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�56<FL><= �.�. �5�@G=FG64==O >>=EF@G>F<6=>-F5E=>?>7VG=<E 

?4@4<5F@V6 <4?>7454@<F=>7> E4<>EV4=>7> >5?@<E>G64G4. 3 �64?VDV>4FV==4 

=4G>>64 ?@4FO =4 ?@464E @G>>?<EG. 

�<E5@F4FVO =4 74>5GFFO EFG?5=O 4>>F>@4 DV?>E>DVW 74?G7V 7=4=L 

13 �5E4=VG=4 V=65=5@VO 74 E?5FV4?L=VEFN 133 �4?G7565 <4L<=>5G4G64==O.  

&5@=>?V?LEL><= =4FV>=4?L=<= F5E=VG=<= G=V65@E<F5F V<5=V �64=4 �G?NO ��� 

'>@4W=<, <. &5@=>?V?L, 2025 @.  

' 4<E5@F4FV==V= @>5>FV 6<@VL5=> =>65 =4G>>65 74644==O ?V46<M5==O 

5D5>F<6=>EFV EV<VG=>7> 74E<EFG @>E?<= L?OE>< G4>E>>=4?5==O >>=EF@G>FVW 

<4?>7454@<F=>7> >5?@<E>G64G4 7 >5�@G=FG64==O< >>=EF@G>F<6=>-

F5E=>?>7VG=<E ?4@4<5F@V6 ?=56<>7V4@46?VG=>W E<EF5<< 6<6?5==O 

@>7?<?NNG<E ?@<EF@>W F4 EF45V?V74FVW LF4=7<. 

' 6EFG?V >5�@G=F>64=> 4>FG4?L=VEFL F5<<, ED>@<G?L>64=> <5FG F4 

?>EF46?5=> 7444GV 4>E?V465==O. �?<E4=> =4G>>6G =>6<7=G, ?@4>F<G=5 

7=4G5==O >F@<<4=<E @57G?LF4FV6 F4 =46545=> >E>5<EF<= 6=5E>> 74>5G64G4 G 

?@>6545=<E 4>E?V465==OE. �46545=> 6V4><>EFV M>4> 4?@>54FVW F4 

>?G5?V>G64==O @57G?LF4FV6 =4G>>6<E 4>E?V465=L, EF@G>FG@G F4 >5EO7 

4<E5@F4FV==>W @>5>F<.  

�?O @54?V74FVW <5F< 4<E5@F4FV==>7> 4>E?V465==O G @>5>FV ?>EF46?5=V F4 

6<@VL5=V =4EFG?=V 7444GV. �4 >E=>6V 6V4><<E >>=EF@G>FV= <4?>7454@<F=<E 

>5?@<E>G64GV6 74?@>?>=>64=> G4>E>>=4?5=G >>=EF@G>F<6=G EE5<G E4<>EV4=>7> 

>5?@<E>G64G4 7 <4OF=<>>6>N ?V46VE>>N LF4=7<. $>7@>5?5=> F5>@5F<G=V <>45?V, 

O>V >?<EGNFL =4?@G65=>-45D>@<>64=<= EF4= 54>4 >5?@<E>G64G4, M> 

F@4=E?>@FGT @>5>GG @V4<=G F4 6<FVE=OT WW ?@< =4O6=>EFV =44?<L>>6>7> F<E>G, 4 

F4>>6 4<=4<VG=V <>45?V >GF>6<E F4 65@F<>4?L=<E >>?<64=L LF4=7< 

>5?@<E>G64G4 G E<EF5<V <4OF=<>>6>W ?V46VE>< 7 4>44=>N <4E>N. �?O @54?V74FVW 

=4G>>6<E 4>E?V465=L 6<7>F>6?5=> <4?>7454@<F=<= E4<>EV4=<= LF4=7>6<= 

>5?@<E>G64G F4 ?@>6545=> =>7> ?>?L>6V 6<?@>5G64==O. $54?V7>64=V 
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5>E?5@<<5=F4?L=V 4>E?V465==O <VF=>EFV 54>4 F4 >V=5<4F<G=<E ?4@4<5F@V6 

LF4=7< >5?@<E>G64G4, O>V 4>5@5 >>@5?NNFL 7 6<>>=4=<<< 4=4?>7VG=<<< 

F5>@5F<G=<<< 4>E?V465==O<<, 6 F><G G<E?V, V ?@< 74EF>EG64==V V<VF4FV==>7> 

<>45?N64==O. 

�59T>F>< 4>E?V465==O T ?@>F5E >5?@<E>G64==O <4?>7454@<F=<< 

E4<>EV4=<< LF4=7>6<< >5?@<E>G64G5< 7 <4OF=<>>6>N ?V46VE>>N F4 

?=56<>7V4@46?VG=>N E<EF5<>N 6<6?5==O @>7?<?NNG<E ?@<EF@>W6. 

�D54<5F>< 4>E?V465==O T 674T<>769O7>< <V6 ?4@4<5F@4<< V 

@56<<4<< 5>E??G4F4FVW >5?@<E>G64G4, WE 6??<6 =4 <VF=VEFL 54>4 F4 

EF45V?V74FV==V 6?4EF<6>EFV ?V46VE>< LF4=7<, O>4 74557?5GGT @V6=><V@=5 

=4=5E5==O @>5>G>7> ?@5?4@4FG =4 >5@>5?N64=G ?>65@E=N.  

�@>6545==O >>@5E?5=<E =4G>>6<E 4>E?V465=L 4>76>?<?> ?V46<M<F< 

5D5>F<6=VEFL EV<VG=>7> 74E<EFG @>E?<= G5@57 >5�@G=FG64==O @4FV>=4?L=<E 

>>=EF@G>F<6=>-F5E=>?>7VG=<E ?4@4<5F@V6 ?=56<>7V4@46?VG=>W E<EF5<< 

6<6?5==O @>7?<?NNG<E ?@<EF@>W6 F4 EF45V?V74FVW LF4=7< >5?@<E>G64G4. 

�4 FV= ?V4EF46V 6?5DL5 D>7D>5?5=> 4<=4<VG=V <>45?V >>?<64==O LF4=7< 

<4?>7454@<F=>7> E4<>EV4=>7> >5?@<E>G64G4 G E<EF5<V <4OF=<>>6>W ?V46VE>< V7 

LFGG=> 75V?LL5=>N <4E>N LF4=7<; 

<4F5<4F<G=G <>45?L, M> >?<EGT =4?@G65=>-45D>@<>64=<= EF4= 

F<?V=4@<G=>7> 65@F<>4?L=> @>7<VM5=>7> 54>4 >5?@<E>G64G4 G 

?=56<>7V4@46?VG=V= E<EF5<V 6<6?5==O @>7?<?NNG<E ?@<EF@>W6 LF4=7< F4 

4>76>?OT 6EF4=>6<F< 6??<6 =4 7474?L=<= =4?@G65=>-45D>@<>64=<= EF4= 

>5>?>=>< >@4T6>7> 5D5>FG ?@< =464=F465==V ?V65?V?F<G=<E =>7> 4=<M;  

>FD<<4?< ?>44?LL<= D>76<F>> F5>@5F<G=V 74?56=>EFV, M> 

>5�@G=F>6GNFL 6??<6 ?>?>65==O LF4=7< =4 @V6=><V@=VEFL F4 5D5>F<6=VEFL 

>5?@<E>G64==O.  

' ?5@L><G @>74V?V 4<E5@F4FV==>W @>5>F< 6<>>=4=> 4=4?V7 4>FV?L=>EFV 

EF6>@5==O <4?>7454@<F=>7> E4<>EV4=>7> >5?@<E>G64G4 4?O >5E?G7>6G64==O 

F5E=>?>7VG=<E ?@>F5EV6 6<@>MG64==O >G?LFG@ G =565?<><E D5@<5@EL><E G< 

?V4E>5=<E 7>E?>44@EF64E. �@>6545=> 4=4?V7 =4O6=<E <4?>7454@<F=<E 
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>5?@<E>G64GV6, O>V 6V4@V7=ONFLEO 74 E?>E>5>< 47@574FG64==O, 

DG=>FV>=4?L=<< ?@<7=4G5==O<, 6>474=> =4 ED5@< WE 74EF>EG64==O, 74F@4F< 

@GG=>W ?@4FV, ?5@5647< F4 =54>?V><. &4><= 4=4?V7 4>76>?<6 ED>@<G64F< V45N 

EF6>@5==O <4?>7454@<F=>7> E4<>EV4=>7> >5?@<E>G64G4, 4?O O>>7> 5G?< 

6<EG=GFV >@<F5@VW 4?O @54?V74FVW. &4>>6 6 FL><G @>74V?V @>77?O=GF> 

>>=EF@G>FVW >?NG>6<E 6G7?V6 <4?>7454@<F=<E >5?@<E>G64GV6 F4 ?@>6545=> 

F5>@5F<G=<= 4=4?V7 74?56=>EF5=, O>V ?>>47GNFL 6??<6 ?>?>65==O LF4=7< =4 

<>6?<6VEFL =4=5E5==O @>5>G>7> ?@5?4@4FG =4 >5@>5?N64=G ??>MG. 

$>76<=GF> 74?56=>EFV, =4 >E=>6V O><E <>6=4 6EF4=>6<F< EFG?V=L 

=5@V6=><V@=>EFV >5?@<E>G64==O, M> 74?56<FL 6V4 ?>?>65==O LF4=7< ?> 

6<E>FV =44 >59T>F>< >5@>5><. 

�EV FV G<==<>< 4>76>?<?< ED>@<G?N64F< >E=>6=V 7444GV 4<E5@F4FV==>7> 

4>E?V465==O. 

� 4@G7><G @>74V?V ?>5G4>64=> F5>@5F<G=V <>45?V, O>V 4>76>?ONFL 

>5�@G=FG64F< >>=EF@G>F<6=V F4 F5E=>?>7VG=V ?4@4<5F@< @>77?O4G64=<E 

E<EF5<. �4 ?5@L><G 5F4?V 4>E?V465==O @>7@>5?5=> F5>@5F<G=G <>45?L =4 

>E=>6V 557<><5=F=>W F5>@VW >5>?>=>>, O>4 4>76>?OT >FV=<F< =4?@G65=>-

45D>@<>64=<= EF4= F<?V=4@<G=>7> 54>4 >5?@<E>G64G4, M> ?@4FNT G 

?=56<>7V4@46?VG=V= E<EF5<V 6<6?5==O @>7?<?NNG<E ?@<EF@>W6 LF4=7<. �4 

>E=>6V F4><E 4>E?V465=L 5G?< 6<7=4G5=V >>?>6V F4 <5@<4V>=4?L=V =4?@G65==O 

G F<?V=4@<G=V= EFV=FV 54>4, 6EF4=>6?5=> 4>?GEF<<<= 6=GF@VL=V= F<E> 7 G<>6< 

<VF=>EFV >>=EF@G>FVW, 6V= E>?46  ��4. 

&<?V=4@<G=4 G4EF<=4 54>4 >5?@<E>G64G4 >5<565=4 ?V65?V?F<G=<<< 

4=<M4<<. 'F6>@5=G >5>?>=>G >?<E4=> F5>@5F<G=>N <>45??N, O>4 4>76>?OT 

>FV=<F< =4?@G65=<= EF4= 4=<M 7 6@4EG64==O< 6??<6G >@4T6>7> 5D5>FG =4 

7474?L=<= =4?@G65=>-45D>@<>64=<= EF4= 54>4. 

$>76<=GF> F5>@5F<G=V <>45?V F4 >F@<<4=> 6<@47<, O>V >?<EGNFL F4 

6@4E>6GNFL 6??<6 7V4@>EF4F<G=>7> F<E>G @>5>G>W @V4<=, M> <VEF<FLEO G 54>G 

<4L<=<, =4 7474?L=<= =4?@G65=<= EF4= >5>?>=><. 

07,1p
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�?<E4=> ?@<=F<?>6G EE5<G GF6>@5==O <4OF=<>>6>W ?V46VE>< 7V LFGG=> 

75V?LL5=>N <4E>N LF4=7< F4 =4 FV= >E=>6V ?>5G4>64=> F5>@5F<G=G <>45?L, 

O>4 >?<EGT >>?<6=V ?@>F5E< LF4=7<. $>76<=GFV F5>@5F<G=V <>45?V 4>76>?ONFL 

4>E?V4<F< >V=5<4F<G=V ?4@4<5F@< >GF>6<E F4 65@F<>4?L=<E >>?<64=L LF4=7< 

?@< @V7=<E WW ?>?>65==OE ?> 6<E>FV F4 EFG?5=O 74?>6=5=>EFV 54>4 @>5>G>N 

@V4<=>N O> 4>44=>W <4E< LF4=7<. 

' F@5FL><G @>74V?V >?<E4=> >>=EF@G>F<6=V >E>5?<6>EFV 4>E?V4=>7> 

7@47>4 6<7>F>6?5=>7> >5?@<E>G64G4, E>?445=> =>7> F5E=VG=G E4@4>F5@<EF<>G. 

%5@54 6<4V?5=<E >E=>6=<E ?4@4<5F@V6 <4L<=< T: L<@<=4 74E64FG 3 5 <; 

4V4?47>= 6<E>F< 6EF4=>6?5==O LF4=7< 3 350-1100 <<; 4V4?47>= 7<V=< L<@<=< 

>>?VW 3 900-1500 <<; ?@>4G>F<6=VEFL 74 7>4<=G >E=>6=>7> G4EG 3  

1,8-2,7 74/7>4. 

%>?445=> ?@>7@4<G F4 >?<E4=> <5F>4<>G ?@>6545==O 

5>E?5@<<5=F4?L=<E 4>E?V465=L.  

�?O ?V4F65@465==O @57G?LF4FV6 F5>@5F<G=<E @>7@4EG=>V6 6 >>@5E?5=V= 

?>EF4=>6FV 74644==O ?@<==OF> ??4= F4 ?>5G4>64=> <4F@<FN ?>6=>7> 

D4>F>@=>7> 5>E?5@<<5=FG F<?G . 

' G5F65@F><G @>74V?V =46545=> @57G?LF4F< ?>?L>6<E F4 

5>E?5@<<5=F4?L=<E 4>E?V465=L 4>E?V4=>7> 7@47>4 <4?>7454@<F=>7> 

>5?@<E>G64G4. �@< 6<>>=4==V ?>?L>6<E 6<?@>5G64=L =4 G<EF<E ?4@4E ?@< 

6=5E5==V �@G=F>6>7> 75@5VF<4G, ?@< >5@>5FV ?@>E4?=<E >G?LFG@, @>5>FV G 

E444E V7 74EF>EG64==O< 4>44F>>6>W @GG=>W LF4=7< 3 >5?@<E>G64G 74E6V4G<6 

E6>N 6<E>>G F5E=>?>7VG=G 5D5>F<6=VEFL. �@< ?@>6545==V 5>E?5@<<5=F4?L=<E 

4>E?V465=L, O>V 5G?< @>74V?5=V =4 >V?L>4 5F4?V6, >F@<<4?< @57G?LF4F< 

=4?@G65=>7> EF4=G 54>4 >5?@<E>G64G4 ?@< @V7=<E =>7> =464=F465==OE. 

$57G?LF4F< 5>E?5@<<5=FG ?V4F65@4<?< F5>@5F<G=V @>7@4EG=><. $>75V6=VEFL 

7=4G5=L >F@<<4=<E =4?@G65=L G F<?V=4@<G=V= EFV=FV 54>4 E>?4?<: 4?O  

>>?>6<E =4?@G65=L 3 6V4=>E=4 ?>E<5>4  % ; 4?O <5@<4V>=4?L=<E 3 

 %.  
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�=4?>7VG=<< G<=>< 5G?< ?@>6545=V 5>E?5@<<5=F4?L=V 4>E?V465==O 

>V=5<4F<G=<E ?4@4<5F@V6 >>?<64==O LF4=7< =4 @>7@>5?5=V= <4OF=<>>6V= 

?V46VEFV. �F@<<4=V 7=4G5==O ?@<E>>@5=L =4 >@4N E5>FVW LF4=7< 4>5@5 

>>@5?NNFL 7 ?@<E>>@5==O<<, M> 7=4=45=V 74 @57G?LF4F4<< F5>@5F<G=>7> 

<>45?N64==O >>?<6=>7> ?@>F5EG. $>75V6=VEFL @57G?LF4FV6 F5>@5F<G=>7> 

@>7@4EG=>G F4 5>E?5@<<5=F4?L=<E 44=<E E>?444T 8,8%. 

&4>>6 ?@< ?@>6545==V 5>E?5@<<5=F4?L=<E 4>E?V465=L 5G?> 6<>>=4=> 

?>@V6=O?L=<= 4=4?V7, 74 ?@<E>>@5==O<<, 5D5>F<6=>EFV @>5>F< ?V46VE>< 

LF4=7< ?@< 74>@V??5==V LF4=7< =4 <4OF=<>>6V= ?V46VEFV F4 ?@< G<>6=> 

6>@EF>><G >@V??5=V (@>5>F4 <4OF=<>4 5G?4 745?>>>64=>N). �F@<<4=<= 5D5>F 

6<>>@<EF4==O <4OF=<>>6>W ?V46VE>< 4?O 44=>7> @56<<G 5>E??G4F4FVW 

>5?@<E>G64G4 (?>6=<= 54>, L6<4>VEFL 4,5 ></7>4, @5?LTD G<>6=> E>?44=<=) 

7=<6GT 65@F<>4?L=V ?@<E>>@5==O G 1,7 @47<. &5 ?>7<F<6=> 6V4>5@464TFLEO =4 

EF45V?L=>EFV ?>?>65==O LF4=7<, 7=<65==V 4VW =4 =5W 4<=4<VG=<E E<? F4 

755@565==V @5EG@EG @>5>F<. 

' ?9OF><G @>74V?V 4<E5@F4FV==>7> 4>E?V465==O =46545=> @O4 <5F>4<> 

4?O >FV=>< =4?@G65=>-45D>@<>64=>7> EF4=G 54>4 >5?@<E>G64G4 ?@< ?>6=><G 

=>7> =464=F465==V. �<>>@5<?5=> 6??<6 4VW 7V4@>EF4F<G=>7> F<E>G @>5>G>W 

@V4=< =4 7474?L=<= =4?@G65=<= EF4= 54>4 F4 6EF4=>6?5=>, M> =>7> ?<F><4 

G4EF>4 =5 ?5@56<MGT 1,51%. &5 >7=4G4T, M> 6<7=4G4?L=<< 4?O 

@>5>F>744F=>EFV 54>4 O> >5>?>=><, M> ?@4FNT ?V4 F<E>><, T FV?L>< 7=4G5==O 

6=GF@VL=L>7> =44?<L>>6>7> F<E>G. � FL><G @>74V?V >F@<<4=> @O4 7@4DVG=<E 

74?56=>EF5= >FV=>< =4?@G65=>-45D>@<>64=>7> EF4=G 54>4 6 FV?><G. �@V< 

F>7>, 4=4?>7VG=V @57G?LF4F< >F@<<4=> ?@< 6<>>@<EF4==V ?@<>?44=<E ?@>7@4< 

3-D <>45?N64==O, F4><E O> SolidWorks2019 G <>4G?V Simulation. �5V6=VEFL 

@57G?LF4FV6  E>?444T 5V?LL5 99%. 

�@< 4>E?V465==V 5D5>F<6=>EFV 6<>>@<EF4==O <4OF=<>>6>W ?V46VE>< 

LF4=7< >5?@<E>G64G4 >F@<<4=> @O4 7@4DVG=<E 74?56=>EF5=, O>V 

E4@4>F5@<7GNFL >V=5<4F<G=V ?4@4<5F@< @>5>F< F4>>W ?V46VE><. �?O >F@<<4==O 

>>@5<<E @57G?LF4FV6 5G?> 7<>45?L>64=> F4>G E<EF5<G G ?@>7@4<V SolidWorks, 
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76V4>< >F@<<4=> O> 6<EV4=V 44=V <><5=F< V=5@FVW 4?O F5>@5F<G=>7> 

@>7@4EG=>G. &>4V 74 @57G?LF4F4<< 4>E?V465==O >F@<<4=> 4<??VFG4<, 

L6<4>>EFV F4 ?@<E>>@5==O 4?O >GF>6<E F4 65@F<>4?L=<E >>?<64=L LF4=7<. 

�<7=4G5=> G4EF>F< 6?4E=<E F4 6<<GL5=<E >>?<64=L LF4=7< =4 <4OF=<>>6V= 

?V46VEFV, 7@>5?5=> 6<E=>6>< ?@> =5<>6?<6VEFL 6<=<>=5==O @57>=4=E=<E 

@56<<V6. '4EF>F< 6?4E=<E F4 6<<GL5=<E >>?<64=L 6V4@V7=ONFLEO =4 @V7=<E 

@56<<4E ?>-@V7=><G, 4?5 =5 <5=L5 O> G 3,6 @47<.   

&4>>6 ?@>@>5?5=5 ?<F4==O 5>>=><VG=>W 5D5>F<6=>EFV @>7@>5?5=>7> 

<4?>7454@<F=>7> >5?@<E>G64G4, @VG=<= 5>>=><VG=<= 5D5>F E>?444T 

15111,4 7@=/@V> =4 >4=G <4L<=G, @>7@4EG=>>6<= F5@<V= >>G?=>EFV 3 2,84 @>><. 

�>=EF@G>FVN ?V46VE>< LF4=7< <4?>7454@<F=>7> E4<>EV4=>7> 

>5?@<E>G64G4 74E<M5=> 45>?4@4FV==<< ?4F5=F>< =4 >>@<E=G <>45?L 

7157047 U, @57G?LF4F< 4<E5@F4FV==>7> 4>E?V465==O 6<>>@<EF>6GNFLEO &�� 

«�?>F<G4 �7@>» ?@< ?@>T>FG64==V EV?LEL>>7>E?>44@EL><E <4L<=, 4 F4>>6 6 
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ABSTRACT  
 

Levitskyi B.B. Justification of structural and technological parameters of a 

small-sized self-propelled sprayer. 3 Qualifying scientific work as a manuscript. 

Dissertation for the degree of Doctor of Philosophy in the field of 

knowledge 13 Mechanical Engineering, specialty 133 Industrial Engineering. 
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Ternopil Ivan Puluj National Technical University MES of Ukraine, Ternopil, 

2025. 

In the dissertation, a new scientific task was solved to increase the efficiency 

of chemical plant protection by improving the design of a small-sized sprayer with 

the justification of the structural and technological parameters of the 

pneumohydraulic power supply system for spraying devices and stabilizing the 

rod. 

The introduction substantiates the relevance of the topic, formulates the goal 

and sets the task of the study. The scientific novelty, practical significance of the 

obtained results are described and the personal contribution of the applicant in the 

conducted studies is given. Information on testing and publication of the results of 

scientific research, the structure and volume of the dissertation work are provided. 

To realize the purpose of the dissertation research, the following tasks are set 

and solved in the work. On the basis of known designs of small-sized sprayers, an 

improved structural scheme of a self-propelled sprayer with a pendulum 

suspension of a rod is proposed. Theoretical models have been developed that 

describe the stress-strain state of the sprayer tank, transporting the working fluid 

and displacing it in the presence of excess pressure, as well as dynamic models of 

angular and vertical vibrations of the sprayer rod in the pendulum suspension 

system with added mass. For the implementation of scientific research, a small-

sized self-propelled rod sprayer was manufactured and its field tests were carried 

out. Experimental studies of tank strength and kinematic parameters of the sprayer 

rod were implemented, which work well with similar theoretical studies 

performed, including the use of simulation modeling. 

The object of the study is the spraying prosses of a small-sized self-

propelled rod sprayer with a pendulum suspension and a pneumohydraulic power 

supply system for the spraying devices. 

The subject of the study is the relationship between the parameters and 

operating modes of the sprayer, their effect on the strength of the tank and the 

stabilization properties of the rod suspension, which ensures uniform application of 
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the working preparation to the treated surface. 

Carrying out outlined scientific researches made it possible to increase 

efficiency of chemical protection of plants through substantiation of rational 

structural and technological parameters of pneumohydraulic power supply system 

of spraying devices and stabilization of the sprayer rod. 

On this basis, dynamic models of oscillation of the rod of a small-sized self-

propelled sprayer in a pendulum suspension system with an artificially increased 

rod mass were first developed; 

a mathematical model describing the stress-strain state of the vertically 

oriented cylindrical sprayer tank in the pneumohydraulic power supply system of 

the rod spraying devices and allowing to investigate the effect on the general 

stress-strain state of the shell of the edge effect when loading the bottoms; 

theoretical dependencies substantiating the influence of the rod position on 

the uniformity and efficiency of spraying were further developed. 

In the first section of the dissertation, an analysis of the feasibility of 

creating a small-sized self-propelled sprayer for servicing the technological 

processes of growing crops in small farms or subsidiary farms was carried out. An 

analysis of the available small-sized sprayers, which differ in the method of 

aggregation, functional purpose, indicated the scope of their application, manual 

labor costs, advantages and disadvantages. Such an analysis made it possible to 

form the idea of creating a small self-propelled sprayer, for which criteria for 

implementation were put forward. Also in this section, the designs of key units of 

small-sized sprayers are considered and a theoretical analysis of dependencies is 

carried out, which show the influence of the position of the rod on the possibility 

of applying the working preparation to the treated area. Dependencies are 

developed, on the basis of which it is possible to establish the degree of 

unevenness of spraying, depending on the position of the rod in height above the 

object of processing. 

All these factors made it possible to formulate the main tasks of the 

dissertation research. 
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The second section builds theoretical models that make it possible to justify 

the design and technological parameters of the systems under consideration. At the 

first stage of the study, a theoretical model was developed on the basis of a 

moment-free theory of shells, which allows us to assess the stress-strain state of the 

cylindrical sprayer tank operating in the pneumohydraulic power supply system of 

the rod spraying devices. Based on such studies, circular and meridional stresses 

were determined in the cylindrical wall of the tank, the permissible internal 

pressure was established based on the strength of the structure, it was  

 MPa. 

Cylindrical part of the sprayer tank is limited by semi-elliptical bottoms. The 

resulting shell is described by a theoretical model, which makes it possible to 

assess the stress state of the bottoms, taking into account the influence of the edge 

effect on the overall stress-strain state of the tank. 

Theoretical models have been developed and expressions have been 

obtained that describe and take into account the influence of the hydrostatic 

pressure of the working fluids contained in the machine tank on the general 

stressed state of the shell. 

The basic scheme of formation of the pendulum suspension with artificially 

increased mass of the rod is described and on this basis a theoretical model is built 

that describes the oscillatory processes of the rod. Developed theoretical models 

allow us to explore the kinematic parameters of angular and vertical vibrations of 

the rod at its various positions in height and the degree of filling of the tank with 

working fluid as the added mass of the rod. 

The third section describes the design features of the prototype of the 

manufactured sprayer, its technical characteristics are compiled. Among the 

selected main parameters of the machine are: the width of the capture - 5 m; bar 

installation height range 3 350-1100 mm; gauge range 3 900-1500 mm; 

performance per hour of normal time -1.8-2.7 ha/h. 

A program has been compiled and the methodology for conducting 

experimental studies has been described. 

07.1p
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To confirm the results of theoretical calculations in the outlined statement of 

the problem, a plan was adopted and a matrix of a complete factor experiment, 

such as, . 

The fourth section presents the results of field and experimental studies of a 

prototype of a small-sized sprayer. When performing field tests on pure vapors 

when applying a soil herbicide, when processing hoed crops, working in gardens 

with the use of an additional hand rod - the sprayer proved its high technological 

efficiency. During experimental studies, which were divided into several stages, 

the results of the stressed state of the sprayer tank were obtained at different loads. 

The results of the experiment confirmed the theoretical calculations. The difference 

in the values of the obtained stresses in the cylindrical wall of the tank was: for 

circular stresses - relative error  %; for meridional 3 %. 

Similarly, experimental studies of the kinematic parameters of the rod 

oscillation on the developed pendulum suspension were carried out. The obtained 

values of accelerations at the edge of the bar section are well crowned with 

accelerations found from the results of theoretical modeling of the oscillatory 

process. The discrepancy between the results of theoretical calculation and 

experimental data is 8.8%. 

Also, during experimental studies, a comparative analysis was carried out, 

according to accelerations, of the effectiveness of the rod suspension when the rod 

was fixed on the pendulum suspension and conditionally rigidly attached (the 

pendulum was blocked). The obtained effect of using a pendulum suspension for 

this mode of operation of the sprayer (full tank, speed 4.5 km/h, the relief is 

conditionally complex) reduces vertical acceleration by 1.7 times. That positively 

affects the stability of the position of the bar, reducing the action of dynamic forces 

on it and preserving the resource of work. 

The fifth section of the dissertation study provides a number of methods for 

assessing the stress-strain state of the sprayer tank at its full load. The influence of 

the hydrostatic pressure of the working fluid on the general stressed state of the 

tank is allocated and it is established that its specific share does not exceed 1.51%. 

2
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This means that only the value of internal overpressure is decisive for the 

operability of the tank as a pressure shell. In this section, a number of graphical 

dependencies of the assessment of the stress-strain state of the tank as a whole are 

obtained. In addition, similar results are obtained using 3D modeling applications, 

such as SolidWorks2019 in the Simulation module. The convergence of the results 

is more than 99%. 

When studying the effectiveness of the pendulum suspension of the sprayer 

rod, a number of graphic dependencies were obtained that characterize the 

kinematic parameters of the operation of such a suspension. To obtain individual 

results, such a system was modeled in the SolidWorks program, from where the 

moments of inertia for the theoretical calculation were obtained as initial data. 

Then, according to the results of the study, amplitudes, velocities and accelerations 

for angular and vertical oscillations of the rod were obtained. The frequencies of 

natural and forced oscillations of the rod on the pendulum suspension were 

determined, conclusions were drawn about the impossibility of resonance modes. 

Natural and forced oscillation frequencies differ at various modes in different 

ways, but not less than 3.6 times. 

Also worked out the question of the economic efficiency of the developed 

small-sized sprayer, the annual economic effect is 15111.4 UAH/year per car, the 

estimated payback period is 2.84 years. 

The design of the suspension rod of a small-sized self-propelled sprayer is 

protected by a declaration patent for a utility model No. 157047 U, the results of 

the dissertation research are used by Plotycha Agro LLC in the design of 

agricultural machines, as well as in the educational process of Ternopil Ivan Puluj 

National Technical University. 

 

Key words: chemical protection, sprayer boom, design of the pendular 

suspension, spray nozzle, field tests, experimental design methodology, rate of 

application, data processing, software, the stress-strain state of the shell, study of 

oscillations, modeling process, stress, parameters, speed.  
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5D5>F<6=>EFV <4L<=, ?@>F5EV6 V E<EF5<. Improving the reliability and efficiency 

of machines, processes and systems", 19-21 >6VF=O 2023 @.  <. �@>?<6=<FL><=; 

IX-= �V6=4@>4=V= =4G>>6>-?@4>F<G=V= >>=D5@5=FVW «�==>64FV==V F5E=>?>7VW 6 

���», 7-8 G5@6=O 2023 @., <. �GFL>; %��-= �V6=4@>4=V= =4G>>6>-?@4>F<G=V= 

>>=D5@5=FVW. �>?>4<E GG5=<E F4 EFG45=FV6, (&5@=>?V?L, 6-7 7@G4=O 2023).  

�G5?V>4FVW. �E=>6=V @57G?LF4F< 4<E5@F4FV==>W @>5>F< 6V4>5@465=> G 

13 ?G5?V>4FVOE, 7 =<E:  4 EF4FFV G D4E>6<E 6<44==OE, 6 F><G G<E?V 1 EF4FFO, M> 

V=45>EGTFLEO G =4G>><5F@<G=V= 547V Scopus, 8 F57 4>?>6V45= F4 1 ?4F5=F 

'>@4W=< =4 >>@<E=G <>45?L. 

%FDG>FGD4 = >5EO7 4<E5DF4FVW.  

�<E5@F4FV==4 @>5>F4 E>?444TFLEO 7 4=>F4FVW, 6EFG?G, ?9OF< @>74V?V6, 

@>74V?V6, 7474?L=<E 6<E=>6>V6, E?<E>G 6<>>@<EF4=<E 465@5? V7 139 

=4=<5=G64=L V 5 4>44F>V6. 

�E=>6=V @57G?LF4F< @>5>F< 6<>?445=> =4 145 EF>@V=>4E, 45 <VEFOFLEO 

76 @<EG=>V6 V 14 F45?<FL. �474?L=<= >5EO7 4<E5@F4FVW E>?444T 199 EF>@V=>>.  
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$����� 1 

���/� %&��' ��&���/ &� ���$'�&'����/ 
���%&$'�&�� ��������$�&���� %���%������ 

���$�%�'��'� 
 

 

1.1 �=4?V7 5D5>F<6=>EFV D>5>F< 74E>5V6 EV<VG=>7> 74E<EFG D>E?<= =4 
=565?<><E >5D>5?N64=<E 4V?O=>4E 

 
%5@54 5474FL>E E?>E>5V6 74E<EFG @>E?<= 3 EV<VG=<= 74E<EF 74?<L4TFLEO 

>4=<< 7 =4=5V?LL 5D5>F<6=<E F4 @5=F455?L=<E [114]. &5 6<>?<>4=> F<<, M> 

6??<6 EV<VG=<E ?@5?4@4FV6 <4T 4>E<FL L6<4>G 4VN V @57G?LF4FG <>6=4 

4>5<F<EO 74 6V4=>E=> >>@>F><= ?@><V6>> G4EG. �>?@< @<7<>< =574F<6=<E 

=4E?V4>V6 4VW EV<VG=<E ?@5?4@4FV6 4?LF5@=4F<6<, O>4 5G?4 5< 4>EFG?=>N 

?5@5EVG=><G 6<@>5=<>G EV?LEL>>7>E?>44@EL>>W ?@>4G>FVW, ?>>< =5 

74?@>64465=> [18]. &5E=>?>7VG=4 >?5@4FVO EV<VG=>7> 74E<EFG @>E?<= T 

?@4>F<G=> G >>6=V= F5E=>?>7VW 6<@>MG64==O >G?LFG@. �?5, @47>< 7 F<<, O>M> 

@>77?O44F< =565?<>V ?V4E>5=V G< D5@<5@EL>V 7>E?>44@EF64, F> V7-74 =<7L>>7> 

@5EG@E=>7> 74557?5G5==O, E?>EF5@V74TFLEO V =<7L>4 >G?LFG@4 6<@>5=<FF64. &5 

?>7=4G4TFLEO =4 F><G, M> G4EF> 6<@>5=<>4<< >?GE>4NFLEO 45> 

<V=V<V7>6GNFLEO >>@5<V F5E=>?>7VG=V >?5@4FVW. %4<5 4> F4><E V =4?56<FL 

EV<VG=<= 74E<EF @>E?<=.  

�> ?@<>?44G, 74 EF4F<EF<G=<<< 44=<<< [95] F4 @57G?LF4F4<< 

4>E?V465=L V=L<E 46F>@V6 [92] 5V?LL5 90% >4@F>??V 6<@>5?OTFLEO G 

7>E?>44@EF64E =4E5?5==O. �474?><, F4>4 ??>M4 EF4=>< =4 >V=5FL 2022 @>>G 

FV?L>< ?> 6<@>5=<FF6G >4@F>??V E>?444T 1187,7 F<E.74 [92]. &4>>6 7@>7G<V?<< 

T F5, M> G ?V4E>5=<E 7>E?>44@EF64E 6<@>MGNFL V V=LV >G?LFG@<, F>5F> 

=46545=5 7=4G5==O ??>M T 7=4G=> 5V?LL<<. �@<>?44 M>4> 6<@>5=<FF64 

>4@F>??V =46545=> 7 F>N <5F>N, M> G 74EV4=><G @57V>=V '>@4W=< G ?V4E>5=<E 

7>E?>44@EF64E FO >G?LFG@4 T >4=VTN 7 >E=>6=<E V 6<@>MGTFLEO ?@4>F<G=> G 

>>6=><G 4><>7>E?>44@EF6V. />M> ?@>4=4?V7G64F< @>7<V@< >@=<E 75<5?L=<E 

4V?O=>>, O>V T G ?@<64F=V= 6?4E=>EFV 4><>7>E?>44@EF6, =5 ?5@56<MGNFL 2 74. 
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&GF =5 6@4E>64=> @>7?4=>64=V 75<5?L=V =44V?< >>?<L=VE >>?7>E?V6, O>V, 

?5@5646=>, 744=V 6 >@5=4G 5V?LL >@G?=<< 6<@>5=<>4< EV?LEL>>7>E?>44@EL>>W 

?@>4G>FVW, 45 E?>EF5@V74TFLEO 6<E>>5 @5EG@E=5 74557?5G5==O 6<@>5=<FF64 F4 

74EF>E>6GNFLEO V @54?V7>6GNFLEO ?5@54>6V F5E=>?>7VW. &><G =4=G4EFVL5 6 

?V4E>5=<E 7>E?>44@EF64E E?>EF5@V74NFLEO ??>MV ?V4 ?>E44>>N >4=VTW 

>G?LFG@<, =4?@<>?44 >4@F>??V, 0,1 74, 0,2 74, @V4L5 3 0,3 74.  �?O F4><E 

=565?<><E ??>M =54>FV?L=> 6<>>@<EF>6G64F< «65?<>V» F@4>F>@=V 

>5?@<E>G64GV [20, 49, 56], F4 = =5 >>65= 6<@>5=<> <4T F@4>F>@, M>5 

47@574FG64F< >5?@<E>G64G, F><G, ?5@5646=>, 6<>>@<EF>6GNFL =4=?@>EFVLV 

@4=F56V >5?@<E>G64GV. %5@54 5474FL>E >>=EF@G>FV=, M> T G ?@>?>7<FVW =4 

@<=>G, @>77?O=5<> =4 ?@<>?44V 46>E <>45?5= F4><E >5?@<E>G64GV6,  @<E. 1.1. 

 

  
4) 5) 

$<EG=>> 1.1 3 $4=F56V >5?@<E>G64GV 

 

�4 @<E. 1.1, 4 ?>>474=> @4=F56<= >5?@<E>G64G G>@4W=EL>>7> 6<@>5=<>4 

3 F>@7>6>W <4@>< «�5<V@4» [116]. &5 12-F< ?VF@>6<= @575@6G4@, O><= <4T 

6?4E=G (EGEG) <4EG 3,5 >7, @GG=<< =4E>E>< =47=VF4NFL @>5>G<= F<E> ?>6VF@O 

4> 0,3 ��4, O><< 6<FVE=ONFL @>5>GG @V4<=G V 6>=4 G5@57 LF4=7G F4 

@>7?<?NNG<= ?@<EF@V= F@4=E?>@FGTFLEO =4 >5@>5?N64=G ?>65@E=N.  

�4 @<E. 1.1, 5 ?@54EF46?5=> @4=F56<= 4>G<G?OF>@=<= >5?@<E>G64G 

FERMER �%�-16 ?>?LEL>>7> 6<@>5=<>4 «$5@<5@» [60]. &4><= >5?@<E>G64G4 

<4T T<=VEFL 54>4 16 ?. $>5>G<= F<E> 0,1530,45 ��4 6 =4?V@=V= <47VEF@4?V 

=47=VF4TFLEO 4V4D@47<>6<< =4E>E><, O><= 6<6<FLEO 6V4 E6<=F56>-><E?>F=>7> 
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4>G<G?OF>@4. �?4E=4 <4E4 >5?@<E>G64G4 E>?444T 5,5 >7.  

�46545=V @4=F56V >5?@<E>G64GV <>6=4 6<>>@<EF>6G64F< 4?O EV<VG=>7> 

74E<EFG @>E?<= =4 =565?<><E 4V?O=>4E (7>@>44E), G E444E, 4?O 457V=D5>FVW 

?@<<VM5=L F>M>. &5 ?@>EFV V =44V==V 7=4@O44O. �?5 ?>@O4 7 F<<, WE 

6<>>@<EF4==O =4 ??>M4E 6 <564E 0,2 74, ?@> O>V <>64 =L?4 6<M5, <4T ?56=V 

=54>?V><. �4?@<>?44, >5?@<E>G64G =4 @<E. 1.1, 4 74?@46?5=<< 5G45 <4F< <4EG 

?@<5?<7=> 15,5 >7 V 4?O >5@>5>< 0,2 74, =4?@<>?44 F>W E4<>W >4@F>??V,  

?>F@55G64F<<5 <V=V<G< 4-5 74?@46>< ?@< =>@<V 6<?<6G ?@<5?<7=> 250 ?/74. 

�5=L>W 6<F@4F< @>5>G>W @V4<=< 646>> 4>EO7=GF< ?@< @>5>FV 7 F4><< 

7=4@O44O<, >E>V?L>< 6<@>5=<>< EV<VG=<E ?@5?4@4FV6 6>47GNFL =4 G?4>>6>4E 

«2 <? =4 10 ? 6>4< =4 3-4 E>F<E» V F.4. �@V< F>7>, O>M> ?VF< L?OE>< 

75V?LL5==O >>=F5=F@4FVW @>7G<=G 4?O 7<5=L5==O >59T<G 6<?<F>W @V4<=<, F> 

?>F@V5=> 75V?LL<F< L6<4>VEFL >5@>5><. &5, 6 E6>N G5@7G, ?@>6>>GT 

=5@V6=><V@=VEFL >5@>5>< F4 7=4G=> ?V46<MGT 6F><G ?N4<=<, M> 74V=E=NT FN 

>5@>5>G. &GF ?>F@V5=> 7646<F< =4 F5, M>, >@V< L6<4>> @GE4F<EL ?N4<=V G 

<V6@O44OE >G?LFG@<, W= ?>F@V5=> ?5@5<VM4F< <4EG 15,5 >7 =4 E?<=V, 

?5@V>4<G=> (4?O V=L<E ?>4V5=<E >>=EF@G>FV= >5?@<E>G64GV6) G< ?>EFV==> 

?V4>4GG64F< @GG=<< =4E>E><, 74?@46?OF< 3 F5 6E5 ?@>6>>GT 6F><G >?5@4F>@4.  

�<F4==O ?V4F@<<>< F<E>G G =4?V@=V= <47VEF@4?V 6<@VL5=> G 

4>G<G?OF>@=><G >5?@<E>G64GV, M> =4 @<E. 1.1, 5. �?5 =>7> >>=EF@G>FVO 

E>?44=VL4, 6V= 4>@>6G<=, 4 E4<5 >E=>6=5 3 6V= 7=4G=> 646G<=. �>7> <4E4 ?@< 

?>6=V= 74?@46FV EF4=>6<F<<5 21,5 >7 V ?5@5<VM4F<EL ?>?5<, >5@>5?ONG< 

?56=G >G?LFG@, =5 >>6=><G 5G45 ?@>EF>. &GF =5 T <5F>N 6>474F< =4 =54>?V>< 

>>=EF@G>FV= @>77?O4G64=<E >>=EF@G>FVW >5?@<E>G64GV6. �<@>5=<>< 

?@54EF46<?< =4 @<=>> 4>EF4F=L> >?F<<4?L=V >>=EF@G>FVW F4><E 7=4@O4L, 6>=< 

<4NFL E6>N 6<E>>G 5D5>F<6=VEFL G ?56=><G E5>F>@V 6<>>@<EF4==O, 74 

64@FVEFN 4>EFG?=V L<@>>><G 7474?G 6<@>5=<>V6 EV?LEL>>7>E?>44@EL>>W 

?@>4G>FVW, 4?5 ?>F@55GNFL 7=4G=>W 74F@4F< @GG=>W ?@4FV, >E>5?<6> =4 ??>M4E 

5V?LL5 0,1 74. &><G WE 6<>>@<EF4==O G F5E=>?>7VG=<E ?@>F5E4E 6<@>MG64==O 

>G?LFG@ <>65 5GF< ?>LF>6E>< 4> 7<5=L5==O >V?L>>EFV EV<VG=<E >5@>5>> 
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>G?LFG@< 6=4E?V4>> 6<E>>>W F@G4><VEF>>EFV ?@>F5EG, 7=<65==O O>>EFV 

>5@>5><, >E>5?<6> F5 ?>7=4G4TFLEO =4 ??>M4E, 45 ?>F@V5=5 EGFV?L=5 6=5E5==O 

@>5>G>7> ?@5?4@4FG F>M>. &><G, 74=<4NG<EL 6<@>5=<FF6>< 

EV?LEL>>7>E?>44@EL>>W ?@>4G>FVW =4 >?<E4=<E ??>M4E, ?>F@V5=> LG>4F< 

4?LF5@=4F<6G @4=F56<< >5?@<E>G64G4<.  

�<5=LGNG< ?<F><G G4EF>G @GG=>W ?@4FV ?@< 6<>>=4==V EV<VG=>7> 

74E<EFG, 6<@>5=<>< EV?LEL>>7>E?>44@EL><E <4L<= 4@V5=<< D5@<5@4< 

?@>?>=GNFL 64@V4=F F4G>>6<E (6V7>>6<E) >5?@<E>G64GV6. &GF <4E4 

>5?@<E>G64G4 F4 74?@46?5=>W @>5>G>W @V4<=< ?5@5=5E5=4 =4 =>7> L4EV-6V7>> V 

F5 G4EF>>6> 6<@VLGT 747>EF@5=G ?@>5?5<G.  

%5@54 <=>6<=< F4><E <4L<=, =46545<> >V?L>4 64@V4=FV6 EGG4E=<E 

<4L<=, O>V T G ?@>?>7<FVW =4 @<=>G, @<E. 1.2 31.4. 

 

  
4) 5) 

$<EG=>> 1.2 3 �?5>F@<G=<= (4>G<G?OF>@=<=) >5?@<E>G64G =4 >>?5E4E 
80 ? Stocker 303 

 

�F4?V=EL><= 6<@>5=<> Stocker ?@>?>=GT 5?5>F@<G=<= (4>G<G?OF>@=<=) 

>5?@<E>G64G =4 >>?5E4E 80 ? Stocker 303, @<E. 1.2 [33]. 

&5= <V=V>5?@<E>G64G <4T <VF=5 L4EV F4G>>6>7> F<?G, =4 O>><G 

7<>=F>64=> 80 ? ??4EF<>>6<= 54>. �4?V@ @>5>G>W @V4<=< EF6>@NTFLEO 

5?5>F@<G=<< =4E>E>< ?>FG6=VEFN 100 �F F4 <>65 4>EO74F< F<E>G 6V4 0,1 ��4 

4> 1,0 ��4 ?@< 6<F@4FV 1,5-6 ?/E6. �>66<=4 L?4=74 50 <, <4>E<<4?L=4 

6V4EF4=L @>7?<?5==O 4> 8 <. �4E4 =574?@46?5=>7> >5?@<E>G64G4 62 >7, 

@<E. 1.2, 4.  



29 

� V=L><G 64@V4=FV (@<E. 1.2, 5) F5= >5?@<E>G64G >5?44=GTFLEO =46VE=>N 

LF4=7>N, L<@<=4 O>>W @57G?NTFLEO 6V4 1,5 < 4> 2,5 <, M> 4>76>?OT 

74557?5G<F< <4>E<<4?L=G L<@<=G >5@>5>< 4> 3,5 <. �@< 6<>>@<EF4=V 

7<V==>7> ?@<GV?=>7> 4<L?4 =>7> <>6=4 47@574FG64F< <V=V5=5@7>74E>54<<.  

&4>V >5?@<E>G64GV 6<>>@<EF>6GNFL G E444E, F5??<FOE F4 =565?<><E 

4V?O=>4E 4?O >5?@<E>G64==O EV?LEL>>7>E?>44@EL><E >G?LFG@ F4 V=L<E 

7>E?>44@EL><E @>5>F4E. 

�4 @<E. 1.3 =46545=> <>45?L F4G>>6>7> >5?@<E>G64G4 MasterCut 

OS60T/25 =V<5FL>>-><F4=EL>>7> 6<@>5=<FF64 [21].  

  
4) 5) 
$<EG=>> 1.3 3 �5?@<E>G64G MasterCut OS60T/25 

 

�>4V5=> 4> ?>?5@54=L>W <>45?V >5?@<E>G64G MasterCut OS60T/25 

>5?44=4=<= 603F< ?VF@>6<< 54>>< (@<E. 1.3, 4), 74<VEFL ?@>EF>W ?V4EF46>< <4T 

>5@>64=V >?>@=V >>?5E4, M> 4>76>?OT ?57L5 ?5@5<VM4F< =>7> ?> 4V?O=>4E 7 

F65@4<< ?>>@<FFO<. �>?>6=>N 6V4<V==VEFN T F5, M> F4><= >5?@<E>G64G 

>5?44=4=<= 46<7G=>< 6=GF@VL=L>7> 77>@O==O (@<E. 1.3, 5), O><= ?@<6>4<FL 6 

4VN ?>@L=56<= =4E>E, M> <>65 EF6>@N64F< F<E> @>5>G>W @V4<=< G =4?V@=V= 

<47VEF@4?V 4> 2,5 ��4 ?@< ?@>4G>F<6=>EFV 6-8 ?/E6. �V= >5?44=4=<= L?4=7>< 

LF4=7< 4>66<=>N 25 <. �4E4 >5?@<E>G64G4 E>?444T 30 >7. &4><= 

<V=V>5?@<E>G64G <>6=4 6<>>@<EF>6G64F< G E444E, F5??<FOE, V=L<E 4V?O=>4E, 

45 =5 5G45 GF@G4=5=5 =>7> ?5@5<VM5==O. 
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'>@4W=EL><= 6<@>5=<> <4L<= 4?O EV<VG=>7> 74E<EFG @>E?<= 3 

«�L6V647@><4L?@>5>F» F4>>6 ?@>?>=GT F4G>>6<= >5?@<E>G64G '�-100, O><= 

@5>><5=4GT 6<>>@<EF>6G64F< G F5??<FOE [108], @<E. 1.4. 

 

$<EG=>> 1.4 3 �5?@<E>G64G 4?O F5??<FL 

 

&5E=>?>7VG=4 EE5<4 F4>>7> >5?@<E>G64G4 4=4?>7VG=4 4> =46545=<E 

6<M5. &GF 64@F> 6V47=4G<F<, M> 6<@>5=<> =4 74<>6?5==O <>65 6<7>F>6?OF< 

F4>V >5?@<E>G64GV 7 6<>>@<EF4==O< T<=>EF5= 6V4 100 ? 4> 420 ?. �@<6>4 

=4E>E4, O><= <4T ?@>4G>F<6=VEFL 30 ?/E6, <>65 74V=E=N64F<EO 6V4 46<7G=4 

6=GF@VL=L>7> 77>@4==O 45> <4F< 5?5>F@>?@<6>4. 

�5?@<E>G64GV, M> =46545=V =4 @<E. 1.2-1.4, F5 665 5V?LL ?@>D5EV==V 

<4L<=< G ?>@V6=O==V 7 @4=F56<<, 6>=< =5 ?5@5>?444NFL E6>N <4EG =4 ??5GV 

>?5@4F>@G, G ?@O<><G E5=EV, 4?5 WE 6<>>@<EF4==O 4?O >5@>5>< ?>?L>6<E 

>G?LFG@ T 45M> >5<565=<<. &4>V <4L<=< 4>6>?V ?@>5?5<4F<G=> ?5@5EG64F< 

=4 ?V4=>< =46VFL ?> F65@4V= ?>65@E=V, 4 V7-74 <4?>7> 4V4<5F@4 >>?VE V O> 

=4E?V4>> 3 65?<>>7> >?>@G ?5@5>>GG64==N, 6>=< =5744F=V @GE4F<EL ?> 

@>7?GL5=V= ?>65@E=V ?>?O. �@V< F>7>, O>M> F4>V >5?@<E>G64GV 

6<>>@<EF>6G64F< 4?O >5@>5>< ?@>E4?=<E >G?LFG@, F> FGF 6<=<>4NFL =>6V 

?@>5?5<< 3 <4?<= >?V@5=E F4 DV>E>64=4 L<@<=4 >>?VW, M> =5 74664< E?V6?444T 

7 >@4F=VEFN L<@<=< <V6@O4L. &>5F> WE 5D5>F<6=VEFL 4>6545=4 ?@< @>5>FV G 

E444E, F5??<FOE, ?@< 457V=D5>FVW G E>?44EL><E ?@<<VM5==OE F>M>.  
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�=>6G 6 F4><, FN ?@>5?5<G G4EF>>6> 6<@VLGNFL <V=V>5?@<E>G64GV 

?@<GV?=V G< =46VE=V =4 <V=V5=5@7>74E>5<. �4=5V?LL ?>?G?O@=<<< T =46VE=V 

>5?@<E>G64GV. �4 @<E. 1.5 ?@54EF46?5=> >5?@<E>G64G 130 ? =4 <>F>F@4>F>@ 

[57]. 

  

 

 
 

4) 5) 6) 
$<EG=>> 1.5 3 �5?@<E>G64G =4 <>F>F@4>F>@ 130 ?VF@V6 (�7@>>@4<) 

 

&5 >><?4>F=<= =46VE=<= >5?@<E>G64G, M> <4T L<@<=G LF4=7< 4 <, =4 

O>V= 6EF4=>6?5=> 8 @>7?<?NNG<E ?@<EF@>W6, @<E. 1,5, 4. �4> <VEF>VEFN 130 ? 7 

@>5>G>N @V4<=>N (@<E. 1,5, 6) 6<6<FL =4?V@=G <47VEF@4?L 74 4>?><>7>N 46>E 

<5<5@4==<E 5?5>F@>=4E>EV6 ?@O<>W ?>44GV =4 @>7?<?N64GV. ,F4=74 <4T 

<>6?<6VEFL @57G?N64==O 74 6<E>F>N F4 ?5@56>4G 7 @>5>G>7> G F@4=E?>@F=5 

?>?>65==O. %GE4 <4E4 >5?@<E>G64G4 25 >7. �7@574FGTFLEO 7 5=5@7>74E>54<< 

<4?>W ?>FG6=>EFV ?@< =4O6=>EFV G =<E E<EF5<< =46VE><. �4O6?5=4 6<@>5=<>>< 

?@>4G>F<6=VEFL 3 1 74/7>4. 

�=L4 E<EF5<4 =47=VF4==O @>5>G>7> F<E>G 6 =4?V@=V= <47VEF@4?V 

6<>>@<EF4=4 =4 >5?@<E>G64GV G>@4W=EL>>W DV@<< Agrofast [1] 3 F5 6<FVE=5==O 

@>5>G>W @V4<=< 7 6<>>@<EF4==O< =44?<L>>6>7> F<E>G, M> EF6>@NTFLEO 

>><?@5E>@><.  
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4) 5) 

$<EG=>> 1.6 3 �5?@<E>G64G 4?O <V=VF@4>F>@4 80 ? (Agrofast) 

 

� O>>EFV @575@6G4@4 FGF 6<>>@<EF4=> 54> 80 ? 6V4 7V4@>4>G<G?OF>@4 

=4E>E=>W GEF4=>6><, 45 @>5>G<= F<E> 4>?GE>4TFLEO 4> 0,8 ��4. �?5>F@<G=<= 

>><?@5E>@ '@474= ?@>4G>F<6=VEFN 35 ?/E6 EF6>@NT =44?<L>>6<= F<E>, M> 

6<F<E>4T @>5>GG @V4<=G G5@57 6VEV< @>7?<?N64GV6, M> 6EF4=>6?5=V =4 LF4=7V. 

,<@<=4 74E>??5==O, ?@< 6@4EG64==V >GF4 @>7?<?5==O @>7?<?N64G4<<, 

E>?444T 5,5 <. %4<4 LF474 ?> 6<E>FV <>65 =4 @4<V DV>EG64F<EO G >V?L>>E 

?>?>65==OE. �5@56V4 G F@4=E?>@F=5 ?>?>65==O 74V=E=NTFLEO 74 4>?><>7>N 

G4EF>>6>7> @>75<@4==O E5>FV= F4 DV>EG64==O WE G E?5FV4?L=><G >>=E>?L=><G 

F@<<4GV.  

/>M> 4=4?V7G64F< FV 46V <>45?V >5?@<E>G64GV6 (@<E. 1.5 V 1.6), F> 6>=< 

4G65 ?>4V5=V <V6 E>5>N, 6V4@V7=ONFLEO FV?L>< E<EF5<4<< 6<FVE=5==O @V4<=<. 

�4 F4>>7> >>=EF@G>F<6=>7> 6<>>=4==O FV =46VE=V >5?@<E>G64GV 5G4GFL 4>5@5 

?@4FN64F< ?@< >5?@<E>G64==V ?>?L>6<E >G?LFG@, 4?5 FV?L>< 74 ?56=<E G<>6.  

&GF 7V 7@>EF4==O< F5E=>?>7VG=>7> @V6=O <4L<=< 5V?LL ?@<E>V??<6> 

EF46<<>EO 4> 74557?5G5==O =5N 47@>F5E=VG=<E 6<<>7 ?@< >5?@<E>G64==V.  

�4=?5@L5, F5 =>@<4 6=5E5==O @>5>G>7> ?@5?4@4FG =4 >5@>5?N64=G 

??>MG. ->5 74557?5G<F< 7444=G =>@<G 6=5E5==O ?>F@V5=> ?@46<?L=> 
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G77>4<F< F<E> 6 =4?V@=V= <47VEF@4?V 7 6<F@4F>N G5@57 6<7=4G5=5 G<E?> 

@>7?<?N64GV6 F4 L6<4>VEFN @GEG 47@574FG. �<>?<>4T EG<=V6 GVF>5 

74557?5G5==O 7444=>W =>@<< 6<?<6G, >E>V?L>< F<E> 6 =4?V@=V= <47VEF@4?V =5 

?V4F@<<GTFLEO EF4?<< 3 6 =46545=<E >>=EF@G>FVOE 6V4EGF=V 5G4L-O>V 

@57G?OF>@< F<E>G. �444=G L6<4>VEFL @GEG 646>> ?V4F@<<G64F< =4 @V7=<E 

5=5@7>74E>54E, >E>V?L>< =5 6EV <>F>F@4>F>@<, 4 F<< 5V?LL5 <>F>5?>>< 7 

444?F5@4<<, <4NFL E?V4><5F@< G< F4E><5F@<. �@< @>5>FV G <V6@O44OE @V7=<E 

?@>E4?=<E >G?LFG@ L<@<=4 >>?VW F@4>F>@4 =5 E?V6?444T 7 <V6@O44O<< 

>G?LFG@< 45> 646>> WW 7<V=<F<, 6<=<>4NFL ?@>5?5<< ?@< >5@>5FV 6V4=>E=> 

6<E>>>@>E?<E >G?LFG@ (=4?@<>?44 >5@>5>4 >4@F>??V 4> G< ?VE?O D47< 

F6VFV==O) V7-74 <4?>7> >?V@5=EG 5=5@7>74E>5G F>M>. �@V< F>7>, 6>@EF>5 

74>@V??5==O LF4=7< =4 @4<V >5?@<E>G64G4 =5 E?@<OT WW EF45V?V74FVW ?@< @GEV 

5=5@7>74E>5G ?>?L>6<<< =5@V6=>EFO<<. �4 F4><E G<>6 4<=4<VG=> 7<V=NTFLEO 

6V4EF4=L 4> >59T>FG >5@>5><, 4 6V4 F>7> V =>@<4 6=5E5==O, 4 F4>>6 F5 <4T 

EGFFT6<= 6??<6 =4 @5EG@E @>5>F< >4@>4EV6 V @4<< E4<>7> >5?@<E>G64G4 [2, 3, 6, 

7, 15, 65]. 

-> EF>EGTFLEO ?@<GV?=<E >5?@<E>G64GV6, @<=>> F4><E <4L<= <4T 

7=4G=> <5=L5 ?@>?>7<FV=, 4?5 @>77?O=5<> 45O>V >>=EF@G>FVW, @<E. 1.7. 

 

 

4) 5) 
$<EG=>> 1.7 3 �5?@<E>G64G 4?O <>F>5?>>4 V <>F>F@4>F>@4 
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�4 @<E. 1.7, 4 ?@54EF46?5=<= >5?@<E>G64G 4?O <>F>5?>>4 V 

<>F>F@4>F>@4 G>@4W=EL>>7> 6<@>5=<>4 �� �@NG>>6 [28]. 

�4=<= ?@<GV?=<= >5?@<E>G64G ?@<T4=GTFLEO 4> <>F>5?>>4 7 

4>?><>7>N 444?F5@4. �<?GE>4TFLEO G F@L>E 64@V4=F4E >59T<V6 54>V6: 85 ?, 

150 ? F4 250 ?. $>5>G<= F<E> 0,25-0,30 ��4 =47=VF4TFLEO 74 4>?><>7>N 

<>F>?><?< 45> 6V4F5=F@>6>7> =4E>E4 (@<E. 1.7, 5). &4>V  >5?@<E>G64GV <4NFL 

<>6?<6VEFL @57G?N64==O 6<E>F< V L<@<=< >>?VW (<V=V<4?L=4 L<@<=4 3 0,8 <), 

4 F4>>6 @57G?N64==O 6<E>F< 6EF4=>6?5==O LF4=7<. �4 LF4=7V 7<>=F>64=> 8 

@>7?<?N64GV6, M> 4>76>?OT 74557?5G<F< L<@<=G 74E>??5==O 4> 3,5 <. �4E4 

>5?@<E>G64G4 7 ?>@>6=V< 54>>< (557 =4E>E4) 3 39 >7. 

�=L<< ?@<>?44>< <>65 E?G7G64F< >5?@<E>G64G ?@<GV?=<= 4> 

<V=VF@4>F>@4 NorthStar (79 ?) (%,�), @<E. 1.8 [117]. 

  
4) 5) 

$<EG=>> 1.8 3 �5?@<E>G64G ?@<GV?=<= 4> <V=VF@4>F>@4 NorthStar (79 ?) 

 

�4=<= >5?@<E>G64G <>65 6<>>@<EF>6G64F<EO G @V7=<E 64@V4=F4E 

6<>>@<EF4==O @>7?<?NNG<E ?@<EF@>W6 3 =46VE=>W LF4=7< 7 LVEFL<4 

@>7?<?N64G4<< 45> @GG=>W LF4=7<. �V= ?@<7=4G5=<=, 6 >E=>6=><G, 4?O 

@>5>F< G E444E, <>6=4 =<< >5@>5?OF< 747>=<, V=LV ?>4V5=V 4V?O=><. �4?V@ 

@>5>G>W @V4<=< 4> 0,48 ��4 EF6>@NTFLEO 5?5>F@<G=<< =4E>E>< (12 �), M> 

<4T ?@>4G>F<6=VEFL 8,3 ?/E6. �474?L=4 <4E4 =574?@46?5=>7> >5?@<E>G64G4 

E>?444T 27,2 >7.  

&4><< G<=><, =46545=V ?@<GV?=V >5?@<E>G64GV (@<E. 1.7 V 1.8) <4NFL E6>W 

?5@5647< F4 =54>?V><. �4?@<>?44, ?@<GV?=<= >5?@<E>G64G4 �� �@NG>>6 

(@<E. 1.7) <4T 4>EF4F=L> 65?<><= >?V@5=E F4 <>6?<6VEFL 7<V=< L<@<=< >>?VW, 
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?>4V5=> O> 74?@>?>=>64=> G @>5>F4E [70, 71, 72, 75, 109, 110, 124, 127, 128, 

129, 131, 138], 4?5 G 47@574FV V7 <>F>5?>>>< =>7> DG=>FV>=4?L=V <>6?<6>EFV 

>5<565=V. &5 >5<565==O ?>69O74=5 7 F<<, M> <>F>5?>> =5<4T F4>>7> >?V@5=EG 

F4 <>6?<6>EFV ?57>> 7<V=N64F< L<@<=G >>?VW, =4?@<>?44, ?@< ?5@5W74V =4 

V=LG ??>MG. �@V< F>7>, 6 >5?@<E>G64GV 6V4EGF=O E<EF5<4 EF45V?V74FVW LF4=7<, 

M> E?@<OT WW 7=4G=<< >>?<64==O<, O>V 75G@NNFLEO >>?5E4<< >5?@<E>G64G4 V 

F5 ?>7V@LGT O>VEFL =4=5E5==O @>5>G>7> ?@5?4@4FG =4 ?>65@E=V @>E?<=. 

�<F@4F4 @>5>G>W @V4<=< 74?56<FL 6V4 F<E>G, M> EF6>@NTFLEO 5?5>F@<G=<< 

<5<5@4==<< =4E>E><, 4?5 7=4G5==O FL>7> F<E>G =56<7=4G5=5 F4 =5 

>>=F@>?L>64=5, M> F4>>6 =574F<6=> <>65 6??<64F< =4 4>F@<<4==O =>@<< 

6<?<6G >F@GF>EV<V>4FV6. 

� >>=EF@G>FVW >5?@<E>G64G4 ?@<GV?=>7> 4> <V=VF@4>F>@4 NorthStar, 

@<E. 1.8 665 ?5@5454G5=> @57G?N64==O F4 >>=F@>?L F<EG, M> EF6>@NTFLEO 6 

=4?V@=<= <47VEF@4?V, 4?5 F56 6V4EGF=T EF45V?V7G64==O LF4=7<, =5 @57G?NTFLEO 

=V >?V@5=E, =V L<@<=4 >>?VW, M> 7=4G=> >5<56GT =>7> 6<>>@<EF4==O 4?O 

EV<VG=>7> 74E<EFG ?>?L>6<E >G?LFG@. 

�V4EG<>6GNG< ?@>6545=<= 4=4?V7 >>=EF@G>F<6=<E >E>5?<6>EF5= 

=46545=<E <V=V>5?@<E>G64GV6, @>5<<> =4EFG?=V 6<E=>6><. 

�?O >>@5E?5=<E ??>M (6 <564E 0,2 74) >5@>5>< ?>?L>6<E >G?LFG@ 

@4=F56V >5?@<E>G64GV ?>F@55GNFL 7=4G=>W 74F@4F< DV7<G=>W ?@4FV >?5@4F>@4: 

=4 ?5@5<VM5==O <4E< >5?@<E>G64G4 7 @>5>G>N @V4<=>N, ?V4>4GG64==O @GG=<< 

=4E>E>< (4?O 64@V4=FG 557 5?5>F@<G=>7> =4E>E4), G4EFV 74?@46><. �@V< F>7>, 

@GG=5 ?5@5<VM5==O LF4=7< =5 <>65 74@4=FG64F< @V6=><V@=>EFV =4=5E5==O 

@>5>G>7> ?@5?4@4FG =4 6EN ??>MG. 

�4E4 F4G>>6<E >5?@<E>G64GV6 ?5@5=5E5=4 =4 WE L4EV, 4?5 >?5@4F>@ 

?>6<=5= LF>6E4F< WW 4?O ?5@5<VM5==O. />M> 7>6>@<F< ?@> <V6@O44O @>E?<=, 

F> ?GE><= �@G=F G<=<FL ?56=<= >?V@, 6=4E?V4>> GF6>@5==O >>?VW, M> 7=4G=> 

GF@G4=NT ?5@5<VM5==O. �> F>7> 6 <4?<= >?V@5=E F4 =5@57G?L>64=4 >>?VO =5 

4>76>?ONFL @GE <V6@O44O<< ?@>E4?=<E >G?LFG@. ' 64@V4=FV 6<>>@<EF4==O 

=46VE=>W LF4=7< 3 646>> 6<F@<<4F< ?>EFV==>N L6<4>VEFL ?5@5<VM5==O, O>M> 
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>5?@<E>G64G @GE4F< 6@GG=G, 4 ?@< 6<>>@<EF4==V <V=V5=5@7>74E>5G 6<=<>4NFL 

FV 6 ?@>5?5<< 3 <4?<= >?V@5=E 5=5@7>74E>5G, =5744F=VEFL @57G?N64F< L<@<=G 

>>?VW. &4>>6 6V4EGF=O E<EF5<4 EF45V?V74FVW LF4=7<.  

�46VE=V >5?@<E>G64GV 6 5V?LLV= <V@V 74?564FL 6V4 ?4@4<5F@V6 L4EV 

5=5@7>74E>5G. &GF, ?5@5646=>, 6<=<>4NFL FV 6 ?@>5?5<< 3 >5<565=V 

@57G?N64==O L<@<=< >>?VW F4 DV>E>64=<= >?V@5=E, M> 76G6GT WE 6<>>@<EF4==O 

G ?56=<E D474E @>76<F>G @>E?<=, >>?< 665 4>@>6=L>7> ?@>E6VFG 5=5@7>74E>5G 

=54>EF4F=L>, M>5 =5 ?>L>>46G64F< @>E?<=< ?@< >5@>5FV. �@V< F>7>, FGF 

E?>EF5@V74TFLEO 6V4EGF=VEFL E<EF5<< EF45V?V74FVW LF4=7<, M> ?@<76>4<FL 4> WW 

>>?<64=L, O>V ?5@544NFLEO 6V4 >>?VE 5=5@7>74E>5G ?@< @GEV ?>?L>6<<< 

=5@V6=>EFO<<, V F5 <4T 6??<6 =4 @V6=><V@=VEFL 6=5E5==O @>5>G>7> ?@5?4@4FG 

F4 @5EG@E @>5>F<.  

->4> ?@<GV?=<E <V=V>5?@<E>G64GV6, F> 6 WE >>=EF@G>FVOE <>6=4 

GEG=GF< @O4 >?<E4=<E =54>?V>V6, 4?5 WE DG=>FV>=4?L=VEFL 6 7=4G=V= <V@V T 

>5<565=>N ?4@4<5F@4<< 5=5@7>74E>5V6, 7 O><< 6>=< 47@574FGNFLEO. �?O 

?V46<M5==O 5D5>F<6=>EFV =4=5E5==O @>5>G>7> ?@5?4@4FG =4 >5@>5?N64=V 

??>MV E?V4 6<>>@<EF>6G64F< E>G4 5 =4=?@>EFVLV <4OF=<>>6V ?V46VE>< 4?O 

EF45V?V74FVW LF4=7< 

 

 

1.2 �=4?V7 >>=EFDG>F<6=>-F5E=>?>7VG=<E ?4D4<5FDV6 
<4?>7454D<F=<E >5?D<E>G64GV6 F4 >5�DG=FG64==O 6<E>F< D>7<VM5==O 
LF4=7< 

 

�<>>=4==O 4=4?V7G >>=EF@G>F<6=>-F5E=>?>7VG=<E ?4@4<5F@V6 

>5?@<E>G64GV6 ?>@O4 7 47@>F5E=VG=<<< 6<<>74<< 4> F4><E <4L<= 44T 

<>6?<6VEFL 7@>7G<VF< =4E>V?L>< F4 G< V=L4 >>=EF@G>FVO <4L<=< 4?O 

EV<VG=>7> 74E<EFG <>65 74557?5G<F< 5D5>F<6=G @>5>FG >5?@<E>G64==O 

EV?LEL>>7>E?>44@EL><E >G?LFG@. �@V< F>7>, F@554 @>7G<VF<, M> F5E=>?>7VG=4 

>?5@4FVO >5?@<E>G64==O 6<>>=GTFLEO 4?O @V7=<E >G?LFG@ F4 ?@< @V7=<E 

G<>64E[133].   
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�E>5?<64 E?5F<DV>4 6<>>@<EF4==O =4 ?@4>F<FV <4?>7454@<F=<E 

>5?@<E>G64GV6, >E>V?L>< 6>=< ?@<7=4G5=V 4?O 6<>>=4==O >?5@4FV= 74E<EFG 

@>E?<= =4 =565?<><E ??>M4E. �?5 @47>< 7 F<< F4>V >5?@<E>G64GV =5 ?>6<==V 

?>EFG?4F<EO 65?<><< 6 O>>EFV =4=5E5==O @>5>G>7> ?@5?4FG =4 >5@>5?N64=G 

?>65@E=N @>E?<=< G< ?>?O, 6>=< ?>6<==V 5GF< <4=56@5=<<<, 5>>=><VG=<<< 

F>M>.  

�>@5E?5=V G<==<>< E?>=G>4NFL 4> 6V4=4E>465==O =>6<E @VL5=L, O>V 

?>6<==V 5GF< 6FV?5=V ?@< 64>E>>=4?5==O G< >>=EF@GN64==V F4>>7> @>4G 

<4L<=. 

�46545<> E?@>M5=G >?4E<G=G ?@<=F<?>6G EE5<G >5?@<E>G64G4, 

@<E. 1.9 [93]. 

 

1 3 DV?LF@ 74?<6=>W 7>@?>6<=<; 2 3 54> 4?O @>5>G>W @V4<=<; 3 3 E5>FVW 
LF4=7<;  4 3 <VL4?>4 (7V4@46?VG=4); 5 3 6<6<?L=4 <47VEF@4?L 7 DV?LF@>< 6; 7 3 

=4E>E; 8 3 DV?LF@ =4?V@=>W <47VEF@4?V 9; 10 3 5?>> @57G?N64?L=<=; 11 3 
<47VEF@4?L ?5@5?<6G 

$<EG=>> 1.9 3 �?4E<G=4 ?@<=F<?>64 EE5<4 >5?@<E>G64G4 
 

�4=<< V7 >?NG>6<E E>?44>6<E >5?@<E>G64G4 T @575@6G4@ (54>) 4?O 

@>5>G>W @V4<=<. �?O <4?>7454@<F=<E >5?@<E>G64GV6 =>7> >59T< 5G45 

6<7=4G4F< 6 ?56=V= <V@V ?@>4G>F<6=VEFL F4 <4=56@5=VEFL <4L<=<. �5?<G<=4 

>59T<G 54>4 ?>6<==4 5GF< F4>>N, M>5 >5?@<E>G64G <V7 557 4>74?@46>< 

>5@>5?OF< E5@54=L>EF4F<EF<G=G ??>MG, 4?O @>5VF =4 O>V= 6V= @>7@4E>6GTFLEO. 

-> EF>EGTFLEO F4><E ??>M 4?O <4?>7454@<F=<E >5?@<E>G64GV, F> O> 665 
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7744G64?>EO, M> F4>V ??>MV E>?444NFL 4> 0,3 74 [92]. �6464NG<, M> E5@54=O 

=>@<4 6<?<6G @>5>G>7> ?@5?4@4FG ?@< 76<G4==><G >5?@<E>G64==V E>?444T 6 

<564E 200 ?/74, M> <V=V<4?L=<= >59T< 54>4 4?O <4?>7454@<F=>7> 

>5?@<E>G64G4 ?>6<=5= 5GF< 60-80 ?. 

�>6=4, 76<G4==>, 74>?444F< V 5V?LLV >59T<< 3 4> 150-200 ? 7 >7?O4G =4 

E?5F<DV>G 6<>>@<EF4==O <4L<=< F4 F<?G E4<>7> >5?@<E>G64G4 [62, 127, 129].   

�V?LLV >59T<< 54>4 <>6GFL ?V46<M<F< ?@>4G>F<6=VEFL >5?@<E>G64G4, 

O>M> T ?>F@554 6 ?>E?V4>6=V= >5@>5FV >V?L>>E ?>?V6 747=4G5=<E =565?<><E 

??>M. �?5 ?>@O4 7 F<< 75V?LL5=<= >59T< 54>4 6<<474T ?>E<?5=>W >>=EF@G>FVW 

@4<< F4 =>7> >@V?<?L=<E 5?5<5=FV6, M> ?V46<MGT <4EG >5?@<E>G64G4 6 FV?><G 

F4 7=<6GT <4=56@5=VEFL, @<E. 1.5, 1.6 . 

�=L<<, >@<F<G=> 646?<6<< 5?5<5=F>< 4?O @>5>F< 5G4L-O>>7> 

>5?@<E>G64G4 T ?@<EF@V= 4?O =47=VF4==O F<E>G @>5>G>W @V4<=< G =4?V@=V= 

<47VEF@4?V. &4><<< ?@<EF@>O<< T 45> =4E>E< @V7=<E F<?V6, O>V @V4<=G 

557?>E5@54=L> 6E<>>FGNFL 7 54>4 F4 =47=VF4NFL  WW 6 =4?V@=G <47VEF@4?L, 45> 

=4 45O><E >5?@<E>G64G4E 74EF>E>6GNFL ?=56<>7V4@46?VG=G E<EF5<G, F>5F> 

@>5>G<< ?@<EF@>T< T >><?@5E>@. �E>5?<6VEFN ?=56<>7V4@46?VG=>W E<EF5<< T 

F5, M> 54> ?>6<=5= ?@4FN64F< 6 G<>64E =44?<L>>6>7> 6=GF@VL=L>7> F<E>G, 

F>5F> O> ?>EG4<=4 ?V4 F<E>><, 4 F5 6<<474T ?56=<E >E>5?<6>EF5= =>7> 

@>7@4EG=>G F4 >>=EF@GN64==O. �@> ?5@5647< F4 =54>?V>< @54?V74FVW V45W 

6<>>@<EF4==O ?=56<>7V4@46?VG=>W E<EF5<< @>77?O=5<> >>@5<>. 

%F@G>FG@<7GNG< =46545=G ?@<=F<?>6G EE5<G >5?@<E>G64G4 (@<E. 1.9), 

44?V 6<4V?<<> E<EF5<G @>7?<?N64==O @>5>G>7> ?@5?4@4FG. � F5E=>?>7VG=><G 

??4=V F5 T >E=>6=4 E<EF5<4, O>4 74557?5GGT O>VEFL =4=5E5==O @>5>G>7> 

?@5?4@4FG =4 >5@>5?N64=V ?>65@E=V. &GF 646?<6<<< 5?5<5=F4<< T 

@>7?<?NNGV ?@<EF@>W (@>7?<?N64GV 45> D>@EG=><), O>V 74>@V??5=V =4 

=5EGG><G 5?5<5=FV E5>FVW LF4=7<. �V4 F<?G @>7?<?N64G4 74?56<FL 

4<E?5@E=VEFL @>7?<?G @>5>G>W @V4<=< F4 <>6?<6VEFL WW >EV44==O =4 

>5@>5?N64=G ?>65@E=N. �4=G4EFVL5 6<>>@<EF>6GNFL MV?<==V @>7?<?N64GV, 

@<E. 1.10, =4?@<>?44 ?>?LEL>>7> 6<@>5=<>4 �7@>??4EF [58]. 
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$<EG=>> 1.10 3 -V?<==V @>7?<?N64GV ?>?LEL>>W DV@<< �7@>??4EF 

 

&4>>6 4G65 G4EF> 6 E<EF5<4E =4=5E5==O @>5>G>7> ?@5?4@4FG 

6<>>@<EF>6GNFL V=65>F>@=V @>7?<?N64GV, O>V M5 5D5>F<6=VL5 GF6>@NNFL 

D4>5? @>7?<?G, GF6>@NNG< @V6=><V@=G 4@V5=>4<E?5@E=G EF@G>FG@G. 

�@>6V4=<< 6<@>5=<>>< F4><E @>7?<?N64GV6 T >><?4=VO TeeJet [43], @<E. 1.11. 

 

$<EG=>> 1.11 3 �=65>F>@=V @>7?<?N64GV DV@<< TeeJet 

 

�V4F5=F@>6V @>7?<?N64GV <4NFL >>=GE=<= D4>5? @>7?<?G @>5>G>7> 

?@5?4@4FG, 6>=< 4>5@5 >E446GNFL GF6>@5=V G4EF<=>< @>7?<?G. %5@54 5474FL>E 

6<@>5=<>V6 F4><E @>7?<?NNG<E ?@<EF@>W6 6<4V?<<> G>@4W=EL>>7> 6<@>5=<>4 

DV@<G ECOJet [19], @<E. 1.12. 

 

$<EG=>> 1.12 3 �V4F5=F@>6V @>7?<?N64GV ECOJet 



40 

&GF  =46545=> FV?L>< >V?L>4 >E=>6=<E F<?V6 @>7?<?NNG<E ?@<EF@>W6, 

O>V 6<>>@<EF>6GNFLEO 6 E<EF5<V =4=5E5==O @>5>G>7> ?@5?4@4FG. $V@<-

6<@>5=<>V6 F4 F<?V6 @>7?<?N64GV6 =4 @<=>G T 4G65 5474F>. �>=< 

6V4@V7=ONFLEO 5D5>F<6=VEFN 6<>>=4==O F5E=>?>7VW =4=5E5==O @>5>G>7> 

?@5?4@4FG 74 ?56=<E G<>6 @>5>F<, 64@FVEFN F>M>. 

�4?V 6 F5E=>?>7VG=><G ?4=FN7V @54?V74FVW ?@<=F<?>6>W EE5<< 

>5?@<E>G64G4 =45 LF4=74. &5 =5EGG<= 5?5<5=F >>=EF@G>FVW, 45 7 ?56=<< 

>@>>>< @>7<VM5=V @>7?<?NNGV ?@<EF@>W, M> >E>??NNFL ?56=G L<@<=G 

74E64FG <4L<=< ?@< 6<>>=4==V =5N F5E=>?>7VG=>7> ?@>F5EG. �4 ?5@L<= 

?>7?O4 F5 ?@>EF<= 5?5<5=F, O><= <4T 6F@<<G64F< @>7?<?N64GV =4 ?56=V= 

6V4EF4=V <V6 E>5>N. �?5 F5 FV?L>< >4=4 V7 DG=>FV= LF4=7< >5?@<E>G64G4. 

->5 74557?5G<F< 6<E>>>O>VE=5 >5?@<E>G64==O E5>FVW LF4=7< <4NFL 

74557?5GG64F< EF45V?L=G 6V4EF4=L <V6 @>7?<?N64G4<< F4 >59T>F>< >5@>5><. � 

44=5 ?<F4==O 6 >>=EF@G>FVOE <4?>7454@<F=<E >5?@<E>G64GV6 ?@4>F<G=> 

=56<@VL5=5.  

�@>5<<> >5�@G=FG64==O F>7>, M> 7<V=4 6V4EF4=V 6V4 @>7?<?N64GV6 4> 

>5@>5?N64=>W ?>65@E=V ?@< >5?@<E>G64==V <4T EGFFT65 7=4G5==O.  

%>>@<EF4T<>EO EE5<>N, M> =46545=4 6 @>5>FV [61, 73] 

 

$<EG=>> 1.13 3 %E5<4 GF6>@5==O D4>5?G @>7?<?G @>5>G>W @V4<=< 

 

�4 FL><G @<EG=>G ?>>474=>, M> =4 =5EGG><G 5?5<5=FV LF4=7< 1 

(@<E. 1.13) @>7?<?N64GV 2 @>7<VM5=V 7 >@>>><  F4 GF6>@NNFL  D4>5? 

@>7?<?G 3. �4 ?56=V= 6V4EF4=V 6V4 @>7?<?N64GV6 2 D4>5?< @>7?<?G 3 

pb
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?5@5>@<64NFLEO F4 GF6>@NNFL 7>=G 4, 45 >>=F5=F@4FVO @>5>G>7> ?@5?4@4FG 

74557?5G5=4 @>5>F>N 46>E G< 5V?LL5 @>7?<?N64GV6. �6F>@>< [61] 

74?@>?>=>64=> @>7@4EG=>>6G 74?56=VEFL, O>4 @57?4<5=FGT 6<E>FG 

6EF4=>6?5==O LF4=7< =44 >59T>F>< >5@>5>< 74 G<>6< ?>46V==>7> ?5@5>@<FFO 

D4>5?V6 @>7?<?G 4?O =44V==>7> F4 @V6=><V@=>7> =4=5E5==O @>5>G>7> 

?@5?4@4FG. 

 

,      (1.1) 

45  3 >@>> @>7<VM5==O @>7?<?NNG< ?@<EF@>W6 =4 =5EGG><G 5?5<5=FV 

LF4=7<;  

 3 >GF @>7?<?G @>5>G>7> ?@5?4@4FG, M> GF6>@NT @>7?<?N64G; 

 3 >GF G<>6=>W F6V@=>W D4>5?4 @>7?<?G @>5>G>W @V4<=< 4> 7>@<7>=F4?V. 

� @<E. 1.13 6<4=>, M> ?@< 7<V=V 6<E>F< 6EF4=>6?5==O LF4=7< 

>>=F5=F@4FVO @>5>G>7> @>7G<=G T F4>>6 @V7=>N. �4=G ?@>5?5<G FGF 4>FV?L=> 

@>74V?<F< =4 46V: 6??<6 7<V=< 6<E>F< LF4=7< ?@< EGFV?L=><G >5?@<E>G64==V; 

?@< >5@>5FV ?@>E4?=<E >G?LFG@ G <V6@O44OE. �?O ?5@L>7> 6<?44>G 44=4 

?@>5?5<4 T <5=L >@<F<G=>N, >E>V?L>< 6<E>F4 LF4=7< <4=65 6 >>6=><G 

6<?44>G 74557?5GGTFLEO 4> @V6=O ?5@5>@<FFO 46>E D4>5?V6 @>7?<?G V 

@V6=><V@=VEFL =4=5E5==O @>5>G>7> ?@5?4@4FG ?56<FL 6 <564E 47@>F5E=VG=<E 

6<<>7. �>?GEF<<5 6V4E<?5==O @V6=><V@=>EFV =4=5E5==O @>5>G>7> ?@5?4@4FG 74 

L<@<=>N 74E64FG LF4=7< =5 ?>6<==> ?5@56<MG64F< 30%  [91] 45> 74 V=L<< 

465@5?>< 25% [59]. �46VFL 7 F>7>, M> F4>V 7=4G=V 6V4E>F>< 6V4E<?5==O 

@V6=><V@=>EFV 4>?GE>4NFL 47@>F5E=VG=V 6<<>7< 4>?GE>4NFL, F5 >7=4G4T, M> 

?@>5?5<4 EGFFT64 [76, 77, 88].  

�=4G=> 5V?LL<< F4>5 6V4E<?5==O <>6=4 T ?@< 6<>>=4==V >5?@<E>G64==O 

G <V6@O44OE ?@>E4?=<E >G?LFG@. � FGF <>6=4 E?>EF5@V74F< =5@V6=><V@=VEFL 

6=5E5==O =5 FV?L>< 74 L<@<=>N LF4=7<, 4 = 6=5E5==O =>@<< 7474?><.   

2
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sin

Da

bDp

L
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h

pb
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�>>465<> 74?56=VEFL 6??<6G 6<E>F< 6EF4=>6?5==O LF4=7< =44 

>59T>F>< >5@>5>< =4 74557?5G5==O 7444=>W =>@<< 6=5E5==O. 

�?O 6<6545==O F4>>W 74?56=>EFV ?@<?GEF<<>, M> D4>5? @>7?<?G 

@>5>G>7> ?@5?4@4FG <4T F@<>GF=<= ?@>DV?L 7 >GF><  ?@< 65@L<=V, >E=>64 

<4T L<@<=G , @<E. 1.14. 

 

1 3 D@47<5=F LF4=7<; 2 3 @>7?<?N64G; 3 3 ?@>DV?L D4>5?4 @>7?<?G; 4 3 
L<@<=4 7>=< >5@>5>< ?@>E4?=>W >G?LFG@< 

$<EG=>> 1.14 3 %E5<4 4?O 6<7=4G5==O =5@V6=><V@=>EFV >5?@<E>G64==O 
6V4 6<E>F< 6EF4=>6?5==O LF4=7< 

 

�4?<L5<> >E=>6=V E?V66V4=>L5==O: 

 

, 

 

45  3 65@F<>4?L=4 7<V==4 >>>@4<=4F4, M> 6<7=4G4T ?>?>65==O 6<E>F< 

LF4=7< ; 

F>4V 

.      (1.2)  

Da

D�

22

Da

ztg
�D

z

L
h

2
2

Da

ztg�D
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/>M> 66464F<, M> 6 5G4L-O>><G ?5@5F<=V 7>@<7>=F4?L=>N ??>M<=>N 

?@>DV?N D4>5?G @>7?<?G 6<?<64TFLEO =>@<4, M> 6<7=4G5=4 =4 L<@<=G 

?<F><>W ??>MV, O>4 6V4?>6V44T >@>>>6V 6EF4=>6?5==O @>7?<?N64GV6, F> EFG?V=L 

>5@>5><  <>65 5GF< 6<7=4G5=4 74 E?V66V4=>L5==O< (1.3), ?@<G><G, F5 

E?V66V4=>L5==O E?@4654?<65, >>?<  ?@<  @>7?<?N64GV6 =4 LF4=7V  

 

,      (1.3) 

 

45   3 L<@<=4 7>=< >5?@<E>G64==O ?@>E4?=>W >G?LFG@<. 

�4 4=4?V7>< 6<@47G (1.3) <>6=4 7@>5<F< 6<E=>6>>, M> ?>6=4 =>@<4 

6<?<6G @>5>G>7> ?@5?4@4FG =4 >59T>F >5@>5>< 5G45 74557?5G5=4 FV?L>< G 46>E 

6<?44>4E: >>?< L<@<=4 7>=< >5?@<E>G64==O  5G45 @V6=>N L<@<=V >E=>6< 

D4>5?G @>7?<?G , 4 7 V=L>7> 5>>G FO L<@<=4 6V4?>6V44F<<5 >@>>G  

@>7EF4=>6>< @>7?<?N64GV6 =4 LF4=7V, @<E. 1.15, 4. �4 F4><E G<>6 D4>F<G=> 

<4F<<5<> EGFV?L=5 >5?@<E>G64==O; G 4@G7><G 6<?44>G  L<@<=4 7>=< 

>5?@<E>G64==O  ?>6<==4 5GF< @V6=>N  L<@<=V >E=>6< D4>5?G @>7?<?G  6 

45O>><G ?5@5F<=V, 45 FV 65?<G<=< E?V6?444NFL, @<E. 1.15, 5. %E5<4F<G=> F5 

?>6<==> 6<7?O44F< =4EFG?=<< G<=><, @<E. 1.15. 

�4 @<E. 1.15, 4 LF4=74 @>7<VM5=4 =4 6<E>FV , M> 74557?5GGT 

<>6?<6VEFL GF6>@<F< D4>5?< @>7?<?G, >E=>64 O><E T =5 <5=L>N 6V4 >@>>G 

6EF4=>6?5==O @>7?<?N64GV6 . &5 7@4=<G=<= 6<?44>>, >>?< @>7?<? @>5>G>W 

@V4<=< ?>>@<64T 6EN ??>MG 74 L<@<=>N 74E64FG LF4=7<. �>44?LL5 

75V?LL5==O 6<E>F< 4>76>?<FL GF6>@<F< 7>=< ?5@5>@<FFO D4>5?V6 @>7?<?G, M> 

4>76>?OT 66464F< 6<F@<<G64==O< =>@<< 6<?<6G @>7?<?N64G4<<, 4?5 =4 

L<@<=G, M> 6V4?>6V44T >@>>G 6EF4=>6?5==O @>7?<?N64GV6. &>5F>, O>M> 

7>6>@<F< ?@> EGFV?L=5 6=5E5==O @>5>G>7> ?@5?4@4FG =4 >5@>5?N64=V ??>MV, 

F> ?@< 6<E>FV LF4=7<  O> ?>>474=> =4 @<E. 1.15, 4 <>6=4 EF65@46G64F<, 

d

pD b� £ n

2
2
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M> 74 @5LFG 6V4?>6V4=<E G<>6 3 =>@<4 6<F@<<GTFLEO. �@<G><G 6<E>FG 

LF4=7< =5 <>6=4 ?V4=V<4F< =4 5G4L-O>G 6<E>FG, >E>V?L>< WW 7=4G5==O 

>5<56GNFL V=LV G<==<>< 3 <>6?<6VEFL >E4465==O >@4??<=, 6<?4@>6G64==O, 

7=>E ?>6VF@O=<<< F>M>. 

 

$<EG=>> 1.15 3 %E5<4 4> 6<7=4G5==O EFG?5=O >5@>5><   

L<@<=4 7>=< >5?@<E>G64==O  

 

� F5?5@ =4 F5 ?<F4==O ?>7?O=5<> ?V4 V=L<< >GF><. />M> 6<E>F4 

6EF4=>6?5==O LF4=7< F4>4 O> =4 @<E. 1.15, 4, 4?5 L<@<=4 7>=< >5@>5VF>G  T 

7=4G=> <5=L>N 6V4  L<@<=< >E=>6< D4>5?G @>7?<?G , F> F5 >7=4G4T, M> =4 

7>=G >5@>5VF>G ?>F@4?<FL 6 EFV?L>< @47 <5=L5 @>5>G>7> ?@5?4@4FG G E>V?L>< 

@47V6 T <5=L>N L<@<=4 7>=< >5@>5VF>G  G ?>@V6=O==V 4> L<@<=< >E=>6< 

D4>5?G @>7?<?G  (74?56=VEFL (1.3)). &5 6 E6>N G5@7G ?@<76545 4> 

=5O>VE=>7> >5@>5VF>G @>E?<=. &4><= 6<?44>> <>6=4 E?>EF5@V74F< ?@< >5@>5FV 

d

7
l

7
l

D�

7
l

D�
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?@>E4?=<E >G?LFG@, >>?< L<@<=4 ?<EF>6>W G4EF<=< M5 =5 7<<>4TFLEO G 

<V6@O44OE 45> >G?LFG@4 T =<7L>>@>E?>N G< <V6@O44O 65?<><<<. />M> 6 

47@>=><< 6@4E>6GNFL F5= <><5=F V 75V?LLGNFL 7474?L=<= 6<?<6 @>5>G>W 

@V4<=< =4 75>F4@, M>5 =4 ?<EF>6G 7>=G ?>F@4??O?4 =>@<4, F> F>4V 5G45<> 

E?>EF5@V74F< 7=4G=G ?5@56<F@4FG ?@5?4@4FG G «G>@=V» <V6@O44O L<@<=>N , 

45 F4><= >5@>5VF>> T =5?>F@V5=<<. � O> 5G?> 665 6V47=4G5=> 6<M5, O>M> 

@>7@4EG=>> =45 =4 75>F4@ 6 =44VW, M> 65EL ?@5?4@4F ?>F@4??OT =4 ?<EF>6G 

G4EF<=G @>E?<=, F> 5D5>F ?@>F<?56=<= 3 @>E?<=< 7=4G=> =54>5<@4NFL 

=>@<<, M> ?@< @V6=><V@=V= >>=F5=F@4FVW @>7G<=G G D4>5?V @>7?<?G =4 WE 

?>65@E=V ?>?444T FV?L>< G4EF<=4. �4 F4><E G<>6 =>@<4 T 7=4G=> 7<5=L5=>N.  

�4 @<E. 1.15, 5 ?@<6545=> 6<?44>>, >>?< 6<E>F4 6EF4=>6?5==O LF4=7< 

 74557?5GGT <>6?<6VEFL E?V6?444==O L<@<=< 7>=< >5@>5VF>G  7 >E=>6>N 

D4>5?G @>7?<?G  6 44=><G ?5@5F<=V (GO6=4 75><5F@<G=4 L<@<=4 >E=>6< 

5G45 ). � F4>>W G<>6< =>@<4 6<?<6G @>5>G>7> ?@5?4@4FG 5G45 ?>6=VEFN 

?5@5=5E5=4 =4 ?>65@E=N @>E?<=. �<V=4 ?>?>65==O LF4=7< ?@<76545 4> 7<V=< 

=>@<< 6<?<6G: 75V?LL5==O 6<E>F< 3 7<5=L<FL =>@<G 6<?<6G, =4EF4=5 

6<?44>>, O><= >?<E4=<= =4 >E=>6V @<E. 1.15, 4; 7<5=L5==O 6<E>F< 

6EF4=>6?5==O LF4=7< =44 >59T>F>< >5@>5>< ?@<76545 4> =5@V6=><V@=>EFV 

>5?@<E>G64==O 6 7>=V >5@>5VF>G . &GF <>6=4 5G45 E?>EF5@V74F< 

?5@56<M5==O >>=F5=F@4FVW @>5>G>7> ?@5?4@4FG 6 7>=V L<@<=< >E=>6< D4>5?4 

@>7?<?G, 4 @5LFG L<@<=< 7>=< >5@>5VF>G 5G4GFL ?V444=V 7=4G=> <5=LV= 

=>@<V 45> 67474?V 5G4GFL =5>5@>5?5=<<<. 

/> 6<4=> 7 =46545=>7> >5�@G=FG64==O, M> 6<E>F4 6EF4=>6?5==O LF4=7< 

=44 >59T>F>< >5@>5>< <4T ?@O<5 6V4=>L5==O M>4> 74557?5G5==O =>@<< 

6<?<6G @>5>G>7> ?@5?4@4FG. &GF ?V4 6<E>F>N 6EF4=>6?5==O 6<E>F< LF4=7< 

<4TFLEO =4 G647V V WW 7<V=G ?@< ?5@5<VM5=V >5?@<E>G64G4 ?>?5<, F>5F>  

?<F4==O EF45V?V74FVW LF4=7< 6<??<64T =5 FV?L>< <VF=>EFV F4 @5EG@EG F4>>W 

>>=EF@G>FVW, 4, =4=?5@L5, =4 4>F@<<4==O =>@<< 6=5E5==O ?@< >5?@<E>G64==V, 

F>5F> 7 F5E=>?>7VG=>W F>G>< 7>@G. �?O <V=V>5?@<E>G64GV6 ?<F4==O EF45V?V74FVW 

=
l

L
h
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LF4=7< ?@4>F<G=> =5 6<@VL5=5 =4 6>4=V= <>45?V, ?> >@4==V= <V@V 4?O 

>E=>6=<E >>=EF@G>FV= F4><E <4L<=, M> T =4 @<=>G. 

� FV?><G, =4 >E=>6V ?@>6545=>7> 4=4?V7G >>=EF@G>F<6=>-F5E=>?>7VG=<E 

?4@4<5F@V6 <4?>7454@<F=<E >5?@<E>G64GV6, 7@>5?5=> ?56=V >5�@G=FG64==O 

M>4> >E=>6=<E E>?44>6<E >5?@<E>G64G4, =4 >E=>6V O><E 5G4GFL ?@<==OFV 

@VL5==O ?@< EF6>@5==V =>6>W >>=EF@G>FVW <4?>7454@<F=>7> >5?@<E>G64G4. 

 

 

 

1.3 �=4?V7 >>=EFDG>FV= DG=>FV>=4?L=>-=5EGG<E 5?5<5=FV6 

<4?>7454D<F=<E >5?D<E>G64GV6  
 

 

�<@>5=<FF6> <4?>7454@<F=<E >5?@<E>G64GV6 6 '>@4W=V =>E<FL E4@4>F5@ 

FV?L>< D4>F<G=>W 75V@>< F4><E >>=EF@G>FV= 7V E>?44>6<E, O>V <4NFL 

G=V65@E4?L=5 ?@<7=4G5==O. %<EF5<=5 6<@>5=<FF6> <V=V>5?@<E>G64GV6 6 

'>@4W=V D4>F<G=> 6V4EGF=T. $V@<<-6<@>5=<>< >5?@<E>G64GV6 3 F5 &�� 

�L6V647@><4L?@>5>F F4 �@�& «�>7GE?46EL>4 EV?L7>E?F5E=V>4» =5 

E?5FV4?V7GNFLEO =4 <4?>7454@<F=V= F5E=VFV, >>@V< ?>>4<=>><E <>45?5=. 

�4?@<>?44, &�� �L6V647@><4L?@>5>F 6<@>5?OT 6V7>>6V F5??<G=V 

>5?@<E>G64GV '�-100. �4L5 4>E?V465==O E?@O<>64=5 =4 >>=EF@G>FVW 

<4?>7454@<F=<E >5?@<E>G64GV6 =46VE=<E, ?@<GV?=<E, E4<>EV4=<E F>M>, O>V 

?@<7=4G5=V 4?O @>5>F< =4 6V4>@<F<E ??>M4E ?@< >5@>5FV @V7=<E 

EV?LEL>>7>E?>44@EL><E >G?LFG@, 6 F><G G<E?V V ?@>E4?=<E. &>5F> 4?O 

?>@V6=O?L=>7> 4=4?V7G 6<5@4=G <4?>7454@<F=V LF4=7>6V >5?@<E>G64GV 

>?4E<G=>W EE5<<. &4>V >5?@<E>G64GV 6V4@V7=ONFLEO 6V4 F@4>F>@=<E FV?L>< 

??4=>64=>N ?@>4G>F<6=VEFN, >E>V?L>< 6>=< @>7@4E>6GNFLEO =4 =565?<>V 

??>MV. 

�>@>F><= >7?O4 <4?>7454@<F=<E >5?@<E>G64GV6 @V7=<E 6<@>5=<>V6 5G?> 

7@>5?5=> G ?. 1.1. �5@5E>4OG< 4> @>7@>5?5=>W >>=EF@G>FVW <4?>7454@<F=>7> 

>5?@<E>G64G4, M> ?@>?>=GTFLEO G @>5>FV, 747>EF@<<> G647G =4 E<EF5<V 
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6<6?5==O @>7?<?NNG<E ?@<EF@>W6 F4 E?>E>5V6 =46VLG64==O LF4=7< =4 

F<?>6<E >5?@<E>G64G4E, O>V T G ?@>?>7<FVW =4 @<=>G F4><E <4L<=.  

�4 @<E. 1.16 =46545=> >>=EF@G>FVN F<?>6>7> =46VE=>7> =4 <>F>5?>> 

>5?@<E>G64G4, O><= ?@>44TFLEO V=F5@=5F-<4747<=>< «�5?5=4 ?V=VO» [115] 

 
 

4) 

 
5) 

 

 
6) 

 
4 3 7474?L=<= 6<7?O4;  5 3 54> ??4EF<>>6<=;  

6 3 >@V?<?L=V 5?5<5=F< LF4=7< 
$<EG=>> 1.16 3 �5?@<E>G64G 4?O <>F>5?>>4 105 ? (2 =4E>E<, 10 

D>@EG=>>) 
 

�4=<= >5?@<E>G64G <4T L<@<=G 74E64FG 5 <; 54> 3 105 ?; ?@<EF@>T< 4?O 

=47=VF4==O F<E>G @>5>G>W @V4<=< E?G64FL 464 5?5>F@<G=V (12 �) =4E>E< 

6<E>>>7> F<E>G. 

�4=<< 7 >E=>6=<E 5?5<5=FV6 >>=EF@G>FVW T ??4EF<>>6<= 54> >59T<>< 
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105 ?. &4>V 54>< 6<<>6?ONFLEO 4?O 7>E?>44@EL><E FV?5= V >E=>6=<<< 

6<@>5=<>4<< T: �45EL>V 6<@>5=<>< '>@�?4EF [135],  �� «�6@> �?4EF», �� 

«�?4EF 54>»; �<W6EL><= 6<@>5=<> &� «'>@EV<??4EF» [137]; �L6V6EL><= 

6<@>5=<> '>@?@><E6VF [136] V F.4.  

 

 
  

$<EG=>> 1.17 3 �4><, O>V =4=5V?LL5 ?V4E>4OFL 4> 6<>>@<EF4==O 6 
>>=EF@G>FVOE <4?>7454@<F=<E >5?@<E>G64GV6 

 

�@< 74EF>EG64==V 6>474=<E 54>V6 6 >>=EF@G>FVOE <4?>7454@<F=<E 

>5?@<E>G64GV6 6<=<>4T ?>F@554 G 6<>>@<EF4==V =4E>EV6 6<E>>>7> F<E>G 4?O 

6<6?5==O @>5>G>N @V4<=>N =4?V@=>W <47VEF@4?V. �4=>G4E=> 7 F<< 

5=5@7>74EV5 ?>6<=5= <4F< 4>EF4F=L>W ?>FG6=>EFV 75=5@4F>@ G< 4>G<G?OF>@=G 

54F4@5N 4?O 6<6?5==O =4E>EV6.  

� V=L>7> 5>>G, O>M> <4?>7454@<F=<= >5?@<E>G64G @>5<F< E4<>EV4=<< 

(?@<6>4 6V4 =565?<>>W ?>FG6=>EFV ���), F> F4< 6V4EGF=V= ?>F@V5=>W 

?>FG6=>EFV 75=5@4F>@ G< 4>G<G?OF>@=4 54F4@5O. &@4=E?>@FG64F< 6 >>@5<G 

74@O465=G 4>G<G?OF>@=G 54F4@5N O> 465@5?> 6<6?5==O =4E>EV6 T F4>>6 

=54>FV?L=<<. 

�<>>@<EF4==O =4E>EV6 <4?>W ?@>4G>F<6=>EFV 7 <5E4=VG=<< ?@<6>4><, 

=4?@<>?44 6V4 ��� 5=5@7>74E>5G, >5<565=5 WE 45DVF<F>< F4 4>@>7>6<7=>N. 

�@<>?44>< F4>>W >>=EF@G>FVW >5?@<E>G64G4 <>65 5GF< ?@<GV?=<= 

>5?@<E>G64G, M> =46545=<= 6 ?@4FOE [70, 71, 75, 88, 128, 129, 131]. 
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4) 5) 

$<EG=>> 1.18 3 �4?>7454@<F=<= ?@<GV?=<= >5?@<E>G64G 

 

�VEF>VEFL 54>4 =46545=>7> >5?@<E>G64G4 150 ?, L<@<=4 74E64FG LF4=7< 

4 <. &GF 6<>>@<EF4=> <5<5@4==>-?>@L=56<= =4E>E E5@VW �$ 30, M> <4T 

?>@V6=O=> 65?<>G ?@>4G>F<6=VEFL 6V4?>6V4=> 4> ?>F@55< 44=>7> 

>5?@<E>G64G4. 

�5O>V 6<@>5=<>< O> =4?V@=G <47VEF@4?L 4?O 6<6?5==O @>7?<?NNG<E 

?@<EF@>W6 6<>>@<EF>6GNFL ?=56<>7V4@46?VG=G E<EF5<G. �4 F4>>N EE5<>N 

@>5>F< >5?@<E>G64G4 ?>F@V5=> <4F< @575@6G4@ (54>), O><= <>65 ?@4FN64F< 

?V4 F<E>><. �E>V?L><, O> 5G?> >5�@G=F>64=>, 4?O F4><E >5?@<E>G64GV6 <>6=4 

6<>>@<EF>6G64F< 54>< 60-80 ?, F> WE <>6=4 74?>7<G<F< 7 E<EF5< 46F><4F<G=>W 

?>44GV 6>4< 3 7V4@>4>G<G?OF>@<. 

�@<>?44 F4>>7> F<?G >5?@<E>G64GV6 ?>>474=> =4 @<E. 1.19 [120]. 

 

$<EG=>> 1.19 3 �5?@<E>G64GV 7 ?=5<>7V4@46?VG=>N E<EF5<>N 
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�4=<= >5?@<E>G64G <4T L<@<=G 74E64FG 4,5 <, 6V= >5?44=4=<= 

46F><>5V?L=<< >><?@5E>@><, M> 4>76>?OT ?@< =>7> 6<6?5==V 6V4 <5@56V 12 � 

5=5@7>74E>5G =47=VF4F< F<E> 6 @575@6G4@, 7 O>>7> 6<FVE=OTFLEO @>5>G4 @V4<=4. 

�<>>@<EF4==O @V7=<E F<?V6 54>V6 ?>F@55GT @V7=<E E?>E>5V6 WE 

74>@V??5==O, M> <4T 65?<>5 7=4G5==O M>4> 6<=<>=5==O ?>>4?L=<E 

=464=F465=L F4 =4?@G65=L, O>V ?>7=4G4NFLEO =4 @5EG@EV @>5>F< F4>>W 

>>=EF@G>FVW. � @>5>FV [14] @>77?O=GF> 6??<6 ?>>4?L=<E =464=F465=L =4 

=4?@G65=>-45D>@<>64=<= EF4= 54>4 >5?@<E>G64G4 F4 7@>5?5=> 6<E=>6>< 

M>4> ?<F><<E 7=4G5=L F4><E 6??<6V6. &5 44?> =4< <>6?<6VEFL =444?V 

E>>@<EF4F<EO FVTN <5F>4<>>N 4?O 6<5>@G E?>E>5G 74>@V??5==O 54>4 G 

@>7@>5?5=><G >5?@<E>G64GV.  

&4>>6 ?V4EG<GT<> M>4> <>6?<6>EF5= 6<>>@<EF4==O @V7=<E E<EF5< 

=47=VF4==O F<E>G 6 =4?V@=V= <47VEF@4?V G >>=EF@G>FVOE <4?>7454@<F=<E 

>5?@<E>G64GV6. �>6=4 7 =<E <4T ?@46> =4 VE=G64==O. &GF ?>F@V5=> 6<E>4<F< 7 

>>=>@5F=<E <>6?<6<E G<>6 =>7> 5>E??G4FG64==O 6 47@574FV G< 6<>>=4==O O> 

E4<>EV4=>W <4L<=<. 

�@G7<< >?NG>6<< 4E?5>F>< 6 >>=EF@G>FVW F4>>7> >5?@<E>G64G4 T =>7> 

LF4=74 7 @>7?<?NNG<<< ?@<EF@>O<< F4 E<EF5<4 WW =46VE>< G< ?@>EF> 

>@V??5==O. �E=>6=V >>=EF@G>FVW LF4=7 =46545=V =4 @<E. 1,2, 5; 1,5; 1,6; 1,7, 4; 

1,9; 1,17; 1,19. �EV FV >>=EF@G>FVW LF4=7 >59T4=GT F5, M> 6>=4 >@V?<FLEO 4> 

@4<< >5?@<E>G64G4 6>@EF><< 79T4=4==O<, 4 F5 >7=4G4T, M> 75G@5==O, O>V 

6<=<>4NFL 6V4 >>?VE ?5@544NFLEO =4 @4<G V 6V4?>6V4=> =4 LF4=7G. �4 F4>>W 

>><?>=>6>< >5?@<E>G64G4, 5G4L-O>5 75G@5==O 6V4 ?>?L>6>W =5@V6=>EFV 

?5@544EFLEO 557?>E5@54=L> =4 LF4=7G. � 6 E<?G F>7>, M> L<@<=4 >>?VW 

>5?@<E>G64G4 G< 5=5@75F<G=>7> 74E>5G, G 6<?44>G =46VE=>W >>=EF@G>FVW 

>5?@<E>G64G4, T =565?<>>N, F> ?@< =57=4G=V= ?5@5L>>4V ?V4 WE >>?5E>< 6EO 

E<EF5<4 <4F<<5 7=4G=<= >GF ?>6>@>F G ?>?5@5G=>-65@F<>4?L=V= ??>M<=V, M> 

E?@<G<=<FL 7=4G=5 6V4E<?5==O E5>FVW LF4=7< 6V4 7>@<7>=F4?L=>7>.  

&4>5 75G@5==O, =4=?5@L5, E?@<G<=<FLEO 4> 7<V=< =>@<< 6<?<6G 

@>5>G>7> ?@5?4@4FG =4 >59T>F >5@>5>< V 6 65 6 4@G7G G5@7G 3 F5 4<=4<VG=5 
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=464=F465==O, O>5 <4T 6??<6 =4 6<=<>=5==O 6 E4@4>F5@=<E ?5@5F<=4E 

?V>>6<E =4?@G65=L, M> @57?4<5=FGNFL @5EG@E <5F4?>>>=EF@G>FVW E5>FVW 

LF4=7< [4, 5, 11, 12, 29, 42].  

�<F4==O 7=<65==O >>?<64=L LF4=7< >5?@<E>G64G4 6V4 4VW 75G@5=L F4><E 

>>?<64=L 47@>D>=>< ?>?O 6 ?56=V= <V@V 6<@VLGTFLEO ?@< 6<>>@<EF4==V @V7=<E 

F<?V6 ?V46VE>> LF4=7 [10, 15, 80, 82, 84, 87]. �?5 ?@>5?5<4 M5 ?>?O74T 6 F><G, 

M> =46545=V >>=EF@G>FVW ?V46VE>> LF4=7 F4 5D5>F< 7=<65==O 6<=<>4NG<E 

>>?<64=L =46545=V 4?O L<@>>>74E64F=<E LF4=7 F4 WE ?V46VE>> 4?O «65?<><E 

>5?@<E>G64GV6». &5>@5F<G=5 ?V4�@G=FO 4> @>7@4EG=>G F4><E >>=EF@G>FV= 

=46545=> 6 @>5>F4E �45VO �.�., �V>>6<G4 �.�., �V65T64 �.�., �DF4=47V64 �.%., 

%F@>74=4 �.�., �>@>L4 �.$., �<<F@<G5=>4 �.$. [15, 65, 79, 81, 83, 85, 86, 96].  

 

&45?<FO 1.1 3 �E=>6=V F<?< ?V46VE>> LF4=7>6<E >5?@<E>G64GV6 [112] 

 

1.  

 

 

7. 
 

 

 

 

2.  

 

 

8. 
 

 

 

 

3.  

 

 

9.   

 

 

GV6>5?@<E>G64LF4=7>6<E?V46VE>>EE5<< �@<=F<?>6V

>>?VD><->>?5E>< >?>D=<< �

<4OF=<>>64 ?>4V5=4-�

45<?DGNG4-�DG6=>

<4OF=<>>64 ?>4V5=4-V

<4OF=<>>64-=4�4=>L4D=VD

�5<4D5F<?G 

<4OF=<>>64 VD=4'>F<D<L4D=
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�4>V=G5==O F45?<FV 1.1 

4. 
 

 

 

10. 
  

 

 

5.  

 

 

 

11. 
 

 

 

6.  

 

 

12. 
 

 

 

 

�@54EF46?5=V >>=EF@G>FVW ?V46VE>> >5?@<E>G64GV6, ?5@5646=> 

7>@VT=F>64=V =4 <4E<6=V <5F4?>>>=EF@G>FVW E5>FV= LF4=7<, O>V 74=<4NFL 

EF45V?L=5 ?>?>65==O ?@< >V=5<4F<G=><G 75G@5==V 6<<GL5=<E >>?<64=L. � 

F45?<FV 1.1 =46545=V, 6 >E=>6=><G, @V7=>6<4< <4OF=<>>6<E ?V46VE>>. 

�4EF>EG64F< WE DG=>FV>=4?L=V EE5<< 4> @54?V74FVW 6 >>=EF@G>FVW 

<4?>7454@<F=>7> >5?@<E>G64G4 <>6=4, 4?5 >GV>G64F< 5D5>F<6=>W @>5>F< =5 

4>6545FLEO. �@<G<=4 6 F><G, M> 4?O <4?>7454@<F=>7> >5?@<E>G64G4 

74>?445=4 =565?<>4 L<@<=4 74E64FG (6 <564E 5 <), 4 F5 >7=4G4T, M> <4E4, 

<><5=F V=5@FVW F4>>W LF4=7< 5G45 4>E<FL <4?<<. &4>4 >>=EF@G>FVW =5 7<>65 

@547G64F< 445>64F=> =4 V<?G?LE< >V=5<4F<G=>7> 75G@5==O 6V4 >?>@=<E 

5?5<5=FV6 >5?@<E>G64G4 [30, 40, 41, 50,].   

�?O 5V?LL 5D5>F<6=>W @>5>F< LF4=7< =5>5EV4=> O><<>EL G<=>< 

E5>FV=5>>>6<E  <D57G?N64=O
 7 <4OF=<>>64-=4�4=>L4D=VD

<4OF=<>>64

 ?>4V5=4) -(V VD=4'>F<D<L4D=

54?4=E<D><-6465?5< 7 �4OF=<>>64

<4OF=<>>64
 ?>4V5=4) -(� VD=4'>F<D<L4D=

446>L4D=VD= =4'=V65DE4?L
(DOUVEN) 54D454=>< >?>D=<< �
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75V?LL<F< WW <4EG, 4?5 =5 76<G4==<< G<=>< 3 6<5@4F< <4E<6=V ?@>DV?V, 7 O><E 

7@>5<F< E5>FVW, G< 7@>5<F< D5@<G 7 65?<G57=<< 74?4E>< <VF=>EFV F4 @5EG@E>< 

@>5>F< F>M>. �5V?LL5==O <4E< ?>6<==> =5EF< 5D5>F ?V46<M5=>W WW 

EF45V?V74FVW ?@< >>?<64==OE.  

�4 >7?O4>< ?VF5@4FG@=<E 465@5? 46F>@< =46>4OFL 45O>V @VL5==O. 

�4?@<>?44, G ?4F5=FV SU 1064932�, 7.01.84 @. [80] 4?O 75V?LL5==O <4E< 

LF4=7< 6<>>@<EF4=> 4>44F>>6G <4EG, O>4 7=4E>4<FLEO =4 E?5FV4?L=><G ?V46VEV 

F4 @>7<VM5=4 F4>, M> EGFFT6> 7<VMGT (?>=<6GT) F5=F@ 647< LF4=7<, @<E. 1.20. 

�@< FL><G GF6>@NTFLEO EF45V?V7GNG<= <><5=F, O><= ?>EFV==> «?>65@F4T» 

LF4=7G G 7>@<7>=F4?L=5 ?>?>65==O (4<=4<VG=<= 74E=<> >>?<64=L). &4>5 

@VL5==O 4?O ?57><E LF4=7 <>65 <4F< ?@4>F<G=5 6<>>@<EF4==O, 4?5 FGF T >4<= 

EGFFT6<= =54>?V> 3 4>44F>>64 <4E4 75V?LLGT 6 FV?><G 647G >5?@<E>G64G4. � WW 

=4O6=VEFN 7@>EF4NFL V 6EV V=LV ?>>47=<>< 74F@4F. 

 

$<EG=>> 1.20 3 �V46VE>4 LF4=7< 7 4>44F>>6>N <4E>N 
 

�=L<< ?@<>?44>< <>65 5GF< ?>4V5=4 EE5<4, @<E. 1.21 [80]. 

 

1 3 =5EGG<= 5?5<5=F LF4=7<; 2 3 >E=>6=<= 54>; 3 3 4>44F>>6<= 54>; 4 3 
45<?D5@; 5 3 L4@=V@=<= ?V46VE; 6 3 ?@G6=<= 5?5<5=F  

$<EG=>> 1.21 3 �>=EF@G>FVO  <5E4=V7<G EF45V?V74FVW LF4=7< 7  LFGG=<< 
75V?LL5==O< WW <4E< 
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' F4>V= >>=EF@G>FVW 4>44F>>6<= @575@6G4@ L4@=V@=> 74>@V??5=<= G5@57 

?@G6=<= F4 45<DGNG<= 5?5<5=F<, M> 4>76>?ONFL 74E<F< >>?<64==O LF4=7< G 

65@F<>4?L=V= ??>M<=V. $575@6G4@ 7 @V4<=>N 6<>>=GT @>?L LFGG=>7> 

75V?LL5==O <4E< LF4=7< F4 4<=4<VG=>7> 74E=<>4 >>?<64=L. �@>F5, 

6<>>@<EF4==O F4>>7> 4>44F>>6>7> 5?5<5=FG 7=4G=> GE>?44=NT >>=EF@G>FVN, 

75V?LLGT WW 7454@<F< F>M>.  

�=4?>7VG=<< G<=>< >>=EF@G>FVO, M> =46545=4 =4 @<E. 1.22, T ?>@V6=O=> 

E>?44=>N 6 @54?V74FVW =4 ?@4>F<FV F4 5D5>F 77?446G64F< >>?<64==O 

7=<6GTFLEO 7V 7<5=L5==O< @V6=O @V4<=< G @575@6G4@4E O> 6 >E=>6=><G F4> G 

4>44F>>6><G @575@6G4@4E.   

 

$<EG=>> 1.22 3 %<EF5<4 EF45V?V74FVW LF4=7< 7 6<>>@<EF4==O< 
4>44F>>6<E ??4EF<= [80] 

 

&4><< G<=><, @>77?O=G6L< >E=>6=V F<?< ?@>EF<E ?V46VE>>, ?@<E>4<<> 

4> 6<E=>6>G, M> E>?44=V 5474F>?4=>>6V <4OF=<>>6V ?V46VE>< =54>FV?L=> 

6<>>@<EF>6G64F< G >>=EF@G>FVW <4?>7454@<F=>7> >5?@<E>G64G4, >E>V?L>< <4E4 

LF4=7< T 4>E<FL =565?<>>N V F><G 5D5>F EF45V?V74FVW =5 5G45 74557?5G5=<<. � 

>F V45O 7V LFGG=<< 75V?LL5==O< <4E< LF4=7< <>65 <4F< @>76<F>> F4 6FV?5==O 

G ?@>?>=>64=V= >>=EF@G>FVW <4?>7454@<F=>7> >5?@<E>G64G4. 
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1.4 �<E=>6><, <5F4 F4 7444GV 4>E?V465==O 

 

�=4?V7 >>=EF@G>FV= <4?>7454@<F=<E >5?@<E>G64GV6 ?>>4746, M> ?@< 

6<>>@<EF4==V @4=F56<E >5?@<E>G64GV6 ?>?@< WE G=V65@E4?L=VEFL 

E?>EF5@V74NFLEO 7=4G=V 74F@4F< DV7<G=>W ?@4FV F4 =5<>6?<6VEFL 74557?5G5==O 

@V6=><V@=>EFV >5?@<E>G64==O V7-74 @GG=>7> >5@G64==O LF4=7>N; =4GV?=V 

>5?@<E>G64GV 3 ?>F@55GNFL 4>44F>>6>7>  5=5@7>74E>5G 4?O =46VLG64==O F4 

F@4=E?>@FG64==O V FGF T >5<565==O M>4> >?V@5=EG <4L<=< F4 <>6?<6>EFV 

7<V=N64F< L<@<=G >>?VW; ?@<GV?=V >5?@<E>G64GV F4>>6 ?>F@55GNFL 

5=5@75F<G=>7> 74E>5G 4?O F@4=E?>@FG64==O, O><= <>65 >5<56G64F< WE 

74EF>EG64==O V7-74 >?V@5=EG F4 L<@<=< >>?VW. �@V< F>7>, 6EV @>77?O4G64=V 

>>=EF@G>FVW >5?@<E>G64GV6 >59T4=GT 3 6V4EGF=VEFL E<EF5<< EF45V?V74FVW 

LF4=7<, M> ?>7=4G4TFLEO =4 O>>EFV =4=5E5==O @>5>G>7> ?@5?4@4FG =4 

>5@>5?N64=G ??>MG. 

&><G, 7 <5F>N ?V46<M5==O O>>EFV =4=5E5==O @>5>G>7> ?@5?4@4FG =4 

>5@>5?N64=V ?>65@E=V, G=V65@E4?L=>7> 6<>>@<EF4==O M>4> >5@>5>< @V7=<E 

EV?LEL>>7>E?>44@EL><E >G?LFG@, 6 F><G G<E?V @>5>F4 G E444E, 7<5=L5==O 

@GG=>W ?@4FV >?5@4F>@4 F>M>, =5>5EV4=> @>7@>5<F< E4<>EV4=<= 

<4?>7454@<F=<= >5?@<E>G64G, 4=4?>7V6 O>><G =4 @<=>G '>@4W=< =5 

E?>EF5@V74TFLEO.  

�> @>7@>5?5=>W >>=EF@G>FVW 6<EG64NFLEO =4EFG?=V 6<<>7<:  

3 E4<>?5@5EG6=<= (7 4>?><>7>N 46<7G=4); 

3 <>6?<6VEFL 7<V=N64F< L<@<=G >>?VW 7 4>?><>7>N E5@6VE=<E 

<5E4=V7<V6; 

3 <4F< 4>EF4F=V= >?V@5=E 45> =>7> @57G?N64F<; 

3 =46VE=4 LF4=74 ?>6<==4 <4F< E<EF5<G EF45V?V74FVW F4 @57G?N64F<EO 74 

6<E>F>N 6EF4=>6?5==O; 

3 6 =4?V@=V= <47VEF@4?V ?>6<=5= ?V4F@<<G64F<EO ?>EFV==<= V 

>>=F@>?L>64=<= F<E> @>5>G>W @V4<=<; 

3 @>7@>5?5=4 <>45?L E4<>EV4=>7> >5?@<E>G64G4 ?>6<==4 5GF< 
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4>EFG?=>N ?> 64@F>EFV 4?O E5@54=L>EF4F<EF<G=>7> 6<@>5=<>4 

EV?LEL>>7>E?>44@EL>>W ?@>4G>FVW G ?V4E>5=<E 7>E?>44@EF64E. 

�@< 6@4EG64==V F<E 6<<>7 F4 @54?V74FVW >>=EF@G>FVW >5?@<E>G64G4 =4 

?@4>F<FV >F@<<4T<> 6<E>>>5D5>F<6=G F4 >>=>G@5=F>744F=G <4L<=G =4 @<=>G 

<V=V>5?@<E>G64GV6. 

�4 >E=>6V ?@>6545=>7> 4=4?V7G ED>@<>64=> <5FG 4<E5@F4FV==>7> 

4>E?V465==O. 

�5F>N @>5>F< T ?V46<M5==O 5D5>F<6=>EFV EV<VG=>7> 74E<EFG @>E?<= 

L?OE>< G4>E>>=4?5==O >>=EF@G>FVW <4?>7454@<F=>7> >5?@<E>G64G4 7 

>5�@G=FG64==O< >>=EF@G>F<6=>-F5E=>?>7VG=<E ?4@4<5F@V6 

?=56<>7V4@46?VG=>W E<EF5<< 6<6?5==O @>7?<?NNG<E ?@<EF@>W F4 EF45V?V74FVW 

LF4=7<. 

�?O 4>EO7=5==O ?>EF46?5=>W <5F< =5>5EV4=> 6<@VL<F< F4>V 7444GV 

4>E?V465==O: 

3 6@4E>6GNG< 6V4><V >>=EF@G>FVW <4?>7454@<F=<E >5?@<E>G64GV6, 

74?@>?>=G64F< G4>E>>=4?5=G >>=EF@G>F<6=G EE5<G E4<>EV4=>7> >5?@<E>G64G4 7 

<4OF=<>>6>N ?V46VE>>N LF4=7<; 

3 @>7@>5<F< F5>@5F<G=V <>45?V, O>V >?<EGNFL =4?@G65=>-45D>@<>64=<= 

EF4= 54>4 >5?@<E>G64G4, M> F@4=E?>@FGT @>5>GG @V4<=G F4 6<FVE=OT WW ?@< 

=4O6=>EFV =44?<L>>6>7> F<E>G;  

3 @>7@>5<F< 4<=4<VG=V <>45?V >GF>6<E F4 65@F<>4?L=<E >>?<64=L LF4=7< 

>5?@<E>G64G4 G E<EF5<V <4OF=<>>6>W ?V46VE>< 7 4>44=>N <4E>N; 

3 6<7>F>6<F< <4?>7454@<F=<= E4<>EV4=<= LF4=7>6<= >5?@<E>G64G F4 

?@>65EF< =>7> ?>?L>6V 6<?@>5G64==O; 

3 ?@>65EF< 5>E?5@<<5=F4?L=V 4>E?V465==O <VF=>EFV 54>4 F4 >V=5<4F<G=<E 

?4@4<5F@V6 LF4=7< >5?@<E>G64G4; 

3 6<>>=4F< 4>E?V465==O =4?@G65=>7> EF4=G 54>4, >V=5<4F<G=<E 

?4@4<5F@V6 LF4=7<, 6 F><G G<E?V, 74EF>E>6GNG< V<VF4FV==5 <>45?N64==O. 

�E=>6=V =4G>>6V @57G?LF4F< @>74V?G >?G5?V>>64=V G ?@4FOE [14, 67, 68, 

69, 101, 102, 103, 104, 106].  
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$����� 2 

&��$�&�'�� ��%�������/ ���%&$'�&����-

&�%������'��% ��$���&$�� ��������$�&���� 

%���%������ ���$�%�'��'� 

 

 

2.1  �=4?V7 =4?DG65=>-45D>D<>64=>7> EF4=G 54>4 ?D< =>7> 

6<>>D<EF4==V G ?=56<>7V4D46?VG=V= E<EF5<V 6<6?5==O D>7?<?NNG<E 

>D74=V6 LF4=7< >5?D<E>G64G4  
 

�?O @54?V74FVW V45W LFGG=>7> 75V?LL5==O <4E< LF4=7< ?@< 6<>>@<EF4==V 

6 E<EF5<V EF45V?V74FVW <4E< >E=>6=>7> @575@6G4@G 7 @V4<=>N, E?>G4F>G 

=5>5EV4=> 4>65EF< =>7> DG=>FV>=4?L=G 744F=VEFL 74557?5GG64F< ?@>F5E 

>5?@<E>G64==O.  

�4=VTN V7 7444G 4<E5@F4FV==>7> 4>E?V465==O 5G?> ?@>65EF< @>7@4EG=>> 

=4?@G65=>-45D><>64=>7> EF4=G 54>4 >5?@<E>G64G4 ?@< =>7> @>5>FV G 

?=56<>7V4@46?VG=V= E<EF5<V 6<6?5==O @>7?<?NNG<E >@74=V6 LF4=7<.  

�4 44=><G 5F4?V 4>E?V465==O T =5>5EV4=VEFL G ?>?5@54=V= >FV=FV 

=4?@G65=>-45D>@<>64=>7> EF4=G 54>4 >5?@<E>G64G4 O> ?>EG4<=<, M> ?@4FNT 

?V4 =44?<L>>6<< 6=GF@VL=V< F<E>><. �?O 6<>>=4==O F4>>W >FV=>< E?>G4F>G 

?>F@V5=> 74EF>EG64F< =4=?@>EFVL<= <4F5<4F<G=<= 4?4@4F, O><= 44T 

445>64F=<= @57G?LF4F. �4 >E=>6V F4>>W ?>?5@54=L>W >FV=>< <>6=4 5G45 

6<O6<F< E?45>V EF>@>=< >>=EF@G>FVW F4 6@4EG64F< F5 ?@< E?>E>5V 74>@V??5==O 

54>4  =4 @4<V >5?@<E>G64G4, 6<5<@4F< =>7> @56<< 5>E??G4F4FVW F>M>.  

$>7@4EG=>> >5>?>=>> ?@< @V7=><G WE =464=F465==V 6<??<64T V7 

7474?L=>W F5>@VW ??4EF<=, >E=>6=V 7V?>F57< O>>W 5G?< @>7@>5?5=V $>55@F>< 

�V@E7>D><. �V7=VL5 �67GEF>< �O6>< F@4=ED>@<>64=V G 7474?L=G F5>@VN 

>5>?>=>>. $V7=V 4>E?V4=<>< @>77?O44NFL G4EF>>6V 6<?44>< FVTW F5>@VW, 45 

6@4E>6GTFLEO >E>5?<6>EFV =464=F465==O, 75><5F@VO >5>?>=>>, 6?4EF<6>EFV WW 

<4F5@V4?G F>M> [14, 23, 25, 51, 52, 53, 54, 55, 98, 119, 122, 139]. &5 ?@<765?> 

4> 6<=<>=5==O M5 @O4G E?5FV4?L=<E F5>@V= >5>?>=>>, O>V 7>@VT=F>64=V =4 

?56=G E?5F<DV>G. &><G =4 EF44VW @>7@4EG=>G 64@F> ?@46<?L=> 6<5@4F< F5>@VN, 
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O>4 5 =5 5G?4 ?5@5>5FO65=>N E>?44=VEFN <4F5<4F<G=<E 74?56=>EF5=.  

/>M> @>77?O44F< >5>?>=><, O>V ?@4FNNFL ?V4 F<E>><, F> FGF 

6<F@<<GTFLEO >E5E<<5F@<G=4 45D>@<4FVO O> 4?O >5>?>=>> >55@F4==O [119, 

122], 4 WE 557<><5=F=5 =464=F465==O 4>5@5 >?<EGTFLEO 557<><5=F=>N 

F5>@VTN >5>?>=>> [122], O>4 4?O ?@4>F<G=<E @>7@4EG=>V6 44T 4>5@V @57G?LF4F<  

F4 T ?@>EF>N G @54?V74FVW. 

&4>>6 ?@4>F<G=<= V=F5@5E ?@54EF46?ONFL 4>E?V465==O ?>>4?L=<E 

>>=EF@G>F<6=<E 5?5<5=FV6 >5>?>=>> G< E?5F<DV>4 WE =464=F465==O [14]. %4<5 

FV G<==<>< <>6GFL 5GF< 6<7=4G4?L=<<< 4?O <VF=>EFV F4 EFV=>>EFV >5>?>=>< 6 

FV?><G. 

/> 5G?> 747=4G5=> 6<M5, M> ?>?5@54=L> =464=F465==O 54>4 

>5?@<E>G64G4 5G45 FV?L>< G 6<7?O4V 6=GF@VL=L>7> F<E>G, O><< 6<FVE=OTFLEO 

@>5>G4 @V4<=4. &5 G4EF>>6<= 6<?44>> @>5>G>7> @56<<G @>5>F< >5?@<E>G64G4, 

>>?< 54> <4T <V=V<4?L=G >V?L>VEFL @>5>G>7> ?@5?4@4FG 45> ?>@>6=V=, 4 

EF6>@5=<= >><?@5E>@>< F<E> ?>6VF@O 4> >V=FO 6<FVE=OT 6EV 74?<L><. 

�>>465<> EE5<4F<G=> >>=EF@G>FVN 54>4 >5?@<E>G64G4 F4 6>465<> =4 

=>7> >E=>6=V @>7<V@<, @<E. 2.1. 

 

 

$<EG=>> 2.1 3 %E5<4 54> <4?>7454@<F=>7> >5?@<E>G64G4 

 

�<>>@<EF4==O 74?56=>EF5= 4?O >FV=>< ��% 74664< EG?@>6>46GTFLEO 

?56=<<< ?@<?GM5==O<< M>4> 6<5>@G F5>@VW, 74 O>>N FN ?@>F54G@G <>6=4 

@54?V7G64F<. �4=4>FV?L=VL5 5G?> 5 6<>>=4F< F4>G >FV=>G, E?<@4NG<EL =4 
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557<><5=F=G F5>@VN >5>?>=>>, 4?5 E?>G4F>G ?>F@V5=> 6EF4=>6<F< <56V WW 

6<>>@<EF4==O.  

�G5=<= �V45@<4= �.�. 6 E6>W= >=<7V «�5E4=V>4 F>=>>EFV==<E 

>>=EF@G>FV=. %F4F<>4» 6>47GT =4 F5, M> 74EF>EG64==O 557<><5=F=>W F5>@VW 

>5>?>=>> <4T <56V 74EF>EG64==O. &5 ?>69O74=> 7 F<<, M> =464=F465==O 

674>66 <5@<4V4=4 ?>6<==> EGFFT6> ?>6V?L=VL5 7<V=N64F<EL, =V6 >@4T6<= 

5D5>F; @44VGE >@<6<7=< <5@<4V4=4 GF6>@5=<E 4=<M >5>?>=>< =5 ?>6<=5= <4F< 

?>@V6=O=> 65?<>5 7=4G5==O (F<? 4=<M =45?<64TFLEO G< T ??>E><<<), 5> 74 

F4><E G<>6 =4 FV 5?5<5=F< 5G45 4VOF< ?>?5@5G=4 E<?4, O>4 4?O 557<><5=F=>W 

F5>@VW ?@<=<4TFLEO @V6=>N =G?N. &>4V, 74 4@G7>N G<>6>N, =5 <>6GFL 5GF< 

7=4=45=V ?5@5<VM5==O. 

&5?5@ G<>6=> @>74V?<<> F4>G >5>?>=>G =4 46V EF@G>FG@=V G4EF<=< 3 

F<?V=4@<G=G >5<G4=>G F4 4=<M4. �FV=<<> ��% >>6=>W 7 =<E.  

/>M> >5<G4=>G @>74V?<F< G<>6=>N EVG=>N ??>M<=>N, M> 

?5@?5=4<>G?O@=4 4> ?>74>66=L>W >EV E<<5F@VW, F> WW @V6=>6474 5G45 6 F><G 

6<?44>G, O>M> ?@<>?4EF< 6=GF@VL=V E<?>6V D4>F>@<, O>V 6<7=4G<<>, E>?46L< 

@V6=O==O @V6=>647<. 

�@<7444T<>, M> >5>?>=>4 7=4E>4<FLEO G ??>E>><G =4?@G65=><G EF4=V 

(@<E. 2.1), >E>V?L>< WW F>6M<=4  G ?>@V6=O==V 7 @44VGE>< E5@54<==>W ?V=VW  

=45474F> <5=L4 V @>7?>4V? =4?@G65=L 6 EFV=FV  =5 @>77?O44T<>, 66464T<>, 

M> , 4  3 =4?@G65==O 6 >>?>6><G =4?@O<>G,   3 6 

<5@<4V>=4?L=><G. 

&>4V, M>5 7@V6=>646<F< 6V4EVG5=G G4EF<=G E>?445<> @V6=O==O @V6=>647< 

G <5@<4V>=4?L=><G =4?@O<>G 

 

,      (2.1) 

 

45  3 E<?4, M> @>7FO7GT >5>?>=>G 6 >EL>6><G =4?@O<>G, =574?56=> 6V4 

D>@<< 4=<M4,  
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,       (2.2) 

 

45  3 6=GF@VL=V= =44?<L>>6<= F<E>, �a. 

&>4V =5646>> 74?<E4F< 6<@47 4?O <5@<4V>=4?L=>7> =4?@G65==O 

 

.      (2.3) 

 

�?O 7=4E>465==O >>?>6>7> =4?@G65==O 6 F<?V=4@<G=V= G4EF<=V 

>5>?>=>< E>>@<EF4T<>EO D>@<G?>N �4??4E4 [119]  

 

,        (2.4) 

 

FGF , . 

�6V4>< 6<7=4G4T<> 6<@47 4?O >>?>6>7> =4?@G65==O 6 F<?V=4@<G=V= 

G4EF<=V >5>?>=>< 

.       (2.5) 

 

�?O ??>E>>7> =4?@G65=>7> EF4=G >5>?>=>< 4>FV?L=> 6<>>@<EF>6G64F< 

G5F65@FG F5>@VN <VF=>EFV 4?O 6V4=4E>465==O 5>6V64?5=F=<E =4?@G65=L 6 

@>77?O4G64=<E ?5@5F<=4E [119] 

 

.     (2.6) 

 

45  3 4>?GEF<<5 =4?@G65==O 4?O <4F5@V4?G >5>?>=><, �a. 

�<>>=4T<> ?@4>F<G=<= @>7@4EG=>> 4?O F<?V=4@<G=>W G4EF<=< 54>4 

>5?@<E>G64G4 7 <5F>N >FV=>< <4>E<<4?L=> 4>?GEF<<>7> F<E>G ?@< 

5>E??G4FG64==V =>7> 6 E<EF5<V 6<6?5==O @>7?<?NNG<E ?@<EF@>W6. 
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�@>?>=>64=4 4> 6<>>@<EF4==O >>=EF@G>FVO 54>4 <4T =4EFG?=V ?4@4<5F@<: 

@44VGE >5<G4=><  <, F>6M<=4 EFV=><  <, <4>E<<4?L=<= 

@>5>G<= F<E> (6<7=4G4TFLEO O> ?4@4<5F@ @>5>F< @>7?<?NNG<E ?@<EF@>W6 [19, 

58]) 3 0,6 ��4; <4F5@V4? 54>4 3 =5@646VNG4 EF4?L AISI 304 ( ��4). 

$57G?LF4F>< @>7@4EG=>G T: 

- <5@<4V>=4?L=5 =4?@G65==O 74 6<@47>< (2.3) 

 ��4; 

- >>?>65 =4?@G65==O (2.5) 

 ��4; 

- 5>6V64?5=F=5 =4?@G65==O (2.6) 

 ��4. 

�4>E<<4?L=<= 4>?GEF<<<= 6=GF@VL=V= F<E> ?@< @>7@4EG=>G 

F<?V=4@<G=>W >5<G4=>< 5G45 E>?444F<  ��4 ?@< 4>?GEF<<><G 

=4?@G65==V  ��4 7 6@4EG64==O< >>5DVFVT=F4 74?4EG <VF=>EFV 

. 

�F@<<4=5 7=4G5==O 4>?GEF<<>7> F<E>G ?>6=VEFN 744>6>?L=OT G<>6G 

EF6>@5==V =44?<L>>6>7> F<E>G G =4?V@=V= <47VEF@4?V 4?O 6<6?5==O @>5>G<E 

>@74=V6 3 @>7?<?N64GV6. ' ?5@5646=V= 5V?LL>EFV 6<?44>V6 ?@< 6<>>@<EF4==V 

@V7=<E F<?V6 @>7?<?N64GV6 @>5>G<= F<E> =5 ?5@56<MGT 0,6 ��4. �?5 FGF 

64@F> @>7G<VF<, M> ?>?5@54=O >FV=>4 <VF=>EFV 54>4 7@>5?5=4 ?@< @>7@4EG=>G 

WW F<?V=4@<G=>W >5<G4=>< V =5 T 6<G5@?=>N. �@V< =464=F465==O 6=GF@VL=V< 

=44?<L>>6<< F<E>>< >5>?>=>4 M5 E?@<=<4T 7V4@>EF4F<G=<= F<E> @V4<=<. � 

M5 FGF VE=GT >4<= 4>E<FL >@<F<G=<= <><5=F 3 >>=EF@G>F<6=> F<?V=4@<G=4 

G4EF<=4 54>4 74<<>4TFLEO 4=<M4<< ?56=>W 75><5F@VW, M5 <>6GFL 6<=<>4F< 

>@4T6V 5D5>F<, O>V <4NFL EGFFT6<= 6??<6 =4 <VF=VEFL 6EVTW >>=EF@G>FVW. 

�@4E>6GNG< 6 F5>@5F<G=><G @>7@4EG=>G 6EV FV G<==<><, <>6=4 7>6>@<F< ?@> 

?56=G >59T>F<6=VEFL >FV=>< =4?@G65=>-45D>@<>64=>7> EF4=G F4>>W >5>?>=>< 

3 54>4 >5?@<E>G64G4. 
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2.2 �>E?V465==O 6??<6G >D4T6>7> 5D5>FG ?D< =464=F465==V 4=<M 

54>4 =4 7474?L=<= =4?DG65=>-45D>D<>64=<= EF4= >5>?>=><  

 

�5@L, =V6 ?5@5=F< 4> 6<6545==O >E=>6=<E 74?56=>EF5=, M> 

E4@4>F5@<7GNFL ��% 4=<M F4 >>>?V6 WE ?@<T4=4==O, ?>F@V5=> ?>G4F< 7 

F5>@5F<G=>7> ?V4�@G=FO 3 7474?L=>W F5>@VW F>=>>EFV==<E >5>?>=>>. 

�V4><> [24, 118, 119, 122], M> ?@< 6<7>F>6?5==V >5>?>=>< 7 V7>F@>?=>7> 

<4F5@V4?G =>@<4?L=V =4?@G65==V 7 45D>@<4FVO<< ?>69O74=V <V6 E>5>N 

74>>=>< �G>4:  

      (2.7) 

45  3 <>4G?L ?@G6=>EFV <4F5@V4?G >5>?>=>< (4=<M); 

 3 >>5DVFVT=F �G4EE>=4; 

 3 6V4=>E=V 45D>@<4FVW (6<4>665==O) 5>6V4<EF4=F=>7> L4@G >5>?>=><; 

�5EFGNG< 4G65 =57=4G=>N 7<V=>N =4?@G65==O 6 F>6M<=V EFV=>< 

>5>?>=>< O> F>=>>EFV==>7> 5?5<5=FG, M> ?56<FL 6 <564E ?>E<5>< E4<<E 

7V?>F57 �V@7>DD4-�O64, =4?@G65==O 6 >5>?>=FV <>6GFL 5GF< ?@54EF46?5=V 

74?56=>EFO<< 

 

    (2.8) 

 

45  3 ?4@4<5F@< 7<V=< >@<6<7=< E5@54<==>W ?>65@E=V. 

&GF <4T<>  
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;       (2.9) 

 

,     (2.10) 

 

45  3 >GF ?>6>@>FG =>@<4?V; 

3 5?5<5=F4@=4 4G74;  

 3 >GF <V6 =>@<4??N 4> E5@54<==>W ?>65@E=V >5>?>=>< F4 WW 6VEEN E<<5F@VW; 

 3 @44VGE >@<6<7=< 6 44=V= F>GFV. 

 

&>4V =4 >E=>6V @<E. 2.2 

 

$<EG=>> 2.2 3 $@47<5=F >5>?>=>< 4?O 6<7=4G5==O 4VW 6=GF@VL=VE E<? 

 

�=GF@VL=V 7GE<??O, M> 6<=<>4NFL G <5@<4V>=4?L=><G =4?@O<>G  

 

,     (2.11) 

77<==<= <><5=F 

.     (2.12) 
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/>M> 6@4EG64F<, M> , F> ?VE?O V=F57@G64==O (2.11) F4 (2.12) F4 

?V4EF46<F< G (2.8), >F@<<4T<>:  

 

      (2.13) 

 

.     (2.14) 

 

�=F5=E<6=VEFL ?>?5@5G=>W E<?<, M> 4VT 6 ?5@5F<=V, O><= T =>@<4?L=<< 

4> <5@<4V4=4  

 

,      (2.15)  

 

45  3 4>F<G=5 =4?@G65==O 6 ?5@5F<=V =>@<4?L=><G 4> <5@<4V4=4. 

�=4?>7VG=<< G<=>< <>6=4 ?@54EF46<F< 6=GF@VL=V E<?< F4 <><5=F< G 

?5@5F<=V 674>66 <5@<4V4=4: 

 

      (2.16) 

 

.     (2.17) 

 

�>?5@5G=4 E<?4 6 FL><G ?5@5F<=V 6V4EGF=O. 

�4?V 74?<EGNFL @V6=O==O @V6=>647<, 6@4E>6GNFL  4VNG5 =464=F465==O 

F4 6<LG>GNFL =4=?@>EFVL<= E?>EV5 @>769O7>G. 
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/>M> ?5@5=F< 4> 557<><5=F=>W F5>@VW, 45 6<>?NG4T<> 6??<6 

?>?5@5G=>W E<?<, F> G<>64 @V6=>EFV =G?N EG<< ?@>5>FV= 4VNG<E E<? 6 

=4?@O<>G <5@<4V4=4  =4 5?5<5=F4@=G ??>M44>G EF4=>6<F<<5  

 

,  (2.18) 

 

45  3 EG<4@=5 =464=F465==O  =4 @>77?O4G64=<= 5?5<5=F >5>?>=>< 

 

,     (2.19) 

 

FGF  3 >EL>65 =464=F465==O;  

,  3 @>7?>4V?5=5 =464=F465==O. 

&>4V 45D>@<4FVW E5@54<==>W ?>65@E=V >5>?>=>< 5G4GFL EF4=>6<F<: 

 

    (2.20) 

 

      (2.21) 

 

$44V4?L=5 ?5@5<VM5==O E5@54<==>W ?>65@E=V >5>?>=>< EF4=>6<F<<5   

 

       (2.22) 
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. (2.23) 

�=4?V7GNG< ?@>?>=>64=G >>=EF@G>FVN 54>4 >5?@<E>G64G4 (@<E. 2.1), 

54G<<>, M> F5 F<?V=4@<G=4 >5>?>=>4 7 ?V65?V?F<G=<<< 4=<M4<<. �5@L4 F4 

4@G74 G<>6< 6<>>@<EF4==O 557<><5=F=>W F5>@VW 6<>>=GNFLEO: =464=F465==O 

(6=GF@VL=V= F<E> T ?>EFV==<< 6 >>6=V= F>G=V >5>?>=><); 74>>= 7<V=< 

<5@<4V4=4 GF6>@NT ?V65?V?F<G=V 4=<M4. 

�?O >FV=>< ��% 4=<M4 >5>?>=>< 3 54>4 >5?@<E>G64G4, E?>G4F>G 

=5>5EV4=> >?<E4F< =>7> 75><5F@VN. /> 5G?> 747=4G5=>, M> F4>V 4=<M4 T 

?V65?V?F<G=<<<, 4?O O><E ?>F@V5=> 6EF4=>6<F< E?V66V4=>L5==O <V6 

65?<G<=4<< ?V6>E5=  V  5?V?E>W44. �4 DV7<G=>N >>=EF@G>FVTN 4=<M4 54>4 

(@<E. 2.1) <4T<> : , .  

&>4V 4?O FV?4 >55@F4==O 4@G7>7> ?>@O4>G 3 ?V65?V?F<G=>7> 4=<M4 

@44VGE< >@<6<7=< <>6GFL 5GF< >?<E4=V 74?56=>EFO<< (2.24) F4 (2.25): 

 

;     (2.24) 
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.     (2.25) 

 

$44VGE<  F4 , M> >?<EGNFL 75><5F@VN 4=<M4 V ?564FL 6 4V4?47>=V 

7<V=< >GF4 : . 

&>4V =4?@G65==O G 4=<MV G <5@<4V>=4?L=><G =4?@O<>G 5G45 EF4=>6<F<  

 

;      (2.26) 

 

>>?>65 =4?@G65==O 6 4=<MV 3 

 

.     (2.27) 

 

�>6V64?5=F=V =4?@G65==O, M> 6<=<>4NFL 6 4=<M4E 5G45<> 7=4E>4<F< 

74 4=4?>7VG=>N 74?56=VEFN 4> 6<@47G (2.6). 

�4 @57G?LF4F4<< 4=4?VF<G=>7> @>7@4EG=>G 6EF4=>6?5=>, M> <4>E<<4?L=V 

5>6V64?5=F=V =4?@G65==O 6 4=<M4E E?>EF5@V74NFLEO 6 >>>?V WE ?@<T4=4==O 4> 

F<?V=4@<G=>W G4EF<=< @575@6G4@4 ( ) 3 178,6 M�a. &5 6<>?<>4=> 

5D5>F>< EF<E=5==O F<?V=4@<G=>W G4EF<=< 6V4 4VW 6=GF@VL=L>7> F<E>G =4 

4=<M5. �>?>6V EF<E>GNGV =4?@G65==O 6 FL><G ?5@5F<=V E>?444NFL 3  

-135 ��4, <5@<4V>=4?L=V 3 67,5 M�a. � F5=F@4?L=V= G4EF<=V 4=<M4 6EV 

=4?@G65==O <4NFL 7=4G5==O 3 135 M�a. 
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�@4DVG=4 V=F5@?@5F4FVO >F@<<4=<E @57G?LF4FV6 @>7@4EG=>G ?>>474=4 =4 

@<E. 2.3. &GF EGFV?L=>N ?V=VTN ?>>474=V 5>6V64?5=F=V =4?@G65==O, LF@<E-

?G=>F<@=>N 3 >>?>6V F4 ?V=VTN, M> GF6>@5=4 >@4?>4<< 3 <5@<4V>=4?L=V.  

 

$<EG=>> 2.3 3 $>7?>4V? =4?@G65=L 6 4=<M4E 54>4 

 

�@< 4>E?V465==V =4?@G65=>-45D>@<>64=>7> EF4=G 54>4 O> >5>?>=><, 

M> ?@4FNT ?@< 4VW =4 =5W 6=GF@VL=L>7> F<E>G 6<>>@<EF4=> 557<><5=F=G 

F5>@VN >5>?>=>>, 4?O O>>W 747=4G5=V <56V WW 74EF>EG64==O. �4 FV= >E=>6V 

>?<E4=V 6<@47< =4?@G65=L, M> 6<=<>4NFL 6 F<?V=4@<G=V= G4EF<=V >5>?>=><, 

>?<E4=> 7<V=G @44VGEV6 >@<6<7=<, O><<< >?<EGNFLEO 4=<M4 F4 74?<E4=> 

6<@47< <5@<4V>=4?L=<E F4 >>?>6<E =4?@G65=L. �4 ?@>6545=<< F5>@5F<G=<< 

@>7@4EG=>>< ��% >5>?>=>< ?@< 4VW =4 =5W <4>E<<4?L=>7> 6=GF@VL=L>7> 

@>5>G>7> F<E>G 0,6 M�a F4 7 6@4EG64==O< >@4T6<E 5D5>FV6 6EF4=>6?5=> 

=4EFG?=5:  
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6 F<?V=4@<G=V= G4EF<=V >5>?>=>< 6<=<>4NFL <5@<4V>=4?L=V 

=4?@G65==O  M�a; >>?>6V 3  M�a; 5>6V64?5=F=V 3  

 M�a; <4>E<<4?L=<= 4>?GEF<<<= 6=GF@VL=V= F<E> 4?O 

F<?V=4@<G=>W >5<G4=>< 5G45 E>?444F<  ��4; 4?O 4=<M 5>6V64?5=F=V 

=4?@G65==O 6 >>>?V WE ?@<T4=4==O 4> F<?V=4@<G=>W G4EF<=< @575@6G4@4  

( ) 3 178,6 M�a; >>?>6V EF<E>GNGV =4?@G65==O (?@>O6?OTFLEO >@4T6<= 

5D5>F) 6 FL><G ?5@5F<=V E>?444NFL 3 -135 M�a, <5@<4V>=4?L=V 3 67,5 M�a; 6 

F5=F@4?L=V= G4EF<=V 4=<M 6EV =4?@G65==O <4NFL 7=4G5==O 3 135 M�a; 

<4>E<<4?L=<= 4>?GEF<<<= 6=GF@VL=V= F<E> =4 4=<M4 =5 ?>6<=5= 

?5@56<MG64F< 0,7 M�a.  

&4><< G<=><, 4?O 557?5G=>7> 5>E??G4FG64==O 54>4 >5?@<E>G64G4, 

@>5>G<= 6=GF@VL=V= F<E>, =5 ?>6<=5= ?5@56<MG64F< 0,7 M�a V F5 557 

6@4EG64==O 7V4@>EF4F<G=>7> F<E>G 6V4 4VW @V4<=< F4 E?>E>5G 74>@V??5==O. �?O 

?V46<M5==O 7=4G5==O 4>?GEF<<>7> 6=GF@VL=L>7> F<E>G 4> 7=4G5==O 74 

>@<F5@VT< <VF=>EFV F<?V=4@<G=>W G4EF<=< >>>?< ?@<T4=4==O 4=<M ?>F@V5=> 

?V4E<?<F< @>7?V@=<< >V?LFO<< G< V=L<<< >>=EF@G>F<6=<<< 5?5<5=F4<<, M> 

G=5<>6?<6?NNFL 6F@4FG EFV=>>EFV >5>?>=><. 

 

 

 

2.3 �>E?V465==O =4?DG65=>-45D>D<>64=>7> EF4=G 54>4 

>5?D<E>G64G4 ?V4 4VTN 6=GFDVL=L>7> =44?<L>>6>7> F<E>G F4 4VW 

7V4D>EF4F<G=>7> F<E>G D>5>G>W DV4<=< 

 

�4 6<>>=4=<<< 4>E?V465==O<<, @57G?LF4F< O><E =46545=V 6 @>5>FV [14], 

6EF4=>6?5=>, M> 74?56=> 6V4 65?<G<=< 6=GF@VL=L>7> =44?<L>>6>7> F<E>G 6 

>5>?>=FV ?<F><4 G4EF>4 6<=<>=5==O ��% >5>?>=>< 6V4 7V4@>EF4F<G=>7> 

F<E>G @>5>G>W @V4<=< T 4>E<FL =57=4G=>N 4?O F4>>7> >59T<G 54>4 V 6>=4 6 

5V?LLV= <V@V 74?56<FL 6V4 E?>E>5G 74>@V??5==O 54>4 =4 @4<V >5?@<E>G64G4 F4 

6<>>@<EF4==O V=L<E >@V?<?L=<E 5?5<5=FV6 F4><E O> 54=446V. �?O 
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74557?5G5==O >@4M>7> 5D5>FG LFGG=>7> 75V?LL5==O <4E< LF4=7< ?@< WW 

EF45V?V74FVW G5@57 6<>>@<EF4==O <4E< 54>4 7 @>5>G>N @V4<=>N, ?@<==OF> 

@VL5==O ?@> =>7> 65@F<>4?L=5 @>7<VM5==O O> =4 @<E. 2.1. &4><= E?>EV5 5G45 

@54?V7>64=> ?@< 6V?L=><G >5?<@4==V 54>4 4=<M5< =4 ?V47>F>6?5=G >@G7>6G 

>?>@G. %FV=>5 =>7> ?>?>65==O 5G45 74557?5GG64F<EL V=L<<< >@V?<?L=<<< 

5?5<5=F4<<, O>V =5 G<=OFL 4VW =4 EFV=>< 54>4. 

�4?V ?@>6545<> <>45?N64==O 4VW 7V4@>EF4F<G=>7> F<E>G @>5>G>W @V4<=< 

=4 F<?V=4@<G=G G4EF<=G 54>4 F4 =>7> ?V65?V?F<G=V 4=<M4. 

�<F4==O, M> EF>EGNFLEO @GEG @V4<=, ?@>F5EV6 7<VLG64==O F4 

@>7?<?5==O >><?>=5=FV6 @>5>G>W EG<VLV, <>45?N64==O F4 5>E?5@<<5=F4?L=5 

4>E?V465==O =46545=<E ?@>F5EV6 4>5@5 @>76<=GFV G @>5>F4E  [8, 16, 17, 27, 31, 

32, 34, 37, 38, 123]. 

�?O 6<7=4G5==O 74?56=>EF5= 4VW 7V4@>EF4F<G=>7> F<E>G @>5>G>W @V4<=< 

=4 EFV=>< 54>4 >5?@<E>G64G4 ?V47>FGT<> 45O>5 F5>@5F<G=5 ?V4�@G=FO [100, 

107]. 

->5 6EF4=>6<F< 4VN F<E>G  6 F>GFV, F> =>7> E5@54=T 7=4G5==O 

?>6<==> 5GF< 7>E5@5465=<< =4 ??>M44FV , 65?<G<=4 ??>MV O>>W ?@O<GT 4> 

=G?O.  

' <4F5<4F<G=><G 7=4G5==V F4>5 F65@465==O <>6=4 >?<E4F< 6<@47><  

 

,      (2.28) 

 

45  3 E<?4 7V4@>EF4F<G=>7> F<E>G. 

&4><< G<=><, 7 6<@47G (2.28) <>6=4 7=4=F< E<?G F<E>G 6 F>GFV G< =4 

5?5<5=F4@=V= ??>M44FV EFV=>< 54>4  

 

.      (2.29) 
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�>F@V5=> 6<4V?<F< 46V 646?<6V 6?4EF<6>EFV 7V4@>EF4F<G=>7> F<E>G: 6V= 

74664< 4VT ?> =>@<4?V (=>@<4?L=<=) 4> ?>65@E=V; 7V4@>EF4F<G=<= F<E> G 5G4L-

O>V= F>GFV ?@>EF>@G >4=4>>6<= G 6EVE =4?@O<>4E.  

�@G74 6?4EF<6VEFL 44T @>7G<V==O F>7>, M> =574?56=> 6V4 >GF4 =4E<?G 

??>M<=< =4 O>G 6V= 4VT, 7=4G5==O <4T FV?L>< WW ?@>EF>@>65 @>7F4LG64==O, 

F>5F> 7V4@>EF4F<G=<= F<E> F5 DG=>FVO .  

�<7=4G5==O 4VW 7V4@>EF4F<G=>7> F<E>G =4 EFV=>< 54>4 547GTFLEO =4 

>E=>6=><G 4<D5@5=FV4?L=><G @V6=O==V 7V4@>EF4F<><, O>5 6<??<64T 7 @V6=O==O 

�=?5@4 [100]. 

 

,    (2.30) 

 

45  3 MV?L=VEFL @V4<=<; 

 3 ?@>5>FVW ?<F><<E <4E>6<E E<? =4 6V4?>6V4=V >EV >>>@4<=4F.  

�5> (2.30) <>6=4 ?5@5?<E4F< G 6<7?O4V (>E=>6=5 4<D5@5=FV4?L=5 

@V6=O==O 7V4@>EF4F<><) 

 

,     (2.31) 

 

/>M> , , F> , F>5F> >F@<<GT<> 7 (2.31) 

@V6=O==O 4?O ?>65@E=V @V6=>7> F<E>G 

 

      (2.32) 

 

� FL>7> @V6=O==O 6<??<64T, M> 4?O >5<565=<E >59T<V6, O><< T 54> 

>5?@<E>G64G4, 6V?L=4 ?>65@E=O @V4<=< 5G45 7>@<7>=F4?L=>N ?>65@E=5N, 4?O 

O>>W  
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      (2.33) 

 

&5 44T @>7G<V==O F>7>, M> ?@>5>FVW ?<F><<E <4E>6<E E<? =4 6V4?>6V4=V 

>>>@4<=4F=V >EV EF4=>6<F<<GFL:  

&>4V @V6=O==O �=?5@4 (2.31) =45G45 6<7?O4G  

 

.      (2.34) 

 

�VE?O V=F57@G64==O (2.34) >F@<<4T<> 74?56=VEFL 3 6<@47 

7V4@>EF4F<G=>7> =4?>@G  

 

.    (2.35) 

 

�6V4E< 6<??<64T, M> 7V4@>EF4F<G=<= F<E> G 5G4L-O>V= F>GFV ?>EG4<=< 

74?564F<<5 FV?L>< 6V4 6<E>F< EF>6?4 @V4<=< =44 FVTN F>G>>N, F>5F> 

 

,      (2.36) 

 

45  3 F<E>, M> 4VT =4 6V?L=G ?>65@E=N @V4<=<; 

 3 7?<5<=4 @>7<VM5==O F>G><, 45 6<7=4G4TFLEO F<E> (6<E>F4 EF>6?4 @V4<=<). 

�4 >E=>6V 74?56=>EFV (2.36) <>6=4 7=4=F< E<?G F<E>G @V4<=< =4 ??>E>5 

4=<M5 @575@6G4@4 45> 7GE<??O G <5@<4V>=4?L=><G =4?@O<>G, M> 5G45 

?5@54464F<EO F<?V=4@<G=<< EFV=>4< 54>4 ?@< G<>6V 74>@V??5==O 54>4 6<M5 

??>M<=< =<6=L>7> 4=<M4  

 

,     (2.37)  

45  3 ??>M4 ?>?5@5G=>7> ?5@5F<=G @575@6G4@4 =4 7?<5<=V  6V4=>E=> 

6V?L=>W ?>65@E=V.  
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�<E>4OG< V7 4@G7>W 6?4EF<6>EFV 7V4@>EF4F<G=>7> F<E>G, =>7> 4VO =4 

F<?V=4@<G=V EFV=>< @575@6G4@4 5G45 6<7=4G4F<EL 4=4?>7VG=>N 74?56=VEFN O> 

4VO =4 4=<M4 (2.36). �V4<V==VEFN 5G45 ?<L5 F5, M> 5?9N@4 7V4@>EF4F<G=>7> 

F<E>G <4F<<5 ?V=V==G 74?56=VEFL, >E>V?L>< T 7<V==>N 6<E>F4 EF>6?4 @V4<=<  

, @<E. 2.4 

 

$<EG=>> 2.4 3 �?9N@< 7V4@>EF4F<G=>7> F<E>G =4 EFV=>< @575@6G4@4 

 

-5 >4=<< 5?5<5=F>< 54>4 >5?@<E>G64G4 T =>7> 4=<M4 3 F5 

>@<6>?V=V==V ?>65@E=V, =4 O>V 4VT 7V4@>EF4F<G=<= F<E> @>5>G>W @V4<=<.  

�V4><>, M> G 7474?L=><G 6<?44>G ?@< 4VW 7V4@>EF4F<G=>7> F<E>G =4 

>@<6>?V=V==V ?>65@E=V =>7> <>6=4 ?@<65EF< 4> >4=VTW @V6=>4VNG>W E<?<,  

@<E. 2.5.  

 

$<EG=>> 2.5 3 �> >5�@G=FG64==O 4VW 7V4@>EF4F<G=>7> F<E>G =4 >@<6>?V=V==G 
?>65@E=N 4=<M4 54>4 [100] 

 

n
h
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�<@47 @V6=>4VNG>W E<?< F<E>G =4 >@<6>?V=V==G ?>65@E=N 5G45 

75><5F@<G=>N EG<>N E>?44>6<E  

 

,     (2.38) 

 

45  3 E>?44>6V =4 6V4?>6V4=V >EV @V6=>4VNG>W E<?< 

7V4@>EF4F<G=>7> F<E>G.  

�V4?>6V4=> 4> 6<@47G (2.29) 7>@<7>=F4?L=4 E>?44>64 E<?< F<E>G 5G45 

6<7=4G4F<EL [100] 

 

,     (2.39) 

 

45  3 =4?@O<=<= >>E<=GE E<?< . 

�@>5>FVO 5?5<5=F4@=>W ??>M44>< =4 ??>M<=G  

 

,       (2.40)  

F>4V 

 

.       (2.41)  

 

�?O 6V4=4E>465==O E>?44>6<E E<?< 7V4@>EF4F<G=>7> F<E>G =4 

>@<6>?V=V==G ?>65@E=N 54>4, ?>F@V5=> V=F57@G64F< ?> 6<7=4G5=V= ??>M<=V 

 

,       (2.42) 

45  3 @>7F4LG64==O F5=F@G F<E>G;  

 3 ?@>5>FVO ?>65@E=V  (@<E. 2.5) =4 ??>M<=G . 

$5LFG E>?44>6<E 6<7=4G4NFLEO 4=4?>7VG=<< G<=>< 
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;     (2.43) 

 

       (2.44) 

 

�4 4=4?V7>< (2.44), FO E>?44>64 5G45 =VM> V=L5 O> E<?4 647< @V4<=<  G 

6<4V?5=><G >59T<V , F>5F> 

 

.      (2.45) 

 

�46545=V 74?56=>EFV 4VW E<?< 7V4@>EF4F<G=>7> F<E>G =4 >@<6>?V=V==G 

?>65@E=N 4=<M4 54>4 >5?@<E>G64G4 4>76>?OT 74?<E4F< 6<@47< E>?44>6<E, M> 

4VNFL =4 >@<6>?V=V==G ?>65@E=N 4=<M4 54>4 >?@<E>G64G4 G <5@<4V>=4?L=><G 

F4 >>?>6><G =4?@O<>4E.  

�4 >E=>6V 6<>?445=<E F5>@5F<G=<E >E=>6 557<><5=F=>W F5>@VW 

>5>?>=>>, M> =46545=V G ?>?5@54=L><G ?G=>FV 74?<L5<> 6<@47< 4?O 

6V4=4E>465==O <5@<4V>=4?L=<E F4 >>?>6<E =4?@G65=L G 4=<M4E >5>?>=><. 

&5 6 E6>N G5@7G, T F4>>6 G4EF>>6<< 6<?44>>< =464=F465==O 54>4 

>5?@<E>G64G4, =4?@<>?44, >>?< <4L<=4 F@4=E?>@FGT @>5>GG @V4<=G 4> <VEFO 

>5?@<E>G64==O V =4 F>= G4E G @575@6G4@V 6V4EGF=V= =44?<L>>6<= F<E>.  

$>77?O44T<> E?>G4F>G 4VN 7V4@>EF4F<G=>7> F<E>G @>5>G>W @V4<=< =4 

F<?V=4@<G=G G4EF<=G 54>4, 66464NG<, M> 6V= ?>6=VEFN 74?@46?5=<=. 

�4 >E=>6V >F@<<4=>W 74?56=>EFV 7V4@>EF4F<G=>7> F<E>G =4 F<?V=4@<G=V 

EFV=>< 54>4 (2.36), >>?>6V =4?@G65==O 5G4GFL EF4=>6<F<  

 

.      (2.46) 
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�@< 74>@V??5==V 54>4 >5?@<E>G64G4 =4 @4<V <4L<=< 6 >>>?V =<6=L>7> 

4=<M4, F> 6474 @V4<=< =5 4VT =4 F<?V=4@<G=V EFV=>< @575@6G4@4 G 

<5@<4V>=4?L=><G =4?@O<>G, F>5F>  

  

.       (2.47) 

 

�VO 7V4@>EF4F<G=>7> F<E>G @>5>G>W @V4<=< =4 >@<6>?V=V==V ?>65@E=V 

=<6=L>7> 4=<M4 54>4, 6<>?<>4T 6 =L><G <5@<4V>=4?L=V F4 >>?>6V 

=4?@G65==O. 

�?O 7@GG=>EFV ?@54EF46?5==O @57G?LF4FV6, >GF , M> E4@4>F5@<7GT 7<V=G 

@44VGE4  >@<6<7=< 4=<M4 5G45<> 6V4>?444F< 6V4 7>@<7>=F4?V, F>5F> =>7> 

<4>E<<4?L=5 7=4G5==O 5G45 ?@< . 

&>4V <5@<4V>=4?L=5 =4?@G65==O 6 4=<MV 54>4 EF4=>6<F<<5 

 

,   (2.48) 

 

45  3 >>5DVFVT=F 4<=4<VG=>EFV. 

&GF E?@4654?<6> <>6=4 66>4<F< >>5DVFVT=F 4<=4<VG=>EFV , O><= 

75V?LLGT 647G @>5>G>W @V4<=< ?@< @GEV >5?@<E>G64G4<< ?>?L>6<<< 

=5@V6=>EFO<<, 6V= ?>>47GT G E>V?L>< @47V6 4VO 4<=4<VG=<E E<? T 5V?LL>N 6V4 

EF4F<G=>W. �>7> 7=4G5==O ?@<=<5<>  =4 >E=>6V 6?4E=<E 

5>E?5@<<5=F4?L=<E 4>E?V465=L >5?@<E>G64G4 F4 74 @5>><5=44FVO<<, O>V 

=46545=V G @O4V ?@4FL [70, 71, 124, 125, 126, 128, 129]. 

�=4?>7VG=<< G<=>< 74?<L5<> 6<@47 4?O >>?>6>7> =4?@G65==O 6 4=<MV 

54>4 6V4 4VW E<?< 7V4@>EF4F<G=>7> F<E>G @>5>G>W @V4<=< 
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, 

(2.49) 

 

&4><< G<=><, 5G?> >F@<<4=> 6EV >?NG>6V 6<@47< 4?O 7=4E>465==O 

=4?@G65=L 6 EFV=>4E F<?V=4@<G=>W G4EF<=< 54>4 F4 =>7> 4=<M4E, 6V4 4VW 

6=GF@VL=L>7> =44?<L>>6>7> F<E>G F4 4VW 7V4@>EF4F<G=>7> F<E>G @>5>G>W 

@V4<=<. 

�GE<??O, M> 6<=<>4NFL 6V4 =46545=<E F<E>V6 @>5>G>7> E5@54>6<M4 

<>6=4 @>77?O44F< >>@5<> (?@<=F<? EG?5@?>7<FVW)  45> 4@<D<5F<G=> 

EG<G64F<.   

�>6=5 =464=F465==O 54>4 >5?@<E>G64G4 5G45 EG<>N 6=GF@VL=L>7> 

=44?<L>>6>7> F<E>G  F4 7V4@>EF4F<G=>7> F<E>G @>5>G>W @V4<=< . � 

6@4EG64==O 6V4?V>G >GF4  6V4 7>@<7>=F4?V 74?<L5<> ?>6=V 6<@47< 4?O 

6<7=4G5==O =4?@G65=L O> 6 F<?V=4@<G=V= G4EF<=V 54>4 F4> V 4?O =>7> 4=<M.  

�?O F<?V=4@<G=>W G4EF<=< 54>4: 

3 >>?>6V =4?@G65==O 

 

      (2.50) 

 

3 <5@<4V>=4?L=V (74 G<>6< 6V?L=>7> >5?<@4==O 54>4 6 >>>?V =<6=L>7> 

4=<M4, ) 

 

      (2.51) 

 

�?O =<6=L>7> 4=<M 5G45<> <4F< =4EFG?=<= @>7?>4V?: 

3 <5@<4V>=4?L=V =4?@G65==O 
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(2.52) 

3 4?O >>?>6>7> =4?@G65==O 

 

   (2.53)

 

 

�4@F> 74G646<F<, M> 4VW 7V4@>EF4F<G=>7> F<E>G @V4<=< ?V444TFLEO 

FV?L>< =<6=T 4=<M5 54>4, >E>V?L>< 6V= 5G45 <4F< 65@F<>4?L=5 @>7<VM5==O.  

�F@<<4=V 74?56=>EFV (2.50) 3 (2.52) T >E=>6=<<< 4?O 6<7=4G5==O 

=4?@G65=L 6V4 6=GF@VL=L>7> =44?<L>>6>7> F<E>G F4 4VW 7V4@>EF4F<G=>7> 

F<E>G @>5>G>W @V4<=< =4 F<?V=4@<G=V EFV=>< 54>4 F4 =>7> 4=<M4. &5 F4>>6 

44EFL <>6?<6VEFL 6EF4=>6<F< ?<F><G 647G >>6=>W 7V E>?44>6<E =464=F465==O, 

M> <4T 6??<6 =4 =4?@G65=>-45D>@<>64=<= EF4= 54>4.  

&4><<  G<=><, >F@<<4=> 6EV >?NG>6V 74?56=>EFV, M> 4>76>?ONFL 

6<O6<F< 6??<6 4VNG>7> =464=F465==O =4 =4?@G65=>-45D>@<>64=<= EF4= 

>5?@<E>G64G4 7 <5F>N F4>>W >FV=>< F4 6<5>@G 6V4?>6V4=>7> F5E=>?>7VG=>7> 

@56<<G 5>E??G4F4FVW >5?@<E>G64G4 G 6<@>5=<G<E G<>64E. 
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2.4 �>E?V465==O >>?<6=>7> ?D>F5EG LF4=7< >5?D<E>G64G4 ?D< 

6<>>D<EF4==V <4OF=<>>6>W ?V46VE>< 

 

�@>F5E >5?@<E>G64==O EV?LEL>>7>E?>44@EL><E >G?LFG@ ?>6<=5= GVF>> 

6V4?>6V44F< 47@>F5E=VG=<< 6<<>74<. �>>@5<4, =4 O>VEFL FL>7> ?@>F5EG 6 

7=4G=V= <V@V <4NFL >>?<64==O =>7> LF4=7< F4 6??<6 ?>6VF@O=<E ?>F>>V6 [35, 

36, 89, 90]. �<V=4 6V4EF4=V 4> >5@>5?N64=>7> >59T>FG =4?@O<G 6??<64T =4 

O>VE=V F4 >V?L>VE=V ?>>47=<>< =>@<< 6<?<6G @>5>G>7> ?@5?4@4FG. �V?L>VE=4 

>FV=>4 4?O >>@5<<E >>=EF@G>FV= >5?@<E>G64GV6 F4 WE @>7?<?NNG<E ?@<EF@>W6 

7@>5?5=4 G @O4V @>5VF [61, 62, 63, 65, 66, 67, 68, 102]. �@V< F>7>, 6<=<>=5==O 

4<=4<VG=<E ?5@564=F465=L =4 5?5<5=F< >>=EF@G>FVW LF4=7< ?>7=4G4NFLEO =4 

WW 4>67>6VG=>EFV, M> F4>>6 <4T =574F<6=<= 6??<6. &><G >>=EF@G>F>@< 

@>7@>5?ONFL @V7=V EF45V?V74FV==V ?@<EF@>W 3 @V7=>7> F<?G ?V46VE><, 45, 

=4?@<>?44, 6<>>@<EF>6GNFLEO 646V?L=V, ?@G6=V, 45<?D5@=V 5?5<5=F< G< 

<5E4=V7<< F>M> [22, 64, 74, 80, 82, 84].  

�4=5 ?<F4==O 4?O <4?>7454@<F=<E >5?@<E>G64GV6 @>76<=GF5 

=54>EF4F=L> V, ?5@5646=>, 6 WE >>=EF@G>FVW O>4EL E?5FV4?L=4 ?V46VE>4 LF4=7< 

6V4EGF=O. &GF <4=65 G 6EVE 6<?44>4E 6<>>@<EF4=> 6V4=>E=> 6>@EF>5 

74>@V??5==O LF4=7< 4> @4<< >5?@<E>G64G4. � F5, 6 E6>N G5@7G, 

E?@<G<=OTFLEO 4> F>7>, M> 6EV 4<=4<VG=V E<?< 6V4 >?>@=<E >>?VE ?5@544NFLEO 

=4 E5>FVW LF4=7<, >GF>6V ?5@5<VM5==O >>?VE F4>V 6 O> >GF>6V ?5@5<VM5==O 

LF4=7<. �E>V?L><, 74 F4><E G<>6 6V4EGF=O «?@><V6=4 ?4=>4» 3 ?V46VE>4, O>4 5 

FV V<?G?LE< 75G@5==O 65<@4?4 F4 77?446G64?4, F>5F> 6V47G> =4 E5>FVOE LF4=7< 

5G6 5< <V=V<4?L=<< G< 67474?V 6V4EGF=V<  

� FVTN <5F>N 5G?> @>7@>5?5=> E?5FV4?L=G ?V46VE>G, E4<5 4?O 

<4?>7454@<F=>7>, >5?@<E>G64G4, O>4 744F=4 F5= =54>?V> GEG=GF<. �@<=F<?>64 

EE5<4 F4>>W ?V46VE>< =46545=4 =4 @<E. 2.5 F4 74?4F5=F>64=4 [69]. 

�7=4=><<<>EO 7 >E=>6=<<< 5?5<5=F4<< F4 ?@<=F<?>< @>5>F< E4<>W 

?V46VE>< [106].  
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4 3 6<7?O4 E?5@54G; 5 3 6<7?O4 75>>G 
$<EG=>> 2.6 3 �@<=F<?>64 EE5<4 ?V46VE>< LF4=7< >5?@<E>G64G4 [69] 
 

�4 @<E. 2.6 <4T<>, M> =4GV?=4 LF4=74 1 74>@V??5=4 =4 54?FV, M> 6<>>=4=4 

G 6<7?O4V 65@F<>4?L=>W =4?@46?ONG>W 2. �4GV?=4 LF4=74 1 <4T <>6?<6VEFL 

?5@5<VM5==O ?> =V= F4 <>65 5GF< 74DV>E>64=>N G 7444=><G ?>?>65==V. 

�5@F<>4?L=4 =4?@46?ONG4 2 G 65@E=V= G4EF<=V <4T ?5@?5=4<>G?O@=> 

?@<T4=4=G 6VEL 3, O>4 L4@=V@=> >5?5@F4 =4 >E=>6=V= @4<V 4. �> >EV 3 =5@GE><> 

?@<T4=4=> @4<>G 5, 6 E5@54<=V O>>W 6<>=F>64=> 54> 6, 7 <>6?<6VEFN 6V?L=>7> 

>55@F4==O @47>< 7 6VEEN 3 6V4=>E=> >E=>6=>W @4<< 4.  

$>5>F4 ?V46VE>< LF4=7< >?<EGTFLEO =4EFG?=<< G<=><.  
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� 74?56=>EFV 6V4 5V>?>7VG=>7> @>76<F>G @>E?<=, O>V ?V4?O74NFL, 

=4?@<>?44 EV<VG=><G 74E<EFG, =4GV?=G LF4=7G 1 7>@<7>=F4?L=> 

6EF4=>6?NNFL =4 7444=V= 6<E>FV =44 >5@>5?N64?L=>N ?>65@E=5N, 

?5@5<VMGNG< F4 DV>EGNG< WW =4 65@F<>4?L=V= =4?@46?ONGV= 2. �@< 6<>>=4==V 

F5E=>?>7VG=>7> ?@>F5EG LF4=7>6<= >5?@<E>G64G @GE4TFLEO 7V L6<4>VEFN V 

?>?L>6<<< =5@V6=>EFO<<, O>V 75G@NNFL >>?<64==O =4GV?=>7> >5?44=4==O, 

7>>@5<4 =4GV?=>W LF4=7< 1, G ?>?5@5G=>-65@F<>4?L=V= ??>M<=V. �V=5<4F<G=5 

75G@5==O ?5@544TFLEO 6V4 L4EV >5?@<E>G64G4, O>M> @>77?O44F< 64@V4=F< 

?@<GV?=>7> G< E4<>EV4=>7> >5?@<E>G64GV6 45> L4EV 5=5@7>74E>5G G 64@V4=FV 

=4GV?=>7> >5?@<E>G64G4 =4 >E=>6=G @4<G 4, O>4 7<V=NT E6>T ?>?>65==O G FV= 

65 ??>M<=V, 6V4E<?ONG<EL =4 >GF j, 4 6V4?>6V4=<< G<=>< V =4 =4GV?=G LF4=7G 

1, ?@>6>>GNG< WW >>?<64==O. �?5 74 @4EG=>> F>7>, M> 6VEL 3 L4@=V@=> 

?@<T4=4=4 4> >E=>6=>W @4<< 4 F4 <4T =5@GE><> ?@<T4=4=G @4<>G 5 V7 

6<>=F>64=<< 54>>< 6 (>>?<64==O @V4<=< 6 E5@54<=V 54>4 =5 @>77?O44T<>, 5> 

F4< T 74E?>>>N64GV), F5=F@ 647< O><E 7=4G=> 6V444?5=<= 6V4 >EV 3 WE 

>55@F4==O, M> @47>< 4>76>?OT GF6>@<F< DV7<G=<= <4OF=<>, O><= 74664< 5G45 

?@47=GF< 74=<4F< 65@F<>4?L=5 ?>?>65==O, F>4V V 65@F<>4?L=4 =4?@46?ONG4 2 

74=<5 65@F<>4?L=5 ?>?>65==O, 4 =4GV?=4 LF4=74 1 755@V74F<<5 7>@<7>=F4?L=5 

?>?>65==O. 

�6V4E< 6<??<64T, M> ?@< @GEV >5?@<E>G64G4 ?>?L>6<<< =5@V6=>EFO<< V 

75G@5==V >>?<64=L G ?>?5@5G=>-65@F<>4?L=V= ??>M<=V =4GV?=4 LF4=74 1 

755@V74F<<5 7>@<7>=F4?L=5 ?>?>65==O, M> 4>76>?<FL 6<F@<<4F< 5V?LL 

EF4?>N 6V4EF4=L 4> >59T>FG >5@>5>< V F<< E4<<< 7=4G=> ?V46<M<FL O>VEFL 

F5E=>?>7VG=>7> ?@>F5EG >5?@<E>G64==O @>E?<=. �@V< F>7>, EF45V?L=5 

7>@<7>=F4?L=5 ?>?>65==O =4GV?=>W LF4=7< 1 7<5=L<FL 4<=4<VG=V 

?5@564=F465==O, M> 4>76>?<FL ?V46<M<F< @5EG@E WW @>5>F< G ?>@V6=O==V 7 

547>6<< 64@V4=F><. 

&5 << >?<E4?< >>=F5?FG4?L=5 @VL5==O M>4> GF6>@5==O >>=EF@G>FVW 

<4OF=<>>6>W ?V46VE><.  

�4 >E=>6V FL>7> @>7@>5?5=> DV7<G=G >>=EF@G>FVN ?V46VE><, 45 

E?>EF5@V74NFLEO M5 = =4EFG?=V 5D5>F<. �>5@4 EF45V?V74FVO LF4=7< <>6?<64 G 

6<?44>G 4>EF4F=L>W <4E< F4>>W <5F4?>>>=EF@G>FVW, 4 V7-74 =565?<><E 7454@<FV6 
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<4E4 LF4=7< =57=4G=4 V O> 5< FV?L>< 6>=4 GF6>@N64?4 DV7<G=<= <4OF=<>, F> 

5D5>F EF45V?V74FVW 45M> 5< 7G5<6EO. � F><G F5 @VL5==O 4>76>?<?> 4> <4E< 

LF4=7< 4>44F< M5 = <4EG 54>4 7 @V4<=>N F4 >@V?<?L=G @4<>>N, M> 7=4G=> 

75V?LL<?> <4EG (<><5=F V=5@FVW), O>4 GF6>@NT <4OF=<>.  

&4><< G<=><, 54G<<>, M> 74 F4>>7> >>=EF@G>F<6=>7> @VL5==O <>6=4 

75V?LL<F< <4EG E<EF5<< LF4=7<, ?@<G><G, =5 75V?LLGNG< <4EG <4L<= F4 

>F@<<4F< 5V?LL 5D5>F<6=G <4OF=<>>6G ?V46VE>G 4?O <4?>7454@<F=>7> 

>5?@<E>G64G4. 

&5?5@ =4L4 7444G4 ?>?O74T 6 F><G, M>5 ?5@5>>=4F<EO F5>@5F<G=<< 

4>E?V465==O< O> 44=4 >>=EF@G>FVO ?V46VE>< LF4=7< 5G45 @547G64F< =4 

75G@5==O ?>?L>6>7> 47@>D>=G, F>5F> O> 5G4GFL 77?446G64F<EO >>?<64==O 

LF4=7< ?@< =4W74V >>?5E4 >5?@<E>G64G =4 ?5@5L>>4G. 

� ?VF5@4FG@=<E 465@5?4E T 4>E<FL 5474F> ?@4FL 4>E?V4=<>V6, O>V 

<>45?NNFL ?>?L>6V =5@V6=>EFV, O><<< @GE4TFLEO >5?@<E>G64G, @>77?O44NFL 

F5 O> >V=5<4F<G=5 75G@5==O F4 6<6G4NFL ?>FV< >>?<6=V ?@>F5E< >>@5<<E 

5?5<5=FV6 [15, 22, 74, 82, 84, 85, 86, 87, 96].  

�@4>F<>4 6 ?>>47GT, M> 6V4F6>@<F< 74>>= 75G@5==O 47@>D>=>< ?>?O 6 

F5>@5F<G=> T 4>E<FL ?@>5?5<4F<G=<< V F5 D4>F<G=> T >>@5<<< E4<>4>EF4F=V< 

4>E?V465==O<. �?5 =46VFL O>M> F4>, F> 6E5 >4=> 6 >V=F56><G @57G?LF4FV 

>FV=NNFL EF5?V=L 77?446G64==O 6<=<>4NG<E >>?<64=L ?V46VE>>N. &><G 

7444GG <>6=4 E?@>EF<F<, ?@<==O6L< O> G4EF>>6<= 6<?44>>, >4<= V7 4>5@5 

>?<E4=<E 74>>=V6 @GE >>?5E4 ?>?L>6<<< =5@V6=>EFO<< 45> 7444NG< ?56=>W 

4<??VFG4< E<?< 75G@5==O =4 4<=4<VG=V E<EF5<G F4 ?5@56V@ONFL 6V47G> FVTW 

E<EF5<< =4 44=5 75G@5==O. &5 6 ?5@L><G =45?<65==V 4>76>?<FL 

?@>E?V4>G64F< 5D5>F 6V4 6<>>@<EF4==O @>7@>5?5=>W ?V46VE><. �444?V FV 5D5>F< 

?5@56V@ONFLEO ?@< 6<>>=4==V 5>E?5@<<5=F4?L=<E 4>E?V465=L G ?>?L>6<E 

G<>64E. 

&><G ?@< <>45?N64==V >>?<6=<E ?@>F5EV6 LF4=7< <4?>7454@<F=>7> 

E4<>EV4=>7> >5?@<E>G64G 7 6<>>@<EF4==O< @>7@>5?5=>W ?V46VE>< 4?O F4>>7> 

75G@5==O 6<>>@<EF4T<> 74@<>=V==G E<?G 74 74>>=>< « ». sin
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�<??VFG44 FVTW E<?< 6<7=4G4?4EO 7 <V@>G64=L @GEG >5?@<E>G64G4 

?>?L>6<<< =5@V6=>EFO<< >5@>5?N64=>W ??>MV, 4 4<=4<VG=V E<?< <4?< 6??<6 

=4 E>?44>6V >5?@<E>G64G4 G<< 6<>?<>4?< 6V4E<?5==O <4OF=<>>6>W ?V46VE>< 7V 

LF4=7>N 7 ?>?>65==O @V6=>647<. �4=V M>4> 65?<G<= E<? >F@<<4=V ?@< 

?@>6545=V 5>E?5@<<5=F4?L=<E 4>E?V465=L G ?>?L>6<E G<>64E. 

�<E>4OG< 7 FL>7>, 6 O>>EFV 75G@NNG>W E<?< 67OF> 74@<>=V==<= 74>>=  

 

,     (2.54) 

 

45  3 4<??VFG44 75G@NNG>W E<?<; 

 3 G4EF>F=4 E4@4>F5@<EF<>4 75G@5==O; 

 3 G4E. 

&O E<?4, 76<G4==>, M> =5 >?<EGT 6EV <>6?<6V 75G@5==O, O>V 6<=<>4NFL 

?@< @GEV >5?@<E>G64G4, 4?5 6>=4 T G4EF>>6<< 6<?44>><, M> <>6=4 

E?>EF5@V74F< =4 >>@5<<E 4V?O=>4E ?>?O, O>M> 4=4?V7G64F< >F@<<4=V 

>EF<?>7@4<< 74?<EV6 6<7=4G5==O 6V5@>?@<E>>@5=L 4?O >>@5<<E 5?5<5=FV6 

>5?@<E>G64G4. 

'4EF>F=4 E4@4>F5@<EF<>4 75G@5==O 6<7=4G4TFLEO 7 G<>6 @GEG 

>5?@<E>G64G4 F4 5G45 @V6=>N  

 

,       (2.55) 

 

45  3 ?>EFG?4?L=4 L6<4>VEFL @GEG >5?@<E>G64G4; 

 3 ?@>FO6=VEFL ?5@5L>>4<. 

&>4V <>6=4 74?<E4F< 6<@47 G4EF>F< 75G@5==O 

 

.       (2.56) 
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� =4L><G 6<?44>G 6>474=4 E<?4 6<>?<>4T 6V4E<?5==O <4OF=<>4 =4 >GF 

, @<E. 2.7.  

 

 

$<EG=>> 2.7 3 $>7@4EG=>>64 EE5<4 <4OF=<>>6>W ?V46VE>< LF4=7< 
>5?@<E>G64G4 

 

�=4?V7GNG< >>=EF@G>FVN >5?@<E>G64G4 =4 >E=>6V ?@<=F<?>6>W EE5<<, 

@<E. 2.6, 54G<<>, M> >E=>6=V >>?<64==O 5G4GFL 6<=<>4F< G 65@F<>4?L=V= 

??>M<=V F4 G ?>?5@5G=>-65@F<>4?L=V=, >>?<64==O<< G ?>74>66=L>-

65@F<>4?L=V= ??>M<=V =5EFGT<>. &5 >5�@G=F>6GTFLEO F<<, M> WE 7=4G5==O 

5G4GFL 6V4=>E=> <4?<<<, 66464NG<, M> ?5@54=T >?>@=5 >>?5E> @GE4TFLEO =4 

F><G E4<><G @V6=V, M> V 744=V, 4 O>M> ?5@5L>>4< 5G4GFL =4 >4=><G @V6=V, F> 

6V4EF4=L 6V4 <<FFT6>7> F5=F@G >55@F4==O 744=VE >>?VE 4> 65@L<=< ?5@5L>>4< 

5G45 7=4G=>N, 4 F><G >GF 75G@5==O 6 FV= ??>M<=V 5G45 =57=4G=<<. �@V< F>7>, 

>GF>6V >>?<64==O LF4=7< G ?>74>66=L>-65@F<>4?L=V= ??>M<=V =5 <4NFL 

=574F<6=>7> 6??<6G =4 ?@>F5E >5?@<E>G64==O EV?LEL>>7>E?>44@EL><E 

>G?LFG@. 

&><G 6<4V?OT<> FV?L>< 65@F<>4?L=V F4 >GF>6V >>?<64==O LF4=7<. 

�?O 74?<EG @V6=O=L 65@F<>4?L=<E >>?<64=L [94] 66464T<>, 6<E>4OG< 7 

>>=EF@G>F<6=<E <V@>G64=L, M> >>?5E4 6>@EF>> ?@<T4=4=V 4> @4<< 

>5?@<E>G64G4 F4 <4NFL ?@G6=G L<=G, 6>@EF>VEFN ; F>G>4 ?V46VEG @4<>< 

54>4 75><5F@<G=> ?>6F>@NT 65@F<>4?L=V F4 >GF>6V  ?5@5<VM5==O @4<<; 

j

c
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6@4E>6GNG< <4?V >GF>6V >>?<64==O GF6>@5=>7> <4OF=<>4, ?@<=<4T<> M> 

. &4>V ?@<?GM5==O 4?O 6<>>=4==O F4>>7> @>4G V=65=5@=<E 

@>7@4EG=>V6 T FV?>>< 6<?@4644=<<< F4 4>76>?ONFL >F@<<4F< @>769O7>< 

=4?56=>W F>G=>EFV. 

%?<@4NG<EL =4 4@G7<= 74>>= �LNF>=4, <>65<> 74?<E4F< >>?<64==O 

44=>W E<EF5<< G 65@F<>4?L=V= ??>M<=V  

 

,
     (2.57) 

 

45  3 <4E4 LF4=7<, 54>4 7 @4<>>N F4 @>5>G>N @V4<=>N; 

, ,  3 ?5@5<VM5==O, L6<4>VEFL F4 ?@<E>>@5==O G 65@F<>4?L=V= ??>M<=V; 

 3 >>5DVFVT=F 4=4?>7VG=<= >>5DVFVT=FG 69O7>>7> >?>@G; 

 3 >>5DVFVT=F ?@G6=>EFV. 

�>?<64==O LF4=7<-<4OF=<>4 G ?>?5@5G=> 65@F<>4?L=V= ??>M<=V 

 

,     (2.58) 

 

45  3 <><5=F V=5@FVW LF4=7<-<4OF=<>4 (F5 <><5=F V=5@FVW >>=EF@G>FVW >G4< 

6E>4<FL LF4=74 7 =4?@46?ONG>N, @4<>4 54>4, 54> F4 @>5>G4 @V4<=4 6 

=L><G 6V4=>E=> F>G>< ?V46VEG GF6>@5=>7> <4OF=<>4; 65?<G<=4 FL>7> 

<><5=FG V=5@FVW T 7<V==>N F4 74?56<FL 6V4 ?>?>65==O LF4=7< ?> 6<E>FV F4 

74?>6=5=>EFV 54>4); 

 3 >>5DVFVT=F >?>@G ?@< 6<=<>=5==V >GF>6<E >>?<64=L; 

 3 >GF>65 ?5@5<VM5==O, L6<4>VEFL F4 ?@<E>>@5==O; 

 3 4>66<=4 <4OF=<>4; 

,  3 E>?44>6V 75G@NNG>W E<?<. 

�?O >GF>6<E >>?<64=L  74?<L5<> E4@4>F5@<EF<G=5 @V6=O==O 
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.     (2.59) 

 

�=4=45<>  

 

.     (2.60) 

 

�V4>>@5=56<= 6<@47 6<7=4G4T G4EF>FG 6?4E=<E >>?<64=L <4OF=<>4  

 

,      (2.61) 

 

45 >>5DVFVT=F  >?<EGT 74FGE4==O. 

�V4?>6V4=> 7474?L=<= @>769O7>> <4T 6<7?O4 

 

.     (2.62) 

 

'4EF>>6<= @>769O7>> 4?O E<?< 6<4G 74@<>=VG=>7> >>?<64==O LG>4T<> G 

6<7?O4V  

; 

 

;     (2.63) 

 

. 

 

�V4EF46<<> ,  V  G @V6=O==O (2.58) V ?VE?O 76545==O V 7@G?G64==O 

>F@<<4T<> 
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;       (2.64) 

 

.       (2.65)  

 

�VE?O ?V4EF4=>6>>  

,    (2.66) 

 

.   (2.67) 

�>6=<= @>769O7>> 

 

.    (2.68) 

 

�GF>64 L6<4>VEFL 

   (2.69) 

 

�>G4F>>6V G<>6<: , ; . �VE?O ?V4EF4=>6>< V ?5@5F6>@5=L, 

>F@<<4T<>  

;      (2.70) 
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�V4EF46<<>  G 74?56=VEFL (2.68) V >F@<<4T<> @GE <4OF=<>4 G 

G4EV, ?>>< 4VT E<?4 . 

�4 5F4?V 6V?L=<E >>?<64=L ?VE?O F>7>, O> 7=<>=5 E<?4 , <4F<<5<> 

, , ?>G4F>>6V G<>6< ?@< , ; , F>4V  

, 

 

, 

F>4V ?V4EF46?OT<> 6 (2.68) V >>?<64==O 5G4GFL ?@>4>66G64F<EL O> 6V?L=V. 

�>?<64==O G 65@F<>4?L=V= ??>M<=V 3 EGFL @>769O7>G @V6=O==O (2.57) 

?>4V5=4 4> E4@4>F5@<EF<G=>7> @V6=O==O (2.59) 

 

,      (2.72) 

F>4V  

;     (2.73) 

 

74FGE4==O<  G4EF>F4 >>?<64=L  

 

.      (2.74) 

 

�=4?>7VG=>, 7474?L=<= @>769O7>> 

 

.     (2.75) 
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,      (2.76) 

 

;     (2.77) 

 

.     (2.78) 

 

�VE?O ?V4EF4=>6>< G @V6=O==O (2.57) 

 

.     (2.79) 

 

.     (2.80) 

 

&GF <4T<>:  

;      (2.81) 

 

.    (2.82) 

 

�=4?>7VG=> 6<7=4G<<> 74?56=VEFL 4?O ?>6=>7> @>769O7>G: 

 

,    (2.83) 
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�>G4F>>6V G<>6< , ; . 

�=4?>7VG=> ?>?5@54=L><G, 74?<L5<>:  

 

; 

. 

 

�V4EF46<<>  (2.83) V >F@<<4T<> 65@F<>4?L=V >>?<64==O ?V4 G4E 4VW 

E<?< . 

'4EF>F4  4?O E>?44>6<E 6<<GL5=>W E<?<  V  >4=4>>64, F>5F> 

74?56=>EFV 4?O  V  ?>4V5=V, 4?5 6?4E=V G4EF>F< @V7=V. 

&4><< G<=><, 5G?> >?<E4=> <>45?L >>?<6=>7> ?@>F5EG LF4=7< 

>5?@<E>G64G4 ?@< 6<>>@<EF4==V <4OF=<>>6>W ?V46VE>< V7 LFGG=> 75V?LL5=>N 

<4E>N. �444?V ?@>6545<> 6V7G4?V74FVN >F@<<4=<E @57G?LF4FV6 ?@< 

F5>@5F<G=><G <>45?N64==O FL>7> ?@>F5EG. 

 

 

2.5 �<E=>6>< 4> 2 D>74V?G  
 

�4 >E=>6V @>7@>5?5=>W F5>@5F<G=>W <>45?V, O>4 >?<EGT =4?@G65=>-

45D>@<>64=<= EF4= 54>4 >5?@<E>G64G4 F4 547GTFLEO =4 74E444E 557<><5=F=>W 

F5>@VW >5>?>=>> ?@>6545=> >FV=>G M>4> 6<7=4G5==O =4?@G65=>7> EF4=G ?@< 

<4>E<<4?L=><G @>5>G><G 6=GF@VL=L><G F<E>G F4 6<7=4G5=> <4>E<<4?L=> 

4>?GEF<<<= F<E>G ?@< 5>E??G4FG64==V 54>4 6 E<EF5<V 6<6?5==O 

@>7?<?NNG<E ?@<EF@>W6.  

$>7@>5?5=> <>45?L >>?<6=>7> ?@>F5EG LF4=7< >5?@<E>G64G4 ?@< 

6<>>@<EF4==V <4OF=<>>6>W ?V46VE>< V7 LFGG=> 75V?LL5=>N <4E>N.  

�E=>6=V =4G>>6V @57G?LF4F< @>74V?G >?G5?V>>64=V G ?@4FOE [13, 14, 15, 

66, 69,106].  
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$����� 3 

�$��$��� &� ��&����� �$�������/ 

��%��$����&��,��% ��%������, ��������$�&���� 

���$�%�'��'� 
 

 

3.1 �>=EFDG>F<6=V >E>5?<6>EFV <4?>7454D<F=>7> E4<>EV4=>7> 

LF4=7>6>7> >5?D<E>G64G4  

 

�4 @57G?LF4F4<< F5>@5F<G=<E @>7@4EG=>V6, >5�@G=F>64=> >E=>6=V 

?4@4<5F@< <4?>7454@<F=>7> E4<>EV4=>7> LF4=7>6>7> >5?@<E>G64G4. 

�@54EF46<<> 7474?L=<= 6<7?O4 44=>7> >5?@<E>G64G4 F4 =46545<> >E=>6=V 

=>7> F5E=VG=V E4@4>F5@<EF<><, @<E. 3.1. 

 

 

1 3 LF4=74; 2 3 >?>@=>-?@<6>4=V >>?5E4; 3 3 =4?@46?ONG4 @4<>< 
LF4=7<; 4 3 54> 7 @>5>G>N @V4<=>N; 5 3 =4?V@=4 >><G=V>4FVO; 6 3 @>7?<?N64GV 

$<EG=>> 3.1 3 �474?L=<= 6<7?O4 (E?5@54G) >5?@<E>G64G4 
 

�4=<= >5?@<E>G64G ?@54EF46?OT E>5>N >5@>64=G E4<>EV4=G <4L<=G, 

6V= 6V4=>E<FLEO 4> LF4=7>6<E >5?@<E>G64GV6 F4 <4T <4OF=<>>6G ?V46VE>G. 

�4?V@=4 >><G=V>4FVO 6<>>=4=> 46>>>=FG@=>N, =4 >>6=G E5>FVN LF4=7< 

=574?56=4 6VF>4, 7 <>6?<6VEFN 6V4>?NG5==O >@4==VE F4 E5@54=L>7> 
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@>7?<?N64GV6. �>=EF@G>F<6=4 L<@<=4 74E64FG LF4=7< E>?444T 5 <. �4 LF4=7V 

@>7<VM5=> 11 @>7?<?N64GV6. � 74?56=>EFV 6V4 L<@<=< <V6@O4L, >>=EF@G>FVTN 

?5@5454G5=> <>6?<6VEFL 6EF4=>6?5==O @>7?<?NNG<E ?@<EF@>W6 =4 <V6@O44O 

6V4 45 E< 4> 75 E<, 4 F><G <>6GFL 5GF< 744VO=V 6V4 8 4> 11 @>7?<?N64GV6. 

%?5F<DV>4 <4L<=< ?>?O74T 6 F><G, M> >>=EF@G>FVO LF4=7< 4>76>?OT 

74557?5G<F< G<>6=> 4<E>@5F=5 6=5E5==O @>5>G>7> ?@5?4@4FG =4 >5@>5?N64=G 

??>MG. �4?@<>?44, ?@< ?>E44FV >4@F>??V 7 <V6@O44O<< 60 E< (45> V=L<< 

<V6@O44O<) ?5@LV >5@>5>< 6V4 L>V4=<>V6 G< ?V46<6?5==O ?> ?<EF>6V= G4EF<=V 

@V4><< 4>5@<6>< ?>F@55GT =4=5E5==O =>7> E4<5 =4 =5L<@>>G ?<EF>6G 

G4EF<=G, 4 =5 G �@G=F =4 <V6@O44V. � F><G =4 LF4=7V @>7<VMGT<> @>7?<?N64GV 

F4><< G<=><, M>5 WE @>5>F4 5G?4 GVF>> E?@O<>64=>N ?> >EV @O4>4 V =4 L<@<=G 

75?5=>W 7>=<. $>7?<?NNGV ?@<EF@>W <4NFL ?56=<= >GF @>7?<?G @>5>G>W 

@V4<=<, 4 F><G 6EF4=>6<6L< LF4=7G =4 7444=G 6<E>FG, 65EL ?@5?4@4F <>6=4 

E?@O<G64F< G FV?L>65 <VEF5 ?@<7=4G5==O. �V4?47>= @57G?N64==O 6<E>F< 
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?V46VE>4 745?>>>64=4, LF4=74 6>@EF>> 74>@V??5=> 4> @4<><. 

�4@4<5F@<, M> ?V4?O74NFL DV>E4FVW: ?@<E>>@5==O F>G>>, 45 74>@V??5=V 

4>E5?5@><5F@<; >GF>6V L6<4>>EFV E5>FV= LF4=7<; 45D>@<4FVW >>@5<<E 

5?5<5=FV6 LF4=7<. 

 

 

 

3.3 &5E=VG=5 >5?44=4==O 4?O ?D>6545==O 5>E?5D<<5=FG 
 

 

�?O @54?V74FVW ?@>6545==O 5>E?5@<<5=F4?L=<E 6<?@>5G64=L 

<4?>7454@<F=>7> E4<>EV4=>7> >5?@<E>G64G4 6<>>@<EF4=> ?4@FVN 

?@>F4@>64=<E F5=7>@57<EF>@V6 F<?G �$5�1-15-200-�-12 (�$5�1-15-200-�-

12), O>V <4NFL =><V=4?L=<= >?V@ 200 �<, @<E. 3.4.  

�@< ?V47>F>6FV 5>E?5@<<5=F4?L=<E 4>E?V465==O 4> F5=7>@57<EF>@V6 

665 ?@<?4O=V >>=F4>F=V @>79T<<, O>V ?@<T4=GNFLEO 4> @>79T<V6 6<<V@N64?L=>W 

4?4@4FG@<. �4?V @>5<<> ?V47>F>6>G <VEFO =4>?5N64==O F5=7>@57<EF>@V6, 

?@>6>4<<> WE =4>?5N64==O, DV>EGT<> ?@>6>4< V >>=F4>F=V @>79T<<. 
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$<EG=>> 3.4 3 �V47>F>6?5=V F5=7>@57<EF>@< 
 

�?O 6<7=4G5==O 6V5@>?@<E>>@5=L, M> 6<=<>4NFL G E4@4>F5@=<E F>G>4E 

>5?@<E>G64G4 6<>>@<EF>6G64?>EO >5?44=4==O =4G>>6>-4>E?V4=>W ?45>@4F>@VW 

«�7@>F5E=>?>7VW, <4L<=< F4 <4F5@V4?<», M> ?@< >4D54@V F5E=VG=>W <5E4=V>< 

F4 EV?LEL>>7>E?>44@EL><E <4L<= &5@=>?V?LEL>>7> =4FV>=4?L=>7> F5E=VG=>7> 

G=V65@E<F5FG V<5=V �64=4 �G?NO [113].  

�4EF>EG64==O 4>E5?5@><5F@V6 ��-3-�1, ��-4-�1 4?O 6<<V@N64==O 

6V5@>?@<E>>@5=L 4>76>?OT 7=4=F< WE 7=4G5==O 6 ?@>F5EV 5>E??G4F4FVW <4L<=<, 

@<E. 3.5. 

  
4) 5) 

4 3 ��-3-�1; 5 3 ��-4-�1 
$<EG=>> 3.5 3 �>E5?5@><5F@< 
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�46545<> >>@>F>G F5E=VG=G E4@4>F5@<EF<> 44=<E ?@<EF@>W6 [9, 39, 44, 

45, 132].  

&5 ?'T7>5?5>F@<G=V 44FG<>< 3 4>E5?5@><5F@<, M> ?@<7=4G5=V 4?O 

@547G64==O 7<V=V ?@<E>>@5==O 6 @>77?O4G64=V= F>GFV. &V ?@<EF@>W T 

>4=>6VE=<<< F4 <>6GFL ?@4FN64F< G F4><E 4V4?47>=4E G4EF>F: ��-3-�1 3 

0,1...4800 �F; ��-4-�1 3 0,1...12500 �F. �E GGF?<6VEFL (<�·E2/<) E>?444T: ��-

4-�1 3 1; ��-3-�1 3 10,2. �4=V ?@<EF@>W EG<VE=V 7 F<D@>6>N 4?4@4FG@>N, 

@<E. 3.6. 

 

 

$<EG=>> 3.6 3 �474?L=<= 6<7?O4 G=V65@E4?L=>W @5TEF@GNG>W E<EF5<< 
 

�E=>6=V E4@4>F5@<EF<>< 4?4@4FG@<. 

'<E?> >4=4?V6 4?O 6<<V@N64==O 4>E?V46G64=<E 65?<G<= 3 6VEV<: 5 

>4=4?V6 ?@<T4=GNFLEO 4> F5=7><5F@<G=>7> >5?44=4==O F<?G F5=7>44FG<>V6 

(F5=7>@57<EF>@V6); 2 >4=4?< 4?O 79T4=4==O 7 4>E5?5@><5F@4<<; 1 >4=4? 4?O 

79T4=4==O 7 44FG<>>< >GF>6<E L6<4>>EF5=. 

�?4@4FG@4 <>65 ?@4FN64F< 7 G4EF>F>N 4<E>@5F<74FVW 6 <564E 6V4 1 �F 

4> 2 >�F. '4E @5TEF@4FVW V=D>@<4FVW 6 46F>=><=><G @56<<V @>5>F< ?@< 

<4>E<<4?L=V= G4EF>FV 4<E>@5F<74FVW E>?444T 52 E6<?<=<. 

�@< @>5>FV 7 F5=7><5F@<G=<< >5?44=4==O<, 6>=4 EG<VE=4 7 
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F5=7>@57<EF>@4<< 7 >?>@>< 503400 �<, =><V=4?L=<= >?V@ 200 �< 74 EE5<>N 

?V4>?NG5==O F5=7>@57<EF>@V6 <VEF, ?V6<VEF, G65@FL<VEF. 

�<6?5==O: 6 46F>=><=><G @56<<V 3 6V4 4>G<G?OF>@=>W 54F4@5W, 6 

EF4FV>=4@=<E G<>64E 3 6V4 <5@56V 220 �. 

�?O 6<7=4G5==O >GF>6>W L6<4>>EFV ?>6>@>FG LF4=7< 6<>>@<EF4=> 

44FG<> >GF>6>W L6<4>>EFV, @<E. 3.7 [113]. 

 

 

$<EG=>> 3.7 3 �4FG<> >GF>6>W L6<4>>EFV 

 

%4@4>F5@=<<< ?4@4<5F@4<< @>5>F< 44FG<>4 T 4V4?47>= =>7> 

6<<V@N64==O, O><= E>?444T ±300 7@44/c; =>7> GGF?<6VEFL 3 0,5 <�/7@44/E; 

G4EF>F=<= 4V4?47>= @>5>F< 3 40 �F. 

�?O >>=F@>?N F<E>G G =4?V@=V= <47VEF@4?V >5?@<E>G64G4 F4 <V=V@5E<65@V 

E<EF5<< =47=VF4==O >><?@5E>@4 3 <5E4=VG=V 44FG<>< F<E>G, @<E. 3.8. 
 

 

$<EG=>> 3.8 3 �5E4=VG=V 44FG<>< F<E>G @54G>FV==>7>  
5?>>G >5?@<E>G64G4 
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'<>6< ?@>6545==O ?>?L>6<E 5>E?5@<<5=F4?L=<E 4>E?V465=L ?>6<==V 

6V4?>6V44F< 47@>F5E=VG=<< 6<<>74< 4> ?@>6545==O F5E=>?>7VG=>W >?5@4FVW 

>5?@<E>G64==O EV?LEL>>7>E?>44@EL><E >G?LFG@. &GF >E=>6=V >@<F5@VW: 

F5<?5@4FG@4 =46>>?<L=L>7> E5@54>6<M4 g150%, L6<4>VEFL 6VF@G =5 5V?LL5 5 

</E. �?O >>=F@>N L6<4>>EFV 6VF@G F4 F5<?5@4FG@< 6<>>@<EF>6G64?< 

4=5<><5F@ �&-81, @<E. 3.9. 

 

 

$<EG=>> 3.9 3 �=5<><5F@ �&-81 

 

�V4?47>= 6<<V@N64=L 44=>7> 4=5<><5F@4 E>?444T: F5<?5@4FG@4 3 6V4 0 

4> 500%, L6<4>VEFL 6VF@G 6V4 1 </E 4> 25 </E. 

�GV>G64=<<< @57G?LF4F4<< 5G4GFL >F@<<4=V =4?@G65==O 6 EFV=>4E 54>4 

F4 ?5@5F<=4E LF4=7< >5?@<E>G64G4, O>V 5G45 ?5@56545=> 7 5?5>F@<G=<E 

E<7=4?V6 45D>@<4FVW F5=7>@57<EF>@V6 G DV7<G=V 65?<G<=< =4?@G65=L; 

4=4?>7VG=> 5G4GFL >F@<<4=V ?@<E>>@5==O G E4@4>F5@=<E F>G>4E >>=EF@G>FVW 

>5?@<E>G64G4 F4 >GF>6V L6<4>>EFV ?4=>>. 

�F@<<4==O 6>474=>7> >><??5>EG 65?<G<= ?@< @V7=<E @56<<4E @>5>F< 

>5?@<E>G64G4 4>76>?<FL @54?V7G64F< <5FG ?@>6545=<E 5>E?5@<<5=F4?L=<E 

4>E?V465==O FVTW <4L<=< F4 >5@>5?5=V 44=V E?V6EF46<F< 7 4=4?>7VG=<<< 

@57G?LF4F4<<, M> @>76<=GFV G F5>@5F<G=V= G4EF<=V @>5>F<. 
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3.4 �?4=G64==O 5>E?5D<<5=F4?L=<E 4>E?V465=L >5?D<E>G64G4 

 

 

�4=<< 7 =4=6V4?>6V44?L=VL<E 5F4?V6 =4G>>6>7> 4>E?V465==O T 

??4=G64==O 5>E?5@<<5=FG. �V4 O>VE=>W >@74=V74FVW 5>E?5@<<5=F4?L=<E 

4>E?V465=L 74?56<FL 445>64F=VEFL F4 F>G=VEFL >F@<<4=<E @57G?LF4FV6.  

�<E>4OG< 7 ?>EF4=>6>< 74644==O, F>5F> <5F< F4 <5F>4<>< ?@>6545==O 

5>E?5@<<5=F4?L=<E 4>E?V465==O ??4=GNFL E4< 5>E?5@<<5=F.  

�V4?>6V4=> 4> ?@>7@4<< 4>E?V465=L =4< ?>F@V5=> 74V=E=<F< ?>?L>6V 

6<?@>5G64==O >5?@<E>G64G4: ?5@56V@<F< =>7> DG=>FV>=4?L=G 744F=VEFL 

6<>>=G64F< >5?@<E>G64==O >G?LFG@ =4 @V7=<E @56<<4E F4 6 G<>64E @>5>F<; 

?5@56V@<F< 6V4?>6V4=VEFL F5>@5F<G=<E @>7@4EG=>V6 M>4> <VF=>EFV 54>4 

>5?@<E>G64G4 6V4?>6V4=<< 4V=E=<< 7=4G5==O< 74 G<>6< 6<>>=4==O 

F5E=>?>7VG=>7>  ?@>F5EG, >>?< G E<EF5<V T @>5>G4 @V4<=4 F4 EF6>@NTFLEO 

=44?<L>>6<= F<E> 4?O WW 6<FVE=5==O F4 74V=E=NTFLEO >5?@<E>G64==O; 

?5@56V@<F< @>5>FG LF4=7< ?@< 6<=<>=5==V 6 =V= >>?<64=L, M> 75G@@NFLEO 

?>?L>6<<< =5@V6=>EFO<<, F4 E?V6EF46<F< @57G?LF4F< F5>@5F<G=<E @>7@4EG=>V6 

7 5>E?5@<<5=F4?L=<<<, ?5@56V@<F< >GV>G64=V 5D5>F< =4 ?@4>F<FV V F.4.  

&>4V G 5>E?5@<<5=F4F>@4 ?>EF4T 74>>=><V@=5 74?<F4==O M>4> 6<5>@G 

??4=G 5>E?5@<<5=FG. �E>V?L>< =44<V@=4 45F4?V74FVO 5>E?5@<<5=F4?L=>7> 

4>E?V465==O 6545 4> EGFFT6>7> G>@G?=5==O <4F@<FV ??4=G64==O 

5>E?5@<<5=FG, GE>?44=NT E4< ?@>F5E ?>EF4=>6>< F4 @54?V74FVW, =44F> 

E?@>M5=5 <>45?L 3 6??<64T =4 F>G=VEFL V >59T>F<6=VEFL >GV>G64=<E 

@57G?LF4FV6.  

�=4?V7GNG< 4=4?>7VG=V =4?@4FN64==O 6G5=<E [39], ?@<E>4<<> 4> 

6<E=>6>G, M> 4?O ?V4F65@465==O @57G?LF4FV6 F5>@5F<G=<E @>7@4EG=>V6 6 

>>@5E?5=V= ?>EF4=>6FV 74644==O, FV?>>< 6<?@4644=<< 5G45 ?>6=>D4>F>@=<= 

5>E?5@<<5=F F<?G . 

�5>, O>M> D>@<4?L=> 74?<E4F<, F>  

 

2
3N
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,       (3.1) 

 

45  3 G<E?> @V6=V6 64@VN64==O, ;  

 3 >V?L>VEFL =574?56=<E D4>F>@V6, . 

&5 >7=4G4T, M> 4?O 4>E?V46G64=>W 65?<G<=< 5G45 4569OFL >><5V=4FV= 

@V7=<E =574?56=<E D4>F>@V6. �@V< F>7>, 7 F5>@VW 5>E?5@<<5=FG 6V4><>, M> 

744>6V?L=4 F>G=VEFL >GV>G64=>7> @57G?LF4FG 5G45 FV?L>< F>4V, O>M> >@4F=VEFL 

?>6F>@N64=>EF5= >4=VTW V F>W 6 >><5V=4FVW, G F<E 65 G<>64E E>?444F<<5 =5 

<5=L5 F@L>E, F>5F> . 

&4><< G<=><, 4?O >F@<<4==O 4>EF>6V@=<E @57G?LF4FV6 4>E?V46G64=>W 

65?<G<=< 5G45 E??4=>64=> 9 >><5V=4FV= 74 F@L><4 ?>6F>@N64=>EFO<<, F>5F> 

7474?>< 5G45 ?@>6545=> 27 5>E?5@<<5=FV6 ?@< 4>E?V465==V >4=VTW 65?<G<=<. 

�?O GVF>>W >@74=V74FVW 5>E?5@<<5=FG, E?>G4F>G E>?444T<> <4F@<FN 

?>6=>7> D4>F>@=>7> 5>E?5@<<5=FG F<?G , 45 5G45 GVF>> ?@>?<E4=V 6EV 

>><5V=4FVW G F@L>E ?>6F>@N64=>EFOE, F45?. 3.2. 

 

&45?<FO 3.2 3 �4F@<FO ??4=G64==O ?>6=>7> D4>F>@=>7> 5>E?5@<<5=FG 
F<?G  

 

7 
4>E?V4G 

x¡ x¢ x¡·x¢ x¡² x¢² 
%5@54=T 74 F@L><4 
?>6F>@N64=>EFO<< 

y� 
1 -1 -1 1 1 1 y1 
2 -1 0 0 1 0 y2 
3 -1 1 -1 1 1 y3 
4 0 -1 0 0 1 y4 
5 0 0 0 0 0 y5 
6 0 1 0 0 1 y6 
7 1 -1 -1 1 1 y7 
8 1 0 0 1 0 y8 
9 1 1 1 1 1 y9 

 

�474?>< ?>F@V5=> ?>EF46<F< F4 ?@>65EF< 27 5>E?5@<<5=FV6 F4 

G7474?L=<F< >F@<<4=V 7=4G5==O.  

kpN

p 3p

k 2k

3n

2
3N

2
3N
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'7474?L=5==O< >F@<<4=>7> @57G?LF4FG T ?>5G4>64 ?>65@E=V 6V47G>G, O>4 

4>5@5 >?<EGTFLEO @57@5EV==>N 74?56=VEFN 4@G7>7> ?>@O4>G, =4?@<>?44  

 

,   (3.2) 

 

45 3 5>E?5@<<5=F4?L=5 7=4G5==O 4>E?V46G64=>W 65?<G<=<;  

,  3 =>@<4?V7>64=V 7=4G5==O D4>F>@V6; 

 3 >>5DVFVT=F< @V6=O==O @57@5EVW. 

�?O 6<7=4G5==O >>5DVFVT=FV6 @V6=O==O @57@5EVW 6<>>@<EF4T<> 6V4><V ?V4E>4< 

F4  74?56=>EFV [9, 39, 44] 

 

 

 

 

 

 

 

 

 

 

 

    (3.3) 

 

�>4G64==O D4>F>@V6 5G45<> 6<>>=G64F< 74 =4EFG?=<<< 

D>@<4?V7>64=<<< 74?56=>EFO<< [130, 9, 134] 

 

,      (3.4) 

45 
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      (3.5) 

 

 V  3 65@E=O V =<6=O <56V 64@VN64==O j-D4>F>@4. 

&>G>4  =47<64TFLEO F5=F@>< ??4=G 45> >E=>6=<< @V6=5<; 

65?<G<=<  V  3 V=F5@64?4<< 64@VN64==O 674>66 >E5=  V . 

&4><< G<=><, 5G?> >F@<<4=> ??4= 5>E?5@<<5=FG, O><= 5G45 ?@<==OF> 

4> 6<>>=4==O ?@< =>7> @54?V74FVW. �F@<<4=V 44=V 6 E>4V 5>E?5@<<5=FG 5G4GFL 

?V44464F<EO EF4F<EF<G=V= >5@>5FV V7 6V4?>6V4=>N >FV=>>N 445>64F=>EFV 

<>45?V, M> WE >?<EGT.  

 

 

3.5 �<E=>6>< 4> 3 D>74V?G 

 

�@< 4=4?V7V >>=EF@G>F<6=<E F4 F5E=>?>7VG=<E 6?4EF<6>EF5= 

<4?>7454@<F=>7> >5?@<E>G64G4 E>?445=> =>7> F5E=VG=G E4@4>F5@<EF<>G. 

%5@54 >E=>6=<E ?4@4<5F@V6: L<@<=4 74E64FG 3 5 <; 4V4?47>= 6<E>F< 

6EF4=>6?5==O LF4=7< 3 350-1100 <<; 4V4?47>= 7<V=< L<@<=< >>?VW 3 900-

1500 <<; ?@>4G>F<6=VEFL 74 7>4<=G >E=>6=>7> G4EG 3 1,8-2,7 74/7>4. 

%>?445=> ?@>7@4<G F4 >?<E4=> <5F>4<>G ?@>6545==O 

5>E?5@<<5=F4?L=<E 4>E?V465=L.  

�?O ?V4F65@465==O @57G?LF4FV6 F5>@5F<G=<E @>7@4EG=>V6 6 >>@5E?5=V= 

?>EF4=>6FV 74644==O ?@<==OF> ??4= F4 ?>5G4>64=> <4F@<FN ?>6=>7> 

D4>F>@=>7> 5>E?5@<<5=FG F<?G . 

�E=>6=V =4G>>6V @57G?LF4F< @>74V?G >?G5?V>>64=V G ?@4FOE [69, 104, 105, 

106]. 
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��%��$����&��,��% ��%������, ��������$�&���� 

%���%������ ���$�%�'��'� 
 

 

 

4.1 �>?L>6V 6<?D>5G64==O F4 ?V47>F>6>4 4> ?D>6545==O 

5>E?5D<<5=F4?L=<E 4>E?V465=L  

 

�5F4 ?@>T>FG64==O G< G4>E>>=4?5==O 5G4L-O>>W EV?LEL>>7>E?>44@EL>>W 

<4L<=< ?>?O74T, ?5@L 74 6E5, G ?V46<M5==V WW DG=>FV>=4?L=>W 5D5>F<6=>EFV. 

�4L<=4 @>7@>5?OTFLEO 4?O 6<>>=4==O O>>WEL F5E=>?>7VG=>W >?5@4FVW, 4 >F65, 

6>=4 <4T E?>G4F>G 5GF< 5D5>F<6=>N G F5E=>?>7VG=><G ??4=V, 4 ?>FV< T 

4>FG4?L=<<< 6EV @5LFG ?>>47=<><, O>V FV>46?OFL 5>E?5@<<5=F4F>@4 G< 

74<>6=<>4.  

�F65, @>7@>5>4 <4?>7454@<F=>7> E4<>EV4=>7> LF4=7>6>7> 

>5?@<E>G64G4 6<>>=4=4 7 <5F>N 6<>>@<EF4==O =>7>, 6 >E=>6=><G, 4?O 

>5?@<E>G64==O ?>?L>6<E >G?LFG@ =4 =565?<><E ??>M4E. �>7> 7444G4 

74<V=<F< @GF<==G @GG=G ?@4FN ?@< 6<>>@<EF4==V @4=F56>7> >5?@<E>G64G4 

?@< 4>7?O4V 74 6<@>MG64=<<< >G?LFG@4<<. 

' ?>?5@54=L><G @>74V?V 5G?> >?<E4=> >E=>6=V E4@4>F5@<EF<>< 44=>7> 

>5?@<E>G64G4. &GF ?>>465<> >>@5<V D@47<5=F< =>7> ?>?L>6<E 6<?@>5G64=L 6 

@54?L=<E G<>64E.  

�4@F> 747=4G<F<, M> 44=4 <4L<=4 <4T E6>T 74EF>EG64==O 6V4 @4==L>W 

65E=< 4> ?V7=L>W >E5=V, F4 74E6V4G<?4 6<E>>G 5D5>F<6=VEFL. 

�5@L5 65E=O=5 74EF>EG64==O >5?@<E>G64G4 =4 ?>?L>6<E >G?LFG@4E 3 F5 

6=5E5==O �@G=F>6>7> 75@5VF<4G ?VE?O ?>E44>< >4@F>??V, @<E. 4.1. 
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$<EG=>>  4.1 3 �5E=O=5 6=5E5==O �@G=F>6>7> 75@5VF<4G 

 

/> 6<4=> 7 E6VF?<=<, M> FGF 74557?5GGTFLEO 6<E>>4 @V6=><V@=VEFL 

6=5E5==O @>5>G>7> ?@5?4@4FG ?> 6EV= L<@<=V 74E64FG LF4=7<, D4>5?< @>7?<?G 

?5@5>@<64NFLEO, LF4=74 <4T ?4@4?5?L=5 @>7<VM5==O 4> ?>65@E=V ?>?O. 

$GE4NG<EL EF4?<< @GE><, 5G45 @V6=><V@=> @>7?<?5=<= ?@5?4@4F =4 6EV= 

??>MV, M> 74557?5G<FL =>7> 6<E>>G 5D5>F<6=VEFL G 5>@>FL5V 7 5G@9O=4<<.  

/> 665 747=4G4?>EL, M> 7=4G=4 G4EF>4 6<@>5=<FF64 >4@F>??V 

7>E5@5465=4 G ?@<64F=<E 7>E?>44@EF64E, 4 F5 >7=4G4T, M> 5>@>FL54 7 

>>?>@44EL><< 6G>>< 3 F5 «>46VG=4 5>@>FL54», @<E. 4.2. 

 

$<EG=>> 4.2 3 �4@F>??O=4 7@O4>4, M> G@465=4 >>?>@44EL><< 6G>>< 
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&5= ?@<>?44 =46545=<= 7 F>N <5F>N, M>5 44F< 4>5@5 @>7G<V==O, M> 

=5E6>TG4E=4 (74?V7=V?4) >5@>5>4 <>65 <4F< 4>E<FL =574F<6=V =4E?V4><. &><G 

FGF ?>F@V5=5 =574==5 >5?@<E>G64==O 6V4 L>V4=<>4, V=4>L5 6F@4F< G@>64N 

5G4GFL >>?>E4?L=<<<. 

�4EF>E>6GNG< E4<>EV4=<= >5?@<E>G64G, F4>G >5@>5>G =4 ??>MV 0,25 74 

<>6=4 6<>>=4F< 74 ?VG5=V E6<?<=<, M5 ?@<5?<7=> 10 E6 ?@< =>7> =4=<5=LV= 

?@>4G>F<6=>EFV 1,8 74/7>4, @<E. 4.3. 

 

 

$<EG=>> 4.3 3 �V47>F>6>4 >5?@<E>G64G4 4> @>5>F< F4 >5@>5>4 
>4@F>??O=>W 7@O4>< 

 
� E>4V ?@>6545==O ?>?L>6<E 6<?@>5G64=L 5G?4 74E6V4G5=4 6<E>>4 =>7> 

F5E=>?>7VG=4 5D5>F<6=VEFL: <>6?<6VEFL 444?FG64==O L<@<=< >>?VW 4> L<@<=< 

<V6@O4L, E?V66VE=4 ?> >EV @O4>4 @>7EF4=>6>4 @>7?<?N64GV6 =4 LF4=7V, 

<>6?<6VEFL 6EF4=>6?5==O LF4=7< =4 7444=G 6<E>FG =44 >59T>F>< >5@>5><, 

@V6=><V@=VEFL @>7?<?G @>5>G>7> ?@5?4@4FG, EF45V?L=<= EV4 LF4=7< ?@< =4W74V 

>>?5E4 >5?@<E>G64G4 =4 ?5@5L>>4G, 6<FVE=5==O @>5>G>7> ?@5?4@4FG 557 

?G?LE4FV=, >E>V?L>< FGF 74EF>E>64=> <V=V@5E<65@ F4 G4EF<=4 ?>@>6=L>7> 54>4 

6<EFG?4T 6 @>?V @5E<65@4 V ?G?LE4FVW F<E>G ?@< =47=VF4==V >><?@5E>@>< 

?>6=VEFN 77?446GNFLEO G ?>@V6=O==V 7 ?G?LE4FVO<< =4E>E4 G >?4E<G=V= EE5<V 

<V=V>5?@<E>G64G4, >5?@<E>G64G E4<>?5@5EG6=<= V =5 ?>F@55GT ?@<>?444==O 
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7GE<?L =4 =>7> ?5@5<VM5==O, @>76>@>F F4 ?>6>@>F< 74V=E=NNFLEO 6465?O<< 

>5@G64==O F>M>.  

� F5E=>?>7VG=><G ??4=V <4L<=4 T 4>E<FL 5D5>F<6=>N, 4 F5?5@ ?>F@V5=> 

?5@5E6V4G<F<EL, M> WW 6G7?< F4 45F4?V <4N =4?56=G <VF=VEFL F4 557?5G=V 6 

5>E??G4F4FVW. 

�?O FL>7> ?@>6>4<<> E5@VN 5>E?5@<<5=FV6, 4?O O><E 6<>>=GT<> 45O>G 

?V47>F>6>G, @<E. 4.4. 

 

  
4) 5) 

$<EG=>> 4.4 3 �@>F54G@4 =4>?5N64==O F5=7>@57<EF>@V6 

 

�@>F54G@4 =4>?5N64==O F5=7>@57<EF>@V6 6>?NG4T ?V47>F>6>G <VEFO 

=4>?5N64==O F4 E4< ?@>F5E =4>?5N64==O F5=7>44FG<>4 7 ?>44?LL<< =>7> 

V7>?N64==O< F4 74>@V??5==O< 79T4=G64?L=<E @>79T<V6. �4 @<E. 4.4, 4 ?>>474=> 

?V47>F>6>G F4 <>=F46 F5=7>44FG<>V6 =4 54>>6V >5?@<E>G64G4 G 6<7=4G5=<E 

F>G>4E. �4 @<E. 4.4, 5 ?>>474=> 7<>=F>64=<= F5=7>44FG<> =4 5?5<5=FV LF4=7<. 
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4) 5) 

$<EG=>> 4.5 3 $V>E4FVO @57G?LF4FV6 5>E?5@<<5=FV6 

 

�4?V E?V4GT ?@>F5E <>=F46G 4>E5?5@><5F@V6 =4 LF4=7V F4 44FG<>4 

>GF>6>W L6<4>>EFV =4 =4?@46?ONGV= @4<>< LF4=7<, @<E. 4.5, 4. �4 @<E. 4.5, 5 

?>>474=> 7<>=F>64=G V ?V4>?NG5=G @5TEF@GNGG 4?4@4FG@G, O>4 ?@4FNT 6 

46F>=><=><G @56<<V F4 DV>EGT @57G?LF4F< ?>>47V6 6EVE 44FG<>V6.  

�4EFG?=<< 5F4?>< T ?@>6545==O E4<<E 5>E?5@<<5=FV6 74 @>7@>5?5=>N 

?@>7@4<>N F4 >5@>5>4 >F@<<4=<E @57G?LF4FV6 7 WE 6V7G4?V74FVTN.  

 

 

 

4.2 $57G?LF4F< 5>E?5D<<5=F4?L=>7> 4>E?V465==O <VF=>EFV 54>4 

>5?D<E>G64G4 

 

�5F>N 4>E?V465==O T 6EF4=>6?5==O 74>>=><V@=>EF5= 7<V=< 

=4?@G65=>7> EF4=G F<?V=4@<G=>W G4EF<=< 54>4 >5?@<E>G64G4 ?V4 4VTN 

6=GF@VL=L>7> F<E>G F4 EFG?5=O =>7> 74?>6=5==O, L?OE>< 

5>E?5@<<5=F4?L=>7> F5=7><5F@<G=>7> 4>E?V465==O [78, 99, 111, 121]. 

�59T>F 4>E?V465==O 3 54> >5?@<E>G64G4 >59T<>< 80 ?VF@V6, 

6<7>F>6?5=<= G D>@<V F>=>>EFV==>7> EF4?56>7> F<?V=4@4. $>5>G4 @V4<=4 

6<FVE=OTFLEO ?V4 4VTN EF<E=GF>7> ?>6VF@O. �V4 G4E 5>E??G4F4FVW 54> ?@4FNT 

?V4 F<E>>< G 4V4?47>=V 0,2 3 0,6 ��4. 
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&45?<FO 4.1 3 $4>F>@< F4 @V6=V 4>E?V465==O 

�>7=4G5==O $4>F>@ 
$V6=V 

(-1;  0;  +1) 

X¡ &<E> G 54>G, ��4 0,2 3 0,4 3 0,6 

X¢ �4?>6=5=VEFL 54>4, ? 0 3 40 3 80 

 

�<7=4G4T<> =4?@G65==O G F<?V=4@<G=V= EFV=FV 54>4 74 @>7@>5?5=<< 

??4=>< 5>E?5@<<5=FG. 

$57G?LF4F< 6<7=4G5==O =4?@G65=L, M> 76545=V 4> F45?<FL, @>74V?<<> 

>>@5<> 3  >>?>6V =4?@G65==O G EFV=FV 54>4 F4 <5@<4V>=4?L=V.   

%?>G4F>G @>77?O=5<> @57G?LF4F< >F@<<4=<E 7=4G5=L >>?>6<E 

=4?@G65=L G EFV=FV 54>4, F45?. 4.2. 

 

&45?<FO 4.2 3 $>5>G4 <4F@<FO 5>E?5@<<5=FG 

7 4>E?V4G &<E>,  
��4 

�5'T<,  
? 

x¡ x¢ yi 

(Ã1, ��4) 
1.  0,20 0 -1 -1 47,99 
2.  0,20 0 -1 -1 46,72 
3.  0,20 0 -1 -1 48,30 
4.  0,20 40 -1 0 50,40 
5.  0,20 40 -1 0 46,88 
6.  0,20 40 -1 0 46,88 
7.  0,20 80 -1 1 50,86 
8.  0,20 80 -1 1 49,24 
9.  0,20 80 -1 1 46,77 
10.  0,40 0 0 -1 93,09 
11.  0,40 0 0 -1 91,07 
12.  0,40 0 0 -1 91,07 
13.  0,40 40 0 0 93,17 
14.  0,40 40 0 0 88,86 
15.  0,40 40 0 0 89,24 
16.  0,40 80 0 1 92,26 
17.  0,40 80 0 1 91,35 
18.  0,40 80 0 1 94,01 
19.  0,60 0 1 -1 135,18 
20.  0,60 0 1 -1 134,18 
21.  0,60 0 1 -1 139,93 
22.  0,60 40 1 0 137,58 
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�4>V=G5==O F45?. 4.2  

23.  0,60 40 1 0 138,16 
24.  0,60 40 1 0 135,18 
25.  0,60 80 1 1 137,97 
26.  0,60 80 1 1 139,28 
27.  0,60 80 1 1 136,75 

 

�F@<<4=V 7=4G5==O =4?@G65=L 6 E5@VW 5>E?5@<<5=FV6 44NFL <>6?<6VEFL 

6<7=4G<F< >>5DVFVT=F< @V6=O==O @57@5EVW 74 74?56=>EFO<< (3.3). �@< 

74EF>EG64==V <5F>4G =4=<5=L<E >644@4FV6 6EF4=>6<<> =4EFG?=V 7=4G5==O 

>>5DVFVT=FV6 @V6=O==O @57@5EVW (3.2): 

 

 

 

           (4.1) 

; 

 

. 

 

�?5 ?<L F>4V <>6=4 6<7=4F<, M> 7=4=45=V >>5DVFVT=F< 445>64F=> 

6V4>5@464NFL 5>E?5@<<5=F4?L=V 44=V V ?>65@E=V 6V47G>G WE 445>64F=> 

6V4>5@47<FL, O>M> ?@>65EF< ?5@56V@>G 74 >@<F5@VO<< �>E@5=4, %F9N45=F4 F4 

$VL5@4, M> ?5@5454G4T EF4=44@F=4 <5F>4<>4 >5@>5>< 5>E?5@<<5=F4?L=<E 

44=<E [46, 134].  

�5@L>N T ?5@56V@>4 74 >@<F5@VT< �>E@5=4 =4 >4=>@V4=VEFL 4<E?5@EVW.  

�E>V?L>< FGF 74EF>E>64=V EF4=44@F=V <5F>4<>< >5@>5>< 44=<E, F> 

?@<6545<> ?<L5 @57G?LF4F< ?>@V6=O?L=>7> 4=4?V7G. 

�<7=4G5=5 7=4G5==O >@<F5@VN �>E@5=4 E>?444T , F>4V O> 

F45?<G=5  , O>M> WE ?>@V6=OF<  

 

;077,91
0
b

;453,44
1
b

;609,0
2
b

071,0
12
b

;111,1
11
b

738,0
22
b

3001,0pG

3346,0
F
G
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F> 6<E=>6>> 6>47GT =4 >4=>@V4=VEFL 4<E?5@EVW. 

�?O >EF4F>G=>W ?>5G4>6< ?>65@E=V 6V47G>G 74 74?56=VEFN (3.2) G F5 

@V6=O==O 66>4OFL >>5DVFVT=F< (4.1), 4?5 ?5@54 F<< ?5@56V@ONFL WE 7=4GGMVEFL 

74 t->@<F5@VT< %F9N45=F4. 

�5F>4<>4 ?5@5454G4T 74>?445=G =<>6V@=VEFL 4>EF>6V@=>EFV @57G?LF4FV6 

95%. 

�?O =4L>7> 5>E?5@<<5=FG F45?<G=5 7=4G5==O >@<F5@VN %F9N45=F4 

E>?444T  ?@< @V6=N 7=4GGM>EFV , >V?L>>EFV EFG?5=V6 6V?L=>EFV 

. 

 

&45?<FO 4.3 3 �5@56V@>4 7=4GGM>EFV >>5DVFVT=FV6 @57@5EVW 

�>5DVFVT=F texp 
�=4GGMVEFL, 

+/3 
b0 105,53 + 
b1 52,55 + 
b2 9,78 + 
b12 4,26 + 
b11 3,09 + 
b22 2,05 3 

 

&5?5@ ?5@56V@<<> <>45?L =4 6V4?>6V4=VEFL >F@<<4=>W <>45?V 

5>E?5@<<5=F4?L=<<< 44=<<, F>5F> G< T <>45?L 445>64F=>N. &4>G ?5@56V@>G 

74V=E=NNFL 74 >@<F5@VT< $VL5@4. 

�@<F<G=5 7=4G5==O >@<F5@VN $VL5@4 E>?444T  ?@< , 

, F>4V  

 

. 

 

�6V4E< 6<E=>6>> 3 <>45?L 445>64F=4. 

,3346,03001,0
Fp GG

08,2
>D

t 05,0a

21627-f

29,3
>D
F 05,0a

18:4
11

ff

29,331,0
>Dp
FF
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&5?5@ F5 44T =4< ?@46> 74?<E4F< >EF4F>G=<= 6<@47 @V6=O==O @57@5EVW:  

3 G >>4>64=<E 7<V==<E 

 

;  (4.2) 

 

3 G =4FG@4?L=<E >4<=<FOE 

 

  (4.3) 

 

45 3 F<E> 6 E<EF5<V, ��4;  3 >59T< @>5>G>W @V4<=< G 54>G, ?. 

�7>?V=VW ?>65@E=V  6V47G>G ?>>474=> =4 @<E. 4.6. 

 

$<EG=>> 4.6 3 �7>?V=VW ?>65@E=V 6V47G>G 

 

&GF GVF>> ?@>E?V4>>6GTFLEO 7<V=4 >>?>6<E =4?@G65=L 6V4 6=GF@VL=L>7> 

F<E>G F4 @V6=O 74?>6=5=>EFV 54>4 @>5>G>N @V4<=>N. � O>@47 >EF4==V= G<==<E 

<4T <V=V<4?L=<= 6??<6 =4 7474?L=<= =4?@G65=<= EF4=, 4 F><G ?>65@E=O 

6V47G>G T <4=65 ??>E>>N. &5 4>5@5 6<4=>, O>M> << WW ?>5G4GT<> G 6<7?O4V 

3D 7@4DV>4 F4 G =4FG@4?L=<E >4<=<FOE, @<E. 4.7. 

 

2

12121
1110,1071,0609,044,453077,91

VVVVVV
xxxxxy ×××××

,79,2700046,000885,00253,068,19989.6
22

PVVPVPy ×××××-×

P V
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$<EG=>> 4.7 3 �>65@E=O 6V47G>G, M> E4@4>F5@<7GT >>?>6V =4?@G65==O 6 
F<?V=4@<G=V= EFV=FV 54>4 >5?@<E>G64G4 

 

&5?5@ ?5@5=45<> 4> 4@G7>W ?>?>6<=< F>7> 6 5>E?5@<<5=FG 3 

6<7=4G5==O <5@<4V>=4?L=<E 45> ?>74>66=VE =4?@G65=L. 

�4F@<FO 5>E?5@<<5=FG <4F<<5 6<7?O4, F45?. 4.4. 

 

&45?<FO 4.4 3 $>5>G4 <4F@<FO 5>E?5@<<5=FG 

7 
4>E?V4G 

&<E>, ��4 �59T<, ? x¡ x¢ 
yi 

(Ã2, ��4) 
1. 0,20 0 -1 -1 23,46 
2. 0,20 0 -1 -1 24,50 
3. 0,20 0 -1 -1 24,14 
4. 0,20 40 -1 0 23,43 
5. 0,20 40 -1 0 23,89 
6. 0,20 40 -1 0 25,01 
7. 0,20 80 -1 1 23,15 
8. 0,20 80 -1 1 24,15 
9. 0,20 80 -1 1 24,99 
10. 0,40 0 0 -1 45,57 
11. 0,40 0 0 -1 45,66 
12. 0,40 0 0 -1 45,95 
13. 0,40 40 0 0 47,09 
14. 0,40 40 0 0 46,03 
15. 0,40 40 0 0 46,12 
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�4>V=G5==O F45?. 4.4 

16. 0,40 80 0 1 46,47 
17. 0,40 80 0 1 47,79 
18. 0,40 80 0 1 47,78 
19. 0,60 0 1 -1 69,50 
20. 0,60 0 1 -1 69,19 
21. 0,60 0 1 -1 69,37 
22. 0,60 40 1 0 70,26 
23. 0,60 40 1 0 69,05 
24. 0,60 40 1 0 70,11 
25. 0,60 80 1 1 69,41 
26. 0,60 80 1 1 69,72 
27. 0,60 80 1 1 70,49 

 

�4 >E=>6V 5>E?5@<<5=F4?L=<E 44=<E 7=4E>4<<> >>5DVFVT=F< @V6=O==O 

@57@5EVW F4 6<7=4G4T<> WE 7=4GGMVEFL. 

 

 

 

         (4.4) 

; 

 

. 

 

&>4V @V6=O==O @57@5EVW G >>4>64=<E 7<V==<E <4F<<5 6<7?O4 

 

. (4.5) 

 

�?5 F5 =5 >EF4F>G=<= 6<7?O4 @V6=O==O @57@5EVW, >E>V?L>< ?>F@V5=> 

?@>65EF< >FV=>G 7=4GGM>EFV =>7> >>5DVFVT=FV6. 

&4>G >FV=>G @>5<<> 74 >@<F5@VT< %F9N45=F4, 45 . 

  

;521,46
0
b

;799,22
1
b

;367,0
2
b

113,0
12
b

;381,0
11
b

037,0
22

-b

2

2

2

12121
037,0381,0113,0367,0799,22521,46

VVVVVVV
xxxxxxy ×-×××××

08,2
>D

t
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&45?<FO 4.5 3 �FV=>4 >>5DVFVT=FV6 74 >@<F5@VT< %F9N45=F4 

�>5DVFVT=F texp �=4GGMVEFL, 
+/3 

b0 386,21 + 
b1 189,27 + 
b2 3,05 + 
b12 0,94 3 
b11 3,17 + 
b22 0,31 3 

 

�F65, F4>4 >FV=>4 6>47GT =4 =57=4GGMVEFL >>5DVFVT=FV6 b12, b22, O>V 

<>6=4 6<?GG<F< 7 @V6=O==O (4.5).  

�4 ?5@56V@>>N 74 >@<F5@VT< �>E@5=4 >FV=NT<> >4=>@V4=VEFL 4<E?5@EVW.  

&45?<G=5 7=4G5==O E>?444T , @>7@4EG=>>65 3 , 

?>@V6=OT<>  

 

 

4<E?5@EVW >4=>@V4=V. 

� 74 >@<F5@VT< $VL5@4 3 <>45?L 445>64F=4, >E>V?L>< 

 

. 

 

&5?5@ >EF4F>G=> <>6=4 74?<E4F< @V6=O==O @57@5EVW, =4?@<>?44 G 

=4FG@4?L=<E >4<=<FOE, 6V4><=G6L< =57=4GGMV >>5DVFVT=F< 

 

,    (4.6) 

 

45 3 F<E> 6 E<EF5<V, ��4;  3 >59T< @>5>G>W @V4<=< G 54>G, ?. 

 

�4 7=4=45=<<< @V6=O==O<< @57@5EVW ?>5V4GT<> 7@4DVG=V 74?56=>EFV, 

@<E. 4.8, 4.9. 

 

3346,0
F
G 2422,0pG

,3346,02422,0
Fp GG

29,360,1
>Dp
FF

2
583,900539,0757,105051,2 PVPy

V
×××

P V
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$<EG=>> 4.8 3 �>=FG@=4 ?@>T>FVO 7=4G5=L ?>74>66=VE =4?@G65=L 

 

$<EG=>> 4.9 3 �?>M<=4 6V47G>G 3 @>7?>4V? ?>74>66=VE =4?@G65=L 

 

�@54EF46?5=V 7@4DV>< E4@4>F5@<7GNFL 7<V=G ?>74>66=VE =4?@G65=L 6 

@>77?O4G64=V= F>GFV EFV=>< 54>4 >5?@<E>G64G4 6V4 4VW 6=GF@VL=L>7> F<E>G F4 

74?>6=5=>EFV 54>4 @>5>G>N @V4<=>N.  

�VE?O >F@<<4==O F4><E @57G?LF4FV6 5>E?5@<<5=F4?L=>7> 4>E?V465==O 

64@F> ?>@V6=OF< WE 7V 7=4=45=<<< 6V4?>6V4=<<< =4?@G65==O<< F5>@5F<G=<< 

L?OE><. 

�?O ?>@V6=O==O 6V4?>6V4=<E 7=4G5=L =4?@G65=L, 74 @V6=O==O< @57@5EVW 

7=4E>4<<> F>G>G, O>4 6V4?>6V44T F4><< 65 G<>64<, ?@< O><E 5G?< 7=4=45=V 

F5>@5F<G=V 7=4G5==O. 

�>@V6=OT<> 7=4G5==O >>?>6>7> =4?@G65==O 6 F<?V=4@<G=V= EFV=FV 54>4, 

M> 7=4=45=5 74 G<>6: ?>6=<= 54> @>5>G>W @V4<=<, >>5DVFVT=F 4<=4<VG=>EFV 3 

1; 6=GF@VL=V= F<E> 3 0,2 ��4, F>4V >>?>6V =4?@G65==O E>?444NFL: 



121 

 3 F5>@5F<G=5  ��4; 

3 5>E?5@<<5=F4?L=5  ��4;  

3 6V4=>E=4 ?>E<5>4  %. 

�?O ?>74>66=VE =4?@G65=L:  

3 F5>@5F<G=5  ��4; 

3 5>E?5@<<5=F4?L=5  ��4;  

3 6V4=>E=4 ?>E<5>4  %. 

 

�F65, ?>@V6=O?L=<= 4=4?V7 6>47GT =4 F5, M> ?@>6545=V 4>E?V465==O 

<4NFL =4?56=G F>G=VEFL 3 F5>@5F<G=V @>7@4EG=>< 4>5@5 >>@5?NNFL 7 

5>E?5@<<5=F4?L=<<<. &GF 6V4=>E=4 ?>E<5>4 @57G?LF4FV6 =5 ?5@56<MGT 10 %. 

 

 

 

4.3 $57G?LF4F< 5>E?5D<<5=F4?L=>7> 4>E?V465==O ?D<E>>D5=L, M> 
6<=<>4NFL =4 LF4=7V >5?D<E>G64G4 

 

-5 >4=<< 5F4?>< 5>E?5@<<5=F4?L=<E 4>E?V465=L T 6<>>=4==O 

?>@V6=O?L=>7> 4=4?V7G ?@<E>>@5=L, M> 6<=<>4NFL =4 >@4N LF4=7< 

>5?@<E>G64G4, @<E. 4.10. 

 

$<EG=>> 4.10 3 �<7=4G5==O ?@<E>>@5=L =4 >@4N E5>FVW LF4=7< 

36,46
1F5>D

s

0,49
15>E?5@

s

39,5
1

Ds

18,23
2F5>D

s

02,24
25>E?5@

s

5,3
2

Ds
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�>E?5@<<5=F4?L=V 4>E?V465==O 6<>>=4=V 74 F4><E 7<V==<E D4>F>@V6: 

L6<4>VEFL @GEG >5?@<E>G64G4 7<V=N64?< 3 3,5 ></7>4, 4,0 ></7>4, 4,5 ></7>4; 

74?>6=5==O 54>4 3 0, 40 ?, 80 ?. �>6=G V7 >><5V=4FV= ?>6F>@N64F< F@< @47<. 

$57G?LF4F>< T 5>E?5@<<5=F F<?G 32, 45 DV>EG64?< 7=4G5==O ?@<E>>@5=L =4 

>@4N E5>FVW LF4=7< (E<7=4?< 6V4 4>E5?5@><5F@4, M> =4 @<E. 4.10 ?>>474=<= 

?V4 EF@V?>>N).  

$>5>G4 <4F@<FO F4>>7> 5>E?5@<<5=FG <4T 6<7?O4, F45?. 4.6. 

 
&45?<FO 4.6 3 $>5>G4 <4F@<FO 5>E?5@<<5=F4?L=>7> 6<7=4G5==O 

?@<E>>@5=L 
 

7 
4>E?V4G 

x1 
(L6<4>VEFL, 

></7>4) 

x2 
(=4?>6=5=VEFL 

54>4, ?) 

yV 
(?@<E>>@5==O, 

</E²) 

�><5V=4FVW 
(x1, x2) 

1.  4,5 80 9,57 (1, 1) 
2.  4,5 80 9,48 (1, 1) 
3.  4,5 80 9,6 (1, 1) 
4.  4.5 40 12,53 (1, 0) 
5.  4,5 40 12,26 (1, 0) 
6.  4,5 40 12,26 (1, 0) 
7.  4,5 0 15,34 (1, -1) 
8.  4,5 0 15,22 (1, -1) 
9.  4,5 0 15,03 (1, -1) 
10.  4,0 80 11,38 (0, 1) 
11.  4,0 80 11,23 (0, 1) 
12.  4,0 80 11,23 (0, 1) 
13.  4,0 40 13,84 (0, 0) 
14.  4,0 40 13,51 (0, 0) 
15.  4,0 40 13,54 (0, 0) 
16.  4,0 0 16,32 (0, -1) 
17.  4,0 0 16,25 (0, -1) 
18.  4,0 0 16,45 (0, -1) 
19.  3,5 80 13,06 (-1, 1) 
20.  3,5 80 12,99 (-1, 1) 
21.  3,5 80 13,42 (-1, 1) 
22.  3,5 40 15,67 (-1, 0) 
23.  3,5 40 15,71 (-1, 0) 
24.  3,5 40 15,49 (-1, 0) 
25.  3,5 0 18,22 (-1, -1) 
26.  3,5 0 18,32 (-1, -1) 
27.  3,5 0 18,13 (-1, -1) 
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&>4V @V6=O==O @57@5EVW G >>4>64=<E 7<V==<E 

 

. (4.7) 

 

�FV=<<> 7=4GGMVEFL >F@<<4=<E >>5DVFVT=FV6 @57@5EVW 74 >@<F5@VT< 

%F9N45=F4, F45?. 4.7. 

 

&45?<FO 4.7 3 �>@V6=O==O 7=4GGM>EFV >>5DVFVT=FV6 

�>5DVFVT=F 
�4FG@4?L=V 
7=4G5==O 

texp t-F45?<G=5 
�=4GGMVEFL, 

+/3 
b0 45,5244 11,646 

2,080 

+ 
b1 -11,5456 -5,875 + 
b2 -0,0412 -4,462 + 
b11 1,0667 4,349 + 
b12 -0,0073 -3,345 + 
b22 0,0001 1,468 3 
 

�F65, =57=4GGM<< T >>5DVFVT=F b22, O><= <>6=4 6<>?NG<F< 7 @V6=O==O 

@57@5EVW. &>4V @V6=O==O =45G45 >EF4F>G=>7> 6<7?O4G  

 

,   (4.8) 

 

45 3 L6<4>VEFL, ></7>4;  3 >59T< @>5>G>W @V4<=< G 54>G, ?. 

 

�4 @57G?LF4F4<< ?5@56V@>< 74 >@<F5@VT< �>E@5=4 

 

 

4<E?5@EVW >4=>@V4=V. 

�5@56V@>4 74 >@<F5@VT< $VL5@4 (?@< EFG?5=OE E6>5>4<: 3 V 18, ³ = 0.05) 

 

. 

 

2

2

2

12121
090,0267,0145,0629,2651,1690,13

VVVVVVV
xxxxxxy ××××-×-×-

VVy
V

××-××-×- JJJ 007,0067,1041,0546,11524,45
2

J V

,3346,02962,0
Fp GG

160,3906,1
>Dp
FF
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�>45?L 445>64F=4, @V6=O==O @57@5EVW ?>6=VEFN 6V4>5@464T 

5>E?5@<<5=F4?L=V 44=V. �>5G4GT<> ?>65@E=N 6V47G>G, @<E. 4.11. 

 

$<EG=>> 4.11 3 �>65@E=O 6V47G>G 3 ?@<E>>@5==O =4 >@4N LF4=7< 

 

�4 ?>65@E=V 6V47G>G ?>>474=> F>G>G >?F<<G<G, O>4 6>47GT, M> 

<V=V<4?L=V ?@<E>>@5==O 6<=<>4NFL ?@< ?>6=VEFN 74?>6=5=><G 54>>6V F4 

<4>E<<4?L=V=  ?>EFG?4?L=V= L6<4>>EFV <4L<=<. 

$>75V6=VEFL @57G?LF4FV6 F5>@5F<G=>7> @>7@4EG=>G F4 

5>E?5@<<5=F4?L=<E 44=<E E>?444T 8,8%, M> F4>>6 E6V4G<FL ?@> 6<E>>G 

F>G=VEFL O> F5>@5F<G=<E <>45?5= F4 @57G?LF4FV6 ?@>6545=<E 5>E?5@<<5=FV6. 

�>@5<<< >4<=>G=<< 5>E?5@<<5=F>< 5G?> 4>E?V465==O ?@<E>>@5=L, M> 

6<=<>4NFL =4 >@4N LF4=7< ?@< @GEV >5?@<E>G64G4 ?>?L>6<<< =5@V6=>EFO<< 

V7 74DV>E>64=>N ?V46VE>>N LF4=7< (G<>6=> 6>@EF>5 >@V??5==O) 3 E5@54=V 

?@<E>>@5==O FGF 6<=<>4?< 6 <564E 17,5 </E2, ?@< @>5>FV =4 <4OF=<>>6V= 

?V46VEFV 3 10,2 </E2. �F@<<4=<= 5D5>F 6<>>@<EF4==O <4OF=<>>6>W ?V46VE>< 4?O 

44=>7> @56<<G 5>E??G4F4FVW >5?@<E>G64G4 (?>6=<= 54>, L6<4>VEFL 4,5 ></7>4, 

@5?LTD G<>6=> E>?44=<=) E>?444T 1,7 @47< 7=<65==O 65@F<>4?L=<E 

?@<E>>@5=L. -> ?>7<F<6=> 6V4>5@464TFLEO =4 EF45V?L=>EFV ?>?>65==O 



125 

LF4=7<, 7=<65==V 4VW =4 =5W 4<=4<VG=<E E<? F4 6V4?>6V4=> 755@565==V @5EG@EG  

WW @>5>F<. 

 

 

 

4.4 �<E=>6>< 4> 4 D>74V?G  
 

�@>6545=V ?>?L>6V 6<?@>5G64==O >5?@<E>G64G4 =4 @V7=<E @56<<4E 

@>5>F< F4 G ?5@V>4 65E=4->EV=L @57G?LF4F< 74E6V4G<?< 6<E>>G =>7> 

F5E=>?>7VG=G 5D5>F<6=VEFL: 444?F<6=VEFL 4> @V7=<E G<>6 @>5>F< ?@< >5@>5FV 

G<EF<E ?4@V6, ?@>E4?=<E >G?LFG@, >5?@<E>G64==V 45@56 F>M>; @V6=><V@=VEFL 

=4=5E5==O @>5>G>7> ?@5?4@4FG; 4>F@<<4==O =>@<< 6<?<6G ?@< 74557?5G5==O 

EF4?>7> F<E>G 6<FVE=5==O @>5>G>W @V4<=< 7 54>4 V F.4. 

$57G?LF4F>< 5>E?5@<<5=F4?L=<E 4>E?V465=L (?@< 6<7=4G5=<E G<>64E) T 

6<7=4G5==O =4?@G65=L 6 F<?V=4@<G=V= EFV=FV 54>4  F4 =>7> 4=<M4E.  

�>@V6=O?L=<= 4=4?V7 6>47GT =4 F5, M> ?@>6545=V 4>E?V465==O <4NFL 

=4?56=G F>G=VEFL 3 6V4=>E=4 ?>E<5>4 @57G?LF4FV6 =5 ?5@56<MGT 10 %. 

�@< 4>E?V465==V ?@<E>>@5=L @>75V6=VEFL @57G?LF4FV6 F5>@5F<G=>7> 

@>7@4EG=>G F4 5>E?5@<<5=F4?L=<E 44=<E E>?444T 8,8%. �F@<<4=V 5D5>F< 

?>7<F<6=> 6V4>5@464NFLEO =4 EF45V?L=>EFV ?>?>65==O LF4=7<, 7=<65==V 4VW 

=4 =5W 4<=4<VG=<E E<? F4 6V4?>6V4=> 755@565==V @5EG@EG  WW @>5>F<. 

�E=>6=V =4G>>6V @57G?LF4F< @>74V?G >?G5?V>>64=V G ?@4FOE [13, 15, 66]. 
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$����� 5 

������ $���&����&��%&� &� �������'��� 
�$��&����%&� %���%������ ��������$�&���� 

���$�%�'��'� 
 

 

5.1 �=4?V7 =4?DG65=>7> EF4=G 54>4 >5?D<E>G64G4 ?D< 4VW D>5>G>7> 
=464=F465==O 

 

�?O 74557?5G5==O @>5>F>744F=>EFV 5?5<5=FV6 >>=EF@G>FVW 

<4?>7454@<F=>7> >5?@<E>G64G4 64@F> >FV=<F< WE =4?@G65=<= EF4= 74 G<>6< 

@>5>G>7> =464=F465==O. 

�4 ?5@L><G 5F4?V ?@>6545=> 4>E?V465==O =4?@G65=>7> EF4=G 54>4 

>5?@<E>G64G4, O><= 5>E??G4FGTFLEO 6 ?=5<>7V4@46?VG=<= E<EF5<V 6<6?5==O 

@>7?<?NNG<E ?@<EF@>W6. 

&4><< =464=F465==O< 4?O 54>4 T =44?<L>>6<= 6=GF@VL=V= @>5>G<= 

F<E> , O><= 7<V=NTFLEO 6V4 =G?O 4> 0,6 ��4. �5@E=T 7=4G5==O F<E>G 

@57?4<5=F>64=5 @>5>G<<< E4@4>F5@<EF<>4<< @>7?<?NNG<E >@74=V6. �@G7>N 

E>?44>6>N =464=F465==O T 7V4@>EF4F<G=<= F<E> @>5>G>W @V4<=<. �<E>F4 

EF>6?4 @V4<=  F4>>6 <>65 7<V=N64F<EL 6V4 =G?L>6>7> 7=4G5==O (?>@>6=V= 

54>) 4> <4>E<<4?L=>7>  < (?>6=<= 54>).  

/>M> ?>?5@54=N >FV=>G 4VW =44?<L>>6>7> 6=GF@VL=L>7> F<E>G 5G?> 

6<>>=4=> G 4@G7><G @>74V?V, F> >FV=>G 4VW 7V4@>EF4F<G=>7> F<E>G ?@>6>4<?< 

FV?L>< 6 <564E >>@5<<E 4>E?V465=L [14], 45 =5 6 ?>6=V= <V@V 6@4E>64=4 

E?5F<DV>4 E4<5 @>7@>5?5=>W >>=EF@G>FVW E4<>EV4=>7> >5?@<E>G64G4. 

�@>6545<> >FV=>G =4?@G65=>7> EF4=G >>@5<> 6V4 4VW >>6=>W E>?44>6>W 

=464=F465==O F4 7 6@4EG64==O< 4<=4<VG=<E ?5@564=F465=L, M> 6<=<>4NFL 6 

?@>F5EV 5>E??G4F4FVW. 

$>77?O=5<> 4VN 7V4@>EF4F<G=>7> F<E>G @>5>G>W @V4<=< =4 F<?V=4@<G=V 

EFV=>< 54>4. 

0
p

n
h

55,0
n
h
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�?O 6<7=4G5==O >>?>6<E =4?@G65=L E>>@<EF4T<>EO 74?56=VEFN (2.50), 

45 66545<> >>5DVFVT=F 4<=4<VG=>EFV , O><= 6<??<64T V7 ?@>6545=<E 

5>E?5@<<5=F4?L=<E 4>E?V465=L. 

&>4V 74?56=VEFL 4?O 6<7=4G5==O >>?>6<E =4?@G65=L G F<?V=4@<G=V= 

G4EF<=V 54>4 6V4 ?>6=>7> =464=F465==O EF4=>6<F<<5 

 

,     (5.1) 

 

45  3 >>5DVFVT=F 4<=4<VG=>EFV; 

 3 7<V==4 >>>@4<=4F4, M> 6V4@4E>6GTFLEO 6V4 65@E=L>W F>G>< ?> 

65@F<>4?L=V= >EV 54>4. �W <4>E<<4?L=5 7=4G5==O 6V4?>6V44T =G?L>6><G @V6=N 

@V4<=< G 54>G. 

�<7=4G<<> =4?@G65==O FV?L>< 6V4 4VW 7V4@>EF4F<G=>7> F<E>G @V4<=<, 

F>5F> . &4><= @56<< @>5>F< E?@4654?<6<=, =4?@<>?44 ?@< 

F@4=E?>@FG64==O >5?@<E>G64G4 4> <VEFO >5@>5>< ??>MV. 

�4 F<E G<>6 <4T<> 7=4G5==O >>?>6<E =4?@G65=L G EFV=FV 54>4 7 

6@4EG64==O 4<=4<V>< @GEG <4L<=<, @<E. 5.1  

 

$<EG=>> 5.1 3 �>?>6V =4?@G65==O G F<?V=4@<G=V= EFV=FV 54>4 ?@< 4VW 
7V4@>EF4F<G=>7> F<E>G @>5>G>W @V4=< 

 

5,1
4

k

h

xhgkpR n4

Ft

)(00 -r
s

4
k

x

0
0
p
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/> 6<4=> 74 7@4DVG=>N 74?56=VEFN, M> <4>E<<4?L=V >>?>6V 

=4?@G65==O, M> 6<=<>4NFL ?@< ?>6=><G 54>G E>?444NFL 2,04 ��4. &5 

?>@V6=O=> <4?5 7=4G5==O =4?@G65=L, >E>V?L>< 4?O <4F5@V4?G 54>4 

(=5@646VNG4 EF4?L AISI 304 ( ��4)) 4>?GEF<<V =4?@G65==O T 6 

<564E  ��4. �?5 ?>F@V5=> @>7G<VF<, M> F5 4VO FV?L>< 

7V4@>EF4F<G=>7> F<E>G @V4<=< =4 F<?V=4@<G=V EFV=>< G >>?>6><G =4?@O<>G.  

&5?5@ >>@5<> ?>>465<> 4VN 6=GF@VL=L>7> =44?<L>>6>7> F<E>G ?@< 

?>@>6=L><G 54>G, @<E. 5.2, 4 F4 ?>6=><G 54>G 3 @<E. 5.2,5. 

 

4) 

 

 

5) 

$<EG=>> 5.2 3 �>?>6V =4?@G65==O ?@< 4VW 6=GF@VL=L>7> F<E>G  

 

310
T

s

7,206s
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�4>E<<4?L=5 >>?>65 =4?@G65==O G F<?V=4@<G=V= EFV=FV 54>4 ?@< 4VW 

<4>E<<4?L=>7> 6=GF@VL=L>7> F<E>G E>?444T  ��4. 

�4>E<<4?L=5 >>?>65 =4?@G65==O ?@< ?>6=><G =464=F465==V (@<E. 5.2, 

5) 3  ��4. &5 >7=4G4T, M> ?<F><4 G4EF>4 =4?@G65==O 6V4 4VW 

647< @V4=< 6 >>?>6><G =4?@G65==V =4 EFV=>< 54>4 E>?444T ?<L5 1,5%. 

�5@5=45<> 4> <5@<4V>=4?L=<E =4?@G65=L, M> 6<=<>4NFL 6 

F<?V=4@<G=<E EFV=>4E 54>4 6V4 4VW 7V4@>EF4F<G=>7> F<E>G @>5>G>W @V4<=<.  

&V =4?@G65==O =4?@O<G 74?564FL 6V4 E?>E>5G 74>@V??5==O >5>?>=><. 

�@>E?V4>GT<> =4E>V?L>< 6V4@V7=OF<<GFLEO =4?@G65==O ?@< 74>@V??5==V 54>4 

74 65@E=T 4=<M5 G ?>@V6=O==V 7 =<6=V<. 

$>77?O=5<> E?>G4F>G 6??<6 @V4=< ?@< 74>@V??5==V 54>4 74 65@E=T 4=<M5 

F4 ?@< ?>6=VEFN 74?>6=5=><G 54>>6V. 

�4?56=VEFL, M> >?<EGT <5@<4V>=4?L=V =4?@G65==O 6<??<64T 7 (2.51) F4 

<4F<<5 6<7?O4 

.      (5.2) 

 

�@< 7<V=V 74?>6=5=>EFV 54>4 E4@4>F5@ 7<V=< =4?@G65==O <4F<<5 6<7?O4, 

@<E. 5.3. 

 

$<EG=>> 5.3 3 �5@<4V>=4?L=V =4?@G65==O G F<?V=4@<G=V= EFV=FV 54>4 

 

135
Ft

s

04,137
Ft

s

h

ghkpR n4

Fm
2

00
r

s
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�4>E<<4?L=5 7=4G5==O =4?@G65==O E>?444T  ��4. 

&5?5@ @>77?O=5<> M5 4VN 6=GF@VL=L>7> =44?<L>>6>7> F<E>G =4 FN 

E>?44>6G =4?@G65==O F4 ?@< 6>474=><G E?>E>5V 74>@V??5==O 54>4.  

 

 

$<EG=>> 5.4 3 �5@<4V>=4?L=V =4?@G65==O G F<?V=4@<G=V= EFV=FV 54>4 
?@< ?>6=><G =>7> =464=F465==V 

 
�6V4E< 6<??<64T, M> ?@< ?>6=><G 74?>6=5=V 54>4 6 G<>64E 5>E??G4F4FVW 

>5?@<E>G64G4, 6??<6 7V4@>EF4F<G=>7> F<E>G @>5>G>W @V4=< =4 F<?V=4@<G=V 

EFV=>< 54>4 6<>?<>4T =57=4G=V <5@<4V>=4?L=V =4?@G65==O, M> E>?444NFL F4> 

E4<> 5V?O 1,5 %. �47444T<>, M> >F@<<4=V @57G?LF4F< FGF =46545=> ?@< G<>6V 

74>@V??5==O 54>4 74 65@E=T 4=<M5, G5@57 M> F<?V=4@<G=V EFV=>< E?@<=<4NFL 

647G @V4<=<.  

� =4L><G 6<?44>G ?@<==OF> >5�@G=F>64=5 @VL5==O >@V??5==O 54>4 3 

6V?L=5 >5?<@4==O G >>?>6><G =4?@O<>G =4 =<6=T 4=<M5, 4 F5 >7=4G4T, M> 

44=V =4?@G65==O .  

&4>5 4>E?V465==O 5G?> ?@>6545=5 7 <5F>N >FV=>< ?<F><>7> 7=4G5==O 

6??<6G E?>E>5G 74>@V??5==O 54>4 =4 =>7> =4?@G65=<= EF4=.  

->5 7465@L<F< >FV=>G =4?@G65=>7> EF4=G F<?V=4@<G=>W G4EF<= 54>4, 

?>F@V5=> 6<7=4G<F< 5>6V64?5=F=V =4?@G65==O, M> E?>EF5@V74NFLEO G =>7> 

EFV=>4E. �?O FL>7> E>>@<EF4T<>EO 4-F>N F5>@VTN <VF=>EFV F4 6<7=4G<<> 

02,1
Fm

s

0
pFm

s



131 

5>6V64?5=F=V =4?@G65==O 4?O <4>E<<4?L=<E >>?>6<E F4 <5@<4V>=4?L=<E 

=4?@G65=L  

 

.     (5.3) 

 

�4 @>7@4EG=>>< 5>6V64?5=F=V =4?@G65==O E>?444NFL  ��4, 

M> T 7=4G=> =<6G<< 6V4 4>?GEF<<>7> =4?@G65==O 3  ��4. �6V4E< 

@>5<<> ?5@L<= 6<E=>6>>, M> ?@< 4VNG><G 5>E??G4F4FV==><G =464=F465==V 

54>4 >5?@<E>G64G4 6<=<>4NGV =4?@G65==O G F<?V=4@<G=V= =>7> G4EF<=V 

<4NFL FV?>>< 744>6V?L=V 7=4G5==O, M> E6V4G<FL ?@> 74557?5G5==O =>7> 

@>5>F>744F=>EFV 74 F<< >@<F5@VT<. 

�=4?>7VG=<< G<=>< 6<7=4G<<> =4?@G65==O 6 4=<M4E >>@5<> 6V4 4VW 

@V4<=<, 6EF4=>6<6L< =>7> ?<F><G G4EF>G 4> =4?@G65==O 6V4 7474?L=>7> 

=464=F465==O.  

�4 >E=>6G 55@5<> 74?<E4=V 6<M5 74?56=>EFV (2.52) F4 (2.53), FV?L>< 

7<VEF<<> E<EF5<G 6V4?V>G =4 , M>5 =5 74EF>E>6G64F< >>@5<<E ?V4E>4V6 ?@< 

?5@5E>4V DG=>FV= G5@57 =G?L ?@< 4V?5==V.   

$>77?O44T<> =<6=T 4=<M5, =4 O>5 4VT >@V< 6=GF@VL=L>7> =44?<L>>6>7> 

F<E>G M5 = 7V4@>EF4F<G=<= F<E>  @>5>G>W @V4<=<. 

�6464T<>, M> @V4<=4 G 54>G F@4=E?>@FGTFLEO 4> <VEFO >5?@<E>G64==O V 

=4 44=><G 5F4?V 6=GF@VL=V= =44?<L>>6<= F<E> 6V4EGF=V=. &>4V <5@<4V>=4?L=V 

=4?@G65==O 5G4GFL <4F< =4EFG?=<= E4@4>F5@ @>7?>4V?G G 4=<MV, @<E. 5.5 

ssssss £-
tFmFtFmFIVF

22

68,118
IVF

s

7,206s

2

p
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$<EG=>> 5.5 3 �5@<4V>=4?L=V =4?@G65==O 6 4=<MV 6V4  
7V4@>EF4F<G=>7> F<E>G @V4<=< 

 
�4>E<<4?L=V 7=4G5==O =4?@G65==O 6V4 4VW F<E>G @V4<=< 

E?>EF5@V74NFLEO 6 F5=F@V 4=<M4, WE 7=4G5==O E>?444NFL  ��4; 6 

<VEFOE ?@<T4=4==O 4=<M 4> F<?V=4@<G=>W G4EF<=< >5>?>=>< 3  

 ��4. 

� F5?5@ 66464T<>, M> <4L<=4 6<>>=GT F5E=>?>7VG=<= ?@>F5E 3 54> 

?>6=VEFN 74?>6=5=<= @>5>G>N @V4<=>N F4 ?V444=<= 6=GF@VL=L><G 

=44?<L>>6><G F<E>G 4?O 6<FVE=5==O FVTW @V4<=< 4> @>7?<?NNG<E >@74=V6. 

 

 
$<EG=>> 5.6 3 �5@<4V>=4?L=V =4?@G65==O 6 4=<MV ?@< ?>6=><G =464=F465==V 

 

04,2
4m

s

25,0
4m

s
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&GF 4=4?>7VG=> <4>E<<4?L=V =4?@G65==O E?>EF5@V74NFLEO 6 F5=F@V 

4=<M4, 6>=< E>?444NFL  ��4. �4?@G65==O 6 <VEFOE ?5@5E>4G 7 

F<?V=4@<G=>W G4EF<=< 4> 4=<M  ��4. 

�<E>4OG< 7 FL>7>, ?<F><4 G4EF>4 <5@<4V>=4?L=<E =4?@G65=L 6V4 4VW 

7V4@>EF4F<G=>7> F<E>G @V4<=< G ?>@V6=O==V 7 ?>6=<< =464=F465==O< E>?444T: 

G F5=F@V 4=<M4 3 1,5%; =4 >@4N 3 0,37%.  

�?5, >@V< <5@<4V>=4?L=<E =4?@G65=L, G 4=<M4E >5>?>=>< 6<=<>4NFL 

M5 = >>?>6V =4?@G65==O, O>V 5G45<> 4=4?V7G64F< 74 >?<E4=>N 74?56=VEFN 

(2.53). 

$57G?LF4F @>7@4EG=>G ?>>465<> G 6<7?O4V 7@4DVG=<E 74?56=>EF5=, 

@<E. 5.7- 5.8. 

�>?>6V =4?@G65==O G 4=<MV 6V4 4VW 7V4@>EF4F<G=>7> F<E>G @>5>G>W 

@V4=<, @<E. 5.7. 

 

 

$<EG=>> 5.7 3 �>?>6V =4?@G65==O 6 4=<MV 6V4 4VW F<E>G @V4=< 

 

137
4m

s

75,67
4m

s
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�4>E<<4?L=V 7=4G5==O G F5=F@V 4=<M4  ��4; 6 <VEFV 

?@<T4=4==O 4> F<?V=4@<G=>W G4EF<=< 3  ��4. 

&4> E4<> 7=4=45<> >>?>6V =4?@G65==O ?@< ?>6=><G =464=F465==V 54>4, 

@<E. 5.8. 

 

$<EG=>> 5.8 3 �>?>6V =4?@G65==O 6 4=<MV ?@< ?>6=><G  
=464=F465==V 54>4 

 

&GF 54G<<>, M> =4 >@4OE 4=<M4 6<=<>4NFL EF<E>GNGV =4?@G65==O 3 

 ��4; G F5=F@V 3  ��4. 

�<F><4 G4EF>4 =4?@G65=L FV?L>< 6V4 647< @V4=< E>?444T:  =4 >@4N 

4=<M4 3 1,51%; G F5=F@V 3 0,15%. 

&5?5@ G7474?L=<<> >F@<<4=V @57G?LF4F< G5@57 6V4=4E>465==O 

5>6V64?5=F=<E =4?@G65=L, 4=4?>7VG=> 4> (5.3). �>>465<> 4VNGV =4?@G65==O 

?@< ?>6=><G =464=F465==V 54>4 >5?@<E>G64G4 G ?>@V6=O==V 7 5>6V64?5=F=<<< 

=4?@G65==O<<, M> ?V4@4E>64=V 74 4-N F5>@VTN <VF=>EFV.  

 

04,2
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s
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s
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$<EG=>> 5.9 3 �VNGV =4?@G65==O 6 4=<MV 54>4 >5?@<E>G64G4  
?@< ?>6=><G =>7> =464=F465==V 

 

&4><< G<=><, 5>6V64?5=F=V =4?@G65==O E>?444NFL: G F5=F@V 4=<M4 

 ��4; 6 <VEFV ?@<T4=4==O 4> F<?V=4@<G=>W G4EF<=< 3 

 ��4. 

�6V4E< @>5<<> 6<E=>6>>, M> =464=F465==O 6V4 4VW 7V4@>EF4F<G=>7> 

F<E>G @>5>G>W @V4=< E?@<G<=OT >>?>6V F4 F4=75=FV==V =4?@G65==O G 

F<?V=4@<G=V= G4EF<=V 54>4, =>7> 4=<M4E, 4?5 WE 7=4G5==O EO74NFL 4> 1,51%. 

&5 >7=4G4T, M> 4?O F4>>W >>=EF@G>FVW 54>4 G ?=56<>7V4@46?VG=V= E<EF5<V 

>5?@<E>G64G4 6<7=4G4?L=<< T FV?L>< 6=GF@VL=V= =44?<L>>6<= F<E>. 

�>E?V465==O ?>>474?<, M> ?@< 74?@>?>=>64=V= >>=EF@G>FVW 

?V65?V?F<G=<E 4=<M, 6 <VEFO WE ?@<T4=4==O 4> F<?V=4@<G=>W G4EF<=< 

6<=<>4NFL >@4T6V 5D5>F<, M> T 4>E<FL =5557?5G=<<< 4?O F4><E >5>?>=>>. 

�4<< 6EF4=>6?5=>, M> ?@< 6=GF@VL=L><G F<E>G  ��4, 6<=<>4NFL 

04,137
5>6IV

s

6,178
5>6IV

s

6,0
0
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EF<E>GNGV >>?>6V =4?@G65==O  ��4, 75V?LL5==O 7=4G5==O O><E 

<>65 ?@<765EF< 4> 6F@4F< EFV=>>EFV >5>?>=><. &><G GVF>> ?>F@V5=> 

4>F@<<G64F<EL >5<565==O 6=GF@VL=L>7> F<E>G G 54>G, 74 >@<F5@VT< ��% 

4=<M, F4 =5 ?5@56<MG64F< 4>?GEF<<5 @>5>G5 7=4==O  ��4. />M> 

@>5>G<= F<E> 5G45 5?<7L><< 4> 4>?GEF<<>7>, F> @5>><5=4>64=> ?V4E<?<F< 

>>=EF@G>FVN 54>4 @>7?V@=<<< >V?LFO<< 6 <VEFOE ?@<T4=4==O 4=<M, 45> 6 

74557?5G<F< F4><= E?>EV5 >5?<@4==O 54>4, 45 G=5<>6?<6?NTFLEO @44V4?L=5 

?5@5<VM5==O =>7> EFV=>>, M> ?V4E<?<FL EFV=>VEFL F4>>W >5>?>=>< 6 FV?><G.  

 

 

 

5.2 �=4?V7 ?4D4<5FDV6 >>=EFDG>FVW >5?D<E>G64G4 7 6<>>D<EF4==O< 

?D<>?44=<E ?D>7D4< 

 

%GG4E=<= <4L<=>5G4V6=<> ?>6<=5= 6>?>4VF< O> F5>@5F<G=<< 

@>7@4EG=>>6<< 4?4@4F>< 4?O ?@>T>FG64==O >>=EF@G>FV=, F4> V <4F< 

<>6?<6VEFL ?V46<M<F< E6>N ?@>4G>F<6=VEFL, 6<>>@<EF>6GNG< ?@<>?44=V 

?@>7@4<< 3-D <>45?N64==O. 

$47>< 7 F<< 64@F> @>7G<VF<, M> >F@<<4=<= @57G?LF4F 74 >4=<< 

E?>E>5>< ?V444=<= E5@=>7=><G @<7<>G 6<=<>=5==O ?><<?>< G< =5F>G=>EFV. 

&><G 4?O >F@<<4==O >5�@G=F>64=<E @57G?LF4FV6 M>4> ��% 54>4 

>5?@<E>G64G4 E>>@<EF4T<>EO ?@<>?44=>N ?@>7@4<>N SolidWorks2019 

<>4G?5< Simulation (@<E. 5.10).  

�<>>=4T<> <>45?N64==O 54>4 >5?@<E>G64G4 O> ?>EG4<=<, M> ?@4FNT 

?V4 4VTN =44?<L>>6>7> 6=GF@VL=L>7> F<E>G  ��4, >5?5@F<= =4 

=<6=T 4=<M5. &>5F> G <>45?V 6V4F6>@NT<> >E=>6=V >>=EF@G>F<6=V ?4@4<5F@< 

54>4 F4 =>7> =464=F465==O. 

79,134-
4t

s
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0
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a) 5) 
 

4 3 <>45?L >5>?>=><; 5 3 @57G?LF4F E<<G?OFVW 5>6V64?5=F=<E =4?@G65=L 
$<EG=>> 5.10 3 &65@4>FV?L=4 <>45?L 54>4 >5?@<E>G64G4 

 

$>75V6=VEFL >F@<<4=<E 7=4G5=L 5>6V64?5=F=<E =4?@G65=L G 

F<?V=4@<G=V= G4EF<=V >5>?>=>< F5>@5F<G=<< L?OE>< (116,9 M�a) F4 6 

46F><4F<7>64=><G @56<<V 7 6<>>@<EF4==O< ?@<>?44=>W ?@>7@4<< 

SolidWorks2019 (117,8 ��4) E>?444T , M> ?V4F65@46GT 6<E>>G 

F>G=VEFL >5<46>E E?>E>5V6 >F@<<4==O @57G?LF4FV6 [13]. 

�>@V6=OT<> @57G?LF4F< @>7@4EG=>G 4?O 6<7=4G5==O >>?>6<E F4 

<5@<4V>=4?L=<E =4?@G65=L 6 E4@4>F5@=<E F>G>4E 54>4, M> >F@<<4=V 

4=4?VF<G=<< L?OE>< 7 4=4?>7VG=<<< @57G?LF4F4<<, M> 7=4=45=V ?@< 

74EF>EG64==O E?5FV4?V7>64=>7> ?@>7@4<=>7> 74557?5G5==O SolidWorks2019 

(@<E. 5.11). 

 

%77,0Ds
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a) 5) 

4 3 @>7?>4V? >>?>6<E =4?@G65=L; 5 3 5>6V64?5=F=<E 
$<EG=>> 5.11 3 �=4?V7 @>7?>4V?G =4?@G65=L 6 4=<M4E >5>?>=>< 

 

&GF =4=5V?LL<= V=F5@5E ?@54EF46?ONFL >>?>6V =4?@G65==O (@<E. 5.11, 

a), O>V 6<=<>4NFL 6 <VEFOE ?@<T4=4==O 4=<M 4> F<?V=4@<G=>W G4EF<=< 54>4, 

>E>V?L>< 6>=< 7<V=NNFL E6V= 7=4>, EF4NFL EF<E>GNG<<< F4 <>6GFL 6<>?<>4F< 

6F@4FG EFV=>>EFV >5>?>=><. �=4G5==O =4?@G65=L 6 FL><G ?5@5F<=V E>?444NFL -

134,7 ��4, M> =4 0,22 % 6V4@V7=ONFLEO 6V4 4=4?>7VG=<E =4?@G65=L, M> 

7=4=45=V F5>@5F<G=>. 

&4>>6 ?@54EF46<<> @57G?LF4F< 7=4=45=<E 5>6V64?5=F=<E =4?@G65=L 

(@<E. 5.12, a) 6 F5=F@V 4=<M4 3 137,6 ��4 F4 5>6V64?5=F=V 45D>@<4FVW 

>5>?>=>< (@<E. 5.12, 5) G <4ELF45V 1:50. 
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a) 5) 

4 3 @>7?>4V? 5>6V64?5=F=<E =4?@G65=L 6 F5=F@V 4=<M4;  
5 3 5>6V64?5=F=V 45D>@<4FVW >5>?>=>< 

$<EG=>> 5.12 3 �>6V64?5=F=V =4?@G65==O F4 45D>@<4FVW >5>?>=>< 
 

&4><< G<=><, 54G<<>, M> @57G?LF4F< 4>E?V465==O =4?@G65=>-

45D>@<>64=>7> EF4=G 54>4 >5?@<E>G64G4 6<>>=4=V 7 4>E<FL 6<E>>>N 

F>G=VEFN, >E>V?L>< F5>@5F<G=V @>7@4EG=>< ?V4F65@465=V O> <>45?N64==O< V7 

74EF>EG64==O< ?@<>?44=<E ?@>7@4<, F4> V 5>E?5@<<5=F4?L=<<< 

4>E?V465==O<<.  

&5 E6V4G<FL ?@>F5, M> =46545=<= G @>5>FV <4F5<4F<G=<= 4?4@4F 

4>76>?OT 7 4>?GEF<<>N F>G=VEFN <>45?N64F< @>5>FG >5>?>=>>6>W 

>>=EF@G>FVW, 7<V=NNG< WW ?4@4<5F@<, ?@< ?>LG>G >?F<<4?L=<E 7=4G5=L.  
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5.3 �>E?V465==O 5D5>F<6=>EFV 6<>>D<EF4==O <4OF=<>>6>W ?V46VE>< 

LF4=7< >5?D<E>G64G4  
 

� 4@G7><G @>74V?V 4<E5@F4FV==>7> 4>E?V465==O >?<E4=> F5>@5F<G=G 

<>45?L >>?<6=>7> ?@>F5EG 4?O <4OF=<>>6>W ?V46VE>< 7V LFGG=> 75V?LL5=>N 

<4E>N. 

� E>4V >5�@G=FG64==O >E=>6=<E 74?56=>EF5= >F@<<4=> 6<@47< M> 

>?<EGNFL >GF>65 ?5@5<VM5==O (2.68), >GF>6G L6<4>VEFL (2.69), 4=4?>7VG=<< 

G<=>< 3 65@F<>4?L=5 ?5@5<VM5==O (2.83) F4 ?V=V==G L6<4>VEFL (2.84). 

�?O >FV=>< 5D5>F<6=>EFV @>5>F< F4>>W ?V46VE>< 64@F> ?@>4=4?V7G64F< 

M5 4VN 4<=4<VG=<E E<? =4 E5>FVW LF4=7<. ->5 F5 @54?V7G64F<, =5>5EV4=> <4F< 

6<@47< 4?O ?V=V==<E F4 >GF>6<E ?@<E>>@5=L. &><G 74 6V4><<<< 6<@474<< 

L6<4>>EF5= =5E>?44=> 7=4=F< ?@<E>>@5==O O> ?5@LG ?>EV4=G 74 G4E><.  

�?GE>4NG< ?@><V6=V 6<>?44><, 74?<L5<> >V=F56<= 6<@47 4?O >GF>6>7> 

?@<E>>@5==O LF4=7< 

   (5.4) 

�@<E>>@5==O G 65@F<>4?L=V= ??>M<=V 

   (5.5) 
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�=4?V7GNG< =46545=V 74?56=>EFV, =56V4><<< 74?<L4TFLEO <><5=F 

V=5@FVW F4>>W E>?44=>W >>=EF@G>FVW  O> LF4=74 [22] 7 @57G?N64?L=>N @4<>>N, 

=4?@46?ONG>N, @4<>>N 54>4, E4<<< 54>>< F4 @V4<=>N 6 =L><G. �@V< F>7>, 

<><5=F V=5@FVW T 7<V==<<, >E>V?L>< ?>?>65==O LF4=7< <V=OTFLEO ?> 6<E>FV, 4 

F4>>6 @V65=L @>5>G>W @V4<=< G 54>G F4>>6 7<5=LGTFLEO. �E>V?L><, 74 @4EG=>> 

<4E< 54>4, =>7> >@V?<?L=<E 5?5<5=FV6 F4 @>5>G>W @V4<=< 5G?> 75V?LL5=> <4EG 

LF4=7<, F> GF6>@5=4 <4OF=<>>64 ?V46VE>4 (<4OF=<>) 6V4=>E=> >EV 74>@V??5==O 

7=4G=> ?V46<MGT E6>N 5D5>F<6=VEFL ?> EF45V?V74FVW LF4=7< G 

7>@<7>=F4?L=><G ?>?>65==V.  

�<7=4G<F< 4=4?VF<G=<< L?OE>< <><5=F V=5@FVW F4>>W E>?445=>W 

>>=EF@G>FVW 4>E<FL E>?44=> V @GF<==>, 4 =4G>>6>7> E5=EG FO >?5@4FVO =5 =5E5, 

F><G FN 7444GG <>6=4 E?@>EF<F< ?@< 6<>>@<EF4==V 3D <>45?V LF4=7< 7 

>?<E4=<<< 5?5<5=F4<< F4 74 WW 4=4?V7>< 6 ?@>7@4<V SolidWorks FV ?4@4<5F@< 

7=4=F<.  

&><G 7 FVTN <5F>N V 5G?> ?>5G4>64=> E?@>M5=G F4>G <>45?L, @<E. 5.13. 

 

 

$<EG=>> 5.13 3 &65@4>FV?L=4 <>45?L ?V46VE>< LF4=7< 

 

�@< 4=4?V7V <>45?V 7=4=45=> <><5=F< V=5@FVW WW E>?44>6<E F4 ?@<6545=> 

WE 4> >EV ?V46VEG 74 @V7=<<< 64@V4=F4<< ?>?>65==O LF4=7< F4 74?>6=5==O 

54>4, F45?. 5.1. 
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&45?<FO 5.1 3 �><5=F< V=5@FVW LF4=7< 7 ?V46VE>>N 

�4@V4=F 
74?>6=5==O 54>4 

�4E4, >7 
�<E>F4 

6EF4=>6?5==O 
LF4=7<, < 

�><5=F V=5@FVW, 
>7·<2 

�>6=<= 54> 103,851 
0,65 25,5779 
0,80 24,5287 
0,95 23,9449 

�>?>6<=4 54>4 63,613 
0,65 23,7096 
0,80 22,6603 
0,95 22,0765 

�>@>6=V= 54> 23,375 
0,65 15,9182 
0,80 14,8689 
0,95 14,2851 

 

&5?5@ ?@>4=4?V7GT<> O><< G<=>< <4NFL 6??<6 =4 >V=5<4F<G=V 

?4@4<5F@< >>?<64==O LF4=7< WW ?>?>65==O ?> 6<E>FV F4 74?>6=5=VEFL 54>4 O> 

4>44=>W <4E<. 

$>77?O=5<> E?>G4F>G 6<?44>>, >>?< GF6>@5=<= <4OF=<> 3 LF4=74 =4 

?V46VEV F4 54> 7 @4<>>N  O> 4>44=4 <4E4, >E>V?L>< 6>=< ?@<T4=4=V 4> >4=VTW >EV 

F4 <V6 E>5>N 6>@EF>> 79T4=4=V, 74V=E=NT >GF>6V >>?<6=V @GE< G ?>?5@5G=>-

65@F<>4?L=V= ??>M<=V F4 =5 747=4T 4>44F>>6>7> F5@FO, F>5F> >>5DVFVT=F . 

�<??VFG44 6<<GLGNG>W E<?< 74>?445=4 F4><< G<=><, M> ?@>6>>GT 

6V4E<?5==O LF4=7< 6 <564E 50. �>>465<> =4 7@4DVG=<E 74?56=>EFOE O> 

7<V=NNFLEO FV ?4@4<5F@< ?@< 7<V=V 6<E>F< 6EF4=>6?5==O LF4=7<. 

�5@L4 E5@VO 7@4DV>V6 6<>>=4=4 ?@< ?>6=VEFN 74?>6=5=><G 54>G 

@V4<=>N, 7474?L=4 <4E4, <4OF=<>4 103,9 >7, @<E. 5.14. 

 

0b
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$<EG=>> 5.14 3 �GF>6V >>?<64==O LF4=7< ?@< 7<V=V WW 6<E>F< F4 
?>6=VEFN 74?>6=5=><G 54>G 

 

&GF ?@<==OFV ?>7=4G5==O:  3 <4>E<<4?L=4 6<E>F4 6EF4=>6?5==O 

LF4=7< (=44 ?>65@E=5N ?>?O),  <;  3 E5@54=O 6<E>F4 

6EF4=>6?5==O LF4=7<,  <;   3 <V=V<4?L=4 6<E>F4 6EF4=>6?5==O 

LF4=7<,  <;  

/>M> ?@>4=4?V7G64F< 4<??VFG4G F4>>7> >>?<64==O ?@< ?5@L><G 

6V4E<?5==V, 6@4E>6GNG< 6<E>FG 6EF4=>6?5==O LF4=7< (@<E. 5.15), F> 6<4=>, 

M> V7-7V WW ?>@V6=O=> =565?<>>W <4E< @>75V6=>EFV 4<??VFG4 6V4E<?5==O =5 

EGFFT6V , 6>=< 6 <564E 1,6%. 

)(0_ tf

95,0
LF
h )(05_ tf

80,0
LF
h )(1_ tf

65,0
LF
h
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$<EG=>> 5.15 3 �> 4=4?V7G 6??<6G ?>?>65==O LF4=7< =4  
4<??VFG4G WW >GF>6>7> 6V4E<?5==O 

 

&5= G<==<> 6>47GT =4 F5, M> O>@47 4>44=4 <4E4 4> <4E< LF4=7< T 

6<@VL4?L=>N G >>?<6=><G ?@>F5EV. 

 

�@>45<>=EF@GT<> FV 5D5>F< 4?O >GF>6>W L6<4>>EFV (@<E. 5.16) F4 

>GF>6>7> ?@<E>>@5==O (@<E. 5.17). 

 

 

$<EG=>> 5.16 3 �@4DV>< 7<V=< >GF>6>W L6<4>>EFV 
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$<EG=>> 5.17 3 �@4DV>< 7<V=< >GF>6>7> ?@<E>>@5==O 

 

�>?<64==O LF4=7< >5?@<E>G64G4 74 F4><E 65 G<>6 3 6V4EGF=>EFV 5G4L-

O>>7> 74E=<>4, 6<<GLGNNG4 E<?4 75G46GT >>?<64==O 4<??VFG4>N 6<E>F< 

?5@5L>>4<.  

�?O 65@F<>4?L=>7> ?5@5<VM5==O, @<E. 5.18. 

 

$<EG=>> 5.18 3 �5@F<>4?L=V >>?<64==O LF4=7< 
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&GF 64@F> 74G646<F<, M> ?>?>65==O LF4=7< ?> 6<E>FV =4 65@F<>4?L=V 

>>?<64==O =5 <4T 6??<6G. 

 

 

$<EG=>> 5.19 3 ,6<4>VEFL ?5@5<VM5==O LF4=7< G 
 65@F<>4?L=V= ??>M<=V 

 

 

$<EG=>> 5.20 3 �@<E>>@5==O LF4=7< G 65@F<>4?L=V= ??>M<=V 

 

�@>6545=V 4>E?V465==O 6<>>=4=V ?@< ?>EFG?4?L=V= L6<4>>EFV 

>5?@<E>G64G4 1,25 </E. 
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&5?5@ 6<>>=4T<> 4=4?>7VG=<= 4=4?V7 >V=5<4F<G=<E ?4@4<5F@V6 LF4=7< 

?@< ?>?>6<==><G 74?>6=5==V 54>4 @>5>G>N @V4<=>N, <4E4 <4OF=<>4 FGF 

E>?444T 63,6 >7. 

�V=5<4F<G=V ?4@4<5F@< >GF>6<E >>?<64=L ?@54EF46?5=V =4 @<E. 5.21. 

 

 
 

4) 5) 

 
6) 

4 3 >GF>6V ?5@5<VM5==O; 5 3 >GF>64 L6<4>VEFL; 6 3 >GF>65 ?@<E>>@5==O 
$<EG=>> 5.21 3 �V=5<4F<G=V ?4@4<5F@< >GF>6<E >>?<64=L 

 

�4 @<E. 5.21, 4  ?>>474=> 7<V=G >GF>6>7> ?5@5<VM5==O LF4=7< 6V4 WW 

?>?>65==O ?> 6<E>FV (?>7=4G5==O 4=4?>7VG=V 4> ?>?5@54=VE). &GF 6<4=>,  M> 

6??<6 ?>?>65==O LF4=7< ?>G<=4T ?>E<?N64F<EO, 4<??VFG44 <4T @>7><4 6 

<564E 4%. �@V< F>7>, =4 1,40 7@>E?4 4<??VFG44 6V4E<?5==O LF4=7< 6V4 

?>?>65==O @V6=>647<. �=4?>7VG=<< G<=>< 7<V=NNFLEO >GF>6V L6<4>>EFV F4 

?@<E>>@5==O, @<E. 5.21, 5, 6. 
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�4@4<5F@< >>?<64=L G 65@F<>4?L=V= ??>M<=V, @<E. 5.22. 

 

  
4) 5) 

 
6) 

4 3 ?5@5<VM5==O; 5 3 L6<4>VEFL; 6 3 ?@<E>>@5==O 
$<EG=>> 5.22 3 �V=5<4F<G=V ?4@4<5F@< 65@F<>4?L=<E >>?<64=L 
 

/>M> 4=4?V7G64F< 65@F<>4?L=V ?5@5<VM5==O, F> 6>=< 45M> 

7<5=LGNFLEO =4 6V4<V=G 6V4 >GF>6<E, M> 7@>EF4NFL. 

 

� ?@< F<E 65 G<>64E @>77?O=5<> M5 >4<= E4@4>F5@=<= 6<?44>>, >>?< 

54> ?>@>6=V=, @<E. 5.23 . &GF 4>44=>N <4E>N 5G4GFL FV?L>< 6474 54>4 F4 =>7> 

@4<><, 7474?L=4 >>=EF@G>FVO <4OF=<>4 5G45 <4F< <4EG 23,4 >7. 
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4) 5) 

 
6) 

4 3 >GF>6V ?5@5<VM5==O; 5 3 >GF>64 L6<4>VEFL; 6 3 >GF>65 ?@<E>>@5==O 
$<EG=>> 5.23 3 �4@4<5F@< >GF>6<E >>?<64=L LF4=7< 

 

� FL><G 6<?44>G (?>@>6=V= 54> 45> <V=V<4?L=<= @V65=L @>5>G>W 

@V4<=<) 6??<6 ?>?>65==O LF4=7< EGFFT6<=, @>7><4 4<??VFG4 ?@< FL><G 

E>?444T 6 <564E 44%.  

�@>4=4?V7GT<> 65@F<>4?L=V >>?<64==O, @<E. 5.24. 
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4) 5) 

 
6) 

$<EG=>> 5.24 3 �V=5<4F<G=V ?4@4<5F@ 65@F<>4?L=<E >>?<64=L LF4=7< 
?@< ?>@>6=L><G 54>G 

 

�4 4=4?V7>< 7@4DV>V6 6<4=>, M> 4>E<FL 7@>EF4NFL ?@<E>>@5==O LF4=7<, 

M> ?>@>46GNFL 4<=4<VG=V E<?<. 

� 7474?><, =46545=5 4>E?V465==O «6V?L=>7>» <4OF=<>4 (557 6@4EG64==O 

45<?DG64==O) E6V4G4FL ?@> F5, M> V45O 4>44=>W <4E< 45> LFGG=> 75V?LL5=>W 

<4E< LF4=7< ?@< 6<>>=4==V WW ?V46VE>< G 6<7?O4V DV7<G=>7> <4OF=<>4 <4T 

EGFFT6<= 5D5>F. &>5F> V7-74 =565?<>>W <4E< LF4=7<, 4<??VFG44 WW >GF>6<E 

>>?<64=L EGFFT6> 75V?LLGTFLEO, <4T 7=4G=<= 6??<6 =4 4<??VFG4G >>?<64=L WW 

?>?>65==O ?> 6<E>FV, 4 F4>>6 6<=<>4NFL ?V46<M5=V 4<=4<VG=V E<?< V7-74 

75V?LL5==O ?@<E>>@5=L. 

-5 >4=<< >?NG>6<< 5?5<5=F>< 4>E?V465==O T 6<O6?5==O <>6?<6>EFV 

6<=<>=5==O @57>=4=E=<E @56<<V6. 
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�4 >?<E4=<<< 74?56=>EFO<< G 4@G7><G @>74V?V 4<E5@F4FV==>7> 

4>E?V465==O ?@<6545<> G<E?>6V 7=4G5==O 6<<GL5=<E F4 6?4E=<E G4EF>F 

@>77?O4G64=>W E<EF5<< 4?O @>76<=GF>7> ?@<>?44G, F45?. 5.2, 5,3. 

 
&45?<FO 5.2 3 �6545=V 7=4G5==O G4EF>F, M> 6<=<>4NFL ?@< @V7=<E 

@56<<4E @>5>F< >5?@<E>G64G4 4?O >GF>6<E >>?<64=L 
 

�4@V4=F 
74?>6=5==O 

54>4 

�4E4, 
>7 

�<E>F4 
6EF4=>6?5==O 

LF4=7<, < 

'4EF>F4 6?4E=<E 
>>?<64=L, �F 

'4EF>F4 
6<<GL5=<E 

>>?<64=L, �F 

�>6=<= 54> 103,9 
0,65 3,60 

12,5 0,80 3,603 
0,95 3,579 

�>?>6<=4 
54>4 

63,6 
0,65 3,251 

12,5 0,80 3,237 
0,95 3,198 

�>@>6=V= 54> 23,4 
0,65 2,226 

12,5 0,80 2,103 
0,95 1,944 

 

�46545<> 4=4?>7VG=V 7=4G5==O G4EF>F 4?O 65@F<>4?L=<E >>?<64=L, 

F45?. 5.3. 

&45?<FO 5.3 3 �6545=V 7=4G5==O G4EF>F, M> 6<=<>4NFL ?@< @V7=<E 
@56<<4E @>5>F< >5?@<E>G64G4 4?O 65@F<>4?L=<E >>?<64=L 

 
�4@V4=F 

74?>6=5==O 
54>4 

�4E4, 
>7 

'4EF>F4 6?4E=<E 
>>?<64=L, �F 

'4EF>F4 
6<<GL5=<E 

>>?<64=L, �F 
�>6=<= 54> 

 
103,9 31,031 12,5 

�>?>6<=4 
54>4 

63,6 39,649 12,5 

�>@>6=V= 54> 23,4 65,407  12,5 
 

/>M> ?>@V6=N64F< >F@<<4=V 7=4G5==O G4EF>F, F> 6<4=>, M> 74 F4>>7> 

@56<<G 5>E??G4F4FVW >5?@<E>G64G4 @57>=4=E <4?>=<>6V@=<=, >E>V?L>< WE 

7=4G5==O 6V4@V7=ONFLEO O> <V=V<G< =4 ?>@O4>>.  
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�4?@<>?44, 4?O >GF>6<E >>?<64=L E5@54=O G4EF>F4 6?4E=<E >>?<64=L 

E>?444T 2,97 �F 6<<GL5=<E 3 12,5 �F, M> WE 6V4@V7=OT G 4 @47<. �?5 ?>F@V5=> 

6@4E>6G64F< F4>>6 F>= G<==<>, O>M> 6<<GLGNG4 G4EF>F4 ?>=<7<FLEO F4 

=45?<7<FLEO 4> 6?4E=>W, F> <>6?<6<= @57>=4=E=<= 45> 5?<7L>> @57>=4=E=<= 

@56<< @>5>F<. &4><= @56<< <>6?<6<=, O>M> >5?@<E>G64G 5G45 @GE4F<EL 

6?>?5@5> 7@555=V6 ?@< >5@>5FV >4@F>??O=>7> ?>?O, M> T 6<>?NG5=<<, 

>E>V?L>< F5 6<E>4<FL 74 <56V =>@<4?L=>7> 6<>>=4==O F5E=>?>7VG=>7> 

?@>F5EG @>5>F< >5?@<E>G64G4. 

�@< 4=4?V7V <>6?<6>EFV 6<=<>=5==O @57>=4=EG G 65@F<>4?L=V= ??>M<=V, 

F> FGF E5@54=O G4EF>F4 6?4E=<E >>?<64=L E>?444T 45,36 �F, 4 G4EF>F4 

6<<GL5=<E >>?<64=L 3 12,5 �F. '4EF>F< G 3,6 @47V6 6V4@V7=ONFLEO <V6 E>5>N, 

M> E6V4G<FL ?@> =5<>6?<6VEFL 6<=<>=5==O @57>=4=EG.  

�@>@>5?5=<= 4=4?V7 74E6V4G<6 =4< ?>654V=>G E<EF5<< 6 @V7=<E @56<<4E 

WW @>5>F< ?@< ?56=><G L6<4>VE=><G @56<<V @>5>F< >5?@<E>G64G4 F4 

=4O6=>EFV ?5@5L>>4, O>V 4>?4NFL =>7> >>?5E4. 

�@>7G<V?<< T F5, M> ?@< =4=<5=LV= ?V4>7@V =4 6<=<>=5==O @57>=4=E=<E 

@56<<V6, 4 F4>>6 4?O ?V46<M5==O 5D5>F<6=>EFV 77?446G64==O 75G@5=<E 

>>?<64=L E?V4 74EF>EG64F< 45<?DGNGV <5E4=V7<<.  

&4>V <5E4=V7<< <>6GFL 5GF< E?5FV4?L=<<< 6G7?4<< 45> WE @>?L <>6GFL 

6<>>=G64F< F5@FL>6V >?>@=V ?>65@E=V 5?5<5=FV6 ?V46VE><. 

� F5>@5F<G=V= <>45?V 74>?445=V F4>V E>?44>6V F4 ?>>474=> WE 6??<6 =4 

7474?L=<= >>?<6=<= ?@>F5E LF4=7<. 

� 5>E?5@<<5=F4?L=<E 4>E?V465=L 6EF4=>6<<> ?@<5?<7=V ?4@4<5F@< 

F4><E 45<?DG64?L=<E <5E4=V7<V6 V ?5@56V@<<> WE 6??<6 =4 744F=VEFL 74E<F< 

>>?<64==O LF4=7< F4 G=5<>6?<6<F< 6<=<>=5==O @57>=4=E=>7> @56<<G. 

�@V< F>7>, 64@F> 747=4G<F<, M> 6<>>@<EF4==O 45<?D5@V6 4?O L4EV 

>5?@<E>G64G4 <>6?<65, 4?5 6 44=><G 6<?44>G 6>=> 6545 4> 7=4G=>7> 

GE>?44=5==O >>=EF@G>FVW. � ?5@54=L><G 4=4?V7V 5G?> @>77?O=GF> V454?L=> 

?@G6=G @>5>FG L<=< >>?5E4, M> 75G46G64?> >>?<64==O G 65@F<>4?L=V= 

??>M<=V, 4?5 =4 ?@4>F<FV E4< �@G=FG 6<>>=GT @>?L 45<?D5@4 74 @4EG=>> 
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6=GF@VL=L>7> F5@FO <V6 G4EF<=>4<< G �@G=FV. &><G, 4=4?V7GNG< 

<4>E<<4?L=<= @V65=L ?@<E>>@5=L, M> 6<=<>4NFL =4 LF4=7V, 4 F4>>6 

@57G?LF4F< 5>E?5@<<5=F4?L=<E 4>E?V465=L @>5>F< >5?@<E>G64G4 557 

6<>>@<EF4==O G 65@F<>4?L=V= ??>M<=V 45<?DGNG<E 5?5<5=FV6, ?@<E>4<<> 4> 

6<E=>6>G ?@> =54>FV?L=VEFL WE 6<>>@<EF4==O 4?O L4EV >5?@<E>G64G4.  

&><G @>77?O=5<> FV?L>< @>?L 45<?D5@4 4?O 74EV==O >GF>6<E >>?<6=<E 

?5@5<VM5=L LF4=7<. �?4EF<6>EFV 45<?D5@=<E <5E4=V7<V6 4>5@5 @>76<=GFV G 

@>5>F4E [26, 47, 48]. 

�=4G5==O 4<??VFG4< 75G@NNG>W E<?< 74?<L<<> F4><< E4<<< O> 4?O 

«6V?L=>7> <4OF=<>4» (?>?5@54=V= 6<?44>>), >>5DVFVT=F O> 4=4?>74 69O7>>7> 

>?>@G ?@<=<5<> F4><<, M> 6V4?>6V44T ?57>><G 74FO7G64==N V DV>E4FVW 74=>< 

>EV <4OF=<>4 (  ), >F@<<4T<> =4EFG?=V 5D5>F< 74EV==O >GF>6<E 

>>?<64=L LF4=7<, @<E. 5.25.  

  
4) 5) 

 
6) 

4 3 >GF>6V ?5@5<VM5==O; 5 3 >GF>64 L6<4>VEFL; 6 3 >GF>65 ?@<E>>@5==O 
$<EG=>> 5.25 3 �GF>6V >>?<64==O LF4=7< (54> ?>6=<=) ?@< 

6<>>@<EF4==V 45<?DGNG>7> 5?5<5=FG  

25b
<

Hc
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/> V 6 ?>?5@54=L><G 4=4?V7V, 6EF4=>6?5=>, M> 6<E>F4 @>7<VM5==O 

LF4=7< =5 EGFFT6> 6??<64T =4 7<V=G 4<??VFG4< WW >GF>6>7> >>?<64==O ?@< 

?>6=><G 54>G O> 4>44=>W <4E<. �?5 74EF>EG64==O E4= =565?<>>7> 

45<?DG64==O =5 44T F<< >>?<64==O< @>76<=GF<EL, V =4EFG?=5 <4>E<<4?L=5 

6V4E<?5==O LF4=7< 6V4 ?>?>65==O @V6=>647< =5 ?5@56<MGT 1,50, 4 =444?V 0,50 

F>5F> ?@>E>4<FL EGFFT64 EF45V?V74FVO, G<< ?>>@4MGTFLEO 6<>>=4==O 

F5E=>?>7VG=>7> ?@>F5EG >5?@<E>G64==O.  

�=4?>7VG=> ?@>@>5<<> 44=5 ?<F4==O 4?O =4?V674?>6=5=>7> 54>4 

@>5>G>N @V4<=>N, @<E. 5.26. 

  
4) 5) 

 
6) 

4 3 >GF>6V ?5@5<VM5==O; 5 3 >GF>64 L6<4>VEFL; 6 3 >GF>65 ?@<E>>@5==O 
$<EG=>> 5.26 3 �GF>6V >>?<64==O LF4=7< (54> =4?V674?>6=5=<=) ?@< 

6<>>@<EF4==V 45<?DGNG>7> 5?5<5=FG  
 

�??<6 6<E>F< 6EF4=>6?5==O LF4=7< =4 4<??VFG4G >GF>6<E >>?<64=L 

7@>EF4T 7V 7<5=L5==O< 74?>6=5=>EFV 54>4. �4?@<>?44, ?@< =4?V674?>6=5=><G 

54>G ?>?>65==O LF4=7< 665 E?@<G<=OT @>7><4 4<??VFG4 6 <564E 4,5%, 4?5 

<4>E<<4?L=4 4<??VFG44 7<5=L<?4EO =4 0,90, 5D5>F EF45V?V74FVW 7@>EF4T 3 
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=4EFG?=4 4<??VFG44 7<5=L<?4EO 4> <4>E<<4?L=>7> 6V4E<?5==O 1,30, =444?V 

>>?<64==O EF45V?V7GNFLEO V T 6 <564E 4> 0,60. 

�5@56V@<<> 5D5>F<6=VEFL 45<?D5@4 ?@< ?>@>6=L><G 54>G 

>5?@<E>G64G4.   

�6<F<= F5@<V= «?>@>6=V= 54>» E?V4 @>7G<VF< O> 54> 74?>6=5=<= 

<V=V<4?L=>N >V?L>VEFN @V4<=<, 5> 7@>7G<V?>, M> ?@< ?>@>6=L><G 54>G =VEF> 

F5E=>?>7VG=>7> ?@>F5EG =5 6<>>=GT, E>G4 <>6?<6<= ?@>F5E F@4=E?>@FG64==O 

>5?@<E>G64G4 7 @>7>?445=>N LF4=7>N 4> <VEFO =4?>6=5==O 54>4 (F5 O> 

G4EF>>6<= 6<?44>>).  

�F65, >V=5<4F<G=V ?4@4<5F@< >GF>6<E >>?<64=L LF4=7< <4F<<GFL 

6<7?O4, @<E. 5.27. 

  
4) 5) 

 
6) 

4 3 >GF>6V ?5@5<VM5==O; 5 3 >GF>64 L6<4>VEFL; 6 3 >GF>65 ?@<E>>@5==O 
$<EG=>> 5.27 3 �GF>6V >>?<64==O LF4=7< (54> «?>@>6=V=») ?@< 

6<>>@<EF4==V 45<?DGNG>7> 5?5<5=FG  
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� FL><G 6<?44>G GVF>> 6<4=>, M> <V=V<4?L=4 <4E4 LF4=7< 4>E<FL 

GGF?<64 4> 6<E>F< WW 6EF4=>6?5==O =44 >5@>5?N64=<< >59T>F><.  

�4?@<>?44, ?@< <4>E<<4?L=V= 6<E>FV WW 6EF4=>6?5==O 4<??VFG44 E>?444T 

1,330; ?@< E5@54=L><G ?>?>65==V 3 2,060; ?@< =<6=L><G 3 2,790. �474?><, 

<4>E<<4?L=<= @>7><4 4<??VFG4 ?@< FL><G E>?444T 110%. �@< EF45V?V7G64==V 

LF4=7< WW 4<??VFG44 T 6 <564E  0,60. 

&4><< G<=><, =46545=V @57G?LF4F< 4>E?V465==O M5 @47 ?V4F65@46GNFL 

V45N 5D5>F<6=>EFV 6<>>@<EF4==O 54>4 7 @>5>G>N @V4<=>N 6 E<EF5<V 

<4OF=<>>6>W ?V46VE>< LF4=7< O> LFGG=> 4>44=>W <4E<. �W @54?V74FVO T F5E=VG=> 

?@>EF>N F4 F5E=>?>7VG=> 5D5>F<6=>N. �@V< F>7>, 6<>>@<EF4==O 45<?D5@4 

?V4E<?NT 5D5>F EF45V?V74FVW LF4=7<. 

� 4?O >EF4F>G=>7> 6<E=>6>G ?@> 5D5>F<6=VEFL F4>>W E<EF5<< =46VE>< 

LF4=7< 64@F> @>77?O=GF< ?>@V6=O==O G4EF>F, M> 6<=<>4NFL G E<EF5<V 7 <5F>N 

G=<>=5==O @57>=4=E=<E @56<<V6 @>5>F< >5?@<E>G64G4.  

' F45?<FV 5.4 ?@<6545<> 44=V 4?O ?>@V6=O==O 6?4E=<E F4 6<<GL5=<E 

G4EF>F >GF>6<E >>?<64=L LF4=7<.  

 

&45?<FO 5.4 3 �6545=V 7=4G5==O G4EF>F, M> 6<=<>4NFL ?@< @V7=<E 
@56<<4E @>5>F< >5?@<E>G64G4 4?O >GF>6<E >>?<64=L 

 

�4@V4=F 
74?>6=5==O 

54>4 

�4E4, 
>7 

�<E>F4 
6EF4=>6?5==O 

LF4=7<, < 

'4EF>F4 6?4E=<E 
>>?<64=L, �F 

'4EF>F4 
6<<GL5=<E 

>>?<64=L, �F 

�>6=<= 54> 
 

103,9 
0,65 3,465 

12,5 0,80 3,456 
0,95 3,423 

�>?>6<=4 
54>4 

63,6 
0,65 3,075 

12,5 0,80 3,043 
0,95 2,99 

�>@>6=V= 54> 23,4 
0,65 1,578 

12,5 0,80 1,263 
0,95 0,846 
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�=4?V7GNG< E?V66V4=>L5==O <V6 6?4E=<<< G4EF>F4<< >>?<64=L F4 

G4EF>F>N 6<<GL5=<E >>?<64=L F4 ?@< 74EF>EG64==V 5?5<5=F4@=>7> 45<?D5@4, 

G4EF>F4 6?4E=<E >>?<64=L 6 @56<<V «?>@>6=V= 54>» 6 10,16 @47V6 T <5=L>N 

6V4 G4EF>F< 6<<GL5=<E >>?<64=L, G @56<<V «=4?V674?>6=5=<= 54>» 3 G 4,16 

@47V6 <5=L>N F4 G @56<<V «?>6=<= 54>» 3 3,67 @47< <5=L>N. �6V4E< @>5<<> 

6<E=>6>> ?@> =5<>6?<6VEFL 6<=<>=5==O @57>=4=E=<E @56<<V6 @>5>F< 

?V46VE>< LF4=7< >5?@<E>G64G4 ?@< =>@<4?L=<E G<>64E =>7> 5>E??G4F4FVW. 

 

 

5.4 �>>=><VG=4 5D5>F<6=VEFL 6V4 6<>>D<EF4==O <4?>7454D<F=>7> 

E4<>EV4=>7> LF4=7>6>7> >5?D<E>G64G4 

 

�<7=4G5==O ?>>47=<>V6 5>>=><VG=>W 5D5>F<6=>EFV =>6>W <4L<=< 

547GTFLEO =4 <5F>4<>4E, O>V EF4=44@F<7>64=V [97]. &4><= @>7@4EG=>> =>E<FL 

V=D>@<4FV==<= E4@4>F5@, >E>V?L>< 4?O ?>@V6=O==O 6<5<@4NFLEO FV?L>< 

?>>4?L=V 5D5>F<, O>V =5 74664< G ?>6=V= <V@V <>6GFL 6V4>5@464F< 4V=E=V 

5D5>F< 6V4 6<>>@<EF4==O =>6>W <4L<=. &5 >E>5?<6> T 7=4GGM<<, >>?< <>64 

=45 ?@>, =4?@<>?44, ?V46<M5==O 6@>64N >>=>@5F=>W >G?LFG@< V7-74 O>VE=>7> 

>5?@<E>G64==O G ?>@V6=O==V 7 ?@>F>F<?><.  

� =4L><G 6<?44>G 6<>>=4=> ?>@V6=O==O @>7@>5?5=>7> >5?@<E>G64G4, 

O><= T E4<>EV4=<<, <4T <>6?<6VEFL 7<V=< L<@<=< >>?VW, 6<E>F< 6EF4=>6?5==O 

LF4=7<, 7<V=< >@>>G @>7?<?N64GV6, <4T <4OF=<>>6G ?V46VE>G 7 4>44=>N 

<4E>N V F.4., 7 ?@<GV?=<< >5?@<E>G64G5<, M> 47@574FGTFLEO 7 

<V=V5=5@7>74E>5><. 

�E>V?L>< <5F>4<>4 T EF4=44@F<7>64=>N =5 G=V>4?L=>N, F> @>7@4EG=>> 

=4 WW >E=>6V 5G?> 6<=5E5=> G 4>44F>G �,  FGF =46545<> ?<L5 @57G?LF4F<.  

�F65, @57G?LF4F><  @>7@4EG=>G 5>>=><VG=>W 5D5>F<6=>EFV @>7@>5?5=>7> 

<4?>7454@<F=>7> >5?@<E>G64G4 5G45 >F@<<4=<= @VG=<= 5>>=><VG=<= 5D5>F, 

O><= E>?444F<<5 15111,4 7@=/@V> =4 >4=G <4L<=G. $>7@4EG=>>6<= F5@<V= 

>>G?=>EFV F4>>W <4L<=<  2,84 @>><. 
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5.5 �<E=>6>< 4> 5 D>74V?G 

 

 

�@< @>77?O4V E?>E>5V6 74>@V??5==O 54>4 >5?@<E>G64G4 =4 @4<V <4L<= 

6EF4=>6?5=> ?<F><G G4EF>G 4VW 7V4@>EF4F<G=>7> F<E>G @>5>G>W @V4<=< =4 

EFV=>< @575@6G4@4 F4 ?@<==OF>, M> >>=EF@G>F<6=> 6<?@4644=<< 5G45 

74>@V??5==O 54>4 ?@< 6V?L=><G =>7> >5?<@4==V =4 =<6=T 4=<M5. 

�@>6545=> @>7@4EG=>< 4?O >FV=>< =4?@G65=>7> EF4=G 54>4 ?@< 

?>6=><G =>7> =464=F465==V F4 6EF4=>6?5=> ?<F><V G4EF>< =4?@G65=L 6V4 

7V4@>EF4F<G=>7> F<E>G @>5>G>W @V4<=< O> =4 F<?V=4@<G=V EFV=><, F4> V =4 

4=<M4.  

�EF4=>6?5=> 7@4=<G=5 7=4G5==O 4>?GEF<<>7> 6=GF@VL=L>7> F<E>G ?@< 

5>E??G4F4FVW >5?@<E>G64G4. 

$57G?LF4F4<< V<VF4FV==>7> <>45?N64==O ?V4F65@46GNFL F>G=VEFL 

6<>>=4=<E F5>@5F<G=<E @>7@4EG=>V6 3 @>75V6=VEFL @57G?LF4FV6 =5 ?5@56<MGT 

1% . 

�4 4=4?V7>< G4EF>F=<E @56<<V6 @>5>F< >5?@<E>G64G4 6EF4=>6?5=> 

G4EF>F< 6?4E=<E F4 6<<GL5=<E >>?<64=L LF4=7< 74 @V7=<<< 64@V4=F4<< 

6<E>F< WW 6EF4=>6?5==O F4 =4?>6=5=>EFV 54>4 @>5>G>N @V4<=>N, 7@>5?5=> 

6<E=>6>> ?@> =5<>6?<6VEFL 6<=<>=5==O @57>=4=E=>7> @56<<G. 

�4 @57G?LF4F>< @>7@4EG=>G 5>>=><VG=>W 5D5>F<6=>EFV @VG=<= 

5>>=><VG=<= 5D5>F E>?444F<<5 15111,4 7@=/@V> =4 >4=G <4L<=G. 

$>7@4EG=>>6<= F5@<V= >>G?=>EFV F4>>W <4L<=<  2,84 @>><. 

�E=>6=V =4G>>6V @57G?LF4F< @>74V?G >?G5?V>>64=V G ?@4FOE [13, 15, 66, 

106]. 
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' 4<E5@F4FV==V= @>5>FV 6<@VL5=> =>6G =4G>>6G 7444GG, M> ?>?O74T G 

?V46<M5==V 5D5>F<6=>EFV EV<VG=>7> 74E<EFG @>E?<= L?OE>< G4>E>>=4?5==O 

>>=EF@G>FVW <4?>7454@<F=>7> >5?@<E>G64G4 7 >5�@G=FG64==O< >>=EF@G>F<6=>-

F5E=>?>7VG=<E ?4@4<5F@V6 ?=56<>7V4@46?VG=>W E<EF5<< 6<6?5==O 

@>7?<?NNG<E ?@<EF@>W F4 EF45V?V74FVW LF4=7<. 

1. �4 >E=>6V @>7@>5?5=>W F5>@5F<G=>W <>45?V, O>4 547GTFLEO =4 74E444E 

557<><5=F=>W F5>@VW >5>?>=>> F4 >?<EGT =4?@G65=>-45D>@<>64=<= EF4= 

F<?V=4@<G=>7> 65@F<>4?L=> @>7<VM5=>7> 54>4 >5?@<E>G64G4 7 

?V65?V?F<G=<<< 4=<M4<<, ?@>6545=> >FV=>G =4?@G65=>7> EF4=G ?@< 

@>5>G><G 6=GF@VL=L><G F<E>G F4 6<7=4G5=> =>7> <4>E<<4?L=> 4>?GEF<<5 

7=4G5==O ?@< 5>E??G4FG64==V 54>4 6 E<EF5<V 6<6?5==O @>7?<?NNG<E 

?@<EF@>W6.  

2. �4 @57G?LF4F4<< @>7@4EG=>G 4?O ?@<==OF>W >>=EF@G>FVW 54>4 

6EF4=>6?5=> =4EFG?=V 7=4G5==O =4?@G65=L 6 F<?V=4@<G=V= EFV=FV ?@< 

<4>E<<4?L=><G @>5>G><G F<E>G 0,6 ��4: <5@<4V>=4?L=5 =4?@G65==O 3 

 ��4; >>?>65 =4?@G65==O 3  ��4; 5>6V64?5=F=5 

=4?@G65==O 3  ��4; <4>E<<4?L=<= 4>?GEF<<<= 6=GF@VL=V= 

 ��4 ?@< 4>?GEF<<><G =4?@G65==V  ��4 7 6@4EG64==O< 

>>5DVFVT=F4 74?4EG <VF=>EFV . 

3. �4 @>7@>5?5=>N F5>@5F<G=>N <>45??N >FV=>< =4?@G65=>7> EF4=G 

4=<M 54>4 6EF4=>6?5=>: <4>E<<4?L=V 5>6V64?5=F=V =4?@G65==O 6 4=<M4E 

E?>EF5@V74NFLEO 6 >>>?V WE ?@<T4=4==O 4> F<?V=4@<G=>W G4EF<=< @575@6G4@4  

( ) 3 178,6 M�a. &5 6<>?<>4=> 5D5>F>< EF<E=5==O F<?V=4@<G=>W 

G4EF<=< 6V4 4VW 6=GF@VL=L>7> F<E>G =4 4=<M5. �>?>6V EF<E>GNGV =4?@G65==O 

6 FL><G ?5@5F<=V E>?444NFL 3 -135 ��4, <5@<4V>=4?L=V 3 67,5 M�a. � 

F5=F@4?L=V= G4EF<=V 4=<M4 6EV =4?@G65==O <4NFL 7=4G5==O 3 135 M�a. 

�4>E<<4?L=<= 4>?GEF<<<= 6=GF@VL=V= F<E> =4 4=<M4 =5 ?>6<=5= 

?5@56<MG64F< 0,7 M�a. &5 7=4G5==O EF4T 7@4=<G=<< @>5>G<< F<E>>< 

E<EF5<<; ?@< F<E>G 0,8 ��4 5G45 E?@4FL>6G64F< 74?>5V6=<= >?4?4=. 

4. �4 >E=>6V @>7@>5?5=<E <>45?5= ?@>6545=> >FV=>G =4?@G65=>7> EF4=G 

54>4 ?@< ?>6=><G =>7> =464=F465==V 7 6@4EG64==O< 6V?L=>7> >5?<@4==O =4 

5,67
m

s 135
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s

9,116
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07,1p 7,206s

5,1n
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=<6=T 4=<M5: <4>E<<4?L=V 5>6V64?5=F=V =4?@G65==O =4 F<?V=4@<G=V EFV=>< 

E>?444NFL  ��4; G 4=<M4E <4>E<<4?L=V 7=4G5==O 

<5@<4V>=4?L=<E =4?@G65=L: 6 F5=F@V 3  ��4; 6 <VEFOE ?5@5E>4G 7 

F<?V=4@<G=>W G4EF<=< 4> 4=<M 3  ��4; =4 >@4OE 4=<M4 

6<=<>4NFL >>?>6V EF<E>GNGV =4?@G65==O (>@4T6<= 5D5>F ?@< 6<>>@<EF4==V 

?V65?V?F<G=<E 4=<M) 3  ��4; G F5=F@V 3  ��4; 

5>6V64?5=F=V =4?@G65==O E>?444NFL: G F5=F@V 4=<M4  ��4; 6 

<VEFV ?@<T4=4==O 4> F<?V=4@<G=>W G4EF<=< 3  ��4. 

�<F><4 G4EF>4 =4?@G65=L 6V4 4VW 7V4@>EF4F<G=>7> F<E>G @V4<=< G 

?>@V6=O==V 7 ?>6=<< =464=F465==O<  =5 ?5@56<MGT 1,51%.  

5. �4 @57G?LF4F4<< V<VF4FV==>7> <>45?N64==O 6EF4=>6?5=>, M> 

@>75V6=VEFL 5>6V64?5=F=<E =4?@G65=L G F<?V=4@<G=V= G4EF<=V >5>?>=>< 

E>?444T , 6 <VEFOE ?@<T4=4==O 4=<M 4> F<?V=4@<G=>W G4EF<=< 

54>4 3 0,22 %. &V 6 @57G?LF4F< ?V4F65@465=V V 5>E?5@<<5=F4?L=>: 6V4=>E=4 

?>E<5>4 4?O >>?>6<E =4?@G65=L G F<?V=4@<G=V= G4EF<=V 54>4  E>?444T 

 %, <5@<4V>=4?L=<E (?>74>66=VE) 3  %. 

�@< ?5@5646=><G 6<>>@<EF4==V 6 F5E=>?>7VG=><G ?@>F5EV 

>5?@<E>G64==O @>5>G>7> F<E>G 5?<7L>><G 4> 4>?GEF<<>7> @5>><5=4>64=> 

?V4E<?<F< >>=EF@G>FVN 54>4 @>7?V@=<<< >V?LFO<< 6 <VEFOE ?@<T4=4==O 4=<M, 

45> 6 74557?5G<F< F4><= E?>EV5 >5?<@4==O 54>4, 45 G=5<>6?<6?NTFLEO 

@44V4?L=5 ?5@5<VM5==O =>7> EFV=>>, M> ?V46<M<FL EFV=>VEFL F4>>W >5>?>=>< 6 

FV?><G.  

6. �4 F5>@5F<G=>N <>45??N <4OF=<>>6>W ?V46VE>< LF4=7< 7 ?V46<M5=>N 

<4E>N 6EF4=>6?5=> >V=5<4F<G=V ?4@4<5F@< F4 G4EF>F< 6?4E=<E V 6<<GL5=<E 

>>?<64=L 4?O 7444=>7> @56<<G @>5>F< >5?@<E>G64G4. �@< 6V?L=><G ?V46VEV 

>GF>6V >>?<64==O <4NFL E5@54=N 6?4E=G G4EF>FG 2,97 �F, 6<<GL5=G 3 12,5 �F 

(@V7=<FO 6 4 @47<); 65@F<>4?L=V 3 45,36 �F V 12,5 �F 6V4?>6V4=> (@V7=<FO 6 3,6 

@47<), M> 6<>?NG4T @57>=4=E. 

� 6<>>@<EF4==O< 45<?D5@4 V ?>6=<< 54>>< >GF>6V >>?<64==O L6<4>> 

74FGE4NFL: ?5@L5 6V4E<?5==O 3 1,50, ?>44?LLV 3 4> 0,50, M> EF45V?V7GT ?@>F5E 

>5?@<E>G64==O. �@< =4?V674?>6=5=><G 54>G 6<E>F4 6EF4=>6?5==O LF4=7< 

6??<64T =4 4<??VFG4G 75G@5==O >>?<64=L, WE @>7><4 E>?444T 4,5%; 

EF45V?V74FVO: ?5@L5 6V4E<?5==O 3 1,30, ?>44?LLV 3 4> 0,60. �@< ?>@>6=L><G 
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(<4=65 ?>@>6=L><G) 54>G @>7><4 4<??VFG4 6V4 6<E>F< 6EF4=>6?5==O LF47< 

EF4=>6?OFL 110%, 4?5 E4<V 4<??VFG4< 7<5=LGNFLEO:  65@E=T ?>?>65==O 3 

1,330, E5@54=T 3 2,060, =<6=T 3 2,790; ?VE?O EF45V?V74FVW 3 4> 0,60. 

'4EF>F4 6?4E=<E >>?<64=L G @56<<4E «?>@>6=V=», «=4?V674?>6=5=<=» V 

«?>6=<=» 54> G 10,16; 4,16 F4 3,67 @47< <5=L4 74 6<<GL5=G 6V4?>6V4=>, M> 

?V4F65@46GT 6V4EGF=VEFL @57>=4=EG 6 G<>64E =>@<4?L=>W 5>E??G4F4FVW 

>5?@<E>G64G4. 

7. �@< 4>E?V465==V ?@<E>>@5=L =4 >@4N LF4=7<, <V=V<4?L=V WE 7=4G5==O 

6<=<>4NFL ?@< ?>6=VEFN 74?>6=5=><G 54>>6V F4 <4>E<<4?L=V= ?>EFG?4?L=V= 

L6<4>>EFV <4L<=<. $>75V6=VEFL @57G?LF4FV6 F5>@5F<G=>7> @>7@4EG=>G F4 

5>E?5@<<5=F4?L=<E 44=<E E>?444T 8,8%. 

�@< >?@4FN64==V 64@V4=FV6 «6>@EF>>W» ?V46VE>< F4 6<>>@<EF4==O 

@>7@>5?5=>W <4OF=<>>6>W ?V46VE>< 6EF4=>6?5=>, M> =4 6<5@4=><G @56<<V 

@>5>F< >5?@<E>G64G4 F4>V ?@<E>>@5==O =4 >@4N E5>FVW LF4=7< ?@< 

6<>>@<EF4=V <4OF=<>>6>W ?V46VE>< 7=<6GNFLEO 6 1,7 @47<, M> E6V4G<FL ?@> 

4>FV?L=VEFL WW 74EF>EG64==O 6 >>=EF@G>FVW <4?>7454@<F=>7> >5?@<E>G64G4. 

�F@<<4=V 5D5>F< ?>7<F<6=> 6V4>5@464NFLEO =4 EF45V?L=>EFV ?>?>65==O 

LF4=7<, 4 >F65 @V6=><V@=>EFV >5?@<E>G64==O, 7=<65==V 4VW =4 =5W 4<=4<VG=<E 

E<? F4 6V4?>6V4=> 755@565==V @5EG@EG  WW @>5>F<. 

8. �@4>F<G=<< @57G?LF4F>< =4G>>6>7> 4>E?V465==O T >F@<<4==O 

V=65=5@=<E <5F>4<>, =4 >E=>6V O><E 6EF4=>6?5=> @4FV>=4?L=V ?4@4<5F@<, M> 

@5>><5=4>64=V 4?O EF6>@5==O 6<E>>>5D5>F<6=>7> <4?>7454@<F=>7> 

E4<>EV4=>7> LF4=7>6>7> >5?@<E>G64G4: L<@<=4 74E64FG LF4=7< 3 5 <; 

4V4?47>= 6<E>F< WW 6EF4=>6?5==O 3 350-1100 <<; 4V4?47>= 7<V=< L<@<=< >>?VW 

3 900-1500 <<; ?@>4G>F<6=VEFL 74 7>4<=G >E=>6=>7> G4EG 3 1,8-2,7 74/7>4.  

�F@<<4=V @57G?LF4F< 4<E5@F4FV==>7> 4>E?V465==O 6?@>64465=> =4 &�� 

«�?>F<G4 �7@>» F4 G =46G4?L=<= ?@>F5E 6 &�&'. 

�4 @57G?LF4F>< @>7@4EG=>G 5>>=><VG=>W 5D5>F<6=>EFV 6EF4=>6?5=>, M> 

@VG=<= 5>>=><VG=<= 5D5>F E>?444F<<5 15111,4 7@=/@V> =4 >4=G <4L<=G. 

$>7@4EG=>>6<= F5@<V= >>G?=>EFV 3 2,84 @>><.  
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�G5?V>4FVW, O>V 74E6V4GGNFL 4?D>54FVN <4F5DV4?V6 48E5DF4FVW 

5. �56<FL><= �. �@<G<=< 7=<65==O 5D5>F<6=>EFV >5?@<E>G64==O. 
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?@5?4@4FG O> G<==<> 5D5>F<6=>EFV EV<VG=>7> 74E<EFG @>E?<=. �==>64FV==V 
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F57 4>?>6V45= %�� <V6=4@. =4G>.-?@4>F. >>=D. �>?>4<E GG5=<E F4 EFG45=FV6, 
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�G5?V>4FVW, O>V 4>44F>>6> 6V4>5D464NFL D57G?LF4F8 48E5DF4FVW 

13. �45V= �.�., �56<FL><= �.�., �?44L> ..�., �=4@5=>V6 �.�. �V46VE>4 
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�4F5=F «�V46VE>4 LF4=7< >5?D<E>G64G4» 
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�5E4=V7< 7<V=< L<D<=< >>?VW  

 

�@<=F<? @>5>F< <5E4=V7<G 7<V=< L<@<=< >>?VW <4?>7454@<F=>7> 

>5?@<E>G64G4 ?>OE=<<> =4 ?@<>?44V E6VF?<=, O>V 74E6V4GGNFL?56=V 5F4?< 

F5E=VG=>7> 6<>>=4==O F4>>7> <5E4=V7<G. 

�4 @<E. �.1 ?>>474=<= D@47<5=F @4<< >5?@<E>G64G4, 45 =4 >E=>6=V= 

@4<V 2 @>7<VM5=4 EFV=>4 1 @4<>< >@V??5==O 54>4 F4 ?>>474=> @>7EG6=V >>=E>?V 

6<?>< >>?5E4 3.  

 

$<EG=>> �.1 3 $@47<5=F @4<< >5?@<E>G64G4 

 

�<V=4 ?>?>65==O @>7EG6=<E >>=E>?5= 6<?>> >>?VE 3 (@<E. �.1) 

74V=E=NTFLEO E?5FV4?L=<< 76<=F>< 7 L5EF<7@4==>N 7>?>6>>N, @<E. �.2 

(?>>474=> EF@V?>>N). �55@F4NG< 74 7>?>6>G E?5FV4?L=<= 76<=F (@<E. �.3), 

O><= <4T >4=G EF>@>=G 7 ?@46>N @V7L5>N, 4 V=LG 3 7 ?V6>N, 6V4?>6V4=> 

@>7EG6=V >>=E>?V 45> 76G6GNFLEO >4=4>>6>, 45> @>7L<@NNFLEO, 7<V=NNG< 

L<@<=G >>?VW. 
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$<EG=>> �.2 3 �VEF5 @57G?N64==O L<@<=< >>?VW   

 

 

$<EG=>> �.3 3 %?5FV4?L=<= 76<=F 7<V=< L<@<=< >>?VW  
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$<EG=>> �.4 3 �6<=F>64 ?4@4: @>7EG6=4 >>=E>?L 3 E?5FV4?L=<= 76<=F  

 

�46545=4 >>=EF@G>FVO <5E4=V7<G 7<V=< L<@<=< >>?VW >5?@<E>G64G4 T 

?@>EF>N F4 =44V==>N >>=EF@G>FVTN, O>4 4>76>?OT 557EFG?5=56> 7<V=<F< 

L<@<=G >>?VW >5?@<E>G64G4 =4 65?<G<=G 5G4L-O><E <V6@O4L 6 <564E 900-

1500 <<. 
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$<EG=>> �.5 3 $>7EG6=V >>=E>?V 675>@V 
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�>F< 6?D>64465==O 
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����&�� � 

$>7D4EG=>> 5>>=><VG=>W 5D5>F<6=>EFV 74EF>EG64==O D>7D>5?5=>7> 

>5?D<E>G64G4 

 

�>>=><VG=4 5D5>F<6=VEFL <4?>7454@<F=>7> E4<>EV4=>7> LF4=7>6>7> 

>5?@<E>G64G4 >>E4@>< 7 <4OF=<>>6>N ?V46VE>>N LF4=7< F4 4>44=>N WW <4E>N 

4>EO74TFLEO 74 @4EG=>> ?V46<M5==O ?@>4G>F<6=>EFV <4L<=<, 5V?LL>7> 

@VG=>7> =4?@4FN64==O F4 <5=L<E 5>E??G4F4FV==<E 6<F@4F.  

�>>=><VG=G >FV=>G 5D5>F<6=>EFV 6=5E5=<E 7<V= <4L<=< 6<>>=GT<> 

77V4=> �%&' 4397:2005 «%V?LEL>>7>E?>44@EL>4 F5E=V>4. �5F>4< 

5>>=><VG=>7> >FV=N64==O F5E=V>< =4 5F4?V 6<?@>5>6G64==O», L?OE>< 

?>@V6=O==O 74F@4F =4 547>6G F4 <>45@=V7>64=G <4L<=G. 

�@<6545=V 74F@4F< =4 >4<=<FN =4@>5VF>G (=4 1 74) 6<7=4G4NFLEO 74 

D>@<G?>N 

,     (�.1) 
 

45  3 ?@O<V 5>E??G4F4FV==V 74F@4F< =4 >4<=<FN =4@>5VF>G; 

 3 >4?VF4?L=V 6>?445==O =4 >4<=FN =4@>5VF>G; 

 3 =>@<4F<6=<= >>5DVFVT=F 5D5>F<6=>EFV >4?VF4?L=<E 6>?445=L. 

�@O<V 5>E??G4F4FV==V 74F@4F< =4 >4<=FN =4@>5VF>G 
 

,    (�.2) 
 

45  3 74F@4F< =4 >??4FG ?@4FV >5E?G7>6GNG>7> ?5@E>=4?G; 

 3 74F@4F< =4 ?4?<6=>-<4EF<?L=V <4F5@V4?<; 

 3 74F@4F< =4 F5E=VG=5 >5E?G7>6G64==O, ?>F>G=<= V >4?VF4?L=<= @5<>=F; 

 3 74F@4F< =4 @5=>64FVN; 

 3 V=LV 74F@4F< (?@< =4O6=>EFV). 

�5>5EV4=V E4@4>F5@<EF<>< 4?O @>7@4EG=>G 5>>=><VG=>W 5D5>F<6=>EFV 

547>6>W V G4>E>>=4?5=>W <4L<=< =46545=V G F45?<FV �.1. 
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�

�

�
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�

�

$

�

$



193 

&45?<FO �.1 3 �<EV4=V 44=V 4?O @>7@4EG=>G 5>>=><VG=>W 5D5>F<6=>EFV  

�>>47=<>< �47>6<= 64@V4=F �>6<= 64@V4=F 

1 2 3 

1. %4@4>F5@<EF<>< <4L<=     

1.1 �4L<=<, O>V  

      ?>@V6=NNFLEO 

�5?@<E>G64G 

?@<GV?=<= 

NorthStar 

(79 ?)+<V=VF@4>F>@ 

$>7@>5?5=<= 
E4<>EV4=<= 
LF4=7>6<= 

>5?@<E>G64G 

1.2 �?F>64 FV=4 <4L<=, 7@=. 25000 39000 

1.3 �@>4G>F<6=VEFL 74 7>4<=G 

>E=>6=>7> G4EG, 74/7>4 

 

1,5 

 

2,7 

1.4 �V?L>VEFL >5E?G7>6GNG>7> 

?5@E>=4?G, G>?. 
1 1 

1.5 �<F@4F< ?4?L=>7>, ?/74 3,5 1,5 

1.6 �4@>4 F@4>F>@4 �V=V-F@4>F>@ 3 

1.7 &V=4 F@4>F>@4, 7@=. 78000 3 

1.8 �>@<4F<6=5 @VG=5 7464=F465==O, 

7>4.: 

- F@4>F>@4 

- E/7 <4L<=< 

 

 

300 

50 

 

 

3 

75 

2 �=LV ?>>47=<><     

2.1 �>5DVFVT=F ?5@56>4G  

      >?F>6>W FV=< 6 54?4=E>6G  
1,1 1,1 

2.2 �>5DVFVT=F 5D5>F<6=>EFV 

>4?VF4?L=<E 6>?445=L  
0,2 0,2 
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�@>4>665==O F45?. �.1 

1 2 3 

2.3 �@>F5=F 6V4G<E?5=L =4 @5=>64FVN 

?> >E=>6=V= @>5>FV: 

- =4 EV?LEL>>7>E?>44@EL>G F5E=V>G; 

- =4 F@4>F>@ 

 

 

14,3 

12,5 

 

 

14,3 

3 

  2.5 �@>F5=F 6V4@4EG64=L =4: 

- ?>F>G=<= @5<>=F V F5E>7?O4 4?O 

>E=>6=>W @>5>F< E/7 <4L<=<; 

- =4 >4?VF4?L=<= @5<>=F; 

- ?>F>G=<= @5<>=F V F5E>7?O4 4?O 

>E=>6=>W @>5>F< F@4>F>@4 

 

 

10 

2 

 

14,9 

 

 

10 

2 

 

3 

 

2.6 $>7@O4 >5E?G7>6GNG>7> ?5@E>=4?G 

=4 >E=>6=V= @>5>FV  

 

 

V 

 

 

V 

2.7 �>7>4<==4 EF46>4 F@4>F>@<EF4 (7 

6@4EG64==O< 6EVE 6<4V6 4>??4F) 7@=.  
115 115 

2.8 &V=4 1 ? ?4?L=>7>, 7@=. 55 55 

 

�4F@4F< ?@4FV G ?N4<=>-7>4<=4E =4 >4<=<FN =4@>5VF>G ?@< 6<>>=4==V 

<4L<=>N 6<@>5=<G>7> ?@>F5EG 6<7=4G4T<> 74 D>@<G?>N 

,      (�.3) 

45  3 >V?L>VEFL 6<@>5=<G>7> ?5@E>=4?G =4 >5E?G7>6G64==V F5E=V><; 

 3 ?@>4G>F<6=VEFL <4L<=<. 

�4F@4F< =4 @5=>64FVN <4L<=< =4 >4<=<FN =4@>5VF>G  

 

,     

 (�.4) 

W

�
T

�

W

�
&W

4�
�

×

×
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45  3 >>5DVFVT=F 6V4G<E?5==O =4 @5=>64FVN; 

 3 @VG=5 7464=F465==O F5E=VG=<E 74E>5V6; 

 3 54?4=E>64 FV=4 <4L<=<. 

�4?VF4?L=V 6>?445==O =4 <4L<=G =4 >4<=<FN =4@>5VF>G 6<7=4G4T<> 74 

D>@<G?>N  

.     (�.5) 

�4F@4F< =4 F5E=VG=5 >5E?G7>6G64==O V @5<>=F< ?>F>G=<= V >4?VF4?L=<= 

6<7=4G4T<> 74 D>@<G?>N 

 

,     (�.6) 

 

45 3 >>5DVFVT=F 6V4@4EG64=L =4 ?>F>G=<= @5<>=F V F5E=VG=5 

>5E?G7>6G64==O; 

 3 >>5DVFVT=F 6V4@4EG64=L =4 >4?VF4?L=<= @5<>=F; 

 3 ?@>4G>F<6=VEFL 47@574FG 74 1 7>4<=G 5>E??G4F4FV==>7> G4EG. 

�4F@4F< =4 ?4?<6=>-<4EF<?L=V <4F5@V4?< =4 >4<=<FN =4@>5VF>G 

6<7=4G4T<> 74 D>@<G?>N 

 

,      (�.7) 

 

45  3 @>7EV4 ?4?<6=>-7<4MG64?L=<E <4F5@V4?V6 =4 >4<=<FN =4@>5VF>G; 

 3 FV=4 1 ? ?4?<64.  

�4?4=E>64 FV=4 <4L<=< 

,      (�.8) 

 

45  3 >?F>64 FV=4 <4L<=<; 

a

�
T

�

�
TW

�
K

×

�5>E?

�&

&W

''�
P

×

&
'

�
'

5>E?
W

&q� ×

q

&

k&� ×'

'&
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 3 >>5DVFVT=F ?5@56>4G 7 >?F>6>W FV=< =4 54?4=E>6G. 

$>7@4EG=>> 74F@4F ?@4FV, 5>E??G4F4FV==<E 6<F@4F V ?@<6545=<E 6<F@4F 

=4 547>6G V =>6G <4L<=G F4 5=5@75F<G=<= 74EV5 ?>44=> G F45?<FV �.2.  

 
&45?<FO �.2 3  $>7@4EG=>> 74F@4F ?@4FV, ?@<6545=<E V 5>E??G4F4FV==<E 

6<F@4F 
 

�47>6<= 64@V4=F 3  

�5?@<E>G64G ?@<GV?=<= 

NorthStar (79 ?)+<V=VF@4>F>@ 

�>6<= 64@V4=F 3  

$>7@>5?5=<= E4<>EV4=<= 
LF4=7>6<= >5?@<E>G64G 

$V7=<FO 

?>>47=<>V6 

1 2 3 

 ?N4/74 ?N4/74 0,297 

 7@=/74  7@=/74 34,08 

 

7@=/74 

 

7@=/74 

22,14 

 

7@=/74 

 

7@=/74 
23,83 

 

7@=/74 

 

7@=/74 

18,58 

  

7@=/74 

  7@=/74 28,41 

 

=44,0+28,41=72,41  7@=/74 

 

=25,42+0=25,42 7@=/74 
46,99 

k

667,0
5,1

1
�

& 37,0
7,2

1
�

&

67,76
5,1

115
�
� 59,42

7,2

115
H
�

43,52
505,1

143,0250001,1

×

××

�
� 3,30

757,2

143,0390001,1

×

××

�
�

83,23
3005,1

125,0780001,1

×

××

T
� 0

T
�

0,44
505,1

02,01,0250001,1

×

××

�
$ 42,25

757,2

02,01,039001,1

×

×

�
$

41,28
3005,1

149,0780001,1

×

××

T
$

0
T
$

&���
  P

. &���
  P

.
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�@>4>665==O F45?. �.2 

   7@=/74    7@=/74 97,78 

 

=52,43+44,0=96,43 7@=/74 

 

=30,3+25,42=55,72 7@=/74 
40,72 

 

=23,83+28,41+128,33+115/1,5= 

=257,24 7@=/74 

 

=0+0+30,56+115/2,7= 73,15 

7@=/74 

184,1 

 

= 96,43+257,24=353,67 7@=/74 

 

=55,72+73,15=128,87 7@=/74 
224,81 

 7@=/74  7@=/74 154,82 

 7@=/74 

 

7@=/74 190,67 

 

=366,67+190,67=557,33 7@=/74 

 

=211,85+0=211,85 7@=/74 
345,48 

= 

=353,67+128,86×0,2= 

=465,14 7@=/74 

= 

=128,87+211,85×0,2= 

=171,24 7@=/74 

293,91 

 

$>7@4EG=>> @VG=>7> 5>>=><VG=>7> 5D5>FG 6V4 6<@>5=<FF64 V 

6<>>@<EF4==O =>6>W F5E=V><, 6<=4E>4V6 V @4F?@>?>7<FV= G 

EV?LEL>>7>E?>44@EL>><G <4L<=>5G4G64==V F4 =>6<E 74E>5V6 ?@4FV 

4>67>G4E=>7> 6<>>@<EF4==O 7 >@4M<<< O>VE=<<< E4@4>F5@<EF<>4<< 

74V=E=NTFLEO @>7@>5=<>4<< V 6<@>5=<>4<< F<E 74E>5V6 ?@4FV 74 D>@<G?>N 

 

,  (�.9) 

 

45  3 ?@<6545=V 74F@4F< =4 >4<=<FN 547>6>7> >><??5>EG;  

33,1285,1/555,3 ×

&
� 56,307,2/555,1 ×

T
�

���
$�� ���

$��

�&TTT
��PAI

�TTTT
��PAI

&���
��I

. &���
��I

.

67,366
505,1

250001,1

×

×

�
� 85,211

757,2

390001,1

×

×

H
�

67,190
3005,1

780001,1

×

×

T
� 0

T
�
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��K
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 3 ?@<6545=V 74F@4F< =4 >4<=<FN =>6>7> >><??5>EG;  

 V  3 6V4?>6V4=> @VG=V >59T<< @>5>F<, 6<>>=G64=V ?@< 

6<>>@<EF4==V >4<=<FV 547>6>7> V =>6>7> 74E>5G ?@4FV, G =4FG@4?L=<E 

>4<=<FOE: 

 ��  j 75 74; ��=202,5 74. 

 3 >>5DVFVT=F >5?V>G @>EFG ?@>4G>F<6=>EFV >4<=<FV =>6>7> 74E>5G 

?>@V6=O=> 7 547>6<<; ; 

�2 3 @VG=<= >5EO7 6<@>5=<FF64 =>6<E 7=4@O4L ?@4FV 6 @>7@4EG=>>6><G 

@>FV, 6 =4FG@4?L=<E >4<=<FOE, �2=1 LF. 

 3 >>5DVFVT=F 6@4EG64==O 7<V=< EF@>>G E?G65< =>6>7> 74E>5G 

?@4FV ?>@V6=O=> 7 547>6<<; 

 3 =>@<4F<6=<= >>5DVFVT=F 5D5>F<6=>EFV, ; 

 V  3 @VG=V 5>E??G4F4FV==V 6<F@4F< E?>6<64G4 ?@< 6<>>@<EF4==V 

=<< 547>6>7> V =>6>7> 74E>5G ?@4FV G @>7@4EG=>G =4 >59T<< @>5VF, O>V 

6<>>=GNFLEO 7 4>?><>7>N =>6>7> 74E>5G ?@4FV. ' F<E 74F@4F4E 6@4E>6GTFLEO 

FV?L>< G4EF<=4 4<>@F<74FVW, O>4 ?@<7=4G5=4 =4 >4?VF4?L=<= @5<>=F 74E>5V6 

?@4FV, F>5F> 557 6@4EG64==O 6<F@4F =4 WE 6V4=>6?5==O. 

&V ?>>47=<>< 6<7=4G4NFLEO 74 D>@<G?4<<: 

 

353,67·202,5=71620 7@=.;   (�.10) 

 

128,87·202,5=2610 7@=.,   (�.11) 

 

 V  3 @VG=V >4?VF4?L=V 6>?445==O E?>6<64G4 =4 <4L<=G (>4<=<FN 

=4?@4FN64==O) ?@< 6<>>@<EF4==V =<< 547>6>7> V =>6>7> >><??5>EV6, 

�
�

�
�

�
�

�

�

�

�

7,2
75

5,202

�

�

�

�

��

��

$

$
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H
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×
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6<7=4G4NFLEO 74 D>@<G?4<<: 

557,33·202,5=112860 7@=.;    (�.12) 

211,85·202,5=429000 7@=.   (�.13) 

 

�V4EF46<<> >F@<<4=V 7=4G5==O G D>@<G?G (�.9) 

 

 

 

=15111,4 7@=. 

 

&5@<V= >>G?=>EFV 64>E>>=4?5=>W <4L<=< 6<7=4G4T<> 74 D>@<G?>N 

 

 @>>G.   (�.14) 

 

&5= ?>>47=<> ?>>47GT ?@> 6<E>>G 5>>=><VG=G 5D5>F<6=VEFL 

?@>6545=>7> 64>E>>=4?5==O. 

 

 
 

×
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.
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42,25

41,72
7,214,465
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