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

(545@0;L=>5 3>AC40@AB25==>5 1N465B=>5 >1@07>20B5;L=>5 CG@5645=85  
2KAH53> >1@07>20=8O 

«�@:CBA:89 3>AC40@AB25==K9 C=825@A8B5B ?CB59 A>>1I5=8O» 
%818@A:89 :>;;546 B@0=A?>@B0 8 AB@>8B5;LAB20 

 

 

 

 

 

 

 

 

 

 

 

 

 �&"��+�%��� '����!�/ #" %"#$"�"���!�.  
#$��&�+�%��) $��"& 

##.03 (878:0 
4;O A?5F80;L=>AB8  

21.02.19 �5<;5CAB@>9AB2>  
547B64я CB87BFB6>4  

ED98A97B CDBD9EE8BA4?PAB7B B5D47B64A8я 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�@:CBA: 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 �'% 

 

"�"�$�!": 
* � « 0B5<0B8:8, D878:8»  

#@54A540B5;L * �:  
&.#. !>28:>20 
#@>B>:>; №9 
«29» <0O 2023 3. 

  

 

 

 

 

 

 

 

 

 

 

 

%>AB028B5;L:   
�C@48=0 ".�. ?@5?>4020B5;L 2KAH59 :20;8D8:0F8>==>9 :0B53>@88 %818@A:89 
:>;;546 B@0=A?>@B0 8 AB@>8B5;LAB20 (��"' �" «�@:CBA:89 3>AC40@AB25==K9 
C=825@A8B5B ?CB59 A>>1I5=8O». 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 5B>48G5A:85 C:070=8O @07@01>B0=K =0 >A=>25 @01>G59 ?@>3@0<<K 48AF8?;8=K 
##. 03 (878:0. 
 

 



3 �'% 

 

 

%>45@60=85 
�2545=85 ............................................................................................................................. 4 
#@028;0 ?> 157>?0A=K< CA;>28O< B@C40 ........................................................................ 6 
#@0:B8G5A:0O @01>B0 №1 �7CG5=85 >4=>3> 87 87>?@>F5AA>2 (?@>25@:0 70:>=0 �59-

�NAA0:0) ............................................................................................................................. 7 
#@0:B8G5A:0O @01>B0 №2 "?@545;5=85 2;06=>AB8 2>74CE0 ......................................... 9 
#@0:B8G5A:0O @01>B0 №3 �7CG5=85 70:>=>2 ?>A;54>20B5;L=>3> 8 ?0@0;;5;L=>3> 
A>548=5=89 ?@>2>4=8:>2 ................................................................................................ 10 
#@0:B8G5A:0O @01>B0 №4 �7CG5=85 O2;5=8O M;5:B@><03=8B=>9   8=4C:F88 .............. 12 
#@0:B8G5A:0O @01>B0 №5 "?@545;5=85 ?>:070B5;O ?@5;><;5=8O AB5:;0 .................. 13 
#@0:B8G5A:0O @01>B0 №6 "?@545;5=85 4;8=K A25B>2>9 2>;=K A ?><>ILN 
48D@0:F8>==>9 @5H5B:8 ................................................................................................ 15 
�=D>@<0F8>==>5 >15A?5G5=85 >1CG5=8O ..................................................................... 17 
 



4 �'% 

 

�6989A<9 
 

*5;L 40==>3> ?>A>18O 3 ?><>GL ABC45=B0< 2K?>;=8BL ?@0:B8G5A:85 @01>BK, 
?@54CA<>B@5==K5 ?@>3@0<<>9 ?> D878:5, =0CG8BL ?@028;L=> >?@545;OBL ?>3@5H-
=>AB8 8 ?@>872>48BL =5>1E>48<CN G8A;>2CN >1@01>B:C @57C;LB0B>2 M:A?5@8<5=B0. 

�5AL ?@>F5AA 2K?>;=5=8O @01>B 2:;NG05B 2 A51O B5>@5B8G5A:CN ?>43>B>2:C, 
>7=0:><;5=85 A ?@81>@0<8 8 A1>@:C AE5<, ?@>2545=85 >?KB0 8 87<5@5=89, G8A;>-
2CN >1@01>B:C @57C;LB0B>2 M:A?5@8<5=B0 8 A40GC 70G5B0 ?> 2K?>;=5==>9 @01>B5. 

Т9BD9F8G9E>4я CB87BFB6>4 

&5>@5B8G5A:0O ?>43>B>2:0 =5>1E>48<0 4;O ?@>2545=8O D878G5A:>3> M:A?5@8-
<5=B0, 4>;6=0 ?@>2>48BLAO ABC45=B>< 2 ?>@O4:5 A0<>AB>OB5;L=>9 2=50C48B>@=>9 
@01>BK. �5 A;54C5B =0G8=0BL 2=8<0B5;L=K< @071>@>< @C:>2>4AB20 : 40==>9 @01>B5, 
0 4;O 1>;55 3;C1>:>3> 87CG5=8O @0AA<0B@8205<>3> O2;5=8O @5:><5=4C5BAO >1@0-
B8BLAO : ;8B5@0BC@5, C:070==>9 2 @C:>2>4AB25. 

"A>1>5 2=8<0=85 2 E>45 B5>@5B8G5A:>9 ?>43>B>2:8 4>;6=> 1KBL >1@0I5=> =0 
?>=8<0=85 D878G5A:>9 ACI=>AB8 ?@>F5AA0. 

�;O A0<>:>=B@>;O 2 :064>9 @01>B5 ?@82545=K :>=B@>;L=K5 2>?@>AK, =0 :>B>-
@K5 ABC45=B >1O70= 40BL G5B:85, ?@028;L=K5 >B25BK. 

&5>@5B8G5A:0O ?>43>B>2:0 7025@H05BAO ?@5420@8B5;L=K< A>AB02;5=85< >BG5B0 
A> A;54CNI8< ?>@O4:>< 70?8A59: 

1.  !0720=85 @01>BK. 
2.  *5;L @01>BK. 
3.  "1>@C4>20=85. 
4.  )>4 @01>BK (2:;NG05B @8AC=:8, AE5<K, B01;8FK, >A=>2=K5 D>@<C;K 4;O 

>?@545;5=8O 25;8G8=, 0 B0: 65 @0AG5B=K5 D>@<C;K 4;O >?@545;5=8O ?>3@5H=>AB59 
87<5@O5<KE 25;8G8=). 

5.  $0AG5BK 3 >:>=G0B5;L=0O 70?8AL @57C;LB0B>2 @01>BK. 
6.  �K2>4. 

КD8F9D88 BF9AB> ?45BD4FBDAOE D45BF 

"F5=:0 «5» (>B;8G=>) AB028BAO, 5A;8 ABC45=B 2K?>;=O5B @01>BC 2 ?>;=>< >1J-
5<5 A A>1;N45=85< =5>1E>48<>9 ?>A;54>20B5;L=>AB8 ?@>2545=8O >?KB>2 8 87<5-
@5=89; A0<>AB>OB5;L=> 8 @0F8>=0;L=> <>=B8@C5B =5>1E>48<>5 >1>@C4>20=85; 2A5 
>?KBK ?@>2>48B 2 CA;>28OE 8 @568<0E, >15A?5G820NI8E ?>;CG5=85 ?@028;L=KE 
@57C;LB0B>2 8 2K2>4>2; A>1;N405B B@51>20=8O ?@028; 157>?0A=>3> B@C40; 2 >BG5B5 
?@028;L=> 8 0::C@0B=> 2K?>;=O5B 2A5 70?8A8, B01;8FK, @8AC=:8, G5@B568, 3@0D8:8, 
2KG8A;5=8O; ?@028;L=> 2K?>;=O5B 0=0;87 ?>3@5H=>AB59. 

"F5=:0 «4» (E>@>H>) AB028BAO, 5A;8 2K?>;=5=K B@51>20=8O : >F5=:5 5, => 1K-
;> 4>?CI5=> 420-B@8 =54>G5B0, =5 1>;55 >4=>9 =53@C1>9 >H81:8 8 >4=>3> =54>G5-
B0. 

"F5=:0 «3» (C4>2;5B2>@8B5;L=>) AB028BAO, 5A;8 @01>B0 2K?>;=5=0 =5 ?>;=>-
ABLN, => >1J5< 2K?>;=5==>9 G0AB8 B0:>2, GB> ?>72>;O5B ?>;CG8BL ?@028;L=K5 @5-
7C;LB0BK 8 2K2>4K; 5A;8 2 E>45 ?@>2545=8O >?KB0 8 87<5@5=89 1K;8 4>?CI5=K 
>H81:8. 

"F5=:0 «2» (=5C4>2;5B2>@8B5;L=>) AB028BAO, 5A;8 @01>B0 2K?>;=5=0 =5 ?>;-
=>ABLN 8 >1J5< 2K?>;=5==>9 G0AB8 @01>BK =5 ?>72>;O5B A45;0BL ?@028;L=KE 2K-
2>4>2; 5A;8 >?KBK, 87<5@5=8O, 2KG8A;5=8O, =01;N45=8O ?@>872>48;8AL =5?@0-
28;L=>. 



5 �'% 

 

�> 2A5E A;CG0OE >F5=:0 A=8605BAO, 5A;8 ABC45=B =5 A>1;N40; B@51>20=89 ?@0-
28; 157>?0A=>3> B@C40. 

#@0:B8G5A:85 @01>BK 2K?>;=ONBAO ?> ?8AL<5==K< 8=AB@C:F8O<, :>B>@K5 
?@82>4OBAO 2 40==>< ?>A>188. �0640O 8=AB@C:F8O A>45@68B ?5@5G5=L =5>1E>48<>-
3> >1>@C4>20=8O, ?>@O4>: 2K?>;=5=8O @01>BK, :>=B@>;L=K5 2>?@>AK. 

 �=8<0B5;L=>5 87CG5=85 <5B>48G5A:8E C:070=89 ?><>65B 2K?>;=8BL @01>BC. 



6 �'% 

 

�D46<?4 CB 59;BC4EAO@ GE?B6<S@ FDG84 

 

1. �C4LB5 2=8<0B5;L=K, 48AF8?;8=8@>20==K, >AB>@>6=K. &>G=> 2K?>;=O9B5 C:0-
70=8O CG8B5;O. 
2. !5 >AB02;O9B5 @01>G55 <5AB> 157 @07@5H5=8O CG8B5;O. 
3. $0A?>;0309B5 ?@81>@K, <0B5@80;K, >1>@C4>20=85 =0 @01>G5< <5AB5 2 ?>@O4-
:5, C:070==>< CG8B5;5<. 
4. !5 45@68B5 =0 @01>G5< <5AB5 ?@54<5BK, =5 B@51CNI85AO 4;O 2K?>;=5=8O 
7040=8O. 
5. #5@54 B5< :0: ?@8ABC?8BL : 2K?>;=5=8N @01>BK, BI0B5;L=> 87CG8B5 55 >?8-
A0=85, COA=8B5 E>4 55 2K?>;=5=8O. 
6. #@8 8A?>;L7>20=88 25A>2 2725H8205<>5 B5;> :;04CB =0 ;52CN G0H:C 25A>2, 0 
@07=>25AK =0 ?@02CN. 
7. �725H8205<>5 B5;> 8 @07=>25AK =C6=> >?CA:0BL =0 G0H:8 25A>2 >AB>@>6=>, 
=5 @>=OO 8E. 
8. #@8 >:>=G0=88 @01>BK A 25A0<8 @07=>25AK 8 38@8 ?><5I0NB 2 DCB;O@, 0 =5 
=0 AB>;. 
9. #@8 @01>B5 A 48=0<><5B@>< =5;L7O =03@C60BL 53> B0:, GB>1K 4;8=0 ?@C68=K 
?@52KH0;0 >3@0=8G8B5;L =0 H:0;5. 
10. #@8 2K?>;=5=88 @01>B, 2 :>B>@KE ?@8<5=ONBAO =8B:8, ?><=8B5, GB> 8E 
=5;L7O >1@K20BL ?0;LF0<8, =04> 8A?>;L7>20BL =>6=8FK. 
11. #@8 >?CA:0=88 3@C70 2 684:>ABL, =5;L7O @57:> >B?CA:0BL 53>. 
12. #@8 8A?>;L7>20=88 @KG030-;8=59:8 =5 701K209B5 ?@845@6820BL A2>1>4=K9 
>B 3@C7>2 :>=5F @C:>9. 
13. #@>872>48B5 A1>@:C M;5:B@8G5A:8E F5?59, 87<5=5=8O 2 =8E, <>=B06 2 =8E 
B>;L:> ?@8 >B:;NG5==>< 8AB>G=8:5 ?8B0=8O. 
14. !5 2:;NG09B5 8AB>G=8: ?8B0=8O 157 @07@5H5=8O CG8B5;O. 
15. #@>25@O9B5 =0;8G85 =0?@O65=8O =0 8AB>G=8:0E ?8B0=8O 8;8 4@C38E G0ABOE 
M;5:B@>CAB0=>2:8 A ?><>ILN ?@81>@0 4;O 87<5@5=8O =0?@O65=8O. 
16. %;548B5, GB>1K 87>;OF8O ?@>2>4>2 1K;0 8A?@02=0, 0 =0 :>=F0E ?@>2>4>2 1K-
;8 =0:>=5G=8:8. #@8 A1>@:5 M;5:B@8G5A:>9 F5?8 ?@>2>40 @0A?>;0309B5 0::C@0B=>, 
0 =0:>=5G=8:8 ?;>B=> A>548=O9B5 A :;5<<0<8. 
17. �K?>;=O9B5 87<5@5=8O 8 =01;N45=8O, A>1;N40O >AB>@>6=>ABL, GB>1K A;C-
G09=> =5 ?@8:>A=CBLAO : >3>;5==K< ?@>2>40< (B>:>254CI8< G0ABO<, =0E>4OI8<AO 
?>4 =0?@O65=85<). 
18. #> >:>=G0=88 @01>BK >B:;NG8B5 8AB>G=8: ?8B0=8O, ?>A;5 G53> @0715@8B5 
M;5:B@8G5A:CN F5?L. "1=0@C682 =58A?@02=>ABL 2 M;5:B@8G5A:8E CAB0=>2:0E, =0E>-
4OI8EAO ?>4 =0?@O65=85<, =5<54;5==> >B:;NG8B5 8AB>G=8: B>:0 8 A>>1I8B5 >1 
MB>< CG8B5;N. 

  



7 �'% 

 

�D4>F<K9E>4S D45BF4 №1 �;GK9A<9 B8AB7B <; <;BCDBJ9EEB6 (CDB69D>4 ;4>BA4 
�9=-�REE4>4) 

 

*5;L: 8AA;54>20BL 87>10@=K9 ?@>F5AA; A45;0BL 2K2>4 > 2K?>;=5=88 70:>=0 
�59-�NAA0:0. 
"1>@C4>20=85: AB5:;O==0O B@C1:0, 70?0O==0O A >4=>3> :>=F0, 4;8=>9 600 << 

8 480<5B@>< 8-10 <<, F8;8=4@8G5A:89 A>AC4 4;8=>9 600 << 8 480<5B@>< 403 
50 <<, =0?>;=5==K9 3>@OG59 2>4>9 (t 60

0
C), AB0:0= A 2>4>9 :><=0B=>9 B5<?5@0-

BC@K, ?;0AB8;8=, B5@<><5B@, ;8=59:0. 
&5>@5B8G5A:85 A2545=8O 

#@8  ?>AB>O==>< 402;5=88 D >1J5< V 8450;L=>3>  3070  <5=O5BAO  ;8=59=>  A 
B5<?5@0BC@>9. 

 

&> 5ABL 
345 V0 4 =0G0;L=K9 >1J5<, t 4 @07=>ABL =0G0;L=>9 8 :>=5G=>9 B5<?5@0BC@. 

�>MDD8F85=B B5?;>2>3> @0AH8@5=8O 8450;L=KE 307>2 α = (1/273,15)К-1 >48=0:>2 
4;O 2A5E 307>2. 

#@>F5AA 87<5=5=8O A>AB>O=8O B5@<>48=0<8G5A:>9 A8AB5<K ?@8 ?>AB>O==>< 

402;5=88 =07K205BAO <;B54DAO@ (>B 3@5G. baros 4 25A, BO65ABL). 
�0:>= >B:@KB D@0=FC7A:8< CG5=K< �. �59-�NAA0:>< 2 1802 3. 8 =57028A8<> 

>B =53> �6. �0;LB>=>< 2 1801 3. 
�4>BA �9=-�REE4>4, :0: 8 4@C385 307>2K5 70:>=K, O2;O5BAO A;54AB285< 

C@02=5=8O   A>AB>O=8O   8450;L=>3>   3070.   -B>   AB0=>28BAO   >G5284=K<,   5A;8 

2  70<5=8BL t =0 01A>;NB=CN B5<?5@0BC@C Т= t + 273,15, 0 :>-
MDD8F85=B @0AH8@5=8O α 4 53> G8A;5==K< 7=0G5=85< 1/273,15: 

 

          8;8  

�;O 3070 40==>9 <0AAK >B=>H5=85 >1J5<0 : B5<?5@0BC@5 ?>AB>O==>, 5A;8 
402;5=85 3070 =5 <5=O5BAO. 

%>3;0A=> , >1J5< 3070 ;8=59=> 7028A8B >B 
B5<?5@0BC@K ?@8 ?>AB>O==>< 402;5=88: 

 

)>4 @01>BK: 

 

 



8 �'% 

 

1. �7<5@LB5 4;8=C ?@>18@:8 �1. 

2. #><5AB8B5 ?@>18@:C >B:@KBK< :>=F>< 225@E 2 3>@OGCN 2>4C 4;O 
?@>3@520=8O 2>74CE0 2 ?@>18@:5 =5 <5=55 2 3 3 <8=CB. � MB>< A;CG05  >1J5<  
2>74CE0  �1  @025=  >1J5<C  AB5:;O==>9  B@C1:8,  0 B5<?5@0BC@0 3 B5<?5@0BC@5 3>-
@OG59 2>4K  �1.  -B>  3   ?5@2>5 A>AB>O=85. �7<5@LB5 B5<?5@0BC@C 3>@OG59 2>4K �1. 

3. +B>1K ?@8 ?5@5E>45 2>74CE0 2> 2B>@>5 A>AB>O=85 53> :>;8G5AB2> 
=5 87<5=8;>AL, >B:@KBK9 :>=5F AB5:;O==>9 B@C1:8, =0E>4OI59AO 2 3>@OG59 2>45, 
70<06LB5 ?;0AB8;8=><. #>A;5 MB>3> B@C1:C 2K=LB5 87 A>AC40 A 3>@OG59 2>4>9 8 70-
<070==K9 :>=5F 1KAB@> >?CAB8B5 2 AB0:0= A 2>4>9 :><=0B=>9 B5<?5@0BC@K, 0 70-
B5< ?@O<> ?>4 2>4>9 A=8<8B5 ?;0AB8;8=. #> <5@5 >E;0645=8O 2>74CE0 2 B@C1:5 
2>40 2 =59 1C45B ?>4=8<0BLAO. 
4. "AB02LB5 ?@>18@:C >B:@KBK< :>=F>< 2=87 2 E>;>4=>9 2>45 =5A:>;L:> <8-
=CB. �7<5@LB5 B5<?5@0BC@C E>;>4=>9 2>4K t2. !01;N409B5 ?>4JP< 2>4K 2 ?@>-
18@:5. 
5. #>A;5 ?@5:@0I5=8O ?>4J5<0 2>4K 2 B@C1:5 >1J5< 2>74CE0 2 =59 

AB0=5B @02=K< �2 < �1. �;O B>3> GB>1K 402;5=85 2>74CE0 2 B@C1:5 >AB0;>AL B5< 

65, GB> 8 2 ?5@2>< A>AB>O=88, B.5.   @02=K< 0B<>AD5@=><C, =5>1E>48<> ?>-
3@C78BL B@C1:C =0 B0:CN 3;C18=C, GB>1K C@>2=8 2>4K 2 B@C1:5 8 2 AB0:0=5 AB0;8 

>48=0:>2K<8. -B> 1C45B 2B>@>5 A>AB>O=85 2>74CE0 2 B@C1:5 ?@8 B5<?5@0BC@5 
>:@C60NI53> 2>74CE0 T2, B.5. 2K?>;=O5BAO CA;>285 87>10@=>3> ?@>F5AA0 
$=const. �7<5@LB5 2KA>BC 2>74CE0 2 ?@>18@:5 �2. 

6. #5@52548B5 B5<?5@0BC@C 87 H:0;K *5;LA8O 2 01A>;NB=CN H:0;C: 
& = t + 273. 

7. �KG8A;8B5 >B=>H5=8O �1 / �2 8 T1 / T2 , 

8. $57C;LB0BK 70=5A8B5 2 B01;8FC: 
 

�7<5@5=> �KG8A;5=> 

L1, 

<< 

L2, 

<< 

t1, 
0

% 

 

t2, 
0

% 

&l, 

<< 

T1

, 

K 

&2

, 

K 

&T, 

K 

l1/ l2 ɛ1, 

% 

&1 T1/ T2 ɛ 2, 

% 

&2 

              

 

9. %45;09B5 2K2>4 > A?@0254;82>AB8 70:>=0 �59 3 �NAA0:0. 
10. �09B5 >B25B =0 2>?@>A: 
�) #>G5<C ?>A;5 ?>3@C65=8O AB5:;O==>9 B@C1:8 2 AB0:0= A 2>4>9 :><=0B=>9 
B5<?5@0BC@K 8 ?>A;5 A=OB8O ?;0AB8;8=0 2>40 2 B@C1:5 ?>4=8<05BAO? 
�) #>G5<C ?@8 @025=AB25 C@>2=59 2>4K 2 AB0:0=5 8 2 B@C1:5 402;5=85 2>74CE0 
2 B@C1:5 @02=> 0B<>AD5@=><C? 



9 �'% 

 

�D4>F<K9E>4S D45BF4 №2 �CD989?9A<9 6?4:ABEF< 6B;8GI4 

 

*5;L: 70:@5?8BL ?>=OB85 > 2;06=>AB8 2>74CE0 8 A?>A>10E 55 87<5@5=8O; >?@545;8BL 
01A>;NB=CN 8 >B=>A8B5;L=CN 2;06=>ABL 2>74CE0, B>G:C @>AK.  
"1>@C4>20=85: #A8E@><5B@, ?A8E@><5B@8G5A:0O B01;8F0, B01;8F0 «�02;5=85 8 
?;>B=>ABL =0AKI5==>3> 2>4O=>3> ?0@0 ?@8 @07;8G=KE B5<?5@0BC@0E». 
)>4 @01>BK: 
1. %=OBL ?>:070=8O ?A8E@><5B@0 2 @07;8G=KE G0ABOE :;0AA0. 
2. #>;L7COAL ?A8E@><5B@8G5A:>9 B01;8F59 >?@545;8BL >B=>-
A8B5;L=CN 2;06=>ABL 2>74CE0. 
3. $0AAG8B0BL 01A>;NB=CN 2;06=>ABL 2>74CE0 8 >?@545;8BL 
B>G:C @>AK 8A?>;L7CO B01;8FC  «�02;5=85 8 ?;>B=>ABL =0AK-
I5==>3> 2>4O=>3> ?0@0 ?@8 @07;8G=KE B5<?5@0BC@0E». 

%100

0





а  

4. $57C;LB0BK 2 B01;8FC: 

№
 <
;@
9D
9A
<S

 

 
9E
FB
CB
?B
:
9A
<9
 C
E<
ID
B-

@9
FD
4 

�
B>
4;
4A
<S
 E
GI
B7
B 
F9
D@

B@
9F
-

D4
,  

" E
, �

 

�
B>
4;
4A
<S
 G
6?
4:

A9
AA
B7
B 

F9
D@

B@
9F
D4
,  

" G
, �

 

 4
;A
BE
FP
 C
B>
4;
4A
<=
 E
GI
B7
B 
< 

G6
?4
:
A9
AA
B7
B 
F9
D@

B@
9F
DB
6,

 

 "
E-
" G
, �

 

�
FA
BE
<F
9?
PA
4S
 6
?4
:
AB
EF
P 

6B
;8
GI
4,
 

 ,
 %

  

А
5E
B?
R
FA
4S
 6
?4
:
AB
EF
P 
6B
;-

8G
I4
, 

4,
 >
7/
@3

 

"B
K>
4 
DB
EO

, "
D, 
�

 
       

       

       

5. %45;0BL 2K2>4K ?> @01>B5. 
6. "B25B8BL =0 :>=B@>;L=K5 2>?@>AK. 

1. #>G5<C ?>:070=8O 2;06=>3> B5@<><5B@0 ?A8E@><5B@0 <5=LH5 ?>:070=89 AC-
E>3> B5@<><5B@0? #@8 :0:>< CA;>288 @07=>ABL ?>:070=89 B5@<><5B@>2 
=081>;LH0O? 

2. &5<?5@0BC@0 2 ?><5I5=88 ?>=8605BAO, 0 01A>;NB=0O 2;06=>ABL >AB05BAO 
?@56=59. �0: 87<5=8BAO @07=>ABL ?>:070=89 B5@<><5B@>2 ?A8E@><5B@0? 

3. #>G5<C ?>A;5 60@:>3> 4=O @>A0 1K205B 1>;55 >18;L=0? 
4. "B=>A8B5;L=0O 2;06=>ABL 2>74CE0 ?@8 200% @02=0 58%. #@8 :0:>9 B5<?5@0-
BC@5 2K?0405B @>A0? 

5. "B=>A8B5;L=0O 2;06=>ABL 2>74CE0 ?@8 B5<?5@0BC@5 293 � @02=0 44 %. +B> 
?>:07K205B C2;06=5==K9 B5@<><5B@ ?A8E@><5B@0? 

6. � :><=0B5 >1JP<>< 150 <3
 ?@8 B5<?5@0BC@5 300 � A>45@68BAO 2,07 :3 2>4O-

=KE ?0@>2. "?@545;8B5 >B=>A8B5;L=CN 8 01A>;NB=CN 2;06=>ABL 2>74CE0. 

 <EGAB> «�E<IDB@9FDO» 



10 �'% 

 

�

�D4>F<K9E>4S D45BF4 №3 �;GK9A<9 ;4>BAB6 CBE?98B64F9?PAB7B < C4D4??9?P-
AB7B EB98<A9A<= CDB6B8A<>B6 

 

*5;L: M:A?5@8<5=B0;L=> ?@>25@8BL 70:>=K ?>A;54>20B5;L=>3> 8 ?0@0;;5;L=>3> A>-
548=5=8O ?@>2>4=8:>2 
"1>@C4>20=85: 8AB>G=8: M;5:B@>?8B0=8O; 0<?5@<5B@; 2>;LB<5B@; @578AB>@ R1; @5-
78AB>@ R2; :;NG; A>548=8B5;L=K5 ?@>2>40.  
)>4 @01>BK: 

�7CG5=85 ?>A;54>20B5;L=>3> A>548=5=8O ?@>2>4=8:>2 
1. #>43>B>2LB5 2 B5B@048 B01;8FC 4;O 70?8A8 @57C;LB0B>2 87<5@5=89 8 2KG8A-
;5=89: 
I,A U1,� U2,� U12,� R1,"< R2,"< R12,"< 

  

7=0G5=85         

2. !0@8AC9B5 2 B5B@048 AE5<C M;5:B@8G5A:>9 F5?8. 
 

 

 

 

 

 

3. %>15@8B5 M;5:B@8- G5A:CN F5?L. 
4. "?@545;8B5 F5=C 45;5=8O 87<5@8-
B5;L=KE ?@81>@>2 3 0<?5@<5B@0 8 2>;LB-
<5B@0. 

5. %45;09B5 =5>1E>48<K5 87<5- @5=8O: 
0) �0<:=8B5 F5?L.  �7<5@LB5 >1ICN A8;C B>:0 2 F5?8 I8 >1I55 
=0?@O65=85U12. 

1) �7<5=8B5 F5?L, ?>4:;NG82 2>;LB<5B@ : ?5@2><C @578AB>@C R1.  

2) �7<5@LB5 =0?@O65=85 U1. 

3) �7<5=8B5 F5?L, ?>4:;NG8B5 2>;LB<5B@ :> 2B>@><C @578AB>@C R2. 

4) (11) �7<5@LB5 =0?@O65=85 U2. 

6. %45;09B5 @0AGPBK: 
0) $0AAG8B09B5 ?> D>@<C;5 >1I55 =0?@O65=85U12 =U1+ U28 A@02=8B5 A ?>-
:070=8O<8 2>;LB<5B@0 U12. %45;09B5 2K2>4 > A?@0254;82>AB8 70:>=0 4;O 
=0?@O65=8O. 

1) $0AAG8B09B5 A>?@>B82;5=85 R12=R1 + R2. 

2) �KG8A;8B5 >B=>H5=8O  8 , ?@>25@LB5 A?@0254;82>ABL 

AB20  = . 

7. %45;09B5 2K2>4 > ?@>45;0==>9 @01>B5.  
8.  �09B5 >B25BK =0 2>?@>AK:  
0) �0: =07K205BAO ?@81>@ 4;O 87<5@5=8O A8;K B>:0? 
1) �0: =07K205BAO ?@81>@ 4;O 87<5@5=8O =0?@O65=8O? 
2) �0: 2:;NG05BAO 2 F5?L 0<?5@<5B@ 4;O 87<5@5=8O A8;K B>:0? � G5< >A>-
15==>AB8 B0:>3> A>548=5=8O? 

$
8A.4 



11 �'% 

 

 

�7CG5=85 ?0@0;;5;L=>3> A>548=5=8O ?@>2>4=8:>2 
1.  #>43>B>2LB5 2 B5B@048 B01;8FC 4;O 70?8A8 @57C;LB0B>2 87<5@5=89 8 2KG8A-
;5=89: 

   U, �  I1, A     I2, A     I12, A     R1, "<   R2, "<     R12, "< 
   

 

    

7=0G5-
=85 

        

2. !0@8AC9B5 2 B5B@048 AE5<C M;5:B@8G5A:>9 F5?8 (@8A. 5). 
 

 

 

 

 

 

 

3. %>15@8B5 M;5:B@8G5A:CN 
F5?L. 

4. "?@545;8B5 F5=C 45;5=8O 
87<5@8B5;L- =KE ?@81>@>2 
3 0<?5@<5B- @0 8 2>;LB<5B-
@0. 

5. %45;09B5 =5>1E>48<K5 87<5@5=8O: 
0) �7<5@LB5 >1I55 =0?@O65=85 2 F5?8 U8 >1ICN A8;C B>:0 I12. 

1) �7<5=8B5 AE5<C CAB0=>2:8 B0:, GB>1K 87<5@8BL A8;C B>:0 I1 8 =0?@O65-
=85 U1=0?5@2>< @578AB>@5. 

2) �7<5=8B5 F5?L, 87<5@LB5 A8;C B>:0 I2 8 =0?@O65=85 U2 =0 2B>@>< @578-
AB>@5. 

6. %45;09B5 @0AGPBK: 
0) $0AAG8B09B5 ?> D>@<C;5 >1ICN A8;C B>:0 I12 =I1+ I28 A@02=8B5 A ?>:070-
=8O<8 0<?5@<5B@0 I12. %45;09B5 2K2>4 > A?@0254;82>AB8 70:>=0 4;O A8;K 
B>:0. 

1) $0AAG8B09B5 A>?@>B82;5=85 R12 87 D>@<C;K , ?@>25@LB5 5P 
A?@0254;82>ABL. 

2) �KG8A;8B5 >B=>H5=8O  8 , 8 ?@>25@LB5 A?@0254;82>ABL 

AB20  = . 

7. %45;09B5 2K2>4 > ?@>45;0==>9 @01>B5.  
8.  �09B5 >B25B =0 2>?@>A: 87<5=8BAO ;8 ?>:070=8O 2>;LB<5B@0, 5A;8 : 42C< ?0@0;-
;5;L=> A>548=5==K< @578AB>@0< 4>1028BL 5I5 >48=, ?0@0;;5;L=>? 

 

$
8A.5 



12 �'% 

 

�D4>F<K9E>4S D45BF4 №4 �;GK9A<9 S6?9A<S Q?9>FDB@47A<FAB=   <A8G>J<< 

 

*5;L:  C1548BLAO 2 2K?>;=5=88 70:>=0 M;5:B@><03=8B=>9 8=4C:F88 8 ?@028;0 �5=-
F0. 
"1>@C4>20=85:  <8;;80<?5@<5B@, 8AB>G=8: B>:0, 425 :0BCH:8 A A5@45G=8:0<8, 
:;NG, A>548=8B5;L=K5 ?@>2>40, <03=8B=0O AB@5;:0, F25B=K5 :0@0=40H8. 
)>4 @01>BK: 
1. %>15@8B5 M;5:B@8G5A:CN F5?L, A>548=82 :;5<<K <8;;80<?5@<5B@0 8 :0BCH-
:8  
 

 

 

 

 

 

 

 

2. #>43>B>2LB5 2 B5B- @048 B01;8FC 4;O 
70?8A8 @57C;LB0B>2 =01;N45=89: 

 

№ 
BCOF4 

!I9@4 BCO-
F4 

�O6B8 <; BCOF4 

1 

 

 

2 

 

 

3 

 

 

4 

 

 

 

3. %45;09B5 >?KBK 8 70?8H8B5 A2>8 =01;N45=8O 2 B01;8FC: 
"?KB №1 
0) �2>48B5 <03=8B A525@=K< ?>;NA>< 2=CB@L :0BCH:8, =01;N40O >4=>2@5<5=-
=> 70 AB@5;:>9 <8;;80<?5@<5B@0. �7<5=O9B5 A:>@>ABL <03=8B0.+B> =01;N405B5 ?@8 
MB><? 



13 �'% 

 

1) �0@8AC9B5 AE5<C MB>3> >?KB0 2 B01;8FC, C:0702 =0?@02;5=85 B>:0 2 F5?8 (A 
?><>ILN ?@028;0 �5=F0). 
"?KB №2 
0) #>2B>@8B5 >?KB №1, 2K42830O <03=8B A525@=K< ?>;NA>< 87 :0BCH:8.  
1) �0@8AC9B5 AE5<C MB>3> >?KB0 2 B01;8FC, C:0702 =0?@02;5=85 B>:0 2 F5?8 (A 
?><>ILN ?@028;0 �5=F0).  
"?KB №3 
0) �2>48B5 <03=8B N6=K< ?>;NA>< 2=CB@L :0BCH:8, =01;N40O >4=>2@5<5==> 
70 AB@5;:>9 <8;;80<?5@<5B@0. �7<5=O9B5 A:>@>ABL <03=8B0.+B> =01;N405B5 ?@8 
MB><? 
1) �0@8AC9B5 AE5<C MB>3> >?KB0 2 B01;8FC, C:0702 =0?@02;5=85 B>:0 2 F5?8 (A 
?><>ILN ?@028;0 �5=F0). 
"?KB №4 

2) #>2B>@8B5 >?KB №3, 2K42830O <03=8B N6=K< ?>;NA>< 87 :0BCH:8.  
3) �0@8AC9B5 AE5<C MB>3> >?KB0 2 B01;8FC, C:0702 =0?@02;5=85 B>:0 2 F5?8 (A 
?><>ILN ?@028;0 �5=F0). 
4. %45;09B5 2K2>4 > ?@>45;0==>9 @01>B5.  
5. �09B5 >B25B =0 2>?@>A: 2 :0BCH:C 242830NB <03=8B >48= @07 1KAB@>, 4@C3>9 
@07 <54;5==>. "48=0:>2K9 ;8 70@O4 ?5@5=>A8BAO ?@8 MB>< ?> :0BCH:5? 

 

�D4>F<K9E>4S D45BF4 №5 �CD989?9A<9 CB>4;4F9?S CD9?B@?9A<S EF9>?4 

 

*5;L: ?@>=01;N40BL ?@5;><;5=85 A25B0 2 @50;L=KE CA;>28OE, =0CG8BLAO 8A?>;L7>-
20BL 70:>=K ?@5;><;5=8O 4;O @0AG5B0 ?>:070B5;O ?@5;><;5=8O. 
"1>@C4>20=85: ?;>A:>?0@0;;5;L=0O ?;0AB8=:0, :0@B>=, 4 1C;02:8, ;8=59:0, <8;;8-
<5B@>20O 1C<030. 
)>4 @01>BK:  

1. #>;>68B5 =0 AB>; ;8AB :0@B>=0, 0 =0 =53> ;8AB 1C-
<038, 0 A25@EC AB5:;O==CN ?;0AB8=:C. 

2. "B<5BLB5 3@0=8FK AB5:;O==>9 ?;0AB8=K =0 ;8AB5 
1C<038 :0@0=40H><. 

3. �>B:=8B5 2 :0@B>= ?> >4=C AB>@>=C ?;0AB8=:8 425 
1C;02:8 3 1 8 2 B0:, GB>1K 1C;02:0 2 :0A0;0AL 3@0=8 
?;0AB8=:8. "=8 1C4CB >B<5G0BL =0?@02;5=85 ?040-
NI53> ;CG0. 

4. �;O4O A:2>7L ?;0AB8=:C A ?@>B82>?>;>6=>9 AB>@>-
=K, 2>B:=8B5 B@5BLN 1C;02:C B0:, GB>1K >=0 70:@K-
20;0 ?5@2K5 425. #@8 MB>< B@5BLO 1C;02:0 B>65 
4>;6=0 :0A0BLAO ?;0AB8=K 2?;>B=CN. �>102LB5 4-N 1C;02:C, B0:, GB>1K >=0 
=0E>48;0AL =0 >4=>9 ;8=88 A B@5<O >AB0;L=K<8. 

5. '15@8B5 AB5:;O==CN ?;0AB8=C 8 1C;02:8. "B<5BLB5 B>G:8 ?@>:>;0 >B 1C;0-
2>:. #@>2548B5 G5@57 MB8 B>G:8 ?@O<K5 4> ?5@5A5G5=8O A 3@0=8F0<8 AB5:;0 8 
2>74CE0. �>AAB0=>28B5 ?5@?5=48:C;O@K =0 3@0=8F0E ?@5;><;5=8O. 

6. �7 B>G:8 ?045=8O ;CG0 (B>G:8 �, A< @8A.) >?8H8B5 >:@C6=>ABL @048CA>< 1>-
;55 5 A< 8 ?>AB@>9B5 ?@O<>C3>;L=K5 B@5C3>;L=8:8 ��� 8 CBD. ;8=88 A8=C-
A>2 C3;>2 α 8 β. 



14 �'% 

 

7. �7<5@LB5 B>G=> ;8=88 A8=CA>2 C3;>2 2 <<, 8A?>;L7CO <8;;8<5B@>2CN 1C<0-
3C 8 2KG8A;8B5 ?>:070B5;L ?@5;><;5=8O AB5:;0 G5@57 >B=>H5=85 AB>@>=. 

&0: :0:      8 �� = �%, B> D>@<C;0 4;O >?@545;5=8O 

?>:070B5;O ?@5;><;5=8O AB5:;0 ?@8<5B 284    

8. #@>2548B5 >?KB 3 @070, :064K9 @07 <5=OO C3>; ?045=8O ;CG0. 
9. !0948B5 A@54=55 0@8D<5B8G5A:>5 ?>:070B5;O ?@5;><;5=8O. 
10. " ?@545;8B5 >B:;>=5=85 =0945==>3> @57C;LB0-
B0 >B 7=0G5=8O ?>:070B5;O ?@5;><;5=8O C:0-
70==>3> 2 B01;8F5. 

11. �KG8A;8B5 >B=>A8B5;L=K5 8 01A>;NB=K5 ?>-
3@5H=>AB8 ?@81>@>2 8 ?>:070B5;O ?@5;><;5-
=8O. �=AB@C<5=B0;L=0O ?>3@5H=>ABL  ;8=59:8 ?@8=OBL @02=>9 70 0,2 <<. #>-
3@5H=>ABL >BAG5B0 ?@8=OBL @02=>9 0.5 <<. 
 0:A8<0;L=CN >B=>A8B5;L=CN ?>3@5H=>ABL ε 87<5@5=8O ?>:070B5;O ?@5-

;><;5=8O >?@545;ONB ?> D>@<C;5:  

 0:A8<0;L=0O 01A>;NB=0O ?>3@5H=>ABL >?@545;O5BAO ?> D>@<C;5: Δn = n?@ε. 
(�45AL n?@ 4 ?@81;865==>5 7=0G5=85 ?>:070B5;O ?@5;><;5=8O) 
":>=G0B5;L=K9 @57C;LB0B 87<5@5=8O ?>:070B5;O ?@5;><;5=8O 70?8AK205BAO 

B0:: 
n = n?@ ± Δn. 

 

 

 

 

12. �0?>;=8B5 B01;8FC: 
№ BCOF4 И7@9D9AB ВOCB?A9AB 

АЕ, 
@@ 

DC,@@ 
  

 , @@  , @@  %   

1       

2       

3       

13. %@02=8B5 @57C;LB0BK, ?>;CG5==K5 ?> D>@<C;0<, 8 A45;09B5 2K2>4 > 7028A8-
<>AB8 8;8 =57028A8<>AB8 ?>:070B5;O ?@5;><;5=8O >B C3;0 ?045=8O A25B>2>3> 
;CG0. 

   

14. %45;09B5 2K2>4 > 7028A8<>AB8 (8;8 =57028A8<>AB8) ?>:070B5;O ?@5;><;5=8O 
>B C3;0 ?045=8O. 

�>=B@>;L=K5 2>?@>AK: 
1. +B>1K >?@545;8BL ?>:070B5;L ?@5;><;5=8O AB5:;0, 4>AB0B>G=> 87<5@8BL 
B@0=A?>@B8@>< C3;K α 8 β 8 2KG8A;8BL >B=>H5=85 8E A8=CA>2. �0:>9 87 <5-



15 �'% 

 

B>4>2 >?@545;5=8O ?>:070B5;O ?@5;><;5=8O ?@54?>GB8B5;L=55: MB>B 8;8 8A-
?>;L7>20==K9 2 @01>B5? 

2. "?@545;8B5, =0 :0:>9 C3>; >B:;>=8BAO A25B>2>9 ;CG >B A2>53> ?5@2>=0G0;L-
=>3> =0?@02;5=8O ?@8 ?5@5E>45 87 2>74CE0 2 AB5:;>, 5A;8 C3>; ?045=8O α = 
60°. #>:070B5;L ?@5;><;5=8O AB5:;0 1,52. 
 

 

�D4>F<K9E>4S D45BF4 №6 �CD989?9A<9 8?<AO E69FB6B= 6B?AO E CB@BMPR 8<-
HD4>J<BAAB= D9L9F>< 

 

*5;L: M:A?5@8<5=B0;L=> 87<5@8BL 4;8=C A25B>2>9 2>;=K 4;O :@0A=>3> 8 D8>;5B>-
2>3> CG0AB:0 A?5:B@0. 
"1>@C4>20=85: 48D@0:F8>==0O @5H5B:0 A ?5@8>4>< 0,01 <<, HB0B82, ;8=59:0 A 
45@60B5;5< 4;O @5H5B:8 8 G5@=K< M:@0=>< A> I5;LN ?>A@548=5, :>B>@K9 <>65B 
?5@5<5I0BLAO 24>;L ;8=59:8, 8AB>G=8: A25B0. 
)>4 @01>BK: 
1. %>15@8B5 M:A?5@8<5=B0;L=CN CAB0=>2:C. $0AA<0B@820O I5;L 2 M:@0=5 A:2>7L 
48D@0:F8>==CN @5H5B:C, =01;N409B5 48D@0:F8>==K5 A?5:B@K. 'AB0=>28B5 
@5H5B:C 2 45@60B5;5 B0:, GB>1K ?>;>AK A?5:B@0 @0A?>;030;8AL ?0@0;;5;L=> 
H:0;5 M:@0=0. 
 

 

 

 

 

 

 

 

 

 

 

2. %45;09B5 >?KB 8 =5>1E>48<K5 87<5@5-
=8O: 
0) �7<5@LB5 @0AAB>O=85 a - @0AAB>O=85 >B 

@5H5B:8 4> M:@0=0. 
1) �7<5@LB5 @0AAB>O=85 b 4> D8>;5B>2>3> :@0O A?5:B@0 A?@020 8;8 A;520 >B F5=-
B@0 I5;8 2 M:@0=5. 

3. %45;09B5 @0AGPBK: 
0) 2KG8A;8B5 4;8=K 2>;= D8>;5B>2>3> 8 :@0A=>3> A25B0 ?> D>@<C;5: 

, 

345 - 4;8=0 A25B>2>9 2>;=K; k3 =><5@ <0:A8<C<0;  - ?5@8>4 48D@0:F8>==>9 @5-
HPB:8. 

; 

 
1) %@02=8B5 ?>;5G5==K5 @57C;LB0BK A B01;8G=K<8 40==K<8 4;O 4;8= 2>;= D8-
>;5B>2>3> 8 :@0A=>3> A25B0. 

$
8A. 17 



16 �'% 

 

4. $57C;LB0BK 87<5@5=89 8 2KG8A;5=89 70?8H8B5 2 B01;8FC: 

5. %45;09B5 2K2>4 > ?@>45;0==>9 @01>B5.  
6. �09B5 >B25B =0 2>?@>A: G5< >B;8G05BAO 48D@0:F8>==K9 A?5:B@ >B 48A?5@A8>=-
=>3>? 

 

 

 

 

 

 

 

Ц69F 

<;?GK9A<S 
d, @ > 4, @ b, @ , @ 

(8>;5B>2K9 10
-5 

1    

�@0A=K9 10
-5

 1    



17 �'% 

 

�AHBD@4J<BAAB9 B59EC9K9A<9 B5GK9A<S 

 

"A=>2=0O ;8B5@0BC@0: 
 O:8H52 �./. (878:0. 10 :;.: CG51. 4;O >1I5>1@07>20B. >@30=870F89: 107>2K9 8 
C3;C1;5==K9 C@>2=8 / �./  O:8H52, �.�.�CE>2F52, !.!.%>BA:89; ?>4 @54. 
!.�.#0@D5=BL52>9. 3  .: #@>A25I5=85, 2022. - 432 A.: 8;.  
 O:8H52 �./. (878:0. 11 :;.: CG51. 4;O >1I5>1@07>20B. >@30=870F89: 107>2K9 8 
C3;C1;5==K9 C@>2=8 / �./  O:8H52, �.�.�CE>2F52, �. .+0@C38=; ?>4 @54. 
!.�.#0@D5=BL52>9. 3  .: #@>A25I5=85, 2022. - 432 A.: 8;.  


