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Purpose. The development of methods and algorithms of identifying rig manufacturing operations to ensure the
optimal control algorithm of the process of deepening the well automatically.

Methodology. The problem of identifying the technical operations of a drilling rig is formulated as the problem of
pattern recognition. The Hamming neural network method was used to solve this problem.

Findings. An analysis of the basic technological operations of a rig was conducted and the methods and algorithms
for solving the problem of recognition rig manufacturing operations were developed. This will provide monitoring the
sequence of technological operations of mechanical drilling, held by an operator, and automatic determining of the
length of round-lifting operations for the current voyage, which in its turn will enable the implementation of the algo-
rithm of the optimal control of the process of deepening the well automatically. A new approach for determining the
start and duration of technological operations of the rig during the deepening hole was suggested on the basis of arti-
ficial neural networks. Analysis of artificial neural networks showed that for the problem of recognition of rig manu-
facturing operations the Hamming network should be used. The architecture and the algorithm of the performance
of such artificial neural network were developed.

Originality. The method for recognition operations of rig using Hamming network has been suggested for the first
time, allowing us to determine the duration of the round-lifting operations for the performance in real time auto-
matically and to develop an efficient algorithm for optimal control of the process of deepening wells.

Practical value. Algorithms and software were developed to solve the problem of recognition of rig manufacturing
operations, which provide the monitoring process of the sequence of manufacturing operations to deepen the well,
which is held by an operator, and automatically determine the duration of launching gear operations for the current
haul cycle in order to implement the algorithm of optimal control process of deepening the well automatically. Soft-
ware, developed on the basis of the suggested method and algorithm, was integrated into complex SKUB-M2. This
complex was a part of the rig during drilling of the well number 5 of Vasyshchivskyi gas condensate field, which made
it possible to determine the efficiency and effectiveness of the developed methods and algorithms. The suggested
method and algorithm of identification the process operation of the drilling rig can also be integrated into other con-
trol systems and automatic process control to deepen the well.

Keywords: drilling rig, recognition of patterns, neural network

Introduction. Mining holes are built for getting oil
and gas. The basic processes of building mining holes
are the drilling and fastening.

Building of mining holes includes a number of pro-
cesses that are performed in a certain sequence [1] — it is
construction of ground facilities; driving of barrel of
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mining hole; disconnection of layers; exploration of
mining hole and handing it over in exploitation.
Hole-making is possible during realization of two
parallel operations — deepening of coalface of mining-
hole by means of rock cutting tools which carries out
circulating motion, and cleaning of coalface from rocks.
Disconnection of layers is performed by successive
implementation of two operations — fixing of walls of
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barrel of mining hole by casing pipes that form a casing
column, and pressurizing of hole space.

A basic process when building a mining hole is the
mechanical drilling, that is performed by implementa-
tion of such sequence of operations, despite the method
of destruction of mountain breeds [1]:

- lowering of boring pipes with a rock cutting tools;

- destruction of rock at the coalface of a mining hole;

- lifting a column of boring pipes for replacement of
threadbare chisel;

- fastening of mining hole by casing pipes and dis-
perse grouting.

Analysis of the recent research. The existing technical
equipment of control and management of the drilling
process (SCUB-M1, SCUB-M2, “Geostat-5”, “Leu-
za-17, “Leuza-2”, “Autolrack”, and others) provides
only control of basic technological parameters and in-
dexes of a drilling process, but they do not solve the is-
sue of processing technological information regarding
corresponding algorithms [2, 3]. Partly this task was
considered in works [2, 4]. Apart from realization of op-
timal algorithms of the drilling process, the major ques-
tion of upgrading works in well-drilling is reduction of
the number of complications and prevention of acci-
dents by means of using modern control methods.
Therefore, development of CAS of authentication of
technological operations of wellsite is topical for today.

A number of scientists [1, 3, 4] offer formalized
methods for recognition of technological operations of
building a mining hole, prognostication of the crackpot
modes and emergency situations. But in general the task
of automatic authentication of operations of the boring
setting and determination of the moment of their com-
pletion remains unsolved.

Presentation of the main research. Optimization of
the process of deepening a mining hole is performed
mostly according to minimum-cost criterion for meter
of driving of a mining hole

_ c,(t; +1tp0)+d
ht,)

where ¢, is a cost of one hour of labour of the boring set-
ting; ¢, is duration of each drilling cycle; 7z, is duration
of round-lifting operations (RLO); d is a cost of rock
cutting tools; a(z,) is headway per drill bit for a cycle.

Since a process of the drilling includes a certain
number of operations that are realized in a certain se-
quence, an optimal management using a criterion (1)
suggests that the task of determination of optimal ac-
tions of management must be started at a certain mo-
ment of time that corresponds to the beginning of the
technological operation, — mechanical drilling. Dura-
tion of RLO in every cycle is determined by the expendi-
ture of time on such technological operations as lower-
ing and raising a column of boring pipes, increasing a
column, replacing a chisel, circulation and washing of a
mining hole [5, 6].

At the synthesis of an optimal control system for the
process of deepening a mining hole it is necessary to pro-
vide an automatic mode of input of values #z;, and start
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of a task of optimization at the moment that must be syn-
chronized with the beginning of the mechanical drilling.

Interaction of algorithm of building a mining hole
[2, 5, 6] with the algorithm of optimal process control of
the mechanical drilling is shown in Fig. 1.

Technological parameters that are controlled in the
process of implementation of basic technological opera-
tions of the boring setting in the process of deepening a
mining hole are presented in Table 1.

To determine the duration of RLO we will take the
moment of raising a chisel for its replacement as the ini-
tial account of time, and the moment of completion of
RLO will coincide with the moment of completion of
elaboration process of a chisel. We should add some
time for increasing the length of a column of boring

(1)

pipes to the value #;, that we have just calculated. If
the number of such increases is #, then

n
!
tz0 =100 +ztin,i +1, ()
il

where 1, ; stands for time spent on the increase of col-
umn of boring pipes on every candle; #.is time spent on
circulation and washing of a mining hole.

Every state of the boring setting is characterized by a
certain set of technological parameters. At the same

Beginning

Replacement
tro of a chisel

Algorithm of L g of
optimization of the owering of a

mechanical drilling column
process

v

_| Parameters of a Mechanical |
drilling process boring drilling |~ M

Algorithm of
authentication

A4 Driving the length
Algorithm of
detection of
layers’ edges

of drill pipe Increasing

Abrupt change o
properties of mountain
breeds

yes

no

Is the chisel old?

v

Algorithm of detection
of the state of a chisel

Lowering of casing
pipes; cementation;
research

End

Fig. 1. Flow-chart of algorithm of building a mining hole
and its interaction with the algorithm of optimal tech-
nological process control of the drilling
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Table 1

Major technological operations of boring setting
and controlled settings

Technolqgical The controlled technological parameters
operation
Deepening of | axial load on a chisel
wells frequency of rotation of a rotor
a circulating moment on a rotor
consumption of drilling solution
load on the hook
the position of a hoist block
pressure in the line of pumping drilling
solution
Elaboration | axial load on a chisel
ofa chisel frequency of rotation of a rotor
a circulating moment on a rotor
load on the hook
pressure in the line of pumping drilling
solution
the position of a hoist block
Circulation load on the hook
?:flg X?i]:rlgg consumption of drilling solution
hole pressure in the line of pumping drilling
solution
the position of a hoist block
Increase load on the hook
a circulating moment on a rotor
the position of a hoist block
frequency of rotation of a rotor
Lifting a load on the hook
column a circulating moment on a rotor
the position of a hoist block

time there is no necessity to know their absolute values
in physical units, it is enough to establish the fact of their
presence, in other words the controlled parameters must
be within certain limits that are predefined by techno-
logical regulation.

The process of forming of signals, that will be fea-
tures in the task of recognition of operations of the bor-
ing setting, is shown in Fig. 2. In the case when a tech-
nological parameter that characterizes a corresponding
technological operation is in the set norm, then it is as-
signed a value “unit”, otherwise — “zero”.

The task of authentication of operations of the bor-
ing setting will be set forth as a task of recognition of
images.

Measuring Threshold

Output (1/0)
function —>

value

Fig. 2. The formation features
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Every technological operation of the boring setting
(Table 2) will be an image. A set of technological opera-
tions of the boring setting forms space of images. If ® is
a particular image, then o € Q. An appropriate ordinal
number 1, 2, ..., m, will be assigned to every image (the
technological operation), so that M ={1, 2, ..., P} isa set
of numbers of classes Q;, ,,..., Qp. Every image is
characterized by the set of features that form the vector

X :(xl,xz,...,xn )T in space of features; components of
that vector are sequences of zeros and units [7, 8].

As physical parameters that characterize some state
of the boring setting are positive sizes, then forming of
features occurred in the following way

xi = Slgn(pl(t))> l = lans
where p(f) = P(f) — Pyax.is P(?), Pyay ; are current and
minimum values of the technological parameter;
1 when pi(t) >0

sign(7(0) = 0 when p,(t)=0.

If value p,(?)is taken into account, then
1 when P(t)> P,

0  when E(t)— P

~ “ min,i

sign (p,(1)) = 3)

It is now possible to form the task of recognition of
images in relation to authentication of technological op-
erations of the boring setting.

We will form space of images Q from classes Q,
(deepening of a mining hole), Q, (elaboration of a chis-
el), Q; (increase), Q, (circulation and washing of min-
ing hole) and Q; (lifting a column).

Every class is characterized by the vector X, whose
components take on binary values of “0” or “1”.

It is obvious that every class contains one image that
is determined by a concrete technological operation that
is shown in Table 2.

A task lies in attributing an object to one of five classes
after producing the vector X . To solve this task, it is expe-
dient to take advantage of the neural network technology.

As components of the vector X take on only discrete
values 0 (—1) or 1, then in such cases the effective deci-
sion of task of authentication of technological opera-
tions of the boring setting is reached using artificial neu-
ral networks (ANN) of Hopfield or Hamming [8].

Architecture of the network of Hopfield [9] is shown
in Fig. 3.

P is a number of images that acts at the network in-

— T
put,eachofthatispresentedbyvectors x = (xI 3 Xy .,xn)

with components that have binary values “—1” or “1”.
In the case when the components of a vector take on
a value of “0” or “1” they are enumerated so that the
value “0” transforms in “—~1”. Such recalculation is per-
formed according to the following formula
X, =2x; 1. 4)

1
The particular image Q;, i =1, P is characterized by
the vector of input signals X”). When at the network
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Table 2
Major technological operations of the boring setting
Technological parameters
Q S > — & § =
. . = » B 2 2| 225 =3 |S5352| 3¢
Technological operation s 8 £ = g E 2 s E3 =R SESm 5
of the boring setting Load on T = 5 =25 o 22 g7 g3 & £ 50
thehook | & £ 2e | £E2E | 258 | 28 |Za3E| &5
55 S g S B o= &85 |Z2E% 22
g5 < £ < = | £ E2F [ SET S| KEE
2 g 5 = e ©5z20° 2
Deepening of wells 1 1 1 0 1 1 1 1
Elaboration of a chisel 1 1 1 0 1 1 0 1
Increase 1 1 0 1 0 1
Circulation and washing of a 1 0 1 1 1 0
mining hole
Lifting a column 1 0 0 1 0 1 0 0

input of Hopfield vector value X'” is given, then at its
exit the vector of output signals will be formed, that will

coincide with X, in other words ¥ =X, where

T
f:(yl,yz,...,yn) .

There are three stages [8, 9] of functioning of net-
work — initialising, representation of the image at the
network input and calculation of operations of neurons.

The weigh coefficients of W matrix (Fig. 3) are cal-
culated at the stage of initialising using such formulas

XIX, i#)
w={”. . 5)
0, i=j

T
where )?,-=(x,.(1),x§2’,...,xl.(”),...,xi“’)) ; ;?j:(xy),xj?),
T
X x(E )) ; xP, xi are corresponding com-

ponents of the vector X?.

This stage is supposed to be examined as training of
a network after which it is able to distinguish images cor-
rectly.

The preset of components of output signals comes
true at the second stage by representation of incoming
image

7(0)=X.

conditions 1\ J
Symmetric linear saturated layer

Fig. 3. Architecture of the network of Hopfield
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At the third stage the consecutive states of neurons
are determined

Z(k)=Wylk-1)+Xx,
which allows calculating the value of the output signals
vk = £,z k), i=1n, (6)
where f,(z{k + 1)) is neuron activation function (Fig. 4);
Lo if g(k)>1
y®=f&E)=10, i z(k)<-1.
y;(k) in other cases

(7

The network of Hopfield does not use training with a
teacher or training without a teacher [8, 9]. The calcula-
tion of weight coefficients using a formula (5) is per-
formed only before the beginning of functioning of net-
work on the basis of a priori information, which is pos-
sible to consider as help to the teacher. On the other
hand, a network simply memorizes images and it cannot
change the behavior after the real data act at its entrance.
Therefore it is impossible to state that there is a feed-
back with a teacher.

Thus, if incoming values change, the output signals
of the network are calculated according to formulas (6)
and (7), after which the state of object is determined; if
the values do not change — the work of the network is
completed and the network is in a steady state.

There are cases, when the network of Hopfield is not
able to carry out recognition and non-existent image

(k)

+1
-1 0

i7—Z(k)

-1

Fig. 4. Neuron activation function
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can appear on an exit. The number of images that the
network of Hopfield is capable of memorizing must not
exceed 1.5x [9]. If some images A and B hardly differ
from each other, the representation of the image 4 may
result in the output image B and vice versa.

When there is no need for a network to give out an
image in an obvious way, then it is possible to apply the
network of Hamming [9], which is characterized by few-
er expenses on memory and a smaller volume of calcula-
tions comparing to the network of Hopfield.

Hamming network consists of two layers (Fig. 5).

The first layer is a network of direct distribution, at
the output of which such signal is formed

S=WXx+b, ®)

where Wis matrix of elements
x"
oE ©)

where x} is an element of a corresponding image J,

i=1n; j=1,M; nis dimension of the vector x; M is a
number of the stored images in the memory of the net-

work; b is a vector that has identical components, the
number of which is n

(10)

Thus, every component of vector § is calculated ac-
cording to

[,
— i
s, = 5 Z(xjxj +n) .
=1

As well as in the network of Hopfield, in the network
of Hamming vectors X/ and X take on a value of “~1”
or “+17.

In case when the components of vector coincide

Si =n.

In case of difference between the components of vec-
tors X/ and X the number of their non-coincidences
equals 4, that is Hamming distance between vectors X’
and X. In this case

s;=n—hs;=n-h.

Ifh=0, then vectors X’ and X completely coincide.

f,(s(k+1)
networks

L RN J
The first layer The second layer

Fig. 5. Architecture of Hamming network
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The output signal of the first layer acts at the entrance
of the second layer, that consists of a block of calculation of
the vector S(k +1) , of function of activating (Fig. 6) and an
element of delay D (Fig. 5). The value of threshold F (Fig.
6) must be large enough [9] in order to avoid a satiation.
Such a signal acts at the entrance of element of activating

5(k+1)=W3(k), (11)
1 -& —¢ —€

where W, = _8 1 _8 _8 ; 8<%, and such a
- —¢ —g - 1

signal is formed at its output [9]
Yilk + 1) =f,(s(k + 1)),

where
yk+)=F, ifs(k+)>F
L(s(k+1) =1y (k+1), if0<s(k+1)<F. (12)
0, if 5;,(k+1)<0

The fact that the value s does not take part in fur-
ther recurrent procedure of calculation of Y(k) is repre-
sented by the dotted arrow in the Fig. 5. The value s
serves as an initial condition in recurrent procedure of
calculation of y(k).

After signal y(k+1) passes a delay line D at the out-

put of the network we obtain )7(k) .

Thus, a signal that appeared at the output of a net-
work after a certain number of iterations determines the
number of the stored image.

The program that realizes the network of Hamming
is written using the algorithmic language of MatLab. The
main program feature is that a value “1” appears at one
of the outputs of neuron, which determines the number
of the stored image, while — “0” appears at others. For
that a threshold function is used with a “sign” type

_{1 when y, >0

= , 13
0 wheny, <0 (13)

i

where Y;, i=1,m.

A capacity and efficiency of the worked out algorithm
was checked up by the imitation of operations of the bor-
ing setting. According to Table 2 such matrix was formed:

2y (k)

" (k)

Fig. 6. Function of activating of a neuron of Hamming
network
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% Technical operations of the boring setting

X=[11101111;... % Deepening mining holes

11101101;... % Elaboration of chisels
10010101;... % Increase
10001110;... % Circulation and washing
10010100]; % Lifting the columns.

We got another matrix after the recalculation of ele-
ments of the matrix X using a formula (4)

1 1 1 -1 11 1 1
1 1 1 -1 11 -1 1
X=1-1-1 1-11 -1 1|
1 -1 -1 -1 11 1 -1
1 -1 -1 1 -1 1 -1 -1

whose lines are images-standards. Weight coefficients &

0.5 L. .
are chosen as follows: € =——, where » is dimension of
n

vectors of standards X; =x.., i=1,m(m=4), where

x! is a corresponding line of the matrix X.

Vectors X, =x1, i=1,m were represented at the in-
put of the network alternately. The result of the network
Hamming was

7=(326 0 0 0 0); 7=(0 330 0 0 0);
7=(0 0329 0 0)'; 7=(0 0 0 480 0);
7=(0 0 0 0 326)".

We received such vectors after applying the threshold
function (13)

F=(1 000 0); %=0100 0;
7,=(0 010 0); 7=(0 0 0 10);
=0 0 0 0 1),

The network of Hamming puts a particular techno-
logical operation that is presented on the screen of an
operator in accordance to every vector.

If, for example, we give a vector

X = [1 110111 IJ, that answers to the tech-
nological operation of the drilling at the input of Ham-
ming network, then the following information will ap-
pear on monitoring of an operator:

CURRENT TECHNOLOGIC OPERATION
Deepening of mining hole.

Thus, the Hamming network faultlessly recognized
unknown images according to images-standards.

It should be noted that provided the same capacity
the Hamming network contains fewer connections be-
tween neurons than the network of Hopfield. In the net-
work of Hopfield dependence between the number of
neurons and number of connections is quadratic, and in
the network of Hamming it is linear [8, 9].
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Conclusions.

1. Major states of the boring setting were worked out
on the basis of the analysis of the process of construction
of deep wells for oil and gas as well as the algorithm of
technological processes of the drilling with the algorithm
of optimal process control of mining hole deepening.

2. The method of authentication of operations of the
boring setting was worked out. It is based on information
about the technological parameters of a process of
building of mining hole. An image of a corresponding
process of the drilling is formed by means of threshold
function as a binary signal that characterizes the certain
state of the boring setting.

3. It is suggested to use artificial neural networks for
authentication of operations of the boring setting. It is
shown that the usage of the artificial neural networks of
Hopfield or Hamming is extremely expedient for the
task of recognition of operations of the boring setting.

4. Analyses of Hopfield or Hamming networks show
that it is expedient to use the network of Hamming for the
task of recognition of operations of the boring setting pro-
vided there is no need to get an image in an obvious way.
The architecture of this network has been developed, and is
given in the terms of matrix-vector sizes, and the algorithm
of functioning of the network has been developed as well.
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Merta. Po3poOka MeToy Ii airOpuTMYy ifeHTUdiKa-

11i1 TEXHOJIOTIYHMX Orlepalliii 6ypoBOi YCTAaHOBKM 3 Me-
TOO 3a0e3I1eYeHHsI pOOOTU aJArOPUTMY OIITUMAaJIbHOTO
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KepyBaHHSI TIPOIIECOM IIOTNIMOJICHHSI CBEpIJIOBUHM B
ABTOMATHYHOMY PEXKHMI.

Mertomuka. 3amauy igeHTU(dIKaIil TeXHOJOTIYHNX
orepalliit 0ypoBoi ycTaHOBKU C(HOPMYJIIOEMO SIK 3a1a-
4y po3Ili3HaBaHHs 00pa3iB. [Jis1 po3B’si3aHHS JaHOi1 3a-
Jadi BUKOPUCTaHO METO[I IITyYHOI HEMPOHHOI Mepexi
XeMMiHra.

Pe3syabratu. I[IpoBeneHo aHaji3 OCHOBHMX TEXHO-
JIOTIYHUMX ormepallii 0ypoBOi YCTAHOBKM i po3pobJieHi
METOJ Ta aJlTOPUTM PO3B’SI3aHHS 3a[adi po3Mi3HaBaH-
HSI TEXHOJIOTIYHUX omepalliii 0ypoBOi YyCTAaHOBKU, 11O
JNanyTh MOXJIUBICTh 3a0€3ME€YUTH MOHITOPUHT Olepa-
TOPOM TIOCJIiIOBHOCTI TEXHOJIOTIYHUX omepalliil mexa-
HIYHOTO OypiHHS, a TAKOX aBTOMAaTUYHE BU3HAYCHHS
TPUBAJIOCTI CITyCKO-IiAiiMaJIbHUX Oomepauiil aisl mo-
TOYHOTO peiicy. Lle nacTb MOXJIUBICTh peajizyBaTu po-
00Ty aJITOPUTM OINTUMAJILHOIO KEPyBaHHSI IPOLIECOM
MOMIUOJIEHHS! CBEPIJIOBUHU B aBTOMATUYHOMY PEXU-
Mi. 3ampornoHOBaHO HOBWU MinXiA MJisi BU3HAYEHHSI
MoYaTKy i TpUBAJIOCTi TEXHOJIOTIYHUX Orepalliii 0ypo-
BO1 YCTAHOBKM y MPOLECi MOMIMOJEHHS CBEPAJTOBUHMU.
AHaJTi3 IITYyYHUX HEHpOHax Mepex IoKa3as, IO IS
3a/1a4i po3Mi3HaBaHHS TEXHOJIOTIUHUX OMepaliii 0ypo-
BOi YCTAaHOBKU IOIIIFHO BHKOPHCTOBYBATH MEPEKY
Xemminra. Po3pobGieHa ii apxiTekTypa Ta ajJropuTMm
(yHKITIOHYBAaHHS TaHOI Mepexi.

HaykoBa HoBU3HA. YTiepilie 3alIpONOHOBAHO METO/,
po3Mi3HaBaHHSI TEXHOJIOTIYHUX oIepaliili  0ypoBoi
YCTAaHOBKHU i3 3aCTOCYBaHHSIM Mepexi XeMMiHra, 110
JIaJI0 3MOTY B aBTOMaTUYHOMY PEXKUMi BU3SHAYATU TPH-
BaJIiCTh CIYCKO-MiIHIMaIbHUX ONepalliii As1 3a0e3re-
YeHHsI poOOTH B peajlbHOMY pexXMMi yacy il po3poouTu
e(eKTUBHUII aJITOPUTM ONTUMAJIBHOTO KepyBaHHS
MPOLIECOM MOTIMOJICHHS CBEPIAJTOBUHU.

IIpakTyna 3HaumMmicTh. Po3pobreHi anroput™m i
TporpaMHe 3a0e3MeYeHHS 1T PO3B’sI3aHHS 3a1adi po3-
Mmi3HaBaHHSI TEXHOJIOTIUHMX oOIepalliii OypoBoi ycTa-
HOBKH, 110 320€3TeUyI0Th MOHITOPUHT OIIepaTOPOM I10-
CJIIIOBHOCTI TEXHOJIOTIYHUX oOmepaliii MoranbaeHHs
CBEPIJIOBMHMU, a TAKOXX aBTOMaTUYHE BU3HAYCHHS TPU-
BaJIOCTi CITYCKO-TiIHIMAJIbHUX OTepalliii 1Jisi TOTOYHO-
ro peficy, 3 MeTOI0 peajisalii poOOTH B aBTOMAaTUYHOMY
peXUMi aITOPUTMY ONTUMAJILHOTO KEPYBaHHS TpOLie-
COM noraubaeHHs1 cBepaioBuHU. [IporpamHe 3abe3rne-
YEHHS, po3p00JIeHe HAa OCHOBI 3aITPONTIOHOBAHOTO METO-
Iy Ta aJITOPUTMY, iHTerpoBaHO B KoMmIuiekc CKYb-M2.
HaHuii KoMIUIeKC OyB CKJIaJOBOIO YaCTUHOKO OypoBOI1
YCTaHOBKM TIpu OypiHHiI cBepioBuHU Ne 5 Bacumiis-
CHKOTO Ta30KOHICHCATHOTO POIOBHIIIA, IIIO JAJI0 3MOTY
BU3HAYMTH IIPALIE3NATHICTD i e(PeKTUBHICTH pO3po0dJIe-
HUX METOMy Ta aJrOpuTMy. 3allpOIIOHOBAHMIT METOI i
aJITOPUTM PO3Mi3HABaHHS TEXHOJIOTIYHMX olepallii 0y-
POBOI YCTAHOBKM MOXe OYTH iHTErpOBaHWII TaKOX i B
iHIIIi CUCTEeMU KOHTPOJIIO Ta aBTOMAaTUYHOIO yIIpaBJIiH-
HSI TTPOLIECOM TOTTIUOIEHHS CBEPIUIOBUHU.

KmouoBi cioBa: 6yposa ycmanoska, po3niznasanHs
00pasie, HElUPOHHA Mepedica

Iens. Pa3zpaboTka MeToga M anaroputrMa UAECHTU-

(pVKaLMM TeXHOJIOTMYECKUX OIepalnii OypoBOIi ycTa-
HOBKU C IIeJIbI0 0OecIeueH!sI paboThl aJlTOPUTMA OTI-
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TUMaJILHOTO VIIPABJICHUS TIPOIIECCOM YIIIyOJICHMS
CKBaXXMHBI B aBTOMAaTUICCKOM PEKUME.

Meroauka. 3amaqy MaeHTU(PUKALNY TEXHOJIOTHYE-
CKMX oIlepalliii OypoBOil YCTAHOBKU C(HOPMYIUPYEM
Kak 3amady pacro3HaBaHUs oOpa3oB. s pereHus
MIAHHOM 3a1a4u KCIOJb30BAH METOJ VCKYCCTBEHHOU
HEeWpOHHOI ceTh XeMMUHTA.

Pesyabratsl. [IpoBeneH aHaaIM3 OCHOBHBIX TEXHOJIO-
TMYECKUX orepaluy OypoBOil yCTaHOBKU U pa3padboTa-
HBI METOJT ¥ AJITOPUTM PEIIeHUsI 331a91 PacIIO3HABaHUsI
TEXHOJIOTUYECKUX OMepaluil 6ypoBoOil YCTAHOBKU, UYTO
ITO3BOJIUT 00CCIICUNTh MOHUTOPUHT OIIePaTOPOM ITOCTIC-
TIOBATEJILHOCTH TEXHOJIOTUIECKIX OITepaIiiii MeXaHJe-
CKOTO OYpeHMsI, a TaKXKe aBTOMATHUYCCKOE OIpeIeICHIe
MIPOIOJIKUTEILHOCTH  CITyCKO-TTOMBEMHBIX — OIepalruii
JUISL TEKYILEro peiica. DTo AacT BO3MOXHOCTb pean30-
BaTh pabOTy AJITOPUTM ONITUMAIBHOTO YIIPABJIECHUS ITPO-
11CCOM YIIIyOJIEHUMSI CKBaXKMHbBI B aBTOMaTUYECKOM pe-
xume. [lpenoxkeH HOBBIM TOAXON IJIsSI OMpeaeeHUs
Havaja ¥ MPOIODKUTETbHOCTU TEXHOJOTMUECKUX OTle-
panuii OypoBOIi YCTAaHOBKM B TIpOLieCCe YIITYOJIeHMS
CKBaKWHBI. AHAJIN3 MCKYCCTBEHHBIX HEMPOHHBIX CeTeit
TI0Ka3aJl, YTo JUTS 33/1a4M PACTIO3HABAHUSI TEXHOJIOTUYE-
CKUX OTlepalvii 0ypoBOil YCTAHOBKH LEJIECOOOPA3HO MC-
TTOJTH30BaTh CeTh XeMMUHTa. Pa3paboTaHa ee apXUTEeKTy-
pa u anroput™ (yHKITMOHUPOBAHUS TAHHOI CEeTH.

Hayuynas wnoBu3Ha. BriepBble NpeiioXeH MeToJ
pacrno3HaBaHUs TEXHOJOTMYECKUX orepaluii 0ypoBoit
YCTaHOBKHU C TIPMMEHEHUEM CeTU XEeMMUHTa, 4TO T10-
3BOJIMJIO B aBTOMATUYECKOM PEXUME OMPENeIsITh TPO-
TIOJKUTEJIbHOCTh CITYCKO-TIOMBbEMHBIX ONepauuil s
obecreyeHus1 paboThl B pealbHOM PeXXUMe BPEMEHU U
pa3paboraTh 3(pHEKTUBHBIN aITOPUTM ONTUMAILHOTO
yIpaBJIEHUSI TIPOIIECCOM YTITyOJIeHUSI CKBaXKHBI.

IlpakTuyeckas 3HaumMocTb. Pa3paboTaHbl aro-
PUTM U TIpOTpaMMHOE OOecTicUeHUe IIJIsT PeIIeHUs 3a-
JTAYU pacITo3HABaHUS TEXHOJIOTMIECKIX OTICpallnii Oy-
pPOBOIT YCTaHOBKHM, OOCCIIEYMBAIOIINX MOHHUTOPUHT
OIlepaToOpoOM IIOCJICIOBATEILHOCT TEXHOJIOTUICCKIX
orepanuii yriayoJeHus CKBaXXUHBI, a TAKXXe aBTOMATH-
YEeCKOe OMpeneieHne MPOIOJIKUTEIbHOCTU CITYCKO-
MOIBEMHBIX OIEPALIMA JISI TEKYILIETO perica, ¢ LEIbIO
peaausalyy paboThl B aBTOMaTUYECKOM PEKMMeE ajiro-
pUTMa ONTUMAJbHOIO YIPaBJIEHUs MPOLIECCOM YITTy-
OneHue cKBaxkuHBI. [IporpamMmMHoe obecrnieueHue, pas-
paboTaHHOE Ha OCHOBE MPEIIOKEHHOTO METOIA U ajl-
roput™ma, uHTerpupoBaHo B kKomiuiekc CKYbB-M2.
JlaHHBIA KOMIUIEKC OBbLT YacCTblO OYpOBOW YCTAaHOBKU
mpu OypeHN’ cKBaXXHBI Ne 5 BacHimeBcKoro ra3oKoH-
JMIEHCATHOTO MECTOPOXKACHUSI, YTO TTO3BOJIMIIO OIperie-
JINTH PAabOTOCTIOCOOHOCTD M 3(P(PEKTUBHOCTD pa3pado-
TaHHOTO MeToAa U anroputma. [IpennoxkeHHbIE MEeTON
1 QJITOPUTM PacTiO3HABaHUSI TEXHOJOIMUECKUX Orepa-
1M1 OypOBOI YCTAaHOBKU MOTIYT ObITh MHTETPHUPOBAHbI
TakXe U B IPYrue CUCTEMBI KOHTPOJIS U aBTOMaTHhye-
CKOTO yIpaBJIeHHsI TIPOLIECCOM YITyOIeHUST CKBaXKMHBI.

KimoueBble coBa: 6yposas ycmaHnoska, pacno3Hasa-
HUSA 00pA308, HEIPOHHASL CeMmb
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