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THE BASIC PRINCIPLES OF THE INTEGRATED MANAGEMENT OF THE
PROCESS OF ASSEMBLY AND THREADING

The subject matter of this article is the issues related to the integrated management of assembling operations of fastening and
threading elements at all stages of their implementation. The goal is to develop the generalized structure of the data management
system of the process of assembly and threading. The objectives are: to justify the principles of managing the assembly and threading
process at each stage of the assembly to improve the efficiency of these operations, to study the power, accuracy and performance
characteristics of the connections and to draw the conclusion that suggested the theory of assembly management is efficient. The
following results are obtained. The article presents the analytical dependencies of the force indexes of threading in the course of the
package and sheet assembly, including the tightening force while joining; the assembly of a multilayered package of dissimilar sheet
materials was analyzed. On the basis of the theoretical analysis, the dependences of the power indices of threading during the package
and sheet assembly were determined. The assembly of the package of sheet materials was investigated, including a multilayered
package of dissimilar materials of a “metal-plastic” type. Conclusions. The process of assembling threaded joints with the use of
management principles was used; these principles enable increasing the efficiency of the assembly process, reducing the complexity
of the basic operations, and improving the quality of the joints obtained. The use adaptive control of the screwing speed on the main
threading transitions is suggested for reducing the torque. The technology of making threaded joints with given properties is
developed, the main ways of increasing the efficiency of assembly and threading processes are determined on the basis of the

integrated control system for the assembly process.
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Introduction

In the process of assembling threaded joints, modern
high-performance equipment, automation and
intensification means, systems of monitoring the
parameters of assembly operations and the resulting
connections are widely used.

However, despite the advance in the development of
thread-assembling technologies, the labour intensity of the
basic operations of assembling threaded parts still remains
within  35-40%. The efficiency of technologies is
determined by the total technical effect obtained from
their implementation. With regard to the assembly of
threaded connections, the efficiency is determined by the
indices:

- productivity and cost-efficient performance of
coupling operations;

- labour intensity;

- the quality of the joints obtained,;

One direction for improving these indices is
introducing the assembly and threading processes based
on the use of thread fasteners in the product designs.

The analysis of literary sources and problem setting

A thorough study of fasteners with thread and
profile sections is based on the positive indicators of their
installation and the qualitative characteristics of the joints
obtained. The variety of fastening and threading parts is
constantly being improved and enhanced. Combining the
processes of threading, coupling and tightening the joints
in one transition, such details make it possible to provide
high strength, stopping and maintainability rates in
threaded pairs [1, 4.].

Threading studs, screws and bolts, bushings, pins
and other elements are manufactured in according to the
state and industry standards, technical conditions, and also
in accordance with the catalogues of leading firms and
corporations [2, 8]. The control over the issues of their

production, assembly technologies, resource tests of
joints, their quality characteristics and the development of
promising designs of parts is carried out by leading
research and production organizations.

The utilization of fasteners according to the branches
of industry is as follows:

- vehicle manufacturing industry — 42%,

- aerospace industry — 14.3%,

- others — 43.7%.

The assortment of fasteners is as follows:

- male thread— 40%,

- fasteners for aerospace industry — 21%,

- plain — 13%,

- female thread— 11%,

- other shaped — 9%,

- non-standard — 6%.

The assortment of threading fasteners is being
constantly enlarged.

The most widely used fasteners are self-tapping and
self-rolling screws, studs, threaded bushings. These
fastening elements are widely used in machine building,
vehicle manufacturing industry, aircraft building,
electrical engineering, instrument making, building and
other industries.

The analysis of situations shows that not only the
process should be managed, but the entire complex
including the stages of production preparation, preparatory
stages: feeding, orientating and engaging.

The development of the technology of the assembly
process includes the preparatory, synthetic, analytical and
final stages [10]. With regard to the assembly and
threading processes, this procedure can be represented as
the following structure:

- the preparatory technological stage (data support,
analysis and decision making, analytics, final stages);

- the preparatory design stage (design drafting for
tooling auxiliary equipment, production of tooling,
installation, settings and adjustments, test operations,
troubleshooting);
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- the stage of assembly (parts loading and installing,
coupling transitions, removing parts and units);

- post-assembly stage (connection supervision,
testing pilot batch, the analysis of rejected parts, the
adjustment of tooling and control systems, the efficiency
analysis and technical and economic assessment).

The goal and objectives of the study

The goal of this study is to develop the generalized
structure of the assembly and threading process by the
data management system. Proceeding from the goal of the
study, the following tasks should be solved:

1. the principles of managing the assembly and
threading process at each stage of the assembly should be
justified to improve the efficiency of these operations.

2. the power, accuracy and performance
characteristics of joints should be studied and the
conclusion about the efficiency of the suggested theory of
assembly management should be made.

The main material of the study

The process of forming joints with thread parts
involves a finite set of parameters whose properties must
be taken into account when carrying out experimental
studies.

The main indices of the process of assembly and the
joints obtained are formed at the following stages:

1. Informational and analytical.

2. Designed (synthetic).

3. Preparatory.

4. Assembly.

Table 1. The stages of control parameters development

The correct choice of the joint type, fastening
element, tightening method, assembly modes, and other
parameters detected at the first stage enable establishing
the specific pack of designed parameters included in the
initial data map of the "Tools-Screw" system that is used
in the second stage of the technological preparation of
production.

At the preparatory stage, the design elements of the
technological system of the screwing machine are
developed, which is:

- technological tools (cartridges, devices, loading
and feeding devices);

- the conditions for the implementation of the main
stages of the assembly (orientation conditions, engaging
efforts, the radial rigidity of the tools, the assembly speed
control law and so on);

and the choice of assembly equipment is justified.

At the last stage, the following indices should be
ensured [9]:

- the reliability of parts coupling;

- the energy efficiency of the process;

- the high productivity of tools;

- qualitative parameters of the obtained joints.

Taking into account the heterogeneity and different
physical nature of these indices, a complex quality
indicator is suggested that is developed as the function:

S=1f My;N;Vin — min (D)

where N is the energy intensity of the process of assembly,
Wt/s; V is the speed of crewing, m/s, m/c; n is the
coefficient of the thread completeness [105].

The optimal area of function (1) can be ensured by
developing certain levels of control parameters that are
presented in table 1.

Assembly stages
No. Control parameters Designation
1 2 3 4
1 Allowance S ¥ T
2 Screwing speed vV n T "
3 Coupling length zP +
4 Bevel lead angle ¢ + ¥
5 Thread pitch and diameter P, d + +
6 Core hardness HB, ¥ "
7 Greasing - ¥ n ;
8 Tightening moment M, n + "
9 Orientation inaccuracies [el, [v] + +
10 Workpiece location pattern - + +
11 Chuck hardness i ¥ ;
12 Fastener type _ T "
13 Torque M, + T
14 Case hardness HBy, + +
15 Profile filling coefficient n ¥ T
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Table 1 shows that three parameters V, M,, M

operate at the stage of coupling. Along with the other
parameters that are set at the design stage of assembly,
these parameters are the main ones that affect the function
level at the fourth stage.

In this case, the different possibilities of impact on
these parameters should be taken into consideration. For
example, if the speed and torque can be controlled by the
drive system of the screwing machine, the screwing torque
is the magnitude of the derivative that is determined by

the speed and other factors developed in the 2-nd and 3-rd
stages [1, 4, 9].

If the controlled process is presented systematically,
all the parameters of Table 1 can be divided into 3 groups:

- setting (initial);

- disturbing (that have a random character);

- outputs that determine the level of the target
function S.

The diagram of such system is shown in fig. 1.
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Fig. 1. The structure of the assembly control

In the second and third stages, the parameters X and
F which are specified in technical conditions or
substantiated analytically are developed. The latter ones
have only a calculated nature at these stages, and in the
process of assembly (the 4-th stage), they appear as
random quantities. The set of calculated values of these
factors forms a pseudo-block of the master device (MD).
The output values Y (2, 8, 13) form the level of the target
function S and are controlled by the feedback system of
the screwing machine. When passing the regulator RO,
they can form both their own level and other output
values. Factors X and F also affect the output values (they
are not shown in the communication circuit).

Since the torque is a complex index that determines
the assembly level and the quality of the formed joints to a
large extent [8, 4, 9], the validity of theoretical guidelines
of the 3-rd section should be confirmed and the
possibilities of the target function minimization should be
determined in the process of parts joining.

This task was solved experimentally. Theoretical
values of torque for various materials and fastening
elements were previously calculated. The calculation was
made for the following materials:

- sheet steel up to 1.5 mm thick;

- aluminium alloy Al4;

- textolite;

- organic glass;

- polystyrene for general use.

These data were used to compare theoretical and
experimental studies.

A number of determining factors is given with
account of table 1 on the basis of the analysis of their
impact on the torque:

The allowance & is determined according to the
recommendations of the works [1, 9] at the level

5= 05-0,58 P (2)
The parameters of threading and the lead-in
geometry are given by the requirements of a technical
drawing or are determined by the type of the fastener
used. This does not relate to the parameters 6, 12, 14.

The greasing type (7) and the parameter of the
technical machine system (9, 10, 11) relate to technical
recommendations or are determined by calculation (jn) or
are of random nature and cannot be determined as
determining factors.

On the basis of stated above, four factors d, P, 1/d
or z, V are selected for the torque experimental model.
Their impact is much greater in the models of the previous
researching where they were used and [1, 9, 10,]. table 2
shows the levels of determining factors and their
variability intervals.
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Table 2. Determining factors

Factors
The levels of factors d P ld v
MM MM - M/c
Upper + 6 15 15 0,073
Major 0 4,5 1,0 1,0 0,047
Lower - 3 0,5 0,5 0,021
Vari ability interval AX 15 0,5 0,5 0,026

The character of the impact of determining factors of
the torque is determined in the course of previous
experiments.

The thread pitch, the length of thread engagement,
and the speed have the greatest effect. Therefore, the use
of the dependence of the second order is used as a model:

Mt:a0+ z aiXXi+ z ainXiXXj+
1<i<k I<i<j<k

+ z a.ii X Xiz
I<i<k

©)

where @ is a free term; &, &;;, &; are true values of the

model coefficients; k is a number of factors.

The order of conducting experiments and the
processing of the results correspond to the methods of
planning the experiments of the second order. However,
the question of selecting the most optimal form of the plan
was previously decided. One criterion of optimality can be
considered a number of experiments in them. The
symmetrical composite orthogonal plans were rejected
because of the complexity of organizing experiments
according to the levels of determining factors assigned to
star points, and the most economical and close to D-
optimal Hartley plans were adopted for the
implementation. One requirement for a kernel plan is
realized in them: it should be a replica which enables
assessing the coefficients for pair interactions
independently of one another. Replicas with one-, two-

and four-letter interactions meet such requirement. So, in
the tasks where k = 4 the replicas 24—1 ¢ 1=2XX,X,,

1=14XX3Xs, 1=2EX,X3Xy , 1=EXXo X3 are realized.

The Hartley plan on the cube with k = 4 and a
number of experiments in the kernel N; =8, with a
number of star points 2k = 8 and one experiment in the
centre 7, =1, was selected as the basis. The total number

of experiments N = 17.

The device for processing data in the Excel
environment was used for automating the regression
analysis to process the results of the plan. This tool
enables obtaining regression coefficients of a full-sized
model along with simultaneous obtaining a set of
estimation  statistics (the variance of regression

coefficients S2 :[ai] , the general correlation deviation

A
g, the coefficient of multiple correlations R, and so

on).

The further sequence of processing the experimental
data was carried out according to the standard method
described in a number of papers [3, 5, 6,]:

1. The significance of the coefficients of the model
according to the t-criterion was checked.

2. The adequacy of the final version of the model
according to the F-criterion was checked.

The obtained coefficients of the regression equations
are given in table 3.

Table 3. The coefficients of the regression equations for determining the torque values (package assembly)

Material EN) & 8 83 8y 85 3 a7 3
Al 4 -689935 79183,2 490057 -678978 119414 8,64 17,05 135791 56,1
electrotechni- -1E+06 167304,4 982374 -2E+06 269239 6,75 16,11 356189 103,7
cal laminated cloth
organic glass -1E+06 144728,4 838935 -2E+06 235852 3,71 10,24 321675 85,9
polystyrene -512827 60647,7 349318 -687172 99320 1,16 3,63 137434 351
Material EN & a1 ) &3 A4 &5 &5
Al 4 -1250,7 476,5 -2E+06 4186780 -63087 -12,79 | 7899487 -1E+08
textolite -1278,4 485,1 -4E+06 9374551 -132438 | -21,25 | 2,1E+07 -2E+08
organic glass -824,48 321,7 -4E+06 8214449 -114285 | -17,69 | 1,9E+07 -2E+08
polystyrene -285,91 116,6 -2E+06 3462976 -47809 -7,40 | 8230443 -9E+07
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The generalized form of the experimental model is
as follows:

Mt =ag+agxdy+ayxP+agx lld +a4><P2+
+agx 1/d 2+a6><P>< I/d +a7xdx I/d +
+agxVx 1/d +agxPx I/d ><V2+a10>< P xV 2+' )
+aq xd xV +ag5x dxV 2+a13xde2+

agg xPxdxVx 1/d +aggxV +aggxV2

Fig. 2 shows the oscilloscope patterns of the torque
for the case made of the Al4 alloy (a) and the sheet
assembly (b) 1 mm thick made of the same material. The
latter oscilloscope pattern (c) shows the change of the
torque for contact pins with the large angle of thread (the
material of the sheet is textolite). DSO 2100 oscilloscope
was used.

Fig. 3 shows the oscilloscope pattern of the torque
while screwing the standard M3 screw in a clearance hole
for a case made of the Al4 alloy. The K12-22 oscilloscope
was used.

Fig. 2. Torque oscilloscope patterns
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Fig. 3. The oscilloscope pattern of the torque, current, and voltage of the driving electric motor

If the screwing process is considered up to
tightening transition, the level of the target function at this
stage will be developed only by the values of the torque
and speed, and the speed is a determining factor of the
moment function. So, the following sequence of
determining the target function is evident:

X,F -V >M; >SS, (5)

And, as the parameters X, F are determined up to the
4-th order, the optimal value of the speed will develop the
level of productivity, energy intensity, and the quality of
joints that correspond to the function optimum S.

The calculation of torque according to the regression
equations showed the following nature of their change: the
torque values decreased to a certain limit with increasing
speed and then increased again. The latter phenomenon
can be explained by the dynamic processes that arise in
the threaded contact at high speeds of screwing. To a
greater extent, this is noticeable for screws with a large
thread pitch.

It should be noted that threading is a complex
process, that is affected not only by the speed of screwing,
but also by the structural parameters of the fastening
element, the physical properties of the case or sheet
workpieces, and so on. On the other hand, as the speed of
screwing increases, the productivity increases, which is
important in mass production.

Calculating all combinations of the parameters of
threaded joints is a complex and extensive task. A number
of all combinations reaches several thousand. Therefore,
in the context of this work, the task optimal management
for the following joints was solved: screws with diameters
of 3 to 6 mm, thread pitches from 0.5 to 1.5 mm, and for
four materials (aluminium, textolite, organic glass, and
polystyrene). The diameter of the screw within the
specified limits does not significantly affect the torque,
therefore, this factor was neglected when developing the
experimental model of the target function (1).

So, the reliability of the process should be ensured
by the following system of conditions:
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5min <o< 5max;

8 —>n(8)=0,7-0,85;
y<[rlie<[e];

AM — 0;

M¢ <[M];

(6)

O'Pt >k3 XO'Tk,

VeV tsty

where  Sins  Omax are limit calculated values of

allowances for threading; n(d) is the coefficients of thread
completeness of thread in the allowance function; [y], [€]
are the limiting values of the angular and radial error with
respect to orientation; AM is the oscillations of torque
during assembly; [A] is the limit value of the moment of
cutting the fastener rod; P, , B, are the axial force and

the force of engagement at the starting moment of
assembly; op, is the yield point of the material of the

fastener rod ; Kk, is the strength factor; oy is the yield

point of the case material; Vg

engagement .

The target function was calculated for every thread
pitch, screwing speed, and for various screwing lengths
1/d.

Then the matrix of the values of the target function
was compiled and the minimum in each column was
found. Subsequently, some screwing speeds were sampled
at these minimum values. The results were processed in
the Excel environment to obtain regression coefficients.

The speed of screwing was calculated according to
the following formula:

is the end speed of

Vopr =g b x1/d +byx 1/d 2 +byxP+by x P2

where by ..., are the regression coefficients (table 4);

I/d is the length of screwingmiuua cBuHuMBaHUS; P iS
the thread pitch, N, .

Let the control law be deduced taking the calculation
of the assembly joint as the example. The joint
characteristics are the following —M5 standard screw with
the thread pitch P=1mm that is crewed in the case made of
the Al4 alloy. The screwing length 1/d=1,5.

Table 4. The coefficient of equations of the regression levels for calculating the speed of screwing the case-type workpieces

Material Thread pitch P, mm by b, b, b, b,
0,5 12,733 0,0129 0,0005 -25,623 0,441
aluminium 1,0 24,435 0,0188 -0,0008 -2,616 -21,780
15 1723,387 0,0263 0,0015 -971,649 -118,169
0,5 -13,908 0,0785 -0,0324 28,185 -0,766
textolite 1,0 -6,021 0,0940 -0,0388 0,445 5,570
15 321,160 0,0703 -0,0291 -181,022 -22,053
0,5 4,188 0,0254 -0,0071 -8,445 0,201
organic glass 10 -3,919 0,0710 -0,0285 0,280 3,639
1,5 533,203 0,0738 -0,0276 -300,601 -36,579
0,5 5,747 0,0115 -0,0009 -11,601 0,290
polystyrene 10 7,226 0,0426 -0,0139 -0,915 -6,303
1,5 420,339 0,0515 -0,0183 -236,954 -28,845

The torques at the speed of screwing from 0,0209 to
0.0731 m / s (from 80 to 280 rpm, respectively) and for
various ratios | / d — from 0.5 to 1.5 are calculated
according to the formula (4). The first value I / d = 0.5

Table 5. Torques for M5screw, thread pitch P=1 mm, case Al4

corresponds to two turns of the screwed thread. From this
moment the process of engagement is completed and the
stable screwing of the fastener starts. Table 5 shows the
results of the calculation of torques.

I/d 0,5 0,66 0,83 1 1,16 1,3 15

0,0209 12,22 13,21 14,76 16,81 19,18 21,63 25,71

0,0296 11,49 12,39 13,83 15,77 18,05 20,41 24,37

0,0383 11,09 11,86 13,16 14,96 17,11 19,36 23,16

M, . Nm r?]ll,s 0,047 11,00 11,61 12,74 14,37 16,37 18,48 22,07
0,0557 11,22 11,64 12,57 14,01 15,81 17,75 21,11

0,0644 11,76 11,96 12,66 13,86 15,44 17,19 20,28

0,0731 12,62 12,61 13,01 13,93 15,31 16,80 19,57
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The target function is used to find optimum
parameters of assembly and minimum values S are
sampled. Table 6 shows the calculated values of the target
function for thread pitches P=1 mm and P=1,5 mm.
The second part of the table is designed for optimizing as
these data will be used to build the optimization fields.

The optimization matrices are built on the basis if
table 6. The first matrix comprises the values from the
first columns for the thread pitch P=1 and P =1,5 mm,
the second matrix comprises the values from the second
columns, and so on. The matrices were processed with the
help of MathCad 8.0. Fig. 4 shows the fields and surfaces

A

40/,

301

Mt H

20

107

002 004 006 008V m/s

of the optimization, where S, ... S, are the values of the

target function at I/d = 0,5 ... I/d = 1,5 respectively.

The graphs clearly show the dependence of the
target function on the speed of screwing and thread
pitches. As a number of turns of the screwed thread
increases, the minimum (painted in blue) shifts toward the
maximum values of the screwing speed. The minimum is
slightly shifted in the opposite direction for the last turns.

The speed values at the minima of the target
function are optimal but have the random distribution law;
so, such control is difficult for implementation on a
screwing machine. To obtain an acceptable curve, the
calculation should be made according to the formula (7).

002 004

Fig. 4. Fields and optimization surfaces of the target function
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Table 6. The values of the target functions for screws d=35, material Al4
P, mm 1,0
I/d, mm 0,5 0,66 0,83 1,0 1,16 1,3 15
V1 2,53 2,48 2,67 2,92 3,20 3,49 3,98
V2 2,28 2,17 2,35 2,59 2,87 3,16 3,65
V3 1,91 2,00 2,17 2,40 2,68 2,96 3,45
S V4 1,85 1,93 2,08 2,29 2,55 2,83 3,30
V5 1,86 1,91 2,04 2,23 2,48 2,74 3,20
V6 1,93 1,96 2,05 2,22 2,44 2,69 3,11
V7 2,06 2,06 2,12 2,25 2,45 2,66 3,06
P, mm 15
V1 2,74 3,01 3,35 3,76 4,18 4,60 5,27
V2 2,45 2,70 3,02 341 3,83 4,25 4,91
V3 2,31 2,54 2,84 3,21 3,62 4,02 4,67
S V4 2,27 2,47 2,74 3,09 3,47 3,85 4,47
V5 2,31 2,47 2,71 3,01 3,36 3,71 4,30
V6 2,42 2,53 2,72 2,98 3,28 3,60 4,14
V7 2,66 2,72 2,87 3,07 3,32 3,58 4,71

Control actions are realized with the help of the  managing the assembly and ensuring the parameters of the

diagram (fig. 1) which supplies the voltage which obtained joints were analyzed. In the course of the
corresponds to the optimum screwing speed to the motor  experimental studies, it was found that the following
of the screwing head. factors have the greatest impact on the torque — the speed

of screwing, the thread pitch, the hardness of the housing
Conclusions material, the diameter of the threaded rod. The empirical

formulas of torques are determined depending on the
On the basis of the conducted researches, the stages ~ determining factors.

of the control action development in the process of
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OCHOBHI IPHHIOHUITN KOMIIVIEKCHOI'O YIIPABJIIHHA CKJIAJJAJIBHO-
PI3bBOYTBOPIOIOYUM ITPOLHECOM

IIpeameTom MOCTIKCHHS B JaHIA CTaTTI € MUTAHHS, MOB’S3aHI 3 KOMIUIGKCHHM YIIPAaBIIHHAM ONeEpalisiMud 300pKH KpiMHUIbHO-
Pi3E00YTBOPIOIOYMX CJIEMEHTIB Ha BCIX eTamax ixX 3iiliicHeHHs. MeTa — po3po0Ka y3arajJbHEHOI CTPYKTYpPH iH(MOPMAIiTHO-Kepy0YoT
CHUCTEMH  CKJIQJIaJbHO-Pi3b0OYTBOPIOIOYMM  MPOICCOM. 3aBAaHHsi: OOIPYHTYBaHHS NPUHIMUINB YIOPaBIiHHSA CKJIaJalbHO-
Pi300yTBOPIOIOYI IIPOIIECOM Ha KOJKHOMY 3 €TalliB peatizalii 30ipKu JIs MiJBHIIEHHS e()eKTUBHOCTI JaHUX OIlepalii, JOCTiPKyBaTh
CHJIOBI1, TOYHOCTI 1 €KCIUTyaTaI[lifHO-TEXHIYHI XapaKTEPUCTHKH 3’ €THAHB 1 3pOOUTH BUCHOBOK TPO €(hEKTUBHICTh POIIOHOBAHOT TEOPIl
yIpaBiiHHA ckiagaHHsaM. OTpuMaHi HACTYIHI pe3yJbTaTH. Y CTaTTi MPEICTAaBIICHI aHATITHYHI 3aJIeKHOCTI CHJIOBHX ITOKa3HHKIB
Ppi3b0OYTBOpPEHHS TpU CKIaJaHHI B KOPHYC 1 JIMCT, B TOMY YHCII 1 3yCHJUIA 3aTsHKKWA 3 €IHAHHS, NpoaHali30BaHO 30ipka
0araTomapoBOro makeTa pi3HOPIAHMX JHCTOBUX MartepiaiiB. Ha OCHOBI TEOPETHYHOIO aHai3y OTPUMAHO 3AJICKHOCTI CHIIOBHUX
MOKa3HUKIB Pi3500YTBOPEHHS MPH CKJIaJlaHHI B KOPITYCHUH 1 JIMCTOBHMH Matepian. JlocimkeHo 30ipky makeTa JUCTOBUX Marepialis,
BKJTFOYAIOYX 0araTomiapoBUil MakeT 3 PI3HOPIMHUX MaTepiaiiB Tuiy "MeTtan-mactMaca’. BucHoBkH. JlOCTiIKEHO MPOIEC CKITaAaHHs
Pi3b00BUX 3’€HAHb 3 BUKOPUCTAHHS MPHUHIUITIB YIPABITIHHS, SKi JO3BOJIAIOTH MiJABUINUTH ¢(PEKTUBHICTH CKIAIaTbHOTO MPOIIECY,
3HHU3UTH TPYAOMICTKICTh OCHOBHHX OIEpaIliif, MOMIMIIUTH SKICTh OJCPKYBAHUX CHONYK. JIJis 3HWKEHHS KPYTSITh MOMEHTIB
3alpONIOHOBAHO BUKOPHCTOBYBATH aJalTHBHE YNPABIIHHS IIBUAKICTIO 3arBMHYYBAHHS HAa OCHOBHHUX MEpPEX0lax Pi3bO00YTBOPEHHS.
Po3po6ieHo TeXHOJOTiI0 OTpUMaHHS Pi3bOOBHX 3’€IHAHB 13 3aJaHUMH BIACTHBOCTSIMH, BH3HAYECHI OCHOBHI HUISXU IiJIBUIICHHS
e(eKTHBHOCTI CKIIaIaIbHO-Pi3600yTBOPIOIOYHX MPOIIECIB HA OCHOBI KOMIUIEKCHOT CHCTEMH YIIPABIIHHS CKJIAJaTbHUM MIPOIIECOM.
KniouoBi ciioBa: ckinamaHHs, KpiNWIbHI €IEMEHTH, Pi3b00YTBOPIOIOUHIA TIPOIIEC, KPYTHHI MOMEHT.

OCHOBHBIE TPUHIOUITBI KOMIIVIEKCHOTI'O YITPABJIEHUA CBOPOYHO-
PE3bBOOBPA3YIOIIUM ITPOLHECCOM

IIpeqveToM ncciaenoBaHUsS B JAHHOW CTAaThe SBISIOTCS BOIPOCHI, CBSI3aHHBIE ¢ KOMIUIEKCHBIM YIMPABICHHEM OIEPalsIMU COOPKH
KpEeTeKHO-pe3p0000pa3yIoNix 3JIEMEHTOB Ha BCeX JTamax X ocymectsieHus. Lleab — paszpaboTka 0OOONIEHHOH CTPYKTYpHI
NH(OPMAIIMOHHO-YIIPABIIIONIEH CUCTEMBI  COOPOYHO-PEe3b0000pasyomUM  TIporieccoM.  3agaum: 0OOCHOBaHWE IPHHIMIIOB
yIpaBieHns1 cOOPOYHO-Pe3p0000Pa3YIONIMM IIPOIIECCOM Ha KaXKIOM U3 3TAaloB Peai3aluu COOPKHU JUTs MOBBIMIEHUS dQdeKkTHBHOCTH
JIAHHBIX OIepalyii, NCCIEA0BATh CHIOBBIC, TOYHOCTHBIC W IKCIUTYaTAlMOHHO-TEXHUUECKUE XapaKTePUCTUKH COSIMHEHUI U C/ieslaTh
BBIBOZ 00 A(QeKTHBHOCTH MpeaiaraeMoii Teopuu ympasieHus cOopkoil. [lodydeHsl ciexyrone pe3yabTaTbl. B crarthe
TIPE/ICTaBICHBl aHATUTHIECKHE 3aBUCUMOCTH CHJIOBBIX TTOKa3aTelel pe3p0000pa3oBaHus py cOOpKE B KOPITYC H JIUCT, B TOM YUCIIE U
ycuime 3aTsDKKU COeIMHEHNS, TPOaHaM3upoBaHa cOOpKa MHOTOCIIOIHOTO MaKeTa pa3HOPOAHBIX JUCTOBBIX MaTepruanoB. Ha ocHoBe
TEOPETHIECKOTO aHaIM3a TTOTyIeHbI 3aBUCHMOCTH CHIJIOBBIX ITOKa3aTelel pe3sr00o0pa3oBanust pr cOOpKe B KOPITYCHBIH U JINCTOBON
Marepuai. MccrenoBana cOopka makeTa JUCTOBBIX MaTEPHAIOB, BKIIOYAsk MHOTOCIOWHBIN MaKeT U3 Pa3HOPOIHBIX MAaTEPHalIOB THIIA
"mMeramn-miactmacca”. BoiBoabl. MccnenoBan mporece cOOpKH pe3b00BBIX COSAMHEHHUH C MCIIOJIb30BAaHUE MTPUHIIMIIOB YIIPABJICHUS,
KOTOpBIE TO3BOJIIIOT MOBBICUTH 3()(HEKTHBHOCTH COOPOYHOrO MpOLEcca, CHU3UTh TPYJOSMKOCTh OCHOBHBIX ONEpAldi, YIy4IIHTh
Ka4eCTBO ITOJIY4a€MbIX COB}IHHCHHI\;I. ﬂﬂfl CHWKXCHUS KPYTALUX MOMEHTOB MNPEMJIONKEHO MCIIOJIb30BATh aJallTUBHOE YIIPABJICHUC
CKOPOCTBIO 3aBHHYMBAHUS HAa OCHOBHBIX Iepexoiax pe3n0ooOpa3oBanus. PaspaboraHa TEXHOJOTHSI MOJTYy4YEeHHs pPe3b0OBBIX
COEIMHEHMH ¢ 33/IaHHBIMH CBOMCTBAMHU, OIPE/ICNICHBI OCHOBHBIE IYTH MOBBIMIECHUS 3(P(PEKTHBHOCTH COOPOIHO-PE360000pa3yomux
MIPOIIECCOB HAa OCHOBE KOMIUICKCHOW CHCTEMBI YIPaBICHHUSI COOPOYHBIM ITPOIIECCOM.
KuaroueBsbie c10Ba: cOOpKa, KPEMeKHBIE IEMEHTHI, pe360000pa3yronIyii mponecce, KPyTAIINil MOMEHT.




