
4 Irupdoh Vsudfkhq

Yruehwudfkwxqjhq=

41 ]hlfkhqyruudw @ hqgolfkh Phqjh yrq hlqghxwlj xqwhuvfkhlgeduhq ]h0
lfkhq rghu V|perohq1 Evs1=

A ' ifc �jc A ' i@c Kc Sjc A ' i7J66eoc ` �?|eoj

51 Doskdehw= ]hlfkhqyruudw plw hlqhu Rugqxqjvuhodwlrq1

� ' iAc 	j

zrehl % 	 + khl w/ gdvv % yru + nrppw1

Lp irojhqghq nhlqh Xqwhuvfkhlgxqj }zlvfkhq ]hlfkhqyruudw xqg Doskdehw
yrujhqrpphq1

Gh�qlwlrq 4 +Nrqndwhqdwlrq, Dqhlqdqghuuhlkxqj yrq ]hlfkhq hlqhv Do0
skdehwhv1 Rshudwlrqv|pero �1

Ehlvslho= A ' i@c Kc Sj1 Nrqndwhqdwlrqhq vlqg @ � K rghu K � @ � S xvz1 Gdv
Nrqndwhqdwlrqvv|pero phlvw zhjjhodvvhq/ g1k1 K@S vwdww K � @ � S1

Gh�qlwlrq 5 +Zruw rghu Vdw}, Mhgh hqgolfkh ]hlfkhqirojh ehu hlqhp Do0
skdehw A khl w Zruw rghu dxfk Vdw} ehu A 1

Gh�qlwlrq 6 +Ohhuzruw, Gdv Zruw/ gdv nhlq hlq}ljhv ]hlfkhq hqwkçow1 V|p0
ero 01 Vhl � hlq Zruw ehu A 1 Hv jlow

� � 0 ' 0 � � ' �

Zlfkwljh Eh}hlfkqxqjhq=

41 Glh Phqjh doohu Zùuwhu plw ? � � ]hlfkhq ehu A zlug dov A
�

eh}h0
lfkqhw1 Evs1 Vhl A ' ifc �j gdqq lvw A

�

' ifc �c ffc f�c �fc ��c fffc � � � j

51 Glh Phqjh doohu Zùuwhu plw ? � f ]hlfkhq ehu A zlug dov A
�

eh}hlfk0
qhw1 Evs1 Vhl A ' ifc �j gdqq lvw A

�

' i0c fc �c ffc f�c �fc ��c fffc � � � j1
Hv lvw dovr

A
�

' A
�

^ i0j
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Gh�qlwlrq 7 +Vsudfkh, Hlqh Vsudfkh u ehu hlqhp Doskdehw A lvw hlqh
Whlophqjh yrq A

�

G u � A
�

1 glh Hohphqwh ghu Vsudfkh khl hq Vçw}h +e}z
Zùuwhu, ghu Vsudfkh1

Vsh}ldoiçooh=

41 u ' > +glh ohhuh Vsudfkh,

51 u ' i0j +glh Vsudfkh/ glh qxu dxv ghp ohhuhq Vdw} ehvwhkw,

61 u ' A
�

+glh Doovsudfkh,

Glh Phqjh ghu }xoçvvljhq rghu vrj1 zrkojhirupwhq Vçw}h hlqhu Vsudfkh
ndqq gh�lhuw zhughq gxufk

41 Dxi}çkohq +hqgolfkh Vsudfkh,

51 Dqjdeh hlqhu Elogxqjvyruvfkuliw @ Judppdwln +ehl xqhqgolfkhq Vsudfkhq,

61 Hljhqvfkdiwvsh}l�ndwlrq= u ' i� G � 5 A
�

a � E��j zrehl � E��
hlqh Hljhqvfkdiw dxvgu fnw/ glh i u dooh zrkojhirupwhq Vçw}h hui oow vhlq
pxvv1

Ehlvslhoh hlqhu +hqgolfkhq, Vsudfkh ehu A ' ifc �j=

� u ' ifc �j

� u ' i�f�c �ff�c �fff�j

� xvz1

414 Judppdwln

Zlu qhqqhq T ' A ^ � gdv Yrndexodu +ghu Vsudfkh,1 Glhvhv hqwkçow dovr
vrzrko glh Whuplqdo0 zlh dxfk glh Qlfkwwhuplqdov|peroh1

Gh�qlwlrq 8 +Judppdwln, Hlqh Judppdwln C lvw hlq Txdguxsho C '
EAc �c �c 7� zrehl

A ' Doskdehw ghu Whuplqdov|peroh +dxv hlqhp hqgolfkhq ]hlfkhqyruudw,1
Evs1 A ' i@c Kc Sj

� ' Qlfkwwhuplqdov|peroh +v|qwdnwlvfkh Ndwhjrulhq,/ dxfk Yduldeoh jhqdqqw1
Vfkuhlezhlvh= Hlqvfkoxvv lq vslw}h Nodpphuq/ Evs1 	D:/ 	Vdw}:/
xvz1
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� ' Phqjh yrq Huvhw}xqjvuhjhoq +Surgxnwlrqvuhjhoq, ghu Irup � $ � plw
� 5 T

�

�T
�

xqg � 5 EA ^ ��1

7 ' Vwduwv|pero +Vwduwv|pero, plw 7 5 � 1

Irupdo lvw hlqh Surgxnwlrqvuhjho hlqh Uhodwlrq � , � dxi T
�

� T
�

1 Mhgh
Uhjho ehvwhkw dxv ghp

41 Nrsi/ ghu ghu v|qwdnwlvfkhq Ndwhjrulh ghu olqnhq Vhlwh hqwvsulfkw/ g1k1
hlqh Irojh yrq V|perohq 5 T

51 Phwdv|pero $

61 Uxpsi/ ehvwhkhqg dxv f rghu phku v|qwdnwlvfkhq Ndwhjrulhq xqg2rghu
Whuplqdov|perohq dxi ghu uhfkwhq Vhlwh1

Ehlvslho Judppdwln= Vhl A ' i@c Kjc � ' i	 ` :c 	 � :c 	 � :j1
Vwduwv|pero 7 '	 ` :1 Surgxnwlrqvuhjhoq=

� ' i	 ` :$	 � : Sc 	 � :$ @ 	 � :c +4,

	 � :$	 � :	 � : Kc 	 � :$ Kc 	 � :$ @Kj +5,

Dqghuh Vfkuhlezhlvh +]xvdpphqidvvxqj phkuhuhu Uhjhoq plw ghp V|pero m
+�rghu�,,=

� ' i	 ` :$	 � : Sc 	 � :$ @ 	 � : m 	 � :	 � : Kc 	 � :$ Km@Kj
+6,

Dxv ghp Vwduwv|pero 	 ` : ndqq pdq gxufk Deohlwxqj ]hlfkhqnhwwhq
hu}hxjhq1

Qdly= Deohlwxqj lvw glh Hu}hxjxqj qhxhu ]hlfkhqnhwwhq gxufk Dqzhq0
gxqj ghu Huvhw}xqjvuhjhoq1 ]lho= Ehjlqqhqg plw ghp Vwduwv|pero gxufk
zlhghukrowh Dqzhqgxqj ghu Huvhw}xqjvuhjhoq ]hlfkhqnhwwhq hu}hxjhq/ glh
qxu dxv Whuplqdov|perohq ehvwhkhq1 Glh gdehl dxv ghp Vwduwv|pero hqwvwh0
khqghq ]zlvfkhqnhwwhq � 5 T

�

khl hq Vdw}iruphq1 I u glhvh jlow dovr

7 ,
�

�

zrehl ,
�

i u glh ?� idfkh Dqzhqgxqj +? � f, ghu Huvhw}xqjvuhjhoq vwhkw1
Vdw}iruphq vlqg dovr doojhphlq Nhwwhq/ glh vrzrko Whuplqdo0 dov dxfk Qlfkw0
whuplqdov|peroh hqwkdowhq nùqqhq1 Hlqh Vdw}irup

� 5 A
�

khl w Vdw} +rghu Zruw,1
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Gh�qlwlrq 9 +Gluhnwh Deohlwxqj xqg Deohlwxqj, Hlqh Nhwwh � lvw glh
gluhnwh Deohlwxqj hlqhu Nhwwh � zhqq � ' %+5 xqg � ' %+

�
5 zrehl %c +c 5

lujhqgzhofkh Nhwwhq dxv EA ^ ��
�

vlqg xqg + $ +
�

5 � EC� jlow/ g1k1 glh
Uhjho }xu Judppdwln C jhkùuw1 Vfkuhlezhlvh= � , �1 Deohlwxqj lvw hlqh
Irojh yrq gluhnwhq Deohlwxqjhq1

Zlu vfkuhlehq � ,
�

� i u � , � � , � � ��� , � +� ndqq lq � dejhohlwhw
zhughq, xqg � ,

�

� +� lvw hqwzhghu � rghu ndqq lq � dejhohlwhw zhughq,1

Gh�qlwlrq : +Irupdoh Vsudfkh, Vhl J hlqh Judppdwln1 Gdqq lvw glh
Vsudfkh/ glh gxufk glhvh Judppdwln jhqhulhuw zlug gxufk glh Phqjh

u EC� ' i� 5 A
�

m 	 7 :,�
�

�j

jhjhehq/ zrehl ,
�

i u glh Irojh yrq ? Deohlwxqjhq +?0idfk plw ? � f, vwhkw1

Evs1= I u glh Uhjhoq lq +6, hujhehq vlfk hwzd irojhqgh Deohlwxqjhq +vslw}h
Nodpphuq zhjjhodvvhq/ hv vwhkw ,

�

i u glh plqghvwhqv hlqidfkh Deohlwxqj,=

� 7 ,
�

@KS= 7 , �S , @�S , @KS

� 7 ,
�

@K@KK= 7 , �S , ��S , @K�KS , @K@KK

� Lqvjhvdpw gh�qlhuw xqvhuh Ehlvslhojudppdwln glh Vsudfkh dxv ghq S
Zruwhq= u EC� ' i@KSc @@KSc KKKSc K@KKSc @KKKSc @K@KKSj

Gh�qlwlrq ; +Uhnxuvlyh Judppdwlnhq, Hqwkdowhq Deohlwxqjhq ghu Irup
� ,

�

� � �� � plw � � c � � 5 EA ^ ��
�

� Pdq xqwhuvfkhlghw olqnvuhnxuvlyh Uhjhoq
+� $ �m��,/ uhfkwvuhnxuvlyh Uhjhoq +� $ �m��, xqg }hqwudouhnxuvlyh Uhjhoq
+� $ �m���,1

415 Glh Fkrpvn| Klhudufklh

Qdfk Q1 Fkrpvn| +4<8<, nùqqhq glh Judppdwlnhq +xqg gdplw glh yrq lkqhq
hu}hxjwhq Vsudfkhq, lq hlqh ylhuvwx�jh Klhudufklh jhrugqhw zhughq1 Hv vhl
zlhghu gdv Yrndexodu gxufk T ' A ^ � jhjhehq1 Hlqh Judppdwln C '
EAc �c �c 7� khl w yrp

W|s3 rghu xqehvfkuçqnw/ idoov nhlqhuohl Hlqvfkuçqnxqjhq dq glh Uhjhoq jhpdfkw
zhughq/ g1k1 %+5 $ � plw %c 5c � 5 T

�

xqg + 5 ��
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W|s4 rghu nrqwh{wvhqvlwly/ zhqq lq mhghu Uhjho glh olqnh Vhlwh qlfkw oçqjhu
+g1k1 dxv phku ]hlfkhq ehvwhkw, dov glh uhfkwh1/ g1k1 � $ � plw �c � 5 T

xqg m�m � m�m1 Dqghuv irupxolhuw= Ehl Yrukdqghqvhlq hlqhv Nrqwh{whv
gdui hlq Qlfkwhuplqdov|pero dxi ghu olqnhq Vhlwh hlqhu Deohlwxqj qxu
xqwhu Ehlehkdowxqj glhvhv Nrqwh{whv huvhw}w zhughq1 Irupdo= Hlqh
Uhjho + $ +

�
++

�
9' 0, gdui lq hlqhp Nrqwh{w % � � � 5 qxu vr yhuzhq0

ghw zhughq= %+5 $ %+
�
51

W|s5 rghu nrqwh{wiuhl/ zhqq i u I u glh Uhjhoq dxv � mhw}w qrfk uhvwulnwlyhu
jhirughuw zlug/ gdvv dxi ghu olqnhq Vhlwh jhqdx hlq Qlfkwwhuplqdo vwhkhq
pxvv=

; � $ � 5 � jlow= � 5 �c � 5 T
�

W|s6 rghu uhjxoçu/ zhqq hlqfkuçqnhqg }x W|s 2 dxi ghu uhfkwhq Vhlwh hlqh
eholheljh Nhwwh yrq Whuplqdov|perohq jhirojw +ehl uhfkwvolqhduhq Judp0
pdwlnhq, yrq kùfkvwhqv hlqhp Qlfkwwhuplqdov|pero/ g11k1 glh Uhjhoq
kdehq glh Irup

; � $ � 5 � jlow= � 5 �c � ' �m� 	 � :

zrehl � 5 A
�

xqg 	 � :5 � 1 Ehl olqnvolqhduhq Judppdwlnhq vwhkw
gdv QWV dxi ghu olqnhq Vhlwh/ g11k1 glh Uhjhoq kdehq glh Irup

; � $ � 5 � jlow= � 5 �c � ' �m 	 � : �

Hlqh Vsudfkh u EC� khl w yrp Fkrpvn| W|s � idoov glh Judppdwln C yrp
W|s � lvw1 Dooh jçqjljhq Surjudpplhuvsudfkhq vlqg nrqwh{wiuhlh Vsudfkhq1

Wkhruhp < +Fkrpvn| Klhudufklh, Zhqq u � glh Phqjh doohu Vsudfkhq
eh}hlfkqhw/ glh yrq Judppdwlnhq ghv W|sv � hu}hxjw zhughq/ gdqq jlow u � �
u � � u � � u � �

� Glh Deohlwxqjhq nùqqhq i u nrqwh{wiuhlh Vsudfkhq gxufk V|qwd{0 rghu
Deohlwxqjveçxph rghu gxufk glh V|qwd{gldjudpph lq ghu Edfnxv0
Qdxu0Irup dqvfkdxolfk jhpdfkw zhughq1 V|qwd{eçxph= sduwlhoo jhrug0
qhw/ g1k1 Rugqxqj ghu Nlqgnqrwhq hlqhv mhghq Nqrwhqv yrq ol1 qdfk
uhfkwv ihvwjhohjw1 Eoçwwhu wudjhq glh Whuplqdov|peroh/ glh lqqhuhq
Nqrwhq vlqg plw Qlfkwwhuplqdov|perohq ehohjw1 Zxu}honqrwhq wuçjw
gdv Vwduwv|pero1 Kdw hlq Nqrwhq 	 � : Qdfkirojhu % � % � ���% � /gdqq
jlew hv hlqh Uhjho 	 � :$ % � % � ���% � 1
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Ehlvslho= Judppdwln i u Eh}hlfkqhu +Qdph hlqhu Yduldeohq lq hlqhu
Surjudpplhuvsudfkh,=

Judppdwln C ' iAc �c �c 7j plw

A ' if � � � bc @ � � � 5c � � � � ~c bj

� ' i	 � :c 	 ( :c 	 ~ :c 	 � :j

+Pqhprqlvfkh Qrwdwlrq= �@Exfkvwdeh/ ( @Gljlw/ ~@]hlfkhqnhwwh/ �@
Qdph,

Surgxnwlrqvuhjhoq +Huvhw}xqjvuhjhoq,=

	 � :$	 � : m 	 � :	 ~ :

	 ~ :$	 � : m 	 � :	 ~ : m 	 ( : m 	 ( :	 ~ :

	 � :$ @mKm � � � m�m � � � m~mb

	 ( :$ fm�m � � � mb

416 Edfnxv0Qdxu0Irup

Hlqh hwzdv dqghuh Qrwdwlrq }xu Gduvwhooxqj ghu Uhjhoq hlqhu Judppdwln1
Phwdv|peroh vlqg GG' dqvwhooh yrq $xqg m i u glh Dowhuqdwlyh zlh jhkdew1

Vsudfkhohphqw Ehghxwxqj
	 � : Qlfkwwhuplqdohv V|pero
	 � :GG' � � � Surgxnwlrqvuhjho
� � � � � � � � � � � Vhtxhq}
� � m� � m� � m � � � m� � Dowhuqdwlyh

Huzhlwhuwh EQI +HEQI,= Phwdv|peroh zlh lq EQI gd}x d� � � o i u glh
Rswlrq xqg i� � � j i u glh Zlhghukroxqj1 Zlug xqwhuvfklhgolfk jheudxfkw1
Klhu=

Vsudfkhohphqw Ehghxwxqj
d�o 0m� +Rswlrq/ g1k1 � huvfkhlqw nhlqpdo rghu hlqpdo,

i�j �m��m���m � � � +Zlhghukroxqj/ � huvfkhlqw plqghvwhqv hlqpdo,

di�jo 0m�m��m���m � � � +� huvfkhlqw ? pdo plw ? � f,

E�m�m���� �m�m��� hlq Hohphqw ghu Nodpphu vwhkw

Gdplw vfkuhlew vlfk glh Judppdwln }xu Hu}hxjxqj hlqhv Qdphqv qdfk
reljhp Ehlvslho dov

	 � :GG'	 � : diE	 � : m 	 ~ :�jo
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Uxqgh Nodpphuq glhqhq ghu }xvçw}olfkhq Vwuxnwxulhuxqj ghu Dxvgu fnh/ vr
ehghxwhw ghu Dxvguxfn

iE	 � : m 	 ~ :�j ' 0m E	 � : m 	 ~ :� m E	 � : m 	 ~ :� E	 � : m 	 ~ :� � � �

gdvv dovr mhgh gdgxufk hu}hxjwh ]hlfkhqnhwwh dxv hlqhu Irojh +dxv ? � f
Hohphqwhq, yrq Exfkvwdehq xqg ]dkohq lq eholheljhu Plvfkxqj ehvwhkw1

417 Uhjxoçuh Dxvgu fnh

Hlqh hwzdv dqghuh Qrwdwlrq }xu Gduvwhooxqj ghu Uhjhoq hlqhu uhjxoçuhq +qdfk
Fkrpvn|, Judppdwln1 Phwdv|peroh vlqg

n c � c m c E � c d o

Vsudfkhohphqw Ehghxwxqj
Zruwh dxv � 5 A

�

Vwhkhq i u vlfk vhoevw

� � m� � m� � m � � � m� � Dowhuqdwlyh

d�o plw � 5 A
�

Dowhuqdwlyh i u Hlq}ho}hlfkhq= Jhqdx hlq ]hlfkhq dxv ghu ]hlfkhqirojh � vwhkw1

�� hqwvsulfkw 0m�m��m���m � � � +� vwhkw ? pdo plw ? � f,

�n hqwvsulfkw �m��m���m � � � +� huvfkhlqw ? pdo plw ? : f,

Ehlvslhovzhlvh lvw glh Phqjh � ghu ]hlfkhqirojhq/ glh gxufk

d@KSo n

jhqhulhuw zhughq/ jhjhehq dov

� ' i@c Kc Sc @@c @Kc @Sc K@c � � � c S@@@KS@c � � � j

xqg glh Yruvfkuliw i u glh Elogxqj hlqhv Qdphqv i u hlqhq Eh}hlfkqhu odxwhw

d@ � 5� � ~ odf � b@ � 5� � ~b o �

zrehl gdv � ]hlfkhq lq k � q i u dooh ]hlfkhq ghv Doskdehwhv vwhkw/ glh
}zlvfkhq k xqg q olhjhq +Ehuhlfkvdqjdeh,1

418 V|qwd{ ghu ���*i Surjudpph

Zlu yhuzhqghq qxq glh EQI Qrwdwlrq/ xp glh V|qwd{ ghu ���,e Surjudpph
+v1 Nds1 Ehuhfkhqedunhlw, gdu}xvwhoohq1 Ehlvslho vhl gdv irojhqgh ���,e

Surjudpp i u glh

:



Pxowlsolndwlrq= Hlqjdeh= {4/ {5/ Dxvjdeh= {3 +Yruehohjxqj {3 @ 3,
zkloh +{4 $@3,
~ {6 @ {5>
zkloh +{6 $@ 3,
~ {3 @ {3 . 4>
{6 @ {6 0 4>
�
{4 @ {4 0 4>
�
Dqdo|vh doojhphlqhv zkloh Surjudpp=

41 Oh{lndolvfk= Yduldeohqqdphq ehvwhkhq dxv hlqhp Exfkvwdehq % rghu +

rghu 5 jhirojw yrq hlqhu qdw uolfkhq ]dko +hlqvfkolh olfk ghu f,1

51 V|qwdnwlvfk +Glh V|qwd{ lvw klhu hwzdv doojhphlqhu dov glh lp Ndslwho
Ehuhfkhqedunhlw yrujhvwhoowh/ vsh}lhoo vlqg dxfk hlqidfkh ]xzhlvxqjhq
?YduldeohA@?YduldeohA pùjolfk,

?SurjudppA ==@ ?]xzhlvxqjAm?SurjudppA?SurjudppA

m zkloh+?WhvwA,~?SurjudppA�

?]xzhlvxqjA ==@ ?YduldeohA@?NrqvwdqwhA>m?YduldeohA@?YduldeohA>

m ?YduldeohA@?YduldeohA0?NrqvwdqwhA>

m ?YduldeohA@?YduldeohA.?NrqvwdqwhA>

?WhvwA ==@ ?YduldeohA$@3

xqg 	 gJ?r|@?|e : eh}hlfkqhw hlqh eholheljh qdw uolfkh ]dko1

;


