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 9FB8<K9E><9 G>4;4A<S > 6OCB?A9A<R ?45BD4FBDAOI D45BF 

 

 �4:8O= EFG89AF 6OCB?AS9F D45BFO CB EC9J<4?PAB@G 7D4H<>G. 
 � 6OCB?A9A<R D45BFO A9B5IB8<@B CB87BFB6<FPES 8B A4K4?4 ;4ASF<S 6 
?45BD4FBD<<. 

 #B@<@B 84AAB7B @9FB8<K9E>B7B CBEB5<S D9>B@9A8G9FES <ECB?P;B64FP 
8BCB?A<F9?PAGR ?<F9D4FGDG < >BAEC9>F ?9>J<=. 

 #D< CB87BFB6>9 A9B5IB8<@B CDB8G@O64FP BF69FO A4 >BAFDB?PAO9 
6BCDBEO. 

 � 6OCB?A9A<R D45BFO 8BCGE>4RFES FB?P>B CB87BFB6?9AAO9 EFG89AFO. 
 

#D46<?4 BHBD@?9A<S BFK9F4 B ?45BD4FBDAB= D45BF9 
�45BD4FBDA4S D45BF4 CD98EF46?S9F EB5B= A95B?PLB9, AB 6CB?A9 ;4>BAK9AAB9 
GK95AB9 <EE?98B64A<9. "FK9F B ?45BD4FBDAB= D45BF9 S6?S9FES 8B>G@9AFB@, 
BFD4:4RM<@ D9;G?PF4FO 6OCB?A9AAB7B <EE?98B64A<S E @4>E<@4?PAB= 
CB?ABFB= < B5N9>F<6ABEFPR. 
� BHBD@?9A<R F9IA<K9E>B= 8B>G@9AF4J<< CD98NS6?SRFES 98<AO9 FD95B64A<S. 
� BCD989?9AAB= @9D9 QF<@ FD95B64A<S@ 8B?:9A G8B6?9F6BDSFP < BFK9F B 
?45BD4FBDAB= D45BF9. 
 

&D95B64A<S > BHBD@?9A<R BFK9F4 
"FK9F 8B?:9A 5OFP 6OCB?A9A A4 5G@479 EF4A84DFAB7B D4;@9D4 (HBD@4F �4) E 
CB?S@< CB B59<@ EFBDBA4@ F9>EF4.  4F9D<4? BFK9F4 8B?:9A <@9FP K9F>GR 
DG5D<>4J<R, >4:8O= D4;89? A9B5IB8<@B EA458<FP ;47B?B6>B@. 
#D<@9DAO= EBEF46 BFK9F4 CB ?45BD4FBDAB= D45BF9: 
J9?P D45BFO; 
CBDS8B> 6OCB?A9A<S ?45BD4FBDAB= D45BFO; 
CD<AJ<C<4?PAO9 Q?9>FD<K9E><9 EI9@O < (<?<) EI9@O EB98<A9A<=; 
• C9D9K9AP <;@9D<F9?PAOI CD<5BDB6 < Q?9>FDBB5BDG8B64A<S E G>4;4A<9@ 
C4ECBDFAOI 84AAOI; 
F45?<JO Q>EC9D<@9AF4?PAOI <EE?98B64A<= < 6OCB?A9AAOI 6OK<E?9A<=; 
8<47D4@@O < 7D4H<>< I4D4>F9D<EF<> HGA>J<BA4?PAOI ;46<E<@BEF9=; 
6O6B8O <?< ;4>?RK9A<9 B CDB89?4AAB= D45BF9. 
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#$� �/#"�!�!�� ���"$�&"$!/) $��"& 
 

�B A4K4?4 D45BF >4:8O= EFG89AF �"���! 6A<@4F9?PAB B;A4>B@<FPES E 
A4EFBSM<@< CD46<?4@< < D4EC<E4FPES 6 :GDA4?9 GK9F4 <AEFDG>F4:4 CB F9IA<>9 
59;BC4EABEF<. 
%FG89AF "�3��! 6OCB?ASFP E?98GRM<9 CD46<?4: 
1. #9D98 6>?RK9A<9@ ?45BD4FBDAB7B >B@C?9>E4 6 E9FP 220 � G598<F9EP, KFB 
FG@5?9D 6>?RK9A<S A4IB8<FES 6 CB?B:9A<< «�/��.». 
2. #D< E5BD>9 J9C< <ECB?P;G=F9 CDB6B84 E <ECD46AB= <;B?SJ<9=. 
#B8>?RK4S CD<5BDO, CDB69DS=F9 EB5?R89A<9 ABD@ A47DG;>< (D45BK99 
A4CDS:9A<9 >BA89AE4FBD4, @4>E<@4?PAO= FB> 8?S >4FGL9> <A8G>F<6ABEF< < 
F.C.). 
3. %5BD>G Q?9>FD<K9E>B= J9C< 698<F9 CB >BAFGD4@, A4K<A4S E BEAB6AB7B, 
EB89D:4M97B <EFBKA<> C<F4A<S 
4. �>?RK4=F9 <EFBKA<>< C<F4A<S FB?P>B CBE?9 CDB69D>< J9C< 
CD9CB8464F9?9@. 
5. #D< CDB6989A<< ?R5OI <;@9A9A<= 6 EI9@9 BF>?RK4=F9 <EFBKA<> 
C<F4A<S. 
6. "F>?RK<F9 C<F4A<9 CB ;469DL9A<R <;@9D9A<=. 
��#$�-��&%3 

1. �4E4FPES FB>B698GM<I K4EF9= EI9@O @9F4??<K9E><@< CD98@9F4@<, 
D45BF4FP @B>DO@< DG>4@<. 
2. �9; D4;D9L9A<S CD9CB8464F9?S 6>?RK4FP ?45BD4FBDAO9 EF9A8O 6 E9FP  
220� < CB8464FP A4CDS:9A<9 A4 EI9@G. 
3. #9D9@9M4FP ?45BD4FBDAO9 EF9A8O E B8AB7B EFB?4 A4 8DG7B= <?< 

6E>DO64FP <I. 
4. �GD<FP 6 ?45BD4FBD<<, A4IB8<FPES 6 69DIA9= B89:89 <?< 7B?B6AOI 
G5BD4I. 
#B 6E9@ 6B;A<>4RM<@ 6BCDBE4@ EFG89AF4@ E?98G9F B5D4M4FPES > 
CD9CB8464F9?R. �4 CBDKG B5BDG8B64A<S EFG89AFO A9EGF @4F9D<4?PAGR 
BF69FEF69AABEFP. 
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�45BD4FBDA4S D45BF4 № 1  "5D45BF>4 D9;G?PF4FB6 @AB7B>D4FAOI CDS@OI 
<;@9D9A<= 
�45BD4FBDA4S D45BF4 №2 «1?9>FDB<;@9D<F9?PAO9 CD<5BDO < <;@9D9A<S 6 
Q?9>FD<K9E><I J9CSI» 
�45BD4FBDA4S D45BF4 № 3 #B69D>4 F9IA<K9E>B7B 4@C9D@9FD4 
�45BD4FBDA4S D45BF4 №4 #B69D>4 F9IA<K9E>B7B 6B?PF@9FD4 
�45BD4FBDA4S D45BF4  № 5 �;@9D9A<S 6 J9CSI CBEFBSAAB7B FB>4 E CB@BMPR 
CD<5BDB6 @47A<FBQ?9>FD<K9E>B=  E<EF9@O < @G?PF<@9FD4  
�45BD4FBDA4S D45BF4 № 6 �;@9D9A<S 6 J9CSI C9D9@9AAB7B FB>4 E CB@BMPR 
CD<5BDB6 <A8G>J<BAAB= E<EF9@O (EK9FK<> Q?9>FDBQA9D7<<) 
  �45BD4FBDA4S D45BF4 № 7 �ECB?P;B64A<9 CD<5BDB6 Q?9>FDB@47A<FAB= < 
Q?9>FDB8<A4@<K9E>B= E<EF9@ 8?S <;@9D9A<= FB>B6, A4CDS:9A<= < 
CBFD95?S9@B= @BMABEF< CD< CBE?98B64F9?PAB@ EB98<A9A<< D94?PAB= >4FGL>< 
<A8G>F<6ABEF< < D9BEF4F4 
�45BD4FBDA4S D45BF4 № 8 �ECB?P;B64A<9 H4;B@9FD4, CD<5BD4 
Q?9>FDB8<A4@<K9E>B= E<EF9@O,   8?S <;@9D9A<= >BQHH<J<9AF4 @BMABEF< < 
G7?4 E86<74 H4; @9:8G FB>B@ < A4CDS:9A<9@ CD< C4D4??9?PAB@ EB98<A9A<< 
D94?PAB= >4FGL>< <A8G>F<6ABEF< < >BA89AE4FBD4.  
�45BD4FBDA4S D45BF4 № 9 �ECB?P;B64A<9 64FF@9FD4  86GIQ?9@9AFAB7B CD< 
<ECOF4A<< FD9IH4;AB7B 4E<AIDBAAB7B 86<74F9?S E >BDBF>B;4@>AGFO@ DBFBDB@ 

�45BD4FBDA4S D45BF4 №10 "CD989?9A<9 EBCDBF<6?9A<= Q?9>FD<K9E>B= A47DG;>< 
< CDB6B8B6 @9FB8B@ 4@C9D@9FD4 < 6B?PF@9FD4 CD< <EE?98B64A<< CBF9D< 
A4CDS:9A<S 6 ?<A<< Q?9>FDBC9D984K. 
�45BD4FBDA4S D45BF4 №11 �;@9D9A<9 K4EFBFO Q?9>FDBAAB - EK9FAO@ 
K4EFBFB@9FDB@ 

�45BD4FBDA4S D45BF4 № 12  "CD989?9A<9 CBF9DP 6 EF4?< 64FF@9FDB6O@ @9FB8B@ 
A4 CD<@9D9 B8ABH4;AB7B FD4AEHBD@4FBD4. 
�45BD4FBDA4S D45BF4 №13  �;@9D9A<9 EBCDBF<6?9A<= <;B?SJ<< Q?9>FD<K9E><I 
>459?9= E CB@BMPR @974B@@9FD4 < GA<69DE4?PAB7B 6B?PF@9FD4 
�45BD4FBDA4S D45BF4 №14 �BE69AAO9 @9FB8O <;@9D9A<= <A8G>F<6ABEF< 

�45BD4FBDA4S D45BF4 №15 �BE69AAO9 @9FB8O <;@9D9A<= ё@>BEF<  
�45BD4FBDA4S D45BF4 №16 "CD989?9A<9 >BQHH<J<9AF4 @BMABEF< CD< 
C9D9@9AAB= <A8G>F<6AB= A47DG;>9 
�45BD4FBDA4S D45BF4 №17 #B?GK9A<9 >D<6B= A4@47A<K<64A<S < C9F?< 
7<EF9D9;<E4 E CB@BMPR BEJ<??B7D4H4 
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�<EJ<C?<A4 «1?9>FDBF9IA<K9E><9 <;@9D9A<S» 
�45BD4FBDA4S D45BF4 № 1 

"5D45BF>4 D9;G?PF4FB6 @AB7B>D4FAOI CDS@OI <;@9D9A<=. 
 

 
*9?P D45BFO:  

1. #DB<;69EF< CDS@O9 <;@9D9A<S EBCDBF<6?9A<S, FB>4 < A4CDS:9A<S 
2. $4EEK<F4FP ED98A99 4D<H@9F<K9E>B9 6E9I <EIB8AOI A45?R89A<=. 
3. "CD989?<FP FBKABEFP 69DBSFAB7B ;A4K9A<S  

 
&9BD9F<K9E><9 E6989A<S: 
#DS@O9 <;@9D9A<S (<;@9D9A<9 R, I, U). 
 "8AB ;A4K9A<9 <;@9DS9@B= 69?<K<AO (BF89?PAO= D9;G?PF4F CDS@B7B <;@9D9A<S), 
CB?GK49@B9 6 CDBJ9EE9 <;@9D<F9?PAB7B Q>EC9D<@9AF4, A4;O649FES A45?R89A<9@. 
">BAK4F9?PAO= D9;G?PF4F <;@9D9A<S 6 B5M9@ E?GK49 A4IB8SF 6OCB?ASS B5D45BF>G 
A9E>B?P><I A45?R89A<=. 
 �E?< <;@9DS9@4S 69?<K<A4 A9<;@9AA4, 4 @AB:9EF6B D9;G?PF4FB6 <;@9D9A<= 6O;64AB 
A4?<K<9@ E?GK4=AOI CB7D9LABEF9=, FB784 ;4 B>BAK4F9?PAO@ D9;G?PF4FB@ <;@9D9A<= 
(A4<5B?99 69DBSFAO@ ;A4K9A<9@) E?98G9F EK<F4FP ED98A99 4D<H@9F<K9E>B9 6E9I <EIB8AOI 
A45?R89A<=. 
    АB = ( А1 + А2 + … + Аn) / n 
 
&BKABEFP 69DBSFAB7B ;A4K9A<S @B:AB I4D4>F9D<;B64FP 69DBSFAB= CB7D9LABEFPR А>.6., 
BFABE<F9?PAB >BFBDB= @B:AB E>4;4FP, KFB CB?B6<A4 6E9I E?GK4=AOI CB7D9LABEF9= CD< 
CB6FBDAOI <;@9D9A<SI 84AAB= 69?<K<AO 5G89F 5B?PL9 9ё ( А>.6.), 4 CB?B6<A4 – @9APL9. 
 �9DBSFA4S CB7D9LABEFP BCD989?S9FES CB HBD@G?9: 
    

                                              
,789 ρi – D4;ABEFP @9:8G D9;G?PF4FB@ BF89?PAB7B <;@9D9A<S < 69DBSFAO@ ;A4K9A<9@. 
ρi = Ai – Ao < A4;O649FES E?GK4=AO@ BFABL9A<9@ <?< BEF4FBKAB= CB7D9LABEFPR. 
 "FABE<F9?PA4S 69DBSFA4S CB7D9LABEFP: 
 

                                                     
 #D989?PA4S CB7D9LABEFP: 

           
 $9;G?PF4F @B:AB ;4C<E4FP >4>: 
             A = Ao + ∆AoB 
 
1F4 ;4C<EP B;A4K49F, KFB CD< <;@9D9A<< A4<5B?99 69DBSFAO@ ;A4K9A<9@ 69?<K<AO, CD< 99 
CB6FBDAOI <;@9D9A<SI, B8<A4>B6B 6B;@B:AO CB7D9LABEF<, >4> @9A99 ∆AoB, F4> < 5B?99, AB 
A9 CD96OL4RM99 4,5 ∆AoB. 
 

 

 

 

�5>@C4>64=85: 
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1. �45BD4FBDA4S GEF4AB6>4 EF9A8 «1?9>FD<K9E><9 J9C<» 
 

 

 
 
 

#?4A D45BFO: 
1. #DB69EF< @AB7B>D4FAO9 <;@9D9A<S R, I, U. 
2. $9;G?PF4FO ;4A9EF< 6 F45?<JG. 
3. #DB<;69EF< D4EK9F A4<5B?99 69DBSFAB7B ;A4K9A<S <;@9DS9@OI 69?<K<A  
 (Ro, Io, UB). 
4. $4EEK<F4FP 69DBSFAGR CB7D9LABEFP <;@9D9A<= (Ro6, Io6, UB6). 
5. $4EEK<F4FP BFABE<F9?PAGR 69DBSFAGR CB7D9LABEFP (γB6) 8?S >4:8B= <;@9DS9@B= 

 69?<K<AO (R, I, U). 
6. $4EEK<F4FP CD989?PAO9 CB7D9LABEF< (ΔRoCD, ΔIoCD, ΔUBCD). 
7. �4C<E4FP D9;G?PF4FO 6OK<E?9A<= 6 F45?<JG. 
 

&45?<J41 

     <;@9D9A<S 
 
<;@9D. 
69?<K<A4 

1 2 3 4 5 6 �o �o6 �BCD � 

R           
I           
U           

  
 

�45BD4FBDA4S D45BF4 №2 

«1?9>FDB<;@9D<F9?PAO9 CD<5BDO < <;@9D9A<S 6 Q?9>FD<K9E><I J9CSI» 
1. *9?P D45BFO: <;GK9A<9 Q?9>FDB<;@9D<F9?PAOI CD<5BDB6, <ECB?P;G9@OI 6 
?45BD4FBDAOI D45BF4I. #B?GK9A<9 CD98EF46?9A<= B CD989?9 <;@9D9A<S < J9A9 
89?9A<S, 45EB?RFAB= < BFABE<F9?PAB= CB7D9LABEF<, GE?B6<SI Q>EC?G4F4J<< < 
8DG7<I I4D4>F9D<EF<>4I EFD9?BKAOI Q?9>FDB<;@9D<F9?PAOI CD<5BDB6, 
CB?GK9A<9 A46O>B6 D45BFO E J<HDB6O@< <;@9D<F9?PAO@< CD<5BD4@<. 
 
2. #BDS8B> 6OCB?A9A<S D45BFO: 
1. �;GK<FP 7?46G «"C<E4A<9 B5BDG8B64A<S». 
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2. �;GK<FP F9BD9F<K9E><9 BEAB6O CB @4F9D<4?4@ ?9>J<= <?< C9D9KAR 
D9>B@9A8B64AAB= CD9CB8464F9?9@ ?<F9D4FGDO. 
'598<FPES, KFB 6E9 6O>?RK4F9?P EF9A84 A4IB8<FES 6 CB?B:9A<< «�/��» 
#B G>4;4A<R CD9CB8464F9?S, 6O5D4FP @B8G?< 8?S 6OCB?A9A<S F9>GM97B ;484A<S. 
#B87BFB6<FP EB98<A<F9?PAO9 CDB6B84 (C9D9@OK><), 6IB8SM<9 6 >B@C?9>F EF9A84. 
%B98<A<FP @B8G?< EB7?4EAB CD<AJ<C<4?PAB= Q?9>FD<K9E>B= EI9@9 <?< EI9@9 EB98<A9A<=. 
#DB69EF< Q>EC9D<@9AF. 
�O>?RK<FP C<F4A<9 EF9A84. 
%BEF46<FP BFK9F CB ?45BD4FBDAB= D45BF9. 
 
3. #BDS8B> CDB6989A<S Q>EC9D<@9AF4: 
 
3.1. #B87BFB6<FP 5?B> «�;@9D<F9?PAO9 CD<5BDO» 8?S <;@9D9A<S CBEFBSAAB7B A4CDS:9A<S. 
�>?RK<FP Q?9>FDBC<F4A<9 @BAB5?B>4, 8?S QFB7B C9D969EF< 6 CB?B:9A<9 «�>?.» 6O>?RK4F9?P 
C<F4A<S. �;@9D<FP ;A4K9A<S 6OIB8AOI A4CDS:9A<= <EFBKA<>B6 A4CDS:9A<S 6 EBBF69FEF6<< 
E 84AAO@< F45?<JO 3.1 < ;4CB?A<FP CB?GK9AAO9 D9;G?PF4FO 6 F45?<JG 3.1. �O>?RK<FP 
Q?9>FDBC<F4A<9 @BAB5?B>4. 
&45?<J4 3.1. 
#B>4;4A<S <EFBKA<>4 C<F4A<S 0...+12� -12�...0...+12� +5� + 12� + 15� 
�;@9D9A<9      
 
3.2 �;GK9A<9 J<HDB6B7B GA<69DE4?PAB7B <;@9D<F9?S @BMABEF<. ";A4>B@<FES E J<HDB6O@ 
GA<69DE4?PAO@ <;@9D<F9?9@ @BMABEF< (64FF@9FDB@) 5?B>4 «�;@9D<F9?P @BMABEF<». 
#B87BFB6<FP 64FF@9FD 8?S CDB6989A<S <;@9D9A<=. �?S QFB7B EB5D4FP Q?9>FD<K9E>GR EI9@G 

CB D<E. 3.1. 
3.3. 'EF4AB6<FP CD989? <;@9D9A<S A4CDS:9A<S CD<5BD4 «1�...40�», 4 F4>:9 ;484AAB9 
CD9CB8464F9?9@ ;A4K9A<9 EBCDBF<6?9A<S D9;<EFBD4 R1 5?B>4 «%BCDBF<6?9A<S 8B546BKAO9». 
#BE?9 CDB69D>< EI9@O CD9CB8464F9?9@ 6>?RK<FP Q?9>FDBC<F4A<9 @BAB5?B>4. �;@9D<FP 
A4CDS:9A<9, FB>, 4>F<6AGR @BMABEFP < K4EFBFG A4CDS:9A<S C<F4A<S (CD< QFB@ <ECB?P;B64FP 
6OIB8 E<7A4?4 E FD9IH4;AB7B 79A9D4FBD4 6 D9:<@9 50 �J). �4AAO9 ;4A9EF< 6 F45?. 3.2. 
�O>?RK<FP Q?9>FDBC<F4A<9 @BAB5?B>4. 

 

 

Р8E. 3.1 И7GGеA8е F8HDB6B7B GA86еDE4?ьAB7B 87@еD8Fе?я 
@BщABEF8.

8, 6 1, А Р, �F f, �F 

    

 

Т45?8F4 
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�45BD4FBDA4S D45BF4 № 3 

#B69D>4 F9IA<K9E>B7B 4@C9D@9FD4 
Ц5;P @45>BO: "E6B<FP @9FB8<>G CB69D>< F9IA<K9E>B7B CD<5BD4. 
%>45@64=85: 
#B69D>B= A4;O649FES BCD989?9A<9 CB7D9LABEF< CD<5BDB6 < GEF4AB6?9A<9 97B CD<7B8ABEF< > 
CD<@9A9A<R. #B69D>4 6>?RK49F 6A9LA<= BE@BFD, 6O5BD B5D4;JB6B7B CD<5BD4, CB69D>< 
CB>4;4A<S < 8B>G@9AF4?PAB7B BHBD@?9A<S. �A9LA<= BE@BFD – EF9>?4, >BDD9>FBD4, EFD9?><, 
BF89?PAOI 89F4?9=. �O5BD B5D4;JB6B7B CD<5BD4 CB DB8G, AB@<A4?G L>4?O, >?4EEG FBKABEF<. 
"5OKAB CB7D9LABEFP 8B?:A4 5OFP 6 3 D4;4 5B?PL9 B5D4;JB6B7B, CB69D>G 698GF CB 6E9@ 
89?9A<S@ L>4?O BF AG?S 8B AB@<A4?4 < A4B5BDBF. #BE?9 K97B BCD989?SRF CB7D9LABEF< < 
CBCD46><. %FDBSF >D<6GR CBCD46B>. 
 
�5>5E>48<O5 ?@85>@O: 
1). �@C9D@9FD CB69DS9@O= 
2). �@C9D@9FD B5D4;JB6O= 
3). $9BEF4F C?46AB= D97G?<DB6>< 
4). !45BD EBCDBF<6?9A<= 

 
1). #DB69D<FP EI9@G, GE6B<FP, KFB CDB69DS9@O= 4@C9D@9FD 8B?:9A 5OFP @9A99 FBKAO@, K9@ 
B5D4;JB6O=. 
2). $9BEF4FB@ GEF4A46?<64RF ;484AAO9 6 F45?<J9 FB><, ;4C<EO64RF CB>4;4A<S 4@C9D@9FDB6 
CD< IB89 669DI, CBE?9 K97B, 6O6B8S D9BEF4FO, <8GF > AG?R CB F9@ :9 ;A4K9A<S@ FB>4 (IB8 
6A<;), D9;G?PF4FO ;4ABESFES 6 F45?<JG. 
)B8 
669DI 

    )B8 
6A<; 

    Imax 
(mA) 

γ8 
(%) 

IC 
(mA) 

I0 
(mA) 

ΔI 
(mA) 

δI 
(mA) 

γ 
(%) 

IC 
(mA) 

I0 
(mA) 

ΔI 
(mA) 

δI 
(mA) 

γ 
(%) 

  

2,5 
5 
7,5 
10 
12,5 
15 
17,5 
20 
22,5 
25 

    25 
22,5 
20 
17,5 
15 
12,5 
10 
7,5 
5 
2,5 
 

      

3). #BE?9 ;4@9DB6 A4IB8SF CB7D9LABEF<: 
4). 45EB?RFAO9 ΔI =  IC - I0 
5). BFABE<F9?PAO9 γ = ( ΔI / I0 ) * 100% 
6). CBCD46>< δI = - ΔI 
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4). �; 45EB?RFAOI CB7D9LABEF9= 6O5<D4RF @4>E<@4?PAGR CB @B8G?R < D4EEK<FO64RF >?4EE 
FBKABEF< γ8 =  ( ΔImax / IAB@ ) * 100% 
 
5). �9?4RF 6O6B8 < EFDBSF >D<6GR CBCD46B> 
 
6). #<EP@9AAB BF69F<FP A4 >BAFDB?PAO9 6BCDBEO: 
 
1.% >4>B= J9?PR CDB<;6B8<FES CB69D>4 CD<5BDB6? 
2.�4> BA4 CDB<EIB8<F? 
3."EAB6AO9 HBD@G?O:  4) 45EB?RFA4S CB7D9LABEFP 
    5) BFABE<F9?PA4S CB7D9LABEFP 
    6) >?4EE FBKABEF< CD<5BD4 
    7) J9A4 89?9A<S. 
 

�45BD4FBDA4S D45BF4 №4 

#B69D>4 F9IA<K9E>B7B 6B?PF@9FD4 
 

Ц5;P @45>BO: "E6B<FP @9FB8<>G CB69D>< F9IA<K9E>B7B CD<5BD4. 
%>45@64=85: 
#B69D>B= A4;O649FES BCD989?9A<9 CB7D9LABEF< CD<5BDB6 < GEF4AB6?9A<9 97B CD<7B8ABEF< > 
CD<@9A9A<R. 
#B69D>4 6>?RK49F 6A9LA<= BE@BFD, 6O5BD B5D4;JB6B7B CD<5BD4, CB69D>< CB>4;4A<S < 
8B>G@9AF4?PAB7B BHBD@?9A<S. �A9LA<= BE@BFD – EF9>?4, >BDD9>FBD4, EFD9?><, BF89?PAOI 
89F4?9=. �O5BD B5D4;JB6B7B CD<5BD4 CB DB8G, AB@<A4?G L>4?O, >?4EEG FBKABEF<. "5OKAB 
CB7D9LABEFP 8B?:A4 5OFP 6 3 D4;4 5B?PL9 B5D4;JB6B7B, CB69D>G 698GF CB 6E9@ 89?9A<S@ 
L>4?O BF AG?S 8B AB@<A4?4 < A4B5BDBF. #BE?9 K97B BCD989?SRF CB7D9LABEF< < CBCD46><. 
%FDBSF >D<6GR CBCD46B>. 
 
�5>5E>48<O5 ?@85>@O: 
1). �B?PF@9FD CB69DS9@O= 
2). �B?PF@9FD B5D4;JB6O= 
3). �?B> C<F4A<S C?46AB= D97G?<DB6>< 
4). !45BD EBCDBF<6?9A<= 

 
1). #DB69D<FP EI9@G, GE6B<FP, KFB CDB69DS9@O= 6B?PF@9FD 8B?:9A 5OFP @9A99 FBKAO@, K9@ 
B5D4;JB6O=. 
2). $97G?<DB6>B= A4 5?B>9 C<F4A<S GEF4A46?<64RF ;484AAO9 6 F45?<J9 A4CDS:9A<S, 
;4C<EO64RF CB>4;4A<S 6B?PF@9FDB6 CD< IB89 669DI, CBE?9 K97B <8GF > AG?R CB F9@ :9 
;A4K9A<S@ FB>4 (IB8 6A<;), D9;G?PF4FO ;4ABESFES 6 F45?<JG. 
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)B8 
669D
I 

    )B8 
6A<; 

    Umax 
(B) 

γд 
(%) 

UC (B) U0 (B) ΔU 
(B) 

δU 
(B) 

γ 
(%) 

UC 
(B) 

U0 (B) ΔU 
(B) 

δU 
(B) 

γ 
(%) 

  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

    1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

      

3). #BE?9 ;4@9DB6 A4IB8SF CB7D9LABEF<: 
4). 45EB?RFAO9 ΔU =  UC - U0 
5). BFABE<F9?PAO9 γ = ( ΔU / U0 ) * 100% 
6). CBCD46>< γ8 =  ( ΔUmax / UAB@ ) * 100% 
 
4). �; 45EB?RFAOI CB7D9LABEF9= 6O5<D4RF @4>E<@4?PAGR CB @B8G?R < D4EEK<FO64RF >?4EE 
FBKABEF< 
 
5). �9?4RF 6O6B8 < EFDBSF >D<6GR CBCD46B> 
 
6). #<EP@9AAB BF69F<FP A4 >BAFDB?PAO9 6BCDBEO: 
 
1.% >4>B= J9?PR CDB<;6B8<FES CB69D>4 CD<5BDB6? 
2.�4> BA4 CDB<EIB8<F? 
3."EAB6AO9 HBD@G?O:  4). 45EB?RFA4S CB7D9LABEFP 
    5). BFABE<F9?PA4S CB7D9LABEFP 
    6). >?4EE FBKABEF< CD<5BD4 
    7). J9A4 89?9A<S. 

 

�45BD4FBDA4S D45BF4  № 5  

�;@9D9A<S 6 J9CSI CBEFBSAAB7B FB>4 E CB@BMPR CD<5BDB6 

@47A<FBQ?9>FD<K9E>B=  E<EF9@O < @G?PF<@9FD4  
*9?P D45BFO: 
1. #D<B5D9F9A<9 CD4>F<K9E><I A46O>B6 KF9A<S < E5BD>< Q?9>FD<K9E>B= EI9@O CB8>?RK9A<S 
E@9L4AAB7B EB98<A9A<S D9;<EFBDB6 < CD<5BDB6, <ECB?P;G9@OI 8?S >BAFDB?S C4D4@9FDB6 
Q?9>FD<K9E>B= J9C<, > Q?9>FD<K9E>B= E9F< CBEFBSAAB7B FB>4. 

2. #DBE?98<FP CB CB>4;4A<S@ CD<5BDB6 <;@9A9A<S, CDB<;6B8<@O9 6 EI9@9. 
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"5BDG8B64A<9 < CD<5BDO: 
1. �EFBKA<> C<F4A<S – Q?9>FD<K9E>4S E9FP CBEFBSAAB7B FB>4 A4 A4CDS:9A<9 100�. 
2. �?B> D9;<EFBDB6 >B?<K9EF6B@ 9 LF. 
3. %B98<A<F9?PAO9 CDB6B84 
4. #D<5BDO: 

–  <??<4@C9D@9FD m�1 (m�)– <;@9DS9F E<?G FB>4 6 A9D4;69F6?9AAB= K4EF< J9C< 
–  <??<4@C9D@9FD m�2 (m�)– <;@9DS9F E<?G FB>4 6 C9D6B= 69F6< D4;69F6?9A<S 
D9;<EFBDB6 

–  <??<4@C9D@9FD m�3 (m�)– <;@9DS9F E<?G FB>4 6B 6FBDB= 69F6< D4;69F6?9A<S 
D9;<EFBDB6 

–  G?PF<@9FD MY61 
– �B?PF@9FD U (�)- <;@9DS9F 6IB8AB9 A4CDS:9A<9 Q?9>FDBEI9@O   
– �B?PF@9FD U1- <;@9DS9F C489A<S A4CDS:9A<S A4 GK4EF>4I J9C< 
– $G5<?PA<>< $1,  $2,  $3,  $4   - CDB<;6B8SF 6>?RK9A<9 < C9D9>?RK9A<9 6 EI9@9 

 
1?9>FD<K9E>4S EI9@4 6>?RK9A<S 6 

 

 
#BDS8B> 6OCB?A9A<S D45BFO: 
 
1. &9IA<K9E><9 84AAO9 Q?9>FD<K9E><I CD<5BDB6 6 F45?<J9 №1. 

&45?<J4 №1 
!4<@9AB64A<
9 CD<5BD4 

"5B;A4K9A<9 
A4 EI9@9 

%<EF9@4 
CD<5BD4 

�?4EE 
FBKABEF< 

#D989? 
<;@9D9A<S 

*9A4 89?9A<S 
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2. #B>4;4A<S CD<5BDB6 ;4C<E4AO 6 F45?<JG №2. 
&45?<J4 

№2 
�;@9D<FP $G5<?PA<>< 

↑- 6>?RK9AB 
↓- 6O>?RK9AB 

№ 
C/C U1 I1 I2 I3 U1 U2 U5 U2-4 U3-4 

 � mА mА mА � � � � � 

1          $2  ↑, $3↑,  $4 ↑   
2          $2↓,  $3↑,  $4  ↑  
3          $2↓,  $3↓,  $4 ↑   
4          $2↓,  $3↑,  $4  ↓ 
 
3. �OK<E?9AO C4D4@9FDO J9C<, <ECB?P;GS ;4>BA "@4, ;4>BAO CBE?98B64F9?PAB7B < 
C4D4??9?PAB7B EB98<A9A<S. �OK<E?9A<S ;4A9E9AO 6 F45?<JG №3. 

            &45?<J4 
№3 

�OK<E?<FP 
«№ 
C/C R1 R2-4 R5 RQ>6 I4 $ 

 >"@ >"@ >"@ >"@ mА �F 

1       
2       
3       
4       
 
4. �?S >4:8B7B E?GK4S C9D9>?RK9A<S J9C< E CB@BMPR 6O>?RK4F9?9=, ;4D<EB64AO 
Q?9>FD<K9E><9 EI9@O D45BF4RM<I A4 84AAO= @B@9AF D9;<EFBDB6 J9C<. 

 
�45BD4FBDA4S D45BF4 № 6 

�;@9D9A<S 6 J9CSI C9D9@9AAB7B FB>4 E CB@BMPR CD<5BDB6 <A8G>J<BAAB= 
E<EF9@O (EK9FK<> Q?9>FDBQA9D7<<) 

 

*9?P D45BFO: 
3. #D<B5D9EF< CD4>F<K9E><9 A46O>< KF9A<S < E5BD>< Q?9>FD<K9E>B= EI9@O CB8>?RK9A<S 
EK9FK<>4 4>F<6AB= QA9D7<< > Q?9>FD<K9E>B= J9C< C9D9@9AAB7B FB>4. 

4. �;GK<FP GEFDB=EF6B < CD<AJ<C 89=EF6<S EK9FK<>4 4>F<6AB= Q?9>FDBQA9D7<<. 
5. #DBE?98<FP CB CB>4;4A<S@ CD<5BDB6 <;@9A9A<S, CDB<;6B8<@O9 6 EI9@9 CD< <;@9A9A<< 
EBCDBF<6?9A<S Q?9>FD<K9E>B= A47DG;><. 

 
"5BDG8B64A<9 < CD<5BDO: 

5. �EFBKA<> C<F4A<S – Q?9>FD<K9E>4S E9FP C9D9@9AAB7B FB>4 A4 A4CDS:9A<9 220�. 
6. %K9FK<> Q?9>FD<K9E>B= QA9D7<< %" 505 
7. $9BEF4F 
8. �?B> ?4@C A4>4?<64A<S 
9. %B98<A<F9?PAO9 CDB6B84 
10. #D<5BDO: 

– �@C9D@9FD � (�)– <;@9DS9F E<?G FB>4 6 Q?9>FD<K9E>B= J9C< 
– �B?PF@9FD U (�)- <;@9DS9F 6IB8AB9 A4CDS:9A<9 Q?9>FD<K9E>B= J9C< 
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1?9>FD<K9E>4S EI9@4 6>?RK9A<S EK9FK<>4 4>F<6AB= QA9D7<<: 

 

 

 

 

 

 

#BDS8B> 6OCB?A9A<S D45BFO: 
 
5. &9IA<K9E><9 84AAO9 Q?9>FD<K9E><I CD<5BDB6:  
            &45?<J4 
№1 
!4<@9AB64A<
9 CD<5BD4 

"5B;A4K9A<9 
A4 EI9@9 

%<EF9@4 
CD<5BD4 

�?4EE 
FBKABEF< 

#D989? 
<;@9D9A<S 

*9A4 89?9A<S 

      
      
      
 
6. % CB@BMPR 6>?RK9A<S D4;AB7B >B?<K9EF64 ?4@C < <;@9A9A<S EBCDBF<6?9A<S D9BEF4F4 
GEF4A46?<64?<EP A4 4@C9D@9FD9 ;A4K9A<S FB>4 I A47DG;><, G>4;4AAO9 6 F45?<J9 №2.  

7. �?S >4:8B7B BCOF4 CBEK<F4AO J9?B9 K<E?B B5BDBFB6 8<E>4 EK9FK<>4 ;4 180 E9>GA8.         
�4AAO9 ;4C<E4AO 6 F45?<JG №2. 

            &45?<J4 
№2 

 �;@9D9AB �OK<E?9AB 
№ C/C U I t N $ %A % γ 

 � А E9>GA8O 
B5BDBF
O 

�F �F E/B5 �F E/B5 % 

1 220 3 180      
2 220 2,5 180      
3 220 2,0 180      
4 220 1,5 180      
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(BD@G?O 8?S 6OK<E?9A<=: 

 ø ù
%100


ý

A

A

%
%%÷     -  

CB7D9LABEFP EK9FK<>4 Q?9>FDBQA9D7<<, 789 %A  - AB@<A4?PA4S CBEFBSAA4S EK9FK<>4 
 

 
B5
E�F%

A
A





ý
36001000

      

789, A  - C9D984FBKAB9 K<E?B B5BDBFB6 (G>4;O649FES A4 EK9FK<>9) –1280 B5BDBFB6 8<E>4 

 



ý
t$%       789,   C - 89=EF6<F9?PA4S CBEFBSAA4S EK9FK<>4 

 

ýUP        789,  $ – @BMABEFP 6 J9C< (�F);  t - 6D9@S 6 (E);  N- K<E?B B5BDBFB6 8<E>4 ;4 6D9@S 
t 

 

 

�45BD4FBDA4S D45BF4 № 7 

�ECB?P;B64A<9 CD<5BDB6 Q?9>FDB@47A<FAB= < Q?9>FDB8<A4@<K9E>B= E<EF9@ 8?S 
<;@9D9A<= FB>B6, A4CDS:9A<= < CBFD95?S9@B= @BMABEF< CD< 

CBE?98B64F9?PAB@ EB98<A9A<< D94?PAB= >4FGL>< <A8G>F<6ABEF< < D9BEF4F4.  
 

*9?P D45BFO: 
6. #D<B5D9EF< CD4>F<K9E><9 A46O>< KF9A<S < E5BD>< Q?9>FD<K9E>B= EI9@O CB8>?RK9A<S 
CBE?98B64F9?PAB7B EB98<A9A<S D94?PAB= >4FGL>< <A8G>F<6ABEF<, D9BEF4F4 < CD<5BDB6, 
<ECB?P;G9@OI 8?S >BAFDB?S C4D4@9FDB6 Q?9>FD<K9E>B= J9C<, > Q?9>FD<K9E>B= E9F< C9D9@9AAB7B 
FB>4. 

7. % CB@BMPR CD<5BDB6 Q?9>FDB@47A<FAB= E<EF9@O (4@C9D@9FD4 < 6B?PF@9FDB6) < 
Q?9>FDB8<A4@<K9E>B= E<EF9@O (64FF@9FD4) CDB<;69EF< <;@9D9A<S Q?9>FD<K9E><I C4D4@9FDB6 CD< 
<;@9A9A<< 4>F<6AB7B EBCDBF<6?9A<S D9BEF4F4 < <;@9A9A<<  <A8G>F<6ABEF< >4FGL><.  

8. #B <;@9D9AAO@ C4D4@9FD4@ CDB69D<FP 89=EF6<9 ;4>BA4 "@4 8?S A9D4;69F6?9AAOI J9C9= 
C9D9@9AAB7B FB>4. #B CBEFDB9AAO@ 69>FBDAO@ 8<47D4@@4@  8B>4;4FP CD46<?PABEFP EASF<S 
Q?9>FD<K9E><I C4D4@9FDB6, <;@9D9AAOI CD<5BD4@<. 

 

"5BDG8B64A<9 < CD<5BDO: 
11. �EFBKA<> C<F4A<S – Q?9>FD<K9E>4S E9FP C9D9@9AAB7B FB>4 A4 A4CDS:9A<9 150�. 
12. �4FGL>4 <A8G>F<6ABEF< E @47A<FBCDB6B8B@ 
13. $9BEF4F, EB98<A<F9?PAO9 CDB6B84 
14. #D<5BDO: -�@C9D@9FD � (�)– <;@9DS9F E<?G FB>4 6 J9C<: �B?PF@9FD U (�)- <;@9DS9F 

6IB8AB9 A4CDS:9A<9 Q?9>FDBEI9@O; �B?PF@9FD U4 (�)- <;@9DS9F C489A<9 A4CDS:9A<S A4 
D9BEF4F9; �B?PF@9FD U> (�)- <;@9DS9F C489A<9 A4CDS:9A<S A4 >4FGL>9 <A8G>F<6ABEF<; 
�4FF@9FD W (�F) - <;@9DS9F 4>F<6AGR @BMABEFP Q?9>FD<K9E>B= J9C< 
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1?9>FD<K9E>4S EI9@4 6>?RK9A<S  

 

 

 

 

 

 

 

 

 

 
 
 
#BDS8B> 6OCB?A9A<S D45BFO: 

8. �4C<E4FP F9IA<K9E><9 84AAO9 Q?9>FD<K9E><I CD<5BDB6 6 F45?<JG№1    
         &45?<J4 №1  

!4<@9AB64A<9 
CD<5BD4 

"5B;A4K9A<9 
A4 EI9@9 

%<EF9@4 
CD<5BD4 

�?4EE 
FBKABEF< 

#D989? 
<;@9D9A<S 

*9A4 89?9A<S 

      
      
      
      
      

9. %B5D4FP EI9@4 < CB>4;4FP  CD9CB8464F9?R. 
10. �4 EK9F <;@9A9A<S CB?B:9A<S 86<:>4 D9BEF4F4 <;@9A<FP 97B EBCDBF<6?9A<9 BF AG?S 8B 
@4>E<@G@4. #D< >4:8B@ <;@9A9A<< EBCDBF<6?9A<S EASFP CB>4;4A<S CD<5BDB6 < ;4A9EF< <I 
CB>4;4A<S 6 F45?<JG №2. 

11. #D< @4>E<@4?PAB@ ;A4K9A<< EBCDBF<6?9A<S D9BEF4F4 <;@9A<FP <A8G>F<6ABEFP >4FGL>< CGF9@ 
<;@9A9A<S 99 CB?B:9A<S A4 E9D89KA<>9 @47A<FBCDB6B84. #D< >4:8B@ <;@9A9A<< EASFP CB>4;4A<S 
CD<5BDB6 < ;4A9EF< <I CB>4;4A<S 6 F45?<JG №2. 

           &45?<J4 №2 

 

12. #B D9;G?PF4F4@ <;@9D9A<=, CB?P;GSEP CD<6989AAO@< A<:9 HBD@G?4@<, CDB<;69EF< 6OK<E?9A<S. 
$9;G?PF4FO 6OK<E?9A<= ;4C<E4FP 6 F45?<JG №3.  

           &45?<J4 №3. 
№ 
#/# 

6OK<E?<FP 

Z Z� RB5I 
R4 

D9BEF4F4 
Ra 

>4FGH>< 
%L 

>4FGH>< 
COS 

φ 
COS 

φ� 
U4 

>4FGH>< 
UL 

>4FGH>< Q S 

 "@ "@ "@ "@ "@ "@ - - � � �АD �А 

1             
2             
3             
4  -   - -  -     
5  -   - -  -     

7 
C/
C 

�� �$�!"  

#$� �ЧА!�� 

 

U U4 U> I $ 

� � � А �F 

1      R$�"%&А&А  =  0 

2      R$�"%&А&А  - ED98A99 ;A4G9A<9 
3      R$�"%&А&А   - @4>E<@4?PAB9 ;A4G9A<9 
4      1 CB?B:9A<9 >4FGH>< <A8G>F<6ABEF< 
5      2 CB?B:9A<9 >4FGH>< <A8G>F<6ABEF< 
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6. � @4ELF459 CBEFDB<FP 69>FBDAO9 8<47D4@@O 8?S BCOFB6 1, 3 < 5. 
 

�45BD4FBDA4S D45BF4 № 8 

�ECB?P;B64A<9 H4;B@9FD4, CD<5BD4 Q?9>FDB8<A4@<K9E>B= E<EF9@O,   8?S 
<;@9D9A<= >BQHH<J<9AF4 @BMABEF< < G7?4 E86<74 H4; @9:8G FB>B@ < 

A4CDS:9A<9@ CD< C4D4??9?PAB@ EB98<A9A<< D94?PAB= >4FGL>< <A8G>F<6ABEF< 
< >BA89AE4FBD4.  

 
*9?P D45BFO: 
9. #D<B5D9EF< CD4>F<K9E><9 A46O>< KF9A<S < E5BD>< Q?9>FD<K9E>B= EI9@O CB8>?RK9A<S 
C4D4??9?PAB7B EB98<A9A<S D94?PAB= >4FGL>< <A8G>F<6ABEF<, >BA89AE4FBD4 < CD<5BDB6, 
<ECB?P;G9@OI 8?S >BAFDB?S C4D4@9FDB6 Q?9>FD<K9E>B= J9C<, > Q?9>FD<K9E>B= E9F< C9D9@9AAB7B 
FB>4. 

10. �;@9A9A<9@ 9@>BEF< >BA89AE4FBD4 8B5<FPES D9;BA4AE4 FB>B6 6 C4D4??9?PAOI J9CSI EI9@O. 
11. #B?GK<FP CD4>F<K9E><9 A46O>< CBEFDB9A<S 69>FBDAOI 8<47D4@@ 8?S C4D4??9?PAB7B EB98<A9A<S 
Q?9@9AFB6 J9C<, ED46A9A<9 84AAOI, CB?GK9AAOI CD< CBEFDB9A<< E 84AAO@< CD<5BDB6. 

 
"5BDG8B64A<9 < CD<5BDO: 

15. �EFBKA<> C<F4A<S – Q?9>FD<K9E>4S E9FP C9D9@9AAB7B FB>4 A4 A4CDS:9A<9 150�. 
16. �4FGL>4 <A8G>F<6ABEF< E @47A<FBCDB6B8B@ 
17. �BA89AE4FBDA4S 54F4D9S 
18. %B98<A<F9?PAO9 CDB6B84 
19. #D<5BDO: -�@C9D@9FD � (�)– <;@9DS9F E<?G FB>4 6 A9D4;69F6?9AAB= K4EF< J9C< 

– �@C9D@9FD �L (�)– <;@9DS9F E<?G FB>4 6 J9C< D94?PAB= >4FGL>< <A8G>F<6ABEF< 
– �@C9D@9FD �C (�)– <;@9DS9F E<?G FB>4 6 J9C< >BA89AE4FBDAB= 54F4D9< 
– �B?PF@9FD U (�)- <;@9DS9F 6IB8AB9 A4CDS:9A<9 Q?9>FDBEI9@O 
– (4;B@9FD φ – <;@9DS9F G7B? E86<74 H4; @9:8G FB>B@ < A4CDS:9A<9@ < >BQHH<J<9AF4 
@BMABEF< cos φ 

)(

)(

cos

cos

)(

)(

)(

)(

)(

)(

)(

)(

2

2

22

�АF9C<@BIABEFPCB?A4SUS

�АDF9C<@BIABEFPD94>F<6A4SXQ

EF<<A8G>F<6AB>4FGH><G4EF<4>F<6AB=@BIABEF<F>BQHH<F<9A
Z

R

F9C<@BIABEF<F>BQHH<F<9A
U

P

�EF<<A8G>F<6AB>4FGH>9A4A4CDS:9A<SC489A<99<A8G>F<6ABXU

�>4FGH>9A4A4CDS:9A<SC489A<94>F<6AB9RU

"@EF<<A8G>F<6AB>4FGH><A<9EBCDBF<6?94>F<6AB9RRR

"@F9C<A<9EBCDBF<6?94>F<6AB9B5I99$
R

"@EF<<A8G>F<6AB>4FGH><<9EBCDBF<?9ACB?AB9
U

Z

"@>4FGH><A<9EBCDBF<6?99<A8G>F<6ABRZX

"@D9BEF4F4A<9EBCDBF<6?94>F<6AB9U
R

"@F9C<A<9EBCDBF<6?9CB?AB9U
Z

L

k

>4Fa

k

LL

>4FGH><a4

aB5I>4FGH><4

B5I

k

k

kakL

a

a

ý
ý

ý


ý

ý

ý

ý


ý


ý

ý


ý


ý





� И�ЕЧА�ИЕ 

>Lkk4 XZR cos,,,    

вOч8EлONт толPко од8н Dа7 

�D8    R ЕО!ТАТА  =  0 

(DеоEтат вOклNчен)

длO опOтов 1,2,3
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1?9>FD<K9E>4S EI9@4 6>?RK9A<S C4D4??9?PAB7B EB98<A9A<S D94?PAB= >4FGL>< 

<A8G>F<6ABEF< 
< >BA89AE4FBD4 
 

 

 

 

 

 

 

 

 

 

 
 
#BDS8B>  6OCB?A9A<S D45BFO: 
 

13. &9IA<K9E><9 84AAO9 Q?9>FD<K9E><I CD<5BDB6       
         &45?<J4 №1  

!4<@9AB64A<9 
CD<5BD4 

"5B;A4K9A<9 
A4 EI9@9 

%<EF9@4 
CD<5BD4 

�?4EE 
FBKABEF< 

#D989? 
<;@9D9A<S 

*9A4 89?9A<S 

      
      
      
      
      

14. 'EF4AB6?9A4 9@>BEFP 54F4D9< >BA89AE4FBDB6 %1=16 @>(, CB>4;4A<S CD<5BDB6 ;4A9E9AO 6 
F45?<JG №2.  

15. 'EF4AB6?9A4 9@>BEFP 54F4D9< >BA89AE4FBDB6 %2=32 @>(. �;@9A9A<9@ <A8G>F<6ABEF< 
>4FGL>< GEF4AB6?9A E86<7 H4; A4 H4;B@9FD9 φ = 0 – QFB E?GK4= Dез>=а=Eа F>к>в. 
#B>4;4A<S CD<5BDB6 ;4A9E9AO 6 F45?<JG №2.  

16. 'EF4AB6?9A4 9@>BEFP 54F4D9< >BA89AE4FBDB6 %3=58 @>(, CB>4;4A<S CD<5BDB6 ;4A9E9AO 6 
F45?<JG №2.  

            &45;8F4 
№2 

7 
#/# �� �$�!" #$� �ЧА!�� 

 U I I> IC φ COS φ - 

 � А А А �$А� -  

1       %1=16 @>$ 

2       
%2=32 @>$ 

D9;BA4AE FB>B6 

 

 

 
       

3       %3=58 @>$ 
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17. #B D9;G?PF4F4@ <;@9D9A<=, CB?P;GSEP CD<6989AAO@< A<:9 HBD@G?4@<, CDB<;6989AO 
6OK<E?9A<S. $9;G?PF4FO 6OK<E?9A<= ;4C<E4AO 6 F45?<JG №3.  

            &45;8F4 
№3. 
7 
#/# 

�ЫЧ�%��!" 

 COS φk Rka %L Z> XC Ia IL Ip 

 - "@ "@ "@ "@ А А А 

1 0,25        

2 0,25        

3 0,25        

 

)(

)(

)(cos

)(

)(

)(cos

)(

22

22

А>4FGH><FB>44SEBEF46?SRID94>F<6A4S
А>4FGH><FB>44SEBEF46?SRIS<A8G>F<6A4

А>4FGH><FB>44SEBEFB6?SRI4>F<6A4S

"@D4>BA89AE4FB<9EBCDBF<?9A9@>BEFAB9U
X

"@>4FGH><A<9EBCDBF<6?99<A8G>F<6ABRZX

"@>4FGH><A<9EBCDBF<6?94>F<6AB9ZR

"@>4FGH><A<9EBCDBF<6?9CB?AB9U
Z

CLD

akL

kka

C

C

kkL

kk4k

k

k

ý

ý

ý


ý

ý

ý


ý





 

7. � @4ELF459 CBEFDB<FP  69>FBDAO9 8<47D4@@O 8?S E?GK496: 

LC

LC

LC

ü
ý
þ
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�45BD4FBDA4S D45BF4 № 9  

�ECB?P;B64A<9 64FF@9FD4  86GIQ?9@9AFAB7B CD< <ECOF4A<< FD9IH4;AB7B 
4E<AIDBAAB7B 86<74F9?S E >BDBF>B;4@>AGFO@ DBFBDB@ 

 

*9?P D45BFO: 
1. #D<B5D9EF< CD4>F<K9E><9 A46O>< KF9A<S < E5BD>< Q?9>FD<K9E>B= EI9@O CB8>?RK9A<S 
FD9IH4;AB7B 4E<AIDBAAB7B 86<74F9?S E >BDBF>B;4@>AGFO@ DBFBDB@ < CD<5BDB6, 
<ECB?P;G9@OI 8?S >BAFDB?S C4D4@9FDB6 Q?9>FD<K9E>B= J9C<, > FD9IH4;AB= E9F< 
C9D9@9AAB7B FB>4. 

 

"5BDG8B64A<9 < CD<5BDO: 
1. �EFBKA<> C<F4A<S - FD9IH4;A4S Q?9>FD<K9E>4S E9FP C9D9@9AAB7B FB>4 A4 A4CDS:9A<9 
220�. 

2. &D9IH4;AO= 4E<AIDBAAO= 86<74F9?P E >BDBF>B;4@>AGFO@ DBFBDB@. 
3. &D9ICB?REAO= DG5<?PA<> - C9D9>?RK49F B5@BF>< EF4FBD4 86<74F9?S EB 
";69;8O" A4 "FD9G7B?PA<>" 

4. �9AFBKAO= FBD@B; 
5. %B98<A<F9?PAO9 CDB6B84 
6. �<D< 
7. #D<5BDO: 

 

- �@C9D@9FD - <;@9DS9F E<?G FB>4 6 H4;9 �, B5B;A4K49FES I (�); 
- �B?PF@9FD - <;@9DS9F A4CDS:9A<9 @9:8G H4;4@< � < �, B5B;A4K49FES U (�); 

- �4FF@9FD 86GIQ?9@9AFAO= - <;@9DS9F CBFD95?S9@GR 4E<AIDBAAO@ 86<74F9?9@ 
@BMABEFP, B5B;A4K49FES $1 (�F) 

- &4IB@9FD -<;@9DS9F K4EFBFG 6D4M9A<S DBFBD4 n2 (B5./6D4M.) 
 

1?9>FD<K9E>4S EI9@4 CGE>4 4E<AIDBAAB7B 86<74F9?S C9D9>?RK9A<9@ B5@BFB> EF4FBD4 EB 
";69;8O" A4 "FD9G7B?PA<>" 

 



1 
 

 

 

 



2 
 

�45BD4FBDA4S D45BF4 №10 
 "CD989?9A<9 EBCDBF<6?9A<= Q?9>FD<K9E>B= A47DG;>< < CDB6B8B6 @9FB8B@ 
4@C9D@9FD4 < 6B?PF@9FD4 CD< <EE?98B64A<< CBF9D< A4CDS:9A<S 6 ?<A<< 

Q?9>FDBC9D984K. 
 
*9?P D45BFO: 
1. #D<B5D9EF< CD4>F<K9E><9 A46O>< KF9A<S < E5BD>< Q?9>FD<K9E>B= EI9@O CB8>?RK9A<S 
Q?9>FD<K9E>B= A47DG;>< > �1#. 

2. �EE?98B64FP ;46<E<@BEFP CBF9D< A4CDS:9A<S 6 �1#  BF FB>4, CBFD95?S9@B7B 
Q?9>FDBA47DG;>B=, < D4;?<KAOI @4F9D<4?B6, <ECB?P;G9@OI 8?S <;7BFB6?9A<S CDB6B8B6 
�1#. 

3. �;@9D<FP CBF9D< A4CDS:9A<S 6 �1#. 
 
"5BDG8B64A<9 < CD<5BDO: 
1. �EFBKA<> C<F4A<S – Q?9>FD<K9E>4S E9FP C9D9@9AAB7B FB>4 A4 A4CDS:9A<9 220�. 
2.  4>9F ?<A<< Q?9>FDBC9D984K 8?<AB= 50 @ 
3. �?B> ?4@C A4>4?<64A<S 
4. %B98<A<F9?PAO9 CDB6B84 
5. #D<5BDO: 
– �@C9D@9FD � (�)– <;@9DS9F E<?G FB>4 6 Q?9>FD<K9E>B= J9C< A47DG;>< 
– �B?PF@9FD U1 (�)- <;@9DS9F 6IB8AB9 A4CDS:9A<9 Q?9>FD<K9E>B= ?<A<< 
– �B?PF@9FD U2 (�)- <;@9DS9F 6OIB8AB9 A4CDS:9A<9 Q?9>FD<K9E>B= ?<A<<, <8GM9= A4 
A47DG;>G 

 
1?9>FD<K9E>4S EI9@4 CB8>?RK9A<S Q?9>FD<K9E>B= A47DG;><  

> ?<A<< �1# 

 
#BDS8B> 6OCB?A9A<S D45BFO: 
 

1. �4C<E4FP F9IA<K9E><9 84AAO9 Q?9>FD<K9E><I CD<5BDB6 6 F45?<JG №1. 
           &45?<J4 №1 
!4<@9AB64
A<9 
CD<5BD4 

"5B;A4K9A<9 
A4 EI9@9 

%<EF9@4 
CD<5BD4 

�?4EE 
FBKABEF< 

#D989? 
<;@9D9A<S 

*9A4 
89?9A<S 

      
      
      

 

2. %B5D4FP EI9@G < CB>4;4FP 99 CD9CB8464F9?R. 

3. � >4:8B@ 5?B>9 CDB89?4FP FD< BCOF4 E D4;?<KAO@ >B?<K9EF6B@ ?4@C A47DG;><.  
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4. #B?GK9AAO9 D9;G?PF4FO ;4C<E4FP 6 F45?<JG №2. 

&45?<J4 №2. 
№ 
C/C 

�;@9D9AB 
I U1 U2 L #D<@9K4A<9 

 А � � @  
@98AO9 CDB6B84   ρ@98<=0,017 ("@ · @@2/@) 

1    50 2 ?4@CO 
2    50 4 ?4@CO 
3    50 6 ?4@C 

:9?9;AO9 CDB6B84   ρ:9?9;B=0,13 ("@ · @@2/@) 
1    50 2 ?4@CO 
2    50 4 ?4@CO 
3    50 6 ?4@C 

 
5. �OK<E?<FP C4D4@9FDO J9C<. �OK<E?9A<S ;4A9EF< 6 F45?<JG №3. 

&45?<J4 №3. 
 �OK<E?9AB 
 RA47DG;>< RCDB6B8B6 P1 P2 η ΔU S 

 "@ "@ �F �F % � @@2 

@98AO9 CDB6B84   ρ@98<=0,017 ("@ · @@2/@) 
1        

2        

3        

:9?9;AO9 CDB6B84   ρ:9?9;B=0,13 ("@ · @@2/@) 
1        

2        
3        

 
�ECB?P;B64FP HBD@G?O 8?S 6OK<E?9A<=: 

   EBCDBF<6?9A<9 A47DG;><        @BMABEFP 6 A4K4?9 

?<A<< 
 CBF9D< A4CDS:9A<S 6 �1#         @BMABEFP 6 >BAJ9 

?<A<< 

 EBCDBF<6?9A<9 ?<A<< �1#        �#� <A<< 

 E9K9A<9 CDB6B8B6 �1# 

 

 

 

 

 

 

I

U
RA47D

2ý
11

UIP ý

21
UUU ý

22
UIP ý

I

U
RCD


ý %100

1

2 ý
P

P
ø

÷
÷
ø

ö
÷
÷
ø

ö
ý

CDR

L
S

2
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�45BD4FBDA4S D45BF4 №11 
�;@9D9A<9 K4EFBFO Q?9>FDBAAB - EK9FAO@ K4EFBFB@9FDB@ 

 

 
1 *��0 $��"&/ 
- �;GK9A<9 < ED46A9A<9 @9FB8B6 <;@9D9A<S K4EFBFO < <AF9D64?B6 6D9@9A< CB FBKABEF< < 
GE?B6<S@ CD<@9A9A<S. 
- �;GK9A<9 EFDG>FGDAOI EI9@ < CD<AJ<C4 D45BFO Q?9>FDBAAB-EK9FAOI K4EFBFB@9DB6 (1%+). 
- #D<B5D9F9A<9 < ;4>D9C?9A<9 A46O>B6 CDB6989A<S <;@9D9A<= K4EFBFO < C9D<B84 
Q?9>FD<K9E><I E<7A4?B6 < <AF9D64?B6 6D9@9A< E CB@BMPR 1%+ < BJ9A>< <I CB7D9LABEF<. 
2. "#�%�!�� ���"$�&"$!"�"  ���&� � "�"$'�"��!�3 
� EBEF46 ?45BD4FBDAB7B B5BDG8B64A<S 8?S 6OCB?A9A<S 84AAB= D45BFO 6IB8SF: 
K4EFBFB@9D Q?9>FDBAAB-EK9FAO= +3-54, 79A9D4FBD E<7A4?B6 A<;>BK4EFBFAO= ��-33, 
79A9D4FBD <@CG?PEB6 �5-66, BEJ<??B7D4H J<HDB6B= RIGOL DS1052E. 
 
#"$3�"� �/#"�!�!�3 $��"&/ 
2.1 ";A4>B@<FPES E F9IA<K9E><@ BC<E4A<9@ 1%+ +3-54, <;GK<FP CB8DB5AB D4;89?O 
«'EFDB=EF6B < D45BF4 <;89?<S», «#B87BFB6>4 > D45BF9», 
«#BDS8B> D45BFO». �>?RK<FP BEAB6AO9 < 6ECB@B74F9?PAO9 CD<5BDO A4 CDB7D96, 
CB87BFB6<FP > D45BF9. �;GK<FP BD74AO GCD46?9A<S 79A9D4FBDB6 �3-33 < �5-66. 
2.2 #DB69D<FP FBKABEFP 7D48G<DB6>< L>4?O K4EFBFO 79A9D4FBD4 �3-33 E CB@BMPR 1%+ 
CGF9@ <;@9D9A<S K4EFBFO < C9D<B84 E<7A4?B6. 
2.2.1 �?S CDB69D>< 7D48G<DB6>< L>4?O 79A9D4FBD4 �3-33 CGF9@ <;@9D9A<S K4EFBFO E<7A4?B6 
CB8>?RK<FP 6OIB8 79A9D4FBD4 ��-33 >B 6IB8G «�» 
K4EFBFB@9D4 +3-54. % CB@BMPR BD74AB6 GCD46?9A<S A4 C9D98A9= C4A9?< K4EFBFB@9D4 
C9D969EF< 97B 6 D9:<@ <;@9D9A<S K4EFBFO 74D@BA<K9E>B7B 
E<7A4?4. #9D969EF< C9D9>?RK4F9?P A47DG;>< 79A9D4FBD4 �3-33 6 CB?B:9A<9 «600 ¬» < E 
CB@BMPR EBBF69FEF6GRM<I BD74AB6 GCD46?9A<S CB <A8<>4FBDG 79A9D4FBD4 GEF4AB6<FP A4 
6OIB89 79A9D4FBD4 �3-33 A4CDS:9A<9 1,0 �. 
#9D9>?RK4F9?P « AB:<F9?P» �3-33 GEF4AB6<FP 6 CB?B:9A<9 «×l». 
'EF4A46?<64S L>4?G (8<E>) 79A9D4FBD4 �3-33 CBBK9D98AB A4 BF@9F>< L>4?O E K<E?B6O@< 
B5B;A4K9A<S@< (20, 25, 30, 40 < F. 8.), ;4C<E4FP CB>4;4A<S 1%+ 8?S >4:8B= BF@9F>< L>4?O. 
#B6FBD<FP _______<;@9D9A<S 8?S 6E9I 8<4C4;BAB6 (×10, ×l00, ×l03), D9;G?PF4F ;4C<E4FP 6 
F45?<JG 2.1. 

&45?<J4 2.1 
�D48G<DB6>4 L>4?O K4EFBFO 79A9D4FBD4 ��-33 CB <;@9D9A<R K4EFBFO 
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�?S CDB69D>< FBKABEF< 7D48G<DB6>< L>4?O 79A9D4FBD4 �3-33 CGF9@ <;@9D9A<S C9D<B84 
E<7A4?B6 CB8>?RK<FP 6OIB8 79A9D4FBD4 �3-33 >B6IB8G «�» K4EFBFB@9D4 +3-54 < C9D969EF< 
K4EFBFB@9D 6 D9:<@ <;@9D9A<S C9D<B84 74D@BA<K9E>B7B E<7A4?4. �4?99, 6OCB?ASS 89=EF6<S 
CB C. 2.4.2.1, ;4C<E4FP 6 F45?<JG 2.2 CB>4;4A<S 1%+ (FB 9EFP ;A4K9A<S C9D<B84 E?98B64A<S 
E<7A4?4 TE? Э%Ч) 8?S >4:8B= BF@9F>< L>4?O 79A9D4FBD4 �3-33 A4 6E9I 8<4C4;BA4I 
K4EFBFO. 

&45?<J4 2.2 
�D48G<DB6>4 L>4?O 79A9D4FBD4 �3-33 CB <;@9D9A<R C9D<B84 &E? 
 

 
 
 
#B D9;G?PF4F4@ <;@9D9A<S (F45?. 2.1) 6OK<E?<FP D4;ABEFP @9:8G <;@9D9AAO@ ;A4K9A<9@ 
K4EFBFO f Э%Ч < ;A4K9A<9@ K4EFBFO, GEF4AB6?9AAB= A4 L>4?9 79A9D4FBD4, Δf = fL> – f Э%Ч, 

;4C<E4FP QF< D9;G?PF4FO 6 EBBF69FEF6GRM<9 7D4HO F45?<JO 2.1 < CBEFDB<FP 7D4H<>< ( ) H> 
f f . %D46A<FP 6OK<E?9AAGR D4;ABEFP E CD989?B@ 8BCGEF<@B= CB7D9LABEF< GEF4AB6>< 
K4EFBFO 79A9D4FBD4 �3-33.  

2.4.2.4 #B D9;G?PF4F4@ <;@9D9A<S C9D<B84 &E?Э%Ч E?98B64A<S E<7A4?B6 (F45?. 2.2) 
6OK<E?<FP 69?<K<AG fE? Э%Ч = 1 

Tc? Э%Ч < D4;ABEFP Δf = fL> – f E? Э%Ч, 

;4C<E4FP D9;G?PF4FO 6OK<E?9A<= 6 EBBF69FEF6GRM<9 7D4HO F45?. 2.2 < CBEFDB<FP 7D4H<>< 
;46<E<@BEF< Δf = f L> – fE? Э%Ч = «(fE? L>). %D46A<FP 6OK<E?9AAGR D4;ABEFP E CD989?B@ 
8BCGEF<@B= CB7D9LABEF< GEF4AB6>< K4EFBFO 79A9D4FBD4 �3-33. 
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�45BD4FBDA4S D45BF4 № 12  
 "CD989?9A<9 CBF9DP 6 EF4?< 64FF@9FDB6O@ @9FB8B@ A4 CD<@9D9 B8ABH4;AB7B 

FD4AEHBD@4FBD4. 
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�45BD4FBDA4S D45BF4  №14 

�BE69AAO9 @9FB8O <;@9D9A<= <A8G>F<6ABEF< 
 

*9?P D45BFO: "E6B<FP @9FB8<>G BCD989?9A<S <A8G>F<6ABEF<  >BE69AAO@ @9FB8B@. 
%B5D4FP A9B5IB8<@GR EI9@G < CDB<;69EF< ;4@9DO 8?S BF89?PAOI 8?S FD9I >4FGL9> 
<A8G>F<6ABEF< E D4;AO@ >B?<K9EF6B@ 6<F>B6 CDB6B84. 

 

&45?<J4 №1 

&45?<J4 №2 
 

!4<@9AB64A< 
9 CD<5BD4 

"5B;A4K9A<9 
A4 EI9@9 

%<EF9@4 
CD<5BD4 

�?4EE 
FBKABEF< 

#D989? 
<;@9D9A<S 

*9A4 89?9A<S 

      

      

      

      

      

"COF № �;@9D9AB �OK<E?9AB 1?9>FD<K9E>4S 

A47DG;>4 
U1 U2 11 12 $1 �FD $2 η 

� � А А �F - �F % 

1 XX 
      - - 

A9F 

2 PP1 
        

"8A4 ?4@C4 

3 $$2 
        

�69 ?4@CO 

4 $$3 
        

&D< ?4@CO 

5 $$4 
        

+9FOD9 ?4@CO 

6 �� 
     - - - 

A9F 
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�45BD4FBDA4S D45BF4 №13 
�;@9D9A<9 EBCDBF<6?9A<= <;B?SJ<< Q?9>FD<K9E><I >459?9= E CB@BMPR @974B@@9FD4 < 

GA<69DE4?PAB7B 6B?PF@9FD4 
 
*9?P D45BFO: 
1. #D<B5D9EF< CD4>F<K9E><9 A46O>< E5BD>< Q?9>FD<K9E>B= EI9@O CB8>?RK9A<S CD<5BDB6 
8?S <;@9D9A<S EBCDBF<6?9A<= <;B?SJ<< > Q?9>FD<K9E><@ >459?S@. 

2. �;GK<FP GEFDB=EF6B, CD<AJ<C 89=EF6<S CD<5BDB6 8?S <;@9D9A<S EBCDBF<6?9A<= <;B?SJ<< 
. 

3. !4GK<FPES <;@9DSFP EBCDBF<6?9A<S <;B?SJ<< CDB6B8B6 < >459?9= BFABE<F9?PAB ;9@?< 
<?< @9:8G FB>B698GM<@< :<?4@<. 

 

"5BDG8B64A<9 < CD<5BDO: 
1. �EFBKA<> C<F4A<S – Q?9>FD<K9E>4S E9FP C9D9@9AAB7B FB>4 A4 A4CDS:9A<9 220�. 
2. %F9A8 «1?9>FD<K9E><9 >459?<» 
3. %B98<A<F9?PAO9 CDB6B84 
4. #D<5BDO: 
– 'A<69DE4?PAO= 6B?PF@9FD �7 – 26 – CD98A4;A4K9A 8?S <;@9D9A<S A4CDS:9A<= < 
EBCDBF<6?9A<=. � 84AAB= D45BF9 <ECB?P;G9FES 8?S <;@9D9A<S EBCDBF<6?9A<= CDB6B8B6 
< >459?9=. #D<5BD <@99F L>4?G E E9@PR CD989?4@< <;@9D9A<=. 

–  974B@@9FD 1%0202/2-� – C9D9ABEAB= CD<5BD E<EF9@O @47A<FBQ?9>FD<K9E><= 
?B7B@9FD E A9CBED98EF69AAO@ BFEK9FB@. #D98A4;A4K9A 8?S <;@9D9A<S 5B?PL<I 
EBCDBF<6?9A<= <;B?SJ<= CDB6B8B6 < >459?9=. �@99F 869 L>4?O – >¬ (><?B"@) <  ¬ 
(@974"@). 

 

#D<AJ<C<4?PAO9 EI9@4 GA<69DE4?PAB7B 6B?PF@9FD4 �7 – 26 

 

 

 

 

 

 

 

 

 

 

#D<AJ<C<4?PA4S EI9@4 @974B@@9FD4 1% 0202/2-� 
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#BDS8B> 6OCB?A9A<S D45BFO: 
1.  �4C<E4AO F9IA<K9E><9 84AAO9 Q?9>FD<K9E><I CD<5BDB6 6 F45?<JG №1. 
           &45?<J4 №1 
!4<@9AB64A
<9 CD<5BD4 

"5B;A4K9A<9 
A4 EI9@9 

%<EF9@4 
CD<5BD4 

�?4EE 
FBKABEF< 

#D989? 
<;@9D9A<S 

*9A4 
89?9A<S 

      

      

      

 

2. !4 EF9A89 «1?9>FD<K9E><9 >459?<» <;@9D9AO EBCDBF<6?9A<S <;B?SJ<= >459?9= 
CD<5BDB@: 
  GA<69DE4?PAO@ 6B?PF@9FDB@ �7 - 26. #BE?9 >4?<5DB6>< CD<5BD4 <;@9D9AO  
EBCDBF<6?9A<S <;B?SJ<= >459?9= A4 EF9A89 " �ECOF4A<9 >459?9=  $9;G?PF4FO 
<;@9D9A<= ;4C<E4AO 6 F45?<JG №2. 

 @974B@@9FDB@ Э%0202/2-�. �?S <;@9D9A<S <;B?SJ<< @974B@@9FD CB8>?RK9A > 
B5N9>FG <;@9D9A<S CB EI9@9: 

 

 

 

 

 

 

 

 

 #D< <;@9D9A<< EBCDBF<6?9A<= <;B?SJ<< A4 CD989?9 >¬  C9D9>?RK4F9?P A4 CD<5BD9 
GEF4AB6?9A A4 89?9A<9 |,  A4 CD989?9  ¬  C9D9>?RK4F9?P A4 CD<5BD9 GEF4AB6?9A A4 89?9A<9 
||.  

$9;G?PF4FO <;@9D9A<= ;4C<E4FP 6 F45?<JG №2. 
           &45?<J4 №2. 

#D<5BDO 
�DBA<DB64AAO= %6<AJB6O= �<A<?B6O= 

1>D4A<D
B64AAO= 

R% "�1 "�2 �1�2 "�1 "�2 �1�2 "�1 "�2 Э� 

�7-26          

Э%0202/2-�          

 

 

�45BD4FBDA4S D45BF4 №14 
�BE69AAO9 @9FB8O <;@9D9A<= <A8G>F<6ABEF< 

 
*9?P D45BFO: "E6B<FP @9FB8<>G BCD989?9A<S <A8G>F<6ABEF<  >BE69AAO@ @9FB8B@. 

%B5D4FP A9B5IB8<@GR EI9@G < CDB<;69EF< ;4@9DO 8?S BF89?PAOI 8?S FD9I >4FGL9> 
<A8G>F<6ABEF< E D4;AO@ >B?<K9EF6B@ 6<F>B6 CDB6B84. 

 

"5BDG8B64A<9 < CD<5BDO: 
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20. �EFBKA<> C<F4A<S – Q?9>FD<K9E>4S E9FP C9D9@9AAB7B FB>4 A4 A4CDS:9A<9 150�. 
21. �4FGL>< <A8G>F<6ABEF< E D4;AO@ >B?<K9EF6B@ 6<F>B6 CDB6B84 
22. $9BEF4F, CDB6B84 
23. #D<5BDO: -�@C9D@9FD � (�)– <;@9DS9F E<?G FB>4 6 J9C<: �B?PF@9FD U (�)- <;@9DS9F 
C489A<9 A4CDS:9A<S A4 >BA89AE4FBD9; �4FF@9FD W (�F) - <;@9DS9F 4>F<6AGR @BMABEFP 
Q?9>FD<K9E>B= J9C< 

 
�D4F><9  F9BD9F<K9E><9 E6989A<S < D4EK9FAO9 HBD@G?O.  

 
%I9@4 ;4@9M9A<S D94?PAB= >4FGL>< <A8G>F<6ABEF< <@99F E?98GRM<= 6<8: 

 
4)   9FB8 86GI CD<5BDB6. �;@9DSS FB> I < A4CDS:9A<9 U  A4 ;4:<@4I >4FGL><, @B:AB 

BCD989?<FP 99 CB?AB9 EBCDBF<6?9A<9 Z: , 

 4 F4>:9  <A8G>F<6ABEFP: ,  789 ω = 2 π f 
 
�E?< 4>F<6AB9 EBCDBF<6?9A<9 >4FGL>< A9<;69EFAB, FB AG:AB <ECB?P;B64FP @9FB8 FDёI 
CD<5BDB6. 
5).  9FB8 FDёI CD<5BDB6. �ECB?P;GS CB>4;4A<S 4@C9D@9FD4, 6B?PF@9FD4 < 64FF@9FD4, 

BCD989?<6 4>F<6AB9 EBCDBF<6?9A<9:   ,  

6OK<E?S9@ <E>B@GR <A8G>F<6ABEFP:   
  

  
1?9>FD<K9E>4S EI9@4 6>?RK9A<S  

 

 
 

#BDS8B> 6OCB?A9A<S D45BFO: 
 

18. �4C<E4FP F9IA<K9E><9 84AAO9 Q?9>FD<K9E><I CD<5BDB6 6 F45?<JG№1  
           &45?<J4 №1  

!4<@9AB64A<9 
CD<5BD4 

"5B;A4K9A<9 A4 
EI9@9 

%<EF9@4 
CD<5BD4 

�?4EE 
FBKABEF< 

#D989? 
<;@9D9A<S 

*9A4 89?9A<S 
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19.  %B5D4FP EI9@G. 
3. �?S >4:8B7B >B?<K9EF64 6<F>B6 E89?4FP CB 2 ;4@9D4 CD< D4;?<KAOI FB>4I. 
4. �4C<E4FP 6 F45?<JG. 
5. $4EEK<F4FP <A8G>F<6ABEFP, <ECB?P;GS @9FB8 86GI (L1) < FD9I (L2) CD<5BDB6. 
6. !4=F< 45EB?RFAGR < BFABE<F9?PAGR CB7D9LABEF<, EK<F4S 
L8 – 89=EF6<F9?PAO@ ;A4K9A<9@, 
L – <;@9D9AAO@ ;A4K9A<9@ (CB HBD@G?4@) ΔL = L<;@ - L8   

γ = (ΔL / L8 ) * 100% 

 

№ 
C/
C 
�4@9DO �OK<E?9A<S 

 
�B?-6B 
6<F>B6 I (A) 

U 
(B) 

$ 
(�F) f (�J) 

 9FB8  
2-GI 

CD<5BDB6 
   9FB8 3-I 

CD<5BDB6   

      L1 (�A) ΔL
1 

γ1 
(%) 

L2 (�A) ΔL2 γ2 (%) 

1 1200    50       
2 1200    50       
3 2400    50       
4 2400    50       
5 3600    50       
6 3600    50       

 

7. %89?4FP C<EP@9AAO9 6O6B8O CB CDB89?4AAB= D45BF9. 
  
 #<EP@9AAB BF69F<FP A4 >BAFDB?PAO9 6BCDBEO: 

1. �BE69AAO= @9FB8 <;@9D9A<S L. 

2. � >4><I E?GK4SI @B:AB CD< <;@9D9A<< <ECB?P;B64FP 2 CD<5BD4? 

3. !G?96B= @9FB8 <;@9D9A<S L. 'E?B6<9 D46AB69E<S @BEF4 ~ FB>4. 

 
 

�45BD4FBDA4S D45BF4  №15 

�BE69AAO9 @9FB8O <;@9D9A<= ё@>BEF< 
 

*9?P D45BFO: "E6B<FP @9FB8<>G BCD989?9A<S 9@>BEF< >BE69AAO@ @9FB8B@. %B5D4FP 
A9B5IB8<@GR EI9@G < CDB<;69EF< ;4@9DO 8?S BF89?PAOI 9@>BEF9=. 

 

"5BDG8B64A<9 < CD<5BDO: 
24. �EFBKA<> C<F4A<S – Q?9>FD<K9E>4S E9FP C9D9@9AAB7B FB>4 A4 A4CDS:9A<9 150�. 
25. �BA89AE4FBD C9D9@9AAB= 9@>BEF< 
26. $9BEF4F, EB98<A<F9?PAO9 CDB6B84 
27. #D<5BDO: -�@C9D@9FD � (�)– <;@9DS9F E<?G FB>4 6 J9C<: �B?PF@9FD U (�)- <;@9DS9F 
C489A<9 A4CDS:9A<S A4 >BA89AE4FBD9; �4FF@9FD W (�F) - <;@9DS9F 4>F<6AGR @BMABEFP 
Q?9>FD<K9E>B= J9C< 
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1?9>FD<K9E>4S EI9@4 6>?RK9A<S  
 

 

 
 

�D4F>4S F9BD<S < D4EK9FAO9 HBD@G?O: 

4). #D9A95D974S CBF9DS@< 6 8<Q?9>FD<>9 >BA89AE4FBD4, 9@>BEFP 97B @B:AB BCD989?<FP 

@9FB8B@ 4@C9D@9FD4 < 6B?PF@9FD4. 

% = I / (ωU) , 789 ω = 2Ãf. 

5). �E?< CBF9D< 6 8<Q?9>FD<>9 69?<>< <?< A9<;69EFAO, A9B5IB8<@B CD< <;@9D9A<SI 

<ECB?P;B64FP FD< CD<5BD4 – 6B?PF@9FD, 4@C9D@9FD < 64FF@9FD. 

#B CB>4;4A<S@ CD<5BDB6 EA4K4?4 @B:AB 6OK<E?<FP 4>F<6AB9 EBCDBF<6?9A<9 < CB?AB9 

EBCDBF<6?9A<9 J9C<: 

 

 
�4F9@ < <E>B@GR ё@>BEFP: 

 
 
 
#BDS8B> 6OCB?A9A<S D45BFO: 
 

20. �4C<E4FP F9IA<K9E><9 84AAO9 Q?9>FD<K9E><I CD<5BDB6 6 F45?<JG№1    
         &45?<J4 №1  

!4<@9AB64A<9 
CD<5BD4 

"5B;A4K9A<9 A4 
EI9@9 

%<EF9@4 
CD<5BD4 

�?4EE 
FBKABEF< 

#D989? 
<;@9D9A<S 

*9A4 
89?9A<S 

      
      
      
      
      

 

2. %B5D4FP EI9@G < 84FP CDB69D<FP CD9CB8464F9?R. 

3. #BBK9D98AB E89?4FP ;4@9DO FB>4, A4CDS:9A<S < @BMABEF< 8?S >4:8B7B >BA89AE4FBD4. 

4. $9;G?PF4FO <;@9D9A<= ;4A9EF< 6 F45?<JG. 
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5. $4EEK<F4FP CB7D9LABEF< <;@9D9A<=. 

 

 

28. $9;G?PF4FO ;4A9EF< 6 F45?<JG. 
 

№ 

C/C 
�4AB  �4@9DO 

 9FB8 2-GI 
CD<5BDB6 

  
 9FB8 3-9I 
CD<5BDB6 

  

 %89=EF6 (() f (�J) U (B) I (A) P 

(�F) 
%<;@  (()       Δ% (() γ (%) 

 

%<;@ 

 (()       
Δ% 
(() 

γ 
(%) 

 

1  50          

2  50          

3  50          

 

7.  #B CB?GK9AAO@ D9;G?PF4F4@ E89?4FP C<EP@9AAO= 6O6B8. 

8.  #<EP@9AAB BF69F<FP A4 >BAFDB?PAO9 6BCDBEO: 

 4)  9FB8O <;@9D9A<S ё@>BEF<. 

 5) $4;AB6<8ABEF< >BE69AAB7B @9FB84. 

 6) �B784 CD< <;@9D9A<SI @B:AB <ECB?P;B64FP 2-4 CD<5BD4? 

 
 

�45BD4FBDA4S D45BF4 №16 

#DS@B9 <;@9D9A<9 4>F<6AB= @BMABEF< < >BE69AAB9 <;@9D9A<9 CB?AB= 
@BMABEF<, D94>F<6AB= @BMABEF< < >BQHH<J<9AF4 @BMABEF< 6 J9CSI E 

E<AGEB<84?PAO@< A4CDS:9A<S@< < FB>4@< 

 *9?P D45BFO 
 �45BD4FBDA4S GEF4AB6>4 < EI9@4 Q?9>FD<K9E>4S EB98<A9A<= 
 #9D9K9AP 4CC4D4FGDO 
 '>4;4A<S CB CDB6989A<R Q>EC9D<@9AF4. 

Ц5;P @45>BO 

1>EC9D<@9AF4?PAB9 BCD989?9A<9 CB?AB= < D94>F<6AB= @BMABEF9=, >BQHH<J<9AF4 @BMABEF< 
6 J9C< C9D<B8<K9E>B7B A9E<AGEB<84?PAB7B FB>4 E 4>F<6AB=, 4>F<6AB-<A8G>F<6AB= < 4>F<6AB-
9@>BEFAB= A47DG;>4@<. 

Л45>@4B>@=4S CAB4=>6:4 8 Q;5:B@8G5A:4S AE5<4 A>548=5=89 
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#B D9;G?PF4F4@ <;@9D9A<S A4CDS:9A<S, FB>4 < 4>F<6AB= @BMABEF< J9C< A9E<AGEB<84?PAB7B 
FB>4 6OK<E?S9FES (F. 9. <;@9DS9FES >BE69AAB) CB?A4S < D94>F<6A4S @BMABEFP, >BQHH<J<9AF 
@BMABEF< Q?9>FD<K9E>B= J9C<. 

#D<AJ<C<4?PA4S EI9@4 Q>EC9D<@9AF4 CD<6989A4 A4 D<E. 4.2.1. #D<5BDO <;@9DSRF 
89=EF6GRM99 ;A4K9A<9 A4CDS:9A<S , 89=EF6GRM99 ;A4K9A<9 FB>4 < 4>F<6AGR @BMABEFP
GK4EF>4 J9C< E A9E<AGEB<84?PAO@ FB>B@. #B CB?GK9AAO@ 84AAO@ 6OK<E?SRFES: 

- CB?A4S @BMABEFP , ��; 

- D94>F<6A4S @BMABEFP , �4D; 

- >BQHH<J<9AF @BMABEF< . 

 

$<E. 4.2.1. %I9@4 <;@9D9A<S @BMABEF9= 6 J9C< A9E<AGEB<84?PAB7B FB>4. 

%BBF69FEF6GRM4S D<E. 4.2.1 EI9@4 Q?9>FD<K9E>4S EB98<A9A<= CD<6989A4 A4 D<E. 4.2.24 8?S 
6OCB?A9A<S <;@9D9A<= CD< 4>F<6AB= A47DG;>9. !4 D<E. 4.2.2 5 CD<6989A4 EI9@4 CB8>?RK9A<S 
<A8G>F<6ABEF< 8?S CB?GK9A<S 4>F<6AB-<A8G>F<6AB= A47DG;><, 4 A4 D<E. 4.2.26 – EI9@4 
CB8>?RK9A<S 9@>BEF< (4>F<6AB-9@>BEFA4S A47DG;>4). 'EF4AB6>4 (D<E. 4.2.2) EBEFB<F <; 
B8ABH4;AB7B <EFBKA<>4 C<F4A<S G1 (218), 5?B>4 79A9D4FBDB6 A1 (212.2) E 6OIB8B@ 
D97G?<DG9@B7B A9E<AGEB<84?PAB7B A4CDS:9A<S, @G?PF<@9FDB6 MY60 (5?B> �3, 510.1) < 7050 
(5?B> �3, 510.1), 64FF@9FD4 (5?B> �10, 511), 5?B>4 D9;<EFBDB6 �7 (2330) < 5?B>4 Q?9@9AFB6 
<;@9D<F9?PAOI J9C9= �8 (2332). 

� Q>EC9D<@9AF9 <;@9DS9FES @BMABEFP A47DG;><, EBEFBSM9= <; C9D9@9AAB7B D9;<EFBD4 330 "@ 
5?B>4 �7 (2330) < >4FGL9> <A8G>F<6ABEF< <?< >BA89AE4FBDB6 5?B>4 �8 (2332). 
!4CDS:9A<9 GEF4A46?<649FES D97G?<DG9@O@ 79A9D4FBDB@ A4CDS:9A<= EC9J<4?PAB= HBD@O 
(5?B> �1).  

':474=8S ?> ?@>6545=8R Q:A?5@8<5=B4 

 '598<F9EP, KFB C9D9>?RK4F9?< «%9FP» 5?B>B6, <ECB?P;G9@OI 6 Q>EC9D<@9AF9, 
6O>?RK9AO. 

 %B98<A<F9 4CC4D4FGDG 6 EBBF69FEF6<< EB EI9@B= Q?9>FD<K9E>B= EB98<A9A<= 
6OCB?AS9@B7B Q>EC9D<@9AF4 D<E. 4.2.2. !4KA<F9 Q>EC9D<@9AF E 4>F<6AB= A47DG;>< 
D<E. 4.2.24 (D9;<EFBD 330 "@, 5?B> �7). 

 �484=F9 D9:<@ D45BFO 79A9D4FBD4 A4CDS:9A<= EC9J<4?PAB= HBD@O: - GEF4AB6<F9 
@<A<@4?PAB9 6OIB8AB9 A4CDS:9A<9 – CB69DA<F9 DGK>G «�@C?<FG84» CDBF<6 K4EB6B= 
EFD9?>< 8B GCBD4; - C9D9>?RK4F9?9@ «(BD@4» GEF4AB6<F9 6 CB?B:9A<9 EA4K4?4 
(E<AGEB<84?PAB9), 4 ;4F9@ 6 (CDS@BG7B?PAO9 <@CG?PEO). - GEF4AB6<F9 K4EFBFG 
A4CDS:9A<S – 250±10 �J. 
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 #9D9>?RK4F9?P CD989?B6 <;@9D9A<S @G?PF<@9FD4 MY60 5?B>4 �3 GEF4AB6<F9 A4 
CD989? <;@9D9A<S C9D9@9AAB7B A4CDS:9A<S 20 �. 

 #9D9>?RK4F9?P CD989?B6 <;@9D9A<S @G?PF<@9FD4 7050 5?B>4 �3 GEF4AB6<F9 A4 CD989? 
<;@9D9A<S C9D9@9AAB7B FB>4 50 «@�». 'EF4AB6>4 CD989?B6 <;@9D9A<S @G?PF<@9FDB6 
CB8DB5AB BC<E4A4 6 D4;89?4I 2.1 < 3.1. 

 #9D9>?RK4F9?< CD989?B6 <;@9D9A<S 64FF@9FD4 �10 GEF4AB6<F9 6 CB?B:9A<9 «5 �» < 
«0,04 �». 

 #B69DA<F9 DGK>G C9D9@9AAB7B D9;<EFBD4 330 "@ (5?B> �7) CB K4EB6B= EFD9?>9 8B 
GCBD4, F. 9. GEF4AB6<F9 @4>E<@4?PAB9 EBCDBF<6?9A<9. 

 �>?RK<F9 GEFDB=EF6B ;4M<FAB7B BF>?RK9A<S < 46FB@4F<K9E><= 6O>?RK4F9?P 6 
B8ABH4;AB@ <EFBKA<>9 C<F4A<S G1. 

 �>?RK<F9 6O>?RK4F9?P «%�&0» 5?B>4 79A9D4FBDB6 A4CDS:9A<S �1, 64FF@9FD4 �10, 
5?B>B6 @G?PF<@9FDB6 �2 < �3 < 6O>?RK4F9?< C<F4A<S @G?PF<@9FDB6. 

ВO?>;=5=85 87<5@5=89 

 $GK>B= D97G?<DB6>< 6OIB8AB7B A4CDS:9A<S 79A9D4FBD4 A4CDS:9A<= EC9J<4?PAB= 
HBD@O �1 («�@C?<FG84 0&10 �») ;484=F9 ;A4K9A<S 6OIB8AB7B A4CDS:9A<S �. 
#DB69DPF9 BFEGFEF6<9 C9D97DG;>< 64FF@9FD4 – <A8<>4FBD «U>» (>D4EAO= E69FB8<B8) 
A9 E69F<FPES. �;@9DPF9 A4CDS:9A<9 @G?PF<@9FDB@MY60 5?B>4 �3. #B?GK9AAO= 
D9;G?PF4F <;@9D9A<S CD96OL49F 89=EF6GRM99 ;A4K9A<9 CDS@BG7B?PAB7B 

A4CDS:9A<S 6 1,11& D4;4 (>BQHH<J<9AF HBD@O E<AGEB<8O ). � F45?. 4.2.2 
;4A9E<F9 E>BDD9>F<DB64AAO= D9;G?PF4F <;@9D9A<S 89=EF6GRM97B ;A4K9A<S 

CDS@BG7B?PAB7B A4CDS:9A<S  
 �?S GEF4AB6?9AAB7B ;A4K9A<S A4CDS:9A<S DGK>B= D97G?<DB6>< EBCDBF<6?9A<S 
D9;<EFBD4 330 "@ CBE?98B64F9?PAB GEF4AB6<F9 G>4;4AAO9 6 F45?. ;A4K9A<S FB>4 
(«�484AAB9 ;A4K9A<9»). $9;G?PF4F <;@9D9A<S FB>4 @G?PF<@9FDB@ 5?B>4 �3 ;4A9E<F9 6 
F45?. («�;@9D9AAB9 ;A4K9A<9»). �ECB?P;G9@O= 8?S <;@9D9A<S FB>4 @G?PF<@9FD 7050 
CB>4;O649F <EF<AAB9 89=EF6GRM99 ;A4K9A<9 <;@9DS9@B= 69?<K<AO FB>4 . 

 #D< >4:8B@ ;A4K9A<< FB>4 <;@9DPF9 64FF@9FDB@ @BMABEFP J9C< , < D9;G?PF4F 
6A9E<F9 6 F45?. 4.2.1. 

 �?S >4:8B7B <;@9D9A<S 6OK<E?<F9 CB?AGR < D94>F<6AGR @BMABEF<, >BQHH<J<9AF 
@BMABEF< ( ) CB HBD@G?4@ 

, 

, 

, 

789 - CB>4;4A<S 64FF@9FD4; 

- A4CDS:9A<9 (E>BDD9>F<DB64AAO9 CB>4;4A<S @G?PF<@9FD4MY60 5?B>4 �3); 

- FB>, <;@9D9AAO= @G?PF<@9FDB@ 5?B>4 �3. 

$9;G?PF4FO D4EK9F4 8?S E<AGEB<84?PAB7B FB>4 ;4A9E<F9 6 F45?. 4.2.1., 4 8?S 
A9E<AGEB<84?PAB7B 6 F45?. 4.2.2. 
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 #B6FBD<F9 <;@9D9A<S 8?S 4>F<6AB-<A8G>F<6AB= A47DG;>< D<E. 4.2.25 
(CBE?98B64F9?PAB EB98<A9AAO9 D9;<EFBD 330 "@ 5?B>4 �7 < >4FGL>4 <A8G>F<6ABEF< 
47 @�A, 5?B> �8) < 8?S 4>F<6AB-9@>BEFAB= A47DG;>< D<E. 4.2.26 (CBE?98B64F9?PAB 
EB98<A9AAO9 D9;<EFBD 330 "@ 5?B>4 �7 < 3 C4D4??9?PAB EB98<A9AAOI >BA89AE4FBD4 
4,7; 3,3 < 2,2 @>( 5?B>4 �8) 

&45?<J4 4.2.1. 

!4CDS:9A<9 A4 A47DG;>9 ______ � 

)4D4>F9D 
A47DG;>< 

&B> , @� 
#B>4;4A<S 
64FF@9FD4 
, @�F 

#B?A4S 
@BMABEF
P , @�� 

$94>F<6A4S 
@BMABEFP 
, @�� 

�BQHH<J<9AF 
@BMABEF< 

 

�484AAB
9 

;A4K9A<9 

�;@9D9AAB
9 ;A4K9A<9 

�>F<6A4S 
40-2 

     

20±2 
     

�>F<6AB-
<A8G>F<6A4

S 

40-2 
     

20±2 
     

�>F<6AB-
9@>BEFA4S 

40-2 
     

20±2 
     

&45?<J4 4.2.2. 

!4CDS:9A<9 A4 A47DG;>9 _ � 

)4D4>F9D 
A47DG;>< 

&B> , @� 
#B>4;4A<S 
64FF@9FD4 
, @�F 

#B?A4S 
@BMABEF
P , @�� 

$94>F<6A4S 
@BMABEFP 
, @�� 

�BQHH<J<9AF 
@BMABEF< 

 

�484AAB
9 

;A4K9A<9 

�;@9D9AAB
9 ;A4K9A<9 

�>F<6A4S 
40-2 

     

20±2 
     

�>F<6AB-
<A8G>F<6A4

S 

40-2 
     

20±2 
     

�>F<6AB-
9@>BEFA4S 

40-2 
     

20±2 
     

 #B B>BAK4A<< Q>EC9D<@9AF4 BF>?RK<F9 C<F4A<9 6E9I 5?B>B6. 
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�45BD4FBDA4S D45BF4 №17 
 #B?GK9A<9 >D<6B= A4@47A<K<64A<S < C9F?< 7<EF9D9;<E4 E CB@BMPR 

BEJ<??B7D4H4 
 

 

*9?P D45BFO: Q>EC9D<@9AF4?PAB9 <EE?98B64A<9 7<EF9D9;<EAOI S6?9A<= 

CD< A4@47A<K<64A<< H9DDB@47A9F<>B6. 
 

#D<5BDO < CD<A48?9:ABEF<: 
1. 864 @474;<A4 EBCDBF<6?9A<= $33 
2. EB98<A<F9?PAO9 CDB6B84 
3. >BA89AE4FBD     
4. D97G?SFBD A4CDS:9A<S L>B?PAO= ($!,)  
5. @G?PF<@9FD, >4> 6B?PF@9FD 

 

 

 

$<E. 5 
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