj E yéuh wr ylonèuoljh sxqnwhu l V1 Yl vndo ylvh/ dw i kdu
vdpph yéugl l glvvh wr sxqnwhu1 Gd V hu èehq rj vdpphqkéqjhqgh/ ndq D rj E
iruelqghv phg hq �wudsshiruphw� nxuyh ehvwèhqgh di dnvhsdudoohooh olqlhvw|nnhu1
Sè hwkyhuw ydqguhw vw|nnh kdu i vdpph yéugl l vwduw0 rj voxwsxqnw/ gd i � @ 31
Oljhohghv kdu sè hwkyhuw orguhw vw|nnh i vdpph yéugl l vwduw0 rj voxwsxqnw/ gd
i � @ 31 Khudi iûojhu/ dw i kdu vdpph yéugl l D rj E1
Nruroodu 4;: Dqwdj/ dw gl�huhqwldoiruphq $ jlyhw l ghq èeqh rj vdpphqkéq0
jhqgh péqjgh V hu hnvdnw rj kdu vwdpixqnwlrqhq i � l V1 Vè hu vdpwoljh vwdp0
ixqnwlrqhu jlyhw yhg irupohq

i @ i � . F> F 5 U
Yl vndo euxjh hw uhvxowdw/ ghu plqghu olgw rp uhvxowdwhw l véwqlqjhq ryhqiru1

Véwqlqj 4;; Odg V yéuh hq èehq péqjgh/ ghu phg kyhu wr sxqnwhu +{ � > | � , rj
+{ � > | � , rjvè lqghkroghu olqlhvw|nnhw lphoohp sxqnwhuqh +V hu dowvè hq �ydqguhw
vwdeho di olqlhu�,1 Dqwdj/ dw i ryhudow l V kdu hq sduwlho d hghw pkw1 {/ rj dw
i � +{> |, @ 3 iru dooh +{> |, 5 V1 Vè hu i +{> |, lnnh dikéqjlj di {/ gyv1 yl ndq
vnulyh i +{> |, @ k +|, iru dooh +{> |, 5 V1

Ehylv1 Yl vndo eorw ylvh/ dw iru kyhu wr sxqnwhu phg vdpph |0nrruglqdw
+{ � > | � , rj +{ � > | � , jéoghu/ dw i +{ � > | � , @ i +{ � > | � ,1 Phq ghwwh iûojhu xplggho0
eduw di dw i � +{> | � , @ 3 iru dooh { 5 ^{ � > { � `1
Véwqlqj 4;< Odg $ yéuh gl�huhqwldoiruphq

$ @ I � +{> |,g{. I � +{> |,g|
kyru I � rj I � hu nrqwlqxhuwh l ghq èeqh rj vdpphqkéqjhqgh péqjgh V1 Vè
jéoghu/ dw $ hu hnvdnw l V/ kylv rj nxq kylv U

� $ nxq dikéqjhu di nxuyhq n*v
hqghsxqnwhu +iru hqkyhu vw|nnhylv F � 0nxuyh,1

Ehylv1 Dqwdj iûuvw/ dw $ hu hnvdnw l V1 Odg i yéuh hq vwdpixqnwlrq1 Odg n
yéuh hq F � 0nxuyh l n jlyhw yhg +{> |, @ +s +w, > t +w,, > w 5 ^d> e`1 Vè kdu yl

]
�
$ @

] �



+I � +s +w, > t +w,, s � +w, . I � +s +w, > t +w,, t � +w,,gw

@
] �



+i � +s +w, > t +w,, s � +w, . i � +s +w, > t +w,, t � +w,,gw

@
] �



g
gwi +s +w, > t +w,,gw @ ^i +s +w, > t +w,,` �


@ i +s +e, > t +e,,� i +s +d, > t +d,,
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Hu nxuyhq nxq F � vw|nnhylvw/ ièv ghw vdpph uhvxowdw yhg rsgholqj1 Yl vhu/ dw
nxuyhlqwhjudohwv yéugl nxq dikéqjhu di hqghsxqnwhuqh +s +e, > t +e,, rj +s +d, > t +d,,1

Dqwdj qx rpyhqgw/ dw U � $ nxq dikéqjhu di nxuyhq n*v hqghsxqnwhu1 Yéoj hw
idvw sxqnw D l V1 Odg +{> |, 5 V yéuh hw ylonèuoljw sxqnw1 Vè hu nxuyhlqwhjudohw
odqjv hq nxuyh iud D wlo +{> |, xdikéqjlj di nxuyhqv iruoûe/ dowvè nxq dikéqjlj
di +{> |,1 Yhg

i +{> |, @
] � � � ���

� $
hu ghu gh�qhuhw hq ixqnwlrq l V1 Yl ylo ylvh/ dw i hu hq vwdpixqnwlrq wlo $1 Yl
ylvhu/ dw i l hwkyhuw sxqnw di V kdu hq sduwlho d hghw pkw1 { rj/ dw ghqqh hu jlyhw
yhg I � = Odg gd +{> |, 5 V1 Gd V hu èehq ylo ghw ydqguhwwh olqlhvw|nnh phoohp
+{> |, rj +{. k> |, oljjh khow l V/ qèu eorw mkm hu olooh qrn1 Yl kdu vè/ dw

i +{. k> |,� i +{> |,
k @ 4

k
#] � � � � � ���

� $ � ] � � � � �

� $
$

@ 4
k
] � � � � � � �

� ��� ���
$ @ 4

k
] � � �

�
I � +w> |,gw

@ I � +�> |,
kyru � oljjhu phoohp { rj {. k1 Gd I � hu nrqwlqxhuw iûojhu ghw/ dw

i +{. k> |,� i +{> |,
k $ I � +{> |,

iru k $ 31 Dowvè kdu yl/ dw i � +{> |, @ I � +{> |,1 Dw yl rjvè kdu i � +{> |, @
I � +{> |, iûojhu sè vdpph pègh1 Khuphg hu ylvw/ dw $ hu hnvdnw l V phg i vrp
vwdpixqnwlrq1
Ehpéunqlqj 4<3 Hu $ hnvdnw l V ndq hq vwdpixqnwlrq i dowvè xguhjqhv vrp
hw nxuyhlqwhjudo i +{> |, @ U � � � ���

� $ iud hw idvw sxqnw wlo +{> |,1 Nxuyhq iud D
wlo +{> |, yéojhu pdq vhoy1 Ghq vndo vhoyiûojholj iruoûeh l V1 Riwh hu hq nxuyh
vdpphqvdw dw wr dnvhsdudoohooh olqlhvw|nnhu hw jrgw ydoj1
Hnvhpsho 4<4 Ehwudjw l péqjghq V @ U � q i+3> 3,j gl�huhqwldoiruphq

$ @ �|
{ � . | � g{. {

{ � . | � g|
Yl xguhjqhu nxuyhlqwhjudohw U � $ odqjv hqkhgvflunohq phg sdudphwulvhulqjhq +{> |, @
+frv w> vlq w, > w 5 ^3> 5�`1 Yl �qghu]

�
$ @

] � �

�

� � vlq w
frv � w. vlq � w +� vlq w, . frv w

frv � w. vlq � w frv w
�
gw

@
] � �

�
4gw @ 5�

Phq nxuyhq iruelqghu mr sxqnwhw +4> 3, phg vlj vhoy/ vè kylv $ ydu hnvdnw l V/
ylooh nxuyhlqwhjudohw yéuh qxo1 Yl nrqnoxghuhu/ dw $ lnnh hu hnvdnw l V1



;<

Hnvhpsho 4<5 Ehwudjw l U � gl�huhqwldoiruphq $ jlyhw yhg
$ @ �5{h � � . 6frv{� g{. ��5{ � . 5| . 4� h � � . ;|� g|

Yl ylo jhuqh dijûuh/ rp $ hu hnvdnw l V1 L ehnuéiwhqgh idog ylo yl ehvwhpph
vdpwoljh vwdpixqnwlrqhu1 Qx hu ghw mr lnnh qrjhq iduedu yhm dw xqghuvûjh rp
nxuyhlqwhjudohw odqjv vdpwoljh nxuyhu iud hw jlyhw idvw sxqnw wlo +{> |, jlyhu vdpph
uhvxowdw1 Vhqhuh ièu yl hw vlpshow nulwhulxp +nu|gvgl�huhqwldwlrqvnulwhulhw,/ ghu
kxuwljw ylo divoûuh/ rp $ hu hnvdnw1 Khu suûyhu yl hq dqghq lgì1 Yl yéojhu hw idvw
sxqnw1 Odg rv wdjh D @ +3> 3,1 Yl xguhjqhu nxuyhlqwhjudohw iud +3> 3, wlo +{> |,
odqjv ghq nxuyh n/ ghu hu vdpphqvdw di olqlhvw|nnhuqh/ ghu iruelqghu +3> 3, phg
+{> 3, rj ljhq phg +{> |,1 Vè �qghu yl]

�
$ @

] �

�

�5wh � . 6 frv w� gw. ] �

�

��5{ � . 5w. 4� h � � . ;w� gw
@ �w � . 6 vlq w� �� . �h � � { � . h � � w. 7w � � �

� @ 6 vlq{. h � � �{ � . |�. 7| �

Kylv $ hu hnvdnw/ vè xgjûu ghwwh xgwu|n +vrp yl ylo ndogh i +{> |,, hq vwdp0
ixqnwlrq1 Phq yl ndq qx eorw yhg gl�huhqwldwlrq dijûuh/ rp xgwu|nnhw hu hq
vwdpixqnwlrq=

i � +{> |, @ 6 frv{. 5{h � �

i � +{> |, @ h � � �5{ � . 5| . 4�. ;|
Yl vhu/ dw kûmuhvlghuqh hu I � +{> |, rj I � +{> |,/ khqkrogvylv1 Dowvè hu $ hnvdnw/
rj i hu hq vwdpixqnwlrq1 Vdpwoljh ièv yhg dgglwlrq di hq duelwuéu nrqvwdqw1 Ghq
euxjwh phwrgh hu hjhqwoljw lnnh vè ulqjh hqggd1
Hnvhpsho 4<6 Odg $ yéuh gl�huhqwldoiruphq

$ @ �{ � . | � � g{. +6| . vlq{,g|
iru dooh +{> |, 5 V/ kyru V hu hq ylonèuolj +lnnh0wrp, èehq péqjgh l U � = Yl
ylo ylvh/ dw $ lnnh hu hnvdnw l V +xdqvhw kyrugdq V hu ydojw, 1 Vhqhuh ièu yl hw
kèqgidvw nulwhulxp wlo dijûuhovh khudi1 Phq kìu suûyhu yl xghq1 Dqwdj/ dw $ ydu
hnvdnw1 Vè hnvlvwhuhu ghu hq l V gl�huhqwldeho ixqnwlrq i phg

i � +{> |, @ { � . | �

i � +{> |, @ 6| . vlq{
Yl vhu di ghq iûuvwh/ dw i ��� +{> |, @ 5|1 Di ghq dqghq vhv/ dw i � � +{> |, @ frv{1
Ehjjh xgvdjq jéoghqgh iru dooh +{> |, 5 V1 Phq yl kdu hq véwqlqj/ ghu vljhu/ dw
kylv i kdu nrqwlqxhuwh sduwlhooh d hghgh di iûuvwh rughq l hq rphjq di hw sxqnw
+d> e,/ rj kylv i ��� hnvlvwhuhu l ghqqh rphjq rj hu nrqwlqxhuw l +d> e,/ vè hnvlvwhuhu
i � � +d> e, rj hu olj phg i ��� +d> e,1 Phq i � +{> |, @ { � .| � rj i � +{> |, @ 6|.vlq{
hu èehqeduw nrqwlqxhuwh ryhudow1 Ghw vdpph hu i ��� +{> |, @ 5|1 Dowvè exugh yl
kdyh/ dw i ��� +{> |, @ i � � +{> |, ryhudow1 Phq ghw kdu yl mr èehqo|vw lnnh1 Yl pè
nrqnoxghuh/ dw $ lnnh kdu qrjhq vwdpixqnwlrq l V/ dowvè dw $ lnnh hu hnvdnw l V1
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Yl jlyhu qx hw vlpshow nulwhulxp wlo dijûuhovh di/ rp hq gl�huhqwldoirup hu
hnvdnw l hw rpuègh V1 Phq iûuvw hq gh�qlwlrq1
Gh�qlwlrq 4<7 Péqjghq V y U � ndoghv hqnhowvdpphqkéqjhqgh/ kylv ghq hu
vdpphqkéqjhqgh rj ghvxghq hu �xghq kxoohu�/ gyv1 dw hqkyhu oxnnhw nxuyh/ ghu
iruoûehu l V/ nrqwlqxhuoljw ndq vdpphqwuénnhv wlo hw sxqnw l V xghq qrjhqvlqgh
dw iruodgh V1 Péqjghq V ndoghv vwmhuqhiruphw/ kylv ghu �qghv hw sxqnw D l V>
vè olqlhvw|nnhw phoohp D rj hwkyhuw dqghw sxqnw l V oljjhu khow l V1
Ehpéunqlqj 4<8 Hq vwmhuqhiruphw péqjgh hu hqnhowvdpphqkéqjhqgh1 Ghw
prgvdwwh jéoghu lnnh1
Véwqlqj 4<9 Odg $ yéuh gl�huhqwldoiruphq

$ @ I � +{> |,g{. I � +{> |,g|
jlyhw l ghq èeqh péqjgh V1 Dqwdj/ dw I � rj I � +hu nrqwlqxhuwh rj, kdu nrqwlq0
xhuwh sduwlhooh d hghgh di iûuvwh rughq ryhudow l V1 Yl kdu gd

41 Kylv $ hu hnvdnw l V/ vè jéoghu/ dw
CI �

C| @ CI �

C{
ryhudow l V1

51 Kylv V hu hqnhowvdpphqkéqjhqgh rj kylv ��� �

� � @ ���
�

� � ryhudow l V/ vè hu $
hnvdnw l V1

Ehylv1 Ehylvhw iru iûuvwh gho iruoûehu vrp l hnvhpsohw ryhqiru1 Yl dqwdjhu
dowvè/ dw $ hu hnvdnw1 Vè hnvlvwhuhu ghu hq l V gl�huhqwldeho ixqnwlrq i phg

i � +{> |, @ I � +{> |,
i � +{> |, @ I � +{> |,

Gd I � rj I � dqwdjhv dw kdyh sduwlhooh d hghgh l V/ iûojhu ghw/ dw i ��� +{> |, @ ��� �

� �
rj/ dw i � � +{> |, @ ���

�

� � 1 Ehjjh xgvdjq jéoghqgh iru dooh +{> |, 5 V1 Phq yl kdu hq
véwqlqj/ ghu vljhu/ dw kylv i kdu nrqwlqxhuwh sduwlhooh d hghgh di iûuvwh rughq l hq
rphjq di hw sxqnw +d> e,/ rj kylv i ��� hnvlvwhuhu l ghqqh rphjq rj hu nrqwlqxhuw l
+d> e,/ vè hnvlvwhuhu i � � +d> e, rj hu olj phg i ��� +d> e,1 Phq i � @ I � rj i � @ I � hu
èehqeduw nrqwlqxhuwh ryhudow1 Ghvxghq hnvlvwhuhu i ��� rj hu nrqwlqxhuw ryhudow/
gd I � dqwdjhv dw kdyh nrqwlqxhuwh sduwlhooh d hghgh ryhudow1 Dowvè kdu yl/ dw
i ��� +{> |, @ i � � +{> |, ryhudow1 Ghuphg dowvè/ dw ��� �

� � @ ���
�

� � ryhudow1
Dqwdj qx/ dw ��� �

� � @ ���
�

� � ryhudow l V1 Yl vndo ylvh/ dw $ hu hnvdnw1 Yl iruhwdjhu
l ehylvhw ghq lqgvnuéqnhqgh dqwdjhovh/ dw péqjghq V hu vwmhuqhiruphw/ gyv1 dw
ghu �qghv hw sxqnw D l V> vè olqlhvw|nnhw O +{> |, phoohp D rj hwkyhuw dqghw
sxqnw l V oljjhu khow l V1 Yl gh�qhuhu qx ixqnwlrqhq i yhg

i +{> |, @
]
� � � � � �

$
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Yl ndq dqwdjh/ dw D @ +3> 3,1 Olqlhvw|nnhw O +{> |, ndq gd sdudphwulvhuhv yhg
w :�$ +w{> w|, > w 5 ^3> 4`1 Khuphg kdu yl

i +{> |, @
] �

�
+I � +w{> w|,{. I � +w{> w|, |,gw

Yl vndo qx xgq|wwh/ dw lqwhjudohw vrp ixqnwlrq di { hu gl�huhqwldehow/ rj dw
gl�huhqwldonyrwlhqwhq ièu yhg gl�huhqwldwlrq xqghu lqwhjudowhjqhw1 Khuphg ièv

i � +{> |, @
] �

�
+I � � � +w{> w|, w{. I � +w{> w|, . I � � � +w{> w|, w|,gw

@
] �

�
+I � � � +w{> w|, w{. I � +w{> w|, . I � � � +w{> w|, w|,gw

@
] �

�

�
w ggwI � +w{> w|, . I � +w{> w|,

�
gw

@
] �

�

g
gw +wI � +w{> w|,,gw @ ^wI � +w{> w|,` �

� @ I � +{> |,

Dw i � @ I � vhv sè wlovyduhqgh pègh1 Khuphg hu ylvw/ dw i hu hq vwdpixqnwlrq wlo
$1
Ehpéunqlqj 4<: Gd ghu l Juhhqv véwqlqj iruhnrpphu gl�huhqvhq � ��� �

� � .
���

�

� � hu ghw qéuoljjhqgh dw iruvûjh hw ehylv iru ghq iruhjèhqgh véwqlqjv dqghq gho
y1km1d1 Juhhqv véwqlqj1 Odg n � rj n � yéuh wr nxuyhu/ ghu iruelqghu gh vdpph wr
sxqnwhu1 Yl vndo ylvh/ dw nxuyhlqwhjudohw odqjv gh wr nxuyhu jlyhu vdpph uhvxowdw1
Ghw hu énylydohqw phg dw ylvh/ dw nxuyhlqwhjudohw odqjv ghq vdpphqvdwwh nxuyh
n � rj �n � hu qxo1 Ghq vdpphqvdwwh nxuyh n hu hq oxnnhw nxuyh1 Wloodghu yl rv
dw dqwdjh/ dw n hu hq Mrugdq0nxuyh/ rj dw péqjghq V � / vrp ghq rpvoxwwhu/ hu
{|0hohphqwéu/ vè ndq yl ehq|wwh Juhhqv véwqlqj1 Di ghqqh ièv]

�
$ @

]
�
I � +{> |,g{. I � +{> |,g| @

]
�

��CI �

C| . CI �

C{
�
gD @ 3

Ghuphg hu dowvè lnnh jlyhw hw hjhqwoljw ehylv iru ghq dqghq sèvwdqg/ phq ghq hu
pèvnh eohyhw iruohqhw phg hq ylv wuryéugljkhg$
Hnvhpsho 4<; Odg ljhq $ yéuh gl�huhqwldoiruphq

$ @ �{ � . | � � g{. +6| . vlq{,g|
Yl ylo y1km1d1 nu|gvgl�huhqwldwlrqvnulwhulhw ylvh/ dw $ lnnh hu hnvdnw l qrjhq èehq
lnnh0wrp péqjgh l U � 1 Phg

I � +{> |, @ { � . | �

I � +{> |, @ 6| . vlq{
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�qghu yl
CI �

C| @ 5|
CI �

C{ @ frv{
ghu èehqeduw lnnh hu olj phg klqdqghq ryhudow l hq lnnh0wrp èehq péqjgh1 Dowvè
hu $ lnnh hnvdnw l qrjhq lnnh0wrp èehq péqjgh1
Hnvhpsho 4<< Ehwudjw l U � gl�huhqwldoiruphq $ jlyhw yhg

$ @ �5{h � � . 6 frv{� g{. ��5{ � . 5| . 4� h � � . ;|� g|
Yhg nu|gvgl�huhqwldwlrq ièv/ lghw $ vnulyhv vrp I � +{> |,g{. I � +{> |,g|

I � � � +{> |, @ 7{h � �

I � � � +{> |, @ 7{h � �

Gd I � rj I � èehqeduw ehjjh kdu nrqwlqxhuwh sduwlhooh d hghgh l U � / vrp mr hu hq
èehq rj hqnhowvdpphqkéqjhqgh +hqggd vwmhuqhiruphw, péqjgh/ nrqnoxghuhu yl/
dw $ hu hnvdnw l U � 1 Yl vndo ehvwhpph vdpwoljh vwdpixqnwlrqhu1 Odg i ehwhjqh
hq vègdq1 Vè kdu yl

i � +{> |, @ I � +{> |, @ 5{h � � . 6frv{
i � +{> |, @ I � +{> |, @ �5{ � . 5| . 4� h � � . ;|

Di ghq iûuvwh di glvvh ièv yhg xehvwhpw lqwhjudwlrq pkw1 {/ dw
i +{> |, @ { � h � � . 6 vlq{. k +|,

Ghwwh iûojhu di/ dw yl l j1 hq wlgoljhuh véwqlqj di
C
C{

�i +{> |,� �{ � h � � . 6 vlq{�� @ 3
ndq voxwwh/ dw i +{> |,��{ � h � � . 6 vlq{� lnnh dikéqjhu di {1 Di i +{> |, @ { � h � � .
6 vlq{. k +|, vhv yhg gl�huhqwldwlrq pkw1 |/ dw

i � +{> |, @ 5{ � h � � . k � +|,
phq yl kdu mr rjvè/ dw i � +{> |, @ �5{ � . 5| . 4� h � � . ;|1 Dowvè voxwwhu yl/ dw
k � +|, @ +5| . 4, h � � . ;|1 Ghuhiwhu �qghu yl

k +|, @
] �+5| . 4, h � � . ;|�g| @ |h � � . 7| � . F

kyru F hu hq lqwhjudwlrqvnrqvwdqw1 Khuphg kdu yl hq irupho iru vdpwoljh vwdp0
ixqnwlrqhu

i +{> |, @ �{ � . |� h � � . 6 vlq{. 7| � . F
kyru F 5 U1



Ndslwho :
Odsodfhwudqvirupdwlrq
:1318 Gh�qlwlrq di Odsodfhwudqvirupdwlrqhq
Gh�qlwlrq 533 Odg i yéuh hq uhho +hoohu nrpsohnv, ixqnwlrq/ ghu hu gh�qhuhw
sè lqwhuydoohw ^3>4^1 Kylv ghu �qghv hw wdo v � / vè lqwhjudohw] 	

�
h � �

� i +w,gw
hnvlvwhuhu +hu nrqyhujhqw, iru dooh v A v � / ylo ghwwh xgwu|n l v eolyh ndogw ghq
Odsodfhwudqviruphuhgh di i 1 Yl vndo ehwhjqh ghq Odsodfhwudqviruphuhgh di i phg
hqwhq i hoohu O iij +pèvnh xqghuwlghq I ,1 Qèu ghq Odsodfhwudqviruphuhgh di i
hnvlvwhuhu/ hu ghq dowvè jlyhw yhg

O iij +v, @ i +v, @
] 	

�
h � �

� i +w,gw
iru dooh v A v � 1
Ehpéunqlqj 534 Kydg hq jlyhq ixqnwlrq i pèwwh yéuh gh�qhuhw wlo xghq iru
lqwhuydoohw ^3>4^ hu èehqeduw luuhohydqw yhg ehuhjqlqjhq di ghqv Odsodfhwudqv0
iruphuhgh1 Ghq xdikéqjljh yduldeoh khgghu qévwhq dowlg w/ lghw ghq riwh l dq0
yhqghovhuqh vwèu iru wlghq1 Yduldeohq/ ghu euxjhv wlo ehvnulyhovh di ghq Odsodfh0
wudqviruphuhgh/ khgghu phjhw riwh v/ phq ghq kdu 0 vhoy lnnh l dqyhqghovhuqh 0
qrjhq i|vlvn ehw|gqlqj1
Hnvhpsho 535 Odg i yéuh ghq nrqvwdqwh ixqnwlrq phg yéuglhq 4/ dowvè i +w, @
4 iru dooh w � 31 Yl xqghuvûjhu/ rp i kdu hq Odsodfhwudqviruphuhw1 Yl �qghu hq
vwdpixqnwlrq K wlo h � �

� i +w, @ h � �
� =

K +w, @
]

h � �
� i +w, gw @

]
h � �

� gw @ �4
vh

� �
�

Ghwwh xgwu|nK +w, kdu iru v A 3 hq juéqvhyéugl iru w $ 41 Lqwhjudohw U 	
� h � �

� i +w,gw
hu ghuiru nrqyhujhqw iru v A 3/ rj yl kdu

O i4j +v, @ olp� � 	 K +w,�K +3, @ 4
v

<6



<7 NDSLWHO :1 ODSODFHWUDQVIRUPDWLRQ

hoohu dqghuohghv vnuhyhw

O i4j +v, @ ] 	

�
h � �

� gw @
��4

vh
� �

�
� 	
�

@ 4
v

iru v A 31
Ehpéunqlqj 536 Pdq vhu wlw vnuhyhw O +i,/ kyru yl suûyhu dw vnulyh O iij +v,1
Hnvhpshoylv vnulyhv riwh O +4, @ �

� 1
Hnvhpsho 537 Odg i yéuh jlyhw yhg i +w, @ w iru w � 31 Vè kdu yl iru v A 3

O iij +v, @
] 	

�
h � �

� wgw @
��4

vh
� �

� w
� 	
�

. 4
v
] 	

�
h � �

� gw

@ 3 . 4
vO i4j +v, @ 4

v �

Yl kdu khu euxjw/ dw olp � � 	 wh � �
� @ 3 iru v A 31

Ehpéunqlqj 538 Vhoy rp ghw ndq ylunh iruyluuhqgh sè vydjh vméoh/ vhu pdq
riwh vnulyhpèghq= O +w, @ �

�
� 1 Phg hq whuplqrorjl nhqgw iud Pdsoh nxqqh hq khow

nruuhnw vnulyhpègh yéuh
O iw :�$ wj +v, @ 4

v �

kylv pdq gd lnnh kdu jlyhw ixqnwlrqhq w :�$ w hw qdyq/ vrp yl idnwlvn jmrugh l
hnvhpsohw ryhqiru1 Vnulyhpèghq O +i +w,, pè lnnh iè ìq wlo dw wur/ dw O +i +w,,
dikéqjhu di hq yduldeho w1 Ghw jûu ghq lnnh1 Ghq dikéqjhu wlo jhqjéog di hq
yduldeho v/ vrp vohw lnnh vhv1 Odsodfhnrppdqgrhq l Pdsoh kdu v|qwdnvhq odsodfh+
i+w,/ w/ v,>
Hnvhpsho 539 Odg i yéuh jlyhw yhg i +w, @ w � iru w � 31 Vè kdu yl iru v A 3

O iij +v, @
] 	

�
h � �

� w � gw @
��4

vh
� �

� w �
� 	
�

. 5
v
] 	

�
h � �

� wgw

@ 3 . 5
vO iw $ wj +v, @ 5

v �

Yl kdu khu euxjw/ dw olp � � 	 w � h � �
� @ 3 iru v A 31

Hnvhpsho 53: Odg i yéuh jlyhw yhg i +w, @ w � iru w � 31 Vè kdu yl iru v A 3

O iij +v, @
] 	

�
h � �

� w � gw @
��4

vh
� �

� w �
� 	
�

. 6
v
] 	

�
h � �

� w � gw

@ 3 . 6
vO

�w $ w � � +v, @ 9
v �

Yl kdu khu euxjw/ dw olp � � 	 w � h � �
� @ 3 iru v A 31



<8

Pdq ehj|qghu qrn dw nxqqh vh hw jhqhuhow uhvxowdw1 Yl kdu gd rjvè iûojhqgh
véwqlqj1
Véwqlqj 53; Iru q 5 ]/ rj q � 3 jéoghu

O iw $ w � j +v, @ q$
v � � �

iru v A 31 Iru q @ 3 vndo pdq hulqguh/ dw 3$ @ 3 su1 gh�qlwlrq1 Hq nruw +phq
ohw plviruvwèhw, vnulyhpègh iru uhvxowdwhw hu

O iw � j @ q$
v � � �

Ehylv1 Ehylvhw iru ghqqh sèvwdqg ndq jûuhv yhg lqgxnwlrq/ lghw yl kdu

O�w $ w � � � � +v, @
] 	

�
h � �

� w � � � gw @
��4

vh
� �

� w � � �
� 	
�

. q. 4
v

] 	

�
h � �

� w � gw

@ 3 . q. 4
v O iw $ w � j +v, @ q. 4

v O iw $ w � j +v,
dqwdjhu yl ghuiru doohgh iru hq hoohu dqghq yéugl di q ylvw/ dw O iw $ w � j +v, @

���
�����

� / vè kdu yl ghuiru

O�w $ w � � � � +v, @ q. 4
v O +w � , @ +q. 4,$

v � � �

kyruphg irupohq dowvè rjvè jéoghu iru ghw qévwh khoh wdo hiwhu q/ dowvè q . 41
Phq yl yhg/ dw irupohq jéoghu iru q @ 3/ ghuiru jéoghu ghq dowvè rjvè iru q @ 4/
rj ghuiru iru q @ 5/ rj ghuiru iru q @ 6/ rvy1
Hnvhpsho 53< Odg i yéuh jlyhw yhg i +w, @ h 
 � iru w � 3/ kyru d hu hq uhho
nrqvwdqw1 Vè kdu yl iru v A d

O iij +v, @
] 	

�
h � �

� h 
 � gw @
] 	

�
h � � � � 
 � � gw

@
�� 4

v� dh
� � � � 
 � �

� 	
�

@ 4
v� d

Sè nruw irup= O ih 
 � j @ �
� � 
 1

Yl ndq kxuwljw jhqhudolvhuh ghwwh uhvxowdw=
Véwqlqj 543 Odg j yéuh hq jlyhq ixqnwlrq gh�qhuhw sè ^3>4^1 Dqwdj/ dw j
kdu hq Odsodfhwudqviruphuhw j +v, gh�qhuhw iru v A v � 1 Odg i yéuh jlyhw yhg
i +w, @ h 
 � j +w, iru w � 3/ kyru d hu hq uhho nrqvwdqw1 Vè kdu yl iru v A d. v � dw
i rjvè kdu hq Odsodfhwudqviruphuhw rj ghqqh hu jlyhw yhg

O iij +v, @ O ijj +v� d,
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Ehylv1 Ehylvhw hu ohw1 Iru v A d. v � jéoghu

O iij +v, @
] 	

�
h � �

� h 
 � j +w,gw @
] 	

�
h � � � � 
 � � j +w,gw

@ O ijj +v� d,

Hnvhpsho 544 Yl ylo yhg euxj di véwqlqjhq ryhqiru �qgh ghq Odsodfhwudqv0
iruphuhgh di ixqnwlrqhq w :�$ w � h 
 � / qèu q hu hw khow lnnh0qhjdwlyw wdo1 Yl kdu

O�w :�$ w � h 
 � � +v, @ O iw :�$ w � j +v� d, @ q$
+v� d, � � �

hoohu sè hq nruwhuh irup
O�w � h 
 � � @ q$

+v� d, � � �

Hnvhpsho 545 Odg i yéuh ixqnwlrqhq jlyhw yhg i +w, @ vlq$w iru w � 3 Khu hu
$ hq uhho nrqvwdqw1 Yl ylo �qgh ghq Odsodfhwudqviruphuhgh iru i 1 Yl ylo xgq|wwh/
dw vlq$w @ Lp �h � �

� �/ vdpw dw O +h 
 � , @ �
� � 
 vhoy qèu d 5 F1 Khu pè vè iruodqjhv/

dw v A Uh d1 Khuphg �qghu yl iru v A 3
O iw $ vlq$wj +v, @ O�w $ Lp h � �

� � +v, @ LpO�w $ h � �
� � +v,

@ Lp
� 4
v� l$

�
@ Lp

� v. l$
v � . $ �

�
@ $

v � . $ �

Khuphg kdu yl rjvè ghq Odsodfhwudqviruphuhgh di frv$w=
O iw $ frv$wj +v, @ O�w $ Uh h � �

� � +v, @ UhO�w $ h � �
� � +v,

@ Uh
� 4
v� l$

�
@ Uh

� v. l$
v � . $ �

�
@ v

v � . $ �

Iûu yl jèu ylghuh/ odg rv ehpéunh/ dw Odsodfhwudqvirupdwlrqhq hu hq olqhéu
rshudwru1 Ghwwh hu lqgkroghw l iûojhqgh véwqlqj1

Véwqlqj 546 Odg i rj j ehjjh kdyh hq Odsodfhwudqviruphuhw1 Odg n yéuh hq
nrqvwdqw1 Vè kdu i . j rj ni hq Odsodfhwudqviruphuhw/ rj ghu jéoghu

O ii . jj @ O iij. O ijj
O inij @ nO iij

Ehylv1 Iûojhu di/ dw ghq Odsodfhwudqviruphuhgh hu hw lqwhjudo/ rj iru lqwh0
judohu jéoghu hq vègdq sèvwdqg1
Ehpéunqlqj 547 Dgyduvho= Ghq Odsodfhwudqviruphuhgh di hw surgxnw ij hu
lnnh surgxnwhw di gh Odsodfhwudqviruphuhgh$



<:

Iru kylonh ixqnwlrqhu ndq yl sè irukèqg jdudqwhuh hnvlvwhqvhq di hq Odsodfh0
wudqviruphuhwB Khurp jéoghu hq véwqlqj/ kylv irupxohulqj nuéyhu hq gh�qlwlrq
iûuvw1
Gh�qlwlrq 548 Hq uhho +hoohu nrpsohnv, ixqnwlrq gh�qhuhw sè ^3>4^ ndoghv hn0
vsrqhqwlhow ehjuéqvhw/ kylv ghu hnvlvwhuhu wdo � 5 U rj P 5 U � / vè

mi +w,m � Ph � �

iru dooh w � 31
Véwqlqj 549 Odg i yéuh hq sè lqwhuydoohw ^3>4^ vw|nnhylvw nrqwlqxhuw ixqn0
wlrq1 Dqwdj/ dw i hu hnvsrqhqwlhow ehjuéqvhw1 Vè kdu i hq Odsodfhwudqviruphuhw1

Ehylv1Yl xgq|wwhu vdpphqoljqlqjvvéwqlqjhq iru xhjhqwoljh lqwhjudohu1 Ghqqh
eohy wlgoljhuh irupxohuhw iru nrqwlqxhuwh lqwhjudqghu/ phq ghq jéoghu rjvè iru
vw|nnhylvw nrqwlqxhuwh lqwhjudqghu1 Yl kdu/ dw ghu �qghv wdo � 5 U rj P 5 U � /
vè mi +w,m � Ph � �

iru dooh w � 31 Ghuiru kdu yl rjvè/ dw��h � �
� i +w,�� � Ph � � � � � � �

Phq ghw xhjhqwoljh lqwhjudo ] 	

�
Ph � � � � � � � gw

hu nrqyhujhqw iru v A �1 Dowvè hu rjvè ghw xhjhqwoljh lqwhjudo] 	

�
h � �

� i +w,gw

nrqyhujhqw iru v A �1
Ehpéunqlqj 54: Ghw vhv ohw di ehylvhw ryhqiru/ dw ghw lnnh hu qûgyhqgljw dw
nuéyh i hnvsrqhqwlhow ehjuéqvhw1 Ghw hu wlovwuénnholjw dw dqwdjh rp i / dw ghw
xhjhqwoljh lqwhjudo ] 	

�
h � � � mi +w,m gw

hu nrqyhujhqw1 Yl kdu mr iru v � � rj dooh w � 3/ dw
h � �

� mi +w,m � h � � � mi +w,m
kyruhiwhu vdpphqoljqlqjvvéwqlqjhq vrp l ehylvhw jlyhu hnvlvwhqvhq di ghq Odsodfh0
wudqviruphuhgh di i 1



<; NDSLWHO :1 ODSODFHWUDQVIRUPDWLRQ

Hnvhpsho 54; Ixqnwlrqhq i jlyhw yhg
i +w, @ h � �sw

iru w A 3 hu lnnh hnvsrqhqwlhow ehjuéqvhw hiwhu ghq gh�qlwlrq yl jdy/ phq ghw
xhjhqwoljh lqwhjudo] 	

�
h � � � mi +w,m gw @ ] 	

�
h � � � h � �swgw @

] 	

�

h � �sw gw
hu nrqyhujhqw/ kylonhw ohwwhvw vhv yhg rsgholqj] 	

�

h � �sw gw @
] �

�

h � �sw gw.
] 	

�

h � �sw gw
Gd yl iru 3 ? w � 4 kdu

h � �sw � 4sw
rj gd U �

�
�� � gw hu nrqyhujhqw/ hu rjvè U �

�
���

�

� � gw nrqyhujhqw1 Gd yl iru w � 4 kdu
h � �sw � h � �

rj gd U 	
� h � � gw hu nrqyhujhqw/ hu rjvè U 	

�
���

�

� � gw nrqyhujhqw1 Ghuphg hu vè rjvèU 	
�

���
�

� � gw nrqyhujhqw1 Yl nrqnoxghuhu/ dw ghq Odsodfhwudqviruphuhgh O iij +v,
hnvlvwhuhu iru v � 61 +Vrp ghw ohw vhv/ ndq ghwwh iruehguhv wlo v A 5,1 Ghq
Odsodfhwudqviruphuhgh ndq lûyuljw xguhjqhv wlo t �

� � � 1
Ghu jéoghu iûojhqgh véwqlqj/ vrp yl

:1319 Hnvlvwhqv di ghq lqyhuvh Odsodfhwudqvirupdwlrq
Dqwdj/ dw yl kdu xguhjqhw ghq Odsodfhwudqviruphuhgh di hq ixqnwlrq i rj qhg0
vnuhyhw uhvxowdwhw i 1 Vhqhuh johpphu yl/ kylonhq ixqnwlrq i / ghw ydu yl Odsodfh0
wudqviruphuhgh1 Ndq yl �qgh i ljhq xgiud nhqgvndehw wlo i B Hu ghu hyw1 dq0
guh ixqnwlrqhu/ ghu kdu vdpph Odsodfhwudqviruphuhgh vrp i B Hw dqghw phq
ehvoéjwhw vsûujvpèo= Jlyhw hw xgwu|n l yduldeohq v1 Hu ghwwh xgwu|n ghq Odsodfh0
wudqviruphuhgh di hq hoohu dqghq ixqnwlrq i B

Yl vndo khu nxq ehvnéiwljh rv phg ghw iûuvwh vsûujvpèo/ rj hqggd nxq phg
hq gho di ghw= Jlyhw dw hw xgwu|n l ghq yduldeoh v idnwlvn hu ghq Odsodfhwudqv0
iruphuhgh di hq hoohu dqghq ixqnwlrq1 Hu ghqqh ixqnwlrq hqw|gljw ehvwhpwB

Iru dw iruvwè sureohpvwloolqjhq jlyhu yl wr vlpsoh hnvhpsohu1
Hnvhpsho 54< Ixqnwlrqhq i jlyhw yhg i +w, @ 7w jlyhu yhg lqwhjudwlrq iud 3 wlo
4 ] �

�
i +w, gw @

] �

�
7wgw @ 5



<<

Ghw vdpph jlyhu ixqnwlrqhq j jlyhw yhg j +w, @ � vlq�w=
] �

�
j +w,gw @

] �

�
� vlq�wgw @ ^� frv�w` �

� @ 5

Gh wr ylgw iruvnhooljh ixqnwlrqhu i rj j kdu vdpph ehvwhpwh lqwhjudo sè ^3> 4`1

Hnvhpsho 553 Ixqnwlrqhq i jlyhw yhg i +w, @ 7w jlyhu yhg lqwhjudwlrq iud 3 wlo
{ ] �

�
i +w,gw @

] �

�
7wgw @ 5{ �

iru dooh { 5 U1 Dohqh xgiud nhqgvndehw wlo/ dw U �� i +w, gw @ 5{ � iru dooh { 5 U ndq
yl ehvwhpph i / grj phg ghw iruehkrog/ dw yl nxq vûjhu hq nrqwlqxhuw ixqnwlrq i 1
Hu i qhpolj nrqwlqxhuw/ vè hu ixqnwlrqhq I +{, @ U �

� i +w,gw gl�huhqwldeho phg
gl�huhqwldonyrwlhqw jlyhw yhg I � +{, @ i +{,1 Phq gd rjvè I +{, @ 5{ � / kdu yl
dowvè/ dw i +{, @ I � +{, @ 7{ iru dooh { 5 U1 Khuphg hu i uhnrqvwuxhuhw xgiud
I xqghu iruxgvéwqlqj di/ dw i ydu nrqwlqxhuw1 Xghq ghqqh iruxgvéwqlqj hu ghu
xhqgholjw pdqjh ixqnwlrqhu i / ghu rsi|oghu U �

� i +w,gw @ 5{ � iru dooh { 5 U/
qhpolj i1hnv1 gh ixqnwlrqhu/ ghu nxq diyljhu iud ghw nrqwlqxhuwh i l hqgholjw
pdqjh sxqnwhu1

Véwqlqj 554 Odg i rj j yéuh vw|nnhylvw nrqwlqxhuwh ixqnwlrqhu sè ^3>4^/ rj
odg ehjjh yéuh hnvsrqhqwlhow ehjuéqvhgh1 Vè jéoghu/ dw kylv ghu hnvlvwhuhu hw wdo
v � / vè O iij +v, @ O ijj +v, iru dooh v A v � / vè diyljhu i rj j kûmvw iud klqdqghq
l ghuhv vsulqjsxqnwhu1

Ehylv1 Ehylvhw hu ghvyéuuh uhw lqgylnohw1 Yl vsulqjhu ghw ryhu1
Gh�qlwlrq 555 Ghq lqyhuvh Odsodfhwudqvirupdwlrq O � � gh�qhuhv sè péqj0
ghq di Odsodfhwudqviruphuhgh vw|nnhylvw nrqwlqxhuwh rj hnvsrqhqwlhow ehjuéqvhgh
ixqnwlrqhu sè iûojhqgh pègh1 Kylv k @ O iij/ vè gh�qhuhv O � � ikj wlo i 1 Dowvè

O � � ikj @ i +, k @ O iij
Yl pè vè ohyh phg/ dw ghu ndq eolyh glvnxvvlrq rp yéuglhq di i l hyw1 vsulqj0
sxqnwhu1

Hnvhpsho 556 Gd O iw $ vlq +$w,j +v, @ �

�
� �

�
� kdu yl/ dw O � �

q
�

�
� �

�
�

r
+w, @

vlq +$w,1 Hqkyhu wdeho ryhu Odsodfhwudqviruphuhgh ndq rjvè euxjhv vrp wdeho ryhu
lqyhuvh Odsodfhwudqviruphuhgh1 Phq oljhvrp hq Hqjhovn0Gdqvn rugerj lnnh hu
véuolj hjqhw vrp Gdqvn0Hqjhovn rugerj/ hu ghw dw iruhwuénnh dw kdyh hq vhsdudw
wdeho ryhu lqyhuvh Odsodfhwudqviruphuhgh1 L yruh gdjh hu ghw grj phjhw ohwwhuh dw
euxjh hw frpsxwhusurjudp vrp i1hnv1 Pdsoh1
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:131: Gl�huhqwldwlrqvuhjohq
Odsodfhwudqvirupdwlrqhqv hnvlvwhqvehuhwwljhovh vn|oghv sulpéuw ghq iûojhqgh
véwqlqj1
Véwqlqj 557 Odg sè lqwhuydoohw ^3>4^ ixqnwlrqhq i yéuh nrqwlqxhuw rj gl�hu0
hqwldeho sè qéu hyw1 l hqgholjw pdqjh sxqnwhu1 Dqwdj/ dw i � hu vw|nnhylvw nrq0
wlqxhuw/ rj dw i hu hnvsrqhqwlhow ehjuéqvhw/ gyv1 mi +w,m � Ph � � 1 Vè jéoghu iru
v A �/ dw

O ii � j +v, @ vO iij +v,� i +3,
hoohu dqghuohghv vnuhyhw

O ii � j +v, @ vi +v,� i +3,
Kylv i hu hq sè lqwhuydoohw ^3>4^ gl�huhqwldeho ixqnwlrq iru kylonhq i � hu

nrqwlqxhuw rj gl�huhqwldeho sè qéu hyw1 l hqgholjw pdqjh sxqnwhu rj hnvsrqhqwlhow
ehjuéqvhw/ vè jéoghu/ dw

O ii � � j +v, @ v � O iij +v,� vi +3,� i � +3,
Ehylv1 Yl ehpéunhu iûuvw/ dw irupohq iru ghoylv lqwhjudwlrq] �



j +w, i � +w,gw @ ^j +w, i +w,` �
 � ] �



j � +w, i +w,gw

jéoghu/ qèu eorw i rj j hu nrqwlqxhuwh rj gl�huhqwldeoh sè qéu hyw1 l hqgholjw
pdqjh sxqnwhu/ rj qèu i � rj j � hu vw|nnhylvw nrqwlqxhuwh1 Odg W A 31 Yl kdu
yhg ghoylv lqwhjudwlrq] �

�
h � �

� i � +w,gw @ �h � �
� i +w,� �

� � ] �

�
�vh � �

� i +w,gw

@ h � �
� i +W ,� i +3, . v

] �

�
h � �

� i +w,gw
Yl euxjhu qx/ dw ghu iru dooh w � 3 jéoghu��h � �

� i +w,�� � h � �
� Ph � � @ Ph � � � � � � �

vèohghv/ dw olp � � 	 h � �
� i +W , @ 3/ qèu v A �1 Hqgylghuh yhg yl/ dw i kdu hq

Odsodfhwudqviruphuhw/ vèohghv dw] �

�
h � �

� i +w,gw $ O iij +v, @ i +v,

Khuphg iûojhu/ dw U �

� h � �
� i � +w,gw kdu hq juéqvhyéugl iru W $ 4/ gyv1 dw O ii � j

hnvlvwhuhu/ rj dw

O ii � j +v, @ olp� � 	

] �

�
h � �

� i � +w,gw @ olp� � 	 h � �
� i +W ,� i +3, . v olp� � 	

] �

�
h � �

� i +w,gw
@ 3� i +3, . vi +v,
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Véwqlqjhqv dqghq gho ièv yhg jhqwdjhq dqyhqghovh di ghq iûuvwh/ lghw yl grj iûuvw
ehpéunhu/ dw i � hnvsrqhqwlhow ehjuéqvhw phgiûuhu/ dw i rjvè hu hnvsrqhqwlhow
ehjuéqvhw1 Khuhiwhu ndq iûuvwh gho dqyhqghv wr jdqjh vèohghv=
O ii � � j +v, @ O

q
+i � , �

r
+v, @ vO ii � j +v,� i � +3, @ v +vO iij +v,� i +3,,� i � +3,

@ v � O iij +v,� vi +3,� i � +3,

Hnvhpsho 558 Gd �
� � vlq$w @ $ frv$w kdu yl phg nruw vnulyhpègh

$O ifrv$wj @ O i$ frv$wj @ O
� g
gw vlq$w

�

@ vO ivlq$wj � vlq +$3, @ v $
v � . $ �

kylonhw vwhpphu �qw ryhuhqv phg/ dw yl wlgoljhuh idqgw O ifrv$wj @ �

�
� �

�
� 1

Hnvhpsho 559 Yl ylo oûvh gl�huhqwldooljqlqjhq
| � � | @ vlq w

phg ehj|qghovhvyéuglehwlqjhovhq | +3, @ 41 Lghw yl iruyhqwhu/ dw oûvqlqjhq kdu hq
Odsodfhwudqviruphuhw/ Odsodfhwudqviruphuhu yl ehjjh vlghu di gl�huhqwldooljqlq0
jhq rj ièu

O i| � j � O i|j @ O ivlq wj
dowvè kdu yl iru v wlovwuénnholjw vwru

v| +v,� | +3,� | +v, @ 4
v � . 4

Khudi �qghu yl
+v� 4, | +v, @ 4 . 4

v � . 4
Dowvè ièv

| +v, @ 4
v� 4 . 4

+v � . 4, +v� 4,
@ 4

v� 4 . 4
5 +v� 4, � 4

5
v. 4
v � . 4

@ 6
5

4
v� 4 � 4

5
v

v � . 4 � 4
5

4
v � . 4

Khuphg �qghu yl yhg wloedjhwudqvirupdwlrq
| +w, @ 6

5O
� �

� 4
v� 4

�� 4
5O

� �
� v
v � . 4

�� 4
5O

� �
� 4
v � . 4

�

@ 6
5h

� � 4
5 frv w� 4

5 vlq w
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Hnvhpsho 55: Yl ylo xqghuvûjh oûvqlqjhq di hq olqhéu gl�huhqwldooljqlqj phg
nrqvwdqwh nrh!flhqwhu yhg Odsodfhwudqvirupdwlrq1 Ehwudjw ghuiru gl�huhqwldo0
oljqlqjhq

d| � � . e| � . f| @ t +w,
kyru d> e rj f hu uhhooh nrqvwdqwhu/ rj kyru t hu hq ixqnwlrq gh�qhuhw sè ^3>4^/
vrp kdu hq Odsodfhwudqviruphuhw1 Yhg Odsodfhwudqvirupdwlrq ièv

d �v � | +v,� v| +3,� | � +3,�. e +v| +v,� | +3,, . f| +v, @ t +v,
Hiwhu rprugqlqj ièv�dv � . ev. f� | +v, @ +dv. e, | +3, . d| � +3, . t +v,
Nrh!flhqwhq wlo | +v, jhqnhqghu yl vrp ndudnwhusro|qrplhw iru gl�huhqwldooljqlq0
jhq1 Ylghuh ièv

| +v, @ +dv. e, | +3, . d| � +3,
dv � . ev. f . t +v,

dv � . ev. f
Vèoéqjh ehj|qghovhvyéuglhuqh | +3, rj | � +3, lnnh hu jlyqh/ ndq glvvh rsidwwhv
vrp duelwuéuh nrqvwdqwhu1 Yhg wloedjhwudqvirupdwlrq ylo

O � �
� +dv. e, | +3, . d| � +3,

dv � . ev. f
�

uhsuévhqwhuh ghq ixogvwéqgljh oûvqlqj wlo ghq krprjhqh oljqlqj rj
O � �

� t +v,
dv � . ev. f

�

hq sduwlnxoéu oûvqlqj wlo ghq lqkrprjhqh oljqlqj1 Ehwudjw vrp nrqnuhw hnvhpsho
gl�huhqwldooljqlqjhq

| � � . | @ vlq w
Khu �qghu yl yhg Odsodfhwudqvirupdwlrq vrp ryhqiru/ dw

| +v, @ v| +3, . | � +3,
v � . 4 . 4

+v � . 4, �

Yhg wloedjhwudqvirupdwlrq ièv

| +w, @ | +3, frv w. | � +3, vlq w. O � �

+ 4
+v � . 4, �

,

@ | +3, frv w. | � +3, vlq w. 4
5 vlq w� 4

5 w frv w
Véwqlqj 55; Odg i yéuh vw|nnhylvw nrqwlqxhuw rj hnvsrqhqwlhow ehjuéqvhw sè
^3>4^1 Vè jéoghu/ dw

O iw $ wi +w,j +v, @ � g
gvO iij +v,
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Ehylv1 Phg mi +w, � Ph � � m kdu yl/ dw
O iij +v, @ ] 	

�
h � �

� i +w,gw

hu hq gl�huhqwldeho ixqnwlrq di v/ qèu v A �1 Ghvxghq rsqèv gl�huhqwldonyrwlhq0
whq yhg eorw dw gl�huhqwlhuh xqghu lqwhjudowhjqhw1 Khuphg ièv

g
gvO iij +v, @ g

gv
] 	

�
h � �

� i +w, gw @
] 	

�

g
gvh

� �
� i +w, gw

@
] 	

�
�wh � �

� i +w,gw @ �O iw $ wi +w,j +v,

Hnvhpsho 55< Yl kdu phg euxj di nruw irup/ dw

O iw frv wj @ � g
gvO ifrv wj @ � g

gv
� v
v � . 4

�
@ v � � 4

+v � . 4, �

Gd yl rjvè kdu/ dw
O ivlq wj @ 4

v � . 4 @ v � . 4
+v � . 4, �

�qghu yl dowvè/ dw
O ivlq w� w frv wj @ 5

+v � . 4, �

Ehpéun/ dw yl euxjwh ghwwh uhvxowdw l hnvhpsohw ryhqiru1
Hnvhpsho 563 Yl ndq jhq�qgh uhvxowdwhw O iw � j @ ���

� � �
� iru q kho rj lnnh qhj0

dwly yhg euxj di véwqlqjhq ryhqiru sè iûojhqgh pègh1 Yl jèu xgiud O i4j @ v � � 1
Khuhiwhu �qghu yl

O iwj @ O iw � 4j @ � g
gvO i4j @ � g

gv
�v � � � @ v � �

O�w � � @ O iw � wj @ � g
gvO iwj @ � g

gv
�v � � � @ 5v � �

O�w � � @ O�w � w � � @ � g
gvO

�w � � @ � g
gv

�5v � � � @ 6$v � �

rj vè iuhpghohv1

:131; Khdylvlghv ixqnwlrq1 Iruvlqnhovhvuhjohq1
Gh�qlwlrq 564 Khdylvlghv ixqnwlrq x hu ixqnwlrqhq

x +w, @
� 4 iru w � 3

3 iru w ? 3
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Ehpéunqlqj 565 Yl kdu gh�qhuhw x +3, @ 41 Kylonhq yéugl x +3, wlooéjjhv hu
qrupdow jdqvnh xlqwhuhvvdqw1 Yl ylo ghuiru qrupdow lnnh wdjh vè wxqjw sè/ kydg
yéuglhq hu l 31 L Pdsoh hu Khdylvlgh+3, xgh�qhuhw1

Q|wwhq di ghqqh vlpsoh ixqnwlrq oljjhu l/ dw hqkyhu Wxeruj0ixqnwlrq ndq
xgwu|nnhv xghq euxj di Wxerujnodpphu/ qèu pdq wloodghu euxjhq di Khdylvlghv
ixqnwlrq1 Lgìhq nrpphu w|gholjw iuhp l hw hnvhpsho1
Hnvhpsho 566 Ghu hu jlyhw ixqnwlrqhq i yhg iruvnuliwhq

i +w, @

;AA?
AA=

w � iru w ? 3
w � iru 3 � w ? 4
4 iru 4 � w ? �

vlq w iru w � �
Ehpéun/ dw ixqnwlrqvxgwu|nnhqh wlo kûmuh hu rugqhw l nurqrorjlvn uénnhiûojh1 Yl
ehj|qghu qx phg dw nrqvwdwhuh/ dw

i +w, @ w �

iru w ? 31 Ghuiru jéoghu vwdgljyén/ dw
i +w, @ w � . x +w, +kydgvrpkhovw,

iru w ? 31 Yl kdu mr qhpolj/ dw x +w, +kydgvrpkhovw, @ 3 iru w ? 31 Ghuqévw
vnulyhu yl

i +w, @ w � . x +w, ��w � . w � �. x +w� 4, +kydgvrpkhovw,
ghu jéoghu iru dooh w ? 41 Yl kdu mr/ dw x +w, @ 4 iru w A 3 rj x +w� 4, @ 3 iru
w ? 41 Qévwh vnulgw=
i +w, @ w � . x +w, ��w � . w � �. x +w� 4, ��w � . 4�. x +w� �, +kydgvrpkhovw,

ghu jéoghu iru dooh w ? �1 Wlo vlgvw �qghu yl
i +w, @ w � . x +w, ��w � . w � �. x +w� 4, ��w � . 4�. x +w� �, +�4 . vlq w,

ghu jéoghu iru dooh w 5 U1
Gh�qlwlrq 567 Odg i yéuh hq ixqnwlrq gh�qhuhw sè ^3>4^ rj odg d A 31 Iru
dw kdyh hq nruw rj ehnyhp vnulyhpègh iru phoohpuhvxowdwhu véwwhu yl

^i +w, �̀�������� �
	����� @ x +w� d, i +w� d,
Véwqlqj 568 Odg i yéuh hq ixqnwlrq/ ghu kdu hq Odsodfhwudqviruphuhw1 Odg
d A 31 Vè jéoghu/ dw

O
q
^i +w, �̀�������� ��	�����

r
+v, @ O ix +w� d, i +w� d,j +v, @ h � 
 � O iij +v,
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ghu rjvè ndq xgwu|nnhv vèohghv
O iw $ x +w� d, i +w,j +v, @ h � 
 � O iw $ i +w. d,j +v,

Ghq lqyhuvh irup di ghq iûuvwh yhuvlrq vhu vèohghv xg/ qèu I hu hq ixqnwlrq/
vrp kdu hq lqyhuv Odsodfhwudqviruphuhw

O � � �h � 
 � I +v,� +w, @ �O � � iIj +w,���������� ��	��� �
Ehylv1 Yl kdu

O ix +w� d, i +w� d,j +v, @
] 	

�
h � �

� x +w� d, i +w� d,gw

@
] 	



h � �

� i +w� d,gw @ h � 
 �

] 	



h � � � � � 
 � i +w� d,gw

@ h � 
 �

] 	

�
h � � � i +�,g� @ h � 
 � O iij +v,

lghw yl kdu euxjw vxevwlwxwlrqhq � @ w� d1
Hnvhpsho 569 Yl ylo �qgh ghq Odsodfhwudqviruphuhgh di Wxerujixqnwlrqhq iud
hnvhpsohw ryhqiru1 Yl idqgw/ dw

i +w, @ w � . x +w, ��w � . w � �. x +w� 4, ��w � . 4�. x +w� �, +�4 . vlq w,
iru dooh w 5 U1 Qx hu ghw mr yhg Odsodfhwudqvirupdwlrq nxq w � 3/ ghu hu di
lqwhuhvvh1 Vè yl ndq vnulyh

i +w, @ w � . x +w� 4, ��w � . 4�. x +w� �, +�4 . vlq w,
jéoghqgh iru w � 31 Yhg Odsodfhwudqvirupdwlrq ièv qx

i +v, @ O�w � �. O�x +w� 4, ��w � . 4��. O ix +w� �, +�4 . vlq w,j
@ 5

v � . h � � O
q� +w. 4, � . 4

r
. h � � � O i�4 . vlq +w. �,j

@ 5
v � . h � � O��w � � 5w�. h � � � O i�4� vlq wj

@ 5
v � � h � �

� 5
v � . 5

v �

�� h � � �

�4
v . 4

v � . 4
�

Hnvhpsho 56: Yl ylo iru w � 3 oûvh gl�huhqwldooljqlqjhq
| � . 5| @ t +w,

kyru
t +w, @

� 7w iru w ? 6
3 iru w � 6
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rj kyru ehj|qghovhvehwlqjhovhq hu | +3, @ 31 Yl rpvnulyhu iûuvw t y1km1d1 Khdyl0
vlghv ixqnwlrq1 Yl �qghu

t +w, @ 7w. x +w� 6, +�7w. 3, @ 7w� x +w� 6, 7w
Yhg Odsodfhwudqvirupdwlrq �qghv

t +v, @ 7
v � � h � �

� O i7 +w. 6,j @ 7
v � � h � �

�

� 7
v � . 45

v
�

rj gl�huhqwldooljqlqjhq jlyhu
v| +v,� | +3, . 5| +v, @ t +v,

Khudi ièv/ gd | +3, @ 3/ dw

| +v, @ t +v,
v. 5 @

�

�
� � h � �

�
� �

�
� . � �

�

�
v. 5

@ 7
v � +v. 5, � h � �

�

� 7
v � +v. 5, .

45
v +v. 5,

�

Yhg wloedjhwudqvirupdwlrqhq ndq yl xgq|wwh/ dw
45

v +v. 5, @ 9
v � 9

v. 5
7

v � +v. 5, @ 5
v � � 4

v . 4
v. 5

vèohghv dw
O � �

� 45
v +v. 5,

�
@ O � �

�9
v � 9

v. 5
�

@ 9� 9h � � �

O � �
� 7
v � +v. 5,

�
@ O � �

� 5
v � � 4

v . 4
v. 5

�
@ 5w� 4 . h � � �

Khuphg kdu yl
| +w, @ 5w� 4 . h � � � � �5w� 4 . h � � � . 9� 9h � � � �

��������� �
	�����

@ 5w� 4 . h � � � � x +w� 6,
�
5 +w� 6,� 4 . h � � � � � � � . 9� 9h � � � � � � � �

@ 5w� 4 . h � � � � x +w� 6,
�
5w� 4� 8h � � � � � � � �

Oûvqlqjhq wlo gl�huhqwldooljqlqjhq hu dowvè vnuhyhw sè Wxerujidfrq
| +w, @

� 5w� 4 . h � � � iru w ? 6
h � � � . 8h � � � � � � � iru w � 6

Khu iûojhu hw sorw di oûvqlqjhq� 5w� 4 . h � � � li w ? 6
h � � � . 8h � � � � � � � li w � 6
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Vnxooh gl�huhqwldooljqlqjhq oûvhv sè ghq végydqoljh pègh xghq euxj di Odsodfh0
wudqvirupdwlrq/ nxqqh pdq jûuh vrp iûojhu1 Oljqlqjhq hu olqhéu1 Sdqvhuirupohq
jlyhu +qèu yl euxjhu ghq yhuvlrq/ ghu euxjhu ehvwhpwh lqwhjudohu,

| +w, @ h � � � ] �

�
h �

� t +�,g� . | � h � � � @ h � � � ] �

�
h �

� t +�, g�
Yl ehwudjwhu qx iûuvw w ? 61 Vè ièv

| +w, @ h � � � ] �

�
h �

� t +�,g� @ h � � � ] �

�
h �

� 7�g�
@ h � � � �5h � � w� h � � . 4� @ 5w� 4 . h � � �

Iru w � 6 ièv

| +w, @ h � � � ] �

�
h �

� t +�,g� @ h � � � ] �

�
h �

� 7�g� . h � � � ] �

�
h �

� 3g�

@ h � � � ] �

�
h �

� 7�g� @ h � � � �8h � . 4�
Yl kdu dowvè +khogljylv, ixqghw vdpph uhvxowdw vrp yhg Odsodfhwudqvirupdwlrq1

:131< Gludfv ghowdixqnwlrq
Ehwudjw hq rpuûuw wdqn phg jhqqhpvwuûpqlqj1 Wdqnhqv uxpidqj hu Y 1 Vwuûpq0
lqjvkdvwljkhghq hu I +yroxphq2wlg,1 Yl kroghu uhjqvnde phg nrqfhqwudwlrqhq
dw hw vwri D= Vwr�hw rpgdqqhv lnnh sè qrjhq pègh l wdqnhq1 Ghq lqgnrpphqgh
nrqfhqwudwlrq di vwri D hu wlo wlghq w jlyhw yhg t +w,/ kyru t hu hq nhqgw vw|nnhylvw
nrquwlqxhuw +rj hnvsrqhqwlhow ehjuéqvhw, ixqnwlrq1 Nrqfhqwudwlrqhq di vwri D
wlo wlghq w hu | +w,1 Ehj|qghovhvnrqfhqwudwlrqhq hu | � = Gl�huhqwldooljqlqjhq iru
pdvvhedodqfhq ièu qx iruphq

g
gw +Y | +w,, @ It +w,� I| +w,
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Ghqqh oljqlqj ndq oûvhv y1km1d1 hqwhq Sdqvhuirupohq hoohu Odsodfhwudqvirupdwlrq1
Qx vnhu ghu lplgohuwlg iûojhqgh=

Wlo wlghq w @ d/ kyru d A 3/ vplghv p nj D l wdqnhq1 Ghwwh wéqnhv dw iruhjè
phjhw kxuwljw/ rj rpuûulqjhq iruxgvéwwhv dw yéuh phjhw h�hnwly1 Lghhow vhw
iruhjèu wlovéwqlqjhq prphqwdqw/ rj pè ghuiru kdyh ghq ylunqlqj/ dw nrqfhqwud0
wlrqhq di vwri D l wdqnhq soxgvholjw éqguhu vlj phg vwûuuhovhq �

� 1 L ghq lghhooh
vlwxdwlrq/ kyru wlovéwqlqjhq lnnh wdjhu qrjhq wlg/ kdu nrqfhqwudwlrqhq | +w, dowvè
hq vsulqjglvnrqwlqxlwhw l sxqnwhw w @ d1 Iru w ? d jéoghu gl�huhqwldooljqlqjhq
iru pdvvhedodqfhq vwdgljyén1 Ghw jûu ghq lplgohuwlg rjvè iru w A d1 Iru w @ d
jlyhu ghq vohw lqjhq phqlqj/ lghw | +w, lnnh hqjdqj hu nrqwlqxhuw iru w @ d/ rj
ghuiru vhoyiûojholj khoohu lnnh gl�ihuhqwldeho1

Hq pègh dw dw oûvh ghwwh q|h sureohp sè/ hu iûojhqgh=
41 Oûv gl�huhqwldooljqlqjhq iru w 5 ^3> d^ y1km1d1 Sdqvhuirupohq rj euxj di

ehj|qghovhvyéuglhq | +3, @ | � 1 Ehvwhp juéqvhyéuglhq | � @ olp ��� 
 | +w,1
Ghwwh jûuhv l uhdolwhwhq yhg eorw dw lqgvéwwh w @ d l ghq iru w 5 ^3> d^
ixqgqh oûvqlqj1

51 Oûv gl�huhqwldooljqlqjhq iru w 5 ^d>4^ y1km1d1 Sdqvhuirupohq rj euxj di
ehj|qghovhvyéuglhq | +d, @ | � . �

� @ olp ��� 
 | +w, . �
� 1

Ghq ehvnuhyqh phwrgh hu ryhunrppholj l ghw vlpsoh wloiéogh/ vrp yl khu
ehwudjwhu1 Hq dqghq phwrgh/ ghu xgq|wwhu Odsodfhwudqvirupdwlrqhq/ kdu ghq
irugho/ dw ghq l phuh nrpsolfhuhgh vdpphqkéqjh hu ehw|gholjw ohwwhuh dw euxjh1
Yl ehvnulyhu qx ghqqh phwrgh1

Yl ylo iûuvw iruhvwlooh rv/ dw wlovéwqlqjhq di vwri D vnhu ryhu hw olooh wlgvuxp
rpnulqj wlgvsxqnwhw d/ odg rv vljh ^d� %> d. %`/ kyru 3 ? % ? d1 Yl iruhvwloohu
rv/ dw ghq su1 wlgvhqkhg wloiûuwh vwripéqjgh D hu jlyhw yhg p�

�
+w� d,/ kyru

ixqnwlrqhq �
�
hu hq +vw|nnhylvw nrqwlqxhuw, ixqnwlrq/ vrp hu lnnh0qhjdwly/ olj

qxo xghqiru lqwhuydoohw ^�%> %` rj rsi|oghu] 	

� 	
�
�
+w,gw @

]
�

�
�

�
�
+w,gw @ 4

Khuyhg rsqèv/ dw ghq wrwdow wloiûuwh pdvvh di vwri D hu] 	

�
p�

�
+w� d,gw @

] 
 �

�


 �
�

p�
�
+w� d,gw @

]
�

�
�

p�
�
+�,g� @ p

Gl�huhqwldooljqlqjhq iru pdvvhedodqfhq eolyhu qx
g
gw +Y |

�
+w,, @ It +w,� I|

�
+w, .p�

�
+w� d,

Yl hu qdwxuoljylv lnnh l sudnvlv l vwdqg wlo dw jlyhw iruoûehw di ixqnwlrqhq �
�
1

Ghq idnwlvnh vlwxdwlrq l ghw ehvnuhyqh wloiéogh hu mr/ dw ghu l hw nruw wlgvuxp
rpnulqj w @ d ryhukryhghw lnnh hu qrjhq yhogh�qhuhw nrqfhqwudwlrq l wdqnhq/ l
kyhuwidog lnnh hq nrqfhqwudwlrq/ ghu hu xdikéqjlj di srvlwlrqhq l wdqnhq1 Euxjhq
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di ixqnwlrqhq �
�
hu dowvè hq �nwlrq/ oljhvè yho vrp ghw hu �nwlrq dw wur/ dw wlovéw0

qlqjhq ndq iruhjè prphqwdqw1 Yl iruiûojhu grj wdqnhjdqjhq1 Yl ylo xqghuvûjh/
kydg ghu vnhu/ kylv yl oûvhu gl�huhqwldooljqlqjhq yhg Odsodfhwudqvirupdwlrq rj
ghuhiwhu odghu % $ 31 Iûuvw pè yl ghuiru xqghuvûjh ghq Odsodfhwudqviruphuhgh
di �

�
+w� d,/ vshflhow kydg dqjèu juéqvhyéuglhq iru % $ 3/ kylv ghq gd hoohuv

hnvlvwhuhu1 Yl �qghu
O i�

�
+w� d,j +v, @ ] 	

�
h � �

� �
�
+w� d,gw @

] 
 �

�


 �
�

h � �
� �
�
+w� d,gw

Yl ylo ylvh/ dw juéqvhyéuglhq iru % $ 3 iru ghwwh xgwu|n hu h � 
 � 1 Ehylvhw iruoûehu
vèohghv/ qèu yl iruxgvéwwhu/ dw v A 3=
��O i�

�
+w� d,j +v,� h � 
 �

�� @
����
] 
 �

�


 �
�

h � �
� �
�
+w� d,gw� h � 
 �

����
@

����
] 
 �

�


 �
�

h � �
� �
�
+w� d,gw� ] 
 �

�


 �
�

h � 
 � �
�
+w� d, gw

����
@

����
] 
 �

�


 �
�

�h � �
� � h � 
 �

� �
�
+w� d,gw

����
� ] 
 �

�


 �
�

h � 
 �
���h � � � � � 
 � � 4

��� � � +w� d,gw

@ h � 
 �

]
�

�
�

��h � � � � 4�� �
�
+�,g� � h � 
 � +h � � � 4,

]
�

�
�

�
�
+�, g�

@ h � 
 � +h � � � 4, � h � � � 4
Yl ndq dowvè wlo hwkyhuw v A 3 jûuh iruvnhoohq O +�

�
+w� d,, � h � 
 � vè olooh qx0

phulvn vhw/ vrp yl ylo/ yhg eorw dw jûuh % olooh1 Yl kdu dowvè rsqèhw ghw eh0
péunhovhvyéugljh uhvxowdw/ dw vhoy rp juéqvhyéuglhq olp

�
� � � � +w� d, lnnh hnvlv0

whuhu l qrjhq végydqolj iruvwdqg/ vè hnvlvwhuhu grj juéqvhyéuglhq olp
�

� � O +� � +w� d,,
rj hu olj phg h � 
 � 1

Yl �qghu yhg Odsodfhwudqvirupdwlrq/ dw
Y v|

�
+v,� Y | � @ It +v,� I|

�
+v, .pO +� � +w� d,,

Khudi �qghu yl
|
�
+v, @ Y | � . It +v, .pO +� � +w� d,,

Y v. I
Yl vhu/ dw kûmuhvlghq kdu jéqvhyéuglhq

Y | � . It +v, .ph � 
 �

Y v. I
iru % $ 31 Vrp qéyqw wlgoljhuh kdu ghw lghhooh sureohp hq oûvqlqj/ ghu ndq rsqèv
yhg euxj di Sdqvhuirupohq1 Ghw hu lnnh xulpholjw dw iruprgh/ dw ghqqh oûvqlqj
qhwrs kdu Odsodfhwudqviruphuhw | +v, jlyhw yhg ghw ixqgqh xgwu|n/ dowvè

| +v, @ Y | � . It +v, .ph � 
 �

Y v. I



443 NDSLWHO :1 ODSODFHWUDQVIRUPDWLRQ

Iruprgqlqjhq ylvhu vlj dw krogh l ghw nrqnuhwh wloiéogh1 Ghq iruhvoèhgh phwrgh
hu qx vrp iûojhu1 Ghq prphqwdqh wloiûuvho di vwri wlo wlghq w @ d uhsuévhqwhuhv l
pdvvhedodqfhq yhg hw wloiûuvhovohg p� +w� d,/

g
gw +Y | +w,, @ It +w,� I| +w, .p� +w� d,

kyru � hu Gludfv ghowdixqnwlrq/ vrp hjhqwolj lnnh hnvlvwhuhu vrp hq ixqnwlrq l
végydqolj iruvwdqg/ lghw ghq vnxooh yéuh juéqvhyéuglhq olp

�
� � � � +w,/ vrp hu qxo

iru w 9@ 3 rj 4 iru w @ 31 Kylv ghqqh vwriwloiûuvho vndo eulqjh hq pdvvh sè p wlo
wdqnhq vndo lnnh ghvwr plqguh] 	

�
p� +w� d,gw @ p

dowvè ] 	

�
� +w� d,gw @ 4

iru d A 31 Ehkdqgohu pdq lplgohuwlg ghowdixqnwlrqhq � +w� d, vrp hw +rphqg
vxvshnw, xgwu|n/ ghu kdu ghq Odsodfhwudqviruphuhgh h � 
 � / vè jlyhu Odsodfhwudqv0
irupdwlrq di pdvvhedodqfhq phg hiwhuiûojhqgh lqyhuvlrq ghw vdpph uhvxowdw vrp
ièv yhg ghq qrjhw phuh rpvwéqgholjh phwrgh/ ghu iûuvw eohy qéyqw1
Ehpéunqlqj 56; Hiwhu S1D1P1 Gludfv euxj di ghowdixqnwlrqhq l vlq erj rp
nydqwhphndqln iud 4<63 eohy ghq rj dqguh vègdqqh jhqhudolvhuhgh ixqnwlrqhu
jmruw wlo jhqvwdqg iru rpidwwhqgh vwxglhu rj wlo vndehovhq di hw khow q|w rpuègh
lqghqiru pdwhpdwlnnhq +glvwulexwlrqvwhrulhq,/ iûuvw rj iuhpphvw di iudqvnpdq0
ghq Odxuhqw Vfkzduw} +Wkìrulh ghv glvwulexwlrqv/ 4<83084,1
Hnvhpsho 56< Yl ehwudjwhu hq nrqnuhw yhuvlrq di ghw ryhqiru ehvnuhyqh wdqnsure0
ohp1 Ehwudjw dowvè hq rpuûuw wdqn phg jhqqhpvwuûpqlqj1 Wdqnhqv uxpidqj hu
6p � 1 Vwuûpqlqjvkdvwljkhghq hu �

� p � @k1 Yl kroghu uhjqvnde phg nrqfhqwudwlrqhq
dw hw vwri D= Vwr�hw rpgdqqhv lnnh sè qrjhq pègh l wdqnhq1 Ghq lqgnrpphqgh
nrqfhqwudwlrq di vwri D hu wlo wlghq w jlyhw l nj@p � yhg t +w,/ kyru t hu wxeruj0
ixqnwlrqhq

t +w, @
� 7 iru w ? 5

3 iru w � 5
Wlo wlghq w @ 8/ vplghv 6 nj D l wdqnhq1 Ghwwh wéqnhv dw iruhjè phjhw kxuwljw/
rj rpuûulqjhq iruxgvéwwhv dw yéuh phjhw h�hnwly1 Nrqfhqwudwlrqhq di vwri D
wlo wlghq w hu | +w,1 Ehj|qghovhvnrqfhqwudwlrqhq hu 4nj@p � = Gl�huhqwldooljqlqjhq
iru pdvvhedodqfhq ièu qx iruphq

g
gw +6| +w,, @

4
5t +w,� 4

5| +w, . 6� +w� 8,
Ghqqh oljqlqj oûvhu yl yhg Odsodfhwudqvirupdwlrq1 Yl ièu

6v| +v,� 6| +3, @ 4
5t +v,� 4

5| +v, . 6h � � �
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Gd | +3, @ 4 ièv
| +v, @ 6 . �

� t +v, . 6h � � �

6v. �
�

Iûu yl jèu ylghuh/ pè yl ehuhjqh t +v,1 Yl �qghu/ dw t +w, @ 7�7x +w� 5,/ kyruiru
yl kdu t +v, @ �

� � h � �
�

�

� 1 Khuphg kdu yl

| +v, @ 6 . �
�
� �

� � h � �
�

�

�

�. 6h � � �

6v. �
�

@ 6 . 6h � � �

6v. �
�

. 5 �4� h � �
�
�

v �6v. �
�
�

@ 4 . h � � �

v. �
�

.
�
�

�4� h � �
�
�

v �v. �
�
�

Ghq vlgvwh rpvnulyqlqj eohy jmruw iru dw ohwwh rsvodjhw l ghq eoè erjv wdeho ryhu
Odsodfhwudqviruphuhgh1 Yl �qghu qx

| +w, @ h �
�

�
� .

k
h �

�

�
� l
��������� �
	����� .

5
6
�
9� 9h �

�

�
� �� �5

6
�
9� 9h �

�

�
� ��

��������� �
	�����

@ h �
�

�
� . x +w� 8, h �

�

� � � � � � . 7
�
4� h �

�

�
� �� 7x +w� 5,

�
4� h �

�

� � � � � � �

@

;AA?
AA=

7� 6h �
�

�
� iru w ? 5

h �
�

�
� �7h �� � 6

�
iru 5 � w ? 8

h �
�

�
� �7h �� � 6 . h �� � iru w � 8

;AA?
AA=

7� 6h �
�

�
� li w ? 5

h �
�

�
� �7h �� � 6

�
li 5 � w ? 8

h �
�

�
� �7h �� � 6 . h �� � li w � 8

0

0.5

1

1.5

2

2 4 6 8 10t
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:13143 Gl�huhqwldooljqlqjhu phg iruvlqnhovh
L gh gl�huhqwldooljqlqjhu yl kdu pûgw l ghwwh nxuvxv vèyho vrp l wlgoljhuh nxuvhu
iruhnrp yéuglhu di ghq xehnhqgwh ixqnwlrq rj ghqv d hghgh nxq wdjhw wlo vdpph
wlgvsxqnw ryhudow l oljqlqjhq/ hnvhpshoylv ehw|ghu oljqlqjhq | � . 6| @ vlq w/ dw
eègh | rj | � hydoxhuhv wlo vdpph wlgvsxqnw w1 Olgw phuh xgiûuoljw ndq gl�hu0
hqwldooljqlqjhq mr rjvè vnulyhv | � +w, . 6| +w, @ vlq w1 L pdqjh dqyhqghovhu ndq
ghq xehnhqgwh ixqnwlrq lplgohuwlg rswuégh hydoxhuhw wlo iruvnhooljh wlgvsxqnwhu
l ghq gl�huhqwldooljqlqj/ ghu vw|uhu wlgvxgylnolqjhq1 Yl jlyhu iûuvw hw +yhg iûuvwh
ûmhndvw wlov|qhodghqgh, vlpshow hnvhpsho sè hq vègdq gl�huhqwldooljqlqj1
Hnvhpsho 573 Ehwudjw gl�huhqwldooljqlqjhq

| � +w, @ d| +w� W ,
kyru W A 3 rj d A 31 L ghqqh gl�huhqwldooljqlqj nxqqh | +w, ehwhjqh hw dqwdo
lqglylghu wlo wlghq w1 Ghq rsvwloohgh pdwhpdwlvnh prgho iru wloyénvwhq su1 wlgvhq0
khg wlo wlghq w vljhu dowvè/ dw ghqqh hu sursruwlrqdo phg ghw dqwdo lqglylghu ghu
idqgwhv wlo wlghq w � W +wéqn eorw sè/ dw ghw iru hw phqqhvnh wdjhu < pèqhghu
iud xqgidqjhovh wlo iûgvho,1 Iru dw nxqqh ehvwhpph | +w, iru do iuhpwlg pè pdq
nhqgh dqwdo lqglylghu l wlgvlqwhuydoohw ^�W> 3`1 Odg rv dowvè iruhvwlooh rv gl�huhq0
wldooljqlqjhq hu jlyhw phg ehj|qghovhvehwlqjhovhq

| +w, @ ! +w, > w 5 ^�W> 3`
kyru ! hu hq vw|nnhylvw nrqwlqxhuw ixqnwlrq1 Yl vndo oûvh ghwwh ehj|qghovhvyéuglsure0
ohp yhg Odsodfhwudqvirupdwlrq qhghqiru/ phq ylvhu iûuvw/ kyrugdq ghw ndq oûvhv
xghq1

41 Wulqylv oûvqlqj1 Yhg lqwhjudwlrq di gl�huhqwldooljqlqjhq iud 3 wlo w ièv/
qèu 3 ? w ? W

| +w,� | +3, @
] �

�
d| +� � W , g� @

] �

�
d! +� � W ,g�

gyv1 dw iru 3 ? w ? W kdu yl oûvqlqjhq | +w, @ | � +w,/ kyru | � hu jlyhw yhg

| � +w, @ | +3, .
] �

�
d! +� � W ,g�

Iru W ? w ? 5W ndq yl sè vdpph pègh �qgh | +w, @ | � +w, phg | � jlyhw
yhg

| � +w, @ | � +W , .
] �

�
d| � +� � W ,g�

Iru 5W ? w ? 6W �qghu yl | +w, @ | � +w, phg | � jlyhw yhg

| � +w, @ | � +5W , .
] �

� �
d| � +� � W ,g�
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Yl ndq èehqeduw iruwvéwwh sè ghqqh pègh rj ièu dowvè oûvqlqjhq ehvwhpw
vrp hq wxerujixqnwlrq phg xhqgholjw pdqjh ghoh1 Ghw hu lnnh vyéuw dw
surjudpphuh ghwwh +i1hnv1 l Pdsoh,/ vè oûvqlqjhq ndq ehvwhpphv wlo hw
ylonèuoljw wlgvsxqnw1

51 Oûvqlqj yhg Odsodfhwudqvirupdwlrq1 Yl �qghu

v| +v,� | +3, @ d
] 	

�
h � �

� | +w� W ,gw @ dh � �
�
] 	

�
h � � � � � � � | +w� W ,gw

@ dh � �
�
] 	

� �
h � � � | +�,g� @ dh � �

�
�] �

� �
h � � � ! +�,g� .

] 	

�
h � � � | +�,g�

�

@ dh � �
�
] �

� �
h � � � ! +�, g� . dh � �

� | +v,

kyrudi ièv

| +v, @ | +3, . dh � �
� U �

� � h � � � ! +�,g�
v� dh � �

�

Phg hw nrqnuhw rj nrqvwdqw ! jlyhw yhg ! +w, @ 4 iru �W � w � 3 ièv/ lghw
| +3, @ ! +3, @ 4/ dw

| +v, @ 4
v . d

v +v� dh � �
� ,

Wloedjhwudqvirupdwlrq di ghwwh xgwu|n odghu vlj jûuh yhg rpvnulyqlqj di
kûmuhvlgh wlo hq xhqgholj uénnh/ lghw pdq xgq|wwhu/ dw

4
4� { @

	[
� � �

{ �

qèu m{m ? 41 Phg { @ 

� h � �

� ièv

| +v, @ 4
v . d

v � �4� 

� h � �

� � @ 4
v . d

v �

	[
� � �

�d
v h

� �
� � �

@ 4
v .

	[
� � �

d � � �

v � � � h � � �
�
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Wloedjhwudqvirupdwlrq ohg iru ohg jlyhu

| +w, @ 4 .
	[

� � �

d � � �

+q. 4,$ +w� qW , � � � x +w� qW ,

@
	[

� � �

d �

q$ +w� +q� 4,W , � x +w� +q� 4,W ,

@ 4 . dwx +w, . d �

5 +w� W , � x +w� W , . d �

6$ +w� 5W , � x +w� 5W , . = = =

@

;AAAAA?
AAAAA=

4 iru w ? 3
4 . dw iru 3 � w ? W

4 . dw. �
� d � +w� W , � iru W � w ? 5W

4 . dw. �
� d � +w� W , � . �

� � d � +w� 5W , � iru 5W � w ? 6W
111 111 111

Yl kdu dowvè phg hq gho duehmgh rsqèhw ghq xhqgholjh wxerujixqnwlrq/ vrp
rpwdowhv xqghu sxqnw 41 Qx pè pdq qrn vljh/ dw ghq iûuvwh phwrgh ydu ghq
vlpsohvwh1 Uhvxowdwhw hu mr phjhw nrpsolfhuhw/ vè hw qdwxuoljw vsûujvpèo hu/
rp lnnh ghw nrpsolfhuhgh uhvxowdw ndq huvwdwwhv di hw vlpsohuh/ qèu eorw pdq
dffhswhuhu hq ylv ihmo1 Ehwudjwhu pdq hw sorw di ghq hnvdnwh oûvqlqj/ hoohu
wéqnhu pdq sè ghq oûvqlqj/ ghu vyduhu wlo W @ 3/ ièu pdq ghq wdqnh/ rp
lnnh oûvqlqjhq ndq dssurnvlphuhv jrgw yhg hq hnvsrqhqwldoixqnwlrq1 Vyduhw
hu mr$ Ghu jéoghu qhpolj/ dw

| +w,� nh � � $ 3
iru w $ 4/ kyru z @ � 
 � � � � ��� � 
 � �

� rj n @ 

� � � � � � � 1 Hu hnvhpshoylv

d @ W @ 4/ ièv z @ OdpehuwZ +4, �@ 3=89:4765<37 rj n @ 4=45844<3<41
Hq whjqlqj di judihq iru iruvnhoohq phoohp | +w, rj nh � � ylvhu/ dw ghqqh
iruvnho phjhw kxuwljw eolyhu phjhw olooh1 Hq dqw|gqlqj di/ kyru ghqqh hnvsr0
qhqwldoixqnwlrq nrpphu iud/ ièv yhg dw ehwudjwh oûvqlqjhqv Odsodfhwudqv0
iruphuhgh/ ghu hiwhu rpvnulyqlqj/ vhu vèohghv xg

| +v, @ 4� h �
�

v . h �
�

v� dh � �
�

Vshflhow lqwhuhvvdqwh hu vlqjxodulwhwhuqh +srohuqh, iru ghqqh ixqnwlrq1 Ixqn0
wlrqhq kdu idnwlvn lqjhq vlqjxodulwhw l 31 Ghw iûuvwh ohg kdu qhpolj juéq0
vhyéuglhq �W iru v $ 31 Phq | +v, kdu vlqjxodulwhwhu l gh sxqnwhu l ghq
nrpsohnvh v0sodq/ kyru

j +v, @ v� dh � �
� @ 3

Oljqlqjhq kdu qhwrs ìq uhho urg +phq xhqgholjw pdqjh nrpsohnvh,1 Ghq
uhhooh urg �qghv yhg dw rpiruph oljqlqjhq wlo

vWh �
� @ dW
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Phq OdpehuwZ +{, hu qhwrs ghq uhhooh oûvqlqj z wlo zh � @ {1 Ghuiru ièv/
dw ghq uhhooh vlqjxodulwhw hu jlyhw yhg vW @ OdpehuwZ +dW ,/ kyrudi ièv

v @ z @ OdpehuwZ +dW ,
W

Yl iudwuénnhu qx hw ohg di iruphq �

� � � iud | +v, iru dw rsqè/ dw ghq uhhooh
vlqjxodulwhw iruvylqghu1 Ghwwh nuéyhu/ dw

olp
� � �

�4� h �
�

v . h �
�

v� dh � �
� � n

v� z
�

hnvlvwhuhu1 Yl �qghu ghuyhg/ dw n @ 

� � � � � � � 1 Ghq lqyhuvh Odsodfhwudqv0

iruphuhgh wlo �

� � � / dowvè nh � � hu qx �kryhgelgudjhw� wlo | +w,1 Gh dqguh
elgudj ndq ylvhv/ dw jè prg qxo iru w $ 41 Hq jrg huvwdwqlqj iru hq xhq0
gholj vwru wxerujixqnwlrq hu/ dw euxjh wxerujxgwu|nnhw iru 3 � w � qW iru
hq olooh yéugl di q rj ghuhiwhu euxjh nh � � +q @ 6 jlyhu hq pdnvlpdo ihmo sè
43 � � ,1

Hnvhpsho 574 Ehwudjw hw oxnnhw v|vwhp ehvwèhqgh di hq rpuûuw wdqn phg yro0
xphq Y 1 L wdqnhq eh�qghu vlj hq rsoûvqlqj di hw vwri D1 Vwr�hwv nrqfhqwudwlrq
l wdqnhq wlo wlghq w ndoghv { +w,1 Iud wdqnhq sxpshv yévnhq jhqqhp hw odqjw uûu
wloedjh l wdqnhq1 Vwuûpqlqjvkdvwljkhghq hu I 1 Rskrogvwlghq l uûuhw hu W 1 Kylv
lnnh vwr�hw lq xhuhv di qrjhw xqghuyhmv l uûuhw hoohu xqghujèu khqidog khul/ ylo
nrqfhqwudwlrqhq di vwr�hw yhg dqnrpvwhq wlo wdqnhq yéuh ghq vdpph/ vrp gd
ghw iruorg wdqnhq1 Kylv nornnhq qx hu w/ ydu nornnhq ghqjdqj w � W rj nrqfhq0
wudwlrqhq ghuiru { +w� W ,1 Ghwwh jéoghu grj lnnh l wlgvlqwhuydoohw ^3> W `/ lghw yl
gd ièu ghw rsulqgholjh lqgkrog di uûuhw xg l wdqnhq1 Ghwwh rsulqgholjh lqgkrog
dqwdjhv dw yéuh uhqw rsoûvqlqjvplggho1 Yl dqwdjhu/ dw nrqfhqwudwlrqhq l wdqnhq
vhoy hu 4 wlo wlghq 3/ dowvè { +3, @ 41 Iru dw jûuh sureohphw olgw phuh vséqghqgh
iruhvwloohu yl rv/ dw wxuhq uxqgw l uûuhw ièu nrqfhqwudwlrqhq wlo dw vwljh phg hq
idnwru n/ vèohghv dw nrqfhqwudwlrqhq yhg dqnrpvwhq wlo wdqnhq no1 w hu n{ +w� W ,1
Yl wloodghu n � 3/ dowvè eègh n ? 4> n @ 4 rj n A 41 Ghq lqgnrpphqgh vwuûp
kdu nrqfhqwudwlrqhq � 3 iru w ? W

n{ +w� W , iru w � W
Ghwwh xgwu|n ndq vnulyhv vrp n{ +w� W ,x +w� W ,1 Pdvvhedodqfh jlyhu qx gl�hu0
hqwldooljqlqjhq

g
gw +Y { +w,, @ �I{ +w, . In{ +w� W ,x +w� W ,

ghu yhg lqgiûuhovh di d @ �

� ndq vnulyhv
b{ +w, @ �d{ +w, . nd{ +w� W ,x +w� W ,
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41 Wulqylv oûvqlqj1 Yl euxjhu sdqvhuirupohq l vlq ehvwhpwh irup1 Hu gl�hu0
hqwldooljqlqjhq { � +w, . s +w,{ +w, @ t +w, phg ehj|qghovhvyéuglhq { +w � , @
{ � / vè hu oûvqlqjhq

{ +w, @ h ��� � � �
] �

�
�

h � � � � t +�,g� . { � h ��� � � �

kyru S +w, @ U �
�
� s +�,g� 1 Dqyhqgw sè gl�huhqwldooljqlqjhq

b{ +w, . d{ +w, @ nd{ +w� W ,x +w� W ,
phg t +w, @ nd{ +w� W ,x +w� W , rj phg w � @ qW ièv/ lghw s +w, @ d/ vè
S +w, @ d +w� qW ,/ dw

{ +w, @ h � 
 � � � � � �
] �

� �
h 
 � � � � � � nd{ +� � W ,x +� � W , g� . { +qW , h � 
 � � � � � �

@ h � 
 �
] �

� �
h 
 � nd{ +� � W ,x +� � W ,g� . { +qW , h � 
 � � � � � �

Khudi vhv/ dw oûvqlqjhq ndq ehvwhpphv wulqylvw/ jdqvnh vrp l hnvhpsohw
ryhqiru1 Véwwhu yl | +w, @ h 
 � { +w, �qghu yl

| +w, @ | +qW , . ndh 
 �
] �

� �
| +� � W ,x +� � W ,g�

Phg q @ 3 �qghu yl | +3, @ { +3, @ 4/ vè iru 3 � w ? W ièv

| +w, @ | +3, . ndh 
 �
] �

�
| +� � W ,x +� � W , g� @ 4

Khudi iûojhu/ dw { +w, @ h � 
 � 1 Ghuqévw ièv +phg q @ 4, iru W � w ? 5W / dw

| +w, @ | +W , . ndh 
 �
] �

�
| +� � W ,g�

@ 4 . ndh 
 � +w� W ,
Khudi iûojhu/ dw

{ +w, @ h � 
 � �4 . ndh 
 � +w� W ,�
Qévwh vnulgw jlyhu iru 5W � w ? 6W

| +w, @ | +5W , . ndh 
 �
] �

� �
| +� � W ,g�

@ 4 . ndh 
 � W . ndh 
 �
] �

� �

�4 . ndh 
 � +� � 5W ,� g�
@ 4 . ndh 
 � +w� W , . 4

5
�ndh 
 � +w� 5W ,� �
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kyrudi ièv

{ +w, @ h � 
 �
�
4 . ndh 
 � +w� W , . 4

5
�ndh 
 � +w� 5W ,� � �

Pdq ndq qx qrn jéwwh ghw qévwh uhvxowdw1
51 Oûvqlqj yhg Odsodfhwudqvirupdwlrq1 Yl �qghu yhg Odsodfhwudqviru0

pdwlrq di b{ +w, @ �d{ +w, . nd{ +w� W ,x +w� W ,
v{ +v,� { +3, @ �d{ +v, . ndh � �

� { +v,
kyrudi ièv/ gd { +3, @ 4/ dw

{ +v, @ 4
v. d� ndh � �

�

Ghwwh xgwu|n ndq rpvnulyhv wlo
{ +v, @ 4

+v. d,
�
4� � 
 ��� ���

�
� 


�

@ 4
v. d

	[
� � �

�ndh � �
�

v. d
� �

@
	[

� � �

n � d � h � � � �

+v. d, � � �

ghu yhg ohgylv wloedjhwudqvirupdwlrq jlyhu

{ +w, @
	[

� � �

n � d �

q$ +w� qW , � h � 
 � � � � � � x +w� qW ,

@

;AAAAA?
AAAAA=

3 iru w ? 3
h � 
 � iru 3 � w ? W

h � 
 � . nd +w� W , h � 
 � � � � � iru W � w ? 5W
h � 
 � . nd +w� W , h � 
 � � � � � . �

� +nd +w� 5W ,, � h � 
 � � � � � � � iru 5W � w ? 6W
111 111 111

Ghwwh hu vdpph uhvxowdw/ vrp yl idqgw yhg ghq wulqylvh oûvqlqjvphwrgh1 Hq
huvwdwqlqj iru ghqqh xhqgholjh wxerujixqnwlrq ndq ièv yhg +vrp l hnvhp0
sohw ryhqiru, dw huvwdwwh { +v, phg ghw xgwu|n di iruphq �

� � � / ghu jûu dw
iruvnhoohq

{ +v,� e
v� z @ 4

v. d� ndh � �
� � e

v� z
lnnh kdu qrjhq vlqjxodulwhw +sro, sè ghq uhhooh dnvh1 Xgwu|nnhw �

�
� 
 � � 
 ��� ���

kdu vlqjxodulwhwhu kyru qéyqhuhq j +v, @ v . d � ndh � �
� hu qxo1 Ghwwh

xgwu|n kdu xhqgholjw pdqjh qxosxqnwhu l ghq nrpsohnvh sodq1 Nxq ìw di
glvvh qxosxqnwhu hu uhhow1 Ghw qxosxqnw hu

z @ �d. 4
W OdpehuwZ �ndWh 
 � �
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Gh dqguh qxosxqnwhu kdu uhdoghoh/ ghu hu plqguh hqg z1 Yéuglhq di nrq0
vwdqwhq e hu e @ �

��� � � � @ �
� � � � � � 
 � 1 Khuphg ndq yl vè huvwdwwh { +w, phg

eh � � / qèu w lnnh hu dow iru olooh1 Iru vpè yéuglhu di w ndq wxerujxgwu|nnhw
euxjhv1

:13144 Ûyuljh hjhqvndehu yhg Odsodfhwudqvirupdwlrqhq
Iruxghq gh doohuhgh qéyqwh véwqlqjhu rp Odsodfhwudqvirupdwlrqhq +Olqhdulwhw0
vuhjohq/ Gépsqlqjvuhjohq/ Gl�huhqwldwlrqvuhjohq/ Iruvlqnhovhvuhjohq/ Uhjohq rp
pxowlsolndwlrq phg w � , jéoghu ghu rjvè iûojhqgh véwqlqjhu1
Véwqlqj 575 Voxwyéugluhjohq1 Dqwdj/ dw i hu vw|nnhylvw nrqwlqxhuw sè ^3>4^
rj/ dw ghq Odsodfhwudqviruphuhgh i +v, hnvlvwhuhu iru dooh v A 31 Vè jéoghu/ dw
kylv i +w, $ D iru w $ 4/ vè jéoghu rjvè/ dw

vi +v, $ D
iru v & 31 Ghwwh jéoghu xdqvhw/ rp D hu hw wdo hoohu D @ 	41

Ehylv1 Yl dqwdjhu iûuvw/ dw D hu hw wdo1 Gd i hu vw|nnhylvw nrqwlqxhuw rj kdu
hq juéqvhyéugl/ pè i yéuh ehjuéqvhw1 Dowvè �qghv ghu hw wdo P / vè mi +w,m � P
iru dooh w � 31 Yl xgq|wwhu ghvxghq/ dw

D @ Dv
] 	

�
h � �

� gw

Khuphg kdu yl
��D� vi +v,�� @

����v
] 	

�
h � �

� Dgw� v
] 	

�
h � �

� i +w,gw
����

@
����v
] 	

�
h � �

� +D� i +w,,gw
���� � v

] 	

�
h � �

� mD� i +w,m gw
Odg qx % A 3 yéuh ylonèuoljw jlyhw1 Yl vndo ehvwhpph � A 3/ vè 3 ? v ? �
phgiûuhu/ dw ��D� vi +v,�� ? %1 Ehvwhp iûuvw W A 3/ vè mD� i +w,m ? �

� % iru dooh
w � W 1 Khuphg kdu yl
��D� vi +v,�� � v

] 	

�
h � �

� mD� i +w,m gw
@ v

] �

�
h � �

� mD� i +w,m gw. v
] 	

�
h � �

� mD� i +w,m gw
� v

] �

�
h � �

� mD� i +w,m gw. v
] 	

�
h � �

� 4
5%gw

@ v
] �

�
h � �

� mD� i +w,m gw. 4
5%h

� �
� � v

] �

�
h � �

� 5Pgw. 4
5%

@ 5P �4� h � �
�
�. 4

5%
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Yéoj qx � A 3 vè olooh/ dw 5P �4� h � �
�
� ? �

� % iru dooh v 5 `3> �^ = Vè kdu yl
rsqèhw ghw yl ylooh1

Kylv D @ 4/ vè vndo yl ylvh/ dw vi +v, $ 4 iru v & 31 Kylv yl wlo hw jlyhw
+vwruw, wdo V yéojhu W / vè i +w, � 6V iru dooh w � W / kdu yl iru 3 ? v ? 4

vi +v, @ v
] �

�
h � �

� i +w,gw. v
] 	

�
h � �

� i +w, gw

� v
] �

�
h � �

� i +w,gw. v
] 	

�
h � �

� Vgw

@ v
] �

�
h � �

� i +w,gw. 6Vh � �
�

� �v
] �

�
mi +w,m gw. 6Vh � �

�

Yéoj qx � A 3/ vè iûuvwh ohg hu vwûuuh hqg �V iru dooh v ? � rj vè h � �
� A �

� 1 Vè
kdu yl iru 3 ? v ? �

vi +v, � �v
] �

�
mi +w,mgw. 6Vh � �

� � �V . 6V 5
6 @ V

Wloiéoghw D @ �4 noduhv yhg dw ehwudjwh �i l vwhghw1
Ehpéunqlqj 576 Iruxgvéwqlqjhq rp/ dw ghq Odsodfhwudqviruphuhgh i +v, vndo
hnvlvwhuh iru dooh v A 3 ndq lnnh xqgyéuhv/ qèu i +w, $ 4 iru w $ 41 Ehwudjw
eorw hnvhpsohw i +w, @ h 
 � / kyru d A 31 Yl kdu i +v, @ �

� � 
 jéoghqgh iru v A d1
Johpphu yl ghwwh iruehkrog rj odghu v $ 3 ièv vi +v, $ 3 l wlov|qhodghqgh
prgvwulg phg véwqlqjhqv sèvwdqg1
Hnvhpsho 577 Ehwudjw ghq wdqn phg iruvlqnhw wloedjhiûulqj/ vrp yl ehwudjwhgh
l hw hnvhpsho ryhqiru1 Yl idqgw/ dw ghq Odsodfhwudqviruphuhgh di nrqfhqwudwlrqhq
{ ydu

{ +v, @ 4
v. d� ndh � �

�

L wloiéoghw n @ 4 iruyhqwhu yl qrn/ dw olp � � 	 { +w, hnvlvwhuhu= Yl ndq gd ehvwhpph
ghqqh juéqvhyéugl y1km1d1 voxwyéugluhjohq1 Yl �qghu

v{ +v, @ v
v. d� dh � �

�

rj vhu/ dw yl iru v & 3 kdu hw � �
� �sureohp1 Yhg euxj di O*Krvslwdov uhjho ièv/ dw

olp
�

� � v{ +v, @ olp
�

� �
4

4 . dWh � �
� @ 4

4 . dW
Ehpéun/ dw voxwyéugluhjohq lnnh ndq ehq|wwhv iru n A 4/ gd { +v, l ghwwh wloiéogh
lnnh hnvlvwhuhu iru dooh v A 31 Ghulprg ndq ghq xgpéunhw euxjhv/ qèu n ? 4/ l
kylonhw wloiéogh yl xghq vwûuuh glnnhgduhu ièu

olp
�

� � v{ +v, @ 3
hw uhvxowdw/ vrp yl qrn iruyhqwhgh1
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Ehpéunqlqj 578 Ixqnwlrqhq i jlyhw yhg i +w, @ vlq w iru dooh w � 3 kdu vrp
ehnhqgw ghq Odsodfhwudqviruphuhgh i +v, @ �

�
� � � jéoghqgh iru v A 31 Yl kdu

èehqeduw/ dw
olp

�
� � vi +v, @ olp

�
� �

v
v � . 4 @ 3

Lnnh ghvwr plqguh kdu i +w, lqjhq juéqvhyéugl iru w $ 41 Voxwyéugluhjohqv �kylv
111 vè� ndq dowvè lnnh éqguhv wlo hw �kylv rj nxq kylv�1
Gh�qlwlrq 579 Odg i rj j yéuh wr vw|nnhylvw nrqwlqxhuwh ixqnwlrqhu gh�qhuhw
sè ^3>4^1 Yhg irogqlqjhq i � j di i rj j iruvwèv ixqnwlrqhq gh�qhuhw yhg

+i � j, +w, @ ] �

�
i +w� �, j +�,g�

iru dooh w � 31
Ehpéunqlqj 57: Xghq iru Odsodfhwudqvirupdwlrqvwhrulhq gh�qhuhv irogqlq0
jhq qrupdow yhg

+i � j, +w, @ ] 	

� 	
i +w� �, j +�, g�

iru dooh w 5 U1 Ghwwh xgwu|n uhgxfhuhv lplgohuwlg wlo ghw l gh�qlwlrqhq jlyqh/ kylv
yl iruxgvéwwhu/ dw i +w, @ j +w, @ 3 iru w ? 3=
Ehpéunqlqj 57; Ghw ndq uhodwlyw ohw ylvhv/ dw kylv i rj j hu vw|nnhylvw nrq0
wlqxhuwh rj hnvsrqhqwlhow ehjuéqvhgh/ vè kdu rjvè i � j glvvh hjhqvndehu1
Véwqlqj 57< Odg i rj j yéuh vw|nnhylvw nrqwlqxhuwh rj hnvsrqhqwlhow ehjuéqvhgh
sè ^3>4^1 Vè jéoghu/ dw

O ii � jj @ O iijO ijj
Ehylv1 Yl kdu
O ii � jj +v, @ ] 	

�
h � �

� +i � j, +w,gw @ ] 	

�
h � �

�
�] �

�
i +w� �, j +�, g�

�
gw

Ghwwh greehowlqwhjudo ndq rsidwwhv vrp hw sodqlqwhjudo ryhu rpuèghw V @ �+w> �, 5 U � mw � 3 a 3 � �
Yhg �dw guhmh kryhghw� ndq sodqlqwhjudohw vnulyhv vrp hw greehowlqwhjudo phg
prgvdw lqwhjudwlrqvuénnhiûojh1 Khuyhg ièv
O ii � jj +v, @

] 	

�

�] 	

�

h � �
� i +w� �, j +�,gw

�
g�

@
] 	

�
h � � � j +�,

�] 	

�

h � � � � � � � i +w� �,gw
�
g�

@
] 	

�
h � � � j +�,

�] 	

�
h � �

� i +W ,gW
�
g�

@
�] 	

�
h � �

� i +W ,gW
� � ] 	

�
h � � � j +�,g� @ O iij +v,O ijj +v,
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Hnvhpsho 583 Yl idqgw wlgoljhuh yhg ehkdqgolqjhq di gl�huhqwldooljqlqjhq
d| � � . e| � . f| @ t +w,

dw oûvqlqjhq Odsodfhwudqviruphuhgh hu jlyhw yhg

| +v, @ +dv. e, | +3, . d| � +3,
dv � . ev. f . t +v,

dv � . ev. f
Odg rv ehwudjwh ghw nrqnuhwh wloiéogh

| � � � 8| � . 9| @ t +w,
kyru grj t lnnh hu nrqnuhw jlyhw1 Vè ièv

| +v, @ +v� 8, | +3, . | � +3,
v � � 8v. 9 . t +v,

v � � 8v. 9
@ 6| +3,� | � +3,

v� 5 � 5| +3,� | � +3,
v� 6 . t +v,

� 4
v� 6 � 4

v� 5
�

Wloedjhwudqvirupdwlrqhq ndq xgwu|nnhv vèohghv/ qèu irogqlqjvuhjohq dqyhqghv yhg
wloedjhwudqvirupdwlrqhq di vlgvwh ohg

| +w, @ +6| +3,� | � +3,, h � � � +5| +3,� | � +3,, h � � .
�
O � �

� 4
v� 6 � 4

v� 5
� � t� +w,

@ +6| +3,� | � +3,, h � � � +5| +3,� | � +3,, h � � . ��w :$ h � � � h � � � � t� +w,
@ +6| +3,� | � +3,, h � � � +5| +3,� | � +3,, h � � .

] �

�

�
h � � � � � � � h � � � � � � � t +�,g�

Hu hnvhpshoylv t +w, @ h � � ièu vlgvwh ohg xgvhhqghw
] �

�

�
h � � � � � � � h � � � � � � � t +�,g� @

] �

�

�
h � � � � � � � h � � � � � � � h �

� g�

@
] �

�

�h � � � � � h � � �g� @ h � � � h � � � wh � �

Khuphg kdu oûvqlqjhq iruphq
| +w, @ f � h � � . f � h � � � wh � �

kyru f � rj f � hu nrqvwdqwhu/ ghu dikéqjhu di ehj|qghovhvehwlqjhovhuqh1 Idnwlvn
vhu yl/ dw gh hu jlyhw yhg f � @ 6| +3, � | � +3, � 4 rj f � @ �5| +3, . | � +3, . 41
Yl jhqnhqghu ghq végydqoljh irup iru ghq ixogvwéqgljh oûvqlqj wlo hq olqhéu
gl�huhqwldooljqlqj di dqghq rughq1


