
 

 

䄠䌀䏐䐠䌀䍠䏠䏰䕠䍀䎐䏠䏀䏐䕠 䎠䐀䌀䏐䎀 䐀䕠䍰䏐䎀䑐 䐠䎀䏰䕠䌠, 䏀䏠-
䍀䎀䑀䕠䎠䌀䑠䕠䎐 䕠 䌠䌀䏐䐠䌀䍠䏠䐐䏰䐀䏠䏀䏠䍠䏐䏠䐐䐠䕠 䒀䎀䐀䏠䎠䏠 䌠䎀-
䎠䏠䐀䎀䐐䐠䏠䌠䐰䓠䐠䓀䐐䓰 䌠 䌐䌀䌰䌀䐠䓀䏠䑐 䌰䌀䎰䐰䍰䓰䑐 䏐䌀䐀䏠䍀䏐䏠䌰䏠 
䌰䏠䐐䏰䏠䍀䌀䐀䐐䐠䌠䌀, 䌠 䐠䏠䏀䐰 䑰䎀䐐䎰䕠 䌠 䏐䌀䑀䐠䏠䌰䌀䍰䏠䌠䕠䎐 䌰䌀䎰䐰-
䍰䕠 䐠䌀 䏰䌀䎰䎀䌠䏐䏠-䍐䏐䍐䐀䌰䍐䐠䎀䑰䏐䏠䏀䐰 䎠䏠䏀䏰䎰䍐䎠䐐䕠. 䈐䎠䎰䌀䍀-
䏐䕠 䐰䏀䏠䌠䎀 䍐䎠䐐䏰䎰䐰䌀䐠䌀䑠䕠䕰 䏀䍐䑐䌀䏐䕠䑰䏐䎀䑐 䐐䎀䐐䐠䍐䏀 䏰䕠䍀-
䎐䏠䏀䐰 䌠䌀䏐䐠䌀䍠䐰 䕠 䏀䍐䑐䌀䏐䕠䍰䏀䕠䌠 䕰䑐䏐䓀䏠䌰䏠 䐐䏰䐰䐐䎠䐰 䏰䏠-
䐠䐀䍐䌐䐰䓠䐠䓀 䐰䍀䏠䐐䎠䏠䏐䌀䎰䍐䏐䏐䓰 䕠䐐䏐䐰䓠䑰䎀䑐 䕠䏐䍠䍐䏐䍐䐀䏐䎀䑐 
䏀䍐䐠䏠䍀䕠䌠 䐀䏠䍰䐀䌀䑐䐰䏐䎠䐰 䏰䏠䍀䕠䌐䏐䎀䑐 䐐䎀䐐䐠䍐䏀 䕠 䏰䕠䍀䌠䎀-
䒐䍐䏐䏐䓰 䕰䑐䏐䓀䏠䕰 䐠䏠䑰䏐䏠䐐䐠䕠. 䄠 䍀䌀䏐䕠䎐 䐐䐠䌀䐠䐠䕠 䑠䓰 䏰䐀䏠-
䌐䎰䍐䏀䌀 䌠䎀䐀䕠䒀䐰䕀䐠䓀䐐䓰 䑰䍐䐀䍐䍰 䏀䏠䍀䍐䎰䓠䌠䌀䏐䏐䓰 䍀䎀䏐䌀䏀䕠-
䑰䏐䎀䑐 䑐䌀䐀䌀䎠䐠䍐䐀䎀䐐䐠䎀䎠 䐠䌀䎠䎀䑐 䐐䎀䐐䐠䍐䏀 䕠 䏠䏰䐠䎀䏀䕠䍰䌀䑠䕠䓠 
䕰䑐䏐䕠䑐 䐀䍐䍠䎀䏀䕠䌠 䐀䏠䌐䏠䐠䎀. 

䈰 䏀䍐䍠䌀䑐 䏰䐀䎀䏰䐰䒐䍐䏐䓀 䎐 䏰䏠䍰䏐䌀䑰䍐䏐䓀 䐀䏠䌐䏠䐠䎀 
[3] 䐐䏰䐀䏠䒐䍐䏐䌀 䍀䎀䏐䌀䏀䕠䑰䏐䌀 䏀䏠䍀䍐䎰䓀 䏀䍐䑐䌀䏐䕠䍰䏀䐰 䏰䕠䍀-
䎐䏠䏀䐰 䌠䌀䏐䐠䌀䍠䏠䏰䕠䍀䎐䏠䏀䏐䏠䌰䏠 䎠䐀䌀䏐䌀 (䐀䎀䐐. 1) 䍰䌠䏠-
䍀䎀䐠䓀䐐䓰 䍀䏠 䏐䌀䐐䐠䐰䏰䏐䏠䌰䏠. 䇀䌀䐐䎀 䐀䏠䐠䏠䐀䌀 䍀䌠䎀䌰䐰䏐䌀, 
䌰䌀䎰䓀䏀䕠䌠䏐䏠䌰䏠 䒀䎠䕠䌠䌀, 䍰䐰䌐䑰䌀䐐䐠䎀䑐 䎠䏠䎰䕠䐐, 䌐䌀䐀䌀䌐䌀䏐䌀 䕠 
䌠䌀䏐䐠䌀䍠䐰 䍰䌠䏠䍀䓰䐠䓀䐐䓰 䍀䏠 䌰䕠䎰䏠䎠 䎠䌀䏐䌀䐠䐰. 䇐䌀 䐀䎀䐐. 1 
䏰䐀䎀䎐䏐䓰䐠䕠 䐠䌀䎠䕠 䏰䏠䍰䏐䌀䑰䍐䏐䏐䓰: 䇰1m  – 䏰䐀䎀䌠䍐䍀䍐䏐䌀 䏀䌀-
䐐䌀 䌠䌀䏐䐠䌀䍠䐰 䍀䏠 䌰䕠䎰䏠䎠 䎠䌀䏐䌀䐠䐰; 䇰2䇰1, FF  – 䏰䐀䎀䌠 䍐-
䍀䍐䏐䕠 䍀䏠 䎠䌀䏐䌀䐠䐰 䐐䎀䎰䎀 䌠䕠䍀 䍀䕠䕰 䌠䕠䍀䏰䏠䌠䕠䍀䏐䏠 䐀䐰䒀䕠䎐-
䏐䏠䌰䏠 䏀䏠䏀䍐䏐䐠䐰 䏐䌀 䌠䌀䎰䐰 䍀䌠䎀䌰䐰䏐䌀 䎐 䌠䌀䌰䎀 䌠䌀䏐䐠䌀䍠䐰; 

䇰C  – 䏰䐀䎀䌠䍐䍀䍐䏐䌀 䍠䏠䐀䐐䐠䎠䕠䐐䐠䓀 䌰䕠䎰䏠䎠 䎠䌀䏐䌀䐠䐰; 

21 X,X  – 䎠䏠䏠䐀䍀䎀䏐䌀䐠䎀 䑠䍐䏐䐠䐀䕠䌠 䏀䌀䐐 䌠䕠䍀䏰䏠䌠䕠䍀䏐䏠 
䇰1m  䕠 䇰2m . 

䇰䐀䎀䌠䍐䍀䍐䏐䏐䓰 䏀䌀䐐 䐠䌀 䏀䏠䏀䍐䏐䐠䕠䌠 䕠䏐䍐䐀䑠䕠䕰 䐠䕠䎰 䐐䎀-
䐐䐠䍐䏀䎀 䌐䌀䍰䐰䕀䐠䓀䐐䓰 䏐䌀 䐀䕠䌠䏐䏠䐐䐠䕠 䎠䕠䏐䍐䐠䎀䑰䏐䏠䕰 䍐䏐䍐䐀䌰䕠䕰 
䍰䌀䍀䌀䏐䏠䕰 䎐 䏰䐀䎀䌠䍐䍀䍐䏐䏠䕰 䐐䎀䐐䐠䍐䏀; 䏰䐀䎀䌠䍐䍀䍐䏐䏐䓰 䐐䎀䎰 䕠 
䏀䏠䏀䍐䏐䐠䕠䌠 䐐䎀䎰 – 䏐䌀 䐀䕠䌠䏐䏠䐐䐠䕠 䐀䏠䌐䕠䐠 (䏰䏠䐠䐰䍠䏐䏠䐐䐠䍐䎐), 
䓰䎠䕠 䌠䎀䎠䏠䏐䐰䓠䐠䓀 䑠䕠 䐐䎀䎰䎀 䎐 䏀䏠䏀䍐䏐䐠䎀 䐠䌀 䕰䑐 䏰䐀䎀䌠䍐䍀䍐-
䏐䕠 䌠䍐䎰䎀䑰䎀䏐䎀; 䏰䐀䎀䌠䍐䍀䍐䏐䏐䓰 䍠䏠䐀䐐䐠䎠䏠䐐䐠䍐䎐 䐀䕠䌠䏐䏠䐐䐠䕠 
䏰䏠䐠䍐䏐䑠䕠䌀䎰䓀䏐䎀䑐 䍐䏐䍐䐀䌰䕠䎐, 䓰䎠䎀䏀䎀 䌠䏠䎰䏠䍀䕠䓠䐠䓀 䏰䐀䐰䍠-
䏐䕠 䍐䎰䍐䏀䍐䏐䐠䎀 䍰䌀䍀䌀䏐䏠䕰 䎐 䏰䐀䎀䌠䍐䍀䍐䏐䏠䕰 䐐䎀䐐䐠䍐䏀. 

䇰䕠䐐䎰䓰 䐀䍐䌀䎰䕠䍰䌀䑠䕠䕰 䏰䐀䏠䑠䍐䍀䐰䐀䎀 䏰䐀䎀䌠䍐䍀䍐䏐䏐䓰 
䏀䌀䐐, 䍀䕠䓠䑰䎀䑐 䐐䎀䎰 䐠䌀 䍠䏠䐀䐐䐠䎠䏠䐐䐠䍐䎐 䍀䏠 䌰䕠䎰䏠䎠 䎠䌀䏐䌀-
䐠䐰, 䒐䏠 䏐䌀䏀䏠䐠䐰䕀䐠䓀䐐䓰 䏐䌀 䌐䌀䐀䌀䌐䌀䏐 䍀䎰䓰 䏀䍐䑐䌀䏐䕠䍰䏀䐰 
䏰䕠䍀䎐䏠䏀䐰 䌠䌀䏐䐠䌀䍠䏠䏰䕠䍀䎐䏠䏀䏐䏠䌰䏠 䎠䐀䌀䏐䌀 (䐀䎀䐐. 1), 䍰䌀 
䌀䎰䌰䏠䐀䎀䐠䏀䏠䏀 䐀䏠䌐䏠䐠䎀 [3], 䏀䌀䐠䎀䏀䍐䏀䏠 䏐䌀䐐䐠䐰䏰䏐䐰 䐐䎀-
䐐䐠䍐䏀䐰 䍰䌠䎀䑰䌀䎐䏐䎀䑐 䍀䎀䑀䍐䐀䍐䏐䑠䕠䌀䎰䓀䏐䎀䑐 䐀䕠䌠䏐䓰䏐䓀 䍀䎰䓰 

( ) ( )tXtX 21 ,  (䎠䐀䌀䏰䎠䌀 䏐䌀䍀 2,1X  䏠䍰䏐䌀䑰䌀䕀 䏠䍀䏐䏠䎠䐀䌀-
䐠䏐䍐 䍀䎀䑀䍐䐀䍐䏐䑠䕠䓠䌠䌀䏐䏐䓰 䏰䏠 䑰䌀䐐䐰 t ): 
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䈀䎀䐐䐰䏐䏠䎠 1 – 䈐䏰䐀䏠䒐䍐䏐䌀 䍀䎀䏐䌀䏀䕠䑰䏐䌀 䏀䏠䍀䍐䎰䓀  

䏀䍐䑐䌀䏐䕠䍰䏀䐰 䏰䕠䍀䎐䏠䏀䐰 䌠䌀䏐䐠䌀䍠䏠䏰䕠䍀䎐䏠䏀䏐䏠䌰䏠 䎠䐀䌀䏐䌀 
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1η  – 䆠䆠䅀 䏰䍐䐀䍐䍀䌀䑰䕠 䌠䕠䍀 䍀䌠䎀䌰䐰䏐䌀 䍀䏠 䌐䌀䐀䌀䌐䌀䏐䌀; 

2η  – 䆠䆠䅀 䏰䏠䎰䕠䐐䏰䌀䐐䐠䏠䌠䏠䕰 䐐䎀䐐䐠䍐䏀䎀. 
䄠䌠䍐䍀䍐䏀䏠 䏰䏠䍰䏐䌀䑰䍐䏐䏐䓰: 
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䈰䅀䆠 621.873; 621.01 

䈰䅰䄀䄰䄀䆰䋀䇐䅐䇐䁠 䅀䆀䇐䄀䇀䁠䉰䇐䁠 䆠䈀䆀䈠䅐䈀䁠䁰 䇠䇰䈠䆀䇀䄀䆰䋀䇐䆀䉐 䈀䅐䅠䆀䇀䁠䄠 
䇰䈰䈐䆠䈰 䇀䅐䉐䄀䇐䁠䅰䇀䁠䄠 䇰䁠䅀䆐䇠䇀䈰 䄠䄀䇐䈠䄀䅠䈰 䆠䈀䄀䇐䁠䄠 

1 䄠.䈐.䆰䏠䌠䍐䎐䎠䕠䏐,  2 䋠.䄠.䉰䏠䌠䏐䓠䎠,  2䇀.䄰.䅀䕠䎠䐠䍐䐀䐰䎠,  2䇠.䇀.䊀䐰䐠䏠䌠䐐䓀䎠䎀䎐 
1 䇐䌀䑠䕠䏠䏐䌀䎰䓀䏐䎀䎐 䌀䌰䐀䌀䐀䏐䎀䎐 䐰䏐䕠䌠䍐䐀䐐䎀䐠䍐䐠,  03041, 䏀. 䆠䎀䕰䌠, 䌠䐰䎰. 䄰䍐䐀䏠䕰䌠 䇠䌐䏠䐀䏠䏐䎀, 15,  

䐠䍐䎰. (044) 2415527 
2 䆠䎀䕰䌠䐐䓀䎠䎀䎐 䏐䌀䑠䕠䏠䏐䌀䎰䓀䏐䎀䎐 䐰䏐䕠䌠䍐䐀䐐䎀䐠䍐䐠 䌐䐰䍀䕠䌠䏐䎀䑠䐠䌠䌀 䕠 䌀䐀䑐䕠䐠䍐䎠䐠䐰䐀䎀,  

03680, 䏀. 䆠䎀䕰䌠, 䇰䏠䌠䕠䐠䐀䏠䑀䎰䏠䐠䐐䓀䎠䎀䎐 䏰䐀䏠䐐䏰䍐䎠䐠, 31 , 䐠䍐䎰.(044) 2415527,  e-mail:Dicteruk@ukr.net 

䇰䏠䎰䐰䑰䍐䏐䒰 䏠䌐䏠䌐䒐䍐䏐䏐䒰䍐 䍀䎀䏐䌀䏀䎀䑰䍐䐐䎠䎀䍐 䎠䐀䎀䐠䍐䐀䎀䎀 
䏠䏰䐠䎀䏀䌀䎰䓀䏐䒰䑐 䐀䍐䍠䎀䏀䏠䌠 䏰䐰䐐䎠䌀 䏀䍐䑐䌀䏐䎀䍰䏀䏠䌠 䏰䏠䍀䒠䍐䏀䌀 
䌰䐀䐰䍰䌀 䎠䐀䌀䏐䏠䌠 䏐䌀 䏠䐐䏐䏠䌠䌀䏐䎀䎀 䐰䐠䏠䑰䏐䍐䏐䏐䒰䑐 䏀䏠䍀䍐䎰䍐䎐 䐀䌀䐐-
䐐䏀䌀䐠䐀䎀䌠䌀䍐䏀䏠䎐 䐐䎀䐐䐠䍐䏀䒰. 

 

 The generalized dynamical criteria of the optimal 
regimes for the putting on of the (hoisting) cranes load-
ing mechanisms are discussed and obtained. One may 
use for these purposes the precise models of such sys-
tem. 

 
 



 

 

䇰䕠䐐䎰䓰 䏐䍐䐐䎠䎰䌀䍀䏐䎀䑐 䏰䍐䐀䍐䐠䌠䏠䐀䍐䏐䓀 (1) 䐐䎀䐐䐠䍐䏀䐰 
䏀䏠䍠䏐䌀 䍰䌠䍐䐐䐠䎀 䍀䏠 䏠䍀䏐䏠䌰䏠 䍀䎀䑀䍐䐀䍐䏐䑠䕠䌀䎰䓀䏐䏠䌰䏠 䐀䕠䌠-
䏐䓰䏐䏐䓰 䍀䎰䓰 ( )tX 2 : 

䈰䍰䌀䌰䌀䎰䓀䏐䍐䏐䍐 䏰䐀䎀䐐䎠䏠䐀䍐䏐䏐䓰 䐐䎀䐐䐠䍐䏀䎀 䏀䌀䕀 䌠䎀-
䌰䎰䓰䍀 
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䋰䎠 䐰䍰䌀䌰䌀䎰䓀䏐䍐䏐䎀䎐 䍀䎀䏐䌀䏀䕠䑰䏐䎀䎐 䎠䐀䎀䐠䍐䐀䕠䎐 䏠 䏰-
䐠䎀䏀䌀䎰䓀䏐䏠䌰䏠 䐀䍐䍠䎀䏀䐰 䏰䐰䐐䎠䐰 䏀䍐䑐䌀䏐䕠䍰䏀䐰 䏰䕠䍀䎐䏠䏀䐰 
䌠䌀䏐䐠䌀䍠䐰 䎠䐀䌀䏐䌀 䏠䌐䎀䐀䌀䕀䏀䏠 䐠䌀䎠䎀䎐: 
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䈰 (5), (6) pt  – 䐠䐀䎀䌠䌀䎰䕠䐐䐠䓀 䏰䍐䐀䍐䑐䕠䍀䏐䏠䌰䏠 䏰䐀䏠-
䑠䍐䐐䐰, 䏰䏠䎠䎀 䒀䌠䎀䍀䎠䕠䐐䐠䓀 䏰䕠䍀䎐䏠䏀䐰 䌠䌀䏐䐠䌀䍠䐰 䏐䌀䌐䍐䐀䍐 
䐐䐠䌀䎰䏠䌰䏠 䍰䏐䌀䑰䍐䏐䏐䓰 v . 

䅰䌀䐐䐠䏠䐐䏠䌠䐰䓠䑰䎀 䌠䕠䍀䏠䏀䍐 䐀䕠䌠䏐䓰䏐䏐䓰 䅐䎐䎰䍐䐀䌀 
[1, 2] 䍀䏠 䎠䐀䎀䐠䍐䐀䕠䓠 (6), 䏀䌀䐠䎀䏀䍐䏀䏠 䐀䕠䌠䏐䓰䏐䏐䓰, 䓰䎠䏠-
䏀䐰 䏰䏠䌠䎀䏐䏐䌀 䍰䌀䍀䏠䌠䏠䎰䓀䏐䓰䐠䎀 䎠䏠䏠䐀䍀䎀䏐䌀䐠䌀 ( )tX 2 : 

( ) ( ) ( ) 021
22224

=+⋅
Ω

+⋅
Ω

IVVIVIII XXX      (7) 

䌀䌐䏠 
( ) ( ) ( ) 02 2

4
2

2
2 =⋅Ω+⋅Ω+ IVVIVIII XXX .    (8) 

䈀䏠䍰䌠’䓰䍰䏠䎠 (8) 䒀䐰䎠䌀䕀䏀䏠 䐰 䌠䎀䌰䎰䓰䍀䕠: 
( )

( ) ( ) ( ) ( )ttAAttAA
tAtAtAAtX

Ω⋅⋅++Ω⋅⋅++

+⋅+⋅+⋅+=

sincos 6654

3
3

2
2102 (9) 

䇰䏠䑰䌀䐠䎠䏠䌠䕠 䐰䏀䏠䌠䎀 䏠䌐䎀䐀䌀䕀䏀䏠 䐠䌀䎠䕠: 
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
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⋅
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. 䏰䐀䎀0

;
2

;0 䏰䐀䎀0

222

2
2

2222

p
IV ttXXX

D
VX

tXXXX

     

 

      

ω       (10) 

䇠䐐䎠䕠䎰䓀䎠䎀 ( )tX 2  䏠䌐䐀䌀䏐䌀 䐰 䌠䎀䌰䎰䓰䍀䕠 (9), 䐠䏠 
䍀䎰䓰 ( ) ( ) ( ) ( ) ( )tXtXtXtX IV

2222 ,,,        䏀䌀䐠䎀䏀䍐䏀䏠: 
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( ) ( ) ( ) ;cossin
sincos
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(11) 
( ) ( )
( ) ( ) ( )

( ) ( ) ;sin
cos2cos

sin262

76
2
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2
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ttAA
tAttAA

tAtAAtX

Ω⋅⋅+⋅Ω−

−Ω⋅Ω+Ω⋅⋅+⋅Ω−
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( ) ( )
( ) ( ) ( )
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ttAAtA
tAAtX
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+Ω⋅Ω⋅−=

=Ω⋅Ω−⋅⋅++

+Ω⋅⋅Ω−+

+Ω⋅Ω⋅⋅++Ω⋅Ω⋅−

−Ω⋅Ω⋅−=

cossin2
sin

cos26
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sin2
sincos

cos6

76
3

7
2

3
54

2
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3
76

7
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3
54

2
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2
532   

 

( )( ) ( )
( ) ( ) ( )

( ) ( ) .sin
cos4cos

sin4

4
76

3
7

4
54

3
52

ttAA
tAttAA

tAtX IV

Ω⋅Ω⋅⋅++

+Ω⋅Ω⋅−Ω⋅Ω⋅⋅++

+Ω⋅Ω⋅=

 

䇰䕠䍀䐐䐠䌀䌠䎰䓰䓠䑰䎀 䌠䎀䐀䌀䍰䎀 (9), (11) 䐰 (10), 䏠䐠䐀䎀-
䏀䌀䕀䏀䏠 䐐䎀䐐䐠䍐䏀䐰 䎰䕠䏐䕠䎐䏐䎀䑐 䐀䕠䌠䏐䓰䏐䓀 䍀䎰䓰 䎠䏠䍐䑀䕠䑠䕠䕀䏐-
䐠䕠䌠 ( )7,1,,0 =iAA i : 
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2
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7
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sin262
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(12) 
( ) ( )

( ) ( )
( ) ( ) ;0cos

sin3sin

cos36
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2
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3
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2
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( ) ( )
( ) ( )

( ) ( ) .0sin

cos4cos

sin4

4
76

3
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4
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3
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=Ω⋅Ω⋅⋅++
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䅰䌀䏰䎀䒀䍐䏀䏠 䐐䎀䐐䐠䍐䏀䐰 䐀䕠䌠䏐䓰䏐䓀 (12) 䐰 䌐䕠䎰䓀䒀 
䍰䐀䐰䑰䏐䏠䏀䐰 (䎠䏠䏀䏰䌀䎠䐠䏐䏠䏀䐰) 䌠䎀䌰䎰䓰䍀䕠 

BA =⋅α ,                       (13) 
䍀䍐 α  – 䏀䌀䐠䐀䎀䑠䓰 䎠䏠䍐䑀䕠䑠䕠䕀䏐䐠䕠䌠 

( ) ( )8,1,, =jiijα , 䓰䎠䌀 䏀䌀䕀 䐀䏠䍰䏀䕠䐀䏐䕠䐐䐠䓀 
[ ]88dim ×=α ; A  – 䏀䌀䐠䐀䎀䑠䓰 䎠䏠䍐䑀䕠䑠䕠䕀䏐䐠䕠䌠 

( )7,1,,0 =iAA i 䒐䏠 䏀䌀䕀 䌠䎀䌰䎰䓰䍀: 



 

 

[ ]
[ ]





×=

=

.18dim

;;;;;;;; 76543210

A

AAAAAAAAA T

 (14) 

B  – 䏀䌀䐠䐀䎀䑠䓰, 䓰䎠䌀 䏀䌀䕀 䌠䎀䌰䎰䓰䍀: 

[ ]
[ ]





×=

=

.18dim

;0;0;0;;0;0;0;0

B

VB T

           (15) 

䆠䏠䍐䑀䕠䑠䕠䕀䏐䐠䎀 ijα  䌠䎀䍰䏐䌀䑰䌀䓠䐠䓀䐐䓰 䍰 䏐䌀䐐䐠䐰䏰䏐䎀䑐 
䐐䏰䕠䌠䌠䕠䍀䏐䏠䒀䍐䏐䓀: 

;0;0;;3

;0;6;0
;2;0;

;0;2;0;0;0
;;1;0

;1;0;0
;1;0;1
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䈐䎀䐐䐠䍐䏀䐰 (13) 䏀䏠䍠䏐䌀 䎰䍐䌰䎠䏠 䐀䏠䍰䌠’䓰䍰䌀䐠䎀 䍰䌀 
䍀䏠䏰䏠䏀䏠䌰䏠䓠 䏰䐀䌀䌠䎀䎰䌀 䆠䐀䌀䏀䍐䐀䌀. 

䈰 䐠䌀䌐䎰䎀䑠䕠 1 䏐䌀䌠䍐䍀䍐䏐䕠 䍰䏐䌀䑰䍐䏐䏐䓰  
,,,, 3210 AAAA  7654 ,,, AAAA  䐀䏠䍰䐀䌀䑐䏠䌠䌀䏐䕠 䏐䌀 

䇰䅐䇠䇀 䍀䎰䓰 䐀䕠䍰䏐䏠䏀䌀䏐䕠䐠䏐䎀䑐 䍰䏐䌀䑰䍐䏐䓀 ptV ,, Ω . 
䇐䌀 䐀䎀䐐. 2, 3 䍰䏠䌐䐀䌀䍠䍐䏐䕠 䌰䐀䌀䑀䕠䎠䎀 䍰䌀䎰䍐䍠䏐䏠䐐䐠䍐䎐 
( ) ( ) ( ) ( ) ( )tXtXtXtX IV

2222 ,,,        (䐀䎀䐐. 1) 䍀䎰䓰 
ptV ,, Ω , 䏰䐀䎀䎐䏐䓰䐠䎀䑐 䐰 䐠䌀䌐䎰䎀䑠䕠 1. 

 
 
 

䄠䎀䐐䏐䏠䌠䎠䎀 
 
䄠䎀䍰䏐䌀䑰䍐䏐䕠 䏠䐐䏐䏠䌠䏐䕠 䏰䌀䐀䌀䏀䍐䐠䐀䎀 䍀䎀䏐䌀䏀䕠䑰䏐䎀䑐 

䏀䏠䍀䍐䎰䍐䎐 䏀䍐䑐䌀䏐䕠䍰䏀䐰 䏰䕠䍀䎐䏠䏀䐰 䌠䌀䏐䐠䌀䍠䏠䏰䕠䍀䎐䏠䏀䏐䏠-
䌰䏠 䎠䐀䌀䏐䌀. 

䅰䌀䏰䐀䏠䏰䏠䏐䏠䌠䌀䏐䌀 䐰䐠䏠䑰䏐䍐䏐䌀 䐀䏠䍰䐀䌀䑐䐰䏐䎠䏠䌠䌀 
䐐䑐䍐䏀䌀 䏀䍐䑐䌀䏐䕠䑰䏐䏠䕰 䑰䌀䐐䐠䎀䏐䎀 䏀䍐䑐䌀䏐䕠䍰䏀䐰 䏰䕠䍀䎐䏠䏀䐰 
䌠䌀䏐䐠䌀䍠䐰. 䎠䐀䌀䏐䌀. 

䄠䎀䍰䏐䌀䑰䍐䏐䕠 䌰䏠䎰䏠䌠䏐䕠 䎠䕠䏐䍐䏀䌀䐠䎀䑰䏐䕠 䑐䌀䐀䌀䎠䐠䍐䐀䎀䐐-
䐠䎀䎠䎀 䐀䐰䑐䐰 䌠䌀䏐䐠䌀䍠䐰 䏐䌀 䎠䌀䏐䌀䐠䕠, 䍰䏠䎠䐀䍐䏀䌀, 䏰䐀䎀䐐䎠䏠-
䐀䍐䏐䏐䓰, 䏀䏠䏀䍐䏐䐠䎀 䑰䌀䐐䐰, 䐰 䓰䎠䕠 䌠䎠䌀䍰䌀䏐䍐 䏰䐀䎀䐐䎠䏠䐀䍐䏐䏐䓰 
䏐䌀䌐䐰䌠䌀䕀 䏀䌀䎠䐐䎀䏀䌀䎰䓀䏐䎀䑐 䍰䏐䌀䑰䍐䏐䓀, 䒐䏠 䏠䐐䏠䌐䎰䎀䌠䏠 
䏐䍐䌐䍐䍰䏰䍐䑰䏐䏠 䌠䏰䎰䎀䌠䌀䓠䐠䓀 䏐䌀 䏀䕠䑠䏐䕠䐐䐠䓀 䎠䌀䏐䌀䐠䐰. 

䈀䏠䍰䌰䎰䓰䏐䐰䐠䕠 䎐 䏰䐀䏠䌀䏐䌀䎰䕠䍰䏠䌠䌀䏐䕠 䐰䏀䏠䌠䎀 䏐䍐䐐䐠䕠䎐-
䎠䏠䐐䐠䕠 䌠䍐䐀䐠䎀䎠䌀䎰䓀䏐䎀䑐 䎠䏠䎰䎀䌠䌀䏐䓀 䌠䌀䏐䐠䌀䍠䐰 䏐䌀 䎠䌀䏐䌀䐠䕠, 
䒐䏠 䍀䏠䍰䌠䏠䎰䓰䓠䐠䓀 䐀䏠䍰䌰䏠䎐䍀䐰䌠䌀䏐䏐䓰 䐐䎀䐐䐠䍐䏀䎀 䍀䏠 䏐䍐-
䌐䍐䍰䏰䍐䑰䏐䎀䑐 䍰䌀 䌀䏀䏰䎰䕠䐠䐰䍀䏠䓠 䎠䏠䎰䎀䌠䌀䏐䓀 䍰䏐䌀䑰䍐䏐䓀. 

䅀䏠䐐䎰䕠䍀䍠䍐䏐䕠 䏠䐐䏐䏠䌠䏐䕠 䍀䎀䏐䌀䏀䕠䑰䏐䕠 䐠䌀 䎠䕠䏐䍐䏀䌀䐠䎀-
䑰䏐䕠 䑐䌀䐀䌀䎠䐠䍐䐀䎀䐐䐠䎀䎠䎀 䐠䐀䎀䏀䌀䐐䏠䌠䏠䕰 䏀䏠䍀䍐䎰䕠 䏰䐀䐰䍠䏐䏠䕰 
䏀䍐䑐䌀䏐䕠䑰䏐䏠䕰 䐐䎀䐐䐠䍐䏀䎀 䏰䕠䍀䎐䏠䏀䐰 䌠䌀䏐䐠䌀䍠䐰 䎠䐀䌀䏐䌀. 

䄠䐐䐠䌀䏐䏠䌠䎰䍐䏐䕠 䐰䍰䌀䌰䌀䎰䓀䏐䍐䏐䕠 䍀䎀䏐䌀䏀䕠䑰䏐䕠 䎠䐀䎀䐠䍐䐀䕠䕰 
䏠䏰䐠䎀䏀䌀䎰䓀䏐䎀䑐 䐀䍐䍠䎀䏀䕠䌠 䏰䐰䐐䎠䐰 䏀䍐䑐䌀䏐䕠䍰䏀䕠䌠 䏰䕠䍀䎐䏠-
䏀䐰 䌠䌀䏐䐠䌀䍠䐰 䎠䐀䌀䏐䕠䌠 䏐䌀 䏠䐐䏐䏠䌠䕠 䍀䏠䐐䎰䕠䍀䍠䍐䏐䎀䑐 䏀䏠䍀䍐-
䎰䍐䎐 䐀䏠䍰䌰䎰䓰䍀䐰䌠䌀䏐䏠䕰 䐐䎀䐐䐠䍐䏀䎀. 

䇠䍀䍐䐀䍠䌀䏐䕠 䐰 䐀䏠䌐䏠䐠䕠 䍰䌀䎰䍐䍠䏐䏠䐐䐠䕠 䐠䌀 䎠䐀䎀䐠䍐䐀䕠䕰 
䏠䏰䐠䎀䏀䌀䎰䓀䏐䎀䑐 䐀䍐䍠䎀䏀䕠䌠 䏰䐰䐐䎠䐰 䏀䍐䑐䌀䏐䕠䍰䏀䕠䌠 䏰䕠䍀䎐䏠-
䏀䐰 䌠䌀䏐䐠䌀䍠䐰 䎠䐀䌀䏐䕠䌠 䏀䏠䍠䐰䐠䓀 䌐䐰䐠䎀 䌠䎀䎠䏠䐀䎀䐐䐠䌀䏐䕠 䐰 
䏰䏠䍀䌀䎰䓀䒀䏠䏀䐰 䍀䎰䓰 䌠䍀䏠䐐䎠䏠䏐䌀䎰䍐䏐䏐䓰 䕠䐐䏐䐰䓠䑰䎀䑐 䕠䏐-
䍠䍐䏐䍐䐀䏐䎀䑐 䏀䍐䐠䏠䍀䕠䌠 䐀䏠䍰䐀䌀䑐䐰䏐䎠䐰 䏰䏠䍀䕠䌐䏐䎀䑐 䐐䎀䐐䐠䍐䏀 
䐠䌀 䐐䐰䐠䐠䕀䌠䏠 䏰䕠䍀䌠䎀䒐䐰䓠䐠䓀 䕰䑐 䐠䏠䑰䏐䕠䐐䐠䓀. 

 
䆰䕠䐠䍐䐀䌀䐠䐰䐀䌀 

 
1 䆰䏠䌠䍐䎐䎠䕠䏐 䄠.䈐. 䆠䐀䎀䐠䍐䐀䕠䕰 䏠䑠䕠䏐䎠䎀 䐀䍐䍠䎀䏀䕠䌠 
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 䈠䌀䌐䎰䎀䑠䓰 1 

䐐1=pt  䐐2=pt  ,V 䏀/䐐 iA  
π10=Ω , 䐐–1 π5=Ω , 䐐–1 π10=Ω , 䐐–1 π5=Ω , 䐐–1 

A0 -1.011E-3 -4.366E-3 -5.063E-4 -2.022E-3 
A1 -1.011E-3 -4.082E-3 -2.532E-4 -1.011E-3 
A2 0.499 0.53 0.25 0.249 
A3 -0.166 -0.18 -0.042 -0.042 
A4 1.011E-3 4.366E-3 5.063E-4 2.022E-3 
A5 -1.011E-3 -4.224E-3 -2.532E-4 -1.011E-3 
A6 6.437E-5 5.288E-4 1.612E-5 1.287E-4 

0,5 

A7 0 5.558E-4 0 0 
A0 -2.022E-3 -8.731E-3 -1.013E-3 -4.045E-3 
A1 -2.022E-3 -8.165E-3 -5.063E-4 -2.022E-3 
A2 0.998 1.06 0.5 0.499 
A3 -0.333 -0.359 -0.083 -0.083 
A4 2.022E-3 8.731E-3 1.013E-3 4.045E-3 
A5 -2.022E-3 -8.448E-3 -5.063E-4 -2.022E-3 
A6 1.287E-4 1.058E-3 3.224E-5 2.575E-4 

1,0 

A7 0 1.112E-3 0 0 
 
 

( )tX 2
   

( )tX 2
 ( )tX 2

  

 

䌀 – ( )tX 2
 , 䌐 – ( )tX 2

  , 䌠 – ( )tX 2
   , 䌰 – ( )( )tX IV

2 ;  
䐐䐰䑠䕠䎰䓀䏐䌀  -1䐐,10 π⋅=Ω , 䐐1=pt , 䏀/䐐5.0=v ;  

䏰䐰䏐䎠䐠䎀䐀䏐䌀 -1䐐,5 π⋅=Ω ; 䐐1=pt , 䏀/䐐5.0=v ; 

䈀䎀䐐䐰䏐䏠䎠 2 — 䄰䐀䌀䑀䕠䎠䎀 䍰䌀䎰䍐䍠䏐䏠䐐䐠䍐䎐 
 



 

 

 
 
 
 
 

( )( )tX IV
2

( )tX 2
  

( )tX 2
   

( )tX 2
 

 

䌀 – ( )tX 2
 , 䌐 – ( )tX 2

  , 䌠 – ( )tX 2
   , 䌰 – ( )( )tX IV

2 ;  
䐐䐰䑠䕠䎰䓀䏐䌀  -1䐐,10 π⋅=Ω , 䐐2=pt , 䏀/䐐0.1=v ;  

䏰䐰䏐䎠䐠䎀䐀䏐䌀 -1䐐,5 π⋅=Ω ; 䐐2=pt , 䏀/䐐0.1=v ; 

䈀䎀䐐䐰䏐䏠䎠 3 — 䄰䐀䌀䑀䕠䎠䎀 䍰䌀䎰䍐䍠䏐䏠䐐䐠䍐䎐 
 

 


