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The paper formulates and studies the problem of optimal (by the criterion of profits
from oxygen production) design of a pressure swing adsorption (PSA) unit for air oxygen
enrichment under partial uncertainty of the source data (the air composition, temperature,
atmospheric pressure) with limitations on oxygen purity, unit capacity, and resource
saving granular adsorbent. A heuristic iterative algorithm was developed for solving
an optimal design problem under partial uncertainty of the source data. An auxiliary
optimization problem related to the class of nonlinear programming problems (assuming the
approximation of continuous control functions at the stages of the adsorption-desorption
cycle by step-functions) was formulated and then solved by the sequential quadratic
programming method. The problem of optimal design was solved for the range of PSA
units with a capacity of 1 to 4 1/min allowing to obtain oxygen with a purity of 40 to
90% vol. According to the findings, we analyze the most promising operational and design
parameters ensuring the maximum profit in the operation of the PSA unit, taking into
account the saving of the granular adsorbent. It was established that the introduction of
limitations on the gas flow rate in the frontal layer of the PSA unit adsorbent allows to
increase the reliability of its operation and the adsorbent service life.
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design; uncertainty.

Introduction

When calculating and designing technological processes, the so-called indefinite
(“inaccurate”) information is often used. Such an information involves physico-chemical
parameters, characteristics of the source/“raw” substances, structural/geometrical
indicators of technological equipment fragments, external operating conditions of the
process, financial/cost data, etc. The information indirectly has a significant impact
on the quality of the technological process characterized by known technical and
economic indicators, e.g. profit [1, 2|. A quantitative account of a number of specified
“Inaccurate” /random factors plays a crucial role in the design of technological processes
and units under partial (incomplete) uncertainty.

In the design accounting for uncertain source data is necessary to formulate the
problem of the optimal design on technological processes and units, which will allow to
create reliable industrial designs functioning effectively regardless of random variation of
uncertain parameters within specified limits.

In recent decades, cyclic adsorption processes and, in particular, pressure swing
adsorption (PSA) processes have become the most common way of separating gas mixtures
and concentrating the target products in them. The PSA processes are widely used
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in industry for the non-heating separation of hydrocarbons, extraction of methane,
carbon dioxide, hydrogen from hydrogen-containing process streams, oxygen and nitrogen
from atmospheric air [3-5]. The advantages of PSA units are their autonomy, mobility,
reliability, quick access to the stationary periodic mode, and the possibility of full
automation.

In the field of adsorption separation of multicomponent gas mixtures, one of the urgent
tasks is air oxygen enrichment, since the annual growth in oxygen demand is on average
~4-5% due to the increased demand in ferrous metallurgy, chemical industry, aluminum
production, and medicine. At the same time, a significant proportion of consumers use not
so much pure oxygen in their activity, compared to the air enriched with oxygen from 40
to 90% vol. [6-8].

When calculating and designing PSA units for air separation and oxygen concentration,
uncertain parameters are air composition, temperature and atmospheric pressure.
Parameters of the mathematical model are diffusion coefficients, heat and mass transfer,
thermal conductivity, etc. The parameters can vary randomly in certain ranges depending
on the unit operating conditions and, in particular, on the climatic and geographical
characteristics. Therefore, during the operation of PSA medical concentrators in closed
rooms, the ambient temperature can vary from 293 to 303 K, the pressure can vary: from
0,75x10° to 1,0x10° Pa at an altitude of 2 km above sea level, the oxygen concentration
in the air can vary: from 18 to 21%, while during the operation of onboard oxygen units
the ranges of changes in similar parameters be much larger [9].

The goal of this work is to pose the problem on the optimal design of a two-
sorber PSA unit for air oxygen enrichment under partial uncertainty of the source data,
develop a heuristic iterative algorithm for determining the design parameters and operating
variables of the PSA unit when maximum oxygen production is achieved and the process
requirements for oxygen purity are met, as well as the unit capacity and resource-saving
from the adsorbent granules abrasion.

1. The Analysis of Pressure Swing Adsorption Process of Air
Oxygen Enrichment as a Design Object

Suppose that the atmospheric air containing oxygen O, in the amount of 18-21%
vol., nitrogen 78 — 80% vol., argon and other impurities 1 — 2% vol. in the arount of the
technological process of separating the atmospheric air is carried out in a two-adsorber
PSA unit with the granulated synthetic zeolite adsorbent 13X [10]. The atmospheric air is
supplied to the unit after preliminary drying with an overpressure in the range from 2x10°
to 6x10° Pa. In order to prevent the abrasion of the adsorbent granules, the adsorbers
pressure is increased by “careful” opening the control inlet valves [9]. From the first adsorber
the main part of the production stream of oxygen-enriched air is sent to the consumer, and
the other part of the stream is sent counter-current to the second adsorber for washing the
adsorbent layer and desorbing mainly nitrogen. At the same time, in the second adsorber,
the pressure is reduced to atmospheric by opening the exhaust control valve, through which
the desorbed stream is discharged for further processing. In the technological scheme, the
adsorbers work alternately.

When predominantly adsorbing N, and O, with the granular adsorbent 13X, the
following mass and heat exchange processes take place in the adsorbers of the PSA unit:
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1) N, Oy, Ar diffusion in the gas-air mixture flow; 2) Ny, Oz, Ar mass transfer and
heat exchange between the gas phase and the adsorbent; 3) Ny, O,, Ar adsorption on
the surface and in the micropores of the zeolite adsorbent granules with the heat release;
4) Ny, Oq, Ar desorption from the micropores and from the surface of granules with the
heat absorption during the adsorbent regeneration.

When developing a mathematical model of the dynamics of air oxygen enrichment, we
assume the following: 1) the initial gas-air mixture is 3-component (contains 1 —oxygen
O, with a concentration of 18 — 21% vol., 2 —nitrogen N, with a concentration of 78 —
80% vol., 3 —argon Ar and impurities with a concentration of 1 — 2% vol.) and considered
as an ideal gas, which is quite acceptable at pressures in the adsorber up to 200x10° Pa
[11]; 2) the adsorptive diffusion (oxygen, nitrogen, argon) and the heat propagation in
the gas and solid phases occur only in the axial direction of the gas mixture flow in
the adsorber (along the length of the adsorbent layer) [6-8|; 3) the granulated zeolite
13X with a diameter of 1 mm is used as an adsorbent [4]; 4) the adsorption equilibrium
(adsorption isotherm) is described by the Dubinin-Radushkevich equation [12]; 5) the
desorption branches of adsorption isotherms (N3, Oz, Ar) on zeolite 13X coincide with the
adsorption branches [4].

The mathematical model of the dynamics of the cyclic adsorption process for
separating atmospheric air and oxygen concentration is a system of nonlinear partial
differential equations of parabolic type with corresponding initial and boundary conditions
for the stages of the adsorption-desorption cycle and formulas for calculating the model
parameters [13].

In order to solve the equations of the mathematical model of dynamics, we use the
method of lines [14] in the Matlab software environment. Solving the equations of the
model [13] was carried out before the onset of the cyclic steady state (CSS) mode [6-8, 15]
in the PSA unit operation, i.e. under the condition |y% —y% || < 107°, which is reached
approximately after n ~20 — 30 of adsorption-desorption cycles [13, 15].

The analysis of the mathematical model adequacy was carried out with experimental
and calculated data using the actual root-mean-square error, which was 5,2%, allowing to
use the mathematical model for technological calculation, optimization of cyclic adsorption
processes and designing PSA units for air separation and oxygen concentration.

Previously conducted numerical studies of the dynamics of cyclic adsorption processes
of air oxygen enrichment made it possible to establish that high gas flow rates are achieved
in the adsorbent frontal layer above 0,15-0,25 m/s and aerodynamic impacts occur when
the inlet and outlet valves are fully open, which leads to mechanical abrasion and dusting
of the granulated adsorbent [10, 16]. This fact must be taken into account when solving
problems on the optimal design of PSA units in the separation of gas mixtures. The speed
limit in the adsorbent frontal layer can be achieved by controlling the opening degree of
the inlet and outlet valves of the PSA unit according to a certain law, which is found as a
result of solving the optimization problem. In addition, we esteblish the most dangerous
perturbations &: the composition ye,,, temperature 71.,, and pressure P,,, of atmospheric
air [17]; the most effective mode parameters u: pressure P™ at the compressor outlet,
duration of the adsorption stage or half-cycle duration t,45s = t./2, backflow ratio 6, time
variable programs for the degree of opening the inlet 17 and outlet 3, valves A = 1, m,
design parameters d of the PSA unit: the adsorber internal diameter D4, the height of the
adsorbent layer L, the adsorbent granule diameter d,, the capacity of the inlet and outlet

Bectauk FOYpI'Y. Cepua <«Maremarudeckoe MOAeJIMPOBAHUE 7
u nporpammupoBanues> (Becruunk FIOYpI'Y MMII). 2020. T. 13, Ne 2. C. 5-16



E.I. Akulinin, O.0. Golubyatnikov, D.S. Dvoretsky, S.I. Dvoretsky

valves K,; the output variables zy of the PSA unit in the CSS mode: concentrations of
out out out

oxygen y{'y, nitrogen y5'; and argon y3'; in the product flow, the unit capacity G, the
extracting degree 1 of oxygen and profit p(d, u, z4, &) from the unit operation during the
life cycle LT = 10 years.

Time variable programs for the degree of opening the inlet and waste valves ¥7(ty),
tx € [0,tqs) and outlet valves 19(ty), tx € [taas,tc] in the time interval [0,¢.] will be
approximated by piecewise constant (step) functions: ¥ = 11(7), 7 € [0, tags], A = 1, m;
V3 = a(7), Ta € [tads, te), A =1, m;

The purpose of the PSA unit for air separation is the production of oxygen with a
maximum ¢ profit, with an oxygen concentration not lower than a predetermined yf?je f %
vol. and in a given amount (the PSA unit capacity is the flow rate G of the production
air flow with a given oxygen concentration y{** must not be lower than the specified one
G°""). As a criterion for the optimal design of the PSA unit under partial uncertainty, the
average profit value ¢ from oxygen production was used, i.e. M¢(p(d, u, 24, §)), where M
is the mathematical expectation symbol.

The profit ¢, million $/year, which can be obtained from oxygen production during
the life cycle LT = 10 years of the PSA unit, was calculated according to the formula
proposed in [15]:

o(d,u, 24,8) = Poy LT — OC' - LT — C; product value P,y, $/year:
Poa(d,u, 25, &) = Qproa(d, u, s, §) - p; operation costs OC, $/year:
OC(d, u, 5) = Qm(d7 u, 5) ’ Wc(ua 5) - EC;
y T P 4

We(u, &) = Py =1 ital dit C,$:
(u,§) (7_1) T [(Pem)) ]; capital expenditures C, $

O(d) = VA(d)Oads + Ocol + Ost + C1com + Odeh + C’PLC' + Cval + Cret + Oth + Oothem

where @, is the average cost of entry into the unit, m?/year; Q.04 is the unit capacity,
m? product/year; V4 is the adsorbent volume, m?; W, is the adiabatic compressor power,
J/m?; v is the adiabatic index for the gas mixture; Ty, Py is air temperature and pressure
under normal conditions; p is the product cost, $/m?3; EC' is energy costs, $/J; C.y is the
adsorber cost, $; C,qs is the adsorbent cost, $/m?; Cy; is the receiver cost, $; Cgp, is the
dehydrator cost, $; C.,,, is the compressor cost, $; Cy, is the throttle cost, $; Cpro is the
cost of programmable logic controller, $; C,; is the cost of controlled valves, $; C,.; is the
cost of return valves, $; Cye, is the cost of other equipment, $.

2. Statement of the Problem on Optimal Design of Pressure Swing
Adsorption Process of Air Oxygen Enrichment
under Uncertainty

Suppose that the vector & = {Yenv, Tenvs Penv} With indefinite parameters belongs to
a certain domain = = {{~ < £ < £F}, £ € E C E"™, where ng is the dimension of
the vector ¢ with indefinite parameters, ne = 3. The problem on the optimal design
of the PSA unit according to the criterion M¢(p(d,u, z5,&)) is formulated as follows:
it is required to determine the design d* = {D%, L*, K} and regime parameters u* =
{t* 4o, P, 02 hy* X = 1,20} such that the profit ¢(d, u, 24, &) from operating the PSA
unit in the CSS mode for LT = 10 years reaches the maximum value, i.e.

I(d",u") = max Me((d, u, 21, €)) (1)

)
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with connections in the form of mathematical model equations of the cyclic adsorption
process of air oxygen enrichment [13] and restrictions on:

out

— the purity y7'; of product oxygen

max{gi(d, u, €) = Yider — Y1t (dsu, §)F < 0; (2)
— the capacity G%'* of the PSA unit

wax{gs(d, v, €) = GEy — G (d,u, )} < 0; (3)
— the flow rate of the gas mixture v, in the adsorbent frontal layer

max{gs(d, u, &) = max v,(d,u,§,7) — v} <0 (4)

— the pressure drop in the adsorbent layer at the adsorption and desorption steps

wax{ga(d, v, €) = Peno — Fs(d, 1, €)} < 0; (5)

max{gs(d, u, €) = Peny = Pty (d, u, )} < 0 (6)

— regime ranges u
1 <tgs <1205,2% 10° < P™ <6 x 10°Pa,0 < ¢} <1,j=1,2,A=1,20; (7)
— ranges in design parameters d
0,02 < Dy <0,15m,0,15 < L <0,8m,5 < K, < 20l/min; (8)
— ranges of uncertain parameters £ € =

18 < Yenwa < 21%wo0l., 78 < Yepw2 < 80%v0l., 1 < Yepps < 2%wol., (9)
293 < T.np < 303K,0,75 x 10° < P.,, < 1 x 10°Pa,

where 1/;r is the maximum allowable flow rate of the gas mixture in the adsorbent frontal
layer.

The functions ¢i(-), g¢2(-) in restrictions (2), (3) were calculated by solving the
mathematical model equations for the dynamics of the cyclic adsorption process of air
oxygen enrichment to the CSS mode of the PSA unit, and the functions gs(-), g4(-), g5()
in restrictions (4) — (6) were calculeted on the time interval [0, ¢.]. The physical meaning of
limiting the maximum value of air velocity v, in the adsorbent frontal layer is to protect the
granular adsorbent from destruction due to aerodynamic impact with full abrupt opening
of the control valves of the PSA unit, which increases the service life of the adsorbent.

Since the probability of the indefinite parameters to accept certain values from the
specified ranges £~ < £ < €1 is unknown, it is assumed that they are uniformly distributed.

The formulated optimization problem (1) — (9) under partial uncertainty of parameters
£ € = C E3 belongs to the class of non-linear programming problems, which will be solved
using the developed heuristic iterative algorithm and the method of sequential quadratic
programming in the Matlab software environment (solver fmincon) [18].

3. An Algorithm for Solving the Problem on Optimal Design
of Pressure Swing Adsorption Process of Air
Oxygen Enrichment under Uncertainty

A priori, we introduce the set S; = {£': £ € Z,4 € J;} of approximation points and
the set Sy of “critical” points at which restrictions (2) — (6) of problem (1) — (9) can be
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violated. Suppose that the functions g;(-), j = 1,5 are convex. It is advisable to include
the corner points &, &, k = 1,2, 3 of the uncertainty region = C E? in the initial set of
critical points Séo).

The auxiliary problem (A) is formulated as follows: it is required to determine the
maximum value [ (d,u) of the objective function I(d,u), design d € D and regime @ € U
parameters such that

A

I(d,u) = max Zieh wio(d, u, 24, £9) (A)

with the connections in the form of the mathematical model equations of the cyclic
adsorption process of air oxygen enrichment [13] and the restrictions g¢;(-), j = 1,5
calculated at the approximation points g;(d, u, zs,&"), j = 1,5, & € Sy, @ € Ji, at the
critical points g;(d, u, 2, &'), j = 1,5, &' € S, i € Jo, where w; is the weight coefficients
satisfying the conditions of w; > 0, ., w; = 1. Since the probability that the uncertain
parameters take some values from the given ranges £~ < £ < ¢Tis unknown, it is assumed
that the parametrs are distributed in accordance with the equiprobable law. Then the
coefficients w; are the same for all approximation points &', i € Jy, i.e. w; = 1/Kjy,,
i=1,K,,1i¢€ J;.

The auxiliary optimization problem (A) belongs to the class of nonlinear programming
problems, which was solved by the method of sequential quadratic programming.

The Algorithm. Step 1. The initial number v = 1, the initial sets of approximation
points &, 1 € Jp, € € S; and critical points Sé”_l) ={:.dezle (JQ(V_1 }, as well as
the initial approximations of the design parameters d© and regime parameters u(”). The
initial set of critical points Séo) is formed by the corner points &, &, k =1,2,3, and the
uncertainty regions = under the assumption of convexity of functions g;(d, u,£), j = 1,5,
describing restrictions (2) — (6).

Step 2. Using the method of sequential quadratic programming, find the solution to
the auxiliary problem (A) and determine the values I(d®),u™)) and vectors d®), u®).

Step 3. In order to determine new critical points where restrictions (2) — (6)
gi(dW) u 2, &), 5 = 1,5, £ € Z are violated, solve five extreme problems of the form

mgxgj(d(”),u(”),zst,f), £~ <E< €T, j=1,5 and find five points éy), éy),...,féy), which

deliver the maximum to the functions g; (dW),u™)| 2, €), j = 1,5, respectively.

Step 4. Form a new set of critical points: S = SV"VJR®W, RV =
(e e gj(d(”),u(”),zst,éy), W e > 0,5 =T,5}. If the set ™ is empty,
then the solution to the problem d* = d®), u* = u® is obtained at the v-th iteration and
the algorithm finishes its work; otherwise, we set ¥ = v + 1 and go to Step 2.

4. The Findings on the Problem of Optimal Design on Pressure
Swing Adsorption Process of Air Oxygen Enrichment
under Uncertainty
Optimal design problem (1) — (9) was solved for the series of PSA units with a capacity
of 1 to 4 nl/min, which allow to produce oxygen with a purity of 40 to 90% vol.

Table gives the source data for problem (1) — (9), based on the analysis of the average
cost of PSA component units according to the Yandex.market portal.
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Table
The source data for solving problem (1) — (9)

Oxygen concentration % » = 40,65,90% vol. | Product cost, p = 700 $/m?

Capacity of the unit Gt = 1,2,4 Nl/min Cost of return valves, Cyo; =5 $

Velocity at the frontal layer of the adsorbent | Cost of adsorber, C.p; = 15 $

vi=0,2m/s

Return flow ratio 6 = 1,8 Cost of controlled valves, Cyy = 75 $

Diameter of the adsorbent granules d, = 1 mm | Cost of adsorbent, Cp4s = 5 3/ kg or
3650 $/m?

Life cycle of the unit, LT = 10 years Cost of receiver, Cyy = 7,5 $

Energy costs, EC = 1,12 x 107¢ $/J Cost of dehydrator, Cgep, = 15 $

Cost of programmable logic controller, Cprc = | Cost of compressor, Cp,, = 470 $

500 $

Cost of other equipment, Cyper = 50 $ Cost of throttle, Cy, = 7,5 $

The findings on the optimal design problem (Fig. 1) allow to conclude that, with
the same required capacity of the PSA unit Ggg}, an increase in the required oxygen
concentration yf'j. ; leads to a slight (less than 5%) decrease in the profit (Fig. 1a). With an
increase in the PSA unit capacity, profits grow linearly (Fig. 1b). Therefore, obtaining high-
purity oxygen with the same capacity is more profitable than obtaining low-purity oxygen.
Let us compare two different oxygen concentrators for medical purposes: 1) with a given
capacity Ggi; = 2 Nl/min and concentration y'j . = 90 % vol.; 2) with a given capacity
Ggg} = 2 Nl/min, and yff‘dtef =40 % vol. A feature of medical oxygen concentrators is the
ability to dilute the gas stream leaving the PSA unit with a high oxygen concentration to
the required concentration by mixing with pre-filtered atmospheric air. When diluting the
output stream in option 1), a mixture with a concentration of 40% vol. and flow rate of
7,26 N1/min will be obtained, while in option 2) a mixture with a concentration of 40% vol.
and flow rate of 2 NI/min will be received. Therefore, the capacity of the PSA unit (with
the implementation of option 2) will increase by 3,6 times with insignificantly increasing
costs by 1 — 2% (due to the need to supply additional filtered air at atmospheric pressure).

The analysis of the graphs in Fig. 2 indicates that the optimal programs for opening
the unit valves (Fig. 2a) obtained by solving problem (1) — (9) make it possible to provide
a “safe” flow rate in the frontal layer of the adsorbent v, < v/ = 0,2 m/s [16] (Fig. 2b). It

out

is seen that with an increase in the set unit capacity G}, a “careful” opening of the valves
(an increase in the number of stages) is required to fulfill the restriction (2) (Fig. 2a).

Conclusions

The problem of optimal design of the PSA unit for air oxygen enrichment was
formulated and solved under the interval uncertainty in the composition of atmospheric
air, temperature and ambient pressure. A heuristic iterative algorithm was developed to
solve the optimization problem taking into account the optimality of profits from oxygen
production and the requirements of the technological regulations for oxygen purity, PSA
unit capacity and resource saving of the adsorbent from the abrasion of the granules.

The formulation of the optimization problem under the conditions of partial
uncertainty of the source data and the developed algorithm for its solution can be used
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Fig. 2. Dynamics of the opening degree on the unit inlet valves (a) and the flow rate in
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to upgrade existing units and design new resource-saving PSA units for the separation
and purification of multicomponent gas mixtures in which it is necessary to use expensive
or unique adsorbents, as well as to ensure the normal operation of the unit in the entire
interval of random changes in the values of uncertain parameters.
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OIITUMAJIBHOE ITPOEKTNPOBAHUE INUKJINMYECKOI'O
AJCOPBIIVMOHHOTI' O ITPOIIECCA OBOTAIIIEHNA BO3YXA
KICJIOPOJOM B YCJIOBUAX YACTUYHOI
HEOIIPEJIEJIEHHOCTHA

E. 1. Axyaunun', O.0. Toaybamnuxos', /1.C. deopeuxutit, C.H. Teopeurutit
!TamboBcKuil ToCyIapCTBEHHBIH TeXHUYecKnil yHuBepcuTer, I. TaM6os,
Poccniickas ®enepariust

CdopmynupoBana u perieHa 3ajada ONTUMAIBHOIO (II0 KPUTEPHIO HPUOBLINA OT IIPO-
U3BOJICTBA KHUCJIOPOJA) IIPOEKTUPOBAHMS yCTAHOBKU KOPOTKOIUKJIOBON OGE3HAIDEBHON al-
copbuun (KBA) mis oboramenus Bo3myxa KUCIOPOIOM B yCJIOBUAX JaCTUIHON HEOIIpEIe-
JIEHHOCTH HCXOJIHBIX JIAHHBIX (COCTaBa, TeMIepaTypbl, JaBJIeHHsI aTMOCHDEPHOrO BO3/yXa)
[IPU HAJIMYUN OIPAHUYEHUN 110 YUCTOTE KUCIOPOJIA, TPOU3BOIUTETLHOCTH YCTAHOBKHI U Pe-
CypcocOepeKeHno TpaHyIMPOBAHHOrO aacopbenTa. Pa3paboTaH 3BpUCTHUIECKUN UTEpaIin-
OHHBII AJITOPUTM PEIIeHNs 38Ja91 OITUMAJILHOTO IIPOEKTUPOBAHUSI B YCJIOBUSIX YaCTUIHOMN
HEOIIPE/IEJIEHHOCTH MCXOIHBIX faHHbIX. ChopMmyanpoBaHa BCIOMOrare/bHAs 3a/1a9a OITHU-
MU3AIAN, OTHOCSIIAACS K KJIACCY 33189 HEJIMHEHHOrO IPOrpaMMUPOBAHUs (IIPH JIOIY IEHUK
00 anmmpOKCHMAIMY HENPEPLIBHBIX (DYHKIWN yIPABICHWA HA CTAIUIX [TUKJIA <aJICOPOIHsi-
Jecopbrusi> step-pyHKIUAME), pelleHre KOTOPOil OCYIIECTBIISIOCh METOIOM II0CJIE[0Ba-
TEJBHOTO KBaPATUIHOrO IporpaMMupoBanus. [locrasiieHnast 3a/1ada ONTUMAIHLHOTO TIPO-
eKTHPOBaHUsI ObLIa pelleHa s TUunopsiga ycranoBok KBA npoussoaurenbHOCTHIO OT 1 110
4 J1/MUH, TIO3BOJIAIONIUX HOJLy9aTh KUCaA0poz, ¢ auctoroit ot 40 mo 90 06.%. B xoxe anaiusza
[IOJTy YeHHBIX PE3YJIbTATOB YCTAHOBJIEHBI HANOOJI€E TIEPCIEKTUBHBIE PEKUMHBIE I KOHCTPYK-
TUBHbBIE TIAPAMETPHI, 0D6ECIednBAIONIe MAKCUMAJIBHYIO TPUOLLIL K (DYHKITHOHUPOBAHIH
ycranoBeu KBA ¢ ydyeroMm cOeperkennsi rpaHyJIMPOBAHHOIO aicOpPOEHTa. YCTAHOBJIEHO, UTO
BBeJIEHNE OrPAHUYeHNs] Ha, CKOPOCTb I'a30BOI'0 IIOTOKA B <JIOOOBOM> CJIO€ aJICOPOEeHTa ycTa-
HoBku KBA 103B0OJIsSIeT TIOBBICUTH HAJIEXKHOCTH ee (DYHKIIMOHUPOBAHUS U YBEJMIUTH CPOK
cJIy2KOBI aJiIcopbeHTa.

Karouesvie cao8a: Kopomroyukao8aa 6e3nazpesnas adcopoyus; Ueorum; Mamemami-
yeckoe MOOENUPOBAHUE; ONMUMUSAUUSL; NPOEKMUPOSAHUE; HEONPEIEAEHHOCTIU.
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