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Abstract. Introduction. The discrepancies between the results of modeling and the data obtained after direct experiments on
a real object indicate incompleteness of the formal axiomatics of the existing methods of research in various fields of science and
technology. To assess the incompleteness of the formal axiomatics of the object, the theorem of K. Godel and the principle of
“external complementing of S. Bir” are used. In purpose to compensate for the incompleteness of formal axiomatics, it is
proposed to perform modeling of the microstructure of an object with the use of a language of a higher level. Theoretical basis
and results. As an example, the cast iron structure represented by the fractal model is considered. Comparison of the analysis
results of the structure and mechanical properties of cast iron with the use of fractal and traditional methods with field testing data
is carried out. The correlation coefficients between the topological characteristics of the structure of cast-iron rolls of the brand
SPHN (percentage content of perlite and carbides) and mechanical properties are 0,53 and 0,52, respectively. Between the fractal
dimensions of perlite and carbides and the mechanical properties of these rolls, the coefficients of correlation make up 0,94 and
0,93, respectively. The obtained results indicate the prospects of using fractal geometry for the identification of complex objects
in comparison with the Euclidean geometry. Originality. In order to partially eliminate the incompleteness of the formal
axiomatics that arises when identifying the structure and properties of complex objects, according to the principle of “external
addition” S. Bier, it is shown that it is possible to apply a higher level language fractal geometry. Conclusion. An algorithm is
proposed for partial compensation of the incompleteness of the formal axiomatics of the structure of complex objects using fractal
modeling. The results obtained highlight the prospects of using the fractal geometry to partially compensate for the
incompleteness of the formal axiomatics in the model under consideration.

Keywords: incompleteness of formal axiomatic;, complex object; fractal geometry; the principle “external additions”; cast
iron
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AHoTauisi. Bcmyn. HeBimoBigHOCTI MiX pe3y/ibTaTaMd MOJCIIOBAHHS 1 JaHUMH, OTPUMAHUMH MICIs MPOBEACHHS MPSIMHUX
CKCIICpUMEHTIB Ha peallbHOMY OO0'€KTi, CBiIYaTh MPO HEMOBHOTY (OPMabHOI aKCIOMAaTHKH ICHYIOYMX Ha ChOTOJAHILIHIA JEHb
METOJIB JOCHI/UKEHHS B PI3HUX Tany3sx HayKd Ta TexHikd. [yl OLiHIOBaHHS HEMOBHOTH (OPMajbHOI akcioMaTHKH 00'ekta
BUKOpHCTOBYeThCsl Teopema K. Temens i mpuHIMI «30BHimHboro nomnosHeHHs» C. Bipa. 3 Merorw KoMmIieHcalii HEHOBHOTH
(bopManbHOi aKCIOMAaTHKU y CTATTi MPOIOHYEThCS 3IHCHIOBATH MOJETIOBAHHS MIKPOCTPYKTYPH O0'€KTa 3 BHKOPHUCTaHHSM MOBHU
O1JIbII BUCOKOTO piBHS. OCHO8HA Yacmuna. Sk NPUKIIAI PO3IIIAAAETHCS CTPYKTYpa YaBYHY, sIKa HaJaeThCsl ()paKTaaIbHOK MOJIEILIIO.
ITpoBeeHO 3icTaBlICHHS PE3YJIbTATIB aHaNi3y CTPYKTYPH i MEXaHIYHHX BJIACTHBOCTEH 4aBYHY i3 3aCTOCYBaHHSM (pakTajJbHHUX Ta
TPAAMIIHHUX METOAMK i3 JaHUMH HaTypHUX BUMpoOyBaHb. KoeQilieHTH KOpemsuil MiXK TOMOJOTiYHUMHU XapaKTepPUCTUKAMHU
CTpyKTypH yaByHHHX BankiB Mapku CITXH (BizcoTkoBuit BMICT mep:iTy Ta KapOifiB) i MeXaHIYHUMHU BIIACTHBOCTSIMHU CKJIaJal0Th
0,53 Tta 0,52 BigmosigHo. Mix ¢pakranpHOi po3MipHicTIO mepnity i kapOigiB i MeXaHIYHUMH BJIACTUBOCTAMH LMX BaJKiB
koedimientn kopensuii craHoBmsate 0,94 i 0,93 BianosigHo. OTpuMaHi pe3yJbTaTH CBigYaTh MPO TEPCHEKTHBH BUKOPUCTAHHS
¢dpakraneHoi reoMeTpii A ineHTHdIKanil cKIagHUX 0O0'€KTIB MOpIBHAHO 3 reoMerpicio €Bxiina. Hoeusna. Jlns 9acTKOBOTO
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YCYHCHHsI HEMOBHOTH (DOpMalbHOI aKCIOMAaTHKH, L0 BHHHKAE MiA 4Yac igeHTH(ikauii CTPyKTypH Ta BIIACTUBOCTEH CKIIAJHHX
00'eKTiB, BIAMOBIZHO 10 HPHHIMITY «30BHilIHbOro pomoBHeHHs» C. Bipa, mokaszaHo, 110 MOXXHa 3aCTOCOBYBAaTH MOBY OiJIbIII
BHCOKOT'O PiBHS — ()paKTajbHy reoMeTpro. Bucrosku. 3anporoHOBAaHO aJrOPUTM YaCTKOBOI KOMIICHCAL] HEOBHOTH (hOPMAIIbHOI
aKCIOMaTHKU CTPYKTYpPH CKIaJHUX OO0'€KTIiB i3 3acTOCyBaHHSAM (ppakTalbHOrO MojeitoBaHHsI. OTpUMaHi pe3yJbTaTd BHCBITIIOIOTH
MEPCIEKTHBY BUKOPUCTAHHS (ppaKkTaIbHOI reOMeTpil il YacTKOBOI KOMITCHCAL(l HEMOBHOTH (hOPMabHOI aKCIOMATHKU B PO3IVISIHYTIH
MOJIEI.
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AnHotammsi. Beedenue. HecooTBeTcTBHS MeXIy pe3ylbTaTaMHd MOJCIMPOBAHUS M JaHHBIMH, IIOJTYYCHHBIMH MOCIE
MIPOBEACHUS TPSIMBIX OKCIHEPHMEHTOB HA pEaTbHOM OOBEKTe, CBUACTENBCTBYIOT O HEIOJNHOTE (OPMaIbHON aKCHOMATHKI
CYIIECTBYIOIIUX Ha CETOIHSAIIHUN A€Hb METOJOB HCCIIEOBAHUS B PA3INYHBIX 00JACTIX HAYKNM U TEXHUKH. J[JIsl OLEHKN HEMOIHOTHI
(dopManbHONM aKcMOMAaTHKH 00bekTa mcrmonbdyercs Teopema K. 'emens m mpunmmn «sHemHero nomonHeHus» C. bupa. C nensio
KOMIICHCALMM HETIONHOTHl (pOpMalIbHOI aKCHOMAaTHKH B paboTe Hpeaaraercs OCYLISCTBIATh MOJACIMPOBAHUE MHUKPOCTPYKTYPHI
00BEKTa C HCIOJIb30BAaHUEM sI3bIKa 00JIee BHICOKOTO YpOBHS. OcHo6Haa uacms. B xauecTBe MpuMepa pacCMaTpHBAETCs CTPYKTypa
4yryHa, OpeJcTaBisieMas GppaKkTalbHOW Mozensio. [IpoBeneHo comocTaBieHHE Pe3yabTaTOB aHAIM3a CTPYKTYPHI M MEXaHHIECKHX
CBOMCTB 4yryHa C NpUMEHEHHEM (PpaKTaJbHBIX M TPAJUIUOHHBIX METOAMK C JAHHBIMH HATYpHBIX HcHbITaHud. Koaddumuents:
KOPPEJISIIIUU MEX/y TOHOJIOTHIECKIMH XapaKTepPUCTUKaMU CTPYKTYpHI YyryHHBIX BasnkoB Mapku CITXH (mponeHTHOe comep:kaHue
mepiuTa W KapOWmoB) M MeXaHHYeCKMMH cBoWctBamm cocraBmtior 0,53 u 0,52 coorBercTBeHHO. Mexny (pakTaiabHOI
Pa3MepHOCTBIO MepiuTa U KapOuI0B U MEXaHWYECKUMH CBOWCTBAMH THX BAJKOB KOA(G(HIHEHTHI KOppessuuu cocTaBisiioT 0,94 u
0,93 coorBercTBeHHO. [loNMy4eHHbBIE PE3yJbTaThl CBUACTENBCTBYIOT O NMEPCHEKTUBAX HCIOJIb30BaHUS (paKTaJbHOH T€OMETpUH Ul
WACHTU(UKAIMY CIIOKHBIX OOBEKTOB 10 CpaBHEHMIO ¢ reoMeTpueil EBknuna. Hogusna. {11 4aCTUYHOTO YCTpaHEHUS HETIOTHOTHI
(dopmManbHON aKCHOMATHKH, BO3HMKAIOLIEH NMpHU HASHTH(OUKALUHN CTPYKTYPBl M CBOMCTB CIOXXHBIX OOBEKTOB, B COOTBETCTBHHU C
MIPUHIUIIOM «BHeIIHero gononHeHus» C. bupa, moka3aHo, 4TO MOXKHO NPUMEHSTH SI3bIK O0Jiee BBICOKOTO ypOBHS — (hpaKTalbHYIO
reomMeTputo. Buieoowl. 1lpennosxkeH anropuTM YacTUYHOW KOMIICHCALIMM HEMOJHOTH (DOpPMabHOH aKCHOMATHUKH CTPYKTYPHI
CJIOXHBIX OOBEKTOB C INPHUMEHEHHEM (PAKTAIFHOTO MOJEIHpOBaHMsS. [loydyeHHBIE pe3yibTaThl IOMYEPKHUBAIOT IEPCHEKTHBEI
HCTIONB30BaHMS (PPAKTAIFHON T€OMETPUH IS YACTUYHOH KOMIIEHCAIIMY HEeTIOJIHOTHI ()OPMaIbHON aKCHOMATHKH B pacCMaTpUBaeMOi
MOJIENN.

KnioueBble ciI0Ba: nenonnoma @QopmansHou aKCUOMAMUKU, CAOJICHBIL 00beKm, (GPaKmanvHds 2eoMempus; NPUHYUn
«8HewHe20 O0NONHEHUS); YY2YH

recommended to use the principle of “external

Introduction additions”, based on application of the higher-level
The Godel’s incompleteness theorem proved that in language, used for wording the statements [2]. The
theories being constructed on the basis of the formal newly selected solutions, expressed by the higher-
axiomatic, the values of the source terms and their level language, are intended to eliminate
interpretations are incomplete, which is conditioned by disadvantages of the language being initially used [3;
the language incompleteness of statements [1]. 4]. Application of the newly selected language serves
In this connection, extending conclusions of this as a practical method aimed at partial overcoming the
theorem for assertion, which defines, for example, the difficulty, which is a consequence of the Godel’s
complex system quality, one knows that it is theorem.
incomplete. This incompleteness is due to some The aim of the paper was to show the ways to
uncertainty, primarily caused by relativeness of compensate for the incompleteness of the formal
measurements, without which it is impossible to do axiomatics arising in the identification of complex
anything in defining one or another pattern, as well as systems, illustrated in terms of the example by applying a
by inevitable incompleteness of statements wording. language of a higher level.

In order to partially eliminate the incompleteness of
the formal axiomatic of the statements, S. Beer
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Theoretical basis and results

S. Beer recommended that in order to go beyond
the initially selected language, but, at the same time,
not to be out of touch with the real situation, it should
be attached to such a property of the system that is
indissolubly related to its real existence.

For example, it is obviously that for most of
materials such property is one or another characteristics
of their quality. To show this, let us opt for currently
existing processes targeted at identifying the structure of
a material, which, as it is shown by experience and
numerous theoretical studies, is a reflection of its quality
characteristics [5-7]. In this case, the approximation of
elements of the structure with complex geometrical form
configuration is made, as a rule, by integral Euclid
figures, which introduces the certain error in findings of
the quality material characteristics. This fact initiates the
possibility to replace geometric characteristics of the
structure elements (length, area, volume) with more
differentiated assessment.

With the view to partial elimination of the
incompleteness of the statement formal axiomatic,
according to S.Beer principle of the “external
additions”, we use the higher-level language. In our
opinion, this language is the language of fractal
approximation of the metal structure. This choice is
based on the fact that a huge number of real physical
systems possess (in respective scale ranges) the fractal
nature being characterized by the fractional dimension
[8-11]. Considering the lack of satisfactory
mathematical descriptions of processes taking place, for
example, when alloying metals (i.e. those, which would
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be applied in practical calculations and would be
reliable enough) it is fair to assume that such complex
system, as the metal, and more precisely, its
components, has not integral, but fractional dimension,
i.e. this system relates to fractals [12-17]. The concept
of a fractal is virtually connected just as with the metal
structure  characteristic, so with physical, m
characteristics of products being manufactured
therefrom: with rough surface, volume, density and
other [18-20].

We will show how different are the quality
characteristics of the metal (for example, iron) using for
approximation of its structure just as the method of the
metallographic analysis, so the method based on
application of the fractal theory.

At bottom of the method for calculating the fractal
dimension D according to Hausdorff [21] there is the
idea that the set under study — a line, plane or volume — is
covered respectively by straight-line segments, squares,
and cubes with the given size 6. By means of the
crossplot it counts the number of cells N(9), which

covered the object under study: D = — limm .
550 Inod

For example, the divergences between results of
prediction of the impact strength KC and hardness HSD
(Fig. 1) for cast iron rolls with the structure of the flake
graphite, alloyed by chrome and nickel (CNSF), and
based on determination of the structure elements area
(pearlite, carbides, flake graphite) as well as on appraisal
of graphite by points (semi-quantitative), illustrate the
difficulties that arise in forecast using the previously
known methods.

HSD
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Fig. 1. Dependence of impact strength (a) and hardness (b) on parameters of the structure
of roll-foundry iron with the graphite flake form

This fact demonstrates the formal axiomatic
incompleteness [3], arising in description of the metal
structure elements by means of traditional configurations
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of Euclidean geometry, which triggers the need to use
other promising approaches to the structure assessment.

The structure of cast iron consisted of perlite,
graphite and carbides (Fig. 2 a, b).
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Fig. 2. Structure of the working layer of cast iron roll barrels CIIXH-45 (a) and CIIXH-49 (b) at the distance
of 10 mm from the surface: colonies of ledeburite, graphite eutectic, pearlite matrix, HNOj etching, x200
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Fig. 3. Dependence of impact strength (a) and hardness (b) on fractal dimension of the structure of roll-foundry
iron with the graphite flake form

The assessment of the structure of the cast iron roll,
defined on the basis of the analysis of its elements fractal
dimension, is shown in the Figure 3 (a, b).

The hardness of the iron, calculated according to
these equations, is slightly different from that obtained
by means of full-scale tests (divergence is up to 4 %),
which is evidence of feasibility to use the fractal
geometry language for assessment of the metal quality.

The obtained results show that the metal quality
characteristics, calculated with consideration of fractal
dimensions of the metal structure, are economically
feasible to be produced by minimizing the number of
full-scale tests.

Originality
The incompleteness of formal axiomatics, which
arises in the identification of complex objects, is partly
compensated from the scientific point of view according
to the principle of “external complementation” of S. Bir
with the use of a language of a higher level — fractal
geometry.

Conclusions
The ways to partially compensate for the
incompleteness of the formal axiomatics in the

identification of complex systems were considered using
materials from metal as the example.
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