
    

 

-   

 

  

 -    

      

   

 (0405)     

 

          

 

 

  

:   

 

 

 

 

 2017 



2 

 

 

 

 1.      

      

1.1. -  დდდდდდდდდდდდდდდйймл 

1.2.      

დდდდდდდდდდდდდდდდდდდდდდდდდდდდდდდდййймн 

1.3.     დდდდდდй16 

1.4.      

     დდდდდდდდდდდდდდდდмф 

1.4.1.      დდდდდмф 

1.4.2.     დდდდйй19 

1.4.3.    დდდდდდდდდდდდййнм 

1.4.4. -     დდდнм 

 2.      

 

2.1.    დდდდდდდდდდდდდდйно 

2.2.       

დდდდდდდდდდდდდდდდდდდდდდდდდდდდდდდდდйййнр 

2.3.      

დდდდდდდდდდდდდდდდდდდდდდდდდდდდდდდდდდდйййну 

2.4.        

     დდდდდйол 

2.5.       

     

  დდდდდდდდდდდდййос 

2.6.      

    დდდდდდდდდდდდდდდდდდй44 

 



3 

 

 3.  MathCad-      

3.1.   MathCad-  დდდდდდდდდდდდდდდდ4с 

3.2.      

MathCad -  დდდდდდდდდდდდდდდდდდდდდდდდდდდდ..54 

3.3.       

  დდდდდდდდდდდდდდდდდდდდდდდდდდდდ.58 

 4  -     

  

4.1.       დდდй.62 

4.2.  -     დდდდй.77 

4.3.  -      დდდდდდდ.86 

4.4.  -      

     დდდй.90 

4.5.       

დდდდდდდდდდდდდდდდდდდდდდდდდდდდდდდйდййდდდфс 

 დდდйდდდდდდდდდდდდდდდდდდდდდდდდდდდდდйდмл4 

 ййდდდდდდდდდდდდდდდდდდდდდდდйდймлс 

 

 

 

 

 

 

 

 

 

 

 

 



4 

 

 

XXI        

  ,     .   

     ,  

    ,    

.  , , ,  

,       

  ,    . 

      . 

-      

(17.08.2009 ,   - 75 ,  -   

       ) 

       

    [43]. 

-      

 ,          

.      [36]. 

        

    .  

        

   ,    

        

.  

          

   ,   ,     

   -        

, ,   ,      .  

,        

 . 



5 

 

               

(    ),    

        

  [34].      

        

 .   

          

. ,     

    .  

   ,    

 .      ,  

      

   . 

 .   ,     

.      

   , ,   

      

(      ,    

).          

  .    

      - 

       

    . 

 .      

       

 .       

       

   .    

       



6 

 

        

,       ,     

   ,   ,     

.      

 ,        

      .  

 ,   ,  

      -    .  

      

   (     ). 

 .      

       

      

    ,   MathCad- , 

       

   . 

 .      

 : 

1.       

     ,   

       

    . 

2.       

    

   . 

3.   ,   - 

      

        

     . 



7 

 

       

       , 

  . 

4.  (   )  -

      

 . 

 5.    , 

       

      . 

 .      

    ,  ,  

,     . 

     , 

  -     (SpectraLab- , 

MathCad- )      MathCad- . 

    

       . 

      : 

1.      

    ,   

      , 

   ,   

,     . 

2.      

  ,    

 , , -     

     , კ 

      

    . 



8 

 

3.    ,    

    

     

. 

4.     

   MathCad-  ,   

       

  .  

 .     ,  

    

       

,        

 ,    , -

  ,   ,  

  .     

  ,    

  MathCad-  (   ,   

    -     

). 

 .     

       

      

       

   .    

 ,   : 

1.      კ 

 ,     

 ; 



9 

 

2.       

,    ,   

     

      ; 

3.     წ  

 მ  ,    

  .  

    .  , 

        კ 

     

       

 .  

        

      ,  

  ,     

-  . 

 .       

    .  

1. х      

2.      й 

.      3  

   . 

   .    108 

, , 4  ,    

 47 . 

 

 

 



10 

 

 1 

     

      

1.1.    

     ,  

     ,    

    .   

       , 

 ,   . 

 ,        

        

[27].   -  ,   

   .  

      

,      

        

 (  ). 

     :   

   ,  , , 

  ,   ,  

 ,     , 

       , 

,   ,   .  

       

 (  , ,   

).  

       

 .      

   .     



11 

 

      -

  .  ,    

       

        

    -    

  .     

       

   ,     

  [31]. 

      ,  

     .    - 

     წ   მ з 

      .  

 ,      

    ,    

   ,  

   . 

      

        

 ,      

 .      .  

        

 .        [44]. 

        

  .       

    .  

        . 

      

 ( )  [30].     



12 

 

         

    ( ).  

     

  -  .   

       

,     .  

 

 

 

 

1.2.     

 

     -  

,       -

      .   

        

  .     

 6-7 -     8 - ,  5 -

,  12-  [28].  

        

       

.        

:  

1)      ; 

2)     ,     

 .  

         

          

   .  ,  



13 

 

       

       . 

         , 

   .        

     [46].     

     .  

   ,    , 

        

( ,    ),   

       

   ,  

   (   

    - ).   

    ,   

,     [26].  

        

        

      , 

    . 

     : 

1.   ,    

     .   

-        

; 

2.   .     

  ; 

3.    [38]. 

         . 

         



14 

 

      - ,   

  ,  .       

    [4].  

   წ მ    

    .   

      .  

     .  

 -     ,   

 -         

. 

     

     .   

     :  

1.    ,    

 ; 

2.    ,    

,        

 [2]. 

,    :  

1.   ; 

2.     ; 

3.         

   ; 

4.         

  ; 

5.        

      

. 



15 

 

          

   : 

1.  ; 

2.      ; 

3.      . 

           ,  

   : 

1.         

  ; 

2.     10- ; 

3.   . 

        

 ,    .   

,   ,    

      , :  

1.       ; 

2.     ; 

3.       

  [1]. 

    ,   

  .    

     ,   

    .  

    ,    

      

 [32]. 

 

 

 



16 

 

1.3.      

       

 ,     , 

          

  .  

  -    

  : 

1.         

,      

   ; 

2.      , 

  ,       

  .     

50-60-          

  .   

    60-70-  ,     

    ,      

         

  .    ,   

         

  ,    .  , 

  ,         

        , 

     (  ); 

3.        

.       

         

.      

      



17 

 

  .    

     [3]. 

        

 , : 

1.    ,     

; 

2. ,        

; 

3. ,      

. 

     

    ,   

 .     

     ,   

    ,    

      [5].  

   ,    

,     .  

       

 .      

 ,     [25]. 

        

   .     

 60-80-  ,      2-3 

         

   .     

 90-  ,      

 .      

 2-3     2-3       



18 

 

 .  ,      

  .    

 ,       

 .      

       

  .  1968     

    .    

წ   მй      

  ,     

   .         

   [37]. 

       , 

        

. ,      

,         

.      

 ,      

        

,     .   

    [33]. 

 

 

 

 

 

 

 

 



19 

 

1.4.      

    

1.4.1.       

        

 ,  ,    

    . 

        , 

         

 ,   .   

    ,   

       

      

.    ,    

     ( ) 

 [29]. 

       

   , ,    

.      

,        [26]. 

 

 

 

 

1.4.2.      

 ,       

,  ,        

   . 

,       

  ,     



20 

 

      ,    

   ,       

      ,   

( )   .   

  ( .1.1.)   ,  

  ,     

[35]. 

.1.1.    VIBRO 21  

 

     ,   

        

 .       

.        

.      ,  

,  ,     

 [47]. 

 

 

 

 

 

 



21 

 

1.4.3.      

        

    ,   

-  .    

       , 

   . 

    ,  

       . 

,         

,           

   .     

  .       

        

,     .   

     .  

,       

    ,    

,        [26]. 

 

 

 

 

1.4.4. -      

-       

   , , -  

         

    [39].      

       .  



22 

 

        

   : 

1.        ; 

2.     ,  , 

    ; 

3.    ,    

   ; 

4.       

     . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



23 

 

 2 

    

  

2.1.    

,  ,   

  ,    . 

   ,    

    ( ).   

        

,     mc.    θ 

   .  θ>0   

  (  ),  θ<0   

  (  ). 

 .2.1.-    

 . 

 

.2.1.    

       : 

 



24 

 � + � + � =  

    ,      ω0 

 Q -  ( )  : 

≈ √     ≈ = √  

       

,    .     θ. 

      .  

        0.5 კ 3 . 

M -  ,    : 

≈ cos � ∗ � = ∗ � 

,   (  θ -    . . . (E0) კ    (U)   

, xqd -   , m  -  

      ≈ cos � 

   ,    

  .     : = = � = �
 

, S კ   , k-   , r2-  

 . 

         ,     : 

1.   ( , , ,  

, ); 



25 

 

2.   ( , , 

); 

3.   ( ,   ,  , 

 ). 

     (  )  

.      

         

 .       

 -       .  

       

  ,     

        

       .  

       [20].  

 

 

 

 

2.2.           

 

       n - 

   � = � , � … . . , �    ,  

       .  

  -  (   )   

 . 

        

  : � = �(∆ ,∆ ,…… , ∆ � , � = , , … . . 



26 

 

,  �  -     .   

       

      

(200 კ 300 ). 

       

 : 

1.  ,       

 - S.       

  .  -       - 

   . 

     ,   

  .      

,    ,   

   .     

    . 

2.         

 .      

          -

.     ( )     

    . 

3.      ,   

.     . 

          

    . ,    

   ,    ,  

        

.   

       

      .  



27 

 

   .    , 

     -   

  [14]. 

       

   ,   

 ,        

     ,  

  . 

     ,   

         

.  ,    

,    ,     

 . 

    ,     

 .      

        . 

    ,    

  ,  -    .  

          

   ,    

     .   

, ,       .  

       

  . 

 

 

 

 

 



28 

 

2.3.       

 

    ,         

  ,      

   .   

    -  

      , 

        , 

        

 . 

     : 

        .  

        . 

    : 

            ∋+�  

                 > ∋+�  

       , ∋     

  , �     

.        

   წ მ    

   . 

     .     

  .  � -    

         

.    ̅ = ÷ .    

 C   1 .    

: ̅ = − | ̅ − ∋̅̅ ̅̅ | 



29 

 

  ̅   .  ̅ =      

 ̅ = ,    .  ̅ ,    

   ,  , < ̅ ,    

   , < ̅ ,  -   

,  , < ̅  -    .  

       

      ,   

   .    :  

�� = ∑[�̅�� − ��∋]�=  

 �̅��   ,      

  , ��∋ -  ,   

 . 

     : 

      �� ∆��-    

 �� > ∆�� -    

 ∆��   ,      

.         

   [14]. 

      

  : 

1.        - 

   ; 

2.     ,    

    ; 

3.        . 

        

( .2.2). 

 



30 

 

 

 

 

 

 

 

 

 

 

 

. 2.2.      

   

 

 

 

 

2.4.        

      

   -     

,       

       . 

(  ). 

  , ,    

       

    .2.3-   .    

 ,  ,      

   . 

  

  

 

 

 

 -

 

 

-

 

 

 

 

 

 



31 

 

 

.2.3.        

    

       

       

 .       

    ( ) ,  

  , ,   , 

  ,      

     [16].  

       

     . 

      

     (  , 

).       

   ,    , 

      . 

  , :    

 ,     ,   

, , , ,   . .. 



32 

 

      

( , )      

.2.4-    .   

 

 

.2.4.      

     

T1 -  , T2 -   , T3 - 

    , T  -   , T  

-    , T  -   , U  -  

 , U -  ,  U  -  . 

   :    

( , )  (T1 -   ),  

  (T2 -  )    (T3 -  ), 

        

.   ,    

  T  (  )      

 T  ,     . 

  (   )   

     

   .  , 



33 

 

       

   . 

      

  ,    

    ,    

    . 

    ,      

   . ,    

        

   ,    

. 

   (  )   

       

   ,     

       

.      

         

  [15]. 

       

,  ,      

      

   ,   , 

    ,   

   ,    -

   ,     

    . 

      

      

 ,       , 



34 

 

 ,     

    ,. 

,      (  

 )     

     . 

Mathcad-   : detrendმ წpredictმ    

    (  , 

  ),     

 [42].    ,   

   ( .2.5.)     

        

 ( .2.6). 

� ∶= � ∙ cos ∙ � ∙ � + ∑ � ∙ cos ∙ � ∙ � ∙�=  

 

.2.5.   

 



35 

 

 

. 2.6.         

         

  .  ,     

,         

    .   

        ( ) 

    . 

 

.2.7.       

  



36 

 

 

     ,   

      ,   

  .     

, ,     

      

 . 

 

 

 

 

2.5.      

      

   

     , 

      (   

, ,  );   ; 

       .  

       ,  

    .      

      ,  

         

  –    .   

        

 ,      

 .     ,    

,      [40]. 



37 

 

 ,     f     ½ f  

, , 1/3 f  ,  .   

     ,    

     .  

 ,    ,   . 

      ,    

       [6].  

 ,    ,   

    ,     

   ,    

.        

  ,      

 .       ,   

  .   

        

       

 ( > 5 )     

. 



38 

 

 

.2.8.      ,  

   

      : 

1.    ,   . : 

       ,  

      

 ( .2.8). 



39 

 

 

.2.9.       

 

(    ) 

2.   კ    1/2    1/3. : 

   ,      

 . ( .2.9.) 

 

 

.2.10.       

 

3.       

   ,     

. :  (   ) . ( .2.10.) 

 



40 

 

 

 

.2.11.     .  )  

;  )    

 

 კ  (     )   

     (  

 )    : 

1.   ; 

2.     ; 

3.    (    -  

   - ). 

    ( )    

  . 

 ( .2.11.)  (  )   

       , 

  .     ,  

       ,  

   .     .2.12-

. 

 

 



41 

 

 

.2.12.    

 

 

 

.2.13.     

 

         

      . 

    : 

1.  ( ) ; 

2.    ; 



42 

 

3.    ; 

4.  . 

     

  .   

   ,     

        

   .   

 (nf0, ,    n=20,  f0=5   100, 200, 

300    )    (f0=5 , 10, 15    ) 

       

  .  

       , 

      .     

 ,      კ   

   მ ნ .     

 ,     ,   

   ,     

     . 

        

      (  

)     ,    

  . 

       

      ,   

   .       

f  = f0 * n,    n=20,  f0=5   100, 200, 300     კ 

 .      (  f0=5  

5, 10, 15  დ   ). 



43 

 

     kf0 kff    

  .  ,     

      .  ,    

   (    ). ,  

 ,       

   . ,      

 .    

  , ,     

 ,   ,    

  .       

       

        

     .   

  :  

1.  ; 

2.   ; 

3.   ; 

4. . 

       

,   .      

 . 

   ,     

    .  

: 

1.   კ  -     

 kf0 -  . 

2.    კ  კ    

      kf0  

     ,  



44 

 

       . 

       

   .     

        kf0 

 .       

[13]. 

 

 

 

 

2.6.     

     

      

        

  .       

    .    

      

  , .   ,    

.      

    . О  -

89-      (  

   )     

        

 . 

,  ,     

 100-  187,5 /      0.15 .  

   . ,    

  ,     

  .      



45 

 

  6 - ,     ,  

    [11]. 

  ,    

       - 

,    ,  წ მ   

.      , 

 ,     - 

    . 

 ,    ,  

 ,   (  )    

         

  ,    .  

      . 

     , 

       

 .      

  ,  - .  ,   

,   ,  ,  

    .   

 ,        

 [9]. 

 

 

 

 

 

 

 

 



46 

 

 3 

MathCad-     

 

3.1.   MathCad   

MathCad-        

     

,     .  

     - Mathematika  CAD (Computer Aided 

Design -   ). 

MathCad-        

    ,  

  ,    ,  

  . 

      

 MathCad -       

   .     

 MathCad-      -

.       

    (  ,  , 

,  ) .    

     წ  - ნ   

 [7]. 

      

        

   ,    .  

          

       

     , 

         



47 

 

    ,    

      წNotebookმ-   ,  , 

    . 

       

    ,     

 .      

MathCad-        

   [18].   

MathCad -         

 . 

,  MathCad-      

წ  მ         

      

  ,     

   .    

    ,   

        

.       

,   ,  

       

 [21]. 

          

(     )  MathCad-    

.    MathCad-    

  -  .      

,  ,     

   .     

   . MathCad-     

  .      



48 

 

     ,  

  ASII-  .      

    .   

 MathCad-        

    . 

   MathCad-   SP -  (SP-

Signal Processing -  )    [17]. 

 REья гმFნд         F; 

 WRITEWAV კ      F  s  

   b; 

 GETWьVEINFO гმFნд -     (  

,  s,   b    

 . 

 .  (    )   

        

     , 

       

 ,       

    .   

         

  . 

  .     

     WAV      

წ  მ .      

 MathCad-        

 ,      

 [23].  

       

        



49 

 

SpectraLab(Sound Sechnology Inc.)   WAV ,  

       SpectraLab -  

[10]. 

    16    -

    216= 65 536  . 

WAV      MathCad-  

  GETWAVINFO,   4    

 NumCannelsSampleRateResolutionAvgBytesPerSecond) ∶= � " . � "  

 

� " . � " = ) 

 

 NumCannels=1   , SampleRateш44млл Е  

, Resolution=16    (  2 ), 

AvgBytesPerSecond=уунлл Е    ( / ) [22]. 

 .3.1-       MathCad 

-     . 

 

. 3.1.    MathCad -     

 



50 

 

= √ − ∑ �−
�=  

� = �
 

      -

   , ,  

   RMS    

,  CrestFactor-      

RMS-  . 

,  RMS-   CrestFactor-     

     

   [8]. 

   FFT (   ) MathCad 

   .  .3.2-  

      

 . 

 

. 3.2.     

      (   

 f1 = 61.235 - ). 1000     16 ,  

  -4 . 



51 

 

     -  

  ,    

    : 

 


  ])))((ln(([2/1)( deXnk nj
x . 

    ,   

 .  . 3.3-     

,      61,235   

. 

 

. 3.3.   MathCad-  

, ,       

  ,    

    ( . 3.4.)     

     . 

 

. 3.4.     



52 

 

 

 

 

.3.5.     

 MathCad-  

. 3.5-      ,  

       . 3.6-  

   ,    

    . 

 MathCad-     . 

 ,       . . 

წ მ ,       

 . .3.6-     

   ,  f2   

з fм Е  , n -  .    

  ,   (f1-f2)  (f1+f2)   

 კ f2.       

,       f1 . 

  ,       

,         

   [12]. 

 

 

 

 



53 

 

� ∶= [� ∙ + ∙ sin � ∙ � ∙ sin � ∙ ∙ � ] 

 

. 3.6.  , 

  (a),   (b) 

 

. 3.7.   г дз   ( ) 

 

      -

       (  

Signal Prosessing)    . MathCad     

      

     . 



54 

 

MathCad-       

   ,      

, , ,   . MathCad -  

        

.  MathCad-    ,  MatLAb 

 Word, Excel  . . 

     ,  MathCad-  

        

   ,     

      

 . 

 

 

 

 

3.2.      

MathCad -   

  :         

         : 

� , , , … , ′, ′′, … , = �    (3.1) 

:  = , , , …   -     

    . = , , , … ,  -      

   , ,    

 . 

� -        

.      �     �  

       . 



55 

 

  :  �  �   

    ∆ �         

        

  . 

 

 

 

.3.8.      

 �  �      

   .  

    ,   ,  

        

 .        

    . 

,         -   

          .    წ  მ 

      .  

        

    .   

     .  

    . 

 

 



56 

 

 

.3.9.     

 

 

   : 

1.   -      

   ; 

2.    -       

    ; 

3.   -       

    ; 

4.  -      

       

. 

-      

 ,     , 

          

    .    

    ,   

       

,  ,      , 

   . 

 



57 

 

 

 1 

     

 



58 

 

    

    Mathcad-    

         

   Mathcad-   ,   

    -  ,  

    [24]. 

 -   

 -         

,    . 

  : ∆ <    ∆ <     � = [� ] ∶= ∶= . ∶=  

 ∆ ∶= − ∆ ∶= , − , ∆ = . ∆ = .  

∶= | There is defect if  ∆ >There is defect if  ∆ >There is no defect       otherwiseD ∶= There is a defect  

 

 

 

 

3.3.       

   

      

     

       

   .  .3.10-    

      



59 

 

ნ ნй   . MathCad-     . 

3.10კ   

 

.3.10.    

     .  

     : ∶=    ∶=   ∶= ,  ×    � �  ∶=  

∆ ∶= � � ∆ ∶= , � � ∶= � ∙ ∆ � ∶=  

   0.673        

 .      ( . 3.11.) 

 

. 3.11.     

  , ,   2000 კ 5000   

    (= 0).  .3.13 -   

.  



60 

 

 

. 3.12.  (2000 კ 5000 )    

  (2000 - )   (5000  )    -  

 . 

∶= � ∙⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   
    -    

   .     

     -   

( .3.13.) 

 

 

.3.13.     



61 

 

    ,   

   2000 კ 5000 .     *.wav 

        .    

       . 

   , ,    (  

 )   ,    

.  ,        

 ,  .  

       

  , ,    

,        

  .  

 .3.14 -     MathCad-  . 

 

.3.14.      

   

 



62 

 

 4 

 -     

  

4.1.        

    

        

    .    

   ,    

      

  .      

 -   . 

   ( , , ) 

     (  - ).  

 - ,  ,    ნ ნз  

 .4.1-   . 

 

 

 

 

 

 

 

 

 

 

. 4.1.     

 

 



63 

 

    Ш -003 (   1. 

17187-81)    H -3 (   10 -

4000 ) ( .4.)1.      ,  

4000      10   (  )   

   ,    . 

        ,   

      

       

       

  .   ,   

       

       

  ,    - 0 კ 20   

. ,     ,   

  ,      

   . 

 

. 4.1.     

   ,    

  VM 6360 ( . 4.2). 

 



64 

 

 

. 4.2.    

 

 ( . 4.2) VM-6360      

,        

й 

       , 

  . 4.2 -    . 

 

 

 

.4.2.   



65 

 

      90 

        

.    ± м й    

    ,  ,    

     .  20-30 

      

         

 .   ,  

  ,  MathCad-  . 

       

 : 

   ; 

    - RMS,  

   ). 

 RTS კ   Real Time Series -     

  , i ш лзмзнз დ N -   

  . RMS-  (  ) 

    : 

  1

0

2

])[( 1
1

1
:

N

i
RTS iN

RMS
 

-  : � ∶= max < >
 

CrestFactor -     г≥ с д    

; 

   , ; 

      , ; 

      ; 

      -  

; 



66 

 

     (   

0,673 )       

,  ,    ; 

       ; 

  (    ); 

     ; 

      ,   

  FFT -         

; 

      

; 

     MathCad-  (    

Extension Pack მSignal Processingნ- )      

MathCad-      . 

Mathcad-        

,        

    ,    

,       .  

 ,  -      400-

 . -      ( .4.3). 

 

 

 



67 

 

 

.4.3.  -   G2    

 0 კ 210    , , 

  

     

       . , 

           

   . 



68 

 

     -  (   

   )   115.5 / ,  1.923 . 

     f0 = 1.923  .  

        k*f0, 

 k= 1,2,3,...  . 

 

 

. 4.3.  -   



69 

 

          f1 = 

1.923x4=7.68 ,     k*f1 .   

   . 

 

 

. 4.4.   -    



70 

 

 

 

 

.4.5.    .  0-200   

 



71 

 

 

 

.4.6.    .   

(  ) 

 



72 

 

 

 

 

 

.4.7.     0-200  ( ) 

 



73 

 

 

 

 

.4.8.       

 

 



74 

 

 

 

.4.9.   -     0 -  200  

 



75 

 

 

 

 

.4.10.       



76 

 

 

 

 

.4.11.          

  (     ,  

) 

 

 



77 

 

4.2.       

        

  . 

 

 1  

 ∆ ∶= � − DTPI  ∆ ∶= � , − D ,  

∆ ∶= (∑ � ,= ) − (∑ ,= ) 

∆ ∶= � − DTP + ATP − DTP  ∆ ∶= (� , − DO , + (AO , − DO ,  ∆ ∶=    −   . ∆ ∶=      . ∆ ∶=  . 
∆ ∶=   . 

∆ ∶=    . 
  (  ) 

 ∆ ∶=                   ∆ ∶=                      ∆ ∶=               ∆ ∶= .                       ∆ ∶=                   ∆ ∶= .                     ∆ ∶=                                                             ∆ ∶= .                     ∆ ∶= .                       ∆ ∶=                                                               
 

 



78 

 

 

     . 

 

 

 2 -  

  . 

211 ATP3
0

DTP3
0

  ATP4
0

DTP4
0

 
        


0 0
  0 0

 
212 AO33

0 1 DO33
0 1  AO34

0 1 DO34
0 1 

 ∆ ∶=      . ∆ ∶=       . 
232 ATP3

0
DTP3

0
  ATP4

0
DTP4

0
 

 ∆ ∶=        . 
242 ATP3

0
DTP3

0
  ATP4

0
DTP4

0
 

 



79 

 

 ∆ ∶=        . 
252 ATP3

0
DTP3

0
  ATP4

0
DTP4

0
 

 ∆ ∶=        . 
262 ATP3

0
DTP3

0
  ATP4

0
DTP4

0
 

 ∆ ∶=        . 
272 ATP3

0
DTP3

0
  ATP4

0
DTP4

0
 

 ∆ ∶=        . 
282 ATP3

0
DTP3

0
  ATP4

0
DTP4

0
 

 

291 ATP3
0

DTP3
0

  ATP4
0

DTP4
0

 
 ∆ ∶=        . 

2102 ATP3
0

DTP3
0

  ATP4
0

DTP4
0

 
 

    

2111 ATP3
0

DTP3
0

  ATP4
0

DTP4
0

 
 

2121 ATP3
0

DTP3
0

  ATP4
0

DTP4
0

 
 

2131 ATP3
0

DTP3
0

  ATP4
0

DTP4
0

 
 

      ∆ ∶=                ∆ ∶=               ∆ ∶=                   ∆ ∶= .                                  ∆ ∶=                                                         ∆ ∶=                     ∆  ∶=                ∆ ∶= .               ∆ ∶= .             ∆ ∶= .                  ∆ ∶= .        ∆ ∶=                   ∆ ∶=                   ∆ ∶=                   ∆ ∶=            



80 

 ∆ ∶= .                ∆ ∶= .               ∆ ∶=             ∆ ∶=                                              ∆ ∶=               ∆ ∶=                          

 

 

 3 -  

 -   

311 ATP3
0

DTP3
0

  ATP4
0

DTP4
0

 
 

312 AO33
0 1 DO33

0 1  AO34
0 1 DO34

0 1 
 



81 

 

321

1

9

m

AO33
m 1 




 1

9

m

DO33
m 1 







1

9

m

AO34
m 1 




 1

9

m

DO34
m 1 










 ∆ ∶=            ∆ ∶=      ∆ ∶= � −  ∆ ∶=   /   . 

∆ ∶=   /   . ∆ ∶= � − ∆ ∶= � −  

  (  ) ∆ ∶=                          ∆ ∶=                          ∆ ∶=                      ∆ ∶=      ∆ ∶=                          ∆ ∶=                             ∆ ∶= .                                                   ∆ ∶= .                          ∆ ∶=  ∆ ∶= .                       ∆ ∶=                              ∆ ∶=  

 

 

 

 

 

 

 

 



82 

 

      

 

 

 4 -   

411 ATP1
0

DTP1
0


                    -   . 


0 0


412 ATP1
0

DTP1
0


                            . 

421 ATP1
0

DTP1
0


                          -   . 


0 0


422 ATP1
0

DTP1
0


                           . 

431 ATP1
0

DTP1
0


                        -   . 

432 ATP1
0

DTP1
0


                         . 

    ∆ ∶=    ∆ ∶=    ∆ ∶=  



83 

 ∆ ∶=    ∆ ∶=    ∆ ∶=  ∆ ∶= .    ∆ ∶= .    ∆ ∶= .  

      

 

 

 5-   

-  . ∆ ∶= � −     ∆ ∶= � −  M∆ ∶=       . ∆ ∶= � −        ∆ ∶= � −  ∆ ∶=       . ∆ ∶= � −        ∆ ∶= � −  ∆ ∶=       . 
 (  ) ∆ ∶=    ∆ ∶=    ∆ ∶=  ∆ ∶=    ∆ ∶=    ∆ ∶=  ∆ ∶= .    ∆ ∶= .    ∆ ∶= .  



84 

 

 

      

 

 

 6 -    

 -  . ∆ ∶= � −     ∆ ∶= � −  ∆ ∶=             . ∆ ∶= � −     ∆ ∶= � −  ∆ ∶=             . ∆ ∶= � −     ∆ ∶= � −  ∆ ∶=             . 

  (  ) ∆ ∶=   ∆ ∶=    ∆ ∶=  ∆ ∶=    ∆ ∶=    ∆ ∶=  ∆ ∶= .    ∆ ∶= .    ∆ ∶= .  

 



85 

 

 

      

 

 

 7-    

-   ∆ ∶= � −     ∆ ∶= � −  ∆ ∶=             . ∆ ∶= � −     ∆ ∶= � −  ∆ ∶=             . ∆ ∶= � −     ∆ ∶= � −  ∆ ∶=            . 

  (  ) ∆ ∶=    ∆ ∶=     ∆ ∶=  ∆ ∶=    ∆ ∶=    ∆ ∶=  ∆ ∶= .    ∆ ∶= .    ∆ ∶= .  

 



86 

 

      

 

 

 

 

 

4.3.  -       

 1  

∶= ||There is defect if|D , | D ,There is defect if|D , | D ,There is no defect       otherwiseD ∶= There is no defect    ∶= |
|There is defect if|D , | D ,There is defect if|D , | D ,There is defect if|D , | D ,There is defect if|D , | D ,There is no defect       otherwiseD ∶= There is defect

 

 

∶= |
|There is defect if|D , | D ,There is defect if|D , | D ,There is defect if|D , | D ,There is no defect       otherwiseD ∶= There is defect.

      D14∶= |There is defect if|D , | D ,There is no defect       otherwiseD ∶= There is defect  

 



87 

 

 2 -  

∶= |There is no defect if D , D ,There is no defect if D , D ,There is  defect       otherwiseD ∶= There is no defect      D22∶= |There is no defect if D , D ,There is  defect       otherwiseD ∶= There is no defect  

 

D23∶= | There is no defect if D , D ,There is no defect if D , D ,    There is  defect       otherwiseD ∶= There is no defect   D24∶= |There is no defect if D , D ,There is no defect if D , D ,There is  defect       otherwiseD ∶= There is no defect  

 

D25∶= | There is no defect if D , D ,There is no defect if D , D ,    There is  defect       otherwiseD ∶= There is no defect D26∶= | There is no defect if D , D ,There is no defect if D , D ,There is  defect       otherwiseD ∶= There is no defect  

 

D27∶= |There is no defect if D , D ,There is no defect if D , D ,There is  defect       otherwiseD ∶= There is no defect     D28∶= |There is no defect if D , D ,There is no defect if D , D ,There is  defect       otherwiseD ∶= There is no defect  

 

D29∶= |There is no defect if D , D ,There is  defect       otherwiseD ∶= There is no defect   D210∶= |There is no defect if D , D ,There is no defect if D , D ,There is  defect       otherwiseD ∶= There is no defect  

 

D211∶= |There is no defect if D , D ,There is  defect       otherwiseD ∶= There is no defect   D212∶= |There is no defect if D , D ,There is  defect       otherwiseD ∶= There is no defect  

 



88 

 

D213∶= |There is no defect if D , D ,There is  defect       otherwiseD ∶= There is no defect  

 

 3 -  

D31∶= ||There is a defect if  | , |  ,There is a defect if  | , |  ,There is no  defect       otherwiseD ∶= There is no defect     D32∶= ||
There is a defect if  | , |  ,There is a defect if  | , |  ,There is a defect if  | , |  ,There is no  defect       otherwiseD ∶= There is a  defect

 

 

D33∶= ||
There is a defect if  | , |  ,There is a defect if  | , |  ,There is a defect if  | , |  ,There is no  defect       otherwiseD ∶= There is a  defect

  ∶= |There is a defect if  | , |  ,There is no  defect       otherwiseD ∶= There is no defect  

D35∶= ||
There is a defect if  | , |  ,There is a defect if  | , |  ,There is a defect if  | , |  ,There is no  defect       otherwiseD ∶= There is a  defect

 

 

 4 -   

D41∶= ||
There is a defect if  | , |  ,There is a defect if  | , |  ,There is a defect if  | , |  ,There is no  defect       otherwiseD ∶= There is a  defect

    D42∶= ||
There is a defect if  | , |  ,There is a defect if  | , |  ,There is a defect if  | , |  ,There is no  defect       otherwiseD ∶= There is a  defect

 

 



89 

 

D43∶= ||
There is a defect if  | , |  ,There is a defect if  | , |  ,There is a defect if  | , |  ,There is no  defect       otherwiseD ∶= There is no  defect

 

 

 5-   

D51∶= ||
There is a defect if  | , |  ,There is a defect if  | , |  ,There is a defect if  | , |  ,There is no  defect       otherwiseD ∶= There is a  defect

   D52∶= ||
There is a defect if  | , |  ,There is a defect if  | , |  ,There is a defect if  | , |  ,There is no  defect       otherwiseD ∶= There is a  defect

 

D53∶= ||
There is a defect if  | , |  ,There is a defect if  | , |  ,There is a defect if  | , |  ,There is no  defect       otherwiseD ∶= There is a  defect

 

 

 6 -    

D61∶= ||
There is a defect if  | , |  ,There is a defect if  | , |  ,There is a defect if  | , |  ,There is no  defect       otherwiseD ∶= There is a  defect

 D62∶= ||
There is a defect if  | , |  ,There is a defect if  | , |  ,There is a defect if  | , |  ,There is no  defect       otherwiseD ∶= There is a  defect

 

 

D63∶= ||
There is a defect if  | , |  ,There is a defect if  | , |  ,There is a defect if  | , |  ,There is no  defect       otherwiseD ∶= There is a  defect

 

 



90 

 

 7-    

D71∶= ||
There is a defect if  | , |  ,There is a defect if  | , |  ,There is a defect if  | , |  ,There is no  defect       otherwiseD ∶= There is a  defect

    D72∶= ||
There is a defect if  | , |  ,There is a defect if  | , |  ,There is a defect if  | , |  ,There is no  defect       otherwiseD ∶= There is a  defect

 

D73∶= ||
There is a defect if  | , |  ,There is a defect if  | , |  ,There is a defect if  | , |  ,There is no  defect       otherwiseD ∶= There is a  defect

 

       -3    10 -  4000 .  

 ,  10   (  )  4000    

    ,    .  

       ,   

       

       

   ,    

 . 

 

 

 

 

4.4.  -      

      

     

       

.    ,   

         . 



91 

 

 ,     ,  

       

    .   

        

,     

 ( ) .       

   1      . 

      [19]. 

    (  

  ) : 

1. ; 

2.       ; 

3.    100   ; 

4.  ; 

5.  ; 

6. ; 

7. ; 

8.    ( , ); 

9.     ,  ; 

10.  . 

       

( ,  ,  ,  

  . .) [45].  

     

     . 

      1    

  ,   .4.4-   . 

 

 



92 

 

 

.4.4.    1     

   

         

 .       C      A, 

    -  .  

     0.637     

.  

.4.12-       

   -  . .4.13-    

    (  0 კ 2000  

). 

 

.4.12.      ( ) 

  -   



93 

 

 

.4.13.     0.637 , 

 0 კ 2000     

 

. 4.14.       

. 4.15 -      . 

 

. 4.15.     



94 

 

       

MathCad- .       , 

  SpectraLab- ,   

 .4.16- . 

 

.4.16.    ,    

 SpectraLab-  

  -    .  

    - 115.5 ./   1,923 .   

   .      

,   .    (4 )  

 7.68 .      -2  15.477  - 

   ( .4.17). 



95 

 

 

.4.17.     0.637 , 

 0 კ 200       

 FFT-       

 . 

 

      , 

     ,  ,  

      

 .      

      

,         

      . 

      

  -    

  RMS,     

    ,  CrestFactor- ,  



96 

 

   RMS-      

  . 

  1

0

2

])[( 1
1

1
:

N

i
RTS iN

RMS 807.23RMS  

RMS
rCrestFacto RTS )max(

:
1

 257.2rCrestFacto  

      

       

     

   . 

 

 

 

 

4.5.       

 

  -  -3    

-4  гწ მд    . 



97 

 

 

. 4.5.   

       ( .4.18)    

 0 კ 21     -  -3  -

4      . 



98 

 

 

.4.18.      

       92 %  P = 12 .    6 %-   

  1 - ,   86 %     P=11 . 

          

  ,     . 

 

 

. 4.19.      

 

 

 



99 

 

 

.4.20.       

 

.4.21.       

 

.4.22.       1-1000  

  



100 

 

 

.4.23.       1-1000  

  

 

.4.24.       1-1000  

  



101 

 

 

. 4.25.       

 5-50  

 

. 4.26.      

  5-50  

 



102 

 

 

. 4.27.      

  5-50  

   ,    

   .    MathCad-  . 

       

. 

-        

  : 

        

,  5 . 

    50     

  100   ,   

      

 . 

         

  . 



103 

 

         

     . 

        

        

,        

 . 

       . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



104 

 

 

1. MathCad-     

     ,     

   ,     

  .  

2.       

  ,     

 ,      , 

      

 .      

     ( )     

        .  

3.        

       

-   .      

      

,      

   . 

4.        

 ,      

        

     .   

  . 

5.       

     .   

       

       ,   

     . 



105 

 

6.      

    ,   

   . 

7.        

 - ,    . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



106 

 

  

 

1.  й й, И  й й,  й й, й йИй  

  йკMocko ,1984  p -119. 

2. рко  . ., рко  . ., И Ы И Ы И И Ы ИЫ

И И ИЫ ШИ Ы Ы И ЦИИC- е ер р , 2002  p 30-35. 

3. ко  . .,  Яко он . . КО О И Ы  И Ы И О ИКИ 

ЭК Л И ЫХ ШИ  И О О О ИЯ.- нкт- ете у ,2010 p 20-42 

4. ко  . . О О  ОКОЛ И  И  О И О И  И И О ИКИ ШИ .  

ете у ,  . 

5.  Н. . ы  я     . 

- ете у , . 

6. Digital Sound Level Meter კ RadioShackз Ownerპs Manualй Tendy юorporationй 
7. Дья в В. ., Э ци ия MathCaН 2001i  MathCad 11. С Л - , 

2004.  p832. 

8. ьяконо  . .  Энциклопедия MMathcad 2001 иMMathcad2011. – . ОЛО - е , 
2004. – 832. 

9. И  й й  й й     й йх 
Э й -   мфусз  p 208 . 

10.  .,  .     

Mathcad-        

 , 2007  109-113. 

11.  .,  .      

   -   

. -  №мз нллтз нн-31 . 

12.  .,  . -    

    Mathcad -  . - 

    . - , 2011  86-92.  

13.  .,  .,  . კ   

      

     

 -      

    , - , 2010 .20-

24.  

http://www.vibrotek.ru/russian/barkov
http://www.vibrotek.ru/russian/barkova


107 

 

14.  .,  .,  .,  .  -  -  

     . 

       წ  

    . -  2013 .25-26. 

15.  .,  .,  . -   

      . 

   , :  

   . -  2015, . 75-78. 

16.  .,  .,  . -    

        

 .   .  

    . -  2015, . 32-36. 

17.  .,  .,  .,  . -  

      Mathcad-  . 

   з №мрз -  2015. . 56-61. 

18.  .,  .,  . -   

     Mathcad-  

.    №мрз -  2015, . 232-

238. 

19.  .,  .,  . -   

      

 .      №мгтд- 

2016, .76-86.  

20.  .,  . -    

   ,   

   . -  2013, .53-56. 

21. Kopaliani N., Kopaliani D. - The digital analyzer for vibro acoustical diagnosics of 

technical conditions of machines in MathCad. International Scientific Journal Geogrian Scientific 

News№3 (7). - Kutaisi, 2010, p. 26-31. 

22.  й й MathCad 12.- , 2005  -576. 

23. Mathcad, version 14.0.0.163. Help.  - Parametric Technology Corporation,2007. 

24.  й И    MathCad 14.- , 2007 p592. 

25. Norton N.P. - Fundamentals of noise and vibration analysis for engineers. Melbourne 

Australia:  Cambridge University Press, 1999. 

26. www.vibrotek.com 

http://www.vibrotek.com/


108 

 

27. www.bksv.com 

28. www.gemeasurement.com/condition-monitoring-and-protection 

29. www.vibro-meter.com 

30. www.vibro-expert.ru/ 

31. www.bkvibro.com/en.html 

32. www.machinediagnostics.com 

33. www.vibration.ru/osn_vibracii.shtml 

34. www.vibroac.ru/firstreduction.htm 

35. www.vibro-expert.ru/predlojeniya-vast-dlya-diagnosticheskogo-obslujivaniya-

oborudovaniya.html 

36. www.sshges.rushydro.ru/ 

37. www.pruftechnik.com/ 

38. www.oneprod.acoemgroup.com/ 

39. www.diem1.ing.unibo.it/mechmach/rivola/pub08.pdf 

40. www.hindawi.com/journals/sv/si/520707/cfp/ 

41. www.tofd-pa.ru/obuchenie-specialistov/vibrodiagnosticheskij-metod-

nerazrushayushhego-kon 

42. www.mathcadhelp.com/ 

43. www.forum-msk.org/material/region/10588803.html 

44. www.bibliofond.ru/ 

45. www.noiseexpert.com/ 

46. www.acoustical-consultants.com/ 

47. www.vibrocenter.ru/cm4.htm 

 

 

 

 

 

http://www.bksv.com/
https://www.gemeasurement.com/condition-monitoring-and-protection
http://www.vibro-meter.com/
http://www.vibro-expert.ru/
http://www.bkvibro.com/en.html
http://www.machinediagnostics.com/
http://www.vibration.ru/osn_vibracii.shtml
http://www.vibroac.ru/firstreduction.htm
http://vibro-expert.ru/predlojeniya-vast-dlya-diagnosticheskogo-obslujivaniya-oborudovaniya.html
http://vibro-expert.ru/predlojeniya-vast-dlya-diagnosticheskogo-obslujivaniya-oborudovaniya.html
http://www.sshges.rushydro.ru/
http://www.pruftechnik.com/
http://www.oneprod.acoemgroup.com/
http://www.diem1.ing.unibo.it/mechmach/rivola/pub08.pdf
http://www.hindawi.com/journals/sv/si/520707/cfp/
http://www.tofd-pa.ru/obuchenie-specialistov/vibrodiagnosticheskij-metod-nerazrushayushhego-kon
http://www.tofd-pa.ru/obuchenie-specialistov/vibrodiagnosticheskij-metod-nerazrushayushhego-kon
http://www.mathcadhelp.com/
http://www.forum-msk.org/material/region/10588803.html
http://www.bibliofond.ru/
http://www.noiseexpert.com/
http://www.acoustical-consultants.com/
http://www.vibrocenter.ru/cm4.htm

