
1 

 

 

 

 

(���$��0!"� ���!&%&�" �����!"�"$"�!"�" &$�!%#"$&� 

(989D4?PAB9 7BEG84DEF69AAB9 5R8:9FAB9 B5D4;B64F9?PAB9 GKD9:89A<9  
6OEL97B B5D4;B64A<S 

«�D>GFE><= 7BEG84DEF69AAO= GA<69DE<F9F CGF9= EBB5M9A<S» 
%<5<DE><= >B??98: FD4AECBDF4 < EFDB<F9?PEF64 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 �&"��+�%��� '����!�3 #" �/#"�!�!�2  ���"$�&"$!/) $��"& 

  

##.03 (<;<>4 
 

8?S EC9J<4?PABEF<  
09.02. 01 «�B@CPRF9DAO9 E<EF9@O < >B@C?9>EO» 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�D>GFE>, 2023 
Электронный документ выгружен из ЕИС ФГБОУ ВО ИрГУПС и соответствует оригиналу

Подписант ФГБОУ ВО ИрГУПС Трофимов Ю.А.
00a73c5b7b623a969ccad43a81ab346d50 с 08.12.2022 14:32 по 02.03.2024 14:32 GMT+03:00
Подпись соответствует файлу документа



2 

 

 

 

$�%% "&$�!":                                                                             
* � @4F9@4F<><, H<;<><  
#D98E984F9?P * �: 

!B6<>B64 &.#. 
#DBFB>B? 7 9 
«29»   @4S  20237.  
 

%BEF46<F9?P:  
 

#B87BDAB6 %.�., CD9CB8464F9?P 6OEL9= >4F97BD<< %<5<DE><= >B??98: FD4AECBDF4 
< EFDB<F9?PEF64 (��"' �" «�D>GFE><= 7BEG84DEF69AAO= GA<69DE<F9F CGF9= EBB5M9-
A<S» 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3 

 

 
%B89D:4A<9  
�6989A<9.......................................................................................................................... .4  

#D46<?4 CB 59;BC4EAO@ GE?B6<S@ FDG84..................................................................... .5  

�45BD4FBDA4S        71 "CD989?9A<9 C?BFABEF< 69M9EF6 ......................................... ..8  
�45BD4FBDA4S 72 �;GK9A<9 ;4>BA4 EBID4A9A<S @9I4A<K9E>B= QA9D7<< 
.......................................................................................................................................... .10  

�45BD4FBDA4S   73 "CD989?9A<9 GE>BD9A<S E6B5B8AB7B C489A<S CD< CB@BM< @4SFA<>4 
................................................................................................................................ &&...11  
�45BD4FBDA4S       74 #DB69D>4 ;4>BA4 �B=?S- 4D<BFF4........................................... 12  
�45BD4FBDA4S       75 "CD989?9A<9 BFABE<F9?PAB= 6?4:ABEF< 6B;8GI4...................13  
�45BD4FBDA4S       76 "CD989?9A<9 CB69DIABEFAB7B A4FS:9A<S&&&....................15  
�45BD4FBDA4S       77 "CD989?9A<9 G89?PAB= F9C?B9@>BEF< 6B8O&&.....................17  
�45BD4FBDA4S       78 "CD989?9A<9 EBCDBF<6?9A<S&&&&&&.&&....................18  
�45BD4FBDA4S   79 �;GK9A<9 CBE?98B64F9?PAB7B < C4D4??9?PAB7B EB98<A9A<S CDB6B8A<-
>B6...................................................................................................................................... 19  

�45BD4FBDA4S       710 "CD989?9A<9 1�% <EFBKA<>4  &&&..&.&&.....................20  
�45BD4FBDA4S       711 "CD989?9A<9 Q?9>FDBI<@<K9E>B7B Q>6<64?9AF4 @98<...........21  
�45BD4FBDA4S        712 "CD989?9A<9 8?<AO 6B?AO&&&&&&&&&&&&&..22  
�45BD4FBDA4S        713 �;GK9A<9 FD9>B6 ;4DS:9AAOI K4EF<J&&............................. 23  

�AHBD@4J<BAAB9 B59EC9K9A<9 B5GK9A<S .................................................................. &24 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 



4 

 

 

 

 

�2545=85 
     *9?P 84AAB7B CBEB5<S 3 CB@BKP EFG89AF4@ 6OCB?A<FP ?45BD4FBDAO9 D45BFO, CD98GE@BFD9A-
AO9 CDB7D4@@B= CB H<;<>9, A4GK<FP CD46<?PAB BCD989?SFP CB7D9LABEF< < CDB<;6B8<FP A9B5IB-
8<@GR K<E?B6GR B5D45BF>G D9;G?PF4FB6 ?45BD4FBDAB7B Q>EC9D<@9AF4. 
�9EP CDBJ9EE 6OCB?A9A<S ?45BD4FBDAOI D45BF 6>?RK49F 6 E95S F9BD9F<K9E>GR CB87BFB6>G, B;A4-
>B@?9A<9 E CD<5BD4@< < E5BD>G EI9@, CDB6989A<9 BCOF4 < <;@9D9A<=, K<E?B6GR B5D45BF>G D9-
;G?PF4FB6 ?45BD4FBDAB7B Q>EC9D<@9AF4 < E84KG ;4K9F4 CB 6OCB?A9AAB= D45BF9. 
"9BD9F<G9E>4O CB87BFB6>4 

&9BD9F<K9E>4S CB87BFB6>4 A9B5IB8<@4 8?S CDB6989A<S H<;<K9E>B7B Q>EC9D<@9AF4, 8B?:A4 CDB-
6B8<FPES EFG89AFB@ 6 CBDS8>9 E4@BEFBSF9?PAB= 6A94G8<FBDAB= D45BFO. �9 E?98G9F A4K<A4FP 
6A<@4F9?PAO@ D4;5BDB@ DG>B6B8EF64 > 84AAB= ?45BD4FBDAB= D45BF9, 4 8?S 5B?99 7?G5B>B7B <;G-
K9A<S D4EE@4FD<649@B7B S6?9A<S D9>B@9A8G9FES B5D4F<FPES > ?<F9D4FGD9, G>4;4AAB= 6 DG>B6B8-
EF69. 
"EB5B9 6A<@4A<9 6 IB89 F9BD9F<K9E>B= CB87BFB6>< 8B?:AB 5OFP B5D4M9AB A4 CBA<@4A<9 H<;<-
K9E>B= EGMABEF< CDBJ9EE4. 
�?S E4@B>BAFDB?S 6 >4:8B= D45BF9 CD<6989AO >BAFDB?PAO9 6BCDBEO, A4 >BFBDO9 EFG89AF B5S;4A 
84FP K9F><9, CD46<?PAO9 BF69FO. 
&9BD9F<K9E>4S CB87BFB6>4 ;469DL49FES CD9864D<F9?PAO@ EBEF46?9A<9@ BFK9F4 EB E?98GRM<@ 
CBDS8>B@ ;4C<E9=: 
1.  !4;64A<9 D45BFO. 
2.  *9?P D45BFO. 
3.  "5BDG8B64A<9. 
4.  )B8 D45BFO (6>?RK49F D<EGA><, EI9@O, F45?<JO, BEAB6AO9 HBD@G?O 8?S BCD989?9A<S 69?<-
K<A, 4 F4> :9 D4EK9FAO9 HBD@G?O 8?S BCD989?9A<S CB7D9LABEF9= <;@9DS9@OI 69?<K<A). 
5.  $4EK9FO 3 B>BAK4F9?PA4S ;4C<EP D9;G?PF4FB6 D45BFO. 
6.  �O6B8. 
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  #D46<?4 CB 59;BC4EAO@ GE?B6<S@ FDG84  
1. �G8PF9 6A<@4F9?PAO, 8<EJ<C?<A<DB64AAO, BEFBDB:AO. &BKAB 6OCB?AS=F9 G>4;4A<S GK<F9?S.  
2. !9 BEF46?S=F9 D45BK99 @9EFB 59; D4;D9L9A<S GK<F9?S.  
3. $4ECB?474=F9 CD<5BDO, @4F9D<4?O, B5BDG8B64A<9 A4 D45BK9@ @9EF9 6 CBDS8>9, G>4;4AAB@ GK<-
F9?9@.  
4. !9 89D:<F9 A4 D45BK9@ @9EF9 CD98@9FO, A9 FD95GRM<9ES 8?S 6OCB?A9�A<S ;484A<S.  
5. #9D98 F9@ >4> CD<EFGC<FP > 6OCB?A9A<R D45BFO, FM4F9?PAB <;GK<F9 99 BC<E4A<9, GSEA<F9 IB8 
99 6OCB?A9A<S.  
6. #D< <ECB?P;B64A<< 69EB6 6;69L<649@B9 F9?B >?48GF A4 ?96GR K4L>G 69EB6, 4 D4;AB69EO A4 
CD46GR.  
7. �;69L<649@B9 F9?B < D4;AB69EO AG:AB BCGE>4FP A4 K4L>< 69EB6 BEFB�DB:AB, A9 DBASS <I.  
8. #D< B>BAK4A<< D45BFO E 69E4@< D4;AB69EO < 7<D< CB@9M4RF 6 HGF?SD, 4 A9 A4 EFB?.  
9. #D< D45BF9 E 8<A4@B@9FDB@ A9?P;S A47DG:4FP 97B F4>, KFB5O 8?<A4 CDG:<AO CD96OL4?4 B7D4-
A<K<F9?P A4 L>4?9.  
10. #D< 6OCB?A9A<< ?45BD4FBDAOI D45BF, 6 >BFBDOI CD<@9ASRFES A<F><, CB@A<F9, KFB <I A9?P;S 
B5DO64FP C4?PJ4@<, A48B <ECB?P;B64FP AB:A<JO.  
11. #D< BCGE>4A<< 7DG;4 6 :<8>BEFP, A9?P;S D9;>B BFCGE>4FP 97B.  
12. #D< <ECB?P;B64A<< DOK474-?<A9=>< A9 ;45O64=F9 CD<89D:<64FP E6B5B8AO= BF 7DG;B6 >BA9J 
DG>B=.  
13. #DB<;6B8<F9 E5BD>G Q?9>FD<K9E><I J9C9=, <;@9A9A<S 6 A<I, @BAF4: 6 A<I FB?P>B CD< BF>?R 

K9AAB@ <EFBKA<>9 C<F4A<S.  
14. !9 6>?RK4=F9 <EFBKA<> C<F4A<S 59; D4;D9L9A<S GK<F9?S.  
15. #DB69DS=F9 A4?<K<9 A4CDS:9A<S A4 <EFBKA<>4I C<F4A<S <?< 8DG7<I K4EFSI Q?9>FDBGEF4AB6>< 
E CB@BMPR CD<5BD4 8?S <;@9D9A<S A4CDS:9A<S 
16. %?98<F9, KFB5O <;B?SJ<S CDB6B8B6 5O?4 <ECD46A4, 4 A4 >BAJ4I CDB6B�8B6 5O?< A4>BA9KA<-
><. #D< E5BD>9 Q?9>FD<K9E>B= J9C< CDB6B84 D4ECB?474=�F9 4>>GD4FAB, 4 A4>BA9KA<>< C?BFAB EB-
98<AS=F9 E >?9@@4@<.  
17. �OCB?AS=F9 <;@9D9A<S < A45?R89A<S, EB5?R84S BEFBDB:ABEFP, KFB5O E?GK4=AB A9 CD<>BE-
AGFPES > B7B?9AAO@ CDB6B84@ (FB>B698GM<@ K4EFS@, A4IB8SM<@ES CB8 A4CDS:9A<9@).  
18. #B B>BAK4A<< D45BFO BF>?RK<F9 <EFBKA<> C<F4A<S, CBE?9 K97B D4;59�D<F9 Q?9>FD<K9E>GR 
J9CP. "5A4DG:<6 A9<ECD46ABEFP 6 Q?9>FD<K9E><I GEF4�AB6>4I, A4IB8SM<IES CB8 A4CDS:9A<9@, 
A9@98?9AAB BF>?RK<F9 <EFBKA<> FB�>4 < EBB5M<F9 B5 QFB@ GK<F9?R. 
 

 

 

 

�@8B5@88 >F5=>: ;01>@0B>@=KE @01>B 
"F5=:0 «5» (>B;8G=>) EF46<FES, 9E?< EFG89AF 6OCB?AS9F D45BFG 6 CB?AB@ B5N9@9 E EB5?R89A<-
9@ A9B5IB8<@B= CBE?98B64F9?PABEF< CDB6989A<S BCOFB6 < <;@9D9A<=; E4@BEFBSF9?PAB < D4J<B-
A4?PAB @BAF<DG9F A9B5IB8<@B9 B5BDG8B64A<9; 6E9 BCOFO CDB6B8<F 6 GE?B6<SI < D9:<@4I, B59E-
C9K<64RM<I CB?GK9A<9 CD46<?PAOI D9;G?PF4FB6 < 6O6B8B6; EB5?R849F FD95B64A<S CD46<? 59;-
BC4EAB7B FDG84; 6 BFK9F9 CD46<?PAB < 4>>GD4FAB 6OCB?AS9F 6E9 ;4C<E<, F45?<JO, D<EGA><, K9DF9-
:<, 7D4H<><, 6OK<E?9A<S; CD46<?PAB 6OCB?AS9F 4A4?<; CB7D9LABEF9=. 
"F5=:0 «4» (E>@>H>) EF46<FES, 9E?< 6OCB?A9AO FD95B64A<S > BJ9A>9 5, AB 5O?B 8BCGM9AB 864-
FD< A98BK9F4, A9 5B?99 B8AB= A97DG5B= BL<5>< < B8AB7B A98BK9F4. 
"F5=:0 «3» (C4>2;5B2>@8B5;L=>) EF46<FES, 9E?< D45BF4 6OCB?A9A4 A9 CB?ABEFPR, AB B5N9@ 6O-
CB?A9AAB= K4EF< F4>B6, KFB CB;6B?S9F CB?GK<FP CD46<?PAO9 D9;G?PF4FO < 6O6B8O; 9E?< 6 IB89 
CDB6989A<S BCOF4 < <;@9D9A<= 5O?< 8BCGM9AO BL<5><. 
"F5=:0 «2» (=5C4>2;5B2>@8B5;L=>) EF46<FES, 9E?< D45BF4 6OCB?A9A4 A9 CB?ABEFPR < B5N9@ 
6OCB?A9AAB= K4EF< D45BFO A9 CB;6B?S9F E89?4FP CD46<?PAOI 6O6B8B6; 9E?< BCOFO, <;@9D9A<S, 
6OK<E?9A<S, A45?R89A<S CDB<;6B8<?<EP A9CD46<?PAB. 
"F5=:0 «1» EF46<FES, 9E?< EFG89AF EB6E9@ A9 6OCB?A<? D45BFG. 
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   �B 6E9I E?GK4SI BJ9A>4 EA<:49FES, 9E?< EFG89AF A9 EB5?R84? FD95B64A<= CD46<? 59;BC4EAB7B 
FDG84. 
  �45BD4FBDAO9 D45BFO 6OCB?ASRFES CB C<EP@9AAO@ <AEFDG>J<S@, >BFBDO9 CD<6B8SFES 6 84A-
AB@ CBEB5<<. �4:84S <AEFDG>J<S EB89D:<F >D4F><9 F9BD9F<K9E><9 E6989A<S, BFABESM<9ES > 84A-
AB= D45BF9, C9D9K9AP A9B5IB8<@B7B B5BDG8B64A<S, CBDS8B> 6OCB?A9A<S D45BFO, >BAFDB?PAO9 
6BCDBEO < ?<F9D4FGDG. 
   �A<@4F9?PAB9 <;GK9A<9 @9FB8<K9E><I G>4;4A<= CB@B:9F 6OCB?A<FP D45BFG. 
   �45BD4FBDAO= CD4>F<>G@ S6?S9FES IBDBL9= HBD@B= CB6FBD9A<S, G7?G5?9A<S < B5B5M9A<S BE-
AB6AOI 6BCDBEB6 CDB=89AAB7B >GDE4. 
 
 
 
 
 

СиEF5<а 54и=иц 
 
В9;8G8=а 3FB KFB @B:AB 6OD4;<FP >B?<K9EF69AAB. %D46A9A<9 ;A4K9A<= >-? 69?<K<AO 
;B6GF 87<9@9=89<. �A4K9A<9 , E >B<@ ED46A<64RF 6E9 8DG7<9 ;A4K9A<S QFB= :9 
69?<K<AO- 988=8Fа 87<9@9=8O (��)(@9FD-98<A<J4 8?<AO). 
!9CBED98EF69AAB ED46A<64S E 98<A<J9= (CD<?B:<6 @9FD) CDB6B8<@ �@O<>9 87<9@9=89. !B 
C?BM48P >DG74 A9G8B5AB CB8EK<FO64FP K<E?B@ >648D4F<>B6. !4IB:89A<9 K<E?B6B7B 
;A4K9A<S CB HBD@G?9 (<;@9D<6 8<4@9FD)-:>A69==>9 87<9@9=89. 
  � D4;AOI EFD4A4I E <I 98<A<J4@< 8?<AO < @4EEO CB?GK<@ E6B= ;A4K9A<S F- A48B 
EF46<FP >-FO, E6B< 6 >4:8B= EFD4A9 6  F=k1*ma. #D<89@ > B8AB= E<EF9@9 98<A<J. 
 !B CDB<;6B?PAB 6O5D46 m < 8?<AG, @O A9 E@B:9@ CDB<;6B?PAB 6O5D4FP F, 698P BA< 
E6S;4AO 2 ;4>BAB@ !PRFBA4. �O5<D49@ @4EEG < 8?<AG CDB<;6B?PAB (>A=>6=O9 ��),  4 
BEF4?PAO9 5G89@ 6O6B8<FP <; HBD@G?, B5D4M4S >-FO 6 1.  
  2= ;4>BA !PRFBA4 EF4A9F F=ma= 1>7*1@/E^2=1>7*@/E^2 CD<@9@ D9;G?PF4F ;4 98<A<JG 
E<?O < A4;B69@ APRFBAB@(!), 4 6OD4:9A<9 >7*@/E^2  а7<9@=>ABPN !PRFBA4. 
  �?S 98<A<JO D45BFO CB?GK<@ A=Fs=1!*1@=1!*@=1>7*@^2/c^2= 1�:(8:BG?P) 
**�O6989@ 98<A<JG @BMABEF< A=N/t N=A/t=1�:/1c=(1>7*@^2/c^2)/1c=1>7*@^2/c^3=1�F. 
#B?GK49@ EB6B>GCABEFP 6;4<@BE6S;4AAOI 98<A<J- !8AB9<C 988=8F. 
  � >BAJ9 18 69>4 6B ФD4AJ<<   9FD<K9E>GR E<EF9@G @9D  (98<A<JO <;@9D9A<S-@9FD, 8?S 
@4EEO- ><?B7D4@@, E9>GA84) 669? �46G4;P9 (B8<A <; BEAB64F9?9= EB6D9@9AAB= I<@<<, 
FDG8 «  9FB8 I<@<K9E>B= AB@9A>?4FGDO”- CB?B:<? A4K4?B E<EF9@4F<;4J<< I<@ Q?9@9AFB6, 
KFB ;469DL<?ES 5B?99 K9@ K9D9; 100 ?9F C9D<B8<K9E>B= E<EF9@B=  9A89?9964, BF>DO? 
;4>BA EBID4A9A<S @4EEO). "A  6EFGC<? 6 �?46AO= BF>GC. (%5BD A4?B7B6 BF8464?ES 
7BEG84DEF6B@ ;4 BCD989?9AAGR C?4FG A4 BF>GC K4EFAO@ ?<J4@.  %B5D4AAO9  A4?B7< < 
E5BDO E A4E9?9A<S 6 243 D4;4 CD96OL4?< ED98EF64, 6ABE<@O9 6 >4;AG.) «$9ECG5?<>4 A9 
AG:849FES 6 GKTAOI» ;4S6<? CD98E984F9?P FD<5GA4?4 6 BF69F A4 C9F<J<R GK9AOI. 
�EF4F<, >4;A9A < BF9J А@C9D4. 
  � $BEE<< F9C9DP G:9  9:8GA4DB8A4S %�(%<EF9@4 �AF9DA4J<BA4?PA4S)EF4?4 98<AEF69AAB= 
E 1 SA64DS 19787. 
 � A9= 7 BEAB6AOI 98<A<J: 8;8=а-@9FD-B8A4 89ESF<@<??<BAA4S 8B?S #4D<:E>B7B 
@9D<8<4A4 BF Q>64FBD4 8B CB?RE4= 2*C<* 6 356 779/4/10 000 000= 0,9985@, 
<аAAа->7, 6@9<O-E9>, B9<?-@а->9?P6<A (�), B>:-4@C9D, A8;а A69Bа->4A89?4(E69K4-
>8),:>;8G9AB6> 6-6а-@B?P 
 2 8BCB?A<F9?PAOI- ?;>A:89 C7>;-D48<4A(D48), B9;9A=O9 C7>;- EF9D48<4A(ED) 
**!4=F< ρ 4J9F<?9A4(%2!2)[1,15] 
**�A4S ρ "2, A4=F< ρ @9F4A4(%!4)[ ρ@= 0,5ρ"2] 
** ρ 6B;8GI4=1,29 >7/@3,  6B;8GI4= 0,00129>7/?*22,4?=0,028>7/@B?P 

Э?9@9AFO F9BD<< CB7D9шABEF9= 

 #?BI4S CB87BFB6>4 (A94>>GD4FABEFP Q>EC9D<@9AF4FBD4) <?< CD<DB84 E4@B7B B5N9>F4 
CD<6B8<F > A;CG09=K< CB7D9LABEFS@ (<I A9 <E>?RK<FP). !9EB69DL9AEF6B CD<5BD4 (E5<F 
AB?P, A9BF>4?<5DB64A, A9K9EFAO= CDB8469J) 6989F > A8AB5<0B8G5A:>9 CB7D9LABEF< (@B:AB 
<E>?RK<FP, <EE?98B646 CD<5BD). 
�?S <E>?RK9A<S E?GK4=AOI BL<5B> < >S FBKABEF< CDB6B8SF A9E>B?P>B <;@9D9A<= (@<A 3) < 
A4IB8SF ED98A99 4D<H@9F<K9E>B9 (X1+X2+X3)/3=Xcp. 

&>G=>ABL ?@O<>3> 87<5@5=8O =5 <>65B ?@52KH0BL F5=K 45;5=8O ?@81>@0. 
$4;ABEFP @9:8G 8AB8==K< < <;@9D9AAO@ ;A4K9A<S@< <E>B@B= 69?<K<AO A4;-ES 
А1A>;NB=>9 ?>3@5H=>ABLN &X=|X<EF-X|. #BE>B?P>G <EF<AAB9 ;A4K9A<9 A9 <;69EFAB, 70 
=53> ?@8=8<05< XED=)<EF. 
  !4IB8<@ �5E CB7D9LABEF< >4:8B7B <;@9D9A<S: 



7 

 

&X1=X1-XED, &X2=X2-XED, &X3=X3-XED A4IB8SF ED98A99 4D<H@9F<K9E>B9 @B8G?9= QF<I 
CB7D9LABEF9=  (|&X1|+|&X2|+|&X3|)/3=&XED < ?@8=8<0NB 53> 70 45E CB7D9LABEFP 
<;@9D9A<S. 
$9;G?PF4F <;@9D9A<S @B:AB ;4C<E4FP X=XED ± &XED, ;A4K<F <EF<AAB9 ;A4K9A<9 ?9:<F 6 
<AF9D64?9 (8B69D<F9?PAO= <AF9D64?) XED-&XED<X<XED+&XED 
± &XED-  
  !4IB8<@ >B=>A8B5;L=CN ?>3@5H=>ABL · =(&XED/XED)*100% 

  "FK9F CB EI9@9 
1) 84F4, J9?P(A4<@9AB64A<9) < AB@9D D45BFO, 7DGCC4, H4@<?<S 
2) C9D9K9AP B5BDG8B64A<S 
3) EI9@4 <?< ;4D<EB6>4 GEF4AB6>< 

4) ;4C<EP J9AO 89?9A<S L>4?O <;@9D<F9?PAB7B CD<5BD4 
5) F45?<J4 D9;G?PF4FB6 <;@9D9A<= < 6OK<E?9A<= 

6) D4EK9FA4S HBD@G?4, B5D45BF>4 D9;G?PF4FB6 < BCD989?9A<9 CB7D9LABEF9= 

7) �O6B8, BF69FO A4 CBEF46?9AAO9 6BCDBEO 
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�01>@0B>@=0O @01>B0 71 
"#$�����!�� #�"&!"%&� ��-�%&� 

&5<0: «"CD989?9A<9 C?BFABEF< 69M9EF6» 
Ц9?P D45BFO:  

GG95A4O- BCD989?<FP C?BFABEF< A9<;69EFAB7B B5D4;J4; 
CDBH9EE<BA4?PA4O- !4GK<FPES D45BF9 E <;@9D<F9?PAO@< CD<5BD4@< < F9IA<>9 A4IB:89A<S 
CB7D9LABEF9=. 

!FG89AF 8B?:9A 

;A4FP: CBASF<S: BFABE<F9?PA4S < 45EB?RFA4S CB7D9LABEFP 
G@9FP: <;@9DSFP 8?<AG A<F< E CB@BMPR ?<A9=><, C9D<B8 >B?954A<= A<FSAB7B @4SFA<>4, 
CB?P;B64FPES E9>GA8B@9DB@; 
 

&5>@8O. #?BFABEFP B8ABDB8AB7B 69M9EF64 ρ - H<;<K9E>4S .69?<K<A4, D46A4S BFABL9A<R @4E-
EO QFB7B 69M9EF64 F > 97B B5N9@G V:                                                       ρ=m/V         

#?BFABEFP 69M9EF64 @B:AB BCD989?<FP Q>EC9D<@9AF4?PAB. 
 

"1>@C4>20=85.  
1. �EE?98G9@O9 5DGE>< (@9F4??<K9E><=, 89D96SAAO=, C?4EF@4EEB6O9) .  
2. �9EO E D4;AB69EB@.  
3. ,F4A79AJ<D>G?P.  
4.  <>DB@9FD 
�7<5@8B5;L=K5 ?@81>@K 

1) ШF4A79AF<D>G?P <@99F ?<A9=>G EB L>4?B= �, ABA<GE EB L>4?B= %. �;@9DS9@O= CD98@9F 
CB@9M4RF @9:8G AB:>4@< LF4A79AJ<D>G?S B-D F4>, KFB5O CD98@9F 5O? E?97>4 ;4:4F, < ;4-
>D9C?SRF ABA<GE 6<AFB@ E. #B L>4?9 ?<A9=>< BFEK<FO64RF J9?B9 K<E?B @<??<@9FDB6 8B 
AG?S ABA<GE4 (C9D6B7B 89?9A<S). �4F9@ FM4F9?PAB BCD989?SRF, >4>B9 89?9A<9 L>4?O ABA<GE4 
FBKAB EB6C4849F E A9>BFBDO@ 89?9A<9@ L>4?O ?<A9=><. 1FB 89?9A<9 L>4?O AB<GE4 EBBF69F-
EF6G9F 89ESFO@ 8B?S@ @<??<@9FD4.  

  
CB>4;4A<S LF4A79?PJ<D>G?S- 23,3@@ 

 

2) М<>DB@9FD  EBEFB<F <; GCBD4 E, @<>DB@9FD<K9E>B7B 6<AF4 А, A9CB86<:AB= 6FG?>< D E 7B-
D<;BAF4?PAB= L>4?B= 6 @<??<@9FD4I < 7B?B6>< 6<AF4  E 69DF<>4?PAB= L>4?B=. #D< <;@9D9-
A<< @<>DB@9FDB@ CD98@9F CB@9M4RF @9:8G GCBDB@ < 6<AFB@. �D4M4S 6<AF ;4 7B?B6>G, 8B-
6B8SF 97B 8B EBCD<>BEAB69A<S E CD98@9FB@. �4F9@  CB L>4?9 7BD<;BAF4?PAB= L>4?9 BFEK<FO-
64RF J9?O9 @<??<@9FDO < CB?B6<A>< CBE?98A97B @<??<@9FD4 A48 7BD<;BAF4?PAB= L>4?B=, 4 
CB 69DF<>4?PAB= L>4?9 7B?B6>< 6<AF4 - 89ESFO9 < EBFO9 8B?< @<??<@9FD4. #B>4;4A<S @<>-
DB@9FD4 A4 D<EGA>9 33+0,5+0,12= 3,62@@ 
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#>@O4>: @01>BK. 
 

1. ,F4A79AJ<D>G?9@ < @<>DB@9FDB@ <;@9D<FP ?<A9=AO9 D4;@9DO B8AB7B <; 5DGE>B6 < 6O-
K<E?<FP  97B B5N9@  V: V=abc, 789 a,b,c - EBBF69FEF69AAB 8?<A4, L<D<A4, 6OEBF4 5DGE>4. 
2.  % CB@BMPR 69EB6 BCD989?<FP @4EEG 5DGE>4 < 6OK<E?<FP C?BFABEFP 69M9EF64 5DGE>4. 
3.  "COF CB6FBD<FP E 8DG7<@ <EE?98G9@O@ 5DGE>B@. 
5.  $4EEK<F4FP C?BFABEFP 69M9EF64. 
6.  "CD989?<FP BFABE<F9?PAGR CB7D9LABEFP @9FB8B@ BJ9A>< D9;G?PF4FB6 <;@9D9A<=. 
7.  $9;G?PF4FO <;@9D9A<9 ;4C<E4FP 6 F45?<JG. 
 

 

 
 

7   
BCOF4 

a      

�?<A4 
b     

,<-
D<A4 

c     

�OEB-
F4 

V m ρ ρED &ρ &ρED ·
·% 

#D<-
@9K4-
A<9 

E@ E@ c@ E@3 7 7/E@3 7/E@3 7/E@3 7/E@3 

1            

2            
3            

        #D<698<F9 D9;G?PF4F <;@9D9A<S C?BFABEF< B5D4;J4. 
         ρ= ρA@±&ρA@=  
         δ%= 

 #D<698<F9 D4EK9FO CDB@9:GFBKAOI ;A4K9A<= < B>BAK4F9?PAOI D9;G?PF4FB6 6E9I 69?<K<A, 
6EFD9K4RM<IES 6 F45?<J9 
 

�>=B@>;L=K5 2>?@>AK 
1.   !4;B6<F9 <EE?98G9@B9 69M9EF6B. 
2.   +FB A4;O649FES C?BFABEFPR 69M9EF64? #B?GK<F9 98<A<JG <;@9D9A<S C?BFABEF< 6 %� < 
84=F9 BCD989?9A<9. 
3.   +FB F4>B9 45EB?RFA4S < BFABE<F9?PA4S CB7D9LABEF< <;@9D9A<S? 
4.   !4;B6<F9 6B;@B:AO9 CD<K<AO CB7D9LABEF< <;@9D9A<= 6 QFB= D45BF9. 
5.   �4><9 <;@9D9A<S 6 84AAB= D45BF9 BFABESFES > CDS@O@, >4><9 > >BE69AAO@? 
6.   +FB FS:9?99: 698DB DFGF<  6@9EF<@BEFPR 10 8@3

 <?< >G5<K9E><= @9FD CDB5><? �B E>B?P>B 
D4;? 
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�01>@0B>@=0O @01>B0 72 
��''�!�� �А�"!А %"%$А!�!�/  �%А!�'�%�"� Э!�$��� 

 
&5;L @01>BK: ED46A<FP @4>E<@4?PAB9 <;@9A9A<9 CBF9AJ<4?PAB= QA9D7<< F9?4, 6;4<@B89=EF6GR-

M97B E �9@?9=, E @4>E<@4?PAO@ <;@9A9A<9@ CBF9AJ<4?PAB= QA9D7<< 89HBD@<DB64AAB= CDG:<AO 
CD< 69DF<>4?PAOI >B?954A<SI F9?4 A4 CDG:<A9. 
О5BDG8B64A<9:  HF4F<6 E @GHFB= , 8<A4@B@9FD ?45BD4FBDAO= ,7DG;O 

�@0B:0O B5>@8O 
  �;@9A9A<9 CBF9AJ<4?PAB= QA9D7<< 7DG;4 BCD989?S9FES <;@9A9A<9@ 97B 6OEBFO &�1=mg&h. 

  �;@9A9A<9 QA9D7<< CDG:<AO CD<  89HBD@4J<< @B:AB A4=F< ;A4S 99 G8?<A9A<9 &�2=>&I2
/2. 

�89EP �=95 !/<- :9EF>BEFP CDG:<AO. %B7?4EAB ;4>BAG EBID4A9A<S QA9D7<< &�1= &�2. 
1FB EBBF69FEF6<9 < A48B CDB69D<FP. 
#>@O4>: 2K?>;=5=8O @01>BK. 

 

 

 
 

1. #BE?98B64F9?PAB 8B546?S=F9 7<DP>< @4EEB= 100 7 < >4:8O= D4; B5B;A4K4=-
F9 AB6B9 CB?B:9A<9 CDG:<AO.  

2. �;@9DPF9 D4EFS:9A<9 CDG:<AO ΔI .  
3. #B6FBD<F9 Q>EC9D<@9AF 3 D4;4.  
4. #B?GK9AAO9 D9;G?PF4FO ;4C<L<F9 6 F45?<JG.  

 

 

 

 

 

7 
BCOF4 

 m &X E1=mg&X 

E2=K&X2
/2 

&E= 

E1-E2 

Δ%=100%*&E 

/E1 

Δ%ED  

        

        

        

%89?4=F9 6O6B8 B ECD4698?<6BEF< ;4>BA4 EBID4A9A<S @9I4A<K9E>B= QA9D7<<. �BCDBEO < 
;484A<S 8?S B5EG:89A<S D9;G?PF4FB6 ?45BD4FBDAB= D45BFO. 
 

�BAFDB?PAO9 6BCDBEO 

1)%HBD@G?<DG=F9 ;4>BA EBID4A9A<S QA9D7<<. 
(#B?A4S @9I4A<K9E>4S QA9D7<S <;B?<DB64AAB= (;4@>AGFB=) E<EF9@O F9? BEF4TFES CBEFBSAAB=. ) 
2) $9L<FP ;484KG: &9?B @4EEB= 1>7 C4849F E 6OEBFO 10 @9FDB6. "CD989?<FP @4>E<@4?PAGR E>B-
DBEFP < ><A9F<K9E>GR QA9D7<R 6 QFB@ CDBJ9EE9. �4><9 CD96D4M9A<S QA9D7<< CDB<EIB8SF CD< C4-
89A<<? 
3) +FB A4;O649FES CB?AB= @9I4A<K9E>B= QA9D7<9= E<EF9@O? #D< >4><I GE?B6<SI CB?A4S @9I4A<-
K9E>4S QA9D7<< E<EF9@O BEF49FES CBEFBSAAB=? 
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�01>@0B>@=0O @01>B0 73 
"?@545;5=85  CA:>@5=8O A2>1>4=>3> ?045=8O 

&5<0: «"CD989?9A<9 GE>BD9A<S E6B5B8AB7B C489A<S CD< CB@BM< @4SFA<>4» 
Ц9?P D45BFO:  

GG95A4O- BCD989?<FP GE>BD9A<9 E6B5B8AB7B C489A<S; 
CDBH9EE<BA4?PA4O- G@9FP BCD989?SFP 69E F9?4 <;69EFAB= @4EEO A4 84AAB= L<DBF9. 
СFG89AF 8B?:9A 

;A4FP: CBASF<S: @4F9@4F<K9E><= @4SFA<>, C9D<B8 >B?954A<=, K4EFBF4, 4@C?<FG84 >B?954A<=; 
G@9FP: <;@9DSFP 8?<AG A<F< E CB@BMPR ?<A9=><, C9D<B8 >B?954A<= A<FSAB7B @4SFA<>4, 
CB?P;B64FPES E9>GA8B@9DB@; 
О5BDG8B64A<9: A<FSAB= @4SFA<>, ?<A9=>4 <;@9D<F9?PA4S, E9>GA8B@9D <?< K4EO E E9>GA8AB= 
EFD9?>B=. 
�@0B:0O B5>@8O 
�4>BA >B?954A<S @4F9@4F<K9E>B7B @4SFA<>4 @B:AB ;4C<E4FP 6 6<89 HBD@G?O &B@EBA4 

, (1)789 & 3 C9D<B8 >B?954A<= @4SFA<>4, 
L 3 8?<A4 @4SFA<>4,       g 3 GE>BD9A<9 E6B5B8AB7B C489A<S 6 84AAB@ @9EF9 �9@?<. 
�; HBD@G?O (1)   CB?GK<@   g = 4Ã2L /&2 (2) 

&4><@ B5D4;B@, KFB5O BCD989?<FP GE>BD9A<9 E6B5B8AB7B C489A<S A4 BCOF9, A48B <;@9D<FP 
8?<AG @4SFA<>4 l < BCD989?<FP <; BCOF4 C9D<B8 >B?954A<S &.  
�9D<B8B@ >B?954A<O A4;O649FES 6D9@S, ;4 >BFBDB9 @4SFA<> 89?49F B8AB CB?AB9 >B?954A<9. 
(BD@G?O (2) < (1) ECD4698?<6O FB?P>B CD< @4?OI 4@C?<FG84I >B?954A<S (8?<AAB= A<F<). 
#>@O4>: 2K?>;=5=8O @01>BK: 
1. �;@9DPF9 8?<AG @4SFA<>4 (L) ?<A9=>B= E FBKABEFPR 8B 0,5 @@ < C9D9698<F9 D9;G?PF4F 6 
@9FDO (AB A9 B>DG7?S=F9). 
2. "F>?BA<6 A9@AB7B @4SFA<> BF CB?B:9A<S D46AB69E<S, BFCGEF<F9 97B < ;4@9FPF9 CB K4E4@ 
>B?<K9EF6B >B?954A<= n ;4 t= 1, 2 < 3 @<A  
3. �?S >4:8B7B E?GK4S BCD989?<F9 C9D<B8           &= t /n < g   
4. �OK<E?<F9  gED. 
7. �E9 6OK<E?9A<S B>DG7?<F9 8B 3-I ;A4K4M<I J<HD,  A4CD<@9D:  
Ã2 = Ã* Ã =3,14I3,14=9,8596=9,86 
8. �E9 <;@9D9A<S < 6OK<E?9A<S ;4A9E<F9 6 BFK9FAGR F45?<JG: 
9. %D46A<F9 CB?GK9AAB9 ED98A99 ;A4K9A<9 8?S gED, EB ;A4K9A<9@ g0=9,81 @/E2 < D4EEK<F4=F9 
45EB?RFAGR CB7D9LABEFP <;@9D9A<S CB HBD@G?9:    &g = |9.81-gED|   (5) 

10. $4EEK<F4=F9 BFABE<F9?PAGR CB7D9LABEFP <;@9D9A<S CB HBD@G?9:     δg% = &g / g0 (6) 

"FK9FA4S F45?<J4 
7 BCO-
F4 

L(@) t(E) n T (c) g 

(@/E2) 
g ED  &g =|9,8-

gED| 
·g% 

1         

2         

3         

         

11. %89?4=F9 6O6B8 6 >BAJ9 D45BFO (EB7?4EAB J9?< D45BFO), ;4C<L<F9 D9;G?PF4F <;@9D9A<S 6 
6<89:      g = gcp+&g (7) 

12. "F69FPF9 A4 >BAFDB?PAO9 6BCDBEO.  
 

�>=B@>;L=K5 2>?@>AK: 
1. +FB F4>B9 GE>BD9A<9 E6B5B8AB7B C489A<S? 
2. "F K97B ;46<E<F GE>BD9A<9 E6B5B8AB7B C489A<S? 
3. #9D<B8 >B?954A<= @4F9@4F<K9E>B7B @4SFA<>4 (HBD@G?4, BCD989?9A<9). 
4. "F K97B ;46<E<F C9D<B8 >B?954A<= @4F9@4F<K9E>B7B @4SFA<>4? 
5. �4> ;46<E<F C9D<B8 >B?954A<= @4F9@4F<K9E>B7B @4SFA<>4 BF 97B @4EEO? 
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�01>@0B>@=0O @01>B0 74 
&5<0: «"COFA4S CDB69D>4 ;4>BA4 �B=?S- 4D<BFF4» 
&5;L @01>BK:  BCOFAO@ CGFT@ GEF4AB6<FP ;46<E<@BEFP @9:8G B5N9@B@ < 846?9A<9@ 74;4 CD< 

CBEFBSAAB= F9@C9D4FGD9 
"1>@C4>20=85 54DB@9FD, FDG5>4  9?P89 
�@0B:0O B5>@8O 
"EAB6AB= K4EFPR CD<5BD4 CB?GK<6L97B A4;64A<9 FDG5><  9?P89 S6?S9FES G>D9C?9AA4S A4 89-

D96SAAB= C?4A>9 E @<??<@9FDB6B= L>4?B= >4C<??SDA4S FDG5>4 E9K9A<9@ 1@@2. �8<A 99 >BA9J 
;4C4SA, 8DG7B= BF>DOF. � ED98A9= K4EF< FDG5>< CB@9M49FES EFB?5<> DFGF< 8?<AB= B>B?B 200 @@. 
� A4K4?9 Q>EC9D<@9AF4 FDG5>4 >?489FES 6 7BD<;BAF4?PAB@ CB?B:9A<< A4 EFB? (6B;8GI4 6 FDG5-

>9, A4IB8<FES CB8 4F@BEH9DAO@ 846?9A<9@. #B L>4?9 @B:AB BCD989?<FP 8?<AG (B5N9@) EFB?5<>4 
6B;8GI4. #D< CB869L<64A<< FDG5>< BF69DEF<9@ 669DI 846?9A<9 A4 EFB?5<> 6B;8GI4 G69?<K<649F-
ES ;4 EK9F 69EB6B7B 846?9A<S EFB?5<>4 DFGF< < 8?<A4 EFB?5<>4 6B;8GI4 A9E>B?P>B G@9APL49FES. 
�E?< FDG5>G CB869E<FP BF69DEF<9@ 6A<;, CDB<EIB8<F B5D4FAB9 S6?9A<9, < 8?<A4 EFB?5<>4 6B;-

8GI4 G69?<K<649FES, F4> >4> 6A9LA99 846?9A<9 G@9APL49FES ;4 EK9F A4CD46?9AAB7B 6A<; 69EB6B7B 
846?9A<S EFB?5<>4 DFGF<. 
&4> >4> C?BM48P E9K9A<S FDG5>< CB 6E9= 99 8?<A9 CBEFBSAA4, <>6=> 7=0G5=85 4;8=K AB>;-

18:0 2>74CE0 ?@8=OBL 70 G8A;5==>5 7=0G5=85 A>>B25BAB2CNI53> >1J5<0 < 6 QFB@ E?GK49 @B:-
AB GF69D:84FP, KFB CDB<;6989A<9 B5N9@4 BCD989?9AAB= @4EEO 74;4, ;4>?RK9AAB7B 6 FDG5>G, A4 
846?9A<9 CD< A9<;@9AAB= F9@C9D4FGD9 9EFP 69?<K<A4 CBEFBSAA4S, 4 QFB 9EFP ;4>BA �B=?S: 

pV = const. 

#>@O4>: 2K?>;=5=8O @01>BK: 
1.  &DG5>4 ?9:<F 7BD<;BAF4?PAB. �;@9DS9@ B5NT@ EFB?5<>4 6B;8GI4 BF ;4C4SAAB7B >BAJ4 8B DFGF<. "A 
K<E?9AAB D469A 6OEBF9 EFB?5<>4 6B;8GI4, F. 9. E9K9A<9 DB6AB 1 @@ . 1FBF EFB?5<> 6B;8GI4 A4IB8<FES CB8 
4F@BEH9DAO@ 846?9A<9@, >BFBDB9 BCD989?S9@ CB 54DB@9FDG. 
2.  &DG5>G 89D:<@ 69DF<>4?PAB, BF>DOFO@ >BAJB@ 669DI. �;@9DS9@ B5NU@. EFB?5<>4 6B;8GI4. "A EF4? 
@9APL9, F. >. 846?9A<9 G69?<K<?BEP A4 6OEBFG EFB?5<>4 DFGF<. &9C9DP BAB $ = $4F + h, 789 $4F - 4F@BEH9D-
AB9 846?9A<9, h - 6OEBF4 EFB?5<>4 DFGF<. 
3.  &DG5>G 89D:<@ 69DF<>4?PAB, ;4>DOFO@ >BAJB@ 6A<;. "5NT@ 6B;8GI4 EF4? 5B?PL9, F. >. 846?9A<9 A4 
EFB?5<> 6B;8GI4 G@9APL<?BEP. $ = $4F - h. 
4. $9;G?PF4FO <;@9D9A<= ;4C<EO649@ 6 F45?<JG. 

 

7 $4F h P V PV (PVcp) Δ (PV) Δ (PV)cp Δ% #D<@9K. 
@@DFEF @@DFEF @@DFEF @@3      

1          $= $4F 
2          $ = $4F + h 

3          $ = $4F - h 

5.%89?4FP 6O6B8O. 
6. #D<69EF< D4EK9FO 

7.   "F69F<FP   A4   6BCDBEO:    
1)  �4FP   HBD@G?<DB6>G   ;4>BA4   �B=?S- 4D<BFF4 < 99 @4F9@4F<K9E>GR ;4C<EP.     
2) K��"� CDBJ9EE A4;O649FES <;BF9D@<K9E><@? 
3) "CD989?<F @4EEG 20? ><E?BDB84  CD< 273 °% < 846?9A<< 304F@  
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�01>@0B>@=0O @01>B0 75 

"?@545;5=85 >B=>A8B5;L=>9 2;06=>AB8 2>74CE0 
&5<0: «"CD989?9A<9 BFABE<F9?PAB= 6?4:ABEF< 6B;8GI4» 
&5;L @01>BK:  

GG95A4O: BCD989?<FP BFABE<F9?PAGR 6?4:ABEFP 6B;8GI4; 
CDBH9EE<BA4?PA4O: 6OSEA<FP, >4> 6?<S9F 6?4:ABEFP 6B;8GI4 A4 ID4A9A<9 C<M96OI CDB8G>FB6. 
%BC45=B 4>;65= 

;A4FP: CBASF<S: 45EB?RFA4S < BFABE<F9?PA4S 6?4:ABEFP 6B;8GI4, C4DJ<4?PAB9 846?9A<9, 846?9-
A<9 A4EOM9AAB7B C4D4, GEFDB=EF6B CE<IDB@9FD4 
G@9FP: CB?P;B64FPES CE<IDB@9FDB@; 
"1>@C4>20=85: CE<IDB@9FD, F45?<J4 CE<IDB@9FD<K9E>4S, F45?<J4 846?9A<S A4EOM9AAOI C4DB6 
6B8O. 
�@0B:0O B5>@8O 
�5EB?RFA4S 6?4:ABEFP (ρ) BCD989?S9FES @4EEB= 6B8SAB7B C4D4, EB89D:4M97BES 6 1 M3

 

6B;8GI4, F. 9. C?BFABEFPR 6B8SAB7B C4D4. �5EB?RFAGR 6?4:ABEFP @B:AB BCD989?<FP CB 
F9@C9D4FGD9 FBK>< DBEO -F9@C9D4FGD9, CD< >BFBDB= C4D, A4IB8SM<=ES 6 6B;8GI9, EF4AB-
6<FES A4EOM9AAO@. &9@C9D4FGDG FBK>< DBEO BCD989?SRF E CB@BMPR 7<7DB@9FD4, 4 ;4F9@ 
CB F45?<J9 «�46?9A<9 A4EOM4RM<I C4DB6 < <I C?BFABEFP CD< D4;AOI F9@C9D4FGD4I» 
A4IB8SF EBBF69FEF6GRMGR F9@C9D4FGD9 FBK>< DBEO C?BFABEFP. !4=89AA4S C?BFABEFP < 
9EFP 
45EB?RFA4S 6?4:ABEFP B>DG:4RM97B 6B;8GI4. 
"FABE<F9?PA4S    6?4:ABEFP    φ    CB>4;O649F,    E>B?P>B    CDBJ9AFB6    EBEF46?S9F 45EB-
?RFA4S 6?4:ABEFP BF C?BFABEF< A4EOM4RM9= φ = ρ4 • 100% / ρA. �A4K9A<9 φ @B:AB A4=F< < 
>4> BFABL9A<9 846?9A<S 6B8SAB7B C4D4, EB89D:4M97BES 6 6B;8GI9 CD< 84AAB= F9@C9D4FGD9, > 
846?9A<R A4EOM9AAB7B C4D4 CD< FB= :9 F9@C9D4FGD9, 6OD4:9AAB9 6 CDBJ9AF4I %  

φ=(P/P0)*100% 

%GM9EF6G9F A9E>B?P>B ECBEB5B6 BCD989?9A<S BFABE<F9?PAB= 6?4:ABEF< 6B;8GI4. 
-->BA89AE4J<BAAO= 7<7DB@9FD, BEAB64AAO= A4 BI?4:89A<< 6B;8GI4 8B FBK>< DBEO < >BA89AE4J<< 
6B8SAB7B C4D4; 
--6B?BESAB= 7<7DB@9FD.O59;:<D9AAO= (?GKL9 E69F?O=) K9?B69K9E><= 6B?BE A45GI49F < G8?<AS-
9FES CD< G69?<K9A<< BFABE<F9?PAB= 6?4:ABEF< 6B;8GI4. 
 --1?9>FDB?<F<K9E><= 7<7DB@9FD-   A4 <;B?SFBD (EF9>?B, CB?<EF<DB?) A4A9E9A 7<7DBE>BC<K9E><= 

E?B= Q?9>FDB?<F4 4 I?BD<EFB7B ?<F<S. #D< <;@9A9A<< 6?4:ABEF< 6B;8GI4 @9AS9FES >BAJ9AFD4-
J<S Q?9>FDB?<F4, 4 E?98B64F9?PAB, < 97B EBCDBF<6?9A<9;.  
--�9=EF6<9 >9D4@<K9E>B7B 7<7DB@9FD4 BEAB64AB A4 ;46<E<@BEF< Q?9>FD<K9E>B7B EBCDBF<6?9A<S 
F6TD8B= < CBD<EFB= >9D4@<K9E>B= @4EEO (E@9EP 7?<AO, >D9@A<S, >4B?<A4 < A9>BFBDOI B><E?B6 
@9F4??4) BF 6?4:ABEF< 6B;8GI4. 
--#D<AJ<C 89=EF6<S CE<IDB@9FD4 BEAB64A A4 D4;ABEF< CB>4;4A<= EGIB7B < E@BK9AAB7B F9D@B@9F-
DB6 6 ;46<E<@BEF< BF 6?4:ABEF< B>DG:4RM97B 6B;8GI4. 
#>@O4>: 2K?>;=5=8O @01>BK: 
1. ";A4>B@PF9EP E GEFDB=EF6B@ CE<IDB@9FD4. 
2. "CD989?<F9 BFABE<F9?PAGR 6?4:ABEFP 6B;8GI4 E CB@BMPR CE<IDB@9FD4. �?S QFB7B BCD989?<F9 
CB>4;4A<S EGIB7B < 6?4:AB7B F9D@B@9FDB6 < 6OK<E?<F9 D4;ABEFP F9@C9D4FGD. #B CE<IDB@9FD<K9-
E>B= F45?<J9 BCD989?<F9 BFABE<F9?PAGR 6?4:ABEFP. 
3.�A4S F9@C9D4FGDG 6?4:AB7B F9D@B@9FD4, CB F45?<J9 C?BFABEF< A4EOM9AAOI C4DB6 BCD989?S9@ 
ρA,$A < CB8EK<FO649@ ρA,$A - 45EB?RFAGR 6?4:ABEFP 6B;8GI4. 
4. #B A4=89AAB@G ;A4K9A<R $ BCD989?<F9 CB F45?<J9 FBK>G DBEO tE F9@C9D4FGD4, CD< >BFBDB= 
C4D 6 6B;8GI9 EF4A9F A4EOM9AAO@. 
 

&01;8F0 ?;>B=>AB8 =0AKI0NI8E ?0@>2 

T 15 16 17 19 20 21 22 23 24 25 27 

P@@ 12,8 13,6 14,5 15,5 17,5 18,5 19,8 22,4 23,8 30,0 31,8 

ρ 
>7/@3 

12,8 13,6 14,5 15,4 17,3 18,3 19,4 23,0 24,4 25,8 27,2 
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t ACE t 2;06. t @>AK φ $> $ &t 

       

"BG5B=0O B01;8F0 
"A=>2=K5 ?@028;0 B5E=8:8 157>?0A=>AB8: 
1.  "EFBDB:AB B5D4M4=F9EP E CE<IDB@9FDB@. 
2.  �>>GD4FAB D4;@9M4=F9 CD<5BD A4 EFB?9, A9 8BCGE>4S 97B C489A<S <?< BCDB><8O64A<S. 
�>=B@>;L=K5 2>?@>AK: 
1. #BK9@G 6?4:AO= F9D@B@9FD 6E9784 CB>4;O649F @9APLGR F9@C9D4FGDG, K9@ EGIB=? 
2. $4;ABEFP CB>4;4A<= EGIB7B < 6?4:AB7B F9D@B@9FDB6 5B?PL9 >B784 6 >45<A9F9 6B;8GI 5B?99 EG-
IB= <?< 5B?99 6?4:AO=? #BK9@G? 
3. +FB A4;O649FES C4DJ<4?PAO@ 846?9A<9@, A4EOM9AAO@ C4DB@, FBK>B= DBEO? 
4. 'EFDB=EF6B CE<IDB@9FD4. 
5. �?<SA<9 6?4:ABEF< 6B;8GI4 A4 ID4A9A<9 C<M96OI CDB8G>FB6. 

#E<IDB@9FD<K9E>4S F45?<J4 
#B>4;4A<S 
EGIB7B 
F9D@B@9FD4 

$4;ABEFP CB>4;4A<= EGIB7B < 6?4:AB7B F9D@B@9FDB6 

 

� °% 0 1 2 3 4 5 6 7 8 9 10 11 

273 0 100 82    63     45    28     11       

 1 100 83    65     48    32  16       

 2 100 84 68     51 35 20       

 3 100 84    69 54    39 24      10      

 4 100 85 70 56 42 28 14      

278 5 100 86 72 58 45 32 10 6     

 6 100 86 73 60 47 35 23 10     

 7 100 87 74 61 49 37 26 14     

 8 100 87 75 63 51 40 28 18 7    

 9 100 88 76 64 53 42 31 21 11    

283 10 100 88 76 65 54 44 34 24 14 4   

 11 100 88 77 66 56 46 36 26 17 8   

 12 100 89 78 68 57 48 38 29 20 11   

 13 100 89 79 69 59 49 40 31 23 14 6  

 14 100 90 79 70 60 51 42 33 25 17 9  

288 15 100 90 80 71 61 52 44 36 27 20 12 5 

 16 100 90 81 71 62 54 45 37 30 22 15 8 

 17 100 90 81 72 64 55 47 39 32 24 17 10 

 18 100 91 82 73 64 56 48 41 34 26 20 13 

 19 100 91 82 74 65 58 50 43 35 29 22 15 

293 20 100 91 83 74 66 59 51 44 37 30 24 18 

 21 100 91 83 75 67 60 52 46 39 32 26 20 

 22 100 92 83 76 68 61 54 47 40 34 28 22 

 23 100 92 84 76 69 61 55 48 42 36 30 24 

 24 100 92 84 77 69 62 56 49 43 37 31 26 

298 25 100 92 84 77 70 63 57 50 44 38 33 27 

 26 100 92 85 78 71 64 58 51 45 40 34 29 

 27 100 92 85 78 71 65 59 52 47 41 36 30 

 28 100 93 85 78 72 65 59 53 48 42 37 32 

 29 100 93 86 79 72 66 60 54 49 43 38 33 

303 30 100 93 86 79 73 67 61 55 50 44 39 34 
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�01>@0B>@=0O @01>B0 76 

"#$�����!�� #"��$%!"%&!"�" !А&/��!�/ ����"%&� 

&5<0: «"CD989?9A<9  CB69DIABEFAB7B A4FS:9A<S» 
Ц9?P D45BFO:  

GG95A4O- BCD989?<FP CB69DIABEFAB9 A4FS:9A<9 6B8O; 

CDBH9EE<BA4?PA4O- G@9FP BCD989?SFP >BQH-F< D4;?<K4FP CB69DIABEFAB9 A4FS:9A<9 D4;?<K-
AOI :<8>BEF9=. 

СFG89AF 8B?:9A 

;A4FP: CBASF<S: @4F9@4F<K9E><= @4SFA<>, C9D<B8 >B?954A<=, K4EFBF4, 4@C?<FG84 >B?954A<=; 
G@9FP: <;@9DSFP 8?<AG A<F< E CB@BMPR ?<A9=><, C9D<B8 >B?954A<= A<FSAB7B @4SFA<>4, 
CB?P;B64FPES 5RD9F>B=; 

О5BDG8B64A<9: 1. �RD9F>4 E >D4AB@. 2. �9EO GK95AO9 E D4;AB69EB@. 3. %BEG8 8?S E5BD4 
>4C9?P.  
�@0B:0O B5>@8O 

    B?9>G?O CB69DIABEFAB7B E?BS :<8>BEF< B5?484RF <;5OF>B@ CBF9AJ<4?PAB= QA9D7<< CB ED46-
A9A<R E QA9D7<9= @B?9>G?, A4IB8SM<IES 6AGFD< :<8>BEF<. �4> < ?R54S @9I4A<K9E>4S E<EF9@4, 
CB69DIABEFAO= E?B= :<8>BEF<, EFD9@SEP G@9APL<FP CBF9AJ<4?PAGR QA9D7<R, EB>D4M49FES. #D< 
QFB@ EB69DL49FES D45BF4 А=σ*∆S, 789 σ - (6OD4:49FES 6 �:/@2

 <?< !/@) CB69DIABEFAB9 A4FS:9-
A<9. 
&B784 σ=А/∆S = F/L, 789 F4E<?4 CB69DIABEFAB7B A4FS:9A<S, L- 8?<A4 7D4A<JO CB69DIABEFAB7B 
E?BS :<8>BEF<. 
#B69DIABEFAB9 A4FS:9A<9 @B:AB BCD989?<FP D4;?<KAO@< @9FB84@<, @O :9 CD<@9A<@ 

М9FB8 BFDO64 >4C9?P. 
    "COF BEGM9EF6?SRF E 5RD9F>B=, 6 >BFBDB= A4IB8<FES <EE?98G9-
@4S :<8>BEFP. "F>DO64RF >D4A 5RD9F>< F4>, KFB5O <; 5RD9F>< 
@98?9AAB C484?< >4C?<. #9D98 @B@9AFB@ BFDO64 >4C?< E<?4 FS:9-
EF< 9T   =F >*g D46A4 E<?9 CB69DIABEFAB7B A4FS:9A<S. �D4A<J4 
E6B5B8AB= CB69DIABEF< 4 B>DG:ABEFP L9=>< >4C?<. %?98B64F9?P-
AB, F = F>g; l = Ã*dL.>.; σ= F>g/(Ã*dL.>.)- "COF CB>4;O649F, KFB dL.>.= 

0,9 d5, 789 d5 4 8<4@9FD >4A4?4 G;>B7B >BAJ4 5RD9F><. 
 #>@O4>: 2K?>;=5=8O @01>BK: 
1. %B5D4FP GEF4AB6>G CB D<EGA>G < A4CB?A<FP 5RD9F>G 6B8B=. 
2. "CD989?<FP @4EEG CGEFB7B EBEG84 8?S E5BD4 >4C9?P, 6;69E<6 97B. 
3. #B8EF46<FP CB8 5RD9F>G EBEG8, 8?S E5BD4 >4C9?P, < C?46AB BF-
>DO64S >D4A, 8B5<FPES @98?9AAB7B BFDO64A<S >4C9?P (>4C?< 8B?:-
AO C484FP 8DG7 ;4 8DG7B@ K9D9; 1-2E) 
5.  #B8 5RD9F>G E BFD97G?<DB64AAO@< >4C?S@< CB8EF46<FP EBEG8 < 
BFEK<F4FP 100 >4C9?P. 
6.   �;@9D<6 @4EEG EBEG84 E >4C?S@< BCD989?<FP @4EEG >4C9?P  
7   $9;G?PF4FO <;@9D9A<< < 6OK<E?9A<= ;4C<E4FP 6 F45?<JG. 

8.  �OK<E?<@, CB69DIABEFAB9 A4FS:9A<9 CB HBD@G?9 σ = mg/(nπ* 0,9 d5). 

9.  "COF CB6FBD<FP BCOF 2 D4;4 E 8DG7<@ >B?<K9EF6B@ >4C9?P. 
10.!4=F< ED98A99 ;A4K9A<9 σED < ED46A<FP CB?GK9AAO= D9;G?PF4F E F45?<KAO@ ;A4K9A<9@ 

CB69DIABEFAB7B A4FS:9A<S E GK9FB@ F9@C9D4FGDO. 
11."CD989?<FP BFABE<F9?PAGR CB7D9LABEFP @9FB8B@ BJ9A>< D9;G?PF4FB6 <;@9D9A<=. 
12. "F69FPF9 A4 >BAFDB?PAO9 6BCDBEO.  
 

 "A=>2=K5 ?@028;0 B5E=8:8 157>?0A=>AB8: 
1.  �>>GD4FAB B5D4M4=F9EP EB LF4F<6B@, A9 8BCGE>4=F9 97B C489A<S. 
2.  %B5?R84=F9 CD46<?4 D45BFO EB EF9>?SAAO@ B5BDG8B64A<9@. 

3.  !9 CB><84=F9 D45BK97B @9EF4 59; D4;D9L9A<S CD9CB8464F9?S.  
 5B>48G5A:85 @5:><5=40F88. 
1.     �?S BCOF4 ?GKL9 <ECB?P;B64FP 8<EF<??<DB64AAGR <?< IBDBLB CDB><CSK9AAGR 6B8G. 
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2.     � >4K9EF69 EBEG84 E 6B8B= G8B5AB 6;SFP @9A;GD>G, <@9RMGR BF?<6. 
3.     +FB5O CD< C489A<< >4C9?P 6B84 6 EBEG89 A9 D4;5DO;7<64?4EP, >BA9J FDG5>< D4ECB?B:<F9 
5?<;>B BF EBEG84. 
4.     #D< CB6FBDAB@ <;@9D9A<< 6;SFP 1504170 >4C9?P 6 ;46<E<@BEF< BF 8<4@9FD4 G;>B7B >BAJ4 
5RD9F><. 
5.     �?S CDB6989A<S BCOF4 @B:AB <ECB?P;B64FP 6BDBA>G (<?< FDG5>G) E C<C9F>B=; EF9>?SAAO= 
D9;9D6G4D C<C9F>< EB98<A<FP E 6BDBA>B= (FDG5>B=) D9;<AB6B= FDG5>B= E ;4:<@B@. 
 

 

7  BCO-
F4 

 4EE4 

+<
E?
B 
>4
C9
?P
, n

 

�
<4
@9
FD
 >
4A
4?
4 
5R
-

D9
F>
< 
(d
5)
 @
@ 

�B
QH
H<
J<
9A
F 
CB
-

69
DI
AB
EF
AB
7B
 A
4F
S-

:
9A
<S
  σ
ED
, !
/@

 

�B
QH
H<
J<
9A
F 
CB
-

69
DI
AB
EF
AB
7B
 A
4F
S-

:
9A
<S
  σ
ED
, !
/@

 

"
FA
BE
<F
9?
PA
4S
 C
B-

7D
9L
AB
EF
P 
·%

 

#
GE
FB
7B
 E
BE
G8
O,
 7 

%B
EG
84
 E
 >
4C
?S
-

@<
, 7

 

 �4
C9
?P
, 7
  

1         

2         

3         

 

�>=B@>;L=K5 2>?@>AK. 
1. #BK9@G CB69DIABEFAB9 A4FS:9A<9 ;46<E<F BF 6<84 :<8>BEF<. 
2. #BK9@G < >4> ;46<E<F CB69DIABEFAB9 A4FS:9A<9 BF F9@C9D4FGDO. 
3. � 86GI B8<A4>B6OI  CDB5<D>4I  A4IB8<FES B8<A4>B6B9 >B?<K9EF6B >4C9?P 6B8O.  � B8AB= CDB-
5<D>9 6B84 K<EF4S, 6 8DG7B= - E 8B546>B= @O?4. "8<A4>B6O ?< B5N9@O BF@9D9AAOI >aC9?P? OF69F 
B5BEAG=F9.  
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�01>@0B>@=0O @01>B0 77 

"?@545;5=85 C45;L=>9 B5?;>5<:>AB8 2>4K 
 

&5<0: «"CD98-9 G89?PAB= F9C?B9@>BEF< 6B8O» 
Ц9?P D45BFO: 1>EC9D<@9AF4?PAB9 BCD989?9A<9 G89?PAB= F9C?B9@>BEF< 6B8O @9FB8B@ E@9L<64-
A<S. 
О5BDG8B64A<9: 1.�4?BD<@9FD 2.&9D@B@9FD 3. 9DAO= EF4>4A  

�@0B:0O B5>@8O � ;4@>AGFB= E<EF9@9 F9C?B64S QA9D7<S A9 F9DS9FES, 4 C9D9D4ECD989?S9FES @9:-
8G F9?4@< F9C?B6B= E<EF9@O. �?S BCD989?9A<S F9C?B9@>BEF< 6B8O @4?B CDBEFB 8B546<FP 7BDSK9= 
6B8O, A9B5IB8<@B ;A4FP F9C?B9@>BEFP 4?R@<A<96B7B >4?BD<@9FD4, E >BFBDB= H4>F<K9E>< < <89F 
ED46A9A<9. 
"?8A0=85 @01>BK  #D< E@9L<64A<< 6 >4?BD<@9FD9 IB?B8AB=  < 7BDSK9= 6B8O K9D9; A9>BFBDB9 
6D9@S GEF4A46?<649FES D46AB69EA4S F9@C9D4FGD4 Θ. #D< QFB@ 7BDSK4S 6B84 BF849F F9C?B, < 99 
F9@C9D4FGD4 <;@9AS9FES BF t67  8B Θ,       CD< QFB@       QBF8=Q67 
�4?BD<@9FD < IB?B8A4S 6B84 6 A4K4?9 BCOF4 <@9RF B8<A4>B6GR F9@C9D4FGDG t6I , >BFBD4S CB8A<-
@49FES 8B Θ, CB?GK4S F9C?B   QCB?=Q>4?+Q6I 
'D46A9A<9 F9C?B6B7B 54?4AE4 QBF8=QCB? CD<@9F 6<8  
%6* m67(t67-Θ)=%al* m> (Θ- t6I)+C6* m6I(Θ- t6I), BF>G84 CB?GK49@ 

       %al* m>(Θ- t6I) 

%6=----------------------------                                  ;89EP 
       m67 (t67-Θ)- m6I(Θ- t6I)  

%al=880�:/>7*�- F9C?B9@>BEFP 4?R@<A<96B7B EF4>4A4 >4?BD<@9FD4; 
t6I, t67- F9@C9D4FGD4 IB?B8AB= < 7BDSK9= 6B8O; 
m6I, m67, m>  3 @4EE4 IB?B8AB=, 7BDSK9= 6B8O < EF4>4A4 >4?BD<@9FD4;  
N m> m6I t6I m67 t67 Θ %6 %6ED &% &%ED %· #D<@9K 
             

             

             
 

�>=B@>;L=K5 2>?@>AK 

1. 'B> =07K205BAO B5?;>5<:>ABLN B5;0. 
2. 'B> =07K205BAO C45;L=>9 B5?;>5<:>ABLN 684:>AB8. 
3. �48=8F0 87<5@5=8O C45;L=>9 B5?;>5<:>AB8? 
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�01>@0B>@=0O @01>B0 78 
"CD989?9A<9 EBCDBF<6?9A<S CD< CB@BM< 4@C9D@9FD4 < 6B?PF@9FD4 

(CDB69D>4 ;4>BA4 "@4 8?S GK4EF>4 J9C<) 
   &5<0: «CDB69D>4 ;4>BA4 "@4 8?S GK4EF>4 J9C<» 
Ц9?P D45BFO:  

GG95A4O- BCD989?<FP EBCDBF<6?9A<9 GK4EF>4 J9C<; 

CDBH9EE<BA4?PA4O- G@9FP BCD989?SFP EBCDBF<6?9A<9 D9;<EFBD4 59; B@@9FD4. 
СFG89AF 8B?:9A 

;A4FP: CBASF<S: EBCDBF<6?9A<9, A4CDS:9A<9, FB>; 
G@9FP: >BE69AAB <;@9DSFP EBCDBF<6?9A<9 GK4EF>4 J9C<; 

О5BDG8B64A<9: <EFBKA<> C<F4A<S, >?RK, @474;<A EBCDBF<6?9A<=, CDB6B84, 4@C9D@9FD, 6B?P-
F@9FD, CDB6B?BKAO= D9;<EFBD. 
�@0B:0O B5>@8O  � EBBF69FEF6<< E ;4>BAB@ "@4 8?S GK4EF>4 J9C< I=U/R, BF>G84 ?97>B @B:-

AB A4=F< EBCDBF<6?9A<9, <;@9D<6 FB> < A4CDS:9A<9 A4 A9@ R=U/I/ 

 

   �K?>;=5=85 @01>BK 

1.%BEF46<FP J9CP <; CBE?98B64F9?PAB EB98<A9AAB7B <EFBKA<-
>4 (54F4D9< Q?9@9AFB6), 4@C9D@9FD4, >?RK4 < @474;<A4 EBCDB-
F<6?9A<= < CDB6B?BKAB7B D9;<EFBD4. 
2.�>?RK<6 >?RK, BF@9K4RF CB>4;4A<S 4@C9D@9FD4 < CB8>?R-
K9AAB7B C4D4??9?PAB D9;<EFBDG 6B?PF@9FD4. 
3.#B6FBDS9@ BCOF , <;@9ASS EBCDBF<6?9A<9  @474;<A4. 
4.�OK<E?<FP ;A4K9A<9 EBCDBF<6?9A<S (R=U/I) 8?S >4:8B7B 

BCOF4, ED98A99 ;A4K9A<9 < CB7D9LABEFP <;@9D9A<=.  &RED=|RAB@- RED |/ RED 
1. $9;G?PF4FO ;4C<E4FP 6 F45?<JG 

N 

BCOF4 
I V R RED &RED ·% RAB@<A4?PAB9 

        

        

        

        

        

     �4C<E4FP D9;G?PF4F, E89?4FP 6O6B8. 
                      R= RED ± &RED      ·%= 

       "A=>2=K5 ?@028;0 B5E=8:8 157>?0A=>AB8: 
1. �>>GD4FAB B5D4M4=F9EP E CD<5BD4@< CD< E5BD>9 EI9@O 

2. !9 CB8464=F9 C<F4A<9 A4 EI9@G 59; D4;D9L9A<S CD9CB8464F9?S. 
�>=B@>;L=K5 2>?@>AK 

1 �4> <;@9A<FES A4CDS:9A<9 A4 A47DG;>9, 9E?<  @98AO= CDB6B8 6 D9;<EFBD9 A47DG;>< ;4@9-
A<FP A4  A<>9?<AB6O=. 
2 �46<E<F ?< EBCDBF<6?9A<9 D9;<EFBD4 BF F9@C9D4FGDO? 
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�01>@0B>@=0O @01>B0 79 
   &5<0: «�EE?98B64A<9 C4D4??9?PAB7B < CBE?98B64F9?PAB7B EB98<A9A<S D9;<EFBDB6» 

Ц9?P D45BFO:  

GG95A4O-B59EC9K<FP CD4>F<K9E>B9 CB8F69D:89A<9 ;4>BAB6 CBE?98B64F9?PAB7B < C4D4??9?PAB-
7B EB98<A9A<=; 
CDBH9EE<BA4?PA4O-. 
СFG89AF 8B?:9A 

;A4FP: CBASF<S: A4CDS:9A<9,  C489A<9 A4CDS:9A<S,  1�%; 

G@9FP:  CD<@9ASFP ;A4A<S A4 CD4>F<>9, EB5<D4FP J9CP < CB?P;B64FPES <;@9D<F9?PAO@< CD<-
5BD4@<, <;@9DSFP < D4EEK<FO64FP EBCDBF<6?9A<9  
О5BDG8B64A<9: <EFBKA<> C<F4A<S, >?RK, @474;<A EBCDBF<6?9A<=, CDB6B84, 4@C9D@9FD, 6B?P-
F@9FD, CDB6B?BKAO= D9;<EFBD. 
�@0B:0O B5>@8O   
    #D< CBE?98B64F9?PAB@ EB98<A9A<< K9D9; 6E9 D9;<EFBDO CDBIB8<F B8<A < FBF :9 FB>, 4 

CD<?B:9AAB9 > J9C< A4CDS:9A<9 E>?48O649FES <; EG@@O C489A<= A4CDS:9A<S A4 Q?9@9AF4I, 
>4:8B9 <I >BFBDOI CDBCBDJ<BA4?PAB <I EBCDBF<6?9A<R < R=R1+R2 

 #D< C4D4??9?PAB@ EB98<A9A<< 6IB8O < 6OIB8O 6E9I Q?9@9AFB6 B5N98<A9AO  < @9:8G 
QF<@< FBK>4@< CD<?B:9AB B5M99 8?S 6E9I A4CDS:9A<9. &B> :9 69F6<FES CDBCBDJ<BA4?PAB 
CDB6B8<@BEF< >4:8B= J9C< (Q?9@9AF4) <?< B5D4FAB CDBCBDJ<BA4?PAB 99 EBCDBF<6?9A<R. 
�?S 6OK<E?9A<S Q>6<64?9AFAB7B EBCDBF<6?9A<S J9C< A48B GK9EFP, KFB CD< QFB@ E>?48O64RF-
ES CDB6B8<@BEF< Q?9@9AFB6  1/R=1/R1+1/R2 

�K?>;=5=85 @01>BK 

 1. %BEF46<FP J9CP, EBEFBSMGR <; 86GI CBE?98B64F9?PAB 
EB98<ATAAOI D9;<EFBDB6. 
2. #DB69D<FP ;4>BAO.  

l)I1=I2=I    

2)U = U1 + U2 

3)R1=U1/I;  R2=U2/I;   R=R1+R2; 
    4) U1/U2= R1/R2;      
 

 

 

 3. %BEF46<FP J9CP, EBEFBSMGR <; 86GI C4D4??9?PAB EB98<-
A9AAOI D9;<EFBDB6. 
 

4. #DB69D<FP ;4>BAO: 

l) U1=U2=U 

2) I1+I2=I    

3) R=U/I,     1/R = 1/R1 + 1/R2;                     
4)  I1/I2= R2/R1;        
 

1. %89?4FP 6O6B8O < A4C<E4FP E6B< A45?R89A<S 
 
�>=B@>;L=K5 2>?@>AK 

1. �4>B9 EB98<A9A<9 A4;O64RF CBE?98B64F9?PAO@? �4>B6O ;4>BAO QFB7B EB98<A9A<S? 
2. �4>B9 EB98<A9A<9 A4;O64RF C4D4??9?PAO@? �4>B6O ;4>BAO QFB7B EB98<A9A<S? 
3. �4> BCD989?<FP @BMABEFP A4 GK4EF>4I J9C< < 6E9= J9C< CD< C4D4??9?PAB@ EB98<A9A<<? 
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�01>@0B>@=0O @01>B0 710 
"CD989?9A<9 1�% 

< 6AGFD9AA97B EBCDBF<6?9A<S <EFBKA<>4 QA9D7<< 

&5<0: «"CD989?9A<9 1�% < 6AGFD9AA97B EBCDBF<6?9A<S <EFBKA<>4 QA9D7<<» 
Ц9?P D45BFO:  

GG95A4O- A4GK<FPES  BCD989?SFP 1�% <EFBKA<>4 < EBCDBF<6?9A<9 <EFBKA<>4; 
CDBH9EE<BA4?PA4O- G@9FP BF?<K4FP 1�% BF C489A<S A4CDS:9A<S. 
СFG89AF 8B?:9A 

;A4FP: CBASF<S: A4CDS:9A<9,  C489A<9 A4CDS:9A<S,  1�%; 

G@9FP: >BE69AAB <;@9DSFP EBCDBF<6?9A<9 GK4EF>4 J9C<; 
О5BDG8B64A<9: <EFBKA<> C<F4A<S, >?RK, @474;<A EBCDBF<6?9A<=, CDB6B84, 4@C9D@9FD, 6B?P-

F@9FD, C9D9@9AAO= CDB6B?BKAO= D9;<EFBD (CBF9AJ<B@9FD). 
�@0B:0O B5>@8O  1�% <EFBKA<>4 D4ECD989?S9FES 6 6<89 C489A<S A4CDS:9A<S A4 6A9LA9= 

A47DG;>9 < A4 6AGFD9AA9@ EBCDBF<6?9A<< <EFBKA<>4: 1�%=IRA+Ir. 

    

   �K?>;=5=85 @01>BK 

 1.�;@9D<FP 1�% <EFBKA<>4 1? QA9D7<<, ;4@>AG6 97B A4 
6B?PF@9FD 
2.%BEF46<FP J9CP <; CBE?98B64F9?PAB EB98<A9AAB7B <E-
FBKA<>4 (54F4D9< Q?9@9AFB6), D9;<EFBD4 R1 E CBF9AJ<B-
@9FDB@ < 4@C9D@9FD4. 
3.�;@9D<FP E<?G FB>4 6 J9C< IA < C489A<9 A4CDS:9A<S A4 
6O6B84I <EFBKA<>4 UA F9 A4 (R1+ CBF9AJ<B@9FD). 

4.�OK<E?<FP 6AGFD9AA99 EBCDBF<6?9A<9 (r) 54F4D9< Q?9@9AFB6 
      r=(1�%-UA) /IA   

5.�4CB?A<FP  F45?<JG  ;A4K9A<S@< 

7 1�% UA IA r rED &r &rED Δ% 

        

        

        

"HBD@?9A<9 D9;G?PF4F4 D45BFO 

r=rED±&rED=          ;  ·%= 

 

�BAFDB?PAO9 6BCDBEO 

1. �4> A4=F< C489A<9 A4CDS:9A<S A4  6AGFD9AA9= < 6A9LA9= K4EFSI J9C<? 
2. +FB CB>4;O649F 6B?PF@9FD, CD<EB98<A9AAO= > ;4:<@4@ <EFBKA<>4 1�%,  CD< ;4@>AG-
FB= < D4;B@>AGFB= 6A9LA9= J9C<? 

3.  4F9@4F<K9E>4S ;4C<EP >BFBDB7B H<;<K9E>B7B ;4>BA4 <@99F 6<8:  

4. +FB CDB<;B=89F, 9E?< 6B?PF@9FD 6>?RK<FP 6 J9CP CBE?98B64F9?PAB? 
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�01>@0B>@=0O @01>B0 711 
"CD989?9A<9 Q?9>FDBI<@<K9E>B7B Q>6<64?9AF4 @98<. 

&5<0: «"CD989?9A<9 Q?9>FDBI<@<K9E>B7B Q>6<64?9AF4 @98<» 
Ц9?P D45BFO:  

!4GK<FPES  BCD989?SFP Q?9>FDBI<@<K9E><= Q>6<64?9AF @98<; 

СFG89AF 8B?:9A ;A4FP: CBASF<S: Q?9>FDBI<@<K9E>B7B Q>6<64?9AF4 @98<; 

О5BDG8B64A<9: �4?P64A<K9E><= Q?9@9AF (54F4D9S), Q?9>FDB?<F<K9E>4S 64AA4 E 86G@S @98AO-
@< Q?9>FDB84@< < D4EF6BDB@ @98AB7B >GCBDBE4, 4@C9D@9FD CBEFBSAAB7B FB>4, @474;<A EBCDB-
F<6?9A<=, CDB6B84, 69EO E D4;AB69E4@<, K4EO, >?RK 
�@0B:0O B5>@8O   
   � 6B89 @B?9>G?4 6;4@9A 6B;8GI4 (¸=1) CBC4849F 6  8DG7GR ED98G- 6B8G (¸=84) < 6;4<@B89=-
EF6<9 4FB@B6 @B?9>G? BE?45?S9FES 6 84 D4;4, KFB CD<6B8<F > D4EC48G @B?9>G? A4 ;4DS:9AAO9 
4FB@O- <BAO Q?9@9AFB6, EB;84RM<9 FB>. �4>BA Q?9>FDB?<;4 (1= ;4>BA (4D489S) GF69D:849F, 
KFB @4EE4 6O89?<6L97BES    A4 Q?9>FDB89 69M9EF64 (m) CDS@B CDBCBDJ<BA4?PA4 ;4DS8G (q), 

CDBL98L9@G K9D9; Q?9>FDB?<F:   
                               m=k*q, 789 k- Q?9>FDBI<@<K9E><= Q>6<64?9AF- >B?<K9EF6B 69M9EF64, 6O89-
?9AAB9 CD< CDBIB:89A<< K9D9; Q?9>FDB?<F 1�? Q?9>FD<K9EF64. 'KFS, KFB FB> I=q/t, CB?GK<@ 
m=kIt. 

"FER84                             k=m/(It) 
   �K?>;=5=85 @01>BK 
3. �;@9D<FP 1�% <EFBKA<>4 1? QA9D7<<, ;4@>AG6 97B A4 6B?PF@9FD 
4. "K<EF<FP A4:84KAB= L>GD>B= :0B>4 (>B@8F0B5;L=K9 M;5:B@>4) < 6;69E<FP 97B 
5. %BEF46<FP J9CP <; CBE?98B64F9?PAB EB98<A9AAB7B <EFBKA<>4 (54F4D9< Q?9@9AFB6), @474;<-
A4 EBCDBF<6?9A<= , 4@C9D@9FD4 < Q?9>FDB?<F<K9E>B= 64AAO. 
6. �4@>AGFP J9CP < GEF4AB6<FP E<?G FB>4 1-1,5�. 
7. � F9K9A<9 15-20 @<AGF CB889D:<64FP FB> (<?< BF@9F<FP A4K4?PAB9 < >BA9KAB9 ;A4K9A<9, 
CB8EK<F46 6 CBE?98EF6<< ED98A<= FB>) 
8. ">BAK<6 BCOF, BEFBDB:AB CDB@OFP >4FB8 6;69E<FP 97B, CD9864D<F9?PAB 6OEGL<6. 
9. $9;G?PF4FO ;4A9EF< 6 F45?<JG 

7 

BCOF4 
 4EE4 
>4FB84 
1,7 

 4EE4 
>4FB84 
2,7 

m, 

7 
I, 

� 

t, 

E 
kED &k= 

|kED-
kF45?|/ 
kF45? 

·% 

1         

2         

                  k=kED±&k                             Δ%= 

 

�BAFDB?PAO9 6BCDBEO 

2. #BK9@G @B?9>G?O EB?<, ><E?BFO, M9?BK< 6 6B89 D4EC484RFES A4 <BAO? 
3. �4> AG:AB CBEFGC<FP, KFB5O > G7B?PAB@G Q?9>FDB8G CD<C4SFP CDB6B8? 
4. #BK9@G E DBEFB@ F9@C9D4FGDO EBCDBF<6?9A<9 Q?9>FDB?<F4 G@9APL49FES? 
 

 

 

 

 

 

   

 

 

 

 

 



22 

 

�01>@0B>@=0O @01>B0 712 
�;@9D9A<9 8?<AO E69FB6B= 6B?AO E CB@BMPR 8<HD4>J<BAAB= D9L9F>< 

&5<0: «�;@9D9A<9 8?<AO E69FB6B= 6B?AO E CB@BMPR 8<HD4>J<BAAB= D9L9F>< 

Ц9?P D45BFO: BCD989?<FP 8?<AG E69FB6B= 6B?AO; 

СFG89AF 8B?:9A 

;A4FP: CBASF<S: 8<HD4>J<BAA4S D9L9F>4, 8<HD4>J<BAAO9 EC9>FDO, @4>E<@G@O ; 

G@9FP: D4EEK<F4FP 8?<AG 6B?AO, D4;?<K4FP E69F D4;AB= 8?<AO 6B?AO; 

О5BDG8B64A<9:  

1)#D<5BD 8?S BCD989?9A<S 8?<AO E69FB6B= 6B?AO 

2)�4@C4 A4>4?<64A<S 
3)8<HD4>J<BAAO9 D9L9F>< 
�@0B:0O B5>@8O 

  �E?< ?4@CG CBEF46<FP ;4 A9CDB;D4KAO@ Q>D4AB@ CDBF<6 
G;>B= M9?<, FB CD< D4EE@4FD<64A<< M9?< K9D9; 8<HD4>-
J<BAAGR D9L9F>G @O G6<8<@ E<@@9FD<KAB D4ECB?B:9A-
AO9 CB B59 EFBDBAO BF M9?< 869 D4;ABJ69FAO9 CB?BEO- 

8<HD4>J<BAAO9 EC9>FDO.  $B?P ?<A;O, EB5<D4RM9= 6 B8AG 
FBK>G C4D4??9?PAO= CGKB> E69K9=, <8GM<I CB8 G7?B@ ³ BF 
8<HD4>J<BAAB= D9L9F><, 6OCB?AS9F BCF<K9E>4S E<EF9@4 

7?4;4 K9?B69>4, 4 DB?P Q>D4A4, A4 >BFBDB@ CB?GK49FES EC9>FD, E9FK4F>4 7?4;4. 
   #B?B:9A<9 8<HD4>J<BAAB7B @4>E<@G@4 C9D6B7B CBDS8>4 8?S 8<HD4>J<BAAB= D9L9F>< E C9D<-
B8B@  d BCD989?S9FES GE?B6<9@   λ= d*sin φ/k     789   λ- 8?<A4 E69FB6B= 6B?AO, φ- G7B?, CB8 
>BFBDO@ A45?R849FES CB?B:9A<9 @4>E<@G@4. k-CBDS8B> EC9>FD4 
 �K?>;=5=85 @01>BK 

2. �>?RK9AAGR ?4@CG D4ECB?B:<FP ;4 Q>D4AB@ EB M9?PR < GEF4AB6<FP Q>D4A A4 D4EEFBS-
A<< S=50E@ BF 8<HD4>J<BAAB= D9L9F><. 

3. #DB<;69EF< BFEK9F D4EEFBSA<S L>D- >D4EAB7B < LH- H<B?9FB6B7B >D496 EC9>FD4 ECD464 
< E?964 BF M9?< 6 Q>D4A9. 

4. !4=F< ED98A99 ;A4K9A<9 BFEK9FB6 8?S >D4EAB7B < H<B?9FB6B7B ?GK4. 
5. #B CB?GK9AAB@G ED98A9@G D4EEFBSA<R 8?S >D4EAB7B E69F4 LED.>D < D4EEFBSA<R L BF 
8<HD4>J<BAAB= D9L9F>< 8B Q>D4A4 6OK<E?<FP sin φ>D, CB8 >BFBDO@ A45?R849FES EBBF-
69FEF6GRM4S CB?BE4 EC9>FD4.   sin φ>D=LED.>D./S 

6. �OK<E?<FP 8?<AG 6B?AO, EBBF69FEF6GRMGR >D4EAB= 7D4A<J9 EC9>FD4      
                                             λ= d*sin φ/k 

7. &4>B= :9 D4EK9F E89?4FP 8?S H<B?9FB6B7B >D4S EC9>FD4. 
8. $9;G?PF4FO ;4C<E4FP 6 F45?<JG 
 

N BCOF4 d k S L Sinφ=L/S λ λED &λ &λED δ% 
�D4EAO=1           

�D4EAO=2        

(<B?9F1           

(<B?9F2        

 

�>=B@>;L=K5 2>?@>AK 

5. �4>B9 S6?9A<9 A4;O649FES CD9?B@?9A<9@ E69F4 < >4><@ ;4>BA4@ BAB CB8K<AS9FES? 
6. � K9@ EBEFB<F CB?AB9 BFD4:9A<9 E69F4? �89 <ECB?P;G9FES? 
7. %HBD@G?<DG=F9 ;4>BAO BFD4:9A<S E69F4. 
8. �?<A4 6B?AO >D4EAB7B E69F4 6 64>GG@9= 750A@. �4>B64 8?<A4 6B?AO 6 6B89. N6B-
8O=1,33. �;@9A<FES ?< J69F <;?GK9A<S 6 6B89? 
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�01>@0B>@=0O @01>B0 713 

 

�7CG5=85  B@5:>2 70@O65==KE G0AB8F 
 

&5<0: «�;GK9A<9 FD9>B6 ;4DS:9AAOI K4EF<J 

 

       Ц9?P D45BFO:  GEF4AB6<FP FB:89EF6B ;4DS:9AAB= K4EF<JO CB D9;G?PF4F4@ ED46A9A<S 99 FD9>4 E FD9-
>B@ CDBFBA4 6 >4@9D9 �<?PEBA4, CB@9M9AAB= 6 @47A<FAB9 CB?9. 
СFG89AF 8B?:9A 

;A4FP: CBASF<S: ;4DS84, QA9D7<< K4EF<JO, <A8G>J<< @47A<FAB7B CB?S; 
G@9FP: Aа=F< q/ т, QA9D7<R < <@CG?PE GаEF<FO, <A8G>F<R @а7A<FAB7B CB?S, BCD989?<FP GаEF<FG ; 

О5BDG8B64A<9: ?<EF >а?P><, ?<A9=>а, G7B?PA<> <?< F<D>G?P. HBFB7D4H<S FD9>B6 86GI ;4DS:9AAOI 
K4EF<J (FD9> I CD<A48?9:<F CDBFBAG, FD9> II -K4EF<J9, >BFBDGR A48B <89AF<H<J<DB64FP). �<A<< 
<A8G>J<< @47A<FAB7B CB?S C9DC9A8<>G?SDAO C?BE>BEF< HBFB7D4H<<. !4K4?PAO9 E>BDBEF< B59<I 
K4EF<J B8<A4>B6O < C9DC9A8<>G?SDAO >D4R HBFB7D4H<<.  
�@0B:0O B5>@8O 

#D< 86<:9A<< 6 ED989 ;4DS:9AAO9 K4EF<JO <BA<;<DGRF 4FB@O ED98O. �BAO S6?SRFES 
J9AFD4@< >BA89AE4J<< C4DB6 6 >4@9D9 �<?PEBA4 <?< ;4DB8OL4@< CG;ODP>B6 C4D4 6 C9D97D9FB= 

:<8>BEF< 6 CG;ODP>B6B= >4@9D9. *9CBK>< CG;ODP>B6 <?< >4C9?P B5D4;GRF E?98O FD9>< ;4DS:9A-
AOI K4EF<J, >BFBDO9 HBFB7D4H<DGRF. !4 HBFB7D4H<< <;B5D4:4RFES FD9>< ;4DS:9AAOI K4EF<J, 
86<:GM<IES 6B 6A9LA9@ @47A<FAB@ CB?9 c >48=0:>2>9 A:>@>ABLN. &B?M<A4 FD9>4 ;46<E<F BF 
<BA<;<DGRM9= ECBEB5ABEF< K4EF<JO, 4 >D<6<;A4 FD9>4 - BF E>BDBEF< K4EF<JO < <A8G>J<< @47-
A<FAB7B CB?S. !4 K4EF<JG, 86<:GMGRES C9DC9A8<>G?SDAB 69>FBDG <A8G>J<< В, 89=EF6G9F E<?4 
�BD9AJ4 F? = qBv, A4CD46?9AA4S C9DC9A8<>G?SDAB E>BDBEF<. $48<GE >D<6<;AO FD49>FBD<<      
BCD989?S9FES       ABD@4?PAO@       GE>BD9A<9@       K4EF<JO: 

aA=v2
/R;     mv

2
/R= qBv      "FER8a       G89?PAO=       ;4DS8       K4EF<JO (q/m) 

q/m= v
2
/BR              �; QFB= HBD@G?O 6<8AB, KFB BFABL9A<9 G89?PAOI ;4DS8B6 K4EF<JO 

D46AB B5D4FAB@G BFABL9A<R D48<GEB6 <I FD49>FBD<=. 
2

1

/

/

R

R

me

mq

p

   B:AB 6OK<E?<FP G89?PAO= 

;4DS8 <89AF<H<J<DG9@B= K4EF<JO q/mK.   
�46<E<@BEF< 6A9LA97B 6<84 FD9>4 K4EF<JO BF 9T F<C4 < H<;<K9E><I I4D4>F9D<EF<>: 
4) 8?<A4 FD9>4 BF QA9D7<< K4EF<JO (CDS@4S); 
5) FB?M<A4 FD9>4 BF ;4DS84 K4EF<JO (CDS@4S), BF E>BDBEF< K4EF<JO (B5D4FA4S); 
6) D48<GE >D<6<;AO BF @4EEO K4EF<JO (CDS@4S), ;4DS84 K4EF<JO (B5D4FA4S), BF E>BDBEF< K4EF<JO 
(CDS@4S); @B8G?S @47A<FAB= <A8G>J<< (B5D4FA4S). 
 

 

�K?>;=5=85 @01>BK 

1) #9D9A9E<F9 FD9>< K4EF<J E HBFB7D4H<< A4 >4?P>G. 
 

2) �;@9DPF9 D48<GE >D<6<;AO RI FD9>4 CDBFBA4 A4 
A4K4?PAB@ GK4EF>9.  
 

3) $48<GE >D<6<;AO FD9>4 K4EF<JO BCD989?SRF E?9-
8GRM<@ B5D4;B@. �OK9DK<64RF, >4> CB>4;4AB A4 
D<EGA>9, 869 IBD8O < 6BEEF46?SRF > QF<@ IBD84@ 
6 <I E9D98<A4I C9DC9A8<>G?SDO. !4 C9D9E9K9A<< 
C9DC9A8<>G?SDB6 ?9:<F J9AFD B>DG:ABEF<. 

4)  �;@9D<FP D48<GEO FD9>B6 B59<I K4EF<J. 
 

5) � B5B<I E?GK4SI <AEFDG@9AF4?PAGR CB7D9LABEFP @B:AB EK<F4FP D46AB= 1 @@. 
 



24 

 

 

6) �4A9EF< D9;G?PF4FO 6 F45?<JG 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

7) �89AF<H<J<DG=F9 K4EF<JG 
 0B5@80; 4;O A?@02>:: 
*'89?PAO= ;4DS8 Q?9>FDBA4: >7К? /1076,1

11 . 

*'89?PAO= ;4DS8 CDBFBA4: >7К? /1096,0
8 . 

*'89?PAO= ;4DS8 4?PH4-K4EF<JO: >7К? /105,0
8 . 
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K<A9 < CB A4CD46?9A<R? 

2.     #BK9@G D48<GEO >D<6<;AO A4 D4;AOI GK4EF>4I FD9>4 B8AB= < FB= :9 
K4EF<JO D4;?<KAO? 
3. !4 D<EGA>9 CB>4;4A FD9> CDBFBA4 6 >4@9D9 �<?PEBA4, CB@9M9AAB= 6 
@47A<FAB9 CB?9. �4>B6B A4CD46?9A<9 69>FBD4 E>BDBEF< K4EF<JO 6 A<:A9= 
FBK>9 FD9>4? 
4. �4>B64 HBD@4 FD49>FBD<< 86<:9A<S ;4DS:9AAB= K4EF<JO 6 @47A<FAB@ 
CB?9, 9E?< BA4 86<:9FES 68B?P ?<A<= @47A<FAB= <A8G>J<< QFB7B CB?S? 
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