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The paper deals with the problems associated with the development of modern computer
technology decision-making in the digital economy, as well as methods, algorithms and software for
solving control problems and decision-making in socio-economic production systems. The authors
of the article propose a promising approach, having an interdisciplinary character, located on the
border of the following areas: hybrid intelligent systems, synergistic artificial intelligence, neuro and
psychophysiology, philosophy, cybernetics, economic and mathematical modeling, etc. Three laws
of synergistic hybrid computational intelligence of complex, poorly formalized, multicomponent
production and economic systems (SMPES) are considered: mutual adaptation, discrete series of
structures and the law of transformations. A two-level model of the synergistic hybrid computational
intelligence of the SMPES is presented, on the basis of which the evolutionary model of the
synergistic hybrid computational intelligence of the SMPES is formulated. A model of the
synergistic research environment of the SMPES based on hybrid computational models is
considered. The architecture of the applied instrumental environment of "soft" mathematical
modeling of SMPES is presented. The basics of creating a 5d technology platform for designing
intelligent high-tech systems, enterprises and industries are presented, the main advantage of which
is the use of a universal information platform in the form of a hybrid intelligent decision-making
support system that quickly transforms into a specific system, specific subject area ( mechanical
engineering, heavy metallurgy, oil and gas, etc.), allowing you to add new quality to decision-
making processes, as well as to ensure the creation and wide effective use of new knowledge, both for
individual enterprises and entire industries, innovation clusters and zones. Based on the
instrumental environment of "soft" mathematical modeling of SMPES and 5d technology-platform
design of intelligent high-tech systems, enterprises and industries, the authors developed, patented
and successfully implemented a set of applied tools for the development of key socio-economic
sectors of the regions of the Russian Federation. The proposed methods, models and applied tools
allowed the team to begin creating a universal, unparalleled in the world technology for the synthesis
of innovative developments, products and high-tech services, obtained through the integration of
various methods and applied tools and the subsequent generation of specialized technological chains
and production and economic new generation systems.
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PA3PABOTKA CUHEPTETUYECKOW UCCJIETOBATEIBCKO¥ CPEJIBI
JJIA MOJAEJINPOBAHUA
CJIOXKHBIX ITPON3BOACTBEHHO-DKOHOMUNYECKUX CUCTEM

I1.M. Knauek, K.JI. IToxynan, 1.B. JIndepman

bantuiickuit benepanbHblii yHuBepcuteT uMeHn MMmanywia Kanra,
r. Kanmnnunrpan, Poccuiickas @enepanys

PaccMatpuBaroTcst Ipob6eMBbl, CBSI3aHHBIE C Pa3BUTHEM COBPEMEHHBIX KOMITBIOTEPHBIX TeX-
HOJIOTWII TIPUHATHUST pellleHuid B IMGPOBON SKOHOMHUKE, a TaKXKe METOMIbI, aJITOPUTMBI U TIPO-
rpaMMHOeE obOecrieueHue IS pellieHrsl 3a1ay YIpaBAeHUs] U MPUHSTHS PEellieHU B COLIMATIbHO-
9KOHOMMYECKHUX MTPOU3BOJACTBEHHBIX crcTeMax. [IpemioxeH nmepcrneKTUBHbINA MOAXOM, UMEIOIIU
MEXIUCUUIUIMHAPHBINA XapakTep, HAXOISIIMIICS Ha TpaHUIle CAeIYyIOIIMX HarpaBleHU: THOpuI-
HBIX MHTEJUIEKTYaTbHbIX CUCTEM, CUHEPTETUYECKOIO UCKYCCTBEHHOTO MHTEJUIEKTa, HEUpPO U TICHU-
xodusnonoruu, ¢uaocopunr, KUOEPHETUKH, IKOHOMHUKO-MATEMAaTHUYECKOTO MOICIMPOBAaHUS.
PaccmoTpeHBl TpM 3aKOHA CMHEPreTUYECKOT0 TUOPUIHOTO BBIYMCIUTEIBHOTO MHTEIIEKTA CIIOX-
HBIX, CJ1a00 (hOpMaTM3yeMbIX, MHOTOKOMITOHEHTHBIX ITPOM3BOACTBEHHO-3KOHOMUYECKUX CHUCTEM
(CMIIDC): B3auMHOIt amanTalnu, IMCKPETHBIX PSIIOB CTPYKTYP U 3aKOH TpaHchopmanumii. [1pen-
CTaBJIcHA JBYXYPOBHEBasl MOJIEIb CUHEPTETUICCKOTO TMOPUIHOTO BEIYMCIMTEIBHOTO UHTEIIICKTA
CMIIDC, Ha ocHOBE KOTOPOi chOpMyIMpOBaHa 3BOJIOIMOHHAS MOAEIb CUHEPTeTHYECKOTO TH-
6puaHOro BeMUCIUTENbHOTO MHTEIeKTa CMIIDC. PaccMoTpeHa Monenb CMHEPTETUIECKOM MC-
cnenosarebckoii cpeapl CMITDC Ha ocHOBe TMOPUAHBIX BHIUMCIMUTENBbHBIX Mojeneii. [Ipencras-
JieHa apXUTEKTypa MPUKIATHON MHCTPYMEHTATLHOM CPEebl «MSITKOTO» MaTeMaTUIeCKOTO MOJIENH-
poBaHust CMIIDOC. IIpencraBieHbl OCHOBBI co3naHus 5d TEXHOJOTMU-TIIAT(GOPMBI MMPOSKTUPOBA-
HUSI UHTEJUIEKTYaTbHbBIX BHICOKOTEXHOJOTUYHBIX CUCTEM, MPEANPUSATUN U TMTPOU3BOACTB, OCHOB-
HBIM TPEUMYIIECTBOM KOTOPOM SIBJISIETCS MCIOJIb30BaHUE YHUBEPCAIbHON WMHGMOPMallMOHHOM
miaTopMbl B BUAE TMOPUAHONW MHTEJJICKTYyaJbHOU CUCTEMbl MOMACPKKW MPUHATUS PEUICHUM,
KoTOopasi OBICTPO TpaHC(OPMUPYETCS TMOA CUCTEMHBIM XapaKTep, CIOXHOCTb, HEOMHOPOIHOCTh
koHkpeTHOit CMIIDC, onpeneneHHOIT MpeAMeTHOI 00J1acT! (MAalIMHOCTPOEHUE, TsKesias MeTa-
Jyprusi, Hedrerazonasi cpepa), Mo3BoJISISA MPUIATH HOBOE KAYeCTBO IMpolleccaM MPUHSTHS pelle-
HUM, a TaKKe 00ecneyuTh co3JaHue U INpoKoe 3(PHeKTUBHOE MCIIOIb30BaHNWE HOBBIX 3HAHMI
KakK JUTSl OTHEJbHBIX TIPEANPUSATUI, TaK W IUTS LEJIBIX OTpacieil, THHOBAIIMOHHBIX KJIACTEPOB 1 30H.
Ha ocHOBe MHCTpYMEHTAILHOM CpPeIbl «MSITKOT0» MareMaTudeckoro Mozaeauposanuss CMIIOC u
5d TexHoMOTMU-TUIATGOPMBI TTPOCKTUPOBAHUSA WHTEIIEKTYAIBHBIX BBICOKOTEXHOJOTUYHBIX CH-
cTeM, TIPEANPUSTUAI U TIPOU3BOICTB pa3paboTaH, 3allaTeHTOBAH M YCITEIITHO BHEAPSIETCS KOMILUIEKC
TIPUKJIATHBIX MHCTPYMEHTAPUEB IUTSI Pa3BUTHS KIIOYEBBIX COIMATEHO-3KOHOMUYECKUX CEKTOPOB
peruoHoB P®. [NpemraraeMble MeTOIbI, MOIEIM W TPUKIATHBIE WHCTPYMEHTApUM, MTO3BOJIMIN
TIPUCTYIIUTh K CO3MaHUIO YHUBEPCAIBHOW, He MMEIOIIel aHaJIoTOB B MUpPE TEXHOJIOTUM CUHTE3a
WHHOBAIIMOHHBIX Pa3pa0bO0TOK, MPOAYKIMU U HAYKOEMKMX YCIYT, MOJy4aeMbIX Ha OCHOBE KOM-
TUIEKCMPOBAHMS PA3IMUHBIX METOAOB U MPUKJIAAHBIX MHCTPYMEHTapKUeB U MOCIeayolleii reHepa-
LIMY CelMaTM3MPOBAaHHBIX TEXHOJOTUYECKUX 1IEMIOYEK U TTPOU3BOACTBEHHO-3KOHOMUYECKUX CHU-
CTeM HOBOT'O MOKOJICHUS.

KmoueBbie CJioBa: FH6pHZ[HbIVI BBIYWCIIUTEIbHBIN MHTECJICKT, IIPOU3BOACTBEHHO-
OKOHOMMUYECCKHUE CUCTEMDI, HI/I(I)pOBaﬂ OKOHOMUKA, MHHOBAIIMOHHBLIC pa3pa6OTKI/I, MaTreéMaTHuic-
CKO€ MOACJIMPOBAHUEC, CUHEPTIETUYCCKAadA MOICIIb

Cepuika npu murupoBannn: Knavek [1.M., TMomyman K.JI., JIu6epman W.B. Paspaborka cu-
HePreTUYeCcKoil MCCIe0BaTeIbCKOW Cpeabl IS MOIETMPOBAHUST CIIOXHBIX TTPOU3BOACTBEHHO-
9KOHOMMYECKHUX cucteM // HayuHo-texamdyeckue Begomoctu CII6ITIY. DxoHOMMUYECKUE HAYKU.
2019.T. 12, Ne 2. C. 112—120. DOI: 10.18721/JE.12211
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Introduction. In the works of famous Russian
scientists in the field of economic and mathematical
modeling Prof. V.L. Makarova and Prof. G.B. Kleinar
[1-7] the original approach to modeling hierarchical
production and organizational economic systems based
on various mathematical schemes (apparatus of abstract
algebra, differential calculus, etc.) was summarized and
comprehensively considered. The obtained models, on
the basis of which the state space of a real system is
modeled using the mathematical apparatus of the theory
of lattices and other approaches, complement the
models with an unstructured (automaton) and linear
(linear systems) state space, etc. In fact, this class of
models represents synergistic, hybrid formal schemes
[8,9], designed to search for the universal principles of
the formation and evolution of complex, industrial and
economic systems [5—7]. Based on these works, as well
as on works of other scientists, in various subject areas:
mechanical engineering [10], oil and gas industry [11],
agro-ecosystems and water ecosystems [8], socio-
economic sphere [12], etc., — the authors of the article
formulated a statement regarding the need to revise,
supplement the approaches to the
construction of mathematical models of complex,
including poorly formalized, productive and economic
systems [13], and also set the task of creating new
directions, approaches and methods in the field of
mathematical modeling and synthesis of complex
systems capable of providing at a qualitatively different
level the possibility of formal models development of
complex productive and economic systems. In fact, it
was about creating new classes of mathematical models
of complex productive and economic systems, with an
adaptive, synergetic structure [14, 15] — as a special
class of «soft» mathematical models based on the
principles of adaptive heuristic adjustment [8, 9] of
analytical dependencies with heuristic knowledge and
soft calculations.

Despite the importance of this task, the research
works in this area did not gain active development. In
2016 at the international conference "Hybrid and
Synergetic Intellectual Systems: Theory and Practice
(GISIS-2016)" (Russia, Kaliningrad, the conference
was held with the support of the Russian Foundation
for Basic Research) the authors first proposed and
received a widespread approbation of a concept of

traditional
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«soft» mathematical modeling of complex systems,
based on hybrid computing intelligence [9] as a new
interdisciplinary research area located on the
«boundary» of: hybrid intelligent systems, synergetic
artificial intelligence, mathematical modeling of
complex systems, systems theory and systems analysis.

In the study [15] the concept of complex, multi-
component productive and economic systems,
functioning in conditions of uncertainty, and poorly
formalized problems was introduced [14]. The set-
theoretic representation of the specified class of complex
systems is also implemented in the sources [8, 9].

In the studies [9, 13, 15] a statement regarding the
need to revise, supplement, traditional approaches to
the construction of mathematical models of complex,
including poorly formalized, productive and economic
systems (PES) was formulated, and also the task for
creating new directions, approaches, methods and
applied tools in the field of modeling of complex,
multi-component production and economic systems
(CMPES) was set.

Purpose of the study. Accumulated to date, in the
framework of this approach (the concept of «Soft
mathematical modeling of complex systems based on
hybrid computing intelligence [9]»), extensive theoretical
and practical experience [8,9,15] in various subject areas
(agriculture, oil and gas sector, engineering, military-
industrial sector, etc.), allowed the authors to formulate
the basic theoretical positions in the field of creation of a
synergetic research environment for modeling
complex, productive and economic systems and also to
set the task for developing on its basis a complex of
applied systems of various types and purposes.

Research methodology. In the work [9] three laws
of synergetic hybrid computing intelligence (HCI):
mutual adaptability, discrete structures, and the law
of transformations — were formulated.

Due to the fact that the structure of synergetic HCI
is a reflection of certain regularities of mutual adaptation
of internal components, the law of mutual adaptability
determines the presence of internal mutual adaptability
processes between components of synergetic HCI as a
necessary and sufficient condition for the emergence
and development of synergetic HCI.
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In accordance with the law of discrete structures,
the new structure of synergetic HCI is synthesized
from a discrete series of its possible structures. Thus,
a method can be obtained for synthesizing the target
structure of the synergetic HCI, included in a discrete
series, from another structure of this series.

In accordance with the law of transformation, the
transformation of one structure of synergetic HCI
into another by means of knowledge common to both
structures can be achieved. Thus, the law of
transformations implies the possibility of creating a
method of forming new knowledge, obtaining their
interference, as well as the transition from one
knowledge to new knowledge, interrelated, associated
with the previous one.

In accordance with the law of transformations —
the synthesis of a new structure of synergetic HCI is
possible only on the basis of the previous structure,
which leads to the mutual adaptation of some of the
components corresponding to the new structure.
Within the framework of the concept of «soft»
mathematical modeling of the complex, multi-
component productive and economic systems, the
law of transformation determines the primary role of
fundamental, formalized knowledge in the new
structure of the synergetic HCI, as well as the
possibility of their integration in the development
process with newly emerging heuristic knowledge.

In view of this, the concept of synergetic hybrid
computing intelligence is illustrated in Fig. 1. Fig. 1
shows a two-level model of synergetic hybrid computing
intelligence [9]: at the macro level — the method as a
whole; at the micro level — decomposition of the method
using the triad «language — model — procedure».

®

AN

Microlevel \
Model
é'.).Grains

Fig. 1. Two-level model of synergetic hybrid computing
intelligence

Macrolevel

Solution
procedure

Scripting language
of the model

The modeling method and the corresponding
CMPES closely
interconnected objects. Since the formal model of

formal model are two
CMPES has been developed in accordance with a
certain modeling method, it is connected with its
properties, and obtains all the pros and cons of the
method; the same applies to the modeling method
that inherits the model properties. Moreover, the
modeling method cannot go beyond its model and
acquires from it the structuring of the external
world, the conceptual apparatus, which largely
determines the strength and capabilities of the
method. In the study [9] the concept of «phenotype
<> genotype» of a modeling method is considered,
as well as the laws of transformation of modeling
methods when solving applied system problems [9]
in complex, multi-component productive and
economic systems.

This approach to the representation of the
modeling method allowed us to formulate an
evolutionary model of synergetic hybrid computing
intelligence (Fig. 2) [9].

The evolutionary model of synergetic hybrid
computing intelligence leads to the possibility of
creating integrated methods — method-systems [9],
built using integration relations on a variety of
genotypes of other types, and synthesis of integrated
models of CMPES — systems of models [9]; built
with the help of integration relationships on a variety
of other models. Thus, the desired macro-level
properties (the goal of hybridization) of descendant

methods can be obtained: Methodf, ..., Method Zn ,

[91,
corresponding properties of integrated models of
CMPES.

An evolutionary model of synergistic hybrid
computational intelligence allows us to formulate a
model of a synergistic research environment based on
hybrid computational models derived from synergetic
hybrid systems.

Suppose Iv" — set of applied systems [9]. We
introduce a set of hybrid computational model,

LANG" = {LANG/",..., LANGy  } and set the

representing synergetic hybrid systems and

Gm
correspondence WY : TANG™ — v,
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Fig. 2. Evolutionary model of synergetic hybrid computing intelligence

We introduce five sets of micro-level
representations of autonomous methods [8, 9]:

MET* ={MET,, METS, MET, ,MET},, MET,},
MET}, ={met5,,,..., metjnNA” },
MET, = {metg,,, ..., metg, },

a a a
MET;, ={met},,..., metyey, . }s

METY; = {met};,...,met[;y },
MET}, = {metgpl,...,metgpNE }

works with An-, St-, Lg-, Li-knowledge un Ep-
experience, where N4, Ns, Ni, Ny, Ng are the
number of known m“-methods.

We define five sets of one-to-one correspondence
wreme - when iel,5 and mety, j = I

d,qe{An,St, Lg, Li, Ep}; d=p:

e METS — METY,,
premel METS — METE,
prerme s MET], — METY,,
pmerme . METS. — METE,
preme s METS —> METS,.

We define correspondences WP/ HANG . prmetmet
— LANG™ and get five sets, elements of which are

tuples ((mety,mety), LANGY'), where wel, N ,re-
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Thus, we have the following model of a synerget-
ic research environment, the elements of which are
presented in detail in [8, 9]:

EM — <LANGm,METG,‘P;netmet,‘I”METLANG>. (1)

Approbation and results. Based on (1), the
applied instrumental environment of the «soft»
mathematical modeling of complex, multi-
component productive and economic systems [9]
was developed (Fig. 3).

The developed model of the synergetic research
environment and the instrumental environment
of «<soft» mathematical modeling of CMPES
created on its basis made it possible to set the
5d technology-platform for designing intelligent
high-tech systems, enterprises and industries [9]
(Fig. 4).

Studies [8,9] showed that the proposed 5d
technology-platform for designing intelligent high-
tech systems, enterprises and industries [9, 15] can
quickly adapt to a system-based nature, complexity,
heterogeneity of applied CMPES, various types and
purposes, allowing to bring the decision-making
process in applied CMPES to a whole new level [13],
to ensure the synthesis, as well as a comprehensive
and effective use of new knowledge [20, 21], both for
individual enterprises and entire industries,
innovation clusters and zones.
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Fig. 3. Instrumental environment of the «soft» mathematical modeling of CMPES
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Fig. 4. Technology-platform for designing intelligent high-tech systems, enterprises and industries

Based on the instrumental environment of "soft"
mathematical modeling of the CMPES and 5d
technology-platform for designing the intelligent
high-tech systems, enterprises and industries, the
authors developed, patented a set of applied tools
[22, 23] for the development of key socio-economic
sectors in the regions of the Russian Federation,
which is being successfully implemented.

Results

1. Three laws of synergetic hybrid computational
intelligence of complex, poorly formalized, multi-
component productive and economic systems are
considered.

2.A two-level model of synergetic hybrid
computational intelligence of complex, multi-
component production and economic systems is
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presented, on the basis of which an evolutionary
model of the synergetic hybrid computational
intelligence of CMPES was formulated.

3.A model of the synergetic research
environment of the CMPES based on hybrid
computational models is considered.

4. The architecture of the instrumental
environment of «soft» mathematical modeling of
CMPES is presented.

5. The main elements of 5d technology-platform
for designing the intelligent high-tech enterprises and
industries are considered.

Conclusion. In the course of solving the tasks of
advanced (breakthrough) innovative development of the
Kaliningrad region, creating a scientific, technical and
technological base on the ground of advanced world
achievements and breakthrough technologies, the
collaborative writing team in 2014 formulated the idea
and the main positions in the field of creating the first
Russian Center of Computer Engineering and systems
engineering design of high-tech systems
productions. In the period from 2014 to the present, the
writing team carried out a huge organizational, research
and development work, which resulted in the creation
of an intellectual and technological basis for the unique,
one-of-a-kind in Russia, innovation and technology
center «Baltic Engineering Center of hi-tech systems
and productions» (supervisor: Prof. Sergei Korjagin,
Baltic Federal University of Immanuel Kant),
including: a complex of modern educational, scientific
and innovative laboratories; developed an advanced
scientific-methodological platform «Intellectual
Systems Engineering [8]», which represents an

and

interdisciplinary scientific-methodological basis that
provides the generation of new knowledge in the inter-,
multi- and trans disciplinary areas to solve complex
problems of industry, energy, transport, engineering,
etc.; developed and patented a unique (ensuring the
creation in the shortest possible time of competitive
products of the new generation) application-oriented
basis of high-tech solutions and tools. At present, on the
basis of the methods, models and applied tools proposed
in this scientific article, a set of advanced production
solutions for the development of socially significant
sectors of the regional economies of the Russian
Federation has been successfully implemented [22, 23]
based on the Baltic Engineering Center, as well as a set
of federal-level projects that are important for solving
national production, economic and other strategic tasks
of the Russian Federation was launched.

Directions for further research. Accumulated to
date, a large theoretical and practical experience of
applying the model of a synergetic research
environment in various subject areas (agriculture, oil
and gas sector, engineering, military-industrial sector,
etc.), allowed the authors to proceed to the
development of the proprietary, internationally
advanced, technology for synthesizing innovative
developments, products and high-tech services,
obtained through the integration of various methods
and applied tools, and the subsequent generation of
specialized technological chains of the new generation,
which allows accumulating advanced science, basic and
critical military and industrial technologies, ensuring
the generation of new knowledge in cross-, multi- and
trans disciplinary areas for solving complex problems of
industry, energy, transport, engineering, and etc.
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