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 1.2 -  

 
 

  

1.  ,   750 + 53 

2.  ,  /   1470 + 103 

3.   ( .), 2  64 ± 2 

4.  ,  °   278,5 
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7.  , °   5  40  

8.  , ° :  320 ± 3,5 
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.  

 ( , , .),  

 

,  (  

)  ( ).  

 [13]. 

-1000 . 

 (2250 ): 

-  1-  (- 100 (170) ) -  

 ( ); 

-  2-  (-500 ) -  30 ; 

-  3-  (-650 )  - A3 ; 

-  4-  (-750  )  -   

), . 

 350  

. 

 

2.3.1  Lagoon I-7188 

 Lagoon-7188 (  2.2) [14],  

,  
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 I-7017, -7021,  

 I-7044,  RS-232  RS-485. 

 
 2.2 -  LagoonI-7188 

 

,  

-7188 -  PC- .  

 188-40 , 256  SRAM  ( ),  

Flash-  ( )  512 ,  

, 4 ,    

. 

-7188. 

: AMD 188-40 ; SRAM: 256 ; Flash- : 512 ; 

: 448  

: Datal ght's  ROM-DOS,   MS-DOS  6.2;   

 RAM-D SK  Flash ROM-D SK;  

. 

:   "  2000  (Y2K)"; 

, , , , ,  1980  2079; NVSRAM 

): 31 ,  10 ; 

 NVSRAM EEPROM: 1024 , 

 1,000,000 ; : 4;  

 115.2 ; 1: RS-232  RS-485 (  

); 2: RS-485; COM3: RS-232; COM4: RS-232;  F FO: 
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16  ( 1, 2); : 1 ; : 

 5- ; : +10 ... +30 . 

: 2.2  

:  -20°  +75° . 

 

2.3.2 8-  (  2.3) 

 
 2.3 –  I-7017 8-  

 

 (  2.1) [17]: :  

;  DIN ; ; 

 8. 

 2.1 -  I-7017 

 
; 

 DIN ;  
 

 

 

 RS-485 

  
 

1200 ; 2400 ;    
4800 ; 9600 ;  
19200 ; 38400 ; 
57600 ; 115200 . 

 
 1200  ( ) 
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 ADAM-4000 

.  
 2048 

 
 

 
 

 8 

 8 

 
 

 

,  
 

-0.15..+0.15 ; -0.5..+0.5 ;  
-1..+1 ; -5..+5 ; -10..+10  

,  
 -20..+20  

 

 
 20  

 
 125  ( ) 

 

 ; 125  
 

 35  

 15.7  

 

 24  
 10 . 

  
  

 3000  
 -0.1..+0.1% 

 
 86  (50/60 ) 

 20 /°C 
 

  8051 
 
  

 
  

 
 +10...+30  

 1.3  
 

 
  -20..+75°  

 

  122  
 72  



 

41 
 . . . .  

. 
. 8091508.00.00.000  

 25  
 

2.3.3   -7021 (  2.4) 

 
 2.4 - -7021 

 

 [17]: 

: I-7021. 

: RS-485. 

:  115200 . 

: DCON. 

 I-7021: 1 . 

: 12 . 

 I-7021: 0 ... +10 . 

: 10 . 

 I-7021: 0 ... 20 . 

: 3000 . 

 I-7021: +10 ... +30 . 

 I-7021: -25 ... +75 . 

: AI ( ) 0. 

 ( ): 1. 
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DI ( ): 0. 

DO ( ): 0. 

 

2.3.4  (  2.5) 

 
 2.5 -  I-7044 

 

 [13]:  

: I-7044.  

: RS-485 . 

:  115200  /  . 

: DCON . 

 I-7044: 4 . 

 "0": 0 ... +1  . 

 "1": +4 ... 30 .  

: 3750  . 

:  . 

: 16  . 

: 100  . 

 I-7044: 8 . 
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:  . 

: +30  . 

: 375  . 

: 3750  . 

 I-7044: +10 ... +30  . 

 I-7044: -25 ... +75  . 

: AI ( ) 0 . 

 ( ): 0 . 

DI ( ): 4 . 

DO ( ): 8. 

 

2.3.5  RS-232  RS-485/422 (  2.6) 

 
 2.6 - I-7520  

 

 RS-232  RS-485/422 [18]  

 RS-485,  3000 ; : RS-

232 ;  RS-485/422 ( ): 3000 ;  

 300~115200 bps; : +10 -

+30 ; : 2.2 . 

 

2.3.6  ACE-540A (  2.7) 

 ACE-540A [19]. .  

47-62 .  48 . 

 

 – . 
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 20 . 

 – . 

 85-264 .  24  70%. 

 0.6  ( ); 2.0  ( ). 

 

 2.7 –  ACE-540A 

 

 UL1950, CSA22.2No.234, TUV EN60950 

), FCC docket20780curve B, EN55022 class B (EMI), EN50082-2, 

IEC801-28kV, IEC801-33V/M, IEC801-42kV, IEC801-52kV (EMS).  

. 

 

2.3.7  Danfoss VLT Automation Drive FC 300 

 2.8) 

 [16]:  

-  ;  

-  ;  

-  ;  

- , ;  

- . 

:  

- ;  

 

- ;  
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- ;  

- ;  

- ;  

- ;  

- .  
 

 
 2.8 –  Danfoss VLT Automation Drive FC 300 

 

. 

: 0,25  - 1,2 .  - 0-100% . FC 301: 0,2 

- 1000 . FC 302: 0 - 1000 .  

 (  /  

) -1:1000  / 1:100  

. 

: 160%  1  (180% -0,5 ) 

 - (PNP  NPN) FC 301: 4 (5) / FC 302: 4 (6). 

 /  - 2 / 1 (0,1-1  / 1 - 110 ). 

 - 2 ( ); FC 301:  0  + 10 ; FC 

302:  -10  +10  ( ).  

 /  – 2. 

 - 1 (0/4-20mA) . 

 -  (400 , 2 ). 

FC 301  7,5 : 1 / FC 302,  ( ): 2. 
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 FCProtocol, ModbusRTU ( : Profibus, DeviceNet, 

CanOpen, LonWorks, EthernetIP) . 

: 

- : FC 301: 50  / FC302: 150 . 

- : FC 301: 75  / FC302: 300 . 

. 

 IP20/21/54/55/66. 

 (  

 20 ).  

:  

 - , 

, . 

;  - , 

. 

 

2.3.8  – 150 (  2.9) 

 
 2.9 -  – 150. 

 

-150 [20]  

 

 HART  
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: ; ;  

: 

-  HART- ; 

-  H-Master, HART-  

; 

- . 

. . 

.  " ". 

. 

: , . ; , ,  

; 

:  0-0,025 ; 

 0-60 . 

: 4-20  HART ; 0-5 . 

 ± 0,075%;  ± 0,2% ( ). 

 -40  80 ° ;  -

55  80 °  ( ). 

 ± 0,05% / 10 ° . 

 50:1. 

. 

 "  

". 

 3 . 

 

2.3.9  Rosemount 3051S-L (  2.10) 

 ( ) 

Rosemount 3051S-L [15]  

,  

 Super Module ™.  Saturn ™  

. 
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,  

. 

 
 2.10 -  Rosemount 3051S-L 

 

: , . . 

:  0-0,125 ; 

 0-27,6 M . 

:  -40  85 °  

 -73  350 ° . 

: 4-20  HART- ; FOUNDATION fieldbus 

; HART- . 

 ± 0,065%. 

 1:100. 

:  1ExdIICT6X, 

1ExdIICT5X;  0ExiaIICT4X. 

:  1199, , , 

 PlantWeb, , . 

 

2.3.10 -150RFA (  2.11) 

-150RFA [20]  

 ( , , )  
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 Annubar 485 

 OHT)  

 

. 

 
 2.11 - -150RFA 

 

:  

,  

;  

;  

 

.  

: , , . 

 D  50 ... 2400 . 

 ± 2,5%.  

 5:1. 

:  

-40 ... 315 °  - ;  

-40 ... 454 °  - .  

 40 .  
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. 

 4-20  / HART. 

. 

 - 2 . 

 

2.3.11 -

2700 (  2.12) 

-2700 -  

 4-20  20-4  

, , , , 

, , , , , 

, , , 

. 

 2.12 – -2700 

 

: 

; 

; 

; 

; 
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DIN . 

 

. 

 

 Prog-Master. 

: 

-  "ia"; 

-  "d". 
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3  

 

 

3.1  

 

 

 - ,  

. 

 -  

.  

,  

, . 

 

.  

. 

 

: 

- ; 

-  ; 

-  . 

 

 

, . 

 2-  

) .  

 

 [21].  

 

, 

 3.1. 
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 3.1 -  

 

 

 

, . 

 

 (  3.2) [21-24]. 

 
 3.2 -  

 

,  

, 

.  

 ( , )  Uk, 

 

. .  

 W,  
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.  

. ,  

.  

.  

, 

 

.  

 3.3 [22-24]. 

 
 3.3 -  

 

3.2  

 

 (  3.3)  

: 

      (3.1) , 

 S – ,   – , , Q – 

. 
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 3.4 -  SimulinkMatlab 

 

3.3  

 

 

 [21]: 

    (3.2) , 

  - ,  – . 

 2- , , 

. 

 

, . 

 

: 

P  = * 2'*( W 2/2)=1,3*0,785 *103*5,4 2/2=18,9  

: 

W =( +0,015* )* 2'/(0,785*d 2)= 

= (383+0,015*383)*1,216 *10-3/(0,785*0,32)=5,4  

 2'   t2'=225 C  P2=3,0  

 90  

: =0,2 

,  

: 
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: 

W2  '=( +0,015* )* 2'/(0,785*n*d 2)= 

=(383+0,015*383)*1,216 *10-3/(0,785*12*0,082)=7,8  

P  = * 2'*( W 2/2)=0,2*7,8 2*1,216 *103/2=5,0  

: : =0,5, : =1,2, 

P  = ( +  )* 2'*( W 2/2)=1,7*6,86 2*0,741*103/2=29,64  

: 

P  = P +2* P + P =18,9+2*3,99 +42=68,8  

: P  =9 . 

: 

P  = * 2''*( W2''2/2)=0,5*51,6 2*66,21 2=10,05  

W2''= * 2''/(0,785*n*d 2)=383*66,2 *10-3/(0,785*10*0,252)=51.6  

 ( =1,3): 

P  = * 2''*( W ''2/2)=1,3*55,7 2*66,2 /2=30,4  

W ''= * 2''/(0,785*n*d 2)=383*66,2 *10-3/(0,785*10*0,582)=55,7  

 

PII = P + P + P + P  = 68,8 +9+10,05+50,4 =118,2  

 - ;  -  

 (t =301); W  -  

. 

 
 3.5 -  SimulinkMatlab 
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3.4  

 

 P  

. 

  

 3.6) [21]. 

 
 3.6 - ,  . 

 

 

: 

, 

 k - ; 0 -  ; k*Q2 =h   -  

. 

: 

. 

: k = -6,47* . 

, ,  

: 
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: 

;   

. 

 
 3.7 -    SimulinkMatlab 

 

3.5  

 

 ( ), ,  

 [21].  

          : 

s
s

M
M

k

k . 

: ),()( 00
00

0

k

k

k

k

s
M

s
M

M  

 N – 800 ,  

=1.6, =0.04,  j=20 2. 

:  . 

: . 

, 

 

: 
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.07961.0
04.0*314

11
0

c
s

T
k

 

 

 (  3.8): 

 
 3.8 -  

 

 

, . 

, .  

 
 3.9 -    

SimulinkMatlab 

 

3.6  

 

, 

 4-20 ,  

,  25-100 .  

 [24]:  

 
 

,  (  3.10): 
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 3.10 -  

 SimulinkMatlab 

 

 (  3.11) 

[24]: 

 
 3.11 -  

 

p=200, =0.05, d=90. 

 

 3.12): 
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 3.12 -  

 

 

, : 

p = 89.7, i = 0.27, d = 85.8. 
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4  
 

,  

 

,  

.  

 

, , -

 [25-27]. 

 

. , , 

-  [28]. 

 

4.1  

 

,  

 

,  

,  

, : 

-  (  

)  

5,6*10-6 ; 

- ,  

 - 1.12*10-5 . 

: 

- ,  

 45 , ,  

 (  16  

 350 )  I-  ( : 
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, , , , , ,  

 I- .) 

 - ,  

, .  

 

 

, ,  

; 

- , ,  

,  

; 

- ,  

. 

: 

-  

) -

; ;  

;  

;  

;  

, ,  

; 

-  ( )  

 

,  

,  

, ,  

,  

; 

-  ( )  
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 ( ),  

 

,  

,  

. 

 

 ( ),  

: 

- , 

, , ; 

- ; 

- ; 

- ; 

- ; 

- . 

 

 

 

.  

: , , . 

 

4.2  

 

 

: 

- 6,3  ( ); 

- 380/220  ( ); 

- 380/220  (  

). 

. 
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1) ,  1000 , 

 (  

, ). 

,  

,  

 (  25 + 25 ). 

2) ,  

250 , ,  

, . 

3)  

 

 42 . 

 ( . .)  

 12 . 

4)  

, .  

 (  

,  

). 

 

4.3  

 

 

,  

) ,  

. 

 

.  

 [27]: 

lt
lt

d
l

l
R

4
4lg2lg366,0  
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  - , ; 

l  - , ; 

d   –   , ; 

t –  

, : 

2
lht , 

 h  - ,  

, ;  

 h 7,0 . 

 4.1 . 

 4.1 - : 

1 – ; 2 – ; 3 – ; 4 –  

. 

 

,  

: 

 , 

  - , ; 

 - . 
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   90 , 

      3  

: 1,1 .  

:   )( 991,190 . 

 l  0,3 ,   

d  05,0  

: )(2,2
2
37,0  t ,  

  : 

R  26,4658,124,211,12
32,24
32,24lg

05,0
32lg

3
99366,0 . 

 

, .  

:  

n

R
R  

 R  - , ; 

n  - , .; 
 - . 

  

 0,1
0,3
0,3

l
L  

- 66,0 . 

 

: 

cR

R
n  

 R  4  - ; 
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: )(16
66,01,14

26,46  n ,  

 - )(37,4
66,016

26,46R . 

: 

105,1 nLl , 

  L  - , . 

: 

)(25,471160,305,1  l . 

 

 [27]: 

bh
l

l
R

22lg366,0  

  - , ; 

l  - , ; 

h  -   7,0 ; 

 b  -   04,0 ; 

 - :  78,0 . 

: 

)(08,431,577,0
78,004,07,0

25,472lg
25,47

99366,0
2

R . 
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R 11
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.  
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 1000 ,  

.  

,  

, . 

 

4.4  
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 [28]. 

 

, ,  

,  

, ). 
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, , , 

, . 

: , , 

,  

, .  
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,  

, ,  

,  

 

 [28]. 
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4.4.1  

: 

- ; 

- ; 

- . 

 

,  (  

) . 

: 

-  

 ; 

-  

; 

-  

,  

 15  ; 

-  

.  

 - ”, “  - ”. 

-  

.  

. 

,  

 I- , ,  

, : 

-  I-  

; 

- ,  

-1539  ( -1586)  
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3)  

. 

4)   

, . 
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