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ASC?=P*><=@=>?:*OF:QC7:Gp 

! =L@COC9C78* >?CLC7I* F9:G7:G* =?OC9I7JD* _8<?=@=F* 78* ?CL9=FJC*

L@=BC>>J*F BC9I7=<8?87=P <=9C>C*L@:*?=@P=QC7::p 

! :>>9CO=F87=* F9:G7:C* EC=PC?@::* O:><8* <=9C>8* 78* D8@8<?C@*

LC@CPC^C7:H*L@:*O9:?C9I7=P*?=@P=QC7::*78*;8?GQ7=P*>LA><C6 



12 

 

  

H9149+;E92*->3 ;3 A4-*+;E92*->3 B0-E;:12+/ O:>>C@?8B:=77=E=*

:>>9CO=F87:G >=>?=:?*F*>9COAa^CPj 

! @8;@8R=?87J* @8B:=789I7JC* <=7CS7=-M9CPC7?7JC* P=OC9:*

BC9I7=<8?87JD* <=9C>* >* @8;9:S7=H* EC=PC?@:CH* O:><8 O9G* <=PLIa?C@7=E=*

P=OC9:@=F87:G* ?CL9=FJD* L@=BC>>=F* :* 8789:;8* >?@A<?A@7=E=* >=>?8F8*

BC9I7=<8?87JD*<=9C> L@:*?=@P=QC7:: >*ASC?=P*><=@=>?:*OF:QC7:G; 

! @8;@8R=?878* PC?=O:<8* S:>9C77=E=* =L@COC9C7:G* ;78SC7:H* ?CL9=FJD*

78E@A;=<* 78* BC9I7=<8?87=C* <=9C>=* L@:* @8;9:S7JD* @CQ:P8D* :* A>9=F:GD*
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AS@CQOC7:G* FJ>iCE=* =R@8;=F87:G* kW=><=F><:H* E=>AO8@>?FC77JH* A7:FC@>:?C?*

LA?CH*>==R^C7:G*%PLC@8?=@8*$:<=98G*IIm cWXb+& cW%%(d6 

'>7=F7JC* @C;A9I?8?J* O:>>C@?8B::* =LAR9:<=F87J* F* 5q* LCS8?7JD* @8R=?8D.*

:PCa^:D* ?C=@C?:SC><Aa* :* L@8<?:SC><Aa* ;78S:P=>?I.* F* ?=P* S:>9C* F* N* @8R=?8D.*

=LAR9:<=F877JD* F* 78AS7JD* :;O87:GD.* FD=OG^:D* F* LC@CSC7I* @CBC7;:@ACPJD*

78AS7JD* :;O87:H.* F* <=?=@=P* O=9Q7J* RJ?I* =LAR9:<=F87J* =>7=F7JC* 78AS7JC*

@C;A9I?8?J* O:>>C@?8B:H* 78* >=:><87:C* ASC7=H* >?CLC7:* <87O:O8?8* 78A<.*

@C<=PC7O=F877JH*!-3*W:7=R@78A<:*,=>>::6  
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1 @!@H!M'(&3%!?N!@$K3!OP!N3(@@#&)!%$'(Q3(3

?!@H$'!%R$3P$)$S(3(@@#&)!%$'(M 

!*=R98>?:*:;ASC7:G*L@=BC>>=F*F;8:P=OCH>?F:G*F*>:>?CPC*k<=9=O<8 l <=9C>= 

l @C9I>m* FJL=97C7=* R=9Ii=C* <=9:SC>?F=* 78AS7=-:>>9CO=F8?C9I><:D* @8R=?.* S?=*

78i9=*=?@8QC7:C*F*LAR9:<8B:GD*[8, 19, 24, 29, 31, 35, 45, 46, 47, 49, 54, 57, 69, 80]. 

,CiC7:C* ;8O8S:* L=* =L@COC9C7:a* 78L@GQC77=-OC_=@P:@=F877=E=* >=>?=G7:G*

<=9C>8*L@:*?=@P=QC7::*R8;:@AC?>G*78*:>L=9I;=F87::*PC?=O8*<=7CS7JD*M9CPC7?=F*

cW3\d.*LC@C7=>C ?CL98*F*?C9C*;8*>SC?*?CL9=L@=F=O7=>?:*:*<=7FC<B::*:*PCD87:<C 

OC_=@P:@ACP=E=*?FC@O=E=*?C98*[61].  

1.1 $0-.;B3*102+4,*J;;, +9T01.1G;;3;BG1+1=.90;>3;32=1U2+= J9./01*-+-06T3

*1.92 

3=9C>8* QC9C;7=O=@=Q7=E=* ?@87>L=@?8* =?7=>G?>G* <* <8?CE=@::* 78:R=9CC*

=?FC?>?FC77JD* OC?89CH* L=OF:Q7=E=* >=>?8F8.* =?* 78OCQ7=>?:* <=?=@JD* F=* P7=E=P*

;8F:>:? RC;=L8>7=>?I* LC@CF=;=S7=E=*L@=BC>>86*$8*L@:=R@C?C7:C*:* >=OC@Q87:C* F*

@8R=?=>L=>=R7=P* >=>?=G7::* [33 ;8?@8S:F8C?>G* ;78S:?C9I78G* S8>?I* >@CO>?F*

RaOQC?8*QC9C;7=O=@=Q7=E=*?@87>L=@?86 

!*>FG;:*>*?CP.*S?=*F*>=F@CPC77JD*A>9=F:GD*@J7<8 =O7=H*:;*=>7=F7JD*;8O8S*

QC9C;7=O=@=Q7=E=*?@87>L=@?8*GF9GC?>G*LC@CD=O*<*FJ>=<=><=@=>?7=PA*OF:QC7:a.*

;78S:?C9I7JP* =R@8;=P* F=;@8>?8C?* :* >?CLC7I* =?FC?>?FC77=>?:* <=9C>* >* L=;:B::*

=RC>LCSC7:G* RC;=L8>7=>?:* OF:QC7:G.* ?8<:P =R@8;=P.* 7C=RD=O:P=* F7C>?:*

>A^C>?FC77JC*<=@@C<?:FJ*F ?@CR=F87:G.*L@COnGF9GCPJC <*[33. 

[C9I7=<8?87=C* <=9C>= :;E=?8F9:F8C?>G :;* BC9I7=H* ;8E=?=F<:* PC?=O=P*

OC_=@P:@=F87:G*F*78E@C?=P*>=>?=G7::*:*F<9aS8C? >?AL:BA.*O:><*:*=R=O*c@:>A7=< 

1.1) 
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* - @8;PC@J*O9G*>L@8F=<p 

** - @8;PC@J*=RC>LCS:F8a?>G*:7>?@APC7?=P 

,:>A7=<*1.1 - 3=9C>=*BC9I7=<8?87=C*>*<=7:SC><:P*cL@GP=9:7CH7JPd*O:><=P*O:8PC?@=P*

L= <@AEA*<8?87:G*rTf*PP 

 

+@:* :;E=?=F9C7:: [33* L=>9CO=F8?C9I7=* FJL=97Ga?>G* >9COAa^:C 

?CD7=9=E:SC><:C =LC@8B::j* @8;@C;<8* >9:?<=F* :9:* R9aP=F.* <=F<8.* L@=i:F<8.*
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L@=<8?<8.* L@=?:F=_9=<C778G* =R@8R=?<8.* ?C@P:SC><8G* =R@8R=?<8.* PCD87:SC><8G*

=R@8R=?<8*:*A>?@87C7:C*O:>R8987>86 

&?89I7JC* >9:?<:* O9G* :;E=?=F9C7:G* <=9C>* @8><@8:F8a?*78*6 ! 7 ;8E=?=F=<, 

L=>9C*SCE=*L=O8a?*F*E8;=FJC*LCS:*O9G*78E@CF8*F*?CSC7:C*T.e l e.q*S8>=F.  

+=>9C*78E@CF8*L@=:;F=O:?>G*L@COF8@:?C9I78G*=>8O<8.*;8?CP*=>8O<8*F*<=9IBC.*

@8;E=7<8* PC?8998* LA87>=7=P.* _=@P=F<8* >?AL:BJ* :* L@:9CE8a^CH* <* 7CH* S8>?:*

O:><8.* =R=O8* :* O@AE=H* S8>?:* O:><86* +=>9C* M?=E=* FJL=97Ga?* FJE:R<A O:><8, 

<=7?@=9I* : <89:R@=F<A* EC=PC?@:SC><:D* L8@8PC?@=F _=@PJ* <=9C>8, O89CC*

=>A^C>?F9Ga?*L@=i:F<A =?FC@>?:G*F*>?AL:BC6* 

#9G L=FJiC7:G* <8SC>?F8* FJLA><8CPJD* >?89I7JD*:;OC9:H*78* L@=:;F=O>?FC*

=>A^C>?F9GC?>G ?C@P:SC><8G* =R@8R=?<86* "C* L@:PC7C7:C* AFC9:S:F8C?*

:;7=>=>?=H<=>?I*:*A>?89=>?7JC*D8@8<?C@:>?:<:*BC9I7=<8?87JD*QC9C;7=O=@=Q7JD*

<=9C>*[59]. 

'>7=F7JC*M<>L9A8?8B:=77JC*D8@8<?C@:>?:<:*<=9C>8j*?FC@O=>?I, L@=S7=>?I.*

?@C^:7=>?=H<=>?I, 78L@GQC77=-OC_=@P:@=F877=C* >=>?=G7:C.* D98O7=9=P<=>?I.*

FG;<=>?I* @8;@AiC7:G* :* @GO* O@AE:D.* F* ;78S:?C9I7=H* PC@C* ;8F:>G?* =?* F@CPC7:* :*

L8@8PC?@=F*L@=FCOC7:G*?C@P:SC><=H*=R@8R=?<:.*F<9aS8a^CH*;8<89<A*:*FJ>=<:H*

=?LA><6* 

+C@CO* ;8<89<=H* QC9C;7=O=@=Q7JC* BC9I7=<8?87JC* <=9C>8* 78E@CF8a?* F 

<=9IBCFJD*LCS8D*O=*?CPLC@8?A@J*78*A@=F7C*820 l 840 s&*F*?CSC7:C LC@:=O8*tq l 

55q*P:76  

08?CP* <=9C>=* A<98OJF8a?* 78* >LCB:89I7JH* >?=96* '7 L=F=@8S:F8C?>G* F*

FC@?:<89I7=C* L=9=QC7:C :* 78S:78C?>G* L@=BC>>* F@8^C7:G* <=9C>8* L@:* L=P=^:*

L@:F=O7=E=*@=9:<8.*<=?=@=C*>=L@=F=QO8C?>G*=O7=F@CPC77JP*=D98QOC7:CP*=R=O8*

<=9C>8 F=O=H.* :PCa^CH* ?CPLC@8?A@A* Kq* l 35 s&* F* ?CSC7:C*120 l 240 >6 +=O8S8*

F=OJ*L@=:;F=O:?>G*SC@C;*7C><=9I<=*>L@CHC@=F.*78L@8F9C77JD*78*=R=O6 

08?CP*<=9C>8*L=OFC@E8a?*=?LA><A F*?CSC7:C*K.T l N.q*S8>=F L@:*?CPLC@8?A@C*

470 l 520 s&6* +=>9C* ?C@P==R@8R=?<:* <=9C>8* L=>?AL8a?* 78* PCD87:SC><Aa*

=R@8R=?<A6* 
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WCD87:SC><=H*=R@8R=?<C*L=O9CQ8?j*L=FC@D7=>?I*<8?87:G.*E@CRC7I.*?=@B=F8G*

L=FC@D7=>?I*=R=O8*>*F7A?@C77CH*>?=@=7J.*?=@BJ*:*=?FC@>?:C*>?AL:BJ6 

$8OCQ7=>?I* :* O=9E=FCS7=>?I* BC9I7=<8?87JD* <=9C>* F* ;78S:?C9I7=H* PC@C*

;8F:>G?* =?* FC9:S:7J* :* D8@8<?C@8* @8>L@COC9C7:G* =>?8?=S7JD* 78L@GQC7:H.*

?CL9=FJD*L@=BC>>=F.*F=;7:<8a^:D*78*L=FC@D7=>?:*<8?87:G.*D:P:SC><=E=*>=>?8F8.*

>?@A<?A@J* :* >F=H>?F* <=9C>7=H* >?89:.* =L@COC9Ga^:D* L=GF9C7:C* <=7?8<?7JD*

@8;@AiC7:H*:*@8>?@C><:F87:G*PC?8998*[59]. 

!8Q7JP* _8<?=@=P* L@:* FJR=@C* >?89:* P=QC?* >?8?I* =L8>7=>?I* L=GF9C7:G*

?C@P:SC><:D* L=F@CQOC7:H* F>9CO>?F:C* F=;OCH>?F:G* ?=@P=;7JD* <=9=O=< 78*

L=FC@D7=>?I* <8?87:G* :9:* ><=9IQC7:G* <=9C>8 L= @C9I>A6* !* >9AS8C* P7=E=<@8?7=*

L=F?=@Ga^CE=>G* ?=@P=QC7:G* L@:* =?7=>:?C9I7=* FJ>=<:D* ><=@=>?GD* OF:QC7:G*

>?=:? AS:?JF8?I.*S?=*>?89:*>*FJ>=<:P*>=OC@Q87:CP*AE9C@=O8*R=9CC*L=OFC@QC7J*

=R@8;=F87:a* ?C@P:SC><:D* ?@C^:7.* SCP* >?89:* >* R=9CC* 7:;<:P* >=OC@Q87:CP*

AE9C@=O86* 'O78<=* >9COAC?* =?PC?:?I.* S?=* >?89:* >* R=9CC* FJ>=<:P* >=OC@Q87:CP*

AE9C@=O8*=R98O8a?*R=9CC*FJ>=<=H L@=S7=>?Ia*:*:;7=>=>?=H<=>?Ia*[10]. 

W8>>=F8G*O=9G*D:P:SC><:D*M9CPC7?=F.*FD=OG^:D*F*>=>?8F*<=9C>7=H*>?89: L=*

X'&(*5qfr5l2011 [9], L@CO>?8F9C78*F*?8R9:BC 1.1.  

 

(8R9:B8*1.1 - Y:P:SC><:H*>=>?8F*>?89:*<=9C> L=*X'&(*5qfr5-2011 

W8@<8*
>?89: 

W8>>=F8G*O=9G*D:P:SC><:D*M9CPC7?=F.*u 

C Mn Si V S P Cr Ni Cu 

1 0,44-0,52 0,8-1,2 0,4-0,65 0,08-0,15 v0,020 v0,03 v0,3 vq.N vq.N 
2 0,55-0,63 0,5-0,9 0,22-0,45 v0,10 vq.qK5 v0,03 v0,3 vq.N vq.N 
( 0,62-0,7 0,5-1,0 0,22-0,65 v0,10 0,005-0,025 v0,03 v0,4 vq.N vq.N 
1 0,48-0,54 0,8-1,2 0,45-0,65 0,08-0,15 v0,020 v0,03 v0,25 vq.25 vq.25 

+@:PCS87:C*l W8>>=F8G*O=9G*P=9:ROC78*7C*O=9Q78*L@CFJi8?I*q.qt %, 7:=R:G*l 0,05 %, ?:?878*l 0,03 %,  

 

3=9C>8* E@A;=FJD* F8E=7=F F* >@8F7C7::* >* L8>>8Q:@><:P: @8R=?8a?* F*

A>9=F:GD* R=9CC* FJ>=<:D*78L@GQC7:H* F* <=7?8<?C*<=9C>8* :*@C9I>8.* L=M?=PA* >?89I*

O9G* ?8<:D* <=9C>* O=9Q78* =R98O8?I* L=FJiC77=H* :;7=>=>?=H<=>?Ia* :* <=7?8<?7=H*

L@=S7=>?Ia.*S?=*O=>?:E8C?>G*AFC9:SC7:CP*>=OC@Q87:G*AE9C@=O8*O=*q.TT l 0,63 % 

cP8@<8*K*L=*X'&(*5qfr5l2011 [9]). 
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WCD87:SC><:C*>F=H>?F8*?C@P:SC><:*=R@8R=?877=H*>?89:*:PCa?*>9COAa^:C*

;78SC7:Gj*L@COC9*L@=S7=>?:*rqq l 55qq*W+8.*=?7=>:?C9I7=C*AO9:7C7:C*7C*PC7CC*

10 u.*=?7=>:?C9I7=C*>AQC7:C*7C*PC7CC*5e u.*?FC@O=>?I*7C*PC7CC*K`t $!.*AO8@78G*

FG;<=>?I*q.K*W#QwP2
. #877JC*=*PCD87:SC><:D*>F=H>?F8D*>?89:*=R=O=F F8E=77JD*

<=9C>*L@CO>?8F9C7J*F*?8R9:BC 1.2. 

 

(8R9:B8* 1.2 - WCD87:SC><:C* >F=H>?F8* >?89:* =R=O=F* F8E=77JD* <=9C> L=* X'&(*

10791-2011 [9] 

W8@<8*>?89:*
<=9C>8 

!@CPC77=C*
>=L@=?:F9C7:C.*

W+8 

'?7=>:?C9I7=C*
AO9:7C7:C.*u 

'?7=>:?C9I7=C*
>AQC7:C.*u 

(FC@O=>?I*78*
E9AR:7C*Nq*PP.*

HB 

7C*PC7CC 
1 882 l 1078 12 21 248 

2 911 l 1107 8 14 255 

  ( > 1020 9 16 > 320 

1 > 930 12 21 280-320 

 

&?87O8@?7JH* =R=O* BC9I7=<8?87=E=* <=9C>8* :PCC?* >9COAa^:C*

EC=PC?@:SC><:C* D8@8<?C@:>?:<:j* i:@:78* =R=O8 - 5Nq* PP.* ?=9^:78* - fq* PP6* $8*

@8>>?=G7::*fq*PP*=?*F7A?@C77CH*R=<=F=H*E@87:*L=FC@D7=>?:*=R=O8*78D=O:?>G*?8<*

78;JF8CPJH* <@AE* <8?87:G.* L=* <=?=@=PA* L@:* L=P=^:* ?=9^:7=PC@8* :9:*

8R>=9a?7=E=*i8R9=78*:;PC@Ga?*L@=<8?.*O:8PC?@*<=9C>8*:*?=9^:7A*=R=O86* 

&?AL:B8* <=9C>8* F* D=9=O7=P* >=>?=G7::* L@=S7=* ;8L@C>>=F878* 78* =>I >*

78?GE=P.* @8F7JP* q.5 l q.KT* PP.* S?=* >=;O8C?* O=L=97:?C9I7JC* 78L@GQC7:G* F*

>?AL:BC6*+C@CD=O*=?* >?AL:BJ*<*=R=OA*FJL=97C7*F*_=@PC*O:><86*'7*@8>L=9=QC7*

L=O* 7C<=?=@JP* AE9=P.* S?=* >L=>=R>?FAC?* L=FJiC7:a* AL@AE=>?:* :* P:7:P:;8B::*

F=;OCH>?F:G*O:78P:SC><:D*>:9*78*<=9C>=*F*L@=BC>>C*M<>L9A8?8B::*[9]. 

'R@8R=?877JH* =R=O* <=9C>8* O=9QC7* :PC?I* L@=_:9I L=FC@D7=>?:* F*

>==?FC?>?F::*>*@:>A7<=P*1.2. 
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,:>A7=<*1.2 - +@=_:9I*>?87O8@?7JH*L=*X'&(*10791-2011 >*:>D=O7=H*?=9^:7=H*

E@CR7G*NN*PP 

+=FC@D7=>?I*<8?87:G*=R=O8*<=9C>8*:PCC?*>9=Q7Aa*EC=PC?@:SC><Aa*_=@PA*:*

>=>?=:?*:;*AS8>?<=F*>*@8;9:S7JP*A<9=7=P*L@=_:9G6*(8<8G*EC=PC?@:G*FJL=97C78*

:>D=OG*:;*OFAD*A>9=F:Hj*LC@F=C*l =RC>LCS:?I*@8B:=789I7=C*F;8:P=OCH>?F:C*<=9C>*

:* @C9I>=F.* F?=@=C* l =RC>LCS:?I* A>?=HS:F=C* L=9=QC7:C <=9C>7=H* L8@J* F* <=9CC.*

=L@COC9Ga^CC* 78L@8F9C7:C* >9CO=F87:G* L=OF:Q7=E=* >=>?8F8* [50]. &?87O8@?7JH*

L@=_:9I*<=9C>8*:PCC?*E@CRC7I.*<=7:SC><Aa*L=FC@D7=>?I*1:10, 1:3,5 :*_8><A*e*PP*

L=O 45 s6*X@CRC7I*<=9C>8*:PCC?*FJ>=?A*Kt*PP*:*?=9^:7A*NN*PP*:*L@CO78;78SC7*O9G*

78L@8F9C7:G*OF:QC7:G*<=9C>7=H*L8@J*:*L@CO=D@87C7:G*CC =?*>D=O8*>*@C9I>=F6* 

'>7=F7JP:*_8<?=@8P:.*F9:Ga^:P: 78*>@=<*>9AQRJ*BC9I7=<8?87=E=*<=9C>8.*

GF9Ga?>G*>==?7=iC7:C*?FC@O=>?CH*<=9C>8*:*@C9I>8.*8*?8<QC*;78SC7:G*>APP8@7JD*

F7A?@C77:D* 78L@GQC7:H.* <=?=@JC* F=;7:<8a?* :;-;8 F=;OCH>?F:G* F* @C;A9I?8?C*

M<>L9A8?8B:: <8<* 7=@P89I7JD* >?8?:SC><:D* :* ;78<=LC@CPC77JD* O:78P:SC><:D*

78E@A;=<.* OCH>?FAa^:D* F* @8O:89I7=P* :* =>CF=P* 78L@8F9C7:GD.* ?8<* :*

?CPLC@8?A@7JD* 78L@GQC7:H.* FJ;F877JD* ?@C7:CP* ?=@P=;7JD* <=9=O=<* =R* =R=O*

<=9C>8*F*L@=BC>>C*?=@P=QC7:G*L=OF:Q7=E=*>=>?8F86 
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+@:* O=>?:QC7::* ;78SC7:H* 78L@GQC7:H* L@COC98* FJ7=>9:F=>?:* <=9C>7=H*

>?89:* F* [33* L@=:>D=O:?* =R@8;=F87:C* A>?89=>?7JD* ?@C^:7.* S?=* L@:F=O:?* <*

L@CQOCF@CPC77=PA*@8;@AiC7:a*<=9C>86 

&*KqqN* E6* 0-'*k'W3m L@=:;FC98*:*L=>?8F:98*'-'*k,V#m*R=9CC*K.t*P97*

<=9C>* L=FJiC77=H* ?FC@O=>?: (320 l 360 HB). &A^C>?FAa?* L@=C<?J* ?CD7=9=E:: 

L@=:;F=O>?F8*<=9C>*O9G*E@A;=FJD*F8E=7=F*>*?FC@O=>?Ia*Neq l 390 HB.*=O78<=*L@:*

O=>?:QC7::* A<8;877=H* ?FC@O=>?:* 7C* O=>?:E8a?>G* FG;<=-L98>?:SC><:C 

D8@8<?C@:>?:<:* F* =R=OC*  :* L=FJi8a?>G* ;8?@8?J* :;-;8* :;7=>8* @CQA^CE=*

:7>?@APC7?8* F* F8E=7=@CP=7?7JD* OCL=* [70, 62]. +@:* M?=P* <=9C>8* L=FJiC77=H*

?FC@O=>?:* :;* >?89:* P8@<:* T R=9CC* L=OFC@QC7J* FJ^C@R:7==R@8;=F87:a.* SCP*

<=9C>8*:;*>?89:*P8@<:*K*[3]. 

1.2 $0-.;B309;2A4-=012+9U J9./01*-+-06T3*1.923=-G101=3=3V*2A.,-+-J;; 

'>7=F7JC*7C:>L@8F7=>?:*<=9C>7JD*L8@*<98>>:_:B:@Aa?>G*F*o50, 76]. 
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78L@GQC77=-OC_=@P:@=F877=E=* >=>?=G7:G.* >FG;877=E=* >* ?CD7=9=E:SC><:P:*

=LC@8B:GP:* :;E=?=F9C7:G.* O89CC* L@=:;F=O:?I* L=>9COAa^:H* ASC? 789=QC7:G*

M<>L9A8?8B:=77JD*_8<?=@=F*F=;OCH>?F:G*[82]. 
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A( %82-( %#B+,( C.%(! /)(! 0#D( +B+/)+4#)#( E-9-/++B%#*)+/,<( 1%"&-)-)"8( 298(

%-=-)"8( *#2#.( ,-19+1%+4+2)+/,"( "( ,-%&+31%3$+19#/,".)+/,"( +/)+4)'5(

1+9+:-)">(."/9-))'5(&-,+2+4F(!

38<*=?PCS89=>I*F*L@COJOA^CH*E98FC, =O7:P*:;*78:R=9CC*@8>L@=>?@87C77JD*

:* M__C<?:F7JD* PC?=O=F* @CiC7:G* L=O=R7JD* ;8O8S* GF9GC?>G* PC?=O* <=7CS7JD*

M9CPC7?=F6  

+=O* ?C@P:7=P* kPC?=O* <=7CS7JD* M9CPC7?=Fm* cW3\d* L=O@8;APCF8C?>G*

>CPCH>?F=*F8@:8B:=77JD*PC?=O=F*P:7:P:;8B::*_A7<B:=789=F6 

@+$9#/)+(+/)+4)'&!1+9+:-)"8&!G,+$+!&-,+2#!,-9+!4("//9-23-&+>(+B9#/,"!

2"/0%-,"*"%3-,/8( )#( H"0/"%+4#))+-( 0+)-.)+-( ."/9+( 1+2+B9#/,->( I0+)-.)'5(

G9-&-),+4J( "( 1%-2/,#498-,( /+B+>( /+4+031)+/,<( B+9<=+$+( 0+9".-/,4#( 0+)-.)'5(

G9-&-),+4K(/48*#))'5!&-:23(/+B+>(3*9+4'&"(/48*8&"![88]6*$8*<8QO=P*<=7CS7=P*

M9CPC7?C*>=;O8C?>G*_=@P8*8LL@=<>:P8B::*7C:;FC>?7=H*_A7<B::*F*F:OC*_A7<B:H*

_=@PJ. +@:* M?=P*7C:;FC>?78G*_A7<B:G F* E@87:B8D O877=E=* <=7CS7=E=* M9CPC7?8*

L=97=>?Ia* =L:>JF8C?>G CC A;9=FJP:* ;78SC7:GP:6* W:7:P:;:@AG* _A7<B:=789.*

>FG;877JH* >* O877=H* _:;:SC><=H* ;8O8SCH 78* <8QO=P* :;* <=7CS7JD* M9CPC7?=F* :*

>APP:@AG* F<98OJ* =?* =?OC9I7JD* M9CPC7?=F.* L=9AS8CP* >:>?CPA* 9:7CH7JD*

89ECR@8:SC><:D*A@8F7C7:H.*7C:;FC>?7JP:*F*<=?=@=H*GF9Ga?>G*A;9=FJC* ;78SC7:G*

:>>9COACP=H*_A7<B::*[37]. 

3A>=S7=-7CL@C@JF7JC* _A7<B::* =L@COC9Ga?>G* ;78SC7:GP:*

8LL@=<>:P:@ACP=H*_A7<B::* F* <=7CS7=P* S:>9C* ?=SC<* :>>9COACP=H* =R98>?: [33]. 

+=M?=PA*L@:*L=>?@=C7::*O:><@C?7=H*P=OC9:*L=>?AL8a?*>9COAa^:P*=R@8;=Pj 

! F E@87:B8D*@8>>P8?@:F8CP=E=*?C98 =L:>JF8C?>G <=7CS7=C*S:>9=*?=SC<.*

78;JF8CPJD*A;98P:p* 

! ;78SC7:C* 7CL@C@JF7=H* _A7<B::* F* <8QO=H* A;9=F=H* ?=S<C* >S:?8C?>G*

LC@CPC77=H.*<=?=@8G*O=9Q78*RJ?I*=L@COC9C78p* 

! =R98>?I*=L@COC9C7:G*7CL@C@JF7=H*_A7<B::*@8;R:F8C?>G*78*<=7CS7=C 

S:>9=* L=O=R98>?CH.* 78;JF8CPJD* <=7CS7JP:* M9CPC7?8P:, <=?=@JC* :PCa? =R^:C*

A;9=FJC*?=S<:p 
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! 7CL@C@JF78G* _A7<B:G* 8LL@=<>:P:@AC?>G* 78* <8QO=P* M9CPC7?C*

L=9:7=P=P.* <=?=@JH* ;8O8C?>G* >* L=P=^Ia* A;9=FJD* ;78SC7:H* :>>9COACP=H*

_A7<B::*o82]. 

'>7=F7JC* L@C:PA^C>?F8* PC?=O8* <=7CS7JD* M9CPC7?=F* L@CO>?8F9C7J* 78*

@:>A7<C*2.1. 

 

,:>A7=<*2.1 - +@C:PA^C>?F8*W3\ 

 

$C>P=?@G* 78* RJ>?@=C* @8;F:?:C* FJS:>9:?C9I7=H* ?CD7:<:.* @CiC7:C* ;8O8S*

PC?=O=P*<=7CS7JD*M9CPC7?=F*O9G*P=OC9CH*>9=Q7=H*EC=PC?@::*:9:*>=>?=G^:D*:;*

R=9Ii=E=*S:>98*A;9=F*:*M9CPC7?=F*?@CRAC?*R=9Ii=H*FJS:>9:?C9I7=H*P=^7=>?:*:*

F@CPC77JD* ;8?@8?.* =>=RC77=* C>9:* ?@CRAC?>G* @Ci:?I* OC_=@P8B:=77Aa* ;8O8SA6*

+=M?=PA* >=F@CPC77JC* L@=E@8PP7JC* >@CO>?F8* L=>?@=C7J* ?8<:P* =R@8;=P.* S?=RJ*

L@:PC7G?I* L8@899C9I7JC* PC?=OJ* =R@8R=?<:* :7_=@P8B::6* (8<QC.* BC9C>==R@8;7=*

>78S898*L@=:;F=O:?I*@8>SC?*78*AL@=^C77JD*P=OC9GD.* 8* ;8?CP*APC7Ii8?I*@8;PC@*

M9CPC7?=F*F*:>>9COACP=H*=R98>?:6* 
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+@:* ?CPLC@8?A@7JD M<>L9A8?8B:=77JD* F=;OCH>?F:GD FJ>=<=H*

:7?C7>:F7=>?: F*OC?89: L@=?C<8C?* <=PL9C<>* >FG;877JD*L@=BC>>=Fj*:7?C7>:F7JH*

78E@CF* :* =D98QOC7:C* PC?8998.* >?@A<?A@7JC* :* _8;=FJC* L@CF@8^C7:G.*

7C:;=?C@P:SC><=C*OC_=@P:@=F87:C.*78>J^C7:C*E8;8P:*:*O@AE:C [37]. 

X98F7JH* 7CO=>?8?=<* PC?=O8* <=7CS7JD* M9CPC7?=F* ;8<9aS8C?>G* F*

7C=RD=O:P=>?:* >=>?8F9C7:G* FJS:>9:?C9I7JD* L@=E@8PP* :* L@:PC7C7:G*

FJS:>9:?C9I7=H* ?CD7:<:6* !JS:>9C7:G.* <=?=@JC* ?@CRAC?>G* L@=F=O:?I* L@:*

:>L=9I;=F87::* PC?=O8* <=7CS7JD* M9CPC7?=F.* >9:i<=P* E@=P=;O<:* O9G* @AS7=E=*

>SC?8*O8QC*F*>9AS8C*@CiC7:G*=SC7I*L@=>?JD*;8O8S6*#9G*@CiC7:G*>9=Q7JD*;8O8S*

7C=RD=O:P=* :>L=9I;=F87:C* RJ>?@=OCH>?FAa^:D* <=PLIa?C@=F.* =R98O8a^:D*

R=9Ii=H*L8PG?Ia*o88]. 

_C_3!201=0693A1.1I90;>3:9+1<;*;3:1<9.;41=-0;>3;B:9090;> +9A.1=1G13;3

0-A4>I9001-<9`14:;41=-001G13212+1>0;> 

%>>9CO=F87:C*@8>L@COC9C7:G*?CPLC@8?A@7JD L=9CH :*>?@A<?A@7=E=*>=>?8F8*

<=9C>8 GF9GC?>G* 78S89I7=H* >?8O:CH* 8789:;8* F>CD* L@=BC>>=F.* L@=:>D=OG^:D* L@:*

7C@8F7=PC@7JD* 7C>?8B:=78@7JD* 78E@CF8D* O=* FJ>=<:D* ?CPLC@8?A@6* &?@A<?A@7JC*

L@CF@8^C7:G* @8>>P8?@:F8a?>G* F* >9AS8C* 78E@CF8* >?89:* FJiC* ?CPLC@8?A@J*

LC@9:?7=-8A>?C7:?7=E=* L@CF@8^C7:G* c-&1d* :* L=>9COAa^CE=* =D98QOC7:G* >*

=L@COC9C77=H*><=@=>?Ia*o88]. 

&S:?8C?>G.*S?=*S:>9C77JC*PC?=OJ.*F*?=P*S:>9C*PC?=O*<=7CS7JD*M9CPC7?=F. 

L=;F=9Ga?*=L@COC9:?I*?CPLC@8?A@A*>*?=S7=>?Ia.*R9:;<=H*<*?=S7=>?:*=L@COC9C7:G*

?CL9=_:;:SC><:D*D8@8<?C@:>?:<*P8?C@:8986*+@: P=OC9:@=F87:: 7C>?8B:=78@7JD*

L@=BC>>=F* 78E@CF8 :;PC7C7:C* ?CPLC@8?A@J* GF9GC?>G* =O7:P* :;* =>7=F7JD* 

_8<?=@=F.* =L@COC9Ga^:D ;78SC7:G* F@CPC77JD :* =>?8?=S7JD 78L@GQC7:H :*

OC_=@P8B:H.* BC9C>==R@8;7=* F* L@=E@8PP7=P* <=PL9C<>C* 78* 78S89I7=P* M?8LC*

L@=F=O:?I* @8>SC?* ?CPLC@8?A@7JD* L=9CH* [37].* 78* =>7=F87::* <=?=@=E=* L@=F=O:?I*

<=PLIa?C@7=C P=OC9:@=F87:C ?C@P=OC_=@P8B:=77JD* L@=BC>>=F* :* >?@A<?A@7JD*

L@CF@8^C7:H*L@:*>9=Q7JD*M<>L9A8?8B:=77JD F=;OCH>?F:GD [82]. 
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3=9:SC>?FC778G* =BC7<8* ?CL9=?J.* @8>L@=>?@87Ga^CH>G* F* ?C9C* F>9CO>?F:C*

?CL9=L@=F=O7=>?:.* =>7=F878* 78* ;8<=7C*ZA@IC* o51, 67{6* 3=9:SC>?F=* ?CL9=?J* dQ, 

L@=D=OG^CH* SC@C;* M9CPC7?* L=FC@D7=>?:* dF  ;8* L@=PCQA?=<* F@CPC7:* d!, 

L@=L=@B:=789I7=*?CPLC@8?A@7=PA*E@8O:C7?A*
DE
DF  [61]: 

G1 % 7H @ IJIK @ G4 @ G/, 
(2.1) 

EOC*" - <=M__:B:C7?*?CL9=L@=F=O7=>?:6 

'?7=iC7:C* <=9:SC>?F8* ?CL9=?J.* LC@CO877=E=* L=>@CO>?F=P*

?CL9=L@=F=O7=>?:.* <* CO:7:BC* L9=^8O:* L=FC@D7=>?:* :* <* CO:7:BC* F@CPC7:*

L@CO>?8F9GC?*L9=?7=>?I*?CL9=F=E=*L=?=<8*:9:*AOC9I7JH*?CL9=F=H*L=?=< 

LM % G1
G4 @ G/N 

(2.2) 

A-0,+%!

LM % 7H @ IJIK % 7H @ OPQGJ 
(2.3) 

7=@P89C7* <*:;=?C@P:SC><=H*L=FC@D7=>?:*:* 78L@8F9C7* F* >?=@=7A* ARJF87:G*

?CPLC@8?A@J6* 

%;*A@8F7C7:G*(2.1) =L@COC9GC?>G*;78SC7:C*<=M__:B:C7?8*?CL9=L@=F=O7=>?: 

L=*_=@PA9C: 

H % 7-G1
RIJIKS @ G4 @ G/

N (2.4) 

3=M__:B:C7?* ?CL9=L@=F=O7=>?:* =L@COC9GC?>G* M<>LC@:PC7?89I7=* 78*

>LCB:89I7JD* 98R=@8?=@7JD* A>?87=F<8D* :* >A^C>?FC77JP* =R@8;=P* ;8F:>:?* =?*

_8;=F=E=* :* >?@A<?A@7=E=* >=>?8F8* FC^C>?F86* 08F:>:P=>?I* " =?* ?CPLC@8?A@J* F*

;8F:>:P=>?:* =?* FJR@877=E=* P8?C@:898 :* =? @8;9:S7JD* O:8L8;=78D* :;PC7C7:G*

?CPLC@8?A@J P=QC?*RJ?I <8<*F=;@8>?8a^CH.*?8<*:*ARJF8a^CH*_A7<B:CH [82]. 

A( %-#9<)'5( 3/9+4"85( G0/193#,#E""( 4( 2-,#9"( 1%"/3,/,43L,( *+)'( /(

%#*9".)'&"( ,-19+H"*".-/0"&"( /4+>/,4#&"K( 4( /48*"( /( 1%+,-0#)"-&( H#*+4'5( "(

/,%30,3%)'5(1%-4%#M-)">K( /48*#))'5(/( 1%+E-//#&"( 4'2-9-)"8("9"(1+$9+M-)"8(

,-19+,'F( N,+,( 4#:)'>( #/1-0,( /9-23-,( 3.",'4#,<( 1%"( %-=-)""( *#2#.(
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,-19+1-%-)+/#-! O%"&-)-)"-( &-,+2#( 0+)-.)'5( G9-&-),+4! 1+*4+98-,( 1%+4+2",<(

3,+.)-))3L(+E-)03(%#/1%-2-9-)"8(,-&1-%#,3%!"(/,%30,3%)+$+(/+/,#4#(4(0#:2+&!

3*9-!0+)/,%30E""F(!

P#/1%-2-9-)"-( ,-&1-%#,3%( 1%"( /,#E"+)#%)'5( ,-19+4'5( %-:"&#5(

1+2.")8-,/8(+/)+4)+&3(3%#4)-)"L(,-19+1%+4+2)+/,"(4(/19+=)+>(/%-2-(C%+,1!

H$$ @
ITJ
IUT ' HVV @

ITJ
IWT ' HXX @

ITJ
IYT ' 1 % Z, (2.5) 

EOC* xx" , yy" , zz" - <=M__:B:C7?J*?CL9=L@=F=O7=>?:*F*78L@8F9C7::*=>CH*X, 

Y, Z.*<!?wP 3p 

T l ?CPLC@8?A@8.*sC; 

Q l :>?=S7:<* ?CL98* F7A?@:* ?C98.* C>9:* ?CL9=* L=OF=O:?>G* <* ?C9A.* CE=*

@8;PC@7=>?I, <!?wP3
. 

">9:*?CPLC@8?A@8*:;FC>?78*78*7C<=?=@=H*S8>?:*E@87:BJ.*?=* 

J % J)R[S, (2.6) 

EOC*J) - ?CPLC@8?A@8*78*E@87:BC.*<=?=@8G*P=QC?*RJ?I*_A7<B:CH*<==@O:78?*
?=SC<*L=FC@D7=>?:*s [88]. 

+@:* 789:S::* 78* E@87:BC* <=7FC<?:F7=E=* ?CL9==RPC78.* ;8O877=E=*

<=M__:B:C7?=P*?CL9==RPC78*h c<!?wP2d*:*@8;7:BCH*?CPLC@8?A@*L=FC@D7=>?:*?C98*

:*=<@AQ8a^CH*>@COJ* )( #$ TT  :9:*L=?=<8*?CL98*q A@8F7C7:C L@:7:P8C?*F:O*o88]: 

H$$ @
ITJ
IUT \$ ' HVV @

ITJ
IWT \V ' HXX @

ITJ
IYT \X ' ]RJ 7 Ĵ S ' L % Z, (2.7) 

$2-( xl , yl , zl  - 78L@8F9Ga^:C*<=>:7A>J*FC<?=@8*7=@P89:*<*L=FC@D7=>?:; 

q l L=?=<*?CL98.*<!?wP2
. 

(CL9=F=H* L=?=<* L@:7G?= >S:?8?I L=9=Q:?C9I7JP.* C>9:* ?CL9=* ?C@GC?>G*

?C9=P6*">9:*>A^C>?FAC?*L=?C@G*?CL98*LA?CP*<=7FC<B::.*?=*=?>A?>?FAC?*=?F=O*:9:*

L@:?=<*?CL98 ;8*>SC?*?CL9=F=E=*L=?=<8*:*=R@8?7=*o88{6*b@8F7C7:C*(2.7) L@:PC7:P=*

<8<*<*:;=?@=L7JP.*?8<*:*<*87:;=?@=L7JP*?C98P6 
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W8?@:B8*?CL9=L@=F=O7=>?:*<=7CS7=E=*M9CPC7?8*L@CO>?8F9GC?>G*F*F:OC**%%,1!

_`RaSb % c_dRaSbE_eRaSb_dRaSbGf ' c]_gRaSbE_gRaSbG[, (2.8) 

$2-(_`RaSb l P8?@:B8*?CL9=L@=F=O7=>?:p 
_dRaSb7!&#,%"E#($%#2"-),+4Q!
!_eRaSb! !! &#,%"E#K( /+2-%:#M#8( *)#.-)"8( 0+GHH"E"-),+4(

,-19+1%+4+2)+/,"Q!

_gRaSb-!!&#,%"E#K(/+2-%:#M#8(H3)0E""!H+%&'F!
R#,%"E#(_gRaSb!/+2-%:",(H3)0E"L(H+%&'K(1%".-&1!

JRaS % _gRaSb @ hJiN (2.9) 

R#,%"E#(_eRaSb >=OC@Q:?*;78SC7:G*<=M__:B:C7?=F*?CL9=L@=F=O7=>?: 

_eRaSb % j
H$$RaS Z Z
Z HVVRaS Z
Z Z HXXRaS

kN 
(2.10) 

R#,%"E#! $%#2"-),+4! % &)(eB  L=9AS8C?>G* O:__C@C7B:@=F87:CP* % &)(eN  L=*

>==?FC?>?FAa^:P*=>GP.*?=EO8*>==?7=iC7:C*O9G*=L@COC9C7:G* ' (% &eB  :PCC?*F:O [82]: 

hOi %

l
mm
n
mm
oIJIU
IJ
IW
IJ
IYp
mm
q
mm
r

% _dRaSb @ hJiN 

 

(2.11) 

!C<?=@->?=9RCB.* F* <=?=@=P* AS:?JF8a?>G* ;78SC7:G* ?CL9=L@:?=<=F* :*

?CL9==RPC78*;8*>SC?*<=7FCB:: O9G*M9CPC7?8*=L@COC9GC?>G*_=@PA9=H: 

stRaSu % 7 c_gRaSbE @ 1Gf ' c_gRaSbE @ LGv 7 c_gRaSbE @ Ĵ @ ]Gv
wx
RySwz

RyS&RyS
N 

(2.12) 
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3=M__:B:C7?* ?CL9==?O8S:* ) F* =R^CP* >9AS8C* P=Q7=* L@CO>?8F:?I* F* F:OC 

[88]: 

3 % G1
RJ{ 7 J|S @ G4 @ G/

% L
J{ 7 J|

, (2.13) 

$2-!J{!7!,-&1-%#,3%#(1+4-%5)+/,"Q!
J|!7!,-&1-%#,3%#(+0%3:#LM->(/%-2'F!

+@:* L@:PC7C7::* 8789:?:SC><:D* ;8F:>:P=>?CH* O9G* @CiC7:G* L@8<?:SC><:D*

;8O8S* ?CL9==RPC78* >?=:?* AS:?JF8?I.* S?=* L8@8PC?@J* M?=E=* L@=BC>>8* P=EA?*

:;PC7G?I>G* F=* F@CPC7:6*3*=O7=H*:;* ?8<:D*P=Q7=*=?7C>?:* ;8O8SA =*@8>SC?C*L=9G*

?CPLC@8?A@*F*BC9I7=<8?87=P*<=9C>C L@:*M<>L9A8?8B:=77JD*F=;OCH>?F:GD6* 

b@8F7C7:C*7C>?8B:=78@7=H*?CL9=L@=F=O7=>?:*:PCC?*F:O*o88]: 

H$$ @
ITJ
IUT ' HVV @

ITJ
IWT 'HXX @

ITJ
IYT ' 1 % }~ @ IJIB N 

(2.14) 

+@:* :>L=9I;=F87::* PC?=O8* <=7CS7JD M9CPC7?=F* O9G* @CiC7:G* A@8F7C7:G*

(2.14) S8>?78G* L@=:;F=O78G* L=* F@CPC7:* @8>>P8?@:F8C?>G* <8<* _A7<B:G*

L@=>?@87>?FC77JD* <==@O:78?* F* <8QOJH* _:<>:@=F877JH* P=PC7?* F@CPC7:* [82]. 

08PC7:P*1 78*@8;7=>?I: 

1 % 1 7 }~ @ IJIB N 
(2.15) 

+=>9C* L@:7G?=H* ;8PC7J* @CiC7:C* ;8O8S:* ?CL9=L@=F=O7=>?:* L=9AS8C?>G*

P:7:P:;8B:CH* >FG;877=E=* >* A@8F7C7:CP* (2.14) _A7<B:=7898* O9G <8QO=H* ?=S<:*

F@CPC77=E=* :7?C@F8986* +C@CO* <8QO=H* ?8<=H* P:7:P:;8B:CH* <=M__:B:C7?J*

?CL9=L@=F=O7=>?:* :* O@AE:C* FC9:S:7J.* ;8F:>G^:C* =?* F@CPC7:.* O=9Q7J* RJ?I*

LC@C>S:?87J*;87=F= [82]6*ZA7<B:=789.*>FG;877JH*>*A@8F7C7:CP*(2.14).*:PCC?*F:O: 

� % c 6
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>@COA6*$8*L=FC@D7=>?:*<8?87:G.*F*;=7C*F;8:P=OCH>?F:G*=R=O8*<=9C>8*>*?=@P=;7=H*

<=9=O<=H.*78*L@=?GQC7::*i:@:7J*<=9=O<:*78D=O:?>G*;=78*?CL9=L@:?=<=F*cQC9?8G*

9:7:Gd6* 
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8d*>*L@GP=9:7CH7JP*O:><=Pp*Rd*>*<@:F=9:7CH7JP*O:><=P 

 ,:>A7=<*2.4 - '>C>:PPC?@:S7JC P=OC9: BC9I7=<8?87JD*<=9C>*c?=9^:78*=R=O8 70 PPd* 

3=7?A@*P=OC9:*c>:7GG*9:7:Gd*L=<8;JF8C?*;=7A*?CL9==?F=O8*F*=<@AQ8a^Aa*

>@COA6*$8*L=FC@D7=>?:*<8?87:G.*F*;=7C*F;8:P=OCH>?F:G*=R=O8*<=9C>8*>*?=@P=;7=H*

<=9=O<=H.*78*L@=?GQC7::*i:@:7J*<=9=O<:*78D=O:?>G*;=78*?CL9=L@:?=<=F*cQC9?8G*

9:7:Gd6* 

(8<QC*8F?=@=P*@8;@8R=?87 @GO*P=OC9CH*>*:;7=iC77JP =R=O=P*c@:>A7<: 2.5,  

2.6d*<=9C>8*c`q*PP :*KK*PPd*>*@8;9:S7=H*_=@P=H*O:><86 
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8d*>*L@GP=9:7CH7JP*O:><=Pp*Rd*>*<@:F=9:7CH7JP*O:><=P 

,:>A7=<*2.5 - '>C>:PPC?@:S7JC P=OC9: BC9I7=<8?87JD*<=9C>*c?=9^:78*=R=O8 40 PPd* 

 

W=OC9:*>*=R=O=P*KK*PP*>=>?=G?*:;*5Nq`*A;9=F :*55tq*<=7CS7JD*M9CPC7?=F. 
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 8d*>*L@GP=9:7CH7JP*O:><=Pp*Rd*>*<@:F=9:7CH7JP*O:><=P 

,:>A7=<*2.6 - '>C>:PPC?@:S7JC P=OC9: BC9I7=<8?87JD*<=9C>*c?=9^:78*=R=O8 22 PPd* 
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(8<QC*8F?=@=P*@8;@8R=?87J*=RnCP7JC*<=7CS7=-M9CPC7?7JC*P=OC9:*[33*>*

L@GP=9:7CH7JP* O:><=P6*W=OC9I* <=9C>8* c@:>A7=< 2.7d* >* ?=9^:7=H* =R=O8* KK* PP*

>=>?=:?* :;* K`ffe* A;9=F* :* K5K`q* F=>IP:A;9=FJD* =RnCP7JD* <=7CS7JD* M9CPC7?=F.*

P=OC9I* c@:>A7=<* 2.8d* >* ?=9^:7=H* =R=O8* fq* PP* >=>?=:?* :;* Ntqqq* A;9=F* :* NNTTK*

F=>IP:A;9=FJD*=RnCP7JD*<=7CS7JD*M9CPC7?=F [15].  

 

,:>A7=<*2.7 - 3=7CS7=-M9CPC7?78G*P=OC9I*[33*>*L@GP=9:7CH7JP*O:><=P*c?=9^:78*

=R=O8*KK*PPd 

 
,:>A7=<*2.8 - 3=7CS7=-M9CPC7?78G*P=OC9I*[33*>*L@GP=9:7CH7JP*O:><=P*c?=9^:78*

=R=O8*fq*PPd 

 

#9G*FC@:_:<8B::*L=9AS8CPJD*@C;A9I?8?=F*;78SC7:G*F@CPC7:*?=@P=QC7:G*:*

<=M__:B:C7?=F*?CL9=F9=QC7:H*RJ9:*L@:7G?J*?8<:P:*QC.*<8<*A<8;87J*F*PC?=O:<C*

[49]. +=9ASC77JC* F* @C;A9I?8?C* P=OC9:@=F87:G* ;78SC7:G* P8<>:P89I7JD*
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?CPLC@8?A@* >FCOC7J* F* ?8R9:BA* 2.2 :* L@=FCOC7* >@8F7:?C9I7JH* 8789:;* >*

@C;A9I?8?8P:.*L@=FCOC77JP:*ASC7JP:*W%%(8 :*:;9=QC77JP:*F*[32]. 

,C;A9I?8?J*@8>L@COC9C7:G*?CPLC@8?A@*F*[33*L@:*M<>?@C77=P*?=@P=QC7::*

O9G*E@A;=F=E=*F8E=78*>*?=9^:7=H*=R=O8*KK*:*fq*PP*>*<=PL=;:B:=77=H*<=9=O<=H*

L@:FCOC7J*78 @:>A7<8D*2.9, 2.10. 

 

,:>A7=<*2.9 - ,8>L@COC9C7:C*?CPLC@8?A@*c?=9^:78*=R=O8*KK PP.*F*P=PC7?*=<=7S87:G*

M<>?@C77=E= ?=@P=QC7:G.*<=PL=;:B:=778G*<=9=O<8d 
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,:>A7=<*2.10 - ,8>L@COC9C7:C*?CPLC@8?A@*c=R=O*fq*PP.*F*P=PC7?*=<=7S87:G*M<>?@C77=E= 

?=@P=QC7:G.*<=PL=;:B:=778G*<=9=O<8d 

!* ?8R9:BC 2.2 L@CO>?8F9C7J* @C;A9I?8?J* 8789:;8* ?CPLC@8?A@* F* P=PC7?*

=<=7S87:G* ?=@P=QC7:G* [33* >* @8;9:S7=H* ?=9^:7=H* =R=O8* L@:* M<>?@C77=P* :*

O9:?C9I7=P*@CQ:P8D*?=@P=QC7:G >*@8;9:S7JP:*?=@P=;7JP:*<=9=O<8P:6 

(8R9:B8*2.2 - W8<>:P89I7JC*;78SC7:G*?CPLC@8?A@*L@:*M<>?@C77=P*:*O9:?C9I7=P 

?=@P=QC7:: L@:*:>L=9I;=F87::*<=PL=;:B:=77=H*<=9=O<: 

(:L*F8E=78 X@A;=F=H*F8E=7.*<=PL=;:B:=778G*<=9=O<8 

(:L*<=9=O<: \<>?@C77=C*?=@P=QC7:C #9:?C9I7=C*?=@P=QC7:C 

(=9^:78*=R=O8.*PP 22 70 22 70 

(CPLC@8?A@8* 78*
L=FC@D7=>?:.*s& 

308 288 427 348 

(CPLC@8?A@8 L=*
PC?=O:<C*[32] 

320 310 443 331 

,8;7:B8. % -3,75 -7,1 - 3,62 + 5,14 
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!C@:_:<8B:G*;78SC7:H.*@8>>S:?877JD*8F?=@=P, >=*;78SC7:GP:.*A<8;877JP:*

F* [32].*L=<8;JF8C?*D=@=iAa*>D=O:P=>?I*:*7C*L@CFJi8C?*t*u.*S?=*L=O?FC@QO8C?*

<=@@C<?7=>?I*@8;@8R=?877JD*<=7CS7=-M9CPC7?7JD*P=OC9CH :*=L:>87:C E@87:S7JD*

A>9=F:H6 

&9COAC?* =?PC?:?I* >A^C>?FC77JC* =?9:S:G* F* A@=F7C* :* @8>L@COC9C7::*

?CPLC@8?A@*F*;8F:>:P=>?:*=?*@GO8*_8<?=@=F6 

+@:*i?8?7=P*@CQ:PC* M<>?@C77=E=* ?=@P=QC7:G* F* O=>?8?=S7=* A;<=P* >9=C* A*

L=FC@D7=>?:* <8?87:G* PC?899* <=9C>8* E@A;=F=E=* F8E=78* 78E@CF8C?>G =?*

<=PL=;:B:=77JD* <=9=O=<* O=* ?CPLC@8?A@J* 310 s&* L@:* FJ>=<=P* E@8O:C7?C*

?CPLC@8?A@6 

!8Q7JP GF9GC?>G*?=?*_8<?.*S?=*P8<>:P89I78G*?CPLC@8?A@8*78*L=FC@D7=>?:*

<8?87:G* L@:* @C89:;8B::* M<>?@C77=E= ?=@P=QC7:G L@8<?:SC><:* 7C* ;8F:>:?* =?*

?=9^:7J* =R=O8* <=9C>86* Y8@8<?C@7JP GF9GC?>G* ?8<QC* ?=.* S?=* F=* F>CD*

@8>>P=?@C77JD >9AS8GD* L@:* 78E@CFC* 7C* O=>?:E8C?>G* ?CPLC@8?A@8* 8A>?C7:?7=E=*

L@CF@8^C7:G6 

%>>9CO=F87:G*L@=F=O:9:>I*O9G*<=9C>*>*:>D=O7=H*?=9^:7=H*=R=O8*fq PP*:*

L@:*P8<>:P89I7=*O=LA>?:P=H*>?CLC7:*:;78i:F87:G*cKK*PPd6 

$8*@:>A7<8D 2.11, 2.12 L@:F=OG?>G*MLa@J*?CPLC@8?A@*O9G*<=9C>*>*@8;9:S7=H*

_=@P=H* O:><8* F* P=PC7?* =<=7S87:G* O9:?C9I7=E= ?=@P=QC7:G* :* :>L=9I;=F87::*

<=PL=;:B:=77JD*<=9=O=<6 
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8d*>*<@:F=9:7CH7JP*O:><=Pp*Rd*>*L@GP=9:7CH7JP*O:><=P 

,:>A7=<*2.11 - ,8>L@COC9C7:C*?CPLC@8?A@*F*[33*>*?=9^:7=H*=R=O8*KK*PP*F*P=PC7?*

=<=7S87:G*O9:?C9I7=E=*?=@P=QC7:G* 
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8d*>*<@:F=9:7CH7JP*O:><=Pp*Rd*>*L@GP=9:7CH7JP*O:><=P 

,:>A7=<*2.12 - ,8>L@COC9C7:C*?CPLC@8?A@*F*[33*>*?=9^:7=H*=R=O8*fq*PP*F*P=PC7?*

=<=7S87:G*O9:?C9I7=E=*?=@P=QC7:G 
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-789:;:@AG* L=9ASC77JC* @C;A9I?8?J, P=Q7=* >OC98?I* FJF=O.* S?=*

@8>L@COC9C7:C* ?CPLC@8?A@* F* [33* L@:* @8;9:S7JD* @CQ:P8D* ?=@P=QC7:G*

;78S:?C9I7JP* =R@8;=P 7C* ;8F:>:?* =?* _=@PJ* O:><8* cL@GP=9:7CH78G* :9:*

<@:F=9:7CH78G*l S-=R@8;78G _=@P8). 

+=M?=PA* O89CC* RAOCP* >S:?8?I.* S?=* @8>L@COC9C7:C* ?CPLC@8?A@7JD* L=9CH* F*

<=9C>C*>*S-=R@8;7=H*_=@P=H*O:><8*>D=QC >*@8>>P8?@:F8CPJP:*o49]. 

2.5 %6=1<63A13G.-=93_ 

1) $8:R=9CC*A7:FC@>89I7JP*S:>9C77JP*PC?=O=P*P=OC9:@=F87:G*78*O877JH*

P=PC7?*GF9GC?>G*PC?=O*<=7CS7JD*M9CPC7?=F6*+@=E@8PP7JC*<=PL9C<>J*78*=>7=FC*

W3\* L=;F=9Ga?* =>A^C>?F:?I* A?=S7C77Aa* =BC7<A* ?CL9=F=E=* :* 78L@GQC77=-

OC_=@P:@=F877=E= >=>?=G7:G* <=7>?@A<B::* L@:* @C89:;8B::* M<>L9A8?8B:=77JD* :*

?CD7=9=E:SC><:D* ?CL9=FJD* :* >:9=FJD* 78E@AQC7:H* <=7>?@A<B::.* >* ASC?=P*

7C=O7=@=O7=>?:*PC?8998*L=*P:<@=>?@A<?A@C*:*PCD87:SC><:P*D8@8<?C@:>?:<8P6 

2)  [C9I7=<8?87=C*<=9C>=*GF9GC?>G*?C9=P*F@8^C7:G*F=<@AE*=>:*>:PPC?@::.*

L=M?=PA*O=LA>?:P=*8789:;*<:7C?:<:*?CL9=FJD*L@=BC>>=F*L@=:;F=O:?I*78*=>7=FC*

:>L=9I;=F87:G*=>C>:PPC?@:S7JD*P=OC9CH6 

3) ,8;@8R=?87J* <=7CS7=-M9CPC7?7JC* P=OC9:* FJ>=<=H* >?CLC7:*

O:><@C?:;8B::* BC9I7=<8?87=E=* <=9C>8* >* L@GP=9:7CH7JP* :* <@:F=9:7CH7JP*

O:><8P:.*8*?8<QC*>*@8;9:S7=H*>?CLC7Ia*:;7=>8*F*M<>L9A8?8B::*c?=9^:78*=R=O8*l 

fq*PP* c7C:;7=iC77=C*<=9C>=d.* `q*PP.*KK*PP* cP8<>:P89I7=*O=LA>?:P8G* ?=9^:78*

=R=O8*[33*E@A;=F=E=*F8E=78dd6*#9G*O877JD*P=OC9CH*=L:>87J*E@87:S7JC*A>9=F:G*

c>F=H>?F8*>?89:*P8@<:*2 L=*X'&(*5qfr5�2011.* ;=7J*?CL9==?F=O8.*8*?8<QC*;=7J*

L@:9=QC7:G* ?CL9=F=H* 78E@A;<:* c?CL9=L@:?=<=Fd* 78* L=FC@D7=>?:* <8?87:G* <=9C>8*

78*i:@:7A*?=@P=;7=H*<=9=O<:*q.qt*P). 

4) &=E98>7=* L=9ASC77JP* @C;A9I?8?8P* P=Q7=* >OC98?I* FJF=O.* S?=*

@8>L@COC9C7:C* ?CPLC@8?A@* L=* F>CPA* =RnCPA* <=9C>8* L@8<?:SC><:* 7C* ;8F:>:?* =?*

_=@PJ*O:><8.*L=?=PA*S?=*P8<>:P89I7JC ?CPLC@8?A@J*<=7BC7?@:@Aa?>G*F*=R=OC*

<=9C>8*:*F O:><*L@8<?:SC><:*7C*@8>L@=>?@87Ga?>G. 
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5) W8<>:P89I7JC* ?CPLC@8?A@J* F*L8@C*k<=9C>=*l <=9=O<8m*_=@P:@Aa?>G* F*

<=9C>C*78*L=FC@D7=>?:*<8?87:G*F*;=7C*_@:<B:=77=E=*F;8:P=OCH>?F:G*>*<=9=O<=H*:* 

L@:*M<>?@C77=P*?=@P=QC7::*>A^C>?FC77JP*=R@8;=P 7C*;8F:>G?*=?*?=9^:7J*=R=O8*

<=9C>86 

6) !JL=97C7* >@8F7:?C9I7JH* 8789:;* :;PC7C7:G ?CPLC@8?A@* L@:* @8;9:S7JD*

@CQ:P8D* ?=@P=QC7:G*L=*PC?=O:<8P.* A<8;877JP*F*@8R=?8D* o49], :*<=PLIa?C@7=C*

P=OC9:@=F87:C* 78* =>7=FC* :>L=9I;=F87:G* @8;@8R=?877JD* <=7CS7=-M9CPC7?7JD*

P=OC9CH6* &=L=>?8F9C7:C* O877JD* L=* D8@8<?C@A* @8>L@COC9C7:G ?CL9=FJD* L=9CH, 

L=9ASC77JD* F* @C;A9I?8?C* P=OC9:@=F87:G, >* M<>LC@:PC7?89I7JP:* O877JP:*

L=<8;JF8C?*:D*D=@=iCC*>==?FC?>?F:C.*@8;9:S:C*F*@C;A9I?8?8D*7C*L@CFJi8C?*t*u6 

7) b>?87=F9C7=.* S?=* D8@8<?C@* @8>L@COC9C7:G* :* ;78SC7:G* P8<>:P89I7JD*

?CPLC@8?A@*F*[33*L@:*@8;9:S7JD*@CQ:P8D* ?=@P=QC7:G*L@8<?:SC><:*7C* ;8F:>G?*

=?*_=@PJ*O:><8 <=9C>8 cL@GP=9:7CH78G*:9:*<@:F=9:7CH78G*l S-=R@8;78G _=@P8d.  

8) $8* =>7=FC* FC@:_:<8B::* @C;A9I?8?=F* <=PLIa?C@7=E=* P=OC9:@=F87:G* :*

M<>LC@:PC7?89I7JD* O877JD* P=Q7=* >OC98?I* FJF=O* =* ?=P.* S?=* @8;@8R=?877=C*

>CPCH>?F=* <=7CS7=-M9CPC7?7JD* P=OC9CH* L=;F=9GC?* 8OC<F8?7=* P=OC9:@=F8?I*

:;PC7C7:C ?CL9=FJD L@=BC>>=F* F* <=9C>C* >* @8;9:S7=H* EC=PC?@:CH* O:><8* :* L@:*

@C89:;8B::* @8;9:S7JD* @CQ:P=F* ?=@P=QC7:G.* S?=* =RC>LCS:F8C?* F=;P=Q7=>?I*

L@=FCOC7:G* =RnC<?:F7=H* =BC7<:* ?CL9=F=E=* >=>?=G7:G* @C89I7JD* BC9I7=<8?87JD*

<=9C>6 
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3 N$PN$O!HR$3F&H!)(R(3bH!S'&''!"!3$'$#(P$3H&?#!%Z\3

?N!D&@@!%3%3DRR3?N(3H!NF![&'(( 

3.1 !A49<9.90;93;3151201=-0;931201=06T3`-*+141=K3=.;>aL;T30-3+9A.1=193

0-G4,I90;93*1.92 

,8>SC?*L8@8PC?@=F* ?CL9=F9=QC7:H F* <=9C>=*L@:* ?=@P=QC7:: L@CO>?8F9GC?*

>=R=H* >9=Q7JH*L@=BC>>.* AS:?JF8a^:H*F9:G7:C*R=9Ii=E=*<=9:SC>?F8*_8<?=@=F, 

=<8;JF8a^:D* F9:G7:C* 78* ?=@P=QC7:C* L=OF:Q7=E=* >=>?8F86* #9G* =L@COC9C7:G*

OCH>?F:?C9I7=E=* <=M__:B:C7?8* ?CL9=F9=QC7:H.* F* LC@FAa* =SC@COI.* RJ98*

@8>>P=?@C78* PC?=O:<8* =L@COC9C7:G* F@CPC7:* ?=@P=QC7:G* :* OCH>?F:?C9I7=E=*

?=@P=;7=E=*LA?:6 

&=F@CPC77=C*@8;F:?:C*78A<8 =*?=@P=QC7::*L=9AS:98*F*?@AO8D*@=>>:H><:D*

ASC7JD*!6 Z6*"E=@SC7<=. !6 W6*38;8@:7=F8.*!6 X6*%7=;CPBCF8.*#6 \6*38@P:7><=E=.*

+6 (6* X@CRC7a<8.* !6 -6* 38@LJSCF8.* /6 16* 38@F8B<=E=, W6 %6* X9Ai<=.*

!6 ,6 ->8OSC7<=.*-6 Z6*X=@:78.*$6 +6*+C?@=F8 : O@AE:C6 

'>7=F7JC* L8@8PC?@J* ?CL9=F=E=* 78E@AQC7:G* <=9C>* F* M<>L9A8?8B::*

=L@COC9Ga?>G*@CQ:P8P:*?=@P=QC7:G.*P8>>=H*:*><=@=>?Ia*OF:QC7:G*L=OF:Q7=E=*

>=>?8F86 

#9G*=BC7<:*M__C<?:F7=>?:*?=@P=QC7:G*:>L=9I;Aa?>Gj 

! %7>?@A<B:G L=*M<>L9A8?8B::*?=@P=;=F*L=OF:Q7=E=*>=>?8F8*QC9C;7JD*

O=@=E*x*[(-[!-[1-!$%%V(wKff*o92]; 

! +@8F:98*?GE=FJD*@8>SC?=F*[11]. 

'O7:P* :;* F8Q7JD* L8@8PC?@=F* L@:* @8>SC?C* ?=@P=;7=E=* LA?:* >=>?8F8*

GF9GC?>G* =>7=F7=C* AOC9I7=C* >=L@=?:F9C7:C* OF:QC7:a* L=C;O=F* (©). !* L@=BC>>C*

OF:QC7:G*PCQOA*OF:QA^:P>G*L=C;O=P*:*=<@AQ8a^CH*>@CO=H*F=;7:<8a?*>:9=FJC*

F;8:P=OCH>?F:G.* L=@=QO8a^:C* >:9J* >=L@=?:F9C7:G* OF:QC7:a.* <=?=@JC*

GF9Ga?>G* F7Ci7:P:* L=* =?7=iC7:a* <* L=C;OA6* 3* 7:P* P=Q7=* =?7C>?:*

>=L@=?:F9C7:C.* =RA>9=F9C77=C* ?@C7:CP* =>CFJD* iCC<* F* L=Oi:L7:<8D.*

>=L@=?:F9C7:C* LC@C<8?JF87:a*:* ><=9IQC7:a* <=9C>* L=* @C9I>8P.* >=L@=?:F9C7:C.*

;8F:>G^CC*=?*<=7>?@A<B::*:*>=>?=G7:G*LA?:.*F=;OAi7=C*>=L@=?:F9C7:C6*\?:*>:9J*
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GF9Ga?>G*>=>?8F7JP:*M9CPC7?8P:*L=>?=G77=*OCH>?FAa^CE=*=>7=F7=E=*AOC9I7=E=*

>=L@=?:F9C7:G*[11]. 

,8>SC?7JC* _=@PA9J* O9G* =L@COC9C7:G* ©, <E>w?, L=OF:Q7=E=* >=>?8F8*

L=9ASC7J 78*=>7=FC*@C;A9I?8?=F*M<>LC@:PC7?89I7JD*:>>9CO=F87:H.*L@=FCOC77JD*

F*>@CO7CM<>L9A8?8B:=77JD*A>9=F:GD*F*?CPLC@8?A@7=P*O:8L8;=7C*=?**P:7A>*5q*O=*

L9a> 20 "&*:*L@:*><=@=>?GD*FC?@8.*7C*L@CFJi8a^:D*T*Pw>*o75]. 

!* ?8R9:BC 3.1 >FCOC7J* _=@PA9J* @8>SC?8* =>7=F7=E=* AOC9I7=E=*

>=L@=?:F9C7:G*O9G*E@A;=FJD*F8E=7=F*:*9=<=P=?:F=F. 

38<* F:O7=* :;* ?8R9:BJ 3.1, <=M__:B:C7?J* F* _=@PA98D* @8>SC?8* =>7=F7=E=*

AOC9I7=E=* >=L@=?:F9C7:G* >A^C>?FC77=* @8;9:S8a?>G* F* ;8F:>:P=>?:* =?* ?:L8*

L=Oi:L7:<=F* F* RA<>=F=P* A;9C.* ?:L8* L=OF:Q7=E=* >=>?8F8.* 8* ?8<QC* F:O8* LA?:*

c;FC7ICF=H*:9:*RC>>?J<=F=Hd6*#9G*E@A;=FJD*F8E=7=F*_=@PA9J*?8<QC*@8;9:S8a?>G*

F* ;8F:>:P=>?:* =?* ;8E@A;<:* F8E=78.* <=?=@8G* ?8<QC* F9:GC?* 78* @CQ:P* F<9aSC7:G*

F=;OAD=@8>L@COC9:?C9G*cL=@=Q7:H.*>@CO7:H. E@AQC7JHd6 



    

 

   

8
2
 

(8R9:B8*3.1 - Z=@PA9J*@8>SC?8*=>7=F7=E=*AOC9I7=E=*>=L@=?:F9C7:G*OF:QC7:a 

x*

LwL 

(:L*L=OF:Q7=H*CO:7:BJ $8E@A;<8*

78*=>I. q0 

Z=@PA98 

$8*;FC7ICF=P*LA?: $8*RC>>?J<=F=P*LA?: 

X@A;=FJC*F8E=7J 

1.  SC?J@CD=>7JD* F8E=7=F* 78* L=Oi:L7:<8D* ><=9IQC7:G* :*

iC>?:=>7JD*F8E=7=F*78*@=9:<=FJD*L=Oi:L7:<8D* 

L� ª «¬* ©�­­ % Z,® ' ¯ ' Z,6f ' Z,ZZ�°f
T

L�
 ©��� % Z,® ' ¯ ' Z,Z¯f ' Z,ZZ�f

T

L�
 

2.  SC?J@CD=>7JD* F8E=7=F* 78* @=9:<=FJD* L=Oi:L7:<8D* :*

F8E=7=F*@C_@:QC@8?=@7JD*L=C;O=F 

L� ª «¬* ©��� % Z,® ' ± ' Z,6f ' Z,ZZ�°f
T

L�
 ©��� % Z,® ' ± ' Z,Z²f ' Z,ZZ�f

T

L�
 

3.  F=>IP:=>7JD*F8E=7=F*78*@=9:<=FJD*L=Oi:L7:<8D  ©��� % Z,® ' « ' Z,Z±¯f ' Z,ZZ�6f
T

L�
 ©��� % Z,® ' « ' Z,Z�«f ' Z,ZZ6®f

T

L�
 

4.  L=@=Q7:D* SC?J@CD=>7JD* F8E=7=F* 78* L=Oi:L7:<8D*

><=9IQC7:G 

L� ³ «¬* ©��� % 6,° ' Z,Z´°f ' Z,ZZZ�®fT ©��� % 6,° ' Z,Z´�f ' Z,ZZZ6¯fT 

5.  L=@=Q7:D* SC?J@CD=>7JD* :* iC>?:=>7JD* F8E=7=F* 78*

@=9:<=FJD*L=Oi:L7:<8D* 

L� ³ «¬* ©��� % 6,Z ' Z,Z´´f ' Z,ZZZ�´fT ©��� % 6,Z ' Z,Z´�f ' Z,ZZZ6«fT 

1=<=P=?:FJ 

6.  \9C<?@=F=;=F* :* ?CL9=F=;=F* F* @CQ:PC* ?GE:* ©�­   :* 78*

D=9=>?=P*D=OA*©$ 

- ©�� % 6,² ' Z,Z6f ' Z,ZZZ±fT 

©$ % �,´ ' Z,Z66f ' Z,ZZZ±°fT 

©�� % 6,² ' Z,ZZ¯f ' Z,ZZZ�°fT 

©$ % �,´ ' Z,ZZ²f ' Z,ZZZ±°fT 
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!* ?=P* >9AS8C.* <=EO8* F* >=>?8F* L=C;O8* FD=OG?* F8E=7J* @8;7JD* <8?CE=@:H.*

=L@COC9Ga?* =>7=F7=C* >@CO7CF;FCiC77=C* AOC9I7=C* >=L@=?:F9C7:C* F8E=77=E=*

>=>?8F8*o11]: 

©�­­ %�©�­­RµS @ 3C
¶

C��
, 

(3.1) 

EOC 3C  l FC>=F=H*<=M__:B:C7?*F8E=78*i-E=*?:L86 

3C %
KC @ ·C
1 , (3.2) 

EOC ni  - <=9:SC>?F=*F8E=7=F*i-E=*?:L8p 

·C l P8>>8*R@A??=*F8E=7=F*i-E=*?:L8.*?p 

Q l P8>>8*>=>?8F8.*?6 

+@:*ASC?C*=>7=F7=E=*AOC9I7=E=*>=L@=?:F9C7:G*9=<=P=?:F8j 

©0¸ %
©$ @ � ' ©�­­ @ 1

� ' 1 , (3.3) 

EOC*P l P8>>8*9=<=P=?:F8.*Q l P8>>8*>=>?8F86 

!*?8R9:BC 3.2 L@:FCOC7J*;78SC7:G*=>7=F7=E=*AOC9I7=E=*>=L@=?:F9C7:G*O9G*

E@A;=FJD* SC?J@CD=>7JD* F8E=7=F* >* @=9:<=FJP:* L=Oi:L7:<8P:* 78* RC>>?J<=F=P*

LA?:*O9G*;78SC7:H*>@CO7:D*><=@=>?CH*F*:7?C@F898D*?=@P=QC7:G*L=*5q*<PwS [75]. 
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(8R9:B8*3.2 l 078SC7:G ©�­­ , <E>w?, O9G*SC?J@CD=>7JD*E@A;=FJD*F8E=7=F 

q0, ?> 

�.*<PwS 

5 15 25 35 45 55 65 75 85 95 105 115 

6 1,28 1,50 1,78 2,13 2,55 3,03 3,58 4,20 4,88 5,63 6,45 7,33 

7 1,20 1,39 1,63 1,93 2,29 2,70 3,17 3,70 4,29 4,93 5,63 6,39 

8 1,14 1,30 1,51 1,78 2,09 2,45 2,86 3,33 3,84 4,40 5,01 5,68 

9 1,09 1,23 1,42 1,66 1,93 2,26 2,62 3,03 3,49 3,99 4,53 5,12 

10 1,05 1,18 1,35 1,56 1,81 2,10 2,43 2,80 3,21 3,66 4,15 4,68 

11 1,02 1,14 1,29 1,48 1,71 1,97 2,27 2,61 2,98 3,39 3,84 4,32 

12 0,99 1,10 1,24 1,42 1,63 1,87 2,14 2,45 2,79 3,17 3,58 4,02 

13 0,97 1,07 1,20 1,36 1,55 1,78 2,03 2,32 2,63 2,98 3,35 3,76 

14 0,95 1,04 1,16 1,31 1,49 1,70 1,94 2,20 2,49 2,81 3,16 3,54 

15 0,93 1,02 1,13 1,27 1,44 1,63 1,85 2,10 2,37 2,67 3,00 3,35 

16 0,92 1,00 1,11 1,24 1,39 1,58 1,78 2,01 2,27 2,55 2,86 3,19 

17 0,91 0,98 1,08 1,21 1,35 1,52 1,72 1,94 2,18 2,44 2,73 3,04 

18 0,89 0,97 1,06 1,18 1,32 1,48 1,66 1,87 2,09 2,34 2,62 2,91 

19 0,88 0,95 1,04 1,15 1,28 1,44 1,61 1,81 2,02 2,26 2,52 2,79 

20 0,88 0,94 1,03 1,13 1,26 1,40 1,57 1,75 1,96 2,18 2,43 2,69 

21 0,87 0,93 1,01 1,11 1,23 1,37 1,52 1,70 1,90 2,11 2,34 2,60 

22 0,86 0,92 1,00 1,09 1,20 1,34 1,49 1,65 1,84 2,05 2,27 2,51 

23 0,85 0,91 0,98 1,07 1,18 1,31 1,45 1,61 1,79 1,99 2,20 2,43 

 

!PC>?C* >* ?CP* :PCa?>G* O=L=97:?C9I7JC* >=L@=?:F9C7:G.* L=GF9Ga^:C>G*

?=9I<=*L@:*7C<=?=@JD*A>9=F:GD*OF:QC7:Gj* >=L@=?:F9C7:C*=?*<@:F:;7J*LA?:.* =?*

FC?@8.*=?*?CPLC@8?A@J*=<@AQ8a^CH*>@COJ*:*O@AE:C6 
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#=L=97:?C9I7=C* AOC9I7=C* >=L@=?:F9C7:C* OF:QC7:a* =?* A<9=78* LA?:*

S:>9C77=* L@:7:P8C?>G @8F7JP* ;78SC7:a* L@=P:99C* c�d* OCH>?F:?C9I7=E=* :9:*

>L@GP9GCP=E=*AS8>?<8*LA?:.*?6C6 

©C % ¹µ, (3.4) 

EOC ©C - AOC9I7=C* ;8PCO9Ga^CC*:9:* A><=@Ga^CC* A>:9:C.* FJ;F877=C* FC>=P*

L=C;O8*L=*A<9=7A*L@:*OF:QC7::*L=*A<9=7A*LA?:.*<E>w?p 

µ - FC9:S:78* L@:FCOC77=E=* A<9=78* LA?:.* � (L@:* >LA><C* RC@C?>G* >=*

;78<=P*P:7A>. 8*L@:*L=OnCPC l >=*;78<=P*L9a>). 

#9G*L@8<?:SC><:D*@8>SC?=F* > O=LA>?:P=H* ?=S7=>?Ia*L@:7G?= >S:?8?I.* S?=*

<8QO8G*5*�*A<9=78*LA?:*O8C?*A><=@Ga^CC*A>:9:C*5*<E*78*5*?*FC>8*L=C;O8*o2]. 

#=L=97:?C9I7=C* AOC9I7=C* >=L@=?:F9C7:C* OF:QC7:a* =?* <@:F=H* 78*

M<>L9A8?:@ACPJD* QC9C;7JD* O=@=E8D* O9G* F>CD* F:O=F* L=OF:Q7=E=* >=>?8F8*

=L@COC9GC?>G L=*_=@PA98P [11]: 

8d*L@:*O9:7C*L=C;O8*PC7CC*:9:*@8F7=H*O9:7C*<@:F=Hj 

©º %
®ZZ
» , (3.5) 

EOC*R l  @8O:A>*<@:F=H.*P 

Rd*L@:*O9:7C*L=C;O8*\+ R=9CC*O9:7J*<@:F=H:  

©º %
®ZZ
»

[¼½
\+
N (3.6) 

#9G*@8>SC?=F.*?@CRAa^:D*L=FJiC77=H*?=S7=>?:*_=@PA98*:PCC?*F:O 

©º %
�ZZ
» ' 6,° � f

T

6±» 7 Z,ZZ«6]�, 
(3.7) 

EOC*h - F=;FJiC7:C*78@AQ7=E=*@C9I>8.*PPp 

V l  ><=@=>?I*OF:QC7:G.*Pw>. 

!*@8>SC?C*?=@P=;7=E=*LA?:*L@:PCP*O=LA^C7:C.*S?=*?=@P=QC7:C*L@=:>D=O:?*

78*L@GPJD*AS8>?<8D*LA?:*:*O=L=97:?C9I7=C*AOC9I7=C*>=L@=?:F9C7:C*=?*OF:QC7:G*

F*<@:F=H*7C*AS:?JF8C?>G. 

+@:* 7:;<:D* ?CPLC@8?A@8D* =<@AQ8a^CH* >@COJ* L@=:>D=O:? L=FJiC7:C*

L9=?7=>?:*F=;OAD8*:*AFC9:SC7:C*F=;OAi7=E=*>=L@=?:F9C7:G*L=OF:Q7=E=*>=>?8F8. 
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!* L@8F:98D* ?GE=FJD* @8>SC?=F* L@CO>?8F9C7J* A>@CO7C77JC* 7=@P8?:FJ*

L=FJiC7:G* >=L@=?:F9C7:G* OF:QC7:a* E@A;=FJD* :* L8>>8Q:@><:D* L=C;O=F* L@:*

?CPLC@8?A@C*78@AQ7=E=*F=;OAD8*7:QC*P:7A> 25 "&*o75].  

\?=*L=FJiC7:C*AS:?JF8C?>G*<=M__:B:C7?=P*K"# F*;8F:>:P=>?:*=?*><=@=>?:*

OF:QC7:G* L=C;O8* c?8R9:B8 3.3d6* #9G* =L@COC9C7:G* AOC9I7=E=* >=L@=?:F9C7:G*

OF:QC7:a*7C=RD=O:P=*;78SC7:G*©0¸ AP7=Q:?I*78*K"#. 

 

(8R9:B8* 3.3 - 3=M__:B:C7?*$"#.* AS:?JF8a^:H* 7:;<Aa* ?CPLC@8?A@A* 78@AQ7=E=*

F=;OAD8 

V, <PwS X@A;=FJC*F8E=7J*L@:*t7F.*sC +8>>8Q:@><:C*F8E=7J*L@:*t7F.*sC 

-30 -35 -40 -45 -50 -60 -30 -35 -40 -45 -50 -60 

20 1,01 1,01 1,01 1,01 1,01 1,01 1,01 1,01 1,01 1,01 1,01 1,01 

40 1,03 1,03 1,04 1,04 1,05 1,06 1,02 1,02 1,03 1,03 1,03 1,04 

60 1,05 1,06 1,07 1,07 1,08 1,09 1,03 1,04 1,04 1,05 1,06 1,07 

80 1,07 1,08 1,09 1,10 1,11 1,12 1,04 1,05 1,06 1,07 1,08 1,09 

100 1,09 1,10 1,12 1,13 1,14 1,15 1,05 1,06 1,07 1,09 1,10 1,11 

120 1,11 1,12 1,13 1,15 1,16 1,17 1,06 1,07 1,09 1,10 1,11 1,12 

140 - - - - - - 1,07 1,08 1,09 1,11 1,12 1,13 

160 - - - - - - 1,07 1,09 1,10 1,12 1,13 1,15 

 

!*@8>SC?8D*RAOC?*@8>>P=?@C7*L@=BC>>*?=@P=QC7:G*L=OF:Q7=E= >=>?8F8 L@:*

L=9=Q:?C9I7JD* ;78SC7:GD* ?CPLC@8?A@* =<@AQ8a^CH* >@COJ.* ?8<* <8<* R=9Ii=H*

:7?C@C>* L@CO>?8F9GC?* =L@COC9C7:C* P8<>:P89I7=H* ?CPLC@8?A@J* 78E@CF8* <=9C>8* F*

M<>L9A8?8B::.* 8* L@:* 7:;<:D* ?CPLC@8?A@8D* =<@AQ8a^CH* >@COJ* <=9C>=* 78E@CC?>G*

;78S:?C9I7=*PC7IiC. 

#=L=97:?C9I7=C*AOC9I7=C* >=L@=?:F9C7:C*OF:QC7:a.* FJ;F877=C*OCH>?F:CP*

F>?@CS7=E=*:9:*R=<=F=E=*FC?@8.*AS:?JF8a?*<=M__:B:C7?=P* K% F* ;8F:>:P=>?:*=?*

><=@=>?:* OF:QC7:G c?8R9:B8 3.4)6* +@8F:98* ?GE=FJD* @8>SC?=F* A>?878F9:F8a?*
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L=@GO=<.* >=E98>7=*<=?=@=PA*O9G* E@8_:<8*OF:QC7:G*L=C;O=F* M?=* O=L=97:?C9I7=C*

>=L@=?:F9C7:C*O=9Q7=*AS:?JF8?I>G*L@:*><=@=>?GD*FC?@8*O=*5K*<PwS*o75]. 

 

(8R9:B8*3.4 - 3=M__:B:C7?*$%.*AS:?JF8a^:H*F>?@CS7JH*:*R=<=F=H*FC?C@ 

VF.*<PwS &<=@=>?I*L=C;O8*V.*<PwS 

10 20 40 60 80 100 120 140 160 

6 1,12 1,11 1,09 1,08 1,07 1,06 1,05 1,04 1,03 

8 1,19 1,17 1,15 1,13 1,11 1,09 1,08 1,07 1,06 

10 1,31 1,28 1,24 1,2 1,16 1,14 1,12 1,1 1,09 

12 1,42 1,39 1,32 1,27 1,23 1,19 1,15 1,14 1,12 

 

+@:* L@=C<?:@=F87::* >=@?:@=F=S7JD* A>?@=H>?F* ?8<QC* @8>>P8?@:F8C?>G*

O=L=97:?C9I7=C*AOC9I7=C*>=L@=?:F9C7:C*OF:QC7:a*=?*F=;OAi7=H*>@COJ*:*FC?@8*

=L@COC9GCP=C*L=*_=@PA98Pj 

l O9G*=O:7=S7JD*F8E=7=F: 

¹¾*½- % - 6®,¯ @ }Uv
R�®± ' BS @ L ¿0¬

T -� (3.8) 

l O9G*=?BCL=F: 

¹¾*½- % -6®,¯ @ ¿0¬T @ R}ÀÁ '�ÂÀÀÃÁÃ
Ä

�
S RR�®± ' ÅS�ÆÃS,

Ç

È
É  

(3.9) 

EOC }À - <=M__:B:C7?* F=;OAi7=E=* >=L@=?:F9C7:G* =O:7=S7=E=* F8E=78* :9:*

LC@F=E=*F8E=78*F*=?BCLCp 

ÂÀÀÃ- <=M__:B:C7?* F=;OAi7=E=* >=L@=?:F9C7:G* F8E=7=F* F* =?BCLC* c<@=PC*
LC@F=E=*F8E=78dp 

Á, ÁÃ - L9=^8OI*L=LC@CS7=E=*>CSC7:G*F8E=7=F*>==?FC?>?FC77=*=O:7=S7=E=*
:9:*LC@F=E=*F8E=78*F*=?BCLC*:*L=>9COAa^:D*F8E=7=F*F*=?BCLC.*P2

; 

L - P8>>8*F8E=78.*?c; 

� ÆÃ
Ç
È  - P8>>8 =?BCL8*:;*n F8E=7=F. ?c; 
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 t - ?CPLC@8?A@8*F=;OAD8.*s&p 

¿0¬ - =?7=>:?C9I78G* ><=@=>?I* =?BCL8.* Pw>.* >* ASC?=P* 78L@8F9C7:G* FC?@8*

[73]. 

3=M__:B:C7?J* F=;OAi7=E=* >=L@=?:F9C7:G cx : cxxj FJR:@8a?>G* F*

;8F:>:P=>?:* =?* @=O8* F8E=78* :* @C;A9I?:@Aa^CE=* AE98* PCQOA* @C;A9I?:@Aa^:P*

FC<?=@=P*=?7=>:?C9I7=H*><=@=>?:*:*78L@8F9C7:CP*OF:QC7:G*=?BCL8*L=*?8R9:B8P.*

L@CO>?8F9C77JP*F*[73]. 

'?7=>:?C9I7Aa*><=@=>?I*OF:QC7:G*>*ASC?=P*78L@8F9C7:G*FC?@8**¿0¬.*Pw>.*:*
AE=9*�s*FJS:>9Ga?*L=*_=@PA98Pj 

¿0¬T % -¿-T '-¿)T ¹ -�¿ @ ¿)ÂÊËÌ, (3.10) 

EOC*¿-- >@CO7GG*><=@=>?I*><8?JF8CP=E=*=?BCL8*78*AS8>?<C.*Pw>p 
¿)- ><=@=>?I* FC?@8.* Pw>.* L@:7:P8CP8G* L=>?=G77=H* 78* F>CP* L@=?GQC7::*

><8?JF87:G*=?BCL8.*Pw>p 

Ì l AE=9*PCQOA*78L@8F9C7:CP*FC?@8*:*=>Ia*AS8>?<8*LA?:.*L=*<=?=@=PA*

OF:QC?>G*=?BCL. 

!*_=@PA98D* (3.8), (3.9) ;78<* L9a>* L@:7:P8C?>G* L@:* F>?@CS7=P* FC?@C.* ;78<*

P:7A>*- L@:*L=LA?7=P.*8*F*(3.10) - 78=R=@=?6 

(8<:P* =R@8;=P.* >* L=FJiC7:CP* ><=@=>?CH* OF:QC7:G* :* P8>>J* L=C;O8*

>7:Q8C?>G* <=M__:B:C7?* F9:G7:G*O=L=97:?C9I7=E=* >=L@=?:F9C7:G*=?* F=;OAi7=H*

>@COJ*:*FC?@8.*L=M?=PA*;8*=>7=FA*L@:7G?*@8>SC?.*L@:FCOC77JH*F*?8R9:BC 3.4. 

38<*=?PCS89=>I*FJiC.*R=9IiAa*@=9I*F*@8>SC?8D*:E@8C?*@CQ:P.*78*<=?=@JH 

A>?87=F9C7* F=;OAD=@8>L@COC9:?C9I6 \?=* @CE98PC7?:@=F87=* F* :7>?@A<B::* L=*

M<>L9A8?8B::*?=@P=;=F*L=OF:Q7=E=*>=>?8F8*o92]. 

!*>==?FC?>?F::*>*o92{*A*E@A;=FJD*F8E=7=F.*7C*=R=@AO=F877JD*8F?=@CQ:P=P 

F=;OAD=@8>L@COC9:?C9I* 7C=RD=O:P=* F<9aS8?I* 78* =L@COC9C77JH* @CQ:P* F 

;8F:>:P=>?:*=?*=>CF=H*78E@A;<:.*A<8;877=H*F*?8R9:BC 3.5. 

 

 

 

http://ohranatruda.ru/ot_biblio/normativ/data_normativ/6/6125/#i1821936
http://ohranatruda.ru/ot_biblio/normativ/data_normativ/6/6125/#i1821936
http://ohranatruda.ru/ot_biblio/normativ/data_normativ/6/6125/#i1821936
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(8R9:B8*3.5 - '>CF8G*78E@A;<8*O9G*FJR=@8*@CQ:P8*F=;OAD=@8>L@COC9:?C9G 

,CQ:P*
F=;OAD=@8>L@COC9:?C9G 

!:O*?=@P=;7=H*<=9=O<: 

SAEA77JC <=PL=;:B:=77JC 
L=@=Q7:H O=*N*?> O=*e*?>*F<9aS:?C9I7= 
>@CO7:H* =?* N* O=* e*

?> 
R=9CC*e*?> 

E@AQC7JH R=9CC*e*?> - F8E=7J-D=LLC@J*O9G* LC@CF=;<:*BCPC7?8.*
78D=OG^:C>G*F*E@AQC7=P*>=>?=G7::p 
- 78* =>7=F87::* =LJ?7JD* L=C;O=<* 78*
<=7<@C?7JD*AS8>?<8D*L@:*=>CF=H*78E@A;<C*
7C*PC7CC*Kq*?>; 
- F* ;:P7:H* LC@:=O* 78* AS8>?<8D* >*
;8?GQ7JP:* >LA><8P:.* L@:* ;8E@A;<C* 7C??=*
R=9CC*5q*?>*78*=>I6 

 

b*F8E=7=F.*=R=@AO=F877JD*8F?=@CQ:P=P*:9:*:PCa^:D*78*<A;=FC*?@8_8@C?*

k'O7=@CQ:P7JHm.* 7C=RD=O:P=* F<9aS8?I* F=;OAD=@8>L@COC9:?C9I* L@:* SAEA77JD*

<=9=O<8D*78*E@AQC7JH*@CQ:P.*L@:*<=PL=;:B:=77JD*<=9=O<8D*l 78*>@CO7:H*@CQ:P*

:9:*78*E@AQC7JH*@CQ:P*F*>9AS8GD.*A<8;877JD*FJiC6*!<9aSC7:C*78*M?:D*F8E=78D*

F=;OAD=@8>L@COC9:?C9CH*78*L=@=Q7:H*@CQ:P*;8L@C^8C?>G*o92].  

!8Q7Aa* @=9I* L@:* @8>>P=?@C7::* F;8:P=OCH>?F:G* ?=@P=;7=H* <=9=O<:* :*

<=9C>8*:E@8C?*OCH>?F:?C9I78G >:98 78Q8?:G*78*?=@P=;7Aa*<=9=O<A F*;8F:>:P=>?:*

=?*<=7>?@A<B::*L=OF:Q7=E=*>=>?8F8*:*O8F9C7:G*F*?=@P=;7JD*B:9:7O@8D.*<=?=@8G 

=L@COC9GC?>G*L=*_=@PA9C*[30]: 

� % 6
· @ 5ÍG

T

´ @ �Î @ ÏÎ 7 �+½ 7 �½? @ K @ Ï+, 
(3.11) 

EOC m - S:>9=*?=@P=;7JD*<=9=O=<.*78*<=?=@JC*OCH>?FAC?*A>:9:C*=?*=O7=E=*

?=@P=;7=E=*B:9:7O@8p 

d - O:8PC?@*?=@P=;7=E=*B:9:7O@8.*PPp 

�Î - @8>SC?7=C*O8F9C7:C*F=;OAD8*F*?=@P=;7=P*B:9:7O@C.*W+8p 

ÏÎ - <=M__:B:C7?*L=?C@I*A>:9:G*3+#*?=@P=;7=E=*B:9:7O@8p 

�+½ - A>:9:C*=?LA><7=H*L@AQ:7J*?=@P=;7=E=*B:9:7O@8*L@:*?=@P=QC7::.*<$p 

�½ - A>:9:C* F=;F@8?7=H* L@AQ:7J* 8F?=@CEA9G?=@8* ?=@P=;7=H* @JS8Q7=H*

LC@CO8S:.*L@:FCOC77=C*<*i?=<A*?=@P=;7=E=*B:9:7O@8.*<$p 
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K - LC@CO8?=S7=C* S:>9=* @JS8Q7=H* LC@CO8S:* =?* =O7=E=* ?=@P=;7=E=*

B:9:7O@8.*=L@COC9GCP=C*:;*>==?7=iC7:G*O9:7*FCOA^:D*:*FCO=PJD*L9CS*@JS8E=Fp 

Ï+ - <=M__:B:C7?* L=?C@I* A>:9:G* 78* ?@C7:C F* i8@7:@8D.* 78;JF8CPJH*

3+# @JS8Q7=H*LC@CO8S:6 

3+#* ?=@P=;7=E=* B:9:7O@8* L@:7:P8C?>G @8F7JP* q.rtp 3+#* @JS8Q7=H*

LC@CO8S:* ;8F:>:?* =?* <=7>?@A<B::6* b* SC?J@CD=>7JD* E@A;=FJD* F8E=7=F* >*

=O7=>?=@=77:P* 78Q8?:CP* <=9=O=<* M?=?* <=M__:B:C7?* L@:7:P8a?* q.rT.* F8E=7=F-

D=LLC@=F l q.t.* A* SC?J@CD=>7JD* L8>>8Q:@><:D* :* @C_@:QC@8?=@7JD* F8E=7=F* >*

OFA>?=@=77:P*78Q8?:CP*l q.r.*A*F=>IP:=>7JD*F8E=7=F*>*=O7:P*B:9:7O@=P*l 0,8. 

3+#*?=@P=;7=E=*B:9:7O@8*>=>?8F9GC?*q.rt.*3+#*@AS7=E=*:*>?=G7=S7=E=*?=@P=;8*

>=>?8F9GC? - 0,5 l 0,7 =? 3+#* 8F?=P8?:SC><=E=* F* ;8F:>:P=>?:* =?* <=7>?@A<B::*

SC@FG<8.*F:7?8*:*;ARS8?=H*LC@CO8S: [2]. 

08L@C^8C?>G*A>?878F9:F8?I*<=PL=;:B:=77JC*<=9=O<:*78*F8E=7J.*@JS8Q78G*

LC@CO8S8* <=?=@JD* LC@C>?8F9C78* L=O* SAEA77JC* <=9=O<:* :.* 78=R=@=?.* ;8*

:><9aSC7:CP* <=9C>7JD* L8@* L8>>8Q:@><:D* F8E=7=F* >* @COA<?=@8P:.* EOC* P=EA?*

L@:PC7G?I>G* SAEA77JC* <=9=O<:* O=* ><=@=>?:* OF:QC7:G* 5Kq* <PwS6* zC>?:- :*

F=>IP:=>7JC* E@A;=FJC* F8E=7J* @8;@Ci8C?>G* M<>L9A8?:@=F8?I* ?=9I<=* >*

<=PL=;:B:=77JP:*<=9=O<8P:*[92]. 

(=@P=;7JC*@8>SC?J*L=*OCH>?F:?C9I7JP*>:98P*78Q8?:G*AO=R7=*FJL=97G?I.*

C>9:*F>C*F8E=7J*F*L=C;OC*:PCa?*=O:78<=FAa*>:9A*78Q8?:G*78*?=@P=;7JC*<=9=O<:*

[1]. +=M?=PA*F*O89I7CHi:D*@8>SC?8D*RAOC?*L@:7G?=*O877=C*O=LA^C7:C6 

078SC7:G* OCH>?F:?C9I7JD* >:9* 78Q8?:G* 78* <=9=O<A* O9G* @8;9:S7JD* ?:L=F*

E@A;=FJD*F8E=7=F*:*@CQ:P=F*F=;OAD=@8>L@COC9:?C9CH*>=E98>7=*[92] L@CO>?8F9C7J*

F*?8R9:BC 3.6. 
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(8R9:B8*3.6 - #CH>?F:?C9I78G* >:98* 78Q8?:G*3O 78 ?=@P=;7Aa*<=9=O<A* E@A;=FJD*

F8E=7=F 

(:L*F8E=78 (=@P=;7JC*
<=9=O<: 

&:98* 78Q8?:G* 78* <=9=O<A.* L@:*
F<9aSC7::* F=;OAD=@8>L@COC9:?C9G* 78*
@CQ:P.*?> 
E@AQC7JH >@CO7:H L=@=Q7:H 

4C?J@CD=>7JC*
L=9AF8E=7J* :* F8E=7J*
O9G* LC@CF=;<:*
BCPC7?8 

4AEA77JC 
3=PL=;:B:=77JC 

3,8 

2,4 

2,3 

1,48 

1,26 

0,82 

4C?J@CD=>7JC*
L98?_=@PJ.* <@J?JC.*
B:>?C@7J 

4AEA77JC 
3=PL=;:B:=77JC 

3,82 

2,5 

2,34 

1,54 

1,28 

0,85 

zC>?:=>7JC*
L=9AF8E=7J 

4AEA77JC 
3=PL=;:B:=77JC 

2,6 

1,7 

1,6 

1,0 

0,9 

0,6 

!=>IP:=>7JC*
L=9AF8E=7J 

4AEA77JC 
3=PL=;:B:=77JC 

3,5 

2,2 

2,18 

1,35 

1,24 

0,75 

!=>IP:=>7JC*
B:>?C@7J 

4AEA77JC 
3=PL=;:B:=77JC 

3,7 

2,5 

2,3 

1,5 

1,3 

0,86 

,C_@:QC@8?=@7JC 4AEA77JC 
3=PL=;:B:=77JC 

2,1 

1,16 

1,3 

0,74 

0,75 

0,43 

 

! M<>L9A8?8B::* >:9J* 78Q8?:G* ?=@P=;7JD* <=9=O=<* 78* =>:* L=OF:Q7=E=*

>=>?8F8*;78S:?C9I7=*=?9:S8a?>G*O@AE*=?*O@AE8.*L=M?=PA*L@:*?=@P=;7JD*@8>SC?8D*

L=9I;Aa?>G*PC?=O=P*L@:FCOC7:G6*&A?I*PC?=O8*;8<9aS8C?>G*F*=L@COC9C7::*?8<=E=*

<=M__:B:C7?8* ?@C7:G* ?=@P=;7JD* <=9=O=< Ð¼½.* =?9:S8a^CE=>G =? Ð¼ S?=RJ*
?=@P=;78G* >:98 d¬ F 9aR=P* PC>?C* @8>SC?8* RJ98* =O:78<=F8G.* @8F78G* :>?:77=PA*
;78SC7:a: 

d¬ % �Ñ @ Ð¼ % �½ @ Ð¼½N (3.12) 

&:98* ?@C7:G* PCQOA* <=9C>=P* :* <=9=O<=H* =<8;JF8C?>G* F* 7C><=9I<=* @8;*

PC7IiC*>:9J*78Q8?:G*<=9=O<:*78*<=9C>=6*'?7=iC7:C Ð¼ F*PCD87:<C*78;JF8C?>G*

k<=M__:B:C7?=P*?@C7:Gm [2]. 

#9G*>?87O8@?7JD*SAEA77JD*<=9=O=<*OCH>?F:?C9I7JH*<=M__:B:C7?*?@C7:G* 
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=L@COC9Ga?*L=*_=@PA9C: 

Ð¼ % Z,« @ 6«� ' 6ZZ¯Z� ' 6ZZ @
f ' 6ZZ
°f ' 6ZZ, 

(3.13) 

EOC*K l  >:98*78Q8?:G*78*?=@P=;7Aa*<=9=O<A.*?>6 

#9G* ?=@P=;7JD* <=9=O=<* >* L=FJiC77JP:* _@:<B:=77JP:* <8SC>?F8P:*

OCH>?F:?C9I7JH*<=M__:B:C7?*?@C7:G*<=9=O=<*=*<=9C>=*=L@COC9Ga?*L=*_=@PA98Pj 

l O9G*SAEA77JD*?=@P=;7JD*<=9=O=<*>*L=FJiC77JP*>=OC@Q87:CP*_=>_=@8:  

Ð¼ % Z,° @ 6«� ' 6ZZ°�� ' 6ZZ @
f ' 6ZZ
°f ' 6ZZ � 

(3.14) 

l O9G*<=PL=;:B:=77JD*<=9=O=<: 

Ð¼ % Z,´´ @ � ' �Z´� ' �Z @
f ' 6°Z
�f ' 6°Z, 

(3.15) 

EOC*� - >:98*78Q8?:G*78*?=@P=;7Aa*<=9=O<A.*?>p 

V l >@CO7GG*><=@=>?I*OF:QC7:G*F*i-P*:7?C@F89C*?=@P=QC7:G*<PwS6 

'>7=F7JP:* _8<?=@8P:.* F9:Ga^:P:* 78* FC9:S:7A* <=M__:B:C7?=F* ?@C7:G*

GF9Ga?>G* ><=@=>?I* OF:QC7:G.* AOC9I78G* >:98* 78Q8?:G* <=9=O<:* 78* <=9C>=* :*

P8?C@:89* <=9=O<:6* &?=:?* =?PC?:?I.* S?=* >* APC7IiC7:CP* ><=@=>?:* OF:QC7:G*

<=M__:B:C7?*?@C7:G*AFC9:S:F8C?>G c?8R9:BJ 3.7, 3.8). 

(8R9:B8*3.7 - #CH>?F:?C9I7JH <=M__:B:C7?*?@C7:G Ð¼ SAEA77JD*<=9=O=< 
&:98*
78Q8?:
G*3.*?> 

&<=@=>?I*OF:QC7:G*�.*<PwS 

10 20 30 40 50 60 80 100 120 140 160 180 200 

0,5 0,278 0,278 0,241 0,216 0,198 0,185 0,167 0,154 0,145 0,139 0,134 0,130 0,126 

1 0,284 0,232 0,201 0,180 0,166 0,155 0,139 0,129 0,122 0,116 0,112 0,108 0,105 

1,5 0,248 0,203 0,176 0,158 0,145 0,135 0,122 0,113 0,106 0,101 0,098 0,095 0,092 

2 0,223 0,183 0,158 0,142 0,131 0,122 0,110 0,102 0,096 0,091 0,088 0,085 0,083 

2,5 0,205 0,168 0,146 0,131 0,120 0,112 0,101 0,093 0,088 0,084 0,081 0,078 0,076 

3 0,192 0,157 0,136 0,122 0,112 0,104 0,094 0,087 0,082 0,078 0,075 0,073 0,071 

3,5 0,181 0,148 0,128 0,115 0,106 0,099 0,089 0,082 0,077 0,074 0,071 0,069 0,067 

4 0,172 0,141 0,122 0,109 0,100 0,094 0,084 0,078 0,074 0,070 0,068 0,066 0,064 

4,5 0,165 0,135 0,117 0,105 0,096 0,090 0,081 0,075 0,071 0,067 0,065 0,063 0,061 

5 0,158 0,130 0,112 0,101 0,093 0,086 0,078 0,072 0,068 0,065 0,062 0,060 0,059 

6 0,149 0,122 0,105 0,095 0,087 0,081 0,073 0,068 0,064 0,061 0,059 0,057 0,055 

7 0,141 0,116 0,100 0,090 0,083 0,077 0,069 0,064 0,061 0,058 0,056 0,054 0,053 

8 0,136 0,111 0,096 0,086 0,079 0,074 0,067 0,062 0,058 0,055 0,053 0,052 0,050 

9 0,131 0,107 0,093 0,083 0,077 0,071 0,064 0,060 0,056 0,054 0,052 0,050 0,049 
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(8R9:B8*3.8 - #CH>?F:?C9I7JH*<=M__:B:C7?*?@C7:G Ð¼ <=PL=;:B:=77JD*<=9=O=< 
&:98*
78Q8?:G*
3.*?> 

&<=@=>?I*OF:QC7:G*�.*<PwS 

10 20 30 40 60 80 100 120 160 200 

0,5 0,386 0,367 0,351 0,339 0,319 0,304 0,293 0,284 0,270 0,261 

1 0,362 0,344 0,330 0,318 0,299 0,286 0,275 0,267 0,254 0,245 

1,5 0,342 0,326 0,312 0,301 0,283 0,270 0,260 0,252 0,240 0,232 

2 0,325 0,309 0,296 0,286 0,269 0,256 0,247 0,239 0,228 0,220 

2,5 0,311 0,295 0,283 0,273 0,257 0,245 0,236 0,228 0,218 0,210 

3 0,298 0,283 0,271 0,261 0,246 0,235 0,226 0,219 0,209 0,201 

3,5 0,286 0,272 0,261 0,251 0,237 0,226 0,217 0,211 0,201 0,194 

4 0,276 0,262 0,251 0,242 0,228 0,218 0,210 0,203 0,193 0,187 

 

(=@P=;78G* >:98* <=9=O<:* FJ@8Q8C?>G*L@=:;FCOC7:CP*<=M__:B:C7?8* ?@C7:G*

Ð¼ 78*>:9A*78Q8?:G*K. #9G*:><9aSC7:G*;8F:>:P=>?: Ð¼ =?*K.*<=M__:B:C7?*?@C7:G*
=L@COC9Ga?*L@:*=O7=P*A>9=F7=*FJR@877=P*L8@8PC?@C6*\?=?*<=M__:B:C7?*?@C7:G*

L@:=R@C?8C?*;78SC7:C*@8>SC?7=E=*Ð¼½. 

'?>aO8*L=9AS8C?>G*@8>SC?7=C*?=@P=;7=C*78Q8?:C: 

�½ %
Ð¼
Ð¼½

@ �ÑN (3.16) 

+@:7:P8a?.* S?=* A* ?=@P=;7JD* <=9=O=<* =O7=E=* ?:L8* <=M__:B:C7?* ?@C7:G.*

7C;8F:>:P=*=?*78Q8?:G.*@8FC7*7C<=?=@=PA*@8>SC?7=PA*;78SC7:a, L=9ASC77=PA*L=*

_=@PA98P* (3.13) :* (3.14), L@: �Ñ % �,®-¬* O9G* SAEA77JD* >?87O8@?7JD* :*
_=>_=@:>?JD* ?=@P=;7JD* <=9=O=<* :* R9:;<=PA* F* M<>L9A8?8B::* <* >:9C* 78Q8?:G*

SAEA77=H* ?=@P=;7=H* <=9=O<:* SC?J@CD=>7=E=* E@A;=F=E=* F8E=78* L@:* >@CO7CP*

@CQ:PC*?=@P=QC7:G6 

+=*_=@PA9C*(3.15) L@:*�Ñ % 6,«-¬* O9G*<=PL=;:B:=77JD*?=@P=;7JD*<=9=O=<*
L=9AS8CPj 

l O9G*SAEA77JD*>?87O8@?7JD*?=@P=;7JD*<=9=O=<: 

Ð¼½ % Z,�® @ f ' 6ZZ°f ' 6ZZ � 
(3.17) 

l O9G*SAEA77JD*?=@P=;7JD*<=9=O=<*>*>=OC@Q87:CP*_=>_=@8*5 l 1,4 %: 

Ð¼½ % Z,± @ &Ò���Ó&Ò���; (3.18) 
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l O9G*<=PL=;:B:=77JD*?=@P=;7JD*<=9=O=<: 

Ð¼½ % Z,±« @ &Ò�Ó�T&Ò�Ó�. (3.19) 

+=O>?8F:F* ;78SC7:G Ð¼, :>L=9I;AG* _=@PA9J* (3.13) l (3.15) :* * :;* _=@PA9*

(3.17) l (3.19) L=9AS8a?*>9COAa^:C*FJ@8QC7:G*O9G*=L@COC9C7:G �½: 
l O9G*SAEA77JD*>?87O8@?7JD*?=@P=;7JD*<=9=O=<: 

�½ % �,�� @ 6«�Ñ ' 6ZZ¯Z�Ñ ' 6ZZ
@ �Ñ� 

(3.20) 

l O9G*SAEA77JD*?=@P=;7JD*<=9=O=<*>*>=OC@Q87:CP*_=>_=@8*5 l 1,4 %: 

�½ % 6,«® @ 6«�Ñ ' 6ZZ°��Ñ ' 6ZZ
@ �Ñ� 

(3.21) 

l O9G*<=PL=;:B:=77JD*?=@P=;7JD*<=9=O=<j 

�½ % 6,�� @ �Ñ ' �Z´�Ñ ' �Z
@ �ÑN 

(3.22) 

'?7=iC7:C*>APP8@7=E=*@8>SC?7=E=*?=@P=;7=E=*78Q8?:G*?=@P=;7JD*<=9=O=<*

F8E=78* <* CE=* FC>A* R@A??=* 78;JF8a?* @8>SC?7JP* <=M__:B:C7?=P* >:9J* 78Q8?:G*

?=@P=;7JD*<=9=O=<*�½, <=?=@JH*F*;8F:>:P=>?:*=?*?:L8*<=9=O=<*E@A;=F=E=*F8E=78*
78D=O:?>G*L=*>9COAa^:P*_=@PA98Pj 

1) L@:*<=PL=;:B:=77JD*?=@P=;7JD*<=9=O<8Dj 

l O9G*E@AQC7=E=*:*>@CO7CE=*@CQ:P=F F=;OAD=@8>L@COC9:?C9G: 

�½ %
·�½
J ' 1 � 

(3.23) 

l O9G*L=@=Q7CE=*@CQ:P8: 

�½ %
·�½¼
J , (3.24) 

EOC* �½¼ l @8>SC?7=C*78Q8?:C*78*=O7A*<=PL=;:B:=77Aa*?=@P=;7Aa*<=9=O<A; 
2) L@:*SAEA77JD*?=@P=;7JD*<=9=O<8Dj 

l O9G*E@AQC7=E=*@CQ:P8*F=;OAD=@8>L@COC9:?C9G: 

�½ %
·�½Ô
J ' 1, 

(3.25) 

EOC*1  - FC>*E@A;8*cE@A;=L=OnCP7=>?I*F8E=78dp 
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l O9G*L=@=Q7CE=*@CQ:P8*F=;OAD=@8>L@COC9:?C9G: 

�½ %
·�½Ô
J , (3.26) 

EOC · - S:>9=*?=@P=;7JD*<=9=O=<*F8E=78p 

J  - FC>*?8@J*F8E=78 c?8R9:B8 3.9); 

�½Ô - @8>SC?7=C*78Q8?:C*78*=O7A*SAEA77Aa*?=@P=;7Aa*<=9=O<A6 
 

(8R9:B8*3.9 - bSC?78G*P8>>8*E@A;=FJD*F8E=7=F 

(:L*F8E=7=F W8>>8*?8@J.*

? 

bSC?78G*P8>>8*F8E=7=F*>*E@A;=P.*? 

4C?J@CD=>7JC*L=9AF8E=7J*:*L98?_=@PJ 20-26 85 

3@J?JC*F8E=7J*E@A;=L=OnCP7=>?Ia*e0-eN*? 21-23 84 

3@J?JC*O9G*LC@CF=;<:*><=?8 24-25 55 

Y=LLC@-O=;8?=@J 23 83 

[:>?C@7J*CP<=>?I*eq*P3
 23-26 84 

zC>?:=>7JC*L=9AF8E=7J 32 125 

zC>?:=>7JC*B:>?C@7J 36 125 

!=>IP:=>7JC*L=9AF8E=7J 44-45 170 

!=>IP:=>7JC*B:>?C@7J 48 168 

 

,8>SC?7JH* <=M__:B:C7?* >:9J* 78Q8?:G* ?=@P=;7JD* <=9=O=< �½ O9G* F>CD*
?:L=F* F8E=7=F* P=Q7=* =L@COC9:?I* ?8<QC* L=* @8>SC?7JP* 78Q8?:GP* ?=@P=;7JD*

<=9=O=<*<=9C>7=H*L8@J*:9:*L=*78Q8?:a =O7=H*?=@P=;7=H*<=9=O<:*F8E=78j 

�½ %
·�½
L�

% �½
�¼
, (3.27) 

EOC · - S:>9=*?=@P=;7JD*<=9=O=<*<=9C>7=H*L8@J; 

L�- >?8?:SC><8G*78E@A;<8*=?*<=9C>7=H*L8@J*78*@C9I>. 

�¼ - 78E@A;<8* =?* <=9C>8* 78* @C9I>.* L@:FCOC778G* <* =O7=H* ?=@P=;7=H*

<=9=O<C.* 

�¼ %
L�
·N 

(3.28) 
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'?7=iC7:C* >APP8@7=E=* @8>SC?7=E=* ?=@P=;7=E=*78Q8?:G*L=C;O8* <* CE=* FC>A*

78;JF8a?* <=M__:B:C7?=P* @8>SC?7=E=* ?=@P=;7=E=* 78Q8?:G* L=C;O8 c?=@P=;7JP*

<=M__:B:C7?=Pdj 

Õ½ %
Ö �½"
�

�× ' Ö1)
, (3.29) 

EOC �× - ASC?7JH*FC>*9=<=P=?:F8p* 

1) - FC>*>=>?8F8*L=C;O86 
078SC7:C Õ½ GF9GC?>G* L=<8;8?C9CP* F=;P=Q7=>?:* RC;=L8>7=H* M<>L9A8?8B::*

F8E=78.*L=><=9I<A*=7=*@CE98PC7?:@AC?*CO:7=C*78:PC7IiCC*?=@P=;7=C*78Q8?:C*78*

5qq*?*P8>>J* c:9:*5qqq*<$*FC>8d.* ?6C6*5qqq-Õ½. $=@P8?:FJ*@8;9:S7J*O9G*L=C;O=F, 
>_=@P:@=F877JD*:;*E@AQC7JD*:*L=@=Q7:D*F8E=7=F.*L=M?=PA*<=M__:B:C7?J*�½ : 

Õ½ 7C=RD=O:P=* =L@COC9G?I* O9G* F8E=7=F* >* SAEA77JP:* <=9=O<8P:* 78* E@AQC7=P* :*

L=@=Q7CP*@CQ:P8D*?=@P=QC7:G.*8*>*<=PL=;:B:=77JP:.*<@=PC*?=E=.*:*78*>@CO7CP*

@CQ:PC6* \?=* >FG;87=* >* ?CP.* S?=* L@:* <=PL=;:B:=77JD* <=9=O<8D* A* E@AQC7JD*

F8E=7=F* 7C=RD=O:P8G* ?=@P=;78G* M__C<?:F7=>?I* P=QC?* RJ?I* O=>?:E7A?8* F*

=>7=F7=P* 78* >@CO7CP* @CQ:PC.* =O78<=* O=LA><8C?>G* L@:PC7C7:C* :* E@AQC7=E=*

@CQ:P8 ?=@P=QC7:G.* C>9:* M?=* =RC>LCS:F8C?>G* O@AE:P:* @8>SC?7JP:*

D8@8<?C@:>?:<8P: [75]. 

,8>SC?7JH* ?=@P=;7=H* <=M__:B:C7?* >=>?8F8* L@:7:P8a?* @8F7JP* CE=*

L=97=PA*;78SC7:a.*C>9:*@8>>S:?JF8a?*?=@P=;7JC*LA?:*L@:*M<>?@C77=P @CQ:PC*

?=@P=QC7:G.*<=?=@JC*:>L=9I;Aa?>G*L@:*=L@COC9C7::*@8>>?=G7:H*O9G*=E@8QOC7:G*

PC>?* L@=:;F=O>?F8* @8R=?* :* F7C;8L7=* F=;7:<i:D* L@CLG?>?F:H6* ">9:* AS:?JF8a?*

L@:PC7C7:C*L=97=E=*>9AQCR7=E=*?=@P=QC7:G.*@8>SC?7JH*?=@P=;7=H*<=M__:B:C7?*

L@:7:P8a?*q.t*CE=*L=97=E=*@8>SC?7=E=*;78SC7:G6 

+@:* =>?87=F<8D* 78* >?87B:GD* :* @8;OC9I7JD* LA7<?8D.* L@COA>P=?@C77JD*

E@8_:<=P*OF:QC7:G.* ;78SC7:C* @8>SC?7=E=* ?=@P=;7=E=*<=M__:B:C7?8*L@:7:P8a?*

@8F7JP*q.T*CE=*L=97=E=*@8>SC?7=E=*;78SC7:G6*+@:*@CEA9:@=F=S7JD*?=@P=QC7:GD.*

L@:PC7GCPJD* O9G* L=OOC@Q87:G ;8O877=H* ><=@=>?:* OF:QC7:G.* ;78SC7:G*
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@8>SC?7=E=* ?=@P=;7=E=* <=M__:B:C7?8* L@:7:P8a?* F* ;8F:>:P=>?:* =?* >?ALC7:*

L7CFP8?:SC><=E=*?=@P=QC7:G*L= ?8R9:BC 3.10. 

 

(8R9:B8* 3.10 - ,8>SC?7JH* ?=@P=;7=H* <=M__:B:C7?* L@:* @CEA9:@=F=S7=P*

?=@P=QC7:: 

+=<8;8?C9: 

X@A;=FJC*L=C;O8 +8>>8Q:@><:C*L=C;O8 

&?ALC7:*>9AQCR7=E=*?=@P=QC7:G &?ALC7:*>9AQCR7=E=*?=@P=QC7:G 

I II III I II III 

,8>SC?7JH* ?=@P=;7=H*

<=M__:B:C7?.* u* =?*

L=97=E=*;78SC7:G  35 60 85 

E@AQC7JH*@CQ:P 30 50 70 

 L=@=Q7:H*@CQ:P 50 65 80 

 

(=@P=;7Aa* >:9A L@:7G?=* =L@COC9G?I <8<* >APPA* OCH>?F:?C9I7JD* >:9*

78Q8?:G* ?=@P=;7JD* <=9=O=<.* AP7=QC77Aa* 78* OCH>?F:?C9I7JH* <=M__:B:C7?*

?@C7:G*?=@P=;7JD*<=9=O=<*Ð¼½: 

d¬ % 6ZZZ�� @ Ð¼½N (3.30) 

bOC9I78G ?=@P=;78G >:98, <E>w?, =L@COC9GC?>G L=*_=@PA9C: 

Ø¬ % 6ZZZÖ�1 @ Ð¼½ % 6ZZZ @ Õ @ Ð¼½N 
(3.31) 

078SC7:C*AOC9I7=H*?=@P=;7=H*>:9J*=L@COC9Ga?*L@:*78:R=9IiCH*><=@=>?:*F*

78S89C*?=@P=QC7:G6 

">9:*F*L=C;OC*78D=OG?>G*F8E=7J.*:PCa^:C*@8;7JC*?:LJ*<=9=O=<*cSAEA77JC.*

<=PL=;:B:=77JCd. 7C=RD=O:P=*L@:F=O:?I* >:9A* 78Q8?:G* @8;7=?:L7JD* <=9=O=<* <*

CO:7=H* M<F:F89C7?7=H* >:9C* :>D=OG* :;* @8FC7>?F8* ?=@P=;7JD* LA?CH* L@:* ?CD* :*

O@AE:D*<=9=O<8D6* 

&=E98>7=* O877JP.* L@CO>?8F9C77JP* F* [75], L@:* ><=@=>?GD* OF:QC7:G* O=*

50 <PwS* M__C<?:F7=>?I* OCH>?F:G* <=PL=;:B:=77JD* :* SAEA77JD* <=9=O=<* L@:*

?=@P=QC7::* L@:PC@7=* =O:78<=F8.* ?6C6* @8>SC?78G* >:98* 78Q8?:G* 78* =>I* SAEA77JD*
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<=9=O=< L8>>8Q:@><=E=* F8E=78* 5q ?>* cr ?>.* t ?>d* >==?FC?>?FAC?* >:9C* 78Q8?:G*

<=PL=;:B:=77JD* <=9=O=<* `.T* ?>* c`.q* ?>.* N.T* ?>d6* &* AFC9:SC7:CP* ><=@=>?:*

M__C<?:F7=>?I* <=PL=;:B:=77JD* <=9=O=<* L=FJi8C?>G.* :* L@:* ><=@=>?:* 5eq* <PwS*

>:98*78Q8?:G*<=PL=;:B:=77JD*<=9=O=<*`.T*?>*M<F:F89C7?78*5N*?>*L@:*SAEA77JD*

<=9=O<8D*o75]. 

+@:* :>L=9I;=F87::* E@AQC7=E=* @CQ:P8* F=;OAD=@8>L@COC9:?C9CH*

L@:FCOC77Aa*>:9A*78Q8?:G*<=PL=;:B:=77JD*<=9=O=<*L@:7:P8a?*@8F7=H*t.T ?>6 

3.2 N-B4-51+*-31201=06T3A1.1I90;U3:9+1<;*;3:1<9.;41=-0;>3+9A.1=6T3

A41J9221=3=3J9./01*-+-01:3*1.9293A4; +14:1I90;; 

!* A>9=F:GD* M<>L9A8?8B::* <=9C>8* F8E=7=F* P=EA?* L=OFC@E8?I>G* @8;9:S7JP*

F=;OCH>?F:G* c?CL9=FJP.* PCD87:SC><:P* :* ?CD7=9=E:SC><:P).* <=?=@JC* L@:F=OG?* <*

>9=Q7=PA* 78L@GQC77=-OC_=@P:@=F877=PA* >=>?=G7:a6* (CL9=FJC* F=;OCH>?F:G* 78*

<=9C>=* L@=:>D=OG?* F* @C;A9I?8?C* _@:<B:=77=E=* F;8:P=OCH>?F:G <=9C>8* >*

?=@P=;7JP:* <=9=O<8P:* L@:* @8;9:S7JD* @CQ:P8D* ?=@P=QC7:G.* PCD87:SC><:C* - >*

LC@CO8SCH*78E@A;<:*=?*F8E=78*78*LA?I6 

+@8F:9I78G* =BC7<8* ?CL9=FJD* :* OC_=@P8B:=77JD* L@=BC>>=F* F* [33* L@:*

@8;9:S7JD* @CQ:P8D* ?=@P=QC7:G* F* =>7=F7=P* ;8F:>:?* =?* L@8F:9I7=E=* @8>SC?8*

?CL9=F9=QC7:G.* =RA>9=F9C77=E=* ?@C7:CP* PCQOA* <=9C>=P* :* ?=@P=;7=H* <=9=O<=H 

[56]. +@:FCOC77JC* 7:QC* @8>SC?J* =?7=>G?>G* < @8;9:S7JP* @CQ:P8P* ?=@P=QC7:G*

L@:*:>L=9I;=F87::*SAEA77JD*:9:*<=PL=;:B:=77JD ?=@P=;7JD <=9=O=<*o49].  

#9G*@8>SC?7=H*=BC7<:* ?CPLC@8?A@7JD*L=9CH.*OC_=@P8B:H*:*78L@GQC7:H*F*

<=9C>8D* F8E=7=F L@:* ?=@P=QC7::* 7C=RD=O:P=* =L@COC9:?I* <=9:SC>?F=* ?CL9=?J.*

FF=O:P=C* 78* L=FC@D7=>?:* <=7?8<?8* ?=@P=;7=H* <=9=O<:* >* =R=O=P* <=9C>8* L@: 

@8;9:S7JD*A>9=F:GD*?=@P=QC7:G [49]. 

'>7=F7JC*L=9=QC7:G*PC?=O:<:* 8789:;8*L8@8PC?@=F* ?CL9=FJD*F=;OCH>?F:H*

78*[33*L@:*?=@P=QC7::*=>7=FJF8a?>G*78*=R^CL@:7G?JD*L=OD=O8D.*:;9=QC77JD*

F*@8R=?8D*@GO8*ASC7JD*o19, 22, 45, 49].  
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!* ;8F:>:P=>?:* =?* <=7<@C?7JD* ;8O8S* L@:* ?=@P=;7JD* @8>SC?8D* L=C;O=F*

:>L=9I;Aa?* >9COAa^:C* PC?=OJ* @CiC7:G* O:__C@C7B:89I7JD* A@8F7C7:H*

OF:QC7:Gj 

1) 8789:?:SC><:H* PC?=O* @8>SC?8* L=* :7?C@F898P* ><=@=>?:* cPC?=O*

>APP:@=F87:Gdp 

2) 8789:?:SC><:H* PC?=O* @8>SC?8* :7?CE@:@=F87:CP* A@8F7C7:G* OF:QC7:G*

L=C;O8*L@:*A>?87=F:FiCP>G*?=@P=QC7::p 

3) PC?=O*@8>SC?8*S:>9C77JP*:7?CE@:@=F87:CP*L=*:7?C@F898P*F@CPC7:p 

4) E@8_:SC><:H*PC?=Op 

5) PC?=O*@8>SC?8*L=*7=P=E@8PP8Pp 

6) S:>9C77=C*:7?CE@:@=F87:C*>:>?CPJ*O:__C@C7B:89I7JD*A@8F7C7:H6 

#9G* =L@COC9C7:G* ?=@P=;7=E=* LA?:* :* F@CPC7:* <8<* M<>?@C77=E=.* ?8<* :*

>9AQCR7JD* F:O=F* ?=@P=QC7:H* F* O877=H* @8R=?C* BC9C>==R@8;7=*L@:PC7G?I*PC?=O*

>APP:@=F87:CP*o11]. 

#9G*=L@COC9C7:G*OCH>?F:?C9I7=E=*F@CPC7:*?=@P=QC7:G*>=>?8F8*7C=RD=O:P=*

;78?I* ?8<:C* L8@8PC?@J* ?=@P=QC7:G.* <8<* =>7=F7=C* AOC9I7=C* >=L@=?:F9C7:C*

OF:QC7:a.* @CQ:P* F=;OAD=@8>L@COC9:?C9G.* <=M__:B:C7?* ?@C7:G* ?=@P=;7JD*

<=9=O=<.*<=M__:B:C7?*?=@P=;7=E=*78Q8?:G*>=>?8F8.*AOC9I7Aa*>:9A*?=@P=QC7:G*:*

O@AE:C6 

#CH>?F:?C9I7JH* ?=@P=;7=H* LA?I FJS:>9Ga?* F* @C;A9I?8?C* >APP:@=F87:G*

?=@P=;7JD* LA?CH.* =L@COC9GCPJD* L=* :7?C@F898P* ><=@=>?:.* L@:* A>9=F::*

L=>?=G7>?F8* ?=@P=;7=H* >:9J.* AOC9I7=E=* >=L@=?:F9C7:G* OF:QC7:a* :* A<9=78* F*

L@:7G?=P*:7?C@F89C*><=@=>?CH [11]: 

vÑ %� °ZZ @ _fÙT 7 f¼Tb
Ú @ RØ¬ ' ©Û$ ' ©CS

, 
(3.32) 

EOC fÙ : f¼ - 78S89I78G* :* <=7CS78G* ><=@=>?:* L=C;O8* F* @8>>P8?@:F8CP=P*

:7?C@F89C*><=@=>?CH OF:QC7:G; 

Ú  - ;8PCO9C7:C*L=C;O8*L=O*OCH>?F:CP*AOC9I7=H*;8PCO9Ga^CH*>:9Jp 

Ø¬ - AOC9I78G*?=@P=;78G*>:98*L@:*>@CO7CH*><=@=>?:*F*<8QO=P*:7?C@F89C.*<E>w?p 
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©Û$ - AOC9I7=C* >=L@=?:F9C7:C* OF:QC7:a* L=C;O8* L@:* >@CO7CH* ><=@=>?:* F*

<8QO=P*:7?C@F89C.*<E>w?p 

©C - AOC9I7=C* ;8PCO9Ga^CC* :9:* A><=@Ga^CC* A>:9:C.* FJ;F877=C* FC>=P*

L=C;O8*L@:*OF:QC7::*L=*A<9=7A*QC9C;7=O=@=Q7=E=*LA?:.*<E>w?6 

078SC7:C Ú (;8PCO9C7:C* L=C;O8 L=O* OCH>?F:CP* ;8PCO9Ga^CH* >:9J.* @8F7=H*

1 $w?* >* ASC?=P* :7C@B::* F@8^8a^:D>G* P8>>) L@:7:P8a?* O9G* E@A;=FJD* :*

L8>>8Q:@><:D*L=C;O=F*@8F7JP*5Kq6 

+@:* =L@COC9C7::* ?=@P=;7=E=* LA?:* 78* >LA><8D* >FJiC* Kq* �* >9COAC?*

AS:?JF8?I*L@:@8^C7:C*><=@=>?:*L=C;O8*L@:*@8>SC?C*<8<*L=OE=?=F:?C9I7=E=.*?8<*:*

OCH>?F:?C9I7=E=*?=@P=;7=E=*LA?:.*?6C6*AFC9:S:F8?I*78S89I7Aa*><=@=>?I*F LC@F=P*

@8>SC?7=P*:7?C@F89C*78*T*<PwS6 

b><=@C7:C*ai =L@COC9GC?>G ;8F:>:P=>?Ia [2]:  

QC %
fÙT 7 f¼T

� @ ±,«T @ ¨vÑ
N 

(3.33) 

'R^CC* F@CPG* ?=@P=QC7:G* ><98OJF8C?>G :;* _8<?:SC><=E=* F@CPC7:*

?=@P=QC7:G BÜ :*L=OE=?=F:?C9I7=E= B+: 

B0ÝÞ % BÜ ' B+N 

(3.34) 

!* ?CSC7:C* L=OE=?=F:?C9I7=E=* F@CPC7:* B+ ?=@P=;8* 7C* @8R=?8a?* :* L=C;O*

L@=D=O:?* L=OE=?=F:?C9I7JH* LA?I* v+. +=* :>?CSC7::* M?=E=* F@CPC7:.* L=>9C*

78L=97C7:G* ?=@P=;7JD* B:9:7O@=F. ?=@P=;8* PE7=FC77=* >@8R8?JF8a?* :* L=C;O*

L@=>9COAC?* =>?89I7Aa* S8>?I* ?=@P=;7=E=* LA?:* L@:* L=97=H* >:9C* 78Q8?:G*

?=@P=;7JD* <=9=O=<6* &?=:?* =?PC?:?I* 7C=O7=@=O7=>?I* L=* F@CPC7:* 78L=97C7:G*

?=@P=;7JD* B:9:7O@=F* E=9=F7JD* :* DF=>?=FJD* F8E=7=F.* S?=* =?PCS8C?>G* F* @8R=?C*

[12]. 

#9G* =L@COC9C7:G* <=9:SC>?F8* FJOC9:FiCH>G* ?CL9=?J* AS:?JF898>I ?=9I<=*

>=>?8F9Ga^Aa BÜ.*<=?=@8G*=L@COC9GC?>G*_=@PA9=Hj 

BÜ %�fÙ 7 f¼
±,« @ QC

N (3.35) 
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!* <8SC>?FC* L@:PC@8* @8>SC?7=H* =BC7<:* :7?C7>:F7=>?:* FJOC9C7:G* ?CL98* F*

L8@C* k<=9=O<8* l <=9C>=m* 8F?=@=P* @8>>P=?@C7* F8@:87?* M<>?@C77=E=* ?=@P=QC7:G*

E@A;=F=E=*L=C;O8* c?8R9:B8 3.11.* ?8R9:B8 3.12d.* P8>>=H* `trK* ?* c>=>?=G^CE=*:;* Tq*

SC?J@CD=>7JD*L=9AF8E=7=F*:*OFAD>C<B:=77=E=*9=<=P=?:F8*!1tq<*l ASC?7JH*FC>*

5rK* ?>.* <=9:SC>?F=* 8F?=?=@P=;7JD* =>CH* - 8).* >=* ><=@=>?:* 5Kq* <PwS* 78* L9=^8O<C*

(i�qd*RC>>?J<=F=E=*LA?:6*078SC7:C*Ú L@:7G?=*@8F7JP*5Kq6*&:98*78Q8?:G*c$&d*O9G*

SC?J@CD=>7=E=* L=9AF8E=78* L@:7:P898>I* L@:* E@AQC7=P* @CQ:PC*

F=;OAD=@8>L@COC9:?C9G*c>P6*?8R9:B8 3.6). 

078SC7:G* OCH>?F:?C9I7=E=* ?=@P=;7=E=* LA?:.* L=9ASC77=E=* L=* PC?=O:<C*

>APP:@=F87:G*L=*:7?C@F898P*><=@=>?CH, >=>?8F:9:*5qT`*P*L@:*<=PL=;:B:=77JD*

<=9=O<8D*:*5tr`*P*- L@:*SAEA77JD*o80]. 

+=OE=?=F:?C9I7JH* LA?I* O9G* >=>?8F8* =?* Kqq* O=* Nqq* =>CH* >* 78S89I7=H*

><=@=>?:* 5Kq* <PwS* 78* L9=^8O<C* LA?:* c>* A<9=7=P* i�q*�d* >=>?8F:?* NN`*P6* (8<:P*

=R@8;=P.*L=97JH*?=@P=;7=H*LA?I*L@:*<=PL=;:B:=77JD*<=9=O<8D*>=>?8F:9*5Ntt*P.*

F* LC@C>SC?C* 78* SAEA77JC* l KKKt* P6* +=* 7=P=E@8PP8P* c@:>A7<:* K6e.* K65r), 

L@CO>?8F9C77JP*F*@8R=?C* o75{* ?=@P=;7=H*LA?I* E@A;=F=E=*L=C;O8*L@:* M<>?@C77=P*

?=@P=QC7::*78*L9=^8O<C*>=>?8F9GC?j*L@:*<=PL=;:B:=77JD*<=9=O<8D*Õ½ % Z,�Z´ - 

S �*5Nrq P.*L@:*SAEA77JD*Õ½ % Z,�²® - S �*K5qq*P6*(8<:P*=R@8;=P.*L=E@Ci7=>?I*

@8>SC?7JD*;78SC7:H*?=@P=;7=E=*LA?:*F*>@8F7C7:: >=*;78SC7:GP:*L=*7=P=E@8PP8P*

7C*L@CFJi8C?*e u.*S?=*>F:OC?C9I>?FAC?*=*D=@=iCH*>D=O:P=>?:*@C;A9I?8?=F*o80]. 

+=* PC?=O:<C* -6 +6* -7:>:P=F8* [2] <=9:SC>?F=* ?CL98.* @8F7=C* <=9:SC>?FA*

@8R=?J*?@C7:G*=L@COC9GC?>G*L=*_=@PA9Cj 

1C %
�ÑR"#$SÐ¼¨vÑ

BC
·Ú, (3.36) 

EOC* �ÑR"#$S - P8<>:P89I78G* OCH>?F:?C9I78G* >:98* 78Q8?:G* ?=@P=;7=H*

<=9=O<:*78*<=9C>=p 

Ð¼ - <=M__:B:C7?*?@C7:Gp 
¨vÑ - OCH>?F:?C9I7JH* ?=@P=;7=H* LA?I* F* i-P* :7?C@F89C* ><=@=>?CH*

OF:QC7:Gp 

· l <=9:SC>?F=*?=@P=;7JD*<=9=O=<p 
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Ú - <=M__:B:C7?* @8;OC9C7:G* ?CL9=FJD* L=?=<=F* PCQOA* <=9C>=P* :*

<=9=O<=Hp 

BC - F@CPG* OCH>?F:?C9I7=E=* ?=@P=QC7:G* F* i-P* :7?C@F89C* ><=@=>?CH*

OF:QC7:G6 

#8778G* _=@PA98* L=;F=9GC?* L@=:;FC>?:* 8789:?:SC><:H* 8789:;* :;RJ?=S7=H*

=RnCP7=H* ?CPLC@8?A@* L@:* _@:<B:=77=P* F;8:P=OCH>?F::6* 'O78<=* O9G*

=L@COC9C7:G* E@87:S7JD* A>9=F:H :* <=PLIa?C@7=E=* P=OC9:@=F87:G* ?CL9=FJD*

L@=BC>>=F*7C=RD=O:P=*=L@COC9:?I*:7?C7>:F7=>?I*?CL9=F9=QC7:H*78*L=FC@D7=>?:*

<=7?8<?8*=R=O8*<=9C>8*>*<=9=O<=H6 

$8* =>7=F87::* O=LA^C7:H* :* L=9ASC77JD* ;78SC7:H* _8<?:SC><=E=* F@CPC7:*

?=@P=QC7:G.* ?CL9=FJOC9C7:C* F* <=7?8<?C* ?=@P=;7=H* <=9=O<:* >* =R=O=P* <=9C>8*

=L@COC9GC?>G* >9COAa^:P* =R@8;=P. ,8>SC?* ?CL9=?J.* FJOC9Ga^CH>G* L@:*

?=@P=QC7::.*L@=:;F=O:?>G*:;*A>9=F:G.*S?=*rq*u*<:7C?:SC><=H*M7C@E::*F8E=78*L@:*

?=@P=QC7::* L@C=R@8;AC?>G* F* ?CL9=FAa* M7C@E:a* F* F=>IP: <=9C>8D* `-=>7=E=*

E@A;=F=E=*F8E=78*o49]. 

3:7C?:SC><8G* M7C@E:G* >=>?8F8* L@:* ?=@P=QC7:: [80] =L@COC9GC?>G* L=*

_=@PA9Cj 

ß % · @ fT
� , (3.37) 

EOC ·  - P8>>8*L=C;O8.*?p 

f  - 78S89I78G*><=@=>?I*?=@P=QC7:G.*Pw>6 



 

  

1
0
3!

(8R9:B8*3.11 - ,8>SC?7JC*O877JC OCH>?F:?C9I7=E=*?=@P=;7=E=*LA?:*L@:*:>L=9I;=F87::*SAEA77JD*?=@P=;7JD*<=9=O=< 

V' V( )( K& )(* K* +o +x +ox ,!" Q ! b#-.(/01# t2 S& 

120 110 0,076 3,8 0,086 3,358 2,394 8,06375 2,616157 1455 4892 0,297 25,580 10,6398 339,8824 

110 100 0,078 3,8 0,089 3,358 2,168 7,20375 2,365724 1455 4892 0,297 26,341 10,4504 304,8033 

100 90 0,081 3,8 0,092 3,358 1,960 6,41375 2,134391 1455 4892 0,297 27,235 10,21465 269,5533 

90 80 0,084 3,8 0,095 3,358 1,768 5,69375 1,922159 1455 4892 0,297 28,299 9,926714 234,3808 

80 70 0,088 3,8 0,099 3,358 1,594 5,04375 1,729027 1455 4892 0,297 29,587 9,579611 199,5752 

70 60 0,093 3,8 0,105 3,358 1,436 4,46375 1,554996 1455 4892 0,297 31,179 9,164856 165,4766 

60 50 0,099 3,8 0,112 3,358 1,296 3,95375 1,400065 1455 4892 0,297 33,194 8,671923 132,4877 

50 40 0,107 3,8 0,120 3,358 1,172 3,51375 1,264235 1455 4892 0,297 35,830 8,087484 101,0936 

40 30 0,117 3,8 0,133 3,358 1,066 3,14375 1,147506 1455 4892 0,297 39,424 7,394286 71,88889 

30 20 0,133 3,8 0,150 3,358 0,977 2,84375 1,049877 1455 4892 0,297 44,616 6,56945 45,62118 

20 10 0,157 3,8 0,177 3,358 0,904 2,61375 0,971349 1455 4892 0,297 52,774 5,581836 23,25765 

10 0 0,201 3,8 0,227 3,358 0,849 2,45375 0,911922 1455 4892 0,297 67,459 4,387801 6,094167 

          
&APP8 100,7 1894,11 

 

  



 

  

1
0
4!

(8R9:B8* 3.12 - ,8>SC?7JC* O877JC OCH>?F:?C9I7=E=* ?=@P=;7=E=* LA?:* L@:* :>L=9I;=F87::* <=PL=;:B:=77JD* ?=@P=;7JD*

<=9=O=< 

V' V( )( K& )(* K* +o +x +ox ,!" Q ! b#-.(/01# t2 S& 

120 110 0,232 2,4 0,251 2,216 2,394 8,064 2,616 998 4892 0,204 51,232 5,571173 177,968 

110 100 0,236 2,4 0,255 2,216 2,168 7,204 2,366 998 4892 0,204 52,038 5,514327 160,8345 

100 90 0,240 2,4 0,259 2,216 1,960 6,414 2,134 998 4892 0,204 52,938 5,447344 143,7494 

90 80 0,245 2,4 0,264 2,216 1,768 5,694 1,922 998 4892 0,204 53,951 5,369288 126,7749 

80 70 0,250 2,4 0,270 2,216 1,594 5,044 1,729 998 4892 0,204 55,099 5,279079 109,9808 

70 60 0,256 2,4 0,276 2,216 1,436 4,464 1,555 998 4892 0,204 56,411 5,175452 93,44567 

60 50 0,263 2,4 0,284 2,216 1,296 3,954 1,400 998 4892 0,204 57,925 5,056913 77,2584 

50 40 0,271 2,4 0,293 2,216 1,172 3,514 1,264 998 4892 0,204 59,691 4,921672 61,5209 

40 30 0,280 2,4 0,303 2,216 1,066 3,144 1,148 998 4892 0,204 61,778 4,767561 46,35129 

30 20 0,291 2,4 0,315 2,216 0,977 2,844 1,050 998 4892 0,204 64,282 4,591922 31,88834 

20 10 0,305 2,4 0,330 2,216 0,904 2,614 0,971 998 4892 0,204 67,343 4,391444 18,29768 

10 0 0,323 2,4 0,349 2,216 0,849 2,454 0,912 998 4892 0,204 71,170 4,161952 5,78049 

            &APP8 60,2 1053,85 
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&@CO7GG*P=^7=>?I*;8*F@CPG*?=@P=QC7:Gj 

L % ß
B , 

(3.38) 

EOC t - _8<?:SC><=C*F@CPG*?=@P=QC7:G.*>6 

&@CO7GG* P=^7=>?I* FJOC9GCP=E=* ?CL98* ;8* F@CPG* ?=@P=QC7:G L@:*

:>L=9I;=F87::*<=PL=;:B:=77JD*:*SAEA77JD*<=9=O=<*=L@COC9GC?>G*_=@PA98P:j 

L¼ %
ß
B¼
� (3.39) 

LÔ %
ß
BÔ
, (3.40) 

EOC B¼, BÔ - F@CPG* ?=@P=QC7:G* O9G* >==?FC?>?FAa^CE=* ?:L8* ?=@P=;7JD*

<=9=O=< c<=PL=;:B:=77JC.*SAEA77JCd. 

+@:* @8>SC?C* ?CL9=F9=QC7:H* 8F?=@=P* @8>>P8?@:F8C?>G* _8<?:SC><=C* F@CPG*

?=@P=QC7:G.* <=?=@=C* >=>?8F9GC?* eq* >* L@:* :>L=9I;=F87::* <=PL=;:B:=77JD*

<=9=O=<* :* 5q5* >* - L@:* SAEA77JD* c>P6* ?8R9:B8* 3.11.* ?8R9:B8*  3.12d6* $8S89I78G*

><=@=>?I*L@:7:P8C?>G*@8F7=H*f % 6�Z ¼àÔ % ±±,±±àá*  [80]. 

(=EO8*<:7C?:SC><8G*M7C@E:G*>=>?8F8*L@:*?=@P=QC7::*RAOC?*@8F78j 

ß % ´¯²� @ 6Zâ @ ±±,±±T
� % �®6®�±´,�´²-¼ãäN (3.41) 

&@CO7GG* P=^7=>?I* ;8* F@CPG* ?=@P=QC7:G* L@:* :>L=9I;=F87::*

<=PL=;:B:=77JD*:*SAEA77JD*<=9=O=<*>=>?8F9GC?: 

L¼ %
�®6®�±´,�´²

«Z % ´°�¯®,�±¯-¼å¬� (3.42) 

LÔ %
�®6®�±´,�´²

6Z6 % �«²Z±,±6-¼å¬N (3.43) 

W=^7=>?I*?CL9=F=E=*L=?=<8*78*<8QO=P*:;*<=9C>*>=>?8F9GC?:  

L¼� %
L¼

·× '·) @ K
% ´°�¯®,�±¯
6« ' ¯ @ °Z % 6Z¯,¯«-¼å¬� (3.44) 

LÔ� %
LÔ

·× '·) @ K
% �«²Z±,±6
6« ' ¯ @ °Z % «´,«®-¼å¬N (3.45) 
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+@:*3+# Ï =q.rT*O9G*<=PL=;:B:=77=H*<=9=O<:*: Ï =q.t*O9G*SAEA77=Hj 

L¼T % L¼� @ Ï % 6Z¯,¯« @ Z,²° % 6Z±,´6®-¼å¬� (3.46) 

LÔT % LÔ� @ Ï % «´,«® @ Z,¯ % °6,®±«-¼å¬N (3.47) 

#9G* =L@COC9C7:G* >APP8@7=H* L9=^8O:* F=;OCH>?F:G* ?CL9=F=E=* L=?=<8* 78*

L=FC@D7=>?I* <8?87:G* <=9C>8* 8F?=@=P* AS:?JF898>I i:@:78* ?=@P=;7=H* <=9=O<:* :*

EC=PC?@:SC><:C* L8@8PC?@J* <=9C>8* c>* ASC?=P* ?C<A^CE=* :;7=>8d6* &=E98>7=* o11] 

i:@:78*SAEA77=H*?=@P=;7=H*<=9=O<:*>=>?8F9GC?*q.qt*P6*&=E98>7=*(b*KTf5-028-

00149386-2000 [90] SC@?6*KTe5q-$*i:@:78*<=PL=;:B:=77=H*<=9=O<:*?8<QC*@8F78*

q.qt* P6* +9=^8OI* L=FC@D7=>?:* FFCOC7:G* ?CL98* 78* L=FC@D7=>?:* <8?87:G* <=9C>8*

>=>?8F9GC?* -v % �ÍP @ ].* EOC r l @8O:A>* <=9C>8* (q.`fT* P), h l i:@:78* ?=@P=;7=H*

<=9=O<:.*P6*+9=^8OI*L=FC@D7=>?:*>=>?8F9GC? v % Z,�±²-àT [84]. 

&@CO7GG*P=^7=>?Ij 

L¼T*½ %
L¼� @ Ï
v % 6Z±,´6®

Z,�±² % ´±�,®6¼å¬àT % ´±,�® å¬*àT � 
(3.48) 

LÔT*½ %
LÔ� @ Ï
v % °6,®±«

Z,�±² % �6«,´«¯¼å¬àT % �6,«° å¬*àTN 
(3.49) 

(8<*<8<*;78SC7:C*P8>>J*9=<=P=?:F8.*L=*>@8F7C7:a*>*P8>>=H*F>CE=*>=>?8F8*

7CFC9:<=.* 8* ?8<QC* @8>>P8?@:F8C?>G* >=>?8F* :;* F8E=7=F* >* =O:78<=FJP:*

EC=PC?@:SC><:P:*:*FC>=FJP:*D8@8<?C@:>?:<8P:.*O=LA>?:P=*=>A^C>?F9G?I*@8>SC?*

:7?C7>:F7=>?:*?CL9=FJD*L=?=<=F*L@:PC7:?C9I7=*<*=O:7=S7=PA*F8E=7A6 

!*M?=P*>9AS8C*<:7C?:SC><8G*M7C@E:G*F8E=78j 

ß % · @ fT
� % ²´ @ 6Zâ @ ±±,±±T

� % °��66,®®¯-¼ãäN (3.50) 

,8>SC?7=C* F@CPG* M<>?@C77=E=* ?=@P=QC7:G* L@:7:P8C?>G* F* ;8F:>:P=>?:* =?*

P8?C@:898*?=@P=;7JD*<=9=O=<j*eq*>*L@:*<=PL=;:B:=77JD*:*5q5*>*l L@:*SAEA77JD6 

L¼ %
ß
B %

°��66,®®¯
«Z % ¯®Z,6²«-¼å¬� (3.51) 

LÔ %
ß
B %

°��66,®®¯
6Z6 % °6«,²´¯-¼å¬N (3.52) 
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$8*<8QO=P*:;*F=>IP:*<=9C>*SC?J@CD=>7=E=*F8E=78*FJOC9GC?>G*P=^7=>?Ij 

L¼� %
L¼
¯ % ¯®Z,6²«

¯ % 6Z¯,®®°-¼å¬� (3.53) 

LÔ� %
LÔ
¯ % °6«,²´¯

¯ % «´,«�-¼å¬N (3.54) 

+@:* 3+# Ï=q.rT* O9G* <=PL=;:B:=77=H* <=9=O<:* : Ï=q.t* O9G* SAEA77=H*

L=9AS8CP: 

L¼T % L¼� @ Ï % 6Z¯,®®°- @ Z,²° % 6Z±,±±«-¼å¬� (3.55) 

LÔT % LÔ� @ Ï % «´,«� @ Z,¯ % °6,«²«-¼å¬N (3.56) 

bOC9I78G* P=^7=>?I.* FJOC9GCP8G* 78* CO:7:BC* L=FC@D7=>?:* L9=^8O<:* F*

<=7?8<?C*<=9C>=-<=9=O<8*>=>?8F9GC?j 

L¼T*½ %
L¼� @ Ï
v % 6Z±,±±«

Z,�±² % ´±�,±«¯¼å¬àT % ´±,�´ å¬*àT � 
(3.57) 

LÔT*½ %
LÔ� @ Ï
v % °6,«²«

Z,�±² % �6«,±Z6¼å¬àT % �6,«± å¬
*àTN 

(3.58) 

&@8F7:F8G* @C;A9I?8?J.* L=9ASC77JC* L=* _=@PA98P* (3.48) l (3.49) : (3.57) l

 (3.58).*P=Q7=*>OC98?I*FJF=O.*S?=*L=E@Ci7=>?I*7C*L@CFJi8C?*5*u*: F*O89I7CHiCP 

@8>SC?*?CL9=F9=QC7:H*F*<=9C>=*O=LA>?:P=*L@=:;F=O:?I*L@:PC7:?C9I7=*<*=O7=PA*

F8E=7A*cL@:*O=LA^C7::.*S?=*>=>?8F*>=>?=:?*:;*=O7=?:L7JD*F8E=7=Fd6 

+=9ASC77JC*F @C;A9I?8?C*@8>SC?8*;78SC7:G*>@CO7:D*?CL9=F9=QC7:H*F*<=9C>=*

LT-*½ :*BC GF9Ga?>G*:>D=O7JP:*O877JP:*O9G*8789:;8*?CL9=FJD*L@=BC>>=F*F*[33*
L@:*?=@P=QC7::. 

&9COAC?* =?PC?:?I.* S?=* L@:* 8789:;C* ?CL9=FJD* F=;OCH>?F:H* 78* <=9C>=* F*

@8>SC?8D* L=* PC?=O:<C.* A<8;877=H* F* o49] P=^7=>?I* ?CL9=FJD* 78E@A;=<* @87CC*

L@:7:P898>I*L=>?=G77=H*78*F>CP*=?@C;<C*?=@P=QC7:G*l =?*78S898*?=@P=QC7:G*O=*

CE=* =<=7S87:G6* 'O78<=.* ?8<=H* L=OD=O* P=Q7=* >S:?8?I* L@:R9:QC77JP.* ?8<* <8<* F*

L@=BC>>C* ?=@P=QC7:G* :7?C7>:F7=>?I* FJOC9GCP=E=* ?CL98* F* L8@C* k<=9C>=* l 

<=9=O<8m* ;8F:>:?* =?* ><=@=>?:* F@8^C7:G* <=9C>8* c><=@=>?:* OF:QC7:G* >=>?8F8d* :*

@8;9:S8C?>G*F=*F@CPC7:.*S?=*=?@8QC7=*F*PC?=O:<C*-6 +6*-7:>:P=F86*(8<*<8<*L@:*

@8>SC?C* OCH>?F:?C9I7=E=* ?=@P=;7=E=* LA?:* :* _8<?:SC><=E=* F@CPC7:* ?=@P=QC7:G*

RJ9:*>78S898*L=>S:?87J*O877JC*;78SC7:G*O9G*:7?C@F89=F*><=@=>?CH.*SC@C;*5q*<P.*
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8F?=@=P* L@CO98E8C?>G L=O>SC?* P=^7=>?:* ?CL9=F9=QC7:H* FC>?:* F* ;8O877JD*

:7?C@F898D*o80]. 

'?9:S:?C9I7=H* =>=RC77=>?Ia* @8;@8R=?877=H* PC?=O:<:* GF9GC?>G*

O:__C@C7B:@=F8778G* =BC7<8* :7?C7>:F7=>?:* ?CL9=FJD* 78E@A;=<* 78* <=9C>=* F*

;8F:>:P=>?:*=?*?C<A^CH*><=@=>?:*OF:QC7:G. 

!* @8;@8R=?877=H*PC?=O:<C* L@:* @8>SC?C* OCH>?F:?C9I7=E=* ?=@P=;7=E=* LA?:.*

_8<?:SC><=E=* F@CPC7:* ?=@P=QC7:G* :* P=^7=>?:* ?CL9=FJD* L=?=<=F*

@8>>P8?@:F8a?>G*:7?C@F89J*><=@=>?CH.*SC@C;*5q*<PwS6 

! M?=P*>9AS8Cj 

ßC %
· @ RfCT 7 fCÒ�T S

� � (3.59) 

LC %
ßC
BC
, (3.60) 

EOC* ßC - <:7C?:SC><8G* M7C@E:G* F* ;8O877=P* :7?C@F89C* ><=@=>?CH*

?=@P=QC7:G. <#Qp 

m l P8>>8*L=C;O8.*?p 

BC - F@CPG*?=@P=QC7:G*F*;8O877=P*:7?C@F89C*><=@=>?CH*?=@P=QC7:G.*>p 
æC, æCÒ� - >==?FC?>?FC77=*78S89I78G*:*<=7CS78G*><=@=>?:*?=@P=QC7:G*F*

;8O877=P*:7?C@F89C.*Pw>p 

,C89:;8B:G*O877=E=*L=OD=O8*L@CO>?8F9C78*78*L@:PC@C*@C;A9I?8?=F*@8>SC?8*

?CL9=F9=QC7:H* L@:* ?=@P=QC7::* F8E=78* L=* F8@:87?A* @8>>P=?@C77=PA* FJiC*

(?8R9:B8 3.13). 

(8R9:B8*3.13 - 3=M__:B:C7?J*P=^7=>?:* ?CL9=FJOC9C7:H*F*<=7?8<?C* ?=@P=;7=H*

<=9=O<:*>*=R=O=P*<=9C>8*L=*:7?C@F898P*><=@=>?: 

%7?C@F89*

><=@=>?: 

ßC, <#Q BC¼, > LC¼,<!?w>P2
 BCÔ,> LCÔ,<!?w>P2

 

1 2 3 4 5 6 

120-110 8341,049 5,5 74,39 10,6 32,8 

110-100 7615,741 5,5 68,62 10,4 30,49 

100-90 6890,432 5,4 62,85 10,2 28,22 
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+@=O=9QC7:C*?8R9:BJ*N65N 

1 2 3 4 5 6 

90-80 6165,123 5,3 57,05 9,9 25,99 

80-70 5439,815 5,3 51,2 9,6 23,76 

70-60 4714,506 5,2 45,26 9,2 21,52 

60-50 3989,198 5,1 39,2 8,7 19,25 

50-40 3263,889 4,9 32,95 8,1 16,89 

40-30 2538,58 4,8 26,46 7,4 14,36 

30-20 1813,272 4,6 19,62 6,6 11,55 

20-10 1087,963 4,4 12,31 5,6 8,16 

10-0 362,6543 4,2 4,33 4,4 3,46 

&APP8 52222,22 60,2 - 100,7 - 

 

&APP8@78G <:7C?:SC><8G M7C@E:G.* L=>S:?8778G* L=* :7?C@F898P* ><=@=>?CH, 

>=FL8O8C?*>*<:7C?:SC><=H*M7C@E:CH.*L=>S:?877=H*L=*_=@PA9C (3.50).  

$8*@:>A7<C*3.1 :;=R@8QC78*O:8E@8PP8*:;PC7C7:G*P=^7=>?:*?CL9=F9=QC7:H 

F* ;8F:>:P=>?:* =?* ?C<A^CH* ><=@=>?:* E@A;=F=E=* F8E=78* L@:* ?=@P=QC7::.*

L=9ASC778G* L=* :7?C@F898P* ><=@=>?CH* ?=@P=QC7:G.* >=>?8F9Ga^:P* 

5q*<PwS [80]. 
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,:>A7=<*3.1 - %;PC7C7:C*;78SC7:H*P=^7=>?:*?CL9=F9=QC7:H*F*[33 >*ASC?=P ><=@=>?:*F*

P=PC7?*78S898*?=@P=QC7:G F8E=78*F*;8F:>:P=>?:*=?*?:L8*?=@P=;7=H*<=9=O<: 

 

!* ?8R9:BC 3.14 L@:FCOC7J* O877JC* :;PC7C7:G ;78SC7:H* <=M__:B:C7?8*

P=^7=>?:* ?CL9=F9=QC7:H* F* [33 F* ;8F:>:P=>?:* =? ><=@=>?: ?=@P=QC7:G, 

@8>>S:?877JC*L=*L@:PC7GCP=H*PC?=O:<C*o80]. 

(8R9:B8* 3.14 l &@CO7CF;FCiC77JC* ;78SC7:G* <=M__:B:C7?=F P=^7=>?:*

?CL9=F9=QC7:H*L@:*?=@P=QC7::*O=*L=97=H*=>?87=F<: 

$8S89I78G* ><=@=>?I*

?=@P=QC7:G.*<PwS 

078SC7:G* >@CO7CE=* <=M__:B:C7?8* P=^7=>?:*

?CL9=F9=QC7:H.*!?w>P2
 

3=PL=;:B:=77JC*<=9=O<: 4AEA77JC*<=9=O<: 

1 2 3 

120-0 43,07 21,7 

110-0 39,88 20,39 
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+@=O=9QC7:C*?8R9:BJ*N65` 

1 2 3 

100-0 36,65 19,07 

90-0 33,39 17,72 

80-0 30,07 16,34 

70-0 26,7 14,91 

60-0 23,26 13,42 

50-0 19,73 11,85 

40-0 16,09 10,14 

30-0 12,34 8,26 

20-0 8,43 6,09 

10-0 4,33 3,46 

 

3.3 F1<9.;41=-0;93+9A.1=6T3A41J9221=3;31J90*-3+9A.1=6T30-G4,I90;U3

*1.923A4;3+14:1I90;;  

+@:*=L@COC9C7::*_8<?:SC><=E=*F@CPC7:*?=@P=QC7:G*>=>?8F8*:*<=9:SC>?F8*

?CL98.* FJOC9Ga^CE=>G* L@:* ?=@P=QC7::.* F* PC?=O:<C* AS:?JF8a?>G* >9COAa^:C*

L8@8PC?@Jj 

! 78S89I78G*:*<=7CS78G*><=@=>?: L=C;O8*F*@8>SC?7=P*:7?C@F89C*V' :*V(.*<PwSp 

! =>7=F7=C*AOC9I7=C*>=L@=?:F9C7:C*OF:QC7:a*©0¸.*<E>w?p 
! A<9=7*LA?: i.*�p 

! @CQ:P*F=;OAD=@8>L@COC9:?C9G*cE@AQC7JH.*>@CO7:H.*L=@=Q7:Hdp 

! =>CF8G 78E@A;<8 q0.*?p 

! @8>SC?7JH*<=M__:B:C7?*?@C7:G*?=@P=;7JD*<=9=O=< Ð¼� 
! >:98*78Q8?:G*?=@P=;7JD*<=9=O=<.*OCH>?F:?C9I78G $& :*@8>SC?78G $*.*?>p 

! ?:L*?=@P=;7JD*<=9=O=<*cSAEA77JC.*<=PL=;:B:=77JCdp 

! <=9:SC>?F=*?=@P=;7JD*<=9=O=<*78*=O7=*<=9C>=p 

! @8>SC?7JH*<=M__:B:C7?*?=@P=;7=E=*78Q8?:G*L=C;O8 Õ½, ?>w?p 

! FC>*>=>?8F8.*?; 
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! ?:L* ?=@P=QC7:G* cM<>?@C77=C.* L=97=C* >9AQCR7=C.* >?ALC7I*

?=@P=QC7:Gd. 

,8>>P8?@:F8C?>G* F9:G7:C* A<8;877JD* L8@8PC?@=F* c7C<=?=@JC* :; 7:D*

=RnCO:7C7J*:;-;8*?=E=.*S?=*=7:*F;8:P=;8F:>:PJ*L@:*@8>SC?C*?=@P=;7=E=*LA?:d*78*

<=9:SC>?F=*?CL98.*FJOC9Ga^CE=>G*L@:*?=@P=QC7::, :*78*P8<>:P89I7JC*;78SC7:G*

?CPLC@8?A@*F*=R=OC*<=9C>86 

38<* =?PCS89=>I* F* @8R=?8D* O@AE:D* 8F?=@=F [2, 49], F* =>7=FC* L@=BC>>8*

?=@P=QC7:G* 9CQ:?* L@C=R@8;=F87:C* <:7C?:SC><=H* M7C@E::* L=C;O8* F* ?CL9=FAa6*

,8>L@COC9C7:C* ?CL98* PCQOA* <=9C>=P* :* <=9=O<=H* L@:* :D* F;8:P=OCH>?F::.*

;78S:?C9I7JP*=R@8;=P*;8F:>:?*=?*P8?C@:898*:;*<=?=@=E=*:;E=?=F9C78*?=@P=;78G*

<=9=O<86 +@:* <=PL=;:B:=77JD* ?=@P=;7JD* <=9=O<8D* rT u* FJOC9GCP=E=* L@:*

?=@P=QC7::* ?CL98* L=>?AL8C?* F* <=9C>=.* 8* L@:* SAEA77JD* ?=@P=;7JD* <=9=O<8D*

<=M__:B:C7?*@8;OC9C7:G*?CL9=FJD*L=?=<=F*L@:7:P8C?>G*@8F7JP*q.t*O9G*<=9C>8*:*

q.K* O9G* ?=@P=;7=H* <=9=O<:* L@:* =O7=>?=@=77CP* ?=@P=QC7::* :* >==?FC?>?FC77=* l 

q.e* :* q.`* L@:* OFAD>?=@=77CP* ?=@P=QC7::* o49{6* +@CO>?8F9C77JC* ;78SC7:G*

<=M__:B:C7?=F* @8;OC9C7:G* ?CL9=FJD* L=?=<=F* :>L=9I;=F89:>I* F* :>>9CO=F87:GD*

?CL9=FJD*L@=BC>>=F*F*[33*L@:*?=@P=QC7::6 

!*<8SC>?FC*:>D=O7=E=*L@:PC@8.*>*<=?=@JP*RAOC?*L@=:;F=O:?I>G*>@8F7C7:C.*

L@:*:;PC7C7::*L8@8PC?@=F*?=@P=QC7:G L@:7G?*F8@:87?*@8>SC?8*?=@P=;7=E=*LA?:*

:* F@CPC7:* ?=@P=QC7:G.* L@CO>?8F9C77JH* F* ?8R9:BC 3.12 O9G* M<>?@C77=E=*

?=@P=QC7:G* >=* ><=@=>?:* 5Kq* <PwS* >=>?8F8* :;* Tq* E@AQC7JD* L=9AF8E=7=F* 78*

@=9:<=FJD*L=Oi:L7:<8D*:* OFAD>C<B:=77=E=* 9=<=P=?:F8* >* ASC?7JP*FC>=P*5rK ?*

78*L9=^8O<C*ci�qd*RC>>?J<=F=E=*LA?:6*078SC7:C*Ú L@:7G?=*@8F7JP*5Kq6 

$8* @:>A7<C* 3.2 L@CO>?8F9C7=* @8>L@COC9C7:C* P8<>:P89I7JD* ?CPLC@8?A@* 78*

L=FC@D7=>?:* <8?87:G* <=9C>8* O9G* OFAD* F8@:87?=F* @8>SC?8j* 5* l L=>?=G77JH*

<=M__:B:C7?* ?CL9=F9=QC7:H* 78* F>CP* :7?C@F89C* ?=@P=QC7:Gp* K* l 

O:__C@C7B:@=F877JH* <=M__:B:C7?* ?CL9=F9=QC7:H.* @8>>S:?877JH* 78* <8QO=P*

:7?C@F89C*cL=*5q*<PwSd*>7:QC7:G*><=@=>?:*OF:QC7:G*L=*@8;@8R=?877=H*PC?=O:<C6*

!*=?9:S:C*=?*o2{*L@=:;F=O:9>G*A?=S7C77JH*@8>SC?*<=M__:B:C7?8 ?CL9=F9=QC7:H*
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O9G*<8QO=E=*A;98*;=7J*?CL9=L@:?=<=F (>P6*?8R9:B8*N65Nd F*;8F:>:P=>?:*=?*@8;PC@8*

<=7CS7JD*M9CPC7?=F, >*i8E=P*L=*F@CPC7:.*@8F7JP*q.5*>6 

 

,:>A7=<*3.2 - X@8_:<*@8>L@COC9C7:G*?CPLC@8?A@*78*L=FC@D7=>?:*<8?87:G*<=9C>8*L@:*

L=>?=G77=P*<=M__:B:C7?C*?CL9=F9=QC7:H*:*<=M__:B:C7?C ?CL9=F9=QC7:H.*

@8>>S:?877=P 78*<8QO=P*:7?C@F89C*cL=*5q*<PwSd*>7:QC7:G*><=@=>?:*OF:QC7:G 

 

38<* F:O7=* :;* @:>A7<8* 3.2, P8<>:P89I78G* ?CPLC@8?A@8* L@:* @8>SC?C* L=*

@8;@8R=?877=H* PC?=O:<C L=9AS8C?>G* 7C* F* P=PC7?* =<=7S87:G* ?=@P=QC7:G.* 8*

E=@8;O=*@87IiC.*L=M?=PA* >@8F7:P*@8>L@COC9C7:C* ?CPLC@8?A@*F E9ARI*<=9C>8*O9G* 

OFAD P=PC7?=F*F@CPC7:*l F*P=PC7?*P8<>:P89I7=E=*78E@CF8*L=*F8@:87?A*K*l 32,N*>*

:*F*P=PC7?*=<=7S87:G*?=@P=QC7:G*l 60,N*>*c@:>A7=<  3.3).  

q=const=43,07<!?w>P2 
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8*:*R*l O9G*F8@:87?8*5.*F@CPG*NK.N*:*eq.N*>C<A7O >==?FC?>?FC77=p 

F*:*E*l O9G*F8@:87?8 2.*F@CPG*NK.N*:*eq.N*>C<A7O >==?FC?>?FC77= 

,:>A7=<*3.3 - ,8>L@COC9C7:C*?CPLC@8?A@*F*=R=OC*<=9C>8*L@:*M<>?@C77=P*?=@P=QC7::*>=*

5Kq*<PwS* 

 

38<* F:O7=* :;* @:>A7<8* 3.3, F* P=PC7?* F@CPC7:* NK.3 >C<A7OJ* L=FJiC7:C*

?CPLC@8?A@J*78*Nq "&*:*R=9CC*L@=:;=i9=*O=*@8>>?=G7:G* TK*PP*F E9ARI*=R=O8 L@:*

LC@CPC77JD* <=M__:B:C7?8D* P=^7=>?:* ?CL9=F9=QC7:H* L=* @8;@8R=?877=H*

PC?=O:<C.* F* ?=* F@CPG* <8<* L@:* L=>?=G77=P <=M__:B:C7?C P=^7=>?:*

?CL9=F9=QC7:H*- 78*`r*PP6 

!*P=PC7?*=<=7S87:G*?=@P=QC7:G*L@:*@8>SC?7=P*<=M__:B:C7?C*?CPLC@8?A@8*

;78S:?C9I7=*7:QC*P8<>:P89I7=H.*>*NK.N*>C<A7O :OC?*7C;78S:?C9I7=C*=D98QOC7:C*

:*LC@C@8>L@COC9C7:C*?CL9=?J*F E9ARI*=R=O86*(8<:P*=R@8;=P.*F*P=PC7?*=<=7S87:G*
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?=@P=QC7:G*L@:*LC@CPC77JD*;78SC7:GD*<=M__:B:C7?8*P=^7=>?:*?CL9=F9=QC7:H*

L=*@8;@8R=?877=H*PC?=O:<C ;78S:?C9I7=C*L=FJiC7:C*?CPLC@8?A@J*cNq "&*:*R=9CCd*

L@=:;=i9=*O=*@8>>?=G7:G fK*PP*F E9ARI*=R=O8.*8*L@:*L=>?=G77=P*l 78*e`*PP6 

$8* @:>A7<8D* 3.4 :* 3.5 L@CO>?8F9C7* D8@8<?C@* @8>L@COC9C7:G* ?CPLC@8?A@* :*

E@8O:C7?=F ?CPLC@8?A@*F*P=PC7?*=<=7S87:G*?=@P=QC7:G*F E9ARI*=R=O8*L=*9:7::*

:;*BC7?@8*;=7J*F;8:P=OCH>?F:G*<=9C>8*:*<=9=O<:6 

 

,:>A7=<*3.4 - X@8_:<: @8>L@COC9C7:G*?CPLC@8?A@* L=*>CSC7:a*=R=O8*78*@8>>?=G7:C*O=*eT*

PP*=?*L=FC@D7=>?:*<8?87:G 

 

38<*F:O7=*78*@:>A7<C*3.4.*F*P=PC7?*=<=7S87:G*?=@P=QC7:G*?CPLC@8?A@8*L=*

@8;@8R=?877=H* PC?=O:<C LC@C@8>L@COC9GC?>G* R=9CC* :7?C7>:F7=* F E9ARI* =R=O8*

<=9C>8.* 8* F* L@:L=FC@D7=>?7=P* >9=C* L@=:>D=O:?* FJ@8F7:F87:C* ?CPLC@8?A@* :*

;78SC7:G* >=>?8F9Ga?* =<=9=* Kqq "&.* S?=* L@8<?:SC><:* 78* 5qq "&* 7:QC.* SCP* L=*

@8>SC?A* >* L=>?=G77JP:* ;78SC7:GP:* P=^7=>?:* ?CL9=F9=QC7:H6* Y=?G.* C>9:*

@8>>P8?@:F8?I* FC>I* LC@:=O* ?=@P=QC7:G.* ?=* ;78SC7:G* P8<>:P89I7JD* ?CPLC@8?A@*

@8;9:S8a?>G* 7C;78S:?C9I7=.* L=@GO<8* 5q "&.* F* @8;7JC* L@=PCQA?<:* F@CPC7:6 \?=*
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:PCC?* L@:7B:L:89I7=C* ;78SC7:C*L@:*@CiC7::* ?C@P=OC_=@P8B:=77JD* ;8O8S.* ?6<6*

;78S:?C9I7=C* L=FJiC7:C* ?CPLC@8?A@J* F* L@:L=FC@D7=>?7JD* >9=GD* :.* <8<*

>9CO>?F:C.* >7:QC7:C* L@=S7=>?7JD* D8@8<?C@:>?:<* >?89:.* F* >=SC?87::* >*

PCD87:SC><:P*78E@AQC7:CP*F*@C;A9I?8?C*@C89:;8B::*<=7?8<?7=E=*F;8:P=OCH>?F:G*

<=9C>8* >* @C9I>=P, L@:F=O:?* <* _=@P:@=F87:a* :* 78<=L9C7:a* L98>?:SC><:D*

OC_=@P8B:H* FJ>=<=E=* A@=F7G 78* L=FC@D7=>?:* <8?87:G* <=9C>8.* S?=* FCOC? <*

A><=@C77=PA* :>SC@L87:a* ;8L8>8* L98>?:S7=>?:* P8?C@:898* :* L=>9COAa^CPA*

A>?89=>?7=PA*@8;@AiC7:a6 

$8* @:>A7<C* 3.5 F:O7=.* S?=* F* P=PC7?* =<=7S87:G* M<>?@C77=E=* ?=@P=QC7:G*

E@8O:C7?*?CPLC@8?A@.*L@:*@8>SC?C*L=*@8;7JP*PC?=O:<8P.*>A^C>?FC77JP*=R@8;=P*

@8;9:S8C?>G6* (8<.* L@:* <=M__:B:C7?C* ?CL9=F9=QC7:H.* =L@COC9C77=P L=*

:7?C@F898P* ><=@=>?CH* ?=@P=QC7:G, E@8O:C7?* ?CPLC@8?A@* F* L@:L=FC@D7=>?7=P*

>9=C* 7:QC* 8789=E:S7=E=.* SCP* L@:* L=>?=G77=P* <=M__:B:C7?C* ?CL9=F9=QC7:H, 

L@8<?:SC><:*F*T*@8;6* 

 

,:>A7=<*3.5 - X@8_:<: @8>L@COC9C7:G*E@8O:C7?8*?CPLC@8?A@*L=*>CSC7:a*=R=O8*78*

@8>>?=G7:C*O=*eT*PP*=?*L=FC@D7=>?:*<8?87:G 
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3.4 !J90*- ;3151201=-0;9 =.;>0;>34-B.;E06T3`-*+141=3 0-3:-*2;:-./06U3

0-G49=3DRR 

$8* @:>A7<C* 3.6 L@CO>?8F9C7J* <@:FJC* :;PC7C7:G* ;78SC7:H* P8<>:P89I7JD*

?CPLC@8?A@* 78* L=FC@D7=>?:* <8?87:G* <=9C>8* L@:* M<>?@C77=P* ?=@P=QC7::* : 

F8@:87?=F*@8>SC?8*<=M__:B:C7?8*P=^7=>?:* ?CL9=F9=QC7:Hj*"30#34''3/3 (3.57), 

(3.58) F*?CSC7:C*F>CE=*?=@P=QC7:G*c`N.07 !?w>P2 l <=PL=;:B:=778G*<=9=O<8. 21,63 

!?w>P2 l SAEA778G* <=9=O<8d.* 8* ?8<QC O:__C@C7B:@=F877=H* =BC7<:*:7?C7>:F7=>?:*

?CL9=F9=QC7:H*F*<=9C>=*>*ASC?=P*?C<A^CH*><=@=>?:*OF:QC7:G*L=*@8;@8R=?877=H*

PC?=O:<C >* :7?C@F898P:* ><=@=>?CH, @8F7JP:* 5q* <PwS* c>P6 ?8R9:BA 3.13d* O9G*

@8;9:S7=E=*?:L8*?=@P=;7JD*<=9=O=<*o80]. 

 

,:>A7=<*3.6 - ,8>L@COC9C7:C*;78SC7:H*P8<>:P89I7JD*?CPLC@8?A@*78*L=FC@D7=>?:*

<8?87:G*<=9C>8*L@:*@8;9:S7JD*<=M__:B:C7?8*P=^7=>?:*?CL9=F9=QC7:H :*?:L8D*

?=@P=;7JD*<=9=O=< 

 

-789:;* L@:FCOC77JD* <@:FJD* >F:OC?C9I>?FAC?* =* ?=P.* S?=* :>L=9I;=F87:C*

L=>?=G77=E=* ;78SC7:G* <=M__:B:C7?8* P=^7=>?:* ?CL9=F9=QC7:H* F* ?CSC7:C* F>CE=*
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LC@:=O8* ?=@P=QC7:G* =RC>LCS:F8C?* @=>?* P8<>:P89I7JD* ?CPLC@8?A@* 78* F>CP*

=?@C;<C* ?=@P=QC7:G* >* P8<>:P89I7JP:* ;78SC7:GP:* F* <=7BC* ?=@P=QC7:G* c202 s&*

L@:* <=PL=;:B:=77JD* <=9=O<8D.* 138 "&* l L@:* SAEA77JD* <=9=O<8Dd6* +@:*

P=OC9:@=F87::* L@=BC>>=F* ?CL9=FJD* 78E@AQC7:H* [33.* :>L=9I;AG*

O:__C@C7B:@=F877Aa* =BC7<A* P=^7=>?:* ?CL9=F9=QC7:H* F* ;8F:>:P=>?:* =?*

?C<A^CH*><=@=>?:*OF:QC7:G, ;78SC7:G*P8<>:P89I7JD*?CPLC@8?A@*L=9ASC7J*7C*F*

<=7BC*?=@P=QC7:G.*<8<*F*>9AS8C*>*L=>?=G77JP:*<=M__:B:C7?8P:*?CL9=F9=QC7:H*

F* ?CSC7:C* F>CE=* LC@:=O8* F;8:P=OCH>?F:G* >* ?=@P=;7=H* <=9=O<=H.* 8* L=* :>?CSC7::*

L=@GO<8* eq u* F@CPC7:* L=>9C* 78S898* ?=@P=QC7:G6* \?=* =RnG>7GC?>G* ?CP.* S?=* >*

APC7IiC7:CP*><=@=>?:*OF:QC7:G*:7?C7>:F7=>?I*?CL9=F=E=*L=?=<8.*FJOC9GCP=E=*

F* <=9C>=.* >7:Q8C?>G* :* L@:* 789:S::* :7?C7>:F7=E=* ?CL9=LC@C7=>8* F* =R=O* <=9C>8*

?CPLC@8?A@8* 78* L=FC@D7=>?:* <8?87:G* 7C;78S:?C9I7=* >7:Q8C?>G6 \?=*

L@:7B:L:89I7=* F8Q7JH @C;A9I?8?.* <=?=@JH* :PCC?* =L@COC9Ga^CC ;78SC7:C* L@:*

P=OC9:@=F87::*L=>9CO=F8?C9I7JD*B:<9=F*>7:QC7:G*><=@=>?:*cL@:?=@P8Q:F87::) 

O=*?@CRACP=H*><=@=>?:.* 8*7C*O=*L=97=H*=>?87=F<:6 \?8*>:?A8B:G*78:R=9CC*S8>?=*

F>?@CS8C?>G*F*M<>L9A8?8B::.*=>=RC77=*L@:*>9CO=F87::*L=C;O8*L=*>LA><A. 

$8* @:>A7<C 3.7 L@CO>?8F9C7=* @8>L@COC9C7:C* ?CPLC@8?A@* F* >CSC7::* =R=O8*

<=9C>8*F*P=PC7?*=<=7S87:G*M<>?@C77=E=*?=@P=QC7:G L@:*:>L=9I;=F87::*SAEA77=H*

?=@P=;7=H*<=9=O<:.  
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8d*L=>?=G778G*P=^7=>?I*Rd*P=^7=>?I.*;8F:>G^8G*=?*><=@=>?:*OF:QC7:G 

,:>A7=<*3.7 - ,8>L@COC9C7:C*?CPLC@8?A@*F*=R=OC*<=9C>8*F*P=PC7?*=<=7S87:G*M<>?@C77=E=*

?=@P=QC7:G*L@:*:>L=9I;=F87::*SAEA77JD*<=9=O=<*>*<=M__:B:C7?=P*P=^7=>?:*

?CL9=F9=QC7:H  

8d 

Rd 
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56768.9:;4';<.'=>=:?'3@.0(3*30#;.#3*A3B<';4.'=..#<":3%C< "*3D<00C %.E$$ 

#9G* =BC7<:* F9:G7:G* 78S89I7=H* ><=@=>?:* L=C;O8* L@:* ?=@P=QC7::* 78*

P8<>:P89I7JC* ;78SC7:G* ?CPLC@8?A@* 78* L=FC@D7=>?:* <8?87:G* <=9C>8* L@=FCOC7=*

<=PLIa?C@7=C* P=OC9:@=F87:C* M<>?@C77=E=* ?=@P=QC7:G* O9G* SC?J@CD* 78S89I7JD*

><=@=>?CHj* 5Kq.* rq.* eq*:*Nq*<PwS* 78* AS8>?<C*RC>>?J<=F=E=*LA?:* >* A<9=7=P* ci=0). 

078SC7:C* Ú L@:7:P89=>I* @8F7JP* 5Kq.* >:98* 78Q8?:G* c$&d* O9G* SC?J@CD=>7=E=*

L=9AF8E=78* L@:7:P898>I* L@:* E@AQC7=P* @CQ:PC* F=;OAD=@8>L@COC9:?C9G.*

?=@P=;7JC* <=9=O<:* - <=PL=;:B:=77JC6* 078SC7:G* <=M__:B:C7?8* ?CL9=L@:?=<=F*

=L@COC9G9:>I*L=*PC?=O:<C.*:;9=QC77=H*F*@8R=?C* o2{6*,C;A9I?8?J*<=PLIa?C@7=E=*

P=OC9:@=F87:G*L@CO>?8F9C7J*78 @:>A7<C*3.8. 

 

 

,:>A7=<*3.8 l X@8_:<*:;PC7C7:G P8<>:P89I7JD ;78SC7:H*?CPLC@8?A@*78*L=FC@D7=>?:*

<8?87:G*=R=O8*<=9C>8*L@:*?=@P=QC7::*>*78S89I7JD*><=@=>?CH*5Kq.*rq.*eq*:*Nq <PwS 
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-789:;* L@CO>?8F9C77JD* @C;A9I?8?=F* >F:OC?C9I>?FAC?* =* ?=P.* S?=*

P8<>:P89I7JC* ;78SC7:G* ?CPLC@8?A@* >A^C>?FC77=* :* L@8<?:SC><:* L@GP=*

L@=L=@B:=789I7= ;8F:>G?* =?* 78S89I7=H* ><=@=>?:* L@:* ?=@P=QC7::6*

+@=L=@B:=789I78G ;8F:>:P=>?I* P8<>:P89I7JD* ?CPLC@8?A@* =L@COC9GC?>G*

=?>A?>?F:CP*_8;=FJD* L@CF@8^C7:H* F* @8>>P8?@:F8CP=P* O:8L8;=7C* ?CPLC@8?A@* :.*

<8<* >9CO>?F:C.* L=>?=G7>?F=P* ?CL9=_:;:SC><:D* D8@8<?C@:>?:<* >?@A<?A@7=E=*

>=>?8F8 =R=O8* <=9C>86* -789=E:S7JC* @C;A9I?8?J* RJ9:* L=9ASC7J* :* O9G* O@AE:D*

@CQ:P=F*?=@P=QC7:Gj*>9AQCR7=E=.*O9:?C9I7=E=*:*?6O6 

 3.46F.9:;4';<.*<B;A=.%3G&HI3*=0"*<&<:;#<:4 

#9G* P=OC9:@=F87:G* L@=BC>>8* ?=@P=QC7:G* L=@=Q7CE=* L=OF:Q7=E=* >=>?8F8*

@8>>P=?@C7*L=9AF8E=7*5K-5NK*>*P8>>=H*?8@J*K`*?>6*&=E98>7=*O877JP.*A<8;877JP F*

?8R9:BC  3.6, ;78SC7:C OCH>?F:?C9I7=E=*?=@P=;7=E=*78Q8?:G*L@:*<=PL=;:B:=77JD*

<=9=O<8D* O9G* SC?J@CD=>7=E=* L=9AF8E=78* 78* L=@=Q7CP* @CQ:PC* >=>?8F9GC?*   

3O�q.tK* ?>6* ,C;A9I?8?J* @8>SC?8* OCH>?F:?C9I7=E=* ?=@P=;7=E=* LA?:* >FCOC7J* F*

?8R9:BC 3.15 :*?8R9:BC* 3.16. 

 

(8R9:B8*3.15 l 'L@COC9C7:C*OCH>?F:?C9I7=E=*?=@P=;7=E=*LA?:*cL=@=Q7:H*@CQ:Pd 

V' )( )(* K* +o +x +ox ,!" Q ! b# t2 S& 

120 0,274 0,251 0,895 7,33 8,06 7,43 470 1392 0,338 84,74 3,25 103,97 

110 0,279 0,255 0,895 6,45 7,20 6,55 470 1392 0,338 86,08 3,24 94,46 

100 0,284 0,259 0,895 5,63 6,41 5,74 470 1392 0,338 87,57 3,22 84,85 

90 0,289 0,264 0,895 4,88 5,69 5,00 470 1392 0,338 89,24 3,18 75,17 

80 0,295 0,270 0,895 4,20 5,04 4,32 470 1392 0,338 91,14 3,14 65,48 

70 0,302 0,276 0,895 3,58 4,46 3,70 470 1392 0,338 93,31 3,09 55,83 

60 0,310 0,284 0,895 3,03 3,95 3,16 470 1392 0,338 95,81 3,03 46,31 

50 0,320 0,293 0,895 2,55 3,51 2,68 470 1392 0,338 98,73 2,96 36,98 

40 0,331 0,303 0,895 2,13 3,14 2,27 470 1392 0,338 102,19 2,87 27,92 

30 0,344 0,315 0,895 1,78 2,84 1,93 470 1392 0,338 106,33 2,77 19,24 

20 0,361 0,330 0,895 1,50 2,61 1,65 470 1392 0,338 111,39 2,65 11,06 

10 0,381 0,349 0,895 1,28 2,45 1,44 470 1392 0,338 117,72 2,52 3,50 

           
35,9 624,75 
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S=SO�S?=625+334=959 P6 

+@:*;8E@A;<C*F8E=78*:*=>CF=H*78E@A;<C*5T*?>.*3O�5.`t*c>@CO7:H*@CQ:Pd6 

 

(8R9:B8*3.16 l 'L@COC9C7:C*OCH>?F:?C9I7=E=*?=@P=;7=E=*LA?:*c>@CO7:H*@CQ:Pd 

V' )( )(* K* +o +x +ox ,!" Q ! b# t2 S& 

120 0,254 0,251 1,496 3,35 8,06 3,64 711 3192 0,223 55,88 5,04 161,01 

110 0,258 0,255 1,496 3,00 7,20 3,25 711 3192 0,223 56,76 5,00 145,80 

100 0,263 0,259 1,496 2,67 6,41 2,90 711 3192 0,223 57,74 4,95 130,55 

90 0,268 0,264 1,496 2,37 5,69 2,57 711 3192 0,223 58,85 4,88 115,32 

80 0,273 0,270 1,496 2,10 5,04 2,28 711 3192 0,223 60,10 4,81 100,20 

70 0,280 0,276 1,496 1,85 4,46 2,01 711 3192 0,223 61,53 4,72 85,25 

60 0,287 0,284 1,496 1,63 3,95 1,77 711 3192 0,223 63,18 4,62 70,56 

50 0,296 0,293 1,496 1,44 3,51 1,56 711 3192 0,223 65,11 4,50 56,24 

40 0,307 0,303 1,496 1,27 3,14 1,39 711 3192 0,223 67,39 4,36 42,41 

30 0,319 0,315 1,496 1,13 2,84 1,24 711 3192 0,223 70,12 4,20 29,20 

20 0,334 0,330 1,496 1,02 2,61 1,12 711 3192 0,223 73,46 4,02 16,76 

10 0,353 0,349 1,496 0,93 2,45 1,02 711 3192 0,223 77,63 3,81 5,30 

           
54,9 958,59 

S=SO�S?�rTr�NN`�5KrN*P6 

 

+=*7=P=E@8PPC* c>P6* @:>A7=< K65rd.*L@CO>?8F9C77=H* F* o11], L@:*Õ½ % Z,±±¯ 

?=@P=;7=H*LA?I*>*78S89I7=H*><=@=>?:*5Kq*<PwS*>=>?8F9GC?*rfq*P.*L@:*Õ½ % Z,��± 

?=@P=;7=H*LA?I*>=*5Kq*<PwS*>=>?8F9GC?*l 5KtT*P6 

!* ?8R9:BC 3.17 L@CO>?8F9C7J* ;78SC7:G* F@CPC7:* ?=@P=QC7:G* :* P=^7=>?:*

?CL9=F9=QC7:H* O9G* ?@CD* @CQ:P=F* F=;OAD=@8>L@COC9:?C9G* L=* :7?C@F898P*

><=@=>?CH*OF:QC7:G*L@:*?=@P=QC7::6 
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(8R9:B8*3.17 - 078SC7:G*P=^7=>?:* :* F@CPC7:* ?CL9=F9=QC7:H F* ;8F:>:P=>?:* =?*

@CQ:P8*F=;OAD=@8>L@COC9:?C9G 

%7?C@F89*

><=@=>?: 

!@CPG*?=@P=QC7:G.*> W=^7=>?I* ?CL9=F9=QC7:H.*

<!?w>P2
 

L=@=Q7:H >@CO7:H E@AQC7JH L=@=Q7:H >@CO7:H E@AQC7JH 

120-110 3,3 5,0 5,5 32,51 52,48 74,39 

110-100 3,2 5,0 5,5 29,83 48,32 68,62 

100-90 3,2 5,0 5,4 27,19 44,17 62,85 

90-80 3,2 4,9 5,3 24,57 40,03 57,05 

80-70 3,1 4,8 5,3 21,96 35,87 51,2 

70-60 3,1 4,7 5,2 19,34 31,67 45,26 

60-50 3,0 4,6 5,1 16,7 27,39 39,2 

50-40 3,0 4,5 4,9 14,0 23,01 32,95 

40-30 2,9 4,4 4,8 11,21 18,46 26,46 

30-20 2,8 4,2 4,6 8,3 13,68 19,62 

20-10 2,6 4,0 4,4 5,2 8,58 12,31 

10-0 2,5 3,8 4,2 1,83 3,02 4,33 

&APP8 35,9 54,9 60,2 - - - 

 

$8* @:>A7<C* 3.9 L@CO>?8F9C7* E@8_:< :;PC7C7:G ;78SC7:H P8<>:P89I7JD*

?CPLC@8?A@* 78* L=FC@D7=>?:* <8?87:G* <=9C>8* L@:* ?@CD* @CQ:P8D 

F=;OAD=@8>L@COC9:?C9G* L@:* M<>?@C77=P* ?=@P=QC7::* >* 78S89I7=H* ><=@=>?:*

120 <PwS6 
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,:>A7=<*3.9 l X@8_:<*:;PC7C7:G P8<>:P89I7JD ;78SC7:H*?CPLC@8?A@*L@:*@8;9:S7JD*

@CQ:P8D*;8E@A;<:*F8E=78*:*@CQ:P8D*F=;OAD=@8>L@COC9:?C9G 

 

(8<:P* =R@8;=P.* F* ;8F:>:P=>?:* =?* @CQ:P8* F=;OAD=@8>L@COC9:?C9G.* 8*

>==?FC?>?FC77=* =?* ;8E@A;<:* F8E=78* :* >:9J* 78Q8?:G* ?=@P=;7JD* <=9=O=<.*

?CPLC@8?A@8* 78E@CF8* ;78S:?C9I7JP* =R@8;=P* F8@I:@AC?>G.* L@:SCP* L@:* L=97=H*

;8E@A;<C*<=9C>=*78E@CF8C?>G*E=@8;O=*:7?C7>:F7CC6 

3.4.3 9:;4';<.H(:3'= "H#; 

,8>>P=?@:P*F9:G7:C*L@=_:9G*cA<9=78d*LA?:*78*:7?C7>:F7=>?I*78E@CF8 <=9C>*

L@:*?=@P=QC7::6 

+=97=C* =L@=R=F87:C* 8F?=?=@P=;=F* LC@CO* ;8?GQ7JP:* >LA><8P:* <@A?:;7=H*

q.q5t*:*R=9CC*L@=:;F=O:?>G*>* FJOC@Q<=H*F* ;8?=@P=QC77=P*>=>?=G7::*F* ?CSC7:C*

10 P:7* :* L@=FC@<=H* LC@CO* L@=FCOC7:CP* =L@=R=F87:G* BC9=>?7=>?:* ?=@P=;7=H*

P8E:>?@89:*F>CE=*L=C;O86 

&=E98>7=* [92] ;8?GQ7JP:* >LA><8P:* >S:?8a?>G* A<9=7J* LA?:* <@A?:;7=H 

¯ ³ µ ç 6Z-è L@=?GQC77=>?Ia* \ é ¯ <P.* 6Z ³ µ ç 6´-è L@=?GQC77=>?Ia*    
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\ é « <P.* 6´ ³ µ ç 6®-è L@=?GQC77=>?Ia* \ é ° <P, 6® ³ µ ç �Z-è 

L@=?GQC77=>?Ia \ é ´ <P*:*µ é �Z-è L@=?GQC77=>?Ia*\ é � <P.  

#9G* =BC7<:* F9:G7:G* L@=_:9G* cA<9=78d* LA?:* 78* 78E@CF* <=9C>* L@:*

?=@P=QC7::*FJL=97C7=*P=OC9:@=F87:C*O9G*A<9=7=F*F*O:8L8;=7C*=?*P:7A> Kq*O=*

L9a> Kq*�*>*i8E=P*T*�6*+@:*P=OC9:@=F87::*A<9=78*LA?:*F*@8>SC?C*AS:?JF89=>I*

:;PC7C7:C*<8<*<:7C?:SC><=H.*?8< :*L=?C7B:89I7=H*M7C@E::*L=C;O8j 

� % �¶ ' �� . (3.61) 

+@:* OF:QC7::* L=* 78<9=77=H* L9=><=>?:* F7:;* l @8R=?8* L=9=Q:?C9I78.* L@:*

OF:QC7::*FFC@D*l =?@:B8?C9I786 

,8>SC?7JC*O877JC*L@CO>?8F9C7J*F*+@:9=QC7:: /. 

,C;A9I?8?J*P=OC9:@=F87:G*L@CO>?8F9C7J*78 @:>A7<C*3.10. 

 

,:>A7=<*3.10 l X@8_:<*:;PC7C7:G ;78SC7:H*P8<>:P89I7JD*?CPLC@8?A@*78*L=FC@D7=>?:*

<8?87:G*=R=O8*<=9C>8*L@:*M<>?@C77=P*?=@P=QC7::*78*LA?:*>*@8;9:S7=H*FC9:S:7=H*

@A<=F=OG^CE=*A<9=78 
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-789:;* @C;A9I?8?=F* >F:OC?C9I>?FAC?* =* ?=P.* S?=* A<9=7* LA?:* =<8;JF8C?*

>A^C>?FC77=C* F9:G7:C* 78* ;78SC7:G* P8<>:P89I7JD* ?CPLC@8?A@* cNeK s&* L@:*

?=@P=QC7::*78*>LA><C*>*A<9=7=P*Kq �.*KTK s&*l L@:*?=@P=QC7::*78*L=OnCPC*>*

A<9=7=P*Kq �d6* 

3.4.4 9:;4';<.#3:J;'C.3K3&=.(3:<0= 

!* L@=BC>>C* M<>L9A8?8B::* <=9C>=* :;78i:F8C?>G6* #9G* =BC7<:* F9:G7:G*

?=9^:7J* =R=O8* 78* ;78SC7:G* P8<>:P89I7JD ?CPLC@8?A@* L@:* ?=@P=QC7::*

@8>>P=?@C7J* >9COAa^:C* F8@:87?Jj* 7=F=C* c7C:;7=iC77=Cd* <=9C>=* >* ?=9^:7=H*

=R=O8*fq*PP.*>*?=9^:7=H*=R=O8*l `q*PP*:*KK*PP6 

+@:* @8>SC?C* ?CL9=F9=QC7:H* L@:7:P89=>I* F=* F7:P87:C.* S?=* F* @C;A9I?8?C*

:;7=>8* APC7Ii8C?>G* @8O:A>* <=9C>8* - L9=^8OI* L8@J* ?@C7:G* k<=9C>= l <=9=O<8m 

APC7Ii8C?>G*L@=L=@B:=789I7=*@8O:A>A. ?6<6 v % �ÍP @ ]. 

(8<*O9G*7=F=E=*<=9C>8*L9=^8OI*L=FC@D7=>?:*>=>?8F9GC?-v % Z,�±²-àT. 

+@:*?=9^:7C*=R=O8 `q*PP l v % Z,��´-àT. 

+@:*?=9^:7C*=R=O8*KK*PP l-v % Z,�6°-àT. 

%;7=>* ?=@P=;7=H* <=9=O<:* 7C* AS:?JF89>G.* i:@:78* ?=@P=;7=H* <=9=O<:*

L@:7:P898>I*@8F7=H*q.qt*P6 

!* ?8R9:BC 3.18 L@CO>?8F9C7J* ;78SC7:G* <=M__:B:C7?8 ?CL9=F9=QC7:H* O9G*

@8>>P8?@:F8CPJD*?=9^:7*=R=O8*<=9C>86 

 

(8R9:B8* 3.18 - 078SC7:G* P=^7=>?:* ?CL9=F9=QC7:H* F* ;8F:>:P=>?:* =?* :;7=>8*

<=9C>8 

%7?C@F89*
><=@=>?: 

.<#Q BC<, > LC<,<!?w>P2
 

70 PP `q*PP KK*PP 

120-110 8341,049 5,5 74,39 79,37 82,69 

110-100 7615,741 5,5 68,62 73,22 76,28 

100-90 6890,432 5,4 62,85 67,06 69,86 

90-80 6165,123 5,3 57,05 60,87 63,42 

80-70 5439,815 5,3 51,2 54,63 56,91 
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+@=O=9QC7:C*?8R9:BJ*N65t 

70-60 4714,506 5,2 45,26 48,29 50,31 

60-50 3989,198 5,1 39,2 41,82 43,57 

50-40 3263,889 4,9 32,95 35,16 36,63 

40-30 2538,58 4,8 26,46 28,23 29,41 

30-20 1813,272 4,6 19,62 20,93 21,81 

20-10 1087,963 4,4 12,31 13,13 13,68 

10-0 362,6543 4,2 4,33 4,62 4,81 

&APP8 52222,22 60,2 - - - 

 

,C;A9I?8?J* <=PLIa?C@7=E=* P=OC9:@=F87:G* ?CL9=FJD* L@=BC>>=F* :*

:;PC7C7:G ;78SC7:H*P8<>:P89I7JD ?CPLC@8?A@*BC9I7=<8?87JD*<=9C>*>*@8;9:S7JP*

:;7=>=P*=R=O8* F* @C;A9I?8?C* M<>?@C77=E=* ?=@P=QC7:G*L@CO>?8F9C7J*78*@:>A7<8D*

3.11 - 3.14. 

 

,:>A7=<*3.11 l X@8_:<*:;PC7C7:G ;78SC7:H P8<>:P89I7JD*?CPLC@8?A@*78*L=FC@D7=>?:*

<8?87:G [33*>*@8;9:S7=H*?=9^:7=H*=R=O8*F*P=PC7?*=<=7S87:G*M<>?@C77=E=*?=@P=QC7:G 
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8d*F*P=PC7?*P8<>:P89I7=H*?CPLC@8?A@J*F*=R=OC*<=9C>8p*Rd*F*P=PC7?*=<=7S87:G*

?=@P=QC7:G 

,:>A7=<*3.12 - %;=9:7::*@8>L@COC9C7:G*?CPLC@8?A@*F*BC9I7=<8?87=P*<=9C>C >*?=9^:7=H*

=R=O8*KK*PP*L@:*M<>?@C77=P ?=@P=QC7::  

 

 

8d*F*P=PC7?*P8<>:P89I7=H*?CPLC@8?A@Jp*Rd*F*P=PC7?*=<=7S87:G*?=@P=QC7:G  

,:>A7=<*3.13 - %;=9:7::*?CPLC@8?A@*F*[33*>*?=9^:7=H*=R=O8*`q*PP*L@:*M<>?@C77=P*

?=@P=QC7::  
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,:>A7=<*3.14 - %;=9:7::*?CPLC@8?A@*F*[33*>*?=9^:7=H*=R=O8*fq*PP*F*P=PC7?*

=<=7S87:G*M<>?@C77=E=*?=@P=QC7:G 

 

W=OC9:@=F87:C* L@=:;F=O:9=>I* >* ASC?=P* ;78SC7:H* P=^7=>?:*

?CL9=F9=QC7:H.*A<8;877JD*F*?8R9:BC*N65t6*38< F:O7=*:;*@:>A7<=F*3.12 l 3.14.*L@:*

7=F=P* =R=OC* cfq* PPd* @8>L@COC9C7:C* ?CPLC@8?A@ >=>@CO=?=SC7=* F* =R=OC* <=9C>86 

+@:*:;7=>C*<=9C>8 O=*`q*PP*l ;=78*LC@CD=O8*=?*=R=O8*F*O:><*78E@CF8C?>G*O=*Tq "&.*

8*L@:*:;7=>C O=*KK*PP*l F*;=7C*LC@CD=O8*=?*=R=O8*F*O:><*L@=:>D=O:?*78E@CF*L=S?:*

O=* 5qq "&.* L@:SCP* ;78SC7:G* ?CPLC@8?A@* F* P=PC7?* =<=7S87:G* ?=@P=QC7:G*

>=>?8F:9:* KqN.* KNT* :* Kqe "&* O9G* [33* >* ?=9^:7=H* =R=O8* fq.* `q* :* KK* PP*

>==?FC?>?FC77=6* 078SC7:G* P8<>:P89I7JD* ?CPLC@8?A@* L@:* ?=@P=QC7::*

;78S:?C9I7JP*=R@8;=P*;8F:>G?*=?*?=9^:7J*=R=O8*[336 (8<, L@:*?=9^:7C*fq*PP*

?CPLC@8?A@8*>=>?8F:98*KrN "&.*L@:*[33*>*=R=O=P*`q*PP*l 335 "&.*8*L@:*[33*>*

=R=O=P*KK*PP*l 368 "&.*S?=*78*Ke u*R=9IiC*F*>@8F7C7::*>*[33*>*=R=O=P*fq*PP6 
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3.4.5 9:;4';<.*<B;A=.#3*A3B<';4.LM(0#*<''3<-."3:'3<.0:HB<K'3<-.

0#H"<'>=#3<N 

,8>>P8?@:F8a?* OF8* =>7=F7JD* F:O8* ?=@P=QC7:Gj* >9AQCR7=C* :* M<>?@C77=C6*

&9AQCR7=C*?=@P=QC7:C*L@:*<=?=@=P*?CPL*>7:QC7:G*O8F9C7:G*>Q8?=E=*F=;OAD8*F*

?=@P=;7=H*P8E:>?@89:* >=>?8F9GC?*q.K l q.`* <E>w>P2
 F*=O7A >C<A7OA.*L@:PC7GC?>G*

O9G* @CEA9:@=F87:G* ><=@=>?:* OF:QC7:G* L=C;O8* c>?ALC7S8?=C* :* @CEA9:@=F=S7=C*

?=@P=QC7:Cd*:9:*O9G*=>?87=F<:*L=C;O8*F*=L@COC9C77JD*PC>?8D*cL=97=C*>9AQCR7=C*

?=@P=QC7:Cd6* +@:* L=97=P* >9AQCR7=P* ?=@P=QC7::.* ?=@P=;78G* P8E:>?@89I*

@8;@GQ8C?>G*78*5.T l 5.f*<E>w>P2
. 

\<>?@C77=C* ?=@P=QC7:C L@:PC7GC?>G* O9G* 7CPCO9C77=H* =>?87=F<:* L=C;O8.*

C>9:* O89I7CHiCC* OF:QC7:C* >FG;87=* >* 78@AiC7:CP* A>9=F:H* RC;=L8>7=>?:*

OF:QC7:G*:9:*AE@=;=H*Q:;7:*L8>>8Q:@=F6 

,8>SC?7JH* ?=@P=;7=H <=M__:B:C7?* >=>?8F8* L@:7:P8a?* @8F7JP* CE=*

L=97=PA*;78SC7:a.*C>9:*@8>>S:?JF8a?*?=@P=;7JC*LA?:*M<>?@C77=E=*?=@P=QC7:G.*

<=?=@JC* :>L=9I;Aa?>G* L@:* =L@COC9C7::* @8>>?=G7:H* O9G* =E@8QOC7:G* PC>?*

L@=:;F=O>?F8* @8R=?* :* F7C;8L7=* F=;7:<i:D* L@CLG?>?F:H6* ">9:* AS:?JF8a?*

L@:PC7C7:C*L=97=E=*>9AQCR7=E=*?=@P=QC7:G.*@8>SC?7JH*?=@P=;7=H*<=M__:B:C7?*

L@:7:P8a?*q.t*=?*CE=*L=97=E=*@8>SC?7=E=*;78SC7:G6 

+C@FAa* >?ALC7I* ?=@P=QC7:G* FJL=97G?I* >7:QC7:CP* O8F9C7:G* F*

A@8F7:?C9I7=P*@C;C@FA8@Cj*F*E@AQC7JD*L=C;O8D*l 78*q.e l q.f*<E>w>P2.*78*<@A?JD 

;8?GQ7JD* >LA><8D* l 78* q.f l q.r* <E>w>P2
 F* ;8F:>:P=>?:* =?* <@A?:;7J* >LA><8.*

L=@=Q7:D*l 78*q.` l q.T*<E>w>P2
. 

$8* @8F7:77=P* L@=_:9C* LA?:* >=* >LA><8P:* O=* q.qqt* L@:* >9CO=F87::* 78*

;C9C7JH* =E=7I* >FC?=_=@8* :9:* L=* >F=R=O7=PA* LC@CE=7A* @8;@Ci8C?>G* LC@F8G*

>?ALC7I* ?=@P=QC7:G* c<@=PC* L@=FC@<:* OCH>?F:G* 8F?=?=@P=;=Fd* q.N l q.T* <E>w>P2
 

[75]. 

+@:*OF:QC7::*L=C;O8*78*;8L987:@=F877Aa*=>?87=F<A*?=@P=QC7:C*78S:78?I*

LC@F=H* >?ALC7Ia. L=>9C* >7:QC7:G* ><=@=>?:* 78* KT l Tq* u* =?* 78S89I7=H.* L@:*

7C=RD=O:P=>?:.*?=@P=QC7:C*A>:9:?I6 
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!?=@Aa* >?ALC7I.* L@:*7C=RD=O:P=>?:.* FJL=97G?I*L=*:>?CSC7::* 7C*PC7CC* T*

>C<A7O L=>9C*L@C<@8^C7:G*FJLA><8*F=;OAD8*:;*P8E:>?@89:*SC@C;*<@87*P8i:7:>?86 

+@:* @CEA9:@=F=S7JD* ?=@P=QC7:GD.* L@:PC7GCPJD* O9G* L=OOC@Q87:G*

;8O877=H* ><=@=>?:* OF:QC7:G.* ;78SC7:G* @8>SC?7=E=* ?=@P=;7=E=* <=M__:B:C7?8*

L@:7:P8a?* F* ;8F:>:P=>?:* =?* >?ALC7:* L7CFP8?:SC><=E=* ?=@P=QC7:G* L= ?8R9:BC 

3.19. 

 

(8R9:B8* 3.19 - ,8>SC?7JH* ?=@P=;7=H* <=M__:B:C7?* L@:* @CEA9:@=F=S7=P*

?=@P=QC7:: 

,8>SC?7JH* ?=@P=;7=H*

<=M__:B:C7?.* u* =?*

L=97=E=*;78SC7:G 

X@A;=FJC*L=C;O8 +8>>8Q:@><:C*L=C;O8 

I II III I II III 

 35 60 85 

E@AQC7JH*@CQ:P 30 50 70  

L=@=Q7:H*@CQ:P 50 65 80  

 

+@:FCOC77JC* FJiC* L@:PC@J* RJ9:* @8>>S:?87J O9G* M<>?@C77=E=*

?=@P=QC7:G6* (CL9=F9=QC7:G* F* <=9C>=* O9G* >9AQCR7JD* F:O=F* ?=@P=QC7:G*

@8>>S:?87J :;* A>9=F:G.* S?=* 7=@P8?:F7JH* ?=@P=;7=H* <=M__:B:C7?* L@:* L=97=P*

>9AQCR7=P*?=@P=QC7::*>=>?8F9GC?*q.t*=?*@8>SC?7=E=.*8*L@:*>?ALC7GD*?=@P=QC7:G*

l 0,3; 0,5; q.f*>==?FC?>?FC77=*L@:*I, II :*III >?ALC7GD*O9G*E@AQC7=E=*@CQ:P8 [75]. 

+@:* L=97=P* >9AQCR7=P* ?=@P=QC7::* c7=@P8?:F7JH* ?=@P=;7=H*

<=M__:B:C7?* >=>?8F:9 Õ½=0,163).* O877JC* L=* FC9:S:7C* ?=@P=;7=E=* LA?:*

L@:FCOC7J*F*+@:9=QC7::*!. 

,C;A9I?8?J* <=PLIa?C@7=E=* P=OC9:@=F87:G* :;PC7C7:G P8<>:P89I7JD*

?CPLC@8?A@* 78* L=FC@D7=>?:* <8?87:G* [33* L@:* @8;9:S7JD* @CQ:P8D* ?=@P=QC7:G*

L@CO>?8F9C7J*78*@:>A7<C*3.15"!
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,:>A7=<*3.15 l X@8_:<*:;PC7C7:G P8<>:P89I7JD ?CPLC@8?A@*78*L=FC@D7=>?:*<8?87:G*

[33*L@:*@8;9:S7JD*@CQ:P8D*?=@P=QC7:G 

 

38<* F:O7=* :; @:>A7<8* 3.15.* L@:* M<>?@C77=P* ?=@P=QC7::* ?CPLC@8?A@8*

78E@CF8* <=9C>8* >A^C>?FC77=* FJiC. S?=* >FG;87=* >* R=9IiCH* M__C<?:F7=>?Ia*

?=@P=QC7:G* cFJiC* 7=@P8?:F7JH* ?=@P=;7=H* <=M__:B:C7?.* PC7IiC* F@CPG*

?=@P=QC7:G.*FJiC*P=^7=>?I*?CL9=F9=QC7:Hd6 

5676O.9:;4';<.30'3%'3/3.H&<:?'3/3.03"*3#;%:<';4.&%;B<';P 

,8>SC?7JC* _=@PA9J* O9G* =L@COC9C7:G* =>7=F7=E=* AOC9I7=E=* >=L@=?:F9C7:G*

OF:QC7:a, <E>w?, L=OF:Q7=E=* >=>?8F8* FJFCOC7J* 78* =>7=FC* @C;A9I?8?=F*

M<>LC@:PC7?89I7JD* :>>9CO=F87:H.* L@=FCOC77JD* F* >@CO7CM<>L9A8?8B:=77JD*

A>9=F:GD*L@:*?CPLC@8?A@C*78@AQ7=E= F=;OAD8*F*O:8L8;=7C*=?*P:7A>*5q*O=*L9a> 

20 "&*:*><=@=>?GD*FC?@8.*7C*L@CFJi8a^:D*T Pw>*o11]. 

!* ?8R9:BC 3.1 L@CO>?8F9C7J* _=@PA9J* @8>SC?8* =>7=F7=E=* AOC9I7=E=*

>=L@=?:F9C7:G*O9G*@8;9:S7JD*?:L=F*L=OF:Q7=E=*>=>?8F86 
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38<* F:O7=* :;* ?8R9:BJ 3.1 <=M__:B:C7?J* F* _=@PA98D* @8>SC?8* =>7=F7=E=*

AOC9I7=E=* >=L@=?:F9C7:G* >A^C>?FC77=* @8;9:S8a?>G* F* ;8F:>:P=>?:* D=O=FJD*

D8@8<?C@:>?:< L=OF:Q7=E=* >=>?8F8.* ?:L8* L=Oi:L7:<=F* F* RA<>=F=P* A;9C.* ?:L8*

LA?:* c;FC7ICF=H.* RC>>?J<=F=Hd6* #9G* E@A;=FJD* F8E=7=F* _=@PA9J* ?8<QC*

@8;9:S8a?>G* F* ;8F:>:P=>?:* =?* ;8E@A;<:* F8E=78.* <=?=@8G* =L@COC9GC?* =>CFAa*

78E@A;<A* :* @CQ:P* F<9aSC7:G* F=;OAD=@8>L@COC9:?C9G* cL=@=Q7:H.* >@CO7:H.*

E@AQC7JH). 

,8>>P=?@C7=* `* F8@:87?8j* 5* - E@AQC7JH* @CQ:P* c@8>>S:?877JH* O9G 

RC>>?J<=F=E=* LA?:); 2 - O9G* ;FC7ICF=E=* LA?:* : L=@=Q7CE= @CQ:P8p 3 - O9G*

;FC7ICF=E=* LA?: :* E@AQC7=E=* @CQ:P8p 4 - O9G* RC>>?J<=F=E= LA?:* :* L=@=QC7E=*

@CQ:P86*Z=@PA9J*L@CO>?8F9C7J*F*?8R9:BC 3.1. 

#877JC*>FCOC7J*F +@:9=QC7::*-6 

'SCF:O7=.* S?=* @8;7:B8* ;78SC7:H* OCH>?F:?C9I7=E=* ?=@P=;7=E=* LA?:* :*

F@CPC7:* ?=@P=QC7:G* >A^C>?FC77=* 7C* PC7GC?>G* =?* ?:L8* LA?:* cRC>>?J<=F=H* :9:*

;FC7ICF=Hd6 

3.4.6.1 9:;4';<.03"*3#;%:<';4.&%;B<';P."*;.';G(3@.#<A"<*=#H*<.3(*HB=PJ<@.

0*<&C 

&9CO>?F:CP* 7:;<:D* ?CPLC@8?A@* GF9GC?>G* L=FJiC7:C* L9=?7=>?:* F=;OAD8* :*

>==?FC?>?FAa^CC*AFC9:SC7:C* F=;OAi7=E=*>=L@=?:F9C7:G*OF:QC7:a*L=OF:Q7=E=*

>=>?8F8.*S?=*7C=RD=O:P=*AS:?JF8?I*L@:*7=@P:@=F87::*L=C;O7=H*@8R=?J6 

!* L@8F:98D* ?GE=FJD* @8>SC?=F* L@CO>?8F9C7J* A>@CO7C77JC* 7=@P8?:FJ*

L=FJiC7:G* >=L@=?:F9C7:G* OF:QC7:a* E@A;=FJD* :* L8>>8Q:@><:D* L=C;O=F* L@:*

?CPLC@8?A@C*78@AQ7=E=*F=;OAD8*7:QC*l 25 "&6* 

\?=*L=FJiC7:C*AS:?JF8C?>G*<=M__:B:C7?=P*K"# F*;8F:>:P=>?:*=?*><=@=>?:*

OF:QC7:G* L=C;O8* c?8R9:B8 3.20d6* #9G* =L@COC9C7:G* AOC9I7=E=* >=L@=?:F9C7:G*

OF:QC7:a*7C=RD=O:P=*;78SC7:G ©¸ AP7=Q:?I*78*K"#6 
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(8R9:B8*3.20 - 3=M__:B:C7?*$"#.*AS:?JF8a^:H*7:;<Aa*?CPLC@8?A@A*78@AQ7=E=*

F=;OAD8 

V, 

<PwS 

X@A;=FJC*F8E=7J*L@:*t'%.*sC +8>>8Q:@><:C*F8E=7J*L@:*t'%.*sC 

-30 -35 -40 -45 -50 -60 -30 -35 -40 -45 -50 -60 

20 1,01 1,01 1,01 1,01 1,01 1,01 1,01 1,01 1,01 1,01 1,01 1,01 

40 1,03 1,03 1,04 1,04 1,05 1,06 1,02 1,02 1,03 1,03 1,03 1,04 

60 1,05 1,06 1,07 1,07 1,08 1,09 1,03 1,04 1,04 1,05 1,06 1,07 

80 1,07 1,08 1,09 1,10 1,11 1,12 1,04 1,05 1,06 1,07 1,08 1,09 

100 1,09 1,10 1,12 1,13 1,14 1,15 1,05 1,06 1,07 1,09 1,10 1,11 

120 1,11 1,12 1,13 1,15 1,16 1,17 1,06 1,07 1,09 1,10 1,11 1,12 

140 - - - - - - 1,07 1,08 1,09 1,11 1,12 1,13 

160 - - - - - - 1,07 1,09 1,10 1,12 1,13 1,15 

 

5676O6F.9:;4';<.%<#*3%3@.'=/*HG(;.'=.03"*3#;%:<';<.&%;B<';P.;.#3*A3B<';<.

"3&%;B'3/3.030#=%=. 

#=L=97:?C9I7=C*AOC9I7=C* >=L@=?:F9C7:C*OF:QC7:a.* FJ;F877=C*OCH>?F:CP*

F>?@CS7=E=* :9:* R=<=F=E=* FC?@8.* AS:?JF8a?* <=M__:B:C7?=P* K% c?8R9:B8 3.21) F*

;8F:>:P=>?:* =?* ><=@=>?:* OF:QC7:G6* +@8F:98* ?GE=FJD* @8>SC?=F* o11] 

A>?878F9:F8a?* L=@GO=<.* >=E98>7=* <=?=@=PA O9G* E@8_:<8* OF:QC7:G* L=C;O=F* M?=*

O=L=97:?C9I7=C* >=L@=?:F9C7:C* O=9Q7=* AS:?JF8?I>G* L@:* ><=@=>?GD* FC?@8* O=*

12 <PwS6 

 

(8R9:B8*3.21 3=M__:B:C7?*$%.*AS:?JF8a^:H*F>?@CS7JH*:*R=<=F=H*FC?C@ 

V%, 

<PwS 

&<=@=>?I*L=C;O8*V.*<P\S 

10 20 40 60 80 100 120 140 160 

6 1,12 1,11 1,09 1,08 1,07 1,06 1,05 1,04 1,03 

8 1,19 1,17 1,15 1,13 1,11 1,09 1,08 1,07 1,06 

10 1,31 1,28 1,24 1,2 1,16 1,14 1,12 1,1 1,09 

12 1,42 1,39 1,32 1,27 1,23 1,19 1,15 1,14 1,12 
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!JL=97C7=* <=PLIa?C@7=C* P=OC9:@=F87:C F8@:87?8 L@:* P8<>:P89I7=H*

78S89I7=H* ><=@=>?:* ?=@P=QC7:G* 5Kq* <PwS* >* ASC?=P* >9COAa^:D E@87:S7JD*

A>9=F:Hj 1- ?CPLC@8?A@8* =<@AQ8a^CE=* F=;OAD8* P:7A>* 30 "&.* K* l ?CPLC@8?A@8*

=<@AQ8a^CE=*F=;OAD8*P:7A>*60 "&.*N*l ><=@=>?I*FC?@8*e Pw>.*`*l ><=@=>?I*FC?@8*

12 <PwS.* T* - ?CPLC@8?A@8* =<@AQ8a^CE=* F=;OAD8*  P:7A>* * 60 "&* :* ><=@=>?I* FC?@8*

12 <PwS6 

,C;A9I?8?J @8>SC?=F* ;78SC7:H P8<>:P89I7JD* ?CPLC@8?A@* 78E@CF8.* F*

;8F:>:P=>?:*=?*@8>>P=?@C77JD <@:?C@:CF.*L@:FCOC7J*F ?8R9:BC 3.22. 

 

(8R9:B8*3.22 - W8<>:P89I7JC* ?CPLC@8?A@J*78* L=FC@D7=>?:*[33*>* ASC?=P* ?:L8*

LA?:.*>:9I7=E=*R=<=F=E=*FC?@8.*7:;<:D*?CPLC@8?A@ 

+A?I ;FC7ICF=H RC>>?J<=F=H (CPLC@8?A@8*:*><=@=>?I*FC?@8 

 

-30 "& 

 

-60 "& 

 

6 Pw> 

 

12 Pw> 

 

-60 "&*:*

5K*Pw> 

,CQ:P*

F=;OAD=@8>L@COC

9:?C9G 

E@AQC

7JH 

L=@=Q

7:H 

L=@=Q

7:H 

E@AQC

7JH 

Tmax 293 111 111 293 295 295 295 295 296 

 

-789:;* L=9ASC77JD* @C;A9I?8?=F* L=<8;JF8C?.* S?=* F9:G7:C* ?:L8* LA?:*

c;FC7ICF=H* :9:* RC>>?J<=F=Hd* :* L=L@8F=S7JD* <=M__:B:C7?=F.* AS:?JF8a^:D*

?GQC9JC* A>9=F:G* M<>L9A8?8B::* c7:;<8G* ?CPLC@8?A@8.* >:9I7JH* FC?C@d*

7C>A^C>?FC77=*:*P8<>:P89I7JC*?CPLC@8?A@J*:;PC7Ga?>G*7C*R=9CC*SCP*78*Ns&6 

+=M?=PA L@:*8789:;C*<:7C?:<:*?CL9=FJD*L@=BC>>=F*F*[33*L@:*?=@P=QC7::*

M?:*L8@8PC?@J*P=Q7=*7C*AS:?JF8?I6 

3.4.6.3 9:;4';<.#<A"<*=#H*C.3(*HB=PJ<@.0*<&C 

&* BC9Ia* =L@COC9C7:G* F9:G7:G* ?CPLC@8?A@J* =<@AQ8a^CH* >@COJ* 78*

?CL9=FJC L@=BC>>J F* [33* RJ9=* FJL=97C7=* <=PLIa?C@7=C* P=OC9:@=F87:C*

L@=BC>>=F*?=@P=QC7:G*L@:*@8;9:S7=H*?CPLC@8?A@C*=<@AQ8a^CH*>@COJ*cKq. 30, 40 

:*60 "&d6*,C;A9I?8?J*L@CO>?8F9C7J*78 @:>A7<C*3.16. 
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,:>A7=<*3.16 l X@8_:<*:;PC7C7:G P8<>:P89I7JD*;78SC7:H*?CPLC@8?A@*78*L=FC@D7=>?:*

<8?87:G*<=9C>8*L@:*@8;9:S7=H*?CPLC@8?A@C*=<@AQ8a^CH*>@COJ 

 

-789:;* @C;A9I?8?=F, L@CO>?8F9C77JD* 78* @:>A7<C* 3.16.* >F:OC?C9I>?FAC?* =*

?=P.*S?=*?CPLC@8?A@8*=<@AQ8a^CH*>@COJ*7C;78S:?C9I7=*F9:GC?*78 P8<>:P89I7JC*

;78SC7:G*?CPLC@8?A@J*78*L=FC@D7=>?:*<8?87:G*[33.*?6C6*L=FJiC7:C*?CPLC@8?A@J*

=<@AQ8a^CH*>@COJ*78*5q*"&*L@:F=O:?*<*AFC9:SC7:a*P8<>:P89I7=H*?CPLC@8?A@J*

78E@CF8*78*55*"&6*!*@8>>P=?@C77=P*:7?C@F89C*?CPLC@8?A@*=<@AQ8a^CH*>@COJ*=?*

L9a>*20 "&*O=*L9a> 60 "&.*P8<>:P89I78G*?CPLC@8?A@8*78E@CF8*PC7G98>I*=?*KrN*O=*

337 "&*>==?FC?>?FC77=6* 

(8<:P* =R@8;=P.* ?CPLC@8?A@8* =<@AQ8a^CH* >@COJ* =<8;JF8C?* F9:G7:C* 78*

;78SC7:G*P8<>:P89I7JD*?CPLC@8?A@*L@:* ?=@P=QC7::, AFC9:S:F8G*:9:*APC7Ii8G*

L=>9CO7:C* 78* ;78SC7:G, L@8<?:SC><:* @8F7JC* @8;7:BC* ?CPLC@8?A@* F* 78S89C*

?=@P=QC7:G6 
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 5676Q.9:;4';<.#;"=.#3*A3G'3@.(3:3&(;  

W=OC9:@=F87:C* L@=:;F=O:9=>I* L=* O877JP.* A<8;877JP* F* ?8R9:B8D*  3.13, 

3.146*X@8_:<:*@8>L@COC9C7:G*?CPLC@8?A@*L@CO>?8F9C7J*78*@:>A7<8D 3.3, 3.17. 

 

 

,:>A7=<*3.17 - ,8>L@COC9C7:C*?CPLC@8?A@*L@:*@8;9:S7JD*?:L8D*?=@P=;7JD*<=9=O=< 

cSAEA778G*:*<=PL=;:B:=778Gd 

 

XCY3!515L900->31J90*-3=.;>0;>34-B.;E06T3`-*+141=30-3:-*2;:-./0693

B0-E90;>3+9:A94-+,43A4;3+14:1I90;; 

!* D=OC* L@=FCOC77JD* :>>9CO=F87:H* FJL=97C7=* <=PLIa?C@7=C*

P=OC9:@=F87:C* ?CL9=FJD*L@=BC>>=F*F*[33*L@:* ?=@P=QC7::*>* ASC?=P*i:@=<=E=*

>LC<?@8*L8@8PC?@=F6*+@CO>?8F9C7*8789:;*;78SC7:H*P8<>:P89I7JD*?CPLC@8?A@*L@:*

M<>?@C77=P*?=@P=QC7::*L@:*>9COAa^:D*:;PC7C7:GD*L8@8PC?@=F.*F9:Ga^:D*78* 
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P=^7=>?I*?CL9=F9=QC7:G*F*<=9C>=*L@:*?=@P=QC7::j 

- @8;9:S7JC* ?:LJ* ?=@P=;7JD* <=9=O=<* cL@:* SAEA77JD* l 178 "&.* L@:*

<=PL=;:B:=77JD*l 293 "&dp 

- L@:* @8;9:S7=H* 78S89I7=H* P8<>:P89I7=H* ><=@=>?:* ?=@P=QC7:G* cL@:*

><=@=>?:*5Kq*<PwS*l 293 "&.*L@:*><=@=>?:*rq*<PwS*l 201 "&.*eq*<PwS*l 124 "&.*>*

30 <PwS*l 58 "&dp 

- L@:* @8;9:S7=P* @CQ:PC* F=;OAD=@8>L@COC9:?C9G* :* ;8E@A;<C* F8E=78*

cE@AQC7JH*l KrN.*>@CO7:H*l Kqq.*L=@=Q7:H*l 110); 

- F*;8F:>:P=>?:*=?*A<9=78*LA?:*c?8R9:B8 3.23). 

(8R9:B8*3.23 l 078SC7:G*P8<>:P89I7JD*?CPLC@8?A@*78E@CF8*[33*L@:*?=@P=QC7::*

78*QC9C;7=O=@=Q7=P*LA?:*@8;7=E=*A<9=78 

� -20 -15 -10 -5 0 5 10 15 20 

Tmax, "& 362 341 323 307 293 281 270 261 252 

T<, "& 243 231 219 210 202 195 189 184 178 

tmax.*> 50,6 44,4 39,6 35,7 32,3 29,8 27,5 25,6 23,9 

t<, > 91 80,6 72,3 65,6 60,1 55,4 51,4 47,9 44,9 

38<* F:O7=* :;* ?8R9:BJ 3.23, P8<>:P89I78G* ?CPLC@8?A@8* :;PC7GC?>G* F*

L@COC98D*=?*KTK*O=*NeK*"&p 

- =?*:;7=>8*<=9C>8*c7=F=C*<=9C>=*l 293 "&.*:;7=>*O=*`q*PP*l 335 "&.*:;7=>*O=*

KK*PP*l 368 "&dp 

- =?*F:O8 ?=@P=QC7:G*c?8R9:B8 3.24); 

(8R9:B8*3.24 l 078SC7:G*P8<>:P89I7JD*?CPLC@8?A@*78E@CF8*[33*L@:*@8;9:S7JD*

@CQ:P8D*?=@P=QC7:G 

 \<>?@C77=C +=97=C*>9AQCR7=C I >?ALC7I II >?ALC7I III >?ALC7I 

Tmax, "& 293 259 155 201 241 

T<, "& 202 176 106 135 163 

tmax.*> 32,3 40,2 83,2 52,4 45,5 

t<, > 60,1 74,8 188,4 117,1 84,9 
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- =?* ?:L8* LA?:* :* L=L@8F=S7JD* <=M__:B:C7?=F* >=L@=?:F9C7:G* OF:QC7:a.*

L@:* >:9I7=P* FC?@C* :* 7:;<=H* ?CPLC@8?A@C* @8;9:S8C?>G* 78* K* "&* :* M?:P* P=Q7=*

L@C7CR@CSI*F*O89I7CHi:D*@8>SC?8Dp 

#!0¬-¬êà+ê½ë¬ì½í-0¼½ìäëîÞêï- *½êÑí-)-Ñðë+ëñ0Ùê-?CPLC@8?A@*=?*Kq*O=**
L9a>*60 "&.*?CPLC@8?A@8*78E@CF8*>=>?8F:?*=?*KrN*O=*NNf "&6 

#9G* =BC7<:* F9:G7:G* @8>>P=?@C77JD* L8@8PC?@=F* 78 @C;A9I?8?J*

<=PLIa?C@7=E=*P=OC9:@=F87:G* F* ?8R9:BC*  3.25 :*78* @:>A7<C 3.18 L@CO>?8F9C7J*

=R=R^C77JC*O877JC*>*=BC7<=H*cF*L@=BC7?8Dd*F9:G7:G*<8QO=E=*:;*L8@8PC?@=F 78*

?CL9=FJC L@=BC>>J L@:* ?=@P=QC7:: F* P=PC7?* O=>?:QC7:G* P8<>:P89I7=H*

?CPLC@8?A@J*F*=R=OC*<=9C>8. 

 

(8R9:B8*3.25 l 'BC7<8*F9:G7:G*L8@8PC?@=F*?=@P=QC7:G.* M9CPC7?=F*L=OF:Q7=E=*

>=>?8F8.* :7_@8>?@A<?A@J.* 8* ?8<QC* ><=@=>?:* OF:QC7:G*78* 78E@CF*BC9I7=<8?87=E=*

<=9C>8*F*@C;A9I?8?C*?=@P=QC7:G 

x +8@8PC?@ ,8;7:B8* max 

?CPLC@8?A@ 

u* =?* >APP8@7=E=*

F9:G7:G 

1 (:L*?=@P=;7=H*<=9=O<: 115 12,78 

2 $8S89I78G*><=@=>?I*?=@P=QC7:G 235 26,11 

3 ,CQ:P*F=;OAD=@8>L@COC9:?C9G 183 20,33 

4 b<9=7*LA?: 110 12,22 

5 %;7=>*<=9C>8*cP8>>8*=R=O8d 75 8,33 

6 ,CQ:P ?=@P=QC7:G 138 15,33 

7 (CPLC@8?A@8*=<@AQ8a^CH*>@COJ 44 4,89 
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,:>A7=<*3.18 - #:8E@8PP8 F9:G7:G*L8@8PC?@=F*?=@P=QC7:G*78 78E@CF*<=9C>8 F*

M<>L9A8?8B:: 

#9G* R=9CC* L=97=E=* 8789:;8* L@:FCOC7J* ;78SC7:G* @8;7:BJ* P8<>:P89I7JD*

?CPLC@8?A@* F* P=PC7?* =<=7S87:G* ?=@P=QC7:G c?8R9:B8 3.26), :* L=>?@=C78*

O:8E@8PP8*+8@C??=. L@CO>?8F9C778G 78*@:>A7<C*3.19. 

(8R9:B8* 3.26 l 'BC7<8* F9:G7:G* =>7=F7JD* _8<?=@=F.* =<8;JF8a^:D* F9:G7:C* 78*

78E@CF*[33*F*M<>L9A8?8B::*c78*P=PC7?*=<=7S87:G ?=@P=QC7:G) 

x +8@8PC?@ ,8;7:B8* max 

?CPLC@8?A@ 
% =?* >APP8@7=E=*
F9:G7:G 

1 $8S89I78G*><=@=>?I*?=@P=QC7:G 152 24,72 

2 08E@AQC77=>?I* F8E=78* c@CQ:P*
F=;OAD=@8>L@COC9:?C9G) 

119 19,35 

3 ,CQ:P ?=@P=QC7:G 96 15,61 

4 %;7=>*<=9C>8 76 12,36 

5 b<9=7*LA?: 65 10,56 

6 (:L*?=@P=;7=H*<=9=O<: 64 10,41 

7 (CPLC@8?A@8*=<@AQ8a^CH*>@COJ 43 6,99 
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,:>A7=<*3.19 - #:8E@8PP8*+8@C??= @8>L@COC9C7:G*>?CLC7:*F9:G7:G*_8<?=@=F*78*78E@CF*

[33*F*P=PC7?*=<=7S87:G ?=@P=QC7:G 

 

-789:;*?8R9:BJ 3.26 :*O:8E@8PPJ*+8@C?=.*L@CO>?8F9C77=H 78 @:>A7<C*3.19, 

>F:OC?C9I>?FAC?* =* ?=P.* S?=* L@:* 8789:;C* ?CL9=FJD* L@=BC>>=F* F* [33* L@:*

?=@P=QC7::* 78:R=9IiCC* F9:G7:C* =<8;JF8a?* >9COAa^:C* L8@8PC?@Jj* ;8E@A;<8*

F8E=78.* =?* <=?=@=H* F* >F=a* =SC@COI* ;8F:>:?, 78* <8<=H* @CQ:P* RAOC?* F<9aSC7*

F=;OAD=@8>L@COC9:?C9Ip* F:O* ?=@P=QC7:G* cM<>?@C77=C.* L=97=C* >9AQCR7=C.*

>?ALC7S8?=Cdp*?:L*?=@P=;7=H*<=9=O<:p*A<9=7*LA?:p*:;7=>*<=9C>8.*8*>==?FC?>?FC77=*

:*P8>>8*=R=O86*\?:*L8@8PC?@J*F*>APPC*>=>?8F9Ga?*R=9CC*tqu*=?*=R^CE=*F9:G7:G*

78*P8<>:P89I7Aa* ?CPLC@8?A@A* 78E@CF8.* 8* LC@CPC77JC* L8@8PC?@J* l ?CPLC@8?A@8*

=<@AQ8a^CH* >@COJ* :* ?:L* LA?:* c=>7=F7=C* AOC9I7=C* >=L@=?:F9C7:C* OF:QC7:a* >*

ASC?=P* 7:;<:D* ?CPLC@8?A@* :* >:9I7=E=* R=<=F=E=* FC?@8d* l 7C* =<8;JF8a?*

>A^C>?FC77=E=* F9:G7:G* 78* @C;A9I?8?J* P=OC9:@=F87:G* :* P=EA?* 7C* AS:?JF8?I>G*
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L@:*8789:;C*?CL9=FJD*L@=BC>>=F*:*=BC7<C*?C<A^CE=*>=>?=G7:G*<=9C>8*F*@C;A9I?8?C*

?=@P=QC7:G6 

XCc3%6=1<63A13G.-=93X 

1) b>?87=F9C7=.*S?=*F*@C;A9I?8?C*_@:<B:=77=E=*F;8:P=OCH>?F:G*F*>:>?CPC*

k<=9=O<8* - <=9C>=m*L@=:>D=O:?*L@C=R@8;=F87:C*<:7C?:SC><=H*M7C@E::*OF:QC7:G*

L=OF:Q7=E=* >=>?8F8* F* ?CL9=FAa* M7C@E:a.* <=?=@8G* @8>L@COC9GC?>G* PCQOA*

<=9=O<=H* :* <=9C>=P.* L@:SCP* R=9Ii8G* S8>?I* ?CL9=?J* AD=O:?* F* <=9C>=6* !*

;8F:>:P=>?:* =?* P8?C@:898* ?=@P=;7JD* <=9=O=<* M?=* =?7=iC7:C* PC7GC?>G* cL@:*

SAEA77JD* <=9=O<8D* L@:7G?=* >S:?8?I.* S?=* F* <=9=O<A* AD=O:?* Kq* u* ?CL9=?J.* L@:*

<=PL=;:B:=77JD*l L=@GO<8*T %). 

2) b>?87=F9C7=.*S?=*O9G*@8>SC?8*:7?C7>:F7=>?:*?CL9=F9=QC7:H*F*@C;A9I?8?C*

?=@P=QC7:G* >=>?8F8* =>7=F7JP:* L8@8PC?@8P:* GF9Ga?>G* OCH>?F:?C9I7JH*

?=@P=;7=H* LA?I* :* _8<?:SC><=C* F@CPG* ?=@P=QC7:G.* <=?=@JC* >A^C>?FC77JP*

=R@8;=P* ;8F:>G?* =?* L8@8PC?@=F* ?=@P=QC7:G.* ?8<:D* <8<* =>7=F7=C* AOC9I7=C*

>=L@=?:F9C7:C* OF:QC7:a.* ;8E@AQC77=>?I* F8E=78* c=>CF8G* 78E@A;<8d.* @CQ:P* 78*

<=?=@JH* A>?87=F9C7* F=;OAD=@8>L@COC9:?C9I. P8?C@:89* ?=@P=;7=H* <=9=O<:* :*

O@AE:C6 (8<QC*R=9IiAa*@=9I*:E@8C?*78S89I78G*><=@=>?I*?=@P=QC7:G.*A<9=7*LA?:.*

F:O* ?=@P=QC7:G* c>?ALC7I.* L=97=C* i?8?7=C.* M<>?@C77=Cd6* +@:* =L@COC9C7::*

@8>L@COC9C7:G* ?CPLC@8?A@* L=* >CSC7:a* <=9C>8* L@:* ?=@P=QC7::* F8Q7Aa* @=9I*

:E@8C?*=L@COC9C7:C*>?CLC7:*:;7=>*=R=O8*<=9C>8*F*M<>L9A8?8B::6 

3) +@CO9=QC7=*AS:?JF8?I*:;PC7C7:C*<:7C?:SC><=H*M7C@E::*O9G*L=9ASC7:G*

R=9CC* O=>?=FC@7JD* O877JD.* 8* >==?FC?>?FC77=* :* <=M__:B:C7?* ?CL9=F9=QC7:H.* F*

:7?C@F898D*><=@=>?CH*?=@P=QC7:G*SC@C;*5q*<PwS.*8*7C*L@:7:P8?I*CE=*L=>?=G77JP*

78* F>CP* LC@:=OC* ?=@P=QC7:G6* (8<QC* M?=* L=;F=9:?* L@=:;F=O:?I* @8>SC?* L@=BC>>8*

>7:QC7:G*><=@=>?:*>?ALC7Ia*?=@P=QC7:G*7C*O=*L=97=H*=>?87=F<:6* 

4) ,8;@8R=?878* :* =R=>7=F878* PC?=O:<8* A?=S7C77=E=* 8789:;8* ?CL9=FJD*

L@=BC>>=F*F*[33*L@:*?=@P=QC7::*78*=>7=FC*O:><@C?7=H*=BC7<:*FJOC9C7:G*?CL98*

F* ;=7C* <=7?8<?8* <=9C>8* :* ?=@P=;7=H* <=9=O<:* >* ASC?=P* ><=@=>?:* OF:QC7:G* 78*

?C<A^CP*=?@C;<C*OF:QC7:G6 
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5) b>?87=F9C7=.* S?=* L@:* :>L=9I;=F87:: @8;@8R=?877=H* PC?=O:<:*

A?=S7C77=E=* 8789:;8* ?CL9=FJD* L@=BC>>=F* F* [33* L@:* ?=@P=QC7::* 78* =>7=FC*

O:><@C?7=H*=BC7<:*FJOC9C7:G*?CL98*F*;=7C*<=7?8<?8*<=9C>8*:*?=@P=;7=H*<=9=O<: 

>* ASC?=P* ><=@=>?:* OF:QC7:G* 78* ?C<A^CP* =?@C;<C* OF:QC7:G  ;78SC7:G 

P8<>:P89I7JD*?CPLC@8?A@*78*L=FC@D7=>?:*<8?87:G*<=9C>8*L=9AS8a?>G*7C*F*<=7BC*

?=@P=QC7:G.* 8* F* >@CO7CH* S8>?:* M?=E=* AS8>?<86* \?=* =RnG>7GC?>G* ?CP.* S?=* >*

APC7IiC7:CP* ><=@=>?:* OF:QC7:G* F8E=78* :7?C7>:F7=>?I* ?CL9=F=E=* L=?=<8, 

FJOC9GCP=E=* F* <=9C>=.* >7:Q8C?>G* L@:* 789:S::* L@=BC>>=F* :7?C7>:F7=E=*

?CL9=LC@C7=>8*F*=R=O*<=9C>8*>*L=FC@D7=>?:*<8?87:G6 

6) +@=FCOC77=C* 78* =>7=FC* @8;@8R=?877JD* PC?=O:<* <=PLIa?C@7=C*

P=OC9:@=F87:C*?CL9=FJD*L@=BC>>=F*F*[33*L@:*?=@P=QC7::*L=;F=9GC?*L@=F=O:?I 

=BC7<A* F9:G7:G* =?OC9I7JD* _8<?=@=F* L@:* ?=@P=QC7::* 78* :;PC7C7:G*

P8<>:P89I7JD* ?CPLC@8?A@* F* =R=OC* <=9C>8* :* :D* @8>L@COC9C7:C* F* @C;A9I?8?C*

?=@P=QC7:G6* !JGF9C7=.* S?=* L@:* 8789:;C* ?CL9=FJD* L@=BC>>=F* F* [33* L@:*

?=@P=QC7::* 78:R=9IiCC* F9:G7:C* 78* ;78SC7:G* P8<>:P89I7JD* ?CPLC@8?A@ L@:*

;8O877JD*;78SC7:GD*O=LA><=F =<8;JF8a?*>9COAa^:C*L8@8PC?@Jj*;8E@A;<8*F8E=78.*

@CQ:P* F=;OAD=@8>L@COC9:?C9Gp* F:O* ?=@P=QC7:G* cM<>?@C77=C.* L=97=C* >9AQCR7=C.*

>?ALC7S8?=Cdp* ?:L* ?=@P=;7=H* <=9=O<:p* A<9=7* LA?:p* :;7=>* <=9C>86* &APP8@7JH*

F<98O* M?:D* L8@8PC?@=F* >=>?8F9GC?* L=@GO<8* rN % =?* =R^CE=* F9:G7:G* 78*

P8<>:P89I7Aa* ?CPLC@8?A@A* 78E@CF8.* 8* LC@CPC77JC* L8@8PC?@J* l ?CPLC@8?A@8*

=<@AQ8a^CH* >@COJ* :* ?:L* LA?:* c=>7=F7=C* AOC9I7=C* >=L@=?:F9C7:C* OF:QC7:a* >*

ASC?=P* 7:;<:D* ?CPLC@8?A@* :* >:9I7=E=* R=<=F=E=* FC?@8d* l 7C* =<8;JF8a?*

>A^C>?FC77=E=* F9:G7:G* 78* @C;A9I?8?J* P=OC9:@=F87:G* :* P=EA?* 7C* AS:?JF8?I>G*

L@:*8789:;C*?CL9=FJD*L@=BC>>=F*:*=BC7<C*?C<A^CE=*>=>?=G7:G*<=9C>8*F @C;A9I?8?C*

?=@P=QC7:G6 

 !
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4 $'$#(P ?N(F&'&'(M F&H!)(R( bH!S'&''!"!3$'$#(P$3

H&?#!%Z\3?N!D&@@!%3% DRR3?N(3H!NF![&'((3'$3!@'!%&3

)(@RN&H'!Q3!D&'R(3%Z)&#&'(M3H&?#$3%3P!'& R!'H$RH$3

R!#&@$3(3H!NF!P'!Q3R!#!)R( )#M3!D&'R(3H&?#!%Z\3(3

H&NF!)&]!NF$D(!''Z\3?N!D&@@!%3%3R!#&@&3?N(3

H!NF![&'(( 

4.1 R1:A/a+940193:1<9.;41=-0;93+9A.1=6T3A41J9221=K32+4,*+,406T3;3

`-B1=6T3A49=4-L90;U3=3DRR3A4;349-.;B-J;;3:01G1*4-+01G13+14:1I90;>30-3

1201=934-B4-51+-001U3:9+1<;*; 

$C>?8B:=78@7JC* ?C@P=OC_=@P8B:=77JC* L@=BC>>J.* L@=?C<8a^:C* F* [33* F*

L@=BC>>C* M<>L9A8?8B::* 7C* P=EA?* RJ?I* F* L=97=H*PC@C* L@=8789:;:@=F87J* ?=9I<=*

L@:* L=P=^:* :7>?@APC7?89I7JD* PC?=O=F6* 'BC7<8* :D* F9:G7:G* 78* ?C<A^CC*

>=>?=G7:C* <=9C>8* P=QC?* RJ?I* L=9ASC78* ?=9I<=* 78* =>7=FC* @C;A9I?8?=F*

<=PLIa?C@7=E=* P=OC9:@=F87:G* 7C9:7CH7JD* 7C>?8B:=78@7JD* L@=BC>>=F*

?CL9=LC@C7=>8.* >?@A<?A@7JD* :* _8;=FJD* L@CF@8^C7:H.* @CiC7:G* ;8O8S*

?C@P=FG;<=AL@AE=L98>?:S7=>?:* >* ASC?=P* :;PC7C7:G _8;=F=E= :* >?@A<?A@7=E=*

>=>?=G7:G.*8*?8<QC*F>CE=*<=PL9C<>8*>F=H>?F*[79]. 

#9G*=RC>LCSC7:G*M7C@E=M__C<?:F7JD*@CQ:P=F*F=QOC7:G*L=C;O=F*78*<8QO=P*

AS8>?<C* QC9C;7=O=@=Q7=E=* LA?:* @8;@8R8?JF8a?>G* @CQ:P7JC* <8@?J* F=QOC7:G*

L=C;O=F.* F* <=?=@JD* A<8;87J :7_=@P8B:G* =* L=@GO<C* FCOC7:G* L=C;O8.* 78S89C*

F<9aSC7:G*:*=?<9aSC7:G*<=7?@=99C@8*P8i:7:>?8.*D8@8<?C@:>?:<8 L@=_:9G*LA?:*
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78*>LA><8D*:*>7:QC7:a*><=@=>?:*LC@CO*>:E7898P:*:*=>?87=F<8P:6 

'O78<= F*M<>L9A8?8B:=77JD*A>9=F:GD*L@:*FCOC7::*L=C;O8*P=EA?*F=;7:<7A?I*

>:?A8B::.* ?@CRAa^:C* L@:PC7C7:G* O=L=97:?C9I7=E=* ?=@P=QC7:G* O9G* >7:QC7:G*

><=@=>?:* :9:* =>?87=F<:* LC@CO* >:E789=P.* L@CLG?>?F:CP* :9:* L@:* =R78@AQC7::*

7C:>L@8F7=>?:*L=OF:Q7=E=*>=>?8F8.*AE@=Q8a^CH*RC;=L8>7=>?:*OF:QC7:G6 

+@:PC7C7:C*@8;@8R=?877=H*PC?=O:<:*O9G*=BC7<:*?CL9=F=E=*:*>?@A<?A@7=E=*

>=>?=G7:G* @8>>P=?@C7=* 78* L@:PC@C* OF:QC7:G* E@A;=F=E=* L=C;O8* >*
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L=>9CO=F8?C9I7=H* @C89:;8B:CH* ?@CD<@8?7=E=* ?=@P=QC7:G* 78* @8>>P8?@:F8CP=P*

AS8>?<C6* ,8>>P=?@C7=* ?=@P=QC7:C* SC?J@CD=>7=E=* L=9AF8E=78* F* E@AQC7=P*

>=>?=G7::.*=R=@AO=F877=E=*<=PL=;:B:=77JP:*<=9=O<8P:.*78D=OG^CE=>G*F*E=9=FC*

L=C;O8.* ?CP* >8PJP* O=R8F9C7=* F@CPG* F;8:P=OCH>?F:G* >* <=9=O<=H.* >FG;877=C* >*

@8;7=>?Ia*L=*F@CPC7:*78L=97C7:G*?=@P=;7=E=*B:9:7O@8*E=9=F7=E=*:*DF=>?=F=E=*

F8E=7=F6* &=>?8F* L=C;O8* >=>?=:?* :;* f5* A>9=F7=E=* L=9AF8E=78 >* =>CFJP:*

78E@A;<8P:, @8F7JP:*KN.T*?>6 

C BC9Ia*L@COAL@CQOC7:G*:>?=^C7:G*8F?=?=@P=;=F*F*L=C;OC*L@:*>9CO=F87::*

L=* >LA><A.* 78* <=?=@=P* FJL=97Ga?>G* L=F?=@7JC* ?=@P=QC7:G.* 7C=RD=O:P=*

FJOC@Q:F8?I*PCQOA*?=@P=QC7:GP:*F@CPG*7C*PC7CC*=O7=H P:7A?J*O9G*L=O;8@GO<:*

?=@P=;7=H*P8E:>?@89: L=C;O8 [92]. 

#9G*P=OC9:@=F87:G*OF:QC7:G*L=*AS8>?<A*FJR@87J*M<>?@CP89I7JC*A>9=F:G*l 

?=9^:78* =R=O8* <=9C>8* KK* PP.* ?CPLC@8?A@8* =<@AQ8a^CE=* F=;OAD8* l 20 "&6*

(CL9=F9=QC7:G* F* [33* 78* <8QO=P* :;* M?8L=F* OF:QC7:G* L=C;O8* >* @C89:;8B:CH*

?=@P=QC7:G.* @8>>S:?877JC* L=* @8;@8R=?877=H* PC?=O:<C* A?=S7C77=E=* 8789:;8*

?CL9=FJD* L@=BC>>=F* F* [33* L@:* ?=@P=QC7::* 78* =>7=FC* O:><@C?7=H* =BC7<:*

FJOC9C7:G*?CL98*F*;=7C*<=7?8<?8*<=9C>8*:*?=@P=;7=H*<=9=O<:*>=>?8F:9:j 

1) +C@FJH*M?8L*?=@P=QC7:G*L@=:>D=O:?*78*AS8>?<C*LA?:*>*=?@:B8?C9I7JP*

A<9=7=P, @8F7JP Kq* � >=* ><=@=>?:* 9q* <PwS.* L@:* M?=P* AS:?JF89=>I*

L@C=R@8;=F87:C* <8<* <:7C?:SC><=H.* ?8<* :* L=?C7B:89I7=H* M7C@E::* OF:QA^CE=>G*

>=>?8F8. +@:PC7C7=* M<>?@C77=C* ?=@P=QC7:C* L@:* =R78@AQC7:: L@CLG?>?F:G* L=*

LA?:*>9CO=F87:G6 

2d* !?=@=H* M?8L* ?=@P=QC7:G* >==?FC?>?FAC?* AS8>?<A* LA?:* >* =?@:B8?C9I7JP*

A<9=7=P, @8F7JP*T*�6*+=97=C*i?8?7=C*?=@P=QC7:C*>=*><=@=>?:*rq*<PwS. 

3d* (@C?:H* M?8L* ?=@P=QC7:G* >==?FC?>?FAC?* AS8>?<A* LA?:* >* =?@:B8?C9I7JP*

A<9=7=P, @8F7JP*5q*�6*W=OC9:@AC?>G*i?8?7=C*?=@P=QC7:C*>=*><=@=>?:*rq*<PwS6 

#9G* <=PLIa?C@7=E=* P=OC9:@=F87:G* :>L=9I;=F878* <=7CS7=-M9CPC7?78G*

=>C>:PPC?@:S78G*P=OC9I.*L@CO>?8F9C778G*78*@:>A7<C 2.6. 
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$8 @:>A7<C 4.1 L@CO>?8F9C7=*@8>L@COC9C7:C*?CPLC@8?A@*L=*>CSC7:a*=R=O8*

<=9C>8* F* P=PC7?* =<=7S87:G* LC@F=E=* ?=@P=QC7:G6* -789:;* :;=9:7:H* ?CPLC@8?A@*

>F:OC?C9I>?FAC?* =* ?=P.* S?=* ?CL9=F=C* F=;OCH>?F:C* F* >?=9I* <=@=?<:H* LC@:=O*

F@CPC7:*L@:F=O:?*<*FJ>=<=PA*E@8O:C7?A*?CPLC@8?A@*F*L@:L=FC@D7=>?7JD*>9=GD6*

+@:SCP.*F*?=S<8D*78*L=FC@D7=>?:*<8?87:G*F*;=7C F=;OCH>?F:G*?=@P=;7=H*<=9=O<:*

P8<>:P89I7JC* ?CPLC@8?A@J* L@CFJi8a?* ;78SC7:G* fKf "&* c>P6* @:>A7=<* 4.1d.* S?=*

>F:OC?C9I>?FAC?*=*L@=?C<87::*_8;=FJD*:*>?@A<?A@7JD*L@CF@8^C7:H.*>FG;877JD*>*

LC@CD=O=P* _C@@:?=-BCPC7?:?7JD* >PC>CH* F* 8A>?C7:?.* ?6C6* 78S898* L@=?C<87:G*

L@=BC>>8*8A>?C7:;8B::*>?89:*F*;=7C*<=7?8<?8*<=9C>8*>*?=@P=;7=H*<=9=O<=H [79]. 
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,:>A7=<*4.1 - ,8>L@COC9C7:C*?CPLC@8?A@*F*>CSC7::*=R=O8*[33*F*P=PC7?*=<=7S87:G 

LC@F=E=*?=@P=QC7:G 

+=>9C* ;8FC@iC7:G* ?=@P=QC7:G* 78E@C?8G* =R98>?I* L=FC@D7=>?:* <=9C>8*

L=OFC@E8C?>G* :7?C7>:F7=PA* =D98QOC7:a* ;8* >SC?* ?CL9==?F=O8* F* =R=O* :* O:><*

<=9C>86*,C;A9I?8?J*<=PLIa?C@7=E=*P=OC9:@=F87:G*>F:OC?C9I>?FAa?*=*?=P.*S?=*78*

L=FC@D7=>?:* <8?87:G* F* ;=7C* <=7?8<?8* <=9C>8* >* ?=@P=;7=H* <=9=O<=H ><=@=>?:*

=D98QOC7:G* L@CFJ>:9:* <@:?:SC><:C.* S?=* L@:FC9=* <* =R@8;=F87:a*P8@?C7>:?8* 78*

L=FC@D7=>?:* <8?87:G* <=9C>8.* L@=BC7?7=C* >=OC@Q87:C* <=?=@=E=* ;8F:>:?* =?*

P8<>:P89I7=H*?CPLC@8?A@J*78E@CF8*:*:7?C7>:F7=>?:*=D98QOC7:G*c@:>A7=< 4.2). 

W8<>:P89I7JC* ;78SC7:G* ?CPLC@8?A@* L=9ASC7J* F* A;9C* >* 7=PC@=P* 5291, 

<=?=@JH*78D=O:?>G*78*L=FC@D7=>?:*<8?87:G*<=9C>8*F*>@CO7CH*S8>?:*;=7J*<=7?8<?8*

<=9C>8*>*?=@P=;7=H*<=9=O<=H6*+=>9C*=D98QOC7:G*<=9C>8*F*M?=H*;=7C*P8<>:P89I7=C*

<=9:SC>?F=*P8@?C7>:?8*>=>?8F:9=*te u.*=>?8Fi:C>G*5`*u*L@:D=OG?>G*78*LC@9:?6 
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-789:;* L=9ASC77JD* @C;A9I?8?=F* L=<8;JF8C?.* S?=* P8<>:P89I7JC* ;78SC7:G*

?CPLC@8?A@*F*?=S<8D*78*L=FC@D7=>?:*<8?87:G*<=9C>8*F*P=PC7?*=<=7S87:G*F?=@=E=*

?=@P=QC7:G* 7C* L@CFJ>:9:* Nqq* "&.* 8* ?@C?ICE=* ?=@P=QC7:G* - 400 "&6* (8<:P*

=R@8;=P.* L=F?=@7=H* 8A>?C7:;8B::* >?89:* F* M?:D* ;=78D* 7C* L@=:>D=O:9=6* 'O78<=*

78E@CF* O=* M?:D* ?CPLC@8?A@* =RC>LCS:9* F=;P=Q7=>?I* @8>L8O8* P8@?C7>:?8.*

>_=@P:@=F8FiCE=>G*L=>9C*LC@F=E=*?=@P=QC7:G6 

$8 @:>A7<C 4.3 L@CO>?8F9C78 O:8E@8PP8*:;PC7C7:G >?@A<?A@7=E= >=>?8F8*F*

A;9C* >* 7=PC@=P* 5Kr5 c78D=O:?>G* F* BC7?@89I7=H* S8>?:* ;=7C* <=7?8<?8* <=9C>8* >*

?=@P=;7=H*<=9=O<=Hd F*L@=BC>>C*OF:QC7:G*E@A;=F=E=*F8E=78*L=*@8>>P8?@:F8CP=PA*

AS8>?<A6* !* @C;A9I?8?C* 78E@CF8* L@:* LC@F=P* ?=@P=QC7::* 78R9aO8C?>G* LC@CD=O*

_C@@:?=-BCPC7?:?7=H* >PC>:* c:>D=O7=H* >?@A<?A@Jd* F* 8A>?C7:?* cO=* tT ud6* +@:*

L=>9COAa^CP*=D98QOC7::*=R@8;=F8Fi:H>G*8A>?C7:?*LC@CD=O:?*F*P8@?C7>:? [14]. 

 

Tmax l <@:F8G*@8>L@COC9C7:G*?CPLC@8?A@p MB l <@:F8G.*=L@COC9Ga^8G*L@=BC7?*

>=OC@Q87:G*>?@A<?A@J*P8@?C7>:?8*F*A;98D*78*L=FC@D7=>?:*<8?87:G*<=9C>8*F*;=7C*

F;8:P=OCH>?F:G*>*?=@P=;7=H*<=9=O<=H 

,:>A7=<*4.2 - ,8>L@COC9C7:G*P8@?C7>:?8*:*P8<>:P89I7JD*?CPLC@8?A@*F*?=S<8D*78*

L=FC@D7=>?:*<8?87:G  c?=9^:78*=R=O8*<=9C>8*22 PPd 
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78R9aO8C?>G6* &9COAC?* =?PC?:?I.* S?=* F* @C;A9I?8?C* LC@F=E=* ?=@P=QC7:G* 78*
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R98E=L@:G?7JC* A>9=F:G* L@:* OF:QC7::* <=9C>8* :* 789:S::* O:78P:SC><:D*

F=;OCH>?F:H*O9G*=R@8;=F87:G*P:<@=?@C^:7 [79].  

 

 

,:>A7=<*4.3 l #:8E@8PP8*:;PC7C7:G >?@A<?A@7=E= >=>?8F8*F*A;9C*>*7=PC@=P*5Kr5 F*
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<8?87:G* <* P=PC7?A* ;8FC@iC7:G* F>CD* ?@CD* ?CL9=FJD* F=;OCH>?F:H* 7C* RAOA?*
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F=;OCH>?F:G*L@:*OF:QC7::*P=EA?*GF:?I>G*O=>?8?=S7JP*A>9=F:CP*O9G*=R@8;=F87:G*
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FJ^C@R:76 

+=9ASC77JC* @C;A9I?8?J* >F:OC?C9I>?FAa?* =* ?=P.* S?=* <=PLIa?C@7=C*

P=OC9:@=F87:C* F* =?9:S:C* =?* :7>?@APC7?89I7JD* PC?=O=F* L=;F=9GC?* L=9AS8?I*
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+=M?=PA @8;@8R=?<8* :* L@:PC7C7:C* 7=FJD* PC?=O=F* <=PLIa?C@7=E=*

P=OC9:@=F87:G* :* 8789:;8* 7C>?8B:=78@7JD* L@=BC>>=F.* <=?=@JC* :PCa?* PC>?=* F*

M9CPC7?8D* <=7>?@A<B:H* L=OF:Q7=E=* >=>?8F8* L@:* @8;9:S7JD* F:O8D*

M<>L9A8?8B:=77JD* :* ?CD7=9=E:SC><:D* F=;OCH>?F:H* F* ?CSC7:C* F>CE=* Q:;7C77=E=*

B:<98* F* >=SC?87::* >* PC?=O8P:* 7C@8;@Ai8a^CE=* <=7?@=9G* L=;F=9G?* =RC>LCS:?I 

L@=FCOC7:C*=RnC<?:F7=H*=BC7<:*?C<A^CE=*>=>?=G7:G*=RnC<?8.*FJGF9C7:C*A>9=F:H.*

<=?=@JC* P=EA?* >L=>=R>?F=F8?I* =R@8;=F87:a* OC_C<?8* >* L=>9COAa^:P*

@8;@AiC7:CP* =RnC<?8* F* <=@=?<:C* PCQ@CP=7?7JC* >@=<:6* %7?C99C<?A89I7=C*

AL@8F9C7:C*?CD7:SC><:P*>=>?=G7:CP*?@87>L=@?7JD*>@CO>?F*78*=>7=FC*@C;A9I?8?=F*

<=PLIa?C@7=E=* P=OC9:@=F87:G* L=;F=9GC?* =>A^C>?F9G?I* =L@COC9C7:C*

=L?:P89I7JD* >@=<=F* :* F:O=F* @CP=7?8* L=* ?C<A^CPA* >=>?=G7:a* >* =BC7<=H*

78OCQ7=>?:* :* @C>A@>8* F* M<>L9A8?8B::* 78* =>7=FC* @C;A9I?8?=F* O:8E7=>?:<:*

>_=@P:@=F8Fi:D>G* OC_C<?=F* :* =RnC<?:F7=H* =BC7<:* 78L@GQC77=-

OC_=@P:@=F877=E=*>=>?=G7:G*>*8789:;=P*78<=L9C7:G*=>?8?=S7JD*OC_=@P8B:H.*: 

:;PC7C7:G* >?@A<?A@7=E= >=>?8F8* :* _=@P:@=F87:G* A>9=F:H* O9G* ;8@=QOC7:G*

?@C^:7=L=O=R7JD*OC_C<?=F6 
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J9./01*-+-06T3*1.92-T 234-B.;E01U3`14:1U3<;2*-3 

!* L@=BC>>C* M<>L9A8?8B::* [33* L=OFC@E8a?>G* ;78S:?C9I7JP* ?CL9=FJP*

F=;OCH>?F:GP F* @C;A9I?8?C* _@:<B:=77=E=* F;8:P=OCH>?F:G* L@:* ?=@P=QC7::*

?=@P=QC7:G* cF* >:>?CPC* k?=@P=;78G* <=9=O<8 l <=9C>=md* :* PCD87:SC><:P*

78E@AQC7:GPm6* 

-F?=@=P*FJL=97C7*@GO*:>>9CO=F87:H*F*=R98>?:*=BC7<:*F9:G7:G*L8@8PC?@=F*

?=@P=QC7:G*78*?CL9=FJC :*OC_=@P8B:=77JC L@=BC>>J >*ASC?=P EC=PC?@::*O:><8*

<=9C>86*&=F@CPC77JC*?CD7:SC><:C*>@CO>?F8*:*PC?=OJ*7C*L=;F=9Ga?*=>A^C>?F9G?I*
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[33*F*P=PC7?*=<=7S87:G ?=@P=QC7:G*E@A;=F=E=*F8E=78 [83]. 

!* O877=H* @8R=?C* L@CO>?8F9C7* 8789:;* F9:G7:G* EC=PC?@::* O:><8* <=9C>8* 78*

P8<>:P89I7JC* ;78SC7:G* LC@CPC^C7:H =R=O8* F* P=PC7?* =<=7S87:G* O9:?C9I7=E=*

?=@P=QC7:G6* 

#9G* L@=FCOC7:G* @8>SC?=F* RJ9* L@:7G?* >9AS8H* O9:?C9I7=E=* @CQ:P8*

?=@P=QC7:G* 78* ;8?GQ7=P* >LA><C* i = 30 �* L@:* ><=@=>?:* eq* <PwS* :* F@CPC7:*

OCH>?F:G*?=@P=;7JD*<=9=O=<*78*=R=O*<=9C>8*5Kqq*> (@8>SC?*L@=:;F=O:9>G*>*i8E=P*

L=*F@CPC7:, @8F7JP*q.T*>d6 

#9G* @8>SC?8* F;8:P=OCH>?F:G* ?=@P=;7=H* <=9=O<:* >* =R=O=P* <=9C>8* RJ98*

FJR@878* ?=@P=;78G* F8E=778G* <=PL=;:B:=778G* <=9=O<8* >* >C?S8?=-L@=F=9=S7JP*

<8@<8>=P* O9G* QC9C;7=O=@=Q7JD* F8E=7=F* KTe5q-$* (%%,* Nqq* (b* KTf5-028-

00149386-2000 [90].* <=?=@8G* :PCC?* E8R8@:?7JC* @8;PC@J* NNqx80x65xT5q* cO9:78 

OAE:wi:@:78w?=9^:78w@8O:A>* <@:F:;7Jd6* &DCP8* F;8:P=OCH>?F:G* A<8;878* 78*

@:>A7<C*  4.4. %>D=OG*:;*M?=E=*P=OC9:@=F87:C*?CL9=L@:?=<=F*F*=R=O*<=9C>8*RJ9=*

@C89:;=F87=*78*<=7CS7JC*M9CPC7?J*L@COL=98E8CP=E=*F;8:P=OCH>?F:G [18]. 
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,:>A7=<*4.4 - &DCP8*F;8:P=OCH>?F:G*=R=O8*<=9C>8*>*<=PL=;:B:=77=H ?=@P=;7=H*

<=9=O<=H*L=*SC@?CQA*KTe5q-$ 

3=PLIa?C@7=C* P=OC9:@=F87:C* =>A^C>?F9G9=>I* 78* =>7=FC* :>L=9I;=F87:G*

@8;@8R=?877JD* =RnCP7JD* <=7CS7=-M9CPC7?7JD P=OC9CH* BC9I7=<8?87JD* <=9C>*

O:8PC?@=P* rTq* PP* >* L@GP=9:7CH7=H* :* <@:F=9:7CH7=H* _=@P8P:* O:><8* L=*

@8;PC@8P.* A<8;877JP* F* X'&(* 5qfr5-2011 [9], :* 78* @:>A7<C 2.46* '>=RC77=>?:*

F;8:P=OCH>?F:G* F* >:>?CPC* k<=9C>=-@C9I>m.* 8* ?8<QC* :;7=>* <=9C>8* F* L@=BC>>C*

M<>L9A8?8B::*7C*AS:?JF89:>I*c?=9^:78*=R=O8*fq*PPd [83]. 

+@:*=L@COC9C7::*A@=F7G*?CL9=FJD*78E@A;=<*78*<=9C>=*E@A;=F=E=*F8E=78*L@:*

O9:?C9I7=P* ?=@P=QC7::* O9G* <=PLIa?C@7=E=* P=OC9:@=F87:G* L@:7:P89:>I*

>9COAa^:C*A>9=F:Gj 

! L@:* :>L=9I;=F87::* <=PL=;:B:=77JD* ?=@P=;7JD* <=9=O=<* rq* l 95 % 

FJOC9GCP=E=*L@:*?=@P=QC7::*?CL98*F*L8@C*k<=9=O<8 l <=9C>=m LC@CO8C?>G*F*=R=O*

<=9C>8 [18]; 

! L@:* A>9=F::* :>L=9I;=F87:G* <=PL=;:B:=77JD* <=9=O=<* O9G* E@A;=FJD*

F8E=7=F* >* E@A;=FJP* 8F?=@CQ:P=P.* F<9aSC77=P* 78* >@CO7:H* @CQ:P.* @8>SC?7=C*

;78SC7:C*<=M__:B:C7?8*>:9J*78Q8?:G*?=@P=;7JD*<=9=O=<*L@:7:P89=>I* @8F7JP*

Õ½ % Z,�� [49]; 
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! @8>SC?* L8@8PC?@=F* ?CL9=F9=QC7:H* F* <=9C>=* L@=:;F=O:9>G* L=*

P8?C@:898P.*:;9=QC77JP*F*@8R=?8D*o2, 34{*L@:*A>9=F::*O9:?C9I7=E=*?=@P=QC7:G*

78* ;8?GQ7=P* >LA><C* i=30 �.* L=>?=G77=H* ><=@=>?:* OF:QC7:G* L=C;O8, @8F7=H*

60 <PwS* :* F@CPC7:* OCH>?F:G* ?=@P=;7JD* <=9=O=<* 78* =R=O* <=9C>8* 5Kqq* >6*

'?7=>:?C9I78G*AOC9I78G*P=^7=>?I*?CL9=FJOC9C7:G**L�(*½ % 6®,®-å¬á*àT [83]. 

#9G* L@=FCOC7:G* 8789:;8* F9:G7:G* EC=PC?@::* O:><8* 78* FC9:S:7A*

LC@CPC^C7:H* =R=O8* <=9C>8* :>L=9I;=F89:>I* @8;@8R=?877JC* 8F?=@=P* =RnCP7JC*

<=7CS7=-M9CPC7?7JC*P=OC9:*[33*>*<@:F=9:7CH7JP*:*L@GP=9:7CH7JP*O:><8P:6 

&DCPJ*L@:9=QC7:G* ?CL9=FJD*78E@A;=< L@:* <=PLIa?C@7=P*P=OC9:@=F87::*

L@CO>?8F9C7J*78 @:>A7<C 4.5.  

  

8d*>*<@:F=9:7CH7=H*_=@P=H*O:><8.*Rd*>*L@GP=9:7CH7=H*_=@P=H*O:><8 

,:>A7=<*4.5 - &DCPJ*L@:9=QC7:G*?CL9=FJD 78E@A;=<*L@:*<=PLIa?C@7=P*P=OC9:@=F87::*

78*[33 

8d Rd 
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Y8@8<?C@*@8>L@COC9C7:G*?CPLC@8?A@*78*[33*>*@8;9:S7=H*EC=PC?@:CH*O:><8*

78E9GO7=*:;=R@8QC7*78*@:>A7<8D*4.6, 4.76*!*;8F:>:P=>?:*=?*?CPLC@8?A@J.*E@87:BJ*

?CL9=FJD* L=9CH* 78* P=OC9GD* =?=R@8Q8a?>G* @8;7JP:* BFC?8P:* =?* >:7CE=*

cP:7:P89I78G*?CPLC@8?A@8d*O=*<@8>7=E=*cP8<>:P89I78Gd6 

 

 

,:>A7=<*4.6 - ,8>L@COC9C7:C*?CPLC@8?A@*F*=RnCP7=H*<=7CS7=-M9CPC7?7=H*P=OC9:*

BC9I7=<8?87=E=*<=9C>8*>*L@GP=9:7CH7JP*O:><=P*F*P=PC7?*=<=7S87:G*O9:?C9I7=E=*

?=@P=QC7:G6*(=9^:78*=R=O8*fq*PP 
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,:>A7=<*4.7 - ,8>L@COC9C7:C*?CPLC@8?A@*F*=RnCP7=H*<=7CS7=-M9CPC7?7=H*P=OC9:*

BC9I7=<8?87=E=*<=9C>8*>*<@:F=9:7CH7JP*O:><=P*F*P=PC7?*=<=7S87:G*O9:?C9I7=E=*

?=@P=QC7:G 

 

&APP8@78G* L9=^8OI* =D98QO8CP=H L=FC@D7=>?:* L@:* OF:QC7::*

BC9I7=<8?87JD* <=9C>* @8>>P=?@C77JD* <=7>?@A<B:H.* L@8<?:SC><:* =O:78<=F8G6* !*

@C;A9I?8?C* L@=FCOC77=E=* 8F?=@=P* <=PLIa?C@7=E=* P=OC9:@=F87:G* A>?87=F9C7=.*

S?= F*[33*>*<@:F=9:7CH7=H*_=@P=H*O:><8 ;78SC7:C P8<>:P89I7=H ?CPLC@8?A@J*

>=>?8F:9= 331 "&.* 8* F* [33* >* <@:F=9:7CH7=H* l 341 "&6* (8<:P* =R@8;=P.* @8;7:B8*

P8<>:P89I7JD* ?CPLC@8?A@*7C* L@CFJi8C?* N %, M?=* L=;F=9GC? >OC98?I FJF=O.* S?=*

L@:* @C89:;8B::* O9:?C9I7=E=* @CQ:P8* ?=@P=QC7:G* @8;9:S78G* EC=PC?@:G* _=@PJ 
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O:><8*<=9C>8*7C*=<8;JF8C?*>A^C>?FC77=E=*F9:G7:G 78*@8>L@COC9C7:C*?CPLC@8?A@*F*

BC9I7=<8?87=P*<=9C>C*L@:*?=@P=QC7:: [83].  

(CL9=FJC L@=BC>>J F* BC9I7=<8?87=P* <=9C>C :* 7C@8F7=PC@7JH* 78E@CF*

=?OC9I7JD* M9CPC7?=F* c=R=O.* O:><d* F* @C;A9I?8?C* ?=@P=QC7:G* GF9Ga?>G* L@:S:7=H*

OC_=@P8B:=77JD* L@=BC>>=F* F* <=9C>C6* +@:* 8789:;C @C;A9I?8?=F* <=PLIa?C@7=E=*

P=OC9:@=F87:G* 78 =RnCP7JD <=7CS7=-M9CPC7?7JD P=OC9GD* L=9=F:7J* <=9C>8.*

@8;@8R=?877JD* 8F?=@=P A>?87=F9C7=.* S?=* 78:R=9Ii:H* A@=FC7I* OC_=@P8B:H*

=?PCS8C?>G* F* O:><C* <=9C>8.* S?=* GF9GC?>G* >9CO>?F:CP* L@=BC>>=F* ?CL9=F=E=*

@8>i:@C7:G*[336 

-789:;* @C;A9I?8?=F* @8>SC?=F* L=;F=9:9* =BC7:?I* D8@8<?C@* :* 78L@8F9C7:C*

LC@CPC^C7:H* F* @C;A9I?8?C* ?CL9=FJD* L@=BC>>=F* L@:* O9:?C9I7=P* ?=@P=QC7::6*

b>?87=F9C7=, S?=* ?CL9=FJC* L@=BC>>J* ;8* >SC?* FJ>=<=E=* A@=F7G* 78L@GQC7:H* F*

O:><C L@:F=OG?* <* >PC^C7:a* =R=O8* <=9C>8* F* @8O:89I7=P* cAFC9:SC7:C* @8O:A>8*

<=9C>8d* :* =>CF=P* 78L@8F9C7:GD* c<* BC7?@A* =>:* <=9C>7=H* L8@Jd* <8<* L=<8;87=* 78*

@:>A7<C 4.8, 8.*R. &9COAC?*=?PC?:?I.*S?=*O9G*F:;A89:;8B::*D8@8<?C@8*LC@CPC^C7:H*

:D* ;78SC7:G.* L@CO>?8F9C77JC* 78* @:>A7<C* 4.8 AFC9:SC7J* F* 30 @8;. 'BC7<8*

L=9ASC77JD* @C;A9I?8?=F* L=<8;JF8C?.* S?=* D8@8<?C@* :* ;78SC7:G* LC@CPC^C7:H* F*

<=9C>C* L@:* O9:?C9I7=P* ?=@P=QC7::* >A^C>?FC77JP* =R@8;=P ;8F:>G?* =?*

<=7>?@A<B:: :* EC=PC?@:SC><:D* L8@8PC?@=F* [336* W8<>:P89I7JC LC@CPC^C7:G 

<=9C>8*>*L@GP=9:7CH7JP*O:><=P*F*=>CF=P*78L@8F9C7::*F*>?=@=7A*>C@CO:7J*=>:*

<=9C>7=H* L8@J* >=>?8F:9=* K,e5* PP* c@:>A7=<* 4.8, Ed.* 8* [33* >* <@:F=9:7CH7JP*

O:><=P* l 1,35 PP* c@:>A7=<  4.8, Fd6* (8<:P* =R@8;=P.* >APP8@7=C >PC^C7:C* OFAD*

<=9C>*=O7=H*<=9C>7=H*L8@J*>=>?8F9GC?j*O9G [33*>*L@GP=9:7CH7JP*O:><=P*l 5,22 

PP.*8* >*<@:F=9:7CH7JP*O:><=P*l 2,f*PP [83]. ! P=PC7?*=<=7S87:G O9:?C9I7=E=*

?=@P=QC7:G* OC_=@P8B::* BC9I7=<8?87=E=* <=9C>8* >* L@GP=9:7CH7JP* O:><=P F*

@8O:89I7=P* 78L@8F9C7::* >=>?8F:9:* 5,5r* PP.* 8* O9G* <=9C>8* >* <@:F=9:7CH7JP*

O:><=P*l 0,r5*PP [83]. 

(8<:P*=R@8;=P.*A>?87=F9C7=.*S?=*L@=?C<87:C*?CL9=FJD*:*OC_=@P8B:=77JD*

L@=BC>>=F F* [33* F* P=PC7?* =<=7S87:G* O9:?C9I7=E=* ?=@P=QC7:G* L@:F=OG?* <*

>PC^C7:a* =R=O8* <=9C>8* <* BC7?@A* =>:* <=9C>7=H* L8@J* :* AFC9:SC7:a* O:8PC?@8*
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<=9C>86* W8<>:P89I7JC* ;78SC7:G* LC@CPC^C7:H* =R=O8* >A^C>?FC77JP* =R@8;=P 

;8F:>G?* =?* <=7>?@A<B::* O:><8* <=9C>86* &APP8@7JC* LC@CPC^C7:G* =R=O8* <=9C>8* >*

L@GP=9:7CH7JP* O:><=P* L@CF=>D=OG?* 8789=E:S7JC* LC@CPC^C7:G* =R=O8* <=9C>8* >*

<@:F=9:7CH7JP*O:><=P6 

+C@CPC^C7:G* F* =>CF=P* 78L@8F9C7::* =R=O8* <=9C>8* L@:F=O:?* <* ?=PA.* S?=*

@8>>?=G7:C* PCQOA* F7A?@C77:P:* L=FC@D7=>?GP:* E@CR7CH* <=9C>* <=9C>7=H* L8@J*

APC7Ii8C?>G* >* 5``q* PP* 78* K.f* : 5,2 PP* O9G* <=9C>* >* <@:F=9:7CH7JP* :*

L@GP=9:7CH7JP* O:><8P:* >==?FC?>?FC77=6* ! >=SC?87::* >* Ai:@C7:CP* <=9C:, 

=>=RC77=*  F* <@:FJD* AS8>?<8D* LA?:* M?=* =<8;JF8C?* 7CE8?:F7=C F9:G7:C* 78*

RC;=L8>7=>?I*OF:QC7:G L=C;O=F [83]. 

,C;A9I?8?J* @8>SC?=F* @8>L@COC9C7:G* <=PL=7C7?=F* @8O:89I7JD.* =>CFJD* :*

=<@AQ7JD*78L@GQC7:H*F*BC9I7=<8?87JD*<=9C>8D*>*@8;9:S7=H*EC=PC?@:CH*O:><8*F*

P=PC7?* =<=7S87:G* O9:?C9I7=E=* ?=@P=QC7:G* 78* ;8?GQ7=P* >LA><C* F* ?CSC7:C*

1200 >C<A7O*L@CO>?8F9C7J*78*@:>A7<C* 4.9. 
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8d*[33*>*<@:F=9:7CH7=H*_=@P=H*O:><8p*Rd*[33*>*L@GP=9:7CH7=H*_=@P=H*O:><8p*Fd*F*

=R=OC*c<=9C>=*>*<@:F=9:7CH7JP*O:><=Pd.*F*PPp*Ed*F*=R=OC*c<=9C>=*>*L@GP=9:7CH7JP*

O:><=Pd.*F*PP 

,:>A7=<*4.8 - #C_=@P8B::*BC9I7=<8?87JD*<=9C>*F*@C;A9I?8?C*?CL9=FJD*78E@AQC7:H*L@:*

O9:?C9I7=P*@CQ:PC*?=@P=QC7:G.*AFC9:SC77JC*F*Nq*@8; 
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,:>A7=<*4.9 l ,8>L@COC9C7:C*78L@GQC7:H*F*L@GP=9:7CH7=P O:><C*<=9C>8*F*P=PC7?*

=<=7S87:G*O9:?C9I7=E=*?=@P=QC7:G 
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W8<>:P89I7JC* @8>?GE:F8a^:C* @8O:89I7JC* 78L@GQC7:G* F* P=PC7?*

=<=7S87:G* O9:?C9I7=E=* ?=@P=QC7:G* F* L@GP=9:7CH7=P* O:><C* <=9C>8* E@A;=F=E=*

F8E=78*_=@P:@Aa?>G* F* ;=78D*FC@D7CE=*F7A?@C77CE=*@8O:A>8* >=L@GQC7:G*O:><8* >*

=R=O=P*:*7:Q7CE=*78@AQ7=E=*@8O:A>8 >=L@GQC7:G*O:><8*>=*>?AL:BCH*:*78D=OG?>G*

78*A@=F7C*L9a>*`5T*W+8.*L@:SCP*F*M?:D*;=78D*F=;7:<8C?*?@CD=>7=C @8>?GQC7:C6*

'>CFJC* @8>?GE:F8a^:C* 78L@GQC7:G* 7C* L@CFJi8a?* Tq* W+86* W8<>:P89I7JC*

=<@AQ7JC*78L@GQC7:G*=R@8;Aa?>G* F*BC7?@89I7=H*S8>?:* F7Ci7CH* >?=@=7J*O:><8 

<=9C>8*:*O=>?:E8a?*L9a>*Ktq*W+86 +=9ASC77JC*@C;A9I?8?J*D=@=i=*<=@@C9:@Aa?*

>* O877JP:* @8;@AiC7:H* BC9I7=<8?87JD* <=9C>6* !* M<>L9A8?8B::.* <8<* L@8F:9=.*

?@C^:78* ;8@=QO8C?>G* 78* F7A?@C77CH* >?=@=7C* ;=7J*LC@CD=O8* =?* =R=O8* <* O:><A* >*

L=>9COAa^:P*@8;F:?:CP*F*=<@AQ7=P*78L@8F9C7::*:*=?<=9=P*=R=O8*<=9C>8 [81]. 

&?=:?*=?PC?:?I* ?=?*_8<?.* S?=*L@:=R=O78G* ;=78*<=9C>8* F*A>9=F:GD*@CP=7?8*

<=9C>7JD* L8@* L@=FC@GC?>G* L=FC@D7=>?7=H* F=97=H L@:* A>?87=F<C* F=97=F=E=*

L@C=R@8;=F8?C9G*78*F7A?@C77CH*L=FC@D7=>?:*O:><8 <=9C>86*(8<8G*>DCP8*<=7?@=9G*

7C* =RC>LCS:F8C?* =R78@AQC7:C* L@:L=FC@D7=>?7JD* OC_C<?=F.* L=><=9I<A*

L=FC@D7=>?78G*F=978*7C*@8>L@=>?@87GC?>G*78*R=9IiAa*E9AR:7A*o4]. 

dCX3%6=1<63A13G.-=93d 

1) ,C;A9I?8?J* <=PLIa?C@7=E=* P=OC9:@=F87:G* L=F?=@Ga^:D>G* M?8L=F*

?=@P=QC7:G* L@:* OF:QC7:: L=C;O8* L=<8;89:.* S?=* L@:* >=SC?87::* 78:R=9CC*

7CR98E=L@:G?7JD* _8<?=@=Fj ?=9^:78* =R=O8.* A<9=7* LA?:.* P8>>8* L=C;O8. 

P8<>:P89I7JC* ?CPLC@8?A@J* 78E@CF8* L=FC@D7=>?:* <=9C>8* P=EA?* L@CFJi8?I*

;78SC7:G*_8;=FJD*:* >?@A<?A@7JD* L@CF@8^C7:H.* L@:F=O:?I < LC@CD=OA*_C@@:?=-

BCPC7?:?7JD* >PC>CH* 78* L=FC@D7=>?:* <8?87:G* F* 8A>?C7:?6 +=* =<=7S87::*

?=@P=QC7:G* F>9CO>?F:C* :7?C7>:F7=E=* =D98QOC7:G* L=FC@D7=>?7JD* >9=CF* F*

@C;A9I?8?C*?CL9==?F=O8*F*=R=O*:*O:><*<=9C>8*F=;P=Q7=*=R@8;=F87:C* ;8<89=S7JD*

>?@A<?A@6* +@:* @C89:;8B::* L=>9COAa^:D* ?=@P=QC7:H.* <8<* L=<8;89:* @C;A9I?8?J*

P=OC9:@=F87:G.* 78E@CF* L=FC@D7=>?7JD* >9=CF* <=9C>8* =RC>LCS:F8C?* @8>L8O*

;8<89=S7JD* >?@A<?A@* 78 _C@@:?=-BCPC7?:?7JC* >PC>:* @8;9:S7=H* >?CLC7:*

O:>LC@>7=>?:6 (8<:P* =R@8;=P.* F* L@=BC>>C OF:QC7:G* L=C;O8* F* @C;A9I?8?C* M?8L=F*
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?=@P=QC7:G* F=;P=Q7=* <@8?<=F@CPC77=C* =R@8;=F87:C* ;8<89=S7JD* >?@A<?A@* >*
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(8R9:B8 -.1 - +8@8PC?@J ?=@P=QC7:G O9G SC?J@CD=>7JD F8E=7=F 78 @=9:<=FJD L=Oi:L7:<8D* 78* RC>?J<=F=P* LA?: 

c=>CF8G*78E@A;<8*R=9CC*e*?>d.*L=*_=@PA9C*:;*?8R9:BJ*3.1. 

V' )( K& )(* K* +o +x +ox ,R Q ! t2 S& V' 

120 0,232 2,4 0,251 2,216 2,72 8,06 2,93 998 4892 0,204 51,23 5,54 176,93 

110 0,236 2,4 0,255 2,216 2,45 7,20 2,63 998 4892 0,204 52,04 5,49 160,05 

100 0,240 2,4 0,259 2,216 2,19 6,41 2,36 998 4892 0,204 52,94 5,43 143,17 

90 0,245 2,4 0,264 2,216 1,96 5,69 2,10 998 4892 0,204 53,95 5,35 126,36 

80 0,250 2,4 0,270 2,216 1,75 5,04 1,87 998 4892 0,204 55,10 5,27 109,70 

70 0,256 2,4 0,276 2,216 1,55 4,46 1,67 998 4892 0,204 56,41 5,17 93,26 

60 0,263 2,4 0,284 2,216 1,38 3,95 1,48 998 4892 0,204 57,92 5,05 77,15 

50 0,271 2,4 0,293 2,216 1,23 3,51 1,32 998 4892 0,204 59,69 4,92 61,46 

40 0,280 2,4 0,303 2,216 1,11 3,14 1,19 998 4892 0,204 61,78 4,76 46,32 

30 0,291 2,4 0,315 2,216 1,00 2,84 1,07 998 4892 0,204 64,28 4,59 31,88 

20 0,305 2,4 0,330 2,216 0,92 2,61 0,98 998 4892 0,204 67,34 4,39 18,29 

10 0,323 2,4 0,349 2,216 0,85 2,45 0,91 998 4892 0,204 71,17 4,16 5,78 

            
60,1 1050,35 
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(8R9:B8*-.2 - +8@8PC?@J*?CL9=F9=QC7:H*O9G*SC?J@CD=>7JD*F8E=7=F*78*@=9:<=FJD*L=Oi:L7:<8D*78*RC>?J<=F=P*LA?: 

c=>CF8G*78E@A;<8*R=9CC*e*?>d.*L=*_=@PA9C*:;*?8R9:BJ* 3.1 

V t(V) t' t( ES-.(TB U&-.A qF0* 

120 5,5 0 5,6 8341,0 176,93 74,83 

110 5,5 5,5 11,1 7615,7 160,05 68,96 

100 5,4 11,0 16,6 6890,4 143,17 63,10 

90 5,4 16,5 21,9 6165,1 126,36 57,24 

80 5,3 21,8 27,2 5439,8 109,70 51,33 

70 5,2 27,1 32,3 4714,5 93,26 45,35 

60 5,0 32,2 37,4 3989,2 77,15 39,25 

50 4,9 37,3 42,3 3263,9 61,46 32,98 

40 4,8 42,2 47,1 2538,6 46,32 26,47 

30 4,6 47,0 51,7 1813,3 31,88 19,63 

20 4,4 51,6 56,0 1088,0 18,29 12,31 

10 4,2 55,9 60,2 362,7 5,78 4,33 

    60,1     1050,35   
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(8R9:B8*-6N*- +8@8PC?@J*?=@P=QC7:G*O9G*L=@=Q7:D*SC?J@CD=>7JD*F8E=7=F*78*@=9:<=FJD*L=Oi:L7:<8D*78*;FC7ICF=P 

LA?: c=>CF8G*78E@A;<8 v*e*?>d.*L=*_=@PA9C*:;*?8R9:BJ*3.1 

V' )( K& )(* K* +o +x +ox ,R Q ! t2 S& 

120 0,274 0,82 0,251 0,895 9,23 8,06 9,07 470 1392 0,338 3,20 102,15 

110 0,279 0,82 0,255 0,895 8,27 7,20 8,12 470 1392 0,338 3,18 92,89 

100 0,284 0,82 0,259 0,895 7,35 6,41 7,22 470 1392 0,338 3,17 83,52 

90 0,289 0,82 0,264 0,895 6,47 5,69 6,37 470 1392 0,338 3,14 74,09 

80 0,295 0,82 0,270 0,895 5,65 5,04 5,57 470 1392 0,338 3,10 64,63 

70 0,302 0,82 0,276 0,895 4,87 4,46 4,82 470 1392 0,338 3,06 55,20 

60 0,310 0,82 0,284 0,895 4,15 3,95 4,12 470 1392 0,338 3,00 45,86 

50 0,320 0,82 0,293 0,895 3,47 3,51 3,47 470 1392 0,338 2,94 36,69 

40 0,331 0,82 0,303 0,895 2,83 3,14 2,88 470 1392 0,338 2,86 27,76 

30 0,344 0,82 0,315 0,895 2,25 2,84 2,33 470 1392 0,338 2,76 19,17 

20 0,361 0,82 0,330 0,895 1,71 2,61 1,84 470 1392 0,338 2,65 11,04 

10 0,381 0,82 0,349 0,895 1,23 2,45 1,40 470 1392 0,338 2,52 3,50 

           
35,6 616,51 
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(8R9:B8* -.4 - +8@8PC?@J* ?CL9=F9=QC7:H* O9G* L=@=Q7:D* SC?J@CD=>7JD* F8E=7=F* 78* @=9:<=FJD* L=Oi:L7:<8D* 78*

;FC7ICF=P LA?: c=>CF8G*78E@A;<8 v  e*?>d.*L=*_=@PA9C*:;*?8R9:BJ*3.1 

V t(V) t' t( ES-.(TB U&-.A qF0* 

120 3,2 0 3,3 2129,6 102,15 33,09 

110 3,2 3,2 6,5 1944,4 92,89 30,33 

100 3,2 6,4 9,6 1759,3 83,52 27,62 

90 3,1 9,5 12,8 1574,1 74,09 24,92 

80 3,1 12,7 15,9 1388,9 64,63 22,25 

70 3,1 15,8 18,9 1203,7 55,20 19,56 

60 3,0 18,8 21,9 1018,5 45,86 16,86 

50 2,9 21,8 24,9 833,3 36,69 14,11 

40 2,9 24,8 27,7 648,1 27,76 11,28 

30 2,8 27,6 30,5 463,0 19,17 8,33 

20 2,6 30,4 33,1 277,8 11,04 5,21 

10 2,5 33,0 35,7 92,6 3,50 1,83 

    35,6     616,51   
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(8R9:B8*-.5 - +8@8PC?@J*?=@P=QC7:G*O9G*L=@=Q7:D*SC?J@CD=>7JD*F8E=7=F*78*@=9:<=FJD*L=Oi:L7:<8D*78*RC>>?J<=F=P 

LA?: c=>CF8G*78E@A;<8 v e*?>d.*L=*_=@PA9C*:;*?8R9:BJ*3.1 

V' )( K& )(* K* +o +x +ox ,R Q ! t2 S& 

120 0,274 0,82 0,251 0,895 7,95 8,06 7,96 470 1392 0,338 3,24 103,37 

110 0,279 0,82 0,255 0,895 7,17 7,20 7,18 470 1392 0,338 3,22 93,83 

100 0,284 0,82 0,259 0,895 6,43 6,41 6,43 470 1392 0,338 3,19 84,22 

90 0,289 0,82 0,264 0,895 5,73 5,69 5,72 470 1392 0,338 3,16 74,59 

80 0,295 0,82 0,270 0,895 5,05 5,04 5,05 470 1392 0,338 3,12 64,98 

70 0,302 0,82 0,276 0,895 4,41 4,46 4,41 470 1392 0,338 3,07 55,43 

60 0,310 0,82 0,284 0,895 3,79 3,95 3,82 470 1392 0,338 3,01 46,00 

50 0,320 0,82 0,293 0,895 3,21 3,51 3,26 470 1392 0,338 2,94 36,77 

40 0,331 0,82 0,303 0,895 2,67 3,14 2,73 470 1392 0,338 2,86 27,80 

30 0,344 0,82 0,315 0,895 2,15 2,84 2,25 470 1392 0,338 2,76 19,19 

20 0,361 0,82 0,330 0,895 1,67 2,61 1,80 470 1392 0,338 2,65 11,04 

10 0,381 0,82 0,349 0,895 1,21 2,45 1,39 470 1392 0,338 2,52 3,50 

           
35,7 620,72 
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(8R9:B8* -.6 - +8@8PC?@J* ?CL9=F9=QC7:H* O9G* L=@=Q7:D* SC?J@CD=>7JD* F8E=7=F* 78* @=9:<=FJD* L=Oi:L7:<8D* 78*

RC>>?J<=F=P LA?: c=>CF8G*78E@A;<8 v 6 ?>d.*L=*_=@PA9C*:;*?8R9:BJ* 3.1 

V t(V) t' t( ES-.(TB U&-.A qF0* 

120 3,2 0 3,3 2129,6 103,37 32,70 

110 3,2 3,2 6,6 1944,4 93,83 30,03 

100 3,2 6,5 9,7 1759,3 84,22 27,39 

90 3,2 9,6 12,9 1574,1 74,59 24,76 

80 3,1 12,8 16,0 1388,9 64,98 22,13 

70 3,1 15,9 19,1 1203,7 55,43 19,48 

60 3,0 19,0 22,1 1018,5 46,00 16,81 

50 2,9 22,0 25,0 833,3 36,77 14,08 

40 2,9 24,9 27,9 648,1 27,80 11,26 

30 2,8 27,8 30,7 463,0 19,19 8,33 

20 2,7 30,6 33,3 277,8 11,04 5,21 

10 2,5 33,2 35,8 92,6 3,50 1,83 

    35,7     620,72   
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?N(#![&'(&3O 

?$N$F&HNZ3H&?#!%#![&'(Q3)#M3N$P#(S'Z\3P'$S&'(Q3bR#!'$3?bH( 
(8R9:B8*/65*l #9G*A<9=78*LA?:*- Kq*�*cSO�5eKt6r*P.*h=-NK6Tf*Pd 

V t(V) t' t( ES-.(TB U&-.A V-.A EW-.(TB qF0* 

120 8,9 0 9,0 8341,0 283,12 -5,66 5218,8 76,02 

110 8,7 8,9 17,7 7615,7 254,33 -5,09 4688,1 70,11 

100 8,6 17,6 26,2 6890,4 225,72 -4,51 4160,7 64,19 

90 8,4 26,1 34,6 6165,1 197,45 -3,95 3639,6 58,25 

80 8,1 34,5 42,7 5439,8 169,71 -3,39 3128,2 52,26 

70 7,9 42,6 50,6 4714,5 142,67 -2,85 2629,8 46,18 

60 7,6 50,5 58,3 3989,2 116,55 -2,33 2148,4 39,97 

50 7,3 58,2 65,6 3263,9 91,56 -1,83 1687,8 33,59 

40 7,0 65,5 72,6 2538,6 67,95 -1,36 1252,5 26,95 

30 6,6 72,5 79,2 1813,3 45,96 -0,92 847,1 19,97 

20 6,2 79,1 85,4 1088,0 25,87 -0,52 476,9 12,52 

10 5,8 85,3 91,2 362,7 8,00 -0,16 147,5 4,40 

    91,1     1628,90  -32,57     

 

 



 

  

1
8
5
 

 

(8R9:B8*/6K*l #9G*A<9=78*LA?:*- 15 �*cSO=1433.0r*P.*h=-21,49 P) 

V t(V) t' t( ES-.(TB U&-.A V-.A EW-.(TB qF0* 

120 7,7 0 7,8 8341,0 246,68 -3,70 3410,6 75,61 

110 7,6 7,7 15,4 7615,7 222,06 -3,33 3070,2 69,74 

100 7,5 15,3 22,9 6890,4 197,56 -2,96 2731,4 63,86 

90 7,3 22,8 30,3 6165,1 173,30 -2,60 2396,0 57,95 

80 7,2 30,2 37,4 5439,8 149,42 -2,24 2065,9 52,00 

70 7,0 37,3 44,4 4714,5 126,07 -1,89 1743,0 45,95 

60 6,8 44,3 51,2 3989,2 103,40 -1,55 1429,6 39,78 

50 6,5 51,1 57,7 3263,9 81,60 -1,22 1128,2 33,43 

40 6,3 57,6 64,0 2538,6 60,86 -0,91 841,4 26,83 

30 6,0 63,9 69,9 1813,3 41,39 -0,62 572,3 19,89 

20 5,6 69,8 75,6 1088,0 23,45 -0,35 324,2 12,47 

10 5,3 75,5 80,8 362,7 7,30 -0,11 100,9 4,38 

    80,7     1433,09 -21,49     
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(8R9:B8*/6N*l #9G*A<9=78*LA?:**- 10 �*cSO=1279.48 P.*h=-12,79 Pd 

V t(V) t' t( ES-.(TB U&-.A V-.A EW-.(TB qF0* 

120 6,8 0 6,9 8341,0 218,55 -2,19 2014,6 75,21 

110 6,8 6,8 13,7 7615,7 197,06 -1,97 1816,4 69,37 

100 6,7 13,6 20,4 6890,4 175,64 -1,76 1619,0 63,52 

90 6,5 20,3 26,9 6165,1 154,41 -1,54 1423,3 57,65 

80 6,4 26,8 33,3 5439,8 133,47 -1,33 1230,3 51,73 

70 6,3 33,2 39,6 4714,5 112,93 -1,13 1040,9 45,72 

60 6,1 39,5 45,6 3989,2 92,92 -0,93 856,5 39,59 

50 5,9 45,5 51,5 3263,9 73,59 -0,74 678,4 33,27 

40 5,7 51,4 57,2 2538,6 55,11 -0,55 508,0 26,70 

30 5,4 57,1 62,6 1813,3 37,65 -0,38 347,1 19,80 

20 5,1 62,5 67,8 1088,0 21,44 -0,21 197,6 12,42 

10 4,8 67,7 72,6 362,7 6,71 -0,07 61,9 4,36 

    72,5     1279,48 -12,79     
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(8R9:B8*/6`*l #9G*A<9=78*LA?:*- 5 �*cSO=1155.72 P.*h=-5,78 Pd6 

V t(V) t' t( ES-.(TB U&-.A V-.A EW-.(TB qF0* 

120 6,1 0 6,2 8341,0 196,18 -0,98 904,2 74,80 

110 6,1 6,1 12,3 7615,7 177,11 -0,89 816,3 68,99 

100 6,0 12,2 18,3 6890,4 158,10 -0,79 728,7 63,19 

90 5,9 18,2 24,2 6165,1 139,23 -0,70 641,7 57,35 

80 5,8 24,1 30,0 5439,8 120,59 -0,60 555,8 51,47 

70 5,7 29,9 35,7 4714,5 102,27 -0,51 471,4 45,49 

60 5,5 35,6 41,2 3989,2 84,37 -0,42 388,9 39,39 

50 5,4 41,1 46,5 3263,9 67,02 -0,34 308,9 33,11 

40 5,2 46,4 51,7 2538,6 50,35 -0,25 232,1 26,58 

30 5,0 51,6 56,7 1813,3 34,53 -0,17 159,2 19,71 

20 4,7 56,6 61,4 1088,0 19,74 -0,10 91,0 12,36 

10 4,5 61,3 65,9 362,7 6,21 -0,03 28,6 4,35 

    65,8     1155,72 -5,78     
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(8R9:B8*/6T*l #9G*A<9=78*LA?:**0 �*cSO=1053.85 P.*h=0 Pd 

V t(V) t' t( ES-.(TB U&-.A V-.A EW-.(TB qF0* 

120 5,6 0 5,7 8341,0 177,97 0,00 0,0 74,39 

110 5,5 5,6 11,2 7615,7 160,83 0,00 0,0 68,62 

100 5,4 11,1 16,6 6890,4 143,75 0,00 0,0 62,85 

90 5,4 16,5 22,0 6165,1 126,77 0,00 0,0 57,05 

80 5,3 21,9 27,3 5439,8 109,98 0,00 0,0 51,20 

70 5,2 27,2 32,5 4714,5 93,45 0,00 0,0 45,26 

60 5,1 32,4 37,5 3989,2 77,26 0,00 0,0 39,20 

50 4,9 37,4 42,4 3263,9 61,52 0,00 0,0 32,95 

40 4,8 42,3 47,2 2538,6 46,35 0,00 0,0 26,46 

30 4,6 47,1 51,8 1813,3 31,89 0,00 0,0 19,62 

20 4,4 51,7 56,2 1088,0 18,30 0,00 0,0 12,31 

10 4,2 56,1 60,3 362,7 5,78 0,00 0,0 4,33 

    60,2     1053,85 0,00     
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(8R9:B8*/6e*l #9G*A<9=78*LA?:*5 �*cSO=968.53 P.*h=4.84 Pd 

V t(V) t' t( ES-.(TB U&-.A V-.A EW-.(TB qF0* 

120 5,1 0 5,2 8341,0 162,85 0,81 -750,6 73,98 

110 5,1 5,1 10,2 7615,7 147,30 0,74 -678,9 68,25 

100 5,0 10,1 15,2 6890,4 131,78 0,66 -607,4 62,51 

90 4,9 15,1 20,2 6165,1 116,36 0,58 -536,3 56,75 

80 4,9 20,1 25,0 5439,8 101,09 0,51 -465,9 50,93 

70 4,8 24,9 29,8 4714,5 86,03 0,43 -396,5 45,03 

60 4,7 29,7 34,5 3989,2 71,25 0,36 -328,4 39,00 

50 4,5 34,4 39,0 3263,9 56,86 0,28 -262,1 32,79 

40 4,4 38,9 43,4 2538,6 42,94 0,21 -197,9 26,33 

30 4,3 43,3 47,7 1813,3 29,62 0,15 -136,5 19,53 

20 4,1 47,6 51,8 1088,0 17,05 0,09 -78,6 12,26 

10 3,9 51,7 55,7 362,7 5,41 0,03 -24,9 4,31 

    55,6     968,53 4,84     

 

  



 

  

1
9
0
 

(8R9:B8*/6f*l #9G*A<9=78*LA?:*10 �*cSO=896.02 P.*h=8.96 Pd 

V t(V) t' t( ES-.(TB U&-.A V-.A EW-.(TB qF0* 

120 4,7 0 4,8 8341,0 150,09 1,50 -1383,5 73,57 

110 4,7 4,7 9,5 7615,7 135,86 1,36 -1252,3 67,88 

100 4,6 9,4 14,1 6890,4 121,66 1,22 -1121,4 62,17 

90 4,6 14,0 18,6 6165,1 107,53 1,08 -991,2 56,45 

80 4,5 18,5 23,1 5439,8 93,52 0,94 -862,1 50,67 

70 4,4 23,0 27,5 4714,5 79,70 0,80 -734,6 44,80 

60 4,3 27,4 31,9 3989,2 66,11 0,66 -609,4 38,81 

50 4,2 31,8 36,1 3263,9 52,85 0,53 -487,2 32,63 

40 4,1 36,0 40,2 2538,6 40,00 0,40 -368,7 26,21 

30 4,0 40,1 44,2 1813,3 27,66 0,28 -254,9 19,44 

20 3,8 44,1 48,0 1088,0 15,96 0,16 -147,1 12,20 

10 3,7 47,9 51,7 362,7 5,08 0,05 -46,8 4,29 

    51,6     896,02 8,96     
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(8R9:B8*/6t*l #9G*A<9=78*LA?:*15 �*cSO=833.63 P.*h=12.5 Pd 

V t(V) t' t( ES-.(TB U&-.A V-.A EW-.(TB qF0* 

120 4,4 0 4,5 8341,0 139,19 2,09 -1924,5 73,17 

110 4,3 4,4 8,8 7615,7 126,07 1,89 -1743,1 67,50 

100 4,3 8,7 13,1 6890,4 112,98 1,69 -1562,0 61,84 

90 4,2 13,0 17,3 6165,1 99,94 1,50 -1381,8 56,15 

80 4,2 17,2 21,5 5439,8 87,01 1,31 -1203,0 50,40 

70 4,1 21,4 25,6 4714,5 74,24 1,11 -1026,4 44,57 

60 4,0 25,5 29,6 3989,2 61,67 0,92 -852,6 38,61 

50 3,9 29,5 33,6 3263,9 49,37 0,74 -682,6 32,47 

40 3,8 33,5 37,4 2538,6 37,43 0,56 -517,5 26,08 

30 3,7 37,3 41,2 1813,3 25,93 0,39 -358,6 19,35 

20 3,6 41,1 44,8 1088,0 15,00 0,23 -207,4 12,15 

10 3,4 44,7 48,2 362,7 4,78 0,07 -66,2 4,28 

    48,1     833,63 12,50     
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(8R9:B8*/6r*l #9G*A<9=78*LA?:*20 �*cSO=779.37 P.*h=15.59 Pd 

V t(V) t' t( ES-.(TB S&-.A V-.A EW-.(TB q20* 

120 4,1 0 4,2 8341,0 129,77 2,59 -2392,0 72,76 

110 4,0 4,1 8,2 7615,7 117,60 2,35 -2167,7 67,13 

100 4,0 8,1 12,2 6890,4 105,45 2,11 -1943,8 61,50 

90 4,0 12,1 16,1 6165,1 93,36 1,87 -1720,8 55,85 

80 3,9 16,0 20,0 5439,8 81,35 1,63 -1499,5 50,14 

70 3,8 19,9 23,9 4714,5 69,47 1,39 -1280,6 44,34 

60 3,8 23,8 27,7 3989,2 57,78 1,16 -1065,0 38,42 

50 3,7 27,6 31,4 3263,9 46,32 0,93 -853,8 32,31 

40 3,6 31,3 35,0 2538,6 35,17 0,70 -648,3 25,96 

30 3,5 34,9 38,5 1813,3 24,41 0,49 -450,0 19,27 

20 3,4 38,4 41,9 1088,0 14,15 0,28 -260,9 12,10 

10 3,3 41,8 45,2 362,7 4,52 0,09 -83,4 4,26 

    45,1     779,37 15,58     
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?N(#![&'(&3% 

N$@S&H3)&Q@H%(H&#f'!"!3H!NF!P'!"!3?bH(3(3]$RH(S&@R!"!3%N&F&'(3H!NF![&'(M3%3
P$%(@(F!@H(3!H3N&[(F$3H!NF![&'(M 

(8R9:B8*!65*- +@:*L=97=P*>9AQCR7=P*?=@P=QC7::*c7=@P8?:F7JH*?=@P=;7=H*<=M__:B:C7?*>=>?8F:9 Õ½=0,163). 

V' )( K& )(* K* +o +x +ox ,R Q ! b# t2 S& 

120 0,232 2,4 0,251 2,216 2,39 8,06 2,62 998 4892 0,163 40,99 6,88 219,79 

110 0,236 2,4 0,255 2,216 2,17 7,20 2,37 998 4892 0,163 41,63 6,82 198,88 

100 0,240 2,4 0,259 2,216 1,96 6,41 2,13 998 4892 0,163 42,35 6,74 177,96 

90 0,245 2,4 0,264 2,216 1,77 5,69 1,92 998 4892 0,163 43,16 6,65 157,12 

80 0,250 2,4 0,270 2,216 1,59 5,04 1,73 998 4892 0,163 44,08 6,55 136,44 

70 0,256 2,4 0,276 2,216 1,44 4,46 1,55 998 4892 0,163 45,13 6,43 116,03 

60 0,263 2,4 0,284 2,216 1,30 3,95 1,40 998 4892 0,163 46,34 6,28 96,01 

50 0,271 2,4 0,293 2,216 1,17 3,51 1,26 998 4892 0,163 47,75 6,12 76,50 

40 0,280 2,4 0,303 2,216 1,07 3,14 1,15 998 4892 0,163 49,42 5,93 57,68 

30 0,291 2,4 0,315 2,216 0,98 2,84 1,05 998 4892 0,163 51,43 5,72 39,70 

20 0,305 2,4 0,330 2,216 0,90 2,61 0,97 998 4892 0,163 53,87 5,47 22,79 

10 0,323 2,4 0,349 2,216 0,85 2,45 0,91 998 4892 0,163 56,94 5,19 7,20 

            
74,8 1306,10 

S=SO�S?�5Nqf�NN`�5e`5*P6 
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(8R9:B8*!6K*- +@:*LC@F=H*>?ALC7:*c7=@P8?:F7JH*?=@P=;7=H*<=M__:B:C7?*>=>?8F:9 Õ½=0,061). 

V' )( K& )(* K* +o +x +ox ,R Q ! b# t2 S& 

120 0,232 2,4 0,251 2,216 2,39 8,06 2,62 998 4892 0,061 15,37 16,68 532,82 

110 0,236 2,4 0,255 2,216 2,17 7,20 2,37 998 4892 0,061 15,61 16,69 486,73 

100 0,240 2,4 0,259 2,216 1,96 6,41 2,13 998 4892 0,061 15,88 16,65 439,43 

90 0,245 2,4 0,264 2,216 1,77 5,69 1,92 998 4892 0,061 16,19 16,57 391,18 

80 0,250 2,4 0,270 2,216 1,59 5,04 1,73 998 4892 0,061 16,53 16,43 342,30 

70 0,256 2,4 0,276 2,216 1,44 4,46 1,55 998 4892 0,061 16,92 16,24 293,14 

60 0,263 2,4 0,284 2,216 1,30 3,95 1,40 998 4892 0,061 17,38 15,98 244,09 

50 0,271 2,4 0,293 2,216 1,17 3,51 1,26 998 4892 0,061 17,91 15,65 195,60 

40 0,280 2,4 0,303 2,216 1,07 3,14 1,15 998 4892 0,061 18,53 15,24 148,20 

30 0,291 2,4 0,315 2,216 0,98 2,84 1,05 998 4892 0,061 19,28 14,75 102,45 

20 0,305 2,4 0,330 2,216 0,90 2,61 0,97 998 4892 0,061 20,20 14,17 59,03 

10 0,323 2,4 0,349 2,216 0,85 2,45 0,91 998 4892 0,061 21,35 13,48 18,72 

            
188,5 3253,69 

S=SO�S?�NKT`�NN`�NTtt*P6 
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(8R9:B8*!6N*- +@:*F?=@=H*>?ALC7:*c7=@P8?:F7JH*?=@P=;7=H*<=M__:B:C7?*>=>?8F:9 Õ½=0,102). 

V' )( K& )(* K* +o +x +ox ,R Q ! b# t2 S& 

120 0,232 2,4 0,251 2,216 2,39 8,06 2,62 998 4892 0,102 25,62 10,63 339,44 

110 0,236 2,4 0,255 2,216 2,17 7,20 2,37 998 4892 0,102 26,02 10,57 308,26 

100 0,240 2,4 0,259 2,216 1,96 6,41 2,13 998 4892 0,102 26,47 10,49 276,77 

90 0,245 2,4 0,264 2,216 1,77 5,69 1,92 998 4892 0,102 26,98 10,38 245,12 

80 0,250 2,4 0,270 2,216 1,59 5,04 1,73 998 4892 0,102 27,55 10,25 213,47 

70 0,256 2,4 0,276 2,216 1,44 4,46 1,55 998 4892 0,102 28,21 10,08 182,01 

60 0,263 2,4 0,284 2,216 1,30 3,95 1,40 998 4892 0,102 28,96 9,88 150,95 

50 0,271 2,4 0,293 2,216 1,17 3,51 1,26 998 4892 0,102 29,85 9,64 120,54 

40 0,280 2,4 0,303 2,216 1,07 3,14 1,15 998 4892 0,102 30,89 9,36 91,04 

30 0,291 2,4 0,315 2,216 0,98 2,84 1,05 998 4892 0,102 32,14 9,04 62,77 

20 0,305 2,4 0,330 2,216 0,90 2,61 0,97 998 4892 0,102 33,67 8,66 36,08 

10 0,323 2,4 0,349 2,216 0,85 2,45 0,91 998 4892 0,102 35,58 8,22 11,42 

            
117,2 2037,88 

S=SO�S?�KqNt�NN`�KNfK*P6 
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(8R9:B8*!6`*- +@:*?@C?ICH*>?ALC7:*c7=@P8?:F7JH*?=@P=;7=H*<=M__:B:C7?*>=>?8F:9*Õ½=0,143). 

V' )( K& )(* K* +o +x +ox ,R Q ! b# t2 S& 

120 0,232 2,4 0,251 2,216 2,39 8,06 2,62 998 4892 0,143 35,86 7,80 249,05 

110 0,236 2,4 0,255 2,216 2,17 7,20 2,37 998 4892 0,143 36,43 7,73 225,56 

100 0,240 2,4 0,259 2,216 1,96 6,41 2,13 998 4892 0,143 37,06 7,65 202,00 

90 0,245 2,4 0,264 2,216 1,77 5,69 1,92 998 4892 0,143 37,77 7,56 178,48 

80 0,250 2,4 0,270 2,216 1,59 5,04 1,73 998 4892 0,143 38,57 7,44 155,09 

70 0,256 2,4 0,276 2,216 1,44 4,46 1,55 998 4892 0,143 39,49 7,31 131,98 

60 0,263 2,4 0,284 2,216 1,30 3,95 1,40 998 4892 0,143 40,55 7,15 109,26 

50 0,271 2,4 0,293 2,216 1,17 3,51 1,26 998 4892 0,143 41,78 6,97 87,11 

40 0,280 2,4 0,303 2,216 1,07 3,14 1,15 998 4892 0,143 43,24 6,76 65,70 

30 0,291 2,4 0,315 2,216 0,98 2,84 1,05 998 4892 0,143 45,00 6,52 45,24 

20 0,305 2,4 0,330 2,216 0,90 2,61 0,97 998 4892 0,143 47,14 6,24 25,98 

10 0,323 2,4 0,349 2,216 0,85 2,45 0,91 998 4892 0,143 49,82 5,91 8,21 

            
85,0 1483,68 

S=SO�S?�5`t`�NN`�5t5t*P6 


