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Penakuiiina xoJierisi:

JOMBPOBCBKA Csitiana MukoJsaiBHa — JIOKTOp HayK 3 JEpP>KaBHOTO YIPaBIIHHA,
npodecop, 3acimykeHHil TpaIIBHUK OCBITH YKpaiHW, MPOPEKTOpP 3 HAYKOBOI pPOOOTH
HarrioHanpHOTO a@pOKOCMIYHOTO YHIBEPCUTETY «XapKIBChKHM aBIalliiHUN IHCTUTYTY;
HIBE/JIYH BikTopis OaexcanapiBHa — IOKTOP HayK 3 IEPAKABHOTO YIIPaBIiHHS, Tpodecop,
3aBiJlyBau Kadeapu eKOHOMIKH Ta MyOJiYHOro yrnpaBiaiHHg HalioHanbHOro aepoKOCMIYHOTO
YHIBEpCUTETY «XapKIBChKHI aBlalliiHUNA THCTUTYTY;

JIEBE/IMEHKO Bipa BiraniiBHa — kaHIu1aT €KOHOMIYHUX HayK, JIOLEHT, IOLEHT Kadeapu
€KOHOMIKUA Ta MyOJIlYHOTO ympaBiiHHA HalioHaabHOrO aepOKOCMIYHOTO YHIBEPCUTETY
«XapKiBCbKUH aBlallliHUNA THCTUTYTY;

TIOPIHA Jlina MukoJiaiBHa — TOKTOP HAaYK 3 JICP>KaBHOTO YNPABIiHHSA, JOLIEHT, podecop
Kageapu EKOHOMIKM Ta MyOJmiyHOTrO ympaBiiHHS HarioHalbHOrO aepOKOCMIYHOTO
YHIBEPCUTETY «XapKIBChKUM aBlalliiHUN THCTUTYTY;

KAPIIEKO Hanis MukoJjaiBHAa — KaHIWJAT HAyK 3 JCP)KaBHOTO YIIPABIIIHHS, JOIICHT,
JOLIEHT Kadeapu €KOHOMIKHM Ta MyOJIYyHOTO yIpaBiiHHA HallioHaabHOTO aepoOKOCMIYHOTO
YHIBEpCUTETY «XapKIBChKHI aBlalliiHUN THCTUTYTY.

Y mamepianax Il Bceykpaincvkoi nayxoeo-npakmuunoi xougepenyii «Exonomixa ma nyoaiune
VIPAGNIHHA: HOBI SUKIUKU MA DIUEHHS) SUCEIMIIEHO pPe3VIbmamu HAYKOBUX O00CNIONCeHb 3 AKMYATbHUX
npobdnem eKoHOMIKU, NYONIUHO20 YNPAGNIHHA MA AOMIHICIPYBAHHS, 0epAHCABHOT NONIMUKU, PeLiOHANbHO20
PpO36UMKY, yughposoi mpancpopmayii, 3abe3neuenns HAYIOHATbHOI MA eKOHOMIYHOI be3neKu, 6IOHOBIeHHS
MepumopianibHUx 2pomao, pPo3GUMK)Y JHOCbKO20 KANIMaty, COYialbHO-eKOHOMIYHUX Npoyecié 8 YyMo8ax
B0EHHO20 CMAHY MA NOBOEHHOI 8i00Y008U YKpainu, a makoxc cy4acHux meHOeHyill po36UmK) 0ceimu, HayKu,
iHHOBaYill Ma NIONPUEMHUYMEA.

s Haykosux I HAYKoB0-neoaco2iyHUX npayieHuxis, 3000y8auié 6uwjoi 0ceimu, acnipaHmis,
O00KMOpanmis, NpeoCMAaHUKIE Op2aHi6 0epicasHOi 61adu ma Micyeso2o camospsady8ants, ¢axieyis-
NPAKMUKIB, 2POMAOCLKUX OIA4I8 Ma 6CIX, XMO YIKABUMbCS NPOOIeMAMU PO3BUMK) eKOHOMIKY ma nyoaiuH020
VAPAGIIHHA.

Mamepianu roughepenyii Opyxkyromocs 6 aemopcuvkiu pedaxyii. BionogioanvHicms 3a 3micm,
00CmosIipHicmMb HABEOeHUX (akmis, CMAMUCMUYHUX OAHUX, YUmam, 61ACHUX HA36 ma IHuUX 8ioomocmell
Hecymov asmopu.
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Thus, improving the regulatory and legislative framework and the regulatory
environment in terms of developing the municipal bond market will increase the
financial resources of territorial communities and ensure targeted financing of priority
infrastructure.
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In the context of the transition of the world economy to post-industrial
development, the formation of a knowledge economy, the integration of digital
technologies into all spheres of life, such traditional production resources as capital and
raw materials are giving way to intellectual assets and knowledge-intensive
technologies, and the role of human potential and its capitalization, i.e. transformation

into human capital, is also increasing. The transformation of the industry to the level
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of Industry 4.0, which has a high-tech structure and a high level of automation, requires
rapid adaptation to new conditions, and this is possible thanks to the management of
innovative development both at the level of an individual enterprise, and the state as a
whole. However, such management will be effective if its strategy is scientifically
sound. And this is possible if its formation is preceded by the construction of adequate
mathematical models of innovative development and a comprehensive analysis of the
trajectories of the economic system's development based on them. The purpose of this
work is to analyze the general principles of constructing mathematical models of
innovation diffusion, which are used to determine critical ecosystem parameters, the
achievement of which poses a threat of crisis phenomena in the process of innovative
development.

In the context of innovative development, an ecosystem, the concept of which
was proposed by James Moore and which has attracted increasing attention in recent
years [1], is understood as an economic community, all participants of which jointly
evolve around an innovative product. An ecosystem is a complex dynamic
agglomeration of interconnected actors, institutions and resources that interact to
create, scale and commercialize new technologies and knowledge [2; 3]. All ecosystem
institutions must be innovative to ensure sustainable development and be competitive
in both domestic and foreign markets. In connection with the focus on European
integration in Ukraine, great attention is paid to the formation of a national innovation
ecosystem, to the extent possible under martial law. Examples of successful local
ecosystems in domestic practice are the Sikorsky Challenge academic and innovation
platform, the Taras Shevchenko National University of Kyiv Science Park, and the
UNIT.City Kharkiv innovation park.

According to the optimistic forecast of the development of the innovation
ecosystem, it is believed that the diffusion of innovation occurs along a logistic curve.
Mathematical models describing this process assume that the growth rate of the market
share occupied by an innovative product first accelerates (market entry), and then slows
down due to resource limitations and reaches saturation. This type of models includes
the classical Rogers model [4] and the generalized mathematical model of Bass [5],
which is developed on the basis of the Rogers modelBoth the Rogers model and the
Bass model consider the diffusion process of a single innovative product in a favorable
environment. So, this is an optimistic scenario that defines the gradual development of
the ecosystem and does not foresee any threats along the way. However, several
innovations, similar in scope, may be present on the market at the same time. In this
case, competition arises between them, which is described within the framework of the
mathematical model of innovation competition “predator-prey” [6] based on the Lotka-
Volterra model. In addition to competition between innovative products, there may also
be a confrontation between innovative enterprises, which are usually small in size, and
monopolies, which themselves do not want to spend money on developing new
products, but want to gain access to them by taking over the developments of
Innovative enterprises.

To take into account competition in the innovation market, it is advisable to use
mathematical models of innovation dynamics. The mathematical tools for building

such models are differential and integral calculus, if the process of diffusion of
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Innovations is considered in continuous time, or difference equations, if the
consideration is carried out in discrete time. It is also necessary to take into account the
presence of a delay in the system's reaction compared to the time of external influence

(time lag) and the possibility of a cumulative effect. Building a mathematical model
taking into account these ecosystem properties allow for further simulation modeling
on its basis to study the influence of system parameters on the final result of the
innovation process, which is the volume of production using innovative technologies.

When building mathematical models of dynamics, it should be taken into
account that the innovation ecosystem is actually a complex of various subsystems that

perform certain technological functions and are interconnected by processes of
intensive exchange of material and information flows. To determine them, you can use

both linear and nonlinear approximation. Although linear models are simpler to
construct and interpret, they are advisable to use for classification of innovative
products. Predicting crisis phenomena and calculating the external parameters, when
reached, they can occur, are possible only when using nonlinear models of dynamics.
Unlike linear models, which are based on the assumption that within the period of
operation of an innovation ecosystem, its future state is determined by the
superposition of the influence of various factors, the numerical characteristics of which
remain unchanged over time, nonlinear models take into account that the internal
processes occurring in the system can collectively produce a non-additive result, i.e. a
synergistic effect occurs. Also, when constructing nonlinear dynamics models, it is
taken into account that both direct and feedback internal connections operate in the
system, that is, some part of the output signal (the result of the system'’s reaction to an
external influence) returns to its input. In mathematical models of dynamics, such an
initial characteristic is, for example, the growth rate of innovative product output. Due
to the presence of feedback, the system enters self-regulation modes, as a result of
which medium-term or long-term cyclical fluctuations may occur in the innovation
ecosystem, and even a transition to a state of chaos may be observed [7].

The nature of the emergence of fluctuations in the innovation system can be
explained by the implementation of such processes. The decline in the efficiency of
dominant technologies leads to a decrease in the pace of economic development, which
stimulates scientific and engineering activity towards the generation of innovative
ideas. Thanks to scientific developments, innovative technologies emerge that are
capable of ensuring economic growth. This is the beginning of the innovation cycle.
However, along with the acceleration of economic development, the number of
consumers of innovative products, which initially grew rapidly, now begins to slow
down, since the market volume is limited, and reaches a stable level. In this case,
economic growth either stabilizes (the innovation cycle ends), or there are fluctuations
of different amplitudes near the equilibrium value. Such fluctuations can be the cause
of technological crises with accompanying changes in the structure of innovative
products. The amplitude of fluctuations depends on the potential of the system, i.e. on
the availability of resources and its technological capabilities. Calculations based on
mathematical models of nonlinear economic dynamics allow us to predict at what
values of ecosystem parameters there may be a threat of its transition to a cyclical

regime and what amplitude of fluctuations should be expected.
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As an example of a mathematical nonlinear model of dynamics that describes
the diffusion of innovations in continuous time, taking into account the above-
mentioned features of this process, we can give the following integral-differential

equation: oy [ \
m:y|\L—J(;K(t—r)-y(r)-dTJ,

where y=y(t) is the volume of production of an innovative product, which is a
function of time; K(t) is function characterizing the cumulative growth of innovative
product production; T is determines the distance from the point in time t , for which
the volume of production of the innovative product is determined (distributed delay);
L is a parameter that has the meaning of the technological limit of production growth
(the upper limit of the volume of sales of innovative products), respectively, L >0.
When studying the model, it was revealed that there is a critical value of the time

lag T, . If the actual duration of the time lag did not exceed the critical value, then the

diffusion of innovations occurs according to an S -shaped curve. In the case when the
duration of the time lag is greater than the critical one, cyclical changes in the volume
of innovative products are observed near the equilibrium point. And if the shortage of
the ecosystem's resources exceeds the critical value, it enters a state of chaos.

After rather complex and multi-step transformations, which there is not enough
space to describe here, formulas were obtained for determining the numerical
characteristics of cyclicity: [ Re) 0) \0.5

amplitude of oscillations & =| — o +0(u2);
L Rel,©) )

s
oscillation period T = . (1+T2-82)+0(s4),

where pis an infinitely small quantity that characterizes the deviation of the system
from the equilibrium state, which corresponds to the market saturation level
(completion of the innovation process upon realization of the optimal forecast); A'(0)
is the first-order derivative of the eigenvalue A , which is the root of the characteristic

equation (the derivative is defined by the parameter p, if p=0); 1,(0) is first

Lyapunov quantity; a is a parameter that characterizes the internal potential of the
innovation ecosystem. In turn 1( ImA’(0)

—a\ "’ Rel (0) - |m|1(0)].

Thus, using the proposed model, such features of innovation dynamics were
identified that are not revealed within the framework of the linear model. Namely, the
presence of self-oscillations around the equilibrium position, which corresponds to the
achievement of the level of market saturation, the dependence of their amplitude on the
internal potential of the system, as well as the asymmetry of oscillations, since the
decline and rise have different durations. This indicates the significant advantages of

2
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mathematical models of nonlinear dynamics in terms of their use in the formation of
an innovative development strategy.
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The process approach to quality management is a principle enshrined in the
international standards of the ISO 9000/9001 series, which implies managing an
organization through a system of interconnected processes, with a focus on achieving
agreed results effectively and consistently [1] [2]. This principle is one of the main
principles of modern quality management systems, as it provides: understanding the
relationships between processes and their impact on the final results; establishing
responsibility for processes and their results; measuring, monitoring and evaluating
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