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�=>B0FVS. �=0;V7 70AB>AC20==S 2V9AP:>28E D>@<C20=P 0@B8;5@VW ?>:0702, I> C ?@0:B8FV 
2545==S 1>9>28E 4V9 0@B8;5@V9AP:8<8 ?V4@>74V;0<8 ?V4 G0A 2>3=52>W ?V4B@8<:8 2 
=0ABC?0;P=><C 1>R 28=8:;0 AC?5@5G=VABP 70 G8==8:>< G0AC. � >4=>3> 1>:C, VA=Cє ?>B@510 
2 <0:A8<V70FVW B@820;>ABV 2>3=52>3> =0;P>BC 4;S 4>AS3=5==S ?;0=>20=>W 
@57C;PB0B82=>ABV 2>3=52>W ?V4B@8<:8 2 =0ABC?0;P=8E 4VSE, 0 7 V=H>3> 3 2 <V=V<V70FVW 
?5@51C20==S 0@B8;5@V9AP:8E ?V4@>74V;V2 =0 70:@8B8E 2>3=528E ?>78FVSE ?VA;S 2V4:@8BBS 
2>3=R 2 E>4V 28:>=0==S 70240=P 7 2>3=52>W ?V4B@8<:8. "4=8< V7 :;RG>28E <5B>4V2 
28@VH5==S FVєW AC?5@5G=>ABV 2 B5>@VW 2V9AP:>2>3> C?@02;V==S є 0=0;VB8:>-AB>E0AB8G=5 
<>45;R20==S 7 28:>@8AB0==S< B5>@VW <0@:>2AP:8E 28?04:>28E ?@>F5AV2 V7 157?5@5@2=8< 
G0A><. ' AB0BBV C4>A:>=0;5=> <5B>48:C >FV=R20==S 682CG>ABV 0@B8;5@V9AP:8E 
?V4@>74V;V2. �0 >A=>2C C4>A:>=0;5==S >1@0=> <5B>48 ?@>3=>7C20==S ?>:07=8:V2 
682CG>ABV 0@B8;5@V9AP:8E ?V4@>74V;V2, I> A?8@0RBPAS <5B>4 <>45;R20==S 70 AE5<>R 
<0@:>2AP:8E ?@>F5AV2, 0 B0:>6 2V4><V 70;56=>ABV C B5>@VW AB@V;P18 =075<=>W 0@B8;5@VW. 
�06;82>R 4;S ?@0:B8:8 є <>6;82VABP 70AB>AC20==S 70?@>?>=>20=>W C4>A:>=0;5=>W 
<5B>48:8 4;S >1�@C=BC20==S @5:><5=40FV9 I>4> 70157?5G5==S 682CG>ABV 
0@B8;5@V9AP:8E ?V4@>74V;V2 ?V4 G0A 2545==S =0ABC?0;P=>3> 1>R. 
�;RG>2V A;>20: <5B>48:0, 682CGVABP, 0@B8;5@V9AP:89 ?V4@>74V;, =0ABC?0;P=89 1V9. 
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EFD<@G64AAS L<DB>B@4ELF45ABW ;5DB=ABW 47D9EVW $BEV=EP>BW (989D4JVW 
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;4?<L4RFPES є8<A<@ 6V=EP>B6<@ HBD@G64AAS@ (84?V 3 �(), ;84FA<@ 
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5BR ;A4KABR @VDBR ;4?9:4F<@9 6V8 D9;G?PF4F<6ABEFV �7# [16]. ' E6BR K9D7G, 
D9;G?PF4F< 4A4?V;G ;8B5GF<I GDB>V6 6989AAS 5B=B6<I 8V= 4DF<?9DVW CV8 K4E 6V8EVKV 
F4 EFD<@G64AAS L<DB>B@4ELF45ABW ;5DB=ABW 47D9EVW $( CDBF< '>D4WA< 
CB>4;4?<, MB 8BES7A9AAS D9;G?PF4F<6ABEFV 6989AAS 5B=B6<I 8V= �# A9@B:?<69 
59; ;459;C9K9AAS WI :<6GKBEFV [17]. 

#BEF4AB6>4 CDB5?9@<. !4 BEAB6V ;8B5GF<I GDB>V6 6989AAS 5B=B6<I 8V= 
4DF<?9DVW 6<S6?9AB, MB A4 J9= K4E G CD4>F<JV GCD46?VAAS �# 6 4EC9>FV 6989AAS 
A<@< 5B=B6<I 8V= G EGK4EA<I G@B64I F4 A4 C9DEC9>F<6G 8B 2030 DB>G 6<A<>?4 
EGC9D9KAVEFP @V: 6<@B7BR 59;C9D9D6ABW �7# 5B=B6<I CV8DB;8V?V6 G 
A4EFGC4?PAB@G 5BR F4 A9B5IV8AVEFR CBEFV=AB7B @4A96DG64AAS 8?S 
;459;C9K9AAS CBFDV5AB7B DV6AS WI :<6GKBEFV ;4 K<AA<>B@ K4EG [17320]. "F:9, ; 
B8AB7B 5B>G, VEAGє CBFD954 G @4>E<@V;4JVW FD<64?BEFV 6B7A96B7B A4?PBFG 8?S 
8BES7A9AAS C?4AB64ABW D9;G?PF4F<6ABEFV �7# G A4EFGC4?PAB@G 5BR, 4 ; 
VALB7B 3 @VAV@V;4JVW C9D95G64AAS �# A4 ;4>D<F<I 6B7A96<I CB;<JVSI (84?V 3 ��#) 
CVE?S 6V8>D<FFS 6B7AR 6 IB8V 6<>BA4AAS ;4684AP �7#. 

�4;A4K9A9 ;G@B6?Rє A9B5IV8AVEFP B5�DGAFG64AAS D9>B@9A84JV=, 
6CDB648:9AAS S><I 84EFP ;@B7G ;459;C9K<F< :<6GKVEFP �# 8B CBFDV5AB7B DV6AS 
CV8 K4E 6989AAS A<@< 5B=B6<I 8V= G A4EFGC4?PAB@G 5BR F4 D9;G?PF4F<6AVEFP 
C9D@4A9AFABW �7#. �64:4є@B, MB F4>9 B5�DGAFG64AAS EF4A9 @B:?<6<@ ?<L9 ;4 
A4S6ABEFV 6V8CB6V8AB7B A4G>B6B-@9FB8<KAB7B 4C4D4FG. 

�A4?V; BEF4AAVI 8BE?V8:9AP V CG5?V>4JV=. !4 J9= K4E VEAGRFP A4G>B6V 
CD4JV [17336], 46FBD< S><I 8BE?V8<?< :<6GKVEFP E>?48A<I E<EF9@ 6V=EP>B6B7B 
CD<;A4K9AAS (84?V 3 %%�#) G DV;A<I HBD@4I 6989AAS 6BєAA<I 8V=. �B8ABK4E 
4A4?V; F9BD9F<KA<I 8BE?V8:9AP, G S><I ;4CBK4F>B64AB 6<S6?9AAS 
CD<K<AAB-A4E?V8>B6<I ;69S;>V6 G IB8V 6989AAS 6BєAA<I 8V= F4 6<;A4K9AAS WI 
6C?<6G A4 :<6GKVEFP D4>9FA<I F4 4DF<?9DV=EP><I CV8DB;8V?V6 G A4EFGC4?PA<I 
8VSI [17320], CB>4;46, MB B5�DGAFB6G64F< D9>B@9A84JVW F4 CBDV6AR64F< CD<=ASFV 
DVL9AAS EFBEB6AB ;459;C9K9AAS :<6GKBEFV �( D4>9FA<I 6V=EP> V 4DF<?9DVW G 
JV?B@G F4 �# ;B>D9@4 8BJV?PAB ;4 8BCB@B7BR @9FB8G @B89?R64AAS ;4 EI9@BR 
@4D>B6EP><I 6<C48>B6<I CDBJ9EV6. ' IB8V 4A4?V;G @B89?9=, DB;DB5?9A<I ;4 
EI9@BR @4D>B6EP><I 6<C48>B6<I CDBJ9EV6, 6<S6?9AB ;A4KAV 8BES7A9AAS 6 
BJVAR64AV :<6GKBEFV �# G A4EFGC4?PA<I 8VSI. "8A4> G ;4;A4K9A<I CD4JSI 
@9FB8<>G BJVAR64AAS :<6GKBEFV �# G A4EFGC4?PAB@G 5BR A9 5G?B DB;7?SAGFB, 
MB ECD<K<A<?B CBS6G A96V8CB6V8ABEFV 6 F9BDVW 6V=EP>B6B7B GCD46?VAAS. 

' @BAB7D4HVW [36] V; 6<>BD<EF4AAS@ @9FB8G @B89?R64AAS ;4 EI9@BR 
@4D>B6EP><I 6<C48>B6<I CDBJ9EV6 DB;DB5?9AB @9FB8<>G BJVAR64AAS :<6GKBEFV 
DB;6V8G64?PAB-6B7A96<I (DB;6V8G64?PAB-G84DA<I) >B@C?9>EV6 8?S 
EF4JVBA4DAB7B D9:<@G WI ;4EFBEG64AAS. #B>4;A<>B@ :<6GKBEFV %%�# 45B =B7B 
9?9@9AFV6 :P

 
5G?B B5D4AB =@B6VDAVEFP 6<:<64AAS (A9GD4:9AAS) G J<>?V 

5B=B6B7B ;4EFBEG64AAS, S><= 6<;A4K4RFP ;4 F4>BR HBD@G?BR: 

 ÷
ø
ö

÷
ø
ö −=

i i

PPP GD1 6C?: , 1,0 −= mi ,   (1) 

45  6C?P   3  9<>2V@=VABP 2?;82C 70A>1V2 C@065==S ?@>B82=8:0 =0 $'� ($��), S:0 
2@0E>2Cє 48=0<V:C 9>3> 70AB>AC20==S; 

 GD
i

P   3  9<>2V@=VABP C@065==S $'� ($��) 2>3=528<8 70A>10<8 ?@>B82=8:0 
=0 V-<C 5B0?V 70AB>AC20==S; 

 m   3  :V;P:VABP 5B0?V2 70AB>AC20==S. 
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' A4G>B6V= EF4FFV [21] G ;474?PAB@G 6<7?S8V B5�DGAFB64AB CB>4;A<>< V 

>D<F9DV= @B:?<6BW :<6GKBEFV �# CV8 K4E �7#. �4CDBCBAB64AV CB>4;A<>< F4 
>D<F9DV=, A4 8G@>G 46FBDV6, @B:GFP 5GF< 6<>BD<EF4AV 6 VAF9D9E4I DB;DB5?9AAS 
A4G>B6B-@9FB8<KAB7B 4C4D4FG 8?S BJVAR64AAS @B:?<6BW :<6GKBEFV �# CV8 K4E 
B5�DGAFG64AAS D9>B@9A84JV= MB8B ;459;C9K9AAS WI :<6GKBEFV CV8 K4E �7# G 
A4EFGC4?PA<I 8VSI. 

#V8EG@B6GRK< D9;G?PF4F< 4A4?V;G A4S6A<I CV8IB8V6, @B89?9= F4 @9FB8<> 
BJVAR64AAS :<6GKBEFV, @B:9@B ;DB5<F< 6<EAB6B>, MB ;4CDBCBAB64AV A4G>B6V 
6<>?48>< HBD@GRFP HGA84@9AF4?PAG BEAB6G 8?S BJVAR64AAS :<6GKBEFV �# F4 
@B:GFP 5GF< 6<>BD<EF4AV S> 8BJV?PA<= A4G>B6B-@9FB8<KA<= 4C4D4F 8?S 
B5�DGAFG64AAS D9>B@9A84JV=, 6CDB648:9AAS S><I ;459;C9K<FP :<6GKVEFP �# CV8 
K4E 6989AAS A<@< 5B=B6<I 8V= G A4EFGC4?PAB@G 5BR. �B8ABK4E A4S6A<= 

A4G>B6B-@9FB8<KA<= 4C4D4F, L<DB>B ;4EFBEB6G64A<= G 8BE?V8:9AASI F9BDVW 
6V=EP>B6B7B GCD46?VAAS, @9FB8<>< = 4A4?VF<KAV @B89?V 8?S CDB7AB;G64AAS 
:<6GKBEFV %%�# G DV;A<I HBD@4I 6989AAS 6BєAA<I 8V= G A4S6AB@G 6<7?S8V A9 
@B:GFP 5GF< 6<>BD<EF4AV 6 VAF9D9E4I 8BE?V8:9AAS :<6GKBEFV �# CV8 K4E 6989AAS 
A<@< 5B=B6<I 8V= G A4EFGC4?PAB@G 5BR, 4?9 WI 8BJV?PAB 6<>BD<EF4F< 8?S 
CB84?PLB7B G8BE>BA4?9AAS. 

 9FBR EF4FFV є G8BE>BA4?9AAS @9FB8<>< BJVAR64AAS :<6GKBEFV 
4DF<?9DV=EP><I CV8DB;8V?V6 G A4EFGC4?PAB@G 5BR. 

�<>?48 BEAB6AB7B @4F9DV4?G 8BE?V8:9AAS. '8BE>BA4?9AAS @9FB8<>< 
BJVAR64AAS :<6GKBEFV �# CV8 K4E 6989AAS A4EFGC4?PAB7B 5BR S> GEF4AB6?9AB7B 
ECBEB5G BJVAR64AAS :<6GKBEFV 4DF<?9DVW CV8 K4E WI ;4EFBEG64AAS 6 A4EFGC4?PA<I 
8VSI є 4>FG4?PA<@ A4G>B6<@ ;4684AAS@ 6 G@B64I 6V8EVKV L<DB>B@4ELF45ABW 
;5DB=ABW 47D9EVW $( CDBF< '>D4WA<. �A4?V; A4G>B6B-@9FB8<KAB7B 4C4D4FG 84є 
;@B7G EF69D8:G64F<, MB A4S6AV @9FB8<>< є 8Vє6<@ ECBEB5B@ BJVAR64AAS 
CB>4;A<>4 :<6GKBEFV %%�# G DV;A<I HBD@4I 6989AAS 6BєAA<I 8V=. "8A4> G 
;4CDBCBAB64AV= @9FB8<JV <6<;A4K9AAS =@B6VDABEFV A9GD4:9AAS DB;6V8G64?PAB-

G84DAB7B (DB;6V8G64?PAB-6B7A96B7B) >B@C?9>EG ;4 C9DVB8 6<>BA4AAS 5B=B6B7B 
;4684AAS= A9 BC<E4AB CBDS8B> BJVAR64AAS D9;G?PF4F<6ABEFV 6B7A96B7B 6C?<6G 
A4 CDBF<6A<>4. &4><@ K<AB@, ;4CDBCBAB64A4 @9FB8<>4 8BE?V8:9AAS :<6GKBEFV 
DB;6V8G64?PAB-6B7A96B7B (DB;6V8G64?PAB-G84DAB7B) >B@C?9>EG ?<L9 K4EF>B6B 
@B:9 5GF< ;4EFBEB64A4 8?S BC<EG 6C?<6G ;B6AVLAVI F4 6AGFDVLAVI K<AA<>V6, 4 
F4>B: A9;4?9:AB7B K<AA<>4 K4EG A4 :<6GKVEFP �# V D9;G?PF4F<6AVEFP WI 
;4EFBEG64AAS 6 A4EFGC4?PAB@G 5BR. *9 A9 ;459;C9KGє BJVAR64AAS 6V8CB6V8A<I 
CB>4;A<>V6 F4 GA9@B:?<6?Rє B5�DGAFG64AAS D9>B@9A84JVW MB8B ;459;C9K9AAS 
:<6GKBEFV �# CV8 K4E 6989AAS A4EFGC4?PAB7B 5BR. 

&4><@ K<AB@, G F9BDVW 6V=EP>B6B7B GCD46?VAAS ;4 4EC9>FB@ 8BE?V8:9AAS 
6989AAS 5B=B6<I 8V= �# G A4EFGC4?PA<I 8VSI VEAGє A96<DVL9A9 

;4684AAS 3 A9@B:?<6VEFP ;4 A4S6A<@< @9FB8<>4@< BJVAR64AAS :<6GKBEFV 
%%�#, 4 E4@9 �# G A4EFGC4?PAB@G 5BR, K9D9; WI A98BE>BA4?VEFP B5�DGAFG64F< 
D9>B@9A84JVW ; BJVAR64AAS :<6GKBEFV %%�#. �4EFBEG64AAS 4A4?VF<>B-

EFBI4EF<KABW @B89?V 6989AAS 5B=B6<I 8V= �( 4DF<?9DVW [17] 84є ;@B7G 
G8BE>BA4?<F< A4S6AG @9FB8<>G BJVAR64AAS :<6GKBEFV 4DF<?9DV=EP><I 
CV8DB;8V?V6 CV8 K4E 6989AAS A<@< 5B=B6<I 8V= 6 B5BDBAA<I 8VSI, DB;DB5?9AG 
�. ". (98BDB6<@. 
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� G8BE>BA4?9AV= @9FB8<JV S> GEF4AB6?9AB@G ECBEB5V 6<>BA4AAS EG>GCABEFV 
6;4є@BCB69S;4A<I DB5VF ; BJVAR64AAS :<6GKBEFV �# CV8 K4E 6989AAS A<@< 
5B=B6<I 8V= G A4EFGC4?PAB@G 5BR C9D9854K9AB KBF<D< 9F4C<. 

�F4C I 3 <(BD@G64AAS 6<IV8A<I 84A<I= 3 6>?RK4є CDBJ98GD< 6<;A4K9AAS 
>V?P>VEAB-S>VEAB7B E>?48G �#, F4>F<>B-F9IAVKA<I I4D4>F9D<EF<> �% MB8B 
@4>E<@4?PABW F4 @VAV@4?PABW 84?PABEFV EFDV?P5<, 5B=B6B7B >B@C?9>FG, S><= 
C9D96B;SFP CD< �%, L6<8>BEFDV?PABEFV, K4EB6<I C4D4@9FDV6 DB;7BDF4AAS, 
;7BDF4AAS A4 ��# F4 @4A96DG64AAS 6 IB8V 6989AAS 5B=B6<I 8V=. �B8ABK4E 
6<;A4K4RFP 4A4?B7VKAV 84AV ;4 �( CDBF<6A<>4, S>V @B:GFP K<A<F< 6B7A96<= 
6C?<6 A4 �# CV8 K4E 6989AAS A<@< 5B=B6<I 8V= G A4EFGC4?PAB@G 5BR. &4>B: 
B5K<E?RRFP >V?P>VEFP ��#, ;4=ASFFS S><I ;459;C9K<FP EF6BD9AAS 6<7V8A<I G@B6 
8?S 6<>BA4AAS ;4684AP �7# @4A96D9A<I CV8DB;8V?V6, ;9SEB6GRFP VAF9D64?< @V: 
CB;<JVS@<, CDBFS:AVEFP @4DLDGFG 8B A<I. 

�F4C II  3 <�<;A4K9AAS CB>4;A<>4 :<6GKBEFV �# CV8 K4E 6989AAS A<@< 
5B=B6<I 6 A4EFGC4?PAB@G 5BR=. �V8CB6V8AB 8B 6<EAB6>V6, ;DB5?9A<I G 
CBC9D98AVI 8BE?V8:9AASI [36], F4 D9;G?PF4FV6 4A4?V;G 4A4?VF<KABW ;4?9:ABEFV (1) 
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6989AAS A<@< 5B=B6<I 8V= G A4EFGC4?PAB@G 5BR= 3 C9D9854K4є CBDV6ASAAS 
 %# >V?P>BEFV �#, S>V =@B6VDAB ;59D9:GFP E6BR 5Bє;84FAVEFP 8B @B@9AFG 
;469DL9AAS �7# CV8 K4E 6<>BA4AAS F4>F<KA<I ;4684AP G A4EFGC4?PAB@G 5BR 
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@B:?<6<I 6FD4F �% ;V E>?48G 6V=EP>B6B7B HBD@G64AAS F4 8BES7A9AAS CBFDV5AB7B 
DV6AS ;5<F>G, S><= ;4684RFP B59є>F4@ CDBF<6A<>4. 3> >D<F9DV= :<6GKBEFV �# CV8 
K4E 6989AAS A<@< 5B=B6<I 8V= G A4EFGC4?PAB@G 5BR CDBCBAGє@B CD<=ASF< 
 %# >V?P>BEFV ;59D9:9A<I �# CD< ;484A<I 6FD4F4I �% ;V E>?48G 6V=EP>B6B7B 
HBD@G64AAS 4DF<?9DVW, ;4 S>B7B 5G89 ;459;C9K9AB �7# V; ABD@4?PABR 
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' IB8V 4A4?V;G A4G>B6<I D9;G?PF4FV6, BFD<@4A<I �. ". (98BDB6<@, 3 
6<;A4K9AB, MB >D<F9DVS@< ;4684A<I 6FD4F �% ;V E>?48G �# CV8 K4E 6<>BA4AAS 
;4684AP �7# G A4EFGC4?PAB@G 5BR 8BJV?PAB B5D4F< >D<F9DVW 
69D54?PAB-K<E?B6BW L>4?< )4DDVA7FBA4 (F45?. 1). 
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�65@5;>: 70 40=8<8 [37]. 
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A4EFGC4?PAB@G 5BR ;4 A4S6ABEFV 37&63% 5Bє;84FA<I �%; 
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�<EAB6>< = C9DEC9>F<6< CB84?PL<I 8BE?V8:9AP. '8BE>BA4?9AG @9FB8<>G 

@B:A4 DB;7?S84F< S> VAEFDG@9AF CB8B?4AAS EGC9D9KABEFV G CD4>F<JV 6989AAS 
5B=B6<I 8V= 4DF<?9DVW, EGFP S>BW CB?S74є 6 ;459;C9K9AAV :<6GKBEFV �# CV8 K4E 
6989AAS A<@< 5B=B6<I 8V= G A4EFGC4?PAB@G 5BR 59; ;A<:9AAS 
D9;G?PF4F<6ABEFV �7#. �?S G8BE>BA4?9AAS B5D4AB @9FB8< CDB7AB;G64AAS 
CB>4;A<>V6 :<6GKBEFV �# A4 BEAB6V @9FB8G @B89?R64AAS ;4 EI9@BR @4D>B6EP><I 
CDBJ9EV6, 4 F4>B: 6V8B@V ;4?9:ABEFV G F9BDVW EFDV?P5< A4;9@ABW 4DF<?9DVW. 
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