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Abstract. Decision Support System (DSS) is a computer automated system aimed of the
formation of recommendations to the decision maker in difficult conditions of uncertainties.
The main element of the DSS is a knowledge base (KB) built on the basis of the precedents
reasoning technique and on the efficient use of existing accumulated experience presented as
a precedents base. To solve the problem of compact representation of a precedent in the for-
mation of the BP for the first time there is provided to use the rough sets theory (RST). This
article discusses the RST conceptual foundations, presents its basic definitions and terms,
considers the basic operational states of portal crane (PC), their diagnostic criteria, which
define the technical position of the cranes. Using the example of the BP formation for the
DSS for the diagnosis of the portal crane (PC) the procedures of the elementary and fun-
damental categories formation, equivalence classes based on the diagnostic parameters of
the PC are demonstrated. Similarly, the procedure for determination of the upper and lower
approximation, the boundary region of the target (rough) set and the assessment of accuracy
and roughness of such sets are considered. This approach allows to perform a kind of "inac-
curate" classification, which in practice may appear more real than the inability to perform
the accurate classification.

Keywords: portal crane, a decision support system, the theory of rough sets, a precedent.

AnHoTauus. [IpeniokeH HOBBIM TOIXOJ] K TPEACTABICHUIO 0a3bl 3HAHWW CHUCTEMBI TOJ-
JIEP’KKU MPUHATHUS PELICHUH P JUArHOCTUKE MOPTAIbHBIX KPAHOB Ha OCHOBE METOJIa pac-
CY)XJICHUI IO MpeleeHTaM ¢ MPUMEHEHUEM TEOpHH TPyObIX MHOXeCTB. PaccMoTpeH psiz
TIPAMEPOB TPAKTHUECKON peaTn3ani JTaHHOTO ITOIXO0A.

KuioueBble cioBa: mopTaibHbIA KpaH, CUCTEMa MOAACPKKU MPUHSATHUS PEIICHUN, Teopus
rpyObIX MHOXECTB, PEICACHT.

AHoOTalisg. 3anmporoHOBaHO HOBHH MIXig A0 MOJaHHSA 0a3d 3HAHb CHCTEMH IiITPUMKH
MPUAHATTS PilIeHb i 9ac JIarHOCTHKU MOPTAJIbHUX KPaHiB Ha OCHOBI METOAY MipKyBaHb
MO MpEHEeHTaX 13 3aCTOCYBaHHSIM Teopil TpyOMX MHOXKHH. PO3DISHYTO psii NPHUKIA/IiB
MPAKTUIHOI peaizamii JaHOTO MiIXOIy.

Korouogi ciioBa: nmopranbHuUil KpaH, cucTeMa MiATPUMKH TPUHHSTTS PillIeHb, TEOPis rpyonx
MHOXHH, TIPELECICHT.
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Problem statement. Study of the dynamics of the
technical condition of lifting machines (LM) in marine
and river ports in the process of their operation shows
that they subject to the influence ofa number of factors
(technical, natural, human, goods characteristics and
other) which can negatively affect their operation capa-
bility and lead to various losses [4]. To prevent accident
situations all the LMsubject to the expert examination
(diagnosis) in accordance with the organizational and
methodical documents (OMD)[5].

The number of LM parameters to be diagnosed
leads to the large amounts of heterogeneous and semi-
structured data which requires processing and analysis
to make recommendations to a decision-making person
(DMP). It requires the problem solution of automation of
such processes, especially, the development of decision
support systems (DSS) where knowledge bases (KB)
shall be a key element.

It should be noted that modern and widely used
methods of representation and displaying of knowledge
in the KB ofa DSS (production rules, semantic networks,
frame-based models, etc.) along with the positive pro-
perties have a number of disadvantages. The following
disadvantages can be: to perform these methodsthe strict
models of knowledge representation are required which
force developers to combine and cut the real knowledge
of experts, non-compactness of their representation in
the KB. The knowledge of LMscovers a wide range of
subject areas and, as a rule, has descriptive nature. As
the result, experts with extensive experience, but un-
familiar with the methods of the artificial intelligence,
can justify the decision “by analogy” with events taking
place earlier which led to LM breakdown. This approach
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IMocranoBka npodiemsbl. MccnenoBanue IuHaMu-
KH TEXHHYECKOT'O COCTOSIHUSI TPY30HOABEMHBIX MAIlUH
(I'TIM) B MOPCKHUX M PEYHBIX ITOPTaX B MPOIIECCE MX IKC-
TUTyaTaluy OKa3bIBACT, YTO OHU MO/IBEPIKEHBI BIHSHHIO
psana GhakTopoB (TEXHUYECKUX, MPUPOIHBIX, YeJIOBe-
YECKHX, XapaKTePUCTHK I'PY30B U Ap.), KOTOPbIE MOTYT
HEraTUBHO BJIMSTH Ha UX PabOTOCIIOCOOHOCTh U MPUBO-
IUTH K Pa3NIu9IHBIM ToTepsM [4]. I npexoTBpamieHus
aBapuitHbIx cutyanuii Bce I TIM noxsepratoTcst 3xcnepr-
HOMY OOCII€ZIOBaHHUIO (TMAarHOCTUPOBAHHUIO) B COOTBET-
CTBHH C NPHHATHIMHA OPraHW3aIMOHHO-METOANYECKUMHU
noxymentamu (OM/JI) [5].

Yucno napamerpos ['TIM, nonexxamux 11arHocTu-
POBAHMIO, IPUBOJUT K IMOJIYYEHHIO OOJBIIMX 0OBEMOB
HEOJTHOPOJTHOW M CIIa0OCTPYKTYPUPOBAHHOM HH(pOpMa-
LM, KOTopast TpeOyeT 00paboTKM 1 aHaM3a ISl TTO/Tro-
TOBKH PEKOMEHJIAIMH JIUILY, TPUHUMAIOLIEMY PELICHUE
(JIITP). Dto TpebyeT pemieHUs 3a1addl aBTOMATH3AINH
TaKuX IPOIECCOB, M B YAaCTHOCTH, Pa3padOTKH CHUCTEM
nonnepkku npuHaTus pemennii (CIIIP), ocHOBHBIM
9JIEMEHTOM KOTOPBIX siBIIsieTcst 0a3a 3HaHui (B3).

Crenyer OTMETUTb, YTO COBPEMEHHBIE M IIUPOKO HC-
TIOJTb3yEMBbIE METOIBI MPE/ICTABICHUS M BBIBOJA 3HAHUH
B b3 CIIIIP (nmponyKunoHHbBIE NpaByila, CEMaHTHUECKUE
cetH, ppeiiMOoBbIe MOZEIH U Ap.) HAPALY C HOJIOKUTEIIb-
HBIMH CBOMCTBAMH HMEIOT M psiii HemocrarkoB. K mx
YHCIy MOXKHO OTHECTH CIEAYIOIIME: Ul peanu3aluu
MIEPEYNCICHHBIX METOI0B TPEOYIOTCS CTPOTHE MOJCIH
MIPE/ICTABIICHUS] 3HAHWH, YTO 3acTaBisieT pa3padordm-
KOB OOBEOUHATH U ype3aTh pealibHbIC 3HAHUS JKCIIEp-
TOB; HEKOMITAKTHOCTh MX IpezacTaBieHus B b3. 3nanus
o I'TIM oxBarbIBarOT MIMPOKHHA KpPYT MPEIMETHBIX 00-
JIacTel U, KaK MPaBUIIO, HOCST OIMCATENbHBIN XapakTep.
B cBsi3u ¢ 3THM crienuaaucThl, 00a1atomue OOIbIINM
OIIBITOM PabOoThl, HO HE 3HAKOMBIC C METOJAMH HCKYC-
CTBEHHOTO HHTEIUIEKTa, MOTYT OOOCHOBATH NPUHSATHE
pELICHUS] «II0 aHAJOTMU» C paHee MPOUCXOAMBIIN-
MU SIBIEHUSIMH, KOTOpble NpuBeaH K Bbixoqy ['TIM u3
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based on the efficient use of the existing experience,
has been developed and formalized within the scientific
field — the method of reasoning based on the precedents
(CBR — Case-Based Reasoning). The formation of
KB — precedent base (PB) for the DSS using the clas-
sical methods of knowledge output, as noted above, has
led to certain difficulties. The approach to build PB on
the basis of a rough set theory (RST), thus, seems to be
prospective [7].

Analysis of recent research and publications. Re-
cently anumber of publications [2, 3, 4, etc.] has appeared
devoted to evaluating the technical condition of the PMG
on the basis of the precedent method for development
of knowledge bases of the DSS. Study [4] describes a
method for representing a precedent in a form of a set of
parameters with specific values and a solution:

PRECEDENT (case)(x,, x,, ..., X, R). (N
where x, ,..., x are the parameters of situations which
sx € X);
R are DMP recommendations; X, ..., X is an accept-
able area of precedent corresponding parameters; # is an
amount of precedent parameters.

Study [6] is devoted to the development of a formal
model of a hybrid scenery and precedent DSS designed
for operation in dynamic domains.

describe this precedent,(x, € X, x, € X, ..

The main task being solved in the formation of a PB
is to design the tools of their compact representation and
search. The existing solutions of these problems (for ex-
ample: the representation of precedents using the frame
model or their search using the nearest neighbor method
[2]), also have some disadvantages noted in a number of
publications [1, 6].

However, lately, the rough set theory (RST) has been
developed which usage for KB (PB) formation can mini-
mize some disadvantages listed above.

The aim of the work is to develop an approach of
knowledge representation (formation) in the precedent
base using the rough set theory for the DSS in terms of
the diagnosis of crane portal loaders (CPL).

Basic material. Let’s consider the basic provi-
sions of the RST according to their representation
in studies [7, 8] and keeping to accepted terms and
concepts.

The knowledge base is defined as K= (U, R), where U
is a universum of elements, R is a relation of equivalence
on the basis of which the classes of U elements equiva-
lence (category) can be stated which are denoted via
IND(R). Each category includes the elements which have
the same values of classification features (attributes). The
elements in each category are indistinguishable.

Let the elements of the universum be classified into
the categories on the basis of equivalence relation R.
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pabouero coctosiHus. Takoil MOAXOM, OCHOBAHHBIA Ha
3¢ GEKTUBHOM HCHONB30BAaHUH CYIIECTBYIOIIETO OIIBI-
Ta, OBUT pa3BUT M (HOPMAIM30BAH B paMKaxX HAyYHOTO
HalpaBJIeHUs] — METOJ] PACCYKAEHHs Ha OCHOBE IIpe-
uenentoB (CBR — Case-Based Reasoning). ®opmupo-
Banue b3 — 06a3er npenenenton (BIT) ms CIIIIP ¢ nc-
MTOJTF30BaHUEM KITACCHYECKUX METOJIOB BBIBOZA 3HAHUH,
KakK OBLIO OTMEUEHO BBIIIIE, BIICUET 32 COOOII OmpeeeH-
HbIE CIIO)KHOCTH. B 3TOM CBSI3U NEPCIIEKTUBHBIM BUJIAT-
¢ nmoaxo k nocrpoenuto BIT Ha ocHOBe mpUMeHeHHUs
Teopun rpyosix MuoxectB (TTM) [7].

AHaJIN3 MOCJIeAHUX WCCIeNOBaHU M MyO/ImKa-
uMii. B mocrnenHne rompl MOSBHICS PSAA HAYYHBIX ITYy-
Omukanuit [2—4 W 1p.], TOCBAIICHHBIX OIICHUBAHUIO
TexHu4yeckoro cocrossHus I'TIM Ha ocHOBe MeTona mpe-
LeIeHTOB JiIst nocTpoenust 6a3 3nanuii CIIITP. B pabore
[4] omcan MeTox peaCcTaBICHMS IPEIe/IeHTa B BUE Ha-
0opa mapamMeTpoB ¢ KOHKPETHBIMH 3HAYCHHUSIMH U pellie-
HUSIMHU:

IIPELEJJEHT(case)(x , X,, ..., X, R). )

B(1)x,,...,x — nmapameTphl CUTyalllH, OTUCHIBAIO-
Me NaHHBIA mpenenent (x, € X, x, € X, ..., x, € X);
R — pexomenparuu JIIP; X, ..., X — o0IacTh Jomy-
CTHMBIX 3HaYECHHH COOTBETCTBYIOIIMX ITAPaMETPOB Ipe-
LIE/ICHTA; 7 — KOJIMYECTBO MapaMeTPOB MpELeIeHTA.

Pazpabotke ¢dopmanpbHOW MoAenMd THOPHIHOMN
cuenapHo-npeueaeHtHoit CIIIP, npeana3znayeHHon Jis
(YHKIMOHUPOBAHUS B JMHAMUYHBIX TPEIMETHBIX 00JIa-
CTSIX, MOCBsIIeHa padora [6].

OCHOBHBIMH 3a7la9aMH, KOTOpPBIC PEIIAIOTCA IPH
¢dopmupoBanuu bBIl, sBusercs co3gaHWe HHCTPYMCH-
TaJIbHBIX CPEJCTB MX KOMIIAKTHOTO ITPEACTaBICHUS
u noucka. CymecTBYIOIINE PeIIeHUs] YKa3aHHBIX 3a71ad
(HampuMep, TpeACTaBICHUE IMPEHEACHTOB (HPEHMOBHI-
MU MOJCJISIMH WJIH UX ITOKCK C UCTIONB30BaHHEM METOIa
omkaiiiero cocena [2]) Takke HE JIMIICHBI HEIOCTAT-
KOB, OTMEUEHHBIX B psfe myonukamnmii [1, 6].

Bwmecre ¢ TeMm B mociieHEE TOABI IMONYYHIIa pa3BU-
THE TEOpHsl TPyObIX MHOXKECTB, NPUMEHEHHE KOTOPOH
npu QopmupoBannu b3 (BIT) mMoxer B omnpeseneHHOM
Mepe MUHHMH3HUPOBATh TICPEIUCIICHHBIC HETOCTATKH.

HEJBIO PABOTBI siBnsiercst pazpaboTka momxona
npezcTabieHus (GopMUpoBaHus) 3HAaHUN B Oase mpelie-
JICHTOB C MIPUMEHEHUEM TEOPHH TPyObIX MHOXECTB JIJIS
CIIIIP npu [uarHOCTUKE KPAaHOB MOPTAJIbHBIX MEPETPY-
xareneit (KIIIT).

H3noxxeHne ocHOBHOro Marepuana. IIpensapu-
TEJIBHO PAacCMOTPUM OCHOBHbIE nosoxeHuss TI'M co-
IJIaCHO WX M3JIOKEHMIO B paborax [7, 8] u mpuaepxusa-
SICh IPUHSATHIX B HUX TCPMHHOB M TIOHSTHIA.

baza 3manmii onpenensercs kak K = (U, R), tae
U — yHUBEpCYM 3JIEMEHTOB; R — OTHOLUEHUE SKBHBA-
JICHTHOCTH, Ha OCHOBE KOTOPOTO MOTYT OBITh BBI/ICJICHBI
KJIaCChl SKBHUBAJCHTHOCTU (KaTeropuu) siaeMeHToB U,
obo3Hagaembie depe3 /ND(R). B kaxmyro KaTeropuro
BKITIOYAIOTCST 3JIEMEHTHI, KOTOPhIE UMEIOT OMHAKOBEHIC
3HAYCHUS KIACCH(DUKAIMOHHBIX IPHU3HAKOB (arpuoy-
TOB). BHyTpHu Ka)10#1 KaTeropuu 3IEeMEeHThl CYUTAIOTCS
HEPa3TUINMBIMH.
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If the goal set of elements is X € U, then relatively to
the IND(R) classification the following situations can be
considered:

1. The set X is a union of some categories from
IND(R). In this case the set X is called R-rough.

2. The set X can not be expressed as a union of
some categories /ND(R). In this case the set X is called
R-rough.

R-lower approximation of the X rough set is called
a subset of its elements which can be classified as the
ones which belong to the X on the basis of IND(R) clas-
sification:

RX =U{Y e IND(R): Y c X}. )
R-upper approximation of the X rough set is called a
subset of its elements which probably belong to the X:
RX =U{Y € IND(R):Y N X =Q}. 3)
R-lower approximation of the X goal set is called
R-positive part of X:
POSR(X) = RX. @)
The X negative area is called a subset of universum
elements which do not definitely belong to the X:

NEGR(X)=U - RX. )

The X boundary area is called a subset of its elements
which belong to the R of upper approximation, but do not
belong to the R of lower approximation:

BNp(X)=RX - RX. (6)

According to (4)—(6) the following conditions can
be written:

1. The element x of the X goal set is called R-positive
ifx € POS, (X);

2. The
x € NEG (X);

3. The element x is called an R-boundary element of
Xifx € BN (X).

As the rough sets model the uncertainty relatively to

element x is called R-negative if

the belonging of some universum elements to the defined
goal set, then for the numerical evaluation of the degree
of this uncertainty the evaluation of the approximation
accuracy is introduced:

—_—, Xi@,
cardRX )

where the card is a cardinal number (measure) of RX
and RX sets.

This evaluation reflects the completeness of the
existing knowledge and is located in the interval
o (X) € [0,1].

If the R-boundary area of the X set is empty, that is
RX = RX, then a,(X) = 1 and the X set is R-defined.
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[TycTb 2neMeHTHl yHUBEpCYMa KIacCU(PHUIMPOBAHBI
[0 KaTeropusiM Ha OCHOBE OTHOIIEHUS HKBHUBAJIEHTHO-
ctu R. Ecnu neneBoe MHOXeCTBO 371eMeHTOB X € U,
TO oTHOCHUTENBHO Kiaccudukaimu IND(R) moryt ObITh
PaccMOTPEHBI CIETYIOIUE CUTYaIUU:

1. MHoXecTBO X siBisieTcst 0ObeIMHEHUEM HEKOTO-
peIx Kateropuit u3 IND(R). B aToMm ciydae MHOXKeCTBO X
Ha3bIBAETCS R-TOUHBIM.

2. MHoxecTBO X HE MOXET OBITh BBIPAKEHO Kak
oObeMHEeHNe HEKOTOpbIX Kareropuit /IND(R). B atom
Cllyyae MHOXECTBO X Ha3bIBaeTCs R-HETOYHBIM WU
R-rpy0ObIM.

R-HIKHEH anmpokcumanueil rpyooro MHOkecTBa X
Ha3bIBAETCS MOJMHOKECTBO TAKHUX €TI0 IEMEHTOB, KOTO-
pBIe MOTYT OBITh KJIACCH(HUIIMPOBAHBI KaK MPHHAJIeKa-
e X Ha ocHoBe kiaccudukanun IND(R):

RX =U{Y e IND(R):Y < X}. )
R-BepxHel anmpokcuMmanueii Tpyooro MHOXKecTBa X

Ha3bIBACTCS TOAMHOXKECTBO TAKHX €0 3JIEMEHTOB, KOTO-
pbl€, BO3MOXHO, IPUHAAJIECKAT X:

RX =U{Y € IND(R):Y N X =O}. 3)

R-HKHIOIO alMpOKCUMAIIHIO I[EJIEBOT0 MHOMXKECTBA
X HaA3BIBAIOT R-TIONOKUTENBHON 001aCTRIO X:

POSR(X) = RX. 4)

OTtpunarenbHOM 001acThi0 X HA3bIBACTCS MOAMHO-
JKECTBO JIEMEHTOB YHUBEPCYMa, KOTOPbIE ONMPEACIECHHO
He mpuHaJyIexKar X:

NEGR(X)=U -RX. (5)

I'panudHOI 001acThIO0 X HA3BIBACTCS IIOIMHOKECTBO
€ro 2JIEMEHTOB, KOTOpbIe NMpUHAJIeKAT R-BepXHel arl-
MPOKCUMAlIMK, HO HE TPUHAJUIekKAT R-HIKHEH anmpok-
CHMAIIWH:

BNR(X)=RX - RX. (6)

B coorBerctBun ¢ (4)—(6) MOKHO 3amucarh clery-
IOILIKE YCIOBUSL:

1. DnemMeHT X 1eeBOro MHOKeCTBa X Ha3bIBaCTCS
R-nonoxutenbhbM, eciu x € POS, (X);

2. DIeMEHT X Ha3bIBAaeTCsl R-OTpULATENIbHBIM, €CIH
x € NEG (X);

3. DnemMeHT x Ha3bIBaeTCsl R-rpaHUYHbIM SJIEMEHTOM
X, ecnn x € BN, (X).

[Tockonbky TpyOBIC MHOXKECTBA MOJACTHPYIOT He-
ONpPEACNICHHOCTh ~ OTHOCUTENIBHO  MPUHAAJIEKHOCTH
HEKOTOPBIX 3JIEMEHTOB YHHMBEPCYMa OMNPEICICHHOMY
LIEJIEBOMY MHOXKECTBY, TO JUISl YMCJIOBOTO OLICHUBAHUS
CTCTICHU ITOH HEOPEACICHHOCTH ObLlIa BBEJICHA OIICHKA
TOYHOCTH aIMPOKCUMAIUU:

aR(X)=7card: , X £, (7)

rae card O3HaYaeT KapJMHAJIbHOE YHCJIO (MOIIHOCTH)
MHOXECTB RX u RX.

JlaHHas oOlleHKa OTpaXkaeT CTENEHb IOJHOTHI Cy-
LIECTBYIOIIUX 3HAHUM M Ppacrojiaraercs B HHTEpBaJIC
o, (X) € [0,1].

Ecnu R-rpanmdHas o6iacTe MHOXeCTBa X IMycCTa,
T. e. RX = RX, 10 o, (X) = 1 1 MHOXKeCTBO X ABIACTCS
R-onpenenuMbIM.
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If the R-boundary area of X is not empty, that is
RX+# RX and cardRX > cardRX, then o,(X) < 1. These
values o,(X) characterize the R-undefined (rough sets).

Alternatively to the assessment (7) the roughness
evaluation of the X goal set has been introduced:

P = 1 - a(X). ®)

This evaluation characterizes the degree of incom-
pleteness of the existing knowledge.

The method of knowledge representation using the
RST is based on the fact that knowledge is reflected in the
division (classification) of relevant elements. This division
can be understood as the semantics of knowledge repre-
sentation. However, in order to successfully identify the
semantics of knowledge, that knowledge should be repre-
sented in an appropriate syntactic form. This form is a data
table which rows correspond to the elements (objects) and
columns — features (attributes) of these objects.

Let’s consider the process of knowledge representa-
tion using the RST on the example of expert evaluation
of portal crane. It is known that the portal crane can be in
3 operational conditions: “Do not stop/Operation”, “Do
not stop/ Unit repair”, “Stop/Capital repair”. These con-
ditions within the OMD [5] correspond to the following
terminology: operative (the state of the crane in which
it corresponds to all the requirements of the standard
and (or) construction (design) documentation); faulty
(the state of the crane in which it does not correspond
at least to one of the requirements of the standard and
(or) construction (design) documentation); non-opera-
tive (the state of the crane in which the value of at least
one parameter describing its ability to perform specified
functions does not correspond to the requirements of the
standard and (or) construction (design) documentation).
These states of the portal crane can correspond to the
expert assessment in the verbal scale with the following
gradations: B, = 0 — “excellent” (operative); B,= 1 —
“good” (faulty); B, =2 — *“bad” (non-operative).

Table 1 shows the results of 10 examinations of the

LM which were carried out with regular intervals by the

Table 1. The Evaluation of LM Elements Technical State
Taoauna 1. OLeHKH TEXHUYECKOro COCTOSHUS neMenToB ['TIM

N°1 (1) 2014

TEMA HOMEPA: YINIPABJIEHUE NPOEKTAMMU

Ecmn  R-rpanuunas oOmacte X He mycTa, T.e.
RX # RX u cardRX > cardRX To0 o (X) < 1. Takue
3HaueHus 0, (X) XapakTepusyloT R-HEONMPENEIUMBIE,
rpyOble MHOXKECTBA.

AsnprepHartuBHO orieHke (7) ObLia BBEICHA OICHKA
rpy0OCTH 1IEJICBOr0 MHOXKECTBA X:

PR = T — 0 (X). ®)

JlanHas OLIEHKA XapaKTepPHU3yeT CTEIIeHb HEIIOJIHOTHI
CYIIECTBYIONINX 3HAHHH.

Merton npencrasieHus 3HaHud ¢ nomouso TTM
OCHOBAaH Ha TOM, YTO 3HaHHS OTPAXKAIOTCS B PA3ZICICHUH
(xyaccuduKaK) peleBaHTHBIX AIeMeHTOB. Takoe pas-
JIeTICHUEe MOXKET ITOHMMAThCsl KAK CEMaHTHKA IIPEJICTaB-
neHnst 3HaHUH. OJTHAKO YTOOBI YCIIEIIHO BEISIBUTH CEMaH-
TUKY 3HAHWH, 3TH 3HAHUSI JIOJDKHBI OBITh IIPEJICTABICHBI
B IOIXosieli cuaTakcuueckor popme. Takoit popmoit
SIBISIETCSl TabNnIa JaHHBIX, CTPOKH KOTOPOW COOTBET-
CTBYIOT 2JIeMeHTaM (00BEeKTaM), a CTOJIOIBI — IpPHU3HA-
KaM (aTpudyTamM) 3THX OOBEKTOB.

Paccmorpum mponeypy NpeNCTaBICHHs 3HaHWH
¢ ucroip3oBanueM TT'M Ha rpumepe 3KCIepTHOro orle-
HUBAHUS [TOPTAIBHOTO KpaHa. M3BeCcTHO, YTO MOpTab-
HBII KpaH MOKET NPeObIBaTh B TPEX IKCIUTYaTAIMOHHBIX
cocrostnusix: «He ocranoska/Pabora», «He ocraHOB-
Ka/ArperatHblii peMoHT», «OcraHoBka/KannurtanpHbIi
peMoHT». O1H cocTosiHuA B pamkax OMJI [5] cooTBet-
CTBYIOT CIEIYIOIIEH TEepMHHOJIOTHUH: HCIPAaBHBIN (CO-
CTOSIHME KpaHa, IIPU KOTOPOM OH COOTBETCTBYET BCEM
TpeOOBaHMSAM HOPMATHBHOM M (MIJIM) KOHCTPYKTOPCKOH
(IpOEKTHOI) JTOKYMEHTAINN); HEHUCIPaBHBIA (COCTOS-
HHUE KpaHa, IPH KOTOPOM OH HE COOTBETCTBYET XOTS
OBl OMHOMY U3 TpeOOBaHUN HOPMATUBHOW M (WITH) KOH-
CTPYKTOPCKOU (IIPOCKTHO) TOKYMEHTAINH); HEpadOoTO-
CHOCOOHBIN (COCTOSIHME KpaHa, IPU KOTOPOM 3Ha4deHHUE
XOTsi OBl OIHOTO TAapamMeTpa, XapaKTEePU3YIOIIEro €ero
CHOCOOHOCTD BBINOJHATH 33JaHHbIE (YHKIWH, HE CO-
OTBETCTBYET TPeOOBaHMSIM HOPMAaTHBHOW M (MJIM) KOH-
CTPYKTOPCKOU (IIPOEKTHOM) JOKyMEHTaIuu). Takue co-
CTOSIHUSI TIOPTAJIBHOTO KpaHa MOTYT COOTBETCTBOBATH
9KCIIEPTHBIM OLICHKAaM B BepOaJIbHOM MIKaje CO CIeayo-
LIUMU IpalaliisMHU: B1 = 0 — «OTIMYHO» (UCTIPaBHBIN);
B,=1— «xopomo» (HeMcpaBHbIi); B, = 2 — «II10X0»
(HEepaboTOCIIOCOOHBI).

B 1abn. 1 npencrasieHsl pe3ysIbTarhl AECATH 0CMO-
TpoB ['TIM, KOTOpBIE NPOBOJWINCH C ONPEACICHHON

Ay A A; Ay As As A; Ag Ao Ao An A A Au Ais
X 0 0 0 1 1 1 0 0 1 0 0 0 1 0 0
X, 0 0 1 2 0 1 0 1 1 0 0 1 1 0 1
Xz 1 1 0 1 2 0 2 0 0 1 1 2 0 1 2
X, 2 0 2 0 1 2 1 0 2 0 0 0 2 2 0
X 0 0 0 1 1 1 0 0 1 0 0 0 1 0 0
Xs 2 0 2 0 1 2 1 0 0 2 2 2 2 2 0
X; 0 0 1 2 0 1 0 1 1 0 0 1 1 0 1
X; 1 2 0 0 0 0 2 2 2 0 2 0 0 2 2
X 0 0 1 2 0 1 0 1 1 0 0 1 1 0 1
X 1 1 0 1 2 0 2 0 0 1 1 2 0 1 2
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expert group, set in the U universe, consisting of n =10
elements (experts) x, (i = 1, n), thatis U= {x, x,, X,, ..., X, }.
While examining each of the experts evaluates 15 pa-
rameters 4 = {4, 4,, 4,, ..., 4,5}

Metal structures (MS): of a boom (4,), a counter-
weight arm (4,), the tough guy lines (4,), a column (top-
side) (4,), an arm (4,), a traction counterweight (4,), a
portal (4.);

Drive mechanisms (DM): of lift (4,), rotation (4,),
movement (4 ), luffing (4,));

Electrical machinery (EM): of lift (4 ,), rotation (4, ,),
movement (4 ), luffing (4, /).

Let’s form the distribution of U elements into el-
ementary and generalized category using the equiva-
lence relations R, R,, R, ... R, for each of the attributes
14,4, 4,
and generalized category on the basis of equivalence re-

... 4,5} For clarity, let’s form an elementary

lations R, with explanations. We have:
Observations when the state of the MS of the boom
— operative: {X, X,, X, X, X,};
Observations when the state of the MS of the boom
—faulty: {x,, x,, x,,};
Observations when the state of the MS of the boom
— non-operative: {x,, x,}.
The division given above is elementary and under
the RST terminology has the following form: R :{x,, x,,
X, Xo5 Xof, {25, X, X0}, 1X,, X} (this form will be used
in other divisions). And the generalized elementary ca-
tegory will have the following form — U/R: {{x , x,, X,
X x9}’ {xs’ Xg> xlo}’ {x4, xs}}'
Next, we shall reduce the remaining divisions of the
elements into elementary and generalized categories:
R2: {xl’ Xs Xyp X X5 X35 x9}’ {x3’ xlO}’ {xx};
UIR,: {4, X, X Xgy X5 X0y Xo b5 14X, X 0} 5 X} )5
R3: {xl’ Xy Xss Xgo xm}’ {x2’ X x9}’ {x4, xs};
UIR : {4X), X3 X, Xgp X 0} 450 X00 Xo 5 1,0 X} 13
R4: {x4, Xe> xs}’ {xl’ X3 X5 xlO}’ {xz’ X x9};
UIR,: {{x,, X, X}, {3, X5, X, X o}y 15, X0, X} )5
RS: {xz’ X Xgo xo}’ {xl’ Xp Xs> xs}’ {xs’ Xyo5s
UIR : {{x,, X5, Xg, Xof 5 42, X, Xo, X}y {25, X0 )5
R(;: {x3’ Xg> xlO}’ {xv Xyp Xss Xo xq}’ {x4’ xs};
UIR : {45, X, X0} 435 X0 X5 X0 Xo by 1X,0 X} 13
R7: {xl’ Xy Xss Xo x9}’ {x4, xe}’ {x3, Xg> xlo};
UIR : {4, x,, X, Xy Xof, 43, X}, 15, X X0} )5
Rs: {xl’ X3s X X5 X xlo}’ {xz’ X7 x9}’ {xx};
UIRy: {4, x5 X, Xgy Xy X0} 42, X0, X0}, {X} )5
R9: {x3’ Xe> xIO}’ {xl’ X X5o X5 x9}’ {x4’ xx};
UIRy: {45, X X o5 1,5 X5 X5 X0y X}y 1,5 X} )5
RIO: {xl’ Xs Xyp X Xos X xg}’ {x3, xlO}’ {xs};
UIR o {455 X5 X35 X5 X0y Xgo Xo s 105, X0} 41X} )5
Ryt 3 X0, Xy X 205 X35 X5, X085 X X5
UIR i {1X,, X, X0 X35 X, X}y 15, X0} 41X X} )5
R]Z: {xl’ Xp Xs> xg}’ {xz’ X7 x9}’ {x3, Xe» X105
UIR 2 {4, X, X, X}y 42, X0, X}, 105, X0 X0} 15
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MEePUOJUYHOCTBIO AKCIIEPTHONW TpyMHIOHN, 3aJaHHOI
B BHJIe YHHBepcyMa U, cocrosiiero u3 # = 10 aeMeHToB
(oxcneproB) x, (i=1,n),T.e. U= {x,x,, X, ..., X }. [Ipn
OCMOTpE Ka)KABIM M3 IKCIIEPTOB OIIEHWBaeT 15 mapame-
TpoB A = {4, A, 4,, ..., A5}

metamokoneTpykiuu (MK): ctpensr (4,), pbrya-
ra NpoTUBOBECa (A,), IKECTKOH OTTKKH (A,), KOJOHHBI
(Bepxnee ctpoenne) (4,), xo0oTa (4,), TATH TPOTHBO-
Beca (4,), moprana (4.);

npuBooB Mexann3moB (IIM): mombema (4), mo-
BOpoTa (A,), mepenskenus (4,,), U3MEHEHHUS BbUIETA
crpensl (4,,);

AEKTPOOOOPyIOBaHUS MeXaHUu3MOB (OM): mogbema
(4,,), moBoporta (4,,), mepenBrKenHus (4 ,), N3MEHEHHS
BBUTETA CTPEBI (4 ).

Coopmupyem pasznenenue sneMeHToB U Ha dlieMeH-
TapHbIle U 00001IEeHHbIC KATETOPUH, UCTIONB3Ysl OTHOIIIE-
HUSI SKBUBAJIEHTHOCTH R, R, R, ..., R, 10 Kaxa0My 13
npusHaKoB {4, 4,, 4,, ..., A }. Jlna narmsaanocTn cpop-
MHpPYEM 3JIEMEHTApHYI0 W 0OOOIICHHYIO KaTeropuu Ha
OCHOBE OTHOIIEHHMS SKBHBAJICHTHOCTH R € MOSCHEHHS-
mu. Umeem:

HaOoeHns1, pu KOTopbix cocrosiune MK crpesbt
UCIIPABHOE: {X,, X,, X, X, X, };

HAOIONCHMS, TIPH KOTOPBIX coctosiaue MK cTpernsr
HEHMCIIPABHOE: {X,, Xy, X0}

HaOMoACHNS, TIPH KOTOPBIX coctosiHue MK cTpernbt
HepaboTocnocoOHoE: {x,, X} .

[IpuBenenHoe pasjeneHue SIBISIETCS dJIEeMEHTap-
HBIM U B pamkax TepmuHonoruun TI'M umeer crepyto-
myro GpopMy 3anmuch: R 1 {x,, X,, X, X, Xy}, 1X;, Xg X0},
x,, X, (9Ta Ppopma OymeT MCTONB30BaHA B OCTATBHBIX
paznenenusix). OO0OLIEHHAsT dIIeMEHTapHas KaTeropus
Oynet umeTh cnepyrommit Bui: U/R 2 {{x,, x,, X, X, X,},
1, X X ofs 1, X4}

Jarnee mpuBegeM OCTaBIIHECS pa3lieiCHUS dJICMEH-
TOB Ha 3JIEMEHTapHBIC 1 0000IICHHBIC KaTETOPUH:

Ry ix, %, X, Xss Xgp Xg x9}’ {xs’ xlo}’ {xs};
UIR,: {3 ) X,y X5 X5 X5 Xop Xo b5 1255 X 0}5 1X} 5
R3: {xl’ X3 X5 X xlO}’ {xv X x9}’ {x4’ xs};
UIR,: {4, X5 X, Xy X, o5 {2, X0, X}, 1X,, X} )5
Ry, X Xgby 1, X5 X5, X045 41X, Xp0 X0} 5
UIR,: {43, X Xgb s 425 X35 X X0} 12,5 X0 X0} 5
Ry X, Xpo Xgo x9}’ X %, Xss xc}’ {xs’ X1

UIR : {{x,, x,, X, Xo}, {3, X, X, X}, 4%, X} )5
Rt 15 X 2,0, X, X X, X, Xy 16 X
UIR 2 {45, X, X o5 X5 Xp0 X5 X0y X}y 1X,5 X )5
R;: {xl’ Xps Xso Xg x9}’ {x4, xa}’ {xs’ Xgo X195
UIR : {45 X, Xg, X0y Xo b5 43,5 X b5 1255 X0 X0 15
Ry X, X, X, X3, X, X, 4y 1%, X0, X}, 41X )5
UIRy: {4, x5, X, X, Xy X0}, 420, X, X0}, A} )5
R9: {x3, Xe> xm}’ {xl’ Xy X0 X5 x9}’ {x4, xs};
UIRy: {405, X X o5 X5 X0 X5 X0y X}y 1X,5 X} |5
R ), 0, %, Xss Xp Xgs x9}’ {x3, xlO}’ {xe};
UIR o {435 X0 X35 X5 X0y Xgo Xo 5 105, X0} 41X} )5
Rll: {xl’ Xyp Xygp Xs5 X5y xs}’ {xs’ xlO}’ {x()’ xx};
UIR i 41X, X, X0 X35 X0, X}, 15, X0} X0 X} )5
R12: {xl’ Xy Xss xg}’ {x2, Xg x9}’ {x3, Xe> xlo};
UIR 2 44,5 X5 X X}y {0, X0, Xo b5 105, X0 X0} 15
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RIS: {x3’ Xg> xlO}’ {xl’xz’ X X x9}’ {x4’ xs};
UIR o {45, Xgo X 0} 4X)5 X, Xgy X X b5 41X, X} )5
R, {xl’x2’ Xss Xgs x9}, {x3, xIO}’ {x4, Xe> xs};
UIR 2 14,5 Xy X5 X0y Xo by {25, X0} 14X, X0 X} 15
R15: {xl,x4, Xss xs}’ {xz’ X x9}’ {x3, Xg> xlo};
UIR ¢ {45 X, X g X5 {2, X0, X}y 1205 Xgo X} }

The reduced calculations are shown in Table 2 in the
specific order.

Let’s form some main categories on the basis of
equivalence crossings R and R, due to the various values
of attributes B, B,, B.:

Ry O Ry : {xy, 3, %5,07, X9 f O [y, X, X4, X5, X6, X7, %0 | =
A=Ay =0

= {xl,xz,xs,x7,x9}.

The formed category indicates that in terms of obser-
vation of {x , x,, x,, x., x, } the state of the MS of the boom
and the counterweight arm is operaive:

Ry Ry :{x, Xy, X5,x7, %9 | O {3, 410 f = @.
A,=0:4,=1

This crossing indicates that the initial universum
does not have similar observations at which the state of
MS boom is operative and the MS of the counterweight
arm is faulty at the same moment.

RNRy : {x3,x8,x10}(‘\ {xg} = {xg} — the state of the
A =1:4,=2

MS of the boom is faulty and the one of the counter-
weight arm is non-operative.

Ry O\ Ry {3, x5, x10f {3, 310} = {3, 30 f — the state
A=A, =1

of the MS of the boom and counterweight arm is faulty.

Let’s form also some main categories on the basis of
equivalence crossings R, and R, due to the various values
of attributes B, B,, B.:

Table 2. Elementary Categories of U Elements

Ta0nauua 2. DieMeHTapHble KaTeropuy J1eMeHToB U

N°1 (1) 2014

TEMA HOMEPA: YINIPABJIEHUE NPOEKTAMMU

R13: {x3’ Xg> xlO}’ {xl’xZ’ X5 X x9}’ {x4’ xs};
UIR 2 {455, X X o5 X5 X0 X5 X0y X} 54X, X, ) )5
R, {xl’x2’ Xss Xps x9}’ {x3, xlO}’ {x4, Xe> xs};
UIR 2 {4, x5, X, X, Xo b, 405, X 4, 41X, X X} )5
R15: {xl’x4’ Xss xs}’ {xz’ Xg x9}’ {x3, Xgs xlo};
UIR 2 {4, X, X, X5 4%, X0y X} 5 1255 Xgo X 0} } -

[IpuBeneHHbIE BBIKJIAIKUA B YIOPSJIOYEHHOM BUIE
TpecTaBIeHb! B Ta0M. 2.

CdopmupyeM HEKOTOpBIC OCHOBHBIC KAaTErOpUHU Ha
OCHOBE MEPECEYEHHUI IKBUBAJIEHTHOCTH R ¥ R, 110 pas-
JIMYHBIM 3HAYEHUSIM NIPU3HAKOB B , B, 33:

Ry Ry {3y, 5,07, X0 f OV, 3, 34, X5, X, X7, X0 f =
Ay =4,=0

= {xl,xz,x5,x7,x9}.

CchopmupoBaHHas  Kareropusi  CBUJICTCIBCTBYET
0 TOM, 9TO NPH HAOMIOAEHUAX {X,, X,, X, X,, X,} COCTOSI-
nue MK cTpernbl 1 pbluara npoTuBOBeCa UCIPABHOE:

Rl mRz :{xl,xZ,xS,X7,X9}m{X3,xl0}:®.
A,=0:4,=1

JlanHOE TIEpeceyeHne CBUACTENBCTBYET O TOM, UTO
B HMCXOJHOM YHHBEPCYME€ OTCYTCTBYIOT aHAJIOTMYHBIC
HAOJIONICHNUS, TIPH KOTOPBIX OTHOBPEMEHHO COCTOSHHE
MK crpenst ucnpaBHoe u MK psluara mporuBoBeca
HEHCIpaBHOE.

R NR, : {x3,x8,xlo}m {xg} = {xg} — cocTosgane MK

A =1:4,=2

CTpeJIbl HENCTIPABHOE U pblUara IMpoTHBOBEca Hepado-

TOCIIOCOOHOE.

Ry O\ Ry {3, xg, 310§ Mg, 0 = g, x| —cocTORRME

A =4,=1

MK cTtpesnsl 1 peluara npoTUBOBECA — HEUCIPABHOE.
Cdopmupyem Tak ke HEKOTOpPbIE OCHOBHBIE KAaTETO-

pUH Ha OCHOBE MEPECEYCHU SKBUBAICHTHOCTH R, U R,

0 Pa3JIMYHBIM 3HAYEHUAM NIPU3HAKOB B, B , B.:

UIR Operative (B,=0) Faulty (B,=1) Non-operative (B; = 2)
Wcnpasuslii (B, = 0) Hewucnpashslii (B, = 1) Hepa6otocnocobHslit (B; = 2)

U/R, {x1, X2, X5, X7, Xo} {x3, Xg, X10} {x4, X6}

U/R, {X1, X2, X4, X5, X, X7, Xo} {x3, X10} {xs}

U/Rs {x1, X3, Xs, X3, X10} {x2, X7, Xo} {X4, X6}

U/R, {x4, X¢, X3} X1, X3, X5, X10} {x2, x7, Xo}

U/Rs {X2, X7, X3, Xo} {X1, X4, Xs, Xo} {x3, X10}

U/Rs {x3, X, X10} {x1, X2, X5, X7, Xo} {X4, X6}

U/R; {x1, X2, X5, X7, Xo} {%4, X6} {x3, Xs, X10}

U/Ry {x1, X3, X4, Xs, X, X10} {2, X7, Xo} {xs}

U/Ry {x3, X6, X10} {x1, X2, X5, X7, Xo} {x4, x5}

U/IR) {X1, X2, X4, X5, X7, Xs, Xo} {x3, X10} {x6}

U/R\ {xl, X, X4, X5, X7, Xo} {x3, Xlo} {X6, Xs}

UR,, {xl, X4, Xs, xx} {x2, X7, X9} {x.z, X6, xlo}

U/R:; {x3, X, X10} {x1, X2, Xs, X7, Xo} {X4, X6}

U/Ri4 {X1, X2, X5, X7, Xo} {Xs, xm} {X4, X, Xg}

U/R;s {xla X4, Xs, xe} {x23 X7, X9} {X3, X8, xlo}
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Ry MRy :{x1,%5,X5,%7,% | " {X3,X¢,%10} =D — the re-
4, =45=0
sult indicates that the initial universum does not have
similar observations at which the state of the MS of the
boom and the DM of the rotation is operative at the same
moment.
Ry N Ry : {xq, x5} N {xg, x5} = {x4} — the state of the MS
A =4y=2
of the boom and the DM of the rotation is non-opera-
tive.
Ry OV Ry 431,30, %5, %0 f 0 g, X0, 05,7 ,%0 | =
A4,=0;4,=1
={x,X5,X5,X7,Xy} — the state of the MS of the boom
is operative and the DM of rotation is failed.

Let’s form some more main categories on the basis
of equivalence crossings R, and R, due to the various
values of attributes B , B,, B.:

Ry MRy :{xl,x3,x4,x5,x6,x10}ﬁ{xl,x4,x5,x6}=
Ag=415=0

= {xl,x4,x5,x6} — the state of the DM of lift and the

EM of luffing — operative.

Ry MRy :{xz,x7,x9}m{x2,x7,x9}= {x2’x7ax9} — the
Ag=A5=1

state of the DM of lift and the EM of luffing is faulty.
R,NR :{xg}m{x3,x8,x10}= {xg} — the state of the
Ag=Ay5=2
DM of lift and the EM of luffing is non-operative.
Let’s form some more difficult main categories us-

ing equivalence crossings and unions R, R , R ,. For

11°
example:

R, N (R, UR,): {xlvxzaxsvxw%}ﬁ

A7 =411 =0;414=1
m{{xl,xz,x4,x5,x7,x9}u{x3,x10}} =
= {xl,xz,xs,x7,x9}ﬁ {xl,xz,x3,x4,x5,x7,x9,xlo} =
= {xl’ Xy, X, Xs, xg} — the obtained result indicates that
some of the formed observations have probably the op-
erative state of the DM of luffing and (or) the faulty state

of the EM of movement, but the state of the MS of the
column is operative under all these observations.

RN (R, UR,): {x4,x6,x8}ﬂ{{x4,x6}u {x3,xm}} =
A4=2;47=4y,=1

= {x4’x69x8}m {x33x4’x6’x10}: {x4’x6} — the state of

the EM of movement is non-operative and the state of the

MS of the column and (or) the DM of luffing is faulty.

RyN(R,URy,): {xl,xz,x4,x5,x7,x9}r‘\{{x3,x8,x10}u
Ay =0; 47 =134y 4 =2

U{x3,x10}} = {xl,xz,x4,x5,x7,x9}ﬁ {x3’x8’x10} =0 —

it indicates that there is no observations under which the

state of the DM of luffing is operative and the state of

smi.nuos.edu.ua | smi@nuos.edu.ua
SHIPBUILDING

MARINE INFRASTRUCTURE

Ry MRy :{xy,xp,%5,%7, %0 |0 {3, 6,310} =@ —  pe-
A,=4,=0
3yJbTaT CBUACTCILCTBYET O TOM, YTO B MUCXOJHOM YHH-
BEPCyME OTCYTCTBYIOT aHAJIOTWYHbIE HAOIIOACHHS, TIPH
KOTOpBIX 0fHOBpeMeHHO cocTossHue MK crpenst u [IM
IIOBOPOTA MCTIPABHOE.
R NRy :{x4,x6}m {x4,x8}: {x4} — cocrosane MK
A=4,=2
ctpensl u [IM moBopoTa HepaboTococoOHOE.
Ry O Ry +1x1,3,X5, %7, %0 O 101,00, X5, %7, % | =
A;=0;45=1
= {xl ,xz,xS,x7,x9} — cocrosinue MK crpensl ncnpas-
Hoe u [IM noBopoTa HeucnpasHoe.

Cdopmupyem elie HEKOTOPbIe OCHOBHBIE KaTETOPUH
Ha OCHOBE IEPEeCeYCHUH HKBUBAIICHTHOCTH Ry U R ¢ 110
Pa3IMYHBIM 3HAYEHUSIM [IPU3HAKOB B, B,, B!

RN Rs: {xl,x3,x4,x5,x6,xlo}ﬁ{xl,x4,x5,x6}=
Ag=A15=0

= {xl,x4,x5,x6} — cocrosuue IIM nogbema u OM us-

MeHeHus Belieta ctpens! (MBC) ucnpassoe.

RyNRs: {xz,x7,x9}ﬁ{x2,x7,x9}= {x2»x7ax9} — ¢o-
Ag=Ays5=1

crostame [IM mogsema n DM MBC — HewncmpaBHOe.
R;NR;5: {xg}m{x3,x8,x10} = {xg} — cocrogHue IIM
Ag=415=2

noabeMa u DM MBC — HepaboTtocmocobHoe.

CdhopmupyeM HECKOIBKO 00JIee CIIOKHBIX OCHOBHBIX

KaTeTOpHUH C MCTIONB30BAHNEM TIEPECeUeHU U 00Benu-

HEHUM 9KBUBANEHTHOCTH R, R, , R ,. Hampumep:

R, N(R,VR,): {xl,xz,xs,x7,x9}ﬁ
A7 =4y =0; 414 =1

ﬁ{{xl,xz,x4,x5,x7,x9}u{x3,xlo}}=
= {xl,xz,xs,x7,x9}ﬁ{xl,xz,x3,x4,x5,x7,x9,xlo}=

= {xl’ Xy, X5, X7, x9} — TIOJIyYCHHBIN pe3yJbTar CBH/IC-
TENBCTBYET O TOM, YTO B HEKOTOPBIX U3 c(HhOpMHUPOBAH-
HBIX HaOMIOmeHW BO3MOXKHO cocrosHue [IM MBC —
ucnpasHoe u (1in) DM nepeBUKeHUsI — HEUCITPABHOE,
HO coctosiHue MK KOJIOHHBI UCIIPaBHOE TPHU BCEX ITHX
HaOIIONEHUIX.

R,N (R, VR,): {x4,x6,x8}m{{x4,x6}u {x3,xm}} =
Ay =247 =41, =1

= {x4,x6,xg}ﬂ {x3,x4,x6,x10}: {x4,x6} — COCTOsTHHE

OM nepenBmxkenus: HepadoTocrocodonoe 1 MK kooHBI
u (umn) MIT BC HeucmpasHoe.

RN (R, VRy,): {xl,xz,x4,x5,x7,x9}ﬁ{{x3,x8,x10}u
A1 =037 =1 Ayy =2

U{x3,x10}} = {xl,xz,x4,x5,x7,x9}ﬂ {'x3’x8>x10} =0 —
CBHJICTEIILCTBYET O TOM, YTO OTCYTCTBYIOT HaOIIOJICHUS,
npu kotopbix cocrosHue [IM MBC ucnpasnoe u MK
rnopraja HeucrnpaBHoe U (Win) DM nepenBrKeHus He-
paborocmocobHOe.
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the MS of the portal is faulty and (or) the EM of move-
ment — non-operative.

Thus, the formation of various categories on the par-
ticular U universum allows getting the family of equiv-
alence relations which will define the knowledge base
on U.

Let’s look at Table 1 and select the £ equivalence
classes (the main categories) based on the values of all
15 classifications:

El - {xl’ xs}; Ez - {xz’ X x9}; E3 = {x3, XIO};
E,= {x4};E5 = {xs};E6= {xg}.

Let as the result of reevaluation two classes of expert
assessment were formed represented by the goal subsets
X ={x,x,x,x}; X, cUand X, = {x, x,, x,, X, X.};
X, < U which shall be checked for R-definability
(R-indefinability).

The first X, set can be represented as a union of main
categories £, £, and E, that is X, = E, U E, U E_ =
= {x, X0 VU X} U ix} = {x, x,, X, x,}.. That’s why
X, is R-defined or R-faithful.

The X, set includes all the elements of main catego-
ries £, E,, E and one element from the category E,: x,,
but not all the elements of this category. That’s why X is
R-undefined or R-rough.

Using statements (2, 3) let’s represent X, and X, goal
sets in the following form:

BXI - RXl - {xl’ Xp Xs> xs};
POSR(X)) = RX, = {x,, x,, X;, Xz} ;
NEGR(Xl) =U- RX] = {xz’ X35 Xgs Xgp Xogs X155
BN (X)) =RX, - RX, = &,

RX, = {x), %, X X}

RXz - {xl’ Xys Xygp X5 Xgp X5 x9};

POS (X)) = RX, = {x, X, X, X.};

NEG (X)) =U—-RX, = {x, X, x,,};

BN (X)) = T{Xz —RX, = {x,, x,, x,}.

For the considered X, = {x, x, x, x,; and
X, = {x,, x,, x,, x;} goal sets let’s calculate the assess-
ments (7) and (8):

RX, = RX, = {x,,x,, x5, x}5 0, (X,) = 1; p(X,) = 0;

BXz = {xl’ Xy Xs> xs}; FXz = {xl’ Kys Xgp Xs5 Xy X x9};
0 (X)) =47, p(X)=1-4/T=3/7.

CONCLUSION. 1. The approach of knowledge
base formation which is based on procedures of prec-
edents using the rough set theory has been considered.
These precedents are used in the diagnostic checks
of portal port cranes, and as the result the information
about control results on the various parameters and char-
acteristics of such mechanisms is accumulated. 2. The
proposed approach allows handling with inaccurate
(rough) knowledge in terms of their classification which
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TEMA HOMEPA: YINIPABJIEHUE NPOEKTAMMU

Takum 00pa3om, (hopMHpPOBAHUE PA3TUYHBIX Kare-
TOpHUI Ha ONpENesIeHHOM YHUBepcyMe U NO3BOJISET 110-
JIyYUTh CEMEMCTBO OTHOLIEHUH YKBUBAJIEHTHOCTH, KOTO-
poe Oyzer onpenensaTh 6a3y 3HaHuit Ha U.

OOparumcst cHOBa K Ta0j1. 1 ¥ BBIIEINM KJIacChl 9K-
BHUBaJCHTHOCTH E (OCHOBHBIC KaTETOPUH), PyKOBOJICTBY-
€M 3HAYCHHUSMU BCEX IMSATHAALATH KIIACCU(DUKAIOHHBIX
MIPU3HAKOB:

E] - {xl’ xs}; Ez - {xz’ X x9}; E3 - {xz’ X1055
E, = {x} Eo={x) Eg={x}.

[IycTth B pe3yasrare MOBTOPHBIX OCMOTPOB CPOPMHU-
pOBaJIMCh JIBa KJlacca KCTIEPTHBIX OLIEHOK, MPEICTaB-
JIEHHBIX EEBBIMH TIOMHOKECTBAME X| = {X , X, X, X };
X, cUnX,={x,x,,x,,x,X.};X,C U, KoTOpble Hy’HO PO-
BEpPUTH Ha R-ONPeNeaUMOCTb (R-HEOTPEACTUMOCTh).

IlepBoe MHOXECTBO X1 MOXET OBITH OIHO-
3HaYHO TPEACTABICHO KaK OOBCIMHEHUE OCHOB-
HbIX Kareropuii E,, E, u E,T.e. X =E OUE UE =
=X, X0 VU {x, U {x ) = {x, x,, X, X} [lootomy X
SIBIISIETCS R-ONpeeuMbIM, UIIK R-TOUHBIM.

MuoxectBo X, BKIIOYaeT B ce0s BCE BJIEMEHTHI
OCHOBHBIX Kareropuii £, E,, E, 1 OJIUH DJIEMEHT U3 KaTe-
ropuu E,: x,, HO He BCE DIIEMEHThI 9TOHU Kareropu. [103-
ToMy X, cYUTaeTCs R-HEONPEIENUMBIM, Ul R-TPyObIM.

Wcnone3ys Beipaxenus (2), (3), mpeactaBuM Iere-
Bble MHOKeCTBA X| U X, B CIIE/lYIOIIEM BU/IE:

RX = RXI ={X, X, X5, X5
POSR(X,) = RX, = {x,, X X X,}:
NEG (X)=U- ]_QX1 = 14X, Xy X X0y Xgy X,
BN (X)) = RXI —RX, = O;
KXz = {xl’ Xp X xx};
ﬁXz = {xp, X, X,
POS(X,) =RX, = {x, x,, x;, x};
NEG(X,)=U—-RX, = {x,, x,, x,,};
BN (X)) = I_QX2 —RX, = {x,, x,, x,}.
Jnst  paccMarpuBaeMbiX — IEJEBBIX  MHOXECTB
X, = {x, x, x;, x,} u X, = {x, x,, X,, X,} TOACUHTAEM
oneHku (7) u (8):

RX, = RX, = {x,,x,, X3, X }5 0,(X,) = 1; p(X,) = 0;

Xy Xy Xgo Xo} 5

RX, = {x,, x,, x5, x.}3 RX, = {x,, X,, X, X0y X, X, X}
0 (X)) =4/7; p(X)=1-4/T=3/1.

BBIBO/IBI. 1. BriepBbie paccMOTpeH moaxo K ¢hop-
MHUpPOBaHMUIO 0a3bl 3HAHWH, B OCHOBE KOTOPOTO JIeXKaT
MIPOLEAYPHI MPEACTABICHUS TPELEACHTOB C NPHUMEHE-
HUEM TEOpHUH TPYyOBIX MHOXKeCTB. Takue mpereieHTh
HUMCIOT MECTO ITPU MPOBECACHUN MHOI'OPAa30OBLIX JUATrHO-
CTHYECKHUX TPOBEPOK TOPTOBBIX MOPTAIBHBIX KPAHOB,
B pe3yNbTaTe 4ero HakaruimBaeTcst MHQopmaus o pe-
3yJbTaTax KOHTPOJIA 3a Pa3IMYHBIMU [TapaMeTpaMH 1 Xa-
paKTepUCTHKAaMH TaKUX MeXaHM3MOB. 2. [IpeamoxeHHbIi
TIO/IXO0/] TO3BOJISICT 00PAIAThCsl C HETOYHBIMU (TPYOBIMH)
3HAaHUSIMU B IIJIAHEC UX KJ'[aCCI/I(bI/IKaHI/H/I, 4YTO Ha Ipak-
THKE MOXET BBINIAACTH O0JIEe peanbHO, YeM «TOYHAs»
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in practice can look more real than the “accurate” clas-
sification which is currently performed using the known
methods of artificial intelligence. 3. The considered ex-
amples are easily implemented in software and can be
useful in designing the DSS for the formation of recom-
mendations for a DMP.
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KJIacCU(UKaIHs, KOTOpasi B HACTOSIIEE BPEMSI BBITIOJHSI-
€TCsl C MPUMEHEHUEM U3BECTHBIX METONOB UCKYCCTBEH-
HOTo MHTeJIeKTa. 3. PaccMOTpeHHbIE NMPUMEPHI JIETKO
peanu3yroTcs B IPOrPaMMHOM OTHOIIEHUU U MOTLYT
ObITh monie3ubIMK TipH cozaanuu CIITIP ans hpopmupo-
BaHus pekomeHanuit JIITP.
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CraTb0 pEKOMEHIYET B IeUaTh
II-p TeXH. HayK, noueHt C. b. [Ipuxodvko

JIKA

“ B MoHorpaguu paccMOTpeHbI BOIIPOCHI aHa-
IM3a psAfa TEXHUKO-D)KOHOMHYECKHX acCHEeKTOB CyHO-
KOPIIyCHOTO NPOU3BOJICTBA, CBSI3aHHBIX C IPUMEHEHU-
€M HOBBIX CBapOYHBIX MAaTepHUajoB, TPYIOEMKOCTBHIO
cOOPOYHO-CBAPOYHBIX paboT, OleHHBaHUEM APPeK-
TUBHOCTU TEXHOJOTMH PE3KH M CBAPKU KOHCTPYKIMH
Ha ctamnene u ap. I[IpemioxkeHbl cOBpeMEeHHBIE METO/IBI
CTaTUCTHYECKOTO OLEHUBAHUS PA3JINYHBIX XapaKTepH-
CTHK, [TOKa3aTeslel U apaMeTpoB TPyA03aTpar Ipu U3-
TOTOBJICHUHM KOPITYCHBIX KOHCTpYyKIMH. Pa3paboransr
METOAMKH NPOBEJEHHs KaueCTBEHHOTO aHaJln3a 3a1ad
CYIOKOPIIyCHOTO IpPOU3BOJACTBA HAa IpHUMEpax Mpo-
THO3UPOBAHUS CTOMMOCTHBIX I10Ka3aTeJIel MOCTPOUKHU
CYZIOB, B OCHOBE KOTOPBIX JIEKAT IMIPOLENTYPhI OLICHUBA-
HUS cLieHapueB. PaccMOTpeHb! IPUHLIUIBI TOCTPOSHUS
CHCTEM IOJICP’KKU IPUHATHUS PELICHUI B CyIOKOPITyC-
HOM Ipon3BozcTBe. CIeayeT OTMETHUTb, YTO, HECMOTPS
Ha TOSIBJICHUE B ITOCIIEJHHE TOAbI (PyHIaMEHTaIbHBIX
paboT MO CHUCTEMHOMY aHallk3y, €ro IpHKJIaIHbIC
acTIeKTHI pa3paboTaHbl SBHO HeocTaTtouHO. [losTomy
aBTOPbl PAaCCMATPUBAIOT JAHHYI0 KHUTY B KauyecTBe
MEepBOM TMOMBITKH NMPHUMEHEHHUs] CHCTEMHOTO aHaln3a
B 00TaCTH CYyIOCTPOCHUSI.

ABTOpBI OCO3HAIOT, YTO Marepuang KHUTH HE OXBaTbl-
BaeT BECh MEPEUYCHb 3aJay CYJOKOPIIYCHOTO MpPOU3-
BOJICTBA, OJHAKO BBIPAKAIOT HAJEKIY, YTO OHA IpEN-
CTaBUT UHTEpEC I IIUPOKOr0 Kpyra CHELHaIHCTOB

CYIOCTPOUTENIEHON OTPACIH. , ,
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