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Introduction. Calculation of reliability as an object’s complex characteristic represents the pro-
cedure of setting the appropriate indicators using methods based on their definition by reference data
about the object elements’ and the analog objects’ reliability, data on material properties, and other
data that we can get at the time of calculation. Data absence or inability to obtain such information
should not cause refusal to assess the system reliability at any stage of its life cycle [1]. Providing re-
spective professionals with the necessary information is quite time-consuming process as well as the
accumulation of relevant statistical data, because the investigated object structure can be complicated,
its components’ list can vary and enlarge and to address issues related to reliability parameters’ as-
sessment required is the mathematical, software and information support.

In such a case, a specialist developing the technical object’s reliability issues identifies the com-
ponents necessary to calculate, basing on his own experience and the final result (obtained quantitative
characteristics) depends only on his experience available and the correctness of methods and models
applied [2]. Especially sharply the expert assessment possibility reduces when developing new, unique
equipment because of lack for experts with this equipment operated experience meanwhile of that the
technical, economic and environmental responsibility to take appropriate technical and technological
decisions in today's realities may be too large.

Literature review. Modern technical facilities represent complex systems consisting of a large
number of mutually interacting heterogeneous elements, which number may reach tens of thousands.
However, the requirements for quality and efficiency of technical objects operation are becoming
more strict because the failure of any object (part of the system) can lead to significant financial losses
due to insufficient production volumes, technological process rhythm interruptions, loss of raw mate-
rials, need for repairs and more.

Solving the reliable operation problems relies upon implementing a systematic approach to en-
sure the reliability at all stages of the object’s life cycle. The use of a common information space that
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satisfies CALS-technologies requirements, setting of optimal design, planning and maintenance tasks,
application and development of appropriate mathematical tools make it possible to describe the tech-
nology creation and technical systems’ operation throughout their life cycle [3, 4]. However, in all
cases we must take into account the lack of the necessary simple and affordable software and mathe-
matical apparatus, as the suggested new approaches to reliability parameters evaluation issues are ori-
ented onto the system life cycle individual stages and do not take into account the mutual influence of
design and operation phases tasks [2, 5]. In addition, they require significant time and financial costs
for obtaining necessary information, that effect being not acceptable neither for contemporary design
nor a modern management as dramatically narrows the ability to analyze options for designs, manufac-
turing techniques, diagnostics and modes of operation of complex systems in real time [2].

Aim of the Research. This study is aimed onto improving the efficiency of design process and
maintaining the decision-making at the design stage by selecting the technical objects’ structure on the
basis of the elaborated structural fault tolerance assessment method.

Main Body. The complex systems simulation allows exploring the specifics of their operation
under different conditions when incompleteness and heterogeneity of their components reliability
background information. Choosing the complex system right model structure not only provides the
best selection of equipment, but also gives possibility to minimize further costs, such as equipment
purchase, fault system repair or guaranteeing the system faultless within the required period of time.

For systems with loaded redundant design the development process is associated with a large
number of discrete selection among components of various types regarding their reliability or weight
in the overall system’s fault tolerance. Optimizing such systems with network structure, including sev-
eral redundant subsystems k-of-n represents a NP-complex problem [6].

If the system reliability is determined
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x; — number of j-s components used at i™ subsystem, x;€(0,1,2,...);

k; — number of components connected in parallel at every subsystem #;,

m; — number of functionally similar components at every subsystem i,
when the upper limit for n not defined, the number of possible structural configurations N is also un-
limited. Provided we shall set such a limit (n,,), as a result there arises a possibility to determine the
total number of system’s configuration (elementary components set) variances considering every sub-
system elementary components selection as an allocation problem. The generalized number of system

structure unique variances
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E.g. for s = 6, m; = 10 and n,,, = 8 possible are 6,9x10%" various variances of system structure.
So, the direct possibilities enumerative search can take too much time.

The research [7] suggests using the neuron networks to evaluate the faultless operation probabil-
ity for separate elements as well as for complex system subsystems, at the condition that overall sys-
tem’s structure corresponds to some of the known neuron networks’ (NN) types. The NN approach
advantage is that they are efficient enough for simulating non-linear and statistically significant inter-
actions. And the disadvantage consists in the necessity to train and in only approximate estimation of
the system reliable operation probabilities.
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The structures’ reliability can be preliminary assessed by the value of structural resiliency coeffi-
cient Csz [8]. Such index choice represents a difficult and controversial task as in general, the fault
tolerance is a function of not only the project or management solutions variance, but of the facility fu-
ture operation conditions, often unpredictable. Taking into account that the faultless operation P(n)
probability set values’ dissipation power depends on the number of elements in the system N and the
number of faulty elements, #, to evaluate complex system structural resiliency considering the simu-
lated object’s specific situations in the diagnosis, design and operation the user should select from
among several options for its calculation (see Table).

System structural reliability assessment parameters

Ne Identification Formula Applicability domain
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The table legend: s — order index, a; — coefficients, n in" — conventional zone limits, where the
system having a given elements’ faults set maintains the operability with probability above zero P(n).

Therefore, to obtain Csg, value, we must perform a statistically substantiated experimental series
with structurally similar systems under analogical load conditions.

The informational structural statistic model (ISSM) provides opportunity for real-time statistic
experiment, removing at every subsequent stage one model structure element with calculation the pa-
rameter by the statistic mean value of faultless operations probability [8]. In such a case the structural
damage takes place at the model level.

Results. As a result, the proposed information statistical model takes into account and imple-
ments two principally different structural damages that allows representing all complex system’s dam-
ages as some condition diagram (Fig. 1):

— Real predictable damage, reflecting the structural damage at life cycle operational stage, so-
called damage at the macro level (Fig. 1, a);

— Virtual damage that will never happen with the object, but are used at ISSM to determine its
resiliency so-called damage at the micro level (Fig. 1, b).

At Fig. 1, b, the top of each diagram indicate the object’s performance impairment at the macro
level and the lower part refers to the virtual “final breach” of the object’s structure at the micro level
within frame of the object’s actual state fault tolerance express-evaluation methods, i.e. changing the
physical objects structure at macro level necessary is to change the corresponding initial ISSM struc-
tural state at the micro level.
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Thus, the information model not only serves to determine expected fault tolerance of not yet ex-
isting object by its structure (for example, at design phase), thus providing the possibility to compare
selected design options by relevant calculated indicators Cgg, but it can be used to predict these facili-
ties” future operation (1...8, Fig. 2). Time 1, used to represent results in the model (Fig. 2), correlates
to the notion of complex system exploitation resource, rather than to the ¢, standard time MTBF.
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Fig. 1. Diagrams of complex system states during the Fig. 2. Example of Cs value application at prognostics
prognosticated (a) and operational (b) life cycle stages of complex systems’ states with the use
of morphologic models

Conclusions. As a result, reducing the multidimensional criteria space of complex systems’ anal-
ysis and synthesis to the one-dimensional one proposed are the real-time computed indicators of struc-
tural resiliency for complex systems with redundant load: the additive indicator, logistical, logarith-
mic, order-dependent indicator and entropy-estimating one obtained with the auxiliary of an infor-
mation morphological model. On the proposed method basis it is possible to compare the structures of
functionally similar but structurally different object variances considering the proposed object struc-
ture versions and the object’s regular load.

At the issue of experimental series (in-situ at the Odessa construction materials plant) testing the
proposed information system of decision support at the structural design stage (manufacturing of steel
bars for concrete products) we found that this system implementation has 1,7-folds reduced the project
works scheduled timing and 1,2-folds reduced the metal products material input without products
quality deterioration.
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AHOTAIISA / AHHOTALIUSL / ABSTRACT

O.C. Casenvesa, O.M. Kpacnoocon, O.1O. Jlebeoesa. 3acTocyBaHHSI NOKA3HUKA CTPYKTYPHOI BitMoBocTilikocTi B
3a/1a4ax MPoeKTyBaHHA. PO3MIITHYTO MHUTaHHS MigBUIICHHS ¢(pEKTUBHOCTI MpOLECY MPOSKTYBAaHHS Ta 3a0e3MeueHHs MiaT-
PHYMKU IIPUIHATTS pIillIeHb Ha €Tali MPOeKTyBaHHs. 30KpeMa, 32 yMOBU HEOAHOPITHOCTI I HEOBHOTH ITOYATKOBOI iH(popMaii
IIPO XapaKTePUCTHKU €JIEMEHTHOI 6a3u 00’€KTa IMPOEKTyBaHHS IPONOHYETHCS BUKOPUCTOBYBATH HOTO iH(pOpMaNiiiHy CTpyK-
TypHY CTaTUCTUYHY MOJAENb. 3aBISIKH MOPQOJIOTiYHIH MOAIOHOCTI 10 00’€KTa MOJEIIOBaHHS BOHA J03BOJISE aHAI3yBaTH
HOTO CTPYKTYpHY HaIiMHICTh NIISIXOM OLIHIOBAaHHSI HMOBipHOCTI 06e3BinMoBHOI poboTu. [IponoHyeTbest Ha BUOIp AeKiNbKa
BapiaHTiB BU3HAYCHHS BUAY QYHKLIT HAAIHHOCTI B 3aJI€)KHOCTI Bijl HOTY>KHOCTI MHOXXHHH PO3CIIOBaHHS CTATHCTHYHOI BUOIp-
KM Ta BapiaHTiB 00paxyBaHHs MOKa3HHWKa CTPYKTYPHOI BiIMOBOCTiiKOCTI. 3ampornoHoBaHa iHpopManiiiHa CTPYKTypHa cTa-
THCTUYHA MOJEIb JI03BOJISIE MPOBECTH CTATHCTHYHHH CKCIEPUMEHT B PEXHMi PEaJbHOr0 4acy, BUAAISIOUH Ha KOXKHOMY
HACTYITHOMY KPOIIi 10 OJHOMY €JIEMEHTY i3 CTPYKTYPH MOJEINI, 1 pO3paxyBaTH MOKa3HHK 33 CEpeIHbOCTATUCTUYHOIO BEIH-
YHHOIO HMOBIpHOCTI 0€3BiIMOBHOT poOOTH.

Kniouosi crosa: HapiliHiCTh, CKIaAHI CUCTEMH, TOKa3HUK CTPYKTYPHOI BIIMOBOCTIHKOCTI, TOIIKO/DKEHHSI.

O.C. Cagenvesa, A.H. Kpacnooicon, E.IO. Jlebedesa. Ucnosbp3oBaHne MOKa3aTeds1 CTPYKTYPHO# 0TKa30yCTOi4H-
BOCTH B 3aJavyaxX HMPOeKTHPOBaHMs. PaccMOTpPeHBI BONPOCH MOBHIIIEHHsT d(PEKTHBHOCTH IpoLecca IPOSKTUPOBAHUS U
obecreueH s MOUICPIKKH IPUHATHS PELICHUI Ha dTale NpOeKTUPOBaHHsA. B 4yacTHOCTH, IPH HEOHOPOIHOCTH M HEIIOJIHOTE
UCXOJHON MH(MOPMAIMU O XapaKTePUCTHKAX IEMEHTHOI 0a3bl 00bEKTa MPOSKTHPOBAHUS IIPEIAraeTcsi NCI0JIB30BATh €TI0
MHPOPMAIIOHHYIO CTPYKTYPHYIO CTaTUCTHYECKYI0 MOJEb. biaarogapst MopdoiornieckoMy moJoouio 00beKTa MOICIHUPO-
BaHUs OHA ITO3BOJIACT aHAJIU3HPOBATH €r0 CTPYKTYPHYO Ha/ISKHOCTD IyTEM OLICHHBAHUS BEPOSATHOCTU 0E30TKAa3HOH paboThI.
Ipemnaraercss Ha BHIOOP HECKOJIBKO BApHAHTOB OIPEAENICHUS BUJIA (YHKINUH HAIEKHOCTH B 3aBUCHMOCTH OT MOIIHOCTU
MHOXXECTBA PaCCEsHHs CTATHCTUYECKOH BHIOOPKM M BapHaHTOB pacyera IMOKa3aTels CTPYKTYPHOH OTKa30yCTOIYMBOCTH.
[pennoxxenHas MHGOPMALMOHHAST CTPYKTYypHAsi CTATUCTHYECKass MOJEINb MO3BOJISIET NMPOBECTH CTATUCTHYECKUH JKCHEpH-
MEHT B PEeXKHUME PEAIbHOT0 BPEMEHH, YA Ha Ka)XKIOM CIEYIOLIEeM IIare o OJHOMY JIEMEHTY U3 CTPYKTYPbl MOJEIH, U
paccumTarh 1oKasaTeb 110 CPeIHECTATHCTHIECKOI BEIMYMHE BEPOSITHOCTH 0€30TKa3HOH paboTHI.

Kniouegvie cnosa: HaiexKHOCTb, CIIOXKHBIE CUCTEMBI, I0KA3aTelb CTPYKTYPHON OTKa30yCTOHYHBOCTH, TOBPEKICHHS.
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0.8. Savelyeva, O.M. Krasnozhon, O.U. Lebedeva. Using the structural fault-tolerance index in project designing.
The problems of improving the efficiency of the design process and decision-making processes support at the design stage
are considered. In particular, proposed is to use an information structural statistical model under conditions of heterogeneity
and incompleteness of the initial data about the design object elementary basis characteristics. Due to the modeling object’s
morphological similarity it allows to analyze the object’s structural reliability by estimating the failure-free operation proba-
bilities. Proposed are several variances to define the reliability function type depending on the statistical sampling set scatter-
ing power and options of structural resiliency index calculation. The proposed structural information statistical model allows
to conduct the real-time statistical experiment removing at each step one element of the model structure. It also allows to
calculate the probability of failure-free operation index on the average value.

Keywords: reliability, complex systems, structural resiliency index, damage.
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