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      : 
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; 

2      ; 

3    . 

     

     -     . 

       

 . 
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1  -     

 

1.1     я 

  

 

        54205-

2010,       –  

   34.601-90. 

        . 

    : 

1 : 

-        ; 

-    ,   ; 

-      ; 

-    ; 

-    ,   ; 

-   ,   . 

2   : 

-      ; 

-       

. 

  ,    ,   

   ,   .    

      500° . 
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 1.1 –    

 

 ,    1.1,   , 

     .  

       250  650 / .  

ё        

     200 / .  

ё       

      400 / .   , 

  ,      .  

 ,    ё   

    0,55  0,6  (  5,5  6,0 

/ ²).  

 ,    ё   

    0,25  0,45  (  2,5  4,5 

/ ²).  ,    -   

  0,65  0,8  (  6,5  8,0 / ²).  

         

    .  

  ,    , ё   

ё    ,   .  
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  ,   ,    

0,16 – 0,18  (1,6 – 1,8 / ).   ,    

    10  125 ³/ .     ё  

    .  

      1000  4500 ³/    

  –  1/2.      

0,003  (0,03 / ²).   ,    , 

  -  .       

 1,30  [1].  

 

1.2    
 

         

           

 ,        

   .       

,  , .        

 ,   

      ( .  № 2106575, 

F23G 5/00, 1998 .,    ) [2]  

      ,    

     ,  

 ,        

   . 

        ,  

        , 

 ,      .  

      .  

      ,  

    ,    
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     ,      

  .     

       

,         

        

  .  

     

         , 

         

 ,        .  

      , , 

   ,  ,   , 

  ,   .     

       , 

     ,   

    ,     

    .   

         

  . 

         

      «   . 

. . » ( .  №2150989, B01D, 53/44, 2000 .,   . .; 

 . .;  . .;  . ) [3]. 

       

   ,  , ,  

,   .     

 ,      , 

 ,        -

,      5  – 10%-  

   ,    , 
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     80°  – 100° ,     

      250°  – 350 ° ,   

    ,     , 

     ,     

       

,        

   .  

        

     -   . 

    , , 

, , . 

 

1.3      
я  я   

 

        

 .      -

 .      

   ,    

       

,        

 . 

       

         

   . 
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2 я   я 

 

2.1 я   я  

я   

 

 ,       

,        , 

     ,     

.        

            

.    ,     

,      .  

      

           

  ,    2.1. 

 

 
 

 2.1 –     
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  .      

  ,  ,   .  

     

   ,    

   [4].  

 

2.2    я  

   

 

        

 K –     .  

         

-       

,        

    .  

     . 

    25 .  

    a   ,  

    S-      . 

       2.1. 
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 2.2 – ё    , ё   

S-   

      . 

      .  

      ё   

     25 ,    1 : 

      2.1. 
 

 2.1 – ё   

t T   1-    1-  (1- )(1- ) 1-2 +


   

(1- ) 

(1-2 +


  ) 

0 70 0 1 0 1 1 1 1 

1 70.01 0.001 0.999 0.0894 0.9106 0.901 0.809 0.8082 

2 70.1 0.01 0.99 0.1787 0.8213 0.7957 0.627 0.6207 

3 70.25 0.025 0.975 0.2681 0.7319 0.6879 0.454 0.4426 

4 70.5 0.05 0.95 0.3575 0.6425 0.577 0.292 0.2774 

5 71 0.1 0.9 0.4469 0.5531 0.4583 0.139 0.1251 

6 71.6 0.16 0.84 0.5362 0.4638 0.3453 -0.004 -0.0034 

7 72.3 0.23 0.77 0.6256 0.3744 0.241 -0.138 -0.1063 
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F1=28.534-0,5   1=27,034. 

           

  ,   . 

     : 

 

b =            

 

     (   

)    (2.1): 

 

W1(p) =        ,                                                                               (2.1) 

8 73.1 0.31 0.69 0.715 0.285 0.1482 -0.262 -0.1808 

9 73.75 0.375 0.625 0.8044 0.1956 0.0729 -0.376 -0.235 

10 74.65 0.465 0.535 0.8937 0.1063 0.0099 -0.481 -0.2573 

11 75.25 0.525 0.475 0.9831 0.0169 -0.0378 -0.576 -0.2736 

12 75.95 0.595 0.405 1.0725 -0.0725 -0.072 -0.662 -0.2681 

13 76.6 0.66 0.34 1.1619 -0.1619 -0.0938 -0.738 -0.2509 

14 77.1 0.71 0.29 1.2512 -0.2512 -0.1085 -0.804 -0.2332 

15 77.6 0.76 0.24 1.3406 -0.3406 -0.1133 -0.861 -0.2066 

16 78.8 0.82 0.18 1.43 -0.43 -0.1027 -0.908 -0.1634 

17 78.55 0.855 0.145 1.5193 -0.5193 -0.0969 -0.945 -0.137 

18 78.85 0.885 0.115 1.6087 -0.6087 -0.0882 -0.973 -0.1119 

19 79.15 0.915 0.085 1.6981 -0.6981 -0.0735 -0.991 -0.0842 

20 79.5 0.95 0.05 1.7875 -0.7875 -0.0481 -0.999 -0.05 

21 79.6 0.96 0.04 1.8768 -0.8768 -0.0424 -0.998 -0.0399 

22 79.75 0.975 0.025 1.9662 -0.9662 -0.029 -0.987 -0.0247 

23 79.85 0.985 0.015 2.0556 -1.0556 -0.0189 -0.967 -0.0145 

24 79.9 0.99 0.01 2.145 -1.145 -0.0136 -0.937 -0.0094 

25 80 1 0 2.2343 -1.2343 0 -0.897 0 
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 ,    ,   

0.001  y     .   

.     

 ,     (2.2): 

 

 W2(p) =                                                                                                      (2.2) 

 

   (   )   

  (2.3): 

 

W(p) = W1(p)   W2(p) =
                                                                        (2.3) 

 

        

    ,    

    ,     

 .       

    : ,   

 , ,   .  

      

      .  

    ,   

     . 

     –   , 

      

 . 

     ,  

    ,   .   , 

      . 
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1  -      

  . 

       - , 

       (2.4): 

                     ,                                                                                (2.4) 

 

 

 2.3 –  -     

    

 

 2.2 –    -  

Rule Kc Ti Comment 

Ziegler and 

Nichols(1942). 

Model: Method 2 

0.9Tm 

 

Km m 
3.33  m 

Quarter decay ratio; 

m Tm  

 

1  -      

  .  

        -

,        (  

2.4). 

                                                                                                (2.5) 
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 2.4 -  -     
    

 

 2.3 –    -  

Rule Kc Ti Td Comment 

Ziegler and 
Nichols (1942). 
Model: Method 2 

         2m 

 
 

0,5m 

Quarter decay 
ratio; 

     2 

 

      : 2  

,  27mT  , 1mK ,  -    

      : 

 

1.  . 

                
             
 

2.  . 
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3.       PMA  

   ,   

 - . 

 

 2.4 –    PMA 

Rule Kc Ti Td Comment 

PMA (2006) 
Model: Method 2 

           2m 
2m  

m Alternative 

 

 PMA      

    : ,  

, : 

                    
           
 

    PMA,   

   (     PMA  

- )       2.5. 

 

2 27mT

1mK
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 2.5 –       
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  - . 

   ,     

  ,    . ,  

      , 

        

    . 

       2.6.  

             . 

       

 :             .    

 a  . 2.6         

.           –   
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,                   , 

     .  ,        
           .  

                      . 
    ,   . 2.7  

 a       (2.6): 

                          ,                                                                  (2.6) 

 

 γ - ,                             γ 

= 0       2.6. 

 

 

 

 

 

 

 

 

 2.6 – -           

 

 

 2.7 – -             
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 PMA    .     

 :  

-   ; 

-  ; 

-    ; 

 -    .  

     ,  

    ,   .  

        

 -   .  -    

        ,     

      50%,   

     .  

       

        , 

     .  

        

 PMA    . 
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3   я 
 

3.1   я 
 

        

   . 

. 310 –    .   

      ,  

     . 

     

«  300». 

    310    

( )       IP65. 

   : 

-       USB-   flash-

 (   307- , 310-   315- ); 

-     270   ; 

-    USB-flash-    

 CSV.         

,         ; 

-  : XY- ,   , 

        

 (    );    ; 

-    ( :   )   

; 

-     jpg   

, ,     ; 

-       jpg (  

:     ,   

   . .) 
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-12-          

       [5]. 

 

 

 3.1 –     310 

 

ё    . 

    150   

      51840-2001 (IEC 61131-2),  

   . 

       

    ,    

. 

       

   : 

-   RISC  ARM9,  

 180   Atmel; 

-     – 8 ; 

-     – Flash , 4 ; 

-   ,     – 

 16 . 
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 3.2 –   -150 

 

  3.1      

-150. 

 3.1 –   

 

  1 
   6 

   4 

   4 

   2 

 RS-232 RS-485 Ethernet USB-Device 

    4…20  

    0..10  

   18  28    

  35  

   
IP20    , IP00 

   

 

   :  

-  ,  « »  

 –     ,   
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   «  ».  « » 

    ; 

-    ; 

-       Flash . 

 : 

-      : 

  20 °   +70 ° ; 

-      - 80 %  25 °   

     ; 

-    84  106,7  [13]. 

       

160    4   12997-84. 

       

160    N2   12997. 

Maple –  32-  ARM-   LeafLabs.   Maple 

IDE,    LeafLabs Maple  UX  Arduino, 

   32-   ARM [1]. 

 

 

 3.3 – Maple 
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    (  3.2). 

 

 3.2 –   

 32-   ARM Cortex M3 

  72  

  3-12  

  /  34 

  9 

    /  40  

    3.3  500  
 

 

  AVR,   ATMEL, 

       

 ,       PIC-

.  

 ,        

      [6].  

  ,    

 ARM,   RISC- .     

 ,     , 

 -       

   .  

       

 [7].  

       

       . 

  ,      .  

   AVR-  –   

 .  32     
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   .  

  AVR     

  ,    , 

   -      

 .      : 

PDIP     8  40, SOIC –     8  20, 

  TQFR  MLF (  64 ). 

      : Classic, Tini, 

Mega  XMega.   Classic     

,    ,      

  .  

  Classic     

 AVR,      

 Mega.  

    ,  

  Mega-    Classic. 

 Tini       

,        

    .  

XMega    .    

      .   

         

  [8]. 

  Mega-  : 

-  ; 

-       , 

    RC-      

 RC-     ; 

-     1  4 ; 

-  FLASH-   8  128 ; 
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-     EEPROM; 

-     

  SPI  JTAG; 

-         

   ; 

-    ; 

-   ; 

-   . 

-      ,   , 

   . 

 ,  -     

    , 

   .   : 

-  -  –  8-    16- ; 

-    -  ; 

-  ; 

-   WDT; 

-    TWI; 

-    SPI; 

-  -  ; 

-     

(UART); 

-   /  

 (USART). 

  MCS-51   Intel.  

 ,       

 -   .    

  i8051   : 

-   ; 

-   ; 



29 

 

-      64 ; 

-      64 ; 

-     4 ; 

-     128 ; 

-   ; 

-     - ; 

-  16-  - ; 

-       . 

       

    . 

        1  

     32    . 

      0  40 .  

     MCS-51   

  ,       

 .   51  52   

 n-  ,     

- . 

 PIC –  ,  

  MicrochipTechnologyInc.  PIC, 

  Peripheral Interface Controller -  

 .  

       

   .  

        

,      ,    

   .    

      ,    

    .  

  PIC-   RISC- ,   
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  .     

 : 

-     « - »; 

-        ; 

-        

. 

    Microchip    

  RISC- ,     

   . 

ARM (Advanced RISC Machine) –  32-   64-

  ,   ARMLimited. 

       .  

ARM-   RISC-    

 .         

,         

 [9]. 

  ,   ARM  ,   

        ,  

    .  

   ARM7, ARM9, ARM11, Cortex. 

  ARM      : 

-  ; 

- USB OTG; 

-   PLL; 

-  15  : USART, SPI, I2C, 

 CAN  SDIO; 

-  12- -   ( ); 

-  12-  -   ( ); 

-   16  32-  ; 

-    RAM, ROM; 
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-  DMA        

      . 

   ,   

 USB bootloader,      

,   USB- .  

       

 RaspberryPi    Arduino.  

       

    .     

     (   Linux),  

     

. 

   ,     

  ,  .   ,   

   :   ,  ,   

     , , 

   .      ,  

      .      

,      . 

     ArduinoUno.  

 16 , 32    2   ,  

 – ,   ,   ,  

 ,        

      . 

   : 

–   ,    , 

 ,       Arduino IDE  

 ArduinoC/C++.       

    ; 
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–    5 ,   –   

     ,  ,  

      

,    . 

  ArduinoDue,    3.4. 

 

 

 3.4 – ArduinoDue 

 

 ArduinoUno,       

  .      ,  ArduinoUno 

 . 

   : 

–   84   512  . 66  – , 

  12    , 12     

66   ,   ; 

–     CAN     Due 

    .    

      4,88 . 

,         3,3  

  5 .  ,    
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. 

   ArduinoLeonardo,    3.5. 

 

 

 3.5 – ArduinoLeonardo 

 

      ArduinoUno,    , 

     ,     

 : 

–      (   ) 

 ,    (   ),   

   (   ),   serial–

  USB  UART; 

– ArduinoLeonardo      (HID–

)  .       

 . 

         

  ArduinoUno,      

  . 
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 ,           

 ,         

  . 

      110-8 . 

-8     

-   :  , 

,      (  

   50 ),   2  

-  :  0,3   ; 

- : L, J, N, K, S, R, B, T, A-1, A-2, A-3 

-  : 50 , Cu50, 50 , Pt50, Ni100, 

100 , Cu100, 100 , Pt100, Ni500, 500 , Cu500, 500 , Pt500, Ni1000, 1000 , 

Cu1000, 1000 , Pt1000 

-  : 4-20 , 0-20 , 0-5 , +/-50 , 0-1  

-  : ~220   =24  (   ). 

 

 

 3.6 –     110-8  

 

      110-8 . 
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     , 

   RS-485,      4  20  

        

   . 

110    RS-485   , ModBus-RTU, 

ModBus-ASCII, DCON. 110    ,   RS-

485    , ,      SCADA-

,   .      

   151, 133,     

. .  110   -    

 WIN DLL,      

  SCADA-     . 

 110       

 RS-485/RS-232  RS-485/USB ( ,  -   

4, )    «  110»,  

  . 

         

    51522    . 

      110-8 : 

-8    4-20 . 

      110-8 : 

-8    4-20 ; 

-  *: ~220   =24  (   

). 
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 3.7 –      110-8  

 

 ,    ,  

  .     ,  

    .      

  ,      . 

   :  (  5  24 DC ),  

( )   (     ).   

    ,     . 

    2,25 . 

 YF–S201: 

-  :  5  18  DC; 

-  : 15 ; 

-  : 5V TTL; 

-   :  1  30 / ; 

-   :   25   80 ℃; 

- :  10 %; 

-   : 2,0 ; 

  :  50  10 %; 

-   : 450; 

- :  300000 ; 

-  : 15 ; 

-   ≥ 100 M . 
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       9,1   

 . 

  3.8       

. 

 ,    Wi–fi . C   

   ESP8266.        

       ESP8266–01.  

    : 

-WI-FI: 802.11 b/g/n  WEP, WPA, WPA2; 

-  :  (STA),   (AP), +  

 (STA+AP); 

-    1,7  3,6 ; 

-  :  215      ; 

-  GPIO: 2; 

-Flash   512 ; 

-RAM  80 ; 

-RAM  – 32 . 

      .  

      ESP8266-01: 

-VCC –    3  3,6 ; 

-GND – ; 

-RST –  Reset    ; 

-CH_PD – «chippower-down»       

 ; 

-TX –   (UART ); 

-RX –   (UART ); 

-GPIO0 –  /   ; 

-GPIO2 –  /   . 
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 GPIO0  GPIO2 –      ,  

     Arduino     

,          

  Wi-Fi  ESP8266-01. 

 ESP8266-01    3.8. 

 

 

 3.8 –  ESP8266-01 

 

ESP8266       ,    

.       ESP8266   

  .      SSIDWi – 

Fi  ,   ,  .   

      .   

           

.    ,  HTML  

    .     

       . 

       

     ,    

    . 

   Wi–Fi     

  .       

  Wi–Fi   -   

  IP–  ( , DHCP). 
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  IP       

      IP ,   (  

,      ,  NBNS)  

 (       ,  

  SSDP). 

      . , 

        

«  »,    .     

   ,     . 

 ,    ESP8266     

  .     ,   

    ,       . 

       IP ,  

        . 

   Arduino   5 ,   ESP  

3,3      . 

      , 

       . 

      (3.1): 

                                                                                          (3.1) 

 

  U  –   ,   ; 

U  –   ,   ; 

R1  R2 –   ,   ; 

 R2=2   R1=1 .    (3.1) :                               

 

  . 
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      Rosemount 8800D. 

    Rosemount 8800D 

   3.3. 

 

 3.3 –    Rosemount 8800D 

  ,    

 ,  4/20  

  15-300  

  150-1500 ASME 

    0,9  34,6 /  (  ) 

   

, °  

 :  –40°   232°C 

(  –40  450 °F); 

 

  : 

:  –50°   85 °C (  –58  

185 °F); 

, % 
  ±0,65%; 

 ,  ±1,00%. 

 

 
 3.9 –  Rosemount 8800D 

  -100    

   ,     

     ( )     

HART- :  ;  ;  
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 ( );  - ;  

;  . 

         

,   ,      

 . 

     :  

 ( );    «  

 »;    «  

». 

    ±0,1%, ±0,15%, ±0,25%, 

±0,5%. 

     -40  +80 ° . 

       , 

       

 .       

         

  .  

     (  )  

 .     

      

 (  ).      

        

,        

.      

        

    HART- . 

  HART-      

           

  4-20 . 

   : 
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- - ; 

- - ; 

- . 

   4212-010-59541470-2012. 

 

 

 3.10 –   -100-  

 

  -271-     

 ,       

, ,      IIA, IIB, IIC,  1-

6    51330.11-99. 

       

,         

.      

       

       

,  ё       

  . 

 : 

-   4-20 ; 

-   ё ; 
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-  : 

1) 100 , 50       180 °C; 

2) Pt100, 100       500 °C; 

3) TXA(K)      1000 °C. 

-     ; 

- ё   Exd  Exi; 

-  : 

1)  18  42    –    

  4-20 ; 

2) 36    –    

   0-5 .  

-     –   ±2%. 

-         IP65 

  14254; 

3)  -   V1   12997. 

-  ; 

-   0,9  -    ; 

-   0,5  -    

. 

 

 3.11 –    -271-  
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,  ,   

      

          

   . 

 : ,   ,      

  ,    .  

,     , 

,     ,   

( )   ( )   ( ).   

    :  –  ( ) 

  –  ( ). 

 

 3.4 –    32  

   -40…4000  

  DN25…DN200 

  PN 16 …PN 100 

   6,3…630 3/  

  0…500  

  
,  
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 3.12 –     32  

 

       

Levelflex FMP54. Levelflex FMP54     

    .    -

       

       .  

    . 

: 

-   :  

- : -196 ... +450°C 

- : -1 ... +400  

-   :   - 10 ,  

 - 45 ,   - 6  

- : ±2  

-       , 

   5 ,    WHG,   

   ,   SIL. 

 

 3.13 –   Levelflex FMP54 
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   Segment    

  -       

   +550 °  

: , .    

   – . 

 : 

        

,        

         

 ,   ,     

   ,  .  

         

  :   -  , -  

. 

 

 3.14 –    Segment 

 

  HC1-C –    , 

     (   , 

 , ,   . .)  
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  (   ,  

    . .). 

 TECORP HC1-  

        

 U  = f (F ).     

 -       

16  (  ). 

    – 0,1…400 .  

  : 

-    0,01%; 

-    0,1%. 

  : 

-   220  - 180…250 ; 

-   380  - 340…460 .  

  – 150%    F  і 1 . 

  –150%     60 

.  PID-        

  , ,      

 - . 

 

  

 3.15 –   TECORP HC1-  
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   -3324  

      

      

.    -3324   

 3.5. 

 

 3.5 –  -3324 

 ,  4-20  
 , % 1,0% 

 . , °   -+50 °   +60°  

 , %  95% 

,    1  

   

,  
 20   100 . 

   

,  
140  

 

 

 3.16 – -3324 

 

       

 . 

   .  
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     ,   

, .  

       

       

  .    ,    

       

      .  

     . 

      

  -        

.   ,    ,  

       . 

       

       

    . 

        

,     

    .  

     

  ё  : 

1       

    (Pascal, Basic, C, C ++  .).   

    ,    

      

. 

2    (GPSS, SIMULA, 

SIMSCRIPT, CSL, SOL, GASP, SLAM  .),    

 .       
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    .  

        

  .  ,  , 

      , 

    .  

 

3.2      

 

     ,   3  

 (  3.17),     (   

). 

 

. 3.17 -  «   .» 

 

      

  (  3.18)    . 
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 3.18 -    «   .» 

 

       

  (  ),    3.19. 
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 3.19 –   «  » 

 

 «  », «  » (  – 3.19) 

          

.          

   .      

        .    

    500  4500   1000  9000 ³/ .  

  «  » (  3.21)   ё  

,       .    

      «MF» -   

    «KF»     . 

        –  1-

      ,     

        

,           

     .      

«MF», «KF»,       « » 

 «  »,     

    .  

  «  »    3.20. 

         

          

   .     

  ,     ,   

,        «Temp» 
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 3.20 –   «  » 

 

 

 3.21 –   «  » 
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  ,   ё     

 ,    3.22.   «Sak1»  

«Sak2»          

. 

 

 3.22 –   «  » 

 

  «MR»  «KR»     

 ё           

      «  » 
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