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ABSTRACT 

 
 V.O. Automated Control System for the Technological Process of Nitrous 

Gas Absorption. - Manuscript. 

Research on obtaining the degree of higher education "master" in specialty 174 

"Automation and computer-integrated technologies", educational and professional 

program. – West Ukrainian National University, Ternopil, 2025. 

This thesis focuses on the development of an automated control system for the 

absorption of nitrogen oxides (NO ) in chemical production processes. The work presents 

an  analysis  of  the  technological  features  of  NO  absorption,  the  key  parameters  

influencing mass-transfer efficiency, and the conditions required for stable operation of 

the absorption unit. Based on this analysis, a functional automation scheme has been 

designed, and optimal instrumentation, control equipment, actuators, and industrial 

controllers have been selected. 

The thesis develops the structural architecture of the control system using modern 

automation technologies and proposes algorithms for automatic regulation of critical 

process variables. Special attention is given to improving operational safety, enhancing 

energy efficiency, and reducing emissions of toxic nitrogen compounds into the 

environment. 

The obtained results can be applied to the modernization of existing absorption 

systems, the enhancement of automation levels in chemical production, and the 

implementation of environmentally oriented technological solutions at industrial 

facilities. 
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2. , ,  

: 

-  - 3000–6200 ³/ ; 

-  -  40 ° ; 

-  (NO ) - 8,0–8,4 %; 

-  (NO) - 1,0–1,4 %. 



17 
 

 
 1.1 -  -  

 

3. . -706.  

: 

-  - 480–960  (30–60 %); 

-  - 30–40 ° ; 

-  - 1,23–1,34 ³. 

 

 30–40 ° .  0,26–0,33 . 

4.  10–40 ° , 

 0,5 %. 

5. . -773  

 1–3  (100–300 ²). 



18 
 

2.  

 

 
2.1  

 

 

,  

 

,  

.  

. 

 ( ), 

, . 

 

 ( )  

 [10, 11]. 

 

, . 

, : 

-  

; 

- ; 

- ; 

- . 

, 

,  

 ( , , , 

, ). 

,  

 



19 
 

,  

. 

 

 

 ( ).  

 

 

. 

,  

 

, ;  

;  

;  

 [12]. 

 

.  

. 

,  

, : 

- ; 

- , ,  

; 

-  

. 

 

,  

. 

 

 

 



20 
 

2.1.1  

 

, , , 

,  [1, 4, 7]. 

,  

. 

. 

,  

: 

-  - -706; 

-  - -773; 

-  - -701; 

-  - -706; 

-  - -1, -2, -3. 

 

-706,  

,  

. 

 

,  

. 

 30–60 %  

 ±2,5 %. , , 

,  

 ( ). 

 0,35  

 ±0,015 .  

.  

 0,28–0,33  (  ±0,011 ). , 



21 
 

,  

. 

 3000–6200 

³/  ±400 ³/ .  

. 

, , 

 100–160 ³/  (  ±10 ³/ ).  

, . 

, , 

 0,8–3 ³/  ±0,07 ³/ .  

. 

 0,5–

1,5 ³/  (  ±0,03 ³/ ). , , 

. 

, ,  

 40 ° ,  ±1 ° .  

 10–40 °  (  

±3,5 ° ), ,  

. ,  

,  20–28 ° , ,  

, - 28–34 °  (  ±1 ° ).  

 28–34 °  

 ±1 ° ). 

 

50–65 %  ±1,5 %. , 

, . 

 

,  

. 



22 
 

 

-706, . 

 

,  

. 

, -706, 

 2.1. 

 2.1 – -706 

 

 
      

      

 
 

 

 
-7

06
  

 
 (0 ) 

20-
40 0,1 +  +    + 

 

 

-773. ,  

-773,  2.2. 

 2.2 - -773 

 

 

      

      
 

 
 

 
-7

73
 

 
, 

) 
1-3  0,1 +   +    + 

 
 

 
 

      +   + 



23 
 

 

-701.  

 

. 

 1–4  

 ±0,2 . ,  

. 

 0,6–0,8 ,  

 ±0,015 .  

. 

 

,  

 

. 

,  

,  

 

. 

,  

, ,  

,  - .  

-1, -2  

-3. 

, ,  

. 

,  

, .  

,  

 

. 



24 
 

2.1.2  

 -  

,  

,  

. ,  

, , ,  

.  

 [10-12]. 

 

: 

1. , , : 

- , ,  

. 

2. , : 

- ,  

; 

- ,  

. 

3. : 

- ; 

-  

. 

4. : 

- ; 

- ; 

-  

. 

5. : 

-  

. 



25 
 

6. : 

- ; 

- ; 

- ; 

- ; 

- ; 

- ; 

- ; 

- . 

7. : 

- . 

 

. 

1.  

-706. 

 

. ,  

. 

,  

 

. 

 

.  

,  

. , 

 

. 

 

. 

2. -706. 



26 
 

.  

,  

. ,  

 

. 

 

,  

. 

 

, . ,  

,  

. 

 

,  

. 

3. -

706. 

.  

,  

.  

,  

. 

 

,  

. 

,  

. 

4.  

-706. 



27 
 

. 

,  

.  

,  

. 

 

,  

. 

5. -773. 

.  

,  

. ,  

. 

, 

 

. 

 

.  

.  

,  

. 

 

. 

 

2.2  

 

,  

 

 [13-16].  



28 
 

 

 SWG 200,  

 0,5 %.  

-5 ,  

 50–65 %. 

,  

, ,  

 VFM 3100.  

 (  

0,5  6200 ³/ ) . 

 (  

, , ) 

 Cerabar M PMP 48,  

 (  0,28–0,33 ). 

 - , 

,  -  

1518  TMT-180.  

 20–40 °  

. 

 

LMK 358/358 ,  (30–60 %)  

. 

-1, -2  

-3 ,  

. 

 

,  

,  

. 

 



29 
 

 

 Cerabar M PMP 48 (  2.1)  

,  

 10  400 . 

 
 2.1 –  Cerabar M PMP 48 

 

,  

,  

.  

:  0,3%  

,  10:1,  

0,1%. 

 

 400 . : 

 

,  HART. 

 Cerabar M  

.  

 

. 

 Cerabar M PMP 48  

2.3. 



30 
 

 2.3 -  Cerabar M 

PMP 48 

 
 : 10 ...400  

 : 4 ...600  

 4...20  ( )     4...20  (HART) 

 
  

 -40 °C...+350 ° , ( -
) 

 
 -40 °C...+85 °  

  0304 0180 99  DMT CSA FM TIIS 
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 +150 °C  -30  

+80 °C  TMT180.  
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IP54,  EN 50081-2 ( ) 

 EN 50082-2 ( ). 

 0 (-50…+600 °C)  1 (-

30…+200 °C),  4–20  20–4 .  

 +20 °C  +650 °C (  230 °C  

)  0,1 °C,  

 0,1 °C.  

 1  60  0,1 . 

 9  36 ,  

 ±0,1 % ,  

 24 .  

 >20  <4 .  

 ±(0,1 %  + 0,05 % ),  –  

,  –  °C. 

 TMT 180  

B  Pt100.  
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.  

,  (RTD),  ( ),  
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 B.  
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 4…20 ,  

 (  
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NE 21, , , 
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,  
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-  —  0...0,6 . .  0...200  

. .; 

-  

, 0...55 . .). 

 IEC 60770 –  

0,50%  0,25% FSO (  0,175%  0,125% FSO),  –"H"  

0,1% FSO,  0,05% FSO. 
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- , , 
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-  – 2-  4...20  – 4...20  + HART; 
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 VFM 3100 (  2.4)  

,  

 +430 °C ,  

.  

 
 2.4 -  VFM 3100 

 

 0,5 %  1,0 % , 

 100 ,  

 –  –20 °C  +430 °C.  
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 DN15…DN300  

 DN15…DN200.  

,  
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-  RS-485  
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-  
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 2.5 -  5  

 

 

 

,  –  2500 .  

 –  
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-5  

, ,  
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, , 

 

.  

 -  0,5  100 ;  - 0–50 °  

 0–100 ° ;  - , : 

- NaCl ( ), 

- SO  ( ), 

- HCl ( ), 

- SiF , 

- HNO  ( ), 

- PO  ( ), 

- , 

- NaOH ( ), 

- SO  ( ), 

- Al (SO  ( ), 

- Al Cl  ( ), 
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- FeCl  ( ), 

- KCl ( ). 

 0,4  4% (  

)  ±0,5 °  - . 

 (t )  15–85 °  

,  

 t  ±15 ° . 

-5  0–

 4–20 .  

, , 

.  

 « » . 

 

0,5  (  1,2 ),  220 , 50  

 15 .  

 21 000  

 10 . 

:  - 214 × 

376 ,  - 214 × 376 × 2500 ,  - 157 × 141 × 200 . 

-5  

,  
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 SWG 200. 

 SWG 200 (  2.6) -  

,  
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,  

,  
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 2.6 -  SWG 200 
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 ( ,  500×  CO),   
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 - 6 . 

,  2.4. 

 2.4 - ,  SWG 
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CO 0...50 % .   
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NO 0...100 ppm / 0...4000 ppm  
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NO  0...1000 ppm  

 0...1700 °C  /  
 

*  

 SWG 200  

.  

 ±5 %,  4–

20  RS-485.  

 6 .  

9 × 13 ,  

.  

, . 

SWG 200 , , 

, , ,  

. 

 

 68003  

-2500. 

 68003  

-2500 (  2.7)  

 

. , 

, , . 

 68003  

-2500  

.  

,  -  

20 13. -2500  

220/230/240 , 50  220 , 60 .  

 

 100 ,  50  100 . 
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 « »,  2,  

 IP65  14254.  
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 0–5 , 0–20  4–20 . 
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RS-485,  
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 1200  115200 ,  1200  

,  ADAM-4000,  
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 8 , , 

.  ±0,15 , 

±0,5 , ±1 , ±5  ±10 ,  - ±20 .  

20  125  ( ).  

 -  35 ,  - 15,7 . -

 24  

 10 ,  

.  

 3000 ,  

 ±0,1 %,  

 (CMRR) - 86  50/60 ,  - 20 /° . 

 8051  

,  

.  
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 +10  +30 ,  

 1,3 .  –20 

 +75 °C . 

 122×72×25 . 

 I-7017 , 

,  

.  

 

, ,  

. 

 

I-7024 4- , 12 ,  

 I-7024  4-  12-

 (  2.9),  

.  

,  

 

2048 .  

 

 DIN- .  

 RS-485  1200  115200 ,  

ADAM-4000,  - 1200 .  

 4  3000 .  

 0…5 , 0…10 , –

5…5 , –10…10 ,    0…20  4…20 .  

 5 ,  

0,0625…512 ,  0,125…1024 .  

 –0,1…+0,1 %,  

 –30…+30 /°C,  –0,2…+0,2 /°C.  
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 2.9 - I-7024 4- , 12  

 

 8051,  

.  

.  

 +10…+30 ,  

 2,3 .  –20…+75 °C.  

 122×72×25 . 

 I-7017  

. , 
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I-7060  4-  4-  

 

 I-7060  (  2.10)  

 DIN- .  

 RS-485,  

 

1200 .  1200  115200 , 

 ADAM-4000,   

 2048 .  
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 4  

 3750 ,  0  0…+1 ,  1 - 

+4…+30 ,  3 , 0,5 .  

4 : 2  2  

,  1500 .  

 
 2.10 - I-7060  4-  4-  

 

 

 2  

 30  0,6  110 ,  

 - 0,6  125  0,3  250 ,  3 ,  

 1 ,  10 ,  

500 000.  

 8051  (Watchdog Timer).  

 +10…+30 ,  

 1,3 .  –20  

+75 °C.  122×72×25 .  I-7060 

,  

 

. 

 

I-7520  RS-232  RS-485  

 RS-485,  3  RS-232 
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 I-7520 (  2.11)  

 RS-232  RS-485  

 3000  RS-232  RS-485.  

 

.  RS-232  

 DB9 female.  

 RS-485 , 

 115,2 ,  Data+ / 

Data–,  3000 ,  

.  

 
 2.11 - I-7520  RS-232  RS-485  

 RS-485 

 

 LED  Power.  

 +10…+30 ,  

 2,2 .  120 000 

.  –20…+75 °C.  

 142×72×25 . 

 

Lagoon-3140 PC-  [17, 18] AMD188ES 

40 , 512  Flash, 256  SRAM, 2xRS232, 1xRS485, 1xRS232/485,  

 Trace Mode 
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 Lagoon-3140 (  2.12) – PC-  

 AMD188ES,  40 .  

 

 DIN- .  256  

SRAM,  2   EEPROM   512   Flash   

.  2  RS-232,  RS-485  

 RS-232/RS-485,  

 115200  DB9  

.  

 
 2.12 - Lagoon-3140 PC-  

 

 (RTC)  

 1,6 ,  

.  +10…+30  

 3 .  DOS,  

 Trace Mode . 

 –20…+75 °C.  

 72×122×25 ,  0,2 . Lagoon-3140  

,  PC  

 I/O,  I-7017, I-7024, I-7060  I-7520. 
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