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69M9EF64 <?< CDB8G>F4 D94>J<< CB <;69EFAO@ @4EE9, B5Nѐ@G, >B?<K9EF6G B8AB7B <; <EIB8AOI 
69M9EF6 <?< CDB8G>FB6 D94>J<<). 

�7>BA>45@60щ85 >@30=8G5A:85 A>548=5=8S 
А@<AO. �9F<?4@<A < 4A<?<A: EBEF46, EFDB9A<9, H<;<K9E><9 < I<@<K9E><9 E6B=EF64 
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>4K9EF69AAO9 D94>J<< A4 59?><. 
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>G?PFGDO, D9L9A<< 7?B54?PAOI CDB5?9@ GEFB=K<6B7B D4;6<F<S K9?B69K9EF64 3 EODP96B=, 
QA9D79F<K9E>B=, C<M96B= < Q>B?B7<K9E>B= 59;BC4EABEF<, 6 D4;6<F<< @98<J<AO, B59EC9K9A<< 
GE?B6<= GEC9LAB7B FDG84 < Q>B?B7<K9E>< >B@HBDFAB= :<;A< >4:8B7B K?9A4 B5M9EF64; 

9EF9EF69AAB-A4GKAB= 7D4@BFABEF<: CBA<@4A<S EGMABEF< @9FB8B6 CB;A4A<S, <ECB?P;G9@OI 
6 9EF9EF69AAOI A4G>4I, ECBEB5ABEF< <ECB?P;B64FP CB?GK49@O9 ;A4A<S 8?S 4A4?<;4 < 
B5NSEA9A<S S6?9A<= B>DG:4RM97B @<D4 < CDB<EIB8SM<I 6 Aѐ@ <;@9A9A<=, G@9A<S 89?4FP 
B5BEAB64AAO9 ;4>?RK9A<S A4 BEAB69 A4GKAOI H4>FB6 < <@9RM<IES 84AAOI E J9?PR CB?GK9A<S 
8BEFB69DAOI 6O6B8B6; 

ECBEB5ABEF< E4@BEFBSF9?PAB <ECB?P;B64FP I<@<K9E><9 ;A4A<S 8?S D9L9A<S CDB5?9@ 6 
D94?PAOI :<;A9AAOI E<FG4J<SI; 

<AF9D9E4 > CB;A4A<R < <EE?98B64F9?PE>B= 89SF9?PABEF<; 
7BFB6ABEF< < ECBEB5ABEF< > A9CD9DO6AB@G B5D4;B64A<R < E4@BB5D4;B64A<R, > 4>F<6AB@G 

CB?GK9A<R AB6OI ;A4A<= CB I<@<< 6 EBBF69FEF6<< E :<;A9AAO@< CBFD95ABEFS@<; 
<AF9D9E4 > BEB59AABEFS@ FDG84 6 D4;?<KAOI EH9D4I CDBH9EE<BA4?PAB= 89SF9?PABEF<. 

 �&�#$�� �&!/� $��'�0&�&/ 

 9F4CD98@9FAO9 D9;G?PF4FO BE6B9A<S GK95AB7B CD98@9F4 «)<@<S» A4 GDB6A9 ED98A97B B5M97B 
B5D4;B64A<S 6>?RK4RF: 

;A4K<@O9 8?S HBD@<DB64A<S @<DB6B;;D9A<S B5GK4RM<IES @9:8<EJ<C?<A4DAO9 (@9:CD98@9FAO9) 
B5M9A4GKAO9 CBASF<S, BFD4:4RM<9 J9?BEFABEFP A4GKAB= >4DF<AO @<D4 < EC9J<H<>G @9FB8B6 CB;A4A<S, 
<ECB?P;G9@OI 6 9EF9EF69AAOI A4G>4I (@4F9D<S, 69M9EF6B, QA9D7<S, S6?9A<9, CDBJ9EE, E<EF9@4, A4GKAO= 
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H4>F, CD<AJ<C, 7<CBF9;4, ;4>BAB@9DABEFP, ;4>BA, F9BD<S, <EE?98B64A<9, A45?R89A<9, <;@9D9A<9, 
Q>EC9D<@9AF < 8DG7<9); 

GA<69DE4?PAO9 GK95AO9 89=EF6<S (CB;A464F9?PAO9, >B@@GA<>4F<6AO9, D97G?SF<6AO9), 
B59EC9K<64RM<9 HBD@<DB64A<9 HGA>J<BA4?PAB= 7D4@BFABEF< < EBJ<4?PAB= >B@C9F9AJ<< 

B5GK4RM<IES; 
ECBEB5ABEFP B5GK4RM<IES <ECB?P;B64FP BE6B9AAO9 @9:8<EJ<C?<A4DAO9, @<DB6B;;D9AK9E><9 

;A4A<S < GA<69DE4?PAO9 GK95AO9 89=EF6<S 6 CB;A464F9?PAB= < EBJ<4?PAB= CD4>F<>9. 
 9F4CD98@9FAO9 D9;G?PF4FO BFD4:4RF B6?489A<9 GA<69DE4?PAO@< GK95AO@< CB;A464F9?PAO@<, 

>B@@GA<>4F<6AO@< < D97G?SF<6AO@< 89=EF6<S@<. 
 

#>7=020B5;P=O5 C=825@A0;P=O5 CG51=O5 459AB28S 

�07>2O5 ;>38G5A:85 459AB28S: 
E4@BEFBSF9?PAB HBD@G?<DB64FP < 4>FG4?<;<DB64FP CDB5?9@G, 6E9EFBDBAA9 9ѐ D4EE@4FD<64FP; 
BCD989?SFP J9?< 89SF9?PABEF<, ;48464S C4D4@9FDO < >D<F9D<< <I 8BEF<:9A<S, EBBFABE<FP 

D9;G?PF4FO 89SF9?PABEF< E CBEF46?9AAO@< J9?S@<; 
<ECB?P;B64FP CD< BE6B9A<< ;A4A<= CD<ѐ@O ?B7<K9E>B7B @OL?9A<S 3 6O89?SFP I4D4>F9DAO9 

CD<;A4>< CBASF<= < GEF4A46?<64FP <I 6;4<@BE6S;P, <ECB?P;B64FP EBBF69FEF6GRM<9 CBASF<S 8?S 
B5NSEA9A<S BF89?PAOI H4>FB6 < S6?9A<=; 

6O5<D4FP BEAB64A<S < >D<F9D<< 8?S >?4EE<H<>4J<< 69M9EF6 < I<@<K9E><I D94>J<=; 
GEF4A46?<64FP CD<K<AAB-E?98EF69AAO9 E6S;< @9:8G <;GK49@O@< S6?9A<S@<; 
EFDB<FP ?B7<K9E><9 D4EEG:89A<S (<A8G>F<6AO9, 898G>F<6AO9, CB 4A4?B7<<), 6OS6?SFP 

;4>BAB@9DABEF< < CDBF<6BD9K<S 6 D4EE@4FD<649@OI S6?9A<SI, HBD@G?<DB64FP 6O6B8O < ;4>?RK9A<S; 
CD<@9ASFP 6 CDBJ9EE9 CB;A4A<S, <ECB?P;G9@O9 6 I<@<< E<@6B?<K9E><9 (;A4>B6O9) @B89?<, 

CD9B5D4;B6O64FP @B89?PAO9 CD98EF46?9A<S 3 I<@<K9E><= ;A4> (E<@6B?) Q?9@9AF4, I<@<K9E>4S 
HBD@G?4, GD46A9A<9 I<@<K9E>B= D94>J<<   3 CD< D9L9A<< GK95AOI CB;A464F9?PAOI < CD4>F<K9E><I 

;484K, CD<@9ASFP A4;64AAO9 @B89?PAO9 CD98EF46?9A<S 8?S 6OS6?9A<S I4D4>F9DAOI CD<;A4>B6 <;GK49@OI 
69M9EF6 < I<@<K9E><I D94>J<=. 
�07>2O5 8AA;54>20B5;PA:85 459AB28S: 

                 6?489FP BEAB64@< @9FB8B6 A4GKAB7B CB;A4A<S 69M9EF6 < I<@<K9E><I D94>J<=; HBD@G?<DB64FP J9?< 

< ;484K< <EE?98B64A<S, <ECB?P;B64FP CBEF46?9AAO9 < E4@BEFBSF9?PAB EHBD@G?<DB64AAO9 6BCDBEO 6 
>4K9EF69 <AEFDG@9AF4 CB;A4A<S < BEAB6O 8?S HBD@<DB64A<S 7<CBF9;O CB CDB69D>9 CD46<?PABEF< 
6OE>4;O649@OI EG:89A<=; 

6?489FP A46O>4@< E4@BEFBSF9?PAB7B C?4A<DB64A<S < CDB6989A<S GK9A<K9E><I Q>EC9D<@9AFB6, 
EB69DL9AEF6B64FP G@9A<S A45?R84FP ;4 IB8B@ CDBJ9EE4, E4@BEFBSF9?PAB CDB7AB;<DB64FP 97B D9;G?PF4F, 
HBD@G?<DB64FP B5B5M9A<S < 6O6B8O BFABE<F9?PAB 8BEFB69DABEF< D9;G?PF4FB6 <EE?98B64A<S, EBEF46?SFP 
B5BEAB64AAO= BFKѐF B CDB89?4AAB= D45BF9; 

CD<B5D9F4FP BCOF GK9A<K9E>B= <EE?98B64F9?PE>B= < CDB9>FAB= 89SF9?PABEF<, CDBS6?SFP 
ECBEB5ABEFP < 7BFB6ABEFP > E4@BEFBSF9?PAB@G CB<E>G @9FB8B6 D9L9A<S CD4>F<K9E><I ;484K, CD<@9A9A<R 

D4;?<KAOI @9FB8B6 CB;A4A<S. 

$01>B0 A 8=D>@<0F859: 
BD<9AF<DB64FPES 6 D4;?<KAOI <EFBKA<>4I <AHBD@4J<< (A4GKAB-CBCG?SDA4S ?<F9D4FGD4 

I<@<K9E>B7B EB89D:4A<S, ECD46BKAO9 CBEB5<S, D9EGDEO �AF9DA9F4), 4A4?<;<DB64FP <AHBD@4J<R 
D4;?<KAOI 6<8B6 < HBD@ CD98EF46?9A<S, >D<F<K9E>< BJ9A<64FP 9ѐ 8BEFB69DABEFP < A9CDBF<6BD9K<6BEFP; 

HBD@G?<DB64FP ;4CDBEO < CD<@9ASFP D4;?<KAO9 @9FB8O CD< CB<E>9 < BF5BD9 <AHBD@4J<<, 
A9B5IB8<@B= 8?S 6OCB?A9A<S GK95AOI ;484K BCD989?ѐAAB7B F<C4; 

CD<B5D9F4FP BCOF <ECB?P;B64A<S <AHBD@4J<BAAB->B@@GA<>4F<6AOI F9IAB?B7<= < D4;?<KAOI 

CB<E>B6OI E<EF9@; 
E4@BEFBSF9?PAB 6O5<D4FP BCF<@4?PAGR HBD@G CD98EF46?9A<S <AHBD@4J<< (EI9@O, 7D4H<><, 

8<47D4@@O, F45?<JO, D<EGA>< < 8DG7<9); 
<ECB?P;B64FP A4GKAO= S;O> 6 >4K9EF69 ED98EF64 CD< D45BF9 E I<@<K9E>B= <AHBD@4J<9=: 

CD<@9ASFP @9:CD98@9FAO9 (H<;<K9E><9 < @4F9@4F<K9E><9) ;A4>< < E<@6B?O, HBD@G?O, 455D96<4FGDO, 
AB@9A>?4FGDG; 
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<ECB?P;B64FP < CD9B5D4;B6O64FP ;A4>B6B-E<@6B?<K9E><9 ED98EF64 A47?S8ABEF<. 
 

�><<C=8:0B82=O5 C=825@A0;P=O5 CG51=O5 459AB28S: 
;48464FP 6BCDBEO CB EGM9EF6G   B5EG:849@B=   F9@O   6   IB89   8<4?B74 </<?< 8<E>GEE<<, 

6OE>4;O64FP <89<, HBD@G?<DB64FP E6B< CD98?B:9A<S BFABE<F9?PAB 6OCB?A9A<S CD98?B:9AAB= ;484K<; 
6OEFGC4FP E CD9;9AF4J<9= D9;G?PF4FB6 CB;A464F9?PAB= 89SF9?PABEF<, CB?GK9AAOI E4@BEFBSF9?PAB 

<?< EB6@9EFAB EB E69DEFA<>4@< CD< 6OCB?A9A<< I<@<K9E>B7B Q>EC9D<@9AF4, CD4>F<K9E>B= D45BFO CB 
<EE?98B64A<R E6B=EF6 <;GK49@OI 69M9EF6, D94?<;4J<< GK95AB7B CDB9>F4 < HBD@G?<DB64FP 6O6B8O 

CB D9;G?PF4F4@ CDB698ѐAAOI <EE?98B64A<= CGFѐ@ EB7?4EB64A<S CB;<J<= 6 IB89 B5EG:89A<S < B5@9A4 
@A9A<S@<. 
$53C;SB82=O5 C=825@A0;P=O5 CG51=O5 459AB28S 

E4@BEFBSF9?PAB C?4A<DB64FP < BEGM9EF6?SFP E6BR CB;A464F9?PAGR 89SF9?PABEFP, BCD989?SS 9ѐ 
J9?< < ;484K<, >BAFDB?<DB64FP < CB @9D9 A9B5IB8<@BEF< >BDD9>F<DB64FP CD98?4749@O= 4?7BD<F@ 

89=EF6<= CD< 6OCB?A9A<< GK95AOI < <EE?98B64F9?PE><I ;484K, 6O5<D4FP A4<5B?99 QHH9>F<6AO= ECBEB5 
<I D9L9A<S E GKѐFB@ CB?GK9A<S AB6OI ;A4A<= B 69M9EF64I < I<@<K9E><I D94>J<SI; 

BEGM9EF6?SFP E4@B>BAFDB?P E6B9= 89SF9?PABEF< A4 BEAB69 E4@B4A4?<;4 < E4@BBJ9A><. 
 

#$�� �&!/� $��'�0&�&/ 10 

���%% 

#D98@9FAO9 D9;G?PF4FO BE6B9A<S >GDE4 «"D74A<K9E>4S I<@<S» BFD4:4RF: EHBD@<DB64AABEFP 
CD98EF46?9A<= B I<@<K9E>B= EBEF46?SRM9= 9EF9EF69AAB- 

A4GKAB= >4DF<AO @<D4, DB?< I<@<< 6 CB;A4A<< S6?9A<= CD<DB8O, 6 HBD@<DB64A<< @OL?9A<S < >G?PFGDO 
?<KABEF<, 9ѐ HGA>J<BA4?PAB= 7D4@BFABEF<, A9B5IB8<@B= 8?S D9L9A<S   CD4>F<K9E><I   ;484K < 
Q>B?B7<K9E><   B5BEAB64AAB7B   BFABL9A<S > E6B9@G ;8BDB6PR < CD<DB8AB= ED989; 

6?489A<9 E<EF9@B= I<@<K9E><I ;A4A<=, >BFBD4S 6>?RK49F: BEAB6BCB?474RM<9 CBASF<S (I<@<K9E><= 

Q?9@9AF, 4FB@, Q?9>FDBAA4S B5B?BK>4 4FB@4, @B?9>G?4, 64?9AFABEFP, Q?9>FDBBFD<J4F9?PABEFP, 
I<@<K9E>4S E6S;P, EFDG>FGDA4S HBD@G?4 (D4;6ѐDAGF4S < EB>D4MѐAA4S), @B?P, @B?SDA4S @4EE4, @B?SDAO= 
B5Nѐ@, G7?9DB8AO= E>9?9F, HGA>J<BA4?PA4S 7DGCC4, D48<>4?, <;B@9D<S, <;B@9DO, 7B@B?B7<K9E><= DS8, 
7B@B?B7<, G7?96B8BDB8O, ><E?BDB8 < 4;BFEB89D:4M<9 EB98<A9A<S, @BAB@9D, CB?<@9D, EFDG>FGDAB9 
;69AB, 6OEB>B@B?9>G?SDAO9 EB98<A9A<S); F9BD<< < ;4>BAO (F9BD<S EFDB9A<S BD74A<K9E><I 69M9EF6 �. . 
�GF?9DB64, ;4>BA EBID4A9A<S @4EEO 69M9EF6); ;4>BAB@9DABEF<, E<@6B?<K9E><= S;O> I<@<<; 
@<DB6B;;D9AK9E><9 ;A4A<S, ?9:4M<9 6 BEAB69 CBA<@4A<S CD<K<AABEF< < E<EF9@ABEF< I<@<K9E><I 
S6?9A<=, H4>FB?B7<K9E><9 E6989A<S B E6B=EF64I, EBEF469, CB?GK9A<< < 59;BC4EAB@ <ECB?P;B64A<< 

64:A9=L<I BD74A<K9E><I 69M9EF6 6 5OFG < CD4>F<K9E>B= 89SF9?PABEF< K9?B69>4; 
EHBD@<DB64AABEFP G@9A<= 6OS6?SFP I4D4>F9DAO9 CD<;A4>< CBASF<=, GEF4A46?<64FP   <I    

6;4<@BE6S;P,    <ECB?P;B64FP    EBBF69FEF6GRM<9    CBASF<S CD< BC<E4A<< EBEF464, EFDB9A<S < 

CD96D4M9A<= BD74A<K9E><I EB98<A9A<=; 
EHBD@<DB64AABEFP     G@9A<=     <ECB?P;B64FP     I<@<K9E>GR      E<@6B?<>G 8?S EBEF46?9A<S 

@B?9>G?SDAOI < EFDG>FGDAOI (D4;6ѐDAGFB=, EB>D4MѐAAB=) HBD@G? BD74A<K9E><I 69M9EF6 < GD46A9A<= 
I<@<K9E><I D94>J<=, <;7BF46?<64FP @B89?< @B?9>G? BD74A<K9E><I 69M9EF6 8?S <??REFD4J<< <I 
I<@<K9E>B7B < CDBEFD4AEF69AAB7B EFDB9A<S; 

EHBD@<DB64AABEFP G@9A<= GEF4A46?<64FP CD<A48?9:ABEFP <;GK9AAOI BD74A<K9E><I 69M9EF6 CB 
<I EBEF46G < EFDB9A<R > BCD989?ѐAAB@G >?4EEG/7DGCC9 
EB98<A9A<= (G7?96B8BDB8O, ><E?BDB8 < 4;BFEB89D:4M<9 EB98<A9A<S, 6OEB>B@B?9>G?SDAO9 EB98<A9A<S), 
8464FP <@ A4;64A<S CB E<EF9@4F<K9E>B= AB@9A>?4FGD9 (IUPAC), 4 F4>:9 CD<6B8<FP FD<6<4?PAO9 
A4;64A<S BF89?PAOI BD74A<K9E><I 69M9EF6 (QF<?9A, CDBC<?9A, 4J9F<?9A, QF<?9A7?<>B?P, 7?<J9D<A, H9AB?, 
HBD@4?P897<8, 4J9F4?P897<8, @GD46P<A4S ><E?BF4, G>EGEA4S ><E?BF4, B?9<AB64S ><E?BF4, EF94D<AB64S 
><E?BF4, 7?R>B;4, HDG>FB;4, >D4I@4?, J9??R?B;4, 7?<J<A); 

EHBD@<DB64AABEFP G@9A<S BCD989?SFP 6<8O I<@<K9E>B= E6S;< 6 BD74A<K9E><I EB98<A9A<SI 
(B8<A4DAO9 < >D4FAO9); 

EHBD@<DB64AABEFP G@9A<S CD<@9ASFP CB?B:9A<S F9BD<< EFDB9A<S BD74A<K9E><I 69M9EF6 �. . 
�GF?9DB64 8?S B5NSEA9A<S ;46<E<@BEF< E6B=EF6 69M9EF6 BF <I EBEF464 < EFDB9A<S; ;4>BA EBID4A9A<S 
@4EEO 69M9EF6; 
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EHBD@<DB64AABEFP G@9A<= I4D4>F9D<;B64FP EBEF46, EFDB9A<9, H<;<K9E><9 < I<@<K9E><9 E6B=EF64 
F<C<KAOI CD98EF46<F9?9= D4;?<KAOI >?4EEB6 BD74A<K9E><I 69M9EF6 (@9F4A, QF4A, QF<?9A, CDBC<?9A, 
4J9F<?9A, 5GF48<9A-1,3, @9F<?5GF48<9A- 1,3, 59A;B?, @9F4AB?, QF4AB?, QF<?9A7?<>B?P, 7?<J9D<A, H9AB?, 
4J9F4?P897<8, @GD46P<A4S < G>EGEA4S ><E?BFO, 7?R>B;4, >D4I@4?, J9??R?B;4, 4@<ABG>EGEA4S ><E?BF4), 
<??REFD<DB64FP 79A9F<K9E>GR E6S;P @9:8G A<@< GD46A9A<S@< EBBF69FEF6GRM<I I<@<K9E><I D94>J<= E 
<ECB?P;B64A<9@ EFDG>FGDAOI HBD@G?; 

EHBD@<DB64AABEFP G@9A<S I4D4>F9D<;B64FP <EFBKA<>< G7?96B8BDB8AB7B EODPS (A9HFP, CD<DB8AO= 
74;, G7B?P), ECBEB5O <I C9D9D45BF>< < CD4>F<K9E>B9 CD<@9A9A<9 CDB8G>FB6 C9D9D45BF><; 

EHBD@<DB64AABEFP G@9A<= CDB6B8<FP 6OK<E?9A<S CB I<@<K9E><@ GD46A9A<S@ (@4EEO, B5Nѐ@4, 
>B?<K9EF64 <EIB8AB7B 69M9EF64 <?< CDB8G>F4 D94>J<< CB <;69EFAO@    @4EE9,    B5Nѐ@G,    >B?<K9EF6G    
B8AB7B    <;    <EIB8AOI    69M9EF6 <?< CDB8G>FB6 D94>J<<); 

EHBD@<DB64AABEFP G@9A<= 6?489FP E<EF9@B= ;A4A<= B5 BEAB6AOI @9FB84I A4GKAB7B CB;A4A<S, 
<ECB?P;G9@OI 6 I<@<< CD< <;GK9A<< 69M9EF6 < I<@<K9E><I S6?9A<= (A45?R89A<9, <;@9D9A<9, 
Q>EC9D<@9AF, @B89?<DB64A<9), <ECB?P;B64FP E<EF9@AO9 I<@<K9E><9 ;A4A<S 8?S CD<ASF<S D9L9A<= 6 
>BA>D9FAOI :<;A9AAOI E<FG4J<SI, E6S;4AAOI E 69M9EF64@< < <I CD<@9A9A<9@; 

EHBD@<DB64AABEFP G@9A<= EB5?R84FP CD46<?4 CB?P;B64A<S I<@<K9E>B=  CBEG8B= 
< ?45BD4FBDAO@ B5BDG8B64A<9@, 4 F4>:9 CD46<?4 B5D4M9A<S E 69M9EF64@< 6 EBBF69FEF6<< E <AEFDG>J<S@ 

CB 6OCB?A9A<R ?45BD4FBDAOI I<@<K9E><I BCOFB6;    
           EHBD@<DB64AABEFP G@9A<= C?4A<DB64FP < 6OCB?ASFP I<@<K9E><= 

Q>EC9D<@9AF (CD96D4M9A<S BD74A<K9E><I 69M9EF6 CD< A47D964A<<, CB?GK9A<9 QF<?9A4 < <;GK9A<9 97B 
E6B=EF6, >4K9EF69AAO9 D94>J<< BD74A<K9E><I 69M9EF6, 89A4FGD4J<S 59?>B6 CD< A47D964A<<, J69FAO9 
D94>J<< 59?>B6) 6 EBBF69FEF6<< E CD46<?4@< F9IA<>< 59;BC4EABEF< CD< B5D4M9A<< E 69M9EF64@< < 
?45BD4FBDAO@ B5BDG8B64A<9@, CD98EF46?SFP D9;G?PF4FO I<@<K9E>B7B Q>EC9D<@9AF4 6 HBD@9 ;4C<E< 

GD46A9A<= EBBF69FEF6GRM<I D94>J<= < HBD@G?<DB64FP 6O6B8O A4 BEAB69 
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