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131 #@8:;04=0 <5E0=V:0 ( A?5FV0;V70FVя: «"1A;C3>2C20==я 25@AB0BV2 7 
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�5:FVO  
%GFAVEFь CDBJ9EG, BEAB6AV CBAOFFO V 6<;A4K9AAO. 

 

 

"5DB5>4 @9F4?V6 DV;4AAO@ 4 F5 ?@>F5A 7=OBBO @V70;P=8< V=AB@C<5=B>< H0@C 
<5B0;C 703>B>2:8 (AB@C6:8) 4;O =040==O 28@>1C ?>B@V1=>W D>@<8, 7040=8E 
@>7<V@V2 V G8AB>B8 ?>25@E=V. �848 >1@>1:8 <5B0;V2 @V70==O< @>7@V7=ONBP 
70;56=> 2V4 :>=AB@C:FVW @V70;P=>3> V=AB@C<5=B0, I> 70AB>A>2CNBP, 01> 2V4 
E0@0:B5@C @CEC V=AB@C<5=B0 V 703>B>2:8 ?@8 >1@>1FV 2@CG=C G8 =0 
<5B0;>@V70;P=><C 25@AB0BV. 
'AV 2848 @CEC ?@8 >1@>1FV @V70==O< ?>4V;ONBPAO =0 B@8 3@C?8: 

 DB5BK<= DGI (45B DGI DV;4AAO); 
 GEF4AB6K<=; 
 8BCB@V:A<=. 

%:;04>28<8 @>1>G8E @CEV2 є 3>;>2=89 @CE V @CE ?>40GV. �>;>2=89 @CE 74V9A=Nє 
?@>F5A 7=OBBO AB@C6:8, 0 @CE ?>40GV 4 ?@>F5A @V70==O. !0?@8:;04, ?V4 G0A 
A25@4;5==O 3>;>2=8< @CE>< є >15@B0==O A25@4;0, 0 9>3> ?5@5<VI5==O 274>26 
>AV 01> 21V: 4 є @CE ?>40GV, I> 4>72>;Oє >45@60B8 =0A:@V7=89 >B2V@ 01> :0=02:C 
?52=>W 3;818=8. 
' <5B0;>@V70;P=8E 25@AB0B0E 3>;>2=89 @CE =09G0ABVH5 1C20є >15@B0;P=8< 
(B>:0@=V, A25@4;C20;P=V, D@575@=V, H;VDC20;P=V 25@AB0B8) 01> ?@O<>;V=V9=8< 
(AB@C30;P=V, 4>210;P=V 25@AB0B8). �>;>2=89 @CE =040єBPAO 703>B>2:0< (25@AB0B8 
B>:0@=>W 3@C?8) 01> @V70;P=><C V=AB@C<5=BC (D@575@=V, ?>?5@5G=>-AB@C30;P=V 
B>I>). ' 25@AB0B0E 7 3>;>2=8< >15@B0;P=8< @CE>< ?>40G0 V @V70==O 157?5@5@2=V, 
C 25@AB0B0E 7 3>;>2=8< 72>@>B=>-?>ABC?0;P=8< 4 @V70==O ?5@5@82G0AB5. 
�> >A=>2=8E ?>=OBP I>4> ?@>F5AC @V70==O 2V4=>AOBP: 

 CB69DIAV ;47BFB6><; 
 >BBD8<A4FAV C?BM<A<; 
 9?9@9AF< DV;4?ьABW K4EF<A<; 
 79B@9FDVN DV;JO (>GF<, D9:<@< DV;4AAO V DB;@VD< ;484AB7B L4DG @9F4?G). 

"1@>1;N20=0 ?>25@E=O (@8A. 1.1) 3 F5 ?>25@E=O 703>B>2:8, 7 O:>W 7=V<0NBP 
AB@C6:C (1); >1@>1;5=0 ?>25@E=O (3) 4 F5 B0, 7 O:>W 7=OB> AB@C6:C; ?>25@E=O 
@V70==O (2) CB2>@NєBPAO 3>;>2=8< @V70;P=8< ;57>< @V7FO. 
�>>@48=0B=8<8 ?;>I8=0<8 =07820NBP ?;>I8=C @V70==O (4), 4>B8G=C 4> 
?>25@E=V @V70==O, I> ?@>E>48BP G5@57 3>;>2=5 @V70;P=5 ;57> @V7FO, V >A=>2=C 
?;>I8=C (5), ?0@0;5;P=C =0?@O<:C ?>74>26=P>W (S#"�) V ?>?5@5G=>W ?>40G. 
"A=>2=V 5;5<5=B8 @V70;P=>3> V=AB@C<5=B0 (@V7FO) @>73;O=5<> =0 ?@8:;04V 
B>:0@=>3> @V7FO (@8A. 1.2), O:89 A:;040єBPAO 7 @V70;P=>W G0AB8=8 (II - 3>;>2:8) V 
AB@86=O (�) 4;O :@V?;5==O 9>3> 2 45@60:C 25@AB0B0. 
Е?9@9AF< DV;4?ьABW K4EF<A< DV;JO F4>V:  

 ?5@54=O ?>25@E=O (1), ?> O:V9 71V30є AB@C6:0;  
 25@H8=0 @V7FO (2) 4 B>G:0 ?5@5B8=C @V70;P=8E ;57; 
  3>;>2=0 704=O ?>25@E=O (5), >15@=5=0 4> ?>25@E=V @V70==O; 
  4>?><V6=0 704=O ?>25@E=O (4), ?>25@=5=0 4> >1@>1;5=>W ?>25@E=V 
703>B>2:8; 
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  3>;>2=5 ;57> @V70==O (6), CB2>@5=5 ?5@5B8=>< ?5@54=P>W (1) B0 3>;>2=>W 
704=P>W (5) ?>25@E>=P, O:5 74V9A=Nє >A=>2=C @>1>BC 4 @V70==O; 

  4>?><V6=5 @V70;P=5 ;57> (3), CB2>@5=5 ?5@5B8=>< ?5@54=P>W V 4>?><V6=>W 
704=P>W ?>25@E>=P. 

(>@<0 B0 3>;>2=V :CB8 287=0G0NBP 35><5B@8G=C D>@<C @V7FO V 7=0G=> 
2?;820NBP =0 ?@>F5A @V70==O. �>;>2=V :CB8 @V7FO @>73;O40NBP C ?;>I8=V 
?5@5@V7C � (@8A. 1.3, 0). *O ?;>I8=0 =0 @8A. 1.3, 1 ?>:070=0 4;O B>:0@=>3> @V7FO. 
!0 <>48DV:0FV9=V9 AE5<V AB@C30==O FO ?;>I8=0 71V30єBPAO 7 ?;>I8=>N 
:@5A;5==O (@8A. 1.4). �;8=>?>4V1=0 G0AB8=0 @V7FO ?V4 4VєN A8;8 $ (@8A. 1.4) 
2@V7CєBPAO 2 >1@>1;N20=89 <0B5@V0;. +8< 3>AB@VH89 :;8= (:CB 703>AB@5==O), 
B8< <5=HV 7CA8;;O ?>B@V1=V 4;O @V70==O. �CB 703>AB@5==O (β - F5 :CB <V6 
?5@54=P>N V 704=P>N ?>25@E=O<8 @V7FO. !0 :@5A;5==OE F59 :CB ?>7=0G0NBP =5 
702648, >A:V;P:8 9>3> 25;8G8=C <>6=0 287=0G8B8 70 28@07>< β = 90° - (a + g), 

7=0NG8 V=HV :CB8 70B>GC20==O @V70;P=>3> V=AB@C<5=B0. 
#0@0<5B@8 @V70==O 70;560BP 2V4: 

 7B?B6AB7B ;48AьB7B >GF4 (a); 
 C9D98AьB7B(g); 
 7B?B6AB7B >GF4 6 C?4AV (φ) FBMB. 

�>;>2=8< 704=V< :CB>< (a) =07820NBP :CB <V6 3>;>2=>N 704=P>N ?> 25@E=P>N 
@V7FO V ?;>I8=>N @V70==O. #@87=0G5=89 2V= 4;O 7<5=H5==O B5@BO <V6 3>;>2=>N 
704=P>N ?>25@E=5N @V7FO V ?>25@E=5N @V70==O 703>B>2:8. �CB a >18@0NBP C 
<560E 6...12°. �>;>2=8< ?5@54=V< :CB>< (g) =07820NBP :CB <V6 ?5@54=P>N 
?>25@E=5N @V7FO V ?;>I8=>N, ?5@?5=48:C;O@=>N 4> ?;>I8=8 @V70==O. �V4 
=P>3> 70;568BP ABC?V=P 45D>@<0FVW H0@C, I> 7@V7CєBPAO, 7<5=H5==O A8;8 B5@BO 
703>B>2:8 V ?5@54=P>W ?>25@E=V @V7FO. *59 :CB >18@0NBP C <560E 2V4 20° 4> -10°. 
�CB @V70==O d 7=0E>48BPAO <V6 ?;>I8=>N @V70==O V ?5@54=P>N ?>25@E=5N @V7FO, 
287=0G0NBP 9>3> 70 28@07>< β = 90° - g. 

�CB =0E8;C 3>;>2=>3> @V70;P=>3> ;570 l (@8A. 1.5) @>7<VICєBPAO C ?;>I8=V 
@V70==O <V6 3>;>2=8< @V70;P=8< ;57>< V ;V=VєN, ?@>2545=>N G5@57 25@H8=C 
@V7FO ?0@0;5;P=> >A=>2=V9 ?;>I8=V. �V= <>65 1CB8 4>40B=V<, 2V4'є<=8<, 
4>@V2=N20B8 =C;N V 7<V=N20B8AO 2V4 4° 4> - 4°. �CB l 287=0G0є ?>;>65==O 
?5@54=P>W ?>25@E=V V 2?;820є =0 =0?@O<>: @CEC AB@C6:8. 
�;O ?>2=>W E0@0:B5@8AB8:8 35><5B@VW @V7FO 28:>@8AB>2CNBP B0:>6 ?>=OBBO 
4>?><V6=8E :CBV2 @V7FO a1, g1, φ1 V :CB ?@8 25@H8=V @V7FO e. 

e =180°-(φ + φ1), 
B>1B> 4>@V2=Nє :CBC <V6 ?@>5:FVO<8 @V70;P=8E ;57 =0 >A=>2=C C?BM<AG (@8A. 
1.6). �8<V@NNBP a1 V g1 (=0 @8AC=:0E =5 ?>:070=>) 70 4>?><V6=>N AVG=>N 
?;>I8=>N, I> ?5@?5=48:C;O@=0 ?@>5:FVW 4>?><V6=>3> @V70;P=>3> ;570 =0 
>A=>2=C ?;>I8=C. 
�>;>2=8< :CB>< C ?;0=V φ =07820NBP :CB <V6 ?@>5:FVєN 3>;>2=>3> @V70;P=>3> 
;570 =0 >A=>2=C ?;>I8=C V =0?@O<>: ?>74>26=P>W ?>40GV S?>7. "18@0NBP 9>3> C 
<560E 30...90° (=09G0ABVH5 φ = 45°). �V= 2?;820є =0 D>@<C ?5@5@V7C H0@C, I> 
7@V7CєBPAO,, G8AB>BC >1@>1:8 V A?@0FN20==O V=AB@C<5=B0. �>?><V6=89 :CB C 
?;0=V φ1 @>7B0H>2CєBPAO <V6 ?@>5:FVєN 4>?><V6=>3> @V70;P=>3> ;570 =0 
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>A=>2=C ?;>I8=C V =0?@O<:><, ?@>B8;56=8< =0?@O<:C ?>74>26=P>W ?>40GV. �V= 
B0:>6 2?;820є =0 G8AB>BC >1@>1:8 ?>25@E=V. 
 

 

 

 

 

1 4 >1@>1;N20=0 
?>25@E=O; 
2 4 ?>25@E=O 
@V70==O; 
� 4 >1@>1;5=0 
?>25@E=O 
$8A. 1.6 - �;5<5=B8 
@V70==O V 35><5B@VO 
H0@C <5B0;C, I> 
7@V7CєBPAO 
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�5:FVO. 
#4D4@9FD< V HV;<KAV O6<M4, MB EGCDB6B8:GNFь CDBJ9E DV;4AAO. 

 

 

           �> >A=>2=8E ?0@0<5B@V2 ?@>F5AC @V70==O 2V4=>AOBP 3;818=C V H284:VABP 
@V70==O, ?>40GC, H8@8=C V B>2I8=C H0@C <5B0;C, I> 7@V7CєBPAO, B0 =><V=0;P=C 
?;>IC 9>3> ?5@5@V7C. 
           �?<5<ABN DV;4AAO (V) =07820NBP B>2I8=C H0@C <5B0;C, O:89 7@V70єBPAO 
70 >48= ?@>EV4 @V70;P=>3> V=AB@C<5=B0. #@8 ?>274>26=P><C B>GV==V 
F8;V=4@8G=>W ?>25@E=V (482. @8A. 1.6) 

t = (D - d) / 2, 

89 D - 8V4@9FD ;47BFB6><, @@; 
d - 8V4@9FD B5DB5?9ABW CB69DIAV, @@. 

           Ш6<8>VEFN DV;4AAO (V) =07820NBP H284:VABP 3>;>2=>3> @CEC. �>=0 
287=0G0єBPAO H;OE><, I> ?@>9H;0 B>G:0 >1@>1;N20=>W ?>25@E=V 703>B>2:8 
2V4=>A=> @V70;P=>W :@><:8 V=AB@C<5=B0 70 >48=8FN G0AC, V 28<V@NєBPAO C 
<5B@0E 70 E28;8=C (</E2), :@V< 28?04:V2, :>;8 H284:VABP @V70==O 4C65 25;8:0 
(H;VDC20==O). &>4V WW 28<V@NNBP C <5B@0E 70 A5:C=4C (</A). �0 C<>2 3>;>2=>3> 
>15@B0;P=>3> @CEC (D@575@C20==O, B>GV==O, A25@4;5==O) 

, 

89 D - 8V4@9FD ;47BFB6>< (45B VAEFDG@9AF4), @@; 
n - K4EFBF4 B59DF4AAO ;47BFB6>< (45B VAEFDG@9AF4), I6. 

#B84K4 (S) 4 F5 ?5@5<VI5==O @V70;P=>W :@><:8 V=AB@C<5=B0 2V4=>A=> 
703>B>2:8 2 =0?@O<:C ?>40GV 70 >48= >15@B (<</>1) 01> ?>42V9=89 EV4 703>B>2:8 
(G8 V=AB@C<5=B0) (<</?>4.EV4). �0;56=> 2V4 =0?@O<:C @CEC ?>40G0 <>65 1CB8 
?>74>26=P>N, ?>?5@5G=>N, ?>E8;>N, 25@B8:0;P=>N, B0=35=FV0;P=>N, :@C3>2>N 
B>I>. 
Ш<D<A4 L4DG DV;4AAO (6) 4 F5 2V4AB0=P <V6 42><0 ?>A;V4>2=8<8 
?>;>65==O<8 @V70;P=>W :@><:8 70 G0A ?>2=>3> >15@BC 703>B>2:8, 70<V@O=0 2 
=0?@O<:C, =>@<0;P=><C 4> B>2I8=8 H0@C 7@V70=>3> <5B0;C (a), 45 a = S sin φ. 
!><V=0;P=C ?;>IC ?>?5@5G=>3> ?5@5@V7C H0@C, I> 7@V7CєBPAO, (2 :204@0B=8E 
<V;V<5B@0E) 287=0G0NBP 4>1CB:>< ?>40GV =0 3;818=C @V70==O 01> B>2I8=8 H0@C, 
I> 7@V7CєBPAO, =0 9>3> H8@8=C (f = st = 02). 
/:VABP >1@>1;5=>W ?>25@E=V E0@0:B5@87CNBP WW H>@AB:VABP, E28;OABVABP, 
=0O2=VABP <V:@>B@VI8=, =04@82V2, ?>4@V1=5==O AB@C:BC@8, =030@BC20==O V 
70;8H:>2V =0?@C65==O. ,>@AB:VABP <0є 287=0G0;P=89 2?;82 =0 5:A?;C0B0FV9=V 
2;0AB82>ABV 28@>1V2 4 ABV9:VABP ?@>B8 A?@0FN20==O, 2B><=C <VF=VABP, 
:>@>7V9=C ABV9:VABP B>I>. 
,>@AB:VABN =07820NBP AC:C?=VABP =5@V2=>AB59 ?>25@E=V 45B0;V =0 ?52=V9 
(107>2V9) WW 4>268=V. �;O :V;P:VA=>W >FV=:8 H>@AB:>ABV VA=CNBP HVABP ?0@0-
<5B@V2: 

 E9D98Aє 4D<H@9F<KA9 6V8I<?9AAO CDBHV?N (Ra); 
 6<EBF4 A9DV6ABEF9= CDBHV?N ;4 89EOFь@4 FBK>4@< (R6); 
 A4=5V?ьL4 6<EBF4 A9DV6ABEF9= (Rmax); 
 E9D98AV= >DB> A9DV6ABEF9=; 
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 E9D98AV= >DB> A9DV6ABEF9= ;4 WI 69DL<A4@<; 
 6V8ABEA4 8B6:<A4 CDBHV?N. 

� G>B8@=04FOB8 VA=CNG8E :;0AV2 H>@AB:>ABV =091V;PH 3@C1>N V H>@AB:>N є 
?>25@E=O ?5@H>3> :;0AC (Rz = 160...320 <:<), 0 =091V;PH 3;04:>N 4 ?>25@E=O 
G>B8@=04FOB>3> :;0AC (Rz < 0,1 <:<). 
$V25=P H>@AB:>ABV 70;568BP 2V4 C<>2 @V70==O. �;O 7<5=H5==O H>@AB:>ABV 
=5>1EV4=> 01> 71V;PH8B8 @04VCA 70>:@C3;5==O 25@H8=8 @V7FO, 01> 7<5=H8B8 
:CB8 @V7FO 2 ?;0=V. 
#@8 2402;N20==V @V70;P=>W G0AB8=8 V=AB@C<5=B0 2 >1@>1;N20=89 <0B5@V0; 
28=8:0є (?V4 4VєN 7>2=VH=P>W A8;8) ?@C6=>- V ?;0AB8G=>-45D>@<>20=89 >1'є<. 
*5 7>=0 28?5@5460NG>W 45D>@<0FVW 01> AB@C6:>CB2>@5==O, I> >E>?;Nє O: 
7@V70=89 H0@ <5B0;C, B0: V 9>3> G0AB8=C ?V4 ?>25@E=5N, I> >1@>1;NєBPAO.  

�DBJ9E GF6BD9AAO 9?9@9AF4 EFDG:>< @B:A4 CB8V?<F< A4 FD< 9F4C<. 
o !0 ?5@H><C 2V41C20єBPAO ?@C6=5 V ?;0AB8G=5 45D>@<C20==O V <091CB=V9 
5;5<5=B AB@C6:8 7<VF=NєBPAO 2 7>=V AB@C6:>CB2>@5==O.   

o !0 4@C3><C4 5;5<5=B AB@C6:8 7<VICєBPAO ?> ?;>I8=V 7AC2C A0<5 B>4V, :>;8 
=0?@C65==O C H0@V ?5@528ICNBP >?V@ 7AC2C.  

o !0 B@5BP><C 5B0?V 74V9A=NєBPAO 4>40B:>25 ?;0AB8G=5 45D>@<C20==O 
5;5<5=B0 AB@C6:8, I> CB2>@82AO ?V4 G0A 9>3> @CEC ?> ?5@54=V9 ?>25@E=V 
V=AB@C<5=B0. 

�0;56=> 2V4 C<>2 @V70==O V 2;0AB82>AB59 >1@>1;N20=>3> <0B5@V0;C <>65 
D>@<C20B8AO AB@C6:0 B@P>E >A=>2=8E 284V2 (@8A. 1.7). 
�;82=0 AB@C6:0 (@8A. 1.7, 0) <0є 283;O4 ACFV;P=>W AB@VG:8 7 3;04:>N 
2=CB@VH=P>N (1V;O @V7FO) V H>@AB:>N 7>2=VH=P>N ?>25@E=O<8. �@0=8FV <V6 
5;5<5=B0<8 AB@C6:8 =5 A?>AB5@V30NBPAO. 
%CAB02G0AB0 AB@C6:0 2V4:>;C (@8A. 1.7, 1) CB2>@NєBPAO ?@8 >1@>1;N20==V <5=H 
?;0AB8G=8E, B25@48E <0B5@V0;V2. #>25@E=O AB@C6:8 1V;O @V7FO B0:>6 3;04:0, 0 
=0 7>2=VH=V9 ?>25@E=V 284=> 707C1@8=:8. %B@C6:0 A:;040єBPAO 7 5;5<5=BV2 (I> 
=5 2B@0B8;8 72'O7:C <V6 A>1>N) 7 2848<8<8 3@0=8FO<8. 
%B@C6:0 =04;><C (@8A. 1.7, 2), 01> 5;5<5=B=0, CB2>@NєBPAO ?@8 >1@>1;N20==V 
:@8E:8E <0B5@V0;V2 V A:;040єBPAO 7 >:@5<8E 5;5<5=BV2 28?04:>2>W D>@<8, =5 
?>2'O70=8E <V6 A>1>N. &0:C AB@C6:C V=>4V =07820NBP AB@C6:>N 2V4@82C, 
>A:V;P:8 WW CB2>@5==O 28:;8:0=5 4VєN =0?@C65=P @>7BO3C20==O. 
�83;O4 AB@C6:8 G0AB> 28:>@8AB>2CєBPAO O: =5?@O<0 E0@0:B5@8AB8:0 @>1>B8 
@V70==O. �4=5V?ьL<I 6<FD4F 5=5@3VW ?>B@51Cє CB2>@5==O ACAB02G0AB>W AB@C6:8 
(7=0G=89 ABC?V=P ?;0AB8G=>W 45D>@<0FVW), @9AL<I - CB2>@5==O 7;82=>W, V 
=09<5=H8E - CB2>@5==O AB@C6:8 =04;><C (=57=0G=0 ?;0AB8G=0 45D>@<0FVO). 
#@>F5A @V70==O AC?@>2>46CєBPAO ?@C6=8< V ?;0AB8G=8< 45D>@<C20==O< H0@C, 
I> 7@V7CєBPAO, CA04:>N AB@C6:8, CB2>@5==O< =0@>ABC =0 ?5@54=V9 ?>25@E=V 
@V7FO, 7<VF=5==O< ?>25@E=52>3> H0@C >1@>1;N20=>W 45B0;V, B5?;>284V;5==O<. 
#@C6=5 V ?;0AB8G=5 45D>@<C20==O H0@C, I> 7@V7CєBPAO, 2V41C20єBPAO ?V4 4VєN 
=>@<0;P=8E V 4>B8G=8E =0?@C65=P ?@8 2402;N20==V @V7FO 2 <5B0;. 
 0:A8<0;P=5 ?;0AB8G=5 45D>@<C20==O 2 7>=V CB2>@5==O AB@C6:8, 7AC2=V O28I0 
2 H0@V <5B0;C, I> 7@V7CєBPAO, ?@872>4OBP 4> :>270==O >:@5<8E G0AB8= 75@5= ?> 
:@8AB0;>3@0DVG=8E ?;>I8=0E V 28BO3C20==O 75@5=. 
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�> <><5=BC @C9=C20==O FV 75@=0 4>40B:>2> 45D>@<CNBPAO V 28BO3CNBPAO ?V4 
4VєN A8; B5@BO ?@8 :>=B0:BV 7 ?5@54=P>N ?>25@E=5N @V7FO. 
'A04:0 AB@C6:8, B>1B> 7<5=H5==O 4>268=8 V 71V;PH5==O B>2I8=8 AB@C6:8 
?>@V2=O=> 7 4>268=>N V H8@8=>N H0@C, I> 7@V7CєBPAO, 70;568BP 2V4 
2;0AB82>AB59 >1@>1;N20=>3> <0B5@V0;C, @568<V2 @V70==O, 35><5B@8G=8E 
?0@0<5B@V2 @V7FO, ABC?5=O ?;0AB8G=>3> 45D>@<C20==O ?>25@E=52>3> H0@C 
45B0;V. #V428I5==O ?;0AB8G=>ABV >1@>1;N20=>3> <0B5@V0;C 71V;PHCє CA04:C 
AB@C6:8, 0 70AB>AC20==O <0AB8;P=>->E>;>46C20;P=8E @V48= - 7<5=HCє. 

 
 

0 4 7;82=0; 1 4 ACAB02G0AB0; 2 4 AB@C6:0 =04;><C 
$8A. 1.7 - �848 AB@C6:8 @V70==O. 
 

 

!4DVEF - F5 O28I5 D>@<C20==O IV;P=>3> CB2>@5==O G0AB8=>: <5B0;C, <VF=> 
70:@V?;5=8E =0 ?5@54=V9 ?>25@E=V @V7FO. %?>AB5@V30єBPAO 2>=> ?V4 G0A @V70==O 
?;0AB8G=8E <0B5@V0;V2 (;0BC=V, AB0;V). !0@VAB CB2>@NєBPAO 2=0A;V4>: 
30;P<C20==O =86=VE H0@V2 AB@C6:8 ?V4 G0A WW :>270==O ?> ?5@54=V9 ?>25@E=V 
@V7FO, 28A>:>3> B8A:C V 7=0G=>W B5<?5@0BC@8 2 7>=V :>=B0:BC AB@C6:8 7 @V7F5<. 
 5B0; =0@>ABC 4C65 45D>@<>20=89, B25@4VABP 9>3> 7=0G=> (V=>4V C 2...� @078) 
?5@52060є B25@4VABP >1@>1;N20=>3> <5B0;C. #V4 G0A ?@>F5AC @V70==O =0@VAB 
?5@V>48G=> @C9=CєBPAO, 28=>A8BPAO @07>< 7V AB@C6:>N V CB2>@NєBPAO 7=>2C. �V= 
70E8I0є 25@H8=C @V7FO V @V70;P=C :@><:C 2V4 702G0A=>3> A?@0FN20==O, 
?>:@0ICє B5?;>2V41V@, ?@>B5 O:VABP V B>G=VABP 283>B>2;5==O ?>25@E=V 
?>3V@HCєBPAO. &><C G8AB>2C >1@>1:C 28:>=CNBP @5B5;P=> 4>2545=8<8 @V7FO<8 
7V 7=0G=8<8 ?5@54=V<8 :CB0<8 ?@8 ?V428I5=8E H284:>ABOE @V70==O V7 
70AB>AC20==O< <0AB8;P=>->E>;>46C20;P=8E @V48=. 
�0;56=> 2V4 @568<C @V70==O ?>25@E=5289 H0@ >1@>1;N20=>W 45B0;V 2 ?@>F5AV 
@V70==O 45D>@<CєBPAO =0 3;818=C 4> 1<<. #>@V2=O=> 7 >A=>2=8< <5B0;>< 
B25@4VABP <5B0;C ?>25@E=V <>65 ?V428IC20B8AO C 2...� @078. #>25@E=525 
7<VF=5==O <>65 1CB8 O: :>@8A=8<, ?V428ICNG8 ABV9:VABP 45B0;V ?@>B8 
A?@0FN20==O V 2B><=C <VF=VABP 28@>1C, B0: V H:V4;828<, CA:;04=NNG8 
?>40;PHC >1@>1:C 45B0;V @V70==O< V ?V428ICNG8 WW H>@AB:VABP. 
#V4 G0A @V70==O <5B0;V2 1;87P:> 95 % <5E0=VG=>W @>1>B8 45D>@<0FVW V B5@BO 
?5@5E>48BP C B5?;>BC, 4> 5 % - C A:@8BC 5=5@3VN 28:@82;5==O :@8AB0;VG=>W 
ґ@0B:8. &5?;>B0, I> 284V;OєBPAO, @>7?>4V;OєBPAO <V6 AB@C6:>N, 703>B>2:>N B0 
V=AB@C<5=B><. !57=0G=0 G0AB8=0 B5?;>B8 ?>B@0?;Oє 4> =02:>;8H=P>3> 
A5@54>28I0 O: 28?@><V=N20==O (C @07V 70AB>AC20==O <0AB8;P=>-
>E>;>46C20;P=8E @5G>28=) V :>=25=FVO. !0 B5<?5@0BC@C =03@V20==O @V70;P=>3> 
V=AB@C<5=B0 =091V;PH5 2?;820є H284:VABP @V70==O, <5=H5 - ?>40G0 B0 3;818=0 
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@V70==O. "1@>1:0 @V70==O< ?>28==0 74V9A=N20B8AO 157 ?5@53@V2C @V70;P=>3> 
V=AB@C<5=B0. �;O V=AB@C<5=BC 7 2C3;5F52>W AB0;V B5<?5@0BC@0 =5 ?>28==0 
?5@528IC20B8 200...250°%, 7 B25@4>3> A?;02C - 800...1000°%, 7 <5B0;>:5@0<V:8 - 
1000...1200°%. 
&5?;>2V ?@>F5A8 ?@8 @V70==V <>6CBP VAB>B=> 2?;820B8 =0 O:VABP ?>25@E=V B0 
@>7<V@8 28@>1V2, ?@8725AB8 4> D07>28E ?5@5B2>@5=P, 7<V=N20B8 2;0AB82>ABV 
<0B5@V0;C. 
 4EF<?ьAB-BIB?B8:G64?ьAV @5G>28=8 70AB>A>2CNBP 7451V;PH>3> 4;O 
7=865==O B5<?5@0BC@8. #@>B5 FV @5G>28=8 =5 ;8H5 >E>;>46CNBP, 0 9 
7<5=HCNBP A8;8 7>2=VH=P>3> B5@BO V A?@8ONBP 2840;5==N 7 7>=8 @V70==O 
AB@C6:8 B0 ?@>4C:BV2 7=>HC20==O.  
�;O FP>3> 28:>@8AB>2CNBP ?5@5206=> @V48=8, 4> O:8E 4>40NBP B25@4V 
@5G>28=8:  

 3@0DVB, 
  1VBC<,  
 <8;>, 
  ?0@0DV=, 
  48AC;PDV4 <>;V145=C, 
  A>4C  
 B>I>.  

�C65 @V4:> 4;O FP>3> 28:>@8AB>2CNBP 3078. 
!09:@0IC >E>;>46C20;P=C 4VN <0NBP 2>4=V @>7G8=8 7 4><VH:0<8 1...5%-W 
:0;PF8=>20=>W A>48, 1C@8, =VB@0BC =0B@VN B>I>. �;O >E>;>465==O 70AB>A>2CNBP 
B0:>6 <0A;O=V 5<C;PAVW - @>7G8=8 C 2>4V 1,5...10 % - E 5<C;PA>;V2 (<V=5@0;P=8E 
<0A5; 7 @V7=8<8 4><VH:0<8) B0 <0A;O=V @V48=8 - <V=5@0;P=V <0A;0 7 4><VH:0<8 
4> 30% @>A;8==8E >;82. "E>;>46C20;P=0 4VO <0A;O=8E @V48= 4>A8BP =87P:0. 
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�5:FVO. 
%FV=>VEFь V @4F9DV4?< DV;4?ьAB7B VAEFDG@9AF4. 

 

 

%?@0FN20==O @V70;P=>W G0AB8=8 V=AB@C<5=B0 E0@0:B5@87Cє 9>3> 740B=VABP 
?@>B84VOB8 <V:@>A:>?VG=><C @C9=C20==N =0 ?>25@E=OE :>=B0:BC 7 703>B>2:>N 
B0 AB@C6:>N. $>7@V7=ONBP :V;P:0 284V2 A?@0FN20==O V=AB@C<5=B0. 
А5D4;<6A9 ECD4JN64AAO - F5 <5E0=VG=5 7=>HC20==O, 4@O?0==O V=AB@C<5=B0 
B25@48<8 G0AB8=:0<8 >1@>1;N20=>3> <0B5@V0;C, B25@4VABP O:8E AC<V@=0 
B25@4>ABV <0B5@V0;C V=AB@C<5=B0. *59 284 A?@0FN20==O ?5@52060є ?@8 2V4=>A=> 
=525;8:8E H284:>ABOE @V70==O V ?V4 G0A >1@>1:8 :@8E:8E <0B5@V0;V2 (70728G09 
?> >A=>2=V9 704=V9 ?>25@E=V V=AB@C<5=B0). 
А879;V=A9 ECD4JN64AAO - F5 =0A;V4>: ?@>F5AC E>;>4=>3> 720@N20==O 
<0B5@V0;C V=AB@C<5=B0 V AB@C6:8 =0 28ABC?0NG8E 4V;O=:0E ?;>IV :>=B0:BC <V6 
=8<8 7 =0ABC?=8< 2V4@82>< 4@V1=8E G0AB8=>: <0B5@V0;C V=AB@C<5=B0 V 28=>A>< 
WE 7V AB@C6:>N V7 7>=8 @V70==O. 
�<HG;V=A9 ECD4JN64AAO 2V41C20єBPAO 2=0A;V4>: 270є<=>W 48DC7VW <0B5@V0;C 
V=AB@C<5=B0 V >1@>1;N20=>W 703>B>2:8 70 C<>28 ?V428I5==O B5<?5@0BC@8 
:>=B0:B=8E ?>25@E>=P 4> 900...1000°%. 
"><EA9 ECD4JN64AAO <0є <VAF5 ?@8 B5<?5@0BC@0E @V70==O 700...800°%, :>;8 
:8A5=P ?>2VB@O 2ABC?0є 2 EV<VG=C @50:FVN 7 <0B5@V0;>< V=AB@C<5=B0 
(:>10;PB>2>N A:;04>2>N B25@4>3> A?;02C, :0@1V40<8 2>;PD@0<C V B8B0=C). 
�D<I>9 ECD4JN64AAO - F5 ?@>F5A A:>;N20==O (28:@8HC20==O) <0:@>G0AB>: 
<0B5@V0;C V=AB@C<5=B0. 
' ?@>F5AV @V70==O A?>AB5@V30єBPAO >4=>G0A=0 4VO @V7=8E 284V2 A?@0FN20==O, I> 
287=0G0є :V=F52C ABV9:VABP V=AB@C<5=B0 70 40=8E C<>2. 
!FV=>VEFN VAEFDG@9AF4 A4;<64NFь G0A 9>3> @>1>B8 70 ?52=8E @568<V2 @V70==O 
<V6 >?5@0FVO<8 9>3> ?5@5B>GC20==O. !0 ABV9:VABP 2?;820NBP B0:V D0:B>@8, O: 
EV<VG=89 A:;04 V 2;0AB82>ABV >1@>1;N20=>3> <0B5@V0;C, <0B5@V0;, 7 O:>3> 
7@>1;5=89 @V70;P=89 V=AB@C<5=B, @568< @V70==O B0 C<>28 >1@>1:8. !0?@8:;04, 
ABV9:VABP B>:0@=8E @V7FV2 7V H284:>@V70;P=8E AB0;59 C A5@54=P><C 4>@V2=Nє 
30...60 E2., B25@4>A?;02=8E @V7FV2 - 45...90 E2., F8;V=4@8G=8E D@57 - 180...240 E2. 
"4=VєN 7 >A=>2=8E E0@0:B5@8AB8: A?@0FN20==O V ABV9:>ABV V=AB@C<5=BC є 
>D<F9DV= ;4FGC?9AAO - 3@0=8G=> 4>?CAB8<0 25;8G8=0 7=>HC20==O, 70 O:>W 
V=AB@C<5=B 2B@0G0є =>@<0;P=C ?@0F5740B=VABP (h3). 
�@8B5@Vє< 70BC?;5==O 22060NBP ?52=89 @V25=P A?@0FN20==O 3>;>2=>W 704=P>W 
?>25@E=V V=AB@C<5=B0, >A:V;P:8 F5 7C<>2;Nє 71V;PH5==O A8; @V70==O, B5@BO, 
?V428I5==O B5<?5@0BC@8, H>@AB:>ABV >1@>1;N20=>W 45B0;V. �5;8G8=0 h3 
70;568BP 2V4 <0B5@V0;C 45B0;V B0 V=AB@C<5=B0, @568<C @V70==O, G8AB>B8 V 
B>G=>ABV >1@>1:8. &0:, 4;O B>:0@=8E @V7FV2 V7 B25@4>A?;02=8<8 ?;0AB8=0<8 70 
G>@=>2>W >1@>1:8 AB0;V h3 = 0,8...1 <<, G02C=C - �3=1,4...1,7 <<. �;O G8AB>2>W 
>1@>1:8 2AB0=>2;NNBP B5E=>;>3VG=V :@8B5@VW 70BC?;5==O - B0:89 @V25=P 
A?@0FN20==O 704=P>W ?>25@E=V V=AB@C<5=B0, ?5@528I5==O O:>3> ?@872>48BP 4> 
=52V4?>2V4=>ABV 28@>1C B5E=VG=8< 28<>30<. 
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�8E>4OG8 7 C<>2 5:A?;C0B0FVW (28A>:V =0?@C65==O V B5<?5@0BC@8), <0B5@V0; 
@V70;P=>3> V=AB@C<5=BC ?>28=5= 2V4?>2V40B8 28A>:8< 28<>30< I>4> 9>3> 
2;0AB82>AB59.  
"A=>2=V 7 =8E:  

 28A>:VABP B25@4VABP,  
 ABV9:VABP ?@>B8 A?@0FN20==O,  
 B5?;>?@>2V4=VABP  
 4>AB0B=O 2'O7:VABP.  

�06;82>N E0@0:B5@8AB8:>N @V70;P=>3> V=AB@C<5=BC є B0:>6 K9D6BABFD<6>VEFь 
- 740B=VABP 715@V30B8 28A>:C B25@4VABP 70 28A>:8E B5<?5@0BC@ (?@8 =03@V20==V 4> 
B5<=>-G5@2>=>3> :0;V==O).  
�@V< FP>3>, <0B5@V0;8 4;O 283>B>2;5==O V=AB@C<5=BC ?>28==V <VAB8B8 C A2>є<C 
A:;04V <V=V<0;P=C :V;P:VABP 45DVF8B=8E ;53CNG8E 5;5<5=BV2. 
"A=>2=8<8 V=AB@C<5=B0;P=8<8 <0B5@V0;0<8 є : 

 2C3;5F52V B0 ;53>20=V V=AB@C<5=B0;P=V AB0;V,  
 B25@4V <5B0;>:5@0<VG=V A?;028  
 <V=5@0;>:5@0<VG=V <0B5@V0;8. 

�C3;5F52V V=AB@C<5=B0;P=V AB0;V <VABOBP 0,9...1,3 % % (' 10, '11, '12, '13). � 
?V428I5==O< 2<VABC 2C3;5FN B25@4VABP AB0;59 7@>AB0є V ?VA;O 30@BC20==O <>65 
4>@V2=N20B8 60...63 HRC. #@>B5 C 72'O7:C 7 =87P:>N B5?;>ABV9:VABN 
(200...250°%) 70AB>AC20==O WE >1<565=5. � 2C3;5F528E AB0;59 283>B>2;ONBP 
V=AB@C<5=B 4;O =525;8:8E (4> 15...18 </E2) H284:>AB59 @V70==O (?;0H:8, 
@>725@B:8, =>6>2>G=V ?>;>B=0 B>I>). 
�53>20=V V=AB@C<5=B0;P=V AB0;V 70157?5GCNBP 28A>:C B25@4VABP V B5?;>ABV9:VABP 
(250...300°%) V=AB@C<5=BC. Л97G64AAO EF4?V F4><@< 9?9@9AF4@<, O> !r, V, Mo, 
W FBMB, CV86<MGє WIAV @VJAVEFь, CDB74DFB6G64AVEFь, ;ABEBEFV=>VEFь, 
F9C?BEFV=>VEFь. ІAEFDG@9AF< ; ?97B64ABW EF4?V @4NFь >D4MV DV;4?ьAV 
6?4EF<6BEFV, @9AL EI<?ьAV 8B 89HBD@4JVW = FDVM<ABGF6BD9AAO CV8 K4E 
74DFG64AAO. "A:V;P:8 B5?;>ABV9:VABP F8E V=AB@C<5=BV2 =528A>:0, WE 
28:>@8AB>2CNBP ?@8 H284:>ABOE @V70==O, I> =5 ?5@528ICNBP 25 </E2 (A25@4;0, 
@>725@B:8, <VBG8:8, ?;0H:8, ?@>BO6:8 B>I>). 
Ш6<8>BDV;4?ьAV EF4?V - F5 ;53>20=V AB0;V, I> <VABOBP C A2>є<C A:;04V 7=0G=C 
:V;P:VABP 2>;PD@0<C (1;87P:> 19 %), E@><C (1;87P:> 4,5%), <>;V145=C (1;87P:> 
5 %), 0 B0:>6 20=04V9, :>10;PB, V=HV 4><VH:8. #VA;O 30@BC20==O V 2V4?CA:C 
B25@4VABP H284:>@V70;P=>W AB0;V 4>@V2=Nє 62...65 HRC, B5?;>ABV9:VABP 650°%, 
B>1B> G5@2>=>B@82:VABP F8E AB0;59 28A>:0. �;O 5:>=><VW 45DVF8B=8E V 4>@>38E 
5;5<5=BV2 V=AB@C<5=B8 7 H284:>@V70;P=8E AB0;59 283>B>2;ONBP 7 E2>AB>28:>< 
V7 :>=AB@C:FV9=>W AB0;V. &0:V V=AB@C<5=B8 <>6CBP 28B@8<C20B8 H284:>ABV 
@V70==O, I> C 4 @078 ?5@528ICNBP H284:VABP @V70==O V=AB@C<5=BC 7 2C3;5F528E 
AB0;59. �;O 283>B>2;5==O V=AB@C<5=BV2 A:;04=>W D>@<8 V ?V428I5=>W ABV9:>ABV 
28:>@8AB>2CNBP AB0;V B8?C $18, 4;O V=AB@C<5=BV2 V=H8E D>@< - AB0;V B8?C $9. 
+8A;> ?VA;O ;VB5@8 $ C <0@:0E H284:>@V70;P=8E AB0;59 >7=0G0є 2<VAB 
2>;PD@0<C (C 2V4A>B:0E). �>10;PB>2V AB0;V $9�6, $9�(, $*�5(2 
28:>@8AB>2CNBP 4;O 283>B>2;5==O V=AB@C<5=BV2, I> ?@0FNNBP 70 C<>2 
?5@5@82G0AB>3> @V70==O, 2V1@0FVW, 0 B0:>6 4;O >1@>1:8 206:>>1@>1;N20=8E 
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=5V@602VNG8E V 60@><VF=8E AB0;59. �;O V=AB@C<5=BV2 G8AB>2>W >1@>1:8 
28:>@8AB>2CNBP 20=04Vє2V AB0;V ($9(5, $14(4), 0 4;O G>@=>2>W >1@>1:8 - 
2>;PD@0<><>;V145=>2V ($9 4, $6 �, $6 5). 
&25@4V <5B0;>:5@0<VG=V A?;028 <0NBP 28A>:C B25@4VABP, ABV9:VABP ?@>B8 
A?@0FN20==O, <VF=VABP, B5?;>ABV9:VABP 1;87P:> 900...1000°%. �8:>@8AB>2CNBP WE 
4;O 28A>:>?@>4C:B82=>W >1@>1:8 7V H284:VABN @V70==O 4> 800 </E2. &25@4V 
A?;028 283>B>2;ONBP A?V:0==O< ?@8 1500...1900 °% 7 48A?5@A=8E ?>@>H:V2 
:0@1V4V2 (WC, &V%, &0%) V ?>@>H:C :>10;PBC. &25@4V A?;028 ?>4V;ONBP =0 B@8 
3@C?8: 2>;PD@0<>2V (��), B8B0=>2>;PD@0<>2V (&�) V B8B0=>B0=B0;>2>;PD@0<>2V 
(&&�). �>40B:>2V ;VB5@8 � V   C :V=FV <0@:8 A?;02C 2:07CNBP =0 48A?5@A=VABP 
28EV4=>3> ?>@>H:C 2V4?>2V4=> 3...5 V 0,54 1,5 <:<. �V A?;02V2 3@C?8 �� 
283>B>2;ONBP V=AB@C<5=B8 4;O >1@>1:8 G02C=V2, :>;P>@>28E <5B0;V2 V ?;0AB<0A; 
3@C?8 &� 4 4;O >1@>1:8 AB0;59 B0 V=H8E 2'O7:8E <0B5@V0;V2, 7V A?;02V2 3@C?8 
&&� 4 4;O G>@=>2>W >1@>1:8 AB0;59. �;O FP>3> 28:>@8AB>2CNBP V 7=0G=> 
45H52HV 157-2>;PD@0<>2V B25@4V A?;028 (�&&%) =0 >A=>2V :0@1V4V2 V :0@1V4>-
=VB@84V2 B8B0=C 7 =V:5;P-<>;V145=>2>N 72'O7CNG>N D07>N. 
 V=5@0;>:5@0<VG=V <0B5@V0;8 70157?5GCNBP V=AB@C<5=BC I5 1V;PHV @V70;P=V 
2;0AB82>ABV, 28A>:C B5?;>ABV9:VABP V H284:VABP @V70==O. "A=>2>N 
<V=5@0;>:5@0<VG=8E <0B5@V0;V2 є ?>@>H>: >:A84C 0;N<V=VN �l2"3, 7 O:>3> 
H;OE>< ?@5AC20==O V =0ABC?=>3> A?V:0==O 283>B>2;ONBP ?;0AB8=8 ?>B@V1=8E 
@>7<V@V2 V D>@<8. #;0AB8=8 FV 70:@V?;NNBP =0 45@60:0E @V70;P=>3> 
V=AB@C<5=B0.  V=5@0;>:5@0<V:C 28:>@8AB>2CNBP 4;O G8AB>2>W H284:VA=>W 
>1@>1:8 70 C<>2 2V4ACB=>ABV C40@=8E V 738=0NG8E =0?@C65=P. �>1@V ?>:07=8:8 
<0є <V=5@0;>:5@0<V:0 <0@:8 * -332. 
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�5:FVO. 
 9F4?BDV;4?ьAV 69DEF4F< 

 

 

З4 DV6A9@ EC9JV4?V;4JVW @9F4?BDV;4?ьAV 69DEF4F< CB8V?ONFь A4: 
 C=V25@A0;P=V; 
 A?5FV0;V7>20=V; 
 A?5FV0;P=V. 
#AV69DE4?ьAV ?@87=0G5=V 4;O 28:>=0==O @V7=><0=VB=8E >?5@0FV9 ?@8 
283>B>2;5==V 45B0;59, @V7=8E 70 @>7<V@0<8 V D>@<>N; EC9JV4?V;B64AV 4 4;O 
>1@>1:8 >4=>B8?=8E 45B0;59 @V7=8E @>7<V@V2; EC9JV4?ьAV 4 4;O 283>B>2;5==O 
45B0;59 >4=>3> B8?>@>7<V@C. 
З4 F9IAB?B7VKA<@< B;A4>4@< (;4?9:AB 6V8 I4D4>F9DG B5DB5><) 69DEF4F< 
CB8V?ONFь A4 F4>V 7DGC<: 
 B>:0@=V; 
 A25@4;8;P=V 9 @>7B>GC20;P=V; 
 H;VDC20;P=V, ?>;V@C20;P=V, 4>2>4>G=V; 
 4;O 5;5:B@>DV78G=>W 9 5;5:B@>EV<VG=>W >1@>1:8; 
 7C1>- V @V7P1>>1@>1=V; 
 D@575@=V; 
 AB@C30;P=V, 4>210;P=V, ?@>BO6=V; 
 @>7@V7=V; 
 @V7=V. 
�9DEF4F< >B:ABW ; J<I 7DGC CB8V?ONFьEO A4 F<C< ;4 F4><@< BEAB6A<@< 
B;A4>4@<: 
 B5E=>;>3VG=5 ?@87=0G5==O (:@C3;>H;VDC20;P=V, ?;>A:>H;VDC20;P=V); 
 :>=AB@C:B82=V >A>1;82>ABV (C=V25@A0;P=>-D@575@=V, ?>74>26=P>-D@575@=V); 
 @>7B0HC20==O @>1>G8E 45B0;59 C ?@>AB>@V (25@B8:0;P=>- A25@4;8;P=V, 
3>@87>=B0;P=>-A25@4;8;P=V); 

 :V;P:VABP @>1>G8E 45B0;59 25@AB0B0 (>4=>H?8=45;P=V, 1030B>H?8=45;P=V); 
 ABC?V=P 02B><0B870FVW (7 @CG=8< :5@C20==O<, =0?V202B><0B8, 02B><0B8). 
' ?@><8A;>2>ABV =09?>H8@5=VHV B>:0@=V, A25@4;8;P=V, D@575@=V B0 H;VDC20;P=V 
25@AB0B8. 
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�5:FVO 
&BKVAAO 

 

 

�5@AB0B8 B>:0@=>W 3@C?8 28:>@8AB>2CNBP 4;O >1@>1:8 F8;V=4@8G=8E, :>=VG=8E, 
D0A>==8E (7>2=VH=VE V 2=CB@VH=VE) ?>25@E>=P >15@B0==O, 0 B0:>6 4;O >1@>1:8 
?;>I8=, ?5@?5=48:C;O@=8E 4> >AV >15@B0==O 703>B>2:8.  
�;O 25@AB0BV2 B>:0@=>W 3@C?8 >A=>2=8< V=AB@C<5=B>< є @V75FP.  
!0 B>:0@=>-328=B>@V70;P=8E 25@AB0B0E @V7F5< =0=>AOBP =0@V78 =0 F8;V=4@8G=8E 
V :>=VG=8E ?>25@E=OE, 0 B0:>6 A?V@0;P=V :0=02:8 =0 B>@F528E ?>25@E=OE 
703>B>2>:. �;O =0=5A5==O =0@V7V2 70AB>A>2CNBP B0:>6 ?;0H:8 V <VBG8:8, 0 4;O 
>1@>1;5==O >B2>@V2 4 A25@4;0, 75=:5@8, @>725@B:8. 
' 25@AB0B0E B>:0@=>W 3@C?8 28:>@8AB>2CєBPAO 420 2848 @CEC:  

 >15@B0;P=89 @CE 703>B>2:8 (@CE @V70==O)  
  ?>ABC?0;P=89 @CE V=AB@C<5=B0 (@CE ?>40GV), I> 70157?5GCNBP 
157?5@5@2=VABP ?@>F5AC @V70==O. 

 �;5<5=B8 @568<C @V70==O V =0?@O<>: @CEC ?V4 G0A ?>74>26=P>3> B>GV==O 
?>:070=V =0 @8A. 1.1 B0 1.6. 
         &>:0@=V @V7FV :;0A8DV:CNBP 70 @V7=8<8 >7=0:0<8: 

 �0 <0B5@V0;>< @V70;P=>W G0AB8=8 @>7@V7=ONBP: 
 @V7FV AB0;52V; 
 B25@4>A?;02=V ; 
  <V=5@0;>:5@0<VG=V. 

 �0 :>=AB@C:FVєN @V7FV ?>4V;ONBP =0: 
 ACFV;P=V  
 A:;04=V.  

 �0;56=> 2V4 @>7B0HC20==O 3>;>2=>W @V70;P=>W :@><:8 @>7@V7=ONBP @V7FV: 
 ?@02>AB>@>==V  
 ;V2>AB>@>==V.  

#V4 G0A @V70==O ?@02>AB>@>==V< @V7F5< (482. @8A. 1.1, 1.2, 1.6) AB@C6:0 
7@V7CєBPAO 7 703>B>2:8 ?@8 ?5@5<VI5==V V=AB@C<5=B0 A?@020 =0;V2>. #@8 @V70==V 
;V2>AB>@>==V< @V7F5< (3>;>2=0 @V70;P=0 :@><:0 @>7B0H>20=0 =0 <VAFV 
4>?><V6=>W :@><:8 ?@02>AB>@>==P>3> @V7FO) V=AB@C<5=B @CE0єBPAO 7;V20 
=0?@02>.  

 �0 @>7B0HC20==O< >AV 3>;>2:8 @V7FO 2V4=>A=> >AV 9>3> BV;0 (2 ?;0=V) 
@>7@V7=ONBP: 

 @V7FV ?@O<V (@8A. 1.8, 0 - e) ; 

  2V4V3=CBV (@8A. 1.8, є).  
 $>7@V7=ONBP B0:>6 @V7FV : 

 G8AB>2>W ; 
 G>@=>2>W >1@>1:8. 

 �0;56=> 2V4 ?@87=0G5==O (284C >1@>1:8) @V7FV ?>4V;ONBP =0: 
 ?@>EV4=V, 
  ?V4@V7=V,  
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 2V4@V7=V,  
 @>7B>GC20;P=V, 
  =0@V7=V, 
  :0=02>G=V, 
  D0A>==V. 

#@>EV4=V @V7FV ?@87=0G5=V 4;O >1B>GC20==O 7>2=VH=VE ?>25@E>=P (@8A. 1.1, 1.2, 
1.6, 1.8, 0, 1, e). #@>EV4=V @V7FV (?@O<V 01> C?>@=V) 7 3>;>2=8< :CB>< C ?;0=V (φ = 
90°, @8A. 1.8, 7) 70AB>A>2CNBP 4;O >1@>1;5==O 7>2=VH=VE 01> B>@F528E ?>25@E>=P 
(=0?@8:;04, ?@8 283>B>2;5==V ABC?V=G0AB8E 20;V2). #@>EV4=89 2V4V3=CB89 @V75FP 
(@8A. 1.8, є) - C=V25@A0;P=89, 40є 7<>3C >1@>1;OB8 F8;V=4@8G=C ?>25@E=N V 
?V4@V70B8 B>@5FP. 
�?O K<EFB6BW B5DB5>< ;4EFBEB6GNFь DV;JV 86BI F<CV6:  

 V7 70>:@C3;5=>N 25@EV2:>N (@8A.1.8, 4)  
 H8@>:V G8AB>2V @V7FV 7 ?@O<>N 3>;>2=>N @V70;P=>N :@><:>N (@8A. 1.8, 5).  

#5@H89 B8? 70AB>A>2CNBP 4;O >1@>1:8 ?>@V2=O=> =525;8:8E ?>25@E>=P, 4@C389 
- 4;O >1@>1:8 ?>25@E>=P 703>B>2>: 7=0G=8E @>7<V@V2. 

$8A. 1.8 - &8?8 
B>:0@=8E @V7FV2 
 

 

#V4@V7=V @V7FV ?@87=0G5=V 4;O >1@>1;N20==O B>@FV2, 2V4@V7=V - 4;O 2V4@V7C20==O 
G0AB8=8 <5B0;C 703>B>2:8 (@8A. 1.8, 0). �>268=0 3>;>2:8 F8EB@V7FV2 ?>28==0 
1CB8 45I> 1V;PH>N 70 @04VCA 703>B>2:8, I> @>7@V70NBP. 
$>7B>GC20;P=V @V7FV 70AB>A>2CNBPAO ?@8 @>7B>GC20==V =0A:@V7=8E V 3;CE8E 
>B2>@V2, 0 =0@V7=V 4 4;O =0=5A5==O 7>2=VH=VE (@8A. 1.8, 6) V 2=CB@VH=VE =0@V7V2. 
(>@<0 @V70;P=>W :@><:8 B0:8E @V7FV2 ?>28==0 2V4?>2V40B8 ?@>DV;N =0@V7C. 
�>;>2=V @V70;P=V :@><:8 @V7FO (@8A. 1.8, 6) 4;O =0@V70==O A8<5B@8G=8E =0@V7V2 
70B>GCNBP ?V4 :CB>< 60°. 
�4A46BKAV DV;JV ;4EFBEB6GNFь 8?O CDBDV;4AAO >4A46B> DV;AB7B CDBHV?N:  

 ?@O<>:CB=8E (@8A. 1.8, 2), 
  ?>4V1=8E 4> B@0?5FVW (@8A. 1.8, 3) B>I>.  
(0A>==V @V7FV (@8A. 11.8,V) 70AB>A>2CNBP 4;O 283>B>2;5==O V >1@>1;N20==O 
A:;04=8E D0A>==8E ?>25@E>=P. #@>DV;P @V70;P=>W :@><:8 B0:>3> @V7FO 
?>28=5= 2V4?>2V40B8 ?@>DV;N >1@>1;N20=>W ?>25@E=V. 

�B 69DEF4FV6 FB>4DABW 7DGC< 6V8ABEOFьEO B0:>6: 

 :0@CA5;P=V, 
  @52>;P25@=V, 
  02B><0B8 B0 =0?V202B><0B8. 

"B>4DAB->4DGE9?ьAV 69DEF4F< ?@87=0G5=V 4;O >1@>1:8 206:8E 703>B>2>: 
25;8:>3> 4V0<5B@0 V =525;8:>W 4>268=8, I> =5 ?5@528ICє 0,7 4V0<5B@0. 
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�0728G09 F5 45B0;V B8?C 48A:V2: @>B>@8 2>4O=8E B0 307>28E BC@1V=, H:V28, 
<0E>28:8, 7C1G0ABV :>;5A0 B0 V=HV. �03>B>2:8 2AB02;ONBP V 70:@V?;NNBP =0 
:@C3;><C 3>@87>=B0;P=><C AB>;V - ?;0=H091V, O:0 >15@B0єBPAO =02:>;> 
25@B8:0;P=>W >AV. !0 B>:0@=>-:0@CA5;P=8E 25@AB0B0E @V7FO<8 <>6=0 >1@>1;OB8 
7>2=VH=V V 2=CB@VH=V F8;V=4@8G=V, :>=VG=V, D0A>==V B0 ?;>A:V ?>25@E=V, :V;PF52V 
:0=02:8 @V7=>3> ?@>DV;N. �@V< FP>3>, =0 =8E B0:>6 <>6=0 A25@4;8B8, 
75=:5@C20B8 B0 @>725@B0B8 >B2>@8. 
!0 2V4<V=C 2V4 728G09=8E B>:0@=8E 25@AB0BV2 1030B>@V7F52V 70728G09 <0NBP 420 
=570;56=8E >48= 2V4 >4=>3> EGCBDF<: 

 ?5@54=V9  
  704=V9.  

� :>6=><C 7 =8E 70:@V?;NNBP ?> :V;P:0 @V7FV2, O:V ?@0FNNBP >4=>G0A=>. 
П5@54=ій AC?>@B <0є BV;P:8 ?>274>26=N ?>40GC, B><C 2AB0=>2;5=8<8 C =P><C 
@V7FO<8 >1@>1;ONBP BV;P:8 F8;V=4@8G=V ?>25@E=V.  
За4=ій AC?>@B <0є BV;P:8 ?>?5@5G=C ?>40GC V @V7FO<8, I> 2AB0=>2;5=V 2 =P><C, 
B5DB5?Oє FBDJ96V C?BM<A<, >4A46><, >BDBF>V >BAVKAV F4 H4EBAAV CB69DIAV, 
H4E><.  
�4 5474FBDV;J96<I 69DEF4F4I B5DB5?ONFь ;47BFB6>< DV;A<I 89F4?9=:  

 ABC?V=G0B8E 20;V2,  
 7C1G0AB8E :>;VA,  
 48A:V2 B>I>. 

�0:@V?;NNBP 703>B>2:8 2 F5=B@0E, B@8:C;0G:>28E ?0B@>=0E, =0 >?@02:0E B>I>. 
,284:C B0 B>G=C CAB0=>2:C @V7FV2 ?@8 =0;04FV 25@AB0B0 @>1;OBP 70 
2AB0=>2;5=>N =0 25@AB0BV ?5@54 ?>G0B:>< @>1>B8 5B0;>==V9 45B0;V 01> 70 
H01;>=><. 
 �474FBDV;J96V 69DEF4F< 4>FV;P=> 28:>@8AB>2C20B8 2 C<>20E <0A>2>3> B0 
1030B>A5@V9=>3> 28@>1=8FB20. 
"B>4DAB-D96B?ь69DAV 69DEF4F< ?@87=0G5=V 4;O >1@>1:8 4>AB0B=P> 25;8:8E 
?0@BV9 45B0;59, I> <0NBP 2V4=>A=> A:;04=C D>@<C, 4;O >1@>1:8 O:8E =5>1EV4=> 
?>A;V4>2=> 70AB>A>2C20B8 @V7=V V=AB@C<5=B8: 

 @V7FV, 
  A25@4;0,  
 75=:5@8,  
 @>725@B:8, 
  <VBG8:8, 
  ?;0H:8 B0 V=HV.  

&8?>2V 45B0;V, I> >1@>1;ONBPAO =0 D96B?ь69DA<I 69DEF4F4I, - F5: 
 1>;B8, 
  328=B8, 
  309:8,  
 2BC;:8, 
  20;8:8, 
  @V7=><0=VB=V 45B0;V 0@<0BC@8 B0 V=HV.  

!0 2V4<V=C 2V4 B>:0@=8E, C @52>;P25@=8E 25@AB0BV2 =5<0є 704=P>W 101:8 V 
E>4>2>3> 328=B0, 0 =0 ?>74>26=P><C AC?>@BV @>7<VI5=0 1030B>?>78FV9=0 
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@52>;P25@=0 3>;V2:0, 4> O:>W ?@8 =0;04FV CAB0=>2;NNBP =5>1EV4=V V=AB@C<5=B8 V 
?@8 >1@>1FV 22>4OBP WE 2 @>1>BC 2 ?52=V9 ?>A;V4>2=>ABV. 
 B;DV;AONFь D96B?ь69DAV 69DEF4F< ; 69DF<>4?ьABN F4 7BD<;BAF4?ьABN 6VEEN 
D96B?ь69DABW 7B?V6><.  

�0;56=> 2V4 B8?C >1@>1;N20=8E 703>B>2>: @>7@V7=ONBP @52>;P25@=V 25@AB0B8: 

 4;O ?@CB:>28E (E0@0:B5@87CNBPAO =091V;PH8< 4V0<5B@>< ?@CB:0)  
 ?0B@>==8E (E0@0:B5@87CNBPAO =091V;PH8< 4V0<5B@>< >1@>1;N20=>W 
703>B>2:8 =04 AB0=8=>N V AC?>@B><) @>1VB. 

"B>4DA<@< 46FB@4F4@< A4;<64NFь 69DEF4F<, =0 O:8E ?VA;O =0;04:8 >1@>1:0 
28:>=CєBPAO 02B><0B8G=>. 
�4CV646FB@4F4@< A4;<64NFь 69DEF4F<, 2 O:8E 25AP F8:; >1@>1:8 703>B>2:8 
B0 7C?8=:8 25@AB0B0 ?VA;O WW 70:V=G5==O 28:>=CєBPAO 02B><0B8G=>, 0 CAB0=>2:0, 
7=OBBO 703>B>2>: B0 ?CA: 25@AB0B0 28:>=CєBPAO 2@CG=C. !0?V202B><0B0<8 є 
1030B>@V7F52V B>:0@=V 25@AB0B8. 
 �4 FB>4DA<I 46FB@4F4I B5DB5?ONFь: 

 :@V?8;P=V 45B0;V,  
 20;8:8, 
  2BC;:8, 
  :V;PFO,  
 45B0;V 0@<0BC@8 B0 V=H5; WE 28:>@8AB>2CNBP 70728G09 2 <0A>2><C B0 
25;8:>A5@V9=><C 28@>1=8FB2V.  

�4 FB>4DA<I A4CV646FB@4F4I B5DB5?ONFь : 

 >AV, 
  20;8, 
  D;0=FV,  
 7C1G0ABV :>;5A0 B0 V=HV 45B0;V; 70AB>A>2CNBP WE 3>;>2=8< G8=>< 2 
A5@V9=><C 28@>1=8FB2V. 

"B>4DAV 46FB@4F< V A4CV646FB@4F< >?4E<HV>GNFь CB 6<7?O8G ;47BFB6>< : 

 ?@CB:>2V 
 ?0B@>==V 

 >V?ь>BEFV LC<A89?V6 : 
 >4=>H?8=45;P=V  
  1030B>H?8=45;P=V  

CB DB;F4LG64AAN LC<A89?V6: 
 3>@87>=B0;P=V  
 25@B8:0;P=V. 
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�5:FVO 
%69D8?VAAO, DB;FBKG64AAO 

 

 

�4 69DEF4F4I E69D8?G64AAO F4 DB;FBKG64AAO 6<>BAGNFь: 

 A25@4;5==O,  
 75=:5@C20==O,  
 75=:C20==O, 
  @>7B>GC20==O >B2>@V2 @V7FO<8,  
 @>725@BC20==O, 
  F5:C20==O,  
 =0=5A5==O =0@V7C <VBG8:><. 

%69D8?VAAO - =09?>H8@5=VH89 A?>AV1 283>B>2;5==O >B2>@V2 C ACFV;P=><C 
<0B5@V0;V 7 28:>@8AB0==O< A25@4;0. �1V;PH5==O 265 VA=CNG8E >B2>@V2 A25@4;>< 
=07820NBP @>7A25@4;N20==O<. "1@>1;5==O 6 F8;V=4@8G=8E ;8B8E, 
HB0<?>20=8E 01> ?>?5@54=P> ?@>A25@4;5=8E >B2>@V2 75=:5@>< 4;O =040==O W< 
=5>1EV4=>W 35><5B@8G=>W D>@<8, @>7<V@V2 V H>@AB:>ABV ?>25@E=V =07820NBP 
75=:5@C20==O<. �5=:5@, I> 28:>@8AB>2CєBPAO 4;O FP>3>, <0є :>=AB@C:B82=V 
5;5<5=B8, ?>4V1=V 4> A25@4;0. �V4<V=0 ;8H5 2 B><C, I> 75=:5@ =5 <0є 
?>?5@5G=>3> ;570, 0 @V70;P=8E ;57 C =P>3> =5 420, 0 B@8 01> G>B8@8. "B2>@8 
@>7B>GCNBPAO @V7FO<8 ?@8 =5>1EV4=>ABV 4>45@60==O B>G=>W A?V22VA=>ABV >B2>@V2. 
"1@>1;N20==O >B2>@V2 7 <5B>N >B@8<0==O B>G=8E @>7<V@V2 V <0;>W H>@AB:>ABV 
=07820NBP DB;69DFG64AAO@. $>1>G0 G0AB8=0 @>725@B:8, ?>4V1=> 4> A25@4;0, 
<0є 701>@=89 :>=CA V :0;V1@CNGC G0AB8=C, 40;V 70 =5N є 4V;O=:0 7V 72>@>B=8< 
:>=CA>< 4;O 7<5=H5==O B5@BO. 
З9A>G64AAO - F5 CB2>@5==O F8;V=4@8G=8E 01> :>=VG=8E 703;81;5=P C 
?>?5@54=P> 7@>1;5=8E >B2>@0E ?V4 3>;>2:8 1>;BV2, 328=BV2 B>I>. �4V9A=NNBP 
75=:C20==O 70 4>?><>3>N F8;V=4@8G=8E 01> :>=VG=8E 75=:5@V2 (75=:>2>:). 
*5:C20==O - F5 >1@>1;5==O B>@F528E ?>25@E>=P ?V4 309:8, H0918 9 :V;PFO 7 
28:>@8AB0==O< =>6V2 (?;0AB8=) 01> B>@F528E 75=:5@V2. 
#@8 283>B>2;5==V =0@V7C 2 3;CE8E >B2>@0E 70 4>?><>3>N <VBG8:V2 25@AB0B 
4>40B:>2> >1;04=CNBP ?@8AB>AC20==O< 4;O @525@A82=>3> (72>@>B=>3>) 
>15@B0==O H?8=45;O, I>1 70157?5G8B8 28;CG5==O <VBG8:0 7 =0@V70=>3> >B2>@C. 
#@8 B0:V9 >1@>1FV 45B0;59 V=AB@C<5=BC (:@V< @V7FO) =040єBPAO 3>;>2=89 
>15@B0;P=89 @CE (@CE @V70==O) V >AP>25 ?5@5<VI5==O (@CE ?>40GV). 
�D< E69D8?9AAV 6<>BD<EFB6GNFь F4>V BEAB6AV F<C< E69D89?: 

 ?5@>2V,  
 A?V@0;P=V,  
 A25@4;0 4;O 3;81>:>3> A25@4;V==O  
 F5=B@>2>G=V. 

�9DB6V E69D8?4 O2;ONBP A>1>N AB@86=V 01> 70:@V?;5=C 2 >?@02FV ?;0AB8=:C 7 
@V6CG8<8 :@><:0<8, 70B>G5=8<8 ?V4 :CB>< 2V4 80° 4> 150°. �0AB>A>2CNBP WE 
?>@V2=O=> @V4:> - ?5@5206=> ?@8 A25@4;5==V >B2>@V2 @V70==O<P2 B25@48E 
?>:>2:0E V 2V4;82:0E, >1@>1FV ABC?V=G0B8E >B2>@V2. 
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!CVD4?ьAV E69D8?4 H8@>:> 28:>@8AB>2CNBP ?@8 @>1>BV =5 BV;P:8 =0 
A25@4;8;P=8E, 0;5 9 =0 B>:0@=8E, @52>;P25@=8E B0 V=H8E <5B0;>-@V6CG8E 
25@AB0B0E. %25@4;0 4;O 3;81>:>3> A25@4;5==O O: >4=>;57>2V, B0: V 42>E;57>2V 
28:>@8AB>2CNBPAO ?@8 A25@4;5==V >B2>@V2, 3;818=0 O:8E ?5@528ICє 4V0<5B@ C 5 
V 1V;PH5 @07V2. *5=B@>2>G=V A25@4;0 ?@87=0G5=V 4;O >45@60==O >AP>28E 3=V74 2 
703>B>2:0E, I> >1@>1;ONBPAO =0 B>:0@=8E 25@AB0B0E (C F5=B@0E). 
!CVD4?ьA9 E69D8?B E>?484єFьEO ; F4><I BEAB6A<I >BAEFDG>F<6A<I 9?9@9AFV6 
(D<E. 1.9): 

 @>1>G>W G0AB8=8 (�), I> ?>4V;OєBPAO =0 @V70;P=C 01> 701>@=C (II) V 
F5=B@CNGC (III); 

  H89:8-28B>G:8 (IV) 4;O 28E>4C H;VDC20;P=>3> :@C30; 
  E2>AB>28:0 (V) (70728G09 :>=VG=>3>) 7 ;0?:>N (VI). 

�V0<5B@ A25@4;0 45I> 7<5=HCєBPAO C =0?@O<:C E2>AB>28:0 4;O 7=865==O B5@BO 
A25@4;0 ?> ABV=:0E >B2>@C. 
  V;4?ьA4 K4EF<A4 E69D8?4 (D<E. 1.9, 5) E>?484єFьEO ; : 

 328=B>2>W :0=02:8 (7) 4;O 2V42545==O AB@C6:8 (4=> :0=02:8 є ?5@54=P>N 
?>25@E=5N 3>;>2=>3> @V70;P=>3> ;570 (2);  

 AB@VG:8 (3), I> A?@O<>2Cє A25@4;> 2 >B2V@; 
  3>;>2=>W 704=P>W ?>25@E=V (4);  
 ?>?5@5G=>3> @V70;P=>3> ;570 (5). 

,284:VABP @V70==O (</E2) ?V4 G0A A25@4;5==O (75=:5@C20==O) >B2>@V2 287=0G0NBP 
7 28@07C 

, 

45 D 4 7>2=VH=V9 4V0<5B@ A25@4;0, <<; n 4 G0AB>B0 >15@B0==O, E2.-1 (@8A. 11.9, 
2). 
�;818=0 @V70==O ?@8 A25@4;5==V t 4>@V2=Nє ?>;>28=V 4V0<5B@0 >B2>@C: t = D / 2, 
<<. 
#>40GC 287=0G0NBP 70 D>@<C;>N 

 
45 Cs, xs - :>5DVFVє=B8, I> 70;560BP 2V4 >1@>1;N20=>3> <0B5@V0;C, B>G=>ABV 
>1@>1:8 V H>@AB:>ABV ?>25@E=V. �=0G5==O Cs, xs =02545=V C 4>2V4=8:0E. 
�EAB6AV F<C< E69D8?<?ьA<I 69DEF4FV6: 
• 25@B8:0;P=>-A25@4;8;P=V; 
• @04V0;P=>-A25@4;8;P=V; 
• 1030B>H?8=45;P=V; 
• 3>@87>=B0;P=>-A25@4;8;P=V; 
• 03@530B=V B0 V=HV. 
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$8A. 1.9 - �;5<5=B8 A?V@0;P=>3> A25@4;0 {0, 6) V @>7<V@8 H0@C <5B0;C, I> 
7@V7CєBPAO (1) 
 

�9DF<>4?ьAB-E69D8?<?ьAV - F5 =091V;PH @>7?>2AN465=V 25@AB0B8 FVєW 3@C?8. 
�0AB>A>2CNBP WE 2 >48=8G=><C B0 A5@V9=><C 28@>1=8FB20E 4;O >1@>1:8 >B2>@V2 
2 <0;>3010@8B=8E 45B0;OE. "A=>2=>N WE=P>N E0@0:B5@8AB8:>N є =091V;PH89 
4V0<5B@ >B2>@C, O:89 <>6=0 A25@4;8B8 2 AB0;V A5@54=P>W B25@4>ABV. %5@V9=> 
28?CA:0NBP 25@AB0B8 7 C<>2=8< 4V0<5B@>< A25@4;5==O 6, 12, 18, 25, 35, 50 B0 75 
<<. 
$48V4?ьAB-E69D8?<?ьAV 25@AB0B8 ?@87=0G5=V 4;O >1@>1:8 >B2>@V2 C 25;8:8E B0 
206:8E 45B0;OE. "AV V=AB@C<5=B0 B0 >1@>1;N20=>3> >B2>@C AC<VI0NBPAO ?@8 
?5@5<VI5==V H?8=45;O 25@AB0B0 2V4=>A=> =5?>@CH=>W 703>B>2:8. 
�030B>H?8=45;P=V A25@4;8;P=V 25@AB0B8 <0NBP 45:V;P:0 H?8=45;V2, 270є<=5 
@>7B0HC20==O O:8E <>65 1CB8 ?>ABV9=8< 01> <V=OB8AO 70;56=> 2V4 
>1@>1;N20=>W 45B0;V; 70AB>A>2CNBPAO 2 <0A>2><C B0 1030B>A5@V9=><C 
28@>1=8FB20E. 
�BD<;BAF4?ьAB-E69D8?<?ьAV 70AB>A>2CNBPAO 4;O A25@4;5==O 3;81>:8E >B2>@V2 
(l/D > 5). ' F8E 28?04:0E >15@B0єBPAO 703>B>2:0, 0 A25@4;C ?5@540єBPAO 
?>74>26=O ?>40G0. 
�3@530B=V 25@AB0B8 =091V;PH ?>H8@5=V 2 1030B>A5@V9=><C B0 <0A>2><C 
28@>1=8FB20E. 
�EAB6AV F<C< DB;FBKA<I 69DEF4FV6: 
• 3>@87>=B0;P=>-@>7B>G=V; 
• :>>@48=0B=>-@>7B>G=V; 
• 0;<07=>-@>7B>G=V B0 V=HV. 
�4 DB;FBKA<I 69DEF4F4I: 

 A25@4;OBP, 
  75=:5@CNBP, 
  @>7B>GCNBP,  
 @>725@B0NBP >B2>@8, 
  ?V4@V70NBP B>@FV, 
  >1B>GCNBP 7>2=VH=V F8;V=4@8G=V ?>25@E=V,  
 =0@V70NBP @V7P1C, 
  D@575@CNBP ?;>A:V B0 D0A>==V ?>25@E=V.  

�>;>2=89 >15@B0NG89 @CE 74V9A=Nє @V6CG89 V=AB@C<5=B, 0 ?>ABC?0;P=89 @CE 
?>40GV - V=AB@C<5=B 01> 703>B>2:0.  
З4?9:ABN 6V8 HBD@< B5DB5?N64ABW CB69DIAV CB84K4 @B:9 5GF<: 

 ?>74>26=P>N  
  ?>?5@5G=>N, 
  3>@87>=B0;P=>N,  
 25@B8:0;P=>N,  
 @04V0;P=>N.  

�0 @0EC=>: 2V4?>2V4=>3> A?>;CG5==O 3>;>2=>3> @CEC 7 @CE>< ?>40GV 
74V9A=NєBPAO =5>1EV4=5 D>@<>CB2>@5==O ?>25@E>=P. 
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�BD<;BAF4?ьAB-DB;FBKAV 69DEF4F< - F5 =091V;PH ?>H8@5=89 B8? 25@AB0BV2. 
�>=8 ?@87=0G5=V 4;O 28:>=0==O @V7=><0=VB=8E @>7B>G=8E @>1VB, 3>;>2=8< 
G8=>< C A:;04=8E B0 25;8:>3010@8B=8E 45B0;OE. 
�BBD8<A4FAB-DB;FBKAV 25@AB0B8 ?@87=0G5=V 4;O >1@>1:8 B>G=8E >B2>@V2, >AV 
O:8E ?>28==V 1CB8 @>7B0H>20=V =0 B>G=> 287=0G5=V9 2V4AB0=V >4=0 2V4 >4=>W 01> 
2V4 107>28E ?>25@E>=P. !0 F8E 25@AB0B0E <>6=0 B0:>6 A25@4;8B8, D@575@C20B8, 
0 B0:>6 @>7<VG0B8 703>B>2:8 V ?@>2>48B8 WE=V B>G=V 28<V@8. 
А?@4;AB-DB;FBKAV 25@AB0B8 ?@87=0G5=V 4;O B>=:>W @>7B>G:8 >B2>@V2 0;<07=8<8 
01> B25@4>A?;02=8<8 @V7FO<8 2 45B0;OE ?>@V2=O=> =525;8:8E @>7<V@V2. �0;56=> 
2V4 @>7<VI5==O H?8=45;O 0;<07=>-@>7B>G=V 25@AB0B8 ?V4@>74V;ONBP =0 
3>@87>=B0;P=V B0 25@B8:0;P=V, 0 70 :V;P:VABN H?8=45;V2 - =0 >4=>- B0 
1030B>H?8=45;P=V. 
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�5:FVO 
$D9;9DG64AAO 

 

$D9;9DG64AAO - F5 ?@>F5A >1@>1:8 <5B0;C @V70==O<, ?V4 G0A O:>3> V=AB@C<5=B 
(D@570) 74V9A=Nє 3>;>2=89 >15@B0;P=89 @CE, 0 703>B>2:0 - ?>ABC?0;P=89 01> 
>15@B0;P=89 @CE ?>40GV. �8H5 2 >:@5<8E 28?04:0E D@570 74V9A=Nє, >:@V< 
3>;>2=>3>, V @CE ?>40GV. 
$D9;9DG64AAO - >48= 7 =09?@>4C:B82=VH8E V =09?>H8@5=VH8E <5B>4V2 >1@>1:8 
@V70==O<.  
�4 HD9;9DA<I 69DEF4F4I B5DB5?ONFь : 

 3>@87>=B0;P=V, 
  25@B8:0;P=V 9 ?>E8;V ?;>I8=8, 
  D0A>==V ?>25@E=V; 
  D@575@CNBP ?078 V H?>=>G=V :0=02:8, 7C1FV ?@O<>7C1G0AB8E 9 328=B>28E 
7C1G0AB8E :>;VA; 

  =01>@>< D@57 >1@>1;ONBP A:;04=V ?>25@E=V, 28:>=CNBP =0@V78. 
$D9;4 - F5 BV;> >15@B0==O, =0 ?>25@E=V O:>3> @>7<VI5=V @V70;P=V 7C1FV. �0;56=> 
2V4 D>@<8 V ?@87=0G5==O D@578 ?>4V;ONBP =0: 
• F8;V=4@8G=V; 
• B>@F52V; 
• 48A:>2V; 
• :V=F52V; 
• :CB>2V; 
• =0@V7=V (@V7P1>2V); 
• G5@2'OG=V B0 V=HV. 
�0 D>@<>N 704=P>W ?>25@E=V 7C1FV2 @>7@V7=ONBP D@578 7 3>AB@> 70B>G5=8<8 V 
70B8;>20=8<8 7C1FO<8 (:CB 70B>GC20==O 2V4?>2V4=> 4> 6° V 25°). �0 
:>=AB@C:B82=8<8 >7=0:0<8 D@578 ?>4V;ONBP =0 ACFV;P=V B0 7V 2AB02=8<8 
7C1FO<8 (=>60<8). 
 %CFV;P=V D@578 283>B>2;ONBP ?5@5206=> 7V H284:>@V70;P=>W AB0;V. �>@?CA D@57 
7V 2AB02=8<8 =>60<8 283>B>2;ONBP 7 :>=AB@C:FV9=>W AB0;V, 0 =>6V - 7 B25@48E 
A?;02V2.  
�0;56=> 2V4 A?>A>1C :@V?;5==O D@57 =0 25@AB0BV @>7@V7=ONBP D@578 =0A04=V 7 
>B2>@><, O:V 70:@V?;NNBP =0 >?@02FV, B0 D@578 :V=F52V 7 :>=VG=8<8 01> 
F8;V=4@8G=8<8 E2>AB>28:0<8. 
&<?VA8D<KAV HD9;< <0NBP 7C18 BV;P:8 =0 F8;V=4@8G=V9 ?>25@E=V. 
�0AB>A>2CNBPAO 2>=8 4;O >1@>1:8 ?;>I8=. %CFV;P=V 328=B>2V 7C1G0ABV D@578 
283>B>2;ONBP 7 25;8:8<8 V <0;8<8 7C1FO<8 2V4?>2V4=> 4;O G>@=>2>3> V 
G8AB>2>3> D@575@C20==O. 
&BDJ96V HD9;< B0:>6 70AB>A>2CNBP 4;O >1@>1:8 ?;>I8=. �>=8 >A=0I5=V 
7C1FO<8 =0 B>@FV 9 =0 1>:>2V9 ?>25@E=V B0 <>6CBP 1CB8 ACFV;P=8<8 01> V7 
2AB02=8<8 =>60<8. 
�VAJ96V HD9;< 70AB>A>2CNBP 4;O 283>B>2;5==O ?@O<>;V=V9=8E ?07V2,:0=02>:, 
4;O >1@>1:8 ?;>I8=. 
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�V8DV;AV = L?VJB6V HD9;< - F5 48A:>2V D@578 <0;>W B>2I8=8. �>=8 ?@87=0G5=V 
4;O @>7@V70==O <5B0;C V ?@>@V7C20==O 2C7P:8E :0=02>: (=0?@8:;04, =0 3>;>2:0E 
328=BV2). 
�GFB6V HD9;< 7 7C1FO<8 =0 :>=VG=V9 B0 B>@F52V9 ?>25@E=OE 70AB>A>2CNBP 4;O 
?@>@V7C20==O :0=02>: :CB>2>3> ?@>DV;N. WE H8@>:> 28:>@8AB>2CNBP 4;O 
283>B>2;5==O D@57, 75=:5@V2, @>725@B>: B>I>. 
�;O >1@>1:8 45B0;59 A:;04=>W D>@<8, =09G0ABVH5 :@82>;V=V9=>3> ?@>DV;N, 
28:>@8AB>2CNBP H4EBAAV HD9;<. #@8 =0@V7C20==V 7C1FV2 25;8:><>4C;P=8E 
7C1G0AB8E :>;VA 70AB>A>2CNBP ?0;PF52V D@578. 
"48= 7 =09?>H8@5=VH8E A?>A>1V2 >1@>1:8 ?;>I8= @V70==O< ?>2'O70=89 7 
D@575@C20==O< F8;V=4@8G=>N D@57>N. �0;56=> 2V4 =0?@O<V2 >15@B0==O D@578 
B0 ?>40GV @>7@V7=ONBP 7CAB@VG=5 D@575@C20==O ?@8 ?>40GV 703>B>2:8 =07CAB@VG 
>15@B0==N D@578 (@8A. 1.10) B0 AC?CB=є ?@8 71V3>2V =0?@O<:V2 >15@B0==O D@578 V 
?>40GV. #@8 7CAB@VG=><C D@575@C20==V B>2I8=0 H0@C <5B0;C, O:89 7@V7CєBPAO 
7C1>< D@578, 7<V=NєBPAO 2V4 =C;O 4> =091V;PH>3> 7=0G5==O 0m0E. #@8 
AC?CB=P><C D@575@C20==V B>2I8=0 H0@C, O:89 7=V<0єBPAO, 7<V=NєBPAO 2V4 0m0E 
4> =C;O. � C@0EC20==O< >A>1;82>AB59 2@V7:8 7C10 D@578 2 >1@>1;N20=89 
<0B5@V0; @5:><5=4CNBP AC?CB=є D@575@C20==O 28:>@8AB>2C20B8 ?@8 G8AB>2V9, 0 
7CAB@VG=5 4 ?@8 G>@=>2V9 >1@>1FV 703>B>2>:. 
�AB0=>28B8 >?B8<0;P=89 @568< @V70==O, I> 2?;820є =0 ?@>4C:B82=VABP 
>1@>1:8, B>G=VABP B0 H>@AB:VABP >1@>1;N20=>W ?>25@E=V, <>6;82> BV;P:8 C @07V 
?@028;P=>3> 281>@C 5;5<5=BV2 @568<C @V70==O. &0:8<8 5;5<5=B0<8 є: 3;818=0 
@V70==O, ?>40G0, H284:VABP @V70==O, H8@8=0 D@575@C20==O (4;O 7CAB@VG=>3> 
D@575@C20==O F8;V=4@8G=>N D@57>N 5;5<5=B8 @568<C @V70==O ?>7=0G5=V =0 
@8A. 1.10, 0). �;818=0 @V70==O t (<<) 4 B>2I8=0 H0@C <0B5@V0;C, O:89 7=V<0є 

D@570 70 >48= ?@>EV4, 4 28<V@O=0 
?5@?5=48:C;O@=> 4> 
>1@>1;N20=>W ?>25@E=V. 
 

 

$8A. 1.10 - �;5<5=B8 @568<C @V70==O ?@8 7CAB@VG=><C D@575@C20==V 
F8;V=4@8G=>N 48A:>2>N D@57>N 

 

#B84K4 - ?>ABC?0;P=5 01> >15@B0NG5 ?5@5<VI5==O 703>B>2:8 2V4=>A=> >AV 
D@578. #@8 D@575@C20==V @>7@V7=ONBP B@8 @>7<V@=>ABV ?>40GV: ?>40G0 =0 >48= 
7C1 D@578 Sz (<</7C1) - ?5@5<VI5==O 703>B>2:8 2V4=>A=> D@578 70 G0A WW 
:CB>2>3> ?>2>@>BC =0 >48= 7C1; ?>40G0 =0 >48= >15@B D@578 So - ?5@5<VI5==O 
703>B>2:8 2V4=>A=> D@578 70 >48= WW >15@B; ?>40G0 70 E28;8=C SE2 - ?5@5<VI5==O 
703>B>2:8 2V4=>A=> D@578 70 E28;8=C. #>40GV 72'O70=V <V6 A>1>N: 

, 
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45 z B0 n - 2V4?>2V4=> :V;P:VABP 7C1’V2 D@578 B0 G0AB>B0 >15@B0==O D@578. 
,284:VABP @V70==O V (</E2) 4 >:@C6=0 H284:VABP =091V;PH 2V440;5=>W 2V4 >AV 
>15@B0==O B>G:8 @V6CG>W :@><:8 D@578: 

, 

45 D 4 4V0<5B@ D@578, <<. 
,8@8=0 D@575@C20==O � 4 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<:C, ?5@?5=48:C;O@=><C =0?@O<:C ?>40GV. 
&>2I8=0 H0@C, 7@V70=>3> ?@8 D@575@C20==V, 4 F5 B>2I8=0 H0@C <5B0;C, O:0 
7=V<0єBPAO >4=8< 7C1>< D@578, 28<V@O=0 2 @04V0;P=><C =0?@O<:C (@8A. 11.10, 1). 
�C1 D@578 7@V70є AB@C6:C 7<V==>W B>2I8=8, 4;O O:>W 

, 

45 y 4 :CB :>=B0:BC. 
(@575@=V 25@AB0B8 є =091V;PH ?>H8@5=8<8 <5B0;>@V6CG8<8 25@AB0B0<8.  
ІEAGє 5474FB F<CV6 HD9;9DA<I 69DEF4FV6:  

 :>=A>;P=>-D@575@=V,  
 ?>74>26=P>-D@575@=V,  
 D@575@=V 25@AB0B8 157?5@5@2=>W 4VW,  
 H?>=>G=>-D@575@=V,  
 @V7P1>-D@575@=V, 
  :>?V@C20;P=>-D@575@=V,  
 A?5FV0;P=V B0 V=HV. 
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