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LASER AND INFORMATION TECHNOLOGIES FOR CONTROLLING DYNAMIC
DISPLACEMENTS SPATIAL STRUCTURES OF OBJECTS UNDER THE INFLUENCE
OF ACTIVE MAN-MADE AND NATURAL RISK FACTORS FOR ACCIDENTS

At the present stage of science development, for technological and technogenic energy-intensive systems, systematic
methods of identification of structure, dynamics, and risk assessment are developed, while for spatial objects this problem is not
fully solved. This applies to the construction and operation of such objects with a spatially distributed structure such as bridges,
large pavilions, high-rise buildings, aggregate lines on a common foundation for color printing, which are subject to a large
dynamic, non-uniform load-capacity, operating over a long period of operation. Their destruction with the combined action of
dynamic and static heterogeneous flow factors in time of high power, leads to the accidents and human losses. The main factor
that leads to cognitive errors in the design of spatial structures is that experts in the design process do not fully take into account
the concepts of physical force, power and physical energy factors with stream random structure. In this aspect, the problem of
dynamic structural stability under the influence of factors with a stochastic structure drew attention to Y. P. Dragan, introducing the
notfon of "stochastic process of finite energy"” and "finite power of flows (sequences) of active physical force actions”. Under certain
conditions, the complex action of force factors leads to the emergence of solitons, that is, the formation of the peak of energy and
power at a certain time in the weakest node of the structure that destroys it. If the designer, by virtue of his cognitive abilities and
level of knowledge, does not take into account the energetic nature of the factors as destructive forces, then this leads to the
destruction of infrastructure objects (cities in Genoa, Italy 2015, built in 1967) devastating floods, fires, transport disasters,
tsunami. As for the steel construction bridges in the USA (New York), built on the basis of the methods of vibration calculations by
S. Tymoshenko, they are operated for more than 100 years, with appropriate technical service.

The assessment of the vibrational stability of spatial structures, both existing and new projects, remains a complex
control problem that is not resolved to the fullest, and therefore the development of integrated intellectual methods for designing
and controlling their state is relevant

The intensive development of infrastructure, both social and technogenic, results from the impact of transport flows,
power plants, harmful emissions, to the growth of force environmental load on spatial structures, corrosion of metal components,
and the growth of vibrational effects on elements of objects. Further development of such negative processes leads to a decrease in
the strength of structures, their stability, operational reliability and destruction. Reducing the quality of bearing structures, due to
neglected negative influences, makes it impossible to forecast the moment of emergency situations. Accordingly, the development
of methods for remote control of vibrations of spatial elements of bearing structures is a main problem for various industries.
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JIIOBOMMUP CIKOPA, HATAJIA JINCA, OJIBI'A ®EJEBNY

Hamionansawuit yHiBepcuTeT «JIbBIBChKA MO TEXHIKa)

POCTHUCIIAB TKAYVK

JIbBIBCHKMIA I€pKAaBHUN YHIBEPCUTET OE3MEKH KUTTEISUIBHOCTI

JA3EPHI TA IHOOPMAIIMHI TEXHOJIOT'TI KOHTPOJIIO JUHAMIUHHNX
SMIINEHD MTPOCTOPOBUX CTPYKTYP OB'E€EKTIB IIIJI BINITMBOM AKTUBHHUX
TEXHOI'EHHUX TA ITPUPOJHUX PAKTOPIB

Ha cy4acHoMy eTarii po3BuUTKY Haykv, [/15 TEXHOJIOMYHNX | TEXHOrEHHUX EHEPrOaKTUBHUX CUCTEM, BUPOBGJIEH] CUCTEMHI
MeToan [AEHTUIKALIT CTPYKTYpH, AUHAMIKY, OLIIHKU DU3VKY, TO4I K A/18 MPOCTOPOBuX OG'EKTIB LS Mpob/emMa B roBHIM Mipi He
po3B53aHa. Lle cTocyeTscs byRiBHNLTBA | eKCrilyartalii Takmx OO €KTIB 3 MPOCTOPOBO PO3OAIIEHON CTPYKTYDOK K MOCTH, BEMKI
1aBI/IbIOHY, BUCOTHI BYAUHKYM, arperarHi JiHi Ha CriiibHOMYy @yHAAMEHTI A/ KO/IbOPOBOro APYKY SKI MiAAatoTsCS BEKUM
LAVHAMIYHUM HEOAHOPIAHNM 110 MOTYXKHOCTI HABAHTAXEHHSM, 1O AiOTb MPOTAroM TPMBA/IONO Yacy eKcrulyarauii. Ix pyvinauis npy
CYKYITHIV [l AMHEMIYHNX [ CTaTUYHUX HEOAHOPIAHNX TOTOKOBUX Y Yaci (PaKTopiB BEMKOI EHEPreTUYHOI MOTY)KHOCT, MPUBOANTE [0
aBapii i sogcekux BTpar. OCHOBHMY DaKTop, Sk MPUBOANTL 4O KOrHITUBHUX [IOMWIIOK TP [TPOEKTYBAaHHI POCTOPOBUX
KOHCTPYKUIV, € Te L0 @axiBLl y MPOLEC] PO3POBKU MPOEKTY HE A0 KiHLS BPaXOBYIOTb MOHSATTS QI3MYHOI C1/M, EHEDIIT MOTYXHOCTI Ta
DI3UYHOI EHEPIii aKTOPIB 3 MOTOKOBOK BUIAAKOBOKO CTPYKTYPOK. Ha Led acrekT rpobriemu AUHaMIdHOI CTIIKOCTI KOHCTDYKUIT npu
Al QakTopiB 3 CTOXacTmyHOK CTPYKTYpOKO 3BEPHYB yBary A. 1. [paraH, BBIiBLM OHATTS <«CTOXaCTUHYHOrO POLUECY CKIHYEHOI
EHEPIii» | «CKIHYEHOI MOTYXXHOCTI MOTOKIB (MIOC/TIJOBHOCTEN) aKTUBHNX QI3NYHNX CUIOBUX Aiv». lpy rEBHUX yMOBaX KOMITIEKCHA
Ais cn/ioBux QaKTopiB npuBOANTL [0 BUHNKHEHHS COJIITOHIB TOOTO QPOPMYBaHHS ITiKy €HEDIIT Ta MOTYI)KHOCTI y 1EBHM MOMEHT Yacy
Y HavicnabLLoMy By3/1i KOHCTPYKUI, LYo if pyviHYE.

SKLO MPOEKTAHT, B CU/TY CBOIX KOIHITUBHUX 34I6HOCTEN | PIBHS 3HaHb, HE BPAXOBYE EHEPrETUYHY CYTHICTH QaKTopis, K
DYVIHIBHUX CuJl, TO4I Lie pUBOANTL [0 PYViHYBaHHS IH@PACTPYKTYDHUX OO EKTIB (MicT B [eHyi, Itanis 2018p., 36ynosarmi y 1967
pouji, Kutavi 2019p.) pyviHiBHI TOBEHI, NOXapH, TPaHCIIOPTHI KaTacTpogum, LyHami, LLjoso MOCTIB 3 MET/IOKOHCTPYKUW B CLLIA (Hbto-
Hopk), ro6yaoBaHux 3 BPaXyBaHHS METOAIB BIGpaLlivinux pospaxyrkis C. TUMOLUEHKO, TO BOHM eKCI/lyaTyioTscs Gibiue Hix 100
POKIB, ripy BIAMOBIAHOMY TEXHIYHOMY 0OC/1YroBYBaHHI.

OujiHKa BI6PaLIVIHOI CTIVIKOCTI POCTOPOBUX KOHCTPYKUIV, SIK ICHYHOYMX TaK | HOBUX POEKTIB 33/MLIGETLCS CKIBAHOK
MIPOBSIEMOKO CTBOPEHHS CUCTEM KOHTPO/IO | AIarHOCTVKY, HEDPO3BS3aHOK Y [1OBHIU MIpl, | TOMYy pPO3pO6/IEHHS IHTEMPOBAaHUX
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IHTENIEKTYa/IbHUX METOAIB [POEKTYBAHHSI CUCTEM KOHTPO/TIO METOAOM ANCTAHLIVIHOIO 1a3€PHOM0 30HAYBAHHS € aKTYa/lbHOIO.
KntoqoBi  c/10Ba: KOHCTPyKUis, Bibpauis, /1a3€p, CUrHasa, AuMHaMidHi rpouyecy, akTmsHi @axktopy, JaHi, cicTeMa,
[H@OpMAaLIsi, MPOEKT, pU3NKH, aBapIs.

Introduction

Intensive development of infrastructure, both social and man-made, leads, due to the action of transport
flows, power plants, industries with harmful emissions, to an increase in environmental environmental load on
spatial structures, corrosion of metal components, increased vibration effects on elements. Further development of
such negative processes leads to a decrease in the strength of structures, their stability, operational reliability and
destruction. The decline in the quality of load-bearing structures, due to unaccounted for negative impacts, makes it
impossible to predict the moment of occurrence of emergencies. Accordingly, the development of methods for
remote control of vibrations of the spatial elements of load-bearing structures is an urgent problem for various
industries.

Analysis of literature sources

The problem of monitoring and assessing the stability of spatial structures is relevant in recent centuries
(1700-2019). It includes problems of building destruction, vehicles, communications, large bridges, high-rise
buildings [1] under the influence of various factors [2-3], vibration [4-7], soil landslides and earthquakes [8], aging
of components and materials[9] dynamic transport loads and flows [10]. One of the least studied are cognitive
factors and deficiencies as well as errors occured in the design process [11-14] and subsequent operation with the
participation of operational personnel and designers [15-16].

Therefore, the methods and tools development — both cognitive control of projects and vibration control
systems of complex spatial structures is still relevant [17-18], as it requires an integrated approach using signal
theory [19-20], the theory of data processing [21-22], interpretation of data and situations, decision making [4, 23-
25].

Accordingly, an important task is the construction of objects models and simulation modeling on analogues
[24, 26], which ensures the detection of new physical effects [27]. Without taking into account the peculiarities of
cognitive thinking of designers, it is impossible to reliably design buildings and their implementation with the
appropriate service life and resistance to destruction [28-32].

Introduction. Analysis of dynamic control problems
At the present stage of information and measuring systems development for vibration control of complex
structures under the action of a set of energy-active factors by non-contact remote method is not fully considered.
Therefore, the development of laser methods for remote control of dynamic modes of large spatial
structures, under the influence of active dynamic factors in time and space is an important problem.
The purpose of the study. To control the vibration of spatial structures and aggregate production systems
to create and justify the use of laser probing and develop a block diagram of a laser vibrometer.

Basic tasks to be solved

To solve the problem of remote control of vibration of large spatial structures and aggregate printing
systems it is necessary:

—to substantiate structural models of objects and behavior models in time under the influence of active
factors;

— to justify the choice of laser remote sensing method for controlling the vibration of structures in critical
places of the object of study and the spatial structure of the object structures and (foundation) platform of aggregate
production lines of high quality products;

—to develop information technology of laser signals processing and their estimation for determination of
vibration parameters.

Research methods

To solve a complex scientific and applied problem of creating systems for remote control of vibration load

of spatial structures and boundary modes on the basis of laser sounding, methods and theories were used:
Models of dynamic factors influencing spatial structure.

Since dynamic factors [6, 9, 33] have an energy-active structure, then ignoring their essence leads to the
collapse of the mechanical spatial structure due to oscillations and soliton effects [5].

Accordingly, the study of their dynamics requires the use and creation of new methods and control systems
based on laser remote sensing, which provided the detection of oscillations of the spatial structure of structures [34].
To solve the above problems, needed:

1. Model of n— dimensional spatial fluctuations for a long section of the bridge (100 m) and a common
foundation for aggregate printing production.
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2. Energy soliton model for oncoming traffic flows as perturbing factors.(LT fz”) vertically and

along relative to the supports (Fig. 1)._ ~

Fig. 1. Method of laser sounding of spatial structure

3. The model of wind load with variable speed as a factor of perturbation of transverse oscillations.
4. Transport flows as excitatory factors with a continuous and discrete structure (homogeneous,

heterogeneous, group (unilateral, counter)).
TSld = {(m” V‘ )}Tn ’

i=1

TS, ={i(mj,l/j)"_ (1, e]"n)},at the same time Zn:m,. <M,

i=1

where 7S, — traffic stream, m, — mass of transport unit of movement, ¥, — movement speed, 7, — group

time, M, —maximum mass loading.
5. Model of action of transport flows on the bases and platforms with the established aggregate lines of

production of high-quality polygraphic multicolor production (Fig. 2).
6. Laser probing method of the spatial structure study object which is the basis for the development of

information and measurement systems.
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Fig. 2. Model of structural action of factors of influence on the aggregated structure with a common platform: RSi” — input flow of

resources; RSi" — output flow of resources for the time interval 7 {Ag,.} — aggregate structure on a common platform (HL) H

[1], [2] — coordinates of the installation of the laser system for different sensing options.
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Active factors influencing the dynamic and structural stability of spatially distributed objects.

According to the conducted researches, such system active factors of action can be allocated.

Absence of effective control structure and object reliability constructions systems, dynamics of destruction
due to deformation shifts under the active factors influence — automobile and transport streams and natural dynamic
factors:

1. Conflicts and incomplete knowledge that lead to errors at the stage of designing a spatial structure:

— incomplete data about the object, structures, materials, dynamics, factors, loads, destructive factors, loads,
destructive forces;

— gaps in the knowledge system of designers lead to systemic and structural errors.

2. Conflicts that arise during operation in the absence of data and knowledge of staff:

— structure of dynamic loadings and their changes on long and short time intervals;

— seasonal, natural factors, cataclysms that lead to structural damage.

3. Transport flows as stimuli of oscillations of spatial structures of bridges, platforms:

— change in the level of reliability and aging of metal and concrete supports, platforms due to vibrational
oscillations;

— dynamic destruction of materials, inadequacy of the project and facility structure to the requirements and
trends of traffic and its mass parameters and reliability.

4. Exclusion of active factors on the oscillations of the soils of platforms and supports, deformation from
dynamic perturbation and gravitational deformations.

Selection and processing of heterogeneous data on the state and
dynamics of spatial objects with vibration.

The modern period of development of science and technology needs to pay more attention to basic
research, theoretical generalization of known facts and the discovery of new ones, which become the basis for the
formation of the knowledge base. One of the ways to obtain new information in stochastic perturbations is the
synthesis of robust algorithms for data processing and creation on their basis of information-measuring systems for
vibration control using laser remote sensing of areas of greatest stress and displacement of spatial structures [15].

Depending on the type of construction, the level of vibration (data sampling) is estimated by the method of
sounding on the reflected beam (mirror surface on the structure) or direct projection sounding (photomatix installed
in the control place of the structure) (Fig. 3).

2.1 Ms cB 2.2
. r\/‘
nK l l _Fi ]
sPs — ILPS
Fi +
/
LV—»T BM
SPL
] (BLK) | <« L —»
| Br U(Ah()
U(Ah(t)) Fi > T—J LepU
BVk
LSPU —Ei’
B S~——
BVk

Fig. 3. Schemes of remote sensing of the vibration area of the structure (2.1. — on the reflected beam, 2.2. — projection direct probing)

Symbols in the diagram: NPL — semiconductor projection laser, SPS — stationary power supply, ILPS —
integrated laser power supply (network or solar battery), PM — photomatrix with VM basis, LV — laser reflector with

Br basis, BOLS — laser signal processing unit, Ul (Ah(t) — vibration signal of the structure. Consider the scheme of

vibration transformations of the laser signal when probing a spatial structure (Fig. 4).
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Fig. 4. Block diagram of laser signal transformations at dynamic displacements of the sounding area of the spatial structure: Fyx—
structures dynamic stress factor; Frv — dynamic transport stress factor; Fey — gravitational stress factor of spatial structure; Fuz — factor

of dynamic shifts at seasonal changes temperature, humidity, wind pressure; V,;’ — he control displacement area of structural element;

BVk — geometric domain of control basis; BLk — laser installation basis; Zc — probing signal; Zs — beaten signal; Kr(L) — laser beam
scattering coefficient

Information transformations of laser signals in the process of measuring the dynamic displacements of
structural elements can be represented as:

1. {ZKI.E} () {Vk”} Dy Ah(,7)| 5y — model of the process of forming the displacement of the
i=1

structure control area due to the operator of the influence of factors 4, = (t, z') at time moment t on interval 7 ;
2. Zo(Pd,F, (7)) |y —225 Z (Pydy, Fy |AR,2)|, = A(Ah — AU)® Z (Ah) — (Ah,, A, ) — model
of conversion of laser signal parameters in the region (VK“) probing the displacement of structural elements under

the influence of dynamic factors ( P, — laser signal power, d — beam diameter, F; — signal form).
AGJM

Z (M, Pt Fy (7)) —> | ®«—K,, (Ah— AU)|B,,,

N
11D (Ahy A |67, ) Alg(AU(h) N AZ]

The model of measuring data obtained in the process of laser probing of the area V. formed at the output
of the photomatrix in the form of a data stream HD( ) based on the algorithm.

Based on the proposed models of measurement transformations, the information and control system of
vibration measurements is synthesized.

Stochastic methods of ICS synthesis mainly use Gaussian models of changing the parameters of the object
and the probing signal, with little attention paid to solving the problem of ensuring the robustness of systems and the
algorithms stability and processing observation results procedures.

The main studies are conducted in the following areas of statistics and systems theory [1], which are based
on[19,5, 6]:

— probable models of random processes and fields to describe object vibration and influencing factors;

— procedures for detecting, recognizing, estimating parameters and filtering signals based on selected
dynamics models that reflect the state of the technical system or spatial object at the current time;
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— algorithms of spatio-temporal signal processing taking into account the stochastic structure of
propagation channels and perturbation models for estimating real-time trajectories and trends of change of dynamic
parameters;

— procedures for multi-criteria optimization of the decision-making process for management in conditions
of data inaccuracy, which changes the load mode;

— procedures for dynamic assessment of the situation in energy-intensive facilities;

— algorithms for pattern recognition (spatio-temporal, situational) formed from data streams in different
modes of operation of the object;

— procedures for analysis and synthesis of IBC to assess the state of spatial structures of technological
objects with varying degrees of control;

—selection of indicators of signs of limit and emergency modes of the current dynamic situation in
constructions concerning the target area of admissible parameters.

The classic approach to the structural synthesis of ICS consists of structure development based on the
technical task within the existing analysis and synthesis methods, based on a given measuring system model without
taking into account the target orientation. However, information on the study object structure, the conditions of its
operation with limited resources, observability and reliability are not always fully inasmuch. First of all, when
implementing the ICS synthesis procedure, one should keep in mind the goals of the technological object, which
allows building a meaningful model and forming quantitative optimization criteria in the form of a system of quality
functionalities.

With the stochastic nature of the functioning of the object control, it is often faced a situation of insufficient
priori information.This complex problem arises especially when monitoring the state of technological spatial
structures, with unidentified structure and functions, unstable in time and blurred priorities, local goals that have no
strategic directions, and decision-making procedures that do not have systematic and effective technological
support. In these cases, the principle of dual control of the operation process is used for decision-making, which
involves the simultaneous use of signals as a means of studying the technological object, the trajectory of behavior
under the influence of perturbing factors. But there are conditions under which optimal surveillance and
management becomes impossible. This situation occurs when resource constraints or dynamic disturbances
significantly exceed the level of informative useful signal. This leads to the disorientation of LIKS and making
incorrect decisions, and in extreme conditions to an emergency situation. Under these conditions, the robustness and
efficiency of the ICS, built on the classical theory of filtration basis and the automatic systems theory with feedback
using the hierarchical structures of Masarovich, are lost. Problems of synthesis of LIX systems, as well as
information aspects of ICS functioning as a dynamic situation image shaper in the control channel of the control
system, are practically not considered in the literature, which makes the problem of robust systems synthesis. This
requires finding fundamentally new approaches to the synthesis of LICS, taking into account the achievements of
program-targeted and situational analysis, which allows to adequately reflect the situation in the target space of the
DSS system, and analysis of information about based on the interpretation of the behavior of the trajectory of
structures under the influence of active dynamic factors in space and time.

Laser sensing of oscillations of the spatial structure of the bridge with a long span

For detection and identifying transport infrastructure spatial fluctuations and large building structures, a
projection laser probing changing method to the trajectory of elements at certain crisis points of structures has been
developed. According to [6], the spatial displacements of the coordinates of the supporting structures can be
represented as trajectories (Fig. 5).
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Fig. 5. Spatial orientation of the vectors of active influences on the plane Sxyon the supports of the bridge with
the length of the span from 20 m to 100 and more meters

62 MDKHAPO/IHUI HAYKOBUI XKYPHAJL .
«KOMIT’IOTEPHI CUCTEMHU TA IH®OOPMALIUHI TEXHOJIOT 1I», 2022, Ne 2



INTERNATIONAL SCIENTIFIC JOURNAL ISSN 2710-0766
«COMPUTER SYSTEMS AND INFORMATION TECHNOLOGIES»

To receive the spatial flux of laser signals, the photodetector matrix (FM) of the photodetector must have a
4-square structure to estimate the dynamics of the displacements of control points on the vectors (ﬁX,ﬁy,ﬁ*,ﬁ’)
according to the difference equation [33]:

trak AU\[/ar (ﬁXAx) =Ky (U; -U, ) =K Ky (Pst -k )t >

ne Py, P, — the power of the received laser beam AU, (7i,Ax); K,,, K, — the coefficients of
transformation of the matrix and scattering of the beam, P, P, — variation of the voltage at the output of the
channel for measuring the oscillations of the control point on the vector (Fz v ) .

In Fig. 6. the scheme of possible oscillations of the bridge platform and data selection by laser probing of
displacement control areas are given.
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Fig. 6. Oscillations of the bridge deck at oncoming traffic flows with speed V(t) and ground displacements of foundations and platforms

According to Figs. 4, 5 and models of information transformations the structural-information scheme of the
method of projection laser sounding of oscillations of the control point of the structure is formed (Fig. 7) [9, 33].
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Fig. 7. Laser spatial vibrometer with emission detection (liquid events): FM — 4 square matrix photodetector; P, — power of the probing

4,18,2

laser; P; —received signal; {kB,.} — channels of control of dynamics of oscillations in the base {x, y,n} with input filters of signals
{BX(I)i ( yyYa )} with frequency f,, and service of transmission Af ; {EH(Ki)} — block of signal amplifiers with coefficient K ;
AD, — analog signal detectors; BI (U s) — signal integrators unit; {S,.} — operational signal adders; DRng — discrete rank load
classifier;
N, —digital indicator; DS, — display complex indicator of dynamic displacements along axes (X, Y, Z*,Z') H
MS — mains supply system, SP — solar panels.
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Experimental research
Since special permits and equipment are required to study the vibration of bridges, foundations, platforms.
Therefore, analogues were used to estimate spatial waves under the influence of perturbations, using high-

temperature hydrodynamic flows of viscous fluid (T °C = [900—1100) based on the model of dynamic balance

(loading — flow) of resources in different control modes (glass furnace — with lateral selection of molten glass) and
laser sounding offset level.

Experiments to assess the perturbation of the glass mass surface by laser sounding were performed on the
furnace (Fig. 8) of Rokytne Glass Plant for the period (2010-2011) and other furnaces for the period (1990-2015).

et T e ]
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Fig. 8. Hydrodynamic model of surface solitons formationwhere: {ZB,} —loaders (continuous or pulse) charge; {IIB,.} — glass mass

A

ZB;

A

ZB;

MBn FM PDOi

extraction devices; V; —laser control area; PDO, — spatial dynamic perturbations of the volume and surface of

molten glass mass caused by perturbation factors {F ;} .

In fig. 8 shows the scheme of the glass furnace (SP), Soliton effects occur in the control zone when the
direct wave of surface perturbation in the mass extraction channel meets the reflected one.

Graphs of the surface displacement trajectory in the sounding field and the dynamic soliton formation mode
in the channel of mass selection. The graphs show changes in the object operation modes under different load modes
(discrete pushing mechanism). During executing control commands on the loading mechanism inhomogeneous
streams of the charge fall on the glass mass surface and excite longitudinal waves. Longitudinal waves propagate
along the molten viscous surface, pass along the furnace into the mass extraction channel where under certain
conditions solitons of the surface are formed (Fig. 9).

|

| Si Sj Ho

WA\ e "

I\S1 n S, Ss

o AN LS M

Fig. 9. Hydrodynamic model of surface solitons formation: (top) — the structure of the glass furnace, as a model; where SP — glass

furnace in the contour image; {331} — charge loaders, as perturbing factors; Vs — speed and loading time (Vgi,'rﬁ) 5 {HBE} — flow of
product selection; {T ,"C} — surface thermal field (T :’C -980'C ) s NPL — semiconductor projection laser for surface sensing FM —

photomatrix of laser signal Z reflected from the control area V ; {F,} — factors that disturb surface waves at dynamic loading of the

resource F, = {mi,'r,}} —mass m,, during the time interval 7, .
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2.1. The graph of the trajectory of oscillations of the viscous mass surface in the probing region V, is
characterized by the following parameters: (TK =60 ceK) control time interval, Az, — distance between solitons,
Ah, — emission amplitude, A, — rank of the pulse amplitude scale at {Ng = 0.5 ym, A, = 0,005 an} .

For: 2.1. — soliton amplitude: S, = 0.3, S_/. =0.2 mm;

2.2. — soliton amplitude S, = 0.2 mm, S, =0.25 mm, S; =0.3 mm.
In fig. 10. The scheme of soliton formation is given.

Zc V3
112 Fz (m,k) l «—
Vz | | VK «——
. l |
«—— lo >
Vr Zs
Lv
i~ . A+ ] gl
K M"Y AN
|
; ; - ;
T+ 71- | Tc ' F3{my} Ti
m3=50 [kg] Ts = (5-20) [s]
V3= (2,5-10) [ kg/s ]

Fig. 10. Model of formation of soliton impulse at loading of a resource on a bath entrance

Designations: V, — sounding area, Z. — sounding signal, Z, — reflected signal, L, — bath length, L, —
distance to control area, ¥, — loading flow rate, ¥, — mass sampling rate at object output, F; (mK) — perturbation

factor at pulse loading of resource, V; — flow rate loading, 7, — wavelengths at perturbed surfaces: 1. L, =16 m,

2.L,=20m,3. U=I=4m.

Condition of soliton perturbation on the surface in the control area: If at a distance (//2) to (V) the

perturbed surface of the impulse with an amplitude A’ at the time ¢, passing to the point /, at the time ¢ the
impulse 4, appeared, then at the meeting at the moment tz,(r =t, —tl) formed a soliton with amplitude
A= ()

For finding the necessary TS control strategy, it is required to conduct a simulation game on the model
<CUS TS > for different classes of perturbations, determine stable Lyapunov regions I, in phase space based

on the interval partition, and then the parameters of the strategy for controlling the reliability of spatial structures
(Fig. 11).
Typical design errors of ASI, IAS

Expert long-term experience from one of the authors (FMI_AN of Ukraine, Soyuzavtomatika, Center for
Strategic Studies — Scientific, Production, Design) indicates that the shortcomings of the project are identified in the
first 72 hours after launch of automated production systems of both structural and functional type.

Accordingly, the following mistakes, made by designers can be identified in the development of ACS
(automated control system) for both organization and production.

1. Structural errors through the ACS project developing

1.1. The structure of the ACS does not meet the objectives and does not ensure the solution of problems in

full.

1.2. The project of the structural organization does not provide for the separation of automatic and
operational control and interfaces for its coordination.

1.3. The block diagram of the connection of units does not ensure the safety of energy-intensive units.

2. Mistakes in the orientation of ACS management systems regarding the way to solve a problem situation
in a complex system with a hierarchical structure.

MDKHAPO/IHUIT HAYKOBUI JKYPHAJL . 65
«KOMIT’IOTEPHI CUCTEMHU TA IHOOPMANIUHI TEXHOJIOI'TI», 2022, Ne 2



INTERNATIONAL SCIENTIFIC JOURNAL ISSN 2710-0766
«COMPUTER SYSTEMS AND INFORMATION TECHNOLOGIES»

2.1. The selected strategies for managing the system mode do not provide a solution to the problem of
keeping units within the specified limits.

2.2. The procedures for the transition to the limit area of operation () at maximum loads due to incorrect
estimation of the allowable values of the parameter intervals and the intervals of the terminal time of exit from the
pre-emergency situation are unclear.

2.3. Incorrectly substantiated logical procedures for the formation of management teams (automatic and
operational) to ensure the guaranteed functioning of the ACS and the technological process.

2.4. Professional, cognitive, psychological characteristics and skills and experience of operational staff do
not meet the level of requirements for functional management actions.

I I two-way flow

1 : \
Vir T "
m; l i m; Vj Transport homogeneous
1
|

I e R — -$- +Ah M {mi Vi }, M {mj,Vj}

1

1

: m; T Vj+ One-way flow of transport
Ah+ | | with different mass

T | M7 {mi,Vi} =10

m; T Vit
Ah I Complex action of transport
A flow and wind load
I Ah

Fkn={FTi+Fvj}

ﬂ\//

Pv

sl, Sl

Formation of solitons on
the canvases of the object
{SI1, SI2} — solitons at
homogeneous flows M1 and
Sl; single perturbations(Slz) —
soliton for inhomogeneous
transport flows

Fig. 11. Models of dynamic loads on the canvas of the bridge

3. Non-coordination of dynamic characteristics of resource flows and dynamic characteristics with the
mode of technological process and control actions, as necessary for the sustainable operation of a man-made system
or organization.

3.1. Uncoordinated design and regulatory parameters, which is necessary to assess the dynamics of the
process of exit from the pre-emergency mode at maximum loads of energy-active units.

3.2. The designers have not fully agreed on the requirements for the dynamics of technological process
management, under the influence of obstacles to the control structure and information channels.

3.3. Failure to reconcile the powers of operational personnel to make decisions in extreme man-made
situations with the upper levels of the hierarchy of systems.

3.4. Insufficient protection of data collection and transmission channels from information attacks, which
leads to disorientation of personnel at the operational and strategic levels to assess the content of the situation.

According to a set of test tables for assessing the level of competence of personnel, candidates for project
and operational activities, it is possible to determine the level of cognitive — professional coefficients that determine
the projected level of efficiency during project work and operational management.

Sh(KE.) IS [O, 00-1, O] = and the risk scale.
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Sh(@,. (KF,)) =[0,00~1,0]=7,  build a table of balance of the allowable level of risks of selection of

project and operational staff, which provide a guaranteed implementation of the project (Table 1).

Balance of acceptable level of risks of selection of design and operational personnel fevled
Ne ZKE Zamk Type of intellectual, project and management operations
1. (0,9-1,0) a,, <01 Project work — development of ideas and strategies
) (0,8-1,0) a,. <015 {a)cec\(l)erldoi};)lrgn::;ltt }(:ef g;f,jitggﬁfc zlslceismanagement strategies of the system
3 (0,75-1,0) | a4 <0,2 Choice of architecture of control systems and TP units
4. (0,6-0,8) a,, <0,2 Document flow, ancillary work
5 (0,75-1,0) | &,y <0,3 Installation and adjustment works and operational management
6 (0,5-1,0) a,, <0,4 Installation work and maintenance
7 (0,2-0,4) a,, >0,7 Installation of work inadmissibility
Conclusion

Based on systems analysis and cognitive concepts, crisis situations that arise in man-made systems with
energy-intensive factors are considered. It is argued that only if these factors are taken into account at all stages:
from design to construction and operation can ensure a high level of trouble-free operation of man-made regional
and global structures.

In order to ensure a high level of reliability of man-made systems, it is necessary to take into account in the
design process active, informational and cognitive factors influencing the design and implementation of the project,
accounting the development of real dynamic situations.
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