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Abstract

The gas produced from the well under high pressure is fed to a complex preparation unit, where solid impurities
and water are removed. Purified natural gas contains valuable components such as condensate, as well as heavy
hydrocarbons, butane and propane. To extract associated components from gas (condensate and heavy hydrocarbons)
low-temperature separation is used. The temperature regime in the separator is maintained by the energy of the
compressed gas. When the gas passes through the throttle, due to the Joule-Thomson effect, the pressure and
temperature decrease. The technological regime in the separator is provided by the single-loop automatic control
systems for pressure and condensate level control. As shown by the studies carried out by the authors of the paper, the
low-temperature separation as a control object is characterized by internal cross-links. Their presence significantly
reduces the efficiency of single-loop control systems. To improve the quality of the control process, an autonomous
control system for the low-temperature separation process was synthesized. A cross-coupling compensator was
included in the control circuit of such a system, resulting in two independent single-loop automatic control systems.
Based on the developed mathematical model, the transfer function of the compensator is synthesized and a method for
determining the parameters of PI controllers is developed. The essence of the method is that on the complex plane of
the roots of the characteristic equation, the positions of the roots are determined, which should ensure the desired quality
of the control process. The placement of the roots is selected from the condition of the minimum of the generalized
quadratic criterion of the quality of the control process.

Keywords: low-temperature separation; mathematical model; autonomous system; compensator; PI controller;
quadratic criterion.

1. Introduction

In the case when the gas extracted from the well under high pressure enters the pre-treatment unit, then low-
temperature separation (LTS) is used to separate the condensate from the gas. The decrease in gas temperature, which
is below the dew point, occurs due to adiabatic expansion of the gas (Thomson-Joule effect). The effectiveness of the
LTS process depends on the degree of compliance with the technological regulations, which are implemented by means
of automation. The main technological parameters that affect the technological process are the temperature in the
separator, the condensate level and the gas pressure in the low-temperature separator.

The analysis of the dynamic properties of the LTS process showed that there are cross-links between the input and
output values. The presence of cross-links significantly complicates the automatic control process, since changing the
task on the first control channel will cause an undesirable change in the output value on the second channel. A similar
negative event will occur when changing the input value on the second input of the separator control system.
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The quality of the low-temperature separator control process can be significantly improved by compensating for
cross-coupling in some way. One possible way to eliminate the negative impact of cross-coupling is to use the
autonomous control method.

2. Analysis of literature sources

The current state of automation of technological processes is characterized by the widespread introduction of
microprocessor technology for the implementation of complex control algorithms that were inaccessible to traditional
automation tools, with the help of which single-loop automatic control systems were implemented. In this regard, the
interest of both scientists and practitioners in methods of automatic control of multidimensional objects, which are quite
common in oil and gas production, petrochemical, metallurgical, chemical and other industries, has increased.

The use of single-loop systems for automatic control of complex multidimensional objects did not provide the
desired quality indicators of the control process [1]. With the advent of microprocessor control tools that can implement
complex control algorithms, new methods for controlling multidimensional objects were developed. Such methods
should be divided into two groups. The first of them is the synthesis of control systems in the state space; the second is
the synthesis in the frequency domain.

The first group consists of methods of analytical design of regulators (modal control [2], Riccati method [2], [4] —
[6], H* optimization [2]). The second group includes analytical synthesis of automatic control systems and separation
of control loops [9] (autonomous control). Systems synthesized using methods of analytical controller design,
H>optimization and modal control are static systems in which control errors are nonzero.

The method of analytical synthesis of automatic control systems assumes that the transfer function of the control
device is the ratio of two polynomials. The synthesis of such a system is carried out under the condition that the specified
location of the zeros and poles of the system is achieved and the necessary indicators of the quality of the control
process are provided. The control device synthesized in this way can have a high order of the transfer function. In [4]
an example of the synthesis of a control device for an object with a third-order transfer function is given. As a result, a
control device is obtained, the transfer function of which is of the sixth order, which significantly complicates the
structure of a controller suitable for implementing such a transfer function.

Almost all methods of synthesis of control systems for multidimensional objects solve the problem of finding the
so-called consistency matrix, the purpose of which is to compensate for cross-connections, which makes it possible to
improve the qualitative and quantitative indicators of the control process.

The aim of the work is to synthesize an autonomous control system for the LTS process to increase the efficiency
of condensate separation from produced gas from the well. To achieve the goal, it was necessary to solve the following
tasks:

e synthesize a cross-coupling compensator and determine the parameters of its matrix transfer function.

o for the two obtained independent control loops, find the PI controller tuning parameters and evaluate the quality
of the low-temperature separator control process.

3. Synthesis of cross-link compensator

The synthesis of an autonomous control system involves the inclusion of a cross-coupling compensator with the
transmission circuit in the control loop W,,(p) (Fig. 1). The matrix transfer function of the controller W, (p) is a
diagonal matrix whose elements are the transfer functions of the controllers. The matrix transfer function of the system,
which is depicted in Fig. 1, will be as follows:

Wy, @) = (1 + W@) W), (1)

where W (p) = Wy, (p)W,q (p) W, (p) is the matrix transfer function of the open system; W, (p)is the matrix transfer
function of the low-temperature separator.
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Fig. 1. Block diagram of an autonomous control system.

In [1] it is shown that the matrix transfer function for the low-temperature separator problem is as follows:
M/yu = (Ip - A)_lBa

aiz blz]
where A = [a21 azz [b21 b22 .

p—-
1_
Since (Ip — A)~ = 1o [ —a21 p—ay

—Qq2b;1 (p — azz)bi; — ag3by;

. 2
(® — a11)byr (P — ay11)byy — Az1 by, @

W) = 705 [

The elements of the matrix transfer function (2) determine the dynamic properties of the transmission channels of
the effects of input quantities on the outputs of the object. Therefore,

(p) = wi (p) wi(p)
yu wo1(p) wa (@)

by1p—aqi1ba1,

a bi2p—(azzb12+aq2b )
where wi (p) = — 2228, wy, (p) = epCnbisteinbn) () = bup-inba,
b (a11b22+az1b12).
Wy, (p) = 2P a12(z§ 21012 ; A(p) = p2 —(ag1 + az)p + a1a;; — a12a;;1.

For the control system to be autonomous, it is necessary to have a diagonal transfer matrix of the open system. It
is known that the sum and product of diagonal matrices also give a diagonal matrix, and the operation of inverting a
diagonal matrix also generates a diagonal matrix. Indeed, if the matrix W (p)is diagonal, then the matrix will also be
diagonal W,,,,, (p).

It was assumed that W,;(p)is a diagonal matrix. For the matrix W (p)to be also diagonal, the following condition
must be met [2]:

yu(p)VVeq (p) = diagh] u(p)

where diagW,,,, (p)is the diagonal matrix obtained from the matrix W), (p)after zeroing off-diagonal elements.

From the last equation we find
Weq(0) = Wy (p)diaghy, (p). 3)

Formula (3) defines the matrix transfer function of the compensator and shows that the value W,, (p) depends only
on the matrix transfer function of the object.

Let us calculate the matrix transfer function of the compensator. First, we find

1 wa () —wip(p)

Wy (p) = 2w ® [—wy () Wiy (D)
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where 4,,(p) = wi1 (PIW2, () — wi(PIW,1 (p); diagW,, (p) = [Wll(P) sz(p)]'

Then

() = 1 [ W22 (P) _W12(P)] . [W11(P)

@ l=wy () wis () sz(p)]'

After multiplying the matrices, we get

(p) _ 1 [Wn(P)sz(P) —wi2(P)wy2 (p) . )

w® l=wi 1 (PIwy1(p) Wi (@)W (P)

From the matrix equation (4) we find the transfer functions of individual signal transmission channels from the
compensator input to its output, i.e.

(eq) _ W11(P)W22(p) (eq) _ wi2(@wa(p),
Wit ) ==, 0 @) ="

PIwi4( )
WZ(iQ) (p) = — wa1(®)w11(p (eq) (p) =

(eq)
Ay (p) Wll (p)

Let's find the order of the compensator's transfer functions. To do this, we write the object's transfer functions in
. . _rij(® . (eq) (eq) r11(@)r22(),
the  following  form:  w;;(p) = ap) b= 1,2 Then  wi%() =wysP(p) = " (p) e
1 T12(P)‘fzz(17) (eq) (p)  T121(@)r11 (@)
 aw®) 4%(p) Aw(p) 4%(p)

W12q)(P)

Since 4, (p) = 3305 (111 (P)722 () = 12 ()71 (). then

(P)r22(P) (P)122(P) @)r11(p)
Wi () = wys? (p) = TR (50 (p) = — DEBTLE, 00 (p) = BT 5)

where D(p) = 111 ()122(p) — 112(P) 7121 (D).
Thus, the order of the transfer functions of the compensator is determined by the order of the products of the
polynomials 1;; (p) 1y (), i, ), k, | € {1,2}. Since the order of each of the polynomials ;;(p) is not more than one, the

order of the product of two polynomials 7;;(p)7y,; (p) does not exceed number two. The analysis allows us to state that
for each transfer function W(eq)(p) i,j = 1,2 the condition M < N is satisfied. Here M is the order of the polynomial

of the numerator and N is the order of the polynomial of the denominator of the corresponding transfer function. Then
the condition of the physical implementation of the cross-coupling compensator is satisfied.

For the transfer functions of the cross-coupling compensator, we have the following values: M = 1 for WlfQ) (»),

wiD (p) and w? (p); M = 2 for we? (p); N = 2 for all transfer functions w( DV(p),i,j=12.

Conducted research [1] on modeling the NTS process as an automatic control object made it possible to obtain the
following transfer functions:

0.1106

. 0.2484p+12.27
p2+49.42p+0.8282°

p2+49.42p+0.8282°

wi(p) = w2 (p) =

1994p+36.05
p2+49.42p+0.8282’

4.396p+289.9
P2+49.42p+0.8282"

wy1(p) = Wy (p) =

So, we have: 11 (p) = 0.1106; r;,(p) = 0.2484p + 12.27; r,,(p) = 1994p + 36.05;
155 (p) = 4.396p + 289.9.
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Using software developed in the Matlab environment, the transfer functions of the cross-coupling compensator
were obtained, i.e.

0.9812'10_3p+0.064—711.

W(eq)( )= 0.2204-10"2p2+0.2543p+7.1811
p2+49.42p+0.8282 12 p) =

(eq) _ 0.4451p+0.0080462
2 ) W21 (P) -
pP“+49.42p+0.8282

p2+49.42p+0.8282 "

wisP (@) = wi? (p) =

Let us now find the transfer function of the closed-loop automatic control system of the LTS process, considering
the transfer function of the compensator (3). To do this, first we find the transfer function of the open-loop system

W(p) = diagW,, (p)We (p).
We substitute W (p) into formula (1). As a result, we obtain
-1
Wyuy @) = (1 + diagWy, (0)We(p))  diagWy, (0)Wer ().

The resulting matrix equation in expanded form will be as follows:

1+ wy, W () 0 ] [wn(p)wfi” @) 0
D(p)

Wy, (p) = [ .
Y 0 1+ wyy (D)W 0 w2 ()W (p)

After performing the operations of rotating the diagonal matrix and multiplying the matrices, we obtain

W11(P)W§01[) (p) 0
14wy (P)Wﬁl) ()
Wy, (p) =
yid 0 wo, WP (p)
1w, (WS (p)

Thus, we obtained the matrix transfer function of the closed-loop system, which is diagonal, which means that the
two-dimensional system can be considered as two independent systems with the following transfer functions:

(d)
(yu) — Wll(p)w11 (p) . 6
et ® 1+W11(Z’)W$)(P)’ ©)
(©)
(pu) WZZ(p)sz (p)
=227 722 L/ 7
oz (P) 14wz ()WY (D) )

Since the transfer functions wi1(p) and wax(p) of the object (separator) are known, the synthesis of an autonomous
control system is reduced to determining the transfer function of the compensator, choosing the control law (PI or PID
law) and determining the tuning parameters for the regulators.

4. Calculation of the tuning parameters for the regulators of the autonomous control system

For the first and second control loops, we will choose PI control laws

(1) (1)

1 C, 'p+C.
Wi (p) = 2L ®)
c@prc®
w5 (p) = - )

where C(gi), Cl(i) are the controller settings (i = 1, 2).



192 Mykhailo Horbiychuk, Ihor Yednak

In formulas (6) and (7) the transfer functions of the object are known. Considering the transfer functions of the
regulators of the first and second circuits (8) and (9), we write the transfer function of the closed-loop system for the
first and second circuits

bV cprpPc®

(yw)
w. = 10
1 (p) p3+a1p2+(b§1)Cél)+a2)p+b§1)cl(1)’ ( )

b P2+ PP bP PypapPc®
T P I O NN P IR O O

w3 (p) = (1

The parameters for setting the controllers will be determined by the combined method [7], [8], the essence of
which is that on the p -plane (on the plane of poles) certain values of the poles in the left part of the p -plane are selected
to achieve the desired properties of the automatic control system.

Vieta's theorem establishes the relationship between the roots of the characteristic equation of the system and its
coefficients. Since for the first and second circuits the characteristic equations of the closed system have the same orders
(n=3), we will have [7]:

( p1tp:tp3= _Z_:’
PiDz + Pabs + Pabs =, (12)
as
P1P2P3 = T

The coefficients of the characteristic equation for the first circuit are as follows: a, =1, af) =a,
0,’;1) = az + b](_l)Cél), (Zgl) = b](_l)Cl(l), Where bil) = a12b21, a1 = _(a11 + azz), a2 = a11a22 - a12a21. FOI‘ the
second circuit: @y = 1, (xgz) = béz)Cl(z) + bl(z)(,‘éz) +a,, agz) = bl(Z)Cl(Z).

Since @y = 1, we have the following system of equations for the first circuit:

p1t D2 TPz = —ay,
P1P2 + P13 + D2P3 = a3,

P1D2P3 = —a3.
Let the roots of the characteristic equation of the first circuit be as follows: p; = —my +j{i, p, = —m; — j{;.
From the first equation of the system of equations (12) we find p; = —(p; + p3) — ;. Considering the values of

p; and p,we have p; = 2m; — ail) .

Considering the value of p3, the second and the third equation of system (12) will take the following form:

nf +{f — 2m (2 — ail)) = aél)’

1 1
(% + ) 2ny — a) = —alV.

Let us determine the degree of oscillation of the first circuit of the system y; = i—l From the last equality we find
1

{; = m; 4. Considering the values of {;, ail), aél)and aél), we will have

mir, — 2m (2 —ay) = bfl)Cél) + a,,

nir (2m —a;) = _bfl)cl(l),

where r; = u? + 1.
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From the resulting system of equations, we find

1
cP = (T = 2m (21 — a1) — ay), (13
1
1
Cl(l) = —Frrlzrl(ZTQ - al)a (14)
1

Where b](_l) = a12b21.
Therefore, the tuning parameters of the primary circuit regulator will be calculated using formulas (13) and (14),
which are functions of the real part of the roots p,and p,

For the stability of a closed system, the condition p; < 0 must be fulfilled or considering the value of p; we will have

o<m<%. (15)

In addition to condition (15), it is necessary that the PI controller tuning parameters be positive numbers, i.e.
c”>0andcM > 0.

Now we will find the tuning parameters of the PI controller as a function of the real part m,of the characteristic

equation of the second closed loop. We have

2
p1+p2+p3=—a§ ),

2
P1P2 + P1D3 + D2P3 = a§ )'

2
P1P2P3 = —aé )-

, . :
where py = —T, + j(o3 P2 = —Tp — o5y = n_z

From the first equation of the obtained system of equations we find p; = 2m, — aiz). Considering the value of

aiz) we have

ps = 2m, —a; — bP¢?, (16)

If we now consider the roots of the characteristic equation p;, p, and the root p;, which is determined by formula

(16), and the values of aéz)and a?(,z), we obtain the following result:

{(anb((f) _ bl(z))céz) _ bSZ)cfz) =a, —mi(r, —4) — 2m,a,, (17

”%TZbSZ)CéZ) - b£2)c1(2) =, (21, — ay),

where béz) = byy; bfz) = ay1b1; — ay1byy; 1y = P2 + 1.

The system of linear algebraic equations (17) can be represented in the following form:

() () (18)

2 2
[ché ) +X12C1( ) = q1
X21Cg ~ t X2261 " = qa.

From (18) we find

C"( ) X X129
2 2241 1242 (] 9)
2 1192 21491 (20)
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p® — p®,

where y;; = 2m,b, bl(z);

s X12 = —bé sX21 = 7Tz’”zbé ),Xzz =
Q1 = @y — w5 (1r; — 4) — 2mpay; @ = Wi (21, — @1); A = X11X22 — X12X21-
The stability of the second circuit of the autonomous control system will occur when the following conditions are

met: Céz) >0, Cl(z) > 0 and p; < 0. From formula (16) we find that
0 <, <2 (ay+bPCeD). 1)

Therefore, for both the first and second circuits, the tuning parameters of the PI controllers are functions of the
real part myand m, the roots p;and p,.

The values of m;and m, shall be defined in such a way that the generalized integral criterion takes a minimum
value. Therefore, we will minimize

] = J, (2(0) + 2% (D)) dt, (22)

where £(t) is the amount of inconsistency (control error); T is a constant value that determines the influence of the
component £2(t) on the quality of the control process.

We can rewrite criterion (22) in the following form:
J =]+ 7%, (23)

where J; = fom g2(t)dt; J, = fooo £2(t)dt.

The values of the components J;and J,can be calculated using tables [7] if the transfer functions of the control
error and its derivative with respect to the controller task are known.

The control error transfer function for the first loop was calculated using the following formula:

D —
W ») = 1 +W(1) .

where Wo(sl)(p) is the transfer function of the open system.

Considering formula (6), we can write (1) (p) = Wll(p)w(el) (p). Considering the values of
b . cDppc® .
wi(p) = 0 +a() @ and Wl(f )(p) 2 —1 we obtain
®_ 2, 1) (€]

W(l)(p) (ag "p“+ay "ptay )p (24)

ONERMO) z+(a(1)+b(1) IONOROL

With a single step input u, () (Fig. 1), the Laplace representation of the control error will be as follows:

app®+aip+a,

@) 2, (1) (1) (25)

p3+ay p?+ay ‘ptag

EN ) = pa

where a( )

= ao = 1.
Now we find the Laplace representation of the derivative of the control error: Egl) (p) = L[£(t)].

Since L[£(t)] = pEM(p) — £(0), then, using the theorem on the initial value of the function, we obtain:
£(0) = limpE® = 1.
p—»oo
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Considering the found value of £(0), we obtain

Ez(l)(p) _ Bop*+B1p+B> (26)

D53 +aDp2+aprall)’

where By = 0; By = —=bVcSV; g, = —bPc V.

For the second circuit, using the same algorithm, we determined the Laplace representation of the control error
and its derivative. Therefore,

@) _ agp®+aip+ta,
Ey @310 D p?+aPpra® 27

2) _ P +91p+¢2
ES : 28
@03 +aPp24aPprald (28)

2 2
where(p0=a1—a§ ),(p1=a2—a§ )»‘Pz— aé )

The analysis of formulas (24) — (28) shows that the difference between the polynomials of the numerators and

denominators is equal to one. Therefore, using the known values of E(l) E(l) i = 1,2 from the table in [7], for the first

circuit we find:

D _ My (1) ® 1 2,1 (D

N1 = a0a2 + (a? - 2apa)ay ay ” +azay ay ), (29)
1 1 1 1 1 1 1
$=2§M?+@—wmmﬂw 2aVal, (30)
@@ 1) (1 @@
D = 26Ma®(@Wa® — e®a®), 31)
Since S, = 0, then
1 1 1 1 1
,E,g = p2aPalP + p2alPa®. (32)
For the second control circuit we find
15123 = aoagz) @ 4 (a? — 2a0a2)a(§2)a§2) + azaéz)aiz), (33)
2 2) (2 2) (2 2) (2
5= ¢Oa§ 0P + (97 — 20005)aPal + p3aPa®, (34)
(2) — zao 2)(a(2) (2 aéz)aéz)). (35)

Formulas (27) — (35) determine the generalized quadratic criterion for both the first and second control loops,
which we present in the following form:

JO = mu” 29y, =12 (36)

The analysis of formulas (27) — (35) shows that the generalized quadratic criterion (36) for both the first and second
control loops is a function of the position of the roots P;and P,on the p -plane, which is determined by the values of
mand 1,

Let us set the following problem: find such values of 7, and 1, that minimize the generalized quadratic criteria J %
and J@, that is

min o JO@m), i =12, (37)

<IT; <
Ty "STWisSTy

(1) (2)

where T, , are the beginning and end of the interval of the local minimum of the functions ] (r;), i = 1,2.
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The interval of the local minimum of the functions /(1r;) is chosen based on the stability requirement of the
control system, which is determined by the conditions Cél) > 0 and Cl(L) > 0,i = 1,2, as well as relations (15) and (26).

Using the developed method, software was created in the Matlab environment, with the help of which graphs of
the dependences J™(1;) and /@ (r,) were constructed (Fig. 2).

7 T T T i T T 7

Iy
@
S

___——f/

02 0.25 03 0.35 04 045 05 ' 0.2 0.25 0.3 0.35 04 045 05

Fig. 2. Dependence graphs of /(P (1r;) and ] (11,).

From the graphs (Fig. 2) we found the intervals of local minima m; € [0.3; 0.45] and &, € [0.3; 0.45], which
contain the minima of the functions /¥ (x}) and J® (i,). The solution of problem (37) gave the following results:
i = 0.38389, JV(7}) = 2.5007; w3 = 0.3880, J@ () = 2.5071. The values of 7 and 7} made it possible to
determine the optimal tuning parameters Cl(i) and Céi), i = 1,2 of the PI controllers for the first control loop according
to formulas (13), (14) and for the second control loop according to formulas (19), (20) (Table 1).

To assess the quality of the control process, using formulas (10) and (11), graphs of transient processes were

constructed for the first and second control loops (Fig. 3), from which the quality indicators of the control process were
determined (Table 1).

038 ———T—T T T = 0.14
03+ 1 012+
0.25f 0.1
&
= 02 g 0.08
e O
Z 015 < 0.06
0.1 0.04
0.05 | ] 0.02 |
0 -_ 0 : : : :
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
t,s t,s

Fig. 3. Transient processes for the first and second control loops.

Table 1. Results of calculations of PI controller tuning parameters and control process quality indicators for the first and second
control loops.

Co Cl tc,S O',%

First circuit 12.901 5.0406 15.6 0

Second circuit 0.33871 0.13233 10.6 0
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The calculation of the controller tuning parameters and the quality indicators of the control process were performed
using software developed in the Matlab environment. Thus, the obtained indicators of the quality of the control process
are satisfactory, since there is no overshoot in both the first and second circuits, and the control time is 15.6 and 10.6 s,
respectively.

5. Presentation and discussion of research results

As a result of mathematical modeling of the low-temperature separation process as an object of automatic control,
it was established that there are cross-links between control actions and output values (pressure and liquid level in the
separator). The presence of cross-links reduces the efficiency of single-loop systems for automatic control of the low-
temperature separation process.

The synthesized compensator makes it possible to eliminate cross-coupling and obtain two single-loop
independent automatic control systems with PI regulators.

The tuning parameters of the PI controllers of both the first and second control loops of the autonomous system
are determined using the developed method of placing the roots of the characteristic equations on the complex p -plane,
provided that the stability and minimum of the generalized quadratic control criterion are ensured.

Computer simulation of the autonomous system for automatic control of the low-temperature separation process
confirmed the high quality of the control process. There is no overshoot in the system. The control time is 15.6 s for
the first circuit and 10.6 s for the second one.

The direction of future research will be aimed at determining the structure of the cross-coupling compensator with
the aim of its implementation on industrial microprocessor automation equipment.

6. Conclusion

The transfer functions of the cross-link compensator are determined, based on the condition that the matrix transfer
function of the closed-loop control system must be diagonal. This condition makes it possible to "eliminate" cross-links
and obtain two independent control loops with respect to the task influences.

A method for determining the tuning parameters of PI controllers of an autonomous control system for the low-
temperature separation process by placing the roots of the characteristic equation on the p-plane has been developed.
The choice of the placement of the roots of the characteristic equations of closed-loop systems of the first and second
control loops was carried out by minimizing the generalized quadratic criterion of the quality of the control process and
under the condition of the stability of the autonomous control system.

Based on the software developed in Matlab environment, the PI controller tuning parameters were calculated

(using the combined method) and quality indicators of the control process were defined. There is no overshoot in the
system. The control time is 15.6 s for the first circuit and 10.6 s for the second one.
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AHoTanis

JoOyTmii Ta3 i3 CBEPAJOBHUHU I BUCOKHM THCKOM IOCTYIIAa€ Ha YCTAaHOBKY KOMIUICKCHOI ITiITOTOBKH, 1€
BinOyBa€ThCS BHIIYUCHHS TBEPAHUX IOMIMIOK i Boxu. OUHINEHWH NMPUPOAHUI Ta3 Mae y CBOEMY CKJali Taki I[iHHI
KOMIIOHEHTH SIK KOHJIGHCAT, a TaKOXX BaXXKi ByrJeBOAHI OyTaH i mpomaH. [[yis BuilydeHHs i3 ra3y HOIMYTHHX
KOMIIOHCHTiB  (KOHJIEHCAaTy 1 BaXXKHX BYIJICBOIHIB) BHKOPHCTOBYIOTH HH3BKOTEMIICPATYPHY CeIapalilo
TemmepaTypHuii pexxuM B cenapatopi MiATPUMYETHCS 38 paxXyHOK €Hepril CTUCHeHOro ra3y. [Ipu nmpoxomKeHHi razy
yepes Jpoceib BHAcHIok edekry /xoynsa-ToMcoHa BiiOyBaeThCs 3HWIKEHHS TUCKY 1 TemriepaTypu. TeXHOIoriYHuit
PeXKHM B cermaparopi 3a0e3MnedyeThcsi OJHOKOHTYPHUMHM CHUCTEMaMH aBTOMATHYHOTO KEPYBaHHS — TUCKY 1 PIBHS
KOHJIeHcaTy. Sk Mokasajiu IOCIIJDKEHHsS, BUKOHAHI aBTOPaMH CTAaTTi, HUI3bKOTEMIEPATypHill cenapaiii sk 00’exra
KepyBaHHs MPUTAMaHHi BHYTPIIlHI MepeXpecHi 3B A3KU. X HasBHICTh 3HAYHO 3HUKYE (PEKTUBHICTh OJTHOKOHTYPHHX
CHCTEM KepyBaHHS. 3 METOIO MiJIBHUILIEHHS SKOCTI Ipoliecy KepyBaHHS B poOOTI CHHTE30BaHa aBTOHOMHA CHUCTEMa
KepyBaHHS IIPOLIECOM HH3BKOTEMIEepaTypHOl cemapamii. Y KOHTYp KepyBaHHS Takol CHCTEMH BKJIFOYCHHH
KOMIIGHCATOp NEpeXpecHUX 3B’S3KiB, BHACTIZOK YOr0 OTPUMAaNd JBI HE3aJeXHI OJHOKOHTYpPHI CHCTEMH
AaBTOMAaTHYHOTO KepyBaHHs. Ha OCHOBiI po3po0ieHOi MareMaTW4HOI MOJEi CHHTE30BaHA MepenaBajibHa (YHKIIiS
KOMIIEHCaTopa Ta po3poOyieHWi MeTon Bu3HaueHHs napamerpiB Ill-perymsropiB. CyTe MeTody y TOMy, LIO Ha
KOMIUICKCHIM IDIOMMHI KOPEHIB XapaKTePUCTHYHOTO DPIBHAHHS BU3HAYAETHCSA IOJOXKCHHS KOPEHIB, SKi TOBHHHI
3a0e3neunTH OakaHy SIKICTh TIpoliecy KepyBaHHsA. Po3MillleHHsT KOpEHIB BHOHMpaeTbCs i3 yYMOBH MiHIMyMy
y3arajlbHEHOT0 KBaJPaTHYHOTO KPUTEPIIO SKOCTI MPOILIECY KEPyBaHHSL.

Kuro4oBi c10Ba: HU3BKOTEMIIEpaTypHa Cenaparliis; MaTeMaTHIHa MOJENb; aBTOHOMHA CHCTEMA; KOMIIEHCATOD;
[TI-perynsiTop; KBagpaTHIHUN KPUTEPIi.



