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Abstract. Formulation of the problem. Luck of a unified concept, which identified integral criteria — structural stability of the
static system, caused by the existing incompleteness of his formal representations, what justifies and initiate research of this system.
Identification of the trend of structural stability. Quantification values of this function using two-digit logic, representing either the
integrity of the structure of the object or its destruction is impossible, because it leads the task to conditionally correct. Relatively
small changes, for example, of some technological parameter, changing structural stability of the identification object, what is not
fixing by two-digit logic. In this connection, regularization of the named task is permissible through the use of an expert system that
includes a specialized knowledge base. For the practical substantiation of the approach to determining structural stability, a metal was
chosen (rolled from low carbon low alloy steel Ct31mc steel), whose reference points were assigned in the range of characteristics
qualities limited by normative documents: ultimate strength — o, = 370...490 MPa; yield strength — o1 = 205...245 MPa; hardness —
HRB = 62...70. Based on the analysis of the influence of synergistically interacting variables and the resulting equation, the trend of
structural stability is determined. The significance of the work lies in establishing the trend of the structural stability of the object of
identification, which allows predicting the values of the parameters that determine it. Conclusions and recommendations. An
algorithm for determining the trend of parameters, according to which the structural stability of the object of identification is
changed, is given: 1. Establishing his expert identification; 2. Determination of the working area of probabilistic assessments that
establish the trend of structural stability and its quantification; 3. Establishing a trend of structural stability.
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Awnorauisi. ITocmanosxka npoénemu: BiICyTHICTh €IUHOT KOHIIEMLIT, 110 ieHTU]IKYe iHTErpaJbHUI KPUTEPiil, — CTPyKTypHa
CTIHKICTh CTAQTHYHOI CHCTEMH, BUKJIHKAaHA ICHYIOUOIO HEMOBHOTOIO HOTO (OpMajbHHX YSBICHb, IO OOIPYHTOBYE Ta iHIIiIO€ 11
nomyk. Idenmugpikauia mpendy cmpykmypuoi cmiiitkocmi. KBantudikamis 3HaueHp mi€l (QyHKIIT 32 JOMOMOTOI0 IBO3HAYHOL
JIOTiKH, 110 BigoOpaxae abo HilicHICTh CTPYKTYpH 00'ekTa, abo 11 pyilHyBaHHS, HEMOXIIHBA, OCKIIBKY 1I€ 3BOJUTH 3a/1ady 10 YMOBHO
KOPEKTHHX. BigHOCHO HEeBeJMKi 3MiHH, HANpPHUKIaA, OyAb-SKOTO TEXHOJIOTIYHOTO MapameTpa, 3MiHIOIOTh CTPYKTYpPHY CTIiHKicTh
o0'ekta izeHTHdiKawii, 1m0 He (IKCYeThCsS ABO3HAYHOIO JIOTIKOMO. Y 3BSI3KY 3 LIUM, peryispu3aliis Ha3BaHOI 3agadi JOImycTHMa
IUIIXOM 3aCTOCYBaHHs €KCIIEPTHOI CHCTEMH, 10 BKJIIOYAE CIIeliali3oBaHy 0a3y 3HaHb. [l IPaKTUYHOTO OOTPYHTYBAHHS MiJXOLy
BU3HAYEHHSI CTPYKTYPHOI CTiliKocTi BUOMpaBcsi MeTal (IIpoKar i3 3MaJIoBYIiIeneBol Hu3bKoeroBanoi Mapku crami Cr3mc), y skoro
periepHi TOYKM NpH3HAYAINCS B Jiala3oHi iCHYBaHHS XapaKTEPHCTHK SKOCTI, OOMEXCHNX HOPMAaTHBHHUMHU JOKYMEHTaMHU: MeXa
MinHOCTI — 6, = 370...490 MIla; mexa miuuHHOCTI — o7 = 205...245 MIIa; tBepaicts — HRB = 62...70. Ha mincrai ananisy BIUTHBY
CHHEPTreTHYHO B3a€MOAIIOUNX 3MIHHHMX Ta OTPHMAaHOTO PIBHSHHS BH3HAYA€THCS TPEHJ CTPYKTYPHOI CTiMKOCTI. 3HAUMMICTH poboTH
MOJIATAE y BCTAHOBJICHHI TPEHY CTPYKTYPHOI CTiliKOCTi 00'ekTa ineHTH]IKaMii, 0 JO3BOJISIE IPOTHO3YBAaTH 3HAYCHHS ITapaMeTpiB,
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sk ii BU3HauaroTh. Bucnoexu ma pexomenoayii. Hapoquthbest anroput™ BU3HAUYEHHS TPSH/LY HapaMeTpiB, 3TIAHO 3 SIKUM 3MiHIOETHCS
CTPYKTYpHa CTilKicTh 00'ekTa imenrtudikaiii: 1) BcTaHOBICHHS iforo ekcreprtHol ixeHTHdikalii; 2) Bu3Ha4eHHs poOo4oi obnacTi
iMOBIpHICHUX OIL[IHOK, [0 BCTAQHOBIIOIOTH TPEHI CTPYKTYypHOI CTiiikocTi, Ta Horo kBaHTH(iKamis; 3) yCTaHOBIEHHS TPCHIY
CTPYKTYPHOI CTiHKOCTI.

KuaiouoBi cnoBa: cmpykmypua cmiiikicms, Kopekmua 3a0aia; eKchepmua cucmema,; mpeHo,; 6asa 3HaHb
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AnHoTamms. Ilocmanogéka npobnempl: OTCYTCTBHUE €IUHOW KOHLEMLUH, WACHTU(HUIMPYIOIIEH HHTETPAIbHBIA KpUTEpUH —
CTPYKTYpHasl yCTOHIMBOCTD CTATHIECKOH CHCTEMBI, BBI3BaHHAS CYIIECTBYIOIIEH HEMOIHOTON ero (JOpMaNbHBIX IIPeACTaBIeHIH, 4TO
000CHOBBIBAaCT M WHHIMHPYET ee TOoucK. HMoenmuduxayua mpenoa cmpykmypHoi ycmoiiuugocmu. Kantupuxanys 3HaUeHHH
9TOH (YHKIUH C MOMOIINBIO IBYX3HAYHOM JIOTHKH, OTOOpakalomiel JIM00 IIeIT0CTHOCTh CTPYKTYPHI 00BeKTa, INOO ee paspylieHue,
HEBO3MOJKHA, IIOCKOJIBKY TO NMPUBOAUT 33ady K yCIOBHO KOPPEKTHBIM. OTHOCUTENEHO HEeOOJbIINEe H3MEHEHNUS, HallpuMep, KaKoro-
1100 TEXHOJOTHMYECKOro IapameTpa, W3MEHSIOT CTPYKTYPHYIO YCTOWYMBOCTb OOBEKTa HWICHTU(UKALHMU, HE (GUKCHPYEMYIO
JIBYX3HAYHOW JIOTMKOH. B 3TON CBf3M peryispusanus Ha3BaHHOW 3a7aud JIONMYCTHMMA IYTEM NPUMEHEHHUS DKCIEPTHOW CHUCTEMBI,
BKJIIOYAIOIIEH CIeNUaN3upoBaHHY0 0a3y 3HaHMH. JIIs HpakTHYecKoro OOOCHOBAaHMS IOAXOJAA OINPENCNICHUS CTPYKTYpHOMH
YCTOWYMBOCTHU BBIOMpAJICA METaJLI (IIPOKAT U3 MAJIOYTIEPOAUCTON HU3KOIEIHPOBaHHOW Mapku ctanu CT31Ic), y KOTOPOro perepHbIe
TOYKH HAa3HAYAIUChH B JIANa30HE CYIIECTBOBAHUS XapaKTEPUCTUK KauecTBa, OTPAaHNIYECHHBIX HOPMAaTHBHBIMHU JOKYMEHTAMH: Ipeiell
npouHocTH — 6, = 370...490 Mlla; nmpenen tekyuectu — o = 205...245 Mlla; tBepaocts — HRB = 62...70. Ha ocHoBanuu ananusa
BJIMSIHASL CHHEPTeTHYECKH B3aMMOJICHCTBYIOMINX IEPEMCHHBIX M IOJTYyYEHHOTO YPAaBHEHHS OIPEAENISICTCS TPEHA CTPYKTYPHOI
YCTOHYUBOCTH. 3HAYMMOCTH pabOTHI 3aKJII0YAECTCSI B YCTAHOBJIEHUH TPEHNA CTPYKTYPHOH YCTOMYNBOCTH 00BEKTa MACHTH(UKAIIH,
MO3BOJISIOLIETO IPOrHO3UPOBATh 3HAYCHUs IApaMETpOB, €€ ONpeleIolmuX. Boieodvt u pexomendayuu. Ilpusonurcs anropurm
OINIpeNeNIeHNs] TPEHAA IapaMeTPOB, COIJIACHO KOTOPOMY M3MEHSETCS CTPYKTypHAash YCTOMYHMBOCTH OOBEKTa HACHTHU(DHKAINU:
1) ycTaHOBIIEHHE €r0 IKCIEPTHON uAeHTU(UKAIMY; 2) onpenesneHre padodyeld 001acTH BEpOATHOCTHBIX OLICHOK, YCTaHABIUBAIOLINX
TPEH] CTPYKTYpHOIH YCTOMYMBOCTH, U €r0 KBaHTU(UKAIMSA; 3) YCTAaHOBJICHUE TPEHA CTPYKTYPHOU YCTOHUUBOCTH.

KnioueBble ciioBa: cmpykmypuas ycmouuu8ocms, KOppeKmuas 3a0a4a; IKCNepmuas cucmema,; mpeno, 6a3a sHanuil

Traditionally, such a function should be determined

1. Formulation of the problem using two-digit logic that reflects the ability of an

Saving the integrity of objects of different nature is identification object to maintain the integrity of the
associated with their structural stability. From positions structure (the identification object is structurally stable —
of the dynamic system theory image f'is C* — structural 1; the identification object is structurally unstable — 0).
stable, if any C* close to it Image g is topologically Such an approach makes the problem conditionally
conjugated to it by some homeomorphism h close to the correct [9, 10], because according to Adamar [11]:
identity [4]: — it does not have a single solution (in the class of

g interest);
g=hyh, — it can have many solutions (from two or more);
where the dynamics of g differs from the dynamics of f — if the procedure for finding the solution is unstable
only by a (continuous) change of coordinates. (that is, with the slightest measurement error or small

Static systems remain unchanged composition, field ~ perturbations of the original data [12], the resulting
properties and structure. It becomes obvious that the state solution may differ significantly from the exact one).
of the structure of an object of identification of a static When determining the structural stability based on
system cannot be described by a single criterion, and the analysis of theoretical regularities and statistically
from these positions structural stability is an integral confirmed experiments, changes in parameters affecting
criterion, acting as a function of a number of its key it would be recorded. The current lack of formal
characteristics (strength, ductility, etc.). For example, the representations of structural stability [13], initiates a
quality of many materials is assessed by structurally search for those that include this task in the category of
sensitive characteristics [5-8], which initiates the  conditionally correct.

appointment of structural stability as an integral criterion.
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In this regard, we accept that regularization of this
conditionally correct task is possible by creating an
expert system [14-17], which should contain a
specialized knowledge base, including:

1. Admissible formalization of structural stability.

2. The purpose of the working area of interrelated
parameters, within which the structural stability is
determined.

3. Quantification of structural stability.

Determination of the trend of structural stability.

2. Identification of the trend of structural stability
2.1 Permissible formalization of structural stability

Accepted, the integral criterion structural stability
can be perceived as a result of the synergistic interaction
of its defining parameters.

The absence of the classical definition of structural
stability can probably be explained by the difficulty of its
representations as an n-dimensional vector, where n is
the number of its determining particular indicators. Such
an interpretation is mentally perceived as a smooth
manifold homeomorphic to a sphere.

In this regard, the formalization of structural
stability is difficult to deterministic description, which
initiates an indirect, for example, expert interpretation
of it.

2.2 Assignment of the working area of parameters
defining structural stability and its quantification

Their synergistic effects on the object of
identification. In this regard, it is necessary to establish

Ne 4-2018 ISSN 2413-7405

reference points of the workspace of the identification
object, in the range of which the degree of influence of
parameters on its structural stability is determined.

For the practical substantiation of the approach to
determining structural stability, a metal was chosen
(rolled from Ct3mc steel), whose reference points were
assigned in the range of characteristics qualities limited
by normative documents: ultimate strength -
o, = 370...490 MPa; yield strength — o1 = 205...245 MPa;
hardness — HRB = 62...70 Ct3mc low carbon low alloy
steel had a ferritic-pearlite structure and did not respond
to heat treatment (Fig. 1.).
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Fig. 1. Steel structure St3ps, x 500

Predicting the degree of influence of interrelated
parameters on structural stability in the range of values
from O to 1, its trend was expertly established.

To facilitate the work of experts, specialists in
materials science, who determine the probabilities of the
influence of interacting parameters on the structural
stability of the object of identification, the values of
probabilities were established taking into account the
data [18-25, etc.].

Table

Planning matrix

ML 0,18 0,225 0,525 0,25 0,04 0,03

VV| 0,04 0,075 0,125 0,05 0,01 0,01 v

UL 0,22 0,30 0,65 0,30 0,30 0,05

LL 0,14 0,15 0,40 0,10 0,10 0,03

Ne X X, X Xy X5 (Cr) Xs (S) Yexp
1 + + + + + + + 1,00
2 + + + + - + + 0,90
3 + + + + + - 0,85
4 + + + - - + - 0,80
5 + + - + + - - 0,97
6 + + - + - - - 0,60
7 + + - - + - + 0,70
8 + + - — - - + 0,55
9 + - + + + - - 0,25
10 + - + + - - - 0,50
11 + - + - + - + 0,45
12 + — + - - - + 0,40
13 + - - + + + - 0,35
14 + - - + - + - 0,30
15 + - - - + + + 0,11
16 + - - - - + + 0,01
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The degree of influence of synergistically When implementing the planning matrix, an
interacting variables predicted by experts on the equation describing the values of structural stability was
structural stability of the metal Y., is given in the obtained:

planning matrix.
In this matrix (see table), the UL and LL are the
upper and lower levels of the variables X; — X4 (the

Y = - 1,274 + 5,547-X; + 2,292.X, + 0,525-X; +
0,219-X4 + 0,094-X5 — 4,687-X¢

percentage of elements of the chemical composition of (Fisher criterion F = 1,069; Feiic = 2,400 and

the object of identification); MY - medium level; Kohren F = 0,359; Feiic = 0,547).

VV —is the variable variation interval. Based on the analysis of the influence of
Matrix rows - situations in which the expert synergistically interacting variables and the resulting

evaluates the numerical values of structural stability equation, the trend of structural stability is determined

within fixed points (from 0 to 1). (see Fig. 2).

2.3 Determination of the trend of structural stability

X1 X3 X3 X4 X5 X6

Fig. 2. Structural stability trend

The significance of the work lies in establishing the 2. Determination of the working area of
trend of the structural stability of the object of probabilistic assessments that establish the trend of
identification, which allows predicting the values of the structural stability and its quantification.
parameters that determine it. 3. Establishing a trend of structural stability.

The use of a synergistic approach in determining the
3. Conclusions and recommendations influence of interacting parameters on structural stability

is due to the self-organization of the expert system, as an
open system, exchanging information with the external
environment.

A regularization of the conditionally correct
problem of establishing the trend of structural stability is
proposed, including:

1. Establishing his expert identification.
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