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A BASIC EXAMPLE OF THE MATHEMATICAL LOGICS
INTERPRETATIONS TO THE TRIBOLOGICAL PROCESSES
CHARACTERISTICS REVEALING

It is made an attempt to propose some appropriate adaptation of the mathematical
logics apparatus to the determination of the group of tribological processes and the
category of effects observed when there are the friction and wear processes that
could happen in the considered structural elements of the engineering units being
under investigation. The circumstances at which there is the group of the tribological
processes and there is the category of the effects observed are not deemed to be iden-
tified undoubtedly in the conditions of the experiments conducted or the performed
observations. In some situations a definite answer can be given to the questions put
about the combinations of the processes and the effects that are happening. This is
possible in conditions of uncertainty in regards with an additional portion of a defin-
ing piece of the information obtained and the mathematical logics rules implementa-
tion. In the considered and presented in the given paper simplified example the addi-
tional portion of the defining piece of the obtained information is that each of the
three mentioned in the example problem setting statements includes either correct
identification of the process related or the effect observed. Also it is supposed to be
known for sure that there was just one of the mentioned processes and effects hap-
pened, i.e. there was the only phenomenon, which was with the only one process of
the three investigated and the process could be combined into the phenomenon with
the only of the observed effects. In terms of the algebra of logics it means, for the
taken into account statements transformed into the view of the expressions of the
mathematical logics, the existence of the sought definite answer and the presence of
the only combination of the process and the effect. The approach has a significance
of a powerful tool for the phenomena identification.
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Introduction. In the sphere of tribology it is very important to identify correctly
both the processes going on and the effects observed [1]. Also, it is necessary to operate
with the appropriate models of the friction and wear processes that happen in the consid-
ered structural elements of the engineering units. In the aircraft airworthiness support
and aeronautical engineering maintenance technologies [2] it is an actual problem too.
At this, a significant influence of the processes’ parameters, their functions uncertainty
is a crucial thing. Reliability of equipment [3], for instance, depends a lot upon the wear
resistance [4]. In order to identify the tribological phenomena properly, there must be a
good training provided for the specialists involved, the dynamics of the demand for such
specialists, probably, is similar to the aviation maintenance and air navigation special-
ists demand for the next 20 years forecasted in the conference report [5]. On one way
or another, the individuals making responsible decisions about the tribological phe-
nomena should be able to make right judgments in the circumstances of incomplete in-
formation. Application of the mathematical logics apparatus, even of the simplest form,
can be of a great help.

State of the problem. The most up-to-date survey in the area of subjective prefer-
ences influence upon the decision making in general and for aviation safety in particular
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[6, 7] allow developing the multi-optional doctrine with the uncertainty degree evalua-
tion [8-21]. The unsolved part of the general problem is the variant with a logical con-
clusion in the conditions of uncertainty.

Problem statement. According to the state of the problem, it is required to find the
definite answer in case when there is incomplete initial information, however it is possi-
ble to use some additional knowledge about the tribological phenomenon.

Purpose of the paper. The presented paper is aimed at discovering the correct
combination of the process and effect based upon the simplest theorems of the algebra
of logics.

Problem setting. Consider the circumstances at which there is a group of tribologi-
cal processes and there is a category of effects observed. However, both of them (the
processes and effects) are not undoubtedly of certainly (definitely) identified in the con-
ditions of the experiments conducted or the performed observations.

Let the group of the studied processes be designated as a set of (A,B,C e ) where-
as let the category of the observed effects be designated as a set of [oc, B, - - ] .

In some situations a definite answer can be given to the question put about the com-
bination of the processes and effects that happen. This is possible in conditions of uncer-
tainty in regards with an additional portion of a defining piece of information obtained
and mathematical logics rules implementation.

Example. There were reported that:

1. The process (A) has occurred in conjunction with the effect [[3] observation, or

2. The effect [oc] was observed in the presence of the process (C ) developing, or

3. The process was of (B ) however the effect observed with that was not of [[3] .
The additional portion of the defining piece of information obtained is that each of
the three mentioned above statements includes either correct identification of the process
related or the effect observed. Also it is supposed to be known for sure that there was
just one of the mentioned processes and effects happened, i.e. there was the only phe-
nomenon, which was with the only one process of the 1 — 3 and it combined into the
phenomenon with the only effect. In terms of the algebra of logics it means for the
statement 1
(A)+ [B]zTrue, (A)-[B]zWrong, @)
where the mathematical signs of “+” and ““-” stand for logics operators “or” and “and”
correspondingly. The expressions in (1) are the statements whose truthfulness is prede-
termined in the combination of both the initial statement and additional information.
Therefore for the two other statements of 2 and 3
[oc] + (C) =True, [oc]- (C) =Wrong, 2)
[E]+ (B) =True, [E] (B) =Wrong , 3)
where [E] means negation, i.e. “not of [[3] 7.

The equations of (1) — (3) are the mathematical logics expressions constructed in
accordance with the mathematical logics rules on the basis of the problem setting verbal
structures. Hence, treating the mathematical statements (1) — (3) as the algebra of logics

expressions it yields
{(4)+ B ]+ (©))- B+ (B)} = Truee )
Making transformations in (4)

(o Ip]+ (aXC) B+ [BIelB]+ BB+



52 ISSN 03702197 Mpobaemu mepmsa ma 3HowysaHHA, 2018, 4 (81)

+ () )B)+(ANCKB)+ [p]](B)+ [BXCNB) = True . (5)
The truthfulness of formula (5) is an undoubted thing which follows the logics rules
and the procedure of (1) — (4). This means that at least one of the members of (5) is cor-

rect (true). Thus, checking for correctness each of the members of (5), we find the
sought solution: (A)[oc][ﬁ] =True .
Conclusions. It is discovered the correct definite answer in terms of the mathemat-

ical logics on conditions of the initial ambiguity and additional determining portion of
information. Parameters of the problem need further investigation.
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A. B. TOHYAPEHKO

BA30OBHUI ITPUKJIA IHTEPIIPETAIIA MATEMATHUYHOI JIOTIKH 10
3 ACYBAHHA XAPAKTEPUCTHUK TPUBOJIOI'TYHUX ITPOLECIB

VY HaBexeHiit po0oTi 3ailiCHEHO cpo0y 3aIpPOIOHYBATH aJANTaIio, IO IMiAXOIUTh, armapaTry
MaTEeMaTHYHOI JIOTIKK 0 BU3HAYEHHS TPYIH TPUOOIOTIYHUX TIPOIECiB Ta KaTeropii edekris,
0 CITOCTEPIraroThCs, KONH Y HASIBHOCTI € TPOIECH TEPTS Ta 3HOITYBAaHHS, KOTpi Moriu Ou
BiOyBaTHCS B KOHCTPYKTUBHUX €IIEMEHTaX TEXHIYHHUX BUPOOIB, sSKi OEPYTbCs IO PO3TIAY 13
JIOCITITHUIIBKOI0 MeTot0. OOCTaBUHH, 32 SKUX € HASBHIMH BKa3aHi TPy TPUOOIOTIYHHUX TIPO-
IIECiB Ta KaTeropii CocTepekeHNX MPOIIECiB HE BBAKAIOTHCA iIeHTH(IKOBAaHUMHU OE3CYMHIBHO
B YMOBaX €KCHEPHMEHTIB, III0 IPOBOIATHCS, 00 CIIOCTEPEXEHb, SKI BUKOHYIOTHCA. Y MEBHUX
CUTYAIisIX OJHO3HAYHY BiJIIOBih MOXKHA HAJATH HA TIUTAHHS 11010 KOMOIHAIIN TaKIX TIPOIIe-
ciB Ta epexriB, KOTpi BinOyBaroThcs. Lle MOXKITHBO 32 YMOB HEBU3HAYEHOCTI 3 OISy HA J0O/a-
TKOBY YaCTHHY OTPHUMAaHOI BH3HAYAIBHOI iH(QOpMAIIii Ta 3aCTOCYBaHHS IPaBMI MaTEeMaTHIHOI
JIOTIKA. Y PO3TISIHYTOMY Ta IIPEACTABICHOMY Yy JaHil CTAaTTi CIPOIIEHOMY NMPHUKIAMIl Taka JIo-
JTATKOBA YaCTWHA OTPHMAaHOI BH3HAYAIBHOI iH(OpMAIIil MOJIATae y TOMY, IO KOXHE 3 TPHOX
3raJyBaHUX Y MPUKIAJi TOCTAHOBKU MPOOIEMH TBEPIKEHb MICTUTh BipHO ieHTH(iIKOBaHI a00
BimmoBigHUNA mpomec abo crmoctepekeHuit edekT. Takok MPHUITyCKaeThCS MOCTEMEHHO Bil0-
MUM, IO BigOyBaJIUCs JIUIIE OMUH 31 3ralaHuX IMPOIECiB Ta ePeKTiB, TOOTO OYyI0 TITBKU Take
SIBUIIE, TIPH SIKOMY OYB JIHIIIE OJMH IPOIEC i3 TPHOX JOCIIIKYBAaHHX 1 el mporec Mir KoMOi-
HYBaTHCS y BKa3aHe SBUIIE JIUIIC i3 OJHUM CIIOCTepekeHnM edekrtoM. B tepminax anreOpu
JIOTIKM TaKe O3HAYa€, 3 ypaXyBaHHIM TBEP/KCHb IIEPETBOPCHUX HA BUCIIOBIIOBAHHS Y BUIIISI
BHpa3iB MaTeMAaTHYHOI JIOTiKH, iCHYBaHHS IIYKAaHOI OJHO3HAYHOI BiJIOBI/ Ta HASIBHICTH OMHI-
€i koMOiHarii TakuxX Tmporecy Ta epexTy. JaHwii miaxig Mae 3HAUYIICTh MOTYKHOTO IHCTPY-
MEHTY JUTS O3HAUCHOI iAeHTH(]IKaIi] BKa3aHUX SBUILI.
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