u] =,

Cunme306ano anzopumm KOHMPOIIO MeEXHIUHO-
20 cmany eenepamopie 600HI0, AKUU 6KAIOUAE: POp-
MYBAHHA BUXIOHUX OAHUX, BU3HAMEHHS 3HAUYEHDL
¢azo-uacmomnoi xapaxmepucmuxu zemepamopa 6
KOHMPOTIbHUX MOUKAX, NOPIGHAHHA anpiopi 3a0anHux
i UMIpAHUX 3HAUEHb PA30-4aACMOMHOI xapaxmepu-
CMuKu eenepamopa 600HI0 8 KOHMPOJILHUX MOUKAX Y
8i0noeionocmi 3 oopanum Kpumepiem.

IIpu onuci ounamiunux xapaxmepucmux zemepa-
mopa 600110 HA 0CHOEI 2i0PO peazyouux CKAA0i6 6UKO-
PUCmMoBYemMbCs KOMRIEKCHA nepedamouna Qynxuis,
ons axoi odepycanuii ananimuunuil eupas. I3 epaxy-
8AHHAM BJACMUBOCMEN KOMNIEKCHOI nepeodamounoi
Qynxuii zenepamopa 600HI0 00TpYHMOGaHUl GuGIp
KOHMPOIOHUX MOUOK, 8 AKUX BUHAUAIOMBCS BUXIOHI
dani 015 nodY006u anzopummy KOHMPOJIIO 2eHepamo-
pa eoonro. Konmpoavni mouxu xapaxmepusyomocs
muM, Wo 6 YuUx mouxKax anzedpaiuni ckna0dosi Komn-
Jexchoi nepedamounoi Qyuxuii zenepamopa 600HI0
cnignaoaioms no Mo0yJat0 abo KoHcHA i3 HUX 0bepma-
emvca 8 Hyav. B axocmi kpumepiro 0as eusnauenmns
MeXHIMH020 CMany zeHepamopa 600110, 32i0HO 3 aN20-
PUMMOM KOHMPOJIIO, BUKOPUCMAHA CUCMEMA Hepis-
Hocmell, AKa nodydoeana 0as KOHMPOILHUX MOHOK.

B cucmemy nepisnocmeii 6xo0samv anpiopi 3adamui
3HaueHHs (PA30-1aACMOmMHOi XapaKmepucmuku zeme-
BUKOPUCMAHHA PeaKyii zeHepamopa Ha mecm-enaus
Y 6u2andi cmpubronodionoi aminu naowi 1020 euxio-
Ho20 omeopy. Poszeé’szanns mecm-zadaui noxasza-
10, WO MemoouuHa 6i0HOCHA NOXUOKA BUIHAUEHHS
¢azo-uacmomnoi xapaxmepucmuxu 3a maxKux ymoe
ne nepesuwye 3,7 %. Ilapamempom xonmpoavHux
mouox € wacmoma.

Hoxazano, wo 3naueHHAMU YUX HACMOM € PO36’A3-
KU cucmemu anze0paitHux pieHAHb, NaApamempamu
AK0T € nocmilini uacy zenepamopa 600110

Knouoei caosa: eenepamop 60010, anzopumm
KOHmpoao zenepamopa, ¢aso-uacmomna xapaxme-
pucmuxa zemepamopa 600HI0, KOHMPOJbHI MOUKU,
mecm-6énaue, 2iopo peazytouuil ckaao

| =,

1. Introduction

The use of hydrogen as a working body is one of the
promising directions for improving energy systems [1]. A
special role among such energy systems belongs to onboard
power plants for which it is essential to ensure prolonged
functioning under autonomous mode at minimal weight and
size characteristics. Such systems primarily include a system
for storing hydrogen in a chemically bound state, specifically
based on hydroreacting compositions. A hydrogen generator
in such systems acts as the basic element that determines
the level of safe operation of the system in general [2]. Safe
operation of hydrogen storage and supply systems of this
type requires such values for parameters and characteristics,
which warrant compliance with the requirements of regu-
latory documents [3]. In this connection, it is an important
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task to ensure conformity of technical characteristics with
the regulatory requirements with respect to one of the basic
elements of hydrogen storage and supply system through the
implementation of appropriate control algorithms of their
technical condition.

2. Literature review and problem statement

Paper [4] outlines promising methods for obtaining
hydrogen from substances in which it is in a chemically
bound state. It is shown that when receiving Hy from water
using Al, modified with ceramic oxides, the Hy yield can
reach values of the order of 4.8 % by weight. It should be
noted that the reported data were derived from laboratory
studies at which control over hydrogen generation process




was executed indirectly. The results of control were used to
study hydrogen generation processes only and are not meant
to address diagnosing tasks. Paper [5] gives information
about hydrogen storage systems based on metal hydrides
and intermetallic compounds. Such systems are employed
in space engineering, transportation vehicles, military na-
val applications, due to their compatibility with the fuel
elements of the proton exchange membrane (PEM). The
paper gives detailed descriptions of structural solutions for
tanks considering thermolysis and hydrolysis. A given work
left out technical solutions aimed to control the processes
of thermolysis and electrolysis. Results of determining
certain thermodynamic characteristics of the process of
hydrogen sorption (constants of reaction rate, the activation
energy, etc.) are reported in [6]. However, information on
such characteristics is not used to form control algorithms
over hydrogen sorption processes. Authors of [7] describe a
procedure for the estimation of efficiency of a hydrogen gen-
erator, which includes a water electrolyzer. They proposed
an algorithm for determining thermodynamic and economic
characteristics of the installation “Electrogas”. These char-
acteristics were determined depending on the extent of
using energy produced in the installation, as the ratio of the
amount of energy, directed for storing, to the annual volume
of electricity generated in the installation. The specifications
considered are not meant to determine the technical condi-
tion of a hydrogen generator and reflect to the greater extent
its commercial properties. To describe the processes that
occur in hydride systems, authors of [8] employ isothermal
charts. The use of such models in order to generate control
algorithms does not make it possible to consider dynamic
properties of hydrogen generators. Paper [9] notes that
obtaining hydrogen by hydrolysis can yield large quantities
of heat — up to 15.0 MJ/kg. Such a mode of operation can
predetermine a possibility of the occurrence of an emergency
[10]. To ensure safe operation of hydrogen generators, infor-
mation is used about the results of measuring temperature
[9] or hydrogen concentration [10]. Typically, such sensors
possess a static relay characteristic that predetermines the
implementation of trivial control algorithms over their tech-
nical condition based on the principle “pass — no pass”. In
[11], attention is drawn to the fact that when using hydrogen
in transport as a working body, an effective system for its
safe operation is missing. Specifically, hydrogen generation
equipment monitoring is implemented in a trivial way. Ar-
ticle [12] considers one of the promising options for creat-
ing nano-satellites using the hydrides and borohydrides of
aluminum as combustible components. However, this work
failed to tackle issues related to control over technological
processes. Industrial designs of hydrogen generators typical-
ly realize control over one or two parameters of technological
process for generating hydrogen [13]. Most often control is
executed over such parameters that characterize the local
properties of hydrogen generators of a given type. Authors of
[14] propose control algorithm over a technical condition of
hydrogen generators based on hydro-reactive compositions.
Such a technical solution was patented [15] as a technique
to control technical condition of the generator for a system
of hydrogen storage and supply. A special feature of such an
algorithm is the use of its amplitude-frequency characteristic
at a fixed frequency. Such an approach to the formation of a
control algorithm over technical condition of hydrogen gen-
erators does not provide information about its state through-
out the entire range of frequencies. In this context, the issues

related to the tasks on ensuring safe operation of hydrogen
storage and supply systems include a problem on the orga-
nization of control over technical condition throughout the
entire range of its working frequencies.

3. The aim and objectives of the study

The aim of present study is to synthesize control algorithm
over a technical condition of hydrogen generator, which is
based on the use of its phase-frequency characteristics.

To accomplish the aim, the following tasks have been set:

— to justify the choice of a criteria for determining a
technical condition of the hydrogen generator based on the
results of its control;

— to state a problem on the identification of parameters
at control points of frequency characteristics of the hydrogen
generator,

— to solve the problem on the identification of parameters
at control points;

— todevelop an indirect method for determining phase-fre-
quency characteristics of the hydrogen generator employed to
construct a hydrogen generator control algorithm.

4. Development of control algorithm over a technical
condition of the hydrogen generator

4.1. Dynamic characteristics of hydrogen generator

Dynamic properties of the generator for a hydrogen stor-
age and supply system are defined by its transfer function.
This transfer function takes form [10].

W(S):K(1—I1S)|:(’EZS+1)(’C35+1)]71, ¢))

where K is the transfer coefficient; t;, i=1,3 are the time
constants; S is the integrated variable.

Such a transfer function of the hydrogen generator will
be matched with an integrated transfer function or an am-
plitude-phase frequency characteristic

. . ) ) -1
W (jo)= K (1~ jot, )[ (1+ jor,)(1+ jot,)] @)
where o is the circular frequency; j is the imaginary unit.
Upon multiplying the numerator and denominator of
fraction (2) by the integrated function of form

1-0°1,1, — jo(1,+1,), 3)

expression for W(jo) can be represented in the form of two
additive components

W (jo)=M(0)+jN (o), 4)
where

M(0)=K[1-0(t1,+1,1,+1,1,) |x

x[1+m2 T +T§+(DQT§T§)]71; )
3 3

N(m):—K[w(ZTi —ooZHt,)]x
i=1 i=1

><[1+m2 (vo+7] +0)2T§T§)]71. (6)



Fig. 1 shows a graphical dependence for amplitude-phase
frequency characteristic W(jw); Fig. 2 — for frequency char-
acteristics M(w) and N(w). These characteristics are given
for the case when the generator of a hydrogen storage and
supply system based on hydro-reactive compositions has
responsive surfaces arranged vertically. In this case, the
ratio of a hydrogen generator outlet opening area to the
surface area of gas release is equal to 0.02, and the hydrogen
flow rate is 4-10"% kg-s!. For such working conditions of the
hydrogen generator parameters of transfer function (1) are
equal to

K=1,33 kg~(rr13s’2 )71;

1,=79ms; 1,=6,5 ms; 1,=14,4 ms.
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Fig. 1. Amplitude-phase frequency characteristic of hydrogen
generator
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Fig. 2. Frequency characteristics of hydrogen generator:
1 — M(w); 2 — N(w)

The graphical dependence that determines performance
of the vector W(jm) hodograph at the complex plane is para-
metric. Frequency o is the parameter of a given dependence.
This circumstance predetermines the selection of control
points when constructing a control algorithm over technical
condition of the generator of a hydrogen storage and supply
system.

4. 2. Selection of control points and a control algo-
rithm over technical condition of the hydrogen generator

It is appropriate to choose as control points i the points
that belong to the vector W(jo) hodograph, which are matched
with frequency values ®,, i=1n. It should be noted that
each i-th control point will be also matched with angular
coordinate ¢(w;) — Fig. 1. This angular coordinate acquires
a meaning of the phase-frequency characteristic of hydrogen
generator ¢().

If we a priori assign n values of frequency w;, as well as
their corresponding angular coordinates ¢;, it is appropriate
then to use, as a criterion for determining technical condi-
tion of the hydrogen generator, a set of inequalities

o(0,)-0|<ei=1n, ©)

where ¢(w;) is the measured value of a phase-frequency
characteristic of the hydrogen generator at frequency w;; € is
a small number.

A technical condition of the hydrogen generator is taken
to be compliant with the requirements of normative doc-
uments if for all # control points of the W(jo) hodograph
conditions (7) are met.

The character of change in the frequency characteris-
tics (4) to (6) allows us to specify the procedure for selecting
parameters o; and ¢;. It follows from an analysis of depen-
dences shown in Fig. 1, 2 that when

in

0, = 4

. i=15 8)

the following relations will hold

i=1, M(o,)=-N(o,);

i=2, M(0,)=0;

i=3, M(w,)=N(w,);

i=4, N(o,)=0;

i=5 -M(w;)=N(w;). )

Relations (9) with respect to expressions (5) and (6) are
transformed into a system of algebraic equations whose roots
are the frequency o; values at control points i=1,5. This
system takes the form

3
o [T, -0} (vr, + 1,1, +71,1,) -

i=t5 " (10)
-0, 3,1, +1=0;
k=1
i=2, (1,1, +T,T,+1,T,)-1=0; an
3
o [T+ o3 (tT, + 1,1, +7,1,) +
i=3, " (12)
+0, .1, —1=0;
k=1
i=4, o;[[t,-> 1, =0. 13
k=1 k=1

It should be noted that o, <®, (Fig. 1). Therefore, the
parameter o is matched with a smaller positive root of alge-
braic equation (10); and the parameter ws— a larger positive
root of a given equation.

For the example under consideration, algebraic equa-
tion (10) to (13) have the following solution

®,=27,85"; ®,=612s"; w,=110,457



0,=196,55"; w,=4352s". (14)

There is another possible technique to derive the values
for parameters ®,, i =1,5, which is based on solving transcen-
dental equations of the form

(15)

In this equation, a phase-frequency characteristic () is
determined in the following way:

q)(w):arctan[N(m)[M(w)ﬂ . (16)

Fig. 3 shows a graphical interpretation for solving the
transcendent equation (15). Points 1-5 are matched with
values for parameters ®,, i=1,5.
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Fig. 3. Determining parameters o, i=15

The results obtained make it possible to represent an
algorithm for determining technical condition of the gener-
ator for a hydrogen storage and supply system in the form of
a sequence of the following procedures:

— formation of an array of initial data — w;, ¢;, €;

— measurement of (determining) the values for a
phase-frequency characteristic of the generator at control
points — ¢(®;);

— comparison of ¢(®;) and w; at control points in accor-
dance with criterion (7);

— making a decision on a technical condition of the hy-
drogen generator.

4. 3. Determining a phase-frequency characteristic of
the hydrogen generator

In order to implement a control algorithm, it is required
to ensure obtaining information about the values of a
phase-frequency characteristic of the hydrogen generator
¢(w;) at i-th control points. A search for such information,
based on the measurement of phase difference between
pressure in the cavity of the hydrogen generator and the
area of its outlet opening at the harmonic law of its change
with a frequency of w;, may prove to be too difficult to im-
plement. A main difficulty here is associated with a change
in the area of an outlet opening of the hydrogen generator
in line with a harmonic law at frequencies of the order of
(200.0+450.0) s,

The need to form such a harmonic influence
on the hydrogen generator can be eliminated if ¢(0)=-
the frequency characteristic ¢(o) is determined

indirectly. One of the techniques for determining the fre-
quency characteristic (o) was considered in [16].

To determine a frequency characteristic ¢(®) in accor-
dance with [16], one changes the area of an outlet opening
according to expression

F(£)=B-1(t), a7)
where B=const; 1(¢) is the Heaviside function.

Fig. 4 shows the way pressure P(¢) changes in the cavity
of a hydrogen generator. Function P(¢) can be represented in
the following form

P(t)= iAk A(e-(k+0,5)1), (18)

where 1 is the interval of discreteness; A, is the pressure
increment in a hydrogen generator cavity over time interval

(k+1)1—kt

A, =P, ~P. 19)
P(t)
Pk+
P, b A0Py. Py
. :
P3 AB,=P,-P,
2
AG,=P,-P,
P, AO,=P,
0
T 2t 3t - kt (k+t) t

Fig. 4. Determining a phase-frequency characteristic of
the hydrogen generator

Interval of discreteness 1 is derived according to the Ko-
telnikov-Nyquist-Shannon theorem, that is

t=0,5/", (20)
where f,, is the maximum value of spectrum frequency of
function P(¢).

If one applies an integral Laplace transform to expression
(18), the following occurs

P(S)= S’fAk exp[=S(k+0,5)t]=S"BW(S).  (21)
k=0

The expression for an amplitude-phase frequency charac-
teristic of the hydrogen generator follows from (21)

W (jw)= B*iAk exp| - joo(k+0,5)1]=
=0
- B—iiAk [cos[ w(k+0,5)t]- jsin[w(k+0,5)t]], (22)
k=0

according to which the expression for phase-frequency char-
acteristic ¢(m) will take the form

arctan[[gAk sin[a)(k+0,5)1:]:||:§Ak cos[m(k+0,5)t]]_1]. (23)



For a such method of identification of frequency char-
acteristic ¢(®) an algorithm for determining a technical
condition of the hydrogen generator comes down to the
following:

— formation of an array of initial data — w;, ¢;, &, B;

— formation of a test influence on the hydrogen gener-
ator in the form of a jump change in the area of its outlet
opening — in accordance with expression (17);

— identification of phase-frequency characteristic of
the hydrogen generator ¢(o) — in accordance with expres-
sion (23);

— determining the values for a phase-frequency charac-
teristic of the generator at control points — @(w);

— comparison @(o;) and ¢; at control points using crite-
rion (7);

— making a decision about a technical condition of the
hydrogen generator.

Fig. 5 shows graphical dependences for phase-frequency
characteristics of the hydrogen generator, which are derived
from expressions (16) and (23). The same figure shows a
chart for misalignment error Ag(®) between these frequency
characteristics.

We accepted, as the function P(t) that was used for
the approximation with expression (18), the following
function

P(t)=L[W(S)F(S)], (24)
where L™ is the Laplace inverse transform operator; F(S) is
the Laplace image of function F(z).

With respect to expressions (1) and (17), expression (24)
takes the form

P(t):KB[1+(13 )" [(T1+‘c2)exp(—tj—(’ci +‘t3)exp(—

TZ 3

This expression describes a reaction of the hydrogen gen-
erator to a test influence in the form of a jump change in the
area of its outlet opening by the magnitude B.
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Fig. 5. Phase-frequency characteristics of hydrogen
generator and a misalignment error: 1 — ¢(®) according to (16);
2 — ¢(w) according to (23); 3 — Ap(w)

It follows from an analysis of dependences shown in Fig. 5
that when t=0.5 ms at frequency ©=600s" the magnitude
of a relative misalignment error does not exceed 3.7 %. The
magnitude of the relative error of determining a phase-fre-
quency characteristic of the gas generator is calculated by
dividing the difference of expressions (16) and (23) by ex-
pression (16).

s

5. Discussion of results of the synthesis of control
algorithms for hydrogen generators

A character of change in the amplitude-phase frequen-
cy characteristic of a hydrogen generator and its algebraic
components predetermines the ideology of control algorithm
over its technical condition. To construct such an algorithm,
we introduce the concept of a “control point”. Each control
point is characterized by two parameters — frequency ®;,
i=1,n and angular coordinate ¢(w;) at the complex plane.
The angular coordinate has a meaning of the phase-frequen-
cy characteristic of a hydrogen generator.

Use the information at control points of frequency char-
acteristics of the hydrogen generator makes it possible to
formulate the criteria that characterize its technical condi-
tion. Such criteria represent a system of inequalities, which
include the a priori assigned parameters and the measured
values of phase-frequency characteristics of the hydrogen
generator at fixed frequencies.

A transition to the application of phase-frequency char-
acteristics of the hydrogen generator, in contrast to employ-
ing amplitude-frequency characteristics, as shown in [14],
makes it possible to improve the reliability of the result of
control over a technical condition. Improving the reliabili-
ty of the result of control over a technical condition of the
hydrogen generator is ensured by obtaining information in
terms of phase-frequency characteristic at n control points.
Unlike the approach under consideration, ref. [14] employs
a one-time measurement of the amplitude-frequency char-
acteristic of a hydrogen generator at the single, a priori
assigned frequency.

To select the control points, we applied the
hypothesis on that at each successive control point
the value of a phase-frequency characteristic of
the hydrogen generator differs from the preceding
one by 45°. This allows reducing determining the
values of frequencies at control points to solving
a system of algebraic equations. The parameters of
such a system of algebraic equations are the time
constants, included in the structure of a transfer
function of the hydrogen generator.

The proposed control point selection ideology implies
that their number is not less than five.

It should be noted that the control algorithm over a
hydrogen generator implies acquiring information about
the values of its phase-frequency characteristic @(;) at i-th
control points. Obtaining such information by measuring a
phase shift angle between pressure in the generator cavity
and the area of its outlet opening at the harmonic law of its
change at frequency ; could prove difficult. The main diffi-
culty here is associated with a change in the area of an outlet
opening of the hydrogen generator in line with a harmonic
law at frequencies (200.0+450.0) ..

The need to build such harmonic test influences on the
hydrogen generator can be eliminated if the frequency char-
acteristic @(w) is determined indirectly. Such a technique
for determining the @(w) characteristic was proposed in
[16] and is based on using information about a reaction of
the hydrogen generator on the test influence described by
the Heaviside function. A phase-frequency characteristic
of the hydrogen generator is identified analytically based
on the results of measuring pressure gains in its cavity
with an interval of discreteness, which is derived from the
Kotelnikov-Nyquist-Shannon theorem. To verify such an



approach, we solved a test problem, in which we employed,
as a function that describes a change in the pressure in the
cavity of a hydrogen generator, its transient function. When
solving a given problem, we have shown that a methodical
error when determining phase-frequency characteristics of
the hydrogen generator does not exceed 3.7 %.

A special feature of the proposed control algorithm over
a technical condition of the hydrogen generator, compared to
the one described in [14], is that we employ, as a test influ-
ence, a jump change in the area of its outlet opening. For the
previously developed algorithm, a test influence is a change
in the area of the outlet opening in line with the harmonic
law at a frequency of the order of (80.0+100.0) s™. To create
such a test influence, one requires an additional device while
there is no need for it in the proposed variant.

The proposed control algorithm implies the absence of an
inertial component in the reaction of a hydrogen generator to
a test influence in the form of a jump signal. In this regard,
further development of the algorithm should be aimed at esti-
mating the impact of an inertial component on the change in
pressure in the generator cavity, predetermined by the differ-
ence of the test influence from a jump-like form. In addition,
it is appropriate to solve a problem on forming a test influence
on the hydrogen generator without the use of external devices.

6. Conclusions

1. It is shown that it is appropriate to use as a criterion
for determining a technical condition of the generator for a

hydrogen storage and supply system a system of inequalities,
which characterizes position of figurative points along a
phase-frequency characteristic of the hydrogen generator
for the a priori assigned frequencies whose number does not
exceed five.

2.1t is substantiated that the choice of parameters at
control points of frequency characteristics of the hydrogen
generator is reduced to solving a problem on the identifica-
tion of frequencies at whose values algebraic components of
the integrated transfer function of the hydrogen generator
coincide by modulo, or each of them becomes zero.

3. Solving a problem on the identification of parameters
at control points of frequency characteristics of the hydrogen
generator is reduced to solving a system of algebraic equa-
tions whose parameters are the time constants of a hydrogen
generator. The solution to the problem is obtained for typical
characteristics of the generator for a hydrogen storage and
supply system, from which it follows that the maximum fre-
quency value does not exceed 450.0 1.

4. We have developed an indirect method for deter-
mining phase-frequency characteristics of the hydrogen
generator used to generate its control algorithm that elimi-
nates the need for the formation of harmonic test influenc-
es throughout the entire range of changes in frequencies
and is based on using information about a reaction of the
hydrogen generator to the test influence in the form of a
Heaviside function.

5. The result of solving a test problem has shown that a
methodical error when determining phase-frequency char-
acteristics of the hydrogen generator does not exceed 3.7 %.
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B ymogax inmencudixauii, maxcumizauii penmaéeavnocmi ma
3a0e3neveHns MexXHOI02IMHOL 0e3nexu GUPOOHUUMEA BUHUKAE NPO-
Osema pezynt08ans, ONMUMIzauii, 600CKOHALEHHI CMPYKMYPU CUC-
mem aemomamuunozo ynpaeninus. Hesseaxcarouu na doszy icmopiro
PO36UMKY MA HAAGHICMb 6€UKOI KilbKOCMI namenmis, po3poook,
nyobnixauii, na cvboz200niwnill Oenb 3anumacmocs Gazamo axmy-
anvrux npoonem, noe'szanux 3 npaxmuunoto peanizauiero ITIJT-
peeyaamopa: yHigixauisa cmpyxmypu III/[-peeynamopa, peanizauis
dupepenyianvnoi cxknaooeoi, inmezpanvie nacuuenus ma besyoapna
nepedaua napamempis i pescumie pobomu.

Y cmammi docaioncyemvca ennue weninitinocmeii, wymy, nepe-
wK00, Qynxuii ma ocoéausocmeii INJ-peeynamopa na ounamixy cuc-
memu asmomamunnozo xepysanns. Illoxazano, wo 03 maxcumaronoi
epexmusnocmi peanizauii III/[-peeynamopa onsn Kepysanns inepuii-
HUMU 00’ €Kmamu 3 mpancnopmuum 3anizHI8aHHIM ROMPIOGHO 3acmo-
cosyeamu KOMRAEKCHUN NiOXi0: 00MedceHHs WeUdKocmi 3pocman-
Hs 30YpeHHs no 3a60AHHI0 MA YMOBHO20 IHMEPYBANHS 0Nl YCYHEHHS
iHmMezpanbHo20 HACUUEHNS; 00HOUACHE 3ACMOCYBAHHS eKCNOHEHUIATb-
Ho20 Qinvmpa sumipanoi eeaununu ma oudpepenyiamopa 3 Qinompom
BUCOKUX HACMOM OJ151 MIHIMIZAYTTi 6NAUGY WYMi6 ma 3a6al HA nepexio-
Hi npouecu; 6i0CaI0K06YGAHHS NOMOUHOZ0 CMAHY Cucmemu 00360-
as€ 3anobdiemu "yoapy " npu 3mini pexcumie podomu II/-pezyasmopa;
66€0eHHsL 30HU HEUYMIAUBOCHII Pe2YaAmOPa NOMeHUiliHo 3ade3neuums
mpueanimuii nepiod excnayamayii 6UKOHAE1020 MEXAHIZMY.

3oiticneno mamemamunmne MO0eNOBAHHA CUCTMEMU ACMOMAMUY-
H020 pezynoeants po3piodceHHs y monyi Komaoazpesamy 3 6paxy-
BAHHAM 3aNPONOHOBAN020 KoMnekcy piuens. Hasedeni pexomenoauii
dozsonstomv peanizyeamu III/[-peeyasmop, npudamnuii 0as npax-
MUUHO20 3ACMOCYBAHHA 3 BPAXYEAHHAM CMOXACMUUHOCMI, HeNIHIl-
HOCMI, K8A3ICMAUIOHAPHOCME MA 00MENCEHb MEXHOTIOZIMHUX NPOUECiE.

Komnaexcua oyinka ma épaxyeanns 0anux npodiem cnpusmu-
Mymo nidsuuenn1o epexmusHocmi ma nadiunocmi pobomu o6raonam-
M3, 3IMEHUEHHIO CROJCUBAHHS eHepeii ma uacy 00CsAeHeHHs 3a0anHoi
Uil 6 NPOUECi ABMOMAMUYHO20 Pe2YNI08aHH, (€3 IMIHU CMPYKMYPU
cucmemu ynpagainns

Knrouoei crosa: III/[-peeyasmop, inmeepanvhe nacuuenns, Qiio-
mpauis wymie, oudepenuiamop, 6esyoapna nepedaua
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1. Introduction

Under conditions of intensification, maximization of
profitability and ensuring technological safety of produc-
tion, certain problems emerge related to the adjustment,
optimization and improvement of the structure of automated
control systems. Despite the emergence and gaining popu-
larity of advanced control methods, such as Model Predic-
tive Control, Fuzzy Logic, controllers based on the propor-
tional-integral-differential (PID) law of regulation are the
most popular at present, with a share of up to 90 % [1].

The operation and adjustment of regulation system is
the major problem today. Thirty percent of the controllers
used in industry are incorrectly adjusted [2] because natural
nonlinearities of technical implementation have not been
taken into consideration. In many PID controllers, differen-
tial component is shut down. The main causes of shutdown
include complexity of adjustment and insufficient knowledge
of the dynamics of control process. The result obtained is the
incorrect adjustment of parameters leading to worsening ef-
ficiency of a technological process control and performance
of a unit in general.




