Theoretical aspects of synergetic model formulation
in the economic systems innovative-investment development
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Different approaches to the interpretation of the category "investment" and "innovation" have been
presented and evaluated in this article. The basic characteristics and particular qualities of investigated
definition have been mentioned. The article shows that the basis of theoretical understanding of the
investment and innovation process is showing of any economic system as a complex open system, which
allows to use the principles of synergetic campaign for the development of effective models of transition
systems from one state to another, qualitatively new state, and also makes it possible to search for
universal principles of self-organization and evolution of complex economic systems. The author of the
article suggests the model which allows describing qualitatively the self-consistent evolutionary action of
investment and innovation processes of economic systems. In the framework of the adiabatic
approximation shows the solution of the model, corresponding to the equation of the Landau-
Khalatnikov synergy potential coincides with a similar potential for the usual Lorentz system.
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Problem definition. Owing to the global crisis and hyperdynamic improvement
characterizing market environment, there is a constant necessity to form and introduce a
model of economic system development. It can provide high and stable rates of the economic
growth, solve some social and ecological problems, and provide competitiveness of the
national economy. One of the key tasks concerning economic system development strategy
consists in the pre-orientation in the direction of the innovative-investment development. For
example, State target program of Ukrainian industry development till 2017 [1] points out that
innovative-investment activity of the industrial complex will provide fast growing of the
national wealth and labour productivity, increase of the gross domestic product, contribute to
economic and social development of the society. On the ground of it, the investigation of the
self-consistent evolutionary investment and innovations behavior is very urgent question and
needs profound analysis.

Analysis of the latest investigations and publications. A lot of scientists study the
question about innovative and investment activity. Among outstanding foreign scientists
whose works related to this question are: 1. Ansoff, P. Druker, M. Porter, B. Santo, K. Frimen,
J. Shumpeter, B. Twiss. Leading native researchers, who study the mentioned problem are
M. Tugan-Baranovsky, 1. Blank, J. Boiko, A. Gerasymovych, P.Mykytyuk, M. Pushkar,
S. llyashenko, R. Fatchudinova and others. But native and foreign scientific sources have not
enough developed conceptual grounds of the synergetic analysis concerning investment-
innovative processes in the economic systems that would make for the theoretical basis and
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development of the effectiveness analysis methodology and investment-innovative processes
regularity.

Aim and object of the article is to conduct critical analysis and to generalize theoretical
approaches to determine main point and main content of the categories «innovations»,
«investment» and to create the descriptive synergetic model of the innovative-investment
processes in the economic systems.

Presentation of the main investigated material. In economic literature term
«innovation» has many definitions depending on the subject and object of the scientists’
investigation. J. Shumpeter has firstly used the term «innovations» in 1939 and examined
them as “changes with the purpose to introduce and to use new types of consumer products,
new manufacturing and transport facilities, markets and form of organisation in the
manufacture” [2].

According to the Act of Ukraine "On innovative activity" innovations are the newly
created (applied) and (or) improved competitive technologies, production or service and also
organizational and technical decisions of productive, commercial character, that will
essentially improve the structure and quality of production and (or) social sphere [3].

V. G. Medinsky and S. V. Ildemenov explain innovation in their work as «object, applied
in industry as a result of conducted scientific research or discovery, qualitatively differed from
the previous analogue» [4]. L.L.Antonyuk, V.S.Savchuk, A.M. Poruchnyk examine
innovation as a new phenomenon, pioneer work or any change, that is inserted by the
economic agent into own work in order to increase the competitiveness in the home and
foreign markets [5]. F. Walentyn points out in his work that innovations are changes in the
original structure of operating mechanism, i.e. change of its inner structure into new state [6].
L. Woldachek notes, that innovations are objective changes in the enterprise as a system
(quantitative, qualitative in any enterprise activity) [7]. A. 1. Prigozhyn describes innovations
as focused actions, which introduce new relatively stable elements into the environment [8].
Thus all definitions “innovations” may be symbolically divided into two approaches: statistic
approach considers innovation as a form of the new technique (production), technology, new
method etc; dynamic approach considers innovation as a process to replace existing
technologies with new ones [9].

Besides, special attention is paid to the conceptual mechanism of the term “investments”.
The Act of Ukraine «On investment activity» determines investments as all kinds of the
property and intellectual valuables, contributed into business and other activities objects,
which result in profit or social effect [10].

The modern economic Raisberg’s dictionary describes investments as long-term
contribution of the state and private capital in different enterprises, projects, social and
economic programs, innovative projects [11] in the native land or abroad in order to receive
profit. From S. Fisher’s, R. Dornbush’s and R. Shmalenzy’s points of view investments are
expanses to create new capacities in machine producing, financing of the house, industry and
agriculture building, and resources [12]. L. Gitman, M. Johnk consider investments as the way
to allocate money, that has to provide preservation or growing of its cost and (or) to cause
positive size of the profit [13]. O. I. Kovtun describes investments according to the economic
and financial categories. Economic category understands investments as expanses to create,
spread, reconstruct the main capital, and as expanses for changes of the working capital.
Investments as a financial category are all kinds of property, financial and intellectual
valuables, which are contributed into the objects of enterprise and other activities, social
infrastructure in order to get profit or social effect [14]. A. M. Margolin and A. J. Bystryakov
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suppose that «investments are money, objective bank deposits, shares, stocks and other paper
holdings, technologies, machines, equipment, property and other rights, that have money value
and contributed in enterprise or (and) other activities objects in order to get profit and (or) to
achieve another profitable effect» [15]. A. W. Mertens in his work notes that investments are
the part of the total costs, consisted of costs for the new production, investments for new
housing, and growth of the business stocks [16].

Theoretical analysis of the suggested definitions allows to agree with P. P. Mykytyuk’s
opinion that these categories are interconnected owing to their origin [17]. Scientists point that
innovations can’t be formed without any additional and constant contributions of the
investment resources, and investments have economic sense only when they are oriented to
realize an idea to create new technique, technology, that will make for new possibilities to get
profit. Thus, we may distinguish familiar features, peculiar to these categories (table 1).

Table 1 — Comparative characteristics in determination of «innovations» and «investments»

Feature Characteristics

Purpose Getting of the useful effect: economic; ecological; social or another
one

Direction Positive influence to improve peculiarities of the activity objective

Time / display Long-term character (getting of the effect in the middle or long-term
period)

Introduction Result of the complex using of decision elements (systematic
scientific-methodic development, research programs etc)

Uncertainty / risk | Depend on uncertainty factors, which are the reason of risks

Theoretical ground to understand investment-innovation process is to represent an
economic system as a complex open system, state of which depends on many factors, and
thanks to the self-consistent conduct a little change of one parameter, may cause great change
of the whole system development.

The process of the open system development is based on the back action connections,
which are the base of the self-regulation, adaptation to the way of changeable living, and
therefore to the development. For example, positive back connection keeps tendencies to
change different parameters in the system. On the one hand, a positive back connection leads
only to damage, loosening, uncertainty and makes the system lose its control, but on the other
hand, uncertainty is not always a negative phenomenon. 1. Prygozhyn [18] underlines that
uncertainty may be the factor of the sustainable and dynamic development. Only far from
balance systems, being unstable, can spontaneously organize and develop themselves. In other
words, uncertainty also means development owing to bifurcations. There can appear change of
economic systems goals, objectives and structure in the bifurcation point. During
transformational process there may be adaptation to new conditions, changes in functional
mechanism of the economic system or the system gets some damages, i.e. it doesn’t achieve
new level and as a result we can see stagnation of the system. Back negative connection vice
versa reacts against changes of the outgoing parameter, i.e. it is focused on preservation,
stabilization of the necessary parameter and thereafter system state.

Open system state is characterized by many freedom stages: unlimited variety of the
microscopic stages (enterprises, cooperation etc) and some macroscopic ones (state, regions).
According to the theory of phase transitions the cooperative system behavior is pictured by the
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only one freedom degree, i.e. hydrodynamic mode, amplitude of which is down to the order
system parameter and recognizes self-organization [19]. Thus, development of the complex
nonlinear dynamic systems is determined with oscillation amplitude of the system elements
resulting marks [20]. One should point, while studying and modeling processes in the
economic systems many parameters can’t be expressed quantitively, because they have
qualitative characteristics and some of them can’t be objectively defined. As a result, the
concept of synergetic economics becomes widely used. Due to its matter synergetics is science
about self-organization of the open fixed systems. Synergetic approach in the economic
systems investigations leads to develop active models to describe the transfer of the system
from one more qualitative state into another, and allow to search universal self-organization
principles and evolution of the complex economic systems (to form the law of self-
preservation and evolutionary development).

While studying the self-coordinated behavior of the economic systems parameters Lorenz
synergetic system is often used:

1,6 =—0+A€, (1)
t.£=—e+AcT, )
T = (T, -T)-Aqoz, ©)

where o — is being the order parameter characterizing system state, € — the conjugate field,
T — the control parameter, t,t,,t1 — are relaxation times of relevant parameter, T, — value

of external influence, A, A, At —are coupling constants [21].

The system of equations (1) — (3) describe self-organizing behaviour of three degree of
freedom o, €, T, i.e. a change of one parameter changes other two. The initial reason for this
self-organization process is the positive feedback of T and ¢ on €. On the other hand, the
negative feedback of 6 and € on T in eq. (4) plays an important role since it ensures the system
stability. Because of this feedback and existence of relaxation terms in every equation
stationary states establish in the course system evolution, but under certain conditions is
possible autooscillation regime and strange attractor realizes [22].

The most widely-distributed non-linear model of innovative processes is the innovation
diffusion model, which uses to understand nature and organization of system administration of
innovations. Diffusion process, expressed in part of release of high technology product or
number of companies, acquired a market of new products, describes by logistic curve or its
modifications with next equation [23]:

dx
E:k-x-(Y—x), 4

where x — is an evolution coefficient dependent on time, A — is a parameter characterizing
rate of change (evolution trend), Y — is a parameter that define limits of change in the frame of
current state of the market.

Appearance of leaps on logistic curves characterizes the beginning and the end of
innovative production or modification of technological plans. Although, as Borzilov specify
on his work, a main limitation of such models is a lack of accounting of system creating and
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subjective reasons which have an effect on innovations evolution [24]. Therefore, the usage of
synergetic approach gives a chance to explain characteristics of innovation processes as
avalanche-like character of beginning of developing process, the nature of leaps on logistic
curves, the stochasticity.

The author proposes the following model to study the stochasticity of innovation process:

AP (N_x) B
ey Xx-(N=x)—B-x, (®)

where x=x(t) — being a number of companies participating into the innovative process at
time t; N — the total number of companies of industrial sector, p (p>0) — coefficient of
increasing number of participants; A — a constant which determines an increase of participants
into the innovation process; B — coefficient of nonparticipation into the innovation process
B>0.

The second term in equation (5) takes into account a competition between participants in
the innovation process, and the last term — rejection of innovations by companies. But no one
of proposed models does not describe fundamental synergetic laws of innovation-investment
development of economic systems — a sequential transition from a state of standard system’s
operation to self-organizing state owing to unexpected impacts of external environment.

In basis of matter of innovation and investment activity as two correlated processes we
suppose that system consist of N companies, from which x<N follow the innovation
development strategy, others N-x behave at random. Suppose that amount of investments P(t)
vary by 6P(t + t) during time t. At this time strategically oriented partners make a decision to
increase or decrease innovations on the assumption of variation of attracted investments I(t).

Therefore, random values I(t) and 8P(t + t) appear statistically correlated, and correlator:

i
(81()3P(t + 1)) = lim_g Ha(t)sp(t + )t (6)
0

possesses the non-zero value.
Thereby, difference between innovative-oriented and random companies is that for first the
correlator:

.
C=lim__o(3I(1)3P(t+1)) = lim__, lim1_,, % J' SI(t)SP(t + T)dt (7
0

has non-zero value, and for second C=0. In this case one determine the correlator as the order
parameter defined the choice of strategy. Respectively, conjugate field comes to amount of
attracted investments I(t), and the number x of companies with innovative strategy plays a role
of control parameter [19].

Self-organizing evolution of the system defines by self-consistent equations for rate of
change of main parameters dependent on their values:

1cC=—C+Acl, ®)
l=-1+ACx, 9)
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rXX=A+%-X~(N—X)—B~X—AXC|, (10)

where x=x(t) — being a number of companies participating in the innovative process at time
t; N — the total number of companies, p (p>0) — coefficient of increasing number of
participants; A — a constant which determines an increase number of new participants into the
innovation process; p — coefficient of nonparticipation into the innovation process >0.

The second term of equation (10) consider a competition between participants into the
innovative process. The last term consider a rejection of innovations by some companies.

A,Cl — consider feedback of investments to the number of innovation oriented companies.
System of equations (8—10) does not solve in general case. Therefore we analyze it with an
adiabatic approach t. >>1t,,t,, Which means that order parameter C changes less rapidly

and other two parameters follow its changes. So, I~0, x~0. Solving equations (9)—(10)

with previous assumption and substitute corresponding variables, one can find synergetic
potential V from Landau-Khalatnikov equation:

T C =——. 11
¢ dC (1D
This synergetic potential has a minimum at

p-(r-1)
Ch= |+ 2
0 ,/ ANAT 12)

obtained from dV/dC =0, where r=(A.A,N/p)(AACA, +p—P). When r>1 the curve of
synergetic potential has a minimum (fig. 1)
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Figure 1. Dependence of synergetic potential (12) such x
Note that the potential (12) coincides with the same potential for the Lorentz system.

Conclusions. On the basis of the conducted theoretical analysis of «investments» and
«innovations» there was ascertained, that likeness and interconnection of these categories are
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observed in the variety of using, i.e. investments and innovations (as system-formed
constituents) may be invested into different spheres (organizing, financial, social, scientific
and others), but only innovative approach gives investment owned direction and leads to the
maximum effect.

The suggested work represents model, that allows to describe the development of the

innovative-investment process in the economic system. This is a qualitative model and doesn’t
pretend to the equal quantitative process view, taking place in the economic system, because it
is formed with assumptions concerning self-organization of the economic parameters.
However, suggested equations may help to establish the main peculiarities of the process in
these systems.
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B pabore mnpuBeneHBI W NPOAHATU3UPOBAHBI pasHble IOJXOJABI K TPAKTOBKE KaTErOPUU
«UHBECTHIMM» WM «MHHOBAIMM», YTO MO3BOJHIIO BBIACIUTH OCHOBHBIE OOIIME XapaKTEPUCTHUKH ¥
0CcOOEHHOCTH HCCeayeMbIX AeduHnIuil. B cTaThe mokazaHo, YTO OCHOBOW TEOPETHYECKOTO ITOHUMAaHHUS
NPOTEKaHWs  MHBECTHIHMOHHO-MHHOBAIMOHHBIX ~ MPOLECCOB  SIBISETCS  NpEACTaBIeHHE  JII0OOH
9KOHOMHYECKOH CHCTEMbl B BHJE CJOKHOH OTKDPBITOW CHCTEMBI, YTO IO3BOJISET HCIIONB30BATH
NPUHIUIBl CHHEPreTHYECKOTO MOX0/a JUIs pa3paboTKH JEHCTBEHHBIX MOJENCH Mepexoja CHCTeM H3
OJJHOTO COCTOSIHHS B JAPYroe Ka4eCTBEHHO HOBOE, & TAKXKE JIeJaeT BO3MOXKHBIM MOUCK YHUBEPCAIBHBIX
NPHUHIUIIOB CAMOOPTaHU3ALHN H 9BOJIFOLUN CJIOKHBIX SYKOHOMHYECKHX CHCTeM. IIpesoxeHa MoJedsb,
MO3BOJIIOIIAS HA KAueCTBEHHOM YPOBHE OITHCATh CaMOCOITIACOBAHHOE HBOJIOLMOHHOE MOBEACHUE
WHBECTUIIMOHHO-HHHOBAIIMOHHBIX IPOIECCOB IKOHOMHYECKHX CHUCTeM. B pamkax anumabaTHyeckoro
NpUONMKEHNsT TIOKa3aHO pelleHHe [aHHOM MOJenH, OTBeyamollee ypaBHeHHIo Ttuma Jlanmay-
XanaTHUKOBA, CHHEPreTHYECKHH MOTEHIMA KOTOPOH COBIAIaeT C aHAIOTMYHBIM MOTCHIHATIOM JUIS
00br4HO# cuctemsl JlopeHIa.

Kurouesvle cnosa: S)KOHOMUYECKas CUCTEMA, MHBECTHUIIMH, MHHOBALIUU, KaT€ropus, MOA€JIb.
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B poOorti HaBeneHO Ta MpOaHANTi30BaHO Pi3HI MIJXOAM IO TPAKTyBaHHS KaTeropi «iHBECTHIII» Ta
«iHHOBaniil». Ha OCHOBI IPOBEAEHOTO TEOPETHYHOTO AaHAI3y aHUX KaTeropiii BHIIJICHO OCHOBHI
CHLJIbHI XapaKTEePHUCTHKHU 1 0COOIMBOCTI JOCIIHKYyBaHUX Ae(iHIIiH.

VY craTTi HOKa3aHo, 0 OCHOBOIO TEOPETHYHOTO PO3YMiHHS MPOTIKaHHS 1HBECTUIIITHO-1HHOBAIIIITHUX
MIPOIICCIB € MPeACTaBICHHS OyIb-sIKOT EKOHOMIYHOI CHCTEMH Y BUIIAAL CKIAIHOT BIIKPUTOI CHCTEMH, IO
JI03BOJISIE BMKOPHUCTOBYBATH HPHHIMIIN CHHEPTETHYHOTO IOXOAY Uil PO3POOKM Ji€BHX Mopeneit
Nepexoy CHCTEM 3 OJHOTO CTaHy B IHIOIMH SKICHO HOBE, a TaKOX pPOOUTH MOMIIMBHM MOIIYK
YHiBepCaJbHUX IIPUHIHITIB CAMOOpPraHi3alii Ta eBOJIOLIT CKIQHUX eKOHOMIYHUX CHCTEM.

[lpu pocmimKeHHI EKOHOMIYHUX SBHII TPaJUIiHHO BHKOPHCTOBYIOTH TpadidHi MoJemi, Mo
JI03BOJISIE SIKICHO IIPOCTEKHMTH TEHIEHLIi y PO3BUTKY EGKOHOMIYHHX CHCTeM. MareMaTuuHi Mozemi
BHUKOPHCTOBYIOTBCSI HE TaK 4acTO, OCKUIBKH ICHY€ IEBHA CKJIAIHICTh B iX moOynoBi. [Ipuunna B ToMmy,
II0 NPAaKTHYHO Oy/b-fKa E€KOHOMIYHAa CHCTEMa SBISE€ CKIAIAHY CHUCTEMY, CTaH SKOI 3aJeKHTh Bif
Oaratbox (pakTopiB. 3riHO 3 BU3HAYEHHSIM CKJIQJHUX CHCTEM HE3HAYHA 3MiHA OJHOTO 3 MapaMeTpiB 3a
PaxyHOK CaMOY3TOPKEHOTO MOBEAIHKM MOXKE CIPHYMHUTH ICTOTHY 3MiHY 3arajipHOi KapTuHH. Ciig
3a3HAYUTH, W0 0araTo IapaMeTpiB BHUCIOBUTH YHCEIBHO HEMOXIIMBO, OCKIIBKM BOHH HOCSThH SBHHI
SIKICHMM XapakTtep, a JesiKi 3 HUX HaBiTh HE MOXYTh OyTH O0'€KTHBHO BHsBIICHI. [IeBHa CKIIaIHICTH y
TOMY, IO JJIsI KOXKHOI CHCTEMH CIIii CKJIQJaTé CBOI MOJENi, sIKi OyayTh IISATH TUIBKM Ha IIEBHOMY
MIPOMDKKY 4acy, OCKUIBKH B IIPOIIEC] €BOJIIONIT 3a3BHYal 3'IBIIOTHCS HOBI J1it0di (akTopy.

VY cTaTTi B paMKax CHHEPreTHYHOTO TiIX01y MPOBEICHO aHaNi3 HEMIHIHHUX MOJeIel eKOHOMIYHOTO
3pocTaHHS, a caMme: Mojneni momupeHHs (audysii) iHHOBamiii. BcraHoBlIeHO, MmO JKOmHA 13
3allpONIOHOBAaHUX MOJENiell He ONHCYE OCHOBHI CHHEPIeTHYHI 3aKOHOMIPHOCTI 1HHOBAIiIfHO-
IHBECTUIIIITHOTO PO3BUTKY €KOHOMIYHMX CHUCTEM — TMOCHIJOBHUI IEPEXIi BiJ caHy OopraHi3alii, B IKOMY
CIIOCTEPIraeThcsl HOpMalbHE (YHKI[IOHYBaHHS CHCTEMH, JO CTaHy caMOOpraHizamii B pe3y’bTarTi
Herepe10auyBaHoro BILIMBY 30BHIITHBOTO CEPEIOBHUIIA.

VY poboTi 3amporoOHOBaHO MOJENb, IO JO3BOJAE HA SIKICHOMY PIiBHI ONMHCAaTH CaMOY3TOIKEHY
€BOJIIOIIMHY MOBEIIHKY iHBECTHIIIMHO-IHHOBAIIHHOTO MPOIIECY CKOHOMIYHUX CHCTeM. B OCHOBY maHOi
MoJzeni mokiageHa cucrema JlopeHna ska € onHiero 3 HaiONbII yHiBepCaJbHHX MOAENEH MOBEIIHKH
CKJIaJJHOT CHCTEMH, 3HAUHO BiJJTAJIEHOT BiJl piBHOBaYXHOTO CTaHy. 3a3BHWYail TaHa CHCTeMa TOJAETHCS Y
BUTIANI AW(EpeHIIHHNX pIBHSAHb, SKi BHU3HAYAIOTh YACOBI 3aJIeKHOCTI Mapamerpa MOPSIKY,
CIIOJTYYEHOTO IOJISl 1 Kepyrodoro mnapamerpa. BimmoBimgHo B poOOTi cIoiydeHe Moje 3BOJUTHCS 0
o0csTy 3alydeHUX IHBECTHIIH, MapaMmeTp MOPAIKY IO KOpelsropa MK O0’€MOM I1HBECTHLIH Ta
iHHOBAIlif, a pOJNb KEepyKuoro mapamerpa BiJirpac YHCIO MiINPHEMCTB, MIIOYHMX 3TiTHO TMEBHOT
iHHOBAIIifHOT cTpaterii. Y pamkax ania0aTHYHOTO HAOJMKCHHS MOKA3aHO PIlICHHsS JaHOT MO, 10
BiANOBifae piBHAHHIO Tuny Jlanmay-XanaTHHKOBA, CHHEPreTHYHWH IOTEHI[ian sKoi 30iraerscs 3
aHAJIOTIYHMM TIOTCHIIAIOM JJIs 3BUYaiHOI crcteMu JIopeHiia.
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