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�6989A<9 

 

*9?P 84AAB7B CBEB5<S 3 CB@BKP EFG89AF4@ 6OCB?A<FP ?45BD4FBDAO9 D4-

5BFO, CD98GE@BFD9AAO9 CDB7D4@@B= CB H<;<>9, A4GK<FP CD46<?PAB BCD989-

?SFP CB7D9LABEF< < CDB<;6B8<FP A9B5IB8<@GR K<E?B6GR B5D45BF>G D9;G?P-

F4FB6 ?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>EC9-

D<@9AF4 < E84KG ;4K9F4 CB 6OCB?A9AAB= D45BF9. 

Т9>@9B8G9A>4я ?>87>B>6>4 

&9BD9F<K9E>4S CB87BFB6>4 A9B5IB8<@4 8?S CDB6989A<S H<;<K9E>B7B Q>E-

C9D<@9AF4, 8B?:A4 CDB6B8<FPES EFG89AFB@ 6 CBDS8>9 E4@BEFBSF9?PAB= 6A94-

G8<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 <;GK9A<S D4EE@4FD<64-

9@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 B5D4-

M9AB 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 CB-

7D9LABEF9= <;@9DS9@OI 69?<K<A). 

5.  $4EK9FO 3 B>BAK4F9?PA4S ;4C<EP D9;G?PF4FB6 D45BFO. 
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6.  �O6B8. 

К@8B9@88 >F9=>> ?45>@4B>@=OE @45>B 

"J9A>4 «5» (BF?<KAB) 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<BA4?PAB @BAF<DG9F A9B5IB8<@B9 B5BDG-

8B64A<9; 6E9 BCOFO CDB6B8<F 6 GE?B6<SI < D9:<@4I, B59EC9K<64RM<I CB?G-

K9A<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=. 

"J9A>4 «4» (IBDBLB) EF46<FES, 9E?< 6OCB?A9AO FD95B64A<S > BJ9A>9 5, 

AB 5O?B 8BCGM9AB 864-FD< A98BK9F4, A9 5B?99 B8AB= A97DG5B= BL<5>< < B8-

AB7B A98BK9F4. 

"J9A>4 «3» (G8B6?9F6BD<F9?PAB) EF46<FES, 9E?< D45BF4 6OCB?A9A4 A9 

CB?ABEFPR, AB B5N9@ 6OCB?A9AAB= K4EF< F4>B6, KFB CB;6B?S9F CB?GK<FP CD4-

6<?PAO9 D9;G?PF4FO < 6O6B8O; 9E?< 6 IB89 CDB6989A<S BCOF4 < <;@9D9A<= 

5O?< 8BCGM9AO BL<5><. 

"J9A>4 «2» (A9G8B6?9F6BD<F9?PAB) EF46<FES, 9E?< D45BF4 6OCB?A9A4 A9 

CB?ABEFPR < B5N9@ 6OCB?A9AAB= K4EF< D45BFO A9 CB;6B?S9F E89?4FP CD4-

6<?PAOI 6O6B8B6; 9E?< BCOFO, <;@9D9A<S, 6OK<E?9A<S, A45?R89A<S CDB<;-

6B8<?<EP A9CD46<?PAB. 

�B 6E9I E?GK4SI BJ9A>4 EA<:49FES, 9E?< EFG89AF A9 EB5?R84? FD95B64-

A<= CD46<? 59;BC4EAB7B FDG84. 

�45BD4FBDAO9 D45BFO 6OCB?ASRFES CB C<EP@9AAO@ <AEFDG>J<S@, >BFB-

DO9 CD<6B8SFES 6 84AAB@ CBEB5<<. �4:84S <AEFDG>J<S EB89D:<F >D4F><9 

F9BD9F<K9E><9 E6989A<S, BFABESM<9ES > 84AAB= 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. 
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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 B7D4A<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 E6B-

5B8AO= 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>?RK9AAB@ <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. 
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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 EB98<AS=F9 E >?9@@4@<. 

17. �OCB?AS=F9 <;@9D9A<S < A45?R89A<S, EB5?R84S BEFBDB:ABEFP, KFB5O 

E?GK4=AB A9 CD<>BEAGFPES > 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. 
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Л45BD4FBDA4S 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.  
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11. "FFSA<F9 7BD<;BAF4?PAB D4ECB?B:9AAO@ 8<A4@B@9FDB@ L4D<> A4 D4E-

EFBSA<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 D4E-

EFBSA<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.  

 

�OCB?A9A<9 D45BFO 

 

№
 B
CO
F4

 

+<
E?
B 
B5
BD
BF
B6

 

N
 

$4
8<
GE
 6
D4
M
9A
<S

 

R
, @

 

�
O
EB
F4
 @
4S
FA
<>
4 

h,
 @

 

 
4E
E4
 F
9?
4 

m
, 

>7
 

�
D9
@S
 B
5D
4M
9A
<S

 

t, 
E 

�
D9
@S
 B
5D
4M
9A
<S

 

t E
D.

, E
 

#
9D
<B
8 
B5
D4
M
9A
<S

 

&
, E

 

$4
6A
B8
9=
EF
6G
R
M
4S
 

E<
?4

 

F
, 

�
 

'
E>
BD
9A
<9

 

4 1
, @

/E
2
 

'
E>
BD
9A
<9

 

4 2
, @

/E
2
 

'
E>
BD
9A
<9

 

4 3
, @

/E
2
 

1            

2            

3            

 

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. 
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Л45BD4FBDA4S D45BF4 72 �CD989?9A<9 GE>BD9A<S E6B5B8AB7B C489A<S 
CD< CB@Bщ< @4SFA<>4 

 

*9?P: BCD989?<FP GE>BD9A<9 E6B5B8AB7B C489A<S. 

"5BDG8B64A<9: LF4F<6, L4D<> A4 A<F<, K4EO, ?<A9=>4. 

)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, EB-

69DL4FP >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 9Mё 2 D4;4, <;@9A<6 >B?<K9EF6B CB?AOI >B?954-

A<=. 

3. %89?4=F9 D4EKёFO: 

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

& 1 = ___________E. 

& 2 = ___________E. 

& 3 = ___________E. 

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

g 1 = ___________ . 

g2 = ___________  . 

g3 = ___________  . 

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

SFA<>4, 9E?< 8?<AG A<F< G@9APL<FP 6 2 D4;4? 

 

№ BCO-

F4 
l, @ N t, E &, E g,  

gE D ,  

1       

2     

3     
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Л45BD4FBDA4S 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 <;@9D9-

A<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 D4-

69A 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 GCDG7B-

EF< 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 D4EKёFO: 

4) �OK<E?<F9 6OEBFG, E >BFBDB= C4849F 7DG;: h = l + Δl (QFB 6OEBF4, A4 >B-

FBDGR E@9M49FES J9AFD FS:9EF< 7DG;4). 

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. 

 

$
<E.2 



13 

 

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. 
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Л45BD4FBDA4S D45BF4 74 �DB69D>4 ;4>BA4 �9=-ЛREE4>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@ 403 50 @@, A4CB?A9AAO= 7BDSK9= 6B8B= (t 60
0
C), EF4>4A E 6B-

8B= >B@A4FAB= F9@C9D4FGDO, C?4EF<?<A, F9D@B@9FD, ?<A9=>4. 

&9BD9F<K9E><9 E6989-

A<S 

#D<  CBEFBSAAB@ 846?9A<< @ B5N9@ V <894?PAB7B  74;4  @9AS9FES  ?<-

A9=AB  E F9@C9D4FGDB=. 

 

&B 9EFP 

789 V0 4 A4K4?PAO= B5N9@, t 4 D4;ABEFP A4K4?PAB= < >BA9KAB= F9@-

C9D4FGD. �BQHH<J<9AF F9C?B6B7B D4EL<D9A<S <894?PAOI 74;B6 α = 

(1/273,15)К-1 B8<A4>B6 8?S 6E9I 74;B6. 

#DBJ9EE <;@9A9A<S EBEFBSA<S F9D@B8<A4@<K9E>B= E<EF9@O CD< CBEFB-

SAAB@ 846?9A<< A4;O649FES <;B54DAO@ (BF 7D9K. baros 4 69E, FS:9EFP). 

�4>BA BF>DOF HD4AJG;E><@ GK9AO@ �. �9=-�REE4>B@ 6 1802 7. < A9;4-

6<E<@B BF A97B �:. �4?PFBAB@ 6 1801 7. 

�4>BA �9=-ЛREE4>4, >4> < 8DG7<9 74;B6O9 ;4>BAO, S6?S9FES E?98-

EF6<9@ GD46A9A<S   EBEFBSA<S   <894?PAB7B   74;4.   1FB   EF4AB6<FES   BK9-

6<8AO@,   9E?< 6  ;4@9A<FP t A4 45EB?RFAGR F9@C9D4FGDG 

Т= t + 273,15, 4 >BQHH<J<9AF D4EL<D9A<S α 4 97B K<E?9AAO@ ;A4K9A<9@ 

1/273,15: 

 

          <?<  
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�?S 74;4 84AAB= @4EEO BFABL9A<9 B5N9@4 > F9@C9D4FGD9 CBEFBSAAB, 

9E?< 846?9A<9 74;4 A9 @9AS9FES. 

%B7?4EAB , B5N9@ 74;4 ?<A9=AB ;46<E<F BF 

F9@C9D4FGDO CD< CBEFBSAAB@ 846?9A<<: 
 

)B8 D45BFO: 
 

 

1. �;@9DPF9 8?<AG CDB5<D>< �1. 

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 3 @<AGF. � QFB@ E?GK49  

B5N9@  6B;8GI4  �1  D469A  B5N9@G  EF9>?SAAB=  FDG5><,  4 F9@C9D4FGD4 3 

F9@C9D4FGD9 7BDSK9= 6B8O  �1.  1FB  3   C9D6B9 EBEFBSA<9. �;@9DPF9 F9@C9-

D4FGDG 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 CB8Nё@ 6B-

8O 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 
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F9@ :9, KFB < 6 C9D6B@ EBEFBSA<<, F.9.   D46AO@ 4F@BEH9DAB@G, A9B5IB-

8<@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 �2. 

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 �1 / �2 < 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= 3 �REE4>4. 

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<@49F-

ES? 

�) #BK9@G CD< D469AEF69 GDB6A9= 6B8O 6 EF4>4A9 < 6 FDG5>9 846?9A<9 

6B;8GI4 6 FDG5>9 D46AB 4F@BEH9DAB@G? 
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�

Л45BD4FBDA4S D45BF4 75 �;GK9A<9 CBE?98B64F9?PAB7B < C4D4??9?PAB7B 
EB98<A9A<S CDB6B8A<>B6 

 

*9?P: Q>EC9D<@9AF4?PAB CDB69D<FP ;4>BAO CBE?98B64F9?PAB7B < C4D4??9?P-

AB7B EB98<A9A<S CDB6B8A<>B6 

"5BDG8B64A<9: <EFBKA<> Q?9>FDBC<F4A<S; 4@C9D@9FD; 6B?PF@9FD; D9;<-

EFBD R1; D9;<EFBD R2; >?RK; EB98<A<F9?PAO9 CDB6B84.  

)B8 D45BFO: 

�;GK9A<9 CBE?98B64F9?PAB7B EB98<A9A<S CDB6B8A<>B6 

1. #B87BFB6PF9 6 F9FD48< F45?<JG 8?S ;4C<E< D9;G?PF4FB6 <;@9D9A<= < 

6OK<E?9A<=: 
I,A U1,� U2,� U12,� R1,"@ R2,"@ R12,"@ 

  

;A4K9A<9         

2. !4D<EG=F9 6 F9FD48< EI9@G Q?9>FD<K9E>B= J9C<. 

 

 

 

 

 

 

3. %B59D<F9 Q?9>FD<K9E>GR J9CP. 

4. "CD989?<F9 J9AG 89?9A<S <;@9D<F9?PAOI CD<5BDB6 3 4@C9D@9FD4 < 

6B?PF@9FD4. 

5. %89?4=F9 A9B5IB8<@O9 <;@9D9A<S: 

4) �4@>A<F9 J9CP.  �;@9DPF9 B5MGR E<?G FB>4 6 J9C< I< B5M99 A4CDS-

:9A<9U12. 

5) �;@9A<F9 J9CP, CB8>?RK<6 6B?PF@9FD > C9D6B@G D9;<EFBDG R1.  

6) �;@9DPF9 A4CDS:9A<9 U1. 

7) �;@9A<F9 J9CP, CB8>?RK<F9 6B?PF@9FD >B 6FBDB@G D9;<EFBDG R2. 

8) (15) �;@9DPF9 A4CDS:9A<9 U2. 

$
<E.4 
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6. %89?4=F9 D4EKёFO: 

4) $4EEK<F4=F9 CB HBD@G?9 B5M99 A4CDS:9A<9U12 =U1+ U2< ED46A<F9 E 

CB>4;4A<S@< 6B?PF@9FD4 U12. %89?4=F9 6O6B8 B ECD4698?<6BEF< ;4-

>BA4 8?S A4CDS:9A<S. 

5) $4EEK<F4=F9 EBCDBF<6?9A<9 R12=R1 + R2. 

6) �OK<E?<F9 BFABL9A<S  < , CDB69DPF9 ECD4698?<6BEFP D469A-

EF64  = . 

7. %89?4=F9 6O6B8 B CDB89?4AAB= D45BF9.  

8.  �4=F9 BF69FO A4 6BCDBEO:  

4) �4> A4;O649FES CD<5BD 8?S <;@9D9A<S E<?O FB>4? 

5) �4> A4;O649FES CD<5BD 8?S <;@9D9A<S A4CDS:9A<S? 

6) �4> 6>?RK49FES 6 J9CP 4@C9D@9FD 8?S <;@9D9A<S E<?O FB>4? � K9@ 

BEB59AABEF< F4>B7B EB98<A9A<S? 

 

�;GK9A<9 C4D4??9?PAB7B EB98<A9A<S CDB6B8A<>B6 

1.  #B87BFB6PF9 6 F9FD48< F45?<JG 8?S ;4C<E< D9;G?PF4FB6 <;@9D9A<= < 

6OK<E?9A<=: 
   U, �  I1, A     I2, A     I12, A     R1, "@   R2, "@     R12, "@    

 

    

;A4K9A<9         

2. !4D<EG=F9 6 F9FD48< EI9@G Q?9>FD<K9E>B= J9C< (D<E. 5). 

 

 

 

 

 

 

 

3. %B59D<F9 Q?9>FD<K9E>GR J9CP. 
$

<E.5 
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4. "CD989?<F9 J9AG 89?9A<S <;@9D<F9?PAOI CD<5BDB6 3 4@C9D@9FD4 < 

6B?PF@9FD4. 

5. %89?4=F9 A9B5IB8<@O9 <;@9D9A<S: 

4) �;@9DPF9 B5M99 A4CDS:9A<9 6 J9C< U< B5MGR E<?G FB>4 I12. 

5) �;@9A<F9 EI9@G GEF4AB6>< F4>, KFB5O <;@9D<FP E<?G FB>4 I1 < 

A4CDS:9A<9 U1A4C9D6B@ D9;<EFBD9. 

6) �;@9A<F9 J9CP, <;@9DPF9 E<?G FB>4 I2 < A4CDS:9A<9 U2 A4 6FBDB@ 

D9;<EFBD9. 

6. %89?4=F9 D4EKёFO: 

4) $4EEK<F4=F9 CB HBD@G?9 B5MGR E<?G FB>4 I12 =I1+ I2< ED46A<F9 E CB-

>4;4A<S@< 4@C9D@9FD4 I12. %89?4=F9 6O6B8 B ECD4698?<6BEF< ;4>BA4 

8?S E<?O FB>4. 

5) $4EEK<F4=F9 EBCDBF<6?9A<9 R12 <; HBD@G?O , CDB69DPF9 

9ё ECD4698?<6BEFP. 

6) �OK<E?<F9 BFABL9A<S  < , < CDB69DPF9 ECD4698?<6BEFP D469A-

EF64  = . 

7. %89?4=F9 6O6B8 B CDB89?4AAB= D45BF9.  

8.  �4=F9 BF69F A4 6BCDBE: <;@9A<FES ?< CB>4;4A<S 6B?PF@9FD4, 9E?< > 86G@ C4-

D4??9?PAB EB98<A9AAO@ D9;<EFBD4@ 8B546<FP 9M9 B8<A, C4D4??9?PAB? 
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Л45BD4FBDA4S D45BF4 76 �45?R89A<9 89=EF6<S @47A<FAB7B CB?S  
 

"5BDG8B64A<9: LF4F<6 E @GHFB= < ?4C>B=, <EFBKA<> C<F4A<S, CDB6B?BK-

AO= @BFB>, 8G7BB5D4;AO= @47A<F, >?RK, EB98<A<F9?PAO9 CDB6B84. 

)B8 D45BFO: 

1. 1. %B59D<F9 GEF4AB6>G, CB>4;4AAGR A4 D<EGA>9. 

#B8A9ES > CDB6B?BKAB@G @BF>G @47A<F, ;4@>A<F9 

J9CP. "5D4F<F9 6A<@4A<9 A4 I4D4>F9D @47A<FAB7B 

6;4<@B89=EF6<S @BF>4 < @47A<F4. 

2. 2. #B8A9E<F9 > @BF>G @47A<F 8DG7<@ CB?REB@. 

�4> <;@9A<?ES I4D4>F9D 6;4<@B89=EF6<S @BF>4 < 

@47A<F4? #BK9@G? 

3. 3. #B6FBD<F9 BCOFO, D4ECB?B:<6 @47A<F E 8DG7B= EFBDBAO @BF>4. 

4. $4ECB?B:<F9 CDB6B?BKAO= @BFB> @9:8G CB?RE4@< @47A<F4 

F4>, >4> QFB CB>4;4AB A4 D<EGA>9. �4@>AG6 J9CP, A45?R84=F9 

S6?9A<9. �4D<EG=F9 EI9@G BCOF4. %89?4=F9 6O6B8O. 

 

5. � D45BF9 D4EE@BFD<@ 6;4<@B89=- EF6<9 EB?9AB<84 E @47A<-

FB@. �4> <;69EFAB, 6 EB?9AB<89 CB8 FB>B@ 6B;A<>49F @47A<F-

AB9 CB?9, >BFBDB9 5G89F 6;4<@B89=- EF6B64FP  E  CBEFBSAAO@  

@47A<FB@.  #DB6989@  E9D<R  <;  K9FOD9I BCOFB6 E D4;?<KAO@ D4ECB?B:9A<-

9@ >4FGL>< < @47A<F4. %?98G9F B:<84FP, KFB <I 6;4<@B89=EF6<9 F4>:9 5G89F 

D4;?<KAO@ (CD<FS7<64A<9 <?< BFF4?><64A<9). �OCB?A9A<9 D45BFO: 

!45?R849@O9 S6?9A<S G8B5AB CD98EF46<FP 6 6<89 D<EGA>B6: 

!4 D<EGA>9 G>4;4FP A4CD46?9A<9 @47A<FAOI CB?9= >4FGL>< (4 F4> :9 CB?RE4 

>4FGL><) < @47A<F4, D9;G?PF4F 6;4<@B89=EF6<S (BFF4?><649FES <?< CD<FS7<-

649FES): 

 

 

 

  



21 

 

 

�?S FBKABEF< CBEFDB9A<S <;B5D4:9A<= <ECB?P;G=F9 J69FAO9 DGK>< <?< >4-

D4A84L<. 

!4D<EG=F9 >4FGL>G E FB>B@ (G>4;4FP A4CD46?9A<9 FB>4 6 6<F>4I) < CB>4:<F9 

A4CD46?9A<S CB?REB6 9ё @47A<FAB7B CB?S. �4><@ CD46<?B@ 8?S BCD989?9A<S 

CB?REB6 CB?P;B64?<EP? 
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Л45BD4FBDA4S D45BF4 77 �;GK9A<9 S6?9A<S Q?9>FDB@47A<FAB= <A8G>-
J<< 

 
*9?P:  G598<FPES 6 6OCB?A9A<< ;4>BA4 Q?9>FDB@47A<FAB= <A8G>J<< < CD46<-

?4 �9AJ4. 

"5BDG8B64A<9:  @<??<4@C9D@9FD, <EFBKA<> FB>4, 869 >4FGL>< E E9D89KA<>4-

@<, >?RK, EB98<A<F9?PAO9 CDB6B84, @47A<FA4S EFD9?>4, J69FAO9 >4D4A84L<. 

)B8 D45BFO: 

1. %B59D<F9 Q?9>FD<K9E>GR J9CP, EB98<A<6 >?9@@O @<??<4@C9D@9FD4 < 

>4FGL><  
 

 

 

 

 

 

 

 

2. #B87BFB6PF9 6 F9FD48< F45?<JG 8?S ;4C<E< D9;G?PF4FB6 A45?R89A<=: 
 

7 

BCOF4 
%I9@4 BCOF4 �O6B8 <; BCOF4 

1 

 

 

2 

 

 

3 
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4 

 

 

 

3. %89?4=F9 BCOFO < ;4C<L<F9 E6B< A45?R89A<S 6 F45?<JG: 

"COF №1 

4) �6B8<F9 @47A<F E969DAO@ CB?REB@ 6AGFDP >4FGL><, A45?R84S B8AB-

6D9@9AAB ;4 EFD9?>B= @<??<4@C9D@9FD4. �;@9AS=F9 E>BDBEFP @47A<F4.+FB 

A45?R849F9 CD< QFB@? 

5) �4D<EG=F9 EI9@G QFB7B BCOF4 6 F45?<JG, G>4;46 A4CD46?9A<9 FB>4 6 J9-

C< (E CB@BMPR CD46<?4 �9AJ4). 

"COF №2 

4) #B6FBD<F9 BCOF №1, 6O86<74S @47A<F E969DAO@ CB?REB@ <; >4FGL><.  

5) �4D<EG=F9 EI9@G QFB7B BCOF4 6 F45?<JG, G>4;46 A4CD46?9A<9 FB>4 6 J9-
C< (E CB@BMPR CD46<?4 �9AJ4).  
"COF №3 

4) �6B8<F9 @47A<F R:AO@ CB?REB@ 6AGFDP >4FGL><, A45?R84S B8AB6D9-
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