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1. #4ECBDF HBA84 BJ9ABKAOI ED98EF6 
 

1.1 "5M<9 CB?B:9A<S 
 

(BA8 BJ9ABKAOI ED98EF6 (84?99 – ("%) CD98A4;A4K9A 8?S >BAFDB?S < BJ9A>< B5D4;B64F9?PAOI 
8BEF<:9A<=, B5GK4RM<IES BKAB= < ;4BKAB= HBD@ B5GK9A<S, BE64<64RM<I D45BKGR CDB7D4@@G 
8<EJ<C?<AO  #�.03 (<;<>4. 
("% 6>?RK49F >BAFDB?PAO9 @4F9D<4?O 8?S CDB6989A<S F9>GM97B >BAFDB?S GEC9649@BEF<, 
CDB@9:GFBKAB= 4FF9EF4J<< 6 HBD@9 Q>;4@9A4. 
�BAFDB?P < BJ9A>4 D9;G?PF4FB6 BE6B9A<S 8<EJ<C?<AO BEGM9EF6?S9FES CD9CB8464F9?9@ 6 CDBJ9EE9 
B5GK9A<S, F9>GM97B >BAFDB?S GEC9649@BEF< < CDB@9:GFBKAB= 4FF9EF4J<<. 
 

$9;G?PF4FO B5GK9A<S 
#D98@9FAO9: 
#1 EHBD@<DB64AABEFP CD98EF46?9A<= B DB?< < @9EF9 H<;<>< 6 EB6D9@9AAB= A4GKAB= >4DF<A9 @<D4; 
CBA<@4A<9 H<;<K9E>B= EGMABEF< A45?R849@OI 6B �E9?9AAB= S6?9A<=; CBA<@4A<9 DB?< H<;<>< 6 
HBD@<DB64A<< >DG7B;BD4 < HGA>J<BA4?PAB= 7D4@BFABEF< K9?B69>4 8?S D9L9A<S CD4>F<K9E><I ;484K; 
#2 6?489A<9 BEAB6BCB?474RM<@< H<;<K9E><@< CBASF<S@<, ;4>BAB@9DABEFS@<, ;4>BA4@< < 
F9BD<S@<; G69D9AAB9 CB?P;B64A<9 H<;<K9E>B= F9D@<AB?B7<9= < E<@6B?<>B=; 
#3 6?489A<9 BEAB6AO@< @9FB84@< A4GKAB7B CB;A4A<S, <ECB?P;G9@O@< 6 H<;<>9: A45?R89A<9, 
BC<E4A<9, <;@9D9A<9, Q>EC9D<@9AF; G@9A<9 B5D454FO64FP D9;G?PF4FO <;@9D9A<=, B5A4DG:<64FP 
;46<E<@BEFP @9:8G H<;<K9E><@< 69?<K<A4@<, B5NSEASFP CB?GK9AAO9 D9;G?PF4FO < 89?4FP 6O6B8O; 
#4 EHBD@<DB64AABEFP G@9A<S D9L4FP H<;<K9E><9 ;484K<; 
#5 EHBD@<DB64AABEFP G@9A<S CD<@9ASFP CB?GK9AAO9 ;A4A<S 8?S B5NSEA9A<S GE?B6<= CDBF9>4A<S 
H<;<K9E><I S6?9A<= 6 CD<DB89 < 8?S CD<ASF<S CD4>F<K9E><I D9L9A<= 6 CB6E98A96AB= :<;A<; 
#6 EHBD@<DB64AABEFP EB5EF69AAB= CB;<J<< CB BFABL9A<R > H<;<K9E>B= <AHBD@4J<<, CB?GK49@B= 
<; D4;AOI <EFBKA<>B6. 
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1.2 %<EF9@4 >BAFDB?S < BJ9A>< BE6B9A<S CDB7D4@@O 8<EJ<C?<AO 

 

$9;G?PF4FO  
B5GK9A<S 
(�"�) 

"EAB6AO9 
CB>4;4F9?< BJ9A>< 
D9;G?PF4F4 

!4<@9AB64A<9 D4;89?4 
(F9@O) 

!4<@9AB64A<9 >BAFDB?PAB-
BJ9ABKAB7B ED98EF64 

   �?S F9>GM97B 
>BAFDB?S 

�?S 
CDB@9:GFBKAB= 
4FF9EF4J<< 

#1  - BF?<K4FP  
7<CBF9;O BF 
A4GKAOI F9BD<=;  
- EBCBEF46?9A<9 
A4GKAOI H4>FB6 
Q>EC9D<@9AFB6 E 
89=EF6<F9?PABEFPR; 
-6O86<:9A<9 
7<CBF9; < 
CBEFDB9A<9 
@B89?9=. 

$4;89? 1  9I4A<>4 
$4;89? 2 "EAB6O 
@B?9>G?SDAB= H<;<>< 
< F9D@B8<A4@<>< 
$4;89? 3 
1?9>FDB8<A4@<>4 
$4;89? 4 �B?954A<S < 
6B?AO 

$4;89? 5 "CF<>4 
$4;89? 6 1?9@9AFO 
>64AFB6B= H<;<>< 

&9EF<DB64A<9, 
6OCB?A9A<9 
CD4>F<K9E><I 
;484A<=, 
EBEF46?9A<9 
>BAEC9>FB6. 

1>;4@9A4J<BAAO
9 6BCDBEO 

#2  -B5NSEA9A<9 
CBASF<=; 
-6BECDB<;6989A<9 
BCD989?9A<= 
H<;<K9E><I 
69?<K<A, <I 
D4;@9DABEF9=, 
;4C<EP HBD@G?;  
-6BECDB<;6989A<9, 
HBD@G?<DB6B> 
H<;<K9E><I ;4>BAB6 
< GE?B6<S <I 
6OCB?A9A<S 

$4;89? 1  9I4A<>4 
$4;89? 2 "EAB6O 
@B?9>G?SDAB= H<;<>< 
< F9D@B8<A4@<>< 
$4;89? 3 
1?9>FDB8<A4@<>4 
$4;89? 4 �B?954A<S < 
6B?AO 

$4;89? 5 "CF<>4 
$4;89? 6 1?9@9AFO 
>64AFB6B= H<;<>< 

&9EF<DB64A<9, 
6OCB?A9A<9 
CD4>F<K9E><I 
;484A<=. 

1>;4@9A4J<BAAO
9 6BCDBEO 

#3  - C?4A<DB64A<9 
CDB6989A<S BCOF4; 
- E5BD>4 GEF4AB6>< 
CB EI9@9; 
- CDB6989A<9 
A45?R89A<S; 
-EASF<9 CB>4;4A<= E 
H<;<K9E><I 
CD<5BDB6; 
- EBEF46?9A<9 
F45?<J ;46<E<@BEF< 
69?<K<A 
< CBEFDB9A<9 
7D4H<>B6; 
- EBEF46?9A<9 
BFK9F4 < EB;84A<9 
6O6B84 CB 
CDB89?4AAB= 
D45BF9 

$4;89? 1  9I4A<>4 
$4;89? 2 "EAB6O 
@B?9>G?SDAB= H<;<>< 
< F9D@B8<A4@<>< 
$4;89? 3 
1?9>FDB8<A4@<>4 
$4;89? 4 �B?954A<S < 
6B?AO 

$4;89? 5 "CF<>4 
$4;89? 6 1?9@9AFO 
>64AFB6B= H<;<>< 

�OCB?A9A<9 
CD4>F<K9E><I 
;484A<=, 
?45BD4FBDAOI 
D45BF.   

1>;4@9A4J<BAAO
9 6BCDBEO 

#4  - 6O5BD $4;89? 1  9I4A<>4 &9EF<DB64A<9, 1>;4@9A4J<BAAO
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CD46<?PAB7B 
4?7BD<F@4 
D9L9A<S; 
-6BECDB<;6989A<9 
BCD989?9A<= 
H<;<K9E><I 
69?<K<A, <I 
D4;@9DABEF9=, 
;4C<EP HBD@G?; 
- EBEF46?9A<9 
F45?<J ;46<E<@BEF< 
69?<K<A 
< CBEFDB9A<9 
7D4H<>B6. 

$4;89? 2 "EAB6O 
@B?9>G?SDAB= H<;<>< 
< F9D@B8<A4@<>< 
$4;89? 3 
1?9>FDB8<A4@<>4 
$4;89? 4 �B?954A<S < 
6B?AO 

$4;89? 5 "CF<>4 
$4;89? 6 1?9@9AFO 
>64AFB6B= H<;<>< 

6OCB?A9A<9 
CD4>F<K9E><I 
;484A<=: 
D9L9A<9 ;484K. 

9 6BCDBEO 

#5  -CD<@9A9A<9 
H<;<K9E>B= F9BD<< 
8?S  B5NSEA9A<S 
<;69EFAOI S6?9A<= 
CD<DB8O < A4GKAOI 
H4>FB6; 
-6O5BD 
A9B5IB8<@B7B 
F9BD9F<K9E>B7B 
@4F9D<4?4 < 
@9FB8B6 8?S 
D9L9A<S 
F9BD9F<K9E><I < 
Q>EC9D<@9AF4?PAOI 
;484K;                     
-D4EK9F, BJ9A>4 < 
6O6B8 CB 
D9;G?PF4F4@. 

$4;89? 1  9I4A<>4 
$4;89? 2 "EAB6O 
@B?9>G?SDAB= H<;<>< 
< F9D@B8<A4@<>< 
$4;89? 3 
1?9>FDB8<A4@<>4 
$4;89? 4 �B?954A<S < 
6B?AO 

$4;89? 5 "CF<>4 
$4;89? 6 1?9@9AFO 
>64AFB6B= H<;<>< 

&9EF<DB64A<9, 
6OCB?A9A<9 
CD4>F<K9E><I 
;484A<=, 
EBEF46?9A<9 
>BAEC9>FB6. 
�OCB?A9A<9 
?45BD4FBDAOI 
D45BF.   

1>;4@9A4J<BAAO
9 6BCDBEO 

#6  -BJ9A>4 B5;BD4 
<AHBD@4J<< CB 
�AF9DA9F- 
D9EGDE4@, 6 
EBB5M9A<SI % �, 
A4GKAB- 
CBCG?SDAOI 
EF4FPSI; 
- CB87BFB6>4 
CDB9>FB6, <I 
;4M<F4; 
-CB87BFB6>4 
8B>?484. 

$4;89? 1  9I4A<>4 
$4;89? 2 "EAB6O 
@B?9>G?SDAB= H<;<>< 
< F9D@B8<A4@<>< 
$4;89? 3 
1?9>FDB8<A4@<>4 
$4;89? 4 �B?954A<S < 
6B?AO 

$4;89? 5 "CF<>4 
$4;89? 6 1?9@9AFO 
>64AFB6B= H<;<>< 

%BEF46?9A<9 
>BAEC9>FB6, 
;4M<F4 
D9H9D4F4, 
EBEF46?9A<9 
BFK9F4 CB 
?45BD4FBDAO@ 
D45BF4@. 

1>;4@9A4J<BAAO
9 6BCDBEO 
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2. �BAFDB?PAB-BJ9ABKAO9 ED98EF64 
2.1  4F9D<4?O 8?S F9>GM97B >BAFDB?S 

�6989A<9 6 H<;<>G 
#D<@9DAO9 F9EFB6O9 ;484A<S 

'4EFP 1 
1. �4>B9 <; A<:9CD<6989AAOI GF69D:89A<= ECD4698?<6B? 
(<;<>4 – QFB A4G>4& 

�) B J69F4I                          �) B CB6989A<< 89F9= 6 L>B?9 
�) B F9IAB?B7<SI                �) B >BE@BE9                   �) B CD<DB89 
 2. �4>B9 <; A<:9CD<6989AAOI E?B6 B5B;A4K49F H<;<K9E>B9 S6?9A<9? 
�) �?R@<A<=                       �) �B84 
�) �<?B7D4@@                      �) #?46?9A<9                �) �<A9=>4 
 3. � 86GI 5<8BA4I A4IB8<?BEP @B?B>B. � C9D6B@ <; A<I @B?B>B E><E?B, 4 6B 6FBDB@ BFEFBS?<EP 
E?<6><. � >4>B@ <; 5<8BAB6 CDB<;BL?B H<;<K9E>B9 S6?9A<9? 
�) � C9D6B@                           �) �B 6FBDB@ 

�) � C9D6B@ < 6B 6FBDB@        �) !< 6 B8AB@ <; A<I 
 4. �4><9 <; A<:9CD<6989AAOI S6?9A<= A45?R84RFES CD< 7BD9A<< Q?9>FD<K9E>B= ?4@CO? 
I –  9I4A<K9E><9                   II – &9C?B6O9 
III – �6G>B6O9                         IV – 1?9>FD<K9E><9              V – %69FB6O9 
�) I, IV                                   �) II, V 

�) II, IV, V                             �) I, III, V              �) IV, V 

 5. �4><9 <; A<:9CD<6989AAOI H<;<K9E><I S6?9A<= A45?R84RFES CD< 7BD9A<< 8DB6? 
�) &9C?B6O9                          �)  9I4A<K9E><9 
�)  47A<FAO9                       �) &9C?B6O9 < E69FB6O9           �) &9C?B6O9 < @9I4A<K9E><9 
6. �4>B9 <; A<:9CD<6989AAOI E?B6 B5B;A4K49F H<;<K9E>B9 F9?B? 
�) �?<A4                                �) "5N9@ 

�) �9EO                                  �) �BD9A<9               �) %9>GA84 
 7. �4><9 <; A<:9CD<6989AAOI E?B6 B5B;A4K4RF H<;<K9E><9 F9?4? 
I – �4D4A84L                          II - �9?9;B   
III – !9HFP                              IV – CF<J4 
�) II, III                                 �) I, II 
�) II, IV                                  �) I, IV             �) I, III 
 8. �4>B9 <; A<:9CD<6989AAOI E?B6 B5B;A4K49F 69M9EF6B? 
�) �6<:9A<9                         �) �GA4 
�) �98                                  �) ">AB                  �) %9>GA84 
 9. �4>B9 <; A<:9CD<6989AAOI E?B6 B5B;A4K49F 69M9EF6B? 
�) �9A;<A                               �) �?<A4 
�) �<?B7D4@@                        �) �4F@9A<9 %B?AJ4           �) +4L>4 
 10. �; >4><I A<:9CD<6989AAOI 69M9EF6, EGM9EF6GRM<I 6 CD<DB89, @B:AB <;7BFB6<FP B5989AAGR 
F4D9?>G? 
�) (4DHBD                             �) %F9>?B 
�) �?R@<A<=                        �) )DGEF4?P             �) #?4EF@4EE4 
11. +FB <;GK49F H<;<>4? 
�: 36?9A<S, CDB<EIB8SM<9 6 A9:<6B= CD<DB89. 
�: %69FB6O9, F9C?B6O9 < @9I4A<K9E><9 S6?9A<S. 
�:  9I4A<K9E><9, Q?9>FD<K9E><9 < @47A<FAO9 S6?9A<S. 
�: $4;AO9 <;@9A9A<S 6 B>DG:4RM9@ @<D9. 
12. !4;B6<F9 EBK9F4A<S E?B6, B5B;A4K4RM<I H<;<K9E>B9 F9?B. 
�: $9;<A4, >4C?S.             �: �6<74F9?P, 8B:8P. 
�: %F4>4A, >4D4A84L.     �: �9DBE<A, ><DC<K. 
13. �; C9D9K<E?9AAOI E?B6: 1) 8B:8P; 2) 89D96B; 3) FGK4; 4) 7DB;4; 5) 8B@; 6) 6D9@S; 7) @B?A<S; 8) 
B5NT@; 9) 8?<A4 G>4:<F9 J<HDO, CB8 >BFBDO@< E?B64 B;A4K4RF: 
4) H<;<K9E>B9 F9?B _______________________ ; 5) H<;<K9E>B9 S6?9A<9 ____________ . 
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14. �; CD98?B:9AAOI 64D<4AFB6 6O59D<F9 FBF, 6 >BFBDB@ 6E9 E?B64 B5B;A4K4RF H<;<K9E><9 
69?<K<AO: 
�: CGFP, ;4C4I, 6D9@S. 
�: B5NT@, @4EE4, E>BDBEFP. 
�: B5NT@, E>BDBEFP, ?<FD. 

�: @9FD, CGFP, E9>GA84. 
�: @4EE4, ><?B7D4@@, J69F. 

15. !4=8<F9 A9B5IB8<@O9 CB E@OE?G CDBCGM9AAO9 E?B64: «% CB@BMPR & <;GK4RF.». 
�: &H<;<K9E><I F9?, &S6?9A<S. 
�: &CD<5BDB6, &H<;<K9E><9 S6?9A<S. 
�: &Q>EC9D<@9AFB6, &H<;<K9E><9 CD<5BDO. 
�: &CD<5BDB6, &H<;<K9E><9 F9?4 < 
H<;<K9E><9 S6?9A<S. 
2 K4EFP  

1. �4C<L<F9 K<E?4 6 EF4A84DFAB@ 6<89: 
0,0013 @ =                           3700000 @ =                              
0,006 @ = 

 

2. �4C<L<F9, >4>B= @AB:<F9?P 
EBBF69FEF6G9F CD<EF46>9: 

><?B-                         @<??<-                      

@974- 
 

3. "CD989?<F9 < ;4C<L<F9 B5NT@ 6B8O 6 
@9A;GD>9 E GK9FB@ CB7D9LABEF<? 
 

 

___________________________ 

 

 

 

4. �4C<L<F9 J9AG 89?9A<S < CB7D9LABEFP 
<;@9D9A<S CD<5BD4. 

 *9A4 89?9A<S - 
_____________________  

#B7D9LABEFP <;@9D9A<S - _______________ 

5. �OD4;<FP 6 ><?B7D4@@4I: 
7F 
500 7 
0,24 F 
30 7 
25 @7 

6. �OD4;<FP 6 @/E: 
72 >@/K 
108 >@/K 

7. �OD4;<FP 6 @9FD4I: 
5 >@ 

7 8@ 

36 E@ 

4 E@ 

6 @@ 

 

 

 



 

�45BD4FBDA4S D45BF4 71 �;GK9A<9 86<:9A<S F9? CB B>DG:ABEF<  
 *9?P: BCD989?<FP J9AFDBEFD9@<F9?PAB9 GE>BD9A<9 L4D<>4 CD< 97B D46AB@9DAB@ 
86<:9A<< CB B>DG:ABEF<.  
"5BDG8B64A<9: LF4F<6 E @GHFB= < ?4C>B=, ?9AF4 <;@9D<F9?PA4S, J<D>G?P, 8<A4@B@9FD 
?45BD4FBDAO=, 69EO E D4;AB69E4@<, L4D<> A4 A<F<, ?<EF 5G@47<, ?<A9=>4, CDB5>4. 
)B8 D45BFO: 
1. "CD989?<F9 @4EEG L4D<>4. 
2. ,4D<>, CB869L9AAO= A4 A<F<, ;4>D9C<F9 6 ?4C>9 LF4F<64.  
3. �OK9DF<F9 A4 ?<EF9 5G@47< B>DG:ABEFP D48<GEB@ 20 E@.  
4. ,F4F<6 E @4SFA<>B@ D4ECB?B:<F9 F4>, KFB5O CDB8B?:9A<9 A<F< CDBIB8<?B K9D9; J9AFD 
B>DG:ABEF<.  
5. �;S6 A<FP C4?PJ4@< G FBK>< CB869E4, CD<698<F9 @4SFA<> 6B 6D4M4F9?PAB9 86<:9A<9 A48 
?<EFB@ 5G@47< F4>, KFB5O L4D<> BC<EO64? F4>GR :9 B>DG:ABEFP, >4> < A4K9DK9AA4S A4 
5G@479.  

 
6. �;@9DPF9 6D9@S 20 CB?AOI B5BDBFB6 @4SFA<>4.  
7. $4EEK<F4=F9 C9D<B8 B5D4M9A<S @4SFA<>4 CB HBD@G?9: T = tED./N 

8. $4EEK<F4=F9 ;A4K9A<9 J9AFDBEFD9@<F9?PAB7B GE>BD9A<S:  41  = 4Ã2 
R/ T

2  

9. "CD989?<F9 6OEBFG @4SFA<>4. �?S QFB7B <;@9DPF9 D4EEFBSA<9 CB 69DF<>4?< BF J9AFD4 
L4D<>4 8B FBK>< CB869E4.  
10. $4EEK<F4=F9 ;A4K9A<9 GE>BD9A<S CB HBD@G?9: 42 = g R/ h.  

11. "FFSA<F9 7BD<;BAF4?PAB D4ECB?B:9AAO@ 8<A4@B@9FDB@ L4D<> A4 D4EEFBSA<9, D46AB9 
D48<GEG B>DG:ABEF<, < <;@9DPF9 @B8G?P D46AB89=EF6GRM9= E<?O 

12. "FFSA<F9 7BD<;BAF4?PAB D4ECB?B:9AAO@ 8<A4@B@9FDB@ L4D<> A4 D4EEFBSA<9, D46AB9 
D48<GEG B>DG:ABEF<, < <;@9DPF9 @B8G?P D46AB89=EF6GRM9= E<?O, >BFBD4S D46A4 E<?9 
GCDG7BEF< CD< D4EFS:9A<< CDG:<AO.  
13. �ECB?P;GS 6FBDB= ;4>BA !PRFBA4, D4EEK<F4=F9 ;A4K9A<9 J9AFDBEFD9@<F9?PAB7B 
GE>BD9A<S:  43 = F/m.  

14. $9;G?PF4FO <;@9D9A<= < 6OK<E?9A<= ;4A9E<F9 6 F45?<JG. 
15. %89?4=F9 6O6B8 CB 84AAO@ D9;G?PF4FB6 BCOFB6, ED46A<6 41, 42, 43.  
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16. �4=F9 BF69F A4 6BCDBE: 
4. #BK9@G CD< 6OCB?A9A<< D45BFO BCD989?S?< 6D9@S, ;4 >BFBDB9 EB69DL49FES A95B?PLB9 
K<E?B B5BDBFB6? 
5. "CD989?<F9 ?<A9=AGR E>BDBEFP F9?4 CB D9;G?PF4F4@ BCOFB6. 
 

#D4>F<K9E>B9 D45BF4 71 $46AB@9DAB9 < D46ABGE>BD9AAB9 86<:9A<9 
*9?P D45BFO: 
;4>D9C<FP G@9A<9: 
CD<@9ASFP HBD@G?O E>BDBEF< CD< D46AB@9DAB@ 86<:9A<<, GE>BD9A<S < GD46A9A<S 
86<:9A<S CD< D4;?<KAOI 6<84I 86<:9A<S CD< D9L9A<< ;484K; 
CD<@9ASFP HBD@G?O J9AFDBEFD9@<F9?PAB7B GE>BD9A<S, E6S;O64RM9= ?<A9=AGR < G7?B6GR 
E>BDBEF< CD< D9L9A<< ;484K. 
�484A<9 1. "F69FPF9 A4 6BCDBEO: 

1. +FB A4;O649FES @9I4A<K9E><@ 86<:9A<9@ < >4><9 69?<K<AO S6?SRFES 97B  
        I4D4>F9D<EF<>4@<? 
2. �4><9 6<8O 86<:9A<S 64@ <;69EFAO? 
3. �4><@< I4D4>F9D<EF<>4@< BC<EO649FES A9D46AB@9DAB9 CDS@B?<A9=AB9 86<:9A<9? 
4. +FB F4>B9 FD49>FBD<S 86<:9A<S? #D<698<F9 CD<@9DO CDS@B?<A9=AB= < 

       >D<6B?<A9=AB= FD49>FBD<= 86<:9A<=. 
5. +9@ BF?<K49FES CGFP BF C9D9@9M9A<S? 
6. �4> BCD989?S9FES C9D9@9M9A<9 CD< D46ABGE>BD9AAB@ 86<:9A<<? 
7. +FB <; E95S CD98EF46?S9F >D<6B?<A9=AB9 86<:9A<9? 
8. +FB F4>B9 J9AFDBEFD9@<F9?PAB9 GE>BD9A<9? 
9. +FB F4>B9 C9D<B8 < K4EFBF4 B5D4M9A<S < >4><@< EBBFABL9A<S@< E6S;4AO QF<  
      69?<K<AO? 

 9FB8<K9E><9 G>4;4A<S 
!9E@BFDS A4 5B?PLB9 D4;ABB5D4;<9 ;484K CB ><A9@4F<>9, @B:AB CD98?B:<FP E?98GRM<= 
4?7BD<F@ <I D9L9A<S: 

1. %89?4FP EI9@4F<K9E><= D<EGAB>, <;B5D4;<6 A4K4?PAB9 CB?B:9A<9 F9? < <I 
A4K4?PAB9 EBEFBSA<9, F.9.    ⃗⃗⃗⃗     . 

2. �O5D4FP E<EF9@G BFEKTF4 A4 BEAB64A<< 4A4?<;4 GE?B6<< ;484K<. �?S QFB7B AG:AB 
6O5D4FP F9?B BFEKTF4 < E6S;4FP E A<@ E<EF9@G >BBD8<A4F, G>4;46 A4K4?B BFEKTF4 
>BBD8<A4F, A4CD46?9A<9 BE9= >BBD8<A4F, @B@9AF A4K4?4 BFEKTF4 6D9@9A<. #D< 
6O5BD9 CB?B:<F9?PAOI A4CD46?9A<= DG>B6B8EF6GRFES A4CD46?9A<9@ 86<:9A<S 
(E>BDBEF<) <?< A4CD46?9A<9@ GE>BD9A<S. 

3. %BEF46<FP A4 BEAB64A<< ;4>BAB6 86<:9A<S E<EF9@G GD46A9A<= 6 69>FBDAB@ 6<89 
8?S 6E9I F9?, 4 ;4F9@ 6 E>4?SDAB= HBD@9, ECDB9J<DB646 A4 >BBD8<A4FAO9 BE< QF< 
69>FBDAO9 GD46A9A<S 86<:9A<S. #D< ;4C<E< QF<I GD46A9A<= E?98G9F B5D4F<FP 
6A<@4A<9 A4 ;A4>< "+" < "-" CDB9>J<= 6IB8SM<I 6 A<I 69>FBDAOI 69?<K<A. 

4. "F69F A9B5IB8<@B CB?GK<FP 6 6<89 4A4?<F<K9E>B= HBD@G?O (6 B5M9@ 6<89), 4 6 
>BAJ9 CDB<;69EF< K<E?B6O9 D4EKTFO. 

5. #D< D9L9A<< ;484K A4 86<:9A<9 @4F9D<4?PAB= FBK>< CB B>DG:ABEF< A9B5IB8<@B 
8BCB?A<F9?PAB GK<FO64FP E6S;P @9:8G G7?B6O@< < ?<A9=AO@< I4D4>F9D<EF<>4@<. 

#D<@9DO D9L9A<S ;484K 
�484K4 1. �9?BE<C98<EF, 98GM<= EB E>BDBEFPR 18 >@/K, A4K<A49F ECGE>4FPES E 7BDO. 
"CD989?<FP E>BDBEFP 69?BE<C98<EF4 K9D9; 6 E, 9E?< GE>BD9A<9 D46AB 0,8 @/E2

. 
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�484K4 2. #B9;8 K9D9; 20 E CBE?9 A4K4?4 86<:9A<S CD<B5D9F49F E>BDBEFP 0,6 @/E. +9D9; 
E>B?P>B 6D9@9A< BF A4K4?4 86<:9A<S E>BDBEFP CB9;84 EF4A9F D46A4 3 @/E? 
�484K4 3. %>BDBEFP 46FB@B5<?S ;4 10 E G@9APL<?4EP E 10 8B 6 @/E. !4C<E4FP HBD@G?G 
;46<E<@BEF<       E>BDBEF< BF 6D9@9A<, CBEFDB<FP 7D4H<> QFB= ;46<E<@BEF< < CB 7D4H<>G 
BCD989?<FP E>BDBEFP K9D9; 20 E. 
�484K4 4. #B9;8 86<:9FES EB E>BDBEFPR 20 @/E. #D< FBD@B:9A<< 8B CB?AB= BEF4AB6>< BA 
CDBLT? D4EEFBSA<9 6 200 @. "CD989?<F9 6D9@S, 6 F9K9A<9 >BFBDB7B CDB<EIB8<?B 
FBD@B:9A<9. 
�484K4 5. �4>B6 D48<GE >D<6<;AO ;4>DG7?9A<S 8BDB7<, 9E?< CB A9= 46FB@B5<?P 86<:9FES E 
J9AFDBEFD9@<F9?PAO@ GE>BD9A<9@ 2 @/E2 

 CD< E>BDBEF< 72 >@/K? 
�484A<9 2. $9L<F9 >B?<K9EF69AAO9 ;484K<. 
�484K4 1. #DS@B?<A9=AB9 86<:9A<9 86GI F9? ;484AB GD46A9A<S@<             <             , 789       <       - >BBD8<A4FO 6 @B@9AF 6D9@9A< t C9D6B7B < 6FBDB7B F9? 
EBBF69FEF69AAB. "I4D4>F9D<;G=F9 86<:9A<9 F9?. "CD989?<F9 6D9@S < >BBD8<A4FG <I 
6EFD9K<. +<E?9AAO9 ;A4K9A<S 69?<K<A CD<6989AO 6  9:8GA4DB8AB= E<EF9@9 98<A<J (%�). 
�484K4 2.  4F9D<4?PA4S FBK>4 E A4K4?PAB= E>BDBEFPR    86<:9FES E GE>BD9A<9@ α < K9D9; 
6D9@S t <@99F E>BDBEFP  . "CD989?<F9 ;A4K9A<9 69?<K<AO, B5B;A4K9AAB= «?». �6<:9A<9 
CDS@B?<A9=AB9, 68B?P B8AB= >BBD8<A4FAB= BE<. 
�484K4 3. �6FB@B5<?P, <@96L<= A4K4?PAGR E>BDBEFP   , D4;7BAS9FES E GE>BD9A<9@ α 8B 
E>BDBEF<   A4 CGF< 8?<AB= l. "CD989?<F9 ;A4K9A<9 69?<K<AO, B5B;A4K9AAB= «?». %>B?P>B 
6D9@9A< 8?<FES D4;7BA? 
�484K4 4. #B <@9RM<@ES 6 F45?<J9 84AAO@ G>4:<F9  ;A4K9A<S GE>BD9A<S < A4K4?PAB= 
E>BDBEF<, 4 F4>:9 CBEFDB=F9 7D4H<>< ;46<E<@BEF< C9D9@9M9A<S, E>BDBEF< < >BBD8<A4FO 
BF 6D9@9A< ;4 C9D6O9 20 E9>GA8. "CD989?<F9 ;A4K9A<9 69?<K<AO, B5B;A4K9AAB= «?». 
�484K4 5.  4F9D<4?PA4S FBK>4 86<:9FES EB E>BDBEFPR     CB B>DG:ABEF< D48<GEB@  R, 

<@9S CD< QFB@ J9AFDBEFD9@<F9?PAB9 GE>BD9A<9  aJ. �4 6D9@S  t  @4F9D<4?PA4S FBK>4 
CDBIB8<F D4EEFBSA<9  S, CD< QFB@ EB69DL4S CB6BDBF A4 G7B?  φ. '7?B64S E>BDBEFP  ω. 
"CD989?<F9 ;A4K9A<9 69?<K<AO, B5B;A4K9AAB= «?».  
 

%<EF9@4 BFEK9F4. #9D9@9M9A<9. 
%>BDBEFP D46AB@9DAB7B CDS@B?<A9=AB7B 86<:9A<S  

#D<@9DAO9 F9EFB6O9 ;484A<S 
 

�484A<9 #1 
!9>BFBDO= 69>FBD EBEF46?S9F G7B? 30B E BEPR <>E. &B784, QFBF 69>FBD 5G89F... 
1) "FD<J4F9?PAO@ 

2) #B?B:<F9?PAO@ 

3) $469A AG?R 

4) �<5B BFD<J4F9?PAO@, ?<5B CB?B:<F9?PAO@, AB A9 D46AO@ AG?R 

�484A<9 #2 
�O59D9F9 69DAO9 GF69D:89A<S 
1) $48<GE-69>FBD EB98<AS9F A4K4?B >BBD8<A4F < 84AAGR FBK>G CDBEFD4AEF64 
2) �?<A4 D48<GE-69>FBD4 ;46<E<F BF 6O5BD4 A4K4?4 >BBD8<A4F 
3) �A4K9A<9 D48<GE-69>FBD4 A9 @B:9F 5OFP BFD<J4F9?PAO@ 

4) $48<GE-69>FBDB@ @B:AB CB?P;B64FPES FB?P>B 6 E<EF9@9 >BBD8<A4F A4 C?BE>BEF< 

�484A<9 #3 
�O59D9F9 69DAO9 GF69D:89A<S 
1) #9D9@9M9A<9 - QFB D48<GE-69>FBD 
2) #9D9@9M9A<9 A9 @B:9F 5OFP 5B?PL9 CDB=89AAB7B CGF< 

3) #DB=89AAO= CGFP - QFB D48<GE-69>FBD 
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4) #9D9@9M9A<9 - QFB 69>FBDA4S 69?<K<A4 
5) #DB=89AAO= CGFP - QFB 69>FBDA4S 69?<K<A4 
�484A<9 #4 
#D< D46AB@9DAB@ CDS@B?<A9=AB@ 86<:9A<<... 
�O59D<F9 A9E>B?P>B <; 4 64D<4AFB6 BF69F4: 
1) %>BDBEFP 6E9784 CB?B:<F9?PA4S  
2) �D4H<> ;46<E<@BEF< E>BDBEF< F9?4 BF 6D9@9A< CD98EF46?S9F EB5B= 7BD<;BAF4?PAGR 
CDS@GR 

3) �D4H<> ;46<E<@BEF< CB?B:9A<S F9?4 BF 6D9@9A< CD98EF46?S9F EB5B= 7BD<;BAF4?PAGR 
CDS@GR 

4) �E9784 @B:AB 6O5D4FP F4>GR E<EF9@G >BBD8<A4F, 6 >BFBDB= 8BEF4FBKAB B8AB= 
>BBD8<A4FO, KFB5O BC<E4FP 86<:9A<9 
�484A<9 #5 
!4 D<EGA>9 CB>4;4AO 7D4H<>< ;46<E<@BEF< CB?B:9A<= FD9I F9? BF 6D9@9A<. 'E?B6AB 
A4;B69@ QF< F9?4 1, 2, 3 (6 EBBF69FEF6<< E ?<A<S@< A4 7D4H<>9). &B784... 
�;B5D4:9A<9: 

 

 

1) �4>B9 F9?B 86<749FES 5OEFD99 _____ 
2) �4><9 F9?4 86<74RFES 6 
CDBF<6BCB?B:AOI A4CD46?9A<SI ______ 
�484A<9 #6 
� A9>BFBDB= <A9DJ<4?PAB= E<EF9@9 BFEKTF4 
FBK>4 N <@99F >BBD8<A4FO (1;3). !4=8<F9 
8?<AG D48<GE-69>FBD4, BC<EO64RM97B 
CB?B:9A<9 FBK>< N. 

�484A<9 #7 
 B8G?P 69>FBD4 4 D469A 15 69>FBD 4 

C9DC9A8<>G?SD9A BE< G. &B784... 
1) #DB9>J<S 69>FBD4 4 A4 BEP I D46A4 
____________ 

2) #DB9>J<S 69>FBD4 4 A4 BEP G D46A4 ____________ 
�484A<9 #8 
 B8G?P 69>FBD4 4 D469A 8 < 69>FBD 4 EBEF46?S9F G7B? 30 7D48GEB6 E BEPR I. &B784... 
1) #DB9>J<S 69>FBD4 4 A4 BEP I D46A4 _____ 
2) #DB9>J<S 69>FBD4 4 A4 BEP G D46A4 _____ 
�484A<9 #9 
&9?B C9D9@9EF<?BEP <; FBK>< M (2;3) 6 FBK>G N (7;8). !4=8<F9 @B8G?P C9D9@9M9A<S 
84AAB7B F9?4. 
�484A<9 #10 
&9?B C9D9@9EF<?BEP <; FBK>< M (2;5) 6 FBK>G N (5;8) ;4 5 E9>GA8. !4=8<F9 @B8G?P 
E>BDBEF< 84AAB7B F9?4. 
�484A<9 #11 
&9?B C9D9@9EF<?BEP <; FBK>< M (5;5) 6 FBK>G N (9;8). !4=8<F9 G7B? (6 7D48GE4I) @9:8G 
A4CD46?9A<9@ 69>FBD4 E>BDBEF< < BEPR I. 

�484A<9 #12 
�BCDBE: 
#B?B:9A<9 86GI F9? BC<EO649FES E?98GRM<@< GD46A9A<S@<: x1(t)=4+2t; x2(t)=8t. !4 
>4>B@ D4EEFBSA<< (6 @) BF A4K4?4 BFEK9F4 QF< F9?4 6EFD9FSFES? 
�484A<9 #13 
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�BCDBE: 
� A4K4?PAO= @B@9AF 6D9@9A<, 7DG;B6<> <@99F >BBD8<A4F4 7DG;B6<>4 D46A4 I0=-5 @, 4 
>BBD8<A4F4 ?97>B6B= @4L<AO I0=1900 @. %>BDBEFP 7DG;B6<>4 D46A4 15 @/E. �E?< BA< 
6EFD9F<?<EP K9D9; 30 E9>GA8 CBE?9 A4K4?4 86<:9A<S, FB >4>B64 E>BDBEFP ?97>B6B= @4L<AO 
(6 @/E)? 
�484A<9 #14 
�BCDBE: 
#B?B:9A<9 86GI F9? BC<EO649FES E?98GRM<@< GD46A9A<S@<: x1(t)=-25+t; x2(t)=20-3t. 

+9D9; E>B?P>B E9>GA8 BA< 6EFD9FSFES? 
�484A<9 #15 
�BCDBE: 
�46<E<@BEFP CB?B:9A<9 F9?4 BF 6D9@9A< BC<EO649FES E?98GRM<@ GD46A9A<9@: x(t)=-

10+3t. &B784 E>BDBEFP D46A4 ________________ 
#D4>F<K9E>4S D45BF4 72  �<A4@<>4 < ;4>BAO !PRFBA4 

*9?P D45BFO:  ;4>D9C<FP G@9A<9  CD<@9ASFP ;4>BAO !PRFBA4 CD< D9L9A<< ;484K. 
#D<@9DO D9L9A<S ;484K 
�484K4 1. +9?B69> @4EEB= 80 >7 CB8A<@49FES 6 ?<HF9 D46AB;4@98?9AAB, 69DF<>4?PAB 669DI, 
E GE>BD9A<9@ 2 @/E2. "CD989?<F9 E<?G 846?9A<S K9?B69>4 A4 CB? >45<AO ?<HF4. 
�484K4 2. �6FB@B5<?P @4EEB= 5 F FDB749FES E @9EF4 E GE>BD9A<9@ 0,6 @/E2. !4=F< E<?G FS7<, 
9E?< >BQHH<J<9AF EBCDBF<6?9A<S 86<:9A<R D469A 0,04. 
�484K4 3. �6FB@B5<?P @4EEB= 1 F CB8A<@49FES CB LBEE9 E G>?BAB@ 300

 CB8 89=EF6<9@ 
E<?O FS7< 7 >!. !4=F< GE>BD9A<9 46FB@B5<?S, EK<F4S, KFB E<?4 EBCDBF<6?9A<S A9 ;46<E<F 
BF E>BDBEF< 86<:9A<S. �BQHH<J<9AF EBCDBF<6?9A<S D469A 0,1. 'E>BD9A<9 E6B5B8AB7B 
C489A<S CD<ASFP D46AO@ 10 @/E2

. 

�484K4 4. &9?9:>4 @4EEB= 5 >7 86<:9FES CB 7BD<;BAF4?PAB= CB69DIABEF< CB8 89=EF6<9@ 
7<D< @4EEB= 21 >7, CD<>D9C?TAAB= > >BAJG A9D4EFS:<@B= A<F<, C9D9><AGFB= K9D9; 
A9CB86<:AO= 5?B>. "CD989?<FP A4FS:9A<9 A<F< < GE>BD9A<9 86<:9A<S F9?9:><, 9E?< 
>BQHH<J<9AF FD9A<S F9?9:>< B C?BE>BEFP 0,1.  4EE4@< 5?B>4 < A<F<, 4 F4>:9 FD9A<9@ 6 
5?B>9 CD9A95D9KP. 
�484A<9 2. $9L<F9 >B?<K9EF69AAO9 ;484K< 
�484K4 1. �BBD8<A4F4 x F9?4, 86<:GM97BES CDS@B?<A9=AB, <;@9AS9FES E F9K9A<9@ 6D9@9A< 
CB ;4>BAG x=x (t).  4EE4 F9?4 m. �OK<E?<F9 @B8G?P D46AB89=EF6GRM9= E<?, CD<?B:9AAOI 
> F9?G. 
�484K4 2. #4EE4:<DE><= ?<HF A4K<A49F 86<:9A<9 <; EBEFBSA<S CB>BS <  86<74SEP 
D46ABGE>BD9AAB 669DI (6A<;), ;4 6D9@S t CDBIB8<F CGFP s. #D< F4>B@ 86<:9A<< ?<HF4 69E 
C4EE4:<D4 @4EEB= m D469A $. "CD989?<F9 ;A4K9A<9 69?<K<AO, B5B;A4K9AAB= «?». 
'E>BD9A<9 E6B5B8AB7B C489A<S CD<@<F9 D46AO@ 10 @/E2

. 

�484K4 3. &9C?B6B; @4EEB= M FSA9F 647BA @4EEB= m E GE>BD9A<9@ α. %<?4 FS7< F9C?B6B;4 
FF, E<?4 A4FS:9A<S EJ9C>< @9:8G F9C?B6B;B@ < 647BAB@ F>. "CD989?<F9 ;A4K9A<S 69?<K<A, 
B5B;A4K9AAOI «?». %<?B= EBCDBF<6?9A<S @B:AB CD9A95D9KP. 
�484K4 4. �64 F9?4 @4EE4@<  m1  <  m2  CB869L9AO A4 A9D4EFS:<@B= A<F< K9D9; 5?B>. 
!4=F< ;A4K9A<S < A4CD46?9A<S GE>BD9A<= 7DG;B6  a1  <  42  < E<?G A4FS:9A<S A<F<  T. 

"CD989?<F9 ;A4K9A<S 69?<K<A, B5B;A4K9AAOI «?». 
�484K4 5. #B 7?48>B= A4>?BAAB= C?BE>BEF< 8?<AB= L < 6OEBFB= h A95B?PLB= 5DGEB> 
EBE>4?P;O649F E GE>BD9A<9@ α. "CD989?<F9 ;A4K9A<S 69?<K<A, B5B;A4K9AAOI «?». 
'E>BD9A<9 E6B5B8AB7B C489A<S CD<@<F9 D46AO@ 10 @/E2

.  

�45BD4FBDA4S D45BF4 72 "CD989?9A<9 GE>BD9A<S E6B5B8AB7B C489A<S CD< CB@BM< 
@4SFA<>4 

*9?P: BCD989?<FP GE>BD9A<9 E6B5B8AB7B C489A<S. 
"5BDG8B64A<9: LF4F<6, L4D<> A4 A<F<, K4EO, ?<A9=>4. 
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)B8 D45BFO: 
1. %B59D<F9 Q>EC9D<@9AF4?PAGR GEF4AB6>G. 
'EF4AB6<F9 LF4F<6 A4 >D4R EFB?4 < CB869EPF9 > A9@G L4D<> F4>, KFB5O BA @B7, EB69DL4FP 
>B?954A<S A9 >4E4SEP, CB?4 (1-2 E@ BF CB?4). �?<A4 A<F< 8B?:A4 5OFP @4>E<@4?PAB 
6B;@B:AB=. 
2. %89?4=F9 A9B5IB8<@O9 <;@9D9A<S: 

4) �;@9DPF9 ?<A9=>B= 8?<AG ℓ@4SFA<>4. 
l=_________@. 
5) "F>?BA<F9 L4D<> 6 EFBDBAG A4 5-8 E@. <, BFCGEF<6 97B, BFEK<F4=F9 N1 = 50 CB?AOI 
>B?954A<= L4D<>4. �4@9DPF9 CB E9>GA8B@9DG 6D9@S, t6 F9K9A<9 >BFBDB7B BA< 
EB69DL4?<EP.  
6) "COF CB6FBD<F9 9MT 2 D4;4, <;@9A<6 >B?<K9EF6B CB?AOI >B?954A<=. 

3. %89?4=F9 D4EKTFO: 
4) "CD989?<F9 C9D<B8 >B?954A<= CB HBD@G?9: & =   

5) "CD989?<F9 GE>BD9A<9 E6B5B8AB7B C489A<S CB HBD@G?9: g = 
         

6) !4=8<F9 ED98A99 ;A4K9A<9 GE>BD9A<S E6B5B8AB7B C489A<S CB HBD@G?9: gED= 
          

4. $9;G?PF4FO <;@9D9A<= < 6OK<E?9A<= ;4A9E<F9 6 F45?<JG: 

5. %D46A<F9 CB?GK9AAO= D9;G?PF4F g (
    E F45?<KAO@ ;A4K9A<9@ GE>BD9A<S E6B5B8AB7B 

C489A<S. 
6. %89?4=F9 6O6B8 B CDB89?4AAB= D45BF9.  
7. �4=F9 BF69F A4 6BCDBE: >4> <;@9A<FES C9D<B8 >B?954A<= A<FSAB7B @4SFA<>4, 9E?< 
8?<AG A<F< G@9APL<FP 6 2 D4;4? 
 

#D4>F<K9E>4S D45BF4 73 �6<:9A<9 6 7D46<F4J<BAAB@ CB?9 
*9?P D45BFO: ;4>D9C<FP G@9A<9 CD<@9ASFP HBD@G?O E<?O FD9A<S, E<?O FS:9EF<, ;4>BA 
�G>4 < ;4>BA 6E9@<DAB7B FS7BF9A<S  CD< D9L9A<< ;484K. 
 9FB8<K9E><9 G>4;4A<S 
#D< D9L9A<< ;484K CB F9@9 «�<A4@<>4 @4F9D<4?PAB= FBK><» E?98G9F CD<89D:<64FPES 
E?98GRM97B 4?7BD<F@4: 

1. %89?4FP EI9@4F<K9E><= D<EGAB>, <;B5D4;<FP 6E9 E<?O, 89=EF6GRM<9 A4 >4:8B9 
F9?B D4EE@4FD<649@B= E<EF9@O. 

2. �O5D4FP E<EF9@G >BBD8<A4F x"y E F4><@ D4ECB?B:9A<9@ BE9=, KFB5O A4<5B?PL99 
>B?<K9EF6B 69>FBDB6 E<? 5O?B A4CD46?9AB 68B?P BE9=. � E?GK49 86<:9A<9 F9?4 CB 
B>DG:ABEF< BEP "x 8B?:A4 5OFP A4CD46?9A4 > J9AFDG B>DG:ABEF< (>4> < 
J9AFDBEFD9@<F9?PAB9 GE>BD9A<9). 

3. �4C<E4FP 8?S >4:8B7B F9?4 6 BF89?PABEF< 6FBDB= ;4>BA !PRFBA4 6 69>FBDAB= 
HBD@9:    =∑   ⃗⃗     . 

4. %CDB9J<DB64FP QF< GD46A9A<S A4 6O5D4AAO9 BE< >BBD8<A4F. 
5. �BCB?A<FP CB?GK9AAGR E<EF9@G 6 E?GK49  A9B5IB8<@BEF< ><A9@4F<K9E><@< < 
8<A4@<K9E><@< EBBFABL9A<S@< < D9L<FP 9T BFABE<F9?PAB <E>B@B= 69?<K<AO. 

#D<@9DO D9L9A<S ;484K 
�484K4 1. !4 E>B?P>B G8?<A<FPES CDG:<A4 CB8 A47DG;>B= 12,5 !, 9E?< CB8 A47DG;>B= 6  

7 
BCOF4 l, @ N t, E &, E g, 

    gE D , 
    

1       

2     

3     
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10 ! CDG:<A4 G8?<A<?4EP A4 4 E@? 
�484K4 2. !4 >4>B@ D4EEFBSA<< E<?4 CD<FS:9A<S 86GI L4D<>B6 @4EE4@< CB 1 7 D46A4 
6,7·10-17

 !? 
�484K4 3. �9?BE<C98<EF, 9I46L<= EB E>BDBEFPR 36 >@/K, G6<89? CD<@9DAB 6 10 @ BF E95S 
CD9CSFEF6<9 < D9;>B ;4FBD@B;<?. 'EC99F ?< 69?BE<C98<EF BEF4AB6<FPES 8B CD9CSFEF6<S? 
�BQHH<J<9AF FD9A<S E>B?P:9A<S L<A CB EGIB@G 4EH4?PFG 0,7. �4> <;@9A<FES FBD@B;AB= 
CGFP CD< G69?<K9A<< E>BDBEF< 86<:9A<S 6 2 D4;4? 
�484A<9 2. $9L<F9 >B?<K9EF69AAO9 ;484K< 
�484K4 1. � >DRK>G 8<A4@B@9FD4 CD<>D9C<?< CB?BE>G D9;<AO :9EF>BEFPR k. #D< 
D4EFS:9A<< CB?BE>< A4 8?<AG x CB>4;4A<S 8<A4@B@9FD4 EBEF46<?< F. "CD989?<F9 
;A4K9A<9 69?<K<AO, B5B;A4K9AAB= «?». �4> <;@9ASFES CB>4;4A<S 8<A4@B@9FD4, 9E?< 
89HBD@4J<S CB?BE>< D9;<AO G69?<K<FES 6 α D4;? 
�484K4 2. �B784 D9;<AB64S L4=54 A4IB8<FES A4 7BD<;BAF4?PAB= CB69DIABEF< ?P84, FB E<?4 
FS:9EF<, 89=EF6GRM4S A4 L4=5G GD46AB69L<649FES E<?B= D94>J<< N EB EFBDBAO 
CB69DIABEF< ?P84. �E?<, G84D<6 CB L4=59, ;4EF46<FP 99 E>B?P;<FP CB CB69DIABEF< ?P84, FB 
6B;A<>A9F E<?4 FD9A<S E>B?P:9A<S FFD. �BQHH<J<9AF FD9A<S E>B?P:9A<S @9:8G L4=5B= < 
CB69DIABEFPR ?P84 D469A ¼. "CD989?<F9 ;A4K9A<9 69?<K<AO, B5B;A4K9AAB= «?». �B 
E>B?P>B D4; <;@9A<FES E<?4 FD9A<S E>B?P:9A<S, 9E?< E69DIG A4 L4=5G CB?B:<FP n F4><I 
:9 L4=5? 
�484K4 3.  9F4??<K9E><= 5DGEB> CDS@BG7B?PAB= HBD@O D4;@9DB@ a×b×c CB869L9A > 
8<A4@B@9FDG. #B>4;4A<S 8<A4@B@9FD4 F. #?BFABEFP @9F4??4 ρ. "CD989?<F9 ;A4K9A<9 
69?<K<AO, B5B;A4K9AAB9 «?». �B E>B?P>B D4; <;@9ASFES CB>4;4A<S 8<A4@B@9FD4, 9E?< 6E9 
D4;@9DO 5DGE>4 G69?<K<FP 6 α D4;? 
�484K4 4. �64 F9?4 @4EE4@< m1 <  m2, A4IB8SM<9ES A4 D4EEFBSA<< r 8DG7 BF 8DG74, 
6;4<@B89=EF6GRF E E<?B= 7D46<F4J<BAAB7B CD<FS:9A<S F. "CD989?<F9 ;A4K9A<9 
69?<K<AO, B5B;A4K9AAB= «?». �4> <;@9A<FES E<?4 7D46<F4J<BAAB7B 6;4<@B89=EF6<S, 9E?< 
D4EEFBSA<9 @9:8G F9?4@< G69?<K<FP 6 β D4;? 

�4>BAO !PRFBA4 
#D<@9DAO9 F9EFB6O9 ;484A<S 

�484A<9 #1 
�BCDBE: 
$46AB89=EF6GRM4S E<?4, 89=EF6GRM4S A4 F9?B CDS@B CDBCBDJ<BA4?PA4... 
�O59D<F9 A9E>B?P>B <; 4 64D<4AFB6 BF69F4: 
1)  4EE9 QFB7B F9?4 
2) %>BDBEF< QFB7B F9?4 
3) #?BFABEF< QFB7B F9?4 
4) 'E>BD9A<R F9?4 
�484A<9 #2 
�BCDBE: 
!4 D<EGA>9 G>4;4AO 69>FBD E>BDBEF< < 69>FBD GE>BD9A<S F9?4. �G84 A4CD46?9A4 
D46AB89=EF6GRM4S E<?4? 
�;B5D4:9A<9: 
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�O59D<F9 B8<A <; 4 64D<4AFB6 BF69F4: 
1) �A<; 
2) �CD46B 
3) �?96B 
4) �69DI 
�484A<9 #3 
�BCDBE: 
�O59D9F9 69DAO9 GF69D:89A<S 
У>4:<F9 <EF<AABEFP <?< ?B:ABEFP 64D<4AFB6 BF69F4: 
__ #BASF<9 E<?O CD<@9A<@B FB?P>B > 86G@ F9?4@ 

__ %<?4 S6?S9FES E>4?SDAB= 69?<K<AB= 

__ #BASF<9 E<?O CD<@9A<@B > 86G@ <?< 5B?99 F9?4@ 

__ �E?< A4 F9?B 89=EF6G9F A9>4S E<?4, FB QFB F9?B A9 @B:9F A4IB8<FPES 6 EBEFBSA<< CB>BS 
�484A<9 #4 
�BCDBE: 
�9; >4>B7B ;4>BA4 K9?B69> A9 E@B7 5O BF:<@4FPES? 
�O59D<F9 B8<A <; 3 64D<4AFB6 BF69F4: 
1) �9; ;4>BA4 6E9@<DAB7B FS7BF9A<S 
2) �9; C9D6B7B ;4>BA4 !PRFBA4 
3) �9; FD9FP97B ;4>BA4 !PRFBA4 
�484A<9 #5 
�BCDBE: 
�E?< D46AB89=EF6GRM4S E<?4 D46A4 AG?R, FB F9?B @B:9F... 
�O59D<F9 A9E>B?P>B <; 4 64D<4AFB6 BF69F4: 
1) !4IB8<FPES 6 E6B5B8AB@ C489A<< 

2) !4IB8<FES 6 EBEFBSA<< CB>BS 
3) �6<74FPES D46AB@9DAB CB B>DG:ABEF< 

4) �6<74FPES D46AB@9DAB < CDS@B?<A9=AB 
�484A<9 #6 
�BCDBE: 
� F9?G CD<?B:9AO 869 E<?O, @B8G?< >BFBDOI D46AO 10 ! < 20 !. �;69EFAB, KFB E<?O 
A4CD46?9AO CB B8AB= CDS@B= < 6 CDBF<6BCB?B:AO9 EFBDBAO. �4>B64 5G89F 
D46AB89=EF6GRM4S E<?4 (6 !)? 
�4C<L<F9 K<E?B: 
 ___________________________ 

�484A<9 #7 
�BCDBE: 
!4 F9?B @4EEB= 100 >7 89=EF6G9F D46AB89=EF6GRM4S E<?4, D46A4S 20 !. �4>B6 @B8G?P 
GE>BD9A<S F9?4(6 @/E2

)? 

�4C<L<F9 K<E?B: 
 ___________________________ 

�484A<9 #8 
�BCDBE: 
&9?B @4EEB= 5 >7 CB>B<FES A4 7BD<;BAF4?PAB= CB69DIABEF< EFB?4. "CD989?<F9, E >4>B= 
E<?B= (6 !) EFB? 5G89F 89=EF6B64FP A4 84AAB9 F9?B? 
�4C<L<F9 K<E?B: 
 ___________________________ 

�484A<9 #9 
�BCDBE: 
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!4 D<EGA>9 G>4;4AO 869 E<?O, 89=EF6GRM<9 A4 F9?B. !4=8<F9 @B8G?P E<?O F2 (6 !), 9E?< 
F9?B 86<749FES 6CD46B E CBEFBSAAB= E>BDBEFPR 2 @/E. 
�;B5D4:9A<9: 

 
�4C<L<F9 K<E?B: 
 ___________________________ 

�484A<9 #10 
�BCDBE: 
&9?B @4EEB= m 86<749FES E GE>BD9A<9@ 3 @/E2. �B E>B?P>B D4; 8B?:A4 G69?<K<FES 
D46AB89=EF6GRM4S E<?4, KFB5O F9?B A4K4?B 86<74FPES E GE>BD9A<9@ 9 @/E2

? 

�4C<L<F9 K<E?B: 
 ___________________________ 

#D4>F<K9E>4S D45BF4 74  �4>BAO EBID4A9A<S 6 @9I4A<>9 
*9?P D45BFO:  ECBEB5EF6B64FP ;4>D9C?9A<R <;GK9AAB7B @4F9D<4?4, A4GK<FPES CD<@9ASFP 
;4>BA EBID4A9A<S <@CG?PE4 CD< D9L9A<< ;484K.  
 9FB8<K9E><9 G>4;4A<S 
#D< D9L9A<< ;484K A4 ;4>BA EBID4A9A<S <@CG?PE4 A9B5IB8<@B: 

1. '>4;4FP, >4><9 F9?4 6IB8SF 6 D4EE@4FD<649@GR E<EF9@G. 
2. �;B5D4;<FP A4 K9DF9:9 69>FBDO <@CG?PEB6 F9? E<EF9@O A9CBED98EF69AAB C9D98 < 
CBE?9 6;4<@B89=EF6<S.  

3. !9B5IB8<@B CDB69D<FP E<EF9@G 6;4<@B89=EF6GRM<I F9? A4 ;4@>AGFBEFP. �E?< 
E<EF9@4 ;4@>AGF4 <?< 6OCB?AS9FES B8AB <; E?98GRM<I GE?B6<=: 
1) �A9LA<9 E<?O GD46AB69L<64RFES 
2) �D9@S 6;4<@B89=EF6<= @4?B 
3) #DB9>J<S D46AB89=EF6GRM9= 6A9LA<I E<? A4 >4>B9-FB A4CD46?9A<9 D46AB 
AG?R, FB ;4C<E4FP ;4>BA EBID4A9A<S <@CG?PE4 ∑   ⃗⃗⃗      = const 

<?< 8?S CBE?98A97B E?GK4S  ∑               . 
�E?< E<EF9@4 A9;4@>AGF4, FB ;4C<E4FP     =       D4EE@4FD<64S 86<:9A<9 6E9I 
F9? E<EF9@O 6 B8AB= < FB= :9 <A9DJ<4?PAB= E<EF9@9 BFEK9F4. 

4. �4C<E4FP ;4>BA EBID4A9A<S <@CG?PE4 6 69>FBDAB= HBD@9.  
5. %CDB9J<DB64FP 69>FBDAO9 69?<K<AO A4 BE<  I  <  G  (6O5<D4RFES CDB<;6B?PAB, AB 
F4>, KFB5O 5O?B G8B5AB CDB9J<DB64FP).  

6. $9L<FP CB?GK9AAGR E<EF9@G E>4?SDAOI GD46A9A<= BFABE<F9?PAB A9<;69EFAOI 6 
B5M9@ 6<89. �BCB?A<FP CD< A9B5IB8<@BEF< E<EF9@G CB?GK9AAOI GD46A9A<= 
><A9@4F<K9E><@< < 8<A4@<K9E><@< GD46A9A<S@< 

7. #DB69D<FP D4;@9DABEFP < E89?4FP K<E?B6B= D4EKTF.  
�484A<9 1. "F69FPF9 A4 6BCDBEO: 

1. +FB A4;O649FES <@CG?PEB@? 
2. %HBD@G?<DG=F9 ;4>BA EBID4A9A<S <@CG?PE4. 

#D<@9DO D9L9A<S ;484K 
�484K4 1. �6FB@B5<?P @4EEB= 2 F A4K<A49F D4;7BASFPES <; EBEFBSA<S CB>BS CB 
7BD<;BAF4?PAB@G CGF< CB8 89=EF6<9@ CBEFBSAAB= E<?O. � F9K9A<9 10 E BA CD<B5D9F49F 
E>BDBEFP 43,2 >@/K. "CD989?<FP 69?<K<AG <@CG?PE4, CB?GK9AAB7B 46FB@B5<?9@; 69?<K<AG 
89=EF6GRM9= E<?O. 
�484K4 2. 1?9>FDB6B; @4EEB= 180 F, 86<:GM<=ES CB <A9DJ<< E 6O>?RK9AAO@ 86<74F9?9@ 
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EB E>BDBEFPR 0,5 @/E, CB8N9;:49F > A9CB86<:AB@G 647BAG < CDB8B?:49F 86<:9A<9 E A<@ 
6@9EF9. �4>B64 @4EE4 647BA4, 9E?< E>BDBEFP ?B>B@BF<64 G@9APL<?4EP 8B 0,4 @/E? &D9A<9@ 
?B>B@BF<64 < 647BA4 B D9?PEO CD9A95D9749@. 
�484K4 3. % ?B8>< @4EEB= 200 >7, 86<:GM9=ES EB E>BDBEFPR 1 @/E, CDO749F @4?PK<> @4EEB= 
50 >7 6 7BD<;BAF4?PAB@ A4CD46?9A<< EB E>BDBEFPR 7 @/E (BFABE<F9?PAB 59D974). �4>B64 
E>BDBEFP ?B8>< CBE?9 CDO:>4 @4?PK<>4, 9E?< @4?PK<> CDO749F: 4) E >BD@O 6 EFBDBAG, 
CDBF<6BCB?B:AGR 86<:9A<R ?B8><? 5) E ABE4 CB IB8G 86<:9A<S?  
�484K4 4. �4>GR E>BDBEFP BFABE<F9?PAB D4>9FA<JO CD<B5D9F49F D4>9F4 @4EEB= 600 7, 9E?< 
74;O @4EEB= 15 7 6O?9F4RF <; A9T EB E>BDBEFPR 800 @/E? 
�484A<9 2. $9L<F9 >B?<K9EF69AAO9 ;484K< 
�484K4 1. &9?B 86<:9FES CDS@B?<A9=AB, B5?484S A4K4?PAO@ <@CG?PEB@ p0. � F9K9A<9 
6D9@9A< t A4 F9?B 89=EF6G9F E<?4 F, 6 D9;G?PF4F9 K97B <@CG?PE 8BEF<749F ;A4K9A<S p.  
"CD989?<F9 ;A4K9A<S 69?<K<A, B5B;A4K9AAOI «?». !4CD46?9A<9 E<?O EB6C4849F E 
A4CD46?9A<9@ A4K4?PAB= E>BDBEF<. 
�484K4 2. &9?B @4EEB= m 86<:9FES D46ABGE>BD9AAB E GE>BD9A<9@ α < 6 @B@9AF 6D9@9A< t 
<@99F <@CG?PE p. !4K4?PA4S E>BDBEFP F9?4  0. "CD989?<F9 ;A4K9A<S 69?<K<A, 
B5B;A4K9AAOI «?». �9>FBD A4K4?PAB= E>BDBEF< F9?4 < 69>FBD GE>BD9A<S EBA4CD46?9AO. 
�484K4 3. �64 L4D4 @4EE4@<  m1  <  m2  86<:GFES A46EFD9KG 8DG7 8DG7G EB E>BDBEFS@<  1 <  2. �I E>BDBEF< CBE?9 EBG84D9A<S   1'  <   2'. "CD989?<F9 ;A4K9A<S 69?<K<A, B5B;A4K9AAOI 
«?». 
�484K4 4.  B89?P D4>9FO @4EEB=  m1  ;4CB?A9A4 7BDRK<@ @4EEB=  m2. �BDRK99 6ODO649FES 
EB E>BDBEFPR   2, CD< QFB@ D4>9F4 CD<B5D9F49F E>BDBEFP   1  < CB8A<@49FES A4 6OEBFG  h. 

"CD989?<F9 ;A4K9A<S 69?<K<A, B5B;A4K9AAOI «?». 
�484K4 5. $O54> @4EEB= m ;4CDO7<649F 6 A9CB86<:AB EFBSMGR A4 6B89 G 59D974 B;9D4 
?B8>G @4EEB= M. #D< QFB@ ?B8>4 CD<IB8<F 6 86<:9A<9 EB E>BDBEFPR     �BD<;BAF4?PA4S 
EBEF46?SRM4S ?B8>< DO54>4 6 @B@9AF CDO:>4 D46A4    "CD989?<F9 ;A4K9A<S 69?<K<A, 
B5B;A4K9AAOI «?». 
�45BD4FBDA4S D45BF4 73 �;GK9A<9 ;4>BA4 EBID4A9A<S @9I4A<K9E>B= QA9D7<< 

*9?P: A4GK<FPES <;@9DSFP CBF9AJ<4?PAGR QA9D7<R CB8ASFB7B A48 ;9@?9= F9?4 < 
89HBD@<DB64AAB= CDG:<AO; ED46A<FP 864 ;A4K9A<S CBF9AJ<4?PAB= QA9D7<< E<EF9@O. 
"5BDG8B64A<9: LF4F<6 E @GHFB= < ?4C>B=, 8<A4@B@9FD ?45BD4FBDAO=, ?<A9=>4, 7DG; 
@4EEB= m A4 A<F< 8?<AB= l. 

)B8 D45BFO: 
1. %B59D<F9 GEF4AB6>G, CB>4;4AAGR A4 D<EGA>9. 
�<A4@B@9FD G>D9C?S9FES 6 ?4C>9 LF4F<64! 
2. #DB698<F9 BCOFO < A9B5IB8<@O9 <;@9D9A<S:  
4) #D<6S:<F9 7DG; > A<F<, 8DG7B= >BA9J A<F< 
CD<6S:<F9 > >DRK>G 8<A4@B@9FD4 < <;@9DPF9 69E 
7DG;4 P=m∙g (6 84AAB@ E?GK49 69E 7DG;4 D469A 97B E<?9 
FS:9EF<). 
5) �;@9DPF9 8?<AG l A<F<, A4 >BFBDB= CD<6S;4A 7DG;. 
6) #B8A<@<F9 7DG; 8B FBK>< 0 (BF@9K9AAB= A4 
8<A4@B@9FD9). 
7) "FCGEF<F9 7DG;, <;@9DPF9 8<A4@B@9FDB@ 
@4>E<@4?PAGR E<?G GCDG7BEF< Fynp < ?<A9=>B= 
@4>E<@4?PAB9 D4EFS:9A<9 CDG:<AO Δl, BFEK<FO64S 97B 
BF AG?96B7B 89?9A<S 8<A4@B@9FD4. 
3. %89?4=F9 D4EKTFO: 
4) �OK<E?<F9 6OEBFG, E >BFBDB= C4849F 7DG;: h = l + Δl (QFB 6OEBF4, A4 >BFBDGR 
E@9M49FES J9AFD FS:9EF< 7DG;4). 

Рис.2 
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5) �OK<E?<F9 CBF9AJ<4?PAGR QA9D7<R CB8ASFB7B 7DG;4 �'C = m∙g ∙ (l + Δl). 
6) �OK<E?<F9 QA9D7<R 89HBD@<DB64AAB= CDG:<AO E"C = FGCD ∙Δl/2. 
7) %D46A<F9 ;A4K9A<S QA9D7<= �'C < E"C.#B8G@4=F9, CBK9@G ;A4K9A<S QF<I QA9D7<= 
EB6C484RF A9 EB6E9@ FBKAB. 
4. $9;G?PF4FO <;@9D9A<= < 6OK<E?9A<= ;4A9E<F9 6 F45?<JG: 

 P=m∙g, !       l, @            Δl, @               FGCD , !       h = l + Δl, @   �'C, �:   E"C, �:  
       

       

5. %89?4=F9 6O6B8 B CDB89?4AAB= D45BF9. 
#D4>F<K9E>4S D45BF4 75  $9L9A<9 ;484K CB D4;89?G « 9I4A<>4» 

*9?P D45BFO: ;4>D9C<FP ;A4A<S CB D4;89?G « 9I4A<>4». 
 9FB8<K9E><9 G>4;4A<S  
�4:8O= 64D<4AF CDB69DBKAB= D45BFO EBEFB<F <; 86GI K4EF9= < 6>?RK49F 15 ;484A<=, 
D4;?<K4RM<IES HBD@B= < GDB6A9@ E?B:ABEF<  (E@. F45?<JG 1). 
+4EFP � EB89D:<F 10 ;484A<= E 6O5BDB@ BF69F4. �I B5B;A4K9A<9 6 D45BF9: �1; �2; & �10. 
� >4:8B@G ;484A<R CD<6B8<FES 4 64D<4AF4 BF69F4, <; >BFBDOI 69D9A FB?P>B B8<A. 
+4EFP � EB89D:<F 5 ;484A<=. �I B5B;A4K9A<9 6 D45BF9: �1; �2; & �5. 
� C9D6B@ < 6FBDB@ CD98?B:9AO ;484A<S A4 GEF4AB6?9A<9 EBBF69FEF6<S CB;<J<=, 
CD98EF46?9AAOI 6 86GI < FD9I @AB:9EF64I. &D9FP9, K9F69DFB9 < CSFB9  ;484A<S 
CD98CB?474RF >D4F><= BF69F. 

 4EE4 @B?9>G?. �B?<K9EF6B 69M9EF64 
#D<@9DAO9 ;484A<S 

1. �4CB?A<F9 F45?<JG: 
�FB@ +<E?B A9=FDBAB6 +<E?B Q?9>FDBAB6 +<E?B CDBFBAB6 
Cu

+1
    

K    

  31  

   15 

I
-1

    

2. ОCD989?<F9 BFABE<F9?PAGN @B?9>G?ODAGN @4EEG (Мr) 

Li2O,    Cl2,   H3PO4,     NaNO3 ,     Li MnO4. 

3. ОCD989?<F9 @4EEG 2 @B?P K2O. 

4. ОCD989?<F9 @4EEG @B?9>G?O Ca(NO3)2 

5. �;69EFAB, KFB 6 A9>BFBDB@ EBEG89, 8B >D496 A4CB?A9AAB@ HCl (ρ=1048 >7/?) 
EB89D:<FES  5*1024

 @B?9>G? ><E?BFO. !4=8<F9 9@>BEFP 84AAB7B EBEG84. 
�45BD4FBDA4S D45BF4 74 #DB69D>4 ;4>BA4 �9=-�REE4>4 

*9?P: <EE?98B64FP <;B54DAO= CDBJ9EE; E89?4FP 6O6B8 B 6OCB?A9A<< ;4>BA4 �9=-

�REE4>4. 
"5BDG8B64A<9: EF9>?SAA4S FDG5>4, ;4C4SAA4S E B8AB7B >BAJ4, 8?<AB= 600 @@ < 
8<4@9FDB@ 8-10 @@, J<?<A8D<K9E><= EBEG8 8?<AB= 600 @@ < 8<4@9FDB@ 40– 50 @@, 
A4CB?A9AAO= 7BDSK9= 6B8B= (t 60

0
C), EF4>4A E 6B8B= >B@A4FAB= F9@C9D4FGDO, 

C?4EF<?<A, F9D@B@9FD, ?<A9=>4. 
 

)B8 D45BFO: 
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1. �;@9DPF9 8?<AG CDB5<D>< ý1. 

2. #B@9EF<F9 CDB5<D>G BF>DOFO@ >BAJB@ 669DI 6 7BDSKGR 6B8G 8?S 
CDB7D964A<S 6B;8GI4 6 CDB5<D>9 A9 @9A99 2 – 3 @<AGF. � QFB@ E?GK49  B5N9@  6B;8GI4  �1  D469A  B5N9@G  EF9>?SAAB=  FDG5><,  4 F9@C9D4FGD4 – F9@C9D4FGD9 7BDSK9= 6B8O  �1.  

1FB  –   C9D6B9 EBEFBSA<9. �;@9DPF9 F9@C9D4FGDG 7BDSK9= 6B8O  1. 

3. +FB5O CD< C9D9IB89 6B;8GI4 6B 6FBDB9 EBEFBSA<9 97B >B?<K9EF6B 
A9 <;@9A<?BEP, BF>DOFO= >BA9J EF9>?SAAB= FDG5><, A4IB8SM9=ES 6 7BDSK9= 6B89, 
;4@4:PF9 C?4EF<?<AB@. #BE?9 QFB7B FDG5>G 6OAPF9 <; EBEG84 E 7BDSK9= 6B8B= < 

;4@4;4AAO= >BA9J 5OEFDB BCGEF<F9 6 EF4>4A E 6B8B= >B@A4FAB= F9@C9D4FGDO, 4 ;4F9@ 

CDS@B CB8 6B8B= EA<@<F9 C?4EF<?<A. #B @9D9 BI?4:89A<S 6B;8GI4 6 FDG5>9 6B84 6 A9= 

5G89F CB8A<@4FPES. 
4. "EF46PF9 CDB5<D>G BF>DOFO@ >BAJB@ 6A<; 6 IB?B8AB= 6B89 A9E>B?P>B @<AGF. 
�;@9DPF9 F9@C9D4FGDG IB?B8AB= 6B8O t2. !45?R84=F9 CB8NT@ 6B8O 6 CDB5<D>9. 

5. #BE?9 CD9>D4M9A<S CB8N9@4 6B8O 6 FDG5>9 B5N9@ 6B;8GI4 6 A9= 

EF4A9F D46AO@ �2 < �1. �?S FB7B KFB5O 846?9A<9 6B;8GI4 6 FDG5>9 BEF4?BEP F9@ :9, KFB 
< 6 C9D6B@ EBEFBSA<<, F.9.   D46AO@ 4F@BEH9DAB@G, A9B5IB8<@B CB7DG;<FP FDG5>G A4 
F4>GR 7?G5<AG, KFB5O GDB6A< 6B8O 6 FDG5>9 < 6 EF4>4A9 EF4?< B8<A4>B6O@<. 1FB 5G89F 
6FBDB9 EBEFBSA<9 6B;8GI4 6 FDG5>9 CD< F9@C9D4FGD9 B>DG:4RM97B 6B;8GI4 T2, F.9. 
6OCB?AS9FES GE?B6<9 <;B54DAB7B CDBJ9EE4 $=const. �;@9DPF9 6OEBFG 6B;8GI4 6 CDB5<D>9 ý2. 

6. #9D9698<F9 F9@C9D4FGDG <; L>4?O *9?PE<S 6 45EB?RFAGR L>4?G: 
& = t + 273. 

7. �OK<E?<F9 BFABL9A<S ý1 / ý2 < T1 / T2 , 

8. $9;G?PF4FO ;4A9E<F9 6 F45?<JG: 
 

�;@9D9AB �OK<E?9AB 

L1, 

@@ 

L2, 

@@ 

t1, 
0

% 

 

t2, 
0

% 

&l, 

@@ 

T1, 

K 

&2, 

K 

&T, 

K 

l1/ l2 ɛ1, 

% 

&1 T1/ T2 ɛ 2, 

% 

&2 

              

 

9. %89?4=F9 6O6B8 B ECD4698?<6BEF< ;4>BA4 �9= – �REE4>4. 
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10. �4=F9 BF69F A4 6BCDBE: 
�) #BK9@G CBE?9 CB7DG:9A<S EF9>?SAAB= FDG5>< 6 EF4>4A E 6B8B= >B@A4FAB= 

F9@C9D4FGDO < CBE?9 EASF<S C?4EF<?<A4 6B84 6 FDG5>9 CB8A<@49FES? 
�) #BK9@G CD< D469AEF69 GDB6A9= 6B8O 6 EF4>4A9 < 6 FDG5>9 846?9A<9 6B;8GI4 6 
FDG5>9 D46AB 4F@BEH9DAB@G? 

#D4>F<K9E>4S D45BF4 76  $9L9A<9 ;484K CB F9@9  �& 
*9?P D45BFO: ;4>D9C<FP ;A4A<S B5 GD46A9A<< EBEFBSA<S <894?PAB7B 74;4, A4GK<FPES 
CD<@9ASFP 74;B6O9 ;4>BAO CD< D9L9A<< ;484K. 
 9FB8<K9E><9 G>4;4A<S  

#D< D9L9A<< ;484K A4 74;B6O9 ;4>BAO, AG:AB GEF4AB6<FP <;@9AS9FES ?< @4EE4 74;4 
CD< C9D9IB89 <; B8AB7B EBEFBSA<S 6 8DG7B9. �E?< @4EE4 74;4 BEF4TFES CBEFBSAAB=, @B:AB 
;4C<E4FP GD46A9A<9 �?4C9=DBA4 (GD46A9A<S B5N98<ATAAB7B 74;B6B7B ;4>BA4). �E?< :9 CD< 
CBEFBSAAB= @4EE9 6 84AAB@ CDBJ9EE9 A9 <;@9AS9FES >4>B=-?<5B <; C4D4@9FDB6 p, V <?< T 

(846?9A<9, B5NT@, F9@C9D4FGD4), CD<@9ASRFES GD46A9A<S EBBF69FEF6GRM97B ;4>BA4 (�9=-

�REE4>4, ,4D?S <?< �B=?S- 4D<BFF4). �E?< 6 86GI EBEFBSA<SI @4EE4 74;4 D4;A4S, 8?S 
>4:8B7B EBEFBSA<S ;4C<EO64RF GD46A9A<9  9A89?9964 - �?4C9=DBA4. �4F9@ E<EF9@G 
GD46A9A<= D9L4RF BFABE<F9?PAB <E>B@B= 69?<K<AO. 

�?S D9L9A<S ;484K 6E9I 7DGCC @B:AB D9>B@9A8B64FP F4>GR CBE?98B64F9?PABEFP: 
    -6A<@4F9?PAB CDB4A4?<;<DB64FP GE?B6<9 ;484K<, GEF4AB6<FP, >4>B= 74; GK4EF6G9F 6 
CDBJ9EE9, >4><9 C4D4@9FDO @9ASRFES, >4><9 - BEF4RFES CBEFBSAAO@<; 
    -E89?4FP, 9E?< 6B;@B:AB, EI9@4F<K9E><= K9DF9:, G>4;46 CD< QFB@, >4><9 C4D4@9FDO 
I4D4>F9D<;GRF >4:8B9 EBEFBSA<9; 
     -BEB5B9 6A<@4A<9 G89?<FP C4D4@9FD4@, ;484AAO@ A9S6AB; <AB784 8?S A4IB:89A<S 
B5N9@4 74;4 AG:AB <ECB?P;B64FP HBD@G?O 79B@9FD<<, 8?S A4IB:89A<S 846?9A<S 74;4 A4 
:<8>BEFP- ;4>BA #4E>4?S <?< EBBFABL9A<9  p = p0+Pgh 

    -8?S >4:8B7B EBEFBSA<S ;4C<E4FP AG:AO9 EBBFABL9A<S < D9L<FP CB?GK9AAGR E<EF9@G 
GD46A9A<= BFABE<F9?PAB <E>B@B= 69?<K<AO. 
� 7DGCCG 6O89?9AO 7D4H<K9E><9 ;484K<, 8?S D9L9A<S >BFBDOI E?98G9F IBDBLB ;A4FP 
7D4H<K9E>B9 <;B5D4:9A<9 A4 C?BE>BEF< 6E9I <;BCDBJ9EEB6 6 D4;?<KAOI >BBD8<A4FAOI 
BESI. 
#D<@9DO D9L9A<S ;484K 
�484K4 1. �4A 7D4H<> <;@9A9A<S EBEFBSA<S <894?PAB7B 74;4. #DBK<F4FP 97B < CBEFDB<FP 
7D4H<> QFB7B CDBJ9EE4 A4 8<47D4@@9 P,&; V,T. 
�484K4 2. !4 D<EGA>9 <;B5D4:9AO CDBJ9EEO <;@9A9A<S EBEFBSA<S A9>BFBDB= @4EEO 74;4. 
!4;B6<F9 QF< CDBJ9EEO. �;B5D4;<F9 7D4H<>< CDBJ9EEB6 6 E<EF9@9 >BBD8<A4F P,T < V,T. 
�484K4 3. !4 D<EGA>9 84A 7D4H<> <;@9A9A<S EBEFBSA<S <894?PAB7B 74;4 6 >BBD8<A4FAOI 
BESI V, T. #D98EF46PF9 QFBF CDBJ9EE A4 7D4H<>4I 6 >BBD8<A4FAOI BESI P, V < P, T. 
�484A<9 2. $9L<F9 >B?<K9EF69AAO9 ;484K< 
�484K4 1. !4 D<EGA>9 <;B5D4:9AO 6 B8AB= <; FDTI 6B;@B:AOI E<EF9@ >BBD8<A4F (pV, VT, 
pT) 7D4H<>< CDBJ9EEB6 E 74;B@ A9>BFBDB= @4EEO. !4K9DF<F9 7D4H<>< CDBJ9EEB6 6 86GI 
8DG7<I   E<EF9@4I >BBD8<A4F. !B@9D4 64D<4AFB6 G>4;4AO CB8 7D4H<>4@<. 
�484K4 2. !4 D<EGA>9 <;B5D4:9AO 6 B8AB= <; FDTI 6B;@B:AOI E<EF9@ >BBD8<A4F (pV, VT, 

pT) 7D4H<>< CDBJ9EEB6 E 74;B@ A9>BFBDB= @4EEO. !4K9DF<F9 7D4H<> CDBJ9EE4, 
CD<698TAAO= 6 64L9@ 64D<4AF9,  6 86GI 8DG7<I   E<EF9@4I >BBD8<A4F. !B@9D4 64D<4AFB6 
G>4;4AO CB8 7D4H<>4@<. 
�484K4 3. #D98EF46PF9  ;484AAO= 7D4H<> 6 A98BEF4RM<I >BBD8<A4F4I (PV, PT, VT). 

#9D6O= ;4>BA F9D@B8<A4@<><. #D<AJ<C 89=EF6<S F9C?B6OI 86<74F9?9= 

#D<@9DAO9 F9EFB6O9 ;484A<S 
�484A<9 #1 
�BCDBE: 
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�; C9D6B7B ;4>BA4 F9D@B8<A4@<>< E?98G9F, KFB... 
�O59D<F9 A9E>B?P>B <; 4 64D<4AFB6 BF69F4: 
1) !96B;@B:AB EB;84FP 69KAO= 86<74F9?P 
2) �B?<K9EF6B F9C?BFO, BF84AAB9 F9?B@ 6E9784 5B?PL9, K9@ G@9APL9A<9 6AGFD9AA9= 
QA9D7<< QFB7B F9?4 
3) �;@9A<FP 6AGFD9AARR QA9D7<R 74;4 @B:AB FB?P>B CGF9@ F9C?BC9D984K< <?< 
EB69DL9A<S D45BFO 

4) #D< A9<;@9AAB= 6AGFD9AA9= QA9D7<<, 74;B@ A9 @B:9F 5OFP EB69DL9A4 D45BF4 
�484A<9 #2 
�BCDBE: 
�EE?98GS J<>? �4DAB, @B:AB BCD989?<FP... 
�O59D<F9 B8<A <; 4 64D<4AFB6 BF69F4: 
1)  <A<@4?PAO= �#� F9C?B6B7B 86<74F9?S 
2)  4>E<@4?PAO= �#� F9C?B6B7B 86<74F9?S 
3) %D98A<= �#� F9C?B6B7B 86<74F9?S 
4) !4<5B?99 FBKAO= �#� F9C?B6B7B 86<74F9?S 
�484A<9 #3 
�BCDBE: 
�?S D45BFO F9C?B6B7B 86<74F9?S A9B5IB8<@B... 
�O59D<F9 A9E>B?P>B <; 4 64D<4AFB6 BF69F4: 
1) !4?<K<9 D45BK97B F9?4 
2) !4?<K<9 F9D@B@9FD4 
3) *<>?<KABEFP CDBJ9EEB6, CDB<EIB8SM<I 6 86<74F9?9 
4) !4?<K<9 C4DB6B= FGD5<AO 

�484A<9 #4 
�BCDBE: 
� F9C?B6B@ 86<74F9?9 F9@C9D4FGD4 IB?B8<?PA<>4 EBEF46?S9F 0 B%, 4 F9@C9D4FGD4 
A47D964F9?S D46A4 3073 �. "CD989?<F9 @4>E<@4?PAO= 6B;@B:AO= �#� F4>B7B 86<74F9?S 
(6 %). 
�4C<L<F9 K<E?B: 
 ___________________________ 

�484A<9 #5 
�BCDBE: 
�6<74F9?P 6AGFD9AA97B E7BD4A<S EB69DL<? D45BFG, D46AGR 55  �:. #D< QFB@ 5O?B 
;4FD4K9AB 4,2 ? 59A;<A4. "CD989?<F9 C?BFABEFP 59A;<A4 (6 >7/@3), 9E?< �#� 86<74F9?S 
D469A 40%. 
�4C<L<F9 K<E?B: 
 ___________________________ 

�484A<9 #6 
�BCDBE: 
#D< >4>B@ CDBJ9EE9 74; EB69DL49F D45BFG FB?P>B ;4 EK9F 6AGFD9AA9= QA9D7<<? 
�O59D<F9 B8<A <; 4 64D<4AFB6 BF69F4: 
1) #D< <;BIBDAB@ 

2) #D< 48<454FAB@ 

3) #D< <;BF9D@<K9E>B@ 

4) #D< <;B54DAB@ 

�484A<9 #7 
�BCDBE: 
�4;, A4IB8SM<=ES CB8 846?9A<9@ 400 >#4 <;BF9D@<K9E>< E:<@4RF BF 30 ? 8B 10 ?. +9@G 
D46A4 D45BF4 74;4 (6 >�:), 9E?< CD< 84AAB@ CDBJ9EE9 BA CBF9DS? 80 >�:? 
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�4C<L<F9 K<E?B: 
 ___________________________ 

�484A<9 #8 
�BCDBE: 
�8<454FAB D4EL<DSSEP, <894?PAO= 74;, @4EE4 >BFBDB7B D46A4 1 >7, EB69DL<? D45BFG, 
D46AGR 8 >�:. !4=8<F9 <;@9A9A<9 F9@C9D4FGDO QFB7B 74;4, 9E?< 97B @B?SDA4S @4EE4 D46A4 
50 7/@B?P. 
�4C<L<F9 K<E?B: 
 ___________________________ 

 �484A<9 #9 
�BCDBE: 
�?S <;@9A9A<S 6AGFD9AA9= QA9D7<< CD< <;BIBDAB@ CDBJ9EE9... 
�O59D<F9 B8<A <; 4 64D<4AFB6 BF69F4: 
1) �4; B5S;4F9?PAB 8B?:9A 5OFP B8AB4FB@AO@ 

2) �4; B5S;4F9?PAB 8B?:9A CB?GK<FP <?< BF84FP FB <?< <AB9 >B?<K9EF6B F9C?BFO 

3) �4; 8B?:9A 5OFP <894?PAO@ 

4) �4; 8B?:9A EB69DL<FP D45BFG 
�484A<9 #10 
�BCDBE: 
#D< <;B54DAB@ CDBJ9EE9 74; CB?GK<? 30 >�: F9C?BFO. �E?< CDBJ9EE CDB<EIB8<? CD< 
846?9A<< 40 >#4, FB >4>B6B <;@9A9A<9 B5NT@4 74;4 (6 @3

)? 

�4C<L<F9 K<E?B: 
 ___________________________ 
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�484A<9 #1 
�BCDBE: 
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