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The article presents the analysis of foreign and domestic scientific publications devoted
to the establishment of control algorithms for automatic control systems of air separation
plant technological processes. The levels of automated process control system for air
separation plants are considered. The current state of the process control systems of
modern air separation plants is summed up and the ways of their further development is
suggested.

Keywords: automatic control system, control circuit, controlled object, control process
loop stabilization, distillation, separation of air, air separation, air separation unit

REFERENCES

(1]
(2]

(3]

(3]

(6]
(7]

(8]

Arkharov L.A., Nagimov R.R., Navasardyan E.S. Khimicheskoe i neftegazovoe
mashinostroenie — Chemical and Petroleum Engineering, 2016, no. 7, pp. 24-27.
Chen Y.-Y., Lu S.-Z., Shu X.-K. The research of anti-surge control on air
separation compressor. Proceedings of International Conference on Electrical
and Control Engineering, 25-27 June 2010. 1EEE Industry Applications
Society. Wuhan Institute of Technology. Wuhan, China, Institute of Electrical
and Electronics Engineers (IEEE) Publ., 2010, pp. 1613—-1616.

Wang S., Jin X., Tian W. A Research on the Methods of Forecasting and
Controlling for Air Compressor. Proceedings of International Conference on
Electrical and Control FEngineering, 25-27 June 2010. 1EEE Industry
Applications Society. Wuhan Institute of Technology. Wuhan, China, Institute
of Electrical and Electronics Engineers (IEEE) Publ., 2010, pp. 240-243.
McCormick D.K., McQuade W.F. Two-zone fuzzy logic liquid level control.
Patent US no. 20100030385, filed on October 12, 2009, published on February
04, 2010, 14 p.

Wei Lai, Li Nan. Air separation unit pre-cooling system temperature control for
optimum design. Proceedings of International Conference on Computer,
Mechatronics, Control and Electronic Engineering (CMCE), 24-26 August 2010.
Changchun University of Technology — CCUT. Changchun, China, Institute of
Electrical and Electronics Engineers (IEEE) Publ., 2010, pp. 381-382.
Lavrenchenko G.K., Kopytin A.V., Shvets S.G. Tekhnicheskie gazy —
Industrial Gases, 2006, no. 1, pp. 28-33.

Provornyy L.S., Gromov A.F., Step Kh. Ya., Rozhinskiy B.I., Abramov A.V.,
Sukhov V.I. Sposob regulirovaniya protsessa razdeleniya vozdukha v
kriogennoy ustanovke [ A method for controlling an air separation process in the
cryogenic plant]. Patent USSR no. 947595, filed on October 23, 1980, published
on July 30, 1982, bulletin no. 28, 3 p.

Steele R.D. System and method for controlling an air separation unit. Patent US no.
20120055331, filed on September 02, 2010, published on March 08, 2012, 11 p.




(9]

[10]

[11]
[12]
[13]
[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

Dudkin LE., Plotnikov V.V, Garin V.A., Pisarev Yu.G., Volynskiy B.I., Zotov V.1,
Aleksakhin V.V., Rozhinskiy B.I., Bodrov V.I., Kuryshev E.A. Sposob
avtomaticheskogo regulirovaniya protsessa razdeleniya vozdukha v kriogennom
komplekse i ustroystvo dlya ego osushchestvleniya [A method for automatically
controlling an air separation process in the cryogenic plant and apparatus for
implementation thereof]. Patent USSR no. 1809268 filed on May 17, 1990,
published on April 15, 1993, bulletin no. 14, 4 p.

Dubinin V.A., Provornyy L.S., Kuryshev E.A. Kuzmin V.I., Chernetsov V.N.
Sposob avtomaticheskogo regulirovaniya protsessa razdeleniya vozdukha v
kriogennom komplekse i ustroystvo dlya ego osushchestvleniya [A method for
automatically adjusting the air separation unit and apparatus for implementation
thereof]. Patent RF no. 2063590, filed on April 15, 1993, published on July 10,
1996, 6 p.

Darrodeau B., Grenier M., Garnier C., Venet F. Process and installation for
producing gaseous nitrogen with variable flow rate. Patent US no. 5355680,
filed on October 15, 1993, published on October 18, 1994, 5 p.

Lapshin A.A. Tekhnicheskie gazy — Industrial Gases, 2009, no. 6, pp. 17-25.
Lebedev V.V., Kashenkov A.l. Zudilin A.V., Plotnikov V.V. Tekhnicheskie
gazy — Industrial Gases, 2004, no. 2, pp. 19-23.

Lenshin V.N., Kuminov V.V., Frolov E.B., Budnik R.A. SAPR i Grafika —
CAD and Graphics, 2003, no. 6, pp. 93-96.

Radchenko A.A., Kozlov A.V. Aktualnye napravleniya nauchnykh issledovaniy
XXI veka: teoriya i praktika — Actual directions of scientific research of the XXI
century: theory and practice. Voronezh, Voronezh State University of Forestry and
Technologies named after G.F. Morozov Publ., 2015, vol. 3, no. 7-12 (18-2),
pp. 383-387.

Wang J., Kong J., Kong P., Yang J., Li G. Intelligent control of automatic
variable-loading system in the process of oxygen production. Proceedings of the
30" Chinese Control Conference, July 22-24, 2011. Shandong University,
Yantai University, Shandong, 2011, pp. 5824-5827.

Xu Z., Zhao J., Chen J., Shao Z., Qian J., Zhu L., Zhou Z., Qin H. Separation
and Purification Technology, 2011, vol. 81, no. 3, pp. 451-465.

Megan L., Lennox D.F., Seharf P.F., Adebekun D. Control of liquid production
of air separation plant network. Patent US no. 20040148264, filed on January
28, 2004, published on July 29, 2004, 8 p.

Zaugolkov 1.A. Optimizatsiya na intervale vremeni rezhimov raboty ustanovok
razdeleniya vozdukha nizkogo davleniya s polucheniem azota, kisloroda i
argona. Diss. cand. tekhn. nauk [Optimization at the time interval of operating
modes of low pressure air separation units with production of nitrogen, oxygen
and argon. Cand. eng. sc. diss.]. Tambov, 1996, 279 p.

Luzgachev V.A. Adaptivnoe upravlenie ustanovkoy razdeleniya vozdukha pri
peremennoy proizvoditelnosti (na primere VRU KA-32). Diss. cand. tekhn. nauk
[Adaptive control of the air separation unit with variable capacity (by the
example of VRU KA-32). Cand. eng. sc. diss.]. Tambov, 1997, 232 p.

Shamkin V.N. Destabilizatsionnoe upravlenie slozhnymi tekhnologicheskimi
obyektami. Diss. dokt. tekhn. nauk [Destabilized controlling complex
technological objects. Dr. eng. sc. diss.]. Tambov, 1997, 440 p.

Oreshkin A.N., Borzenko N.A., Lipa V.I., Fedorenko L.M. Tekhnicheskie gazy —
Industrial Gases, 2015, no. 6, pp. 71-77.

Esposito W.R., Megan L. Method of controlling liquid production utilizing an
expert system controller. Patent US no. 7249470, filed on April 07, 2005,
published on July 31, 2007, 10 p.




[24] Bukurako Yu.K. Razrabotka ekspertnoy sistemy upravieniya realnogo vremeni
vozdukhorazdelitelnoy ustanovkoy nizkogo davleniya. Diss. cand. tekhn. nauk
[Development of real-time expert control system for low pressure air separation
unit. Cand. eng. sc. diss.]. Tambov, 2004, 156 p.

[25] Evseenko 1.V. Razrabotka i primenenie dinamicheskoy matematicheskoy modeli
sistemy kislorodosnabzheniya na metallurgicheskom kombinate. Diss. cand.
tekhn. nauk [Development and application of dynamic mathematical model of
oxygen supply system at the metallurgical plant. Cand. eng. sc. diss.]. Moscow,
2004, 133 p.

[26] Savelyev A.M., Popov S.A., Sergeev G.I., Sheremetyev V.K., Lomakin V.F.
Tekhnicheskie gazy — Industrial Gases, 2001, no. 1-2, pp. 55-57.

[27] Lyaposhchenko A.V., Skidanenko M.S., Marenok V.M. Opyt vnedreniya
kompleksnykh integrirovannykh CAD/CAE i SCADA-sistem dlya
modelirovaniya i  optimizatsii ~ khimiko-tekhnologicheskikh  protsessov
[Experience of introduction of complex integrated CAD / CAE and Skada
systems for simulation and optimization of chemical-technological processes].
In: Shornik trudov XII Mezhdunarodnoy nauchno-prakticheskoy konferentsii
“Sovremennye instrumentalnye sistemy, informatsionnye tekhnologii i innovatsii” v
4 tomakh. [Proceedings of the XII International scientific and practical conference
“Modern tooling systems, information technologies and innovations” in 4 volumes].
Kursk, Universitetskaya kniga Publ., 2015, pp. 379-384.

[28] Belanger W.P. Method for controlling the operation of a cryogenic rectification
plant. Patent US no. 6647745, filed on December 5, 2002, published on
November 18, 2003, 10 p.

[29] Mahapatra P., Bequette B.W. Process design and control studies of an elevated
pressure air separations unit for IGCC power plants. Proceedings of the
American control conference, 30 June—2 July 2010. Baltimore, Maryland, USA,
Institute of Electrical and Electronics Engineers Publ., 2010, pp. 2003—-2008.

[30] Tong L., Wang L., Sun S., Zhang Y. Research and Development of Operation
Simulation System for Cryogenic Air Separation Unit. Proceedings of the
Second WRI World Congress on Software Engineering, 19-20 December 2010.
Hubei, Wuhan, China, Institute of Electrical and Electronics Engineers (IEEE)
Publ., 2010, pp. 256-258.

Navasardyan E.S., Cand. Sc. (Eng.), Associate Professor, Department of Refrigeration,
cryogenics. Conditioning and life support systems, Bauman Moscow State Technical
University. Research interests: cryogenic system for separation and purifying gases and
gas mixtures. e-mail: navasard@mail.ru

Mokhov K.V., Postgraduate student, Department of Refrigeration, cryogenics. Condi-
tioning and life support systems, Bauman Moscow State Technical University, design
engineer, public joint-stock company “Cryogenmash”. Research interests: regulation of
the technological process of air separation.

e-mail: k. mokhov(@omzglobal.com, konstantine-48@mail.ru





 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: extend bottom edge by 76.54 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     1074
     567
     None
     Down
     2.8346
     0.0000
            
                
         Both
         27
         AllDoc
         50
              

       CurrentAVDoc
          

     Bigger
     76.5354
     Bottom
      

        
     QITE_QuiteImposing2
     Quite Imposing 2 2.0
     Quite Imposing 2
     1
      

        
     0
     14
     13
     14
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut bottom edge by 76.54 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     1074
     567
     None
     Down
     2.8346
     0.0000
            
                
         Both
         27
         AllDoc
         50
              

       CurrentAVDoc
          

     Smaller
     76.5354
     Bottom
      

        
     QITE_QuiteImposing2
     Quite Imposing 2 2.0
     Quite Imposing 2
     1
      

        
     0
     14
     13
     14
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut bottom edge by 76.54 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     1074
     567
     None
     Down
     2.8346
     0.0000
            
                
         Both
         27
         AllDoc
         50
              

       CurrentAVDoc
          

     Smaller
     76.5354
     Bottom
      

        
     QITE_QuiteImposing2
     Quite Imposing 2 2.0
     Quite Imposing 2
     1
      

        
     0
     14
     13
     14
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut top edge by 76.54 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     1074
     567
     None
     Down
     2.8346
     0.0000
            
                
         Both
         27
         AllDoc
         50
              

       CurrentAVDoc
          

     Smaller
     76.5354
     Top
      

        
     QITE_QuiteImposing2
     Quite Imposing 2 2.0
     Quite Imposing 2
     1
      

        
     0
     14
     13
     14
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut left edge by 96.38 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     1074
     567
     None
     Down
     2.8346
     0.0000
            
                
         Both
         27
         AllDoc
         50
              

       CurrentAVDoc
          

     Smaller
     96.3780
     Left
      

        
     QITE_QuiteImposing2
     Quite Imposing 2 2.0
     Quite Imposing 2
     1
      

        
     0
     14
     13
     14
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut right edge by 96.38 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     1074
     567
    
     None
     Down
     2.8346
     0.0000
            
                
         Both
         27
         AllDoc
         50
              

       CurrentAVDoc
          

     Smaller
     96.3780
     Right
      

        
     QITE_QuiteImposing2
     Quite Imposing 2 2.0
     Quite Imposing 2
     1
      

        
     0
     14
     13
     14
      

   1
  

 HistoryList_V1
 qi2base



