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 . !. "#$%&', (.).*., +,-./00-,, 1/2345 (6/0+7829:; 1/2;,70<); 
=.  . >45?5', :.).*., (-@/*), 1/2345 (6/0+7829:; 1/2;,70<) 

#$%&"' (#)!%*+,(-. /%0%(#)-123 +2/ 4-3 50 )#(  

&' " )#(' ('5#&#( 

$; -0*-AB C;)/C;)9D*-E- C-(/2FA;**G +-A-(H/**G 09+7D-E- )B2; I A9:-,90);**GC C/)-(7 :B*@/A9J 

/2/C/*)BA B +,9*@9+BA C/J;*B:9 )A/,(-E- )B2; A9:-*;*B ,-I,;J7*:9 *;A;*);H/*-0)B :7I-A; A;E-*; 09+7D9C 

A;*);H/C. 

$; -0*-A/ C;)/C;)9D/0:-E- C-(/29,-A;*9G +-A/(/*9G 0K+7D/E- )/2; 0 90+-2<I-A;*9/C C/)-(; :-*/D*KJ 

L2/C/*)-A 9 +,9*@9+-A C/J;*9:9 )A/,(-E- )/2; AK+-2*/*K ,;0D/)K *;E,7H/**-0)9 :7I-A; A;E-*; 0K+7D9C 

E,7I-C. 

On the base of mathematical modeling of the loose body behaviour using the finite-element method and princi-

ples of solid body mechanics the calculations of loading of wagon body by the loose freight are executed  

(67879:7 

>,9 +,-A/(/*99 +,-D*-0)*KJ ,;0D/)-A :7-

I-A-A E,7I-AKJ A;E-*-A A I;A909C-0)9 -) 9J *;-
I*;D/*9G 9 -0-8/**-0)/M :-*0),7:@99 0-E2;0*- 

«$-,C;C (2G ,;0D/); …» [5] */-8J-(9C- 7D9-

)KA;)< *;E,7I:9, A-I*9:;FN9/ +,9 A-I(/M0)-
A99 ),;*0+-,)9,7/C-E- E,7I; *; :7I-A A;E-*;. 
>,9 +/,/A-I:/ 0K+7D9J E,7I-A */-8J-(9C- 

7D9)KA;)< 092K ,;0+-,; ((;A2/*9G) *; 0)/*K. 

$;98-2// ,;0+,-0),;*/**KC +-(J-(-C A 
0),-9)/2<*-M C/J;*9:/ 0K+7D9J 0,/( +,9 -+-

,/(/2/*99 (;A2/*9G *; +-(+-,K -) (/M0)A9G 
0K+7D/E- )/2; GA2G/)0G )/-,9G &72-*; [4], :--

)-,;G *;O2; O9,-:-/ +,9C/*/*9/ +,9 ,;0D/)/ 
:7I-A-A A;E-*-A [5]. '(*;:- +,9 *-,C;)9A*-C 

+,92-H/*99 (;A2/*9M -) +/,/A-I9C-E- 0K+7D/-
E- E,7I; */ 7D9)KA;F)0G */:-)-,K/ .9I9:--

C/J;*9D/0:9/ 0A-M0)A; C;)/,9;2;, *;+,9C/,, 

0AGI;**K/ 0 :-E/I9/M 9 (92;);*09/M, D)- A ,G(/ 
027D;/A C-H/) +,9A/0)9 : 07N/0)A/**-M :-,-

,/:)9,-A:/ 0J/CK *;E,7H/*9G. &,-C/ )-E-, A 
+,-@/00/ 0-I(;*9G ,;0D/)*-M C-(/29 I;D;0)7F 

A-I*9:;/) 02-H*-0)< A +,9A/(/*99 ,;0+,/(/-
2/**-M *;E,7I:9 : 7I2;C, 9 A- C*-E9J 09)7;@9GJ 

L); +,-@/(7,; AK+-2*G/)0G +,9829H/**- [2]. 

$-,C;)9A*-/ +,92-H/*9/ (;A2/*9G *; 0)/*-

:9 :7I-A; A;E-*; -) 0K+7D9J E,7I-A +,/)/,+/-
A;2- 07N/0)A/**K/ 9IC/*/*9G [3, 7].   *;0)-G-
N// A,/CG 0-E2;0*- [5] A 027D;/ ,;0D/); :7I-A; 
A;E-*; +,9 0-7(;,/*99 )-,@/AK/ 0)/*K 9 (A/,9 

(-2H*K ,;00D9)KA;)<0G *; ,;A*-C/,*- ,;0+,/-
(/2/**-/ +- A0/M 9J +2-N;(9 (9*;C9D/0:-/ 
(;A2/*9/ *;0K+*-E- E,7I;, ,;A*-C 0,35 E,7I--

+-(P/C*-0)9 A;E-*; +,9 (/M0)A99 +,-(-2<*-E- 

70:-,/*9G 3,5g. '(*;:- +,9 ,;0D/)/ 0)/*K A 
-8N/M 090)/C/ :7I-A; A;E-*; A/0<C; I;),7(*9-

)/2<*- ,;0+,/(/2/*9/ -0);AO9J0G 65% *;E,7I-
:9 -) 092 9*/,@99 0K+7D/E- E,7I;. 

",/(9 07N/0)A7FN9J +-(J-(-A : C-(/29-

,-A;*9F 0K+7D9J (E,;*729,-A;**KJ) 0,/(, 

C-H*- AK(/29)< (A; -0*-A*KJ *;+,;A2/*9G: 
– C-(/29,-A;*9/ 0K+7D/M 0,/(K :-*)9*7-

;2<*-M 090)/C-M; 

– C-(/29,-A;*9/ 0K+7D/M 0,/(K 090)/C-M 

)A/,(KJ )/2. 

>,9 ,/;29I;@99 +/,A-E- +-(J-(; O9,-:-/ 
,;0+,-0),;*/*9/ +-27D92 C/)-( :-*/D*KJ L2/-
C/*)-A 0 ,;I29D*KC9 A;,9;*);C9 C;)/C;)9D/-
0:-E- -+90;*9G +-A/(/*9G C;)/,9;2; 0K+7D/M 

0,/(K. & );:9C A;,9;*);C -)*-0G)0G +,/(0);A-
2/*9/ 0K+7D/M 0,/(K, -+90KA;/C-/ 7,;A*/*9G-
C9 C/J;*9:9 (/.-,C9,7/C-E- )A/,(-E- )/2; A 
7+,7E-M +-0);*-A:/ 0 7D/)-C «+,9A/(/**KJ» 

J;,;:)/,90)9: C;)/,9;2; (C-(72< 7+,7E-0)9, 

+2-)*-0)<, :-L..9@9/*) >7;00-*;) [8]; -+90;-
*9/ +-A/(/*9G 0K+7D/E- )/2; *; -0*-A/ 7,;A*/-
*9M E9(,-C/J;*9:9 [11]; +,9C/*/*9/ C-(/29 

C;)/,9;2; Q,7:/,;->,;E/,;, -+90KA;FN/M 

+2;0)9D/0:-/ (/.-,C9,-A;*9/ 0,/(K [2] 9 +,--

D9/ [6, 9]. 

 )-,-M +-(J-( -0*-A;* *; 90+-2<I-A;*9/ 
I;:-*-A C/J;*9:9 )A/,(-E- )/2;. R(/0< 0K+7-

D;G, ; A (;**-C 027D;/ E,;*729,-A;**;G 0,/(;, 
C-(/29,7/)0G :-*/D*KC D902-C AI;9C-(/M0)-
A7FN9J C/H(7 0-8-M E,;*72. 5;: A0),/D;F)0G 
,;8-)K, E(/ A0/ )/2; (E,;*72K), AJ-(GN9/ A 090-
)/C7, +,/(0);A2/*K 298- +2-0:9C9 (:,7E, +2--

0:9M C*-E-7E-2<*9: 9 (,.), 298- -8P/C*KC9 

(O;,, -8P/C*KM C*-E-7E-2<*9: 9 (,.) [1, 10, 

12]. 402-A9/C :-*);:); C/H(7 )/2;C9 027H9) 
+/,/0/D/*9/ E,;*9@ )/2, D)- +,9A-(9) : A-I-
*9:*-A/*9F :-*);:)*-M 092K, A;,9;*)K, -+9-

0;*9G :-)-,-M, C-E7) 8K)< A/0<C; ,;I29D*K 
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(I;:-* 3/,@;, I;:-* &72-*;, 7+,7E--

(9009+;)9A*-/ AI;9C-(/M0)A9/). >,9 -)07)0)-
A99 :-*);:); )/2; 0D9);F)0G */AI;9C-(/M0)-
A7FN9C9. 

'8; +-(J-(; 9C/F) 0A-9 (-0)-9*0)A; 9 */-
(-0);):9. >/,AKM +-(J-( -E,;*9D/* A +,9C/-
*/*99 A A9(7 )-E-, D)- */ 7D9)KA;/) *;+,GC7F 

E/-C/),9F D;0)9@ 0K+7D/M 0,/(K, D)- */-8J--

(9C- A ,G(/ I;(;D. '(*;:- A)-,-M +-(J-( A 
-8KD*-M +-0);*-A:/ ),/87/) I*;D9)/2<*- 8-2<-
O9J AKD9029)/2<*KJ I;),;). 

S/2<F ,;8-)K GA2G/)0G ,;I,;8-):; C;)/C;-
)9D/0:9J C-(/2/M 0 90+-2<I-A;*9/C ,;I29D*KJ 

+-(J-(-A -+90;*9G C/J;*9:9 0K+7D/E- )/2; 
(2G -@/*:9 *;E,7H/**-0)9 :7I-A; A;E-*; +,9 

+/,/A-I:/ 0K+7D/E- E,7I;, ; );:H/ AKGA2/*9/ 
A29G*9G ,;I29D*KJ .9I9:--C/J;*9D/0:9J 

0A-M0)A *; I*;D/*9G (;A2/*9M *; C/);22-:-*-

0),7:@9F A;E-*;. 

/;:<7979:7 <7=>8? @>97A9BC DE7<79=>6 

(FE>G@?H F>G=?9>6@?) 

C-I(;*; :-*/D*--L2/C/*);G C-(/2<, -0*--

A;**;G *; 90+-2<I-A;*99 E9+-)/IK Q,7:/,;-
>,;E/,;, -+90KA;FN/M 7+,7E-9(/;2<*-+2;0)9-

D/0:7F 0,/(7, +,9C/*/*9/ :-)-,-M +-IA-2G/) 
AK+-2*G)< ,;0D/)K +2;0)9D/0:-E- (/.-,C9,--

A;*9G +,9 )/D/*99 C;)/,9;2;, +,9 L)-C +--

A/,J*-0)< )/:7D/0)9 */ 9IC/*G/)0G A +,-@/00/ 
+2;0)9D/0:-E- (/.-,C9,-A;*9G. 

R;(;D; -@/*:9 0);)9D/0:-M 9 (9*;C9D/0:-M 

*;E,7H/**-0)9 ,/O;2;0< A +2-0:-M +-0);*-A:/ 
0 90+-2<I-A;*9/C +,-E,;CC*-E- :-C+2/:0; :--

*/D*--L2/C/*)*-E- ;*;29I; ANSYS. >,9 .-,-

C9,-A;*99 :-*/D*--L2/C/*)*-M 0/):9 90+-2<-
I-A;* 4-J 7I2-A-M :-*/D*KM L2/C/*) PLANE42. 

"A-M0)A; C;)/,9;2; 0K+7D/E- E,7I; +,/(0);A-
2/*K 02/(7FN9C9 J;,;:)/,90)9:;C9 [2]: +2-)-
*-0)< 0K+7D/E- E,7I;,   = 1300 :E/C3; 7E-2 /0)/-
0)A/**-E- -):-0;, ! = 300; C-(72< 7+,7E-0)9,   

= 106 $/C2; :-L..9@9/*) >7;00-*;, " = 0,27; 

A/29D9*; :-E/I99, ! = 7200 $/C2; 7E-2 (92;);*-

099, 00. >,9 C-(/29,-A;*99 C;)/,9;2; 0)/* :7-

I-A; A;E-*; 90J-(929 9I +,/(+-2-H/*9G ;80--

2F)*- )A/,(-E- )/2;. " @/2<F 7D/); 0@/+2/*9G 
0K+7D/E- E,7I; 0- 0)/*;C9 :7I-A; ,/O;2;0< 
:-*);:)*;G I;(;D; 0 :-L..9@9/*)-C ),/*9G A 
E,;*9@/ ,;I(/2; «0K+7D9M E,7I – C/);22» ,;A-
*KC 0,3. '0-8/**-0)<F :-*);:)*-M I;(;D9 GA-
2G/)0G 90:2FD/*9/ A-IC-H*-0)9 AI;9C*-E- 

A*/(,/*9G :-*);:)9,7FN9J 0,/(. 3/-C/),9G 
0K+7D/E- E,7I; A +,-(-2<*-M +2-0:-0)9 +,/(-

0);A2/*; +,GC-7E-2<*9:-C 0- 0)-,-*;C9 2#10 

C. 6;I,;8-);**;G :-*/D*--L2/C/*)*;G C-(/2< 
0-0)-9) 9I 2580 L2/C/*)-A, A:2FD;G 284 :-*-

);:)*KJ. 

$; +/,A-C L);+/ ,/O/*; I;(;D; 0);)9D/0:-M 

*;E,7H/**-0)9 :7I-A; A;E-*; 0K+7D9C E,7I-C. 

>-27D/**K/ C;:09C;2<*K/ I*;D/*9G (;A2/*9M 

*; +-2 A;E-*; )/0*- 0-E2;07F)0G 0 )/-,9/M +,/-
(/2<*-E- ,;A*-A/09G 0K+7D/E- )/2;, *- +- C/,/ 
+,9829H/*9G : )-,@/A-M 0)/*/ I*;D/*9/ (;A2/-
*9G 0*9H;/)0G, D)-, A9(9C-, -8702-A2/*- *;29-

D9/C ),/*9G C/H(7 0K+7D/M 0,/(-M 9 0)/*-M 

A;E-*;. T;:09C;2<*-/ (;A2/*9/ *; )-,@/A7F 

0)/*7 I;.9:09,-A;*- *; */8-2<O-C 7(;2/*99 

-) +-2; A;E-*;, D)- 0-E2;07/)0G 0 L:0+/,9C/*-

);2<*KC9 (;**KC9, +,9A/(/**KC9 A [4].   )- 

H/ A,/CG 0);)9D/0:-/ (;A2/*9/ *; )-,@/A7F 

0)/*7 +,9 AKO/7:;I;**KJ +;,;C/),;J 0K+7D/-
E- E,7I; -:;I;290< -)29D*KC9 -) I*;D/*9M, +--

27D;/CKJ +- .-,C72/, +,9A/(/**-M A «$--

C;J…» [5] 9 0*9H/*9/ /E- C;:09C;2<*-E- I*;-
D/*9G (-0)9E;/) +-D)9 40%. 4D9)KA;G A AK,;-
H/*99 I;:-*; &72-*; -)07)0)A9/ +;,;C/),; 
-@/*:9 0AGI;**-0)9 0K+7D/M 0,/(K, +,-A/(/*; 
0/,9G ,;0D/)-A +,9 A;,<9,-A;*99 I*;D/*9/C 

:-E/I99. $; ,90. 1 +,9A/(/*K I;A909C-0)9 ,;0-
+,/(/2/*9G (;A2/*9G *; 0)/*7 A;E-*; -) AK0-)K 

I;+-2*/*9G :7I-A; A;E-*; (2G ,;I29D*KJ I*;-
D/*9M :-E/I99. 

 

690. 1. R;A909C-0)9 (;A2/*9G 0K+7D/E- E,7I; *; 
)-,@/A7F 0)/*7 -) AK0-)K I;0K+:9: 

1 – ! = 7200 $/C2; 2 – ! = 4200 $/C2; 3 – ! = 3000 $/C2; 4 – 

! = 2500 $/C2; 5 – +- I;:-*7 &72-*; 

6/I72<);)K ,;0D/)-A +-:;I;29, D)- +,9 0*9-

H/*99 7,-A*G 0@/+2G/C-0)9 0K+7D/M 0,/(K, 

I*;D/*9G :-*);:)*KJ (;A2/*9M *; )-,@/A7F 

0)/*7 07N/0)A/**- A-I,;0);F).   )- H/ A,/CG, 
+,;:)9D/0:9 */ 9IC/*G/)0G (;A2/*9/, -:;IK-

A;/C-/ *; +-2 A;E-*;. >-27D/**-/ I*;D/*9/ 
(;A2/*9G *; 0)/*7 A;E-*; *; 7,-A*/ +-2; +,9 

+,;:)9D/0:9 -)07)0)A7FN/C 7,-A*/ 0@/+2G/-
C-0)9 0K+7D/M 0,/(K (I;A909C-0)< 5) )/0*- 0--

E2;07/)0G 0 )/-,9/M &72-*;. >- C/,/ 0*9H/*9G 
7,-A*G :-E/I99, 7A/29D9A;/)0G A/29D9*; 7+-

2-)*/*9G 0K+7D/E- )/2; $y, D)- -8PG0*G/) +--

GA2/*9G «+-2G 7+2-)*/*9G» (I;O),9J-A;**;G 
-82;0)<) A ,;0J-H(/*99 ,/I72<);)-A *; ,90. 1. 
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!0J-(G 9I I;A909C-0)/M ,90. 2, +,9 -+,/(/-
2/*99 C;:09C;2<*-E- (;A2/*9G *; 0)/*K A;E-*; 
C-H*- 702-A*- AK(/29)< ),9 I-*K 0-0)-G*9G 
0K+7D/E- )/2; A I;A909C-0)9 -) 7,-A*G 0@/+2/-
*9G C/H(7 /E- D;0)9@;C9. >,9 A/29D9*/ :-E/-
I99 ! % 3000 $/C2 C;:09C;2<*K/ (;A2/*9G *; 
)-,@/A7F 0)/*7 07N/0)A/**- A-I,;0);F), +,/(-

+-2-H9)/2<*-, (- I*;D/*9M, 0--)A/)0)A7FN9J 

E9(,-0);)9D/0:-C7 (;A2/*9F, D)- -8702-A2/*- 

+,/-82;(;*9/C 0A-M0)A H9(:-0)9, +,9 :-)-,KJ 

:;0;)/2<*K/ *;+,GH/*9G C/H(7 D;0)9@;C9 

0,/(K 0),/CG)0G : *72F. II I-*; +,9 3000 % ! % 

5000 $/C2 02/(7/) 0D9);)< +/,/J-(*-M, E(/ 0K-

+7D;G 0,/(; D;0)9D*- -82;(;/) 0A-M0)A;C9 

H9(:-0)9, *- 0 *;29D9/C 0AGI;**-0)9 C/H(7 

D;0)9@;C9. >,9 ,;00C-),/*99 III I-*K (! & 

5000 $/C2) AK0-:;G 0AGI;**-0)< C/H(7 D;0)9-

@;C9 A/(/) : 0);8929I;@99 C;:09C;2<*-E- 

7,-A*G (;A2/*9G *; )-,@/A7F 0)/*7 A;E-*;. 

 

690. 2. R;A909C-0)9 (;A2/*9G 0K+7D/E- E,7I; *; 
)-,@/A7F 0)/*7 -) A/29D9*K :-E/I99: 

6 – (;A2/*9/ *; C;:09C;2<*-M E2789*/ I;0K+:9; 7 – 

C;:09C;2<*-/ (;A2/*9/ 

6;00C-),9C *;E,7H/**-0)< :7I-A; A;E-*; 
0K+7D9C E,7I-C +,9 0-7(;,/*99 A;E-*-A. "--

E2;0*- «$-,C;C…» +,9 7(;,/ 02/(7/) 7D9)K-

A;)< A-I*9:;FN9/ 092K 9*/,@99 -) (/M0)A9G 
+,-(-2<*-E- 70:-,/*9G 3,5g A )/D/*9/ 0,3 0. U;E 
+- A,/C/*9 A;,<9,-A;20G -) 0,01 (- 0,0001 0. $; 
,90. 3 +,/(0);A2/*K L+F,K ,;0+,/(/2/*9G :-*-

);:)*-E- (;A2/*9G *; +-27 9 )-,@/A-M 0)/*/ A;-
E-*;. 

6/I72<);)K ,;0D/); +-:;I;29, D)- 07N/0)A/*-

*- 8ò2<O;G (-2G *;E,7I:9 *; +-2 +,9J-(9)0G *; 
1/5 D;0)< (29*K :7I-A; 0- 0)-,-*K *;E,7H/**-M 

0)/*K 9 +,/*/8,/H9)/2<*- C;2;G *; 0/,/(9*7 

:7I-A;. $;E,7H/**-0)< )-,@-A-M 0)/*K */ *-09) 
,;A*-C/,*- ,;0+,/(/2/**KM J;,;:)/, 9 : *;9-

8-2// *;E,7H/**-M -82;0)9 02/(7/) -)*/0)9 

A/,J*FF -8AGI:7. 

4D9)KA;G 7(-A2/)A-,9)/2<*-/ 0-A+;(/*9/ 
,/I72<);)-A 0);)9D/0:-M *;E,7H/**-0)9 :7I-A; 
A;E-*;, +-27D/**KJ 0 +-C-N<F ,;I,;8-);**-M 

:-*/D*--L2/C/*)*-M C-(/29 0 :2;009D/0:9C9 

C/)-(;C9 0),-9)/2<*-M C/J;*9:9 0K+7D9J )/2, 

C-H*- +,/(+-2-H9)<, D)- +-27D/**-/ ,;0+,/-
(/2/*9/ (;A2/*9M *; +-2 9 )-,@-A7F 0)/*7 +,9 

0-7(;,/*99 A;E-*-A +,9*@9+9;2<*- -),;H;/) 
,/;2<*7F :;,)9*7 *;E,7H/*9G :7I-A; A;E-*;. 
'(*;:-, +2-0:9/ C;)/C;)9D/0:9/ C-(/29 */ +--

IA-2GF) -@/*9)< ,;0+,/(/2/*9/ (;A2/*9M *; 
8-:-AK/ 0)/*K, D)- ),/87/) ,;I,;8-):9 7)-D-

*/**KJ -8P/C*KJ C-(/2/M, :-)-,K/, A-IC-H*-, 

+,9A/(7) : :-,,/:)9,-A:/ +-27D/**KJ ,/I72<-
);)-A. 

 

 

690. 3. 6;0+,/(/2/*9/ (;A2/*9G 0K+7D/E- 

E,7I; +- +-27 9 *; )-,@/A7F 0)/*7 

/;:<7979:7 <7=>8? @>97A9BC DE7<79=>6 

(>IJ7<9?H F>G=?9>6@?) 

" @/2<F 7)-D*/*9G +-27D/**KJ ,/I72<);)-A 

,;I,;8-);*; ),/JC/,*;G :-*/D*--L2/C/*);G C--

(/2< 0 90+-2<I-A;*9/C +,-E,;CC*-E- :-C+2/:-

0; ANSYS. >,9 .-,C9,-A;*99 :-*/D*--

L2/C/*)*-M 0/):9 (2G C-(/29,-A;*9G 0K+7D/E- 

)/2; 90+-2<I-A;* 8-C9 7I2-A-M :-*/D*KM L2/-
C/*) SOLID65, (2G 0)/* 9 +-2; – 8-C9 7I2-A-M 

:-*/D*KM L2/C/*) SOLID185. "A-M0)A; C;)/-
,9;2; 0K+7D/E- E,7I; -0);A2/*K 8/I 9IC/*/*9-

9G. >,9 C-(/29,-A;*99 C;)/,9;2; 0)/* :7I-A; 
A;E-*; A :;D/0)A/ 90J-(*KJ (;**KJ AA/(/*K 

I*;D/*9G C-(72G 7+,7E-0)9 11102 '(E  >;, :--

L..9@9/*); >7;00-*; 26,0("  9 +2-)*-0)9 

7800()  :E/C3. >,9 7D/)/ 0@/+2/*9G 0K+7D/E- 

E,7I; 0- 0)/*;C9 :7I-A; ,/O;2;0< :-*);:)*;G 
I;(;D; 0 :-L..9@9/*)-C ),/*9G A E,;*9@/ ,;I-
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(/2; «0K+7D// )/2- – C/);22» ,;A*KC 0,3. 

R(/0< );:H/ +,/(70C-),/*- 90:2FD/*9/ A-I-
C-H*-0)9 AI;9C*-E- A*/(,/*9G :-*);:)9,7F-

N9J 0,/(.   0927 09CC/),9D*-M ,;0D/)*-M 

0J/CK E/-C/),9G 0K+7D/E- E,7I; +,/(0);A2/*; 
+;,;22/2/+9+/(-C 0- 0)-,-*;C9 lhb ##2/  = 

1,44#1,8#12 C. 6;I,;8-);**;G :-*/D*--

L2/C/*)*;G C-(/2< 0-0)-9) 9I 8890 L2/C/*)-A, 
A:2FD;G 1196 :-*);:)*KJ. 4D9)KA;290< A-I*9-

:;FN9/ 092K 9*/,@99 -) (/M0)A9G +,-(-2<*-E- 

70:-,/*9G 3,5g A )/D/*9/ 0,3 0 [5]. U;E +- A,/-
C/*9 A;,<9,-A;20G -) 0,01 (- 0,0001 0. 

  ,/I72<);)/ +,-A/(/**-E- ,;0D/); +-27D/-
*K +,-0),;*0)A/**K/ :;,)9*K *;E,7H/**-0)9 

)-,@/AKJ 9 8-:-AKJ 0)/*, ; );:H/ +-2; A;E-*; 
(2G A,/C/**-E- 9*)/,A;2; (- 0,3 0. $; ,90. 4 

+,9A/(/*K +-A/,J*-0)9 *-,C;2<*KJ :-*);:)-
*KJ (;A2/*9M *; )-,@/A7F 9 8-:-A7F 0)/*K 

(,90. 4,; 9 4,8), ; );:H/ *; +-2 A;E-*; (,90. 4,A) 
A C-C/*) A,/C/*9 0,3 0. 

 

690. 4. >-A/,J*-0)9 *-,C;2<*KJ :-*);:)*KJ (;A2/*9M A C-C/*) A,/C/*9 0,3 0: 
" – *; )-,@/A-M 0)/*/; # – *; 8-:-A-M 0)/*/; $ – *; +-27 

&;: A9(*- 9I +,/(0);A2/**KJ I;A909C-0)/M 

,;0+,/(/2/*9/ *-,C;2<*KJ :-*);:)*KJ (;A2/-
*9M +- )-,@/A-M 0)/*/ */ *-09) ,;A*-C/,*-E- 

J;,;:)/,;, ,/:-C/*(7/C-E- $-,C;C9.   )- H/ 
A,/CG, I*;D/*9/ C;:09C;2<*-E- (;A2/*9G (151 

:>;), +-27D/**-/ 0 +-C-N<F ,;I,;8-);**-M C--

(/29, -:;I;2-0< (-0);)-D*- 829I:9C : I*;D/*9F 

7(/2<*-E- (;A2/*9G, ,;00D9);**-E- +- ,/:-C/*-

(;@99 $-,C +,9C/*9)/2<*- : E/-C/),9D/0:9C 

+;,;C/),;C A9,)7;2<*-M C-(/29 (170 :>;). 
=*;29I9,7G 9IC/*/*9/ I*;D/*9M *-,C;2<-

*KJ (;A2/*9M *; )-,@/A-M 0)/*/ +- AK0-)/ I;-

0K+:9 hI 0K+7D/E- )/2; A +,-(-2<*-M +2-0:--

0)9 09CC/),99 70);*-A2/*-, D)- C;:09C;2<*-/ 
(;A2/*9/ ,/;29I-A;*- *; AK0-)/ ,;A*-M 0,33hI 
-) 7,-A*G I;0K+:9, +,9D/C -) +-2; (- I;0K+:9 

*; 7,-A*/ 0,12hI I;.9:09,-A;* AK0-:9M E,;(9-

/*) ,-0); :-*);:)*-E- (;A2/*9G 9 (;2// I*;D/-
*9G (;A2/*9M +2;A*- A-I,;0);F) (- 7:;I;**-E- 

AKO/ C;:09C;2<*-E- I*;D/*9G. $; 9*)/,A;2/ 
AK0-) -) 0,12hI (- 0,89hI 9IC/*/*9/ :-*);:)*--

E- (;A2/*9G C-H*- 9*)/,+-29,-A;)< +-2-E-M 

+;,;8-2-M 0- 0*9H/*9/C (;A2/*9G -) C;:09-

C;2<*-E- I*;D/*9G *; A/,J*/M E,;*9@/ ,;0-
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0C;),9A;/C-E- AK0-)*-E- 9*)/,A;2; *; 27%. 

$; -0);AO/C0G 9*)/,A;2/ AK0-) -) 0,89hI (- hI 
*;82F(;/)0G +,;:)9D/0:9 29*/M*KM ,-0) A/29-

D9*K *-,C;2<*KJ :-*);:)*KJ (;A2/*9M (- 

I*;D/*9G ,;A*-E- 97% -) C;:09C;2<*-E-, 7:;-
I;**-E- AKO/. 

6;00C;),9A;G +-02-M*-/ ,;0+,/(/2/*9/ 
*-,C;2<*KJ :-*);:)*KJ (;A2/*9M +- )-,@/A-M 

0)/*/ +- O9,9*/ A;E-*; 02/(7/) -)C/)9)<, D)- 

C;:09C;2<*K/ (;A2/*9G 9C/F) C/0)- A 0/,/(9-

*/ 9 0*9H;F)0G +- C/,/ +,9829H/*9G : 8-:--

AKC 0)/*;C, +,9D/C 0 +,9829H/*9/C : A/,J*9C 

02-GC I;0K+:9 ,;I*9@; C/H(7 C;:09C;2<*KC 9 

C9*9C;2<*KC I*;D/*9GC9 :-*);:)*KJ (;A2/-
*9M +- O9,9*/ 0)/*K 7C/*<O;/)0G (,90. 5). !0-
:2FD/*9/C GA2G/)0G A/,J*9M 02-M, E(/ AKO/-
7:;I;**;G ,;I*9@; */0:-2<:- A-I,;0);/). 4:;-
I;**-/ 0*9H/*9/ (;A2/*9G C-H*- -8PG0*9)< 
7A/29D/*9/C 092 ),/*9G C/H(7 8-:-A-M 0)/*-M 

9 D;0)9@;C9 0K+7D/E- )/2; I; 0D/) ,-0); 092 

,;0+-,; +- C/,/ +,9829H/*9G : 8-:-AKC 0)/-
*;C. &,-C/ )-E-, 0 ,-0)-C C/HD;0)9D*-E- (;A-
2/*9G A-I,;0);/) ,-2< :-E/I9-**-M 0-0);A2GF-

N/M. V../:) «(;A2/*9G A/,J*/E- 02-G» -8PG0-
*G/)0G 0*9H/*9/C A/,)9:;2<*-M 0-0);A2GFN/M 

(;A2/*9G A 0K+7D/C E,7I/ +- C/,/ +,9829H/-
*9G : A/,J*/C7 02-F I;0K+:9 9 0*9H/*9/C, :;: 

02/(0)A9/, 092 ,;0+-,;. 
5;:9C -8,;I-C, :;,)9*; *;E,7H/**-0)9 

0,/(*/M -82;0)9 )-,@/A-M 0)/*K *;98-2// 
829I:; : ,;A*-C/,*- ,;0+,/(/2/**-C7 J;,;:-

)/,7 (;A2/*9M, D)- C-H*- -8PG0*9)< +,9A/(/-
*9/C D;0)9 A*7),/**/E- -8P/C; 0K+7D/E- )/2; 
: :A;I90K+7D/C7 0-0)-G*9F, +,9 :-)-,-C 

0,;A*9)/2<*- C;2K -)*-09)/2<*K/ +/,/C/N/-
*9G D;0)9@ A +,-(-2<*-M 02-/. $;29D9/ AK0--

:-E- E,;(9/*); ,-0); I*;D/*9M :-*);:)*-E- 

(;A2/*9G -) +-2; (- 0,12hI -8PG0*G/)0G AK0--

:9C9 I*;D/*9GC9 092 ),/*9G C/H(7 +-2-C 9 

0K+7D9C )/2-C A02/(0)A9/ AK0-:-E- I*;D/*9G 
A/,)9:;2<*-M 0-0);A2GFN/M -) 092K )GH/0)9 

E,7I;. 
>- C/,/ +,9829H/*9G : A/,J*/C7 02-F 0*9-

H;/)0G A-I(/M0)A9/ 092 )GH/0)9 -) E,7I; 9 (--

C9*9,7/) +,-(-2<*;G 0-0);A2GFN;G 092 9*/,-

@99 E,7I;, D)- +,9A-(9) : 7A/29D/*9F -)*-09-

)/2<*-M +-(A9H*-0)9 C/H(7 02-GC9 E,7I; (A -8-

2;0)9 )-,@/A-M 0)/*K) 9 : ,-0)7 +-02-M*KJ 0:--

,-0)/M 9 70:-,/*99, 02/(0)A9/C D/E- GA2G/)0G 
7A/29D/*9/ +,-(-2<*KJ 9*/,@9-**KJ *;E,7I-: 

9 ,-0) :-*);:)*KJ (;A2/*9M *; )-,@/A7F 0)/*K 

A A/,J*/M -82;0)9 I;0K+:9.  KO/0:;I;**-/ 
+-(:,/+2G/)0G ;*;29I-C :9*/C;)9D/0:9J +;,;-
C/),-A 02-/A 0K+7D/E- )/2;. $; ,90. 6,; +,9A/-
(/*K 0J/C; :-*),-2<*KJ )-D/: 0K+7D/E- )/2; A 
A/,J*/M -82;0)9 0,/(*/M +,-(-2<*-M +2-0:-0)9, 

9 I;A909C-0)9 9J +/,/C/N/*9M -) A,/C/*9 +/-
,/J-(*-E- +,-@/00; (,90. 6,8). 

 

690. 5 – R;A909C-0)< ,;I*9@K C;:09C;2<*-E- 9 C9-

*9C;2<*-E- I*;D/*9M *-,C;2<*KJ :-*);:)*KJ (;A-
2/*9M +- O9,9*/ )-,@/A-M 0)/*K -) AK0-)K I;0K+-

:9 E,7I; 

 

 

 

 
;) 8) 

690. 6 – =*;29I :9*/C;)9D/0:9J +;,;C/),-A 0K+7D/E- )/2; 

Q2G (;2<*/MO/E- -+,/(/2/*9G 0:-,-0)/M 9 

70:-,/*9M :-*),-2<*KJ )-D/: I;A909C-0)9 +/-
,/C/N/*9M, +-0),-/**K/ +- ,/I72<););C D90-

2/**-E- ,;0D/);, ;++,-:09C9,-A;*K +-29*--

C;C9 ),/)</M 0)/+/*9 0 A/29D9*-M (-0)-A/,*--

0)9 R2 = 0,999. !J (;2<*/MO// (9../,/*@9,--
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A;*9/ +- A,/C/*9 +-:;I;2-, D)- +,9 7(;2/*99 

-) )-,@/A-M 0)/*K : 0/,/(9*/ A;E-*; *;82F(;-
/)0G 0*9H/*9/ +-02-M*-M ,;I*9@K 0:-,-0)/M, ; 
7 D;0)9@ A/,J*/E- 02-G ,-0) 70:-,/*9M.   )- H/ 
A,/CG, 0 +/,/J-(-C : *9H*9C 02-GC 70:-,/*9G 
D;0)9@ +;(;F), +,9D/C +,9 +-02-M*-C ,;0-
0C-),/*99 -82;0)9 A829I9 )-,@/A-M 0)/*K 

()-D:9 (1,1), (2,1) 9 (3,1)) 70);*-A2/*-, D)- A 
+/,A-C 9 ),/)</C 02-GJ 70:-,/*9G A-I,;0);F) 0 
,;I29D*-M 9*)/*09A*-0)<F, ; A- A)-,-C 02-/ 
0*9H;F)0G +,;:)9D/0:9 (- *72G. 5;:9C -8,;-
I-C, :9*/C;)9D/0:9M ;*;29I +-IA-292 -8PG0-
*9)< *;29D9/ L../:); «(;A2/*9G A/,J*/E- 

02-G». "2/(7/) -)C/)9)<, D)- AKO/7:;I;**KM 

L../:) 9C//) C/0)- +,9 *;29D99 +,-(-2<*-E- 

70:-,/*9G 8-2// 1,37g (,90. 7). $-,C;2<*K/ 
:-*);:)*K/ (;A2/*9G *; 8-:-A7F 0)/*7 +- C/,/ 
+,9829H/*9G : *;E,7H/**-M )-,@/A-M 0)/*/ 
*/29*/M*- A-I,;0);F) +- I;A909C-0)9 (-0)--

A/,*- ;++,-:09C9,7FN/M0G +-29*-C-C +G)-M 

0)/+/*9. 6;00C;),9A;G J;,;:)/, 9IC/*/*9G 
:-*);:)*KJ (;A2/*9M -) +-2; (- 0A-8-(*-M +--

A/,J*-0)9 0K+7D/E- )/2;, 9C//) C/0)- */I*;D9-

)/2<*-/ 7C/*<O/*9/ (;A2/*9M, -8702-A2/**-/ 
0*9H/*9/C 092 ,;0+-,;. 

 

690. 7. R;A909C-0)< (;A2/*9G *; )-,@/A7F 0)/*7 A 
0,/(*/M +2-0:-0)9 -) 7,-A*G I;0K+:9 E,7I; 

6;0+,/(/2/*9/ *-,C;2<*KJ :-*);:)*KJ 

(;A2/*9M +- +-27 A;E-*; +,/(0);A2/*- *; ,90. 
4,A. T;:09C;2<*-/ I*;D/*9/ (;A2/*9M +-27D/*- 

*; ,;00)-G*99 ,;A*-C 0,018l W 0,22 C, (;2// +- 

C/,/ 7(;2/*9G -) )-,@/A-M 0)/*K *;82F(;/)0G 
+,;:)9D/0:9 29*/M*-/ 0*9H/*9/ (;A2/*9M A 3 

,;I;, ; I;)/C 0 +-2-E9C L:0),/C7C-C 9C//) C/-
0)- */I*;D9)/2<*-/ 0*9H/*9/ (;A2/*9M. Q;2// 
*; 9*)/,A;2/ -) 0,95l (- l 9C//) C/0)- 29*/M*-/ 
0*9H/*9/ (;A2/*9M +,;:)9D/0:9 (- *72G. 

>,9 ,;00C-),/*99 ,;0+,/(/2/*9G *-,C;2<-
*KJ (;A2/*9M +- +-27 A;E-*; A +-+/,/D*-M 

+2-0:-0)9 *;82F(;/)0G */I*;D9)/2<*-/ A-I,;0-
);*9/ I*;D/*9M (;A2/*9M -) 0,/(*/M D;0)9 : 

8-:-AKC 0)/*;C, +,9D/C 0 7(;2/*9/C -) *;-
,7H*-M 0)-,-*K -*- +,;:)9D/0:9 0E2;H9A;/)-

0G. 
40);*-A2/*-, D)- +,9*@9+9;2<*;G :;,)9*; 

,;0+,/(/2/*9G (;A2/*9M -) 092 ),/*9G (:;0;-
)/2<*KJ) ;*;2-E9D*; ,;0+,/(/2/*9F :-*);:)-
*KJ (;A2/*9M. Q2G +,-A/,:9 +-27D/**KJ ,/-
I72<);)-A ,;00C-),/*- :A;I90);)9D/0:-/ 0--

0)-G*9/ 0K+7D/E- )/2; 0 7D/)-C +,/*/8,/H/*9G 
*;E,7I-:, (/M0)A7FN9J *; ,;IE,7H;/C7F )-,-

@-A7F 0)/*7, (2G :-)-,-E- C-H*- I;+90;)< 

***** (+++
((( V

3,

1

>

1

1

1

5

V

3, PRRRF
r

i

i

n

i

i

k

i

i , 

E(/ *
V

3,F  – ,/I72<)9,7FN;G A*/O*9J 092, 

(/M0)A7FN9J *; -8P/C V  0K+7D/E- E,7I;; 

*
(

k

i

iR
1

5  – ,/I72<)9,7FN;G ,/;:@9G )-,@-A-M 

0)/*K; *
(

n

i

iR
1

1  – ,/I72<)9,7FN;G ,/;:@9G 8-:--

A-M 0)/*K; *
(

r

i

%
iR

1

 – ,/I72<)9,7FN;G ,/;:@9G 

+-2; A;E-*;; *
V

P 3,  – ,/I72<)9,7FN;G 092; 

9*/,@99 -8P/C; V  0K+7D/E- )/2;; k , n , r  – 

D902- 7I2-A *; )-,@-A-M 0)/*/, 8-:-A-M 0)/*/ 9 

+-27 A;E-*;, 0--)A/)0)A/**-. 

$; ,90. 8 9I-8,;H/*; 0J/C; ,;0+,/(/2/*9G 
(/M0)A7FN/E- 092-A-E- +-2G *; I;E,7H/**KM 

:7I-A A;E-*;, ,;0N/+2/**-E- *; A/,)9:;2<*7F 

9 E-,9I-*);2<*7F 0-0);A2GFN9/. 
>,-A/(/**K/ D902/**K/ ,;0D/)K +-:;I;29, 

D)- +,9 ,;00C-),/*99 CE*-A/**-M -0);*-A:9 

+-27A;E-*;, I;E,7H/**-E- 0K+7D9C E,7I-C 42% 

-) A*/O*/M +,-(-2<*-M *;E,7I:9 0K+7D/E- E,7-

I; ( &'gm5,3 ) +,9J-(9)0G *; :7I-A 9 58% 02/(7-

/) -)*/0)9 : 092;C 9*/,@99 E,7I;, ,/I72<)9-

,7FN;G :-)-,KJ *;+,;A2/*; +,-)9A-+-2-H*- 

(/M0)A7FN/C7 A*/O*/C7 092-A-C7 +-2F.   )- 

H/ A,/CG A/,)9:;2<*;G I;E,7H/**-0)< :7I-A; 
-) A/,)9:;2<*-M A*/O*/M *;E,7I:9 ( gm&' ) 0--

-)A/)0)A7/) +,;:)9D/0:9 100%. 6;00C;),9A;G 
(-2/A-/ 0--)*-O/*9/ +,-(-2<*-M *;E,7I:9, 

+,9J-(GN/M0G *; :7I-A, 70);*-A2/*-, D)- 63% 

+,9J-(9)0G *; )-,@/A7F 0)/*7, 23% *; +-2 9 

14% *; 8-:-AK/ 0)/*K.  /,)9:;2<*;G *;E,7I:; 
+,9J-(9)0G *; +-2 A;E-*;, ; );:H/ */I*;D9-

)/2<*;G D;0)< *; )-,@/A7F 9 8-:-AK/ 0)/*K, 

+,9D/C 0 -8,;)*KC I*;:-C, D)- -8702-A2/*- 

092;C9 ),/*9G C/H(7 0K+7D9C )/2-C 9 C/);2-

2-:-*0),7:@9/M. 
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/;78G=?6E79:7 GBFKA7L> =7E? G:G=7<>M  

=67;8BC =7E 

=+,-89,7/C +,9C/*/*9G A)-,-E- +-(J-(; : 

-@/*:/ *;E,7H/**-0)9 :7I-A; E,7I-A-E- A;E-*; 
0K+7D9C E,7I-C. 

Q2G ,/O/*9G +-0);A2/**-M I;(;D9 ,;I,;8--

);*; :A;I9+2-0:;G )A/,(-)/2<*;G (9*;C9D/0:;G 
C-(/2<, 0-0)-GN;G 9I :7I-A; ,;IC/,-C 

12#2#0,4 C, +,/(0);A2/**-E- +G)<F ;80-2F)*- 

)A/,(KC9 +2;0)9*;C9, A :-)-,-C *;J-(9)0G 
150 0./,9D/0:9J E,;*72 , 0,4 C (,90. 9) 0 +2-)-
*-0)<F C;)/,9;2; 1300 :E/C3. Q2G -8/0+/D/*9G 

AI;9C-(/M0)A9G E,;*72 (,7E 0 (,7E-C 9 0 L2/-
C/*);C9 :7I-A; A C-(/29 I;(;*- 605 :-*);:)-
*KJ +;,, +,9D/C 0);)9D/0:9M :-L..9@9/*) 
),/*9G 0,/(K «E,;*72;-E,;*72;» ,;A/* 0,58, ; 
0,/(K «E,;*72;-:7I-A» – 0,3. 6;00C;),9A;20G 
027D;M 7(;,*-E- AI;9C-(/M0)A9G :7I-A; (0--

E2;0*- «$-,C;C…» ga 5,3-(. ) +,9 (A9H/*99 

0 *;D;2<*-M 0:-,-0)<F 10 C/0 *; +,-)GH/*99 

0,3 0. 

 

690. 8. "J/C; ,;0+,/(/2/*9G (/M0)A7FN/E- 092-A-E- +-2G 

 

690. 9. 5A/,(-)/2<*;G :A;I9+2-0:;G (9*;C9D/0:;G C-(/2< 
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  C-(/29 :-*);:)*-E- AI;9C-(/M0)A9G 092; 
),/*9G ),F  -+,/(/2G/)0G I;:-*-C &72-*;, A 

0A-F -D/,/(< *-,C;2<*;G 092; N  +,/(0);A2G/) 
0-8-M ;*;2-E C/J;*9D/0:-E- +,7H9**-E- 

(/C+./,; 9 -+,/(/2G/)0G I;A909C-0)<F 

),,,,( dcknnN  . R(/0< n , n  – +/,/C/N/*9/ 9 

0:-,-0)< A *;+,;A2/*99 *-,C;2<*-M 092K, k  – 

H/0):-0)<, c  – :-L..9@9/*) (/C+.9,-A;*9G, 
d  – E2789*; A*/(,/*9G. !IC/*/*9/ +,9A/(/*-

*KJ +;,;C/),-A +-IA-2G/) 7+,;A2G)< J;,;:)/-
,-C :-*);:)*-E- AI;9C-(/M0)A9G 9 +,9829I9)< 
/E- : .9I9D/0:9C 0A-M0)A;C 0K+7D/E- )/2;. 

32;A*KM A/:)-, 092 (/M0)A7FN9J *; i-F 

E,;*727 

iiiii GFNFF +*+*+*( :), , 

E(/ * iF),  – 092K ),/*9G i--M E,;*72K 0 0-0/(-

*9C9 D;0)9@;C9; * iN  – *-,C;2<*K/ 092K 

AI;9C-(/M0)A9G i--M E,;*72K; * iF:  – *-,-

C;2<*K/ 9 :;0;)/2<*K/ 092K A 027D;/ AI;9C--

(/M0)A9G 0 :7I-A-C A;E-*;; iG  – 092; )GH/0)9 i-

-M E,;*72K. 

T-C/*) E2;A*-E- A/:)-,; :;0;)/2<*KJ 0--

0);A2GFN9J 092 

/ 0 * #+* #( ..
iiiiii FrnFrnFM :), , 

E(/ n  – /(9*9D*KM A/:)-,, *;+,;A2/**KM *-,-

C;2<*- : 29*99 :-*);:);; ir  – ,;(970 E,;*72K; 

.
iF:  – 092; ),/*9G A -82;0)9 :-*);:); i--M E,;-

*72K 0 :7I-A-C. 

6/O/*9/ +-0);A2/**-M I;(;D9 ,/;29I-A;*- A 
+,-E,;CC*-C :-C+2/:0/ ADAMS. 

'0*-A*K/ ,/I72<);)K ,;0D/)-A +,9A/(/*K 

*; ,90. 10 9 11. 

=*;29I ,/I72<);)-A (9*;C9D/0:-M *;E,7-

H/**-0)9 )-,@/A-M 0)/*K E,;*72;C9 E,7I; +--

:;I;2, D)- C;:09C;2<*K/ *-,C;2<*K/ 092K 

A-I*9:;F) *; */:-)-,-C ,;00)-G*99 -) +-2;.   

*;O/C 027D;/ L)- A)-,-M ,G( E,;*72 *; AK0-)/ 
0,6 C (,90. 10,;). Q;2// 0 +-02/(7FN9C 7A/29-

D/*9/C AK0-)K C;:09C;2<*K/ I*;D/*9G *-,-

C;2<*KJ 092 7C/*<O;F)0G. V:0),/C7C *-,-

C;2<*KJ 092, (/M0)A7FN9J *; )-,@/A7F 0)/*7, 

0);*-A9)0G 8-2// G,:- AK,;H/**KC 0 7A/29D/-
*9/C A,/C/*9 (,90. 10,8). 

$; ,90. 11 +,9A/(/*K I;A909C-0)9 *-,-

C;2<*KJ 092, (/M0)A7FN9J *; +-2 -) A,/C/*9 

9 -) (29*K :7I-A; l  (-)0D/) (29*K -) *;E,7-

H/**-M )-@/A-M 0)/*K).  ,/C/**K/ E,;.9:9 

+-:;IKA;F), D)- 0 7(;2/*9/C -) *;E,7H/**-M 

)-,@/A-M 0)/*K (- ,;00)-G*9G l = 2,2 C C;:09-

C;2<*K/ *-,C;2<*K/ 092K *; +-2 A-I,;0);F), ; 
I;)/C 0*9H;F)0G. >,9 ,;00C;),/*99 *;E,7H/*-

*-0)9 +-2; +- (29*/ :7I-A; (2G ,;I29D*KJ 

A,/C/**KJ 0,/I-A +-27D/*K (-0);)-D*- 02-H-

*K/ I;A909C-0)9, AK,;H/**;G +-29L:0),/C;2<-
*-0)< :-)-,KJ 0AGI;*;, +--A9(9C-C7, 0 AK(;A-
29A;*9/C *9H*9J E,;*72.   )- H/ A,/CG I;.9:-

09,-A;*-, D)- *;98-2// *;E,7H/**;G -82;0)< 
+-2; ,;0+-2-H/*; A -82;0)9 0 1 l 1 2,6 C (A *;-
O/C 027D;/ -)0D/) 9(/) -) 0,2 C, D)- 0AGI;*- 0- 

0)/+/*<F (90:,/)9I;@99 C-(/29). "92K, (/M0)-
A7FN9/ *; +-2 A (,7E9J C/0);J :7I-A; +,/*/8-

,/H9C- C;2K. 

" 

 
# 

 
690. 10. R;A909C-0)9 *-,C;2<*KJ 092 *; )-,@/A7F 

0)/*7 -) A,/C/*9 (;) 9 -) // AK0-)K (8): 
1 – h = 0,2 C; 2 – h = 0,6 C; 3 – h = 1,0 C; 4 – h = 1,4 C; 

5 – h = 1,8 C 
" 

 
# 

 

690. 11. R;A909C-0)9 *-,C;2<*KJ 092 *; +-2 -) 
A,/C/*9 (;) 9 -) (29*K :7I-A; (8): 1 – l = 0,2 C;  

2 – l = 0,6 C; 3 – l = 2,2 C; 4 – l = 2,6 C 
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(B6>8B 

>-27D/**K/ ,/I72<);)K :-*/D*-L2/C/*)*--

E- C-(/29,-A;*9G -),;H;F) +,9*@9+9;2<*7F 

:;,)9*7 ,;0+,/(/2/*9G *;E,7I:9 +- :7I-A7 +--

27A;E-*; +,9 ,;00C-),/*99 027D;G 7(;,*-E- 

AI;9C-(/M0)A9G A;E-*-A. '(*;:-, 7D/) -0-8/*-

*-0)/M (9*;C9:9 /(9*9@ +-(A9H*-E- 0-0);A;, 
0AGI;**KJ 0 J;,;:)/,90)9:;C9 7(;,*--)GE-A-E- 

9 J-(-A-E- -8-,7(-A;*9G, ; );:H/ ,;00C-),/-
*9/ ,;I29D*KJ .9I9:--C/J;*9D/0:9J 0A-M0)A 
+/,/A-I9C-E- E,7I;, A-IC-H*-, +,9A/(/) : 

7)-D*/*9F +-27D/**KJ ,/I72<);)-A. 
  @/2-C, :;D/0)A/**;G :;,)9*; ,/I72<);)-A, 

+-27D/**KJ +,9 )A/,(-)/2<*-C C-(/29,-A;-
*99, -:;I;2;0< 829I:-M : ,/I72<););C, +-27-

D/**KC *; -0*-A/ ,/O/*9G I;(;D9 C/)-(-C :--

*/D*KJ L2/C/*)-A +,9 +,/(0);A2/*99 0K+7D/M 

0,/(K C-(/2<F Q,7:/,;->,;E/,;.   (;2<*/M-

O/C +2;*9,7/)0G 9IC/*/*9/ 0)/+/*9 (90:,/)9-

I;@99 E,;*729,-A;**-M 0,/(K 9 ,;I,;8-):; (9-

*;C9D/0:-M C-(/29 0 7D/)-C O9,9*K :7I-A;, 
D)- +-IA-29) -@/*9)< *;E,7H/**-0)< 0K+7D9C 

E,7I-C 8-:-AKJ 0)/*, ; );:H/ 7)-D*9)< +-27-

D/**K/ I*;D/*9G *-,C;2<*KJ 092. 

>-27D/**K/ ,/I72<);)K C-E7) 8K)< 90+-2<-
I-A;*K +,9 +,-A/(/*99 +,-D*-0)*KJ ,;0D/)-A 
:7I-A-A E,7I-AKJ A;E-*-A. 

1!1X!'36=Y!Z#"&![ ">!"'& 

1. 19(72G, =. X. &-C+<F)/,*-/ C-(/29,-A;*9/ 
H/2/I*-(-,-H*-E- 8;22;0); A +2-0:-M )A/,(--

)/2<*-M +-0);*-A:/ [V2/:),-*. ,/07,0] – 2004 / 

=. X. 19(72G, Q. 3. =E;+-A, Q. \. >-E-,/2-A. – 

6/H9C (-0)7+;: http://umlab.ru/download/  

docs/rus/agapov_vestnik.pdf. 
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