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Abstract 

             Topicality of the research. In our country there is increase from day to day 

of modern technical and technological means of production equipped enterprises.  

In the big enterprises is necessary to find out more information about measuring 

devises and study its technical parameters, also train high qualified personal for 

control and monitoring of processes.  

To solve this problem is not always easy, exceptionally when we have 

continuous cycle and planning of process. Especially if required to train operators 

for control and monitoring of processes in emergency situations.  

The mine theme of dissertation is mathematical and virtual modeling for 

controlling, testing and measurement processess of pipeline transport. The 

innovation of dissertation is treatment of quality management effective methods 

recline on the product and service quality control and identify and analyze 

management principles.  

       The main aim of the dissertation is  optimization of mathematical and 

virtual modeling for controlling, testing and measurement processess of pipeline 

transport and identify suitability for assessing the uncertainty of measurement 

results. 

       The main objectives. Execution of these problems include addressing the 

major objectives of the study: 

 Design and operation conditions of trunk and local pipelines, 

determination and study of the control parameters sparse characteristics. 

 The control parameters (pressure, temperature and flow) of real 

research object measurement error analysis and uncertainty estimation.  

 In the pumping stations measurements processes virtual modeling 

using LabVIEW. 

 Evaluation of measurement error and uncertainty for suitability of a 

virtual and real models.  

     The main results of the dissertation and scientific innovation. In the 

dissertation is considered measurement technology and organization at crude oil 

pipelines and pumping stations. Theoretical and practical parameters of pipeline 

load at 0, 25, 50, 75 and 100% of nominal. Also calibration methods of pressure, 

temperature and flow measurement at 0, 25, 50, 75 and 100% of nominal and 

different regimes.  

 Based on the conducting experiments on each parameters single and 

multiple measurement for different regimes conducted measurement results 

theoretical research for error analyze and  uncertainty estimation. 

Represented mathematical models rectilinear and dynamical 

transportation programing task for choosing pipeline parameters during planning. 

In this dissertation described general information about the graphical 

programming program LabVIEW. Possibility using sphere and creating virtual 

models with LabVIEW. Using LabVIEW we create, process and investigate virtual 

models of measurement transmitterპs calibration process at pumping station. We 

create virtual models for single and multiple direct measurements as pressure, also 

temperature and flow transmitters. Tested virtual models and record test results for 
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single and multiple direct measurements. Using this results was calculated 

uncertainty of these virtual transmitters. Also was was comparison virtual models 

uncertainty with real transmitters uncertainty. 

There was for the first time investigated measurement results error analyze 

and measurement uncertainty estimation for virtual model for checking adequacy 

with real object measurement results. Also is investigated and presented the 

consolidation of observed test results of group pumping stations of real objects and 

virtual models measurement parameters. 

The sphere of using results: The research results and recommendations 

presented in the dissertation will use for measurement jobs planning at any type 

enterprise, for highest possible adequacy real and virtual models for their planning, 

testing and emergency situations exercises. This is useful especially for continuous 

and expensive measurements. Also for the objects with disabilities of measurement 

and train to high qualified personals. 
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              K  ,  D     dt 

       . 
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 2 

     

 

2.1.        

    

                

       

   ,   

  ,    

     

 ( ),   ,   ,   

       

  .      

     .    

     

  .   

     

 :  

-  (    

); 

- ; 

- ;  

-  ;  

-  ; 

-  . 

               

. 

              

  .   

   K   
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 Э.       

. 

              

,  ,    

  .      

 ,  , ,  

 . .    ,  

    . 2  

          

 ,     

  ,  K1 < K2   Э1 < Э2.  K1  K2   

      , 

 Э1  Э2       

.     .  

   K1 < K2   Э1 > Э2,     

                                                                               3 

              

  K2-K1 ,   

  Э1-Э2,       

.                                                                        4 

            ,  

    (     

 ).        

 ,    E  t  

    Eн (  

   Tн ). 
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                                                                        5 

                                                                           6 

          Э2+ EнK2 ≤ Э1+ EнK1       

   ,  Э+ EнK   . 

 Э+ EнK  = П   . 

                

  .                                                                     7 

           ,    

  .    :                                                        8 

         

EH K1+ Э1> EH K2+ Э2                                              9 

        EH Ki+Эi>Si   i-   .    

        EH=0.12 (    

   .) 

          

   . 

 

 : 

K = C  L+C  +C +L/l+(n-L/l-1)C                       10 

:  

K -    , 

C -     

L-   

l -      (l=400-800 ) 

n -    

C  -     
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C  -     (  

)  

C  -     ( ) 

           

      

.        

     .  

     

. 
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2.2     

       

         ( -

 ,  ,   

  -     

)       

  . 

          :  

    N   M 

,    , 

     

    , 

      

 .     

 ,      

 ,     

.     

 3 :     

 ,     

  .    

:  

          

  K1=200  ,  

   Э1=4  /  

           

  K1=160  ,  

   Э1=10  /  

          

     K1=140 

 ,     Э1=14  

/  
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  K1=160  ,  

 3 ,     

     

,   კ   

      

        

. 

 1. 

 

. 12      

 

         

.        

    .  

         

      

 . i-    Xi  

   ,  

 ,   Ki  i-   

  ,   

     

   . 
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  i-   f i (Xi, Ui)   

     Sკ  

 jკ   

fi(Xi, Ui)=CS-j                                                        11 

Ki-        S-

  Ji-  .  

     

     

 .    

    

)( ii xf  )(),(min
1

1 iiiii
jS

xfuxf  
 = 

 )(min
1

1 ii

i

js
jS

xfC                    12
         

     

   ,    

       

 

)( 44 xf  )(),(min 44444 xfuxf
jS

                                        13        

)( 44 xf  
JS

JS
C min                                                      14     

)(4 Pf  
MP

MP
C min =6                                                    15     

)(4 Qf  
MQ

MP
C min =3                                                   16 

    N5 

        N5 

i 

 

 

 

X4=M 

 

 

F4(X4) 

 

U4 

P 6 6 M 

Q 3 3 M 
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)(3 Df     )(;)(min 44 QFCPFC qdpd

qd
pd

 


 = min     32;68  =5       17 

)(3 Lf     )(;)(min 44 QFCPFC qlpl

ql
pl

 


 = min     35;66  =8        18 

)(3 Kf     )(;)(min 44 QFCPFC qkpk

qk
pk

 


 = min     37;65  =10       19 

    N6                                                                                                                    

 N6 

i 

 

 

X1
3=P X1

3=Q 
 

 

f3(x3) 

 

U3 

D 8+6 2+3 5 Q 

L 6+6 5+3 8 Q 

K 5+6 7+3 10 Q 

      

                   

      

. 

)(2 Af     )(;)(min 33 LFCDFC lada

la
da

 


 = min     89;52  =7         20 

)(2 Bf     )(;)(min 33 LFCDFC lbdb

lb
db

 


 = min     84;55  =10        21 

)(2 Cf      )()(;)(min 333 KFCLFCDFC kclcdc

kc
lc
dc

 

  = 

=min       105;83;56  =11                                 22 

        N7                                                                                  

                  N7 

i 

 

 

X1
3=A X1

3=B X1
3=C 

 

 

f2(x2) 

 

U2 

A 2+5 9+8 _ 7 D 

B 5+5 4+8 _ 10 D 

C 6+5 3+8 5+10 11 D, L 
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. 

)(1 Nf      )()(;)(min 222 CFCBFCAFC CNBNAN

CN
BN
AN

 

  = 

= min       114;103;77  =13                                          23 

 

              N8 

                                                               N8 

i 

 

 

X1
1=A X1

1=B X1
1=C 

  

 

f1(x1) 

 

U1 

N 7+7 3+10 4+11 13 B 

       

                N   

   B ,   3-  

   B   ,  

   ,   

 ,    .   -2-   

 D   ,   

       Q     

     M.  

      N  →  B → D → Q →  M 

 2.      

     

     ,  

      

   .   Ui -

    S-   J- . 
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. 

 

.  13      

    

   -4-  . 

)(4 Pf  
MP

MP
C min  = 4                                                 24 

)(4 Qf  
MQ

MP
C min  = 8                                                 25 

         N9 

  N9 

i 

 

 

 

X4=M 

 

 

F4(X4) 

 

U4 

P 4 4 M 

Q 8 8 M 

          -4-       

       

 . 

)(3 Df     )(;)(max 44 QFCPFC qdpd

qd
pd

 


 = max     86;46  =14     26 

)(3 Lf     )(;)(max 44 QFCPFC qlpl

ql
pl

 


 = max     89;49  =17     27 
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)(3 Df     )(;)(max 44 QFCPFC qkpk

qk
pk

 


 = max     87;47  =15     28 

         N10 

                                                                    N10 

i 

 

 

X1
3=P X1

3=Q 

 

 

F3(X3) 

 

U3 

D 6+4 6+8 14 Q 

L 9+4 9+8 17 Q 

K 7+4 7+5 15 Q 

             

      

. 

)(2 Af     )(;)(min 33 LFCDFC lada

la
da

 


 = min     1710;1410  =27          29 

)(2 Bf     )(;)(min 33 LFCDFC lbdb

lb
db

 


 = min     1712;1412  =29          30 

)(2 Cf      )()(;)(min 333 KFCLFCDFC kclcdc

kc
lc
dc

 

  =  

=min       155;175;145  =22                                    31 

         N11                                                             

      N11 

 i 

 

  

X1
2=A X1

2=B X1
2=C 

 

 

F2(X2) 

 

U2 

A 10+14 10+17 - 27 L 

B 12+14 12+17 - 29 L 

C 5+14 5+17 5+15 22 L 

           

      

. 

)(1 Nf      )()(;)(min 222 CFCBFCAFC CNBNAN

CN
BN
AN

 

  =  

=min       225;2912;2710  =41                             32  
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     N12 

  N12 

i 

 

 

X1
1=A X1

1=B X1
1=C 

 

 

f1(x1) 

 

U1 

N 10+27 12+29 5+22 41 B 

             N   

   B ,   7-  

  B   ,  

   ,   

  ,    L.   -6-  

  L   ,  

        Q    

      M.  

      N  →  B → L → Q →  M 

 3.      

     

      , 

       

  .   Ui -  

   S-   J- .  

      

     . 

 

.  14         
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       -4-  . 

)(4 Pf  
MP

MP
C min  = 18                                           33 

)(4 Qf  
MQ

MP
C min  = 10                                          34 

    N13 

                                                           N13 

i 

 

 

 

X4=M 

 

 

F4(X4) 

 

U4 

P 18 18 M 

Q 10 10 M 

     

                    

      

. 

)(3 Df     )(;)(min 44 QFCPFC qdpd

qd
pd

 


=min     106;1817  =16    35 

)(3 Lf     )(;)(min 44 QFCPFC qlpl

ql
pl

 


=min     1011;188  =21     36   

)(3 Kf     )(;)(min 44 QFCPFC qkpk

qk
pk

 


=min     1017;1810  =27   37   

        N14 

                                                                  N14 

i 

 

 

X1
3=P X1

3=Q 

 

 

f3(x3) 

 

U3 

D 17+18 6+10 16 Q 

L 8+18 11+10 21 Q 

K 10+18 17+10 27 Q 

                   

      

. 

)(2 Af     )(;)(min 33 LFCDFC lada

la
da

 


=min     2117;1615  =31    38   

)(2 Bf     )(;)(min 33 LFCDFC lbdb

lb
db

 


=min     219;1622  =30      39   
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)(2 Cf      )()(;)(min 333 KFCLFCDFC kclcdc

kc
lc
dc

 

  = min  

      2716;218;1610  =26                                    40 

       N15 

 N15 

i 

 

 

X1
2=A X1

2=B X1
2=C 

 

 

f2(x2) 

 

U2 

A 15+16 17+21 _ 31 D 

B 22+16 9+21 _ 30 D 

C 10+16 8+21 16+27 26 D 

                   

      

. 

)(1 Nf      )()(;)(min 222 CFCBFCAFC CNBNAN

CN
BN
AN

 

  = 

 =min       2616;3013;3120  =42                                 41 

         N16 

                                                              N16 

i 

 

 

X1
1=A X1

1=B X1
1=C 

 

 

f1(x1) 

 

U1 

N 20+31 13+30 16+26 42 C 

 

   N → C →  D → Q → M 

      

   ,   

 ( )    

 ნ  / ნ   

   ,  

      

 . 
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  26 ,    13   

   13/26=0,5,   

      15 

,    42    

 15/42=0,35.    

           

    , 

 NCDQM      

.      

      

. 

                 ,   

  2.1  :                                        

     ,      

,   :  

                                     

                                      

                     

,      

 ,  : 

S1=0.12 200+4=28    /  

 S2=0.12 160+10=29.2  /  

S3=0.12 140+14=30.8    /  

          . 
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 3 

      

       

3.1.          

   

3.1.1.        

    

 

         

       

      FLUKE 787 

 ,    0.05%,   

0.001 ,   0-30 mA.   

   0.0034Ba,  

    0.004mA. 

   0.005V. 

        

  . 15. 

 

 . 15.      
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  17-     (mA)   

 (Ba),    7.5 Ba   

 8 mA  ,    

0-35 Ba   0,025%.    

      

  ( )     ( )  

     . 

     1.2 . 

     , 

      

    , 

  ,   

 ,      

.  

      

    .  

    17-      

10       8 Ba-  

       

       

      

  .     

            ̅  ,      

. 
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 17 

N 
 

, 

B
a
 

 
 

m
A

 

 

 
 

m
A

  
              ̅   (     ̅ )  

   25%-   

 

(  7.5 Ba) 

1. 7.5 8 8 0.0017000 0.0000029 

2.        7.5 8 8.002 0.0003000 0.0000001 

3. 7.5 8 8.001 0.0007000 0.0000005 

4. 7.5 8 8.002 0.0003000 0.0000001 

5. 7.5 8 8.004 0.0023000 0.0000053 

6. 7.5 8 8.003 0.0013000 0.0000017 

7. 7.5 8 8.002 0.0003000 0.0000001 

8. 7.5 8 8 0.0017000 0.0000029 

9. 7.5 8 8.002 0.0003000 0.0000001 

10. 7.5 8 8.001 0.0007000 0.0000005 

 

  

 

    ̅  
8 8.0017 

|∑|=0.0096 

 

∑=0.0000141 

 

 

       A    

 :          √           (      )       √                            42  

            

,  10   1,2  

                                                    43 

      ̃      

   [1] 

  ̃        ̅                                                          44 
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   √(      ̅  )   √                    .              45 

          ̃                    =0.8084                       46 

          ̃    

   10     (  ⁄ )          ̃            ⁄        . .      

  [1]. 

         A  

     B  

,     

    .  

        

  

                         
                        .                        47 

   _    ;  

ρ _  ;  

λ _   ;   _  ;   _    

ω _    ;   _   . 

 
    w     

     ,    [    ⁄ ],             , 

               

. 
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 ,   ρ        (  )  

   . .          

,                    .                                       48 

   _    1  2    

 ;               

. 

         

   .    

             .   L- ,    D-   

    Δz -     

    , 

  ,    

   .  

                                                 49 

   (7)    

        -    -  

.                                                              50                                                             51 

 ν _    ;    _ 

 ;    _    

 .  

        (  

 )      

     

,        
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      -    . .   -     . 

     ,    

  [2]-     

        , 

    

  [3]    

     .  

                  

      

 [2].                                                         52 

          

 ,    0,0375 

                     

     

           √                                                 53 

      - -      

                     .     

              √                                           54 

          

    600±0,8     .  

             

  ,    

  0.76          

                    .  
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             √                                                    55 

        

  ρ, λ, ω    

                                                                    56                                                                 57                                                58 

     200C 

                                                                                          
                                                                
                                                      

   .                                                             

   √        √                                            

   .                                                                     
   √       √                                                    
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 N18 

 
 

 
 

 

 
 

 
 

 
 

 

  
 

8.0017mA       _ _ 

 
 

 
_              

 

( ) 
 

_    0.00409  

 
 

           

 
 

            

 
 

    0.000013  

 
 

 
 u  = 0.000777  

  
 

             

 
 

 

_           

  
 

          

Y 8                      

 

B      

                          √( )       ( )  (     )                   
 √                                                                                                                                                                                                                            

           A  B     

       √          √                    0.008866                67 
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                                                          68 

                    0,95 

  ν      ,  

 [1]     √         √         .                          69 

    

     

                                                    70 

                         0.95 

 

 

       

       

      

     ,  

 Fluke 787  ,  (mA).  

   0-30 mA.   

   8       7.5Ba, 

(      

(7.5Ba 0.5333+4=8mA).    0.05%.  

       

. 

  : 

    +28   

; 

    0.001mA ; 
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    0.01 ; 

   0.0034 

   0.004 mA 

               ;  

   0.000013 

    0.000777 

    0.000001 

    

: 

    

 18 - .    28  

 . 

           

     

                                                                     

                                                                       

         ,  

,    , 

   α=√3.                √                                                         

   .                                                                       

   √        √                                                        

   .                                                                          
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   √       √                                                         

 

:       

   .  

   .     √∑                                                                            

   

 19 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
8.0017mA   _ _ 

 

 

 

_              

 

( ) 

 

_    0.00277  

 

 
_           

 

 
_          

 

 
_         0.000013  

 

 

 

_   u  = 0.000777  

  

 
_  u  = 0.000001  

 

 

 

_           

  

 
_          

Y 8                     
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 p=0,95                                                                         

 ,    

            

k       [1]                                                                          

    8           . 

      

                                                                       

   . 
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3.2       

      

3.2.1.      

     

       

     

    ,  

 Fluke 787  ,  (Ohm)  

  0-400Ohm.   

     . 16 

 

. 16     

 

          

  250C    109.73 Ohm. 

     110.5 

Ohm,   260C  (  1).    

0.05%. 

        

: 

R=((T*α)+1)*100                                            82 

 R -    , 



76 

 

T- , 

α- ,    

 ,   α=0.00385. 

         

 . 

  : 

    +30   ; 

    0.01Ohm ; 

               ;  

       : 

        

 (   )  

                                                                  83 

     , 110.5   , 109.73   

    200C. 

                                                                                 

          

                                                                     85 

   .                                                                           
                                                                                     

       , 

 ,    , 

   α=√ .               √                                                               



77 

 

        

            √                                                        
            

,     

    .    √       √                                                        

          

                                                            91 

   

 N20 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

110.1 Ohm _ _ 

 

 

_  =0.046  

 

( ) 

 

_          

 
 

_           

 

 

-        

Y 110.5 Ohm             

      :       

   .  

         .     √     √                                            92 

         

 p=0,95   



78 

 

                                                              93 

      ,    

           k       [1]                                                          94 

            

110.5±0.185 Ohm           

          

 

          250C 

   109.73 Ohm.   

    N21.   

110.67 Ohm. 

 N21 

N 
 

    

 

 
Ohm 

 

 

Ohm                ̅   (     ̅ )  

   25%-    
( ) 

1 25 109,73 110.7 0.03000 0.00090 

2 25 109,73 110.6 0.07000 0.00490 

3 25 109,73 110.8 0.13000 0.01690 

4 25 109,73 110.7 0.03000 0.00090 

5 25 109,73 110.5 0.17000 0.02890 

6 25 109,73 110.6 0.07000 0.00490 

7 25 109,73 110.4 0.27000 0.07290 

8 25 109,73 110.9 0.23000 0.05290 

9 25 109,73 110.7 0.03000 0.00090 

10 25 109,73 110.8 0.13000 0.01690 

 
  

 

    ̅  
109,73 110.67 |∑|=1.16 

 
∑=0.201 

 

               

 . 

  : 

    +30   ; 



79 

 

    0.01Ohm ; 

    0,05%. 

               ;  

 

    : 

         A    

 :          √           (      )       √                                           

           

,  10   1,2  

                                                               ̃      

   [1]  ̃        ̅                                                                      

  

   √(      ̅  )   √                                                  

   ̃               =0.8182                                              99 

        ̃    

   10     (  ⁄ )          ̃            ⁄        . .      

  [1]. 

               

 (   )  

                                                                 100 

, 110.67    ,  
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109.73    200C   . 

                                                                          

          

                                                                     

            .                                                                     
                                                                                      

         

,     α=    .  

                                                                                

       

                                                                 
          

,     

    .    √       √                                                  
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 N22 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

110.67 _ _ 

 

 

 
 

_   = 0.006 Ohm  

 

 
_            

 
 

_               

 

 
-      Ohm  

Y 110.67                

 

    :       

   .  

        .     √∑    √                                                

       A  B    

:      √∑        √                                                         

p=0,95                                                                             

     ,    

           k       [1]                                                              112 

     

110.67±0.2           
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3.3        

   

3.3.1.      

     

. 

           

. 

          

     . 

   0-1600 3/ ,   0.5. 

     585.6 3/ . 

          

. 

  : 

    +30   ; 

     0.1 3/ , 

                ;  

      0.01 

     0-2500 3/ , 

     0.1 

       : 

       ,  

,    , 

   α=√3.    

                 

 

 U . . =
 √                                                                   
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 U . . =
 √                                                                

      

 

 U . . =
 √                                                                 

             

 U . . =
 √                                                        116 

   

                                                                                                           23 

 

 

 

 

 

 

 

 
 

 

 

 

  

 
585.6 _ _ 

 

 
 

 

 
 

_        

 

 

 
 

 

_         

 
 

 

 

 
 

_          

 

 
 

 

 

         

Y 585.6   0.4098  

       :       

   .  

       .  
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   √     √                                                 117 

          

 p=0,95    k       [1]                                                118 

     

(585.6            p=0,95 

 

 

           

. 

           

  24       

  . 

 24 

 

 

 

 
3/  

 

                ̅   (     ̅ )  

1 600 596.55 0.2700 0.0729000 

2 600 596.475 0.6300 0.3969000 

3 600 595.925 0.1300 0.0169000 

4 600 595.325 0.4700 0.2209000 

5 600 594.9 0.8700 0.7569000 

6 600 594.275 1.5700 2.4649000 

7 600 594.325 1.4700 2.1609000 

8 600 594.85 0.9700 0.9409000 

9 600 597.075 1.2300 1.5129000 

10 600 599.475 3.6300 13.1769000 

  

 
 

    ̅  
595.77 

|∑|=11.24 
 

∑=21.721 
 

 

  : 

    +30   ; 

     0.1 3/ , 



85 

 

                 ;  

      0.01 

      0-2500 

3/ , 

     0.1 

    : 

         A    

 :  

        √          ∑(      )   
    √                              

           

,  10   1,2  

                                                                   ̃      

   [1]  ̃        ̅                                                                     

  

   √(      ̅  )   √                                             

   ̃                 =0.7626                                            123 

          ̃    

   10     (  ⁄ )          ̃           ⁄        . .      

  [1].    α=1.68  
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 U . .                                                                    

                   

 

 U . .                                                                

                  

 25 

 

 

 
 

 

 
 

 

 

 
 

 

  
 

595.77 _ _ 

 

 

 
 

 

 

_         

 
 

 

 
 

_         

 

 

 
 

 

 

_          

 

 

 

 
 

         

Y 595.77   0.423  

 

     

 U . .                                                                
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 U . .                                                               

    :       

   .  

   .     √∑    √                                                         

       A  B     

       √          √              0.5795                        129 

 

    

 p=0,95    k       [1]                                                       130 

      

595.77        
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 4 

      

 LabVIEW     

4.1.    LabVIEW    

     , 

,   

LabVIEW   ,  

  ,    

       

, ,      

  .   

         

LabVIEW-       

  . LabVIEW-    

   -  

   ,  GG 

     

.     

  ,    

     

     

      .  

    LabVIEW-    

 C       

 .  

 30     National Instrument 

(NI)         

LabVIEW- ,       . 

   LabVIEW  

     , 
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  . 

  50-  , IBM  

   IBM 704  

     -  

 FORTRAN.      

       

,       

     ,   

   . 

  LabVIEW-   -  

(       - 

),   ,  . 

       

       

:  , ,     

 .  

     

 G   ,     

  ,     

 -  ,    

  .   

     

      , 

   17    

 . 
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 17.  ,    

 . 

     G 

, LabVIEW     

 . ,   

       

  ,      

   ,    

  ,   . 18.-    

    . 

 

 18.     

 

     

LabVIEW      

      , 

      

    ,  
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 19.      

   

 ,    

       

 .       

 . 

      , 

      

,    ,    

. 

 

.20      

( ) 

       

      

     2D   3D 

 .      

      

      

      .  
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.21.      

 

LabVIEW-   supervisory control and data acquisition 

      

       

    SCADA . 

 

 

.22 . LabVIEW-   supervisory control and data acquisition 
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4.2      LabVIEW 

 

4.2.1.       

    

          LabVIEW    

      23  24  

  2 ,     

  23        24 

             

   3 ,     

   ( ),    

  ( ),      

  . . ნ  ნ  

 ( ).  

 

 . 23      

            ,    ,  

      

       

  8  ,  

  0-30 mA.    

 0,048%   .   

      



94 

 

    1,    

   .      

   17    

     15- .  

1      ,, -

 მ (5).      

      

. 

 

.24     

            

    ,   

    0.533333   

 4      

   .  0.53333 

   .   

 4 .   (1)   

       

  (2).     

       

3- ,      (4)  

  .   
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  (6),     

    0 - 30 . 

          ნ  -  ნ 

 (5)      

   (7)    

 (8),       

  mA.      

       

   .  

      

     

,      

,, მ (9)  ,, მ (10) .   

       

       

     (17).    

      

(  1000  1 )     

     . 

             

(11),        

        

   .   

  ,, მ-  (12).    

    -   

   0.1%  (12)   

,        

 (12)   .   

      (13).  
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  .    

 3 :  (12),   (14)  

  (13). 

 

. 25      .  

         25       

   .  

        14    

  (30 ). ,,  მ  (14)  

 ,        

     ,   

     .  

      ,,  მ  (15)  . 

      

     20%-  80%- . 

        

 ,        

 .  ,,  მ   

     (16).   

             

   LabVIEW . 

            

     



97 

 

     

 . 

                 +22℃ 

     

     ,  

      

(+5+35)℃.     0.001 . 

      N26 

   .                                                                      

 N26 

  
  

 

  

 

  

  

Δ 

  

δ 

    

Δ 

  

δ 
Ba mA mA mA % mA mA % 

7.5087 8.0044 8.012 0.0076 0.0948 8.019 0.0136 0.169 

           

      

7.5087              ⁄                                 

          

                                                   

   

δ     100  
           100  0.09                                        

     

          8.019-8.0044  0.0146                       



98 

 

          

δ      100  
            100  0.1                                    

           0,05%_  , 

     

     

,      

.     

  

δ       100  
         100  0.0                                        

       

  (  )   

                                                                     

:  

_ γ0      

 (  )   ; 

_ γ     . 

_γ     . 

      

     

  . 

   ,  

,    , 

 α √3     
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      √        √                                                   

    N27 

 N27 

  

 

 

 

 

 

 

 

 

 

 

  

 
8.019 mA _ _ 

 
 

_  =          

 
 

_             

 

 
_              

Y 8.019                   

 

   .     √∑    √                                              

          

 p=0.95                                                        

            

8.019            

     

                                                            

    . 

 



100 

 

      

  

 

             

     

     

 . 

                  +22℃ 

     

     ,  

      

(+5+35)℃  

          0.001 ; 

   .                                                                 

      N28-   N29    

 10      

 8 Ba-        

       

      

   .    

       

      ̅  ,     

 . 
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      N28 

     

     0.001  ; 

        .                                                              

           

     ,  

  (   )  

 .      

    , 

      

    ,  

      . 

       

 

N 

  
 

 

 

  
 

  
 

 

Δ   
 

Ba mA mA mA % 

1 7.5018 8.001 7.9929 0.00807 0.1009 

2 7.5034 8.0018 7.9937 0.0080 0.1004 

3 7.5006 8.0003 7.9922 0.00804 0.1006 

4 7.5079 8.0043 7.9961 0.00811 0.1014 

5 7.5054 8.0029 7.9945 0.00805 0.1007 

6 7.5028 8.0015 7.9934 0.00807 0.1009 

7 7.5076 8.0041 7.9960 0.00807 0.1010 

8 7.5048 8.0026 7.9945 0.00810 0.1013 

9 7.5043 8.0023 7.9942 0.00805 0.1007 

10 7.5040 8.0022 7.9941 0.00807 0.1010 

 7.5043 8.0023 7.9942   
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 . 

      N29 

           (მ ნ 

)       

      

     

  0.533 mA/Ba .   4 ,   

   0-   . 

7.529 Ba * 0.533 mA/Ba +4=8.0155 mA                          

          ,  

      

  ,  ,  

    . 

          

                                                  

                                                            

       ̅   (     ̅ )  

  

              

                

               

 

mA mA %   

8.014 -0.013 -0.01 0.004 0.0000203 

8.015 0.0162 -0.01 0.002 0.0000062 

8.021 -0.02 -0.02 0.006 0.0000423 

8.019 -0.014 -0.014 0.011 0.0001322 

8.013 -0.01 -0.01 0.006 0.0000423 

8.017 -0.015 -0.015 0.002 0.0000062 

8.018 -0.013 -0.013 0.006 0.0000422 

8.015 -0.012 -0.012 0.010 0.0001103 

8.016 -0.007 -0.007 0.003 0.0000123 

8.01 -0.007 -0.007 0.002 0.0000062 

8.015   ∑ 0.057 ∑ 0.00042 
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          8.0158                                  

                                                                   

    0.05%_  , 

     

     

,      

.     

                                                      
            

                                                    

         ,     

      

       

  ,   

  . 

          A  

   :        √         (      )       √                                    

                  

,  10   1,   

                                                      ̃      

   [1] 



104 

 

 ̃        ̅                                                           

  

   √(      ̅  )   √                                          

   ̃                   =0.8715                                               

        ̃    

   10     (  ⁄ )          ̃            ⁄        . .      

  [1]. 

         ,  

,     

 α=1.65.                                                                           

                  

    : 

                                                                  

          

     

                                                       

:       

   .  

   .  
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      30 

  

 

 

 

 

 

 

 

 

 

 

  

 
8.0122 _ _ 

 
  

 

_     =          

 
  

 

_   0,0078    

 

 
_             

Y 8.0122                

    √     √                                               

      A  B     

       √          √                  0.0093                

                                                                     

                 0,95 

  ν      ,  

 [1]      √         √         .                              

          

                                                           

                                0.95 
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    Labview-   

  .   

      

  26  

 

.26      

 1   , 2  

, 3    , 

4    5  . 
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4.3     

4.3.1.      

     

LabVIEW   

                   

     27  28. 

        

  3 ,      

  ( ),     

( ),       

 . . ნ  ნ  ( ). 

 

         . 27     

  . 

         

       

1,       

.        

 15      

       14- . 

             

     ,  

  (   ) 
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  .     

     

,      

     , 

      

 .       

       

  . 

            ,  

      

  ,  ,  

    . 

              

   (1)-    

   (2)-    

.     ,, -

 მ (5).      

      

.       

.  3  4    

 . 

         2    

   ” - “ (5).  

      

.  (5)    

     (6)   

  (7),     

   0C.     

        

   .   

 8     . 
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        . 28     

  . 

 

    ” - “ 

     

     

  ,   

   ,, “ (9)  ,, “ (10) 

.  

      . 

    2 :  (11)  

  (12). 

   2 .  ,, “-  

      -  

    0.3%   

 ,       

   . 

,,  მ  (12)     ,  

       

    ,      

  .  
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. 29.       

     

 

    

    LabVIEW 

 

             ,    , 

    

     

      

8_    ,   

 0-400 Ohm- .    

 0.0475%   . 

     

110.11 Ohm  26
0
C . (   

    1)  

      

      

    . 

                   +22℃ 

     

     ,  
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(+5+35)℃.      

 31. 

           0.01 Ohm ; 

          .                                                                      

  31 

 

 

 

 

 

  

 

  

 

Δ 

 

δ 

 

 

Δ 

 

δ 

0C Ohm Ohm Ohm % Ohm Ohm % 

25.7 109.92 109.96 0.03 0.027 110.11 0.19 0.173 

    

       = 109.96-109.92=0.04                                 169 

                                                                        
                 

           110.11-109.92=0.19                        171 

   

δ           
                  .                                     

             0,05%_  , 
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,      

.     

  

δ            
               .                                       

       

  (  )   

                                                                   
:  

_ γ_0      

 (  )   ; 

_ γ_     . 

_ γ_     . 

      

     

  . 

   ,  

,    , 

 α=√3    

     

                           Ohm                                     175       

           

     

                       Ohm                                      176 
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   √       √                                               

   

         32 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

110.11 Ohm _ _ 

 

 
_  =       

 

 
_   0.1098  

 

 
_           

Y 110.11 Ohm            

        :       

   .  

                    .     √     √                                          178 

    

 p=0,95                                                             179 

 ,    

    k_    

 ,    

  ,          

k                                                             180 
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110.11±0.188 

            

                                    %                    181 

    . 

 

           Labview-  

   .  

     

    30.  

        10   , 11 

 , 12    

, 13    14  

. 

 

. 30.     

   . 
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 . 

     +22℃ 

     

     ,  

     

 (+5+35)℃  

     0,01 Ohm ; 

   .                                                         

            

 33  34     10 

      25 

0C -       

      

     

   .    

       

      ̅  ,     

 . 
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 33 

 

          

                              Ohm              

                                                                

        

          110.013-109.826= 0.187                        

                                                            

 

 

 

 

N 

    

 

           
  

           
  

 

Δ 

 

  
  

Ohm 0C 0C 0C % 

1 25.7 109.92 109.93 -0.010 -0.009 

2 25.5 109.85 109.86 -0.013 -0.012 

3 25.9 109.8 110.00 -0.208 -0.189 

4 25 109.66 109.67 -0.010 -0.009 

5 25.7 109.89 109.90 -0.010 -0.009 

6 25.5 109.8 109.83 -0.030 -0.027 

7 25.7 109.8 109.91 -0.113 -0.103 

8 25.8 109.95 109.97 -0.020 -0.018 

9 25.7 109.92 109.94 -0.020 -0.018 

10 25.6 109.65 109.6 -0.010 -0.009 

X   109.826 109.87   



117 
 

 34 

         0,05%_  , 

     

     

,      

.     

                                                            

            

                                                              

        ,     

      

 

N 

 

      ̅   (     ̅ )  
  

 
 

      

 

   

 

   

 0C 0C %   

1 110.07 -0.153 -0.139 0.036 0.0013 

2 110.02 -0.16 -0.141 0.031 0.0009 

3 110.03 -0.23 -0.320 0.115 0.013 

4 109.88 -0.222 -0.202 0.154 0.023 

5 110.04 -0.15 -0.142 0.009 0 

6 110.05 -0.25 -0.323 0.119 0.014 

7 110.05 -0.25 -0.233 0.019 0.0003 

8 110.11 -0.160 -0.145 0.073 0.0054 

9 110.08 -0.161 -0.146 0.044 0.0020 

10 109.8 -0.150 -0.137 0.236 0.055 

X        110.13   ∑ 0.842 ∑ 0.117 
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  ,   

  . 

         A   

  :        √         (      )       √                                      

                 

,        ,   

                                                                ̃      

   [ ]  ̃        ̅                                                                   

  

   √(      ̅  )   √                                                     

   ̃                  =0.7769                                                

          ̃    

          (  ⁄ )          ̃            ⁄        . .      

  [ ]  α=1.65.                                                                               
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     35 

 35 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

110.013 _ _ 

 
 

_     =         

 
 

_          

 

 
_          

Y 110.013            

 

:       

   .  

   .     √     √                                              

      A  B     

       √          √               0.117                      
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               0,95 

  ν      ,  

 [1]      √         √         .                           

          

                                                              

                                p 0.95 

       

     

                                                             

    . 
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4.4      

4.4.1.       

      

       LabVIEW   

       

 31,   32   _ . 

 

. 31       

 

 . 32       

                    

   3 ,     

   ( ),    

  ( ),      

  . . ნ  ნ  

 ( ).     

      

  1,      
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 .       

  17     

    16. 

           15  

      

       

   3, 4, 5  7.   

    7, 8, 9  10. 

   3,4,5  6-     

       

  11. 

       12, 

     0.5 ,  

 13   ,     

   . ,,  მ  14   

  ,       

   (1600)    , 

       . 

 

      

   

         600.6 3.  

      

      

    . 

         +22℃ 

     

     ,  

      

(+5+35)℃.        

. 
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  : 

     0.1 3/ , 

      0.01 

      0-1600 3/ , 

         
    

  

 
 

  

  

 

Δ 

 

 δ
 

   

Δ 

  

δ 

3/ , 3/ , 3/ , % 3/ , 3/ , % 

600.03 600.09 0.06 0.0099 600.6 0.57 0.094 

        .                                                                   

    .                                                                     

     

       = 600.09-600.03=0.06                           

     

δ          
                 .                                      

    

           600.6-600.03=0.57                              

   

δ           
                .                                          
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   ,  

,    , 

 α √3.                                                                        

        

     

                                                                  

         

     √      √                                                

         

      √       √                                           

   .     √∑    √                                                 

    

 p=0,95                                                                  

 ,    

  ,          k                                                       

     
  

600.6±0.558 
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6  .6 3/  _ _ 

 
 
 

 

_  =       

 
 
 

 

_   0.329  

 
 

 

 

_           

 
 

 

 

            

Y 6  .6 3/           5  

 

      
    

                                    %                            

    . 

 

      

   

           

     

     

 . 
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N 

  

 
 

  

  

 

 Δ
 

  

δ 

    

Δ 

 

 δ
 

3/ , 3/ , 3/ , % 3/ , 3/ , % 

1 600.02 600.06 -0.040 -0.007 601.18 -1.155 -0.192 

2 600.02 600.05 -0.030 -0.005 600.98 -0.955 -0.159 

3 600.02 600.02 0.000 0.000 599.58 0.445 0.074 

4 600.02 600.03 -0.010 -0.002 601.40 -1.380 -0.229 

5 600.02 600.06 -0.040 -0.007 602.20 -2.180 -0.362 

6 600.02 600.02 0.000 0.000 598.33 1.695 0.283 

7 600.02 600.05 -0.030 -0.005 602.38 -2.355 -0.391 

8 600.02 600.04 -0.020 -0.003 599.15 0.870 0.145 

9 600.02 600.03 -0.010 -0.002 600.25 -0.230 -0.038 

10 600.02 600.04 -0.020 -0.003 598.88 1.145 0.191 

 600.02 600.04   
600.43 

 
  

 

                 +22℃ 

     

     ,  

      

(+5+35)℃  

  : 

     0.1 3/ , 

      0.01 

      0-2500 

3/ , 

      A   

  :        √         (      )       √                           
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,  10   1,2  

                                        ̃      

   [1]  ̃        ̅                                                          

  

   √(      ̅  )   √                             

   ̃            =0.89                         

          ̃    

   10     (  ⁄ )          ̃          ⁄        . .      

  [1]. 

          .                                                              

    .                                                                 

           

.     

        = 600.04-600.02=0.02                        

                                   33                          

    

          600.43-600.02=0.41                      
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δ           
                 . 6                         

                 ,  

,    , 

 α=√3.                                                                

          

     

                                                                

          

                                                               

           

                                                             

   .      √     √                                                 

      A  B     

       √          √            0.58                         
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6  .6 3/  _ _ 

 
 
 

 

_  =         

 
 
 

 

_   0.248  

 
 

 

 

_         

 
 

 

 

          

Y 6  .6 3/              

 

     

600.43±1.06   P   0.95 

      

                                  %                           

    . 
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 5 

     

    

 

5.1      

      

 

5.1.1      

      

 

                     

       

        

      

.     

     ,  

      

    .  

      

      

  .    

      

       

   .  

               ,   

       . 

,        , 

       

. .    .    

     ,   
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  . 

                    [1], 

       : 

                  , 

   ,        

               ;    

     -                   .      

     . 

         ∑      ̅    
                                                             

         ∑      ̅    
                                                            

          ̅                  ⁄      ̅                  ⁄ . 

                  

                                                                                 237     

                      (  ) 
   .    

       

                                                                             238 

                     

                 ,    

     . 

                  ( - - ) 

-   ,    

   100%    XI 

  II .    

  40 (   XI)   41 (  II).  
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     30kPa-  

,    (  

 )    mA  

. 

 40 

№ 

 , kPa 

   , 

mA        

      ̅   (     ̅ )  

   100%   (  

30kPa) 

1 

       

20,003 -0,0013 0,169      
2 20,004 0,0023 0,53      
3 20,008 0,0063 3,96      
4 19,997 -0,0047 2,21      
5 19,995 -0,0067           
6 19,998 -0,0037 1,37      
7 20,005 0,0033 1,09      
8 19,997 -0,0047 2,21      
9 20,007 0,0053 2,81      
10 20, 003 -0,0013 0,169      

    

   ̅  20,0017  ∑19,008      
                                                                                       

                                                                                                                                                                  

                   

 ,     

    [1],            .     

           ⁄                                                                   
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 41 

№ 

 , kPa 

   , 

mA        

      ̅   (     ̅ )  

   100%   

(  30kPa) 

1 

       

20,005 0,0037 1,36      
2 19,997 -0,0043 1,84      
3 20,006 -0,0047 2,2      
4 20,003 0,0017 0,28      
5 19,995 -0,0063 3,96      
6 19,998 -0,0033 1,08      
7 20,002 0,0007 0,049      
8 20,004 0,0027 0,73      
9 20,007 0,0057 3,25      
10 19,996 -0,0053 2,81      

    

   ̅  20,0013  ∑17,559       
 

       

                         

,         

 (      

) .       

.  

                  

      

    .  

                  

 ,  100%-   

    42-  .  
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 42 

 

 , kPa 

   , 

mA        

      ̅   (     ̅ )  

   100%   (  

30kPa) 

1 

       

20,007 0,0037 1,36      
2 20,000 -0,0033 1,09      
3 20,004 0,0007 0,049,      
4 20,009 0,0057 3,25      
5 19,997 -0,0063 3,97      
6 19,992 -0,0113 12,77      
7 20,007 0,0037 1,37      
8 20,009 0,0057 3,25      
9 20,01 0,0067 4,49      

10 19,998 0,0053 2,81      
    

   ̅  20,0033  ∑34,409       
                                                                    

      

                                                                                                                                                                       

                   , 

       , 

            .    

                                                                                     

                      

                         

,         

 .       

,     

 . 
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        5.1.2       

      

         ( - - ) 

     

 100%    XXI   II 

.      43 

(   XXI)   44  (  II).   

   1000C ,  

    Ohm 

 . 

 43 

№ 

   

   , Ohm        

      ̅   (     ̅ )  

   100%    

1 

1000C 

      138 0.64 0.41 

2 138.4 0.24 0.06 

3 138.7 0.06 0.00 

4 139.1 0.46 0.21 

5 138.6 0.04 0.00 

6 138.7 0.06 0.00 

7 138.4 0.24 0.06 

8 138.3 0.34 0.12 

9 138.5 0.14 0.02 

10 139.7 1.06 1.12 

    

   ̅  138.64 ∑ 3.28 ∑ 2.004                                                                                                                                                         

                          ⁄                                                        

     

  ,    
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     [1],    

        .    

            ⁄                                                                  

 44 

№ 

   

   , Ohm        

      ̅   (     ̅ )  

   100%    

1 

1000C 

138.8 0.40 0.16 

2 138.4 0.00 0.00 

3 138.6 0.20 0.04 

4 138.3 0.10 0.01 

5 138.5 0.10 0.01 

6 138.6 0.20 0.04 

7 138.4 0.00 0.00 

8 138.4 0.00 0.00 

9 138.5 0.10 0.01 

10 137.5 0.90 0.81 

    

   ̅  138.4 ∑ 2 ∑  1.08 

       

                         

,         

 .       

.  

     

      

    .      

     

    100%-   

    45.  

               ∑        ̅    
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                    ⁄              ⁄                                            

 45    

№ 

   

   , 

Ohm        

      ̅   (     ̅ )  

   100%    

1 

1000C 

138.73 0.3060 0.0936360 

2 138.96 0.5360 0.2872960 

3 138.6 0.1760 0.0309760 

4 138.12 0.3040 0.0924160 

5 138.57 0.1460 0.0213160 

6 138.24 0.1840 0.0338560 

7 138.1 0.3240 0.1049760 

8 138.25 0.1740 0.0302760 

9 138.06 0.3640 0.1324960 

10 138.61 0.1860 0.0345960 

    

   ̅  138.42 ∑ 2.7 ∑  0.862 

 

    , 

       , 

           .                        .                                                          

       

                         

,         

 .       

,     

 . 
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5.1.3      

      

            ( - - ) 

-   ,     

   600 3/    

 XXI   II ,   

   46  (   XI)   47 

(  II).  

 46 

№  3/            ̅   (     ̅ )  

1 

600 3/  

596.55 1.1350 1.2882250 

2 596.4 0.9850 0.9702250 

3 595.92 0.5050 0.2550250 

4 595.32 0.0950 0.0090250 

5 594.9 0.5150 0.2652250 

6 594.27 1.1450 1.3110250 

7 594.32 1.0950 1.1990250 

8 594.85 0.5650 0.3192250 

9 596.07 0.6550 0.4290250 

10 595.55 0.1350 0.0182250 

    

   ̅  595.62 ∑ 6.83 ∑ 6.06 

 47 

№  3/            ̅   (     ̅ )  

1 

600 3/  

595.9 0.2370 0.0561690 

2 595.2 0.4630 0.2143690 

3 596.22 0.5570 0.3102490 

4 595.1 0.5630 0.3169690 

5 595.32 0.3430 0.1176490 

6 595.45 0.2130 0.0453690 

7 595 0.6630 0.4395690 

8 596.17 0.5070 0.2570490 

9 596.35 0.6870 0.4719690 

10 595.92 0.2570 0.0660490 

    

   ̅  595.66 ∑ 4.49 ∑2.295 
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                        ⁄                                                      

     

  ,    

     [1],    

        .    

            ⁄                                                                 

       

                         

,         

 .       

.  

     

      

    .  

      

    48-  .  

               ∑        ̅    
                                               

                                                                        

                

                    ⁄          ⁄                                                   

    , 

       , 

            .   
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 48    

№  3/            ̅   (     ̅ )  

1 

          600 3/  

601.175 0.7450 0.5550250 

2 600.975 0.5450 0.2970250 

3 599.575 0.8550 0.7310250 

4 601.4 0.9700 0.9409000 

5 601.2 0.7700 0.5929000 

6 598.325 2.1050 4.4310250 

7 602.375 1.9450 3.7830250 

8 599.15 1.2800 1.6384000 

9 600.25 0.1800 0.0324000 

10 599.875 0.5550 0.3080250 

    

   ̅  600.43 9.95 ∑13.3 

 

       

                         

,         

 (      

) .       

,      

    . 
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5.2       

    

5.2.1       

     

        

        

       

   .  

       

    [1]. 

  ,   

      ,  

 : 

1.                  
2.                 

. . . . . . . . . . . .                     
      

     :       ̅   ̅     ̅        ̿    ∑    ̅                                                          262  

 N                    . 

      ∑  .                 ∑       ∑        ̅   ̿                                             263 

        ̅     ̅       ∑ ∑ (     ̅ )                                                     264 

     

    ∑   ̅                                                                265 
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 ,       

                 

.        .    

           ∑   ̅                                                             266 

,     

      

     

 . 

    

      

    . 

    - -  

         

  (  49),    100% 

 .  

        49 

№    

   (mA) 

11 20,005 19,993 20,006 19,995 20,007 20,008 20,007 19,985 20,007 20,006 

13 19,986 20,004 19,986 19,987 19,987 20,002 19,989 20,004 19,986 19,988 

15 20,001 20 19,987 20,002 20,002 20,001 20,002 20,003 19,98 20,001 

1 20,01 20,008 20,009 20,011 20,012 20,011 20,007 20,008 20,009 20,005 

2 20,004 20,005 19,985 20,008 20,006 20,007 19,987 20,004 20,005 20,003 

 

       

 5  (L=5),    

                   . 

       

   ̅   20,0019; 
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 ̅   19,9919  ̅   19,9981  ̅  20,009  ̅  20,0014 

                        

    262 

  :  ̿                                                                    

    263 

      ∑       [                                                                                               ]            

        

 264    ̅        {[                                                                                                                                                             ]  [                 (               )  (               )  (               )  (               )  (               )  (               )  (               )  (               )  (               ) ]  [                                                                                                                                                           ]  [                                                                                                                                                     ]  [                                                                                                 
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                                                               ]}   0,0004017. 

      

265       ∑    ̅                              

     

   45           .  

       ⁄       . 

    0,349 0,3834        ,   

    . 
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5.2.2      

     

 

 

    - -  

        

   (  50)  

 50 

№    

   (ohm) 

11 138 138.4 138.7 139.1 138.6 138.7 138.4 138.3 138.5 139.7 

13 138 139.2 138.8 138.6 138.8 138.4 138.5 138.3 138.2 139.4 

15 138.8 138.6 138.8 138.3 138.4 137.8 138.6 138.4 138.5 137.6 

1 138.5 138.3 138.6 138.3 138.6 138.6 138.7 138.5 138.2 140.7 

2 138.8 138.4 138.6 138.3 138.5 138.6 138.4 138.4 138.5 137.5 

 

       

 5  (L=5),    

                   . 

       

   ̅   138.64;  ̅   138.62  ̅   138.38  ̅  138.7  ̅  138.4 

                           

    :  ̿                                                                                                                                                             
        

    ∑                                                          268 
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        :   ̅    0.1215                                                   269 

         ∑    ̅                                                            
     

   45           .  

       ⁄       . 

    0,349 1.78        ,   

    . 
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5.2.3       

     

           - -  

         

  (  51) 

 51 

 

№ 

   

   ( 3/ ) 

11 596.55 596.4 595.92 595.3 594.9 594.27 594.3 594.8 596.07 595.55 

13 596.5 596.5 595.85 595.1 595.73 595.8 595.3 595.2 594.8 596.5 

15 596.15 595.2 595.12 595.9 596.37 596.5 595.5 594.3 593.17 596.15 

1 595.9 595.9 594.55 594.7 593.67 595.05 598.1 599.4 599.35 595.95 

2 595.9 595.2 596.22 595.1 595.32 595.45 595 596.1 596.35 595.92 

 

       

 5  (L=5),    

                    . 

      

   ̅   595.41  ̅   595.61  ̅   594.82  ̅  595.74  ̅  595.29 

                            

:  ̿                                                                                                                                                                   
    

   ∑                                                                      
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  ̅                                                                                                     

        ∑    ̅                                                                  

     

   45           .  

       ⁄       . 

    0,349 1.61        ,   

    . 
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5.3     

     

. 

5.3.1      

  

    , 

     

       

  . 

    . . 

 ,    ̿  

     ̿     

,      

 ,     :  ̿  ∑    ̅     ∑                                                               275   ̿         [∑           ∑   ( ̅   ̿)         ]                          276 

         . .                                                         277            ;   ̅           ;             ;  ̿    . 

      

       

 (  52).    275  276  

      

        

. 
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 52 

  
 

 

     2.11       ̅  20,0017 

     1.95       ̅          

 

      ̿                                                                   

        ̿           [                                                                              ]                                                                                                               

       

        

 ,        

. 

      

    .  

278  279       

     :  ̅     20,0033    ̿              ̿         

      ̿                                                                

        ̿           [                                                                          ]                                                                                                              
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5.3.2     

   

      

       

 (  53).    275  276  

      

        

. 

    

 53 

  
 

 

     0.222  ̅  138.64 

     0.1199  ̅        

 

      ̿                                                                       

        ̿           [                                                                 ]                                                           

       

        

 ,        

. 

      

    .  

282  283       

     :  ̅     138.42    ̿             ̿       
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 ̿                                                              

        ̿           [                                                                  ]                                                             

 

     

         

 ,        
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5.3.3      

  

      

       

 (  54).   275  276  

      

        

. 

    

 54 

    

 

     0.67  ̅  595.61 

     0.255  ̅         

 

      ̿                                                                        

        ̿           [                                                                ]                                                             

       

        

 ,        

. 

      

    .  

286  287       

     :  ̅     600.43    ̿             ̿        
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1.          

     

,     ,  

    ; 

2.        0, 25, 50, 75,  

100%       , 

   -  , 

     ;   

3.          

     , 

    ; 

4.         ,  

  -  - ,    

( , , )    

     ; 

5.           

      

 ,  ,  

     

      

    . 

6.              

     

     .  

7.         ,    

      

         

   LabVIEW     ; 

8.              

    LabVIEW   
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9.              

       

    

  LabVIEW     ; 
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წ ღ     ც  α=0.00385 

oC ohm oC ohm oC ohm oC ohm oC ohm 

-100 60.26 -65 74.33 -30 88.22 5 101.95 40 115.54 

-99 60.67 -64 74.73 -29 88.62 6 102.34 41 115.93 

-98 61.07 -63 75.13 -28 89.01 7 102.73 42 116.31 

-97 61.48 -62 75.53 -27 89.40 8 103.12 43 116.70 

-96 61.87 -61 75.93 -26 89.80 9 103.51 44 117.08 

-95 62.29 -60 76.33 -25 90.19 10 103.90 45 117.47 

-94 62.69 -59 76.73 -24 90.59 11 104.29 46 117.85 

-93 63.1 -58 77.13 -23 90.98 12 104.68 47 118.24 

-92 63.5 -57 77.52 -22 91.37 13 105.07 48 118.62 

-91 63.91 -56 77.92 -21 91.77 14 105.46 49 119.01 

-90 64.3 -55 78.32 -20 92.16 15 105.85 50 119.40 

-89 64.7 -54 78.72 -19 92.55 16 106.24 51 119.78 

-88 65.11 -53 79.11 -18 92.95 17 106.63 52 120.16 

-87 65.51 -52 79.51 -17 93.34 18 107.02 53 120.55 

-86 65.91 -51 79.91 -16 93.73 19 107.40 54 120.93 

-85 66.31 -50 80.31 -15 94.12 20 107.79 55 121.32 

-84 66.72 -49 80.70 -14 94.52 21 108.18 56 121.70 

-83 67.12 -48 81.10 -13 94.91 22 108.57 57 122.09 

-82 67.52 -47 81.50 -12 95.30 23 108.96 58 122.47 

-81 67.92 -46 81.89 -11 95.69 24 109.35 59 122.86 

-80 68.33 -45 82.29 -10 96.09 25 109.73 60 123.24 

-79 68.73 -44 82.69 -9 96.48 26 110.12 61 123.62 

-78 69.13 -43 83.08 -8 96.87 27 110.51 62 124.01 

-77 69.53 -42 83.48 -7 97.26 28 110.90 63 124.39 

-76 69.93 -41 83.88 -6 97.65 29 111.28 64 124.77 

-75 70.33 -40 84.27 -5 98.04 30 111.67 65 125.17 

-74 70.73 -39 84.67 -4 98.44 31 112.06 66 125.55 

-73 71.13 -38 85.06 -3 98.83 32 112.45 67 125.93 

-72 71.53 -37 85.46 -2 99.22 33 112.83 68 126.32 

-71 71.93 -36 85.85 -1 99.61 34 113.22 69 126.70 

-70 72.33 -35 86.25 0 100.00 35 113.61 70 127.08 

-69 72.73 -34 86.64 1 100.39 36 113.99 71 127.46 

-68 73.13 -33 87.04 2 100.78 37 114.38 72 127.85 

-67 73.53 -32 87.43 3 101.17 38 114.77 73 128.23 

-66 73.93 -31 87.83 4 101.56 39 115.15 74 128.61 
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oC ohm oC ohm oC ohm oC ohm oC ohm 

75 128.99 100 138.51 125 147.95 150 157.33 175 166.62 

76 129.38 101 138.89 126 148.33 151 157.71 176 167.00 

77 129.76 102 139.27 127 148.71 152 158.08 177 167.38 

78 130.14 103 139.65 128 149.08 153 158.45 178 167.75 

79 130.52 104 140.03 129 149.46 154 158.83 179 168.12 

80 130.90 105 140.39 130 149.83 155 159.20 180 168.49 

81 131.28 106 140.77 131 150.21 156 159.56 181 168.86 

82 131.67 107 141.15 132 150.59 157 159.94 182 169.24 

83 132.05 108 141.53 133 150.96 158 160.31 183 169.61 

84 132.43 109 141.91 134 151.34 159 160.68 184 169.98 

85 132.81 110 142.29 135 151.72 160 161.05 185 170.34 

86 133.19 111 142.66 136 152.09 161 161.43 186 170.69 

87 133.57 112 143.04 137 152.47 162 161.80 187 171.06 

88 133.95 113 143.42 138 152.85 163 162.17 188 171.43 

89 134.33 114 143.80 139 153.22 164 162.55 189 171.79 

90 134.71 115 144.18 140 153.58 165 162.92 190 172.16 

91 135.09 116 144.56 141 153.95 166 163.29 191 172.54 

92 135.47 117 144.94 142 154.32 167 163.66 192 172.91 

93 135.85 118 145.32 143 154.73 168 164.03 193 173.27 

94 136.23 119 145.69 144 155.08 169 164.41 194 173.64 

95 136.61 120 146.07 145 155.46 170 164.78 195 174.01 

96 136.99 121 146.45 146 155.83 171 165.15 196 174.39 

97 137.37 122 146.82 147 156.21 172 165.52 197 174.75 

98 137.75 123 147.20 148 156.58 173 165.89 198 175.12 

99 138.13 124 147.58 149 156.96 174 166.26 199 175.49 
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