
VLI 8369 Pdwhpdwlvn prghoohulqj
Hnvdphq 631 qryhpehu 5333Oûvqlqjvvnlvvh phg xwi|oohqgh nrpphqwduhu

4 Rssjdyh
+d, Dy gh dnwxhooh yduldeohqh n> $> j rj � hu ghw eduh � vrp kdu �nj� l ehqhyqlqjhq1 Ghuiru ndq
lnnh � yéuh phg1 Yl vwèu ljmhq phg 6 yduldeoh phg 5 xdykhqjljh glphqvmrqhu/ ohqjgh rj wlg1 Yl
ièu ìq glphqvmrqvoûv yduldeho/ iru hnvhpsho

� � @ nj
$ � >

gyv1 n @ F$ � @j +Yhg è oûvh sureohphw dqdo|wlvn/ �qqhu hq F @ 4,1
+e, Iru ghq glphqvmrqvoûvh ixqnvmrqhq G ����� kdu yl l xwjdqjvsxqnwhw

G ����� +�> $> j> �,=
Vlghq yl lnnh ndq nrpelqhuh $> j rj � wlo qrhq glphqvmrqvoûv nrpelqdvmrq/ ndq lqjhq dy ghp
yéuh phg1 Ixqnvmrqhq G ����� pè ghuiru kd hq xqlyhuvhoo idvw irup +ulpholjylv v|pphwulvn rp
ylqguhwqlqjhq,1 Iruphq vhu su1 gdwr hoohuv xw wlo è yéuh xnmhqw1

Yhg è vh sè xwwu|nnhqh l rssjdyhwhnvwhq/ �qqhu yl dw ^V` @ p � v1 L vdpolqjhq V> $> j rj � pè
yl rjvè khu ndvwh xw �1 Sè vdpph pèwh vrp +d, �qqhu yl ohww

� � @ V ����� $ 	
j � >

hoohu

V �
��� +$, @ �j �
$ 	 =

Nrqvwdqwhq � ndoohv Skloolsvnrqvwdqwhq1
Hw yho vè hohjdqw dujxphqw hu è jè xw iud � ����� @ � ����� +$> j> �,/ rj iud glphqvmrqvdqdo|vhq

�qqh

� � @ � ����� $ 	
j � >

� � @ �>
rj ghuphg � � @ G �
��� +� � ,/ hoohu � ����� @ �
���

��� G ����� +�,1
L rssjdyhq ndq hq xqguh vhj rp udgldq vndo yéuh hq hqkhw/ phq ylqnho pèow l udgldqhu hu hw

irukrog phoorp wr ohqjghu +exhohqjghq rj udglhq,1

5 Rssjdyh

+d, Ioxnv=

M @ M ��������� . M ��� � � @ fX � �CfC{=
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Ohqjghvndodhq O � iru gl�xvmrq �qqhv yhg è è revhuyhuh dw hq l ixqgdphqwdooûvqlqjhq rshuhuhu phg
hq vlplodulwhwvyduldeho/

� @ {s�w=

Xwvwuhnqlqjhq ylo eol � @ R+4,1 Hwwhu hw wlgvurp W � @ O@X ndq yl iru hw ryhuvodj vhwwh
�W �
O �
�

@ 4>

hoohu
O � @ s�W � @ s�O@X=

+e, Ehyduhovhvoryhq iru D sè lqwhjudoirup eolu
g
gw

] �

�
d+{> w,g{. M � +�,� M � +�, @

] �

�
+t � +{> w,� �d+{> w,,g{>

ghu t � +{> w, hu xwvolssvnloghq/ vrp liûojh rssjdyhwhnvwhq kdu iruphq t � +{> w, @ t � �+{,1 Voxnhw ��d
vwèu iru qhgeu|wlqjhq dy D1 Sè gl�huhqvldoirup eolu ghwwh

Cd
Cw . X Cd

C{ � �C
� d

C{ � @ t � �+{,� �d=
Xwwu|nnhqh iru E eolu wlovyduhqgh=

g
gw

] �

�
e+{> w,g{. M � +�,� M � +�, @

] �

�
+�d+{> w,� �e+{> w,,g{>

Ce
Cw . X Ce

C{ � �C
� e

C{ � @ �d� �e=

+f, Qèu yl wdu eruw gl�xvmrqvohgghqh/ eolu oljqlqjhqh
Cd
Cw . X Cd

C{ @ t � �+{,� �d>
Ce
Cw . X Ce

C{ @ �d� �e=

Vlghq ghw lnnh hu qrh gl�xvmrq/ ndq yl oûvh oljqlqjhqh yhg è iûojh ndudnwhulvwlnnhqh +{ @ { � .Xw,1
Ghwwh eolu hjhqwolj ghw vdpph vrp è iûojh hw idvw ydqqyroxp sè yhl qhgryhu hoyd1 Iru ghwwh
ydqqyroxphw eolu oljqlqjhqh

gd
gw @ ��d> d+3, @ d � >
ge
gw @ �d� �e> e+3, @ 3=

Yl ohjjhu hoohuv phunh wlo dw nrqvhqwudvmrqhq d � ehvwhpphv iud oljqlqjhq
t � �w @ d � +X�w,>

gyv1/ d � @ t � @X 1 Oûvqlqjhq iru d+w, �qqhv xplgghoeduw vrp
d+w, @ d � h ��� � >
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rj ghwwh ohghu l vlq wxu wlo oljqlqjhq
ge
gw . �e @ �d � h ��� �

phg rssjlww jhqhuhoo oûvqlqj
e+w, @ F � h ��� � . �d � wh ��� � =

Vlghq e+3, @ 3/ eolu oûvqlqjhq e+w, @ �d � wh ��� � / phg hw pdnvlpxp iru w @ � � � 1 Nrqvhqwudvmrqhq
dy E hu dowvè sè vlww vwûuvwh X@� qhghqiru xwvolssvvwhghw1

Phun= Ghwwh sxqnwhw ndq dowhuqdwlyw oûvhv yhg è revhuyhuh dw nrqvhqwudvmrqhqh pè yéuh
xdykhqjljh dy wlghq1 Yhg è dqwd ghw/ ndq yl vnulyh

X gd
g{ @ ��d>

X ge
g{ @ �d� �e=

Oûvqlqjhq eolu wlovyduhqgh1

6 Rssjdyh

+d, Ghwwh hu l kryhgvdn ehvnuhyhw l qrwdwhw iud vhplqduhw1 Prghoohq ehvnulyhu dnvhohudvmrqvhqgulq0
jhq wlo elo qu1 q vrp ixqnvmrq dy kdvwljkhwviruvnmhoohq wlo elohq irudq1 Elolvwhqv uhdnvmrq hu iruvlqnhw
phg wlghq W l irukrog wlo revhuydvmrqhq dy uhodwlykdvwljkhwhq1 Uhdnvmrqvvw|unhq � dykhqjhu dy
dyvwdqghq wlo elohq irudq1

+e, Yhg è vnulyh prghoohq vrp
g � { �� +w � . W ,

gw � � @ d
+{ ��

�
� � { �� , �

�g{ ��
�
� +w � ,

gw � � g{ �� +w � ,
gw �

�

>

vhu yl dw ghq ndq lqwhjuhuhv ìq jdqj=
g{ �� +w � . W ,

gw � @ d
]

��������
	 � � ���
� � � � ������ � � ���

� � �
+{ ��

�
� � { �� , � gw �

@ d
] g �{ ��

�
� � { �� �

+{ ��
�
� � { �� , �

@ F � d
+{ ��

�
� � { �� , =

Yl odu { � @ O{= Nrqvwdqwhq F hu ghw qdwxuolj è yhojh voln dw kdvwljkhwhq sè elohqh hu 3 qèu
{ ��
�
� �{ �� @ O/ gyv1 F @ d@O1 Nrqvwdqwhq F eolu rjvè hw xwwu|nn iru ghq pdnvlpdoh kdvwljkhwhq1

Dooh nrqvwdqwhqh ndqvhoohuhu kylv yl vhwwhu wlgvvndodhq 
 @ O � @d/ rj yl ièu rssjlww oljqlqj1
Kylv dyvwdqghq phoorp elohqh hu g/ ylo elokdvwljkhwhq yéuh +4� 4@g,/ rj oûvqlqjhq eolu

{ � @ { � � qg. +4� 4@g,w> q @ 4> 5> � � �
Dqwdoo elohu su1 ohqjghhqkhw l ghqqh vlwxdvmrqhq eolu qhwwrss

� @ 4
{ � � � � { � @ 4

g>
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rj iûojholj hu y @ 4� �1
+f, Yl dqwdu qè dw

{ � +w, @ w@5� 5q. | � +w,
rj iûuhu ghwwh lqq l ehyhjhovhvoljqlqjhq=

4
5 . g| � +w. �,

gw @ 4� 4
{ � � � � { �

@ 4� 4
5 . | � � � � | �

@ 4��4
5
�

4� | � � � � | �
5 .R+| ��

��

@ 4
5 . 4

7 +| � � � � | � , .R+| �� ,=
Ghuphg ièu yl rssjlww oljqlqj wlo ohghqgh rughq1

Yl vhwwhu lqq hq shulrglvn vylqjqlqj rj uhjqhu sè nrpsohnv irup vlghq yl kdu olqhéuh oljqlqjhu=

E$lh � ��� . E
7 @ 4

7D=
Ghwwh jlu

mED m @ 4m7$lh � ��� . 4m
@ 4

t

+�7$ vlq+$�, . 4, � . +7$ frv$�, �

@ 4s49$ � � ;$ vlq$� . 4 =

Irukroghw eolu vwûuuh hqq 4 kylv
�;$ vlq$� . 4. 49$ � ? 4

gyv1
� vlq$� . 5$ ? 3=

Ghw ydu dowvè hq ihlo l ghw rssjlwwh vyduhw l rssjdyhq sè hnvdphq1 Ghqqh ehwlqjhovhq ndq dowhuqdwlyw
vnulyhv

vlq$�
$� A 5

�
Kylv 5@� ? 4/ �qqhu ghw vnxpoh odyh iuhnyhqvhu vlghq vlq{@{ $ 4 qèu { $ 31

+g, Prghoohq hu y @ 4� �/ M @ �+4� �, rj
C�
Cw . CM

C{ @ C�
Cw . +4� 5�,C�C{ @ 3=

Qèu yl sdvvhuhu o|vnu|vvhw/ eh�qqhu yl rvv sè ndudnwhulvwlnnhq vrp vwduwhu l ruljr rj kdu 3 nlqh0
pdwlvn kdvwljkhw1 Ghuphg eûu dyvwdqghq wlo elohq irudq wlovyduh � @ 4@51 Gd hu plgghodyvwdqghq
5 eloohqjghu/ hoohu ghq iul dyvwdqghq phoorp kyhu elo ìq eloohqjgh1 Kdvwljkhwhq yèu vndo wlovyduh
y @ 4� 4@5 @ 4@5> gyv1 kdoysduwhq dy y ����� 1
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Iljxuh 4= Ndudnwhulvwlnnhu iru sureohphw vnlvvhuw l +h,1 Iudp wlo w @ 5 kdu yl hq uhq hnvsdqvmrqv0
eûojh iud ruljr1 Uxqgw o|vnu|vvhw l { @ 4 xwylnohu ghw vhj hq ixoo rj hq wrp vrqh hwwhu w @ 5=
Vmrnnhqh sè kyhu vlgh dy { @ 4 hu nrqndyh vlghq gh nlqhpdwlvnh kdvwljkhwhqh sè ryhuvlghq hu
nrqvwdqwh/ phqv yl sè xqghuvlghq kdu ndudnwhulvwlnnhu phg kdvwljkhwhu vrp jèu prw khqkrogvylv
.4 rj �4 qèu w $ 41

+h, Yl ylvhu sèvwdqghq yhg è uhjqh xw
X @ M � � M �

� � � � � @ � � +4� � � ,� � � +4� � � ,
� � � � � @ 4� � � � � � >

f+� � , . f+� � ,
5 @ 4� 5� � . 4� 5� �

5 @ 4� � � � � � =
+Ghwwh hu lnnh qrh vrp jmhoghu jhqhuhow,1 Yl vhu dw ndudnwhulvwlnnhqh pè iruvylqqh lqq l vmrnnhw1

Ndudnwhulvwlnnhqh iru sureohphw hu vnlvvhuw sè �jxu 41 Doo lqirupdvmrq rp oûvqlqjhq ohvhv
xw iud vwljqlqjhq sè ndudnwhulvwlnnhqh sè juxqq dy vdpphqkhqjhq f @ 4 � 5�1 Yhg è euxnh
plgghokdvwljkhwvhjhqvndshq yl nrp iudp wlo ryhqiru/ vhu yl dw ehjjh gh ehyhjholjh vmrnnhqh sè
�jxuhq nuxpphu qhgryhu= Iru ndudnwhulvwlnnhqh sè ryhuvlghq hu gh nlqhpdwlvnh kdvwljkhwhqh
khqkrogvylv .4 rj �4/ phqv gh sè xqghuvlghq jèu +prqrwrqw, prw .4 rj �4 qèu w $ 41

7 Rssjdyh
+d, Olnhyhnwvsxqnwhqh iru prghoohq

gS
gw @ i+S ,

hu oûvqlqjhqh dy i+S , @ 31 Yhg è uhnnhxwylnoh rpnulqj hw olnhyhnwvsxqnw S � �qqqhu yl
g
gw+S � . s, @ i+S � , . i � +S � ,s.R+s � ,>

gyv1
gs
gw @ i � +S � ,s.R+s � ,=
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Iljxuh 5= Iru hq jlww idqjvw k A 3 �qqhv ghw wr olnhyhnwvsxqnwhu S � rj S � 1 Kylv srsrodvmrqhq kdy0
qhu phoorp 3 rj S � / ylo ghq gû xw1 Hu S A S � / ylo srsxodvmrqhq jè prw ghw vwdeloh olnhyhnwvsxqnwhw
S � 1 Kylv k A k � / hu idqjvwhq vè vwru dw ehvwdqghq phg vlnnhukhw gûu xw1

Qrupdow +Orjdq/ Wkp1 514/ v1 694, ylo S � yéuh vwdelow kylv i � +S � , ? 3 rj xvwdelow kylv i � +S � , A 31
Vlwxdvmrqhq khu ndq hqnhow vnlvvhuhv jud�vn yhg è vhwwh

uS
�

4� S
S �

�� S
S �

� 4
�� k @ i � +S ,� k>

rj whjqh wuhgmhjudgvsro|qrphw i � +S , vdpphq phg k vrp l �j1 51 Xwhq idqjvw hu S @ 3 rj S @ S �
vwdeloh/ phqv S � hu xvwdelow1 Phg idqjvw ylo yl iè wr olnhyhnwvsxqnwhu vèiuhpw k ? k � @ pd{ � i � +S ,=

Qhvwh sureohpvwloolqj eoh khqwhw iud Pdwkhpdwlfdo Prghov dqg Wkhlu Dqdo|vlv +I1\1P1 Zdq/
Kdushu dqg Urz/ Qhz \run/ 4<;<,1 L ernd �qv hq p|h phu lqqjèhqgh dqdo|vh rp lqqiûulqjhq
dy 533 plohv �vnhuljuhqvh sè XVDv ûvwn|vw1 Pxoljhqv hu �gl�xvmrq� phu uhohydqw iru nudeeh rj
kxpphu hqq iru �vn +B,1

+e, Rssjlww prghoo=

CS
Cw @ �C

� S
C{ � . uS +4� S ,>

�> u A 3>
S +o> w, @ 3>

CS
C{ +3> w, @ 3>

vrp l vwlnn0rugv irup ehvnulyhu=

� Hq srsxodvmrqvwhwwkhw S +dqwdoo su1  dwhhqkhw, qruphuw voln dw S @ 4 vyduhu wlo hq xqlirup
vwdelo olnhyhnw1

� Lqjhq yduldvmrq l |0uhwqlqjhq1
� Orjlvwlvn prghoo iru yhnvw
� �Gl�xvmrq� vûujhu iru è vsuh �vnhq rj jodwwh xw nrqvhqwudvmrqvjudglhqwhu
� Doo �vn vrp nrpphu xwhqrp �vnhuljuhqvhq �vnhv rss
� Lqjhq  xnv dy �vn lprw hoohu iud odqg +$,
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Olqhdulvhulqj dy oljqlqjhq l +e, ehw|u lnnh dqqhw hqq dw S ?? 4/ voln dw yl ièu
CS
Cw @ �C

� S
C{ � . uS>

phg udqgnudyhqh
S +o> w, @ 3>

CS
C{ +3> w, @ 3=

Krprjhqh udqgnudy rj vhsdudvmrq dy yduldeoh ohghu sè ydqolj pèwh wlo hw hjhqyhuglsureohp1 L
rssjdyhq ydu uhvxowdwhw rssjlww voln dw ghw eduh jmhqvwèu è ehvwhpph hjhqyhuglhqh +Phun iru
hnvhpsho dw dooh hjhqixqnvmrqhqh S � wloiuhgvvwloohu udqgnudyhqh,1 Lqqvdww l oljqlqjhq ièu yl

� � @
%

��
�+5q. 4,�{

5o
�

�

. u
&

> q @ 3> 4> � � � =
Kylv

u ? �
�+5q. 4,�{

5o
�

�

iru dooh q/ ylo � � yéuh qhjdwly/ rj iûojholj ylo dooh ixqnvmrqhu sè iruphq

S +{> w, @
�
[

��� �
f � S � +{> w,

gû xw qèu w $ 41 Volnh srsxodvmrqhu gûu dowvè xw/ rj S +{> w, @ 3 hu hw vwdelow olnhyhnwvsxqnw1
Kylv ghulprw

u A �
��{
5o

�

�

ylo qrhq dy hjhqixqnvmrqhqh nxqqh yrnvh1 Qxoo0oûvqlqjhq eolu xvwdelo/ rj srsxodvmrqhq yrnvhu rss
wlo hq vwdvmrqéu wlovwdqg S +{> w, @ S � +{,1

Ghw ndq hqnhow ylvhv dw S � wloiuhgvvwloohu oljqlqjhqh

{ @
u�

u
] ��� � � �

���

gs
t

+S � +3, � � s � ,� �
� +S � +3, � � s � ,

>

o @
u�

u
] ��� � � �

�
gs

t

+S � +3, � � s � ,� �
� +S � +3, � � s � ,

>

ghu S � +3, iûuvw pè ehvwhpphv iud ghq qhghuvwh oljqlqjhq1 Lqwhjudohqh odu vhj lnnh xwwu|nnh yhg
kmhos dy hohphqwéuh ixqnvmrqhu/ vh iruûyulj Zdq/ v1 587 �1

Ghq olqhdulvhuwh gl�1oljqlqjhq ryhqiru eoh rjvè jlww wlo nrqwlqxdvmrqvhnvdphq l dxjxvw 53331
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