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ACTIVE CONTROL SYSTEM OF MILL PRODUCTS TENSION
AT THE OUTLET OF ROUGHING TRAIN IN CONTINUOUS
LIGHT-SECTION MILL

Purpose. To find the regularities that provide control of interstand force in the roughing train.

Methodology. The methodology for solving the problem of control of interstand forces in a roughing train is based
on the estimation of the change in the controller output of deflection/loop tension of the rolled product, which will
ensure the stability of the cross-sectional dimensions of the rolled product at the outlet of the roughing group.

Findings. The work deals with an issue of decreasing gage interference of bar section by controlling speed rate of
rolling in a roughing train. A method for controlling the interstand force in the roughing train based on the analysis
of a low-frequency component of disturbance which occurs during automatic stabilization of free deflection/loop in
the finishing train is substantiated and tested. The proposed system of active control of rolling tension enables to sta-
bilize the transverse dimensions of mill bar before the finishing train. The research results have shown that the ulti-
mate objective function of interstand forces control in the roughing trains is to minimize the scattering of dimensions
of the rolled product at the outlet of the roughing trains. Active regulation of the rolling tension for stabilizing the
cross-sectional dimensions of the rolled product at the roughing train outlet is rationally carried out using program
control for the rolling speed rate in the first interstand space of the finishing train.

Originality. General regularities that provide the interstand force identification through the change of the regulator
outlet of the rolling deflection/loop were determined.

Practical value. The organization of interstand force control in the roughing train after the obtained dependencies

allows stabilizing the cross-sectional dimensions of the rolled product in the finishing train.

Keywords: interstand forces, regulator, rolling, tension

Introduction. The issues of the interstand force im-
pact on the continuous rolling process were reflected in
the works by A. Chekmarev, V. N. Vydrin and many oth-
er authors [1]. Briefly summarizing the results of these
studies, we can say that interstand forces ensure the
equalization of the outlet and inlet speed rates of rolled
products in adjacent mill stands and simultaneously
cause a change in the cross-section dimensions of the
rolled products at the outlet from the stands to which
they are attached [2]. Therefore, one of the problems
solved in the automation of continuous light-section
mills is the stabilization of the rolling tension at the min-
imum acceptable level.

Analysis of the recent research and publications. For
the finishing trains, the problem of stabilizing the mini-
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mum tension is effectively solved by adjusting the loop/
free deflection of the rolled product between the mill
stands (please refer to, e.g., [3]). At the same time, this
problem has been partially solved for roughing trains.
When rolling a billet in the roughing section mill group,
there is a disorder of the constancy of volumes per sec-
ond, which leads to significant changes in interstand
forces [4]. This is caused by the cross-section fluctua-
tions of the billet due to imperfect rolling technology, as
well as its surface conditioning. Further, the change in
lateral forces in the first mill stands of the roughing train
using the forward creep leads to a disruption in the speed
rate setting in the whole mill. Therefore, the importance
of direct regulation of interstand forces in the roughing
train is clear.

The most effective control action on the tension val-
ue is a purposive coordinated change in the rotational
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speed of the rolling engines along the strike (less often
against the strike) of the rolling.

The information support of algorithms for automatic
speed rate adjustment of rolling in the roughing train is
determined, first of all, by the methods used to identify
the interstand forces.

Among the known methods for interstand force
identification, only the method based on load control-
ling of electric motors of rolling stands [5] was applied.

The preference of this method is confirmed by the
studies given in 2, 6]. At the same time, it is noted in [6]
that despite the simplicity of the practical implementa-
tion of the tension control system by changing the arma-
ture current of the rolling engine, the presence of tech-
nological disturbances, primarily the spread of the
cross-sectional dimensions of the billets and the uneven
heating of the billets along its length, significantly re-
duce the accuracy and effectiveness regulation of inter-
stand forces in the roughing train. The given research
studies are confirmed experimentally by the analysis of
received oscillograms of armature currents in the rolling
engines of 6th and 7" stands of the roughing train of
light-section mill 250-6 of “ArcelorMittal Kryvyi Rih”
PJSC. Herewith, it is noted that temperature fluctua-
tions along the billet length of the billet could reach
60—70 °C, which in turn were coming out in low-fre-
quency oscillations of the rolling torques and armature
currents. The filtration application was not successful,
since the filters are very inertial and this factor signifi-
cantly degrades the quality of regulation. The tension
control systems with time restriction for regulation of
the armature current in the rolling engine during the fill-
ing of the continuous mill with rolled product are also
given in the work [6]. However, the working capacity of
the described technical solution is entirely based on the
assumption that the ratio of the armature current of the
second mill stand (free rolling current) to the armature
current of the first stand, when a billet enters it, is con-
stant, and this fact requires further study and research.
A modified method for identifying interstand forces in

the static load of the electric engines of the stands was
proposed in [7].

An unconditional novelty of this work is the transi-
tion of the objective function of stabilization of the in-
terstand forces to the objective function of minimizing
the scattering of rolled products dimensions at the outlet
of the roughing train; however, there is no method for
estimating such scattering in the study. At the same
time, studies of perturbations of the rolling speed rate
with automatic stabilization of the free deflection
showed the presence of a low-frequency component of
the perturbation. It is caused by the congenital variabil-
ity of rolled products, which is a consequence of its roll-
ing with tension in the roughing train [2].

The objective of the article is to show the capabilities
of using the interstand force controlling method in
roughing train based on the analysis of low-frequency
component of the disturbance occurring at the automatic
stabilization of free deflection/loop in the finishing train.

Description of the research methodology. The object
of the study is the roughing train of six mill stands (roll-
ing in this train is carried out with a speed rate that is set
by the specified operator) and the first stand of a finish-
ing or intermediate train (preliminary to it, rolling is
carried out with automatic stabilization of free deflec-
tion/loop of rolling in the face of the stand). The struc-
tural diagram of the research object is shown in Fig. 1.
The electric drive motor (£D) of the rolling stand is
equipped with an automatic control system of the speed
(ASCS), which is given a speed of rotation from the driv-
er, which takes into account the matching factor (K,) of
the rotation speed of each stand. The loop/deflection
sensor (DS) of the rolling mill provides control over the
size of the loop/deflection under the conditions of
changing the speed of the drives under the influence of
the signal from the tension regulator (RT).

The development of new algorithms and control sys-
tems for a multiply connected process for the produc-
tion of section mill products on continuous mills inevi-
tably faces the need for experimental verification of their
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Fig. 1. Structural diagram of the control system of the roughing trains and the first stand of the finishing train:

Ms_# — mill stand number #; ED_# — electric motor of rolling stand number #; ASCS # — automatic speed control system of
rolling stand number #; DS — loop/de flection sensor for rolled products; RL — regulator of the loop/de flection of rolled products;
RT — the regulator of a rolling tension; N_, — setting the rotation speed of the stand number #; L, — the actual length of rolled
product between the roughing and finishing trains (stands six and seven); Lz, — the set length of rolling product between roughing
and finishing trains (stands six and seven); K, ; — coefficient of matching the speed of rotation of the stand number #
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operability and comparative analysis with known sys-
tems in terms of accuracy, speed of operation, frequency
characteristics, and others [6]. The most precise method
for estimating the effect of changing the tension mode in
the rolling process on the geometric parameters of the
finished rolled product would involve carrying out ex-
perimental studies, but it is difficult to measure the
length and cross-sectional area of the rolled product af-
ter the last mill stand accurately, and much less the roll-
ing tension in the roughing train. The most effective
method for obtaining an answer to these questions un-
der the described conditions is a computer modelling of
the designed systems operation. For this purpose, a
mathematical model has been developed. It takes into
account the majority of processing factors affecting the
technological process of rolling and using known de-
pendencies, including changes in the billet parameters.

The technological model of the control object — the
process of single-continuous rolling was taken in accor-
dance with studies [6]. It includes a number of typed
blocks that simulate geometric, kinematic and power-
force parameters of rolling in stands, the state of metal
in the interstand spaces, the work of the main electric
drives in rolling stands, and also the billet parame-
ters [2].

The structure of the numerical scheme of the one-
stand continuous rolling process in the roughing train is
shown in Fig. 2.

Geometric dimensions (width by; and height 4,,),
temperature 7j; of a semi-finished rolled stocks, the
front o, ;. and back o,_, ; tension, as well as the speed
of the rolling engine #; and the roll space z; are the input
variables of each Msi unit which simulates the process of
metal deformation in the stand. The output variables of
the Msi unit include the geometric dimensions (width
b,; and height 4,;) and the mill product temperature 7};
on the exit from the stand, the metal speed rates at the
entrance V{; and on the exit V}; of the stand, the force P;
and the rolling torque M,.

A gear reduction rate j;, a roll radius and a modulus
R; of a stand rigidity My, were set as the constant param-
eters of the Msi block.

The analysis of interstand forces in the described
model (Fig. 2) is carried out in the R,,; ;| blocks, which

simulate the metal condition in the spaces between
stands. The input variables of these blocks are the speed
V\;, geometric dimensions b,; and A,;, the mill product
temperature 77; on the exit of the previous stand, and
also the speed V), | of rolling at the entrance to the next
stand.

The output parameters of the R, ;. blocks include
the specific tension o; ;, |, the temperature 7}, ; and the
geometrical dimensions by;, ; and A, ; of the mill prod-
uct at the entrance to the next stand. In this case, the
parameters of the geometric dimensions of the mill
product at the entrance to the next stand repeat the pa-
rameters at the exit from the previous one with a trans-
port delay, which corresponds to the time of the metal
moving through the interstand space.

The work of the main electric drives of the rolling
stands is simulated in the E; blocks. The current rolling
speed rate of the rolling engine is formed at the output of
these blocks. Here the input variables are the set rates

n; of the engine speed and the resistance torque of on
the motor shaft, which is the torque of rolling in this
stand.

The scheme of the main electric drive of the rolling
stand [8], which is a direct current electric motor, whose
shaft is connected to the rolling rolls via a reducer and a
gear stand, as well as a power thyristor converter TC
(Fig. 3) are shown in Fig. 4.

Thus, the engine is a single-loop system, in the di-
rect circuit of which two series-connected links (aperi-
odic and integrating) are covered by back coupling
through a proportional link with a transition factor (co-
efficient) c. The converter voltage US is a control action,
and the torque of resistance MC (or IC) is a perturba-
tion action.

By applying this model we:

- carry out a simulation of the rolling process simul-
taneously in all stands of the roughing and the first fin-
ishing stand of the mill;

- consider the effect of technological perturbations
coming from the changes in the cross-sectional dimen-
sions and the temperature of the billet along its length;

- consider the effect of dynamic modes of the main
electric drive operation of rolling stands on interstand
forces.
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Fig. 2. The structure of the numerical scheme of the one-stand continuous rolling process in the roughing train
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Fig. 3. The scheme of the main electric drive:
TC — thyristor converter; R — reducer; Ms — rolling mill
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Fig. 4. Structural diagram of the DC motor during acting
on the armature voltage:
Te — electromagnetic time constant; Tm — electromechani-
cal time constant; ¢ — constructive constant; Re — active

equivalent resistance of the armature circuit; ©» — speed of
rotation

The effect of the variable temperature of the metal
on the elasticity modulus of the section bar material was
taken into account while calculating interstand forces.

The designed model allows analyzing the joint ac-
tion of electric drives of vertical and horizontal rolls of a
rolling stand, assessing their mutual influence on the
rolling speed regime and is used in the study of advanced
control algorithms.

The problem of mathematical models adequacy,
which are multiply connected and have significant prob-
abilistic nature of objects, which include continuous
mills, cannot be solved by classical methods because of
the extreme situation of difficult setting up of active (and
even passive) experiments on similar objects, and also
because the considerable part of these parameters can-
not be measured [2]. The model adequacy was conduct-
ed by comparing the qualitative and quantitative effects
of the mutual influence of different models with the pa-
rameters, whose presence is established in practice and
confirmed by the experiment of production operation of
the automation object.

The analysis of the results obtained during the simu-
lation of the light-section mill shows that the geometric
(width, compression, rolling-out), kinematic (speed
gain, rolling speed) and energy (rolling torque) param-
eters corresponded to the rates observed in practice.

To these effects must be referred the following:

- the propagation of the interstand forces along the
mill from the interstand space which is more pro-
nounced in the rolling direction than in the direction
opposite to the rolling strike;

- the “ski like” nature of the change in the horizontal
dimension of the rolled product at the exit from the fin-
ishing stand, due to the lack of front tension during the
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filling of the mill and the back tension during its release
by a billet with a large increase in thickness at the rear
end of the roll as a result of a stronger effect of the back
tension;

- smoothing of temperature disturbances along the
length of a billet as it moves away from the entrance of
the mill and to the exit from it, and so forth;

- logically explained changes in the interstand forces
and the cross-section dimensions of the mill product
when the adjacent billet appears and disappears in the
next rolling line.

According to the authors, these effects clearly show
the model adequacy to the real object and allow us to
state that the created dynamic model of the roughing
and finishing trains describes the rolling process in a
light-section mill with sufficient accuracy.

The results of the studies performed using this mod-
el are given below.

We point out that a non-linear connection between
the length of the rolled product and its tension in the
interstand space was considered in this model

Li,i+l( 11+1 + Vlt V01+1 (])

O'—,a

2 E [ 11+I(T)
0, + Qi Ly
0 ifL,, (021,
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where L; ;, (1) is a mill product length between the i and
i+ 1 stands at time t; L; ;, 1(0) is a mill product length
between the / and 7 + 1 stands at the initial moment of
time; V), is a linear rolling speed at the output of the
i stand; V. | is a linear rolling speed at the input i + 1
stand; 7; ;, (7) is a rolling tension between the i and i + 1
stands at time t; Ly, ;| is the distance between the axes of
the i and 7 + 1 stands; Q,;, Qy; . ; are the cross-sectional
areas of the mill product at the output of the i stand and at
the entrance to the i + 1 stand, Eyis the Young’s modulus.

Presentation of the main research. Continuous light-
section mills are the main production lines for produc-
ing section mill products at metallurgical plants. They
are characterized by high power of working stand drives,
high rolling speeds, high level of automation of basic
technological operations. The technology and equip-
ment of these mills are improved on a continuous basis,
their automation level increases, and maintenance also
improves [1].

The main criterion determining the competitiveness
of products is the quality provided by minimizing the
scattering of the cross section and increasing the output
measure. Rolling tension affects not only the rolling
speed mode but also its geometric parameters. When
rolling on high-grade mills, the geometric parameters of
the section (height and width) can change due to the
elastic deformation of the stand constructions and the
rolling tension. The change in the elastic deformation of
the stand is connected with a change in the rolling force
due to a change in the deformation conditions (change
in the thickness of a semi-finished rolled stocks, the
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temperature of the mill product, and tension). The main
disturbance in the tension regulation is the mismatch of
the speeds of rolls rotation in the adjacent stands.

The rolling condition in the interstand spaces of
continuous light-section mill is determined by the rela-
tive or absolute speed differential of the rolled product at
the exit from the previous stand and entering the next
space in the stand [9]. Any change in the rolling speed in
any of the stands from the gap, which results from vari-
ous technological disturbances, leads to a deviation
from the initial rolling mode in this interval. As we have
seen, resolving this kind of deviation is achieved, by pur-
posive rotation speed correction of the rolls in one of the
stands. Naturally, in this case, the speed mode is violat-
ed in the adjacent interstand gap, which activates the
tension control loop or loops in it, and then in the sub-
sequent ones. In other words, we can talk about the
transfer of a disturbance from one space to another and
its spread throughout the stand.

The most effective control action on the tension val-
ue is a purposive coordinated change in the rotational
speed of the rolling engines along the strike(less often
against the strike) of the rolling.

The way out is to change the speed of all subsequent
(or all previous) stands, simultaneously changing the
speed of rotation of one of the stands of a continuous
group. In this case, we should consider the consistent
change in the roll rotational speed as a change which will
provide the invariance of both absolute and relative mis-
matches of rolling speeds in each of the spaces.

Initially, the standard rolling mode was simulated
without automatic tension control in the last interstand
space of the roughing train. In practice, the coefficients
of matching the rotation speed of the stands were chosen
to make the minimum mismatch of the velocities for the
interstand space be equal 1 + 1.5 % in relation to the roll-
ing speed mode corresponding to no pull. It provides the
stability of the continuous rolling mode in the roughing
train during uncontrolled perturbations. Harmonic oscil-
lations of the vertical and horizontal dimensions of the
billet (with amplitude of 0.5 mm and frequency of 5s7')
and a linear change in the temperature of the billet (from
1100 to 1060 °C) were used as technological disturbances.

Rolling with a loop or a deflection (small controlled
tension) is the best technological mode, since it pro-
vides the stability of the geometric parameters of the
rolled product along the entire length. Perturbing effects
in the loop control circuit have a high-frequency com-
ponent caused by dynamic processes in the circuit itself
and a low-frequency component associated with a
change in the compression mode from the front rolling
section to the back section in the first finishing stand.
The high-frequency components of the disturbance are
suppressed by the proportional part of the regulator, and
the low-frequency components by the integral part.
Therefore, the output signal of the loop regulator can be
used for the tension control system in the last interstand
space of the roughing train with the aim of equalizing
the broadening along the length of the mill product.

Fig. 5 shows the diagram of the output of the deflec-
tion/loop regulator (a) and the diagram of the change in
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the width of the rolled product at the output of the sev-
enth stand (b). As you can see from the diagram, these
curves in the mirror-image presentation are almost
identical. Statistical processing of the results showed
that the correlation coefficient between the rolled prod-
uct at the outlet of the seventh stand and the outlet of
the deflection/loop regulator is 0.88, which makes it
possible to estimate the rolled product diversity at the
outlet of the roughing train from the change in the outlet
of the rolling deflection/loop regulator.

Then, as an objective function of adjusting the roll-
ing tension in the roughing train, the amplitude of the
variable component of the output of the first deflection/
loop regulator can be minimized.

Regulation of the size of the rolled product at the
outlet of the roughing train can be achieved by adjusting
the tension of the rolled product in the interstand spaces
of the train. It make sense for the roughing train to carry
out such adjustment by changing the rolling speed mode
in the last interstand space, in our case by mismatching
the rotation speed of the fifth and sixth stands, depend-
ing on the change in the output signal of the deflection/
loop regulator before the sixth stand.

In this case, the delay time in the control channel is
minimized, and the control itself does not bring any no-
ticeable perturbations into the rolling speed mode in the
remaining interstand spaces of the train.

The linear structural scheme of an active control of
rolling tension is presented in Fig. 6.

From this it follows that the correlation between the
mismatch of the rolling speed mode in advance of stand

UNbH\
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a
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1,80+
1,75+
1,70+
1,65+
1,60+
0,00 + v v ) y + >
0 10 20 30 40 50 60 t,sec
b

Fig. 5. The diagram of the output of the deflection/loop
regulator (a) and the diagram of the change in the width
of the rolled product at the output of the seventh stand (b)
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Fig. 6. The linear structural scheme of an active control
of rolling tension:
W, W — transfer-function coefficient of closed speed
control loops of stands No. 6 and No. 7 ; i, i,; — transfer
ratios of gear systems of stands No. 6 and No. 7; Dys, Dy; —
diameters of rolls in stands No. 6 and No. 7; s¢, S7, hg, A7 —
lead factors (s) and drawing-out (\) of a rolled product in
the rolls of stands No. 6 and No. 7; Kys_s — the coefficient
of influence of the mismatch of the speed mode on the ten-
sion (see (1.2)) for the interstand space in advance of stand
No. 6; Kr;6, K76 — the coefficient of in fluence of tension in
advance of stand No. 6 on the drawing-out coefficient of the
rolled product in stand No. 6 and the dimensions of the out-
put product in stand No. 6; K; — the coefficient of in flu-
ence of the change in the cross-section dimensions at the
entrance to the stand No. 7 on the coefficient of drawing-out
of rolled products in the rolls of the stand No. 7; 1,5 7 — co-
efficient of transport lag of rolling product movement be-
tween rolls of stands No. 6 and No. 7; K, K,; — coefficients
of matching the speeds of stands No. 6 and No. 7; Wy, —
transfer-function coefficient of the rolling deflection/loop
regulator in advance of stand No. 7; RT — the tension regu-
lator of a rolling product between stands No. 5 and No. 6

No. 6 and the drawing-out rolled products in stand
No. 7 depends on a number of technological parame-
ters, such as the coefficient of influence of the mismatch
of the speed regime on the tension, the influence coef-
ficient of the tension in advance of a stand on the rolling
ratio in the stand, the coefficient of influence of the ten-
sion in advance of the stand on the dimensions of the
rolled product at the outlet from the stand, the influence
coefficient of the change in the cross-section dimen-
sions of the rolled product at the entrance to the stand to
the drawing-out coefficient of a rolled product in the
rolls of the stand, which, in turn, depend on the current
rolling conditions.

In addition, the control object contains a transport
lag link with a lag time t__; of which is defined as
L1677

T ~
z6-7
Vi

~

The delay time is equal to a few seconds, which is
commeasurable with the time of passage of the rolling
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sections between stands No. 6 and No. 7, and, in gen-
eral, is technologically dependent and not constant.
There is a concern of the problem of the dynamics of the
rolling tension regulation in these stands.

The implementation of the proposed method of ac-
tive control of a rolled product tension in the last inter-
stand space of the roughing train is achieved by intro-
ducing a tension regulator connected to the circuit ele-
ments into the existing control system, as shown using
dashed lines in Fig. 1.

Considering the foregoing, it makes sense to imple-
ment the tension regulator in the proposed system as an
adaptive block of hotfixe (program correction) of the
rolling tension in advance of the ninth stand. The output
signal is stored at the front and back sections of the rolled
product during rolling the test billet. During subsequent
rolling, the rotation speed of the sixth stand of the rough-
ing train varies programmatically in order to eliminate
the diversity of rolled products [10]. The intensity of rolls
acceleration and braking in rolling stands during the fill-
ing of the mill and completion of rolling process is ad-
justed after each rolling. The criterion for the correct
adjustment is the absence of trending in the signal of the
loop regulator between the eighth and ninth stands at the
beginning and at the end of the mill product.

The results of simulation of the operation of the sys-
tem are shown in Figs. 7, 8.

As we can see from the diagram (curve 2), there is
practically no change in the width of the rolled product
with the software control system.

Since the cross-sectional area of the rolled product
at the output of the seventh stand of the finishing group
remains almost unchanged (curve 2 in Fig. 8), the roll-

b,mm
0,0200-

0,0195.
0,0190-
0,0185-

0,0180. .

0,0175-

0,0170-

0,0000-

Fig. 7. Results of the simulation of the active tension con-
trol system:

1 — without the control system; 2 — with the system of pro-
grammed rolling tension regulation

/
/
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/
|

|

|

|

i

=

Fig. 8. The diagram of the output signal of the loop regu-
lator:

1 — without the control system; 2 — with the system of pro-
grammed rolling tension regulation
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ing speed mode after the eighth stand (the output of the
deflection/loop regulator — curve 2 in Fig. 7).

Thus, the proposed system of active rolling tension
regulation provides the stabilization of the cross-sec-
tional dimensions of the rolled product at the output of
the eighth stand of the finishing train.

Conclusions.

1. The ultimate objective function of interstand forc-
es control in the roughing trains is to minimize the scat-
tering in the size of the rolled product at the outlet of the
roughing trains.

2. The stability of the cross-sectional dimensions of
the rolled product at the outlet of the roughing train can
be estimated by the change of the regulator outlet of the
rolling deflection/loop.

3. Active regulation of the rolling tension for stabiliz-
ing the cross-sectional dimensions of the rolled product
at the roughing train outlet is rationally carried out using
program control for the rolling speed rate in the first in-
terstand space of the finishing train.

4. The proposed system of active control of rolling
tension enables to stabilize the cross-section dimensions
of rolling product in the finishing train.
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CucTeMa aKTHBHOTO PEry.JIIOBAHHS HATATY
NPOKATy Ha BHUXO/li YOPHOBOI Ipynu KJiiTei
Oe3mepepBHOro JAPiOHOCOPTHOTO CTaHY

M. FO. Ky3zvmenxo', M. O. Pubaavuenxo', O. O. Boiiko?,
7. 0. bewma?
1 — HauioHnanbHa MetanypriiiHa akaaeMiss Ykpainu, m. JIHi-
npo, YkpaiHa, e-mail: km-app@ukr.net
2 — Jlep>xaBHUI BUIIWI HaBYaJIbHUIA 3akian ,,HamioHanb-
HUIi ripHuumii yHiBepcutet, M. JIHinpo, Ykpaina

Merta. 3HaXOmKEeHHS 3aKOHOMIpHOCTEI, 110 3a0€e3-
MEYYITh YOPaBIiHHS MIiXKIIThOBUMHU 3YCWUISIMU Y
YOPHOBIM Irpymi KJIiTei.

Meromuka. MeToauka BUpILLIEHHS 3aBAaHHS
VIIPaBIiHHSA MiXKIITBOBUMHU 3YCUIJIIMHU Yy YOPHOBIit
IPYIIi IPYHTYETHCS HA OLHIII MO 3MiHi BUXiZHOTO CUT-
HaJly peryjstopa MpOTMHY/MNeT]i MpoKaTy BeJIWYUHU
HATATy MPOKaTy, 1110 3a0e3MeYnTh CTabiIbHICTh Mome-
pPEYHMX PO3MipiB MPOKATy Ha BUXO/i YOPHOBOI IPYTIU.

Pe3ynbTat. Y poOOTi pO3mIsiHYyTe MUTAHHS 3HU-
JKEHHS Pi3HOIIMPUHHOCTI COPTOBOTO MPOKATY LIISIXOM
KepyBaHHS IIBUAKICHUM PEXXUMOM ITPOKATKH Y YOP-
HOBIli Tpymi Kiiteid. [IpoBeaeHe oOTpyHTYBaHHS W Tie-
peBipKa METOy peryJloBaHHSI MiIXKKJTITbOBUX 3yCUJIb Y
YOPHOBIM I'pyIli KJIiTeil Ha OCHOBI aHaJIi3y HU3bKOYac-
TOTHOI CKJIaJIOBO1 30ypIOBaHHSI, 1110 Ma€ MicClIe ITPU aB-
TOMAaTUYHil cTabimi3allii BiIbHOTO MPOTUMHY/METIi y
YUCTOBIN Tpymi KJiTel. 3ampornoHoBaHa cUCTeMa aK-
TUBHOTO PETYJIIOBaHHS HATSTY MPOKAaTy NO3BOJISIE CTa-
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Oii3yBaTH MOIEPEYHi po3MipHu IPOKaTy Iepel YMCTO-
BOIO Ipymnolo Kiiteit. Pe3ynbraTtu mociimkeHb mokasa-
JIM, 10 KiHIEBOIO IiJIbOBOIO (PYHKIIIEIO YIpaBIiHHS
MIKKJIITROBUMU 3yCUJLISIMA Y YOPHOBIH Py KJIITEH €
MiHiMmi3allist po3Kuay po3MipiB MPOKaTy Ha BUXOJIi 4YOp-
HOBOI Tpynu KiiTeil. AKTMBHE peryJlOBaHHSI HaTSTy
mpokaTy sl cTabijizallii monepeyHux po3MipiB Mpo-
KaTy Ha BMXO[li YOPHOBOI I'pyMNu palliOHaIbHO 3iii-
CHIOBATU LIJISIXOM MPOrPaMHOIO PEryJIlOBaHHS LIBUI-
KiCHOTO peXUMY MPOKATKU B MEPILIOMY MiXKJiThOBO-
MY MPOMIXKY YUCTOBOI IPYyIMU KIiTEH.

HaykoBa noBusHa. Ilosisirae y BCTAHOBJIEHHI 3a-
rajbHUX 3aKOHOMipHOCTE, 1110 3a0e31eYyIOTh iIeHTH -
(dikanito MiIXKIITBOBUX 3yCHJIb MO 3MiHi BHXiZHOTO
CUTHAJTy PeTyJIsITOpa IPOTMHY/TIETIIi TIPOKAaTYy.

IIpakTiuna 3HauumicTh. [lonsgrae B Tomy, 1110 opra-
Hi3allis ynpaBlaiHHS MiIKXKTITbOBUMU 3yCWUIIMU Y
YOPHOBIl Tpymi 3a OTPUMaHUMM 3aJIEKHOCTSIMU J0-
3BOJISIE CTa0iIi3yBaTU TOMNEPEYHi PO3MipU MpoKaTy Y
YUCTOBIH rpyIi KJIiTei.

KmouoBi cioBa: midxckaimvogi 3ycunins, pecyasmop,
npokamka, Hamse

CucremMa aKTHBHOTO PeryJMPOBAHUS HATSKEHUS
MPOKaTa Ha BBIXOJE YEPHOBOI rpynmbl Kiieren
HenpepbIBHOI0 MEJIKOCOPTHOIO CTaHA

M. IO. Kysvmenko', M. A. Pubanvuenxo', O. A. Boiiko?,
J.A. bewma®
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eas. HaxoxneHue 3aKkOHOMEpHOCTEM, obecneun-
BaIOIIMX YIIPaBJICHUE MEXKICTbeBBIMU YCWIMSIMU B
YEPHOBOM I'PyIIIIe KJIETEH.

Metomuka. MeTonuka pelleHus 3aJadu yrpaBlie-
HUSI MEXKJIETheBBIMU YCUJIMSIMU B YEPHOBOI TpyIIIie
OCHOBBIBAETCS HA OLEHKE MO U3MEHEHWIO BBIXOAHOTO
CHTHAJIa peryisiTopa IMporuoda,/meT/iv IIpoKaTa BeJTMIK-
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HbI HATSDKEHUS TpoKaTa, KOTopasi 00ecneyrT CTabub-
HOCTb MOIEePEYHbIX PA3MEPOB MTPOKATa HA BBIXOJIE Yep-
HOBOM I'PYNIIHL.

Pe3ynbTaTel. B paboTe paccMOTpeH BOIIPOC CHIKE-
HUS PA3HOUIMPUHHOCTU COPTOBOIO IpoKaTa MyTEM
YIIPaBJIEHUSI CKOPOCTHBIM PEXMMOM MPOKATKU B Yep-
HOBO# rpymnmne kiereil. IlpoBeneHo oOGocHOBaHUE U
MPOBEPKa METOIA PETYIMPOBAHUST MEKKIIETHEBBIX YCU -
JIMA B YEPHOBOW TPYIINE KJIETEH HAa OCHOBE aHalu3a
HU3KOYaCTOTHOM COCTaBJISIONIEH BO3MYILIEHUS, UME-
IOIIEr0 MECTO IMPU aBTOMATUYECKOW cTabuim3aluu
CBOOOIHOTO MPOTH0A/TIETIN B YUCTOBOM TPYIIIE Kie-
teil. [IpemyioxxeHHast cucteMa akTUBHOTO PEryJIMpoBa-
HUS HATSKEHMSI TpoKaTa MO3BOJISIET CTAOUJIM3UPOBATh
MonepeyHble pa3Mephbl pokKaTa nepei YuCcToBOM IrpyI-
noit xiereit. PesynbTaThl MccaeqoBaHU TTOKa3aju,
YTO KOHEYHOM 1ieIeBOM (PYHKIIMENH yrpaBIeHUsT MeX-
KJIETBEBBIMU YCUJIMSIMUA B YEPHOBOM TPYIIIE KIIETEH
SIBJISIETCSI MUHUMM3ALUS pa3dpoca pa3MepoB MpoKaTa
Ha BbIXOJE YePHOBOM IPYIINbI KJieTeil. AKTUBHOE pery-
JIMpOBaHME HATSKEHUsI TpoKaTta sl CTabUJIM3auuu
MoTepeyHbIX pa3MepoB MpoKaTa Ha BbIXOJE YEPHOBOM
IPYINbl  pallMOHAIbHO OCYIIECTBISATh IyTEM IIpO-
IPAMMHOTO PEryJIMpOBaHUSI CKOPOCTHOTO pexXuma
MPOKATKU B MEPBOM MEXKJIETHEBOM MPOMEXYTKE UM~
CTOBOW TPYIIIIBI KJIETEH.

Hayynaa HoBM3HA. 3aK/II04aeTCs B YCTAHOBICHUM
0o0IIMX 3aKOHOMEPHOCTEH, obOecIieunBalouX UICH-
TUDUKALINIO MEXKJIETbEBBIX YCUINMA 10 U3MEHEHUIO
BBIXOJTHOTO CUTHAJIa peryjsiTopa mporuoda,/meTiu npo-
Kara.

IIpakTHyeckas 3HAYUMOCTb. 3aKJIIOUAETCSI B TOM,
YTO OpraHM3alMs YIpaBIEeHUS MEXKIETbeBbIMU YCU-
JIUSIMU B YEPHOBOI TpyIIIe MO MOJYyYEHHbIM 3aBUCH-
MOCTSIM TO3BOJISIET CTaOWJIM3UPOBATh MOIEpPEeYHbIE
pa3Mepbl MpoKaTa B YUMCTOBOM TpymIie KJIETeN.

KiioueBblie ciioBa: medckiemovesvie ycuaus, peeyns-
mop, npoKamKa, Hamsijucerue
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