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28?;02;N20=8<8 <>45;O<8 V V=.); 
2) ;8BBO C 1 0 3 0 B > @ 0 7 > 2 V  < 5 B 0 ; 5 2 V  D>@<8 (2V4F5=B@>25 ;8BBO, ;8BBO 

C :>:V;P, ?V4 B8A:>< V V=.); 
3) ;8BBO C : > < 1 V = > 2 0 = V  9  = 0 ? V 2 ? > A B V 9 = V  D>@<8, 283>B>2;5=V 7 

<5B0;C 7V 7<V==8<8 ?VI0=8<8 AB5@6=O<8 (;8BBO 2 >1;8FP>20=89 :>:V;P, ;8BBO C 
:>:V;P 7V 7<V==8< AB5@6=5< V V=.). 

"1;0ABP 70AB>AC20==O @V7=8E A?>A>1V2 283>B>2;5==O 28;82:V2 287=0G0NBP 
>1’є< 28@>1=8FB20, 28<>38 4> B>G=>ABV 28;82:0, 5:>=><VG=V D0:B>@8. 
#5@5206=C :V;P:VABP 28;82:V2 283>B>2;ONBP C @07>28E ?VI0=>-3;8=8AB8E 
;820@=8E D>@<0E. 

 

 

�0?8B0==O V 70240==O 4;O A0<>:>=B@>;N 
1. �09B5 287=0G5==O ;820@=>3> 28@>1=8FB20.  
2. -> B0:5 ;820@=0 D>@<0? 
3. !072VBP ;820@=V 2;0AB82>ABV A?;02V2. 
4. /:V 28<>38 28AC20NBP 4> :>=AB@C:FVW 28;82:V2? 
5. /:V A?>A>18 ;8BBO 70AB>A>2CNBP C ACG0A=><C <0H8=>1C4V2=><C 28@>1=8FB2V? 

 

�;020 2. ���"&"���!!/ �������� ' $��"��)  
#�-�!"-���!�%&�) ("$ �) 

 

§ 2.1. %CB=VABь ;8BBO 2 ?VI0=>-3;8=8ABV D>@<8  

 

�8BBO 2 ?VI0=>-3;8=8ABV D>@<8 є ACG0A=8< C=V25@A0;P=8< V 
=09?>H8@5=VH8< A?>A>1>< 283>B>2;5==O 28;82:V2.  

%CB=VABP 40=>3> A?>A>1C ;8BBO ?>;O30є C 283>B>2;5==V 28;82:V2 2V;P=8< 
70;820==O< @>7?;02;5=>3> <5B0;C 2 @07>2C B>2AB>ABV==C ;820@=C D>@<C, 
283>B>2;5=C 7 D>@<C20;P=>W AC<VHV 70 1030B>@07>2> 28:>@8AB>2C20=8<8 
<>45;P=8<8 :><?;5:B0<8 (45@52’O=8<8 01> <5B0;528<8), 7 =0ABC?=8< 
B25@4=5==O< 70;8B>3> <5B0;C, >E>;>465==O< 28;82:0 C D>@<V, 28;CG5==O< 
9>3> 7 D>@<8 B0 >1@>1:>N. 

"A>1;82>ABO<8 ;8BBO 2 ?VI0=>-3;8=8ABV D>@<8 є: 
– <0;V B5?;>?@>2V4=VABP, B5?;>є<=VABP V 3CAB8=0 ?VI0=>W D>@<8, I> 

4>72>;Oє >45@6C20B8 28;82:8 7 <0;>N B>2I8=>N ABV=:8 (2,5...5 <<);  
– =528A>:0 V=B5=A82=VABP >E>;>465==O @>7?;02C C D>@<V, I> ?@872>48BP 

4> 7=865==O H284:>ABV B25@4=5==O 28;82:0, C:@C?=5==O AB@C:BC@8 B0 ?>O28 2 
<0A82=8E 2C7;0E CA04>G=8E @0:>28= V ?>@8AB>ABV;  

– ?>@V2=O=> =87P:0 2>3=5B@82:VABP <0B5@V0;C, I> A?@8Oє @>728B:C =0 
?>25@E=V :>=B0:BC <D>@<0–28;82>:= DV78:>-EV<VG=8E ?@>F5AV2, O:V <>6CBP 
?@872>48B8 4> ?>O28 ?@830@C 2 ?>25@E=52><C H0@V 28;82:0. 

&5E=>;>3VG=0 AE5<0 ?@>F5AC 283>B>2;5==O 28;82:0 C @07>2V9 ?VI0=>-
3;8=8ABV9 D>@<V ?@54AB02;5=0 =0 @8A. 2.1.  
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$8A. 2.1. &5E=>;>3VG=0 AE5<0 ;8BBO C ?VI0=>-3;8=8ABV D>@<8 

 

�AV =02545=V B5E=>;>3VG=V >?5@0FVW 28:>=CNBPAO C  ; 8 2 0 @ = > < C  F 5 E C, 
4> A:;04C O:>3> 2E>4OBP 2V44V;5==O (4V;O=:8): <>45;P=5, AC<VH>?@83>BC20;P=5, 
AB5@6=525, D>@<C20;P=5, ?;028;P=5, 281820;P=5, >1@C1=5, >G8A=5. ' 
<>45;P=><C 2V44V;5==V 70 @>1>G8<8 :@5A;5=8:0<8 283>B>2;ONBP <>45;P=89 
:><?;5:B, C AC<VH>?@83>BC20;P=><C – D>@<C20;P=C  B0 AB5@6=52C AC<VHV, C 
D>@<C20;P=><C – ;820@=C D>@<C, C AB5@6=52><C – AB5@6=V, C ?;028;P=><C – 
?;02;OBP <5B0;.  

%?>G0B:C A:;040NBP ;820@=C D>@<C V 70;820NBP @V4:8< <5B0;><, ?VA;O 
9>3> >AB830==O C 281820;P=><C 2V44V;5==V @C9=CNBP D>@<C V 2840;ONBP 7 =5W 
28;82>:. �0;V C >1@C1=><C 2V44V;5==V >1@C10NBP ;82=8:>2C A8AB5<C V 28?>@, 0 
C >G8A=><C 2V44V;5==V >G8ICNBP 28;82>: 2V4 ?@830@C V 70;8H:V2 
D>@<C20;P=>3> <0B5@V0;C.   

/: 284=> 7 @8A. 2.1, 45O:V >?5@0FVW 28:>=CNBPAO ?0@0;5;P=>, =0?@8:;04, 
283>B>2;5==O <>45;59 V AB5@6=528E OI8:V2 B0 D>@<C20;P=8E V AB5@6=528E 
AC<VH59. 

 

§ 2.2. "A=0AB:0 B0 V=AB@C<5=B8 4;O 283>B>2;5==O ;820@=8E D>@<  

 

 > 4 5 ; P = 8 9  : > < ? ; 5 : B  – AC:C?=VABP B5E=>;>3VG=>W >A=0AB:8 V 
?@8AB@>W2, =5>1EV4=8E 4;O CB2>@5==O C ;820@=V9 D>@<V @>1>G>W ?>@>6=8=8 

(482. @8A. 2.2). �V= 2:;NG0є ;820@=C <>45;P, <>45;P=V ?;8B8, AB5@6=52V OI8:8, 
<>45;V 5;5<5=BV2 ;82=8:>2>W A8AB5<8, D>@<C20;P=V, :>=B@>;P=V V A:;040;P=V 
H01;>=8 4;O :>=:@5B=>3> 28;82:0. 

� 8 2 0 @ = 0  < > 4 5 ; P  (@8A. 2.2, 4) – ?@8AB@V9 4;O >B@8<0==O C ;820@=V9 
D>@<V 2V418B:0, I> 2V4?>2V40є :>=DV3C@0FVW V @>7<V@0< 28;82:0. �0;56=> 2V4 
A:;04=>ABV 28;82:0, O:89 283>B>2;ONBP, <>45;V @>1;OBP ACFV;P=8<8 V 
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@>7=V<=8<8, V7 42>E 01> 1V;PH5 G0AB8=. #@028;P=5 A:;040==O @>7=V<=8E 
<>45;59 70157?5GCєBPAO A?5FV0;P=8<8 F5=B@C20;P=8<8 H8?0<8 1. �>=AB@C:FVO 
45O:8E <>45;59 ?5@5410G0є =0O2=VABP F8;V=4@8G=8E 28ABC?V2 – AB5@6=528E 
7=0:V2 2, I> AB2>@NNBP C ;820@=V9 D>@<V 2V418B:8 4;O C:;040==O AB5@6=V2. 
�5@B8:0;P=8< ABV=:0< <>45;V =040NBP :>=CA=>ABV, O:0 70157?5GCє =0O2=VABP 
D>@<C20;P=V CE8;8 C D>@<V, I> A;C3CNBP 4;O 7@CG=>ABV 289<0==O <>45;V 7 =5W. 

 
$8A. 2.2. �;5<5=B8 <>45;P=>3> :><?;5:BC: 
4 – ;820@=0 <>45;P; 5 – AB5@6=5289 OI8: 

 

$>7<V@8 <>45;V ?5@528ICNBP 2V4?>2V4=V @>7<V@8 28;82:0 =0 25;8G8=C 
CA04:8. ' @>7@0EC=:0E @>7<V@V2 <>45;59 CA04:C 4;O G02C=V2 22060NBP 1 %, 0 
4;O AB0;59 – 2 %.  

 >45;V V AB5@6=52V OI8:8 283>B>2;ONBP V7 45@528=8, G02C=C, 0;N<V=Vє28E 
A?;02V2, ?;0AB<0A B0 V=H8E <0B5@V0;V2. �5@52’O=V <>45;V 70AB>A>2CNBP 2 
V=482V4C0;P=><C 28@>1=8FB2V V 4;O 283>B>2;5==O 28;82:V2 25;8:8E @>7<V@V2. 

% B 5 @ 6 = 5 2 8 9  O I 8 :  (@8A. 2.2, 5) – ?@8AB@V9, ?@87=0G5=89 4;O 
283>B>2;5==O AB5@6=V2 4. %B5@6=52V OI8:8 =09G0ABVH5 283>B>2;ONBP 
@>7=V<=8<8, V7 42>E G0AB8= 3 V 5.  

�;5<5=B8 >4=>@07>28E D>@<. #VI0=>-3;8=8AB0 >4=>@07>20 ;820@=0 
D>@<0 A:;040єBPAO 7 B0:8E 5;5<5=BV2 (@8A. 2.3): 

– 25@E=P>W 1 V =86=P>W 2 >?>:8 7 
@>7<VI5=8<8 C =8E ?V2D>@<0<8 3 V 6 7 
307>2V42V4=8<8 :0=0;0<8 4;  

– AB5@6=O 5 V ?>@>6=8=8 8; 

– ;82=8:>2>W A8AB5<8 7 7 28?>@>< 9. 

" ? > : 0  – F5 @0<:0 4;O CB@8<0==O 
D>@<C20;P=>W AC<VHV ?V4 G0A 283>B>2;5==O 
D>@<8. !091V;PH ?>H8@5=89 A?>AV1 
283>B>2;5==O ?VI0=>-3;8=8AB8E D>@< – 
@CG=89 C 42>E >?>:0E (@8A. 2.3). !86=O V 
25@E=O >?>:8 7’є4=CNBPAO <V6 A>1>N 
HB8@O<8, 70 4>?><>3>N O:8E ?V2D>@<8 

B>G=> 2AB0=>2;NNBPAO >4=0 2V4=>A=> 4@C3>W. 
� 8 2 0 @ = 8 9  A B 5 @ 6 5 = P  є 5;5<5=B>< ;820@=>W D>@<8 V A;C3Cє 4;O 

CB2>@5==O >B2>@C, ?>@>6=8=8 01> V=H>3> A:;04=>3> :>=BC@C C 28;82:C.  
� 8 2 = 8 : > 2 > N  A 8 A B 5 < > N  =07820NBP A8AB5<C :0=0;V2, G5@57 O:V 

@>7?;02;5=89 <5B0; ?V42>48BPAO C ?>@>6=8=C D>@<8, 0 B0:>6 70157?5GCєBPAO 

 
$8A. 2.3. �820@=0 >4=>@07>20  

D>@<0 
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70?>2=5==O ;820@=>W D>@<8 7 ?>B@V1=>N H284:VABN, 28EV4 ?0@V2 V 307V2 7 
?>@>6=8=8 D>@<8 B0 682;5==O 28;82:0 @>7?;02>< ?@8 B25@4=5==V. 

�0;56=> 2V4 :>=DV3C@0FVW V B>2I8=8 ABV=>: 28;82:0 5 (@8A.2.4), A:;04C 
A?;02C V =0?@O<:C 9>3> 70;820==O C ?>@>6=8=C D>@<8, ;82=8:>2V A8AB5<8 
@>74V;ONBP =0 1VG=V, =86=V V 25@E=V. 

 
$8A. 2.4. &8?8 ;82=8:>28E A8AB5<: 

4 – 1VG=0; 5 – =86=O; 6 – 25@E=O 
 

�;O 1 V G = 8 E  ;82=8:>28E A8AB5< (@8A. 2.4, 4), E0@0:B5@=8< є B5, I> 
6828;P=8:8 1 9 H;0:>2;>2;N20GV 2 @>7B0H>2CNBPAO 2 3>@87>=B0;P=V9 ?;>I8=V 
@>7=V<0==O D>@<8, I> 7@CG=> 4;O D>@<C20==O. 

'  = 8 6 = V E  ;82=8:>28E A8AB5<0E (@8A. 2.4, 5) @>7?;02 =04E>48BP 7=87C 
?V4 70;8B89 @V25=P 157 @>71@87:C20==O, >:8A;N20==O 9 A?V=N20==O, I> 4C65 
206;82> ?@8 283>B>2;5==V 28;82:V2 7V A?;02V2, O:V ;53:> >:8A;NNBPAO 
(0;N<V=Vє28E, <03=Vє28E B0 V=.). 

'  2 5 @ E = V E  ;82=8:>28E A8AB5<0E (@8A. 2.4, 6) ?@>BO3>< 2AP>3> G0AC 
70;820==O 70157?5GCєBPAO 30@OG5 475@:0;> @>7?;02C, I> A?@8Oє A?@O<>20=><C 
7=87C 4>3>@8 B25@4=5==N. &0:V ;82=8:>2V A8AB5<8 28:>@8AB>2CNBP 4;O 
283>B>2;5==O G02C==8E V AB0;528E 28;82:V2. 

$>73;O=5<> >A=>2=V  5;5<5=B8 ;82=8:>28E A8AB5<. 
� 8 2 = 8 : > 2 0  G 0 H 0  (;V9:0) 4 ?@87=0G5=0 4;O ?@89<0==O AB@C<5=O 

@>7?;02C V 70B@8<0==O H;0:V2, I> ?>B@0?;ONBP @07>< 7 @>7?;02>< C G0HC. 
% B > O :  – 25@B8:0;P=89 :0=0; 3, I> ?5@540є @>7?;02 7 ;82=8:>2>W G0HV 

4> V=H8E 5;5<5=BV2 ;82=8:>2>W A8AB5<8. 
,; 0 : > C ; > 2 ; N 2 0 G  A;C3Cє 4;O 70B@8<0==O H;0:V2 V ?5@54020==O 

@>7?;02C 7V AB>O:0 4> 6828;P=8:V2. 
�8 2 8 ; P = 8 : 8  – :0=0;8, ?@87=0G5=V 4;O ?>4020==O @>7?;02C 

157?>A5@54=P> 2 ?>@>6=8=C ;820@=>W D>@<8. �828;P=8:8 <0NBP 70157?5GC20B8 
?;02=5 =04E>465==O @>7?;02C 2 ?>@>6=8=C D>@<8. �0728G09 6828;P=8:8 
@>7B0H>2CNBP C =86=V9 =0?V2D>@<V. 

� 8 ? > @  6 A;C3Cє 4;O 2V42545==O 307V2 7 ?>@>6=8=8 D>@<8, 2V= A83=0;V7Cє 
?@> 70:V=G5==O 70;820==O, 7<5=HCє 48=0<VG=89 B8A: @>7?;02C =0 D>@<C, A?@8Oє 
682;5==N 28;82:0 @>7?;02>< ?@8 B25@4=5==V. �8?>@ CAB0=>2;NNBP C 
=0928I89 B>GFV 28;82:0, B>1B>: 
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 ,æ èâ ø âèïs s sü ü  

45  , ,æ èâ ø âèïs s s – 25@B8:0;P=V @>7<V@8 5;5<5=BV2 28;82:0, =0 O:8E 2AB0=>2;5=> 
2V4?>2V4=> 6828;P=8:8, H;0:>2;>2;N20G V 28?>@. 

� > ; 5 : B > @  – @>7?>4V;P=89 :0=0; 4;O A?@O<>2C20==O @>7?;02C 4> 
@V7=8E G0AB8= 28;82:0. �>;5:B>@ @>7B0H>2CNBP 3>@87>=B0;P=> 2V4=>A=> 
?;>I8= @>7=V<0==O D>@<8 V 70157?5GCNBP 9>3> ?>ABV9=5 70?>2=5==O 
@>7?;02;5=8< <5B0;><. 

�=AB@C<5=B8 V ?@8AB@>W 4;O D>@<C20==O. �;O @CG=>3> 283>B>2;5==O 
?VI0=>-3;8=8AB8E D>@< 70AB>A>2CєBPAO A?5FV0;P=89 D > @ < C 2 0 ; P = 8 9  
V = A B @ C < 5 = B: A>2:>2V ;>?0B8, ?=52<0B8G=V 01> @CG=V B@0<1V2:8, ?V49><=8:8, 

?@O<>:CB=V, 70>:@C3;5=V 01> 703>AB@5=V 3;048;:8, ;>6:8 4;O >1@>1;5==O 
:@82>;V=V9=8E ?>25@E>=P V 28@V7C20==O ;82=8:>2>W G0HV, 30G:8 4;O 2840;5==O 
70;8H:V2 AC<VHV 7 3;81>:8E V 2C7P:8E 703;818= D>@<8, 3>;:8-4CH=8:8, 

?5=P:>20 IVB:0-?0;8G:0 B0 V=. 
�> ?@8AB@>W2 2V4=>AOBPAO ?V4<>45;P=V 4>H:8 B0 >?>:8 @V7=><0=VB=8E 

D>@< V @>7<V@V2. 
 

§ 2.3. (>@<C20;ь=V V AB5@6=52V AC<VHV  
 

 0B5@V0;>< 4;O 283>B>2;5==O D>@< V AB5@6=V2 A;C3CNBP 2V4?>2V4=> 
D>@<C20;P=V V AB5@6=52V AC<VHV.  

( > @ < C 2 0 ; P = 0  A C < V H  – 1030B>:><?>=5=B=0 AC<VH ?@8@>4=8E V 
HBCG=8E D>@<C20;P=8E <0B5@V0;V2, O:0 2V4?>2V40є C<>20< 283>B>2;5==O 
;820@=8E D>@<. /: D>@<C20;P=V <0B5@V0;8 28:>@8AB>2CNBP: :20@F>289 ?VA>:, 
3;8=C, 2>4C V A?5FV0;P=V 4>102:8. #VA>: =040є AC<VHV 2>3=5B@82:>ABV V 
307>?@>=8:=>ABV; 3;8=0 – ?;0AB8G=>ABV V <VF=>ABV, 0;5 7=86Cє 307>?@>=8:=VABP 
B0 ?V440B;82VABP. �<VAB 3;8=8 >1<56CNBP 4> 8...12 %. �;O 7<5=H5==O 
?@83>@0==O 4> 28;82:V2, 0 B0:>6 4;O ?V428I5==O ?V440B;82>ABV V 
307>?@>=8:=>ABV C D>@<>2V V AB5@6=52V AC<VHV 22>4OBP A?5FV0;P=V 4><VH:8 
(:0<’O=>2C3V;P=89 ?8;, <07CB, B>@D, B8@AC B>I>). 

�0;56=> 2V4 28:>@8AB0==O D>@<C20;P=V AC<VHV 1C20NBP: 
– >1;8FP>2C20;P=V – 7 O:8E AB2>@NNBP @>1>GC ?>25@E=N ;820@=>W D>@<8 

V O:V 283>B>2;ONBP V7 A2V68E D>@<C20;P=8E <0B5@V0;V2; 
– =0?>2=N20;P=V – O:V =0A8?0NBP 725@EC >1;8FP>2C20;P=8E, 70?>2=NNG8 

>AB0B>G=> ;820@=C D>@<C; B0:V AC<VHV 283>B>2;ONBP V7 >1>@>B=>W ?5@5@>1;5=>W 
AC<VHV 7 4>4020==O< 5...10 % A2V68E D>@<C20;P=8E <0B5@V0;V2; 

– є48=V – O:V 28:>@8AB>2CNBP C <0A>2><C 28@>1=8FB2V ?@8 <0H8==><C 
D>@<C20==V 4;O 70?>2=5==O 2AP>3> >1’є<C ;820@=>W D>@<8; 283>B>2;ONBP WE 7 
>1>@>B=>W AC<VHV 7 4>4020==O< 4> 50 % A2V68E D>@<C20;P=8E <0B5@V0;V2. 

% B 5 @ 6 = 5 2 0  A C < V H  – 1030B>:><?>=5=B=0 AC<VH ?@8@>4=8E V 
HBCG=8E D>@<C20;P=8E <0B5@V0;V2, O:0 2V4?>2V40є C<>20< 283>B>2;5==O 
;820@=8E AB5@6=V2.  

$>7@V7=ONBP B0:V >A=>2=V 2848 AB5@6=528E AC<VH59: 
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– AC<VHV, I> B25@4VNBP ?@8 B5?;>2><C ACHV==V (:><?>=5=B8: :20@F>289 
?VA>:, A?>;CG=V <0B5@V0;8 – >@30=VG=V V =5>@30=VG=V); 

– AC<VHV, I> B25@4VNBP C >A=0I5==V, O:5 =03@V20єBPAO (:><?>=5=B8: 
:20@F>289 ?VA>:, A8=B5B8G=V A<>;8 V :0B0;V70B>@8); 

– @V4:V A0<>B25@4=CGV AC<VHV 4;O ;820@=8E D>@< V AB5@6=V2 (:><?>=5=B8: 
:20@F>289 ?VA>:, >B25@46C20GV, A?>;CG=V <0B5@V0;8 – @V4:5 A:;>, A8=B5B8G=V 
A<>;8); 

– AC<VHV =0 >A=>2V @V4:>3> A:;0 4;O ;820@=8E D>@< V AB5@6=V2 
(:><?>=5=B8: :20@F>289 ?VA>:, 4> 3,5 % 3;8=8, @V4:5 A:;>, 10 % @>7G8= W4:>3> 
=0B@C). 

(>@<>2V V AB5@6=52V ?VI0=>-3;8=8ABV AC<VHV ?>28==V <0B8 B0:V 
2;0AB82>ABV: 

– 2>3=5B@82:VABP – 740B=VABP AC<VHV =5 ?;028B8AO V =5 @>7<’O:HC20B8AO 
?V4 4VєN @>7?;02;5=>3> <5B0;C; 

– ?;0AB8G=VABP – 740B=VABP AC<VHV =018@0B8 D>@<C, O:C W9 =040NBP (157 
@C9=C20==O), V 4020B8 B>G=V 2V418B:8 <>45;V 01> AB5@6=52>3> OI8:0; 

– 307>?@>=8:=VABP – 2;0AB82VABP AC<VHV ?@>?CA:0B8 7 ?52=>N H284:VABN 

3078, O:V CB2>@NNBPAO C D>@<V V O:V 284V;Oє <5B0; ?@8 >E>;>465==V; 
– ?V440B;82VABP – 2;0AB82VABP AC<VHV =5 G8=8B8 7=0G=>3> >?>@C CA04FV 

<5B0;C ?@8 >E>;>465==V 28;82:0 C D>@<V (>A>1;82> F5 206;82> 4;O  AB5@6=528E 
AC<VH59); 

– <VF=VABP – 740B=VABP CIV;P=5=>W AC<VHV =5 @>7<820B8AO @V4:8< <5B0;><, 
O:89 70?>2=Nє D>@<C; 

– =5?@830@=VABP – 740B=VABP AC<VHV =5 2ABC?0B8 2 EV<VG=C 270є<>4VN 7 
<5B0;>< V =5 ?@83>@OB8 4> ?>25@E=V 28;82:0. 

 

§ 2.4. $CG=5 283>B>2;5==O ;820@=8E D>@< V AB5@6=V2 
 

�83>B>2;5==O D>@<. �@CG=C >4=>@07>2C ?VI0=>-3;8=8ABC D>@<C 
283>B>2;ONBP C B0:V9 ?>A;V4>2=>ABV (482. @8A. 2.5). %?>G0B:C 283>B>2;ONBP 
=86=N ?V2D>@<C: =86=N ?>;>28=C 2 <>45;V, :>B@0 <0є 3=V740 4;O =0?@O<=8E 
H8?V2, @>7B0H>20=8E C 25@E=V9 ?>;>28=V 4 <>45;V, :;04CBP ?;>I8=>N 
@>7=V<0==O =0 ?V4<>45;P=C 4>H:C 1 (482. @8A. 2.5, 4), 283>B>2;5=C V7 ACE>W 
45@528=8 (A>A=8, O;8=8) 01> <5B0;C (G0ABVH 70 2A5, 7V A?;02V2 0;N<V=VN, G02C=C 
01> AB0;V). �>268=0 V H8@8=0 ?V4<>45;P=>W 4>H:8 <0NBP 1CB8 1V;PH8<8, =V6 
2V4?>2V4=V @>7<V@8 >?>:8, =0 20... 30 << 7 :>6=>3> 1>:C.  

!0 ?V4<>45;P=C 4>H:C 2AB0=>2;NNBP =86=N >?>:C 3 25@E=P>N WW 
?;>I8=>N C=87. #@8 FP><C <V6 ABV=:0<8 >?>:8 V <>45;;N <0є 1CB8 2V4AB0=P 
40...60 <<. #>BV< G5@57 A8B> =0A8?0NBP H0@ >1;8FP>2C20;P=>W AC<VHV 
702B>2H:8 20...30 << (482. @8A. 2.5, 5), 0 =0 =P>3> – =0?>2=N20;P=C AC<VH 4> 
?>2=>3> 70?>2=5==O >?>:8 (482. @8A. 2.5, 6). #VA;O FP>3> AC<VH CIV;P=NNBP 
@CG=>N 01> ?=52<0B8G=>N B@0<1V2:>N.  

�=O2H8 ;V=V9:>N 7 =018B>W ?V2D>@<8 =0 @V2=V 25@E=P>W :@><:8 >?>:8 
=04;8H>: D>@<C20;P=>W AC<VHV, 4;O AB2>@5==O B>=:8E 307>2V42V4=8E :0=0;V2 
D>@<C =0:>;NNBP 3>;:>N-4CH=8:>< (482. @8A. 2.5, 7). 
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�>B>2C ?V2D>@<C @07>< 7 ?V4<>45;P=>N 4>H:>N V ?V2<>45;;N 
?5@525@B0NBP =0 180°. #V4<>45;P=C 4>H:C 7=V<0NBP V =0 ?>25@E=N ?V2D>@<8 
=0A8?0NBP B>=:89 H0@ ACE>3> 4@V1=>3> ?VA:C 4;O 70?>1V30==O ?@8;8?0==N 

AC<VHV 25@E=P>W >?>:8 4> =86=P>W. 
 

 
$8A. 2.5. %E5<0 @CG=>3> D>@<C20==O 4;O 28;820==O 2BC;:8: 

1 – ?V4<>45;P=0 4>H:0; 2 – =86=O ?>;>28=0 <>45;V; 3 – =86=O >?>:0; 4 – 25@E=O ?>;>28=0 
<>45;V; 5 – 25@E=O >?>:0; 6 – 5;5<5=B8 ;82=8:>2>W A8AB5<8; 7 – 28?>@; 8 – AB5@65=P 

 

!0 70D>@<>20=C ?>;>28=C 2 <>45;V =0:;040NBP 4@C3C ?>;>28=C 4 <>45;V 
(@8A. 2.5, 8). #@8 FP><C =0?@O<=V H8?8 >AB0==P>W 70E>4OBP 2 3=V740 ?5@H>W 
?>;>28=8 <>45;V. !0 =86=N >?>:C 3 2AB0=>2;NNBP 25@E=N 5, 7’є4=CNG8 WE <V6 
A>1>N 70 4>?><>3>N HB8@V2, O:V DV:ACNBP >?>:8 >4=0 2V4=>A=> 4@C3>W. 
�AB0=>2;NNBP <>45;V ;82=8:>2>W A8AB5<8 6 V 28?>@C 7 (@8A. 2.5, 9). #>BV< C BV9 
A0<V9 ?>A;V4>2=>ABV, O: V 4;O =86=P>W >?>:8, =0=>AOBP H0@ >1;8FP>2C20;P=>W 
AC<VHV =0 ?>;>28=C <>45;V, 70?>2=NNBP >?>:C =0?>2=N20;P=>N AC<VHHN, 

CIV;P=NNBP WW, ?VA;O G>3>, 7=O2H8 ;V=V9:>N =04;8H>: D>@<C20;P=>W AC<VHV, 
=0:>;NNBP D>@<C 3>;:>N-4CH=8:>< V 289<0NBP <>45;V ;82=8:>2>W A8AB5<8. 
#>BV< 7=V<0NBP 25@E=N ?V2D>@<C 7 =86=P>W V ?5@525@B0NBP WW =0 180° 
?;>I8=>N @>7=V<0==O 4>3>@8. ' ?>;>28=8 <>45;V 70328=GCNBP HC@C?8-

?V49><=8:8. �<0AB82H8 IVB:>N D>@<C20;P=C AC<VH ?> :@0OE <>45;V, ;53:8< 
?>ABC:C20==O< ?> <>45;V V ?V49><=8:C @>7E8BCNBP <>45;P V7 1>:C 2 1V:, I>1 
<>6=0 1C;> 289=OB8 WW V7 AC<VHV, =5 ?>H:>482H8 D>@<8. #VA;O FP>3> 70 
4>?><>3>N ?V49><=8:V2 28BO3CNBP ?>;>28=C <>45;V, >3;O40NBP D>@<C V 
28?@02;ONBP WW C B8E <VAFOE, 45 >A8?0;0AP D>@<C20;P=0 AC<VH. #>@>6=8=C 
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D>@<8 ?>:@820NBP ?8;><, 2AB0=>2;NNBP AB5@65=P 8, A:;040NBP D>@<C B0 
A:@V?;NNBP AB5@6=O<8 >?>:8 (@8A. 2.5, :). 

�83>B>2;5==O AB5@6=V2. #@8 283>B>2;5==V AB5@6=V2 @CG=8< A?>A>1>< 
A?>G0B:C 2 >1842V ?>;>28=8 @>7=V<=>3> AB5@6=52>3> OI8:0 (@8A. 2.6, 4, 5) 

=01820NBP AB5@6=52C AC<VH.  

#>25@E=V @>7=V<0==O 7<07CNBP 
:;5є<, >1842V ?>;>28=8 OI8:0 
7’є4=CNBP <V6 A>1>N V <5B0;52>N 
3>;:>N @>1;OBP 25=B8;OFV9=89 :0=0; 
(@8A. 2.6, 6). #>BV< AB5@65=P 289<0NBP V7 
AB5@6=52>3> OI8:0, CAB0=>2;NNBP =0 
ACH8;P=C ?;8BC (@8A. 2.6, 7) V 
?><VICNBP 2 ACH8;P=C ?VG. ' ?5GV 
AB5@65=P ACH0BP ?@8 B5<?5@0BC@V 
160...220 °% (70;56=> 2V4 284C 
>B25@46C20G0) 7 <5B>N ?V428I5==O 
<VF=>ABV V 307>?@>=8:=>ABV. !0 @8A. 2.6, 8 

?>:070=> ?V43>B>2;5=89 4> A:;040==O AB5@65=P.  
�=>4V ?@8 283>B>2;5==V AB5@6=V2 C AB5@6=5289 OI8: 2AB0=>2;NNBP 

:0@:0A V7 AB0;52>3> 4@>BC 4V0<5B@>< 1...1,5 << 01> ;8B89 V7 G02C=C. �0@:0A8 
2AB0=>2;NNBP 4;O ?V428I5==O <VF=>ABV AB5@6=V2.  

 

§ 2.5.  0H8==5 D>@<C20==O  

 

 0H8==5 D>@<C20==O 70AB>A>2CNBP 4;O 28@>1=8FB20 28;82:V2 C 
<0A>2><C 9 A5@V9=><C 28@>1=8FB20E. #@8 D>@<C20==V =0 <0H8=0E D>@<8 
283>B>2;ONBP C ?0@=8E >?>:0E 7 28:>@8AB0==O< >4=>1VG=8E <5B0;528E 
<>45;P=8E ?;8B.  0H8==5 D>@<C20==O <5E0=V7Cє CAB0=>2:C >?>: =0 <0H8=C, 
70A8?0==O D>@<C20;P=>W AC<VHV 2 >?>:C, CIV;P=5==O AC<VHV, 289<0==O 
<>45;59 7 D>@<8, B@0=A?>@BC20==O 9 A:;040==O D>@<.  0H8==5 D>@<C20==O 
70157?5GCє 1V;PH 28A>:C 35><5B@8G=C B>G=VABP ?>@>6=8=8 D>@<8, =V6 @CG=5, 
?V428ICє ?@>4C:B82=VABP ?@0FV, 28:;NG0є B@C4><VAB:V @CG=V >?5@0FVW, A:>@>GCє 
F8:; 283>B>2;5==O 28;82:V2.  

' 28?04:C <0H8==>3> D>@<C20==O D>@<C20;P=C AC<VH CIV;P=NNBP 
?@5AC20==O<, AB@CHC20==O<, ?VA:><5B><, 20:CC<=8< D>@<C20==O< B0 V=.    
(482. @8A. 2.7). 

'IV;P=5==O D>@<C20;P=>W AC<VHV ? @ 5 A C 2 0 = = O <  (482. @8A. 2.7, 4 )  

74V9A=NNBP ?>4020==O< AB8A=5=>3> ?>2VB@O ?V4 B8A:>< 0,5...0,8  #0 C =86=N 
G0AB8=C F8;V=4@0 1, C @57C;PB0BV G>3> ?@5A>289 ?>@H5=P 2 V ABV; 3 V7 
?@8:@V?;5=>N 4> =P>3> <>45;P=>N ?;8B>N 4 ?V4=V<0NBPAO.  

#@8 FP><C :>;>4:0 7, 70:@V?;5=0 =0 B@025@AV 8, 2E>48BP CA5@548=C 
=0?>2=N20=>W @0<:8 6 V CIV;P=Nє D>@<C20;P=C AC<VH 2 >?>FV 5. �CAB8=0 
D>@<C20;P=>W AC<VHV 7<5=HCєBPAO 2 <V@C 28440;5==O 2V4 ?@5A>2>W :>;>4:8 
G5@57 B5@BO D>@<C20;P=>W AC<VHV ?> ABV=:0E >?>:8.  

 

 
$8A. 2.6. $CG=5 283>B>2;5==O ;820@=8E  

AB5@6=V2 
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$8A. 2.7. %?>A>18 CIV;P=5==O D>@<C20;P=>W AC<VHV ?@8 <0H8==><C D>@<C20==V: 

4 – ?5@5AC20==O<; 5 – 7 28:>@8AB0==O< 1030B>?;C=65@=>W ?@5A>2>W :>;>4:8;  
6 – AB@CHC20==O<; 7 – ?VA:><5B>< 

 

!5@V2=><V@=VABP 3CAB8=8 D>@<C20;P=>W AC<VHV B8< 1V;PH5, G8< 28I5 
>?>:0 V <>45;P. #@5AC20==O 28:>@8AB>2CNBP 4;O CIV;P=5==O D>@<C20;P=>W 
AC<VHV 2 >?>:0E 28A>B>N 200...250 <<.  

�;O 4>AO3=5==O @V2=><V@=>W 3CAB8=8 D>@<C20;P=>W AC<VHV 2 >?>FV 
28:>@8AB>2CNBP 1 0 3 0 B > ? ; C = 6 5 @ = V  ? @ 5 A > 2 V  : > ; > 4 : 8  (@8A. 2.7, 5). 

#@8 ?@5AC20==V ABV; 4 <0H8=8 @CE0єBPAO 21V: 1030B>?;C=65@=>W ?@5A>2>W 
:>;>4:8 1. �=0A;V4>: @V7=>3> ABC?5=O >?>@C D>@<C20;P=>W AC<VHV C D>@<V 
?;C=65@8 3 ?V4 4VєN B8A:C <0A;0 =0 ?>@H5=P 2  ?@5ACNBP 4V;O=:8 D>@<8, I> 
7=0E>4OBPAO ?V4 =8<8, =570;56=> 2V4 ACAV4=VE. 

'IV;P=5==O D>@<C20;P=>W AC<VHV A B @ C H C 2 0 = = O <  (@8A. 2.7, 6) 
74V9A=NNBP ?>40G5N ?>2VB@O ?V4 B8A:>< 0,5...0,8  #0 2 =86=N G0AB8=C 
F8;V=4@0 1, C @57C;PB0BV G>3> AB@CHCNG89 ?>@H5=P 2 ?V4=V<0єBPAO =0 28A>BC 
25…80 <<. #@8 FP><C 2?CA:=89 >B2V@ 10 ?5@5:@820єBPAO 1>:>2>N ?>25@E=5N 
?>@H=O, 0 =86=O 9>3> :@><:0 2V4:@820є 28?CA:=V 2V:=0 7, G5@57 O:V ?>2VB@O 
28E>48BP 2 0B<>AD5@C. &8A: ?V4 ?>@H=5< 7=86CєBPAO, V ABV; 3 V7 70:@V?;5=>N =0 
=P><C <>45;P=>N ?;8B>N 4 ?040є =0 B>@5FP F8;V=4@0 8. ,284:VABP AB>;0, >B65, 
9 H284:VABP <>45;P=>W ?;8B8 7<5=HCNBPAO 4> =C;O, 2>4=>G0A O: D>@<C20;P=0 
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AC<VH 2 >?>FV 5 V =0?>2=N20=V9 @0<FV 6, ?@>4>26CNG8 @CE0B8AO 2=87 70 
V=5@FVєN, CIV;P=NєBPAO. ' <><5=B, :>;8 :0=0; 9 AB@CHCNG>3> ?>@H=O 
7=0E>48B8<5BPAO ?@>B8 >B2>@C 10 AB@CHCNG>3> F8;V=4@0, AB8A=5=5 ?>2VB@O 
7=>2C 22V945 2 ?>@>6=8=C >AB0==P>3>. *5 A?@8G8=8BP =>25 ?V4=V<0==O 
AB@CHCNG>3> AB>;0 9 =>289 C40@ 9>3> >1 B>@5FP V B. 4. 

%B@CHCNG89 ABV; 70728G09 28:>=Cє 120...200 C40@V2 70 E28;8=C. ' 
@57C;PB0BV ?>2B>@=8E C40@V2 2V41C20єBPAO CIV;P=5==O D>@<C20;P=>W AC<VHV 2 
>?>FV. #@8 FP><C H0@8 D>@<C20;P=>W AC<VHV 1V;O <>45;P=>W ?;8B8 <0B8<CBP 
1V;PHC 3CAB8=C, =V6 BV, I> ;560BP C 25@E=V9 G0AB8=V D>@<8. 

%B@CHC20==O< CIV;P=NNBP D>@<8 28A>B>N 4> 800 <<. �;O CIV;P=5==O 
25@E=VE H0@V2 D>@<8 AB@CHC20==O< 9>3> 4>?>2=NNBP ?@5AC20==O<. *5 
70157?5GCє 28A>:C 9 @V2=><V@=C 3CAB8=C D>@<. 

'IV;P=5==O D>@<C20;P=>W AC<VHV ? V A : > < 5 B > <  (@8A. 2.7, 7) 74V9A=Nє 
@>1>G89 >@30= ?VA:><5B0 – <5B0;P=0 3>;>2:0, I> 28:840є ?0:5B8 AC<VHV =0 
@>1>GC ?>25@E=N <>45;P=>W ?;8B8. ' AB0;52><C :>6CAV 4 <5B0;P=>W 3>;>2:8 
>15@B0єBPAO 70:@V?;5=89 =0 20;C 6 5;5:B@>4283C=0 @>B>@ 5 7 :>2H5< 2. 

(>@<C20;P=0 AC<VH ?>40єBPAO 2 3>;>2:C 157C?8==> AB@VG:>28< :>=25є@>< 3 

G5@57 2V:=> 2 704=V9 ABV=FV :>6CE0. #@8 >15@B0==V :>2H0 (1000...1200 >1/E2) 
D>@<C20;P=0 AC<VH 718@0єBPAO 2 ?0:5B8 7 V 2V4F5=B@>2>N A8;>N 28:840єBPAO 
G5@57 28EV4=89 >B2V@ 2 >?>:C 8. #>B@0?;ONG8 =0 <>45;P 9 V <>45;P=C ?;8BC 10, 

AC<VH @V2=><V@=> CIV;P=NєBPAO 70 @0EC=>: :V=5B8G=>W 5=5@3VW 70 28A>B>N 

>?>:8.  5B0;P=C 3>;>2:C @V2=><V@=> ?5@5<VICNBP =04 >?>:>N. 
#VA:><5B є 28A>:>?@>4C:B82=>N <0H8=>N, B><C 9>3> 70AB>A>2CNBP 4;O 

CIV;P=5==O 25;8:8E ;820@=8E D>@<. �5@C20==O @>1>B>N ?VA:><5B0 
02B><0B87>20=>. 

� 2 B > < 0 B 8 G = 5  D > @ < C 2 0 = = O  70AB>A>2CNBP C A5@V9=><C V 
<0A>2><C 28@>1=8FB20E 28;82:V2, ?@8 FP><C ;820@=0 D>@<0 ?5@540єBPAO 
?>A;V4>2=> 7 >4=VєW ?>78FVW =0 V=HC. *59 ?5@5EV4 74V9A=NєBPAO 02B><0B8G=> 
@V7=8<8 :>=25є@0<8, HB>2E0G0<8 9 V=H8<8 ?@8AB@>O<8. �;O 02B><0B8G=>3> 
D>@<C20==O 28:>@8AB>2CNBP D>@<C20;P=V 02B><0B8, D>@<C20;P=V <0H8=8 
157>?>G=>3> D>@<C20==O V 02B><0B8G=V D>@<C20;P=V ;V=VW. 

(>@<C20;P=V 02B><0B8, I> 28:>@8AB>2CNBP 4;O 283>B>2;5==O ;820@=8E 
D>@<, 28:>=CNBP 2AV B5E=>;>3VG=V >?5@0FVW 157 CG0ABV ;N48=8. (>@<C20;P=V 
02B><0B8 28:>@8AB>2CNBP 70728G09 C A:;04V 02B><0B8G=8E ;V=V9. 

#@8:;04>< ?>2=VABN 02B><0B87>20=>3> 28@>1=8G>3> ?@>F5AC 
D>@<C20==O є 02B><0B8G=0 D>@<C20;P=0 ;V=VO (482. @8A. 2.8).  

!0 ?>78FVW 1 A?5FV0;P=89 <5E0=V7< 7=V<0є 25@E=N >?>:C, O:0 157 
D>@<C20;P=>W AC<VHV ?5@5<VICєBPAO =0 ?>78FVN 13. !86=O ?V2D>@<0 7 
D>@<C20;P=>N AC<VHHN 9 28;82:0<8 :>=25є@>< 16 7 ?>78FVW 1 =0?@02;OєBPAO 
=0 ?>78FVN 2, 0 ?>BV< 4> <5E0=V7<C 3, 45 =86=O >?>:0 72V;P=OєBPAO 2V4 AC<VHV 9 
28;82:V2, O:V 2V4?@02;ONBPAO 2 >1@C1=5 2V44V;5==O, 0 D>@<C20;P=0 AC<VH – =0 
?5@5@>1:C. 

"?>:8, >G8I5=V 2V4 D>@<C20;P=>W AC<VHV, ?>40NBPAO 4> D>@<C20;P=8E 
02B><0BV2: 25@E=O – =0 02B><0B 12, =86=O – =0 02B><0B 4. �<V=0 <>45;P=8E ?;8B 
28:>=CєBPAO 70 4>?><>3>N 2V7:V2 11.  
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!86=O ?V2D>@<0, 283>B>2;5=0 =0 D>@<C20;P=><C 02B><0BV 4, 

:0=BC20;P=8:>< 8 ?5@525@B0єBPAO =0 180° V =0 ?>78FVW 7 CAB0=>2;NєBPAO =0 
?>?5@54=P> >G8I5=89 A?5FV0;P=8<8 IVB:0<8 5 2V7>: 6 ;820@=>3> :>=25є@0 16 V 
?>40єBPAO 4> <5E0=V7<C A?0@N20==O ?V2D>@<. �5@E=O ?V2D>@<0, 283>B>2;5=0 =0 
02B><0BV 12, ?> @>;8:>2><C :>=25є@C 10 ?5@5<VICєBPAO 4> ?>78FVW 9, 45 
A?0@>2CєBPAO 7 =86=P>N ?V2D>@<>N. �V1@0=0 ;820@=0 D>@<0 14  ?> :>=25є@C 
B@0=A?>@BCєBPAO =0 4V;O=:C 15 70;82:8. 'AB0=>2:0 AB5@6=V2 C ;820@=C D>@<C 
74V9A=NєBPAO ?V4 G0A ?@>AC20==O WW ?> :>=25є@C 2V4 ?>78FVW 7 4> ?>78FVW 9. �;O 
71V;PH5==O B@820;>ABV >E>;>465==O 28;82:V2 C 70;8B8E D>@<0E :>=25є@ 
28:>=0=89 7 4>40B:>2>N ?5B;5N =0 42>E @V2=OE. 

 
$8A. 2.8. %E5<0 02B><0B8G=>W D>@<C20;P=>W ;V=VW 

 

�2B><0B8G=5 157>?>G=5 D>@<C20==O 28:>@8AB>2CNBP C 283>B>2;5==V 
D>@< 4;O 4@V1=8E 28;82:V2 V7 AV@>3>, :>2:>3> 9 28A>:><VF=>3> G02C=V2 V AB0;V 2 
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70;820єBPAO; 5 – H?8=45;P 2V4F5=B@>2>W <0H8=8. +0AB>B0 >15@B0==O 28;82=8FV 
?@8 2V4F5=B@>2><C ;8BBV AB0=>28BP 150...1200 >1/E2. �8;82=8FV ?5@54 
70;820==O< =03@V20NBP 4> B5<?5@0BC@8 150…200 °%. &5<?5@0BC@C 70;820==O 
A?;02V2 ?@87=0G0NBP =0 100...150 °% 28I5 B5<?5@0BC@8 ;V:2V4CAC. 

#5@52038 2V4F5=B@>2>3> ;8BBO: 
– >45@60==O 2=CB@VH=VE ?>@>6=8= B@C1=8E 703>B>2>: 157 70AB>AC20==O 

AB5@6=V2;  
– 1V;PH0 5:>=><VO A?;02C G5@57 2V4ACB=VABP ;82=8:>2>W A8AB5<8;  
– <>6;82VABP >45@60==O 42>H0@>28E 703>B>2>:, I> 4>AO30єBPAO 70;820==O< 

?> G5@7V C D>@<C @V7=8E A?;02V2 (AB0;P V G02C=, G02C= V 1@>=70 9 B. 4.). 
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�;O 283>B>2;5==O 28;82:V2 2V4F5=B@>28< ;8BBO< 28:>@8AB>2CNBP 
02B><0B8G=V 9 1030B>?>78FV9=V :0@CA5;P=V <0H8=8, C O:8E :5@C20==O 2AV<0 
B5E=>;>3VG=8<8 >?5@0FVO<8 ?@>F5AC 74V9A=NєBPAO 70 4>?><>3>N :><?’NB5@0. 

�V4F5=B@>25 ;8BBO 70AB>A>2CєBPAO C 28@>1=8FB2V G02C==8E B@C1, 
70;V7=8G=8E :>;VA, 3V;P7, 703>B>2>: ?>@H=528E :V;5FP 4283C=V2 02B><>1V;V2       
B0 V=. 

 

§ 3.6. �;5:B@>H;0:>25 ;8BBO 
 

%CB=VABP 5;5:B@>H;0:>2>3> ;8BBO ?>;O30є C ?5@5?;02;5==V 5;5:B@>40, I> 
28B@0G0єBPAO, C 2>4>>E>;>46C20=V9 <5B0;52V9 D>@<V (:@8AB0;V70B>@V). #@>F5A 
4>72>;Oє ?>є4=0B8 <VAF5 9 G0A >?5@0FV9 @>7?;02;N20==O <5B0;C, 9>3> 
70;820==O 9 28B@8<C20==O 28;82:0 C D>@<V. /: 5;5:B@>4, I> 28B@0G0єBPAO, 
28:>@8AB>2CNBP ?@>:0B. 

�;O 283>B>2;5==O 28;82:V2 C <5B0;52C D>@<C (:@8AB0;V70B>@) 6 70;820NBP 
?>?5@54=P> @>7?;02;5=V H;0:8 4, I> A:;040NBPAO V7 DB>@84C :0;PFVN 01> 
AC<VHV =0 9>3> >A=>2V (@8A. 3.7). �@8AB0;V70B>@ ?>28=5= <0B8 28A>:89 
5;5:B@>>?V@.  

#@8 ?@>?CA:0==V 5;5:B@8G=>3> AB@C<C G5@57 
5;5:B@>4 7, 70=C@5=89 C H;0:>2C 20==C, V 70?0; 1 
284V;OєBPAO 7=0G=0 :V;P:VABP B5?;>B8, 70 @0EC=>: 
O:>W H;0:>20 20==0 =03@V20єBPAO 4> B5<?5@0BC@8 
1700 °%, I> A?@8G8=Nє >?;02;5==O 5;5:B@>40. 
�@0?;V @>7?;02;5=>3> <5B0;C ?@>E>4OBP G5@57 
@>7?;02;5=V H;0:8 9 CB2>@NNBP ?V4 =8< <5B0;52C 
20==C 3. �0==0 @>7?;02;5=>3> <5B0;C C 
2>4>>E>;>46C20=V9 D>@<V B25@4=5, ?>A;V4>2=> 
AB2>@NNG8 IV;P=89, 157 CA04>G=8E 45D5:BV2 
(@0:>28= V ?>@8AB>ABV) 28;82>: 2. �=CB@VH=N 

?>@>6=8=C 28;82:0 CB2>@Nє <5B0;520 2AB02:0 5. 

$0DV=C20;P=0 4VO @>7?;02;5=8E H;0:V2 A?@8Oє 
2840;5==N :8A=N, 7=86Cє 2<VAB AV@:8 9 
=5<5B0;VG=8E 2:;NG5=P, I> >1C<>2;Nє >45@60==O 

28;82:V2 7 28A>:8<8 <5E0=VG=8<8 9 5:A?;C0B0FV9=8<8 2;0AB82>ABO<8. 
�;5:B@>H;0:>28< ;8BBO< 283>B>2;ONBP 28;82:8 2V4?>2V40;P=>3> 

?@87=0G5==O <0A>N 4> 300 B, :>@?CA0 :;0?0=V2 V 70AC2>: 0B><=8E V B5?;>28E 
5;5:B@>AB0=FV9, :>;V=G0ABV 20;8 AC4=>28E 4875;V2, :>@?CA0 ?>AC48= 
=0428A>:>3> B8A:C, @>B>@8 BC@1>35=5@0B>@V2 B0 V=. 

 

�0?8B0==O V 70240==O 4;O A0<>:>=B@>;N 
1. #>OA=VBP ACBP V >A>1;82>ABV <5B>4C ;8BBO C :>:V;P. 
2. � O:8E <0B5@V0;V2 283>B>2;ONBP :>:V;P? 
3. !072VBP >A=>2=V >?5@0FVW B5E=>;>3VG=>3> ?@>F5AC ;8BBO C :>:V;P. 
4. !0254VBP ?5@52038 V =54>;V:8 ;8BBO C :>:V;P. 
5. ' G><C ACBP V >A>1;82>ABV <5B>4C ;8BBO ?V4 B8A:><? 
6. /:V AE5<8 ;8BBO ?V4 B8A:>< 70AB>A>2CNBP C 28@>1=8FB2V? 

 
$8A. 3.7. %E5<0  

5;5:B@>H;0:>2>3> ;8BBO 
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7. !072VBP ?5@52038 V =54>;V:8 ;8BBO ?V4 B8A:><. 
8. ' G><C ?>;O30є ACBP V >A>1;82>ABV ;8BBO 2 >1>;>=:>2V D>@<8? 
9. � O:>N <5B>N 70AB>A>2CєBPAO B5@<>@50:B82=0 72’O7C20;P=0 @5G>28=0 C <0B5@V0;V 

>1>;>=:>2>W D>@<8? 
10. !0254VBP ?>A;V4>2=VABP >?5@0FV9 >B@8<0==O >1>;>=:>2>W D>@<8 V ;8BBO 2 =5W. 
11. !072VBP ?5@52038 ;8BBO 2 >1>;>=:>2V D>@<8. 
12. #>OA=VBP ACBP V >A>1;82>ABV ;8BBO 70 28?;02;N20=8<8 <>45;O<8. 

13. !0254VBP ?>A;V4>2=VABP >?5@0FV9 B5E=>;>3VG=>3> ?@>F5AC ;8BBO 70 28?;02;N20=8<8 
<>45;O<8. 

14. /:V <0B5@V0;8 70AB>A>2CNBPAO 4;O 283>B>2;5==O 28?;02;N20=>W <>45;V V ;820@=>W 
D>@<8 4;O ;8BBO 70 =5N? 

15. !072VBP B5<?5@0BC@8, 70 O:8E 28?;02;ONBP <>45;P, ACH0BP D>@<C, ?@>60@NNBP 
D>@<C. 

16. !072VBP ?5@52038 ;8BBO 70 28?;02;N20=8<8 <>45;O<8. 

17. �09B5 287=0G5==O 2V4F5=B@>2>3> ;8BBO V =0254VBP 9>3> >A>1;82>ABV. 
18. -> B0:5 28;82=8FO V 7 O:>3> <0B5@V0;C WW 283>B>2;ONBP? 
19. "?8HVBP >A=>2=V AE5<8 2V4F5=B@>2>3> ;8BBO. 
20. !0254VBP ?5@52038 2V4F5=B@>2>3> ;8BBO V 45 9>3> 70AB>A>2CNBP.  
21. �>@>B:> >?8HVBP ACBP V ?5@52038 5;5:B@>H;0:>2>3> ;8BBO. 
22. /:C @>;P 2V4V3@0є H;0:>20 20==0 C ?@>F5AV 5;5:B@>H;0:>2>3> ;8BBO? 
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$>74V; ��. "�$"���  �&���� &�%�"  

 

�;020 4. &�"$�&�+!� "%!"�� "�$"���  �&���� &�%�"  

 

%CB=VABь V ?@87=0G5==O >1@>1:8 <5B0;V2 B8A:><. %CB=VABP >1@>1:8 
<5B0;V2 B8A:>< ?>;O30є C 28:>@8AB0==V WE 740B=>ABV 70 ?52=8E C<>2 ?;0AB8G=> 
45D>@<C20B8AP ?V4 4VєN 7>2=VH=VE A8;.  

# ; 0 A B 8 G = V A B P  –  2;0AB82VABP <0B5@V0;C, O:0 ?>;O30є C 9>3> 740B=>ABV 
=5>1>@>B=> 7<V=N20B8 D>@<C B0 @>7<V@8 BV;0 ?V4 4VєN 7>2=VH=VE A8; 157 
?>@CH5==O 9>3> FV;VA=>ABV, 0;5 7V 7<V=>N AB@C:BC@8 B0 <5E0=VG=8E 2;0AB82>AB59 
<5B0;C. 

" 1 @ > 1 : 0  < 5 B 0 ; V 2  B 8 A : > <  – B5E=>;>3VG=V ?@>F5A8 D>@<>7<V= 70 
@0EC=>: ?;0AB8G=>W 45D>@<0FVW 2 @57C;PB0BV 2?;82C =0 703>B>2:C 7>2=VH=VE A8;.  

"1@>1:0 B8A:>< 70157?5GCє 28A>:V ?@>4C:B82=VABP B0 B>G=VABP @>7<V@V2, 
O:VABP ?>25@E=V 703>B>2>:, =525;8:V ?@8?CA:8 =0 <5E0=VG=C >1@>1:C V 28A>:V 
<5E0=VG=V 2;0AB82>ABV <5B0;C ?>@V2=O=> 7 ;8BBO<. "1@>1FV B8A:>< C 
<0H8=>1C4C20==V ?V440NBP 1;87P:> 90 % AB0;V V 1V;PHC G0AB8=C :>;P>@>28E 
<5B0;V2. 

 

§ 4.1. (V78G=V ?@>F5A8 ?@8 >1@>1FV B8A:>< 

 

#V4 4VєN 7>2=VH=VE A8; DV78G=5 BV;> 70;56=> 2V4 25;8G8=8 4VNG8E A8; 
<>65 707=020B8 ?@C6=>W 01> ?;0AB8G=>W 45D>@<0FV9. 

# @ C 6 = 0  4 5 D > @ < 0 F V O  BV;0 E0@0:B5@87CєBPAO 7<VI5==O< 0B><V2 
<5B0;C 2V4=>A=> >48= >4=>3> ?V4 4VєN 7>2=VH=VE A8; =0 25;8G8=C, <5=HC 70 
<V60B><=V 2V4AB0=V. #VA;O ?@8?8=5==O 4VW 7>2=VH=VE A8; 0B><8 ?>25@B0NBPAO C 
28EV4=5 ?>;>65==O, 0 ?>G0B:>20 D>@<0 B0 @>7<V@8 BV;0 ?>2=VABN 
2V4=>2;NNBPAO.  

# ; 0 A B 8 G = 0  4 5 D > @ < 0 F V O  E0@0:B5@87CєBPAO 7<VI5==O< 0B><V2 
<5B0;C 2V4=>A=> >48= >4=>3> =0 25;8G8=8, 1V;PHV 70 <V60B><=V 2V4AB0=V. #VA;O 
?@8?8=5==O 4VW 7>2=VH=VE A8; 0B><8 =5 ?>25@B0NBPAO C 28EV4=5 ?>;>65==O, 0 
709<0NBP =>2V ?>;>65==O @V2=>2038, I> ?@872>48BP 4> =5>1>@>B=>W 7<V=8 
D>@<8 V @>7<V@V2 BV;0. (V78G=> ?;0AB8G=0 45D>@<0FVO 74V9A=NєBPAO 70 @0EC=>: 
7AC2V2 V ?>2>@>BV2 >4=8E G0AB>: 75@5= 2V4=>A=> V=H8E – :>270==O V 
42V9=8:C20==O. 

� > 2 7 0 = = O  O2;Oє A>1>N ?0@0;5;P=89 7AC2 B>=:8E H0@V2 :@8AB0;0 
2V4=>A=> AC<V6=8E. �>270==O >4=VєW G0AB8=8 :@8AB0;VG=>W @5HVB:8 2V4=>A=> 
V=H>W 2V41C20єBPAO ?> ?;>I8=0E =091V;PH IV;P=>3> @>7<VI5==O 0B><V2 
(?;>I8=0E :>270==O). � FVєW ?@8G8=8 =091V;PHC ?;0AB8G=VABP <0NBP <5B0;8 7 
�*� @5HVB:>N, 0 =09<5=H 740B=8<8 4> ?;0AB8G=>W 45D>@<0FVW є <5B0;8 7 
35:A03>=0;P=>N @5HVB:>N. � @50;P=8E <5B0;0E :@8AB0;VG=0 @5HVB:0 <0є ;V=V9=V 
45D5:B8 (48A;>:0FVW), ?5@5<VI5==O O:8E ?>;53HCє :>270==O. 

� 2 V 9 = 8 : C 2 0 = = O  – F5 <5E0=V7< ?;0AB8G=>W 45D>@<0FVW, I> 
A?@8G8=Nє A8<5B@8G=C 7<V=C >@Vє=BC20==O >4=VєW G0AB8=8 :@8AB0;0 2V4=>A=> 
V=H>W.  
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�;O ?>G0B:C ?5@5E>4C 0B><V2 C =>2V ?>;>65==O @V2=>2038 =5>1EV4=0 ?52=0 
25;8G8=0 4VNG8E =0?@C65=P, O:V 28=8:0NBP ?V4 4VєN 7>2=VH=VE A8;. *O 
25;8G8=0 70;568BP 2V4 <V60B><=8E A8; V 270є<=>3> @>7B0HC20==O 0B><V2 (B8?C 
:@8AB0;VG=>W @5HVB:8, =0O2=>ABV B0 @>7<VI5==O 4><VH>:, D>@<8 V @>7<V@C 75@5= 
?>;V:@8AB0;V2 V B. V=.). #@8 FP><C 0B><8 =5 28E>4OBP V7 7>=8 A8;>2>W 270є<>4VW V 
45D>@<0FVO 2V41C20єBPAO 157 ?>@CH5==O FV;VA=>ABV <5B0;C, 3CAB8=0 O:>3> 
?@0:B8G=> =5 7<V=NєBPAO.  

�0 ?52=>W 25;8G8=8 ?;0AB8G=>W 45D>@<0FVW (3 @ 0 = 8 G = 0  
4 5 D > @ < 0 F V O ) <>65 ?>G0B8AP @C9=C20==O <5B0;C. !0 25;8G8=C 3@0=8G=>W 
45D>@<0FVW 2?;820є 1030B> D0:B>@V2, >A=>2=V 7 O:8E – <5E0=VG=V 2;0AB82>ABV 
<5B0;V2 V A?;02V2, B5<?5@0BC@=>-H284:VA=V C<>28 45D>@<C20==O V AE5<0 
=0?@C65=>3> AB0=C. "AB0==V9 D0:B>@ A?@8G8=Nє 25;8:89 2?;82 =0 25;8G8=C 
3@0=8G=>W 45D>@<0FVW. !0?@8:;04, =091V;PH0 3@0=8G=0 45D>@<0FVO 4>AO30єBPAO 
70 2V4ACB=>ABV =0?@C65=P @>7BO3C V 71V;PH5==O AB8A:CNG8E =0?@C65=P. 

%E5<8 =0?@C65=>3> AB0=C 2 @V7=8E ?@>F5A0E V >?5@0FVOE >1@>1:8 B8A:>< 
@V7=V, 2=0A;V4>: G>3> 4;O :>6=>W >?5@0FVW, <5B0;C V B5<?5@0BC@=>-H284:VA=8E 
C<>2 VA=CNBP A2>W 3@0=8G=V 45D>@<0FVW. 

!0 ?;0AB8G=VABP <0B5@V0;C 2?;820NBP 9>3> A:;04, B5<?5@0BC@0 =03@V2C, 
H284:VABP 45D>@<0FVW. 

!091V;PHC ?;0AB8G=VABP <0NBP G8ABV <5B0;8. %?;028 C 283;O4V B25@48E 
@>7G8=V2 1V;PH ?;0AB8G=V, =V6 A?;028, I> CB2>@NNBP EV<VG=V A?>;C:8. 
�><?>=5=B8 A?;02V2 B0:>6 2?;820NBP =0 WE ?;0AB8G=VABP. � ?V428I5==O< 2<VABC 
2C3;5FN ?;0AB8G=VABP AB0;V 7<5=HCєBPAO. %B0;V, I> <VABOBP ?>=04 1,5 % 

2C3;5FN, <0965 =5 ?V440NBPAO :C20==N. �><VH:8 AV@:8, :@5<=VN B0 D>AD>@C 
7=86CNBP ?;0AB8G=VABP AB0;59. ' ;53>20=8E AB0;OE E@>< V 2>;PD@0< 
7<5=HCNBP, 0 =V:5;P B0 20=04V9 ?V428ICNBP ?;0AB8G=VABP AB0;V.  

� ?V428I5==O< B5<?5@0BC@8 =03@V2C ?;0AB8G=VABP <5B0;V2 7@>AB0є, 0 
<VF=VABP 7<5=HCєBPAO. #@>B5 C 2C3;5F528E AB0;59 ?@8 B5<?5@0BC@0E 
100...400 °% ?;0AB8G=VABP 7=86CєBPAO, 0 <VF=VABP ?V428ICєBPAO. *59 V=B5@20; 
B5<?5@0BC@ <0є =072C 7>=8 :@8E:>ABV, 01> A 8 = P > ; 0 < : > A B V  AB0;V, I> 
?>OA=NєBPAO ?>O2>N =094@V1=VH8E G0AB>: :0@1V4V2 C ?;>I8=0E 7AC2C ?@8 
45D>@<0FVW. 

,284:VABP 45D>@<0FVW O2;Oє A>1>N 7<V=C ABC?5=O 45D>@<0FVW õ  70 
>48=8FN G0AC (=0 2V4<V=C 2V4 H284:>ABV 45D>@<C20==O, ?V4 O:>N @>7C<VNBP 
H284:VABP ?5@5<VI5==O 45D>@<CNG>3> V=AB@C<5=B0). � ?V428I5==O< H284:>ABV 
45D>@<0FVW 3@0=8FO <VF=>ABV 7@>AB0є, 0 ?;0AB8G=VABP 7<5=HCєBPAO. �;O >1@>1:8 
B8A:>< =03@VB>3> <5B0;C F5 <>6=0 ?>OA=8B8 2?;82>< 42>E ?@>B8;56=8E 
?@>F5AV2: 7<VF=5==O< ?@8 45D>@<0FVW (=0:;5?) B0 7<5=H5==O< <VF=>ABV  
2=0A;V4>: @5:@8AB0;V70FVW.  

$ 5 : @ 8 A B 0 ; V 7 0 F V O  – ?@>F5A 70@>465==O =>28E F5=B@V2 :@8AB0;V70FVW 
B0 CB2>@5==O 7 =8E =>28E @V2=>206=8E 75@5= ?@8 =03@V20==V 45D>@<>20=8E 
<5B0;V2 28I50,4 ï ëÒ , O:89 AC?@>2>46CєBPAO 7<5=H5==O< <VF=>ABV, ?V428I5==O< 
?;0AB8G=>ABV B0 2V4=>2;5==O< V=H8E 2;0AB82>AB59. 
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�030;P=V ?@8=F8?8 ?;0AB8G=>W 45D>@<0FVW D>@<C;NNBPAO C 283;O4V 
70:>=V2. 

� 0 : > =  A B 0 ; > A B V  > 1 ’ є < C : ?@8 ?;0AB8G=V9 45D>@<0FVW >1’є< <5B0;C 
?@0:B8G=> =5 7<V=NєBPAO. 

� 0 : > =  = 0 9 < 5 = H > 3 >  > ? > @ C : ?@8 ?;0AB8G=V9 45D>@<0FVW <5B0; 
?5@5<VICєBPAO 702648 C 1V: =09<5=H>3> >?>@C. 

� 0 : > =  = 0 ? @ C 6 5 = P  7 A C 2 C : ?;0AB8G=0 45D>@<0FVO =0AB0є BV;P:8 
B>4V, :>;V =0?@C65==O 7AC2C C <5B0;V ?5@528ICNBP 3@0=8FN 9>3> B5:CG>ABV. 

� 0 : > =  ? > 4 V 1 = > A B V :  =5>1EV4=V :V;P:>ABV 5=5@3VW 4;O 7<V=8 D>@< 
35><5B@8G=> ?>4V1=8E BV;, O:V <0NBP >4=0:>2C 2=CB@VH=N 1C4>2C, 
A?V22V4=>AOBPAO <V6 A>1>N O: WE=V <0A8 (>1’є<8). 

 

§ 4.2. �?;82 >1@>1:8 B8A:>< =0 AB@C:BC@C B0 2;0AB82>ABV  <5B0;C 
 

�0;56=> 2V4 B5<?5@0BC@=>-H284:VA=8E C<>2 45D>@<C20==O @>7@V7=ONBP 
E>;>4=C V 30@OGC 45D>@<0FVN. 

)>;>4=0 45D>@<0FVO 2V41C20єBPAO ?@8 B5<?5@0BC@0E, =86G8E 70 
B5<?5@0BC@8 @5:@8AB0;V70FVW, V E0@0:B5@87CєBPAO 7<V=>N D>@<8 75@5=, O:V 
28BO3CNBPAO 2 =0?@O<:C =091V;PH V=B5=A82=>W B5GVW <5B0;C (@8A. 4.1, 4).  

#@8 E>;>4=V9 45D>@<0FVW D>@<>7<V=0 
AC?@>2>46CєBPAO 7<V=>N <5E0=VG=8E V DV78:>-
EV<VG=8E 2;0AB82>AB59 <5B0;C. *5 O28I5 
=07820NBP 7<VF=5==O< – = 0 : ; 5 ? > < ,  2>=> 
?@>O2;OєBPAO 2 B><C, I> 7V 71V;PH5==O< 

45D>@<0FVW 2 <5B0;V ?V428ICNBPAO 
E0@0:B5@8AB8:8 <VF=>ABV, B>4V O: 
E0@0:B5@8AB8:8 ?;0AB8G=>ABV 7=86CNBPAO. 
 5B0; AB0є 1V;PH B25@48<, 0;5 <5=H 
?;0AB8G=8<. �<VF=5==O 28=8:0є 2=0A;V4>: 
?>2>@>BC ?;>I8= :>270==O B0 71V;PH5==O 

?5@5:@CGC20=P :@8AB0;VG=8E @5HVB>: C ?@>F5AV E>;>4=>3> 45D>@<C20==O 
(=03@><0465==O 48A;>:0FV9 1V;O 3@0=8FP 75@5=). 

�<V=8, I> 28=8:;8 ?VA;O E>;>4=>W 45D>@<0FVW 2 AB@C:BC@V 9 2;0AB82>ABOE 
<5B0;C, <>6CBP 1CB8 CAC=CBV, =0?@8:;04, 70 4>?><>3>N B5@<VG=>W >1@>1:8 
(2V4?0;C). ' FP><C 28?04:C 2V41C20єBPAO 2=CB@VH=O ?5@51C4>20, 70 O:>W 
2=0A;V4>: 4>40B:>2>W B5?;>2>W 5=5@3VW, I> 71V;PHCє @CE;82VABP 0B><V2, C 
B25@4><C <5B0;V 157 D07>28E ?5@5B2>@5=P V7 157;VGV F5=B@V2 @>ABCBP =>2V 75@=0, 
O:V 70<V=ONBP A>1>N 28BO3=CBV, 45D>@<>20=V 75@=0.  

�<V=8 2 AB@C:BC@V B0 2;0AB82>ABOE <5B0;C B0:>6 <>6CBP 1CB8 CAC=5=V 
@5:@8AB0;V70FVєN, O:0 2V41C20єBPAO 7 ?52=>N H284:VABN, ?@8G><C G0A, 
=5>1EV4=89 4;O @5:@8AB0;V70FVW, B8< <5=H89, G8< 28I5 B5<?5@0BC@0 =03@V2C 
45D>@<>20=>W 703>B>2:8. 

� 0 @ O G 0  4 5 D > @ < 0 F V O  28:>=CєBPAO ?@8 B5<?5@0BC@V, 28IV9 70 
B5<?5@0BC@C @5:@8AB0;V70FVW, 4;O B>3> I>1 >B@8<0B8 ?>2=VABN @5:@8AB0;V7>20=C 
AB@C:BC@C. %?V22V4=>H5==O H284:>AB59 45D>@<C20==O V @5:@8AB0;V70FVW B0:5, 

 
$8A. 4.1. �<V=0 AB@C:BC@8 <5B0;C 

?@8 >1@>1FV B8A:>< 
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I> @5:@8AB0;V70FVO 2AB830є 2V41CB8AP 2 CAP><C >1’є<V 703>B>2:8, V 
<V:@>AB@C:BC@0 ?VA;O >1@>1:8 B8A:>< є @V2=>206=0, 157 A;V4V2 7<VF=5==O      
(482. @8A. 4.1, 5). 

�0;56=> 2V4 A:;04C A?;02C V H284:>ABV 45D>@<0FVW, 30@OGC 45D>@<0FVN 
70728G09 28:>=CNBP ?@8 B5<?5@0BC@0E (0,7…0,75) ï ëT . 

/:I> <5B0; ?> 70:V=G5==N 45D>@<0FVW <0є AB@C:BC@C =5 ?>2=VABN 
@5:@8AB0;V7>20=C, 7V A;V40<8 7<VF=5==O, B> B0:0 45D>@<0FVO =07820єBPAO 
=5?>2=>N 30@OG>N 45D>@<0FVєN. �>=0 ?@872>48BP 4> >B@8<0==O =5>4=>@V4=>W 
AB@C:BC@8, 7=865==O <5E0=VG=8E 2;0AB82>AB59 V ?;0AB8G=>ABV, B><C є 
=51060=>N. 

�0@OG0 45D>@<0FVO B0:>6 A?@8G8=Nє 7<VF=5==O – 3 0 @ O G 8 9  = 0 : ; 5 ? , 

O:89 ?>2=VABN 01> G0AB:>2> 7=V<0єBPAO @5:@8AB0;V70FVєN, I> 2V41C20єBPAO 70 
B5<?5@0BC@ >1@>1:8 V ?@8 =0ABC?=><C >E>;>465==V. 

' @07V 30@OG>W 45D>@<0FVW >?V@ 45D>@<C20==N ?@81;87=> 2 10 @07V2 
<5=H89, =V6 ?@8 E>;>4=V9, C ?@>F5AV >1@>1:8 B8A:>< 2V= 7<V=NєBPAO <0;>, 
B><C 30@OGC >1@>1:C 70AB>A>2CNBP 4;O 283>B>2;5==O 25;8:8E 45B0;59. �8A>:0 
?;0AB8G=VABP ?>OA=NєBPAO B8<, I> 70;V7> 2 FP><C V=B5@20;V B5<?5@0BC@ <0є 
�*� @5HVB:C, O:0 =09;53H5 ?V440єBPAO 45D>@<0FVW. #@>B5 ?@8 30@OGV9 
45D>@<0FVW =0 ?>25@E=V CB2>@NєBPAO H0@ >:0;8=8, I> ?>3V@HCє O:VABP V 
B>G=VABP @>7<V@V2 ?>25@E=V. 

 

§ 4.3. !03@V20==O <5B0;C ?5@54 >1@>1:>N <5B>4>< 30@OG>W 45D>@<0FVW 
 

 0:A8<0;P=C B5<?5@0BC@C =03@V2C, B>1B> B5<?5@0BC@C ?>G0B:C 30@OG>W 
>1@>1:8 B8A:><, ?@87=0G0NBP B0:>N, I>1 =5 1C;> ?5@5?0;C 01> ?5@53@V2C. � 
?@>F5AV >1@>1:8 =03@VB89 <5B0; 70728G09 >E>;>46CєBPAO, AB8:0NG8AP 7 1V;PH 
E>;>4=8< V=AB@C<5=B>< V =02:>;8H=V< A5@54>28I5<. �0:V=GCNBP 30@OGC 
>1@>1:C B8A:>< 70 ?52=>W B5<?5@0BC@8, =86G5 O:>W ?;0AB8G=VABP 2=0A;V4>: 
7<VF=5==O (G5@57 B5, I> @5:@8AB0;V70FVO =5 2AB830є 2V41CB8AP) 7=86CєBPAO, V C 
28@>1V <>6CBP CB2>@N20B8AO B@VI8=8. �;5 ?@8 28A>:8E B5<?5@0BC@0E 
70:V=GC20B8 45D>@<C20==O =54>FV;P=>, 1> 2 FP><C 28?04:C ?VA;O 45D>@<C20==O 
75@=0 2AB830NBP 28@>AB8, V CB2>@NєBPAO :@C?=>75@=8AB0 AB@C:BC@0, O:0 
E0@0:B5@87CєBPAO =87P:8<8 <5E0=VG=8<8 2;0AB82>ABO<8. 

�;O 2C3;5F528E AB0;59 B5<?5@0BC@=89 V=B5@20; =03@V2C 287=0G0NBP 70 
4V03@0<>N AB0=C. &5<?5@0BC@0 ?>G0B:C 45D>@<C20==O =0 100...200 °% =86G5 
B5<?5@0BC@8 ?;02;5==O, 0 B5<?5@0BC@0 70:V=G5==O 45D>@<C20==O =0 50 ...100 °% 
28I5 B5<?5@0BC@8 @5:@8AB0;V70FVW (482. @8A. 4.2).  

�03>B>2:8 =03@V20NBP C ?5G0E, O:V 70;56=> 2V4 465@5;0 5=5@3VW 
?>4V;ONBPAO =0 ?>;C<’O=V B0 5;5:B@8G=V.  

'  ? > ; C < ’ O = 8 E  ?5G0E B5?;> CB2>@NєBPAO ?@8 73>@O==V @V4:>3> 
(<07CB) 01> 307>?>4V1=>3> (?@8@>4=V 3078, ?0@8 15=78=C, :5@>A8=C B>I>) 
?0;820. ' ?5G0E, I> ?@0FNNBP =0 @V4:><C 01> 307>?>4V1=><C ?0;82V, 9>3> 
A?0;N20==O 9 =03@V20==O <5B0;C 74V9A=NNBPAO 2 @>1>G><C ?@>AB>@V ?5GV. 

 



39 

 

 

 

�=87C F59 ?@>ABV@ >1<565=> ?>4><, =0 O:><C @>7B0H>2CNBP 703>B>2:8, 
I> =03@V20NBPAO, 7 1>:V2 – ABV=:0<8 
?5GV, =0 O:V >?8@0єBPAO A:;5?V==O, I> 
70<8:0є 25@E=N G0AB8=C @>1>G>3> 
?@>AB>@C. ' ABV=:0E ?5GV є >4=5 01> 
420 2V:=0 4;O 7020=B065==O E>;>4=8E 
V 2820=B065==O =03@VB8E 703>B>2>:. 
�V4?@0FP>20=V ?VG=V 3078 2840;ONBPAO 
7 @>1>G>3> ?@>AB>@C C 28BO6=C B@C1C 
G5@57 A?5FV0;P=V :0=0;8 – ;565=P B0 
48<>EV4. 

�0 ?@8=F8?>< 4VW @>7@V7=ONBP 
?5GV :0<5@=V B0 <5B>48G=V.  

� 0 < 5 @ = V  ? 5 G V  (482.        
@8A. 4.3, 4) <0NBP =03@V20;P=C :0<5@C, 
DCB5@>20=C 2>3=5B@82:>N F53;>N. 
�03>B>2:8 2 @>7<VICNBPAO =0 ?>4V 1 

?5GV, ?V4 G0A =03@V2C WE =5 
?5@5AC20NBP ?> ?>4C ?5GV. �0<5@=V 

?5GV <0NBP >4=0:>2C B5<?5@0BC@C C 2AP><C @>1>G><C ?@>AB>@V. !03@V20==O 
703>B>2>: 74V9A=NєBPAO 70 4>?><>3>N ?0;P=8:V2 01> D>@AC=>: 3, G5@57 O:V 2 ?VG 
2?@8A:CєBPAO V 73>@Oє C =V9 3>@NG89 307 01> @V4:5 ?0;82>. 

#@>4C:B8 73>@O==O 282>4OBPAO 7 ?5GV G5@57 A?5FV0;P=V :0=0;8 4 V    
48<>EV4 8. �0 4>?><>3>N ?VI0=>3> 70B2>@0 5 <5E0=V7<8 ?5@5<VI5==O ?>4C 
V7>;NNBPAO 2V4 @>1>G>3> ?@>AB>@C ?5GV. �V;P:VABP ?>2VB@O, I> ?>40єBPAO C ?VG, 
@53C;NєBPAO 70 4>?><>3>N A?5FV0;P=>W 70A;V=:8 – H815@0 6. 

#5GV 4;O =03@V20==O 25;8:8E 28;82:V2 V 703>B>2>: 4;O :C20==O 9 ?@>:0B:8 
7 <5B>N 5:>=><VW ?0;820 ?@0FNNBP V7 ?>?5@54=V< ?V4V3@V2>< ?>2VB@O 4> 
B5<?5@0BC@8 600…900 °% C @535=5@0B>@0E 7. 

  5 B > 4 8 G = V  ? 5 G V  (482. @8A. 4.3, 5) ?@87=0G5=V 4;O =03@V20==O 
25;8:8E 703>B>2>: 4> ?>G0B:C ?@>:0B:8 V :C20==O C 25;8:>A5@V9=><C 
28@>1=8FB2V. �>=8 2V4@V7=ONBPAO 7=0G=>N 4>268=>N (8...22 <) V =0O2=VABN 
42>E-B@P>E 7>=. �03>B>2:8, ?>ABC?>2> ?5@5<VICNG8AP 70 4>?><>3>N HB>2E0GV2 
1 ?> ?>4C ?5GV =07CAB@VG 30@OG8< 3070<, ?@>E>4OBP 7>=C ?V4V3@V2C 2 (600...800 
°%), 7>=C <0:A8<0;P=>3> =03@V2C 3 (1350 °%), 45 2V41C20єBPAO >A=>2=5 73>@O==O 
?0;820 70 4>?><>3>N D>@AC=>:, V 7>=C 28B@8<:8 4, 2 O:V9 28@V2=NєBPAO 
B5<?5@0BC@0 ?> ?5@5@V7C 703>B>2:8. �03>B>2:8 2820=B06CNBPAO ?V4 4VєN 
HB>2E0GV2 =0 @>;P30=3 6, 70 4>?><>3>N O:>3> B@0=A?>@BCNBPAO C 7>=C >1@>1:8. 

�65@5;0<8 B5?;0 є B>@F52V 5 V =86=V 7 ?0;P=8:8 01> D>@AC=:8 4;O 
307>?>4V1=>3> G8 @V4:>3> ?0;820.  5B>48G=V 9 =525;8:V :0<5@=V ?5GV 
>1;04=0NBP @5:C?5@0B>@0<8 8 – B5?;>>1<V==8<8 0?0@0B0<8 7 157?5@5@2=8< 
7CAB@VG=8< @CE>< ?VG=8E 307V2, I> 2V4E>4OBP, V ?>2VB@O, @>74V;5=8E >48= 2V4 
>4=>3> ABV=:>N-?5@53>@>4:>N. )>;>4=5 ?>2VB@O ?V4V3@V20єBPAO 2 @5:C?5@0B>@V 

 
$8A. 4.2. $5:><5=4>20=89 B5<?5@0BC@=89 
V=B5@20; =03@V2C 2C3;5F528E AB0;59 ?5@54  

30@OG8< 45D>@<C20==O<  
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4> B5<?5@0BC@8 300...800 >% V ?>40єBPAO 2 ?VG 4;O A?0;N20==O ?0;820. �024O:8 
?V4V3@V2C ?>2VB@O ��� ?5G59 ?V428ICєBPAO 4> 40 %. ' 728G09=8E ?5G0E 157 
?V4V3@V2C ?>2VB@O ��� =5 ?5@528ICє 10 %. 

 
$8A. 4.3. !03@V20;P=V ?5GV: 

4 – :0<5@=0 ?VG 7 28AC2=8< ?>4><; 5 – <5B>48G=0 ?VG 
 

�;O =03@V20==O 4@V1=8E 703>B>2>: ?@8 @CG=><C :C20==V 70AB>A>2CєBPAO 
3>@=>, 2 O:><C O: ?0;82> 28:>@8AB>2CєBPAO :0<’O=5 2C3V;;O 01> :>:A. 

�@V< ?>;C<’O=8E ?5G59 4;O =03@V20==O =525;8:8E 703>B>2>: V7 G>@=8E V 
:>;P>@>28E <5B0;V2 B0 A?;02V2 70AB>A>2CNBP 5;5:B@8G=V ?5GV. 

'  5 ; 5 : B @ > = 0 3 @ V 2 0 ; P = 8 E  ?5G0E B5?;>B0 284V;OєBPAO 
157?>A5@54=P> 2 703>B>2FV ?@8 ?@>?CA:0==V G5@57 =5W AB@C<C 25;8:>W A8;8 01> 
71C465==V 2 =V9 28E@>28E AB@C<V2 C V=4C:FV9=8E ?@8AB@>OE. 

' ?@><8A;>2>ABV 7=0G=> ?>H8@5=V CAB0=>2:8 4;O V=4C:FV9=>3> =03@V2C 
(482. @8A. 4.4, 4) V :>=B0:B=>3> =03@V2C >?>@>< (482. @8A. 4.4, 5).  

'AB0=>2:0 4;O V = 4 C : F V 9 = > 3 >  = 0 3 @ V 2 C  (482. @8A. 4.4, 4) <0є 
V=4C:B>@ 2 C 283;O4V 28B:V2 <V4=>W B@C1:8, ?> O:V9 F8@:C;Nє 2>40 4;O 
>E>;>465==O, V 35=5@0B>@ 1 4;O >45@60==O AB@C<V2 28A>:>W 01> ?@><8A;>2>W 
G0AB>B8 (50…8000 �F). #@8 ?@>?CA:0==V 7<V==>3> AB@C<C G5@57 V=4C:B>@ 
=02:>;> 9>3> 28B:V2 28=8:0є 7<V==5 5;5:B@><03=VB=5 ?>;5. #VA;O CAB0=>2:8 2 
V=4C:B>@ 703>B>2:8 3 2 ?>25@E=528E H0@0E >AB0==P>W 71C46CNBPAO 28E@>2V 
AB@C<8, I> @>7V3@V20NBP WW 4> ?>B@V1=>W B5<?5@0BC@8.  

'AB0=>2:8 4;O : > = B 0 : B = > 3 > = 0 3 @ V 2 C  > ? > @ > <  (482. @8A. 4.4, 5) 

70AB>A>2CNBP 4;O =03@V20==O 4>238E 703>B>2>: ?>ABV9=>3> ?5@5@V7C 4V0<5B@>< 
15...75 <<. +5@57 703>B>2:C 1 70 4>?><>3>N @>1>G8E :>=B0:BV2 2 ?@>?CA:0NBP 
25;8:V AB@C<8 (1000 � V 28I5), O:V ?@8 ?@>E>465==V G5@57 703>B>2:C 
@>7V3@V20NBP WW 4> ?>B@V1=>W B5<?5@0BC@8. �65@5;>< AB@C<C є 2B>@8==0 >1<>B:0 
3 7=86C20;P=>3> B@0=AD>@<0B>@0, =0 ?5@28==C >1<>B:C 4 O:>3> ?>40єBPAO 
=0?@C30 5;5:B@><5@56V 220/380 � V G0AB>B>N 50 �F. 
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$8A. 4.4. %E5<8 5;5:B@>=03@V2C 703>B>2>:: 

4 – V=4C:FV9=89 =03@V2; 5 – :>=B0:B=89 =03@V2 >?>@>< 

 

� 5;5:B@>=03@V20;P=8E CAB0=>2:0E H284:VABP =03@V2C 703>B>2>: C 8...10 

@07V2 1V;PH0, 0 2830@ <5B0;C C 4...5 @07V2 <5=H5, =V6 ?@8 ?VG=><C =03@V20==V. 
#@0:B8G=0 2V4ACB=VABP >:0;8=8 =0 703>B>2FV 7<5=HCє 7=>HC20==O HB0<?V2 V 
4>72>;Oє 283>B>2;OB8 B>G=V ?>:>2:8. �;5:B@>=03@V20;P=V CAB0=>2:8 C 45O:8E 
28?04:0E =091V;PH 283V4=> 70AB>A>2C20B8 4;O =03@V20==O 703>B>2>: ?V4 30@OG5 
>1’є<=5 HB0<?C20==O. �;5:B@>=03@V2 ?>;V?HCє A0=VB0@=>-3V3Vє=VG=V C<>28 

?@0FV 7024O:8 2V4ACB=>ABV 28?@><V=N20==O V 307>CB2>@5==O. &5<?5@0BC@0 2 
5;5:B@8G=8E ?5G0E ?V4B@8<CєBPAO 02B><0B8G=> , 2V4?>2V4=> 4> 7040=>3> 
@568<C. 

 

�0?8B0==O V 70240==O 4;O A0<>:>=B@>;N 
1. �09B5 287=0G5==O ?;0AB8G=>ABV <5B0;V2 V A?;02V2.  
2. -> B0:5 >1@>1:0 B8A:><? 
3. �09B5 287=0G5==O ?@>F5AV2 ?@C6=>W V ?;0AB8G=>W 45D>@<0FVW. 
4. -> B0:5 @5:@8AB0;V70FVO? #@8 O:V9 B5<?5@0BC@V 2>=0 ?>G8=0єBPAO? 
5. �87=0G8BP ACB=VABP ?@>F5AV2 E>;>4=>W V 30@OG>W 45D>@<0FVW. 
6. /: ?@87=0G0NBP B5<?5@0BC@C 30@OG>W >1@>1:8 B8A:><? 
7. /:V =03@V20;P=V ?@8AB@>W 28:>@8AB>2CNBPAO 4;O =03@V20==O 703>B>2>: ?V4 >1@>1:C 

<5B>4>< 30@OG>W 45D>@<0FVW? 
8. �09B5 287=0G5==O :0<5@=>W ?5GV V >?8HVBP ?@>F5A =03@V20==O 703>B>2>: C =V9. 
9. �09B5 287=0G5==O <5B>48G=>W ?5GV V >?8HVBP ?@>F5A =03@V20==O 703>B>2>: C =V9. 

10. "?8HVBP ?@>F5A =03@V20==O 703>B>2>: 70 4>?><>3>N V=4C:FV9=8E 
5;5:B@>=03@V20;P=8E ?@8AB@>W2. 

11. /: =03@V20NBP 703>B>2:8 70 4>?><>3>N 5;5:B@>=03@V20;P=8E ?@8AB@>W2 5;5:B@8G=>3> 
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�;020 5. "%!"�!� %#"%"�� "�$"���  �&���� &�%�"  

 

§ 5.1. #@>:0BC20==O 
 

' ?@>F5AV ?@>:0BC20==O <5B0; ?;0AB8G=> 45D>@<CєBPAO 20;:0<8, O:V 
>15@B0NBPAO. �A=Cє B@8 >A=>2=V 2848 ?@>:0BC20==O: ?>74>26=є, ?>?5@5G=5 V 
?>?5@5G=>-328=B>25. 

# > 7 4 > 2 6 = є  ?@>:0BC20==O (@8A. 5.1, 4): 703>B>2:0 2 45D>@<CєBPAO <V6 
42><0 20;:0<8 1, I> >15@B0NBPAO ?5@?5=48:C;O@=> 4> A2>WE >A59.  

# > ? 5 @ 5 G = 5  ?@>:0BC20==O (@8A. 5.1, 5): 20;:8 1, >15@B0NG8AP 2 
>4=><C =0?@O<:C, ?5@540NBP >15@B0==O 703>B>2FV 2 V 45D>@<CNBP WW. 

# > ? 5 @ 5 G = > - 3 2 8 = B > 2 5  ?@>:0BC20==O (@8A. 5.1, 6): 20;:8 1 
@>7B0H>20=V ?V4 :CB>< V =040NBP 703>B>2FV 2 ?@8 45D>@<C20==V >15@B0;P=>3> B0 
?>ABC?0;P=>3> @CEC.  

�=AB@C<5=B>< 4;O ?@>:0BC20==O є 2 0 ; : 8 , O:V 70;56=> 2V4 ?@>DV;N, I> 
?@>:0BCNBP, <>6CBP 1CB8: 

 
$8A. 5.1. "A=>2=V 2848 ?@>:0BC20==O V ?@>DV;V A>@B>2>3> ?@>:0BC: 

4 – ?>74>26=є; 5 – ?>?5@5G=5; 6 – ?>?5@5G=>-328=B>25;  
7 – ?@8:;04 ?@>DV;V2 A>@B>2>3> ?@>:0BC 

 

– 3;04:8<8 (482. @8A. 5.2, 4), I> 70AB>A>2CNBPAO  4;O ?@>:0BC20==O 
;8ABV2, AB@VG>: V B. ?.;  

– ABC?V=G0AB8<8, =0?@8:;04, 4;O ?@>:0BC20==O A<C3>2>W AB0;V; 
– :0;V1@>20=8<8 (482. @8A. 5.2, 5) 4;O >45@60==O A>@B>2>3> ?@>:0BC.  
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F5=B@0;P=>W G0AB8=8 703>B>2:8 7 ?>?5@54=P> ?@>18B8< >B2>@>< C <0B@8FN 
(@8A. 5.14, 4 ) .  #@8 2V41>@B>2FV :V;PF52V 5;5<5=B8 C 7>=V 45D>@<0FVW 
@>7BO3CNBPAO, ?@8G><C =091V;PH5 71V;PHCєBPAO 4V0<5B@ :V;PF52>3> 5;5<5=B0, 
I> 3@0=8G8BP V7 >B2>@><. 

" 1 B 8 A :  – >?5@0FVO, 70 O:>W 7<5=HCєBPAO 4V0<5B@ :@09>2>W G0AB8=8 
?>@>6=P>W 703>B>2:8 2 @57C;PB0BV 7HB>2EC20==O WW 2 ?>@>6=8=C <0B@8FV, O:0 
72C6CєBPAO (@8A. 5.14, 5). �03>B>2:0, I> >1B8A:CєBPAO, >45@6Cє D>@<C @>1>G>W 
?>@>6=8=8 <0B@8FV. 

 
$8A. 5.14. %E5<8 >?5@0FV9 E>;>4=>3> ;8AB>2>3> HB0<?C20==O: 

4 – 2V41>@B>2:0; 5 – >1B8A:; 6 – D>@<C20==O @515@ 6>@AB:>ABV 
(1 – 703>B>2:0; 2 – 28@V1; 3 – ?C0=A>=) 

 

�>?CAB8<5 7<5=H5==O 4V0<5B@0 ?@8 >1B8A:C 287=0G0єBPAO ?>O2>N 
?>74>26=VE A:;04>: 2 G0AB8=V, I>, >1B8A:0єBPAO. �0728G09 70 >48= ?5@5EV4 
<>6=0 >45@60B8 (0,7...0,8)âèð çàãd Dý . /:I> 4V0<5B@ :@09>2>W G0AB8=8 =5>1EV4=> 
7<5=H8B8 =0 1V;PHC 25;8G8=C, 703>B>2:C >1B8A:0NBP 70 :V;P:0 ?5@5E>4V2. 



54 

 

&>2I8=0 703>B>2:8 C 7>=V ?;0AB8G=8E 45D>@<0FV9 71V;PHCєBPAO, ?@8G><C 
1V;PH5 B>2I0є :@09>20 G0AB8=0 703>B>2:8. 

( > @ < C 2 0 = = O  – >?5@0FVO, 70 O:>W 7<V=NєBPAO D>@<0 703>B>2:8 2 
@57C;PB0BV @>7BO3C20==O >:@5<8E WW 4V;O=>:. &>2I8=0 703>B>2:8 2 F8E 4V;O=:0E 
7<5=HCєBPAO. (>@<C20==O< >45@6CNBP <VAF52V 28ABC?8 =0 703>B>2FV, @51@0 
6>@AB:>ABV (482. @8A. 5.14, 6) V B. ?.  

,B0<?8 4;O ;8AB>2>3> HB0<?C20==O. ' 25;8:>A5@V9=><C 28@>1=8FB2V 
(283>B>2;5==O 25;8:>W :V;P:>ABV >4=0:>28E 45B0;59) 70AB>A>2CNBP ?>@V2=O=> 
A:;04=V HB0<?8, I> A:;040NBPAO 7V 7=0G=>3> G8A;0 45B0;59 V 70157?5GCNBP 
E>@>HC O:VABP 28@>1C, 28A>:C ABV9:VABP V=AB@C<5=B0 9 4>AB0B=P> 28A>:C 
?@>4C:B82=VABP.  

!0 @8A. 5.15 =02545=0 AE5<0 HB0<?0 ?>A;V4>2=>W 4VW, C O:><C >?5@0FVW 
28:>=CNBP C @V7=8E ?>78FVOE ?> =0?@O<:C ?>40GV: C ?>78FVW � 2V41C20єBPAO 
?@>182:0, 0 ?VA;O ?5@5<VI5==O A<C38 =0 :@>: ?>40GV (?>78FVO ��) – 28@C1:0, C 
@57C;PB0BV G>3> >45@6CNBP 28@>18 C 283;O4V H0918 12.  

#C0=A>=8 2 V 3 70:@V?;NNBP =0 25@E=V9 ?;8BV HB0<?0, 0 <0B@8FV 4 V 5 – =0 
=86=V9 ?;8BV 70 4>?><>3>N <0B@8F5B@8<0G0 9. &>G=89 =0?@O<>: @CEC 
?C0=A>=V2 I>4> <0B@8FP 70157?5GCєBPAO =0?@O<=8<8 2BC;:0<8 7 V :>;>=:0<8 6, 
70?@5A>20=8<8 C 25@E=N V =86=N ?;8B8 HB0<?0. %<C30 (01> AB@VG:0) ?>40єBPAO 
<V6 =0?@O<=8<8 ;V=V9:0<8 4> C?>@0 1, I> >1<56Cє :@>: ?>40GV. �8AVG:0 11 

7=V<0єBPAO 7 ?C0=A>=V2 7=V<0G5< 8. 

 

 

$8A. 5.15. %E5<0 HB0<?0 ?>A;V4>2=>W 4VW 4;O ?@>182:8 V 28@C1:8 
 

/: >1;04=0==O 4;O E>;>4=>3> ;8AB>2>3> HB0<?C20==O 70728G09 
70AB>A>2CNBP :@82>H8?=V ?@5A8, ?>4V1=V 4> ?@5AV2 4;O 30@OG>3> >1’є<=>3> 
HB0<?C20==O (482. @8A. 5.6). 

 

§ 5.5. #@5AC20==O  

 

%CB=VABь ?@>F5AC ?@5AC20==O. # @ 5 A C 2 0 = = O  – 284 >1@>1:8 B8A:><, C 
@57C;PB0BV O:>3> <5B0; 703>B>2:8 2 (482. @8A. 5.16, 4), I> ?5@51C20є 2 
:>=B59=5@V 6, ?V4 4VєN A8;, ?@8:;045=8E 4> =P>3> G5@57 ?@5A-HB5<?5;P 1 V ?@5A-
H091C 5, 28BV:0є G5@57 >B2V@ C <0B@8FV 3 C 283;O4V ?@5A-28@>1C 7, I> <0є 
=01030B> 1V;PHC 4>268=C, =V6 @>7<V@ ?>?5@5G=>3> ?5@5@V7C 703>B>2:8.              



55 

 

' ?@>F5AV >B@8<0==O ?>@>6=VE ?@>DV;V2 <5B0; 703>B>2:8 2 28402;NєBPAO C 
707>@ <V6 <0B@8F5N 3 V 3>;:>N 4. 

�8EV4=>N 703>B>2:>N C ?@5AC20==V A;C3Cє 28;82>: 01> ?@>:0B. %B0= 
?>25@E=V 703>B>2:8 7=0G=> 2?;820є =0 WW 
O:VABP V B>G=VABP ?@5A>20=8E ?@>DV;V2, B><C 
70728G09 703>B>2:C ?>?5@54=P> >1B>GCNBP =0 
25@AB0BV, 0 ?VA;O =03@V20==O WW ?>25@E=N 
@5B5;P=> >G8I0NBP 2V4 >:0;8=8. 

#@5AC20==O< 283>B>2;ONBP 28@>18 
@V7=>3> A>@B0<5=BC 7 :>;P>@>28E <5B0;V2 V 
A?;02V2, C B><C G8A;V ?@CB:8 4V0<5B@>< 
3...250 <<, B@C18 4V0<5B@>< 20...400 << 7 
B>2I8=>N ABV=:8 1,5...12 << B0 V=HV ?@>DV;V 
(@8A. 5.16, 5). � 2C3;5F528E AB0;59 20...50, 

;53>20=8E :>=AB@C:FV9=8E 30)�%�, 40)!, :>@>7V9=>ABV9:8E 12)18!10& 9 

V=H8E 28A>:>;53>20=8E AB0;59 ?@5ACNBP B@C18 V7 2=CB@VH=V< 4V0<5B@>< 
30...160 << B0 B>2I8=>N ABV=:8 2...10 <<, ?@>DV;V 7 ?>;8F5N B>2I8=>N 2...2,5 

<< V ;V=V9=8<8 @>7<V@0<8 ?>?5@5G=8E ?5@5@V7V2 4> 200 <<. 
#@5AC20==O< >45@6CNBP ?@>DV;V A:;04=8E D>@<, O:V =5 <>6CBP 1CB8 

>B@8<0=V 7 28:>@8AB0==O< V=H8E 284V2 >1@>1:8 <5B0;V2 B8A:>< (7>:@5<0, 
?@>:0B:8). &>G=VABP ?@5A>20=8E ?@>DV;V2 28I5, =V6 ?@>:0B0=8E. 

�> =54>;V:V2 ?@5AC20==O 20@B> 2V4=5AB8 1V;PHV 2V4E>48 <5B0;C: 25AP 
<5B0; =5 <>65 1CB8 28402;5=89 7 :>=B59=5@0, V 2 =P><C 70;8H0єBPAO B0: 720=89 
?@5A-70;8H>:, O:89 ?VA;O 70:V=G5==O ?@5AC20==O 2V4@V70єBPAO 2V4 28402;5=>3> 
?@>DV;N.  0A0 ?@5A-70;8H:C <>65 4>AO30B8 40 % <0A8 28EV4=>W 703>B>2:8 (?@8 
?@5AC20==V B@C1 25;8:>3> 4V0<5B@0). 

�=AB@C<5=B 4;O ?@5AC20==O 283>B>2;ONBP V7 28A>:>O:VA=8E 
V=AB@C<5=B0;P=8E AB0;59 V 60@><VF=8E A?;02V2. �;O 7<5=H5==O A?@0FN20==O 
V=AB@C<5=BC 70AB>A>2CNBP A?5FV0;P=V <0AB8;P=V <0B5@V0;8. 

"A=>2=8< CAB0B:C20==O< 4;O ?@5AC20==O є 25@B8:0;P=V 01> 3>@87>=B0;P=V 
3V4@02;VG=V ?@5A8. 

 5B>48 ?@5AC20==O. �A=CNGV <5B>48 ?@5AC20==O <>6=0 ?>4V;8B8 =0 42V 
>A=>2=V 3@C?8: V7 ?@O<8< 28BV:0==O< <5B0;C – ?@O<5 ?@5AC20==O (482.            
@8A. 5.17, 4, 5) V 7V 72>@>B=8< 28BV:0==O< <5B0;C – 72>@>B=5 ?@5AC20==O (482. 
@8A. 5.17, 6, 7).  

#@8 ? @ O < > < C  <5B>4V ?@5AC20==O =0?@O<>: 28BV:0==O <5B0;C A?V2?040є 
7 =0?@O<:>< ?5@5<VI5==O ?@5A-HB5<?5;O. 

' 28?04:C 7 2 > @ > B = > 3 >  ?@5AC20==O <5B0; 28BV:0є 2 =0?@O<:C, 
?@>B8;56=><C =0?@O<:C ?5@5<VI5==O ?@5A-HB5<?5;O. #@>F5A 
A ? > ; C G 5 = > 3 >  ?@5AC20==O (482. @8A. 5.17, 8) ?5@5410G0є 28BV:0==O <5B0;C 2 
?@O<><C V 72>@>B=><C =0?@O<:0E. #@5AC20==O 7 1 V G = 8 <  2 8 B V : 0 = = O <  

<5B0;C (482. @8A. 5.17, 9, :), ?@5AC20==O V7 A>@>G:>N (482. @8A. 5.17, ;) V 
3V4@>?@5AC20==O (482. @8A. 5.17, <) є @V7=>2840<8 ?@O<>3> ?@5AC20==O. 

 
$8A. 5.16. %E5<0 ?@5AC20==O ( 4) V  
?@8:;048 ?@5A>20=8E ?@>DV;V2 (5) 

 



56 

 

 
$8A. 5.17.  5B>48 ?@5AC20==O <5B0;V2: 

4 – V7 ?@O<8< 28BV:0==O< ?@CB:0; 5 – V7 ?@O<8< 28BV:0==O< B@C18; 6 – 7V 72>@>B=8< 
28BV:0==O< ?@CB:0; 7 – 7V 72>@>B=8< 28BV:0==O< B@C18; 8 – V7 ?@O<8< V 72>@>B=8< 28BV:0==O< 

?@CB:0; 9 – 7 1VG=8< 28BV:0==O< ?@CB:0; : – V7 42>AB>@>==V< 1VG=8< 28BV:0==O< ?@CB:V2;  
; – ?@5AC20==O V7 A>@>G:>N; < – 3V4@>?@5AC20==O 

 

#@>3@5A82=V B5E=>;>3VW ?@5AC20==O. �;O ?@5AC20==O ?>B@V1=V 25;8:V 
28B@0B8 5=5@3VW, >1C<>2;5=V B5@BO< <5B0;C ?> V=AB@C<5=BC. �8:;NG5==O< є 
;8H5 3V4@>?@5AC20==O, ?@8 O:><C @V48==89 E0@0:B5@ B5@BO ?> ABV=:0E 
:>=B59=5@0 9 2=CB@VH=V9 ?>25@E=V <0B@8FV 4>72>;Oє 7=878B8 28B@0B8 5=5@3VW =0 
?>4>;0==O 4VW A8; B5@BO, >B65, 7=878B8 7CA8;;O ?@5AC20==O, >A>1;82> ?@8 
72>@>B=><C ?@5AC20==V. �;O >AB0==P>3> <5B>4C ?@5AC20==O =5>1EV4=5 7CA8;;O 
?@5AC20==O 2 1,5...2 @078 <5=H5, =V6 4;O ?@O<>3> <5B>4C.  

�AV @>73;O=CBV 28I5 <5B>48 ?@5AC20==O =5 є 157?5@5@2=8<8 9 4>72>;ONBP 
>45@6C20B8 28@>18 ;8H5 >1<565=>W 4>268=8. �@V< B>3>, 707=0G5=V <5B>48 =5 
70157?5GCNBP <0:A8<0;P=C ?@>4C:B82=VABP ?@>F5AC ?@5AC20==O. �A=CNBP 
<5B>48, I> 4>72>;ONBP ?@5AC20B8 157?5@5@2=> 01> E>G0 1 <0:A8<0;P=> 
=01;878B8AO 4> 157?5@5@2=>3> ?@5AC20==O, 70157?5GCNG8 ?@8 FP><C 
<0:A8<0;P=C ?@>4C:B82=VABP. �C?8=8<>AO =0 45O:8E 7 =8E 1V;PH 45B0;P=>. 

� >:@5<8E 28?04:0E A8;8 B5@BO <>6CBP A?@8OB8 ?@5AC20==N. 
#5@A?5:B82=8<8 22060NBPAO AE5<8 ?@5AC20==O 7 0:B82=>N 4VєN A 8 ;  B 5 @ B O , 

I> 4>72>;Oє VAB>B=> 7=878B8 7CA8;;O ?@5AC20==O, 0=V7>B@>?VN 2;0AB82>AB59 
3>B>2>3> 28@>1C, ?>;V?H8B8 O:VABP ?>25@E=V 28@>1V2. 

#@8:;040<8 ?@5AC20==O V7 70AB>AC20==O< 0:B82=>3> B5@BO є: 1VG=5 
?@5AC20==O G5@57 <0B@8FN, CB2>@5=C B>@F52>N ?;8B>N B5@BO 9 :0;V1@C20;P=>N 
:@><:>N :>=B59=5@0 (482. @8A. 5.18, 4); ?@O<5 ?@5AC20==O G5@57 20;:>2C 
<0B@8FN (482. @8A. 5.18, 5) V7 ?@8<CA>28< >15@B0==O<; AE5<8 ?@O<>3> 
?@5AC20==O 7 ?>?5@5G=8< >15@B0==O< ACFV;P=>W <0B@8FV, ?@5A-H0918 9 <0B@8FV 
2 @V7=V AB>@>=8; AE5<8 ?@O<>3> 9 72>@>B=>3> ?@5AC20==O 7 ?5@5AC20==O< 
:>=B59=5@0, <0B@8FV 9 ?@5A-HB5<?5;O (482. @8A. 5.18, 6, 7).  



57 

 

 

 
$8A. 5.18. #@5AC20==O V7 70AB>AC20==O< 0:B82=8E A8; B5@BO 

 

' ?@>F5AV =03@V20==O <5B0;C 4;O >1@>1:8 =0 =P><C CB2>@NєBPAO ?;V2:0 
>:A84V2, ?@8 ?>B@0?;O==V O:>W 2 3>B>289 28@V1 ?>3V@HCєBPAO 9>3> O:VABP. �;O 
70?>1V30==O FP><C 28:>@8AB>2CєBPAO <5B>4 ?@5AC20==O 7 <A>@>G:>N=, 70 O:>3> 
2AV 45D5:B8 ?>25@E=V 703>B>2:8 70;8H0NBPAO 2 A>@>GFV. #@5AC20==O< 7 
<A>@>G:>N= 283>B>2;ONBP ;8H5 28@>18 7 <5B0;V2 ?>@V2=O=> =528A>:>W 
2’O7:>ABV, =0?@8:;04, ;0BC=P �%59, 1@>=78 �@.�� * 10-3-1-5, �@.��! 10-4-4 

B0 45O:V V=HV A?;028.  
!091V;PH ?@>4C:B82=8<8 є <5B>48 = 0 ? V 2 1 5 7 ? 5 @ 5 @ 2 = > 3 >  B0 

1 5 7 ? 5 @ 5 @ 2 = > 3 >  ?@5AC20==O. 
%CBP ?@>F5AC =0?V2157?5@5@2=>3> ?@5AC20==O ?>;O30є C B><C, I> :>6=0 

=0ABC?=0 703>B>2:0 7020=B06CєBPAO 2 :>=B59=5@ ?VA;O B>3>, O: ?>?5@54=O 
2V4?@5A>2CєBPAO =0 2/3 A2>єW 4>268=8, 0 1/3 WW 70;8H0єBPAO 2 :>=B59=5@V. #@8 
FP><C 703>B>2:8 720@NNBPAO ?> B>@FOE. !54>;V:>< B0:>3> A?>A>1C ?@5AC20==O 
є =528A>:0 <VF=VABP 720@N20==O G0AB8= ?@5A-28@>1C 2=0A;V4>: =0O2=>ABV @V7=8E 
701@C4=5=P, I> 70;8H0NBPAO C ?@5A-70;8H:C. #@>B5 =0?V2157?5@5@2=5 
?@5AC20==O AP>3>4=V є >4=VєN 7 >A=>2=8E AE5< C 28@>1=8FB2V ?@5A-28@>1V2 7 
0;N<V=Vє28E A?;02V2. 

"A=>2=8<8 A?>A>10<8 157?5@5@2=>3> ?@5AC20==O є �>=D>@<, �09=5:A V 
�:AB@>;;V=3. 

%5@54 707=0G5=8E A?>A>1V2 >A>1;825 <VAF5 =0;568BP �>=D>@<C, 
70?@>?>=>20=><C �. �@V=>< C 1970 @. *59 A?>AV1 70A=>20=89 =0 70AB>AC20==V 
=5@CE;82>3> V=AB@C<5=B0, =07820=>3> 1 0 H < 0 : > < ,  V @CE;82>3> >15@B>2>3> 
V=AB@C<5=B0 B8?C :>;5A0 7 :0=02:>N ?> ?5@8D5@VW, ?@8G><C 2 B>@FV 10H<0:0 
2AB0=>2;5=0 <0B@8FO, I> ?5@5:@820є :0=02:C :>;5A0.  

/: 703>B>2:0 28:>@8AB>2CєBPAO ?@CB>: 7 (482. @8A. 5.19), I> ?>40єBPAO 2  
@V2G0: 2, 28:>=0=89 =0 @>1>G><C :>;5AV 1 C 283;O4V :V;PF52>W :0=02:8. $V2G0: 2 
V7 7>2=VH=P>W AB>@>=8 70:@8B89 ?@8B8A:=8< 10H<0:>< 3, =0 2=CB@VH=V9 
?>25@E=V O:>3> 28:>=0=89 @V2G0: 4, I> >E>?;Nє 703>B>2:C 7. ' 10H<0:C 3 
70:@V?;5=89 1;>: V=AB@C<5=B0 V7 ?@5A>2>N <0B@8F5N 6, I> <0є 2AB02:C 5. 

 



58 

 

#VA;O ?>4020==O ?@CB:>2>W 703>B>2:8 C 707>@ <V6 10H<0:>< V :>;5A>< 
2>=0 ?@>AC20єBPAO 2 :0<5@C ?@5AC20==O, CB2>@5=C ?>25@E=O<8 10H<0:0 9 
:0=02:8, ?V4 4VєN A8; B5@BO ?> ?>25@E=V :>=B0:BC 7 >15@B>28< :>;5A>< V 4>AO30є 
<0B@8FV. ' 7>=V 157?>A5@54=P> ?5@54 <0B@8F5N 703>B>2:0 ?V440єBPAO 

V=B5=A82=><C ?;0AB8G=><C 45D>@<C20==N 
V 70?>2=Nє 25AP ?5@5@V7 :0=02:8, I> A?@8Oє 
71V;PH5==N A8; B5@BO <V6 ?>25@E=5N 
:0=02:8 9 703>B>2:>N. ' <V@C ?>2>@>BC 
:>;5A0 A8;8 AB8A:C, ?@8:;045=V 4> 
703>B>2:8, 7@>AB0NBP V 4>AO30NBP 7=0G5=P, 
=5>1EV4=8E 4;O 28402;N20==O <0B5@V0;C 
703>B>2:8 G5@57 >B2V@ C <0B@8FV, B>1B> 
?>G8=0єBPAO ?@>F5A ?@5AC20==O 28@>1C 8.  

/: 703>B>2:0 28:>@8AB>2CєBPAO 
728G09=89 4@VB, ?@8G><C ?@>F5A 9>3> 
45D>@<C20==O – 2BO3C20==O 2 :0<5@C 
?@5AC20==O C <V@C ?>2>@>BC :>;5A0, 
?>?5@54=є ?@>DV;N20==O 9 70?>2=5==O 
@V2G0:0 2 :>;5AV, AB2>@5==O @>1>G>3> 
7CA8;;O 9, =0@5HBV, ?@5AC20==O – B@820є 
157C?8==>, B>1B> @50;V7CєBPAO B5E=>;>3VO 

157?5@5@2=>3> 28402;N20==O. �0=89 A?>AV1 4>72>;Oє 28402;N20B8 ?@5A-28@>18 
=5 BV;P:8 2 =0?@O<:C >15@B0==O @>1>G>3> :>;5A0, 0 9 C =0?@O<:0E, 
?5@?5=48:C;O@=8E >AV @>1>G>3> :>;5A0, C B><C G8A;V 9 @04V0;P=><C. 

"A>1;82VABN A?>A>1C �09=5:A (@8A. 5.20), 70?@>?>=>20=>3> D0EV2FO<8 
DV@<8 Western Electrik C> (USA), є B5, I> B8A:, =5>1EV4=89 4;O @50;V70FVW 
?@>F5AC, AB2>@NєBPAO 70 @0EC=>: 28:>@8AB0==O 0:B82=8E A8; B5@BO, O:V 
28=8:0NBP <V6 ?;>A:8<8 ?>25@E=O<8 ;0=>: =5A:V=G5==8E ;0=FN3V2 V 25@E=P>N 
B0 =86=P>N ?;>I8=0<8 703>B>2:8, O:0 <0є ?@O<>:CB=89 ?>?5@5G=89 ?5@5@V7. 

 
$8A. 5.20. %E5<0 ?@>F5AC 157?5@5@2=>3> ?@5AC20==O A?>A>1>< �09=5:A: 

1 – <0B@8FO; 2 – ?@82V4=V ;0=FN38; 3 – 703>B>2:0; 4 – 28@V1 
 

#@8 FP><C 25;8G8=0 B8A:C ?@5AC20==O 28O2;OєBPAO 70;56=>N 2V4 
A?V22V4=>H5==O (@V7=8FV) A8; B5@BO =0 =57<0I5=8E V 7<0I5=8E ?;>I8=0E 
703>B>2:8. *59 A?>AV1 70AB>A>2CNBP 4;O 28@>1=8FB20 0;N<V=Vє28E H8= V 4@>BC 
=0 702>40E DV@<8 Venscuck (USA).  

 
$8A. 5.19. #@8=F8?>20 AE5<0 
?@>F5AC 157?5@5@2=>3> 

?@5AC20==O 70 A?>A>1>< �>=D>@< 
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#@>F5A �:AB@>;;V=3C O2;Oє A>1>N A?>AV1 A?>;CG5==O ?@>F5AV2 ?@>:0B:8 9 
?@5AC20==O 2 >4=V9 7>=V 45D>@<0FVW. �V= E0@0:B5@87CєBPAO B8<, I> 70 @0EC=>: 
0:B82=8E A8; :>=B0:B=>3> B5@BO <V6 20;:0<8 9 703>B>2:>N 28402;N20==O 
74V9A=NNBP G5@57 ?@5A>2C <0B@8FN.  

�;O 74V9A=5==O ?@>F5AC 28EV4=0 703>B>2:0 1 (@8A. 5.21) @>1>G8<8 20;:0<8 
2 157?5@5@2=> ?>40єBPAO 2 :0;V1@ 3, >168<0єBPAO 2 =P><C, I> ?>2=VABN 
2V4?>2V40є AB04VW ?@>:0B:8, 9 28402;NєBPAO 2 :0;V1@C20;P=89 >B2V@ <0B@8FV 4, 

CAB0=>2;5=>W =0 28E>4V 7 :0;V1@0. (>@<0 V @>7<V@8 ?@5A-28@>1C 5 287=0G0NBPAO 
D>@<>N :0;V1@C20;P=>3> >B2>@C <0B@8FV.  

�0=89 A?>AV1 є 4Vє28< O: 4;O E>;>4=>3> 
AB0=C <0B5@V0;C, B0: V 70 ?V428I5=8E 
B5<?5@0BC@. $>73;O=CB89 ?@>F5A A?>;CG0є C 
A>1V =87P:V 2B@0B8 =0 B5@BO 9 <0;C B@820;VABP 
>1@>1:8, E0@0:B5@=V 4;O ?@>:0B:8, V 25;8:V 
ABC?5=V 45D>@<0FVW, <>6;82V ?@8 ?@5AC20==V. 
"4=0: ?@>F5A �:AB@>;;V=3C =5 7=09H>2 
=0;56=>3> 70AB>AC20==O 2 ?@><8A;>2>ABV, 
B><C I> 70?@>?>=>20=5 B5E=VG=5 @VH5==O 
(28:>@8AB0==O 2V4:@8B>3> :0;V1@0, 
@>7B0HC20==O 2EV4=>3> >B2>@C :0;V1@0 =0 
7030;P=V9 25@B8:0;P=V9 >AV 20;:V2 V B. 4.) =5 

70157?5GC20;8 ABV9:>3> ?5@51V3C ?@>F5AC 9 AB2>@5==O =5>1EV4=8E 4;O 5:AB@C7VW 
<5B0;C B8A:V2. 

�7 2AVE ?@>F5AV2 157?5@5@2=>3> ?@5AC20==O =091V;PH 4>2545=8< 4> 
?@><8A;>2>3> 2?@>20465==O 28O282AO A?>AV1 �>=D>@<, CAB0=>2:8 =0 >A=>2V 
O:>3> 283>B>2;ONBP V @>7?>2AN46CNBP 2 CAP><C A2VBV DV@<8 Babcock Wire 
Equipment B0 Holton Machineri LTD.  

 

§ 5.6. �>;>GV==O  

 

%CBь ?@>F5AC 2>;>GV==O. �03>B>2:C ?@>BO3CNBP G5@57 >B2V@ 2 
V=AB@C<5=BV (2>;>FV), I> ?>ABC?>2> 72C6CєBPAO. �>;>GV==O, O: ?@028;>, 
74V9A=NNBP 2 E>;>4=><C AB0=V. �8EV4=8<8 703>B>2:0<8 A;C3CNBP ?@>:0B0=V 01> 
?@5A>20=V ?@CB:8 V B@C18 V7 AB0;V, :>;P>@>28E <5B0;V2 V WE A?;02V2. �>;>GV==O 
B@C1 <>6=0 28:>=C20B8 157 >?@02:8 (4;O 7<5=H5==O 7>2=VH=P>3> 4V0<5B@0) V 7 
>?@02:>N (4;O  7<5=H5==O 7>2=VH=P>3> 4V0<5B@0 9 B>2I8=8  ABV=:8). 

$>7@V7=ONBP 2>;>G8==O G>@=>25 (703>BV25;P=5) V G8AB>25 (70:;NG=0 >?5@0FVO 4;O 
=040==O 28@>1C =5>1EV4=>W D>@<8, @>7<V@V2 V O:>ABV); >4=>- V 1030B>@07>25 
(45:V;P:0 ?5@5E>4V2 2>;>GV==O >4=VєW 703>B>2:8); >4=>- V 1030B>=8B:>25 (70 
:V;P:VABN 703>B>2>:, I> ?@>BO30NBPAO >4=>G0A=>) 9 V=. 

!0 @8A. 5.22, 4 ?>:070=0 AE5<0 2>;>GV==O B@C18 1 =0 :>@>B:V9 >?@02FV. ' 

FP><C 28?04:C ?@>DV;P >B@8<0=>W B@C18 287=0G0єBPAO 707>@>< <V6 2>;>:>N 2 V 
>?@02:>N 3. �0728G09 4;O >45@60==O =5>1EV4=8E ?@>DV;V2 ?>B@V1=0 45D>@<0FVO, 
I> ?5@528ICє 4>?CAB8<C 70 >48= ?@>EV4, B><C 70AB>A>2CNBP 2>;>GV==O G5@57 
@O4 ?>A;V4>2=8E >B2>@V2, 4V0<5B@8 O:8E ?>ABC?>2> 7<5=HCNBPAO.  

 
$8A. 5.21. %E5<0 ?@8AB@>N 4;O 
74V9A=5==O �:AB@>;;V=3C 
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$8A. 5.22. %E5<0 ?@>F5AC 2>;>GV==O: 

4 – AE5<0 2>;>GV==O B@C18; 5 – ?@8:;048 ?@>DV;V2, I> >B@8<CNBP 2>;>GV==O<;  

6 – AE5<0 2>;>G8;P=>3> AB0=C 10@010==>3> B8?C 
 

"A:V;P:8 2>;>GV==O 74V9A=NNBP 2 C<>20E E>;>4=>W 45D>@<0FVW, <5B0; 
7<VF=NєBPAO. �;O 2V4=>2;5==O ?;0AB8G=>ABV 7<VF=5=89 2>;>GV==O< <5B0; 
?V440NBP ?@><V6=><C 2V4?0;C. 

�>;>GV==O< >1@>1;ONBP @V7=V <0@:8 AB0;V, :>;P>@>2V <5B0;8 V WE=V A?;028. 

%>@B0<5=B 28@>1V2, 283>B>2;5=8E 2>;>GV==O<, @V7=><0=VB=89: 4@VB 4V0<5B@>< 

0,002…5 << V D0A>==V ?@>DV;V, ?@8:;048 O:8E ?>:070=V =0 @8A. 5.22, 5 

(?@87<0B8G=V 9 D0A>==V =0?@O<=V; A53<5=B=V, ?@87<0B8G=V 9 D0A>==V H?>=:8; 

H;VFP>2V 20;8:8; >?>@=V ?@87<8, =>6V 9 B. 4.). �>;>GV==O< :0;V1@CNBP AB0;52V 
B@C18, 4V0<5B@8 O:8E 2V4 :0?V;O@=8E 4> 200 <<, AB0;52V ?@CB:8 4V0<5B@0<8 
3...150 <<. 

�>;>:C 283>B>2;ONBP 7 V=AB@C<5=B0;P=8E AB0;59, <5B0;>:5@0<VG=8E 
A?;02V2 V B5E=VG=8E 0;<07V2 (4;O 2>;>GV==O 4@>BC 4V0<5B@>< <5=H5 0,2 <<).  

�>;>GV==O 28:>=CNBP =0 10@010==><C 9 ;0=FN3>2><C 2>;>G8;P=><C 
AB0=0E. �0@010==V AB0=8 (@8A. 5.22, 6) A;C3CNBP 4;O 2>;>GV==O 4@>BC, B@C1 
=525;8:>3> 4V0<5B@0, =0<>BC20=8E C 1C=B8. �8EV4=C 703>B>2:C C 283;O4V 1C=B0 
C:;040NBP =0 10@010= 1. #>?5@54=P> 703>AB@5=89 :V=5FP 4@>BC ?@>?CA:0NBP 
G5@57 >B2V@ 2>;>:8 2 V 70:@V?;NNBP =0 ?@89<0;P=><C 10@010=V 3, >15@B0==O 
O:><C =040є 5;5:B@>4283C= G5@57 @54C:B>@ V 7C1G0ABC ?5@540GC 4. 

 

�0?8B0==O V 70240==O 4;O A0<>:>=B@>;N 
1. #>OA=VBP ACBP >1@>1:8 <5B>4>< ?@>:0B:8. /:V 2848 ?@>:0B:8 28 7=0єB5?   
2. "?8HVBP V=AB@C<5=B V >1;04=0==O, O:5 70AB>A>2CєBPAO 4;O ?@>:0B:8. 

4. �09B5 287=0G5==O 28@>10<, >B@8<0=8< <5B>4>< ?@>:0B:8: A>@B0<5=BC, A>@B>2>3> 
?@>:0BC, ;8AB>2>3> ?@>:0BC. 

5. -> B0:5 ?@>:0B=89 AB0=? "?8HVBP AE5<C 9>3> @>1>B8. 

6. "?8HVBP ACBP ?@>F5AC >1@>1:8 <5B0;V2 <5B>4>< :C20==O.  
7. -> B0:5 ?>:>2:0? 

8. �09B5 287=0G5==O >A=>2=8< >?5@0FVO< :C20==O. 
9. "?VH8BP CAB@V9 V ?@8=F8? 4VW ?0@>?>2VB@O=>3> :C20;P=>3> <>;>B0. 

10. -> B0:5 30@OG5 >1’є<=5 HB0<?C20==O? 

11. /: ?>1C4>20=89 HB0<?? 
12. !0254VBP @V7=8FN <V6 HB0<?C20==O< C 2V4:@8B><C V 70:@8B><C HB0<?0E. 
13. /: ?@0FNє 30@OG5HB0<?C20;P=89 :@82>H8?=89 ?@5A? 
16. /:V @V7=>2848 E>;>4=>3> HB0<?C20==O 70AB>A>2CNBPAO C <0H8=>1C4C20==V? 
17. -> B0:5 E>;>4=5 28402;N20==O? !072VBP 2848 E>;>4=>3> 28402;N20==O. 
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18. "?8HVBP :>@>B:> ACBP ?@O<>3>, 72>@>B=>3>, 1>:>2>3> V :><1V=>20=>3> 
28402;N20==O. 

19. CE0@0:B5@87C9B5 ?@>F5A E>;>4=>W 28A04:8. 
20. �>@>B:> >?8HVBP ACBP ?@>F5AC E>;>4=>3> ;8AB>2>3> HB0<?C20==O. 
21. -> B0:5 >?5@0FVO 2V4@V7C20==O ?@8 ;8AB>2><C HB0<?C20==V? /:5 >1;04=0==O 

28:>@8AB>2CєBPAO 4;O 28:>=0==O 2V4@V7C20==O? 

22. �;O G>3> ?@8 E>;>4=><C ;8AB>2><C HB0<?C20==V 28:>@8AB>2CNBPAO >?5@0FVW 
28@C1:8 V ?@>182:8? 

23. �;O G>3> 70AB>A>2CNBPAO >?5@0FVW E>;>4=>3> ;8AB>2>3> HB0<?C20==O: 2V41>@B>2:0, 
>1B8A:, D>@<C20==O C 2V4:@8B><C HB0<?V?  

24. "?8HVBP :>=AB@C:FVN V @>1>BC HB0<?C ?>A;V4>2=>W 4VW 4;O ;8AB>2>3> HB0<?C20==O. 
25. #>OA=VBP ACBP ?@>F5AC ?@5AC20==O. /:V ?@>DV;V V 7 O:8E <0B5@V0;V2 283>B>2;ONBPAO 

<5B>4>< ?@5AC20==O? 
26. !072VBP V ?>OA=VBP >A=>2=V AE5<8 ?@5AC20==O. 
27. #>OA=VBP ACBP ?@>3@5A82=8E A?>A>1V2 ?@5AC20==O: 
– ?@5AC20==O V7 70AB>AC20==O< 0:B82=8E A8; B5@BO; 
– 157?5@5@2=5 ?@5AC20==O 70 A?>A>1>< �>=D>@<; 
– 157?5@5@2=5 ?@5AC20==O 70 A?>A>1>< �09=5:A; 
– 157?5@5@2=5 ?@5AC20==O 70 A?>A>1>< �:AB@>;;V=3. 
28. %CBP ?@>F5AC 2>;>GV==O, V=AB@C<5=B8 4;O =P>3>. /:V 45B0;V >B@8<CNBP <5B>4>< 

2>;>GV==O? 

29. /:V ?@>DV;V 28:>@8AB>2CNBP O: 703>B>2:8 4;O 2>;>GV==O? 
30. "?8HVBP 1C4>2C V ?@8=F8? 4VW 2>;>G8;P=>3> AB0=C. 
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$>74V; ���. ���$.��!!/  �&���� 

 

�;020 6. �����Ь!� #"!/&&/ � ���%�(���*�/ #$"*�%�� 
���$.��!!/ 

 

#@87=0G5==O V ACB=VABь ?@>F5AC 720@N20==O. �20@N20==O H8@>:> 
28:>@8AB>2CєBPAO C 283>B>2;5==V =5@>7=V<=8E 7’є4=0=P <5B0;528E 28@>1V2 V 
:>=AB@C:FV9, 4;O 7’є4=0==O 45O:8E =5<5B0;528E <0B5@V0;V2 (?;0AB<0A, A:;0, 
3V@AP:8E ?>@V4, A<>;), 0 B0:>6 <5B0;V2 7 =5<5B0;528<8 <0B5@V0;0<8 – 
:5@0<V:>N, 3@0DVB><, A:;>< B0 V=. #@>B5 =09206;82VH5  7=0G5==O <0є 
720@N20==O <5B0;V2, I> H8@>:> 70AB>A>2CєBPAO 2 ACG0A=><C <0H8=>1C4C20==V V 
2 1C4V2=8FB2V. 

� 2 0 @ N 2 0 = = O  – B5E=>;>3VG=89 ?@>F5A >B@8<0==O =5@>7=V<=8E 
7’є4=0=P <0B5@V0;V2 70 @0EC=>: AB2>@5==O <V60B><=8E V <V6<>;5:C;O@=8E 
72’O7:V2 <V6 G0AB:0<8, O:V 720@NNBPAO, ?V4 G0A WE <VAF52>3> (7030;P=>3>) 
=03@V20==O, ?;0AB8G=>3> 45D>@<C20==O 01> A?V;P=>W 4VW B>3> B0 V=H>3>.  

�06;82>N C<>2>N >B@8<0==O O:VA=>3> 720@=>3> 7’є4=0==O є 4>AB0B=V9 
ABC?V=P 720@N20=>ABV <0B5@V0;V2, I> A:;040NBP 7’є4=0==O.  

� 2 0 @ N 2 0 = V A B P  – 2;0AB82VABP >4=>3> 01> 45:V;P:>E <5B0;V2 
CB2>@N20B8 70 ?52=>W B5E=>;>3VW 720@N20==O 7’є4=0==O, I> 2V4?>2V40NBP 
:>=AB@C:FV9=8< V 5:A?;C0B0FV9=8< 28<>30<, O:V 2AB0=>2;5=V 4;O 720@=>3> 
28@>1C. �20@N20=VABP >FV=NNBP 70 ABC?5=5< 2V4?>2V4=>ABV 2;0AB82>AB59 
720@=>3> 7’є4=0==O 2;0AB82>ABO< >A=>2=>3> <5B0;C B0 =0O2=VABN 45D5:BV2 
720@=>3> H20 – B@VI8=, ?>@, H;0:>28E 2:;NG5=P B>I>. �0 F8<0 >7=0:0<8 
<0B5@V0;8 ?>4V;ONBP =0 G>B8@8 :0B53>@VW: 4>1@5, 704>2V;P=>, >1<565=> V ?>30=> 
720@N20=V. 

�;0A8DV:0FVO <5B>4V2 720@N20==O. !091V;PH ?>H8@5=V <5B>48 
7 2 0 @ N 2 0 = = O  ? ; 0 2 ; 5 = = O <, :>;8 :@><:8 720@N20=8E 45B0;59 (>A=>2=89 
<5B0;) =03@V20NBP 4> @>7?;02;5=>3> AB0=C, CB2>@NNGV 7030;P=C 720@N20;P=C 
20==C. #VA;O 2840;5==O 465@5;0 B5?;0 <5B0; 20==8 >E>;>46CєBPAO V B25@4=5, 
CB2>@NNG8 720@=89 H>2, O:89 7’є4=Cє 720@N20=V ?>25@E=V. 

#@8 7 2 0 @ N 2 0 = = V  B 8 A : > <  720@=5 7’є4=0==O CB2>@NєBPAO 
=03@V20==O< 720@N20=8E ?>25@E>=P 4> ?;0AB8G=>3> AB0=C 01> ?>G0B:C 
?;02;5==O V 4>40B:>28< ?@8:;040==O< <5E0=VG=8E 7CA8;P AB8A:C. 

�20@N20==O ?>4V;ONBP =0 B@8 :;0A8, 70;56=> 2V4 284C 5=5@3VW, O:0 
28:>@8AB>2CєBPAO 4;O >B@8<0==O 720@=>3> 7’є4=0==O: 

–  B 5 @ < V G = 8 9  : ; 0 A, 4> O:>3> 2V4=>AOBP 2848 720@N20==O ?;02;5==O< 
7 28:>@8AB0==O< B5?;>2>W 5=5@3VW (4C3>25, ?;07<>25, 5;5:B@>H;0:>25, 
5;5:B@>==>-?@><5=525, ;075@=5, 307>25 B0 V=.); 

–  B 5 @ < > < 5 E 0 = V G = 8 9  : ; 0 A, 4> O:>3> 2V4=>AOBP 2848 720@N20==O 
70 @0EC=>: AC<VA=>W 4VW B5?;>2>W 5=5@3VW B0 5=5@3VW B8A:C (:>=B0:B=5, 48DC7V9=5 
B0 V=.); 

–  < 5 E 0 = V G = 8 9  : ; 0 A, 4> O:>3> 2V4=>AOBP 2848 720@N20==O BV;P:8 70 
@0EC=>: <5E0=VG=>W 5=5@3VW (C;PB@072C:>25, 281CE><, B5@BO< B0 V=.). 
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�0?8B0==O V 70240==O 4;O A0<>:>=B@>;N 
1. �09B5 287=0G5==O ?@>F5AC 720@N20==O <5B0;V2 V A?;02V2. 
2. � O:8E <0B5@V0;V2 <>6CBP AB2>@N20B8AO 720@=V 7’є4=0==O? 
3. -> B0:5 720@N20=VABP <0B5@V0;V2?  
4. /: >FV=NNBP 720@N20=VABP <0B5@V0;V2? 
5. !0 O:V :0B53>@VW ?>4V;ONBP <0B5@V0;8, 70;56=> 2V4 ABC?5=O WE 720@N20=>ABV?  
6. ' G><C DV78G=0 ACBP ?@>F5AC 720@N20==O ?;02;5==O< V B8A:><? 
7. !0 O:V :;0A8 ?>4V;ONBP 720@N20==O, 70;56=> 2V4 465@5;0 5=5@3VW, I> 

28:>@8AB>2CNBP? 
8. /:V 2848 5=5@3VW 28:>@8AB>2CNBP 4;O B5@<VG=8E, B5@<><5E0=VG=8E, <5E0=VG=8E 

284V2 720@N20==O? 
 

�;020 7. �'�"�� ���$.��!!/  �&���� #�����!!/  

 

§ 7.1. %CB=VABь ?@>F5AC 4C3>2>3> 720@N20==O V 9>3> 2848  
 

�;5:B@8G=5 4C3>25 720@N20==O, ?@8 O:><C O: 465@5;> B5?;>B8 
28:>@8AB>2C20;0AP 5;5:B@8G=0 4C30, 2?5@H5 1C;> 70AB>A>20=> 2 $>AVW C         
1882 @>FV 28=0EV4=8:><  .  . �5@=0@4>A><. �;5:B@8G=C 4C3C 2 1802 @>FV 
2V4:@82 �. �. #5B@>2 4;O 720@N20==O <5B0;V2 2C3;O=8< 5;5:B@>4><, 0 C           
1888 @>FV  . %. %;02O=>2 70?@>?>=C202 A?>AV1 4C3>2>3> 720@N20==O <5B0;528< 
5;5:B@>4><. �0;56=> 2V4 A?>A>1C 22545==O 4> 720@N20;P=>3> ;0=FN30 
>A=>2=>3> B0 ?@8A04=>3> <5B0;C V E0@0:B5@C 4VW =0 =8E 720@N20;P=>W 4C38, 

@>7@V7=ONBP G>B8@8 >A=>2=V A?>A>18 4C3>2>3> 720@N20==O. 
1. !5?;02:8< 2C3;O=8< 01> 2>;PD@0<>28< 5;5:B@>4>< 1 (@8A. 7.1, 4) 

4C3>N ?@O<>W 4VW 2 (A?>AV1 �5@=0@4>A0) ?>ABV9=8< AB@C<>< =0 ?@O<V9 
?>;O@=>ABV (5;5:B@>4 ?V4:;NG5=89 4> =530B82=>3> ?>;NA0 465@5;0 AB@C<C – 
:0B>4, 0 45B0;P – 4> ?>78B82=>3> ?>;NA0 – 0=>4). �0 B0:>3> A?>A>1C 7’є4=0==O 
28:>=CєBPAO H;OE>< ?;02;5==O BV;P:8 >A=>2=>3> <0B5@V0;C 3 01> V7 
70AB>AC20==O< ?@8A04=>3> <0B5@V0;C 4. 
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$8A. 7.1. %E5<8 >A=>2=8E 284V2 4C3>2>3> 720@N20==O 
2. #;02:8< <5B0;528< 5;5:B@>4>< 1 (@8A. 7.1, 5) 4C3>N ?@O<>W 4VW 2 

?>ABV9=8< AB@C<>< =0 ?@O<V9 01> 72>@>B=V9 (5;5:B@>4 ?V4:;NG5=89 4> 
?>78B82=>3> ?>;NA0 – 0=>4, 0 45B0;P – 4> =530B82=>3> ?>;NA0 – :0B>4) 
?>;O@=>ABV (A?>AV1 %;02O=>20). #@8 FP><C >4=>G0A=> ?;028BPAO >A=>2=89 
<5B0; 3 V <5B0; 5;5:B@>40, O:89 ?>?>2=Nє 720@N20;P=C 20==C. 

3. !5?@O<>N 4C3>N 5, I> 3>@8BP <V6 42><0, G0ABVH 70 2A5 =5?;02:8<8, 

5;5:B@>40<8 1 (@8A. 7.1, 6) ?>ABV9=8< AB@C<><. #@8 FP><C >A=>2=89 <5B0; 3 
@>7?;02;OєBPAO 70 @0EC=>: B5?;>B8 4C38 V AB2>@Nє 720@=89 H>2. 

4. #;02:8<8 <5B0;528<8 5;5:B@>40<8 1 7 28:>@8AB0==O< B@8D07=>W 4C38 
(@8A. 7.1, 7) 7<V==>3> AB@C<C. 

� ; 5 : B @ 8 G = 0  4 C 3 0  –  ?>BC6=89 AB01V;P=89 @>7@O4 5;5:B@8:8 2 
V>=V7>20=V9 0B<>AD5@V 307V2 V ?0@V2 <5B0;C.  

�> >A=>2=8E ?0@0<5B@V2, O:V E0@0:B5@87CNBP 5;5:B@8G=V 2;0AB82>ABV 4C38, 
=0;560BP =0?@C30, AB@C< V 4>268=0 4C38. �0;56=VABP <V6 =0?@C3>N V AB@C<>< C 
AB0FV>=0@=><C AB0=V 4C38 =07820єBPAO WW A B 0 B 8 G = > N  2 > ; P B - 0 < ? 5 @ = > N  
E 0 @ 0 : B 5 @ 8 A B 8 : > N  (��)). �>=0 7>1@065=0 =0 @8A. 7.2.  

%B0B8G=0 ��) 720@N20;P=>W 4C38 A:;040єBPAO 7 B@P>E 4V;O=>:: 
– A?04=0 E0@0:B5@8AB8:0 (4V;O=:0 �); 
– 6>@AB:0 E0@0:B5@8AB8:0 (4V;O=:0 ��); 
– 7@>AB0NG0 E0@0:B5@8AB8:0 (4V;O=:0 ���). 
!09G0ABVH5 70AB>A>2CNBP 4C3C 7 6>@AB:>N E0@0:B5@8AB8:>N, ?@8 O:V9 

=0?@C30 4C38 =5 70;568BP 2V4 A8;8 720@N20;P=>3> AB@C<C. 

 
$8A. 7.2. %B0B8G=0 ��) 720@N20;P=>W 4C38 

 

�;O 4C38 7 6>@AB:>N E0@0:B5@8AB8:>N =0?@C30 ÄU  ?@>?>@FV9=0 WW 
4>268=V: 

Ä ÄU Lñ òý  ,      (7.1) 

45 ÄL   – 4>268=0 4C38, 70728G09: 0 8ÄLü  <<; ñ  V ò  – 5<?V@8G=V :>5DVFVє=B8, 
O:V 70;560BP 2V4 <5B0;C, O:89 720@NєBPAO, 307>2>3> A5@54>28I0 B0 V=H8E 
D0:B>@V2; 4;O AB0;P=8E 5;5:B@>4V2 ?@8 720@N20==V C ?>2VB@V ñ =10 �, ò =2 �/<<. 

"G5284=>, I> 4;O ?>ABV9=>ABV =0?@C38 =5>1EV4=> ?V4B@8<C20B8 AB0;5 
7=0G5==O 4>268=8 4C38. 
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�;O 4C3>2>3> 720@N20==O 70AB>A>2CNBP O: ?>ABV9=89, B0: V 7<V==89 AB@C<. 
§ 7.2. �65@5;0 AB@C<C 4;O 4C3>2>3> 720@N20==O  
 

�65@5;0 720@N20;P=>3> AB@C<C ?>28==V 70157?5GC20B8 ;53:5 70?0;N20==O 
V ABV9:5 3>@V==O 4C38, >1<56C20B8 AB@C< :>@>B:>3> 70<8:0==O V 1CB8 
157?5G=8<8 2 @>1>BV, I> 70157?5GCєBPAO WE A?5FV0;P=>N 7>2=VH=P>N 
E0@0:B5@8AB8:>N. 

� > 2 = V H = O  2 > ; P B - 0 < ? 5 @ = 0  E 0 @ 0 : B 5 @ 8 A B 8 : 0  465@5;0 
720@N20;P=>3> AB@C<C – F5 70;56=VABP =0?@C38 =0 9>3> 28EV4=8E :;5<0E 2V4 
AB@C<C 2 5;5:B@8G=><C ;0=FN7V. �>2=VH=V E0@0:B5@8AB8:8 1C20NBP A?04=8<8 1, 

?>;>3> A?04=8<8 2, 6>@AB:8<8 3, 7@>AB0NG8<8 4 (@8A. 7.3, 0). 

 
$8A. 7.3. &8?8 7>2=VH=VE ��) 465@5; 720@N20;P=>3> AB@C<C  
V WE A?V2AB02;5==O 7 E0@0:B5@8AB8:>N 720@N20;P=>W 4C38 

 

�;O 682;5==O 4C38 7 6>@AB:>N E0@0:B5@8AB8:>N =091V;PH ?@840B=8<8 є 
465@5;0 AB@C<C V7 A?04=>N V ?>;>3> A?04=>N 7>2=VH=V<8 E0@0:B5@8AB8:0<8. 

!0?@C30, I> ?>B@V1=0 4;O 70?0;N20==O 4C38, O:C =07820NBP =0?@C3>N 
E>;>AB>3> E>4C 465@5;0 720@N20;P=>3> AB@C<C, 7 <V@:C20=P 157?5:8 AB0=>28BP 
1;87P:> 60...80 � (@8A. 7.3, 5, B>G:0 �). 

&>G:0 % 2V4?>2V40є @568<C A B 0 ; > 3 >  3 > @ V = = O  4 C 3 8  V 287=0G0єBPAO 
?5@5B8=>< ��) 6 4C38 V7 A?04=>N 7>2=VH=P>N ��) 1 465@5;0 AB@C<C. �;O 
ABV9:>3> 3>@V==O 2V4:@8B>W 4C38 2 1V;PH>ABV 28?04:V2 4>AB0B=P> =0?@C38  

ÄU =18...30 �. 
&>G:0 D 2V4?>2V40є @568<C : > @ > B : > 3 >  7 0 < 8 : 0 = = O  V 

E0@0:B5@87CєBPAO <0;>N =0?@C3>N ( 0ÄU  ) B0 ?V428I5=8<, 0;5 >1<565=8< 
AB@C<><. "1<565==O AB@C<C :>@>B:>3> 70<8:0==O 4>AO30єBPAO 7024O:8 A?04=V9 

7>2=VH=V9 ��), 2V4?>2V4=> 4> O:>W 7V 71V;PH5==O< AB@C<C =020=B065==O 
=0?@C30 =0 70B8A:0G0E 465@5;0 AB@C<C 7=86CєBPAO.  

!09:@0I5 2AV< 28<>30< 4> 3>@V==O 307>2>W 4C38 (;53:5 70?0;N20==O, AB0;5 
3>@V==O, <0;5 :>;820==O 4>268=8 4C38 V =0?@C38, >1<565==O AB@C<C :>@>B:>3> 
70<8:0==O) 2V4?>2V40є 465@5;> AB@C<C 7 B0: 720=>N V450;V7>20=>N ��) 5     

(@8A. 7.3 4, 5).  

� 2 0 @ N 2 0 ; P = V  B @ 0 = A D > @ < 0 B > @ 8  (482. @8A. 7.4, 4, 5) 70AB>A>2CNBP 
4;O 7=865==O 28A>:>W =0?@C38 <5@56V (220 01> 380 �) 4> =0?@C38 E>;>AB>3> 
E>4C B@0=AD>@<0B>@0 (60...80 �).  
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�@V< B>3>, B@0=AD>@<0B>@ AB2>@Nє =0 4C7V A?04=C 7>2=VH=N 
E0@0:B5@8AB8:C. �;O FP>3> ?>A;V4>2=> 7 4C3>N V 2B>@8==>N >1<>B:>N �� 
B@0=AD>@<0B>@0 2<8:0NBP 4@>A5;P=C, B>1B> @50:B82=C >1<>B:C ���. #@8 
?@>E>465==V 720@N20;P=>3> AB@C<C C 28B:0E 4@>A5;P=>W >1<>B:8 V=4C:CєBPAO 
�$% (5;5:B@>@CHV9=0 A8;0) A8;0 A0<>V=4C:FVW, O:0 <0є =0?@O<, ?@>B8;56=89 
=0?@O<C >A=>2=>W �$% B@0=AD>@<0B>@0. *5 A?@8G8=Nє 7=865==O =0?@C38 4C38 
2V4 7=0G5==O AU =60...80 � E>;>AB>3> E>4C 4> ÑU =8...30 � AB0;>3> 3>@V==O V 
<0965 4> =C;O ( 0ÄU  ) ?@8 :>@>B:><C 70<8:0==V. 

 
$8A. 7.4. %E5<8 720@N20;P=8E B@0=AD>@<0B>@V2: 
4 – 7 >:@5<8<8 >A5@4O<8; 5 – 7 >4=8< >A5@4O<; 

(1 – >A5@4O 7 @>1>G8<8 >1<>B:0<8; 2 – >A5@4O 7 @50:B82=>N >1<>B:>N;  
3 – 720@N20;P=0 4C30) 

 

�0AB>A>2CNBP 42V AE5<8 4@>A5;P=>W >1<>B:8: =0 >:@5<8E >A5@4OE        
(@8A. 7.4, 4) V =0 >4=><C >A5@4V (@8A. 7.4, 5). %B@C< C B@0=AD>@<0B>@0E 
@53C;NєBPAO 71V;PH5==O< 01> 7<5=H5==O< ?>2VB@O=>3> 707>@C S  <V6 @CE><>N V 
=5@CE><>N G0AB8=0<8 9>3> >A5@4P. 

� 2 0 @ N 2 0 ; P = V  3 5 = 5 @ 0 B > @ 8  ? > A B V 9 = > 3 >  A B @ C < C  (@8A. 7.5) 

<0NBP A?04=C 7>2=VH=N E0@0:B5@8AB8:C, O:0 CB2>@NєBPAO 157?>A5@54=P> 2 
A0<><C 35=5@0B>@V, I> ?@0FNє 70 ?@8=F8?>< =0<03=VGC20;P=>W 4VW ?0@0;5;P=>W V 
@>7<03=VGC20;P=>W 4VW ?>A;V4>2=>W >1<>B>: 71C465==O.  

�5=5@0B>@ <0є >1<>B:C 3, I> 
?V4:;NG5=0 4> 3>;>2=>W IVB:8 b  V 
4>?><V6=>W IVB:8 c , V >1<>B:C 1, O:0 
?V4:;NG0єBPAO 4> 3>;>2=8E IVB>: a  V b , 

2V4 O:8E 6828BPAO 720@N20;P=0 4C30. 
!0?@C30 <V6 IVB:0<8 b  V c  =0 

E>;>AB><C E>4V V 2AVE @568<0E 
=020=B065==O 70;8H0єBPAO AB0;>N. &><C 
AB0;8< є V <03=VB=89 ?>BV: ïÔ , I> 
AB2>@NєBPAO >1<>B:>N 3, O:0 
?V4:;NG0єBPAO 4> F8E IVB>: (35=5@0B>@ 7 
A0<>71C465==O<). 

#V4 G0A E>;>AB>3> E>4C �$% 
35=5@0B>@0 V =0?@C30 =0 3>;>2=8E IVB:0E a , b  V =0 4C7V 70;560B8<CBP BV;P:8 2V4 

 
$8A. 7.5. %E5<0 720@N20;P=>3> 
35=5@0B>@0 ?>ABV9=>3> AB@C<C 
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<03=VB=>3> ?>B>:C ?0@0;5;P=>W >1<>B:8 3. #@8 3>@V==V 4C38 720@N20;P=89 
AB@C< ?@>E>48BP G5@57 ?>A;V4>2=C (A5@VєA=C) >1<>B:C 1, C2V<:=5=C B0:, I> WW 
<03=VB=89 ?>BV: ñÔ  =0?@02;5=89 ?@>B8 <03=VB=>3> ?>B>:C ïÔ  V 7=86Cє 9>3>. 
&><C �$% 35=5@0B>@0, O:0 V=4C:CєBPAO 2 >1<>BFV O:>@O 35=5@0B>@0 
@57C;PBCNG8< <03=VB=8< ?>B>:><, B0:>6 7=878BPAO, V F5 7C<>28BP 7=865==O 
=0?@C38 =0 4C7V. #@8 :>@>B:><C 70<8:0==V ?>BV: ñÔ  1C45 <0965 4>@V2=N20B8 
?>B>:C ïÔ . ' FP><C 28?04:C @57C;PBCNG89 <03=VB=89 ?>BV: V =0?@C30 =0 
3>;>2=8E IVB:0E a  V b  B0 =0 4C7V B0:>6 7=87OBPAO <0965 4> =C;O.  

�20@N20;P=89 AB@C< C 35=5@0B>@0E FP>3> B8?C @53C;NєBPAO 7<V=>N 
AB@C<C 71C465==O ?0@0;5;P=>W >1<>B:8 70 4>?><>3>N @5>AB0B0 2 01> 7<V=>N 
G8A;0 28B:V2 ?0@0;5;P=>W V A5@VєA=>W >1<>B>:. 

� 2 0 @ N 2 0 ; P = V  2 8 ? @ O < ; O G V  70AB>A>2CNBP 70 =5>1EV4=>ABV 
720@N20==O ?>ABV9=8< AB@C<><. �>=8 A:;040NBPAO 7 B@0=AD>@<0B>@0 V 
=0?V2?@>2V4=8:>2>3> 28?@O<;OG0. �AV 28?@O<;OGV <0NBP 28A>:89 ��� V 
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3>@V==O 4C38. 

 

§ 7.3. &5E=>;>3VO @CG=>3> 5;5:B@>4C3>2>3> 720@N20==O  
 

%E5<0 ?@>F5AC. $CG=5 4C3>25 720@N20==O 28:>=CNBP 720@N20;P=8<8 
5;5:B@>40<8, O:V 2@CG=C ?>40NBP C 4C3C 9 ?5@5<VI0NBP C74>26 703>B>2:8. ' 

?@>F5AV 720@N20==O <5B0;528< ?>:@8B8< 
5;5:B@>4>< (@8A. 7.6) 4C30 8 3>@8BP <V6 
AB5@6=5< 5;5:B@>40 7 V >A=>2=8< <5B0;>< 1. 

%B5@65=P 5;5:B@>40 ?;028BPAO, V 
@>7?;02;5=89 <5B0; :@0?;O<8 ABV:0є C 
720@N20;P=C 20==C 9. $07>< 7V AB5@6=5< 
?;028BPAO ?>:@8BBO 5;5:B@>40 6, AB2>@NNG8 
70E8A=C 307>2C 0B<>AD5@C 5 =02:>;> 4C38 9 
@V4:C H;0:>2C 20==C 4 =0 ?>25@E=V 
@>7?;02;5=>3> <5B0;C. ' <V@C @CEC 4C38 
720@N20;P=0 20==0 B25@4=5 V D>@<CєBPAO 
720@=89 H>2 3. $V4:V H;0:8 ?VA;O >AB830==O 
CB2>@NNBP B25@4C H;0:>2C :>@:C 2. 

�81V@ @568<C 720@N20==O. 

"A=>2=8<8 ?0@0<5B@0<8 @568<C @CG=>3> 
4C3>2>3> 720@N20==O є 4V0<5B@ 5;5:B@>40 V 

A8;0 720@N20;P=>3> AB@C<C. 
�V0<5B@ 5;5:B@>40 ed  2818@0NBP 70;56=> 2V4 B>2I8=8 720@N20=>3> 

<5B0;C, H0@C H20 V ?>;>65==O H20 C ?@>AB>@V. �;O AB0;P=8E 5;5:B@>4V2 
70728G09 28:>@8AB>2CNBP 5<?V@8G=C 70;56=VABP 

1
2

åd
ôö öý ÷ ÷
ø ø

<<,      (7.2) 

45 ô  – B>2I8=0 720@N20=>3> <5B0;C, <<. 

 
$8A. 7.6. %E5<0 ?@>F5AC @CG=>3>  

4C3>2>3> 720@N20==O 



68 

 

%8;0 720@N20;P=>3> AB@C<C 2 >A=>2=><C 70;568BP 2V4 4V0<5B@0 
5;5:B@>40. �;O 5;5:B@>4V2 4V0<5B@>< 3...6 <<: 

,çâI kdý             (7.3) 

45  k – :>5DVFVє=B, I> 4>@V2=Nє 40...60 �/<< 4;O 5;5:B@>4V2 V7 AB5@6=5< 7 
=87P:>2C3;5F52>W AB0;V V 35...40 �/<< – 4;O 5;5:B@>4V2 V7 AB5@6=5< 7 
28A>:>;53>20=>W AB0;V. 

�848 720@=8E 7’є4=0=ь. "A=>2=8<8 2840<8 7’є4=0=P, I> 28:>=CNBP 
@CG=8< 4C3>28< 720@N20==O<, є AB8:>2V, B02@>2V, B>@F52V, ?@>@V7=V, :CB>2V, 
2=0?CA:, 7 =0:;04:0<8, ?@>1:>2V (@8A. 7.7).  

 

 

 
$8A. 7.7. �848 720@=8E 7’є4=0=P: 

4 – AB8:>2V; 5 – B02@>2V; 6 – B>@F52V; 7 – ?@>@V7=V; 8 – :CB>2V; 9 – 2=0?CA:;  
: – 7 =0:;04:0<8; ; – ?@>1:>2V 

 

!091V;PH0 B>2I8=0 <5B0;C, O:89 720@NNBP 70 >48= ?@>EV4 – 6 <<, 0 ?@8 
720@N20==V 7 42>E AB>@V= – 4> 8 <<. #@8 720@N20==V ;8ABV2 1V;PH>W B>2I8=8 
:@><:8 >4=>3> G8 >1>E ;8ABV2 ?>?5@54=P> A:>HCNBP ?V4 :CB>< 54...60°. 
%:>HC20==O :@><>: <>65 1CB8 O: >4=>1VG=V<, B0: V 42>1VG=V<. ->1 70157?5G8B8 
?@>20@N20==O ?> 2AP><C ?5@5@V7C 720@N20=8E ;8ABV2, <V6 :@><:0<8 70;8H0NBP 
707>@, O:89 70;56=> 2V4 B>2I8=8 <5B0;C 4>@V2=Nє 0...4 <<.  

�;O 70?>1V30==O ?@>?0;N20==N 3>AB@V :@><:8 ;8ABV2 ?@8BC?;ONBP =0 
1...3 <<. 

"A=>2=V 2848 720@=8E H2V2 70 ?>;>65==O< C ?@>AB>@V. �0 ?>;>65==O< 
C ?@>AB>@V H28 1C20NBP:  

– =86=V (482. @8A. 7.8, 4), O:V 720@N20B8 =097@CG=VH5;  
– 25@B8:0;P=V (482. @8A. 7.8, 5), O:V 28:>=CNBP 4C65 :>@>B:>N 4C3>N V 

5;5:B@>40<8, 4V0<5B@ O:8E =5 1V;PH89 70 5 <<;  
– 3>@87>=B0;P=V (482. @8A. 7.8, 6); 
– AB5;P>2V (482. @8A. 7.8, 7) – 720@NNBP =09:>@>BH>N 4C3>N V 5;5:B@>40<8 

4V0<5B@><, =5 1V;PH8< 70 4 <<. 
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<V60B><=8E 72’O7:V2 V @C9=C20==O 720@=>3> 7’є4=0==O 2 <><5=B @5;0:A0FVW =5 
2V41C20єBPAO.  

)>;>4=8< 720@N20==O< 28:>=CNBP B>G:>2V, H>2=V V AB8:>2V 7’є4=0==O. !0 
@8A. 11.16, 4 ?@54AB02;5=0 AE5<0 B>G:>2>3> E>;>4=>3> 720@N20==O.  

 
$8A. 11.16. %E5<8 E>;>4=>3> B>G:>2>3> 720@N20==O  

V 2848 720@=8E B>G>: 
 

#>?5@54=P> 70G8I5=V V 7=568@5=V ?>25@E=V 2 720@N20=8E 703>B>2>: 1 
7402;NNBP ?C0=A>=0<8 3, I> <0NBP @>1>GV 28ABC?8 4, 28A>B0 O:8E AB0=>28BP 
0,7...0,8 B>2I8=8 720@N20=>3> <0B5@V0;C. %8;0 AB8A:C ?>28==0 70157?5G8B8 
?>2=5 ?@>=8:=5==O 28ABC?V2 C 720@N20=V 703>B>2:8. �>=BC@ 720@=8E B>G>: 
<>65 1CB8 @V7=8<, 2V= 70;568BP 2V4 D>@<8 28ABC?0NG>W G0AB8=8 ?C0=A>=0   
(@8A. 11.16, 5). 

�;O E>;>4=>3> H>2=>3> 720@N20==O 70AB>A>2CNBP A?5FV0;P=V @>;8:8. 
�57?5@5@2=5 7’є4=0==O <>65 1CB8 B0:>6 >B@8<0=5 H;OE>< >4=>G0A=>3> 
7402;N20==O ?> 2AV9 4>268=V 7’є4=0==O 01> H;OE>< ?@>:0BC20==O @>;8:0. ,28, 
I> CB2>@NNBP 70<:=CB89 :>=BC@ =525;8:>W 4>268=8 C 283;O4V :V;PFO, 
?@O<>:CB=8:0 V B. ?., >45@6CNBP :>=BC@=8< 720@N20==O<.  
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!0 @8A. 11.16, 6 =02545=0 AE5<0 720@N20==O ?>@>6=VE 45B0;59 ?> :>=BC@C. 
#C0=A>=8 5 ?@8 720@N20==V 703>B>2>: 1 AB@>3> F5=B@CNBPAO 70 4>?><>3>N 
:>@?CA0 6. 

)>;>4=8< 720@N20==O< 7’є4=CNBP <5B0;8 V A?;028 B>2I8=>N 0,2...15 <<. 
�=0G5==O =5>1EV4=>3> B8A:C =0 <5B0; 70;568BP 2V4 7’є4=0==O 9 B>2I8=8 
720@N20=>3> <0B5@V0;C V 2 A5@54=P><C AB0=>28BP 150...1000  #0. )>;>4=8< 
720@N20==O< 7’є4=CNBP >4=>@V4=V 01> =5>4=>@V4=V <5B0;8 V A?;028 7 28A>:>N 
?;0AB8G=VABN 70 =>@<0;P=>W B5<?5@0BC@8. ' =54>AB0B=P> ?;0AB8G=8E <5B0;0E 
?@8 1V;PH8E 45D>@<0FVOE ?V4 G0A 720@N20==O <>6CBP CB2>@N20B8AO B@VI8=8. 
�8A>:><VF=V <5B0;8 V A?;028 E>;>4=8< 720@N20==O< =5 7’є4=CNBP, B><C I> 4;O 
FP>3> ?>B@V15= 4C65 25;8:89 B8A:, O:89 ?@0:B8G=> 206:> 74V9A=8B8. �>1@5 
720@NNBPAO A?;028 0;N<V=VN, :04<VN, A28=FN, <V4V, =V:5;N, 7>;>B0, A@V1;0, 
F8=:C. 

�> ?5@5203 FP>3> A?>A>1C 2V4=>AOBPAO: <0;0 28B@0B0 5=5@3VW, =57=0G=0 
7<V=0 2;0AB82>AB59 <5B0;C 2 7>=V 720@=>3> 7’є4=0==O, 28A>:0 ?@>4C:B82=VABP, 
<>6;82VABP 02B><0B870FVW. �> =54>;V:V2 A?>A>1C 20@B> 2V4=5AB8 2V4=>A=> 
>1<565=C :V;P:VABP A?;02V2, I> <0NBP =5>1EV4=C ?;0AB8G=VABP ( 30 %þô ), 0 
B0:>6 7=865==O =5ACG>W 740B=>ABV 720@=8E 7’є4=0=P G5@57 3;81>:V 2<’OB8=8 =0 
?>25@E=V, I> 70;8H0NBP ?C0=A>=8. 

�;O 7’є4=0==O E>;>4=8< B>G:>28< 720@N20==O< <>6CBP 1CB8 28:>@8AB0=V 
1C4P-O:V ?@5A8 (328=B>2V, 3V4@02;VG=V, 206V;P=V, 5:AF5=B@8:>2V), :@V< B>3>, 
70AB>A>2CNBPAO A?5FV0;V7>20=V CAB0=>2:8 4;O AB8:>2>3> E>;>4=>3> 720@N20==O. 

 

§ 11.9. �20@N20==O 281CE>< 

 

�20@N20==O 281CE>< – F5 A?>AV1 720@N20==O B8A:><, ?@8 O:><C 4;O 
71;865==O, 0:B820FVW 9 A:@V?;N20==O ?>25@E>=P 28:>@8AB>2CNBP 5=5@3VN 
45B>=0FVW (<8BBє2>W EV<VG=>W @50:FVW) 281CE>2>W @5G>28=8 (�$), I> AB2>@Nє 
?>BC6=5 ?@8A:>@5==O 9 AB8A: 720@N20=8E 45B0;59. "4=>G0A=> 2V41C20єBPAO 
>G8I5==O 720@N20=8E ?>25@E>=P H;OE>< <74C20==O= ?>25@E=52>3> B>=:>3> 
H0@C <5B0;C V=B5=A82=8< A?@O<>20=8< ?;>A:8< (:C<C;OB82=8<) AB@C<5=5<, 
O:89 28=8:0є ?> ;V=VW 281CE>2>3> 7VB:=5==O 45B0;59, I> 720@NNBPAO. 

�V;PHVABP B5E=>;>3VG=8E AE5< 
720@N20==O 281CE>< 70A=>20=> =0 
28:>@8AB0==V A0<5 A?@O<>20=>3> 
(:C<C;OB82=>3>) 281CEC (@8A. 11.17). 
�’є4=C20=V ?>25@E=V 42>E 703>B>2>: 4 V 3, 
7>:@5<0 ?;0AB8=, >4=0 V7 O:8E =5@CE><0 
(?;0AB8=0 4) V A;C3Cє ?V4AB02>N, @>7B0H>2CNBP 
?V4 :CB>< ñ  >4=0 4> >4=>W =0 2V4AB0=V 0h . !0 
703>B>2:C 3 C:;040NBP 281CE>2C @5G>28=C 2 
B>2I8=>N H , 0 7 1>:C, I> ?5@51C20є =04 
25@H8=>N :CB0, CAB0=>2;NNBP 45B>=0B>@ 1. 

�20@NNBP =0 B25@4V9 >?>@V. &8A:, I> 28=8:0є 
 

$8A. 11.17. %E5<0 720@N20==O  
281CE>< 
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?V4 G0A 281CEC, ?5@540є V<?C;PA @>7B0H>20=V9 ?V4 70@O4>< ?;0AB8=V. ' <VAFV 
:>=B0:BC FVєW ?;0AB8=8 7 ?V4AB02>N CB2>@NєBPAO :CB ÷ , I> ?5@5<VICєBPAO 
C74>26 7’є4=C20=8E ?;0AB8=. 

#@8 7VB:=5==V ?;0AB8=, I> @CE0NBPAO 7 25;8:>N H284:VABN, <V6 =8<8 
CB2>@NєBPAO :C<C;OB82=89 AB@C<V=P eK  (482. @8A. 11.18), I> @C9=Cє V 2840;Oє 
>:A84=V ?>25@E=52V ?;V2:8 V V=HV 701@C4=5==O, ?V43>B>2;ONG8 B8< A0<8< 
?>25@E=V 4;O 720@N20==O. #VA;O V=VFVN20==O 70@O4C �$ ?> =P><C ?>H8@NєBPAO 7 
28A>:>N H284:VABN DV  (:V;P:0 B8AOG <5B@V2 70 A5:C=4C) 45B>=0FVO. #V4 4VєN 
28A>:>3> B8A:C ?@>4C:BV2 45B>=0FVW, I> @>7H8@NNBPAO, ?;0AB8=0, 738=0NG8AP 
=0 :CB ò , @>730=OєBPAO 4> H284:>ABV cV  (:V;P:0 A>B5=P <5B@V2 70 A5:C=4C) V 
A?V2C40@OєBPAO 7 =5@CE><>N ?;0AB8=>N ?V4 45O:8< :CB>< ÷ ñ òý  , 25@H8=0 
O:>3> (;V=VO 01> B>G:0 :>=B0:BC) ?5@5<VICєBPAO C74>26 =5@CE><>W ?;0AB8=8 7V 
H284:VABN :>=B0:BC êV  C =0?@O<:C ?>H8@5==O 45B>=0FVW. 

#>25@E=V 71;860NBPAO 4> 2V4AB0=V 4VW <V60B><=8E A8; 270є<>4VW, V 
2V41C20єBPAO A:@V?;N20==O ?> 2AV9 ?;>IV 7’є4=0==O. �=0A;V4>: 28A>:>W 
H284:>ABV A?V2C40@O==O V B8A:C 2 >:>;V ;V=VW :>=B0:BC @50;V7CNBPAO C<>28, O:V 
70157?5GCNBP V=B5=A82=5 A?V;P=5 ?;0AB8G=5 45D>@<C20==O 720@N20=8E <5B0;V2, 
I> A?@8G8=Nє AB2>@5==O DV78G=>3> :>=B0:BC, 0:B820FVW ?>25@E>=P V 
D>@<C20==N 7’є4=0==O. 

&@820;VABP 720@N20==O 281CE>< =5 ?5@528ICє 45:V;P:>E <V:@>A5:C=4. 
*P>3> G0AC =54>AB0B=P> 4;O 48DC7V9=8E ?@>F5AV2, B><C C 720@N20=8E 45B0;OE 
=5 CB2>@NNBPAO ?@><V6=V 7’є4=0==O <V6 @V7=>@V4=8<8 <5B0;0<8 V A?;020<8. 

 

 
$8A. 11.18. %E5<0 A?V2C40@C ?;0AB8= ?@8 720@N20==V 281CE><: 

ñ  – CAB0=>2>G=89 :CB; ò  – :CB ?@>38=C ?;0AB8=8; ÷  – :CB A?V2C40@O==O; DV  – H284:VABP 

45B>=0FVW 281CE>2>W @5G>28=8; êV – H284:VABP ?5@5<VI5==O 48=0<VG=>3> :CB0 ÷ ; cV  – 
H284:VABP ?5@5<VI5==O A?V2C40@O==O; #� – ?@>4C:B8 45B>=0FVW; �$ – 70@O4 281CE>2>W 
@5G>28=8; K  – B>G:0 :>=B0:BC; eK  – :C<C;OB82=89 AB@C<V=P; 0C – H284:VABP ?>H8@5==O 

72C:C C <5B0;V 
 

�20@N20==O 281CE>< <>6=0 2V4=5AB8 O: 4> A?>A>1V2 720@N20==O 7 
>?;02;5==O< ?@8 :>@>B:>G0A=><C =03@V20==V, B0: V 4> E>;>4=>3> 720@N20==O.    
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' 4>A;V465==V <VAFO 7’є4=0==O <>6=0 28O28B8 4V;O=:8 >?;02;5=>3> <5B0;C B0 
4V;O=:8 7V AB@C:BC@>N, E0@0:B5@=>N 4;O E>;>4=>3> 720@N20==O. 

/: 284=> 7 @8A. 11.18, ?0@0<5B@0<8 @568<C 720@N20==O 281CE>< є 
H284:VABP 45B>=0FVW DV , =>@<0;P=0 H284:VABP cV  ?;0AB8=8 ?@8 7VB:=5==V 7 
?V4AB02>N V :CB ÷  WE=P>W 7CAB@VGV ?@8 7VB:=5==V. 

,284:VABP 45B>=0FVW, >1C<>2;5=0 B8?>< 281CE>2>W @5G>28=8 9 B>2I8=>N 
WW H0@C, ?>28==0 70157?5GC20B8 CB2>@5==O A?@O<>20=>3> (:C<C;OB82=>3>) 
AB@C<5=O 

eK  157 28=8:=5==O =5157?5G=8E 4;O <5B0;C C40@=8E E28;P. +8< 
1V;PH5 /C DV V , B8< 1V;PH5 ÷ . 

#@54AB02;5=C =0 @8A. 11.17 V 11.18 AE5<C 720@N20==O =07820NBP 
: C B > 2 > N  G5@57 =0O2=VABP ?>G0B:>2>3> :CB0 ñ  <V6 720@N20=8<8 ?;0AB8=0<8. 
!54>;V:>< :CB>2>W AE5<8 є B5, I> C <V@C 2V440;5==O 2V4 B>G:8 V=VFVN20==O 
70@O4C �$ 7@>AB0є 25;8G8=0 707>@C h , I> ACBBє2> 2?;820є =0 C<>28 AB2>@5==O 
7’є4=0==O V ?@872>48BP 4> 9>3> =5>4=>@V4=>ABV ?> 4>268=V. � FVєW ?@8G8=8 
:CB>20 AE5<0 =5 7=09H;0 A2>3> 70AB>AC20==O, V =0@07V 28:>@8AB>2CєBPAO 
? 0 @ 0 ; 5 ; P = 0  AE5<0 720@N20==O 281CE><.  

�;O ?0@0;5;P=>W AE5<8, :>;8 0ñ ý , 720@N20==O 74V9A=NєBPAO ?@8 
?>ABV9=8E 7=0G5==OE h , ÷ , cv  V KV . *5 4>72>;Oє 28:>@8AB>2C20B8 B0:C AE5<C C 
@VH5==V 25;8:>W :V;P:>ABV ?@0:B8G=8E 7040G. !0?@8:;04, ?0@0;5;P=0 AE5<0 
4>72>;Oє 7’є4=0B8 <V6 A>1>N B@8 V 1V;PH5 ?;0AB8= 70 @0EC=>: 5=5@3VW 45B>=0FVW 
>4=>3> 70@O4C (@8A. 11.19). 

�20@N20==O 281CE>< 28:>@8AB>2CNBP 
?@8 283>B>2;5==V 703>B>2>: ?@>:0BC 7 
1V<5B0;C, 4;O ?;0:C20==O ?>25@E>=P 
:>=AB@C:FV9=8E AB0;59 <5B0;0<8 V A?;020<8 7 
>A>1;828<8 DV78G=8<8 V EV<VG=8<8 
2;0AB82>ABO<8, ?@8 720@N20==V 703>B>2>: V7 
@V7=>@V4=8E <0B5@V0;V2. �>FV;P=8< є 
A?>;CG5==O 720@N20==O 281CE>< 7V 
HB0<?C20==O< V :C20==O<. 

 

§ 11.10.  03=VB=>-V<?C;ьA=5 720@N20==O  
 

 03=VB=>-V<?C;PA=5 720@N20==O 
<5B0;V2 – F5 @V7=>284 720@N20==O, ?@8 O:><C 
4;O :>=B0:BC20==O V 720@N20==O 45B0;59 
28:>@8AB>2CNBP 270є<>4VN 7>2=VH=VE 
?>BC6=8E V<?C;PA=8E <03=VB=8E ?>;V2 
V=4C:B>@0 7 <03=VB=8< ?>;5< 720@N20=>W 
45B0;V.  03=VB=5 ?>;5 2 45B0;V =02>48BPAO 

V=4C:B>@>< C <><5=B @>7@O4C V<?C;PA=>W 28A>:>2>;PB=>W :>=45=A0B>@=>W 
10B0@5W (@8A. 11.20).  

%?>AV1 <03=VB=>-V<?C;PA=>3> 720@N20==O C?5@H5 70?0B5=B>20=89 C %,� 
C 1964 @. (. �@0C5@><. �0 F8< A?>A>1>< 7>=C 720@N20==O 35@<5B87CNBP V 

 
$8A. 11.19. �20@N20==O 281CE><  

1030B>H0@>2>W ?0=5;V 7 
28:>@8AB0==O< ?0@0;5;P=>W 

AE5<8: 
1 – ?;0AB8=8; 2 – ?V4AB020; 3 – 707>@8 
<V6 ?;0AB8=0<8; 4 – 45B>=0B>@; 

5 – 70@O4 �$; 6 – D0;PH?;0AB8=0; 
7 – 45<?DCNG89 H0@ 
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AB2>@NNBP C =V9 =59B@0;P=C 0B<>AD5@C. #>?5@54=P> 45B0;V =03@V20NBP 70 
4>?><>3>N V=4C:B>@0 2V4 35=5@0B>@0 AB@C<V2 28A>:>W G0AB>B8, ?>BV< =0 V=4C:B>@ 
?>40єBPAO V<?C;PA AB@C<C 2V4 <03=VB=>-V<?C;PA=>W :>=45=A0B>@=>W CAB0=>2:8. 
�70є<>4VO <03=VB=8E ?>;V2 V=4C:B>@0 V @CE><>W 703>B>2:8 AB2>@Nє <V6 =8<8 
7CA8;;O 2V4HB>2EC20==O. $CE><0 703>B>2:0 7 25;8:>N H284:VABN 7VHB>2ECєBPAO 
7 =5@CE><>N V 2V41C20єBPAO WE=є 720@N20==O. 

 
$8A. 11.20. %E5<0 <03=VB=>-V<?C;PA=>3> 720@N20==O: 

1 – =5@CE><0 703>B>2:0; 2 – @CE><0 703>B>2:0; 3 – V=4C:B>@; 4 – :><CBCNG89 ?@8AB@V9;  
5 – 10B0@5W :>=45=A0B>@V2; 6 – 70@O4=89 ?@8AB@V9; 7 – >?>@0; 

ñ   – CAB0=>2>G=89 :CB; ô  – CAB0=>2>G=89 707>@ 
 

� >A=>2C <03=VB=>-V<?C;PA=>3> 720@N20==O ?>:;045=> 28:>@8AB0==O A8; 
5;5:B@><5E0=VG=>W 270є<>4VW <V6 V=4C:>20=8< <03=VB=8< ?>;5< 45B0;V B0 
V<?C;PA=8< <03=VB=8< ?>;5< V=4C:B>@0. #@8 FP><C 5;5:B@8G=0 5=5@3VO G5@57 
V<?C;PA <03=VB=>3> ?>;O 157 CG0ABV 1C4P-O:>3> ?5@54020;P=>3> A5@54>28I0 
?5@5B2>@8BPAO =0 <5E0=VG=C A8;C B8A:C.  

' 28?04:C <03=VB=>-V<?C;PA=>3> 720@N20==O (O: V ?@8 720@N20==V 
281CE><), =570;56=> 2V4 ?>G0B:>2>3> @>7B0HC20==O ?>25@E>=P 720@N20=8E 
703>B>2>:, WE=є 7VB:=5==O ?V4 G0A 720@N20==O 2V41C20єBPAO ?V4 :CB><. *5 
AB2>@Nє 70 4>AB0B=P>W H284:>ABV C40@C ;>:0;P=C 7>=C :>=B0:BC ?> ;V=VW 
(A8BC0FVO =0:0BC), 2 O:V9 B8A: C 45AOB:8 @07V2 ?5@528ICє <56C ?;0AB8G=>ABV 
<0B5@V0;C, C @57C;PB0BV G>3> 2V= =01C20є 2;0AB82>AB59 =5AB8A;82>W @V48=8. #@8 
FP><C 2V41C20єBPAO 28:84 >:A84=8E ?;V2>: V V=H8E 701@C4=5=P V7 720@N20=8E 
?>25@E>=P ?V4 2?;82>< :C<C;OB82=>3> AB@C<5=O. *5 AB2>@Nє C<>28 4;O 
0:B820FVW ?>25@E>=P V WE A?V;P=>W ?;0AB8G=>W 45D>@<0FVW 7 CB2>@5==O< 
<5B0;528E 72’O7:V2. 

!09:@0I5 7’є4=CNBPAO C @07V 28:>@8AB0==O @>73;O=CB>3> A?>A>1C 
720@N20==O ?;0AB8G=V <5B0;8 V A?;028 7 28A>:>N 5;5:B@>?@>2V4=VABN: 

0;N<V=V9, <V4P 2 >4=>@V4=><C V @V7=>@V4=><C A?>;CG5==OE, F8@:>=Vє2V V B8B0=>2V 
A?;028, 0;N<V=V9 7V AB0;;N B0 V=. 

#@>F5A 720@N20==O B@820є 157 157?>A5@54=P>3> :>=B0:BC 7 @>1>G8< 
V=AB@C<5=B><, <>65 1CB8 ;53:> 02B><0B87>20=8<, =5 ?>B@51Cє 28A>:>W 
:20;VDV:0FVW 720@N20;P=8:0->?5@0B>@0, 4>72>;Oє >45@60B8 28A>:>O:VA=5 
35@<5B8G=5 7’є4=0==O C 28@>10E V7 70<:=5=8<8 2=CB@VH=V<8 ?>@>6=8=0<8. 

 

§ 11.11. �V1@84=V A?>A>18 720@N20==O  
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�> AP>3>4=V 70AB>AC20==O 4C3>2>3> @>7@O4C O: >4=>3> 7 =09?>H8@5=8E V 
45H528E 465@5; B5?;0 4;O 720@N20==O <0є VAB>B=V B@C4=>IV, ?>2’O70=V 7 
=54>AB0B=P>N :>=F5=B@0FVєN 5=5@3VW 2 5;5:B@>4C3>2V9 ?;07<V 9 =5ABV9:VABN 
3>@V==O 4C38 70 28A>:8E H284:>AB59 720@N20==O. %0<5 B><C AP>3>4=V 2A5 
1V;PH5 @>72820NBPAO 3V1@84=V A?>A>18 720@N20==O, B0:V O: ;075@=>-4C3>25, 
;075@=>-A2VB;>?@><5=525, 42>?@><5=525 ;075@=5, ;075@=>-V=4C:FV9=5, ;075@=>-
?;07<>25 (@8A. 11.21).  

 

 
$8A. 11. 21. "A=>2=V 3V1@84=V A?>A>18 720@N20==O 

 

�075@=>-4C3>25 720@N20==O. !091V;PH @>7@>1;5=>N 9 ?5@A?5:B82=>N 

V7 F8E =>2VB=VE B5E=>;>3V9 є 3V1@84=5 ; 0 7 5 @ = > - 4 C 3 > 2 5  720@N20==O. �>=> 
>1’є4=Cє B5E=>;>3VW ;075@=>3> 9 4C3>2>3> 720@N20==O 2 A5@54>28IV 70E8A=8E 
307V2. �V1@84=5 720@N20==O 28:>@8AB>2Cє ?5@52038 ;075@=>3> 720@N20==O, 0 
A0<5: <>6;82VABP 720@N20==O <5B0;V2 25;8:>W B>2I8=8 7 <V=V<0;P=8< 
2=5A5==O< B5?;0 C 720@N20=C :>=AB@C:FVN, 28A>:C B>G=VABP V H284:VABP 
720@N20==O. 

�> B>3> 6 3V1@84=><C 720@N20==N =5 2;0AB82V =54>;V:8 ;075@=>3> 
720@N20==O, B0:V O: =5>1EV4=VABP 70157?5G5==O <V=V<0;P=>3> 707>@0 <V6 
720@N20=8<8 ?>25@E=O<8 B0 =5>1EV4=VABP 28:>@8AB0==O ;075@V2 25;8:>W 
?>BC6=>ABV. 

&0:89 284 3V1@84=>3> 720@N20==O <>65 1CB8 @50;V7>20=89 70 42><0 
AE5<0<8. ' ?5@HV9 AE5<V ?@><V=P ;075@0 9 4C30 4VNBP V7 @V7=8E AB>@V= (@8A. 11.22, 4), 

C 4@C3V9 AE5<V 2?;82 4C38 9 ?@><5=O 74V9A=NєBPAO 7 >4=VєW AB>@>=8 2V4=>A=> 
=0?@O<:C 720@N20==O 9 =>@<0;V 4> ?>25@E=V <5B0;C (@8A. 11.22, 5).  
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$8A. 11. 22. �5><5B@8G=V AE5<8 @50;V70FVW ?@>F5AC ;075@=>-4C3>2>3> 720@N20==O 

 

!0@07V G5@57 A:;04=VABP 283>B>2;5==O CAB0B:C20==O, I> 2V4?>2V40є AE5<V 
=0 @8A. 11.22, 4, ?@8 720@N20==V 28@>1V2 28:>@8AB>2CєBPAO AE5<0, =02545=0 =0 
@8A. 11.22, 5. #@>F5A ;075@=>-4C3>2>3> 720@N20==O <>65 74V9A=N20B8AO O: 
=5?;02:8<, B0: V ?;02:8< 5;5:B@>4><. #@8 28:>@8AB0==V =5?;02:>3> 5;5:B@>40 
4C30 70?0;NєBPAO A?5@54C ?> E>4C 720@N20==O. �C30 ?V4V3@V20є <5B0; V 
@>7?;02;Oє 9>3> 25@E=V9 H0@, 0 ;075@=89 ?@><V=P 74V9A=Nє 3;81>:5 
?@>?;02;5==O. 

#@8 28:>@8AB0==V ?;02:>3> 5;5:B@>40, 5;5:B@8G=C 4C3C 70?0;NNBP 
?>704C AD>:CA>20=>3> 28?@><V=N20==O, I> ?@>?;02;Oє BV;P:8 4>B8G=V G0AB8=8 
<5B0;C, =0?@8:;04, V-?>4V1=V 9>3> :@09:8, 0 70?;02;5==O A:>AC :@09>: 
74V9A=Nє 5;5:B@8G=0 4C30 7 ?;02:8< 5;5:B@>4><.  

"A=>2>N A8AB5<8 3V1@84=>3> 720@N20==O є A?5FV0;P=89 720@N20;P=89 
?0;P=8:, I> A:;040єBPAO 7 ;075@=>W >?B8:8 B0 ?0;P=8:0 4;O 720@N20==O 2 
A5@54>28IV 70E8A=8E 307V2 (482. @8A. 11.23). 

�0;56=> 2V4 A?V22V4=>H5=P ?>BC6=>AB59 ;075@=>3> ?@><5=O 9 4C38, 
35><5B@VO >1;0ABV ?@>?;02;5==O 7<V=NєBPAO 2V4 B8?>2> ;075@=>3> 4> B8?>2> 
4C3>2>3> 720@N20==O (@8A. 11.24). *8D@0<8 ?>7=0G5=> A8;C AB@C<C: 1 – 20 �;        
2 – 75 �; 3 – 105 �. #@8 FP><C V;6 = const. 
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$8A. 11. 23. %?5FV0;V7>20=0 
720@N20;P=0 3>;>2:0 4;O 
3V1@84=>3> ;075@=>-4C3>2>3> 

720@N20==O 

 
$8A. 11.24. (>@<8 720@=>3> H20  
70 @V7=>W ?>BC6=>ABV ;075@0 4C38: 
4 – P ý900 �B; 5 – P ý 500 �B;  

6 – P ý200 �B 
 

�@V< B>3>, D>@<C20==O 35><5B@VW H20 9 3;818=0 ?@>?;02;5==O 70;560BP 
2V4 H284:>ABV 720@N20==O (@8A. 11.25). �V 71V;PH5==O< H284:>ABV 720@N20==O 
7<5=HCNBPAO H8@8=0 9 3;818=0 H20.  

 
$8A. 11.25. �<V=0 D>@<8 H20 9 3;818=8 ?@>?;02;5==O 7V 71V;PH5==O< H284:>ABV 

720@N20==O 2V4 21,3 4> 100 <</A 
 

�C3>25 9 ;075@=5 720@N20==O 270є<=> 4>?>2=NNBP >4=5 >4=>3> 70 
@0EC=>: A2>WE ?5@5203 V 270є<=> =V25;NNBP =54>;V:8 :>6=>3> <5B>4C 
720@N20==O, I> 70157?5GCє B0:V ?5@52038 ;075@=>-4C3>2>3> <5B>4C: 

– 2?;82 4C38 =0 <5B0; 71V;PHCє :>5DVFVє=B ?>3;8=0==O ;075@=>3> 
28?@><V=N20==O, A?@8ONG8 ?V428I5==N ��� 720@N20==O; 

– 4C30 4>72>;Oє 7=878B8 28<>38 4> B>G=>ABV 35><5B@VW A:;040==O 45B0;59, 
I> 720@NNBPAO; 

– 2?;82 ;075@=>3> 28?@><V=N20==O =0 <5B0; C @568<V 3;81>:>3> 
?@>?;02;5==O AC?@>2>46CєBPAO V=B5=A82=8< 28?0@>2C20==O< V 
?;07<>CB2>@5==O<, I> 70157?5GCє AB01V;V70FVN 4C38; 

– 3V1@84=89 ?@>F5A 720@N20==O 4>72>;Oє 7=878B8 ?>BC6=VABP ;075@=>3> 
?@><5=O, >B65, V A?>6820==O 5=5@3VW 2V4 ;075@=>3> 465@5;0. 

�075@=>-A2VB;>?@><5=525 720@N20==O. �V1@84=5 ; 0 7 5 @ = > -

A 2 V B ; > ? @ > < 5 = 5 2 5  720@N20==O – F5 A?>AV1 720@N20==O, 70 O:>3> 
D>@<C20==O 720@N20;P=>W 20==8 2V41C20єBPAO ?@8 >4=>G0A=V9 4VW ;075@=>3> 
28?@><V=N20==O 9 A2VB;>2>3> ?@><5=O.  

 >6;82VABP D>:CAC20==O A2VB;>2>3> ?>B>:C 2 =525;8:8E >1’є<0E 
?@>AB>@C 9 >45@60==O ;075@=>3> B0 A2VB;>2>3> ?>B>:V2, 4>AB0B=VE 4;O 
=03@V20==O 9 ?;02;5==O @V7=8E :>=AB@C:FV9=8E <0B5@V0;V2, 2V4:@8;8 
?@8=F8?>2C <>6;82VABP 70AB>AC20==O A2VB;>2>W 5=5@3VW 4;O 720@N20==O, ?0O==O, 
B5@<>>1@>1:8. 
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#>;VE@><0B8G=5 A2VB;> 2V4 ?@><8A;>28E A2VB;>28E ;0<? 2=0A;V4>: 
E@><0B8G=>W, AD5@8G=>W 015@0FVW 9 :V=F528E @>7<V@V2 A2VB;>28E ;0<? <>6;82> 
AD>:CAC20B8 2 <V=V<0;P=C ;>:0;P=C >1;0ABP 7 E0@0:B5@=8< @>7<V@>< û1 <<. ' 
@57C;PB0BV =091V;PH0 3CAB8=0 ?>BC6=>ABV, O:0 4>AO30єBPAO 2 F59 <><5=B C ?;O<V 

=03@V2C, AB0=>28BP 103
 �B/A<2, I> 

5:2V20;5=B=5 =03@V20==N 2V4 
?>;C<’O 307>2>3> ?0;P=8:0.  

%E5<0 ?@>F5AC 
A2VB;>?@><5=52>3> 720@N20==O 
?>:070=0 =0 @8A. 11.26. !0 AE5<V 
?>7=0G5=V: ! – B>2I8=0 ;8AB0; 

(0)EW – 3CAB8=0 ?>BC6=>ABV C F5=B@V 
;075@=>3> ?@><5=O; ( )EW r – AC<0@=0 
3CAB8=0 ?>BC6=>ABV =0 2V4AB0=V r  

2V4 >AV ;075@=>3> ?@><5=O. %CB=VABP 
A2VB;>?@><5=52>W >1@>1:8 
:>=AB@C:FV9=8E <0B5@V0;V2 ?>;O30є 
2 ?5@5B2>@5==V 5=5@3VW A2VB;0 2 
B5?;>2C 5=5@3VN.  

%2VB;>?@><5=525 720@N20==O 
<0є B0:V B5E=>;>3VG=V >A>1;82>ABV: 

– 7=865==O 307>=0A8G5==O 
<5B0;C H20 70 @0EC=>: 7=0G=>W 
V>=V70FVW 307V2 C 7>=V >1@>1:8; 

– 2V4ACB=VABP 5;5:B@8G=8E V <03=VB=8E ?>;V2 C 7>=V >1@>1:8; 
– =87P:0 A>1V20@BVABP ?>3>==>3> <5B@0 H20, ?>@V2=O=> 7 ;075@=8< 

720@N20==O<; 
– 28A>:89 5=5@35B8G=89 ��� A2VB;>?@><5=52>W CAB0=>2:8 (4> 45 %); 

– 28A>:0 5:>;>3VG=0 G8AB>B0 B0 157?5:0 B5E=>;>3VG=>3> ?@>F5AC, 

?>@V2=O=> 7 B@048FV9=8<8 720@N20;P=8<8 ?@>F5A0<8; 
– ?@>AB>B0 28:>@8AB0==O 9 >1A;C3>2C20==O. 
�07=0G5=V >A>1;82>ABV 287=0G8;8 >1;0ABV 70AB>AC20==O <5B>4C:  
– AB8:>25 720@N20==O B>=:>;8AB>28E (0,3...4,0 <<) 45B0;59 7 >4=>@V4=8E V 

@V7=>@V4=8E <5B0;V2 (2C3;5F528E 9 =5@602VNG8E AB0;59, B8B0=>28E, 0;N<V=Vє28E 
B0 <V4=8E A?;02V2); 

– 720@N20==O =5<5B0;VG=8E <0B5@V0;V2 (A:;>, ?;0AB<0A0, :5@0<V:0). 
,284:VABP A2VB;>?@><5=52>3> 720@N20==O 7<V=NєBPAO C 4V0?07>=V 10...60 

</3>4.  >6;82VABP >45@6C20B8 2 7>=V A2VB;>?@><5=52>W >1@>1:8 3CAB8=8 
?>BC6=>ABV ?>@O4:C 310  �B/A< 2  V B5<?5@0BC@8 4> 3000 °% <>65 1CB8 
28:>@8AB0=0 C 3V1@84=><C ;075@=>-4C3>2><C 720@N20==V 4;O ?>?5@54=P>3> 01> 
AC?CB=P>3> ?V4V3@V2C, 7<V=5==O DV78:>-<5E0=VG=8E B0 >?B8G=8E 2;0AB82>AB59 
?>25@E=V <0B5@V0;C, I> ?V428ICє 5D5:B82=VABP 720@N20==O. 

�V1@84=0 B5E=>;>3VO A2VB;>?@><5=52>3> 720@N20==O 70157?5GCє 
?V428I5==O H284:>ABV 720@N20==O B>=:>;8AB>28E 7’є4=0=P B>2I8=>N 4>        

 
$8A. 11.26. %E5<0 ?@>F5AC 

A2VB;>?@><5=52>3> 720@N20==O: 
1 – 465@5;> 28?@><V=N20==O; 2 – D>:CACNG89 
2V41820G; 3 – 720@N20=V 45B0;V; 4 – 720@N20;P=0 
20==0; 5 – >:A84=0 ?;V2:0; 6 – @>7?>4V; ?>B>:C 

?> ?;O<V; 7 – :>=25:B82=V ?>B>:8 
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1,0 <<, I> 28:;NG0є ?@>?0;8 B>=:>;8AB>28E 45B0;59 V 7=86Cє 28B@0B8 =0 
?V43>B>2:C :@09>:.  

!0@07V 28?CA:0NBPAO ?5@5=>A=V A2VB;>?@><5=52V 720@N20;P=V CAB0=>2:8, 
?@87=0G5=V 4;O @CG=>3> A2VB;>?@><5=52>3> 720@N20==O <5B0;V2 V =5<5B0;VG=8E 
<0B5@V0;V2, WE=VE :><1V=0FV9, ?0O==O 9 @V70==O <5B0;V2. ' ?0;P=8:C 
28:>@8AB>2CєBPAO :A5=>=>20 4C3>20 ;0<?0 ?>BC6=VABN 1,0...2,0 :�B V7 
:><1V=>20=>N A8AB5<>N 2>4O=>3> 9 ?>2VB@O=>3> >E>;>465==O. #0;P=8:8 
CAB0=>2>: <0NBP =01V@ 7<V==8E =0A04>: 4;O 28:>=0==O @>1VB C 70E8A=8E 3070E V 
B5@<VG=>3> @V70==O @V7=8E <0B5@V0;V2. �0 4>?><>3>N B0:8E CAB0=>2>: 720@NNBP 
<5B0;8 B>2I8=>N 2V4 0,1 4> 1,0 <<. 

#5@52038 40=>3> <5B>40 720@N20==O ?>;O30NBP C B0:><C: 
– 2V4ACB=VABP <5E0=VG=>3> 2?;82C =0 >1@>1;N20=C 45B0;P, <>6;82VABP 

?;02=>3> ?@>3@0<=>3> @53C;N20==O 9 ?V4B@8<0==O B5<?5@0BC@8 2 7>=V >1@>1:8; 
– 7@>AB0==O H284:>ABV 720@N20==O C 4...6 @07V2, ?>@V2=O=> 7 B@048FV9=8<8 

B5E=>;>3VO<8 720@N20==O; 
– 7=0G=5 71V;PH5==O 3;818=8 ?@>?;02;5==O 2V4 0,3 << (;075@=5 720@N20==O 

AB0;V) 4> 0,8 << (AC<VA=5 720@N20==O ;075@>< V A2VB;>28< 465@5;><); 

– 7=865==O A>1V20@B>ABV 283>B>2;5=>W ?@>4C:FVW, 5:>=><VO A?>6820=>W 
5;5:B@>5=5@3VW; 

– ?V428I5==O O:>ABV 720@=8E 7’є4=0=P, @>7H8@5==O B5E=>;>3VG=8E 
<>6;82>AB59 ;075@0; 

– VAB>B=5 A:>@>G5==O G0AC =0 ?V43>B>2GV >?5@0FVW 4> 720@N20==O 
B>=:>;8AB>28E 7’є4=0=P. 

�2>?@><5=525 ;075@=5 720@N20==O. "4=8< 7 =0?@O<:V2 @>728B:C 
3V1@84=8E ;075@=8E B5E=>;>3V9 >1@>1:8 <0B5@V0;V2 є  4 2 > ? @ > < 5 = 5 2 0  
; 0 7 5 @ = 0  >1@>1:0 <0B5@V0;V2, B>1B> A?>AV1 720@N20==O, ?@8 O:><C 
D>@<C20==O 720@N20;P=>W 20==8 2V41C20єBPAO 70 4>?><>3>N >4=>G0A=>3> 
2?;82C 42>E ?@><5=V2 ;075@0. 

�A=Cє :V;P:0 A?>A>1V2 720@N20==O <0B5@V0;V2 42><0 ?@><5=O<8: 

AC?5@?>78FV9=89 (@8A. 11.27, 4), ?>A;V4>2=89 (@8A. 11.27, 5) V ?0@0;5;P=89    
(@8A. 11.27, 6), O:V @V7=OBPAO 35><5B@8G=8< @>7B0HC20==O< ?@><5=V2 ;075@0 
2V4=>A=> >48= >4=>3> 9 DC=:FV>=0;P=8<8 70240==O<8. 

 

 
$8A. 11.27. $V7=V AE5<8 42>?@><5=52>3> ;075@=>3> 720@N20==O 

 

�81V@ A?>A>1C >1@>1:8 42><0 ?@><5=O<8 ;075@0 287=0G0єBPAO 
:>=:@5B=8< 284>< ;075@=>W B5E=>;>3VW: 720@N20==O, =0?;02;5==O, 
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B5@<>>1@>1:0, 9 B5E=>;>3VG=8<8 7040G0<8, I> AB02;OBPAO 4> 720@N20==O. 
(>@<C20==O 42>E ?@><5=V2 ;075@0 <>65 1CB8 @50;V7>20=> @V7=8<8 A?>A>10<8 
(@8A. 11.28).  

 

 
$8A. 11.28. (C=:FV>=0;P=V AE5<8 D>@<C20==O 42>E ?@><5=V2 ;075@0: 

4 – 28:>@8AB>2CєBPAO >48= ;075@; 5 –  28:>@8AB>2CNBPAO 420 ;075@8 
 

%P>3>4=V @>7@>1;5=V B5E=>;>3VG=V ;075@8, =0 28E>4V 7 @57>=0B>@0 O:8E 
AB2>@NNBPAO >4=>G0A=> 420 ?@><5=V ;075@0. �075@=5 720@N20==O 42><0 
?0@0;5;P=8<8 ?@><5=O<8 (@8A. 11.29) 28:>@8AB>2CNBP 4;O 7<5=H5==O 
?0@>CB2>@5==O, CAC=5==O ?@>?0;V2, 7’є4=0==O 45B0;59 @V7=>W B>2I8=8. ' 
>AB0==P><C 28?04:C ?>BC6=VABP >4=>3> ?@><5=O <>65 1CB8 7=0G=> =86G5 
?>BC6=>ABV V=H>3>, I> 7=86Cє 9<>2V@=VABP CB2>@5==O ?@>?0;V2 ?@8 720@N20==V 
<0B5@V0;V2 @V7=>W B>2I8=8. 

 

 
 

$8A. 11.29. �075@=5 720@N20==O 42><0 ?0@0;5;P=8<8 ?@><5=O<8 ;075@0 
 

' 28?04:C 720@N20==O 42><0 ?>A;V4>2=8<8 ?@><5=O<8 ;075@0 720@=V 
H28, I> D>@<CNBPAO ?@8 28A>:8E H284:>ABOE 720@N20==O, =5 702648 
2V4?>2V40NBP 2AV< 28<>30< 4> O:>ABV 720@=>3> 7’є4=0==O 2=0A;V4>: 
=5AB01V;P=>ABV ?@>F5AC. #@8 25;8:8E H284:>ABOE 720@N20==O, :>;8 28=8:0є 
3V4@>48=0<VG=0 =5AB01V;P=VABP @V4:>W D078 ?>25@E=V 20==8 @>7?;02C, I> 
?@872>48BP 4> CB2>@5==O <3>@10= 01> ?>O28 =5ACFV;P=>AB59, 28:>@8AB>2CNBP 
?>A;V4>2=89 2?;82 ?@><5=V2 @V7=>W ?>BC6=>ABV (482. @8A 11.30). 
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$8A. 11.30. �20@N20==O 42><0 ?>A;V4>2=8<8 ;075@=8<8 ?@><5=O<8 

 

'?5@H5 ;075@=5 720@N20==O 42><0 ?>A;V4>2=8<8 ?@><5=O<8 1C;> 
70AB>A>20=> DV@<>N ��D%, !V<5GG8=0.  5B>N 2?@>20465==O ;075@=>3> 
720@N20==O 1C;> 7=865==O 28@>1=8G8E 28B@0B ?@8 70AB>AC20==V VA=CNG>W 
B5E=>;>3VW, 0 A0<5 25;8:>3> >1AO3C <5E0=VG=>W >1@>1:8 – D@575@C20==O. �@V< 
B>3>, 70AB>A>20=5 >4=>?@><5=525 ;075@=5 720@N20==O 45B0;59 7 0;N<V=Vє2>3> 
A?;02C ?@872>48;> 4> 45D5:BV2 720@=>3> H20, B0:8E O: ;CA:0BVABP ?>25@E=V 9 
CB2>@5==O >48=8G=8E 2V4:@8B8E ?>@ =0 ?>25@E=V. �0?@>?>=>20=0 AE5<0 
3V1@84=>3> ;075@=>3> 720@N20==O 42><0 ?>A;V4>2=8<8 ?@><5=O<8 (@8A. 11.31) 
4>72>;8;0 CAC=CB8 28I52:070=V =54>;V:8 V 4>AO3B8 H284:>ABV 720@N20==O      
266 <</A.  

!0 48=0<V:C ?@>F5AC ?;02;5==O 
?@8 ;075@=><C 720@N20==V 42><0 
?>A;V4>2=8<8 ?@><5=O<8 2?;820є 
2V4AB0=P x  <V6 F5=B@0<8 4V0<5B@V2 
?@><5=V2. "?B8<V70FVO x  4>72>;Oє 
?V428I8B8 <0:A8<0;P=C H284:VABP 
720@N20==O ?@81;87=> =0 50 %, 70 O:>W 
<>6CBP 1CB8 >B@8<0=V 15745D5:B=V 
720@=V 7’є4=0==O. #@8 ;075@=><C 
720@N20==V AC?5@?>78FV9=8<8 
?@><5=O<8 420 @V7=8E ?@><5=V 
=0?@02;ONBPAO 2 >4=C B>G:C, ?@8 FP><C 
?0@0<5B@8 F8E ?@><5=V2 70 ?>BC6=VABN 

B0 >?B8G=8<8 E0@0:B5@8AB8:0<8 <>6CBP 
1CB8 @V7=8<8. 

�V1@84=5 ;075@=>-V=4C:FV9=5 
720@N20==O. �V1@84=5 ; 0 7 5 @ = > -

V = 4 C : F V 9 = 5  720@N20==O – F5 A?>AV1 720@N20==O, 70 O:>3> D>@<C20==O 
720@N20;P=>W 20==8 2V41C20єBPAO ?@8 >4=>G0A=V9 4VW ;075@=>3> 28?@><V=N20==O 
9 AB@C<V2 28A>:>W G0AB>B8. 

�>@AB:89 B5@<VG=89 F8:;, I> AC?@>2>46Cє ;075@=5 720@N20==O, <0є 
?52=V ?5@52038 (<0;V 7>=8 B5@<VG=>3> 2?;82C, 7<5=H5==O 2?;82C 
<V6:@8AB0;VG=>W :>@>7VW, 7=865==O @V2=O ?>74>26=VE V ?>?5@5G=8E 45D>@<0FV9), 
0;5 <>65 ?@872>48B8 4> 7=865==O B5E=>;>3VG=>W <VF=>ABV 720@=>3> 7’є4=0==O. 

 
$8A. 11.31. %E5<0B8G=5 7>1@065==O 
720@N20==O 42><0 ?>A;V4>2=8<8  
;075@=8<8 ?@><5=O<8 7 ?@8A04:>N: 

1 – ?@8A04=89 <5B0;; 2 – ;075@ 1...3 :�B – 
1-9 ?@><V=P; 3– ;075@ 2..3 :�B – 2-9 

?@><V=P; 4 – >A=>2=89 <0B5@V0; (AlCuLi); 
5 – &-?>4V1=89 720@=89 H>2 
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�<5=H5==O 6>@AB:>ABV 
720@N20;P=>3> B5@<VG=>3> F8:;C <>65 
1CB8 @50;V7>20=5 28:>@8AB0==O< 
3V1@84=>3> ;075@=>-V=4C:FV9=>3> 
720@N20==O. /: 284=> 7 @8A. 11.32, 
6>@AB:VABP B5@<VG=>3> F8:;C 
7=86CєBPAO ?@8 3V1@84=><C ;075@=>-
V=4C:FV9=><C 720@N20==V, I> 
?>78B82=> ?>7=0G0єBPAO =0 
B5E=>;>3VG=V9 <VF=>ABV C 28?04:C 
720@N20==O A5@54=P>2C3;5F528E AB0;59 

(Ñ  = 0,26…0,45 %) V ;53>20=8E AB0;59 
(% > 0,2 %). 

(C=:FV>=0;P=0 AE5<0 B5E=VG=>W @50;V70FVW A?>A>1C ;075@=>-V=4C:FV9=>3> 
720@N20==O ?>:070=0 =0 @8A. 11.33.  

 
$8A. 11.33. (C=:FV>=0;P=0 AE5<0 B5E=VG=>W @50;V70FVW  

;075@=>-V=4C:FV9=>3> 720@N20==O 
 

#>@V2=O=> 7 ?V4V3@V2>< C ?5GV, V=4C:FV9=89 A?>AV1 ?V4V3@V2C <0є B0:V 
?5@52038: 

– ?>2=VABN ?0@0;5;P=89 7 <0H8==8< G0A>< F8:; ;075@=>3> 720@N20==O, 
I> 70157?5GCє 7=865==O 9>3> B@820;>ABV;  

– =528A>:V V=25AB8FV9=V 28B@0B8;  
– =528A>:0 28B@0B0 5=5@3VW; 
– :><?0:B=VABP CAB0B:C20==O, ?@>AB>B0 >1A;C3>2C20==O;  
– <5=H5 =03@V20==O 720@N20=8E 45B0;59, I> 28:;NG0є WE 2V4?CA:0==O.  
�075@=>-V=4C:FV9=5 720@N20==O 4>72>;Oє 720@N20B8 ?@C68==V AB0;V, 

AB0;V, O:V ?V440NBPAO F5<5=B0FVW, 0 B0:>6 G02C=8. 
�V1@84=5 ;075@=>-?;07<>25 720@N20==O. �V1@84=5 ; 0 7 5 @ = > -

? ; 0 7 < > 2 5  720@N20==O – F5 A?>AV1 720@N20==O, ?@8 O:><C D>@<C20==O 
720@N20;P=>W 20==8 2V41C20NBPAO 70 >4=>G0A=>W 4VW ?@><5=O ;075@0 9 
?;07<>2>3> AB@C<5=O. 

$8A. 11.32. �?;82 ?>?5@54=P>3> 
V=4C:FV9=>3> ?V4V3@V2C =0 B5@<VG=89 
F8:; ?@8 ;075@=><C 720@N20==V AB0;59 
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"A>1;82>ABV ?@>F5AC B0 >1;04=0==O 4;O ?;07<>2>3> 720@N20==O 45B0;P=> 
>?8A0=V C § 11.2, 0 ;075@=>3> 720@N20==O B0 >1;04=0==O 4;O =P>3> – C § 11.4, 

B><C @>73;O=5<> ;8H5 ?8B0==O, I> AB>ACNBPAO ?@>F5AC 3V1@84=>3> ;075@=>-
?;07<>2>3> 720@N20==O. 

$07>< 7 ?5@52030<8 ?;07<>2>3> 720@N20==O, F59 ?@>F5A <0є A5@9>7=V 
=54>;V:8: 

– =54>AB0B=O 3CAB8=0 ?>BC6=>ABV 2 7>=V >1@>1:8; 
– =5<>6;82VABP 4>AO3B8 AB01V;V70FVW 4C38 ?@8 28A>:8E H284:>ABOE 

720@N20==O. 
,;OE>< A?V;P=>3> 2?;82C =0 CB2>@5==O 720@N20;P=>W 20==8 ;075@=>3> 

?@><5=O 9 ?;07<>2>3> AB@C<5=O @50;V7CєBPAO :><1V=>20=89 ;075@=>-?;07<>289 
?@>F5A 720@N20==O. &0:0 :><1V=0FVO ?>;V?HCє ?@>AB>@>2C AB01V;V70FVN ?;O<8 
4C38 =0 ?>25@E=V <5B0;C 9 ?V428ICє ABV9:VABP WW 3>@V==O ?@8 <0;8E AB@C<0E V 
7=0G=8E H284:>ABOE 720@N20==O. "4=>G0A=5 =03@V20==O <5B0;C ?;07<>N 
A?@8G8=Nє ;>:0;P=5 ?V428I5==O B5<?5@0BC@8 2 7>=V =03@V20==O V O: =0A;V4>: – 
7<V=8 >?B8G=8E 2;0AB82>AB59 ?>25@E=V, >B65, V 71V;PH5==O :>5DVFVє=B0 
?>3;8=0==O ;075@=>3> 28?@><V=N20==O. ' ?V4AC<:C 5D5:B82=VABP ;075@=>3> 
720@N20==O 7@>AB0є, I> >A>1;82> 206;82> C @07V 28:>@8AB0==O ;075@V2 
=525;8:>W ?>BC6=>ABV. �A5 F5 4>72>;Oє 71V;PH8B8 H284:VABP V AB01V;P=VABP 
?;07<>2>3> 720@N20==O, ?V428I8B8 5D5:B82=VABP, B0 7=878B8 A>1V20@BVABP 
;075@=>3> 720@N20==O. 

/:I> ;075@=5 28?@><V=N20==O ?@>E>48BP G5@57 ?;07<C 4C38, B> 
A?>AB5@V30єBPAO 7<V=0 ?>2=>3> 5=5@35B8G=>3> 10;0=AC 4C3>2>3> @>7@O4C, 
?>2’O70=0 7 4>40B:>28< 284V;5==O< 5=5@3VW 2 >1’є<V 4C3>2>W ?;07<8 2=0A;V4>: 
?>3;8=0==O ;075@=>3> 28?@><V=N20==O. ' B><C 28?04:C :>;8 ?>BC6=VABP, 
2=5A5=0 2 4C3C ;075@=8< ?CG:><, ?>@V2=O==0 7 WW 5;5:B@8G=>N ?>BC6=VABN, 
@50;V7CєBPAO ?@><V6=89 (<V6 >?B8G=8< V 4C3>28<) B8? 307>2>3> @>7@O4C –
:><1V=>20=89 ;075@=>-4C3>289 @>7@O4. �=B53@0;P=V, 0 >A>1;82> ;>:0;P=V 
E0@0:B5@8AB8:8 ?;07<8 B0:>3> @>7@O4C VAB>B=> 2V4@V7=ONBPAO 2V4 2V4?>2V4=8E 
E0@0:B5@8AB8: 28EV4=>W AB8A=CB>W 4C3>2>W ?;07<8. 

)0@0:B5@8AB8:8 ;075@=>3> 28?@><V=N20==O B0:>6 707=0NBP VAB>B=8E 7<V= 
2=0A;V4>: ?>3;8=0==O 9 @5D@0:FVW ;075@=>3> 28?@><V=N20==O C ?;07<V @>7@O4C. 
' @57C;PB0BV 5=5@3VO, I> ?5@540єBPAO 720@N20=V9 45B0;V, =5 є ?@>AB>N AC<>N 

5=5@3V9 ;075@=>3> 9 4C3>2>3> 465@5; B5?;0, C7OB8E >:@5<>. 
' ;075@=>-?;07<>2><C @>7@O4V 2V41C20NBPAO VAB>B=V 7<V=8, ?>@V2=O=> 7 

?;07<>28< @>7@O4><, B5<?5@0BC@8 307>48=0<VG=>3> B8A:C, @>7?>4V;C 
V=B5=A82=>ABV ;075@=>3> 28?@><V=N20==O C74>26 >?B8G=>W >AV, 2>;PB0<?5@=8E 
E0@0:B5@8AB8: @>7@O4C. 

#>3;8=0==O ;075@=>3> 28?@><V=N20==O 4C3>2>N ?;07<>N A?@8G8=Nє 
VAB>B=5 ?V428I5==O B5<?5@0BC@8 WW F5=B@0;P=8E >1;0AB59, ?@8G><C 
<0:A8<0;P=> 4>AO6=V 7=0G5==O B5<?5@0BC@8 71V;PHCNBPAO V7 7@>AB0==O< 
?>BC6=>ABV ;075@=>3> ?CG:0. &0:5 71V;PH5==O B5<?5@0BC@8 ?;07<8 A?@8Oє 
?V428I5==N WW 5;5:B@>?@>2V4=>ABV V O: =0A;V4>: – 71V;PH5==N 3CAB8=8 AB@C<C 
1V;O >A59 7>=8 @>7@O4C. &0:8< G8=><, @>7@O4, I> 35=5@CєBPAO ;075@=>-4C3>28< 
?;07<>B@>=><, E0@0:B5@87CєBPAO ?V428I5=>N :>=F5=B@0FVєN B5?;>2>W 9 
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5;5:B@8G=>W 5=5@3V9 2 BV9 >1;0ABV ?;07<8, I> ?V440єBPAO 2?;82C ;075@=>3> ?CG:0 
9 6>@AB:> 72’O70=0 7 9>3> 2VAAN, 0 B0:>6 28A>:>N ?@>AB>@>2>N AB01V;P=VABN 
FVєW >1;0ABV. 

!0A;V4:>< 270є<>4VW ;075@=>3> 28?@><V=N20==O 7 4C3>2>N ?;07<>N C 
@>73;O=CB><C ?;07<>B@>=V є ?5@5@>7?>4V; =5 BV;P:8 WW E0@0:B5@8AB8:, 0 9 A0<>3> 
;075@=>3> ?CG:0 (70 @0EC=>: ?>3;8=0==O 9 @5D@0:FVW 2 ?;07<V @>7@O4C).  

&0:8< G8=><, 270є<>4VO ;075@=>3> ?CG:0 V7 ?;07<>N :><1V=>20=>3> 
@>7@O4C A?@8G8=Nє 9>3> 4>40B:>25 D>:CAC20==O, I> ?V4A8;NєBPAO V7 
7@>AB0==O< AB@C<C 9 ?>BC6=>ABV ?@><5=O ;075@0. 

"B65, 20@VNNG8 F8<8 42><0 ?0@0<5B@0<8, <>6=0 5D5:B82=> C?@02;OB8 
D>:CAC20==O< ?CG:0 2 ?;07<V :><1V=>20=>3> @>7@O4C, AB2>@N20=>3> 70 
4>?><>3>N ;075@=>-4C3>2>3> ?;07<>B@>=0, I> 206;82> ?@8 28:>@8AB0==V 
?>4V1=8E ?@8AB@>W2 4;O 720@N20==O 9 @V70==O. 

%CG0A=89 =0?@O<>: @>728B:C ;075@=8E V ?;07<>28E A?>A>1V2 720@N20==O – 
AB2>@5==O V = B 5 3 @ > 2 0 = 8 E  ;075@=>-4C3>28E ?;07<>B@>=V2. �A=CNBP @V7=V 
AE5<8 @50;V70FVW V=B53@>20=8E ?;07<>B@>=V2 =0 >A=>2V A?V22VA=>3> >1’є4=0==O 
;075@=>3> ?@><5=O 9 ?;07<>2>W 4C38. �V4<VB=0 >A>1;82VABP B0:8E ?@8AB@>W2 – 
:>=AB@C:FVO :0B>4=>3> 2C7;0, I> 4>72>;Oє 22>48B8 ;075@=89 ?@><V=P 2 4C3>2C 
?;07<C C74>26 >AV ?;07<>D>@<CNG>3> :0=0;C. �0 0=0;>3VєN 7 4C3>28<8, 
V=B53@>20=V ?;07<>B@>=8 <>6CBP 1CB8 ?@O<>W (@8A. 11.34, 4) V =5?@O<>W         
(@8A. 11.34, 5) 4VW, ?@8G><C >AB0==V <>6=0 ?>4V;8B8 =0 ?;07<>B@>=8 7 4>268=>N 
4C38, I> A0<>CAB0=>2;NєBPAO, V 7 DV:A>20=>N 4>268=>N 4C38. �=B53@>20=V 
?;07<>B@>=8 ?@O<>W 4VW <>6CBP 28:>@8AB>2C20B8AO 4;O ;075@=>-?;07<>2>3> 
720@N20==O, =0?;02;5==O 9 @V70==O <5B0;V2, 0 =5?@O<>W 4VW – 4;O >1@>1:8 
4V5;5:B@8G=8E <0B5@V0;V2, =0?;02;5==O <5B0;528E ?>25@E>=P, =0=5A5==O 
?>:@8BBV2 V C V=H8E B5E=>;>3VG=8E ?@>F5A0E. 

 
$8A. 11.34. %E5<8 V=B53@>20=8E 
?;07<>B@>=V2 ?@O<>W (4)  

V =5?@O<>W (5) 4VW: 
1 – :0B>4; 2 – 0=>4; 3 – ?;07<>D>@<CNG5 
A>?;>; 4 – ?;07<>CB2>@NNG89 307;  

5 – ;075@=89 ?CG>:; 6 – ?;07<0;  
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"A=>2=V ?5@52038 ;075@=>-

?;07<>2>3> 720@N20==O: 
– 7=0G=> ?V428ICєBPAO H284:VABP 

720@N20==O, 2>=0 AB0є 1V;PH>N, =V6 
@57C;PB0B ?@>AB>3> 0@8D<5B8G=>3> 
?V4AC<>2C20==O H284:>AB59 ;075@=>3> 9 
?;07<>2>3> 720@N20==O; 

– ?@>F5A ?@0:B8G=> =5 70;568BP 2V4 
>?B8G=8E 2;0AB82>AB59 ?>25@E=V; 

– ?@8 720@N20==V 0;N<V=Vє28E 
A?;02V2 2V41C20єBPAO >G8I5==O ?>25@E=V 
2V4 >:8A=>W ?;V2:8 2 3Al O ; 

– ?@8 720@N20==V 2V41C20єBPAO 
7=865==O B5<?5@0BC@8 ?>25@E=V 20==8 
@>7?;02C, 70 O:>W ?>G8=0єBPAO ?5@5EV4 2V4 
B5?;>?@>2V4=>3> @568<C ?@>?;02;5==O 4> 
@568<C 3;81>:>3> ?@>?;02;5==O. 

$>7@>1;5=> B5E=>;>3VN 4;O 
H284:VA=>3> ;075@=>-<V:@>?;07<>2>3> 

720@N20==O B>=:>;8AB>28E 0;N<V=Vє28E A?;02V2, 70A=>20=C =0 A?V;P=><C 
28:>@8AB0==V ;075@=>3> ?CG:0 <0;>W ?>BC6=>ABV 9 <V:@>?;07<>2>W 4C38 
72>@>B=>W ?>;O@=>ABV. �0?@>?>=>20=89 A?>AV1 4>72>;Oє >G8IC20B8 ?>25@E=N 

0;N<V=VN 2V4 >:8A=>W ?;V2:8 2 ?@>F5AV 720@N20==O, G>3> =5 <>6=0 4>AO3B8 
;075@=8< 720@N20==O<, AB01V;V7C20B8 @CE 4C38 ?@8 1V;PH8E, ?>@V2=O=> 7 
<V:@>?;07<>28<, H284:>ABOE 720@N20==O, 0 B0:>6 VAB>B=> ?V428I8B8 
5D5:B82=VABP 28:>@8AB0==O 5=5@3VW ;075@=>3> 28?@><V=N20==O 9 5;5:B@8G=>W 
4C38. �20@N20==O 0;N<V=Vє2>3> A?;02C AM3-2 B>2I8=>N 0,35 << AB@C<>< 4C38 
22 � V ?>BC6=VABN ;075@=>3> ?CG:0 250 �B V7 E>@>H8< >G8I5==O< ?>25@E=V 9 
?>2=8< ?@>?;02;5==O< 7@07:0 240єBPAO 4>AO3B8 =0 H284:>ABV 720@N20==O          
9 </E2, ?@8 FP><C H8@8=0 H2V2 AB0=>28BP 1,0...1,2 <<. %;V4 707=0G8B8, I> 
28:>@8AB0==O BV;P:8 ;075@=>3> 01> BV;P:8 <V:@>?;07<>2>3> 720@N20==O =5 
4>72>;Oє 28:>=C20B8 720@N20==O 40=>3> <5B0;C =02VBP =0 H284:>ABV 3 </E2. 

�0AB>AC20==O 7>2=VH=P>3> V>=V70B>@0 (?;07<>2>3> AB@C<5=O) C ;075@=><C 
720@N20==V 157 CB2>@5==O ?;07<>2>3> D0:5;0 4>72>;Oє 7=878B8 B5<?5@0BC@C 
?>25@E=V 20==8 @>7?;02C, 70 O:>W ?>G8=0єBPAO ?5@5EV4 2V4 B5?;>?@>2V4=>3> 
@568<C ?@>?;02;5==O 4> 1V;PH 5D5:B82=>3> @568<C 3;81>:>3> ?@>?;02;5==O. 
*5 є >4=VєN 7 >A=>2=8E ?@8G8= 28I>W 5D5:B82=>ABV ;075@=>-?;07<>2>3> 
720@N20==O, ?>@V2=O=> 7 ;075@=8<.   

�0?8B0==O V 70240==O 4;O A0<>:>=B@>;N 
1. +8< 7C<>2;5=0 =5>1EV4=VABP AB2>@5==O =>28E A?>A>1V2 720@N20==O?  
2. !0 O:V 3@C?8 ?>4V;ONBP A?5FV0;P=V <5B>48 720@N20==O? 
3. "?8HVBP ACB=VABP 720@N20==O ?;07<>2>N 4C3>N V ?;07<>28< AB@C<5=5<. 
4. "?8HVBP @>1>BC ?;07<>B@>=0 2 @568<V 720@N20==O ?;07<>2>N 4C3>N V ?;07<>28< 

AB@C<5=5<. 

7 – V7>;OB>@ 
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5. "?8HVBP ?@8=F8? 4VW V >1;0ABP 70AB>AC20==O ?;07<>B@>=0 4;O 720@N20==O 
B@8D07=>N 4C3>N.  

6. ' G><C ACBP 5;5:B@>==>-?@><5=52>3> 720@N20==O? 
7. !072VBP >1;0ABV 70AB>AC20==O 5;5:B@>==>-?@><5=52>3> 720@N20==O. 
8. �09B5 287=0G5==O ;075@0 V >?8HVBP ?@8=F8? 9>3> @>1>B8. 
9. "?8HVBP ?@8=F8? 4VW 28?@><V=N20G0 B25@4>BV;P=>3> ;075@0. 

10. �5 70AB>A>2CєBPAO ;075@=5 720@N20==O? 

11. "?8HVBP ACB=VABP 720@N20==O B5@BO<. 
12. "?8HVBP >A=>2=V D078 ?@>F5AC 720@N20==O B5@BO<. 
13. !072VBP B8?8 7’є4=0=P, O:V >B@8<CNBP 720@N20==O< B5@BO<. 
14. ' G><C ?>;O30є @>B0FV9=0 AE5<0 720@N20==O B5@BO<? 
15. ' G><C A:;040єBPAO ACBP 48DC7V9=>3> 720@N20==O? 

16. "?8HVBP AE5<C 48DC7V9=>3> 720@N20==O C 20:CC<V. 
17. �5 70AB>A>2CєBPAO 48DC7V9=5 720@N20==O? 
18. /:V DV78G=V 5D5:B8 ?>:;045=V 2 >A=>2C C;PB@072C:>2>3> 720@N20==O? 
19. � O:8E <0B5@V0;V2 283>B>2;ONBP <03=VB>AB@8:FV9=V V ?’є7>5;5:B@8G=V ?5@5B2>@N20GV? 
20. !072VBP B8?8 720@=8E H2V2, O:V >B@8<CNBP C;PB@072C:>28< 720@N20==O<. 
21. "?8HVBP ACB=VABP E>;>4=>3> 720@N20==O. 
22. �87=0GB5 B@8 3>;>2=8E AB04VW ?@>F5AC E>;>4=>3> 720@N20==O. 
23. ' G><C ACBP 720@N20==O 281CE><? 
24. -> A;C3Cє 465@5;>< 5=5@3VW ?@8 720@N20==V 281CE><? 
25. /:V AE5<8 720@N20==O 281CE>< 70AB>A>2CNBPAO? 
26. /:0 AE5<0 720@N20==O 281CE>< 70AB>A>2CєBPAO 4;O 720@N20==O 1030B>H0@>28E 

?0=5;59? 
27. �87=0GB5 ACBP <03=VB=>-V<?C;PA=>3> 720@N20==O. 
28. "?8HVBP 1C4>2C V ?@8=F8? 4VW CAB0=>2:8 4;O <03=VB=>-V<?C;PA=>3> 720@N20==O. 
29. �5 70AB>A>2CєBPAO <03=VB=>-V<?C;PA=5 720@N20==O?  
30. "?8HVBP AE5<8 V =072VBP ?5@52038 >A=>2=8E B5E=>;>3V9 3V1@84=>3> 720@N20==O. 

 

�;020 12. ���$.���Ь!� $"�"&� #$� $� "!&� � ���!"���!!� ��&���� 

 

§ 12.1. !0?;02;5==O 

 

! 0 ? ; 0 2 ; 5 = = O  – ?@>F5A, ?@8 O:><C =0 ?>25@E=N 45B0;V =0=>A8BPAO 
H0@ <5B0;C =5>1EV4=>3> A:;04C. !0?;02;5==O 70AB>A>2CNBP C @5<>=BV 
7=>H5=8E 45B0;59 4;O 2V4=>2;5==O WE=VE 28EV4=8E @>7<V@V2 V 4;O 283>B>2;5==O 
=>28E 28@>1V2.  0A0 =0?;02;5=>3> <5B0;C 70728G09 =5 ?5@528ICє 45:V;P:>E 
2V4A>B:V2 2V4 7030;P=>W <0A8 28@>1C. #@>?;02;5==O >A=>2=>3> <5B0;C V 
?5@5<VHC20==O >A=>2=>3> V =0?;02;5=>3> <5B0;V2 ?>28==V 1CB8 <V=V<0;P=8<8 
4;O 715@565==O <5E0=VG=8E 2;0AB82>AB59 =0?;02;5=>3> H0@C. 

�;O =0?;02;N20;P=8E @>1VB 28:>@8AB>2CNBP: 
– AB0;V (2C3;5F52V, ;53>20=V);  
– A?;028 =0 >A=>2V 70;V70 (28A>:>E@><8ABV G02C=8, A?;028 7 1>@>< V 

E@><><, A?;028 7 :>10;PB><, <>;V145=>< 01> 2>;PD@0<>2V);  
– A?;028 =0 >A=>2V =V:5;N 9 :>10;PBC;  
– A?;028 =0 >A=>2V <V4V;  
– :0@1V4=V A?;028 (7 :0@1V4>< 2>;PD@0<C 01> E@><C);  
– ?>@>H:>2V <0B5@V0;8 4;O =0?;02;5==O V =0?8;5==O. 
%P>3>4=V G0ABVH 70 2A5 70AB>A>2CNBPAO @CG=5 4C3>25 =0?;02;5==O, 
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02B><0B8G=5 =0?;02;5==O ?V4 D;NA><, =0?;02;5==O C�+, 4C3>25 =0?;02;5==O 
=5?;02:8< 5;5:B@>4><. 

$ C G = 5  4 C 3 > 2 5  = 0 ? ; 0 2 ; 5 = = O  <5B0;528<8 5;5:B@>40<8 – 
=09?@>ABVH89 A?>AV1. !0?;02;5==O 28:>=CNBP :>@>B:>N 4C3>N <V=V<0;P=>3> 
AB@C<5=O. �;O ?V428I5==O ?@>4C:B82=>ABV 70AB>A>2CNBP =0?;02;5==O ?CG:>< 
5;5:B@>4V2 01> B@8D07=>N 4C3>N. 

� 2 B > < 0 B 8 G = 5  = 0 ? ; 0 2 ; 5 = = O  ? V 4  D ; N A > <  70157?5GCє 
4>AB0B=P> 25;8:89 >1’є< 20==8 @V4:>3> D;NAC V <5B0;C. �5;8:V 45B0;V 
=0?;02;ONBP 1030B>4C3>28< =0?;02;5==O<, ?@8 FP><C >48= @>1VB=8: :5@Cє 
>4=>G0A=> :V;P:><0 0?0@0B0<8, :>6=89 7 O:8E >1@>1;Oє ?52=C 4V;O=:C 28@>1C. 

�0AB>A>2CNBP 1030B>5;5:B@>4=5 =0?;02;5==O, ?@8 O:><C >4=>G0A=> 
?;02;OBPAO :V;P:0 5;5:B@>4=8E 4@>BV2, ?V4:;NG5=8E 4> >4=>3> ?>;NA0 465@5;0 
AB@C<C V @>7B0H>20=8E ?>?5@5: >AV =0?;02;5=>3> 20;8:0. #V4 D;NA>< 
AB2>@NєBPAO >4=0 7030;P=0 720@N20;P=0 20==0, V 5;5:B@>48 ?;02;OBPAO ?> G5@7V. 
�0<VABP 5;5:B@>4=>3> 4@>BC O: ?@8A04=89 <0B5@V0; <>6=0 28:>@8AB>2C20B8 

H8@>:C AB@VG:C =525;8:>W B>2I8=8. �C30, ?5@5<VICNG8AP 2V4 >4=>3> :@0N 
AB@VG:8 4> V=H>3>, @V2=><V@=> >?;02;Oє WW B>@5FP. #@>4C:B82=VABP ?@>F5AC 
?V428ICєBPAO, 0 3;818=0 ?@>?;02;5==O 9 G0AB:0 >A=>2=>3> <5B0;C 
7<5=HCNBPAO. 

! 0 ? ; 0 2 ; 5 = = O  A B @ C < 0 < 8  2 8 A > : > W  G 0 A B > B 8  28:>=CNBP 70 
4>?><>3>N V=4C:FV9=>3> =03@V20==O V7 ?@8A04=8< <0B5@V0;><, I> ?>?5@54=P> 
=0=>AOBP =0 ?>25@E=N 28@>1C C 283;O4V AC<VHV ?>@>H:V2, ;8B>3> :V;PFO G8 

?@5A>20=>3> 1@8:5BC 01> @>7?;02;ONBP C 2>3=5B@82:V9 ;V9FV, @>7B0H>20=V9 =04 
=0?;02;N20=>N 45B0;;N. 

� C 3 > 2 5  = 0 ? ; 0 2 ; 5 = = O  = 5 ? ; 0 2 : 8 <  5 ; 5 : B @ > 4 > <  

70AB>A>2CNBP, 3>;>2=8< G8=><, 4;O B25@48E 75@=8AB8E V ?>@>H:>28E A?;02V2. 
�C3>25 =0?;02;5==O 2>;PD@0<>28< 5;5:B@>4>< C 70E8A=8E 3070E (0@3>=V) 
28:>=CNBP, 28:>@8AB>2CNG8 ;8BV ?@8A04=V ?@CB:8 (70728G09 7V A?;02V2 =V:5;N 9 
:>10;PBC). �07=0G5=8< A?>A>1>< >45@6CNBP 4C65 <0;C 3;818=C ?@>?;02;5==O 
9 B>=:V H0@8. 

"AB0==V< G0A>< ?>H8@5=V <5B>48 ;075@=>3> =0?;02;5==O O: 4;O 
AB2>@5==O ?>25@E>=P V7 =5>1EV4=8<8 2;0AB82>ABO<8, B0: V 4;O 2V4=>2;5==O 
7=>H5=8E 45B0;59 01> 28?@02;5==O B>G:>28E 45D5:BV2. #5@52030<8 ?@>F5AC є 
;>:0;P=VABP B5?;>2>3> 2?;82C, <V=V<0;P=5 ?5@5<VHC20==O =0?;02;N20=>3> V 
>A=>2=>3> <5B0;V2 B0 ?@0:B8G=0 2V4ACB=VABP 45D>@<0FVW 28@>1C ?VA;O 
=0?;02;5==O. 

#V4 G0A ?@>2545==O @>1VB 7 =0?;02;5==O 20@B> <0B8 =0 C207V, I> C 
?>25@E=528E H0@0E =0?;02;5=>3> <5B0;C 28=8:0NBP 70;8H:>2V, O: ?@028;>, 
@>7BO3CNGV =0?@C65==O, O:V <>6CBP ?@8725AB8 =5 BV;P:8 4> 28:@82;5==O D>@<8 
V @>7<V@V2 =0?;02;5=8E 45B0;59, 0 9 4> ?>O28 B@VI8= C =0?;02;5=><C H0@V. 

!0?;02;5==O = 8 7 P : > ; 5 3 > 2 0 = 8 E  V  2 C 3 ; 5 F 5 2 8 E  AB0;59 (4>     
0,4 % %) G0AB> 28:>@8AB>2CNBP 4;O 2V4=>2;5==O @>7<V@V2 45B0;V 01> 4;O 
AB2>@5==O ?V4H0@0. "A>1;828E ?@>1;5< C =0?;02;5==V B0:8E AB0;59 =5 28=8:0є. 
"4=0: O:I> 2 =0?;02;5==V :V;P:VABP 2C3;5FN ?V428ICєBPAO 4> 7=0G5=P, 
1V;PH8E, =V6 0,4 %, ?5@5410G0NBP ?V4V3@V2, >A>1;82> ?@8 =0?;02;5==V =0 
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<0A82=V 45B0;V. &5<?5@0BC@0 ?V4V3@V2C ?>28==0 1CB8 B8< 28I5, G8< <0A82=VH5 
45B0;P V 1V;PH5 2 =V9 2C3;5FN. 

"A>1;82VABN =0?;02;5==O H B 0 < ? > 2 8 E  V = A B @ C < 5 = B 0 ; P = 8 E  

AB0;59 є ?5@51V3 ?@>F5AC ?5@;VB=>3> ?5@5B2>@5==O 2 H8@>:8E 4V0?07>=0E 
H284:>AB59 >E>;>465==O. �=>4V ?VA;O >E>;>465==O CB2>@NNBPAO <0@B5=A8B=0 
AB@C:BC@0 7 45O:>N :V;P:VABN 70;8H:>2>3> 0CAB5=VBC. &0:0 AB@C:BC@0 4>A8BP 
B25@40 9 7=>A>ABV9:0, I> CB@C4=Nє =0ABC?=C <5E0=VG=C >1@>1:C. 

�;O 2V4=>2;5==O =0?;02;5==O< 28@>1V2 7V H 2 8 4 : > @ V 7 0 ; P = 8 E  AB0;59 
20@B> 2@0E>2C20B8 ?V428I5=C 740B=VABP <5B0;C 4> CB2>@5==O 30@OG8E V 
E>;>4=8E B@VI8=. !0?;02;5=89 <5B0;, O: ?@028;>, =5 ?>28=5= ?V44020B8AO 
?;0AB8G=V9 45D>@<0FVW :C20==O< 01> ?@>:0B:>N. 

) @ > < > = V : 5 ; 5 2 V  B0 V=HV = 5 @ 6 0 2 V N G V  =0?;02;5==O >A>1> GCB;82V 
4> CB2>@5==O 30@OG8E B@VI8= V 2B@0B8 :>@>7V9=>W ABV9:>ABV 2 ?@>F5AV 
5:A?;C0B0FVW. &><C ?@8 WE=P><C =0?;02;5==V ?@03=CBP 4> >45@60==O 42>D07=>W 
AB@C:BC@8 7 <V=V<0;P=8< 7<VAB>< H:V4;828E 4><VH>:. �=>4V C =0?;02;5==V 
@5:><5=4CNBP 70AB>A>2C20B8 ?@><V6=V H0@8. #@8 FP><C 28:>@8AB>2CNBP 
?@8A04=89 4@VB, O:89 70157?5GCє C =0?;02;5==V 70?0A D5@8BC =5 <5=H5 2...3 %. 

"4=8< 7 =09?>H8@5=VH8E B8?V2 =0?;02;N20=>3> <5B0;C 7 <0:A8<0;P=>N 
B25@4VABN V E>@>H>N 7=>A>ABV9:VABN є 28A>:>E@><8AB89 G02C=. &0:V 
=0?;02;5==O 740B=V 4> CB2>@5==O E>;>4=8E B@VI8=, >A>1;82> ?@8 =0?;02;5==V 
=0 25;8:>3010@8B=V 45B0;V. *V B@VI8=8 ?@0:B8G=> =5 ?5@5E>4OBP 2 >A=>2=89 
<5B0; 45B0;V V =5 2?;820NBP =0 7=>A>ABV9:VABP. � <5B>N 7=865==O 9<>2V@=>ABV 
WE=P>W ?>O28 70AB>A>2CNBP ?V4V3@V2 V ?>?5@54=P> =0?;02;ONBP ?V4H0@. 

!V:5;52V A?;028 V7 E@><><, 1>@><, :@5<=Vє< <0NBP 25;8:C ABV9:VABP 2 
03@5A82=8E A5@54>28I0E @07>< 7 28A>:>N 7=>A>ABV9:VABN. �E =0?;02;5==O 
>A>1>W A:;04=>ABV =5 ?@54AB02;Oє, B><C I> 2>=8 <0NBP 2V4=>A=> =528A>:C 
B5<?5@0BC@C ?;02;5==O (1000...1100 °%) .  #@>B5 7 <5B>N :@0I>3> A?;02;5==O 
?V4:;04:C @5:><5=4CєBPAO ?V4V3@V20B8 4> B5<?5@0BC@8 300...500 °%. 

 

§ 12.2.  5B0;V70FVO  
 

 5 B 0 ; V 7 0 F V O  ?>;O30є 2 =0=5A5==V <5B0;52>3> ?>:@8BBO =0 ?>25@E=N 
<5B>4>< >A0465==O =0 =V9 @V4:>3> <5B0;C, I> @>7?>@>HCєBPAO 307>28< 
AB@C<5=5<. #@8 ?>4020==V <5B0;52>3> 4@>BC 4> 465@5;0 =03@V20==O 
74V9A=NєBPAO @>7V3@V2 4> @>7?;02;N20==O, V @V4:89 <5B0; ?V4 B8A:>< 307>2>3> 
AB@C<5=O 28;VB0є 7 25;8:>N H284:VABN V7 A>?;0 <5B0;V70B>@0 C 283;O4V 
@>7?8;5=8E :@0?5;P, O:V 240@ONBPAO >1 ?>25@E=N 45B0;V, V, 7’є4=CNG8AP V7 =5N, 
CB2>@NNBP H0@ ?>:@8BBO. 

�0;56=> 2V4 28:>@8AB>2C20=>3> 465@5;0 B5?;>B8 @>7@V7=ONBP <5B0;V70FVN 
4C3>2C, 307>2C, ?;07<>2C V C�+-<5B0;V70FVN.  
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' =091V;PH ?>H8@5=V9 4 C 3 > 2 V 9  < 5 B 0 ; V 7 0 F V W  28:>@8AB>2CNBP 
A?5FV0;P=V <5B0;V70FV9=V 0?0@0B8 (@8A. 12.1). +5@57 420 =0?@O<=V <C=4HBC:8 2 ,  

?> O:8E ?@>BV:0є 720@N20;P=89 AB@C<, ?>40NBP 4@>B8 4. #VA;O 4>B8:C 4@>BV2 C 
B>GFV 1 C @57C;PB0BV :>@>B:>3> 70<8:0==O 
7’O2;OєBPAO 4C3>289 @>7@O4 V CB2>@NNBPAO 
:@0?;V <5B0;C, I> 70E>?;NNBPAO AB@C<5=5< 
AB8A=CB>3> ?>2VB@O, O:5 =04E>48BP C :>@?CA 3  

G5@57 @C:>OB:C 5 V @>7?8;NNBPAO ?> ?>25@E=V, 
I> <5B0;V7CєBPAO. 

�;O <5B0;V70FVW 70AB>A>2CNBP 4@VB 
<V4=89, 0;N<V=Vє289, AB0;5289 V F8=:>289, 0 
B0:>6 =5<5B0;VG=V <0B5@V0;8 C 283;O4V 
?>@>H:V2 (A:;>, 5<0;V, ?;0AB<0A8).  

 5B0;V70FV9=89 H0@ A:;040єBPAO 7 
4@V1=8E ?>25@E=52>->:8A;5=8E G0AB>G>: 
<5B0;C V <0є <5=HV <VF=VABP V 3CAB8=C, 

?>@V2=O=> 7 =0?;02;5=8< H0@><.  5B0;V70FVN 70AB>A>2CNBP 4;O 70E8ABC 2V4 
7=>AC V :>@>7VW B0:8E 28@>1V2, O: F8AB5@=8, 15=7>10:8 V B. ?., 0 B0:>6 7 
45:>@0B82=>N <5B>N. �C3>20 <5B0;V70FVO – 28A>:>?@>4C:B82=89 ?@>F5A, I> 
70157?5GCє 30@=5 7’є4=0==O ?>:@8BBO 7 >A=>2=8< <5B0;><. !54>;V:0<8 WW є 
<>6;82VABP ?5@53@V2C V >:8A;N20==O =0?;02;N20=>3> <0B5@V0;C B0 283>@O==O 7 
=P>3> ;53CNG8E :><?>=5=BV2. 

 

   

�0?8B0==O V 70240==O 4;O A0<>:>=B@>;N 
1. �87=0G8BP ACBP ?@>F5AC =0?;02;5==O. 
2. �5 28:>@8AB>2CєBPAO ?@>F5A =0?;02;5==O? 
3. !072VBP <0B5@V0;8, I> 70AB>A>2CNBPAO C =0?;02;N20;P=8E @>1>B0E. 
4. !0254VBP :;0A8DV:0FVN A?>A>1V2 =0?;02;5==O. 
5. "?8HVBP >A>1;82>ABV ?@>F5AC =0?;02;5==O: 
– 2C3;5F528E V =87P:>;53>20=8E AB0;59; 
– HB0<?>28E V=AB@C<5=B0;P=8E AB0;59; 
– H284:>@V70;P=8E AB0;59; 
– E@><>=V:5;528E B0 V=H8E :>@>7V9=>ABV9:8E AB0;59. 
6. ' G><C ACBP ?@>F5AC <5B0;V70FVW? 
7. !072VBP A?>A>18 <5B0;V70FVW. 
8. �>@>B:> >?8HVBP 1C4>2C V ?@8=F8? @>1>B8 4C3>2>3> <5B0;V70B>@0.  
9. �5 70AB>A>2CєBPAO <5B0;V70FVO? 

 

�;020 13. (����"-)� �+!� #$"*�%� #$� ���$.��!!�  
� !�#�����!!� ��&���� 

 

§ 13.1. )V<VG=89 A:;04 <5B0;C H20 V ?@>F5A8 C 720@N20;ь=V9 20==V 
 

)V<VG=89 A:;04 <5B0;C H20 7<V=NєBPAO ?>-@V7=><C C 2AVE 2840E 
720@N20==O. !0 =P>3> 2?;820NBP, 2 >A=>2=><C, B@8 ?@>F5A8: >:8A;5==O 

 
$8A. 12.1. #@8=F8? 4VW 4C3>2>3> 

<5B0;V70B>@0 
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(73>@O==O) >:@5<8E :><?>=5=BV2 <0B5@V0;C, 28?0@>2C20==O 45O:8E :><?>=5=BV2 
V ?>3;8=0==O 307V2 720@N20;P=>N 20==>N. 

" : 8 A ; 5 = = O  < 5 B 0 ; C  ?@8 720@N20==V 2V41C20єBPAO C 2AVE 28?04:0E 
=03@V20==O, 3>;>2=8< G8=><, 70 @0EC=>: :8A=N, I> є C 0B<>AD5@V. #5@H 70 2A5 
73>@ONBP BV :><?>=5=B8 A?;02C, :>B@V <0NBP =091V;PHC A?>@V4=5=VABP V7 
:8A=5<. ' AB0;OE, =0?@8:;04, C ?5@HC G5@3C >:8A;NNBPAO 2C3;5FP, :@5<=V9, 
<0@30=5FP, E@>< V 45O:V 5;5<5=B8, 1V;PH 0:B82=V ?> 2V4=>H5==N 4> :8A=N, =V6 
70;V7>. *5 ?@872>48BP 4> 71V4=5==O <0B5@V0;C H20 =0 ;53CNGV A:;04>2V V 
7=865==O 9>3> <5E0=VG=8E B0 :>@>7V9=8E 2;0AB82>AB59. ":@V< FP>3>, CB2>@5=V 
?@8 720@N20==V >:8A;8 @>7G8=ONBPAO C <0B5@V0;V H20 V B8< A0<8< <>6CBP 
2?;820B8 =0 9>3> O:VABP. �7 71V;PH5==O< 2<VABC >:8A;V2 3@0=8FV <VF=>ABV V 
B5:CG>ABV <5B0;V2, C40@=0 2’O7:VABP, ?;0AB8G=VABP, 2B><=0 <VF=VABP V :>@>7V9=0 
ABV9:VABP AB0;V 7=86CNBPAO, C H2V 7’O2;ONBPAO E>;>4=>;0<:VABP V 
:@0A=>;0<:VABP. /:I> ?@8 73>@O==V ;53CNG8E 5;5<5=BV2 CB2>@NNBPAO 
307>?>4V1=V >:8A;8 (=0?@8:;04, %"), B> H>2 28O28BPAO ?>@8AB8<. 

#@8 720@N20==V V=H8E <5B0;V2, =0?@8:;04, 0;N<V=Vє28E, <03=Vє28E 01> 
B8B0=>28E A?;02V2, >:8A;NєBPAO 70728G09, =0A0<?5@54, A0<0 >A=>20 – 0;N<V=V9, 
<03=V9 01> B8B0=, :>B@V E0@0:B5@87CNBPAO 1V;PH>N 0:B82=VABN ?> 2V4=>H5==N 
4> :8A=N, =V6 ;53CNGV :><?>=5=B8. #@8 FP><C CB2>@NNBPAO 4C65 ABV9:V 
BC3>?;02:V >:8A;8, 28;CG5==O O:8E V7 H20 ?>2’O70=5 7 25;8:8<8 B@C4=>I0<8. 

":8A;8 C H2V ?@872>4OBP 4> 7=865==O 9>3> <5E0=VG=8E 2;0AB82>AB59 V 
:>@>7V9=>W ABV9:>ABV. +0ABVH5 70 =0O2=>ABV >:8A;V2 0;N<V=VN 01> B8B0=C 
720@N20==O =5  2V41C20єBPAO.  !091V;PH ?>H8@5=8<8  >:8A;0<8  ?@8 
720@N20==V <5B0;V2 є FeO, CO, Cr2O3, MnO, SiO2, TiO2 i Al2O3.  0965 2AV 2>=8 
CB2>@NNBPAO ?@8 720@N20==V ;53>20=8E AB0;59, 45O:V – ?@8 720@N20==V A?;02V2 
0;N<V=VN (=0?@8:;04, Al2O3, SiO2) V B8B0=C (TiO2). 

� 8 ? 0 @ > 2 C 2 0 = = O  >:@5<8E :><?>=5=BV2 <0є <VAF5 C 28?04:C 
720@N20==O ?;02;5==O< AB0;V, ;0BC=V V 45O:8E V=H8E A?;02V2. &5<?5@0BC@0 
?>;C<’O 307>2>3> ?0;P=8:0 4>E>48BP 4> 3150 °%, 0 B5<?5@0BC@0 5;5:B@8G=>W 
4C38 7<V=NєBPAO 2V4 5000 4> 15000 °%. &5<?5@0BC@0 720@N20;P=>W 20==8 
:>;820єBPAO C H8@>:8E <560E – 2V4 B5<?5@0BC@8 ?;02;5==O 720@N20=8E <5B0;V2 
4> WE :8?V==O. �;O AB0;V B5<?5@0BC@0 20==8 G0AB> ?5@528ICє 2000 °%. �>=0 E>G0 
V 4Vє :>@>B:>G0A=>, 0;5 <>65 ?@8725AB8 4> 28?0@>2C20==O :><?>=5=BV2, I> 
:8?;OBP 70 =86G>W B5<?5@0BC@8, =V6 >A=>20 A?;02C, 2=0A;V4>: G>3> 720@N20;P=0 
20==0 <>65 71V4=N20B8AO =0 ;53CNGV 5;5<5=B8. ' AB0;OE B0:8<8 5;5<5=B0<8 є 
<0@30=5FP, E@>< V G0AB:>2> :@5<=V9. 

#@8 720@N20==V <V4=8E A?;02V2, 7>:@5<0 ;0BC=V, B5<?5@0BC@0 ?;02;5==O 
:>B@>W 890...910 °%, V=B5=A82=> 28?0@>2CєBPAO F8=: (B5<?5@0BC@0 :8?V==O       
907 °%), I> ?>7=0G0єBPAO =0 O:>ABV H20. 

# > 3 ; 8 = 0 = = O  307V2 <0B5@V0;>< H20 B0:>6 <0є VAB>B=5 7=0G5==O ?@8 
720@N20==V ?;02;5==O<. ' H>2 ?>B@0?;ONBP :8A5=P, 07>B V 2>45=P. �=HV 3078, 7 
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?;V2:8 9, O:0 ?><VI5=0 C :0A5BV 10.  
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A5@54>28I. �0 4>?><>3>N ?’є7><5B@8G=>3> IC?0 12 C;PB@072C:>2>3> 
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>B@8<0==O 7040=8E A:;04C B0 2;0AB82>AB59 =0?;02;5=>3> <5B0;C. -V;P=89 
D;NA>289 70E8AB 720@N20;P=>W 20==8 70?>1V30є @>71@87:C20==N B0 C30@C 
@>7?;02;5=>3> <5B0;C. (;NA8 :;0A8DV:CNBP 70 ?@87=0G5==O<, EV<VG=8< 

A:;04>< V A?>A>1>< 283>B>2;5==O. 
�0 ?@87=0G5==O< WE ?>4V;ONBP =0 D;NA8 4;O 720@N20==O 

=87P:>2C3;5F528E B0 =87P:>;53>20=8E AB0;59, ;53>20=8E V 28A>:>;53>20=8E 
AB0;59. 

(;NA8 4;O 720@N20==O =87P:>2C3;5F528E B0 =87P:>;53>20=8E AB0;59 
?@87=0G5=V 4;O @>7:8A;5==O H20 V ;53C20==O 9>3> <0@30=F5< B0 :@5<=Vє<. �;O 
FP>3> 70AB>A>2CNBP ?;02;5=V 28A>:>:@5<=8ABV <0@30=F52V D;NA8. �E H;0:8 
<0NBP 28A>:89 2<VAB SiO2 B0 MnO. (;NA8 283>B>2;ONBP H;OE>< A?;02;N20==O 
2 5;5:B@>?5G0E <0@30=F52>W @C48, :@5<=575<C, ?;028:>2>3> H?0BC. 

(;NA8 4;O 720@N20==O ;53>20=8E B0 28A>:>;53>20=8E AB0;59 ?>28==V 
70157?5GC20B8 <V=V<0;P=5 >:8A;5==O ;53CNG8E 5;5<5=BV2 C H2V. �;O FP>3> 
70AB>A>2CNBP ?;02;5=V V :5@0<VG=V =87P:>:@5<=8ABV, 157:@5<=8ABV B0 DB>@84=V 
D;NA8. �E H;0:8 <0NBP 28A>:89 2<VAB %0", %0F2  B0 Al2O3. #;02;5=V D;NA8 
283>B>2;ONBP V7 ?;028:>2>3> H?0BC, 0;N<>A8;V:0BV2, 0;N<V=0BV2 H;OE>< 
A?;02;N20==O 2 5;5:B@>?5G0E. �E H;0:8 <0NBP >A=>2=89 E0@0:B5@. �5@0<VG=V 
D;NA8 283>B>2;ONBP V7 ?>@>H:>?>4V1=8E :><?>=5=BV2 H;OE>< 70<VHC20==O WE 
=0 @V4:><C A:;V, 3@0=C;N20==O B0 =0ABC?=>3> ?@>60@N20==O. "A=>2C 
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:5@0<VG=8E D;NAV2 A:;040є <0@<C@, ?;028:>289 H?0B V E;>@848 
;C6=>75<5;P=8E <5B0;V2. �> =8E B0:>6 2E>4OBP D5@>A?;028 A8;P=8E 
@>7:8A;N20GV2 (:@5<=VN, B8B0=C, 0;N<V=VN), ;53CNG8E 5;5<5=BV2 B0 G8ABV 
<5B0;8. ,;0:8 :5@0<VG=8E D;NAV2 <0NBP >A=>2=89 01> ?0A82=89 E0@0:B5@ V 
70157?5GCNBP 7040=89 2<VAB ;53CNG8E 5;5<5=BV2 C <5B0;V H20. 

#@8 720@N20==V 2 70E8A=><C 307V 5;5:B@>4, 7>=0 4C38 V 720@N20;P=0 20==0 
70E8I5=V AB@C<5=5< 7 0 E 8 A = > 3 >  3 0 7 C . /: 70E8A=V 3078 70AB>A>2CNBP 
V=5@B=V 3078 (0@3>= V 35;V9) V 0:B82=V 3078 (2C3;5:8A;89 307, 07>B, 2>45=P B0 V=HV), 
V=>4V – AC<VHV 42>E 01> 1V;PH5 307V2. !091V;PH5 70AB>A>2CNBP 0@3>= Ar B0 
2C3;5:8A;89 307 %"2.  

�@3>= – F5 307 157 :>;P>@C, 2 1,38 @07C 206G89, =V6 ?>2VB@O, =5@>7G8==89 
C @V4:8E B0 B25@48E <5B0;0E. #>AB02;ONBP V 715@V30NBP 0@3>= C AB0;P=8E 
10;>=0E C 307>?>4V1=><C AB0=V ?V4 B8A:>< 15  #0. 

�C3;5:8A;89 307 – 307 157 :>;P>@C, V7 A;01:8< 70?0E><, C 1,52 @07C 
206G89, =V6 ?>2VB@O, =5@>7G8==89 C B25@48E V @V4:8E <5B0;0E. �8?CA:0NBP 
2C3;5:8A;89 307 720@N20;P=89, E0@G>289 V B5E=VG=89. �;O 720@N20==O 307 
?>AB0G0NBP V 715@V30NBP C AB0;528E 10;>=0E C 7@V465=><C AB0=V ?V4 B8A:>< 7  #0. 

�20@N20==O AB0;59 G0AB> 28:>=CNBP 2 AC<VHV �r + 5 % "2. �8A5=P 
7<5=HCє ?>25@E=5289 =0BO3 @>7?;02;5=>3> <5B0;C, I> A?@8Oє 7=865==N 
:@8B8G=>W 3CAB8=8 AB@C<C, 70 O:>W :@0?5;P=5 ?5@5=5A5==O <5B0;C ?5@5E>48BP 2 
AB@C<8==5. "4=>G0A=> ?V428ICєBPAO ABV9:VABP 3>@V==O 4C38 ?@8 2V4=>A=> 
=525;8:8E AB@C<0E, I> ?>;53HCє 720@N20==O <5B0;C <0;>W B>2I8=8. 

+0AB> 70AB>A>2CNBP AC<VH %"2 + 10 % "2. �8A5=P 28:>=Cє BC 6 A0<C 
DC=:FVN, I> V ?@8 4>4020==V 2 0@3>=. 

�@3>=>4C3>25 720@N20==O 70AB>A>2CNBP 4;O :>;P>@>28E (0;N<V=VN, 
<03=VN, <V4V) B0 BC3>?;02:8E (B8B0=C, =V>1VN, 20=04VN, F8@:>=VN) <5B0;V2 V WE 
A?;02V2, 0 B0:>6 ;53>20=8E V 28A>:>;53>20=8E AB0;59. 

' 2C3;5:8A;><C 307V 720@NNBP :>=AB@C:FVW V7 2C3;5F52>W B0 
=87P:>;53>20=>W AB0;59 (307>- V =0DB>?@>2>48, :>@?CA8 AC45= B0 V=.). #5@52030 
=0?V202B><0B8G=>3> 720@N20==O 2 %"2 7 ?>3;O4C =0 ?@>4C:B82=VABP G0AB> є 
3>;>2=8< 0@3C<5=B>< 4;O 70<V=8 =5N @CG=>3> 4C3>2>3> 720@N20==O ?>:@8B8<8 
5;5:B@>40<8. 

§ 17.3. �>@NGV 3078 4;O 720@N20;ь=8E @>1VB 
 

/: 3>@NGV 3078 70AB>A>2CNBP ?@8@>4=V 3078, 2>45=P, ?0@8 15=78=C B0 30AC, 
=0DB>2V 3078 B0 V=HV. &0:V 3>@NGV 3078 <>6CBP 28:>@8AB>2C20B8AP, 3>;>2=8< 
G8=><, 4;O :8A=52>3> @V70==O, O:5 =5 28<030є 28A>:>W B5<?5@0BC@8 ?>;C<’O. �;O 
307>2>3> 720@N20==O 70AB>A>2CNBP 0F5B8;5=, B><C I> 2V= <0є 1V;PHC B5?;>BC 
73>@O==O, ?>@V2=O=> 7 V=H8<8 3>@NG8<8 3070<8, V 28A>:C B5<?5@0BC@C ?>;C<’O. 

� F 5 B 8 ; 5 =  є >A=>2=8< 3>@NG8< 307>< 4;O 307>2>3> 720@N20==O 9 
@V70==O <5B0;V2, B5<?5@0BC@0 9>3> ?>;C<’O ?@8 73>@O==V 2 B5E=VG=> G8AB><C 
:8A=V 4>AO30є 3150 °%. �F5B8;5= (%2!2) O2;Oє A>1>N EV<VG=C A?>;C:C 2C3;5FN V 
2>4=N, 9>3> >45@6CNBP 2 A?5FV0;P=8E 0?0@0B0E-307>35=5@0B>@0E C @57C;PB0BV 
270є<>4VW 2>48 7 :0@1V4>< :0;PFVN: 

%0%2 + 2!2"   %0("!)2 + %2!2 + Q. 
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#VA;O @>7:;04C 1 :3 :0@1V4C :0;PFVN CB2>@NєBPAO 250...300 4<3
 0F5B8;5=C, 

O:89 є 281CE>=5157?5G=8< ?@8 =04<V@=><C B8A:C 28I5 0,175  #0, 4>1@5 
@>7G8=OєBPAO 2 0F5B>=V. � >4=><C >1’є<V 0F5B>=C ?V4 B8A:>< 0,15  #0 
@>7G8=OєBPAO 23 >1’є<8 0F5B8;5=C. *O 2;0AB82VABP 28:>@8AB>2CєBPAO 4;O 9>3> 
157?5G=>3> 715@V30==O 2 10;>=0E. 

�F5B8;5=>2V 10;>=8 D0@1CNBP C 1V;89 :>;V@ V @>1;OBP =0 =8E G5@2>=>N 
D0@1>N =0?8A <�F5B8;5==. ' 10;>=V 7=0E>48BPAO ?>@8AB0 <0A0 (0:B82>20=5 
2C3V;;O) V 0F5B>=. $>7G8=5==O 0F5B8;5=C 2 0F5B>=V 4>72>;Oє CB@8<C20B8 2 
<0;><C >1’є<V 25;8:C :V;P:VABP 0F5B8;5=C V @>18BP 9>3> 157?5G=8<. 

&5E=VG=89 0F5B8;5= <VAB8BP 4><VH:8 (AV@:>2>45=P, 0<V0:, D>AD>@8AB89 
2>45=P B0 V=.), O:V =040NBP 9><C @V7:>3> E0@0:B5@=>3> 70?0EC, 7 ?V428I5==O< 
B8A:C B0 B5<?5@0BC@8 <>6;8289 @>7?04 0F5B8;5=C 7 281CE><. &><C, >B@8<CNG8 

0F5B8;5=, >1<56CNBP B8A: V B5<?5@0BC@C (=5 1V;PH5 1,5  #0 V +80 °%). 
�F5B8;5= <>65 CB2>@N20B8 281CE>=5157?5G=V EV<VG=V 7’є4=0==O 7 <V44N B0 
A@V1;><. &><C 2 0?0@0BC@V 4;O >B@8<0==O 0F5B8;5=C 701>@>=OєBPAO 
28:>@8AB>2C20B8 ?@8?>W V A?;028, O:V <VABOBP 1V;PH5 70 % <V4V 01> A@V1;0. 

�@V< 0F5B8;5=C, 4;O 720@N20==O 9 @V70==O <5B0;V2 70AB>A>2CNBP V=HV, 
1V;PH 45H52V 9 <5=H 45DVF8B=V 3>@NGV 3078 9 ?0@C 3>@NG8E @V48=: 2>45=P, 
:>:A>289 307, ?@>?0=-1CB0=>2V AC<VHV, 15=78=, 30A B>I>.  

"A=>2=0 >1;0ABP 70AB>AC20==O 307V2-70<V==8:V2 – :8A=525 @V70==O, >4=0:, 
2 >AB0==V @>:8 WE H8@>:> 70AB>A>2CNBP C V=H8E 2840E 307>?>;C<’O=>W >1@>1:8 
<5B0;V2 – ?09FV, =0?;02;5==V, 307>?>;C<’O=><C 7030@BC20==V, <5B0;V70FVW, 
720@N20==V :>;P>@>28E <5B0;V2 V A?;02V2.    

�0?8B0==O V 70240==O 4;O A0<>:>=B@>;N 
1. /:V ?@8A04:>2V <0B5@V0;8 B0 5;5:B@>48 28:>@8AB>2CNBP C 5;5:B@>4C3>2><C 

720@N20==V? 
2. �;O G>3> ?@87=0G5=V ?>:@8BBO 5;5:B@>4V2 4;O 4C3>2>3> 720@N20==O? !072VBP B8?8 

?>:@8BBV2 5;5:B@>4V2. 
3. /: <0@:CNBP 5;5:B@>48 4;O 4C3>2>3> 720@N20==O: 
– 2C3;5F528E B0 =87P:>;53>20=8E AB0;59;  
– ;53>20=8E B0 60@><VF=8E AB0;59? 
4. !0 O:V 3@C?8 ?>4V;ONBP 5;5:B@>48, 70;56=> 2V4 B>2I8=8 ?>:@8BBO? 
5. !0254VBP :;0A8DV:0FVN 5;5:B@>4V2, 70;56=> 2V4 B8?C ?>:@8BBO. 
6. /:0 @>;P =0;568BP D;NA0< C 720@N20;P=8E @>1>B0E? 

7. "?8HVBP B5E=>;>3VN 283>B>2;5==O ?;02;5=8E V :5@0<VG=8E D;NAV2. 
8. /:V 3078 28:>@8AB>2CNBP 4;O 70E8ABC 720@N20;P=>W 20==8 ?@8 02B><0B8G=><C 

720@N20==V? 
9. � O:>N <5B>N 28:>@8AB>2CNBP AC<VHV 70E8A=8E 307V2 V7 :8A=5<? 

10. /: >B@8<CNBP V 715@V30NBP 0F5B8;5=, I> 28:>@8AB>2CєBPAO C 307>2><C 720@N20==V V 
@V70==V <5B0;V2?  

11. �0 O:>3> <0:A8<0;P=>3> B8A:C 4>?CA:0єBPAO 715@V30B8 0F5B8;5=, I>1 70?>1V30B8 
9>3> 281CEC?  

12. /:V 3078 V @V48=8 28:>@8AB>2CNBP O: 70<V==8:8 0F5B8;5=C ?@8 307>2><C 720@N20==V 
V @V70==V? 
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$>74V; �V. #�/!!/  �&���� � %#����� 

 

�;020 18. (���+!� "%!"�� #�/!!/  �&���� � %#����� 

 

§ 18.1.  VAF5 V 7=0G5==O ?0O==O C ACG0A=><C 28@>1=8FB2V 
 

�C@E;8289 @>728B>: B5E=V:8 2 @V7=8E 30;C7OE ?@><8A;>2>ABV >1C<>282 
H8@>:5 70AB>AC20==O ?0O==O, =0A0<?5@54, C <0H8=>1C4C20==V, 5;5:B@>=VFV V 
5;5:B@>B5E=VG=V9 ?@><8A;>2>ABV. &5E=>;>3VO ?0O==O VAB>B=> 2V4@V7=OєBPAO 2V4 
B5E=>;>3VW 720@N20==O ?;02;5==O< V 720@N20==O B8A:>< V 28<030є A?5FV0;P=8E 
B5E=>;>3VG=8E B0 4>?><V6=8E <0B5@V0;V2 V >A=0I5==O. 

%P>3>4=V ?0O==O @07>< 7V 720@N20==O< є >4=8< 7 =09?>H8@5=VH8E 
A?>A>1V2 >45@60==O =5@>7=V<=8E 7’є4=0=P C ACG0A=><C 28@>1=8FB2V. 
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!09206;82VH0 ?>78B82=0 O:VABP ?0O==O – D>@<C20==O ?0O=>3> H20 70 
B5<?5@0BC@8 =86G5, =V6 B5<?5@0BC@0 ?;02;5==O <5B0;V2, I> 7’є4=CNBP.  

*5 40є <>6;82VABP 25AB8 ?@>F5A 2 C<>20E 7030;P=>3> =03@V2C 9 4>72>;Oє: 
– 74V9A=N20B8 3@C?>25 ?0O==O, 9>3> <5E0=V70FVN 9 02B><0B870FVN, I> 

70157?5GCє 28A>:C ?@>4C:B82=VABP ?@>F5AC C 25;8:>A5@V9=><C V <0A>2><C 
28@>1=8FB2V; 

– >45@6C20B8 7’є4=0==O C 206:>4>ABC?=8E <VAFOE 28@>1V2, 283>B>2;OB8 
B>=:>ABV==V 28@>18, ?V428IC20B8 :>5DVFVє=B 28:>@8AB0==O <0B5@V0;C 9 
7=86C20B8 <5B0;>є<=VABP 28@>1V2; 

– 7’є4=C20B8 @V7=>@V4=V <5B0;52V 9 =5<5B0;52V <0B5@V0;8 V7 <5=H>N 
@V2=>ABV==VABN 45B0;59, =V6 ?@8 720@N20==V ?;02;5==O<; 

– 2818@0B8 B5<?5@0BC@C ?@>F5AC 70;56=> 2V4 =5>1EV4=>ABV 715@565==O 
<5E0=VG=8E 2;0AB82>AB59 <0B5@V0;V2 28@>1C; <>6;82VABP ?>є4=C20B8 =03@V20==O 
?V4 ?0O==O 7 B5@<>>1@>1:>N B0 28:>=C20B8 ABC?V=G0AB5 ?0O==O; 

– 70157?5GC20B8 ?;02=VABP 30;B5;P=8E 4V;O=>: H20, >B65, V 28A>:C 
<VF=VABP B0 WE =04V9=VABP 2 C<>20E 2V1@0FV9=8E V 7=0:>7<V==8E =020=B065=P; 

– @>7’є4=C20B8 45B0;V 9 A:;040;P=V >48=8FV H;OE>< @>7?0N20==O 70 
B5<?5@0BC@8, =86G>W, =V6 B5<?5@0BC@0 ?;02;5==O <0B5@V0;C, I> ?0ONBP, V 
@5<>=BC20B8 28@>18 2 ?>;P>28E C<>20E. 
 

§ 18.2. (V78G=0 ACBь >B@8<0==O ?0O=>3> H20 
 

# 0 O = = O <  =07820NBP AB2>@5==O 7’є4=0==O 7 <V60B><=8<8 72’O7:0<8 
H;OE>< =03@V2C 7’є4=C20=8E <0B5@V0;V2 =86G5 B5<?5@0BC@8 WE ?;02;5==O, 
7<>GC20==O WE ?@8?>є<, 70BV:0==O ?@8?>N 2 707>@ V =0ABC?=>W 9>3> 
:@8AB0;V70FVW. 

�0 E0@0:B5@>< 70BV:0==O ?@8?>N 2 707>@ @>7@V7=ONBP: 
–  : 0 ? V ; O @ = 5  ? 0 O = = O, ?@8 O:><C H8@8=0 707>@C 2 H2V < 0,5 <<, 0 

?@8?V9 70?>2=Nє 707>@ <8<>2V;P=> ?V4 4VєN :0?V;O@=8E A8;; 
–  = 5 : 0 ? V ; O @ = 5  ? 0 O = = O, ?@8 O:><C H8@8=0 707>@C 2 H2V g 0,5 <<, 

0 ?@8?V9 70?>2=Nє 707>@ ?V4 4VєN A8; 3@02VB0FVW, @>7@O465==O 2 707>@V 
(=0?@8:;04, ?@8 2V4:0GC20==V ?>2VB@O V7 707>@C), 5;5:B@><03=VB=8E A8; B>I>.  

�0 <5E0=V7<>< AB2>@5==O H20 :0?V;O@=5 ?0O==O ?>4V;ONBP =0: 
–  ? 0 O = = O  7  3 > B > 2 8 <  ? @ 8 ? > є <, ?@8 O:><C ?@8?V9 70?>2=Nє 

707>@ <V6 45B0;O<8, 0 7’є4=0==O AB2>@NєBPAO 70 @0EC=>: @>7G8=5==O >A=>28 C 
@V4:><C ?@8?>W V =0ABC?=>W :@8AB0;V70FVW @>7G8=C ?V4 G0A >E>;>465==O         
(@8A. 18.1); 
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$8A. 18.1. %E5<0 :0?V;O@=>3> ?0O==O: 

4 – ?5@54 9>3> ?>G0B:><;  5 – ?VA;O 70:V=G5==O 
 

–  4 8 D C 7 V 9 = 5  ? 0 O = = O, ?@8 O:><C 7’є4=0==O AB2>@NєBPAO 70 @0EC=>: 
270є<=>W 48DC7VW :><?>=5=BV2 ?@8?>N V <0B5@V0;V2, I> ?0ONBP. �;O B0:>3> 
?0O==O =5>1EV4=0 4>230 28B@8<:0 ?@8 B5<?5@0BC@V AB2>@5==O ?0O=>3> H20, 0 
?VA;O 7025@H5==O ?@>F5AC – ?@8 B5<?5@0BC@V =86G5 A>;V4CA0 ?@8?>N;  

–  : > = B 0 : B = > - @ 5 0 : B 8 2 = 5  ? 0 O = = O, ?@8 O:><C <V6 <5B0;0<8, O:V 
7’є4=CNBP (01> <V6 <5B0;0<8, O:V 7’є4=CNBP, V ?@>H0@:>< ?@><V6=>3> 
<0B5@V0;C), 2 @57C;PB0BV :>=B0:B=>3> ?;02;5==O AB2>@NєBPAO A?;02, O:89 
70?>2=Nє 707>@ V C ?@>F5AV :@8AB0;V70FVW AB2>@Nє ?0O=5 7’є4=0==O (@8A. 18.2); 

 
$8A. 18.2. %E5<0 :>=B0:B=>-@50:B82=>3> ?0O==O: 

4 – ?5@54 9>3> ?>G0B:><; 5 – ?VA;O 70:V=G5==O;  
(1 – <V4P; 2 – A@V1;>; 3 – 52B5:B8G=89 A?;02 <V4V 7V A@V1;><) 

 

–  @ 5 0 : B 8 2 = > - D ; N A > 2 5  ? 0 O = = O, ?@8 O:><C ?@8?V9 AB2>@NєBPAO 
70 @0EC=>: @50:FVW 28B8A=5==O <V6 >A=>2=8< <0B5@V0;>< V D;NA><; =0?@8:;04, 
?@8 ?0O==V 0;N<V=VN 7 D;NA>< 3ZnCl2+2Al = 2AlCl3+3Zn 2V4=>2;5=89 F8=: 
A;C3Cє ?@8?>є<. 

�07>@ <V6 7’є4=C20=8<8 :@><:0<8 45B0;59 ?>28=5= 1CB8 <V=V<0;P=8< 4;O 
B>3>, I>1 ?>;V?H8B8 70BV:0==O ?@8?>N ?V4 4VєN :0?V;O@=8E A8; V 71V;PH8B8 
<VF=VABP 7’є4=0==O.  

!0?@8:;04, 4;O A@V1=8E ?@8?>W2 2AB0=>2;NNBP 707>@ 4> 0,05 <<, 0 4;O 
<V4V – 4> 0,012 <<. �;O 4>1@>3> 7<>GC20==O ?>25@E>=P ?@8?>є< 70AB>A>2CNBP 
<5E0=VG=5 >G8I5==O, >15768@5==O 30@OG8< ;C3><, B@8E;>@5B8;5=><, 
G>B8@8E;>@8AB8< 2C3;5F5<.   

�> =5:0?V;O@=8E 284V2 ?0O==O 2V4=>AOBP: 
–  ? 0 O = = O - 7 2 0 @ N 2 0 = = O, ?@8 O:><C 7’є4=0==O AB2>@NєBPAO B0: 

A0<>, O: V ?@8 720@N20==V ?;02;5==O<, 0;5 O: ?@8A04=89 <0B5@V0; 
28:>@8AB>2CNBP ?@8?V9 (@8A. 18.3); 
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–  7 2 0 @ N 2 0 = = O - ? 0 O = = O, ?@8 O:><C 7’є4=CNBP @V7=>@V4=V <0B5@V0;8 
V7 70AB>AC20==O< <VAF52>3> =03@V20==O, :>;8 1V;PH ;53:>?;02:89 <0B5@V0; 
=03@V20єBPAO 4> B5<?5@0BC@8 ?;02;5==O V 28:>=Cє @>;P ?@8?>N. 

 

 
$8A. 18.3. %E5<0 ?0O==O-720@N20==O: 

4 – 157 >?;02;5==O :@><>: 45B0;59; 5 – 7 >?;02;5==O< :@><>: >4=VєW 45B0;V 
(1 – 4> ?0O==O; 2 – ?VA;O ?0O==O) 

 

&0:8< G8=><, C :>6=><C 28?04:C 4;O AB2>@5==O ?0O=>3> H20 =5>1EV4=> 
=03@VB8 <5B0;, O:89 ?0ONBP, V ?@8?V9 4> B5<?5@0BC@8 ?;02;5==O ?@8?>N 01> 4> 
B0:>W B5<?5@0BC@8, 70 O:>W 2V41C20єBPAO @>7?;02;5==O ?@8?>N 2 @57C;PB0BV 
270є<>4VW 9>3> 7 <0B5@V0;><, O:89 ?0ONBP. �0728G09 B5<?5@0BC@0 ?;02;5==O 
?@8?>N ?>28==0 1CB8 =86G>N, =V6 B5<?5@0BC@0 ?;02;5==O <5B0;C, I> ?0ONBP. 

#0O==N ?V440NBPAO 2AV 2C3;5F52V B0 ;53>20=V AB0;V, B25@4V A?;028, G02C=, 
<V4P, =V:5;P, 0;N<V=V9 B0 V=HV <5B0;8 V A?;028. 

 

§ 18.3. %?>A>18 ?0O==O 

 

�A=Cє 25;8:0 :V;P:VABP @V7=><0=VB=8E A?>A>1V2 ?0O==O V 25;8:0 :V;P:VABP 
>7=0:, 70 O:8<8 WE :;0A8DV:CNBP, 0;5 =09206;82VH>N є :;0A8DV:0FVO A?>A>1V2 
?0O==O 70 <5B>4>< =03@V20==O 45B0;59, O:V ?0ONBP, B0 ?@8?>W2, B><C @>73;O=5<> 
A0<5 WW. 

# @ 8  ? 0 O = = V  2  ? 5 G 0 E  703>B>2:8, O:V 7’є4=CNBP, =03@V20NBP C 
A?5FV0;P=8E ?5G0E. #@8?V9 70740;53V4P 70:;040NBP =0 <VAF5 <091CB=P>3> H20, 
=0 <VAF5 ?0O==O =0=>AOBP D;NA, 0 ?>BV<, ?@8 =03@V20==V C ?5GV, ?@8?V9 
@>7?;02;OєBPAO V 70?>2=Nє 707>@8 <V6 703>B>2:0<8. #@>F5A ?0O==O 
?@>4>26CєBPAO 45:V;P:0 3>48=  V 70157?5GCє @V2=><V@=5 =03@V20==O V 2V4ACB=VABP 
45D>@<0FV9 45B0;59. 

#@8 V = 4 C : F V 9 = > < C  ? 0 O = = V  45B0;V, O:V ?0ONBP, =03@V20NBP C 
V=4C:B>@V 70 4>?><>3>N AB@C<C 28A>:>W G0AB>B8, O:89 ?@>?CA:0NBP G5@57 
V=4C:B>@. �;O 70?>1V30==O >:8A;5==N =03@V2 74V9A=NNBP C 20:CC<V 01> C 
70E8A=><C A5@54>28IV V7 70AB>AC20==O< D;NAV2. (>@<0 V @>7<V@8  70;560BP 2V4 
:>=AB@C:FVW 28@>1C. 

# 0 O = = O  7 0 = C @ 5 = = O <  28:>=CNBP C 20==0E 7 @>7?;02;5=8<8 A>;O<8 
01> ?@8?>O<8. %>;O=0 AC<VH 20==8 70728G09 A:;040єBPAO 7 55 % KCl V               
45 % NaCl. �@><:8 45B0;59 >G8ICNBP 2V4 >:8A;V2 V 701@C4=5=P, =0 <VAF5 H20 
=0=>AOBP ?@8?V9, 45B0;V A:@V?;NNBP V 70=C@NNBP C 20==C. %V;P 70?>1V30є 
>:8A;5==N <VAFO ?0O==O. 

#5@54 70=C@5==O< C 20==C 7 @>7G8=5=8< ?@8?>є< ?>:@8BV D;NA>< 45B0;V 
?>?5@54=P> =03@V20NBP 4> B5<?5@0BC@8 550 >%. #>25@E=V, O:V =5 ?V4;O30NBP 
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?0O==N, ?>:@820NBP A?5FV0;P=>N >1<07:>N V7 3@0DVBC 7 20?=><. *8< A?>A>1>< 
?0ONBP 45B0;V A:;04=>W 35><5B@8G=>W D>@<8. !54>;V: B0:>3> ?0O==O – 25;8:0 
28B@0B0 ?@8?>N. 

#@8 3 0 7 > ? > ; C < ’ O = > < C  ? 0 O = = V  703>B>2:8 V ?@8?V9 @>7V3@V20NBP 
307>720@N20;P=8<8 ?0;P=8:0<8 01> ?0O;P=8<8 ;0<?0<8. ' @07V ?0O==O 
?0;P=8:0<8 28:>@8AB>2CNBP 0F5B8;5=, ?@8@>4=V 3078, 2>45=P, ?0@C 15=78=C, 
30AC B0 V=. #@8?V9 =0=>AOBP 70740;53V4P 01> 22>4OBP C ?@>F5AV ?0O==O. (;NA =0 
<VAFO ?0O==O V ?@CB>: ?@8?>N =0=>AOBP C 283;O4V @V4:>W ?0AB8, @>7G8=5=>W 
2>4>N 01> A?8@B><. #;07<>28<8 ?0;P=8:0<8 ?0ONBP BC3>?;02:V <5B0;8: 

2>;PD@0<, B0=B0;, <>;V145=, =V>1V9 B0 V=.  
#@8 ? 0 O = = V  ? 0 O ; P = 8 : 0 < 8  >A=>2=89 <5B0; =03@V20NBP, 0 ?@8?V9 

@>7?;02;ONBP B5?;>B>N, 0:C<C;P>20=>N 2 <0AV ?0O;P=8:0, O:89 ?5@54 ?0O==O< 
01> 2 ?@>F5AV 9>3> ?V4V3@V20NBP. �;O =87P:>B5<?5@0BC@=>3> ?0O==O 
70AB>A>2CNBP ?0O;P=8:8 7 ?5@V>48G=8< =03@V20==O<, 7 157?5@5@2=8< 
=03@V20==O< B0 C;PB@072C:>2V. $>1>GC G0AB8=C ?0O;P=8:0 283>B>2;ONBP V7 
G5@2>=>W <V4V. #0O;P=8: 7 ?5@V>48G=8< =03@V20==O< 2 ?@>F5AV @>1>B8 
?V4V3@V20NBP 2V4 AB>@>==P>3> 465@5;0 B5?;>B8, 0 ?0O;P=8:8 7 ?>ABV9=8< 
=03@V20==O< є 5;5:B@8G=8<8. �07=0G5=8<8 ?0O;P=8:0<8 28:>=CNBP D;NA>25 
?0O==O G>@=8E V :>;P>@>28E <5B0;V2 ;53:>?;02:8<8 ?@8?>O<8 7 B5<?5@0BC@>N 
?;02;5==O =86G5 300...500 °C. 

';PB@072C:>2V ?0O;P=8:8 28:>@8AB>2CNBP 4;O 157D;NA>2>3> ?0O==O =0 
2V4:@8B><C ?>2VB@V V 4;O ?0O==O 0;N<V=VN. ":8A=V ?;V2:8 @C9=CNBPAO 70 
@0EC=>: :>;820=P C;PB@072C:>2>W G0AB>B8. 

 

§ 18.4. &8?8 ?0O=8E 7’є4=0=ь 
 

#@8 70AB>AC20==V 2:070=8E 28I5 70A>1V2 ?0O==O >B@8<CNBP >A=>2=V B8?8 
?0O=8E 7’є4=0=P, O:V =02545=V =0 @8A. 18.4. 

 
$8A. 18.4. "A=>2=V B8?8 ?0O=8E 7’є4=0=P 

 

�;O 70157?5G5==O 5:A?;C0B0FV9=8E E0@0:B5@8AB8: ?0O=>3> 28@>1C, 
=0A0<?5@54, =5>1EV4=V 28A>:0 O:VABP V =04V9=VABP ?0O=>3> 7’є4=0==O, O:5 70 
=5A?@8OB;828E C<>2 <>65 ?5@5B2>@8B8AO =0 <A;01:C ;0=:C= ?0O=>W :>=AB@C:FVW. 
#@8 FP><C =09206;82VHC @>;P 2V4V3@0є ?@028;P=89 281V@ B8?C ?0O=>3> 
7’є4=0==O V AC<VA=VABP 9>3> 7 B5E=>;>3VG=8< ?@>F5A><, B>1B> 7V A?>A>1>< 
?0O==O, B5E=>;>3VG=8<8 9 4>?><V6=8<8 <0B5@V0;0<8 V 9>3> >A=0I5==O<. 
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&8? ?0O=>3> 7’є4=0==O 287=0G0єBPAO @>7B0HC20==O< 45B0;59, I> 
7’є4=CNBP. ' 28?04:C @>7B0HC20==O 45B0;59 2=0?CAB>: (482. @8A. 18.4, 4), 

2?@8BC; (482. @8A. 18.4, 5) 01> C :>A89 AB8: (482. @8A. 18.4, 6) ?>25@E=O A?0N 
?0@0;5;P=0 WE=P>W >AP>2>W ;V=VW. �07=0G5=V B8?8 ?0O=8E H2V2 28:>@8AB>2CNBP 
4;O ?0O==O 45B0;59, I> ?@>4>26CNBP >4=0 V=HC. &0:V 2848 7’є4=0=P 
70AB>A>2CNBPAO >A>1;82> H8@>:>.  

�’є4=0==O C :>A89 AB8: 70728G09 70AB>A>2CNBP 4;O ?0O==O B@C1 V ;8ABV2 
B>2I8=>N 1V;PH5 1 <<, 0 B0:>6 1>:>28E ABV=>: ?>AC48= V7 2AB02;5=8<8 
4=8I0<8.  

�5B0;V, I> ?5@5B8=0NBPAO, <>6CBP 1CB8 70?0O=V 2 B02@ (@8A. 18.4, 7) 01> 2 
:CB (@8A. 18.4, 8). #@8 FP><C ?>25@E=O A?0N @>7B0H>20=0 ?V4 :CB>< 4> >AP>2>W 
;V=VW 45B0;59 01> ?0@0;5;P=> >4=VєW 7 =8E V ?5@?5=48:C;O@=> 4> V=H>W. 

�>B8G=V 45B0;V ?0ONBP C74>26 ;V=VW B>@:0==O 01> 2 B>GFV 4>B8:C            
(@8A. 18.4, 9). #>25@E=O A?0N C 2AVE @>73;O=CB8E B8?0E 7’є4=0=P <>65 1CB8 
?;>A:>N 01> :@82>;V=V9=>N. 

#0O=V H28 <>6CBP 1CB8 70<:=CB8<8 9 =570<:=CB8<8. �’є4=0==O 7 
=570<:=CB8<8 ?0O=8<8 H20<8 =07820NBP ?;0AB8=G0AB8<8 (@8A. 18.4, :). 

�7 B@C1G0AB8E 7’є4=0=P V7 70<:=CB8< H2>< G0ABVH5 V=H8E 70AB>A>2CNBP 
B5;5A:>?VG=V, I> O2;ONBP A>1>N 7’є4=0==O 2=0?CAB>: 45B0;59, O:V ?@>4>26CNBP 
>4=0 V=HC. "A>1;82> H8@>:5 70AB>AC20==O >45@60;> ?0O==O B@C1 @V7=>3> 
4V0<5B@0: ?> 2=CB@VH=V9 ?>25@E=V B@C18 1V;PH>3> 4V0<5B@0 B0 ?> 7>2=VH=V9 
?>25@E=V B@C18 <5=H>3> 4V0<5B@0 (@8A. 18.4, ;). 

 

�0?8B0==O V 70240==O 4;O A0<>:>=B@>;N 
1. �09B5 287=0G5==O ?@>F5AC ?0O==O.  
2. ' G><C ?5@52038 ?@>F5AC ?0O==O, ?>@V2=O=> 7V 720@N20==O<? 
3. #>OA=VBP DV78G=C ACBP ?@>F5AC: 
– :0?V;O@=>3> ?0O==O; 
– =5:0?V;O@=>3> ?0O==O. 
4. !072VBP >A=>2=V B8?8 :0?V;O@=>3> ?0O==O. 
5. /:V B8?8 =5:0?V;O@=>3> ?0O==O 70AB>A>2CNBPAO 4;O >B@8<0==O ?0O=8E 7’є4=0=P? 
6. "?8HVBP >A>1;82>ABV ?@>F5AC ?0O==O: 
– 2 ?5G0E; 
– V=4C:FV9=>3> ?0O==O; 
– ?0O==O 70=C@5==O<; 
– 307>?>;C<’O=>3> ?0O==O; 
– ?0O==O ?@8 =03@V20==V ?0;P=8:0<8; 
– ?0O==O ?@8 =03@V20==V ?0O;P=8:0<8. 
7. !072VBP >A=>2=V B8?8 ?0O=8E 7’є4=0=P. 
8. /:V B8?8 ?0O=8E 7’є4=0=P 28:>@8AB>2CNBPAO 4;O 7’є4=0==O B@C1 @V7=>3> 4V0<5B@0? 

 

 

 

�;020 19.  �&�$����, -" ��%&"%"�'.&Ь%/ ��/ #�/!!/ 

 

§ 19.1. #@8?>W 
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/:VABP ?0O==O, @07>< 7 V=H8<8 D0:B>@0<8, 7=0G=> 70;568BP 2V4 ?@8?>N, 
4> O:>3> 28AC20NBP B0:V 28<>38: 

– B5<?5@0BC@0 ?;02;5==O ?@8?>N ?>28==0 1CB8 =86G>N, =V6 B5<?5@0BC@0 
?;02;5==O <5B0;V2, I> 7’є4=CNBP; 

– ?@8?V9 ?>28=5= <0B8 4>1@C @V4:>B5:CGVABP, 7<>GC20B8 ?>25@E=V 
7’є4=C20=8E <5B0;V2, @>7BV:0B8AO ?> =8E, ?@>=8:0B8 C 2C7P:V 707>@8; 

– :>@>7V9=0 ABV9:VABP ?@8?>N, ?0O=8E H2V2 V >A=>2=>3> <5B0;C <0є 1CB8 
>4=0:>20, I>1 C=8:=CB8 CB2>@5==O <V:@>30;P20=VG=8E ?0@; 

– ?@8?V9 =5 ?>28=5= 7=0G=> 7=86C20B8 <VF=VABP B0 ?;0AB8G=VABP <5B0;V2, 
I> 7’є4=CNBP, 0 B0:>6 =5 ?>28=5= A?@8OB8 WE :@8E:><C @C9=C20==N. 

' ?0O==V <>6CBP 28:>@8AB>2C20B8AP 3>B>2V ?@8?>W V B0:V, I> AB2>@NNBPAO 
?V4 G0A ?0O==O. 

� > B > 2 V  ? @ 8 ? > W 70;56=> 2V4 B5<?5@0BC@8 ?;02;5==O ?>4V;ONBP =0 
?’OBP 3@C?: 

– >A>1>;53:>?;02:V ( o145 Ñï ët  ); 

– ;53:>?;02:V ( o o145 Ñ  450 Ñï ëtü  );  

– A5@54=P>?;02:V ( o o450 Ñ 1100 Ñï ëtü  );  

– 28A>:>?;02:V ( o o1100 Ñ 1850 Ñï ëtü  );  

– BC3>?;02:V ( o1850 Ñï ët ó ). 

!091V;PH5 ?>H8@5=V C <0H8=>1C4C20==V ; 5 3 : > ? ; 0 2 : V  ?@8?>W, 
G0ABVH 70 2A5 >;>2’O=>-A28=F52V, O:V ?>7=0G0NBPAO 1C:20<8 #"% V F8D@>N, I> 
E0@0:B5@87Cє G0AB:C <0A8 C 2V4A>B:0E >;>20 2 =P><C, =0?@8:;04, #"%-30,  

#"%-40, #"%-61. �;O ?V428I5==O <VF=>ABV C B0:V ?@8?>W 4>40NBP Cu, Ni, Mg, 
Zn, 4;O ?V428I5==O 7<>GC20;P=>W 740B=>ABV V ;53:>?;02:>ABV 4>40NBP Bi B0 Zn. 

�=B5@20; B5<?5@0BC@ ?;02;5==O F8E ?@8?>W2 183...238 °%.  
&0:>6 G0AB> 70AB>A>2CNBPAO A 5 @ 5 4 = P > ? ; 0 2 : V  ?@8?>W =0 >A=>2V 

A@V1;0 7 B5<?5@0BC@>N ?;02;5==O 600...950 
>%, O:V C 1V;PH>ABV 28?04:V2 <VABOBP 

B0:>6 <V4P Ag–Cu (#%@-92, #%@-72, #%@-71, #%@-50), F8=: Ag–Cu–Zn (#%@-
25, #%@-45) B0 V=. &0:V ?@8?>W 28:>@8AB>2CNBP 2 5;5:B@>==V9 V ?@8;04>1C4V2=V9 
?@><8A;>2>ABV, >A:V;P:8 A@V1;> 70157?5GCє 4>1@C 5;5:B@>?@>2V4=VABP V 
:>@>7V9=C ABV9:VABP.  

�> ?@8?>W2,  I >  A B 2 > @ N N B P A O  ? V 4  G 0 A  ? 0 O = = O, 2V4=>AOBP: 
– :>=B0:B=>-@50:B82=V ?@8?>W, I> >B@8<CNBP ?@8 :>=B0:B=>-@50:B82=><C 

?;02;5==V <0B5@V0;C, O:89 ?0ONBP 7 :>=B0:B=8<8 ?@>:;04:0<8 01> <V6 A>1>N 
(482. @8A. 18.2);  

– :>=B0:B=V B25@4>307>2V ?@8?>W, O:V AB2>@NNBPAO 2 @57C;PB0BV ?;02;5==O 
<5B0;C, I> ?0ONBP, C ?0@V <5B0;V2 V =5<5B0;V2, O:V 7=0E>4OBPAO C 0B<>AD5@V ?5GV; 

– @50:B82=>-D;NA>2V, O:V AB2>@NNBPAO 28B8A=5==O< <5B0;V2 V7 
:><?>=5=BV2 @50:B82=8E D;NAV2. 

§ 19.2. (;NA8 4;O ?0O==O 

 



155 

 

(;NA8 70AB>A>2CNBP C ?0O==V 4;O @>7G8=5==O B0 28;CG5==O >:8A;V2 V 
701@C4=5=P 7 ?>25@E=V <5B0;C, 70E8ABC <5B0;C 2V4 >:8A;5==O, 7<5=H5==O 
?>25@E=52>3> =0BO3C, ?>:@0I5==O 7<>GC20=>ABV V @>7BV:0==O ?@8?>N. 

->1 70157?5G8B8 28A>:C O:VABP ?0O=>3> 7’є4=0==O, D;NA8 ?>28==V <0B8 
B0:V 2;0AB82>ABV: 

– 1CB8 ;53H5 70 ?@8?V9, AB2>@N20B8 7 =8< 420 H0@8, O:V =5 7<VHCNBPAO; 
– <0B8 B5<?5@0BC@C 0:B82=>W 4VW 45I> 28IC, =V6 B5<?5@0BC@0 ?;02;5==O 

D;NAC, 0;5 =86GC, =V6 B5<?5@0BC@0 ?;02;5==O ?@8?>N; 
– 7=86C20B8 ?>25@E=5289 =0BO3 @V4:>3> ?@8?>N V ?>:@0IC20B8 9>3> 

@>7BV:0==O 274>26 ?>25@E=V, I> ?V440єBPAO ?0O==N; 
– ?> <>6;82>ABV =5 <VAB8B8 4>@>38E :><?>=5=BV2. 
/: D;NA8 C ?0O==V 28:>@8AB>2CNBP AC<VHV ;53:>?;02:8E A>;59 01> 

>:A84V2, O:V <0NBP B5<?5@0BC@C ?;02;5==O =86GC, =V6 B5<?5@0BC@0 ?;02;5==O 
?@8?>N, 0 V=>4V 9 3078, O:V 2V4=>2;NNBP >:A848, =0?@8:;04, 2>45=P, 
1>@>2<VICNG0 ?0@0 B0 V=. 

(;NA8 :;0A8DV:CNBP 70 B@P><0 >7=0:0<8. 
1. &5 < ? 5 @ 0 B C @ = 8 9  V = B 5 @ 2 0 ;  W E  0 : B 8 2 = > A B V: 

=87P:>B5<?5@0BC@=V (4> 450 °%) V 28A>:>B5<?5@0BC@=V (28I5 450 °%). 
2. #@ 8 @ > 4 0  @ > 7 G 8 = = 8 : 0: ?>;O@=V (2>40, A>;V =5>@30=VG=8E :8A;>B); 

=5?>;O@=V (68@8, <0A;0, 5B8;>289 A?8@B, :0=VD>;P, AB50@8=, >@30=VG=V :8A;>B8 
B0 V=.). 

3. #@ 8 @ > 4 0  0 : B 8 2 0 B > @ V 2: 28A>:>B5<?5@0BC@=V D;NA8 (30;>35=V4=V, 
DB>@>1>@84=V, 1>@84=>-2C3;5:8A;V); =87P:>B5<?5@0BC@=V (:0=VD>;P=V, :8A;>B=V, 
30;>35=V4=V, 3V4@0782=V, 0=V;V=>2V, AB50@8=>2V B0 V=.). 

�AV =02545=V D;NA8 70 WE ?@87=0G5==O< V ?@8@>4>N >A=>2=>3> 0:B820B>@0 
<>6=0 ?>4V;8B8 =0 G>B8@8 >A=>2=8E 3@C?8: 

1) D;NA8 =0 >A=>2V 7’є4=0=P 1>@0, O:V 70AB>A>2CNBP C ?0O==V G>@=8E V 
1030BP>E :>;P>@>28E <5B0;V2; 
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?;>I8=V. 

� > ; > 2 = 8 9  7 0 4 = V 9  :CB ñ  28<V@NNBP C �%# <V6 A;V4>< 3>;>2=>W 
704=P>W ?>25@E=V V A;V4>< ?;>I8=8 @V70==O.  

 
$8A. 21.4. "A=>2=V :CB8 B>:0@=>3> @V7FO 

 

� > ; > 2 = 8 9  ? 5 @ 5 4 = V 9  :CB ÷   28<V@NNBP C �%# <V6 A;V4>< ?5@54=P>W 
?>25@E=V V A;V4>< ab?;>I8=8, O:0 ?5@?5=48:C;O@=0 A;V4C ?;>I8=8 @V70==O. /:I> 

 
$8A.21.3. "A=>2=V G0AB8=8  

V 5;5<5=B8 @V7FO 
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A;V4 ?5@54=P>W ?>25@E=V C �%# =86G5 ;V=VW ab , B> ?5@54=V9 :CB <0є 4>40B=5 
7=0G5==O ( 0÷ þ ), O:I> A?V2?040є 7 =5N, B> ÷ =0, 2 V=H><C @07V 0÷ ü . 

�=0;>3VG=> 287=0G0NBPAO 2V4?>2V4=V 4>?><V6=V :CB8 1 1òàñ ÷  C �%#. 
�CB   = 0 E 8 ; C  3>;>2=>W @V70;P=>W :@><:8 28<V@NNBP C ?;>I8=V 

@V70==O <V6 @V70;P=>N :@><:>N V >A=>2=>N 
?;>I8=>N (284 � =0 @8A. 21.4). �CB   – 
4>40B=89, O:I> 25@H8=0 @V7FO є =09=86G>N 
B>G:>N 3>;>2=>W @V70;P=>W :@><:8, 01> 
2V4’є<=89, O:I> 25@H8=0 @V7FO 709<0є 
=0928I5 ?>;>65==O =0 :@><FV. �CB8 2 ?;0=V 
28<V@NNBPAO 2 >A=>2=V9 ?;>I8=V (@8A. 21.5).  

� > ; > 2 = 8 9  : C B  2  ? ; 0 = V     – :CB 
<V6 ?@>5:FVєN 3>;>2=>W @V70;P=>W :@><:8 =0 
>A=>2=C ?;>I8=C V =0?@O<>< ?>74>26=P>W 
?>40GV. � > ? > < V 6 = 8 9  : C B  2  ? ; 0 = V  1  

– :CB <V6 ?@>5:FVєN 4>?><V6=>W @V70;P=>W 
:@><:8 =0 >A=>2=C ?;>I8=C V =0?@O<><, 72>@>B=8< =0?@O<C ?>40GV. 

� C B  ? @ 8  2 5 @ H 8 = V  õ   – :CB <V6 >A=>2=>N V 4>?><V6=>N @V70;P=8<8 
:@><:0<8. 

�?;82 35><5B@8G=8E ?0@0<5B@V2 @V7FO =0  ?@>F5A @V70==O.  �04=V9 :CB ñ  

?@87=0G5=89 4;O 7<5=H5==O B5@BO 704=P>W ?>25@E=V @V7FO >1 ?>25@E=N @V70==O. 
#@>B5 =04<V@=5 71V;PH5==O 704=P>3> :CB0 <>65 ?@8725AB8 4> 7=865==O 
<VF=>ABV =091V;PH =020=B065=>W G0AB8=8 @V7FO V H284:>3> 9>3> @C9=C20==O. !0 
?@0:B8FV :CB 2818@0NBP 1;87P:> 6...12°. 

#5@54=V9 :CB ÷  2V4V3@0є 206;82C @>;P C ?@>F5AV @V70==O. � 9>3> 
71V;PH5==O< ?>;53HCєBPAO 2@V70==O @V7FO 2 >1@>1;N20=89 <0B5@V0;, 

7<5=HCNBPAO 45D>@<0FVO 7@V7C20=>3> H0@C, A8;0 @V70==O V 28B@0B0 ?>BC6=>ABV. 
#@>B5 71V;PH5==O ?5@54=P>3> :CB0 ?>A;01;Nє @V70;P=C G0AB8=C @V7FO, ?>3V@HCє 
2V42545==O B5?;>B8. !0 ?@0:B8FV =09G0ABVH5 28:>@8AB>2CNBP @V7FV 7 ?5@54=V<8 
:CB0<8 2V4 –10° 4> +20°. 

�CB8 2 ?;0=V   V 
1

  7=0G=>N <V@>N 2?;820NBP =0 ABV9:VABP @V7FO V 
H>@AB:VABP >1@>1;5=>W ?>25@E=V. �V 7<5=H5==O< C ?52=8E <560E :CB0   

ABV9:VABP @V7FO 71V;PHCєBPAO V G8AB>B0 >1@>1;5=>W ?>25@E=V ?>;V?HCєBPAO. 
!09G0ABVH5 F59 :CB 4>@V2=Nє 30...90°. 

�V4 :CB0 =0E8;C 3>;>2=>W @V70;P=>W :@><:8   70;568BP =0?@O< AE>4C 
AB@C6:8. /:I> :CB 0 þ , AB@C6:0 AE>48BP C =0?@O<C, 72>@>B=><C =0?@O<C 
?>40GV. /:I> :CB 0 ü , AB@C6:0 AE>48BP C =0?@O<C ?>40GV. #@8 0 ý AB@C6:0 
AE>48BP C74>26 >AV @V7FO. 

$V7FV 7 :CB0<8 0 ý  B0  0 þ  70AB>A>2CNBPAO C G>@=>2><C B>GV==V, 0 7  
0 ü  C G8AB>2><C. 
�;5<5=B8 @568<C @V70==O ?@8 B>GV==V. � ; 8 1 8 = > N  @ V 7 0 = = O  t  

=07820єBPAO B>2I8=0 H0@C <5B0;C, I> 7=V<0єBPAO 70 >48= ?@>EV4 (482. @8A. 21.6).  

 

 
$8A. 21.5. �CB8 @V7FO 2 ?;0=V 
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#@8 ?>74>26=P><C B>GV==V: 

.
2

D d
t


ý                                                     (21.1) 

# > 4 0 G 5 N  S  =07820єBPAO ?5@5<VI5==O B>G:8 @V70;P=>W :@><:8 
V=AB@C<5=B0 2V4=>A=> 703>B>2:8 2 =0?@O<:C @CEC ?>40GV 70 >48= >15@B 
703>B>2:8. �0;56=> 2V4 =0?@O<C @CEC ?>40GV, 2>=0 <>65 1CB8 ?>74>26=P>N, 
?>?5@5G=>N 01> @>7B0H>20=>N ?V4 :CB>< 4> >AV 703>B>2:8. 

 
$8A. 21.6. %E5<0 4> 287=0G5==O 5;5<5=BV2 @568<C @V70==O ?@8 B>GV==V: 
D  – 4V0<5B@ 703>B>2:8, <<; d  – 4V0<5B@ 45B0;V, <<; t – 3;818=0 @V70==O, <<;  

a – H8@8=0 7@V7C20=>3> H0@C, <<; b– B>2I8=0 7@V7C20=>3> H0@C, <<;  
ï î çS – ?>74>26=O ?>40G0 @V7FO, <</>1.; V  – H284:VABP @V70==O, </E2 

 

,2 8 4 : V A B P  @ V 7 0 = = O  –  F5 H;OE, O:V9 ?@>E>48BP B>G:0, I> ;568BP =0 
>1@>1;N20=V9 ?>25@E=V 703>B>2:8, 2V4=>A=> @V70;P=>W :@><:8 V=AB@C<5=B0 70 
>48=8FN G0AC: 

π
1000

Dn
V ý ,                                                               (21.2) 

45  n  –  G0AB>B0 >15@B0==O 703>B>2:8, >1/E2. 
 

§ 21.3. /28I0, I> AC?@>2>46CNBь ?@>F5A @V70==O  
 

 5E0=V7< 7=OBBO AB@C6:8. #@>F5A 2V4>:@5<;5==O H0@C AB@C6:8 ?@8 
>1@>1FV @V70==O< <>6=0 CO28B8 B0:8< G8=><. �VO @V7FO 2 (@8A. 21.7) =0 
703>B>2:C 1 V7 A8;>N P  CB2>@Nє C <0B5@V0;V 703>B>2:8 ?@C6=C 45D>@<0FVN, O:0 
7@>AB0є V ?5@5B2>@NєBPAO =0 ?;0AB8G=C, 2 @57C;PB0BV O:>W 2V4 703>B>2:8 
2V4>:@5<;NNBPAO 5;5<5=B8 AB@C6:8 3, 4, 5. �V4>:@5<;5==O AB@C6:8 
74V9A=NєBPAO ?> ?;>I8=V A:>;N20==O "-", O:0 @>7B0H>20=0 ?V4 :CB>< 7AC2C 

îθ 30  û 4> =0?@O<:C @CEC @V7FO V ?> O:V9 74V9A=NєBPAO 45D>@<0FVO 7AC2C. 
�@V70=89 H0@ <5B0;C 4>40B:>2> 45D>@<CєBPAO 2=0A;V4>: B5@BO AB@C6:8 ?> 
?5@54=V9 ?>25@E=V @V7FO.  
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$8A. 21.7. %E5<0 ?@>F5AC CB2>@5==O AB@C6:8 

 

%B@C:BC@8 <5B0;C C 7>=V 45D>@<0FVW ABCD V AB@C6:8 2V4@V7=ONBPAO 2V4 
AB@C:BC@8 >A=>2=>3> <5B0;C.  � FV9 7>=V :@8AB0;8 45D>@<>20=V, 7@C9=>20=V, 
?>4@V1=5=V V =01C20NBP 28BO3=CB>W D>@<8 C =0?@O<:C "1-"1, O:89 A:;040є 7 
?;>I8=>N 7AC2C :CB β. �;O @V7=8E <0B5@V0;V2, I> >1@>1;ONBPAO, V @V7=8E C<>2 
@V70==O E0@0:B5@ 45D>@<0FVW @V7=89.  

' ?;0AB8G=8E <0B5@V0;0E ?5@52060є ?;0AB8G=0 45D>@<0FVO, V :CB ò  <>65 
4>AO30B8 30>, C :@8E:8E <0B5@V0;V2 ?;0AB8G=0 45D>@<0FVO ?@0:B8G=> 2V4ACB=O, 
B><C :CB ò  ≈ 0

>
. 

�848 AB@C6:8, I> CB2>@NєBьAO ?@8 >1@>1FV @V70==O<. �0;56=> 2V4 
>1@>1;N20=>3> <5B0;C V C<>2 @V70==O, CB2>@NNBPAO B@8 2848 AB@C6:8: 

– 7 ; 8 2 = 0  A B @ C 6 : 0, I> O2;Oє A>1>N 157?5@5@2=C AB@VG:C, O:0 
70728G09 72820єBPAO C A?V@0;P; 2>=0 CB2>@NєBPAO ?@8 >1@>1FV ?;0AB8G=8E 
<5B0;V2 (<’O:>W AB0;V, ;0BC=V, 0;N<V=VN B0 V=.) V7 7=0G=8<8 H284:>ABO<8 @V70==O 
V =525;8:8<8 ?>40G0<8; 

–  A B @ C 6 : 0  A : > ; N 2 0 = = O  A:;040єBPAO 7 >:@5<8E, 72’O70=8E >48= 7 
>4=8< 5;5<5=BV2, 2>=0 CB2>@NєBPAO ?@8 >1@>1FV ?;0AB8G=8E <5B0;V2 A5@54=P>W 
B25@4>ABV 7 =525;8:8<8 H284:>ABO<8 @V70==O V 7=0G=8<8 ?>40G0<8 @V7FV2, I> 
<0NBP =525;8:V ?5@54=V :CB8; 

–  A B @ C 6 : 0  = 0 4 ; 0 < C  A:;040єBPAO 7 >:@5<8E ?>30=> 72’O70=8E 01> 
7>2AV< =5 72’O70=8E <V6 A>1>N :CA>G:V2 <5B0;C =5?@028;P=>W D>@<8  V 
CB2>@NєBPAO ?@8 >1@>1FV :@8E:8E <5B0;V2 (G02C=C, 1@>=78, 45O:8E A?;02V2 
0;N<V=VN). 

'B2>@5==O =0@>ABC. #V4 G0A @V70==O ?;0AB8G=8E <5B0;V2, B0:8E O: AB0;P, 
;0BC=P B>I>, 2V41C20єBPAO = 0 @ > A B > C B 2 > @ 5 = = O. %CBP FP>3> O28I0 2 B><C, 
I> 2=0A;V4>: 04357V9=>W 270є<>4VW, 7=0G=>3> B5@BO <V6 AB@C6:>N B0 ?5@54=P>N 
?>25@E=5N @V7FO V 7=0G=>3> 284V;5==O B5?;>B8 =0 =V9 1V;O @V70;P=>W :@><:8 
70B@8<CєBPAO 9 4C65 <VF=> C:@V?;NєBPAO =0 =V9 H0@ <5B0;C AB@C6:8 – = 0 @ V A B, 
O:89 157?>A5@54=P> ?@8;O30є 4> ?5@54=P>W ?>25@E=V @V7FO (482. @8A. 21.8).  
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$8A. 21.8. %E5<0 CB2>@5==O V @C9=C20==O =0@>ABC: 

4 – ?>G0B>:; 5 – 70@>465==O; 6 – 7@>AB0==O; 7 – @C9=C20==O 
 

 5B0; =0@>ABC 4C65 45D>@<>20=89 V B25@4VABP 9>3> 7=0G=> (V=>4V 2 2...3 
@078) ?5@528ICє B25@4VABP >1@>1;N20=>3> <5B0;C. !0@VAB ?5@V>48G=> 
@C9=CєBPAO, 28=>A8BPAO AB@C6:>N, I> AE>48BP 7 45B0;V, V CB2>@NєBPAO 7=>2.  

!0@VAB VAB>B=> 2?;820є =0 ?@>F5A @V70==O V O:VABP >1@>1;5=>W ?>25@E=V. 
#>78B82=89 2?;82 =0@>ABC =0 ?@>F5A @V70==O ?>;O30є C: 

– 71V;PH5==V ?5@54=P>3> :CB0 ÷ , I> 7<5=HCє A8;C @V70==O; 
– 7<5=H5==V 7=>AC @V7FO 2=0A;V4>: 7<VI5==O B>G:8 B8A:C AB@C6:8 2V4 

@V70;P=>W :@><:8; 
– ?>:@0I5==V B5?;>2V42545==O 2V4 @V70;P=>3> V=AB@C<5=B0. 
!530B82=89 2?;82 =0@>ABC ?>;O30є C: 
– 71V;PH5==V H>@AB:>ABV >1@>1;5=>W ?>25@E=V; 
– ?>O2V E28;OAB>ABV – <0:@>=5@V2=>ABV ?>25@E=V 45B0;V; 
– ?5@V>48G=V9 7<V=V 25;8G8=8 ?5@54=P>3> :CB0, O:0 A?@8G8=Nє 2V1@0FVN 

25@AB0B0 B0 V=AB@C<5=B0, I> ?>3V@HCє O:VABP >1@>1;5=>W ?>25@E=V. 
"B65, ?@8 G>@=>2V9 >1@>1FV =0@VAB ?>78B82=> 2?;820є =0 ?@>F5A @V70==O. 

#@8 G8AB>2V9 >1@>1FV, :>;8 O:VABP >1@>1;N20=>W ?>25@E=V >A>1;82> 206;820, 
CB2>@5==O =0@>ABC A;V4 C=8:0B8. 

 

§ 21.4. %8;0 @V70==O B0 WW A:;04>2V  
 

�5D>@<C20==O V 7@V70==O 7 ?>25@E=V 703>B>2:8 H0@C <0B5@V0;C 
2V41C20єBPAO ?V4 4VєN A8;8  , 7 O:>N V=AB@C<5=B 4Vє =0 703>B>2:C (482. @8A. 21.7). 

' @57C;PB0BV >?>@C <0B5@V0;C 45D>@<C20==N 28=8:0NBP @50:B82=V A8;8, O:V 
4VNBP =0 V=AB@C<5=B:  

– A8;8 ?@C6=>3> 1óÐ  V ?;0AB8G=>3> 

1ïÐ  45D>@<C20==O, 25:B>@8 O:8E 
A?@O<>20=V ?5@?5=48:C;O@=> ?5@54=V9 
?>25@E=V @V7FO (@8A. 21.9); 

– A8;8 ?@C6=>3> 2óÐ  V ?;0AB8G=>3> 

2ïÐ  45D>@<C20==O, 25:B>@8 O:8E 
A?@O<>20=V ?5@?5=48:C;O@=> 704=V9 
?>25@E=V @V7FO; 

– A8;0 "1, I> 28=8:0є 2V4 B5@BO 
AB@C6:8 ?> ?5@54=V9 ?>25@E=V @V7FO; 

 
$8A. 21.9. �>2=VH=V A8;8, O:V 4VNBP =0 

@V75FP 
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– A8;0 "2, I> 28=8:0є 2V4 B5@BO 704=P>W ?>25@E=V @V7FO >1 >1@>1;N20=C 
?>25@E=N 45B0;V. 

$V2=>4V9=0 2AVE F8E A8; 4>@V2=Nє WE 25:B>@=V9 AC<V, B>1B>: 
1 2 1 1 1 2y y n nR P P P P T Tý      .      (21.3) 

%8;C R , I> 4Vє =0 @V75FP C ?@>F5AV @V70==O, =07820NBP @V2=>4V9=>N 
A8;>N @V70==O. �;O 7@CG=>ABV @>7@0EC=:V2 V=AB@C<5=B0, @568<V2 @V70==O, 
A8;>28E 5;5<5=BV2 25@AB0BV2 B0 >A=0AB:8, A8;C R  @>7:;040NBP =0 B@8 270є<=> 
?5@?5=48:C;O@=V A:;04>2V xP , yP , zP (@8A. 21.10).  

%8;0 zP , I> 4Vє ?> 4>B8G=V9 4> 
?>25@E=V @V70==O 2 =0?@O<C 25:B>@0 
3>;>2=>3> @CEC, =07820єBPAO 4>B8G=>N 
A8;>N 01> 3 > ; > 2 = > N  A 8 ; > N  
@ V 7 0 = = O. 

%8;0 yP , O:0 4Vє 2 3>@87>=B0;P=V9 
(>A=>2=V9) ?;>I8=V ?5@?5=48:C;O@=> 4> 
>AV >1@>1;N20=>W 703>B>2:8, =07820єBPAO 
@ 0 4 V 0 ; P = > N  A 8 ; > N. 

%8;0 xP , I> 4Vє 2 3>@87>=B0;P=V9 
(>A=>2=V9) ?;>I8=V ?0@0;5;P=> >AV 
703>B>2:8 2 =0?@O<V, ?@>B8;56=><C 
=0?@O<C ?>74>26=P>W ?>40GV, 
=07820єBPAO > A P > 2 > N  A 8 ; > N  01> 
A8;>N ?>40GV. 

$V2=>4V9=0 R  O2;Oє A>1>N 
4V03>=0;P ?0@0;5;5?V?540, ?>1C4>20=>3> =0 A:;04>28E A8;0E, WW 25;8G8=0 <>65 
1CB8 287=0G5=0 7 28@07C: 

2 2 2
z y xR P P Pý   , ! (:�).   (21.4) 

%8;0 zP  =0 H?8=45;V 25@AB0B0 CB2>@Nє >15@B0;P=89 <><5=B: 

2 1000
z

êð

P D
Ì


ý


, !< (:�<),    (21.5) 

45  D – 4V0<5B@ 703>B>2:8, <<. 
�0 7=0G5==O<8 A8;8 zP  V >15@B0;P=>3> <><5=BC êðÌ  @>7@0E>2CNBP =0 

<VF=VABP <5E0=V7< :>@>1:8 H284:>AB59 25@AB0B0. 
�=0G5==O A8;8 zP  ?@8 B>GV==V 287=0G0NBP 70 5<?V@8G=>N D>@<C;>N: 

Pz Pz PzX Y n
z Pz PzP C t S V Ký     ,    (21.6) 

45  
zPC – :>5DVFVє=B, O:89 70;568BP 2V4 >1@>1;N20=>3> <0B5@V0;C V C<>2 

@V70==O; t – 3;818=0 @V70==O, <<; S – ?>40G0, <</>1; V – H284:VABP @V70==O, </E2; 
К – ?>?@02>G=89 :>5DVFVє=B, I> 2@0E>2Cє 2V4<V==VABP C<>2 >1@>1:8 ?>@V2=O=> 7 
B8<8, 4;O O:8E 7040=> 25;8G8=C 

zPÑ ; , ,Pz Pz PzX Y n – 5<?V@8G=V ?>:07=8:8 AB5?5=V2 
2V4?>2V4=> 3;818=8 @V70==O, ?>40GV V H284:>ABV @V70==O. 

 
$8A. 21.10. %:;04>2V @V2=>4V9=>W A8;8 
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�AV 707=0G5=V 25;8G8=8 4;O @V7=8E >1@>1;N20=8E V V=AB@C<5=B0;P=8E 
<0B5@V0;V2 V C<>2 >1@>1:8 =02545=V 2 4>2V4=8:0E. 

%8;0 yP  =0<030єBPAO 2V4B8A=CB8 @V75FP 2V4 >1@>1;N20=>W 45B0;V, I> 
7<5=HCє B>G=VABP >1@>1:8. &><C ?@8 >1@>1FV 4>238E V B>=:8E 45B0;59 A;V4 
?@0FN20B8 @V7FO<8 7 25;8:8<8 :CB0<8 2 ?;0=V 4>  = 90°, ?@8 O:8E A8;0 yP  <0є 
<V=V<0;P=5 7=0G5==O. 

�0 A8;>N xP  @>7@0E>2CNBP =0 <VF=VABP <5E0=V7< ?>40GV 25@AB0B0.  
�=0G5==O xP  B0 yP  15@CBP C G0AB:0E 2V4 7=0G5==O zP . %?V22V4=>H5==O 

/x zP P  B0 /y zP P  70;560BP 2V4 35><5B@8G=8E ?0@0<5B@V2 @V7FO, 5;5<5=BV2 @568<C 
@V70==O V 7=>AC @V7FO. &0:, ?@8 B>GV==V 3>AB@8< @V7F5< 7 :CB0<8 ÷ =15°,  =45°,   
 = 0:   

ø ù  0,3...0,5 ;  (0,15...0,3) .ó z õ zP P P Pû û  

#>BC6=VABP Ne, I> 28B@0G0єBPAO =0 @V70==O ?@8 ?>74>26=P><C B>GV==V 
(5D5:B82=0 ?>BC6=VABP):   

3 360 10 60 10
z x

e

P V P n S
N

  
ý 

 
, :�B, 

45  C – G0AB>B0 >15@B0==O 703>B>2:8, >1/E2. 
#>BC6=VABP, AB2>@5=0 A8;>N xP , AB0=>28BP 1...2 % 2AVєW ?>BC6=>ABV, I> 

28B@0G0єBPAO =0 @V70==O, B><C WW 70728G09 =5 2@0E>2CNBP V 5D5:B82=C ?>BC6=VABP 
287=0G0NBP 70 D>@<C;>N: 

360 10
z

e

P V
N


ý


, :�B,     (21.7) 

0 @>7@0EC=:>2C ?>BC6=VABP 5;5:B@>4283C=0 25@AB0B0 70 70;56=VABN:  

e
äâ

N
N

ø
ý , :�B,      (21.8)  

45  ø – ��� 25@AB0B0, I> 4>@V2=Nє 0,1...0,8, 70;56=> 2V4 B8?C 25@AB0B0. 
 

§ 21.5. &5?;>2V O28I0 2 ?@>F5AV @V70==O 

 

#@>F5A @V70==O AC?@>2>46CєBPAO V=B5=A82=8< 284V;5==O< B5?;>B8, 
25;8G8=0 O:>W 287=0G0єBPAO 70 70;56=VABN: 

.zQ PVý       (21.9) 

&5?;>B0, I> 284V;OєBPAO, 2V42>48BPAO V7 7>=8 @V70==O: 
– AB@C6:>N – 25...85 %, 70;56=> 2V4 <5B>4C >1@>1:8; 
– 703>B>2:>N – 10...50 %; 

– V=AB@C<5=B>< – 2...9 %. 

/: 10G8<>, V=AB@C<5=B 3V@H5 2V42>48BP B5?;>BC 2=0A;V4>: 9>3> =87P:>W 
B5?;>?@>2V4=>ABV, B><C B5<?5@0BC@0 =03@V20==O V=AB@C<5=B0 <>65 4>AO30B8 
800...1000 

>%. !530B82=89 2?;82 ?5@53@V2C V=AB@C<5=B0 =0 ?@>F5A @V70==O 
?@>O2;OєBPAO C B0:><C: 
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– 7=865==V B25@4>ABV V=AB@C<5=B0, I> A?@8G8=Nє 7=865==O 01> 2B@0BC 
=8< @V70;P=8E 2;0AB82>AB59; 

– 7=865==V B>G=>ABV >1@>1:8 V A?>B2>@5==V D>@<8 45B0;V G5@57 
B5<?5@0BC@=V 7<V=8 ;V=V9=8E @>7<V@V2 V=AB@C<5=B0 V 703>B>2:8. 

�;O 7<5=H5==O =530B82=>3> 2?;82C B5?;>B8 =0 ?@>F5A @V70==O, 9>3> 
74V9A=NNBP 2 C<>20E 70AB>AC20==O <0AB8;P=>->E>;>46CNG8E A5@54>28I 
( "%). /:  "% 70AB>A>2CNBP: 

– @V48=8 (2>4O=V @>7G8=8 5;5:B@>;VBV2, 5<C;PAVW, @>7G8=8 <8;, B20@8==V V 
<V=5@0;P=V <0A;0 B>I>); 

– 3078 (%"2, %%l4, ?0@8 V @>7?8;5=V @V48=8); 

– B25@4V @5G>28=8 (?>@>H:8 2>A:C, ?0@0DV=C, 1VBC<C, <8;0 B>I>).  
�0AB>AC20==O  "% ?>78B82=> 2?;820є =0 ?@>F5A @V70==O 2=0A;V4>:: 
– 7=865==O B5@BO AB@C6:8 ?> ?5@54=V9 ?>25@E=V V 704=P>W ?>25@E=V 

V=AB@C<5=B0 ?> 703>B>2FV; 
– 7<5=H5==O @>1>B8 45D>@<C20==O V :V;P:>ABV B5?;>B8, I> 284V;OєBPAO; 
– 7=0G=>3> ?>:@0I5==O 2V42545==O B5?;>B8 2V4 V=AB@C<5=B0, 703>B>2:8 V 

AB@C6:8. 
' =>@<0;P=8E C<>20E @>1>B8 4>?CAB8<0 B5<?5@0BC@0 4;O @V70;P=8E 

V=AB@C<5=BV2 B0:0: 
– 7 2C3;5F52>W V ;53>20=>W AB0;V – 200...250 °%; 
– 7 H284:>@V70;P=>W AB0;V – 550...600 °%;  
– 4;O >A=0I5=8E B25@48<8 A?;020<8 – 800...1000 °%; 
– 4;O >A=0I5=8E <V=5@0;>:5@0<V:>N – 1000...1200 °%. 
 

§ 21.6. ,284:VABь @V70==O B0 2?;82 =0 =5W @V7=8E D0:B>@V2 
 

,2 8 4 : V A B P  @ V 7 0 = = O  287=0G0NBP 70 5<?V@8G=>N D>@<C;>N 
70;56=> 2V4 3;818=8 @V70==O t V ?>40GV S: 

V V

V
X Y

C
V

t S
ý


,     (21.10) 

45  VC  – :>5DVFVє=B, I> 70;568BP 2V4 >1@>1;N20=>3> <0B5@V0;C, <0B5@V0;C 
@V70;P=>3> V=AB@C<5=B0 V C<>2 @V70==O; VX  V VY  – 5<?V@8G=V ?>:07=8:8 AB5?5=V, 
O:V 70;560BP 2V4 B8E A0<8E D0:B>@V2, ?@8G><C 1V VX Yü ü . 

� D>@<C;8 284=>, I> V7 71V;PH5==O< 3;818=8 @V70==O V ?>40GV H284:VABP 
@V70==O 7<5=HCєBPAO. �?;82 3;818=8 =0 H284:VABP @V70==O <5=H89, =V6 2?;82 
?>40GV, >A:V;P:8 ?>:07=8: AB5?5=V VX  <5=H89, =V6 ?>:07=8: VY .  

�@V< B>3>, =0 25;8G8=C H284:>ABV @V70==O 2?;820NBP B0:V D0:B>@8. 
1. "1@>1;N20=89 <0B5@V0;: 
– >1@>1:C AB0;59 7 28A>:8< 2<VAB>< 2C3;5FN, E@><C, 2>;PD@0<C 

28:>=CNBP =0 <0;8E H284:>ABOE @V70==O G5@57 WE 28A>:V B25@4VABP V <VF=VABP; 
– AV@89 G02C= >1@>1;ONBP 7 <5=H8<8 H284:>ABO<8 @V70==O, =V6 

2C3;5F52C :>=AB@C:FV9=C AB0;P, >A:V;P:8 2V= <0є =86GC B5?;>?@>2V4=VABP V 
A?@8G8=Nє V=B5=A82=89 7=>A V=AB@C<5=B0; 
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– 0;N<V=V9 V 9>3> A?;028 >1@>1;ONBP V7 H284:>ABO<8 @V70==O C 4...6 @07V2 
1V;PH8<8, =V6 2C3;5F52C :>=AB@C:FV9=C AB0;P. 

 

2. �5><5B@8G=V ?0@0<5B@8 V=AB@C<5=B0: 
– V7 71V;PH5==O< ?5@54=P>3> :CB0 7<5=HCNBPAO A8;8 @V70==O V :V;P:VABP 

284V;5=>W B5?;>B8, 7=86CєBPAO B5<?5@0BC@0 @V70==O, B><C 4>?CAB8<0 H284:VABP 
@V70==O 7@>AB0є; 

– V7 71V;PH5==O< 704=P>3> :CB0 7<5=HCNBPAO @>1>B0 A8; B5@BO V :V;P:VABP 
B5?;>B8, I> 284V;OєBPAO, >B65, 7<5=HCєBPAO 7=>A @V70;P=>3> V=AB@C<5=B0, B><C 
4>?CAB8<0 H284:VABP @V70==O <>65 1CB8 45I> ?V428I5=0, 0;5 A;V4 ?0<’OB0B8, 
I> 71V;PH5==O ?5@54=P>3> V 704=P>3> :CBV2 7<5=HCє <VF=VABP @V6CG>3> :;8=C, 
B><C C :>6=><C 28?04:C ?>B@V1=> 2818@0B8 H284:VABP @V70==O 7 C@0EC20==O< 

2AVE C<>2 >1@>1:8. 
3.  0AB8;P=>->E>;>46C20;P=V A5@54>28I0 7=86CNBP B5<?5@0BC@C 2 7>=V 

@V70==O, 7<0ICNBP :>=B0:B=V ?>25@E=V @V70;P=>3> V=AB@C<5=B0 V >1@>1;N20=>W 
703>B>2:8, 7<5=HCNBP 7;8?0==O V=AB@C<5=B0 7V AB@C6:>N V CB2>@5==O =0@>ABV2, 
B><C 7’O2;OєBPAO <>6;82VABP ?@8 7=0G=><C >E>;>465==V (8...12 ;/E2) C 28?04:C 
G>@=>2>3> B>GV==O AB0;V @V7FO<8 7 H284:>@V70;P=>W AB0;V ?V428I8B8 H284:VABP 
@V70==O =0 15...25 %. 

#@87=0G0NG8 @568< @V70==O, @5:><5=4CєBPAO: 
– 281@0B8 O:><>30 1V;PHC 3;818=C @V70==O, O:0 70157?5GCє 7@V70==O 

?@8?CA:C 70 =09<5=HC :V;P:VABP ?@>E>4V2; 
– 2AB0=>28B8 =091V;PHC 4;O 40=>W 3;818=8 @V70==O t ?>40GC S ; 

– 287=0G8B8 H284:VABP @V70==O 70 D>@<C;>N (21.10). 

 

§ 21. 7. �=>A V ABV9:VABь V=AB@C<5=B0  
 

&5@BO <V6 AB@C6:>N V ?5@54=P>N ?>25@E=5N V=AB@C<5=B0 B0 <V6 9>3> 
704=P>N V >1@>1;N20=>N ?>25@E=O<8 A?@8G8=Nє 7=>A @V70;P=>3> V=AB@C<5=B0 
?> ?5@54=V9 V 704=V9 ?>25@E=O<. 

�=>A ?@>O2;OєBPAO C 283;O4V ;C=:8 H8@8=>N b (@8A. 21.11, 4)  =0 ?5@54=V9 
?>25@E=V @V7FO V AB@VG:8 H8@8=>N h =0 704=V9 9>3> ?>25@E=V.  

 
$8A. 21.11. �=>A @V7FO (4) V 7<V=0 @>7<V@V2 V=AB@C<5=B0 B0 703>B>2:8 ?@8 FP><C (5) 

 

!091V;PH H:V4;828< є 7=>A ?> 704=V9 ?>25@E=V, >A:V;P:8 ?@8 FP><C 
7<5=HCєBPAO =0 25;8G8=C u (@8A. 21.11, 5) 28;VB @V7FO, I> ?@872>48BP 4> 
A?>B2>@5==O D>@<8 V @>7<V@V2 45B0;V. #@8 @V70==V 70BC?;5=8< V=AB@C<5=B>< 
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7@>AB0NBP 25;8G8=0 A8;8 @V70==O, 45D>@<0FVO 703>B>2:8, B5?;>284V;5==O. 
�>?CAB8<0 25;8G8=0 7=>AC =07820єBPAO : @ 8 B 5 @ V є <  7 = > A C. +0ABVH 70 2A5 70 
:@8B5@V9 7=>AC 2818@0NBP 25;8G8=C h 7=>AC ?> 704=V9 ?>25@E=V. �;O B>:0@=8E 
@V7FV2 V7 H284:>@V70;P=>W AB0;V 4>?CAB8<89 7=>A h=1,5...2 <<, 4;O @V7FV2 7 
B25@4>3> A?;02C h = 0,8...1 <<, 4;O @V7FV2 7 <V=5@0;>:5@0<V:>N h = 0,5...0,8 <<.  

�>;>2=>N E0@0:B5@8AB8:>N V=AB@C<5=B0 є 9>3> A B V 9 : V A B P  ", E2 – 
AC<0@=89 G0A 9>3> @>1>B8 <V6 ?5@5B>GC20==O<8 ?@8 287=0G5=><C @568<V 
@V70==O. �0728G09 ABV9:VABP B>:0@=8E @V7FV2 A:;040є 30...90 E2. %BV9:VABP 
V=AB@C<5=B0 70;568BP 2V4 DV78:>-<5E0=VG=8E E0@0:B5@8AB8: <0B5@V0;C 
V=AB@C<5=B0 V 703>B>2:8, @568<C @V70==O, 35><5B@VW V=AB@C<5=B0 V C<>2 >1@>1:8. 

 

�0?8B0==O V 70240==O 4;O A0<>:>=B@>;N 
1. �09B5 287=0G5==O ?@>F5AC >1@>1:8 @V70==O<. 
2. �;O G>3> ?@87=0G5=V @CE8 @V70==O ?@8 >1@>1FV @V70==O<? 
3. �;O G>3> A;C3CNBP 4>?><V6=V @CE8 ?@8 @V70==V? 
4. �09B5 287=0G5==O: 
– 3>;>2=>3> @CEC @V70==O; 
– @CEC ?>40GV. 
5. �09B5 287=0G5==O ?@>F5AC >1@>1:8 B>GV==O<. 
6. %E0@0:B5@87C9B5 ?@>F5A >1@>1:8 A25@4;V==O<. 
7. "?8HVBP AE5<C >1@>1:8 D@575@C20==O<. 
8. %E0@0:B5@87C9B5 ?@>F5A H;VDC20==O. "?8HVBP >A=>2=V AE5<8 H;VDC20==O. 
9. /:V 3>;>2=V V 4>?><V6=V @CE8 74V9A=NNBPAO ?@8: 

– AB@C30==V; 
– ?@>BO30==V? 
10. /: 74V9A=NєBPAO ?>40G0 ?@8 ?@>BO30==V? 
11. �09B5 287=0G5==O ?;>I8=8 @V70==O V >A=>2=>W ?;>I8=8. 
12. "?8HVBP 1C4>2C B>:0@=>3> @V7FO B0 =072VBP >A=>2=V 9>3> 5;5<5=B8. 
13. �09B5 287=0G5==O 4;O B>:0@=>3> @V7FO: 
– ?5@54=P>W B0 3>;>2=>W 704=P>W ?>25@E>=P; 
– 3>;>2=>W B0 4>?><V6=>W @V6CG8E :@><>:; 
– 25@H8=8 @V7FO. 
 14. �09B5 287=0G5==O :CBV2 B>:0@=>3> @V7FO:  
– ?5@54=P>3> ÷ ; 

– 704=P>3> ñ ; 

– :CB0 =0E8;C 3>;>2=>W @V6CG>W :@><:8  . 

 15. �09B5 287=0G5==O :CBV2, I> 28<V@NNBPAO C >A=>2=V9 ?;>I8=V: 
– 3>;>2=>3> :CB0 2 ?;0=V  ; 

– 4>?><V6=>3> :CB0 2 ?;0=V 1 ; 

– :CB0 ?@8 25@H8=V õ . 

16. "?8HVBP 2?;82 =0 ?@>F5A @V70==O 35><5B@8G=8E ?0@0<5B@V2 @V7FO. 
17. �09B5 287=0G5==O ?0@0<5B@V2 @568<C @V70==O ?@8 B>GV==V: 
– 3;818=8 @V70==O; 
– ?>40GV; 
– H284:>ABV @V70==O. 
18. "?8HVBP ?@>F5A 7=OBBO H0@C <0B5@V0;C ?@8 B>GV==V. 
19. /:V >A=>2=V 2848 AB@C6:8 CB2>@NNBPAO ?@8 @V70==V? 
20. -> B0:5 =0@VAB? #>OA=VBP ?@>F5A 9>3> CB2>@5==O ?@8 B>GV==V. 
21. /: 2?;820є =0@VAB =0 ?@>F5A @V70==O? 
22. /:V 7>2=VH=V A8;8 4VNBP =0 B>:0@=89 @V75FP ?@8 B>GV==V? 
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23. �09B5 287=0G5==O A:;04>28E @V2=>4VNG>W A8;8 @V70==O: 
– 3>;>2=>W zP ; 

– @04V0;P=>W yP ; 

– >AP>2>W xP . 

24. �0 7=0G5==O< O:>W A8;8 @>7@0E>2CNBP: 
– ?>BC6=VABP 4283C=0 3>;>2=>3> ?@82>4C; 
– <5E0=V7< ?>40G? 
25. /: @>7?>4V;OєBPAO <V6 AB@C6:>N, @V7F5< V 45B0;;N B5?;>B0, I> 284V;OBPAO ?@8 

@V70==V? 
26. /:V 70A>18 >E>;>465==O V=AB@C<5=B0 70AB>A>2CNBP ?@8 @V70==V? 
27. !072VBP B8?8  "%, O:V 28:>@8AB>2CNBPAO ?@8 >1@>1FV @V70==O<. 
28. /: 287=0G0єBPAO H284:VABP @V70==O ?@8 B>GV==V? 
29. /: 2?;820NBP =0 25;8G8=C H284:>ABV @V70==O: 
– >1@>1;N20=89 <0B5@V0;; 
– 35><5B@8G=V ?0@0<5B@8 @V7FO; 
– <0AB8;P=>->E>;>46CNG5 A5@54>28I5? 

30. #> O:8< ?>25@E=O< 7=>HCєBPAO B>:0@=89 @V75FP? 
31. �09B5 287=0G5==O ABV9:>ABV @V7FO. -> B0:5 ?5@V>4 ABV9:>ABV @V7FO? 
32. -> ?@89<0NBP 70 :@8B5@V9 7=>AC @V7FO? 

 

�;020 22. �!%&$' �!&��Ь!�  �&�$���� 
 

§ 22.1. �030;ь=V 28<>38 4> V=AB@C<5=B0;ь=8E <0B5@V0;V2  

 

$V70;P=V V=AB@C<5=B8 ?@0FNNBP 2 C<>20E 7=0G=8E A8;>28E =020=B065=P, 
28A>:8E B5<?5@0BC@, B5@BO 9 7=>HC20==O, B><C V=AB@C<5=B0;P=V <0B5@V0;8 
?>28==V <0B8 ?52=V 5:A?;C0B0FV9=V DV78:>-<5E0=VG=V 2;0AB82>ABV.  0B5@V0; 
@V6CG>W G0AB8=8 V=AB@C<5=BV2 ?>28=5= 1CB8 B 2 5 @ 4 8 <  V <0B8 28A>:V 7=0G5==O 
4>?CAB8<8E =0?@C65=P =0 738=, @>7BO3, AB8A:, :@CG5==O. �;O 70157?5G5==O 
?@>F5AC 7=OBBO H0@C AB@C6:8 =5>1EV4=>, I>1 B25@4VABP <0B5@V0;C @V6CG>W 
G0AB8=8 V=AB@C<5=B0 7=0G=> ?5@528IC20;0 B25@4VABP <0B5@V0;C >1@>1;N20=>W 
703>B>2:8. 

�8A>:V <VF=VA=V 2;0AB82>ABV =5>1EV4=V 4;O 70157?5G5==O >?>@C @V70;P=>3> 
V=AB@C<5=B0 45D>@<0FVO< C ?@>F5AV @V70==O. �>AB0B=O 2 ’ O 7 : V A B P  
V=AB@C<5=B0;P=>3> <0B5@V0;C 70157?5GCє ABV9:VABP V=AB@C<5=B0 4> 4VW C40@=8E 
48=0<VG=8E =020=B065=P, O:V 28=8:0NBP ?@8 >1@>1FV 703>B>2>: V7 :@8E:8E 
<0B5@V0;V2 01> 7 ?5@5@82G0AB>N >1@>1;N20=>N ?>25@E=5N. �=AB@C<5=B0;P=V 
<0B5@V0;8 ?>28==V <0B8 28A>:C G 5 @ 2 > = > A B V 9 : V A B P, B>1B> 715@V30B8 28A>:C 
B25@4VABP V @V6CGV 2;0AB82>ABV ?@8 28A>:8E @>1>G8E B5<?5@0BC@0E.  

!09206;82VH>N E0@0:B5@8AB8:>N <0B5@V0;C @V6CG>W G0AB8=8 V=AB@C<5=B0 
є  7 = > A > A B V 9 : V A B P. +8< 2>=0 28I5, B8< ?>2V;P=VH5 7=>HCєBPAO V=AB@C<5=B 
V 28I5 9>3> @>7<V@=0 ABV9:VABP. *5 >7=0G0є, I> 703>B>2:8, ?>A;V4>2=> >1@>1;5=V 
B8< A0<8< V=AB@C<5=B><, <0B8<CBP <V=V<0;P=5 @>7AVN20==O @>7<V@V2 
>1@>1;5=8E ?>25@E>=P. � <5B>N ?V428I5==O 7=>A>ABV9:>ABV =0 @V6CGC G0AB8=C 



175 

 

V=AB@C<5=BV2 A?5FV0;P=8<8 <5B>40<8 =0=>AOBP >4=>- V 1030B>H0@>2V ?>:@8BBO 7 
:0@1V4V2 2>;PD@0<C, =VB@84V2 B8B0=C. �=AB@C<5=B0;P=V <0B5@V0;8 ?>28==V <0B8 
=09<5=H89 ?@>F5=B=89 2<VAB 45DVF8B=8E V 4>@>38E 5;5<5=BV2, I>1 
70157?5GC20B8 <V=V<0;P=C A>1V20@BVABP >1@>1:8 @V70==O<. 

 

§ 22.2. )0@0:B5@8AB8:8 V >1;0ABV 70AB>AC20==O V=AB@C<5=B0;ь=8E 
<0B5@V0;V2 

 

�=AB@C<5=B0;ь=V 2C3;5F52V AB0;V <VABOBP 1,0...1,3 % %. �;O 283>B>2;5==O 
V=AB@C<5=BV2 70AB>A>2CNBP O:VA=V AB0;V '10�, '11�, '12�. #VA;O B5@<VG=>W 
>1@>1:8 AB0;V (HRC 60...62) <0NBP G5@2>=>ABV9:VABP 200...240 °%. �0 B0:>W 
B5<?5@0BC@8 B25@4VABP AB0;V @V7:> 7<5=HCєBPAO 9 V=AB@C<5=B8 =5 <>6CBP 
28:>=C20B8 @>1>BC @V70==O. �>?CAB8<V H284:>ABV @V70==O =5 ?5@528ICNBP 
12...18 </E2. �7 F8E AB0;59 283>B>2;ONBP <VBG8:8, ?;0H:8, =>6V2:>2V ?>;>B=0, 
A25@4;0 9 75=:5@8 <0;8E 4V0<5B@V2. 

�53>20=V V=AB@C<5=B0;ь=V AB0;V – 2C3;5F52V V=AB@C<5=B0;P=V AB0;V, 
;53>20=V E@><>< (X), 2>;PD@0<>< (�), 20=04Vє< ((), :@5<=Vє< (C) B0 V=H8<8 
5;5<5=B0<8. #VA;O B5@<>>1@>1:8 ;53>20=V AB0;V (HRC 62...64) <0NBP 
G5@2>=>ABV9:VABP 220...260 °%. �53>20=V AB0;V, ?>@V2=O=> 7 2C3;5F528<8, <0NBP 
?V428I5=C 2’O7:VABP C 7030@B>20=><C AB0=V, 1V;PH 28A>:C ?@>30@B>20=VABP, 
<5=HC 740B=VABP 4> 45D>@<0FV9 V ?>O28 B@VI8= ?@8 30@BC20==V. �>?CAB8<0 
H284:VABP @V70==O 15...25 </E2. �;O 283>B>2;5==O ?@>BO6>:, A25@45;, <VBG8:V2, 
?;0H>:, @>725@B>: 28:>@8AB>2CNBP AB0;V 9)��, )��, )�, 6)%, 9)%. 

,284:>@V70;ь=V AB0;V <VABOBP: 5,5...19 % W; 3,8...4,4 % Cr; 0,73...1,25 % C; 

1…5,2 % V; 1…3 % Mo; 4> 8 % Co. �;O 283>B>2;5==O V=AB@C<5=BV2 
28:>@8AB>2CNBP AB0;V $9, $12, $18, $6 5, $9(5, $9�5, $9�10, $10�5(2. 
$V70;P=89 V=AB@C<5=B 7V H284:>@V70;P=>W AB0;V ?VA;O B5@<VG=>W >1@>1:8       
(HRC 62...65) <0є G5@2>=>ABV9:VABP 600...640 °% V ?V428I5=C 7=>A>ABV9:VABP; 2V= 

<>65 ?@0FN20B8 =0 H284:>ABOE @V70==O 4> 80 </E2. 
%B0;P $9, =0?@8:;04, @5:><5=4CNBP 4;O 283>B>2;5==O V=AB@C<5=BV2 

?@>AB>W D>@<8 (@V7FV2, D@57, 75=:5@V2). �>10;PB>2V H284:>@V70;P=V AB0;V $9�5, 
$18�5(2, $9�10 70AB>A>2CNBP 4;O >1@>1:8 206:>>1@>1;N20=8E <0B5@V0;V2 2 
C<>20E ?5@5@82G0AB>3> ?@>F5AC @V70==O. �0=04Vє2V H284:>@V70;P=V AB0;V $9(5, 
$14(4 @5:><5=4CNBP 4;O 283>B>2;5==O V=AB@C<5=BV2, ?@87=0G5=8E 4;O G8AB>2>W 
>1@>1:8 (?@>BO6>:, @>725@B>:, H525@V2). �E 70AB>A>2CNBP 4;O >1@>1:8 
206:>>1@>1;N20=8E <0B5@V0;V2 ?@8 7@V70==V AB@C6:8 <0;>3> ?>?5@5G=>3> 
?5@5@V7C. 

�>;PD@0<><>;V145=>2V AB0;V $9 4, $6 � 28:>@8AB>2CNBP 4;O 
V=AB@C<5=BV2, I> ?@0FNNBP 2 C<>20E G>@=>2>W >1@>1:8 9 4;O 283>B>2;5==O 
?@>BO6>:, 4>210GV2, H525@V2, D@57. 

�;O 5:>=><VW H284:>@V70;P=8E AB0;59, V=H8E V=AB@C<5=B0;P=8E 
<0B5@V0;V2 @V70;P=89 V=AB@C<5=B 283>B>2;ONBP 71V@=8< 01> 720@=8<. $V6CGC 
G0AB8=C V=AB@C<5=B0 283>B>2;ONBP C 283;O4V ?;0AB8= 7 H284:>@V70;P=>W AB0;V V 
:@V?;OBP WW 4> 45@602:8 V=AB@C<5=B0, O:C 28:>=CNBP 7 :>=AB@C:FV9=8E AB0;59 
45, 50, 40). �0;56=> 2V4 A?>A>1C :@V?;5==O ?;0AB8=, @V7FV 1C20NBP: 



176 

 

– ACFV;P=V, 28:>=0=V 7 >4=>3> V=AB@C<5=B0;P=>3> <0B5@V0;C; 
– 71V@=V 720@=V, C O:8E @V6CG0 ?;0AB8=0 7 V=AB@C<5=B0;P=>3> <0B5@V0;C 

A:;040є 7 <0B5@V0;>< 45@602:8 =5@>7=V<=5 7’є4=0==O (720@=5, ?0O=5, :;59>25 
B>I>); 

– 71V@=V 7 <5E0=VG=8< :@V?;5==O< ?;0AB8= V=AB@C<5=B0;P=>3> <0B5@V0;C 
4> 45@602:8. 

&25@4V A?;028 –  F5 B25@4V @>7G8=8 :0@1V4V2 2>;PD@0<C, B8B0=C 9 B0=B0;C 
(WC, &iC, &0%) C <5B0;52><C :>10;PBV (Co). &25@4V A?;028 70AB>A>2CNBP C 
283;O4V ?;0AB8= ?52=8E D>@< V @>7<V@V2, 283>B>2;5=8E 70 B5E=>;>3VєN 
?>@>H:>2>W <5B0;C@3VW. #;0AB8=8 ?>?5@54=P> ?@5ACNBP, 0 ?>BV< A?V:0NBP ?@8 
B5<?5@0BC@V 1500...1900 °%. 

&25@4V A?;028 ?>4V;ONBP =0 3@C?8: 
– 2>;PD@0<>2C – ��2, ���, ��4, ��6 , ��6, ��8, ��10, ��15 B0 V=.;  
– B8B0=>2>;PD@0<>2C – &30�4, &15�6, &14�8, &5�10, &5�12';  
– B8B0=>B0=B0;>2>;PD@0<>2C – &&7�12,  &&10�8�.   
#;0AB8=8 B25@4>3> A?;02C <0NBP 28A>:C B25@4VABP (HRA 86...92), 

7=>A>ABV9:VABP V G5@2>=>ABV9:VABP (800...1250 °%), I> 4>72>;Oє 25AB8 >1@>1:C 7V 
H284:>ABO<8 @V70==O 4> 800 </E2. #;0AB8=8 ?@8?0NNBP 4> 45@602>: 01> 
:>@?CAV2 V=AB@C<5=BV2 <V4=8<8, ;0BC==8<8 ?@8?>O<8 01> :@V?;OBP <5E0=VG=8< 
A?>A>1><. 

' ?@><8A;>2>ABV 70AB>A>2CNBP 1030B>3@0==V =5?5@5B>GC20=V 
B25@4>A?;02=V ?;0AB8=8 (B@8-, G>B8@8-, ?’OB8-, H5AB83@0==V), O:V :@V?;OBP 
<5E0=VG=8< A?>A>1><. #VA;O 7=>HC20==O >4=VєW 7 @V6CG8E :@><>: B0:>W 
?;0AB8=8 2 @>1>BC 22>4OBP =0ABC?=C. !54>;V: B25@48E A?;02V2 – WE 7=865=0 
?;0AB8G=VABP. 

&25@4V A?;028 3@C?8 �� 28:>@8AB>2CNBP 4;O >1@>1:8 703>B>2>: V7 
:@8E:8E <5B0;V2, ?;0AB<0A, =5<5B0;VG=8E <0B5@V0;V2; A?;028 3@C?8 &�� – 4;O 
>1@>1:8 703>B>2>: V7 ?;0AB8G=8E V 2’O7:8E V A?;02V2. �@V1=>75@=8ABV B25@4V 
A?;028 ��6  70AB>A>2CNBP 4;O >1@>1:8 703>B>2>: V7 206:>>1@>1;N20=8E 
:>@>7V9=>ABV9:8E V 60@><VF=8E AB0;59 V A?;02V2, B25@48E G02C=V2, 1@>=7, 
7030@B>20=8E AB0;59, A?;02V2 ;53:8E <5B0;V2, A?;02V2 B8B0=C, ?>@F5;O=8, 
:5@0<V:8, A:;0, D5@8BV2. &@8:0@1V4=V A?;028 &&� 2V4@V7=ONBPAO 2V4 3@C? A?;02V2 
�� V &�� ?V428I5=8<8 7=>A>ABV9:VABN, <VF=VABN 9 2’O7:VABN. �E 70AB>A>2CNBP 
4;O >1@>1:8 703>B>2>: V7 206:>>1@>1;N20=8E AB0;59 0CAB5=VB=>3> :;0AC. 

%8=B5B8G=V =04B25@4V 9 :5@0<VG=V <0B5@V0;8 A:;040NBP 3@C?C =>28E 
28A>:>?@>4C:B82=8E V=AB@C<5=B0;P=8E <0B5@V0;V2, O:V 70157?5GCNBP 28A>:C 
5D5:B82=VABP @>1>B8 A8AB5< <5E0=VG=>W >1@>1:8. 

' =0H G0A V=AB@C<5=B0;P=0 ?@><8A;>2VABP 28?CA:0є <0B5@V0;8 =0 >A=>2V 
=VB@84C 1>@C (:><?>78B8) V =0 >A=>2V >:A84C 0;N<V=VN (:5@0<V:0).  

�A=Cє 25;8:0 @>7<0WBVABP =04B25@48E <0B5@V0;V2 (!& ) =0 >A=>2V IV;P=8E 
<>48DV:0FV9 =VB@84C 1>@C. �@C?8 !&  @>7@V7=ONBPAO B5E=>;>3VєN 
28@>1=8FB20, AB@C:BC@0<8 9 DV78:>-<5E0=VG=8<8 2;0AB82>ABO<8. 

,8@>:5 70AB>AC20==O >B@8<0;8 !&  =0 >A=>2V D07>2>3> ?5@5B2>@5==O 
3 @ 0 D V B > ? > 4 V 1 = > 3 >  =VB@84C 1>@C 2 :C1VG=89. �8@>1;ONBP :><?>78B 01 
(5;P1>@) V :><?>78B 02 (15;1>@). �E 70AB>A>2CNBP 4;O B>=:>3> 9 G8AB>2>3> 



177 

 

B>GV==O @V7FO<8 2 C<>20E 157C40@=>3> =020=B065==O V B>@F52>3> D@575@C20==O 
7030@B>20=8E AB0;59 V G02C=V2 1C4P-O:>W B25@4>ABV, B25@48E A?;02V2 V7 2<VAB>< 
:>10;PBC 1V;PH5 15 %. 

!&  =0 >A=>2V G0AB:>2>3> 01> ?>2=>3> ?5@5B2>@5==O 2 N @ B F 8 B = > 3 >  
=VB@84C 1>@C 2 :C1VG=89 B0:>6 H8@>:> 28:>@8AB>2CNBPAO C <5B0;>>1@>1FV. 
�8@>1;ONBP :><?>78B 10 (35:A0=VB-$) V <>48DV:0FVW :><?>78B0 09-#&!� 
(?>;V:@8AB0; B25@4>3> =VB@84C 1>@C), #&!�-�� B0 V=. �><?>78B 10 (35:A0=VB-$) 
V ?;0AB8=8 7 :><?>78B0 10� (:><?>78B 10 =0 ?V4;>6FV V7 B25@4>3> A?;02C) 
70AB>A>2CNBP 4;O ?>?5@54=P>3> 9 >AB0B>G=>3> B>GV==O V B>@F52>3> 
D@575@C20==O AB0;59 V G02C=V2 1C4P-O:>W B25@4>ABV, B25@48E A?;02V2 2 C<>20E 
157C40@=>3> 01> C40@=>3> 48=0<VG=>3> =020=B065==O (=0O2=VABP =0 
>1@>1;N20=V9 ?>25@E=V >B2>@V2, ?07V2, @515@). 

�8@>1;ONBP B0:>6 !&  =0 >A=>2V A?V:0==O G0AB>: : C 1 V G = > 3 >  =VB@84C 
1>@C (�!�). �> =8E 2V4=>AOBP: :><?>78B 05, :V1>@VB V =V1>@VB. �8:>@8AB>2CNBP 
B0:V B5E=>;>3VW 283>B>2;5==O: 2402;5==O G0AB>: �!� C <5B0;52C <0B@8FN; 
A?V:0==O 75@5= �!� V7 75@=0<8 72’O7:8; A?V:0==O 2 C<>20E EV<VG=>W 270є<>4VW 
75@5= �!� 7V 72’O7:>N. 

�><?>78B 05 70AB>A>2CNBP 4;O ?>?5@54=P>3> 9 G8AB>2>3> B>GV==O 9 
B>@F52>3> D@575@C20==O 7030@B>20=8E 45B0;59 V7 G02C=V2 1C4P-O:>W B25@4>ABV 7 
=0O2=VABN ?>25@E=52>W ;820@=>W :V@:8. 

�=AB@C<5=B0;ь=V :5@0<VG=V <0B5@V0;8 ?>4V;ONBP =0 3@C?8, I> 
@>7@V7=ONBPAO EV<VG=8< A:;04><, <5B>4>< 28@>1=8FB20 9 >1;0ABO<8 
@0FV>=0;P=>3> 28:>@8AB0==O. 

" : A 8 4 = 0  1 V ; 0  :5@0<V:0 A:;040єBPAO 7 Al2O3 7 ;53CNG8<8 4>102:0<8 
Mg, ZrO2 B0 V=.  0@:8 :5@0<V:8: * 332, �"-13. �W 70AB>A>2CNBP 4;O G8AB>2>W 9 
=0?V2G8AB>2>W >1@>1:8 =57030@B>20=8E AB0;59 V AV@8E G02C=V2 7V H284:>ABO<8 
@V70==O 4> 900 </E2.  

" : A 8 4 = > - : 0 @ 1 V 4 = 0  (G>@=0) :5@0<V:0, I> A:;040єBPAO 7 �l2O3        

(4> 60 %),  &iC (20...40 %), ZrO2 (20...40 %), V=H8E :0@1V4V2 BC3>?;02:8E <5B0;V2. 
 0@:0 :5@0<V:8 �"�-60. �W 70AB>A>2CNBP 4;O G8AB>2>W 9 =0?V2G8AB>2>W >1@>1:8 
:>2:8E, 28A>:><VF=8E V 281V;5=8E G02C=V2 B0 7030@B>20=8E AB0;59.  

�5@0<V:0 =0 >A=>2V = V B @ 8 4 C  : @ 5 < = V N  7 ;53C20==O< >:A840<8 
VBB@VN, F8@:>=VN, 0;N<V=VN.  0@:C AV;8=VB-$, >45@6CNBP A?>A>1>< 30@OG>3> 
?@5AC20==O. �W 70AB>A>2CNBP 4;O =0?V2G8AB>2>W >1@>1:8 G02C=V2. 

"A=>2=8< =0?@O<:>< :>=AB@CN20==O V=AB@C<5=BV2 7 !&  V :5@0<V:8 є 
AB2>@5==O @V7FV2 V D@57 7 <5E0=VG=8< :@V?;5==O< FV;P=8E V 42>H0@>28E :@C3;8E 
B0 1030B>3@0==8E @V6CG8E ?;0AB8=. 

�1@0782=V B0 0;<07=V <0B5@V0;8. � 1 @ 0 7 8 2 = V  < 0 B 5 @ V 0 ; 8  – F5 
4@V1=>75@=8ABV ?>@>H:>2V @5G>28=8 (EV<VG=V A?>;C:8 5;5<5=BV2), O:V 
28:>@8AB>2CNBP 4;O 283>B>2;5==O 01@0782=8E V=AB@C<5=BV2: H;VDC20;P=8E 
:@C3V2, 3>;>2>:, A53<5=BV2, 1@CA:V2. #@8@>4=V 01@0782=V <0B5@V0;8 (=0640:, 
:20@F>289 ?VA>:, :>@C=4) 70AB>A>2CNBP >1<565=> G5@57 =5>4=>@V4=VABP WE=VE 
2;0AB82>AB59. ' ?@><8A;>2>ABV 28:>@8AB>2CNBP HBCG=V 01@0782=V <0B5@V0;8: 
5;5:B@>:>@C=4, :0@1V48 :@5<=VN, :0@1V48 1>@C, >:A84 E@><C, A8=B5B8G=V 
0;<078, 1>@AV;>:0@1V4, A;02CB8G, 5;P1>@, 35:A0=VB. 



178 

 

�1@0782=V <0B5@V0;8 <0NBP 28A>:V B25@4VABP, G5@2>=>ABV9:VABP 
(1800...2000 °%) V 7=>A>ABV9:VABP. �=AB@C<5=B8 7 01@0782=8E <0B5@V0;V2 
4>72>;ONBP >1@>1;OB8 <0B5@V0;8 7V H284:VABN @V70==O 15...100 </A. �1@0782=V 
V=AB@C<5=B8 28:>@8AB>2CNBP, 3>;>2=8< G8=><, 4;O >AB0B>G=>W >1@>1:8 
703>B>2>:, :>;8 VA=CNBP ?V428I5=V 28<>38 4> B>G=>ABV 9 H>@AB:>ABV 
>1@>1;5=8E ?>25@E>=P. 

,;VDC20;P=V 5;5:B@>:>@C=4>2V :@C38 70AB>A>2CNBP 4;O >1@>1:8 
703>B>2>: V7 <0B5@V0;V2 7 28A>:>N @>7@82=>N <VF=VABN. �=AB@C<5=B8 V7 G>@=>3> 
:0@1V4C :@5<=VN 70AB>A>2CNBP 4;O >1@>1:8 703>B>2>: V7 <0B5@V0;V2 7 =87P:>N 
@>7@82=>N <VF=VABN, 0 B0:>6 V7 2’O7:8E <5B0;V2 V A?;02V2; V=AB@C<5=B8 V7 
75;5=>3> :0@1V4C :@5<=VN – 4;O >1@>1:8 9 70B>GC20==O B25@4>A?;02=8E V 
<V=5@0;>:5@0<VG=8E @V70;P=8E V=AB@C<5=BV2. #>@>H>: :0@1V4C 1>@C 
28:>@8AB>2CNBP 4;O ?@8B8@0;P=8E V 4>2V4=8E @>1VB, =0?@8:;04, 4;O 4>2545==O 
B25@4>A?;02=8E V=AB@C<5=BV2, 0 B0:>6 4;O H;VDC20==O 703>B>2>: V7 4C65 
B25@48E <0B5@V0;V2 (@C1V=0, :20@FC, :>@C=4C). �;O 283>B>2;5==O H;VDC20;P=8E V 
?>;V@C20;P=8E ?0AB 28:>@8AB>2CNBP >:A84 E@><C, 2V45=AP:5 20?=>, B@5?5;. 

�>@AV;>:0@1V4 70AB>A>2CNBP 4;O >1@>1:8 45B0;59 V7 B25@48E A?;02V2, 
@C1V=0 9 28A>:>B25@48E <0B5@V0;V2. �;P1>@ A;C3Cє 70<V==8:>< 0;<07V2; 9>3> 
70AB>A>2CNBP 4;O >1@>1:8 703>B>2>: V7 28A>:>B25@48E <0B5@V0;V2 V 
:>=AB@C:FV9=8E AB0;59. %;02CB8G – =04B25@489 <0B5@V0;. �=AB@C<5=B8 7 =P>3> 
=5 ?>ABC?0NBPAO 0;<07=8< 70 7=>A>ABV9:VABN 9 ?5@525@HCNBP WE 70 <VF=VABN. 

�;<078 A:;040NBP >A>1;82C 3@C?C <0B5@V0;V2. ' ?@><8A;>2>ABV 
28:>@8AB>2CNBP ?@8@>4=V (<0@:8 �) V A8=B5B8G=V 0;<078 (<0@>: �%", �%$, 
�%� B0 V=.). �;<07 є =09B25@4VH8< <0B5@V0;><, <0є 28A>:V G5@2>=>ABV9:VABP V 
7=>A>ABV9:VABP, C =P>3> ?@0:B8G=> 2V4ACB=O 04357VO 7 V=H8<8 <0B5@V0;0<8. 
!54>;V: – ?V428I5=0 :@8E:VABP. �;<078 28:>@8AB>2CNBP 4;O 283>B>2;5==O 
0;<07=8E V=AB@C<5=BV2 (:@C38, ?8;:8, AB@VG:8, 1@CA:8) V 0;<07=8E 4>2V4=8E 
?>@>H:V2. �@8AB0;0<8 0;<07V2 >A=0ICNBP @V70;P=V V=AB@C<5=B8 (@V7FV, A25@4;0). 
 0A0 >48=8G=8E :@8AB0;V2, I> 94CBP =0 >A=0I5==O V=AB@C<5=BV2, AB0=>28BP 
0,2…0,8 :0@0B0 (1 :0@0B ~ 0,2 3). 

�;<07=V @V7FV =091V;PH5 28:>@8AB>2CNBP ?@8 B>=:><C B>GV==V 01> 
@>7B>GC20==V 703>B>2>: 7V A?;02V2 0;N<V=VN, 1@>=78, ;0BC=59 V =5<5B0;VG=8E 
<0B5@V0;V2. �;<07=89 V=AB@C<5=B 70AB>A>2CNBP 4;O >1@>1:8 703>B>2>: V7 
B25@48E <0B5@V0;V2: 35@<0=VN, :@5<=VN, =0?V2?@>2V4=8:>28E <0B5@V0;V2, 
:5@0<V:8, 60@><VF=8E AB0;59 V A?;02V2. #@8 28:>@8AB0==V 0;<07=8E 
V=AB@C<5=BV2 ?V428ICєBPAO O:VABP ?>25@E=528E H0@V2 45B0;59. "1@>1:C 254CBP 
7V H284:>ABO<8 @V70==O 4> 20 </A. #>25@E=V 45B0;59, >1@>1;5=V 70 B0:8E C<>2, 
<0NBP =87P:C H>@AB:VABP V 28A>:C B>G=VABP @>7<V@V2. 

!&  =0 >A=>2V 0;<07V2 70 B5E=>;>3VєN 28@>1=8FB20 ?>4V;ONBP =0 42V 
3@C?8: ?>;V:@8AB0;8 0;<07V2, >45@6C20=V D07>28< ?5@5E>4>< 3@0DVBC 2 0;<07, V 
>45@6C20=V A?V:0==O< 0;<07=8E 75@5=. �> ?5@H>W 3@C?V 2V4=5A5=V :0@1>=04> 
(�%#�) V 10;;0A (�%�); 4> 4@C3>W 3@C?8 – %��!, :0@1>=VB V %� . �7 %��! 
283>B>2;ONBP F8;V=4@8G=V 2AB02:8 4V0<5B@>< 4> 4 << V B>2I8=>N 4> 3 <<, O:V 
?@8?0NNBP 4> 25@H8= B25@4>A?;02=8E ?;0AB8=. 
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#>;V:@8AB0;8 2?0NNBP C F8;V=4@8G=V 9 ?@O<>:CB=V  2AB02:8, O:V 
70:@V?;NNBP 2 V=AB@C<5=B0E <5E0=VG=8< A?>A>1><. �83>B>2;ONBP B>:0@=V, 
?@>EV4=V, ?V4@V7=V 9 @>7B>GC20;P=V @V7FV, :0A5B=V @53C;P>20=V B>@F52V D@578 9 
V=HV V=AB@C<5=B8. 

 

�0?8B0==O V 70240==O 4;O A0<>:>=B@>;N 
1. !072VBP 28<>38, I> 28AC20NBP 4> V=AB@C<5=B0;P=8E <0B5@V0;V2. 
2. �;O 283>B>2;5==O O:8E V=AB@C<5=BV2 70AB>A>2CNBPAO 2C3;5F52V V ;53>20=V 

V=AB@C<5=B0;P=V AB0;V? 
3. !0254VBP ?@8:;048 H284:>@V70;P=8E V=AB@C<5=B0;P=8E AB0;59. /:89 <5B0;, I> 

2E>48BP 2 A:;04 H284:>@V70;P=8E AB0;59, 70157?5GCє WE 28A>:V @V70;P=V 2;0AB82>ABV? 

4. /:C G5@2>=>ABV9:VABP 70157?5GCNBP H284:>@V70;P=V AB0;V ?@8 @V70==V? 
5. /:V 3@C?8 B25@48E A?;02V2 28:>@8AB>2CNBPAO C ACG0A=><C <0H8=>1C4C20==V? 
6. %E0@0:B5@87C9B5 >A=>2=V 2;0AB82>ABV B25@48E A?;02V2:   
– 2>;PD@0<>28E (��);  
– B8B0=>2>;PD@0<>28E (&��);   
– B8B0=>B0=B0;>2>;PD@0<>28E (&&�). 
7. /:V =04B25@4V <0B5@V0;8 28:>@8AB>2CNBPAO C ACG0A=><C <0H8=>1C4C20==V? 
8. %E0@0:B5@87C9B5 :><?>78B8 =0 >A=>2V 3@0DVB>?>4V1=>3> =VB@84C 1>@0: :><?>78B 

01 (5;P1>@) V :><?>78B 02 (15;1>@). �5 70AB>A>2CNBPAO FV :><?>78B8?  
9. %E0@0:B5@87C9B5 :><?>78B 10 (35:A0=8B-$) =0 >A=>2V 2N@BF8B>?>4V1=>3> =VB@84C 

1>@0. �5 70AB>A>2CNBPAO F59 :><?>78B?  
10. "?8HVBP >A=>2=V 2848 V=AB@C<5=B0;P=>W :5@0<V:8 V =072VBP 30;C7V WW 70AB>AC20==O.  
11. ' O:><C 283;O4V 28?CA:0NBPAO B25@4V A?;028, %&  V <V=5@0;>:5@0<V:0? !072VBP 

A?>A>18 :@V?;5==O ?;0AB8= V7 V=AB@C<5=B0;P=8E <0B5@V0;V2 4> :>@?CAV2 V 45@602>: @V70;P=8E 
V=AB@C<5=BV2.  

12. �;O O:8E 284V2 >1@>1:8 70AB>A>2CNBPAO 01@0782=V <0B5@V0;8? 
13. /:V 01@0782=V <0B5@V0;8 70AB>A>2CNBPAO 4;O 283>B>2;5==O H;VDC20;P=8E :@C3V2? 
14. �;O O:8E 284V2 >1@>1:8 @V70==O< 28:>@8AB>2CNBP ?>;V:@8AB0;8 0;<07V2? 

 

�;020 23. �����Ь!� ���" "%&� #$"  �&��"$����Ь!� ��$%&�&� 

 

§ 23.1. �;0A8DV:0FVO V ?>7=0G5==O  <5B0;>@V70;ь=8E 25@AB0BV2 
 

 5B0;>@V70;P=V 25@AB0B8 ?@87=0G5=V 4;O >1@>1:8 @V70==O< <5B0;V2 B0 
V=H8E :>=AB@C:FV9=8E <0B5@V0;V2. 

�0 @V2=5< A ? 5 F V 0 ; V 7 0 F V W  25@AB0B8 ?>4V;ONBP =0 B0:V 3@C?8. 
1. '=V25@A0;P=V, ?@87=0G5=V 4;O 28:>=0==O @V7=8E >?5@0FV9 =0 @V7=8E 

45B0;OE. �0AB>A>2CNBP WE 2 >48=8G=><C V <0;>A5@V9=><C 28@>1=8FB20E. 
2. %?5FV0;V7>20=V, =0 O:8E >1@>1;ONBP >4=>B8?=V 45B0;V @V7=8E @>7<V@V2. 

�8:>@8AB>2CNBP WE C A5@V9=><C 28@>1=8FB2V. 
3. %?5FV0;P=V, ?@87=0G5=V 4;O >1@>1:8 ?52=>W 45B0;V. &0:V 25@AB0B8 

28:>@8AB>2CNBP C <0A>2><C 28@>1=8FB2V.  
�0 A B C ? 5 = 5 <  B > G = > A B V  @>7@V7=ONBP 25@AB0B8 =>@<0;P=>W B>G=>ABV V 

28A>:>B>G=V (?@5F87V9=V). 
�0 E 0 @ 0 : B 5 @ > <  2 8 : > = C 2 0 = 8 E  @ > 1 V B  V B8?>< @V70;P=8E 

V=AB@C<5=BV2 CAV <5B0;>@V70;P=V 25@AB0B8 ?>4V;ONBP =0 9 3@C? (B01;. 23.1). 

�>6=0 3@C?0 25@AB0BV2 A2>єN G5@3>N ?>4V;OєBPAO =0 45:V;P:0 B8?V2. 
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�>6=V9 <>45;V 25@AB0B0 ?@8A2>NєBPAO =><5@, I> A:;040єBPAO 7 B@P>E 01> 
G>B8@P>E F8D@, V=>4V 7 4>4020==O< 1C:2, O:8<8 ?>7=0G0NBP 4>40B:>2V 
E0@0:B5@8AB8:8 25@AB0B0. #5@H0 F8D@0 2:07Cє =><5@ 3@C?8 25@AB0B0, 4@C30 – 
B8? 25@AB0B0 2 FV9 3@C?V. &@5BO 01> B@5BO V G5B25@B0 F8D@8 @07>< 
E0@0:B5@87CNBP >A=>2=89 ?0@0<5B@ 25@AB0B0. �;O B>:0@=8E 25@AB0BV2 FV F8D@8 
287=0G0NBP 28A>BC F5=B@V2, 4;O @52>;P25@=8E 25@AB0BV2 V B>:0@=8E 02B><0BV2 – 
<0:A8<0;P=89 4V0<5B@ >1@>1;N20=>3> ?@CB:0, 4;O A25@4;8;P=8E 25@AB0BV2 – 
=091V;PH89 4V0<5B@ >B2>@C, O:89 <>6=0 ?@>A25@4;8B8 >4=8< A25@4;>< =0 
FP><C 25@AB0BV 2 AB0;V A5@54=P>W B25@4>ABV.  

�C:20, I> AB>WBP ?VA;O ?5@H>W F8D@8, 2:07Cє =0 <>45@=V70FVN 
(?>:@0I5==O :>=AB@C:FVW) 107>2>W <>45;V 25@AB0B0. �C:20, I> AB>WBP C :V=FV 
=><5@0, >7=0G0є <>48DV:0FVN (284>7<V=C) 107>2>W <>45;V. 

!0?@8:;04, =09<5=C20==O <>45;V 16�20 >7=0G0є: 1 – 3@C?0 B>:0@=8E 
25@AB0BV2; 6 – B8? 25@AB0B0 – B>:0@=>-328=B>@V7=89; � – <>48DV:0FVO 25@AB0B0 (C 
107>2C :>=AB@C:FVN 25@AB0B0 2=5A5=V 45O:V 7<V=8); 20 – 28A>B0 F5=B@V2 =04 
AB0=8=>N 200 <<.  

�0 ABC?5=5< B>G=>ABV 25@AB0B8 ?>4V;ONBP =0 ?’OBP :;0AV2: =>@<0;P=>W 
B>G=>ABV (!), ?V428I5=>W B>G=>ABV (#), 28A>:>W B>G=>ABV (�), >A>1;82> 28A>:>W 
B>G=>ABV (�), >A>1;82>B>G=V (%). &0:, C =09<5=C20==V <>45;V 16�20# 1C:20 <#= 
>7=0G0є, I> :;0A B>G=>ABV 25@AB0B0 – ?V428I5=89, C 28?04:C, :>;8 1C:28 =0 
:V=FV ?>7=0G5==O =5<0є – 25@AB0B =>@<0;P=>W B>G=>ABV.  

' <>45;OE 25@AB0BV2 V7 G8A;>28< ?@>3@0<=8< :5@C20==O< (+#�) 
=0?@8:V=FV H8D@C 22>4OBP 1C:2C <(= 7 F8D@>N, O:0 ?>7=0G0є: (1 – @CG=89 
=01V@ :>>@48=0B ?5@5<VI5==O =0 :;02V0BC@V 9 F8D@>20 V=48:0FVO ?>;>65==O 
@>1>G8E >@30=V2 =0 48A?;5W; (2 – ?>78FV9=0 A8AB5<0 :5@C20==O; (3 – :>=BC@=5 
:@82>;V=V9=5 ?@>3@0<=5 :5@C20==O; (4 – 25@AB0B – >1@>1=89 F5=B@ ("*), 7 
:><1V=>20=>N A8AB5<>N :5@C20==O 4;O ?>78FV9=>W 9 :>=BC@=>W 
>1@>1:8. !0?@8:;04, 7C1>D@575@=89 =0?V202B><0B 7 :><1V=>20=>N A8AB5<>N 
+#� ?>7=0G0NBP 53�20(4; 25@B8:0;P=>-D@575@=89 25@AB0B V7 E@5AB>28< 
AB>;>< V ?@8AB@>є< F8D@>2>W V=48:0FVW – 6560(1. !0O2=VABP C 25@AB0BV 
V=AB@C<5=B0;P=>3> <03078=0 2V4>1@060єBPAO 2 ?>7=0G5==V <>45;V 1C:2>N   
(=0?@8:;04, 2350# (2 – A25@4;8;P=89 25@AB0B 7 ?>78FV9=>N A8AB5<>N 
:5@C20==O ?V428I5=>W B>G=>ABV B0 <03078=>< V=AB@C<5=BV2).  
 

§ 23.2. #@82>48 V :V=5<0B8G=V E0@0:B5@8AB8:8 25@AB0BV2 
 

 5 E 0 = V G = 8 <  ? @ 8 2 > 4 > <  (40;V – ?@82V4, ?@82V4 25@AB0B0) 
=07820NBP AC:C?=VABP ?@8AB@>W2, O:V ?5@540NBP @CE 2V4 465@5;0 @CEC 4> 
@>1>G8E >@30=V2 25@AB0B0. �0728G09 C A:;04 ?@82>4C 2E>4OBP >4=0 01> 45:V;P:0 
<5E0=VG=8E ?5@540G V 465@5;> @CEC – 4283C=.  

#@82>48 25@AB0BV2 <>6CBP 1CB8 <5E0=VG=8<8, 3V4@02;VG=8<8, 
?=52<0B8G=8<8 9 5;5:B@8G=8<8, 70;56=> 2V4 70AB>A>20=>3> 2 =8E 465@5;0 
5=5@3VW. ' ACG0A=8E <5B0;>@V70;P=8E 25@AB0B0E O: 465@5;> @CEC 70728G09 
70AB>A>2CNBP >48= 01> :V;P:0 5;5:B@>4283C=V2, B0:89 ?@82V4 <0є =072C 
5 ; 5 : B @ > < 5 E 0 = V G = > 3 >.  
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�;O ?V4B@8<0==O 7=0G5=P H284:>ABV @V70==O V 25;8G8=8 ?>40GV, O:V 
2V4?>2V40NBP C<>20< @V70==O, <5E0=VG=89 ?@82V4 25@AB0B0 ?>28=5= 
70157?5GC20B8 <>6;82VABP ABC?V=G0AB>3> 01> 157ABC?V=G0AB>3> @53C;N20==O 
@>1>G8E @CEV2 – G0AB>B8 >15@B0==O H?8=45;O V 25;8G8=8 ?>40GV.  

' <5B0;>@V70;P=8E 25@AB0B0E @O4 G0AB>B >15@B0==O V7 ABC?V=G0AB8< 
@53C;N20==O< A:;040є 35><5B@8G=C ?@>3@5AVN V7 7=0<5==8:><  : 

2
min 1 2 1 3 1; ; ;n n n n n ný ý ý      (23.1) 

1
max 1 ,z

zn n n ý ý       (23.2) 

45 z – :V;P:VABP @V7=8E G0AB>B >15@B0==O. 
�=0<5==8: 35><5B@8G=>3> @O4C 

1max
1

min

z
z D

nφ
n

 ýý ,     (23.3) 

45 max

min

n
D

n
ý – 4V0?07>= @53C;N20==O G8A;0 >15@BV2. 

 5 E 0 = V G = > N  ? 5 @ 5 4 0 G 5 N  =07820NBP <5E0=V7<, I> ?5@540є 
5=5@3VN 2V4 4283C=0 4> @>1>G>3> >@30=C <0H8=8 7 ?5@5B2>@5==O< ?0@0<5B@V2 
@CEC (G0AB>B >15@B0==O, >15@B0;P=8E <><5=BV2). !091V;PH 28:>@8AB>2C20=8<8 
?5@540G0<8 2 <5B0;>@V70;P=8E 25@AB0B0E є: ?0A>20, 7C1G0AB0, G5@2’OG=0, 
@59:>20, 328=B>20.  

' <5E0=VG=V9 ?5@540GV 5;5<5=B, I> ?5@540є @CE, =07820NBP 2 5 4 C G 8 <, 0 
5;5<5=B, I> >B@8<Cє @CE, – 2 5 4 5 = 8 <. 

# 5 @ 5 4 0 B > G = 5  2 V 4 = > H 5 = = O  <5E0=VG=>W ?5@540GV – G8A;>, I> 
?>:07Cє C A:V;P:8 @07V2 G0AB>B0 >15@B0==O 2545=>3> 5;5<5=B0 <5=H5 01> 1V;PH5, 
=V6 G0AB>B0 >15@B0==O 254CG>3> 5;5<5=B0 ?5@540GV: 

V = n2 / n1 = d1 / d2 = z1 / z2,    (23.4) 

45  n
1
, n

2
 – G0AB>B8 >15@B0==O 254CG>3> V 2545=>3> 5;5<5=BV2 ?5@540GV, 

2V4?>2V4=>; d
1
, d

2
 – @>1>GV 4V0<5B@8 254CG>3> V 2545=>3> 5;5<5=BV2 ?5@540GV, 

2V4?>2V4=>; z1, z2 – :V;P:>ABV 7C1FV2 254CG>3> V 2545=>3> 5;5<5=BV2 ?5@540GV, 
2V4?>2V4=>. 

� D>@<C;8 (23.4) >B@8<0є<>: 
1 1

2 1 1 1

2 2

.
d z

n n n n i
d z

ý ý ý     (23.5) 

/:I> 4> A:;04C ?@82>4C 2E>48BP 45:V;P:0 ?5@540G, B> 9>3> ?5@540B>G=5 
2V4=>H5==O 1C45 4>@V2=N20B8 4>1CB:C ?5@540B>G=8E 2V4=>H5=P F8E ?5@540G, 
B>1B> 1 2 3  m³ ³ ³ ³ ³ý   ü , 45 m  – :V;P:VABP <5E0=VG=8E ?5@540G C ?@82>4V. 

 

§ 23.3.  5E0=VG=V ?5@540GV V <5E0=V7<8 25@AB0BV2 
 

)0@0:B5@8AB8:8 <5E0=VG=8E ?5@540G.  # 0 A > 2 0  ? 5 @ 5 4 0 G 0  

74V9A=NєBPAO ?;>A:8<8 (482. @8A. 23.1, 4), :;8=>28<8 (482. @8A. 23.1, 5), 

:@C3;8<8 (482. @8A. 23.1, 6) V ?>;V:;8=>28<8 (482. @8A. 23.1, 7) ?0A0<8.  
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$8A.23.1. #0A>20 ?5@540G0: 

1 – 254CG89 H:V2; 2 – 2545=89 H:V2; 3 – ?0A 
 

� C 1 G 0 A B 0  ? 5 @ 5 4 0 G 0  A:;040єBPAO 7 2-E F8;V=4@8G=8E (@8A. 23.2, 4) 

01> :>=VG=8E (@8A. 23.3, 5) 7C1G0AB8E :>;VA, <5=H5 7 O:8E =07820NBP H5AB5@=5N 1, 
0 1V;PH5 – 7C1G0AB8< :>;5A>< 2.  

 
$8A. 23.2. �C1G0ABV ?5@540GV 

 

+ 5 @ 2 ’ O G = 0  ? 5 @ 5 4 0 G 0  (@8A. 23.2, 6) A:;040єBPAO 7 G5@2’O:0 1 B0 
G5@2’OG=>3> :>;5A0 2 V ?@87=0G5=0 4;O @V7:>3> 7=865==O G0AB>B8 >15@B0==O 
2545=>3> 20;0. 

$ 5 9 : > 2 0  ? 5 @ 5 4 0 G 0  (@8A. 23.3, 4) A:;040єBPAO V7 7C1G0AB>3> :>;5A0 1 

V @59:8 2 01> G5@2’O:0 V @59:8.  

 
$8A. 23.3. $59:>20 (4) V ?5@540G0 328=B-309:0 (5) 

 

$59:>20 ?5@540G0 ?@87=0G5=0 4;O ?5@5B2>@5==O >15@B0;P=>3> @CEC 
7C1G0AB>3> :>;5A0 =0 ?>ABC?0;P=89 @CE @59:8 01> =02?0:8. 

,;OE, O:89 ?@>945=> @59:>N, @>7@0E>2CєBPAO 70 70;56=VABN 

πs pzn mzný ý , <<,    (23.6) 

45 n – G0AB>B0 >15@B0==O 7C1G0AB>3> :>;5A0, >1/E2; D – :@>: @59:8, <<; z – 
G8A;> 7C1FV2 7C1G0AB>3> :>;5A0; F – <>4C;P :>;5A0, <<. 

# 5 @ 5 4 0 G 0  3 2 8 = B - 3 0 9 : 0  (@8A. 23.3, 5) A:;040єBPAO 7 328=B0 1 B0 
309:8 2 V ?@87=0G5=0 4;O ?5@5B2>@5==O >15@B0;P=>3> @CEC 328=B0 =0 
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?>ABC?0;P=89 @CE 309:8. 
,;OE 309:8 70  C  >15@BV2 328=B0 1 7 :@>:>< t << ?@8 :V;P:>ABV 70E>4V2 

@V7P18 k  287=0G0єBPAO 70 70;56=VABN 

S ntký , <<. (23.7) 

%E5<8 ?5@540G V <5E0=V7<V2 25@AB0BV2. �@V< @>73;O=CB8E 28I5 
<5E0=VG=8E ?5@540G C ?@82>40E <5B0;>@V70;P=8E 25@AB0BV2 70AB>A>2CNBPAO 
@V7=><0=VB=V <5E0=V7<8. ' B01;8FV 23.2 =02545=V C<>2=V ?>7=0G5==O >:@5<8E 
45B0;59, ?@8AB@>W2, 7’є4=0=P, I> 2E>4OBP 4> A:;04C 2:070=8E <5E0=V7<V2, 0 
B0:>6 <5E0=VG=8E ?5@540G, @>73;O=CB8E 28I5. 

�;O ABC?V=G0AB>3> 7<V=N20==O >15@BV2 H?8=45;O 25@AB0B0 01> 25;8G8=8 
?>40GV H8@>:> 70AB>A>2CNBP :>@>1:8 V7 7C1G0AB8<8 ?5@540G0<8, O:V є =091V;PH 
A:;04=8<8 V 2V4?>2V40;P=8<8 03@530B0<8 <5B0;>@V70;P=8E 25@AB0BV2. 

 

&01;8FO 23.2 

'<>2=V ?>7=0G5==O ?5@540G V <5E0=V7<V2 25@AB0BV2 
�0;, >AP  

�V=5FP H?8=45;O 4;O F5=B@>28E @>1VB 
 

)>4>289 328=B 4;O ?5@54020==O @CEC  

�;CE5 7’є4=0==O  42>E A?V22VA=8E 20;V2 
 

�;0AB8G=5 7’є4=0==O 42>E A?V22VA=8E 20;V2  

&5;5A:>?VG=5 7’є4=0==O 42>E A?V22VA=8E 20;V2 
 

�C;0G:>20 >4=>1VG=0 <CDB0 7G5?;5==O 
 

(@8:FV9=0 >4=>1VG=0 48A:>20 <CDB0 
 

(@8:FV9=0 >4=>1VG=0 5;5:B@><03=VB=0 <CDB0 
 

�;CE5, =5@CE><5 7’є4=0==O 45B0;V 7 20;>< 
 

$CE><5 274>26 >AV 7’є4=0==O 45B0;V 7 20;>< 
 

�’є4=0==O 45B0;V 7 20;>< H;OE>< 28BO6=>W H?>=:8 
 

�030;P=5 ?>7=0G5==O 5;5:B@>4283C=0 
 

#0A>20 ?5@540G0 

 

�C1G0AB0 F8;V=4@8G=0 ?5@540G0 

 

�C1G0AB0 :>=VG=0 ?5@540G0 
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�0:V=G5==O B01;. 23.2 

+5@2’OG=0 ?5@540G0 

 

$59:>20 ?5@540G0 
 

#5@540G0 328=B-309:0 
 

 

!572060NG8 =0 @V7=><0=VB=VABP :>=AB@C:FV9 :>@>1>:, A:;040NBPAO 2>=8 7 
=525;8:>W :V;P:>ABV 5;5<5=B0@=8E <5E0=V7<V2, ?>1C4>20=8E =0 >A=>2V 7C1G0AB8E 
?5@540G, >?8A ?@8=F8?C @>1>B8 V :V=5<0B8G=V AE5<8 O:8E =02545=V C B01;8FV 23.3. 

 

&01;8FO 23.3 

#@8=F8? @>1>B8 V :V=5<0B8G=V AE5<8 <5E0=V7<V2  
# 5 @ 5 A C 2 = 8 9  1 ; > :  7 C 1 G 0 A B 8 E  : > ; V A, 2 O:><C 
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45 PC  V MC  – :>5DVFVє=B8, I> 2@0E>2CNBP DV78:>-<5E0=VG=V 2;0AB82>ABV 
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§ 26.1. "1@>1:0 703>B>2>: D@575@C20==O< V @V70;ь=V V=AB@C<5=B8 

 

( @ 5 7 5 @ C 2 0 = = O  – F5 ?@>F5A >1@>1:8 @V70==O<, ?@8 O:><C @V70;P=89 
V=AB@C<5=B (D@570) 28:>=Cє >15@B0;P=89 3>;>2=89 @CE @V70==O, 0 703>B>2:0, I> 
>1@>1;OєBPAO, – ?>ABC?0;P=89 01> >15@B0;P=89 @CE ?>40GV.  

( @ 5 7 0  – F5 @V70;P=89 V=AB@C<5=B C D>@<V BV;0 >15@B0==O, =0 ?>25@E=V 
O:>3> <0NBPAO @V6CGV 7C1FV.  
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B>@F52>N (5) D@570<8.  

�0;56=> 2V4 =0?@O<:C >15@B0==O D@578 V =0?@O<:C ?>40GV @>7@V7=ONBP 
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?>40єBPAO =07CAB@VG >15@B0==N D@578, V ?>?CB=5 (482. @8A. 26.1, 7), :>;8 =0?@O< 
>15@B0==O D@578 V =0?@O< ?>40GV 71V30NBPAO. 

 

#@8 7 C A B @ V G = > < C  D@575@C20==V B>2I8=0 H0@C <5B0;C, I> 7@V7CєBPAO 
7C1F5< D@578, 7<V=NєBPAO 2V4 0 4> =091V;PH>3> 7=0G5==O t. #>ABC?>25 
71V;PH5==O B>2I8=8 7@V7C20=>3> H0@C A?@8Oє ?;02=V9 @>1>BV D@578. "4=0:, 
?5@54 B8< O: 2@V70B8AO 2 >1@>1;N20=89 <5B0;, 7C1 D@578 45O:89 G0A :>270є ?> 
?>25@E=V @V70==O, 7<VF=5=V9 C @57C;PB0BV ?;0AB8G=8E 45D>@<0FV9 ?@8 @V70==V 
?>?5@54=V< 7C1F5<. *5 ?@872>48BP 4> 7=0G=>3> A?@0FN20==O 7C1FV2 D@578. %8;8, 
I> 28=8:0NBP ?@8 D@575@C20==V F8< <5B>4><, =0<030NBPAO 2V4V@20B8 
>1@>1;N20=C 703>B>2:C 2V4 AB>;0. 
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#@8 ? > ? C B = > < C  D@575@C20==V 2 <><5=B 2@V70==O 7C1FO 2V41C20єBPAO 
C40@, B><C I> 7@07C 7=V<0єBPAO H0@ =091V;PH>W B>2I8=8, I> ?>ABC?>2> 
7<5=HCєBPAO 2V4 t 4> 0, 28:;NG0єBPAO ?@>:>27C20==O 7C1FV2, A8;8 @V70==O 
=0<030NBPAO ?@8B8A=CB8 703>B>2:C 4> AB>;0 25@AB0B0. �A5 F5 A?@8Oє 
7<5=H5==N H>@AB:>ABV ?>25@E=V. #>?CB=5 D@575@C20==O 4>FV;P=> 
28:>@8AB>2C20B8 4;O G8AB>2>W, 0 7CAB@VG=5 – 4;O G>@=>2>W >1@>1:8. 

!0 D@575@=8E 25@AB0B0E >1@>1;ONBP 3>@87>=B0;P=V, 25@B8:0;P=V V ?>E8;V 
?;>I8=8, D0A>==V ?>25@E=V; D@575@CNBP ?@O<>:CB=V, &-?>4V1=V V B8?C 
;0ABV2G8=>3> E2>AB0 ?078; D@575@CNBP H?>=:>2V :0=02:8, 7C1FV ?@O<>7C18E V 
328=B>28E F8;V=4@8G=8E 7C1G0AB8E :>;VA; =0@V70NBP @V7P. 

� > @ 8 7 > = B 0 ; P = V  ? ; > I 8 = 8  D@575@CNBP =0 3>@87>=B0;P=>-
D@575@=8E 25@AB0B0E F8;V=4@8G=8<8 D@570<8 (482. @8A. 26.2, 4) V =0 
25@B8:0;P=>-D@575@=8E 25@AB0B0E B>@F528<8 D@570<8 (482. @8A. 26.2, 5). 

*8;V=4@8G=8<8 D@570<8 4>FV;P=> >1@>1;OB8 3>@87>=B0;P=V ?;>I8=8 H8@8=>N 
4> 120 <<. #;>I8=8 7@CG=VH5 >1@>1;OB8 B>@F528<8 D@570<8 2=0A;V4>: 1V;PH>W 
6>@AB:>ABV WE=P>3> 70:@V?;5==O 2 H?8=45;V 9 1V;PH ?;02=>W @>1>B8, B><C I> 
G8A;> >4=>G0A=> ?@0FNNG8E 7C1FV2 B>@F52>W D@578 1V;PH5, =V6 C F8;V=4@8G=>W. 

� 5 @ B 8 : 0 ; P = V  ? ; > I 8 = 8  D@575@CNBP =0 25@B8:0;P=>-D@575@=8E 
25@AB0B0E :V=F528<8 D@570<8 (482. @8A. 26.2, 6). 

# > E 8 ; V  ? ; > I 8 = 8  D@575@CNBP B>@F528<8 V :V=F528<8 D@570<8 =0 
25@B8:0;P=>-D@575@=8E 25@AB0B0E, C O:8E D@575@=0 3>;>2:0 7V H?8=45;5< 
?>25@B0єBPAO C 25@B8:0;P=V9 ?;>I8=V. #>E8;V ?;>I8=8 =525;8:>W H8@8=8 
D@575@CNBP =0 3>@87>=B0;P=>-D@575@=><C 25@AB0BV 48A:>2>N >4=>:CB>2>N 
D@57>N (482. @8A. 26.2, 7). 
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' A B C ? 8  9  ? @ O < > : C B = V  ? 0 7 8  D@575@CNBP :V=F528<8 (482.         
@8A. 26.2, 8) V 48A:>28<8 (482. @8A. 26.2, 9) D@570<8 =0 25@B8:0;P=>- V 
3>@87>=B0;P=>-D@575@=8E 25@AB0B0E. 

( 0 A > = = V  ? 0 7 8  D@575@CNBP D0A>==>N 48A:>2>N D@57>N (@8A. 26.2, :), 

:CB>2V ?078 – >4=>:CB>2>N 9 42>:CB>2>N (@8A. 26.2, ;) D@570<8 =0 
3>@87>=B0;P=>-D@575@=8E 25@AB0B0E.  

 

 
$8A. 26.2. "A=>2=V >?5@0FVW D@575@=>W >1@>1:8 

 

( 0 A > = = V  ? > 2 5 @ E = V  =570<:=5=>3> :>=BC@C V7 :@82>;V=V9=>N 
B2V@=>N 9 ?@O<>;V=V9=>N =0?@O<=>N D@575@CNBP =0 3>@87>=B0;P=>- V 
25@B8:0;P=>-D@575@=8E 25@AB0B0E D0A>==8<8 D@570<8 2V4?>2V4=>3> ?@>DV;N 
(@8A. 26.2, <). �0AB>AC20==O D0A>==8E D@57 є 5D5:B82=8< ?@8 >1@>1FV 2C7P:8E V 
4>238E D0A>==8E ?>25@E>=P. ,8@>:V ?@>DV;V >1@>1;ONBP =01>@>< D@57. 

� ; 8 = > 2 8 9  ? 0 7  D@575@CNBP =0 25@B8:0;P=>-D@575@=><C 25@AB0BV 70 
420 ?@>E>48: ?@O<>:CB=89 ?07 – :V=F52>N D@57>N, ?>BV< A:>A8 ?070 – 
>4=>:CB>2>N D@57>N (@8A. 26.2, >).  

& - ? > 4 V 1 = V  ? 0 7 8  (@8A. 26.2, ?), O:V H8@>:> 70AB>A>2CNBP C 
<0H8=>1C4C20==V O: 25@AB0B=V ?078, =0?@8:;04, =0 AB>;0E D@575@=8E 25@AB0BV2, 
D@575@CNBP 70728G09 70 420 ?@>E>48: A?>G0B:C ?07 ?@O<>:CB=>3> ?@>DV;N – 
:V=F52>N D@57>N, ?>BV< =86=N G0AB8=C ?070 – D@57>N 4;O &-?>4V1=8E ?07V2. 

� > @ 8 7 > = B 0 ; P = V ,  2 5 @ B 8 : 0 ; P = V ,  ? > E 8 ; V  ? ; > I 8 = 8  9  
? 0 7 8  >4=>G0A=> >1@>1;ONBP =0 ?>74>26=P>-D@575@=8E 42>ABV9:>28E 
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25@AB0B0E B>@F528<8 9 :V=F528<8 D@570<8 7 @CE>< ?>74>26=P>W ?>40GV AB>;0, 
=0 O:><C 2 ?@8AB@>W 70:@V?;5=0 :>@?CA=0 703>B>2:0 (@8A. 26.2, @). 

# @ > A B > @ > 2 > - A : ; 0 4 = V  ? > 2 5 @ E = V  >1@>1;ONBP =0 :>?VN20;P=>-
D@575@=8E =0?V202B><0B0E 7 +#� (482. @8A. 26.2, A) ?0;PF52>N D@57>N. 
(@575@C20==O 254CBP ?> B@P>E :>>@48=0B0E: I, G, z (>1’є<=5 D@575@C20==O). 
�>3> 28:>=CNBP ?VA;O CAB0=>2:8 =0 25@AB0B :>?V@0 2V4?>2V4=>3> ?@>DV;N. 

"1’є<=5 D@575@C20==O =091V;PH CA?VH=> 74V9A=NєBPAO =0 D@575@=8E 
25@AB0B0E V7 +#�. !0 2V4<V=C 2V4 :>?VN20;P=>-D@575@=8E =0?V202B><0BV2, 45 
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284V, =0 25@AB0B0E 7V +#� V=D>@<0FVO ?@> =5>1EV4=C B@0є:B>@VN V=AB@C<5=B0 
70?8A0=0 =0 ?@>3@0<>=>AVW C G8A;>2><C 283;O4V. 

�=AB@C<5=B 4;O >1@>1:8 =0 D@575@=8E 25@AB0B0E. �0;56=> 2V4 D>@<8 V 
?@87=0G5==O D@578 1C20NBP: 

–  F 8 ; V = 4 @ 8 G = V  (@8A. 26.3, 4, 5, 6), O:V <0NBP 7C1FV BV;P:8 =0 
F8;V=4@8G=V9 ?>25@E=V V 70AB>A>2CNBPAO 4;O >1@>1:8 ?;>I8=; 

 
$8A. 26.3. "A=>2=V B8?8 D@57 
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?;>I8= =0 25@B8:0;P=>-D@575@=8E 25@AB0B0E; 

–  : V = F 5 2 V  D@578 (@8A. 26.3, 9) 70AB>A>2CNBP 4;O >1@>1:8 ?07V2, ?;>I8= 
V D0A>==8E ?>25@E>=P;  

–  4 8 A : > 2 V  (@8A. 26.3, :) D@578 28:>@8AB>2CNBP 4;O D@575@C20==O 
?@O<>;V=V9=8E ?07V2, :0=02>: V ?;>I8= ; 283>B>2;ONBP WE ACFV;P=8<8 7 
H284:>@V70;P=>W AB0;V B0 7V 2AB02=8<8 =>60<8 V7 H284:>@V70;P=V AB0;V 01> 
B25@4>3> A?;02C; 

–  2 V 4 @ V 7 = V  V  H ; V F P > 2 V  D @ 5 7 8  (@8A. 26.3, ;) – 48A:>2V D@578 <0;>W 
B>2I8=8, O:V ?@87=0G5=V 4;O @>7@V7C20==O <0B5@V0;V2 V ?@>@V7C20==O 2C7P:8E 
:0=02>:, =0?@8:;04, C 3>;>2:0E 328=BV2; 

–  D 0 A > = = V  D @ 5 7 8  (@8A. 26.3, <, >, ?) 70AB>A>2CNBP 4;O >1@>1:8 @V7=8E 
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D0A>==8E D@57 =0;560BP =0?V2:@C3;V, >?C:;V V 22V3=CBV D@578, <>4C;P=V D@578, 
D@578 4;O >1@>1:8 :0=02>: <VBG8:V2, A?V@0;P=8E A25@45;, 75=:5@V2 B0 V=H>3> 
V=AB@C<5=B0. �83>B>2;ONBP D0A>==V D@578 V7 H284:>@V70;P=>W AB0;V. 

 

§ 26.2. "A=>2=V B8?8 D@575@=8E 25@AB0BV2 
 

� > = A > ; P = > - D @ 5 7 5 @ = 8 9  3>@87>=B0;P=89 (@8A. 26.4, 4) V 
25@B8:0;P=89 (@8A. 26.4, 5) 25@AB0B8 2V4=>AOBPAO 4> C=V25@A0;P=>3> 284C 
2AB0B:C20==O V <0NBP 1030B> 7030;P=8E 2C7;V2.  

 
$8A. 26.4. "A=>2=V B8?8 D@575@=8E 25@AB0BV2 

 

' AB0=8=V 1 F8E 25@AB0BV2 @>7<VI5=0 :>@>1:0 H284:>AB59 2. #> 
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CAB0=>2;5=0 =0 AB>;V 4 C ;5I0B0E 01> 2 CAB0=>2>G=><C ?@8AB@>W, >45@6Cє @CE 
?>40GV 2 B@P>E =0?@O<:0E: ?>74>26=P><C ï î çS  (?5@5<VI5==O AB>;0 ?> 
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:>=A>;V) V 25@B8:0;P=><C âS  (?5@5<VI5==O :>=A>;V ?> =0?@O<=8E AB0=8=8). 

�>;>2=8< @CE>< @V70==O V  є >15@B0==O H?8=45;O. �>@>1:0 ?>40G 8 
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�>@87>=B0;P=>-D@575@=V 25@AB0B8, I> <0NBP ?>2>@>B=C ?;8BC, O:0 
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9>3> =0 =5>1EV4=89 :CB, =07820NBP C=V25@A0;P=8<8. 
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� 5 @ B 8 : 0 ; P = > - D @ 5 7 5 @ = 8 9  157:>=A>;P=89 25@AB0B 7 +#� (@8A. 
26.4, 6) <0є E@5AB>289 ABV; 3, O:89 <>65 ?5@5<VIC20B8AO ?> 42>E 270є<=> 
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?5@5<VI5==O 703>B>2:8 2V4=>A=> V=AB@C<5=B0 >4=>G0A=> ?> 45:V;P:>E 
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# > 7 4 > 2 6 = P > - D @ 5 7 5 @ = 8 9  42>ABV9:>289 25@AB0B (482. @8A. 26.4, 7) 
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23>@C 9 C=87. ' 25@E=V9 G0AB8=V ABV9:8 7’є4=0=V ?>?5@5G:>N 6, I> ?V428ICє 
7030;P=C 6>@AB:VABP 25@AB0B0. #> 25@B8:0;P=8< =0?@O<=8< ABV9:8 
?5@5<VI0єBPAO B@025@A0 5. �2V 25@E=V D@575@=V 3>;>2:8 7 4;O WE=P>W CAB0=>2:8 
?5@5<VI0NBPAO ?> =0?@O<=8E B@025@A8 9 <>6CBP ?>25@B0B8AO =0 :CB 4> ±30°. 
,?8=45;P :>6=>W D@575@=>W 3>;>2:8 ?@8 =0;03>465==V 25@AB0B0 <>65 
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6>@AB:VABP, I> 4>72>;Oє ?@0FN20B8 C ?V428I5=8E @568<0E @V70==O. 

� 0 @ C A 5 ; P = > - D @ 5 7 5 @ = 8 9  2 5 @ A B 0 B  ?>:070=89 =0 @8A. 26.4, 8. !0 
AB0=8=V 1 7<>=B>20=0 ABV9:0 2, ?> 25@B8:0;P=8E =0?@O<=8E O:>W ?5@5<VI0єBPAO 
D@575@=0 3>;>2:0 3 7 42><0 H?8=45;O<8, >48= V7 O:8E ?@87=0G5=89 4;O 
G8AB>2>W >1@>1:8. !0 :@C3;><C AB>;V 4 (:0@CA5;V) 7 25@B8:0;P=>N 2VAAN 
>15@B0==O 2 ?@8AB@>OE CAB0=>2;NNBP 703>B>2:8. �@C3;89 ABV; <0є A0;07:8 5 4;O 
CAB0=>2:8 9>3> =0 =0?@O<=V AB0=8=8. �03>B>2:8 2AB0=>2;NNBP V 7=V<0NBP 7V 
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?>2V;P=> >15@B0єBPAO (@CE :@C3>2>W ?>40GV). 

 

§ 26.3. $568<8 @V70==O ?@8 D@575@C20==V 
 

�;5<5=B8 @568<C @V70==O ?@8 D@575@C20==V B0:V 6, O: V ?@8 B>GV==V: 3;818=0 
@V70==O, ?>40G0, H284:VABP @V70==O V 4>40B:>2> – H8@8=0 D@575@C20==O. 

#@8 D@575@C20==V, =0 2V4<V=C 2V4 B>GV==O V A25@4;V==O, @>7@V7=ONBP B@8 
@>7<V@=>ABV ? > 4 0 G V : 

– ?>40G0 =0 >48= 7C15FP D@578 zS , <</7C15FP – ?5@5<VI5==O 703>B>2:8 
?@8 ?>2>@>BV D@578 =0 :CB <V6 42><0 ACAV4=V<8 7C1FO<8; 

– ?>40G0 =0 >48= >15@B D@578 îS , <</>1.; 
– ?>40G0 70 E28;8=C õâS , <</E2. 
�:070=V ?>40GV 72’O70=V <V6 A>1>N 70;56=VABN  

õâ zS S nzý ,      (26.1) 

45  z  –  G8A;> 7C1FV2 D@578;  n – G0AB>B0 >15@B0==O D@578, >1/E2. 
� ; 8 1 8 = 0  @ V 7 0 = = O  t, << – B>2I8=0 H0@C <0B5@V0;C, I> 7=V<0єBPAO 

70 >48= ?@>EV4, 28<V@O=0 ?5@?5=48:C;O@=> 4> >1@>1;N20=>W ?>25@E=V. 
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,2 8 4 : V A B P  @ V 7 0 = = O  – :>;>20 H284:VABP =092V440;5=VH>W 2V4 >AV 
>15@B0==O B>G:8 @V70;P=>W :@><:8 D@578: 

π
60 1000

Dn
V ý


,     (26.2) 

45 D  – 4V0<5B@ D@578, <<. 
,8@8=0 D@575@C20==O Â– 4>268=0 ?>25@E=V :>=B0:BC D@578 7 

>1@>1;N20=>N 703>B>2:>N, 28<V@O=0 2 =0?@O<V , ?5@?5=48:C;O@=><C 
=0?@O<C ?>40GV. 

&>2I8=0 7@V7C AB@C6:8 à  є 25;8G8=>N 7<V==>N, B><C ?V4 G0A >1@>1:8 
@V7:> 7<V=NєBPAO 7CA8;;O @V70==O, ?>@CHCєBPAO @V2=><V@=VABP D@575@C20==O, V 2 
?@>F5AV >1@>1:8 <>6CBP 28=8:=CB8 2V1@0FVW. (@578 7 328=B>28<8 7C1FO<8 
70157?5GCNBP 1V;PH ?;02=C @>1>BC, B><C I> 2@V70==O 7C1FV2, 28EV4 WE 7 :>=B0:BC 
2V41C20єBPAO =5 >4=>G0A=> ?> 2AV9 H8@8=V, 0 ?>ABC?>2>. 

 

�0?8B0==O V 70240==O 4;O A0<>:>=B@>;N 
1. �09B5 287=0G5==O ?@>F5AC D@575@C20==O. 
2. "?8HVBP AE5<8 7CAB@VG=>3> V ?>?CB=>3> D@575@C20==O. 
3. /:V B8?8 D@57 28:>@8AB>2CNBPAO ?@8 >1@>1FV ?;>I8= V CABC?V2? 
4. /:V :V=5<0B8G=V AE5<8 D@575@C20==O 70AB>A>2CNBPAO ?@8 >1@>1FV ?;>I8=? 
5. !072VBP B8?8 D@57, I> 70AB>A>2CNBPAO ?@8 >1@>1FV D@575@C20==O<. 
6. "?8HVBP AE5<C >1@>1:8 D@575@C20==O<: 
– ?;>I8= =0 3>@87>=B0;P=>-D@575@=8E 25@AB0B0E; 
– ?;>I8= =0 25@B8:0;P=>-D@575@=8E 25@AB0B0E; 
– ?>E8;8E ?>25@E>=P; 
– ?@O<>:CB=8E V D0A>==8E :0=02>:; 
– &-?>4V1=8E ?07V2 V ?07V2 <;0ABV2G8= E2VAB=; 
– D0A>==8E ?>25@E>=P =0 25@AB0B0E 7 +#�. 

7. !072VBP >A=>2=V B8?8 D@575@=8E 25@AB0BV2. 
8. "?8HVBP :><?>=>2:C :>=A>;P=>-D@575@=>3> 25@B8:0;P=>3> V 3>@87>=B0;P=>3> 

25@AB0BV2. 
9. !072VBP >A=>2=V ?0@0<5B@8 @568<V2 @V70==O ?@8 D@575@C20==V. 

10. �09B5 287=0G5==O: 
– ?>40GV =0 7C15FP; 
– ?>40GV =0 >48= >15@B; 
– E28;8==>W ?>40GV. 
11. -> B0:5 3;818=0 @V70==O ?@8 D@575@C20==V? 
12. �09B5 287=0G5==O H284:>ABV @V70==O ?@8 D@575@C20==V. 

 

�;020 27. "�$"��� ���"&"�"� !� %&$'���Ь!�)  
� �"����Ь!�) ��$%&�&�) 

 

% B @ C 3 0 = = O  –  ?@>F5A >1@>1:8 ?>25@E>=P @V7FO<8 ?@8 ?@O<>;V=V9=><C 
3>;>2=><C @CAV @V70==O, I> 74V9A=NєBPAO @V7F5< 01> 703>B>2:>N 2 
3>@87>=B0;P=V9 ?;>I8=V. 

� > 2 1 0 = = O  2V4@V7=OєBPAO 2V4 AB@C30==O B8<, I> 3>;>2=89 @CE – 
72>@>B=>-?>ABC?0;P=5 ?5@5<VI5==O @V7FO, 2V41C20єBPAO C 25@B8:0;P=V9 
?;>I8=V. 

,8@>:5 70AB>AC20==O AB@C30;P=V 25@AB0B8 7=0E>4OBP C 25@AB0B>1C4C20==V 
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9 206:><C <0H8=>1C4C20==V, :>;8 =5>1EV4=> >1@>1;OB8 3010@8B=V, 25;8:>W 
<0A8 703>B>2:8 AB0=8=, :>@?CAV2, @0<, ?V4AB02, :>;>= B0 V=H8E 45B0;59. 

§ 27.1. "A=>2=V AE5<8 >1@>1:8 V @V70;ь=V V=AB@C<5=B8 

 

%E5<8 AB@C30==O V 4>210==O. !0 AB@C30;P=8E 25@AB0B0E >1@>1;ONBP 
?;>A:V ?>25@E=V, CABC?8; :CB>2V ?078: &- B0 V-?>4V1=V; ?@87<0B8G=V, D0A>==V 
?>25@E=V. 

!0 4>210;P=8E 25@AB0B0E >1@>1;ONBP ?;>A:V 25@B8:0;P=V ?>25@E=V, 
1030B>3@0==8:8, 1030B>3@0==V >B2>@8, 7>2=VH=V ?078, D0A>==V ?>25@E=V. 

#;>I8=8 3>@87>=B0;P=V (@8A. 27.1, 4), 25@B8:0;P=V (@8A. 27.1, 5) V ?>E8;V 
(@8A. 27.1, 6) =0 ?>?5@5G=>-AB@C30;P=8E 25@AB0B0E >1@>1;ONBP 2V4?>2V4=> 7 
@CE>< ?>?5@5G=>W ï î ïS , 25@B8:0;P=>W âS  V ?>E8;>W ï î õS  ?>40G.  

 
$8A. 27.1. %E5<8 >1@>1:8 =0 AB@C30;P=8E V 4>210;P=8E 25@AB0B0E 

 

' 2AVE F8E 28?04:0E AB@C30;P=89 @V75FP 74V9A=Nє 72>@>B=>-?>ABC?0;P=89 
@CE @V70==O (@>1>G89 pV  V 72>@>B=V9 E>;>AB89 çâV ) C 3>@87>=B0;P=V9 ?;>I8=V. 
#@8 AB@C30==V ?>E8;>W ?;>I8=8 25@B8:0;P=89 AC?>@B ?>25@B0NBP =0 :CB, O:89 
4>@V2=Nє :CBC =0E8;C >1@>1;N20=>W ?;>I8=8.  

!0 @8A. 27.1, 7 ?>:070=5 AB@C30==O 25@B8:0;P=>W ?;>I8=8 =0 4>210;P=><C 
25@AB0BV. ' FP><C 28?04:C 4>210;P=89 @V75FP 74V9A=Nє 72>@>B=>-?>ABC?0;P=89 
@CE @V70==O (@>1>G89 pV  V 72>@>B=V9 E>;>AB89 çâV ) C 25@B8:0;P=V9 ?;>I8=V. 

!0 ?>74>26=P>-AB@C30;P=8E 25@AB0B0E >4=>G0A=> 74V9A=NєBPAO >1@>1:0 
3>@87>=B0;P=>W 9 25@B8:0;P=>W ?;>I8= (@8A. 27.1, 8). 

�CB>2V V ?@O<>:CB=V ?078 >4=>G0A=> >1@>1;ONBP =0 ?>74>26=P>-
AB@C30;P=8E 25@AB0B0E (@8A. 27.1, 9). %B@C30==O H?>=:>2>3> ?070 (@8A. 27.1, :) 

28:>=CNBP =0 4>210;P=8E 25@AB0B0E. 
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(0A>==V ?>25@E=V ?> :>?V@C >1@>1;ONBP =0 ?>74>26=P>-AB@C30;P=8E 
25@AB0B0E (@8A. 27.1, ;). 

%B@C30==O 3>@87>=B0;P=8E ?;>I8= 28:>=CNBP ?@>EV4=8<8 @V7FO<8, 
25@B8:0;P=8E V ?>E8;8E ?;>I8= – ?V4@V7=8<8 @V7FO<8, ?07V2 – ?@>@V7=8<8 
@V7FO<8 9 B. 4. 

�=AB@C<5=B8 4;O >1@>1:8 =0 AB@C30;ь=8E V 4>210;ь=8E 25@AB0B0E. 
�0;56=> 2V4 ?@87=0G5==O @>7@V7=ONBP B0:V B8?8 
AB@C30;P=8E @V7FV2 (@8A. 27.2): ?@>EV4=V 4, 

?V4@V7=V 5, 2V4@V7=V 6 V D0A>==V. �07=0G5=V @V7FV 
28:>=CNBP ?@028<8 9 ;V28<8, G>@=>28<8 9 
G8AB>28<8; WE=V :>=AB@C:FVW 0=0;>3VG=V 
:>=AB@C:FVO< @V7FV2 4;O B>:0@=>W >1@>1:8.  

�>210;P=V @V7FV 283>B>2;ONBP B@P>E 
>A=>2=8E B8?V2: ?@>EV4=V (@8A. 27.2, 7), ?@>@V7=V 

(@8A. 27.2, 8) V 4;O H?>=:>28E ?07V2 (@8A. 27.2, 9). 
 

§ 27.2. "A=>2=V B8?8 AB@C30;ь=8E V 4>210;ь=8E 25@AB0BV2 

 

�0 :>=AB@C:B82=8<8 V B5E=>;>3VG=8<8 >7=0:0<8 AB@C30;P=V 25@AB0B8 
?>4V;ONBP =0 B8?8: ?>?5@5G=>-AB@C30;P=V, ?>74>26=P>-AB@C30;P=V, 4>210;P=V 9 
A?5FV0;P=V.  

# > 7 4 > 2 6 = P > - A B @ C 3 0 ; P = V  25@AB0B8 ?>4V;ONBP =0 >4=>ABV9:>2V 9 
42>ABV9:>2V. #>74>26=P>-AB@C30;P=89 42>ABV9:>289 25@AB0B (@8A. 27.3) <0є 
AB0=8=C 1, 7 O:>N 6>@AB:> 72’O70=V 42V 25@B8:0;P=V ABV9:8 3 V 8, 7’є4=0=V 
?>?5@5G:>N 7.  

%BV; 2 V7 70:@V?;5=>N =0 =P><C 
703>B>2:>N 74V9A=Nє 72>@>B=>-
?>ABC?0;P=5 ?5@5<VI5==O ?> 
3>@87>=B0;P=8E =0?@O<=8E AB0=8=8 – 
3>;>2=89 @CE @V70==O ðV  V @CE 72>@>B=>3> 
E>4C çâV . #> 25@B8:0;P=8E =0?@O<=8E 
ABV9:8 ?5@5<VI0єBPAO B@025@A0 5, O:C 
70;56=> 2V4 @>7<V@C 703>B>2:8 
2AB0=>2;NNBP =0 ?52=><C @V2=V 2V4 
?;>I8=8 AB>;0. 

!0 B@025@AV 7<>=B>20=V 420 25@E=VE 
AC?>@B8 6 V 9, O:V >B@8<CNBP @CE ãS  

?>?5@5G=>W ?>40GV. %C?>@B8 <>6=0 
?>25@B0B8 C 25@B8:0;P=V9 ?;>I8=V. #> 
25@B8:0;P=8E =0?@O<=8E ABV9>: 
?5@5<VI0NBPAO 1VG=V AC?>@B8 4 V 10. !0 

2AVE AC?>@B0E CAB0=>2;5=V 2V4:84=V @V7F5B@8<0GV 4;O 70:@V?;5==O @V7FV2. 
# > ? 5 @ 5 G = > - A B @ C 3 0 ; P = V  25@AB0B8 ?@87=0G5=V 4;O >1@>1:8 

703>B>2>: 4@V1=8E V A5@54=VE @>7<V@V2 ?@8 =091V;PH89 4>268=V AB@C30==O 

 
$8A. 27.2. %B@C30;P=V  
V 4>210;P=V @V7FV 

 
$8A. 27.3. �2>ABV9:>289  

?>74>26=P>-AB@C30;P=89 25@AB0B 
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200...2400 <<. �>;>2=89 @CE @V70==O – 72>@>B=>-?>ABC?0;P=89 2 3>@87>=B0;P=V9 
?;>I8=V 70240NBP ?>27C=C V7 AC?>@B><, C O:><C C 2V4:84=><C @V7F5B@8<0GV 
2AB0=>2;5=89 @V75FP. %C?>@B V7 @V7F5< >B@8<Cє @CE 25@B8:0;P=>W 9 ?>E8;>W 
?>40G. �03>B>2FV, 2AB0=>2;5=>W =0 AB>;V, =040NBP @CE ?>?5@5G=>W ?>40GV. 

!0 4 > 2 1 0 ; P = 8 E  2 5 @ A B 0 B 0 E  3>;>2=89 @CE @V70==O – 72>@>B=>-
?>ABC?0;P=89 C 25@B8:0;P=V9 ?;>I8=V, 70240NBP ?>27C=C, =0 O:><C 
2AB0=>2;5=89 @V7F5B@8<0G V7 @V7F5<. �>268=0 E>4C ?>27C=0 728G09=> =5 
?5@528ICє 200 <<. �03>B>2:C 70:@V?;NNBP =0 AB>;V 25@AB0B0, I> <0є 
?5@5@82G0AB89 @CE ?>74>26=P>W 9 ?>?5@5G=>W ?>40G. �@V< B>3>, ABV; >B@8<Cє 
@CE :@C3>2>W ?>40GV 2V4=>A=> A2>єW 25@B8:0;P=>W >AV. 

 

§ 27.3. $568<8 @V70==O ?@8 AB@C30==V V 4>210==V 
 

� ; 8 1 8 = 0  @V70==O t , << 4;O 2AVE 284V2 AB@C30==O V 4>210==O 
?@87=0G0єBPAO B0: A0<>, O: V 4;O B>GV==O.  

# > 4 0 G C  S , <</?>42V9=89 EV4 2818@0NBP <0:A8<0;P=C 4;O 40=>W 
3;818=8 @V70==O V ?5@5@V7C 45@602:8 @V7FO 70 B01;8FO<8 4>2V4=8:V2. 

,2 8 4 : V A B P  @ V 7 0 = = O  ?@8 AB@C30==V ?;>I8=, ?@>@V7C20==V ?07V2, 
2V4@V70==V @>7@0E>2CNBP 70 D>@<C;>N (21.10), 70AB>A>2CNG8 ?>?@02:>2V 
:>5DVFVє=B8 =0 C40@=V =020=B065==O V=AB@C<5=BV2.  

 

�0?8B0==O V 70240==O 4;O A0<>:>=B@>;N 
1. �09B5 287=0G5==O >?5@0FVO< AB@C30==O V 4>210==O. 
2. !072VBP >A=>2=V AE5<8 >1@>1:8 703>B>2>: =0 AB@C30;P=8E V 4>210;P=8E 25@AB0B0E. 
3. /:V ?>40GV 74V9A=NNBPAO =0 ?>?5@5G=>-AB@C30;P=8E 25@AB0B0E? 
4. /:V @CE8 74V9A=Nє AB@C30;P=89 @V75FP? 
5. !0 O:8E 25@AB0B0E >1@>1;ONBP :CB>2V V ?@O<>:CB=V ?078? 
6. /:8<8 @V7FO<8 28:>=CNBP AB@C30==O 3>@87>=B0;P=8E V ?>E8;8E ?;>I8= B0 ?07V2? 
7. !072VBP >A=>2=V B8?8 AB@C30;P=8E 25@AB0BV2. 
8. �09B5 :>@>B:89 >?8A :>=AB@C:FVW 42>ABV9:>2>3> ?>74>26=P>-AB@C30;P=>3> 25@AB0B0. 
9. �;O O:>W >1@>1:8 70AB>A>2CNBP ?>?5@5G=>-AB@C30;P=V 25@AB0B8? 
10. !072VBP >A=>2=V ?0@0<5B@8 @568<C @V70==O ?@8 AB@C30==V B0 4>210==V. /: 

?@87=0G0NBP @568<8 @V70==O 4;O AB@C30==O V 4>210==O? 

 

�;020 28. !�$���!!/ �'�+�%&�) �"��%  
!� �'�""�$"��.���Ь!�) ��$%&�&�) 

 

§ 28.1.  5B>48 D>@<>CB2>@5==O 7C1FV2 7C1G0AB8E :>;VA 
 

�C1G0ABV :>;5A0 H8@>:> 70AB>A>2CNBP C ?5@540G0E ACG0A=8E <0H8= V 
?@8;04V2. &5E=>;>3VG=89 ?@>F5A 283>B>2;5==O 7C1G0AB8E :>;VA є >4=8< 7 
=091V;PH A:;04=8E V B@C4><VAB:8E. !091V;PH A:;04=>N 9>3> >?5@0FVєN є A0<5 
D>@<>CB2>@5==O @>1>G8E ?>25@E>=P 7C1FV2 – 7C1>=0@V70==O. 

� C 1 > = 0 @ V 7 0 = = O  ?>;O30є C ?@>@V7C20==V 70?048= <V6 7C1FO<8 V 
=040==V W< ?>B@V1=>3> ?@>DV;N. 

�0AB>A>2CNBP 420 >A=>2=8E <5B>48 =0@V70==O 7C1FV2 7C1G0AB8E :>;VA.  
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 5B>4 : > ? V N 2 0 = = O  ?>;O30є 2 CB2>@5==V 7C1FV2 7C1G0AB>3> :>;5A0 
A?5FV0;P=8< D0A>==8< V=AB@C<5=B><, ?@>DV;P O:>3> 2V4?>2V40є ?@>DV;N 
70?048=8.  

�0 <5B>4>< :>?VN20==O 7C1G0ABV :>;5A0 =0@V70NBP 48A:>2>N <>4C;P=>N 
D@57>N (@8A. 28.1, 4) =0 3>@87>=B0;P=>- G8 C=V25@A0;P=>-D@575@=8E 25@AB0B0E 
01> :V=F52>N <>4C;P=>N D@57>N (@8A. 28.1, 5) =0 25@B8:0;P=>-D@575@=8E 
25@AB0B0E ?>A;V4>2=> ?> >4=V9 70?048=V 7 28:>@8AB0==O< 4V;8;P=>W 3>;>2:8. 

 

 
$8A. 28.1. %E5<8 D@575@C20==O 7C1FV2 F8;V=4@8G=>3> :>;5A0 <5B>4>< :>?VN20==O  

 

' ?@>F5AV D@575@C20==O 70?048=8 D@57V =040NBP >15@B>289 3>;>2=89 @CE 
@V70==O, 0 703>B>2FV – @CE ?>74>26=P>W ?>40GV. #VA;O 70:V=G5==O D@575@C20==O 
>4=VєW 70?048=8 ABV; 2V42>4OBP C 28EV4=5 ?>;>65==O, 0 703>B>2:C ?>25@B0NBP =0 
1/ z  >15@BC ( z  – G8A;> 7C1V2 7C1G0AB>3> :>;5A0, I> =0@V7CNBP). �V=F528<8 
<>4C;P=8<8 D@570<8 =0@V70NBP 7C1G0ABV :>;5A0 25;8:8E <>4C;V2 V H52@>==V 
:>;5A0. !54>;V:>< FP>3> <5B>4C є =528A>:0 B>G=VABP 9 =87P:0 ?@>4C:B82=VABP 
7C1>=0@V70==O. 

 5B>4 > 1 : 0 B C  (@8A. 28.2, 4) 70A=>20=89 =0 70G5?;5==V 7C1G0AB>W ?0@8: 
@V70;P=>3> V=AB@C<5=B0 V 703>B>2:8. $V6CGV :@><:8 V=AB@C<5=B0 <0NBP ?@>DV;P 
7C10 A?>;CG5=>W @59:8 01> A?>;CG5=>3> :>;5A0. �VG=0 ?>25@E=O 7C10 =0 
703>B>2FV CB2>@NєBPAO O: >12V4=0 ?>A;V4>2=8E ?>;>65=P @V6CG8E :@><>: 
V=AB@C<5=B0 2 WE=P><C 2V4=>A=><C @CAV. $V7=V ?>;>65==O @V6CG8E :@><>: 
2V4=>A=> ?@>DV;N 7C1FV2, O:89 D>@<CєBPAO =0 703>B>2FV, >45@6CNBP C 
@57C;PB0BV :V=5<0B8G=> C73>465=8E >15@B0;P=8E @CEV2 V=AB@C<5=B0 V 703>B>2:8 
=0 7C1>@V7=><C 25@AB0BV.  

 
$8A. 28.2. !0@V70==O 7C1FV2 F8;V=4@8G=>3> 7C1G0AB>3> :>;5A0  

<5B>4>< >1:0BC 
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' @57C;PB0BV C73>465==O @CEV2 V=AB@C<5=B0 V 703>B>2:8, >AB0==O 
?>25@B0єBPAO =02:>;> 28@>1;ONG>W @59:8 01> :>;5A0, =V18 ?5@51C20NG8 7 =8<8 

C ?>ABV9=><C 70G5?;5==V, O:5 =07820NBP 25@AB0B=8< 70G5?;5==O<. ' F59 G0A 
@V70;P=V :@><:8 V=AB@C<5=B0 ?@>@V70NBP =0 703>B>2FV 70?048=8 <V6 7C1FO<8. 
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– <0AB8;P=V @5G>28=8 (AB50@8=, >;5W=>20 :8A;>B0 9 V=.), I> 71V;PHCNBP 
?;8==VABP, 7<5=HCNBP B5@BO <V6 G0AB:0<8 :><?>78FVW, CAC20NBP ?@8;8?0==O 4> 
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7<VABC 2 =P><C 2>;>38 V ;5B:8E @5G>28=, B5<?5@0BC@=>3> @568<C ?5@5@>1:8 9 
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