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6<, O>4 6<>?NG4T ?>O6G =54>?GEF<<<E 45D>D<4FV= 5G4V-
65?L, 4 7 V=L>W EF>D>=<, - 74EF>EG64==O< >>=EFDG>F<6=<E 
E<EF5<, O>V ?D<EF>E>64=V 4> ?V46<M5=<E =5DV6=><VD=<E 
45D>D<4FV= >E=>6<.  

�<7=4G5==O 6<4G V ?4D4<5FDV6 45D>D<G64==O 75<-
=>W ?>65DE=V D>77?O44TFLEO 74D47 O> E4<>EFV==4 7444G4 V 
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6<>>=GTFLEO 7 GD4EG64==O< V=65=5D=>-75>?>7VG=<E, 7V4-
D>75>?>7VG=<E G<>6 F4 75>F5E=VG=<E >E>5?<6>EF5= F5D<-
F>DV= <VEL>>W 745G4>6<.  

�??<6 45D>D<4FV= �DG=F>6>W >E=>6< 6D4E>6GTFLEO 
O> 4>44F>>6<= 6??<6 =4 >>=EFDG>FVW 5G4V65?L, M> 77V4=> 
G<==<E =>D<4F<6=<E 4>>G<5=FV6 >?4E<DV>GTFLEO, O> 
>E>5?<6V =464=F465==O, 4> O><E 6V4=>EOFL:  

- 6474 V F<E> �DG=FV6 (=4E<?V6), 7VD=<G<= F<E>; 
- 4VW 45D>D<4FV= GMV?L=5==O >E=>6< 6V4 6?4E=>W 64-

7< 5G4V65?L, O>V =5 EG?D>6>46GNFLEO 7<V=>N EFDG>FGD< 
�DG=FG, 4?5 O>V 6<>?<>4NFL 7<V=< 45D>D<4FV==<E E4D4>-
F5D<EF<> V ?4D4<5FDV6 6>DEF>>EFV >E=>6<; 

- 4VW 45D>D<4FV= >E=>6<, >5G<>6?5=V 7<V=>N F5<?5-
D4FGD=>-6>?>7VE=>7> D56<<G (GE44>4, =45DO>4==O V ?>6-
7GGVEFL �DG=FG); 

- =464=F465==O, 6<>?<>4=V 45D>D<4FVO<< >E=>6< 6 
7>=V 4VW F5E=>?>7VG=<E F5<?5D4FGD; 

- =464=F465==O, 6<>?<>4=V 45D>D<4FVO<< EFDG>FG-
D=> =5EFV=><E �DG=FV6, >5G<>6?5=V >>DV==>N 7<V=>N 
EFDG>FGD< �DG=FG (6=4E?V4>> 74<>GG64==O, 6 F. G. ?D< 
7<V=V DV6=O �DG=F>6<E 6>4 3 ?D>E44>>6V, =45DO>4NGV, 74-
E>?5=V, E<?L=> EF<E?<6V, 74F>DD>64=V, 4?N6V4?L=V �DG=-
F<); 

- =464=F465==O, 6<>?<>4=V 45D>D<4FVO<< ?V4D>5-
?5=>W >E=>6< 45> >4DEFG.  

� 44=V= <>=>7D4DVW E5D54 D>7<4WFFO ?D<G<= 7<5=-
L5==O 5>E??G4F4FV==>W =44V==>EFV <VEL><E 5G4V65?L V 
E?>DG4 (=4 D<E. 1 6<4V?5=>) D>77?O44NFLEO F4 4=4?V7G-
NFLEO, 6 D>76<F>> ?>?>65=L VE=GNG<E ?5DL>465D5?, 
FV?L>< =5DV6=><VD=V 45D>D<4FVW <VEL><E F5D<F>DV=, O>V 
6<>?<>4NFL 45D>D<4FV==V ?>L>>465==O <VEL><E 5G4V-
65?L. �?O FL>7> 7=4=45=<= V ?D>4=4?V7>64=<= ?D<G<==>-
=4E?V4>>6<= 76'O7>> <V6 V=65=5D=>-75>?>7VG=<<< G<>-
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64<<, 45D>D<4FVO<< <VEL><E F5D<F>DV= F4 45D>D<4FV=-
=<<< ?>L>>465==O<< <VEL><E 5G4V65?L V E?>DG4.    

�?4E<DV>4FVO V=65=5D=>-75>?>7VG=<E G<>6 (��'), 
D>D< 45D>D<G64==O 75<=>W ?>65DE=V F4 6<4V6 45D>D<4-
FV= <VEL><E 5G4V65?L, O>4 74?D>?>=>64=4 =<6G5, D>7D>5-
?5=4 7 <5F>N >5<565==O 4?O ?D4>F<>< ?D>5>FG64==O >V-
?L>>EFV 6<4V6 ?5D5<VM5=L >E=>6<, =4 O>V 6<>>=GTFLEO D>-
7D4EG=>> >>=EFDG>FV=, 6<7=4G5==O 4>44F>>6<E 7GE<?L, 
>5G<>6?5=<E 6<4>< V 65?<G<=>N 45D>D<4FVW, =574?56=> 
6V4 ?D<G<=<, O>4 WW 6<>?<>4?4. �V4?>6V4=> G=VDV>GNFLEO V 
D>7D4EG=>>6V ?4D4<5FD<, O>V 6<>>D<EF>6GNFLEO 6 O>>EFV 
6<EV4=<E 44=<E 4?O D>7D4EG=>G 5G4V65?L V E?>DG4 =4 45-
D>D<4FV==V 4VW >E=>6<.  

�?4E<DV>4FVO ��' <>65 E?G6<F< >E=>6>N 4?O 6<-
DVL5==O =4EFG?=<E 7444G: 

- >5�DG=FG64==O 75=5D4?L=<E ??4=V6 <VEF; 
- G=VDV>4FVO D>7D4EG=>>6<E ?4D4<5FDV6, O>V 6<>>D<-

EF>6GNFLEO 6 O>>EFV 6<EV4=<E 44=<E 4?O D>7D4EG=>G 5G-
4V65?L V E?>DG4 =4 45D>D<4FV==V 4VW >E=>6<;  

- 6<5VD >?F<<4?L=<E >>=EFDG>F<6=<E 74E>4V6, O>V 
7<5=LGNFL GGF?<6VEFL 5G4V65?L 4> 45D>D<4FV= >E=>6<; 

- >FV=>4 F5E=V>>-5>>=><VG=>W 5D5>F<6=>EFV ?D>5>-
FV6; 

- >D74=V74FVO <>=VF>D<=7G V=65=5D=>-75>?>7VG=<E 
F4 7V4D>75>?>7VG=<E G<>6 <VEL><E F5D<F>DV=; 

- ?D<==OFFO DVL5=L ?D> =5>5EV4=VEFL V ?5DV>4<G-
=VEFL >5EF565==O <VEL><E 5G4V65?L V E?>DG4; 

- D>7D>5>4 ?D>7D4<< V=65=5D=>-75>?>7VG=<E F4 7V4-
D>75>?>7VG=<E 6<LG>G64=L V 4>E?V465=L; 

- >FV=>4 V EFD4EG64==O <VEL>>W =5DGE><>EFV; 
- 5G4V6=<FF6>, 6V4=>6?5==O V D5>>=EFDG>FVO <VEL><E 

5G4V65?L V E?>DG4. 



1 
 

�D<G<=< ?>L>>465=L V 7<5=L5==O 5>E??G4F4FV==>W =44V==>EFV 
<VEL><E 5G4V65?L  

             

$5>>=EFDG>-
FVO ?V4?D<-
T<EF6, 7<V=4 
DG=>FV>=4-

?L=>7> ?D<7-
=4G5==O 5G-

4V65?L 

 
 
 
 
 
 
 
 
 

�><<?>< 
?D>5>FG64-

==O, 6<7>F>-
6?5==O V FD4-
=E?>DFG64-
==O >>=EF-
DG>FV=, 6<-

>>=4==O   
��$ 

 
 
 
 
 
 
 
 

$V7<G=5 7=>-
LG64==O >>-

=EFDG>FV= 
G5D57 V=F5=-
E<6=G V (45>) 
4>67>FD<64?G 
5>E??G4F4FVN 

 

�>DGL5=-
=O ?D46<? 
5>E??G4F4-

FVW F4 
GFD<<4==O 
5G4V65?L 

 
 
 
 
 
 
 

�>D>7VO  
<4F5DV4?V6 
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�>>4?L=V V 
(45>) <4E>6V 

F5<?5D4FGD-=V 
6??<6< =4 

>>=EFDG>FVW 
5G4V65?L 

 �5DV6=><VD=V 

45D>D<4FVW 

�DG=F>6<E  

>E=>6, 
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?D<D>4=<<< 

45>  
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G<==<>4<< 

       
        

�<V=4 75><5-
FD<G=<E D>-
7<VDV6 EVG5=L 

45> 
>>=EFDG>FV= 

6 FV?ó<G, 
7<V=4 D>5>F< 
>>=EFDG>F<6-
=>W E<EF5<< 
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=464=F4-
65=L =4 

>>=EFDG>-
F<6=G E<-
EF5<G, >>-
D5<V >>=E-

FDG>FVW, 
DG=44<5=F-
F< V �DG=F>-
6G >E=>6G 

 �F<>ED5-

D=4 3 

>>D>7VO 
<4F5DV4?G 

>>=EF-
DG>FV= 6 

4F<>ED5DV 
?>6VFDO G< 

V=L<E 
6>?>7<E 

747V6 

 

$V4<==4 45> 
>>D>7VO 6 

5?5>-
FD>?VF4E 

(><E?>F=4, 
?G6=4, 6 
E>?L>6<E 
D>7G<=4E, 
<>DEL>4) 

 

�?5>FD>-

>>D>7VO 3 

6<=<>4T ?V4 
4VTN 7>6=V-

L=L>7> 465-
D5?4 EFDG<G, 
45> 5?G>4N-
G<E EFDG<V6 

 

-V?<==4 3 

>>D>7VO 6 
MV?<=4E, 
EF<>4E 

V 747>D4E 
5G4V65?L=<E 
>>=EFDG>FV= 

 

�V>?>7VG=4 3 

>>D>7VO 6 
D57G?LF4FV 
6??<6G <V-

>D>>D74=V7<V6 
V ?D>4G>FV6 WE  

6<FFT-
4VO?L=>EFV 

$<E. 1. �?4E<DV>4FVO ?D<G<= ?>L>>465==O V 7<5=L5==O 5>E??G4F4FV==>W =44V==>EFV <VEL><E 5G4V65?L 

10 

 



11 
 

$���I� 1. I�����$��-������I'�I '���� 
I ��$�$��&I� �$'�&���% �%���  

�I%,��% &�$�&�$I�  

 

  

1.1. �����,�I ��������/ 
 

�=65=5D=>-75>?>7VG=4 E<FG4FVO <VEL><E F5D<F>DV= 
4G65 DV7=><4=VF=4 7464O>< DV7=><4=VF=>EFV �DG=FV6 >E-
=>6< 5G4V65?L 74 <5E4=VG=<<< 6?4EF<6>EFO<<, E>?44><, 
G<>64<< 74?O74==O, ?>FG6=>EFV >>D5<<E ??4EFV6, F>M>. 
�DG=F>6<< >E=>64< 6 G<>64E WE ?D<D>4=>7> 74?O74==O 
<4=65 74664< ?D<F4<4==4 7=4G=4 =5>4=>DV4=VEFL 74 
E>?44>< V 6?4EF<6>EFO<<, O>4 >5G<>6?5=4 G<>64<< 75>-
?>7VG=>7> D>D<G64==O �DG=FV6, ?D<D>4=<<< V F5E=>75=-
=<<< D5>?>7VG=<<< 7<V=4<< 6 ?5DV>4 WE VE=G64==O.  

�VEL>5 5G4V6=<FF6>, 5>E??G4F4FVO V GFD<<4==O 5G-
4V65?L =4 =5DV6=><VD=> 45D>D<>64=<E �DG=F>6<E >E=>-
64E, <4NFL 65?<>5 ?>L<D5==O. �>E??G4F4FV==4 =44V=-
=VEFL <VEL><E 5G4V65?L 74?564FL 6V4 EFG?5=N 6D4EG64==O 
D54?L=<E 6?4EF<6>EF5= �DG=FV6 V >>=EFDG>FV==<E <4F5DV-
4?V6. �5?<>5 7=4G5==O <4T 6<5VD D4FV>=4?L=>7> F<?G >E-
=>6< V DG=44<5=FV6, 4 F4>>6 >>=EFDG>F<6=<E 74E>4V6, O>V 
7<5=LGNFL GGF?<6VEFL 5G4V65?L 4> 45D>D<4FV= >E=>6<. 

�474?L=>6V4><> V ?D<==OF>, M> 6EV V=65=5D=>-
75>?>-7VG=V G<>6< <VEL><E F5D<F>DV= ?>4V?ONFLEO =4 
?D>EFV V E>?44=V.      

�D>EFV (76<G4==V) V=65=5D=>-75>?>7VG=V G<>6< E4D4-
>F5D<7GNFLEO ?D>EF>N 5G4>6>N �DG=F>6>W >E=>6<: =4O6=VEFN 
>4=>7> 6<4G ?VM4=>7>, 7?<=<EF>7> (=5?D>E44>>6>7> V =5=45DO-
>4NG>7>), 65?<>>G?4<>>6>7> 45> E>5?L=>7> �DG=FG 557 6<>?<-
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=N64==O ??4EFV6, =4 7?<5<=G, O>4 6??<64T =4 >EV44==O V EFV=-
>VEFL 5G4V65?L, G< =4O6=VEFN 45>V?L>>E L4DV6 DV7=<E 6<4V6 �DG-
=FV6 7 7>D<7>=F4?L=<< 45> ?>?>7<< 74?O74==O<, 4 F4>>6 6V4-
EGF=VEFN DV7<>>-75>?>7VG=<E ?D>F5EV6 V O6<M, O>V =574F<6=> 
6??<64NFL =4 G<>6< 5G4V6=<FF64 F4 5>E??G4F4FVW 5G4V65?L  
(4<6. D<E. 1.1, 4, 5).  

� 76<G4==<E �DG=F>6<E G<>64E 45D>D<4FVW >E=>6 
=4=4>F<6=VL5 D>76<64NFLEO 6 ?5DV>4 5G4V6=<FF64 V <>-
6GFL ?D>4>66G64F<EO 6 ?5DV>4 5>E??G4F4FVW. />M> ?D< 
FL><G 6 >>=EFDG>FVOE ?>O6?ONFLEO ?>L>>465==O, F> 
7=4G=4 G4EF<=4 WE ?57>> ?V>6V4>6GTFLEO 6 ?D>F5EV 5G4V6-
=<FF64.  

�?O ?D>5>FG64==O, 5G4V6=<FF64 F4 5>E??G4F4FVW 5G-
4V65?L F4>V V=65=5D=>-75>?>7VG=V G<>6< <VEL><E F5D<F>-
DV= =5 O6?ONFL ?D>5?5<, F><G 6 44=V= <>=>7D4DVW D>77-
?O44F<EO =5 5G4GFL. 

%>?44=V V=65=5D=>-75>?>7VG=V G<>6< E4D4>F5D<7G-
NFLEO =5>4=>DV4=<< 74?O74==O< L4DV6 �DG=FG: 6<>?<=N64=-
=O< >>D5<<E ??4EFV6, ?V=7>?>4V5=<< 74?O74==O< �DG=FV6 >>-
D5<<E 6<4V6, =5>4=4>>6>N F>6M<=>N L4DV6 �DG=FG, =5DV6=>-
<VD=<< D>7?>4V?>< 6 �DG=FV DV7=><4=VF=<E 6>?NG5=L, 4 F4>>6 
=4O6=VEFN DV7<>>-75>?>7VG=<E ?D>F5EV6 V O6<M, O>V =574F<6=> 
6??<64NFL =4 G<>6< 5G4V6=<FF64 F4 5>E??G4F4FVW 5G4V65?L 
(D<E. 1.1, 6). 

� E>?44=<E �DG=F>6<E G<>64E =5557?5G=V 4?O 5G4V-
65?L 45D>D<4FVW >E=>6 6<=<>4NFL, O> ?D46<?>, 6 ?5DV>4 
WE 5>E??G4F4FVW. �??<6< �DG=F>6<E >E=>6 G 6<7?O4V 7<V-
M5=L V 7<V=< 6>DEF>>EFV ?D<6>4OFL 4> ?5D5D>7?>4V?G 
>>=F4>F=<E =4?DG65=L 46 4> 6V4D<6G �DG=FG 6V4 ?V4>L-
6< DG=44<5=FG V ?>DGL5==O =>7> <VF=>EFV =4 >>D5<<E 
4V?O=>4E. �D< FL><G 7>6=VL=T (5>E??G4F4FV==5) =464=-
F465==O >EF4TFLEO =57<V==<< V 7474?L=<= >59T< 5?ND 
>>=F4>F=<E =4?DG65=L =4 5G4L-O>V= EF44VW 45D>D<G64=-
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=O >E=>6< =5 7<V=NTFLEO. 
 

 
$<E. 1.1. �5>?>7VG=4 5G4>64 �DG=F>6<E <4E<6V6: 

(4, 5) 3 ?D>EF4; (6) 3 E>?44=4 
 

� E>?44=<E V=65=5D=>-75>?>7VG=<E G<>64E �DG=F>6V 
>E=>6< <VEL><E 5G4V65?L 6 DV7=<E 7V4D>75>?>7VG=<E E<FG-
4FVOE ?V4 6??<6>< ?D<D>4=<E V F5E=>75==<E G<==<>V6 
<>6GFL 6<>?<>4F< DV7=><4=VF=V 45D>D<4FVW 75<=>W ?>-
65DE=V. 

�EV44==O ?V4 4VTN 7>6=VL=VE =464=F465=L 3 ?5D5-
<VM5==O ?>65DE=V 75<?V, O>V 6V45G64NFLEO 6 D57G?LF4FV GMV-
?L=5==O �DG=FG, 4 F4>>6 ?D>EV44==O <5D7?<E, ?5E>6<E, 74E>?5-
=<E F4 V=L<E ?D>E44>>6<E �DG=FV6 ?V4 4VTN 7>6=VL=VE =464=-
F465=L, O>V 6V45G64NFLEO 6 <564E 45D>D<>64=>W 7>=< >E=>6< V 
=5 EG?D>6>46GNFLEO >>DV==>N 7<V=>N =>7> EFDG>FGD<. &4>V 
45D>D<4FVW 6V4=>EOFLEO 4> ?5DL>7> F<?G ?5D5<VM5=L.   

�D>EV44==O 3 ?5D5<VM5==O ?>65DE=V 75<?V, O>V 6V45G64-
NFLEO 6 D57G?LF4FV GMV?L=5==O V >>DV==>W 7<V=< EFDG>FGD< 
�DG=F>6>7> <4E<6G ?V4 4VTN 6?4E=>W 647<, >EV44==O 75<=>W ?>65-
DE=V ?D< ?V475<=<E 7VD=<G<E D>7D>5>4E, ?D< ?>=<65==V DV6=O 
�DG=F>6<E 6>4, 7>6=VL=VE =464=F465=L V 4>44F>>6<E D4>F>-
DV6 (74<>GG64==O ?D>E44>>6>7> �DG=FG, 6V4F4N64==O <5D7?>7> 

� � 

� 
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�DG=FG, ?V4F>??5==O V F4>5 V=L5). &4>V 45D>D<4FVW 6V4=>EOFL-
EO 4> 4DG7>7> F<?G ?5D5<VM5=L.   

 �V4=><< V >EV44==O 3 45D>D<4FVW, ?>69O74=V 7V 7<V=>N 
>59T<G 45O><E �DG=FV6 ?D< 7<V=V WE 6>?>7>EFV V (45>) 4VW =4 =<E 
EV<VG=<E D5G>6<= (=45DO>4==O V GE44>4), 4 F4>>6 ?D< 74<5D-
74==V 6>4< V 6V4F4N64==V ?L>4G 6 ?>D4E �DG=FG (<>D>7=5 =45DO-
>4==O V 6V4F4N64==O �DG=FG). 

�G?L4< 7EG6G, =574?56=V 6V4 4VW 7>6=VL=VE =464=-
F465=L 3 45D>D<4FVW 75<=>W ?>65DE=V, 6<>?<>4=V D>7D>5>>N 
?V475<=<E >>D<E=<E >>?4?<=, <VEL><< ?V475<=<< 5G4V6=<FF-
6><, 7<V=>N 7V4D>75>?>7VG=<E G<>6, ?>=<65==O< DV6=O �DG=F>-
6<E 45> ?V475<=<E 6>4, >4DEF>6>-EGD>7V==<<< ?D>F5E4<<, V=-
L<<< F5E=>75==<<< D4>F>D4<<. 

�>D<7>=F4?L=V ?5D5<VM5==O 3 45D>D<4FVW, ?>69O74=V 7 
4VTN 7>D<7>=F4?L=<E =464=F465=L =4 >E=>6G (7EG6=V F5D<F>-
DVW, >DGFV EE<?<) 45> 7V 7=4G=<<< 65DF<>4?L=<<< ?5D5<VM5=-
=O<< ?>65DE=V 75<?V ?D< >EV44==OE (?V4D>5>4 F5D<F>DVW =4 =5-
65?<>V= 7?<5<=V, 5G4V6=<FF6> FG=5?V6 <V?>>7> 74>?444==O), 
?D>EV44==OE 6V4 6?4E=>W 647<  V F4>5 V=L5. 

�4E<?< 3 45D>D<4FVW, ?>69O74=V 7 EG<VE=>N 4VTN 65DF<-
>4?L=<E (>EV44==O, ?D>EV44==O, <G?L4< >EV44==O) V 7>D<7>=F4-
?L=<E ?5D5<VM5=L, D57G?LF4F>< O>>W T >D5= 75<=>W ?>65DE=V.  

'EFG?< 3 D57G?LF4F 4VW =5DV6=><VD=<E 65DF<>4?L=<E 
=464=F465=L =4 >E=>6G =4 EG<V6=<E V=F5D64?4E >4=VTW 4>66<-
=< (=4?D<>?44, ?D< D>7>D5FV >DGF> ?444NG<E ??4EFV6 ?V475<-
=<E >>D<E=<E >>?4?<=). 

�574?56=> 6V4 ?D<G<=, O>V 6<>?<>4NFL 45D>D<4FVW 
�DG=FV6, 6EV 6<4< 6??<6V6 >E=>6 =4 5G4V6?V 76>4OFLEO 74-
74?Ï< 4> =5DV6=><VD=<E 65DF<>4?L=<E V 7>D<7>=F4?L=<E, 
4 E4<5 4> ??46=<E V 7>E5D5465=<E ?5D5<VM5=L ?>65DE=V 
75<?V.  

�=4G=5 <VEF5 6 D>5>F4E %.�. �?T?V>>64, �.%. �5F5-
?N>4, �... �55?T64 [136] F4 V=L<E 6G5=<E 74==O?< <5-
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F>4< ?>T4=4==O DV7=>DV4=<E 75>?>7VG=<E G<>6 74 >D<F5-
DVT< >4=4>>6>7> ?D>FV>4==O 45D>D<4FV==<E ?D>F5EV6 6 
�DG=F4E V WE 6??<6G =4 5G4V6?V V E?>DG4<.  

�D< ??46=<E 65DF<>4?L=<E 45D>D<4FVOE (D<E. 1.2) 
D>7?>4V? ?5D5<VM5=L 75<=>W ?>65DE=V <>65 =>E<F< 6<-
?44>>6<= E4D4>F5D, M> E4D4>F5D=> 4?O >EV44=L (=4?D<-
>?44, =5DV6=><VD=V >EV44==O 6=4E?V4>> =5>4=>DV4=>EFV V 
=5DV6=><VD=>W EF<E?<6>EFV �DG=FG), G< ?V4>>DOF<EO 74>>-
=><VD=>EFO<, >5G<>6?5=<< DV7<G=<<< ?D>F5E4<<, O>V 
74?564FL 6V4 F5E=>75==>W 4VO?L=>EFV ?N4<=<, M> E?>EF5-
DV74TFLEO ?D< ?D>EV44==OE, ?V4=><4E V >EV44==OE (>G<E=V 
D>5>F< ?> 6<4>5G64==N >>D<E=<E >>?4?<=, ?D>E44>>-
6VEFL ?5E>6<E �DG=FV6, 45D>D<4FVW ?D< 7<V=V DV6=O �DG=-
F>6<E 6>4 V F4>5 V=L5). 

�>D<7>=F4?L=V ??46=V 45D>D<4FVW 6<=<>4NFL ?D< 
6<>D<6?5==V 75<=>W ?>65DE=V G 6<7?O4V D>7FO7G64==O-
EF<E>4==O �DG=FG V 7EG64E. 

�>E5D5465=V 45D>D<4FVW (D<E. 1.3) E4D4>F5D<7GNFL-
EO DV7><< ?5D56<M5==O< =4 EGEV4=VE V=F5D64?4E FVTW 6 
4>66<=< (7>E5D5465=V 65DF<>4?L=V 45D>D<4FVW ?D>O6-
?ONFLEO G 6<7?O4V GEFG?V6, 6?44<=, ?D>64?V6, 7>E5D5465=V 
7>D<7>=F4?L=V 45D>D<4FVW 3 G 6<7?O4V FDVM<= 6 7>=4E D>-
7FO7G64==O 75<=>W ?>65DE=V). 

�>6=<= 6<4 V=65=5D=>-75>?>7VG=<E G<>6 <VEL><E 
F5D<F>DV= ?>FD55GT D5F5?L=>7> 6<6G5==O =>7> >E>5?<6>-
EF5= F4 74EF>EG64==O =5L45?>==<E V=65=5D=<E DVL5=L 
?D< 5G4V6=<FF6V F4 5>E??G4F4FVW <VEL><E 5G4V65?L. /> 
?D46<?>, F4>V DVL5==O ?>69O74=V 7 ?V46<M5=>N 6<FD4F>N 
5G4V65?L=<E <4F5DV4?V6 V >>=EFDG>FV=, 4>44F>>6<<< 74-
FD4F4<< ?N4EL>>W ?D4FV F4 7D>L5=. 

�V4><>, M> 6V4=>E=> 7474?L=>W >>LF>D<E=>W 64DF>E-
FV 5G4V6=<FF64, G4EF>4 >>LFV6, O>4 6<FD4G4TFLEO =4 765-
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45==O =G?L>6>7> F<>?G 6 E>?44=<E V=65=5D=>-75>?>-
7VG=<E G<>64E, 4>EO74T 30÷45% 74?56=> 6V4 6<4G 5G4V65?L 
V E?>DG4. �?NEFD4FVTN 4> E>474=>7> T F45?<FO 1.1, 45 =4-
6545=> 6<FD4F< >E=>6=<E <4F5DV4?V6 =4 >644D4F=<= <5FD 
7474?L=>W ??>MV 5474F>?>65DE>6<E 5G4<=>V6 74?56=> 6V4 
E>?44=>EFV V=65=5D=>-75>?>7VG=<E G<>6 <VEL><E F5D<F>-
DV=. 

�5 646>> 74<VF<F<, M> ?>DV6=O=> 7V 76<G4==<<< 
V=65=5D=>-75>?>7VG=<<< G<>64<< 5G4V6=<FF64, 74 E>?4-
4=<E G<>6 V=>4V 6<FD4G4TFLEO <4=65 G46VGV 5V?LL5 <5F4-
?G V =4 50÷80 >7 5V?LL5 F5<5=FG =4 1 <2 7474?L=>W ??>MV 
5G4V6?V. 

&45?<FO 1.1  
�D>7D5E<6=V ?<F><V ?>>47=<>< <4F5DV4?><VEF>>EFV 6 

?D>5>F4E <VEL><E 5G4V65?L =4 1 <2 7474?L=>W ??>MV 
 

7 

7/? 
'<>6< 5G4V6=<FF64 

F4 5>E??G4F4FVW 
�V?L>VEFL 

?>65DEV6 

�5F4?, 
>7 

&5<5=F, 
>7 

1 2 3 4 5 

1. �6<G4==V ��' 5 23.0÷24.5 240÷260 

  9÷10 22.5÷24.0 235÷250 

2. �D>E44>>6V 

�DG=F<: 

   

 � F<? 5 30.5÷32.5 280÷295 

  9÷10 29÷30 260÷270 

 �� F<? 5 33÷34 300÷310 

  9÷10 31.0÷32.5 280÷300 

3. �V4D>5?N64=V  

F5D<F>DVW  

5 28.5÷30.0 270÷280 

  9÷10 27÷28 265÷270 
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$<E. 1.2. �?4E<DV>4FVO ??46=<E 45D>D<4FV= 75<=>W ?>65DE=V. 
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1.2. ������ ������$��-�������'��% '���  
��%,��% &�$�&�$��  

 

1.2.1. &5>F>=VG=V 7DGL5==O  
%GG4E=<= D5?LTD '>D4W=< D>D<G646EO 6?D>4>66 

5474FL>E 75>?>7VG=<E 5?>E. &4> 5474?LF>6<= L4D GF6>D<-
6EO 3.8÷4.2 <?D4 D>>V6 F><G =4744, =4=446=VLV 4DE5=EL>V 
>D<EF4?VG=V ?>D>4< 6 '>D4W=V (D4=>= <. �4?>DV66O) <4-
NFL 6V> 3.7 <?D4 D>>V6, >VD>6>7D44EL>V V 6<F><<DEL>V 
7D4=VF< 3 1.9 <?D4 D>>V6, ?4?5>7>=EL>V 6V4>?44< �>=54EG 
3 250÷440 <?= D>>V6, <57>7>=EL>V 6V4>?44< �D<<EL><E 7VD 
3 70÷240 <?= D>>V6, >4==>7>=EL>V 6V4>?44< �4D?4F 3 
10÷65 <?= D>>V6. �E=>6=>N E>?44>6>N F5D<F>DVW, M> 74-
7=4T 7<V= 6 =4L G4E, T F>=>4 (5÷70 ><, 4 6 <564E '>D4W=< 
4> 25 ><) 7>6=VL=O >5>?>=>4 �5<?V 3 75<=4 >>D4 [7310].  

�4 ?D<=F<?>< ?D>O6G 7 G4E>< 7>?>6=>W G< 7465DL4-
?L=>W E>?44G4EF>EFV, ?VE?O O>>W D57V>= ?D<?<=O6 E6V= 75>-
E<=>?V=4?L=<= D>76<F>>, 6 <564E '>D4W=< 6<4V?ONFL 45-
>V?L>4 >DG?=<E F5>F>=VG=<E EFDG>FGD (4<6. D<E. 1.4):  

- 4D56=O %EV4=>-T6D>?5=EL>4 ??4FD>D<4 7 4>54=-
>4?LEL>>N E>?44G4EF>N >E=>6>N, 6 E>?44 O>>W 6E>4OFL 3 
'>D4W=EL><= >D<EF4?VG=<= M<F, �>65?LEL><= 6<EFG?, �>?<=-
EL>>-�>4V?LE>4 ??<F4, �=V?D>6EL>>-�>=5FL>4 74?44<=4, �>D>-
=57L><= <4E<6 F4 �D<G>D=><>DEL>4 74?44<=4;  

- �4EV4=>-T6D>?5=EL>4 ??4FD>D<4 7 54=>4?LEL>>-
>4?54>=EL><< DG=44<5=F><; 

- <>?>44 %>VDEL>4 ??4FD>D<4 7 75DF<=EL><< DG=-
44<5=F><; 

- E>?44G4EFV E?>DG4<, M> >5?O<>6GNFL ??4FD>D<< 
3 �4D?4FEL>4 E>?44G4EF4 >5?4EFL, �D<<EL>4 E>?44G4EF4 >5-
?4EFL, �>=5FL>4 E>?44G4EF4 >5?4EFL. 

�474?ó< ?>D>4< 75<=>W >>D< 747=4NFL 4<D5-
D5=FV=>64=<E DGEV6. �>D>4<, M> GF6>D<?<EO 6 <>D-
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EL>><G E5D54>6<MV, <>7?< ?V4=OF<EO =4 F<EOGV <5FDV6 
6<M5 DV6=O <>DO (�4D?4F<, 7VDEL><= �D<<). �=LV >5?4EFV 
(4=> '>D=>7> <>DO) E<?L=> >?GEF<?<EL. � V=L<E D4=>-
=4E, =4?D<>?44 6 �4D?4F4E, 74?O74NG< D4=VL5 7>D<7>=-
F4?L=>, L4D< 7VDEL><E ?>DV4 74D47 7V<9OFV 6 E>?44><. 

/>M> ?D<G<=>N DGEV6 T 6=GFDVL=V E<?< �5<?V, WE 
=47<64NFL F5>F>=VG=<<<. �>=< 5G64NFL FDL>E F<?V6: 
>>?<6=V, E>?44G4EFV  F4  D>7D<6=V (4<E?>>4FV==V).  

�D46<?L=5 D>7G<V==O D>76<F>G EFDG>FGD, ED>D<>-
64=<E 6=4E?V4>> ?D>O6?5==O F5>F>=VG=<E DGEV6, <4T 65-
?<>5 7=4G5==O ?D< V=65=5D=>-75>?>7VG=<E 4>E?V465==OE 
4?O 5G4V6=<FF64 <VEL><E 5G4V65?L F4 ?D>7=>7G64==V D>7-
6<F>G =5E?D<OF?<6<E DV7<>>-75>?>7VG=<E ?D>F5EV6 V 
O6<M =4 4V?O=>4E 745G4>6<. 

�>?<6=V DGE< ?5D5646=> ?D>O6?ONFLEO 6 ?>6V?L=<E 
65DF<>4?L=<E ?V4=OFFOE V >?GE>4==OE ?56=<E 4V?O=>> 
75<=>W >>D<, >E>??NNFL 65?<>V 4V?O=>< ??4FD>D<, E>?4-
4G4EF<E E<EF5< V ?>OEV6. �<6G4NFLEO ?5D5646=> <5F>4>< 
?>6F>D=>7> =V65?N64==O. �4 D57G?LF4F4<< F<E E?>EF5-
D565=L E>?444NFL 6V4?>6V4=V >4DF<, O>V <4NFL 646?<65 
7=4G5==O 4?O ?D>5>FG64==O 74?V7=<FL, =4DF>- F4 747>?-
D>6>4V6, 6>4>EE>6<M, 4 F4>>6 4?O E?>DG465==O 7V4D>- F4 
4F><=<E 5?5>FD>EF4=FV=, ?D><<E?>6<E >><??5>EV6, 5G4V-
6=<FF64 <VEF F4 V=L<E =4E5?5=<E ?G=>FV6. 

�D> ?V4=OFFO EGLV <>6=4 EG4<F< 74 =4O6=VEFN E6<-
?5?D<5V==<E F5D4E, ?V4=OF<E =44 DV6=5< <>DO. �D> >?G-
E>4==O EGLV E6V4G4FL 74F>??5==O <>D5< DGE5? DV>. 

�D>O6< F5>F>=VG=<E GF6>D5=L =4 75<=V= ?>65DE=V 
4<6. F45?. 1.2.  
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$<E. 1.4. �E=>6=V F5>F>=VG=V EFDG>FGD< '>D4W=<: 1 3 '>D4W=EL><= >D<EF4?VG=<= M<F; 2 3 �>65?LEL><= 6<EFG?;  

3 3 �>?<=EL>>-�>4V?LE>4 ??<F4; 4 3 �4D?4FEL>4 E>?44G4EF4 >5?4EFL; 5 3 �4EV4=>T6D>?5=EL>4 ??4FD>D<4;  
6 3 �=V?D>6EL>>-�>=5FL>4 74?44<=4; 7 3 �>D>=57L><= <4E<6; 8 3 �>=5FL>4 E>?44G4EF4 >5?4EFL;  

9 3 �D<G>D=><>DEL>4 74?44<=4; 10 3 %>VDEL>4 ??<F4; 11 3 �D<<EL>4 E>?44G4EF4 >5?4EFL 

21 
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 &45?<FO 1.2 
�D>O6< F5>F>=VG=<E GF6>D5=L =4 75<=V= ?>65DE=V 

 
�>D>4< '>D4W=EL>>7> M<F4. $>7>D<FFO 6 4>?<=4E DVG>> �D5G7<=>4 

(�<>>?4W6EL>4  >5?4EFL), D. %><>D4 (�<F><<DEL>4 >5?4EFL) 

 
�>D>4< '>D4W=EL>>7> M<F4. 

$>7>D<FFO 7D4=VFV6 V 7=5=EV6. (�4?>DV-

7L>4 >5?4EFL) 

�>?<=EL>>-�>4V?LEL>4 ??<F4.  

$>7>D<FFO 456>=EL><E 6V4>?44V6  

=4 55D57V �=VEFD4 (<. �4?VM<><) 

 
�>=5FL>4 E>?44G4EF4 >5?4EFL. 

$>7>D<FFO 64?=O>V6 V >4<9O=>7>  

6G7V??O 

$4EV6E><= >D<EF4?VG=<=  

<4EE<6. �4D?4F< 

 
�4?5>75=>6<= D?VL.  

�4D?4FEL>V 7>D< 
%>VDEL>4 ??<F4. �D<G>D=><>DEL>4  =<7>-

6<=4 V L5?LD>64 7>=4 '>D=>7> <>DO 
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�V4=OFFO ?>E<?NT ?D>F5E< D>7<<64==O EGLV F5>G-
G<<< 6>44<<, 4 >?GE>4==O ?>E?45?NT WE. �?GE>4==O EGLV 
6545 4> 4>F<6V74FVW ?D>F5EG DG==G64==O 55D57V6 E6<?O<< 
?D<??<6G. �<V=< 6<E>F=>7> ?>?>65==O ?>65DE=V EGLV 
6=4E?V4>> >>?<64?L=<E DGEV6 E?V4 6D4E>6G64F< ?D< ?D>5-
>FG64==V V 5>E??G4F4FVW <>EFV6, 7D555?L, >4=4?V6, 4>DV7, 
V=L<E V=65=5D=<E E?>DG4 =4 55D574E 6>4>=<<M. 

�4 F5D<F>DVW '>D4W=< EG<4D=V 4<??VFG4< 65DF<>4?L-
=<E DGEV6 7<V=NNFLEO 6V4 +450 4> -600 < =4 ??4FD>D<>6<E 
4V?O=>4E F4 4> +2000 < 3 G 7VDEL><E D4=>=4E.  

�>DV< 65DF<>4?L=<E DGEV6 75<=>W >>D<, 75>DV7<G-
=<<< F4 75>457<G=<<< <5F>44<< DV>EGNFLEO F4>>6 V EG-
G4E=V 7>D<7>=F4?L=V DGE< 75<=>W >>D<, >>D5<<E WW 5?>>V6 
674>66 ?V=V= D>7?><V6. �>D<7>=F4?L=V EGG4E=V DGE< 6<-
6G4NFLEO 75>457<G=<< <5F>4>< FDV4=7G?OFVW. 

�=4G=V (10÷20 <</DV>) 7>D<7>=F4?L=V 7<VM5==O 74-
DV>E>64=V 6 D4=>=V �D<6>7> $>7G F4 6 V=L<E <VEFOE. �4 
F4><E 4V?O=>4E 7<VMGNFLEO 4>D>7<, ?V475<=V V=65=5D=V 
>><G=>4FVW, DGE?4 >4=4?V6, ODV6, F>M>.  

�V4 6??<6>< 45D>D<4FV= 7VDEL>V ?>D>4< <>6GFL 
=45G64F< DV7=><4=VF=<E 7V7=GF<E D>D<, O>V =47<64NFLEO 
E>?44>4<< (??4EF<G=V 45D>D<4FVW), 45> DG==G64F<EO 7 
GF6>D5==O< FDVM<=, D>7?><V6, F>M> (>D<E>V 45D>D<4-
FVW). � ?5DL><G 6<?44>G 6<=<>4NFL E>?44G4EFV, 45> 
??V>4F<6=V ?>DGL5==O, 6 4DG7><G 3 D>7D<6=V, 45> 
4<79N=>F<6=V.  

%>?44G4EFV DGE<, ?D< O><E EGFV?L=VEFL 65DEF6 =5 
?>DGLGTFLEO, 4 7<V=NTFLEO ?<L5 D>D<4 WE 74?O74==O, 
?D<76>4OFL 4> GF6>D5==O E>?44>> 6 F>6M4E >E44>G=<E 
7VDEL><E ?>DV4. %>?44>< T >E=>6=<< 6<D465==O< 6 ?D<-
D>4V ??V>4F<6=<E ?>DGL5=L, ?V4 O><<< D>7G<VNFL 77<=< 
65DEF6< 7VDEL><E ?>DV4 557 D>7D<6G WE EGFV?L=>EFV.  
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�<4V?ONFL 464 >E=>6=V F<?< E>?44>>:  
- 4=F<>?V=4?L=V, 6 O4DV O><E 74?O74NFL 4D56=V ?>-

D>4<;  
- E<=>?V=4?L=V, 45 O4D> E>?445=5 <>?>4L<<< ?>D>-

44<< 6 ?>DV6=O==V 7 >D<?4<< (4<6. D<E. 1.5).  
�5DV4>> 6 <VEFOE 446=VE 4=F<>?V=4?5= 7GEFDVG4NFL-

EO ?>7?<5?5==O, GF6>D5=V 6=4E?V4>> DG==G64==O F4 6<-
=5E5==O >E?45?5=>W ?>D>4<. � =46?4><, 6 =<6=V= G4EF<=V 
E<=>?V=4?V ?>D>4< =4?DG65=V 74 D4EG=>> EF<E>4NG<E 
E<?. �D< D>7D>5FV F4><E ?>DV4 G4EF> FD4??ONFLEO D4?-
F>6V >564?< EFV=><E =4 ?5DL<= ?>7?O4 EE<?V6 V =46VFL 6<-
><4 G?4<>V6. �4O6=VEFL 4<E?>>4FV= 7=4G=> GE>?44=NT 
V=65=5D=>-75>?>7VG=V G<>6< 4V?O=>> 745G4>6<.  

/> ?D46<?>, 6 F4><E 6<?44>4E DG=44<5=F< >4=VTW 
5G4V6?V >?<D4NFLEO =4 DV7=V �DG=F<, M> <>65 E?D<G<=<-
F< =5DV6=><VD=V 45D>D<4FVW. �>E<?5 74?O74==O ??4EFV6 
7VDEL><E ?>DV4 ?5D5454G4T =5557?5>G GF6>D5==O 7EG6V6. 

$>7D<6=V F5>F>=VG=V (45> 4<79N=>F<6=V) ?>DGL5=-
=O ?D<76>4OFL 4> ?>DGL5==O EGFV?L=>EFV 65DEF6 V GF6>-
D5==O DV7=<E 4<E?>>4FV= (D>7D<6V6).  

 

 
           

$<E. 1.5.  �=F<>?V=4?L (4) V E<=>?V=4?L (5) 
  

� � 
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$>7D<6=V DGE< 74664< EG?D>6>46GNFLEO 7<V=>N ?5D-
6VE=>7> 74?O74==O 7VDEL><E ?>DV4 3 D>7D<6=<<< DGE4<<. 
&4><< DGE4< ?5D54GT ?>6V?L=> E??<64NG<= ?D>F5E ?5-
D5D>7?>4V?G =4?DG7 6 75<=V= >>DV, 6 D57G?LF4FV O>>7> 
?D>O6?ONFLEO 7>=< ?V46<M5=>W F4 ?>=<65=>W =4?DG7. 
�>?< FV =4?DG7< ?5D56<MGNFL <VF=VEFL <4E<6V6 7VDEL><E 
?>DV4, ?>G<=4NFLEO D>7D<6=V (4<E?>>4FV==V) DGE<, E?>-
G4F>G G D>D<V ??4EF<G=>7> 45D>D<G64==O, 4 ?>FV< 3 D>-
7D<6=<E 45D>D<4FV=, O>V = ?>DGLGNFL EGFV?L=VEFL <4-
E<6V6. �E>5?<6> =5>4=>DV4=V ?>?O =4?DG7 6<=<>4NFL 6 
<4E<64E 7VDEL><E ?>DV4 7 =5>4=>DV4=>N 5G4>6>N F4 4=V-
7>FD>?VTN 6?4EF<6>EF5=.  

�5?<G<=< 6>474=<E =4?DG7 <>6GFL 6<7=4G4F<EO 74 
D>D<G?4<< (1.1)÷(1.3):  

          ÃEE = 
222

22

)(

)3(

)1(2 yx

yxyb

û
ûô

ô
ý
ôý
þð

ý
;                 (1.1)

 

            Ãyy = 
222

22

)(

)(

)1(2 yx

yxyb

û
ýô

ô
ý
ôý
þð

ý
;                  (1.2) 

            Çxy = 
222

22

)(

)(

)1(2 yx

yxxb

û
ýô

ô
ý
ôý
þð

ý
,                  (1.3) 

45 µ 3 <>4G?L 7EG6G �DG=FG;  
     b 3 65>F>D �GD75D4;  

µ 3 >>5DVFVT=F �G4EE>=4;  
x V y 3 45>4DF>6V >>>D4<=4F<. 

�> D>7D<6V6 557 7<VM5==O =4?564FL ?V=V==> 6<FO7-
=GFV F5>F>=VG=V FDVM<=<, O>V G4EF> 7GEFDVG4NFLEO 6 O4D4E 
?V=V==<E E>?44>>, 4 F4>>6 D44V4?L=V V >>=F5=FD<G=V FDV-
M<=< =4 >G?>?>?>4V5=<E ?V4=OFFOE. �4 >GF>< =4E<?G WE 
?>4V?ONFL =4 E?45>?>E<?5=V (7 >GF>< =4E<?G < 5°), ?>?>-
7>?444NGV (5°÷45°), >DGF>?444NGV (45°÷80°) V 65DF<>4?L=V 
(80÷90°).  
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$>7D<6< 7V 7<VM5==O< E4D4>F5D<7GNFLEO 7<VM5==O< 
7VDEL><E ?>DV4 ?> FDVM<=V D>7D<6G.  

�E>5?<6G >4F57>DVN D>7D<6=<E F5>F>=VG=<E EFDG>-
FGD GF6>DNNFL 7?<5<==V D>7?><<. �>=< =5DV4>> D>7G?5-
=>6GNFL 6EN ?VF>ED5DG =4 >>D5<V 5?>><. &D<64?VEFL D>7-
6<F>G F4 VE=G64==O F4><E D>7?><V6 6<<VDNTFLEO 75>?>7V-
G=<<< ?5DV>44<< = 5D4<<. �?<5<==V D>7?><< GF6>DN-
NFL 6 75<=V= >>DV FDVM<=<, ?> O><E >>D5<V 5?>>< >?GE-
>4NFLEO 6=<7, GF6>DNNG< ?D>64?<, 4 V=LV ?V4=V<4NFLEO 
67>DG, GF6>DNNG< 6<EFG?<. $GE <4E<6V6 7VDEL><E ?>DV4 
?> 65DF<>4?V EG?D>6>46GTFLEO 7<VM5==O<<, 4 ?> 7>D<7>-
=F4?V 3 7EG64<<. 

�>D5<G >4F57>DVN D>7D<6=<E ?>DGL5=L GF6>DNNFL 
7>=< 7?<5<==<E D>7?><V6. �>=< E4D4>F5D<7GNFLEO 
7=4G=<< ?D>EFO74==O<, ?>FG6=VEFN F4 FD<64?<< D>-
76<F>><. �4 ?>65DE=V 7>=4 7?<5<==>7> D>7?><G <>65 
<4F< L<D<=G 6 45EOF>< >V?><5FDV6 V E>?444F<EO 7 E5DVW 
4DV5=VL<E >G?VE>?>4V5=<E D>7?><V6, <V6 O><<< 74F<E-
=GFV 5?>>< ?>DV4. (4<6. D<E. 1.6, 1.7). 
  

 
 

$<E. 1.6. %E5<4 5G4>6< 7D455=V6 V 7>DEFV6: �, �1 3 7D455=<: � 3 GF6>D5=<= 
E><44<<; �1 3 GF6>D5=<= ?V4><44<<. �, �1 3 7>DEF<: � 3 GF6>D5=<=  

E><44<<; �1 3 GF6>D5=<= ?V4><44<< 
 

� �1 

� �1 
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$<E. 1.7. $<DF<, O>V E>?444NFLEO 7 E<EF5<< 7D455=V6 V 7>DEFV6 

 

�<6G5==O EGG4E=<E DGEV6 75<=>W >>D< <4T 65?<>5 
?D4>F<G=5 7=4G5==O 6 <VEF>5G4G64==V. �E>5?<6> 674>66 
74?V7=<FL, =4DF>- V 747>?D>6>4V6, G <VEFOE 5G4V6=<FF64 
7V4D>5?5>FD>EF4=FV= V ��%.  

�5DF<>4?L=V ?5D5<VM5==O 6<6G4NFLEO, 7>?>6=<< 
G<=><, <5F>4>< ?>6F>D=>7> =V65?N64==O G5D57 ?56=V 
6V4DV7>< G4EG (5÷10 D>>V6). �D> E4D4>F5D EGG4E=<E DGEV6 
FVTW G< V=L>W 4V?O=>< 75<=>W >>D< <>6=4 EG4<F< =4 >E=>-
6V >E>5?<6>EF5= 75><>DD>?>7VG=>W 5G4>6< F4 E>?44G EG-
G4E=<E 6V4>?44V6. �4?D<>?44, 4V?O=><, O>V V=F5=E<6=> 
?V4=V<4NFLEO 6 EGG4E=G 5?>EG, E4D4>F5D<7GNFLEO ?5D5-
646=> 5V?LL<<< 45E>?NF=<<< ?>7=4G>4<< V V=F5=E<6-
=>N D>7G?5=>64=VEFN ?>65DE=V <>?>4<<< OD4<< V ?>F>-
>4<<, 4 4V?O=><, O>V >?GE>4NFLEO, DV6=VL>N, G4EF> 745>-
?>G5=>N ?>65DE=5N. 

$>76<F>> 5>7>75==<E ?D>F5EV6 5474F> 6 G><G 74?5-
6<FL 6V4 E4D4>F5DG =>6VF=VE F4 EGG4E=<E F5>F>=VG=<E DG-
EV6. &5 <>65 ?D>O6?OF<EO 6 7<V=V FD4T>F>DVW DGE5? DVG>> 
(<54=7DG64==V) F4 ?V4<<64==V 55D57V6, ?VF>?>7VG=<E >E>-
5?<6>EFOE 74??46=<E 6V4>?44V6. $V7=V 4<??VFG4< DGEV6 6 
<564E EFDG>FGD=<E 5?5<5=FV6 6<E>><E ?>DO4>V6 6??<64-
NFL =4 7<V=G EFG?5=N F4 E4D4>F5DG 745>?>GG64==O, 6<-
>?<>4NFL V=F5=E<DV>4FVN 7EG6=<E ?D>F5EV6. 

�D< 6<6G5==V 4V?O=>> 5G4V6=<FF64, D5>>=EFDG>FVW 
F4 ?5D5>5?44=4==V VE=GNG<E 5G4V65?L, =5>5EV4=> 6<>>-
=G64F< >><??5>E=V V=65=5D=>-75>?>7VG=V 4>E?V465==O, 
>5>69O7>>6> 6>?NG4NG< F5>F>=VG=G E>?44>6G. 
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1.2.2. �V4D>5>4 <VEL><E F5D<F>DV= 
�V4D>5?N64=V F5D<F>DVW 74=<4NFL 6V4=>E=> =565?<-

>G ??>MG, 4?5 6>=< ?>EFV==> 75V?LLGNFLEO V T =4=>DG?-
=VL<<< F5=FD4<< >>=F5=FD4FVW 646>>W ?D><<E?>6>EFV, 
<VEF F4 V=L<E =4E5?5=<E ?4=>FV6. �5>5EV4=VEFL ?>EFV==>-
7> 6<4>5GF>G ?V475<=<E >>D<E=<E >>?4?<= ?D<6>4<FL 
4> ?>EFV==>7> D>7L<D5==O F4 V=F5=E<DV>4FVW 5>E??G4F4-
FVW ?V4D>5?N64=<E F5D<F>DV=. 

�474?L=<= >59T< DG4<, 6G7V??O, V=L<E >>D<E=<E >>-
?4?<=, M> 6<4>5GFV ?V475<=<< E?>E>5>< 74 120 D>>V6 6 
'>D4W=V, EF4=>6<FL ?D<5?<7=> 13 <?D4 <3. �D< FL><G, 
>59T< ?>D>6=<=, M> GF6>D<?<EO 6 5474F> D47V6 <5=L<=, 
F4> O> ?VE?O 6<W<>< >>D<E=<E >>?4?<=, ?>D>4< M> ?5-
64FL 6<M5, >EV44NFL V >5DGLGNFLEO. �55DV74NFLEO ?<L5 
6<D>5><, ?D>=45=V 6 <VF=<E ?>D>44E G< 74>DV??5=V LFG-
G=>. �474?L=4 >V?L>VEFL WE 6 '>D4W=V EF4=>6<FL >DVT=F>6=> 
2100 >4<=<FL, 7474?L=4 4>66<=4 1300 ><, 4 >59T< 3  
32 <?= <3.  

-5 >4=4 7DG?4 ?V475<=<E ?>D>6=<= GF6>D<?4EL 
?D< <VEL>><G ?V475<=><G 5G4V6=<FF6V. �5EL >59T< ?V475-
<=<E <VEL><E E?>DG4 '>D4W=< E>?444T 7 <?= <3. �7 7474-
?L=>W >V?L>>EFV 6EVE ?V475<=<E ?>D>6=<= ?D<5?<7=> 1/5 
D>7<VM5=4 ?V4 F5D<F>DVO<< >DG?=<E, E5D54=VE <VEF V =4-
E5?5=<E ?G=>FV6.  

&V ?>D>6=<=<, O6?ONFL ?>F5=FV==G 747D>7G 464DV= 
<VEL><E 5G4V65?L EL>7>4=V V 6 <4=5GF=L><G. �5DL4 74DV-
>E>64=4 6 '>D4W=V 464DVO, O>4 5G?4 E?D<G<=5=4 ?V4D>5-
>>N >E=>6<,  6V45G?4EO 6 >V=FV 20-E D>>V6 %�%-7> EF>?VFFO 6 
�D<6><G $>7V ?D< >5DGL5==V EF5?V ?V475<=>W >4<5D< 6V4 
6<4>5G64==O DG4< =4 =565?<>V= 7?<5<=V [11]. 

� �<T6V 6V4 F5E=>75==>7> =5DV6=><VD=>7> >EV44==O 
>E=>6< 6 7>=4E ?V475<=>7> 5G4V6=<FF64 5G?> ?>L>>465-
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=> 5V?LL5, O> 40 5474F>?>65DE>6<E 5G4V65?L.  
' 1989 D>FV 6=4E?V4>> 4VO?L=>EFV <5FD>?>?VF5=G 

EF4?>EO >5DGL5==O ?>DF4?G 5G4V6?V �>?>6?>LF4<FG =4 
%D5M4F<>G.  

�V475<=4 6<W<>4 6G7V??O 74V=E=NTFLEO 6 '>D4W=V 6 
�>=5FL>><G V �4EV4=>-'>D4W=EL>><G 6G7V?L=<E 54E5==4E. 
� DO4V D4=>=V6 L4EF=<< <5F>4>< 4>5G64NFL 74?V7=V V ?>-
?V<5F4?56V DG4<, V=LV >>D<E=V >>?4?<=<. �EF4=>6?5=>, 
M> 6 DV7=<E 6G7V?L=<E 54E5==4E '>D4W=< 6V4=>E=V 45D>-
D<4FVW 7<VM5=L 75<=>W ?>65DE=V =5>4=4>>6V.  

�5>EFV=>VEFL F4 5>E??G4F4FV==4 =44V==VEFL <VEL><E 
5G4V65?L =4 ?V4D>5?N64=<E F5D<F>DVOE 7=4G=>N <VD>N 
74?564FL 6V4 D>7<VM5==O >59T>FV6 6V4=>E=> =4?DO<>G 
7VD=<G<E D>5VF, 4 F4>>6 6<V?>7> 74EF>EG64==O 74E>4V6 74-
E<EFG 6V4 6??<6G ?V4D>5>< F5D<F>DVW.   

�E>5?<6G E?5F<DV>G 6 5>E??G4F4FV==G =44V==VEFL 
?V4D>5?N64=<E F5D<F>DV= 6=>EOFL D5>?>7VG=V 7<V=< �DG-
=FV6, 6<>?<>4=V ?5D5E>4>< 4> D>7D>5>< 6G7V??O =4 65?<-
><E 7?<5<=4E, 74>D<FFO< L4EF 7 WE «<>>D>N» >>=E5D64FV-
TN, 75V?LL5==O< ??>M ?V4D>5?N64=<E F5D<F>DV=, 7=4G-
=<< D>7L<D5==O< <56 7>= >564?5==O �DG=FV6. �>><-M> 
=5<4T >4=>7=4G=>W 6V4?>6V4V =4 F5, G<  ?D<765?< FV 7<V=< 
4> 7<5=L5==O, 45> =46?4>< 3 4> 75V?LL5==O 5>E??G4F4-
FV==>W =44V==>EFV F4><E >E=>6. �4>D<FFO F4 74F>??5==O 
6>4>N L4EF ?>EF46<?> =>6V 7444GV 74E<EFG <VEL><E F5D<-
F>DV= 6V4 ?V4F>??5==O.  

%N4< <>6=4 6V4=5EF< ?V475<=5 5G4V6=<FF6> G 65-
?<><E <VEF4E, O>5 6<<474T 6D4EG64==O =>7> =4E?V4>V6 ?D< 
745G4>6V = GFD<<4==V F5D<F>DV= 6 7>=4E 6??<6G ?V475<-
=<E E?>DG4, 45 ?>L>>465==O V 45D>D<4FVW =475<=<E 5G-
4V65?L ?D>FV>4NFL <4=65 F4> E4<>, O> V =4 ?V4D>5?N64-
=<E F5D<F>DVOE.   



 

 30

/> G65 5G?> 6V4<VG5=>, ?D< D>7D>5FV >>D<E=<E 
>>?4?<= ?V475<=<< E?>E>5><, 6E5D54<=V 7VDEL><E ?>DV4 
GF6>DNNFLEO ?GEF>F< DV7=<E D>7<VDV6 (6<D>5><), O>V 
?>EFG?>6> 74?>6=NNFLEO 74 D4EG=>> >564?N64==O, 7EG6V6 
45> ??46=>7> ?D>7<=G ?>DV4, D>7<VM5=<E =44 =<<<. �D< 
=565?<><E D>7<VD4E 6<D>5>< ?D>F5E 7EG6G ?>DV4 <>65 
EF45V?V7G64F<EO 6 <564E EF6>D5=>W 4D>< >564?N64==O V =5 
?D>O6<F<EO =4 75<=V= ?>65DE=V. �D< 65?<><E D>7<VD4E 
6<D>5><, =4?D<>?44 ?D< 6<W<FV 6G7V??O, F5= ?D>F5E 
?>L<DNTFLEO 7=<7G 665DE 46 4> ?>65DE=V, EF6>DNNG< 
FGF G4L>?>4V5=G 6?44<=G 3 <G?L4G 7EG6G. 

$>7<VD< <G?L4 74?564FL 6V4 F>6M<=< 6<D>5?5=>7> 
??4EFG, >GF4 =>7> =4E<?G 4> 7>D<7>=FG ³ (>GF4 ?44V==O), 
D>7<VDV6 6<D>5>< 674>66 F4 6?>?5D5> ??4EFG 6V4?>6V4=> 
D1 F4 D2, D44VGEG >D<6<7=< 75<=>W ?>65DE=V R, DV7<>>-
<5E4=VG=<E 6?4EF<6>EF5= �DG=FV6, F5E=>?>7VW 6545==O 
7VD=<G<E D>5VF, L6<4>>EFV ?D>EG64==O, V F4>5 V=L5. �EV-
44==O 75<=>W ?>65DE=V <>65 6V45G64F<EO ?V4G4E 6545==O 
7VD=<G<E D>5VF G< ?VE?O WE 7465DL5==O, V <>65 ?D>4>6-
6G64F<EL 6?D>4>66 45>V?L>>E 45EOF>V6 D>>V6.  

&D<64?VEFL ?D>F5EG 7DGL5==O 74?56<FL 6V4 >DVT=-
F4FVW 6<D>5>> 6 ?V475<=><G ?D>EF>DV, E>?44G F4 <VF=>EFV 
?>DV4 =44 6<D>5>>N, 7?<5<=< D>7D>5>< V 75>7D4DVG=>7> 
?>?>65==O 6G7V?L=>7> 54E5==G. �4?D<>?44, 4?O �>=54-
EG, ?D< L6<4>>EFV ?D>EG64==O 745>N 30 <5FDV6 74 <VEOFL 
7474?L=4 FD<64?VEFL ?D>F5EG 7<VM5==O ?D< 7?<5<=V D>7-
D>5>< 100 < E>?444T ?D<5?<7=> 6 <VEOFV6, 4 ?D< 7?<5<=V 
700 < 3 2.5 D>>G. &D<64?VEFL 4>F<6=>W EF44VW 7 =4=5V?LL>N 
V=F5=E<6=VEFN >EV44==O EF4=>6<FL 6V4 2 4> 12 <VEOFV6. 
,6<4>VEFL >EV44==O E>?444T =5 <5=L5 O> 30÷50 << 74 <V-
EOFL 74?56=> 6V4 >GF4 =4E<?G ??4EFG, M> D>7D>5?OTFLEO.  

/>M> 7?<5<=4 D>7D>5>< =5 ?5D56<MGT 15-F< >D4F-
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=>W F>6M<=< 6<D>5?5=>7> ??4EFG, F> =4 ?>65DE=V 75<?V 
GF6>DNNFLEO ?D>64?<. �D< 7?<5<=4E D>7D>5>< 4> 40÷50-
F< >D4F=>W F>6M<=< 6<D>5?5=<E ??4EFV6 =4 75<=V= ?>65-
DE=V 6<=<>4NFL FDVM<=<. �D< 6<W<FV >DGF> ?444NG<E 
??4EFV6 (³ > 45°) =4 75<=V= ?>65DE=V ?> =4?DO<>G E?4-
44==O ??4EFV6 ?>O6?ONFLEO 45D>D<4FVW G 6<7?O4V GEFG-
?V6 7 FDVM<=4<<. 

%?V4 6V4<VF<F<, M> 6??<6 6<W<>< 6G7V??O =4 EF4= 
75<=>W ?>65DE=V E?>EF5DV74TFLEO =46VFL ?D< 7?<5<=V D>7-
D>5>< 1000 V 5V?LL5 <5FDV6 (!). 

� <564E <G?L4< 7EG6G >>6=4 F>G>4 75<=>W ?>65DE=V 
?5D5<VMGTFLEO G 65DF<>4?L=><G V 7>D<7>=F4?L=><G =4-
?DO<>4E (D<E. 1.8, 4).  

�4>E<<4?L=V >EV44==O E?>EF5DV74NFLEO 6 F5=FD4?L-
=V= G4EF<=V <G?L4< (1) V ?>EFG?>6> 7<5=LGNFLEO 4> WW 
>D4W6 (<4>E<<4?L=5 >EV44==O ?D< ?>6=><G >5DGL5==V 
?>>DV6?V 4>EO74T 50÷90% F>6M<=< 6<D>5?5=>7> ??4EFG).  

�V4=>E=V 7>D<7>=F4?L=V 45D>D<4FVW (2) 4>EO74NFL 
=4=5V?LL<E 7=4G5=L =4 >D4OE <G?L4< 7EG6G (30% 6V4 65-
?<G<=< <4>E<<4?L=>7> >EV44==O), F4< 65 =4=E<?L=VL5 
?D>O6?ONFLEO =5DV6=><VD=>EFV 65DF<>4?L=<E V 7>D<7>=-
F4?L=<E 45D>D<4FV=. 

�D< ?>44?LL><G ?D>EG64==V 745>N 6V4?>6V4=> 
?D>EG64TFLEO V >D4= <G?L4< (3). />M> =4 75<=V= ?>65DE=V 
T 5G4V6?V, F> G 769O7>G 7 ?D>EG64==O< >D4N <G?L4<, 6>=< 
E?>G4F>G ?>?444NFL ?V4 6??<6 6<?G>?>W =>7> G4EF<=< 
(6<7<=4NFLEO), 4 ?>FV< ?D>7=GF>W 3 (?D>7<=4NFLEO). �D< 
D>7D>5FV >DGF> ?444NG<E ??4EFV6 (>GF ³ > 45º) 7>D<7>=-
F4?L=V ?5D5<VM5==O F>G>> 75<=>W ?>65DE=V <>6GFL 4>EO-
74F< 65?<><E 65?<G<= V =46VFL ?5D56<MG64F< 65DF<>4?L-
=V 45D>D<4FVW (>EV44==O). � F4><E G<>64E ?V4D>5>< =4 
75<=V= ?>65DE=V 79O6?ONFLEO FDVM<=< V GEFG?<, D>7<VD< 
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O><E 4>EO74NFL 45>V?L>>E 45EOF>V6 E4=F<<5FDV6  
(D<E. 1.8, 5).                      

 

 
$<E. 1.8. $>7D4EG=>>6V EE5<< 45D>D<G64==O 75<=>W ?>65DE=V 

?V4D>5?N64=<E F5D<F>DV=: 4 3 EE5<4F<G=<= 65DF<>4?L=<= D>7DV7 F>6MV 

?>DV4 ?> =4?DO<>G DGEG 745>N ?D< 7?<5>><E V ?>?>7<E ??4EF4E >>D<E=<E 

>>?4?<=; 5 3 F5 E4<5, ?D< >DGF> ?444NG<E ??4EF4E >>D<E=<E >>?4?<=;  

6 3 D>7D4EG=>>64 EE5<4 ?V4D>5?5=>W F5D<F>DVW 4?O 6<7=4G5==O >EV44=L  

?>65DE=V ?V4 5G4V6?5N; 1 3 >D<64 >EV44=L 75<=>W ?>65DE=V; 2 3 5?ND4  

6V4=>E=<E 7>D<7>=F4?L=<E 45D>D<4FV=; 3 3 >D<64 ?D>EG64==O >D4N <G?L4< 

?D< ?D>EG64==V 745>N 

 

�4 D<E. 1.8, 4 =46545=<= EE5<4F<G=<= 65DF<>4?L-
=<= D>7DV7 F>6MV ?>DV4 ?> =4?DO<>G DGEG 745>N (?>>4-

2 
3 

A

1 

�

�

0 
X 

Y 
R 

X 
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74=> EFDV?>>N) ?D< 7EG6V ?>DV4 G D>D<V ?D>7<=G. �5D5<V-
M5==O 75<=>W ?>65DE=V E4D4>F5D<7GNFLEO >D<6>N >EV-
44=L (1) V 5?ND>N 6V4=>E=<E 7>D<7>=F4?L=<E 45D>D<4-
FV= (2), 45 «??NE» >7=4G4T D>7FO7G64==O, 4 «<V=GE» 3 EF<-
E>4==O. �5D5<VM5==O F4>>7> 6<7?O4G E?>EF5DV74NFLEO 
?D< D>7D>5FV 4>EF4F=L> 7?<5>>> D>7<VM5=<E V ?>?>7<E 
?> 6V4=>L5==N 4> 7>D<7>=FG ??4EFV6 >>D<E=<E >>?4?<=. 

� O>>EFV 6<EV4=<E 44=<E 4?O ?D>5>FG64==O V 5>E??G-
4F4FVW 5G4V65?L =4 ?V4D>5?N64=<E F5D<F>DVOE =5>5EV4=> 
7=4F< =4EFG?=V >GV>G64=V 45> ?D>7=>7>64=V 45D>D<4FVW 
75<=>W ?>65DE=V: R (><) 3 <V=V<4?L=<= D44VGE >D<6<7=< 
?>65DE=V 75<?V; · (<</<) 3 6V4=>E=4 7>D<7>=F4?L=4 45-
D>D<4FVO D>7FO7G64==O 45> EF<E>4==O; · (<<) 3 >EV44==O 
75<=>W ?>65DE=V; ¿ (<<) 3 7>D<7>=F4?L=5 7<VM5==O (7EG6); 
i (<</<) 3 =4E<?; H 3 7?<5<=4 74?O74==O 6G7V?L=>7> ??4-
EFG; h (<<) 3 6<E>F4 GEFG?G (?D< EFG?5=56V= <G?L4V); m 3 
?>FG6=VEFL 6<D>5?5=>7> ??4EFG (?D< 74>?44FV 6<D>5?5-
=>7> ?D>EF>DG 74<VEFL m 6 D>7D4EG=>4E 6<>>D<EF>6GNFL 
5D5>F<6=G ?>FG6=VEFL ??4EFG m5: 

            m5 = (h>+h=)×(1-�1)+ �1× m),                      (1.4) 
45 h> 3 >>=65D75=FVO (75?<65==O) ?>>DV6?V 7 ?>65DE=5N 
4> 76545==O 74>?44><, ?D< 6V4EGF=>EFV 44=<E ?D<=<4TFL-
EO h> = 0.15m; 

h= 3 =5?>6=>F4 74>?44><, F>5F> 6V4EF4=L 6V4 65DEG 74-
>?445=>7> <4E<6G 4> ?>>DV6?V ??4EFG; 
�1 = (0.05÷0.50) 3 >>5DVFVT=F GE44>< 74>?44><.   

�>474=V D>7D4EG=>>6V 7=4G5==O 45D>D<4FV= 75<=>W 
?>65DE=V 6<D4E>6GNFLEO 74 D>D<G?4<< (1.4)÷(1.10) [123
15]. 
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$>7D4EG=>>6<= D44VGE >D<6<7=< 75<=>W ?>65DE=V:                         

        R = 
�.��

��×��	
×��������ï����
 ,                 (1.5) 

45 kR 3 >>5DVFVT=F, O><= E4D4>F5D<7GT <4>E<<4?L=<= 
D44VGE >D<6<7=< 75<=>W ?>65DE=V 4?O 7VD=<G>-
75>?>7VG=<E G<>6 6G7V?L=>7> 54E5==G; 

³ 3 >GF ?44V==O 6<D>5?5=>7> ??4EFG, (7D44.); 

     �  = m1/H1;  ��  = m2/H2;& ��  = mn/Hn 3 >>5DVFVT=F<, 
O>V E4D4>F5D<7GNFL 7?<5<=< 74?O74==O ??4EFV6. 

$>7D4EG=>>6V 7>D<7>=F4?L=V 45D>D<4FVW 75<=>W ?>-
65DE=V 674>66 6<D>5?5=>7> ??4EFG: 

         · = 0.70 × cos2³ × k· × ��� + ��� + ï + ���  ,        (1.6) 

45  k· 3 >>5DVFVT=F, O><= E4D4>F5D<7GT <4>E<<4?L=V 7>D<-
7>=F4?L=V 45D>D<4FVW 75<=>W ?>65DE=V 4?O 7VD=<G>-
75>?>7VG=<E G<>6 6G7V?L=>7> 54E5==G. 

$>7D4EG=>>6V 7>D<7>=F4?L=V 45D>D<4FVW 75<=>W ?>-
65DE=V 6?>?5D5> 6<D>5?5=>7> ??4EFG: 

  · = 0.70 × (cos2³+sin2³) × k· ×��� + ��� + ï + ���  ,   (1.7) 

$>7D4EG=>>6V >EV44==O 75<=>W ?>65DE=V: 
         · = (0.8÷0.9) × k· × (m1 +m2 +&+mn),           (1.8)  

45 k· 3 >>5DVFVT=F, O><= E4D4>F5D<7GT <4>E<<4?L=5 >EV-
44==O 75<=>W ?>65DE=V 4?O 7VD=<G>-75>?>7VG=<E G<>6 6G-
7V?L=>7> 54E5==G; 

m1 +m2 +&+mn 3 ?>FG6=>EFV D>7D>5?5=<E ??4EFV6. 
$>7D4EG=>>6V 7>D<7>=F4?L=V 7EG6< 75<=>W ?>65DE=V 674>66 

6<D>5?5=>7> ??4EFG: 

       ¿ = 0.30 × cos³ × k¿ ×
22

2
2
1 ... nmmm ûûû ,             (1.9) 

45 k¿ 3 >>5DVFVT=F, O><= E4D4>F5D<7GT <4>E<<4?L=<= 7EG6 75<-
=>W ?>65DE=V 4?O 7VD=<G>-75>?>7VG=<E G<>6 6G7V?L=>7> 54E5=-



 

 35

=G; 
m1 +m2 +&+mn 3 ?>FG6=>EFV D>7D>5?5=<E ??4EFV6. 

$>7D4EG=>>6V 7>D<7>=F4?L=V 7EG6< 75<=>W ?>65DE=V 
6?>?5D5> 6<D>5?5=>7> ??4EFG: 

 ¿ = (0.30+tg³) × cos³ × k¿ × 22
2

2
1 ... nmmm ûûû .    (1.10) 

$>7D4EG=>>6V =4E<?< 75<=>W ?>65DE=V: 

    i = ± 2 × cos2³× ki ×���+��� + ï +���  ,        (1.11) 

45 ki 3 >>5DVFVT=F, O><= E4D4>F5D<7GT <4>E<<4?L=<= =4-
E<? 75<=>W ?>65DE=V 4?O 7VD=<G>-75>?>7VG=<E G<>6 6G7V-
?L=>7> 54E5==G. 

�4 7=4G5==O<< 6V4=>E=<E 7>D<7>=F4?L=<E 45D>D-

<4FV= · 6<7=4G4NFLEO D>7FO7GNGV 45> EF<E>4NGV 7GE<??O, 
O>V 4VNFL =4 ?V475<=G G4EF<=G 5G4V65?L.  

�4E<? V 6D4E>6GTFLEO ?D< 5>E??G4F4FVW 6<E>><E 5G-
4V65?L, G O><E ?5D5<VM5==O F5=FDG 647< <>65 6<>?<>4F< 
?>O6G 4>44F>>6>7> =4E<?G 5G4V6?V V 7GE<?L 6 >>=EFDG>-
F<6=<E 5?5<5=F4E V 6 >E=>6V.  

�4>E<<4?L=V ?D>7=>7>64=V >EV44==O · V 7>D<7>=F4-
?L=5 7<VM5==O ¿ 75<=>W ?>65DE=V ?D< D>7D4EG=>4E 5G4V-
65?L =4 <VF=VEFL =5 6<>>D<EF>6GNFLEO, 4?5 6>=< =5>5-
EV4=V 4?O ?D>7=>7V6 45D>D<4FV= ?V475<=<E >><G=V>4FV= V 
7<V=< DV6=O �DG=F>6<E 6>4. 

&>G=VEFL VE=GNG<E E?>E>5V6 6<7=4G5==O 45D>D<4-
FV= 75<=>W ?>65DE=V 7<V=NTFLEO 6 L<D>><E <564E: >EV-
44==O · 3 30%, =4E<? V 3 60%, 6V4=>E=V 7>D<7>=F4?L=V 45-
D>D<4FVW · (D>7FO7G64==O-EF<E>4==O) 3 60% V  F4>5 V=L5. 
&><G ?D< ?D>5>FG64==V F4 5>E??G4F4FVW <VEL><E 5G4V65?L 
6D4E>6GNFLEO D>7D4EG=>>6V 7=4G5==O 45D>D<4FV=, O>V 
>45D64=V <=>65==O< >GV>G64=<E 45> ?D>7=>7>64=<E 
45D>D<4FV= =4 6V4?>6V4=V >>5DVFVT=F< ?5D5=464=-
F465==O, 6V4?>6V4=> 4?O >EV44==O ·, 7>D<7>=F4?L=>7> 
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7<VM5==O ¿, =4E<?G V, 6V4=>E=<E 7>D<7>=F4?L=<E 45D>D-
<4FV= D>7FO7G64==O3EF<E>4==O ·, >D<6<7=< Ã, GEFG?G h  
[15]. 

�D< 6<7<=4E ?V4D>5?5=>W ?>65DE=V, >>D<EFGNG<EL 
6V4><<< >4=>=VG=<< DV6=O==O< ?4D45>?< X2=2R×Y, 6<-
D4E>6GNFL 65DF<>4?L=5 ?5D5<VM5==O 5G4L-O>>W F>G>< 
75<=>W ?>65DE=V 6V4=>E=> >EV 0x (D<E. 1.8, 6). �D< FL><G 
65DL<=4 ?4D45>?< 0 EG<VM4TFLEO 7 F5=FD4?L=>N 6VEEN 
5G4V6?V. �?O E?D>M5==O D>7D4EG=>V6 ?D<=<4TFLEO, M> 
?>65DE=O >D4N ??46=>W <G?L4< <4T 6<4 ?4D45>?VG=>7> 
F<?V=4D4, G 65DL<=V O>>7> D44VGE >D<6<7=< DV6=<= R: 

                 yÃ= ��×��×��
�� ,                               (1.12) 

45 mÃ 3 >>5DVFVT=F G<>6 D>5>F<; 
     x 3 6V4EF4=L 6V4 F>G><, M> D>77?O44TFLEO, 4> F5=FD4?L-
=>W >EV 5G4V6?V 45> WW 6V4EV>G. 

$V7=<FO ?5D5<VM5=L &G 46>E F>G>> >E=>6< 5G4V6?V, 
O>4 T =4E?V4>>< >D<6<7=< 75<=>W ?>65DE=V, 6<7=4G4TFLEO 
74 D>D<G?>N: 

                  �GÃ = nÃ × mÃ × 
������

��  ,                          (1.13) 

45 E1 , E2 3 6V4EF4=L 6V4 F>G>> >E=>6<, M> D>77?O44TFLEO, 
4> 6V4?>6V4=>W F5=FD4?L=>W >EV 5G4V6?V.  

$V7=<FO ?5D5<VM5=L �GV 46>E F>G>> >E=>6< 5G4V6?V, 
M> 6<=<>4T 6=4E?V4>> DV6=><VD=>7> =4E<?G V 75<=>W ?>-
65DE=V, 6<7=4G4TFLEO 74 D>D<G?>N: 

            �GV  = nV × mV × V ×( E2 - E1).                           (1.14)  

�GF =4E<?G G 5G4L-O>V= F>GFV >E=>6< VÃ, M> T  =4E-
?V4>>< 45D>D<4FVW 75<=>W ?>65DE=V,  6<7=4G4TFLEO 74 D>-
D<G?>N: 

                         VÃ = ± nÃ × mÃ × �
� .                         (1.15) 
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%E5<G 7>D<7>=F4?L=<E ?5D5<VM5=L 75<=>W ?>65DE=V 
?D<=<4NFL G 6<7?O4V ?V=V==<E FD<>GF=<E 5?ND 7 =G?L>-
6>N F>G>>N, D>7F4L>64=>N 6 F5=FDV 5G4V6?V (D<E. 1.9). 

�5D5<VM5==O 5G4L-O>>W F>G>< V >E=>6< 6V4=>E=> 6V-
4?>6V4=>W F5=FD4?L=>W >EV 5G4V6?V (6V4EV>G), M> 6<>?<>4-
=5 7>D<7>=F4?L=<<< 45D>D<4FVO<< D>7FO7G64==O-
EF<E>4==O, 6<7=4G4TFLEO 74 D>D<G?>N: 

                �lV = ± n· × m· × · × E.                       (1.16) 
 

 
$<E. 1.9. %E5<< D>7D4EG=>G ?5D5<VM5=L F>G>> 75<=>W ?>65DE=V ?V4 6??<6>< 

7>D<7>=F4?L=<E 45D>D<4FV=: 4 3 D>7FO7G64==O; 5 3 EF<E>4==O 
 

-> EF>EGTFLEO EFG?5=56>W <G?L4<, F> D>7<VM5==O 
GEFG?V6 6 ??4=V 6<7=4G4TFLEO, 45> L?OE>< FD4EG64==O WE 7 
EGEV4=VE 4V?O=>> 75<=>W ?>65DE=V, 45 6>=< GF6>D<?<EO ?V4 
G4E ?V4D>5><, 45> L?OE>< 6V7G4?L=<E E?>EF5D565=L. � 
V=L<E 6<?44>4E G<>6=> ?D<=<4TFLEO, M> GEFG? 6<=<>4T 
?V4 5G4V6?5N 6 E4<><G =56<7V4=><G ?> <VF=>EFV V 45D>D-
<4F<6=>EFV >>=EFDG>F<6=>W EE5<< <VEFV. 

�>DV< =46545=<E 6<M5 65?<G<= 7DGL5=L V 45D>D-

� � 
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<4FV= 75<=>W ?>65DE=V 6<D4E>6GNFL F4>>6 >DVT=F>6=5 
7=4G5==O 7474?L=>W FD<64?>EFV ?D>F5EG 7DGL5=L: 

                           & = 1.4× 
�
E

 ,                                 (1.17) 

45 � 3 E5D54=O 7?<5<=4 D>7D>5><, <; 
     E 3 L6<4>VEFL D>7D>5>< ?46<, </<VE.   

�V4D>5?N64=V F5D<F>DVW, =4 O><E =5 GF6>DNNFLEO 
GEFG?<, 74?56=> 6V4 6V4=>E=<E 7>D<7>=F4?L=<E 45D>D-
<4FV= ñ·, (<</<), D44VGE4 >D<6<7=< 75<=>W ?>65DE=V ñR, 
(><), =4E<?G 75<=>W ?>65DE=V ñ V, (<</<) 4V?OFLEO =4 7DG-
?< �, ��, ��� V �V, 4 ?V4D>5?N64=V F5D<F>DVW, =4 O><E ?D< 
6<W<FV >DGF>?444NG<E 6G7V?L=<E ??4EFV6 GF6>DNNFLEO 
GEFG?<, 3 =4 7DG?< �>, ��>, ���> V �V> 74?56=> 6V4 >GV>G64-
=>W 6<E>F< GEFG?G h, (<<) [15]. 

/>M> 6V4=>E=V 7>D<7>=F4?L=V 45D>D<4FVW · f 
1.0 <</< 45> D44VGE >D<6<7=< R g 20 ><, 4 =4E<? V j 0, F> 
=VO><E 74E>4V6 74E<EFG 5G4V65?L, E?>DG4, V=65=5D=<E <5-
D56 6V4 L>V4?<6>7> 6??<6G ?V475<=<E 6<D>5>> =5 ?5D54-
54G4NFL. 

/>M> 45D>D<4FVW 75<=>W ?>65DE=V 74 ?D>7=>7>< 5V-
?LLV, =V6 G ?5DLV= 7DG?V, F> 5G4V6=<FF6> =4 F4><E F5D<-
F>DVOE =5 D4FV>=4?L=5, 4 5>E??G4F4FVO V GFD<<4==O G65 
VE=GNG<E 5G4V65?L 6<<474T 65?<><E <4F5DV4?L=<E 74FD4F. 

1.2.3. %FDG>FGD=> =5EFV=>V >E=>6<.  
�5>4=>DV4=VEFL 

 
�E=>64< <VEL><E 5G4V65?L 6 G<>64E WE ?D<D>4=>7> 

74?O74==O <4=65 74664< ?D<F4<4==4 7=4G=4 =5>4=>DV4-
=VEFL 74 E>?44>< V 6?4EF<6>EFO<<, >5G<>6?5=4 G<>64<< 
75>?>7VG=>7> D>D<G64==O �DG=FV6 V D5>?>7VG=<<< 7<V=4-
<<. �5>4=>DV4=VEFL >E=>6< E4D4>F5D<7GTFLEO 6>?<=N-
64==O< L4DV6, ?V=7>?>4V5=<< 74?O74==O< DV7=<E �DG=FV6, 
=5>4=4>>6>N F>6M<=>N L4DV6 �DG=FG, =5DV6=><VD=<< 
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D>7?>4V?>< 6 �DG=FV DV7=><4=VF=<E 6>?NG5=L [16318]. 
� F>G>< 7>DG 5>E??G4F4FV==>W =44V==>EFV <VEL><E 

5G4V65?L 4>FV?L=> D>77?O44F< =4EFG?=V >E=>6=V 6<?44>< 
EFDG>FGD=> =5EFV=><E >E=>6 6=4E?V4>> =5>4=>DV4=>EFV 
(4<6. F45?. 1.6).  

%F<E=GF<= L4D =4 6>DEF>V= ?V4>E=>6V. &5>D5F<G=<E 
DVL5=L 7474?L=>7> ?>DO4>G M5 =5<4T, 3 4>E?V465=V >>-
D5<V 6<?44><. �?O 6<6G5==O E>?44=<E =4L4DG64=L T =4-
5?<65=V <5F>4<. �>E?V465=4 F5>D5F<G=> =4=?>6=VL5 
>E=>64, O>4 E>?444TFLEO 7V EF<E=GF>7> L4DG, M> ?V4EF5?O-
TFLEO 6>DEF>>N =5EF<E?<6>N ?V4>E=>6>N. �4DF<=4 D>7-
?>4V?G =4?DG65=L 6<O6?OTFLEO 74?56=>N =5 FV?L>< 6V4 
F>6M<=< V 6?4EF<6>EF5= EF<E=GF>7> 65DE=L>7> L4DG, 4?5 
F4>>6 6V4 G<>6 =4 >>=F4>FV 7 ?V4>E=>6>N. 

�>E?V465=V 464 >D4==V 6<?44><:  
4) =4 >>=F4>F=V= ?>65DE=V 7>6EV< =5<4T F5DFO;  
5) EF<E=GF<= L4D, 6=4E?V4>> 65?<>>W L5DL46>EFV 

?>65DE=V 6>DEF>>W ?V4>E=>6<, =5 <>65 7<VMG64F<EO 6V4-
=>E=> =5W.  

�<D47< 4?O =<E >45D64=V 4>EF4F=L> E>?44=>7> 6<-
7?O4G. $>77?O=5<> FV>46V =4E?V4><. �D< 6>DEF>V= ?V4>E-
=>6V =4?DG65==O >>=F5=FDGTFLEO E<?L=VL5, =V6 6 >4=>-
DV4=><G <4E<6V. �5<>6?<6VEFL 7EG6V6 ?> >>=F4>FG 75V?L-
LGT D>7EVNNGG 744F=VEFL EF<E=GF>7> L4DG. �6V4E< <>6=4 
7D>5<F< V 76>D>F=V= 6<E=>6>>, M> O>5< 65DE=V= 6>DEF-
>VL<= L4D ?V4EF5?O6EO ?>44F?<6<<, F> =4?DG65==O D>7-
EVN64?<EO 5 =4 5V?LLG L<D<=G, 4 =4 >>=F4>FV =4?DG65=-
=O 5G?> 5 <5=L<<, =V6 6 >4=>DV4=><G <4E<6V. 

�?4EF 7 7=GG><< ?D>L4D>><. &>6M4 >4=>DV4=>7> 
�DG=FG ?5D5EV>4TFEO F>=><< ?D>L4D>><. &>=><= 7=GG-
><= ?D>L4D>>, O> ?D46<?>, =5 6=>E<FL EGFFT6<E 7<V= 6 
=4?DG65=>-45D>D<>64=<= EF4= (��%) 6EVTW >E=>6< V =4-
O6=VEFN =>7> <4=65 74664< <>6=4 7=5EFG64F<. 

�G4L-O>4 L4DG64F4 >E=>64. �>E?V465==O L4DG64F>W 
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>E=>6< 6<>>=GNFL =45?<65=>. �4=?D>EFVL5 F5 D>5<FLEO 
74 <5F>4>< >GF>6>7> D>7EVN64==O. �5?<G<=G >GF4 D>7EV-
N64==O ?D<=<4NFL DV6=>N >GFG 6=GFDVL=L>7> F5DFO. 
�D< 6<7=4G5==V =4?DG65=L =4 ?>>DV6?V 5G4L O>>7> ??4E-
FG, 6D4E>6GNFL D>7EVNNGG D>?L 65DE=VE ??4EFV6 4?O >>-
D<E=>7> =464=F465==O V 557 65DE=VE ??4EFV6 ?D<=<4NFL 
DV6=><VD=> D>7?>4V?5=<< ?>EFV==<< =464=F465==O<. 

�>6=4 6<7=4G4F< =4?DG65==O 74 <5F>4><  
�.�. �7>D>64 4?O 46>L4D>6>W >E=>6<, D>77?O44NG< 464 
EGEV4=VE L4D<, 45> 74 <5F>4>< �.�. &<F>6<G4, ?D<6>4<-
F< L4DG64FG >E=>6G 4> EGFV?L=>W 7 >?>E5D54>>64=<<< 
E4D4>F5D<EF<>4<< ?D<=<4NG<, M> =4?DG65==O ?> 7?<-
5<=V D>7EVNNFLEO ?> FD<>GF=V= 5?NDV [19321].  

�5DV6=><VD=> EF<E?<6V >E=>6<. �5>4=4>>64 F>6M<=4 
L4DV6 �DG=FG, O>V E>?444NFL >E=>6G, T >4=VTN 7 ?D<G<= 
=5DV6=><VD=<E >EV44=L. �5DV6=><VD=4 EF<E?<6VEFL >E=>-
6< <>65 5GF< F4>>6 =4E?V4>>< =5DV6=><VD=>W EFDG>FGD< 
45O><E ??4EFV6. � FL><G 6V4=>L5==V >E>5?<6> G646=> 
E?V4 6<6G4F< D4=>=< ?L>4>6<>>6>7> V ?VE?O?L>4>6<>>-
6>7> ?5DV>4V6, 3 G 6V4>?444E FL>7> G4EG 7GEFDVG4NFLEO 
?V=7< �DG=FV6, O>V 7=4G=> 6>?>7VLV 74 >E=>6=G <4EG. 

�> FVTW 6 7DG?< 4=><4?V= <>6=4 6V4=5EF< 6<?44><, 
>>?< =4 ?>DV6=O=> DV6=V= 4V?O=FV 7=4E>4OFLEO ?V=7< ?>-
EF>D>==L>7> �DG=FG, O>V ?D< 4>E?V465==V 6<O6?ONFLEO 
?V7=VL<< 74?>6=5==O< VEF>D<G=>W 74?44<=< G< >75DFO, 
=4?D<>?44 ?>E>64=V ?D>L4D>< 74<G?5=>7> F>DDG 
(F5=FD <. �L6>64), O><=, O> 6V4><>, E4< ?> E>5V T =5DV6-
=><VD=> EF<E?<6<<, V F>6M<=4 ?D>L4D>V6 G 5V?LL>EFV 
6<?44>V6 4G65 DV7=><4=VF=4. �5DV6=><VD=4 EF<E?<6VEFL 
65DE=L>7> ??4EFG <>65 ?>O6<F<EO 6=4E?V4>> =5?D46<?L-
=>7> ?D>5>FG64==O V, O> =4E?V4>>, =5644?<E 5G4V65?L=<E 
74E>4V6 45> G?GM5=L.  

�>6?<6V ?>L>>465==O �DG=FG 74EFV==>N 6>4>N, 
5G4V65?L=<<< <5E4=V7<4<<, <>D>7><. �V4><V 6<?44><, 
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>>?< ?V4 4VTN 74EFV==>W 6>4< ?<?G64F>-7?<=<EFV �DG=F< 
4=4 >>F?>64=G ?5D5F6>DN64?<EL 6 7GEFG <G?>?>4V5=G 
?4EFG 7?<5<=>N 4> 2.0 <, 45> >>?< D<F<VG=<< ?>>4GG64-
=O< 5>E>464F>D4 7?<=<EF<= �DG=F D>7DV46G646EO =4 7?<-
5<=G 4> 0.7÷1.0 <. 

�=>>?< =5DV6=><VD=4 EF<E?<6VEFL >E=>6< <>65 5GF< 
GO6=>N (=5 E?D466=L>N). &4>4 =5DV6=><VD=VEFL <>65 6<-
=<>=GF< 6=4E?V4>> F>7>, M> 5G4V6?O =4 E?45>><G �DG=FV 
5G4GTFLEO 6 45>V?L>4 5F4?V6. �>6=4 7 4V?O=>> 5G45 <4F< 
45D>D<4FVW, M> =4D>EF4NFL ?> E6>W= >D<6V=. 

�E=>64 7 >?<=>?>4V5=<< �DG=F>6<< ??4EF><. />M> 
=<6=V 7?<5>>V ??4EF< 6>?>4VNFL <5=L>N EF<E?<6VEFN 
?>DV6=O=> 7 6<M<<<, F> WE=V< 6??<6>< =4 7474?L=G >4D-
F<=G ��% >E=>6< <>6=4 7=5EFG64F<.  

' 6<?44>G, >>?< EF<E?<6VL<< T =<6=V= L4D, <>6=4 
45M> 6<DV6=OF< >EV44==O, 7<V=NNG< 65?<G<=G F<E>G =4 
�DG=F. �?O FL>7> =5>5EV4=> L<D<=G DG=44<5=FV6 D>5<-
F< =4=<5=L>N 6 7>=V, 45 F>6M4 EF<E?<6>7> �DG=FG =4=-
<5=L4, V =4=5V?LL>N 3 45 F>6M4 EF<E?<6>7> �DG=FG 4>-
EO74T =4=5V?LL>W 65?<G<=<. �4=4> ?D< FL><G, ?D>5?5-
<>N T F>G=VEFL 6<7=4G5==O EF<E?<6>EFV >E=>6<. 

 �E=>64 7 6<7=GF<< (>D<6<7=>N 665DE) 45> ?D>7=GF<< 
(>D<6<7=>N 6=<7) ??4EF><. ' 6<?44>G, >>?< 65DE=V= L4D 
EF<E?<6VL<= 74 =<6=V=, ?D< 6<7=GF><G ??4EFV 5G4V6?O 
6<7=5FLEO, ?D< ?D>7=GF><G =<6=L><G ??4EFV 3 ?D>7=5FL-
EO. />M> DV7=<FO >EV44=L 6<O6<FLEO 5V?LL4 74 4>?GEF<-
<G, F> 4?O ?>?5D5465==O ?>L>>465=L 5G4V65?L <>6=4 
?D<==OF< DV7=5 747?<5?5==O DG=44<5=FV6. �>EF4F=L> 
5D5>F<6=<< T F4>>6 D>7DV74==O >E44>G=<<< L64<< 
5G4V6?V =4 >>D5<V 5?>><, 446L< <>6?<6VEFL >>6=><G 7 
=<E E4<>EFV==> >EV44F<. �D< FL><G FD554 <4F< =4 G647V, 
M> ?D< 6<7<=V >E=>6< >E44>G=V L6< <>6GFL D>7>D<64F<-
EO G 65DE=V= G4EF<=V 5G4V6?V, 4 >D4==V 4V?O=>< WW <>6GFL 
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<4F< FDVM<=<; ?D< ?D>7<=V >E=>6< >E44>G=V L6< <>6GFL 
74>D<64F<EO G 65DE=V= G4EF<=V 5G4V6?V. 

�E=>64 7 =5DV6=><VD=> EF<E?<6<< ?D>L4D>><. �D<-
=F<?>6V ?>?>65==O 4?O ?D>5>FG64==O 6 FL><G 6<?44>G 
>4=4>>6V, =574?56=> 6V4 D>7<VM5==O ?D>L4D>G 3 =4 ?>-
65DE=V G< 6 F>6MV �DG=F>6>W >E=>6<. %>?44=VEFL 
6<DVL5==O 7444GV ?>?5D5465==O ?>L>>465=L 5G4V6?V 
74>?NG4TFLEO 6 F><G, M> =V EFG?V=L =5DV6=><VD=>EFV, =V 
E4D4>F5D =5DV6=><VD=>W EF<E?<6>EFV GEF4=>6<F<, O> ?D4-
6<?>, =5 644TFLEO.  

->5 74E<EF<F< 5G4V6?N, <>6=4 74?56=> 6V4 7474?L-
=<E E?V66V4=>L5=L, =444F< 5G4V6?V <4>E<<4?L=> <>6?<-
6G 7=GG>VEFL 7 F4><< D>7D4EG=>><, M>5 5G4V6?O <>7?4 
6V?L=> ?D<EF>E>6G64F<EO 4> 45D>D<4FV= >E=>6<, 7D>5<-
F< 5G4V6?N =4EFV?L>< 6>DEF>>N, M>5 E4<4 5G4V6?O <>7?4 
6<DV6=N64F< =5DV6=><VD=>EFV >E=>6< 45> 7<5=L<F< 45-
D>D<4F<6=VEFL >E=>6< V F4><< G<=>< <4F< E5D54=T DV6-
=><VD=5 >EV44==O. 

&45?<FO 1.3 
�?4E<DV>4FVO 6<4V6 EFDG>FGD=> =5EFV=><E >E=>6 

6=4E?V4>> =5>4=>DV4=>EFV 
7 
7/? 
 

�<?44>< EFDG-
>FGD=> =5-

EFV=><E >E=>6 

�E>V7 65DF<>4?L=>7> D>7DV7G 
�DG=F>6>W F>6MV 

�>7=4G5==O 

1 2 3 4 

 
1 

%F<E=GF<= 

L4D =4  

6>DEF>V= 

?V4>E=>6V 
 
 
 

 

1 3 EF<E?<6<= 
L4D �DG=FG; 
2 3 6>DEF>4 =5 
EF<E?<64 ?V4>-
E=>64 
 

1 2 



 

 43

?D>4>665==O F45?. 1.3 

2 �?4EF  

7 7=GG><< 

?D>L4D>>< 
 
 
 
 
  

1 3 >4=>DV4=<= 
L4D �DG=FG; 
2 3 F>=><= 
7=GG><= ?D>-
L4D>> 

 

3 �G4L-O>4 

L4DG64F4 

>E=>64 

 

1 3 >4=>DV4=<= 
L4D �DG=FG 

 

 

 

4 

�5DV6=>-

<VD=>  

EF<E?<6V >E-

=>6< 

 

1 3 ?V=74 >D74-
=VG=>7>, E<-
?L=> 76>?>-
65=>7> �DG=FG; 
2 3 74EFV==4 
6>44; 
3 3 ?>EF>D>=-
=V= �DG=F (64-
?G=<, >4<V=L) 

1 2 

1 

1 2 3 
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?D>4>665==O F45?. 1.3 

 
 
5 

 

 

�E=>64 7 

>?<=>?>4V5-

=<< �DG=F>-

6<< ??4EF>< 

 

 

1 3 >4=>DV4=<= 
L4D �DG=FG; 
2 3 >?<=>?>4V-
5=<= �DG=F>-
6<= ??4EF 

 

6 �E=>64 V7 7G-

EFDVG=<<< 

>?<=>?>4V5-

=<<< �DG=-

F>6<<<  

??4EF4<< 

 
 
 

 

1 3 >4=>DV4=<= 
L4D �DG=FG; 
2 3 7GEFDVG=<= 
>?<=>?>4V5=<= 
�DG=F>6<= 
??4EF 

 

 

 

7 

�E=>64 7 6<-

7=GF<< (>D<-

6<7=>N 

665DE) ??4E-

F>< 

 

1 3 65DE=V= 
EF<E?<6<= 
L4D; 
2 3 6<7=GF<= 
(>D<6<7=>N 
665DE) �DG=F>-
6<= ??4EF; 
3 3 =<6=V= >4-
=>DV4=<= L4D 

1 2 

1 2 

1 2 3 
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?D>4>665==O F45?. 1.3 

 
 
8 

 

 

�E=>64 7 ?D>-

7=GF<< (>D<-

6<7=>N 6=<7) 

??4EF><  

 

1 3 65DE=V= 
EF<E?<6<= 
L4D; 
2 3 ?D>7=GF<= 
(>D<6<7=>N 
6=<7) �DG=F>-
6<= ??4EF; 
3 3 =<6=V= >4-
=>DV4=<= L4D 

9 �E=>64  

7 =5DV6=>-

<VD=>  

EF<E?<6<< 

?D>L4D>>< 

 
 
 

 

1 3 >4=>DV4=<= 
L4D �DG=FG; 
2 3 =5DV6=>-
<VD=> EF<E?<-
6<= ?D>L4D>> 

 

 
1.2.4. %FDG>FGD=>-=5EFV=>V >E=>6<. �D>EV44==O  

?5E>6<E �DG=FV6 
 
 �5E<, ?5E>?>4V5=V EG7?<=><, 7?<=<, ?<?G64FV EG?VE-

><, <4?>6>?>7V EFDG>FGD=V ?VE><, 45O>V 6<4< =4E<?=<E 
�DG=FV6 ?D< 74<>GG64==V 744F=V 7<5=LG64F< EFDG>FGD=G 
<VF=VEFL. �VO 6?4E=>W 647< V =464=F465=L =4 EFDG>FGD=> 
=5EFV=>V �DG=F< 6<>?<>4T 45D>D<4FVW, M> L6<4>> ?D>FV-
>4NFL V ?D>O6?ONFLEO =4 >>=F4>FV 7 DG=44<5=F>< G< 6V-
?L=V= 75<=V= ?>65DE=V G 6<7?O4V 4>44F>>6<E ?D>EV44=L. � 

1 2 

1 2 

3 
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=>D<4?L=<E ?D<D>4=<E G<>64E ?D< <4?i= 6>?>7>EFV Fi 
�DG=F< 6>?>4iNFL 7=4G=>N  <iF=iEFN i T =44i==>N >E=>-
6>N <VEL><E 5G4V65?L. ' 6<?44>G 4>44F>>6>7> 76>?>65=-
=O �DG=FG 4> F4> 764=>W >D<F<G=>W 6>?>7>EFi, 6<=<>4NFL 
?D>EV44==O, M> EG?D>6>46GTFLEO =5Di6=><iD=<<< >EV-
44==O<< 5G4V65?L 45> >EV44==O< ?>65DE=V 75<?i.  

$4=>=< 7 ?D>E44>>6<<< �DG=F4<< =>EOFL «>EFDV6-
=<=» E4D4>F5D, 4?5 7474?ó< 74=<4NFL 7=4G=V ??>MV 6 '>-
D4W=V 3 4> 85%(!) F5D<F>DVW >D4W=< (4<6. D<E. 1.10).  

$>7?V7=464?L=<<< >7=4>4<< ?D>E44>>6<E (?5D564-
6=> ?5E>6<E) �DG=FV6 T: 

- ?4?56<=, 7455V?LL>7> E6VF?>-6>6F<= 45> E6VF?>-
>>D<G=56<= >>?VD; 

- <>6?<6VEFL G <4?>6>?>7><G EF4=V GFD<<G64F< 
<4=65 65DF<>4?L=<= EE<?; 

- >4=>DV4=VEFL (5V?LL, O> 50% G4EF>> <4NFL D>7<VD< 
0.05÷0.005 <<); 

- =54>GMV?L=5==VEFL (G5D57 =4O6=VEFL <4>D>?>D, 65-
DF<>4?L=<E >4=4?LFV6, 64?=4, 7V?EG V >EF4=>V6 D>E?<=; 

- L6<4>5 D>7<>>4==O G 6>4V, 65?<>4 6>4>?D>=<>-
=VEFL, ?VE?O 6>4>=4E<G5==O V 4VW G44D=<E 45> 6V5D4FV==<E 
=464=F465=L 6?4EF<6VEFL ?5D5F6>D5==O 6 ??<6G=<;  

- <4>E<<4?L=<= 6<VEF ?57>>- F4 E5D54=L>D>7G<==<E 
E>?5= 6 =4=<5=L 6>?>7<E 7>D<7>=F4E; 

- ?5D56474 ?<?G64F<E DD4>FV= (4> 50%) V =57=4G=<= 
(4> 20%) 6<VEF 7?<=<EF<E G4EF>>;  

 - >4=>DV4=VEFL 7D4=G?><5FD<G=>7> E>?44G. 
�5E>6V ?D>E44>G=V �DG=F< <4NFL E4D4>F5D=V ?>>47-

=<>< DV7<G=<E 6?4EF<6>EF5= ?>DV6=O=> 7 ?>>47=<>4<< 
76<G4==>7> =5?D>E44>>6>7> �DG=FG. �>6=4 6V47=4G<F< 
=565?<>G MV?L=VEFL Ã = 12.5÷15.5 >�/<3, =<7L>G 6>?>7VEFL 
W = 0.1÷0.2,  7=4G=G ?>D<EFVEFL e  f 60% V EFG?V=L 6>?>7>E-
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FV Sr f 0.8. �4 G<E?>< ??4EF<G=>EFV (IL= 0.01÷0.22) ?5E>6<= 
�DG=F =4=G4EFVL5 =4?56<FL 4> EG?VE>G 45> EG7?<=>G. 

�>44F>>65 76>?>65==O ?5E>6>7> �DG=FG ?D<76>4<FL 
4> 7=4G=>7> 7<5=L5==O <>4G?O 45D>D<4FVW � (>�4), >GF4 
6=GFDVL=L>7> F5DFO Ç (7D44GE<), >>5DVFVT=F4 7G5??5==O 
E [22332]. 

�>=DV7GD4FVO >5?4EFV 45D>D<4FV= 74?56<FL 6V4 
D>D<< 465D5?4 74<>GG64==O V F5>EFGD< �DG=FV6, F>5F> 
674T<=>7> D>7<VM5==O G4EF>> V 47D574FV6. �V4 F>G>>6<< 
465D5?>< 6 >4=>DV4=><G <4E<6V GF6>DNTFLEO >G?>? ?V-
475<=>W 6>4<. 

�>4>>?VD=V L4D<, M> 6<>?<=NNFLEO, 74>DV??5=V 
LFGG=V <4E<6<, ?4?L>6V DG=44<5=F< 6=>EOFL 6 ?>?5 45-
D>D<4FV= 75GD5==O V >5?4EFL 45D>D<4FV= EF4T 4E<<5F-
D<G=>N. �4 F5D<F>DVOE <VEF V ?D><<E?>6<E ?V4?D<T<EF6 
7 65?<><< 6>4>E?>6<64==O< ?>DGLGTFLEO ?D<D>4=4 DV-
6=>6474 <V6 V=DV?LFD4FVTN V 6<?4D>6G64==O<, ?D>E>4<FL 
4>44F>>65 LFGG=5 6<6?5==O ?D>E44>>6>W F>6MV 7 DV7=<E 
465D5?. &5E=>75==V 6>4< <>6GFL 74?O74F< G 6<7?O4V >>-
D5<<E >G?>?V6, 7?<FFO O><E GF6>DNT =>6<= 6>4>=>E=<= 
7>D<7>=F.   
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$<E. 1.10. �4DF4 ?>L<D5==O ?5E>6<E �DG=FV6 =4 F5D<F>DVW '>D4W=< 

48 
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� <564E <VEL>>W 745G4>6< L6<4>VEFL F5E=>75==>7> 
?V46<M5==O DV6=O �DG=F>6<E 6>4 >>?<64TFLEO 6V4 0.5 4> 
3.0 </DV>. �7V4=> 46F>DEL><E E?>EF5D565=L DV65=L �DG=-
F>6<E 6>4 G F5=FD4?L=V= G4EF<=V <. $V6=>7> 74 20 D>>V6 
75V?LL<6EO =4 2.8÷3.5 <. �5 DV4>V 6<?44><, >>?< =4 ??>-
M44>4E, 45 4> ?>G4F>G 5G4V6=<FF64 �DG=F>6V 6>4< =5 5G-
?< 6<O6?5=V, G5D57 45>V?L>4 D>>V6 WE DV65=L ?V4=V<46EO 4> 
?V4>L6< DG=44<5=FV6.  

�5>5EV4=> 6V4<VF<F<, M> 74EF>EG64==O V=65=5D=<E 
74E>4V6 ?V>6V44FVW ?D>E44>>6<E 6?4EF<6>EF5= �DG=FV6 V 
(45>) ?D>DV74==O ?D>E44>>6<E F>6M =5 74664< 74D4=FGT 
5>E??G4F4FV==G =44V==VEFL <VEL><E 5G4V65?L. �474FL<4 
4>E?V465==O<< 6EF4=>6?5=>, M> ?D>EV44==O ?5E>6<E 
�DG=FV6 6V4 6?4E=>W 647< 6??<64T =4 74>DV??5=V <4E<6< 
�DG=FG, ?4?V F4 >?>D<. �=4E?V4>> E<? F5DFO V M5??5==O 
?5E>6<= �DG=F ?D<D>4=>W EFDG>FGD< ?D< ?D>EV44==V 6V4 
6?4E=>W 647< 4>44F>>6> 4>=464=F46GT ?4?V, >?>D< G< 74-
>DV??5=V <4E<6< �DG=FG, 6 D57G?LF4FV G>7> 6<=<>4NFL 4>-
44F>>6V 45D>D<4FVW >E=>6 ?V4 5G4V6?O<<. &5 =5>5EV4=> 
6D4E>6G64F< ?D< ?D>5>FG64==V F4 5>E??G4F4FVW <EL><E 
5G4V65?L =4 ?D>E44>>6<E F5D<F>DVOE. 

�4ELF45=5 F5E=>75==5 ?V4=OFFO DV6=O �DG=F>6<E 
6>4 6 5V?LL>EFV <VEF '>D4W=<, (6 F><G G<E?V, 6=4E?V4>> 
=>6<E ?V4E>4V6 4> D5>>=EFDG>FVW <VEL>>W 745G4>6<), ?D<7-
6>4<FL 4> =574F<6=<E D5>?>7VG=<E 7<V= V=65=5D=>-
75>?>7VG=>W E<FG4FVW <VEL><E F5D<F>DV= =4 ?D>E44>>6<E 
�DG=F4E. �=4E?V4>> >56>4=5==O G4EF>>6> 7=<7<?4EL EFG-
?V=L 557?5>< 6V4 ?D>EV44==O, 4?5 6<=<>?4 4>44F>>64 74-
7D>74 V=F5=E<DV>4FVW 7EG6=<E, EGD>7V==<E F4 E5=E<VG=<E 
?D>F5EV6. /> V G 6<?44>G 7 ?V4D>5?N64=<<< F5D<F>DVO<<, 
F5 O6<M5 F4>>6 =54>EF4F=L> 4>E?V465=5. 

�Ei ?D>E44>>6V �DG=F< 74 E4D4>F5D>< 45D>D<G64==O 



 

 50

4i?OFLEO =4 464 F<?< [28330]: 
� F<?. �DG=F<, 4?O O><E ?D>EV44==O Ssl.p 6V45G64TFL-

EO, 6 >E=>6=><G, 6 <564E 45D>D<>64=>W 7>=< >E=>6< 6V4 
5>E??G4F4FV==>7> V (45>) 7>6=VL=L>7> =464=F465==O, 4 
?D>EV44==O Ssl.g 6i4 6?4E=>W 647< �DG=FG ?D4>F<G=> 6i4-
EGF=T, 45> =5 ?5D56<MGT 50 <<. 

�� F<?. �DG=F<, 4?O O><E D47>< 7 ?D>EV44==O< 6V4 
5>E??G4F4FV==>7> =464=F465==O 6 =<6=V= G4EF<=V ?D>-
E44>>6>W F>6MV <>6?<65 ?D>EV44==O 6i4 6?4E=>W 647< 5V-
?LL5 74 50 <<. &<? �DG=FV6 6 >>6=><G >>=>D5F=><G 6<-
?44>G 6<7=4G4TFLEO L?OE>< =4FGD=<E 6<?D>5G64=L ?D< 
76>?>65==i i ?>EFi==><G F<E>G p = 0.3 ��4. 

�E=>6=<<< E4D4>F5D<EF<>4<< ?D>E44>>6<E �DG=FV6, 
O>i 6<7=4G4NFL WE 45D>D<4F<6=i 6?4EF<6>EFi, T: F<? �DG=-
F>6<E G<>6 74 ?D>E44>>6VEFN (�, 45> ��); 6i4=>E=4 ?D>E44-
>>6VEFL slõ ; ?>G4F>>6<= ?D>E44>>6<= F<E> slD ; >D<F<G=4 

?D>E44>>64 6>?>7iEFL slW ; <>4G?L 45D>D<4FVW �DG=FG 

?D<D>4=>W 6>?>7>EFV �, G 6>4>=4E<G5=><G EF4=V  �Ë V 6 
EF4=V =5?>6=>7> 76>?>65==O �5q; >>5DVFVT=F <V=?<6>EFV 
EF<E?<6>EFV >E=>6< ³; ?<F><5 7G5??5==O V >GF 6=GFDVL-
=L>7> F5DFO ?D>E44>>6>7> �DG=FG ?D<D>4=>W 6>?>7>EFV E V 
Ç, G 6>4>=4E<G5=><G EF4=V EË V ÇË F4 6 EF4=V =5?>6=>7> 
76>?>65==O E5q V Ç5q.    

�i4=>E=4 ?D>E44>>6VEFL slõ  6<>>D<EF>6GTFLEO 4?O 7474-

?L=>W >Fi=>< ?D>E44>>6<E 6?4EF<6>EF5= �DG=FV6 i 4?O 6<-
7=4G5==O <>6?<6>7> ?D>EV44==O >E=>6<. �DG=F< 66464-
NFLEO ?D>E44>>6<<<, O>M> slõ ó  0.01. 

�>G4F>>6<= ?D>E44>>6<= F<E> slD  6<>>D<EF>6GTFLEO 

4?O 6<7=4G5==O F<E>G =4 �DG=F, ?D< O>><G ?D>EV44==O 
=>7> 6i4 647< 5G4V6?V =5 5G45 ?D>O6?OF<EL. �i4=>E=4 ?D>-
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E44>>6VEFL slõ  ?D< FL><G <5=L4 74 0.01 (1.0%).  

�D<F<G=4 ?D>E44>>64 6>?>7iEFL slW  6<>>D<EF>6G-

TFLEO ?D< >Fi=Fi <>6?<6>EFi ?D>O6?5==O ?D>EV44==O 
�DG=Fi6 6i4 6?4E=>W 647< ?D< ?i46<M5==i WE 6>?>7>EFi W. 

�D< 5>E??G4F4FVW <VEL><E 5G4V65?L =4 ?D>E44>>6<E 
�DG=F4E =5>5EV4=> 6D4E>6G64F< <>6?<6VEFL ?V46<M5==O 
WE 6>?>7>EFV 6=4E?V4>> =4EFG?=<E D4>F>DV6: 

- 74<>GG64==O �DG=FV6 3 765DEG V7 7>6=VL=VE 465D5? 
45> 7=<7G ?D< ?V4=><V DV6=O �DG=F>6<E 6>4; 

- ?>EFG?>6>7> =4>>?<G5==O 6>?>7< 6 �DG=FV G 769O7>G 
7 V=DV?LFD4FVTN ?>65DE=56<E 6>4 F4 5>D4=G64==O< 74-
<>MG64=>W ?>65DE=V; 

- >4=>G4E=>7> 74<>GG64==O �DG=FV6 765DEG V ?>EFG?>-
6>7> =4>>?<G5==O 6>?>7< 6 �DG=FV. 

� F>G>< 7>DG 5>E??G4F4FV==>W =44V==>EFV <VEL><E 
5G4V65?L ?D>E44>>6V 45D>D<4FVW 4>FV?L=> D>7?>4V?OF< 
=4 F4>V 6<4< (4<6. D<E. 1.11 V 1.12): 

- ?D>EV44==O DG=44<5=FV6 Ssl.p 6V4 5>E??G4F4FV==>7> 
=464=F465==O, O>5 6V45G64TFLEO 6 <564E 45D>D<>64=>W 
7>=< (�), M> D>7<VMGTFLEO 6V4 ?V4>L6< DG=44<5=FG 4> 
7?<5<=<, =4 O>V= EG<4D=V 65DF<>4?L=V F<E>< 6V4 =464=-
F465==O DG=44<5=FG V 6?4E=>W 647< DV6=V ?>G4F>>6><G 
?D>E44>>6><G F<E>G Dsl ;  

- <4>E<<4?L=5 ?D>EV44==O �DG=FV6 6V4 6?4E=>W 647<      

S
max

g.sl , O>5 6V45G64TFLEO 6 =<6=V=  G4EF<=V  ?D>E44>>6>W  

F>6MV  hsl.g  ?D<  74<>GG64==V  ??>MV L<D<=>N BË g Hsl 
(D<E. 1.12, 5); 

- <>6?<65 ?D>EV44==O �DG=FV6 Ssl.g 6V4 6?4E=>W 647<, 
O>5 ?D>O6?OTFLEO 6 <564E F>6MV hsl.g  ?D< Bw  < Hsl ; 

- 7>D<7>=F4?L=5 ?5D5<VM5==O Usl , O>5 6<=<>4T ?D< 
?D>EV44==V �DG=FV6 6V4 6?4E=>W 647< 6 <564E >D<6>?V=V=-
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=<E 4V?O=>> ?D>EV44==O �DG=FG (D<E. 1.12, 6). 
�>6?<65 ?D>EV44==O ?>65DE=V �DG=FG Ssl.g 6>?NG4T 

FV?L>< 46V >D<6>?V=V==V 4V?O=>< r. �>D<7>=F4?L=V ?5D5-
<VM5==O ?>65DE=V �DG=FG ?D< <4>E<<4?L=><G ?D>EV44=-
=V E4D4>F5D<7GNFLEO =4O6=VEFN 4V?O=>> 7>D<7>=F4?L=>-
7> GMV?L=5==O (D<E. 1.12, 6), D>7D<E?5==O V =5=FD4?L=>W 
4V?O=><, O>4 ?D< <>6?<6><G ?D>EV44==V Ssl.g 6V4EGF=O. 

� ?D4>F<FV 5>E??G4F4FiW <VEL><E 5G4i65?L 5G64NFL 
6<?44><, >>?< 5G4<=><, O>i E?>DG46G64?<EO 5474F> 
D>>i6 F><G i =5 <4?< ?>L>>465=L =5EGG<E >>=EFDG>Fi=, 
747=464?< 7=4G=<E 45D>D<4Fi= ?iE?O F>7>, O> ?i4 G4E D5-
>>=EFDG>FVW WE >5?44=G64?< 6>4>=5EGG<<< >><G=V>4FVO-
<<. �64DV==V 6<F>>< 7 F4><E >><G=i>4Fi= EF4NFL ?D<G<-
=>N 74<>GG64==O �DG=FG, 4 G5D57 45O><= G4E i D>76<F>G 
45D>D<4FV= =5EGG<E >>=EFDG>FV=. 

�5>5Ei4=> 6i4<iF<F<, M> ?D>E44>>6V O6<M4 i=>>?< 
E?>EF5Di74NFLEO i ?D< 74<>GG64==i 45O><E 6<4i6 ?iM4=<E 
�DG=Fi6, =4?D<>?44, 4Di5=<E >64DF56>-?4?56>L?4F>6<E 
?iE>i6. &4>V �DG=F< ?D>Ei44NFL ?D< 4<=4<iG=<E =464=-
F465==OE, ?D<G><G ?D>EV44==O G4EF> ?D>Fi>4T <<FFT6> i 
6<7=4G4TFLEO 65?<G<=>N 4<=4<iG=>7> =464=F465==O F4 
6?4EF<6>EFO<< ?iM4=>7> �DG=FG. 

�<7=4G5==O ?D>EV44=L F4><E �DG=Fi6 6i4 4<=4<i-
G=<E =464=F465=L 6<6G5=> 7=4G=> <5=L5, =i6 6<7=4-
G5==O WE 6i4 EF4F<G=<E =464=F465=L. 

�D< ?D>E44>>6<E 45D>D<4FVOE ?>65DE=O �DG=FG 
>EV44T, GF6>DNNG< F4> 764=G ?D>E44>>6G ?V=>G  
(D<E. 1.12, 5). �D< FL><G 6V45G64NFLEO 65DF<>4?L=V Ssl.g V 
7>D<7>=F4?L=V Usl ?5D5<VM5==O �DG=FG, GF6>DNTFLEO =4-
E<? V F4 45O>4 >D<6<7=4 =>7> ?>65DE=V.  

 



 

 53

  

 
$<E. 1.11. �>=< 45D>D<G64==O ?D>E44>>6>7> �DG=FG 6 >E=>6V DG=44<5=FG:  

� 3 45D>D<>64=4 7>=4; �� 3 =5=FD4?L=4 7>=4; ��� 3 7>=4 ?D>E44>< �DG=FG 6V4 

6?4E=>W 647<; (1) 3 5?ND4 65DF<>4?L=<E F<E>V6 6V4 =464=F465==O  

DG=44<5=FG; (2) 3 5?ND4 65DF<>4?L=<E F<E>V6 6V4 6?4E=>W 647< �DG=FG;  

(3) 3 5?ND4 ?D>E44>< �DG=FG 6V4 =464=F465==O DG=44<5=FG; (4) 3 5?ND4 

?D>E44>< �DG=FG 6V4 6?4E=>W 647<  

1 

2 

3 

4 
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$<E. 1.12. �474?L=<= E4D4>F5D D>76<F>G 45D>D<4FV= =4 74<>G5=V= ??>MV (4), 

?D>EV44==O ?>65DE=V �DG=FG (5) V 7>D<7>=F4?L=<E ?5D5<VM5=L �DG=FG (6):  
1, 2, 3 3 4V?O=>< 6V4?>6V4=> 7>D<7>=F4?L=>7> D>7D<E?5==O, GMV?L=5==O V 

=5=FD4?L=>W 7>=< 
 

'F6>D5==O ?D>E44>>6>W ?V=>< 7=4E>4<FLEO 6 ?DO<V= 
>>D5?OFVW 6V4 ?>EFG?4==O V D>7?>6EN465==O 6>4< 6 EF>-
D>=< 6V4 465D5?4 74<>GG64==O F4 =>7> D>7<VDV6. $V?LF-
D4FV==4 744F=VEFL ?D>E44>>6<E �DG=FV6 G 65DF<>4-?L=><G 
=4?DO<>G 6 2÷10 D47V6 5V?LL4, =V6 6 7>D<7>=F4?L=><G. 
$>7?>6EN465==O 6>4< 6=<7 V 6 EF>D>=< 6V4 465D5?4 74-
<>GG64==O 6V45G64TFLEO ?> >>E<=GE>W4V. �?O E?D>M5==O 
D>7D4EG=>V6 <56G D>7?>6EN465==O 6>4< ?D<=<4NFL ?> 
?DO<V= ?V=VW, D>7<VM5=V= 4> 65DF<>4?V ?V4 >GF>< ³, O><= 
EF4=>6<FL 4?O ?5E>?>4V5=<E EG7?<=>V6 45°÷50° V 4?O ?5-
E>?>4V5=<E EG?VE>V6 20°÷40°. 

                           

� 

� 

� 
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�4>E<<4?L=5 ?D>EV44==O �DG=FG 6V4 6?4E=>W 647<   

S max

g.sl  E4D4>F5D<7GTFLEO 7>D<7>=F4?L=>N 4V?O=>>N ?D>EV-

44==O ?>65DE=V b V 46><4 >D<6>?V=V==<<< 4V?O=>4<< r, 
=4 O><E ?D>EV44==O 7<V=NTFLEO 6V4 <4>E<<4?L=>W 65?<-

G<=< S max

g.sl  4> =G?O (D<E. 1.12, 1.13). 

 
 

 
$<E. 1.13. $>D<< 76>?>65=>W 7>=<: 4 3 ?D< F>G>>6><G 465D5?V  

74<>GG64==O; 5 3 ?D< 74<>GG64==V 7=4G=>W ??>MV 
 

,<D<=G 7>=< D>7FV>4==O 6>4< b, 65?<G<=G >D<6>?V-
=V==>W 4V?O=>< ?D>E44>>6>W F>6MV, =4 O>V= <>6GFL ?D>-
O6?OF<EO =5DV6=><VD=V ?D>EV44==O �DG=FG r0, <>6?<6G 

65?<G<=G ?D>EV44==O S max
sl , 65?<G<=G ?D>EV44==O 6 5G4L-

O>V= F>GFV ?> >EV % 74<>G5=>W ??>MV S max
E,sl

, 65?<G<=G 7>-

D<7>=F4?L=<E ?5D5<VM5=L 6 5G4L-O>V= F>GFV 5?ND< Usl,x 
6<7=4G4NFL 74 5<?VD<G=<<< D>D<G?4<< 77V4=> [28]. 

�4?56=> 6V4 >GV>G64=<E 45D>D<4FV= 75<=>W ?>65DE-
=V ?D>E44>>6V F5D<F>DVW 4V?OFLEO =4 7DG?< 74 G<>64<< 
5G4V6=<FF64 4?O �DG=FV6 I F<?G =4 =>D<4?L=V, E5D54=V V 
646>V, 4 4?O 4?O �DG=FV6 II F<?G 3 =4 =>D<4?L=V, E5D54=V, 
646>V V =44646>V. 

 

� � 

b b 

³ ³ 

 
³ ³ 
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1.2.5. �4DEF>6>-EGD>7V==V O6<M4  
 
�4 F5D<F>DVW '>D4W=< T 7=4G=V ??>MV, 45, ?>G<=4N-

G< 7 ?>65DE=V 75<?V 45> 7 45O>>W 7?<5<=<, 74?O74NFL 6>-
4>D>7G<==V ?>D>4< 45> �DG=F<, O>V GFD<<GNFL 6 7=4G=<E 
>V?L>>EFOE ?57>>D>7G<==V 6>4>N E>?V. &5 =4E4<?5D54, 
�D<<EL>V 7>D<, �4D?4F<, �>=54E, �>4V??O, $V6=5=EL>4 
[33; 34], �>?<=EL>4 >5?4EFV, 74EV4=4 G4EF<=4 '>D4W=<. �4-
74?ó< >4DEF>6V ?D>F5E< D>76<64NFLEO =4 67.3% F5D<F>DVW 
'>D4W=<. � 45O><E >5?4EFOE '>D4W=< >4DEF>6V F5D<F>DVW 
EO74NFL 80÷100% ??>MV (!) (4<6. D<E. 1.14). 

� >D4M><G 6<?44>G, =4 75<=V= ?>65DE=V D57G?LF4F< 
>4DEF>6<E ?D>F5EV6 ?D>O6?ONFLEO G 6<7?O4V DV7=>7> D>7-
<VDG >75D (4<6. D>F> 1.1). �D<>?44>< ?>DV6=O=> 65?<>>-
7> GF6>D5==O T L<D>>> 6V4><5 >75D> >4DEF>6>7> ?>E>4-
65==O �NF<<<D G �>?<=EL>V= >5?4EFV, O>5 D>7<VM5=5 6 
7DG?V ,4FL><E >75D. �>66<=4 >75D4 2.97 ><, L<D<=4 3 
?>=44 2.0 ><, ??>M4 4.3 <2, <4>E<<4?L=4 7?<5<=4 3 
11.2 <. 

�?5DL5 F4>V L<D>>> D>76<=GFV ?D>F5E< 45F4?L=> 
5G?< 6<6G5=V =4 G755D566V �4DV4F<G=>7> <>DO, =4 ??4F> 
�4DEF (karst) 5V?O &DVTEFG, 76V4>< = >FD<<4?< E6>N =476G. 

�D<F5DVT< 6V4=5E5==O �DG=FG 4> >4F57>DVW 74E>?5=<E 
E?G6<FL F4> 764=4 74E>?5=VEFL, O>4 6<7=4G4TFLEO 6V4=>-
L5==O< 647< E>?5= 6 �DG=FV 4> 647< E>5?5FG �DG=FG, 6<-
D465=<< G 6V4E>F>4E. &5= >D<F5DV= DV7=<= 4?O DV7=<E 
�DG=FV6 V 74?56<FL 6V4 D>7G<==>EFV E>?5= F4 >E>5?<6>EF5= 
D>5>F< >>6=>7> 6<4G �DG=FG 6 >E=>6V 5G4V65?L V E?>DG4. 
�4?D<>?44, 6VG=><5D7?V �DG=F< =47<64NFLEO 74E>?5=<-
<<, O>M> WE 74E>?5=VEFL ?5D56<MGT =4EFG?=V 7=4G5==O: 
4?O ?VE>V6 ?<?G64F<E 3 0.05%; 4?O ?VE>V6 4DV5=<E, E5D54-
=VE, >DG?=<E V 7D46V==<E 3 0.1%; 4?O EG?VE>V6 V EG7?<=>V6 3 
0.15%; 4?O 7?<= 3 0.25%. 
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$<E. 1.14. $>7?>6EN465==O >4DEF>6<E ?>DV4 6 '>D4W=V. �4DEF>64=V ?>D>4<: 1 3 64?=O><, 2 3 >D5=44, 3 3 >4D5>=4F=V 
?>D>4<, 4 3 7V?E< V 4=7V4D<F<, 5 3 >4<¾O=4 V >4?V==4 E>?V, 6 3 DV7=>6V>>6V >4D5>=4F=V ?>D>4< >E=>6<. �5>4DEF>64=V 

?>D>4< (E5D54 >4DEF>6<E): 7 3 7?<=<, 4D7V?VF<, 8 3 <5D75?V, 9 3 ?VE><, 4?56D>?VF<, ?VM4=<><, 10 3 ?5D5L4DG64==O 
?>DV4, 11 3 ?D>L4D>< >4DEF>6<E ?>DV4, 12 3 =5>4DEF>64=V ?>D>4<. �56V: 13 3 EFD4F<7D4DVG=V,  

14 3 ?VF>?>7VG=V [30332] 

�<W6 

57 
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�D>E44>>6V ?5E>6V �DG=F< 6V4=>EOFL 4> 74E>?5=<E, 
O>M> 6>=< GFD<<GNFL 0.2% ?57>>D>7G<==<E E>?5= (E?>-
D<4< NaCl, KCl, CaCl2, MgCl2, 5V>4D5>=4F< NaHCO3, 
Ca(HCO3)2, >4D5>=4F =4FDVN F4 V=LV) 45> 5V?LL5 1.0% E5-
D54=L>D>7G<==<E E>?5= (=4?D<>?44, 7V?E CaSO4×2H2O). 

�<4V?ONFL G>F<D< =5>5EV4=V G<>6< D>76<F>G >4DE-
FG: =4O6=VEFL D>7G<==<E 6>4>?D>=<>?<6<E FDVM<=G64-
F<E ?>DV4, WE 6>4>?D>=<>?<6VEFL, DGE><<E ?>65DE=56<E 
45> ?V475<=<E 6>4 V WE D>7G<==>W 744F=>EFV. �V4EGF=VEFL 
>4=>7> 7 =4764=<E G<>6 6<>?NG4T <>6?<6VEFL D>76<F>G 
>4DEF>6<E ?GEF>F 6 �DG=F>6><G <4E<6V [33343].    

�4DEF 6??<64T =4 F<D>G?OFVN 6>4>F>>V6. �D>F5E 
GF6>D5==O >4DEFV6 4<6. D<E. 1.15. �>M>6V, F4?V F4 ?>65DE-
=56V F5>GGV 6>4< ?>?444NFL 6 F>6MG D>7G<==<E �DG=FV6 
>DV7L <5D56G FDVM<=. �V4 G4E DGEG 6 FDVM<=4E 6<=<>4-
NFL ?GEF>F< 3 >>?>4O7V, 74?5D5W, FG=5?V F4 ?5G5D<. �GEFDV-
6L< 6>4>>?VD, DGE><V 6>4< =4>>?<GGNFLEO, GF6>DNNG< 
>4DEF>6V «5?N4FO». �<6G5 DV6=O >4DEF>6<E 6>4 D>7G<-
=5==O =5 6V45G64TFLEO. �474?Ï<, ?D>F5E >4DEF>GF6>D5==O 
O6?OT E>5>N ?4=FN7>6G EV<VG=G D54>FVN, O>G <>6=4 
?D54EF46<F< G 6<7?O4V:   

 H2O + CO2 ³ H2CO3 ;                                        (1.18) 
 H2CO3 + CaCO3 ³ Ca(HCO3)2 ;                        (1.19) 
Ca(HCO3)2 ³ CO2 + H2O + CaCO3 ;                  (1.20) 
CO2 + H2O + CaCO3 µ Ca2+ + 2 HCO3 .             (1.21) 

�D< 5>E??G4F4FVW <VEL><E 5G4V65?L =4 74>4DEF>64-
=<E F5D<F>DVOE (>E>5?<6> 6 EGE<E 64D><E D4=>=4E) E?V4 
?4<9OF4F<, M> =4O6=VEFL 5G4V6?V ?5D5454G4T ?>6=5 6<-
>?NG5==O 6<?4D>6G64==O 7 �DG=F>6>7> <4E<6G, O><= 
7=4E>4<FLEO ?V4 =5N, M> >5>69O7>>6> 6<>?<>4T =4>>?<-
G5==O 6>?>7<, O>5 EF4T >E>5?<6> V=F5=E<6=<< 74 =4O6=>-
EFV 6<F>>V6 6>4< 7 6>4>?D>6V4=<E <5D56.  
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$<E. 1.15. $G=>FV>=4?L=4 EE5<4 GF6>D5==O >4DEFV6 

 

�V475<=V 6>4< D>7G<=ONFL V 6<<<64NFL E>?V, 6 D5-
7G?LF4FV G>7> 6<=<>4NFL =4D>EF4NGV =5DV6=><VD=V >EV-
44==O <VEL><E 5G4V65?L. 

�V4><V 6<?44><, >>?< F4>>7> D>4G >EV44==O ?D<6>-
4<?< 5G4V6?V 6 464DV==<= EF4= G5D57 5÷6 D>>V6 WE 5>E??G-
4F4FVW V 64DFVEFL 6V4=>6?5==O 6<O6?O?4EO ?D<5?<7=> DV6-
=>N 64DF>EFV 5G4V6=<FF64 F4><E 65 =>6<E 5G4V65?L.  

�G4V6=<FF6>, 5>E??G4F4FVO V GFD<<4==O 5G4V65?L F4 
E?>DG4 =4 <VEL><E F5D<F>DVOE, 45 D>76<=GF5 >4DEFG64=-
=O, 7=4G=> GE>?44=NTFLEO, 4 V=>4V V 67474?V =5<>6?<65. 

4>M>64 
6>44 

�DG=F>6>-D>E?<==<= 
L4D 

64?=O> 

%�2, D>7G<=5- 
=<= G 6>4V  

FDVM<=< 
G 64?=O>G 

6?444NG<= 
?>FV>  

?GEF>F<  

6<FV>4NG<= 
?>FV>  

E>5?L=<= �DG=F 
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�V4><V 6<?44><, >>?< ?>5G4>64=V LFGG=V 6>4>=<<M4 
=5<>6?<6> 5G?> 74?>6=<F< 6>4>N G5D57 6<FV>4==O 6>4< 
6 >4DEF>6V ?GEF>F< (!).  

�V4 >4DEF>< D>7G<VNFL ?D>F5E<, ?>69O74=V 7 4VO?L=V-
EFN DGE><<E ?V475<=<E 6>4, O>4 ?D>O6?OTFLEO 6 D>7G<-
=5==V FDVM<=G64F<E 7VDEL><E ?>DV4 (64?=O>V6, 4>?><VFV6, 
7V?EV6, 4=7V4D<FV6, >4<9O=>W F4 >4?V==>W E>?5=, <5D75?N, 
>D5=4<) ?V475<=<<< V ?>65DE=56<<< 6>44<<, 6 D57G?LF4-
FV G>7> GF6>DNNFLEO 66V7=GFV D>D<< D5?LTDG =4 75<=V= 
?>65DE=V V DV7=><4=VF=V ?GEF>F<, >4=4?< V ?5M5D< 6 F>6-
MV �DG=FG. � >4DEF>6<E ?D>F5E4E 55D5 GG4EFL EV<VG=4 EG-
D>7VO, O>4 V=>4V 4>?>6=NTFLEO <5E4=VG=>N. 

�4 F5D<F>DVW '>D4W=< =4 DV7=<E 7?<5<=4E 6V4 ?>65-
DE=V T 65?<>4 >V?L>VEFL ?V475<=<E ?>D>6=<= F5E=>75==>-
7> ?>E>465==O. �>=< GF6>D<?<EL ?D< D>76<F>G ?D<D>4-
=<E >4DEF>6<E V EGD>7V==<E ?D>F5EV6, E?D>6>>>64=<E 6>-
4>6V4?<6>< >4D9TDV6 V L4EF, 6>4>745>D>< 6 <VEL>V 6>4>?-
D>6>4< 7 >4DEFGNG<E ?>DV4 V ?V475<=<< <VEL><< 5G4V6-
=<FF6><. 

�E>5?<6G =5557?5>G 6<>?<>4NFL 4V?O=>< D>76<F>G 
6V4>D<F>7> >4DEFG (6<D6<, >>?>4O7V, ?D>64??O), O>V EF4=>-
6?OFL 27% 6V4 6EVTW ??>MV >4DEF>GF6>D5==O. �4DEF>6V 
D4=>=< 4 <VEFO ?>L<D5==O E?5?5>5V>=FV6. ' 769O7>G 7 
F<< VE=GT >4DEF>6>-E?5?5>?>7VG=5 D4=>=G64==O '>D4W=<. 

' EE5<V D4=>=G64==O >4DEFG '>D4W=< 6<4V?ONFL 17 
>4DEF>6<E >5?4EF5=, 4 6 =<E 3 65 >4DEF>6<E D4=>=V6 (4<6. 
D<E. 1.16). 

�4=5V?LL4 6 '>D4W=V ?5G5D4 3 7V?E>64 �?F<<VEF<G-
=4 =4 �>4V??V (D>F> 1.6) 4>66<=>N 5?<7L>> 214 ><, =4=-
7?<5L4 3 %>?44FEL>4 6 �D<<G, 7?<5<=>N 540 <. �4=D>7-
6<=GFVL<= 6V4>D<F<= >4DEF =4 F5D<F>DVW �>?<=EL>>W >5-
?4EFV =4 ??>MV 594 ><2, $V6=5=EL>>W 3 14 ><2. �4>4DEF>64=V 
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F5D<F>DVW: �>=5FL><= >DO6 (D>F> 1.2), �D5<5=5FL>V F4 
�D<<EL>V 7>D< (D>F> 1.3, 1.4), �?V??O (D>F> 1.5), %5D54-
=T �>4=VEFD>69O, &>6FD>6<= >DO6 (D>F> 1.6). 

�V?L>VEFL 4>E?V465=<E >4DEF>6<E ?5G5D =4 F5D<F>DVW 
'>D4W=< EF4=>6<FL 1100 >4<=<FL, WE 7474?L=4 4>66<=4 
EO74T 5V?LL5 400 ><, 4 >59T< 3 4> 4 <?= <3. &4>V ?5G5D< 
E>>=F5=FD>64=V  6  �D<<G  (900 LF.), �D<>4D?4FFV V �4D-
?4F4E  (150 LF.),  =4  �>4V??V (20 LF.), G �>=54EV (6 LF.). 

�D4E>6GNG<, M> 74 44=<<< E?5FV4?VEFV6, D4>F<G=<= 
>59T< ?V475<=<E ?>D>6=<= ?D<5?<7=> 6 3÷4 D47< 5V?LL5 
>59T<G 4>E?V465=<E, <>6=4 EF65D46G64F<, M> 65EL >59T< 
>4DEF>6<E ?GEF>F 6 '>D4W=V ?5D56<MGT 10÷12 <?= <3. �4-
=>7=4G=>, F4>V ?>D>6=<=< O6?ONFL ?>F5=FV==G 747D>7G 
464DV= <VEL><E 5G4V65?L 6V4 ?>>4?L=<E >5DGL5=L EL>7>4=V 
V 6 <4=5GF=L><G. 

�4 74>4DEF>64=<E F5D<F>DVOE ?>6=VEFN D>7<VM5=V 
�>?<=EL>4, �64=>-$D4=>V6EL>4 V &5D=>?V?LEL>4 >5?4EFV, 
=4 80-F< 6V4E>F>4E F5D<F>DVW >4DEF< D>7<VM5=V 6 �D<<G, 
�>=5FL>V=, �G74=EL>V=, �L6V6EL>V=, �<>>?4W6EL>V=, $V6-
=5=EL>V= V %<5?L=<FL>V= >5?4EFOE. �4 6>474=<E F5D<F>-
DVOE D>7<VM5=V F4>V >DG?=V >59T>F<, O> $V6=5=EL>4 ��% V 
<. �4D4L (�G7=TF>6EL>), %?469O=EL><= E>?564D=<= >><-
5V=4F, �=7G?5FL><= 7>D=>-75474GG64?L=<= >><5V=4F, 
?D><<E?>6V F4 6<F?>6V <V>D>D4=>=< F4><E <VEF, O> �L6V6, 
�GFL>, $V6=5, &5D=>?V?L, �64=>-$D4=>V6EL>, �V==<FO, �>-
=5FL>. 

�4DEF>6V O6<M4 6<>?<>4NFL 65?<>V ?D>5?5<< ?D< 
5>E??G4F4FVW <VEL><E 5G4V65?L. �56D4E>6G64==O WE >E>5-
?<6>EF5= <>65 ?D<65EF< 4> ?>L>>465=L V 464DV=. �4 
>EF4==V 10 D>>V6 FV?L>< 6 G>F<DL>E 74EV4=<E >5?4EFOE '>-
D4W=< 7464O>< >4DEF>6<< ?D>F5E4< 7DG==>64=> V ?>L>>-
465=> 5V?LL5 200 <VEL><E 5G4V65?L. 
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$<E. 1.16. �5G5D< =4 >4DFV >4DEF>6>-E?5?5>?>7VG=>7> D4=>=G64==O '>D4W=<. �4DEF>6V >5?4EFV: 1 3 �4>4D?4FEL>4;  

2 3 &5=FD4?L=>-�4D?4FEL>4; 3 3 �D<>4D?4FEL>4; 4 3 �>?VEL>4; 5 3 �>4V?LEL>>-�G>>6<=EL>4; 6 3 �>?446EL>>-
�>4V?LEL>4; 7 3 �V6=VG=>-�D<4=V?D>6EL>4; 8 3 �V645==>-�D<4=V?D>6EL>4; 9 3 �=V?D>6EL>4; 10 3 �=V?D>6EL>>-
�>=5FL>4; 11 3 �>=5FL>>-�>D>=57L>4; 12 3 �>=54EL>4; 13 3 �D<G>D=><>DEL>>-�7>6EL>4; 14 3 �>5DG46<=EL>4;  

15 3 $V6=<=>-�D<<EL>4; 16 3 �5D547VD=>-�D<<EL>4; 17 3 �VDEL>>-�D<<EL>4 
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�?4E<DV>4FVO >4DEF>6<E ?D>F5EV6 V EF6>DN64=<E 
=<<< =475<=<E V ?V475<=<E >4DEF>6<E D>D< 7 6<>>D<E-
F4==O< <>DD>?>7VG=<E, 75=5F<G=<E, ?VF>?>7VG=<E FV V=-
L<E >7=4>, =4=?>6=VL5 6<>?445=V 6 D>5>F4E �.%. %>>>-
?>64 (1962), �.�. �4>E<<>6<G4 (1963), �.�. %FG?<L<=4 
(1967), �.�. �6>745FL>>7> (1972), �.�. '<><L564 (1979), 
�.�. %464D5=EL>>7> V �.�. �<D>=>64 (1995) F4 V=L<E.  

�4?56=> 6V4 6<4G ?>65DE=56<E D>D< >4DEF>6<E 
?D>O6V6, 45D>D<4FVW 75<=>W ?>65DE=V E4D4>F5D<7GNFLEO 
F4><<< ?4D4<5FD4<<: 

÷ F5D<F>DVW 7 >4DEF>6<<< F4 >4DEF>6>-EGD>7V==<<< 
?D>64?4<<:  

- D>7D4EG=>>6<= 4V4<5FD ?D>64?G 75<=>W ?>65DE=V 
Dn , <; 

- 7?<5<=4 ?D>64?G hn , <; 
- V=F5=E<6=VEFL ?>>4?L=<E 45D>D<4FV= », ><2/DV>; 
- L<D<=4 7>=< >E?45?5=>W >E=>6< =46>>?> ?D>64-

?G 4n, <; 
÷ F5D<F>DVW 7 >EV44==O<< 75<=>W ?>65DE=V =4 65?<>V= 

??>MV: 
- 7?<5<=4 ?D>EV44==O 75<=>W ?>65DE=V Sm , <<; 
- G<>6=<= D44VGE >D<6<7=< <G?L4< >EV44==O 75<-

=>W ?>65DE=V Rm, ><; 
- D>7<VD< <G?L4< >EV44==O 75<=>W ?>65DE=V 6 ??4=V 

Lm V Bm , <; 
- L<D<=4 <G?L4< >EV44==O 75<=>W ?>65DE=V 6 ??4=V 

bm, <;   
- =4E<? 5>DFV6 <G?L4< >EV44==O 75<=>W ?>65DE=V V, 

<</<; 
- 6V4=>E=V 7>D<7>=F4?L=V 45D>D<4FVW 75<=>W ?>65D-

E=V ·, <</<; 
- L6<4>VEFL >EV44==O 75<=>W ?>65DE=V V, <</DV>.  
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�?O ?D46<?L=>7> 6<5>DG 74E>4V6 5>D>FL5< 7 =574-
F<6=<< 6??<6>< >4DEF>6<E ?D>O6V6 =4 <VEL>V 5G4V6?V V 
E?>DG4< D>7D>5?5=4 >?4E<DV>4FVO F5D<F>DV= 74 =46545-
=<<< 6<M5 ?4D4<5FD4<< [40]. 

�4 ?VF>?>7VG=<<< >7=4>4<< D>7DV7=ONFL F4>V 6<4< 
>4DEFV6: 

�4D5>=4F=<=. �4=D>7?>6EN465=VL<=, E4D4>F5D<7G-
TFLEO ?>6V?L=<< D>7G<=5==O< ?>DV4 6 ?D<D>4=<E G<>-
64E, 6=4E?V4>> G>7> <>65 =5 6D4E>6G64F<EL <>6?<6VEFL 
GF6>D5==O >4DEF>6<E ?GEF>F 74 ?5DV>4 5>E??G4F4FVW 
<VEL><E 5G4V65?L. &<?>6<= L<D>><= 4V4?47>= 7<V=< ?>-
D<EF>EFV ?>DV4, EFG?5=N FDVM<=G64F>EFV V 6>4>=5?D>=<-
>=>EFV. �5EGG4 744F=VEFL F4><E ?>DV4, O> >E=>6 5G4V65?L 
=<7L>4, 4?5 ?D>64?< ?>65DE=V 6<=<>4NFL 4G65 DV4>>. 

�D5=4O=<=. $>7?>6EN465=<= 4>EF4F=L> L<D>>> 6 
'>D4W=V. &5 DV7=>6<4 >4D5>=4F=>7> >4DEFG. $>76<64TFLEO 
?>6V?L=>, E4D4>F5D<7GTFLEO <4?>N D>7G<==VEFN >D5=4< V 
6<E>>>N (4> 50%) ?>D<EFVEFN. �D5=4O=V ?>D>4< ?57>> 
D>7<<64NFLEO, ?D< 76>?>65==V WE =5EGG4 744F=VEFL 7<5=-
LGTFLEO, 4 ?D< 4<=4<VG=<E 4VOE <>6?<6<= ?5D5EV4 76>-
?>65=>W >D5=4< 6 D>7DV465=<= EF4=. &DVM<=G64FVEFL V 
6>4>?D>=<>=VEFL >D5=4< DV7=><4=VF=V, >>5DVFVT=F DV?L-
FD4FVW <>65 ?5D56<MG64F< 45EOF>< <5FDV6 74 4>5G, ?D>-
64?< 75<=>W ?>65DE=V 5G64NFL DV4>>. 

�V?E>6<=. $>7?>6EN465=<= 4>EF4F=L> L<D>>>, 7G-
EFDVG4TFLEO 6 E?>?G>4E 7 >4D5>=4F=<<, 4?5 D>76<64TFLEO 
L6<4L5 74 =L>7>, 6>?>4VT 7=4G=>N D>7G<==VEFN ?>DV4. 
�4 ?5DV>4 5>E??G4F4FVW 5G4V65?L 7D>EF4==O >4DEF>6<E ?G-
EF>F EGFFT65. �V?E< <4?>?>D<EFV, E?45>FDVM<=G64FV V 
?D4>F<G=> 6>4>?D>=<>=V. �?O =<E E4D4>F5D=<= =5DV6-
=><VD=<= D>76<F>> >4DEFV6, ?D>64?< 75<=>W ?>65DE=V 6<-
=<>4NFL 4G65 G4EF>.  
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%>?O=<=. �GEFDVG4TFLEO 6 E?>?G>4E 7 7V?E>6<< V >4D-
5>=4F=<<. '5D57 6<E>>G D>7G<==VEFL E>?5= (6 >E=>6=><G 
>4<9O=>W E>?V) D>76<64TFLEO L6<4>>. �=4E?V4>> 6<E>>>W 
??4EF<G=>EFV >4<9O=>W E>?V, FDVM<=V 6 =V= 5G64NFL DV4>>, 
?>D<EFVEFL =<7L>4, F>5F> D>76<F>> >4DEFG 6 76<G4==<E 
?D<D>4=<E G<>64E >5<565=<=, 4 5G64T 6 >E=>6=><G, 6 
?>>DV6?V E>?O=<E ?>>?44V6.  

&5E=>75==4 4VO?L=VEFL, O>4 74>?NG4TFLEO 6 D>7D>5FV 
E>?O=<E D>4>6<M, 6<>?<>4T 4>F<6V74FVN >4DEFG. �>F<6-
=<= E>?O=<= >4DEF 6>D4= =5557?5G=<=, F4> O> 6V45G64TFL-
EO L6<4>5 D>7G<=5==O ?>DV4, GF6>DNNFLEO G4EFV ?D>64-
?< (V=>>?< 4G65 >DG?=V), >EV44==O 75<=>W ?>65DE=V 6V4-
5G64NFLEO =4 7=4G=<E ??>M4E.      

�4 >E>5?<6>EFO<< 74?O74==O 6<4V?ONFL =4EFG?=V 
6<4< >4DEFV6: 

�V4>D<F<= (?>65DE=56<=) >4DEF 3 D>D<4 D5?LTDG, M> 
6<=<>?4 6 ?D>F5EV >4DEFG64==O 75<=>W ?>65DE=V. �4DEF>-
6V ?>D>4< ?564FL 557?>E5D54=L> =4 ?>65DE=V, 4>F<6V7G-
NFL ?D>=<>=5==O 6 =<E ?>65DE=56<E 6>4 (4F<>ED5D=<E 
>?44V6). �D>64?< V <G?L4< >EV44==O 6<>?<>4NFLEO >5-
DGL5==O< V >EV44==O< ?>DV4 =44 74>4DEF>64=<<< 7>=4-
<<.  

�4DEF>6>-EGD>7V==V ?D>64?< E?>EF5DV74NFLEO ?<L5 
6 7>=4E ?>=<65=>7> D5?LTDG, 74?>6=5=<E D<E?<< <4F5-
DV4?><. �5EGG4 744F=VEFL F4><E >4DEF>6<E ?>DV4, O> ?D4-
6<?>, 6<E>>4, 4?5 6V4DV7=OTFLEO =5DV6=><VD=VEFN. $>D<< 
D5?LTDG ?>65DE=56>7> >4DEFG: ?V=><, >>?>4O7V, L4EF<, 
>4DD<, >4DD>6V ?>?O, ?>=>D<.  

�>>D<F<= >4DEF 3 F<? >4DEFG, O><= D>76<64TFLEO 6 
>5?4EFOE, 45 >4DEF>6V 6V4>?44< ?>>D<FV F>6M5N ?GE><E 
GF6>D5=L DV7=>7> 75=57<EG. �4DEF 7 ?>>D<6>< 5?N6VN V 
�DG=FG V=>4V =47<64NFL >4DEF>< E5D54=L>T6D>?5=EL>>7> 
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F<?G. �4DEF>6V ?>D>4< ?5D5>D<FV L4D4<< =5D>7G<==<E 
6>4>=5?D>=<>=<E ?>DV4, O>V ?5D5L>>464NFL D>76<F>G 
>4DEFG V ?>69O74=<< 7 =<< O6<M. �D>64?< 75<=>W ?>65D-
E=V 6 FL><G 6<?44>G <>6GFL 5GF< DV7=>7> ?>E>465==O: 
>4DEF>6>-EGD>7V==V 45> 7<VL4=V. �4 ??>M4E 6>4>D>74V?V6 
?>>D<F<E L4D>< =5D>7G<==<E E?45> 6>4>?D>=<>=<E 
?>DV4, >4DEF>6V ?D>64?< =5 6<=<>4NFL.  

�>6=G >4DF<=G 6<=<>=5==O ?D>64?V6 =4 F4><E F5-
D<F>DVOE, =46VFL =4 >E=>6V V=65=5D=>-75>?>7VG=<E 4>E?V-
465=L,  >45D64F< FDG4=>. &GF, >>DV< 6>4>?D>=<>=>EFV, 
E?V4 6D4E>6G64F< ?>FG6=VEFL ?>>D<64NG<E ?>DV4, 4 F4-
>>6 WE <VF=VEFL. � <VF=<E ?>D>44E ?5D56464NFL ?D>64?<, 
6<>?<>4=V >5DGL5==O< ?>>DV6?V >4DEF>6<E ?>D>6=<=, 6 
?GE><E 3 >4DEF>6>-EGD>7V==V. 

$>D<< D5?LTDG ?>>D<F>7> >4DEFG: ?5G5D<, ?V475<=V 
>4=4?<, ?V475<=V ?GEF>F<. 

�> 6V4=>L5==N 4> DV6=O ?V475<=<E 6>4 >4DEF>6V ?>D>4< 
74?O74NFL 6 7>=4E 45D4FVW 45> ?>EFV==>7> 6>4>=4E<G5==O.  

�<V=4 ?D<D>4=>7> DV6=O �DG=F>6<E 6>4 6 D57G?LF4FV 
F5E=>75==>W 4VO?L=>EFV <>65 ?D<65EF< 4> 4>F<6V74FVW E>-
?O=>7>, 7V?E>6>7>, >4D5>=4F=>7> V >D5=4O=>7> >4DEFV6. 
$V7>G 4>F<6V74FVN EGD>7V==<E ?D>F5EV6 <>65 F4>>6 6<-
>?<>4F< 7<V=4 7V4D>4<=4<VG=<E G<>6 ?V4 6??<6>< DG=-
>FV>=GNG<E 7V4D>F5E=VG=<E E?>DG4 G< 6<W<>< >>D<E=<E 
>>?4?<=. 

�D< E><44==V ?D><<E?>6<E EF>>V6 <>6?<65 ?V46<-
M5==O 47D5E<6=>EFV ?V475<=<E 6>4 7 =5557?5G=>N 4>F<-
6V74FVTN >4DEFG.  

 � ?>7<FVW 7<V=< D>D<< 75<=>W ?>65DE=V  D>7DV7=ONFL 
?D>64?<, ?>EFG?>6V 4>67>FD<64?V >EV44==O =4 65?<><E 
??>M4E (<G?L4< >EV44==O), ?>EFG?>6V =57=4G=V 74 ??>-
M5N <VEF56V >EV44==O (?V=>>?>4V5=V 6?44<=<). 
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�D>64?< (6<=<>4NFL, O> ?D46<?>, D4?F>6>) 3 O6?O-
NFL 7>?>6=G =5557?5>G 4?O <VEL><E 5G4V65?L G >4DEF>6<E 
D4=>=4E.  

� >E=>6=><G 6<>?<>4NFLEO >5DGL5==O< ?>>DV6?V 
>4DEF>6<E ?>D>6=<= 6 D57G?LF4FV 7D46VF4FV==>7> >564?G, 
45> >4DEF>6>-EGD>7V==>7> DG==G64==O 6=GFDVL=VE ?>65-
DE>=L >4DEF>6<E ?>D>6=<=. �>=FGD ?D>64?V6 <4T DV7><= 
>5D<E 6 ??4=V.  

�4?56=> 6V4 6?4EF<6>EF5= ?>>D<6=<E ??4EFV6 �DG=-
FV6 5>DF< ?D>64?V6 <>6GFL <4F< DV7=G >DGF<7=G. %6V6V 
?D>64?< 6 7?<=<EF<E �DG=F4E <>6GFL <4F< 65DF<>4?L=V V 
=46VFL =46<E4NGV EFV=><, O>V <4NFL F5=45=FVN >564?N64-
F<EO, 4 7=4G<FL V 75V?LLG64F<EO 6 ?5D<<5FDV. 

�EV44==O 75<=>W ?>65DE=V 3 6<>?<>4TFLEO D>7G<=5=-
=O< ?>DV4 6 FDVM<=G64F<E 7>=4E, 45> =4 >>=F4>FV ?>>DV6-
?V D>7G<==<E ?>DV4 7 V=L<<< ?>D>44<<, M> <4NFL DV?L-
FD4FV==V 6?4EF<6>EFV. 

�V=>4 ?D>64?L=4 (?D>64?) 3 >4DEF>64 74?44<=4, O>4 
GF6>D<?4EO 6 D57G?LF4FV ?D>64?G E>?5?V==O ?V475<=>W 
?>D>6=<=<, M> 6<=<>?4 ?D< 6<?G7>6G64==V 7VDEL><E 
?>DV4 (4<6. D<E. 1.21, 5, 7). 

�E564>>4DEF (?><<?>>6<= >4DEF) 3 74?44<==>-6?4-
4<==<= D5?LTD, M> GF6>D5=<= ?>=<65==O<< DV7=>7> 
D>7<VDG, 77>6=V =4744GT >4DEF, 4?5 O><= 6<=<> 6 D57G?L-
F4FV V=L<E ?D>F5EV6.  

�E564>>4DEF>6V ?D>F5E<: 
- F5D<>>4DEF-?D>EV44==O ?>65DE=V 6 >5?4EFOE ?>-

L<D5==O 5474F>DVG=>W <5D7?>F< G D47V WW 4=><4?L=>7> 
6V4F4N64==O =4 ?56=<E ??>M4E. �4E?V4>>< F5D<>>4DEFG 
T GF6>D5==O ?V=V==<E 7=<65=L, O>V 77>4>< 7D>EF4NFLEO V 
?5D5F6>DNNFLEO 6 4?4E<. 
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- 7?<=<EF<= >4DEF 3 ?D>F5E< <5E4=VG=>7> 6<=5E5==O 
?V475<=<<< 6>44<< F>=><E 7?<=<EF<E DD4>FV= >E44>6<E 
?>DV4 7 ?56=>7> <4E<6G. �4 ?>65DE=V GF6>DNNFLEO ?>-
=<65==O, ?V=><, 74?44<=<. %?>EF5DV74TFLEO 7?<=<EF<= 
>4DEF 5V?O GD6<M, GEFG?V6, EE<?V6, 54?>>, EE<?V6 DVG>>6<E 
4>?<=.  

�5D54?D>64?L=V ?D>F5E< ?D>FV>4NFL =4 6<7=4G5=V= 
7?<5<=V V 4>67<= G4E, 4?5 =4 ?>65DE=V ?D>64?< ?D>E>4OFL 
L6<4>> (G<>6=>-<<FFT6>): E?>G4F>G ?>O6?ONFLEO FDVM<-
=<, ?> O><E V45 >5DGL5==O �DG=FG, 6<=<>4T ?V=>>?>4V5-
=4 6?44<=4; ?>FV< EFV=>< FVTW 6?44<=< 7EG64NFLEO, >564-
?NNFLEO, 75V?LLGNG< WW D>7<VD<.  

� ?VM4=<E V 7?<=<EF<E �DG=F4E FD<64?VEFL D>D<G-
64==O ?D>64?G E>?444T: 

÷ =5 5V?LL5 45>V?L>>E E6<?<= ?D< Dn < 10 <,  
÷ 6V4 15 4> 30 E6<?<= ?D<   Dn = 20 - 30 <, 
÷ 133 7>4<=< ?D< Dn > 50 <. 

$>7<VD< ?D>64?V6 74?564FL 6V4 75>?>7VG=<E V 7V4D>-
75>?>7VG=<E G<>6 V 6 ??4=V >>?<64NFLEO 6V4 5 4> 300 <, 
7?<5<=4 3 6V4 >4=>7> 4> 45EOF>V6 <5FDV6. �?O EGE<E ?GE-
><E V E?45>769O74=<E �DG=FV6 6V4=>L5==O 7?<5<=< ?D>-
64?G 4> =>7> 4V4<5FDG EF4=>6<FL 1/3÷1/2, 6 >56>4=5=<E 
?GE><E �DG=F4E 6>=> 7<5=LGTFLEO.  

�46>>?> ?D>64?V6, O> ?D46<?>, GF6>DNTFLEO >E?45-
?5=4 7>=4 7 ?>=<65=>N =5EGG>N 744F=VEFN. �DG?=V V =5-
65?<>V 74 ??>M5N <G?L4< >EV44==O ?>DV6=O=> 7 ?D>64-
?4<< O6?ONFL <5=LG =5557?5>G 4?O 5G4V65?L V E?>DG4. 
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$<E. 1.17. �E=>6=V 75=5F<G=V F<?< >4DEF>6<E ?V=>>: 4 3 ?V=>4 ?>65DE=56>7> 

6<?G7G64==O; 5, 7 3 ?D>64?L=4 ?V=>4; 6 3 ?V=>4 ?D>E>GG64==O 

%GD>7V==5 >EV44==O >E=>6<, E>?445=>W 7 74E>?5=>7> 
�DG=FG, 6<7=4G4TFLEO 74 D>D<G?>N: 

                          Ssfi = õ
ý

n

1i

·sfi × hi ,                          (1.22) 

45 n 3 >V?L>VEFL L4DV6, =4 O>V D>74V?5=> 7>=G EGD>7V==>7> 
>EV44==O; 

� 

� � 

� 
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·sfi  3 6V4=>E=5 EGD>7V==5 EF<E=5==O V-7> L4DG �DG=FG 6V4 
F<E>G $;  
hi 3 F>6M<=4 V-7> L4DG 74E>?5=>7> �DG=FG. 

/>M> =5 6<>>=GTFLEO G<>64, 74 O>>N 7474?L=4 45-
D>D<4FVO 6V4 7>6=VL=L>7> =464=F465==O D47>< V7 EGD>-
7V==<< >EV44==O< >E=>6< S + Sf =5 ?5D56<MGT 7D4=<G=>W 
45D>D<4FVW Su: 

                             S + Sf f Su ,                                 (1.23) 
4 F4>>6, O>M> 74E<EF >E=>6< 6V4 FD<64?>7> 74<>GG64==O 
=5 74557?5G5=<= V 6<?G7>6G64==O E>?5= <>6?<65, F> =5-
>5EV4=> 6?D>6446G64F< >><??5>E 74E>4V6 4?O GEG=5==O 
L>V4?<6>7> 6??<6G EGD>7V==>W 45D>D<4FVW. 

 

 
$>F> 1.1. �4DEF>65 >75DF5 
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$>F>. 1.2. �>=5FL><= >DO6: E5D54=O 6<E>F4 ?>65DE=V 200÷300 <. 

�4=6<M4 F>G>4 3 �>7<?4-�5G5F=4 (367 < =44 DV6=5< <>DO) 

$>F> 1.3. �D5<5=5FL>V 7>D<: �V6=VG=>-EEV4=4 G4EF< =4 �>?>7>D>-
�D5<5=5FL>>7> >DO64 �>4V?LEL>>W 6<E>G<=<. �>66<=4 65 ><,  

L<D<=4 12÷20 ><, E5D54=O 6<E>F4 3 350÷400 <.  
�4>E<<4?L=4 6<E>F4 3 408 < 
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$>F>. 1.4. �D<<EL>V 7>D<: �>=44 1000 >4DEF>6<E 6<D6, 135 ?5G5D, 
L4EF, >D<=<FL, 5?<7L>> 800 >4DEF>6<E >>?>4O7V6, G F.G. '5D6>=4 ?5-
G5D4 (�<7<?-�>54) 3 =4=4>6L4 64?=O>>64 ?5G5D4 =4 F5D5=4E >>?<-

L=L>7> %�� (21,1 ><). �4=7?<5L>N ?5G5D>N 6 '>D4W=V T %>?44FEL>4 
(7?<5<=4 500 <), O>4 D>7F4L>64=4 =4 �4D45V-/=?V 

 

 
$>F>. 1.5. �?V??O: �V4 7>D>4<M5<, 7?<5>>> ?V4 75<?5N, D>7F4L>64=5 

?V475<=5 <VEF>.'4EF<=4 ?V475<=<E ?45VD<=FV6, <>6?<6>,  
DG>>F6>D=>7> ?>E>465==O 
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$>F> 1.6. &>6FD<. &5D=>?V?LEL>4 >5?., 6EV4 4> ?5G5D< �?F<<VEF<G=4:  

�DG74 G E6VFV 74 4>66<=>N >4DEF>64 ?5G5D4 

 
$>F>. 1.7. �5G5D4 �GL>4D>64 O<4. &5D=>?V?LEL>4 >5?.: 307,8 <5FDV6 

=44 DV6=5< <>DO). �EV4 7=4E>4<FLEO =4 4=V >DG?=>W >>=VG=>W 
5D>7V==>-EGDD>7V==>W ?V=>< 4V4<5FD>< ~ 50 < V 7467?<5L>< 14 < 
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1.2.6.  �EG6=V ?D>F5E<  
 
�G4L-O><= �DG=F 6 <4E<6V, >5<565=><G EE<?><, ?V4 

6??<6>< 6?4E=>W 647< ?D47=5 7DGL<F<EO 6=<7 V 6 5V> EE<-
?G. />M> >?VD �DG=FG 7<VM5==N ?5D56<MGT 6EV FV 7EG6=V 
7GE<??O, F> EE<? T EFV=><< (?D< DV6=>EFV 7EG64NG<E E<? V 
>?>DG 7<VM5==N <4T <VEF5 7D4=<G=4 DV6=>6474). � 76>-
D>F=L><G 6<?44>G �DG=F>6<= <4E<6 DG==GTFLEO V 6V45G-
64TFLEO 7EG6. �474?ó< 7EG6< 6V45G64NFLEO =4 EE<?4E ?D< 
>DGF<7=V 5V?LL5 19°.  

� 7474?L=><G 6<?44>G 7EG6 3 F5 D4?F>65 45> ?>6V?L-
=5 >>674NG5 7<VM5==O G4EF<=< 7VDEL><E ?>DV4 45> 75<-
?O=<E <4E 7 D>7D<6>< WE EGFV?L=>EFV V ?5D5<VM5==O< G 
7>D<7>=F4?L=><G 45> 5?<7L>><G 4> =L>7> =4?DO<V ?> 
EE<?4E 4>?<=, ODV6, 55D57V6 DVG>>, >75D, <>DV6 V EE<?V6 6<-
W<>> ?V4 4VTN 6?4E=>W 647< 557 6FD4F< >>=F4>FG <V6 =5DG-
E><>N G4EF<=>N V F>N, M> 7<VMGTFLEO (D<E. 1.18, 4). �>65D-
E=O, ?> O>V= 6V45G6EO 6V4D<6 V 7<VM5==O <4E< �DG=FV6, =4-
7<64TFLEO ?>65DE=5N >>674==O, 4 <VEF5 6<E>4G ?>65DE=V >>-
674==O =4 ?>65DE=N EE<?G 45> =4 ?>65DE=N 5V?O WW ?V4-
=V66O 3 ?V4>L6>N 7EG6G. �4E4 �DG=FV6, M> 7<VEF<?4EO, 
GF6>DNT FV?> 7EG6G.  

/> ?D46<?>, ?D< ??4=G64==V <VEF, ?> <>6?<6>EFV 
=4<474NFLEO =5 D>7<VMG64F< <VEL>V 5G4V6?V F4 V=65=5D=V 
<5D56V =4 F5D<F>DVOE, O>V 557?>E5D54=L> ?D<?O74NFL 4> 
7G6>=5557?5G=<E EE<?V6. $47>< 7 F<<, 6 FV?><G DO4V 6<-
?44>V6 6>D4= =55464=> 6V4<>6?OF<EO 6V4 FV==<E G <VEF>-
5G4V65?L=><G 6V4=>L5==V F5D<F>DV= 7 ?>F5=FV==<<< 
7EG64<< (=4?D<>?44, <>DEL>V G755D566O). �5?<>5 7=4-
G5==O ?D< FL><G <4T E6>TG4E=<= ?D>7=>7 <>6?<6<E <56 
?>L<D5==O 7EG6G, ?>F5=FV==>W 7?<5<=< V L6<4>>EFV 
7<VM5==O �DG=FG, 4 F4>>6 V=L<E ?4D4<5FDV6, O>V 6<7=4-
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G4NFL 6<5VD 74E<E<=<E E?>DG4, <>6?<6VEFL D>7<VM5==O 
<VEL>>W 745G4>6<. 

÷ �D<G<=< GF6>D5==O, D>76<F>G V E4D4>F5D<EF<-
>4 7EG6V6  

- �5>?>7VG=4 5G4>64 EE<?G (=4O6=VEFL E?45><E V 7?<-
=<EF<E ?>DV4, >?VD 7DGL5==N O><E 4G65 GGF?<6<= 4> 
7<V=< 6>?>7>EFV).  

- �=4G=4 >DGF<7=4, 6<?G>?4 45> =46<E4NG4 >>=DV-
7GD4FVO 55D57>6<E EE<?V6 V GF6>D5==O FDVM<= 5>DF>6>7> 
6V4?>DG, 75V?LL5==O >DGF<7=< EE<?G 6 D57G?LF4FV ?V4<<-
6G 6>4>N. �EG6< G4EF> GF6>DNNFLEO =4 4V?O=>4E ?>E<?>-
7> 74?O74==O ??4EFV6 7 ?44V==O< WE 6 EF>D>=G EE<?G  
(D<E. 1.18, 5), 4 F4>>6 ?D< 6<F<E>G64==V 7?<= ?>D>44<<, 
M> 7=4E>4OFLEO =44 =<<< (D<E. 1.18, 6). 

- �44?<L>>65 =4E<G5==O ?>DV4 (>E>5?<6> 7?<=O-
=<E) ?V475<=<<< 6>44<<. �??<6 ?V475<=<E 6>4, 6<7=4G4-
TFLEO 46><4 D4>F>D4<< 3 EGD>7VTN V 7V4D>4<=4<VG=<< 
F<E>><. �65D5?4 ?V475<=<E 6>4, O>V 6<E>4OFL 7V EE<?G, 
6<=>EOFL 7 6>4>=>E=>7> L4DG 4DV5=V G4EF>< 6>4>6<VMG-
NG>W ?>D>4< V EV<VG=> D>7G<==<E D5G>6<=. � D57G?LF4FV 
F5 ?D<6>4<FL 4> D>7?GLG64==O 6>4>=>E=>7> L4DG, M> 
?D<D>4=L> 6<>?<>4T =5EFV=>VEFL 6<M5 D>7<VM5=>W G4-
EF<=< EE<?G. �V4D>4<=4<VG=<= F<E> EF6>DNTFLEO ?D< 
7<V=V DV6=O 6>4< G 6>4>=<V 6 <><5=F< ?>65=5=, >>?< DVG-
>>6V 6>4< V=DV?LFDGNFLEO 6 5>DF< 4>?<=< V ?V4=V<4TFLEO 
DV65=L ?V475<=<E 6>4. %?444==O ?>65=56<E 6>4 6 DVGFV 
6V45G64TFLEO ?>DV6=O=> L6<4>>, 4 7=<65==O DV6=O 
?V475<=<E 6>4 6V4=>E=> ?>6V?L=>. � D57G?LF4FV F4>>7> D>-
7D<6G <V6 DV6=O<< DVG>>6<E V ?V475<=<E 6>4 <>65 6V45G-
64F<EO 6<F<E>4==O ?D<EE<?>6>W G4EF<=< 6>4>=>E=>7> 
L4DG, 4 6E?V4 74 =<< E?>674==O 7VDEL><E ?>DV4, D>7<VM5-
=<E 6<M5. 
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- �E?45?5==O ?>DV4 G=4E?V4>> 6<6VFDN64==O, ?5D57-
6>?>65==O �DG=FG 4F<>ED5D=<<< >?444<< (>E>5?<6> 
?>65=O<<).  

- �V4<<64==O 55D574 DV>>N G< 45D47VO <>D5<, M> 
75V?LLGT =4?DG65=>-45D>D<>64=<= EF4= EE<?G V =4DG-
L4T VE=GNGG DV6=>647G.  

- �44V==O 7VDEL><E ?>DV4 6 EF>D>=G DV>< 45> <>DO, 
>E>5?<6> O>M> 6 WE E>?44V T 7?<=<, O>V ?V4 6??<6>< 6>4 V 
?D>F5EV6 6<6VFDN64==O =45G64NFL ??4EF<G=<E 6?4EF<6>-
EF5=.  

- �=FD>?>75==<= 6??<6 =4 EE<?< (LFGG=4 ?V4DV7>4 
EE<?G V 75V?LL5==O =>7> >DGF<7=<, 4>44F>>65 =464=F4-
65==O =4 EE<?< 6?4LFG64==O< DV7=><4=VF=<E E?>DG4, 
DG==G64==O ??O6V6, 6<DG5>4 ?VEG V F4>5 V=L5).  

- �V5D4FVO, 4VO E5=E<VG=<E ?>LF>6EV6, 75<?5FDGE< V 
6<65D65==O 6G?>4=V6. 

- �??<6 ?D>F5EV6 ?D><5D74==O. 
- �>44F>>6V =464=F465==O =4 EE<?. 
- �=<M5==O D>E?<==>EFV =4 EE<?V. 
�4 E4D4>F5D>< ?>65DE=V >>674==O 6<4V?ONFL FD< 

F<?< 7EG6V6 [40; 44]: 
÷ �5DL<= F<? 3 4E5>65=F=V (D<E. 1.18, 4), O>V D>-

76<64NFLEO 6 >4=>DV4=<E 769O7=<E �DG=F4E V <4NFL >D<-
6>?V=V==G F<?V=4D<G=G ?>65DE=N >>674==O, ?>?>65==O 
O>>W 74?56<FL 6V4 65?<G<=< E<? F5DFO V 7G5??5==O.  

�?4E<G=<= 7EG6 7 ?D46<?L=>N >DG7?>F<?V=4D<-
G=>N ?>65DE=5N 7<VM5==O 7GEFDVG4TFLEO DV4>>, >E>V?L>< 
?D<D>4=V EE<?<, O> ?D46<?>, =5>4=>DV4=V, G4EFVL5 74 6E5 
6>=< <4NFL E>?44=G 5G4>6G. �EG6< F4>>7> F<?G E4-
D4>F5D=V 4?O LFGG=<E EE<?V6, =4?D<>?44 6 44<54E 45> 
4>D>6=VE =4E<?4E. $GE 7EG6G <>65 5GF< ?D>7D5EGNG<<, 
F>5F> E?>G4F>G 7DGL5==O <>65 6<=<>=GF< =5 ?> 6EV= 
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?>65DE=V 7<VM5==O, 4 D>76<64F<EO ?>EFG?>6>, ?>G<=4N-
G< 7 4V?O=>< ?>>4?L=>7> DG==G64==O �DG=FG (<4E<6G). 
/>M> ?>65DE=O 7<VM5==O 5V?O =<6=L>W <56V 7EG6G =4E<-
?5=4 6 7?<5<=G <4E<6G, F> 7<VM5==O 7EG6G <>65 7G?<=<-
F<EO, F4> O> <><5=F 7EG6=>W E<?< ?V4 G4E DGEG 7<5=-
LGTFLEO. 

÷  �DG7<= F<? 3 >>=E5>65=F=V 7EG6< (D<E. 1.18, 5), 
4?O O><E E4D4>F5D=5 7<VM5==O ?> ?>65DE=V =4??4EFG-
64==O, M> E?444T 6=<7 ?> EE<?G. �>65DE=O 7<VM5==O ?D< 
FL><G ??>E>4 45> E?45>> E6<?OEF4, 4 WW ?>?>65==O 6<7=4-
G5=5 5G4>6>N EE<?G. $GE FL>7> F<?G 7EG6V6 >5G<>6?5=<= 
=4O6=VEFN EFDG>FGD=> >E?45?5=<E ?>65DE>=L, F4><E O> 
F5>F>=VG=V D>7D<6<, FDVM<=<, =4??4EFG64==O, V 7<V=4<< 6 
>?>DV 7EG6G DV7=<E >E44>6<E ?>DV4 G< =4 >>=F4>FV <VF=<E 
>>DV==<E V ?GE><E ?>DV4. �4 6V4<V=G 6V4 ?>?5D54=L>7> 
F<?G >>=E5>65=F=<= 7EG6 <>65 =5>5<565=> D>76<64F<EO, 
O>M> ?>65DE=O =>7> 7<VM5==O 4>EF4F=L> >DGF4 V 5V?LL 
45> <5=L ?>EFV==4 7EG6=4 E<?4 ?5D56<MGT >?VD 7EG6G. 

÷  �> FD5FL>7> F<?G 6V4=>EOFL V=E5>65=F=V 7EG6< 
(D<E. 1.18, 6), O>V ?5D5EV>4NFL ?>65DE=N =4??4EFG64==O V 
?>L<DNNFLEO 7?<5>>> 6 EE<?. &GF ?>65DE=O 7<VM5==O, 
O> ?D46<?>, <4T E>?44=<= >D<6>?V=V==<= >5D<E, =>7> 
?>?>65==O 6<7=4G4TFLEO E4D4>F5D>< �DG=FV6, 7 O><E 
E>?444TFLEO F>6M4, V =4??4EFG64==O< ?>DV4. 

'4EF> 7EG6< 5G64NFL 4G65 E>?44=>W 5G4>6<, 6>=< 
<>6GFL O6?OF< E5DVN 5?>>V6, O>V E?>674NFL 6=<7 ?> ??>-
M<=4E >>674==O 7 ?5D5><44==O< L4DV6 7<VM5=<E 7VDEL-
><E ?>DV4 6 5V> >>DV==>7> =57<VM5=>7> EE<?G.  

�EG6<, O>V E?>674NFL ?V4 6??<6>< E<?< FO6V==O, 
�.�. �46?>6 =47646 45?O?E<6=<<< (?4F. «45?O?EGE» 3 ?4-
4V==O, >>674==O). 
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�<6=O G4EF<=4 F4>>7> 7EG6G 5G64T ?D54EF46?5=4 
7EG=GF<<< ?>D>44<<, 7=4G=> D>74D>5?5=<<<, ?5D5-
<9OF<<< 6 D57G?LF4FV =4?>DG 6<M5 D>7<VM5=<E DGE><<E 
5?>>V6. &O G4EF<=4 7EG6G =47<64TFLEO 45FDG7<6=>N (?4F. 
«45FDG7V>» 3 7VLF>6EG64==O).  

 

 
 

 

         

 

 
$<E. 1.18. %E5<< D>7-
6<F>G EE<?V6:  
4) 4E5>65=F=<= F<? 7EG6G; 
5) >>=E5>65=F=<= F<? 
7EG6G; 6) V=E5>65=F=<= 
F<? 7EG6G  
1 3 ?>65DE=O EE<?G ?VE?O 
7EG6G; 2 3 ?>65DE=O >>6-
74==O; 3 3 FV?> 7EG6G;  
4 3 ?>?>65==O EE<?G 4> 
7EG6G  

 

$>7DV7=ONFL =4EFG?=V EF44VW D>76<F>G 7EG6G: 

÷ ? D < E > 6 4 = 4 3 6V4 ?>G4F>G <V>D>7EG64==O 4> ?>O-
6< 6<4<<<E >7=4> D>D<G64==O 7EG6G (FDVM<= =4 75<=V= 
?>65DE=V, 6<?<D4==O ?>DV4 6 >E=>6V 5>DFG >4D9TDG F>M>); 

2 

3 

1 

� 

� � 

2 
3 

4 

1 

4 

1 
2 

3 4 
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L6<4>VEFL ?>EG64==O =4?D<>V=FV ?D<E>64=>W EF44VW 
1.0÷10.0 <</4>5G;  

÷ ? > G 4 F > > 6 4 3 7 <><5=FG ?>O6< 6<4<<<E >7=4> 
4> ?5D5E>4G 6 EF4?G G< 4>F<6=G EF44VN;  

÷ E F 4 ? 4 3 ?5DV>4, 6 O><= 7DGL5==O E4D4>F5D<7G-
TFLEO ?>EFV==>N L6<4>VEFN; ?D>O6?OTFLEO =4 ?>?>7<E 
5>DF4E ?564G>7> 5>>G, <>65 7G?<=<F<EO 4> ?5D5E>4G 6 
4>F<6=G EF44VN;  

÷ 4 > F < 6 = 4 3 ?5DV>4, >>?< L6<4>VEFL ?5D5<VM5==O 
557?5D5D6=> 75V?LLGTFLEO;  

÷ 7 4 F G E 4 N G 4 3 ?5DV>4, >>?< L6<4>VEFL 7DGL5==O 
7EG=GF<E <4E 7<5=LGTFLEO 4> ?>6=>W WE 7G?<=><.  

�DG?=<< D4=>=>< >?4E<G=>7> D>76<F>G 7EG6V6 6 
'>D4W=V T '>D=><>DEL>5 G755D566O �D<<G. �DV< FL>7>, 
7EG6< 7GEFDVG4NFLEO 6 >>D5<<E <VEFOE ?> EE<?4E 4>?<= 
�=V?D4, 6 �4D?4F4E. 

�4 L6<4>VEFN 7<VM5==O 7EG6< D>74V?ONFL =4 ?>6V?L=V 
(L6<4>VEFL EF4=>6<FL 45>V?L>4 45EOF>V6 E4=F<<5FDV6 =4 
DV>); E5D54=V (L6<4>VEFL EF4=>6<FL 45>V?L>4 <5FDV6 74 7>-
4<=G 45> 4>5G); L6<4>V (L6<4>VEFL EF4=>6<FL 45EOF>< 
>V?><5FDV6 74 7>4<=G). �> L6<4><E =4?564FL 7EG6<-
?>F>><, >>?< F65D4<= <4F5DV4? 7<VLGTFLEO 7 6>4>N. 

�EG6< <>6GFL DG==G64F< =4E5?5=V ?G=>F<, 7=<MG-
64F< EV?LEL>>7>E?>44DEL>V G7V44O, EF6>DN64F< =5557?5>G 
4?O FDG5>?D>6>4V6, ?V=V= 769O7>G, 5?5>FD>?5D544G F>M>. 
�DV< F>7>, 6>=< <>6GFL ?5D57>D>4<F< 4>?<=G, EF6>D<F< 
7464?L=5 >75D> V E?D<OF< GF6>D5==N ?46>4>V6. �4?D<-
>?44, 7EG6 1961 D>>G G 6<F?>6><G <4E<6V �<T64 (�GD5=V6-
>4) ?D<76V6 4> 7=4G=>W >V?L>>EFV ?N4EL><E 65DF6. $44O=-
EL>4 6?444 74<>6GG64?4 F5= D4>F. �EG6=V ?D>F5E< 6V45G-
64NFLEO V 74D47. 
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$V7=>6<44<< 7EG6V6 T >564?<, >4<5=5?44<, E=V7>6V ?46<-
=<, E5?V. 

�564? 3 D4?F>65 >5DGL5==O 7VDEL><E ?>DV4 V ?5D5-
<VM5==O WE G=<7 ?> EE<?G 6V4 4VW E<? FO6V==O. �V45G64-
NFLEO >564?< 6=4E?V4>> >E?45?5==O EGFV?L=>EFV (769O7-
=>EFV) ?>DV4 G D57G?LF4FV 6<6VFDN64==O, 4VO?L=>EFV ?>65-
DE=56<E V ?V475<=<E 6>4, 75<?5FDGEV6, =5?D46<?L=>7> 
?D>6545==O 75<?O=<E D>5VF ?D< 5G4V6=<FF6V E?>DG4,  
F>M>. �4=G4EFVL5 >564?< FD4??ONFLEO =4 >DGF<E EE<?4E 
7VD, 55D574E <>DV6 V DVG>>. � D57G?LF4FV 7=4G=<E >564?V6 G 
4>?<=4E DVG>> GF6>DNTFLEO >75D>. �> >564?V6 F4>>6 =4-
?564FL >564?< �DG=FG = >5DGL5==O ?L>4>6<>V6. �564?< 
�DG=FG 6V4DV7=ONFLEO 6V4 >4<5=5?44V6 5V?LL<< >59T<>< V 
>G?G4EFVEFN. &5 7<V=NT E4D4>F5D =>7> DGEG. �> DGEG 74-
?GG4TFLEO ?>6VFDO, FV?> >564?G =45G64T >5FVG=>W D>D<< V 
?D>E>4<FL 7=4G=G 6V4EF4=L. ,6<4>VEFL F4>>7> >564?G 
<>65 4>EO74F< 300 >< =4 7>4<=G. �564?< ?L>4>6<>V6 6<-
=<>4NFL 6 >E=>6=><G 6V4 75<?5FDGEV6. �>FV>, O><= 6<=<-
>4T ?VE?O >564?G, <>6=4 6V4=5EF< 4> ?46<= 45> 7EG6V6 G< 
E5?V6. 

�4<5=5?44< ?>L<D5=V =4 EE<?4E V7 >DGF<7=>N 5V-
?LL5 30°. $>7<VD< ?444NG>7> >4<V==O =57=4G=V, 7474?L-
=<= >59T< >4<5=5?44G =5 ?5D56<MGT 45EOF>V6 >G5VG=<E 
<5FDV6. �4<V==O ?5D5<VMGTFLEO EFD<5>4<< 7V L6<4>VEFN 
150÷200 >< =4 7>4<=G. '44D >4<5=N 4V4<5FD>< 20 E< V 5V-
?LL5 E<5DF5?L=<= 4?O ?N4<=<. �4=5V?LLV >4<5=5?44< 
6<=<>4NFL G D57G?LF4FV E<?L=<E 7?<6. �4<5=5?44< =4=-
5V?LL =5557?5G=V =4 46F><>5V?L=<E 4>D>74E, D>7F4L>64-
=<E G >DGF>EE<?<E GM5?<=4E. 

%=V7>6V ?46<=< 6<=<>4NFL F4> E4<>, O> V V=LV 7EG6=V 
7<VM5==O. %<?< 7G5??5==O E=V7G ?5D5E>4OFL ?56=G <56G, 
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V 7D46VF4FVO 6<>?<>4T 7<VM5==O E=V7>6<E <4E G74>66 EE<-
?G. 

%5?V. �<=<>4NFL 6 54E5==4E =565?<><E 7VDEL><E DV-
G>> 6=4E?V4>> 7?<6, V=F5=E<6=>7> F4=5==O E=V7V6, ?D>D<-
6V6 7464?L=<E >75D, >564?V6, 7EG6V6, 75<?5FDGEV6. %5?V F5 
?46>4>< 7 65?<>>N >>=F5=FD4FVTN �DG=FG, <V=5D4?L=<E 
G4EF<=, >4<V==O, G?4<>V6 7VDEL><E ?>DV4 (6V4 10÷15 4> 
75% >59T<G ?>F>>G). 

�4 E>?44>< F65D4>7> <4F5DV4?G, O><= ?5D5=>E<FL 
E5?56<= ?>FV>, WE <>6=4 ?>4V?<F< =4 7DO7L>6V (EG<VL 6>4< 
7 �DG=F>< ?D< =57=4G=V= >>=F5=FD4FVW >4<V==O, >59T<=4 
6474 E>?444T 1,5÷2 F/>G5.<); 7DO75>4<9O=V (EG<VL 6>4<, 
7D46VN, =565?<>>7> >4<V==O, >59T<=4 6474 3 
2,1÷2,5 F/>G5. <); 6>4>>4<9O=V (EG<VL 6>4< 7 ?5D5646=> 65-
?<><< >4<V==O<, >5¾T<=4 6474 3 1,1÷1,5 F/>G5. <). 

�D< 7<VM5==V �DG=F>6>W F>6MV, O>4 T >E=>6>N 5G4V-
65?L, 7<VMGTFLEO V E4<4 5G4V6?O. � 5G4V65?L=V= ?D4>F<FV 
74EF>E>6GNFLEO DV7=><4=VF=V ?D>F<7EG6=V 74E>4<, O>V ?>-
6<==V GEF4=>6?N64F<EO =4 >E=>6V D5F5?L=>7> 6<6G5==O 
?D<D>4< 7EG6=>7> O6<M4 V 4=4?VF<G=<E D>7D4EG=>V6 7EG-
6=<E ?D>F5EV6. �E=>6=<<< 7 F<E 74E>4V6 T: >EGL5==O 7EG-
6=<E 4V?O=>>, 7<5=L5==O >DGF<7=< EE<?V6, 74>DV??5==O 
55D57V6 6V4 D>7<<6G, 6?4LFG64==O GFD<<GNG<E ?V4?VD-
=<E EFV=, 74>DV??5==O EE<?V6 ?4?O<< V F4>5 V=L5. 

->DVG=> 6 '>D4W=V 7<<64TFLEO ?>65DE=56<<< 6>44-
<< 500 F<E. F>== G>D=>75<G. �<5=L5==O >DGF<7=< EE<?V6 
?>>D4MGT G<>6< WE EFV=>>EFV, 4?5 O> ?D46<?>, 6<>?<>4T 
4>44F>>6V 75<?O=V D>5>F<. &><G ?D< ?D>5>FG64==V <VEL-
><E 5G4V65?L =4 EE<?4E =5>5EV4=> 6<7=4G4F< D>7D4EG=-
>4<< >>=FGD< EE<?V6, ?D< O><E 74557?5GGTFLEO EFV=>VEFL 
>5<565=<E =<<< �DG=F>6<E <4E<6V6, V ?> <>6?<6>EFV, 
<V=V<4?L=<= >59T< 75<?O=<E D>5VF. 
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$<E. 1.23. $G=>FV>=4?L=4 EE5<4 6<=<>=5==O 7EG6V6 

  

&O 7444G4 76>4<FLEO 4> 7=4E>465==O 7D4=<G=> 4>-
?GEF<<>W >DGF<7=< EE<?G (4<6. F45?. 1.4). �=>4V 6<=<>4T 
=5>5EV4=VEFL ?5D56VD>< EFV=>>EFV VE=GNG>7> �DG=F>6>7> 
<4E<6G, >5<565=>7> EE<?>< 6<7=4G5=>7> >>=FGDG, 4?5 
EGFL D>7D4EG=>V6 ?D< FL><G =5 <V=OTFLEO. &4>V D>7D4EG=-
>< ?D>6>4OFLEO 77V4=> F5>DVW E<?GG>7> E5D54>6<M4. � 44-
=><G 6<?44>G E<?GG<< E5D54>6<M5< T =45?<65=4 D>7-
D4EG=>>64 <>45?L �DG=FG.  

%<?GG5 E5D54>6<M5 D>77?O44TFLEO O> EGFV?L=5 64-
7><5 FV?>, O>5 =5 45D>D<GTFLEO 6 EF4=V DV6=>647< 4> F<E 
?VD, ?>>< 4>F<G=V =4?DG65==O =5 ?5D56<MGNFL >?>DG 
E5D54>6<M4 7EG6>6V. � F5>DVW E<?GG>7> E5D54>6<M4 D>77-
?O44TFLEO =4?DG65=<= EF4= ?V4 6??<6>< >59T<=<E E<? 

55D57>64  
45D47VO 

?V46>4=<= 
7EG6 >E44>>6V 

?>D>4< 
?L>4>6<-
>>6>7> 
?5DV>4G 

?VE>> 

E5?56<= 
?>FV>  

G DVGFV 

=5O>VE=5 
4>D>6=T  

5G4V6=<FF6> 

>4<5=5?44 

E>5?O 

>DGF<=  
55D57 

E>5?O 

7EG6 
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(6?4E=>W 647<, DV?LFD4FV==>7> F<E>G �DG=F>6<E 6>4, E5=-
E<VG=>7> 6??<6G) V F<E G< V=L<E =464=F465=L =4 ?>65D-
E=V E5D54>6<M4. 'EV< F<< 7>6=VL=V< 7GE<??O< ?D>F<4V-
NFL 6=GFDVL=V E<?< F5DFO V 7G5??5==O, O>V E4D4>F5D<7G-
NFLEO ?>EFV==<<< 4?O 44=>7> E5D54>6<M4 ?4D4<5FD4<<: 
>GF>< 6=GFDVL=L>7> F5DFO Ç V ?D<6545=<< 7G5??5==O< c. 
$>7D4EG=>< EFV=>>EFV EE<?V6 6<>>=GNFL 74  ?5DL>N 7DG-
?>N  7D4=<G=<E EF4=V6.   

�444GV 74557?5G5==O EFV=>>EFV EE<?V6 6<=<>4NFL =4 
5F4?V ?D>5>FG64==O V=65=5D=>W ?V47>F>6>< F5D<F>DV= 
4?O 6?4LFG64==O E?>DG4 V 6<W<>> (>>F?>64=V6, FD4=L5=, 
>4D9TDV6, 4>DV7 V F4>5 V=L5), ?D< 6<>>D<EF4==V EE<?V6 45> 
?D<EE<?>6>W F5D<F>DVW 4?O ?D><<E?>6>7>, FD4=E?>DF=>-
7>, F<6V?L=>7> G< V=L>7> 5G4V6=<FF64, ?D< 74E<EFV DV7-
=><4=VF=<E >59T>FV6 6V4 7EG6V6 V >564?V6.  

%E<? ?D>5>FGTFLEO 7 GD4EG64==O< =>7> ?D<7=4G5=-
=O V 6<E>F<, =4<VG5=>7> 6<>>D<EF4==O F5D<F>DVW, 75>?>7V-
G=>W 5G4>6< V 7V4D>75>?>7VG=<E G<>6 �DG=F>6>7> <4E<6G, 
F5E=>?>7VW 75<?O=<E D>5VF, >5?44=4==O V FD4=E?>DF=<E 
74E>5V6, M> 74EF>E>6GNFLEO, =464=F465=L V 6??<6V6. 

�<E>>V EE<?< ?D>5>FGNFL GEFG?G4EF>W D>D<<, O>4 
4>EO74TFLEO 6?4LFG64==O< ?> 6<E>FV EE<?G 7>D<7>=F4?L-
=<E F5D4E (55D<), (4<6. D<E. 1.24). ,<D>>V 55D<< 6?4LF>-
6GNFL F>4V, >>?< ?5D5454G4TFLEO 6<>>D<EF>6G64F< WE  4?O 
D>7<VM5==O 5G4V65?L, 4>DV7, <4=44=G<>V6, >5?44=4==O F4 
V=L<E V=65=5D=<E E?>DG4. 

%?V66V4=>L5==O <V6 7EG64NG<<< (4>F<G=<<<) =4-
?DG65==O<< =4 ?>65DE=OE >>674==O V >?>D>< �DG=FG 
7<VM5==N 6<7=4G4T >>5DVFVT=F 74?4EG EFV=>>EFV EE<?G 

kEF. �>7> 65?<G<=G ?D<=<4NFL 74?56=> 6V4 >?4EV6 E?>-
DG4 (�÷�V) V D>7D4EG=>>6>W E5=E<VG=>EFV 4V?O=>< 745G4>6< 
6 54?4E. 
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$<E. 1.24. %E<? GEFG?G4EF>W D>D<<: 1 3 GEFG?, 2 3 55D<4, 3 3 5D>6>4 

 GEFG?G, 4 3 ?V4>L64 EE<?G 
 

�?4E 5G4V6?V (E?>DG4<) 6<7=4G4TFLEO =4 >E=>6V G<=-
=<E =>D<4F<6=<E 4>>G<5=FV6 V 6V4?>6V4=<E D>74V?V6 
���. 

�>>D5<4 5G4V65?L=V >>F?>64=< V 5>DF< >4D9TDV6, =4 
O><E D>7<VMGNFLEO 6<W74=V 4>D>7< F4 V=LV 6V4?>6V44?L=V 
>><G=V>4FVW ?>6<==V, O> ?D46<?>, 6V4=>E<F<EL 4> G5F65-
DF>7> >?4EG. �D<D>4=V EE<?< V 5>DF< >4D9TDV6, =4 O><E 
D>7<VM5=V 4>D>7< V >><G=V>4FVW, 4 F4>>6 5>DF< >4?VF4?L-
=<E 6<W74=<E FD4=L5= 7 >4D9TDV6 >?4E<DV>GNFLEO 74 >?4-
E4<< 4>DV7 V >><G=V>4FV=.  

�>?GE>4TFLEO 6V4=5E5==O 5G4V6?V (E?>DG4<) 4> ?V4-
6<M5=>7> >?4EG 6 >E>5?<6> =5E?D<OF?<6<E 7V4D>75>?>7V-
G=<E G<>64E.  

�V4=5E5==O E<?>6<E E?>DG4 4> ?5DL>7> >?4EG 4>?G-
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E>4TFLEO G 6<?44>G, O>M> 464DVO <>65 ?>FO7=GF< 74 E>-
5>N =4E?V4>< >4F4EFD>DVG=>7> E4D4>F5DG. �D< FL><G 
7=4G5==O kEF 4?O E?>DG4 ?5DL>7> >?4EG <>65 5GF< 75V-
?LL5=5 =4 10% ?>DV6=O=> 7 =>D<4F<6=<<<.     

&45?<FO 1.4  
'F>G=5=4 7D4=<G=4 >DGF<7=4 �DG=F>6<E EE<?V6 

�DG=F< 
�D4=<G=4 >DGF<7=4 EE<?V6 (6V4=>L5==O 6<E>F< 

4> 74>?444==O) ?D< 7?<5<=V (6<E>FV) <, 4> 
1.5 3.0 5.0 

1 2 3 4 

�4E<?=V 1 : 0.67 = 1.49 
(56°102) 

1 : 1 = 1.0  
(45°) 

1 : 1.25 = 0.8 
(38°422) 

�VM4=V V 7D4-

6V==V 6>?>7V 
(=5=4E<G5=V) 

1 : 0.5 = 2.0 
(63°252) 

1 : 1 = 1.0  
(45°) 

1 : 1 = 1.0  
(45°) 

�?<=<EFV:    
- EG?VE>> 1 : 0.25 = 4 

(76°) 
1 : 0.67 = 1.49 

(56°122) 
1 : 0.85 = 1.18 

(49°452) 
- EG7?<=>> 1 : 0  

(90°) 
1 : 0.5 = 2.0 

(63°252) 
1 : 0.75 = 1.33 

(53°052) 
- 7?<=4 1 : 0  

(90°) 
1 : 0.25 = 4.0  

(76°) 
1 : 0.5 = 2.0  

(63°252) 
�5E< V ?5E>?>-

4V5=V EGEV 

1 : 0  
(90°) 

1 : 0.5 = 2.0  
(63°252) 

1 : 0.5 = 2.0  
(63°252) 

�>D5==V:    
- ?VM4=V, EG?V-

M4=V 
1 : 0.25 = 4.0  

(76°) 
1 : 0.5 = 2.0  

(63°252) 
1 : 0.75 = 1.33 

(53°052) 
- EG7?<=<EFV 1 : 0.2 = 5.0  

(78°422)  
1 : 0.5 = 2.0  

(63°252) 
1 : 0.65 = 1.54  

(57°) 
�D<<VF>4: 1. �D< =4??4EFG64==V DV7=<E 6<4V6 �DG=FG >DGF<7=G EE<-

?G 4?O 6EVE ??4EFV6 E?V4 6<7=4G4F< 74 =4=E?45L<< 6<4>< 
�DG=FG. 
2.  �> =4E<?=<E 6V4=>EOFLEO �DG=F<, M> ?D>?564?< G 
6V464?4E =5 5V?LL5 6 <VEOFV6 V =5 GMV?L=N64?<EO LFGG-
=<<< <5F>44<<. 
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$>F> 1.8. �EG6 74?V7=<G=>W >>?VWV 6 D57G?LF4FV 75<?5FDGEG 

 

 
$>F> 1.9. �EG6 55D574 DVG><. $4EV6EL><= D4=>= 
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$>F> 1.10. �EG6>=5557?5G=4 54?>4. <. �=V?D>?5FD>6EL> 

 
$>F> 1.11. �EG6 >DGF>7> EE<?G. <. '5D=V6FV 
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$>F> 1.13. �EG6, E?D<G<=5=<= 6<F>>4<< 7 6>4>=5EGG<E ?V475<=<E  

>><G=>4FV=. <. �<W6 

  

$>F> 1.14. �EG6< 7 GEFG?4<<. �D<< 
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$>F> 1.15. �4<5=5?44 

 

$>F> 1.16. �EG6 4>D>7< 7 4ED4?LF>55F>==<< ?>>D<FFO< 



 

 
 

90

1.2.7. �<V=4 D56<<G F5<?5D4FGD< V 6>?>7<  
�DG=F>6>7> <4E<6G  

 
� ?VM4=<E �DG=F4E ?V4=>< DV6=O �DG=F>6<E 6>4 

($��) <>65 7<5=L<F< EFV=>VEFL >E=>6< ?D>F< 6<?<D4==O 
V ?D<65EF< 4> 4>44F>>6>7> 75V?LL5==O >E44>> 5G4V6?V. /> 
6V4><>, E4D4>F5D=>N 6?4EF<6VEFN ?VM4=<E �DG=FV6 T <4?4 
7<V=4 WE >59T<G ?D< 7<V=V 6>?>7>EFV. �4=4> ?D< =4E<G5==V 
6>4>N, 6V4?>6V4=> 7 74>>=>< �DEV<544, 6474 G4EF>> �DG=-
FG 7<5=LGTFLEO =4 647G 6<FVE=5=>W =<<< 6>4<, >F65 7<5-
=LGTFLEO F5DFO <V6 G4EF>4<< V ?>?57LGTFLEO WE 6V4-
=>E=<= 7EG6. 

�>=<65==O DV6=O G< =4?>DG ?V475<=<E 6>4 EG?D>-
6>46GTFLEO GMV?L=5==O< �DG=FV6, O>V E>?444NFL 6>4>=>-
E=V 7>D<7>=F<, 6 D57G?LF4FV G>7> 6V45G64TFLEO >EV44==O 
?>65DE=V 75<?V. %?D464 6 F><G, M> ?>=<65==O $�� 6<6V-
?L=OT 6V4 6>4< 45O><= >59T< �DG=F>6>W F>6MV 7 6V4?>6V4-
=<< 75V?LL5==O< WW 647< 6=4E?V4>> 6<>?NG5==O 6<646G-
64?L=>W ?D>F<4VW 6>4<. �>=<65==O $�� =4 1.0 < ?D<76>-
4<FL 4> 75V?LL5==O F<E>G 6V4 6?4E=>W 647< �DG=FG =4 
�DG=F< 6>4>=>E=>7> 7>D<7>=FG =4 0.01 ��4. �D< 7=4G-
=<E 74 ?>FG6=VEFN F4 EF<E?<6VEFN �DG=F>6<E F>6M4E F5 
<>65 ?D<6>4<F< 4> EGFFT6<E >EV44=L 75<=>W ?>65DE=V. 
/E>D46<< ?D<>?44>< F>7>, 4> G>7> <>65 ?D<65EF< ?>-
=<65==O $�� ?D< WE 6V4>4GG64==V, E?G6<FL <. �5EV>>, 45 
E?>EF5DV74TFLEO >EV44==O ?>65DE=V 75<?V 5V?LL5 =V6 =4 
6.0 <. -5 >4=<< ?D<>?44>< =5?D>4G<4=>W 74 =4E?V4>< 
6V4>4GG64==O ?V475<=<E 6>4 4VO?L=>EFV T ?D>EV44==O 7 
GF6>D5==O< FDVM<= ?>65DE=V 75<?V 6 �>M4=EL>><G D4=-
>=V $V6=5=EL>>W >5?4EFV 6=4E?V4>> 6V4>4GG64==O ?V475<=>W 
?<F=>W 6>4< 4?O ?>FD55 <. $V6=>7>. �>4V5=V ?D<>?44< 
44?5>> =5 ?>>4<=>>V.  
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' 769O7>G 7 V=F5=E<6=>N <5?V>D4FVTN 6 74EGL?<6<E 
D4=>=4E V =44<VD=<< 76>?>65==O< �DG=FG EF4?4 >E>5?<-
6> 4>FG4?L=>N ?D>5?5<4 5G4V6=<FF64 =4 74E>?5=<E �DG-
=F4E. %>?44=VEFL ?D>5?5<< ?>?O74T 6 F><G, M> 6<>?<>4=V 
F5E=>75==>N 7<V=>N 6>?>7>EFV 45D>D<4FVW 5G4V65?L, 6 
>E=>6V O><E 74?O74NFL 74E>?5=V �DG=F<, <>6GFL 6<=<>4F< 
O> ?V4 G4E E?>DG465==O, F4> V 6 ?5DV>4 WE 5>E??G4F4FVW. 

�D< 74<>GG64==V 6>4>N G< D>7G<=4<< 45O>V 7?<=<-
EFV �DG=F<, =46VFL 6 =4?DG65=><G EF4=V 6V4 4VW =464=F4-
65==O G< 6?4E=>W 647<, 744F=V 75V?LLG64F<EO 6 >59T<V. 
�>=< =47<64NFLEO =45DO>4NG<<<. �D< 7<5=L5==V 6>?>-
7>EFV =45DO>4NG<E �DG=FV6 6<=<>4NFL 45D>D<4FVW GE44-
><, O>V <4NFL >59T<=<= E4D4>F5D. �5V?LL5==O 6>?>7>EFV 
=45DO>4NG<E �DG=FV6 6 >E=>6V DG=44<5=FV6 6545 4> ?V4-
=><G >EF4==VE, 4 7<5=L5==O 3 4> WE >E44><, M> ?>6<==5 
6D4E>6G64F<EO ?D< ?D>5>FG64==V, 5G4V6=<FF6V F4 5>E??G-
4F4FVW <VEL><E 5G4V65?L. �>DV< F>7>, <>6?<6V 7>D<7>=F4?L-
=V 45D>D<4FVW �DG=FG, O>V 6<>?<>4NFL ?>O6G 7>D<7>=F4?L=>7> 
F<E>G =45DO>4==O, O>5 ?>FDV5=> 6D4E>6G64F< 6 D>5>FV 74-
7?<5?5=<E G4EF<= 5G4V65?L. 

�D<G<=4<< =45DO>4==O �DG=FG 6 >E=>6V T: 76>?>-
65==O �DG=FG ?V475<=<<< V F5E=>75==<<< 6>44<<; ?V4-
6<M5==O 6>?>7>EFV 74 D4EG=>> ?V4=><G $��; =4>>?<G5=-
=O 6>?>7< ?V4 5G4V6?O<< 6 >5<565=V= ?> 7?<5<=V 7>=V 
6=4E?V4>> ?>DGL5==O ?D<D>4=<E G<>6 6<?4D>6G64==O 
?D< 745G4>6V F5D<F>DVW (5>D4=G64==O <4E<6G �DG=FG E?>-
DG44<<, ?>>D<FFO<< ?D< ??4=G64==V F5D<F>DVW); 7<V=4 
6>4=>-F5??>6>7> D56<<G ?V4 4VTN E57>==<E >?V<4F<G=<E 
D4>F>DV6. 

'E44>4 �DG=FG 6<>?<>4TFLEO, 6 >E=>6=><G, 7<5=-
L5==O< 6>?>7>EFV ?V4 4VTN F5<?5D4FGD< 6V4 F5E=>?>7VG-
=<E GEF4=>6>> G< >?V<4F<G=<E D4>F>DV6. 
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%GFFT6> 6??<64T =4 6?4EF<6>EFV 6>?>7<E ?<?G64F>-
7?<=<EF<E �DG=FV6 WE 74<5D74==O. �>44, O>4 7=4E>4<FLEO 6 
?>D4E �DG=FG, ?D< 74<5D74==V ?5D5F6>DNT =>7> 6 F65D4G 
<>=>?VF=G <4EG, ?D< FL><G 6V45G64TFLEO 75V?LL5==O 
>59T<G 74<5D7?>7> �DG=FG 3 F4> 764=5 <>D>7=5 =45DO>4==O, 
O>5 6<>?<>4T =5DV6=><VD=5 ?V4=OFFO 75<=>W ?>65DE=V, 
V=>4V =4 45EOF>< E4=F<<5FDV6. �4 45D>D<4FVN �DG=FV6 
?D< 74<5D74==V EGFFT6<= 6??<6 <4T 6>?>7VEFL, MV?L=VEFL, 
EFDG>FGD4 V 7?<5<=4 ?D><5D74==O �DG=FG. �>D>7=5 =4-
5DO>4==O �DG=FV6 =5DV4>> ?D<6>4<FL 4> E5D=>7=<E ?>L-
>>465=L 5G4V65?L O> ?D< WE 76545==V, F4> V 6 ?5DV>4 5>E-
??G4F4FVW. �D< 6V4F4N64==V <5D7?<E �DG=FV6 6V45G64TFLEO 
DV7>5 ?>DGL5==O WE EFDG>FGD<, O>5 EG?D>6>46GTFLEO 
>?GE>4==O< 75<=>W ?>65DE=V, <4T E4D4>F5D <VEF56<E 
L6<4><E ?D>E44>>, M> >E>5?<6> =5557?5G=> 4?O <VEL><E 
5G4V65?L. 

�E>5?<6G G647G, 7 F>G>< 7>DG 5>E??G4F4FV==>W =4-
4V==>EFV <VEL><E 5G4V65?L, 74E?G7>6GNFL =45DO>4NGV 7?<-
=<EFV �DG=F<, O>i ?5D55G64NG< 6 =4?DG65=><G EF4=i 6i4 
4iW =464=F465==O 45> 6i4 6?4E=>W 647<, <>6GFL ?D< 74<>-
GG64==V 6>4>N 75i?LLG64F<EO 6 >59T<i, ?D< FL><G 65?<-
G<=4 6i4=>E=>7> =45DO>4==O 7D47>4 557 ?D<>?444==O 7>-
6=iL=L>7> =464=F465==O  ·sË g 0.04. 

�4?56=> 6V4 65?<G<=< 6V4=>E=>7> =45DO>4==O ·sË 

=45DO>4NGi �DG=F< >?4E<DV>GNFLEO, O>: 
- E?45>=45DO>4NGi 3 0.04 < ·sË  f 0.08; 
- E5D54=L>=45DO>4NGi 3 0.08 < ·sË  f  0.12; 
- E<?L=>=45DO>4NGi  3 ·sË  > 0.12.  
�D>F5E =45DO>4==O 3 76>D>F=i=: =45DO>4NGi �DG=F< 

?D< 6<E<E4==V 7<5=LGNFLEO 6 >59T<i, F>5F> 44NFL GE44-
>G, 4 ?D< =4EFG?=><G 74<>GG64==V 7=>6G =45DO>4NFL. 
�DV< F>7>, <>6?<6V 7>D<7>=F4?L=V 45D>D<4FVW �DG=FG, 
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O>V 6<>?<>4NFL 6<=<>=5==O 7>D<7>=F4?L=>7> F<E>G =4-
5GE4==O, O>5 E?V4 6D4E>6G64F< ?D< 5>E??G4F4FVW 747?<5-
?5=<E G4EF<= E?>DG4. 

�45DO>4NGi �DG=F< ?>L<D5=V 6 �D<<G 5V?O <VEF 
�5DGV F4 $5>4>EVW, =4 EE>4i '>D4W=<. �>FG6=VEFL =45DO-
>4NG<E �DG=FV6 >>?<64TFLEO 6i4 45>V?L>>E 4> 45EOF>i6 
<5FDi6. 

�><??5>E=V 4>E?V465==O ?D>5?5<< 5G4V6=<FF64 =4 
=45DO>4NG<E �DG=F4E 5G?< ?>G4Fi 6 >V=FV 50-E D>>V6. &V-
>46> 6V4<VF<F<, M> 6 F5= ?5DV>4 ?D< >5EF565==V ?>L>>-
465=<E E?>DG4, 76545=<E =4 7?<=<EF<E =45DO>4NG<E 
�DG=F4E, E?5FV4?VEF< ?>OE=N64?< 6<=<>=5==O 45D>D<4-
FV= DV7><< 7<5=L5==O< <VF=>EFV �DG=FV6, ?>69O74=<E 7 WE 
76>?>65==O< V =5DV6=><VD=>N 4>44F>>6>N >E44>>N 5G-
4V65?L. �D< 45F4?L=VL><G 6<6G5==V 5G?> 6<OE=5=>, M> 
=4=5V?LLV 45D>D<4FVW E4D4>F5D=V ?<L5 4?O ?>DV6=O=> 
?57><E E?>DG4. �V=E=>N ?D<G<=>N 45D>D<4FV= 6<O6<-
?>EL =45DO>4==O �DG=FV6, O>5 6<>?<>4?> =5 >E44>G, 4 =5-
DV6=><VD=5 ?V4=V<4==O E?>DG4. �4D47 ?D<==OF> 66464F<, 
M> 744F=iEFL �DG=FV6 4> =45DO>4==O ?>69O74=4 7 >E>5?<-
6>EFO<< WE <i=5D4?L=>7>, Ei<iG=>7> i 7D4=G?><5FD<G=>7> 
E>?44G, F<?>< EFDG>FGD=<E 769O7>V6 F4 V=L<<< D4>F>D4-
<<. �E=>6=>N ?D<G<=>N =45DO>4==O 66464TFLEO 75V?L-
L5==O F>6M<=< 6>4O=<E ??V6>> 6 >>=F4>F4E <i6 G4EF<=-
>4<< �DG=FG. �>44, =4G5 D>7LF>6EGT F65D4i G4EF>< �DG=-
FG, 4iNG< ?>4i5=> >?<=G.  

' 6<?44>G =4DGL5==O ?D<D>4=<E G<>6 6>?>7> >5-
<V=G <V6 �DG=F>< V 4F<>ED5D>N, 4 F4>>6 7<V=< F5??>6>7> 
D56<<G ?D>F5E =45DO>4==O �DG=FG 6 >E=>6V <VEL><E 5G-
4V65?L <>65 ?D>4>66G64F<EO 5÷6 D>>V6.  

' 6VFG<7=O=V= V 74DG5V6=V= ?VF5D4FGDV =46>4OFLEO 
?D<>?44< ?V4=V<4==O >>D5<<E >>?>= >4D>4E=<E 5G4i-
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65?L 4> 90 << V =5DV6=><VD=>7> ?V4=V<4==O 557>4D>4E-
=<E, ?5D5646=> <4?>?>65DE>6<E 5G4V65?L ?D< F<E>G ?> 
?V4>L6V DG=44<5=FV6 0.15÷0.20 ��4, 150 << V 5V?LL5, 6<-
>?<>4=<E F<<< ?D<G<=4<<. 

' 6EVE =45DO>4NG<E �DG=FV6 ?VE?O 74<>GG64==O 6V4-
5G64TFLEO 7=<65==O E4D4>F5D<EF<> <VF=>EFV V 45D>D<4-
F<6=>EFV 6 45>V?L>4 D47V6. �4?D<>?44, ?D< 6V?L=><G =4-
5DO>4==V E64?<=EL><E 7?<= WE <>4G?L 45D>D<4FVW 7<5=-
LGTFLEO 7 40 4> 5 ��4. �4 =4O6=>EFV =464=F465==O 6V4 
647< E?>DG4< G< 6V4 6?4E=>W 647< �DG=FG <>4G?L 45D>D-
<4FVW 7<5=LGTFLEO 6 7=4G=> <5=LV= <VDV.  

�?O =44V==>W 5>E??G4F4FVW 5G4V65?L =4 =45DO>4NG<E 
>E=>64E =5>5EV4=> 7=4F< F4>V WE E4D4>F5D<EF<><: 

&<E> =45DO>4==O PsË 3 F<E>, O><= D>76<64TFLEO 6 
�DG=Fi 6 ?D>F5Ei =>7> =45DO>4==O ?D< =5<>6?<6>EFi 
>5´T<=>7> D>7L<D5==O. 

�i4=>E=5 =45DO>4==O  ·sË  ?D< Di7=<E F<E>4E =4 

�DG=F - >Fi=NTFLEO ?> 7<i=i 6<E>F< 7D47>i6 �DG=FG ?D< 
=45DO>4==i ?i4 =464=F465==O<: 

                ·sË  = (hsat - hn) / hn ,                     (1.24) 
45 hsat 3 6<E>F4 7D47>4 ?VE?O =>7> =45DO>4==O 74 D4EG=>> 
74<>GG64==O �DG=FG 4> ?>6=>7> 6>4>=4E<G5==O; 
     hn 3 ?>G4F>>64 6<E>F4 7D47>4 4> 74<>GG64==O.     

$>7D4EG=>>64 <564 7>=< =45DO>4==O �DG=FG HsË 3 
6i4EF4=L 6i4 ?i4>L6< DG=44<5=FG 4> ??4EFG, 45 EG<4D-
=<= F<E> Di6=<= F<E>G =45DO>4==O �DG=FG PsË. 

�>?>7VEFL =45DO>4==O ?D< 6V4EGF=>EFV =464=F4-

65==O Ë0
sË V ?V4 7444=<< F<E>>< ËsË 3 6>?>7VEFL �DG=FG 

?VE?O 7465DL5==O =>7> =45DO>4==O 6 G<>64E, M> 6<>?N-
G4NFL <>6?<6VEFL 5>>>6>7> D>7L<D5==O. 

�>6?<6<= ?V4=>< �DG=F>6>W >E=>6< hsË0. 
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�D<G<=4<< =45DO>4==O �DG=FG 6 >E=>6V <VEL><E 
5G4V65?L, G 5V?LL>EFV 6<?44>V6, T: 

- 76>?>65==O �DG=FG F5E=>75==<<< 6>44<<; 
- ?V46<M5==O 6>?>7>EFV 74 D4EG=>> ?V4=><G DV6=O 

�DG=F>6<E 6>4; 
- =4>>?<G5==O 6>?>7< ?V4 5G4V6?O<< 6 >5<565=-

=V= ?> 7?<5<=V 7>=V 6=4E?V4>> 5>D4=G64==O <4E<6G �DG=-
FG; 

- 7<V=4 6>4=>-F5??>6>7> D56<<G ?V4 4VTN E57>=-
=<E >?V<4F<G=<E D4>F>DV6.   

�>E?5D<<5=F4?L=<<< 4>E?V465==O<< 6EF4=>6?5=>, 
M> 6 <VDG 6V444?5==O 6i4 F>G>< 74<>GG64==O 65DF<>4?L=i 
45D>D<4FiW >E=>6< 7<5=LGNFLEO i 74?56=iEFL ?i4=><G 
>E=>6< 6i4 6i4EF4=i 4> F>G>< 74<>GG64==O <>65 5GF< 
?D<==OF4 ?i=i==>N. 

�4 D<E. 1.25, 4 =46545=4 5?ND4 =464=F465==O q, O>5 
?5D544TFLEO =4 >E=>6G G5D57 45E>?NF=> 7=GG>G 54?>G i 
5?ND4 F<E>G =45DO>4NG>7> �DG=FG PsË, O>4 E?>EF5DV-
74?4EL 5< ?D< =5<>6?<6>EFi ?i4=><G ?>65DE=V >E=>6<. 
$>7D4EG=>>64 EE5<4 ?V4=><G >E=>6< =46545=4 =4  
D<E. 1.25, 5. �4>E<<4?L=> <>6?<6<= ?i4=>< >E=>6< hsË0 
6 F5=FDV 74<>GG64==O (F>G>4 �) 6<7=4G4TFLEO 74 D>D<G-
?>N: 

                     hsË0 = õ ôô
ý

n

1i
VsiVs kh ÷÷õ ,                     (1.25) 

45 n 3 >V?L>VEFL ??4EFV6, =4 O>G D>75<F4 7>=4 =45DO>4==O 
�DG=FG; 

·sËV 3 6V4=>E=5 =45DO>4==O V-F>7> ??4EFG �DG=FG 6V4 
6?4E=>W 647< V 7>6=VL=L>7> =464=F465==O; 
hV 3 F>6M<=4 V-F>7> ??4EFG �DG=FG; 
ksËi 3 >>5DVFVT=F G<>6 D>5>F< (<5=L<= 74 >4<=<FN). 
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�i4=>< >E=>6< hsË 6 F>GFi i, O>4 7=4E>4<FLEO =4 6V4-
EF4=i xi 6i4 465D5?4 74<>GG64==O (F>G>4 �), 6<7=4G4TFLEO 
7 =4EFG?=<E D>D<G?: 

?D< xi < R V PsËV > q  hsË = 
ø ù

k

qP iis ý÷ ,                  (1.26) 

?D< xi g R V PsËV  f q   hsË = 0,                                 (1.27) 
45 R 3 D44VGE 7>=< 74<>GG64==O >E=>6<; 
      k 3 >>5DVFVT=F 6>DEF>>EFV =45DO>4NG>7> �DG=FG, O><= 
E4D4>F5D<7GT 7<V=G F<E>G �DG=FG 74?56=> 6V4 65?<G<=< 
?V4=><G >E=>6<. 

&<E> =45DO>4==O PsËV 6 F>GFV V 6<7=4G4TFLEO 74 D>-
D<G?>N: 

                       PsËV = PsË0 ÷
ø

ö
÷
ø

ö
ýô

R

x
1 i ,                         (1.28) 

45 PsË0 3 F<E> =45DO>4==O 6 F5=FDV 465D5?4 74<>GG64=-
=O. 

$>7D4EG=>>64 EE5<4 ?V4=><G >E=>6< =46545=4 =4 
D<E. 1.25, 5. �4D4<5FD<  k V PsË0, M>  DV7GDGNFL  G D>D-
<G?4E (2.36) V (2.37) 6<7=4G4NFLEO 74 44=<<< 4>E?V465=L 
=45DO>4NG<E �DG=FV6 4V?O=>< 745G4>6<. 

%57>==i 7<i=< 6>?>7>EFi =45DO>4NG<E �DG=Fi6 EG-
?D>6>46GNFLEO >?GE>4==O< i ?i4=><>< 75<=>W ?>65DE=V. 

�?O 45O><E 6<4i6 =45DO>4NG<E �DG=Fi6 ?i=i==4 GE4-
4>4 <4=65 E?i6?444T 7 ?i=i==<< =45DO>4==O<, F><G ?D< 
5>E??G4F4FiW <VEL><E 5G4V65?L 74 G<>6< =4O6=>EFV 6 >E=>-
6V =45DO>4NG<E �DG=Fi6 =5>5Ei4=> 6D4E>6G64F< 744F=iEFL 
=45DO>4NG<E �DG=Fi6 4464F< 7=4G=G GE44>G ?D< 7<5=-
L5==V WE 6>?>7>EFV. 
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$<E. 1.25. $>7D4EG=>>6V EE5<< =464=F465=L (4) V ?V4=><G  

=45DO>4NG>W >E=>6< (5) 
 

�5D>D<4FVO =45DO>4NG>7> �DG=FG 74 D4EG=>> GE44-
>< 6<7=4G4TFLEO 74 D>D<G?>N: 

                      Ssh = õ ôô
ý

n

1i
shishi khõ ,                        (1.29) 

45 ·shi 3 6V4=>E=4 ?V=V==4 GE44>4 �DG=FG V-F>7> L4DG 6V4 
6<E<E4==O, O>G 6<7=4G4NFL 74 6V4=>L5==O< DV7=<FV 6<-
E>F =4=6>?>7VL>7> F4 =4=5V?LL 6<EGL5=>7> 7D47>V6 4> 
6<E>F< 7D47>4 ?D<D>4=>W 6>?>7>EFV; 
      hi 3 F>6M<=4 V-F>7>  L4DG �DG=FG; 
      n 3 >V?L>VEFL L4DV6 �DG=FG; 
      ksh = 1.3 3 >>5DVFVT=F G<>6 D>5>F<. 
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1.2.8. %?45>V 6>4>=4E<G5=V �DG=F<  
 

�?4EF<6>EFO< E?45><E 6>4>=4E<G5=<E 7?<=<EF<E 
�DG=FV6 F4 ?D>5?5<4< WE 74EF>EG64==O 6 O>>EFV >E=>6 5G-
4V65?L V E?>DG4 ?D<E6OG5=V D>5>F< �5T?T64 �..., �4?-
<4F>64 �.�., �>5D>64 �.�., �675=L=>64 �.�., �?T?V>>64 
%.�., �4?<L564 �.�., �5F5?N>4 �.%., $57=V>>64 �.�.,  
%>?>6=>64 ..�. F4 V=L<E. 

�4 6VFG<7=O=<E V <V6=4D>4=<E >>=D5D5=FVOE 6 &4-
?V=V (1965 D.), �4=7>>>G (1977 D.), �4D=V (1980 D.)  6<DVL5=> 
6<4V?<F< 6 >E>5?<6G 7DG?G E?45>V 6>4>=4E<G5=V 7?<=<EFV 
�DG=F<, 7=4G5==O <>4G?O 45D>D<4FVW O><E G 4V4?47>=V 
F<E>V6 4> 0.3 ��4 DV6=5 45> <5=L5 5.0 ��4, 4 EFG?V=L 6>-
?>7>EFV 5V?LL5 0.8, F>5F> FV �DG=F<, 5V?LL5 80% ?>D O><E 
74?>6=5=V 6>4>N. %4D>F5D<EF<>< <VF=>EFV �DG=FV6 =5 5G-
?< ?D<==OFV 6 O>>EFV >?4E<DV>4FV==<E >7=4>, F4> O> FV 
E4D4>F5D<EF<><, O>V 6<7=4G4?<EL DV7=<<< ?D<?444<< V 74 
DV7=<<< <5F>4<>4<<, EGFFT6> 6V4DV7=ONFLEO V =5 <>7?< 
5GF< F>G=<< V=4<>4FD>< ?D<=4?56=>EFV �DG=FV6 4> 6>4-
74=>W 7DG?<. 

�> E?45><E 6>4>=4E<G5=<E 7?<=<EF<E �DG=FV6 6V4-
=>EOFL �DG=F< DV7=>7> ?>E>465==O (4?N6V4?L=V, <>DEL>V, 
45?N6V4?L=V F4 V=LV), O>V 6 D57G?LF4FV ?VF>75=57G 45> V=-
L<E ?D<D>4=<E D4>F>DV6, EF4?< E<?L=> EF<E?<6<<< V 
6>4>=4E<G5=<<<. �> FVTW 7DG?< 6V4=>EOFL <G?<, EFDVG>>6V 
7?<=<, 6>4>=4E<G5=V ?5E>6V <4>D>?>D<EFV �DG=F<, E4?D>-
?5?V, 4 F4>>6 45O>V V=LV 6<4< 7?<=<EF<E �DG=FV6.        

�> E?45><E (4G65 EF<E?<6<E) �DG=FV6 =4?564FL 6>-
4>=4E<G5=V <G?<EFV EG?VE>< (e > 0.9), EG7?<=><  (e > 1.0), 
7?<=< (e > 1.5), EFDVG>>6V 7?<=<, <G?<, E4?D>?5?V.  

�?O F4><E �DG=FV6 E4D4>F5D=4 4G65 6<E>>4 EF<E?<-
6VEFL, O>4 ?D>O6?OTFLEO ?>6V?L=> V 6<>?<>4T =44<VD=5 
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>EV44==O, 4 F4>>6 65?<><= EFG?V=L 6>?>7>EFV (Sr g 0.8). � 
4V4?47>=V F<E>V6 4> 0.3 ��4 6>=< <4NFL <>4G?L 45D>D-
<4FVW � f 5.0 ��4. 

�=4G=4 ??>M4 '>D4W=< E>?445=4 E?45><<< �DG=F4-
<< DV7=>7> ?>E>465==O. �>DEL>V 7?<=<EFV 6V4>?445==O 
'>D=><>DEL>>7> 54E5==G D>7F4L>64=V =4 �5DG5=EL>><G 
?V6>EFD>6V, 4 F4>>6 G74>66 �7>6EL>>7> G755D566O. %?45>V 
6>4>=4E<G5=V �DG=F< 4?N6V4?L=>7> ?>E>465==O 74=<4-
NFL 65?<>V F5D<F>DVW 6 4>?<=4E �=V?D4 F4 45O><E V=L<E 
DVG>>. &>6M<=4 L4DG E?45><E �DG=FV6 G4EF> 4>EO74T 
30.0 <. �G4V6?V V E?>DG4<, 76545=V =4 E?45><E �DG=F4E, 74-
7=4NFL 65?<>V >E44><. �V4><V, =4?D<>?44, 6<?44>< >E4-
4>> E?>DG4, O>V 4>EO74?< 2.0 <. 

�5E>6V �DG=F<, O>V 74=<4NFL 5V?LL5 ?>?>6<=< F5D<F>-
DVW '>D4W=<, 6 D57G?LF4FV 74<>GG64==O ?V4 G4E F5E=>75==>W 4VW, 
F4>>6 E?V4 6V4=5EF< 4> E?45><E 6>4>=4E<G5=<E �DG=FV6. 

�V?LLVEFL E?45><E �DG=FV6 <4T F<>E>FD>?=V 6?4EF<-
6>EFV, F>5F> 6 ?D>F5EV GMV?L=5==O 6>4>=4E<G5=<E �DG=-
FV6 >4=>G4E=> 7 ?>6V?L=<< 6V4F<E>G64==O< ?>D>6>W 6>4< 
6V45G64TFLEO ?>6V?L=5 =4D>EF4==O <>4G?O 45D>D<4FVW � V 
<VF=>EFV �DG=FV6. �D< L6<4>><G =464=F465==V �DG=FG 
=>7> <>4G?L 45D>D<4FVW 7=4G=> ?>=<6GTFLEO, V =46?4><, 
?D< ?>6V?L=><G =464=F465==V <>4G?L 45D>D<4FVW V E4-
D4>F5D<EF<>< <VF=>EFV =45G64NFL 6<M<E 7=4G5=L ?>DV6-
=O=> 7 ?>G4F>>6<< EF4=>< �DG=FG. 

�=4?V7 ?D<G<= 45D>D<4FV= 5G4V65?L V E?>DG4, D>7-
<VM5=<E =4 E?45><E 6>4> =4E<G5=<E �DG=F4E ?>>4746, M> 
WE E4D4>F5D<7GNFL FD< >E=>6=V >E>5?<6>EFV, E?5F<DVG=V 
4?O 6EVTW 7DG?< E?45><E �DG=FV6, O>V =5>5EV4=> 6D4E>6G64-
F< ?D< ?D>5>FG64==V F4 5>E??G4F4FVW <VEL><E 5G4V65?L. 
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�5DL4 >E>5?<6VEFL 3 6<E>>4 EF<E?<6VEFL �DG=FV6, O>4 
?D<6>4<FL 4> 4G65 65?<><E >EV44=L 5G4V65?L, D>7<VM5-
=<E =4 =<E, V 6 D57G?LF4FV 3 45D>D<4FVW F4 464DVW E?>DG4. 

�DG74 >E>5?<6VEFL 3 WE <4?4 <VF=VEFL (=<7L>V 7=4G5=-
=O >?>DG 7EG6G). %4<5 G5D57 F5 4G65 ?D>5?5<4F<G=<< T 
74557?5G5==O EFV=>>EFV DG=44<5=FV6 V FV?<E E?>DG4 =4 
E?45><E �DG=F4E. �?O 5V?LL>EFV F4><E �DG=FV6 7=4G5==O 
>>5DVFVT=F4 7G5??5==O 6V4 0.01 4> 0.02 ��4. 

&D5FO >E>5?<6VEFL 3 65?<>4 FD<64?VEFL >EV44=L 5G4V-
65?L (>E>5?<6> =4 7?<=<EF<E) �DG=F4E, O>4 V=>>?< 4>EO-
74T 45>V?L>>E 45EOF<?VFL 45> 6EL>7> F5D<V=G 5>E??G4F4FVW 
E?>DG4<. '5D57 F5 6?D>4>66 6EL>7> 6>474=>7> ?5DV>4G 
?D<E>4<FLEO ?D>6>4<F< D5<>=F=V (6V4=>6?N64?L=V) D>-
5>F< 4?O 6V4=>6?5==O 5>E??G4F4FV==>W =44V==>EFV 
>59T>FG. 

&V >E>5?<6>EFV E?45><E �DG=FV6 ?D< 6<>>D<EF4==V WE 
6 O>>EFV >E=>6 5G4V65?L V E?>DG4 4>76>?ONFL 6<4V?<F< WE 6 
7DG?G �DG=FV6, =5 76464NG< =4 WE DV7=5 ?>E>465==O, DV7-
=<= EV<VG=<= V <V=5D4?>7VG=<= E>?44. 

'<E?5==V 4>E?V465==O 45D>D<>64=>EFV E?45><E 6>-
4>=4E<G5=<E �DG=FV6 DV7=>7> 75=57<EG 4>76>?<?< GEF4=>-
6<F< =4EFG?=V >E=>6=V 74>>=><VD=>EFV. 

�). �=4G5==O <>4G?O 45D>D<4FVW �0 T 65?<G<=4 ?5-
D5<V==4, O>4 EGFFT6> 74?56<FL 6V4 =4?DG65=>7> EF4=G 
7D47>4 �DG=FG. �D< 6<7=4G5==V <>4G?O 45D>D<4FVW �0 
=5>5EV4=> 6>47G64F<, 4?O O>>7> 4V4?47>=G 7<V=< =4?DG-
65=L >45D64=5 44=5 7=4G5==O. &O 65?<G<=4, =4?D<>?44,  
4?O 45O><E 6<4V6 <G?V6 ?D< 7<V=V F<E>G 6V4 0.0 4> 0.5 ��4 
<>65 7<V=N64F<EO 6 7 D47V6, F>5F> ?><<?>4 <>65 4>EO7-
=GF< 700%. 

�). �5?<G<=4 <>4G?O 45D>D<4FVW E?45><E 6>4>=4-
E<G5=<E 7?<=<EF<E �DG=FV6 EGFFT6> 74?56<FL 6V4 D56<<G 
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=464=F465==O 7D47>V6 (FD4T>F>DVW =464=F465==O). �D< 
=464=F465==V E?45><E 6>4>=4E<G5=<E 7?<=<EF<E �DG=FV6 
<4?<<< EFG?5=O<< F<E>G 7D4DV>< 74?56=>EFV 6V4=>E=>W 
45D>D<4FVW (45> >>5DVFVT=F4 ?>D<EF>EFV) 6V4 4VNG>7> F<-
E>G EGFFT6> 6V4DV7=ONFLEO 6V4 4=4?>7VG=<E 7D4DV>V6 ?D< 
=464=F465==V F<E 65 7D47>V6-5?<7=N>V6 E?45>>7> �DG=FG 
5V?LL<<< EFG?5=O<< F<E>G. 

�). �D< EF<E>4==V 7D47>V6 E?45><E 6>4>=4E<G5=<E 
7?<=<EF<E �DG=FV6 G >><?D5EV==<E ?D<?444E 6 ?D>F5EV 
6<<VDN64==O ?>D>6>7> F<E>G DV7=<<< <5F>44<< 4> 4>EO-
7=5==O ?56=>W 65?<G<=< F<E>G, E4D4>F5D=>W 4?O 44=>7> 
6<4G �DG=FG, E?>EF5DV74NFLEO FV?L>< ?DG6=V 45D>D<4FVW, 
<5=LV 74 0.01 <<, 4 ?>D>6<= F<E> 6 7D47>G =5 6<=<>4T. 
�5?<G<=G <4>E<<4?L=>7> F<E>G, ?D< O>><G 7D47>> 6>4>-
=4E<G5=>7> �DG=FG ?D4>F<G=> =5 EF<E>4TFLEO, 74?D>?>-
=>64=> =47<64F< EFDG>FGD=>N <VF=VEFN EF<E>4==O 44=>-
7> �DG=FG. &O 65?<G<=4 E4D4>F5D<7GT ?D<D>4=G EFDG>-
FGDG �DG=FG. �4?D>?>=>64=4 E4D4>F5D<EF<>4 <>65 6<>>-
D<EF>6G64F<EO ?D< D>7D4EG=>4E >>=E>?V44FVW E?45><E 
L4DV6 6>4>=4E<G5=<E �DG=FV6, ?D< ?D>5>FG64==V 4D5=, 
?VM4=<E ?>4GL>>, 55F>==<E V 74?V7>55F>==<E ?4?L V F4>5 
V=L5. �5?<G<=4 EFDG>FGD=>W <VF=>EFV EF<E>4==O ?D< 4<-
=4<VG=><G 6??<6V =4 �DG=F <>65 <>65 EGFFT6> <V=OF<EO. 

%FDVG>>6V 7?<=< 3 F>=>>L4DG64FV D?N6V>7?OFV==V 
6V4>?44< 7 ?VM4=<<< V 7?<=<EF<<< ?D>L4D>4<< F4 GVF-
><<< 4=V7>FD>?=<<< 6?4EF<6>EFO<<. �?O =<E E4D4>F5D=V 
6<E>>4 6>?>7VEFL Ë = 0.4÷0.5, <4?4 MV?L=VEFL Ã = 
13÷14 kH/<3, <4=65 ?>6=4 6V4EGF=VEFL 7G5??5==O E�� = 
0.02÷0.03 ��4, <4?<= <>4G?L 45D>D<4FVW � = 
5.0÷13.0 ��4. 

�G?< 3 ?<?G64F>-7?<=<EFV �DG=F<, O>V GF6>D<?<EO 
=4 4=V 6>4>=<<M V 7=4E>4OFLEO 6 ?>G4F>>6V= EF44VW D>D-
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<G64==O. �?O =<E E4D4>F5D=5 =54>GMV?L=5==O. �G?< 
5G64NFL <>DEL>V, >75D=V, 5>?>F=V F4 4?N6V4?L=V. � G<>64E 
?D<D>4=>7> 74?O74==O 6>=< <4NFL 6>?>7VEFL, O>4 ?5D5-
6<MGT 6>?>7VEFL =4 <56V F5>GG>EFV, F>5F> F4>V �DG=F< 
<4NFL F5>GGG >>=E<EF5=FVN (4<6. D>F> 1.17). �D< 4VW =4 
=<E =46VFL =565?<>>7> F<E>G 45> G44D=>7> =464=F465=-
=O, 6>=< ?5D5E>4OFL 6 F5>GG<= EF4=. �>>47=<>< <5E4=V-
G=<E 6?4EF<6>EF5= <G?G 4>E<FL =<7L>V. �GF 6=GFDVL=L>-
7> F5DFO Ç = 4÷26Ú; ?<F><5 7G5??5==O =G?L>65, <>4G?L 
45D>D<4FVW �=0.3÷4.0 ��4; EFDG>FGD=4 <VF=VEFL R = 
0.015÷0.03 ��4. 

   

  
$>F> 1.17. �>65DE=O <G?G G 6>4>=4E<G5=><G (4) V 6 EGE><G (5) EF4=V 

 

%4?D>?5?V 3 5V>75==V �DG=F<, O>V =4?564FL 4> ?DVE=>-
6>4=<E <G?V6. �>=< GF6>D<?<EO ?VE?O E4<>D>7>?444==O 
>D74=VG=<E D5LF>> =4 4=V >75D. %4?D>?5?V <4NFL 6?4E-
F<6>EFV, O>V 6 7=4G=V= <VDV 74?564FL 6V4 G<>6 GF6>D5==O, 
F<?G 6>4>=<<M4, >V?L>>EFV >D74=VG=<E D5G>6<= V >4D5>-
=4FV6. &4>V 6V4>?44< 6V47=4G4NFLEO =4476<G4==> 6<E>>>N 
6>?>7VEFN Ë = 0.8÷2.0; >>5DVFVT=F ?>D<EF>EFV 5 = 1.7÷25.0 
(>5EO7 F65D4<E G4EF>> 6 1.7÷25 D47V6 <5=L<=, =V6 >5EO7 
?>D); <>4G?L 45D>D<4FVW E4?D>?5?V6 � f 2.0 ��4. 

� � 
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�D>5?5<4 6<>>D<EF4==O E?45><E 6>4>=4E<G5=<E 
�DG=FV6 > O>>EFV >E=>6 5G4V65?L V E?>DG4 6<6G5=4 4>EF4F-
=L> 4>5D5. &<< =5 <5=L5, =4 4G<>G 46F>DV6, G =4L G4E, 
?D>5>FG64==O 5G4V65?L V E?>DG4 =4 E?45><E �DG=F4E =>-
E<FL V=4<6V4G4?L=<= E4D4>F5D V 74E=>64=5 =4 G<EF> 5<?V-
D<G=><G ?V4E>4V 557 >5?V>G EG<VE=<E >E>5?<6>EF5= D>5>-
F< �DG=F>6<E >E=>6 O> >><?>7<FV==<E E<EF5<, G E>?44 
O><E 6E>4OFL FD<D47=V 4<E?5DE=V <4FD<FV (�DG=F>6V 74-
E<?><) F4 <9O>V (6V4=>E=> D>7FO6=V 45> =5D>7FO6=V) >4?V-
?OD>?5D5D<64NGV 45> DV?LFDGNGV ?D>L4D><.  

�>E??G4F4FVO 5G4V65?L V E?>DG4 =4 E?45><E �DG=F4E 
?>6<==4 6V45G64F<EO 7 GD4EG64==O< F4><E ?D46<?: 

- =5>5EV4=> G=<>4F< ?>DGL5==O ?D<D>4=>7> 
EF4=G E?45>>7> �DG=FG, O>5 6545 4> DV7>>7> 7=<65==O =>-
7> <5E4=VG=<E 6?4EF<6>EF5=; 

- =5 4>76>?OTFLEO 75V?LL5==O =464=F465=L =4 
DG=44<5=F< ?V4 G4E 5>E??G4F4FVW 5G4V65?L V E?>DG4; 

- =5>5EV4=> ?V4FD<<G64F< G<>6< EF45V?L=>7> DV6-
=O �DG=F>6<E 6>4; 

- FD554 6D4E>6G64F< GGF?<6VEFL �DG=FG 4> 4<=4<V-
G=<E =464=F465=L; 

- =5 4>?GE>4F< =5DV6=><VD=>7> =464=F465==O 
DG=44<5=FV6 V DV7>>W 7<V=< 65?<G<= =464=F465=L =4 >E-
=>6G; 

- ?D< 6V4EGF=>EFV V=65=5D=<E 74E>4V6 74E<EFG 5G-
4V6?V 6V4 =5DV6=><VD=<E 45D>D<4FV= >E=>6< 3 D>7D>5?O-
F< V 6?D>6446G64F< WE. 

 

1.2.9. �4F>DD>64=V �DG=F< V F>DD<   
 
�V4?>6V4=> 4> 4VNG<E =>D< WE 6V4=5E5=> 4> 5V>75=-

=<E (>75D=<E, 5>?>F=<E 45> >75D=>-5>?>F=<E) �DG=FV6. 
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�>=< D>7?>6EN465=V 7>?>6=<< G<=>< G ?V6=VG=<E D4=>-
=4E '>D4W=<. 

�> 74F>DD>64=<E �DG=FV6 =4?564FL ?VM4=V F4 ?<?G-
64F>-7?<=<EFV �DG=F< 7 6V4=>E=<< 6<VEF>< >D74=VG=<E 
D5G>6<= 6V4 0.1 4> 0.6. />M> 6V4=>E=<= 6<VEF >D74=VG=<E 
D5G>6<= 5V?LL<= 74 0.6, F> F4><= �DG=F =47<64TFLEO F>D-
D><. �DV< F>7>, 6<>>D<EF>6GNFL >?4E<DV>4FVN 74F>DD>-
64=<E �DG=FV6 74 6V4=>E=<< 6<VEF>< >D74=V><. 

&4>, ?D< 0.1< Ior f 0.25 �DG=F 66464NFL E?45>74F>D-
D>64=<<:  

- ?D< 0.25 < Ior  f  0.40 3 E5D54=L>74F>DD>64=<<,  
- ?D< 0.40 < Ior  f  0.50 3 4G65 74F>DD>64=<<. 
� G<>64E ?D<D>4=>7> 74?O74==O F4>V �DG=F<, O> 

?D46<?>, 6>4>=4E<G5=V. �D< FL><G �DG=F>6V 6>4< 47D5-
E<6=V M>4> ?V475<=<E >>=EFDG>FV= 5G4V65?L V E?>DG4. 

�4F>DD>64=V �DG=F< V F>DD< <>6GFL 74?O74F< =4 
?>65DE=V (6V4>D<FV), 45> =4 45O>V= 7?<5<=V 6V4 ?>65DE=V 
(?>E>64=V). �>E>64=V 3 MV?L=VLV, =V6 6V4>D<FV. 

&>DD< F4 74F>DD>64=V �DG=F< 6V47=4G4NFLEO 65?<-
>>N EF<E?<6VEFN V ?>DV6=O=> <4?>N EFDG>FGD=>N <VF=V-
EFN. &5 ?>69O74=>, =4E4<?5D54, 7V 7=4G=>N ?>D<EFVEFN 
�DG=FG, O>4 4>EO74T >V?L>>E E>F5=L 6V4E>F>V6, F>5F> >59T< 
<V=5D4?L=>W F4 >D74=VG=>W G4EF<= 6 >V?L>4 D47V6 <5=L<= 
=V6 >59T< ?>D. %FDG>FGD=4 <VF=VEFL F4><E �DG=FV6 >>?<-
64TFLEO 6V4 0.01 4> 0.045 ��4, <>4G?L 45D>D<4FVW 4?O 6V-
4>D<F<E F>DDV6 � = 0.1÷0.25 ��4, 4 4?O ?>E>64=<E 3 � = 
1÷3 ��4. 

� D4=>=V =4474??46=>W F5D4E< >>?<L=L>W DVG>< �<-
5V4L G <. �<T6V ?9OF<?>65DE>6V 6<F?>6V 5G4<=>< 76545=V 
=4 =5DV6=><VD=V= F>6MV 74F>DD>64=>7> �DG=FG. �4 >V?L>4 
D>>V6 5>E??G4F4FVW F<E 5G4<=>V6 6V45G?>EO >EV44==O DG-
=44<5=FV6 6 E5D54=L><G =4 0.75 <, 4 6 >>D5<<E 6<?44>4E 3 
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5?<7L>> 0.98 <. �=4?>7VG=<= 6<?44>> 74D5TEFD>64=<= 7 
6<F?>6<< 5G4<=>>< =4 5G?L64DV ,56G5=>4 6 EF>?<FV 
'>D4W=<, 45 E5D54=T >EV44==O EF4=>6<FL 0.6 <. 

�D74=VG=V D5G>6<=< 6 74F>DD>64=<E �DG=F4E 74-
7=4NFL ?>EFG?>6>W <V=5D4?V74FVW (D>7>?444==O), O>V 65-
4GFL 4> ?>O6< 4>44F>>6>W ?>D<EF>EFV F4 V=F5=E<DV>4FVW 
45D>D<4FV=. '<< 5V?LL<= EFG?V=L D>7>?444==O, F<< 
<5=L4 45D>D<4F<6=VEFL �DG=FG. 

�464O>< 7=4G=V= 45D>D<4F<6=>EFV 4G65 74F>DD>64-
=<E �DG=FV6 F4 F>DDG 6?4LFG64==O DG=44<5=FV6 V 5>E-
??G4F4FVO 5G4V65?L 557?>E5D54=L> =4 WE ?>65DE=V =5<>6-
?<6V. />M> 6 >E=>6V 5G4V6?V T L4D �DG=FG 7 <>4G?5< 45-
D>D<4FVW � f 5.0 ��4, F>6M<=4 O>>7> 5V?LL4 74 L<D<=G 
DG=44<5=FG, >EV44==O >E=>6< 6<7=4G4NFL 7 GD4EG64=-
=O< 7474?L=>7> F<E>G =4 DV6=V ?V4>L6< DG=44<5=FG (D4-
7>< 7 ?D<D>4=<< F<E>><). 

�D<>?44>< 5G4V65?L, O>V GE?VL=> 5>E??G4FGNFLEO 
=4 74F>DD>64=<E �DG=F4E 7 ?D>L4D>4<< ?VE>G, T 6<D>5-
=<GV F5E< >4DF>==>-?4?5D>6>W D45D<>< 6 <. �5GEV6 �<-
W6EL>>W >5?4EFV. $G=44<5=F< 7 >>D>F><E 745<6=<E ?4?L 
74?D>5>F>64=V F4>, M> D>7D4EG=>>65 >EV44==O >E=>6< 
E?V?L=> 7 >EV44==O< 74F>DD>64=>7> L4DG =5 ?5D56<MGT 
7D4=<G=>7>, 4 =464=F465==O =4 �DG=F =5 ?5D56<MGT =>-
7> =5EGG>W 744F=>EFV. 

 

1.2.10. �?<6G=<  
 

�?<6G==<<< 6?4EF<6>EFO<< 6>?>4VNFL �DG=F<, E>5-
?5F O><E E>?444TFLEO 7 <V=5D4?L=<E G4EF>> 7 65?<>>N EG-
<4D=>N ?>65DE=5N (=4?D<>?44, 4DV5=>75D=<EFV, ?<?G64-
FV, 7?<=<EFV V <G?<EFV ?VE><). 

�4 =4O6=>EFV 6 E>?44V E>5?5FG 5V?LL5, O> 2% >>?>W4-
=<E G4EF>>, 7V4D>DV?L=<E <V=5D4?V6, ??<6G==<<< 6?4E-
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F<6>EFO<< <>6GFL 6>?>4VF< ?VM4=>-7D46V==V �DG=F<. &4>V 
??<6G=< =47<64NFLEO «VEF<==<<<». &V >>?>W4=V G4EF>< 
744F=V GFD<<G64F< 5V?O E6>TW ?>65DE=V F>6EFV 7V4D4F=V 
>5>?>=><, O>V 7=4G=> ?>=<6GNFL E<?< F5DFO <V6 G4EF-
>4<< E>5?5FG �DG=FG. �V4D>4<=4<VG=<= F<E> DGE><>W DV-
?LFD4FV==>W 6>4<, =46VFL ?D< =565?<>><G 7D44VT=FV ?D<-
6>4<FL, 6 F4>><G 6<?44>G, 4> DGEG �DG=FG D47>< 7 6>4>N. 

�D< 6?4LFG64==V 45> 464DV==><G GF6>D5==V 6<W<>> 
6 ??<6G=4E ?D>EFVD >>F?>64=G L6<4>> 74?>6=NTFLEO 
�DG=F><, M> E??<64T 7 =>7> EFV=>>. �46>DG7 6<W<>< <>65 
E?>EF5DV74F<EO ?>=<65==O ?>65DE=V 75<?V, G4EF> D47>< 7 
VE=GNG<<< 5G4V6?O<<. &4>5 O6<M5 E?>EF5DV74?>EL ?D< 
464DVW =4 >4=4?V74FV==><G >>?5>F>DV <V6 ?9OF<?>65D-
E>6<<< 6<F?>6<<< 5G4<=>4<< 7 3 V 5 =4 ?D>E?5>FV 
&. ,56G5=>4 6 <. '5D6>=>7D44V �L6V6EL>>W >5?4EFV.   

�VF=VEFL =44V==<E 6 EGE><G EF4=V 4DV5=<E V ?<?G64-
F<E ?VE>V6 ?><VF=> ?>=<6GTFLEO 6 <VDG 74?>6=5==O WE ?>D 
6>4>N, >E>5?<6> ?D< 6<VEFV 6 F4><E ?VE>4E 45O>>W >V?L>>-
EFV 7?<=<EF<E V >D74=VG=<E >>?>W4=<E 6>?NG5=L, DV6=>-
<VD=> D>7?>4V?5=V 6 =<E. �?<=<EFV V >>?>W4=V G4EF>< 7D4-
NFL D>?L «<4EF<?4», =444NG< ?VE>4< 5V?LL>W DGE?<6>EFV. 
&4>V ?VE>< ?V4 =565?<><< F<E>>< =46VFL ?D< 6V4EGF=>EFV 
6>4< 744F=V D>7FV>4F<EO V WE G4EF> =47<64NFL ??<6G==<-
<< ?VE>4<< 45> «?E564>??<6G=4<<». 

&V ?VE>< E?V4 6V4DV7=OF< 6V4 «VEF<==<E» ??<6G=V6. 
�D<G<=>N DGE?<6>EFV V =5EFV=>>EFV F4><E ?VE>V6 T <V>D>-
>D74=V7<<, M> 7=4E>4OFLEO 6 �DG=FV. �V>D>>D74=V7<< 6 
D57G?LF4FV E6>TW 6<FFT4VO?L=>EFV 6<D>5?ONFL 747, >G?L>< 
O>>7> EF6>DNNFL 4>44F>>6<= F<E> 6 ?>D>6V= 6>4V, =444-
NG< �DG=F>6V 4>44F>>6G DGE?<6VEFL. 

�VE><-??<6G=< («?E564>??<6G=<») F4 VEF<==V ??<6G=< 
<>6=4 6<>>D<EF>6G64F< 6 >E=>6V <VEL><E 5G4V65?L FV?L>< ?D< 
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4>FD<<4==V E?5FV4?L=<E 6<<>7 V FV?L>< F>4V, >>?< 6<>>=4=V 
74E>4<, M> 6<>?NG4NFL <>6?<6VEFL WE 7>D<7>=F4?L=>7> 7EG6G.  

&4> E4<> O> V 7?<=<EFV �DG=F<, 6 F5>GG><G, 4 ?D< F<-
E>G =4 =<E 5V?LL><G, O> 0.15 ��4 V 6 F5>GG>??4EF<G=><G 
EF4=V, ??<6G=< <>6GFL 6<F<E>G64F<EO 7-?V4 DG=44<5=FV6, 
F><G 6<>>D<EF4==O WE 6 >E=>6V 5G4V65?L ?>6<==5 5GF< >5-
�DG=F>64=5 7 F>G>< 7>DG WE 5>E??G4F4FV==>W =44V==>EFV F4 
75>EFV=>>EFV.  

 

1.2.11. %57>==> <5D7?V �DG=F<  
 
�<?G64F>-7?<=<EFV �DG=F<, O>V D>7<VM5=V 5?<7L>> 

4> ?>65DE=V 75<?V, G4EF> <4NFL ?V46<M5=G 6>?>7VEFL. � 
7<<>6<= ?5DV>4, ?D><5D74NG<, F4>V �DG=F< 6=4E?V4>> 
<>D>7=>7> =45DO>4==O <>6GFL 75V?LLG64F<EO 6 >59T<V. 

�>D>7=5 =45DO>4==O 74644T EGFFT6>W L>>4< <VEL-
><< 5G4V6?O<, 4>D>74< V 74?V7=<FO<, 4 F><G <4T 5GF< 
6D4E>64=5 6 ?D>F5EV WE ?D>5>FG64==O F4 5>E??G4F4FVW. 

$>77?O=5<> >>D>F>> >E=>6=V ?D>F5E<, M> 6V45G64-
NFLEO 6 �DG=F4E ?V4 G4E ?D><5D74==O V O>V ?D<6>4OFL 4> 
<>D>7=>7> =45DO>4==O >E=>6 <VEL><E 5G4V65?L. 

%?>G4F>G, ?5D54 GF6>D5==O< ?L>4G, 6V45G64TFLEO 
6<?4D>6G64==O 6>?>7< 7 >59T<=<< 75V?LL5==O< >V?L>>EFV 
?>6VFDO 6 ?>D4E. �4?V >59T< 6>4< 7D>EF4T, 6>=4 ?>EFG?>6> 
?5D5E>4<FL 6 F65D4<= EF4=, EF6>DNNFLEO G<>6< 4?O <V7-
D4FVW 6>?>7< 6 7>=G ?D><5D74==O. �>44?LL<= 6??<6 
6V49T<=>W F5<?5D4FGD< =4 ?>65DE=56V L4D< 7?<=<EF>7> 
�DG=FG ?D<76>4<FL 4> ?>6V?L=>7> >59T<=>7> D>7L<D5==O 
?L>4G, 4 D47>< 7 =<< �DG=FG ?D<5?<7=> =4 1/11 G4EF<=G 
?>G4F>>6>7> >59T<G V <>D>7=>7> =45DO>4==O 665DE. � 
?D4>F<FV 6V4><V 6<?44>< <>D>7=>7> =45DO>4==O �DG=FG, 
>5G<>6?5=<< DGE>< 6>?>7< 7 =<6G<E L4DV6 665DE 6 7>=G 
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?D><5D74==O. � F4><E 6<?44>4E ?>G4F>>6<= >59T< 6>4< 
<>65 75V?LL<F<EO 4> 60% (D<E. 1.26, 4, 5). 

�4 65?<G<=G F4 V=F5=E<6=VEFL <>D>7=>7> =45DO-
>4==O �DG=FG 6??<64T F4>>6 E57>==4 7?<5<=4 =>7> ?D>-
<5D74==O, O>4 6 DV7=<E 75>7D4DVG=<E 7>=4E =5>4=4>>64 V 
74?56<FL 6V4 >?V<4F<G=<E G<>6 V F<?G �DG=FG. 

 
 

 
$<E. 1.26. �D>F5E <V7D4FVW 6>?>7< 6 E57>==> <5D7?><G �DG=FV:  

4 3 DD47<5=F 75>?>7VG=>W 5G4>6< 4V?O=><; 5 3 7D4DV> 7<V=< 6>?>7>EFV 
74?56=> 6V4 7?<5<=<; 1 3 DV65=L <>D>7=>7> =45DO>4==O; 2 3 <5D7?<= 

�DG=F; 3 3 DD>=F ?D><5D74==O; 4 3 DV65=L �DG=F>6>W 6>4<;  
5 3 6>?>7VEFL �DG=FG 4> ?D><5D74==O; 6 3 6>?>7VEFL �DG=FG ?VE?O  

?D><5D74==O 
  

�VM4=V �DG=F<, 7464O>< 6V4>D<F>EFV ?>D, ?D><5D74-
NFL =4 5V?LLG 7?<5<=G, =V6 ?<?G64F>-7?<=<EFV, >E>5-
?<6> EG7?<=>< F4 7?<=<, 6 O><E 5V?LLVEFL ?>D 74>D<FV. 

�4=V=F5=E<6=VL4 <V7D4FVO 6>4< 4> ?V=VW ?D><5D-
74==O 6<=<>4T 6 �DG=F4E 7 65?<><< 6<VEF>< ?<?G64F<E 
G4EF<=>> D>7<VD>< 6V4 0.05 4> 0.005 <<. &4><<< �DG=F4<< 
T EG?VE><, EG7?<=><, ?<?G64FV ?VE><. 

� � 
1 

2 

3 

4 

5 6 W 

H 
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�>DO4 7 5G4V6?O<<, O>V >5V7DV64NFLEO, 7?<5<=4 
?D><5D74==O �DG=FG <5=L4, =V6 =4 6V4>D<F<E <VEFOE. &5 
6??<6 F5??4, M> 6<?D><V=NTFLEO 5G4V6?5N, 66>44<< V=-
65=5D=<E <5D56, E>=OG=>N D44V4FVTN 6V4 ?V645==<E 
EFV=. �?O 5G4V65?L, O>V =5 >5V7DV64NFLEO, 7?<5<=4 ?D><5-
D74==O 74664< 5V?LL4, =V6 =4 =5745G4>64=V= F5D<F>DVW. 
&GF 6??<64NFL F4>V D4>F>D<, O> =5<>6?<6VEFL >?44V6 
(E=V7G) =4 745G4>64=G 4V?O=>G, ?D>=<>=5==O E>=OG=>W 
D44V4FVW ?V4 5G4>6G.  

�5V?LL5==O >59T<G E57>==>-<5D7?>7> �DG=FG EG?D>-
6>46GTFLEO D>76<F>>< F<E>G 6 7>=V ?D><5D74==O, 6V45G-
64TFLEO E>?44=4 674T<>4VO �DG=FG V DG=44<5=FG. �DG=F 
<VF=> 7<5D74TFLEO 7 5>>>6>N ?>65DE=5N DG=44<5=FG V F>4V, 
6=4E?V4>> =45DO>4==O, ?V4=V<4T DG=44<5=F 665DE, ?5D55>DNN-
G< >?VD 647< =475<=<E >>=EFDG>FV= V E4<>7> DG=44<5=FG. 

&4>V 45D>D<4FVW <>6=4 E?>EF5DV74F< 6 5G4V6?OE V 
E?>DG44E ?>5?<7G DVG>>, EF4D<FL, =4 4V?O=>4E 745G4>6< 7 
6<E>><< DV6=5< �DG=F>6<E 6>4. �V4><V 6<?44><, >>?< 
>DG?=>?4=5?L=V 5G4<=><, ?VE?O 76545==O 46>E-FDL>E ?>-
65DEV6 G7<<>G ?V4=V<4?<EO 67>DG, E>G ?V4 ?V4>L6>N DG-
=44<5=FV6 ?D><5D74==O =5 5G?>. � 44=><G 6<?44>G 
E?D4FN64?> 7<5D74==O 5>>>6>W ?>65DE=V DG=44<5=FV6 7 
�DG=F>< 74E<?>< >>F?>64=G. 

�5557?5>4 F4><E 45D>D<4FV= 4?O 5G4V65?L ?>?O74T 7 
>4=>7> 5>>G 6 F><G, M> =45DO>4==O ?V4 ??O<>N 5G4V6?V 
5G64NFL =5>4=4>>6<<<. � V=L>7> 5>>G, ?VE?O D>7<5D74=-
=O 6>?>7>7> 45> ?5D576>?>65=>7> �DG=FG, 75V?LLGTFLEO 
=5DV6=><VD=5 >EV44==O DG=44<5=FV6. 

%FV=>VEFL DG=44<5=FV6 4> 4VW 4>F<G=<E E<? <>D>7-
=>7> =45DO>4==O ?5D56VDONFL 74 D>D<G?>N: 

                   ÇsË f

g

c QNA ôóýô
÷
÷

,                         (1.30)  
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45 ÇsË 3 D>7D4EG=>>64 ?<F><4 4>F<G=4 E<?4 <>D>7=>7> 
=45DO>4==O, ��4; 
     � 3 ??>M4 5VG=>W ?>65DE=V DG=44<5=FG 6 7>=V D>7D4-
EG=>>6>W 7?<5<=< ?D><5D74==O, <2; 
     N 3 ?>EFV==5 =464=F465==O, M> 4VT =4 �DG=F, 6D4E>-
6GNG< 647G DG=44<5=FG V �DG=FG =4 =>7> 6<EFG?4E, ��4; 
     ³E = 1 3 >>5DVFVT=F G<>6 D>5>F<; 
     ³g = 1.1 3 >>5DVFVT=F =44V==>EFV 4?O �DG=FG; 
     Qf 3 D>7D4EG=>>65 7=4G5==O E<?< F5DFO �DG=FG ?> 5>-
>>6V= ?>65DE=V DG=44<5=FG. 

                Qf = õ ô
ý

n

1i
fifi Af ,                            (1.31) 

45 ffi 3 D>7D4EG=>>6<= >?VD 7DGL5==N =5<5D7?>7> �DG=-
FG ?> 5>>>6V= ?>65DE=V DG=44<5=FG 6 V-F><G L4DV, (4?O 
?<?G64F>-7?<=<EF>7> �DG=FG ffi=0.02 ��4; 4?O ?VE>G 3  
ffi = 0.03 ��4); 
    �fi 3 ??>M4 65DF<>4?L=>W ?>65DE=V 7DGL5==O 6 V-F><G 
L4DV �DG=FG. 

�>E??G4F4FV==V 6?4EF<6>EFV <5D7?<E �DG=FV6 >FV-
=NNFLEO DV7<>>-<5E4=VG=<<< E4D4>F5D<EF<>4<< 74 =>-
<5=>?4FGD>N, ?D<==OF>N 4?O =5<5D7?<E �DG=FV6 V 4>44-
F>>6<<< ?>>47=<>4<<: 

- 65?<G<=4 6V4=>E=>7> EF<E>4==O ?D< ?5D5E>4V 7 
<5D7?>7> EF4=G 6 F4?<=; 

- EFG?V=L ?D>E44>>6>EFV D>7<5D74NG>7> �DG=FG; 
- MV?L=VEFL 4?O 65?<>>G?4<>>6<E V ?VM4=<E F65D4>-

<5D7?<E V E<?GG>-<5D7?<E �DG=FV6; 
- >>=E<EF5=FVO 4?O 7?<=<EF<E �DG=FV6. 
�=4E?V4>> F5<5=FGNG>W 4VW ?L>4G <VF=VEFL �DG=FV6 

?D< ?D><5D74==V 7=4G=> ?V46<MGTFLEO. �>=4 >E>5?<6> 
65?<>4 ?D< L6<4>><G 75V?LL5==V =464=F465==O V 4>EO-
74T 4?O <5D7?<E ?VE>V6 5.0÷15.0 ��4, 4?O <5D7?<E 7?<= 3 
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1.0÷5.0 ��4. �D< 4>67>FD<64?V= 4VW =464=F465==O >?VD 
<5D7?>7> �DG=FG R 7<5=LGTFLEO 6 5÷15 D47V6 6=4E?V4>> 
??4EF<G=<E 6?4EF<6>EF5= ?L>4G. �>D<4F<6=<= >?VD EF<-
E>4==N F65D4>-<5D7?<E �DG=FV6 6<7=4G4TFLEO 4>67>FD<-
64?<< >?>D>< V DV6=<= ?D< F5<?5D4FGDV 6V4 0.5º 4> -4º % 
4?O ?VM4=<E �DG=FV6 0.4÷1.5 ��4, 4?O EG7?<=>V6 V 7?<= 3 
0.2÷0.8 ��4.   

�D< D>7<5D74==V �DG=FV6 6V45G64TFLEO DV7>5 ?>DG-
L5==O WE EFDG>FGD<. �G?<EFV i 7?<=<EFV �DG=F< ?5D5F6>-
DNNFLEO 6 F5>GG>??4EF<G=G <4EG, O>4 E4D4>F5D<7GTFLEO 
65?<><< ?5D576>?>65==O< i <4?>N =5EGG>N 744F=VEFN. 

�i4F4N64==O ?i=7 i ?D>L4D>i6 ?L>4G G F>6Mi �DG=FG 
EG?D>6>46GTFLEO >EV44==O<< 75<=>W ?>65DE=V, O>i <4NFL 
E4D4>F5D <iEF56<E V=F5=E<6=<E 74 ?D>E>465==O< ?D>E4-
4>>, >E>5?<6> =5557?5G=<E 4?O 5G4V65?L V E?>DG4. 

�>4G?L 45D>D<4FiW <5D7?>7> �DG=FG ?D< ?5D5E>4V 6 
D>7<5D7?<= EF4= <V=OTFLEO 6 4G65 L<D>><E <564E 74?5-
6=> 6i4 =4O6=>EFV 6 =L><G ?L>4G. 

$>7<5D7?V �DG=F< ?D< F<E>G =4 =<E $ = 0.1 ��4, 
<4NFL =4EFG?=V 7=4G5==O <>4G?O 45D>D<4FiW �, ��4: 
>DG?=>-G?4<>>6V 3 3.0÷30.0 ��4; ?iE>< 3 2.0÷20.0 ��4; 
EG?iE>< 3 1.0÷10.0 ��4; EG7?<=>< 3 0.5÷2.5 ��4; 7?<=< 3 
0.4÷1.5 ��4. 

/>M> D>7<5D74==O �DG=FG >E=>6< 6i45G64TFLEO 6 
?D>F5Ei 5>E??G4F4FiW 5G4i6?i, F> 6 F4>><G 6<?44>G =5>5-
Ei4=> 6D4E>6G64F< 464 6<4< 45D>D<4FiW >E=>6<: 

- >EV44==O D>7<5D74==O, O>5 =5 74?56<FL 6i4 F<E>G 
=4 �DG=F; 

- >EV44==O GMV?L=5==O, O>5 74?56<FL 6i4 F<E>G DG=-
44<5=FG i 6?4E=>W 647< �DG=FG. 

�4=5i?LL5 D>7<5D74==O 6i45G64TFLEO ?i4 E5D54-
=L>N G4EF<=>N 5G4i6?i, <5=L5 3 5i?O WW >D4W6. $>7<i-
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M5==O 7>=< D>7<5D74==O �DG=FG 6 >E=>6i 5G4V6?V 6<7=4-
G4TFLEO F5??>F5E=iG=<< D>7D4EG=>>< 45> 74 44=<<< =4-
FGD=<E E?>EF5D565=L. 

�?<5<=4 D>7<5D74==O 6<7=4G4TFLEO ?> 45>V?L>>E 
65DF<>4?OE: 

- ?i4 E5D54<=>N 5G4i6?i 3 �E; 
- ?i4 WW >D4T< 3 �>; 
- =4 6i4EF4=i 0,25 i 0,4� 6i4 F5=FDG 5G4V6?V. 

� 7474?L=><G 6<?44>G ?>6=5 >EV44==O >E=>6< S 
E>?444TFLEO 7 >EV44==O GMi?L=5==O SE ?i4 =464=F465=-
=O<, >EV44==O GMi?L=5==O Sr 6i4 6?4E=>W 647< �DG=FG i 
>EV44==O D>7<5D74==O So (D<E. 1.27): 

                          S = Sc + Sr + So.                             (1.32) 
 

 

 
 
 
 
 
 
 
$<E. 1.27. $>7D4EG=>>64 

EE5<4 D>7<5D74==O 

�DG=FG ?V4 5G4V6?5N 

(�) V 5?ND< >E44>> 

�DG=F>6>W >E=>6< Sc, SR, 
S0 (�) 

 

 

� 

� 

B 

0.5B 

0.4B 

0.25

H
c 

H
1 H

2
 H
K
 

Sc SR S0 
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1.2.12. �4E<?=V �DG=F< 3 F5 6V4>?44<, LFGG=> GF6>-
D5=V ?N4<=>N. �>=< <4NFL >5<565=G ??>MG V 4>E<FL 
DV7=G ?>FG6=VEFL. �4E<?=V �DG=F< E4D4>F5D=V 7=4G=>N 
=5>4=>DV4=VEFN E>?44G, =5DV6=><VD=VEFN EF<E?<6>EFV, 
<>6?<6VEFN E4<>GMV?L=5==O, >E>5?<6> 6V4 6V5D4FV==<E 
=464=F465=L 45> 74<>GG64==O, 4 F4>>6 6V4 D>7>?444==O 
>D74=VG=<E D5G>6<=.  

' EF4D>6<==<E <VEF4E, O>V VE=GNFL E>F=V D>>V6, F>6-
M<=4 L4DG =4E<?=>7> �DG=FG (>G?LFGD=>7> L4DG) 4>EO-
74T 40 <. � =4L G4E GF6>DNTFLEO 5474F> F65D4<E 6V4E>4V6 
6V4 4VO?L=>EFV ?D><<E?>6>EFV. � '>D4W=V M>DVG=> FV?L>< 
74 D4EG=>> 77>DO==O 6G7V??O GF6>DNTFLEO 5V?LL5 15 <?= 
F>= 7>?< V L?4>V6. 

�4?56=> 6V4 E>?44G F4 >E>5?<6>EF5= 5G4>6< =4E<?=V 
�DG=F< ?>4V?ONFL =4 FD< 7DG?<:  

�5DL4 7DG?4 3 LFGG=V 6V4>?44<, GF6>D5=V >D74=V7>-
64=<< 6V4E<?4==O<. &4>V =4E<?=V �DG=F< 6V47=4G4NFLEO 
>4=>DV4=VEFN E>?44G V DV6=><VD=>N EF<E?<6VEFN. /> ?D4-
6<?>, F5 74?L>4, 7D46V=, ?VE>>, L?4>. �>=< GF6>DNNFLEO 
EGE<< E?>E>5>< 7 GMV?L=5==O< G>?445=>7> <4F5DV4?G 
45> L?OE>< =4<<6G. 

�DG74 7DG?4 3 6V464?< �DG=FV6 F4 6V4E>4V6 ?V4?D<-
T<EF6 (L?4><, D>D<G64?L=<= �DG=F, 6V4E>4< 6G7V?L=>W 
?D><<E?>6>EFV), O>V E>G4 V >4=>DV4=V 74 E>?44><, 4?5 <4-
NFL =5DV6=><VD=G EF<E?<6VEFL. 

&D5FO 7DG?4 3 764?<M4 6V4E>4V6 ?V4?D<T<EF6, ?>5G-
F>6<E 6V4E>4V6. &4>V 6V4>?445==O 6V47=4G4NFLEO 65?<>>N 
F4 =5DV6=><VD=>N EF<E?<6VEFN. 

%FD>>< >>=E>?V44FVW (E4<>GMV?L=5==O) =4E<?=>7> 
�DG=FG 6V4 =>7> 6?4E=>W 647<, ?VE?O O><E FV �DG=F< <>-
6GFL 5GF< 6V4=5E5=V 4> F4><E, M> 7?564?<EO (>>=E>?V4>-
64=<E), 74?564FL 6V4 WE E>?44G F4 E4D4>F5DG GF6>D5==O 
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=4E<?G. �DVT=F>6=> <>6=4 >5DG64F<EO EFD>>4<<, =465-
45=<<< 6 F45?<FOE =>D<4F<6=<E 4>>G<5=FV6 F4 V=EFDG>-
FV= [17]. 

�5DV6=><VD=5 >EV44==O >E=>6, E>?445=<E =4E<?=<-
<< �DG=F4<<, O> ?D46<?> 6<>?<>4TFLEO: 

- 7<V=>N E>?44G =4E<?=<E �DG=FV6 ?> 7?<5<=V V 6 
??4=V; 

- =5DV6=><VD=>N MV?L=VEFN =4E<?=<E �DG=FV6; 
- 7<V=>N 6>?>7>EFV, >E>5?<6> 4?O 7?<=<EF<E �DG=FV6; 
- DV7=>N F>6M<=>N L4DG =4E<?=<E �DG=FV6; 
- =4O6=VEFN 6 =4E<?=<E �DG=F4E E<?L=> EF<E?<6<E 

?D>L4D>V6; 
- ?V46<M5=<< 6<VEF>< >D74=VG=<E 6>?NG5=L; 
- 74?O74==O< =<6G5 =4E<?=<E �DG=FV6 E<?L=> EF<E-

?<6<E L4DV6 �DG=FG; 
- =4O6=VEFN 6 =4E<?=<E �DG=F4E >DG?=<E 6>?NG5=L 

V ?GEF>F, 65?<G<=4 O><E =5 <5=L5 L<D<=< DG=-
44<5=FV6. 

�E=>6< V DG=44<5=F< <VEL><E 5G4V65?L =4 =4E<?-
=<E �DG=F4E ?>6<==V 74557?5GG64F< G<>6G =5?5D56<-
M5==O ?>6=>7> >EV44==O DG=44<5=FG, 4>?GEF<<>7> 4?O 
44==>7> F<?G 5G4V6?V G< E?>DG4<.  

�>6=5 >EV44==O Sf DG=44<5=FG 6<7=4G4TFLEO O> EG-
<4 >EV44=L, 6<>?<>4=<E =>7> =464=F465==O< V 4>44F>>-
6<<< D4>F>D4<<: 

              Sf = S + Sf1 + Sf2 + Sf3 + Sf4,                       (1.33) 
45  S  3  >EV44==O DG=44<5=FG 6V4 5>E??G4F4FV==>7> =4-
64=F465==O, O>5 6<7=4G4TFLEO 74 <5F>4<>>N G<==<E =>-
D<4F<6=<E 4>>G<5=FV6; 

Sf1 3 4>44F>>65 >EV44==O >E=>6< 6V4 E4<>GMV?L=5==O 
=4E<?=<E �DG=FV6 ?V4 6?4E=>N 647>N; 
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Sf2 3 F5 E4<5, 6=4E?V4>> 74<>GG64==O, ?>=<65==O DV6-
=O �DG=F>6<E 6>4;  
Sf3 3 F5 E4<5, ?D< D>7>?444==V >D74=VG=<E 6>?NG5=L; 
Sf4 3 F5 E4<5, 74 D4EG=>> GMV?L=5==O ?V4EF<?ONG<E 
�DG=FV6 6V4 647< =4E<?G. 

�>44F>>6V >EV44==O Sf1 V Sf2 <>6=4 6<7=4G4F< 74 D>-
D<G?4<<: 

               Sf1 = ³E1 × ³ × Ãzg × h / � ;                       (1.34) 
               Sf2 = ³E2 × ³ × Ãzg × h / � ,                       (1.35) 

45 ³E1 V ³E2 3 >>5DVFVT=F< GMV?L=5==O =4E<?=>7> �DG=FG; 
 ³ = 0.8 3 557D>7<VD=<= >>5DVFVT=F; 
Ãzg = 0.5 × ³ × h 3 E5D54=T 65DF<>4?L=5 =4?DG65==O 6 

=4E<?=><G �DG=FV 6V4 =>7> 6?4E=>W 647<; 
³ 3 E5D54=T 7=4G5==O ?D<6545=>W 647< =4E<?=>7> 

�DG=FG G 6>4>=4E<G5=><G EF4=V; 
h 3 F>6M<=4 L4DG =4E<?=>7> �DG=FG ?V4 DG=44<5=-

F><; 
� 3 E5D54=T 7=4G5==O <>4G?O 45D>D<4FVW =4E<?=>7> 

�DG=FG. 
�>44F>>65 >EV44==O Sf3 ?D< 6<VEFV 6 =4E<?=<E �DG=-

F4E >D74=VG=<E 6>?NG5=L 6V4 0.03 4> 0.1 6<D4E>6GTFLEO 74 
D>D<G?>N: 

           Sf3 = · × k0 × w ×³d × h / ³s ,                     (1.36) 
45 · = 0.75 3 >>5DVFVT=F, M> 6D4E>6GT G<>6< 74?O74==O 
>D74=VG=<E 6>?NG5=L 6 =4E<?=<E �DG=F4E; 

k0 3 >>5DVFVT=F, M> 6D4E>6GT <>6?<6VEFL D>7>?444==O 
>D74=VG=<E 6>?NG5=L (4?O 6>4>=4E<G5=<E �DG=FV6  
k0 = 0.2, 4?O V=L<E 3 k0 = 0.5); 
w 3 E5D54=V= 6<VEF >D74=VG=<E 6>?NG5=L; 
³d 3 ?<F><4 6474 EGE>7> =4E<?=>7> �DG=FG; 
³s 3 ?<F><4 6474 F65D4<E G4EF>> �DG=FG; 
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h 3 F>6M<=4 =4E<?=>7> �DG=FG, M> ?56<FL =<6G5 ?V-
4>L6< DG=44<5=FG.  

�>44F>>65 >EV44==O Sf4 74 D4EG=>> GMV?L=5==O ?V4-
EF<?ONG<E =4E<? �DG=FV6 ?D< 5>E??G4F4FVW 5G4V65?L V 
E?>DG4 <>6=4 =5 6D4E>6G64F<, O>M> 446=VEFL 6V4E<?>< 
=4E<?=<E �DG=FV6 ?5D56<MGT >4<= DV> 4?O ?VM4=<E �DG-
=FV6, 2 D>>< 3 4?O 7?<=<EF<E �DG=FV6 6<M5 $�� V 5 D>>V6 3 
4?O �DG=FV6, M> 7=4E>4OFLEO =<6G5 $��. 

�?O ?5D56VD>< =5EGG>W 744F=>EFV =4E<?=<E �DG=FV6 V 
4>EF4F=>EFV D>7<VDV6 DG=44<5=FV6 <>6=4 >>D<EFG64F<EO 
7=4G5==O<< D>7D4EG=>>6<E >?>DV6 R0, =46545=<E 6 =>D-
<4F<6=<E 4>>G<5=F4E F4 V=EFDG>FVOE.  

�>D<EFGNG<EL F45?<FO<< 7=4G5=L D>7D4EG=>>6<E 
>?>DV6 R0, FD554 7=4F<: 

- 7=4G5==O R0 6V4=>EOFLEO 4> DG=44<5=FV6 7 7?<5<-
=>N 74>?444==O h1 = 2.0 <; ?D< 7?<5<=V 74>?444==O DG=-
44<5=FV6 h1 < 2.0 < 7=4G5==O  R0 <=>64FLEO =4 >>5DVFV-
T=F ³g = h + h1 / 2× h1; 

- 7=4G5==O R0 =46545=V 4?O 764?<M �DG=FV6 V 6V4E>4V6 
6<D>5=<FF6 7 6<VEF>< >D74=VG=<E 6>?NG5=L =5 5V?LL5 
0.01 (1.0%); 

- 4?O >>=E>?V4>64=<E 6V464?V6 V 764?<M �DG=FV6 V 6V4-
E>4V6 6<D>5=<FF6 7=4G5==O R0 ?5D5<=>6GNFLEO =4 0.80; 

- 7=4G5==O R0 4?O ?D><V6=<E 7=4G5=L Sr 4>?GE>4-
TFLEO 6<7=4G4F< V=F5D?>?OFVTN. 

1.2.13. �<V=4 DV6=O �DG=F>6<E V ?V475<=<E 6>4 
 

�V46<M5==O 45> ?>=<65==O DV6=O 6>4< G 6>4>=-
<<MV 6<>?<>4T 6V4?>6V4=G 7<V=G F<E>G =4 �DG=F<, O>V 
E>?444NFL WW 4=>, M> ?D<6>4<FL 4> 4>44F>>6<E 45D>D-
<4FV= �DG=FV6. />M> FV �DG=F< E?G64FL >E=>6>N 5G4V6?V, 
F> 6>=4 5G45 6V4GG64F< 4>44F>>6V 45D>D<4FVW, ?>69O74=V 7V 
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7<V=>N DV6=O 6>4<. � F4><E G<>64E =4=G4EFVL5 7=4E>-
4OFLEO <>EF>6V >?>D<. � 45O><E 6<?44>4E 4>44F>>6V >EV-
44==O ?D< ?V46<M5==V DV6=O 6>4< <>6GFL 6<O6<F<EO 
4G65 =5557?5G=<<< 4?O 5G4V6?V, O>4 6?5DL5 E?D<=<4T 
F4>>7> D>4G 6??<6<. �>65 F4> EF4F<EO, M> ?D< ?5DL><G 
?V4=><V DV6=O 6>4< >EV44==O �DG=FG =5 6<>?<GGFL ?>L-
>>465=L 6 5G4V6?V, 4 ?D< =4EFG?=<E ?5DV>4<G=> ?>6F>-
DN64=<E >EV44==OE V ?V4=><4E 6<=<>=5 75V?LL5==O 7474-
?L=>7> >EV44==O (5D5>F 5474F>D47>6>7> ?D<>?444==O =4-
64=F465==O 4> �DG=FG), M> ?>FO7=5 74 E>5>N ?>DGL5==O 
<VF=>EFV 45> 5>E??G4F4FV==>W =44V==>EFV E?>DG4<. 

� ?VM4=<E �DG=F4E ?V4=>< $�� <>65 7<5=L<F< 
EFV=>VEFL >E=>6< ?D>F< 6<?<D4==O V ?D<65EF< 4> 4>44F-
>>6>7> 75V?LL5==O >EV44=L 5G4V6?V. /> 6V4><>, E4D4>F5D-
=>N 6?4EF<6VEFN ?VM4=<E �DG=FV6 T <4?4 7<V=4 WE >59T<G 
?D< 7<V=V 6>?>7>EFV. &<< =5 <5=L5, ?D< =4E<G5==V 6>4>N 
G 6V4?>6V4=>EFV 7 74>>=>< �DEV<544 6474 G4EF>> �DG=FG 
7<5=L<FLEO =4 647G 6<F<E=5=>W 6>4<, >F65 7<5=L<FLEO 
F5DFO <V6 G4EF>4<< V ?>?57L<FLEO WE 6V4=>E=<= 7EG6. 

�=<65==O DV6=O 45> =4?>DG ?V475<=<E 6>4 EG?D>-
6>46GTFLEO GMV?L=5==O< �DG=FV6, O>V E>?444NFL 6>4>=>-
E=V 7>D<7>=F<, 6 D57G?LF4FV G>7> 6V45G64TFLEO >EV44==O 
?>65DE=V 75<?V. %?D464 6 F><G, M> ?>=<65==O $�� 76V?L-
=OT 6V4 6>4< 45O><= >59T< �DG=F>6>W F>6MV 7 6V4?>6V4=<< 
75V?LL5==O< WW 647< 6=4E?V4>> 6<>?NG5==O 6<646G64?L-
=>W ?D>F<4VW. �>=<65==O $�� =4 1.0 < ?D<6>4<FL 4> 75V-
?LL5==O F<E>G 6V4 6?4E=>W 647< �DG=FG =4 �DG=F< 6>4>-
=>E=>7> 7>D<7>=FG =4 0.01 ��4. �D< 7=4G=<E 74 ?>FG6-
=VEFN V EF<E?<6VEFN �DG=F>6<E F>6M4E F5 <>65 ?D<6>4<-
F< 4> EGFFT6<E >EV44=L 75<=>W ?>65DE=V. 

�?4E<G=<< ?D<>?44><  F>7>, 4> G>7> <>65 ?D<65E-
F< ?>=<65==O $�� ?D< WE 6V4>4GG64==V, E?G6<FL <. �5EV-
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>>, 45 E?>EF5DV74NFLEO >EV44==O 5V?LLV 74 6.0 <. -5 >4-
=<< ?D<>?44>< =5?D>4G<4=>W 74 =4E?V4>< 6V4>4GG64==O 
?V475<=<E 6>4 T ?D>EV44==O 7 GF6>D5==O< FDVM<= =4 ?>-
65DE=V 75<?V 6 �>M4=EL>><G D4=>=V $V6=5=EL>>W >5?4EFV 
6=4E?V4>> 6V4>4GG64==O ?V475<=>W ?<FFT6>W 6>4< 4?O ?>-
FD55 <. $V6=>7>. 

� DO4V 6<?44>V6 >EV44==O ?>65DE=V 75<?V <>6GFL 6<-
>?<>4F<EO V ?44V==O< =4?>DG ?D< 4>5G64==V =4DF< G< 
747G. &4>, =4?D<>?44, =4 ?>55D566V �>=7-�VG 6 �4?VD>D-
=VW (%,�) 6=4E?V4>> 6<>4GG64==O =4DF< 6V45G?>EL >EV-
44==O 75<=>W ?>65DE=V =4 ??>MV 5V?LL5 140 ><2. �4>E<-
<4?L=5 7<VM5==O 65?<G<=>N 8.84 < 74D5TEFD>64=> 6 F5=-
FDV <G?L4< >EV44==O, =4E<? 6 =4?DO<>G 4> WW F5=FDG 4>-
EO746 0.25%. � D57G?LF4FV ?>L>>465=L V=65=5D=<E E?>-
DG4, D>7<VM5=<E =4 FV= F5D<F>DVW, <4F5DV4?L=<= 75<F>> 
?5D56<M<6 60 <?=. 4>?4DV6. 

&4><< G<=><, ?D< ?D>5>FG64==V =>6<E V 5>E??G4F4-
FVW VE=GNG<E 5G4V65?L V E?>DG4 =4 F5D<F>DVOE, 45 6V45G64-
TFLEO G< ??4=GTFLEO 6V4>4GG64==O ?V475<=<E 6>4, =4DF< 
G< 747G, =5>5EV4=> 6>?>4VF< 44=<<< ?D> >EV44==O 75<=>W 
?>65DE=V. �D>7=>7 F4>>7> D>4G >EV44=L <>65 5GF< 74V=E-
=5=<= =4 >E=>6V F5>DVW >>=E>?V44FVW (GMV?L=5==O) �DG=-
FV6, 4>5D5 D>7D>5?5=>W 6 <5E4=VFV �DG=FV6.         

 
 

1.3. ���%�$���&�/ ������$��-�������'��% 
'��� � ��$�$��&�� ��%,��% &�$�&�$��  

 
�D4>F<G=> 6EO F5D<F>DVO '>D4W=< 74 VE=GNG<<< 

5G4V65?L=<<< =>D<4<< 6V4=5E5=4 4> E>?44=<E V=65=5D-
=>-75>?>7VG=<E �DG=F>6<E G<>6, 4 74 WE DV7=><4=VF=VEFN V 
D>7?>6EN465==O< '>D4W=4 74=<4T >4=5 7 ?5DL<E <VEFL G 
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E6VFV. � >7?O4G =4 F5, >FV=NNG< 5>E??G4F4FV==G =44V=-
=VEFL �DG=F>6<E >E=>6 F4 75>EFV=>VEFL <VEL><E 5G4V65?L V 
E?>DG4, ?D4>F<G=> 74664< FD554 6D4E>6G64F< =574F<6=V 
6?4EF<6>EFV �DG=FV6: =<7L>G =5EGGG E?D><>6=VEFL, 7<V=G 
(7<5=L5==O 45> 6FD4FG) WW ?D< 74<>GG64==V, D5>?>7VG=<= 
D>76<F>> 45D>D<4FV==<E ?D>F5EV6, E5=E<VG=G =5557?5>G 
V F4>5 V=L5.  

� FL><G D>74V?V 46F>D>< D>7D>5?5=4 V 74?D>?>=>64-
=4 4?O 6<>>D<EF4==O >?4E<DV>4FVO 6<4V6 45D>D<4FV= V 
D>D< 45D>D<G64==O <VEL><E F5D<F>DV=, 7 <5F>N >5<5-
6<F< 4?O ?D4>F<>< ?D>5>FG64==O >V?L>>EFV 6<4V6 ?5D5-
<VM5=L �DG=F>6>W >E=>6<, =4 O>V ?D>6>4<FLEO D>7D4EG=>> 
=5EGG<E >>=EFDG>FV= 4?O 6<7=4G5==O 4>44F>>6<E 7GE<?L, 
>5G<>6?5=<E 6<4>< V 65?<G<=>N 45D>D<4FVW, =574?56=> 
6V4 ?D<G<=<, O>4 WW 6<>?<>4?4.  

' ?5D5646=V= 5V?LL>EFV F5E=VG=<E ?5DL>465D5? V 
=>D<4F<6=<E 4>>G<5=FV6 >?4E<DV>4FVO V=65=5D=>-75>?>-
7VG=<E G<>6 <VEL><E F5D<F>DV= ?D54EF46?5=4 O> F4> G< 
V=4>L5 >5�DG=F>64=<= D>7?>4V? WE =4 F<?< L?OE>< 765-
45==O DV7=><4=VFFO V=65=5D=>-75>?>7VG=<E V 7V4D>?>7VG-
=<E G<>6 4> =565?<>>W >V?L>>EFV ?D>EF>D>6>-G4E>6>7> 
?D>7=>7G 7<V= 44=<E G<>6 V 5>>=><VG=> >?D4644=>7> 6<-
5>DG 6V4?>6V4=>7> >><??5>EG V=65=5D=>W ?V47>F>6>< V 
(45>) 74E<EFG, EF>E>6=> 4> 74??4=>64=<E 6<4V6 V D<7<>V6 WW 
<VEF>5G4V6=>7> >E6>T==O.  

�7=4>4<< 6<4V?5==O V=65=5D=>-75>?>7VG=<E 6<4V6 
<VEL><E F5D<F>DV= T >E>5?<6>EFV V=65=5D=>-75>?>7VG=<E 
G<>6, O>V ?V4F65D465=V V >FV=5=V >V?L>VE=>. &5>D5F<G=<< 
>5�DG=FG64==O< >?4E<DV>4FVW 66464TFLEO ?>DV6=O?L=>-
75>?>7VG=<= 4=4?V7 D57G?LF4FV6 4>E?V465=L, 7 GD4EG64=-
=O< >E>5?<6>EF5= <VEF>5G4V6=>7> 6<>>D<EF4==O F4><E 
4V?O=>> V F5D<F>DVW. 
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�7V4=> V=D>D<4FVW ?D> =4O6=VEFL =4 F5D<F>DVW =5-
E?D<OF?<6<E V=65=5D=>-75>?>7VG=<E O6<M V ?D>F5EV6, 4 
F4>>6 6D47?<6>EF5= >59T>FV6, D>7<VM5=<E =4 =V=, D>7D4-
E>6GNFL D<7<>< GD465=>EFV 4>E?V46G64=>W F5D<F>DVW (45> 
>>D5<<E WW 4V?O=>>) =5557?5G=<<< V=65=5D=>-75>?>-
7VG=<<< ?D>F5E4<< V (74 =5>5EV4=>EFV) 6<7=4G4NFL >4F5-
7>DVN E>?44=>EFV V=65=5D=>-75>?>7VG=<E G<>6 4?O 5G4V-
6=<FF64 F4 5>E??G4F4FVW <VEL><E 5G4V65?L V E?>DG4. 

� >4<= V=65=5D=>-75>?>7VG=<= 6<4 >59T4=GNFLEO 
F5D<F>DVW (4V?O=><), O>V: 

- E>?445=V >4=<< ?5D5?V>>< ?VF>?>7>-75=5F<G=<E 
45> ?5FD>7D4DVG=<E F<?V6 ?>DV4 >4=4>>6> ?VF<DV>>64-
=<E, 7V?5D75==> 7<V=5=<E ?D>F5E4<< 6<6VFDN64==O, D>7-
64=F465==O, 4 F4>>6 ?V4 6??<6>< DV7=<E F5E=>75==<E 
D4>F>DV6; 

- D>7<VM5=V 6 <564E EGG4E=<E 5?<7L><E F5>F>=VG=<E 
EFDG>FGD V 75><>DD>?>7VG=<E 5?5<5=FV6 D5?LTDG 7 GD4-
EG64==O< WE F5E=>75==<E 7<V= (=4?D<>?44, 74E<?4=V 4D5-
6=V 5D>7V==V D>D<<); 

- <4NFL ?D<5?<7=> >4=4>>6G >56>4=5=VEFL ?>DV4, 
G<>6< 6<6?5==O F4 4D5=G64==O �DG=F>6<E V ?V475<=<E 
6>4, WE F5E=>75==>7> 745DG4=5==O; 

- GD465=V 6<7=4G5=<< =45>D>< =5557?5G=<E ?D<-
D>4=<E V ?D<D>4=>-F5E=>75==<E ?D>F5EV6, O>V E4D4>F5-
D<7GNFLEO ?>4V5=<<< G<>64<< WE D>D<G64==O, D>76<F>G 
V 4>F<6V74FVW, >4=4>>6<<< <>45?O<< V 65?<G<=4<< D<7<-
>G >E6>T==O F4 5>E??G4F4FVW F5D<F>DVW ?D< 6<5>DV 74E>4V6 
V=65=5D=>7> 74E<EFG 6V4 =5557?5G=<E V=65=5D=>-75>-
?>7VG=<E ?D>F5EV6. 

� '>D4W=V, 77V4=> G<==<E =>D<4F<6=<E 4>>G<5=FV6, 
4> E>?44=<E V=65=5D=>-75>?>7VG=<E G<>6 4V?O=>> <VEL-
>>W 745G4>6< 6V4=>EOFL: 
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- E5=E<>=5557?5G=V F5D<F>DVW 7 D>7D4EG=>>6>N 
E5=E<VG=VEFN 7 V 5V?LL5 54?V6, 7>=< D>7?>6EN465==O E5=-
E<VG=<E V 6V5D4FV==<E E6<?L 6V4 F5E=>75==<E 465D5?; 

- ?D>E44>>6V, =45DO>4NGV, 5V>75==V, <G?<EFV, 5?N6V-
4?L=V, 74E>?5=V, =4E<?=V �DG=F<; 

- 7EG6<, >564?<, E5?V, ?46<=<, >4DEF<, 55D57>6G 45-
D47VN, ?V4F>??5==O V 74F>??5==O; 

- EGD>7V==> =5557?5G=V F5D<F>DVW, ?V4D>5?N64=V F4 
<VEL>V F5D<F>DVW =44 ?V475<=<<< E?>DG44<< 45> F5E=>-
75==<<< ?>D>6=<=4<<; 

- 4V?O=><, 45 E?>DG465==O =>6<E 5474F>?>65DE>-
6<E 5G4V65?L EF6>DNT 7=4G=<= EF4F<G=<= F<E> =4 �DG=F V 
?D<76>4<FL 4> 45D>D<4FV= �DG=F>6<E >E=>6 =46>>?<L-
=VE 5G4V65?L V E?>DG4.  

�<F4==O GE>?44=NTFLEO F<<, M> =4 6V4<V=G 6V4 76<-
G4==<E, <4=65 6EV E>?44=V �DG=F>6V G<>6< E4D4>F5D<7G-
NFLEO D5>?>7VG=<<< 6?4EF<6>EFO<<. �4 >EF4==V 10÷15 D>-
>V6 6=4E?V4>> 4VW ?D<D>4=<E V >E>5?<6> F5E=>75==<E 
G<==<>V6 6V45G?<EL EGFFT6V, 4 6 >>D5<<E 6<?44>4E =46VFL 
?D<=F<?>6V 7<V=< EF4=G V 6?4EF<6>EF5= �DG=F>6>7> E5D5-
4>6<M4 =4 65?<>V= G4EF<=V F5D<F>DVW '>D4W=<.  

�?O 7DGG=>EFV G<F4==O F4 6<>>D<EF4==O >?4E<DV-
>4FVN 6<4V6 V=65=5D=>-75>?>7VG=<E G<>6 V 45D>D<4FV= 
75<=>W ?>65DE=V <VEL><E F5D<F>DV= 76545=> 4> L5EF< 6<-
4V6 V ?D54EF46?5=> 6 F45?<G=V= D>D<V (4<6. F45?. 1.5). 
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&45?<FO 1.5 
�?4E<DV>4FVO 6<4V6 45D>D<4FV= 75<=>W ?>65DE=V 

<VEL><E F5D<F>DV= 
7 
7/? 
 

�<4< 
V=65=5D=>-
75>?>7VG=<E 

G<>6 

�E>V7 65DF<>4?L=>7> D>7DV7G 
�DG=F>6>W F>6MV 

%4D4>F5D  
V ?D<G<=4   

45D>D<4FV= 

1 2 3 4 

 

� 

�V4D>5>4 

�DG=F>6>W 

>E=>6<  

<VEL><E 

F5D<F>DV= 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

�G?L44 >EV-
44==O =4 75-
<=V= ?>65DE-
=V ?D< D>7D>-
5FV ??4EFV6 
?>?>7>7> 
?44V==O 

 

�EV44==O 75-
<=>W ?>65DE-
=V 7 GF6>D5=-
=O< =4 =V= 
FDVM<= ?D< 

D>7D>5FV ??4-
EFV6 >DGF>7> 

?44V==O 

 

�D>64? ?D< 
D>7D>5FV 5?<-

7L>> D>7<V-
M5=<E 4> 
?>65DE=V 

??4EFV6 45> 
>5DGL5==V 

EF4D<E 7VDEL-
><E 6<D>5>> 
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?D>4>665==O F45?. 1.5 
1 2 3 4 

 

 

�� 

 
 
&5>F>=VG=V  

?>DGL5==O 

 

'EFG?< ?D< 
7EG6V ?>DV4 
6=4E?V4>> 

F5>F>=VG=<E 
?>DGL5=L 

 
 
��� 

 

 

 
%FDG>FGD-

=>-=5EFV=>V 

>E=>6<. 

�5>4=>DV4-

=VEFL 

 

�5DV6=><VD=V 
45D>D<4FVW 
?D< =5>4=>-

DV4=>EFV 
75>?>7VG=>W 

5G4>6< 

 
 

%FDG>FGD-

=>-=5EFV=>V 

>E=>6<. 

�D>EV44==O 

?5E>6<E 

�DG=FV6 
 
 
 

 
 

�EV44==O 
?D< 74<>GG-
64==V 4V?O=-
>< 745G4>6< 
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?D>4>665==O F45?. 1.5 
1 2 3 4 

 

 

��� 

 
 
 

 
 

%FDG>FGD-

=>-=5EFV=>V 

>E=>6<. 

�D>EV44=-

=O ?5E>6<E 

�DG=FV6 

 

 
 

�D>EV44==O 
?D< 

?>>4?L=><G 
74<>GG64==V 

>E=>6< 
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$���I� 2. �&���� ���&�%��'��� �������%&� 
�$'�&���% �%��� �I%,��% �'�I���, 

 

  

2.1. �����,�I ��������/ 

/> 5G?> =46545=> D4=VL5 (4<6. D>74V? 1), <4=65 6EO 
F5D<F>DVO <VEF '>D4W=< 74 5G4V65?L=<<< =>D<4<< 6V4=5-
E5=4 4> E>?44=<E V=65=5D=>-75>?>7VG=<E G<>6 (��').  

�D>5?5<4 GE>?44=NTFLEO M5 = F<<, M> =4 6V4<V=G 
6V4 76<G4==<E, <4=65 6EV E>?44=V ��' E4D4>F5D<7GNFLEO 
D5>?>7VG=<<< 6?4EF<6>EFO<< (rheologic properties ).  

�4 >EF4==V 15÷20 D>>V6 6=4E?V4>> 4VW ?D<D>4=<E V 
(45>) F5E=>75==<E G<==<>V6 6V45G?<EL EGFFT6V, 4 6 >>D5-
<<E 6<?44>4E =46VFL ?D<=F<?>6V D5>?>7VG=V 7<V=< EF4=G V 
6?4EF<6>EF5= �DG=F>6>7> E5D54>6<M4 =4 7=4G=V= G4EF<=V 
F5D<F>DVW '>D4W=<.  

�4 ?V4D>5?N64=<E F5D<F>DVOE F4>V 7<V=< ?>69O-74=V 
7 ?5D5E>4>< 4> D>7D>5>< 6G7V??O =4 65?<><E 7?<5<=4E V 
74>D<FFO< L4EF 7 WE «<>>D>N» >>=E5D64FVTN. �5V?LL<-
?4EL ??>M4 ?V4D>5?N64=<E F5D<F>DV=, 7=4G=> D>7L<D<-
?<EL <56V 7>= >564?5==O (=4?D<>?44, <. �D<6<= $V7), 
7<V=<6EO E4D4>F5D ?D>FV>4==O ?D>F5EV6 7EG6G ?>DV4 V 
�DG=FV6. �>>< M> =5<4T >4=>7=4G=>W 6V4?>6V4V, ?D<765?< 
FV 7<V=< 4> 7<5=L5==O, G< =46?4>< 3 4> 75V?LL5==O =4-
4V==>EFV >E=>6 <VEL><E 5G4V65?L. �4>D<FFO F4 74F>??5==O 
6>4>N L4EF (>>G?>64=V F5D<F>DVW �>=54EG) ?>EF46<?> 
=>6V 7444GV 74E<EFG <VEL><E F5D<F>DV= 6V4 ?V4F>??5==O. 
%N4< <>6=4 6V4=5EF< ?V475<=5 5G4V6=<FF6> G 65?<><E 
<VEF4E, 45 T ?>FD554 6D4E>6G64F< F5 ?D< 745G4>6V F5D<-
F>DV=, O>V 7=4E>4OFLEO 6 7>=4E 6??<6G ?V475<=<E E?>DG4, 
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45 ?>L>>465==O V 45D>D<4FVW 5G4V65?L ?D>FV>4NFL <4=-
65 F4> E4<>, O> V =4 ?V4D>5?N64=<E F5D<F>DVOE.   

�4 E5=E<>=5557?5G=<E, E?45><E �DG=F4E (?D>EV44-
NG<E, =45DO>4NG<E, 5V>75==<E, <G?<EF<E, 5?N6V4?L=<E, 
74E>?5=<E, =4E<?=<E, >4DEF>6<E, ?V4F>??5=<E V 74F>??5-
=<E �DG=F4E, EGD>7V==> =5557?5G=<E F5D<F>DVOE), 4V?O=-
>4E =44 ?V475<=<<< E?>DG44<< 45> F5E=>75==<<< ?>-
D>6=<=4<<, 7>=4E D>7?>6EN465==O E5=E<VG=<E E6<?L 
6V4 F5E=>75==<E 465D5?, =4 4V?O=>4E, 45 E?>DG465==O 
=>6<E 6<E>F=<E 5G4V65?L EF6>DNT 7=4G=<= EF4F<G=<= 
F<E> =4 �DG=F V ?D<76>4<FL 4> 45D>D<4FV= �DG=F>6<E >E-
=>6 VE=GNG>W =46>>?<L=L>W 745G4>6<, 4 F4>>6 D5>?>7VG=V 
7<V=<, O>V ?>69O74=V 7 <4LF45=<< ?V4=OFFO< DV6=O �DG=-
F>6<E 6>4 ($��), M> 6V45G64TFLEO 6 5V?LL>EFV <VEF '>D4W-
=<. �D<G<=>N FL>7> EF4?< ?D<D>4=V >?V<4F<G=V 7<V=< 
F4 F5E=>75==V G<==<>< 3 7=4G=>N <VD>N 6FD4F< 6>4< 7 
<VEL><E 6>4>=5EGG<E ?V475<=<E >><G=V>4FV=.  

�=4E?V4>> >56>4=5==O G4EF>>6> 7=<7<6EO EFG?V=L 
557?5>< 6V4 ?D>EV44==O, 4?5 6<=<>?4 4>44F>>64 747D>74 
V=F5=E<DV>4FVW 7EG6=<E F4 EGD>7V==<E ?D>F5EV6. &5 O6<M5, 
?>>< M>, F4>>6 =54>EF4F=L> 4>E?V465=5.  

� >7?O4G =4 F5, 4?O 4>EF>6VD=>W >FV=>< =44V==>EFV V 
4>67>6VG=>EFV D>5>F< �DG=F>6<E >E=>6, >>DV< GD4EG64==O 
=574F<6=>7> 6??<6G =4 <VEL>V 5G4V6?V F4><E 6?4EF<6>EF5= 
�DG=FV6, O> =<7L>4 =5EGG4 E?D><>6=VEFL, 6FD4F4 WW ?D< 
74<>GG64==V, D>76<F>> 45D>D<4FV==<E ?D>F5EV6 45> E5=-
E<VG=4 =5557?5>4, =5>5EV4=> 6<>>=G64F< 75>F5E=VG=V 4>-
E?V465==O 4V?O=>< 745G4>6<.  

� >7?O4G =4 6<>?445=5 6<M5, =4 4G<>G 46F>D4, 6<-
6G4NG< ?D>5?5<G E>?44=<E V=65=5D=>-75>?>7VG=<E G<>6, 
4>FV?L=> 6<>>D<EF>6G64F< ?>=OFFO «75>F5E=VG=4 =4-
4V==VEFL �DG=F>6<E >E=>6».  
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2.2. �&���� ���&�%��'��� �������%&�  
���$������� �$'�&���� �%����   

 

2.2.1. &5>D5F<G=V >5�DG=FG64==O 74>>=><VD=>EFV 
4>67>FD<64?<E >EV44=L 75<=>W ?>65DE=V ?V4D>5?5=>W 
F5D<F>DVW =4 ?D<>?44V �L6V6EL>>-�>?<=EL>>7> 
6G7V?L=>7> 54E5==G 

 
�E=GNGV =>D<4F<6=V F4 V=EFDG>F<6=V 4>>G<5=F< M>-

4> ?V4D>5>< F5D<F>DV= 6G7V?L=<<< L4EF4<< �>=54EG 
[1÷3] V 74DG5V6=V 465D5?4 [4; 5] EF65D46GNFL, M> 7474?L=4 
FD<64?VEFL ?D>F5EG >EV44==O 75<=>W ?>65DE=V ?V4D>5?5-
=<E F5D<F>DV= E>?444T 6V4 0.5 4> 2.5 D>>V6 ?VE?O ?D<?<-
=5==O ?V4D>5>< 74?56=> 6V4 WW L6<4>>EFV V 7?<5<=<. 

�4?D<>?44, 77V4=> [133], ?D< 7?<5<=V D>7D>5>< ??4-
EFG � = 500 < V L6<4>>EFV D>7D>5>< ?46< E = 120 </<VE., 
7474?L=4 <4>E<<4?L=4 FD<64?VEFL ?D>F5EG 7DGL5=L &7 
5G45 EF4=>6<F<: 

          E

��
T F

7

ô
ý  =

120

5005.2 ô
 = 10.4 (<VE.), 

45 �F = 1.5÷2.5 3 >>5DVFVT=F, O><= 74?56<FL 6V4 <5-
E4=VG=<E 6?4EF<6>EF5=, ?VF>?>7VG=<E F4 V=L<E >E>5?<6>-
EF5= <4E<6G 7VDEL><E ?>DV4, 6<7=4G4TFLEO 4>E?V4=<< 
L?OE><.       

�>DV< FL>7>, D>7D4EG=>>6V >EV44==O 75<=>W ?>65D-
E=V ·, 77V4=> [133], =V>>?< =5 ?5D56<MGNFL ?>FG6=>EFV 
6<D>5?5=>7> ??4EFG V EF4=>6?OFL, O> ?D46<?>, 6V4 60 4> 
80% 6<E>F< 6<D>5?5=>7> ?D>EF>DG 74?56=> 6V4 E?>E>5G 
>5DG64==O ?>>DV6?5N, L6<4>>EFV ?D>E>465==O 6<D>5><, 
F>M>. � 7474?L=><G 6<7?O4V ?D>F5E >EV44==O ?>65DE=V 
?V4D>5?5=>W F5D<F>DVW, 77V4=> G<==<E =>D<4F<6=<E 4>-
>G<5=FV6, <>6=4 6V4>5D47<F< >D<6>N (3) =4 D<E. 2.1. 
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�6F>D <>=>7D4DVW 6?D>4>66 5474FL>E D>>V6 4>E?V-
46G646 ?D>F5E< >EV44==O ?V4D>5?5=<E F5D<F>DV= '5D6>-
=>7D44EL>>7> D57V>=G �L6V6EL>>-�>?<=EL>>7> 6G7V?L=>7> 
54E5==G. �=4?V7 5474FL>E 44=<E, 7>>D5<4 [6310], 4 F4>>6 
46F>DEL><E 4>E?V465=L [11314] ?>>4746, M> D4>F<G=V 
>EV44==O ?V4D>5?5=<E F5D<F>DV= '5D6>=>7D44EL>>7> D5-
7V>=G 6V45G64NFLEO 6?D>4>66 5-F< V 5V?LL5 D>>V6 ?VE?O 
?D<?<=5==O 4VO?L=>EFV 6G7V?L=<E L4EF. 

� G<>64E '5D6>=>7D44G >EV44==O 75<=>W ?>65DE=V 
?D< ?>FG6=>EFV 6<D>5?5=>7> ??4EFG 0,9÷1,2 < EF4=>6<FL 
4?O F5=FD4?L=>W G4EF<=< <VEF4 1,5 <, 4 4?O =46>>?<L=VE 
<VEF %>E=V6>4, �VD=<> 3 5V?LL5 2,0 < V =>E<FL 7?>54?L=<= 
74 ??>M5N E4D4>F5D.  

�>E?V465==O 4<=4<V>< 45D>D<4FV==<E ?D>F5EV6 =4 
6>474=<E F5D<F>DVOE ?>>474?<, M> ?D>F5E 7EG6G V >EV44=-
=O ?V4D>5?5=>W 75<=>W ?>65DE=V ?D< 7?<5<=V D>7D>5?5-
=<E 6G7V?L=<E ??4EFV6 300÷500 <5FDV6 >?<EGTFLEO 5<?VD<-
G=<< >>5DVFVT=F>< Stz : 
                                        

tzmaxt Shh ôý ,                                 (2.1) 

45 
th 3 >EV44==O F>G>< 75<=>W ?>65DE=V G5D57 G4E t ?VE?O 

?>G4F>G ?D>F5EG 7EG6G; 
hmax 3 <4>E<<4?L=> <>6?<65 >EV44==O F>G>< ?V4D>5-

?5=>W 75<=>W ?>65DE=V. 
�=4G5==O >>5DVFVT=F4 Stz <>6=4 4?D>>E<<G64F< ?5-

D<4=5=F=>N DG=>FVTN: 

                          
T

t
2sin15.0

T

t
)t(BS tz ðôýýý ,              (2.2) 

45 T 3 FD<64?VEFL 7EG6G 75<=>W ?>65DE=V ?V4D>5?5=>W F5-
D<F>DVW.   

�G56<4=>, M> 1B0 óó , F>4V: 
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           )
T

t
2sin15.0

T

t
(h)t(Bhh maxmaxt ðôýôýôý .   (2.3) 

�?O 6<7=4G5==O 7 D>D<G?< (2.3) 65?<G<=< T, D>7-
>?445<> sin x 6 DO4 &5=?>D4: 

 
...)

)!1n2(

x)1(
...

!5

x

!3

x
xxsin

1n2n53

û
û
ôý

ûûûýý
û

      
(2.4) 

�V7L<5<> FV?L>< ?5DL<= 4>44=>> 7 D>D<G?< (2.4) 

          
T

t
2

T

t
2sinxxsin ðð ýþý .                        (2.5) 

&>4V 6<D47 (2.4) <>6=4 74?<E4F< G 6<7?O4V: 

         )
T

t
215.0

T

t
(hh maxt ðôýôý

 
45>               (2.6)                 

)3.01(
T

t
h)215.01(

T

t
hh maxmaxt ðð ýôôýôýôôý .(2.7) 

�EF4F>G=>: 

               
t

h

h
0575.0)3.01(t

h

h
T

t

max

t

max ôýýôôý ð .         (2.8) 

' 1982 D>FV 6 F5=FD4?L=V= G4EF<=V <VEF4 '5D-
6>=>7D44 7>D<7>=F4?L=V D>7FO7GNGV 45D>D<4FVW 75<=>W 
?>65DE=V EF4=>6<?<: õ = +1,10 <</<, 4 EF<E>4NGV 4>EO74-
?< õ = -1.60 <</< ?D< 6<7<=V (?D>7<=V) >E=>6< ?> D44VG-
EG R = 12 ><.  

�7V4=> 44=<E �� «'>D74EV46G7V??O», 4 F4>>6 G 6V4-
?>6V4=>EFV 7 7VD=<G>-75>?>7VG=<< >5�DG=FG64==O< 5-7> 
<V>D>D4=>=G <.'5D6>=>7D44, G 1998 D>FV <4?< <VEF5 G65 
F4>V 45D>D<4FVW 75<=>W ?>65DE=V: i = 9,06 <</<,  R = 
11,6 ><, õ =ñ 3,15 <</<. &4><< G<=>< <>6=4 >>=EF4FG-
64F< 75V?LL5==O V=F5=E<6=>EFV 45D>D<4FV= >E=>6< ?D< 
EF45V?L=<E >5EO74E ?V4D>5><. 
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�4?56=VEFL >>5DVFVT=F4 Stz 6V4 FD<64?>EFV 7EG6G T 
75<=>W ?>65DE=V 4?O 45D>D<4FV= 12.0 >< < R f 24.0 >< V  
±3.5 <</< < õ  f ±5.0 <</<, O>V E?>EF5DV74?<EL =4 4>E-
?V46G64=V= F5D<F>DVW, <>65 5GF< ?D54EF46?5=4 =4 7D4DV-
>G hmax = f(&) >D<6>N (2), 4>EF>6VD=VEFL O>>W ?V4F65D46G-
TFLEO >D<6>N D4>F<G=<E >EV44=L (>D<64 (1) =4 D<E. 2.1). 

� =4L><G 6<?44>G V=F5D5E O6?O?4 4<=4<V>4 7<V=< 
>>5DVFVT=F4 Stz 6?D>4>66 G4EG T FD<64?>EFV 7EG6G 75<=>W 
?>65DE=V. �?O ?>OE=5==O ?D<D>4< >?<E4=>7> O6<M4 4>-
67>FD<64?>7> >EV44==O ?V4D>5?5=>W 75<=>W ?>65DE=V ?D>-
6545<> 4=4?V7 7VD=<G>-75>?>7VG=>W F4 V=65=5D=>-75>-
?>7VG=>W E<FG4FV= EF4D>W G4EF<=< <. '5D6>=>7D44 =4 
?D<>?44V D4=>=G 6G?<FV V ??>MV %>5>D=>W (4<6. D<E. 2.2, 
2.3).  

�VD=<G>-75>?>7VG=4 E<FG4FVO <. '5D6>=>7D44, 7>-
?>6=<< G<=><, >5G<>6?5=4 ?V4D>5>>N <4=65 GEL>7> <V-
EF4 L4EF>N «'5D6>=>7D44EL>4 7 1». �57?>E5D54=L> 4>E-
?V46G64=<= D4=>= 7=4E>4<FLEO 6 EEV4=V= G4EF<=V 7VD=<-
G>7> 6V46>4G L4EF< 7 1 «'5D6>=>7D44EL>4» V D>7<VM5-
=<= 6 FD<>GF=<>G 75>?>7>D>76V4G64?L=<E E65D4?>6<= 7 
1815, 7 1527 V 7 1813. �5>?>7>-D>76V4G64?L=4 E65D4?>6<-
=4 7 1815 7=4E>4<FLEO =4 EEV4, E65D4?>6<=4 7 1527 3 =4 
?V6=VG=<= 74EV4, 4 E65D4?>6<=4 7 1813 3 =4 ?V645==<= 
74EV4 6V4 747=4G5=<E 5G4V65?L.  

�4=V F<E E65D4?>6<=<, 4 F4>>6 <4F5DV4?< 5GDV==O 
V=65=5D=>-75?>7VG=<E E65D4?>6<= 67OFV 74 >E=>6G 4?O 
4=4?V7G V=65=5D=>-75>?>7VG=>W V 7VD=<G>-75>?>7VG=>W E<-
FG4FV= V 75>?>7VG=>W E4D4>F5D<EF<>< 4V?O=>< 745G4>6<. 

�4<9O=>6G7V?L=V 6V4>?445==O D>76V44=V E65D4?>6<-
=4<< 4> 7?<5<=< 455.4 <. �>=< ?D54EF46?5=V G5D7G-
64==O< 4D75?VFV6, 4?56D>?VFV6, ?VE>>6<>V6 7 ?D>L4D>4<< V 
??4EF4<< 6G7V??O.  
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$<E. 2.1. �D4DV>< >EV44==O 75<=>W ?>65DE=V ?V4D>5?5=>W F5D<F>DVW: 1 3 D4>F<G=V >EV44==O 77V4=> 75>457<G=<E  

E?>EF5D56=L; 2 3 >EV44==O, >?<E4=V 74 4>?><>7>N 5<?VD<G=>7> >>5DVFVT=F4 Stz ; 3 3 >EV44==O 77V4=> G<==<E  

=>D<4F<6=<E 4>>G<5=FV6 
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&D< 7 =<E: 
6
7

n , 8
n V 

6
8

n 4>EO7?< D>5>G>W ?>FG6=>EFV V 

D>7D>5?O?<EL L4EF>N 7 1 «'5D6>=>7D44EL>4» («'�»). 

$>7D>5>4 ??4EFG 
6
7

n ?D>6>4<?4EL 7 1975 ?> 1976 DV> 

=4 7?<5<=V 465 V 475 <. �>FG6=VEFL ??4EFG 3 6V4 1.10 4> 
1.0 <.  

$>7D>5>4 ??4EFG 8
n ?D>6>4<?4EL 7 1978 ?> 1993 DV> 

=4 7?<5<=V 455, 465 V 475 <. �>FG6=VEFL ??4EFG 3 6V4 
1.40 4> 1.0 <. 

$>7D>5>4 ??4EFG 
6
8

n ?D>6>4<?4EL 7 1975 ?> 1988 DV> 

=4 7?<5<=V 472 V 485 <. �>FG6=VEFL ??4EFG 3 6V4 1.40 4> 
0.70 <. 

�474?L=4 ?>FG6=VEFL 6<D>5?5=<E ?V475<=<E ?GEF>F 
=4 4>E?V46G64=V= F5D<F>DVW EF4=>6<?4: 

- 6 ?464E 9 V 10 3 2.10 <; 
- 6 ?464E 44-47 3 2.10 <; 
- 6 ?464E 13, 14, 407,408 3 2.70 <; 
- 6 ?464E 409-411, 22-24 3 2.80 <.    
�<4>5GF>> 6G7V??O L4EF>N 7 1 «'�» ?V4 4>E?V46G-

64=>N F5D<F>DVTN 5G6 ?D<?<=5=<= 6 1993 D>FV. �4>D<FFO 
WW 74>V=G<?>EL 6 2001 D>FV. �VO?L=VEFL L4EF< 6<>?<>4?4 
GF6>D5==O <G?L4< 7EG6G =4 6EV= F5D<F>DVW 4>E?V46G64=>-
7> D4=>=G 7?<5<=>N 4> 3.50 <. 

� 75>?>7VG=V= 5G4>6V D4=>=G ?D<=<4NFL GG4EFL 6V4-
>?44< G5F65DF<==>7>, >D5=4O=>7> V >4<9O=>6G7V?L=>7> 
?5DV>4V6.  

' 65DE=V= G4EF<=V �DG=F>6>W F>6MV ?V4D>5?5=>W F5-
D<F>DVW =4 6EV= ??>MV L4EF=>7> ?>?O 74?O74T 4>EF4F=L> 
?>FG6=<= (10÷14 <) L4D EG7?<=>V6 V ?<?G64F<E ?VE>V6. 
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$<E. 2.2. �<>>?VN64==O 7 ??4=G 7VD=<G<E 6<D>5>> ??4EFG 
6
7

n  

�>E?V46G64=<= 5G4<=>> 
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$<E. 2.3. �<>>?VN64==O 7 ??4=G 7VD=<G<E 6<D>5>> ??4EFG n8 

�>E?V46G64=<= 5G4<=>> 
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�D5=4O=V 6V4>?44< ?D54EF46?5=V ?>FG6=<<< L4D4-
<< MV?L=<E <5D75?V6 (243.0 <) V >D5=4>?>4V5=<E 64?=O>V6 
?>FG6=VEFN 99.0 <. �474?L=4 ?>FG6=VEFL ?>DV4 >D5=4O=>-
7> ?5DV>4G EF4=>6<FL 342.0 <. 

�=4?V7 D57G?LF4FV6 5474FL>E V=65=5D=>-75>?>7VG-
=<E 6<LG>G64=L ?>>47GNFL, M> E4D4>F5D=>N D<E>N ?<-
?G64F<E EG?VE>V6 V EG7?<=>V6, O>V 74?O74NFL 6 F>6MV 4>E?V-
46G64=>W F5D<F>DVW T F5, M> 6 G<>64E ?V46<M5==O WE 6>-
?>7>EFV (6 =4L><G 6<?44>G 3 6=4E?V4>> ?V4=OFFO DV6=O 
�DG=F>6<E 6>4), 6>=< <>6GFL ?5D5E>4<F< 6 F5>GG>-
??4EF<G=<= V (45>) F5>GG<= EF4= V =45G64F< 6?4EF<6>EF5= 
?E564>-??<6G=V6.  

� F4>><G EF4=V, =46VFL ?D< F<E>G =4 =<E =5 5V?LL>-
<G, O> 0.15 ��4 6>=< ?57>> <>6GFL 6<F<E>4F<EL 7-?V4 
DG=44<5=FV6 5G4V65?L V E?>DG4, 6<>?<>4NG<  6FD4FG WE 
EFV=>>EFV V, O> D57G?LF4F, 45D>D<4FVW V ?>L>>465==O =5-
EGG<E >>=EFDG>FV=. 

�<6G5==O F4 4=4?V7 D57G?LF4FV6 5474FL>E V=65=5D=>-
75>?>7VG=<E 6<LG>G64=L F4 7VD=<G>-75>?>7VG=<E 4>E?V-
465=L =4 F5D<F>DVW <. '5D6>=>7D44, 6VFG<7=O=<= V 74DG-
5V6=<= 4>E6V4, 74>5GF<= D4>F<G=<= <4F5DV4? V 7D>5?5=V 
F5>D5F<G=V 6<>?44>< 44NFL <>6?<6VEFL 7 4>EF4F=V< EFG-
?5=5< 4>EF>6VD=>EFV EF65D46G64F<, M> 7 F>G>< 7>DG 45-
D>D<4FV==<E ?D>F5EV6 ?V4D>5?5=>W �DG=F>6>W >E=>6<, 
4VO?L=VEFL V 74>D<FFO 6G7V?L=<E L4EF E?D<G<=<?< ?4=-
FN7>6G D54>FVN 6<=<>=5==O =574F<6=<E D4>F>DV6 6??<-
6G, O>V 6<>?<>4?< 4>67>FD<64?5 ?>=44=>D<4F<6=5 >EV-
44==O 4>E?V46G64=>W ?V4D>5?5=>W F5D<F>DVW. 

�4 D<EG=>G 2.4 ?D54EF46?5=<= 4?7>D<F< V ?D<G<=>-
=4E?V4>>6<= 76'O7>> 6>474=<E ?D>F5EV6: 
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             4<6. 74>V=G5==O 

1. �V4D>5>4 4>E?V46G64=>W F5D<F>DVW E?D<G<=<?4 =5DV6-
=><VD=V 7>D<7>=F4?L=V 45D>D<4FVW V ?D>EV44==O 75<=>W ?>-
65DE=V 6 =>D<4F<6=<E <564E (80÷85% ?>FG6=>EFV 6<D>5?5-

=>7> ?V475<=>7> ?D>EF>DG) 7 GF6>D5==O< <G?L4< 7EG6G. 

2. �?>54?L=5 ?D>EV44==O F5D<F>DVW L4EF=>7> ?>?O =4 7?<-
5<=G 4> 3.50 < ?D<765?> 4> «?V4=OFFO» =4 6V4?>6V4=G 65?<-
G<=G $��, 4 =5DV6=><VD=V 65DF<>4?L=V V 7>D<7>=F4?L=V 7DG-
L5==O >E=>6< 3 4> 7<5=L5==O MV?L=>EFV V GF6>D5==O FDV-

M<= G =<6=VE �DG=F>6<E ??4EF4E. 

3. �>FG6=<= L4D ?<?G64F<E EG7?<=>V6 V EG?VE>V6, M> 
E>?444NFL 65DE=N G4EF<=G 75>?>7VG=>7> D>7DV7G 4>E?V46G-
64=>W F5D<F>DVW, ?5D5=L?< 7 FG7>-??4EF<G=>7> 6 ??4EF<G-
=<= V F5>GG>-??4EF<G=<= EF4=. � G<>64E 75V?LL5==O 6>?>-
7>EFV F4>V �DG=F< <4NFL 6?4EF<6VEFL >>=E>?V4G64F<EL, F>5F> 

MV?L=VL5 «G?4>>6G64F<EL», 7<5=LGNG<EL 6 >59T<V, DGE4-
F<EL 6 7>D<7>=F4?L=><G =4?DO<>G. �=4E?V4>> FL>7> 6V45G-
64TFLEO 4>67>FD<64?5 ?>6F>D=5 >EV44==O 75<=>W ?>65DE=V. 

4. /6<M5 >>=E>?V44FVW, ?5D54<E?>>4FVW, ?5D5E>4G ?<?G64-
F<E ?VE>V6, EG?VE>V6 V EG7?<=>V6 G ?E564>-??<6G=< ?>OE=NT 
75V?LL5==O 7474?L=>7> ?D>EV44==O ?V4D>5?5=>W F5D<F>DVW 
4> 65?<G<=< 1003110% ?>FG6=>EFV 6<D>5?5=>7> ?V475<=>7> 
?D>EF>DG. �G4<=>< V E?>DG4<, ?V475<=V V=65=5D=V <5D56V 
557 >>=EFDG>F<6=<E 74E>4V6 74E<EFG 6V4 ?V4D>5>< >E=>6< 
?D>4>66GNFL 45D>D<G64F<EO 6?D>4>66 5474FL>E D>>V6. 
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$<E. 2.4. �4=FN7>64 D54>FVO D4>F>DV6, O>V ?>OE=NNFL 74>>=><VD=VEFL  
 4>67>FD<64?<E >EV44=L 75<=>W ?>65DE=V ?V4D>5?5=>W F5D<F>DVW 

5. �5DV6=><VD=V 45D>D<4FVW �DG=F>6>W F>6MV L4EF=>7> 
?>?O E?D<G<=<?< F5>F>=VG=V 7DGL5==O 6 �DG=F4E, M> WW 
D>D<GNFL. � FDVM<=G64F<E ?VM4=<>4E V <5D75?OE GF6>-
D<?<EL 65DF<>4?L=V V ?>E<?V >4=4?<, ?> O><E ?D4>F<G=> 
557 ?5D5L>>4, ?>65DE=56V V �DG=F>6V 6>4< <V7DGNFL 7 ?>-

65DE=V G5D57 V=LV ?V475<=V 7>D<7>=F< G 6<D>5?5=V ?V475<-
=V L4EF=V ?GEF>F<. �6V4F< D47>< V7 L4EF=<<< 6>44<< ?>-
65DE=56V 6>4< 6V4>4GGNFLEO =4 ?>65DE=N. &4><< G<=><, 
D4>F>D>< O><= D57G?N646 DV65=L �DG=F>6<E 6>4 4> 74-
>D<FFO L4EF, 5G6 F5E=>75==<= D5F<>?V=7 ?>65DE=56<E V 
�DG=F>6<E 6>4 6V4 75<=>W ?>65DE=V G5D57 F>6MG 7VDEL><E 

?>DV4 6=<7 G L4EF=<= ?D>EFVD V =4744 =4 ?>65DE=N 74 <5-
6V L4EF=>7> ?>?O G 6V4EFV==<><, 45> 6 DVG><. 

 

6. �4>D<FFO L4EF ?5D5454G4T ?D<?<=5==O 6V4>4GG64==O 
L4EF=<E 6>4 =4 ?>65DE=N, 4?5 7>6EV< =5 GEG=5==O WE ?D<-

F>>G G 6<D>5?5=<= ?V475<=<= ?D>EFVD. 

7. �D<?<=5==O 6V4>4GG64==O L4EF=<E 6>4 D>D<GT 6<E>-
>> =4?VD=<= 6>4>=>E=<= 7>D<7>=F 6 <564E 6V4?D4FL>64-
=<E ?GEF>F, F<< E4<<< ?>DGLGNG< EF6>D5=<= F5E=>75=-

=<= D5F<>?V=7 ?>65DE=56<E V �DG=F>6<E 6>4. 

8. �>?444==O 5G4V65?L V E?>DG4 6 7>=G ?V4D>5><, D>5<FL 
WE 5>E??G4F4FVN ?D>5?5<4F<G=>N V 4>D>7>N, ?>L>>465=-
=O F4 45D>D<4FVW 5G4V65?L V E?>DG4 V =46VFL 464DVW <>6GFL 

=45G64F< ?46<==>7> E4D4>F5DG. 
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2.2.2. �5�DG=FG64==O 74>>=><VD=>EFV ?>L>>465=L 
6<F?>6>W 745G4>6< 6=4E?V4>> 6??<6G 4>67>FD<64?<E 
>EV44=L ?V4D>5?5=<E F5D<F>DV= <. '5D6>=>7D44 =4  
?D<>?44V 6<F?>6>7> 5G4<=>G 7 4 =4 ??. %>5>D=V= 

 

�>E?V46G64=<= 6<F?>6<= 5G4<=>> D>7<VM5=<= 6 
?V645==V= G4EF<=V <. '5D6>=>7D44 6 7>=V EF4D>W 745G4>6<. 
�>5G4>64=<= =4 ?>G4F>G 50-E D>>V6 <<=G?>7> EF>?VFFO. 
�57?>E5D54=L> 7=4E>4<FLEO 6 EEV4=V= G4EF<=V 7VD=<G>7> 
6V46>4G L4EF< 7 1 «'5D6>=>7D44EL>4» 6 FD<>GF=<>G 75-
>?>7>D>76V4G64?L=<E E65D4?>6<= 7 1815, 7 1527 V  
7 1813 (4<6. D<E. 2.2, 2.3). 

�DG=F>64 >E=>64. �57?>E5D54=L> ?V4 ?V4>L6>N DG-
=44<5=FV6 4>E?V46G64=>7> 5G4<=>G 7=4E>4<FLEO EG7-
?<=>> F>=>>?<?G64F<= 6>4>=4E<G5=<=, ?>FG6=VEFN 
1.40÷2.0 <. �<6G5 74?O74T EG?VE>> EVD<= DV7=>75D=<EF<= 
MV?L=<= 6>?>7<=. �=65=5D=>-75>?>7VG=G V 7VD=<G>-75>?>-
7VG=G E<FG4FVW F4 75>?>7VG=V E4D4>F5D<EF<>< �DG=FV6 4V-
?O=>< 745G4>6< 4<6. G D>74V?V 2.2.1. 

�>=EFDG>F<6=4 EE5<4. �G4<=>> O6?OT 6 ??4=V FD< 
E<<5FD<G=> ?>T4=4=<E <V6 E>5>N ?DO<>>GF=<E 5?>><. 
%5D54=V= 5?>> <4T D>7<VD< 6 >EOE «3-5»×«�-
�»=16.6×12.9 <, 4> =L>7> 4>6L<<< EF>D>=4<< ?D<<<>4-
NFL 464 >D4==VE 5?>>< D>7<VD4<< 6 >EOE «2-3»×«�-�» V 
«5-6»× «�-�»= 8.6×15.8 < >>6=<=. �6>?>65DE>6<=, 557?V-
464?L=<=. �5EGGV >>=EFDG>FVW 3 7>6=VL=V EFV=< V 6=GFDV-
L=V= 65G4>64=<= >4D>4E 7 >>?>= V D<75?V6, =4 O>V >?<D4-
NFLEO 54?>< ?5D5>D<FFV6. �5DF<>4?L=V ?>?5D5G=V 4V4D-
D47<< 6>DEF>>EFV EF6>D5=V EFV=4<< EE>4>6<E >?VF>> V WE 
?D>4>665==O<< =4 6EN L<D<=G 5G4<=>G (4<6. D<E. 
2.5÷2.7).  
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� F>G>< 7>DG E?D<==OFFO =5DV6=><VD=<E 45D>D<4-
FV= >E=>6<, >>=EFDG>F<6=4 EE5<4 5G4<=>G =5 6>?>4VT 
4>EF4F=L>N ?D>EF>D>6>N 6>DEF>VEFN. 

$G=44<5=F< =5EGG<E EFV=. %FDVG>>6V 7 5GF>6>7> 
>4<5=N =4 F5<5=F=>-?VM4=><G D>7G<=V, 7?<5<=>N 74-
>?444==O 0.8 < 6V4 DV6=O 6V4<>EF><, L<D<=4 ?V4>L6< 3 
0.6 <. ' 1980 D>FV 5G?> 6<>>=4=5 ?V4E<?5==O DG=44-
<5=FV6 L?OE>< 6?4LFG64==O >?>D=<E ?>4GL>> ?> >5<4-
6V EF>D>=< DG=44<5=F=<E EFDVG>>. ,<D<=4 ?V4>L6< ?V-
4E<?5=<E 4V?O=>> DG=44<5=FV6, F4><< G<=><, 5G?4 75V-
?LL5=4 =4 0.70÷0.80 < V E>?444T 1.30÷1.40 <. � F>>>?L=V= 
G4EF<=V ?>74>66=VE EFV= T ?>E<?V V 65DF<>4?L=V =4E>DV7=V 
FDVM<=< L<D<=>N D>7>D<FFO acrc = 6÷18 <<, O>V D>76<-
64NFLEO 7=<7G 665DE.   

$G=44<5=F< >>?>=. %F>6?G4EFV 7 F57?O=>W >?44>< 
=4 F5<5=F=>-?VM4=><G D>7G<=V. �?<5<=4 74>?444==O 6V4 
DV6=O ?V4?>7< ?5DL>7> ?>65DEG 0.8 <. $>7<VD< ?V4>L6< 6 
??4=V 0.75×0.75 <. %?>EF5DV74NFLEO 7=4G=V >EV44==O DG=-
44<5=FV6 >>?>=. �4=5V?LLV 7 =<E EF4=>6?OFL 90÷110 <<. 

�5EGGV EFV=<. � G5D6>=>W ?>6=>FV?>W F57?< =4 F5<5-
=F=>-?VM4=><G D>7G<=V. &>6M<=4 7>6=VL=VE EFV= 510 <<, 
6=GFDVL=VE =5EGG<E V EFV= EE>4>6<E >?VF>> 3 380 <<. 
�44?D>T<=V ?5D5<<G>< 75VD=V 74?V7>55F>==V DO4>6V V =5-
EGGV. � 7>6=VL=L>W EF>D>=< EFV= =4 DV6=V ?5D5>D<FFV6 
?5DL>7> V 4DG7>7> ?>65DEV6 6?4LF>64=V 7>D<7>=F4?L=V 
<5F4?56V FO6V 7 4D<4FGD< Ø32 <<. �=LV V=65=5D=>-
F5E=VG=V 74E>4< 74E<EFG >>=EFDG>FV= 6V4 ?V4D>5>< >E-
=>6< 6V4EGF=V. 

� >?>D=<E 7>=4E =44?D>T<=<E ?5D5<<G>> T E>>?< 
F57?O=>W >?44><. � F5=FD4?L=V= G4EF<=V 46>D>6>7> D4E4-
4G 6V7G4?L=> ?><VF=5 ?5D5>>LG64==O 6V>>=. ' 7>6=VL=VE 
?>74>66=VE EFV=4E 5G4<=>G E?>EF5DV74NFLEO 65DF<>4?L=V 
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V ?>E<?V =4E>DV7=V FDVM<=<. �D>FO6=VEFL =4=4>6L<E 7 
=<E 3 4> 1/3 6<E>F< ?>65DEG. &DVM<=< D>76<64NFLEO 
7=<7G 665DE, L<D<=4 D>7>D<FFO =4 G4E >5EF565==O EF4-
=>6<?4 acrc = 6.0÷18.0 <<. $57G?LF4F< ?>DV6=O==O D4=VL5 
74DV>E>64=<E >4DF<= FDVM<=>GF6>D5==O 7 VE=GNG<<< =4 
G4E >5EF565=L, ?>>474?< ?>O6G =>6<E V D>76<F>> EF4D<E 
FDVM<= 6 EFV=4E 5G4<=>G, M> E6V4G<FL ?D> =4O6=VEFL V =5-
74FGE4NGG 4<=4<V>G =4?DG65=L 6 =5EGG<E >>=EFDG>FVOE.     

�5EGGV >>?>=<. &57?O=V, ?>?5D5G=<< EVG5==O< 
0.51×0.51 <. �D>EV44==O >>?>= ?5DL>7> ?>65DEG 6 >EOE 
«335» EF4=>6<FL 90÷100 <<, E?>EF5DV74NFLEO 7>D<7>=-
F4?L=V FDVM<=< <V6 65DE>< >>?>= V =<7>< <V6?>65DE>6>-
7> ?5D5>D<FFO L<D<=>N D>7>D<FFO acrc 4> 100 <<. �D>EV-
44==O 7>6=VL=VE >>?>= 6 E5D54=V= ?> 4>66<=V G4EF<=V 
5G4<=>G EF4=>6<FL 70÷80 <<, E?>EF5DV74TFLEO 6V4E<?5==O 
6V4 65DF<>4?L=>W >EV. 

�5D5>D<FFO. �5D569O=V 54?>< 7 >5?<D4==O< =4 =5-
EGGV EFV=< V ?D>7>=< 7 <5F4?56<E 46>F46DV6. �D>> 45-
D569O=<E 54?>> 800÷900 <<. �D>7>=< >5?<D4NFLEO =4 F5-
7?O=V >>?>=<. � <VEFOE >EV44==O >>?>= E?>EF5DV74NFLEO 
7=4G=V ?D>7<=< ?5D5>D<FFO. � >>D5<<E <VEFOE 54?>< ?5-
D5>D<FFO ?D>6<E4NFL =44 >>?>=4<<.  

%E>4<. �6><4DL56V, 45D569O=V ?> 45D569O=<E >>E>G-
D4E. %E>4>6V ??>M44>< 45D569O=V, 7 >5?<D4==O< =4 ?>7-
4>66=V EFV=< EE>4>6>W >?VF><. �<4<<<E ?>L>>465=L =5 
6<O6?5=>. 

�4E. '>F<D<EE<?<= 64?L<>6<=. �5EGGV >>=EF-DG>FVW 
3 45D569O=V ?>E<?V >D>>6< 7 74FO6>4<< V ?V4>>E4<<. �D>-
7<=< >D>>6V6 7=4E>4OFLEO 6 4>?GEF<<<E <564E. � >>D5<V 
<VEFO 74<>>4==O >>=EFDG>FV= 44EG. �4D=<7< 7 4>M>> ?> 
45D569O=<E >>5<?>4E. 

�>4>=5EGGV >><G=V>4FVW. �7V4=> V=D>D<4FVW 5>E??G-
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4F4FV==<E E?G65, 74 G4E GFD<<4==O 5G4<=>G 464DV==V 6<-
F>>< 6>4< 6 �DG=F 7 6=GFDVL=VE V 7>6=VL=VE 6>4>?D>6V4-
4=<E <5D56 =5 E?>EF5DV74?<EL. 

� D57G?LF4FV >5EF565==O =5EGG<E >>=EFDG>FV= 5G-
4<=>G 7 4 =4 ??. %>5>D=V= 6 <. '5D6>=>7D44, ?>-
L>>465==O<< V D4>F>D4<<, M> 7<5=LGNFL =>7> 5>E-
??G4F4FV==G =44V==VEFL, 6<7=4=> =4EFG?=V: 

- ?>O64 =>6<E V D>76<F>> VE=GNG<E =4E>DV7=<E E<?>-
6<E FDVM<= G 7>6=VL=VE EFV=4E 5G4<=>G, M> ?D<-76>4<FL 
4> 7<5=L5==O EGFV?L=>EFV =5EGG<E EFV= V ?>44?LL>7> 
7<5=L5==O ?D>EF>D>6>W 6>DEF>>EFV >>=EFDG>F<6=>W EE5-
<< 5G4<=>G;    

- DG==G64==O (E>>?<) F57?O=>W >?44>< >?>D=<E 4V-
?O=>> =44?D>T<=<E ?5D5<<G>>, M> <>65 ?D<65EF< 4> 
>5DGL5==O ?5D5<<G>> V =44?D>T<=<E 4V?O=>> EFV=;  

- 7=4G=5 ?D>EV44==O (90÷100 <<) V 6V4E<?5==O 6V4 65-
DF<>4?L=>W >EV =5EGG<E F57?O=<E >>?>=, M> ?D<76545 4> 
6FD4F< >>?>=4<< EFV=>>EFV, >5DGL5==O 5?5<5=FV6 ?5D5>-
D<FFO V ?>>D<FFO, O>V =4 =<E >5?<D4NFLEO.   

�V4?>6V4=> 4> 6<<>7 >D<F5DVW6 �-W 7DG?< 7D4=<G=<E 
EF4=V6 (=5EGG4 744F=VEFL, <VF=VEFL, 45D>D<4F<6=VEFL) 74-
74?L=<= F5E=VG=<= EF4= 4>E?V46G64=>7> 5G4<=>G <>6=4 
>?4E<DV>G64F< O> ?5D54464DV==<= 7 F5=45=FVTN ?5D5E>4G 
6 464DV==<=, ?D< O>><G 45D>D<4FVW >E=>6< D47>< 7 ?>E-
FV==<<< V F<<G4E>6<<< =464=F465==O<< >5G<>6<?< 
?>L>>465==O >>D5<<E >>=EFDG>FV=, >4=4> 674T<>-
?>69O74=V EGEV4=V >>=EFDG>FVW 45> 5?5<5=F< ?>>< M> 7=4-
E>4OFLEO 6 4>7D4=<G=><G EF4=V, F<< =5 <5=L5, 45D>D-
<4FVW V ?>L>>465==O ?>EFG?>6> =4>>?<GGNFLEO V ?>6V-
?L=> D>76<64NFLEO [11; 12; 15; 16].    

' 769O7>G 7 ?D>EG64==O< >D4N <G?L4< 7EG6G ?V4 G4E 
?>6F>D=<E ?V4D>5>> F5D<F>DVW ??. %>5>D=>W, >5EF56G64-
=<= 5G4<=>> ?>?4446 ?V4 4VN ?D>7=GF>W WW G4EF<=< (?D>-



149 
 

7<=46EO). �4?DG65=>-45D>D<>64=<= EF4= 5G4<=>G O6?OT 
E>5>N >?4E<G=<= ?D<>?44 ?D>7<=G ?> F6VD=V=, ?5D?5=-
4<>G?OD=V= 4> ?>74>66=L>W >EV 5G4V6?V. �D< FL><G <4>-
E<<4?L=<= ?D>7<= >E=>6< 7=4E>4<FLEO 6 E5D54=V= G4E-
F<=V 5G4V6?V (4<6. 5?NDG ?D>EV44=L 7>6=VL=L>W ?>74>66-
=L>W EFV=< 5G4<=>G =4 D<E. 2.7). 

�>=44=>D<4F<6=5 ?D>EV44==O EFDVG>>6<E V EF>6-
?G4EF<E DG=44<5=FV6 6=4E?V4>> ?>6F>D=<E ?V4D>5>> 
>E=>6< T ?5DL<< 6<7=4G4?L=<< D4>F>D><, M> 7=<6GT 
5>E??G4F4FV==G =44V==VEFL 4>E?V46G64=>7> 5G4<=>G. 

 �>6?<6VEFL 7>D<7>=F4?L=>7> 6<?>DG �DG=FV6 >E-
=>6< 7-?V4 DG=44<5=FV6 T 4DG7<< 6<7=4G4?L=<< D4>F>-
D><, M> 7=<6GT 5>E??G4F4FV==G =44V==VEFL 4>E?V46G64-
=>7> 5G4<=>G. 

�>D<4F<6< F4 V=EFDG>FVW, O>V D57?4<5=FGNFL 5G4V6-
=<FF6> 5G4V65?L 6 G<>64E ?V4D>5>< >E=>6< [133; 6] 6<<4-
74NFL, M>5 6<F?>6V 5G4<=>< ?D>5>FG64?<EL V 5G4G64?<EL 
?> 6>DEF>V=, 45> >><5V=>64=V= >>=EFDG>F<6=<E EE5<4E. 
�VF=VEFL F4><E 5G4V65?L ?>6<==4 74557?5GG64F<EL >><-
??5>E>< >>=EFDG>F<6=<E 74E>4V6 (DG=44<5=F=V V F>>>-
?L=V 74?V7>55F>==V 45> 4D<>>4<9O=V 74<>=GFV ?>OE<, 4D-
<G64==O >?44><, 7>D<7>=F4?L=V L6< >>674==O, D>7DV7>4 
5G4V6?V =4 74<>=GFV 6V4EV><, F>M>). 

&D5FV< 6<7=4G4?L=<< D4>F>D><, M> 6??<64T =4 
5>E??G4F4FV==G =44V==VEFL 4>E?V46G64=>7> 5G4<=>G T 
?>DGL5==O 6<<>7 DO4G =>D<4F<6=<E 4>>G<5=FV6 ?D< 
=>7> ?D>5>FG64==V V 5G4V6=<FF6V.   

�?O 6<7=4G5==O 65?<G<=< 6??<6G ?V4D>5>< >E=>6< 
=4 5>E??G4F4FV==G =44V==VEFL 4>E?V46G64=>7> 5G4<=>G 
77V4=> <5F>4<>< [133] ?D>6545=V D>7D4EG=>< 65?<G<= 
45D>D<4FV= 75<=>W ?>65DE=V: >EV44=L ·, =4E<?V6 i, D44VG-
EV6 >D<6<7=< R, 7>D<7>=F4?L=<E 7EG6V6 ¿, 6V4=>E=<E 7>-
D<7>=F4?L=<E 45D>D<4FV=  ·. 
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$<E. 2.5. �5<VD=<= ??4= ?>65DEG 6<F?>6>7> 5G4<=>G 7 4 =4 ??. %>5>D=V= G <. '5D6>=>7D44V: 
1 3 =5EGGV F57?O=V >>?>=< 6=GFDVL=L>7> >4D>4EG 5G4<=>G 
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$<E. 2.6. $4E44 6 >EOE «137» (7>?>6=<=) 6<F?>6>7> 5G4<=>G 7 4 =4 ??. %>5>D=V= G <. '5D6>=>7D44V: 
1 3 ?>E<?V V 7>D<7>=F4?L=V =4E>DV7=V FDVM<=< L<D<=>N D>7>D<FFO acrc=6÷18 << 6 ?>74>66=VE =5EGG<E EFV=4E 
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$<E. 2.7. $4E44 6 >EOE «7-1» (46>D>6<=) 6<F?>6>7> 5G4<=>G 7 4 =4 ??. %>5>D=V= G <. '5D6>=>7D44V: 
1 3 ?>E<?V =4E>DV7=V FDVM<=< L<D<=>N D>7>D<FFO acrc=6÷18 << 6 ?>74>66=VE =5EGG<E EFV=4E 5G4<=>G; 

2 3 5?ND4 >EV44=L F>>>?O 5G4<=>G, << 
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�4>E<<4?L=5 D>7D4EG=>>65 >EV44==O 75<=>W ?>65DE=V ?>-
65DE=V 6 7474?L=><G 6<7?O4V: 

                         · = 0.9 × k· × mED ,                            (2.9)  
45 k· = 1.10 3 >>5DVFVT=F, O><= E4D4>F5D<7GT <4>E<<4?L-
=5 >EV44==O 75<=>W ?>65DE=V 4?O 7VD=<G>-75>?>7VG=<E 
G<>6 <. '5D6>=>7D44; 

mED 3 E5D54=O ?>FG6=VEFL 6<D>5?5=>7> ??4EFG. 

- 4?O ??4EFG 
6
7

n  ·1 = 0.9×1.10×2.05 = 2.03 (<);      

- 4?O ??4EFG 8
n  ·2 = 0.9×1.10 × 2.70 = 2.67 (<); 

- 4?O 4>E?V46G64=>W 4V?O=>< 745G4>6<:  

· = ·1 + ·2 = 2.03 + 2.67 = 4.70 (<). 
�4>E<<4?L=V D>7D4EG=>>6V =4E<?< 75<=>W ?>65DE=V 6 74-

74?L=><G 6<7?O4V: 

 i = ± 2 × cos2³× ki ×����+��� + ï +���  ;     (2.10) 

- 4?O 4>E?V46G64=>W 4V?O=>< 745G4>6<:  

i = û û÷
ø

ö
÷
ø

öû÷
ø

ö
÷
ø

öû÷
ø

ö
÷
ø

öôôôñ
222

0.455

1400

0.475

1000

0.465

1100
10.112

 

ý
22

0.475

1000

0.465

1200
÷
ø

ö
÷
ø

öû÷
ø

ö
÷
ø

öû = 12.17 <</<, 

45 ³ = 0º 3 >GF ?44V==O 6<D>5?5=>7> ??4EFG; 
     ki = 1.10 3 >>5DVFVT=F, O><= E4D4>F5D<7GT <4>E<<4?L-
=<= =4E<? 75<=>W ?>65DE=V 4?O 7VD=<G>-75>?>7VG=<E 
G<>6 <. '5D6>=>7D44; 

     ��  = m1/H1;  ��  = m2/H2;& ��  = mn/Hn 3 >>5DVFVT=-
F<, O>V E4D4>F5D<7GNFL <4>E<<4?L=V 7?<5<=< 74?O74==O 
??4EFV6. 
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m1; m2;& mn 3 ?>FG6=>EFV 6<D>5?5=<E ??4EFV6;  
H1; H2;&Hn 3 7?<5<=< 74?O74==O 6G7V?L=<E ??4EFV6.   

�V=V<4?L=<= D>7D4EG=>>6<= D44VGE >D<6<7=< 75<=>W ?>-
65DE=V 6 7474?L=><G 6<7?O4V: 

       R = 
�.
�

��×����×���������ï����
 ,                (2.11) 

- 4?O 4>E?V46G64=>W 4V?O=>< 745G4>6<:  

 R= û

÷
ø

ö
÷
ø

öû÷
ø

ö
÷
ø

öû÷
ø

ö
÷
ø

öôô
222

455.0

0014.0

475.0

0010.0

465.0

0011.0
180.1

30.0

ý

÷
ø

ö
÷
ø

öû÷
ø

ö
÷
ø

öôô

û
22

475.0

0010.0

465.0

0012.0
180.1

30.0
29.2 (><), 

45 kR = 1.80 3 >>5DVFVT=F, O><= E4D4>F5D<7GT <4>E<<4?L-
=<= D44VGE >D<6<7=< 75<=>W ?>65DE=V 4?O 7VD=<G>-
75>?>7VG=<E G<>6 <. '5D6>=>7D44. 

$>7D4EG=>>6V 7>D<7>=F4?L=V 7EG6< 75<=>W ?>65DE=V 

674>66 6<D>5?5=>7> ??4EFG 6 7474?L=><G 6<7?O4V: 

   ¿ = 0.30 × cos³ × k¿ ×
2
n

2
2

2
1 m...mm ûûû ,     (2.12) 

- 4?O 4>E?V46G64=>W 4V?O=>< 745G4>6<:  

 ¿ = 0.30 × 1×1.10 × 22222 0.12.14.10.110.1 ûûûû = 0.71 (<) 
45 k¿ = 1.10 3 >>5DVFVT=F, O><= E4D4>F5D<7GT <4>E<<4?L-
=<= 7EG6 75<=>W ?>65DE=V 4?O 7VD=<G>-75>?>7VG=<E G<>6 
<. '5D6>=>7D44. 

$>7D4EG=>>6V 7>D<7>=F4?L=V 45D>D<4FVW 75<=>W ?>65DE=V 
674>66 6<D>5?5=>7> ??4EFG 6 7474?L=><G 6<7?O4V: 

         · = 0.70 × cos2³ × k· × ���� + ��� + ï + ���  ,      (2.13) 
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- 4?O 4>E?V46G64=>W 4V?O=>< 745G4>6<:  

· = 0.70×1×1.30× û û÷
ø

ö
÷
ø

öû÷
ø

ö
÷
ø

öû÷
ø

ö
÷
ø

ö
222

0.455

1400

0.475

1000

0.465

1100
             

ý
22

0.475

1000

0.465

1200
÷
ø

ö
÷
ø

öû÷
ø

ö
÷
ø

öû = 4.77 <</<,                  

45  k· = 1.30 3 >>5DVFVT=F, O><= E4D4>F5D<7GT <4>E<<4?L-
=V 7>D<7>=F4?L=V 45D>D<4FVW 75<=>W ?>65DE=V 4?O  
7VD=<G>-75>?>7VG=<E G<>6 <. '5D6>=>7D44. 

�4 >E=>6V G7474?L=5==O D57G?LF4FV6 E?>EF5D565=L 74 
?>L>>465==O<< >>=EFDG>FV= 5G4V65?L, E?>DG4, ?V4-
75<=<E V=65=5D=<E <5D56 6 �>=5FL>><G V �4D474=-
4<=EL>><G 6G7V?L=<E 54E5==4E, 6 $>EF>6EL>V= >5?4EFV 
($>EVO), 4 F4>>6 74DG5V6=>7> 4>E6V4G ?V4D>5>< GEF4=>6-
?5=4 >GV>G64=4 EFG?V=L ?>L>>465==O 5G4V65?L 557 >>=E-
FDG>F<6=<E 74E>4V6 74E<EFG 6V4 =5DV6=><VD=<E 7>D<7>=-
F4?L=<E V 65DF<>4?L=<E 45D>D<4FV= ?V4D>5?N64=>W >E-
=>6< 74?56=> 6V4 ?>>47=<>4 EG<4D=<E 45D>D<4FV= &l, 
>5G<>6?5=<E EG<VE=<< 6??<6>< 7>D<7>=F4?L=>W 45D>D-
<4FVW (D>7FO7G64==O-EF<E>4==O) · V D44VGE>< >D<6<7=< R. 

�D< >4=>D47>6V= ?V4D>5FV F5D<F>DVW F5= ?>>47=<> 
6<7=4G4TFLEO 74 D>D<G?>N: 

                        �l = (· + H/R)×l,                               (2.14) 
45 · 3 6V4=>E=4 7>D<7>=F4?L=4 45D>D<4FVO 75<=>W ?>65D-
E=V, <</<; 
    H 3 ?D<6545=4 6<E>F4 5G4V6?V, <; 
    R 3 D44VGE >D<6<7=< 75<=>W ?>65DE=V, <; 
    l 3 4>66<=4 5G4V6?V (E5>FVW), <.  

$>7D4EG=>>6<= ?>>47=<> EG<4D=<E 45D>D<4FV= &l 
(<<) ?D< ?>6F>D=<E ?V4D>5>4E 6<7=4G4TFLEO 74 D>D<G-
?>N: 
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           &l = l ×���� × �� + ��� × �7�
�  ,                 (2.15) 

45 l 3 4>66<=4 5G4V6?V (E5>FVW), <; 
    �7 3 6<E>F4 5G4V6?V 6V4 ?V4>L6< DG=44<5=FG 4> 65DEG 
>4D=<7G, <; 
    · 3 D>7D4EG=>>65 7=4G5==O 7>D<7>=F4?L=>W 45D>D<4-
FVW; 
   m· , m� 3 >>5DVFVT=F< G<>6 D>5>F<, O>V =V65?NNFL 65-
?<G<=< · V R ?> 4>66<=V 5G4V6?V (4<6. F45?. 2.1). 

�?O 4>E?V46G64=>7> 5G4<=>G: 

      &l = 38.60×
2.29

5.7
7.077.465.0

2
222 ôûô  = 195.25 (<<).   

&45?<FO 2.1 
�>5DVFVT=F< G<>6 D>5>F< m· , m� 

�>5DVFVT=F 
�>66<=4 5G4V6?V (E5>FVW) l, < 

<15 15÷30 31÷45 46÷60 >60 
1 2 3 4 5 6 

m· 1,0 0,70 0,65 0,55 0,50 

m� 1,0 0,85 0,70 0,60 0,50 

 
%FG?5=V ?>L>>465=L ?V4D>5?5=<E 5G4V65?L 557 

>>=EFDG>F<6=<E 74E>4V6 74E<EFG 74?56=> 6V4 ?>>47=<>4 
EG<4D=<E 45D>D<4FV= &l 74 D5>><5=44FVO<< [2] =46545=V 
6 F45?<FV 2.2. 

�>DV6=NNG< 6<D4EG64=G 65?<G<=G ?>>47=<>4 EG-
<4D=<E 45D>D<4FV= &l 7 4=4?>7VG=<< ?>>47=<>>< F45-
?<FV 2.2 (161.0 < &l < 200.0), 7D>5?5=<= 6<E=>6>> ?D> F5, 
M> ?V4D>5>4 >E=>6< 6<>?<>4?4 6 4>E?V46G64=><G 5G4<-
=>G ?>L>>465==O, O>V 6<>?<>4NFL 4>67>FD<64?5 ?D<-
?<=5==O 5>E??G4F4FVW, D>7>D<FFO FDVM<= 6 =5EGG<E >>=-
EFDG>FVOE acrc=25÷60 <<, 7474?L=<= F5E=VG=<= EF4= >?4-
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E<DV>GTFLEO O> ?5D54464DV==<=. 
�<D4EG64=<= EF4= 5G4<=>G 6V4?>6V44T D4>F<G-

=><G, 6<7=4G5=><G 6V7G4?L=<<< F4 V=EFDG<5=F4?L=<<< 
>5EF565==O<< >>=EFDG>FV= V >>=EFDG>F<6=<E 5?5<5=FV6.    

&45?<FO 2.2  
%FG?5=V ?>L>>465==O =5EGG<E >>=EFDG>FV= 
5G46V?V 74?56=> 6V4 ?>>47=<>4 &l 77V4=> [2] 

7 
7/? 

%FG?5=V  
?>L>>465=L 

5G4V6?V 

�>>47=<> 
EG<4D=<E  

45D>D<4FV=  
�l, << 

�5?<G<=4  
D>7>D<FFO  
FDVM<=,  

<< 

�474?L=4  
E4D4>F5D<EF<-

>4 ?>L>>-
465=L 

1 2 3 4 5 

1 � 

(=57=4G=<=) 
80.0÷100.0 0÷3 �5 ?>DGLGNFL 

G<>6  
5>E??G4F4FVW 

2 �� 

(E5D54=V=) 
101.0÷130.0 3÷10 �>DGLGNFL 

G<>6< 5>E??G4-
F4FVW  

3 ��� 

(?5D54464DV=-
=<=) 

131.0÷160.0 10÷25 �<>?<>4NFL  
F<<G4E>65 ?D<-

?<=5==O 5>E-
??G4F4FVW 

4 �V 

(464DV==<=) 
161.0÷200.0 25÷60 �<>?<>4NFL  

4>67>FD<64?5 
?D<?<=5==O 
5>E??G4F4FVW 

5 V 

(464DVO) 
�V?LL5, O> 

200.0 
60÷140 �<>?<>4NFL  

?>6=5   
DG==G64==O 

 
�?O 6<7=4G5==O 75>F5E=VG=>W =44V==>EFV ?V4D>5-

?5=>W �DG=F>6>W >E=>6< V EFG?5=N ?>L>>465==O >>=E-
FDG>FV= 5G4V65?L 557 >>=EFDG>F<6=<E 74E>4V6 74E<EFG =4 
?V4D>5?N64=<E F5D<F>DVOE �L6V6EL>>-�>?<=EL>>7> 6G7V-
?L=>7> 54E5==G, =4 4G<>G 46F>D4, 4>FV?L=> F45?<FN 2.2 
6<>>D<cF>6G64F< 6 D544>FVW F45?<FV 2.3. 
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&45?<FO 2.3 
�5>F5E=VG=4 =44V==VEFL ?V4D>5?5=>W �DG=F>6>W >E=>6< V EFG?5=V ?>L>>465==O 

=5EGG<E >>=EFDG>FV= 5G4V6?V 74?56=> 6V4 ?>>47=<>4 &l  
%FG?V=L 

75>F5E=VG-
=>W  

=44V==>EFV  
>E=>6< 

�>>47=<>  
EG<4D=<E 

45D>D<4FV= 
�l, << 

&5E=VG=<= EF4= 
(EFG?V=L ?>L>>-
465==O) 5G4V6?V 

�<5=L5==O =5-
EGG>W 744F=>EFV 
>>=EFDGFV= 5G-

4V6?V, % 

�474?L=4 E4D4>F5D<EF<>4 
F5E=VG=>7> EF4=G 

>>=EFDG>FV= 

1 2 3 4 5 

� 

 
80.0÷ 

÷100.0 
=>D<4?L=<= 

(4G65  
=57=4G=<=) 

0÷10 �>L>>465==O, O>V =5 ?>DGLGNFL G<>6 5>E??G4-
F4FVW. �5>5EV4=VEFL D5<>=F=<E D>5VF 6V4EGF=O. 

�>D<4?L=5 DG=>FV>=G64==O 74557?5GGTFLEO ?D< 
4>FD<<4==V 76<G4==<E ?D46<? F5E=VG=>W 5>E??G4-

F4FVW.   
�� 

 
101.0÷ 
÷130.0 

744>6V?L=<= 

(=57=4G=<=  
45> E5D54=V=) 

11÷20 �>=EFDG>FVW 5G4V6?V ?D<44F=V 4?O 5>E??G4F4FVW. 
�>L>>465==O =57=4G=V, =4 >>D5<<E 4V?O=>4E 

>>=EFDG>FV= >>D5<V FDVM<=< 7 acrc = 3÷8 <<. �5-
>5EV4=<= ?>F>G=<= D5<>=F 7 ?V>6V44FVTN ?>L>>-

465=L 557 ?V4E<?5==O >>=EFDG>FV=.   

��� 

 
131.0÷ 
÷160.0 

�5744>6V?L=<= 
(7=4G=<=) 

21÷60 �>L>>465==O V M> 6<>?<>4NFL F<<G4E>65 ?D<-
?<=5==O 5>E??G4F4FVW 5G4V6?V. �>DGL5=V 6<<>7< 
G<==<E =>D<4F<6=<E 4>>G<5=FV6, 4?5 =5557?5>4 
>5DGL5==O 6V4EGF=O. �4 >>D5<<E 4V?O=>4E >>=E-
FDG>FV= FDVM<=< 7 acrc = 10÷25 <<. �>E??G4F4FVO 
5G4V6?V <>6?<64 ?<L5 74 G<>6< ?D>6545==O >4?V-

F4?L=>7> D5<>=FG 7 74<V=>N 45> 6V4=>6?5==O< 
>>D5<<E =5EGG<E >>=EFDG>FV=.  
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?D>4>665==O F45?. 2.3 
1 2 3 4 5 

 �V 

 
161.0÷ 
÷200.0 

�5?D<44F=<= 
4?O ?>44?LL>W 

5>E??G4F4FVW 45> 
?5D54464DV==<= 

(<4=65  
?>6=<=) 

61÷80 %F4= >E=>6=<E V 4><V=GNG<E =5EGG<E >>=EFDG>-
FV= ?5D54464DV==<=, 4 =5=5EGG<E 3 =5?D<44F=<= 
4?O ?>44?LL>W 5>E??G4F4FVW. �4 >>D5<<E 4V?O=-
>4E >>=EFDG>FV= FDVM<=< L<D<=>N D>7>D<FFO 
25÷60 <<. � =5557?5>4 WE >5DGL5==O, ?5D55G-

64==O ?N45= 6 7>=V 6>474=<E >>=EFDG>FV=. �5>5-
EV4=V =56V4>?44=V 74E>4< 7 ?>-?5D5465==O 464DVW. 

�5<565=5 6<>>=4==O >59T>F>< E6>WE DG=>FV= 
<>6?<65 ?D< ?>6=V= 74<V=V ?5D54464DV==<E V 

464DV==<E 5?5<5=FV6. �5>5EV4=<= >4?VF4?L=<= 
D5<>=F 7 ?V4E<?5==O< V (45>) 74<V=>N ?>L>>-

465=<E >>=EFDG>FV=. �>474=V ?>L>>465==O 6<-
>?<>4NFL  4>67>FD<64?5 ?D<?<=5==O 5>E??G4F4-

FVW 5G4V6?V. 

V 
 

�V?LL5, O> 
200.0 

�64DV==<= 
(?>6=<=) 

81÷100 �5EGGV >>=EFDG>F<6=V 5?5<5=F< 5G4V6?V 7=4E>-
4OFLEO G 7DG==>64=><G EF4=V. �>44?LL4 5>E??G4-
F4FVO 5G4V6?V =5<>6?<64. �>L>>465==O 6<>?<-

>4NFL  ?>6=5 DG==G64==O 5G4V6?V. 

�D<<VF>< 4> F45?. 2.3:  

1. �64DV==<< EF4=>< E?V4 66464F< F4><= EF4= >>=EFDG>FVW 5G4V6?V, ?D< O>><G 7V EFG?5=5< 6VD>7V4=>EFV Q(t) = 10-6÷10-8 6 =4=-
5?<6G<= G4E 557 ?>?5D54=VE E<7=4?V6 (DG==G64==O, 6FD4F4 EFV=>>EFV, ?D>64?< �DG=F>6<E >E=>6) <>6=4 >GV>G64F< 464DVN.  
2. �5D54464DV==<< EF4=>< E?V4 66464F< F4><= EF4= >>=EFDG>FVW, >>?< G 6<?44>G ?D>4>665==O =5DV6=><VD=<E >EV44=L >E=>6< 7 
6VD>7V4=VEFN Q(t) =10-5÷10-7 <>6=4 G5>4F< 4>EO7=5==O 7D4=<G=>7> EF4=G 7 ?>?5D54=V<< E<7=4?4<< (F5>GGVEFL D>7FO7=GF>W 7>=< 
?D< 77<=4==V, ?>=44=>D<4F<6=V ?D>7<=<, ?5D5>>E<), M> ?D<6545 4> 464DVW >>=EFDG>FVW 45> 5G4V6?V 6 FV?ó<G. 
3. �64DVTN >>=EFDG>FV= 5G4V6?V E?V4 66464F< >5DGL5==O 4><V=GNG>W =5EGG>W >>=EFDG>FVW 45> 6EVTW 5G4V6?V 6 FV?ó<G, 4 F4>>6 
F4>5 WE 45D>D<G64==O, O>5 D>5<FL =5<>6?<6>N ?>44?LLG WW 5>E??G4F4FVN. 
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2.3. �&���� ���&�%��'��� �������%&� 
���&������� �$'�&���� �%���� 

=4 ?D<>?44V 5G4V6?V 7 2 =4 ??.  
�5D5<>7< G <. �<F><<DV  

 

 2.3.1. %4D4>F5D<EF<>4 V D57G?LF4F< >5EF565==O 
>>=EFDG>FV= 4>E?V46G64=>W 5G4V6?V 

 
�474?L=V ?>?>65==O. �>E?V46G64=4 5G4V6?O 7=4E>-

4<FLEO =4 ??>MV �5D5<>7< 6 F5=FD4?L=V= G4EF<=V <. �<-
F><<D4 (4<6. D>F> 2.1, D<E. 2.8, 2.9). $5?LTD 4V?O=>< 745G-
4>6< E?>>V==<=, 45E>?NF=V 6V4<VF>< ?>65DE=V 75<?V 7<V-
=NNFLEO 6V4 221.98 4> 220.28 < (4<6. D<E. 2.9). �>5G4>64=4 
6 E5D54<=V 60-E D>>V6 %%-7> EF>?VFFO O> 7>F5?L «�<E4=?>-
67D44». � >V=FV 1970-E D>>V6 ?D>6545=4 D5>>=EFDG>FVO 7>-
F5?N 7 =445G4>6>N F5E=VG=>7> ?>65DEG 6 >EOE «135» V 74-
<V=>N L4FD>6>7> 44EG =4 >4=>cE<?<= EG<VM5=<= 6 >EOE 
«538» (4<6. D<E. 2.10). � 44=<= G4E 5>E??G4FGTFLEO O> 44-
<V=VEFD4F<6=4 5G4V6?O. 

�59T<=>-??4=G64?L=4 EE5<4. � ??4=V 5G4V6?O O6?OT 
E>5>N 464 75?>>>64=<E ?DO<>>GF=<>< D>7<VD4<< 6 >EOE 
«135»×«�-�»=14.40×43.20 <, 6 >EOE «538»×«�-�» = 14.40 ×  
×16.60 <. �V EF>D>=< ??>MV %>5>D=>W 4> 5G4V6?V G5D57 65-
DF<>4?L=<= 45D>D<4FV==<= L>6 ?D<<<>4T G>F<D<?>-
65DE>6<= 6<F?>6<= 5G4<=>> (4<6. D>F> 2.1). � >EOE «135» 
4>E?V46G64=4 5G4V6?O G>F<D<?>65DE>64, 6 >EOE «538» 3 
?9OF<?>65DE>64, 7 ?V464?>< (4<6. D<E. 2.10). 

�D>> ?>74>66=VE =5EGG<E EFV= 3 6.00-2.40-6.00 <. �5-
DF<>4?L=<= 45D>D<4FV==<= L>6 <V6 5?>>4<< 5G4V6?V 6 
>EOE «135», «�3�» V «538», «�3�» =5 6<O6?5=<=. $G=>FVN 
7>D<7>=F4?L=<E 4V4DD47< 6>DEF>>EFV 6<>>=GNFL 4<E>< 
?5D5>D<FFV6 V ?>>D<FFO, 65DF<>4?L=<E 4V4DD47< 6>DEF-
>>EFV 3 ?>?5D5G=V V ?>74>66=V EFV=<, EFV=< 46>E EE>4>6<E 
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>?VF>>. 
�>=EFDG>F<6=4 EE5<4 5G4V6?V >5G<>6?NT DV7=<FN 

=464=F465=L =4 EFV=G ?> >EV «�» =4 4V?O=>4E 6 >EOE «135» 
V «538», =4 EFV=G ?> >EV «8» 3 =4 4V?O=>4E 6 >EOE «�3�» V 
«�3�», M> E?D<OT D>76<F>G 4>44F>>6<E =4?DG65=L G 
6>474=<E >>=EFDG>FVOE. %?5FV4?L=V V=65=5D=>-F5E=VG=V 
74E>4< 4?O E?D<==OFFO >>=EFDG>F<6=>N EE5<>N =5DV6-
=><VD=<E 45D>D<4FV= >E=>6< =5 ?5D5454G5=V. 

$G=44<5=F=>-?V464?L=4 G4EF<=4 ($�'). �>6=VL-
=V EFV=< ?V464?G 7 DG=44<5=F=<E 55F>==<E 5?>>V6, 6=G-
FDVL=V 3 7 G5D6>=>W ?>6=>FV?>W F57?< =4 F5<5=F=>-?VM4-
=><G D>7G<=V. &>6M<=>N 6V4?>6V4=> 600 V 510 <<. �<E>F4 
?D<<VM5=L 7<V=NTFLEO 6V4 2.50 4> 3.10 <. �V4<VF>< ?V4?>-
7< 6 ?D<<VM5==OE 7<V=NNFLEO 6V4?>6V4=> 6V4 -2.68 4>       
-3.49 <. �>6=VL=V V 6=GFDVL=V EFV=< $�' >5?<D4NFLEO =4 
75VD=V 74?V7>55F>==V DG=44<5=F=V ??<F<. ,<D<=4 ?V-
4>L6< DG=44<5=FV6 7>6=VL=VE EFV= 1.40 V 2.00 <, 6=GFDV-
L=VE =5EGG<E EFV= 3 1.90÷2.10 <. �?<5<=4 74>?444==O DG-
=44<5=FV6 7>6=VL=VE EFV= 3.80 < V 3.30 < 6V4 ?>65DE=V 6V4-
<>EF><, 6=GFDVL=VE =5EGG<E EFV= 3 0.90÷1.00 < 6V4 ?>65D-
E=V ?V4?>7< ?V464?G. 

�D< =445G4>6V F5E=VG=>7> V ?9OF>7> ?>65DEV6 74E>4< 
?> 75V?LL5==N =5EGG>W 744F=>EFV VE=GNG<E DG=44<5=FV6 
=5 ?D>6>4<?<EL. 

�V4?>74 ?V464?G 55F>==4 V �DG=F>64. �E=>64 ?V4?>7< 
3 GMV?L=5=<= �DG=F 7 >D74=VG=<<< >EF4=>4<< V 5G4V65-
?L=<<< 6V4E>44<<, ?>FG6=VEFN 0.60÷0.80 <. 

$V65=L �DG=F>6<E 6>4, 77V4=> 4>E?V465=L [17; 18], 
7=4E>4<FLEO =4 6V4<VF>4E 0.70÷0.40 < =<6G5 ?>65DE=V ?V-
4?>7< ?V464?G. � ?D<<VM5==OE ?V464?G 6?4LF>64=V ?D<-
O<><, 7 O><E 5?5>FD>?><?4<< E<EF5<4F<G=> 6V4>4GGTFLEO 
6>44, DV65=L O>>W =4 G4E >5EF565=L 7=4E>4<6EO =4 
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0.3÷0.2 < =<6G5 ?>65DE=V ?V4?>7<.     

 
$>F> 2.1. �>?>6=<= D4E44 4>E?V46G64=>W 5G4V6?V 

 
$<E. 2.8. �<>>?VN64==O 7 EG?GF=<>>6>W >4DF< <. �<F><<D 

�>E?V46G64=<= 
>59T>F 
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$<E. 2.9. �<>>?VN64==O 7 F>?>75>457<G=>W 7=><>< <. �<F><<D: 

1 3 4>E?V46G64=<= 5G4<=>> 7 2 =4 ??. �5D5<>7<; 

2 3 G>F<D<?>65DE>6<= 6<F?>6<= 5G4<=>> VE=GNG<=; 

3 3 <4747<= «�>?>4V6=4 <>44»; 

4 3 46>D>64 >4=4?V74FVO; 

5 3 <47VEFD4?L=<= >4=4?V74FV==<= >>?5>F>D Ø 400 << 

5 

4 

3 

2 

2 

1 
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�7V4=> V=D>D<4FVW, >45D64=>W 6V4 5>E??G4F4FV==<E 
E?G65, 6D4=FV V 665G5DV 6 ?D<O<>4E DV65=L 6>4< ?V4V=<46-
EO 4> DV6=O ?V4?>7< ?V464?G. �5DF<>4?L=4 7V4D>V7>?OFVO 
7>6=VL=VE EFV= $�' =5 6<O6?5=4.  

%FV=<. �V4 DV6=O 6V4<>EF>< V 6<M5 3 7 G5D6>=>W ?>6-
=>FV?>W F57?< =4 F5<5=F=>-?VM4=><G D>7G<=V. &>6M<=4 
7>6=VL=VE EFV= 510 <<, 6=GFDVL=VE 3 380 <<. �5D57>D>4>< 
F57?O=V, F>6M<=>N 120 <<. �44?D>T<=V ?5D5<<G>< 5DG-
E>>6V 75VD=V 74?V7>55F>==V DO4>6V V =5EGGV.  

�5D5>D<FFO. �V6?>65DE>6V 3 7V 75VD=<E >DG7?>-
?GEF>F=<E 74?V7>55F>==<E ??<F 4>66<=>N 6000 V 
2400 <<. �>>D<FFO 6 ?D>?L>F4E «�3�», «�3�», «536» V «73
8» 3 7V 75VD=<E 74?V7>55F>==<E D55D<EF<E ??<F 4>66<-
=>N 6000 <<, 6 ?D>?L>F4E «�3�» V «637» 3 7V 75VD=<E >DG7-
?>?GEF>F=<E 74?V7>55F>==<E ??<F 4>66<=>N 2400 <<. 
�5?<D4==O 3 =4 =5EGGV EFV=<. 

%E>4<. �5VD=V 74?V7>55F>==V EE>4>6V <4DLV V ??>-
M44>< 6 EE>4>6<E >?VF>4E.  

�>>DV6?O. &D<L4D>6<= DG55D>=4>6<= ><?<<. �44 
4-E ?>65DE>6>N G4EF<=>N 6 >EOE «135», «�3�» 3 >4=>EE<-
?4 7 >D74=V7>64=<< 7>6=VL=V< 6>4>EF>>>< ?> 5?OL4=<E 
D<=64E G 6>4>EFVG=V FDG5<, =44 5-F< ?>65DE>6>N G4EF<-
=>N 6 >EOE «538», «�3�» 3 ??>E>4, 7 6=GFDVL=V< 6>4>EF>-
>>< G 6>4>?D<=<4?L=V ?V=><. 

�=65=5D=V >><G=V>4FVW. %<EF5<4 >5V7DV64==O 6V4 VE-
=GNG>W >>F5?L=V. %<EF5<4 65=F<?OFVW ?D<F>G=>-6<FO6=4 
7 ?D<D>4=V< V LFGG=<< 75G465==O<. �>4>?D>6V4 6V4 VE-
=GNG>7> 6>4>?D>6>4G <5F4?56<<< FDG54<< Ø100 << 6 
D4=>=V ??. �5D5<>7<. �4=4?V74FVO G 46>D>6G <5D56G 
FDG54<< Ø150 <<. �>6=VL=O <5D564 >4=4?V74FVW ?V4F>?-
?5=4 (4<6. D<E. 2.17). �?5>FD>?>EF4G4==O 6V4 <VEF56>W &�.    
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$<E. 2.10. �5<VD=<= ??4= DG=44<5=F=>-?V464?L=>W G4EF<=< 4>E?V46G64=>W 5G4V6?V 7 >4DF<=>N 45D5>FV6 
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2 3 6 7 5/6 

4 5 6 7 

� 

� 

�4<>GG64==O EFV= �4<>GG64==O EFV= 

�<VM5==O =446V>>==<E ?5D5<<G>> 

6
0
0
0
 

6
0
0
0
 

2
4
0
0
 

2400 21600 21600 6000 6000 

-3.450 

-2.900 

-3.490 

-2.850 -2.750 

$G==G64==O 55F>=G, 
>>D>7VO 4D<4FGD< 
??<F ?5D5>D<FFO 

�5DF<>4?L=4 
=4E>DV7=4 
 FDVM<=4,  

4crc = 1.6÷7.0 
<< 

� 

� 

� 

� 

1
6
6
0
0
 

1 8 5 

8 1 
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$<E. 2.11. �5<VD=<= D4E44 «138» (7>?>6=<=) 4>E?V46G64=>W 5G4V6?V 7 >4DF<=>N FDVM<=>GF6>D5==O: 
    ÷       3 =><5D< «<4O>V6» 4?O 6<<VDN64==O L<D<=< D>7>D<FFO FDVM<= 

 
 

 

�5DF<>4?L=4 =4E>DV7=4 E<?>64 

 FDVM<=4, 4crc = 8.0÷12.0 << 

8 1 
�5DF<>4?L=V =4E>DV7=V E<?>6V  

 FDVM<=<, 4crc > 8.0 << 

13 19 

15 

166 

14 

16 17 18 

19 13 
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$<E. 2.12. �5<VD=<= D4E44 «531» (46>D>6<=) 4>E?V46G64=>W 5G4V6?V 7 >4DF<=>N FDVM<=>GF6>D5==O: 
    ÷        3 =><5D< «<4O>V6» 4?O 6<<VDN64==O L<D<=< D>7>D<FFO FDVM<= 

 

�5DF<>4?L=V =4E>DV7=V E<?>6V 
 FDVM<=<, 4crc =1.0÷6.0 << 

�5DF<>4?L=4 =4E>DV7=4 E<?>64 

FDVM<=4, 4crc =2.8÷8.0 << 

20.000 

21.200 

�4<>>4==O >?44>< EFV=  

>4?V?OD=>N 6>?>7>N 8 
5 

1 

1 2 3 
4 5 

6 

7 8 9 
10 

11 12 

167 

 

1 12 
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$<E. 2.13. �5<VD=<= D4E44 «�3�» (5>>>6<=) 4>E?V46G64=>W 5G4V6?V 
7 >4DF<=>N FDVM<=>GF6>D5==O: 

         ÷       3 =><5D< «<4O>V6» 4?O 6<<VDN64==O L<D<=< D>7>D<FFO FDVM<= 
 

� D57G?LF4FV >5EF565==O =5EGG<E >>=EFDG>FV= 5G4V-
6?V 7 2 =4 ??. �5D5<>7< G <. �<F><<DV, ?>L-
>>465==O<< V D4>F>D4<<, M> 7<5=LGNFL WW 5>E??G4F4-
FV==G =44V==VEFL, 6<7=4=> =4EFG?=V: 

�5DF<>4?L=4 =4E>DV7=4 E<?>64 
FDVM<=4, 4crc =4.8÷6.0 << 

�5DF<>4?L=4 =4E>DV7=4 E<?>64 
FDVM<=4, 4crc =2.5÷3.0 << 

� � 

�5DF<>4?L=4 =4E>DV7=4 E<?>64 
FDVM<=4, 4crc =1.6÷2.0 << 

20 21 

22 

20 22 
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- >>=EFDG>F<6=4 EE5<4 5G4V6?V >5G<>6?NT DV7=<FN 
=464=F465=L =4 EFV=G ?> >EV «�» 6 >EOE «135» V «538», =4 
EFV=G ?> >EV «8» 3 6 >EOE «�3�» V «�3�»;  

- 6V4EGF=VEFL 65DF<>4?L=>7> 45D>D<4FV==>7> L64 
<V6 5?>>4<< 5G4V6?V 6 >EOE «135», «�3�» V «538», «�3�»; 

- 6V4EGF=VEFL E?5FV4?L=<E V=65=5D=>-F5E=VG=<E 74-
E>4V6 4?O E?D<==OFFO =5DV6=><VD=<E 45D>D<4FV= >E=>-
6< G 6<?44>G F5E=>75==>7> ?V4=OFFO $��; 

- 6V4EGF=VEFL 65DF<>4?L=>W 7V4D>V7>?OFVW 7>6=VL=VE 
EFV= $�'; 

- ?V46<M5=4 6>?>7VEFL ?>6VFDO, 55F>==>W ?V4?>7<, 
74<>GG64==O F57?O=<E EFV= $�' �DG=F>6<<< 6>44<<; 

- DG==G64==O 74E<E=>7> L4DG 55F>=G V >>D>7VO D>-
5>G>W 4D<4FGD< (4> 16÷18% ?>?5D5G=>7> EVG5==O) ??<F 
?5D5>D<FFO $�'; 

- 65DF<>4?L=V V ?>E<?V, 6 F.G. =4E>DV7=V FDVM<=< E<-
?>6>7> E4D4>F5DG, DV7=>W L<D<=< D>7>D<FFO, ?D>-
FO6=VEFN 5V?LL5 >4=>7> ?>65DEG 6 7>6=VL=VE EFV=4E D4-
E44V6 6 >EOE «531», «�3�», 7>?>6=>7> D4E44G 6 >EOE «138» 
6 7>=4E ?>?5D5G=<E >E5= «233», «4», G 6=GFDVL=VE =5EG-
G<E EFV=4E ?> >EOE «�» V «�»;  

- 65DF<>4?L=4 =4E>DV7=4 FDVM<=4 L<D<=>N D>7-
>D<FFO 6V4 0.50 4> 10.00 << ?D>FO6=VEFN =4 6EN 6<E>FG 
5G4V6?V 6 ?>74>66=VE =5EGG<E EFV=4E ?> >EOE «�», «�», «�» 
V «�» 6 7>=V ?>?5D5G=>W >EV «5»; 

 - E4D4>F5D=V E<?>6V FDVM<=< 6 >?>D=<E 7>=4E 7=4G-
=>W G4EF<=< =446V>>==<E ?5D5<<G>>, O>V E6V4G4FL ?D> 
7<VM5==O 6>474=<E >>=EFDG>FV=. 

�7V4=> V=D>D<4FVW [18], >?<E4=V ?>L>>465==O EFV= 
?>O6<?<EL V ?>G4?< D>76<64F<EO =564>67V ?VE?O 66545==O 
6 5>E??G4F4FVN ?V475<=>7> <47VEFD4?L=>7> >4=4?V74FV=-
=>7> >>?5>F>D4 7?<5>>>7> 74>?444==O, ?D>>?445=>7> =4 
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6V4EF4=V 6÷7 < 674>66 7>?>6=>7> D4E44G 4>E?V46G64=>W 
5G4V6?V (4<6. D<E. 2.9). 

� D4<>4E 6<<>7 >D<F5DVW6 �-W (=5EGG4 744F=VEFL, 
<VF=VEFL, 75>EFV=>VEFL) V ��-W (?D<44F=VEFL 4> =>D-
<4?L=>W 5>E??G4F4FVW) 7DG? 7D4=<G=<E EF4=V6 557>4D>4-
E=<E 5G4V65?L V E?>DG4, 7474?L=<= F5E=VG=<= EF4= 4>E?V-
46G64=>7> >59T>FG 3 5G4V6?V 7 2 =4 ??. �5D5<>7< G 
<. �<F><<DV 3 >?4E<DV>GTFLEO 74 FD5FV< V G5F65DF<< 
EFG?5=O<< 5>E??G4F4FV==>W =44V==>EFV, F5E=VG=<= 
EF4= >>=EFDG>FV= =5744>6V?L=<=, EFG?V=L ?>L>>465==O 
E5D54=V= 45> 7=4G=<=, 7<5=L5==O =5EGG>W 744F=>EFV 74?V-
7>55F>==<E V >4<9O=<E >>=EFDG>FV= 4> 21÷25%, <5F4?5-
6<E 3 16÷40%.  [15; 19; 20; 22]. 

 

2.3.2. %?>EF5D565==O 74 FDVM<=4<< 6 =5EGG<E EFV-
=4E 4>E?V46G64=>W 5G4V6?V 

 
�=EFDG<5=F4?L=<= <>=VF>D<=7 74 FDVM<=4<< 6 =5-

EGG<E EFV=4E 4>E?V46G64=>W 5G4V6?V ?D>6>4<?>EO 7 <5F>N 
6<7=4G5==O 4<=4<V>< F4 V=F5=E<6=>EFV D>76<F>G ?D>F5EG 
FDVM<=>GF6>D5==O 6 44=<E >>=EFDG>FVOE. $V>E4FVO F4 6V-
7G4?V74FVO FDVM<= 6<>>=G64?4EL 74 4>?><>7>N F<DD>6>W 
D>F>>4<5D< OLIMPUS C- 5060 Wide Zoom 7 285794088 
6<D>5=<FF64 Olimpus Corporation. ,<D<=4 D>7>D<FFO 
FDVM<= 6<<VDN64?4EL 74 4>?><>7>N F<DD>6>7> <V>D>E-
>>?4 MM-940 zPixtm 300 6<D>5=<FF64 CARSON®. &>G-
=VEFL 6<<VDN64==O 0.05 <<. 

�?O E?>EF5D565==O 74 FDVM<=4<< 5G?< GEF4=>6?5=V 
7V?E>6V «<4O><» ?>?5D5> FDVM<= G 6<7?O4V ?DO<>>GF=<-
>V6 L<D<=>N 5?<7L>> 60 <<, 4>66<=>N 80÷120 << V F>6-
M<=>N 8÷10 <<. $>7<VD< <4O>V6 GF>G=N64?<EL 74?56=> 
6V4 ?>?>65==O FDVM<=< V WW 65?<G<=<. �V?E>65 FVEF> V D>7-
G<= 7>F>6<?<EO =4 <VEFV 6<<VDN64=L. $57G?LF4F< ?D>65-
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45=<E E?>EF5D565=L =46545=V 6 F45?. 2.4, <VEFO D>7<V-
M5==O V =><5D< «<4O>V6» 4<6. D<E.  2.11÷2.13. 

$57G?LF4F< ?D>6545=<E E?>EF5D565=L 74  
FDVM<=4<< 6 =5EGG<E EFV=4E 4>E?V46G64=>W 5G4V6?V: 

- >4DF<=< FDVM<=>GF6>D5==O E?>EF5DV74NFLEO =4 
6EVE =5EGG<E 6=GFDVL=VE EFV=4E V D4E444E (4<6.  
D<E. 2.11÷2.13); 

- =4 ?>74>66=VE =5EGG<E EFV=4E 6 D>76<F>G FDVM<= 
E?>EF5DV74TFLEO 6<7=4G5=4 74>>=><VD=VEFL: WE >V?L>VEFL  V 
L<D<=4 D>7>D<FFO 75V?LLGNFLEO 6 =4?DO<>G >EV «5» V 
4>EO74T <4>E<<4?L=<E 7=4G5=L 6 7>=V ?D<<<>4==O EGEV4-
=L>7> 6<F?>6>7> 5G4<=>G (7 2 =4 D<E. 2.9); 

- >V?L>VEFL F4 V=F5=E<6=VEFL D>76<F>G FDVM<= 75V?L-
LGTFLEO 6 =4?DO<>G 65DE=VE ?>65DEV6 5G4V6?V; 

- =4O6=VEFL ?5D5646=>W 5V?LL>EFV 65DF<>4?L=<E 
FDVM<= E6V4G<FL ?D> F5, M> 6 =5EGG<E >>=EFDG>FVOE ?5-
D56464NFL 7EG6=V 7GE<??O ?> 65DF<>4?L=<E ??>M<=4E, 
O>V ?5D56<MGNFL <VF=VEFL 44=<E >>=EFDG>FV= =4 7DV74=-
=O 45> D>7FO7G64==O; 

- =4O6=VEFL 65DF<>4?L=<E FDVM<= ?D>FO6=VEFN =4 
6EN 6<E>FG 5G4V6?V E6V4G<FL ?D> EGFFT6G DV7=<FN =464=-
F465=L =4 EG<V6=<E 4V?O=>4E =5EGG<E EFV=; 

- >4DF<=4 FDVM<=>GF6>D5==O V >>=F5=FD4FVO FDV-
M<= 6>47GT =4 =4O6=VEFL =5DV6=><VD=<E 45D>D<4FV= >E-
=>6<, O>V =5 ?>6=VEFN E?D<=<4NFLEO VE=GNG<<< DG=44-
<5=F4<<, V ?5D544NFLEO =4 EFV=<; 

- ?D>F5E FDVM<=>GF6>D5==O =>E<FL =574FGE4NG<= 
?D>7D5EGNG<= E4D4>F5D (4<6. F45?. 2.4). 
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&45?<FO 2.4  
$57G?LF4F< V=EFDG<5=F4?L=>7> E?>EF5D565==O 74 L<D<=>N D>7>D<FFO FDVM<=  

6 =5EGG<E EFV=4E 4>E?V46G64=>W 5G4V6?V 
7 

<4O>4 
 

�VEF5 GEF4=>6>< <4O>4 
,<D<=4 D>7-

>D<FFO FDVM<=, 
<< 

(10.09.2004 D.) 

,<D<=4 D>7- 
>D<FFO FDVM<=, 

<< 
(20.09.2004 D.) 

,<D<=4 D>7- 
>D<FFO FDVM<=, 

<< 
(11.10.2004 D.) 

�D<DVEF L<D<=< 
D>7>D<FFO FDV-
M<= <V6 1-<  

V 3-< 74<VD4<< 

1 2 3 4 5 6 

1 $4E44 6 >EOE «5-1» 1.30 1.40 1.48 +0.18 
2 $4E44 6 >EOE «5-1» 1.10 1.35 1.60 +1.50 ! 

3 $4E44 6 >EOE «5-1» 1.15 1.25 1.30 +0.15 
4 $4E44 6 >EOE «5-1» 1.20 1.35 1.45 +0.25 
5 $4E44 6 >EOE «5-1» 1.25 1.40 1.56 +0.31 ! 

6 $4E44 6 >EOE «5-1» 1.15 1.35 1.58 +0.43 ! 

7 $4E44 6 >EOE «5-1» 1.20 1.30 1.38 +0.18 
8 $4E44 6 >EOE «5-1» 1.10 1.16 1.20 +0.10 
9 $4E44 6 >EOE «5-1» 1.06 1.10 1.15 +0.09 

10 $4E44 6 >EOE «5-1» 1.30 1.38 1.42 +0.12 
11 $4E44 6 >EOE «5-1» 1.20 1.26 1.35 +0.15 
12 $4E44 6 >EOE «5-1» 1.04 1.20 1.40 +0.36 ! 

13 $4E44 6 >EOE «1-8» 8.35 8.60 8.85 +0.50 ! 

14 %FV=4 ?> >EV «�», 3-= ?>6. 8.20 8.22 8.24 +0.04 
15 %FV=4 ?> >EV «�», 4-= ?>6. 8.04 8.08 8.10 +0.06 
16 %FV=< ?> >EOE «�» V «�»,  

5-= ?>65DE 
1.15 1.16 1.18 +0.03 
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?D>4>665==O F45?. 2.3 

1 2 3 4 5 6 

17 %FV=< ?> >EOE «�» V «�»,  
5-= ?>65DE 

1.25 1.27 1.35 +0.10 

18 %FV=< ?> >EOE «�» V «�»,  
5-= ?>65DE 

1.20 1.22 1.25 +0.05 

19 %FV=< ?> >EOE «�» V «�»,  
5-= ?>65DE 

0.30 0.35 0.40 +0.10 

20 %FV=< ?> >EOE «�» V «�»,  
5-= ?>65DE 

1.60 1.63 1.65 +0.05 

21 %FV=< ?> >EOE «�» V «�»,  

5-= ?>65DE 
4.10 4.20 4.41 +0.31 

22 %FV=< ?> >EOE «�» V «�»,  
5-= ?>65DE 

2.50 2.60 2.70 +0.20 

23 %FV=4 ?> >EV «�»,  
F5E=VG=<= ?>65DE 

0.15 - 0.15 +0.05 

24 %FV=4 ?> >EV «�»,  
F5E=VG=<= ?>65DE 

0.20 0.21 0.24 +0.04 

25 %FV=4 ?> >EV «�»,  
F5E=VG=<= ?>65DE 

0.25 0.27 0.27 +0.02 

26 &5E=VG=<= ?>65DE 0.20 0.20 0.20 0.00 

27 &5E=VG=<= ?>65DE 1.35 1.38 1.40 +0.05 

28 %FV=4 D4E44G 6 >EOE  

«138» 

8.26 8.50 8.80 +0.54 ! 

 

 

 

173 



174 
 

2.3.3. �=4?V7 V=65=5D=>-75>?>7VG=>W V 7V4D>?>7VG=>W 
E<FG4FV= 4V?O=>< 745G4>6< 

 
�>E?V46G64=4 4V?O=>4 745G4>6< 6 75><>DD>?>7VG-

=><G 6V4=>L5==V 7=4E>4<FLEO 6 <564E �<F><<DEL>>7> 
?5E>6>7> ??4F>, O>5 6 ?D>F5EV ??4=G64?L=<E D>5VF 4>>>-
DV==> 7<V=<?> E6V= 6<7?O4. �4 ?5DV>4 ?D>6545==O 4>E?V-
465=L 6>=4 O6?O?4 E>5>N <VEL>G ??>MG.  

�=65=5D=>-75>?>7VG=4 5G4>64 4V?O=>< <4T E>?44=G V 
=5>4=>DV4=G ?> 7?<5<=V EFDG>FGDG. � WW 75>?>7VG=V= 5G-
4>6V =4 D>76V44=G 7?<5<=G 15.0 < 55DGFL GG4EFL: 

- EGG4E=V F5E=>75==V =4E<?=V �DG=F<; 
- 65DE=L>G5F65DF<==V 5>?>6>-45?N6V4?L=V ?5E>?>-

4V5=V EG?VE><, 6 F><G G<E?V V FV, M> ?V4?4?< ?V4 ?D>F5E 
GF6>D5==O G>D=>75<G; 

- E5D54=L>G5F65DF<==V D?N6V>7?OFV==V 6V4>?445=-
=O, O>V ?D54EF46?5=V EG?VE>4<< 7 ?V=74<< ?VE>G. 

�474?ó<, G ED5DV 674T<>4VW 75>?>7VG=>7> E5D54>-
6<M4 7 4>E?V46G64=>N 5G4V6?5N, 74 6V>><, 75=57<E>< F4 
=4 >E=>6V �%&' � �.2.1-2-96 [23] V �%&' � �.2.1-5-96 [24] 6 
<564E ?VF>?>7>-75=5F<G=>W F>6MV �DG=F>6<= <4E<6 G 7>=V 
4VW DG=44<5=FV6 =4 >E=>6G D>7G?5=>64=<= =4 ?9OFL V=65-
=5D=>-75>?>7VG=<E 5?5<5=FV6 (���): 

���-1 (tIV). �4E<?=<= �DG=F 3 4ED4?LF, M55V=L, ?VE>>, 
5G4V65?L=5 E<VFFO 7 6>?NG5==O< 4> 20% ?>5GF>6<E 6V4-
E>4V6, =5>D74=V7>64=> 6V4E<?4=<=, =5DV6=><VD=> >>=-
E>?V4>64=<=. �>FG6=VEFL 1.2÷3.2 <. 

���-2 (5IV). '>D=>75<, ?5E>6<= �DG=F, EG?VE>> 5GD<=, 
7G<GE>64=<=, >>=E>?V4>64=<=. �>FG6=VEFL 0.7÷1.4 <. 

���-3 (VdIIIbq). �5E>6<= �DG=F 3 EG?VE>> =<7L>> ?>-
D<EF<=, F<>E>FD>?=<=, EGD>7V==> =5EFV=><=, 7 ?V=74<< 



 

175 
 

?VE>G, ??4EF<G=<=. �>FG6=VEFL 5.0÷8.4 < (=4 D>76V44=G 
7?<5<=G). 

���-4 (fII). �VE>> >64DF>6<= E5D54=L>W >DG?=>EFV =5-
>4=>DV4=<= 6V4 <4?>6>?>7>7> 4> =4E<G5=>7> 6>4>N. �>-
FG6=VEFL 4> 5.0 < (D>7?>6EN465=<= 6 ??4=V 74 <564<< 
??O<< 745G4>6<). 

���-5 (ldII). %G?VE>> 7 ?D>L4D>4<< V ?V=74<< ?VE>G, 
??4EF<G=<=. �>FG6=VEFL 7.8 < (=4 D>76V44=G 7?<5<=G). 

�?4=>65 ?>?>65==O F>G>> V=65=5D=>-75>?>7VG=>W 
V=D>D<4FVW =46545=5 =4 D<E. 2.14. �=65=5D=>-75>?>7VG=V 
D>7DV7< ?> ?V=VOE 131 V 232 4<6. =4 D<E. 2.15 V 2.16. 

�><5=>?4FGD=5 =4=<5=G64==O F4 DV7<>>-<5E4=V-
G=V E4D4>F5D<EF<>< 6<4V?5=<E ���, 6 F><G G<E?V 7 GD4EG-
64==O< ?D>7=>7G WE 7<V=< ?D< 6>4>=4E<G5==V, =46545=V G 
76545=V= V=65=5D=>-75>?>7VG=V= >>?>=FV (4<6. F45?. 2.4), 
?>5G4>64=V= 74 D57G?LF4F4<< V=65=5D=>-75>?>7VG=<E 4>-
E?V465=L [17; 18]. 

�7V4=> 44=<E V=65=5D=>-75>?>7VG=<E 6<LG>G64=L 
[17; 18] >E=>6>N VE=GNG<E EFDVG>>6<E DG=44<5=FV6 4>E-
?V46G64=>W 5G4V6?V T �DG=F< ���-3 (VdIIIbq): ?5E>?>4V5=<= 
�DG=F 3 EG?VE>> =<7L>>?>D<EF<= 7 ?D>L4D>4<< ?VE>G, 
??4EF<G=<=, F<>E>FD>?=<=, EGD>7V==> =5EFV=><=, 7 =4-
EFG?=<<< DV7<>>-<5E4=VG=<<< E4D4>F5D<EF<>4<<: 

- EFG?V=L 6>?>7>EFV Sr = 1.0; 
-    <>4G?L 45D>D<4FVW � = 7.0 ��4;  
- >>5DVFVT=F ?>D<EF>EFV 5 = 0.67; 
- ?<F><4 6474 �DG=FG: ³II  = 20.2 >�/<3;  
- >GF 6=GFDVL=L>7> F5DFO: ÇII = 25°; 
- >>5DVFVT=F 7G5??5==O: %�� = 7.0 >�4. 

�V4D>75>?>7VG=V G<>6< 4V?O=>< E4D4>F5D<7GNFLEO 
=4O6=VEFN >4=>7> 7>D<7>=FG �DG=F>6<E 6>4. �>4>6<VMG-
NG<<< ?>D>44<< T �DG=F< ���-1÷���-5. �<6?5==O 7>D<-
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7>=FG 6V45G64TFLEO 74 D4EG=>> V=DV?LFD4FVW 4F<>E-
D5D=<E >?44V6 V 6 7=4G=V= <VDV 3 74 D4EG=>> F5E=>75==<E 
6>4 (=5>>=FD>?L>64=<E 6<F>>V6 7 6>4>=5EGG<E ?V475<=<E 
>><G=V>4FV=). �?<5<=4 74?O74==O $�� 6V4 ?>65DE=V 75<?V, 
7GEFDV=GF<E 6 ?5DV>4 V=65=5D=>-75>?>7VG=<E 6<LG>G-
64=L [17; 18], E>?444?4 4.20÷2.60 < (45E>?NF=4 6V4<VF>4 
218.50 <). 

� ?>65=56V 45> 5474F>6>4=V ?5DV>4< D>>G E57>==<= 
?V4=>< DV6=O �DG=F>6<E 6>4 <>6?<6<= =4 0.80÷1.0 < 6<-
M5 74DV>E>64=<E .  

� >7?O4G =4 5?<7L>VEFL ?D>E>465==O <47VEFD4-
?L=>7> >4=4?V74FV==>7> >>?5>F>D4 Ø 400 << V =4E<G5=G 
<5D56G 46D>D>6>W >4=4?V74FVW (4<6. D<E. 2.9), 7D>5?5=5 
?D<?GM5==O ?D> F5, M> 7V4D>?>7VG=V G<>6< 4>E?V4-
6G64=>W 4V?O=>< 745G4>6< 7=4E>4OFLEO ?V4 WE 6??<6><. 

�> EE5<V ?D<D>4=<E G<>6 F5D<F>DVW, 6V4?>6V4=> 4> 
?. 2.95 «�>E>5<O ?> ?D>5>F<D>64=<N >E=>64=<= 744=<= 
< E>>DG65=<= (4> %�<� 2.02.01-83)» [25], 4 F4>>6 7 >7?O-
4G =4 75>?>7VG=G 5G4>6G V 7V4D>75>?>7VG=V G<>6< F4 77V4=> 
?. 6.2.7.10 ��� �.2.1-1-2014 [26], 4V?O=>4 745G4>6< 6V4=>-
E<FLEO 4> ?D<D>4=> V F5E=>75==> ?V4F>??N64=<E F5D<-
F>DV=.  

�?O 6<7=4G5==O 4<=4<V>< >>?<64==O DV6=O �DG=F>-
6<E 6>4 6?D>4>66 4>5<, 4 F4>>6 4<=4<V>< 7474?L=>W 7<V-
=< $�� =4 4V?O=FV 745G4>6<, 5G?> ?D>5GD5=> LVEFL E?>E-
F5D56=<E E65D4?>6<= (D>7<VM5==O E65D4?>6<= 6 ??4=V 
4<6. =4 D<E. 2.17).  

�4<VD< 6V4EF4=V 6V4 ?>65DE=V 6>4< G E?>EF5D56=<E 
E65D4?>6<=4E 4> WE 7<D?4 6<>>=G64?<EO 464 D47< =4 4>5G 
6D4=FV V 665G5DV 6?D>4>66 4644FOF< ?9OF< 4=V6 (4<6. 
F45?. 2.5). 
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    �= 

 
 

$<E. 2.14. %E5<4 D>7<VM5==O V=65=5D=>-75>?>7VG=<E E65D4?>6<= V D>7DV7V6: 
1 3 4>E?V46G64=4 5G4V6?O 

 

L.3 

4 �� 

1 

1 

1 

2 

2 
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$<E. 2.15. �=65=5D=>-75>?>7VG=<= D>7DV7 ?> ?V=VW 131 

 
 

219.55 

218.45 

1.11.04 
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$<E. 2.16. �=65=5D=>-75>?>7VG=<= D>7DV7 ?> ?V=VW 232 
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&45?<FO 2.4 
�6545=4 V=65=5D=>-75>?>7VG=4 >>?>=>4 7 ?>>47=<>4<< DV7<>>-<5E4=VG=<E  

6?4EF<6>EF5= �DG=FV6 >E=>6< 4>E?V46G64=>W 5G4V6?V 77V4=> [17; 18] 
�=45>E   

75=5-

7<EG 

F4 6V> 

�DG=-

FV6 

�VF>?>-

7VG=<= 

D>7DV7 

F4  

7 ��� 

�><5=>?4FGD=4  

=4764 �DG=FV6 

�>D<4F<6=V $>7D4EG=>>6V 

W Ir Il e Sr Ã E Iom ³�� E�� Ç�� E 7 
?> 

%�<
� 

�V-5-
-82 

R0 

�>?V >4<=<FV 
7 

E<3 �
�

4 

% 

>� 
<3 

>�4 7D4-
4G-
E< �

�
4 

 
>�4 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

tIV 
1 

�4E<?=<= �DG=F 3 4ED4-
?LF, M55V=L, 5G4V65?L=V 

6V4E>4< (4> 30% >59T<G), 
>>=E>?V4>64=<=, EFD>>4-

F<=. 

 
-- 

 
-- 

 
 

 
-- 

 
-- 

 
-- 

 
1.8 

 

-- 
 

 

-- 
 

18.3 

 
-- 

 
-- 

 
-- 

 

264 

 
-- 

5IV 2 
'>D=>75<, ?5E>6<= �DG=F, 
EG?VE>> F65D4<=, 5GD<=, 

7G<GE>64=<=. 

 
-- 

 
-- 

 
-- 

 
-- 

 
-- 

 
1.9 

 

-- 
 

-- 
 

19.0 

 
-- 

 
-- 

 
-- 

 

94 

 
-- 

vdI��bq 3 
�5E>6<= �DG=F-EG?VE>> 

=<7L>>?>D<EF<= 7 ?D>L4D-
>4<< ?VE>G, ??4EF<G=<=. 

 

 0.24 

 

0.04 

 

1.0 

 
0.67 

 

1.0 

 

2.0 

 

7.0 

 
-- 

 

20.2 

 

7.0 

 

25 

 

7.0 

 

224 

 
-- 

f�� 4 

�VE>> >64DF>6<=, E5D54-
=L>W >DG?=>EFV, =5>4=>DV4-
=<=, 6V4 <4?>6>?>7>7> 4> 

=4E<G5=>7> 6>4>N. 

 

 0.25 

 

-- 

 

-- 

 

0.70 

 

0.95 

 

 

2.0 

 

14.0 

 
-- 

 

19.7 

 

3.0 

 

28 

 

14.0 

 

294 

 
-- 

LdII 5 
%G?VE>> 7 ?D>L4D>4<< V 

?V=74<< ?VE>G, ??4EF<G=<=. 
 

   0.25 

 

0.06 

 

0.75 

 

0.71 

 

0.96 

 

2.0 

 

11.0 

 
-- 

 

19.7 

 

12.0 

 

22 

 

11.0 

 

364 

 
-- 
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$57G?LF4F< <>=VF>D<=7G DV6=O 6>4< G E?>EF5-
D56=<E E65D4?>6<=4E 44NFL <>6?<6VEFL 7D>5<F< =4E-
FG?=V 6<E=>6><: 

�4>E<<4?L=V 4>5>6V >>?<64==O DV6=O 6>4< 74 
?5DV>4 ?D>6545==O E?>EF5D565=L E>?4?<:  

- G E65D4?>6<=V 7 1 3 170 <<; 
- G E65D4?>6<=V 7 2 3 260 << !; 
- G E65D4?>6<=V 7 3 3 250 << !; 
- G E65D4?>6<=V 7 4 3 60 <<; 
- G E65D4?>6<=V 7 5 3 40 <<; 
- G E65D4?>6<=V 7 6 370 <<. 

�474?L=<= (7?>54?L=<=) <4>E<<4?L=<= ?V4=>< DV6-
=O �DG=F>6<E V F5E=>75===<E 6>4 74 ?5DV>4 ?D>6545==O 
E?>EF5D565=L E>?46: 

- G E65D4?>6<=V 7 1 3 440 <<; 
- G E65D4?>6<=V 7 2 3 680 << !; 
- G E65D4?>6<=V 7 3 3 1150 << !; 
- G E65D4?>6<=V 7 4 3 160 <<; 
- G E65D4?>6<=V 7 5 3 70 <<; 
- G E65D4?>6<=V 7 6 3 880 << !. 

$V65=L �DG=F>6<E V F5E=>75==<E 6>4 =4 4V?O=FV 74-
5G4>6< D57G?NTFLEO 74 D4EG=>> =5>>=FD>?L>64=<E 6<-
F>>V6 7 ?V475<=<E 6>4>=5EGG<E >><G=V>4FV=. 

�>E?V46G64=4 F5D<F>DVO F5E=>75==> ?V4F>??5=4, 
?D>F5E ?V4F>??5==O =>E<FL ?D>7D5EGNG<= E4D4>F5D. 

&<>?VG=V 4>5>6V >>?<64==O V 7474?L=5 ?V4=OFFO 
F5E=>75==<E 6>4 6 7>=V ?V4>L6< EFDVG>>6<E DG=44-
<5=FV6 =4 4V?O=FV 745G4>6< 6 G<>64E ?<?G64F<E EGD>-
7V==> =5EFV=><E �DG=FV6 >4=>7=4G=> ?D<6>4OFL 4> <5-
E4=VG=>7> 6<=>EG 74 <56V ??>MV >5?<D4==O DG=44<5=FV6 
<V=5D4?L=<E G4EF>> �DG=FG >E=>6<, M> T ?D<G<=>N V=-
F5=E<DV>4FVW =5DV6=><VD=<E >EV44=L �DG=F>6>W >E=>6<.   
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�= 
 

 
 

$<E. 2.17. %E5<4 D>7<VM5==O E?>EF5D56=<E E65D4?>6<= V ?V475<=<E  
>4=4?V74FV==<E >><G=V>4FV=: 1 3 4>E?V46G64=4 5G4V6?O; 2 3 75?>>>64=4 

6<F?>64 745G4>64; 3 3 75VD=<= 74?V7>55F>==<= <47VEFD4?L=<= >4=4?V74-

FV==<= >>?5>F>D, d = 400 <<; 4 3 ?V4F>??5=4 >4=4?V74FV==4 <5D564 V 66>4< 

6 5G4V6?V; 5 3 E?>EF5D56=V E65D4?>6<=< 
 
 

5 

4 

3 

2 

2 

1 
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&45?<FO 2.5  
$57G?LF4F< 74<VDV6 DV6=O 6>4< G E?>EF5D56=<E  

E65D4?>6<=4E 
7 
7/? 

�4F4 V G4E  
6<>>=4==O 74<VDV6 

$�� 

�><5D< E?>EF5D56=<E E65D4?>6<=  
V D57G?LF4F< 74<VDV6, << 

%6.1 %6.2 %6.3 %6.4 %6.5 %6.6 
1 2 3 4 5 6 7 8 9 

1 05.10.04 $4=>> 4050 4080 4300 - - - 
�5GVD 4200 3820 4050 - - - 

2 06.10.04 $4=>> 3920 3550 3730 3490 3720 4650 
�5GVD 3750 3480 3620 3440 3680 4600 

3 07.10.04 $4=>> 3810 3470 3500 3480 - 4460 
�5GVD 3830 3440 3460 3500 - 4440 

4 08.10.04 $4=>> 3770 3450 3380 3500 3700 4270 
�5GVD 3750 3420 3310 3480 3740 4210 

5 09.10.04 $4=>> 3720 3440 3320 3450 3670 4070 
�5GVD 3710 3430 3310 3470 3690 4050 

6 10.10.04 $4=>> 3680 3400 3270 3440 3690 4060 
�5GVD 3640 3430 3260 3410 3680 4020 

7 11.10.04 $4=>> 3620 3430 3240 3450 3690 3860 
�5GVD 3610 3460 3270 3510 3700 3810 

8 12.10.04 $4=>> 3610 3460 3220 3490 3700 3800 
�5GVD 3600 3480 3250 3500 3690 3790 

9 13.10.04 $4=>> 3570 3490 3200 3520 3700 3820 
�5GVD 3570 3510 3220 3530 3700 3800 

10 14.10.04 $4=>> 3560 3460 3160 3520 3720 3750 
�5GVD 3570 3470 3170 3500 3720 3820 

11 15.10.04 $4=>> 3540 3450 3170 3450 3710 3800 
�5GVD 3550 3460 3190 3450 3710 3820 

12 16.10.04 $4=>> 3520 3460 3110 3430 3680 3750 
�5GVD 3510 3450 3110 3430 3700 3760 

13 17.10.04 $4=>> 3510 3450 3110 3430 3700 3760 
�5GVD 3520 3440 3120 3440 3700 3720 

14 18.10.04 $4=>> 3510 3430 3110 3430 3700 3760 
�5GVD 3510 3440 3120 3430 3700 3770 
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?D>4>665==O F45?. 2.5 

1 2 3 4 5 6 7 8 9 

15 19.10.04 $4=>> 4000 3540 3510 3400 3700 - 
�5GVD 3990 3510 3500 3410 3700 - 

16 20.10.04 $4=>> 3960 3480 3400 3440 3700 - 
�5GVD 3960 3450 - 3470 3700 - 

17 21.10.04 $4=>> 3870 3460 3300 3430 3690 - 
�5GVD 3840 3460 3260 3430 3690 - 

18 22.10.04 $4=>> 3740 3430 3230 3440 3700 - 
�5GVD 3720 3420 3200 3430 3700 - 

19 23.10.04 $4=>> 3700 3420 3220 3420 3660 - 
�5GVD 3680 3410 3200 3400 3650 - 

20 24.10.04 $4=>> 3660 3410 3190 3380 3650 - 
�5GVD 3650 3400 3170 3350 3640 - 

21 25.10.04 $4=>> 3620 3400 3150 3340 3650 - 
�5GVD 3610 3400 3140 3330 3650 - 

 
�?O 6<7=4G5==O ?>E>465==O V EFG?5=N 47D5E<6-

=>EFV �DG=F>6<E V F5E=>75==<E 6>4 (74 ?>>47=<>4<< 5V>4-
D5>=4F=>W ?G6=>EFV, 6>4=56>7> ?>>47=<>4 pH, 6<VEF>< 
6G7?5><E?>F< %�2 V <47=57V4?L=<E E>?5=, W4><E ?G7V6 3 
E?>D<4V6, EG?LD4FV6, =VFD4FV6, F>M>) =4 4>E?V46G64=V= 
4V?O=FV 5G?< ?D>6545=V EV<VG=V 4>E?V465==O ?D>5 6>4< 7V 
E?>EF5D56=<E E65D4?>6<= V 7 LGDD4 6 ?V464?V 4>E?V46G-
64=>W 5G4V6?V. 

�7V4=> D57G?LF4FV6 4>E?V465=L �DG=F>6V 6>4< 74 
E6>W< EV<VG=<< E>?44>< 6V4=>EOFLEO 4> EFVG=<E (>4=4-
?V74FV==<E) 6>4 V 6>?>4VNFL EV<VG=>N 47D5E<6=VEFN ?> 
6V4=>L5==N 4> 55F>==<E, >4<9O=<E <4F5DV4?V6 V F5-
<5=F=>-?VM4=>7> D>7G<=G =>D<4?L=>W MV?L=>EFV 74-
64O>< 6<VEFG D5475=FV6 7 >4=4?V74FV==<E 6<F>>V6 (4<6. 
F45?. 2.6). 
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&45?<FO 2.6  
$57G?LF4F< EV<VG=>7> 4=4?V7G �DG=F>6<E 6>4 

7 
7/? 

�4764  
?>>47=<>4 

�><5D E65D4?>6<=< / 7?<5<=4 6V45>DG, < 
%6. 3 / 4.0 

[27] 
%$. 1 / 3.5 

[28] 
�V464? 

[28] 
1 2 3 4 5 
1. %GE<= 74?<L>>, 

<7/? 
834.0 1016.30 810.0 

2. D� 8.20 8.50 8.60 
3. �V=5D4?V74FVO, 

<7/? 
844.60 1050.60 900.10 

4. �4D5>=4F=4 6>-
DEF>VEFL,  
<7-5>6/? 

4.60 5.40 4.40 

5. �474?L=4 6>DE-
F>VEFL, <7-5>6/?  

10.2 9.0 4.40 

6. %�2, <7/?:   
- 6V?L=4 

    - 47D5E<6=4  

 
550.00 
12.20 

 
710.00 
13.40 

 
700.00 
14.60 

7. %42+ 130.0 6.50 160.0 8.00 150.0 7.50 
8. �g2+ 6.50 0.54 9.20 0.76 10.0 0.83 
9. Na+ + �+ 310.0 5.65 284.0 7.39 186.0 6.95 
10. Fe3+ 2.0 0.107 2.60 0.139 2.50 0.134 
11. NH4+ 5.50 0.305 7.80 0.43 7.40 0.46 
12. �%�3

 ¯ 390.0 6.39 410.0 6.72 370.0 6.17 
13. CI ¯ 130.0 3.65 200.0 5.63 130.0 3.66 
14. SO4

2- 50.0 1.04 90.0 1.87 70.0 1.46 
15. NO3

¯ 0.20 0.003 0.50 0.003 0.30 0.005 
16. NO2

¯ 0.40 0.009 0.50 0.011 0.50 0.011 
17. �D74=VG=V  

E?>?G><, <7/?  
0.35 0.40 0.38 

18. �E44, <7/? 117.0 88.0 88.0 
19. �%�-5, <7�2/4<3 140.6 48.8 64.0 
20. �<V4>, <7/4<3 8.0 6.90 10.4 
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2.3.4. �FV=>4 =5EGG>W 744F=>EFV �DG=F>6>W >E=>6< V 
>EV44=L DG=44<5=FV6 4>E?V46G64=>W 5G4V6?V 7 GD4EG64==O< 
V=65=5D=>-75>?>7VG=>W E<FG4FVW 4V?O=>< 745G4>6< 

 
$>7D4EG=>> 45D>D<4FV= >E=>6< 6<>>=G646EO 77V4=> 

��� �.2.1-10-2009 [29] 7 6<>>D<EF4==O< D>7D4EG=>>6>W 
EE5<< G 6<7?O4V ?V=V==>-45D>D<>64=>7> =4?V6?D>EF>DG 
74 G<>6<, M> E5D54=V= F<E> ?V4 ?V4>L6>N DG=44<5=FG D 
=5 ?>6<==<= ?5D56<MG64F< D>7D4EG=>>6>7> >?>DG �DG-
=FG >E=>6< R: 

                      D f R , (>�4, F/<2),                            (2.16) 
4 >EV44==O DG=44<5=FG =5 ?>6<==5 ?5D56<MG64F< 4>-
?GEF<<<E 65?<G<=  
                                   S  f  Su , (E<, <<).                               (2.17) 

$>7D4EG=>>6<= >?VD �DG=FG >E=>6< R 6<7=4G46EO 74 
D>D<G?>N: 

       
ú
ú

û

ù

ú
ú

û

ù

÷û÷ôýû

û÷÷û÷÷÷÷
ý

IIc
'
IIbg

'
II1gIIz2c1c

CMd)1M(

dMbkM

k
R

÷

÷÷÷÷ ÷

,         (2.18)

 

45 1c÷  V 2c÷  3 >>5DVFVT=F< G<>6 D>5>F<;  

k 3 >>5DVFVT=F, M> 74?56<FL 6V4 <5F>4G 6<7=4G5==O 
E4D4>F5D<EF<> <VF=>EFV �DG=FG >E=>6<; 

÷M , �q F4 cM  3 >>5DVFVT=F<, 6<7=4G5=V 6V4?>6V4=> 4> 

65?<G<=< ÇII ; 
b 3 L<D<=4 ?V4>L6< DG=44<5=FG, <; 
kz = 1.0 3 >>5DVFVT=F, ?D< b < 10 <; 

II÷ 3 E5D54=T D>7D4EG=>>65 7=4G5==O ?<F><>W 647< 
�DG=FG =<6G5 ?V4>L6< DG=44<5=FG. 

�<F><4 6474 �DG=FG =<6G5 $�� 6<7=4G4?4EL 74 D>-
D<G?>N: 
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                                        ³sb = 
e1

ws

û
ý ÷÷ , 

45 ³s = 26.6÷27.4 >�/<3 3 ?<F><4 6474 G4EF<=>> �DG=FG; 
³w = 10.0 >�/<3 3 ?<F><4 6474 6>4<; 

'
II÷  3 E5D54=T D>7D4EG=>>65 7=4G5==O ?<F><>W 647< 

�DG=FG 6<M5 ?V4>L6< DG=44<5=FG; 
E�� 3 >>5DVFVT=F 7G5??5==O �DG=FG 557?>E5D54=L> ?V4 

?V4>L6>N DG=44<5=FG; 
d1  3 ?D<6545=4 7?<5<=4 74>?444==O 7>6=VL=VE V 6=GF-

DVL=VE DG=44<5=FV6 6V4 ?V4?>7< ?V464?G: 

                      d1 = hs + hcf  × ³cf / '
II÷ ,                       (2.19) 

45 hs 3 F>6M<=4 L4DG �DG=FG 6V4 ?V4>L6< DG=44<5=FG 
4> ?V4?>7< ?V464?G, <; 

hcf  3 F>6M<=4 >>=EFDG>FVW ?V4?>7< ?V464?G, <;  
³cf 3 D>7D4EG=>>65 7=4G5==O ?<F><>W 647< >>=EFDG>FVW 

?V4?>7< ?V464?G, >�/<3; 
db 3 7?<5<=4 ?V464?G, <.  

          �464=F465==O 6V4 6?4E=>W 647< DG=44<5=FG V �DG-
=FG =4 =>7> 6<EFG?4E 6<D4E>6G64?>EL 74 D>D<G?>N:      

                                      o1 AdG ôôý ÷ ,                                 
(2.20) 

45 ÷ 3 E5D54=T 7=4G5==O ?<F><>W 647< <4F5DV4?G DG=44-
<5=FG V �DG=FG =4 =>7> 6<EFG?4E;  

                Ao 3 ??>M4 ?V4>L6< 1-7> ?.<. DG=44<5=FG. 
%5D54=V= F<E> ?> ?V4>L6V DG=44<5=FG 6<D4E>6G64-

6EO 74 D>D<G?>N: 

                           
oA

GN
P

û
ý ,                                    (2.21) 

45 N 3 EG<4D=5 D>7D4EG=>>65 =464=F465==O =4 DV6=V >5-
DV7G DG=44<5=FG. 
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�EV44==O S5 >E=>6< DG=44<5=FG 6V4 5>E??G4F4FV=-
=>7> =464=F465==O 6<7=4G4?4EL <5F>4>< ?>L4D>6>7> 
4>4464==O 77V4=> [29] 74 D>D<G?>N:  

                   S5 = ß ×õ
ý

?

V 1
Ãzpi × hi  / Ei  ,                   

(2.22) 
45  ß = 0.8 3 557D>7<VD=<= >>5DVFVT=F; 

Ãzpi = ³ × D0 3 E5D54=T 7=4G5==O 4>44F>>6>7> 65DF<>4-
?L=>7> =4?DG65==O 6 V-F><G L4DV �DG=FG; 

³ 3 >>5DVFVT=F, O><= 74?56<FL 6V4 D>D<< ?V4>L6<, 
E?V66V4=>L5==O EF>DV= ?DO<>>GF=>7> DG=44<5=FG V 6V4-
=>E=>W 7?<5<=< ¿ = 2Z/b; 

D0 = D 3 Ãzg0 3 4>44F>>6<= 65DF<>4?L=<= F<E> =4 �DG=-
F>6G >E=>6G.  

hi  3 F>6M<=4 V37> L4DG �DG=FG; 
Ei 3 <>4G?L 45D>D<4FVW V37> L4DG �DG=FG ?D<D>4=>W 

6>?>7>EFV. 
%?5F<DV>4FVO D>7D4EG=>>6<E EVG5=L EFDVG>>6<E 

DG=44<5=FV6 =5EGG<E EFV= =46545=4 6 F45?<FV 2.7. 
&45?<FO 2.7  

%?5F<DV>4FVO D>7D4EG=>>6<E EVG5=L DG=44<5=FV6  
=5EGG<E EFV= 

7 
7/? 

77 D>7D4EG=-
>>6<E 

EVG5=L, >EV 

�>D<4F<6-
=5 =464=-
F465==O 
NI�, >� 

$>7D4EG=-
>>65   

=464=F4-
65==O 
NI, >� 

,<D<=4 
?V4>L6< 

b, < 

�?<5<=4 
74>?4-
44==O 
d1, < 

1 2 3 4 5 6 

1. 1-1,  
>EV «�», «�»  

309.34 350.94 1.90÷ 
÷2.10 

1.02 

2. 2-2, 6VEL «�»  309.12 347.58 2.00 1.02 
3. 22-22, 6VEL «�»  309.12 347.58 1.40 1.50 



 

189 
 

 
?D>4>665==O F45?. 2.7  

1 2 3 4 5 6 

4. 333, 6VEL «�» 264.74 297.42 1.9÷2.1 1.02 
5. 434, 6VEL «�»  320.19 358.32 2.00 1.02 
6. 535, >EV «5», 

«8»  

363.69 408.81 1.40 1.02 

7. 636,  

>EV «5», «8»  
282.69 313.93 1.40 1.02 

 
 

 

$57G?LF4F< D>7D4EG=>V6 =5EGG>W 744F=>EFV �DG=-
F>6>W >E=>6< V >EV44=L DG=44<5=FV6 4>E?V46G64=>W 5G-
4V6?V. 

�4>E<<4?L=V >EV44==O Smax �DG=F>6>W >E=>6< DG=-
44<5=FV6 =5EGG<E EFV= ?> >EOE «5» V «8» =4 4V?O=>4E <V6 
>EO<< «�» V «�» (EVG5==O 535) 4>EO7?< 7D4=<G=>W 65?<G<-
=< >EV44=L Smax,u 77V4=> 4>44F>G ��� [29]: 

Smax = 0.111 < > Smax,u = 0.10 <. 
�V4=>E=4 DV7=<FO >EV44=L (&S/L) �DG=F>6>W >E=>6< 

DG=44<5=FV6 =5EGG<E EFV= 6 D>7D4EG=>>6<E EVG5==OE 333 
V 434, 131 V 333, 232 V 434, 131 V 535, 22322 V 535, 535 V 636 (4<6. 
D<E. 2.18) 7=4G=> ?5D56<MGNFL 7D4=<G=G 65?<G<=G 
(&S/L)u 77V4=> 7 4>44F>>< ��� [29]: 

(&S/L)3-3, 4-4 =(0.0748-0.0615) / 6.00=0.0022 >(&S/L)u = 0.002; 
(&S/L)1-1, 3-3 =(0.0697-0.0615) / 1.00=0.008 >(&S/L)u = 0.002;  
(&S/L)2-2, 4-4 =(0.0748-0.0686) / 1.00=0.0062 >(&S/L)u = 0.002; 

(&S/L)1-1, 5-5 =(0.1011-0.0697)/1.00=0.0314 >>(&S/L)u = 0.002!; 
(&S/L) 22-22, 5-5=(0.1011-0.0810)/1.00=0.0201>>(&S/L)u = 0.002!; 
(&S/L) 5-5, 6-6 =(0.1011-0.0766)/1.00=0.0245>>(&S/L)u = 0.002!. 

 
�>E??G4F4FV==4 =44V==VEFL 4>E?V46G64=>W 5G4V6-

?V, 7 F>G>< 7>DG 7D4=<G=<E 6V4=>E=<E DV7=<FL >EV44=L 
(&S/L) �DG=F>6>W >E=>6< F4 DG=44<5=FV6 7>6=VL=VE V 
6=GFDVL=VE =5EGG<E EFV=, =5 74557?5G5=4. 
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$<E. 2.18. $>7D4EG=>>6V EVG5==O 4?O 75>DG =464=F465=L =4 DG=44<5=F<  

4>E?V46G64=>W 5G4V6?V: 
� 3 D>7D4EG=>>64 EE5<4 $�' V ?5DL>7> ?>65DEG; 

� 3 D>7D4EG=>>64 EE5<4 2-7>÷5-7> V F5E=VG=>7> ?>65DEV6 
 

� 

� 
� 

� 

� 

� 
� � 

� � 

� � 

� � 

8 

8 

7 

7 6 

6 1 5 

5 

1 

1 

1 2 

2 3 

3 

4 

4 

3 E4<>=5EGG4 EFV=4; 
3 =5EGG4 EFV=4. 

� 

� 

21.60 21.60 

21.60 21.60 

6.0 6.0 

6.0 6.0 



 

191 
 

�4?DG65=>-45D>D<>64=<= EF4= �DG=F>6>W >E=>6< 
6V4?>6V4=> 4> 6<<>7 >D<F5DVW6 �-W 7DG?< 7D4=<G=<E EF4-
=V6 (=5EGG4 744F=VEFL) >?4E<DV>GTFLEO O> 7D4=<G=<= 7 F5-
=45=FVTN ?5D5E>4G 6 464DV==<=, ?D< O>><G 45D>D<4FVW 
>E=>6< D47>< 7 ?>EFV==<<< V F<<G4E>6<<< =464=F465=-
=O<< >5G<>6<?< ?>L>>465==O >>D5<<E >>=EFDG>FV=, 
>4=4>, 7 >7?O4G =4 F5, M> <4>E<<4?L=<= F<E> Pmax ?V4 ?V-
4>L6>N VE=GNG<E DG=44<5=FV6 =5EGG<E EFV= =5 ?5D56<-
MGT 7=4G5==O D>7D4EG=>>6>7> >?>DG �DG=FG R, 674T<>-
?>69O74=V EGEV4=V >>=EFDG>FVW 45> 5?5<5=F< ?>>< M> 7=4-
E>4OFLEO 6 4>7D4=<G=><G EF4=V, F<< =5 <5=L5, 45D>D-
<4FVW V ?>L>>465==O ?>EFG?>6> =4>>?<GGNFLEO V ?>6V-
?L=> D>76<64NFLEO. 

 

2.3.5. �474?L=V 6<E=>6>< 
 

�=65=5D=>-75>?>7VG=4 >E>5?<6VEFL 4>E?V46G64=>W 
4V?O=>< 745G4>6<: �5>4=>DV4=VEFL V DV7>4 7<V=N64=VEFL 
?>FG6=>EFV L4DV6 �DG=F>6>7> <4E<6G, 4 F4>>6 6<E>><= 
DV65=L EF>O==O $��.  

�E>5?<6>EFV 6>4>=4E<G5=>7> �DG=FG ���-3 (VdIIIbq) 3 
?5E>6>7> EG?VE>G =<7L>>?>D<EF>7>, F<>E>FD>?=>7>, EG-
D>7V==> =5EFV=>>7>, ??4EF<G=>7>, O><= E?G7GT ?D<D>4-
=>N >E=>6>N EFDVG>>6<E DG=44<5=FV6 4>E?V46G64=>W 
5G4V6?V:  

- �=4G=4 EF<E?<6VEFL V <4?4 =5EGG4 744F=VEFL. �G4V6-
?V, 6 >E=>6V O><E T F4>V �DG=F<, 6V4GG64NFL 65?<>V 4>67>-
FD<64?V >EV44==O (6 5474FL>E 6<?44>4E 6?D>4>66 GEL>7> 
F5D<V=G 5>E??G4F4FVW 5G4V6?V), >E>V?L>< GMV?L=5==O 6>-
4>=4E<G5=<E �DG=FV6 6<7=4G4TFLEO, 7>?>6=<< G<=><, 
?D>F5E4<< 6V4F<E>4==O ?>D>6>W 6>4< 4> 4D5=46=<E ?>-
65DE>=L.  
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- �<5=L5==O <>4G?O 45D>D<4FVW 74?56=> 6V4 L6<-
4>>EFV 5>E??G4F4FV==>7> V (45>) 4>44F>>6>7> =464=F4-
65==O (6 =4L><G 6<?44>G 3 =445G4>64 F5E=VG=>7> V 5-7> 
?>65DEV6).  

- �<5=L5==O <VF=>EFV 6 <VDG 74?>6=5==O ?>D 6>-
4>N, >E>5?<6> ?D< 6<VEFV 6 =<E 45O>>W >V?L>>EFV >D-
74=VG=<E >>?>W4=<E G4EF<=, DV6=><VD=> D>7?>4V?5=<E 6 
WE F>6MV, O>V ?D<44NFL EG?VE>4< 5V?LLG DGE?<6VEFL. &4>V 
�DG=F< ?V4 =565?<><< F<E>><, =46VFL ?D< =5?>6=><G 6>-
4>=4E<G5==V, <>6GFL D>7FV>4F<EO, G5D57 F5 WE G4EF> =47<-
64NFL ??<6G=4<<. &4>V ?E564>-??<6G=< <>6GFL 6<>>D<E-
F>6G64F<EL 6 >E=>6V DG=44<5=FV6 5G4V65?L FV?L>< F>4V, 
>>?< 6?D>64465=V 74E>4<, M> 6<>?NG4NFL <>6?<6VEFL 
WE 7>D<7>=F4?L=>7> FD4=ED5DG. �D< ?>O6V <>6?<6>EFV 
?<?G64FV EG7?<=>< V EG?VE>< 6 F5>GG><G, 4 ?D< F<E>G =4 
=<E 5V?LL><G O> 0.15 ��4 V 6 F5>GG>-??4EF<G=><G EF4=V 
?57>> <>6GFL ?5D5<VM4F<EL V7 7>=< F<E>G 45> ?V44464-
F<EL 6??<6G EGD>7VW, 6<>?<>4NG< 6FD4FG EFV=>>EFV �DG=-
F>6>7> <4E<6G. �D< 5G4V6=<FF6V F4 5>E??G4F4FVW 5G4V65?L, 
6 >E=>6V O><E T E?45>V 6>4>-=4E<G5=V �DG=F<, ?D<=<4NFL-
EO DVL5==O 45> ?> 7<VF=5==N V GMV?L=5==N �DG=F>6<E 
>E=>6, 45> ?> 75V?LL5==N 6>DEF>>EFV E4<<E E?>DG4, M> 
=5 ?5D5454G5=> 6 >>=EFDG>F<6=V= EE5<V 4>E?V46G64=>W 
5G4V6?V. �5>5EV4=> 6V4<VF<F<, M> 74EF>EG64==O 5G4L-
O>>7> 7 VE=GNG<E <5F>4V6 7<VF=5==O V GMV?L=5==O F4><E 
�DG=FV6 =5 ?V>6V4>6GT >EV44=L 5G4V6?V, 4 ?<L5 6 FV= G< 
V=LV= <VDV WE 7<5=LGT. 

�>?<64==O $��: �V4>L64 VE=GNG<E EFDVG>>6<E DG-
=44<5=FV6 4>E?V46G64=>W 5G4V6?V ?V4F>??5=4 V 7=4-
E>4<FLEO =<6G5 $�� =4 0.8÷1.10 <. �>4>=4E<G5==O 7DG-
=FG EG?D>6>46GTFLEO ?>7VDL4==O< >>=E<EF5=FVW, O>5 6<-
>?<>4T =5 FV?L>< 7<5=L5==O =>7> =5EGG>W 744F=>EFV, 4?5 
= 75V?LLGT =>7> EF<E?<6VEFL. �EV44==O DG=44<5=FG T 
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DG=>FVTN 7<V=< 7>D<7>=F4?L=<E =4?DG65=L, O>V 6 E6>N 
G5D7G, 6<7=4G4NFLEO ?>?>65==O< $��, F><G ?D>EV44==O 
�DG=FG, 6<>?<>4=5 ?V4=><>< $��, =45474F> 5V?LL5 74 
?D>EV44==O, 6<>?<>4=5 EF4F<G=<< (5>E??G4F4FV==<<) 
=464=F465==O< V, O> ?D46<?>, ?D<6>4<FL 4> ?>L>>4-
65=L DG=44<5=FV6 V =475<=<E >>=EFDG>FV=. �7V4=> ?D>-
6545=<E 4>E?V465=L 4<??VFG44 >>?<64==O $�� =4 4V?O=FV 
745G4>6< <>65 E>?444F< 0.7÷1.2 <. &4>5 >>?<64==O E?D<-
G<=OT EF>E4EF<G=G 7<V=G =4?DG65=>-45D>D<>64=>7> 
EF4=G �DG=FV6 >E=>6< 6=4E?V4>> 7<V=<, ?>O6< 45> 7=<>-
=5==O 7V4D>EF4F<G=>7> F4 7V4D>4<=4<VG=>7> F<E>V6. �<-
=<>4NFL DV7=V 74 4<??VFG4>N 65DF<>4?L=V DGE< DG=44-
<5=FV6, M> 6 >><??5>EV 7 V=L<<< G<==<>4<< ?D<6>4<FL 
4> ?>O6< V D>76<F>G 45D>D<4FV==<E FDVM<= 6 >>=EFDG>-
FVOE 5G4V6?V 6 FV?ó<G.   

�>=<65==O DV6=O G< =4?>DG �DG=F>6<E 6>4:  
- � EG?VM4=<E �DG=F4E ?V4=>< $�� <>65 7<5=L<F< 

EFV=>VEFL >E=>6< ?D>F< 7>D<7>=F4?L=>7> FD4=ED5DG =<-
6G5 ?V4>L6< DG=44<5=FV6  V ?D<65EF< 4> 4>44F>>6>7> 
75V?LL5==O >EV44=L 5G4V6?V. /> 6V4><>, E4D4>F5D=>N 6?4-
EF<6VEFN ?VM4=<E �DG=FV6 T <4?4 7<V=4 WE >59T<G ?D< 7<V-
=V 6>?>7>EFV. �4=4> ?D< =4E<G5==V 6>4>N, (74>>= �DEV-
<544), 6474 G4EF>> �DG=FG 7<5=LGTFLEO =4 647G 6<FVE=5=>W 
=<<< 6>4<, >F65 7<5=LGTFLEO F5DFO <V6 G4EF>4<< V ?>?5-
7LGTFLEO WE 6V4=>E=<= 7EG6. 

- &<>?VG=4 4>5>64 7<V=4 $�� EG?D>6>46GTFLEO GMV-
?L=5==O< �DG=FV6 6>4>=>E=<E 7>D<7>=FV6, 6 D57G?LF4FV 
G>7> 6V45G64TFLEO WE >EV44==O ?V4 =464=F465==O<. �>=<-
65==O $�� 6<6V?L=OT 6V4 6>4< 45O><= >59T< �DG=F>6>W F>-
6MV 7 6V4?>6V4=<< 75V?LL5==O< WW 647< 6=4E?V4>> 6<>?N-
G5==O 6<646G64?L=>W ?D>F<4VW 6>4<. �>=<65==O $�� =4 
1.0 < ?D<6>4<FL 4> 75V?LL5==O F<E>G 6V4 6?4E=>W 647< 
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�DG=FG =4 �DG=F< 6>4>=>E=>7> 7>D<7>=FG =4 0.01 ��4. 
�D< 7=4G=<E 74 ?>FG6=VEFN F4 EF<E?<6VEFN �DG=F>6<E 
F>6M4E F5 E?D<G<=OT EGFFT6V >EV44==O DG=44<5=FV6.  

�DG=F>6V 6>4< =4 4V?O=FV 745G4>6< 6>?>4VNFL EV-
<VG=>N 47D5E<6=VEFN ?> 6V4=>L5==N 4> 55F>==<E, >4-
<9O=<E <4F5DV4?V6 V F5<5=F=>-?VM4=>7> D>7G<=G =>D-
<4?L=>W MV?L=>EFV, M> T ?D<G<=>N DG==G64==O 74E<-
E=>7> L4DG 55F>=G, >7>?5==O F4 >>D>7VW D>5>G>W 4D<4-
FGD< 74?V7>55F>==<E V 55F>==<E 5?5<5=FV6 $�' 5G4V6?V. 

�>44F>>6<= =574F<6=<= D4>F>D 6??<6G =4 5>E-
??4F4FV==G =44V==VEFL ?V4F>??5=>W �DG=F>6>W >E=>6< 
E?D<G<=OT V=F5=E<6=<= DGE 46F>FD4=E?>DFG 6 557?>-
E5D54=V= 5?<7L>>EFV 6V4 5G4V6?V, M> EF6>DNT 4<=4<VG=5 
=464=F465==O =4 F<>E>FD>?=V �DG=F< >E=>6<. 

�5>F5E=VG=4 =44V==VEFL �DG=F>6>W >E=>6< 4>E?V4-
6G64=>W 5G4V6?V E4D4>F5D<7GTFLEO O> F4>4, ?D< O>V= 4V-
?O=>4 745G4>6< >5<565=> ?D<44F=4 4?O 5G4V6=<FF64 
557 ?D>6545==O V=65=5D=<E 74E>4V6. CG<VE=V 45D>D<4FVW 
(S0 + S) 5G4V6?V 7 >E=>6>N ?5D56<MGNFL 7D4=<G=V EG<VE=V 
45D>D<4FVW (Su) 5G4V6?V, =5 ?D<EF>E>64=>W 4> E?D<==OF-
FO 7GE<?L, O>V 6<=<>4NFL 6 E>?44=<E ���, F>5F> S0 + S> 

>Su , 4?5 =5 ?5D56<MGNFL 7D4=<G=V EG<VE=V 45D>D<4FVW     

( '
uS ) 5G4V6?V, ?D<EF>E>64=>W 4> E?D<==OFFO 6>474=<E 7G-

E<?L, F>5F> S0 + S f '
uS . �5D>D<4FVW >E=>6< >5G<>6<?< 

?>L>>465==O >>D5<<E >>=EFDG>FV=, >4=4> 674T<>?>-
69O74=V EGEV4=V >>=EFDG>FVW ?>>< M> 7=4E>4OFLEO 6 4>-
7D4=<G=><G EF4=V. &<< =5 <5=L5, 45D>D<4FVW ?>EFG?>6> 
=4>>?<GGNFLEO V ?>6V?L=> D>76<64NFLEO. �44V==5 GF-
D<<4==O 5G4V6?V <>6?<65 FV?L>< 74 G<>6< D>7D>5>< V 
6?D>64465==O >><??5>EG V=65=5D=>-F5E=VG=<E 74E>4V6 7 
6V4=>6?5==O 5>E??G4F4FV==>W =44V==>EFV 5G4V6?V. 
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2.4. �&���� ���&�%��'��� �������%&�  
�$�%������� �$'�&���� �%����  
=4 ?D<>?44V 44<V=VEFD4F<6=>W 5G4V6?V 
7 124 =4 6G?. %>5>D=V= G <. $V6=><G 

 

2.4.1. %4D4>F5D<EF<>4 V D57G?LF4F< >5EF565==O 
>>=EFDG>FV= 4>E?V46G64=>W 5G4V6?V 

 
�474?L=V ?>?>65==O. � 44<V=VEFD4F<6=><G 6V4=>-

L5==V 4>E?V46G64=4 4V?O=>4 745G4>6< 7=4E>4<FLEO =4 
6G?. %>5>D=V=, 124 6 7>=V MV?L=>W <VEL>>W 745G4>6< F5=F-
D4?L=>W G4EF<=< <. $V6=>7>  (4<6. D<E. 2.19).  

�59T<=>-??4=G64?L=5 DVL5==O. �G4V6?O G>F<D<?>-
65DE>64 7 F>>>?L=>-?V464?L=<< ?>65DE><, 6 ??4=V ?DO-
<>>GF=>W D>D<< 7 6<EFG?4<<, 7454D<F=<<< D>7<VD4<< 6 
>EOE «136»×«�-�»=45.47×15.14 <. �?O 6<E>4G 7 F>>>?L=>-
?V464?L=>7> V ?5DL>7> =4 2-=÷4-= ?>65DE< 6?4LF>64=V 
EE>4>6V <4DLV V ??>M44>< 6 EE>4>6<E >?VF>4E (4<6. 
D<E. 2.20÷2.22).   

�>=EFDG>F<6=4 EE5<4 5G4V6?V EFV=>64 7 ?>74>6-
6=V<< 7>6=VL=V<< V 6=GFDVL=L>N =5EGG<<< EFV=4<<. 
�D>EF>D>6G 6>DEF>VEFL 5G4V6?V 74557?5GGNFL 7>6=VL=V F4 
6=GFDVL=V =5EGGV EFV=<, EFV=< EE>4>6<E >?VF>>, 4<E>< ?5-
D5>D<FFV6 V ?>>D<FFO.  

%?5FV4?L=V V=65=5D=>-F5E=VG=V 74E>4< 4?O E?D<=-
=OFFO >>=EFDG>F<6=>N EE5<>N =5DV6=><VD=<E 45D>D-
<4FV= >E=>6< =5 ?5D5454G5=V. 

$G=44<5=F< 7>6=VL=VE V 6=GFDVL=VE EFV= EFDVG-
>>6V 7 <>=>?VF=>7> 55F>=G, 7 6<EFG?4<< 6 =<6=V= G4E-
F<=V. �?<5<=4 74>?444==O 1.50÷1.90 < 6V4 ?>65DE=V ?V4?>-
7< ?V464?G (45E>?NF=V 6V4<VF>< 210.6÷211.0 <). ,<D<=4 
?V4>L6< 3 1.34÷1.38 <. �>D<7>=F4?L=4 7V4D>V7>?OFVO 3 464 
L4D< DG55D>=4G =4 6V4<. 212.50 <.  
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�5DF<>4?L=4 7V4D>V7>?OFVO EFV= ?V464?L=>W G4EF<=< 
=5 6<O6?5=4. %FV=< F>>>?L=>-?V464?L=>7> ?>65DEG 3 7 G5-
D6>=>W ?>6=>FV?>W F57?< EF4=44DF=<E D>7<VDV6 =4 F5<5=F-
=>-?VM4=><G D>7G<=V. �V4<>EF>4 ?> ?5D<<5FDG 5G4V6?V 3 
FD>FG4D=4 ??<F>4 7 ?D<D>4=>7> >4<5=N, 4ED4?LF>55F>= 
?> 6FD4<5>64=V= ?VM4=>-M555=56V= >E=>6V. �<>D<6?5==O 
7>D<7>=F4?L=<E ?V=V= F>>>?L=>W G4EF<=< DG=44<5=FV6 
7>6=VL=VE ?>74>66=VE EFV= 6V7G4?L=> F4 V=EFDG<5=F4?L=> 
=5 6<O6?5=5. 

�� 

 

$<E. 2.19. �<>>?VN64==O 7 EG?GF=<>>6>W >4DF< <. $V6=>7> 

�>E?V46G64=<= 
>59T>F 
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$>F> 2.2, 2.3. �>?>6=<=  V 46>D>6<= D4E44< 4>E?V46G64=>W 5G4V6?V 
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$<E. 2.20. �5<VD=<= ??4= F>>>?L=>-?V464?L=>7> ?>65DEG 
 

1 

1 
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$<E. 2.21. �5<VD=<= ??4= ?5DL>7> ?>65DEG 

1 

1 
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$<E. 2.22. �5<VD=<= ??4= 4DG7>7>3G5F65DF>7> ?>65DEV6 

1 

 
1 
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$<E. 2.23. �>?5D5G=<= D>7DV7 131 
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$>F> 2.4, 2.5. �4<>>4==O EFV= F>>>?L=>-?V464?L=>7> ?>65DEG 6>4>N 7  

6V4<>EF><, GD465==O 7D<5>>< F57?O=>W >?44>< 
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$>F> 2.6, 2.7. %<?>6V FDVM<=< 6 >?>D=<E 7>=4E 75VD=<E 74?V7>55F>==<E 

EE>4>6<E <4DLV6 V ??>M44>> 
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$>F> 2.8, 2.9. %<?>6V FDVM<=< G 6=GFDVL=VE =5EGG<E EFV=4E F4 6 <VEFOE  

>5?<D4==O 74?V7>55F>==<E ?D>7>=V6 
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$>F> 2.10. �4E>6V E<?>6V 65DF<>4?L=V FDVM<=< G 7>6=VL=VE =5EGG<E F4  

E4<>=5EGG<E EFV=4E 
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$>F> 2.11. �4E>6V E<?>6V 65DF<>4?L=V FDVM<=< G 7>6=VL=VE =5EGG<E F4  

E4<>=5EGG<E EFV=4E 

�V4?>74. �5D4<VG=4 ??<F>4, <>74WG=<= 55F>= ?> 55-
F>==V= EFO6FV V 6FD4<5>64=><G �DG=FG, 75VD=<E 74?V7>55-
F>==<E ??<F4E ?5D5>D<FFO, ?4<V=4F, 45D569O=<= ?4D>5F 
?> 75VD=<E 74?V7>55F>==<E ??<F4E ?5D5>D<FFV6, 74?56=> 
6V4 ?D<7=4G5==O ?D<<VM5=L. 

%E>4<, ??>M44><. %E>4< V ??>M44>< 6E>4G 6 5G-
4V6?N 55F>==V, EE>4<=< ?>>D<FV ??<F4<< 7 ?D<D>4=>7> 
>4<5=N. %?>?GG5==O <V6 ?>65DE4<< 74557?5G5=5 75VD-
=<<< 74?V7>55F>==<<< EE>4>6<<< <4DL4<< V ??>M44-
>4<< 6 EE>4>6<E >?VF>4E. %E>4< 6 F>>>?L=>-?V464?L=<= 
?>65DE 3 55F>==V =45VD=V. �4 46>D>6><G D4E44V 5G4V6?V 
6?4LF>64=4 <5F4?564 ?>656=4 4D45<=4.  

%FV=<, ?5D57>D>4><. �>6=VL=V, 6=GFDVL=V EFV=<, ?V?O-
EFD< F4 ?5D57>D>4>< 3 7 G5D6>=>W ?>6=>FV?>W F57?< EF4=44-
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DF=<E D>7<VDV6 =4 F5<5=F=>-?VM4=><G D>7G<=V. �4D=<7< 
7>6=VL=VE EFV= 75VD=V 55F>==V. &>6M<=4 7>6=VL=VE, 6=GFDV-
L=VE EFV= 3 250, 380, 510, 640 <<, ?5D57>D>4>> 3 120 <<. �>-
65DE=V EFV= V ?5D57>D>4>> 6 ?D<<VM5==OE >LFG>4FGD5=V 
64?=O=>-?VM4=<< D>7G<=><. �44?D>T<=V ?5D5<<G>< G 
EFV=4E V ?5D57>D>4>4E 75VD=V 74?V7>55F>==V 5DGE>>6V DO4>6V V 
=5EGGV. $4E44< >?>DO465=V 45>>D4F<6=>N F5D>7<F>6>N 
LFG>4FGD>>N F4 >5D4<VG=>N ??<F>>N, F>>>?L 3 DGEF< 7 
?D<D>4=>7> >4<5=N, 45>>D4F<6=4 F5D>7<F>64 LFG>4FGD>4.  

�5D5>D<FFO F4 ?>>D<FFO. �44 F>>>?L=>-?V4-
64?L=<< ?>65DE>< 3 <>=>?VF=5 74?V7>55F>==5 54?>G=5. 
�V6?>65DE>6V ?5D5>D<FFO V ?>>D<FFO 3 >DG7?>?GEF>F=V 
75VD=V 74?V7>55F>==V ??<F< 7 >5?<D4==O< =4 =5EGGV EFV=< 
V ?D>7>=<. 'F5??N64G ?>>D<FFO 3 74E<?>4 L?4>><. 

�4?>6=5==O ?D>T<V6. �>6=VL=V 465DV 45D569O=V 7?GEV 
V 74E>?5=V, 6=GFDVL=V 465DV 3 <5F4?>??4EF<>>6V 74E>?5=V, 
6V>=4 3 74E>?5=V 45D569O=V 6V>>==V D4<<, <5F4?>??4EF<>>-
6V 6V>>==V 5?>>< 7 74?>6=5==O< 64>GG<=<<< E>?>?4>5F4-
<<. 

�4E. '>F<D<EE<?<= 64?L<>6<=, 45D569O=4 >D>>-
69O=4 E<EF5<4 3 ?>E<?V EFD>?<?L=V =>7< 7V EFV=>4<<, 74-
FO6>4<< F4 ?V4>>E4<<. �5?<D4==O >D>>6V6 3 =4 <4G5D-
?4F< V 65DE=V ?>74>66=V ?D>7>=<. � >>=EFDG>FVW 44EG 
6?4LF>64=V 6VFD>6V 6V>=4.  

�>>DV6?O. �?OL4=V ?<EF< ?> 45D569O=V= >5D5LVFFV 7 
4>M>> 7 ?D>7>D4<<. �>4>EFV> 7>6=VL=V=, >D74=V7>64=<= G 
5?OL4=V D<=6< V 6>4>EFVG=V FDG5<.    

�=65=5D=V >><G=V>4FVW  
�>6=VL=T 5?5>FD>?>EF4G4==O  3 6V4 <VEF56>W &�.  
�=GFDVL=T 5?5>FD>>E6VF?5==O 3 D>5>G5, 464DV==5 V 

D5<>=F=5. 
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&5??>?>EF4G4==O 3 F5=FD4?L=5 6V4 F5??>6>W <5D56V 
D4=>==>W >>F5?L=V. &5??>=>EV= 3 6>44 t = 130÷70° C. %E5-
<4 F5??>?>EF4G4==O 74>D<F4, 46>FDG5=4, FG?V>>64.  

�>4>?>EF4G4==O 3 6V4 >V?LF56<E <5D56 <VEL>>7> 6>-
4>?D>6>4G. %E5<4 6>4>?>EF4G4==O >V?LF564, >59T4=4=4 
7>E?>44DEL>>-?<F=4 V ?D>F<?>656=4.  

�>4>6V46545==O 3 6 <VEL>G >4=4?V74FV==G <5D56G. 
�5=F<?OFVO 3 ?D<F>G=>-6<FO6=4, ?D<D>4=4.  
�=GFDVL=T ?>656>74EV==O 3 ?>656=V >D4=<.  
�E>D>==>-?>656=4 E<7=4?V74FVO 3 ?>656=<= >>=-

F5=FD4F>D ��%-3. �4 D4E44=V= G4EF<=V 5G4V6?V 6<6545=4 
E6VF?>76G>>64 E<7=4?V74FVO.       

�4 <><5=F ?D>6545==O >5EF565=L GEV =4O6=V E<E-
F5<< 6=GFDVL=VE V=65=5D=<E >><G=V>4FV= ?D4FN64?< 6 
=>D<4?L=><G D56<<V. 

� D57G?LF4FV >5EF565==O =5EGG<E >>=EFDG>FV= 5G4V-
6?V 7 124 =4 6G?. %>5>D=V= G <. $V6=><G, ?>L>>-
465==O<< V D4>F>D4<<, M> 7<5=LGNFL WW 5>E??G4F4-
FV==G =44V==VEFL, 6<7=4=> =4EFG?=V: 

- 6V4EGF=VEFL 65DF<>4?L=>W 7V4D>V7>?OFVW DG=44-
<5=F=>-?V464?L=>W G4EF<=<; 

- 74<>>4==O EFV= F>>>?L=>-?V464?L=>7> ?>65DEG 6>-
4>N 7 6V4<>EF><, GD465==O 7D<5>>< F57?O=>W >?44>< 
EFV= (4<6. D>F> 2.4, 2.5); 

- ?D>EV44==O F4 DG==G64==O 6V4<>EF>< >>D5<<<< 
<VEFO<<; 

- FDVM<=< 6 <VEFOE >5?<D4==O 75VD=<E 74?V7>55-
F>==<E EE>4>6<E <4DLV6 V ??>M44>> (4<6. D>F> 2.6,  2.7); 

- <5E4=VG=5 DG==G64==O 75VD=<E 74?V7>55F>==<E 
EE>4<= F4 ??>M44>>, ?>>D<FFO EE>4<= 7 <>74WG=>7> 55-
F>=G, 6=GFDVL=VE 75VD=<E 74?V7>55F>==<E EE>4V6; 

- DG==G64==O >5?<FN64==O F>>>?N; 
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- DG==G64==O >4?VF5?V6 ?V?OEFDV6; 
- E<?>6V 65DF<>4?L=V F4 7>D<7>=F4?L=V FDVM<=< G 6=G-

FDVL=VE =5EGG<E EFV=4E F4 6 <VEFOE >5?<D4==O 74?V7>-
55F>==<E ?D>7>=V6 (4<6. D>F> 2.8, 2.9); 

- <4E>6V E<?>6V 65DF<>4?L=V FDVM<=< G 7>6=VL=VE 
=5EGG<E F4 E4<>=5EGG<E EFV=4E (4<6. D>F> 2.10, 2.11);  

- FDVM<=< 6 74<>=>?VG5=<E L64E <V6 ??<F4<< ?5-
D5>D<FFV6; 

- GD465==O 7=<?<7=>N 6V>>= F>>>?L=>-?V464?L-
=>7> ?>65DEG; 

- 6V4EGF=VEFL 6>7=574E<E=>W >5D>5><, <4E>65 GD4-
65==O 6G>4<<->>D>W44<< V 7=<?<7=>N 45D569O=<E 5?5-
<5=FV6 44EG; 

- ?D>FV>4==O ?>>DV6?V >>D5<<<< <VEFO<<. 
� D4<>4E 6<<>7 >D<F5DVW6 �-W (=5EGG4 744F=VEFL, 

<VF=VEFL, 75>EFV=>VEFL) V ��-W (?D<44F=VEFL 4> =>D-
<4?L=>W 5>E??G4F4FVW) 7DG? 7D4=<G=<E EF4=V6 5G4V65?L V 
E?>DG4, 7474?L=<= F5E=VG=<= EF4= 4>E?V46G64=>7> 
>59T>FG 3 44<V=VEFD4F<6=>W 5G4V6?V =4 6G?. %>5>D=V=, 
124 6 <. $V6=><G 3 >?4E<DV>GTFLEO 74 FD5FV< EFG?5=5< 
O> =5744>6V?L=<= (EFG?V=L ?>L>>465=L E5D54=V= V 7=4G-
=<=), 7<5=L5==O =5EGG>W 744F=>EFV 74?V7>55F>==<E V 
>4<9O=<E >>=EFDG>FV= 21÷25%, 45D569O=<E V <5F4?56<E 3 
16÷40% [15; 19; 20; 22]. 

� ?>L>>465==O V 45D5>F<, M> E6V4G4FL ?D> 7<5-
=L5==O =5EGG>W 744F=>EFV >>=EFDG>FV=. �>DGL5=V 6<-
<>7< G<==<E =>D<4F<6=<E 4>>G<5=FV6, 4?5 =5557?5>4 
>5DGL5==O V 747D>74 557?5FV ?N45= 6V4EGF=O. �>E-
??G4F4FVO 5G4V6?V <>6?<64 ?<L5 74 G<>6< ?D>6545==O 
>4?VF4?L=>7> D5<>=FG 7 74<V=>N, 6V4=>6?5==O< 45> ?V4-
E<?5==O< >>D5<<E =5EGG<E >>=EFDG>FV= V >>=EFDG>-
F<6=<E 5?5<5=FV6. 
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2.4.2. �=4?V7 V=65=5D=>-75>?>7VG=>W V 7V4D>?>7VG=>W 
E<FG4FV= 4V?O=>< 745G4>6< 

 
� 75><>DD>?>7VG=><G 6V4=>L5==V 4V?O=>4 745G4>-

6< 7=4E>4<FLEO =4 E??4=>64=><G EE<?V $V6=5=EL>>7> ?5-
E>6>7> ??4F>. �D<D>4=<= D5?LTD 4V?O=>< 4=FD>?>75==> 
<>4<DV>>64=<= 6 D57G?LF4FV V=65=5D=>7> >E6>T==O 
F5D<F>DVW F4 ?D>6545=>7> 5G4V6=<FF64. %D>D<>64=<= 
F5E=>75==<= D5?LTD ?>E<?<= 7 GE<?>< 75<=>W ?>65DE=V 
6 ?V6=VG=><G, ?V6=VG=>-74EV4=><G =4?DO<>G. �5E>?NF=V 
6V4<VF>< ?>65DE=V 75<?V 4>E?V46G64=>W 4V?O=>< 745G4>6< 
7<V=NNFLEO 6 <564E 213.35÷215.50 < (4<6. D<E. 2.19). 

� 75>?>7VG=V= 5G4>6V =4 D>76V44=G 7?<5<=G ?D<-
=<4NFL GG4EFL G5F65DF<==V 6V4>?44< 5>?>6>-45?N6V4?L-
=>7> F4 4?N6V4?L=>-45?N6V4?L=>7> 75=57<EG, ?D54EF46-
?5=V EG?VE>4<< DV7=>W >>=E<EF5=FVW, O>V ?5D<4=5=F=> ?5-
D5>D<FV L4D>< =4E<?=>7> �DG=FG ?>FG6=VEFN 0.4÷1.4 <. 
�4 7?<5<=4E 2.7÷6.5 < G5F65DF<==V 6V4>?44< ?V4EF5?O-
NFLEO 65DE=L>>D5=4O=<<< ?>D>44<< 3 >D5=4>N. 

�V4D>75>?>7VG=V G<>6< 4V?O=>< E4D4>F5D<7GNFLEO 
=4O6=VEFN 7>D<7>=FG �DG=F>6<E 6>4, O><= 74?O74T =4 
7?<5<=V 19.0÷20.0 < 6V4 ?>65DE=V 75<?V. ' 6>4>75474G5=V 
?5DV>4< D>>G =4 >>D>F><= ?5DV>4 <>6?<6<= ?V4=>< $�� 
=4 1.0÷1.50 < 6<M5 6>474=>7>. �=4?V7 7V4D>75>?>7VG=>W 
E<FG4FVW 44=>W G4EF<=< <VEF4 E6V4G<FL F4>>6 ?D> F5E=>-
75==G E>?44>6G 6>4=>7> =464=F465==O, O>4 6??<64T =4 
?D<D>4=<= 7V4D>75>?>7VG=<= D56<< V D>D<GT F5E=>75=-
=5 ?V46<M5==O $�� 6 D57V>=4?L=><G <4ELF45V. �7V4=> 
?. 6.2.7.10  ��� �.2.1-1-2014 [26] 74 EE5<>N ?D<D>4=<E 
G<>6 4V?O=>4 745G4>6< 6V4=>E<FLEO 4> ?D<D>4=> V F5E=>-
75==> =5?V4F>??5=<E F5D<F>DV=. 
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�4 D57G?LF4F4<< 4>E?V465=L 6 7>=V 4VW DG=44<5=FV6 
=4 �DG=F, 74 6V>><, 75=57<E>< F4 =4 >E=>6V �%&' � �.2.1-2-
96 [23] V �%&' � �.2.1-5-96 [24] �DG=F>6<= <4E<6, D>7-
G?5=>64=<= =4 LVEFL V=65=5D=>-75>?>7VG=<E 5?5<5=FV6: 

���-1 (tQIV). �4E<?=<= �DG=F 3 55F>= (0.2 <), EG<VL 
D>E?<==>7> L4DG, 5G4V65?L=<E 6V4E>4V6, >>=E>?V4>64-
=<=, F5<=>-EVD<=. �>FG6=VEFL 0.4÷1.4 <. 

���-2 (vdQII-��I). CG?VE>> F65D4<=, ?5E>?>4V5=<=, 
?D>E44>>6<=, =<7L>>?>D<EF<=, ?<?G64F<=, >74?V7=5=<=, 
6>6FG64F>-EVD<=. �>FG6=VEFL 0.9÷1.9 <. '7474?L=5=V ?>-
>47=<>< 6V4=>E=>W ?D>E44>>6>EFV ·sl ?> V=F5D64?4E 7?<-
5<= F4 DV7=<E =464=F465==OE =46545=V 6 F45?<FV 2.8: 

&45?<FO 2.8  
�>>47=<>< 6V4=>E=>W ?D>E44>>6>EFV ·sl 74?56=> 

6V4 7?<5<=< V =464=F465==O =4 �DG=F 
7 

��� 
�?<5<=4 
6<7=4-

G5==O, < 

�V4=>E=4 ?D>E44>>6VEFL ·sl  
?D< p0, ��4 

�>G4F>>6<= 
?D>E44>>-
6<= F<E> 
Psl, ��4 

p0 = p, 
��4 

0.10 0.20 0.30 - - 

1 2 3 4 5 6 7 8 9 

2 1.3÷1.5 0.001 0.007 0.013 0.019 - - 0.15 
2 2.1÷2.3 0.002 0.005 0.011 0.016 - - 0.19 
2 3.5÷3.7 0.002 0.005 0.007 0.013   0.25 

 

���-24 (vdQII-��I). CG?VE>> ??4EF<G=<=, ?5E>?>-
4V5=<=, =<7L>>?>D<EF<=, ?<?G64F<=, >74?V7=5=<=, 6>6-
FG64F>-EVD<=. �>FG6=VEFL 1.4 <. 

���-3 (vdQII-��I). CG?VE>> ??4EF<G=<=, ?5E>?>4V5=<=, 
=<7L>>?>D<EF<=, ?<?G64F<=, 6>6FG64F>-EVD<=. �>FG6-
=VEFL 0.4÷1.6 <. 

���-4 (4dQII-��I). CG?VE>> ??4EF<G=<=, 7 ?V=74<< ?VE>G 
4DV5=>7> F4 ?<?G64F>7>, 7 6>?NG5==O< 6>DEF6< >D5=4<, 
5V?G64F>-EVD<=, EVD<=. �>FG6=VEFL 1.2 <. 
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���-5 (5k2t). �?N6V4?L=<= >4D5>=4F=<= �DG=F 3 
>D5=44 6<6VFD5=4, FDVM<=G64F4, >74?V7=5=4, 5V?4. �>FG6-
=VEFL =4 D>76V44=G 7?<5<=G 4.3 < (4<6. F45?. 2.9). 

�D<D>4=>N >E=>6>N EFDVG>>6<E DG=44<5=FV6 4>E-
?V46G64=>W 5G4V6?V E?G7GNFL �DG=F<: 

�?O F>>>?L=>W G4EF<=< 5G4V6?V 3 ���-24 (vdQII-��I) 
EG?VE>> ??4EF<G=<=, ?5E>?>4V5=<=, =<7L>>?>D<EF<=, 
?<?G64F<=, >74?V7=5=<=, 6>6FG64F>-EVD<=, ?>FG6=VEFN 
1.30 < ?V4 DG=44<5=F>< 7 =4EFG?=<<< DV7<>>-<5E4=VG-
=<<< E4D4>F5D<EF<>4<<: 

- ?D<D>4=4 6>?>7VEFL: W = 0.20/0.23; 
- EFG?V=L 6>?>7>EFV Sr = 0.71/0.80; 
- <>4G?L 45D>D<4FVW � = 10.0 ��4; 
- >>5DVFVT=F ?>D<EF>EFV 5 = 0.76; 
- ?<F><4 6474 �DG=FG: ³II  = 18.3/18.6 >�/<3;  
- >GF 6=GFDVL=L>7> F5DFO: ÇII = 20°;  
- >>5DVFVT=F 7G5??5==O: E�� = 11.0 >�4. 

�?O  ?V464?L=>W G4EF<=< 5G4V6?V 3 ���-2 (vdQII-��I) 
cG?VE>> F65D4<=, ?5E>?>4V5=<=, ?D>E44>>6<=, =<7L>>-
?>D<EF<=, ?<?G64F<=, >74?V7=5=<=, 6>6FG64F>-EVD<=, ?>-
FG6=VEFN 0.40 < ?V4 DG=44<5=F>< 7 =4EFG?=<<< DV7<>>-
<5E4=VG=<<< E4D4>F5D<EF<>4<<: 

- ?D<D>4=4 6>?>7VEFL: W = 0.16/0.23; 
- EFG?V=L 6>?>7>EFV Sr = 0.57/0.80; 
- <>4G?L 45D>D<4FVW � = 14.0/9.0 ��4; 
- >>5DVFVT=F ?>D<EF>EFV 5 = 0.76; 
- ?<F><4 6474 �DG=FG: ³II  = 17.5/18.6 >�/<3;  
- >GF 6=GFDVL=L>7> F5DFO: ÇII = 20°;  
-   >>5DVFVT=F 7G5??5==O: E�� = 11.0 >�4. 

�D>6545=<< 4=4?V7>< >><??5>EG G<==<>V6, M> E4-
D4>F5D<7GNFL G<>6< D>76<F>G >4DEFG (7>>D5<4 [30; 31]), 
>7=4> ?D>O6V6 >4DEF>6>-EGD>7V==<E ?D>F5EV6 =4 4V?O=FV 
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745G4>6< =5 6<O6?5=>. �V4?>6V4=> 4> ?. 6.2.9.1 ��� �.2.1-
1-2014 [26], 4>E?V46G64=4 4V?O=>4 745G4>6< 6V4=>E<FLEO 
4> >4F57>DVW V� ?> EFV=>>EFV 6V4=>E=> >4DEF>6<E ?D>64?V6, 
F>5F> D4=>= 6<LG>G64=L =5 6V4=>E<FLEO 4> >4DEF>=5-
557?5G=<E. 

�>D<4F<6=4 E5=E<VG=4 V=F5=E<6=VEFL 4V?O=>< 745G-
4>6< 77V4=> 12-F< 54?L=>W L>4?< MSK-64, EMS-98 F4 77V4-
=> >4DF< �%$-2004 % ��� �.1.1-12:2014 [32], O> 4?O 
>59T>FV6 V E?>DG4 <4E>6>7> F<6V?L=>7>, ?D><<E?>6>7> 
?D<7=4G5==O, DV7=<E 6<F?>6<E >59T>FV6 G <VEL>V= V EV?L-
EL>V= <VEF56>EFV V EF4=>6<FL 6 54?V6. 

 

   �� 

 
 

$<E. 2.19. �?4=>6>-6<E>F=5 ?>?>65==O F>G>> V=65=5D=>-75>?>7VG=>W  
V=D>D<4FVW: 1 3 4>E?V46G64=4 5G4V6?O; ,%�-1,  

,%�-2 3 LGDD>E65D4?>6<=< 7 1 V 7 2 

 

,%�-1 

212.50 

,%�-2 

215.0 

1 
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$<E. 2.20. �=65=5D=>-75>?>7VG=<= D>7DV7 ?> LGDD>E65D4?>6<=V ,%�-1 
   

211.0
211.1 

209.7 

208.8 

207.2 

206.0 

205.5 

212.5 

1.40 

2.80 

3.70 

5.30 

6.50 

7.00 

0.
6 

0.
4 

0.
5 

0.17 
0.20 

1 

2� 

2 

3 

4 

5 

�5F>= 

&57?4 

�>65DE=O 6V4<>EF>< 
�>65DE=O ?V4?>7< ?V464?G 
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$<E. 2.21. �=65=5D=>-75>?>7VG=<= D>7DV7 ?> LGDD>E65D4?>6<=V ,%�-2 

0.40 

2.30 

2.70 

7.00 

212.1 

210.2 

209.8 

205.5 

�>65DE=O ?V4?>7< ?V464?G 

212.5 

�>65DE=O 6V4<>EF>< 215.0 

1 

2 

3 

5 

210.6 

0.
6 

0.
8 

0.
5 

�5F>= 

&57?4 

0.18 0.17 
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&45?<FO 2.9 

�6545=4 V=65=5D=>-75>?>7VG=4 >>?>=>4 7 ?>>47=<>4<< DV7<>>-<5E4=VG=<E  
6?4EF<6>EF5= �DG=FV6 >E=>6< 4>E?V46G64=>W 5G4V6?V 77V4=> [33] 

�=45>E   

75=5-

7<EG 

F4 6V> 

�DG=-

FV6 

�VF>?>-

7VG=<= 

D>7DV7 

F4  

7 ��� 

�><5=>?4FGD=4  

=4764 �DG=FV6 

(�%&' � �.2.1-2-96) 

 

�>D<4F<6=V $>7D4EG=>>6V 

W Ir Il e Sr Ã E Iom ³�� E�� Ç�� E 7 
?> 

��� 
�.2.2
-1-99 

R0 

�>?V >4<=<FV 
7 

E<3 �
�

4 

% 

>� 
<3 

>�4 7D4-
4G-
E< �

�
4 

 
>�4 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

tQIV 
1 

�4E<?=<= �DG=F 3 EG<VL 
D>E?<==>7> L4DG, 5G4V65-
?L=<E 6V4E>4V6, >>=E>?V4>-

64=<=, F5<=>-EVD<=. 

 
-- 

 
-- 

 
-- 

 
-- 

 
-- 

 
1.7 

 

-- 
 

 

-- 
 

17.3 

 
-- 

 
-- 

 
-- 

 

264 

 
-- 

vdQII-��I 2 
CG?VE>> F65D4<=, ?5E>?>-

4V5=<=, ?D>E44>>6<=, 
=<7L>>?>D<EF<=, ?<?G64-

F<=, >74?V7=5=<=. 

 
0.19 

0.23 

 

0.06 

 

 

<0.0 

0.83 

 
0.76 

 
0.57 

0.80 

 
1.77 

1.88 

 

14.0 

9.0 

 

-- 
 

17.5 

18.6 

 

11.0 

 

20 

 
9.0 

 

365 

 
-- 

vdQII-��I 24 
CG?VE>> ??4EF<G=<=, ?5-
E>?>4V5=<=, <7L>>?>D<E-
F<=, ?<?G64F<=, >74?V7=5-

=<=, 6>6FG64F>-EVD<=. 

 
0.20 

0.23 

 

0.06 

 

 

0.33 

0.83 

 
0.76 

 
0.71 

0.80 

 
1.85 

1.88 

 

10.0 

 

-- 
 

18.3 

18.6 

 

11.0 

 

20 

 
10.0 

 

364 

 
-- 

vdQII-��I 3 

CG?VE>> ??4EF<G=<=, ?5E>-
?>4V5=<=, <7L>>?>D<EF<=, 

?<?G64F<=, 6>6FG64F>-
EVD<=. 

 

0.20 

0.21 

 

0.07 

 

 

0.29

0.71 

 

0.70 

 

0.77 

0.80 

 

1.90 

1.91 

 

13.0 

 

-- 

 

18.8 

18.9 

 

12.0 

 

22 

 

13.0 

 

364 

 

-- 

vdQII-��I 4 
CG?VE>> ??4EF<G=<=, 7 

?V=74<< ?VE>G 4DV5=>7> F4 
?<?G64F>7> V 6>DEF6< 

>D5=4<, 5V?G64F>-EVD<=. 

 
0.20 

 

 

0.06 

 

 

0.33 

 
0.65 

 
0.83 

 
1.96 

 

16.0 

 

-- 
 

19.4 

 

13.0 

 

24 

 
16.0 

 

364 

 
-- 

5k2t 5 
�?N6V4?L=<= >4D5>=4F=<= 
�DG=F 3 >D5=44 6<6VFD5=4, 

FDVM<=G64F4, 5V?4. 

 
0.30 

 
-- 

 
-- 

 
0.95 

 
0.86 

 
1.81 

 

20.0 

 

-- 
 

18.0 

 

22.0 

 

30 

 
20.0 

 

234 

 
-- 

 

216 



217 
 

2.4.2.1. �=4?V7 D57G?LF4FV6 D>7D4EG=>V6 =5EGG>W 
744F=>EFV �DG=F>6>W >E=>6< V >EV44=L VE=GNG<E  
EFDVG>>6<E DG=44<5=FV6 

 
�4>E<<4?L=<= F<E> Pmax ?V4 ?V4>L6>N VE=GNG<E 

EFDVG>>6<E DG=44<5=FV6 =5EGG<E ?>74>66=VE EFV= ?5-
D56<MGT 7=4G5==O D>7D4EG=>>6>7> >?>DG �DG=FG R: 

- 4?O 7>6=VL=VE =5EGG<E EFV= ?> >EOE «�» V «�» 557-
?V464?L=>W G4EF<=< 5G4V6?V:  

Pmax = 325.65 (>�4) > 1.2R = 1.2×194.40 = 233.25 (>�4); 
- 4?O 6=GFDVL=L>W =5EGG>W EFV=< ?> >EV «�» 557-

?V464?L=>W G4EF<=< 5G4V6?V:  
Pmax = 298.80 (>�4) > 1.2R = 1.2×176.10 = 211.28 (>�4); 
- 4?O 7>6=VL=VE =5EGG<E EFV= ?> >EOE «�» V «�» G4-

EF<=< 5G4V6?V 7 ?V464?><:  
Pmax = 383.25 (>�4) > 1.2R = 1.2×300.20 = 360.22 (>�4); 
- 4?O 6=GFDVL=L>W =5EGG>W EFV=< ?> >EV «�» G4EF<=< 

5G4V6?V 7 ?V464?><:  
Pmax = 368.40 (>�4) > 1.2R = 1.2×302.30 = 362.72 (>�4). 
�V4=>E=4 DV7=<FO >EV44=L (&S/L) VE=GNG<E EFDVG>>-

6<E DG=44<5=FV6 7>6=VL=VE V 6=GFDVL=VE ?>74>66=VE =5-
EGG<E EFV= ?> >EOE «�» F4 «�» F>>>?L=>W V ?V464?L=>W G4E-
F<= 5G4V6?V ?5D56<MGT 7D4=<G=G 65?<G<=G (&S/L)u 77V4=> 
4>44F>G «�» ��� [29]: 

(&S/L) �� = (0.051 - 0.037) / 5.43 = 0.0026 > (&S/L)u = 
0.0020. 

 
�>E??G4F4FV==4 =44V==VEFL 4>E?V46G64=>W 5G4V6-

?V, 7 F>G>< 7>DG =5EGG>W 744F=>EFV VE=GNG<E EFDVG>>6<E 
DG=44<5=FV6 EFV= V 6V4=>E=>W DV7=<FV WE >EV44=L D47>< 7 
�DG=F>6>N >E=>6>N, =5 74557?5G5=4.  
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2.4.3. �474?L=V 6<E=>6><  
2.4.3.1. �D<G<=< 7<5=L5==O 5>E??G4F4FV==>W  

=44V==>EFV 4>E?V46G64=>W 5G4V6?V 
 
- �V4EGF=VEFL E?5FV4?L=<E V=65=5D=>-F5E=VG=<E 74-

E>4V6 4?O 75V?LL5==O ?D>EF>D>6>W 6>DEF>>EFV V E?D<=-
=OFFO >>=EFDG>F<6=>N EE5<>N 5G4V6?V =5DV6=><VD=<E 
45D>D<4FV= �DG=F>6>W >E=>6<. 

- �4O6=VEFL 6 >E=>6V EFDVG>>6<E DG=44<5=FV6 5G4V6-
?V L4DG �DG=FG ���-2 (vdQII-��I) cG?VE>G F65D4>7>, ?5E>?>-
4V5=>7>, ?D>E44>>6>7>, =<7L>>?>D<EF>7>, ?<?G64F>7>, 
?>FG6=VEFN 4> 1.90 <.  

�D>E44>>6V EG?VE>< <>6GFL 6<>>D<EF>6G64F<EL 6 
>E=>6V DG=44<5=FV6 5G4V65?L V E?>DG4 FV?L>< ?D< 4>-
FD<<4==V E?5FV4?L=<E 6<<>7 V FV?L>< F>4V, >>?< 6<>>-
=4=V 74E>4<, M> 6<>?NG4NFL <>6?<6VEFL WE 4>44F>>6>-
7> 76>?>65==O, F4> O> 6>=< ?D< 74<>GG64==V F4 4>44F-
>>6<E =464=F465==OE ?D>O6?ONFL ?D>E44>>6V >E>5?<-
6>EFV. � >7?O4G =4 F5 D>7D4EG=>> =5EGG>W 744F=>EFV >E=>-
6< V >EV44=L DG=44<5=FV6 =5>5EV4=> ?D>6>4<F< 7 GD4EG-
64==O< ?D>7=>7G 7<V=< ?>>47=<>V6 6?4EF<6>EF5= F<E 
�DG=FV6 ?D< 6>4>=4E<G5==V. 

�D< =464=F465==OE =4 �DG=F< ���-2, 5V?LL<E 74 65-
?<G<=G ?>G4F>>6>7> ?D>E44>>6>7> F<E>G Psl, E?V4 ?5D54-
54G4F< 74E>4<, M> 6V4?>6V44NFL ?5DL><G F<?G �DG=F>-
6<E G<>6 ?> ?D>E44>>6>EFV.  

- �4O6=VEFL L4DG ??4EF<G=<E EG?VE>V6 ���-24 6 
>E=>6V DG=44<5=FV6, O>V 6<O6?5=V 6 LGDD>E65D4?>6<=V 
,%�-1 V GF6>D<?<EL 6 D57G?LF4FV 4>67>FD<64?>7> 74<>-
GG64==O F65D4<E ?5E>?>4V5=<E EG?VE>V6 ���-2.  

�D<G<=>N 74<>GG64==O <>6GFL 5GF< 6FD4F< 7 
6>4>=5EGG<E >><G=V>4FV=, 5>D4=G64==O F5D<F>DVW, ?>?4-
44==O EFVG=<E ?>65DE=56<E 6>4 ?V4 6V4<>EF>G V DG=44-
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<5=F< 4>E?V46G64=>W 5G4V6?V, V=LV F5E=>75==V D4>F>D<. 
- �59T>F<6=<< G<==<>>< ?>F5=FV==<E =5DV6=>-

<VD=<E >EV44=L �DG=F>6>W >E=>6< V 45D>D<4FV= DG=44-
<5=FV6 <>65 5GF< ?5D5EV4 F65D4>7> ?D>E44>>6>7> EG?VE>G 
���-2, 6 74EV4=V= G4EF<=V 5G4V6?V 6 ??4EF<G=<= EF4= V 
6FD4F4, 6 D57G?LF4FV FL>7>, EFDG>FGD=>W <VF=>EFV.  

- $V7=4 7?<5<=4 74?O74==O 6 ??4=V >D5=4O=>W F>6MV 
���-5 (5k2t), M> T >59T>F<6=<< G<==<>>< ?>F5=FV==<E 
=5DV6=><VD=<E 45D>D<4FV= EFDVG>>6<E DG=44<5=FV6 4>-
E?V46G64=>W 5G4V6?V.  

2.4.3.2. �474?ó< 75>F5E=VG=G =44V==VEFL �DG=F>6>W 
>E=>6< DG=44<5=FV6 4>E?V46G64=>W 5G4V6?V <>6=4  
>?4E<DV>G64F<, O> F4>G, ?D< O>V= G<>6< 5G4V6=<FF64 F4 
5>E??G4F4FVW E5D54=V, 4V?O=>4 745G4>6< >5<565=> ?D<44-
F=4 4?O 5G4V6=<FF64 557 ?D>6545==O V=65=5D=<E 74E>4V6. 
CG<VE=V 45D>D<4FVW (S0 + S) 5G4V6?V 7 >E=>6>N 6 D54?L=<E 
V=65=5D=>-75>?>7VG=<E G<>64E ?5D56<MGNFL 7D4=<G=V 
EG<VE=V 45D>D<4FVW (Su) 5G4V6?V, =5 ?D<EF>E>64=>W 4> 
E?D<==OFFO 7GE<?L, O>V 6<=<>4NFL 6 E>?44=<E ���, F>5F> 
S0 + S > Su , 4?5 =5 ?5D56<MGNFL 7D4=<G=V EG<VE=V 45D>-

D<4FVW ( '
uS ) 5G4V6?V, ?D<EF>E>64=>W 4> E?D<==OFFO 6>474-

=<E 7GE<?L, F>5F> S0 + S f '
uS . �EV44==O 5G4V6?V, DG=44-

<5=FV6 V �DG=F>6>W >E=>6< ?D>FV>4NFL =5DV6=><VD=>. 
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2.5. �&���� ���&�%��'��� �������%&� 
��&�$$������ �$'�&���� �%���� 

=4 ?D<>?44V 5G4V6?V ��, 7 4 G <. �5FVL<= 
%<5?L=<FL>>W >5?4EFV 

2.5.1. %4D4>F5D<EF<>4 V D57G?LF4F< >5EF565==O 
>>=EFDG>FV= 4>E?V46G64=>W 5G4V6?V 

�474?L=V ?>?>65==O. �>E?V46G64=4 5G4V6?O 7=4E>-
4<FLEO 6 F5=FD4?L=V= G4EF<=V <. �5FVL<= %<5?L=<FL>>W 
>5?4EFV. �>5G4>64=4 6 1993÷95 D>>4E O> 7474?L=>->E6VF=O 
L>>?4 =4 33 >?4E<. � <><5=FG 744GV 6 5>E??G4F4FVN 6<-
>D<EF>6G64?4EL 74 ?D<7=4G5==O<, >4?VF4?L=V D5<>=F< V 
D5>>=EFDG>FVW =5 ?D>6>4<?<EL (д<6. D<E. 2.22, D>F> 2.12, 
2.13).

�59T<=>-??4=G64?L=4 EE5<4. � ??4=V 5G4V6?O O6?OT 
LVEFL ?>T4=4=<E <V6 E>5>N ?DO<>>GF=<E 5?>>V6 D>7<V-
D4<< 6 >EOE: 

- 5?>> �: «336» × «�3�» = 12.88 × 39.00 <;
- 5?>> �: «139» × «�3&» = 36.88 × 12.88 <;
- 5?>> �: «336» × «&3,» = 12.88 × 24.24 <;
- 5?>> �: «9321» × «&3&» = 39.00 × 13.84 <;
- 5?>> �: «7319» × «�3�» = 42.00 × 24.00 <;
- 5?>> �: «7319» × «�3�» = 42.00 × 12.00 <.
�V6 5?>>4<< ?> >EOE «637» F4 «�3�» 6?4LF>64=V

65DF<>4?L=V 45D>D<4FV==V L6<. �?>>< 4>E?V46G64=>W 
5G4V6?V FD<?>65DE>6V V >4=>?>65DE>6V 7 4DG7<< E6VF?><. 
�V4 5?>>4<< «�», «�», «�» V G4EF>>6> ?V4 5?>>4<< «�» V 
«�» 6?4LF>64=4 ?V464?L=4 G4EF<=4 (4<6. D<E. 2.23, 2.24). 

�<E>F4 ?V464?G 2.50÷1.50 <, =475<=<E ?>65DEV6 3
3.00 <, ?D<<VM5==O E?>DF<6=>7> 74?G 3 5.0 <. 
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$<E. 2.22. �<>>?VN64==O 7 EG?GF=<>>6>W >4DF< <. �5FVL<= 

 

�>=EFDG>F<6=4 EE5<4 5G4V6?V EFV=>64 7 6=GFDVL=V-
<< V 7>6=VL=V<< ?>74>66=V<< F4 ?>?5D5G=<<< =5EGG<<< 
EFV=4<<, =4 O>V >?<D4NFLEO 74?V7>55F>==V ??<F< ?5D5>-
D<FFV6 V ?>>D<FFO. �D>> =5EGG<E EFV= 3 3.20, 6.40, 9.00 V 
12.00 <. 

$G=>FVN 7>D<7>=F4?L=<E 4V4DD47< 6>DEF>>EFV 6<-
>>=GNFL 4<E>< ?5D5>D<FFO V ?>>D<FFO, 65DF<>4?L=<E 4V-
4DD47< 6>DEF>>EFV 3 =5EGGV ?>74>66=V F4 ?>?5D5G=V EFV-
=<, EFV=< EE>4>6<E >?VF>> 7 ?5DL>7> ?> FD5FV= ?>65DE<. 

 

�>E?V46G64=<= 
>59T>F 
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�<O6?5=V ?>L>>465==O V 45D5>F<: 

- >>=EFDG>F<6=4 EE5<4 5G4V6?V >5G<>6?NT DV7=<FN 
=464=F465=L: 

- =4 EFV=G ?> >EV «2» V EFV= ?> >EOE «�», «�», «�», «�», 
«�/�»; 

- =4 EFV=G ?> >EV «�» <V6 >EO<< «234» V «436»; 
- =4 EFV=G ?> >EV «11» <V6 >EO<< «�3�» V «�3�»; 
- =4 EFV=G ?> >EV «�» <V6 >EO<< «11319» V EFV=G ?> >EV 

«19»; 
- =4 EFV=G ?> >EV «&» V EFV= ?> >EOE «7» «8», «9», «12», 

«15», «18»«20», «21», M> E?D<OT D>76<F>G 4>44F>>6<E =4-
?DG65=L G 6>474=<E >>=EFDG>FVOE. 

- 6V4EGF=VEFL E?5FV4?L=<E V=65=5D=>-F5E=VG=<E 74-
E>4V6 4?O E?D<==OFFO =5DV6=><VD=<E 45D>D<4FV= >E=>-
6<. 

$G=44<5=F=>-?V464?L=4 G4EF<=4 ($�'). �>6=VL-
=V V 6=GFDVL=V EFV=< ?V464?G 7 DG=44<5=F=<E 75VD=<E 55-
F>==<E 5?>>V6 EFV=>6<E, ?5D57>D>4>< 3 7 G5D6>=>W EG-
FV?L=>W F57?< =4 F5<5=F=>-?VM4=><G D>7G<=V. &>6M<=4 
7>6=VL=VE EFV= ?V464?G 600 <<, 6=GFDVL=VE 3 400 V 600 <<. 
�>6=VL=V V 6=GFDVL=V EFV=< ?V464?G >5?<D4NFLEO =4 <>-
=>?VF=V 74?V7>55F>==V D>EF65D><. �>?5D5G=5 EVG5==O 
D>EF65D>V6 600 × 500 (h) <<. �<7 D>EF65D>V6 7=4E>4<FLEO 
=4 6V4<VF>4E -3.700 V -4.300 <. 

�7V4=> ?D>5>FG [34] 74?V7>55F>==V D>EF65D>< >5?<-
D4NFLEO =4 745<6=V 74?V7>55F>==V ?4?V <4D>< %7-30 ?> 
��%& 19804.1-79. �>?>6< ?4?L 744=>5D5=V 6 D>EF65D>4E V 
7=4E>4OFLEO =4 6V4<VF>4E -3.650 V -4.250 <. 

�V4?>74 ?V464?G 55F>==4 V �DG=F>64, >E=>64 ?V4?>7< 
3 GMV?L=5=<= =4E<?=<= (5G4V65?L=V 6V4E>4<, F5<5=F=>-
?VM4=<= D>7G<=) V =4<<6=<= �DG=F (?VE>>). 
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$>F> 2.12, 2.13. �474?L=<= 6<7?O4 4>E?V46G64=>W 5G4V6?V 
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�>L>>465=L 7>6=VL=L>W 65DF<>4?L=>W V 7>D<7>=F4-
?L=>W 7V4D>V7>?OFVW $�' =5 6<O6?5=>. �V4<>EF>4 ?> ?5-
D<<5FDG 5G4V6?V 4ED4?LF>55F>==4 =4 ?VM4=>-M555=56V= 
>E=>6V.  

�<O6?5=V ?>L>>465==O V 45D5>F<: 

- ?>E<?< V ?D>EV44==O ?V4?>7< $�'; 
- 74<>GG64==O 6>4>N 7 6=GFDVL=VE 6>4>?D>6V4=<E 

>><G=V>4FV= EFV= V ?V4?>7< ?V464?G (4<6. D>F> 2.14, 2.15); 
- FDVM<=< 6 <VEFOE ?D<<<>4==O 4> EFV=, 6<5>W=<, 6 

>>D5<<E <VEFOE, ?D>EV44==O V ?>E<?< 6 EF>D>=G 5G4V6?V 
4ED4?LF>55F>==>W 6V4<>EF><, ?D>EV44==O V FDVM<=< 6 55-
F>==<E ??<F4E ?5D54 7>?>6=<< 6E>4>< G 5G4V6?N.  

%FV=<. �V4 DV6=O 6V4<>EF>< V 6<M5 3 7 5V?>W E<?V-
>4F=>W ?>6=>FV?>W F57?< =4 F5<5F=>-?VM4=><G D>7G<=V. 
&>6M<=4 7>6=VL=VE EFV= 550 <<, 6=GFDVL=VE EFV= V EFV= 
EE>4>6<E >?VF>> 3 380 <<. 

�>?5D5G=5 EVG5==O >>?>= ?5DL>7> ?>65DEG 6 E5D5-
4<=V ?D<<VM5==O 510×510, 510×1030 <<, 77>6=V ?D<<V-
M5=L 3 640 × 640 <<. �EV >>?>=< 6<>>=4=V 7 ?>6=>FV?>W 
G5D6>=>W F57?<. �5D57>D>4>< F57?O=V, F>6M<=>N 120 <<. 
�44?D>T<=V ?5D5<<G>< 5DGE>>6V 75VD=V 74?V7>55F>==V 
DO4>6V V =5EGGV. �?44>4 7>6=VL=VE EFV= 6<>>=4=4 ?V4 D>-
L<6>G L6V6 7 ?5D569O7>>N G5D57 3 DO4< ?> 6<E>FV. 

�<O6?5=V ?>L>>465==O V 45D5>F<: 

- E<?>6V 65DF<>4?L=V =4E>DV7=V FDVM<=< DV7=>W L<-
D<=< D>7>D<FFO V ?D>FO6=>EFV G 6=GFDVL=VE V 7>6=VL=VE 
=5EGG<E EFV=4E, 5V?LLVEFL 7 O><E 3 =4 6EN 6<E>FG 5G4V6?V 
(4<6. D<E. 2.25÷2.35); 

- E<?>6V =4E>DV7=V FDVM<=< 6 >?>D=<E 7>=4E 7=4G=>W 
G4EF<=< =446V>>==<E ?5D5<<G>> V D55D<EF<E ??<F ?>>-
D<FFO; 
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$>F> 2.14, 2.15. �4<>GG64==O EFV= $�' 6>4>N 7 6>4>?D>6V4=<E >><G=>4FV= 
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- 65DF<>4?L=V FDVM<=< =5E<?>6>7> E4D4>F5DG 6 <VE-
FOE ?D<<<>4==O 4> EG<V6=<E >>=EFDG>FV= 6 F57?O=<E 
?5D57>D>4>4E. 

�7V4=> V=D>D<4FVW, >45D64=>W 6V4 5>E??G4F4FV==<E 
E?G65, >?<E4=V ?>L>>465==O (FDVM<=<) 6 EFV=4E 4>E?V4-
6G64=>W 5G4V6?V ?>O6<?<EL V ?>G4?< D>76<64F<EO =564>67V 
?VE?O 744GV L>>?< 6 5>E??G4F4FVN. 

�5D5>D<FFO. �44 $�', <V6?>65DE>6V V ?>>D<FFO 3 
75VD=V 74?V7>55F>==V >DG7?>?GEF>F=V ??<F< 4>66<=>N l = 
=6000 V 9000 <<. �44 4>F>6<< V E?>DF<6=<< 74?4<< 3 75V-
D=V 74?V7>55F>==V D55D<EFV ??<F< 4>66<=>N l = 12000 <<.  

�<O6?5=V ?>L>>465==O V 45D5>F<: 

- ?DO<>?V=V==V FDVM<=< G L64E <V6 ??<F4<< L<-
D<=>N D>7>D<FFO 4> 0.50 << =4 EF5?OE <V6?>65DE>6<E 
?5D5>D<FFV6;  

- ?DO<>?V=V==V FDVM<=< L<D<=>N D>7>D<FFO 4> 
4.00 << G L64E <V6 D55D<EF<<< ??<F4<< =4 EF5?V E?>D-
F<6=>7> 74?G 6 >EOE «11319», «�3�».  

%E>4<. %E>4>6V <4DLV V ??>M44>< 75VD=V 74?V7>-
55F>==V.  

�<O6?5=V ?>L>>465==O V 45D5>F<: 

- E4>F<G=V V ?DO<>?V=V==V FDVM<=< =5E<?>6>7> E4-
D4>F5DG =4 =<6=VE ?>65DE=OE EE>4>6<E <4DLV6 6 <VEFOE 
>5?<D4==O WE =4 EE>4>6V ??>M44>< V EFV=<.  

�>>DV6?O. '>F<D<L4D>6<= DG55D>=4>6<= ><?<< 7 
>D74=V7>64=<< 6=GFDVL=V< 6>4>EF>>>< G 6>4>?D<=<4-
?L=V ?V=><, 4 F4>>6 7>6=VL=V< - ?> 5?OL4=<E D<=64E G 
6>4>EFVG=V FDG5<.  

�<O6?5=V ?>L>>465==O V 45D5>F<: 

 - =57=4G=V ?>L>>465==O (6V4L4DG64==O 6V4 >E=>6<, 
=45GE4==O, <5E4=VG=V ?>L>>465==O) DG55D>=4>6>7> ><-
?<<G >>D5<<<< <VEFO<<. 
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�=65=5D=5 >5?44=4==O 
%<EF5<4 >5V7DV64==O: 465D5?> F5??>?>EF4G4==O 3 

F5=FD4?L=5, EE5<4 >5V7DV64==O 3 >4=>FDG5=4 7 65DE=V< 
D>76545==O<, >5V7DV64?L=V ?D<?44< 3 G46G==V D44V4F>D<.  

%<EF5<4 65=F<?OFVW: ?D<F>G=>-6<FO6=4 7 ?D<D>4-
=V< V LFGG=<< 75G465==O<. 

�>4>?D>6V4 V >4=4?V74FVO: 66>4< 6>4>?D>6>4G 6V4 VE=G-
NG>7> >V?LF56>7> 6>4>?D>6>4G, >4=4?V74FV==V EF>>< 6V4-
6>4OFLEO 6 46>D>6G <5D56G, 7>6=VL=O <5D564 >4=4-
?V74FVW =5 ?V4F>??5=4. 

�?5>FD>?>EF4G4==O: ?> 46>E 674T<>D575D6GNG<E ?V-
=VOE 6V4 DV7=<E E5>FV= L<= M<F4 0.4 >�, E<?>6V D>7-
?>4V?LGV <5D56V 6<>>=4=V ?D>6>44<< ���� 6 <5F4?56<E 
F>=>>EFV==<E FDG54E ?> EFV=4E V EF5?V ?V464?G, <5D56V 
>E6VF?5==O 6<>>=4=V 46>E?D>6V4=<<< ?V=VO<< ?D>6>44-
<< ����, ?D<E>64=<<< 6 L4DV LFG>4FGD>< EFV= V 6 ?GE-
F>F4E ?4=5?V6 ?5D5>D<FFV6). 

�69O7>> V E<7=4?V74FVO ?D54EF46?5=V ?>656=>N E<7=4-
?V74FVTN, F5?5D>=V74FVTN, D44V>DV>4FVTN. 

� D4<>4E 6<<>7 >D<F5DVW6 �-W (=5EGG4 744F=VEFL, 
<VF=VEFL, 75>EFV=>VEFL) V ��-W (?D<44F=VEFL 4> =>D<4?L-
=>W 5>E??G4F4FVW) 7DG? 7D4=<G=<E EF4=V6 557>4D>4E=<E 
5G4V65?L V E?>DG4, 7474?L=<= F5E=VG=<= EF4= 4>E?V46G-
64=>W 5G4V6?V 7474?L=>>E6VF=L>W L>>?< 7 4 G <. �5FV-
L<= %<5?L=<FL>>W >5?4EFV >?4E<DV>GTFLEO 74 FD5FV< V 
G5F65DF<< EFG?5=OE O> ?5D54464DV==<= 7 F5=45=FVTN ?5-
D5E>4G 6 464DV==<=, ?D< O>><G 45D>D<4FVW >E=>6< D47>< 
7 ?>EFV==<<< V F<<G4E>6<<< =464=F465==O<< >5G<>6<-
?< ?>L>>465==O >>D5<<E >>=EFDG>FV=, >4=4> 674T<>-
?>69O74=V EG<V6=V >>=EFDG>FVW 45> >>=EFDG>F<6=V 5?5<5-
=F< ?>>< M> 7=4E>4OFLEO 6 4>7D4=<G=><G EF4=V, F<< =5 
<5=L5, 45D>D<4FVW V ?>L>>465==O ?>EFG?>6> =4>>?<-
GGNFLEO V ?>6V?L=> D>76<64NFLEO [15; 19; 20; 22].  
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2.5.2. %?>EF5D565==O 74 FDVM<=4<< 6 =5EGG<E  
EFV=4E 4>E?V46G64=>W 5G4V6?V 

 
�=EFDG<5=F4?L=5 E?>EF5D565==O 74 L<D<=>N D>7>-

D<FFO V ?D>FO6=VEFN FDVM<= 6 =5EGG<E EFV=4E 4>E?V46G-
64=>W 5G4V6?V ?D>6>4<?>EO 7 <5F>N 6<7=4G5==O 4<=4<V>< 
F4 V=F5=E<6=>EFV D>76<F>G ?D>F5EG FDVM<=>GF6>D5==O 6 
44=<E >>=EFDG>FVOE.  

�?O E?>EF5D565==O 74 FDVM<=4<< 5G?< GEF4=>6-
?5=V 7V?E>6V «<4O><» ?>?5D5> FDVM<= G 6<7?O4V ?DO<>-
>GF=<>V6 L<D<=>N 5?<7L>> 60 <<, 4>66<=>N 80÷120 << 
V F>6M<=>N 8÷10 <<. $>7<VD< «<4O>V6» GF>G=N64?<EL 74-
?56=> 6V4 ?>?>65==O FDVM<=< F4 WW 65?<G<=<. �V?E>65 
FVEF> V D>7G<= 7>F>6<?<EO =4 <VEFV 6<<VDN64=L.  

&DVM<=< L<D<=>N D>7>D<FFO 5V?LL5 3.0 << 6<<V-
DN64?<EO LF4=75=F<D>G?5< 7 <565N 6V4?V>G ± 0.1 <<.  

�5?<G<=< D>7>D<FFO FDVM<= =4 <4O>4E L<D<=>N 
D>7>D<FFO 4> 3.0 << 6<<VDN64?<EO <V>D>E>>?>< ���-3 
�$3.852.046 �% 7 =4EFG?=<<< F5E=VG=<<< E4D4>F5D<-
EF<>4<<: <4>E<<4?L=<= 4V4<5FD ?>?O 7>DG 3 7.0 <<; FV=4 
4V?5==O L>4?< <V>D>E>>?4 3 0.02 ± 0.0025 <<; 75V?LL5==O 
3 50 ± 2.5 >D4F; <564 4>?GEF<<>W 45E>?NF=>W ?>E<5>< 3 
± 0.012 <<. 

$57G?LF4F< ?D>6545=<E E?>EF5D565=L =46545=V 6 
F45?. 2.10, <VEFO D>7<VM5==O «<4O>V6» 3 =4 D<E. 2.23÷2.35. 

 

�=4?V7 D57G?LF4FV6 V=EFDG<5=F4?L=<E E?>EF5D5-
65=L 74 FDVM<=4<< 6 =5EGG<E EFV=4E 4>E?V46G64=>W 
5G4V6?V: 

- 77V4=> V=D>D<4FVW, >45D64=>W 6V4 5>E??G-
4F4FV==<E E?G65, >?<E4=V ?>L>>465==O (FDVM<=<) 6 EFV-
=4E 4>E?V46G64=>W 5G4V6?V ?>O6<?<EL V ?>G4?< D>76<64-
F<EO =564>67V ?VE?O 744GV L>>?< 6 5>E??G4F4FVN; 
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- =4O6=VEFL FDVM<= 6 =5EGG<E EFV=4E 5G4V6?V E6V4-
G4FL ?D> F5, M> =4?DG65==O 6 =<E ?5D56<MGNFL <VF-
=VEFL 44=<E >>=EFDG>FV= =4 7DV74==O 45> D>7FO7G64==O; 

- =4O6=VEFL 4><V=GNG>W 5V?LL>EFV 65DF<>4?L=<E 
FDVM<= E6V4G<FL ?D> F5, M> 6 4>E?V46G64=<E >>=EF-
DG>FVOE ?5D56464NFL 7EG6=V 7GE<??O ?> 65DF<>4?L=<E 
??>M<=4E; 

- =4O6=VEFL 65DF<>4?L=<E FDVM<= ?D>FO6=VEFN =4 
6EN 6<E>FG 5G4V6?V 6 <VEFOE ?5D5EV>4==O ?>74>66=VE V ?>-
?5D5G=<E EFV= E6V4G<FL ?D> EGFFT6G DV7=<FN =464-
=F465=L =4 EG<V6=<E 4V?O=>4E =5EGG<E EFV=; 

- >4DF<=4 FDVM<=>GF6>D5==O V >>=F5=FD4FVO FDV-
M<= 6>47GT =4 =4O6=VEFL =5DV6=><VD=<E 45D>D<4FV= >E-
=>6<, O>V =5 ?>6=VEFN E?D<=<4NFLEO VE=GNG<<< DG=-
44<5=F4<<, 4 ?5D544NFLEO =4 EFV=<; 

- ?D<DVEF L<D<=< D>7>D<FFO FDVM<= 6 =5EGG<E EFV-
=4E 74 ?5DV>4 E?>EF5D565=L (80 4=V6) EF4=>6<6 0.66 <<, 
45D>D<4FVW V ?D>F5E FDVM<=>GF6>D5==O =>EOFL =574FG-
E4NG<= ?D>7D5E<6=<= E4D4>F5D; 

- T ?>F5=FV==4 747D>74 6<E>4G 7 ??>M44>> >5?<-
D4==O 5?5<5=FV6 ?5D5>D<FFV6 V ?>>D<FFO.   

 

�?O ?>44?LL>W 557?5G=>W 5>E??G4F4FVW 5G4V6?V =5-
>5EV4=V D>7D>5>4 V 6?D>64465==O >>?<??5>EG E?5FV4?L-
=<E V=65=5D=>-F5E=VG=<E 74E>4V6 4?O E?D<==OFFO =5DV-
6=><VD=<E 45D>D<4FV= �DG=F>6>W >E=>6<, EF45V?V74FVO 
F4 ?V>6V44FVO FDVM<= 6 =5EGG<E EFV=4E. 
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&45?<FO 2.10  
$57G?LF4F< V=EFDG<5=F4?L=<E E?>EF5D565=L  

74 L<D<=>N D>7>D<FFO FDVM<= 6 =5EGG<E EFV=4E  
4>E?V46G64=>W 5G4V6?V 

7 
<4-
O>4 

 
�VEF5 GEF4-

=>6><  
<4O>4 

,<D<=4 
D>7>D<FFO 

FDVM<=  
30.06.05  D.,  

<<  
(�-=  74<VD) 

,<D<=4 
D>7>D<FFO 

FDVM<= 
10.08.05 D.,  

<<  
(��-= 74<VD) 

,<D<=4 
D>7>D<FFO 

FDVM<=  
30.08.05 D., 

<<  
(���-= 74<VD) 

,<D<=4 
D>7>D<FFO 

FDVM<=  
20.09.05  D., 

<<  
(�V-=  74<VD) 

�D<-
DVEF 

L<D<-
=< D>7-
>D<FFO 
FDVM<=  

1 2 3 4 5 6 9 

4 %FV=4 ?> 
>EV «11» 

3.50 3.75 3.70 4.00 +0.50  

5 %FV=4 ?> 
>EV «�» 

1.00 1.10 1.10 1.04 +0.10 

6 &5 E4<5 1.74    1.89 ³ 1.90 1.98 +0.24 
7 &5 E4<5 1.90 2.04 2.00 2.12 +0.22 
8 &5 E4<5 1.00 1.00 1.20 1.40 +0.40 
9 &5 E4<5 2.70 2.92 2.92 2.96 +0.26  
10 &5 E4<5 2.30 2.44 2.44 2.46 +0.16 
11 %FV=4 ?> 

>EV «19» 
0.70 0.74 0.77 0.84 +0.14 

12 &5 E4<5 1.68 1.69 1.70 1.72 +0.04 
13 &5 E4<5 0.82 0.85 1.05 1.06 +0.24 
14 &5 E4<5 1.20 1.20 1.21 1.28 +0.08 
15 &5 E4<5 1.40    1.45 ³  1.45 1.52 +0.12 
16 &5 E4<5 1.00 1.00 - 1.02 +0.02 
17 &5 E4<5 1.20 1.20 1.22 1.32 +0.12 
18 %FV=4 ?> 

>EV «�» 
4.00    4.06 ³ 4.16 4.66 +0.66 ! 

19 %FV=4 ?> 
>EV «9» 

0.80    0.85 ³ 0.86 0.88 +0.08 

20 &5 E4<5 4.20 4.21 4.20 4.22 +0.02 
21 %FV=4 ?> 

>EV «&» 
0.70    0.71 ³ 0.72 0.86 +0.16 

22 &5 E4<5 1.40 1.40 1.44 1.44 +0.04 
23 %FV=4 ?> 

>EV «&» 
0.70    0.74 ³ 0.76 0.76 +0.06 

24 &5 E4<5 1.00    1.40 ³  1.44 1.46 +0.46 
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?D>4>665==O F45?. 2.10 

1 2 3 4 5 6 9 

25 &5 E4<5 0.80 0.81 0.84 0.88 +0.08 
26 &5 E4<5 0.90 0.94 0.94 0.98 +0.08 
27 %FV=4 ?> 

>EV «$» 
5.00 5.00 5.04 5.10 +0.10 

29 &5 E4<5 4.00 4.00 4.00 4.02 +0.02 
30 %FV=4 ?> 

>EV «7» 
2.00 2.40 2.40 2.50 +0.50 

31 &5 E4<5 0.50 0.50 0.52 0.56 +0.06 
32 %FV=4 ?> 

>EV «3» 
1.50    1.60 ³ 1.60 1.61 +0.11 

33 %FV=4 ?> 
>EV «2» 

2.00 2.00 2.00 2.04 +0.04 

34 &5 E4<5 1.90    1.94 ± 1.96 2.04 +0.14 
35 &5 E4<5 1.00    1.02 ³ 1.05 1.14 +0.14 
36 &5 E4<5 0.70    0.76 ³ 0.80 0.86 +0.16 
37 &5 E4<5 2.00 2.00 2.02 2.08 +0.08 
38 %FV=4 ?> 

>EV «�» 
0.75   0.89³ 0.90 0.93 +0.18 

40 %FV=4 ?> 
>EV «7» 

1.80 1.90 1.90 1.90 +0.10 

44 %FV=4 ?> 
>EV «11» 

1.14 - - 1.56 +0.42 

45 &5 E4<5 0.68 0.68 0.68 0.80 +0.12 
46 &5 E4<5 - 0.08 0.08 0.32 +0.24 
47 %FV=4 ?> 

>EV «19» 
0.34 0.64 0.64 0.74 +0.40 

48 %FV=4 ?> 
>EV «�» 

0.40 0.50 0.52 0.54 +0.14 

49 &5 E4<5 0.60 - 0.60 1.00 +0.40 
50 &5 E4<5 0.40 0.45 0.048 0.56 +0.16 
51 &5 E4<5 0.04 0.05 - 0.06 +0.02 
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$<E. 2.23. �?4=-EE5<4 ?5DL>7> ?>65DEG 6 >EOE «1321», «�3,» 

 

$ 

& 

, 

±0.000=202.900 

      7 18 3 ?>DO4>>6<= =><5D 7V?E>6>7> «<4O>4», 

       3 <VEF5 GEF4=>6>< 7V?E>6>7> «<4O>4» 

' 

& 

% 

$ 

� 

� 

� 
� 

1 3 4 6 7 8 9 12 13 15 16 18 19 20 21 

731 

732 

730 

729 
728 727 

720 

719 

721 

718 

722 

723 724 725 726 
�>

=4
 ?

D>
EV

44
==

O 
 4

ED
4?

LF
>5

5F
>=

=>
W 6

V4
<>

EF
><
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$<E. 2.24. �?4=-EE5<4 ?5DL>7> ?>65DEG 6 >EOE «2322», «�3�» 

±0.000=202.900 

      7 13 3 ?>DO4>>6<= =><5D 7V?E>6>7> «<4O>4», 

       3 <VEF5 GEF4=>6>< 7V?E>6>7> «<4O>4» 

� 

� 

� 

% 

� 

� 

� 

� 

� 

� 

2 3 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 22 19/20 

715 

717 

716 

714 

713 

712 

711 

710 77 79 78 76 75 739 

740 

738 737 

736 

735 

734 

733 

744 

745 

746 

751 750 749 748 

747 

74 
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$<E. 2.25. �5<VD=<= D4E44 «11319» 

   7 5     3 =><5D «<4O>4» 
 1.0÷1.04 3 L<D<=4 D>7>D<FFO FDVM<=< 

11 19 19 

75 
1.0÷1.04 

76 
1.74÷1.98 

77 
1.90÷2.12 

79 
2.70÷2.96 

78 
1.0÷1..4 

710 
2.30÷2.46 
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$<E. 2.26. �5<VD=<= D4E44 «2311» 

   7 38     3 =><5D «<4O>4» 
 0.75÷0.93 3 L<D<=4 D>7>D<FFO FDVM<=< 

738 
0.75÷0.93 

11 
2 
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$<E. 2.27. �5<VD=<= D4E44 «21312» 

   7 23     3 =><5D «<4O>4» 
 0.70÷0.76 3 L<D<=4 D>7>D<FFO FDVM<=< 

723 
0.70÷0.76 

724 
1.0÷1.46 

725 
0.80÷0.88 

726 
0.90÷0.98 

21 15 12 
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$<E. 2.28. �5<VD=<= D4E44 «�3�» 

   7 11     3 =><5D «<4O>4» 
 0.70÷0.84 3 L<D<=4 D>7>D<FFO FDVM<=< 

711 
0.70÷0.84 

712 
0.68÷1.72 

713 
0.82÷1.06 

714 
1.20÷1.28 

716 
1.0÷1.02 

717 
1.20÷1.32 

� � 
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$<E. 2.29. �5<VD=<= D4E44 «�3�» 

733 
2.0÷2.06 

734 
1.9÷2.04 

735 
1.0÷1.14 

736 
0.7÷0.86 

737 
2.0÷2.08 

   7 33     3 =><5D «<4O>4» 
 2.0÷2.06 3 L<D<=4 D>7>D<FFO FDVM<=< 

� 
� 
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$<E. 2.30. �5<VD=<= D4E44 «�3&» 

� 

   7 16     3 =><5D «<4O>4» 
 1.0÷1.02 3 L<D<=4 D>7>D<FFO FDVM<=< 

� � & & 

716 
1.0÷1.02 

717 
1.20÷1.32 

719 
0.80÷0.8

720 
4.20÷4.22 
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$<E. 2.31. �5<VD=<= D4E44 «,3�» 

   7 32     3 =><5D «<4O>4» 
 1.50÷1.61 3 L<D<=4 D>7>D<FFO FDVM<=< 
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732 
1.50÷1.61 

� & , 
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$<E. 2.32. $>77>DF>4 EFV=< ?> >EV «�» 

 

241 

6.900 

5.490 

1.850 

-1.150 

5.000 

-0.600 

19 17 15 13 11 

±0.000 
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$<E. 2.33. $>77>DF>4 EFV=< ?> >EV «�» 

 
 
 

0.40-0.56 0.40-0.54 

   7 51     3 =><5D «<4O>4» 
 0.04÷0.06 3 L<D<=4 D>7>D<FFO FDVM<=< 

 

242 

6.900 

-0.040 ±0.000 

-1.150 

751 
0.04÷0.06 

2.400 
2.000 

6.000 

750 
0.40÷0.56 

15 

749 
0.60÷1.00

748 
0.40÷0.54 

17 13 11 19 
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$<E. 2.34. $>77>DF>4 EFV=< ?> >EV «11» 

 
 
 
 

7 45 
0.68÷0.8 

   7 46     3 =><5D «<4O>4» 
 0.08÷0.32 3 L<D<=4 D>7>D<FFO FDVM<=< 

9.300 

11.150 

 
7.400 

5.490 

6.000 

1.850 

-1.200 

3.300 

±0.000 

746 
0.08÷0.32 745 

0.68÷0.80 

744 
1.14÷1.56 

� � � 
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$<E. 2.35. $>77>DF>4 EFV=< ?> >EV «19» 
 
 
 

   7 47     3 =><5D «<4O>4» 
 0.34÷0.74 3 L<D<=4 D>7>D<FFO FDVM<=< 

747 
0.34÷0.74 

� � � 

11.150 

 

7.400 

 

6.000 

±0.000 
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2.5.3. �=4?V7 V=65=5D=>-75>?>7VG=>W V 7V4D>?>7VG=>W 
E<FG4FV= 4V?O=>< 745G4>6< 

 
�V?O=>4 745G4>6< 4>E?V46G64=>W 5G4V6?V 6 75><>D-

D>?>7VG=><G 6V4=>L5==V 7=4E>4<FLEO =4 <56V $V6=5-
=EL>>7> V %<5?L=<FL>>7> ?5E>6<E ??4F>, ?>65DE=O O><E 6 
?D>F5EV <VEF>5G4V6=<E V ??4=G64?L=<E D>5VF 4>>>DV==> 
7<V=<?4 E6V= 6<7?O4.  

$5?LTD 4V?O=>< 745G4>6< E?>>V==<=. �5E>?NF=V 
6V4<VF>< ?>65DE=V 75<?V 7<V=NNFLEO 6V4 202.20 4> 
201.80 <. �V4=>E=4 6V4<VF>4 ±0.000 < 5G4V6?V 6V4?>6V44T 45-
E>-?NF=V= 6V4<VFFV 202.90 < (4<6. D<E. 2.23, 2.24). 

�7V4=> 7 4>E?V465==O<< V=EF<FGFG «�F><5=5D7>-
?D>5>F» [34], V=65=5D=>-75>?>7VG=4 5G4>64 4V?O=>< <4T 
E>?44=G V =5>4=>DV4=G ?> 7?<5<=V EFDG>FGDG.  

�?O GF>G=5==O F4 4=4?V7G V=65=5D=>-75>?>7VG=>W 
E<FG4FVW 4V?O=>< 745G4>6< 5G?< 6<>>=4=V 4>44F>>6V V=-
65=5D=>-75>?>7VG=V 4>E?V465==O <5F>4>< EF4F<G=>7> 
7>=4G64==O �DG=FV6 [35].  

�> 7>6=VL=L><G >>=FGDG 4>E?V46G64=>W 5G4V6?V 6 
L5EF< F>G>4E 6<>>=4=5 EF4F<G=5 7>=4G64==O GEF4-
=>6>>N %-979. &<? 7>=4G 3 1. �?<5<=< 7>=4G64==O D57-
?4<5=FG64?<EL 7D4=<G=<<< 65?<G<=4<< D54>F<6=<E 7G-
E<?L V E>?4?< ?> >>D5<<E F>G>4E 6V4 11.20 4> 12.80 <. $>-
5>F< 6<>>=G64?<EL 77V4=> <5F>4<>< �%&' �.�.2.1-9-2002 
(��%& 199912-2001). 

$57G?LF4F< EF4F<G=>7> 7>=4G64==O ?D54EF46?5=V G 
6<7?O4V ?>T4=4=<E 7D4DV>V6 ?<F><>7> >?>DG �DG=FG ?V4 
>>=GE>< 7>=4G q7 (��4), F4 >?>DG �DG=FG ?>  5>>>6V= ?>-
65DE=V 7>=4G Q7 (>�) (4<6. D<E. 2.37÷2.42).  

�> >45D64=<E ?>>47=<>4E q7 F4 Q7 G 6V4?>6V4=>EFV 7 
?. 5.11 %�<� 2.02.03-85 6<>>=4=V D>7D4EG=>< >>D5<<E 
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7=4G5=L (G5D57 0.20 < ?> 7?<5<=V) 7D4=<G=>7> >?>DG 
Fu (>�) 745<6=>W ?4?V 6 >>6=V= >>D5<V= F>GFV 7>=4G64=-
=O. �>G4F>>64 D>5>G4 7?<5<=4 4?O D>7D4EG=>V6 Fu 
?D<==OF4 DV6=>N 3 2.60 < 6V4 ?>65DE=V 75<?V. 

�> V=4<>4FV==<E >D<6<E q7 V Q7 6 >><??5>EV 7 <4F5-
DV4?4<< 6<LG>G64=L «�F><5=5D7>?D>5>F» [34], ?D>6545-
=5 D>7G?5=G64==O �DG=F>6>7> <4E<6G =4 V=65=5D=>-
75>?>7VG=V 5?5<5=F< (���). �D< FL><G, ?VM4=V �DG=F<  
���-4 74 D57G?LF4F4<< EF4F<G=>7> 7>=4G64==O D>74V?5=V 
74 MV?L=VEFN =4 ?VE>< E5D54=L>W MV?L=>EFV 3 (���-4) V ?VE-
>< MV?L=V 3 (���-44) 6V4?>6V4=> 4> >?>DG ?D>=<>=5==O 
>>=GE4 7>=4G q7 . � <564E 6<4V?5=<E ���-4 F4 ���-44, ?D>-
6545=4 EF4F<EF<G=4 >5D>5>4 ?>>47=<>V6 ?<F><>7> >?>DG 
q7 V =>D<4F<6=<E 7=4G5=L <>4G?V6 45D>D<4FVW � (��4). 
�?4=>65 ?>?>65==O F>G>> EF4F<G=>7> 7>=4G64==O =465-
45=5 =4 EE5<V (4<6. D<E. 2.36). 

� 75>?>7VG=V= 5G4>6V 4V?O=>< =4 D>76V44=G 7?<5<=G 
55DGFL GG4EFL: 

���-1 (5IV). '>D=>75<, ?5E>6<= �DG=F, EG?VE>> 7G<G-
E>64=<=, =5>>=E>?V4>64=<=, ED>D<>64=<= ?D< 65DF<>4-
?L=><G ??4=G64==V F5D<F>DVW. �>FG6=VEFL 0.1÷ 0.2 <. 

���-14 (tIV). �4<<6=<= �DG=F 3 ?VE>>, 6 >E=>6=><G, 
E5D54=L>W >DG?=>EFV 7 6>?NG5==O< M555=N >D5<=VT6<E 
?>DV4, >>=E>?V4>64=<=. �>FG6=VEFL 3.4÷5.1 <. 

���-15 (lbIV). &>DD, E?45>- V E5D54=L>74F>DD>64=V EG-
7?<=>< V 7?<=<. �>FG6=VEFL 1.0÷4.4 <. 

���-4 (4IV). �VE>> >64DF>6<= E5D54=L>W >DG?=>EFV, 
E5D54=L>W MV?L=>EFV, =4E<G5=<= 6>4>N. �>FG6=VEFL 
0.8÷2.20 <. 

���-5 (4IV). %G?VE>>, EG7?<=>> ??4EF<G=>W F4 F5>GG>W 
>>=E<EF5=FVW 7 4><VL>4<< >D74=VG=<E D5G>6<=. �>FG6-
=VEFL 0.7÷1.80 <. 



 

247 
 

 ���-44 (4IV). �VE>> >64DF>6<= E5D54=L>W >DG?=>EFV, 
MV?L=<=, =4E<G5=<= 6>4>N. �>FG6=VEFL =4 D>76V44=G 
7?<5<=G 0.8÷2.40 < (4<6. D<E. 2.43). 

$V7<>>-<5E4=VG=V E4D4>F5D<EF<>< V=65=5D=>-75>-
?>7VG=<E 5?5<5=FV6 (���) =46545=V 6 F45?<FV 2.11. 

�V4D>75>?>7VG=V G<>6< 4V?O=>< E4D4>F5D<7GNFLEO 
=4O6=VEFN >4=>7> 7>D<7>=FG ?V475<=<E 6>4. �>4>6<V-
MGNG<<< ?>D>44<< T �DG=F< ���-15÷���-4. �<6?5==O 
7>D<7>=FG 6V45G64TFLEO 74 D4EG=>> V=DV?LFD4FVW 4F<>E-
D5D=<E >?44V6 V 6 45O>V= <VDV 3 74 D4EG=>> E57>==<E ?>-
65=5=. �?<5<=4 74?O74==O $��, 7GEFDV=GF<E 6 ?5DV>4 V=-
65=5D=>-75>?>7VG=<E 6<LG>G64=L [35], E>?444?4  
4.00÷5.55 < (45E>?NF=V 6V4<VF>< 196.31÷195.37 <). 

$57G?LF4F< ?D>6545=<E 4>E?V465=L F4 4=4?V7 V=-
65=5D=>-75>?>7VG=>W E<FG4FVW 4V?O=>< 745G4>6< 44NFL 
<>6?<6VEFL 7D>5<F< =4EFG?=V 6<E=>6>< 

�. $G=44<5=F< 5G4V6?V ?D54EF46?ONFL 74?V7>-
55F>==V ?4?V 4>66<=>N 7.0 <, O>V ?D>DV74NFL 464 >E=>6=V 
V=65=5D=>-75>?>7VG=V 5?5<5=F< (���): 

- =4E<?=<= V (45>) =4<<F<= L4D ?VE>G DV7=>W >DG?-
=>EFV ?>FG6=VEFN 4.50÷5.00 <; 

- ?>E>64=<= 74F>DD>64=<= �DG=F =4474??46=<E F5-
D4E DVG>>. 

�. �E=>6=>N >E>5?<6VEFN 6>4>=4E<G5=<E �DG=FV6 
���-15 (lbIV) 3 F>DDG, 74F>DD>64=<E EG7?<=>V6 V 7?<= T WE 
4G65 7=4G=4 EF<E?<6VEFL V <4?4 =5EGG4 744F=VEFL.  

�6464NG< =4 7=4G=G =5>4=>DV4=VEFL G 65DF<>4?L-
=><G V 7>D<7>=F4?L=><G =4?DO<>4E �DG=F>6>W >E=>6< 
4>E?V46G64=>W 5G4V6?V, 7 F>G>< 7>DG D5>?>7VG=<E ?D>F5-
EV6, O>V 6V45G64NFLEO 6 F>6MV 6>4>=4E<G5=<E E?45><E 
D?N6V>7?OFV==<E �DG=FV6, <>6=4 EF65D46G64F<, M> ?D<-
G<=>N =5DV6=><VD=<E ?>=44=>D<4F<6=<E >EV44=L �DG=-
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F>6>W >E=>6< 4>E?V46G64=>W 5G4V6?V T >>=E>?V44FVO L4DG 
6>4>=4E<G5=>7> �DG=FG ���-15 (lbIV) 3 F>DDG, 74F>DD>-
64=<E EG7?<=>V6 ?>FG6=VEFN 6V4 1.0 4> 4.4 <.  

�. �=4G=<= 6??<6 =4 >EV44==O �DG=F>6>W F>6MV, 
E>?445=>W 74F>DD>64=<<< �DG=F4<<, <4T WW 4>44F>>65 =4-
64=F465==O (4>44F>>64 6474 �DG=FG ?D< ??4=G64==V F5-
D<F>DVW ?V4E<?>>N (=4<<6><), 75V?LL5==O 6?4E=>W 647< 
�DG=FG ?D< ?>=<65==V $��, 76545==O ?> EGEV4EF6G V=L<E 
5G4V65?L, ?>44?LL5 GMV?L=5==O ?V4 6?4E=>N 647>N =5-
GMV?L=5=>W F>6MV) [36].  

�D<G<=>N >>=E>?V44FVW L4DG �DG=FG ���-15 (lbIV) T 
=464=F465==O =>7> �DG=F>< ���-14 (tIV) 3 =4<<6=<< ?VE-
>>< E5D54=L>W >DG?=>EFV 7 6>?NG5==O< M555=N >D5<=VT-
6<E ?>DV4 ?>FG6=VEFN 3.4÷5.1 <, O><= EF6>D<6 =464=F4-
65==O =4 ?>65DE=V L4DG ���-15 (lbIV) 0.06÷0.09 ��4. 

�. �5>5EV4=> 6V4<VF<F< >E>5?<6>EFV �DG=FV6 ���-5 
(4IV) 3 EG?VE>G V EG7?<=>G ??4EF<G=>W F4 F5>GG>W >>=E<E-
F5=FVW 7 4><VL>4<< >D74=VG=<E D5G>6<= ?>FG6=VEFN 4> 
1.80 <, 4 E4<5: 7<5=L5==O <VF=>EFV 6 <VDG 74?>6=5==O 
?>D 6>4>N, >E>5?<6> ?D< 6<VEFV 6 =<E 45O>>W >V?L>>EFV 
>D74=VG=<E >>?>W4=<E G4EF<=, DV6=><VD=> D>7?>4V?5=<E 
6 WE F>6MV, <>6?<6VEFL D>7FV>4F<EO ?V4 =565?<><< F<E-
>><, =46VFL ?D< =5?>6=><G 6>4>=4E<G5==V. &4>V ?E564>-
??<6G=< <>6GFL 6<>>D<EF>6G64F<EL 6 >E=>6V DG=44<5=-
FV6 5G4V65?L V E?>DG4 FV?L>< ?D< 4>FD<<4==V E?5FV4?L=<E 
6<<>7 V FV?L>< F>4V, >>?< 6<>>=4=V 74E>4<, M> 6<>-
?NG4NFL <>6?<6VEFL WE 7>D<7>=F4?L=>7> FD4=ED5DG. 

 �. �>6V?L=<= 4>67>FD<64?<= 7>D<7>=F4?L=<= 
FD4=ED5D V7 7>=< F<E>G 4 F4>>6 EGD>7VO �DG=FV6 ���-5 
(4IV) T 4>44F>>6<< D4>F>D><, M> E?D<OT =5DV6=><VD=<< 
45D>D<4FVO< >E=>6< 4>E?V46G64=>W 5G4V6?V. 
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$<E. 2.36. %E5<4 D>7<VM5==O F>G>> EF4F<G=>7> 7>=4G64==O 

 

&E7-7 
201.90 

&E7-6 
201.93 

&E7-5 
202.08 

 

 

&E7-4 
202.20 

&E7-2 
201.98 

&E7-1 
201.80 

±0.000=202.900 

21 6 9 3 1 

& 

& 

� 

� 

39.000 12.000 12.880 12.000 

36
.0

00
 

13
.8

40
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$<E. 2.37. �D4DV> F>G>< EF4F<G=>7> 7>=4G64==O 7 1 
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$<E. 2.38. �D4DV> F>G>< EF4F<G=>7> 7>=4G64==O 7 2 
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$<E. 2.39. �D4DV> F>G>< EF4F<G=>7> 7>=4G64==O 7 4 
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$<E. 2.40. �D4DV> F>G>< EF4F<G=>7> 7>=4G64==O 7 5 
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$<E. 2.41. �D4DV> F>G>< EF4F<G=>7> 7>=4G64==O 7 6 
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$<E. 2.42. �D4DV> F>G>< EF4F<G=>7> 7>=4G64==O 7 7 
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$<E. 2.43. �=65=5D=>-75>?>7VG=<= D>7DV7 ?> F>G>4E EF4F<G=>7> 7>=4G64==O &%�-1÷&%�-5

256 

47.70 93.30 32.70  

&%� 71 &%� 72 &%� 74 &%� 75 77 6<D>5>> 

�5E>?NF=4 
6V4<VF>4  

7<D?4 20
1.

8 

20
1.

98
 

20
2.

20
 

20
2.

08
 

 

±0.000=202.900 
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&45?<FO 2.11 
�6545=4 V=65=5D=>-75>?>7VG=4 >>?>=>4 7 F45?<F5N >E=>6=<E DV7<>>-<5E4=VG=<E 

6?4EF<6>EF5= �DG=FV6 
�=45>E 
75=5-
7<EG 
F4 6V> 
�DG=-

FV6 

�VF>-
?>7VG-
=<= 

D>7DV7 
F4 7 
��� 

 
�><5=>?4FGD=4 

=4764 �DG=FV6 

�>D<4F<6=V $>7D4EG=>>6V 
W Ir Il e Sr Ã E Ë   ³�� E�� Ç�� E e R0 

 

�>?V >4<=<FV 7 
E<3 <�4  

>� 
<3 >�4 7D44. <�4 

>� 
<3 >�4 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

 

 

5IV 

 

 
 

 

1 

 

'>D=>75<, ?5E>6<= 
�DG=F, EG?VE>> 7G-
<GE>64=<=, =5>>=-
E>?V4>64=<=, ED>D-
<>64=<= ?D< 65D-

F<>4?L=><G ??4=G-
64==V F4 5?47>GEF-

D>N F5D<F>DVW 

 
- 

 
- 

 
 
 

 
- 

 
- 

 

- 

 
1.63 

 

- 

 

  

16.3 
 
- 

 
- 

 
- 

 
- 

 
- 

 

 

tIV 

 
 

14 

�4<<6=<= �DG=F 3 
?VE>> E5D54=L>W 

>DG?=>EFV 7 6>?N-
G5==O< M555=N 

>D5<=VT6<E ?>DV4, 
>>=E>?V4>64=<= 

 

0.04

÷ 

0.28 

 
- 

 
- 

 
- 

 
- 

 

1.52

÷ 

2.08 

 
- 

 
 

 
18.0 

 
- 

 
- 

 
- 

 
- 

 
- 

 

lbIV 

 
15 

&>DD, E?45>- V E5-
D54=L>74F>DD>64=V 
�DG=F< 3 EG7?<=>< V 

7?<=< 

 

0.28 

> 1 

 

0.2 

÷ 

0.32 

 
 

> 1 

 
- 

 
- 

 
- 

 

2.0 

÷ 

3.0 

 

0.37

÷ 

0.38 

 
- 

 
- 

 
- 

 
 

1.0 

 
- 

 
- 
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?D>4>665==O F45?. 2.11 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

 

aIV 

 
 

4 

�VE>> >64DF>6<= 
E5D54=L>W >DG?=>E-
FV, E5D54=L>W MV?L-
=>EFV, =4E<G5=<= 

6>4>N 

 

0.23

÷ 

0.29 

 
- 

 
- 

 

0.70 

 

- 

 

1.93

÷ 

2.03 

 

11.0

÷ 

32.0 

  

19.3 

 

1.0 

÷ 

3.0 

 

29 

÷ 

33 

 

11.0

÷ 

31.0 

 

0.64

÷ 

0.79 

 
- 

 

aIV 

 
5 

%G?VE>>, EG7?<=>> 
??4EF<G=>W, F5>GG>-
??4EF<G=>W F4 F5>G-
G>W >>=E<EF5=FV=, 7 
4><VL>4<< >D74=V-

G=<E D5G>6<= 

 

0.23

÷ 

0.29 

 

0.05

÷ 

0.09 

 

1.0 

 

0.66

÷ 

0.78 

 

0.96 

 

1.97

÷ 

2.21 

 

11.0

÷ 

15.0 

 

0.37

÷ 

0.38 

 

16.0

÷ 

17.0 

 

9.0 

÷ 

12.0 

 

18 

÷ 

22 

 

11.0

÷ 

15.0 

 

0.66

÷ 

0.80 

 
- 

 

aIV 

 

44 

�VE>> >64DF>6<= 
E5D54=L>W >DG?=>E-
FV, MV?L=<=, =4E<-

G5=<= 6>4>N 

 

0.18 
 
- 

 
- 

 
- 

 
- 

 

2.21 

 

45.0 

  

22.1 

 

2.0 

 

42 

 

43.0 

 

0.41 
 
- 

 

 

N18 

 

 

10 

�?<=4 <9O>>- V FG-
7>??4EF<G=>W >>=-
E<EF5=FVW 7 4><VL-
>4<< >D74=VG=<E 
>EF4=>V6 (77V4=> 
4>E?V465=L [34])  

 

 

0.45

÷ 

0.65 

 
 
- 

 
 
- 

 
 
- 

 
 
- 

 
 
- 

 

 

9.0 

÷ 

19.0 

  

 

15.0

÷ 

17.1 

 

 

0.55

÷ 

0.57 

 

 

14 

÷ 

15 

 

 

9.0- 

÷ 

18.0 

 

 

1.19

÷ 

1.87 

 

 
- 
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 2.5.4. �FV=>4 =5EGG>W 744F=>EFV ?4?L DG=44<5=FV6 
4>E?V46G64=>W 5G4V6?V 7 GD4EG64==O< V=65=5D=>-
75>?>7VG=>W E<FG4FVW 4V?O=>< 745G4>6< 

    

�>D5<4 ?4?O 6 E>?44V DG=44<5=FG 74 =5EGG>N 744F-
=VEFN �DG=FV6 >E=>6< D>7D4E>6G64?4EL, 7 >7?O4G =4 G<>6G: 

                                N f 
k

dF

÷
,                                      (2.23) 

45 N = 500.00 >� 3 D>7D4EG=>>65 =464=F465==O, M> ?5-
D544TFLEO =4 ?4?N 6V4 =475<=<E >>=EFDG>FV= 77V4=> ?D>-
5>FG [34]; 

Fd 3 D>7D4EG=>>64 =5EGG4 744F=VEFL �DG=FG >E=>6< 
?4?V; 
 ³> = 1.25 3 77V4=> ?. 3.10 %�<� 2.02.03-85 [37].  

�5EGG4 744F=VEFL Fd , (>�) 6<EOG>W 745<6=>W ?4?V DG-
=44<5=FV6 4>E?V46G64=>W 5G4V6?V, O>4 ?D4FNT =4 EF<E>4-
NG5 =464=F465==O, 6<7=4G4?4EL 74 D>D<G?>N D>74V?G 
4.2. %�<� 2.02.03-85: 
              Fd = ³c × (³cR × R × A + u × £ ³cf × fi × hi),     (2.24) 
45 ³c 3 >>5DVFVT=F G<>6 D>5>F< ?4?V 6 �DG=FV: G 6<?44>G 
>5?<D4==O WW =4 ?<?G64F>-7?<=<EFV �DG=F< 7V EFG?5=5< 
6>?>7>EFV Sr < 0.9 V =4 ?5E>6V �DG=F< ³c = 0.8, 6 GEVE V=L<E 
6<?44>4E ³c = 1.0; 
     R 3 D>7D4EG=>>6<= >?VD �DG=FG ?V4 =<6=V< >V=F5< 
?4?V (>�4), ?D<=<46EO 74 F45?. 1 %�<� [37] 74?56=> 6V4 
7?<5<=< =<6=L>7> >V=FO ?4?V. �?<5<=4 =<6=L>7> >V=FO 
?4?V ?D<=<4?4EL ?D< ??4=G64==V =4<<6>< 6V4 3 4> 10 <  
3  6V4 G<>6=>W 6V4<VF><, D>7<VM5=>W =4 3.0 < =<6G5 DV6=O 
?V4E<?>< 77V4=> F45?. 1 %�<� [37]; 

A = 0.30 × 0.30 = 0.09 (<2) 3 ??>M4 >5?<D4==O ?4?V =4 
�DG=F, ?D<==OF4 74 ??>M5N ?>?5D5G-=>7> EVG5==O ?4?V 
5DGFF>; 
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u = 0.30 × 4.0 = 1.20 (<) 3 7>6=VL=V= ?5D<<5FD ?>?5D5G-
=>7> EVG5==O ?4?V;  

fi 3 D>7D4EG=>>6<= >?VD V-F>7> L4DG �DG=FG >E=>6< =4 
5>>>6V= ?>65DE=V ?4?V, >�4, ?D<=<46EO 74 F45?. 2 %�V� 
[37] 74?56=> 6V4 E5D54=L>W 7?<5<=< D>7<VM5==O L4DG hED  

V 6<4G �DG=FG; 
hi 3 F>6M<=4 V-F>7> L4DG �DG=FG, O><= >>=F4>FGT 7 5>-

>>6>N ?>65DE=5N ?4?V, <; 
³cR , ³cf 3 >>5DVFVT=F< G<>6 D>5>F< �DG=FG 6V4?>6V4=> 

?V4 =<6=V< >V=F5< V =4 5>>>6V= ?>65DE=V ?4?V, 77V4=> 
F45?. 3 %�V� [37].  

� D>7D4EG=>4E =5EGG>W 744F=>EFV ?4?L 6D4E>64=V 
6V49T<=V (=574F<6=V) E<?< F5DFO �DG=FG =4 WE 5>>>6V= ?>-
65DE=V. �7V4=> ?. 4.12.5 %�V� [37] D>7D4EG=>>6V 7=4G5==O 
>?>DV6 fi �DG=FG ���-1, 14 (=4<<6=<= �DG=F 3 ?VE>> 6 >E=>-
6=><G E5D54=L>W >DG?=>EFV 7 6>?NG5==O< M555=N >D5<-
=VT6<E ?>DV4) ?D<=<4?<EL 74 F45?. 2 %�V� [37] 7V 7=4>>< 
«<V=GE» V >>5DVFVT=F>< 0.4, 4 D>7D4EG=>>6V >?>D<  fi  �DG-
=FG ���-15 (F>DD, E?45>- V E5D54=L>74F>DD>64=V EG7?<=>< 
V 7?<=<) ?D<==OFV DV6=<<< 3 5.0 >�4.  

�7V4=> ?D>6545=<E D>7D4EG=>V6 =5EGG>W 744F=>EFV 
VE=GNG<E ?4?L>6<E DG=44<5=FV6 7 GD4EG64==O< V=65=5-
D=>-75>?>7VG=>W E<FG4FVW 4V?O=>< 745G4>6<, =5EGG4 744F-
=VEFL ?4?L EF4=>6<FL: 

- 7 6V4<VF>>N 7>?>6< -4.25 < 6 &%� 7 1: 
Fd1 = 461.07 (>�) < 1.25N = 1.25 × 500.00 = 625.00 (>�), 

G<>64  N f 
k

dF

÷
 =5 6<>>=GTFLEO.  

- 7 6V4<VF>>N 7>?>6< -3.65 < 6 &%� 7 1: 
Fd1 = 396.00 (>�) << 1.25N = 1.25 × 500.00 = 625.00 (>�), 
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G<>64  N f 
k

dF

÷
 =5 6<>>=GTFLEO.                    

- 7 6V4<VF>>N 7>?>6< -4.25 < 6 &%� 7 2: 
Fd2 = 621.67 (>�) j 1.25N = 1.25 × 500.00 = 625.00 (>�), 

G<>64  N f 
k

dF

÷
 6<>>=GTFLEO.                    

- 7 6V4<VF>>N 7>?>6< -3.65 < 6 &%� 7 2: 
Fd2 = 554.86 (>�) < 1.25N = 1.25 × 500.00 = 625.00 (>�), 

G<>64  N f 
k

dF

÷
 =5 6<>>=GTFLEO.                    

- 7 6V4<VF>>N 7>?>6< -4.25 < 6 &%� 7 4: 
Fd4 = 495.30 (>�) < 1.25N = 1.25 × 500.00 = 625.00 (>�), 

G<>64  N f 
k

dF

÷
 =5 6<>>=GTFLEO.                    

- 7 6V4<VF>>N 7>?>6< -3.65 < 6 &%� 7 4: 
Fd4 = 408.82 (>�) << 1.25N = 1.25 × 500.00 = 626.00 (>�), 

G<>64  N f 
k

dF

÷
 =5 6<>>=GTFLEO. 

- 7 6V4<. 7>?>6< -4.25 < 6 &%� 7 5: 
Fd5 = 522.31 (>�) < 1.25N = 1.25 × 500.00 = 625.00 (>�), 

G<>64  N f 
k

dF

÷
 =5 6<>>=GTFLEO. 

- 7 6V4<VF>>N 7>?>6< -3.65 < 6 &%� 7 5: 
Fd5 = 455.12 (>�) < 1.25N = 1.25 × 500.00 = 625.00 (>�), 

G<>64  N f 
k

dF

÷
 =5 6<>>=GTFLEO. 

- 7 6V4<VF>>N 7>?>6< -4.25 < 6 &%� 7 6: 
Fd6 = 492.48 (>�) < 1.25N = 1.25 × 500.00 = 625.00 (>�), 
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G<>64  N f 
k

dF

÷
 =5 6<>>=GTFLEO. 

- 7 6V4<VF>>N 7>?>6< -3.65 < 6 &%� 7 6: 
Fd6 = 424.56 (>�) << 1.25N = 1.25 × 500.00 = 625.00 (>�), 

G<>64  N f 
k

dF

÷
 =5 6<>>=GTFLEO. 

 - 7 6V4<VF>>N 7>?>6< -4.25 < 6 &%� 7 7: 
Fd7 = 537.69 (>�) < 1.25N = 1.25 × 500.00 = 625.00 (>�), 

G<>64  N f 
k

dF

÷
 =5 6<>>=GTFLEO. 

- 7 6V4<VF>>N 7>?>6< -3.65 < 6 &%� 7 7: 
Fd7 = 471.96 (>�) < 1.25N = 1.25 × 500.00 = 625.00 (>�), 

G<>64  N f 
k

dF

÷
 =5 6<>>=GTFLEO. 

� >7?O4G =4 F5, M> =5EGG4 744F=VEFL ?4?L V7 12-F< 
6<7=4G5=L G 10-E 6<?44>4E T <5=L>N 74 ?D>5>F=G, 5>E-
??G4F4FV==4 =44V==VEFL 4>E?V46G64=>W 5G4V6?V, 7 F>G>< 
7>DG =5EGG>W 744F=>EFV ?4?L>6<E DG=44<5=FV6 =5EGG<E 
EFV=, =5 74557?5G5=4.  

�4?DG65=>-45D>D<>64=<= EF4= �DG=F>6>W >E=>6< 
6V4?>6V4=> 4> 6<<>7 >D<F5DVW6 �-W 7DG?< 7D4=<G=<E EF4=V6 
(=5EGG4 744F=VEFL) >?4E<DV>GTFLEO O> 7D4=<G=<= [16; 363
38].  

2.5.5. $>7D4EG=>> ?>6=>7> >EV44==O V G4EG  
>>=E>?V44FVW 74F>DD>64=>W >E=>6< 

 
$O4 6VFG<7=O=<E =4G>>6>-?D4>F<G=<E, V=EFDG>-

F<6=<E <4F5DV4?V6 V 74DG5V6=V 465D5?4 EF65D46GNFL, M> 
>>=E>?V44FVO F>DDG V (45>) 74F>D>64=<E �DG=FV6, 6V45G64-
TFLEO =4 D4==V= EF44VW WE 4>=464=-F465==O DV?LFDGNG<< 
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L4D>< �DG=FG V =5 <>65 5GF< ?D<G<=>N =5DV6=><VD=>7> 
>EV44==O DG=44<5=FV6 5G4V6?V. 

�?O ?V4F65D465==O 45> E?D>EFG64==O FL>7> F65D-
465==O 5G6 ?D>6545=<= D>7D4EG=>> ?>6=>7> >EV44==O V 
G4EG, =5>5EV4=>7> 4?O >>=E>?V44FVW 4>E?V46G64=>W 74F>D-
D>64=>W >E=>6<.  

'4E, =5>5EV4=<= 4?O >>=E>?V44FVW E<?L=> EF<E?<-
6>7> �DG=FG ���-15 (F>DDG F4 74F>DD>64=<E EG7?<=>V6) 
?V4 =464=F465==O< 6<7=4G46EO 74 D>D<G?>N: 

                                       Tv = 
2

v

h

tC ô
,                                     (2.25) 

76V4>< t = 
v

2
v

C

hT ô
= 

50.1

4.485.0 2
ô

j 11.0 D>>V6, 

45 Tv = 0.85 3 6<7=4G5=5 ?> 7D4DV>G �>6V4=<>4 [39] 74?5-
6=> 6V4 EFG?5=N >>=E>?V44FVW F>DDG (�DG=FG ���-15) Qv = 
0.90; 

h = 4.40 < 3 F>6M<=4 L4DG E<?L=> EF<E?<6>7> �DG=FG 
���-15; 

%v = 1.50 <2/DV> 3 >>5DVFVT=F >>=E>?V44FVW �DG=FG ���-
15 ?D< 65DF<>4?L=><G DV?LFD4FV=-=><G ?>F>FV. 

�>6=5 >EV44==O S E<?L=> EF<E?<6>7> �DG=FG ���-15 
?D< FL><G 6<7=4G4?4EL O> EG<4 >EV44=L, 6<>?<>4=<E =4-
64=F465==O< DV?LFDGNG<< L4D>< =4<<6=<E ?VE>V6 ���-
-1, 14 V 4>44F>>6<<< >EV44==O<< Sf1 6V4 D>7>?444==O >D-
74=VG=<E D5LF>> F>DDG:   
                                       S = SD + Sf1 .                                (2.26) 

%F45V?V7>64=5 >EV44==O E<?L=> EF<E?<6>7> �DG=FG 
���-15, ?D<64=F465=>7> DV?LFDGNG<< L4D>< =4<<6=<E 
?VE>V6 ���-1, 14 74 F5= ?5DV>4 6<7=4G4?>EL 74 D>D<G?>N 
(11.1) �>6V4=<>4 [39]:  
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SD = 
p4E3

Hp3

û

ôô
= 

095.040.23

40.4094.03

ôûô

ôô
 = 0.197 (<), 

45 D = 18.0×1.0×1.0×5.20=93.60 (>�/<2) = 0.094 ��4 3 E5-
D54=V= F<E> =4 E<?L=> EF<E?<6<= �DG=F ���-15 6V4 DV?LF-
DGNG>7> =464=F465==O L4D>< =4<<6=<E ?VE>V6 ���-1, 14; 

� = 2.0 ��4 3 <>4G?L 45D>D<4FVW E<?L=> EF<E?<6>7> 
�DG=FG ���-15 6 ?D<D>4=><G EF4=V; 

H = h = 4.40 < 3 F>6M<=4 L4DG E<?L=>-EF<E?<6>7> 
�DG=FG ���-15. 

�>44F>>65 >EV44==O Sf1 E<?L=> EF<E?<6>7> �DG=FG 
���-15 6V4 D>7>?444==O >D74=VG=<E D5LF>> 6<7=4G4?>EL 
74 D>D<G?>N (11.14) �>6V4=<>4 [39]:  

Sf1 = 
s

d0 hk

÷

÷÷ø ôôôô
 = 

60.26

40.490.14374.02.075.0 ôôôô
 =       

= 0.138 (<),  
45 · j 0.75 3 >>5DVFVT=F G<>6 74?O74==O >D74=VG=<E 
6>?NG5=L 6 E?45><E �DG=F4E; 

k0 = 0.20 3 >>5DVFVT=F, O><= 6D4E>6GT <>6?<6VEFL D>7>-
?444==O >D74=VG=<E 6>?N-G5=L 4?O 6>4>=4E<G5=<E �DG=-
FV6; 

Ë = 0.374 3 E5D54=V= 6<VEF >D74=VG=<E 6>?NG5=L 6 E?4-
5><E �DG=F4E (4<6.  F45?. 2.11); 

³d = 14.90 >�/<3 3 ?<F><4 6474 E?45>>7> �DG=FG 6 EG-
E><G EF4=V; 

 ³s = 26.60 >�/<3 3 ?<F><4 6474 G4EF>> 74F>DD>64=>7> 
�DG=FG.  

 &4><< G<=><, ?>6=5 >EV44==O S E<?L=> EF<E?<6>-7> 
�DG=FG ���-15, 6<>?<>4=5 =464=F465==O< DV?LFDG-
NG<< L4D>< =4<<6=<E ?VE>V6 ���-1, 14 V 4>44F>>6<<< 
>EV44==O<< Sf1 6V4 D>7>?444==O >D74=VG=<E D5LF>> ?>-
F5=FV==> <>65 EF4=>6<F<:   
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S = 0.197 + 0.138 = 0.335 (<), 
6?D>4>66 ?D><V6>G G4EG t j 11.0 D>>V6, M> <>65 EGF-
FT6> 6??<64F< =4 65?<G<=G =5DV6=><VD=<E >EV44=L ?4-
?L>6<E DG=44<5=FV6 4>E?V46G64=>W 5G4V6?V. 

 

2.5.6. �474?L=V 6<E=>6>< 
 
�D<G<=4<< ?5D54464DV==>7> (=5?D<44F=>7> 4> =>-

D<4?L=>W 5>E??G4F4FVW) 7 F5=45=FVTN ?5D5E>4G 6 464DV=-
=<= F5E=VG=>7> EF4=G 4>E?V46G64=>W 5G4V6?V T >><??5>E 
=574F<6=<E D4>F>DV6, 4 E4<5:  

2.5.6.1. �54>EF4F=O ?D>EF>D>64 6>DEF>VEFL >>=EF-
DG>F<6=>W EE5<< 5G4V6?V 7 F>G>< 7>DG E?D<==OFFO =5-
DV6=><VD=<E 45D>D<4FV= �DG=F>6>W >E=>6<. 

2.5.6.2. �>=E>?V44FVO (6V4 =464=F465==O L4D>< =4-
<<6=>7> ?VE>G ���-1, 14) L4DG 6>4>=4E<G5=>7> �DG=FG 
���-15 3 F>DDG, 74F>DD>64=<E EG7?<=>V6 V 7?<= ?>FG-
6=VEFN 4> 4.4 < 6 75>?>7VG=><G D>7DV7V 4V?O=>< 745G4>6<. 

2.5.6.3. �>6V?L=<= 4>67>FD<64?<= 7>D<7>=F4?L=<= 
FD4=ED5D V7 7>=< F<E>G 74 <56V ??O<< 745G4>6< �DG=FV6 
���-5 3 EG?VE>G V EG7?<=>G ??4EF<G=>W F4 F5>GG>W >>=-
E<EF5=FV= 7 4><VL>4<< >D74=VG=<E D5G>6<=.  

2.5.6.4. �54>EF4F=O 4?O E?D<==OFFO 5>E??G4F4-
FV==<E =464=F465=L =5EGG4 744F=VEFL ?4?L>6<E DG=-
44<5=FV6  4>E?V46G64=>W 5G4V6?V. 

2.5.6.5. �>=E>?V44FVO (GMV?L=5==O) L4DG ?>E>64-=<E 
F>DDV6 7 =<7L><<< DV7<>>-<5E4=VG=<<< 6?4EF<-6>EFO<<, 
O>4 74?56=> 6V4 G<>6 DV?LFD4FVW, <>65 ?D>4>66G64F<EO 
6?D>4>66 10÷11-F< D>>V6 7 <><5=FG WE 4>=464=F465==O, 4 
65?<G<=4 >EV44=L ?D< FL><G <>65 4>EO74F< 25÷30% ?>-
FG6=>EFV L4DG. 

2.5.6.6. �>44F>>65 =464=F465==O 74?V7>55F>==<E 
?4?L 6=4E?V4>> 6<=<>=5==O «=574F<6=>7> F5DFO» L4DG 
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?VM4=>7> �DG=FG, O><= 7=4E>4<FLEO =44 L4D>< ?>E>-
64=<E F>DDV6. 

2.5.6.7. �V4EGF=VEFL >>=EFDG>F<6=<E 74E>4V6 74E<EFG 
5G4V6?V 6V4 =5DV6=><VD=<E 45D>D<4FV= �DG=F>6>W >E=>6<. 

2.5.6.8. �5E?D><>6=VEFL 74?V7>55F>==<E D>EF65D->V6 
?4?L>6>7> DG=44<5=FG 6<>>=4=G64F< DG=>FVN D5-
?4>E4FVW (D>7?>4V?G) 7GE<?L, O>V 6<=<>4NFL 6V4 =5DV6-
=><VD=>7> >EV44==O ?4?L. 

2.5.6.9. �54>EF4F=O ??>M4 ?5D569O7>< >?44>< =5-
EGG<E EFV= 4?O D>5>F< 6 G<>64E =5DV6=><VD=<E >EV44=L 
�DG=F>6>W >E=>6<. 

2.5.6.10. �5>F5E=VG=G =44V==VEFL �DG=F>6>W >E=>6< 
DG=44<5=FV6 4>E?V46G64=>W 5G4V6?V <>6=4 >?4E<DV>G-
64F< O> F4>G, ?D< O>V= G<>6< 5G4V6=<FF64 F4 5>E??G4-
F4FVW E5D54=V, 4V?O=>4 745G4>6< >5<565=> ?D<44F=4 4?O 
5G4V6=<FF64 557 ?D>6545==O V=65=5D=<E 74E>4V6. CG<VE=V 
45D>D<4FVW (S0 + S) 5G4V6?V 7 >E=>6>N 6 D54?L=<E V=65=5-
D=>-75>?>7VG=<E G<>64E ?5D56<MGNFL 7D4=<G=V EG<VE=V 
45D>D<4FVW (Su) 5G4V6?V, =5 ?D<EF>-E>64=>W 4> E?D<==OF-
FO 7GE<?L, O>V 6<=<>4NFL 6 E>?44=<E ���, F>5F> S0 + S > 

>Su , 4?5 =5 ?5D56<MGNFL 7D4=<G=V EG<VE=V 45D>D<4FVW  

( '
uS ) 5G4V6?V, ?D<EF>E>64=>W 4> E?D<==OFFO 6>474=<E 7G-

E<?L, F>5F> S0 + S f '
uS . �EV44==O 5G4V6?V, DG=44<5=FV6 V 

>E=>6< ?D>FV>4NFL =5DV6=><VD=>, 674T<>?>69O74=V EGEV4=V 
>>=EFDG>FVW 45> 5?5<5=F< ?>>< M> 7=4E>4OFLEO 6 4>7D4-
=<G=><G EF4=V, F<< =5 <5=L5, 45D>D<4FVW V ?>L>>465=-
=O ?>EFG?>6> =4>>?<GGNFLEO V ?>6V?L=> D>76<64NFLEO.   
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2.6. ���%�$���&�/ �$'�&���% �%��� ��%,��% 
�'�����, �� %&'�����  �% ���&�%��'���  

�������%&� 
 

2.6.1. &5>D5F<G=V >5�DG=FG64==O <>6?<6>EFV ?>T4-
=4==O DV7=>DV4=<E 75>?>7VG=<E G<>6 74 >D<-F5DVT< >4=4-
>>6>7> ?D>FV>4==O 45D>D<4FV==<E ?D>F5EV6 G �DG=F4E V 
6??<6G =4 <VEL>V 5G4V6?V  

 

�=65=5D=>-75>?>7VG=V G<>6< <VEL><E F5D<F>DV= 6<-
7=4G4NFLEO 75>?>7VG=>N 5G4>6>N, DV7<>>-<5E4=VG=<<< 
6?4EF<6>EFO<< ?>DV4 (�DG=FV6), M> <>6GFL 6<EFG?4F< >E-
=>64<< V E5D54>6<M5< <VEL><E 5G4V65?L (>59T>FV6), E4D4>-
F5D>< ?D>FV>4==O 75>?>7VG=<E ?D>F5EV6, F5>F>=VG=<< 
D56<<><, D5?LTD><, 7V4D>75>?>7VG=<<< F4 7V4D>?>7VG-
=<<< G<>64<<, E5=E<VG=VEFN. �4 >>=>D5F=<E F5D<F>DVOE 
V 4V?O=>4E 6>=< 747=4NFL ?>EFV==<E E57>==<E, 5474F>DVG-
=<E, 6V>>6<E V FD<64?VL<E 7<V= 6=4E?V4>> DV7=><4=VF=<E 
7>6=VL=VE 6??<6V6, 4 F4>>6 6??<6V6 7>E?>44DEL>>W 4VO?L-
=>EFV F4 V=L<E F5E=>75==<E D4>F>DV6. �E>5?<6> 7=4G=V 
7<V=< DV7<>>-<5E4=VG=<E 6?4EF<6>EF5= �DG=FV6 6V45G64-
NFLEO 6=4E?V4>> 7<V=< D56<<G �DG=F>6<E 6>4 V ?V4F>?-
?5==O. %>?44=VEFL, >E>5?<6VEFL, E?D<OF?<6VEFL, <4?>-
E?D<OF?<6VEFL V =5E?D<OF?<6VEFL V=65=5D=>-75>?>7VG=<E 
G<>6 74?56<FL 6V4 >><?5>EG D4>F>DV6, M> 6<7=4G4NFL FV 
G<>6< =4 >>=>D5F=<E 4V?O=>4E, 4 F4>>6 ?D<=<4TFLEO 
EF>E>6=> 6<4V6 V <5F>4V6 6<>>D<EF4==O F<E 4V?O=>> 4?O 
>>=>D5F=<E 6<4V6 <VEL>>7> 5G4V6=<FF64. 

�574?56=> 6V4 ?D<G<=, O>V 6<>?<>4NFL 45D>D<4FVW 
>E=>6< <>6=4 6<4V?<F< G>F<D< 7DG?< E>?44=<E �DG=F>-
6<E G<>6 74 EFG?5=5< 75>F5E=VG=>W =44V==>EFV. �D>?>=>-
64=4 >?4E<DV>4FVO 44T 7<>7G G=VDV>G64F< D>7D>5>G V 
6?D>64465==O 74E<E=<E 74E>4V6 ?D< 5G4V6=<FF6V F4 5>E-
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??G4F4FVW 5G4L-O><E 5G4V65?L 6 DV7=<E �DG=F>6<E G<>64E V 
?>?57L<FL 6<>>D<EF4==O ?D4>F<G=>7> 4>E6V4G 74E<EFG, 
=45GF>7> 6 =4=?>L<D5=VL<E E>?44=<E ��' 4?O V=L<E, 
<5=L ?>L<D5=<E G<>6, 45 F4>>7> 4>E6V4G =5<4. 

� >7?O4G =4 6<M5 E>474=5, <>6=4 6<4V?<F< G>F<D< 
V=65=5D=>-75>?>7VG=V 6<4< <VEL><E F5D<F>DV= (���&):  

- E?D<OF?<6<= V=65=5D=>-75>?>7VG=<= 6<4 F5D<F>DV= 
(���&), 

- ?>F5=FV==> =5E?D<OF?<6<= ���&, 
- =5E?D<OF?<6<= ���&, 
- 45E>?NF=> =5E?D<OF?<6<= ���& (4<6. F45?. 2.12).         
�>6=<= 6<4 6V4DV7=OTFLEO E6>TN >E>5?<6VEFN 45-

D>D<4FV==<E ?D>F5EV6. %4D4>F5D WE ?D>FV>4==O 6 >>6-
=><G 6<4V F4 ?V47DG?V T V45=F<G=<<, E>G4 =>7> >5G<>6-
?NNFL DV7=V ?D<G<=<, 3 ?D<D>4=V V (45>) F5E=>75==V. 

� >7?O4G =4 F5, M> 45D>D<4FVW 75<=>W ?>65DE=V =5-
D>7D<6=> ?>69O74=V 7 45D>D<4FVO<< 5G4V65?L, 46F>D 6>4-
74=G >?4E<DV>4FVN ��' ?D>?>=GT F4>>6 6<>>D<EF>6G64F< 
4?O 6<7=4G5==O 75>F5E=VG=>W >4F57>DVW E>?44=>EFV 
>59T>FV6 5G4V6=<FF64, 6V4=>6?5==O V (45>) D5>>=EFDG>FVW 6 
G<>64E MV?L=>W <VEL>>W 745G4>6<. 

%?D<OF?<6<= V=65=5D=>-75>?>7VG=<= 6<4 F5D<F>-
DV= (���&) I. '<>6< 5G4V6=<FF64 F4 5>E??G4F4FVW <VEL><E 
5G4V65?L =>D<4?L=V (76<G4==V). &5 F5D<F>DVW, 45 6 VE=GN-
G<E ?D<D>4=>-F5E=>75==<E G<>64E DV7<>>-75>?>7VG=V 
?D>F5E< V O6<M4, O>V =574F<6=> 6??<64NFL =4 G<>6< 5>E-
??G4F4FVW 5G4V6?V, 6V4EGF=V. &4>V F5D<F>DVW =5 6<<474NFL 
>D74=V74FVW E?5FV4?L=<E E<EF5< V=65=5D=>7> 74E<EFG. �<-
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S0 + S > Su 

S0 + S g 
'
uS

. 
�VD>7V4=VEFL 
?D>O6?5==O 

>4=>7> 7 ?D>-
F5EV6 7<V=N-

TFLEO 6 <564E 

0.15<R<0.8. 

 

&5D<F>DVW ?D>O6?5==O =5557?5G=<E �� ?D>F5EV6 3 
V=F5=E<6=>W ?V=V==>W 5D>7VW, F5E=>75==>7> ?V4F>?-
?5==O, EGD>7V==>7> D>7?GLG64==O ?VM4=>-EG?V-
M4=<E �DG=FV6 «4>F<6=>W 7>=<», D>76<F>> 45D>D<4-
FV= =574FGE4NG>W ?>67GG>EFV 7?<=, 7EG6=<E 7<VM5=L 
�DG=F>6<E EE<?V6. 'D465=VEFL =5557?5G=<<< ?D<-
D>4=>-F5E=>75==<<< ?D>F5E4<< 4> 70% WE 7474?L-
=>W ??>MV. �V4D>5?N64=V F5D<F>DVW (�>=5FL>4, �G-
74=EL>4, �=V?D>?5FD>6EL>4, �L6V6EL>4 >5?4EFV). &5-
D<F>DVW 65?<><E <VEF, 45 654GFL ?D>E>4>G FG=5?V6 V 
5G4V6=<FF6> ?V475<=<E E?>DG4. �V?O=>< 745G4>6<, 
45 ?>DGG 7 VE=GNG<<< 5G4V6?O<< E?>DG46GNFL 
6<E>F=V 5G4<=><. &5D<F>DVW, =4 O><E ?D>6>4<FLEO 
4D5=46 =54>GMV?L=5=<E �DG=FV6. �5DF<>4?L=V V 7>-
D<7>=F4?L=V 45D>D<4FVW >E=>6< 6<>?<>4NFL 45-
D>D<4FVW 5G4V6?V, 65?<G<=< O><E ?5D56<MGNFL 
7D4=<G=V 7=4G5==O 4?O >59T>FV6, O> =5 ?D<EF>E>64-
=<E, F4> V ?D<EF>E>64=<E 4> E?D<=<4==O =5DV6-
=><VD=<E 45D>D<4FV= >E=>6<. �E44>< 5G4V65?L V 
E?>DG4 ?D>FV>4NFL =5DV6=><VD=>. �>6?<6V ?D>O6< 
DV7>>W 6FD4F< EFV=>>EFV �DG=FV6. �D>F5E< >EV44==O F4 
45D>D<G64==O �DG=F>6<E <4E<6V6 V 75<=>W ?>65DE=V 
D>76<64NFLEO G?>DO4>>64=>, 4?5 ?D>FV>4NFL =574-
?56=> 6V4 F<E>G =4 �DG=F 76545=<E =4 =<E 5G4V65?L V 
E?>DG4. �4 75<=V= ?>65DE=V GF6>DNNFLEO =57?<5>>V 
<G?L4< 7DGL5==O. �4 6V4<V=G 6V4 2-W 7DG?< E>?44-
=<E G<>6, G 3-= 7DG?V T <>6?<6VEFL 4>EF4F=L> F>G=> 
D>7D4EG64F< ?>FDV5=V 4?O ?D>5>FG64==O 74E<EFG 
5G4V65?L V E?>DG4 ?4D4<5FD< =5DV6=><VD=>W >E44>< V 
7>D<7>=F4?L=<E 45D>D<4FV= �DG=F>6>W >E=>6<.  

�>=EFDG>F<6=V <5F>4< 74-
E<EFG 5G4V65?L V E?>DG4 

<>6GFL 5GF< 46>E F<?V6. �D< 
74EF>EG64==V 74E>4V6 74 

?D<=F<?>< 7=GG>>EFV, 5G4V6-
?O <4T 5GF< 4>EF4F=L> <VF-
=>N, 4?5 ?>44F?<6>N, E?D>-
<>6=>N ?>6F>DN64F< >>=-

FGD >EV44==O 75<=>W ?>65DE=V 
45> EFG?V=L =5DV6=><VD=>EFV 
EF<E=5==O �DG=F>6>W >E=>6<. 
�D< 74EF>EG64==V 74E<EFG 74 
?D<=F<?>< 6>DEF>>EFV, 5G-
4V6?O <4T 755D57F< D>D<G V 

>EV44F<, O> T4<=5 FV?5. �G4V-
6=<FF6> =4 F5D<F>DVOE FVTW 
7DG?< E>?44=>EFV 4>?GE>4-

TFLEO 74 =4O6=>EFV 6<E=>6>G 
E?5FV4?V7>64=>W >D74=V74FVW, 
O><= <VEF<FL D5>><5=44FVW 
M>4> 6<5>DG V=65=5D=<E 
DVL5=L 4?O 74557?5G5==O 

=44V==>W 5>E??G4F4FVW 5G4V-
65?L V E?>DG4 45> 6V4=>6?5=-
=O WE 5>E??G4F4FV==>W ?D<44-
F=>EFV G 6<?44>G 6<=<>=5==O 

=54>?GEF<<<E 45D>D<4FV= 
=5EGG<E >>=EFDG>FV=. 
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?D>4>665==O F45?. 2.12 
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=5E?D<OF?<-
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F4FVW 5G4V65?L 
V E?>DG4 

=44646>V  

 

�D4>F<G=> 

=5?D<44F=V 

 

S0 + S >> 

>> '
uS

. 
'D465=VEFL 
?D<D>4=>-

F5E=>75==<-
<< ?D>F5E4-
<< <>65 4>-
EO74F< 100% 
?D< 6VD>7V4-
=>EFV WE ?D>-

O6?5==O 

R=1.0. 

 

&5D<F>DVW EG<VE=>7> 6VD>7V4=>7> ?D>O6?5==O 2-E V 
5V?LL5 ?D>F5EV6. &5 4V?O=>< 6 <564E 4>?<=< DV>, 
>DG?=<E ODV6 V 54?>>, >DGFV OD< =4 5D>7V==<E EE<?4E. 
&5E=>75==> ?V4F>??5=V V G4EF>>6> 745>?>G5=V F5D<F>-
DVW 7 D>76<F>>< 45> D>D<G64==O< 7EG6=<E, EGD>7V=-
=<E, >4DEF>6>-EGD>7V==<E ?D>F5EV6, ?V=V==>W 5D>7VW, 
45D>D<4FV= =574FGE4NG>W ?>67GG>EFV 7?<=, =5DV6=>-
<VD=<E >E44>> �DG=FV6. �474=V F5D<F>DVW <>6=4 D>74V-
?<F< =4 FD< ?V47DG?<. 
�V47DG?4 �. �EG6>=5557?5G=V F5D<F>DVW, 4V?O=><, =555-
7?5G=V M>4> D>76<F>G 55D57>6>W 45D47VW 7 E4D4>F5D=<< 
=574FGE4NG<< 45D>D<G64==O< V DG==G64==O< 75<=>W 
?>65DE=V, 7 65?<>>N 7>D<7>=F4?L=>N E>?44>6>N. �5-
DV6=><VD=VEFL >EV44==O 75<=>W ?>65DE=V ?D<76>4<FL 
4> ?>>4?L=>W 45> EGFV?L=>W DG==4FVW �DG=FG 7 GF6>D5=-
=O< ?D>64?V6, FDVM<= V GEFG?V6.  
�V47DG?4 �. �4DEF>- V EGD>7V==>=5557?5G=V F5D<F>DVW, 
4V?O=>< ?>65DE=V, 7 ?V475<=<<< F5E=>75==<<< ?>D>-
6=<=4<< =565?<><E D>7<VDV6, ??>MV 74?O74==O ?5E>-
6<E �DG=FV6 ��-7> F<?G ?D>E44>>6>EFV =4 ?V64=V '>D4W-
=<, 4G65 74E>?5=<E �DG=FV6. %4D4>F5D<7GTFLEO 45> 
?>6=>N DG==4FVTN ?>>4?L=<E 4V?O=>> �DG=F>6>7> <4-
E<6G 7 GF6>D5==O< =4 ?>65DE=V >>D5<<E ?D>64?V6, 
7>D<7>=F4?L=V D>7<VD< O><E <5=LV 74 7>D<7>=F4?L=V 
D>7<VD< 5G4V65?L V E?>DG4, 45> =5?>6=>N DG==4FVTN 
7=4G=<E ??>M 7 GF6>D5==O< =4 ?>65DE=V GEFG?V6, 
?>4V?5=<E D>7>D<F<<< �DG=F>6<<< FDVM<=4<<. 

' ?V47DG?V � 6=4E?V4>> 
EF>E4EF<G=>7> E4D4>F5DG 
?D>FV>4==O ?D>F5EV6 ?5D5-

<VM5==O �DG=FG, 7?<5<=4 F4 
D>7<VD< ?D>64?V6, D>7>D<F-
FO FDVM<=, F>M>, <>6GFL 

5GF< 6<7=4G5=V ?<L5 ?D<5-
?<7=> 74EF>EG64==O< V<>6V-
D=VE=<E <5F>4V6 D>7D4EG=-

>V6. �4E<E=V 74E>4< 76>-
4OFLEO 6<>?NG=> 4> 7<VF-

=5==O �DG=F>6<E <4E<6V6. ' 

?V47DG?V � 74E<EF 5G4V65?L V 
E?>DG4 76>4<FLEO 4> 7=4G-
=>7> ?>E<?5==O <VF=>EFV 
=475<=<E >>=EFDG>FV=. 

/>M> ?D>F5E =5 7G?<=<F<, 
6V= 76<G4==> 7465D-LGTFLEO 
?>6=>N DG==4FVTN �DG=F>-
6>7> <4E<6G D47>< 7 D>7F4-

L>64=<<< =4 =V= 5G-
4V6?O<<.  
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�V47DG?4 �. &5D<F>DVW =44 ?V475<=<<< >4-
<5D4<< 74?V7>DG4=<E ?>>?44V6 �D<6>7> 
$>7G, 4V?O=>< 674>66 6<E>><E >DGF<E EE<-
?V6, E>?445=V ?>FG6=<<< >56>4=5=<<< F>-
6M4<< ?5EV6, 45 <>6?<6V 7EG6=V ?D>F5E< G 
6<7?O4V 65?5F5=EL><E EGD>7V==<E 6<><4V6. 
�D>F5E< 6 �DG=F4E ?D>FV>4NFL =4EFV?L>< 
V=F5=E<6=>, M> >>D5<V ?D>64?< 7?<64NFLEO 
6 EGFV?L=V 7>=< >564?5==O, 7?<5<=4 ?D>64-
?V6 4>EO74T 5474FL>E <5FDV6, EFDG>FGD4 �DG-
=F>6<E <4E<6V6 <V6 =<<< F4>>6 DG=-
=GTFLEO, �DG=F< D>7?GLGNFLEO, WE =5EGG4 
744F=VEFL DV7>> 7<5=LGTFLEO. 

' ?V47DG?V � 5>E??G4F4-
FV==4 =44V==VEFL 5G4V65?L 
E?>DG4 =5 <>65 5GF< 74-
557?5G5=4 =VO><<< 74E<E-
=<<< 74E>44<<, 5G4V6=<F-
F6> 6 F4><E 7>=4E <4T 5GF< 
745>D>=5=5, 4 VE=GNGV 5G4V-
6?V F4 E?>DG4< ?V4?O74NFL 
7=5E5==N. &4>V 7>-=< 6<?G-
G4NFLEO 7V E>?44G <VEL><E 
F5D<F>DV=. 

 

�D<<VF>4. &45?. 2.12 T D57G?LF4F>< =4G>>6>-4>E?V4=<E D>5VF 7 GD4EG64==O< F4 6 D>76<F>> ?>?>65=L G<==<E =>D<4F<6=<E 4>>G<5=FV6, 

V ?5DL>465D5? [5; 16; 22; 23; 26; 32; 36; 38; 40351]. 

- S = S0 + S? 3 D>7D4EG=>>6V 65?<G<=< EG<4D=<E EG<VE=<E 45D>D<4FV= 5G4V6?V 7 >E=>6>N 6 D54?L=<E V=65=5D=>-75>?>7VG=<E G<>64E;  
- S0 3 65?<G<=4 EG<VE=<E 45D>D<4FV= 4?O =>D<4?L=<E (76<G4==<E) V=65=5D=>-75>?>7VG=<E G<>6;  

- S? 3 F5 E4<5, 4>44F>>6<E EG<VE=<E 45D>D<4FV= 7 GD4EG64==O< ?4D4<5FDV6 6<>D<6?5==O >E=>6< 6 E>?44=<E ��';  

- Su F4 
'
uS

 
3 7=4G5==O 7D4=<G=<E EG<VE=<E 45D>D<4FV= 74?56=> 6V4 >>=EFDG>F<6=>W EE5<< 5G4V6?V (E?>DG4<) 4?O 6<?44>V6, >>?< WE >>=E-

FDG>FVW =5 D>7D4E>64=V (Su) 45> D>7D4E>64=V ( '
uS ) =4 7GE<??O, M> 6<=<>4NFL 6 =<E ?D< 674T<>4VW 7 >E=>6>N.  

277 

 



278 
 

��$���� ��%����, �� $�����' 2 

 

  

1. �4M<F4 < ?>4D45>F>4 744=<= < E>>DG65=<= /  
%. �. ,474?>6, $. �. �G?5D, �. �. �4D>>6 < 4D. �. : �5-
4D4, 1974. 

2. .L<= �. �. �E>55==>EF< ?D>5>F<D>64=<O DG=44-
<5=F>6 744=<= =4 >E=>64=<OE, 45D>D<<DG5<OE 7>D-
=O<< 6OD45>F>4<<. �. : %FD>=<744F, 1980. 

3. �D46<?4 >ED4=O E>>DG65=<= < ?D<D>4=OE >5N5>F>6 
>F 6D54=>7> 6?<O=<O ?>475<=OE 7>D=OE D47D45>F>> 
=4 G7>?L=OE <5EF>D>645=<OE. �. : �54D4. 1981. 

4. Wasilkowski F. Wplyw rozpelzania podlo{a na fun-
damenty budowli, posadowonyeh na terenach gorni-
czych. In{ynieria i Budownictwo, 1966. 7 6, 7. 

5. Levicki B. Nerownomierne osiadania podlo}a i odkzta-
lcenia budynkow. Arkady. Warszawa, 1979. 681 s. 

6. �>D<E �. �. %46<65=<5 75<=>= ?>65DE=>EF< < >ED4-
=4 E>>DG65=<= 6> �L6>6E>>-�>?O=E>>< 54EE5==5. 
'7>?L '>D4<=O. �., 1962. 7 12. %. 22324. 

7. �FG5F >5 <=65=5D=>-75>?>7<G5E><E <7OE>4=<OE ?>4 
D4EL<D5=<5 744=<O 7>D<E?>?>><4 7. '5D6>=>7D44. 
�<56 : '>D���?D>5>F, 1988. 

8. �4F5D<4?O ?> 5GD5=<N <=65=5D=>-75?>7<G5E><E 
E>646<= 6 7. '5D6>=>7D44 ?> 44D5EG: ??. %>5>D=4O, 4. 
�L6>6E>>-�>?O=E>4O 75>?>7>-D47654>G=4O M>E?54<-
F<O, 7. �?.-�>?O=E><=. 1993. 

9. $57G?LF4F< V=EFDG<5=F4?L=<E E?>EF5D565=L 74 >EV44=-
=O<< 5G4<=>G 7 4 =4 ??. %>5>D=V= 6 <. '5D6>=>-
7D44V. ���& '5D6>=>7D44EL>5 5ND> E?5FV4?V7>64=<E 
<4D>L5=45DEL><E D>5VF, <. '5D6>=>7D44. 1998. 

10. $57G?LF4F< V=65=5D=>-75>?>7VG=<E D>5VF ?> >5EF5-
65==N �DG=FV6 >E=>6< >4=4?V74FV==>7> >>?5>F>D4 ?> 



 

 
 

279 

?D. ,56G5=>4 6 <. '5D6>=>7D44 �L6V6EL>>W >5?. �� 
«$V6=55G4D>76V4G64==O». <. $V6=5, 1998. 

11. �4GG=>-F5E=<G5E><= >FG5F ?> F5<5 7 II-547-0057 >F 
24.02.1993 7>44 «�5E?54>64=<5 < D47D45>F>4 F5E=<-
G5E>>7> D5L5=<O ?> 6>EEF4=>6?5=<N M>E??G4F4F<-
>==>= =4456=>EF< 6<?>7> 4><4 7 4 =4 ??. %>5>D=>= 
6 7. '5D6>=>7D44». ���%�, 7. �<56.-1993. 

12. &5E=VG=5 DVL5==O 7 6V4=>6?5==O 5>E??G4F4FV==>W =4-
4V==>EFV 6<F?>6>7> 5G4<=>G 7 4 =4 ??. %>5>D=V= G <. 
'5D6>=>7D44V �L6V6EL>>W >5?. �>7. 7 4-193. '>D4W=EL-
>4 45D646=4 4>445<VO 6>4=>7> 7>E?>44DEF64 ('����), 
<. $V6=5. 1997. 

13. �4G>>6>-F5E=VG=<= 76VF «�>E?V465==O D4>F>DV6 
6??<6G 74>D<FFO 6G7V?L=>W L4EF< 7 5 «�5?<>><>-
EFV6EL>4» �L6V6EL>>W >5?4EFV =4 EF4= ?V4D>5?N64=<E 
=5N F5D<F>DV=». �>7. 7 4-013. $V6=5=EL><= 45D646-
=<= F5E=VG=<= G=V65DE<F5F ($�&'), <. $V6=5. 2001. 

14. �4G>>6>-F5E=VG=<= 76VF «�>E?V465==O D4>F>DV6 
6??<6G 4VO?L=>EFV V 74>D<FFO 6G7V?L=<E L4EF 77 1 V 2 
«'5D6>=>7D44EL><E» �L6V6EL>>W >5?4EFV =4 EF4= ?V4-
D>5?N64=<E =<<< F5D<F>DV= V ?V475<=<E V=65=5D=<E 
<5D56». �>7. 7 4-41. '>D4W=EL><= 45D646=<= G=V65D-
E<F5F 6>4=>7> 7>E?>44DEF64 F4 ?D<D>4>>>D<EFG64==O 
('�'���), <. $V6=5. 2002.     

15. �5F>4<G5E><5 D5>><5=44F<< ?> >5E?54>64=<N < 
>F5=>5 =5EGM5= E?>E>5=>EF< 55E>4D>4E=OE 744=<=.  
���%� �>EEFD>O %%%$, 1983. 36 E. 

16. '>474=<O ?> >55E?5G5=<N M>E??G4F4F<>==>= ?D<7>-
4=>EF< 744=<= =4 �DG=F4E G5F65DF<G=OE < <5?>6OE 
>F?>65=<= 6 <=65=5D=>-75>?>7<G5E><E GE?>6<OE �4-
?444 '>D4<=O. ���%� �>EEFD>O %%%$, 1991. 56 E. 

17. �5D5>5>DG4>64=<5 ?><5M5=<= 7>EF<=<FO «�<E4=-
?>67D44» ?>4 =4?>7>6GN <=E?5>F<N 6 7. �<F><<D. 
�=65=5D=>-75>?>7<G5E><5 <7OE>4=<O. �� «�<F>-



 

 
 

280 

<<DEFD>=<7OE>4=<O». ,<DD 38-99-��-01. 7. �<F>-
<<D, 2000. 3 ?<EF4.  

18. �>44F>>6V V=65=5D=>-75>?>7VG=V F4 7V4D>75>?>7VG=V 
6<LG>G64==O 4V?O=>< 745G4>6< 5G4. 7 2 =4 ??. �5-
D5<>7< 6 <. �<F><<DV. �& «�<F><<D5G4-
D>76V4G64==O». <. �<F><<D, 2004. 

19. ��%& 31937-2011. �567>EG44DEF65==O= EF4=44DF. 
�44=<O < E>>DG65=<O. �D46<?4 >5E?54>64=<O < <>-
=<F>D<=74 F5E=<G5E>>7> E>EF>O=<O. Buildings and 
constructions. Rules of inspection and monitoring of the 
technical condition. �567>EG44DEF65==O= E>65F ?> 
EF4=44DF<74F<<, <5FD>?>7<< < E5DF<D<>4F<< (<7E). 
�nterstate council for standardization, metrology and cer-
tification (isc). 2014. 59 E. 

20. �%&'-� � �.1.2-18:2016. �4EF4=>64 M>4> >5EF565==O 
5G4V65?L V E?>DG4 4?O 6<7=4G5==O F4 >FV=>< WE F5E=VG-
=>7> EF4=G. Exploitation of constructions and engineer-
ing equipment of building, external networks inspection 
of the technical state of buildings. 3 �.: �V=D57V>= '>D4-
W=<, 2017.-70 E. 

21. �%&' � �.1.2-3:2006. �D>7<=< V ?5D5<VM5==O. �<<>7< 
?D>5>FG64==O. Deflections and displacements. Design 
rules. �. : �V=5G4 '>D4W=<, 2006. 29 E. 

22. %>5GFL><= �. �., %>5GFL><= �. �. �>E??G4F4FV==4 
=44V==VEFL <VEL><E 5G4V65?L V E?>DG4: >E=>6< F5>DVW V 
?D4>F<>4 : <>=>7D4DVO. $V6=5 : �'���, 2013. 225 E. 
ISBN 978-966-327-219-1 

23. �%&' � �.2.1-2-96. (��%& 25100-95) �DG=F<. �?4E<DV-
>4FVO. ����% ��� «%FD>=<7OE>4=<O». 

24. �%&' � �.2.1-5-96. (��%& 20522-96) �DG=F<. �5F>4< 
EF4F<EF<G=>W >5D>5>< D57G?LF4FV6 6<?D>5G64=L. �. : 
����%� V<. �5DET64=>64. 

25. �>E>5<5 ?> ?D>5>F<D>64=<N >E=>64=<= 744=<= < 
E>>DG65=<= (> %�V� 2.02.01-83) E <7<5=5=<O<<. �. : 
%FD>=<744F, 1986. 



 

 
 

281 

26. ��� �.2.1-1-2014. �=65=5D=V 6<LG>G64==O 4?O 5G4V6-
=<FF64. �DG74 D544>FVO. �V=D57V>=5G4 '>D4W=<. �., 
2014. 126 c. 

27. &5E=VG=5 DVL5==O 7 6V4=>6?5==O 5>E??G4F4FV==>W =4-
4V==>EFV 5G4<=>G ?>44F>>6>W V=E?5>FVW =4 ??>MV �5-
D5<>7< 6 <. �<F><<DV. �'���. ��� ���V%. <. $V6=5, 
2004. 118 E.  

28. $57G?LF4F< 4>E?V465==O �DG=F>6>W 6>4< =4 >59T>FV: 
«�G4<=>> 7 2 =4 ??. �5D5<>7< 6 <. �<F><<DV». �D>-
F>>>?< 77 30332 EV<VG=<E 4=4?V7V6 ?D>5 6>4< 77 1, 
2, 3 6V4 18.10 2004 D>>G. �<F><<DEL>4 <VEL>4 45D646=4 
E4=VF4D=>-5?V45<V>?>7VG=4 EF4=FVO. 10002 <. �<F><<D : 
6G?. �474DV=4, 55, 2004. 6 E. 

29. ��� �.2.1-10-2009. �E=>6< V DG=44<5=F< 5G4V65?L F4 
E?>DG4. ����� �V=D57V=5G4G '>D4W=<. �., 2009. 104 E. 

30. $445FL><= �. �. �4DF< G<>6 D>D<G64==O = D>76<F>G 
75>?>7VG=<E O6<M  =4 F5D<F>DVW $V6=5=EL>>W >5?. 1976. 

31. �=65=5D=>-75>?>7VG=4 >4DF4 GD465==O F5D<F>DVW 5>-
7>75==<<< 75>?>7VG=<<< ?D>F5E4<<. $V6=5=EL>4 �$�, 
1984. 

32. ��� �.1.1-12:2014. �G4V6=<FF6> 6 E5=E<VG=<E D4=>=4E 
'>D4W=<. �V=D57V>= '>D4W=<. �., 2014. 118 c. 

33. &5E=VG=<= 76VF ?D> V=65=5D=>-75>?>7VG=V 6<LG>G-
64==O =4 >59T>FV: «�=65=5D=>-75>?>7VG=V 4>E?V465==O 
�DG=F>6>W >E=>6< DG=44<5=FV6, >5EF565==O =5EGG<E 
>>=EFDG>FV=, 6<7=4G5==O F5E=VG=>7> EF4=G 44<V=VEF-
D4F<6=>W 5G4V6?V ?> 6G?. %>5>D=V=, 124 6 <. $V6=5». $V-
6=5 : $�� �46D<?N> �.�., 2018. 9 E. 

34. $>5>G<= ?D>5>F ED54=5= L>>?O 7 4 =4 33 >?4EE4 6 
<<>D>D4=>=5 7 5 7. �5F<L<= %<5?L=<F>>= >5?. &>< 
�-2. �DE<F5>FGD=>-EFD><F5?L=4O G4EFL. ��� «�F><-
M=5D7>?D>5>F», �<56E>>5 >F45?5=<5. ,<DD  
7  210006.5.044. �., 1991394. 24 ?<EF4. 

35. &5E=VG=<= 76VF ?D> V=65=5D=>-75>?>7VG=V 4>E?V465=-
=O <5F>4>< EF4F<G=>7> 7>=4G64==O =4 4V?O=FV D>7<V-



 

 
 

282 

M5==O ��, 7 4 G <. �5FVL<= %<5?L=<FL>>W >5?. $V-
6=5=EL>5 45D646=5 ?V4?D<T<EF6> 75>457VW F4 >444EFDG. 
$V6=5, 2005. 31 E. 

36. �?5?<>>6 %. �. $4EG5F E>>DG65=<= =4 45D>D<<DG-
5<>< >E=>64=<<. �. : ���%�, 1996. 204 E. 

37. %�<� 2.02.03-85. %64==O5 DG=44<5=FO / �>EEFD>= 
%%%$. �. : &�&� �>EEFD>O %%%$, 1986. 48 E. 

38. '?<F><= �. �., ,4L><= �. �. �5>F5E=<G5E>>5 E>?D>-
6>645=<5 D5>>=EFDG>F<< 7>D>4>6 (>5E?54>64=<5, 
D4EG5FO, 6545=<5 D45>F, <>=<F>D<=7). �. : �744F5?LE-
F6> �%�, 1999. 327 E. 

39. �E=>64=<O,  DG=44<5=FO  <  ?>475<=O5  E>>DG65-
=<O :  E?D46>G=<>  ?D>5>F<D>6M<>4 / ?>4 D54.  
�. �. %>D>G4=4, .. �. &D>D<<5=>>64.  �. : %FD>=<7-
44F, 1985. 480 E. 

40. ��� �.2.1-10:2018. �E=>6< V DG=44<5=F< 5G4V65?L F4 
E?>DG4 (7V 7<V=4<< 77 1 V 2 6V4 01. 07.2012 D.). ����� 
�V=D57V=5G4G '>D4W=<. �., 2018. 104 E. 

41. ��� �.1.2-14-2018. �474?L=V ?D<=F<?< 74557?5G5==O 
=44V==>EFV F4 >>=EFDG>F<6=>W 557?5>< 5G4V65?L, E?>-
DG4, 5G4V65?L=<E >>=EFDG>FV= F4 >E=>6. �<V=4 7 1 
(674<V= ��%& 27751, %& %-� 3972-83, %& %-� 3973-83, 
%& %-� 4417-83, %& %-� 4868-84). ��% '>D4W=<, 
�5D6. 45?. ?>6. 557?5><, �5D6. 45?. ?D><. 557?5><, 
>E>D>=< ?D4FV F4 7VD=<G>7> =47?O4G ��% '>D4W=<. 
�., 2009. 48 E. 

42. Lásló Rétháti. Groundwater in civil engineering. 
Akadémiai Kiadó. Budapest, 1983. 430 s. 

43. SO 2394:1994. General principles on reliability for struc-
tures (�474?L=V ?D<=F<?< 74557?5G5==O =44V==>EFV). 

44. �>=>64?>6 �. �. �E=>64=<O < DG=44<5=FO D5>>=E-
FDG<DG5<OE 744=<=. �. : %FD>=<744F, 1980. 136 E. 

45. R. Frank, C. Bauduin, R. Driscoll, M. Kavvadas, N. Krebs 
Ovesen. Designers' Guideto EN 1997-1 Eurocode 7: Ge-



 

 
 

283 

otechnical Design 3 General Rules. Thomas Telford Ltd, 
2004. 232 D. 

46. �55?56 �. .. %?45O5 6>4>=4EOM5==O5 7?<=<EFO5 
�DG=FO >4> >E=>64=<O E>>DG65=<=. �. : %FD>=<744F, 
1973. 288 E. 

47. �5FDGE<= �. �. %FD><F5?L=O5 E6>=EF64 74E>?5==OE < 
747<?E>64==OE �DG=F>6. �. : %FD>=<744F, 1980. 120 E. 

48. %>D>G4= �. �. %FD><F5?LEF6> E>>DG65=<= =4 =45G-
E4NM<E �DG=F4E. �. : %FD>=<744F, 1974. 224 E. 

49. ��� �.1.1-5-2000. �G4<=>< V E?>DG4< =4 ?V4D>5?N64-
=<E F5D<F>DVOE V ?D>EV44NG<E �DG=F4E. '. � V ��. �5D6-
5G4 '>D4W=<. �., 2000. 74 E. 

50. ��� �.1.1-24:2009. �4E<EF 6V4 =5557?5G=<E 75>?>7VG-
=<E ?D>F5EV6. �E=>6=V ?>?>65==O ?D>5>FG64==O. �. : 
�V=D57V>= '>D4W=<, 2010. 108 E. 

51. Sobutsky V., Klepikov S. Analysis of multi-storeyed 
buildings on the nonaniform settlements of soil 
foundations. �4F5DV4?< 2->W �V6=4D>4=>W >>=D5D5=FVW 7 
6<E>F=<E 5G4V65?L. <. �4=>V= (��$), 1991. 18 E. 

 
 
 



284 

 

 

$���I� 3. ��$�$��&I��I ��,�������/ 
�I%,��% �'�I���,  

 

  

3.1. �����,�I ��������/ 
 

�D<>?44< 45D>D<4FV= 5G4V65?L V E?>DG4, 6<>?<>4-
=<E =5DV6=><VD=<<< 45D>D<4FVO<< >E=>6<, =46545=V 6 
G<E?5==<E ?G5?V>4FVOE 6VFG<7=O=<E V 74DG5V6=<E 46F>-
DV6, 7>>D5<4 [136]. />M> ?D>4=4?V7G64F< FV ?D<>?44<, F> 
?57>> <>6=4 6<O6<F< ?>4V5=VEFL D>D< 45D>D<4FV= 5G4V-
65?L, ?>5G4>64=<E 6 E4<<E DV7=><4=VF=<E �DG=F>6<E 
G<>64E. /> G65 5G?> 6V4<VG5=>, =574?56=> 6V4 ?D<G<=, 
O>V 6<>?<>4NFL 45D>D<4FVW �DG=FV6, GEV 6<4< 6??<6V6 7V 
EF>D>=< >E=>6 =4 5G4V6?V 76>4OFLEO, 6 >V=F56><G D4EG=-
>G, 4> =5DV6=><VD=<E 65DF<>4?L=<E V =5DV6=><VD=<E 7>D<7>=-
F4?L=<E ?5D5<VM5=L 75<=>W ?>65DE=V.  

�> =5DV6=><VD=<E 65DF<>4?L=<E ?5D5<VM5=L 6V4=>EO-
FLEO 76<G4==V >EV44==O GMV?L=5==O, O>V D>77?O44NFLEO 6 
7474?L=V= <5E4=VFV �DG=FV6, 4 F4>>6 ?D>EV44==O <5D7?<E, 
?5E>6<E, 74E>?5=<E F4 V=L<E ?D>E44>>6<E �DG=FV6 6V4 =4-
64=F465==O DG=44<5=FV6, O>V 6V45G64NFLEO 6 <564E 45-
D>D<>64=>W 7>=< >E=>6<. 

�4E?V4>>< =5DV6=><VD=<E 65DF<>4?L=<E ?5D5<VM5=L >E-
=>6 T >D5=< 5G4V65?L, DV7=V D>D<< 45D>D<4FV= 6<7<=G, 
?D>7<=G, 7EG6G V 7>DGGG64==O. &V 45D>D<4FVW ?D>O6?O-
NFLEO O> 6 G<EF><G 6<7?O4V, F4> V 6 DV7=<E E?>?GG5==OE.  

�5DV6=><VD=V 7>D<7>=F4?L=V ?5D5<VM5==O E?>EF5DV74-
TFLEO ?D< ?D>EV44==V 6V4 4>44F>>6>7> 7>6=VL=L>7> =464-
=F465==O, 6?4E=>W 647< �DG=FG, ?D< ?V475<=<E 7VD=<G<E 
D>7D>5>4E, 6V4>4GG64==V ?V475<=<E 6>4 V F4>5 V=L5. 
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�5DV6=><VD=V 7>D<7>=F4?L=V ?5D5<VM5==O >E=>6< 6??<-
64NFL =4 ?V475<=V G4EF<=< 5G4V65?L 6 D57G?LF4FV 7EG6=<E 
7GE<?L ?> 5>>>6<E ?>65DE=OE V ?V4>L64E DG=44<5=FV6, 4 
F4>>6 =>D<4?L=>7> F<E>G �DG=FG =4 5>>>6V ?>65DE=V DG-
=44<5=FV6. />M> >>=EFDG>F<6=V DVL5==O DG=44<5=FV6 
=5 ?5D5454G4NFL ?>6=>7> E?D<==OFFO =<<< 7>D<7>=F4-
?L=<E 7GE<?L, F> =475<=4 G4EF<=4 5G4V6?V 5G45 6V4GG64F< 
45D>D<4FVW ?>74F5=FD>6>7> EF<E>4==O-D>7FO7G64-==O G< 
6<7<=G V 7EG6G 6 7>D<7>=F4?L=V= ??>M<=V. 

�>EF4F=O 5>E??G4F4FV==4 =44V==VEFL 5G4V65?L G 6>4-
74=<E V=65=5D=>-75>?>7VG=<E G<>64E 4>EO74TFLEO 45> 
L?OE>< EF6>D5==O >E=>6<, O>4 6<>?NG4T ?>O6G =54>-
?GEF<<<E 45D>D<4FV= 5G4V65?L, 45> 74EF>EG64==O< >>=E-
FDG>FV= 5G4V65?L, O>V ?D<EF>E>64=V 4> ?V46<M5=<E =5DV-
6=><VD=<E 45D>D<4FV=. 

$4FV>=4?L=5 DVL5==O ?D< 6<5>DV 74E>4V6 74E<EFG 
5G4V65?L <>65 5GF< 7=4=45=5 FV?L>< F5E=V>>-5>>=><VG-
=<< >5�DG=FG64==O<. �D< FL><G =5>5EV4=5 >><??5>E=5 
6D4EG64==O 6<<>7 5>>=><VG=>EFV, =44V==>EFV, 4>67>6VG-
=>EFV, F5E=>?>7VG=>EFV F4 5EF5F<><, M> O6?OT 7=4G=V FDG-
4=>MV, >E>V?L>< 5464==O =4=?>6=VL5 744>6>?L=<F< >4-
=V, ?D<6>4<FL 4> =56<>>=4==O V=L<E. 

�4O6=<= 4>E6V4 ?D>5>FG64==O V 5G4V6=<FF64 6 E>?4-
4=<E �DG=F>6<E G<>64E, 4 F4>>6 D57G?LF4F< =4FGD=<E 
4>E?V465=L 5G4V65?L =4 DV7=<E 6<44E 45D>D<>64=<E >E-
=>6 E6V4G4FL ?D> 5D5>F<6=VEFL, G 5474FL>E 6<?44>4E, 
?D4>F<>< ?D<EF>EG64==O >>=EFDG>FV= 5G4V65?L 4> ?>6-
=>7> 45> G4EF>>6>7> E?D<==OFFO =5DV6=><VD=<E 45D>D-
<4FV= >E=>6<. &4>5 ?D<EF>EG64==O <>65 74V=E=N64F<EO 
45> L?OE>< ?V4E<?5==O >>=EFDG>FV= V ?V46<M5==O 6>DE-
F>>EFV 5G4V65?L, 45> L?OE>< =444==O >>=EFDG>FVO< <4>-
E<<4?L=>W 7=GG>>EFV. 
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�> 6>DEF>V= >>=EFDG>F<6=V= EE5<V, O> ?D46<?>, ?D>-
5>FGNFLEO 5474F>?>65DE>6V 557>4D>4E=V V >4D>4E=V 5G-
4V6?V, E?>DG4< 54LF>6>7> F<?G (E<?>E<, 5?564F>D<, 6>4>-
=4?VD=V 54LF<, 4<<>6V FDG5<), 4 F4>>6 ?V475<=V E?>DG4<, 
6 O><E =54>?GEF<<5 ?>DGL5==O EGFV?L=>EFV >7>D>46G-
64?L=<E >>=EFDG>FV=. � O>>EFV 5G4V65?L=<E 74E>4V6 74E<-
EFG 74EF>E>6GTFLEO 6?4LFG64==O DG=44<5=F=<E V ?>?>-
65DE>6<E 74?V7>55F>==<E ?>OEV6, DG=44<5=F=<E 769O7>V6-
D>7?VD>>, DG=44<5=FV6 G 6<7?O4V EGFV?L=<E 74?V7>55F>=-
=<E 54?>> G< ??<F, ?5D5ED5E=<E 54?>>, 54?>>-EFV=>> V 
F4>5 V=L5.  

� 5G4V6?OE, O>V ?>5G4>64=V ?> 6>DEF>V= >>=EFDG>F<-
6=V= EE5<V, <>6GFL 6<=<>4F< 7=4G=V 4>44F>>6V 7GE<??O, 
>5G<>6?5=V 6??<6>< =5DV6=><VD=<E 45D>D<4FV= >E=>6<, 
F><G F4>V 5G4V6?V ?>6<==V >5>69O7>>6> D>7D4E>6G64F<EO 
=4 E?D<==OFFO 6>474=<E 4>44F>>6<E 7GE<?L. �5V?LLGNG< 
6 FV= G< V=LV= <VDV 7=GG>VEFL >>=EFDG>FV=, <>6=4 EGFFT6> 
7<5=L<F< 4>44F>>6V 7GE<??O.  

�=GG>V >>=EFDG>F<6=V EE5<< 4>FV?L=V 4?O >4=>?>65D-
E>6<E >4D>4E=<E 5G4V65?L. �D< 74EF>EG64==V, =4?D<>?44, 
EF4F<G=> 6<7=4G5=>W EE5<< >4D>4E=>W 5G4V6?V, 4>44F>>6V 
7GE<??O 6V4 =5DV6=><VD=<E 45D>D<4FV= >E=>6< ?D4>F<G-
=> =5 6<=<>4NFL, 4 7D4=<G=V 45D>D<4FVW >5<56GNFLEO 
5>E??G4F4FV==<<< 6<<>74<< 4> 755D565==O ?D>5>F=<E 
DV6=V6 V =4E<?V6.  

� 5G4V65?L=V= ?D4>F<FV G4EF> 74EF>E>6GNFL >><5V-
=>64=V >>=EFDG>F<6=V EE5<<, ?D>5>FGNG< =475<=G G4E-
F<=G 5G4V6?V ?> 6>DEF>V= EE5<V, 4 ?V475<=G 3 ?> ?>44F?<-
6V= 45> =46?4><. 
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3.2. ���'%&��� V �$���'�� ��$�$��&��  
��%,��% �'�����, ' $����% 

�$'�&���% '����% 
 

�>EF4F=L> E>?44=>N V 4<E>GEV==>N ?D>5?5<>N T 
GEF4=>6?5==O 4>?GEF<<<E 45D>D<4FV= V ?>L>>465=L 
5G4V65?L, 6<>?<>4=<E 45D>D<4FVO<< >E=>6<. %4<é ?>-
=OFFO 45D>D<>64=>EFV 5G4V6?V, E?D<G<=5=>W >EV44==O<< 
WW >E=>6< =4 EL>7>4=VL=V 45=L 4>E<FL =56<7=4G5=5 V 
EG59T>F<6=5: >4=V 4>E?V4=<>< 6V4=>EOFL 4> G<E?4 45D>D-
<>64=<E 5G4V6?V, 6 >>=EFDG>FVOE O><E ?>O6<?<EL ?5DLV 
FDVM<=<, V=LV 66464NFL 45D>D<>64=>N 5G4V6?N, O>4 
?>6=VEFN 6FD4F<?4 E6>N 5>E??G4F4FV==G ?D<44F=VEFL. 

�FV=NNG< F5E=VG=<= EF4= 5G4V6?V G< E?>DG4< 4>-
FV?L=> D>77?O44F< 464 6<4< WE 45D>D<4FV=: 4>?GEF<<V V 
7D4=<G=V. 

�>?GEF<<<<< 4>FV?L=> 66464F< 45D>D<4FVW, ?D< O><E 
4?O ?>44?LL>W 5>E??G4F4FVW 5G4V6?V =5 ?>FDV5=> D5<>=FG 
45> 4>EF4F=L> ?D>6545==O ?>F>G=<E D5<>=F=<E V =4?4-
7>46G64?L=<E D>5VF. 
' 6<?44>4E, >>?< 7 5>E??G4F4FV==<E <VD>G64=L (=4-

?D<>?44, 4?O 74557?5G5==O =>D<4?L=<E G<>6 D>5>F< F5-
E=>?>7VG=>7> >5?44=4==O) 4> >>=EFDG>FV= 5G4V6?V ?D5-
49O6?ONFLEO ?V46<M5=V 6<<>7< EF45V?L=>EFV WE ?>?>65=-
=O, <>6GFL 744464F<EO 74=<65=V 7=4G5==O 4>?GEF<<<E 
45D>D<4FV=. � =46?4><, - ?V46<M5=V 7=4G5==O 4>?GEF<-
<<E 45D>D<4FV= <>6GFL 744464F<EO 4?O 5G4V65?L, ?D< 
O><E 74557?5GGTFLEO WE 5>E??G4F4FV==4 =44V==VEFL. &5 
EF>EGTFLEO, 6 ?5DLG G5D7G, 5G4V65?L 7 7=GG>>N >>=EFDG>-
F<6=>N E<EF5<>N.  

�D4=<G=<<< 4>FV?L=> 66464F< F4>V 45D>D<4FVW, ?5D5-
6<M5==O O><E (=46VFL =57=4G=5) <>65 6<>?<>4F< 464-
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DV==<= EF4= 5G4V6?V, 6FD4FG <4F5DV4?L=<E FV==>EF5= 
G< 5G45 747D>6G64F< 557?5FV ?N45=.  
� F5E=VG=V= ?VF5D4FGDV 4>?GEF<<V 45D>D<4FVW, M> 

44NFL =<6=N >FV=>G ?4D4<5FDV6 =4?DG65=>345D>D-
<>64=>7> EF4=G (��%) 5G4V6?V G< E?>DG4<, G4EF> =47<64-
NFL 7D4=<G=<<<. �D46<?L=VL5 7D4=<G=<<< 66464F< 45-
D>D<4FVW, M> 44NFL 65DE=N >FV=>G ?4D4<5FDV6 45D>D-
<>64=>7> EF4=G, ?D< O><E 6E5 M5 74557?5GGTFLEO =5EGG4 
744F=VEFL >>=EFDG>FV=. 

�V4 4>?GEF<<<<< 45> 7D4=<G=<<< 45D>D<4FVO<< 
5G4V6?V 4>FV?L=> D>7G<VF< E?V?L=V 45D>D<4FVW >E=>6< V 
5G4V6?V, O>V E4D4>F5D<7GNFLEO E5D54=V< >EV44==O< >>D5-
<>7> DG=44<5=F4 G< 6EVTW 5G4V6?V, 6V4=>E=<< ?D>7<=>< 
G< 6<7<=><, >D<6<7=>N ?D>7=GF>W (6<7=GF>W) 4V?O=>< 
5G4V6?V, 6V4=>E=>N =5DV6=><VD=VEFN >EV44=L DG=44<5=-
FV6, =4E<?><, >GF>< 74>DGGG64==O, 7>D<7>=F4?L=<< 
7<VM5==O<  5G4V6?V G< WW DG=44<5=FG. 
�V4 4>?GEF<<<<< 45> 7D4=<G=<<< 45D>D<4FVO<< 
>E=>6< E?V4 D>7G<VF< 6<EV4=G (4> 76545==O 5G4V6?V) 45-
D>D<4F<6=VEFL >E=>6<, O>4 E4D4>F5D<7GTFLEO: <>4G?O-
<< 45D>D<4FVW L4DV6 �DG=FG; >EV44==O<< >E=>6< 6V4 =4-
64=F465=L =4 =>7> ?>65DE=V (557 GD4EG64==O 6??<6G 6>D-
EF>>EFV >>=EFDG>FV= 5G4V6?V =4 D5?4>E4FVN =464=F465=L 
=4 >E=>6G); >EV44==O<< ?>65DE=V >E=>6<, E?D<G<=5=<<< 
?V475<=<<< D>5>F4<<, ?>=<65==O< $��, >4DEF>6>-
EGD>7V==<<< ?D>F5E4<< V F4>5 V=L5. 
�E=>6=V D57G?LF4F< 6 >5?4EFV 4>E?V465=L 7 GEF4=>6-

?5==O 4>?GEF<<<E 45D>D<4FV= 5G4V65?L 5G?< >45D64=V 6 
50÷60-E D>>4E <<=G?>7> EF>?VFFO, 6 ?>44?LL><G 6>=< 
4>?>6=N64?<EL V GF>G=O?<EL. �>?GEF<<V 45D>D<4FVW 
5G4V65?L GEF4=>6?N64?<EL, O> ?D46<?>, L?OE>< EF4F<-
EF<G=>W >5D>5>< D57G?LF4FV6 =4FGD=<E E?>EF5D565=L 74 
>EV44==O<< 5G4V65?L V E?V6EF46?5==O F<E >EV44=L 7 45-
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D>D<4FVO<< V ?>L>>465==O<< >>=EFDG>FV=. �5>5EV4=> 
74G646<F<, M> >45D64=V 6 DV7=<E >D4W=4E V 6 DV7=<E �DG=-
F>6<E G<>64E 7=4G5==O >EV44=L <VEL><E 5G4V65?L, O>V 
6<>?<>4NFL =54>?GEF<<V ?>L>>465==O >>=EFDG>FV=, 
6<O6<?<EL 4>EF4F=L> 5?<7L><<<. �54>?V>>< F4>>7> <5-
F>4G GEF4=>6?5==O 4>?GEF<<<E 45D>D<4FV= 5G4V65?L T 
F5, M> >45D64=V 6<E=>6>< <>6GFL 5GF< 6<>>D<EF4=V 
FV?L>< 4?O 5G4V65?L, 4=4?>7VG=<E 4>E?V465=<< V 74?D>5>-
F>64=<< ?D< F<E E4<<E 74?4E4E <VF=>EFV.  

�DG7<= =4?DO<>> 6<O6?5==O 4>?GEF<<<E 45D>D-
<4FV= 5G4V65?L ?>?O74T 6 F5>D5F<G=><G 4>E?V465==V 
��% >>=EFDG>FV=, 6<>?<>4=>7> 45D>D<4FVO<< >E=>6<. 

�=4G5==O 4>?GEF<<<E >EV44=L >E=>6 V DV7=<FV >EV-
44=L DG=44<5=FV6 5G4V65?L 74?564FL 6V4 GGF?<6>EFV 
>EF4==VE 4> =5DV6=><VD=>EFV >EV44=L. /> 6V4><>, GEV 5G4V-
6?V 74 WE GGF?<6VEFN 4> =5DV6=><VD=<E >EV44=L 4V?OFLEO 
=4 FD< 7DG?<: 45E>?NF=> 7=GG>V 5G4V6?V, 5G4V6?V >V=F56>W 
6>DEF>>EFV F4 45E>?NF=> 6>DEF>V 5G4V6?V V E?>DG4<. 

� >>=EFDG>FVOE 45E>?NF=> 7=GG><E 5G4V65?L =5 
6<=<>4NFL 7GE<??O 6V4 =5DV6=><VD=<E >EV44=L (>4D>4E=V 
5G4V6?V G 6<7?O4V L4D=VD=>-769O7>>6<E E<EF5<, >4=>?>65-
DE>6V 5G4<=><). �V4 =464=F465==O< 6V4 7=GG><E E?>DG4 
�DG=F< >E=>6< 45D>D<GNFLEO V 5G4V6?V, 6 E6>N G5D7G, 
45D>D<GNG<EL, DGE4NFLEO 74 45D>D<4FVO<< >E=>6<. 
/>M> E?>DG44 45E>?NF=> 7=GG>4, F> 6>=4 «?D<EF>-
E>6GTFLEO» 4> 45D>D<4FV= >E=>6< V =VO><E 4>44F>>6<E 
7GE<?L 6 WW >>=EFDG>FVOE =5 6<=<>4T. �?O 74557?5G5==O 
=>D<4?L=<E G<>6 5>E??G4F4FVW 65?<>V 74 ?D>FO6=VEFN 
E?>DG4< D>74V?ONFLEO =4 5?>>< (E5>FVW) 7 G?4LFG64==O< 
<V6 =<<< 65DF<>4?L=<E 45D>D<4FV==<E L6V6, O>V G4EF> 
?5D5454G4NFL <>6?<6VEFL WE 6<DV6=N64==O (4<6.  
D<E. 3.1, 4).  
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� >>=EFDG>FVOE 5G4V65?L >V=F56>W 6>DEF>>EFV 6<-
=<>4NFL 7GE<??O 6V4 =5DV6=><VD=<E >EV44=L V 7=4G5==O 
F<E 7GE<?L 74?564FL 6V4 65?<G<=< E?V?L=<E 45D>D<4FV= 
>E=>6< V 5G4V6?V (>4D>4E=V 5G4V6?V G 6<7?O4V D4<=<E E<E-
F5< 7 6>DEF><<< 6G7?4<<, 557>4D>4E=V 5474F>?>65DE>6V 
5G4<=><). �>=< <>6GFL DGE4F<EO 74 >EV44==O<< >E=>6< 
?<L5 G4EF>>6> V 74?56=> 6V4 6>DEF>>EFV >>=EFDG>FV=, 
<>6GFL 74557?5GG64F< FG G< V=LG EFG?V=L 6<DV6=N64==O 
=5DV6=><VD=<E >EV44=L >E=>6< (4<6. D<E. 3.1, 5). 

�?O 45E>?NF=> 6>DEF><E 5G4V65?L V E?>DG4 (4<<>-
6V FDG5<, E<?>E<, M>7?<, E?>DG4< 54LF>6>7> F<?G, 5474-
F>?>65DE>6V >4D>4E=V V 557>4D>4E=V 5G4V6?V), ?V475<=V 
E?>DG4<, 6 O><E =54>?GEF<<5 ?>DGL5==O EGFV?L=>EFV 
>7>D>46G64?L=<E >>=EFDG>FV= V F4>5 V=L5, EGFFT6<= 
6??<6 =4 7GE<??O 6 WE=VE >>=EFDG>FVOE <4T FV?L>< =4E<? 
75<=>W ?>65DE=V (D<E. 3.1, 6). 

 
$<E. 3.1. $>5>F4 E?>DG4 45E>?NF=> 7=GG><E (4), E?>DG4 >V=F56>W 6>DEF>>EFV 

(5) F4 45E>?NF=> 6>DEF><E (6) =4 =5DV6=><VD=> 45D>D<>64=<E >E=>64E 

� � 

� 
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�D< 6<7=4G5==V 4>?GEF<<<E V 7D4=<G=<E 7=4G5=L 
45D>D<4FV= <VEL><E 5G4V65?L 4>FV?L=> 6<4V?OF< G>F<D< 
F<?< �DG=F>6<E G<>6: 

� 3 �D<D>4=4 >E=>64 5G4V6?V =4 7?<5<=V 5V?LL5 
6.0 < ?D54EF46?5=4 �DG=F4<< 7 <>4G?5< 45D>D<4FVW � g 
30.0 ��4 (F65D4V 7?<=<, 7D46VN64FV, >DG?=V F4 E5D54=L>W 
>DG?=>EFV ?VE>< MV?L=>W 5G4>6<, ?VE>>6<>< V F4>5 V=L5). 
�DG=F<, M> 74?O74NFL 6<M5, 6>?>4VNFL 45M> =<6G<<< 
?>>47=<>4<< <VF=>EFV F4 45D>D<4F<6=>EFV (� f 
15.0 ��4) (4<6. D<E. 3.2, 4). �DG=F>6V 6>4< =4 ?5DV>4 6<-
LG>G64=L 6V4EGF=V, ?V4=>< $�� V ?V4F>??5==O =5<>6?<6V, 
?>F5=FV==> <>6?<65 FV?L>< ?>>4?L=5 74<>GG64==O. 

�� 3 �D<D>4=4 >E=>64 ?D54EF46?5=4 �DG=F4<< >4=>-
DV4=>7> E>?44G O> ?> 7?<5<=V, F4> V 6 ??4=V 7 >>5DVFVT=-
F>< 64DV4FVW v f 10%, 45> 6<FD<<4=<<< ?> F>6M<=V V 7 
?>E<?>< =5 5V?LL<< 74 1÷2% ??4EF4<< �DG=FV6 (4<6. 
D<E. 3.2, 5). �DG=F>6V 6>4< =4 ?5DV>4 6<LG>G64=L ?D54EF4-
6?5=V EF45V?L=<< DV6=5<, <>6?<6<= =57=4G=<= ?V4=>< 
�DG=F>6<E 6>4, ?V4F>??5==O F5D<F>DVW =5<>6?<65. 

��� 3 �D<D>4=4 >E=>64 ?D54EF46?5=4 DV7=>DV4=<<< 
�DG=F4<< O> 74 =><5=>?4FGD>N, F4> V 74 6?4EF<6>EFO<<. 
�>6?<6V 6<>?<=N64==O L4DV6 �DG=FG, =4O6=VEFL 45>V?L-
>>E 6>4>=>E=<E 7>D<7>=FV6 (4<6. D<E. 3.2, 6). �4O6=VEFL 
?D>L4D>V6 MV?L=<E �DG=FV6 7 � = 18.0÷20.0 ��4 =565?<-
>>W ?>FG6=>EFV (4> 1.0 <). �DG=F>6V 6>4< =4 ?5DV>4 6<LG-
>G64=L ?D54EF46?5=V EF45V?L=<< DV6=5<, <>6?<6V 7=4G-
=<= ?D<D>4=<= 45> F5E=>75==<= ?V4=><< �DG=F>6<E 6>4 
V ?V4F>??5==O F5D<F>DVW. 

�V 3 �D<D>4=4 >E=>64 ?D54EF46?5=4 DV7=><4=VF=<-
<< >><5V=4FVO<< G<>6 ��-W V ���-W 7DG?. �DG=F>6V 6>4< 
?D54EF46?5=V 46><4 V 5V?LL5 DV6=O<<.  
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$<E. 3.2. &<?< �DG=F>6<E G<>6 <VEL><E F5D<F>DV=: 

�, �, � 3 V=65=5D=>-75>?>7VG=V D>7DV7< 6V4?>6V4=> �, ��, ���-7> F<?V6 �DG=F>-

6<E G<>6 <VEL><E F5D<F>DV=; 1 3 �DG=F>6>-D>E?<==<= L4D V (45>) F5E=>-

75==V =4E<?=V �DG=F<; 2 3 V=65=5D=>-75>?>7VG=V 5?5<5=F< (���); 3 3 DV65=L 

�DG=F>6<E 6>4 (WL); 4 3 5?N6V= >>D< 6<6VFDN64==O E>5?L=<E �DG=FV6 (O> 

64DV4=F)  
 

�DG=F>6V G<>6< �-7> V 6 7=4G=V= <VDV ��-7> F<?G 6V4-
=>EOFLEO 4> 76<G4==<E (?D>EF<E) �DG=F>6<E G<>6, O>M> 
6>=< E>?445=V ?VM4=<<<, 7?<=<EF<<< (=5?D>E44>>6<<< 
V =5=45DO>4NG<<<), >DG?=>>5?><>G=<<< V E>5?L=<<< 
�DG=F4<<. �?O F4><E �DG=F>6<E G<>6 =4=?>6=VLV 44=V ?> 
7D4=<G=<E 45D>D<4FVOE <VEFOFLEO 6 F45?<FOE =>D<4-
F<6=<E 4>>G<5=FV6, 7>>D5<4 [7; 8]. �>474=V 44=V 547GNFLEO 
=4 4=4?V7V <4F5DV4?V6 =4FGD=<E E?>EF5D565=L 74 >EV44-
==O<< >E=>6 V =4 ?>DV6=O==V F<E >EV44=L 7V EF4=>< >>=-
EFDG>FV= F4 G<>64<< WE 5>E??G4F4FVW.  

� � 

� 
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�5>5EV4=> 74G646<F<, M> 44=<<< F<E F45?<FL <>-
6=4 >>D<EFG64F<EO 6 F4><E 6<?44>4E: 

- FV?L>< 4?O =46545=<E 6 F45?<FV 5G4V65?L, >>?< WE 
>>=EFDG>FVW =5 D>7D4E>64=V =4 7GE<??O, M> 6<=<>4NFL 
?D< 674T<>4VW 5G4V6?V 7 >E=>6>N; 

- O>M> 6V4EGF=V 4>44F>>6V 6<<>7< 4> 45D>D<4FV= 
5G4V6?V (7<V=4 ?D>5>F=<E DV6=V6, ?>?>65=L 5G4V6?V, >>D5-
<<E =>7> 5?5<5=FV6 F4 >5?44=4==O V F4>5 V=L5); 

- ?D< EFDG>FGD=> EFV=><E �DG=F4E, >>?< 45D>D<4FVW 
>E=>6< 6V45G64NFLEO G5D57 GMV?L=5==O �DG=FG ?V4 6??<-
6>< =464=F465=L, M> ?5D544NFLEO DG=44<5=F4<<. 

�46545=V 6 F45?<FOE 7=4G5==O 7D4=<G=<E 45D>D-
<4FV= 5G4V65?L ?56=>N <VD>N 74D4=FGNFL 6V4 ?>O6< =5-
4>?GEF<<<E 4?O =>D<4?L=>W 5>E??G4F4FVW 5G4V65?L FDV-
M<= V ?>L>>465=L, 4 F4>>6 7<V= ?D>5>F=<E DV6=V6.  

�46?<6> 7=4F<, M> F45?<G=V 7=4G5==O 6V4>5D464-
NFL E?V?L=G 45D>D<4FVN >E=>6< V 5G4V6?V, 45 65?<>G 
D>?L 6V4V7D4T WW 6>DEF>VEFL. �D>F5, 6 5474FL>E 6<?44>4E, 
?D< D>7D4EG=>G 45D>D<4FV= >E=>6< 4?O ?>DV6=O==O WE 7 
4>?GEF<<<<< 65?<G<=4<<, 6>DEF>VEFL 5G4V6?V G4EF> =5 
6D4E>6GTFLEO, F>5F> =5DV6=><VD=VEFL >EV44=L >E=>6< 6<-
7=4G4TFLEO 557 GD4EG64==O ?5D5D>7?>4V?G =464=F465=L 
<V6 DG=44<5=F4<<. &4><= ?V4EV4 >?D4644=<= 4?O 7=GG-
><E E?>DG4, 4 4?O 6>DEF><E V45 6 «74?4E <VF=>EFV=.  

�4 >E=>6V G7474?L=5==O 4>E6V4G 5>E??G4F4FVW 65?<-
>>W >V?L>>EFV DV7=<E 5G4V65?L V ?D>6545=>7> EF4F<EF<G=>-
7> V DV7<G=>7> 4=4?V7G 674T<>769O7>G 45D>D<4FV= 75<=>W 
?>65DE=V V 4>E?V46G64=<E >59T>FV6 GEF4=>6?5=V 7=4G5==O 
4>?GEF<<<E V 7D4=<G=<E 45D>D<4FV= <VEL><E 5G4V65?L.  

�?O ?>DV6=O==O 6 F45?<FV 3.1 =46545=V 44=V ?> 4>-
?GEF<<<E 45D>D<4FVOE 5G4V65?L, M> ?D>?>=GNFLEO DV7-
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=<<< 6VFG<7=O=<<< V 74DG5V6=<<< D5>><5=44FVO<<, 
EF4=44DF4<< V ?5DL>465D5?4<<. 

 

&45?<FO 3.1  
�>?GEF<<V 45D>D<4FVW <VEL><E 5G4V65?L V E?>DG4 

%?>DG4< F4 5?5<5=F<  

>>=EFDG>FV= 

�V4=>E=4 

DV7=<FO 

>EV44=L 

�S/l 

�D5= 

V 

%5D54=T S 

45>  <4>E<-

<4?L=5 (Smax) 

>EV44==O, E< 

1 2 3 4 

�4 EF4=44DF>< �6EFD4?VW ?D>5>FG64==O DG=44<5=FV6 6<F?>-

6<E 5G4<=>V6 G ?D>EF<E V=65=5D=>-75>?>7VG=<E G<>64E [9] 

1. $4<=V >4D>4E< 7 =5EGG<<< V 

E4<>=5EGG<<< >7>D>46G64?L-

=<<< >>=EFDG>FVO<< 

 

 

0.0033 

 

 

- 

 

 

(4.0) 

2. ,4D=VD=> ?D<T4=4=V 

>4<9O=V >5?<FN64==O  

 

0.0025 

 

- 

 

(3.0) 

3. �46VE=V >4<9O=V >5-

?<FN64==O  

0.0017 - (2.0) 

4. ,4D=VD=> ?D<T4=4=V EG-

FV?L=V >4<9O=V >?44><  

 

0.0013 

 

- 

 

(1.5) 

5. %GFV?L=V >4<9O=V >?44>< 

(FGF Smax 3 <4>E. DV7=<FO >EV-

44=L) 

0.0005 - (1.0) 

�4 D5>><5=44FVO<< �6. $. %4G5DE4 

6 ?D>EF<E V=65=5D=>-75>?>7VG=<E G<>64E [10] 

6. �5VD=V 74?V7>55F>==V >4D>4E<  

5G4V65?L 

0.0025÷ 

÷0.004 

 

- 

 

(5.0÷10.0) 

7. �5F4?56V >4D>4E< 5G4V65?L 

    =5D>7DV7=V 

 

0.002 

 

- 

 

(5.0÷10.0) 

8. &5 E4<5, 7 L4D=VD=<<< 

769O7>4-<< >>?>= 7 D<75?O<< 

 

0.005 

 

- 

 

(5.0÷10.0) 

9. �4=>?>65DE>6V F57?O=V ?D>-

<<E?>6V 5G4V6?V (?D< ?>O6V 

FDVM<= 6 EFV=4E) 

 

 

0.002 

 

 

- 

 

 

- 
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?D>4>665==O F45?. 3.1 

1 2 3 4 

10. �<E>>V F57?O=V =5D>7DV7=V  

EFV=< 

0.0005÷ 

÷0.001 

 

- 

 

(2.5÷5.0) 

11. �4?V7>55F>==V =5EGGV EFV=< 0.003 - - 

12. %>?44EL>V E?>DG4< - 0.01 - 

13. �<<>6V FDG5< V 54LF< - 0.004 - 

14. &GD5>75=5D4F>D< - 0.0002 - 

15. �D4=>6V L?OE< - 0.003 - 

16. �V4?>7< 7 6>4>EF>>4<< - 0.01÷ 

÷0.02 

- 

�4 D5>><5=44FVO<< �. �. �>=>64?>64 V .. �. �64=>64  

6 ?D>EF<E V=65=5D=>-75>?>7VG=<E G<>64E [11] 

17. $575D6G4D< <5F4?56V >59T<>< 

V, F<E. <3: 

- V f 10 4?O 4=<M4  

 
 

0.008 

0.003 

 
0.007 

0.005 

 
11.0 

8.0 
                     

                      4?O 4=<M4 

- 10 < V f 20  

                                  4?O >>=FGD4 

0.006 

0.0025 

0.01 

0.008 

0.007 

0.005 
 

- 

15.0 

10.0 
 

- 

                       

                      4?O 4=<M4 

- 20 < V f 60  

                                   4?O >>=FGD4  

0.004 

0.002 

0.01 

0.01 

0.007 

0.005 
 

- 

18.0 

13.0 
 

- 

(&GF 4?O 4=<M4 4V4<5FD>< l = 6 <: 6 G<E5?L=<>G 3 ?D< =>D<4?L=V= 

5>E??G4F4FVW; 6 7=4<5==<>G 3 ?D< 7V4D46?VG=<E 6<?D>5G64==OE) 

�4 D5>><5=44FVO<< %.�. �?T?V>>64 F4 �.�. $>75=D5?L44 4?O 

5G4i65?L V7 >>=EFDG>F<6=<<< 74E>44<< 74E<EFG 6V4  

45D>D<4FV= >E=>6 =4 ?D>E44>>6<E �DG=F4E [12] 

18. �4=>?>65DE>6i >4D>4E=V 7 L4-

D=iD=<< 74>Di??5==O< D<75?i6 4> 

>>?>= G 46>E =4?DO<>4E ?D< 

>D>Fi >>?>= 6 V 12 < V 557>4D>4E=i 

5G4i6?i ?D< H / (2l ) f  0.75 

 

 

 

 

- 

 

 

 

 

- 

 

 

 

 

400 
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?D>4>665==O F45?. 3.1 

1 2 3 4 

19. &5 E4<5, 7 6>DEF><< 74>Di?-
?5==O< D<75?i6 4> >>?>= 6 ?>?5-
D5G=><G =4?DO<>G i L4D=iD=<< 6 
?>74>66=L><G, ?D< >D>Fi >>?>=  

6 i 12 < 

 
 
- 

 
 
- 

 
 

250 

20. �474F>?>65DE>6i >4D>4E=i 5G-
4i6?i D4<=>W, D4<=>-769O7>>6>W 

E<EF5<< 6<E>F>N =5 5i?LL5 5 ?>-
65DEi6; 557>4D>4E=i 5G4i6?i ?D<  

H / (2l ) f  0.75 

 
 
 
- 

 
 
 

0.008 

 
 
 

200 

21. �474F>?>65DE>6i >4D>4E=i 5G-
4i6?i D4<=i i 557>4D>4E=i ?D<         

H / (2l ) >  0.75  
=4 ??<F=<E DG=44<5=F4E 

 
 
- 

 
 

0.008 

 
 

250÷400 

�D<<VF>4: 2l 3 4>66<=4 5G4V6?V. 

�4 D5>><5=44FVO<< %.�. %>F=<>>64 4?O VE=GNG<E 5G4V65?L,  

?>5?<7G O><E ??4=GTFLEO 76545==O =>6<E [13] 

22. �57>4D>4E=V 5G4V6?V 7V EFV=4<< 
7 >DG?=<E ?4=5?V6 ?D< EFG?5=V 
?>L>>465=L:                    - �                

- �� 
- ��� 

 
 

0.002 
0.001 
0.0007 

 
 

0.004 
0.002 
0.002 

 
 

(4.0) 
(3.0) 
(2.0) 

23. �57>4D>4E=V 5G4V6?V 7V EFV=4<< 
7 F57?< G< 7 >DG?=<E 5?>>V6 557 
4D<G64==O ?D< EFG?5=V ?>L>>-
465=L: 
                                         - � 
                                         - �� 
                                         - ��� 

 
 
 

0.003 
0.0015 
0.001 

 
 
 

0.004 
0.002 
0.002 

 
 
 

(4.0) 
(3.0) 
(2.0) 

24. &5 E4<5, 7 4D<G64==O< 45> 
74?V7>55F>==<<< ?>OE4<< ?D< 
EFG?5=V ?>L>>465=L:     - � 
                                         - �� 
                                         - ��� 

 
 

0.0035 
0.0018 
0.0012 

 
 

0.004 
0.004 
0.003 

 
 

(6.0) 
(4.0) 
(3.0) 

�D<<VF>< 4> F45?. 3.1: 6 ?>7<FVOE 22÷24 3 Smax 3 4>44F>>65 >EV44==O VE=G-

NG>W 5G4V6?V 5V?O ?V=VW ?D<<<>4==O =>6>W.   
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�D< 6EF4=>6?5==V 4>?GEF<<<E V 7D4=<G=<E 7=4G5=L 
?5D5>>EV6 �S/l <VEL><E 5G4V65?L 74 >E=>6=<= >D<F5DV= 
?D< >FV=FV WE ?>L>>465=L ?D<=<4?4EL L<D<=4 D>7>-
D<FFO FDVM<= 6 EFV=4E V DG=44<5=F4E (4<6. F45?. 3.2). 

�4 547V 5474F>DVG=>7> 4>E6V4G 5>E??G4F4FVW F<6V?L-
=<E 5G4V65?L GEF4=>6?5=>, M> 4?O 76<G4==<E (F<?>6<E) 
<VEL><E 6<F?>6<E V 44<V=VEFD4F<6=<E 5G4V65?L >>D5<V 
FDVM<=< 6 EFV=4E V DG=44<5=F4E 7 D>7>D<FFO< 4> acrc = 
10 <<, O> ?D46<?>, =5 ?D<76>4OFL 4> ?>DGL5==O D56<<G 
5>E??G4F4FVW. $47>< 7 F<< 4?O 5G4V65?L V=L>7> ?D<7=4-
G5==O, =4?D<>?44 ?V>4D5=L, F54FDV6, L>V? V F4>5 V=L5, F4-
>V ?>L>>465==O FO7=GFL 74 E>5>N 7<V=< D56<<G 5>E??G-
4F4FVW. '5D57 F5 6<7=4=<= =5>5EV4=<< D>7?>4V? 5G4V65?L 
=4 DO4 7DG?, ?>4V5=<E 74 E4D4>F5D>< 5>E??G4F4FVW, 7D>-
<44EL>>W 7=4G<<>EFV V >>=EFDG>F<6=<E >E>5?<6>EF5= 5G-
4V6?V. � F45?. 3.2 4>?GEF<<V ?5D5>>E< ?D<==OFV 6 <564E 
0.0018÷0.0032 74?56=> 6V4 ?D<7=4G5==O V ?>65DE>6>EFV 
5G4V6?V (4?O ?>4V5=<E 5G4V65?L G 76<G4==<E �DG=F>6<E 
G<>64E ?D<==OF5 >4=5 7=4G5==O 3 0.002). �5D5647>N 
F45?. 3.2 V 3.3 T F5, M> 6>=< <VEFOFL 7=4G5==O 7D4=<G=<E 
45D>D<4FV= 5G4V65?L. %?V6EF46?ONG< 7=4G5==O 4>?GE-
F<<<E V 7D4=<G=<E 45D>D<4FV= <>6=4 GEF4=>6<F< 74?4E 
<VF=>EFV 5G4V6?V, M> 646?<6> 4?O 6<5>DG 74E>4V6 74E<EFG 
5G4V65?L 6V4 =5DV6=><VD=<E 45D>D<4FV= >E=>6<. 

�?O 45O><E >>=EFDG>FV= >4D>4E=<E, >DG?=>?4=5?L-
=<E V >DG?=>5?>G=<E 5G4V65?L 6 F45?. 3.4 =46545=V 7D4-
=<G=V ?5D5>>E< 5?5<5=FV6, 6<7=4G5=<E =4 >E=>6V ?D>65-
45=<E 5>E?5D<<5=F4?L=<E 4>E?V465=L, ?V4F65D465=<E 
=5?V=V==<<< EF4F<G=<<< D>7D4EG=>4<<, V ?> 44=<E =4-
FGD=<E >5EF565=L >>=EFDG>FV=, O>V 5>E??G4FGNFLEO 6 
E>?44=<E V=65=5D=>-75>?>7VG=<E G<>64E. 
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&45?<FO 3.2  

�>?GEF<<V V 7D4=<G=V 45D>D<4FVW 5G4V65?L 7 =5EGG<<< F57?O=<<< EFV=4<< 557 4D<G64==O =4  

?V4D>5?N64=<E F5D<F>DVOE (2l 3 4>66<=4 5G4V6?V) 

&<? 

5G4V6?V 

�V?L-

>VEFL 

?>65-

DEV6 

�V4=>E=4 DV7=<FO 

>EV44=L �S/l 

,<D<=4 D>7>D<FFO FDVM<= 

6 EFV=4E V DG=44<5=F4E acrc, << 

4>?GEF<-

<4 
7D4=<G=4 

4>?GEF<<4 7D4=<G=4 

E5D54=O 
<4>E<-

<4?L=4 
E5D54=O 

<4>E<-

<4?L=4 

1 2 3 4 5 6 7 8 

�D><44EL>V 5G4V6?V 

>E>5?<6>W 7=4G<<>EFV,  

<>=G<5=F4?L=V 5G4V6-

?V, 5G4V6?V 7 65?<><<< 

74?4<< ?D>?L>F><  

5V?LL5 18.0 <  

1÷3 

4÷5 

0.002 

0.0018 

0.0036 

0.0022 

2.0 

2.5 

3.0 

4.0 

11.0 

6.0 

16.0 

9.0 

�<FOGV 4>L>V?L=V 74-

>?44<, ?V>4D=V, ?>?V>-

?V=V><, L>>?<, F54FD< 

1÷3 

4÷5 

0.0024 

0.002 

0.004 

0.0026 

3.0 

4.0 

5.0 

6.0 

15.0 

8.0 

25.0 

12.0 

�<F?>6V 5G4V6?V,  

7>F5?V 

1÷3 

4÷5 

0.0028 

0.0022 

0.004 

0.0026 

6.0 

5.0 

9.0 

7.0 

15.0 

8.0 

25.0 

12.0 

�4>?44< 7D><44EL>>7> 

>5E?G7>6G64==O,  

4>?><V6=V 5G4V6?V 

1÷3 

4÷5 

0.0032 

0.0024 

0.004 

0.0026 

7.0 

7.0 

11.0 

10.0 

15.0 

8.0 

25.0 

12.0 
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&45?<FO 3.3  

�>?GEF<<V V 7D4=<G=V =4E<?< V=65=5D=<E E?>DG4 

V F5E=>?>7VG=>7> >5?44=4==O =4 ?V4D>5?N64=<E F5D<F>DVOE 

%?>DG4< V F5E=>?>7VG=5 

>5?44=4==O 

�4E<?    V 

4>?GEF<<<= 7D4=<G=<= 

1 2 3 

%<?>E=V >>D?GE< 4>66<=>N 

4> 30 < =4 74?V7>55F>==><G 

DG=44<5=FV 

 

 

0.007 

 

 

0.012 

�>4>=4?VD=V 54LF<  

=4 55F>==><G DG=44<5=FV 

 

0.008 

 

0.012 

�G7V?L=V 54LF< 0.008 - 

�<<>6V FDG5< F57?O=V 

V 74?V7>55F>==V 6<E>F>N H, <: 

         H ó  20 

 20 < H ó  30 

 30 < H ó  40 

 40 < H ó  50 

 50 < H ó  60 

 60 < H ó  70 

  70 < H ó  100 

 

 

0.01 

0.008 

0.007 

0.006 

0.005 

0.0045 

0.004 

 

 

0.014 

0.014 

0.014 

0.014 

0.010 

0.010 

0.010 

 

&5?56V7V==V V D44V>D5?5==V 54LF< 

6<E>F>N H, <: 

                   - H ó  50 

                   - H  > 50 

 

 

- 

- 

 

 

0.007 

0.005 

�5F4?56V >>?D< 0.006 - 

�>DL=56V >><?D5E>D< 0.004 0.006 

�V4>D4=>6V L?OE< <>EF>6<E >D4=V6:

- 6 ?>?5D5G=><G =4?DO<>G 

- 6 ?>674>66=L><G =4?DO<>G 

 

0.005 

0.006 

 

- 

- 

 

&>>4D=V V ?>74>66=L>-EFDG74?L- 

=V >DG?=>-7454D<F=V (4>66<=>N 

5V?LL5 6.0 <) 65DEF4F< 

 

 

0.005 

 

- 
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&45?<FO 3.4 
�D4=<G=V ?5D5>>E< >>=EFDG>FV= >4D>4E=<E,  

>DG?=>?4=5?L=<E, >DG?=>5?>G=<E V F57?O=<E 5G4V65?L  
6 E>?44=<E ��' 

7 

7/? 

�>=EFDG>FVW �5D5>>E< 

�S/l 

1 2 3 

1. �>=>?VF=V 74?V7>55F>==V 54?>< >4D>4EV6 7 55-

F>=G >?4EG f �10 7 ??>M5N EF<E=GF>W >?>D=>W 

4D<4FGD< <5=L5 20% ??>MV D>7FO7=GF>W 

 

 

0.001 

2. &5 E4<5, 7 55F>=G >?4EG �10÷�15 7 ??>M5N 

EF<E=GF>W >?>D=>W 4D<4FGD< 20÷30% ??>MV 

D>7FO7=GF>W 

 

0.003 

3. &5 E4<5, 7 55F>=G >?4EG g �15 7 ??>M5N EF<E-

=GF>W >?>D=>W 4D<4FGD< 5V?LL5 50% ??>MV 

D>7FO7=GF>W 

 

0.005 

4. �5VD=V 74?V7>55F>==V 54?>< >4D>4E=<E 5G4V65?L 0.007 

5. �5D5<<G>< >DG?=>5?>G=<E 5G4<=>V6 0.01 

6. �5D5<<G>< >><??5>E=>7> EVG5==O >DG?=>?4-

=5?L=<E 5G4<=>V6, O>V 6>?NG4NFL =44?D>T<=G 

G4EF<=G =<6=L>W ?4=5?V, 4V?O=>G ?5D5>D<FFO V 

?V4?D>T<=G G4EF<=G 65DE=L>W ?4=5?V ?> ?D>-

<4E: 

- 6V>>==<E 

- 54?>>==<E    

 

 

 

 

 

0.005 

0.01 

7. �5F4?56V 54?>< >4D>4E=<E 5G4V65?L 0.015 

8. �4?V7>55F>==V >>?>=< 7 ??>M5N ?>?5D5G=>7> 

EVG5==O <5=L5 0.1 <2 

 

0.004 

9. &5 E4<5, 5V?LL5 0.15 <2 0.002 

10. �5F4?56V >>?>=< 0.01 

11. �5D5<<G>< >><??5>E=>7> EVG5==O F57?O=<E 

5G4<=>V6, O>V 6>?NG4NFL 74?V7>55F>==G ?5D5-

<<G>G V D>7<VM5=G =44 =5N F57?O=G >?44>G  

 

 

0.004 

12. &5 E4<5, O>V 6>?NG4NFL 74?V7>55F>==<= ?>OE 

E<<5FD<G=>7> EVG5==O V F57?O=G >?44>G 

0.007 

13. &57?O=V >>?>=< 0.004 
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� F45?. 3.5 4?O ?>DV6=O==O =46545=V 4>?GEF<<V V 
7D4=<G=V ?5D5>>E< ?>65DEV6 45O><E <VEL><E 5G4V65?L G 
7>D<7>=F4?L=><G =4?DO<>G, ?D<==OFV 6 E5=E<>EFV=>><G 
5G4V6=<FF6V. �5?5D56<M5==O 6>474=<E 7=4G5=L ?5D5>>-
EV6 ?>?5D546GT 7=4G=V ?>L>>465==O =5EGG<E >>=EFDG>-
FV= V 74557?5GGT 5>E??G4F4FV==G =44V==VEFL F4 75>EFV=-
>VEFL <VEL><E 5G4V65?L ?D< E5=E<VG=<E 6??<64E. 

 

&45?<FO 3.5   

�>?GEF<<i i 7D4=<G=i 7>D<7>=F4?L=i ?5D5>>E< ?>65DEi6, 

?D<==OFi 6 E5=E<>EFi=>><G 5G4i6=<FF6i 

7 

7/? 

 

�>=EFDG>FiW 5G4i65?L 

�>D<7>=F4?L=<= ?5D5>>E 

?>65DEG �u/h  

4>?GEF<<<= 7D4=<G=<= 

1 2 3 4 

1 �474F>?>65DE>6i <5F4?56V >4D>4E<: 

 -  D4<=<=;                                              

  -  D4<=>-769O7>>6<= i 769O7>>6<=;  

  -  ?D>EF>D>6<= D4<=>-769O7>>6<= 

 

0.0025 

0.0020         

0.0017 

 

0.0067 

0.0040 

0.0025 

2 �474F>?>65DE>6V 74?i7>55F>==i D4-

<=i >4D>4E< 7 =46iE=<<<  

?4=5?O<< 

 

- 

 

0.4000 

3 �474F>?>65DE>6V 74?i7>55F>==i D4-

<=>-769O7>>6i >4D>4E<  

i 557>4D>4E=V >DG?=>?4=5?L=V 

5G4i6?i 

 

- 

 

0.0025 

4 �5EGGi EFi=< 7 F57?O=>W >?44><    
- 

0.0020 
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3.3. ���'%&��� V �$���'�� ��,�������/ 
��%,��% �'�����, 

 
�>L>>465==O 6 >>=EFDG>FVOE <VEL><E 5G4V65?L, 

6<>?<>4=V =5DV6=><VD=<<< 45D>D<4FVO<< >E=>6, O> 
?D46<?>, ?D>O6?ONFLEO G 6<7?O4V FDVM<= G DG=44<5=-
F4E, EFV=4E, ?5D5>D<FFOE, 54?>4E, 4 F4>>6 G 6<7?O4V ?D>-
7<=V6 V ?5D5<VM5=L 5?5<5=FV6 ?5D5>D<FFV6, 7>D<7>=F4?L-
=<E ?D>7<=4E >>?>=, 7>D<7>=F4?L=<E ?5D5<VM5==OE >4-
D>4EG, FDVM<= G 6G7?4E 79T4=4==O, D>7>D<FFV FDVM<= <V6 
5?5<5=F4<< >4D>4EG F4 >7>D>46G64?L=<<< >>=EFDG>FVO-
<<, >D5=G (?>6>D>FG) DG=44<5=FV6 (4<6. D<E. 3.333.20). 

' 76<G4==<E �DG=F>6<E G<>64E 45D>D<4FVW �DG=F>6<E 
>E=>6 =4=4>F<6=VL5 D>76<64NFLEO 6 ?5DV>4 5G4V6=<FF64 
V ?D>4>66GNFLEO ?> DV7=><G 6 ?5DV>4 5>E??G4F4FVW. />M> 
?D< FL><G 6 >>=EFDG>FVOE ?>O6?ONFLEO 5G4L-O>V ?>L-
>>465==O, F> 7=4G=4 G4EF<=4 WE ?57>> ?V>6V4>6GTFLEO 6 
?D>F5EV 76545==O 5G4V6?V.  

� E>?44=<E �DG=F>6<E G<>64E =5557?5G=V 4?O <VEL><E 
5G4V65?L 45D>D<4FVW �DG=F>6<E >E=>6 6<=<>4NFL, O> 
?D46<?>, 6 ?5DV>4 5>E??G4F4FVW.  

�D> >?4E<DV>4FVN ?>L>>465=L >4D>4E=<E V 557-
>4D>4E=<E <VEL><E 5G4V65?L 44NFL GO6G F45?<FV 3.633.8. 

&D554 7=4F<, M> G 76<G4==<E �DG=F>6<E G<>64E ?D< 
76545==V =<6=VE ?>65DEV6 (>>?< ?D>EF>D>64 6>DEF>VEFL 
5G4V6?V M5 <4?4), DV>EGNFLEO =4=5V?LLV =5DV6=><VD=>EFV 
>EV44=L, O>V 6<DV6=NNFLEO 6 ?D>F5EV 75V?LL5==O ?>65D-
E>6>EFV V 6V4?>6V4=> 75V?LL5==O 7474?L=>W 6>DEF>>EFV 5G-
4V6?V. 
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$<E. 3.3. �>L>>465==O ?D< =5?D46<?L=><G 6?4LFG64==V  
DG=44<5=F=>-?V464?L=>W G4EF<=< 5G4V6?V: 1 3 =>64 5G4V6?O;  

2 3 DG=44<5=F=>-?V464?L=4 G4EF<=4 5G4V6?V; 3 3 7>=4 ?>O6< V D>76<F>G 
FDVM<=; 4 3 5?ND4 >EV44=L DG=44<5=FV6 

 
$<E. 3.4. �>L>>465==O ?D< 76545==V =>6>W 5G4V6?V 5V?O VE=GNG>W: 

1 3 =>64 5G4V6?O; 2 3 VE=GNG4 5G4V6?O; 3 3 7>=4 ?>O6< V D>76<F>G FDVM<=;  
4 3  5?ND4 >EV44=L DG=44<5=FV6; 5 3 5?ND4 4>44F>>6<E >EV44=L  

DG=44<5=FV6 

1 

2 

3 

4 

2 1 

3 

4 4 

5 
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$<E. 3.5. �>L>>465==O ?D< 76545==V 5G4V65?L 6 45>V?L>4 G5D7:  

1 3 5G4V6?O ?5DL>W G5D7< 5G4V6=<FF64; 2 3 5G4V6?O 4DG7>W G5D7<  
5G4V6=<FF64; 3 3 7>=4 ?>O6< V D>76<F>G FDVM<=; 4 3 5?ND4 >EV44=L  

DG=44<5=FV6; 5 3 5?ND4 4>44F>>6<E >EV44=L DG=44<5=FV6 
 

 
$<E. 3.6. �>L>>465==O ?D< 76545==V =>6>W 5G4V6?V =4 <VEFV 7=5E5=>W: 

1 3 =>6>5G4>64; 2 3 >>=FGD< D4=VL5 7=5E5=>W 5G4V6?V; 3 3 7>=< ?>O6< V  
D>76<F>G FDVM<=; 4 3 5?ND4 >EV44=L DG=44<5=FV6 =>6>5G4>6<;  

5 3 7>=4 GMV?L=5=>7> �DG=FG 

1 2 

3 

4 

5 

1 

2 

3 

3 

4 

5 
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$<E. 3.7. �>L>>465==O <4?>?>65DE>6>W 5G4V6?V ?D< ?D>7<=V >E=>6<: 

1 3 45D>D<>64=4 5G4V6?O; 2 3 7>=4 ?>O6< V D>76<F>G FDVM<= 

 
 

 
$<E. 3.8. �>L>>465==O 5474F>?>65DE>6>W 5G4V6?V ?D< ?D>7<=V  
>E=>6<: 1 3 45D>D<>64=4 5G4V6?O; 2 3 7>=4 ?>O6< V D>76<F>G FDVM<= 

              
 

1 

2 

2 

1 
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$<E. 3.9. �>L>>465==O <4?>?>65DE>6>W 5G4V6?V ?D< 6<7<=V >E=>6<:  

1 3 45D>D<>64=4 5G4V6?O; 2 3 7>=< ?>O6< V D>76<F>G FDVM<= 
 

 
$<E. 3.10. �>L>>465==O 5474F>?>65DE>6>W 5G4V6?V ?D< 6<7<=V  

>E=>6<: 1 3 45D>D<>64=4 5G4V6?O; 2 3 7>=4 ?>O6< V D>76<F>G FDVM<= 

1 2 

1 

2 
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$<E. 3.11. �>L>>465==O ?D< =445G4>6V 4>44F>>6<E ?>65DEV6:  

1 3 VE=GNG4 5G4V6?O; 2 3 =445G4>64 =44 G4EF<=>N 5G4V6?V; 3 3 7>=< ?>O6< V 
D>76<F>G FDVM<=; 4, 5 3 6V4?>6V4=> 5?ND< >EV44=L DG=44<5=FV6 4> V ?VE?O 

=445G4>6< 4>44F>>6<E ?>65DEV6 

 
$<E. 3.12. �5D>D<4FVW ?D< ?5D5=464=F465==V ?V4?>7< 5G4V6?V E<?><< 

<4F5DV4?><: 1 3 ?D>5>F=5 ?>?>65==O 5G4V6?V; 2 3 E<?><= <4F5DV4?;  
3, 4 3 5?ND< >EV44=L DG=44<5=FV6 4> V ?VE?O G>?44>< E<?>>7> <4F5DV4?G;  

5 3 ?>?>65==O 5G4V6?V ?VE?O 45D>D<4FV= WW =5EGG<E >>=EFDG>FV= 
 

1 2 3 

4 5 

1 

2 

3 

4 

5 

3 

4 
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$<E. 3.13. �5D>D<4FVW ?D< 6?4LFG64==V DG=44<5=FV6 ?V4 646>5  
>5?44=4==O: 1 3 ?D>5>F=5 ?>?>65==O 5G4V6?V; 2 3 4>44F>>65 646>5  
>5?44=4==O; 3, 4 3 5?ND< >EV44=L DG=44<5=FV6 4> V ?VE?O GEF4=>6><  

646>>7> >5?44=4==O; 5 3 <564 7>=< GMV?L=5=>7> �DG=FG; 6 3 ?>?>65==O  
5G4V6?V ?VE?O 45D>D<4FV= WW =5EGG<E >>=EFDG>FV= 

 
$<E. 3.14. �>L>>465==O ?D< 6?4LFG64==V >>F?>64=V6 5V?O VE=GNG<E 
5G4V65?L: 1 3 VE=GNG4 5G4V6?O; 2 3 >>F?>64= ?V4 DG=44<5=F< =>6>W 5G4V6?V; 

3 3 7>=4 ?>O6< V D>76<F>G FDVM<= 

1 

2 

3 

4 

5 

6 

1 

2 

3 
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$<E. 3.15. �>L>>465==O ?D< 7<V=V $�� 45> 6V5D4FV==><G  

=464=F465==V =4 >E=>6G: 1 3 VE=GNG4 5G4V6?O; 2 3 ?D<D>4=<= DV65=L  
�DG=F>6<E 6>4; 3 3 F5E=>75==<= DV65=L �DG=F>6<E 6>4; 4 3 465D5?>  

6V5D4FV==>7> =464=F465==O =4 �DG=F>6G >E=>6G 
 

 
$<E. 3.16. �>L>>465==O 5G4V6?V ?D< GEFG?V �DG=F>6>W >E=>6<:  

1 3 45D>D<>64=4 5G4V6?O; 2 3 7>=< ?>O6< V D>76<F>G FDVM<= 

1 

2 

3 4 

1 2 3 
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$<E. 3.17. �>L>>465==O >DG?=>?4=5?L=>7> 5G4<=>G ?D<  

7>D<7>=F4?L=><G D>7FO7G64==V �DG=F>6>W >E=>6<: 1 3 45D>D<>64=4  
5G4V6?O; 2 3 7>=< ?>O6< V D>76<F>G FDVM<= G L64E <V6 EFV=>6<<<  

?4=5?O<< 

 
$<E. 3.18. �5D>D<4FVW G 6<7?O4V 7GEFDVG=>7> =4E<?G EG<V6=<E  

6<E>><E 5G4V65?L: 1 3 ?D>5>F=5 ?>?>65==O EG<V6=<E 6<E>><E 5G4V65?L;  
2 3 ?>?>65==O EG<V6=<E 5G4V65?L ?VE?O WE =4E<?G (>D5=G) 6=4E?V4>>  

674T<=>7> 6??<6G F<E>V6 6V4 DG=44<5=FV6; 3 3 7>=< GMV?L=5=>7> �DG=FG; 
 4 3 7>=4 4>44F>>6>7> GMV?L=5==O �DG=FG >E=>6< 

1 

2 
2 

1 1 

2 2 

3 3 

4 



 

 

 

311

 
$<E. 3.19. �5D>D<4FVW E>DGGG64==O ?D< 464DV==><G 74<>GG64==V 

�DG=F>6>W >E=>6<: 1 3 ?>?>65==O 5G4V6?V ?VE?O 45D>D<4FV= >E=>6<;  
2 3 7>=< ?>O6< V D>76<F>G FDVM<=; 3 3 7>=< >E?45?5=>7> �DG=FG 6  

?D>F<?56=<E F>DF56<E G4EF<=4E 5G4V6?V 

 
$<E. 3.20. �5D>D<4FVW ?5D5>>EG G4EF<=< 5G4V6?V ?D< =4O6=>EFV 7>=< 
>E?45?5=>7> �DG=FG 6 F>DF56V= G4EF<=V 5G4V6?V: 1 3 ?>?>65==O 5G4V6?V 

?VE?O 45D>D<4FV= >E=>6<; 2 3 7>=4 ?>O6< V D>76<F>G FDVM<=; 3 3 7>=4 
>E?45?5=>7> �DG=FG 6 F>DF56V= G4EF<=V 5G4V6?V 

1 2 

2 

3 3 

1 2 

3 



 

 

 

312

&45?<FO 3.6  
�?4E<DV>4FVO ?>L>>465=L 557>4D>4E=<E 5G4V65?L  

74 EF4=44DF>< �6EFD4?VW [9] 
%FG?V=L 

?>L>>4-

65=L 

,<D<=4 

D>7>D<FFO 

FDVM<= 

%4D4>F5D ?>L>>465=L 

1 2 3 

0 < 0.1 << �>?>EO=V FDVM<=<. �5 ?D<=<4NFLEO 4> 

G647<. 
 

1 

(4G65 =5-

7=4G=<=) 

< 1.0 << �DV5=V FDVM<=< =4 6=GFDVL=VE EFV=4E, 

O>V ?57>> ?V>V6V4GNFLEO. �4=65 =56<-

4<<V FDVM<=< =4 7>6=VL=VE EFV=4E. 
 

2 

(=57=4-

G=<=) 

< 5.0 << �474F> FDVM<= =4 6=GFDVL=VE EFV=4E, O>V 

?57>> 74F<D4NFLEO. �55474F> 6<4<<<E 

FDVM<= =4 7>6=VL=VE EFV=4E. 
 

3 

(?><VD=<=) 

5÷15 << �65DV V 6V>=4 74>?<=NNFL. �>6?<6V 

D>7D<6< FDG5>?D>6>4V6. �565?<>V 

4V?O=>< >?44>< <>6GFL ?>FD55G64F< 

74<V=<.  
 

4 

(646><=) 

15÷25 << �=4G=<= ?5D5>VE 6V>>==<E V 465D=<E 

5?>>V6, 7=4G=V =4E<?< ?V4?>7, EFV= G< 
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acrc= 1.0 <<. />M> 4?O 6EVE 5?5<5=FV6 4>FD<<GTFLEO G<>64 
0.002 < &S/l <  0.007, F> =5<4T =5>5EV4=>EFV G ?D>6545==V 
D>7D4EG=>V6 V 74EF>EG64==V 74E>4V6 74E<EFG 6V4 =5DV6=><V-
D=<E >EV44=L >E=>6<, 4 45D>D<4FVW >E=>6<, M> 6<>?<>4-
NFL F4>V ?5D5>>E<, E?V4 D>77?O44F<, O> 7D4=<G=V. />M> 
E>G4 5 4?O >4=>7> 5?5<5=FG &S/l > 0.007, F> E?V4 6<>>=4-
F< D>7D4EG=>> V GEF4=>6<F< =5>5EV4=VEFL 74EF>EG64==O 
74E<E=<E 74E>4V6. 

�D< 7=4G=<E 45D>D<4FVOE �DG=F>6<E >E=>6 4>FD<-
<4==O 6<<>7 M>4> L<D<=< D>7>D<FFO FDVM<= =5 5V?LL5 
0,3 << <>65 ?D<6>4<F< 4> 65?<><E 74FD4F =4 74E>4< 74-
E<EFG <VEL><E 5G4V65?L. &><G 6 45O><E 6<?44>4E 4>?GE-
>4NFL 6<=<>=5==O ?>L>>465=L, M> ?5D56<MGNFL =>D-
<4F<6=V 7=4G5==O, F4> O> 6V4=>6?N64?L=V D>5>F< 6<O6-
?ONFLEO 45L56L<<< =V6 74E<E=V 74E>4<. 
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&4><< G<=><, =5>5EV4=VEFL D>7D4EG=>G 5G4V6?V G 
674T<>4VW 7 >E=>6>N 6<7=4G4TFLEO 6 D57G?LF4FV E?V6EF46-
?5==O ?5D5454GG64=<E 45D>D<4FV= >E=>6< 7 4>?GEF<-
<<<< 45> 7D4=<G=<<< 45D>D<4FVO<< 5G4V6?V. 

� 5G4V65?L=<E =>D<4E 7D4=<G=V EF4=< 5G4V65?L V >E-
=>6 ?>4V?ONFLEO =4 46V 7DG?<: ?5DL4 3 74 6FD4F>N =5EG-
G>W 744F=>EFV 45> ?>6=>W =5?D<44F=>EFV 4> 5>E??G4F4FVW; 
4DG74 3 74 =5?D<44F=VEFN 5G4V65?L 4> =>D<4?L=>W 5>E-
??G4F4FVW.  

$>77?O=GFV 6<M5 4>?GEF<<V V 7D4=<G=V 45D>D<4FVW 
6V4=>EOFLEO 4> 4DG7>W 7DG?< 7D4=<G=<E EF4=V6, >E>V?L>< 
?D< F<E 45D>D<4FVOE 74557?5GGTFLEO =5EGG4 744F=VEFL V 
5>E??G4F4FV==4 =44V==VEFL 5G4V65?L. �<5VD 7D4=<G=<E 
45D>D<4FV= 6 O>>EFV >D<F5DVO 5>E??G4F4FV==>W =44V==>E-
FV ?>6<==<= >5�DG=F>6G64F<EO F5E=V>>-5>>=><VG=<<< 
?>DV6=O==O<< 7 >D<F5DVT< 4>?GEF<<<E 45D>D<4FV=. 

� 4>?>6=5==O 4> 7D4=<G=<E V 4>?GEF<<<E 45D>D<4-
FV= <VEL><E 5G4V65?L 4>FV?L=> 66>4<F< FD5FN >4F57>-
DVN 45D>D<4FV= 3 DG==GNGV 45D>D<4FVW, ?D< O><E 6V45G-
64TFLEO ?>6=5 DG==G64==O =5EGG<E >>=EFDG>FV= G< 5G4V-
65?L 6 FV?ó<G (>D<E>5, 69O7>5, EF><?N64?L=5 G< V=L5 
DG==G64==O; 6FD4F4 EFV=>>EFV D>D<< >>=EFDG>FVW 45> 
WW ?>?>65==O). �=4==O 65?<G<= DG==GNG<E 45D>D<4FV= 
4>76>?<FL GEF4=>6<F< 4V=E=<= 74?4E <VF=>EFV 5G4V6?V, 
M> 4G65 646?<6> 4?O 6<5>DG 5D5>F<6=<E 74E>4V6 WW 74-
E<EFG 6V4 =5DV6=><VD=<E 45D>D<4FV= >E=>6<. 

�5>5EV4=> 6V4<VF<F<, M> F45?<G=V 7=4G5==O 
4>?GEF<<<E V 7D4=<G=<E 45D>D<4FV= 5G4V65?L ?>6<==V 
D>77?O44F<EO O> D5>><5=4>64=V (4 =5 EFD>7> >5>69O7>>6V), 
O>V 4>76>?ONFL ?D< ?D>5>FG64==V =>6<E F4 >FV=FV 
5>E??G4F4FV==>W =44V==>EFV VE=GNG<E 5G4V65?L G=<>=GF< 
7DG5<E ?><<?>>.    
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$<E. 3.21. �EV44==O DG=44<5=FV6 >4D>4E=>W 5G4V6?V: 4 3 D>7D4EG=>>64 

EE5<4 >4D>4EG; 5 3 >EV44==O V DV7=<FV >EV44=L >>D5<<E DG=44<5=FV6;  
6 3 >EV44==O EFDVG>>6>7> DG=44<5=FG 

 

� 

� 
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$���I� 4. �&���� ��%��'�&�&�����  
�������%&� �I%,��% �'�I���,  

 

  

4.1. �����,�I ��������/ 
 

�G4V6?V V E?>DG4<, O>V 5G?< ?>5G4>64=V =4 <VEL><E 
F5D<F>DVOE V7 76<G4==<<< V=65=5D=>-75>?>7VG=<<< G<>-
64<< (��'), 74D47 4>6>4<FLEO 5>E??G4FG64F< V GFD<<G64F< 
O> >59T>F< 6 >E>5?<6<E (E>?44=<E) �DG=F>6<E G<>64E, G5-
D57 F5, M> 6 E<?G D5>?>7VG=<E V F5E=>75==<E ?D<G<= DV-
7<>>-<5E4=VG=V E4D4>F5D<EF<>< �DG=FV6 >E=>6< ?>7VD-
LGNFLEO. 

�>E?V465==O ?D>5?5<< =44V==>EFV <VEL><E 5G4V65?L 
=4 F5D<F>DVOE 7V E>?44=<<< ��' E6V4G4FL ?D> =4O6=VEFL 
=<7>< =56<DVL5=<E ?D>5?5<. %?D464 6 F><G, M> 7 >>6-
=<< D>>>< E?>EF5DV74TFLEO 7D>EF4==O >V?L>>EFV 464DV= (6 
F><G G<E?V V F5E=>75==>7> E4D4>F5DG) 5?5<5=FV6 V E<EF5< 
<VEL><E V=DD4EFDG>FGD [133]. 

� >7?O4G =4 F5 GEV <VEL>V 5G4V6?V (=574?56=> 6V4 WE 
?D<7=4G5==O, D>D<< 6?4E=>EFV, 6V>G, >4?VF4?L=>EFV, F5E-
=VG=<E >E>5?<6>EF5=) ?V4?O74NFL ?5DV>4<G=<< ??4=>-
6<< F4, G 6<7=4G5=<E 6<?44>4E, ?>74G5D7>6<< >5EF565=-
=O< 4?O 6<7=4G5==O F5E=VG=>7> EF4=G >>=EFDG>FV= V 
?D<==OFFO >5�DG=F>64=<E V=65=5D=>-F5E=VG=<E 74E>4V6 
4?O 74557?5G5==O 4>EF4F=L>W =44V==>EFV ?D< ?>44?LL>-
<G 6<>>D<EF4==V 45> =5?D<44F=>EFV 4> ?>44?LL>W 5>E-
??G4F4FVW [436]. 

� >7?O4G =4 F5, M> =44V==VEFL <4T ?D<D>4G 6<?44-
>>6<E 65?<G<=, O>V >V?L>VE=> E4D4>F5D<7GNFL ?D4F5744F-
=VEFL >59T>FG, =44V==VEFL 6 7474?L=><G D>7G<V==V 3 F5 
>><??5>E=4 6?4EF<6VEFL >59T>FG 755DV74F< 7444=V 5>E-
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??G4F4FV==V O>>EFV 6?D>4>66 GEL>7> EFD>>G E?G65<.  
� D>77>D=GF><G D>D<G?N64==V 5>E??G4F4FV==G 

=44V==VEFL 5G4V6?V E?V4 D>77?O44F<, O> 6?4EF<6VEFL WW 
>>=EFDG>F<6=>W E<EF5<< 755DV74F< E6>W DG=>FV>=4?L=V 
<>6?<6>EFV F4 ?D4F5744F=VEFL 6 DV7=<E >?V<4F<G=<E, 
�DG=F>6<E, V=65=5D=>-75>?>7VG=<E V 7V4D>75>?>7VG=<E 
G<>64E ?V4 6??<6>< ?D<D>4=<E V F5E=>75==<E D4>F>DV6, 
7<5=L5==O, 75V?LL5==O 45> ?5D5D>7?>4V?G 5>E??G4F4FV=-
=<E =464=F465=L, 7<V=< >>=EFDG>F<6=>W E<EF5<<, =5-
EGG>W 744F=>EFV �DG=F>6>W >E=>6< V =475<=<E >>=EFDG-
>FV= 6?D>4>66 GEL>7> EFD>>G E?G65<. 

�474?L=G >FV=>G 5>E??G4F4FV==>W =44V==>EFV 4>E?V-

46G64=>W 5G4V6?V 6<>>=GNFL =4 >E=>6V 4=4?V7G V G7474?L-
=5==O >FV=>> F5E=VG=>7> EF4=G WW >E=>6=<E 5?5<5=FV6 V 

>>=EFDG>FV=, 6<7=4G5=>7> 6 ?D>F5EV ?D>6545==O ?>?5D5-
4=VE, 45F4?L=<E V (74 =5>5EV4=>EFV) E?5FV4?L=<E 4>E?V-
465=L. �D> F5 <>64 ?V45 44?LL5. 

�>?5D54=N 7474?L=G >FV=>G 5>E??G4F4FV==>W =44V=-
=>EFV 557>4D>4E=<E 5G4V65?L, ?>L>>465==O O><E 6 45E>-
?NF=V= 5V?LL>EFV 6<?44>V6 ?D>O6?ONFLEO G 6<7?O4V FDV-
M<= G DG=44<5=F4E, EFV=4E, ?5D5>D<FFOE, >>?>=4E F4 
V=L<E >>=EFDG>FVOE, 6<7=4G4NFL 74?56=> 6V4 L<D<=< 
D>7>D<FFO FDVM<=, WE >>=F5=FD4FVW, 7474?L=>W >V?L>>EFV V 
E4D4>F5DG >4DF<= FDVM<=>GF6>D5==O. 

�>?5D54=N 7474?L=G >FV=>G 5>E??G4F4FV==>W =44V=-
=>EFV >4D>4E=<E 5G4V65?L, ?>L>>465==O O><E, O> ?D4-
6<?>, ?D>O6?ONFLEO G 6<7?O4V ?5D5<VM5=L 5?5<5=FV6 >4-
D>4EG, FDVM<= G 6G7?4E 79T4=4==O, D>7>D<FFV FDVM<= <V6 
5?5<5=F4<< >4D>4EG F4 >7>D>46G64?L=<<< >>=EFDG>FVO-
<<, ?D>7<=V6 5?5<5=FV6 ?5D5>D<FFV6, 7>D<7>=F4?L=<E 
?D>7<=4E >>?>=, 7>D<7>=F4?L=<E ?5D5<VM5==OE >4D>4EG, 
>D5=G (?>6>D>FG) DG=44<5=FV6, 6<7=4G4NFL 74?56=> 6V4 
65?<G<=< 6>474=<E ?>L>>465=L. 
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�>474=V ?>L>>465==O <VEL><E 5G4V65?L =4=G4EFVL5 
6<>?<>4=V 45D>D<4FVO<< >E=>6, O>V 6 E6>N G5D7G, 74?5-
64FL 6V4 �DG=F>6<E G<>6 4V?O=>< 745G4>6<, F><G 557 
EG<=V6G, >FV=>G 5>E??G4F4FV==>W =44V==>EFV <VEL><E 5G-
4V65?L =5>5EV4=> 6<>>=G64F< 6 >><??5>EV 7 >FV=>>N =4-
4V==>EFV WE �DG=F>6<E >E=>6. 

/> ?D46<?>, >5EF565==O >>=EFDG>FV= <VEL><E 5G4V-
65?L 7 <5F>N 6<7=4G5==O WE F5E=VG=>7> EF4=G ?D>6>4OFL-
EO 6 FD< 5F4?<. 

�-= 5F4?. �>?5D54=T 6V7G4?L=5 >5EF565==O:  
- 6<6G5==O F4 4=4?V7 6<EV4=<E F4 4DEV6=<E 44=<E;   
- 7474?L=<= 6V7G4?L=<= >7?O4 7 6<O6?5==O< =4=-

5V?LL ?>L>>465=<E G< 464DV==<E >>=EFDG>FV= 74 7>6-
=VL=V<< >7=4>4<<; 

- GF>G=5==O VE=GNG>7> 45> ??4=>6>7> DG=>FV>=4-
?L=>7> ?D<7=4G5==O 4>E?V46G64=>W 5G4V6?V ?>DV6=O=> 7 
?D>5>F=<<; 

- D>7D>5>4 F5E=VG=>7> 74644==O 4?O ?>44?LL<E 
45F4?L=<E V=EFDG<5=F4?L=<E >5EF565=L.  

�4 D57G?LF4F4<< ?5DL>7> 5F4?G D>5VF D>7D>5?ONFL 
D5>><5=44FVW 7 ?5DL>G5D7>6>7> GEG=5==O ?D<G<= F4 ?>-
>4?V74FVW ?D>F5EG 464DV==>7> 45D>D<G64==O >>=EFDG>-
FV= V (45>) �DG=F>6>W >E=>6<, F<<G4E>6><G ?V4E<?5==V 
464DV==<E 5?5<5=FV6 V >>=EFDG>FV=. 

' 6<?44>G ?5D54464DV==>W G< 464DV==>W E<FG4FV= 
E>?444NFL ?>?5D54=V 6<E=>6>< ?D> <>6?<6VEFL ?>44?L-
L>W 5>E??G4F4FVW 45> WW ?D<?<=5==O, 6<7=4G4NFL 74 7>6-
=VL=V<< >7=4>4<< >4F57>DVN F5E=VG=>7> EF4=G >>=EFDG-
>FV= 74?56=> 6V4 =4O6=<E 45D5>FV6 V ?>L>>465=L [8].  

�4?56=> 6V4 =4O6=<E 45D5>FV6 V ?>L>>465=L F5E=V-
G=<= EF4= >>=EFDG>FV= <>65 5GF< >64?VDV>>64=<= 77V4-
=> 7474?L=<< >7=4>4<, =46545=<< 6 F45?<FV 4.1. 
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&45?<FO 4.1  
�FV=>4 F5E=VG=>7> EF4=G >>=EFDG>FV= 74 D57G?LF4F4<< 

?>?5D54=L>7> >5EF565==O >59T>FG 
 

7 

7/? 

%FG?V=L F5E=VG=>7> 

EF4=G >>=EFDG>FVW 

�474?L=V >7=4><, 

O>V E4D4>F5D<7GNFL EF4= >>=EFDG>FVW 

1 2 3 

1. � 

�>D<4?L=<= 

�V4EGF=V 6<4<<V ?>L>>465==O, O>V E6V4-

G4FL ?D> 7=<65==O =5EGG>W 744F=>EFV >>=E-

FDG>FVW. �<>>=GNFLEO G<>6< 5>E??G4F4FVW 

77V4=> 6<<>7 G<==<E =>D<4F<6=<E 4>>G-

<5=FV6. �>D<4?L=5 DG=>FV>=G64==O 74557-

?5GGTFLEO ?D< 4>FD<<4==V 76<G4==<E ?D4-

6<? F5E=VG=>W 5>E??G4F4FVW [7].   

2. �� 

�44>6V?L=<= 

�57=4G=V ?>L>>465==O, =4 >>D5<<E 4V?O-

=>4E >>D5<V 6<5>W=<, 6>?>EO=V FDVM<=<. 

'4EF>>6V ?>L>>465==O 4=F<>>D>7V==<E 

?>>D<FFV6. �4557?5GGNFLEO =>D<4?L=V 

G<>6< 5>E??G4F4FVW. �5>5EV4=<= ?>F>G=<= 

D5<>=F 7 ?V>6V44FVTN ?>>4?L=<E ?>L>>-

465=L 557 ?V4E<?5==O >>=EFDG>FV=.   

3. ��� 

�5744>6V?L=<= 

� ?>L>>465==O V 45D5>F<, M> E6V4G4FL 

?D> 7<5=L5==O =5EGG>W 744F=>EFV >>=EFDG-

>FV=. �>DGL5=V 6<<>7< G<==<E =>D<4F<6-

=<E 4>>G<5=FV6, 4?5 =5557?5>4 >5DGL5==O 

V 747D>74 557?5FV ?N45= 6V4EGF=O. �5>5-

EV4=5 ?>E<?5==O V 6V4=>6?5==O =5EGG>W 

744F=>EFV >>=EFDG>FV=.  

4. �V 

�5D54464DV==<=  

45> 464DV==<= 

�>L>>465==O E6V4G4FL ?D> =5?D<44F=VEFL 

>>=EFDG>FVW 4> 5>E??G4F4FVW V ?D> =5557?5-

>G WW >5DGL5==O. �5>5EV4=V =56V4>?44=V 

74E>4< 7 ?>?5D5465==O 464DV= (6?4LFG-

64==O F<<G4E>6<E >DV??5=L, D>764=F465=-

=O >>=EFDG>FV= V F4>5 V=L5), >4?VF4?L=<= 

D5<>=F 7 ?V4E<?5==O< V (45>) 74<V=>N ?>-

L>>465=<E >>=EFDG>FV= 6 FV?><G 45> >>-

D5<<E 5?5<5=FV6. 
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�D<<VF>< 4> F45?. 4.1 
&5D<V= «464DVO» V ?>69O74=V  7 =<< ?>=OFFO «464DV==<=» 

F4 «?5D54464DV==<= EF4=» =5 <4NFL =4 EL>7>4=V F65D4<E 7474-
?L=>?D<==OF<E F?G<4G5=L [1; 2; 9; 10]. 

� >7?O4G =4 F5, >>D<EFGNG<EL F45?<F5N 4.1, ?>FDV5=> 
6D4E>6G64F< =4EFG?=5: 

- �5D54464DV==<< EF4=>< 4>FV?L=> =47<64F< F4><= EF4= 
>>=EFDG>FVW, >>?< G 6<?44>G ?D>4>665==O =5E?D<OF?<6<E 
6??<6V6 (=5DV6=><VD=V >EV44==O DG=44<5=FV6, ?5D5?44< F5<-
?5D4FGD<, 47D5E<6=VEFL E5D54>6<M4 V F4>5 V=L5) 7 6VD>7V4=VEFN 
Q(t) = 10-5÷10-7 <>6=4 G5>4F< 4>EO7=5==O 7D4=<G=>7> EF4=G 7 
?>?5D54=V<< E<7=4?4<< (F5>GGVEFL D>7FO7=GF>W 7>=< ?D< 77<-
=4==V, >EV44==O �DG=F>6<E >E=>6), M> ?D<6545 4> 464DVW >>=E-
FDG>FVW 45> 5G4V6?V 6 FV?ó<G. 

- �V4 464DV==<< EF4=>< 4>FV?L=> 66464F< F4><= EF4= 
>>=EFDG>FVW 5G4V6?V, ?D< O>><G 7V EFG?5=5< 6VD>7V4=>EFV Q(t) = 
=10-6÷10-8 6 =4=5?<6G<= G4E 557 ?>?5D54=VE E<7=4?V6 (DG==G-
64==O, 6FD4F4 EFV=>>EFV, ?D>64?< �DG=F>6<E >E=>6) <>6=4 >GV-
>G64F< 464DVN. 

- �V4 464DVTN 5G4V6?V E?V4 66464F< >5DGL5==O 4><V=GN-
G>W =5EGG>W >>=EFDG>FVW 45> 6EVTW 5G4V6?V 6 FV?ó<G, 4 F4>>6 F4>5 
WE 45D>D<G64==O, O>5 D>5<FL =5<>6?<6>N WW ?>44?LLG 5>E-
??G4F4FVN. �?O 6V4=5E5==O >59T>FG 4> EFG?5=N 5>E??G4F4FV=-
=>W =44V==>EFV V (464DV==<=) 4>EF4F=L> =4O6=>EFV E>G4 5 >4=VTW 
7 >7=4>, O>V E4D4>F5D<7GNFL F5= EFG?V=L, 4 74 =4O6=>EFV >7=4>, 
=5 6V4<VG5=<E 6 F45?<FOE 6 E>?44=<E V 6V4?>6V44?L=<E 6<?44-
>4E, F5 ?>6<==5 6<>>=G64F<EO =4 >E=>6V 45F4?L=<E V=EFDG<5=-
F4?L=<E 4>E?V465=L. 

- />M> 6 D57G?LF4FV 6V7G4?L=<E F4 (45>) V=EFDG<5=F4?L-
=<E >5EF565=L 6<O6?5=> ?5D54464DV==<= 45> 464DV==<= EF4= 
>4=VTW 7 4><V=GNG<E =5EGG<E >>=EFDG>FV=, F> 7474?L=<= EFG-
?V=L 5>E??G4F4FV==>W =44V==>EFV 4>E?V46G64=>W 5G4V6?V >FV=N-
TFLEO 6V4?>6V4=> O> 464DV==<= 45> ?5D54464DV==<= =574?56=> 
6V4 F5E=VG=>7> EF4=G V=L<E >>=EFDG>FV= V 557 ?>44?LL<E D>7-
D4EG=>V6. 
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��-= 5F4?. �5F4?L=5 >5EF565==O: 
- 4=4?V7 V=65=5D=>-75>?>7VG=>W, 7V4D>75>?>7VG=>W V 

75>F5E=VG=>W E<FG4FV= 4V?O=>< 745G4>6<; 
- 74 =5>5EV4=>EFV 4>44F>>6V 45> >>=FD>?L=V V=65-

=5D=>- V 7V4D>75>?>7VG=V 6<LG>G64==O; 
- V=EFDG<5=F4?L=V E?>EF5D565==O 74 >EV44==O<< 

>>=EFDG>FV= V ?>65DE=V 75<?V 4V?O=>< 745G4>6<; 
- 6<>>=4==O >5<VDV6, GF>G=5==O VE=GNG<E >5<VD-

=<E >D5E?5=L; 
- 6<7=4G5==O >>=EFDG>F<6=>W EE5<< 5G4V6?V, GEF4-

=>6?5==O EF4F<G=<E EE5< D>5>F< >>=EFDG>FV=; 
- >FV=>4 G<>6 D>5>F<, 65?<G<= F4 EFG?5=V6 D4>F<-

G=<E =464=F465=L =4 VE=GNGV >>=EFDG>FVW F4 >E=>6G; 
- 6<O6?5==O V DV>EG64==O 45D5>FV6, ?>L>>465=L V 

45D>D<4FV= >>=EFDG>FV=, D>7D>5>4 7D4DVG=>7> 45D5>F-
=>7> 4>FG; 

- 6<7=4G5==O V=EFDG<5=F4?L=<<< V ?45>D4F>D=<-
<< <5F>44<< DV7<>>-<5E4=VG=<E E4D4>F5D<EF<> F4 ?4-
D4<5FDV6 >>=EFDG>FV= V <4F5DV4?V6; 

- D>7D4EG=>< E<EF5<< «�DG=F>64 >E=>64 3 DG=44-
<5=F 3 45D>D<>64=4 5G4V6?O» 7 GD4EG64==O< D4>F<G=>-
7> =4?DG65=>-45D>D<>64=>7> EF4=G >>=EFDG>F<6=>W 
EE5<< V �DG=F>6>W >E=>6<, <>6?<6>EFV 4>44F>>6<E 45D>-
D<4FV==<E 6??<6V6 =4 4>E?V46G64=G 5G4V6?N; 

- ?D>7=>7 45D>D<4FV= 5G4V6?V 7 >E=>6>N; 
- 6<7=4G5==O EFG?5=N DV7<G=>7> V <>D4?L=>7> 

7=>LG64==O >>=EFDG>F<6=<E 5?5<5=FV6, >FV=>4 5>E??G4-
F4FV==>W =44V==>EFV 5G4V6?V =4 >E=>6V 4=4?V7G D57G?LF4FV6 
?D>6545=<E >5EF565=L V D>7D4EG=>V6; 

- 6<7=4G5==O ?D<G<= 45D>D<4FV= V ?>L>>465=L 
4>E?V46G64=>W 5G4V6?V 6 FV?ó<G. 
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� F<E 6<?44>4E, >>?< 44=<E ?>?5D54=VE F4 45F4?L-
=<E V=EFDG<5=F4?L=<E >5EF565=L =5 4>EF4F=L> 4?O 
?D<==OFFO >5�DG=F>64=>7> DVL5==O ?D> DG=>FV>=4?L=G 
?D<44F=VEFL F4 5>E??G4F4FV==G =44V==VEFL >>D5<<E >>=-
EFDG>FV= V 5G4V6?V 6 FV?ó<G, =47=4G4NFL V ?D>6>4OFL E?5-
FV4?L=V >5EF565==O. 

���-= 5F4?. %?5FV4?L=V >5EF565==O:  
-  6<7=4G5==O DV7<>>-<5E4=VG=<E V 45D>D<4FV==<E 

E4D4>F5D<EF<> �DG=FV6, 6<O6?5==O 6 >E=>6V ?D>E44>>6<E, 
74E>?5=<E, E?45><E �DG=FV6, ?5D576>?>65=<E 7>=, GF>G-
=5==O DV6=O F4 EV<VG=>7> E>?44G �DG=F>6<E 6>4; 

- FD<64?V 75>457<G=V E?>EF5D565==O 74 45D>D<4FV-
O<<, >EV44==O<<, >D5=4<<, F5<?5D4FGD=>-6>?>7VE=<< 
D56<<><; 

- E>?44=V V=65=5D=>-75>?>7VG=V F4 7V4D>75>?>7VG=V 
6<LG>G64==O (6<?D>5G64==O 65?<><<< LF4<?4<<, 6<-
?D>5G64==O =4FGD=<E FV?<==<>V6 =4 7EG6, =4FGD=V DV?L-
FD4FV==V 6<?D>5G64==O); 

- =4FGD=V 6<?D>5G64==O >>=EFDG>FV= F4 5G4V65?L. 
�4 D57G?LF4F4<< ?D>6545==O E?5FV4?L=<E >5EF5-

65=L, 4=4?V7G 45D5>FV6 V ?>L>>465=L, 4 F4>>6 ?5D56VD>-
G=<E D>7D4EG=>V6 ?D<=<4TFLEO >EF4F>G=5 DVL5==O ?D> 
F5E=VG=<= EF4= >>D5<<E >>=EFDG>FV= V EFG?V=L 5>E??G4-
F4FV==>W =44V==>EFV 5G4V6?V 6 FV?ó<G 74 DO4>< =>D<4F<6-
=> GEF4=>6?5=<E >4F57>DV=. �4?56=> 6V4 E>?44=>EFV, >>=-
>D5F=<E G<>6 V <5F< >5EF565=L, >5EO7< D>5VF V ?>6=>F4 
>5EF565=L <>6GFL 7<V=N64F<EO. 

 

�D>5?5<4 755D565==O F4 6V4=>6?5==O 5>E??G4F4FV==>W 
=44V==>EFV >59T>FV6 <VEL>>W V=DD4EFDG>FGD< F4 74?>5V74==O 
464DV==<< E<FG4FVO< G 7>=V 5>=>6<E 4V=, 6 >>G?>64=V= F4 
?D<DD>=F>6V= 7>=4E, 5G45 D>77?O=GF4 6 D>74V?V 5. 
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     4.2. ��%&�����/ &� �&���� &�%��'���� 
%&��' ���%&$'�&�� ��%,��%  

�'�����, 
4.2.1. �5EF565==O F4 >FV=>4 F5E=VG=>7> EF4=G 

DG=44<5=FV6 V DG=44<5=F=>-?V464?L=<E G4EF<= 
<VEL><E 5G4V65?L  

 
�4=E4D4>F5D=VL<<< 45D5>F4<< F4 ?>L>>465==O-

<< DG=44<5=FV6 V DG=44<5=F=>-?V464?L=<E G4EF<= 
($�') <VEL><E 5G4V65?L T: 

- ?>O64 E<?>6<E =4E>DV7=<E FDVM<= 6 FV?V DG=44<5-
=FV6 6V4 =5DV6=><VD=<E >EV44=L �DG=F>6>W >E=>6<; 

- 45D>D<4FVW DG=44<5=FV6, 6<>?<>4=V 45D>D<4FVO-
<< �DG=F>6>W >E=>6< (7>D<7>=F4?L=V EF<E>4==O-
D>7FO7G64==O, ?D>EV44==O, >EV44==O, >D5=, 7EG6, ?D>7<=-
6<7<=, E>DGGG64==O); 

- ?>L>>465==O F4 DG==G64==O <4F5DV4?G >>=EFDG-
>FV= DG=44<5=FV6 (FDVM<=< 6 FV?V ?V4>>?>==<>4 G< ??<-
F< EF>6?G4EF<E V EFDVG>>6<E DG=44<5=FV6, >7>?5==O F4 
>>D>7VO 4D<4FGD<, 6FD4F4 <VF=>EFV <4F5DV4?G DG=44<5=-
FV6); 

- =44<VD=4 6>?>7VEFL >>=EFDG>FV= $�' 5G4V6?V, 6<-
>?<>4=4 76>?>65==O< ?>65DE=56<<<, 4F<>ED5D=<<<, 
V=DV?LFD4FV==<<< 6>44<< V (45>) >>=45=E4F>< 6>4O=>W 
?4D<; =4O6=VEFL 6>4< =4 ?>65DE=V ?V4?>7< 6 ?D<<VM5=-
=OE $�' 6=4E?V4>> ?V46<M5==O $��, ?V4F>??5==O F5D<-
F>DVW, =5744>6V?L=>W 7>D<7>=F4?L=>W V (45>) 65DF<>4?L=>W 
7V4D>V7>?OFVW (4<6. D<E. 4.1).    

�4=V<>6VD=VLV 4V?O=>< ?>L>>465=L >>=EFDG>FV= 
DG=44<5=FV6 E?>EF5DV74NFLEO 6 7>=4E 76>?>65=<E �DG=-
FV6 >E>5?<6> 47D5E<6=<<< DV4<=4<<, G 7>=4E 4VW 6V5D4FV=, 
G44D=<E =464=F465=L, 4>44F>>6<E =464=F465=L, ?D< 
E?>DG465==V 646><E ?D<5G4>6, ?D< 6?4LFG64==V 5?<7L-
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>> D>7F4L>64=<E >>F?>64=V6, ?D< =5>D74=V7>64=<E 6>4>-
6V46545==V V 6>4>?>=<65==V. 

�7=4>4<< 464DV==>7> EF4=G DG=44<5=FV6 T: 
- 7D4=<G=4 =5DV6=><VD=VEFL 45D>D<4FV= (>EV44==O, 

>D5=, 7EG6, ?D>7<=, 6<7<=, E>DGGG64==O); 
- 7=>LG64==O >>=EFDG>FV= DG=44<5=FV6 (FDVM<=< 6 

FV?V DG=44<5=FV6, DG==G64==O 45> 6FD4F4 <VF=>EFV <4F5-
DV4?G), O>V 6<>?<>4NFL 6FD4FG EFV=>>EFV =475<=<E =5EG-
G<E >>=EFDG>FV=, ?>DGL5==O F5E=>?>7VG=>7> ?D>F5EG, 
?5D5EV4 6 EF4= =5<>6?<6>EFV 4> ?>44?LL>W 5>E??G4F4FVW, 
=5557?5>G ?5D55G64==O ?N45= 6 ?D<<VM5==OE 5G4V6?V 
(4<6. D<E. 4.234.5).  

�64DV==<= EF4= DG=44<5=FV6 =4EFG?4T G5D57 =574-
4>6V?L=G D>5>FG �DG=F>6>W >E=>6< (=54>EF4F=N =5EGGG 
744F=VEFL, 7D4=<G=G 45D>D<4F<6=VEFL) 45> G5D57 =54>-
EF4F=VEFL <VF=>EFV V 6>DEF>>EFV FV?4 DG=44<5=FV6.  

�D< =5744>6V?L=V= D>5>FV �DG=F>6>W >E=>6< G DG=-
44<5=F4E GF6>DNNFLEO =4E>DV7=V FDVM<=<, 6>=<, O> ?D4-
6<?>, E<?L=> D>7>D<FV, DV4>> D>7<VM5=V, ?5D5EV>4NFL 
DG=44<5=F< ?> 6EV= 6<E>FV V 74E>4OFL =4 F>>>?L=G G4E-
F<=G F4 EFV=< =475<=>W G4EF<=< 5G4V6?V. 

&DVM<=< 6<>?<>4NFL ?5D5D>7?>4V? 7GE<?L ?> 4>6-
6<=V DG=44<5=FV6, M> <>65 ?D<65EF< 4> ?5D564=F465=-
=O >>D5<<E 4V?O=>> DG=44<5=FV6 V WE DG==G64==O. &5 G4-
EF> EG?D>6>46GTFLEO V <VEF56<<< DG==G64==O<< FV?4 
DG=44<5=FG 6 >?>D=<E 7>=4E D<75?V6 V ?5D5<<G>> =44 
?D>T<4<< 6 EFV=4E $�'.  

� <VEFOE ?5D564=F465==O GF6>DNNFLEO E?45> D>7>-
D<FV G4EF> D>7<VM5=V 65DF<>4?L=V FDVM<=< V E?>EF5DV74-
TFLEO 65DF<>4?L=5 D>7L4DG64==O FV?4 DG=44<5=FG. 
�EF4==T 6<7=4G4TFLEO ?D>EF<< ?D>EFG>G64==O< 65DF<-
>4?L=<E ?>65DE>=L DG=44<5=FV6.  



333 
 

 

 

$<E. 4.1. �E=>6=V 465D5?4 

74<>GG64==O $�' 5G4V-

6?V:  

1 3 76>?>65==O F>>>?L=>W 

G4EF<=< 4F<>ED5D=<<< 

>?444<<; 2 3 F5 E4<5, 

6V45<F>N 6>4>N 7 6V4<>-

EF><; 3 3 76>?>65==O 

EFV= $�' V=DV?LFD4FV=-

=<<< 6>44<<; 4 3 F5 E4-

<5, �DG=F>6<<< 6>44<<; 

5 3 F5 E4<5, 6>?>7>N 7 

6>4>?D>6V4=<E >><G=V>4-

FV=; 6 3 F5 E4<5, >>=45=-

E4F>< 6>4O=>W ?4D<;  

7 3 F5 E4<5, 6 D57G?LF4-

FV >4?V?OD=>7> ?V4=><G 

6>?>7<      
 

±0.000 

$i65=L ?i4?>7< $�' 

1 

2 

3 

$�� 

4 

5 

5 

6 

6 

7 

5 
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$<E. 4.2. $>7L4DG64==O >?44-

>< DG=44<5=FG 6=4E?V4>> 6V4-

EGF=>EFV ?5D569O7>< >4<5=V6 

(F57?<=), 6FD4F< <VF=>EFV D>-

7G<=G (FD<64?4 5>E??G4F4FVO, 

E<EF5<4F<G=5 74<>GG64==O, 

6??<6 47D5E<6=>7> E5D54>6<-

M4 V F4>5 V=L5): 

1 3 5GF>64 (5GF>55F>==4, 

F57?O=4) >?44>4; 

2 3 <VEFO D>7L4DG64==O 5GF>-

6>W (5GF>55F>==>W, F57?O-

=>W) >?44>< 
 

$<E. 4.3. $G==G64==O 5>>>6<E 

?>65DE>=L DG=44<5=FG 6=4-

E?V4>> 6??<6G 47D5E<6=>7> 

E5D54>6<M4 (6<F>>< 6 >E=>6G 

EV<VG=<E D>7G<=V6, ?V4=OFFO 

$�� V F4>5 V=L5), 6V4EGF=VEFL 

7V4D>V7>?OFVW DG=44<5=FG: 

1 3 VE=GNG<= 55F>==<=  

DG=44<5=F; 

2 3 6V4<VF>4 DV6=O �DG=F>6<E 

(?V475<=<E) 6>4; 

3 3 7>=< DG==G64==O DG=44<5-

=FG 

 

1 2 

3 
2

1 
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$<E. 4.4. &DVM<=< 6 ??<F=V= 

G4EF<=V DG=44<5=FG 6=4E?V4>> 

?5D564=F465==O DG=44<5=FG 

(=445G4>64, 74<V=4 =5EGG<E 

>>=EFDG>FV= 45> F5E=>?>7VG-

=>7> >5?44=4==O V F4>5 V=L5), 

=54>EF4F=O ??>-M4 ?>?5D5G-

=>7> EVG5==O D>5>G>W 4D<4FG-

D< ??<F<: 

1 3 74?V7>55F>==4 >?>D=4 

??<F4 EFDVG>>6>7> DG=44<5-

=FG; 

2 3 E<?>6V =4E>DV7=V FDVM<=< 6 

??<F=V= G4EF<=V DG=44<5=FG  

 

 

 
 

$<E. 4.5. �5D>D<4FVO  EFV=< 

DG=44<5=F=>-?V464?L=>W G4E-

F<=< ($�') 5G4V6?V 6=4E?V4>> 

6FD4F< <VF=>EFV >?44>< EFV=<, 

4>44F>>6>7> 7464=F465==O 

?>65DE=V 75<?V 557?>E5D54=L> 

5V?O 5G4V6?V, <>D>7=>7> =4-

5DO>4==O �DG=FG ?D< =5?D46<-

?L=><G GFD<<4==V ?V464?L=>-

7> ?D<-<VM5==O 5G4V6?V: 

1 3 ?>?>65==O EFV=< $�' 

5G4V6?V 4> 45D>D<4FVW; 

2 3 F5 E4<5, ?VE?O 45D>D<4FVW  

 

2 

2 

1 

1 
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� <VEFOE D>7L4DG64==O 76G> ?D< ?D>EFG>G64==V 
7?GE<=. &4><= EF4= 4V?O=>> DG=44<5=FV6 E?V4 66464F< 
464DV==<<. 

�D< =54>EF4F=V= <VF=>EFV FV?4 DG=44<5=FV6 6 =<E 
F4>>6 ?>O6?ONFLEO G4EF> D>7<VM5=V E?45> D>7>D<FV FDV-
M<=< V E?>EF5DV74TFLEO 65DF<>4?L=5 D>7L4DG64==O. &5 
F4>>6 T 464DV==<= EF4=. 

�>O64 FDVM<= 6 EFV=>4E DG=44<5=FV6 EF4>4==>7> 
F<?G ?V4 >>D5<V >>?>=<, 6V4EGF=VEFL 6V4?>6V4=>7> ><>=>-
?VGG64==O EF<>4 >>?>=< 7 DG=44<5=F>< E?V4 6<7=464F< 
464DV==<< EF4=>< DG=44<5=FG, F4> O> 6 FL><G 6<?44>G 
=5 74557?5GGTFLEO ?5D5454G5=5 ?D>5>F>< 74M5<?5==O 
>>?>=< G DG=44<5=FV, M> ?D<6>4<FL 4> 75V?LL5==O 7G-
E<?L 6 >>D5<<E 5?5<5=F4E >4D>4EG 5G4V6?V.    

�4?56=> 6V4 =4O6=<E 45D5>FV6 V ?>L>>465=L F5E=V-
G=<= EF4= >>=EFDG>FV= DG=44<5=FV6 F4 DG=44<5=F=>-
?V4-64?L=<E G4EF<=< 5G4V65?L <>65 5GF< >64?VDV>>64=<= 
77V4=> 7474?L=<< >7=4>4<, =46545=<< 6 F45?<FV 4.2. 

 

&45?<FO 4.2 
�?4E<DV>4FVO ?>L>>465=L V 45D5>FV6 DG=44<5=FV6 

F4 $�' <VEL><E 5G4V65?L 
&5E=VG=<= 

EF4= (EFG-

?V=L ?>L>>-

465==O) 

�474?L=4 E4D4>F5D<EF<>4 EF4=G, >E=>6=V 

45D5>F< V ?>L>>465==O 

�<5=L5==O 

=5EGG>W 

744F=>EFV, 

% 

1 2 3 

�  

�>D<4?L-

=<=  

(4G65 =5-

7=4G=<=) 

�. '<>6< 5>E??G4F4FVW, <4F5DV4?< V >>=EFDG>FVW 

$�' 6V4?>6V44NFL 6<<>74< ?D>5>FG V G<==<E 

=>D<4F<6=<E 4>>G<5=FV6.  

�. �<4<<V ?>L>>465==O V 45D5>F<, O>V E6V4G4FL 

?D> 7<5=L5==O =5EGG>W 744F=>EFV >>=EFDG>FV=, 

6V4EGF=V. $G==G64==O V 6<6VFDN64==O >?44><, 

6V4L4DG64==O ?<FN64?L=>7> L4DG =4 7?<5<=G 

4> 5% F>6M<=< F>>>?O 45> =5EGG<E EFV= $�'. 

0÷15 
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?D>4>665==O F45?. 4.2  

1 2 3 

�  

�>D<4?L-

=<=  

(4G65 =5-

7=4G=<=) 

�4>V=G5==O. 

 �. &5<?5D4FGD=>-GE44>G=V, E4>F<G=V FDVM<=< 

³crc < 1.0 << =4 ?>65DE=V F>>>?O 45> EFV= ?V4-

64?G. %<?>6V 65DF<>4?L=V V ?>E<?V FDVM<=< 

³crc< 1.50 <<, M> ?5D5F<=4NFL =5 5V?LL5 2-E 

DO4V6 >?44>< F>>>?O 45> EFV= $�'. �474?L=V F4 

<VEF56V ?D>7<=< ?V=VW F>>>?O 4> 1/250 4>66<=< 

5G4V6?V 45> WW E5>FVW. �V4=>E=5 =5DV6=><VD=5 

>EV44==O 7 ?D>7<=>< EFV= 4> 0.001.    

�. �4O6=VEFL 7>D<7>=F4?L=>W V 65DF<>4?L=>W 

7V4D>V7>?OFVW EFV= $�'. �V4EGF=VEFL 6>?>7< =4 

?>65DE=V ?V4?>7< V EFV= $�'.  

�. �574F<6=V V=65=5D=>-75>?>7VG=V, 75>DV7<G=V 

F4 7V4D>75>?>7VG=V ?D>F5E< V O6<M4 6 <564E 

4V?O=>< 745G4>6< 6V4EGF=V. %FG?V=L 75>F5E=VG-

=>W =44V==>EFV �DG=F>6>W >E=>6< ?5DL<=, G<>6< 

5>E??G4F4FVW V 5G4V6=<FF64 76<G4==V. �4?DG65-

=>-45D>D<>64=<= EF4= (��%) �DG=F>6>W >E=>6< 

>?4E<DV>GTFLEO, O> =>D<4F<6=<=. 

  

0÷10 

��  

�44>6V?L-

=<= 

(=57=4G=<= 

45> E5D54-

=V=) 

�. �4557?5GGNFLEO =>D<4F<6=V G<>6< 5>E??G4-

F4FVW. �4F5DV4?< V >>=EFDG>FVW $�' 6V4?>6V44-

NFL ?D>5>F=<< 6<<>74<. 

�. �V?LL5 90% >>=EFDG>FV= 7=4E>4OFLEO G ?D4-

F5744F=><G EF4=V. $G==G64==O V 6<6VFDN64==O 

>?44>< =4 7?<5<=G 4> 10% F>6M<=< F>>>?O 45> 

EFV= $�'. �4E<?< V 6<?<=4==O EFV= 6 <564E 

6<E>F< ?V464?G 4> 1/6 WE F>6M<=<. �VEF565 ?>-

L>>465==O >?44>< EFV= ?V464?G =4 7?<5<=G 4> 

20 << ?V4 >?>D4<< =5EGG<E 5?5<5=FV6 G 6<7?O4V 

?>E<?<E FDVM<= 45> ?5M44>>. �<VM5==O ??<F 

?5D5>D<FFO ?V464?G =4 >?>D4E 4> 1/5 7?<5<=< 

>5?<D4==O, 4?5 =5 5V?LL5, O> 20 <<. �<5=L5=-

=O ??>MV ?>?5D5G=>7> EVG5==O 45D569O=<E ?V4-

64?<= F>>>?O 4> 20%. �474?L=V ?D>7<=< F>>>?O 

4> 1/250 4>66<=< 5G4V6?V 45> WW E5>FVW. �VEF56V 

?D>7<=< ?V=VW F>>>?O 4> 1/200 4>66<=< E5>FVW. 

 

11÷20 
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?D>4>665==O F45?. 4.2  

1 2 3 

��  

�44>6V?L-

=<= 

(=57=4G=<= 

45> E5D54-

=V=) 

�4>V=G5==O  

�. �5DF<>4?L=V V ?>E<?V (6 F.G. F5<?5D4FGD=>-

GE44>G=V) FDVM<=< ³crc < 2.0 << 6 F>>>?V =4 

6<E>FG 4> 2-E DO4V6 >?44><. �>D5<V E<?>6V FDV-

M<=< ³crc < 3.0 << 6 F>>>?V V EFV=4E ?V464?G =4 

6<E>FG 4> 4-E DO4V6 >?44><. �5DF<>4?L=V FDV-

M<=< <V6 ?>74>66=V<< V ?>?5D5G=<<< EFV=4<< 

?V464?G.  

�. �>L>>465==O 7>D<7>=F4?L=>W V (45>) 65DF<-

>4?L=>W 7V4D>V7>?OFVW EFV= $�'. �V46<M5=4 

6>?>7VEFL ?>6VFDO, ?V4?>7< V EFV= ?V464?G. 

�. �>>4?L=5 74<>GG64==O �DG=FV6 =4 4V?O=FV 

745G4>6<. �VEF56V 45D>D<4FVW V FDVM<=< 6V4<>-

EF><. �=65=5D=>-75>?>7VG=V, 75>DV7<G=V F4 7V4-

D>?>7VG=V ?D>F5E< V O6<M4, O>V =574F<6=> 6??<-

64NFL =4 G<>6< 5>E??G4F4FVW 5G4V6?V, 45D>D<4-

FVW �DG=FG, M> ?>DGLGNFL =>D<4?L=G 5>E??G4-

F4FVN 5G4V6?V, 6V4EGF=V. %FG?V=L 75>F5E=VG=>W 

=44V==>EFV �DG=F>6>W >E=>6< ?5DL<=, G<>6< 

5>E??G4F4FVW V 5G4V6=<FF64 =>D<4?L=V. ��% 

�DG=F>6>W >E=>6< >?4E<DV>GTFLEO, O> =>D<4F<6-

=<=.  

11÷20 

���  

�5D54-

464DV==<= 

(7=4G=<=) 

�. �>DGL5=V 6<<>7< =>D< 5>E??G4F4FVW V ?D>5-

>FG. � =5557?5>4 >5DGL5==O >>=EFDG>FV= V 74-

7D>74 4?O ?N45= 6 ?D<<VM5==OE $�'.  

�. �>  40%  >>=EFDG>FV= $�' 6 =5?D4F5744F-

=><G EF4=V. $G==G64==O >?44>< =4 7?<5<=G 4> 

40% F>6M<=< F>>>?O 45> EFV= $�'. �<?<=4==O 

EFV= ?V464?G 4> 1/4 WE F>6M<=<, 6V4E<?5==O 6V4 

65DF<>4?L=>W ??>M<=< g 15 <<. �D>7<=< 5?5-

<5=FV6 ?5D5>D<FFO ?V464?G g 1/75 ?D>?L>FG. 

�<VM5==O ??<F ?5D5>D<FFO ?V464?G 4> 1/3 7?<-

5<=< >5?<D4==O. �<5=L5==O ??>MV ?>?5D5G=>-

7> EVG5==O 45D569O=<E ?V464?<= F>>>?O 4> 40%. 

$G==G64==O 5>>>6<E ?>65DE>=L DG=44<5=FV6. 

$>7D<6 DG=44<5=FV6 ?> 6<E>FV. �474?L=V ?D>-

7<=< ?V=VW F>>>?O 4> 1/150, <VEF56V 3 4> 1/100 

4>66<=< 5G4V6?V. �5DV6=><VD=5 6V4=>E=5 >EV-

44==O 7 ?D>7<=>< EFV= 4> 0.006. �V4D<64==O 

?>74>66=VE EFV= $�' 6V4 ?>?5D5G=<E.  

21÷40 
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?D>4>665==O F45?. 4.2  

1 2 3 

���  

�5D54-

464DV==<= 

(7=4G=<=) 

�4>V=G5==O 

�. &DVM<=< 6 ??<F=V= G4EF<=V DG=44<5=FV6. &DVM<=< 

³crc < 8.0 << =4 6<E>FG EFV= $�', >>D5<V FDVM<=< 

³crc < 10.0 <<. �>=44=>D<4F<6=V 45D>D<4FVW F>>>?O.  
�. �V4EGF=VEFL 7>D<7>=F4?L=>W V (45>) 65DF<>4?L=>W 
7V4D>V7>?OFVW $�'. �V46<M5=4 6>?>7VEFL ?>6VFDO, 
?D>E>GG64==O 6>?>7>N EFV= $�', =4O6=VEFL 6>4< 
6<M5 DV6=O ?V4?>7< ?V464?G. 
�. �>=44=>D<4F<6=V 45D>D<4FVW �DG=FV6. �D>O6< 

DV7>>W 6FD4F< EFV=>>EFV �DG=FV6. %FG?V=L 75>F5E=VG=>W 

=44V==>EFV �DG=F>6>W >E=>6< 4DG7<=, G<>6< 5>E??G4-

F4FVW V 5G4V6=<FF64 E5D54=V, �DG=F>6V G<>6< >5<565-

=> ?D<44F=V 557 ?D>6545==O V=65=5D=<E 74E>4V6. 

��% �DG=F>6>W >E=>6< >?4E<DV>GTFLEO, O> ?>=44=>-

D<4F<6=<=. 

21÷40 

�V 

�64DV==<= 

(?>6=<=) 

�>>4?L=V >5DGL5==O >>=EFDG>FV= =475<=>W G4EF<=<. 

�564?< 6 EFV=4E $�'. �FD4F4 =5EGG>W 744F=>EFV g 

50% >E=>6=<E =5EGG<E 5?5<5=FV6 $�', 4>EO7=GF<= 

7474?L=<= 7D4=<G=<= EF4=. �4?<L>>6V ?D>7<=< ?V=V= 

F>>>?O 6 5÷10 D47V6 ?5D56<MGNFL 4>?GEF<<V. �<?<-

=4==O EF<E=GF>W 4D<4FGD<, D>7D<6 D>7FO7=GF>W 4D<4-

FGD< 74?V7>55F>==>7> ?5D5>D<FFO ?V464?G. �FD4F4 

EFV=>>EFV 45> =4E<?< V 6<?<=4==O EFV= 6 <564E ?V4-

64?G g g1/3 WE F>6M<=<. �<VM5==O EFV= V DG=44<5=FV6 

?> 7>D<7>=F4?L=<E L64E. �V4D<6 ?>74>66=VE EFV= 

?V464?G 6V4 ?>?5D5G=<E 6 <VEFOE WE ?5D5F<=4==O, 

D>7D<6 <5F4?56<E 79T4=4=L V 4=>5DV6 >DV??5==O EFV= 

4> ?5D5>D<FFO ?V464?G. &DVM<=< 6 >?44FV ?V4 >?>D4-

<< 54?>> 45> ?5D5<<G>>, 7<VM5==O DO4V6 >?44>< ?> 

7>D<7>=F4?L=<E L64E =4 7?<5<=G g 20 <<. $G==G-

64==O V 6<6VFDN64==O >?44>< F>>>?O =4 7?<5<=G 

5V?LL5 50% F>6M<=< EFV=<. �D>7D5EGNGV =4E>DV7=V 

FDVM<=< =4 6<E>FG 5G4V6?V. �5DV6=><VD=5 >EV44==O 

DG=44<5=FV6. �5D5>>E< ?D>T<V6. �EG6 ??<F F4 54?>>. 

$G==G64==O >>=EFDG>FV=, M> 6<7=4G4NFL EFV=>VEFL 

5G4V6?V. �5D>D<4FVW 464DV==>7> E4D4>F5DG. �D>7D5-

EGNGV 45D>D<4FVW �DG=F>6>W >E=>6<. %FG?V=L 75>F5E-

=VG=>W =44V==>EFV �DG=F>6>W >E=>6< FD5FV=, G<>6< 

5>E??G4F4FVW V 5G4V6=<FF64 646>V. ��% �DG=F>6>W 

>E=>6< >?4E<DV>GTFLEO, O> 7D4=<G=<=.  

�V?LL5 40 

&45?. 4.2 T D57G?LF4F>< =4G>>6>-4>E?V4=<E D>5VF 7 GD4EG64==O< F4 6 

D>76<F>> ?>?>65=L [436; 9; 11323] 
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4.2.2. �5EF565==O F4 >FV=>4 F5E=VG=>7> EF4=G            
<5F4?56<E >>=EFDG>FV= <VEL><E 5G4V65?L 

 
�D< >5EF565==V <5F4?56<E >>=EFDG>FV= E?V4 765D-

F4F< G647G =4 =4O6=VEFL D4>F>DV6, O>V 7<5=LGNFL WE =5-
EGGG 744F=VEFL, 4 E4<5:  

ï �<5=L5==O ??>MV ?>?5D5G=>7> EVG5==O 5?5<5=FV6 
6=4E?V4>> >>D>7VW. $>7DV7=ONFL FD< 6<4< >>D>7VW: ?>65DE-
=56G, =4E>DV7=G V MV?<==G (4<6. D<E. 4.6). �>65DE=564 >>-
D>7VO =4=<5=L5 =5557?5G=4, F4> O> D>7<VMGTFLEO FV?L>< 
=4 ?>65DE=V <5F4?G V WW ?57>> <>6=4 6<O6<F< ?> >>?L>DG 
?>65DE=V. �D< =4E>DV7=V= >>D>7VW GF6>DNTFLEO <VEF565 
>5<565=5, 4?5 ?D>7D5EGNG5 DG==G64==O G 6<7?O4V >F6>-
DV6 45> D4>>6<= FVTW G< V=L>W D>D<<. �>=> =5557?5G=5, 
F4> O>, ?>-?5DL5, =576464NG< =4 <4?<= 4V4<5FD, 7=4G=> 
7<5=LGT D>5>G5 EVG5==O 5?5<5=FG V 6<>?<>4T >>=F5=F-
D4FVN =4?DG65=L, ?>-4DG75, =>7> FDG4=> 6<O6<F<. �<6-
=O <564 6V4=>E=>W 6>?>7>EFV, ?D< O>V= ?>G<=4T ?>O6?OF<-
EO VD64, E>?444T 65%. �D< 6>?>7>EFV 80% V 6<M5 6>=4 D>7-
6<64TFLEO V=F5=E<6=> V G4EF> 7 ?>65DE=56>W >>D>7VW ?5D5F-
6>DNTFLEO 6 =4E>DV7=G, F4><< G<=><, ?>6=VEFN DG==GT 
>>=EFDG>FVN.     

ï �5D5>F< 6 <5F4?56<E >>=EFDG>FVOE <>6GFL 6<-
=<>4F< =5 FV?L>< 6=4E?V4>> >>D>7VW, 4?5 V 6 D57G?LF4FV 
6?4LFG64==O =5?D>5>F=<E >F6>DV6, D>7L4DG64==O 6=4-
E?V4>> 74EF>EG64==O =5O>VE=>7> <5F4?G, G5D57 6V4EGF=VEFL 
O>VE=>7> GFD<<4==O 6 ?5DV>4 5>E??G4F4FVW. 

ï �>L>>465==O <5F4?56<E >>=EFDG>FV= G 6<7?O4V 
6<>D<6?5==O D>D<< >>=EFDG>F<6=<E 5?5<5=FV6 674>66 
>E5=, E>DGGG64==O, ?>7=GF>EFV >D><>> <>6GFL 6<=<>4F< 
6=4E?V4>> ?5D5=4?DG65==O 6 =<E 6 D57G?LF4FV ?><<?>>-
6<E >>=EFDG>F<6=<E DVL5=L, EF4F<G=<E V 4<=4<VG=<E D>-
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7D4EG=>V6, =54>6D4EG64==O E=V7>6<E, 6VFD>6<E F4 V=L<E 
=464=F465=L (D<E. 4.734.10). 

ï �>6GFL <4F< <VEF5 F5E=>?>7VG=V ?>DGL5==O ?D< 
746>4EL>><G 6<7>F>6?5==V >>=EFDG>FV=. &GF ?5DL>DO4=G 
D>?L 6V4V7D4T O>VEFL 764D><, GEF4=>6>4 74>?5?>> V 5>?FV6. 
�64D=V L6< <>6GFL 5GF< 6<>>=4=V 7 6V4E<?5==O<< 6V4 
G<==<E F5E=VG=<E G<>6 V ?D46<?, 5?5>FD>44<< =5?D>5>-
F=<E <4D>>, 6 =4??46?5=><G <5F4?V <>6GFL E?>EF5DV74-
F<EO ?>D<, L?4>>6V 6>?NG5==O. �<7L>4 O>VEFL 764D>< 
>5G<>6?NTFLEO 6<>>=4==O< WW ?D< =<7L><E 6V49T<-=<E 
F5<?5D4FGD4E. �7>4>< 6 F4><E L64E GF6>DNNFLEO FDVM<-
=<, O>V G4EF> >EF4NFLEO =5?><VG5=<<< V, 6 D57G?LF4FV, 
?D<6>4OFL 4> >E?45?5==O >>=EFDG>FV= V =46VFL 4> WE >5-
DGL5==O. �5D56VD>G O>>EFV 764D>< <5F4?56<E >>=EFDG>-
FV= 74V=E=NNFL =5DG==V6=<<< <5F>44<<, 4> O><E 6V4=>-
EOFLEO <47=VF=<= >>=FD>?L, >>=FD>?L G5D57 ?D>E>GG64=-
=O< D4D5>N ?>65DE=56>7> L4DG, D5=F75=>7D4<4, G?LF-
D476G>>64 45D5>F>E>>?VO, F>M>. 

ï �> =54>?V>V6 <>=F46G <5F4?>>>=EFDG>FV= 6V4=>-
EOFLEO 6<>D<6?5==O V 7V7=GFVEFL >>D5<<E EF5D6=V6-EFV=>>, 
D>7>>EV6, 769O7>V6, ?D>?GE>4==O 5>?FV6 G <>=F46=<E 
79T4=4==OE V (45>) E?45>4 WE 74FO6>4. 

ï �D< ?5D5<VM5==OE <5F4?56<E D5D< 7 7>D<7>=F4-
?L=>7> ?>?>65==O G 65DF<>4?L=5 6 =<E 6<=<>4NFL 4>44-
F>>6V 7GE<??O, =4 O>V 6>=< <>6GFL 5GF< =5 D>7D4E>64=V V 
F>4V 6>=< 45D>D<GNFLEO. �4?D<>?44, =4 EFV=>VEFL <5F4-
?56<E D5D< 557?>E5D54=L> 6??<64T ?>DO4>> V G5D7>6VEFL 
G>?44>< 74?V7>55F>==<E ??<F ?>>D<FFO. �474?ó< <5F4?5-
6<< =5EGG<< >>=EFDG>FVO< 747D>6GT 6FD4F4 EFV=>>EFV G4-
EFVL5 =V6, =4?D<>?44, 74?V7>55F>==<<. 

ï �4 5>E??G4F4FV==G =44V==VEFL <5F4?56<E >>=E-
FDG>FV= 6??<64T F4>>6 EF4= 4>F<G=<E >>=EFDG>FV= 3 
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EFV=, ?5D5>D<FFV6, 54?>>, ?5D5<<G>> F>M>. � <VEFOE, 45 
4>67<= G4E ?>L>>465=V >4<9O=V, 74?V7>55F>==V G< 45-
D569O=V >>=EFDG>FVW 4>F<>4NFLEO 4> <5F4?56<E, >EF4==V 6 
G4EF> 6<O6?ONFLEO ?>L>>465=<<< >>D>7VTN, =46VFL 7V 
7=4G=>N 6FD4F>N EVG5==O V >E?45?5==O< <5F4?G. 

ï � 75VD=><G 74?V7>55F>==><G 5G4V6=<FF6V G 65?<-
>V= >V?L>>EFV 74EF>E>6GNFLEO <5F4?56V 74>?44=V 45F4?V, 
79T4=4=V <V6 E>5>N L?OE>< ?D<64D>< 4> =<E =4>?44>> 7 
>GF=<>V6, ??4EF<=, ?DGF>V6 7 ?>44?LL<< WE 74D>5?5==O< 
D>7G<=>< G< 55F>=><. �D<E>64=V 45D5>F< 6 =<E 74664< 
T =4==5557?5G=VL<<< 4?O <VF=>EFV >>=EFDG>FV=. 

�D< 6<O6?5==V F4><E 45D5>FV6, O> 7474?L=<= V <VE-
F56<= 77<= <5F4?56>7> 5?5<5=FG, <VEF565 >E?45?5==O EV-
G5==O, >>D>7VO <5F4?G, =5>5EV4=> 6<>>=4F< D>7D4EG=>< 
=4 <VF=VEFL 7 GD4EG64==O< 6<O6?5=<E 45D5>FV6 4?O 6<-
7=4G5==O EF4=G 5?5<5=FG. �5F>4<>4 F4><E D>7D4EG=>V6 
=46545=4 6 G<==<E =>D<4F<6=<E F4 V=EFDG>F<6=<E <4F5-
DV4?4E EF>E>6=> <5F4?56<E >>=EFDG>FV=.  

�4=4>, 6 DO4V 6<?44>V6 V 557 6<>>=4==O ?5D56VD>G-
=<E D>7D4EG=>V6 <>6=4 7D>5<F< 6<E=>6>> ?D> =4O6=VEFL 
464DV==>7> EF4=G <5F4?56<E >>=EFDG>FV=. �4O6=VEFL 
FDVM<= 6 764D=<E L64E, 6 7>=V 5V?O L64, ?>?5D5G=<E 
FDVM<= 6 D>7FO7=GF<E 5?5<5=F4E, 4 F4>>6 FDVM<=, O>V 
=4GFL 6V4 74>?5?>G=<E >F6>DV6, T =574?5D5G=>N >7=4>>N 
464DV==>7> EF4=G >>=EFDG>FV=. 

'4EF> ?D<G<=>N 464DV= <5F4?56<E >>=EFDG>FV= T 
6FD4F4 <VEF56>W EFV=>>EFV G 6G7?4E 79T4=4==O. �4  
D<E. 4.10, 4 =46545=V EE5<< GF6>D5==O <VEF56>7> 6<?<-
=4==O EFV=>< 764D=>7> 46>F46D4 6 79T4=4==V EFV=>< D4<< 
7 D<75?5<. � <VEFOE ?5D5?><G ?>OE4 764D=>7> 46>F46D4 
G5D57 >>=F5=FD4FVN =4?DG65=L 6 F>=>V= EFV=FV 6V45G64-
?4EO <VEF564 6FD4F4 EFV=>>EFV EFV=><, O>4 ?D<65?4 4> >5-
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DGL5==O D4< E>?44EL>>W 5G4V6?V. �=4?>7VG=5 O6<M5 6V4-
5G?>EO V 6 <5F4?56<E D4<4E E?>DF<6=>W 5G4V6?V 
(D<E. 4.10, 5).  &<E 464DV= =5 6V45G?>EO 5, O>5< 6 <VEFOE 
?5D5?><G ?>OEG 5G?< GEF4=>6?5=V D55D4 6>DEF>>EFV. 

�6V4E< <>6=4 7D>5<F< 6<E=>6>>, M> 5G4L-O>4 <VEF5-
64 45D>D<4FVO G 6G7?4E 79T4=4==O <5F4?56<E 5?5<5=FV6 T 
>7=4>>N 464DV==>7> EF4=G >>=EFDG>FVW. �5DGL5==O <5-
F4?56<E >>=EFDG>FV= ?V4 =464=F465==O< 6V45G64NFLEO 
??4EF<G=> 7 ?>?5D5465==O< ?D> WE DG==G64==O 65?<><-
<< ?D>7<=4<<. �<FFT65 >5DGL5==O >>=EFDG>FV= 6V45G-
64TFLEO ?D< 6FD4FV EFV=>>EFV 5?5<5=FV6 45> 6V4 >D<E>>7> 
DG==G64==O <4F5DV4?G. 

�4?56=> 6V4 =4O6=<E 45D5>FV6 V ?>L>>465=L F5E-
=VG=<= EF4= <5F4?56<E >>=EFDG>FV= 5G4V65?L <>65 5GF< 
>64?VDV>>64=<= 77V4=> 7474?L=<< >7=4>4<, =46545=<< 6 
F45?<FV 4.3. 

           

                  

$<E. 4.6. �>D>7VO <5F4?56<E 5?5<5=FV6:  

4 3 ?>65DE=564; 5 3 <VEF564 (=4E>DV7=4); 6 3 MV?<==4 

� � � 
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$<E. 4.7. �64DV==5 ?>L>>465==O <5F4?56<E 5?5<5=FV6:  

4 3 D>7FO7=GF>7>; 5 3 7V7=GF>7>; 1 3 =4E>DV7=4 FDVM<=4 (D>7D<6);  

2 3 L<=>4; 3 3 <VEF564 6FD4F4 EFV=>>EFV 5?5<5=FG 

 

 

 
 

 

$<E. 4.8. �64DV==4 6FD4F4 EFV=>>EFV <5F4?56<E 5?5<5=FV6:  

4 3 7V7=GF>7>; 5, 6 3 EF<E=GF>7>; 1 3 7474?L=4 6FD4F4 EFV=>>EFV  

>>=EFDG>FVW; 2 3 <VEF564 6FD4F4 EFV=>>EFV 5?5<5=FG 

1 

� � 

2 
1 

3 

� � � 

1 

2 

1

2 
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$<E. 4.9. �64DV==4 7474-

?L=4 6FD4F4 EFV=>>-EFV 

<5F4?56>7> D575D6G4DG: 

1 3 4> 464DVW; 2 3 ?VE?O 

464DVW; 3 3 7474?L=4 

6FD4F4 EFV=>>EFV >>=-

EFDG>FVW; 4 3 <VEF564 

6FD4F4 EFV=>>EFV 5?5-

<5=FG 

 

 

 

 
$<E. 5.9. %E5<4 6G7?V6 ?D<<<>4==O 5?5<5=FV6 <5F4?56<E >>=EFDG>FV=, O>V 

?D<765?< 4> 464DVW:  

4 3 D<75?O V >>?>=< E>?44EL>>W 5G4V6?V; 5 3 D<75?O V >>?>=< E?>DF<6=>W  

5G4V6?V; 1 3 7>E5D5465=V 7GE<??O, M> 4VNFL =4 EFV=>G 5?5<5=FV6  

46>F46D>6>7> EVG5==O; 2 3 ?D>5>F=V D55D4 6>DEF>>EFV; 3 3 D55D4  

6>DEF>>EFV, M> 74557?5GGNFL <VEF56G EFV=>VEFL EFV=>> 5?5<5=FV6 

3 

2 

4 

1 

� � 23 

3 

1 

1 

1 

1 

2 

3

3 
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&45?<FO 4.3  
�?4E<DV>4FVO ?>L>>465=L V 45D5>FV6 <5F4?56<E  

>>=EFDG>FV= <VEL><E 5G4V65?L 

&5E=VG=<= 

EF4= (EFG?V=L 

?>L>>465=-

=O) 

�474?L=4 E4D4>F5D<EF<>4 EF4=G, >E=>6=V   

45D5>F< V ?>L>>465==O 

�<5=L5-

==O 

=5EGG>W 

744F=>E-

FV, % 

1 2 3 

�  

�>D<4?L=<=  

(4G65  

=57=4G=<=) 

�V4EGF=V >7=4>< 7=>LG64==O >>=EFDG>FV= V ?>L-

>>465==O 74E<E=<E ?>>D<FFV6. �>=EFDG>FVW 6 

>E=>6=><G E?D46=V, <>D4?L=5 7=>LG64==O =5 

?D>O6?OTFLEO. �5D5>F< V ?>L>>465==O 6V4EGF=V. 

�4F5DV4? >>=EFDG>FV= V G<>6< 5>E??G4F4FVW 6V4-

?>6V44NFL 6<<>74< ?D>5>FG V 4VNG<E =>D<. 

0÷5 

��  

�44>6V?L=<= 

(=57=4G=<= 

45> E5D54=V=)  

�VEFO<< 7DG==>64=5 4=F<>>D>7V==5 ?>>D<FFO. 

�4 >>D5<<E 4V?O=>4E ?D>O6?OTFLEO >>D>7VO ??O-

<4<< 7 GD465==O< 4> 5% ?>?5D5G=>7> EVG5==O, 

<VEF56V ?>7=GF>EFV 6V4 G44DV6, V=LV <5E4=VG=V 

?>L>>465==O, O>V ?>E?45?NNFL EVG5==O 4> 5%. 

�>=EFDG>FVW 7=4E>4OFLEO G ?D4F5744F=><G EF4=V. 

�>D4?L=5 7=>LG64==O =5 ?D>O6?OTFLEO. �>D4D-

5G64==O, V=L<= 4=F<>>D>7V==<= 74E<EF G4EF>>6> 

45> ?>6=VEFN 7DG==>64=<= >>D>7VW. � >>D5<V ?>-

E?45?5==O 764D=<E, 5>?F>6<E 45> 74>?5?>G=<E 

79T4=4=L.  �474?L=V F4 <VEF56V ?D>7<=< 4> 1/150 

?D>?L>FG.  

6÷15 

���  

�5744>6V?L-

=<=  

(7=4G=<=) 

�D>7<=< 77<=4?L=<E 5?5<5=FV6 5V?LLV 74 1/150 

?D>?L>FG. �?4EF<=G4F4 VD64 7V 7<5=L5==O< 

??>MV ?>?5D5G=>7> EVG5==O =5EGG<E 5?5<5=FV6 

4> 15%. �VEF56V ?>7=GF>EFV, V=LV <5E4=VG=V ?>-

L>>465==O, O>V ?>E?45?NNFL EVG5==O 4> 15%. 

�>7=GFVEFL 6G7?>6<E D4E>=>> D5D<. �>=EFDG>FVW 

7=4E>4OFLEO 6 ?D4F5744F=><G V >5<565=> ?D4F5-

744F=><G EF4=V, T 5?5<5=F<, O>V 7=4E>4OFLEO 6 

=5?D4F5744F=><G EF4=V. �> 20% >>=EFDG>FV= 

<4NFL 7=4G=5 ?>L>>465==O >>D>7VTN 45> <5E4-

=VG=V ?>L>>465==O >4F57>DVW «�». � ?>L>>-

465==O 5?5<5=FV6 V 79T4=4=L, O>V 6<<474NFL 6V4-

=>6?5==O. 

16÷40 
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?D>4>665==O F45?. 4.3 

1 2 3 

�V  

�5D54464-

DV==<= 

(<4=65  

?>6=<=) 

�D>7<=< 77<=4?L=<E 5?5<5=FV6 5V?LL5 1/75 

?D>?L>FG. �FD4F4 <VEF56>W EFV=>>EFV >>=EFDG>-

FV= (6<?<=4==O EFV=>> V ?>OEV6 54?>> V >>?>=). 

�DV74==O >>D5<<E 5>?FV6 G< 74>?5?>> 6 5474F>-

5>?F>6<E 79T4=4==OE. �>D>7VO 7V 7<5=L5==O< 

D>7D4EG=>>6>7> EVG5==O =5EGG<E 5?5<5=FV6 4> 

25% V 5V?LL5. &DVM<=< 6 764D=<E L64E 45> 6 

7>=4E 5V?O L6V6. �5E4=VG=V ?>L>>465==O, O>V 

?D<6>4OFL 4> ?>E?45?5==O EVG5==O 4> 25%. 

�V4E<?5==O D5D< 6V4 65DF<>4?L=>W ??>M<=< 

5V?LL5 15 <<. $>7?44 6G7?>6<E 79T4=4=L 6V4 

?D>65DF4==O 5>?FV6 G< 74>?5?>>. &DVM<=< 6 

>E=>6=><G <4F5DV4?V 5?5<5=FV6. $>7?44 EF<>V6 V 

674T<=5 7<VM5==O >?>D. �D4F5744F=VEFL 6FD4-

G5=4, 4?5 7474?L=>7> 7D4=<G=>7> EF4=G =5 4>EO-

7=GF>. �=4G=4 G4EF<=4 >>=EFDG>FV= (5V?LL5 

30%) <4T 45D5>F< V ?>L>>465==O, 6 F><G G<E-

?V V >4F57>DVW «�». � 7=4G=V 45D>D<4FVW EF<E=G-

F<E 5?5<5=FV6 =4E>DV7=<E >>=EFDG>FV=. �4NFL 

<VEF5 FDVM<=< 6V4 6F><?5=>EFV V >D<E>>EFV 6 

>E=>6=<E 5?5<5=F4E. � >7=4>< ?5D564=F465==O 

>>=EFDG>FV=.  

41 ÷ 75 

V 

�64DV==<= 

(?>6=<=) 

�D4F5744F=VEFL ?>6=VEFN 6FD4G5=4, T 747D>74 

>5DGL5==O. �<EV4 7 ?44G 5474FL>E >E=>6=<E 

5?5<5=FV6, >5D<6< >DV??5=L, 7=4G=V 74?<L>>6V 

45D>D<4FVW. 

�V?LL5 

75 

�D<<VF>< 4> F45?. 4.3: &45?. 4.3 T D57G?LF4F>< =4G>>6>-4>E?V4=<E 
D>5VF 7 GD4EG64==O< F4 6 D>76<F>> ?>?>65=L [6; 24329]. �5D5>F< V 
?>L>>465==O >4F57>DVW «�»: 6<DV7 6 5?5<5=FV >>=EFDG>FVW, 6V4EGF-
=VEFL, D>7D<6 45> 7?4< 5?5<5=FG, FDVM<=4 6 >E=>6=><G <5F4?V 5?5-
<5=FG >>=EFDG>FVW, 6 FV?V D4E>=>< EF5D6=L>6>W >>=EFDG>FVW, 6 EFV=FV 
54?>< ?V4 D55D>< 6>DEF>>EFV, D>7L4DG64==O <5F4?G, ?>74>66=O 45> 
?>?5D5G=4 FDVM<=4 G 764D=><G L6V, 6V4EGF=VEFL G< 7DV7 764D=>7> 
L64, 6<7<= >>D5<>7> 5?5<5=FG 7 ??>M<=< 45> 6 ??>M<=V >>=EFDG>-
FVW, ?>7=GFVEFL 6G7?>6>W D4E>=><, 6V4D<64==O 7>?>6>< 74>?5?>< 45> 
5>?F4, 6V4EGF=VEFL ?D>5>F=>7> =4FO7G64==O 6<E>>><VF=<E 5>?FV6, 
7DV7 74>?5?>< 45> 5>?F4, =56V4?>6V4=VEFL ?D>5>FG <4D>< EF4?V, ?5D5-
DV7V6 5?5<5=FV6, 6<4V6 79T4=4=L. 
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4.2.3. �5EF565==O F4 >FV=>4 F5E=VG=>7> EF4=G           
74?V7>55F>==<E V 55F>==<E >>=EFDG>FV= <VEL><E  
5G4V65?L 

 
� ?D>F5EV >5EF565==O 74?V7>55F>==<E >>=EFDG>FV= 

>>=FD>?NTFLEO =4?DG65=>-45D>D<>64=<= EF4= 55F>=G V 
4D<4FGD<. �E>5?<6G G647G E?V4 765DF4F< =4 =4O6=VEFL 
FDVM<= 6 D>7FO7=GFV= V 6V4L4DG64==O 55F>=G 6 EF<E=GFV= 
7>=4E 5?5<5=FV6 >>=EFDG>FV=. �4 E4D4>F5D>< FDVM<= 
?>?5D54=L> 6<7=4G4TFLEO ?D<G<=4 WE ?>O6<. 

�5EF565==O 55F>==<E V 74?V7>55F>==<E >>=EFDG>-
FV= 6>?NG4T F4>>6 6<7=4G5==O <VF=>EFV 55F>=G 557?>E5-
D54=L> 6 >>=EFDG>FVW, 6<7=4G5==O F>6M<=< 74E<E=>7> 
L4DG 55F>=G F4 D>7F4LG64==O 4D<4FGD< <47=VF=<< <5-
F>4>< 45> ?DO<<<< 6<<VDN64==O<< G 6<DV74=V= LFD45V.  

�V4?>6V4=> 7 ?>?>65==O<< =>D< ?D>5>FG64==O 74-
?V7>55F>==<E >>=EFDG>FV= 7D4=<G=<= EF4= 74 <VF=VEFN 
=4EFG?4T 6 EVG5==V EF<E=GF<E, EF<E=GF> 7V7=GF<E V 77<=4-
?L=<E 74?V7>55F>==<E 5?5<5=FV6 F>4V, >>?< 45D>D<4FVW 6 
=4=5V?LL EF<E=GF<E 6>?>>=4E 4>EO74NFL 7D4=<G=<E 
7=4G5=L. &5 66464TFLEO DG==G64==O< EVG5==O 5?5<5=FG. 
� ?>6=VEFN D>7FO7=GF<E EVG5==OE 7D4=<G=<= EF4= =4EFG-
?4T F>4V, >>?< =4?DG65==O 6 4D<4FGDV 4>EO74T D>7D4EG=-
>>6<E >?>DV6 4D<4FGD< D>7FO7G64==N.  

� EF4F<G=> 6<7=4G5=<E 77<=4?L=<E, ?>74F5=FD>6> 
EF<E=GF<E V ?>74F5=FD>6> D>7FO7=GF<E 5?5<5=F4E 7 65?<-
><<< 5>EF5=FD<E<F5F4<< 4>EO7=5==O =4?DG65=L 6 D>7-
FO7=GFV= 4D<4FGDV 7=4G5=L D>7D4EG=>>6<E >?>DV6 (DV7<-
G=>W  45> G<>6=>W <56V F5>GG>EFV) =5<<=GG5 ?D<6545 4> 
DG==G64==O EVG5==O 5?5<5=FG ?D< =565?<>><G 75V?L-
L5==V =464=F465==O. 

� EF4F<G=> =56<7=4G5=<E 5?5<5=F4E G FL><G 6<?4-
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4>G 6V45G45FLEO GF6>D5==O ??4EF<G=>7> L4D=VDG, M> 6<-
>?<G5 ?5D5D>7?>4V? 7GE<?L <V6 >?>D=<<< V ?D>?VF=<<< 
EVG5==O<< 5?5<5=FG.  

�6V4E< <>6=4 7D>5<F< 6<E=>6>>, M> ?>O64 F5>GG>EFV 
6 D>7FO7=GFV= 4D<4FGDV EF4F<G=> 6<7=4G5=<E 5?5<5=FV6 T 
464DV==<< EF4=>< (4<6. D<E. 4.11). 

� EF4F<G=> =56<7=4G5=<E >>=EFDG>FVOE  7D4=<G=<= 
EF4= =4EFG?4T F>4V, >>?< ?>G<=4T DG==G64F<EO EF<E=GF4 
7>=4 55F>=G (4<6. D<E. 4.12). �D> 4>EO7=5==O D>7FO7=G-
F>N 4D<4FGD>N <56V F5>GG>EFV <>6=4 EG4<F< ?> L<D<=V 
D>7>D<FFO FDVM<= =4 DV6=V 4D<4FGD<. 

           

 
$<E. 4.11. %E5<4 FDVM<= 6 EF4F<G=> 6<7=4G5=><G 74?V7>55F>==><G 5?5<5=FV:  

1 3 =>D<4?L=4 FDVM<=4, 6 O>V= 4D<4FGD4 4>EO7?4 <56V F5>GG>EFV;  

2 3 ?>E<?4 FDVM<=4; 3 3 ?>74>66=O FDVM<=4 6 EF<E=GFV= 7>=V 5?5<5=FG 
 
 

 

 
$<E. 4.12. %E5<4 FDVM<= 6 D>7FO7=GFV= V EF<E=GFV= 7>=4E EF4F<G=>  

=56<7=4G5=>7> 74?V7>55F>==>7> 5?5<5=FG: 1 3 =>D<4?L=V FDVM<=<;  

2 3 ?>E<?V FDVM<=<; 3 3 ?>74>66=V FDVM<=< 6 EF<E=GFV= 7>=V 5?5<5=FG 

1 2 

3 2 

1 1 1 

2 2 1 3 

3 

3 



350 
 

 

/>M> 7=5EFG64F< D>7FO6=VEFN 55F>=G, F> D>7>D<FFO 
FDVM<= 5G45 DV6=5 45E>?NF=><G ?>4>665==N 4D<4FGD< 
=4 4V?O=FV <V6 FDVM<=4<<: 

                          acrc = ·sm × lcrc ,                                  (4.1) 
45 ·sm 3 E5D54=T 7=4G5==O 6V4=>E=>W 45D>D<4FVW 4D<4FG-
D< =4 4V?O=FV <V6 FDVM<=4<< lcrc. 

�V4=>E=V 45D>D<4FVW 4D<4FGD< ?D< 4>EO7=5==V <56V 
F5>GG>EFV ·spl <>6=4 ?D<==OF< 4?O 4D<4FGD<, O>4 <4T DV-
7<G=G <56G F5>GG>EFV: 7V EF4?V >?4EG �-� (�240) = =0,0011; 
7V EF4?V >?4EG �-�� (�300) = 0,0019; 7V EF4?V >?4EG �-��� 
(�400) = 0,0028. 

�?O 4D<4FGD<, O>4 =5 <4T DV7<G=>W <56V F5>GG>EFV, 
6V4=>E=V 45D>D<4FVW ?D< 4>EO7=5==V G<>6=>W <56V F5>G-
G>EFV <>6=4 ?D<==OF< 4?O 4D<4FGD< 7V EF4?V >?4EG �-�V 
(�600) ·spl = 0,0032; >?4EG �-V (�800) ·spl = 0,0037. 

�D< F4>><G ?V4E>4V 4> 6<DVL5==O ?>EF46?5=>W 74-
44GV, D>7>D<FFO FDVM<=, O>V 6V4?>6V44NFL 4>EO7=5==N 
<56V F5>GG>EFV 6 4D<4FGDV, <>6=4 =465EF< G 6<7?O4V =4-
EFG?=>W F45?<FV. 

&45?<FO 4.4  
$>7>D<FFO FDVM<= acrc ?D< 4>EO7=5==V 6 4D<4FGDV  

<56V F5>GG>EFV, << 
  

�?4E< EF4?V 
�V4EF4=L <V6 FDVM<=4<< lcrc , << 

50 100 150 200 250 
1 2 3 4 5 6 

�-� (�240) 0,06 0,10 0,20 0,20 0,30 
�-�� (�300) 0,10 0,20 0,30 0,40 0,50 
�-��� (�400) 0,10 0,20 0,40 0,50 0,60 
�-�V (�600) 0,20 0,30 0,40 0,60 0,70 
�-V (�800) 0,20 0,30 0,50 0,70 0,80 
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&4><< G<=><, M>5 6<7=4G<F<, G< 4>EO7?4 4D<4FGD4 
<56V F5>GG>EFV, FD554 7=4F< =5 FV?L>< L<D<=G D>7>D<FFO 
FDVM<=, 4?5 = 6V4EF4=L <V6 =<<<. %?V4 765D=GF< G647G =4 
F5, M> ?D< <4?<E 6V4EF4=OE <V6 FDVM<=4<< F5>GGVEFL 6 
4D<4FGDV 5G45 E?>EF5DV74F<EL ?D< L<D<=V D>7>D<FFO 
FDVM<= 7=4G=> <5=LV=, =V6 ?5D5454G5=> G<==<<< =>D-
<4<< 7 G<>6< 755D565==O 4D<4FGD< 6V4 >>D>7VW. 

-> EF>EGTFLEO ?<F4==O ?D> 4>EO7=5==O <56V F5>G-
G>EFV 6 ?>?5D5G=V= 4D<4FGDV, 6D4E>6GNG<, M> ?>E<?V 
FDVM<=< D>7<VMGNFLEO ?V4 >GF>< 45° 4> >EV 5?5<5=FG, 
7=4G5==O D>7>D<FFO FDVM<= 6 F45?<FV 4.4 E?V4 ?><=>6<-
F< =4 >>5DVFVT=F 0,7. �4 6V4EF4=L <V6 FDVM<=4<< 6 FL><G 
6<?44>G E?V4 ?D<=<4F< 6V4EF4=L ?> ?5D?5=4<>G?ODG 4> 
>EV 5?5<5=FG <V6 46><4 EGEV4=V<< FDVM<=4<< 45> (O>M> 
FDVM<=4 >4=4) 4>66<=G ?>?5D5G=>7> EF5D6=O. 

�D> 4>EO7=5==O 7D4=<G=<E 45D>D<4FV= G EF<E=G-
FV= 7>=V 55F>=G EG4OFL ?> ?>O6V FDVM<=, ?4D4?5?L=<E 4> 
>EV 5?5<5=FG (4<6. D<E. 4.11 V 4.12) V 6V4L4DG64==N 6 FV= 
7>=V ?5M44>>. 

/>M> ?>E<?4 FDVM<=4 5V?O 6V?L=>W >?>D< 5?5<5=FG 
6<E>4<FL =4 D>7FO7=GFG 7D4=L V D>7>D<FFO FDVM<=< acrc 
?5D56<M<?> 0,50 <<, F> F5 E6V4G<FL ?D> F5, M> 6V45G?>EL 
?D>E<<>G64==O 4D<4FGD< =4 >?>DV. />M> >4=>G4E=> ?>-
O6<?<EL ?>74>66=V FDVM<=< 6 55F>=V =44 >V=F5< ?>E<?>W 
FDVM<=<, F> =4EFG?<6 464DV==<= EF4= >>=EFDG>FVW G 
769O7>G 7 WW DG==G64==O< ?> ?>E<?><G EVG5==N (4<6.  
D<E. 4.13). 

&DVM<=< 6 55F>=V 674>66 ?>74>66=L>W D>7FO7=GF>W 
4D<4FGD< <>6GFL GF6>DN64F<EL 7 =4EFG?=<E ?D<G<=: 

- >>D>7VO 4D<4FGD<, O>4 EG?D>6>46GTFLEO 75V?LL5=-
=O< WW 4V4<5FD4; 

- 6<DV6=N64==O 4D<4FGD=<E EF5D6=V6, O>V ?>G4F>>-
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6G 5G?< 7V7=GFV; 
- ?D>E<<>G64==O 4D<4FGD< =4 6V?L=V= >?>DV. 

 

 

$<E. 4.13. %E5<4 DG==G64==O 74?V-

7>55F>==>7> 5?5<5=FG ?> ?>E<?>-

<G EVG5==N G5D57 ?D>E<<>G64==O 

4D<4FGD< =4 6V?L=V= >?>DV:  

1 3 ?>74>66=V FDV-M<=< 6 EF<E-

=GFV= 7>=V 5?5<5=FG; 2 3 ?>E<?4 

FDVM<=4; 3 3 ?>74>66=O D>7FO7-

=GF4 4D<4FGD4; 4 3 ?>?5D5G=4 

D<4FGD4 

' 6EVE FDL>E 6<?44>4E ?>DGLGTFLEO 7G5??5==O 4D-
<4FGD< 7 55F>=><, M> 75V?LLGT 45D>D<4F<6=VEFL 5?5<5-
=FG V 7<5=LGT =>7> =5EGGG 744F=VEFL. �D> 464DV==<= EF4= 
5?5<5=FG <>6=4 7>6>D<F< 6 F><G 6<?44>G, O>M> ?D< 
FL><G D>7>D<FFO =>D<4?L=<E V ?>E<?<E FDVM<= ?5D5-
6<MGT =46545=V 6 F45?<FV 4.4 V T ?>74>66=V FDVM<=< 7 
GF6>D5==O< ?5M44>> G EF<E=GFV= 7>=V 55F>=G. 

�D< >>D>7VW =44<VF=>W 4D<4FGD< 6 ?>?5D54=L> =4-
?DG65=<E 74?V7>55F>==<E >>=EFDG>FVOE ?>O6?OTFLEO =5-
557?5>4 D4?F>6>7> EDG<>>7> DG==G64==O >>=EFDG>FVW 
G5D57 >5D<6 4D<4FGD<. &><G =4O6=VEFL >>D>7VW =44<VF=>W 
4D<4FGD< T >7=4>>N 464DV==>7> EF4=G >>=EFDG>FVW.  

�>74>66=V FDVM<=< 674>66 EF<E=GF>W 4D<4FGD< E6V-
4G4FL ?D> F5, M> 45> 6V45G?4EL >>D>7VO 4D<4FGD<, 45> WW 
EF5D6=V ?>G4?< 6FD4G4F< EFV=>VEFL G5D57 65?<>G 6V4EF4=L 
<V6 ?>?5D5G=>N 4D<4FGD>N (4<6. D<E. 4.14).  

� >5>E 6<?44>4E 6V45G64TFLEO 7<5=L5==O =5EGG>W 
744F=>EFV 5?5<5=FG =5 FV?L>< 74 D4EG=>> 7<5=L5==O 7G-
E<?L, O>V E?D<=<4NFLEO EF<E=GF>N 4D<4FGD>N, 4?5 = 74 
D4EG=>> 7<5=L5==O EF<E=GF>W 7>=< 55F>=G. &4><= EF4= T 
464DV==<<. 

1 

2 

3 

4 



353 
 

 

�4O6=VEFL FDVM<= 6 >>=E>?V >>?>=<, O> ?D46<?>, T 
>7=4>>N 65?<>>7> ?5D5=464=F465==O >>=E>?V V 747D>6GT 
>5DGL5==O< >>=EFDG>FVW, M> >5?<D4TFLEO =4 =5W.  

 

 

 
$<E. 4.14. %E5<4 DG==G64==O 74?V7>-

55F>==>7> 5?5<5=FG 6 EF<E=GFV= 7>=V 

55F>=G ?D< 6FD4FV EFV=>>EFV EF5D6-

=O<< EF<E=GF>W 4D<4FGD<:  

1 3 ?>74>66=O EF<E=GF4 4D<4FGD4; 

2 3 ?>74>66=O D>7FO7=GF4 4D<4FG-

D4; 3 3 ?>?5D5G=4 4D<4FGD4 

 

&><G >>?>=4 7 FDVM<=4<< 6 >>=E>?OE T >4=>7=4G=> 
464DV==>N. �V4E<?5==O >>?>=< 6V4 65DF<>4?V, 4>?GM5=5 
6 ?D>F5EV <>=F46G, =5 74664< E?G6<FL ?>>47=<>>< WW =5-
744>6V?L=>W D>5>F<. �D< =44V==><G 769O7>G >>?>=< 7 ?5-
D5>D<FFO<< V O>VE=<< WE ><>=>?VGG64==O 45D>D<4FVO 6 
7>D<7>=F4?L=><G =4?DO<>G <>6?<64 FV?L>< ?D< 45D>D-
<4FVW 6EL>7> F5<?5D4FGD=>->E44>G=>7> 5?>>G (E5>FVW) 5G-
4V6?V. 

/>M> 6V4E<?5==O >>?>=< 6V4 65DF<>4?V EF4?>EO 6 
?D>F5EV 5>E??G4F4FVW 5G4V6?V V EG?D>6>46GTFLEO =5DV6=>-
<VD=<< >EV44==O< DG=44<5=FV6, F> F5 <>65 E6V4G<F< 
?D> =45?<65==O 464DVW 5G4V6?V 6 FV?Ï<G V 6<<474T F5D<V-
=>6>W >FV=>< EF4=G 6EVE ?D<<<>4NG<E 4> 45D>D<>64=>W 
>>?>=< >>=EFDG>FV=. 

� ?D>F5EV 5>E??G4F4FVW 5G4V6?V 74?V7>55F>==V >>=E-
FDG>FVW <>6GFL >FD<<4F< DV7=><4=VF=V <5E4=VG=V V (45>) 
DV7<>>-EV<VG=V ?>L>>465==O. 

2 

3 

3 

1 
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� D57G?LF4FV <5E4=VG=<E G44DV6 ?> ?>65DE=V >>=E-
FDG>FVW <>6GFL 6<=<>4F< <VEF56V ?>L>>465==O 55F>=G V 
4D<4FGD<. %>>?< 55F>=G =4==5557?5G=VLV 6 EF<E=GFV= 
7>=V 5?5<5=FG. 

�D< =4O6=>EFV >4=>EF>D>==L>7> ?>L>>465==O D>7-
FO7=GF>W 4D<4FGD< DG==G64==O 74?V7>55F>==<E 5?5<5=-
FV6 6V45G64TFLEO 7 D>7D<6>< ?>L>>465=>W 4D<4FGD< ?D< 
6V4=>E=> =565?<><E 45D>D<4FVOE 5?5<5=FV6. �6V4E< E?V-
4GT 6<E=>6>>: >4=>EF>D>==T ?>L>>465==O D>7FO7=GF>W 
4D<4FGD< E6V4G<FL ?D> 464DV==<= EF4= 74?V7>55F>==>W 
>>=EFDG>FVW. 

�5DV4>> 6 F5E=VG=V= ?VF5D4FGDV  ?D>?>=GTFLEO 6V4-
=>E=<= ?D>7<= 76<G4==<E 77<=4?L=<E 74?V7>55F>==<E 
5?5<5=FV6, 5V?LL<= 74 1/150 ?D>?L>FG, 66464F< >7=4>>N 
464DV==>7> EF4=G >>=EFDG>FVW. � V=L<E 465D5?4E 464DV=-
=<= EF4= >>=EFDG>FVW ?D>?>=GTFLEO 66464F< ?D< 6V4=>E-
=><G ?D>7<=V, 5V?LL><G 45> DV6=><G 1/150. 

�4=4> E4< ?> E>5V ?D>7<= 74?V7>55F>==<E 5?5<5=FV6 
E6V4G<FL ?<L5 ?D> WE <4?G 77<=4?L=G 6>DEF>VEFL. &><G 
?D> 5?<7L>VEFL 4> 464DV==>7> EF4=G 77<=4?L=<E 74?V7>55-
F>==<E 5?5<5=FV6 <>6=4 EG4<F< ?> 7=4G5==OE 6V4=>E=>-
7> ?D>7<=G, O><= 6V4?>6V44T 4>EO7=5==N 7D4=<G=>7> 
EF4=G 74 <VF=VEFN. 

�4E?D464V 4>EO7=5==O 7D4=<G=>7> EF4=G ?5DL>W 
7DG?< 6 =>D<4?L=><G EVG5==V <>65 6V45G64F<EO ?D< 7=4-
G5==OE 6V4=>E=<E ?D>7<=V6, O>V 7=4G=> 6V4DV7=ONFLEO 6V4 
1/150 O> 6 >4=G, F4> V 6 4DG7G EF>D>=<.   

/>M> FDVM<=< 6 D>7FO7=GFV= 7>=V 5?5<5=FG D>7>D<-
FV =5 5V?LL5, =V6 =46545=V 6 F45?<FV 4.4 V 6V4EGF=V >7=4>< 
DG==G64==O EF<E=GF>W 7>=<, F> E?V4 66464F< EF4= >>=E-
FDG>FVW ?5D54464DV==<<. 
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�D< D>7>D<FFV FDVM<= 6 D>7FO7=GFV= 7>=V 5V?LL5 
=46545=<E 6 F45?<FV 4.4 V =4O6=>EFV >7=4> ?>G4F>G DG=-
=G64==O EF<E=GF>W 7>=< 55F>=G EF4= >>=EFDG>FVW E?V4 
66464F< 464DV==<<. 

' 5474FL>E 6<?44>4E, >>?< =5<4 6<4<<<E >7=4> ?5-
D564=F465==O 74?V7>55F>==<E >>=EFDG>FV=, 6>=< <>6GFL 
7=4E>4<F<EL 6 ?5D54464DV==><G EF4=V. &5 5G64T F>4V, >>-
?< =5 74557?5GGTFLEO EFV=>VEFL >>=EFDG>FVW. � >7?O4G =4 
F5, ?D< >5EF565==V F4><E >>=EFDG>FV=, >E>5?<6G G647G 
E?V4 765DF4F< =4 ?D>?GE>< 45> =5O>VE=5 6<>>=4==O 65D-
F<>4?L=<E 769O7>V6, 6V4EGF=VEFL G< =5?D>5>F=5 6<>>=4==O 
764D>< 74>?44=<E 45F4?5= V F4>5 V=L5. � F4><E 6<?44>4E 
=46VFL ?D< =57=4G=><G 75V?LL5==V =464=F465=L <>65 
EF4F<EO >5DGL5==O >>=EFDG>FV=. 

�4?56=> 6V4 =4O6=<E 45D5>FV6 V ?>L>>465=L F5E=V-
G=<= EF4= 74?V7>55F>==<E >>=EFDG>FV= <VEL><E 5G4V65?L 
<>65 5GF< >64?VDV>>64=<= 77V4=> 7474?L=<< >7=4>4<, 
=46545=<< 6 F45?<FV 4.5. 

&45?<FO 4.5  
�?4E<DV>4FVO ?>L>>465=L V 45D5>FV6 74?V7>55F>==<E  V 

55F>==<E  >>=EFDG>FV= <VEL><E 5G4V65?L 
&5E=VG=<= EF4= 

(EFG?V=L 

?>L>>465==O) 

�<5=L5==O 

=5EGG>W 

744F=>EFV, % 

%4D4>F5D=V 6<4< ?>L>>465==O 

1 2 3 

�   

�>D<4?L=<=   

(4G65 

=57=4G=<=) 

�> 10 �V4EGF=VEFL 6<4<<<E ?>L>>465=L. 

�D< >FV=FV <VF=>EFV 55F>=G 7G5<?>< 

>EF4TFLEO =57?<5>><= E?V4 (4<6. 

F45?. 4.6). �D< F5<?5D4FGD=><G 

6??<6V 7<V=4 >>?L>DG 55F>=G =5-

7=4G=4. &5<?5D4FGD=>-GE44>G=V FDV-

M<=< =4 ?>65DE=V 55F>=G 6V4EGF=V. 

'<>6< 5>E??G4F4FVW 6<>>=GNFLEO 

77V4=> 6<<>7 G<==<E =>D<4F<6=<E 

4>>G<5=FV6.  
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?D>4>665==O F45?. 4.5 

1 2 3 

�� 

 �44>6V?L=<=  

(=57=4G=<= 45> 

E5D54=V=) 

�> 20 �57=4G=V ?>L>>465==O, =4 >>D5<<E 

4V?O=>4E T >>D5<V D4>>6<=<, 6<5>W=<, 

6>?>EO=V V F5<?5D4FGD=>-GE44>G=V 

FDVM<=<. �4E<E=<= L4D 55F>=G ?D< 

?D>EFG>G64==V <>?>F>>< 6V4>>?NT-

FLEO FV?L>< ?> >GF4E =4 7?<5<=G 4> 

20 <<. �D< 6<7=4G5==V <VF=>EFV 

55F>=G 7G5<?>< >EF4TFLEO ?><VF=<= 

E?V4 =4 =>7> ?>65DE=V (4<6.  

F45?. 4.6). �D< F5<?5D4FGD=><G 

6??<6V >>?VD 55F>=G <V=OTFLEO 4> 

D>656>7> 6V4FV=>G. �D>7<= EF4F<G=> 

6<7=4G5=>W >>=EFDG>FVW =5 ?5D56<MGT 

4>?GEF<<>7>. �4557?5GGNFLEO 

=>D<4?L=V G<>6< 5>E??G4F4FVW.  
���  

�5744>6V?L=<= 

(7=4G=<=) 

�> 40 �>L>>465==O, 45D5>F< V FDVM<=<, 

O>V E6V4G4FL ?D> 7<5=L5==O =5EGG>W 

744F=>EFV >>=EFDG>FV=. �4 ?>65DE=V 

55F>=G T 7?<5>>V FDVM<=< L<D<=>N 

D>7>D<FFO f 1.0 <<. �4E<E=<= L4D 

55F>=G ?D< ?D>EFG>G64==V <>?>F>>< 

6V4L4D>6GTFLEO =4 7?<5<=G > 30 <<. 

�D< >FV=FV <VF=>EFV 55F>=G 7G5<?> 

?57>> 65<64TFLEO 6 55F>= =4 7?<5<=G 

4> 10 << (4<6. F45?. 4.6). �D< G44DV 

76G> 55F>=G 7?GE<=. �D< F5<?5D4FG-

D=V= 4VW >>?VD 55F>=G <V=OTFLEO 4> 

5V?>7>. �D>7<= EF4F<G=> 6<7=4G5=>W 

>>=EFDG>FVW  ?5D56<MGT 4>?GEF<<<= 

6 2÷4 D47<. �<?<=4==O EF<E=GF>W 

4D<4FGD<. �<VM5==O V ?D>7<=< >>=E-

FDG>FVW. �>DGL5=V 6<<>7< 4VNG<E 

=>D<, 4?5 =5557?5>4 >5DGL5==O 6V4-

EGF=O. �5>5EV4=5 ?V4E<?5==O V 6V4-

=>6?5==O =5EGG>W 744F=>EFV >>=E-

FDG>FVW. 
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?D>4>665==O F45?. 4.5 

1 2 3 

�V  

�5D54-

464DV==<=, 

464DV==<= 

(?>6=<=) 

�>=44 40 

45>  ?>6=4 

6FD4F4 

=5EGG>W 

744F=>EFV 

>>=EFDG>FVW 

�4O6=V ?>L>>465==O E6V4G4FL ?D> 

=5?D<44F=VEFL >>=EFDG>FVW 4> 5>E-

??G4F4FVW, =5557?5>G WW >5DGL5==O V 

?5D55G64==O ?N45= 6 7>=V >5EF56G-

64=>W >>=EFDG>FVW. � FDVM<=< L<D<-

=>N D>7>D<FFO 1÷5 <<, FDVM<=< 45> 

D>74GLG64==O 55F>=G 6 EF<E=GFV= 

7>=V, FDVM<=< 6 >?>D=<E 6G7?4E, M> 

?>DGLGNFL 4=>5DG64==O D>5>G>W 

4D<4FGD<. �4?<L>>6V ?D>7<=< >>=-

EFDG>FVW 6 5÷10 D47V6 ?5D56<MGNFL 

4>?GEF<<V. �D< ?D>EFG>G64==V 55-

F>=G 76G> 7?GE<=, 7G5<?> ?57>> 65<-

64TFLEO 6 55F>= =4 7?<5<=G 4> 20 <<. 

�7>?5==O 4D<4FGD<, 6<?<=4==O EF<E-

=GF>W 4D<4FGD<, D>7D<6 D>7FO7=GF>W 

4D<4FGD<. �FD4F4 EFV=>>EFV F4  6<?<-

=4==O EF<E=GF<E 5?5<5=FV6. �>DG-

L5==O 7G5??5==O 4D<4FGD< 7 55F>-

=><.  

�D< F5<?5D4FGD=><G 6??<6>6V E?>-

EF5DV74NFLEO E?V4< 6>7=56>W 5D>7VW =4 

7?<5<=G 5V?LL5, O> 30 <<. �5>5EV4=V 

=56V4>?44=V 74E>4< 4?O ?>?5D5465-

==O 464DVW (6?4LFG64==O F<<G4E>6<E 

>DV??5=L, D>764=F465==O >>=EFDG>FVW 

F4 V=L5). �5>5EV4=<= >4?VF4?L=<= 

D5<>=F 7 ?V4E<?5==O< G< 74<V=>N 

?>L>>465=<E >>=EFDG>FV= 6 FV?ó<G 

45> >>D5<<E 5?5<5=FV6. 
 

�D<<VF>4. &45?. 4.5 T D57G?LF4F>< =4G>>6>-4>E?V4=<E D>5VF 7 GD4EG64=-

=O< F4 6 D>76<F>> ?>?>65=L G<==<E =>D<4F<6=<E 4>>G<5=FV6 6 >5?4EFV 

74?V7>55F>==<E >>=EFDG>FV= [6; 8; 9; 30336].  
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&45?<FO 4.6  
�DVT=F>6=4 >FV=>4 <VF=>EFV 55F>=G ?D< ?D>EFG>G64==V  

?>65DE=V <>?>F>>< 
$57G?LF4F< >4=>7> G44DG E5D54=L>W E<?<  

<>?>F>>< 647>N 0.530.8 >7 �VF=VEFL 
55F>=G, ��4 �57?>E5D54=L>  

?> ?>65DE=V 55F>=G 
�> 7G5<?G,  

6EF4=>6?5=><G =4 55F>= 
1 2 3 

�4 ?>65DE=V  55F>=G >EF4-

TFLEO E?45><= E?V4, =4-

6>DG7 O>>7> <>6GFL 6V4>>-

?N64F<EL F>=>V ?5M44><. 

�57?<5>><= E?V4,  
?5M44>< =5 6V4>>?NNFLEO 

�V?LL5 20 

�4 ?>65DE=V 55F>=G >EF4-

TFLEO ?><VF=<= E?V4, =4-

6>DG7 O>>7> <>6GFL 6V4>>-

?N64F<EL F>=>V ?5M44><. 

�V4 ?>65DE=V 55F>=G  

6V4>>?NNFLEO 7>EFDV  
?5M44>< 

20÷10 

�5F>= >D<L<FLEO V >5E<?4-

TFLEO, ?D< G44DV ?> D55DG 

6V4>>?NNFLEO 65?<>V  
�GE><. 

�G5<?> ?D>=<>4T 6 55F>= 

=4 7?<5<=G 4> 5.0 <<,  
55F>= >D<L<FLEO 

10÷7.0 

�EF4TFLEO 7?<5>><= E?V4 
�G5<?> 745<64TFLEO 6  

55F>= =4 7?<5<=G  
5V?LL5 5.0  << 

�5=L5 7.0 

 

�>D<EFGNG<EL F45?<F5N 4.6, =5>5EV4=> <4F< =4 G647V F4>V 
>5EF46<=<: 

- � 74?V7>55F>==<E >>=EFDG>FVOE D>7D4EG=>>64 L<D<=4 D>-
7>D<FFO FDVM<=, O>4 6<7=4G4TFLEO D>7D4EG=>><, =5 ?>6<==4 ?5-
D56<MG64F< 0,1÷0,3 <<, M> 74557?5G<FL 755D565==O 4D<4FGD< 6 
DV7=<E G<>64E 5>E??G4F4FVW.  

� EFV=>6<E ?4=5?OE >DG?=>?4=5?L=<E 5G4V65?L D>7>D<FFO 
FDVM<=, M> ?5D5F<=4NFL D>5>GG 4D<4FGDG, =5 ?>6<==5 ?5D5-
6<MG64F< 0,3 <<; 674T<=<= 7EG6 ?4=5?V6 3 0,6 <<; D>7>D<FFO FDV-
M<= 6 55F>=V ><>=>?VGG64==O EF<>>6<E 79T4=4=L 7 4=F<>>D>7V=-
=<< ?>>D<FFO< 3 11,0 <<.  
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4.2.4. �5EF565==O F4 >FV=>4 F5E=VG=>7> EF4=G  
>4<9O=<E >>=EFDG>FV= <VEL><E 5G4V65?L 

 
�D< >5EF565==V >4<9O=>W >?44>< E?V4 765DF4F< G647G 

=4 F<? >?44>< V F>6M<=G L6V6, =4O6=VEFL 45D5>F=<E 4V?O-
=>>, EF4= =44?D>T<=<E ?5D5<<G>> V =4O6=VEFL ?5D5>>EV6 
74?>6=5==O ?D>T<V6. �<O6?5=V ?>L>>465==O V 45D5>F< =4-
=>EOFLEO =4 EE5<<, D>F>7D4DVW 7 F5>EF>6<<< ?>OE=5==O<< V 
E<EF5<4F<7GNFLEO G 6<7?O4V 7D4DVG=<E 45D5>F=<E 4>FV6. 

�5EF565==O >4<9O=<E >>=EFDG>FV= 6>?NG4T:  
- 6<7=4G5==O EF4=G F4 5D5>F<6=>EFV 7>D<7>=F4?L=>W V 

65DF<>4?L=>W 7V4D>V7>?OFV=;  
- 6<O6?5==O 45D5>FV6, E4D4>F5DG V EFG?5=N ?>L>>-

465==O 6<4<<<E G4EF<= >59T>FG 45> =>7> >>D5<<E >>=E-
FDG>FV=, 7<VM5==O 45> 7EG6 >?44>< EFV=, =4O6=VEFL ?D>5<-
F<E 6 =5EGG<E 5?5<5=F4E =5?D>5>F=<E >F6>DV6 V LFD45V6, 
=4O6=VEFL, D>7<VD<, E4D4>F5D FDVM<=, D>7<>D>6G64==O V 
6<6VFDN64==O >?44><, 7>=< 74<>GG64==O, D>7L4DG64==O V 
6<?444==O >>D5<<E F57?<= (>4<5=V6), D>7D<6< 769O7>V6, 
?>L>>465==O >?44>< ?V4 >?>D4<< ?5D5<<G>> V ?D>7>=V6, 
6<>D<6?5==O, 6<?<=4==O, 6V4E<?5==O 6V4 65DF<>4?V EFV= V 
>>?>=, ?>65DE=56V ?>L>>465==O F57?< V D>7G<=G, 7<V=< 
>>?L>DG F4 D4>FGD< ?<FN64?L=>7> L4DG V F4>5 V=L5; 

- 6<7=4G5==O =4O6=>EFV F4 >V?L>>EFV 4D<4FGD< 6 L64E 
>?44><;  

- 6<?D>5G64==O 7D47>V6 F57?< V D>7G<=G =4 <VF=VEFL. 
�4<V=L V D>7G<= 6 >?44FV 7=4E>4OFLEO 6 G<>64E E>?44-

=>7> =4?DG65=>7> EF4=G =46VFL ?D< DV6=><VD=> D>7?>4V?5-
=><G =464=F465==V ?> 6EL><G EVG5==N EF<E=GF>7> 5?5<5=-
FG. �>=< >4=>G4E=> ?V4?444NFL ?V4 6??<6 ?>74F5=FD>6>7> V 
<VEF56>7> EF<E>4==O, 77<=G, 7DV74==O V D>7FO7G64==O. &5 
?>OE=NTFLEO F<<, M> MV?L=VEFL V 6>DEF>VEFL D>7G<=G ?> 
4>66<=V V L<D<=V L64 6=4E?V4>> DV7=<E D4>F>DV6 (=5DV6-
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=><VD=VEFL 6>4>6V444GV, GE44>4, =5DV6=><VD=4 F>6M<=4 D>-
7G<=G, =4O6=VEFL 65DF<>4?L=<E L6V6 V ?GEF>F) =5>4=>DV4=4. 
�E=>6=>N ?D<G<=>N DG==G64==O EF<E=GF>7> >4<5=N T 
77<= V D>7FO7G64==O. 

� D>5>FV F57?O=>W >?44>< =4 EF<E>4==O D>7DV7=ONFL 
G>F<D< EF44VW.  

�5DL4 EF44VO 6V4?>6V44T =>D<4?L=V= 5>E??G4F4FVW, 
>>?< 7GE<??O 6 >?44FV 6V4 =464=F465==O =5 6<>?<>4NFL 
6<4<<<E WW ?>L>>465=L.  

�5D5EV4 >?44>< 6 4DG7G EF44VN D>5>F< E4D4>F5D<7G-
TFLEO ?>O6>N =565?<><E FDVM<= 6 >>D5<<E F57?<=4E. � FV= 
EF44VW >?44>4 =5E5 =464=F465==O 65?<G<=>N 60÷80% 6V4 
DG==V6=>7> 557 ?>44?LL>7> D>76<F>G FDVM<= ?D< =57<V=-
=><G =464=F465==V.  

�D< 75V?LL5==V =464=F465==O 4> 80÷90% 6V4 DG==V6-
=>7> 6V45G64TFLEO 6<=<>=5==O V D>76<F>> =>6<E FDVM<=, 
O>V 79T4=GNFLEO <V6 E>5>N, ?5D5EV>4NG< 7=4G=G G4EF<=G 
>?44>< G 65DF<>4?L=><G =4?DO<>G. &5 FD5FO EF44VO. �D< 
FD<64?V= 4VW FL>7> =464=F465==O, =46VFL 557 =>7> 75V?L-
L5==O, 5G45 ?>EFG?>6> (6=4E?V4>> D>76<F>G ??4EF<G=<E 
45D>D<4FV=) 6V45G64F<EO ?>44?LL<= D>76<F>> FDVM<=, O>V 
D>7L4D>6GNFL >?44>G =4 F>=>V 7=GG>V EF>6?G<>< (?D<7<<).  

� 45E>?NF=V= 5V?LL>EFV 6<?44>V6 FD5FO EF44VO ?5D5E>-
4<FL 6 G5F65DFG 3 EF44VN 6FD4F< EFV=>>EFV D>7G?5=>64=>W 
FDVM<=4<< >?44>< (4<6. D<E. 4.15, 4). 

&4> O> DG==G64==O EF<E=GF>W >?44>< 6V45G64TFLEO 
6=4E?V4>> 6FD4F< EFV=>>EFV GF6>D5=<E ?VE?O WW D>7FDVE>G-
64==O 7=GG><E EF>6?G<>V6, F> <VF=VEFL >?44>< =46VFL ?D< 
4G65 <VF=><G D>7G<=V 74664< <5=L5 <VF=>EFV F57?< =4 
EF<E>4==O. �>DV< <4D>< F57?< (R1) =4 65?<G<=G <VF=>EFV 
>?44>< (RD) 6??<64T <4D>4 D>7G<=G (R2) V 6<4 >?44><.  

$VEF <VF=>EFV >?44>< 7V 75V?LL5==O< <4D>< D>7G<=G 
74FGE4T (4<6. D<E. 4.16). �46VFL ?D< R2 = > <VF=VEFL >?44>< 
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(RD) <5=L4 74 R1:       
                            RD = � × R1,                                      (4.2) 

45 � < 1 3 >>=EFDG>F<6=<= >>5DVFVT=F, 74664< <5=L<= 74 
>4<=<FN. 

&><G 74EF>EG64==O 4?O 76<G4==<E >?44>> D>7G<=V6 
6<E>><E <4D>> (5V?LL5 �75) =5 5>>=><VG=5.  

$G==G64==O >4<9O=<E 5?5<5=FV6 6V4 =464=F465==O, O> 
?D46<?>, 6V45G64TFLEO 7 GF6>D5==O< 6<4<<<E >7=4> DG==G-
64==O G 6<7?O4V FDVM<= (4<6. D<E. 4.15). &5=FD4?L=>-
EF<E=GFV >4<9O=V 5?5<5=F< 6V4 ?5D5=464=F465==O DG==G-
NFLEO 7 GF6>D5==O< 65DF<>4?L=<E FDVM<=, O>V D>7G?5=G-
NFL 5?5<5=F =4 DO4 ?D<7<, O>V ?D< ?>44?LL><G =464=F4-
65==V 6FD4G4NFL EFV=>VEFL. 

�?O ?D>EFV=>V6 EFV=, 6 O><E >>DV< 65DF<>4?L=<E 7G-
E<?L 4VNFL M5 77<=4?L=V <><5=F<, 7V EF>D>=< D>7FO7=GF>W 
7D4=V ?>O6?ONFLEO FDVM<=< 6V4 ?5D5=4?DG65==O (4<6. 
D<E. 4.15, 5). 

 

 
 
$<E. 4.15. %E5<4 DG==G64==O >4<9O=<E EF<E=GF<E 5?5<5=FV6: 4 3 F5=FD4?L=>-

EF<E=GF<E V ?>74F5=FD>6>-EF<E=GF<E 7 <4?<<< 5>EF5=FD<E<F5F4<<;    

5 3 ?>74F5=FD>6>-EF<E=GF<E 7 65?<><<< 5>EF5=FD<E<F5F4<<;  

1 3 ?>74>66=O FDVM<=4; 2 3 ?>?5D5G=4 FDVM<=4 

� � 
1 

2 
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&DVM<=< 6V4 ?5D5=464=F465==O 6 >>D5<<E F57?<=4E 
G< 6>?>EO=V FDVM<=<, M> ?5D5F<=4NFL =5 5V?LL5 46>E DO-
4V6 >?44><, =5 O6?ONFL 747D>7< 4?O <VF=>EFV >>=EFDG>FV=. 

�5DF<>4?L=V V ?>E<?V FDVM<=< 6 =5EGG<E ?D>EFV=>4E 
EFV= V >>?>=4E =4 6<E>FG =5 5V?LL5 G>F<DL>E DO4V6 >?44><, 
6V4D<64==O ?>74>66=VE EFV= 6V4 ?>?5D5G=<E =4 6EN 6<E>FG, 
65DF<>4?L=V FDVM<=< 6 7>=V ?>T4=4==O ?V?OEFD< 7V EFV=>N, 
65DF<>4?L=V V ?>E<?V FDVM<=< 6 >?44FV ?V4 >?>D4<< 54?>> 
45> D5D< (4<6. D<E. 4.17) 4>66<=>N 5V?LL5 300 << E6V4G4FL 
?D> 464DV==<= EF4= >>=EFDG>FVW 6=4E?V4>> WW ?5D5=4?DG-
65==O. 
  

 
$<E. 4.16. �D4DV> 74?56=>EFV <VF=>EFV F57?O=>W >?44>< 6V4 <VF=>EFV D>7G<=G 

?D< EF<E>4==V 
 

�D> 65?<>5 ?5D5=464=F465==O 5?5<5=FV6 >4<9O=>W 
>?44>< <>6=4 EG4<F< ?> =4O6=>EFV 6 =<E FDVM<=. &DVM<=< 
<>6GFL 5GF< 6<4<<V, O>V 6<E>4OFL =4 ?>65DE=N >?44><, V 
=56<4<<V, O>V GF6>DNNFLEO 6=4E?V4>> 6=GFDVL=L>7> D>7-
L4DG64==O. �4=4> =5 6EV FDVM<=< 6 >?44FV E6V4G4FL ?D> WW 
?5D5=464=F465==O. &DVM<=< 6 >4<9O=V= >?44FV <>6GFL ?>-
O6?OF<EO F4>>6 6 D57G?LF4FV =5DV6=><VD=>7> >EV44==O DG-

R
D

 <
V=

. 

R
D

 <
4

>
E
. 

R2 

RD 
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=44<5=FV6 V (45>) F5<?5D4FGD=>7> 6??<6G. 
�D< =5DV6=><VD=><G >EV44==V V (45>) F5<?5D4FGD=><G 

6??<6>6V 6 D57G?LF4FV ?5D5D>7?>4V?G 7GE<?L <V6 5?5<5=F4-
<< >?44>< <>65 6V45GF<EO ?5D5=464=F465==O >>D5<<E 
5?5<5=FV6 7 GF6>D5==O< 6 =<E E<?>6<E FDVM<=. 

�4EF4==O 464DV==>7> EF4=G >4<9O=>W >?44>< G5D57 WW 
?5D5=464=F465==O 6V4?>6V44T FD5FV= EF44VW =4?DG65=>-
45D>D<>64=>7> EF4=G >?44><. &O EF44VO E4D4>F5D<7GTFLEO 
?>O6>N G4EF> D>7<VM5=<E 65DF<>4?L=<E FDVM<=, O>V <4-
NFL =565?<>5 D>7>D<FFO V O>V ?D>E>4OFL G5D57 65DF<>4?L=V 
L6< V 45>V?L>4 DO4V6 >?44><.  &DVM<=<, M> 6<E>4OFL =4 7>-
6=VL=N ?>65DE=N >4<9O=>7> 5?5<5=FG, O> ?D46<?>, EG?D>-
6>46GNFLEO 6=GFDVL=V< D>7L4DG64==O< >?44><. &5 <>6-
=4 GEF4=>6<F< ?D>EFG>G64==O< >4<9O=>7> 5?5<5=FG. />M> 
T =>7> 6=GFDVL=T D>7L4DG64==O, F> ?D< G44DV ?> ?>65DE=V 
>?44>< GGF< 7?GE<= 76G>. /> 7>6>DOFL 5G4V65?L=<><, >?44-
>4 ?D< FL><G «5G5>=<FL». �=GFDVL=T D>7L4DG64==O >?44-
>< G4EF> ?D<6>4<FL 4> 6<?<=4==O 7>6=VL=L>W ?>65DE=V 
5?5<5=FG. 

�474F> D5>><5=44FV= ?D>?>=GNFL 66464F< =54>?GE-
F<<<< 6V4E<?5==O 6V4 65DF<>4?V 5?5<5=FG >4<9O=>W >?44>< 
5V?LL5, =V6 =4 1/3 4>66<=< =>7> EVG5==O. �D< 6D4EG64==V 
F<E D5>><5=44FV= E?V4 <4F< =4 G647V, M> O>M> 6V4E<?5==O 
6V4 65DF<>4?V 4>?GM5=5 ?D< 6<>>=4==V >?44><, F> 7>D<7>-
=F4?L=4 E>?44>64 7GE<??O, O>4 6<=<>4T 6V4 FL>7> 6V4E<?5=-
=O, 5G45 ?>74L4F<EO 769O7>>< 6V4E<?5=>7> 5?5<5=FG 7 V=-
L<<< 4V?O=>4<< >?44>< V ?5D5>D<FFO<<. �D< F4>><G 6V4-
E<?5==V 6V4 65DF<>4?V >4<9O=>7> 5?5<5=FG E?V4 6<>>=4F< 
=>7> D>7D4EG=>> 7 GD4EG64==O< 769O7>G 7 ?D<<>=GF<<< 
5?5<5=F4<< >?44>< V ?5D5>D<FFO<<. 

�D< 6V4E<?5==V 4V?O=>> EFV=< G< >>?>=< 6V4 65DF<>4-
?V 7 6V4D<6>< WE 6V4 EGEV4=VE 5?5<5=FV6 EFV=, 6<>?<>4=<< 
=5DV6=><VD=<< >EV44==O< DG=44<5=FV6, G 6<?44>G >>?< 
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EF45V?V74FVW >EV44==O =5 6V45G?>EL, ?>O6?OTFLEO =5557?5>4 
>5DGL5==O 6V4E<?5=>7> 5?5<5=FG >4<9O=>W >?44><. &5 E?V4 
66464F< 464DV==<< EF4=>< >?44><. 

�>D5<> EF>OGG EFV=G (5?5<5=F F57?O=>W >>=EFDG>FVW) 
<>6=4 66464F< 464DV==>N, O>M> WW 6<E>F4 6<O6?OTFLEO 5V-
?LL>N 74 6<7=4G5=G 74 D>D<G?>N: 

            H g h2 × ³f × Ã × g / c × w × ³,                       (4.3) 
45 h 3 F>6M<=4 EFV=<;  

³f  = 0,98 3 >>5DVFVT=F =44V==>EFV ?> =464=F465==N;  
Ã 3 MV?L=VEFL >?44><;  
g 3 ?D<E>>D5==O E<?< FO6V==O;  
E 3 45D>4<=4<VG=<= >>5DVFVT=F;  
w 3 L6<4>VE=<= =4F<E>;  
³ 3 >>5DVFVT=F =44V==>EFV ?> 6VFD>6><G =464=F465==N. 

        

 

 

 

$<E. 4.17. %E5<4 DG==G-

64==O F57?O=>W (>4<9O=>W) 

>?44>< ?V4 >?>D=>N ?>4GL-

>>N 54?>< (?5D5<<G><, ?D>-

7>=G): 

1 3 54?>4 (?5D5<<G>4, ?D>-

7>=); 2 3 >?>D=4 ?>4GL>4 

54?>< (?5D5<<G><, ?D>7>=G); 

3 3 FDVM<=< 6 >?>D=V= 7>=V 

F57?O=>W >?44>< 

 

 
 

1 

2 

3 
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4.2.4.1. �=4?V7 =>D<4F<6=<E 4>>G<5=FV6, O>V  
D57?4<5=FGNFL 6V4E<?5==O 6V4 65DF<>4?V >>=EFDG>FV= 
<VEL><E 5G4V65?L 

 

�. 3 %�<� 3.03.01-87. �5EGM<5 < >7D4644NM<5 >>=E-
FDG>F<< [37]. %F4FGE 3 =54VNG<= 7 01.01.2013 
D>>G 

 3 %� 70.13330.2012. %6>4 ?D46<?. �5EGM<5 < >7D46-
44NM<5 >>=EFDG>F<<. Load-bearing and sepa-
rating constructions. �>FG4?<7<D>64==4O D544>-
F<O %�<� 3.03.01-87 [38]. %F4FGE 3 4VNG<= 7 
01.06.2013 D>>G =4 F5D<F>DVW D>EV=EL>>W D545D4-
FVW 

�4=<<< 4>>G<5=F4<< 7D4=<G=V 6V4E<?5==O 6V4 65D-

F<>4?V >?44>< EFV= V >>?>= 7 F57?<, >5D4<VG=<E >4<5=V6 

?D46<?L=>W D>D<< V >DG?=<E 5?>>V6 D57?4<5=FGNFLEO <4>-

E<<4?L=<<< 65?<G<=4<<: 10 << =4 ?>65DE V 30 << =4 5G4V-

6?N 6<E>F>N 5V?LL5 46>E ?>65DEV6 (F45?. 34. =4 EF>D. 112 

%�<� 3.03.01-87 [37], F45?. 9.8 =4 EF>D. 123 %� 70.13330.2012 

[38]). 

�. �4 F5D<F>DVW '>D4W=< =4 7<V=G %�<� 3.03.01-87 [37] 
6 EFDG>FGDV �>D<4F<6=<E 4>>G<5=FV6 4>FG4?V7>64=> 6V4D4-
7G 45>V?L>4 �>D<, 4 E4<5:  

- ��� �.2.6-33:2018. �>=EFDG>FVW 7>6=VL=VE EFV= 7 

D4E44=>N F5??>V7>?OFVTN. �<<>7< 4> ?D>5>FG-

64==O, G?4LFG64==O F4 5>E??G4F4FVW. Construc-

tion of outward walls with façade heat insulation. 

Requiremtnts for design. �.: �V=D57V>=5G4 '>D4W=<, 

2018.-21 E. [39]; 

- ��� �.2.6-98:2009. �5F>==V F4 74?V7>55F>==V >>=-

EFDG>FVW. �E=>6=V ?>?>65==O. �.: �V=D57V>=5G4 '>-

D4W=<, 2011.-71 E. [31]; 
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- ��� �.2.6-161:2017. �5D569O=V >>=EFDG>FVW. �E=>6=V 

?>?>65==O. �. : �V=D57V>=5G4 '>D4W=<, 2017. 3 111 E. 

[40]; 

- ��� �.2.6-160:2010. %F4?574?V7>55F>==V >>=EFDG-

>FVW. �E=>6=V ?>?>65==O. �. : �V=D57V>=5G4 '>D4W-

=<, 2011. 3 102 E. [41]; 

- ��� �.2.6-198:2014. %F4?56V >>=EFDG>FVW. �>D<< 

?D>5>FG64==O. �. : �V=D57V>=5G4 '>D4W=<, 2014. 3 

199 E. [42]. 

- ��� �.2.1-10:2018. �E=>6< V DG=44<5=F< 5G4V65?L 

F4 E?>DG4. �E=>6=V ?>?>65==O. Bases and founda-

tions of buildins and structures. Main principles. �V-

=D57V=5G4 '>D4W=<. �. : 2018. 3 36 E. [43]; 

- ��� �.2.6-162:2010. �4<9O=V F4 4D<>>4<9O=V >>=E-
FDG>FVW. �E=>6=V ?>?>65==O. The constructions of 
buildins and structures. Design of masonry structures. 
General rules. �. : �V=D57V>=5G4 '>D4W=<, 2011. 3 97 E. 
[44]. 

�. �>D<4<< ��� �.2.6-33:2018 [39], ��� �.2.6-98:2009 
[31], ��� �.2.6-161:2017 [40], ��� �.2.6-160:2010 [41], ��� 
�.2.6-198:2014 [42] =4 F5D<F>DVW '>D4W=< <4>E<<4?L=<= 6V4-
=>E=<= >D5= V6V4=. V <4>E<<4?L=<= ?V=V==<= >D5= (<4>E<-
<4?L=5 6V4E<?5==O 6V4 65DF<>4?V) l<4>E.

 
<VEL><E 5G4V65?L =5 

D57?4<5=FGNFLEO. 
�. �>D<4<< ��� �.2.1-10:2018 [43] =4 F5D<F>DVW '>D4W-

=< D57?4<5=FGNFLEO <4>E<<4?L=V >EV44==O Smax DG=44<5-
=FV6 =5EGG<E EFV=, <4>E<<4?L=4 6V4=>E=4 DV7=<FO >EV44=L 
(&S/L) DG=44<5=FV6 EGEV4=VE =5EGG<E EFV= V <4>E<<4?L=<= 
6V4=>E=<= >D5= V6V4=. 5G4V6?V (E?>DG4<). 

�>D<< ��� �.2.6-162:2010 [44] 6EF4=>6?NNFL >E=>6=V 
6<<>7<, O><< ?>6<==V 6V4?>6V44F< >4<9O=V F4 4D<>>4<9O=V 
>>=EFDG>FVW 5G4V65?L, 4 F4>>6 >E=>6=V ?D46<?4 M>4> WE 
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?D>5>FG64==O. �D< D>7D>5?5==V F<E �>D< 6D4E>64=V ?>-
?>65==O V ?D<=F<?< EN 1996-1-1 �6D>>>4G 6: �D>5>FG64=-
=O >4<9O=<E >>=EFDG>FV=. '4EF<=4 1-1: �474?L=V ?D46<?4 
4?O 4D<>64=<E V =54D<>64=<E >>=EFDG>FV= [45]. 

�>D<< ��� �.2.6-162:2010 [44] 74EF>E>6GNFLEO 6 ?D>5-

>FG64==V 5G4V65?L F4 V=65=5D=<E E?>DG4 45> WE E>?44>6<E 

G4EF<= V7 74EF>EG64==O< =54D<>64=>W, 4D<>64=>W, ?>?5D54-

=L> =4?DG65=>W F4 4=>5D=>W >?44>< FV?L>< 7D4=<G=>7> 

EF4=G 1-W F4 2-W 7DG?, 4 F4>>6 4>67>6VG=>EFV >>=EFDG>FV=. 

�=LV 6<<>7<, O> =4?D<>?44, 6<<>7< M>4> ?>656=>W 557?5-

><, F5??>- V 76G>>V7>?OFVW, E5=E<>EFV=>>EFV V F4>5 V=L5, =5 

D>77?O44NFLEO. 

'<E?>6V 65?<G<=< G<==<>V6, M> 6??<64NFL =4 

>59T>F< F<6V?L=>7> V ?D><<E?>6>7> 5G4V6=<FF64, O>V =5>5-

EV4=> 6D4E>6G64F< 6 D>7D4EG=>4E ?D< ?D>5>FG64==V, =5 =4-

6>4OFLEO.  

�4=V �>D<< 6<>>D<EF>6GNFLEO D47>< 7 ��� �.1.1-12, 

��� �.1.2-2, ��� �.1.2-7, ��� �.1.2-14, �%&' � �.1.2-3. 

� D>74V?V 10.5 «�=4?V7 5?5<5=FV6 >>=EFDG>FVW» ��� 

�.2.6-162:2010 [45] 747=4G5=>: 

?. 10.5.1.1. �D< D>7D4EG=>G 65DF<>4?L=> 7464=F465-

=<E EFV= =5>5EV4=> 6D4E>6G64F< (?D<=<4F< <4>E<<4?L=> 

4>?GEF<<<<), 7>>D5<4, =4EFG?=5: 

- 6<?44>>6V 5>EF5=FD<E<F5F< einit.×t , O>V 6<>?<>4=V 6 

D57G?LF4FV 6V4E<?5=L 6V4 74??4=>64=>W >>=EFDG>FVW V 6V4-

<V==>EF5= DV7<G=<E 6?4EF<6>EF5= >>D5<<E >><?>=5=FV6; 

- 5>EF5=FD<E<F5F<, M> >FD<<4=V 7 ??4=G64==O EFV=, 4 

F4>>6 674T<>4VW ?5D5>D<FFV6 7 4V4DD47<4<< 6>DEF>>EFV; 

- 6<?44>>6V 5>EF5=FD<E<F5F< einit.×t 6=4E?V4>> =5F>-
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G=>EFV ?D< 5G4V6=<FF6V V DV7=<E 6?4EF<6>EF5= 5G4V65?L=<E 

<4F5DV4?V6. 

?. 10.5.1.1.3. �5?<G<=4 6<?44>>6>7> 5>EF5=FD<E<F5FG 

einit×t ?D<=<4TFLEO 4?O ?>6=>W 6<E>F< EFV=<, M>5 6D4EG64-

F< 45D5>F< 5G4V6=<FF64. 
?. 10.5.1.1.4. �4>E<<4?L=4 65?<G<=4 6<?44>>6>7> 5>E-

F5=FD<E<F5FG einit×t 6<7=4G4TFLEO 77V4=> ?. 10.5.1.2 74 

D>D<G?>N: 

                  einit.<4>E. × t = hef  / 450,                             (4.4) 

45 t 3 F>6M<=4 EFV=<; 

hef = Ãn × h 3 7=4G5==O 6V?L=>W 6<E>F< EFV=<, D>7D4E>64=5 

77V4=> ?. 10.5.1.2 74?56=> 6V4 74>DV??5==O EFV=< 4> 4V4DD4-

7<< V 6>DEF>>EFV 5?5<5=FV6 >>=EFDG>FVW (6>DEF>>EFV EFV= 

<>6GFL 4>4464F< ?5D5>D<FFO, ?>>D<FFO, ?>?5D5G=V EFV=<, 

V=LV 6>DEF>V 5?5<5=F< >>=EFDG>FVW, 7 O><<< ?>69O74=4 EFV-

=4); 

Ãn = 0.75÷1.0 3 7<5=LG64?L=<= >>5DVFVT=F, 6<7=4G4TFLEO 

74?56=> 6V4 6>DEF>>EFV EFV=<, 77V4=>   ?. 10.5.1.2.10; 

h 3 6<E>F4 >4=>7> ?>65DEG 5G4V6?V 6 E6VF?V. 
 

�474?Ï<, 74?56=> 6V4 =4O6=<E 45D5>FV6 V ?>L>>465=L 
F5E=VG=<= EF4= >4<9O=<E >>=EFDG>FV= (EFV=, >>?>= V F4>5 
V=L5) <VEL><E 5G4V65?L <>65 5GF< >64?VDV>>64=<= 77V4=> 
7474?L=<< >7=4>4<, =46545=<< 6 F45?<FV 4.7. 
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&45?<FO 4.7  
�?4E<DV>4FVO ?>L>>465=L V 45D5>FV6  

>4<9O=<E >>=EFDG>FV= <VEL><E 5G4V65?L 
&5E=VG=<= EF4= 

(EFG?V=L ?>L-

>>465==O)  

�<5=L5==O 

=5EGG>W 744-

F=>EFV, % 

 

%4D4>F5D=V 6<4< ?>L>>465==O 

1 2 3 

�  

�>D<4?L=<=   

(4G65  

=57=4G=<=) 

�> 10 �<6VFDN64==O >?44>< =4 7?<5<=G 4> 10% 

F>6M<=< >>=EFDG>FVW. &DVM<=< (=574-

?56=> 6V4 4>66<=< V L<D<=< D>7>D<FFO), 

O>V ?5D5F<=4NFL 4>  2-E DO4V6 >?44><. 

�� 

 �44>6V?L=<=   

(=57=4G=<= 45> 

E5D54=V=) 

�> 20 �<6VFDN64==O >?44>< =4 7?<5<=G 4> 20% 

F>6M<=< >>=EFDG>FVW. &DVM<=< 6 =5EGG<E 

EFV=4E V >>?>=4E =4 6<E>FG 4> 4-E DO4V6 

>?44><. �4E<?< V 6<?<=4==O EFV= 6 <564E 

?>65DEG 4> 1/6 WE F>6M<=<. 'F6>D5==O 

65DF<>4?L=<E FDVM<= <V6 ?>74>66=V<< V 

?>?5D5G=<<< EFV=4<<. �VEF565 ?>L>>4-

65==O >?44>< =4 7?<5<=G 4> 20 << ?V4 

>?>D4<< =5EGG<E 5?5<5=FV6; 65DF<>4?L=V 

FDVM<=< ?> >V=FOE >?>D, =4 6<E>FG 4> 2-E 

DO4V6 >?44><. �<VM5==O ??<F ?5D5>D<FFV6 

=4 >?>D4E 4> 1/5 7?<5<=< >5?<D4==O, 4?5 

=5 5V?LL5, O> 20 <<. �>7=565 ?>L>>-

465==O >?44>< =4 7?<5<=G 4> 20 <<. 
���  

�5 ?D<44F=<= 

4?O  

=>D<4?L=>W 

5>E??G4F4FVW   

(7=4G=<=) 

�> 50 �564?< 6 EFV=4E. $G==G64==O >?44>< =4 
7?<5<=G 4> 40% F>6M<=< >>=EFDG>FVW. 
&DVM<=< 6 =5EGG<E EFV=4E V >>?>=4E =4 
6<E>FG 4> 8 DO4V6 >?44><. �4E<?< V 6<-
?<=4==O EFV= 6 <564E ?>65DEG 5V?LL5 1/3 
WE F>6M<=<. �<VM5==O EFV= V >>?>= ?> 
7>D<7>=F4?L=<E L64E. �V4D<64==O ?>74>-
66=VE EFV= 6V4 ?>?5D5G=<E, 6<E<<>G64==O 
<5F4?56<E 769O7>V6 >DV??5==O EFV= 4> >>-
?>= V ?5D5>D<FFV6. �>L>>465==O >?44>< 
?V4 >?>D4<< 54?>> V ?5D5<<G>> G 6<7?O4V 
FDVM<= 45> 7<VM5==O DO4V6 >?44>< ?> 
7>D<7>=F4?L=<E L64E =4 7?<5<=G 5V?LL5 
20 <<, GF6>D5==O FDVM<=, O>V ?5D5F<=4-
NFL 4> 4-E DO4V6 >?44><. �<VM5==O ??<F 
?5D5>D<FFV6 =4 >?>D4E 5V?LL5 1/5 7?<5<-
=< >5?<D4==O =4 EFV=G. �>7=565 ?>L>>-
465==O >?44>< EFV= V >>?>= 4> 60 <<.   
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?D>4>665==O F45?. 4.7 

1 2 3 

�V  
�64DV==<=   
(?>6=<=) 

�>=44 50 

45>   
?>6=4  

6FD4F4 =5-

EGG>W 744F-

=>EFV >>=E-

FDG>FVW 
 

�4E<?< V 6<?<=4==O EFV= 6 <564E ?>-

65DEG =4 1/3 WE F>6M<=< V 5V?LL5. �<V-

M5==O EFV=, EF>6?V6 V DG=44<5=FV6 ?> 

7>D<7>=F4?L=<E L64E. �V4D<6 ?>74>6-

6=VE EFV= 6V4 ?>?5D5G=<E, D>7D<6 45> 

6<E<<>G64==O <5F4?56<E 79T4=4=L V 

4=>5DV6 >DV??5==O EFV= 4> >>?>= V ?5D5-

>D<FFV6. �>L>>465==O >?44>< ?V4 >?>-

D4<< D5D<, 54?>> 45> ?5D5<<G>> G 6<-

7?O4V FDVM<=, ?>4DV5=5==O >4<5=V6 45> 

7<VM5==O DO4V6 >?44>< ?> 7>D<7>=F4-

?L=<E L64E =4 7?<5<=G 5V?LL5 20 <<. 

'F6>D5==O 65DF<>4?L=<E V ?>E<?<E 

FDVM<=, M> ?5D5F<=4NFL 5V?LL5 4-E 

DO4V6 >?44><. �<VM5==O ??<F ?5D5>-

D<FFV6 =4 >?>D4E 5V?LL5  1/5 7?<5<=< 

74>?444==O 6 EFV=4E. �5DGL5==O 4V?O-

=>> EFV=, DG==G64==O >>D5<<E >>=E-

FDG>FV= V G4EF<= 5G4V6?V. $G==G64==O V 

6<6VFDN64==O >?44>< =4 7?<5<=G 5V?L-

L5 50% F>6M<=< EFV=<. 
  

�D<<VF>4. &45?. 4.7 T D57G?LF4F>< =4G>>6>-4>E?V4=<E D>5VF 7 GD4EG64==O< 

F4 6 D>76<F>> ?>?>65=L G<==<E =>D<4F<6=<E 4>>G<5=FV6 6 >5?4EFV >4<9O=<E 

>>=EFDG>FV= [6; 21; 22; 33; 44; 46351]. 

�>D<EFGNG<EL F45?<F5N 4.7, E?V4 <4F< =4 G647V, M> 
?>O64 6<4<<<E FDVM<= 6 F57?O=V= >?44FV ?>69O74=4 7 ?5D5-
6<M5==O< WW 7D4=<G=>W D>7FO6=>EFV 45> EF<E?<6>EFV.  

�D4=<G=V 45D>D<4FVW D>7FO7G64==O F57?O=>W >?44>< 
?D<=<4NFLEO DV6=<<< 0,0002, 4 7D4=<G=V 45D>D<4FVW EF<E-
>4==O 3 0,001.  

�D< =4O6=>EFV 4D<G64==O >?44>< FV 7=4G5==O 75V?L-
LGNFLEO =4 25,0%. 
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4.2.5. �5EF565==O F4 >FV=>4 F5E=VG=>7> EF4=G           
45D569O=<E >>=EFDG>FV= <VEL><E 5G4V65?L 

 
�D< >5EF565==V 45D569O=<E >>=EFDG>FV= E?V4 765DF4-

F< G647G =4 =4O6=VEFL D4>F>DV6 V ?D<D>4=<E 45D5>FV6, O>V 
6??<64NFL =4 <5E4=VG=V 6?4EF<6>EFV 45D56<=<, 4 E4<5:  

- ?5D56<M5==O 6 =5EGG<E >>=EFDG>FVOE F4 5?5<5=F4E 
=>D<4F<6=<E 7=4G5=L =4?DG65=L V 45D>D<4FV=; 

- <5E4=VG=V ?>L>>465==O >>=EFDG>FV= F4 5?5<5=FV6; 
- 7<5=L5==O =5EGG>W 744F=>EFV >>=EFDG>FV= F4 5?5<5-

=FV6 6=4E?V4>> 6<>>D<EF4==O <4F5DV4?V6 =<7L>>W O>>EFV; 
- ?>L>>465==O >>=EFDG>FV= F4 5?5<5=FV6 >><4E4<< V 

L4L5?5<; 
- ?>L>>465==O >>=EFDG>FV= F4 5?5<5=FV6 6=4E?V4>> 

6??<6G 47D5E<6=<E E5D54>6<M; 
- ?>L>>465==O >>=EFDG>FV= 7=<?<7=>N; 
- 6>?>7VEFL E5D54>6<M4, 6 O>><G 5>E??G4FGTFLEO >>=E-

FDG>FVO (?V46<M5==O 6>?>7>EFV 7<5=LGT <5E4=VG=V 6?4EF<-
6>EFV 45D56<=<, M> =5>5EV4=> 6D4E>6G64F< 6 D>7D4EG=>4E 
=5EGG>W 744F=>EFV); 

- 6??<6 6>7=N 45> 6V49T<=>W F5<?5D4FGD<, 6 O>V= 5>E-
??G4FGTFLEO >>=EFDG>FVO (?D< 74<>D>6G64==V 6>?>7>W 45-
D56<=< 75V?LLGTFLEO EDG?>VEFL V =5557?5>4 WW D>7>>?N64=-
=O, ?D< ?V46<M5==V F5<?5D4FGD< <>4G?L ?DG6=>EFV 45D5-
6<=< 7<5=LGTFLEO, 4 45D>D<4FVW 5?5<5=FV6 V >>=EFDG>FV= 
75V?LLGNFLEO); 

- =4O6=VEFL >>E<E ??4EFV6 6 45D56<=V >>=EFDG>FVW 
(O6<M5 D>7?>6EN465=5 3 EF6>?< E>E>= 7 >>E<<< ??4EF4<< 
E>?444NFL 4> 80 % 7474?L=>W >V?L>>EFV 45D56); =4==574F<6-
=VL5 =4O6=VEFL >>E<E ??4EFV6 6??<64T =4 <VF=VEFL D>7FO7-
=GF<E 5?5<5=FV6 >>=EFDG>FV=; >>=EFDG>FVO 7 >>E<<< ??4E-
F4<< ?D< 6<E<E4==V  <>65 D>7FDVE>G64F<EO; 
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- =4O6=VEFL EGG>V6, O>V 7=<6GNFL <VF=VEFL D>7FO7=GF<E 
5?5<5=FV6 V D>7FO7=GF>W 7>=< 77<=4?L=<E 5?5<5=FV6; 

- FDVM<=< 3 ?>DGLGNFL EGFV?L=VEFL 45D56<=<, EF6>-
DNNFL =5557?5>G D>7L4DG64==O 5?5<5=FV6; =4==5557?5G-
=VL<<< T FDVM<=< ?> ??>M<=4E E>>?N64==O V 6 79T4=4=-
=OE.   

�5EF565==O 45D569O=<E >>=EFDG>FV= 6>?NG4T: 
- 6<>>=4==O >5<VD=<E >D5E?5=L =5EGG<E >>=EFDG>-

FV= F4 5?5<5=FV6; 
- 6<7=4G5==O D4>F<G=> 4VNG<E =4 45D569O=V >>=E-

FDG>FVW =464=F465=L V 6??<6V6; 
- 4=4?V7 ?D>EF>D>6>7> D>7>DV??5==O >>=EFDG>FV=; 
- 6<<VDN64==O >E=>6=<E 45D>D<4FV= =5EGG<E >>=E-

FDG>FV= (?D>7<=V6, 6V4=>E=<E 7<VM5=L 6G7?V6, 6<-
>D<6?5==O EF<E=GF<E 5?5<5=FV6); 

- 6V45VD (74 =5>5EV4=>EFV) 7 5?5<5=FV6 >>=EFDG>FV= 
7D47>V6 4?O ?45>D4F>D=>7> 4>E?V465==O DV7<>>-
<5E4=VG=<E 6?4EF<6>EF5= 45D56<=<, 6<7=4G5==O 
6<4V6 7D<5V6 V L4L5?N, 6>?>7>EFV V F4>5 V=L5;      

- 6<7=4G5==O EF4=G F4 5D5>F<6=>EFV 7V4D>V7>?OFVW V 
74E<E=<E ?>>D<FFV6; 

- 6<O6?5==O E4D4>F5DG V EFG?5=N ?>L>>465==O 6<-
4<<<E G4EF<= >59T>FG (=4O6=VEFL F4 D>7<VD< FDV-
M<=, D>7L4DG64==O, D>7D<6 769O7>V6, <VEF56V 7<<-
=4==O 45D56<=<, 6<>D<6?5==O, 6<?<=4==O, 6V4E<-
?5==O 6V4 65DF<>4?V, ?>DGL5==O EGFV?L=>EFV >>D5-
<<E 5?5<5=FV6, ?>65DE=56V ?>L>>465==O, 7<V=< >>-
?L>DG ?>65DE>=L 45D569O=<E >>=EFDG>FV=). 

�D< DG==G64==V 45D569O=<E 5?5<5=FV6 6V4 ?5D5=464-
=F465==O ?5D5646=<< T DG==G64==O 79T4=4=L, EF<>V6 V 6G-
7?V6 >>=EFDG>FVW. �>6?<6V F4>>6 DG==G64==O EF<E=GF<E 
EF5D6=V6 6V4 6FD4F< EFV=>>EFV, D>7FO7=GF<E V 77<=4?L=<E 
5?5<5=FV6. 
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�5D56<=4 =4 EF<E>4==O ?D4FNT ?DG6=>-??4EF<G=>, 4 
=4 D>7FO7G64==O 3 ?DG6=>. �5D54 DG==G64==O< 77<=4?L-
=>7> 45D569O=>7> 5?5<5=FG 6 =>7> EF<E=GFV= 7>=V 45D56<=4 
?D4FNT ??4EF<G=>, 4 6 D>7FO7=GFV= 7>=V 45D>D<4FVW 6 >E=>-
6=><G ?DG6=V. $G==G64==O =>D<4?L=>7> EVG5==O 77<=4?L-
=>7> 5?5<5=FG 6V45G64TFLEO ?D< D>7D<6V =>7> D>7FO7=GF<E 
6>?>>>=. �7=4>>N =45?<65==O DG==G64==O <>65 E?G6<F< 
?>G4F>> 6FD4F< EFV=>>EFV EF<E=GF<E 6>?>>>=, O>4 EG?D>6>-
46GNFLEO 6<?<=4==O< 45D56<=< 6 EF<E=GFV= 7>=V (=4 ?>-
65DE=V EF<E=GF>W 7D4=V GF6>DNNFLEO E>?44><). 

�47=<64==O 45D56<=< 7GEFDVG4TFLEO =4=G4EFVL5 6 7>-
=4E >?>D 54?>> V D5D<, M> ?D<6>4<FL 4> 7<5=L5==O D>5>-
G>7> EVG5==O 5?5<5=FV6 V 7=<65==N <5E4=VG=<E 6?4EF<6>E-
F5= 45D56<=<. ,6<4>VEFL DG==G64==O 5?5<5=FV6 6V4 7=<FFO 
<>65 5GF< 4>6>?V 6<E>>>N. �V4><V ?D<>?44< 6FD4F< <VF=>-
EFV 45D56<=< G5D57 FD< D>>< ?VE?O ?>G4F>G 5>E??G4F4FVW 
5G4V6?V.  

�>O6G V D>76<F>> 7=<?<7=< 6<>?<>4NFL 4><>6V 7D<5< 
(E?D466=V, 5V?V, ??V6>>6V V L4EF=V), M> 6<6?OFLEO 6<6<<< 
G< <5DF6<<< D>E?<=4<<. �=<FFO 45D56<=< 6 >>=EFDG>FVOE 
?>G<=4TFLEO (6 G<>64E ?>74=>W V=E>?OFVW F4 ?D>6VFDN64==O) 
7V 6E<>>FG64==O =5N 6>?>7<, 4 ?D>4>66GTFLEO ?D< 6<4V-
?5==V 6>?>7< 6 7=<NGV= 45D56<=V. �D< FL><G 6V45G64TFLEO 
?>EFG?>65 DG==G64==O >?VF>>6>W F>4=<=<, 45D56<=4 6FD4-
G4T 6 <4EV, 6 =V= ?>O6?ONFLEO ?>74>66=V V ?>?5D5G=V FDV-
M<=<, 6>=4 D>7?444TFLEO =4 >GE>G>< 45> D>7L4D>6GTFLEO. 
$G==G64==O ?D>4>66GTFLEO 4> ?>6=>W 6FD4F< <VF=>EFV 45-
D56<=<. '<>64<<, M> E?D<ONFL D>76<F>G 7=<FFO T 6>?>-
7VEFL 45D56<=< 6 <564E 20÷70%, F5<?5D4FGD4 6 <564E 
15÷30° V =4O6=VEFL ><E=N. �4<>D>6G64==O 45D56<=< 7G?<-
=OT D>76<F>> 7D<54, =47DV64==O 4> +80° 65<64T 7D<5=<FN, 
4 ?D< F5<?5D4FGDV +120° 7<=GFL E?>D<. 

�5557?5>4 ?>L>>465==O ?D< 747=<64==V >FV=NTFLEO 
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74?56=> 6V4 EFG?5=N GD465==O 5?5<5=FG. �D< 747=<64==V 
WW 6V4?>6V44?L=<E 5?5<5=FV6 (L?>=>>, 6G7?>6<E ?>4GL>>, 
=475?V6) FV 5?5<5=F<, O> ?D46<?>, 7=4E>4OFLEO 6 464DV==>-
<G EF4=V. 

%GG>< 7=4G=> 7<5=LGNFL <VF=VEFL 5?5<5=FV6. �E>5-
?<6> =5557?5G=V EGG>< 6 D>7FO7=GF<E 5?5<5=F4E G< 6 D>7-
FO7=GFV= 7>=V 77<=4?L=<E 5?5<5=FV6 ?D< D>7<VM5==V WE =4 
>D><FV 5?5<5=FG. 

�5DGL5==O 45D569O=<E >>=EFDG>FV= =4=G4EFVL5 6V4-
5G64TFLEO G5D57 =<7L>G O>VEFL EF<>V6 WE=VE 5?5<5=FV6. �57-
74?5D5G=>N >7=4>>N 464DV==>7> EF4=G D>7FO7=GF<E EF<>V6 
T =4O6=VEFL ?>74>66=VE FDVM<= 5V?O =475?V6 V F6OEV6 (4<6. 
D<E. 4.18). �D< FL><G 6V45G64TFLEO 6<>?NG5==O 7 D>5>F< 
=475?V6 V F6OEV6, 5V?O O><E 6<=<>?< FDVM<=<. 

�5557?5G=<< 4?O >>=EFDG>FVW T E>>?N64==O ??>M4-
4>> G ?>5>6<E 6DG5>4E (4<6. D<E. 4.19). � FL><G 6<?44>G 6E5 
7GE<??O 6 ?D<<>=GF><G 5?5<5=FV 5G45 ?5D54464F<EL =4 
EFO6=<= 5>?F, M> 7476<G4=, ?D<76>4<FL 4> 77<=4==O 5>?F4 
V 7<<=4==O 45D56<=< 6 >5>E 79T4=4=<E 5?5<5=F4E. 

�D< 6V4EGF=>EFV EFO6=>7> 5>?F4 6 ?>5>6V= 6DG5FV EF4= 
45D569O=>W >>=EFDG>FVW E?V4 66464F< ?5D54464DV==<<, F4> 
O> G 6<?44>G E>>?N64==O 6V45G45FLEO >5DGL5==O >>=E-
FDG>FVW. 

&4> E4<>, O> V 4?O >>=EFDG>FV= 7 V=L<E <4F5DV4?V6, =4-
?DG65=<= EF4= 45D569O=<E 5?5<5=FV6 <>6=4 >FV=N64F< 74 
WE ?D>7<=4<<. �V4=>E=V ?D>7<=< 45D569O=<E 54?>> E<<5F-
D<G=>7> ?>?5D5G=>7> EVG5==O ?D< 4>EO7=5==V 6 =>D<4?L-
=<E EVG5==OE 7D4=<G=>7> EF4=G ?5DL>W 7DG?< 6<D464NFL-
EO DV6=O==O<: 

                 f / l = Ru × l × k / E×h,                                (4.5) 
45 Ru 3 D>7D4EG=>>6<= >?VD 45D56<=< =4 77<=4==O;   

l 3 D>7D4EG=>>6<= ?D>?VF 54?><;  
k 3 >>5DVFVT=F G<>6 >5?<D4==O;   
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E 3 <>4G?L ?DG6=>EFV 45D56<=<; 
h 3 6<E>F4 ?>?5D5G=>7> EVG5==O 5?5<5=FG. 

/>M> 6V4=>E=<= ?D>7<= >5EF56G64=>W >>=EFDG>FVW 
?5D56<MGT 6V4=>E=<= ?D>7<= f/l, ?V4D4E>64=<= 74 D>D<G-
?>N (4.5), F> >>=EFDG>FVO 7=4E>4<FLEO 6 464DV==><G EF4=V. 

$G==G64==O D>7FO7=GF<E 5?5<5=FV6 (=4?D<>?44, =<6-
=V= ?>OE 45D569O=<E D5D<) 6V45G64TFLEO, O> ?D46<?>, D4?-
F>6> V 74664< 6<>?<>4T >5DGL5==O >>=EFDG>FVW, 6 F>= G4E, 
O> 6<?<=4==O EF<E=GF>7> 5?5<5=FG 6V4 6FD4F< EFV=>>EFV 
(=4?D<>?44, EF<E=GF<= ?>OE 45D569O=>W D5D<<) ?D<6>4<FL 
4> 7=4G=>W 45D>D<4FVW >>=EFDG>FVW V E?G6<FL E<7=4?>< ?D> 
WW 464DV==<= EF4=.  

�D< 77<=4==V 6V45G64TFLEO E?>G4F>G 6<?<=4==O 6>-
?>>>= EF<E=GF>W 7>=<, 4 ?>FV< 6V45G64TFLEO D>7D<6 D>7FO7-
=GF<E 6>?>>>=. $G==G64==N ?D< 77<=4==V 74664< ?5D54GT 
7=4G=4 45D>D<4FVO. �FD4F4 =5EGG>W 744F=>EFV ?D< E>>?N-
64==V 45D569O=<E 5?5<5=FV6 6V45G64TFLEO <<FFT6>. 

�=4G=V <VEF56V 7<<=4==O 45D56<=< 6 79T4=4==OE, FDV-
M<=< 6 EF<>>6<E =4>?44>4E, 7?><<, E>>?< 6DG5>>, 4 F4>>6 
6FD4F4 EFV=>>EFV >4=>7=4G=> E4D4>F5D<7GNFL 464DV==<= 
EF4= >>=EFDG>FVW. 

�<>D<6?5==O 6EVTW >>=EFDG>FVW 45> >>D5<<E WW 5?5<5=-
FV6: ?>OEV6, EFV=>>, D555D 6>DEF>>EFV 5V?LL5 5,0 << =4 1,0 < 
?D>?L>FG >>=EFDG>FVW ?V4?O74T >5>69O7>>6><G D5<>=FG. 

�V4E<?5==O ??>M<=< >>=EFDG>FVW 6V4 65DF<>4?V 5V?L-
L5 8,0 << =4 1,0 < 6<E>F< >>=EFDG>FVW E?V4 6V4=>E<F< 4> =5-
744>6V?L=>7> WW EF4=G. 

�G65 G4EF> 5?5<5=F< 45D569O=<E >>=EFDG>FV= (>>?>-
4<, 5DGE<) <4NFL ?>74>66=V FDVM<=<, 6<>?<>4=V GEGL>>N 
<4F5DV4?G. &V FDVM<=< 6 77<=4?L=<E V EF<E=GF<E 5?5<5=F4E 
<4?> 6??<64NFL =4 WE =5EGGG 744F=VEFL. �?5 O>M> F4>V ?>7-
4>66=V FDVM<=< 6 D>7FO7=GF<E 5?5<5=F4E E?V6?444NFL 7 
D>7<VM5==O< =475?V6, F> F5 ?D<76>4<FL 4> 45D>D<4FVW 
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EF<>V6 V 7=<65==N WE <VF=>EFV. �4 D>76<F>>< F4><E FDVM<= 
=5>5EV4=> >D74=V7>6G64F< E?>EF5D565==O; G5D57 FDVM<=< 6 
E5D54<=G 5?5<5=F4 ?D>=<>4NFL ?<?, E<DVEFL V E?>D< 7D<-
5V6, M> 6<>?<>4NFL 7=<?<7=G. 

�4?56=> 6V4 =4O6=<E 45D5>FV6 V ?>L>>465=L F5E=VG-
=<= EF4= 45D569O=<E >>=EFDG>FV= <VEL><E 5G4V65?L <>65 
5GF< >64?VDV>>64=<= 77V4=> 7474?L=<< >7=4>4<, =46545=<< 
6 F45?<FV 4.8. 

 

 

 

$<E. 4.18. %E5<4 FDVM<= 5V?O =475?V6 V F6OEV6 G D>7FO7=GF><G EF<>G  

45D569O=<E 5?5<5=FV6, O>V E6V4G4FL ?D> =5557?5>G DG==G64==O EF<>4:  

1 3 =475?L; 2 3 F6OE; 3 3 ?>74>66=V FDVM<=< 

 

$<E. 4.19. %>>?N64==O ??>M44>< 6 ?>5>6V= 6DG5FV, O>5 ?>F5=FV==> <>65  

?D<65EF< 4> >5DGL5==O 6EVTW >>=EFDG>FVW: 1 3 ?V=VO E>>?N64==O; 2 3 EFO6=<= 

5>?F; 3 3 <VEF565 7<<=4==O 45D56<=< 

1 

3 3 3 

2 

1 

2 

3 
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&45?<FO 4.8  
�?4E<DV>4FVO ?>L>>465=L V 45D5>FV6 

45D569O=<E >>=EFDG>FV= <VEL><E 5G4V65?L 

&5E=VG=<= EF4= 

(EFG?V=L ?>L>>-

465==O) 

�474?L=4 E4D4>F5D<EF<>4 EF4=G,  

>E=>6=V  45D5>F< V ?>L>>465==O 

�<5=L5==O 

=5EGG>W  

744F=>EFV, 

% 
1 2 3 

� 
�>D<4?L=<= 

(4G65  

=57=4G=<=) 

$4>F<G=V 7GE<??O 6 5?5<5=F4E F4 ?5D5DV-

74E =5 ?5D56<MGNFL 4>?GEF<<<E. �V4EGF=V 

45D5>F< V ?>L>>465==O, O>V 6??<64NFL =4 

=>D<4?L=G 5>E??G4F4FVN, 45> 7=<6GNFL 

=5EGGG 744F=VEFL V 4>67>6VG=VEFL. �V4EGF=V 

>7=4><, M> E4D4>F5D<7GNFL 7=>LG64==O 

>>=EFDG>FV= V ?>L>>465==O 74E<E=<E ?>-

>D<FFV6. �>=EFDG>FVW 6 >E=>6=><G E?D46=V. 

�4F5DV4? >>=EFDG>FV= V G<>6< 5>E??G4F4-

FVW 6V4?>6V44NFL 6<<>74< ?D>5>FG V G<=-

=<E =>D<4F<6=<E 4>>G<5=FV6. 

0÷5 

��  

�44>6V?L=<= 

(=57=4G=<=) 

�>=EFDG>FVO 6 FV?ó<G ?D<44F=4 4> 5>E??G-

4F4FVW, 4?5 ?>FDV5=V ?V4E<?5==O. �?5<5=F< 

?>L>>465=V =57?>O>VE=>N 7=<??N 45> 

6G>4<<->>D>W44<< 6 ?>65DE=56><G L4DV 

7?<5<=>N 4> 10÷15 << ?D< >E?45?5==V 

?>?5D5G=>7> EVG5==O 4> 15%. �4 =5EGG>N 

744F=VEFN F4 G<>64<< 5>E??G4F4FVW >>=EF-

DG>FVO 6V4?>6V44T EF4=G � (=>D<4?L=<=). 

�4NFL <VEF5 45D5>F< V ?>L>>465==O, O>V 

<>6GFL 7<5=L<F< 4>67>6VG=VEFL >>=EFDG-

>FVW. 

6÷15 

��� 

 �5-

744>6V?L=<= 

(E5D54=V=) 

�>E??G4F4FVO >>=EFDG>FVW <>6?<64 FV?L>< 

74 G<>6< ?D>6545==O WW >4?VF4?L=>7> D5<>-

=FG. �?5<5=F< ?>L>>465=V =57?>O>VE=>N 

7=<??N 45> 6G>4<<->>D>W44<< 6 ?>65DE-

=56><G L4DV 7?<5<=>N 4> 25 <<. �E?45-

?5==O ?>?5D5G=>7> EVG5==O =5 ?5D56<MG-

NFL 50%. �>=EFDG>FVO ?5D564=F465=4 45> 

<4NFL <VEF5 45D5>F< V ?>L>>465==O, M> 

E6V4G4FL ?D> 7=<65==O WW =5EGG>W 744F=>E-

FV. 

16÷40 
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?D>4>665==O F45?. 4.8 

1 2 3 

�V  

�5D54-

464DV==<= 

(7=4G=<=) 

&5 E4<5, M> V 74 EF4=>< >>=EFDG>FVW ��� 

(=5744>6V?L=<=), 4?5 =4 >E=>6V D>7D4EG-

=>V6 F4 4=4?V7G 45D5>FV6 V ?>L>>465=L 

=5<>6?<6> 74D4=FG64F< FV?VE=VEFL >>=E-

FDG>FV= =4 ?5DV>4 ?V4E<?5==O, >E>5?<6>,  

O>M> <>6?<6<= «>D<E><=» E4D4>F5D 

DG==G64==O.  

�D>7<=< 77<=4?L=<E 5?5<5=FV6 5V?L-

LV 74 1/75 ?D>?L>FG. 
  

41÷60 

V  

�64DV==<= 

(?>6=<=) 

&5 E4<5, M> V 74 EF4=>< >>=EFDG>FVW �V 

(?5D54464DV==<=), 4?5 4>44F>>6> 4> 

FL>7>: 6FD4F4 <VEF56>W EFV=>>EFV >>=E-

FDG>FV= (6<?<=4==O 7 65DF<>4?L=>W ??>-

M<=< 54?>> V >>?>=); >5<565=5 6<>>-

=4==O DG=>FV= >>=EFDG>F<6=<<< 5?5<5-

=F4<< <>6?<65 ?VE?O 6<>>=4==O ?>?5-

D546G64?L=<E 74E>4V6 (F<<G4E>6>7> ?V4-

E<?5==O, >DV??5==O, D>764=F465==O) 45> 

?>6=>W 74<V=< >>=EFDG>F<6=>7> 5?5<5=-

FG. 

�D>7<=< 5V?LLV 74 0.01 4>66<=< 

?D>?L>FG 5?5<5=F4. �4O6=VEFL ?>74>66-

=VE FDVM<= 6 5?5<5=F4E, E>>?N64==O 

??>M44>< 45> 6V4EGF=VEFL EFO6=>7> 5>?-

F4 6 ?>5>6V= 6DG5FV.  

�<?<=4==O 45D56<=< 6 EF<E=GFV= 7>-

=V. �=<?<7=4 5?5<5=FV6 5V?LL5 30% EV-

G5==O. �V4=>E=<= ?D>7<= ?5D56<MGT 

4>?GEF<<5 7=4G5==O. 
 

�V?LL5 60 

 

�D<<VF>4. &45?. 4.8 T D57G?LF4F>< =4G>>6>-4>E?V4=<E D>5VF 7 GD4EG64==O< 

F4 6 D>76<F>> ?>?>65=L G<==<E =>D<4F<6=<E F4 V=EFDG>F<6=<E 4>>G<5=FV6 6 

>5?4EFV 45D569O=<E >>=EFDG>FV= [6; 33; 49; 53355].  

 



 

 

 

379

4.2.6. �5EF565==O F4 >FV=>4 F5E=VG=>7> EF4=G    
>>=EFDG>FV= ?>>DV65?L F4 7V4D>V7>?OFVW <VEL><E  
5G4V65?L 

 
�46?<6VEFL >5EF565==O F4 6<7=4G5==O F5E=VG=>7> 

EF4=G ?>>DV6?V F4 7V4D>V7>?OFVW ?>?O74T 6 F><G, M> FV?VE-
=VEFL WE 74557?5GGT 74E<EF GEVE >>=EFDG>FV= 5G4V6?V 6V4 6>-
?>7<. �V4D>V7>?OFV==V ?>>D<FFO V ?>>DV6?V ?V4?444NFL ?V4 
4VN D5>?>7VG=<E, >?V<4F<G=<E, <5E4=VG=<E V 47D5E<6=<E 
D4>F>DV6 (6??<6V6), O>V ?D<6>4OFL 4> DG==G64==O >>=EFDG-
>FV= 44EG, 76>?>65==O V 6FD4F< F5??>F5E=VG=<E 6?4EF<6>E-
F5= GF5??N64G4, DG==G64==O ?V475<=<E G4EF<= 5G4V65?L. 

�>L>>465==O ?>>D<FFV6 V ?>>DV65?L >FV=NNFL 74 
D>7<VD4<< F4 EFG?5=5< WE DG==G64==O. 

�4 D>7<VD4<< DG==G64==O ?>>DV65?L ?>L>>465==O V 
45D5>F< ?>4V?ONFL =4: 

- F>G>>6V, 7>E5D5465=V =4 ??>MV 4> 1.0 <2,  
- ?>>4?L=V =4 ??>MV 4> 100 <2, 
- EGFV?L=V, F>5F> G4EFV F>G>>6V 45> E?>?GG5=V ?>>4?L=V 

?>L>>465==O, M> 74=<4NFL 7474?ó< 5V?LL5 40% ??>MV 
GEVTW ?>>DV6?V. 

&>G>>6V ?>L>>465==O ?>>DV65?L =4=G4EFVL5 T D57G-
?LF4F>< <5E4=VG=>W 4VW. &5 ?D>?><<, ?D>D<6< L4DG ?>>-
D<FFO, 74GFFO, 747>DF4==O ?>?>F=<M DG?>==>W ?>>DV6?V, 
=4E>DV7=V ?D>D<6<, D4>>6<=<, ?GM5==O, =4E>DV7=V FDVM<=< 
?>>DV65?L=<E ??<F; E>>?<, ?D>?><< 45> 6<>D<LG64==O 
>>D5<<E ?<EFV6 4755EF>F5<5=F=<E ?>>DV65?L, 4DV5=V E6<MV, 
?D>5>W=<, >>D>7VO >>D5<<E ?<EFV6 5?OL4=<E ?>>DV65?L.  

�>>4?L=V ?>L>>465==O ?>>DV65?L T =4E?V4>>< =<7L>>W 
O>>EFV 74EF>E>64=<E <4F5DV4?V6 45> 6<>>=4==O ?>>DV65?L-
=<E D>5VF. �> =<E =4?564FL: EF4DV==O 7V4D>V7>?OFV==>7> 
L4DG 6 T=4>64E V ?D<<<>4==OE, 747>DF4==O ?>?>F=<M DG-
?>==>7> ><?<<G, 6V4L4DG64==O, 74GFFO >4=>7> 7 L4DV6 DG-
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?>==>W ?>>DV6?V, D>7D<6< ?>>DV65?L=>7> ><?<<G =44 EF<-
>4<< ??<F ?>>D<FFO, 6V4L4DG64==O F4 >>D>7VO 6 T=4>64E, 
FDVM<=< 6 ?D<<<>4==OE, EGFV?L=5 ?GMV==O <4EF<>>6>7> 
7V4D>V7>?OFV==>7> L4DG G 6>4>75VD=<E ?>F>4E; FDVM<=<, 
E>>?<, ?D>?><< 4755EF>F5<5=F=>W ?>>DV6?V, >>D>7VO, E6<MV, 
?D>5>W=< 6 T=4>64E V >>D5<<E ?<EF4E 5?OL4=>W ?>>DV6?V.  

�4 EFG?5=5< DG==G64==O ?>>DV65?L=>7> ><?<<G ?>L-
>>465==O ?>4V?ONFL =4 DG==G64==O 74E<E=>7> L4DG, DG=-
=G64==O <VEFL ?D<<<>4==O, DG==G64==O >4D=<7=>W G4EF<-
=< ?>>D<FFO, DG==G64==O >4=>7> 45> 5V?LL5 L4DV6 ?>>DV-
65?L=>7> ><?<<G V F5??>V7>?OFV==>7> L4DG ?V4 =<<<. 

� >5EF565==O ?>>DV6?V 6>?NG4NFL 6V7G4?L=<= >7?O4, 
V=EFDG<5=F4?L=V 6<<VD< V >><??5>E ?45>D4F>D=<E 6<?D>-
5G64=L 6V4V5D4=<E 7D47>V6 <4F5DV4?V6 ?>>D<FFO. 

�V7G4?L=> 6<7=4G4NFL EF4= 6V4>D<F<E 5?5<5=FV6 >>=E-
FDG>FV= 44EG: =<6=L>W ??>M<=< ?>>D<FFO, 74E<E=>7> 65D-
E=L>7> L4DG ?>>DV6?V. �=EFDG<5=F4?L=<<< 6<<VD4<< 6<-
7=4G4NFL ??>MG ?>>DV6?V, ??>MG DG==G64=L, ?>E<?<, 6<-
7<=<, ?D>7<=<  ?>>D<FFO V ?>>DV6?V. 

�45>D4F>D=V 4>E?V465==O 7D47>V6 ?>>DV65?L=>7> V 7V4-
D>V7>?OFV==>7> <4F5DV4?V6 ?D>6>4OFL G 6V4?>6V4=>EFV 7 6<-
<>74<< �%&' � �.2.7-84-99 (��%& 26589-94). �45>D4F>D=<-
<< 4>E?V465==O<< 6<7=4G4NFL EF4= ?D<E>64=<E >>=EFDG-
>F<6=<E 5?5<5=FV6: ?4D>-, F5D<>V7>?OFVW, 6<DV6=N64?L=>W 
EFO6><, 4 F4>>6 EFG?V=L >>D>7VW <4F5DV4?G ?>>DV6?V. 

�?O >FV=>< 7V4D>V7>?OFV==<E 6?4EF<6>EF5= 6<O6?ONFL 
E?V4< ?D>FV>4==O ?>>DV6?V =4 EF5?V V EFV=4E ?D<<VM5=L, O>V 
7=4E>4OFLEO 557?>E5D54=L> ?V4 44E><. �VEFO ?D>FV>4=L =4-
=>EOFL =4 ??4= ?>>D<FFO F4 EG<VM4NFL WE 7 6V4<VG5=<<< 
?>L>>465==O<< ?>>DV65?L=>7> ><?<<G. 

�D>FV>4==O ?>>DV65?L <>6GFL 5GF< 6<>?<>4=V: 
- 4?O 5?OL4=<E ?>>DV65?L D>7>D<FFO< 7D555=V6 V D4-

?LFV6, 74EF>T< 6>4< 6 >4D=<7=V= G4EF<=V, =4O6=VEFN >4<=4-
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D=<E D4?LFV6 G 6>?>54E, >F6>DV6 G5D57 >>D>7VN V ?D>5>W=<; 
- 4?O DG?>==<E ?>>DV65?L FDVM<=4<< V DG==G64==O< 

DG?>==>7> ><?<<4, =5744>6V?L=<< 74D>5?5==O< DG?>==>-
7> ><?<<4 G 65DF<>4?L=V EFV=< V 6 <VEFOE ?D>E>465==O 
FDG5 G5D57 ?>>DV6?N, 74EF>N64==O< 6>4< 6=4E?V4>> 76>D>-
F=L>7> ?>E<?G ?>>DV6?V, 74E<VGG64==O< 6>4>6V46V4=<E ?D<-
EFD>W6 6>4>EFVG=<E FDG5, 6>4>75VD=<E ?V=>> V F4>5 V=L5; 

- 4?O ?>>DV65?L 7V LFGG=<E <4F5DV4?V6 (4755EF>F5<5=-
F=<E ?<EFV6, G5D5?<FV V F4>5 V=L5) 6=4E?V4>> 7<VM5==O, >>-
D>5?5==O V ?>L>>465==O >>D5<<E ?>>DV65?L=<E 5?5<5=-
FV6, 6V4EGF=>EFV =>D<4F<6=>7> =4?GE>G, =5MV?L=>EF5= 6 
?D<<<>4==OE, >E?45?5==O >DV??5==O 4> >5D5LVF><. 

�5D5>F>< 44EV6 F4>>6 T 6V4EGF=VEFL ?>>DV6?V =4 ?4D4-
?5F4E EFV=, =54>EF4F=V= 6<=>E >4D=<7G V 6V4EGF=VEFL >4-
?5?L=<>V6 =4 ?>>DV6?V, O>V ?D<6>4OFL 4> 76>?>65==O EFV=. 
�D>FV>4==O 6 ?>>DV6?V 6<>?<>4NFL 76>?>65==O V ?D><5D-
74==O GF5??N64G4, M> ?D<6>4<FL 4> 75V?LL5==O =464=F4-
65=L =4 5G4V65?L=V >>=EFDG>FVW 44EG V <>65 ?D<65EF< 4> 
=>7> >5DGL5==O. 

�?OL4=4 ?>>DV6?O, O>4 <4T EGFV?L=G >>D>7VN, ?V4?O74T 
?>6=V= 45> G4EF>>6V= 74<V=V. $>76<F>G >>D>7VW 5?OL4=>W ?>-
>DV6?V E?D<OT E<VFFO V 5G4V65?L=V 6V4E>4< =4 ?>>DV6?V, 4 F4-
>>6 ?>74=5 ?D>6VFDN64==O 44EV6, M> ?D<6>4<FL 4> ?>O6< 
>>=45=E4FG =4 6=GFDVL=V= ?>65DE=V ?>>DV6?V.  

$G==G64==O DG?>==<E ?>>DV65?L EG?D>6>46GTFLEO 
GF6>D5==O< 6 =<E FDVM<=, ?>D<6V6, 674GFFO V 6V4L4DG64==O 
DG?>==>7> ><?<<G, 6<>?<>4=<E ?>DGL5==O< F5E=>?>7VW 
6<7>F>6?5==O, 4 F4>>6 F5<?5D4FGD=<<< 45D>D<4FVO<<. 

�> >E=>6=<E =54>?V>V6 6<>>=4==O D>5VF ?D< 6?4LFG-
64==V DG?>==<E ?>>DV65?L 6V4=>EOFLEO: 

- =5DV6=>EFV >E=>6<, O>V ?D<6>4OFL 4> GF6>D5==O =4 
?>65DE=V ><?<<4 <VEFL 74EF>N64==O 6>4< F4 V=F5=E<6=><G 
DG==G64==N DG?>==>7> ><?<<4; 
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- G>?444==O DG?>==>7> <4F5DV4?G =4 6>?>7G >E=>6G, 
M> 6<>?<>4T 6V4L4DG64==O ><?<<4, ?>O6G ?V4 =<< ?>6VF-
DO=<E ?GE<DV6; 

- =5?D46<?L=4 >5D>5>4 ?V=>> 6=GFDVL=L>7> 6>4>EF>-
>G, =5=44V==5 ?D<<<>4==O DG?>==>7> ><?<<G 4> EFV= V ?4-
D4?5FV6, 6=4E?V4>> G>7> DG?>==<= ><?<< 6V4L4D>6GTFLEO 
6V4 65DF<>4?L=<E ?>65DE>=L. 

�755EF>F5<5=F=4 ?>>DV6?O 7 G4E>< D5>?>7VG=> 6FD4-
G4T E6>W 6>4>74E<E=V 6?4EF<6>EFV. �W 7>6=VL=O ?>65DE=O EF4T 
L>DEF>>N V =5MV?L=>N. �D><>< ?<EFV6 ?57>> 6<>D<LG-
NFLEO V 6V4>>?NNFLEO. �>>DV6?O =4 74FV=5=<E <VEFOE =5DV4-
>> ?>>D<64TFLEO ?<L4==<>><. �V45G64TFLEO >>D>5?5==O 
?<EFV6 7 GF6>D5==O< FDVM<=. �755EF>F5<5=F=V ?<EF< 7 FDV-
M<=4<< V E>>?4<< =5?D<44F=V 4?O ?>44?LL>W 5>E??G4F4FVW.  

�D>FV>4==O ?>>DV6?V V ?V46<M5=4 6>?>7VEFL =4 7>D<-
M4E, 6V4EGF=VEFL V7>?OFVW <V6 45D569O=<<< G4EF<=4<< V >?4-
4>>N 6<>?<>4NFL 7=<FFO <4G5D?4FV6, EFD>?<?L=<E =V7, >5-
D5LVF>< 44EG. �>D>7VO <5F4?56<E 769O7>V6 V >DV??5=L >4D=<-
7V6 4> ?4=5?V6 ?>>D<FFO G< 4=>5DV6 G >?44FV, 4 F4>>6 WE ?5-
D5=464=F465==O 6V4 D5<>=F=<E ?N?L>> <>65 ?D<765EF< 4> 
>5DGL5==O >4D=<7V6.     

�> 7V4D>V7>?OFV==<E 6V4=>EOFL ?>>D<FFO 7 MV?L=<E 
6>4>=5?D>=<>=<E ??V6>> 7 >5<47G64?L=<E, DG?>==<E 45> 
V=L<E <4F5DV4?V6, ?D<7=4G5=<E 4?O 74E<EFG 5G4V65?L=<E 
>>=EFDG>FV= 6V4 ?D>=<>=5==O 4F<>ED5D=>W, V=DV?LFD4FV=-
=>W, >4?V?OD=>W 6>?>7< 6 >>=EFDG>FVW 5G4V6?V (4<6. D<E. 4.1). 

�5>5EV4=> D>7DV7=OF< 7V4D>V7>?OFVN V ?4D>V7>?OFVN. 
�V4D>V7>?OFVO ?D<7=4G5=4 4?O 74E<EFG 6V4 6>?>7< 7>6=VL=VE 
>>=EFDG>FV= V DG=44<5=FV6, F>4V O> ?4D>V7>?OFVO 74E<M4T 
6V4 6>4O=>W ?4D< V >>=45=E4FG, O>V <>6GFL GF6>DN64F<EO 
6E5D54<=V 5G4V6?V. 

�5EF56GNG< 7V4D>V7>?OFVN DG=44<5=FG, =5>5EV4=> 
7=4F<, M> 6>=4 6V4DV7=OTFLEO 74 <5F>4>< =4=5E5==O F4 



 

 

 

383

?D<=F<?>< 4VW. �7V4=> 7 F<< >D<F5DVT< 6<4V?ONFL: 
3 $G?>==G. $G?>==4 45> >5>?5N64?L=4 7V4D>V7>?OFVO 

?5D5454G4T ?D<>?5N64==O ?56=<E <4F5DV4?V6 V 74EF>E>-
6GTFLEO FV?L>< =4 7>6=VL=VE ?>65DE=OE 5G4V65?L. $G?>==4 
7V4D>V7>?OFVO <>65 5GF< 5VFG<=4 (=4=G4EFVL5 6<>>D<E-
F>6GTFLEO 4?O ?>>DV6?V 44EV6, DV4L5 4?O ?V4?>7< V DG=44-
<5=FG) F4 ?>?V<5D=4 (<4T G E>?44V 4D<>64=<= ?>?V5F<?5=, 
F><G V454?L=> ?V4E>4<FL 4?O ?>>DV65?L=<E D>5VF). 

3 �5<47G64?L=G. �5<47G64?L=4 7V4D>V7>?OFVO T =4=-
?D>EFVL<< E?>E>5>< DV4>>W 7V4D>V7>?OFVW DG=44<5=FG 74 
4>?><>7>N DV7=<E <4EF<>. �>=< <>6GFL 5GF< =4 >E=>6V 
=4DF< F4 5VFG<G, G 6<7?O4V 7G<>6>-5VFG<=>W EG<VLV, 7 EGE>-
7> F5<5=FG F4 <V=5D4?L=>7> =4?>6=N64G4 45> ?>?V<5D=V 7 
4><VL>4<< 5VFG<G. �V4DV7=OTFLEO 4>67>6VG=VEFN, 5>>?>7VG-
=VEFN F4 G=V65DE4?L=VEFN 6<>>D<EF4==O. 

3 �=9T>FV==G. �4 4>?><>7>N V=9T>FV==>W 7V4D>V7>?OFVW 
D>7G<= 66>4<FLEO 6 FDVM<=<, ?>D< F4 L6< DG=44<5=FG, 
F>5F> 6 >5?4EFV, O>V =4=5V?LL5 ?>FD55GNFL 74E<EFG 6V4 
?D>=<>=5==O 6>?>7<. �?O F4>>W V7>?OFVW 6<>>D<EF>6GNFLEO 
E?5FV4?L=V ?>?V<5D<, F><G 6>=4 =4=G4EFVL5 5G64T =4 >E=>6V 
5?>>E<4=<E, ?>?VGD5F4=>6<E F4 4>D<?4F=<E E<>?. 

3 �D>=<>4NG>W 4VW. %G<VL 7 ?>DF?4=4F5<5=FG, >64D-
F>6>7> ?VE>G, E?5FV4?L=<E ?D<E44>> F4 4>F<6=<E EV<VG=<E 
5?5<5=FV6. �464O>< FL><G D>7G<= ?D>=<>4T 6 DG=44<5=F 
F4 EF6>DNT =5D>7G<==V E?>?G><, O>V 74557?5GGNFL 6<E>><= 
DV65=L 74E<EFG. 

�4F5DV4?< 4?O 7V4D>V7>?OFVW DG=44<5=FV6 V DG=44<5-
=F=>-?V464?L=<E G4EF<= ($�') 5G4V65?L >5<D4NFLEO 74-
?56=> 6V4 6<4G 7V4D>V7>?OFVW F4 �DG=F>6>W >E=>6< DG=44-
<5=FG. �E=>6=V <4F5DV4?< <>6=4 G<>6=> D>74V?<F< =4 F4>V 
7DG?<: 

- �V4D>V7>?OFV==V LFG>4FGD=V <4F5DV4?< =4 >E=>6V 
F5<5=FG. �>=< 4>E<FL D>7?>6EN465=V, <4NFL =565?<>G 
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64DFVEFL F4 =5 ?>FD55GNFL E?5FV4?L=>7> GEF4F>G64==O. 
- �5<47G64?L=V 5VFG<=>-?>?V<5D=V F4 ?>?VGD5-

F4=>6V <4EF<><. �4NFL 7DGG=<= E?>EV5 =4=5E5==O, 6<E<-
E4NG<, >4D47G GF6>DNNFL =4 ?>65DE=V 557L>6=<= 7G<>-
?>4V5=<= L4D. 

- $G?>==V 5VFG<=>-?>?V<5D=V <4F5DV4?<. %F6>DNNFL 
MV?L=G 74E<E=G >5>?>=>G F4 74E<M4NFL DG=44<5=F 6V4 
GF6>D5==O FDVM<=. 

- $G?>==V ?>?V<5D=V <5<5D4=<. %F6>DNNFL MV?L=G 74-
E<E=G >5>?>=>G 7V E?5FV4?V7>64=>7> ?>?V<5D=>7> <4F5DV-
4?G. �4E<M4NFL 6V4 47D5E<6=>W 4VW E5D54>6<M4 F4 7V4D>-
EF4F<G=>7> F<E>G 6>4<. 

- �V4D>V7>?OFV==V <4F5DV4?< ?D>=<>4NG>W 4VW. �<7?O-
44NFL O> EGEV EG<VLV 7 F5<5=FG, >64DF>6>7> ?VE>G F4 EV<VG-
=> 4>F<6=>W G4EF<=<. 

- �=9T>FV==V <4F5DV4?<. %5D54 =4=?>?G?OD=VL<E 3  
<5F<?4>D<?4F=V 75?V F4 ?>?VGD5F4=>6V V=9T>FV==V D5G>6<=< 
45> >><?>7<FVW =4 >E=>6V 5?>>E<4=<E E<>?. 

� ?D>F5EV >5EF565==O 7V4D>V7>?OFV==<E ?>>D<FFV6 <V-
EL><E 5G4V65?L <>6=4 6<4V?<F< ?DO<<= F4 >?>E5D54>>64-
=<= <5F>4< 6<7=4G5==O WE F5E=VG=>7> EF4=G. 

�DO<<< <5F>4>< 6<7=4G5==O F5E=VG=>7> EF4=G 7>6-
=VL=L>W 65DF<>4?L=>W V 7>D<7>=F4?L=>W 7V4D>V7>?OFVW EFV= 
DG=44<5=FV6 V $�' T D>7>D<FFO V 6V7G4?L=<= >7?O4 6>474-
=<E >>=EFDG>FV=. �D< FL><G, O>M> 6V4<VF>4 7>D<7>=F4?L-
=>W 7V4D>V7>?OFVW 7>6=VL=VE EFV= 7=4E>4<FLEO =<6G5 6V4<>E-
F>< 5G4V6?V, F> F5E=VG=<= EF4= 7V4D>V7>?OFVW <>6=4 E4D4>-
F5D<7G64F<, O> =5744>6V?L=<=. 

�?>E5D54>>64=<< <5F>4>< 6<7=4G5==O F5E=VG=>7> 
EF4=G 65DF<>4?L=>W V 7>D<7>=F4?L=>W 7V4D>V7>?OFVW EFV= DG-
=44<5=FV6 V $�' <>65 5GF< 6V7G4?L=<= >7?O4 6=GFDVL=VE 
?>65DE>=L EFV= V ?V4?>7< $�' 557 D>7>D<FFO >>=EFDG>FV= 
=<6G5 6V4<>EF>< V ?V4?>7< $�'. 
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/>M> ?>65DE=V EFV= V ?V4?>7< $�' 6>?>7V, F> >4=>-
7=4G=> F5E=VG=<= EF4= 65DF<>4?L=>W V (45>) 7>D<7>=F4?L=>W 
7V4D>V7>?OFVW EF4= 6>474=<E >>=EFDG>FV= T =5744>6V?L=<<.      

�4?56=> 6V4 =4O6=<E 45D5>FV6 V ?>L>>465=L F5E-
=VG=<= EF4= ?>>DV65?L F4 7V4D>V7>?OFV==<E ?>>D<FFV6 <VEL-
><E 5G4V65?L <>65 5GF< >64?VDV>>64=<= 77V4=> 7474?L=<< 
>7=4>4<, =46545=<< 6 F45?<FV 4.9. 

 

&45?<FO 4.9  
�?4E<DV>4FVO ?>L>>465=L V 45D5>FV6 ?>>DV65?L 
F4 7V4D>V7>?OFV==<E ?>>D<FFV6 <VEL><E 5G4V65?L 

 

&5E=VG=<= 

EF4= (EFG?V=L 

?>L>>465==O) 

�474?L=4 E4D4>F5D<EF<>4 EF4=G,  
>E=>6=V  45D5>F< V ?>L>>465==O 

1 2 

� 
�>D<4?L=<= 
(4G65 =57=4-

G=<=) 

�5D5>F< V ?>L>>465==O, O>V 6??<64NFL =4 =>D<4?L-
=G 5>E??G4F4FVN V 7=<6GNFL 4>67>6VG=VEFL ?>>DV6?V, 
>7=4><, M> E4D4>F5D<7GNFL 7=>LG64==O >>=EFDG>FV= 
V ?>L>>465==O 74E<E=<E ?>>D<FFV6, 6V4EGF=V. �4F5DV-
4? >>=EFDG>FV= V (45>) G<>6< 5>E??G4F4FVW 6V4?>6V44-
NFL 6<<>74< ?D>5>FG V 4VNG<E =>D<4F<6=<E 4>>G<5-
=FV6. �>D5<V F>G>>6V 45D5>F< ?>>DV65?L=>7> 7V4D>V7>-
?OFV==>7> L4DG, 7>E5D5465=V =4 ??>MV 4> 1,0 <2 ?>>-
DV6?V. �>D5<V DG==G64==O 74E<E=>7> L4DG 7V4D>V7>?O-
FV==>7> ><?<<G (5?OE<). �D>FV>4==O ?>>DV6?V =5 6<-
O6?5=V. %FG?V=L ?>L>>465=L 4> 10%. 

��  
�44>6V?L=<= 
(=57=4G=<=) 

�4F5DV4? >>=EFDG>FV= V (45>) G<>6< 5>E??G4F4FVW 6V4-
?>6V44NFL 6<<>74< ?D>5>FG V 4VNG<E =>D<4F<6=<E 
4>>G<5=FV6. &>G>>6V 45D5>F< 7V4D>V7>?OFV==>7> L4DG, 
7>E5D5465=V =4 ??>MV 4> 1,0 <2 ?>>DV6?V. �>D5<V ?>-
>4?L=V 45D5>F<, D>7<VM5=V =4 ??>MV 4> 100 <2 ?>>DV6-
?V. $G==G64==O 74E<E=>7> L4DG F4 <VEFL ?D<<<>4==O 
7V4D>V7>?OFV==>7> <4F5DV4?G 4> ?4D4?5F=<E EFV=. �D>-
FV>4==O ?>>DV6?V =5 6<O6?5=V. %FG?V=L ?>L>>465=L 
11÷20%.  
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?D>4>665==O F45?. 4.9 

1 2 

��� 
 �5744>6V?L-

=<= 
(E5D54=V=  

45> 7=4G=<=) 

�>E??G4F4FVO >>=EFDG>FVW <>6?<64 74 G<>6< ?D>65-
45==O >4?VF4?L=>7> D5<>=FG. �4F5DV4? >>=EFDG>FV= V 
(45>) G<>6< 5>E??G4F4FVW G4EF>>6> =5 6V4?>6V44NFL 
6<<>74< G<==<E =>D<4F<6=<E 4>>G<5=FV6. �4E>6V 
?>>4?L=V 45D5>F< =4 ??>MV 4> 100 <2 ?>>DV6?V, >5EO7 
O><E =5 ?5D56<MGT 40% GEVTW ??>MV ?>>DV6?V. $G==G-
64==O 74E<E=>7> L4DG F4 <VEFL ?D<<<>4==O 7V4D>V7>-
?OFV==>7> ><?<<G 4> ?4D4?5F=<E EFV=, >>=EFDG>FVW 
>4D=<7G. �>D5<V ?D>FV>4==O, >5EO7>< 4> 20% GEVTW 
??>MV ?>>DV6?V. %FG?V=L ?>L>>465=L 21÷40%. 

�V  
�5D54-

464DV==<= 

45> =5?D<-

44F=<= 4?O 

=>D<4?L=>W 

5>E??G4- 

F4FVW  

(7=4G=<=) 

�>44?LL4 5>E??G4F4FVO >>=EFDG>FVW <>6?<64 74 G<>-

6< ?D>6545==O WW 6V4=>6?5==O 45> 74<V=<. �4F5DV4? 

>>=EFDG>FV= V G<>6< 5>E??G4F4FVW =5 6V4?>6V44NFL 

6<<>74< G<==<E =>D<4F<6=<E 4>>G<5=FV6, M> 7<5=-

L<?> 4>67>6VG=VEFL >>=EFDG>FVW. �4E>6V ?>>4?L=V 

45D5>F<, D>7<VM5=V =4 ??>MV 4> 100 <2 ?>>DV6?V >5-

EO7>< 40÷70% GEVTW ??>MV ?>>DV6?V. $G==G64==O 74-

E<E=>7> L4DG F4 <VEFL ?D<<<>4==O 7V4D>V7>?OFV==>-

7> ><?<<G 4> ?4D4?5F=<E EFV=, >>=EFDG>FVW >4D=<7G, 

>E=>6=<E L4DV6 ?>>DV65?L=>7> ><?<<G. �D>FV>4==O 

>5EO7>< 20÷40% GEVTW ??>MV ?>>DV6?V. %FG?V=L ?>L-

>>465=L 41÷60%.  
V  

�64DV==<= 

45> =5?D<-

44F=<= 4?O 

?>44?LL>W 

5>E??G4- 

F4FVW 

(?>6=<=) 

�>44?LL4 5>E??G4F4FVO >>=EFDG>FVW =5<>6?<64. �4-

F5DV4? >>=EFDG>FV= V G<>6< 5>E??G4F4FVW =5 6V4?>6V-

44NFL 6<<>74< ?D>5>FG V 4VNG<E =>D<4F<6=<E 4>>G-

<5=FV6. �4E>6V E?>?GG5=V ?>>4?L=V 45D5>F<, D>7<V-

M5=V =4 ??>MV 4> 100 <2 ?>>DV6?V, >5EO7>< 5V?LL5 

70% GEVTW ??>MV ?>>DV6?V. $G==G64==O 74E<E=>7> L4-

DG F4 <VEFL ?D<<<>4==O 7V4D>V7>?OFV==>7> ><?<<G 4> 

?4D4?5F=<E EFV=, >>=EFDG>FVW >4D=<7=>W G4EF<=< ?>>-

D<FFO, >E=>6=<E L4DV6 ?>>DV65?L=>7> ><?<<G V F5?-

?>V7>?OFV==>7> L4DG ?V4 =<<<. �4E>6V ?D>FV>4==O, 

>5EO7 O><E ?5D56<MGT 40% GEVTW ??>MV ?>>DV6?V. 

%FG?V=L ?>L>>465=L 5V?LL5 60%.  
�D<<VF>4. &45?. 4.9 T D57G?LF4F>< =4G>>6>-4>E?V4=<E D>5VF 7 GD4EG64==O< F4 

6 D>76<F>> ?>?>65=L G<==<E =>D<4F<6=<E F4 V=EFDG>F<6=<E 4>>G<5=FV6 6 

>5?4EFV ?>>DV65?L F4 7V4D>V7>?OFV==<E ?>>D<FFV6 [6; 26; 55361]. 
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4.2.7. �5EF565==O F4 >FV=>4 F5E=VG=>7> EF4=G  
6=GFDVL=VE V=65=5D=<E E<EF5< <VEL><E 5G4V65?L 

 
�5EF565==O 5G4L-O>>7> V=65=5D=>7> >5?44=4==O <4T 

6V4?>6V44F< 6<<>74< ��%& $ 31937-2011 «�G4V6?V F4 E?>DG-
4<. �D46<?4 >5EF565==O F4 <>=VF>D<=7G F5E=VG=>7> EF4-
=G», �4>>=G '>D4W=< «�D> 5=5D75F<G=G 5D5>F<6=VEFL 5G4V-
65?L» 7 GD4EG64==O< 6<<>7 �<D5>F<6< 2012/27EU �6D>-
?5=EL>>7> �4D?4<5=FG F4 $44< 6V4 25 6>6F=O 2012 D>>G ?D> 
5=5D7>5D5>F<6=VEFL. 

�?5>FD>?>EF4G4==O. �V4 G4E >5EF565==O ?5D56VDO-
TFLEO 4>FD<<4==O F5E=VG=<E G<>6 F4 6V4?>6V4=VEFL ?D>5>-
FG, ?D>6>4<FLEO D>7D4EG=>> <5D56=>7> =464=F465==O, 
6<7=4G4TFLEO ?D46<?L=VEFL 6<5>DG 4?4D4FV6 74E<EFG. �>D-
<4F<6< 4?O E<EF5< 5?5>FD>?>EF4G4==O <VEFOFLEO 6 %� 
134.13330.2012 «%<EF5<< 5?5>FD>76'O7>G 5G4V65?L F4 E?>DG4. 
�E=>6=V ?>?>65==O ?D>5>FG64==O» F4 %� 76.13330.2012 
«�?5>FD>F5E=VG=V ?D<EFD>W». 

�>4>?>EF4G4==O. &5E=VG=5 >5EF565==O <VEF<FL 6V7G-
4?L=<= >7?O4 F4 =5DG==V6=5 V=EFDG<5=F4?L=5 4>E?V465-
==O. �<6G4NFLEO F5E=VG=V E4D4>F5D<EF<>< E<EF5<<, 7474-
?L=<= E4D4>F5D 5>E??G4F4FVW, 7D4=<G=V =464=F465==O. � 
4>FV >5EF565==O <4NFL 5GF< 747=4G5=V >>=>D5F=V 4VW M>4> 
74?>5V74==O 6<E>4G E<EF5<< 6>4>?>EF4G4==O 7 ?44G. %<-
EF5<4 <4T 6V4?>6V44F< 6<<>74< %� 31.13330.2012 «�>4>?>-
EF4G4==O. �>6=VL=V <5D56V F4 E?>DG4<». 

�>4>6V46545==O. �5EF565==O <4T 5GF< E?DO<>64=5 
=4 6<7=4G5==O F4 GEG=5==O ?>L>>465=L V 45D5>FV6, M> 
6<=<>?<. �4=5D5>F<6=VL<< T F5?56V7V==5 >5EF565==O 7 
<5F>N 7=4E>465==O ?D>5?5<=<E 4V?O=>>. %<EF5<4 <4T 
6V4?>6V44F< %� 32.13330.2012 «�4=4?V74FVO. �>6=VL=V <5-
D56V F4 E?>DG4<». 

&5??>?>EF4G4==O. �5EF565==O F5??><5D56 ?D>6>-
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4<FLEO 7 <5F>N ?5D56VD>< WE E?D46=>EFV F4 6EF4=>6?5==O 
>?F<<4?L=>7> D56<<G F5??>?>EF4G4==O <VEL><E 5G4V65?L. 
&5??>6V <5D56V ?>6<==V 6V4?>6V44F< %� 124.13330.2012 
«&5??>6V <5D56V». 

�>4O=5 >?4?5==O. �5EF565==O 6>4O=>7> >?4?5==O 
6>?NG4T ?5D56VD>G ?D4F5744F=>EFV E<EF5<< ?D< F<E>G, M> 
?5D56<MGT D>5>G5 6 1,5 D47<, 4?5 =5 <5=L5 0,6 ��4, 77V4=> 
7 %� 60.13330.2012 «�?4?5==O, 65=F<?OFVO F4 >>=4<FV-
N64==O ?>6VFDO».  

�>6VFDO=5 >?4?5==O. � >5EF565==V ?>6VFDO=>7> >?4-
?5==O, >>DV< 4V47=>EF<>< ?D4F5744F=>EFV E<EF5<<, ?D>6>-
4<FLEO 4>E?V465==O 45D>4<=4<V>< 6 <5D56V ?>6VFD>-4G6V6. 
%<EF5<4 <4T 6V4?>6V44F< 6<<>74< %� 60.13330.2012 «�?4-
?5==O, 65=F<?OFVO F4 >>=4<FVN64==O ?>6VFDO». 

�5=F<?OFVO. �5EF565==O ?D>6>4<FLEO 74 4>?><>7>N 
<G?LF<<5FDV6, 6<<VDN64GV6 LG<G F4 6V45>4?4D4FGD<. � D5-
7G?LF4FV 44TFLEO 6<E=>6>> ?D> EF4= 65=F<?OFVW, ?D<G<=< WW 
=55D5>F<6=>W D>5>F<, O>VEFL >G<M5==O ?>6VFDO. %<EF5<4 
<4T 6V4?>6V44F< =>D<4F<64< %� 60.13330.2012 «�?4?5==O, 
65=F<?OFVO F4 >>=4<FVN64==O ?>6VFDO». 

�>=4<FVN64==O ?>6VFDO F4 E>?>4>?>EF4G4==O. $5-
7G?LF4F>< >5EF565==O T 6<E=>6>< ?D> ��� F4 557?5>G E<-
EF5<<, 44NFLEO D5>><5=44FVW M>4> WE ?V4-6<M5==O. %<EF5-
<4 >>=4<FVN64==O <4T 6V4?>6V44F< %� 60.13330.2012 «�?4-
?5==O, 65=F<?OFVO F4 >>=4<FVN64==O ?>6VFDO». 

�5D56V 769O7>G. �5EF565==O 6>?NG4T ?5D56VD>G =4-
O6=>EFV 6EVE =5>5EV4=<E >><??5>FGNG<E V >455?V6, WE ?D4F5-
744F=>EFV F4 5D5>F<6=>EFV E<EF5<< 6 FV?Ï<G. �D<-EFD>W 
76'O7>G ?>6<==V 6V4?>6V44F< 6<<>74< �%� 60-89 «�D<EFD>W 
76'O7>G E<7=4?V74FVW F4 4<E?5FG5D<74FVW V=65=5D-=>7> 
>5?44=4==O 6<F?>6<E F4 7D><44EL><E 5G4V65?L. �>D<< 
?D>5>FG64==O». 
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%<EF5<< 46F><4F<74FVW F4 4<E?5FG5D<74FVW (6 F><G 
G<E?V E<EF5<< ?>656=>W 557?5><). �5EF565==O 6<O6?OT 
?D4F5744F=VEFL F4 5D5>F<6=VEFL E<EF5<. %<EF5<< 46F><4F<-
74FVW F4 4<E?5FG5D<74FVW ?>6<==V 6V4?>6V44F< �%� 60-89. 

�F4?< >5EF565==O 6=GFDVL=VE V=65=5D=<E E<EF5<  

<VEL><E 5G4V65?L: 

�=4?V7 F5E=VG=>W 4>>G<5=F4FVW. �>?NG4T 6<6G5==O 
6<EV4=<E F4 4DEV6=<E 44==<E: F5D<V=< 5G4V6=<FF64 F4 
5>E??G4F4FVW, <VEFO ?D>E>465==O >><G=V>4FV= F4 >5?44=4-
==O, ?V4EG<>< ?>?5D54=VE 5>E?5DF<7. �=4?V7G ?V4?O74NFL 
D>5>GV F4 6<>>=46GV >D5E?5==O, 4>F< ?D<=<4==O F4 6<?D>-
5G64=L, ?4E?>DF< V E5DF<DV>4F< =4 >5?44=4==O F4 V=L5. 

�V7G4?L=5 >5EF565==O. �4 FL><G 5F4?V ?D>6>4<FLEO 
?5D6<==<= >7?O4 E<EF5< 4?O 6<7=4G5==O O6=<E ?>L>>4-
65=L F4 45D5>FV6 V =5E?D46=>EF5=, 4 F4>>6 =5>5EV4=>EFV 74-
EF>EG64==O E?5FV4?L=>W 4?4D4FGD<. 

�=EFDG<5=F4?L=5 >5EF565==O. �F4? V=EFDG<5=F4?L-
=>7> >5EF565==O 44T G<E?>6V 44=V 4?O 4=4?V7G ?D4F5744F-
=>EFV E<EF5<<. �> =L>7> 6E>4OFL 6<<VDN64==O ?V=V==<E 
D>7<VDV6, 6<O6?5==O 45D>D<4FV=, 45D5>FV6 F4 ?>L>>465=L, 
75<D4==O 44=<E M>4> =464=F465=L F4 (45>) 6<FD4F. 

�=4?V7 D57G?LF4FV6. �4 FL><G 5F4?V 6<7=4G4TFLEO 
F5E=VG=<= EF4= F4 ?D<G<=< DV7<G=>7> 7=>LG64==O V=65-
=5D=<E >><G=V>4FV=, D>7D>5?ONFLEO 6<E=>6>< M>4> F5E=V-
G=>W <>6?<6>EFV ?>44?LL>7> WE 6<>>D<EF4==O. 

$>7D>5>4 6V4><>EFV 45D5>FV6. �4644==O 5F4?G 3 
E>?4EF< ?>6=<= E?<E>> ?>L>>465=<E F4 (45>) 7=>L5=<E V 
F4><E, M> ?V4?O74NFL 74<V=V G4EF<= V=65=5D=<E E<EF5<. 

$>7D>5>4 F5E=VG=>7> 76VFG. �> =L>7> 6E>4OFL: 
- >5EO7< F4 EFD>>< 6<>>=4=<E >5EF56G64?L=<E D>5VF; 
- 44F4 V G4E ?>G4F>G F4 74>V=G5==O 6<>>=4=<E D>5VF; 
- >?<E 6EF4=>6?5=<E ?V4 G4E >5EF565==O ?>L>>465=L 

V 45D5>FV6; 
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- ?5D5?V> F4 >>D>F><= >?<E ?D>5>F=<E DVL5=L >5EF5-
6G64=<E E<EF5<;  

- 4=4?V7 =>D<4F<6=>W 547< =4 ?5DV>4 76545==O >5EF5-
6G64=>7> >59T>F4; 

- 6V4><>EFV ?D> G<>6< 5>E??G4F4FVW V=65=5D=<E <5-
D56, >D74=V74FVN WE ?>F>G=<E F4 >4?VF4?L=<E D5<>=FV6; 

- D57G?LF4F< 6V7G4?L=>7> F4 V=EFDG<5=F4?L=>7> >5EF5-
65==O; 

- G<E?>6V 44=V ?D> EFG?V=L ?>L>>465=L;  
- ?>F5=FV==V ?D<G<=< ?>O6< F4 D>76<F>G 45D5>FV6; 
- 6<E=>6>< M>4> =5>5EV4=>EFV D5<>=FG (74<V=<) >>D5-
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<47VEFD4?L=<E V 6=GFDVL=L>>64DF<D=<E <5D56. 

�FD4F4 5?4EF<G=>EFV V7>?OFVW ?D>6>4><. �V4>D<-
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�V4EGF=VEFL G4EF<=< ?D<?44V6 V >D<L>> 4> =<E. 

�4O6=VEFL <VEFL D5<>=FG �$�. %FG?V=L ?>L>>-
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4V?O=>> <5D56V V 
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74<V=>N <5D56V V ?D<?44V6. �5E?D46=VEFL �$�. 
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6V4?>6V44NFL 6<<>74< ?D>5>FG V 4VNG<E 

=>D<4F<6=<E 4>>G<5=FV6. �5D5>F< V ?>L-

>>465==O, O>V 6??<64NFL =4 =>D<4?L=G 

5>E??G4F4FVN V 7=<6GNFL 4>67>6VG=VEFL 

E<EF5<<, 6V4EGF=V. �7=4>< 7=>LG64==O 

>>=EFDG>FV= 6V4EGF=V. %FG?V=L ?>L>>465=L 

4> 10%.  

�>D<4?L=5 DG=>-

FV>=G64==O ?D< 

4>FD<<4==V 76<-

G4==<E ?D46<? 

F5E=VG=>W  

5>E??G4F4FVW. 

�� 

�44>6V?L-
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(=57=4G-
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�4F5DV4? >>=EFDG>FV= V G<>6< 5>E??G4F4FVW 

6V4?>6V44NFL 6<<>74< ?D>5>FG V 4VNG<E 

=>D<4F<6=<E 4>>G<5=FV6. �>E?45?5==O 

E4?L=<>>6<E  =45<6>>, ?D>>?44>> V 74?VD-

=>W 4D<4FGD<, >>D5<V ?>DGL5==O F5??>V7>-

?OFVW <47VEFD4?5=. �D4?5?L=V F5GV 6 <VEFOE 

DV7L5>6<E 79T4=4=L FDG5>?D>6>4V6, G <VE-

FOE 6DV7>< 74?VD=>W 4D<4FGD<, 6 E5>FVOE 

?D<?44V6 >?4?5==O, E?V4< D5<>=FG, G4EF>>-

65 ?>L>>465==O >>D>7VTN <47VEFD4?5=. 

%FG?V=L ?>L>>465=L 11÷30%.  

�45<6>4 E4?L=<-

>V6, 74<V=4 ?D>-

>?44>>. '4EF>>64 

74<V=4 74?VD=>W 

4D<4FGD<, FDG5>-

?D>6>4V6 <47VEF-

D4?5=, 6V4=>6?5=-

=O F5??>V7>?OFVW. 

��� 

�5?D<44F-

=<= 4>  

=>D<4?L-

=>W 5>E-

??G4F4FVW 

(7=4G=<=) 

�4F5DV4? >>=EFDG>FV= V (45>) G<>6< 5>E-

??G4F4FVW =5 6V4?>6V44NFL 6<<>74< ?D>5>-

FG V 4VNG<E =>D<4F<6=<E 4>>G<5=FV6. �D4-

?5?L=V F5GV 6 <VEFOE DV7L5>6<E 79T4=4=L 

FDG5>?D>6>4V6, G <VEFOE 6DV7>< 74?VD=>W 

4D<4FGD<, 6 E5>FVOE ?D<?44V6 >?4?5==O, 

=5E?D46=VEFL 7<VLG64GV6 V 74?VD=>W 4D<4FG-

D<, E?V4< D5<>=FG, 7=4G=4 >>D>7VO FDG5>?-

D>6>4V6 V <47VEFD4?5=. %FG?V=L ?>L>>-

465=L 31÷60%.   

�4<V=4 74?VD=>W  

4D<4FGD<, G4EF>>-

64 74<V=4 FDG5>?-

D>6>4V6 <47VEFD4-

?5=. '4EF>>64 74-

<V=4 ?D<?44V6 

>?4?5==O. 

�V 

�64DV==<= 

(?>6=<=) 

�4F5DV4? >>=EFDG>FV= V (45>) G<>6< 5>E-

??G4F4FVW =5 6V4?>6V44NFL 6<<>74< G<==<E 

=>D<4F<6=<E 4>>G<5=FV6. �5E?D46=VEFL 

E<EF5<<, 6<EV4 7 ?44G 74?VD=>W 4D<4FGD<, 

?D<?44V6 >?4?5==O, E?V4< 7=4G=<E D5<>=-

FV6, >>D>7VO 5?5<5=FV6 E<EF5<<. �4E>65 

?>L>>465==O <47VEFD4?L=<E FDG5>?D>6>-

4V6, 7=4G=5 ?>DGL5==O F5??>V7>?OFVW FDG-

5>?D>6>4V6. %FG?V=L ?>L>>465=L 61÷80%.  

�D<?<=5==O  

5>E??G4F4FVW.  

�>6=4 74<V=4  

E<EF5<<.  
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?D>6>4V6. �<FV>4==O 6>4< G 20% 6>4>D>7?>-
4V?L=<E ?D<?44V6. %FG?V=L ?>L>>465=L 
11÷30%. 

�45<64==O E4?L-
=<>V6, 74<V=4 ?D>-

>?44>> 74?VD=>W 
4D<4FGD<, D5<>=F V 
D57G?N64==O 6>4>-
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?44V6. '4EF>>64 74-
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F5DV4? >>=EFDG>FV= V (45>) G<>6< 5>E??G4F4FVW 
G4EF>>6> =5 6V4?>6V44NFL 6<<>74< =>D<4F<6-
=<E 4>>G<5=FV6, 7<5=L5==O 4>67>6VG=>EFV 
>>=EFDG>FVW. $>7D57G?N64==O >D4=V6 V 74?VD=>W 
4D<4FGD< (4> 40%). �4O6=VEFL <VEFL D5<>=FG 
FDG5>?D>6>4G. �=4G=4 >>D>7VO FDG5>?D>6>4V6. 
�>L>>465==O 4> 10% 6>4>D>7?>4V?L=<E 
?D<?44V6. �>6?<65 464DV==5 74<>GG64==O 
7DG=FG >E=>6< 5G4V6?V. %FG?V=L ?>L>>465=L 
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4V6, ?>D4D5G64==O 

FDG5>?D>6>4V6. 
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6V4?>6V44NFL 6<<>74< G<==<E =>D<4F<6=<E 
4>>G<5=FV6. �>6=5 D>7D57G?N64==O E<EF5<<. 
�<EV4 7 ?44G 74?VD=>W 4D<4FGD<. �5?<>4 >V?L>VEFL  
E><GFV6. %?V4< G4EF>>6>W 74<V=<  FDG5>?D>6>4V6. 
%GFV?L=4 >>D>7VO 5?5<5=FV6 E<EF5<<. �>L>>-
465==O 4> 30% 6>4>D>7?>4V?L=<E ?D<?44V6. 
�64DV==5 74<>GG64==O >E=>6< 5G4V6?V. %FG?V=L 
?>L>>465=L 61÷80%. 

�>6=4 74<V=4 
E<EF5<<  

E>?>4=>7>  
6>4>?>EF4G4==O. 
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6>4>?D<=<4?L=<E ?D<?44V6 (4> 10% WE >V-
?L>>EFV). '4EF>>65 ?>L>>465==O <5F4?56<E 
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�D<<VF>4. &45?. 4.10 T D57G?LF4F>< =4G>>6>-4>E?V4=<E D>5VF 7 GD4EG64==O< 

F4 6 D>76<F>> ?>?>65=L G<==<E =>D<4F<6=<E F4 V=EFDG>F<6=<E 4>>G<5=FV6 6 
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�474?L=G >FV=>G 5>E??G4F4FV==>W =44V==>EFV 4>E?V-
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6545==O ?>?5D54=VE, 45F4?L=<E V (74 =5>5EV4=>EFV) E?5FV4-
?L=<E 4>E?V465=L (4<6. D>74V?< 4.2.134.2.7).  
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?LL>EFV 6<?44>V6 ?D>O6?ONFLEO G 6<7?O4V FDVM<= G DG=-
44<5=F4E, EFV=4E V ?D>EFV=>4E, ?5D5>D<FFOE F4 V=L<E =5EG-
G<E >>=EFDG>FVOE, <>6=4 6<7=4G4F< 74 4>?><>7>N 
F45?. 4.11.  

%FG?V=L 5>E??G4F4FV==>W =44V==>EFV F4><E 5G4V65?L 
6<7=4G4TFLEO L<D<=>N D>7>D<FFO FDVM<=, WE >>=F5=FD4FV-
TN, 7474?L=>N >V?L>VEFN V E4D4>F5D>< >4DF<= FDVM<=>GF-
6>D5==O. 

�>D<EFGNG<EL F45?<F5N 4.11, =5>5EV4=> <4F< =4 G647V 
F4>V >5EF46<=<: 

- �>O64 6<4<<<E FDVM<= 6 F57?O=V= >?44FV ?>69O74=4 
7 ?5D56<M5==O< WW 7D4=<G=>W D>7FO6=>EFV 45> EF<E?<6>EFV. 
�D4=<G=V 45D>D<4FVW D>7FO7G64==O >?44>< ?D<=<4NFLEO 
DV6=<<< 0,0002, 4 7D4=<G=V 45D>D<4FVW EF<E>4==O 3 0,001. 
�D< =4O6=>EFV 4D<G64==O FV 7=4G5==O 75V?LLGNFLEO =4 
25,0%. 

- � 74?V7>55F>==<E >>=EFDG>FVOE L<D<=4 D>7>D<FFO 
FDVM<=, O>4 6<7=4G4TFLEO D>7D4EG=>><, =5 ?>6<==4 ?5D5-
6<MG64F< 0,1÷0,3 <<, M> 74557?5G<FL 755D565==O 4D<4FG-
D< 6 DV7=<E G<>64E 5>E??G4F4FVW (6 �DG=FV, =4 6V4>D<F><G 
?>6VFDV, 6 74>D<F><G ?D<<VM5==V). � EFV=>6<E ?4=5?OE >DG-
?=>?4=5?L=<E 5G4V65?L D>7>D<FFO FDVM<=, M> ?5D5F<=4-
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NFL D>5>GG 4D<4FGDG, =5 ?>6<==5 ?5D56<MG64F< 0,3 <<; 
674T<=<= 7EG6 ?4=5?V6 3 0,6 <<; D>7>D<FFO FDVM<= 6 55F>=V 
><>=>?VGG64==O EF<>>6<E 79T4=4=L 7 4=F<>>D>7V==<< ?>>-
D<FFO< 3 11,0 <<. $>7>D<FFO FDVM<=, O>V =5 ?5D5F<=4NFL 
D>5>GG 4D<4FGDG, E?V4 >5<56G64F< 7 G<>6< 74557?5G5==O 
=5>5EV4=>W 76G>>V7>?OFVW (4?O 6=GFDVL=VE >>=EFDG>FV=) G< 
F5??>- V 7V4D>V7>?OFVW (4?O 7>6=VL=VE >>=EFDG>FV=).  

- �D4=<G=4 D>7FO6=VEFL 55F>=G ?D<=<4TFLEO DV6=>N 
0,00015, 4 7D4=<G=4 EF<E?<6VEFL 3 0,0025÷0,0045. 

- �D< 7=4G=<E 45D>D<4FVOE �DG=F>6<E >E=>6 4>FD<-
<4==O 6<<>7 M>4> L<D<=< D>7>D<FFO FDVM<= =5 5V?LL5 
0,3 << <>65 ?D<6>4<F< 4> 65?<><E 74FD4F =4 74E>4< 74E<E-
FG 5G4V65?L 6V4 =5DV6=><VD=<E 45D>D<4FV= DG=44<5=FV6. 
&><G 6 45O><E 6<?44>4E 4>?GE>4NFL 6<=<>=5==O ?>L>>-
465=L, M> ?5D56<MGNFL =>D<4F<6=V 7=4G5==O, F4> O> 6V4-
=>6?N64?L=V D>5>F< 6<O6?ONFLEO 45L56L<<< =V6 74E<E=V 
74E>4<. 

�>?5D54=N 7474?L=G >FV=>G 5>E??G4F4FV==>W =44V==>EFV 

>4D>4E=<E 5G4V65?L, ?>L>>465==O O><E, O> ?D46<?>, ?D>O6-
?ONFLEO G 6<7?O4V ?D>7<=V6 V ?5D5<VM5=L 5?5<5=FV6 >4D>4-
EG, FDVM<= G 6G7?4E 79T4=4==O, D>7>D<FFV FDVM<= <V6 5?5-
<5=F4<< >4D>4EG F4 >7>D>46G64?L=<<< >>=EFDG>FVO<<, 
?D>7<=V6 5?5<5=FV6 ?>>D<FFV6 V ?5D5>D<FFV6, 7>D<7>=F4?L-
=<E ?D>7<=4E >>?>=, 7>D<7>=F4?L=<E ?5D5<VM5==OE >4D-
>4EG, >D5=G (?>6>D>FG) DG=44<5=FV6 <>6=4 6<7=4G4F< 74 
4>?><>7>N F45?<FV 4.12.  

�?O 5?5<5=FV6 >>=EFDG>FV= 5G4V65?L, 7D4=<G=V ?D>-
7<=< V ?5D5<VM5==O O><E =5 >5G<>6?5=V =>D<4F<6=<<< 
4>>G<5=F4<<, 65DF<>4?L=V V 7>D<7>=F4?L=V ?D>7<=< V ?5-
D5<VM5==O 6V4 ?>EFV==<E, FD<64?<E V >>D>F>>G4E=<E =464-
=F465=L =5 ?>6<==V ?5D56<MG64F< 1/150 ?D>?L>FG 45> 
1/75 6<?L>FG >>=E>?V. 
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&45?<FO 4.11.  
�FV=>4 5>E??G4F4FV==>W =44V==>EFV 557>4D>4E=<E 5G4V65?L 74 D57G?LF4F4<< 

>5EF565==O  WE >>=EFDG>FV= 
%FG?V=L 5>E-

??G4F4FV==>W 

=44V==>EFV 

5G4V6?V 

&5E=VG=<= EF4= 

(EFG?V=L  

?>L>>465==O  

>>=EFDG>FV=) 

�<5=L5==O =5-

EGG>W 744F=>EFV 

>>=EFDG>FV=, % 

�474?L=4 E4D4>F5D<EF<>4 F5E=VG=>7> EF4=G  

>>=EFDG>FV= 

1 2 3 4 

� �>D<4?L=<=, 

(4G65 

=57=4G=<=) 

- 74?V7>55F>==<E 

V >4<9O=<E: 

< 15%; 

 

- 45D569O=<E 

V <5F4?56<E: 

< 5%. 

�V7G4?L=> 6<4<<V ?>L>>465==O, O>V E6V4G4FL ?D> 7=<-

65==O =5EGG>W 744F=>EFV >>=EFDG>FV= 6V4EGF=V. � >>D5-

<V 45D5>F< V (45>) ?>L>>465==O, M> =5 6??<64NFL =4 

5>E??G4F4FVN 5G4V6?V, GEG64NFLEO ?V4 G4E D5=>64FVW 45> 

D5<>=FG. �<>>=GNFLEO G<>6< 5>E??G4F4FVW 77V4=> 6<-

<>7 G<==<E =>D<4F<6=<E 4>>G<5=FV6 V ?D>5>F=>W 4>>G-

<5=F4FVW. �4>E<<4?L=4 L<D<=4 D>7>D<FFO FDVM<= 6 

>>=EFDG>FVOE acrc < 1.0 <<. �DV5=V FDVM<=< =4 6=GFDV-

L=VE EFV=4E, O>V ?57>> 74F<D4NFLEO. �4=65 =56<4<<V 

FDVM<=< =4 7>6=VL=VE EFV=4E. �E=>6=4 <4E4 <5=L5 0.1 

<<, G4EF<=4 7 =<E 3 <5=L5 1.0 <<. � =5EGG<E EFV=4E 

?>L>>465=L V FDVM<= =5<4T, 6 =5=5EGG<E F4 >7>D>46G-

64?L=<E F57?O=<E EFV=4E V EF<>4E ?4=5?V6 3 <VEF56V 

FDVM<=< D>7>D<FFO< acrc f 0.5 << 557 >7=4> 7EG6V6. �>-

L>>465=L DG=44<5=FV6 =5<4T. �5>5EV4=VEFL D5<>=F-

=<E D>5VF 6V4EGF=O. �>D<4?L=5 DG=>FV>=G64==O 74557-

?5GGTFLEO ?D< 4>FD<<4==V 76<G4==<E ?D46<? F5E=VG=>W 

5>E??G4F4FVW.  
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?D>4>665==O F45?. 4.11 

1 2 3 4 

�� 
�44>6V?L=<= 

(=57=4G=<=) 

- 74?V7>55F>==<E 

V >4<9O=<E: 

15÷20%; 

 

- 45D569O=<E V 

<5F4?56<E: 

5÷15%. 

�V7G4?L=> 6<4<<V ?>L>>465==O >>=EFDG>FV=: >>D5<V 

D4>>6<=<, 6<5>W=<, 6>?>EO=V FDVM<=<, G4EF>>6V ?>L>>-

465==O 4=F<>>D>7V==>7> 74E<EFG <5F4?56<E >>=EFDG>-

FV=. �4557?5GGNFLEO =>D<4?L=V G<>6< 5>E??G4F4FVW. 

,<D<=4 D>7>D<FFO FDVM<= 6 >>=EFDG>FVOE acrc = 

=1.0÷5.0 <<. �E=>6=4 <4E4 f 1.0 <<, G4EF<=4 7 =<E 3   

f 5.0 <<. �474F> FDVM<=, M> ?57>> 74F<D4NFLEO, =4 

6=GFDVL=VE V =5=5EGG<E EFV=4E. �55474F> 6<4<<<E FDV-

M<= ?D>FO6=VEFN 6 <564E 1/2 6<E>F< ?>65DEG =4 7>6-

=VL=VE V =5EGG<E EFV=4E. � =5EGG<E F57?O=<E EFV=4E V 

79T4=4==OE 557?5D5D6=V 6 <564E >>=EFDG>FVW FDVM<=< 

acrc f 3.0 <<. �V4=>E=4 DV7=<FO >EV44=L DG=44<5=FV6 

?4=5?L=<E 5G4V65?L f 0.0008, F57?O=<E V 5?>G=<E 5G4V-

65?L 557 4D<G64==O f 0.0010, 5G4V65?L 7 7>D<7>=F4?L-

=<<< 74?V7>55F>==<<< ?>OE4<< f 0.0014, =4E<?     

g  0.003. � =5EGG<E V >7>D>46G64?L=<E F57?O=<E EFV=4E 

F4 WE 79T4=4==OE FDVM<=< D>7>D<FFO< acrc f 3.0 << 4>6-

6<=>N =5 5V?LL5 2-E DO4V6 >?44><; <VEF564 45EFDG>FVO 

>?44>< 6=4E?V4>> 4F<>ED5D=<E 6??<6V6 =4 7?<5<=G 4> 

50 <<. �D5= =5 5V?LL5 0.005. �>L>>465==O DG=44<5=-

FV6 =57=4G=5: FDVM<=< 6 55F>=V acrc f 1.0 <<, 6 L64E 3 

acrc f 3.0 <<. �5>5EV4=<= ?>F>G=<= D5<>=F 7 ?V>6V44FV-

TN ?>>4?L=<E ?>L>>465=L 557 ?V4E<?5==O >>=EFDG>-

FV=. 
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?D>4>665==O F45?. 4.11 

1 2 3 4 

��� 
�5744>6V?L=<= 

(7=4G=<=) 

- 74?V7>55F>==<E 

V >4<9O=<E: 

21÷25%; 

 

- 45D569O=<E V 

<5F4?56<E: 

16÷40%. 

� ?>L>>465==O V 45D5>F<, M> E6V4G4FL ?D> 7<5=L5==O =5EG-

G>W 744F=>EFV >>=EFDG>FV=. �>DGL5=V 6<<>7< =>D<4F<6=<E 

4>>G<5=FV6, 4?5 =5557?5>4 >5DGL5==O 6V4EGF=O. ,<D<=4 

D>7>D<FFO FDVM<= 6 >>=EFDG>FVOE acrc = 5÷15 <<. �E=>6=4 

<4E4 <5=L5 5.0 <<, G4EF<=4 7 =<E 6÷15 <<. �5DF<>4?L=V 

FDVM<= 6 EFV=4E ?D>FO6=VEFN 45O><E 7 =<E =4 6<E>FG ?>65D-

EG. �5DF<>4?L=V FDVM<=< ?> >V=FOE >?>D, ?D>FO6=VEFN 4> 2-E 

DO4V6 >?44><. �4E>DV7=V FDVM<=< 6 =5EGG<E V >7>D>46G64?L-

=<E >>=EFDG>FVOE D>7>D<FFO< acrc g 3.0 <<. �<VM5==O 6 EF<-

>4E g 3.0 <<. �<6VFDN64==O >?44>< =4 7?<5<=G 4> 25% F>6-

M<=< >>=EFDG>FVW. �>?>EO=V FDVM<=< ?D>FO6=VEFN 4> 4-E 

DO4V6 ?D< >V?L>>EFV FDVM<= 4> 4-E =4 1 < L<D<=< EFV=<, >>?>-

=< G< ?D>EFV=>4. �VEF565 ?>L>>465==O >?44>< =4 7?<5<=G 

4> 20 << ?V4 >?>D4<< D5D<, 54?>>, ?D>7>=V6 V ?5D5<<G>> G 

6<7?O4V FDVM<= V ?5M44>>, 65DF<>4?L=V FDVM<=< ?> >V=FOE 

>?>D, ?D>FO6=VEFN =5 5V?LL5 46>E DO4V6. �<VM5==O ??<F 

?5D5>D<FFV6 =4 >?>D4E 4> 1/5 7?<5<=< >5?<D4==O, 4?5 =5 

5V?LL5 20 <<. &DVM<=< ?V4 ??>M44>4<< >5?<D4==O 7>D<7>=-

F4?L=<E 5?5<5=FV6 (=4 7?<5<=G 4> 20 <<, ?D>FO6=VEFN 4> 2-E 

DO4V6 >?44><). �57=4G=V ?5D5>>E<, 74>?<=N64==O 465D5= V 

6V>>=. �>6?<6V D>7D<6< FDG5>?D>6>4V6. $G=44<5=F< <4NFL 

EGFFT6V ?>L>>465==O: FDVM<=< 6 55F>=V acrc f 3.0 <<, DG==G-

64==O D>7G<=G. �V4=>E=4 DV7=<FO >EV44=L DG=44<5=FV6 ?4=5-

?L=<E 5G4V65?L g 0.0008, F57?O=<E V 5?>G=<E 5G4V65?L 557 

4D<G64==O g 0.0010, 5G4V65?L V7 74?V7>55F>==<<< ?>OE4<< g 

0.0014, >D5= g 0.004. �5>5EV4=<= >4?VF4?L=<= D5<>=F 7 

74<V=>N, 6V4=>6?5==O< 45> ?V4E<?5==O< >>D5<<E =5EGG<E 

>>=EFDG>FV=, 6 >5EO7V V 6 EFD>><, 6<7=4G5=V >5EF565==O<<. 
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?D>4>665==O F45?. 4.11 

1 2 3 4 

�V 

�5?D<44F=<= 

4?O ?>44?LL>W 

5>E??G4F4FVW 

45>  

?5D54464DV==<=  

(<4=65  

?>6=<=) 

- 74?V7>55F>==<E 

V >4<9O=<E: 

4> 50%; 

 

- 45D569O=<E: 

41÷70%; 

 
 <5F4?56<E: 

41÷60%. 

%F4= 5V?LL>EFV =5EGG<E >>=EFDG>FV= ?5D54464DV==<=, 4 

=5=5EGG<E 3 =5?D<44F=<= 4?O ?>44?LL>W 5>E??G4F4FVW. � 

=5557?5>4 >5DGL5==O >>=cFDG>FV=, =5557?5>4 ?5D55G64=-

=O ?N45= 6 WE 7>=V. �5<565=5 6<>>=4==O >59T>F>< E6>WE 

DG=>FV= <>6?<65 ?D< ?D>6545==V >E>D>==<E 74E>4V6 45> 

?>6=V= 74<V=V ?5D54464DV==<E V 464DV==<E 5?5<5=FV6. ,<-

D<=4 D>7>D<FFO FDVM<= 6 >>=EFDG>FVOE acrc = 15÷25 <<. 

�E=>6=4 <4E4 6V4 6.0 4> 15.0 <<, G4EF<=4 7 =<E 6V4 16 4> 

25 <<. �=4G=V ?5D5>>E<, 74>?<=N64==O 6V>>==<E V 465D=<E 

5?>>V6, 7=4G=V =4E<?< ?V4?>7, EFV= (6 <564E ?>65DEG 4> 1/3 

WE F>6M<=<) 45> 5G4V6?V 6 FV?ó<G. '4EF>>6V 7EG6< >>=-

EFDG>FV= ?5D5>D<FFV6 7 >?>D=<E 4V?O=>>. �>D<6< FDG5>-

?D>6>4V6. �<VM5==O EFV=, F57?O=<E EF>6?V6, DG=-44<5=FV6 

?> 7>D<7>=F4?L=<E L64E. �>L>>465==O >?44>< ?V4 >?>-

D4<< 54?>>. �5>5EV4=4 74<V=4 4V?O=>> F57?O=<E EFV=, >E>-

5?<6> =44 ?D>T<4<<, F4  =56V4>?44=V 74E>4< 7 ?>?5D5-

465==O 464DVW (6?4LFG64==O F<<G4E>6<E >DV??5=L, D>764-

=F465==O >>=EFDG>FV= V F4>5 V=L5). 

V 
�64DV==<= 

(?>6=<=) 

- 74?V7>55F>==<E 

V >4<9O=<E: 

5V?LL5 50%; 
 

- 45D569O=<E: 

�V?LL5 70%; 
 

<5F4?56<E:  

5V?LL5 60%. 

�V?LLVEFL =5EGG<E >>=EFDG>FV= 5G4V6?V 7=4E>4OFLEO G 

7DG==>64=><G EF4=V. �>=EFDG>FVW ?5D5>D<FFV6 (54?>< V 

??<F<) 6<E>4OFL 7 >?>D, EFV=< <4NFL 65?<>V =4E<?<. 

�V>=4, 465DV ?5D5>>L5=V 45> 7DG==>64=V. � =5557?5>4 V 

(45>) >5DGL5==O EFV= V ?5D5>D<FFV6. �5DGL5==O 5?5-

<5=F4, EFDG>FGD< 674T<>?>69O74=<E 5?5<5=FV6 45> 

5G4V6?V 6 FV?ó<G. �>44?LL4 5>E??G4F4FVO 5G4V6?V =5-

<>6?<64. 
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&45?<FO 4.12  
�FV=>4 5>E??G4F4FV==>W =44V==>EFV >4D>4E=<E 5G4V65?L 

74 D57G?LF4F4<< >5EF565==O  WE >>=EFDG>FV= 

�G4V6?O 

%FG?V=L 

5>E??G4F4-

FV==>W =4-

4V==>EFV 

>59T>FG 

&5E=VG=<= 

EF4=, 

(EFG?V=L ?>-

L>>465==O 

>59T>FG) 

�<5=L5==O 

=5EGG>W 744F-

=>EFV >>=-

EFDG>FV=, % 

�474?L=4 E4D4>F5D<EF<>4 F5E=VG=>7> EF4=G  

>>=EFDG>FV= 

1 2 3 4 5 

�G4V6?V 7 

?>6=<< >4D-

>4E>< 45> 7 

<>=>?VF=<<< 

=5EGG<<< 

>>=EFDG>FV-

O<< 

 

� 
�>D<4?L=<= 

(4G65 

=57=4G=<=) 

0÷15 

 

�>L>>465==O 6V4EGF=V. � >7>D>46G64?L=<E F57?O=<E 

EFV=4E, EF<>4E ?4=5?V6 <VEF56V FDVM<=< acrc f 0.5 << 557 

>7=4> 7EG6G. �<>>=GNFLEO G<>6< 5>E??G4F4FVW 77V4=> 6<-

<>7 ?D>5>F=>W 4>>G<5=F4FVW. �5>5EV4=VEFL D5<>=F=>-

6V4=>6?N64?L=<E D>5VF 6V4EGF=O. �>D<4?L=5 DG=>FV>=G-

64==O 74557?5GGTFLEO ?D< 4>FD<<4==V 76<G4==<E ?D46<? 

F5E=VG=>W 5>E??G4F4FVW.   

�� 

�44>6V?L=<= 

(=57=4G=<= 

45> E5D54-

=V=) 

 
16÷20 

 

� 5?5<5=F4E >4D>4EG T <VEF56V FDVM<=< acrc f 0.5 <<, 6 

EF<>4E EFV= V <V6 ??<F4<< ?5D5>D<FFV6, 6 >7>D>46G64?L=<E 

>>=EFDG>FVOE 3 acrc f 3.0 << ?D< =4O6=>EFV >7=4> 7EG6V6. 

�>D>7VO 4> 5% EVG5==O 5?5<5=FV6 <5F4?56>7> >4D>4EG. �V-

EF56V E?V4< >>D>7VW 4D<4FGD<, 557 >>D>7VW 74>?44=<E 45F4-

?5=. �4557?5GGNFLEO =>D<4?L=V G<>6< 5>E??G4F4FVW. ' 

DG=44<5=F4E T FDVM<=< D>7>D<FFO< acrc f 0.5 <<. �V4=>E=4 

DV7=<FO >EV44=L DG=44<5=FV6 5G4V65?L 7 <5F4?56<< >4D>4-

E>< 0.0001÷0.0040, V7 74?V7>55F>==<< >4D>4E>< 3 4> 

0.0020, 4?O V=L<E 5G4V65?L 3 4> 0.0003. �5>5EV4=<= ?>F>-

G=<= D5<>=F 7 ?V>6V44FVTN ?>>4?L=<E ?>L>>465=L 557 

?V4E<?5==O >>=EFDG>FV=.    
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?D>4>665==O F45?. 4.12 

1 2 3 4 5 

�G4V6?V 7 

?>6=<< 

>4D>4E>< 

45> 

7 <>=>-

?VF=<<<  

=5EGG<<< 

>>=EFDG>FV-

O<< 

(?D>4>6-

65==O) 

 

��� 

�5744>6V?L-

=<= 

(E5D54=V= 

45>  

7=4G=<=) 

21÷60 

 

� ?>L>>465==O V 45D5>F<, M> E6V4G4FL ?D> 7<5=L5==O 

=5EGG>W 744F=>EFV >>=EFDG>FV=. � 5?5<5=F4E >4D>4EG EG-

FV?L=V FDVM<=< acrc = 0.5÷1.0 <<. � EFV=4E FDVM<=< acrc f  

f5.0 <<, 7<VM5==O 6 EF<>4E V <V6 ??<F4<< ?5D5>D<FFV6 acrc 

f 4.0 <<. �V4=>E=4 DV7=<FO >EV44=L DG=44<5=FV6 5G4V65?L 7 

<5F4?56<< >4D>4E>< g 0.0001, 4?O V=L<E 5G4V65?L 3 f 

0.0003. �VEF565 >7>?5==O D>5>G>W 4D<4FGD<. �>D>7VO =5EG-

G<E 5?5<5=FV6 V 74>?44=<E 45F4?5= =4 7?<5<=G 4> 15%. 

�<5=L5==O <VF=>EFV 55F>=G 6 EF<E=GFV= 7>=V 77<=4?L=<E 

5?5<5=FV6 4> 30%, 6 V=L<E 4V?O=>4E 3 4> 20%. �?>M4 >5-

?<D4==O 75VD=<E 5?5<5=FV6 <5=L5 =>D<4F<6=>W V (45>) 

?D>5>F=>W. �5F>= 6 D>7FO7=GFV= 7>=V =4 7?<5<=V 74E<E=>7> 

L4DG <V6 EF5D6=O<< 4D<4FGD< ?57>> >D<L<FLEO. �D>7<=< 

5?5<5=FV6 <5F4?56>7> >4D>4EG 5V?LL5 1/150 ?D>?L>FG. 

�VEF56V <5E4=VG=V ?>L>>465==O, O>V ?>E?45?NNFL EVG5==O 

4> 15%. �V4=>E=4 DV7=<FO >EV44=L DG=44<5=FV6 5G4V65?L 7 

<5F4?56<< >4D>4E>< 0.0040, 7 74?V7>55F>==<< >4D>4E>< 3 

5V?LL5 0.0020. $G=44<5=F< <4NFL FDVM<=<  acrc f 3 <<, 

>>D5<V DG==G64==O 74E<E=>7> L4DG, ?>65DE=564 >>D>7VO 

4D<4FGD<. �>DGL5=V 6<<>7< G<==<E =>D<4F<6=<E 4>>G-

<5=FV6, 4?5 =5557?5>4 >5DGL5==O 6V4EGF=O. �>E??G4F4FVO 

5G4V6?V <>6?<64 74 G<>6< ?D>6545==O >4?VF4?L=>7> D5<>-

=FG 7 74<V=>N, 6V4=>6?5==O< 45> ?V4E<?5==O< >>D5<<E 

=5EGG<E >>=EFDG>FV=.  
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403

?D>4>665==O F45?. 4.12 

1 2 3 4 5 

�G4V6?V 7 

?>6=<< 

>4D>4E>< 

45> 7 <>=>-

?VF=<<< 

=5EGG<<< 

>>=EFDG>FV-

O<< 

(74>V=G5==O) 
 

�V 

�5?D<44F-

=<=  

4?O ?>44?L-

L>W 5>E??G-

4F4FVW 45> 

?5D54464-

DV==<= 

(<4=65 ?>6-

=<=) 

61÷80 

%F4= 5V?LL>EFV >E=>6=<E =5EGG<E >>=EFDG>FV= F4 

>>=EFDG>F<6=<E 5?5<5=FV6 ?5D54464DV==<=, 4 =5=5-

EGG<E 3 =5?D<44F=<= 4?O ?>44?LL>W 5>E??G4F4FVW. � 

=5557?5>4 WE >5DGL5==O, 4 F4>>6 =5557?5>4 ?5D55G-

64==O ?N45= 6 7>=V >5EF56G64=<E >>=cFDG>FV=. �5-

>5EV4=V =56V4>?44=V 74E>4< 7 ?>?5D5465==O 464DVW 

(6?4LFG64==O F<<G4E>6<E >DV??5=L, D>764=F465==O 

>>=EFDG>FV= V F4>5 V=L5). �5<565=5 6<>>=4==O 

>59T>F>< E6>WE DG=>FV= <>6?<65 ?D< ?D>6545==V 

>E>D>==<E 74E>4V6 45> ?>6=V= 74<V=V ?5D54464DV==<E 

V 464DV==<E 5?5<5=FV6. �5>5EV4=<= >4?VF4?L=<= D5-

<>=F 7 ?V4E<?5==O< V (45>) 74<V=>N ?>L>>465=<E 

>>=EFDG>FV= 45> >>D5<<E 5?5<5=FV6. 

V 
�64DV==<= 

(?>6=<=) 
81÷100 

�5EGGV >>=EFDG>F<6=V 5?5<5=F< 5G4V6?V 7=4E>4OFLEO 

G 7DG==>64=><G EF4=V. �>44?LL4 5>E??G4F4FVO 5G4V-

6?V =5<>6?<64. 

�G4V6?V,  

6 >>=EFDG-

>FVOE O><E 

=5 6<=<>4-

NFL 7GE<?-

?O 6V4 =5-

DV6=><VD-

=<E >EV44=L  

>E=>6< 

� 

 

�>D<4?L=<= 

(4G65 

=57=4G=<=) 

 

0÷15 

� =5EGG<E >>=EFDG>FVOE 6<4<<<E ?>L>>465=L, 

O>V E6V4G4FL ?D> 7=<65==O WE =5EGG>W 744F=>EFV, 

=5<4T. � >7>D>46G64?L=<E >>=EFDG>FVOE <VEF56V 

FDVM<=< acrc f 0.5 << 557 7<VM5=L. �<>>=GNFLEO 

G<>6< 5>E??G4F4FVW 77V4=> 6<<>7 ?D>5>F=>W 4>>G-

<5=F4FVW. �>L>>465=L DG=44<5=FV6 =5<4T. �5>5-

EV4=VEFL D5<>=F=>-6V4=>6?N64?L=<E D>5VF 6V4EGF-

=O. �>D<4?L=5 DG=>FV>=G64==O 74557?5GGTFLEO 

?D< 4>FD<<4==V 76<G4==<E ?D46<? F5E=VG=>W 5>E-

??G4F4FVW. 
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?D>4>665==O F45?. 4.12 

1 2 3 4 5 

�G4V6?V, 

6 >>=EFDG-

>FVOE O><E 

=5 6<=<>4-

NFL 7GE<?-

?O 6V4 =5-

DV6=><VD-

=<E >EV44=L 

>E=>6< 

(?D>4>6-

65==O) 

�� 

�44>6V?L=<= 

(=57=4G=<= 

45> E5D54-

=V=) 

16÷20 

�>=EFDG>FVW 5G4V6?V ?D<44F=V 4?O 5>E??G4F4FVW. 

�57=4G=V ?>L>>465==O, =4 >>D5<<E 4V?O=>4E >>=-

EFDG>FV= >>D5<V D4>>6<=<, 6<5>W=<, 6>?>EO=V FDV-

M<=<. �=F<>>D>7V==<= 74E<EF <5F4?56<E >>=E-

FDG>FV= <4T G4EF>>6V ?>L>>465==O. � =5EGG<E 

>>=EFDG>FVOE FDVM<=< acrc f 0.7 <<, 6 EFV=4E 7 F57-

?< V >DG?=<E 5?>>V6 3 acrc f 3.0 <<. �4557?5GGNFL-

EO =>D<4?L=V G<>6< 5>E??G4F4FVW. �V4=>E=4 DV7=<-

FO >EV44=L DG=44<5=FV6 f 0.0055. �>L>>465==O 

DG=44<5=FV6 =57=4G=5 3  T FDVM<=<  acrc f 1.0 <<. 

�5>5EV4=<= ?>F>G=<= D5<>=F 7 ?V>6V44FVTN ?>>4-

?L=<E ?>L>>465=L 557 ?V4E<?5==O >>=EFDG>FV=. 

��� 

�5744>6V?L-

=<= 

(E5D54=V= 

45>  

7=4G=<=) 

21÷60 

 

� ?>L>>465==O V 45D5>F<, M> E6V4G4FL ?D> 7<5=-

L5==O =5EGG>W 744F=>EFV >>=EFDG>FV=. � =5EGG<E 

>>=EFDG>FVOE EGFV?L=V FDVM<=< acrc  g 1.0 <<, 6 

EFV=4E 7 F57?< V >DG?=<E 5?>>V6 3 acrc f 5.0 <<. 

�>DGL5=V 6<<>7< G<==<E =>D<4F<6=<E 4>>G<5=-

FV6, 4?5 =5557?5>4 >5DGL5==O V 747D>74 557?5FV 

?N45= 6V4EGF=O. �>E??G4F4FVO 5G4V6?V <>6?<64 

?<L5 74 G<>6< ?D>6545==O >4?VF4?L=>7> D5<>=FG 

7 74<V=>N, 6V4=>6?5==O< 45> ?V4E<?5==O< >>D5-

<<E =5EGG<E >>=EFDG>FV= V >>=EFDG>F<6=<E 5?5-

<5=FV6. �V4=>E=4 DV7=<FO >EV44=L DG=44<5=FV6 g 

0.0055. &DVM<=<  G DG=44<5=F4E acrc  g 1.0 <<, 

DG==G64==O D>7G<=G V <4F5DV4?G ?> 5>>>6V= ?>65-

DE=V. 
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405

?D>4>665==O F45?. 4.12 

1 2 3 4 5 

�G4V6?V, 

6 >>=EFDG-

>FVOE O><E 

=5 6<=<>4-

NFL 7GE<?-

?O 6V4 =5-

DV6=><VD-

=<E >EV44=L 

>E=>6< 

(74>V=G5=-

=O) 

�V 

�5?D<44F-

=<= 4?O ?>-

44?LL>W 

5>E??G4F4FVW 

45> ?5D544-

64DV==<= 

(<4=65 ?>6-

=<=) 

61÷80 

%F4= 5V?LL>EFV >E=>6=<E V 4><V=GNG<E =5EGG<E 

>>=EFDG>FV= F4 >>=EFDG>F<6=<E 5?5<5=FV6 ?5D544-

64DV==<=, 4 =5=5EGG<E 3 =5?D<44F=<= 4?O ?>44-

?LL>W 5>E??G4F4FVW. � =5557?5>4 WE >5DGL5==O, 4 

F4>>6 =5557?5>4 ?5D55G64==O ?N45= 6 7>=V >5E-

F56G64=<E >>=cFDG>FV=. �5>5EV4=V =56V4>?44=V 

74E>4< 7 ?>?5D5465==O 464DVW (6?4LFG64==O F<<-

G4E>6<E >DV??5=L, D>764=F465==O >>=EFDG>FV= V 

F4>5 V=L5). �5<565=5 6<>>=4==O >59T>F>< E6>WE 

DG=>FV= <>6?<65 ?D< ?D>6545==V >E>D>==<E 74-

E>4V6 45> ?>6=V= 74<V=V ?5D54464DV==<E V 464DV=-

=<E 5?5<5=FV6. �5>5EV4=<= >4?VF4?L=<= D5<>=F 7 

?V4E<?5==O< V (45>) 74<V=>N ?>L>>465=<E >>=E-

FDG>FV= 45> >>D5<<E 5?5<5=FV6. 

V 
�64DV==<= 

(?>6=<=) 
81÷100 

�5EGGV >>=EFDG>F<6=V 5?5<5=F< 5G4V6?V 7=4E>-

4OFLEO G 7DG==>64=><G EF4=V. �>44?LL4 5>E??G4-

F4FVO 5G4V6?V =5<>6?<64. 
 

�>D<EFGNG<EL F45?<FO<< 4.11, 4.12, =5>5EV4=> <4F< =4 G647V F4>V >5EF46<=<: 
&5E=VG=<= EF4= >>D5<<E >>=EFDG>FV= 5G4V65?L <>65 E4D4>F5D<7G64F<EO 7 GD4EG64==O< ?D<F4<4==<E 

FV?L>< W< >>=>D5F=<E 6?4EF<6>EF5= V >7=4> 74?56=> 6V4 WE ?D<7=4G5==O (F5??>-, 76G>>?D>=<>=VEFL, 7V7D>E-
>>?VG=VEFL, <>D>7>EFV=>VEFL, D44V>4>F<6=VEFL, 6>7=5EFV=>VEFL, 5>>?>7VG=4 =44V==VEFL F4 V=L5). �D< 6<O6?5==V 
6 ?D>F5EV >5EF565==O >>=EFDG>FV= 45D5>FV6, ?>L>>465=L V 45D>D<4FV=, M> 6V4?>6V44NFL >4F57>DVO< ��÷�V, 
=5>5EV4=5 6<>>=4==O ?5D56VD>G=<E D>7D4EG=>V6 WE =5EGG>W 744F=>EFV. �5D56VD>G=V D>7D4EG=>< 6<>>=GNFL-
EO F4>>6 ?D< >4F57>DVW F5E=VG=>7> EF4=G >>=EFDG>FV= � 6 F><G 6<?44>G, >>?< 75V?LLGNFLEO 5>E??G4F4FV==V 
=464=F465==O 45> <V=ONFLEO G<>6< WE D>5>F<.  

405 



 

 

 

406

�4 EL>7>4=V =5<4T >4=>7=4G=>7> 4=4?VF<G=>7> <5F>-
4G >FV=>< EFG?5=N 5>E??G4F4FV==>W =44V==>EFV 4>E?V46G-
64=>W 5G4V6?V 74 D57G?LF4F4<< >5EF565==O WW >>=EFDG>-
FV= V >>=EFDG>F<6=<E 5?5<5=FV6.  

&4><< G<=><, 6 >V=F56><G =45?<65==V, 6<7=4G5==O 
EFG?5=N 5>E??G4F4FV==>W =44V==>EFV 4>E?V46G64=>W 5G4V-
6?V 74?56<FL 6V4 ?D>D5EV==>7> DV6=O V >><?5F5=F=>EFV 
5>E?5DF4, 4 7=4G<FL T FV?>>< EG59T>F<6=<<. 

� >7?O4G =4 F5, F>G=G >FV=>G 5>E??G4F4FV==>W =44V=-
=>EFV 5G4V6?V 4>FV?L=> 74V=E=N64F< 74 EFG?5=5< F5E=VG=>-
7> EF4=G WW >E=>6=<E >>=EFDG>F<6=<E 5?5<5=FV6 L?OE>< 
6<7=4G5==O ?>>47=<>4 5>E??G4F4FV==>W =44V==>EFV >59T>FG 

�5= , 6<>>D<EF>6GNG< D>D<G?G:   

                         �5= = 
100

RP
n

1i
Vipõ ô

ý

ô

,                         (4.6) 

45 n 3 7474?L=4 >V?L>VEFL =5EGG<E >>=EFDG>F<6=<E 5?5<5=-
FV6 4>E?V46G64=>W 5G4V6?V (>59T>FG);    

$Vp 3 ?<F><4 6474 G4EF<=< 5G4V6?V, O>G =5E5 V-F<= >>=E-
FDG>F<6=<= 5?5<5=F 6 7474?L=V= 647V 4>E?V46G64=>W 5G-
4V6?V, (%); 
&Ri 3 7<5=L5==O =5EGG>W 744F=>EFV V-F>7> >>=EFDG>F<6-
=>7> 5?5<5=FG 4>E?V46G64=>W 5G4V6?V (>59T>FG), (%). 

�<F><4 6474 G4EF<=< 4>E?V46G64=>W 5G4V6?V, O>G =5E5 
V-F<= >>=EFDG>F<6=<= 5?5<5=F 6 7474?L=V= 647V 4>E?V4-
6G64=>W 5G4V6?V 6<7=4G4TFLEO 74 D>D<G?>N: 

                             Pip = 

õ
ý

n

1i
i

i

P

P
× 100,                        (4.7) 

45 $V 3 D4>F<G=4 6474 G4EF<=< 5G4V6?V, O>G =5E5 V-F<= >>=E-
FDG>F<6=<= 5?5<5=F, (>�); 



 

 

 

407

õ
ý

n

1i
iP 3 7474?L=4 6474 5G4V6?V, O>G =5EGFL GEV >>=EFDG>F<-

6=V 5?5<5=F<. 
$4>F<G=4 6474 =475<=<E G4EF<= 4>E?V46G64=>W 5G4V6-

?V $V , O>G =5EGFL >>D5<V >>=EFDG>F<6=V 5?5<5=F< 5G4V6?V 
6<7=4G4TFLEO L?OE>< 75>DG =464=F465=L 6V4 >>=EFDG>FV=, 
M> >5?<D4NFLEO =4 44=<= 5?5<5=F. /> ?D46<?>, FO >?5D4-
FVO 6<>>=GTFLEO 6 F45?<G=V= D>D<V. 

�D>F5E 6<7=4G5==O ?>>47=<>4 5>E??G4F4FV==>W =4-
4V==>EFV �5= <>6=4 E?D>EF<F<, O>M> G D>D<G?V (4.7) 7=4-
G5==O D4>F<G=>W 647< G4EF<=< 5G4V6?V $V, O>G =5E5 V-F<= 
>>=EFDG>F<6=<= 5?5<5=F, 74<V=<F< =4 ?<F><G 647G DG=>-
FV= >>D5<<E >>=EFDG>F<6=<E 5?5<5=FV6 G 7474?L=V= DG=>-
FV>=4?L=V= 647V 5?5<5=FV6 5G4V6?V &�6i , (%), O>4 =46545=4 6 
F45?<FOE 4.13 V 4.14. 

&4><< G<=><, ?>>47=<> 5>E??G4F4FV==>W =44V==>EFV 
4>E?V46G64=>W 5G4V6?V �5= <>6=4 6<7=4G4F< 74 D>D<G?>N: 

                       �5= = &�6V ×

õ
ý

n

1i
6i

V5=

�

&

ô

ô
,                       (4.8) 

45 &�6i 3 ?<F><4 6474 DG=>FV= 5?5<5=FG 6 7474?L=V= DG=-
>FV>=4?L=V= 647V >>=EFDG>F<6=>W E<EF5<< 4>E?V46G64=>W 
5G4V6?V (6<7=4G4TFLEO 74 F45?. 4.13 4?O 5G4V65?L 557 ?V464?G 
45> 74 F45?. 4.14 4?O 5G4V65?L 7 ?V464?><); 

&&5=V 3 EFG?V=L F5E=VG=>7> EF4=G (EFG?V=L ?>L>>465=L 
45> 7<5=L5==O =5EGG>W 744F=>EFV) >>D5<>7> (V-7>) >>=E-
FDG>F<6=>7> 5?5<5=FG 5G4V6?V G 6V4E>F>4E. 

$>7D4EG=>> ?>>47=<>4 5>E??G4F4FV==>W =44V==>EFV 

4>E?V46G64=>W 5G4V6?V �5= 6<>>=GTFLEO 6 F45?<G=V= D>D<V. 

�474?L=4 >FV=>4 5>E??G4F4FV==>W =44V==>EFV  

4>E?V46G64=>W 5G4V6?V 74 >45D64=<< 74 D>D<G?>N (4.8) 



 

 

 

408

?>>47=<>>< 5>E??G4F4FV==>W =44V==>EFV �5= 6<>>=GTFLEO 74 

4>?><>7>N F45?<FV 4.15. 

�<F><4 6474 DG=>FV= V-7> =5EGG>7> 5?5<5=FG 6 7474-

?L=V= DG=>FV>=4?L=V= 647V >>=EFDG>F<6=>W E<EF5<< 4>E?V-

46G64=>W 5G4V6?V &�6i ?DO<> ?D>?>DFV==4 =>7> =5EGGV= 

744F=>EFV &N6i , 6<D465=V=: 

- 4?O ??>M<==<E =5EGG<E 5?5<5=FV6 6 >4<=<FOE DV6-

=><VD=> ?D<>?445=>7> ?>65DE=56>7> =464=F465==O =4 

>4<=<FN ??>MV (�/<2; >7/<2; F/<2 ); 

- 4?O ?V=V==<E =5EGG<E 5?5<5=FV6 6 >4<=<FOE ?V=V==>-

7> =464=F465==O =4 >4<=<FN 4>66<=< (�/<; >7/<; F/<). 

�<F><4 6474 DG=>FV= V-7> =5EGG>7> 5?5<5=FG 6 7474-

?L=V= DG=>FV>=4?L=V= 647V >>=EFDG>F<6=>W E<EF5<< 4>E?V-

46G64=>W 5G4V6?V &�6i (%) 6<7=4G4TFLEO 74 D>D<G?>N: 
 

                   &�6i  = 

õ
ý

n

1i
6i

6V

N

N

ô

ô
× 100%,                       (4.9) 

45 &N6i 3 =5EGG4 744F=VEFL V-7> >>=EFDG>F<6=>7> 5?5<5=FG 
4>E?V46G64=>W 5G4V6?V, ?D<6545=4 4> >4<=<FV ??>MV 45> 
4>66<=< 5?5<5=FG.   
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&45?<FO 4.13  
�<F><4 6474 (%) >>=EFDG>F<6=<E 5?5<5=FV6 5G4V65?L 557 ?V464?G 

7 
7/? 

�4764 >>=EFDG>F<6=<E  

5?5<5=FV6 

�G4V6?V 
�4=>-

?>65DE>6V 
�6>?>65DE>6V 

&D<-

?>65DE>6V 
�9OF<-

?>65DE>6V 
�569OF<-

?>65DE>6V 
1 2 3 4 5 6 7 8 9 10 11 12 13 

1. �>>D<FFO �>>DV6?O 

40.0 

8.0 

22.95 

4.59 

5.9 

1.18 

3.30 

0.66 

1.70 

0.34 

�>=EFDG>FVO 

44EG 
16.0 9.18 2.36 1.32 0.68 

�>=EFDG>FVW 

?>>D<FFO (??<-

F<, 54?><, D<-

75?V) 

16.0 9.18 2.36 1.32 0.68 

2. �5D5>D<-

FFO 
�?<F< ?5D5>-

D<FFO 
-- -- 

16.25 
8.25  

32.5 

16.5  

35.8 

18.0  

37.3 

18.6 

$<75?V, 54?>< -- 8.0 16.0 17.8 18.7 

3. 

�
5D

F
<

>
4

?
L

=
V 

>
>

=
EF

D
G

>
F
<

6
=

V 
 

5?
5<

5=
F
<

 

�5EGGV EFV=<  

40.0 

11.0 

39.2 

10.78 

38.4 

10.56 

39.1 

10.76 

39.0 

10.72 

�5EGGV >>?>=< 11.0 10.78 10.56 10.77 10.73 

%4<>=5EGGV 

EFV=< 
8.0 7.84 7.68 7.82 7.80 

�5D57>D>4>< 6.0 5.88 5.76 5.86 5.85 

�V>=4, 6VFD46V 2.4 2.35 2.30 2.35 2.34 

�65DV 1.6 1.57 1.54 1.56 1.56 
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?D>4>665==O F45?. 4.13  

1 2 3 4 5 6 7 8 9 10 11 12 13 

4. �4?>>=<, ?>46VW -- 0.85 1.7 1.9 2.0 

5. %E>4< %E>4>6V <4DLV -- -- 
1.75 

0.9  

3.5 

1.80  

3.9 

2.0  

4.0 

2.1 

%E>4>6V ??>-

M44>< 
-- 0.85 1.70 1.9 1.9 

6. 

�
=

G
F
D

VL
=

V 
 

V=
6

5=
5D

=
V 

 

>
>

<
G

=
V>

4
F

VW
 

�4DOG5 6>4>-

?>EF4G4==O  

5.0 

0.7 

5.0 

0.7 

5.0 

0.7 

5.0 

0.7 

7.0 

0.7 

�?4?5==O 1.2 1.2 1.2 1.2 1.2 
�>4>?D>6V4 1.2 1.2 1.2 1.2 1.2 
�4=4?V74FVO 1.2 1.2 1.2 1.2 1.2 
�?5>FD>>5?44-

=4==O 
0.7 0.7 0.7 0.7 0.7 

�VDF -- -- -- -- -- -- -- -- 2.0 

7. $G=44<5=F<  15.0 14.0 13.0 11.0 9.0 

8. $47><: 100.0 100.0 100.0 100.0 100.0 

�D<<VF>4: F45?. 4.13 T D57G?LF4F>< =4G>>6>-4>E?V4=<E D>5VF 7 GD4EG64==O< F4 6 D>76<F>> ?>?>65=L G<==<E  

=>D<4F<6=<E 4>>G<5=FV6 F4 ?5DL>465D5? 6 >5?4EFV 6<F?>6<E 5G4<=>V6 F4 44<V=VEFD4F<6=<E 5G4V65?L [6; 9; 49; 56; 

58361]. 
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&45?<FO 4.14 

�<F><4 6474 ��6V , (%) >>=EFDG>F<6=<E 5?5<5=FV6 5G4V65?L 7 ?V464?>< 

7 
7/? 

�4764 >>=EFDG>F<6=<E 

5?5<5=FV6 

�G4V6?V 
�4=>-

?>65DE>6V 
�6>-

?>65DE>6V 
&D<-

?>65DE>6V 
�9OF<-

?>65DE>6V 
,5EF<-

?>65DE>6V 
�569OF<-  

?>65DE>6V 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1. 

�
>

>
D

<
F
F
O
 �>>DV6?O 

9.7 

1.94 

6.85 

1.37 

4.0 

0.80 

2.6 

0.52 

2.33 

0.47 

1.5 

0.30 

�>=EFDG>FVO 

44EG 
3.88 2.74 1.60 1.04 0.93 0.60 

�>=EFDG>FVW 

?>>D<FFO  
1.90 1.35 0.78 0.51 0.46 0.29 

$<75?V, 54?>< 1.98 1.39 0.82 0.53 0.47 0.31 

2. �5D5-

>D<FFO 
�>=EFDG>FVW  

?5D5>D<FFO  26.4 
12.9  

29.5 
14.5 

32.6 
16.1 

35.3 
17.3 

35.3 
17.4 

36.2 
17.7 

$<75?V, 54?>< 13.5 15.0 16.5 18.0 18.2 18.5 

3. 

�
5D

F
<

>
4

?
L

=
V 

>
>

=
E-

F
D

G
>

F
<

6
=

V 
 

5?
5<

5=
F
<

 

�5EGGV EFV=<  

36.1 

9.93 

36.4 

10.02 

36.7 

10.1 

37.8 

10.4 

37.79 

10.39 

37.7 

10.37 

�5EGGV  

>>?>=< 
9.93 10.01 10.09 10.39 10.39 10.37 

�5=5EGGV  

EFV=< 
7.22 7.28 7.34 7.56 7.56 7.54 

�5D57>D>4>< 5.41 5.46 5.51 5.67 5.67 5.66 

�V>=4, 6VFD46V 2.17 2.18 2.20 2.27 2.21 2.25 

�65DV, 6>D>F4 1.44 1.45 1.46 1.51 1.51 1.51 
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?D>4>665==O F45?. 4.14  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

4. �4?>>=<, ?>46VW,  
D4<?< 

-- 0.60 1.20 1.50 1.55 1.70 

5. %E>4< %E>4>6V  
<4DLV 

2.8 
1.50 

3.15 
1.65 

3.5 
1.80 

3.8 
2.0 

3.8 
2.0 

3.9 
2.0 

%E>4>6V  
??>M44>< 

1.30 1.50 1.70 1.80 1.80 1.90 

6. 

�
=

G
F
D

VL
=

V 
V=

6
5=

5D
=

V 
>

>
<

G
=

V>
4

F
VW

 

�4DOG5 6>4>-

?>EF4G4==O  

5.0 

0.7 

5.0 

0.70 

5.0 

0.70 

5.0 

0.70 

5.5 

0.70 

7.0 

0.70 

&5=FD4?L=5 

>?4?5==O 
1.20 1.20 1.20 1.20 1.20 1.20 

�>4>?D>6V4 1.20 1.20 1.20 1.20 1.20 1.20 
�4=4?V74FVO 1.20 1.20 1.20 1.20 1.20 1.20 
�?5>FD>>5-

?44=4==O 
0.70 0.70 0.70 0.70 

0.70 
0.70 

�VDF -- --  -- -- -- -- -- 0.50 2.0 

7. $G=44<5=F=>-

?V464?L=4 G4EF<=4  
20.0 18.50 17.0 14.0 13.50 12.0 

8. $47><: 100.0 100.0 100.0 100.0 100.0 100.0 

�D<<VF>4: F45?. 4.14 T D57G?LF4F>< =4G>>6>-4>E?V4=<E D>5VF 7 GD4EG64==O< F4 6 D>76<F>> ?>?>65=L G<==<E =>D<4-

F<6=<E 4>>G<5=FV6 V ?5DL>465D5? 6 >5?4EFV 6<F?>6<E 5G4<=>V6 F4 44<V=VEFD4F<6=<E 5G4V65?L [6; 9; 49; 56; 58361]. 
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&45?<FO 4.15  

�FV=>4 7474?L=>7> F5E=VG=>7> EF4=G 4>E?V46G64=>7> >59T>FG 

74 ?>>47=<>>< 5>E??G4F4FV==>W =44V==>EFV �5= 

�5=, 

% 

%FG?V=L 5>E??G4F4FV==>W 
=44V==>EFV, F5E=VG=<= EF4=, 
(EFG?V=L ?>L>>465==O >59T>FG) 

�474?L=4 E4D4>F5D<EF<>4  
F5E=VG=>7> EF4=G >59T>FG 

1 2 3 

 
4> 10 

1 
�>D<4?L=<=, 

 (4G65 =57=4G=<=)  

�V7G4?L=> 6<4<<<E ?>L>>465=L 

V 45D>D<4FV=, O>V 6??<64NFL =4 

7<5=L5==O =5EGG>W 744F=>EFV 

>>=EFDG>FV=, =5<4T. � >>D5<V 

45D5>F< V ?>L>>465==O, O>V =5 

6??<64NFL =4 5>E??G4F4FVN >>=-

EFDG>FV= V GEG64NFLEO ?V4 G4E 

?>F>G=>7> D5<>=FG. �<>>=GNFL-

EO G<>6< 5>E??G4F4FVW 77V4=> 6<-

<>7 G<==<E =>D<4F<6=<E 4>>G-

<5=FV6. �4>E<<4?L=4 L<D<=4 

D>7>D<FFO FDVM<= 6 >>=EFDG>FVOE 

acrc <  1.0  <<. 
�<5=L5==O =5EGG>W 744F=>EFV: 

- 74?V7>55F>==<E V >4<9O=<E >>=-

EFDG>FV= 3 4> 15%; 

-  45D569O=<E V <5F4?56<E >>=E-

FDG>FV= 3 4> 5%. 
11÷25 2 

�44>6V?L=<=,  

(=57=4G=<= 45> E5D54=V=) 

 

�V7G4?L=> 6<4<<V ?>L>>465==O: 

>>D5<V D4>>6<=<, 6<5>W=<, 6>?>-

EO=V FDVM<=< =4 4V?O=>4E >>=E-

FDG>FV=, G4EF>>6V ?>L>>465==O 

4=F<>>D>7V==>7> ?>>D<FFO <5F4-

?56<E >>=EFDG>FV=. �>=EFDG>FVW 

5G4V6?V 6 FV?ó<G ?D<44F=V 4?O 

5>E??G4F4FVW, 4?5 ?>FD55GNFL 

D5<>=FG. �4>E<<4?L=4 L<D<=4 

D>7>D<FFO FDVM<= 6 >>=EFDG>FVOE 

acrc =  1.0 ÷ 4.0 <<. 
 �<5=L5==O =5EGG>W 744F=>EFV: 

- 74?V7>55F>==<E V >4<9O=<E >>=-

EFDG>FV= 3 15÷20%; 

-  45D569O=<E V <5F4?56<E >>=E-

FDG>FV= 3 10÷15%.  
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?D>4>665==O F45?. 4.15 
1 2 3 

26÷45 3 
�5744>6V?L=<=, 

(7=4G=<=) 

�>E??G4F4FVO 5?5<5=FV6 V >>=EFDG-

>FV= 5G4V6?V <>6?<64 ?<L5 ?D< 

G<>6V ?D>6545==O WE >4?VF4?L=>7> 

D5<>=FG. 

�<5=L5==O =5EGG>W 744F=>EFV: 

- 74?V7>55F>==<E V >4<9O=<E >>=E-

FDG>FV= 3 21÷25%; 

-  45D569O=<E V <5F4?56<E >>=EFDG-

>FV= 3 16÷40%.  
46÷65 4 

�5D54464DV==<= 45>  

=5?D<44F=<= 4?O ?>44-

?LL>W 5>E??G4F4FVW, 

(<4=65 ?>6=<=) 

%F4= =5EGG<E >>=EFDG>F<6=<E 

5?5<5=FV6 ?5D54464DV==<=, 4 

7=4G=>W G4EF<=< =5=5EGG<E 3 

464DV==<=. �5<565=5 6<>>=4=-

=O >59T>F>< E6>WE DG=>FV= <>-

6?<65 ?D< ?D>6545==V >E>D>=-

=<E 74E>4V6 45> ?>6=V= 74<V=V 

?5D54464DV==<E V 464DV==<E 

5?5<5=FV6. 
�<5=L5==O =5EGG>W 744F=>EFV: 
- 74?V7>55F>==<E V >4<9O=<E 

>>=EFDG>FV= 3 4> 50%; 
- 45D569O=<E >>=EFDG>FV= 3  

41÷75%;  
- <5F4?56<E >>=EFDG>FV= 3  

41360%.  
 > 65 5 

�64DV==<=,  

(?>6=<=) 
 

�5EGGV 5?5<5=F< 7=4E>4OFLEO 6 

464DV==><G, 7=4G=4 G4EF<=4 

=5=5EGG<E 5?5<5=FV6 3 6 7DG=-

=>64=><G EF4=V.  
�<5=L5==O =5EGG>W 744F=>EFV: 
- 74?V7>55F>==<E V >4<9O=<E 

>>=EFDG>FV= 3 ?>=44 50%; 
- 45D569O=<E >>=EFDG>FV= 3  
?>=44 60%;  
- <5F4?56<E >>=EFDG>FV= 3  
?>=44 70%.  
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�>D<EFGNG<EL F45?<F5N 4.15, FD554 <4F< =4 G647V 
=4EFG?=V >E>5?<6>EFV >FV=>< ?5D54464DV==>7> EF4=G 5G-
4V65?L: 

�. />M> 6 D57G?LF4FV 6V7G4?L=<E F4 (45>) V=EFDG<5-
=F4?L=<E >5EF565=L 6<O6?5=> ?5D54464DV==<= 45> 464-
DV==<= EF4= >4=VTW 7 4><V=GNG<E =5EGG<E >>=EFDG>FV=, 
F> 7474?L=<= F5E=VG=<= EF4= 4>E?V46G64=>W 5G4V6?V >FV-
=NTFLEO 6V4?>6V4=> O> 464DV==<= 45> ?5D54464DV==<= 
557 ?>44?LL<E D>7D4EG=>V6.     

�. �5D54464DV==<= EF4= <VEL><E 5G4V65?L 4>FV?L=> 
GF>G=N64F< 6V4?>6V4=> 4> F4><E >7=4>: 

- D5>?>7VG=>-?5D54464DV==<= EF4= E4D4>F5D<7GNFL 
=5557?5G=V 45D>D<4FVW >>=EFDG>F<6=<E 5?5<5=FV6 
6=4E?V4>> ?>EFG?>6>7> 7=>LG64==O 6?D>4>66 GEL>7> 
F5D<V=G 5>E??G4F4FVW >59T>FG ?V4 6??<6>< ?>EFV==<E 
45> 7<V==<E =464=F465=L, <V=?<6>EFV F5<?5D4FGD=>-
6>?>7VE=>7> D56<<G, ?D<D>4=>7> EF4DV==O <4F5DV4-
?V6, 7<5=L5==O ?V4 6??<6>< F5E=>75==<E V (45>) 
?D<D>4=<E D4>F>DV6 DV7<>>-<5E4=VG=<E 6?4EF<6>E-
F5= �DG=F>6>W >E=>6<, F>M>; 

- 45D>D<4FV==>-?5D54464DV==<= EF4= E4D4>F5D<7G-
NFL ?>L>>465==O, E?D<G<=5=V =5?5D5454G5=<<< 
D4>F>D4<<: 45D5>F4<< ?D>5>FG64==O, 6<7>F>6?5==O 
5G4V65?L=<E <4F5DV4?V6, 76545==O, 5>E??G4F4FVW >>=E-
FDG>FV= 45> =5DV6=><VD=<<< >EV44==O<< DG=44<5-
=FV6 V �DG=F>6<E >E=>6; 

- ?>F5=FV==>-?5D54464DV==<= EF4= >59T>FG <>65 
E?D<G<=<F< ?>O6G ?VE?O =>7> 76545==O D4=VL5 =56V-
4><<E =5557?5G=<E 6?4EF<6>EF5= 4V?O=>< 745G4>6<: 
E5=E<VG=VEFL, E>?44=V V=65=5D=>-75>?>7VG=V G<>6< 
(?V4F>??5==O, >4DEF, 7EG6, GEFG?< 75<=>W ?>65DE=V, 
F>M>). 
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4.3.1. �<7=4G5==O 5>E??G4F4FV==>W =44V==>EFV 
>59T>-FG 74 ?>>47=<>>< �5= =4 ?D<>?44V 6<F?>6>7>  
5G4<=>G 7 21� =4 ?D. �574?56=>EFV 6 <. �5FVL<=  
%<5?L=<FL>>W >5?4EFV 

$57G?LF4F< >5EF565=L >>=EFDG>FV= V  
>>=EFDG>F<6=<E 5?5<5=FV6 4>E?V46G64=>7> 5G4<=>G 

�>E?V46G64=<= >59T>F 3 5474F>>64DF<D=<= 
?9OF<E5>FV==<= 4569OF<?>65DE>6<= 6<F?>6<= 5G4<=>> 7 
F5E=VG=<< ?>65DE>< F4 ?V464?><. 

�7V4=> F45?. 4.2 F5E=VG=<= EF4= DG=44<5=FV6 5G4V6?V 
>?4E<DV>GTFLEO 74 4DG7<< EFG?5=5< O> 744>6V?L=<=, EFG?V=L 
?>L>>465==O E5D54=V=, 7<5=L5==O =5EGG>W 744F=>EFV 3 
12%.  

�7V4=> F45?<FV 4.5 F5E=VG=<= EF4= 75VD=<E 74?V7>55F>=-
=<E ??<F ?5D5>D<FFV6 V ?>>D<FFO, EE>4>6<E <4DLV6 V ??>M4-
4>>, =44?D>T<=<E ?5D5<<G>> >?4E<DV>GTFLEO 74 4DG7<< EFG-
?5=5< O> 744>6V?L=<=, EFG?V=L ?>L>>465==O E5D54=V=, 
7<5=L5==O =5EGG>W 744F=>EFV 3 4> 20%. 

�7V4=> F45?<FV 4.7 F5E=VG=<= EF4= F57?O=<E EFV= 5G-
4<=>G (6 F.G. EFV= F5E=VG=>7> ?>65DEG) F4 ?5D57>D>4>> >?4-
E<DV>GTFLEO 74 FD5FV< EFG?5=5< O> =5744>6V?L=<= 7 F5=45=-
FVTN ?5D5E>4G 4> =5?D<44F=>7> 4> =>D<4?L=>W 5>E??G4F4-
FVW, EFG?V=L ?>L>>465==O 7=4G=<=, 7<5=L5==O =5EGG>W 
744F=>EFV 3 40%. 

�7V4=> F45?<FV 4.8 F5E=VG=<= EF4= 45D569O=<E 6V>>==<E D4< V 
465D=<E 5?>>V6 >?4E<DV>GTFLEO 74 4DG7<< EFG?5=5< O> 744>6V?L-
=<=, EFG?V=L ?>L>>465==O =57=4G=<= 3 10%.  

�7V4=> F45?<FV 4.9 F5E=VG=<= EF4= ?>>DV6?V >?4E<DV-
>GTFLEO 74 4DG7<< EFG?5=5< O> 744>6V?L=<=, EFG?V=L ?>L>>-
465==O 15%.  

�7V4=> F45?<FV 4.10 F5E=VG=<= EF4= =4O6=<E E<EF5< 
6=GFDVL=VE V=65=5D=<E >><G=V>4FV= >?4E<DV>GTFLEO 74 
4DG7<< EFG?5=5< O> 744>6V?L=<=, EFG?V=L ?>L>>465==O 
E5D54=V= 3 15%.  

$57G?LF4F< 6<7=4G5==O EFG?5=N 5>E??G4F4FV==>W 
=44V==>EFV �5=    

$57G?LF4F< >5G<E?5==O EFG?5=N 5>E??G4F4FV==>W =4-



 

417 
 

4V==>EFV 4>E?V46G64=>7>  5G4<=>G �5= 76545=V 6 F45?. 4.16. 
� >>?>=FV (3) F45?. 4.16 ?<F><4 6474 >>D5<>7> >>=E-

FDG>F<6=>7> 5?5<5=FG 4>E?V46G64=>7> 5G4<=>G &�6i, (%) 
6<7=4G4?4EL 74 6V4?>6V4=<<< 7=4G5==O<< 6 F45?. 4.14 O> 
4?O 4569OF<F<?>65DE>6<E 5G4V65?L 7 ?V464?><. 

� >>?>=FV (4) F45?. 4.16 EFG?V=L ?>L>>465=L (F5E-
=VG=<= EF4=) >>D5<>7> >>=EFDG>F<6=>7> 5?5<5=FG 4>E?V-
46G64=>7> 5G4<=>G &&5=V, (%) 6<7=4G46EO 74 F45?<FO<< 
6V4?>6V4=>: 

- 4?O DG=44<5=FV6 77V4=> F45?<FV 4.2; 
- 4?O 75VD=<E 74?V7>55F>==<E ??<F ?5D5>D<FFV6 V ?>>-

D<FFO, EE>4>6<E <4DLV6 V ??>M44>>, =44?D>T<=<E ?5D5-
<<G>> 77V4=> F45?<FV 4.5; 

- 4?O F57?O=<E EFV= V ?5D57>D>4>> 77V4=> F45?. 4.7;  
- 4?O 45D569O=<E 6V>>==<E D4< V 465D=<E 5?>>V6 77V4=> 

F45?<FV 4.8;  
- 4?O ?>>DV6?V 77V4=> F45?<FV 4.9;  
- 4?O =4O6=<E E<EF5< 6=GFDVL=VE V=65=5D=<E >><G=V-

>4FV= 77V4=> F45?<FV 4.10.  
�474?L=4 >FV=>4 EFG?5=N 5>E??G4F4FV==>W =44V==>EFV 

4>E?V46G64=>7> 5G4<=>G 74 >45D64=<< 74 D>D<G?>N (4.7) 
?>>47=<>>< 5>E??G4F4FV==>W =44V==>EFV �5= 6<7=4G4?4EL 74 
F45?<F5N 4.15. 

�7V4=> >45D64=><G ?>>47=<>G 5>E??G4F4FV==>W =4-

4V==>EFV �5= = õ
ý

n

1i

V.5=�ô = 24.282  EFG?V=L 5>E??G4F4FV==>W 

=44V==>EFV 4>E?V46G64=>7> 6<F?>6>7> 5G4<=>G 7 21� =4 
?D. �574?56=>EFV 6 <. �5FVL<= %<5?L=<FL>>W >5?4EFV 3 2-= 
(4DG7<=), 7474?L=<= F5E=VG=<= EF4= 3 744>6V?L=<=, EFG?V=L 
?>L>>465==O >E=>6=<E =5EGG<E >>=EFDG>FV= =57=4G=<=, 
G4EF<=< >>=EFDG>F<6=<E 5?5<5=FV6 3 E5D54=V=. 

�?5<5=F< 5G4<=>G 6 FV?ò<G ?D<44F=V 4?O 5>E??G4F4-
FVW, 4?5 ?>FD55GNFL D5<>=FG. 

�<5=L5==O =5EGG>W 744F=>EFV: 
- 74?V7>55F>==<E >>=EFDG>FV= 3 15%; 
- >4<9O=<E >>=EFDG>FV= 3 4> 20%;  
-  45D569O=<E >>=EFDG>FV= 3 4> 25%. 



 

 

 

418 

&45?<FO 4.16 

$57G?LF4F< >5G<E?5==O ?>>47=<>4 5>E??G4F4FV==>W 

=44V==>EFV  �5= 4>E?V46G64=>7> 5G4<=>G. 

 

7 

7/? 
�>=EFDG>F<6=V 5?5<5=F<  

5G4V6?V 

�<F><4 6474  

5?5<5=FG 6 >>=EFDG>-

F<6=V= E<EF5<V 5G4V6?V  

��6i , (%) 

%FG?V=L ?>L>>465=L 

>>D5<>7> >>=EFDG>-

F<6=>7> 5?5<5=FG 

�&5=V , (%)  

��5=.V = ��6i × 

×
6

V5=

�

&

ô

ô
, (%) 

1 2 3 4 5 

1. �>>D<FFO: 

- ?>>DV6?O 

- >>=EFDG>FVW 44EG 

- >>=EFDG>FVW ?>>D<FFO 

- D<75?V, 54?><, D5D<< 

 

0.30 

0.60 

0.29 

--- 

 

15.0 

40.0 

20.0 

--- 

 

0.063 

0.339 

0.082 

--- 

2. �V6?>65DE>6V ?5D5>D<FFO: 

- ??<F< ?5D5>D<FFO (=4EF<?) 

- D<75?V, 54?><, D5D<<  

 

17.70 

--- 

 

20.0 

--- 

 

4.999 

--- 

3. �5DF<>4?L=V >>=EFDG>FVW: 

- =5EGGV EFV=< 

- =5EGGV >>?>=< 

- E4<>=5EGGV EFV=< (?4=5?V) 

- ?5D57>D>4>< 

- 6V>=4 (6VFD46V) 

- 465DV (6>D>F4) 

 
10.37 

--- 
7.54 

5.66 

2.25 

1.51 

 
40.0 

--- 
40.0 

40.0 

10.0 

10.0 

 

5.857 

--- 
4.259 

3.197 

0.318 

0.213 
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?D>4>665==O F45?. 4.16  

1 2 3 4 5 

4. �4?>>=<, ?>46VW 

 

1.70 20.0 0.480 

5. %E>4<: 

- EE>4>6V <4DLV 

- EE>4>6V ??>M44>< 

 

2.00 

1.90 

 

20.0 

20.0 

 

 

0.565 

0.537 

 

6. �=GFDVL=V V=65=5D=V  

>><G=V>4FVW: 

- 74DOG5 6>4>?>EF4G4==O 

- >?4?5==O 

- 6>4>?D>6V4 

- 6>4>6V46545==O 

- 5?5>FD>>5?44=4==O  

- ?VDF  

 

 

0.70 

1.20 

1.20 

1.20 

0.70 

2.0 

 

 

15.0 

15.0 

15.0 

15.0 

15.0 

10.0 

 

 

0.148 

0.254 

0.254 

0.254 

0.148 

0.282 

 

7. $G=44<5=F=>-?V464?L=4 

G4EF<=4 
12.0 12.0 2.033 

 õ
ý

n

1i

6V�ô = 70.82 �5= = õ
ý

n

1i

V.5=�ô =24.282 
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4.4. �&���� ���&�%��'��� %������%&� ��9��&' 
$����%&$'�&�� ��� ������ �'�����&&�� 

� '����% �%�'.'�� ��%,��� ���'���� 
 

' E6VF>6V= ?D4>F<FV 5>>=><VG=> D>76<=GF<E >D4W= 7 
>>6=<< D>>>< 75V?LLGTFLEO 4>?O D5>>=EFDG>FVW <VEL><E 
5G4V65?L ?>DV6=O=> 7 =>6<< 5G4V6=<FF6><. &O F5=45=FVO 6 
V=65EF<FV==V= ?>?VF<FV 44T <>6?<6VEFL L6<4>> <V=OF< F5-
E=>?>7VN DV7=<E 6<D>5=<FF6 V ?D<7=4G5==O 5G4V65?L, 6<-
>>D<EF>6GNG< 7>F>6V >59T<=>-??4=G64?L=V E<EF5<<. �4=4> 
F4>>7> D>4G ?5D5?D>DV?N64==O, O> ?D46<?>, ?5D5454G4-
NFL 75V?LL5==O =464=F465=L =4 VE=GNGV DG=44<5=F<, 7<V-
=G EF4F<G=>W EE5<< D>5>F< 5G4V6?V 74 D4EG=>> 6?4LFG64=-
=O 4>44F>>6<E >?>D, ?>65DEV6, 4>=464=F465==O ?5D5>D<F-
FV6 V F4>5 V=L5. 

� <VEF4E GMV?L=NTFLEO 745G4>64, D5>>=EFDGNNFLEO 
FV?V >64DF4?<, >E6>NTFLEO ?V475<=<= ?D>EFVD. �=F5=E<6=> 
5G4GNFLEO ?V475<=V F>D7>6V F5=FD<, FD4=E?>DF=V <47VEFD4-
?V, V=65=5D=V <5D56V. �D< FL><G 646?<6>N 6<<>7>N E6VF>-
6>W ?D4>F<>< D5>>=EFDG>FVW T 755D565==O 4DEVF5>FGD=<E 
?4<9OF>>, M> 6<7=4G4NFL 7>6=VL=VEFL <VEF4. 

�V4>>D5<?5=VEFL ?D>F5EV6 ?D>5>FG64==O V D>5VF 7 D5-
>>=EFDG>FVW <VEF GE>?44=NT 6<DVL5==O 646?<6<E <VEF>5G-
4V6=<E 7444G. �5557?5G=4 V E4D4>F5D=4 4?O >EF4==L>7> G4EG 
F5=45=FVO ?5D544GV (?D>446G) 464DV==> 45D>D<>64=<E 5G-
4V65?L ?D<64F=<< 45> >><5DFV==<< EFDG>FGD4<. ' =>6<E 
6?4E=<>V6 6<=<>4T =5>5EV4=VEFL 6 O>=4=L6<4L><G >45D-
64==V 4>E>4G 7 <V=V<4?L=<<< 74FD4F4<< =4 74>DV??5==O 
>E=>6 V ?V4E<?5==O DG=44<5=FV6. � E<?G FL>7> 5G4V6?V ?VE-
?O >>E<5F<G=>7> D5<>=FG ?D>4>66GNFL 45D>D<G64F<EO, 
7<5=LGNG< 7 G4E>< E6>N 5>E??G4F4FV==G =44V==VEFL. 

� V=L>W EF>D>=<, 6<>>D<EF4==O E4<<E ?5D54>6<E E6V-
F>6<E F5E=>?>7V= 7 G?4LFG64==O >E=>6 V DG=44<5=FV6 557 
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GD4EG64==O E?5F<DV>< V=65=5D=>-75>?>7VG=<E G<>6 <VEL-
><E F5D<F>DV=, F4>>6 =5557?5G=5 4?O VE=GNG>W 745G4>6<. 

�=4?V7 ?D<G<= 6<=<>=5==O 464DV==<E E<FG4FV= 6 5G-
4V6=<FF6V, =46545=<= G 5474FL>E ?G5?V>4FVOE, 7>>D5<4   
%.�. �?T?V>>6<<, �.�. '>D=<<, �.%. �5F5?N>>< F4 V=L<<< 
6G5=<<<, E6V4G<FL, M> 55360% 6<?44>V6 6V4<>6 7DG=F>6<E 
>E=>6 V DG=44<5=FV6 >5G<>6?5=V F5E=>75==<<< D4>F>D4-
<<, M> ?D>O6?ONFLEO =4 EF44VW 5>E??G4F4FVW 5G4V6?V. �D< 
FL><G, 46V FD5F<=< 6<?44>V6 45D>D<G64==O 745G4>6< >5G-
<>6?5=V 6<>>D<EF4==O< >D<F<G=<E F5E=>?>7V= 6 =>6><G 
5G4V6=<FF6V.  

�>6=4 >>=EF4FG64F<, M> 557464DV==5 5G4V6=<FF6>, 
D5>>=EFDG>FVO (>E>5?<6> E>?44=4) 45> D>5>F< 7 6V4=>6?5=-
=O 5>E??G4F4FV==>W =44V==>EFV <VEL><E 5G4V65?L 6 G<>64E 
VE=GNG>W 745G4>6< <>6?<6V 74 G<>6< 75>F5E=VG=>7> EG?D>-
6>465==O 6EVE EF44V= 5G4V65?L=>7> ?D>F5EG.  

�4<=<<< T6D>?5=EL><<< =>D<4<< EUROKODE 
«Geotechnics» [64368] ?D<==OF> D>7DV7=OF< FD< 75>F5E=VG=V 
>4F57>DVW, M> 6V4?>6V44NFL DV6=N E>?44=>EFV 6<DVL5==O 
75>F5E=VG=>W 7444GV, O>4 ?>?O74T 6 74557?5G5==V 5>E??G4F4-
FV==>W =44V==>EFV <VEL>>W 745G4>6< ?D< D5>>=EFDG>FVW F4 
6V4=>6?5==V =44V==>EFV >59T>FG V =>7> �DG=F>6>W >E=>6<: 

� 3 6V4?>6V44T DO4>6V= 7444GV <V=V<4?L=>W E>?44=>EFV; 
�� 3 6V4?>6V44T 7444GV E5D54=L>W E>?44=>EFV; 
��� 3 6V4?>6V44T 7444GV ?V46<M5=>W E>?44=>EFV. 
�4 64?L, G 6VFG<7=O=V= =>D<4F<6=V= ?VF5D4FGDV GV-

F>> =5 ED>D<G?L>64=4 >>=F5?FVO 75>F5E=VG=>7> EG?D>6>-
465==O. �>D5<V DD47<5=F4D=V 6<<>7< 6V4><G<E F4 D57V>-
=4?L=<E 5G4V65?L=<E =>D< =5 ?>69O74=V <V6 E>5>N V, 5V?LL5 
F>7>, G 45O><E 6<?44>4E 6E>4OFL G ?D>F<DVGGO <V6 E>5>N. 
' 6VFG<7=O=V= =>D<4F<6=V= ?VF5D4FGDV T ?>=OFFO ?D> 
?5DLV 46V 7DG?< >4F57>DV=,  4 >FV=>4 75>F5E=VG=>W E<FG4FVW 
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6<>>=GTFLEO, 7 >7?O4G =4 6>474=V 6<M5 46V 7DG?< >4F57>-
DV=.  

�4F57>DVO 6V4?>6V44?L=>EFV =>6>7> 5G4V6=<FF64 6<-
7=4G4TFLEO 74?56=> 6V4 >?4EG 6V4?>6V44?L=>EFV 5G4V6?V G< 
E?>DG4<. 

�4F57>DVN F5E=VG=>7> EF4=G >59T>FG ( 6 F.G. D5>>=-
EFDG>FVW) D5>><5=4GTFLEO 6<7=4G4F< 77V4=> 6<<>7, 7>>D5-
<4 [4; 5].   

&4><= ?V4EV4 ?>6=VEFN 4>EF4F=V= 4?O 74557?5G5==O 
<VF=>EFV V =44V==>EFV 6?4E=5 >59T>FG D5>>=EFDG>FVW 45> 
=>6>7> 5G4V6=<FF64, 4?5 =5 74D4=FGT 755D565==O VE=GNG>W 
=46>>?<L=L>W 745G4>6<.  

� >7?O4G =4 F5, ?D< 6<7=4G5==V 75>F5E=VG=>W >4F57>DVW 
>59T>FG V >4F57>DVW 75>F5E=VG=>W E<FG4FVW, 4>FV?L=> 6D4-
E>6G64F<: 

- EFG?V=L 75>F5E=VG=>W =44V==>EFV �DG=F>6>W >E=>6< 
>59T>FG D5>>=EFDG>FVW G< =>6>7> 5G4V6=<FF64; 

- EFG?V=L 5>E??G4F4FV==>W =44V==>EFV >59T>FG D5>>=E-
FDG>FVW G< =>6>7> 5G4V6=<FF64; 

- >4F57>DVN D<7<>G 4?O =46>>?<L=L>W 745G4>6< ?D< 
D5>>=EFDG>FVW G< 5G4V6=<FF6V 4>E?V46G64=>7> >59T>FG. 

%FG?V=L 75>F5E=VG=>W =44V==>EFV �DG=F>6>W >E=>6< 
4>E?V46G64=>W 5G4V6?V 6<7=4G4TFLEO =4 >E=>6V D57G?LF4FV6 
4=4?V7G V=65=5D=>-75>?>7VG=>W F4 7V4D>?>7VG=>W E<FG4FV= 
4V?O=>< 745G4>6< 74 G>F<D<EFG?5=56>N L>4?>N >?4E<DV-
>4FV==<E >7=4> 77V4=> F45?<FV 2.12 6 D>74V?V 2. 

%FG?V=L 5>E??G4F4FV==>W =44V==>EFV 4>E?V46G64=>W 
5G4V6?V 6<7=4G4TFLEO =4 >E=>6V D57G?LF4FV6 >5EF565==O F4 
6<7=4G5==O F5E=VG=>7> EF4=G =5EGG<E >>=EFDG>FV= V >>=E-
FDG>F<6=<E 5?5<5=FV6 77V4=> F45?<FL 4.2, 4.3, 4.5, 4.7÷4.10 
74?56=> 6V4 ?>>47=<>4 5>E??G4F4FV==>W =44V==>EFV �5= 5G-
4V6?V (4<6. D>74. 4.2). &<<< 6 >4F57>DVO<< E?V4 >5DG64F<EO, 
O>M> 6<=<>4T =5>5EV4=VEFL 6<7=4G5==O EFG?5=N 5>E??G4-



 

 

 

423

F4FV==>W =44V==>EFV 745G4>6<, O>4 >F>GGT 4>E?V46G64=<= 
>59T>F. 

' ?5DL><G =45?<65==V >4F57>DVN 5>E??G4F4FV==>W 
=44V==>EFV 4>E?V46G64=>W 5G4V6?V <>6=4 6<7=4G<F< 74 F45-
?<FO<< 4.11, 4.12. 

�4F57>DVO D<7<>G 4?O =46>>?<L=L>W 745G4>6< ?D< D5-
>>=EFDG>FVW, 6V4=>6?5==V G< 5G4V6=<FF6V 4>E?V46G64=>7> 
>59T>FG 6<7=4G4TFLEO 74 FD<EFG?5=56>N L>4?>N 77V4=> 
F45?. 4.17 74?56=> 6V4 6<4G F4 >5EO7V6 D5>>=EFDG>F<6=<E, 
6V4=>6?N64?L=<E G< 5G4V65?L=<E D>5VF V WE 6??<6G =4 =4-
?DG65=>-45D>D<>64=<= EF4= �DG=F>6>W >E=>6<. 

�<7=4G5==O 75>F5E=VG=>W >4F57>DVW E>?44=>EFV 4>E?V-
46G64=>7> >59T>FG 6<>>=GTFLEO 74 F5FD47D4<>N =4 
D<E. 4.20, 6<E>4OG< 7 ?>T4=4==O EFG?5=N 75>F5E=VG=>W =4-
4V==>EFV �DG=F>6>W >E=>6< (6VEL X), EFG?5=N 5>E??G4F4FV=-
=>W =44V==>EFV 4>E?V46G64=>W 5G4V6?V (6VEL Y) F4 >4F57>DVW 
D<7<>G 4?O =46>>?<L=L>W 745G4>6< ?D< D5>>=EFDG>FVW 45> 
=>6><G 5G4V6=<FF6V 4>E?V46G64=>7> >59T>FG (6VEL Z). 

�4?56=> 6V4 75>F5E=VG=>W >4F57>DVW E>?44=>EFV 4>E?V-
46G64=>7> >59T>FG E?V4 =47=4G4F< E>?44 V >5EO7 >><??5>EG 
D>5VF 7 75>F5E=VG=>7> EG?D>6>465==O GEVE EF44V= 5G4V65?L-
=>7> ?D>F5EG 77V4=> F45?. 4.18. 

�?O ?>L>>465=<E 5G4V65?L ��-W V ���-W 75>F5E=VG=<E >4-
F57>DV=, O> ?D46<?>, D>7D>5?OTFLEO F5E=>?>7VG=<= D57?4-
<5=F ?D>6545==O 464DV==>-6V4=>6?N64?L=<E D>5VF, O><= 6 
7474?L=><G 6<?44>G ?>6<=5= 6<VMG64F< F4>V E>?44>6V: 

�. �D<F5DVW, O>V 4>76>?ONFL 6V4DV7=<F< 4>?GEF<<V F5E-
=>75==V G<==<>< 6V4 =54>?GEF<<<E. �E=>6=<< >D<F5DVT< 
=54>?GEF<<>EFV T G<>64:   

   

                                        õ
ý

n

1i
adtiS < Sadt u ,                                 (4.10) 
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45 Sadt i 3 >EV44==O 6V4 V-F>7> F5E=>75==>7> G<==<>4 (464-
DV==5 74<>GG64==O >E=>6<, 4>44F>>65 =464=F465==O 6V4 
??4=G64==O ?V4E<?>>N, 7>D<7>=F4?L=V 7EG6< 6=4E?V4>> D>-
7D>5>< >>F?>64=G V F4>5 V=L5); 

Sadt u 3 7D4=<G=5 4>44F>>65 >EV44==O EGEV4=L>W (EG<V6=>W) 
5G4V6?V 6 ?5DV>4 ?D>6545==O 5G4V65?L=<E D>5VF =4 >59T>FV, 
O>5 6<7=4G4TFLEO D>7D4EG=>>< 45> 6 ?5DL><G =45?<65==V 
=47=4G4TFLEO 77V4=> 7 G<==<<< =>D<4F<6=<<< 4>>G<5=-
F4<<. 

�. �5D5?V> D4>F>DV6 D<7<>G, 4> O><E <>6GFL 5GF< 
6V4=5E5=V: 

- F5E=>?>7VO 5G4V65?L=<E, D5>>=EFDG>F<6=<E (6V4=>6-
?N64?L=<E) D>5VF 6 FV?ó<G; 

- >>D5<V F5E=>?>7VG=V >?5D4FVW (=4?D<>?44, 74>DV?-
?5==O �DG=F>6>W >E=>6<);  

- E<FG4FVW, ?>69O74=V 7V EF4F<G=<<, 4<=4<VG=<< (6 F. G. 
6V5D4FV==<<) =464=F465==O<< 45> D>764=F465==O< >E=>-
6<, ?>DGL5==O< �DG=FG =<6G5 ?V4>L6< DG=44<5=FV6 G 
?D>F5EV 464DV==>-6V4=>6?N64?L=<E D>5VF, ?>=<65==O< 
$�� (WL) V F4>5 V=L5. 

�. $>7<VD< 7>= 6??<6G >>6=>7> D4>F>DG D<7<>G (7>=< 
D<7<>G). 

�. �E>5?<6V 6<<>7< 4> G5D7>6>EFV 6<>>=4==O DV7=<E 
6<4V6 D>5VF =4 >59T>FV, >D<F5DVT< O><E T 74557?5G5==O =4-
4V==>EFV 5G4V6?V V =46>>?<L=L>W 745G4>6<. 

�. �4=V ?D> ?VE?O4VN V D5?4>E4FVN 6??<6G F5E=>75=-
=<E D4>F>DV6 6 �DG=F4E >E=>6< V 6<<>7< 4> V=F5=E<6=>EFV 
6545==O D>5VF, 6V4=5E5=<E 4> D4>F>DV6 D<7<>G. 

�. �4D4<5FD< >M44?<6<E D56<<V6 6<>>=4==O D5>>=-
EFDG>F<6=<E (6V4=>6?N64?L=<E)  D>5VF. 

�. �<F4==O 74557?5G5==O F4 >>=FD>?N O>>EFV D>5VF. 
�. �<<>7< 4> 75>F5E=VG=>7> <>=VF>D<=7G.    
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$<E. 4.20. &5FD47D4<4 4?O 6<7=4G5==O EFG?5=N 75>F5E=VG=>W E>?44=>EFV  

D5>>=EFDG>FVW 6 G<>64E VE=GNG>W <VEL>>W 745G4>6<: X 3 EFG?V=L 75>F5E=V>G=>W 

=44V==>EFV �DG=F>6>W >E=>6< (1, 2, 3); Y 3 EFG?V=L 5>E??G4F4FV==>W =44V==>EFV 

4>E?V46G64=>W 5G4V6?V (1, 2, 3); Z 3 >4F57>DVO D<7<>G 4?O =46>>?<L=L>W  

745G4>6< (1, 2, 3); �, ��, ��� 3 75>F5E=VG=4 >4F57>DVO E>?44=>EFV >59T>FG 

  

4.4.1. �<7=4G5==O 75>F5E=VG=>W >4F57>DVW E>?44=>EFV 
>59T>FG D5>>=EFDG>FVW =4 ?D<>?44V 5G4<=>G 7 87 =4 6G?. 
16 �<?=O G <. $V6=><G 

$57G?LF4F< 4=4?V7G V=65=5D=>-75>?>7VG=>W F4  
7V4D>?>7VG=>W E<FG4FV= 4V?O=>< 745G4>6< 

�7V4=> D57G?LF4FV6 V=65=5D=>-75>?>7VG=<E 6<LG>G-
64=L 4V?O=>< 745G4>6< ?D<D>4=>N >E=>6>N EFDVG>>6<E 
DG=44<5=FV6 4>E?V46G64=>7> 5G4<=>G E?G7GT �DG=F ���-2 3 
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EG?VE>> ??4EF<G=<= ?5E>?>4V5=<=, 7 6>?NG5==O< >4D5>=4-
FV6, OE=> L4DG64F<=, 6>6FG64F>-EVD<= 7 =4EFG?=<<< 7=4-
G5==O<< ?>>47=<>V6 DV7<>>-<5E4=VG=<E 6?4EF<6>EF5= (4<6. 
F45?. 4.19):  

- ?D<D>4=4 6>?>7VEFL: W = 0.22; 
- EFG?V=L 6>?>7>EFV Sr = 0.94; 
- <>4G?L 45D>D<4FVW � = 18.0 ��4; 
- >>5DVFVT=F ?>D<EF>EFV 5 = 0.63; 
- ?<F><4 6474 �DG=FG: ³II  = 19.80 >�/<3;  
- >GF 6=GFDVL=L>7> F5DFO: ÇII = 25°;  
- >>5DVFVT=F 7G5??5==O: E�� = 14.0 >�4.   
�V4>L64 VE=GNG<E EFDVG>>6<E DG=44<5=FV6 4>E?V-

46G64=>7> 5G4<=>G 7=4E>4<FLEO 6 7>=V 4VW $��. �7V4=> <4-
F5DV4?V6 4>E?V465=L <<=G?<E D>>V6, 4<??VFG44 >>?<64==O 
DV6=O �DG=F>6<E 6>4 EG?VM4=<E �DG=FV6 <>65 E>?444F< 
1.0÷1.2 <. &>5F>, 6 ?>EGL?<6V ?5DV>4< D>>G $�� <>65 >?GE-
>4F<EO =<6G5 ?V4>L6< DG=44<5=FV6 =4 0.50÷0.80 <. &4>5 
>>?<64==O E?D<G<=OT EF>E4EF<G=G 7<V=G =4?DG65=>-
45D>D<>64=>7> EF4=G �DG=FV6 >E=>6< 6=4E?V4>> 7<V=<, ?>-
O6< 45> 7=<>=5==O 7V4D>EF4F<G=>7> F4 7V4D>4<=4<VG=>7> 
F<E>V6. �=4E?V4>> FL>7> 6<=<>4NFL DV7=V 74 4<??VFG4>N 65-
DF<>4?L=V DGE< DG=44<5=FV6 V EFV= 5G4<=>G, M> 6 >><??5-
>EV 7 4>44F>>6<< =464=F465==O< =4 �DG=F>6G >E=>6G ?>F5-
=FV==> <>65 ?D<6>4<F< 4> ?>O6< V D>76<F>G 45D>D<4FV=-
=<E FDVM<= 6 >>=EFDG>FVOE $�' V 5G4<=>G 6 FV?ó<G.  

�7V4=> V=65=5D=>-75>?>7VG=<E >4DF GD465==O F5D<-
F>DVW $V6=5=EL>>W >5?4EFV [69; 70] 5>7>75==<<< 75>?>7VG=<-
<< ?D>F5E4<<, 4>E?V46G64=<= D4=>= 4> F5D<F>DV= GD4-
65==O V D>76<F>G >4DEFV6 =5 6V4=>E<FLEO. �=4?V7>< >><-
??5>EG G<==<>V6, M> E4D4>F5D<7GNFL G<>6< D>76<F>G >4D-
EFG, >7=4> ?D>O6V6 >4DEF>6>-EGD>7V==<E O6<M =5 6<O6?5=>.  

�V4?>6V4=> 7 ?. 6.2.9.1 ��� �.2.1-1-2014, 4>E?V46G64=4 
4V?O=>4 745G4>6< 6V4=>E<FLEO 4> >4F57>DVW EFV=>>EFV V� 6V4-
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=>E=> >4DEF>6<E ?D>64?V6.  
%5=E<VG=VEFL 4>E?V46G64=>W 4V?O=>< 745G4>6< 77V4=> 

12-F< 54?L=>W L>4?< MSK-64 (%.�. �5465456, W. Sponheuer,  
V. Karnik) 3 6 (LVEFL) 54?V6.  

$>=>64 E5=E<VG=4 V=F5=E<6=VEFL 77V4=> F45?. �.1 6 

4>44F>G � ��� �.1.1-12:2014  4?O <. $V6=>7> 3 6 54?V6.  
�>D<4F<6=4 E5=E<VG=4  V=F5=E<6=VEFL ??>M44>< 5G-

4V6=<FF64 ?D<=<4TFLEO ?> >4DFV �%$-2004 % ��� �.1.1-
12:2014, O> 4?O >59T>FV6 V E?>DG4 <4E>6>7> F<6V?L=>7>, ?D>-
<<E?>6>7> ?D<7=4G5==O, DV7=<E 6<F?>6<E >59T>FV6 G <VEL-
>V= V EV?LEL>V= <VEF56>EFV, V EF4=>6<FL 6 54?V6. 

'<>6< 5G4V6=<FF64 F4 5>E??G4F4FVW 5G4<=>G E5D54=V. 
�<=4<VG=V >>?<64==O (E5=E<VG=V, 6V5D4FV==V) G �DG=F4E, M> 
75=5DGNFL =5557?5G=V 7<VM5==O 5G4V65?L=<E >>=EFDG>FV= 
=5<>6?<6V. �=4E?V4>> 6<E>>>7> EF>O==O V >E>5?<6> ?5DV>-
4<G=>W 7<V=< DV6=O �DG=F>6<E 6>4 65DF<>4?L=V V 7>D<7>=-
F4?L=V 45D>D<4FVW >E=>6< 6<>?<>4NFL 45D>D<4FVW 5G4V6?V, 
65?<G<=< O><E ?5D56<MGNFL 7D4=<G=V 7=4G5==O 4?O 
>59T>FV6, M> =5 ?D<EF>E>64=V 4> E?D<=<4==O =5DV6=><VD-
=<E 45D>D<4FV= >E=>6<, 4?5 =5 ?5D56<MGNFL 7D4=<G=V 
7=4G5==O 4?O 5G4V65?L, O>V ?D<EF>E>64=V 4> E?D<=<4==O 

6>474=<E 45D>D<4FV=, F>5F>: S0 + S > Su ; S0 + S f  f
'
uS . �EV-

44==O 5G4<=>G ?D>FV>4NFL =5DV6=><VD=>. �D>5>FG64==O 
5G4V65?L 6 F4>V= V=65=5D=>-75>?>7VG=V= E<FG4FVW ?>6<==5 
6D4E>6G64F< <>6?<6VEFL ?D>O6G F4 GEG=5==O ?>=44=>D<4-
F<6=<E 45D>D<4FV=, M> ?5D56<MGNFL 7D4=<G=V 7=4G5==O 
4?O =5EGG<E >>=EFDG>FV=.  

� >7?O4G =4 6<>?445=5, 74 G>F<D<EFG?5=56>N L>4?>N 
>?4E<DV>4FV==<E >7=4> �DG=F>64 >E=>64 4>E?V46G64=>7> 
5G4<=>G >?4E<DV>GTFLEO 74 4DG7<< (2) EFG?5=5< 75>F5E=V-
G=>W =44V==>EFV V 6V4=>E<FLEO 4> F5D<F>DV=, O>V >5<565=> 
?D<44F=V 4?O 745G4>6< 557 ?D>6545==O V=65=5D=>-
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F5E=VG=<E 74E>4V6 (4<6. F45?. 2.12 6 D>74V?V 2).  

$57G?LF4F< >5EF565=L >>=EFDG>FV= V  
>>=EFDG>F<6=<E 5?5<5=FV6 4>E?V46G64=>7> 5G4<=>G 

�4F57>DVO F5E=VG=>7> EF4=G =5EGG<E >>=EFDG>FV= V 
>>=EFDG>F<6=<E 5?5<5=FV6 5G4<=>G 6<7=4G4?4EL =4 >E=>-
6V D57G?LF4FV6 >5EF565==O F4 77V4=> F45?<FL 4.2, 4.3, 4.5, 
4.7÷4.10 74?56=> 6V4 ?>>47=<>4 5>E??G4F4FV==>W =44V==>EFV 
�5= 5G4V6?V (4<6. D>74. 4.2). 

�>E??G4F4FV==4 =44V==VEFL 4>E?V46G64=>7> 5G4<=>G 
>?4E<DV>>64=4 74 FD5FV< (3) EFG?5=5<, F5E=VG=<= EF4= 
>E=>6=<E =5EGG<E >>=EFDG>FV= 3 =5744>6V?L=<=, EFG?V=L 
?>L>>465==O >59T>FG 3 7=4G=<=. �>E??G4F4FVO 5G4<=>G 
<>6?<64 ?<L5 74 G<>6< ?D>6545==O >4?VF4?L=>7> D5<>=-
FG. �<5=L5==O =5EGG>W 744F=>EFV 74?V7>55F>==<E V 
>4<9O=<E >>=EFDG>FV= 3 21÷25%, 45D569O=<E V <5F4?56<E 
>>=EFDG>FV= 3 16÷40% (4<6. F45?. 4.11, 4.15).   

�4F57>DVO D<7<>G 4?O =46>>?<L=L>W 745G4>6< ?D< 
6V4=>6?5==V 4>E?V46G64=>7> >59T>FG 74?56=> 6V4 6<4G F4 
>5EO7V6 D5>>=EFDG>F<6=<E (6V4=>6?N64?L=<E) D>5VF V WE 
6??<6G =4 =4?DG65=>-45D>D<>64=<= EF4= �DG=F>6>W >E=>-
6< >?4E<DV>>64=4 74 FD5FV< (3) EFG?5=5< 77V4=> 
F45?. 4.17. 

$57G?LF4F< 6<7=4G5==O 75>F5E=VG=>W >4F57>DVW 
E>?44=>EFV 4>E?V46G64=>7> >59T>FG 

�<7=4G5==O 75>F5E=VG=>W >4F57>DVW E>?44=>EFV >59T>FG 
D5>>=EFDG>FVW 6<>>=G64?>EL 74 F5FD47D4<>N =4 D<E. 4.20, 
6<E>4OG< 7 ?>T4=4==O EFG?5=N 75>F5E=VG=>W =44V==>EFV 
�DG=F>6>W >E=>6< (6VEL X), >4F57>DVW 5>E??G4F4FV==>W =44V=-
=>EFV 4>E?V46G64=>7> 5G4<=>G (6VEL Y) F4 >4F57>DVW D<7<>G 
4?O =46>>?<L=L>W 745G4>6< ?D< 6V4=>6?5==V 4>E?V46G64-
=>7> >59T>FG (6VEL Z). 

� >7?O4G =4 EFG?V=L 75>F5E=VG=>W =44V==>EFV �DG=F>6>W 
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>E=>6< 2, >4F57>DVW 5>E??G4F4FV==>W =44V==>EFV 4>E?V46G-
64=>7> 5G4<=>G 3 F4 >4F57>DVW D<7<>G 4?O =46>>?<L=L>W 
745G4>6< ?D< 6V4=>6?5==V 4>E?V46G64=>7> >59T>FG 3 3 >4-
F57>DVO 75>F5E=VG=>W E>?44=>EFV >59T>FG 4>E?V465==O 
?D< =>7> D5>>=EFDG>FVW 77V4=> F5FD47D4<< =4 D<E. 4.20 >?4-
E<DV>GTFLEO, O> ��� (FD5FO), 4?O O>>W >5>69O7>>6>N G<>-
6>N T 6<>>=4==O >><??5>EG D>5VF 7 75>F5E=VG=>7> EG?D>-
6>465==O GEVE EF44V= 5G4V65?L=>7> ?D>F5EG 77V4=> 
F45?. 4.18, 4 E4<5: 

- D>7>>?G64==O LGDDV6 5V?O >>6=>7> 6<4G >>=EFDG>-
FV= G =4=6V4?>6V44?L=VL<E 4V?O=>4E 7 6V45>D>< V 6<7=4-
G5==O< DV7<>>-<5E4=VG=<E V 45D>D<4FV==<E E4D4>F5D<E-
F<> �DG=FV6 >E=>6<; 

- ?D< D>75V6=>EFV >45D64=<E 4>44F>>6<<< V=65=5D-
=>-75>?>7VG=<<< 6<LG>G64==O<< D57G?LF4FV6 7 4DEV6=<<< 
<4F5DV4?4<< 3 EF4F<G=5 7>=4G64==O V 5GDV==O >>=FD>?L-
=<E E65D4?>6<= 74 <564<< 5G4V6?V 7 6V45>D>< F4 6<?D>5G-
64==O< 7D47>V6 �DG=FG; 

- 6<7=4G5==O D4>F<G=<E D>7<VDV6 F4 7?<5<=< 74>?4-
44==O DG=44<5=FV6; 

- 6<7=4G5==O <VF=>EFV <4F5DV4?G DG=44<5=FV6 =5DG=-
=V6=<<< <5F>44<<, >FV=>4 EF4=G ?>L>>465=<E >>=EFDG>-
F<6=<E 5?5<5=FV6; 

-  D56V7VO F4 >FV=>4 EF4=G 6=GFDVL=VE F4 7>6=VL=VE 6>-
4>=5EGG<E >><G=V>4FV=; 

-  6<6G5==O 7V4D>?>7VG=>7> D56<<G V EV<VG=>7> E>?44G 
�DG=F>6<E 6>4; 

- 6<7=4G5==O <VEF57=4E>465==O ?V475<=<E E?>DG4, 
?V464?V6, DG=44<5=FV6 7=5E5=<E 5G4V65?L, FG=5?V6, =5 ?D4-
FNNG<E ?V475<=<E V=65=5D=<E >><G=V>4FV= (O>M> F4>V T) 
=4 4V?O=FV 745G4>6<. 

- D>7>>?G64==O LGDDV6 5V?O 6EVE 65DF<>4?L=<E =5EG-
G<E >>=EFDG>FV= (EFV=, >>?>= V F4>5 V=L5) 6 =4==5557?5G-
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=VL<E <VEFOE 7 >5<VD4<< DG=44<5=FV6, 6V45>D>< V 6<?D>-
5G64==O< �DG=FV6 >E=>6<; 

- 6<7=4G5==O <VF=>EFV <4F5DV4?G DG=44<5=FV6 =5DG=-
=V6=<<< <5F>44<< V ?45>D4F>D=<<< 6<?D>5G64==O<< 7D4-
7>V6; 

- EF4F<G=5 7>=4G64==O V 5GDV==O >>=FD>?L=<E E65D4-
?>6<= (6 >5EO7V, ?5D5454G5=><G 4?O =>6>7> 5G4V6=<FF64) 7 
6V45>D>< V 6<?D>5G64==O< 7D47>V6 �DG=FG; 

- D>7D>5>4 F5E=>?>7VG=>7> D57?4<5=FG ?D>6545==O 
6V4=>6?N64?L=<E D>5VF; 

- GG4EFL E?5FV4?VEF4-75>F5E=V>4 =4 6EVE EF44VOE 5G4V65-
?L=>7> ?D>F5EG (6<LG>G64==O, >5EF565==O, ?D>5>FG64==O, 
6V4=>6?N64?L=V D>5>F<, ?VE?O5G4V65?L=<= <>=VF>D<=7); 

- ?5D54?D>5>F=5 >5EF565==O 5G4V65?L V E?>DG4, M> 
?>?444NFL G 7>=G D<7<>G; 

- 75>F5E=VG=<= ?D>7=>7 <>6?<6<E 45D>D<4FV= 5G4V6-
?V;  

- <>45?N64==O =4==5557?5G=VL<E <VEF>5G4V65?L=<E 
E<FG4FV= =4 4V?O=FV 745G4>6<; 

- =4G>>65 EG?D>6>465==O E>?44=<E 45> =>6VF=VE F5E-
=>?>7V= 6 ?D>F5EV ?D>6545==O >><??5>EG V=65=5D=>-
F5E=VG=<E V (45>) 75>F5E=VG=<E 74E>4V6; 

- 75>F5E=VG=<= <>=VF>D<=7 =4 EF44VW ?D>6545==O 6V4-
=>6?N64?L=<E D>5VF. 
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&45?<FO 4.17  
�4F57>DVW D<7<>G 4?O =46>>?<L=L>W 745G4>6< ?D<  

D5>>=EFDG>FVW VE=GNG<E >59T>FV6 45> =>6>7> 5G4V6=<FF64  
�4F57>DVO 

D<7<>G 4?O 

=46>>?<L=L>W 

745G4>6< 

�D< D5>>=EFDG>FVW   

7 6V4=>6?5==O< 5>E??G4-

F4FV==>W =44V==>EFV 

�D< =>6><G 5G4V6=<FF6V 

1 2 3 

1 

$5>>=EFDG>FVO 5G4V6?V G< 

E?>DG4< 74V=E=NTFLEO 557 

75V?LL5==O =464=F465==O 

=4 >E=>6G F4 557 7<V= EF4-

F<G=<E G<>6 D>5>F< >E-

=>6<. 

�46>>?<L=O 745G4>64 7=4E>4<FL-

EO ?>74 7>=>N 6??<6G >59T>FG 5G-

4V6=<FF64 (74 EF4F<G=<<< G<>64-

<< D>5>F< =>7> >E=>6<, 4 F4>>6 74 

6??<6>< F5E=>75==<E D4>F>DV6, 6 

F.G. ?D< 6<>>D<EF4==V >D<F<G=<E 

F5E=>?>7V= 6?4LFG64==O DG=44-

<5=FV6). 

�?4E =4E?V4>V6 (6V4?>6V44?L=>EFV) 5G4V65?L V E?>DG4 

%%1, >4F57>DVO 6V4?>6V44?L=>EFV >>=EFDG>FV= � 77V4-

=> ��� �.1.2-14-2009 [71]: 5G4V6?V F4 E?>DG4< >59T>FV6 

>5<565=>7> =4D>4=>7>E?>44DEL>>7> V (45>) E>FV4?L=>7> 

7=4G5==O: E>?44< 557 ?D>F5EV6 E>DFG64==O F4 G?4>>6>< 

4?O 755DV74==O EV?LEL>>7>E?>44DEL>>W ?D>4G>FVW, 4>5-

D<6, EV<V>4FV6, 6G7V??O, F>DDG F4 V=L5; F5??<FV, ?4D=<><, 

>4=>?>65DE>6V 6<F?>6V 5G4<=><, >?>D< ?D>6V4=>7> 

769O7>G, >?>D< >E6VF?5==O =4E5?5=<E ?G=>FV6, >7>D>6V; 

747?<5?5=V V=65=5D=V >><G=V>4FVW F4 ?V475<=V E?>DG4< 

>5<565=>7> 7=4G5==O; 6EV >59T>F< ?D><<E?>6>EFV, 5=5D-

75F<><, FD4=E?>DFG V 769O7>G, EV?LEL>>7> 7>E?>44DEF64 V 

?5D5D>5>< EV?L7>E??D>4G>FVW, M> =5 6V4=5E5=V 4> >?4EV6 

%%3 V %%2; 7D><44EL>V 5G4V6?V, >59T>F< DV7>G?LFGD< F4 

E?>DFG, M> =5 6V4=5E5=V 4> >?4EV6 %%3 V %%2, 4 F4>>6 

GEV F<<G4E>6V 5G4V6?V V E?>DG4<, <>5V?L=V 5G4<=><; 

>59T>F< 6=GFDVL=L>6<D>5=<G<E 4>DV7, >><G=V>4FV= V 

?D>4G>F>-?D>6>4V6; ?4D=<><, F5??<FV; >?>D< D>7?>4V?L-

=>W <5D56V =<7L>>W =4?DG7<, >E6VF?N64?L=V >?>D<. 
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?D>4>665==O F45?. 4.17 
1 2 3 

2 

$5>>=EFDG>FVO 5G4V6?V G< E?>-

DG4< ?5D5454G4T 7<V=G =464=-

F465==O =4 VE=GNGV DG=44<5-

=F< V (45>) 7<V=G EF4F<G=<E 

G<>6 D>5>F< >E=>6< 557 WW ?5-

D5=464=F465==O; 557 6<>>D<E-

F4==O >D<F<G=<E F5E=>?>7V= 

6?4LFG64==O DG=44<5=FV6, 

4>FD<<GTFLEO >D<F5DV= ?> 4>-

?GEF<<<E 4>44F>>6<E 45D>D-

<4FVOE >59T>FG D5>>=EFDG>FVW V 

=46>>?<L=L>W 745G4>6<. 

�46>>?<L=O 745G4>64 7=4E>-

4<FLEO ?>74 7>=>N 6??<6G 

>59T>FG 5G4V6=<FF64 74 EF4-

F<G=<<< G<>64<< D>5>F< 

=>7> >E=>6<, 4?5 ?>?444T 6 

7>=G 6??<6G F5E=>75==<E 

D4>F>DV6, ?>69O74=<E, 6 F.G., 7 

?D>6545==O< D>5VF (4>FD<<G-

TFLEO >D<F5DV= ?> 4>?GEF<-

<<E 4>44F>>6<E 45D>D<4FVOE 

=46>>?<L=L>W 745G4>6< 557 

?D>6545==O 74E>4V6 7 WW ?>E<-

?5==O). 

�?4E =4E?V4>V6 (6V4?>6V44?L=>EFV) 5G4V65?L V E?>DG4 %%2, 

>4F57>DVO 6V4?>6V44?L=>EFV >>=EFDG>FV= � 77V4=> ��� 

�.1.2-14-2009 [12]: 5G4V6?V V E?>DG4< 646?<6>7> =4D>4=>7>E-

?>44DEL>>7> V (45>) E>FV4?L=>7> 7=4G5==O: >59T>F< ?D><<E?>-

6>7>, EV?LEL>>7>E?>44DEL>>7>, 6<F?>6>->><G=4?L=>7> ?D<7-

=4G5==O V 769O7>G, M> =5 66V=L?< 4> �-W  V ��-W >4F57>DVW; 747?<-

5?5=V 45> ?V475<=V V=65=5D=V >><G=V>4FVW V E?>DG4< 646?<6>-

7> 7=4G5==O. 
�E=>6=V >59T>F< <5F4?GD7V==>W ?D><<E?>6>EFV, 646>>7> <4L<=>-

5G4G64==O, =4DF>EV<VW, EG4=>5G4G64==O, >5>D>==>W ?D><<E?>6>EFV 

(4><5==V V <4DF5=V6EL>V F5E<, E>?444?L=V >>D?GE<, 6<E>>V 4<<>6V 

FDG5< F>M>); >>?D<, <4L<==V 6V44V?5==O 4>5G6=<E <4L<=; >5'T>F< 

7V4D>- V F5??>5=5D75F<>< ?>FG6=VEFN <5=L5 1,0 <?=. >�F, D>7?>-

4V?L=V E<EF5<< >E=>6=<E 5?5>FD><5D56 6<E>>>W =4?DG7< (6>?NG4N-

G< >?>D< ?V=V= 5?5>FD>?5D544GV V 6V4>D<F<E D>7?>4V?L=<E ?D<EFD>-

W6); T<>>EFV 4?O =4DF< V =4DF>?D>4G>FV6; L?OE>6V ?>?>F=4 <47VEFD4-

?L=<E 46F>4>DV7, 7?VF=>-?>E44>>6V E<G7<, <>EF< V FG=5?V ?D>FO6=VE-

FN 4> 1000 <, >4=4F=V 4>D>7<, 6>>74?<, 45D>6>>74?<, 65DF>?VF=V EF4-

=FVW; <47VEFD4?L=V FDG5>?D>6>4<; 65?<>V 7>F5?V, 7GDF>6<F><; >59T>F< 

6>4>?D>6>4G V >4=4?V74FVW (6>?NG4NG< 6>4>=4?VD=V 54LF<, >G<E=V 

E?>DG4<, 6>4>745>D<) ?D><<E?>6<E ?V4?D<T<EF6 V =4E5?5=<E ?G=>-

FV6; 5G4V6?V 6<4>6<M=<E V E?>DF<6=<E ?V4?D<T<EF6, ?V4?D<T<EF6 

F>D7V6?V, 7D><44EL>>7> E4DGG64==O, E?G65< ?>5GFG, GEF4=>6< >E>D>-

=< 74>D>69O; 5G4V6?V V E?>DG4< F5=FD4?L=<E E>?44V6 4?O 74557?5G5=-

=O 6<FFT6<E ?>FD55 =4E5?5==O, E>?44< >E>5?<6> FV==>7> GEF4F>G-

64==O V <4F5DV4?V6, 6V=EL>>6V E>?44<; 6<F?>6V, 7D><44EL>V 45> 

5474F>DG=>FV>=4?L=V 5G4V6?V 6<E>F>N 4> 100 <. 
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?D>4>665==O F45?. 4.17 
1 2 3 

3 

$5>>=EFDG>FVO 5G4V6?V G< E?>-

DG4< ?5D5454G4T 7<V=G (75V?L-

L5==O) =464=F465==O =4 VE=GN-

GV DG=44<5=F< V (45>) 7<V=G 

EF4F<G=<E G<>6 D>5>F< >E=>6<, 

O>4 ?D<6>4<FL 4> ?5D564=F4-

65==O >E=>6<; 6<>>D<EF>6G-

NFLEO >D<F<G=V F5E=>?>7VW 6?4-

LFG64==O =>6<E DG=44<5=FV6; 

?D< VE=GNG<E DG=44<5=F4E =5 

4>FD<<GTFLEO >D<F5DV= ?> 4>?G-

EF<<<E 45D>D<4FVOE >59T>FG 

D5>>=EFDG>FVW V =46>>?<L=L>W 

745G4>6<. 

�46>>?<L=O 745G4>64 7=4E>-

4<FLEO 6 7>=V 6??<6G >59T>FG, 

M> 5G4GTFLEO (=5 4>FD<<G-

TFLEO >D<F5DV= ?> 4>?GEF<-

<<E 4>44F>>6<E 45D>D<4FVOE 

=46>>?<L=L>W 745G4>6< 557 

?D>6545==O V=65=5D=>-

F5E=VG=<E 74E>4V6 7 WW ?V4E<-

?5==O). 

 

�?4E =4E?V4>V6 (6V4?>6V44?L=>EFV) 5G4V65?L V E?>DG4 %%3, 

>4F57>DVO 6V4?>6V44?L=>EFV >>=EFDG>FV= � 77V4=> ��� 

�.1.2-14-2009 [71]: >E=>6=V 5G4V6?V F4 E?>DG4< >59T>FV6 646-

?<6>7> =4D>4=>7>E?>44DEL>>7> V (45>) E>FV4?L=>7> 7=4G5==O: 

7>?>6=V >>D?GE< &�%, ��%, F5=FD4?L=V 6G7?< 4><5==<E ?5-

G5=, 4<<>6V FDG5< 6<E>F>N 5V?LL5 200 <, F5?56V7V==V 54LF<, 

E?>DG4< <47VEFD4?L=>W <5D56V ��%%, D575D6G4D< 4?O =4DF< V 

=4DF>?D>4G>FV6 T<=VEFN 5V?LL5 10 F<E. <3, <47VEFD4?L=V FDG-

5>?D>6>4<, ?D><<E?>6V 5G4V6?V 7 ?D>?L>F4<< 5V?LL5 100 <, 

E?>DG4< 769O7>G 6<E>F>N 5V?LL5 100 <, >D<FV E?>DF<6=V E?>-

DG4< 7 FD<5G=4<<, 5G4V6?V F54FDV6, >V=>F54FDV6, F<D>V6, >D<F<E 

D<=>V6, GG5>6<E 74>?44V6, 4<FOG<E 4>L>V?L=<E 74>?44V6, ?V>4-

D5=L, D>4<?L=<E 5G4<=>V6, <G75W6, 45D646=<E 4DEV6V6; 747?<5-

?5=V 45> ?V475<=V FD4=E?>DF=V F4 ?VL>EV4=V >><G=V>4FVW. 

�59T>F< =4DF>- V 747>4>5G6=>W, 747>?5D5D>5=>W, <5F4?GD7V=-

=>W, EV<VG=>W F4 V=L<E 74?G75= ?D><<E?>6>EFV, >5?44=4=V ?>-

656>- V 6<5GE>=5557?5G=<<< T<>>EFO<< V EE>6<M4<< DV4>>7> 

?4?<64, 747G V 747>?D>4G>FV6, >E>5?<6> ?D< WE 755DV74==V ?V4 

F<E>>< (F5E=>?>7VG=V FDG5>?D>6>4<, 4?4D4F<, >>F?<, 7477>?L-

45D<, V7>F5D<VG=V D575D6G4D< T<=VEFN ?>=44 10 F<E. >G5><5F-

DV6, D575D6G4D< 4?O 755DV74==O =4DF< F4 =4DF>?D>4G>FV6 T<-

=VEFN 30 F<E. <3 V 5V?LL5, ?>EG4<=< 6<E>>>7> F<E>G F>M>); 

>5'T>F< EV<VG=>W, =4DF>EV<VG=>W, 5V>F5E=>?>7VG=>W, >5>D>==>W 

F4 V=L<E 74?G75=, M> ?>6'O74=V 7 6<>>D<EF4==O<, ?5D5D>5>>N, 

6<7>F>6?5==O<. 
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?D>4>665==O F45?. 4.17 
1 2 3 

3 

(74>V=G5==O) 

V 755DV74==O< EV<VG=> F>>E<G=<E, 6<5GE>- V ?>656>=5557-

?5G=<E D5G>6<= V ?D><<E?>6<E 6<5GE>6<E <4F5DV4?V6, 

5V>?>7VG=> =5557?5G=<E D5G>6<= F>M>; >5'T>F< 6G7V?L=>W V 

7VD=<G>DG4=>W ?D><<E?>6>EFV, =5557?5G=V M>4> ?>656V, 

6<5GEG V 747G 6V4?>6V4=> 4> >?4E<DV>4FVW �5D6=47?O4>E>-

D>=?D4FV; 5G4V6?V 7>?>6=<E 65=F<?OFV==<E E<EF5< =4 >>-

?4?L=OE V DG4=<>4E; >5'T>F< 4F><=>W 5=5D75F<>< (��%, 

AETC, ACT), 6>?NG4NG< EE>6<M4 V 746>4< 7 ?5D5D>5>< 

O45D=>7> ?4?<64 V D44V>4>F<6=<E 6V4E>4V6, 4 F4>>6 V=LV 

D44V4FV==5 =5557?5G=V >5'T>F< 74 >?4E<DV>4FVTN �5D64-

F><=47?O4G; >5'T>F< 7V4D>- V F5??>5=5D75F<><  (��%, 

�$�%, &�%, &�&,  ���%)  ?>FG6=VEFN  ?>=44 1,0 <?=. 

>�F; <>EF< V FG=5?V =4 4>D>74E 6<M>W >4F57>DVW, 45> ?D>-

FO6=VEFN ?>=44 1000 < G< ?D>7>=>< ?>=44 300 <; EF4FV>-

=4D=V E?>DG4< 7=4>V6 =46V74FV==>W >5EF4=>6><; L?N7< V 

>E=>6=V ?>DF>6V E?>DG4< =4 6>4=<E L?OE4E 1-7> V 2-7> 

>?4EV6 �%&' � �.2.3-1; 5G4V6?V V E?>DG4< >DG?=<E 74?V7-

=<G=<E 6>>74?V6 V 45D>6>>74?V6; <47VEFD4?L=V FDG5>?D>6>-

4< 4V4<5FD>< ?>=44 1000 <<, 45> 7 D>5>G<< F<E>>< ?>=44 

2,5 ��4, 4 F4>>6 4V?O=>< <47VEFD4?L=<E FDG5>?D>6>4V6 

<5=L>7> 4V4<5FD4 V 7 <5=L<< D>5>G<< F<E>>< G <VEFOE 

?5D5E>4V6 G5D57 6>4=V ?5D5L>>4<, 74?V7=<G=V F4 46F><>5V-

?L=V 4>D>7<; 7V4D>F5E=VG=V E?>DG4< <5?V>D4F<6=<E E<EF5< 

V7 ??>M5N 7D>L5==O V >EGL5==O ?>=44 300 F<E. 74 V 6>-

4>=<<M >5'T<>< ?>=44 1 ><3; >DG?=V 5?564F>D< V 75D=>E-

E>6<M4, <?<=4DEL>V >><5V=4F<; 6<F?>6V, 7D><44EL>V 45> 

5474F>-DG=>FV>=4?L=V 5G4V6?V 7466<L>< ?>=44 100 <; 5G-

4V6?V >E=>6=<E <G75W6, 45D646=<E 4DEV6V6, EE>6<M =4FV>-

=4?L=<E VEF>D<G=<E V >G?LFGD=<E FV==>EF5=; 6<4>6<M=V 

>5'T>F< 7 <4E>6<< ?5D55G64==O< ?N45= (EF44V>=<, F54FD<, 

>V=>74?<, F<D><, 6<EF46>>6V ?D<<VM5==O F>M>); 5G4V6?V 

G=V65DE<F5FV6, V=EF<FGFV6, L>V?, 4>L>V?L=<E 74>?44V6 F>-

M>; 65?<>V ?V>4D=V F4 V=LV 74>?44< >E>D>=< 74>D>6'O; G=V-

65DE4<< F4 V=LV 65?<>V F>D7>65?L=V ?V4?D<T<EF64; >5'T>F< 

6<FFT74557?5G5==O 65?<><E D4=>=V6 <VEL>>W 745G4>6< V 

?D><<E?>6<E F5D<F>DV=; 65?<>V >5'T>F< 74E<E=>-

74?>5V6=>7> E4D4>F5DG (?D>F<E5?56V, ?D>F<7EG6=V, ?D>F<-

?46<==V E?>DG4<, 74E<E=V 44<5< F>M>). 
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&45?<FO 4.18 

%>?44 V >5EO7< D>5VF 7 75>F5E=VG=>7> EG?D>6>465==O ?D>-
F5EG D5>>=EFDG>FVW 45> =>6>7> 5G4V6=<FF64 >59T>FG 

6 G<>64E VE=GNG>W <VEL>>W 745G4>6< 

�4F57>DVO  

75>F5E=VG=>W  

E>?44=>EFV  

%>?44 V >5EO7< D>5VF 7 75>F5E=VG=>7> EG?D>6>465==O  

5G4V6=<FF64 (D5>>=EFDG>FVW) 

1 2 

�  
 

- 6<6G5==O <4F5DV4?V6 V=65=5D=>-75>?>7VG=<E 6<LG>G-

64=L <<=G?<E D>>V6; 

- D>7>>?G64==O 2÷3-E >>=FD>?L=<E LGDDV6 6 5G4<=>G 7 

6<7=4G5==O< EF4=G DG=44<5=FV6 V �DG=FV6 >E=>6<; 

- 6<7=4G5==O D56<<G 5>E??G4F4FVW F4 GFD<<4==O 5G4V6?V 7 

<5F>N 6EF4=>6?5==O D4>F>DV6, M> =574F<6=> 6??<64NFL 

=4 >E=>6G (464DV==V 6<F>>< 7 6>4>=5EGG<E >><G=V>4FV=, 

74F>??5==O ?V464?V6, ?>65DE=565 74<>GG64==O �DG=FG V 

F4>5 V=L5). 

��  
 

- 6<6G5==O F4 4=4?V7 <4F5DV4?V6 V=65=5D=>-75>?>7VG=<E V 

7V4D>75>?>7VG=<E 6<LG>G64=L <<=G?<E D>>V6; 

- D>7>>?G64==O LGDDV6 5V?O >>6=>7> 6<4G >>=EFDG>FV= 

(EFV=, >>?>=, ?V4?VD=<E EFV= V F4>5 V=L5) G =4=6V4?>6V44?L-

=VL<E 4V?O=>4E 7 6V45>D>< V 6<7=4G5==O< DV7<>>-

<5E4=VG=<E V 45D>D<4FV==<E E4D4>F5D<EF<> �DG=FV6; 

- ?D< D>75V6=>EFV >45D64=<E 4>44F>>6<<< V=65=5D=>-

75>?>7VG=<<< 6<LG>G64==O<< D57G?LF4FV6 7 4DEV6=<<< <4-

F5DV4?4<< 3 EF4F<G=5 7>=4G64==O V 5GDV==O >>=FD>?L=<E 

E65D4?>6<= 74 <564<< 5G4V6?V 7 6V45>D>< F4 6<?D>5G64==O< 

7D47>V6 �DG=FG; 

-  6<7=4G5==O D4>F<G=<E D>7<VDV6 F4 7?<5<=< 74>?444==O 

DG=44<5=FV6; 

- 6<7=4G5==O <VF=>EFV <4F5DV4?G DG=44<5=FV6 =5DG==V6=<<< 

<5F>44<<, >FV=>4 EF4=G ?>L>>465=<E >>=EFDG>F<6=<E 5?5-

<5=FV6; 

-   D56V7VO F4 >FV=>4 EF4=G 6=GFDVL=VE F4 7>6=VL=VE 6>4>=5-

EGG<E >><G=V>4FV=; 

-  6<6G5==O 7V4D>?>7VG=>7> D56<<G V EV<VG=>7> E>?44G �DG=-

F>6<E 6>4; 

- 6<7=4G5==O <VEF57=4E>465==O ?V475<=<E E?>DG4, ?V464?V6, 

DG=44<5=FV6 7=5E5=<E 5G4V65?L, FG=5?V6, =5 ?D4FNNG<E 

?V475<=<E V=65=5D=<E >><G=V>4FV= (O>M> F4>V T) =4 4V?O=FV 

745G4>6<.  
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?D>4>665==O F45?. 4.18 
1 2 

���  
 

(�>44F>>6> 4> D>5VF ?> >4F57>DVW ��): 

- D>7>>?G64==O LGDDV6 5V?O 6EVE 65DF<>4?L=<E =5-

EGG<E >>=EFDG>FV= (EFV=, >>?>= V F4>5 V=L5) 6 =4==5-

557?5G=VL<E <VEFOE 7 >5<VD4<< DG=44<5=FV6, 6V45>-

D>< V 6<?D>5G64==O< �DG=FV6 >E=>6<; 
- 6<7=4G5==O <VF=>EFV <4F5DV4?G DG=44<5=FV6 =5-

DG==V6=<<< <5F>44<< V ?45>D4F>D=<<< 6<?D>5G-

64==O<< 7D47>V6; 
- EF4F<G=5 7>=4G64==O V 5GDV==O >>=FD>?L=<E E65D-

4?>6<= (6 >5EO7V, ?5D5454G5=><G 4?O =>6>7> 5G4V6-

=<FF64) 7 6V45>D>< V 6<?D>5G64==O< 7D47>V6 �DG=FG; 
- G 6<?44>G ?4?L>6>W >E=>6< 3 6<7=4G5==O D4>F<G-

=>W 4>66<=< ?4?L, >FV=>4 WE=L>7> EF4=G V =5EGG>W 

744F=>EFV;    
- D>7D>5>4 F5E=>?>7VG=>7> D57?4<5=FG ?D>6545==O 

6V4=>6?N64?L=<E D>5VF; 

- GG4EFL E?5FV4?VEF4-75>F5E=V>4 =4 6EVE EF44VOE 5G4V-

65?L=>7> ?D>F5EG (6<LG>G64==O, >5EF565==O, ?D>5-

>FG64==O, 6V4=>6?N64?L=V D>5>F<, ?VE?O5G4V65?L=<= 

<>=VF>D<=7); 

- ?5D54?D>5>F=5 >5EF565==O 5G4V65?L V E?>DG4, M> 

?>?444NFL G 7>=G D<7<>G; 

- 75>F5E=VG=<= ?D>7=>7 <>6?<6<E 45D>D<4FV= 5G4V-

6?V;  

- <>45?N64==O =4==5557?5G=VL<E <VEF>5G4V65?L-

=<E E<FG4FV= =4 4V?O=FV 745G4>6<; 

- =4G>>65 EG?D>6>465==O E>?44=<E 45> =>6VF=VE F5-

E=>?>7V= 6 ?D>F5EV ?D>6545==O >><??5>EG V=65=5D-

=>-F5E=VG=<E V (45>) 75>F5E=VG=<E 74E>4V6; 

- 75>F5E=VG=<= <>=VF>D<=7 =4 EF44VW ?D>6545==O 

6V4=>6?N64?L=<E D>5VF; 

- 6<5VD 55D56?<6>W F5E=>?>7VW D>5VF =G?L>6>7> F<>-

?G. 
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&45?<FO 4.19 

�6545=4 V=65=5D=>-75>?>7VG=4 >>?>=>4 7 ?>>47=<>4<< DV7<>>-<5E4=VG=<E  
6?4EF<6>EF5= �DG=FV6 >E=>6< 5G4V6?V 7 87 =4 6G?. 16 �<?=O G <. $V6=><G 

�=45>E   

75=5-

7<EG 

F4 6V> 

�DG=-

FV6 

�VF>?>-

7VG=<= 

D>7DV7 

F4  

7 ��� 

�><5=>?4FGD=4  

=4764 �DG=FV6 

(�%&' � �.2.1-2-96) 

�>D<4F<6=V $>7D4EG=>>6V 

W Ir Il e Sr Ã E Iom ³�� E�� Ç�� E 

�
>

D
O
4

>
>

6
<

=
 7

 

77
V4

=
>

  

�
�

�
 �

2
.2

-1
-9

9
 R0 

 

�>?V >4<=<FV 
7 

E<3 

M
�

4 

% 
>� 
<3 >�4 

7D4-
4GE< �

�
4 

>�4 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

tQIV 1 

 

�4E<?=<= �DG=F 3 4E-

D4?LF>55F>=, EG<VL 

5G4V65?L=<E 6V4E>4V6 V 

6V4E<?4=<E �DG=FV6, =5-

>>=E>?V4>64=<=.  

 

-- 

 

-- 

 

 

 

 

-- 

 

-- 

 

-- 

 

1.6 

 

-- 

 

 

-- 

 

-- 

 

-- 

 

-- 

 

-- 

 

24 

4, 5 

 

-- 

tQIV 14 
�4E<?=<= �DG=F 3 6V4-

64? �DG=FV6 7 GMV?L=5=-

=O<, EFD>>4F<=. 

 

-- 

 

-- 

 

-- 

 

-- 

 

-- 

 

1.6 

 

-- 

 

 

-- 

 

-- 

 

-- 

 

-- 

 

-- 

 

24 

4, 5 

 

-- 

5QIV 24 
%G?VE>> ??4EF<G=<= 7 

74?<L>4<< >D74=VG=<E 

D5LF>V6 (4> 5 %), EVD<=. 

 

 0.21 

 

0.1 

 

0.2 

 

0.65 

 

0.9 

 

1.98 

 

16 

 

-- 

 

20 

 

13 

 

24 

 

16 

 

94 

 

-- 

vdQI�� 2 

CG?VE>> ??4EF<G=<=, 

?5E>?>4V5=<=, 7 6>?N-

G5==O< >4D5>=4FV6, 

OE=>L4DG64F<=, 6>6F>-

EVD<=. 

 

 0.22 

 

0.1 

 

0.2 

 

0.63 

 

0.9 

 

 

2.01 

 

18 

 

-- 

 

20 

 

14 

 

25 

 

18 

 

344 

 

-- 
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$���I� 5. ������$��-&�%��'�� ��%��� 
�������'���/ &����,���� ��%�%&' 

�� ����'������% &�$�&�$�/% 

 
  

5.1. ��%��$&�� �&���� ��&$�& �$�  
����������� ��$$�%&$'�&'$�  

����'������% &�$�&�$�� 
 
�D< E?D>5V 74V=E=<F< D54?L=G 5>E?5DF=G >FV=>G 

6FD4F 5>>=><VG=>7> ?>F5=FV4?G 45>>G?>64=<E F5D<FDV=, 
M> 6<=<>?< G5D57 5>=>6V 4VW, 79O6?ONFLEO ?D>5?5<< 
?D4>F<G=>7> E4D4>F5DG. �465 =4E?V4>< 5>=>6<E 4V= 6V4-
GG64NFL =4 E>5V =5 ?<L5 EG59T>F< 7>E?>44DN64==O 6 
45>>G?>64=V= 7>=V, 4 = G ?D<?57?<E 4> =5W D4=>=4E. 

�4=VTN 7 646?<6<E ?D>5?5< GFD<<4==O V 6<>>D<E-
F4==O V=DD4EFDG>FGD< 45>>G?>64=<E F5D<F>DV= T ?<-
F4==O >FV=>< 74644=>W <4==>6>W L>>4< 5>>=><VFV '>D4W-
=< 6=4E?V4>> >>G?4FVW. ,?OE>< 6<DVL5==O ?D>5?5<<, 
<>65 5GF< EF6>D5==O �45V=5F>< <V=VEFDV6 '>D4W=< D5-
TEFDV6 DG==G64=L (?>L>>465=L) 6?4E=>EFV F5D<F>DV4?L-
=<E 7D><44 F4 <<D=>7> =4E5?5==O, D5F5?L=5 4>>G<5=FG-
64==O F4><E DG==G64=L 7 <5F>N EF6>D5==O ?D46>6<E ?V4-
EF46 F4 G<>6 4?O 6V4=>6?5==O 7DG==>64=>W V=DD4-
EFDG>FGD< D57V>=V6 6 D4<>4E 45D646=<E, <V6=4D>4=<E F4 
5?47>4V==<E DV=4=E>6<E ?D>7D4<. �474?L=>N ?D>5?5-
<>N ?D< 4>>G<5=FG64==V DG==G64=L T ?<F4==O >FV=>< 
74644=>W <4==>6>W L>>4<, 4465 74?GG5==O 5>E?5DF=<E 
GEF4=>6 F4 ?D>D5EV==<E >FV=N64GV6 ?>FD55GT 7=4G=<E 
5N465F=<E >>LFV6. � >7?O4G =4 F5 4>FV?L=<< T D>7D>5>4 
E?5FV4?L=>7> ?>DO4>G >FV=>< F4>>W <4==>6>W L>>4<, 
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O><< <>7?< 5 >>D<EFG64F<EO E?5FV4?L=> EF6>D5=V >><VEVW 
7 ?D54EF46=<>V6 >D74=V6 45D646=>W 6?44< V <VEF56>7> E4-
<>6DO4G64==O, =4G>>6>-4>E?V4=<E GEF4=>6 F4 7D><44EL-
>>EFV. �DG=F>6=<= 4=4?V7 6FD4F 5>>=><VG=>7> ?>F5=FV4?G 
45- >>G?>64=<E F5D<F>DV= 6V4 5>=>6<E 4V= 4>FV?L=> ?>-
G<=4F< 7 4>E?V465==O 7<V= G EF4=V 74E>5V6 6<D>5=<FF64, 
M> 6V45G64?<EO 6?D>4>66 6V==< 7 $$. 

�D<G<=4<< EGFFT6<E 6FD4F 6<D>5=<G<E ?V4?D<-
T<EF6 =4 45>>G?>64=<E F5D<F>DVOE, 6=4E?V4>> O><E ?D>-
<<E?>6V ?V4?D<T<EF64 ?D<?<=<?< D>5>FG T, 7>>D5<4: 

- 6<6575==O >5?44=4==O 7=4G=>W G4EF<=< ?V4?D<-
T<EF6 4> $>EVW, D4>F<G=5 ?D<?<=5==O 5>E??G4F4FVW F4 
GFD<<4==O 5G4V65?L; 

- 45<>=F46 (D>7>D444==O) ?V4?D<T<EF6; 
- ?5D56545==O ?V4?D<T<EF6 =4 G4EF>>65 45> ?>6=5 

?D<-?<=5==O DG=>FV>=G64==O. 
�=L4, 7 F>G>< 7>DG 5>E??G4F4FV==>W =44V==>EFV 5G4V-

65?L, ?D>5?5<4 3 ?V4=>< DV6=O ?V475<=<E 6>4 G=4E?V4>> 
?D<?<=5==O 6V4>4GG64==O WE 7 ?>><=GF<E 6G7V?L=<E 
L4EF �>54EG. 

�> 2/3 <VEL><E V E5?<M=<E 5G4V65?L F4 E?>DG4 �>=-
54EG <4NFL D<7<> ?V4F>??5==O V 74F>??5==O, 5> 6EV L4E-
F< T <VEF>GF6>DNNG<<<. %<FG4FVN GE>?44=NT F5, M> 665 
EL>7>4=V 5V?LL5 70% 6>4>745>DV6 3 745DG4=5=V L4EF=<<< 
6>44<< 7 F5=45=FVTN =4D>EF4==O 745DG4=5==O �DG=F>6<E 
6>4. &O F5D<F>DVO <>65 EF4F< =5?D<44F=>N 4?O 6<FFT4V-
O?L=>EFV V 745G4>6<. �DV< F>7>, 6V45G64NFLEO 7DGL5==O 
(=5DV6=><VD=V 65DF<>4?L=V V 7>D<7>=F4?L=V 45D>D<4FVW) 
?>65DE=V <VEL><E F5D<F>DV=. '5D57 F5 7D>EF4T D<7<> 
DG==G64==O F4><E 646?<6<E 5?5<5=FV6 <VEL>>W V=DD4-
EFDG>FGD<, O> 747>?D>6>4<, 74?V7=<FV, ?V475<=V V =475<=V 
<5D56V V=65=5D=<E >><G=V>4FV=. �=4E?V4>> F4><E 7<V=, 
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O> ?>>47GT 4>E6V4, >FD<<GT<> M5 = D<7<>< E5=E<VG=<E 
G44DV6 7 45D>D<4FVO<< V DG==G64==O< <VEL><E 5G4V65?L 
[136].  

�55D565==O F4 6V4=>6?5==O 5>E??G4F4FV==>W =4-
4V==>EFV <VEL><E 5G4V65?L F4 74?>5V74==O 464DV==<< V 
=4476<G4==<< E<FG4FVO< G 7>=V 6>T=<E 4V= F5, ?5DL 74 
6E5, =474?L=4 ?V47>F>6>4 V ?5D5?V47>F>6>4 (?V46<M5==O 
?D>D5EV==>7> DV6=O) V=65=5D=>-F5E=VG=<E >44DV6 E?G65 
<>=VF>D<=7G 5G4V65?L F4 5>E??G4F4FVW 5G4V65?L=<E 
>59T>FV6, E?5FV4?VEFV6 7 6V4=>6?5==O 5>E??G4F4FV==>W =4-
4V==>EFV 5G4V65?L, E?>DG4.  

%?D464 6 F><G, M> G<==4 <VEF>5G4V6=4 4>>G<5=-
F4FVO 74 E>?44>< V 7<VEF>< ?>FD55GT 4>>?D4FN64==O. 
�D<G<=>N F4>>7> EF4=G T 6V4EGF=VEFL =44V==<E =4G>>6<E 
<5F>4V6 4=4?VF<G=>-5>E?5DF=>7> 74557?5G5==O F<6V?L-
=>7> 74E<EFG, O>V 4>76>?<?< 5 ?>6=>N <VD>N 6D4EG64F< 
74>>=><VD=>EFV 4VW GD464?L=<E G<==<>V6, M> 6??<64NFL 
=4 6<D>5=<G>-?D><<E?>6G >5EF4=>6>G, F<6V?L=G V=DD4-
EFDG>FGDG F4 D54?V7G64F< E<EF5<=VEFL G WE ?D>7=>7G64==V. 
' FL><G =4?DO<>G E?V4 765D=GF< G647G =4 65?<>V <>6?<-
6>EFV <5F>4G 5474F>D4>F>D=>7> ?D>7=>7G64==O E<FG4FVW 
=4 >E=>6V <4F5<4F<>>-EF4F<EF<G=>7> <>45?N64==O. 

� <5F>N 74?>5V74==O 6<=<>=5==N =4476<G4==<E 
E<FG4FV= F5E=>75==>7> E4D4>F5DG <VEF56V >D74=< 6<>>-
=46G>W 6?44< ?>6<==V 74V=E=N64F< >><??5>E ?D565=F<6-
=<E >D74=V74FV==<E F4 V=65=5D=>-F5E=VG=<E 74E>4V6. &5, 
7>>D5<4: 

- �5DL>G5D7>6V 74E>4< 4?O 74?>5V74==O DG==G64=L V 
?D>7=>7 F>7>, M> <>65 EF4F<EO: 6<O6?5==O =5557?5><, 
>FV=>4 D<7<>G V ?D>7=>7G64==O =4476<G4==<E E<FG4FV= 
=4 6V4?>6V4=<E F5D<F>DVOE F4 ?>F5=FV==> =5557?5G=<E 
>59T>F4E. ->DVG=5 GF>G=5==O ?D>7=>7=<E 44=<E M>4> 
D<7<>G 6<=<>=5==O =4476<G4==<E E<FG4FV=, 6<7=4G5==O 
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=4=7>EFDVL<E ?D>5?5<=<E ?<F4=L M>4> 74?>5V74==O 
=4476<G4==<< E<FG4FVO<. 

- $>7D>5?5==O ?4E?>DFV6 D<7<>G 6<=<>=5==O =44-
76<G4==<E E<FG4FV= F4 ??4=V6 V=65=5D=>-F5E=VG=<E 74-
E>4V6, E?DO<>64=<E =4 74?>5V74==O 6<=<>=5==N =44-
76<G4==<E E<FG4FV=. %F6>D5==O D5TEFDG ?>F5=FV==> =5-
557?5G=<E F5D<F>DV= V >59T>FV6. 

- �D74=V74FVO V 74V=E=5==O E<EF5<4F<G=<E ?5D56VD>> 
EF4=G F5E=>75==>W 557?5>< =4 ?>F5=FV==> =5557?5G=<E 
>59T>F4E V F5D<F>DVOE F4 EF6>D5==O WE D5TEFDG. 

- �V47>F>6>4 F4 >E=4M5==O E?5FV4?V7>64=<E 464DV=-
=>-F5E=VG=<E 7DG? V 5D<744 4?O ?V>6V44FVW =4476<G4==<E 
E<FG4FV=, ?V47>F>6>4 >5DV6=>7> E>?44G, FD5=G64==O >?5-
D4F<6=<E V D>5>G<E 7DG? 6 G<>64E 6V=EL>>6<E 4V=. 

- $>7D>5?5==O, G77>465==O V 74F65D465==O ??4=V6 
4V= M>4> 74?>5V74==O 6<=<>=5==N F4 ?V>6V44FVW <>6?<-
6<E =4476<G4==<E E<FG4FV= =4 6V4?>6V4=<E F5D<F>DVOE V 
>59T>F4E. 

- %<EF5<=5 >5DG64==O DV6=5< ?V475<=<E 6>4. 
- �><??5>E=<= 5>>?>7VG=>-F5E=>75==<= F4 E>FV4?L-

=>-5>>=><VG=<= 4G4<F. 
- �>=VF>D<=7 7 74EF>EG64==O< 4<EF4=FV==<E F5E=>-

?>7V=.  
/> E6V4G<FL 4>E6V4 ?V>6V44FVW =4E?V4>V6 6V=EL>>6<E 

4V=, 74FD4F< =4 ?D>6545==O 74E>4V6 M>4> 74?>5V74==O 
=4476<G4==<< E<FG4FVO< G 45>V?L>4 D47V6 <5=LV, =V6 74-
FD4F< =4 ?D>6545==O D>5VF 7 ?V>6V44FVW WE =4E?V4>V6. �G-
E<??O <VEF56<E >D74=V6 6<>>=46G>W 6?44< ?>6<==V 5GF< 
E?DO<>64=V =4 74557?5G5==O 557464DV==>7> DG=>FV>=G-
64==O >59T>FV6 5>>=><V><, E<EF5< 6<FFT74557?5G5==O F4 
?>F5=FV==> =5557?5G=<E >59T>FV6, 4 F4>>6 =44V==>7> 74-
E<EFG =4E5?5==O 6V4 =574F<6=>7> 6??<6G 6V=EL>>6<E 4V=. 
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$>F> 5.1, 5.2. $G==G64==O <VEL>>W 6<F?>6>W 745G4>6< (D>F> 7 �=F5D=5F) 
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5.2. ���&��&�/ ��'����-�$��&�'���� 

�������'���/ &����,���� ��%�%&' 

� %$�$� ��%&��'�'����/ 

 
/> 6V4><>, V=65=5D=>-F5E=VG=V 74E>4< 74557?5G5==O  

F<6V?L=>7> 74E<EFG (�&� &�) 3 6>?NG4NFL >><??5>E ?D>7=>-
7=<E, 4=4?VF<G=>-5>E?5DF=<E, V=65=5D=>-6<LG>G64?L=<E 
V ?D>5>F=<E D>5VF F4 4>6V4>>6>-V=D>D<4FV==<E, >>=EG?L-
F4F<6=<E V ?>E5D54=<FL><E ?>E?G7, =4?D46?5=<E =4 6<-
DVL5==O ?D>5?5<, 7G<>6?5=<E 747D>7>N <>6?<6>W 4VW 74-
E>5V6 <4E>6>7> GD465==O, WE EG?GF=VE GD464?L=<E G<==<-
>V6, 4 F4>>6 <>6?<6<E 464DV= F4 >4F4EFD>D F5E=>75==>7> 
E4D4>F5DG [7312].  

&5D<F>DV4?L=V >D74=V74FVW �V=D57V>=G '>D4W=<, O>V 
E?D<ONFL T4<=V= F5E=VG=V= ?>?VF<FV 6 ED5DV <VEF>5G4G-
64==O, 6V4?>6V4=> 4> 6<<>7 ��� �.2.3-1-1999 «&5D<F>DV4-
?L=4 4VO?L=VEFL 6 5G4V6=<FF6V» [13] 74557?5GGNFL GG4EFL G 
DG=>FV>=G64==V F5D<F>DV4?L=>W ?V4E<EF5<< T4<=>W E<E-
F5<< F<6V?L=>7> 74E<EFG L?OE>< 6<>>=4==O �&� &�. 

$47>< 7 F<<, FD44<FV==V <5F>4< 4=4?VF<G=>-5>E-
?5DF=>7> 74557?5G5==O F<6V?L=>7> 74E<EFG (��� &�) =5 
4>76>?ONFL ?>6=>N <VD>N 6D4EG64F< 74>>=><VD=>EFV 4VW 
GD464?L=<E G<==<>V6, O>V 6??<64NFL =4 6<D>5=<G>-
?D><<E?>6G E<FG4FVN (��%), V D54?V7G64F< E<EF5<=VEFL G WW 
?D>7=>7G64==V. ' FL><G =4?DO<>G 65?<>V <>6?<6>EFV 6V4-
>D<64T <5F>4 5474F>D4>F>D=>7> ?D>7=>7G64==O ��% =4 
>E=>6V <4F5<4F<>>-EF4F<EF<G=>7> <>45?N64==O.  

&4><< G<=><, >>=F5?FVO =4G>>6>-?D4>F<G=>7> 74-
557?5G5==O F<6V?L=>7> 74E<EFG, O>4 >?<D4TFLEO =4 65?<>G 
>V?L>VEFL 5>E?5D<<5=F4?L=<E 44=<E, ?>?O74F<<5 6 =4EFG-
?=><G: F5>D5F<G=5 6<D465==O E<EF5<< �&� &� 6>47GT =4 
G<>6<, O><< <4NFL 744>6>?L=OF< 6EV DV6=O==O, 6<7=4G5=V 
5>E?5D<<5=F4?L=<<< D4>F4<<. 
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%<EF5<4, O> ?D54<5F 4>E?V465==O 6 F5>DVW E<EF5<, 
6<7=4G4TFLEO FDL><4 G<==<>4<<, 4 E4<5: DV7<G=<<< 6?4E-
F<6>EFO<< 5?5<5=FV6 E<EF5<<, E4D4>F5D>< WE 674T<>4VW F4 
EFDG>FGD>N E<EF5<<. $G=>FV>=4?L=4 EFDG>FGD4 E<EF5<< 
�&� &�, O>4 ?D>?>=GTFLEO, <VEF<FL 6V4?>6V4=<= <4F5<4F<-
G=<= 4?4D4F 4?O G?D46?V==O ��% 74 >D<F5DVO<< 5D5>F<-
6=>EFV, 4 F4>>6 74557?5GGT E<=F57 WW ?>>4?L=<E F5>DV=: 

- 4>6V4>>6>-V=D>D<4FV==>7> 74557?5G5==O (75VD F4 
4=4?V7 6<EV4=<E 44=<E, 7>=G64==O F5D<F>DV= 74 E4D4>F5-
D>< =574F<6=>W 4VW GD464?L=<E G<==<>V6); 

- V=65=5D=>-6<LG>G64?L=>7> 74557?5G5==O (?>LG> 
F4 >5�DG=FG64==O DVL5=L M>4> 5=5D7>?>EF4G4==O V E6VF-
?><4E>G64==O >4F57>D>64=<E <VEF F4 >58T>FV6 5>>=><V><, 
D>7<VM5==O ?V4?D<T<EF6 ED5D< 6<D>5=<FF64 5G4V65?L-
=<E >>=EFDG>FV=, 6<D>5V6 V <4F5DV4?V6, D>76<F>G ?>74<VEL-
>>W 7>=<, V=65=5D=>7> 74557?5G5==O); 

- ?D>5>F=>7> 74557?5G5==O (??4=G64==O V 745G4>64 
<VEF, =4E5?5=<E ?G=>FV6 F4 >59T>FV6 5>>=><V>< 7 GD4EG64=-
=O< 6<<>7 G<==<E =>D<4F<6=<E 4>>G<5=FV6 M>4> ?D>5>-
FG64==O �&� &�; 

- 4=4?VF<G=>-5>E?5DF=>7> 74557?5G5==O (?D>7=>7G-
64==O ���, ?>LG> T4<=>7> 64DV4=FG D54?V74FVW �&� &� 6 
ED5DV <VEF>5G4G64==O) [14]. 

%FDG>FGD4 E<EF5<< <4T 557?>E5D54=V= 768O7>> 7 DV-
7<G=<<< 6?4EF<6>EFO<< E<EF5<<, O>V E4D4>F5D<7GNFLEO 
6?4E=<<< ?4D4<5FD4<<. %4<5 F><G, >>=F5?FVO =4G>>6>-
?D4>F<G=>7> 74557?5G5==O F<6V?L=>7> 74E<EFG 547GTFLEO, 
7>?>6=<< G<=><, =4 D57G?LF4F4E 4>E?V465=L 674T<>4VW ?>-
6VFDO=>W, =475<=>W, ?V475<=>W  F4 ?V46>4=>W G44D=<E E6<?L, 
4 F4>>6 E5=E<>6<5GE>6<E V E5=E<VG=<E E6<?L 7 <VEL><<< 
5G4V6?O<< F4 V=65=5D=<<< E?>DG44<<; GD464?L=>W 4VW 
E6VF?>6>7> 6<?D><V=N64==O; 4VW ?D>=<>=>W D44V4FVW =4 
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5?5<5=F< F4 6G7?< D44V>5?5>FD>==>W 4?4D4FGD<; D44V>4>-
F<6=>7> 745DG4=5==O <VEF56>EFV; 4VW 5?5>FD><47=VF=>7> 
V<?G?LEG O45D=>7> 6<5GEG. 

�45>64F=VEFL D57G?LF4FV6 ?D>6545=>7> ?>LG>G T4<-
=>7> 64DV4=FG D54?V74FVW �&� &� G ED5DV <VEF>5G4G64==O 
<>6?<64 FV?L>< ?D< EF6>D5==V E<EF5<< =4G>>6>-
4>6545=<E =44V==<E <5F>4V6 ?D>7=>7G64==O. �4 44=<=  
G4E VE=GT 46V 7DG?< F4><E <5F>4V6: 5>E?5D<<5=F4?L=V V D>-
7D4EG=>>6V (4=4?VF<G=V). �4?D<>?44, 5>E?5D<<5=F4?L=<< 
L?OE>< 6<7=4G4TFLEO EFG?V=L DG==G64==O >58T>FG 74?56-
=> 6V4 ?>FG6=>EFV F4 6<E>F< 6<5GEG, 6V444?5==O >58T>FG 
6V4 5?VF5=FDG 6<5GEG, D>7<VDG = EFV=>>EFV >58T>FG 4> 4VW 
GD464NG<E G<==<>V6, =>7> D>7F4LG64==O =4 <VEF56>EFV, 
<5F5>D>?>7VG=<E G<>6, E4D4>F5DG D5?LTDG <VEF56>EFV, 
F>M>. 

�V4<V==>EFV 6 D>7F4LG64==V >58T>FV6 =4 <VEF56>EFV, 4 
F4>>6 WE V=4<6V4G4?L=V >E>5?<6>EFV ?D<76>4OFL 4> F>7>, 
M> EFG?V=L DG==G64==O >4=<E V F<E 65 >58T>FV6 =4 >4=4-
>>6<E 6V4EF4=OE 6V4 5?VF5=FDG 6<5GEG 74 D5LF< DV6=<E 
G<>6 5G45 DV7=>N. &><G 4?O >>6=>7> 6<4G, ?>FG6=>EFV F4 
G<>6 6<5GEG VE=GT E6>O 74>>=><VD=VEFL 7<V= EFG?5=N DG=-
=G64==O >58T>FG, O>G =47<64NFL >>>D4<=4F=<< 74>>=>< 
GD465==O [15]. 

�V4?>6V4=> 4> 74644=L, O>V 6<>>=GNFLEO L?OE>< 6<-
>>D<EF4==O O45D=>W 75D>W, O45D=V 6<5GE< <>6GFL 74V=E-
=N64F<EL G DV7=<E E5D54>6<M4E (?>6VFDO, �DG=F, 6>44) V =4 
DV7=V= 6<E>FV (7?<5<=V) 6V4 ?>65DE=V 75<?V (6>4<). �D< 
?D>E>465==V O45D=>7> 6<5GEG 6 DV7=<E E5D54>6<M4E 5=5-
D7VO, O>4 6<4V?OTFLEO ?V4 G4E 6<5GEG, FD4=ED>D<GTFLEO ?>-
DV7=><G, M> 7G<>6?NT E?5F<DVG=<= E4D4>F5D O6<M, O>V 
EG?D>6>46GNFL 44=<= 6<5GE, 7>>D5<4 =>7> 7>6=VL=L>7> 
6<7?O4G V 6?4EF<6<E =><G GD464?L=<E G<==<>V6. 
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�4 ?D4>F<FV GD464?L=G 4VN 6<5GEG >FV=NNFL D44VG-
E>< 7>=< GD465==O RG, =4 O>><G 7>=4 =<>6VD=>7> GD4-
65==O 4V?<FLEO =4 46V G4EF<=< F4>, M> >V?L>VEFL >58T>FV6, 
O>V >FD<<4?< 44=<= EFG?V=L GD465==O, 6 >4=V= 7 G4EF<= 
7>=< DV6=<= >V?L>>EFV >58T>FV6, O>V =5 >FD<<4?< FL>7> 
GD465==O, G 4DG7V= WW G4EF<=V. &4><< G<=><, >>>D4<=4F-
=<= 74>>= GD465==O 74<V=NTFLEO EFG?V=G4EF<<. �?>M4, 
O>4 >5<565=4 >>?><, D44VGE O>>W DV6=<= RG, ?D<==OF> =4-
7<64F< 7>=>N GD465==O. �FV=>4 GD464?L=>W 4VW 6<5GEG 
>>?>?>4V5=>W 7>=< D44VGE>< RG 44T <>6?<6VEFL 557 VEF>F-
=<E ?>E<5>> ?D>7=>7G64F< ���, >>D<EFGNG<EL 557?>E5-
D54=L> 7=4G5==O<< D44VGEV6 RG 45> 74744?57V4L E>?445-
=<<< ?>DV6=O=> ?D>EF<<< F4 7DGG=<<< 4?O ?D4>F<>< 
=><>7D4<4<<, ?>65DE=O<< 6V47G>G, ?D>5>FVO<< ¿ 4?O ?>-
?V=><V6 ??4=V6 ,5DD5 [16]. 

�5F>4<>4 6<DVL5==O F4><E 7444G ?5D5454G4T >4=>-
G4E=5 6D4EG64==O 5474FL>E GD464?L=<E G<==<>V6 V 74557-
?5G5==O 5474FL>E 6<EV4=<E ?4D4<5FDV6 (=4E4<?5D54, ?D<-
6545=>7> D44VGEG 7>=< 6<E>4G 7 ?44G >58T>FG 74 G44D=>N 
E6<?5N), M> =4 ?D4>F<FV 646>> 74V=E=<F< FD44<FV==<< 
5>E?5D<<5=F4?L=<< <5F>4>< ?D>7=>7G64==O G5D57 6<E>-
>G FDG4><VEF>VEFL D>5VF V =5>5EV4=VEFL E>?44=>7> 4=4?V7G. 
�D>6545==O 5>E?5D<<5=FV6 M>4> 6<6G5==O 6??<6G ?56-
=<E G<==<>V6 =4 EF4= >58T>FV6 74 4>?><>7>N <4F5<4F<G-
=<E <5F>4V6 ??4=G64==O 4>76>?OT >FD<<4F< D57G?LF4F G 
6<7?O4V DV6=O==O (<4F5<4F<G=>W <>45?V), O>4 7 ?56=>N, 
EF4F<EF<G=> >5�DG=F>64=>N =<>6VD=VEFN 445>64F=> >?<-
EGT D54?L=<= ?D>F5E. �>6V4>>6>-V=D>D<4FV==4 5474 44-
=<E D57G?LF4FV6 747=4G5=<E 5>E?5D<<5=FV6 G ?5DE?5>F<6V 
<>65 5GF< 6<>>D<EF4=4 ?D< D>7D>5?5==V 46F><4F<7>64-
=<E E<EF5< 6<>>=4==O �&� &�, 6 F><G G<E?V 3 7 6<>>D<E-
F4==O< =><>7D4<. 
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5.3. ��&����� ��&���&�'���� �����.����/  
���&�%��'��� %�&'�&�� � %�%&���  

�����&�'��-��%��$&���� �������'���/  
&����,���� ��%�%&' 

 
�V7=464?L=4 FV==VEFL <4F5<4F<G=<E <>45?5=, O> 74E>-

5G 46F><4F<G=>7> >5DG64==O E<EF5<>N, WW 7?<5>>>7> 4=4?V7G 
V EF6>D5==O F5>DVW T ?D54<5F>< 4>F<6=<E 4>E?V465=L 5474-
FL>E =4G>>6>-4>E?V4=<E >D74=V74FV= V 6G5=<E. 

&5>DVO ?V7=4==O EGF=>EFV ?D>F5EV6, M> 6V45G64NFLEO 6 
4>E?V46G64=<E E<EF5<4E, <4T 5G4G64F<EL =5 =4 D57G?LF4F4E 
4=4?V7G 4G<>> V F?G<4G5=L G<EF> ?>7VG=>7> ?>DO4>G, 4 ?<L5 
6V4?>6V4=> 4> D>77?O4G F4 V=FGWF<6=>7> E?D<==OFFO >>=EF4-
F4FV= 5<?VD<G=>7> ?>DO4>G, O>V E>?444NFLEO V7 EG>G?=>EFV 
VE=GNG<E =4G>>6<E D57G?LF4FV6 F4 WE VEF>DVW [14319]. 

$57G?LF4F GEVE 74>>=><VD=>EF5=, O><< ?V4?>DO4>>6G-
NFLEO 44=V ?D54EF46?5=>7> 5>E?5D<<5=FG ?>5G4>6< <4F5<4-
F<G=>W <>45?V 75>F5E=VG=>W E<FG4FVW 6 E<EF5<V 5?5<5=FV6 <V-
EL>>W V=DD4EFDG>FGD< (���), 7 F?G<4G5=L, ?>7VG=> 4>6545-
=<E G <564E 4>E?V46G64=>W ?V4E<EF5<< 4=4?VF<G=>-5>E?5DF-
=>7> 74557?5G5==O F<6V?L=>7> 74E<EFG, V 5G45 7>?>6=>N <5-
F>N 74?D>?>=>64=>7> =4G>>6>7> 4>E?V465==O. 

�D>?>=>64=4 <5F>4>?>7VO ?>>4?L=>W F5>DVW 4=4?VF<G-
=>-5>E?5DF=>7> 74557?5G5==O F<6V?L=>7> 74E<EFG ?5D5454-
G4T 6<>>D<EF4==O 65?<>>W >V?L>>EFV 5>E?5D<<5=F4?L=<E 44-
=<E, V ?>?O74T 6 F5>D5F<G=><G 6<D465==V E<EF5<< V=65=5D-
=>-F5E=VG=<E 74E>4V6 74557?5G5==O F<6V?L=>7> 74E<EFG, 4 
F4>>6 6>47GT =4 G<>6<, O><< <4NFL 744>6>?L=OF< 6EV DV6-
=O==O, 6<7=4G5=V 5>E?5D<<5=F4?L=<<< D4>F4<<. 

�D>?>=>64=4 DG=>FV>=4?L=4 EFDG>FGD4 E<EF5<< V=-
65=5D=>-F5E=VG=<E 74E>4V6 74557?5G5==O F<6V?L=>7> 74E<E-
FG <VEF<FL 6V4?>6V4=<= <4F5<4F<G=<= 4?4D4F 4?O G?D46-
?V==O 75>F5E=VG=>N E<FG4FVTN (�%) 74 >D<F5DVO<< 5D5>F<6-
=>EFV, 4 F4>>6 74557?5GGT E<=F57 WW ?>>4?L=<E F5>DV=, 4 E4<5: 
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- 75>DG F4 4=4?V7G 6<EV4=<E 44=<E, 7>=G64==O F5D<F>-
DV= 74 E4D4>F5D>< =574F<6=>W 4VW GD464?L=<E G<==<>V6; 

- ?>LG>G F4 >5�DG=FG64==O DVL5=L M>4> ?>EF4G4==O 
>4F57>D>64=<E <VEF F4 >59T>FV6 5>>=><V><, D>7<VM5==O ?V4-
?D<T<EF6 ED5D< 6<D>5=<FF64 5G4V65?L=<E >>=EFDG>FV=, 
6<D>5V6 V <4F5DV4?V6, D>76<F>G <VEL>>W F4 ?>74<VEL>>W 7>=, 
V=65=5D=>7> 74557?5G5==O); 

- ?D>5>F=>7> 74557?5G5==O (??4=G64==O V 745G4>64 
<VEF, =4E5?5=<E ?G=>FV6 F4 >59T>FV6 5>>=><V>< 7 GD4EG64=-
=O< 6<<>7 �>D< ?D>5>FG64==O V=65=5D=>-F5E=VG=<E 74E>-
4V6 74557?5G5==O F<6V?L=>7> 74E<EFG); 

- 4=4?VF<G=>-5>E?5DF=>7> 74557?5G5==O (?D>7=>7G64=-
=O �%, ?>LG> >?F<<4?L=>7> 64DV4=FG D54?V74FVW V=65=5D=>-
F5E=VG=<E 74E>4V6 74557?5G5==O F<6V?L=>7> 74E<EFG (�&� &�) 
6 ED5DV <VEF>5G4G64==O). 

�474?L=> ?D<==OF>, M> V=65=5D=>-F5E=VG=V 74E>4< 74-
557?5G5==O F<6V?L=>7> 74E<EFG 3 F5 >><??5>E ?D>7=>7=<E, 
4=4?VF<G=>-5>E?5DF=<E, V=65=5D=>-6<LG>G64?L=<E V ?D>5-
>F=<E D>5VF, O>V E?DO<>64=V =4 74557?5G5==O EF4?>7> DG=>-
FV>=G64==O 74?G75= =4FV>=4?L=>W 5>>=><V>< '>D4W=< 6 >E>-
5?<6<= ?5DV>4 F4 G557?5G5==O 6 G<>64E F5E=>75==<E =44-
76<G4==<E E<FG4FV=. 

� >7?O4G =4 F5, <5F4 E<EF5<=>7> ?V4E>4G 4> 6<DVL5==O 
7444G �&� &� ?>?O74T 6 >5DG64==V E<EF5<>N 5?5<5=FV6 <VEL-
>>W V=DD4EFDG>FGD< (���) L?OE>< D>D<G?N64==O 7444GV, 
6<O6?5==O >E>5?<6>EF5= F4 ?4D4<5FDV6 E<EF5<<, 6V4 O><E 
74?56<FL 4>EO7=5==O <5F<, 6<7=4G5==O ?>>47=<>V6 V >D<F5-
DVW6 5D5>F<6=>EFV, ?>5G4>6< <4F5<4F<G=>W <>45?V F4 D>7D>-
5>< =4 WW >E=>6V 4?7>D<F<V6 V ?D>7D4< 6<7=4G5==O >?F<<4-
?L=<E 7=4G5=L GD464?L=<E G<==<>V6. 

�VE?O 6<6G5==O O>VE=>W EFDG>FGD< 4>E?V46G64=>7> 
?D>F5EG, 6<O6?5==O V 6<>?NG5==O G<==<>V6, M> =5 G<=OFL 
VEF>F=>7> 6??<6G =4 >D<F5DVW V ?>>47=<>< 5D5>F<6=>EFV, 
GEF4=>6?5==O >5<565=L V D57G?L>64=<E G<==<>V6, E<EF5<-
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=<= 4=4?V7 ?D<?GE>4T <4F5<4F<G=5 <>45?N64==O, M> 4>-
76>?OT >V?L>VE=> 6<D47<F< E4D4>F5D V EFG?V=L 6??<6G >>D5-
<<E 5?5<5=FV6 E<EF5<<, 4 F4>>6 WE 674T<>4VN.  

�D>?>=>64=4 ?>>4?L=4 F5>DVO 4=4?VF<G=>-5>E?5DF-
=>7> 74557?5G5==O F<6V?L=>7> 74E<EFG (��� &�) <VEF<FL <5-
F>4>?>7VN 5474F>D4>F>D=>7> ?D>7=>7G64==O 75>F5E=VG=>W 
E<FG4FVW (�%) 6 E<EF5<V ��� =4 >E=>6V <4F5<4F<>>-EF4F<E-
F<G=>7> <>45?N64==O. 

�>>47=<>>< �-W 7DG?< 7444G >?F<<V74FVW ?V4E<EF5<< 
��� &� T E<EF5<=5 ?D>7=>7G64==O �%, 4 ��-W 7DG?< 3 ?>LG> 
>?F<<4?L=>7> 64DV4=FG D54?V74FVW �&� &� 6 ED5DV <VEF>5G4G-
64==O. �D>7=>7G64==O �% 6V4=>E<FLEO 4> G<E?4 ?>74=> >D-
74=V7>64=<E 45> F4> 764=<E 4<DG7=<E ?V4E<EF5<, E4D4>F5D-
=<<< D<E4<< O><E T =5<>6?<6VEFL GVF>>7> 6<4V?5==O >>D5-
<<E O6<M V =5>5EV4=VEFL GD4EG64==O 5474FL>E DV7=>DV4=<E 
G<==<>V6. �?O 4<DG7=<E ?V4E<EF5< 6 G<>64E =5?>6=>7> 
7=4==O <5E4=V7<G 6EVE O6<M, M> 6V45G64NFLEO 6 =<E, >E>5-
?<6> 5D5>F<6=<< T EF4F<EF<G=<= V >V55D=5F<G=<= <5F>4< 
4>E?V465==O.  

%F4F<EF<G=<= <5F>4 4>76>?OT D>7D>5?OF< D5>><5=-
44FVW 7 >?F<<4?L=>W ?>654V=>< ?V4E<EF5<< 6 G<>64E =56<-
7=4G5=>EFV, 4 F4>>6 ?D54EF46?OF< 5>E?5D<<5=F4?L=<= <4-
F5DV4? G EF4=44DF=V= D>D<V F4 74V=E=N64F< «77>DF4==O V=-
D>D<4FVW» G D>D<V 4=4?VF<G=>7> 6<D47G 3 DV6=O==O D57D5EVW. 
&5 >E>5?<6> 646?<6>, >>?< >59T< V=D>D<4FVW L6<4>> 7D>E-
F4T V =5>5EV4=5 >><?4>F=5, 4?5 D47>< 7 F<<, 4>EF4F=L> ?>6=5 
WW 6<>?445==O. 

�V55D=5F<G=<= <5F>4 D>7>D<64T, =4E4<?5D54, DG=>FV>-
=4?L=V 74?56=>EFV ?V4E<EF5<< 6V4 E5D54>6<M4, 45EFD47GN-
G<EL 6V4 6=GFDVL=VE ?D<G<==>-=4E?V4>>6<E 768O7>V6, F>5F> 
6<>>D<EF>6GT 6V4><<= ?D<=F<? «G>D=>7> OM<>4». �V55D=5-
F<G=><G <>45?N64==N 6?4EF<64 T4=VEFL DG=>FV>=4?L=>7> 
?V4E>4G F4 >?F<<V74FVW O> 74E>5G >45D64==O 44=<E 4?O =4=-
>D4M>7> >5DG64==O ?V4E<EF5<>N. 
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�4F5<4F<G=5 ??4=G64==O 5>E?5D<<5=FG (���) 6 F5>-
DVW ��� &� ?D>6>4<FLEO 6 FD< 5F4?<: 

- ?>?5D54=T 6<6G5==O �% O> >59T>FG 4>E?V465==O (?>E-
F4=>6>4 74644==O, 75VD V >5D>5>4 4?DV>D=>W V=D>D<4FVW, D>-
D<G?N64==O D>5>G>W 7V?>F57<; 6<5VD ?4D4<5FDV6 >?F<<V74-
FVW, =574?56=<E 7<V==<E V >5<565=L; ?>?5D54=V= 5>E?5D<-
<5=F); 

- ?>5G4>64 6V4?>6V4=>W <4F5<4F<G=>W <>45?V F4 WW V=F5-
D?D5F4FVO; 

- 74V=E=5==O (74 =5>5EV4=>EFV) F5E=VG=>W D54?V74FVW >F-
D<<4=<E D57G?LF4FV6. 

�4644==O <4F5<4F<G=>7> <>45?N64==O �% 76>4<FLEO 4> 
>45D64==O 74?56=>EFV, M> E4D4>F5D<7GT 769O7>> <V6 ?4D4<5-
FD>< >?F<<V74FVW (R'.�

0/q1/3) V =574?56=<<< 7<V==<<< %k 

(G<==<>4<<), O>G <>6=4 4=4?VF<G=> ?D54EF46<F< G 6<7?O4V 
DG=>FVW: 

           R'.�
0/q1/3 = ú(H/q1/3, q, %<, ..., Xk), </F1/3,              (5.1) 

45 R'.�
0/q1/3 3 ?D<6545=<= D44VGE 7>=< 6<E>4G 7 ?44G  >58T>FG 

E<EF5<< 74 G44D=>N E6<?5N: 
                                      

         R'.�
0/q1/3 = 

ý
õ

/( / )
10

1 3

i 1

H q i  + q + %< ³ max, </F1/3;            (5.2) 

                                               i=1   

 H/q1/3 3 ?D<6545=4 6<E>F4 O45D=>7> 6<5GEG V-7> 6<4G 7 GD4-
EG64==O< G<>6=>W ?>FG6=>EFV 6<5GEG (q) 45> V=L<E =574?5-
6=<E 7<V==<E: 

      40 g H/q1/3 g (-40), </F1/3;  (5.3) 
 q 3 >4?V5D O45D=>7> 5>T?D<?4EG: 

                                q = 108 = const., F;                         (5.4) 
 %< 3 <5F5>G<>6< E5D54=L>W E<G7< (6V4>D<F4 <VEF56VEFL, ?VF>, 
4G65 E?45>4 <DO>4, 6<4<<VEFL 1÷2 ><); 
 %k 3 =574?56=V 7<V==V V -W 7DG?< 7444G >?F<<V74FVW ?V4E<EF5-
<< ��� &�; 
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 n 3 >V?L>VEFL 6<4V6 O45D=<E 6<5GEV6, 74 WE 6<E>F>N (7?<5<-
=>N) 6V4 ?>65DE=V 75<?V (6>4<) F4 E4D4>F5D<EF<> E5D54>6<M4. 

�?O O>VE=>7> 6<>>=4==O 74644=L 7 ?D>7=>7G64==O �% 
=5>5EV4=> D>7D4EG64F< 7=4G5==O 65?<G<=< ?D<6545=>7> D4-
4VGEG 7>=< 6<E>4G 7 ?44G >59T>FG E<EF5<< (R'.�

0/q1/3) 74 4VTN 
6EVE GD464?L=<E G<==<>V6, 7 ?D<69O7>>N 4> 4><V=GNG>7> 3 
=44<VD=>7> F<E>G G DD>=FV ?>6VFDO=>W G44D=>W E6<?V (ôpD): 

                             ôpD ³ min, >7/E<2.                         (5.5) 
�56V4><4 DG=>FVO 6V47G>G 445>64F=> >?<EGTFLEO ?>?V-

=><V4?L=<< DV6=O==O< 4DG7>7> ?>DO4>G: 
                           11                11                   11      

R'.�
0/q1/3 = ò0 + óò%V + óòV%V

2 + óòVjXiXj + ... , </F1/3.   (5.6) 
         i=1              i=1                  ibj 

�<4 V ?>>47=<> EFG?5=N ?>?V=><4 6<5<D4NFLEO 45> =4 
?V4EF46V F5>D5F<G=>7> 4=4?V7G 45> 4?DV>DV, 4 ?>FV< GF>G=N-
NFLEO EF4F<EF<G=>. �FV=>< >>5DVFVT=FV6 D57D5EVW (³) ?>?V-
=><V4?L=<E <>45?5= <>6GFL 5GF< 7=4=45=V =4 >E=>6V 5>E?5-
D<<5=FG.  

�V4?>6V4=> 4> EGG4E=>W <4F5<4F<G=>W F5>DVW 5>E?5D<-
<5=FG =4=5V?LL 644?5 ?>T4=4==O EF4F<EF<G=>7> V >V55D=5-
F<G=>7> ?V4E>4V6 4> 4>E?V465==O E>?44=<E 4<DG7=<E ?V4-
E<EF5< <4T <VEF5 6 <5F>44E ���, M> =4 F5= G4E 4>E<FL 4>5-
D5 D>7D>5?5=V EF>E>6=> DV7=<E 74?G75= =4G>< V F5E=V><, G 
F><G G<E?V = <VEF>5G4V65?L=<E F5E=>?>7V=.  

/>M> =4 EF44VW >45D64==O <4F5<4F<G=<E <>45?5= 4<-
DG7=<E ?V4E<EF5< <>6?<65 45EFD47G64==O 6V4 E>?44=<E 
?D<G<==>-=4E?V4>>6<E 769O7>V6, F> 44?V 4=4?V7 <>45?5= 4>-
76>?OT 7=4G=>N <VD>N D>7>D<F< FV 769O7>< V 4>E?V4<F< EGF-
=VEFL ?D>F5EV6, M> 6V45G64NFLEO 6 ?V4E<EF5<V.  

�V7=464?L=4 FV==VEFL <4F5<4F<G=<E <>45?5= ?>?O74T G 
F><G, M> 6>=< T 74E>5>< =5 FV?L>< 46F><4F<G=>7> >5DG64=-
=O ?V4E<EF5<>N ��� &�, 4?5 = 74E>5>< WW 7?<5>>>7> ?V7=4=-
=O F4 EF6>D5==O F5>DVW. 
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$57G?LF4F GEVE 74>>=><VD=>EF5=, O><< ?V4?>DO4>>6G-
NFLEO 44=V ?D>?>=>64=>7> 5>E?5D<<5=FG ?>5G4>6< <4F5<4-
F<G=>W <>45?V �%, 7 F?G<4G5=L, ?>7VG=> 4>6545=<E 6 <564E 
4>E?V46G64=>W E<EF5<<, V E>?444T 7>?>6=G <5FG =4G>>6>7> 
4>E?V465==O. 

�4 >E=>6V 4?DV>D=>W V=D>D<4FVW =4 ?5DL><G 5F4?V 
��� 6V4V5D4=> 11 G<==<>V6, M> 6??<64NFL =4 �% 6 E<EF5<V 
���. �?O D4=6<DG64==O GD464?L=<E G<==<>V6 74EF>E>6G64-
6EO <5F>4 D>D<4?V74FVW 77V4=> DV7=<E =>D<4F<6=<E 4>>G<5-
=FV6 V ?5DL>465D5?. 

�4 D57G?LF4F4<< D4=6G64==O <5F>4>< D>D<4?V74FVW 
?>5G4>64=4 E5D54=O 4?DV>D=4 4V47D4<4 D4=7V6 6??<6G D>77-
?O=GF<E G<==<>V6 =4 �% 6 E<EF5<V ��� ?D< >5D4=<E <564E 
WE 7<V=< (4<6. D<E. 5.1). 

�=4?V7 4V47D4<< D4=7V6 ?>>47GT, M> D>7?>4V? G<==<>V6 
T =5DV6=><VD=<< V 5?<7L><< 4> 5>E?>=5=FV4?L=>7>. &5 4>-
76>?OT 6<4V?<F< 557?5D5G=> >E=>6=V GD464?L=V G<==<><, 4 
G4EF<=G 6V4=5EF< 4> F4> 764=>7> «LG<>6>7> ?>?O». �> F4><E 
=4=5V?LL EGFFT6<E G<==<>V6, O>V  6??<64NFL =4 �% 6 E<EF5<V 
��� <>6=4 6V4=5EF<: =44<VD=<= F<E> G DD>=FV ?>6VFDO=>W 
G44D=>W E6<?V (ô$D), F<E> E5=E<>6<5GE>6<E V E5=E<VG=<E 
E6<?L G �DG=FV (ó), 4 F4>>6 F<E> G DD>=FV ?V46>4=>W G44D=>W 
E6<?V (Dm). �4=E?45L<< G<==<>>< 77V4=> DV7=<E ?5DL>-
465D5? EF4?4 G4E>64 DG=>FVO =4?DG65=>EFV 5?5>FD<G=>7> 
?>?O (�(t)). 

�4 4DG7><G 5F4?V ���, 5G?< 6<5D4=V >E=>6=V >D<F5DVW 
>?F<<V74FVW 6<EV4=>7> ?4D4<5FDG (R'.�

0/q1/3) ?V4E<EF5<< ��� 
&� 6 E<EF5<V ���, 4 E4<5: 

%D
0 3 EFG?V=L DG==G64==O >59T>FG; 

D0 3 =<>6VD=VEFL GD465==O >59T>FG, (%); 
>0 3 >>5DVFVT=F ?>E?45?5==O 6<?D><V=N64==O 74E<E-

=>N F>6M5N >59T>FG; 
Q?

0 3 E5D54=O 7GEF<=4 D44V>4>F<6=>7> 745DG4=5==O ?>-
65DE>=L >59T>FG, (D>7?./E6×E<2); 
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EÇ 3 >>5DVFVT=F >?>DG F<E>G 747>6>7> ?>F>>G 74E<E=>W 
F>6MV >59T>FG;  

Ne 3 >>=F5=FD4FVO 5?5>FD>=V6 G <VEFV ?V46<M5=>W V>=V-
74FVW, (1/E<3); 

��
max 3 <4>E<<4?L=5 7=4G5==O 65DF<>4?L=>W E>?44>6>W 

=4?DG65=>EFV 5?5>FD<G=>7> ?>?O, (�/<), 6<7=4G5=5 5>E?5-
D<<5=F4?L=<< L?OE><, 74?56=> 6V4 ?>FG6=>EFV F4 6<E>F< 
6<5GEG, 6V444?5==O 4>E?V46G64=>7> >59T>FG 6V4 F5=FDG (5?V-
F5=FDG) 6<5GEG, D>7<VDV6 V EFV=>>EFV >59T>FG 4> 4VW GD464?L-
=<E G<==<>V6, =>7> D>7F4LG64==O =4 <VEF56>EFV, <5F5>D>-
?>7VG=<E G<>6, E4D4>F5DG D5?LTDG <VEF56>EFV, F>M> [16]. 

 

 
 

 

 

 

 

 

 

 

 

$<E. 5.1. %5D54=O 4?DV>D=4 4V47D4<4 D4=7V6 6??<6G G<==<>V6 =4 ��% 
 
%G>G?=VEFL GEVE 7=4G5=L, O>V <>65 ?D<=<4F< G<==<> G 

<564E 5>E?5D<<5=FG, =47<64NFL =>7> >5?4EFN 64DVN64==O. ' 
<4FD<FV ??4=G64==O (F45?<FV ??4=>6<E 5>E?5D<<5=FV6) G<=-
=<>< 4464?<EO 6 >>4>64=><G 6<7?O4V. �D< FL><G 74 >E=>6-
=<= DV65=L 64DVN64==O ?D<=<4?4EO F5=FD4?L=4, F>5F> =G-
?L>64 F>G>4, O>4 ?>7=4G5=4 (%V>), 4 V=F5D64? 64DVN64==O 3 
(ô%V). ,?OE>< 4>4464==O 45> 6V4=V<4==O 7=4G5==O V=F5D64?G 
64DVN64==O 6V4 7=4G5==O G<==<>4, M> 7=4E>4<FLEO =4 >E=>-
6=><G DV6=V, >45D64=V 6V4?>6V4=> 65DE=V=, M> ?>7=4G4TFLEO 
(+1), 45> (+), 45> =<6=V=, M> ?>7=4G4TFLEO (-1) 45> (-), DV6=V 

0
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20
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40
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60
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G<==<>4. �74T<>769O7>> <V6 =4FGD4?L=<<< (%V) F4 >>4>64=<-
<< 7=4G5==O<< G<==<>V6 (EV) 6<7=4G5=V 74 D>D<G?>N: 

EV = (%V-%V>)/ô%V.   (5.7) 
�<5VD V=F5D64?V6 64DVN64==O 74?56<FL 6V4 FV?5= V <>6-

?<6>EF5= 4>E?V465==O, 4 F4>>6 6V4 >>=>D5F=<E G<>6 ?D>65-
45==O 5>E?5D<<5=FG, O>V 76>4OFLEO 6 E?5FV4?L=G F45?<FN. 

&45?<FO 5.1 

'<>6< ??4=G64==O 5>E?5D<<5=FG ?>5G4>6< <4F5<4F<G=>W  

<>45?V ��% 6 E<EF5<V ��� 

7 

7/? 

'<==<>< $V6=V 64DVN64==O �=F5D64? 

64DVN64==O 

ô%V, =4-

FGD.6<<. 

�4FGD4?L=<=  

6<7?O4 

�>4>64=<= 

6<7?O4 
-1 0 +1 

1 2 3 4 5 6 7 

1 

�44<VD=<= F<E> G 

DD>=FV ?>6VFDO=>W 

G44D=>W E6<?V 

(ôpD), >7/E<2 

E1 0.3 0.35 0.4 0.05 

2 

&<E> E5=E<>6<5GE>-

6<E V E5=E<VG=<E 

E6<?L G �DG=FV (ó), 

>7/E<2 

E2 0.2 0.25 0.3 0.05 

3 

&<E> G DD>=FV ?V46>-

4=>W G44D=>W E6<?V 

(Dm), >7/E<2 

E3 30 185 340 155 

4 

%6VF?>6<= V<?G?LE 

6<?D><V=N64==O 

(u), >4?/E<2 

E4 50 210 370 160 

5 

%G<4D=4 4>74 ?D>-

=<>=>W D44V4FVW 74 

74E<E=>N F>6M5N 

(Dx), D 

E5 1.1·10-18 2.1·10-16 4.3·10-16 2.1·10-16 

6 

%G<4D=<= ?>FV> =5=-

FD>=V6 

(�n), =5=FD/E<2 

E6 0 5·1011 1012 5·1011 

7 

�<?G?LE F<E>G D5=F-

75=>6EL>>7> 6<?D><V-

=N64==O 

(�4), >7·E5>/E<2 

E7 0.046 0.058 0.070 0,012 
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?D>4>665==O F45?. 5.1 

1 2 3 4 5 6 7 

8 
$V65=L D44V4FVW  

($), D/7>4 
E8 24184 255370 486556 231186 

9 

�<?G?LE F<E>G 747>6>-

7> ?>F>>G  

(�4), >7·E5>/E<2  

E9 168.90 168.925 168.95 0,025 

10 

�>=F5=FD4FVO 5?5>F-

D>=V6 G <VEFV ?V46<-

M5=>W V>=V74FVW (Ne), 

1/E<3 

E10 0 0.9·105 1.8·105 0.9·105 

11 

'4E>64 DG=>FVO =4-

?DG65=>EFV 5?5>FD<G-

=>7> ?>?O (�(t)), �/< 

E11 62 372 682 310 

 

�?O ?>5G4>6< ?V=V==<E 74?56=>EF5= 74EF>E>6G64?<EO 
46>DV6=56V, 4 4?O >644D4F<G=<E 3 FD<DV6=56V ??4=< V ??4=< 7 
5V?LL>N >V?L>VEFN DV6=V6. 

$57G?LF4F< 4>E?V4V6 >5D>5?O?<EO 74 4>?><>7>N <5F>4V6 
<4F5<4F<G=>W EF4F<EF<><, >45D6GNG< 74?56=>EFV <V6 6<EV4-
=<<< ?4D4<5FD4<< V G<==<>4<<, M> =4 =<E 6??<64NFL, G 
6<7?O4V ?V=V==<E 45> =5?>6=<E >644D4F<G=<E DV6=O=L D57D5-
EVW. 

&4><< G<=><, >FD<<GT<> <4F5<4F<G=G <>45?L �% 6 E<-
EF5<V ���: 
    R'.�

0/q1/3 =ú(E1, E2, E4, E5, E6)+f(E7, E8, E9, E10, E11), </F1/3,  (5.8) 
45> 
R'.�

0/q1/3 =ú(ôpD, ó, u, Dx, �n) + f(�4, $, �4, Ne, �(t)), </F1/3. (5.9) 
 
/>M> DG=>FVW Ç(E1, E2, E4, E5, E6), f(E7, E8, E9, E10, E11) 74-

44=V =4 6V4DV7>G [a,b] V <4NFL ?56=V =4?5D54 6<7=4G5=V 6?4E-
F<6>EFV, F> <>6=4 EF65D46G64F<, M> >FD<<4=> DG=>FV>=4-
?L=<= ?D>EFVD �%, 5?5<5=F4<< (F>G>4<<, 65>F>D4<<) O>>7> T 
DG=>FVW. 

�4O6=VEFL G DG=>FV>=4?L=><G ?D>EF>DV �% G<E?4 
||R'.�

0/q1/3 - E||, O>5 <4T 6?4EF<6>EFV 76<G4==>W 6V4EF4=V 
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             ||R'.�
0/q1/3 - 0|| = ||R'.�

0/q1/3|| g 0, </F1/3;           (5.10) 
            ||R'.�

0/q1/3|| = 0 ³ ú(E) = f(E) c 0, </F1/3;          (5.11) 
            ||4 R'.�

0/q1/3|| = |4|·||R'.�
0/q1/3||, </F1/3;             (5.12) 

            ||R'.�
0/q1/3 + E|| f ||R'.�

0/q1/3|| + ||E|, </F1/3          (5.13) 
44T <>6?<6VEFL 76<G4==<< <5F>4>< 6<7=4G<F< <56V 5?5<5=-
FV6 747=4G5=>7> ?D>EF>DG 3 õ 3 <565N 5?5<5=FG (R'.�

0/q1/3) T 
<=>6<=4 5?5<5=FV6 (R'.�/q1/3) FL>7> ?D>EF>DG, F4><E M>  

||R'.�/q1/3 - R'.�
0/q1/3||  < õ, </F1/3.  (5.14) 

/>M> �% 3 DG=>FV>=4?L=<= ?D>EFVD V7 66545=>N =4 
<=>6<=V =>7> 5?5<5=FV6 6V4EF4==N (R'.�

0/q1/3), 4 F4>>6 O>M> 
7444=V ?D46<?4 ú F4 f, 6V4?>6V4=> 4> O><E >>6=><G 5?5<5=FG 
(R'.�

0/q1/3) 45O>>W ?V4<=>6<=< (R'.�
0/q1/3) % �% ?>EF46?5=5 G 

6V4?>6V4=VEFL G<E?>, F>: 
(ú + f) : R'.�

0/q1/3
 ³ %, </F1/3.  (5.15) 

' 6<?44>G 6<>>D<EF4==O ���, ?4D4<5FD (R'.�
0/q1/3) 

(=56V4><>W DG=>FVW 6V47G>G) <>6=4 ?D54EF46<F< ?>?V=><4<<:  
- DG=>FV>=4?L=>W 74?56=>EFV ú  
(R'.�

0/q1/3) =ò0+ò1ôpD+ò11ôpD
2+ ò12ôpDÃ +ò14ôpDu + 

+ò15ôpDDx +ò16ôpD�n +ò2ó +ò22ó2 +ò24óu +ò25óDx + 

+ò26ó�n + ò4u +ò44u2 +ò45uDx+ò46u�n+ò5Dx+ò55Dx
2+                        

        +ò56Dx�n+ò6�n+ò66�n
2,</F1/3,                                            (5.16) 

45 (R'.�
0/q1/3) 3 ?4D4<5FD >?F<<V74FVW, F>5F> 6<EV4=<= ?4D4-

<5FD E<EF5<<; 
 ôpD, ó, u, Dx, �n 3 =574?56=V 7<V==V FVTW 6 E<EF5<<;  

     ò0, ò1, ò11, ò12, ò2, ò22... 3 F5>D5F<G=V >>5DVFVT=F<; 
- D57D5EVW DG=>FV>=4?L=>W 74?56=>EFV f 

R'.�
0/q1/3 = ò0 + ò7�4 + ò77�4

2 + ò78�4$ + ò79�4�4 + ò710�4Ne + 

+ò711�4�(t) + ò8$ + ò88$2 + ò89$�4 + ò810$Ne + ò811$�(t) + ò9�4 + 

ò99�4
2 + ò910�4Ne +ò911�4�(t) + ò10Ne + ò1010Ne

2 + ò1011Ne�(t) +        

+ò11�(t) + ò1111�(t)2
 , </F1/3                                                           (5.17) 

45   �4, $, �4, Ne, �(t) 3 =574?56=V 7<V==V FVTW 6 E<EF5<<; 
ò0, ò7, ò77, ò78, ò8, ò88... 3 F5>D5F<G=V >>5DVFVT=F< D57D5EVW, V 
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5G45<> EF65D46G64F<, M> 7444=> DG=>FV>=4?, >5?4EFL 6<-
7=4G5==O O>>7> T <=>6<=4 (R'.�

0/q1/3) %  �%. 
$G=>FV>=4? (R'.�

0/q1/3) <>6=4 66464F< ?V=V==<<, O>M> 
6V= 6<7=4G5=<= =4 6EV= <=>6<=V �%, 557?5D5D6=<= 6 >>6=V= 
F>GFV, 4 F4>>6 <4T >7=4>G 44<F<6=>EFV, F>5F> 4?O 4>6V?L=<E 
G<==<>V6 E 6<>>=GTFLEO DV6=VEFL: 

R'.�
0/q1/3 = L (E1 +E2 +E4 + E5 + E6 + E7 + E8 + E9 + E10 + E11) = 

=ú(E1,2, E4, E5, E6)+ f(E7, E8, E9, E10, E11), </F1/3,                   (5.18) 
O>M> ÷ 3 >5<565=4 >5?4EFL �% 6 Rn 7 >GE>G=>-7?44>>N <5-
65N "÷.  

�>>D4<=4F< >58T>FV6 6 Rn  5G45<> ?>7=4G4F< ?VF5D>N E, 
D>7G<VNG< ?V4 F<< E<<6>?>< 65>F>D-EF>6?G<> 7 >><?>=5=-
F4<< EV , V = 1, 2, &, 11. �?O 7D44VT=F4 DG=>FVW ú(E) 45> f(E) 3 
65>F>D-EF>6?G<>4 WW G4EF<==<E ?>EV4=<E "ú(E)/"EV, úEV 3 
?D<=<4TFLEO ?>7=4G5==O grad ú(E). 

�?O 5G4L-O><E 7?44><E ú(E) 45> f(E), O>V ?5D5F6>DNNFL-
EO 6 =G?L =4 <56V >5?4EFV <4T<> F5, M> 6 F>GFV 5>EFD5<G<G 
R'.�

0/q1/3 6<>>=GTFLEO E?V66V4=>L5==O, O>5 =47<64TFLEO DV6-
=O==O< �=?5D4-�EFD>7D44EL>>7> 

                 n 

       LÇ,f (x, ú, f gradÇ,f) - ó"LÇ,fEV/"EV = 0, </F1/3.          (5.19) 
                             i=1 
�D4=>64 7444G4 4?O FL>7> DV6=O==O 7 <56>6>N G<>6>N  

      ú(E)|ET"÷ = f(E)|ET"÷ = ù(÷), </F1/3      (5.20) 
T =5>5EV4=>N G<>6>N 5>EFD5<G<G 6 44=V= 7444GV [12]. 

�4 ?5DLV= EF44VW 4>E?V465==O >FD<<GT<> DV6=O==O D5-
7D5EVW ?5DL>7> EFG?5=N 45> =5?>6=V >644D4F<G=V DV6=O==O. 
$>769O74==O 5V?LL>EFV >?F<<V74FV==<E 7444G ?>69O74=5, 76<-
G4==>, 7 6<>>D<EF4==O< ?>?V=><V6 4DG7>7> ?>DO4>G. �>?V-
=><V4?L=V 74?56=>EFV FD5FL>7> ?>DO4>G =4 ?D4>F<FV 6<DV-
L5==O F5E=>?>7VG=<E 7444G ?D4>F<G=> =5 74EF>E>6GNFLEO. 

� D57G?LF4FV 5>E?5D<<5=FV6 6<7=4G4NFLEO >>5DVFVT=F< 
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D57D5EVW b0, b1, b11, b12, b2, b22 ..., O>V T >FV=>4<< F5>D5F<G=<E 
>>5DVFVT=FV6. �VE?O FL>7> DV6=O==O (5.16, 5.17) ?D<=<4NFL 
6<7?O4: 

- DG=>FV>=4?L=>W 74?56=>EFV ú  
R^'.�

0/q1/3 = b0 + b1ôpD + b11ôpD
2 + b12ôpDÃ + b14ôpDu + 

+b15ôpDDx +b16ôpD�n +b2ó + b22ó2 + b24óu + b25óDx + b26ó�n + 

+b4u + b44u2 + b45uDx + b46u�n + b5Dx + b 55Dx
2 + b56Dx�n + 

+b6�n + b66�n
2

 , </F1/3,                                                                                                      (5.21) 
45 R^'.�

0/q1/3 3 D>7D4EG=>>65 7=4G5==O ?4D4<5FD4 >?F<<V74-
FVW; 
ôpD, ó, u, Dx, �n 3 =574?56=V 7<V==V E<EF5<<; 
b0, b1, b11, b12, b2, b22... 3 D>7D4EG=>>6V >>5DVFVT=F< D57D5EVW; 

- DG=>FV>=4?L=>W 74?56=>EFV  f 
R^'.�

0/q1/3 = b0 + b7�4 + b77�4
2 + b78�4$ + b79�4�4 + b710�4Ne + 

b711�4�(t)+ b8$ + b88$2 + b89$�4 + b810$Ne + b811$�(t) + b9�4 + 

+b99�4
2 + b910�4Ne +b911�4�(t) + b10Ne + b1010Ne

2 + b1011Ne�(t) + 

+b11�(t) + b1111�(t)2
 , </F1/3                                                                                          (5.22) 

45 R^'.�
0/q1/3 3 D>7D4EG=>>65 7=4G5==O ?4D4<5FD4 >?F<<V74-

FVW; 
�4, $, �4, Ne, �(t) 3 =574?56=V 7<V==V E<EF5<<; 
b0, b7, b77, b78, b8, b88... 3 D>7D4EG=>>6V >>5DVFVT=F< D57D5EVW. 

�>E?V4=V D>7D4EG=>< 6<>>=G64?<EO 74 >E=>6=<<< >D<-
F5DVO<< >?F<<V74FVW 6<EV4=>7> ?4D4<5FDG (R^'.�

0/q1/3) ?V4E<-
EF5<< ��� &� 6 E<EF5<V ���, 6<7=4G5=<<< 74?56=> 6V4 ?>-
FG6=>EFV F4 6<E>F< 6<5GEG, D>7<VDG V EFV=>>EFV >59T>FG 4> 4VW 
GD464?L=<E G<==<>V6, =>7> D>7F4LG64==O =4 <VEF56>EFV.  

' >>6=V= F>GFV ??4=G D>7D4EG=>> =574?56=<E 7<V==<E 
6 E<EF5<V ��� ?> >>6=><G V-<G 6<4G GD464?L=>7> G<==<>4, 
6<>>=G646EO, >?5DGNG< 5<?VD<G=<<< 44=<<< [16]. 

� GD4EG64==O< 7=4G<<>EFV >>5DVFVT=FV6 <4F5<4F<G=4 
<>45?L �% 6 E<EF5<V ��� (G >>4>64=><G 6<D47V 7<V==<E) 5G45 
<4F< 6<7?O4 

R^'.�
0/q1/3 = 15.95 + 5.5(1/x1) + E7 + lnE10 - E7lnE10 - 
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        - (1/E8)lnE10, </F1/3.                                                          (5.23) 
�4 4DG7><G 5F4?V ?5D56VDOTFLEO 7V?>F574 ?D> 445>64F-

=VEFL ?>?V=><V4?L=>W <>45?V 7 GEV<4 7=4G<<<<< >>5DVFVT=F4-
<< D57D5EVW. �D< FL><G 6<>>D<EF>6GTFLEO <V=V<V7GNG4 EG<4 
>644D4FV6, O>4 =47<64TFLEO 6 D57D5E<6=><G 4=4?V7V 74?<L>>-
6>N. �?O ?5D56VD>< 445>64F=>EFV D>D<G?NTFLEO =G?L-
7V?>F574, V O>M> 6>=4 74 >D<F5DVT< $VL5D4 (F) 5G45 6<7=4=4 
?D464>?>4V5=>N, F> <>45?L >?<EGT ?D>F5E 445>64F=> 5>E?5-
D<<5=FG. � V=65=5D=>W F>G>< 7>DG F5 >7=4G4T, M> <>45?L ?5-
D5454G4T D57G?LF4F< (R^'.�

0/q1/3) 6 E5D54=L><G 7 ?>E<5>>N, 
5V?LL>N 6 :F D47V6, =V6 5>E?5D<<5=F4?L=4. �E>V?L>< FD<FF , 
>FD<<4=5 DV6=O==O D57D5EVW T 445>64F=<< V =>7> <>6=4 6<-
>>D<EF>6G64F< 4?O ?>5G4>6< =><>7D4<.  

�4 >E=>6V >FD<<4=<E 44=<E 5G4GTFLEO =><>7D4<4, 74 
O>>N <>6=4 D>7D4EG64F< 7=4G5==O (R^'.�

0/q1/3) ?D< 6<7=4-
G5=<E 7=4G5==OE E1, E7, E8, E10 V 64DV=>64=<E G<==<>V6 (4<6. 
D<E. 5.2). 

' ?DO<>>GF=V= �5>4DF>6V= E<EF5<V >>>D4<=4F 0EGz ?>-
65DE=O 6V47G>G 46>D4>F>D=>W >644D4F<G=>W (?>6=>W) <>45?V 
�% 6 E<EF5<V ���, 74?56=> 6V4 7=4G5==O >>5DVFVT=FV6 bV,, bVV, 
bij, EE5<4F<G=> 7>5D464TFLEO G 6<7?O4V 7V?5D5>?VG=>7> ?4D4-
5>?>W4G. 

$57G?LF4F< 5>E?5DF=>W >FV=>< ?D4F5744F=>EFV E<EF5<< 

���, ?D>6545=>W ?D< 4=4?V7>64=V= 4>6VDGV= V<>6VD=>EFV 6<E>4G 7 ?4-

4G WW >59T>FV6 3 95 % (?>>47=<> ³-V<>6VD=>EFV 6V4<>6< 3 0,05) V >V-

?L>>EFV EFG?5=V6 E6>5>4<, 6<7=4G5=<E G<>64<< 5>E?5D<<5=FG, E6V-

4G4FL ?D> =5<>6?<6VEFL 74557?5G5==O 5>E??G4F4FV==>W =44V==>EFV 

=5EGG<E 5G4V65?L=<E >>=EFDG>FV= V E<EF5<< 6 FV?ó<G 6 <564E 7>-

=<, D44VGE O>>W G46VGV ?5D56<MGT =>D<4F<6=5 7=4G5==O 6V444?5=>E-

FV <56 7>= <>6?<6<E DG==G64=L 6V4 <56 ?D>5>F=>W 745G4>6< >4F5-

7>D>64=<E <VEF.  
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$<E. 5.2. �><>7D4<4 4?O 6<7=4G5==O 65?<G<=< ?D<6545=>7> D44VGEG 7>=< 6<E>4G 

7 ?44G >59T>FG 74 ?>6VFDO=>N G44D=>N E6<?5N (R^'.�
0/q1/3) 6 E<EF5<V ��� 
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�I%�/���� 

� ?D54EF46?5=V= �4LV= G647V <>=>7D4DVW: 
  

$>74i? 1. I=65=5D=>-75>?>7iG=i G<>6< V 45D>D<4FiW 
�DG=F>6<E >E=>6 <VEL><E F5D<F>Di= 

1.1. �D>6545=> 4=4?V7 V=65=5D=>-75>?>7VG=<E G<>6 
<VEL><E F5D<F>DV= '>D4W=< 7 F>G>< 7>DG 5>E??G4F4FV=-
=>W F4 75>F5E=VG=>W =44V==>EFV <VEL><E 5G4V65?L. 

1.2. �4 >E=>6V ?D>6545=>7> 4=4?V7G D>7D>5?5=4 >?4-

E<DV>4FVO 6<4V6 45D>D<4FV= 75<=>W ?>65DE=V <VEL><E F5D<-

F>DV= 74?56=> 6V4 6<4V6 V=65=5D=>-75>?>7VG=<E G<>6 F4 E4-

D4>F5DG V ?D<G<= WE 45D>D<4FV=. 
 

$>74i?  2. �FV=>4 75>F5E=VG=>W =44V==>EFV �DG=F>6<E 
>E=>6 <iEL><E 5G4i65?L 

2.1. �D54EF46?5=4 <5F>4<>4 >FV=>< 75>F5E=VG=>W 
=44V==>EFV >E=>6=<E F<?V6 7DG=F>6<E >E=>6 <VEL><E 5G-
4V65?L =4 >>=>D5F=<E ?D<>?444E. 

2.2. �FV=>4 75>F5E=VG=>W =44V==>EFV ?V4D>5?5=>W 

�DG=F>6>W >E=>6<, 6 F.G.: 
- &5>D5F<G=V >57DG=FG64==O 74>>=><VD=>EFV 4>67>-

FD<64?<E >EV44=L 75<=>W ?>65DE=V ?V4D>5?5=>W F5D<F>DVW , 
4 F4>>6 74>>=><VD=>EFV ?>L>>465=L 6<F?>6>W 745G4>6< 
6=4E?V4>> 6??<6G 4>67>FD<64?<E >EV44=L ?V4D>5?5=<E 
F5D<F>DV= �L6V6EL>>-�>?<=EL>>7> 6G7V?L=>7> 54E5==G. 

- $>7D>5?5=4 <5F>4<>4 4?O GF>G=5=>7> 6<7=4G5==O 
75>F5E=VG=>W =44V==>EFV ?V4D>5?5=>W 7DG=F>6>W >E=>6< V 
EFG?5=N ?>L>>465==O >>=EFDG>FV= 5G4V65?L 557 >>=E-
FDG>F<6=<E 74E>4V6 74E<EFG 74?56=> 6V4 ?>>47=<>4 EG<4-

D=<E 45D>D<4FV= &l =4 ?V4D>5?N64=<E F5D<F>DVOE 
�L6V6EL>>-�>?<=EL>>7> 6G7V?L=>7> 54E5==G. 

2.3. �FV=>4 75>F5E=VG=>W =44V==>EFV ?V4F>??5=>W, 
?D>E44>>6>W, 74F>DD>64=>W 7DG=F>6<E >E=>6. 
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2.4. �4 >E=>6V ?D>6545=<E >FV=>> V F5>D5F<G=>7> >5-
�DG=FG64==O <>6?<6>EFV ?>T4=4==O DV7=>DV4=<E 75>?>-
7VG=<E G<>6 74 >D<F5DVT< >4=4>>6>7> ?D>FV>4==O 45D>-
D<4FV==<E ?D>F5EV6 G �DG=F4E V 6??<6G =4 <VEL>V 5G4V6?V 
D>7D>5?5=4 >?4E<DV>4FVO �DG=F>6<E >E=>6 <VEL><E 5G4V65?L 

74 EFG?5=5<  WE 75>F5E=VG=>W =44V==>EFV 6 V=F5D?D5F4FVW 

46F>D4. 
 

$>74V? 3. �>?GEF<<V V 7D4=<G=V 45D>D<4FVW <VEL><E  

5G4V65?L G DV7=<E �DG=F>6<E G<>64E 

3.1. �4 >E=>6V G7474?L=5==O 5474F>DVG=>7> 4>E6V4G 
5>E??G4F4FVW 65?<>>W >V?L>>EFV <VEL><E >59T>FV6 F4 ?D>65-
45=>7> EF4F<EF<G=>7> V DV7<G=>7> 4=4?V7G 674T<>769O7>G 
45D>D<4FV= 75<=>W ?>65DE=V V 4>E?V46G64=<E >59T>FV6 
=46545=V GF>G=5=V 7=4G5==O 4>?GEF<<<E V 7D4=<G=<E 45D>-

D<4FV= <VEL><E 5G4V65?L.  
3.2. �<4V?5=V V ?D>4=4?V7>64=V G>F<D< F<?< �DG=F>6<E 

G<>6 <VEL><E F5D<F>DV=. 

3.3. �D>4=4?V7>64=V F4 E<EF5<4F<7>64=V F<?< ?>L>>-

465=L >>=EFDG>FV= <VEL><E 5G4V65?L, 6<>?<>4=V =5DV6=><VD-

=<<< 45D>D<4FVO<< >E=>6 G 76<G4==<E V E>?44=<E �DG=F>-
6<E G<>64E. 

3.4. �D54EF46?5=V, 6V7G4?V7>64=V V >?4E<DV>>64=V ?>L-

>>465==O >4D>4E=<E V 557>4D>4E=<E <VEL><E 5G4V65?L, 6<-

>?<>4=V =5DV6=><VD=<<< 45D>D<4FVO<< >E=>6, 6 F><G G<E?V: 
?>L>>465==O ?D< =5?D46<?L=><G 6?4LFG64==V DG=44<5=F-
=>-?V464?L=>W G4EF<=< 5G4V6?V, ?D< 76545==V =>6>W 5G4V6?V 5V?O 
VE=GNG>W, ?D< 76545==V 5G4V65?L 6 45>V?L>4 G5D7; ?D< 76545==V 
=>6>W 5G4V6?V =4 <VEFV 7=5E5=>W; <4?>- V 5474F>?>65DE>6>W 5G4V-
6?V ?D< ?D>7<=V >E=>6<; <4?>- F4 5474F>?>65DE>6>W 5G4V6?V 
?D< 6<7<=V >E=>6<; ?D< 6?4LFG64==V >>F?>64=V6 5V?O VE=GN-
G<E 5G4V65?L, ?D< 7<V=V $�� 45> 6V5D4FV==><G =464=F465==V 
=4 >E=>6G: ?D< =445G4>6V 4>44F>>6<E ?>65DEV6; 45D>D<4FVW 
?D< ?5D5=464=F465==V ?V4?>7< 5G4V6?V E<?><< <4F5DV4?><, 
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?D< 6?4LFG64==V DG=44<5=FV6 ?V4 646>5 >5?44=4==O, 5G4V6?V 
?D< GEFG?V �DG=F>6>W >E=>6<, >DG?=>?4=5?L=>7> 5G4<=>G ?D< 
7>D<7>=F4?L=><G D>7FO7G64==V �DG=F>6>W >E=>6<; 45D>D<4FVW 
G 6<7?O4V 7GEFDVG=>7> =4E<?G EG<V6=<E 6<E>><E 5G4V65?L, 
E>DGGG64==O ?D< 464DV==><G 74<>GG64==V �DG=F>6>W >E=>6<, 
?5D5>>EG G4EF<=< 5G4V6?V ?D< =4O6=>EFV 7>=< >E?45?5=>7> 
�DG=FG 6 F>DF56V= G4EF<=V 5G4V6?V. 

3.5. � 4>?>6=5==O 4> 7D4=<G=<E V 4>?GEF<<<E 45D>-
D<4FV= <VEL><E 5G4V65?L 74?D>?>=>64=> 66>4<F< FD5FN 

>4F57>DVN 45D>D<4FV= 3 DG==GNGV 45D>D<4FVW, ?D< O><E 6V4-

5G64TFLEO ?>6=5 DG==G64==O =5EGG<E >>=EFDG>FV= G< 5G4V-

65?L 6 FV?Ï<G. 
  

$>74V? 4. �FV=>4 5>E??G4F4FV==>W =44V==>EFV <VEL><E 

5G4V65?L 

4.1. �D>D<G?L>64=5 6<7=4G5==O =44V==>EFV 6 7474?L=>-

<G D>7G<V==V V 7>>D5<4 =44V==>EFV <VEL><E 5G4V65?L 7 >7?O4G 
=4 F5, M> =44V==VEFL <4T ?D<D>4G 6<?44>>6<E 65?<G<=, 
O>V >V?L>VE=> E4D4>F5D<7GNFL ?D4F5744F=VEFL >59T>FG, 6 
V=F5D?D5F4FVW 46F>D4. 

4.2. � F45?<G=V= D>D<V ?D54EF46?5=4 >?4E<DV>4FVO 
F5E=VG=>7> EF4=G >>=EFDG>FV= 74 D57G?LF4F4<< ?>?5D54-
=L>7> >5EF565==O >59T>FG. �D< FL><G, 7 >7?O4G =4 F5, M> 
F5D<V= «464DVO» V ?>69O74=V  7 =<< ?>=OFFO «464DV==<=» 
F4 «?5D54464DV==<= EF4=» =5 <4NFL =4 EL>7>4=V F65D4<E 
7474?L=>?D<==OF<E F?G<4G5=L, 74?D>?>=>64=V WE F65D4V 
D>D<G?N64==O.  

4.3. �4?D>?>=>64=>, 6 ?D>F5EV ?D>5>FG64==O F4 5>E-
??G4F4FVW <VEL><E 5G4V65?L ?D>6>4<F< 4=4?V7 V=65=5D=>-
75>?>7VG=>W F4 7V4D>?>7VG=>W E<FG4FV= 4V?O=>> 745G4>6< 
74 D>7D>5?5=<<< F45?<FO<< >?4E<DV>4FVW EFG?5=V6  5>E-
??G4F4FV==>W =44V==>EFV �DG=F>6<E >E=>6.  
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4.4. '4>E>>=4?5=4 F4 G=VDV>>64=4, D>7D>5?5=4 46F>-
D>< G 2013 D>FV (4<6. <>=>7D4DVN ISBN 978-966-327-219-1), 
<5F>4<>4 >5EF565==O V 6<7=4G5==O F5E=VG=>7> EF4=G 
>>=EFDG>FV= <VEL><E 5G4V65?L 74 EFG?5=5< WE 45D5>FV6 V 
?>L>>465=L F4 6V4 <4F5DV4?G, 7 O>>7> 6>=< 6<7>F>6?5=V 
(45D56>, 55F>=, 74?V7>55F>=, <5F4? V F4>5 V=L5).  

4.5. '4>E>>=4?5=V F4 G=VDV>>64=V <5F>4<>< >5EF5-
65==O DG=44<5=FV6 F4 DG=44<5=F=>-?V464?L=<E G4EF<=, 
<5F4?56<E, 74?V7>55F>==<E, >4<9O=<E >>=EFDG>FV=, ?>>-
DV65?L <VEL><E 5G4V65?L F4 6<7=4G5==O WE F5E=VG=>7> EF4-
=G 74 F45?<FO<< >?4E<DV>4FVW ?>L>>465=L V 45D5>FV6. 

4.6. $>7D>5?5=V F4 =46545=V F45?<FV 4?O ?>?5D54=L>W 
7474?L=>W >FV=>< 5>E??G4F4FV==>W =44V==>EFV 4>E?V4-
6G64=<E >4D>4E=<E V 557>4D>4E=<E <VEL><E 5G4V65?L. 

4.6. $>7D>5?5=4 <5F>4<>4 V =46545=V D>D<G?< 4?O 
F>G=>W 4=4?VF<G=>W >FV=>< 7474?L=>W 5>E??G4F4FV==>W =4-
4V==>EFV >4D>4E=<E V 557>4D>4E=<E <VEL><E 5G4V65?L 74 
EFG?5=5< F5E=VG=>7> EF4=G WE >E=>6=<E >>=EFDG>F<6=<E 
5?5<5=FV6 L?OE>< 6<7=4G5==O ?>>47=<>4 5>E??G4F4FV=-

=>W =44V==>EFV >59T>FG �5=.  
4.7. '<==V =>D<4F<6=V 4>>G<5=F< 6 74?G7V 5>E??G4-

F4FV==>W =44V==>EFV 5G4V65?L V E?>DG4 ?5D5454G4NFL (4?O 
?D>5>FG64==O, 5>E?5DF<7< ?D>5>FV6, 74V=E=5==O 4DEVF5>-
FGD=>-5G4V65?L=>7> >>=FD>?N) 6<7=4G5==O >4F57>DVW 
E>?44=>EFV >59T>FG 5G4V6=<FF64 45> D5>>=EFDG>FVW 74 
E>?44=VEFN 4DEVF5>FGD=>-5G4V65?L=>7> DVL5==O. �6F>D, 
>>DV< 747=4G5=>7>, D>7D>5<6 V ?D>?>=GT 4> 6?D>64465=-
=O <5F>4<>G 6<7=4G5==O 75>F5E=VG=>W >4F57>DVW E>?44=>-
EFV >59T>FG 5G4V6=<FF64 G< D5>>=EFDG>FVW, 6<E>4OG< 7 ?>-
T4=4==O EFG?5=N 5>E??G4F4FV==>W =44V==>EFV �DG=F>6>W 
>E=>6<, EFG?5=N 5>E??G4F4FV==>W =44V==>EFV 4>E?V46G-
64=>W 5G4V6?V F4 >4F57>DVW D<7<>G 4?O =46>>?<L=L>W 74-
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5G4>6< ?D< 5G4V6=<FF6V (D5>>=EFDG>FVW) 4>E?V46G64=>7> 
>59T>FG.  
 

$>74V? 5. �=65=5D=>-F5E=VG=V 74E>4< 74557?5G5==O  
F<6V?L=>7> 74E<EFG =4 45>>G?>64=<E F5D<F>DVOE 

5.1. �D54EF46?5=4 <5F>4<>4 5>E?5DF=>W >FV=>< 6<-
FD4F ?D< 6V4=>6?5==V V=DD4EFDG>FGD< 45>>G?>64=<E F5-
D<F>DV=. 

5.2. $>7D>5?5=4 >>=F5?FVO =4G>>6>-?D4>F<G=>7> 74-
557?5G5==O F<6V?L=>7> 74E<EFG 45>>G?>64=<E F5D<F>DV=. 

5.3. $>7D>5?5=4 <5F>4<>4 <4F5<4F<G=>7> <>45?N-
64==O 75>F5E=VG=>W E<FG4FVW 6 E<EF5<V 4=4?VF<G=>-5>E?5D-
F=>7> 74557?5G5==O F<6V?L=>7> 74E<EFG. 

 

� 4>44F>G =46545=V D>F> 7 ?D<>?444<< E4D4>F5D-
=<E ?>L>>465=L V 45D5>FV6 5G4V65?L=<E >>=EFDG>FV= F4 
>>=EFDG>F<6=<E 5?5<5=FV6 <VEL><E 5G4V65?L. 

�<>?445=V ?>?>65==O EF>E>6=> 5>E??G4F4FV==>W 
=44V==>EFV E>?44=<E >>=EFDG>F<6=<E E<EF5<, O><<< T 
<VEL>V 5G4V6?V, <>6GFL 5GF< ?D54<5F>< >57>6>D5==O V 
G4>E>>=4?5==O, F4> O> 6<<474NFL 4>44F>>6<E 4>E?V-
465=L. �6F>D 5G45 64OG=<= 74 4>?>6=5==O, 74G6465==O V 
>>D5>F<6<, 6=5E5=V G<F4G4<<.  

�6F>D =44VTFLEO, M> ?D>5?5<<, D>77?O=GFV F4 ?D>-
4=4?V7>64=V 6 <>=>7D4DVW, D>7D>5?5=4 V 74?D>?>=>64=4 
4?O 6?D>64465==O G4>E>>=4?5=4 <5F>4>?>7VO >5EF565=-
=O F4 6<7=4G5==O 5>E??G4F4FV==>W =44V==>EFV <VEL><E 
5G4V65?L, 74FV>46?OFL =4G>>6<E F4 V=65=5D=>-F5E=VG=<E 
?D4FV6=<>V6 =4G>>6>-4>E?V4=<E, ?D>T>F=>-6<LG>G64?L-
=<E >D74=V74FV=, O>V 74=<4NFLEO ?D>5?5<4<< 5>E??G4F4-
FV==>W =44V==>EFV F4 75>EFV=>>EFV <VEL><E 5G4V65?L, 4 F4-
>>6 4E?VD4=FV6 F4 EFG45=FV6 5G4V65?L=<E E?5FV4?L=>EF5=. 
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����&�� 
�D<>?44< E4D4>F5D=<E ?>L>>465=L 
V 45D5>FV6  5G4V65?L=<E >>=EFDG>FV= 

�>44F>> �  
�1. $G=44<5=F< V DG=44<5=F=>-?V464?L=V 

G4EF<=< <VEL><E 5G4V65?L 

 
�4DEF>64 ?>D>6=<=4 ?V4 ?V4?>7>N DG=44<5=F=>-?V464?L=>W  

G4EF<=< ($�'), GF6>D5=4 6=4E?V4>> <5E4=VG=>W EGD>7VW  
(<. �L6V6, G=V65D<47 =4 ??. $<=>>) 

 
$G==G64==O F57?O=>W >?44>< F>>>?O 6=4E?V4>> F<>?VG=>7> 6??<6G 

«74<>>4==O >4?V?OD=>N 6>?>7>N-74<5D74==O-6V4F4N64==O»  
(<. �EFD>7 $V6=5=EL>>W >5?., 6<F?>6<= 5G4<=>>) 
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$G==G64==O 4ED4?LF>55F>==>W 6V4<>EF>< 6=4E?V4>> ?D>EV44==O  

�DG=F>6>W >E=>6< 6<<>M5==O (<. �L6V6, 65G4>64=>-?D<5G4>64=<=  
F>D7>65?L=<= 74>?44) 

 
$G==G64==O >5?<FN64==O F>>>?O 6=4E?V4>> 74<>>4==O  

?>65DE=56<<< 6>44<< (<. $V6=5, ?D><<E?>64 5G4V6?O) 
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�4O6=VEFL 6>4< G DG=44<5=F=>-?V464?L=V= G4EF<=V 5G4V6?V  

6=4E?V4>> 6V4EGF=>EFV 65DF<>4?L=>W 7V4D>V7>?OFVW EFV= F4  
7>D<7>=F4?L=>W 7V4D>V7>?OFVW ?V4?>7< (<. $V6=5, 5G4<=>> ?>5GFG) 

 
�4O6=VEFL 6>4< G DG=44<5=F=>-?V464?L=V= G4EF<=V 5G4V6?V  

6=4E?V4>> 6V4EGF=>EFV 65DF<>4?L=>W 7V4D>V7>?OFVW EFV= F4 6V4EGF=>EFV 
?V4?>7< (<. $V6=5, 6<F?>6<= 5G4<=>>) 
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�<>?NG5==O 7 D>5>F< 45D569O=>W ?4?V 6=4E?V4>> «6V49T<=>7>» F5DFO 

�DG=FG ?> WW 5>>>6V= ?>65DE=V  
(<. $V6=5, 45D569O=<= 5G4<=>>  EF4D>W 745G4>6<) 
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$G==G64==O 4ED4?LF>55F>==>W 6V4<>EF>< 6=4E?V4>> >>=E>?V44FVW 

�DG=FG 76>D>F=>W 74E<?>< >>F?>64=G  
(<. �G5=> $V6=5=EL>>7> D4=>=G, 5G4V6?O >V=>F54FDG) 

 

 
'D465==O EFV= $�' 7D<5-
>>< 6=4E?V4>> ?D>E>-
GG64==O V=DV?LFD4FV==>W 
6>?>7<. (�4F5DV4?< 5G4V-
65?L=>W >><?4=VW «���»,  
<. �L6V6) 

 

  

 
 

 
'D465==O EFV= $�' 
F6V??N 6=4E?V4>> ?D>E>-
GG64==O V=DV?LFD4FV==>W 
6>?>7<. (�4F5DV4?< 5G4V-
65?L=>W >><?4=VW «���», 
<. �L6V6) 
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�2. �5F4?56V >>=EFDG>FVW 5G4V65?L V E?>DG4 

�64DVO 6=4E?V4>> <VEF56>W 6FD4F< EFV=>>EFV 65DF<>4?L=<E D555D  
6>DEF>>EFV (<. �G5=> $V6=5=EL>>W >5?., 75D=>6V 5?564F>D<) 

�>G4F>> 464DVW 

�V=5FL 464DVW 
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%GFV?L=4 ?>65DE=564 >>D>7VO <5F4?56>7> =5EGG>7> 5?5<5=FG  

6=4E?V4>> DG==G64==O 74E<E=>7> L4DG (<. $V6=5, 746>4 <V=4>5D<6) 

 
�>D>7VO 5?5<5=FV6 4D<G64==O D<75?O ?5D5>D<FFO 6=4E?V4>>  

?V46<M5=>W 6>?>7>EFV ?>6VFDO ?D<<VM5=L  
(<. �L6V6, G=V65D<47 =4 ??. $<=>>) 
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�64DVO ?>>D<FFO ��� «'67>D>4» 6=4E?V4>> =54>EF4F=L>W  
?D>EF>D>6>W 6>DEF>>EFV <5F4?56<E =5EGG<E >>=EFDG>FV=  

(<. '67>D>4) 
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�>D>7VO <5F4?56<E 5?5<5=FV6 ?V4E<?5==O ?5D5>D<FFO 6=4E?V4>> 

6V4EGF=>EFV 4=F<>>D>7V==>7> ?>>D<FFO  
(<. $V6=5, 746>4 <V=5D4?L=<E 4>5D<6) 

 
�64DVO <5F4?56<E =5EGG<E >>=EFDG>FV= F>D7>6>-D>76464?L=>7> 

>><??5>EG 6=4E?V4>> EF<EV==<E E<? ?D<D>4<  
(<4F5DV4?< WWW. ndpi.kiev.ua) 
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�.3. �4?V7>55F>==V >>=EFDG>FVW 5G4V65?L V E?>DG4 

 
�7>?5==O, >>D>7VO V DG==G64==O D>5>G>W 4D<4FGD< 6=4E?V4>>  

6V4EGF=>EFV 74E<E=>7> L4DG 55F>=G (<. �54D46 &5D=>?V?LEL>>W >5?., 
E<?>E< 4?O E<?GG<E <4F5DV4?V6) 
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�7>?5==O D>5>G>W 4D<4FGD< 6=4E?V4>> F5E=>?>7VG=>7> 5D4>G (D>F> 
765DEG); L5?GLV==O (6<6VFDN64==O) 55F>=G 6=4E?V4>> F<>?VG=>7> 

6??<6G 74<>>4==O-74<5D74==O-6V4F4N64==O (D>F> 6=<7G)  
(E<F �64E<?V6 $V6=5=EL>>7> D4=>=G, ?D><<E?>64 4<<>64 FDG54) 
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$G==G64==O >?>D=>W G4EF<=< 75VD=>W 74?V7>55F>==>W ??<F<  

?5D5>D<FFO 6=4E?V4>> 746>4EL>>7> 5D4>G  
(<. �EFD>7 $V6=5=EL>>W >5?., 6<F?>6<= 5G4<=>>) 

 
�64DV==<= EF4= 75VD=>7> 74?V7>55F>==>7> >4D>4EG 6=4E?V4>>  

=54>EF4F=L>W 7?<5<=< >5?<D4==O 54?>< ?>>D<FFO  
(EV?LEL>>7>E?>44DEL>4 5G4V6?O, E. $44V6 $V6=5=EL>>7> D4=>=G) 
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$G==G64==O 74E<E=>7> L4DG 55F>=G, >7>?5==O V >>D>7VO D>5>G>W  

4D<4FGD< <>=>?VF=>7> ?5D5>D<FFO 6=4E?V4>> E<EF5<4F<G=>7>  
?D>E>GG64==O 6>?>7>N (<. �L6V6, G=V65D<47 =4 ??. $<=>>) 
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�7>?5==O D>5>G>W 4D<4FGD< <>=>?VF=>7> 74?V7>55F>==>7>  

?5D5>D<FFO 6=4E?V4>> F5E=>?>7VG=>7> 5D4>G  
(<. �L6V6, F>D7>65?L=<= 74>?44) 

 
$G==G64==O <>=>?VF=>7> 74?V7>55F>==>7> ?5D5>D<FFO 6=4E?V4>>  

6<>>D<EF4==O 55F>=G =<7L>>W <4D><  
(<. $V6=5, 5G4V6?O ?V4?D<T<EF64 7D><44EL>>7> E4DGG64==O) 
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�64DVO <>=>?VF=>7> 74?V7>55F>==>7> ?5D5>D<FFO 6=4E?V4>> <5E4=VG=<E 

?>L>>465=L (<. �4<9O=5FL-�>4V?LEL><=, 6<F?>6<= 5G4<=>>) 

 
�<?<=4==O 74E<E=>7> L4DG 55F>=G 75VD=>W 74?V7>55F>==>W ??<F< 

6=4E?V4>> >>D>7VW D>5>G>W 4D<4FGD< (<. �L6V6, ?D><<E?>64 5G4V6?O) 
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