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Abstract: A two-stage problem of optimal design of industrial chemical process
apparatus under the uncertainty of physical, chemical, technological and economic
initial data has been formulated. A characteristic feature of two-stage optimization
problems is a possibility to tune up regime (control) variables of a chemical process
system depending on the refinement of uncertain parameters during the running stage.
An algorithm of two-stage optimization of technical systems has been developed and its
efficiency is demonstrated on the example of optimal design of the following chemical
process apparatus: turbulent tube reactor of thin organic synthesis, adsorption oxygen
concentrator, and a mold for the high-temperature synthesis of hard-alloyed materials.

Symbols

A — a set of variants of unit setting of industrial »— a function of approximation procedure;
chemical process apparatus; . S8 _a set of points where constraints are
d — design parameters vector; . .
F — optimization criterion; violated; .
g — constraint function; u — scalar variable; .

y — vector of mathematical model output
1™ _ 3 set of indices i for points &, where variables;
constraints can be violated; z — vector of control variables;
k — algorithm iteration counter; E — domain of uncertain parameter change;
Jy —a set of indices j for “soft” constraints; ¥ — operator of a chemical process system
J, —a set of indices j for “hard” constraints; mathematical model;
m — total number of problem constraints; & — vector of uncertain parameters;
my —anumber of “soft” constraints; p — a preset value of constraint fulfillment
ne — length of vector &; probability, %;
Pr{-} — probability of {~}constraint fulfillment, X(d) ~ flexibility function;
% TC — total costs.

o
Introduction

When designing industrial chemical process apparatus, two kinds of uncertainties
are always present. Some of them, such as raw materials parameters and external
environment temperature, may change during the process running, keeping up to a
certain size of changing. It is in essence impossible to set a single value for them. Others
may actually be constant uncertainties for a specific industrial apparatus, but their
values are known up to a certain interval, for example, some coefficients in kinetic
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equations and heat- and mass-transfer equations. To consider the uncertainties in the
mathematical description of industrial apparatus, it suffices to include them into
dependencies involving criterion F and constraint function g; of optimization
problem, meaning that F=F(d,z,¢€),g;=g;(d,z8),j=1..,m, where § is a
vector of uncertain parameters that take on any value from a given domain =,
generally considered to be rectangular: = = {é : iL <E< &U .

In such case a solution of the problem of optimization by criterion F = F(d, z, &)
and with constraints g; =g;(d,z &), j=1,..,m, is uncertain and depends on the

value of vector & . A traditional way of overcoming this complication is the following.
A vector of uncertain parameters is assigned a certain “nominal” value, &= éN ,
and an optimization problem for nominal &N is solved obtaining the nominal value of

d" vector of design parameters for a given unit setting. Afterwards, using the available
data on the object of design, the so-called overdesign coefficients k;(k; >1)are

introduced, and it is considered that d; = kid,-N , where d; is i-numbered component of
the vector d, i=1,..., n (length and diameter of reactor, heat-exchange area in heat

exchanger, number of trays in a rectification column, etc.).

The drawbacks of such an approach are obvious, as it does not guarantee neither
obtaining optimal solution, nor fulfillment of all constraints during apparatus running. If
overdesign coefficients result to be insufficient, the constraints will be violated, and in
case of excessive overdesign coefficients, the costs will be excessive too.

An approach which considers uncertainty in the coefficients of mathematical
description and technological parameters in the optimization problem statement itself is
significantly more scientifically grounded and correct.

Statement of the two-stage problem of chemical process system optimization

It is common to formulate a problem of chemical process unit setting as a non-
linear programming problem:

rgin F(d,z,8); (1)
y=¥(d,z78); 2
gj(d,z,8)<0,j=1..,m, (3)

where F(-) is optimization criterion; y =¥(d, z, &) is an operator of chemical process

system mathematical model; and y, d, z, & are vectors of output, design, control
variables and chemical process system uncertain parameters, accordingly.
Let & belong to domain =, that is £ € E. We shall reduce problem (1) — (3) the

following way:

min u 4
d,z,u
Fd,z,&)<u; ®)]
gi(d,2(8),8) =y, 4y —¥; <0; (6)
j=1,...,m,

ISSN 0136-5835. Bectruk TI'TY. 2011. Tom 17. Ne 3. Transactions TSTU. 675



where y; o, is allowed limited value of j-numbered output variable of a chemical

process system. For fixed values of & these two statements are equivalent. However,

when considering uncertain parameters, the statement (4) — (6) has advantages over the
initial problem (1) — (3) as it considers the optimization criterion F(d, z, &) along with
other constraints.

When formulating an optimization problem under the uncertainty of initial data, a
form of goal function (optimization criterion) and constraints should be determined. A
concept of two stages of a unit ‘life cycle’ is taken as a basis: the stage of design and
running stage. During the running stage the following cases are possible:

a) all uncertain parameters can be determined exactly at any moment of time
(either by direct measurement, or through the solution of a reverse problem using the
information obtained by measurements);

b) the domains of uncertain parameters at the running stage and at the design stage
are the same;

c¢) some parameters &; can be determined exactly at the running stage, while others
have the same interval as at the design stage;

d) during the running stage all parameters &; include uncertainty, but their
intervals of uncertainty are smaller than the corresponding intervals at the design stage.

An optimization problem may have “hard” (unconditional) and “soft” (probable)
constraints. “Hard” constraints may not be violated under any circumstances. “Soft”
constraints should be fulfilled with a given probability. In reality most problems include
a number of “hard” constraints and a certain number of “soft” constraints. For example,
apparatus safety constraints are “hard” constraints, while productivity and selectivity
constraints can be regarded as “soft” ones.

Let us consider a two-stage problem of chemical process apparatus optimization
under the uncertainty of intervals. Let there be a simulation model of an apparatus
performance in static y = ¥(d, z, §), where y —1is a vector of output system variables,

constraints with indices j=0, jeJ; =(1,2,...,m) are “soft’, and constraints with
indices j € J, =(my +1,m +2,...,m) are “hard”.

A two-stage problem of industrial apparatus optimization in static is formulated
the following way: it is necessary to determine vectors d" and z", which provide for
the extremum of goal function F(d, z) and fulfillment of “soft” and “hard” constraints
disregarding changes in uncertain parameters vector & in a given domain Z.
Mathematically this problem is formulated as follows:

F*= min u; @)

d,u,z(&)
y="¥(d, z8); ®)
Prigy(d. 2(8), &) = F(d, 2(8), &) <u} > py; ©)
Prig;(d, (8. &) <02 p;, jeJi; (10)
x1(d) = max min max gj(d, z,6)<0. (11)

EeE  z  jedy
In the problem (7) — (11) u is a scalar variable (analog to design variables); Pr{-} -
probability of constraint {} fulfillment; g, g; — are constraint functions; pg,p; —

given values of constraint fulfillment probability; y;(d) — is apparatus flexibility
function.
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A characteristic feature of two-stage apparatus optimization problems is a
possibility to tune up regime (control) variables z depending on the refinement of
uncertain parameters vector & during the running stage, i.e. control variables z are

multidimensional functions z = z(&).

Algorithm of two-stage optimization on chemical process systems

We shall introduce symbols

gj(d’Z’E.a)_ua ]:07

g;(d,u,z%) :{gj(d, z,8), jeJi,

and a set S®) = {éi el (k)} of accumulation of points & with indices ie/ ) , In
which constraints (9) — (11) are violated, and a set Sl(k) will accumulate points of

“hard” constraint violation and a set Sgk) will accumulated points of “soft” constraint
violation. In addition, we shall use an auxiliary non-linear programming problem (A)
F* = min u
du,z'

gj(dauaziaéi)soa j=07 jEJla lej(k)’
g;(d.z EN<0, jedy, iel®. (A)

The problem (A) is solved when a minimal value of the scalar variable u is found
and all problem constraints in the given set of points ?;,i, i e I'® are fulfilled.

Algorithm.

Step 1. Let k = 1. Select initial set S =D on the condition of optimal

approximation of functions z(§) . Set initial approximations d (k_l), u(k_l), D

CIRC!

Step 2. Solve auxiliary problem (A) and let d(k), u be a solution of this

problem.
Step 3. Compute

xl(d(k)) = max min max g ; (d(k), z, E,), (12)
EeE  z  je,

using an algorithm of external approximation [1]. We shall consider E(k) to be a
solution of problem (12) and verify if the following condition is fulfilled

@™, ey <o, (13)

If the condition (13) is not fulfilled, go to step 4, otherwise, go to step 5.
Step 4. Extend a set of points Sl(k) where constraints (13) are violated, that is

Sl(k) _ Sl(k—l) ue®,; e® 3%1(d(k)) > 0;
Il(k) :Il(k_l)U(n+1); n=n+1.
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Step 5. Check the fulfillment of “soft” constraints
Prlg, (@, 2@©.920[2p,, j=0. €. (14)

At this point we have not obtained functions z = z(€) , we only know the values of

these functions in discrete points E,i, iel (k). Thus, we shall use these points for the
approximation of functions z = z(§) .

If the condition (13) is fulfilled and the condition (14) is not fulfilled, then go to
step 6.

If both conditions (13) and (14) are fulfilled, a solution is obtained d* =d®,
2* =00 .

Step 6. Compute

Xz(d(k)):max min max gj(d(k),u(k),z, é), (15)
EeZ z jeJ; -
where J;=(0,1,2, ..., m;), using an algorithm of external approximation [1]. We shall

identify a solution of the problem (15) as E(k) and extend the set of points Sék) , where

“soft” constraints are violated, that is

550 =5 PUED: 0 @ >0

Iék)zlék_l)U(n+1); n=n+1.

Step 7. Form sets S :Sl(k) USék) , 7® zll(k)Ulgk), let k:==k+1 and go to

step 2.
Let us comment on the algorithm.
At step 5 multivariate interpolation is carried out with the help of functions

z=1z(§) at the known discrete points éi, Ziel (k). It can be achieved through the

use of multivariate cubic splines or using approximation procedure as follows. When
implementing the simulation model, for every random value & we shall accept value

2 (ﬁl), 1el® a5 a respective z(§) , which corresponds to point ﬁi, the closest to
point &, that is:

rE e =

n& .
>, iel®=1OUnY, n =dime,
j=1

E=min F(Ee?) = F=arg min (& e?) = 2=20).
ie[(k) iel

In fact, the described procedure uses piecewise constant approximation of
functions z = z(§).

At step 6 the inequality xz(d(k)) <0 implies that “soft” constraints are fulfilled with
probability 1. Thus, if the condition (14) is not fulfilled, then knowingly %2(d) > 0,

and we shall obtain point E(k) where “soft” constraints are violated.

When implementing additional variable u it is suggested to conduct the ranging of
search variables in order to make the ranges of variables more or less equal.
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Examples of optimal design of industrial chemical process apparatus

We shall demonstrate the effectiveness of the suggested algorithm on the examples
of optimal design of several industrial chemical process apparatus: turbulent tube
reactor of thin organic synthesis, short-cycled adsorption unit, and a mold for the high-
temperature synthesis of hard-alloyed materials.

The simulation model y ='¥(d, z, £) of the static of non-linear process of thin
organic synthesis — diazotization of aromatic amines in the turbulent tube diazotization
reactor — allows calculating output variables Y of diazotization reactor: productivity Q;
concentrations c(out) = (cp, cN4s ¢y, ¢g) of diazo compound, nitrous acid, diazo rosins

and nitrose gases; flow rates G(°") = (Gl(out), G{°") of liquid and solid phases of diazo
solution suspension, amount of solid phase of amine II, , diazo rosins I1, , nitrose gases

I1; in diazo solution at the output of diazotization reactor [2]; where d, z, & are vectors

of design, control variables and diazotization reactor uncertain parameters
correspondingly.

We shall formulate specifications for the design of turbulent tube reactor of
aromatic amine diazotization with diffuser-contractor devices of flow turbulization
(Figure).
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Turbulent tube reactor with diffuser-contractor type mixing chambers:

1 — tube module; 2 — bend; 3 — nozzles for sodium nitrite spray; 4 — diffuser-contractor device;
5 — heat exchange jacket; 6 — diffuser; 7 — straight part; 8 — contractor; di,,. — diameter of reactor
tube part; D — mixing chamber diameter; /; — mixing chamber length; o, — angle of diffuser
expansion; o, — angle of contractor narrowing
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For the set (diazo compound) reactor productivity Q= 1000 tons per year, it is
necessary to ensure that the values of

(out)

— aromatic amine unreacted particles Hn == © 100% ;
GS’

. ) C)((out) x Gl(out)
— diazo rosin content Hx =———— 100%;

[0540) ]S x G](Out)
C](\(/);t) x G](Out)

/100% ,
c](\?) X G](\?)

— nitrose gas content I =

do not exceed the maximum values ﬁn: 0,25 %, ﬁx: 0,9 %, II5= 0,5 %, that is

~ ~ A 0) out . H
I, <II,, IL, <II, and II; <Il;, where [c,"]s, C>(c ) _ concentration of aromatic
amine solid phase at the reactor input and concentration of diazo compound at the
reactor output; and cg\?), G](\(,)) — concentration of sodium nitrite and sodium nitrite flow

rate at the reactor input. These requirement should be fulfilled under interval uncertainty
of certain technological parameters and coefficients of mathematical model of
diazotization process, namely: concentration of amine solid phase [CA(O)]S =
=370,0 (£4 %) mole/m” at the reactor input and kinetic coefficient in the equation of
aromatic amine solid phase dissolution 4 = 5,4 10°(+ 5 %).

The task of optimal design is to determine such design parameters d (diameter D
and length of tube reactor L, number m and place of installation /;, j=1,2,... of

diffuser-contractor devices) and control variables z (temperature 7% of aromatic amine
suspension at the reactor input, and sodium nitrite flow distribution G](\?, i=1,2,..,p

over the reactor length) that the total costs TC(d, z, &) of reactor development are

minimal and its efficiency does not depend on random changes of uncertain parameters
vector & in a given domain Z. The constraints can be “hard” and/or “soft”. “Hard”

constraints usually include the requirements for product quality and explosion,
inflammation and environmental safety. Let us formulate the two-stage problem of
optimal design of turbulent tube reactor of aromatic amine diazotization with mixed

constraints: such vectors d” and z* must be determined that the total costs are minimal, i.e.

1CT = i 1o
y=¥W,z7%); (17)

Prigy(d, z(€), &) = TC(d, z(£), &) <u} > py; (18)
Prig)(d, z(£), &) = Qi — O(d, 2(£), ) < 0} py ; (19)
%1(d) = max min max g ;(d, z,£) <0 20)

EeE  z  jeJp

where  gy(d, z(8), &) =1, (d, z(8), ) -T1,;  g3(d.2(8),8) =T (d, z(&), &) ~ L ;
24(d, 2(8), &) = T4 (d, 2(8), &) I, .
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In problem (16) — (20) u — a scalar variable (analogous to design parameters);
Pr{~} — probability of constraint {} fulfillment; gg, g;, ¥, init — constraint functions

and maximum values of output variables; pg,p; — given values of constraint

fulfillment probability; yx;(d) — flexibility function of diazotization reactor; the
constraints with indices jeJ;= {0, l} are “soft”, and the ones with indices
jeJy=1{2,3,4} are “hard”.

The results of the two-stage optimal design problem solution for industrial
diazotization turbulent reactor at each iteration are presented in Table.

The problem of optimal design (by total costs criterion) of short-cycled adsorption
unit for oxygen-enrichment is formulated as follows: for a given unit setting ae 4 of

Ut ot the

02
unite output, such design parameters (type of adsorber b € B, height of adsorbent layer
H, diameter of adsorber Dinner) and regime variables (pressure Pyq, Pges, duration of
cycle t., backwashing coefficient 0) should be determined that the total costs of unit
development are minimal. Some input data are uncertain, for example, oxygen

adsorption unit and given productivity rates Qinjt and oxygen concentration ¢

concentration in the air fed into adsorber cglz can fluctuate between 18 to 23 % vol.,

Results of optimal design problem solution

Values of “soft”
Total

. . . Flexibility] constraints

Iteranzn Design P Reg@ebf“’““"l) C‘;Sts function, | fulfillment

No., variables, variables, z USi) X probability Pr{~},
%

1 D=0,04m; | 70 _ 596 0°c: 2225 | 0,326 | Pr{gy <uf=92;
L=115m; | ,_3 Prig) <0f=095
m=3pes; | GO Z51.1075 ms;

L =40 m;
G =2,55-107 m¥s;
I, =80m N e
GY) =2,55-107° m%s

2 D=004m; | 700 _3000c; 2230 | 0,0007 | Prigy <u}=94,l;
L=120m; | ,_3 > | Prig <0}=977
m =3 pcs; _

P GV =63:1075 m¥s;
I =42,5 m;

l=825m | On =195-107 m’/s;
G$) =1,95-107 m*ss

3 D=004m; | 700 _3000c: 2232 | -0,036 | Prigy <uf=100;

L=123m; | ,_3 Pr{g; <0}=9838
=3 ; _

MEIPE G0 2611070 mis;

L =43m;

L—s4m | OF =205107° ms;

G§) =2,05-107° m3ss
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maximum adsorption volume of zeolite adsorbent W, — from 0,160 to 0,230 cm’/ g, and
mass delivery coefficient value B — from 1,2 to 1,8 x107° s, Mathematically the

problem is stated as follows

I* = min u (21)
a,b,H,Dipner s, Pad » Pdes »Tc »0

for variables’ connections with the mathematical model of unsteady process of the
oxygen concentration process [3] under the constraints:
— on goal function value

Pad’Pdes’Tcse’ E)) = TC(a,b,H,D-

Pr{go(a’b’H’Di mner’Pad’Pdes’Tc’e) < M} 2 Po > (22)

nner>

— on unit productivity

Pr{gl (a,b,H, Dipper, Fags Fges Tes 05 &) = (Qinner —9) < 0} 2pr; (23)
— on oxygen concentration and unit dimensions

x1(a,b,H, Dy, ) =max  min max g ;(a,b, H, Digner, Fag» Fges» Te» 0, 8) <0, (24)
ée: Pad,PdeS,‘Cc,e j:2,3

out,

out
where g(a,b,H, Digner Fad> Fges» Te»9, &) = [c()2 Jinit — c()2 >

g3(a,b,H, Dippers P> Bges» ¢, 0, &) =M = M

o>

A A
kp<k,, H<H , Dipper <

<k, : (25)

where u — scalar variable; Pr{~} — constraint fulfillment probability; pg, p; — given

probability values; y — unit flexibility function; Oy per > [cg”;]init — given values of unit

productivity output oxygen concentration; M , lgp,l:l ,ﬁinner — maximum values of

mass, pressure coefficient and adsorber dimensions of the unit.

We shall study the development of a portable medical oxygen concentrator as an
example of optimal design of energy-saving short-cycled adsorption unit. The
specifications for its design are the following: concentrator productivity is

Ohnit :0,05-1073 m3/s, output oxygen concentration [cguzt]init > 90 %; pg,p1 =09;

maximum values of adsorber mass M =0,6 kg; adsorption Py and desorption
Pges pressure ratio lgp =3 adsorbent layer height H =0,4, and adsorber diameter

Dinner = 0,1 m.

Alternate variants of unit setting included column adsorber, two-adsorber scheme
without pressure leveling between adsorbers, two-adsorber scheme with pressure
leveling, four-adsorber scheme with pressure leveling, and five-adsorber scheme with
two pressure leveling operations. For each variant, different schemes of oxygen-
enrichment process were analyzed (pressured, with vacuum desorption, vacuum-
pressured), and various types of adsorbents were considered (granulated and block —
NaX, LiLSX).
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During the optimal design of two-adsorber unit with vacuum desorption under

uncertainty, the following optimal values were determined: of design parameters
%

H*:0,22 m; D;mer: 0,035 m; of regime variables P,q= 1,5%10° Pa; P;es

= O,SXIO5 Pa; 6* =2,5; rz =1,6s; Q;ut: 2,93X104 rn3/s; and technical and economic
characteristics of the portable medical oxygen concentrator: total costs — 45250 rub.;
M =05ke; N =76 W.

For the design of medical oxygen concentrators with productivity range up to
0,08x10° m’/s we would recommend implementing adsorbers with dimensions
4 < H/Djpper < 6 for pressured scheme with vacuum desorption (kj = Paq/ Pges < 3) and

block zeolite adsorbents LiLSX with deq < 0,510 m. This ensures the increase of
energy-saving characteristics of medical oxygen concentrators by 20 % average as
compared with international analogues.

Traditionally when calculating strength properties of thermoloaded cylindrical
cowlings (apparatus or mold shell and others), it is assumed that the temperature profile
of an installation’s wall is linear, which results in unnecessarily thick and heavy
installation shells. Self-propagating high-temperature synthesis of hard-alloyed
materials using press molding combines high temperature and power loadings: the
temperatures inside the mold are ~2000-3000 °C, and excess pressure within the
material during press molding reaches ~200 MPa. High power and temperature loadings
applied at different time intervals, non-stationarity, and qualitative diversity of
temperature gradients in installation shell walls require a detailed study.

To calculate strength properties of the mold, a mathematical model with non-linear
equations of thermal conductivity and flame front motion with edge conditions were

used [4]. Press molding time lag #ni; (a time period between the end of material’s
combustion and the beginning of internal pressure loading) and pressing pressure P are
the model’s input variables. While calculating temperature fields, speed Ugom and

temperature 7T¢om of material sample’s combustion were taken into account. The
mathematical model allows calculating output variables: temperature at the internal wall

7", thickness of the boundary layer §; of the wall, and equivalent loading ceq that
develops in the wall because of thermal and mechanical influences. The value 9, is set
by admissible temperature difference in the wall, by which the mechanical properties of
the wall’s material are sustained and the changes in the material of the wall are
reversible.

We have considered speed Ugom and temperature 7com of the pressed material’s
combustion as uncertain parameters & The uncertainty of Ugom and Teom data results
from different factors related to the properties of initial charge (bulk density, humidity,
etc.). The problem of strength properties calculation of a mold for self-propagating
high-temperature synthesis of hard-alloyed materials is formulated as follows. Such
time lag tnit and pressure P must be determined that the thickness of the mold wall o is
minimal, that is

min 8, (26)

8, tinit, P

for variables’ connections with the mathematical model of thermal conductivity [1] and
under constraints: temperature at the mold’s internal wall

&1(8.tinic- P.&) =max  min (5" (8, tinig. P.&) = T"™) <0, 27)

€E  linit>
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thickness of the mold’s boundary layer

2(8, fipit, P, &) = max min (108, (8, £ipi¢, P,5) ~8) <0, (28

EeT tinit,

equivalent stress in the wall

£3(init, P, &) = max min (Geq (fipit, P,&) ~[c]) < 0. (29)

EeT tint,

As an example, the problem of optimization of a mold’s wall thickness was solved
under the experimentally determined intervals of combustion speed changes

Ucome[5...25] mm/s and charge combustion temperature Tcome [1950...2050] °C.
This problem was solved in three iterations. Its solution allowed determining optimal

values of the mold’s wall thickness 8" =483 mm, time lag ti,;it =435, pressing

pressure P* =100 MPa, and Xo(5*) =-0,00019. In our earlier works we have
calculated the thickness of a mold with nominal values of Ugm = 15 mm/s and
Teom=2000°C: 8" =42 mm, £;;; =4,7s, P* =100 MPa.

Comparative analysis proves that implementation of the mold 48,3 mm thick is
fail-safe, disregarding any random changes of uncertain parameters &. The scientifically

grounded overdesign coefficient for the mold’s thickness is 15 % and is based on real
temperature profile.

Conclusion

The article describes an algorithm of two-stage optimization of chemical process
systems, based on a scientific approach which considers the uncertainty of mathematical
description and technological parameters coefficients in the statement of the
optimization problem. As the examples of the algorithm’s efficiency, its implementation
for the optimal design of the following industrial chemical process apparatus is
discussed: turbulent tube reactor of thin organic synthesis, adsorption oxygen
concentrator, and a mold for the high-temperature synthesis of hard-alloyed materials
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Pa3zpaboTka agropurmMa IByX3TANHONH ONTUMHU3AIUN
MPOMBIILIEHHBIX aNMAPATOB XUMH4EeCKOH TeXHOJIOTHHU

J.C. ABopenxuii, C.1. IBopeuxnii, I'.'M. OcrpoBckuii, b.b. [lonsikos

Kageopa « Texnonocuu npodosonscmeennvix npodykmoey, @I'bOY BIIO « TI'TY» (1),
Kagedpa «Hnocenepnas kubepnemuxay, @PI'AOY BIIO «Hayuonanvhulil
uccreoosamenvckuil mexronoeudeckutl ynusepcumem « MUCuCy,

2. Mockea (2); dvoretsky@tambov.ru

KuroueBblie ciioBa U ¢pa3bl: AByxdTamHas ONTHMH3ALNS; KOHCTPYKTHBHBIC
napaMeTphl; YIpaBIsAoIINe IepEMEHHbIE; XUMUKO-TEXHOJIOTHUECKUE aInapaThl.

AnHoramusi: ChopmynupoBaHa IByX3TalHas 3a1a4a ONTHMAIBHOTO IPOEKTH-
POBaHMs MPOMBIIUICHHBIX aNapaToB XMMUYECKONW TEXHOJIOTHH B YCIOBHSIX HEOIpele-
JICHHOCTH (PU3UKO-XUMHYECKUX, TEXHOJIOTHYECKUX M SKOHOMUYECKUX MCXOIHBIX JaH-
HBIX. XapakTepHOH OCOOSHHOCTBIO JBYXATAITHBIX 3a/1a4 ONTHMH3ALWH SIBISIETCS BO3-
MOXHOCTb TIOJICTPOMKH PEXHUMHBIX (YIPaBISIIONIMX) HEPEMEHHBIX XHMHKO-TEXHO-
JIOTHYEeCKOW CHCTEMBI B 3aBHCHMOCTH OT YTOYHEHUs (M3MEpPEHHs) HEOIpeeNIeHHBIX
rapaMeTpoB Ha dTarle ee dKcIuTyaTtanni. Pa3paboTan anropuTM JBYX3TalHOW ONTHMH-
33U TEXHUYECKUX CHCTEM, d(P(PEKTHBHOCTH KOTOPOTO NEMOHCTPUPYETCS Ha IpUMe-
pax ONTHMAaJbHOTO MPOSKTUPOBAHMS Psiia XUMUKO-TEXHOJIOTHYECKHUX aIlapaToB: Typ-
OyJneHTHOTO TpyO4aToro peakropa TOHKOTO OPTaHHYECKOTO CHHTE3a, aICOPOIHMOHHOTO
KOHIIEHTpAaTOpa KHUCIIOpoJa U Ipecc-(hopMBbl BEICOKOTEMIIEPATYPHOTO CHHTE3a TBEPIO-
CIIJTABHBIX MaTEPHAJIOB.

Erarbeitung des Algorithmus der zweietappischen Optimisierung
der industriellen Apparate der chemischen Technologie

Zusammenfassung: Es wird die zweietappische Aufgabe der optimalen
Projektierung der industriellen Apparate der chemischen Technologie in den
Bedingungen der Unbestimmtheit der physikalisch-chemischen, technologischen und
6konomischen Ausgangsangaben formuliert. Die charakteristische Besonderheit der
zweieteppischen Aufgabe der Optimisierung ist die Moglichkeit der Abstimmkorrektur
der Regimevariablen des chemietechnologischen Systems je nach der Prizisierung (der
Messung) der unbestimmten Parameter wéhrend seiner Explutuation. Es ist das
Algorithmus der zweietappischen Optimisierung der technischen Systeme erarbeitet.
Seine Effektivitdt wird an den Beispielen der optimalen Projektierung der einigen
chemie-technologischen Apparate: des turbulenten Rohrreaktors der diinnen
organischen Synthese, des Adsorbtionskonzentrators des Sauerstoffes und der
Pressforme der hochtemperaturischen Synthese der Hartmetallstoffe demonstriert.

Elaboration de I’algorithme de I’optimisation a deux étapes
des appareils industriels de la technologie chimique

Résumé: Est formulée une tiche a deux étapes de la conception optimale des
appareils industriels de la technologie chimique dans les conditions de 1’indétemineté
des données initales physico-chimiques, tecnologiques et économiques. La particularité
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caractéristique des tdches a deux étapes de I’optimisation est la possibilité de la
construction des variables de régime (commandées) du systéme chimico-technologique
en fonction de la précision (mesure) des parameétres indéterminés a 1’étape de son
exploitation. Est élaboré 1’algorithme de 1’optimisation a deux étapes des systémes
techniques dont I’efficacité est montrée aux exemples de la conception optimale d’une
série des appareils chimico-technologiques: réacteur turbulent tubulaire de la fine
synthése organique, concentrateur absorbant de 1’oxygene et moule de la synthése des
matéraux d’une solide alliage & haute température.

ABTOpbl: /léopeuxuii [Imumpuii Cmanuciagoeuy — KaHIUAAT TEXHUYECKUX
HayK, JOIIeHT, H.0. 3aBeayromero kadeapoil «TexXHONOrHMH IpOJI0BOIBCTBEHHBIX
npoaykToB»; /leopeuxuii Cmanucnae Heanoeuu — JOKTOp TEXHUYECKHX HayK,
npodeccop kxadenpsl «TeXHOTOTHH MPOIOBOILCTBEHHBIX HPOIYKTOBY», MPOPEKTOP IO
Hay4YHO-MHHOBaUMOHHOW nestensHOocTH, PI'BOY BIIO «TT'TY»; Ocmposckuii
T'ennaounn Mapkoéuy — NOKTOp TEXHHUYECKHUX HayK, mpodeccop kKadempsr «MHxe-
HepHas kuOepHeTnka»y, OI'AOY BIIO «HamnoHanbHBIA HCCIEIOBATENbCKAN TEXHO-
normueckuii yHuBepcuter «MUCuC», r. MockBa; Ilonakoe bopuc bopucosuu —
acrimpaHT Kadenpsl «TexHONOrHH MPOJOBOJILCTBEHHBIX MpoaykToBy, GI'BOY BIIO
«TTTY».

Peuensenr: I'amanoea Hamanvsa I[ubuxoéna — NOKTOp TEXHUYECKUX HAYK,
npodeccop, 3aBemyromias kadeapolt «TeXHOJIOTHUECKHE TPOIECCHl W almapaTrhbh),
OI'BOY BIIO «TTTVY».

686 ISSN 0136-5835. Bectruk TI'TY. 2011. Tom 17. Ne 3. Transactions TSTU.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


