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Using sys tems analysis one can successfully solve problems in mathematical  simulation, optimization, 
and optimal design of chemical-engineering sys tems at the workshop, factory,  and combine level. However,  
the principles of sys tems  analysis ,  with its powerful formal  mathematical  apparatus,  has not so far  been 
widely used at the level of the individual chemical-engineering process .  Nevertheless ,  a single chemico- 
technological process  with all its complex of individual physicochemical effects is a complex system. Its 
level,  which is character ized by a var ie ty  of e lementary physicochemical effects,  saturation of the mutual 
relations between them, and the compatibility and interaction between phenomena of different physicochemical 
kinds in a local volume of space, is so high that it is among the most  complex cybernetic sys tems.  

The book under review descr ibes  the fundamental aspects of a new systems approach to the analysis,  
design, and simulation of the p rocesses  occurr ing in chemical engineering. 

The f i r s t  chapter is devoted to a qualitative analysis of a complex physicochemical sys tem,  two aspects 
of which can be distinguished: the semantic and the mathematical .  Here an effective apparatus is used for the 
semantic analysis of the s t ructure  of a complex process  comprising the construction of a diagram showing the 
mutual influences of the e lementary physicochemical effects in the system. Then the s t ructure  of the mathe-  
matical  relations which are  the foundation of the description of physicochemical sys tems is analyzed. Two 
common approaches are analyzed: the phenomenological and the statistical.  

On the basis of the phenomenological approach the s tructure of the fundamental relations describing the 
motion of a multiphase,  multicomponent, continuous medium, which can serve as the initial basis for solving 
many mathematical  problems relating to physicochemical sys tems ,  is investigated. In par t icular ,  s tart ing 
f rom the module of interpenetrating continua, the equations of the mechanics of a multicomponent two-phase 
compressed disperse  mixture,  in which heat -  and m a s s - t r a n s f e r  p rocesses  occur together with chemical 
reactions,  are formulated. The energy t ransfers  which occur in heat and mass  t ransfer  between phases are 
analyzed. The par t icular  features of the mechanics of two-phase multicomponent mixtures  related to the 
nonideal nature of the phases are  explained. The problems involved in taking into account the nonequilibrium 
character is t ics  of multicomponent mixtures  in the equations of motion of such media a re  considered. Starting 
f rom the assumption that the internal energy of the mixture is additive with respect  to the masses  of the 
phases and the assumption of local equilibrium within a phase,  the individual problems of thermodynamics of 
heterogeneous multicomponent media are  analyzed: An explicit expression is obtained for the dissipative func- 
tion of the sys tem,  an analysis is made of l inear  phenomenological relat ions,  and the par t icular  features of 
the s tructure of direct  and cross  effects which develop in the sys tem are  analyzed. A closed system of thermo-  
hydrodynamic equations of a two-phase multicomponent disperse  medium is obtained, represent ing the mass ,  
force,  and energy interactions between the phases.  

It is shown, using the other approach, that the stat ist ical  Gibbs ensemble method can serve  as the funda- 
mental mathematical  simulation of the stochastic features of many physicochemical systems character is t ic  
of chemical engineering. The balance equation of the proper t ies  of the ensemble for seeking the multidimen- 
sional distribution function of the par t ic les  with respec t  to the physicochemical proper t ies  is formulated as the 
mathematical  model of the p rocesses  occurr ing in polydisperse media,  and examples of its application are 
given. 
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In the following three  chap te rs ,  poss ib le  approaches  to the synthes is  of functional ope ra to r s  of phys ico-  
chemical  s y s t e m s  a re  descr ibed :  f o r m a l  methods of set t ing up a ma themat i c  idea of a "b lack  box" (Chap. 2); 
methods of set t ing up a ma themat i ca l  descr ip t ion  of a complex s y s t e m  on the bas is  of general  models  of the 
mechan ics  of continuous media  (Chap. 3); methods  of descr ib ing  p r o c e s s e s  in chemical  engineer ing using 
typical  models  of hydrodynamic  s t ruc tu r e s  of flows in technological  appara tus  (Chap. 4). The m a t e r i a l  is 
sy s t ema t i ca l ly  organized  and is accompanied  by a l a rge  number  of we l l - chosen  examples  which i l lus t ra te  the 
pa r t i cu l a r  f ea tu res  of this new methodica l  approach to the solution of impor tan t  p rob l ems  in the chemica l ,  
pe t rochemica l ,  and microb io log ica l  industry.  Methods of const ruct ing models  of m a s s - t r a n s f e r ,  chemical ,  
hea t ,  and microb io log ica l  p r o c e s s e s  in po lyd i spe rse  media  a re  desc r ibed  in pa r t i cu l a r  detail  using examples .  

The l a s t  four  chapters  a r e  devoted to modern  methods of checking the adequacy of ma themat i ca l  d e s c r i p -  
tions of complex phys icochemica l  s y s t e m s  and the identif ication and e s t ima te  of the p a r a m e t e r s  of the s ta te  of 
chemicotechnological  p r o c e s s e s .  I t  is shown that  the cen t ra l  p rob lem at this s tage of the s imulat ion is the 
computat ional  difficulty due to the inco r rec t ly  posed nature  of the p rob l ems  in the c lass ica l  sense .  Methods 
of ove rcoming  these  diff icult ies  a re  descr ibed .  The monograph is wr i t ten  at a high scient i f ic  level ,  u ses  a 
s y s t e m a t i c  approach ,  and is essen t ia l ly  p rac t i ca l .  It gives for  the f i r s t  t ime a detai led descr ip t ion  of the 
fundamentals  of s y s t e m s  analys is  as they apply to chemica l - eng inee r ing  p r o c e s s e s .  The book provides  the 
fundamentals  of the m ode rn  theory of chemica l - eng inee r ing  p r o c e s s e s .  

The authors  a re  well  known as leading spec ia l i s t s  in the field of cyberne t ics  of chemica l - eng inee r ing  
p r o c e s s e s  and s y s t e m s  ana lys i s .  I ts  main  aspec ts  a r e  or iginal  developments  by the authors  in this a rea .  
The m a t e r i a l  in the book is methodical ly  se t  out,  the l a t e s t  ach ievements  of Soviet and world  sc ience in this 
field a r e  widely used ,  and m ode rn  ma thema t i ca l  methods a re  employed (the methods of ma thema t i ca l  phys ic s ,  
the ma thema t i ca l  theory  of dynamic  s y s t e m s ,  the ma thema t i ca l  theory of opt imal i ty ,  the theory  of m a s s  s e r -  
vicing, the theory  of g raphs ,  the theory of inve r se  p rob l ems  in ma themat i ca l  physics ,  etc .) .  

A la rge  c lass  of s y s t e m s  cons idered  in the book a re  nonl inear  phys icochemica l  s y s t e m s  dis t r ibuted  in 
space  and t ime.  In our opinion, it would have been more  complete  to give those sect ions which touch on the 
identif ication and es t imat ion  of the p a r a m e t e r s  of nonl inear  and dis t r ibut ive  sy s t ems .  The same  comment  
appl ies  to the topological  pr inc ip le  of the s imulat ion of phys icochemica l  sy s t ems :  The method of construct ing 
p r o c e s s - c o n s t r u c t i o n  d i ag ram s  is m e r e l y  recal led .  We hope that in other  monographs  by the authors  or  in a 
r ep r i n t  these  p r o b l e m s  will  be given the n e c e s s a r y  considerat ion.  

On the whole,  the book is impor tan t  and t imely .  I t  is the f i r s t  workpubl i shed  in the USSR in which, using 
a new methodological  approach ,  modern  methods  of analyzing and designing chemical~engineer ing p r o c e s s e s  
a re  cons idered  in a s y s t e m a t i c  manner .  It  should be of cons iderable  use to sc ien t i s t s  working in the a rea  of 
theore t i ca l  chemical  technology,  control  theory ,  and the opt imizat ion of chemica l -eng inee r ing  p r o c e s s e s ,  
phys icochemica l  hyd romechan i c s ,  and theore t ica l  and applied cyberne t ics .  
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