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3.2. ʃʀʅɽɸʈʀɿɸʎʀɱɸ ʅA ʅɽʃʀʅɽɸʈʅʀ  ʄʆɼɽʃʀ 

 

3.2.1.  ɸʥʘʣʠʪʠʯʢʠ ʠ ʥʫʤʝʨʠʯʠ ʧʦʩʪʘʧʢʠ ʟʘ ʣʠʥʝʘʨʠʟʘʮʠʿʘ 

 ʆʙʿʘʩʥʠʿʘ ʧʦʩʪʘʧʢʘʪʘ ʥʘ ʧʨʠʤʝʨ ʚʦ ʜʚʝ ʜʠʤʝʥʟʠʠ 

ʈʘʟʚʦʿʦʪ ʚʦ ʊʝʿʣʦʨʦʚ ʨʝʜ ʥʘ ʥʝʢʦʿʘ ʬʫʥʢʮʠʿʘ ( )( )y g x t=  ʦʢʦʣʫ 

ʦʧʨʝʜʝʣʝʥʘ ʥʦʤʠʥʘʣʥʘ ʚʨʝʜʥʦʩʪ ʝ ʦʜʨʝʜʝʥʘ ʩʦ ʠʟʨʘʟʦʪ: 

2

2
( ) ( ) ( ) ( ) ...

o o

o o
o

x x x x

dg d g
y g x g x x x x x

dx dx= =

= = + - + - +          (3.2.1) 

ʅʘʢʣʦʥʦʪ ʚʦ ʨʘʙʦʪʥʘʪʘ ʪʦʯʢʘ 

dx

dg
a=

ox x=
                                                (3.2.2) 

ʝ ʜʦʙʨʘ ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʥʘ ʢʨʠʚʘʪʘ ʟʘ ʤʘʣʘ ʧʨʦʤʝʥʘ ʥʘ ʚʘʨʠʿʘʙʣʘʪʘ x  ʦʜ ʥʦʤʠ-

ʥʘʣʥʘʪʘ ʚʨʝʜʥʦʩʪ 
ox x= + xD  ʠʣʠ 

ox x xD = -. ɿʘʪʦʘ ʧʨʠʬʘʪʣʠʚʘ ʘʧʨʦʢʩʠʤʘʮʠʿʘ 

ʟʘ ʨʘʚʝʥʢʘʪʘ (3.2.1) ʧʨʝʪʩʪʘʚʫʚʘ ʠʟʨʘʟʦʪ: 

( )
( ) ( ) ( )

o

o o o o

x x

dg x
y g x x x y a x x

dx =

= + - = + -                    (3.2.3) 

ʠʣʠ: 

( )o oy y a x x a x- = - = D                                    (3.2.4) 

ʠʣʠ:                                                                                        

xay D=D                                                    (3.2.5) 

 

ʉʣ. 3.2.1 ɸʧʨʦʢʩʠʤʘʮʠʿʘ ʥʘ ʢʨʠʚʘ ʩʦ ʧʨʘʚʝʮ (ʪʘʥʛʝʥʪʘ) ʚʦ ʥʝʢʦʿʘ ʪʦʯʢʘ ʄ 
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3.2.2. ɸʥʘʣʠʪʠʯʢʠ ʠ ʥʫʤʝʨʠʯʢʠ ʧʦʩʪʘʧʢʠ ʟʘ ʣʠʥʝʘʨʠʟʘʮʠʿʘ 

 

ʃʠʥʝʘʨʠʟʘʮʠʿʘʪʘ ʧʨʝʪʩʪʘʚʫʚʘ ʝʜʥʘ ʦʜ ʧʦʧʨʦʩʪʠʪʝ ʤʝʪʦʜʠ ʟʘ ʠʟʫʯʫʚʘˁʝ ʥʘ 

ʥʝʣʠʥʝʘʨʥʠʪʝ ʩʠʩʪʝʤʠ ʯʠʿʘ ʩʫʰʪʠʥʘ ʩʝ ʩʦʩʪʦʠ ʚʦ ʪʦʘ ʰʪʦ ʥʝʣʠʥʝʘʨʥʠʦʪ ʩʠʩʪʝʤ ʩʝ 

ʟʘʤʝʥʫʚʘ ʩʦ ʝʢʚʠʚʘʣʝʥʪʝʥ ʣʠʥʝʘʨʝʥ [24]. ʆʚʘʘ ʟʘʤʝʥʘ ʥʝ ʤʦʞʝ ʜʘ ʙʠʜʝ ʧʦʪʧʦʣʥʘ, 

ʤʝʺʫʪʦʘ ʚʦ ʥʝʢʦʠ ʩʣʫʯʘʝʚʠ ʦʜʥʝʩʫʚʘˁʝʪʦ ʥʘ ʣʠʥʝʘʨʠʟʠʨʘʥʠʦʪ ʤʦʜʝʣ ʤʦʞʝ ʜʘ ʙʠʝ 

ʛʦʪʦʚʦ ʠʜʝʥʪʠʯʥʦ ʩʦ ʦʜʥʝʩʫʚʘˁʝʪʦ ʥʘ ʥʝʣʠʥʝʘʨʥʠʦʪ ʩʠʩʪʝʤ. 

 ʆʜ ʧʦʟʥʘʪʠʪʝ ʤʝʪʦʜʠ ʟʘ ʣʠʥʝʘʨʠʟʘʮʠʿʘ ʥʘ ʥʝʣʠʥʝʘʨʥʠʪʝ ʩʠʩʪʝʤʠ [24] 

ʦʚʜʝʢʘ ʝ ʦʜ ʠʥʪʝʨʝʩ ʤʝʪʦʜʘʪʘ ʥʘ ʪʘʥʛʝʥʪʥʠ ʘʧʨʦʢʩʠʤʘʮʠʠ, ʢʦʿʘ ʩʝ ʟʘʩʥʦʚʫʚʘ ʥʘ 

ʧʨʝʪʧʦʩʪʘʚʢʘʪʘ ʜʝʢʘ ʚʘʨʠʿʘʙʣʠʪʝ ʥʘ ʩʦʩʪʦʿʙʘ (ʪʨʘʿʝʢʪʦʨʠʿʘʪʘ) ʥʘ ʥʝʣʠʥʝʘʨʥʠʦʪ 

ʩʠʩʪʝʤ ʚʦ ʪʝʢʦʪ ʥʘ ʚʨʝʤʝʪʦ ʤʘʣʢʫ ʦʜʩʪʫʧʫʚʘʘʪ ʦʜ ʥʠʚʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʚʦ ʥʝʢʦʝ 
ʟʘʜʘʜʝʥʦ ʠʣʠ ʥʦʤʠʥʘʣʥʦ ʜʚʠʞʝˁʝ. ʉʧʝʮʠʿʘʣʥʦ ʥʦʤʠʥʘʣʥʘʪʘ ʪʨʘʝʢʪʦʨʠʿʘ ʤʦʞʝ ʜʘ 

ʙʠʜʝ ʟʘʤʝʥʝʪʘ ʩʦ ʟʘʜʘʜʝʥʘ ʪʦʯʢʘ ʠ ʪʦʛʘʰ ʩʝ ʟʙʦʨʫʚʘ ʟʘ ʣʠʥʝʘʨʠʟʘʮʠʿʘ ʦʢʦʣʫ 

ʨʘʙʦʪʥʘ ʪʦʯʢʘ. 

 ɸʢʦ ʩʝ ʧʨʝʪʧʦʩʪʘʚʠ ʜʝʢʘ ʦʜʩʪʘʧʫʚʘˁʘʪʘ (ʚʘʨʠʿʘʮʠʠʪʝ) ʥʘ ʚʘʨʠʿʘʙʣʠʪʝ ʥʘ 

ʥʝʣʠʥʝʘʨʥʠʦʪ ʩʠʩʪʝʤ ʩʝ ʤʘʣʠ, ʘ ʥʦʤʠʥʘʣʥʠʪʝ ʪʨʘʝʢʪʦʨʠʠʠ ʠʣʠ ʩʪʘʪʠʯʢʠʪʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʢʨʠʚʠ ʩʝ ʥʝʧʨʝʢʠʜʥʠ ʠ ʜʠʬʝʨʝʥʮʠʿʘʙʠʣʥʠ ʚʦ ʩʠʪʝ ʪʦʯʢʠ, ʪʦʛʘʰ 

ʥʝʣʠʥʝʘʨʥʠʦʪ ʩʠʩʪʝʤ ʤʦʞʝ ʜʘ ʩʝ ʣʠʥʝʘʨʠʟʠʨʘ ʚʦ ʙʣʠʟʠʥʘ ʥʘ ʦʚʠʝ ʪʦʯʘʢʠ, ʦʜʥʦʩʥʦ 

ʥʘ ʥʦʤʠʥʘʣʥʠʪʝ ʪʨʘʝʢʪʦʨʠʠ. ʃʠʥʝʘʨʠʟʠʨʘʥʠʦʪ ʩʠʩʪʝʤ ʧʦʥʘʪʘʢʘ ʤʦʞʝ ʜʘ ʩʝ 

ʠʩʧʠʪʫʚʘ ʩʦ ʜʦʙʨʦ ʧʦʟʥʘʪʠʪʝ ʤʝʪʦʜʠ ʥʘ ʪʝʦʨʠʿʘʪʘ ʥʘ ʣʠʥʝʘʨʥʠʪʝ ʩʠʩʪʝʤʠ. ʊʨʝʙʘ 

ʩʝʢʦʛʘʰ ʜʘ ʩʝ ʠʤʘ ʚʦ ʚʠʜ ʜʝʢʘ ʫʩʧʝʭʦʪ ʥʘ ʣʠʥʝʘʨʠʟʘʮʠʿʘʪʘ ʟʘʚʠʩʠ ʦʜ ʪʦʘ ʜʘʣʠ 

ʦʜʩʪʘʧʫʚʘˁʘʪʘ (ʚʘʨʠʿʘʮʠʠʪʝ) ʥʘ ʚʘʨʠʿʘʙʣʠʪʝ ʥʘ ʥʝʣʠʥʝʘʨʥʠʦʪ ʩʠʩʪʝʤ ʧʨʠ ʨʝʘʣʥʦʪʦ 
ʜʚʠʞʝˁʝ ʦʜ ʥʠʚʥʠʪʝ ʥʦʤʠʥʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʝ ʜʦʚʦʣʥʦ ʤʘʣʘ, ʢʘʢʦ ʙʠ ʤʦʞʝʣʘ 

ʥʝʛʦʚʘʪʘ ʟʘʤʝʥʘ ʩʦ ʣʠʥʝʘʨʠʟʠʨʘʥ ʤʦʜʝʣ ʜʘ ʙʠʜʝ ʜʦʟʚʦʣʝʥʘ. 

 ʇʦʥʘʪʘʢʘ ˃ʝ ʩʝ ʨʘʟʛʣʝʜʫʚʘʘʪ ʜʚʘ ʪʠʧʘ ʥʘ ʩʠʩʪʝʤʠ: ʩʪʘʪʠʯʢʠ (ʘʣʛʝʙʘʨʩʢʠ, 

ʥʝʠʥʝʨʮʠʿʘʣʥʠ) ʠ ʜʠʥʘʤʠʯʢʠ (ʜʠʬʝʨʝʥʮʠʿʘʣʥʠ, ʠʥʝʨʮʠʿʘʣʥʠ). 

  ʉʪʘʪʠʯʢʪʝ ʩʠʩʪʝʤʠ ʩʝ ʦʧʠʰʫʚʘʘʪ ʩʦ ʘʣʛʝʙʘʨʩʢʠ ʨʘʚʝʥʢʠ ʚʦ ʬʦʨʤʘ:  

)),(()( ttt xfy =                                               (3.2.1)  

ʢʘʜʝ ʝ: 
mRt Í)(y  - ʚʝʢʪʦʨ ʥʘ ʠʟʣʝʟ, 

nRt Í)(x  - ʚʝʢʪʦʨ ʥʘ ʚʣʝʟ ʠ 
mn RRR ­³:f  

- ʚʝʢʪʦʨʩʢʘ ʬʫʥʢʮʠʿʘ - ʥʝʣʠʥʝʘʨʝʥ ʚʨʝʤʝʥʩʢʠ ʧʨʦʤʝʥʣʠʚ ʦʧʝʨʘʪʦʨ ʥʘ ʩʠʩʪʝʤʦʪ. 

ɼʠʥʘʤʠʯʢʠʪʝ ʩʠʩʪʝʤʠ ʩʝ ʦʧʠʰʫʚʘʘʪ, ʚʦ ʦʧʰʪ ʩʣʫʯʘʿ, ʩʦ ʥʝʣʠʥʝʘʨʥʠ 

ʜʠʬʝʨʝʥʮʠʿʘʣʥʠ ʨʘʚʝʥʢʠ, ʦʜʥʦʩʥʦ ʨʘʚʝʥʢʠ ʥʘ ʩʦʩʪʦʿʙʘʪʘ ʚʦ ʬʦʨʤʘ:  

),),(),(()( tttt uxfx =" ,)( 00 xx =t   fttt ¢¢0                       (3.2.2)  

ʢʘʜʝ ʝ: 
nRt Í)(x - ʚʝʢʪʦʨ ʥʘ ʩʦʩʪʦʿʙʘ, 

rRt Í)(u - ʚʝʢʪʦʨ ʥʘ ʫʧʨʘʚʫʚʘˁʝ (ʘʢʦ 

ʧʦʩʪʦʠ), Rttt f ËÍ ],[ 0 - ʚʨʝʤʝ ʠ 
nrn RRRR ­³³:f - ʚʝʢʪʦʨʩʢʘ ʬʫʥʢʮʠʿʘ ʥʘ 

ʩʦʦʜʚʝʪʥʠʪʝ ʘʨʛʫʤʝʥʪʠ. ʉʦ 0t  ʝ ʦʟʥʘʯʝʥʦ ʧʦʯʝʪʥʦ ʚʨʝʤʝ, ʘ ft - ʝ ʢʦʥʝʯʥʦ ʚʨʝʤʝ ʜʦ 

ʢʦʝ ʩʝ ʥʘʙˀʫʜʫʚʘ ʦʜʥʝʩʫʚʘˁʝʪʦ ʥʘ ʩʠʩʪʝʤʦʪ. 

 ʃʠʥʝʘʨʠʟʘʮʠʿʘʪʘ ʥʘ ʨʘʚʝʥʢʠʪʝ (3.2.2.), ʢʦʿʘ ʛʦ ʦʧʠʰʫʚʘ ʜʠʥʘʤʠʯʢʦ 

ʦʜʥʝʩʫʚʘˁʝ ʥʘ ʥʝʣʠʥʝʘʨʥʠʦʪ ʠ ʥʝʩʪʘʮʠʦʥʘʨʝʥ ʩʠʩʪʝʤ, ʤʦʞʝ ʜʘ ʩʝ ʠʟʚʨʰʠ ʚʦ ʦʜʥʦʩ 

ʥʘ ʝʜʥʦ ʧʘʨʪʠʢʫʣʘʨʥʦ ʨʝʰʝʥʠʝ, ʦʜʥʦʩʥʦ ʚʦ ʦʜʥʦʩ ʥʘ ʝʜʥʘ ʦʜʥʘʧʨʝʜ ʦʜʨʝʜʝʥʘ 
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ʪʨʘʿʝʢʪʦʨʠʿʘ ʜʦʢʦʣʢʫ ʬʫʥʢʮʠʿʘʪʘ f ʝ ʘʥʘʣʠʪʠʯʢʘ, ʦʜʥʦʩʥʦ, ʥʝʧʨʝʢʠʜʥʘ ʠ ʙʝʩʢʦ-

ʥʝʯʥʦ ʜʠʬʝʨʝʥʮʠʿʘʣʥʘ ʧʦ ʩʝʢʦʿʘ ʚʘʨʠʿʘʙʣʘ )(tx  ʠ u(t). 

  ʅʝʢʘ ʝ uÜ(t) ʥʦʤʠʥʘʣʥʘ (ʟʘʜʘʜʝʥʘ, ʨʝʬʝʨʝʥʪʥʘ) ʚʨʝʜʥʦʩʪ ʥʘ ʚʣʝʟʥʠʦʪ 

ʩʠʛʥʘʣ, ʘ xÜ(t) ʥʦʤʠʥʘʣʥʦ ʨʝʰʝʥʠʝ (ʥʦʤʠʥʘʣʥʘ ʠʣʠ ʨʝʬʝʨʝʥʪʥʘ ʪʨʘʿʝʢʪʦʨʠʿʘ) ʢʦʝ ʿʘ 

ʟʘʜʦʚʦʣʫʘʚʘ ʨʘʚʝʥʢʘʪʘ: 

 ),),(),(()( tttt ooo
uxfx =    fttt ¢¢0                      (3.2.3.) 

 ʏʝʩʪʦ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʪʧʦʩʪʘʚʠ ʜʝʢʘ ʩʠʩʪʝʤʦʪ ʬʫʥʢʮʠʦʥʠʨʘ ʚʦ ʫʩʣʦʚʠ ʢʦʠ 

ʩʝ ʙʣʠʩʢʠ ʥʘ ʥʦʤʠʥʘʣʥʠʪʝ, ʦʜʥʦʩʥʦ ʜʝʢʘ ʨʝʘʣʥʘʪʘ ʪʨʘʝʢʪʦʨʠʿʘ x(t) ʠ ʫʧʨʘʚʫʚʘˁʝʪʦ 

u(t) ʤʘʣʢʫ ʦʜʩʪʘʧʫʚʘʘʪ ʦʜ ʥʦʤʠʥʘʣʥʘʪʘ ʪʨʘʝʢʪʦʨʠʿʘ xÜ(t) ʠ ʥʦʤʠʥʘʣʥʦʪʦ 

ʫʧʨʘʚʫʚʘˁʝ uÜ(t) ʨʝʩʧʝʢʪʠʚʥʦ. ʇʦʨʘʜʠ ʪʦʘ ʤʦʞʝ ʜʘ ʩʝ ʟʝʤʝ ʜʝʢʘ ʚʨʝʜʠ [56]: 

 ),()()( ttt oo
uuu D+=    tttt ¢¢0                      (3.2.4.ʘ) 

 00000 ȹ)(ȹ)()( xxxxx +=+= oo ttt                   (3.2.4.ʙ) 

ʢʘʜʝ )(tuD ʠ 00)( xx D=D t  ʩʝ ʤʘʣʠ ʥʘʨʫʰʫʚʘˁʘ (ʦʪʢʣʦʥʠ) ʥʘ ʚʣʝʟʦʪ ʠ ʧʦʯʝʪʥʘʪʘ 

ʩʦʩʪʦʿʙʘ ʨʝʩʧʝʢʪʠʚʥʦ, ʘ 
oo t 00)( xx =  ʝ ʧʦʯʝʪʥʘ ʥʦʤʠʥʘʣʥʘ ʩʦʩʪʦʿʙʘ (ʧʦʯʝʪʝʥ ʫʩʣʦʚ 

ʟʘ (3.2.3)). 

ɸʥʘʣʦʛʥʦ ʤʦʞʝ ʜʘ ʩʝ ʟʘʧʠʰʝ 

),(ȹ)()( ttt o
xxx +=   fttt ¢¢0                              (3.2.5)  

ʢʘʜʝ ʝ )(ȹ tx  ʦʪʢʣʦʥ ʥʘ ʨʝʘʣʥʘʪʘ ʪʨʘʝʢʪʦʨʠʿʘ x(t) ʦʜ ʥʦʤʠʥʘʣʥʘʪʘ )(0 tx 1. 

  ɸʢʦ ʩʝ ʩʪʘʚʠ u(t) ʦʜ (3.2.4) ʠ x(t) ʦʜ (3.2.5) ʚʦ ʜʠʬʝʨʝʥʮʠʿʘʣʥʘʪʘ ʨʘʚʝʥʢʘ ʥʘ 

ʩʦʩʪʦʿʙʘʪʘ (3.2.2) ˃ʝ ʩʝ ʜʦʙʠʝ 

 ),),()(),()(()()( ttttttt ooo uuxxfxx D+D+=D+ ""
f0 ttt ¢¢     (3.2.6) 

ʉʦ ʨʘʟʚʠʚʘˁʝ ʥʘ ʬʫʥʢʮʠʿʘʪʘ f ʦʜ (7.5.22) ʚʦ ʊʝʿʣʦʨʦʚ ʨʝʜ ˃ʝ ʩʝ ʜʦʙʠʝ  

( ) ( ) ( ( ), ( ), )

( ( ), ( ) ( ( ), ( ), ) ( )

( , , , )

o o o

x o o u o o

o o

t t t t t

t x t t t t t

t

+D = +

+ D + D +

+ D D

x x f x u

J x u J x u u

h x u x u

" "

        (3.2.7)  

ʢʘʜʝ ʩʝ: 
x

J ʠ 
u

J - ɱʘʢʦʙʠʝʚʠ ʤʘʪʨʠʮʠ ʥʘ ʬʫʥʢʮʠʿʘʪʘ f ʚʦ ʦʜʥʦʩ ʥʘ ʚʘʨʠʿʘʙʣʠʪʝ x(t) 

ʠ u(t) ʨʝʩʧʝʢʪʠʚʥʦ, ʦʜʥʦʩʥʦ 
x

J  ʝ ʧʨʚʘ ʜʝʨʠʚʘʮʠʿʘ ʥʘ ʬʫʥʢʮʠʿʘʪʘ f  ʧʦ x ʚʦ ʪʦʯʢʘʪʘ 

o
x  , ʜʦʜʝʢʘ 

u
J  ʝ ʧʨʚʘ ʜʝʨʠʚʘʮʠʿʘ ʥʘ ʬʫʥʢʮʠʿʘʪʘ f  ʧʦ u ʚʦ ʪʦʯʢʘʪʘ 

o
x . ɻʦʣʝʤʠ-

                                                
1 Ako se 0)( =D tx  i 0)( =D tu  za 0t>"  dvi`eweto na sistemot se narekuva 

neporemeteno, vo sprotivno se raboti za poremeteno dvi`ewe [57]. Ravenkite 
(3.2.3) go opi{uvaat neporemetenoto dvi`ewe na sistemot.  
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ʥʘʪʘ ),,,,( too
uxuxh DD  ʝ ʦʩʪʘʪʘʪʦʢ ʢʦʿ ʟʘʚʠʩʠ ʦʜ ʧʦʚʠʩʦʢʠʪʝ ʜʝʨʠʚʘʮʠʠ ʥʘ ʬʫʥʢ-

ʮʠʿʘʪʘ f ʠ ʧʦ ʧʨʝʪʧʦʩʪʘʚʢʘ ʝ ñʤʘʣʘò ʛʦʣʝʤʠʥʘ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ )(txD  ʠ )(tuD . 

ʄʘʪʨʠʮʠʪʝ 
xJ  ʠ 

uJ  ʛʦ ʠʤʘʘʪ ʩʣʝʜʥʠʦʪ ʦʙʣʠʢ: 
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ù
ù
ù
ù
ù

ú

ø

é
é
é
é
é

ê

è

µ

µ

µ

µ

µ

µ

µ

µ

=
µ

µ
=

n

oo

n

oo

n

r

oooo

oo

u

tf

u

tf

u

tf

u

tf

t

),,(),,(

),,(),,(

),,(

1

1

1

1

u

uxux

uxux

u

uxf
J

?

@@

?

              (3.2.9) 

 ɸʢʦ ʩʝ ʟʘʥʝʤʘʨʠ ʦʩʪʘʪʦʢʦʪ h ʢʘʦ ʤʘʣʘ ʛʦʣʝʤʠʥʘ, ʦʜ (3.2.7) ʩʝ ʛʣʝʜʘ ʜʝʢʘ 

)(txD  ʠ )(tuD  ʧʨʠʙʣʠʞʥʦ ʛʠ ʟʘʜʦʚʦʣʫʚʘʘʪ ʣʠʥʝʘʨʥʠʪʝ ʨʘʚʝʥʢʠ: 

 ),()()()()( ttttt uBxAx D+D=D"    fo ttt ¢¢                   (3.2.10) 

ʢʘʜʝ ʝ: 

 

.
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oo
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                  (3.2.11) 

 ʂʘʢʦ ʰʪʦ ʩʝ ʛʣʝʜʘ, ʥʝʣʠʥʝʘʨʥʠʦʪ ʩʠʩʪʝʤ - ʨʘʚʝʥʢʘʪʘ (3.2.2) ʟʘʧʠʰʘʥʘ ʚʦ 

ʦʙʣʠʢ (3.2.7), ʩʦ ʨʘʟʚʠʚʘˁʝ ʥʘ ʬʫʥʢʮʠʿʘʪʘ f ʚʦ ʊʝʿʣʦʨʦʚ ʨʝʜ ʠ ʟʘʜʨʞʫʚʘˁʝ ʩʘʤʦ ʥʘ 

ʯʣʝʥʦʚʠʪʝ ʩʦ ʧʨʚʘʪʘ ʧʦʪʝʥʮʠʿʘ ʥʘ ʦʪʢʣʦʥʦʪ xD  ʠ uD , ʩʝ ʨʘʟʜʝʣʫʚʘ ʥʘ ʜʚʝ 

ʨʘʚʝʥʢʠ. ɽʜʥʘʪʘ ʝ ʩʦ ʥʝʣʠʥʝʘʨʥʘ ʬʦʨʤʘ (3.2.3) ʢʦʿʘ ʛʦ ʦʧʠʰʫʚʘ ʥʦʤʠʥʘʣʥʦʪʦ 

ʜʚʠʞʝˁʝ, ʘ ʜʨʫʛʘʪʘ ʝ ʩʦ ʣʠʥʝʘʨʥʘ ʬʦʨʤʘ (3.2.10) ʠ ʪʘʘ ʛʦ ʦʧʠʰʫʚʘ ʧʦʨʝʤʝʪʝʥʦʪʦ 

ʜʚʠʞʝˁʝ ʥʘ ʩʠʩʪʝʤʦʪ (3.2.2) ʚʦ ʦʜʥʦʩ ʥʘ ʥʦʤʠʥʘʣʥʘʪʘ ʪʨʘʝʢʪʦʨʠʿʘ ʦʜʨʝʜʝʥʘ ʩʦ 

(3.2.3). ʈʘʚʝʥʢʘʪʘ (3.2.10) ʩʝ ʥʘʨʝʢʫʚʘ ʣʠʥʝʘʨʠʟʠʨʘʥʘ ʜʠʬʝʨʝʥʮʠʿʘʣʥʘ ʨʘʚʝʥʢʘ ʥʘ 

ʩʦʩʪʦʿʙʘʪʘ. ʇʦʯʝʪʝʥ ʫʩʣʦʚ ʥʘ ʦʚʘʘ ʨʘʚʝʥʢʘ ʝ ʦʪʢʣʦʥʦʪ )( 00 txx D=D  ʥʘ 

ʧʦʯʝʪʥʘʪʘ ʩʦʩʪʦʿʙʘ )( 00 txx = ʦʜ ʥʦʤʠʥʘʣʥʘʪʘ ʧʦʯʝʪʥʘ ʚʨʝʜʥʦʩʪ )( 00 too
xx = . 

ʄʘʪʨʠʮʠʪʝ A(t) ʠ B(t) ʚʦ (3.2.10) ʟʘ ʟʘʜʘʜʝʥʘ ʥʦʤʠʥʘʣʥʘ ʪʨʘʝʢʪʦʨʠʿʘ )(to
x  ʠ 

ʫʧʨʘʚʫʚʘˁʝ )(to
u  ʩʝ ʜʦʙʠʚʘʘʪ ʩʘʤʦ ʢʘʢʦ ʬʫʥʢʮʠʠ ʥʘ ʚʨʝʤʝʪʦ. ɹʠʜʝʿ˃ʠ, ʤʘʪʨʠʮʠʪʝ 

A ʠ B ʟʘʚʠʩʘʪ ʦʜ ʥʦʤʠʥʘʣʥʠʪʝ ʚʨʝʜʥʦʩʪʠ )(to
x  ʠ )(to

u  ʢʦʠ ʩʝ ʬʫʥʢʮʠʠ ʥʘ 
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ʚʨʝʤʝʪʦ ʠ ʚʦ ʩʣʫʯʘʿ ʥʘ ʩʪʘʮʠʦʥʘʨʝʥ ʥʝʣʠʥʝʘʨʝʥ ʩʠʩʪʝʤ (3.2.2), ʦʜʥʦʩʥʦ 

)),(),(()( ttt uxfx ="  ʣʠʥʝʘʨʠʟʠʨʘʥʠʦʪ ʤʦʜʝʣ (3.2.10) ˃ʝ ʙʠʜʝ ʥʝʩʪʘʮʠʦʥʘʨʝʥ. 

  ʅʘ ʢʨʘʿʦʪ ʪʨʝʙʘ ʜʘ ʩʝ ʥʘʧʦʤʝʥʝ ʜʝʢʘ ʘʧʨʦʢʩʠʤʘʮʠʿʘʪʘ ʥʘ ʥʝʣʠʥʝʘʨʥʠʦʪ 

ʩʠʩʪʝʤ ʩʦ ʣʠʥʝʘʨʠʟʠʨʘʥ, ʦʜʥʦʩʥʦ ʠʟʨʘʟʫʚʘˁʝ ʥʘ x(t) ʧʨʝʤʘ (3.2.5), ʤʦʞʝ ʜʘ ʩʝ 

ʥʘʧʨʘʚʠ ʩʦ ʧʨʦʠʟʚʦʣʥʘ ʪʦʯʥʦʩʪ, ʟʝʤʘʿ˃ʠ ʛʦ ʚʦ ʧʨʝʜʚʠʜ ʥʘʚʝʜʝʥʠʦʪ ʫʩʣʦʚ ʜʝʢʘ f ʠʤʘ 

ʧʘʨʮʠʿʘʣʥʠ ʜʝʨʠʚʘʮʠʠ ʧʦ ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ ʚʝʢʪʦʨʦʪ )(tx  ʠ )(tu  ʚʦ ʦʜʥʦʩ ʥʘ 

ʥʦʤʠʥʘʣʥʠʪʝ ʚʨʝʜʥʦʩʪʠ 
o

x  ʠ 
o

u , ʠʥʪʝʨʚʘʣʦʪ ],[ 0 ftt  ʜʘ ʝ ʢʦʥʘʯʝʥ ʠ ʧʦʯʝʪʥʠʦʪ 

ʦʪʢʣʦʥ )( 0txD  ʠ ʦʪʢʣʦʥʦʪ ʥʘ ʚʣʝʟʦʪ )(tuD  ʜʘ ʩʝ ʠʟʙʝʨʘʪ ʜʦʚʦʣʥʦ ʤʘʣʠ [56]. 

 ɿʘ ʧʨʘʢʪʠʯʥʦ ʠʟʚʝʜʫʚʘˁʝ ʥʘ ʣʠʥʝʘʨʠʟʘʮʠʿʘʪʘ ʟʛʦʜʥʦ ʝ, ʥʘʤʝʩʪʦ ʜʘ ʩʝ 

ʙʘʨʘʘʪ ʧʘʨʮʠʿʘʣʥʠʪʝ ʜʝʨʠʚʘʮʠ ʧʨʝʤʘ (3.2.8) ʠ (3.2.9), ʜʘ ʩʝ ʧʨʠʤʝʥʠ ʩʣʝʜʥʘʪʘ 

ʧʦʝʜʥʦʩʪʘʚʝʥʘ ʧʦʩʪʘʧʢʘ. 

 ʅʝʢʘ ʝ ʜʘʜʝʥʘ ʘʣʛʝʙʘʨʩʢʘ ʠʣʠ ʜʠʬʝʨʝʥʮʠʿʘʣʥʘ ʨʘʚʝʥʢʘ:  

 ),),(()( ttt xfy =                                          (3.2.12)  

ʢʦʿʘ ʛʦ ʦʧʠʰʫʚʘ ʨʝʘʣʥʦʪʦ ʜʚʠʞʝˁʝ ʥʘ ʥʝʢʦʿ ʩʠʩʪʝʤ. ɿʘʚʠʩʥʠʪʝ 
T

myy ],...,[ 1=y ʠ 

ʥʝʟʘʚʠʩʥʠʪʝ 
T

nxx ],...,[ 1=x ʚʘʨʠʿʘʙʣʠ ʥʘ ʦʚʘʿ ʩʠʩʪʝʤ ʪʨʝʙʘ ʜʘ ʩʝ ʠʟʨʘʟʘʪ ʢʘʢʦ 

ʟʙʠʨ ʥʘ ʥʠʚʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʚʦ ʥʦʤʠʥʘʣʥʦʪʦ ʜʚʠʞʝˁʝ ʠ ʩʦʦʜʚʝʪʥʠʪʝ ʦʪʢʣʦʥʠ, 

ʦʜʥʦʩʥʦ: 

 )(  (t)   (t) o txxx D+=                                        (3.2.13)  

 )()()( ttt o
yyy D+=                                     (3.2.14) 

ʉʦ ʩʪʘʚʘˁʝ ʥʘ (3.2.13) ʠ (3.2.14) ʚʦ (3.2.12) ʩʝ ʜʦʙʠʚʘ 

 )),(),(()()( ttttt oo
xxfyy D=D+                             (3.2.15) 

 ʉʦ ʩʨʝʜʫʚʘˁʝ, ʦʜʥʦʩʥʦ ʩʦ ʠʟʚʨʰʫʚʘˁʝ ʥʘ ʩʦʦʜʚʝʪʥʠʪʝ ʘʣʛʝʙʘʨʩʢʠ ʦʧʝʨʘ-

ʮʠʠ ʟʘʚʠʩʥʦ ʦʜ f, ʘ ʧʦʪʦʘ ʩʦ ʟʘʥʝʤʘʨʫʚʘˁʝ ʥʘ ʩʠʪʝ ʯʣʝʥʦʚʠ ʢʘʜʝ ʩʝ ʧʦʿʘʚʫʚʘʘʪ 

ʧʨʦʜʫʢʪʠ ʥʘ ʤʘʣʠ ʛʦʣʝʤʠʥʠ (ʦʪʢʣʦʥʠ ʠʣʠ ʧʨʠʨʘʩʪʠ), ʩʠʩʪʝʤʦʪ (3.2.15) ˃ʝ ʩʝ 

ʨʘʟʜʚʦʠ ʥʘ ʜʚʘ ʩʠʩʪʝʤʠ ʥʘ ʨʘʚʝʥʢʠ: ʝʜʥʠʦʪ ʟʘ ʥʦʤʠʥʘʣʥʦ ʜʚʠʞʝˁʝ, ʘ ʜʨʫʛʠ ʟʘ 
ʦʪʢʣʦʥʠ, ʦʜʥʦʩʥʦ: 

 yo(t) = f(xo(t), t)                                             (3.2.16) 

 Dy(t) =  K (t) Dx(t)                                            (3.2.17) 

ʢʘʜʝ ʝ: K (t) ʤʘʪʨʠʮʘ ʯʠʠ  ʝʣʝʤʝʥʪʠ ʩʝ ʬʫʥʢʮʠʠ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʥʦʤʠʥʘʣʥʦʪʦ 

ʜʚʠʞʝˁʝ 
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)(K                                           (3.2.18) 

 )),(),...,(( 1 ttxtxKK o
n

o
ijij =                                   (3.2.19) 

 ʉʠʩʪʝʤʦʪ ʥʘ ʨʘʚʝʥʢʠ (3.2.12) ʤʦʞʝ ʜʘ ʙʠʜʝ, ʢʘʢʦ ʰʪʦ ʝ ʨʝʯʝʥʦ, ʘʣʛʝʙʘʨʩʢʠ 

(ʥʘ ʧʨʠʤʝʨ t),,( uxfy= ) ʠʣʠ ʜʠʬʝʨʝʥʮʠʿʘʣʝʥ (ʥʘ ʧʨʠʤʝʨ t),,( uxfx=" ). ʀʩʪʦ 

ʪʘʢʘ, ʥʘʤʝʩʪʦ ʟʘʚʠʩʥʠʪʝ ʚʘʨʠʿʘʙʣʠ ʥʘ ʣʝʚʘʪʘ ʩʪʨʘʥʘ (3.2.12) ʤʦʞʘʪ ʜʘ ʩʪʦʿʘʪ ʠ 
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ʥʝʣʠʥʝʘʨʥʠ ʬʫʥʢʮʠʠ. ɺʦ ʩʠʪʝ ʦʚʠʝ ʩʣʫʯʘʝʚʠ ʠʟʣʦʞʝʥʘʪʘ ʧʦʩʪʘʧʢʘ ʥʘ ʣʠʥʝʘʨʠ-

ʟʘʮʠʿʘ ʚʘʞʠ. 

  ʇʦʢʨʘʿ ʠʟʣʦʞʝʥʘʪʘ ʘʥʘʣʠʪʠʯʢʘ ʧʦʩʪʘʧʢʘ ʥʘ ʣʠʥʝʨʠʟʘʮʠʿʘ ʤʦʞʝ ʜʘ ʩʝ 

ʧʨʠʤʝʥʠ ʠ ʥʫʤʝʨʠʯʢʘ ʧʦʩʪʘʧʢʘ ʥʘ ʣʠʥʝʘʨʠʟʘʮʠʿʘ (ʥʫʤʝʨʠʯʢʘ ʣʠʥʝʘʨʠʟʘʮʠʿʘ) ʢʦʿʘ 

ʧʦʜʨʘʟʙʠʨʘ ʥʫʤʝʨʠʯʢʦ ʧʨʝʩʤʝʪʫʚʘˁʝ ʥʘ ɱʘʢʦʙʠʝʚʠʪʝ ʤʘʪʨʠʮʠ (3.2.8) ʠ (3.2.9), 

ʦʜʥʦʩʥʦ ʤʘʪʨʠʮʠʪʝ )(tA  ʠ )(tB ʥʘ ʣʠʥʝʘʨʠʟʠʨʘʥʠʦʪ ʤʦʜʝʣ (3.2.10). 

 ɿʘ ʧʨʝʩʤʝʪʫʚʘˁʝ ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʥʘ ɱʘʢʦʙʠʝʚʘʪʘ ʤʘʪʨʠʮʘ 
x

J  ʥʘ ʚʝʢʪʦʨ-

ʩʢʘʪʘ ʬʫʥʢʮʠʿʘ  )(xf  ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʥʘ ʮʝʥʪʨʘʣʥʘ ʨʘʟʣʠʢʘ: 

,
2
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j

jj
o

jj
o

j

o
i

ij
x
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x

f
a

D

D--D+
º

µ

µ
=

xxx
nji ,...,1, =       (3.2.20) 

ʢʘʜʝ: jxD  ʝ ʧʨʠʨʘʩʪ ʧʦ j-ʪʘʪʘ ʢʦʦʨʜʠʥʘʪʘ ʥʘ ʚʝʢʪʦʨʦʪ ʥʘ ʩʦʩʪʦʿʙʘ, 

[0,0,...,1,...,0]Tje =  - ʝʜʠʥʠʯʝʥ ʚʝʢʪʦʨ ʥʘʩʦʯʝʥ ʜʦʣʞ  j-ʪʘʪʘ ʢʦʦʨʜʠʥʘʪʘ. 

 ɻʨʝʰʢʘʪʘ ʧʨʠ ʧʨʝʩʤʝʪʫʚʘˁʝ ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʥʘ ɱʘʢʦʙʠʝʚʘʪʘ ʤʘʪʨʠʮʘ ʧʦ 

ʬʦʨʤʫʣʘʪʘ (3.2.20) ʩʦʜʨʞʠ ʤʝʪʦʜʠʯʢʘ ʢʦʤʧʦʥʝʥʪʘ ʧʦʨʘʜʠ ʧʨʠʙʣʠʞʥʦʩʪʘ ʥʘ ʬʦʨ-

ʤʫʣʘʪʘ ʠ ʥʫʤʝʨʠʯʢʘ ʢʦʤʧʦʥʝʥʪʘ ʧʦʨʘʜʠ ʥʝʪʦʯʥʦʩʪʘ ʧʨʠ ʧʨʝʩʤʝʪʫʚʘˁʝʪʦ. ʇʨʠ 

ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʧʨʠʨʘʩʪʦʪ jxD  ʤʝʪʦʜʠʯʢʘʪʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʛʨʝʰʢʘʪʘ ʩʝ ʥʘʤʘʣʫʚʘ, 

ʘ ʥʫʤʝʨʠʯʢʘʪʘ ʢʦʤʧʦʥʝʥʪʘ ʨʘʩʪʝ. ɿʘ ʜʦʙʠʚʘˁʝ ʥʘ ʟʘʜʦʚʦʣʫʚʘʯʢʠ ʨʝʟʫʣʪʘʪ ʧʦʪʨʝʙʥʦ 

ʝ ʜʘ ʩʝ ʠʟʙʝʨʝ ʪʘʢʦʚ ʧʨʠʨʘʩʪ ʩʦ ʢʦʿ ʩʫʤʘʨʥʘʪʘ ʛʨʝʰʢʘ ʥʝʤʘ ʜʘ ʿʘ ʧʨʝʿʜʝ ʜʦʟʚʦʣʝʥʘʪʘ 

ʛʦʣʝʤʠʥʘ. 

 ʆʚʘ ʥʝ ʝ ʪʝʰʢʦ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʘʢʦ ʬʫʥʢʮʠʿʘʪʘ f ʝ ʜʦʚʦʣʥʦ ʤʘʟʥʘ ʠ ʘʢʦ 

ʙʘʨʘˁʘʪʘ ʟʘ ʪʦʯʥʦʩʪ ʩʝ ʧʨʠʤʝʥʝʪʠ. ɺʦ [57] ʩʝ ʧʨʝʧʦʨʘʯʫʚʘ ʜʘ ʩʝ ʟʘʜʘʚʘ ʛʦʣʝʤʠʥʘʪʘ 

ʥʘ ʧʨʠʨʘʩʪʦʪ jxD  ʢʦʿʘ ʠʟʥʝʩʫʚʘ 13 1010 -- ·  ʦʜ ʘʧʩʦʣʫʪʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ ʩʦʦʜʚʝʪ-

ʥʠʪʝ ʢʦʦʨʜʠʥʘʪʠ. 

 ɸʣʛʦʨʠʪʘʤʦʪ ʟʘ ʥʫʤʝʨʠʯʢʘ ʣʠʥʝʘʨʠʟʘʮʠʿʘ ʤʦʞʝ ʜʘ ʩʝ ʨʝʘʣʠʟʠʨʘ ʢʘʢʦ ʧʦʩʝʙʝʥ 

ʧʦʜʧʨʦʛʨʘʤ. ʆʚʦʿ ʧʦʪʧʨʦʛʨʘʤ, ʙʠʜʝʿ˃ʠ ʙʠ ʿʘ ʧʨʝʩʤʝʪʫʚʘʣ ɱʘʢʦʙʠʝʚʘʪʘ ʤʘʪʨʠʮʘ ʥʘ ʚʝʢʪʦʨ-

ʩʢʘʪʘ ʬʫʥʢʮʠʿʘ  )(xf ʚʦ ʩʣʫʯʘʿʦʪ ʥʘ ʩʠʩʪʝʤʦʪ (3.2.2), ʦʜʥʦʩʥʦ ʥʘ ʬʫʥʢʮʠʿʘʪʘ ),( uxf , 

ʥʝʦʧʭʦʜʥʦ ʝ ʚʝʢʪʦʨʦʪ u ʜʘ ʩʝ ʧʨʝʪʩʪʘʚʠ ʢʘʦ ʜʝʣ ʥʘ ʧʨʦʰʠʨʝʥʠʦʪ ʚʝʢʪʦʨ ʥʘ ʩʦʩʪʦʿʙʘʪʘ 

TTT ],[' uxx= . ʆʜ ʧʨʝʩʤʝʪʘʥʘʪʘ ɱʘʢʦʙʠʝʚʘ ʤʘʪʨʠʮʘ 
'x

J  ʚʦ ʚʘʢʚʠʦʪ ʧʦʜʧʨʦʛʨʘʤ, ʝʜʥʦ-

ʩʪʘʚʥʦ ʧʨʦʛʨʘʤʩʢʠ ʤʦʞʘʪ ʜʘ ʩʝ ʠʟʜʚʦʿʘʪ ʤʘʪʨʠʮʠʪʝ 
x(t) JA =  ʠ 

u(t) JB = . 

ʅʘ ʢʨʘʿʦʪ ʦʜ ʦʚʘʘ ʪʦʯʢʘ ʪʨʝʙʘ, ʧʦʨʘʜʠ ʢʦʤʧʘʨʘʮʠʿʘ ʥʘ ʘʥʘʣʠʪʠʯʢʘʪʘ ʠ ʥʫʤʝʨʠʯʢʘʪʘ 

ʧʦʩʪʘʧʢʘ ʟʘ ʣʠʥʝʘʨʠʟʘʮʠʿʘ, ʜʘ ʩʝ ʥʘʧʦʤʝʥʝ ʩʣʝʜʥʦʪʦ. ɸʥʘʣʠʪʠʯʢʘʪʘ ʧʦʩʪʘʧʢʘ ʙʘʨʘ 
ʘʥʘʣʠʪʠʯʢʦ ʜʠʬʝʨʝʥʮʠʨʘˁʝ ʥʘ ʩʣʦʞʝʥʠ ʥʝʣʠʥʝʘʨʥʠ ʬʫʥʢʮʠ ʢʘʦ ʰʪʦ ʩʝ ʨʘʚʝʥʢʠʪʝ ʥʘ 
ʜʚʠʞʝˁʝʪʦ ʥʘ ʣʝʪʘʣʘʪʘ. ɼʦʙʠʚʘˁʝʪʦ ʥʘ ʢʦʥʢʨʝʪʥʠ ʠʟʨʘʟʠ ʟʘ ʧʨʝʩʤʝʪʫʚʘˁʝ ʥʘ ʢʦʝʬʠʮʠʝʥ-

ʪʠʪʝ ʥʘ ʤʘʪʨʠʮʠʪʝ )(tA  ʠ )(tB  ʤʦʨʘ ʜʘ ʩʝ ʚʨʰʠ ʩʦ ʩʦʦʜʚʝʪʥʠ ʧʦʝʜʥʦʩʪʘʚʫʚʘˁʘ ʠ ʧʨʝʪʧʦʩ-

ʪʘʚʢʠ ʥʘ ʥʦʤʠʥʘʣʥʦʪʦ ʜʚʠʞʝˁʝ. ʇʦʨʘʜʠ ʪʦʘ, ʦʙʣʘʩʪʘ ʚʦ ʧʨʦʩʪʦʨʦʪ ʥʘ ʩʦʩʪʦʿʙʘʪʘ ʚʦ ʢʦʿʘ 
ʚʨʝʜʠ ʘʥʘʣʠʪʠʯʢʠ ʜʦʙʠʝʥʠʦʪ ʣʠʥʝʘʨʝʥ ʤʦʜʝʣ ʥʝ ʝ ʦʜʥʘʧʨʝʜ ʪʦʯʥʦ ʦʜʨʝʜʝʥʘ, ʪʫʢʫ ʪʨʝʙʘ 
ʧʦʚʪʦʨʥʦ ʜʘ ʩʝ ʠʩʧʠʪʫʚʘ. ɱʘʩʥʦ ʝ ʜʝʢʘ ʧʦʨʘʜʠ ʚʦʚʝʜʝʥʠʪʝ ʧʨʝʪʧʦʩʪʘʚʢʠ ʥʘ ʥʦʤʠʥʘʣʥʘʪʘ 
ʪʨʘʝʢʪʦʨʠʿʘ (ʩʦ ʮʝʣ ʜʘ ʩʝ ʦʣʝʩʥʠ ʧʦʩʪʘʧʢʘʪʘ ʠ ʜʦʙʠʚʘˁʝ ʥʘ ʧʦʧʨʦʩʪʠ ʘʥʘʣʠʪʠʯʢʠ ʠʟʨʘʟʠ) ʚʦ 

ʤʘʪʨʠʮʠʪʝ )(tA  ʠ )(tB ˃ʝ ʥʝʜʦʩʪʘʩʫʚʘʘʪ ʥʝʢʦʠ ʝʣʝʤʝʥʪʠ ʢʦʠ ʨʝʘʣʥʦ ʧʦʩʪʦʿʘʪ ʢʦʛʘ ʥʦʤʠ-

ʥʘʣʥʘʪʘ ʪʨʘʝʢʪʦʨʠʿʘ ʝ ʧʦʩʣʦʞʝʥʘ. ɺʦ ʥʫʤʝʨʠʯʢʘʪʘ ʧʦʩʪʘʧʢʘ ʥʘ ʣʠʥʝʘʨʠʟʘʮʠʿʘ ʥʘʚʝʜʝʥʪʝ 
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ʧʨʦʙʣʝʤʠ ʥʝ ʧʦʩʪʦʿʘʪ. ʅʦʤʠʥʘʣʥʘʪʘ ʪʨʘʝʢʪʦʨʠʿʘ ʤʦʞʝ ʜʘ ʙʠʜʝ ʧʨʦʠʟʚʦʣʥʘ ʧʨʦʩʪʦʨʥʘ ʢʨʠʚʘ 

ʚʦ ʦʜʥʦʩ ʥʘ ʢʦʿʘ ʩʝ ʦʜʨʝʜʫʚʘ ʣʠʥʝʘʨʠʟʠʨʘʥʠʦʪ ʤʦʜʝʣ (ʤʘʪʨʠʮʠʪʝ )(tA  ʠ )(tB ). 

 

3.3 ʄʆɼɽʃʀʈɸɳɽ ʅɸ ʄɽʍɸʅʀʏʂʀ ʉʀʉʊɽʄʀ 

 

3.3.1. ʆʩʥʦʚʥʠ ʧʦʠʤʠ ʠ ʟʘʢʦʥʠ ʥʘ ʢʣʘʩʠʯʥʘʪʘ ʤʝʭʘʥʠʢʘ 

  
ʄʦʜʝʣʠʨʘˁʝʪʦ ʥʘ ʤʝʭʘʥʠʯʢʠʪʝ ʩʠʩʪʝʤʠ ʩʝ ʙʘʟʠʨʘ ʥʘ ʧʨʠʤʝʥʘʪʘ ʥʘ 

ʟʘʢʦʥʠʪʝ ʥʘ ʢʣʘʩʠʯʥʘʪʘ ʤʝʭʘʥʠʢʘ ʩʦ ʢʦʠ ʩʝ ʦʧʠʰʫʚʘ ʬʫʥʢʮʠʦʥʠʨʘˁʝʪʦ ʥʘ ʛʦʣʝʤ 

ʙʨʦʿ ʤʝʭʘʥʠʯʢʠ ʩʠʩʪʝʤʠ.  

ʆʩʥʦʚʥʠʪʝ ʟʘʢʦʥʠ ʥʘ ʢʣʘʩʠʯʥʘʪʘ ʠʣʠ ɳʫʪʥʦʚʘʪʘ ʤʝʭʘʥʠʢʘ ʦʚʦʟʤʦʞʫʚʘʘʪ 

ʜʘ ʩʝ ʚʦʩʧʦʩʪʘʚʘʪ ʨʝʣʘʮʠʠ ʧʦʤʝʺʫ ʬʠʟʠʯʢʠʪʝ ʚʝʣʠʯʠʥʠ ʢʦʠ ʛʦ ʢʘʨʘʢʪʝʨʠʟʠʨʘʘʪ 

ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʣʝʪʘʣʦʪʦ ʢʘʢʦ ʠ ʥʘ ʜʨʫʛʠʪʝ ʦʙʿʝʢʪʠ ʠ ʤʝʭʘʥʠʯʢʠ ʩʠʩʪʝʤʠ ʧʨʠ 

ʥʠʚʥʦʪʦ ʜʚʠʞʝˁʝ ʚʦ ʚʨʝʤʝʪʦ ʠ ʧʨʦʩʪʦʨʦʪ. 

 ɺʦ ʩʦʚʨʝʤʝʥʘʪʘ ʬʦʨʤʫʘʮʠʿʘ ʦʚʠʝ ʟʘʢʦʥʠ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʠʟʨʝʯʝʥʠ ʚʦ 

ʬʦʨʤʘ ʥʘ ʩʣʝʜʥʠʪʝ ʧʦʩʪʘʚʢʠ [29]: 

 

1) ʇʨʚ ɳʫʪʥʦʚ ʟʘʢʦʥ (ʟʘʢʦʥ ʥʘ ʠʥʝʨʮʠʿʘ) 

  ʉʝʢʦʿʘ ʤʘʪʝʨʠʿʘʣʥʘ ʪʦʯʢʘ (ʠʣʠ ʪʝʣʦ) ʦʩʪʘʥʫʚʘ ʚʦ ʩʦʩʪʦʿʙʘ ʥʘ ʤʠʨʫ-

ʚʘˁʝ ʠʣʠ ʨʘʤʥʦʤʝʨʥʦ ʧʨʦʚʦʣʠʥʠʩʢʦ ʜʚʠʞʝˁʝ ʩʝ ʜʦʜʝʢʘ ʧʦʜ ʜʝʿʩʪʚʦ ʥʘ ʥʝʢʦʿʘ 

ʩʠʣʘ ʥʝ ʙʠʜʝ ʧʨʠʥʫʜʝʥʦ ʪʘʘ ʩʦʩʪʦʿʙʘ ʜʘ ʿʘ ʧʨʦʤʝʥʠ.  

ɹʨʟʠʥʘʪʘ ʥʘ ʤʘʪʝʨʠʿʘʣʥʘʪʘ ʪʦʯʢʘ ʥʘ ʢʦʿʘ ʥʝ ʜʝʣʫʚʘʘʪ ʥʠʢʘʢʚʠ ʩʠʣʠ ʝ 

ʢʦʥʩʪʘʥʪʥʘ ʧʦ ʤʦʜʫʣʦʪ ʠ ʥʘʩʦʢʘʪʘ. 

 ʊʘʢʘ, ʩʝʢʦʿʘ ʩʣʦʙʦʜʥʘ ʤʘʪʝʨʠʿʘʣʥʘ ʪʦʯʢʘ (ʠʣʠ ʪʝʣʦ), ʦʩʣʦʙʦʜʝʥʘ ʦʜ ʙʠʣʦ 

ʢʘʢʚʠ ʥʘʜʚʦʨʝʰʥʠ ʜʝʿʩʪʚʠʿʘ, ʚʨʰʠ ʧʨʦʩʪʦ ʪʥʨ. ñʠʥʝʨʮʠʿʘʣʥʦò ʜʚʠʞʝˁʝ, ʪ.ʝ. ʩʝ 

ʜʚʠʞʠ ʧʨʘʚʦʣʠʥʠʩʢʠ ʠ ʨʘʤʥʦʤʝʨʥʦ (constV =
d

) ʠʣʠ, ʩʧʝʮʠʿʘʣʥʦ, ʩʝ ʥʘʦʺʘ ʚʦ 

ʤʠʨʫʚʘˁʝ ( 0=V
d

). 

 

2) ɺʪʦʨ ɳʫʪʥʦʚ ʟʘʢʦʥ (ʦʩʥʦʚʝʥ ʟʘʢʦʥ ʥʘ ʜʠʥʘʤʠʢʘʪʘ) 

 ʇʨʦʤʝʥʘʪʘ ʥʘ ʜʚʠʞʝˁʝʪʦ ʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʥʘ ʩʠʣʘʪʘ ʢʦʿʘ ʜʝʣʫʚʘ ʥʘ 

ʤʘʪʝʨʠʿʘʣʥʘʪʘ ʪʦʯʢʘ ʠ ʩʝ ʚʨʰʠ ʚʦ ʧʨʘʚʝʮ ʥʘ ʩʠʣʘʪʘ.  

ɺʦ ʦʚʦʿ ʟʘʢʦʥ ʩʝ ʟʙʦʨʫʚʘ ʟʘ ʜʚʠʞʝˁʝʪʦ ʧʦʜ ʢʦʝ ʟʘʧʨʘʚʦ ʩʝ ʧʦʜʨʘʟʙʠʨʘ 

ʢʦʣʠʯʠʥʘ ʥʘ ʜʚʠʞʝˁʝ, ʘ ʪʦʘ ʝ ʧʨʦʠʟʚʦʜ ʥʘ ʤʘʩʘʪʘ ʥʘ ʤʘʪʝʨʠʿʘʣʥʘʪʘ ʪʦʯʢʘ ʤ ʠ 

ʥʝʛʦʚʘʪʘ ʙʨʟʠʥʘ ʥʘ ʜʚʠʞʝˁʝ ɺ. ʀʟʚʦʜʦʪ ʥʘ ʢʦʣʠʯʠʥʘʪʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ 

ʤʘʪʝʨʠʿʘʣʥʘʪʘ ʪʦʯʢʘ ʧʦ ʚʨʝʤʝʪʦ ʝ ʝʜʥʘʢʚʘ ʥʘ ʩʠʣʘʪʘ ʢʦʿʘ ʜʝʿʩʪʚʫʚʘ ʥʘ ʥʝʘ, ʪ.ʝ.:  

                                                    F
dt

Vmd

dt

Kd d
dd

==
)(

                                          (3.3.1) 

 ɸʢʦ ʤʘʩʘʪʘ ʥʝ ʩʝ ʤʝʥʫʚʘ ʩʦ ʚʨʝʤʝʪʦ (m(t)=m=const), ʪʦʛʘʰ ʨʘʚʝʥʢʘʪʘ 

(3.3.1) ʤʦʞʝ ʜʘ ʩʝ ʟʘʧʠʰʝ ʚʦ ʬʦʨʤʘ:  
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                                                 F
dt

Vd
m

d
d

=  ʠʣʠ Fam
dd
=                                 (3.3.1.ʘ) 

ʢʘʜʝ 
dt

Vd
a

d
d
= , ʟʘʙʨʟʫʚʘˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʥʘʪʘ ʪʦʯʢʘ.  

 ɻʦʨʥʘʪʘ ʨʝʣʘʮʠʿʘ ʧʦʢʘʞʫʚʘ ʜʝʢʘ ʘʢʦ ʥʘ ʤʘʪʝʨʠʿʘʣʥʘ ʪʦʯʢʘ ʠʣʠ ʪʝʣʦ ʥʝ 

ʜʝʣʫʚʘ ʥʘʜʚʦʨʝʰʥʘ ʩʠʣʘ, ʪʦʛʘʰ ʟʘʙʨʟʫʚʘˁʝʪʦ 
dt

Vd
a

d
d
=  ʝ ʝʜʥʘʢʚʦ ʥʘ ʥʫʣʘ, ʘ ʦʜʘʚʜʝ 

ʧʨʦʠʟʣʝʛʫʚʘ ʜʝʢʘ ʚʦ ʦʚʦʿ ʩʣʫʯʘʿ ʙʨʟʠʥʘʪʘ ʝ ʢʦʥʩʪʘʥʪʥʘ, ʪʘʢʘ ʰʪʦ ʪʦʯʢʘʪʘ/ʪʝʣʦʪʦ ʩʝ 

ʜʚʠʞʠ ʨʘʤʥʦʤʝʨʥʦ ʠ ʧʨʘʚʦʣʠʥʠʩʢʠ. ʉʧʦʨʝʜ ʪʦʘ , ʚʦ ʦʚʦʿ ʟʘʢʦʥ ʝ ʩʦʜʨʞʘʥ ʠ 

ʧʨʠʥʮʠʧʦʪ ʥʘ ʠʥʝʨʮʠʿʘ. ʆʜ ʦʚʘʘ ʟʘʚʠʩʥʦʩʪ ʠʩʪʦ ʪʘʢʘ ʩʝ ʛʣʝʜʘ ʜʝʢʘ ʥʘʜʚʦʨʝʰʥʠʪʝ 

ʜʝʿʩʪʚʠʿʘ ʢʦʠ ʿʘ ʤʝʥʫʚʘʘʪ ʩʦʩʪʦʿʙʘʪʘ ʥʘ ʪʝʣʘʪʘ ʜʦʘʺʘʘʪ ʦʜ ʜʨʫʛʠ ʪʝʣʘ.  ɸʢʦ ʝʜʥʘ 

ʠʩʪʘ ʩʠʣʘ ʜʝʣʫʚʘ ʥʘ ʜʚʝ  ʪʝʣʘ ʩʦ ʨʘʟʣʠʯʥʠ ʤʘʩʠ ʤ1 ʠ ʤ2  , ʪʦʛʘʰ ˃ʝ ʠʤ ʜʘʜʝ ʜʚʝ 

ʨʘʣʠʯʥʠ ʟʘʙʨʟʫʚʘˁʘ ʘ1 ʠ ʘ2.   ʇʨʠ ʪʦʘ ʚʨʝʜʠ: 
2211 amamF ==  ʠʣʠ 

1221 // aamm = , ʰʪʦ ʧʦʢʘʞʫʚʘ ʜʝʢʘ ʤʘʩʠʪʝ ʥʘ ʜʚʝ ʪʝʣʘ ʧʨʠ ʜʝʣʫʚʘˁʝ ʥʘ ʠʩʪʘ 

ʩʠʣʘ ʩʝ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʠ ʩʦ ʥʠʚʥʠʪʝ ʟʘʙʨʟʫʚʘˁʘ.  

ɸʢʦ ʤʘʩʘʪʘ ʥʘ ʪʝʣʦʪʦ ʩʝ ʤʝʥʫʚʘ ʚʦ ʪʝʢʦʪ ʥʘ ʜʚʠʞʝˁʝʪʦ ʨʘʚʝʥʢʘʪʘ (5.2.1) ʩʝ 

ʧʨʝʦʙʨʘʟʫʚʘ ʚʦ ʩʣʝʜʥʘʚʘ ʚʝʢʪʦʨʩʢʘ ʨʘʚʝʥʢʘ:   

                              F
dt

dm
V

dt

Vd
m

dd
d

=+                                         (3.3.1.ʙ) 

ʢʦʿʘ ʝ ʧʦʟʥʘʪʘ ʧʦʜ ʠʤʝʪʦ ʨʘʚʝʥʢʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʄʝʰʯʝʨʩʢʠ. ʆʚʘʘ ʨʘʚʝʥʢʘ ʤʦʞʝ 

ʜʘ ʩʝ ʧʨʠʢʘʞʝ ʠ ʚʦ ʬʦʨʤʘ:  

                                                      RF
dt

Vd
m

dd
d

+=                                           (5.2.1.ʚ)  

ʢʘʜʝ ʥʘ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʠʣʘ F ʢʦʿʘ ʜʝʣʫʚʘ ʥʘ ʪʝʣʦʪʦ ʠ ʝ ʜʦʜʘʜʝʥʘ ʨʝʘʢʪʠʚʥʘʪʘ 

ʩʠʣʘ ʟʘʨʘʜʠ ʧʨʦʤʝʥʘʪʘ ʥʘ ʤʘʩʘʪʘ ʥʘ ʪʝʣʦʪʦ: 
dt

dm
VR
dd
-=  . 

3) ʊʨʝʪ ɳʫʪʥʦʚ ʟʘʢʦʥ (ʟʘʢʦʥ ʥʘ ʘʢʮʠʿʘ ʠ ʨʝʘʢʮʠʿʘ): 

  ɼʚʝ ʤʘʪʝʨʠʿʘʣʥʠ ʪʦʯʢʠ A ʠ B ʥʘ ʜʚʝ ʪʝʣʘ ʜʝʣʫʚʘʘʪ ʝʜʥʘ ʥʘ ʜʨʫʛʘ ʩʦ ʩʠʣʠ 

ʢʦʠ ʩʝ ʝʜʥʘʢʚʠ ʧʦ ʤʦʜʫʣʦʪ, ʣʝʞʘʪ ʥʘ ʧʨʘʚʝʮʦʪ ʢʦʿ ʛʠ ʩʧʦʿʫʚʘ ʪʠʝ ʪʦʯʢʠ ʠ ʥʘʩʦʯʝʥʠ 

ʩʝ ʚʦ ʩʧʨʦʪʠʚʥʠ ʥʘʩʦʢʠ, ʪ.ʝ.:     

                                                      AB FF
dd
-=                                                          (3.3.2) 

ʆʚʦʿ ʟʘʢʦʥ ʧʨʝʪʧʦʩʪʘʚʫʚʘ ʜʝʣʫʚʘˁʝ ʥʘ ʜʘʣʝʯʠʥʘ, ʪ.ʝ. ʤʦʞʥʦʩʪ ʥʘ ʜʝʣʫʚʘˁʝ 

ʥʘ ʤʘʪʝʨʠʿʘʣʥʠʪʝ ʪʝʣʘ ʝʜʥʦ ʥʘ ʜʨʫʛʦ ʥʘ ʨʘʩʪʦʿʘʥʠʝ, ʰʪʦ ʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʟʘ 

ʅʝˁʪʦʥ-ʦʚʘʪʘ ʤʝʭʘʥʠʢʘ. 

ʊʨʝʪʠʦʪ ɳʫʪʥʦʚ ʟʘʢʦʥ ʛʦ ʜʝʬʠʥʠʨʘ ʠ ʧʦʠʤʦʪ ʪʝʞʠʥʘ ʥʘ ʪʝʣʘʪʘ ʥʘ 

ʧʦʚʨʰʠʥʘʪʘ ʥʘ ɿʝʤʿʘʪʘ. ʀʩʢʫʩʪʚʦʪʦ ʧʦʢʘʞʫʚʘ ʜʝʢʘ ɿʝʤʿʘʪʘ ʛʠ ʧʨʠʚʣʝʢʫʚʘ ʪʝʣʘʪʘ ʩʦ 

ʩʠʣʘ ʢʦʿʘ ʝ ʧʦʟʥʘʪʘ ʧʦʜ ʠʤʝʪʦ ʛʨʘʚʠʪʘʮʠʩʢʘ ʩʠʣʘ ʥʘ ɿʝʤʿʘʪʘ ʠʣʠ ʪʝʞʘ. ʇʨʘʚʝʮʦʪ ʥʘ 

ʦʚʘʘ ʩʠʣʘ ʝ ʚʝʨʪʠʢʘʣʝʥ ʠ ʥʘʩʦʯʝʥ ʢʦʥ  ʮʝʥʪʘʨʦʪ ʥʘ ɿʝʤʿʘʪʘ. ʆʚʘʘ ʩʠʣʘ ʠʤ ʜʘʚʘ ʥʘ 
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ʩʠʪʝ ʪʝʣʘ, ʙʝʟ ʦʛʣʝʜ ʥʘ ʥʠʚʥʘʪʘ ʤʘʩʘ, ʟʘʙʨʟʫʚʘˁʝ g  ʢʦʝ ʩʝ ʥʘʨʝʢʫʚʘ ʟʘʙʨʟʫʚʘˁʝ ʥʘ 

ʪʝʞʘʪʘ, ʘ ʧʦʜ ʪʝʞʠʥʘ ʥʘ ʪʝʣʦʪʦ, ʩʧʦʨʝʜ ʚʪʦʨʠʦʪ ɳʫʪʥʦʚ ʟʘʢʦʥ, ʩʝ ʧʦʜʨʘʟʙʠʨʘ 

ʧʨʦʠʟʚʦʜʦʪ G=mg, ʢʘʜʝ ʝ m ʤʘʩʘ ʥʘ ʪʝʣʦʪʦ. ɿʘʙʨʟʫʚʘˁʝʪʦ ʥʘ ʪʝʞʘʪʘ ʟʘʚʠʩʠ ʦʜ 

ʤʝʩʪʦʪʦ ʥʘ ɿʝʤʿʠʥʘʪʘ ʧʦʚʨʰʠʥʘ ʠ ʟʘ ʥʝʛʦʚʦ ʦʜʨʝʜʫʚʘˁʝ ʩʝ ʢʦʨʠʩʪʘʪ ʩʦʦʜʚʝʪʥʠ 

ʤʘʪʝʤʘʪʠʯʢʠ ʠʟʨʘʟʠ. ʅʦʨʤʠʨʘʥʘ ʚʨʝʜʥʦʩʪ ʥʘ ʟʘʙʨʟʫʚʘˁʝʪʦ ʥʘ ʪʝʞʘʪʘ ʝ g=9,8066 

m/s2, ʘ ʧʨʘʢʪʠʯʥʦ ʩʝ ʢʦʨʠʩʪʠ  ʚʨʝʜʥʦʩʪʘ g=9,81 m/s2. 

 

4) ɿʘʢʦʥ ʟʘ ʥʝʟʘʚʠʩʥʦʩʪʘ ʥʘ ʜʝʣʫʚʘˁʝ ʥʘ ʩʠʣʠʪʝ (ʧʨʠʥʮʠʧ ʥʘ ʩʫʧʝʨʧʦʟʠʮʠʿʘ) 

ɸʢʦ ʥʘ ʤʘʪʝʨʠʿʘʣʥʘ ʪʦʯʢʘ ʜʝʣʫʚʘʘʪ ʠʩʪʦʚʨʝʤʝʥʦ ʧʦʚʝ˃ʝ ʩʠʣʠ, ʪʦʛʘʰ ʩʝʢʦʿʘ 
ʦʜ ʪʠʝ ʩʠʣʠ ʜʝʣʫʚʘ ʥʝʟʘʚʠʩʥʦ ʦʜ ʜʨʫʛʠʪʝ ʠ ʥʘ ʪʦʯʢʘʪʘ ʠ ʩʦʦʧʰʪʫʚʘ ʟʘʙʨʟʫʚʘˁʝ 

ʝʜʥʘʢʚʦ ʥʘ ʪʘʘ ʩʠʣʘ ʧʦʜʝʣʝʥʘ ʩʦ ʤʘʩʘʪʘ ʥʘ ʪʦʯʢʘʪʘ. ʉʧʨʝʤʘ ʪʦʘ, ʘʢʦ ʥʘ ʪʦʯʢʘʪʘ ʩʦ 

ʤʘʩʘ m ʜʝʣʫʚʘ ʩʠʩʪʝʤ ʥʘ ʩʠʣʠ  nFFF
ddd

,...,, 21  , ʪʦʛʘʰ ʟʘʙʨʟʫʚʘˁʝʪʦ ʢʦʝ ʛʦ ʜʦʙʠʚʘ 

ʪʘʘ ʪʦʯʢʘ ˃ʝ ʙʠʜʝ:  

                                               ä
=

=
n

i

iF
m

a
1

1 dd
                                            (3.3.3) 

  ʆʜ ʦʚʘʘ ʬʦʨʤʫʣʘ ʩʣʝʜʠ ʜʝʢʘ ʝ: 

                                               ä
=

=
n

i

iFam
1

dd
 ʠ ä

=

=
n

i

iFF
1

dd
                                   (3.3.3ʘ) 

ʪ.ʝ. ʩʠʩʪʝʤʦʪ ʥʘ ʧʦʚʝ˃ʝ ʩʠʣʠ  nFFF
ddd

,...,, 21   ʜʝʣʫʚʘ ʥʘ ʤʘʪʝʨʠʿʘʣʥʘʪʘ ʪʦʯʢʘ ʢʘʢʦ 

ʝʜʥʘ ʩʠʣʘ  F
d

 ʝʜʥʘʢʚʘ ʥʘ ʩʫʤʘʪʘ  nFFF
ddd
+++ ...21  . ʆʚʘʘ ʧʦʩʣʝʜʠʮʘ ʧʨʝʪʩʪʘʚʫʚʘ 

ʧʦʦʧʰʪʝʥ ʟʘʢʦʥ ʥʘ ʧʘʨʘʣʝʣʦʛʨʘʤʦʪ ʥʘ ʩʠʣʠʪʝ. 

 ʇʦʜʦʣʫ ˃ʝ ʩʝ ʥʘʚʝʜʘʪ ʥʝʢʦʠ ʧʦʚʘʞʥʠ ʧʦʠʤʠ, ʪʝʦʨʝʤʠ ʠ ʟʘʢʦʥʠ ʢʦʠ 

ʥʝʤʦʞʘʪ ʜʘ ʩʝ ʟʘʦʙʠʢʦʣʘʪ ʧʨʠ ʠʟʚʦʜʦʪ ʥʘ ʜʠʥʘʤʠʯʢʠʪʝ ʨʘʚʝʥʢʠ ʥʘ ʜʚʠʞʝˁʝʪʦ. 

1. ʂʦʣʠʯʠʥʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʥʘʪʘ ʪʦʯʢʘ ʝ ʧʨʦʠʟʚʦʜ ʥʘ ʥʝʿʟʠʥʘʪʘ 

ʤʘʩʘ ʠ ʙʨʟʠʥʘʪʘ ʥʘ ʜʚʠʞʝˁʝ, ʪ.ʝ. 

                                                             VmK
dd

=                                                     (3.3.4) 

 
                                                            ʊʨʘʝʢʪʦʨʠʿʘ 

 

 ʉʣ. 3.3.1. ʄʦʤʝʥʪ ʥʘ ʢʦʣʠʯʠʥʘʪʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ 

ʤʘʪʝʨʠʿʘʣʥʘʪʘ ʪʦʯʢʘ                         

 

ʉʣ. 3.3.2. ɼʚʠʞʝˁʝ ʥʘ ʩʠʩʪʝʤ 

ʥʘ ʤʘʪʝʨʠʿʘʣʥʠ ʪʦʯʢʠ 
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2. ʄʦʤʝʥʪ ʥʘ ʢʦʣʠʯʠʥʘʪʘ ʥʘ ʜʚʠʞʝˁʝ (ʢʠʥʝʪʠʯʢʠ ʤʦʤʝʥʪ) ʥʘ ʤʘʪʝʨʠʿʘʣʥʘʪʘ 
ʪʦʯʢʘ ʚʦ ʦʜʥʦʩ ʥʘ ʥʝʢʦʿ ʧʦʣ ʠʣʠ ʪʦʯʢʘ ʆ, ʧʨʝʪʩʪʘʚʫʚʘ ʚʝʢʪʦʨ (ʉʣ. 3.3.1)  

                     VmrKrH
dddd

³=³=0                                          (3.3.5) 

3. ʂʦʣʠʯʠʥʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʩʠʩʪʝʤ ʤʘʪʝʨʠʿʘʣʥʠ ʪʦʯʢʠ ʝʜʥʘʢʚʘ ʝ ʥʘ ʚʝʢʪʦʨ-

ʩʢʘʪʘ ʩʫʤʘ ʥʘ ʢʦʣʠʯʠʥʠʪʝ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʥʠʪʝ ʪʦʯʢʠ (ʉʣ.3.3.2), ʪ.ʝ.  

                              ä
=

=+++=
n

i

iin VmKKKK
1

21 .....
ddddd

                                     (3.3.6) 

 ʢʘʜʝ ʩʝ  ,iV
d

 ʠ= 1,2,...,ʥ - ʘʧʩʦʣʫʪʥʘ ʙʨʟʠʥʘ ʥʘ ʪʦʯʢʠʪʝ  iM   ʩʦ ʤʘʩʘ  im  . 

ɹʠʜʝʿ˃ʠ ʝ  

                                             iuVV
ddd
+=1                                                    (3.3.7)  

iV
d

  - ʙʨʟʠʥʘ ʥʘ ʮʝʥʪʘʨʦʪ ʥʘ ʤʘʩʘʪʘ,  iu
d

 - ʙʨʟʠʥʘ ʥʘ ʪʦʯʢʘʪʘ iM   ʚʦ ʦʜʥʦʩ ʥʘ 

ʮʝʥʪʘʨʦʪ ʥʘ ʤʘʩʘʪʘ, ʠʟʨʘʟʦʪ (5.2.6) ʧʦʩʪʘʥʫʚʘ: 

,)(
111

VmummVuVmK i

n

i

i

n

i

ii

n

i

i

ddddd
=+=+= äää

===

 

ʠʣʠ, ʢʘʢʦ ʝ 0=
1=

ii

n

i
umS , ʩʣʝʜʠ:                                                          

   VmK
dd

=                                                    (3.3.8)     

ʆʜ (5.2.8) ʩʣʝʜʠ ʜʝʢʘ ʢʦʣʠʯʠʥʘʪʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʩʠʩʪʝʤʦʪ ʤʘʪʝʨʠʿʘʣʥʠ 

ʪʦʯʢʠ ʝ ʝʜʥʘʢʚʘ ʥʘ ʢʦʣʠʯʠʥʘʪʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʮʝʥʪʘʨʦʪ ʥʘ ʠʥʝʨʮʠʿʘʪʘ (ʮʝʥʪʘʨʦʪ ʥʘ 

ʤʘʩʘʪʘ - ʎʄ) ʚʦ ʢʦʿ ʩʝ ʩʤʝʪʘ ʜʝʢʘ ʝ ʢʦʥʮʝʥʪʨʠʨʘʥʘ ʮʝʣʦʢʫʧʥʘʪʘ ʤʘʩʘ ʥʘ ʩʠʩʪʝʤʦʪ. 

4. ʊʝʦʨʝʤʘ ʟʘ ʧʨʦʤʝʥʘʪʘ ʥʘ ʢʦʣʠʯʠʥʘʪʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʥʘʪʘ 

ʪʦʯʢʘ: - ʪʦʘ ʝ ʟʘʧʨʘʚʦ ʚʪʦʨʠʦʪ ɳʫʪʥʦʚ ʟʘʢʦʥ.    

                           F
dt

Vmd

dt

Kd d
dd

==
)(

                                       (3.3.9) 

  ɸʢʦ ʝ  F
d
=0, ʪʦʛʘʰ (3.3.9) ʧʦʩʪʘʥʫʚʘ:    

                                        0
)(
==

dt

Vmd

dt

Kd
dd

                                       (3.3.10) 

 ʀʟʨʘʟʦʪ (3.3.10) ʧʨʝʪʩʪʘʚʫʚʘ ʪʝʦʨʝʤʘ ʟʘ ʦʯʫʚʫʚʘˁʝ ʥʘ ʢʦʣʠʯʠʥʘʪʘ ʥʘ 

ʜʚʠʞʝˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʥʘʪʘ ʪʦʯʢʘ. 

5. ʊʝʦʨʝʤʘ ʟʘ ʧʨʦʤʝʥʘʪʘ ʥʘ ʤʦʤʝʥʪʦʪ ʥʘ ʢʦʣʠʯʠʥʘʪʘ ʥʘ ʜʚʠʞʝˁʝ ʚʦ ʦʜʥʦʩ ʥʘ 

ʮʝʥʪʘʨʦʪ ʥʘ ʤʘʩʘʪʘ. 
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 ʄʦʤʝʥʪʦʪ ʥʘ ʢʦʣʠʯʠʥʘʪʘ ʥʘ ʜʚʠʞʝˁʝ (ʢʠʥʝʪʠʯʢʠʦʪ ʤʦʤʝʥʪ) ʚʦ ʦʜʥʦʩ ʥʘ 

ʮʝʥʪʘʨʦʪ ʥʘ ʤʘʩʘʪʘ ʝ ʦʜʨʝʜʝʥ ʩʦ ʠʟʨʘʟʦʪ 

ii

n

i

i umH
ddd

³=ä
=1

r . 

 ʀʟʚʦʜʦʪ ʧʦ ʚʨʝʤʝʪʦ ʥʘ ʢʠʥʝʪʠʯʢʠʦʪ ʤʦʤʝʥʪ ʟʘ ʮʝʥʪʘʨʦʪ ʥʘ ʤʘʩʘʪʘ ʝʜʥʘʢʦʚ 

ʝ ʥʘ ʨʝʟʫʣʪʘʥʪʘʪʘ ʥʘ ʥʘʜʚʦʨʝʰʥʠʪʝ ʤʦʤʝʥʪʠ   ʩʦʟʜʘʜʝʥʠ ʦʜ ʥʘʜʚʦʨʝʰʥʠʪʝ ʩʠʣʠ 

ʢʦʠ ʜʝʣʫʚʘʘʪ ʥʘ ʧʦʝʜʠʥʠ ʤʘʪʝʨʠʿʘʣʥʠ ʪʦʯʢʠ ʥʘ ʩʠʩʪʝʤʦʪ  

                                                      
i

n

i

i FM
dt

Hd ddh
d

³== ä
=1

r                                   (3.3.11) 

 ɿʘ ʢʨʫʪʦ ʪʝʣʦ (ʩʠʩʪʝʤ ʤʘʪʝʨʠʿʘʣʥʠ ʪʦʯʢʠ ʯʠʝ ʨʘʩʪʦʿʘʥʠʝ ʝ ʢʦʥʩʪʘʥʪʥʦ) 

ʚʨʝʜʠ: 

                                                                 W=
dd

IH                                                  (3.3.12)  

ʢʘʜʝ  W
d

 ʝ ʘʧʩʦʣʫʪʥʘ ʘʛʦʣʥʘ ʙʨʟʠʥʘ ʥʘ ʪʝʣʦʪʦ, ʘ  I  -ʪʝʥʟʦʨ ʥʘ ʠʥʝʨʮʠʿʘ ʯʠʿʘ 

ʤʘʪʨʠʮʘ ʚʦ ʚʨʟʘʥʠʦʪ ʩʠʩʪʝʤ B(P;x,y,z) ʝ     

                     ñ
ù
ù
ù

ú

ø

é
é
é

ê

è

--

--

--

==
m

zyzxz

zyyxy

zxyxx

BB

III

III

III

dm2~ɟI                    (3.3.13) 

ʢʘʜʝ ʝʣʝʤʝʥʪʠʪʝ ʥʘ ʠʥʝʨʮʠʿʘʣʥʘʪʘ ʤʘʪʨʠʮʘ (ʠʣʠ ʤʘʪʨʠʮʘʪʘ ʥʘ ʠʥʝʨʮʠʿʘ) ʩʝ: 

;;;

;)(;)(;)( 222222

dmyzIIdmxzIIdmxyII

dmyxIdmzxIdmzyI

zyyzzxxzyxxy

zyx

ñññ

ñññ
======

+=+=+=
    (3.3.13ʘ) 

ʧʨʠ ʰʪʦ ʝ 
T

B zyx ],,[=ɟ , ʘ x, y ʠ z ʩʝ ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʝʣʝʤʝʥʪʘʨʥʘʪʘ ʤʘʩʘ ʜʤ ʥʘ 

ʪʝʣʦʪʦ ʚʦ ʩʠʩʪʝʤʦʪ B(P;x,y,z).   

  ɿʘ ʣʝʪʘʣʘ ʩʦ ʘʚʠʦʥʩʢʘ ʰʝʤʘ, ʟʘ ʢʦʠ  ʨʘʤʥʠʥʘʪʘ xzʝ ʨʘʤʥʠʥʘ ʥʘ ʩʠʤʝʪʨʠʿʘ, 
ʧʦʨʜʫʢʪʠʪʝ ʥʘ ʠʥʝʨʮʠʿʘ Ixy ʠ Iyz ʩʝ ʝʜʥʘʢʚʠ ʥʘ ʥʫʣʘ ʠ ʤʘʪʨʠʮʘʪʘ ʥʘ ʠʥʝʨʮʠʿʘ (3.3.13) 

ʧʦʩʪʘʥʫʚʘ:  

                                    

ù
ù
ù

ú

ø

é
é
é

ê

è

-

-

=

zzz

y

xzx

B

II

I

II

0

00

0

I                           (3.3.14) 

 ɸʢʦ ʥʘʩʦʢʘʪʘ x ʝ ʪʘʢʘ ʠʟʙʨʘʥʘ ʜʘ ʧʨʦʜʫʢʪʦʪ ʥʘ ʠʥʝʨʮʠʿʘ Ixz=Ixz ʩʝ 

ʧʦʥʠʰʪʫʚʘ, ʰʪʦ ʝ ʚʦ ʧʨʠʥʮʠʧ ʩʝʢʦʛʘʰ ʤʦʞʥʦ, ʪʦʛʘʰ ʦʩʢʠʪʝ ʥʘ ʢʦʦʨʜʠʥʘʪʥʠʦʪ 
ʩʠʩʪʝʤ ʩʝ ʛʣʘʚʥʠ ʦʩʢʠ. 
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 ɿʘ ʦʩʥʦʩʠʤʝʪʨʠʯʥʠ ʣʝʪʘʣʘ (ʨʘʢʝʪʠ) ʧʨʦʜʫʢʪʠʪʝ ʥʘ ʠʥʝʨʮʠʿʘ ʩʝ ʝʜʥʘʢʚʠ ʥʘ 

ʥʫʣʘ (Ixz=Ixy=Iyz=0), ʘ ʤʦʤʝʥʪʠʪʝ ʥʘ ʠʥʝʨʮʠʿʘ ʟʘ ʦʩʢʠʪʝ y ʠ z ʩʝ ʝʜʥʘʢʚʠ (Iy=Iz) ʟʘʨʘʜʠ 

ʰʪʦ ʤʘʪʨʠʮʘʪʘ ʥʘ ʠʥʝʨʮʠʿʘ (3.3.13) ʜʦʙʠʚʘ ʧʦʝʜʥʦʩʪʘʚʥʘ ʬʦʨʤʘ:   

                         

ù
ù
ù
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é
é

ê

è
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I x

B

00

00

00

I  .                                       (3.3.15)  

6. ʂʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ 

  ʇʨʝʜʧʦʩʪʘʚʫʚʘʤʝ ʜʝʢʘ ʯʝʩʪʠʯʢʘʪʘ ʩʦ ʤʘʩʘ m  ʩʝ ʜʚʠʞʠ ʧʦʜ ʜʝʿʩʪʚʦ ʥʘ 

ʦʧʨʝʜʝʣʝʥʘ ʩʠʣʘ F
d

 ʢʦʿʘ ʚʦ ʦʧhʪ ʩʣʫʯʘʿ ʤʦʞʝ ʜʘ ʙʠʜʝ ʨʝʟʫʣʪʘʥʪʘ ʥʘ ʥʝʢʦʣʢʫ ʩʠʣʠ. 
ɼʘ ʿʘ ʦʜʨʝʜʠʤʝ  ʝʣʝʤʝʥʪʘʨʥʘʪʘ ʨʘʙʦʪʘ ʠʟʚʨʰʝʥʘ ʦʜ ʦʚʘʘ ʩʠʣʘ ʥʘ ʝʣʝʤʝʥʪʘʨʥʠʦʪ ʧʘʪ  

dtVSd
dd
= . ɿʝʤʘʿ˃ʠ ʜʝʢʘ ʝ 

dt

Vd
mamF

d
dd
==  

ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʠʰʝ 

                          VdVmSdFA
dddd

Ö=Ö=d                                  (3.3.27)  

ʉʢʘʣʘʨʥʠʠʦʪ ʧʨʦʜʫʢʪ VdV
dd

Ö , ʘʢʦ ʩʝ ʦʟʥʘʯʠ ʜʝʢʘ ʝ VdV1
d

 ʢʦʤʧʦʥʝʥʪʘ ʥʘ 

ʚʝʢʪʦʨʦʪ Vd
d

 ʚʦ ʥʘʩʦʢʘ ʥʘ V
d
,  ʠʟʥʝʩʫʚʘ VdV, ʪʘʢʘ ʰʪʦ ʠʟʨʘʟʦʪ ʟʘ ʝʣʝʤʝʥʪʘʨʥʘ 

ʨʘʙʦʪʘ ʧʦʩʪʘʥʫʚʘ 

               dE
V

mdmVdVA =
ö
ö

÷

õ

æ
æ

ç

å
==

2

2

d                            (3.3.28) 

  ɺʝʣʠʯʠʥʘʪʘ 

                                
2

2V
mE=                                                (3.3.29)  

ʧʨʝʜʩʪʘʚʫʚʘ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʥʘ ʯʝʩʪʠʮʘʪʘ ʩʦ ʤʘʩʘ mʢʦʿʘ ʩʝ ʜʚʠʞʠ ʩʦ ʙʨʟʠʥʘ  

V
d

. 

  ʂʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʥʘ ʩʠʩʪʝʤʦʪ ʥʘ ʤʘʪʝʨʠʿʘʣʥʠ ʪʦʯʢʠ, ʧʨʠ ʰʪʦ  

                                                             
2

2
i

ii

V
mE =                                              (3.3.30) 

ʝ  ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʥʘ i -ʪʘʪʘ ʯʝʩʪʠʮʘ (ʤʘʪʝʨʠʿʘʣʥʘ ʪʦʯʢʘ) ʩʦ ʤʘʩʘ  im  ʠ ʙʨʟʠʥʘ  

iV  ,  ʧʨʝʜʩʪʘʚʫʚʘ ʩʫʤʘ ʥʘ ʢʠʥʝʪʠʯʢʠʪʝ  ʝʥʝʨʛʠʠ ʥʘ  ʩʠʪʝ ʯʝʩʪʠʮʠ, ʪ.ʝ. 

                       ää
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  ɸʢʦ ʩʝ ʟʝʤʝ ʩʠʩʪʝʤ ʥʘ ʤʘʪʝʨʠʿʘʣʥʠ ʪʦʯʢʠ ʥʘ ʉʣ. 3.3.2 ʢʘʜʝ ʙʨʟʠʥʘʪʘ ʥʘ  

ʯʝʩʪʠʮʘʪʘ iV
d
ʝ ʧʨʝʪʩʪʘʚʝʥʘ  ʢʘʢʦ ʟʙʠʨ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʮʝʥʪʘʨʦʪ ʥʘ ʤʘʩʘʪʘ ʥʘ  

ʩʠʩʪʝʤʦʪ  V
d

 ʠ ʙʨʟʠʥʘʪʘ ʥʘ ʯʝʩʪʠʮʘʪʘ ʚʦ ʦʜʥʦʩ ʥʘ ʮʝʥʪʘʨʦʪ ʥʘ  ʤʘʩʘʪʘ  iu
d

 , ʪ.ʝ. 

,ii uVV
ddd
+=  

ʪʦʛʘʰ  ʠʟʨʘʟʦʪ (3.3.31) ʤʦʞʝ ʜʘ ʩʝ ʟʘʧʠʰʝ ʚʦ ʬʦʨʤʘ 
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       ɹʠʜʝʿ˃ʠ ʧʦʩʣʝʜʥʠʦʪ  ʯʣʝʥ ʚʦ ʛʦʨʥʠʦʪ  ʠʟʨʘʟ ʝ ʝʜʥʘʢʦʚ ʥʘ  ʥʫʣʘ (ʚʠʜʠ (3.3.12)), 
ʟʘ ʢʠʥʝʪʠʯʢʘʪʘ ʝʥʝʨʛʠʿʘ ʥʘ ʩʠʩʪʝʤʦʪ ʥʘ ʤʘʪʝʨʠʿʘʣʥʠ ʪʦʯʢʠ ʚʨʝʜʠ ʨʝʣʘʮʠʿʘʪʘ 

      ä
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                           (3.3.32)  

ʢʘʜʝ  ʩʦ  ä
=

=
n

i
imm

1

  ʝ ʦʟʥʘʯʝʥʘ ʚʢʫʧʥʘʪʘ ʤʘʩʘ ʥʘ ʩʠʩʪʝʤʦʪ. 

  ʈʝʣʘʮʠʿʘʪʘ (3.3.32) ʧʨʝʪʩʪʘʚʫʚʘ ʂʝʥʠʛ-ʦʚʘ ʪʝʦʨʝʤʘ ʢʦʘʿ ʛʣʘʩʠ: ʢʠʥʝʪʠ-

ʯʢʘʪʘ ʝʥʝʨʛʠʿʘ ʥʘ ʤʘʪʝʨʠʿʘʣʥʠʦʪ ʩʠʩʪʝʤ ʝ ʝʜʥʘʢʚʘ ʥʘ  ʩʫʤʘʪʘ ʥʘ  ʢʠʥʝʪʠʯʢʘʪʘ 

ʝʥʝʨʛʠʿʘ ʚʦ ʧʦʩʪʘʧʥʦʪʦ ʜʚʠʞʝˁʝ (ʜʚʠʞʝˁʝ ʙʝʟ ʨʦʪʘʮʠʿʘ) ʟʘʝʜʥʦ ʩʦ ʮʝʥʪʘʨʦʪ ʥʘ 
ʤʘʩʘʪʘ ʠ ʢʠʥʝʪʠʯʢʘʪʘ ʝʥʝʨʛʠʿʘ ʥʘ ʩʠʩʪʝʤʦʪ ʚʦ ʥʝʛʦʚʦʪʦ ʜʚʠʞʝˁʝ ʦʢʦʣʫ 

ʮʝʥʪʘʨʦʪ ʥʘ ʤʘʩʘʪʘ. . 

  ʉʦ pE  ʝ ʦʟʥʘʯʝʥʘ ʢʠʥʝʪʠʯʢʘʪʘ ʝʥʝʨʛʠʿʘ ʥʘ ʩʠʩʪʝʤʦʪ ʚʦ ʧʦʩʪʘʧʥʦʪʦ 

ʜʚʠʞʝˁʝ ʟʘʝʜʥʦ ʩʦ ʮʝʥʪʘʨʦʪ ʥʘ ʤʘʩʘʪʘ (ʪʨʘʥʩʣʘʪʦʨʥʦʪʦ ʜʚʠʞʝˁʝ) ʘ ʩʦ  oE  - ʢʠʥʝ-

ʪʠʯʢʘʪʘ ʝʥʝʨʛʠʿʘ ʚʦ ʨʦʪʘʮʠʦʥʦʪʦ ʜʚʠʞʝˁʝ ʦʢʦʣʫ ʮʝʥʪʘʨʦʪ ʥʘ ʤʘʩʘʪʘ, ʟʘ ʢʦʠ ʚʨʝʜʘʪ 

ʨʝʣʘʮʠʠʪʝ: 

                            
2

2

1
mVEp=  ,                                             (3.3.33)  
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umE ä
=

=                                              (3.3.34) 

 

7. ʂʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʥʘ ʢʨʫʪʦ ʪʝʣʦ 

ʂʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʥʘ ʢʨʫʪʦʪʦ ʪʝʣʦ ʝ ʦʜʨʝʜʝʥʘ ʩʦ ʂʝʥʠʛ-ʦʚʘʪʘ ʪʝʦʨʝʤʘ 

(5.2.32): ʪʘʘ ʝ ʝʜʥʘʢʚʘ ʥʘ ʩʫʤʘʪʘ ʥʘ ʢʠʥʝʪʠʯʢʘʪʘ ʝʥʝʨʛʠʿʘ ʚʦ ʧʦʩʪʘʧʥʦʪʦ ʜʚʠʞʝˁʝ ʠ 

ʢʠʥʝʪʠʯʢʘʪʘ ʝʥʝʨʛʠʿʘ ʚʦ ʨʦʪʘʮʠʦʥʦʪʦ ʜʚʠʞʝˁʝ ʦʢʦʣʫ ʮʝʥʪʘʨʦʪ ʥʘ ʤʘʩʘʪʘ ʥʘ 

ʢʨʫʪʦʪʦ ʪʝʣʦ. 

  ɿʘ ʢʨʫʪʦ ʪʝʣʦ ʠʟʨʘʟʦʪ ʟʘ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʚʦ ʨʦʪʘʮʠʦʥʦʪʦ ʜʚʠʞʝˁʝ 

(3.3.34) ʤʦʞʝ ʜʘ ʩʝ ʤʦʜʠʬʠʮʠʨʘ ʢʘʦ ʠ ʠʟʨʘʟʦʪ ʟʘ ʢʠʥʝʪʠʯʢʠ ʤʦʤʝʥʪ. ɸʢʦ ʩʝ ʟʝʤʝ ʜʘ 

ʝ ʙʨʟʠʥʘʪʘ uui

dd
=  ʥʘ ʯʝʩʪʠʮʘʪʘ ʩʦ ʝʣʝʤʝʥʪʘʨʥʘ ʤʘʩʘ dmmi = , ʦʜʨʝʜʝʥʘ ʩʦ ʧʦʟʥʘ-

ʪʘʪʘ ʆʿʣʝʨʦʚʘ ʬʦʨʤʫʣʘ  
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                              r
ddd
³W=u                                               (3.3.35)  

ʢʘʜʝ W
d

 ʝ ʘʛʦʣʥʘ ʙʨʟʠʥʘ ʥʘ ʨʦʪʘʮʠʿʘ ʥʘ ʪʝʣʦʪʦ, ʘ r
d

 ʝ ʚʝʢʪʦʨ ʥʘ ʧʦʟʠʮʠʿʘʪʘ ʥʘ 

ʝʣʝʤʝʥʪʘʨʥʘʪʘ ʤʘʩʘ ʚʦ ʦʜʥʦʩ ʥʘ ʮʝʥʪʘʨʦʪ ʥʘ ʤʘʩʘʪʘ ʥʘ ʢʨʫʪʦʪʦ ʪʝʣʦ, ʪʦʛʘʰ ʠʟʨʘʟʦʪ 

(5.2.34) ʤʦʞʝ ʜʘ ʩʝ ʟʘʧʠʰʝ ʚʦ ʬʦʨʤʘ 

               dmdmuE

mm

o
22 )(

2

1

2

1
r
dd
³W== ññ                              (3.3.36) 

  ɹʠʜʝʿ˃ʠ ʢʚʘʜʨʘʪʦʪ ʥʘ ʙʨʟʠʥʘʪʘ 
2u ʤʦʞʝ ʜʘ ʩʝ ʟʘʧʠʰʝ, ʧʦʘʺʘʿ˃ʠ ʦʜ 

ʤʘʪʨʠʮʘʪʘ ʥʘ ʚʝʢʪʦʨʦʪ u
d

 ʚʦ ʚʨʟʘʥʠʦʪ ʢʦʨʜʠʥʘʪʝʥ ʩʠʩʪʝʤ ),,;( bbb zyxPB : 

                              B
T
Buuu =2

,                                          (3.3.37) 

ʘ ʟʘ ʚʝʢʪʦʨʩʢʠʦʪ ʧʨʦʜʫʢʪ ʚʨʝʜʠ  

                              BB
T

B
T

u ɋɟbub ~-=W³-=³W==
ddddd

rr  ,               (3.3..38)  

ʨʝʣʘʮʠʿʘʪʘ (3.3.36) ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʪʩʪʘʚʠ ʚʦ ʬʦʨʤʘ 

ñññ ===

m

BB
T

BB

m

B
T
B

m

o dmdmdmuE ,)~()~(
2

1

2

1

2

1 2
ɋɟɋɟuu  

ʠʣʠ  

                   dmE BB
T
B

m

T
Bo ɋɟɟɋ ~~

2

1
ñ=                                        (3.3.39) 

     ɹʠʜʝʿ˃ʠ ʝ  B
T
B ɟɟ ~~ -=   ʧʦʟʥʘʪʦ ʩʚʦʿʩʪʚʦ ʥʘ ʢʦʩʦʩʠʤʝʪʨʠʯʥʘʪʘ ʤʘʪʨʠʮʘ, 

ʠʟʨʘʟʦʪ (3.3.39), ʩʦ ʚʘʜʝˁʝ ʥʘ Bɋ   ʥʘʜʚʦʨ ʦʜ ʠʥʪʝʛʨʘʣʦʪ, ʧʦʩʪʘʥʫʚʘ 

                           B

m

B
T
Bo dmE ɋɟɋ

ö
ö

÷

õ

æ
æ

ç

å
-= ñ

2~

2

1
                                 (3.3..40) 

  ɹʠʜʝʿ˃ʠ ʠʟʨʘʟʦʪ ʚʦ ʟʘʛʨʘʜʠʪʝ ʝ ʤʘʪʨʠʮʘʪʘ ʥʘ ʪʝʥʟʦʨʦʪ ʥʘ ʠʥʝʨʮʠʿʘ ʚʦ 

ʚʨʟʘʥʠʦʪ ʩʠʩʪʝʤ ʥʘ ʢʦʦʨʜʠʥʘʪʠ (3.3.13), ʩʝ ʜʦʙʠʚʘ ʩʣʝʜʥʠʦʚ ʠʟʨʘʟ ʟʘ ʢʠʥʝʪʠʯʢʘ 
ʝʥʝʨʛʠʿʘ ʥʘ ʢʨʫʪʦʪʦ ʪʝʣʦ ʚʦ ʨʦʪʘʮʠʦʥʦʪʦ ʜʚʠʞʝˁʝ: 

                  BB
T
BoE ɋIɋ

2

1
=                                              (3.3.41) 

  ʇʦʨʘʜʠ ʬʘʢʪʦʪ ʰʪʦ (3.3.12) ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʠʰʝ ʢʘʢʦ: 

             W===
dd

IɋIbHb BB
T

B
T

H  ,                               (5.2.40)  

 ʠʟʨʘʟʦʪ ʟʘ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʚʦ ʨʦʪʘʮʠʦʥʦʪʦ ʜʚʠʞʝˁʝ (3.3.41) ʤʦʞʝ ʜʘ ʩʝ ʟʘʧʠʰʝ 

ʚʦ ʬʦʨʤʘ 

                      HE B
T
Bo

dd
ÖW==

2

1

2

1
Hɋ                                   (3.3.41) 
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  ʀʟʨʘʟ ʟʘ ʚʢʫʧʥʘʪʘ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ, ʩʧʦʨʝʜ ʂʝʥʠʛ-ʦʚʘʪʘ ʪʝʦʨʝʤʘ 

(3.3.32), ʟʘ ʢʨʫʪʦ ʪʝʣʦ, ʟʝʤʘʿ˃ʠ ʛʠ ʠʟʨʘʟʠʪʝ (3.3.33) ʠ (3.3.41), ʧʦʩʪʘʥʫʚʘ 

          BB
T
Bop mVEEE ɋIɋ

2

1

2

1 2+=+= ,                         (3,3.42) 

ʢʘʜʝ m ʝ ʚʢʫʧʥʘʪʘ ʤʘʩʘ ʥʘ ʢʨʫʪʦʪʦ ʪʝʣʦ, V - ʤʦʜʫʣ ʥʘ ʘʧʩʦʣʫʪʥʘʪʘ ʙʨʟʠʥʘ ʥʘ 

ʮʝʥʪʘʨʦʪ ʥʘ ʤʘʩʘʪʘ,  Bɋ - ʤʘʪʨʠʮʘ ʥʘ ʚʝʢʪʦʨʦʪ ʥʘ ʘʧʩʦʣʫʪʥʘʪʘ ʘʛʦʣʥʘ ʙʨʟʠʥʘ ʥʘ 

ʨʦʪʘʮʠʿʘ ʥʘ ʢʨʫʪʦʪʦ ʪʝʣʘ ʚʦ ʩʠʩʪʝʤʦʪ ʥʘ ʢʦʦʨʜʠʥʘʪʠ B ,  BI  ʤʘʪʨʠʮʘ ʥʘ ʪʝʥʟʦʨʦʪ 

ʥʘ ʠʥʝʨʮʠʿʘ ʚʦ ʩʠʩʪʝʤʦʪ ʥʘ ʢʦʦʨʜʠʥʘʪʠ B. ʉʧʝʮʠʿʘʣʥʦ, N  ʤʦʞʝ ʜʘ ʙʠʜʝ ʚʨʟʘʥʠʦʪ 

ʩʠʩʪʝʤ ʥʘ ʢʦʦʨʜʠʥʘʪʠ BN= .  

ʅʘʧʨʠʤʝʨ, ʢʘʢʦ ʟʘ ʢʨʫʪʦ ʪʝʣʦ ʪʝʥʟʦʨʦʪ ʥʘ ʠʥʝʨʮʠʿʘ ʠʤʘ ʬʦʨʤʘ: 

           

ù
ù
ù

ú

ø

é
é
é

ê

è

--

--

--

=

zyzxz

zyyxy

zxyxx

B

III

III

III

I   ,                                  (3.3.43) 

ʘ ʘʛʦʣʥʘʪʘ ʙʨʟʠʥʘ ʥʘ ʪʝʣʦʪʦ ʚʦ ʚʨʟʘʥʦʠʠʦʪ ʩʠʩʪʝʤ ʠʤʘ ʢʦʤʧʦʥʝʥʪʠ: 

TT
zyxB RQP ],,[],,[ =WWW=W  

ʟʘ ʨʘʟʚʠʝʥʘʪʘ ʬʦʨʤʘ ʥʘ ʠʟʨʘʟʦʪ ʟʘ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ (3.3.42) ʩʝ ʜʦʙʠʚʘ:   

   [ ]zyyzzxxzyxxyzzyyxx IIIIIImVE WW-WW-WW-W+W+W+= 222
2

1

2

1 2222       (3.3.44) 

  ʀʟʨʘʟʦʪ ʟʘ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠʪʠ ʧʨʠ ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ 

ʨʘʚʝʥʢʠʪʝ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʣʝʪʘʣʘʪʘ ʚʦ ʛʝʥʝʨʘʣʠʟʠʨʘʥʠ ʢʦʦʨʜʠʥʘʪʠ. ʅʘʧʨʠʤʝʨ, ʚʦ 

[4] ʩe ʨʘʟʛʣʝʜʫʚʘ ʢʠʥʝʪʠʯʢʘʪʘ ʝʥʝʨʛʠʿʘ ʥʘ ʪʝʣʦ ʩʦ ʧʨʦʤʝʥʣʠʚʘ ʤʘʩʘ, ʘ ʨʘʚʝʥʢʠʪʝ ʥʘ 

ʜʚʠʞʝˁʝ ʥʘ ʣʝʪʘʣʦʪʦ, ʧʦʘʺʘʿ˃ʠ ʦʜ ʠʟʨʘʟʦʪ ʟʘ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ, ʩʝ ʟʘʧʠʰʫʚʘʘʪ ʚʦ  
ʬʦʨʤʘ ʥʘ ʃʘʛʨʘʞʦʚʠʪʝ ʨʘʚʝʥʢʠ ʦʜ ʚʪʦʨ ʪʠʧ. 

 

  

8. ɼʘʣʘʤʙʝʨʦʚ ʧʨʠʥʮʠʧ (DôAlembertôs Principle) 

ɺʦ ʬʫʥʜʘʤʝʥʪʘʣʥʘʪʘ ʨʘʚʝʥʢʘ F ma=
d d

 (ɺʪʦʨ ɳʫʪʥʦʚ ʟʘʢʦʥ) ʚʝʣʠʯʠʥʘʪʘ 

( )m a-
d

 ʩʝ ʥʘʨʝʢʫʚʘ ʩʧʨʦʪʠʚʥʘ ʝʬʝʢʪʠʚʥʘ ʩʠʣʘ ʠʣʠ ʠʥʝʨʮʠʿʘʣʥʘ ʩʠʣʘ (reversed 

effective force or inertia force). ɼʘʣʘʤʙʝʨʦʚʠʦʪ ʧʨʠʥʮʠʧ (DôAlembertôs principle) ʩʝ 

ʙʘʟʠʨʘ ʥʘ ʚʪʦʨʠʦʪ ʠ ʥʘ ʪʨʝʪʠʦʪ ɳʫʪʥʦʚ ʟʘʢʦʥ ʥʘ ʜʚʠʞʝˁʝ ʠ ʪʚʨʜʠ ʜʝʢʘ Ăʠʥʝʨʮʠʿʘʣ-

ʥʘʪʘ ʩʠʣʘ ʝ ʚʦ ʨʘʤʥʦʪʝʞʘ ʩʦ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʠʣʘñ, ʠʣʠ 

( ) 0.F m a+ - =
dd d

                                                (3.3.45) 

ʆʚʦʿ ʧʨʠʥʮʠʧ ʠʤʘ ʝʬʝʢʪ ʥʘ ʨʝʜʫʢʮʠʿʘ ʥʘ ʜʠʥʘʤʠʯʢʠ ʧʨʦʙʣʝʤ ʥʘ ʧʨʦʙ-

ʣʝʤ ʚʦ ʩʪʘʪʠʢʘʪʘ  ʧʨʠ ʰʪʦ ʪʦʿ ʤʦʞʝ ʜʘ ʙʠʜʝ ʧʦʣʝʩʝʥ ʟʘ ʨʝʰʘʚʘˁʝ. ɺʨʟ ʙʘʟʘ ʥʘ 

ʧʨʠʥʮʠʧʦʪ ʥʘ ʚʠʨʪʫʝʣʥʘ ʨʘʙʦʪʘ (virtual work), ʢʦʿʰʪʦ ʝ ʚʦʩʧʦʩʪʘʚʝʥ ʟʘ ʩʣʫʯʘʿ ʥʘ 

ʩʪʘʪʠʯʢʘ ʨʘʤʥʦʪʝʞʘ, ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʘʧʠ ʢʘʢʦ ʰʪʦ ʩʣʝʜʠ: ʅʝʢʘ K mV=
d d

 ʝ ʢʦʣʠʯʠʥʘ 
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ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʯʝʩʪʠʮʘ ʚʦ ʩʠʩʪʝʤʦʪ, ʠ ʥʝʢʘ ʛʠ ʨʘʟʜʚʦʠʤʝ ʩʠʣʠʪʝ ʢʦʠ ʜʝʣʫʚʘʘʪ ʥʘ 

ʯʝʩʪʠʮʘʪʘ ʥʘ ʧʨʠʤʝʥʝʪʘ (ʥʘʜʚʦʨʝʰʥʘ) ʩʠʣʘ F
d
ʠ ʩʠʣʘ ʥʘ ʦʛʨʘʥʠʯʫʚʘˁʝ  (constraint 

force) f
d

. ʊʦʛʘʰ ʨʘʚʝʥʢʘʪʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʯʝʩʪʠʯʢʘʪʘ ʤʦʞʝ ʜʘ ʙʠʜʝ ʟʘʧʠʘhʥʘ ʢʘʢʦ: 

0
dK

F f
dt

+ - =

d
d dd

                                           (3.3.46) 

ɺʝʣʠʯʠʥʘʪʘ dK

dt

d
 ʧʨʝʪʩʪʘʚʫʚʘ ʩʧʨʦʪʠʚʥʘ ʝʬʝʢʪʠʚʥʘ ʩʠʣʘ (reverse effective 

force) ʩʧʦʤʝʥʘʪʘ ʧʦʛʦʨʝ. ɼʘ ʥʘʧʦʤʝʥʝʤʝ ʜʝʢʘ ʚʠʨʪʫʝʣʥʘʪʘ ʨʘʙʦʪʘ2 ʥʘ ʩʠʣʘʪʘ ʥʘ 

ʦʛʨʘʥʠʯʫʚʘˁʝʪʦ (constraint force) ʝ ʥʫʣʘ, 0f rdÖ =
d d

, ʙʠʜʝʿ˃ʠ f
d

 ʠ rd
d
ʩʝ ʤʝʺʫʩʝʙʥʦ 

ʥʦʨʤʘʣʥʠ. ɺʠʨʪʫʝʣʥʘʪʘ ʨʘʙʦʪʘ ʥʘ ʩʠʣʠʪʝ ʢʦʠ ʜʝʣʫʚʘʘʪ ʥʘ ʯʝʩʪʠʯʢʘʪʘ ʝ 

[ ( )] 0 ( 1,2,..., )i
i

dK
F r i n

dt
d- Ö = =

d
d d

,                        (3.3.47) 

ʘ ʟʘ ʩʠʩʪʝʤ ʦʜ n  ʯʝʩʪʠʯʢʠ (ʤʘʪʝʨʠʿʘʣʥʠ ʪʦʯʢʠ), 

1

[ ( )] 0 ( 1,2,..., )
n

i
i

i

dK
F r i n

dt
d

=

- Ö = =ä

d
d d

                       (3.3.48) 

ɼʨʫʛ ʥʘʯʠʥ ʥʘ ʟʘʧʠʩ ʥʘ ʦʚʘʘ ʨʘʚʝʥʢʘ ʝ 

2

2
1

[ ( )] 0 ( 1,2,..., )
n

i
i i

i

d r
F m r i n

dt
d

=

- Ö = =ä
dd d

                    (3.3.49) 

ʢʘʜʝ r
d
ʝ ʚʝʢʪʦʨ ʥʘ ʧʦʟʠʮʠʿʘʪʘ ʥʘ ʯʝʩʪʠʯʢʘʪʘ. ʏʣʝʥʦʪ  

2

2

i i
i i

d r dK dV
m m

dt dt dt
- =- =-

d dd
 

 ʠʤʘ ʜʠʤʝʥʟʠʠ  ʥʘ ʩʠʣʘ ʠ ʝ ʧʦʟʥʘʪ ʢʘʢʦ ʠʥʝʨʮʠʿʘʣʥʘ ʩʠʣʘ (inertia force) ʢʦʿʘ ʜʝʣʫʚʘ 
ʥʘ  i-ʪʘʪʘ ʯʝʩʪʠʮʘ.  ɿʘʧʠʩʦʪ (3.3.49) ʝ ʃʘʛʨʘʥʞʦʚʘ (Lagrangian) ʬʦʨʤʘ ʥʘ ɼʘʣʘʤʙʝ-

ʨʦʚʠʦʪ ʧʨʠʥʮʠʧ ʠ ʧʨʝʪʩʪʘʚʫʚʘ ʝʜʥʘ ʦʜ ʥʘʿʚʘʞʥʠʪʝ ʨʘʚʝʥʢʠ ʥʘ ʢʣʘʩʠʯʥʘʪʘ ʜʠʥʘ-

ʤʠʢʘ. 

ʂʫʩʦ, ɼʘʣʘʤʙʝʨʦʚʠʦʪ ʧʨʠʥʮʠʧ (3.3.45) ʩʝ ʠʟʨʘʟʫʚʘ ʚʦ ʬʦʨʤʘ: 

0=-ä amFi

dd
                                                (3.3.50) 

ʠ ʪʚʨʜʠ ʜʝʢʘ ʚʝʢʪʦʨʩʢʘʪʘ ʩʫʤʘ ʥʘ ʩʠʪʝ ʥʘʜʚʦʨʝʰʥʠ ʠ ʠʥʝʨʮʠʿʘʣʥʠ ʩʠʣʠ ʝ ʝʜʥʘ-

ʢʚʘ ʥʘ ʥʫʣʘ.  

ɸʥʘʣʦʛʥʦ ʚʨʝʜʠ ʟʘ ʨʦʪʘʮʠʦʥʦʪʦ ʜʚʠʞʝˁʝ ʥʘ ʩʠʩʪʝʤʦʪ  

0=-ä a
dd

IM i                                               (3.4.51) 

                                                
2
 ʅʝʢʘ ʥʘ ʯʝʩʪʠʯʢʘ ʜʝʣʫʚʘʘʪ ʥʝʢʦʣʢʫ ʩʠʣʠ. ɸʢʦ ʯʝʩʪʠʯʢʘʪʘ ʝ ʚʦ ʨʘʤʥʦʪʝʞʘ, ʪʦʛʘʰ ʨʝʟʫʣ-

ʪʘʥʪʘʪʘ ʥʘ ʦʚʠʝ ʩʠʣʠ R
d
ʤʦʨʘ ʜʘ ʩʝ ʧʦʥʠʰʪʠ, 0iR F=S =

dd d
, ʘ ʨʘʙʦʪʘʪʘ ʥʘʧʨʘʚʝʥʘ ʦʜ ʦʚʠʝ 

ʩʠʣʠ ʝ ʚʠʨʪʫʝʣʥʦ ʧʦʤʝʩʪʫʚʘˁʝ rd
d

 ʢʦʝ ʝ ʝʜʥʘʢʚʦ ʥʘ ʥʫʣʘ. ʆʪʪʘʤʫ 0R rdÖ =
d d

. 
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ʢʘʜʝ iM
d
ʝ ʥʘʜʚʦʨʝʰʝʥ ʤʦʤʝʥʪ, I ʝ ʤʦʤʝʥʪ ʥʘ ʠʥʝʨʮʠʿʘ, ʘ a

d
ʝ ʘʛʦʣʥʦ ʟʘʙʨʟʫʚʘˁʝ. 

 

 

 

9. ʃʘʛʨʘʥʞʦʚʠ ʨʘʚʝʥʢʠ 

 

  ɿʘ ʩʦʩʪʘʚʫʚʘˁʝ ʥʘ ʨʘʚʝʥʢʠʪʝ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʤʝʭʘʥʠʯʢʠʪʝ ʩʠʩʪʝʤʠ, ʦʩʚʝʥ 

ɳʫʪʥʦʚʠʪʝ ʟʘʢʦʥʠ ʟʘ ʢʦʠ ʝ ʛʦʚʦʨʝʥʦ ʧʨʝʪʭʦʜʥʦ, ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʘʪ ʠ ʃʘʛʨʘʥ-

ʞʦʚʠʪʝ ʨʘʚʝʥʢʠ ʦʜ ʚʪʦʨ ʨʝʜ [4,27,34]. 

 ʃʘʛʨʘʥʞʦʚʠʪʝ ʨʘʚʝʥʢʠ ʧʦʩʝʙʥʦ ʩʝ ʧʦʛʦʜʥʠ ʟʘ ʤʦʜʝʣʠʨʘˁʝ ʥʘ ʤʝʭʘʥʠʯʢʠʪʝ 

ʩʠʩʪʝʤʠ ʢʦʠ ʩʝ ʩʘʩʪʦʿʘʪ ʦʜ ʧʦʚʝ˃ʝ ʪʝʣʘ (ʥʘʧʨ. ʨʦʙʦʪʩʢʠ ʤʘʥʠʧʫʣʘʪʦʨʠ, ʚʦʟʠʣʘ 

ʠʪʥ.). ʇʦʛʦʜʥʦʩʪʘ ʩʝ ʦʛʣʝʜʘ ʚʦ ʪʦʘ ʰʪʦ ʪʠʝ ʘʚʪʦʤʘʪʩʢʠ ʛʠ ʚʢʣʫʯʫʚʘʘʪ ʦʛʨʘʥʠʯʫ-
ʚʘˁʘʪʘ ʠʣʠ  ʚʨʩʢʠʪʝ ʢʦʠ  ʧʦʩʪʦʿʘʪ ʧʦʨʘʜʠ  ʤʝʺʫʩʦʙʥʘʪʘ ʧʦʚʨʟʘʥʦʩʪ ʥʘ ʨʘʟʣʠʯʥʠʪʝ 

ʜʝʣʦʚʠ ʥʘ ʩʠʩʪʝʤʦʪ. ʇʦʨʘʜʠ ʪʦʘ ʩʝ ʝʣʠʤʠʥʠʨʘ ʧʦʪʨʝʙʘʪʘ ʟʘ ʫʚʨʩʪʫʚʘˁʝ ʥʘ ʝʜʝʥ 

ʩʠʩʪʝʤ ʥʘ ʨʘʚʝʥʢʠ ʚʦ ʜʨʫʛ ʧʦʨʘʜʠ ʝʣʠʤʠʥʘʮʠʿʘʪʘ ʥʘ ʩʠʣʠʪʝ ʠ ʤʦʤʝʥʪʠʪʝ ʥʘ 

ʚʨʩʢʠʪʝ, ʢʘʢʦ ʚʦ ʩʣʫʯʘʿʦʪ ʥʘ ʧʨʠʤʝʥʘ ʥʘ ɳʫʪʥʦʚʠʪʝ ʟʘʢʦʥʠ ʧʨʠ ʦʧʠʩʦʪ ʥʘ ʩʣʦʞʝʥʠ 

ʩʠʩʪʝʤʠ. ɹʠʜʝʿ˃ʠ ʃʘʛʨʘʥʞʦʚʠʪʝ ʨʘʚʝʥʢʠ ʦʧʝʨʠʨʘʘʪ ʩʦ ʩʢʘʣʘʨʥʠ ʛʦʣʝʤʠʥʠ  (ʧʦʪʝʥ-

ʮʠʿʘʣʥʘ ʠ ʢʠʥʝʪʠʯʢʘ  ʝʥʝʨʛʠʿʘ) ʥʘʤʝʩʪʦ ʩʦ ʚʝʢʪʦʨʠ (ʩʠʣʠ ʠ ʤʦʤʝʥʪʠ) ʪʠʝ ʠʩʪʦ ʪʘʢʘ 

ʿʘ ʤʠʥʠʤʠʟʠʨʘʘʪ ʧʦʪʨʝʙʘʪʘ ʟʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʥʘ ʚʝʢʪʦʨʩʢʠʪʝ ʛʦʣʝʤʠʥʠ ʚʦ ʩʦʦʜ-

ʚʝʪʥʠ ʢʦʦʨʜʠʥʘʪʥʠ ʩʠʩʪʝʤʠ. ʇʦʢʨʘʿ ʧʨʝʜʥʦʩʪʠʪʝ ʤʦʞʘʪ ʜʘ ʩʝ ʩʧʦʤʥʘʪ ʠ ʥʝʜʦʩʪʘ-

ʪʦʮʠʪʝ ʥʘ ʃʘʛʨʘʥʞʦʚʠʪʝ ʨʘʚʝʥʢʠ  ʢʦʠ ʩʝ ʩʦʛʣʝʜʫʚʘʘʪ ʚʦ ʧʦʪʨʝʙʘʪʘ ʜʘ ʩʝ ʠʜʝʥʪʠʬʠ-

ʢʫʚʘʘʪ (ʦʧʨʝʜʝʣʘʪ) ʩʠʪʝ ʛʝʥʝʨʘʣʠʟʠʨʘʥʠ ʢʦʦʨʜʠʥʘʪʠ ʢʦʨʝʢʪʥʦ ʥʘ ʩʘʤʠʦʪ ʧʦʯʝʪʦʢ 

ʥʘ ʘʥʘʣʠʟʘʪʘ ʥʘ ʢʦʥʢʨʝʪʥʠʦʪ ʩʠʩʪʝʤ. ɻʨʝʰʢʠʪʝ ʥʘʧʨʘʚʝʥʠ ʚʦ ʦʚʘʘ ʪʦʯʢʘ ʤʦʞʝ ʜʘ 
ʨʝʟʫʣʪʠʨʘʘʪ ʚʦ ʩʠʩʪʝʤ ʥʘ ʜʠʬʝʨʝʥʮʠʿʘʣʥʠ ʨʘʚʝʥʢʠ ʢʦʠ ʤʦʞʘʪ ʜʘ ʠʟʛʣʝʜʘʘʪ ʢʦʨʝʢ-

ʪʥʦ ʤʝʺʫʪʦʘ ʥʝ ʤʦʞʘʪ ʜʘ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʢʦʨʝʢʪʝʥ  ʤʦʜʝʣ ʥʘ ʬʠʟʠʯʢʠʦʪ ʩʠʩʪʝʤ ʰʪʦ 

ʩʝ ʠʩʪʨʘʞʫʚʘ [27]. 

  ʌʫʥʜʘʤʝʥʪʘʣʥʘ ʠʜʝʿʘ ʥʘ ʃʘʛʨʘʥʞʦʚʠʪʝ ʨʘʚʝʥʢʠ ʧʨʝʜʩʪʘʚʫʚʘ ʧʨʠʢʘʟʦʪ ʥʘ 

ʩʠʩʪʝʤʦʪ ʩʦ ʤʥʦʞʝʩʪʚʦ ʥʘ ʛʝʥʝʨʘʣʠʟʠʨʘʥʠ ʢʦʦʨʜʠʥʘʪʠ )s,...,2,1i(qi =  ʧʦ ʝʜʥʘ ʟʘ 

ʩʝʢʦʿ ʥʝʟʘʚʠʩʝʥ ʩʪʝʧʝʥ ʥʘ ʩʣʦʙʦʜʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʩʠʩʪʝʤʦʪ, ʢʦʠ ʧʦʪʧʦʣʥʦ ʛʠ 

ʚʢʣʫʯʫʚʘʘʪ ʦʛʨʘʥʠʯʫʚʘˁʘʪʘ ʩʚʦʿʩʪʚʝʥʠ ʟʘ ʪʦʿ ʩʠʩʪʝʤ, ʪʝ ʤʝʺʫʩʦʙʥʠʪʝ ʚʨʩʢʠ ʧʦʤʝʺʫ 

ʜʝʣʦʚʠʪʝ  ʥʘ ʩʠʩʪʝʤʦʪ. ʇʦ ʛʝʥʝʨʘʣʠʟʠʨʘʥʠʪʝ ʢʦʦʨʜʠʥʘʪʠ, ʢʠʥʝʪʠʯʢʘʪʘ ʝʥʝʨʛʠʿʘ ʊ 

ʥʘ ʩʠʩʪʝʤʦʪ ʩʝ ʠʟʨʘʟʫʚʘʘʪ ʩʦ ʧʦʤʦʰ ʥʘ ʦʚʠʝ ʢʦʦʨʜʠʥʘʪʠ ʠ ʩʦ ʥʠʚʥʠʪʝ ʜʝʨʠʚʘʮʠʠ, ʘ  

ʧʦʪʝʥʮʠʿʘʣʥʘʪʘ  ʝʥʝʨʛʠʿʘ  U ʩʝ ʠʟʨʘʟʫʚʘ ʧʨʝʢʦ ʛʝʥʝʨʘʣʠʟʠʨʘʥʠʪʝ ʢʦʦʨʜʠʥʘʪʠ. 

(ʇʦʪʝʥʮʠʿʘʣʥʘʪʘ  ʝʥʝʨʛʠʿʘ ʝ ʬʫʥʢʮʠʿʘ ʩʘʤʦ ʦʜ ʛʝʥʝʨʘʣʠʟʠʨʘʥʠʪʝ ʢʦʦʨʜʠʥʘʪʠ, ʘ ʥʝ 

ʠ ʦʜ ʥʠʚʥʠʪʝ ʜʝʨʠʚʘʮʠʠ - ʠʟʚʦʜʠ). ʇʦʥʘʪʘʤʫ ʩʝ ʬʦʨʤʠʨʘ ʬʫʥʢʮʠʿʘʪʘ ʥʘ 

ʃʘʛʨʘʥʞ (ʃʘʛʨʘʥʞʦʚʘ ʬʫʥʢʮʠʿʘ, ʣʘʛʨʘʥʞʠʿʘʥ), ʢʦʿʘ ʠʤʘ ʬʦʨʤʘ: 

                          )(),( qqq UEL -= "                                        (3.3.63) 

ʢʘʜʝ ʩʝ: 
T

sqqq ],...,,[ 21=q  ʃʘʛʨʘʥʞʦʚ ʧʦʦʧʰʪʝʥ ʚʝʢʪʦʨ (ʠʣʠ ʧʦʦʧʰʪʝʥ ʚʝʢʪʦʨ ʥʘ 

ʢʦʦʨʜʠʥʘʪʠʪʝ) ʠ 
T

sqqq ],...,,[ 21 """"=q  ʧʦʦʧʰʪʝʥ ʚʝʢʪʦʨ ʥʘ ʙʨʟʠʥʠʪʝ. ʀ ʢʦʥʝʯʥʦ, ʩʘ-

ʢʘʥʠʪʝ ʨʘʚʝʥʢʠ ʥʘ ʜʚʠʞʝˁʝ ʩʝ ʠʟʚʝʜʫʚʘʘʪ ʩʦ  ʫʧʦʪʨʝʙʘ ʥʘ ʃʘʛʨʘʥʞʦʚʠʪʝ ʨʘʚʝʥʢʠ: 
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ʢʘʜʝ ʩʝ: ),...,2,1( siQi =  ʛʝʥʝʨʘʣʠʟʠʨʘʥʠ ʩʠʣʠ (ʪʝ. ʩʠʣʠ ʠ ʤʦʤʝʥʪʠ) ʢʦʠ ʜʝʿʩʪʚʫʚʘʘʪ 

ʥʘ  ʩʠʩʪʝʤʦʪ ʦʜʥʘʜʚʦʨ ʠʣʠ ʥʝ ʩʝ ʠʟʚʦʜʣʠʚʠ ʦʜ ʩʢʘʣʘʨʥʘʪʘ ʧʦʪʝʥʮʠʿʘʣʥʘ ʬʫʥʢʮʠʿʘ 

U,  
T

sQQQ ],...,,[ 21=Q  -ʚʝʢʪʦʨ ʥʘ ʛʝʥʝʨʘʣʠʟʠʨʘʥʠʪʝ ʩʠʣʠ. 

  ʉʝʢʦʿʘ ʦʜ ʜʠʬʝʨʝʥʮʠʿʘʣʥʠʪʝ ʨʘʚʝʥʢʠ ʚʦ ʩʠʩʪʝʤʦʪ (3.3.64), ʦʜʥʦʩʥʦ (3.3.65)  

˃ʝ ʙʠʜʝ ʜʠʬʝʨʝʥʮʠʿʘʣʥʘ ʨʘʚʝʥʢʘ ʦʜ ʚʪʦʨ ʨʝʜ. ɸʢʦ ʝʜʥʘ ʧʨʦʤʝʥʣʠʚʘ ʥʘ ʩʦʩʪʦʿʙʘʪʘ ʠ 

ʩʝ ʧʨʠʜʨʫʞʠ ʥʘ ʩʝʢʦʿʘ ʛʝʥʝʨʘʣʠʟʠʨʘʥʘ ʢʦʦʨʜʠʥʘʪʘ, a ʜʨʫʛʘ ʥʘ ʩʦʦʜʚʝʪʥʘʪʘ 

ʜʝʨʠʚʘʮʠʿʘ ˃ʝ ʩʝ ʜʦʙʠʝ ʩʠʩʪʝʤ ʦʜ sn 2= ʨʘʚʝʥʢʠ ʥʘ ʩʦʩʪʦʿʙʘ. ʆʪʪʘʤʫ ʩʣʝʜʠ ʜʝʢʘ 

ʩʠʩʪʝʤʦʪ ʩʦ sʩʪʝʧʝʥʠ ʥʘ ʩʣʦʙʦʜʘ ʝ ʦʜ s2 -ʪʠ ʨʝʜ. 

  ʆʩʚʝʥ ʤʝʭʘʥʠʯʢʠʪʝ ʩʠʩʪʝʤʠ ʩʦ ʃʘʛʨʘʥʞʦʚʠʪʝ ʨʘʚʝʥʢʠ ʤʦʞʝ ʜʘ ʩʝ ʦʧʠʰʫ-

ʚʘʘʪ ʠ  ʝʣʝʢʪʨʦʤʝʭʘʥʠʯʢʠ ʩʠʩʪʝʤʠ ʢʘʢʦ ʠ ʯʠʩʪʦ ʝʣʝʢʪʨʠʯʥʠ ʩʠʩʪʝʤʠ. ʂʘʢʦ ʧʦʦʧ-

ʰʪʝʥʠ  ʢʦʦʨʜʠʥʘʪʠ ʤʦʞʝ ʜʘ ʩʝ ʠʟʙʝʨʘʪ ʨʘʟʣʠʯʥʠ ʛʦʣʝʤʠʥʠ, ʥʘ ʧʨʠʤʝʨ: ʜʦʣʞʠʥʠ, 

ʘʛʣʠ, ʣʘʢʦʚʠ, ʧʦʚʨʰʠʥʠ ʠʪʥ. ʇʨʘʚʘʛʦʣʥʠʪʝ ʠ ʩʬʝʨʥʠʪʝ ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʤʝʭʘʥʠʯʢʠʦʪ  

ʩʠʩʪʝʤ ʩʝ ʩʘʤʦ ʩʧʝʮʠʿʘʣʥʠ ʩʣʫʯʘʝʚʠ ʥʘ ʧʦʦʧʰʪʝʥʠ ʢʦʦʨʜʠʥʘʪʠ. 

  ʂʠʥʝʪʠʯʢʘʪʘ ʝʥʝʨʛʠʿʘ ʥʘ ʢʨʫʪʦʪʦ ʪʝʣʦ ʝ ʝʜʥʘʢʚʘ ʥʘ ʩʫʤʘʪʘ ʥʘ ʢʠʥʝʪʠʯʢʘʪʘ 

ʝʥʝʨʛʠʿʘ ʚʦ ʧʦʩʪʘʧʥʦʪʦ ʜʚʠʞʝˁʝ ʠ ʢʠʥʝʪʠʯʢʘʪʘ ʝʥʝʨʛʠʿʘ ʚʦ ʨʦʪʘʮʠʦʥʦʪʦ ʜʚʠʞʝˁʝ 

ʦʢʦʣʫ ʮʝʥʪʘʨʦʪ ʥʘ ʤʘʩʘʪʘ, ʪʝ. ʚʘʞʠ ʨʝʣʘʮʠʿʘʪʘ (3.3.60) ʠʣʠ ʨʘʟʚʠʝʥʘʪʘ ʬʦʨʤʘ 

(3.3.62).  

ɸʢʦ ʩʝ ʠʩʢʦʨʠʩʪʘʪ ʧʨʦʝʢʮʠʠʪʝ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʮʝʥʪʘʨʦʪ ʥʘ ʤʘʩʘʪʘ V
d
ʚʦ 

ʠʥʝʨʮʠʿʘʣʥʠʦʪ (ʛʝʦʜʝʪʩʢʠʦʪ, ʚʨʟʘʥ ʟʘ ɿʝʤʿʘʪʘ) ʩʠʩʪʝʤ  ʠ ʧʨʦʝʢʮʠ-

ʠʪʝ ʥʘ ʘʧʩʦʣʫʪʥʘʪʘ ʘʛʦʣʥʘ ʙʨʟʠʥʘ w
dd
=W  ʥʘ ʣʝʪʘʣʦʪʦ ʚʦ ʢʦʦʨʜʠʥʘʪʥʠʦʪ ʩʠʩʪʝʤ 

),,;( bbb zyxPB  ʢʦʿ ʰʪʦ ʝ ʚʨʟʘʥ ʟʘ ʪʝʣʦʪʦ (body axis) (ʚ. ʉʣ.5.2.3): 
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ʢʘʜʝ ʩʝ: 
TT

ggg ],,[ 321

ddd
=g ʠ 

TT
bbb ],,[ 321

ddd
=b  ʙʘʟʠ ʥʘ ʩʠʩʪʝʤʠʪʝ G ʠ B 

ʨʝʩʧʝʢʪʠʚʥʦ, ʬʦʨʤʠʨʘʥʠ ʦʜ ʩʦʦʜʚʝʪʥʠʪʝ ʦʨʪʦʚʠ, ʪʦʛʘʰ ʠʟʨʘʟʦʪ ʟʘ ʢʠʥʝʪʠʯʢʘ 

ʝʥʝʨʛʠʿʘ (3.3.60) ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʠʰʝ ʚʦ ʬʦʨʤʘ 
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ʧʨʠ ʰʪʦ ʝ ʟʝʤʝʥʦ ʜʝʢʘ ʤʘʪʨʠʮʘʪʘ ʥʘ ʪʝʥʟʦʨʦʪ ʥʘ ʠʥʝʨʮʠʿʘ ʚʦ ʚʨʟʘʥʠʦʪ ʩʠʩʪʝʤ ʝ 

ʝʜʥʘʢʚʘ ʥʘ ).,,( zyxB IIIdiag=I  

),,;0( 000 zyxG
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  ʇʦʪʝʥʮʠʿʘʣʥʘʪʘ ʝʥʝʨʛʠʿʘ ʥʘ ʢʨʫʪʦʪʦ ʪʝʣʦ ʢʦʝ ʩʝ ʜʚʠʞʠ ʚʦ ʫʥʠʬʦʨʤʥʦ 

ʛʨʘʚʠʪʘʮʠʦʥʦ ʧʦʣʝ ʥʘ ɿʝʤʿʪʘ ʝ ʦʜʨʝʜʝʥʘ ʩʦ ʝʜʥʦʩʪʘʚʥʠʦʪ ʠʟʨʘʟ 

                                                    ,)( mghU =q                                              (3.3.68) 

ʢʘʜʝ 0zh -=  ʚʠʩʠʥʘʪʘ ʥʘʜ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ɿʝʤʿʘʪʘ, ʘʢʦ ʝ ʦʩʢʘʪʘ oz ʥʘ ʩʠʩʪʝʤʦʪ 

 ʥʘ ʉʣ. 3.3.3 ʥʘʩʦʯʝʥʘ ʧʦ ʚʝʨʪʠʢʘʣʘʪʘ. 

ʉʧʦʨʝʜ ʪʦʘ ʃʘʛʨʘʥʞʦʚʘʪʘ ʬʫʥʢʮʠʿʘ (3.3.63) ʟʘ ʢʨʫʪʦ ʪʝʣʦ ʝ ʦʜʨʝʜʝʥʘ ʩʦ 
ʠʟʨʘʟʦʪ:    

 mghrIqIpIVVV
m

L zyxzyx -+++++= )(
2

1
)(

2

222222

000
    (3.3.69) 

ɸʢʦ ʢʘʢʦ ʛʝʥʝʨʘʣʠʟʠʨʘʥʠ ʢʦʦʨʜʠʥʘʪʠ ʩʝ ʫʩʚʦʿʘʪ ʪʨʠ ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʮʝʥʪʘʨʦʪ 

ʤʘʩʘʪʘ ʚʦ ʠʥʝʨʮʠʿʘʣʥʠʦʪ ʩʠʩʪʝʤ 000 ,, zyx  ʠ ʪʨʠ ʘʛʣʠ ʥʘ ʦʨʠʝʥʪʘʮʠʿʘ ʥʘ ʪʝʣʦʪʦ 

qf,  ʠ y ʛʝʥʝʨʘʣʠʟʠʨʘʥʠʪʝ ʚʝʢʪʦʨʠ ʥʘ ʢʦʦʨʜʠʥʘʪʠʪʝ ʠ  ʙʨʟʠʥʠʪʝ  ˃ ʝ ʙʠʜʘʪ: 

                  
Tzyx ],,,,,[ 000 yqf=q                                    (3.3.70) 

                  
Tzyx ],,,,,[ 000 yqf """""""=q                                     (3.3.71) 

ʂʠʥʝʪʠʯʢʘʪʘ ʝʥʝʨʛʠʿʘ (5.2.60), ʦʜʥʦʩʥʦ ʃʘʛʨʘʥʞʦʚʘʪʘ ʬʫʥʢʮʠʿʘ ʤʦʞʝ ʜʘ ʩʝ 

ʠʟʨʘʟʠ ʚʦ ʬʫʥʢʮʠʿʘ ʦʜ ʛʝʥʝʨʘʣʠʟʠʨʘʥʠʪʝ ʢʦʦʨʜʠʥʘʪʠ (5.2.70) ʠ ʙʨʟʠʥʠ (5.2.71)  ʘʢʦ  

ʩʝ ʠʩʢʦʨʠʩʪʘʪ ʨʝʣʘʮʠʠʪʝ ʢʦʠ ʛʠ ʧʦʚʝʨʫʚʘʘʪ ʦʚʠʝ ʧʨʦʤʝʥʣʠʚʠ ʩʦ ʩʦʦʜʚʝʪʥʠʪʝ 

ʧʨʦʝʢʮʠʠ V
d

 ʠ W
d

  ʥʘ ʦʩʢʠʪʝ ʥʘ ʚʨʟʘʥʠʦʪ ʩʠʩʪʝʤ: 
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              (3.3.73) 

  ʉʦ ʫʚʨʩʪʫʚʘˁʝ (3.3.72) ʠ (3.3.73) ʚʦ (3.3.69) ˃ʝ ʩʝ ʜʦʙʠʝ ʃʘʛʨʘʥʞʦʚʘʪʘ 

ʬʫʥʢʮʠʿʘ ʚʦ ʬʫʥʢʮʠʿʘ ʦʜ ʧʦʦʧʰʪʝʥʠʪʝ ʢʦʦʨʜʠʥʘʪʠ (3.3.70) ʠ ʙʨʟʠʥʠ (3.3.71). ʉʦ 

ʧʨʠʤʝʥʘ ʥʘ ʃʘʛʨʘʥʞʦʚʠʪʝ ʨʘʚʝʥʢʠ (3.3.64) ʠʣʠ (3.3.65) ʥʘ ʦʚʘʘ ʬʫʥʢʮʠʿʘ ʤʦʞʘʪ ʜʘ 

ʩʝ ʠʟʚʝʜʘʪ ʨʘʚʝʥʢʠʪʝ ʥʘ  ʜʚʠʞʝˁʝ ʥʘ ʢʨʫʪʦʪʦ ʪʝʣʦ. ʇʦʦʧʰʪʝʥʠʪʝ ʩʠʣʠ (ʪʝ. ʩʠʣʠ ʠ 

ʤʦʤʝʥʪʠ)  iQ   ʢʦʠ ʜʝʣʫʚʘʘʪ ʥʘ ʢʨʫʪʦʪʦ ʪʝʣʦ ʪʨʝʙʘ ʠʩʪʦ ʪʘʢʘ ʜʘ ʩʝ ʦʜʨʝʜʘʪ. 

  ɸʢʦ ʧʨʠ ʠʟʚʝʜʫʚʘˁʝʪʦ ʥʘ ʨʘʚʝʥʢʠʪʝ ʥʘ ʢʨʫʪʦ ʪʝʣʦ (ʦʙʿʝʢʪʦʪ ʩʚʘʪʝʥ ʢʘʢʦ ʢʨʫʪʦ 

ʪʝʣʦ) ʩʦ ʧʦʤʦʰ ʥʘ ɳʫʪʥʦʚʠʪʝ ʠ ʃʘʛʨʘʥʞʦʚʠʪʝ ʨʘʚʝʥʢʠ ʩʝ ʫʩʚʦʿʘʪ ʠʩʪʠ ʛʦʣʝʤʠʥʠ 

ʢʘʢʦ ʧʨʦʤʝʥʣʠʚʠ ʥʘ ʩʦʩʪʦʿʙʘʪʘ, ʦʜʥʦʩʥʦ, ʢʘʢʦ ʧʦʦʧʰʪʝʥʠ ʢʦʦʨʜʠʥʘʪʠ, ˃ʝ ʩʝ 

ʜʦʙʠʿʘʪ ʠʜʝʥʪʠʯʥʠ ʩʠʩʪʝʤʠ ʥʘ ʨʘʚʝʥʢʠ. 

),,;0( 000 zyxG
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ʇʦʩʪʘʧʢʠʪʝ ʥʘ ʦʧʠʰʫʚʘˁʝ ʥʘ ʤʝʭʘʥʠʯʢʠʪʝ ʩʠʩʪʝʤʠ ʢʦʠ ʧʨʝʪʩʪʘʚʫʚʘʘʪ 

ʩʠʩʪʝʤʠ ʩʦ ʧʦʚʝ˃ʝ ʢʨʫʪʠ ʪʝʣʘ ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʃʘʛʨʘʥʞʦʚʠʪʝ ʨʘʚʝʥʢʠ ʤʦʞʘʪ ʜʘ ʩʝ 

ʥʘʿʜʘʪ ʚʦ ʣʠʪʝʨʘʪʫʨʘʪʘ ʟʘ ʨʦʙʦʪʠʢʘ. ʇʨʦʙʣʝʤʠʪʝ ʥʘ ʤʦʜʝʣʠʨʘˁʝ ʥʘ ʩʠʩʪʝʤʠ ʥʘ 

ʢʨʫʪʠ ʪʝʣʘ ʩʝ ʦʙʨʘʙʦʪʝʥʠ ʠ ʚʦ ʮʠʪʠʨʘ ʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ [74,75]. 
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ʉʣ. 3.3.3. ɼʚʠʞʝˁʝ ʥʘ ʢʨʫʪʦ ʪʝʣʦ (ʣʝʪʘʣʦ ʩʬʘʪʝʥʦ ʢʘʢʦ ʢʨʫʪʦ ʪʝʣʦ) ʚʦ ʧʨʦʩʪʦʨʦʪ 

),,;( ooo zyxOO - ʦʩʥʦʚʝʥ ï ʠʥʝʨʮʠʿʘʣʝʥ ʢʦʦʨʜʠʥʘʪʝʥ ʩʠʩʪʝʤ, ),,;( bbb zyxPB - 

ʩʠʩʪʝʤ ʥʘ ʢʦʦʨʜʠʥʘʪʠ ʚʨʟʘʥ ʟʘ ʪʝʣʦʪʦ (b - body axis) ʯʠʿ ʧʦʯʝʪʦʢ ʝ ʚʦ ʮʝʥʪʘʨʦʪ ʥʘ 

ʤʘʩʘʪʘʪʘ (ʪʦʯʢʘ ʈ ʠʣʠ ʉʄ), ),,;( mmm zyxQM - ʢʦʦʨʜʠʥʘʪʝʥ ʩʠʩʪʝʤ ʧʘʨʘʣʝʣʥʦ 

ʧʦʤʝʩʪʝʥ ʚʦ ʦʜʥʦʩ ʥʘ ʩʠʩʪʝʤʦʪ ɺ ʩʦ ʧʦʯʝʪʦʢ  ʚʦ ʥʝʢʦʿʘ ʧʨʦʠʟʚʦʣʥʘ ʪʦʯʢʘ Q . 

 

  ʅʘ ʉʣ.3.3.3  ʝ ʠʣʫʩʪʨʠʨʘʥʦ ʜʚʠʞʝˁʝʪʦ ʥʘ ʢʨʫʪʦ ʪʝʣʦ (ʣʝʪʘʣʦ ʩʬʘʪʝʥʦ ʢʘʢʦ 

ʢʨʫʪʦ ʪʝʣʦ) ʚʦ ʧʨʦʩʪʦʨʦʪ. ʂʦʦʨʜʠʥʘʪʥʠʦʪ ʩʠʩʪʝʤ ),,;( ooo zyxOO  ʝ ʘʧʩʦʣʫʪʝʥ 

(ʠʣʠ ʠʥʝʨʮʠʿʘʣʝʥ). ʉʦ  ʪʦʯʢʘʪʘ ʈ ʝ ʦʟʥʘʯʝʥ ʮʝʥʪʘʨʦʪ ʥʘ ʤʘʩʘʪʘ (ʎʄ) (ʠʣʠ ʮʝʥʪʘʨʦʪ 

ʥʘ  ʠʥʝʨʮʠʿʘ) ʥʘ ʪʝʣʦʪʦ, ʘ ʪʦʯʢʘʪʘ Q  ʝ ʧʨʦʠʟʚʦʣʥʦ ʠʟʙʨʘʥʘ ʪʦʯʢʘ ʢʦʿʘ ʤʦʞʝ ʥʦ ʥʝ 

ʤʦʨʘ ʜʘ ʤʫ ʧʨʠʧʘʺʘ ʥʘ ʪʝʣʦʪʦ. ʉʝ ʟʝʤʘ ʢʦʦʨʜʠʥʘʪʥʠʦʪ ʩʠʩʪʝʤ ),,;( bbb zyxPB  ʜʘ 

ʠʤʘ ʧʦʯʝʪʦʢ ʚʦ ʮʝʥʪʘʨʦʪ ʥʘ ʤʘʩʘʪʘ ʠ ʜʘ ʝ ʢʨʫʪʦ ʚʨʟʘʥ ʟʘ ʪʝʣʦʪʦ (ʥʦ ʚʦ ʦʧʰʪ ʩʣʫʯʘʿ 

ʥʝ ʤʦʨʘ), ʘ ʩʠʩʪʝʤʦʪ  ),,;( mmm zyxQM ʩʦ ʧʦʯʝʪʦʢ ʚʦ ʪʦʯʢʘʪʘ Q  ˃ʝ ʩʝ ʩʤʝʪʘ ʜʝʢʘ 

ʝ ʪʨʘʥʩʣʘʪʦʨʥʦ ʧʦʤʝʩʪʝʥ ʚʦ ʦʜʥʦʩ ʥʘ ʩʠʩʪʝʤʦʪ ),,;( bbb zyxPB . ʉʦ  pr
d

  ʠ  qr
d

  ʩʝ 

ʦʟʥʘʯʝʥʠ ʚʝʢʪʦʨʠʪʝ ʥʘ ʧʦʟʠʮʠʿʘʪʘ ʥʘ ʪʦʯʢʠʪʝ  P  ʠ Q  ʚʦ ʦʜʥʦʩ ʥʘ ʥʝʧʦʜʚʠʞʥʠʦʪ 

ʧʦʣ ʆ . ʇʦʟʠʮʠʿʘʪʘ ʥʘ ʮʝʥʪʘʨʦʪ ʥʘ ʤʘʩʘʪʘ  P  ʚʦ ʦʜʥʦʩ ʥʘ ʧʨʦʠʟʚʦʣʥʘʪʘ ʪʦʯʢʘ Q  ʝ 

ʦʜʨʝʜʝʥʘ ʩʦ ʚʝʢʪʦʨʦʪ pqr
d

  (ʉʣ.3.3.3). ʉʦ dm ʝ ʦʟʥʘʯʝʥʘ ʝʣʝʤʝʥʪʘʨʥʘʪʘ ʤʘʩʘ ʥʘ 

ʪʝʣʦʪʦ ʯʠʿʘ ʧʦʟʠʮʠʿʘ ʚʦ ʦʜʥʦʩ ʥʘ ʮʝʥʪʘʨʦʪ ʥʘ ʤʘʩʘʪʘ P  ʝ ʦʜʨʝʜʝʥʘ ʩʦ ʚʝʢʪʦʨʦʪ  r
d

, 

a ʚʦ ʦʜʥʦʩ ʥʘ ʪʦʯʢʘʪʘ Q  ʩʦ ʚʝʢʪʦʨʦʪ r
d

. 
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3.3.2. ʄʦʜʝʣʠʨʘˁʝ ʥʘ ʪʨʘʥʩʣʘʪʦʨʥʠ ʤʝʭʘʥʠʯʢʠ ʩʠʩʪʝʤʠ 

 

ʊʠʧʠʯʝʥ ʧʨʠʤʝʨ ʥʘ ʪʨʘʥʩʣʘʪʦʨʝʥ ʤʝʭʘʥʠʯʢʠ ʩʠʩʪʝʤ ʝ ʧʨʠʢʘʞʘʥ ʥʘ 

ʉʣ.3.3.4. ʉʠʩʪʝʤʦʪ ʩʝ ʩʦʩʪʦʠ ʦʜ ʤʘʩʘ, ʧʨʫʞʠʥʘ ʠ ʧʨʠʜʫʰʫʚʘʯ. ɺʦ ʦʚʦʿ ʩʣʫʯʘʿ 

ʤʘʩʘʪʘ mʝ ʧʦʩʪʘʚʝʥʘ ʥʘ ʢʦʣʮʘ ʧʨʠ ʰʪʦ ʪʨʠʝˁʝʪʦ ʩʦ ʧʦʜʣʦʛʘʪʘ ʩʝ ʟʘʥʝʤʘʨʫʚʘ. 

ʄʘʩʘʪʘ ʧʨʝʢʫ ʧʨʫʞʠʥʘ ʠ ʧʨʫʜʫʰʫʚʘʯ ʝ ʚʨʟʘʥʘ ʟʘ ʥʝʧʦʜʚʠʞʥʘ ʦʩʥʦʚʘ. ʅʘ ʤʘʩʘʪʘ 

ʜʝʣʫʚʘ ʥʘʜʚʦʨʝʰʥʘ ʩʠʣʘ )(tf  .  
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k   - konst ant a na pr u` i nat a

c   - koef i ci ent  na vi skozno pr i du{ uvawe
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ʉʣ. 3.3.4. ʄʝʭʘʥʠʯʢʠ ʩʠʩʪʝʤ ʩʦ ʤʘʩʘ, ʧʨʫʞʠʥʘ ʠ ʧʨʠʜʫʰʫʚʘʯ 

 

 ʅʘʜʚʦʨʝʰʥʘʪʘ ʩʠʣʘ ʩʝ ʫʨʘʤʥʦʪʝʞʫʚʘ ʩʦ ʩʠʣʘʪʘ ʥʘ ʠʥʝʨʮʠʿʘ ʢʦʿʘ ʝ ʧʨʦ-

ʠʟʚʦʜ ʥʘ ʤʘʩʘʪʘ ʠ ʟʘʙʨʟʫʚʘˁʝʪʦ 
2

2 )(
)(

dt

txd
mtf i = , ʩʠʣʘʪʘ ʥʘ ʚʠʩʢʦʟʥʦ ʪʨʠʝˁʝ ʦʜ 

ʧʨʠʜʫʰʫʚʘʯʦʪ  ʢʦʿʘ ʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʩʦ ʙʨʟʠʥʘʪʘ ʥʘ ʤʘʩʘʪʘ 
dt

tdx
ctft

)(
)( =  ʠ 

ʩʠʣʘʪʘ ʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ʥʘ ʧʨʫʞʠʥʘʪʘ ʢʦʿʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʩʦ ʧʦʤʝʩʪʫʚʘˁʝʪʦ ʥʘ 

ʤʘʩʘʪʘ )()( tkxtfe = . ʉʧʦʨʝʜ ɳʫʪʥʦʚʠʦʪ ʟʘʢʦʥ ʥʘ ʘʢʮʠʿʘ ʠ ʨʝʘʢʮʠʿʘ ʥʘʜʚʦʨʝʰ-

ʥʘʪʘ ʩʠʣʘ ʩʝ ʫʨʘʥʤʦʪʝʞʫʚʘ ʩʦ ʟʙʠʨʦʪ ʥʘ ʠʥʝʨʮʠʿʘʣʥʘʪʘ ʩʠʣʘ, ʩʠʣʘʪʘ ʦʜ ʧʨʠʜʫ-

ʰʫʚʘʯʦʪ ʠ ʩʠʣʘʪʘ ʦʜ ʧʨʫʞʠʥʘʪʘ ʢʦʠ ʜʝʣʫʚʘʘʪ ʚʦ ʩʧʨʦʪʠʚʥʘ ʥʘʩʦʢʘ ʦʜ ʥʘʩʦʢʘʪʘ ʥʘ 

ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʠʣʘ ï ʢʘʢʦ ʝ ʧʦʢʘʞʘʥʦ  ʥʘ ʉʣ.3.3.4.b). ʉʧʦʨʝʜ ʪʦʘ, ʜʚʠʞʝˁʝʪʦ ʥʘ 

ʤʘʩʘʪʘ ʥʘ ʉʣ.3.3.4 ʚʦ ʥʘʩʦʢʘ ʥʘ x  ʦʩʢʘʪʘ ʩʝ ʦʧʠʰʫʚʘ ʩʦ ʩʣʝʜʥʘʚʘ ʜʠʬʝʨʝʥʮʠʿʘʣʥʘ 

ʨʘʚʝʥʢʘ ʦʜ ʚʪʦʨ ʨʝʜ: 

                   )(
2

2

tfkx
dt

dx
c

dt

xd
m =++ .                                     (3.3.74) 

ʢʘʜʝ m  ʝ ʤʘʩʘ, c  - ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʚʠʩʢʦʟʥʦ ʧʨʠʜʫʰʫʚʘˁʝ, k - ʢʦʥʩʪʘʥʪʘ ʥʘ 

ʧʨʫʞʠʥʘʪʘ ʠ x  ʧʦʤʝʩʪʫʚʘˁʝ ʥʘ ʤʘʩʘʪʘ.  

       ɸʢʦ ʨʘʚʝʥʢʘʪʘ (3.3.74) ʿʘ ʧʦʜʝʣʠʤʝ ʩʦ kʤʦʞʝ ʜʘ ʩʝ ʥʘʧʠʰʝ ʚʦ ʬʦʨʤʘ 

)(
1

2

2

tf
k

x
dt

dx

k

c

dt

xd

k

m
=++                                     (3.3.75) 
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ʠʣʠ, ʘʢʦ (3.3.74) ʿʘ ʧʦʜʝʣʠʤʝ ʩʦ m  ˃ʝ ʩʝ ʜʦʙʠʝ: 

                          )(
1

2

2

tf
m

x
m

k

dt

dx

m

c

dt

xd
=++                                    (3.3.76) 

 

ʄʦʜʝʣʦʪ ʥʘ ʤʝʭʘʥʠʯʢʠʦʪ ʩʠʩʪʝʤ ʚʦ ʧʨʦʩʪʦʨʦʪ ʥʘ ʩʦʩʪʦʿʙʘ ʤʦʞʝ ʜʘ ʛʦ ʜʦ-

ʙʠʝʤʝ ʘʢʦ ʫʩʚʦʠʤʝ ʢʘʢʦ ʚʘʨʠʿʘʙʣʠ ʥʘ ʩʦʩʪʦʿʙʘ ʧʦʟʠʮʠʿʘʪʘ ʥʘ ʤʘʩʘʪʘ )()(1 txtx =  ʠ 

ʙʨʟʠʥʘʪʘ ʥʘ ʧʦʤʝʩʪʫʚʘˁʝ ʥʘ ʤʘʩʘʪʘ )()(2 txtx "= , ʰʪʦ ʝ ʚʦʦʙʠʯʘʝʥʦ ʟʘ ʪʨʘʥʩʣʘʪʦʨʥʠ 

ʤʝʭʘʥʠʯʢʠ ʩʠʩʪʝʤʠ.  

ʉʝʛʘ ʨʘʚʝʥʢʘʪʘ (3.3.75) ʤʦʞʝ ʜʘ ʩʝ ʟʘʧʠʰʝ ʚʦ ʬʦʨʤʘ  

)(
1

2

2

tf
m

x
m

k

dt

dx

m

c

dt

xd
+--= ,   

ʠʣʠ, ʧʦ ʚʦʚʝʜʫʚʘˁʝʪʦ ʥʘ ʚʘʨʠʿʘʙʣʠʪʝ ʥʘ ʩʦʩʪʦʿʙʘ, ʩʝ ʜʦʙʠʚʘ ʩʠʩʪʝʤ ʦʜ ʜʚʝ ʜʠʬʝ-

ʨʝʥʮʠʿʘʣʥʠ ʨʘʚʝʥʢʠ ʦʜ ʧʨʚ ʨʝʜ: 
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                         (3.3.77) 

 ʄʘʪʨʠʯʥʘʪʘ ʬʦʨʤʘ ʥʘ ʨʘʚʝʥʢʠʪʝ (3.3.76) ʝ ʩʣʝʜʥʘʪʘ: 
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                     (3.3.78) 

ʠʣʠ, ʚʦ ʢʦʤʧʘʢʪʥʘ ʬʦʨʤʘ 

)()()( tutt bAxx +="                                       (3.3.79) 

ʢʘʜʝ ʚʝʢʪʦʨʦʪ ʥʘ ʩʦʩʪʦʿʙʘ x  ʠ ʤʘʪʨʠʮʠʪʝ ʥʘ ʩʠʩʪʝʤʦʪ A ʠ b  ʩʝ ʦʜʨʝʜʝʥʠ ʩʦ: 
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bA .             (3.3.80)     

 ʂʘʢʦ ʠʟʣʝʟ ʥʘ ʩʠʩʪʝʤʦʪ ʤʦʞʝ ʜʘ ʩʝ ʫʩʚʦʠ ʙʠʣʦ ʢʦʿʘ ʚʘʨʠʿʘʙʣʘ ʥʘ ʩʦʩʪʦʿʙʘ 

ʠʣʠ ʢʦʤʧʣʝʪʥʠʦʪ ʚʝʪʦʨ ʥʘ ʩʦʩʪʦʿʙʘ. ɸʢʦ ʫʩʚʦʠʤʝ ʜʘ ʝ )()( 1 txty =  ʪʦʛʘʰ ʤʘʪʨʠʯ-

ʥʠʦʪ ʟʘʧʠʩ ʥʘ ʨʘʚʝʥʢʘʪʘ ʟʘ ʠʟʣʝʟʦʪ ˃ʝ ʙʠʜʝ: 

)()()( tdutty T += xc                                    (3.3.81)   

ʢʘʜʝ ]01[=T
c  ʝ ʤʘʪʨʠʮʘ ʩʦ ʝʜʥʘ  ʨʝʜʠʮʘ ʠ ʜʚʝ ʢʦʣʦʥʠ, ʘ dʝ ʩʢʘʣʘʨ ʢʦʿ ʚʦ ʩʣʫʯʘʿʦʚ 

ʠʤʘ ʚʨʝʜʥʦʩʪ ʥʫʣʘ (0=d ).  
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 ɸʢʦ ʥʘ ʜʠʬʝʨʝʥʮʠʿʘʣʥʠʪʝ ʨʘʚʝʥʢʠ (3.3.75) ʠ (3.3.76) ʩʝ ʧʨʠʤʝʥʠ ʃʘʧʣʘʩʦʚʘ 

ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʧʨʠ ʥʫʣʪʠ ʧʦʯʝʪʥʠ ʫʩʣʦʚʠ, ˃ʝ ʩʝ ʜʦʙʠʿʘʪ ʩʣʝʜʥʠʚʝ ʜʚʝ ʘʣʛʝʙʘʨʩʢʠ 

ʨʘʚʝʥʢʠ ʚʦ ʢʦʤʧʣʝʢʩʥʦʪʦ ʧʦʜʨʘʯʿʝ : 
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=++                             (3.3.82) 

                  )(
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s =++                             (3.3.83) 

 ʆʜ ʛʦʨʥʠʪʝ ʨʘʚʝʥʢʠ ʩʝ ʜʦʙʠʚʘ ʧʨʝʥʦʩʥʘʪʘ  ʬʫʥʢʮʠʿʘ ʥʘ ʩʠʩʪʝʤʦʪ ʢʦʿʘ ʠʤʘ 

ʬʦʨʤʘ 
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 ɻʦʨʥʠʪʝ ʨʘʚʝʥʢʠ ï ʧʨʝʥʦʩʥʠ ʬʫʥʢʮʠʠ (3.3.84) ʠ (3.3.85) ʤʦʞʝ ʜʘ ʩʝ 

ʟʘʧʠʰʘʪ ʚʦ ʩʣʝʜʥʘʚʘ ʩʪʘʥʜʘʨʜʥʘ ʬʦʨʤʘ: 
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                   (3.3.86) 
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ɺʨʩʢʘʪʘ ʧʦʤʝʺʫ ʧʘʨʘʤʝʪʨʠʪʝ ʚʦ ʛʦʨʥʠʪʝ ʧʨʝʥʦʩʥʠ ʬʫʥʢʮʠʠ ʠ ʧʘʨʘʤʝʪʨʠʪʝ 

ʚʦ ʤʝʭʘʥʠʯʢʠʪ ʩʠʩʪʝʤ ʥʘ ʉʣ. 3.3.4. ʝ ʦʜʨʝʜʝʥʘ ʩʦ ʩʣʝʜʥʠʚʝ ʠʟʨʘʟʠ: 
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ʢʘʜʝ nw  ʝ ʬʨʝʢʚʝʥʮʠʿʘ ʥʘ ʥʝʧʨʠʜʫʰʝʥʠʪʝ ʦʩʮʠʣʘʮʠʠ ʥʘ ʩʠʩʪʝʤʦʪ, T - ʚʨʝʤʝʥʩʢʘ 

ʢʦʥʩʪʘʥʪʘ ï ʧʝʨʠʦʜʘ ʥʘ ʥʝʧʨʠʜʫʰʝʥʠʪʝ ʦʩʮʠʣʘʮʠʠ ʠ V - ʢʦʝʬʠʮʠʝʥʪ ʥʘ 

ʧʨʠʜʫʰʫʚʘˁʝ.  
  

ɸʥʘʣʠʪʠʯʢʦ ʨʝʰʝʥʠʝ ʥʘ ʜʠʬʝʨʝʥʮʠʿʘʣʥʘʪʘ ʨʘʚʝʥʢʘ ʨʘʚʝʥʢʘ (3.3.74) ʩʦ ʢʦʿʘ 

ʩʝ ʦʧʠʰʫʚʘ ʜʠʥʘʤʠʢʘʪʘ ʥʘ ʪʨʘʥʩʣʘʪʦʨʥʠʦʪ ʤʝʭʘʥʠʯʢʠ ʩʠʩʪʝʤ ʥʘ ʉʣ.3.3.4 ʝ ʜʘʜʝʥʦ 

ʚʦ ɻʣʘʚʘ 2, ʪʦʯʢʘ 2.10 ʚʦ ʢʦʿʘ ʩʝ ʦʜʨʝʜʫʚʘ ʠ ʘʥʘʣʠʟʠʨʘ ʦʜʟʠʚʦʪ ʥʘ ʩʠʩʪʝʤʠ ʦʜ ʧʨʚ ʠ 

ʚʪʦʨ ʨʝʜ. ɺʦ ʦʚʘʘ ɻʣʘʚʘ, ʚʦ ʊʦʯʢʘ  3.9 ʠʟʚʨʩʰʝʥʘ ʝ ʩʠʤʫʣʘʮʠʿʘ ʥʘ ʩʠʩʪʝʤʦʪ ʥʘ 

ʉʣ.3.3.4 ʚʦ ʄɸʊʃɸɹ. 

ʆʩʥʦʚʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʦʜ ʢʦʠ ʩʝ ʢʦʤʧʦʥʠʨʘʘʪ ʤʝʭʘʥʠʯʢʠʪʝ ʪʨʘʥʩʣʘʪʦʨʥʠ 

ʩʠʩʪʝʤʠ ʩʝ ʤʘʩʠ, ʧʨʫʞʠʥʠ ʠ ʧʨʠʜʠʫhʚʘʯʠ, ʢʘʢʦ ʥʘ ʉʣ.3.3.4. ʄʝʭʘʥʠʯʢʠʪʝ ʪʨʘʥʩʣʘ-

ʪʦʨʥʠ ʩʠʩʪʝʤʠ ʚʦ ʧʨʘʢʪʠʢʘʪʘ ʤʦʞʨʝ ʜʘ ʠʤʘʘʪ ʧʦʩʣʦʞʝʥʘ ʬʦʨʤʘ ʦʜ ʦʥʘʘ ʥʘ 

ʉʣ.3.3.4. ʇʨʠʤʝʨʠ ʥʘ ʪʘʢʚʠ ʩʠʩʪʝʤʠ ʤʦʞʝ ʜʘ ʩʝ ʥʘʿʜʘʪ ʚʦ ʧʦʰʠʨʦʢʘʪʘ ʣʠʪʝʨʘʪʫʨʘ, 

ʢʘʢʦ ʥʘ ʧʨʠʤʝʨ ʚʦ  [1,2,3,8].  ɺʦ ʊʘʙʝʣʘ 3.3.1. ʩʝ ʜʘʜʝʥʠ ʦʩʥʦʚʥʠʪʝ ʨʝʣʘʮʠʠ  ʧʦʤʝʺʫ 

ʚʝʣʠʯʠʥʠʪʝ ʢʦʠ ʛʦ ʢʘʨʘʢʪʝʨʠʟʠʨʘʘʪ ʦʜʥʝʩʫʚʘˁʝʪʦ ʥʘ ʦʩʥʦʚʥʠʪʝ ʤʝʭʘʥʠʯʢʠ 
ʢʦʤʧʦʥʝʥʪʠ- ʤʘʩʘ, ʧʨʫʞʠʥʘ ʠ ʧʨʠʜʫʰʫʚʘʯ [2].     

 

ʊʘʙʝʣʘ 3.3.1. ʀʟʨʘʟʠ ʟʘ ʩʠʣʘ-ʙʨʟʠʥʘ (Force-Velocity), ʩʠʣʘ-ʧʦʤʝʩʪʫʚʘˁʝ (Force-

displacement) ʠ ʠʤʧʝʜʘʥʮʠʿʘ (Impedance) ʚʦ ʪʨʘʥʩʣʘʪʦʨʥʦʪʦ ʜʚʠʞʝˁʝ ʟʘ ʧʨʫʞʠʥʘ, 

ʚʠʩʢʦʟʝʥ ʧʨʠʜʫʫhʚʘʯ ʠ ʤʘʩʘ 

 
 

 

 

 

 



ɻʣʘʚʘ 3.  ʄʘʪʝʤʘʪʠʯʢʦ ʤʦʜʝʣʠʨʘˁʝ ʥʘ ʜʠʥʘʤʠʯʢʠ ʩʠʩʪʝʤʠ   157 

 157 

 

 

 

 

ʇʨʠʤʝʨ 3.3.1. (Nise, p70, Example 2.16) [2] 

 

ʇʨʦʙʣʝʤ. ɼʘʜʝʥ ʝ ʩʠʩʪʝʤ ʩʦ ʝʜʝʥ ʩʪʝʧʝʥ ʥʘ ʩʣʦʙʦʜʘ ʥʘ ʜʚʠʞʝˁʝ ï ʝʜʥʘ ʨʘʚʝʥʢʘ ʥʘ 

ʜʚʠʞʝˁʝ - ʉʣ.3.3.5. ɼʘ ʩʝ ʦʜʨʝʜʠ ʧʨʝʥʦʩʥʘʪʘ ʬʫʥʢʮʠʿʘ ʥʘ ʩʠʩʪʝʤʦʪ. ʀʩʪʦ ʪʘʢʘ ʪʝʙʘ 

ʜʘ ʩʝ ʦʜʨʝʜʠ ʠ ʤʦʜʝʣʦʪ ʥʘ ʩʠʩʪʝʤʦʪ ʚʦ ʧʨʦʩʪʦʨʦʪ ʥʘ ʩʦʩʪʦʿʙʘ.  

 

 
 

ʉʣ.3.3.5. ʘ) ʉʠʩʪʝʤ ʩʦ ʤʘʩʘ, ʧʨʫʞʠʥʘ ʠ ʧʨʠʜʫʰʫʚʘʯ, ʙ) ʙʣʦʢ ʜʠʿʘʛʨʘʤ  

 

 
 

ʉʣ.3.3.6. ʘ) ɼʠʿʘʛʨʘʤ ʥʘ ʩʣʦʙʦʜʥʦ ʪʝʣʦ ʟʘ ʩʠʩʪʝʤʦʪ ʩʦ ʤʘʩʘ, ʧʨʫʞʠʥʘ ʠ 

ʧʨʠʜʫʰʫʚʘʯ, ʙ) ʪʨʘʥʩʬʦʨʤʠʨʘʥ ʜʠʿʘʛʨʘʤ ʥʘ ʩʣʦʙʦʜʥʦ ʪʝʣʦ  

 

ʇʨʠʤʝʨʦʪ ʝ ʨʝʰʝʥ ʚʦ  (Nise, p70, Example 2.16) [2]. ʉʠʩʪʝʤʦʪ ʚʦ ʧʨʠʤʝʨʦʪ 

ʝ ʠʜʝʥʪʠʯʝʥ ʩʦ ʧʨʝʪʭʦʜʥʦ ʘʥʘʣʠʟʠʨʘʥʠʦʪ ʩʠʩʪʝʤ ʥʘ ʉʣ.3.3.4 ʧʨʠ ʰʪʦʝ ʜʘʜʝʥʦ ʠ 
ʙʘʨʘʥʦʪʦ ʨʝʰʝʥʠʝ.  
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ʇʨʠʤʝʨ 3.3.2. (Nise, p72, Example 2.17) [2] 

 

ʇʨʦʙʣʝʤ.  ɼʘʜʝʥ ʝ ʤʝʭʘʥʠʯʢʠ ʩʠʩʪʝʤ ʩʦ ʜʚʘ ʩʪʝʧʝʥʘ ʥʘ ʩʣʦʙʦʜʘ ʥʘ ʜʚʠʞʝˁʝ  ʢʘʢʦ 

ʥʘ ʉʣ.3.3.6 ʘ). ʇʦʪʨʝʙʥʦ ʝ:  

ʘ) ʜʘ ʩʝ ʦʜʨʝʜʘʪ ʧʨʝʥʦʩʥʠʪʝ ʬʫʥʢʮʠʠ ʥʘ ʩʠʩʪʝʤʦʪ 
1( ) / ( )X s F s  ʠ 

2( ) / ( )X s F s ,   

ʙ) ʜʘ ʩʝ ʦʜʨʝʜʠ ʤʦʜʝʣʦʪ ʥʘ ʩʠʩʪʝʤʦʪ ʚʦ ʧʨʦʩʪʦʨʦʪ ʥʘ ʩʦʩʪʦʿʙʘ.  
 

 
ʉʣ.3.3.6. ʘ) ʊʨʘʥʩʣʘʪʦʨʝʥ ʤʝʭʘʥʠʯʢʠ ʩʠʩʪʝʤ ʩʦ ʜʚʘ ʩʪʝʧʝʥʘ ʥʘ ʩʣʦʙʦʜʘ ʥʘ 

ʜʚʠʞʝˁʝ, ʙ) ʙʣʦʢ ʜʠʿʘʛʨʘʤ 

 
ʈʝʰʝʥʠʝ: 

ʇʨʠʤʝʨʦʪ ʝ ʨʝʰʝʥ ʚʦ (Nise, p72, Example 2.17) [2]. ʇʨʦʙʣʝʤʦʝ ʝ ʨʝʰʝʥ 

ʩʘʤʦ ʧʦʜ ʪʦʯʢʘʪʘ ʘ) ʢʘʜʝ ʝ ʦʜʨʝʜʝʥʘ ʩʘʤʦ ʧʨʝʥʦʩʥʘʪʘ ʬʫʥʢʮʠʿʘ 
2( ) / ( )X s F s . 

ʄʦʜʝʣʦʪ ʚʦ ʧʨʦʩʪʦʨʦʪ ʥʘ ʩʦʩʪʦʿʙʘ ʪʨʝʙʘ ʜʘ ʩʝ ʦʜʨʝʜʠ ʩʘʤʦʩʪʦʿʥʦ (ʟʘʜʘʯʘ ʟʘ ʚʝʞʙʠ). 

ʇʦʜʦʣʫ ʥʘ ʉʣ.3.3.7 ʠ ʉʣ.3.3.8 ʩʝ ʜʘʜʝʥʠ ʜʠʿʘʛʨʘʤʠ ʥʘ ʩʠʣʠʪʝ ʢʦʠ ʜʝʣʫʚʘʘʪ ʥʘ 

ʤʘʩʠʪʝ ʢʘʢʦ ʩʣʦʙʦʜʥʠ ʢʨʫʪʠ ʪʝʣʘ. ʆʚʠʝ ʜʠʿʘʛʨʘʤʠ ʛʦ ʦʣʝʩʥʫʚʘʘʪ ʧʠʫhʚʘˁʝʪʦ ʥʘ 

ʨʘʚʝʥʢʠʪʝ ʥʘ ʩʠʩʪʝʤʦʪ. 
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ʉʣ.3.3.7. ʘ) ʉʠʣʠ ʥʘ ʄ1 ʧʦʨʘʜʠ ʜʚʠʞʝˁʝʪʦ ʩʘʤʦ ʥʘ ʄ1, ʙ) ʩʠʣʠ ʥʘ ʄ1 ʧʦʨʘʜʠ 

ʜʚʠʞʝˁʝʪʦ ʩʘʤʦ ʥʘ  ʄ2, ʩ) ʩʠʪʝ ʩʠʣʠ ʥʘ ʄ1 

 

 
 

ʉʣ.3.3.8. ʘ) ʉʠʣʠ ʥʘ ʄ2 ʩʘʤʦ ʧʦʨʘʜʠ ʜʚʠʞʝˁʝʪʦ ʥʘ ʄ2, ʙ) ʩʠʣʠ ʥʘ ʄ2 ʩʘʤʦ ʧʦʨʘʜʠ 

ʜʚʠʞʝˁʝʪʦ ʥʘ  ʄ1, ʩ) ʩʠʪʝ ʩʠʣʠ ʥʘ ʄ2 

 

ʊʘʢʘ, ʨʘʚʝʥʢʠʪʝ ʚʦ ʢʦʤʧʣʝʢʩʥʦʪʦ ʧʦʜʨʘʯʿʝ ʟʘ ʜʚʠʞʝˁʝʪʦ ʥʘ ʤʘʩʘʪʘ 1M ʛʠ 

ʧʠʰʫʚʘʤʝ ʦʜ ʉʣ.3.3.7.ʩ), ʘ ʟʘ ʜʚʠʞʝˁʝʪʦ ʥʘ ʤʘʩʘʪʘ  2M  ʦʜ ʉʣ.3.3.8.ʩ).  

 ɿʘ ʤʘʩʘʪʘ ʄ1 ʦʜ ʉʣ.3.3.7.ʩ) ʩʣʝʜʠ: 

1 3 3

2
1 1 2 1 2 2[ ( ) ( )] ( ) ( ) ( ) ( )v v vM s f f s K K X s f s K X s F s+ + + + - + =     (1) 

 ɿʘ ʤʘʩʘʪʘ ʄ2 ʦʜ ʉʣ.3.3.8 .ʩ) ʩʣʝʜʠ: 

3 2 3

2
2 1 2 2 3 2( ) ( ) [ ( ) ( )] ( ) ( )v v vf s K X s M s f f s K K X s F s- + + + + + + =     (2) 

 

 ʆʜ (1) ʠ (2) ʩʣʝʜʠ: 
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1 3 3

3 2 3

2
1 1 2 2 1

2
22 2 2 3

[ ( ) ( )] ( ) ( ) ( )

( ) 0( ) [ ( ) ( )]

v v v

v v v

M s f f s K K f s K X s F s

X sf s K M s f f s K K

è ø+ + + + - + è øè ø
é ù =é ùé ù
é ù- + + + + + ê úê úê ú

      (3) 

 

ʆʜ (3) ʜʦʙʠʚʘʤʝ: 

 

1 1

2

( ) ( )

( ) 0

X s F s

X s

-è ø è ø
=é ù é ù

ê úê ú
Q                                                 (4) 

 

1 3 3

3 2 3

2
1 1 2 2

2
2 2 2 3

[ ( ) ( )] ( )

( ) [ ( ) ( )]

v v v

v v v

M s f f s K K f s K

f s K M s f f s K K

è ø+ + + + - +
é ù=
é ù- + + + + +
ê ú

Q          (5)  

ʢʘʜʝ Q  ʝ ʤʘʪʨʠʮʘ, ʘ 
1-

Q  ʥʝʿʟʠʥʘ ʠʥʚʝʨʥʘ ʤʘʪʨʠʮʘ ʢʦʿʘ ʪʨʝʙʘ ʜʘ ʩʝ ʦʜʨʝʜʠ. 

 

 
 ʀʥʚʝʨʟʥʘʪʘ ʤʘʪʨʠʮʘ ʩʝ ʦʜʨʝʜʫʚʘ ʩʧʦʨʝʜ ʬʦʨʤʫʣʘʪʘ: 

1

det

adj-=
Q

Q
Q

.                                                    (6) 

ɸʜʿʫʥʛʠʨʘʥʘʪʘ ʤʘʪʨʠʮʘ ʩʝ ʧʨʝʩʤʝʪʫʚʘ ʩʧʦʨʝʜ ʧʦʟʥʘʪʘʪʘ ʧʦʩʪʘʧʢʘʪʘ,  ʧʨʠ 

ʰʪʦ ʩʝ ʜʦʙʠʚʘ: 

11 12 22 21 11 21

21 22 12 22 12 22

.

T

ʄʘʪ ʥʘʢʦʬʘʢʪʦʨʠ

q q q q q q
adj adj

q q q q q q

- -è ø è ø è ø
= = =é ù é ù é ù

- -ê ú ê ú ê ú
Q

%((&(('

             (7) 

ʇʨʠ ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ ʤʘʪʨʠʮʘʪʘ ʥʘ ʢʦʬʘʢʪʦʨʠ:  

                                   ʟʘ  11q   ʢʦʬʘʢʪʦʨ ʝ 22q  ,    ʟʘ  12q   ʢʦʬʘʢʪʦʨ ʝ 21q  

                                   ʟʘ  21q   ʢʦʬʘʢʪʦʨ ʝ 12q  ,    ʟʘ  22q   ʢʦʬʘʢʪʦʨ ʝ 11q  

ʧʨʠ ʰʪʦ ʟʘ ʧʘʨʥʠʦʪ ʠʟʥʦʩ ʥʘ ʩʫʤʘʪʘ ʦʜ ʠʥʜʝʢʩʠʪʝ ʩʝ ʟʝʤʘ ʟʥʘʢ Ă+ñ (ʠʥʜʝʢʩʠ 11 ʠ 

22), ʘ ʟʘ ʥʝʧʘʨʥʠʪʝ ʩʫʤʠ ʥʘ ʠʥʜʝʢʩʠʪʝ ʩʝ ʟʝʤʘ ʟʥʘʢ Ă-ñ (ʠʥʜʝʢʩʠ 12, 21). ʄʘʪʨʠʮʘʪʘ 

ʥʘ ʢʦʬʘʢʪʦʨʠ ʩʝ ʪʨʘʥʩʧʦʥʠʨʘ ʟʘ ʜʘ ʩʝ ʜʦʙʠʝ ʢʦʥʝʯʥʠʦʪ ʨʝʟʫʣʪʘʪ ( )adj A . 

ʊʘʢʘ, ʦʜ (5) ʠ (7) ʜʦʙʠʚʘʤʝ: 

1 3 3

3 2 3

2
1 1 2 2

2
2 2 2 3

[ ( ) ( )] ( )

( ) [ ( ) ( )]

v v v

v v v

M s f f s K K f s K
adj

f s K M s f f s K K

è ø+ + + + +
é ù=
é ù+ + + + +
ê ú

Q        (8) 

ʉʝʛʘ ʪʨʝʙʘ ʜʘ ʩʝ ʦʜʨʝʜʠ ʜʝʪʝʨʤʠʥʘʥʪʘʪʘ det( )sȽ-A: 

 

ʇʦ ʫʚʨʩʪʫʚʘˁʝʪʦ ʥʘ  (6) ʠ (7) ʚʦ (4), ʩʣʝʜʠ: 
 

1 3

3

2
1 1 21

2 2

[ ( ) ( )]( ) ( ) 1
( )

( ) 0 ( )

v v

v

M s f f s K KX s F sadj
F s

X s f s K

è ø+ + + +è ø è ø
é ù= =é ù é ù

D D +é ùê úê ú ê ú

Q           (9) 
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 ʆʜ (9) ʤʦʞʝ ʜʘ ʛʠ ʦʜʨʝʜʠʤʝ ʠ ʜʚʝʪʝ ʧʨʝʥʦʩʥʠ ʬʫʥʢʮʠʠ 
1( ) / ( )X s F s  ʠ 

2( ) / ( )X s F s, ʪ.ʝ.: 

1 3

2
1 1 21

1

[ ( ) ( )]( )
( )

( )

v vM s f f s K KX s
G s

F s

+ + + +
= =

D
                           (10) 

3 22
2

( )( )
( )

vf s KX s
G s

+
= =
D D

                                           (11) 

 ʇʦʣʠʥʦʤʦʪ ʚʦ ʠʤʝʥʠʪʝʣʦʪ ʥʘ ʦʚʠʝ ʜʚʝ ʧʨʝʥʦʩʥʠ ʬʫʥʢʮʠʠDʝ ʜʝʪʝʤʠʥʘʥʪʘ 
ʥʘ ʤʘʪʨʠʮʘʪʘ (5) ʢʦʿʘ ʩʝ ʦʜʨʝʜʫʚʘ ʧʦ ʬʦʨʤʫʣʘʪʘ: 

 

1 3 3

3 2 3

1 3 2 3 3

2
1 1 2 2

2
2 2 2 3

2 2 2
1 1 2 2 2 3 2

[ ( ) ( )] ( )
det det

( ) [ ( ) ( )]

[ ( ) ( )][ ( ) ( )] ( )

v v v

v v v

v v v v v

M s f f s K K f s K

f s K M s f f s K K

M s f f s K K M s f f s K K f s K

è ø+ + + + - +
é ùD= = =
é ù- + + + + +
ê ú

= + + + + + + + + - +

Q  

 

3.3.3. ʄʦʜʝʣʠʨʘˁʝ ʥʘ ʨʦʪʘʮʠʩʢʠ  ʤʝʭʘʥʠʯʢʠ ʩʠʩʪʝʤʠ 

 

 ʄʦʜʝʣʠʨʘˁʝʪʦ ʥʘ ʨʦʪʘʮʠʦʥʠ ʤʝʭʘʥʠʯʢʠ ʩʠʩʪʝʤʠ ʝ ʘʥʘʣʦʛʥʦ ʩʦ ʪʨʘʥʩʣʘ-

ʪʦʨʥʠʪʝ ʩʠʩʪʝʤʠ. ʆʩʥʦʚʥʠʪʝ ʝʣʝʤʝʥʪʠ ʚʦ ʨʦʪʘʮʠʦʥʠʪʝ ʤʝʭʘʥʠʯʢʠ ʩʠʩʪʝʤʠ ʩʝ 

ʧʨʫʞʠʥʘ (spring), ʚʠʩʢʦʟʝʥ ʧʨʠʜʫʰʫʚʘʯ (viscous damper) ʠ ʨʦʪʘʮʠʦʥʘ ʤʘʩʘ ï 

ʠʥʝʨʮʠʿʘ (inertia) . ɺʦ ʊʘʙʝʣʘ 3.3.2 ʩʝ ʜʘʜʝʥʠ ʠʟʨʘʟʠʪʝ ʩʦ ʢʦʠ ʩʝ ʦʧʠʰʫʚʘ  

ʦʜʥʝʩʫʚʘˁʝʪʦ ʥʘ ʦʚʠʝ ʝʣʝʤʝʥʪʠ. 

 
ʊʘʙʝʣʘ 3.3.2. ʀʟʨʘʟʠ ʟʘ: ʤʦʤʝʥʪ-ʘʛʦʣʥʘ ʙʨʟʠʥʘ (Torque-angular velocity), ʤʦʤʝʥʪ-

ʘʛʦʣʥʦ ʧʦʤʝʩʪʫʚʘˁʝ (torque-angular displacement) , ʠ ʠʤʧʝʜʘʥʮʠʿʘ (impedance) ʚʦ 

ʨʦʪʘʮʠʦʥʦʪʦ ʜʚʠʞʝˁʝ ʟʘ ʧʨʫʞʠʥʠ, ʚʠʩʢʦʟʥʠ ʧʨʠʜʫʞʫʚʘʯʠ, ʠ ʠʥʝʨʮʠʿʘ.  
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ʇʨʠʤʝʨ 3.3.3 (Nise, p78, Example 2.19) [2]. ʉʠʩʪʝʤ ʩʦ ʜʚʝ ʨʘʚʝʥʢʠ ʥʘ ʜʚʠʞʝˁʝ. 

ʇʨʦʙʣʝʤ: ɼʘ ʩʝ ʦʜʨʝʜʠ ʧʨʝʥʦʩʥʘʪʘ ʬʫʥʢʮʠʿʘ, 2( ) / ( )t T sq , ʟʘ ʨʦʪʘʮʠʦʥʠʦʪ ʩʠʩʪʝʤ 

ʧʨʠʢʘʞʘʥ ʥʘ ʉʣ.3.3.9. ʉʠʩʪʝʤʦʪ ʧʨʝʪʩʪʘʚʫʚʘ ʦʩʦʚʠʥʘ ʢʦʿʘ ʝ ʧʦʪʧʨʝʥʘ ʥʘ ʣʝʞʠʰʪʘ 

ʥʘ ʜʚʘʪʘ ʠ ʝ ʠʟʣʦʞʝʥʘ ʥʘ ʪʦʨʟʠʿʘ. ʅʘʜʚʦʨʝʰʥʠʦʪ ʤʦʤʝʥʪ ʜʝʣʫʚʘ ʥʘ ʣʝʚʠʦʪ ʢʨʘʿ, ʘ 

ʤʝʨʝˁʝʪʦ ʥʘ ʘʛʦʣʥʦʪʦ ʧʦʤʝʩʪʫʚʘˁʝ ʩʝ ʚʨʰʠ ʥʘ ʩʜʝʩʥʠʦʪ ʢʨʘʿ.   
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ʉʣ.3.3.9. a) ʌʠʟʠʢʘʣʝʥ ʩʠʩʪʝʤ, ʙ) ʰʝʤʘʪʩʢʠ ʧʨʠʢʘʟ, ʩ) ʙʣʦʢ ʜʠʿʘʛʨʘʤ 

ʈʝʰʝʥʠʝ: 

ʇʨʠʤʝʨʦʪ ʝ ʨʝʰʝʥ ʚʦ [2]. ɼʦʣʥʠʪʝ ʜʠʿʘʛʨʘʤʠ ʥʘ ʉʣ.3.3.10 ʠ ʉʣ.3.3.11. ʛʠ ʧʨʠʢʘ-

ʞʫʚʘʘʪ ʤʦʤʝʥʪʠʪʝ ʢʦʠ ʜʝʣʫʚʘʘʪ ʥʘ ʨʦʪʘʮʠʦʥʠʪʝ ʤʘʩʠ  ʠ ʪʠʝ ʪʨʝʙʘ ʜʘ ʛʦ ʦʣʝʩʥʘʪ 

ʠʟʚʝʜʫʚʘˁʝʪʦ ʥʘ ʨʘʚʝʥʢʠʪʝ ʥʘ ʜʚʠʞʝˁʝ.   (ɼʘ ʩʝ ʨʝʰʠ ʥʘ ʚʝʞʙʠ). 

 

ʉʣ.3.3.10  ʄʦʤʝʥʪʠ ʥʘ ɱ1 ʩʘʤʦ ʧʦʨʘʜʠ ʜʚʠʞʝˁʝʪʦ ʥʘ ɱ1, ʙ) ʤʦʤʝʥʪʠ ʥʘ ɱ1 ʩʘʤʦ 
ʧʦʨʘʜʠ ʜʚʠʞʝˁʝʪʦ ʥʘ ɱ2, ʩ) ʢʦʥʝʯʝʥ ʜʠʿʘʛʨʘʤ ʥʘ ʩʣʦʙʦʜʥʦ ʪʝʣʦ ʟʘ ɱ1 

 

ʉʣ.3.3.11 ʄʦʤʝʥʪʠ ʥʘ ɱ2 ʩʘʤʦ ʧʦʨʘʜʠ ʜʚʠʞʝˁʝʪʦ ʥʘ ɱ2, ʙ) ʤʦʤʝʥʪʠ ʥʘ ɱ2 ʩʘʤʦ 

ʧʦʨʘʜʠ ʜʚʠʞʝˁʝʪʦ ʥʘ ɱ1 ʩ) ʢʦʥʝʯʝʥ ʜʠʿʘʛʨʘʤ ʥʘ ʩʣʦʙʦʜʥʦ ʪʝʣʦ ʟʘ ɱ2 

 

3.4   ʄʆɼɽʃʀʈɸɳɽ ʅɸ ɽʃɽʂʊʈʀʏʅʀ ʉʀʉʊɽʄʀ 

 

 ɽʣʝʢʪʨʠʯʥʠʪʝ ʧʘʩʠʚʥʠ ʢʦʣʘ ʩʝ ʩʦʩʪʘʚʝʥʠ ʦʜ ʦʪʧʦʨʥʠʮʠ, ʢʦʥʜʝʥʟʘʪʦʨʠ ʠ 

ʠʥʜʫʢʪʠʚʠʪʝʪʠ. ɸʢʪʠʚʥʠʪʝ ʝʣʝʢʪʨʠʯʥʠ ʢʦʣʘ ʧʦʢʨʘʿ ʧʘʩʠʚʠʪʝ ʩʦʜʨʞʘʪ ʠ ʘʢʪʠʚʥʠ 


