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APPLIED INFORMATIONAL TECHNOLOGIES
INTEGRATION PRINCIPLES IN SYSTEMS
WITH DUAL PROCESSES

It is shown in this work that the topical question should be the implementation of innovative technologies in education
activity management, namely in the process of knowledge, skills and experience acquisition in educational systems, and
their realization in industry with the use of informational, communication and network technologies. Thus, there appears
necessity for the development of the applied informational technologies integration principles, in systems with dual
processes. The purpose of the creation of educational and industrial processes formalization technology is the development
of formal representation instrumental means that can guarantee a united approach at building the special mathematical
provision for informational and technological solutions in systems with dual processes. Processes and phenomena that
occur in educational and industrial systems, can be represented in bases of knowledge on the grounds of the methodical
base, and the integration processes and phenomena between them can be represented in the form of different algebraic
systems. These systems consist of some ensemble and a set of operations, i. e. an algebraic signature. The methodical base
of formal representation of knowledge consists of heuristic, logical, ontological and topological methods of modelling, and
at the base of the object domain kernel isolation lie methods and formalisms of the set theory. An example of adjacent
manifolds kernel building in topological space on the grounds of the algebra of sets is shown. The proposed logical
methods of the representation of knowledge allow to proceed to the heuristic representation of knowledge, i. e. with

production rules, semantic networks, frame systems, and the ontological constructions as well.

Keywords: integration; applied informational technologies; education; industry; systems with dual processes.

Introduction

At present, the priority of reforms that are carried
out in higher education field, is given to the improving
of educational services rendering with application of the
modern informational systems and technologies [1]. At
the same time, the complicated problem is to build a
united system of educational processes management,
taking into account the industrial requirements to
modern specialists.

There appears necessity to increase the
professional  knowledge and skills by the
implementation of new forms of education.

One of the ways to resolve the problem in question
is the implementation of the dual system of education
and teaching aimed at the improving of the personnel’s
vocational training quality.

This dual system is the new and more flexible
form of the vocational training organization, which
stipulates for the coordinated interaction between the
educational and the industrial branches for training of
qualified personnel of the certain profile in the context
of the organizationally different forms of training
[2-5].

In this connection, the topical question is the
application of innovative technologies in the
educational activity management, i. e. the management
of knowledge, skills and experience acquisition process,
in educational systems, and their realization in industry
with the use of informational, communication and
network technologies. Thus, there appears necessity for
the development of the applied informational
technologies integration principles, in systems with dual
processes.

The purpose of the creation of educational and
industrial processes formalization technology is the

development of formal representation instrumental
means that can guarantee a united approach at building
the special mathematical provision for informational
and technological solutions in systems with dual
processes.

1. Generalized Outline
of the Topological Manifold
Formalization Technology

Let us designate processes and phenomena that
occur between educational systems of 1st-2nd and 3rd-

1,2@3,4]

4th levels of accreditation with ¥ symbol,
and processes and phenomena between educational
systems of 3rd-4th levels of accreditation and industrial

(3,4@ p)

systems with ¢ manifolds, respectively.

Then, the semantics of processes and phenomena of
these manifolds will consist in reflections between the
systems in question, e. g. students of different schools
make their acquaintance with the resources of higher
education institutions and with professions they can
acquire in these institutions. Here, the students can be
interpreted as the elements of some space, with the
knowledge and abilities that reflect on the space of
information presented to the students and concerning
some set of professions.

In the fig. 1, the principal formalisms, their
hierarchy and their-based methods of knowledge

representation are shown, where with the 01’2, o>*

and OF symbols the manifolds of processes and
phenomena that occur in educational systems of 1st-
2nd, 3rd-4th levels of accreditation and in industrial
systems, respectively, are designated.
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Fig. 1. Nllustration of 0>* manifold formalisms hierarchy

It is necessary to mention that the abstraction
degree hierarchy shown in the Fig. 1, concerns only one,

0** manifold.
Analogically, it is possible to uncover the essence

of formalisms hierarchy for 0" and OP manifolds.
As a matter of fact, the worked out scheme allows
to assign temporal relations in the process of

formalization, e. g. to describe manifold 0 > to

assign space R”" — to select the significant elements of
the topological space, i.e. to form the space kernel

KR 5 to develop space kernel significant elements
models {MA,MB,MC}.

The arrows are used here to designate temporal
relations of the formalization procedures. Let us amplify

the temporal relations with the inclusion relations (<),

in order to assign analytically the hierarchy relations of
the formalization procedures. Finally, we can formally
write it down:

0" 5> R" - kR —>{MA,MB,MC};

1
02 D(Rn 5 (KR 5 {MA,MB,MC})). W
It follows from the interpretation above, that the
processes and phenomena that occur in educational and
industrial systems, can be represented in bases of
knowledge on the grounds of methods shown in the
Fig. 1, and the processes and phenomena of the
integration between are representable in the form of
different algebraic systems. They are composed of some
set, in this case, set of models, and of operations with
them, i. e. of an algebraic signature.

In this work, the methodical base of formal
representation of knowledge consists of heuristic,
logical, ontological and topological methods of
modelling, and in the basis of the object domain kernel
isolation lie methods and formalisms of the set theory.

An example of adjacent manifold kernel building
in a topological space, on the grounds of the set algebra,
will be shown in the next subdivision of this work.

2. Adjacent Topological Spaces Kernel
Models Synthesis Procedure

In the previous subdivision, the general scheme of
some formalization technology for processes and
phenomena that occur in educational and industrial
spheres, has been developed. Let us lower the degree of
community of the developed scheme, using
decomposition and abstracting methods (Fig.2). To
simplify the formal procedures notation we shall

suppose that from the every K{%, K3H§4, and KE

kernel, groups of three significant objects (topological
space elements [6, 7]) are isolated, which have between
each other some connection or relations assigned in the

form of functors or cones of morphisms F.K.

Before we proceed to describe the formal
procedure of synthesis of models shown in the Fig. 2:

R R R
R Ki» Ki» Ki
KE = {Ml My M
R R R
R K34 K34 3 K34
K%y = {Ml My My

R R R
R _ Kp Kp Kp
Kp —{Ml s My My .
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Fig. 2. Formal representation of integration processes at the level of topological spaces kernel elements

It is necessary to mention that between these
models there also are some connections and relations,
i. e. exist inner kernel morphisms. As a matter of fact,
models

R R R
R _ K34 K34 K34
K3’4—{Ml ,M2 ,M3

are analogous to the models of kernel, for their originals
are the elements of the educational system.
It is important to mention that the inner-kernel

morphisms of 0" and 0>* manifolds directly depend
on methods, procedures and technologies that are used
in corresponding educational systems, and the

morphisms of O manifold — on the industrial manuals,
logistic schemes and other attributes of one or another
industrial technology.

At the same time, in the work [8] the proposition is
made to represent separate processes and phenomena as
linguistic informational technologies, where are created
models of dictionaries, reference-books, methodical
working-outs and other linguistic objects. Then, the
isolated in the fig. 2 can be represented with three
models

M]K&, M2K3H%4 , M3K§4 ,
where their originals are ‘higher education institution’,
‘some educational technology’ (as a process), ‘higher
school pedagogics’ (as an object of the research),
respectively.

With the aim to isolate the inner-kernel
morphisms, on the basis of terminological dictionary the

0>* manifold ontological model there was built.

Let us suppose that between the element 1 of the
kernel, its model designated with, there exists some
connection or relations with elements 1 and 2 of the
kernel, models of these elements designated with

R R
K K
M, 3’4,M2 S

respectively, and the model is connected with models
R R
M]KP , M;(P

of the kernel K E .

Let us write these procedure down in the analytical
form using the methods of the set algebra.

We shall obtain:
R R R
K K K
K1I€{2§—3.4 _ Ml 1,2 U(Ml 3.4 /\M2 3.4} (2)
R R R
K K K
K3y, =M, 3’4U[Ml r /\M3pJ, 3)

The expressions 2 and 3 based on the developed
generalized formalization technology scheme, can be
transformed and and represented in the predicate form,
i. . on the basis of the algebra of logic.

R . R

vM; 2 IF L ks )
R _ kR

vk aK%MﬂP . (5)

Such notation signifies that between all the models

kB . . (1,2@3,4)
M; of R" topological space of the g

manifold, there exists F functor, the morphisms of

R
which are biuniquely reflected on the models M 5-(3-4 .

Conclusion

Thus, the generalized technological scheme of
formalization of processes and phenomena in the
educational and industrial fields on the grounds of
highly abstract topological manifolds, has been
developed.

The adjacent topological spaces kernel models
synthesis procedure has been shown. The generalization
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of this procedure has been obtained in the predicate
form. The technology of educational and industrial
processes formalization has been created for the purpose

representations, which can guarantee the united
approach at the building of the special mathematical
provision for informational and technological solutions

of elaboration of instrumental means of formal in systems with dual processes.
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OcHoBH iHTerpanii npuKIaIHUX iH(OpMaNiifHNX TEXHOJIOTIi B cHCTeMAaX 3 JyaJbHMMH NPOLECaMHu
O. I. Mopo3zosa

B po6ori nokasaHo, 110 aKTyaJIbHUM € 3aCTOCYBAHHS iHHOBALiHUX TEXHOJIOIIH B YIPaBIIiHHI OCBITHBONO IisUIBHICTIO, a
came mpolecoM HaOyTTs 3HaHb, YMiHb I HABUYOK B OCBITHIX CHCTEMax Ta peaii3alis iX Ha BUPOOHHLTBI 3 BUKOPHUCTAHHAM
iH}opManiiiHO-KOMyHIKaliHUX I MepeKHUX TexXHONOrid. TakuM YMHOM, BUHHMKA€ HEOOXIIHICTb B pO3pOOLI OCHOB iHTErpaii
NPUKIAAHUX iHPOPMALiHUX TEXHOJIOTIH B CHCTEMax 3 JyaJIbHUMH IIpolecaMH. MeTor CTBOpPEHHs TexHonoril ¢opmaimisarii
OCBITHIX Ta BUPOOHMYHX IPOLECIB € pO3po0Ka IHCTPYMEHTAIBHUX 3ac00iB (hOPMANBHHUX YSBJIEHb, IO 3a0€3MeUyIoTh €JIMHUI
MAXiT Opu MOOYIOBI CHELiaIbHOIO MaTeMaTHYHOro 3abe3nedeHHs iH(pOpMaliiHO-TEXHOJOTIYHUX pillleHb B CHCTEMax 3
IyanbHUMH npouecamu. IIpomecu i sBumia, ski BigOyBarOTbCS B OCBITHIX Ta BHMPOOHMYMX CHUCTEMaX, MOXYTb OyTH
npeJcTaBieHi B 6a3ax 3HaHb HA OCHOBI METOAMYHOI 0a3u, a MpOLECH H SABMINA iHTerpauil M’k HUIMH NPEACTaBICH] y BUIIIANI
pi3HuX anreOpaiuHux cucreM. JlaHi cuCTEMH CKIIa[aloThCs 3 KOl MHOKMHY i Habopa onepaniii Haj HUMH, TOOTO CUTHATYPOIO
anreOpu. Meroquuny 6a3y GpopMajbHOTrO MpPE/ICTaBICHHS 3HAHb CKJIaJar0Th €BPUCTHYHI, JIOTIYHI, OHTOJIOTIYHI Ta TOIOJIOT1YHI
METOAM MOJICIIIOBAaHHS, a B OCHOBI BHIUICHHS sJep NpeAMETHUX obiacreil jexarb MeToau W ¢opMalisMu Teopii MHOXKHH.
[Tokazano mnpukimax NOOyIOBH sApa CYMIKHHX pPI3HOMaHITH B TOIOJOTIYHOMY IIPOCTOPI HAa OCHOBI anreOpy MHOXHH.
3anpornoHoBaHi JIOTiYHI METOAM IPEACTABICHHA 3HAaHb [O3BOIAIOTH MHEPEeHTH [0 EBPUCTHYHHX YABICHb 3HaHb, TOOTO
HPOAYKIIHHUX NPaBIWI, CEMAaHTUYHUX Mepex, PperiMOBHUX CHCTEM, a TAKOXK OHTOJIONTYHMX KOHCTPYKILIH.

Karw4dosi caoBa: inrerpauis; npuknazadi iHpopmauiiiHi TexHOIOril; ocBiTa; BUPOOHUITBO; CUCTEMHU 3 IyaJlbHUMU
HPOLECAMH.

OCHOBBI HHTETPAIMH MPUKJIATHBIX HHGOPMAIHOHHBIX TEXHOJIOTHIl B CHCTEMAaX ¢ AyaIbHBIMH MpoIeccaMmu
O. 1. Mopo3zosa

B pabore moka3aHO, 4YTO aKTyaJIbHBIM SBJISIETCS MNPUMEHEHHE HHHOBALMOHHBIX TEXHOJIOTUH B  YIPaBICHUH
00pa30BaTeNbHON JeSTENFHOCTRIO, @ UMEHHO HPOIECCOM INPHOOpPETEHHs] 3HAHWI, YMEHHII M HaBBIKOB B 00pa30BaTENIbHBIX
CHCTeMax W peaju3aliisi WX Ha IIPOU3BOACTBE C HCHOJIB30BaHHEM HH(POPMALIOHHO-KOMMYHHUKAIIMOHHBIX W CETEBBIX
TexHonornid. Takum oOpa3oM, BO3HHKAaeT HEOOXOAMMOCTh B pa3pabOTKe OCHOB MHTEIPAaLUH IPUKIAJHBIX HH(OPMAIMOHHBIX
TEXHOJIOIMH B CHCTEMax C JIyalbHBIMH IIporeccamu. llenplo co3maHMsi TeXHOJOrMH (opmaim3anuy o0pa30BaTEeNbHBIX U
MIPOU3BOACTBEHHBIX IIPOLIECCOB  SIBISIETCS  pa3pa0OTKa HMHCTPYMEHTANBHBIX CPEACTB  (OPMAalbHBIX — IpEICTaBICHUM,
00€CIeUHNBAIONNX E€AWHBIA IOAXOA MPH MOCTPOSHUH CIIENUAIBFHOTO MaTeMaTH4ecKoro obecrieueHnsi WH(OpMaIOHHO-
TEXHOJIOIMYECKHUX PEIIeHHH B CHCTEMax C JyallbHBIMU IponeccaMu. [Iporecchl 1 siBIeHs, IpoTeKaronye B 00pa3oBaTeNbHBIX U
MIPOU3BOACTBEHHBIX CUCTEMAaxX, MOTYT OBITh NPEICTaBIeHBl B 0a3aX 3HAHMI Ha OCHOBE METOAMYECKOW 0a3bl, a MPOLECCH U
SIBJICHHSI MHTETPallii MKy HUMH NPEACTABICHBI B BUJIE PA3JIMYHBIX aIreOpandeckux cucreM. JJaHHBIE CHCTEMBI COCTOAT W3
HEKOTOPOr0 MHO)KECTBa M Habopa omepanuii HaJ HHMH, T.e. CHUTHAaTypod anreOpsl. Metomudeckylo 06a3y GopmanbHOro
NIPE/ACTAaBICHNUs] 3HAHMH COCTABIIAIOT OBPUCTHYECKHE, JIOTHYECKHE, OHTOJIOTMYECKHE M  TOIOJOTHYECKHE  METOJBI
MOZICIMPOBaHMs, @ B OCHOBE BBLICJICHHS siAEp NPEIMETHBIX O0JIacTed JiexaT MeTOAbl M (OpMaTM3Mbl TEOPHH MHOXKECTB.
[Noka3zan mpuMep MOCTPOCHUS Spa CMEKXHBIX MHOTO0Opa3Hii B TOIMOJIOTMUECKOM IIPOCTPAHCTBE HA OCHOBE ajreOpbl MHOXKECTB.
[pemnokeHHBIE JIOTHYECKHE METO/BI IIPEJICTABICHUS 3HAHUH MO3BOJISIIOT TIEPEHTH K OBPUCTHYECKUM IIPEACTABICHHSIM 3HAHUM,
T.€. IPOAYKIIMOHHBIM IIPaBIJIaM, CEMAaHTHUECKUM CETSIM, HPEHMOBBIM CHCTEMAaM, a TAKKE OHTOJIOIMIECKUM KOHCTPYKIIHSIM.

Kamw4ueBnle cJoBa: HHTCrpanus; I[IPUKIAJIHBIC I/IH(l)OpMaI_II/IOHHLIe TCXHOJIOI'MH, O6pa3OBaHI/Ie; IIPpONU3BOACTBO,
CUCTEMBI C yaJIbHbIMHU IIpOLECCaMU.
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