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Abstract

innovation systems along with the analysis and synthesis of a significant array of information

on elements of interaction at the regional level on the basis of economic and mathematical
modelling. The purpose of this work is to develop a science-based flexible management model that,
on the one hand, takes into consideration the specificity of the development cycle for the innovative
system of an industrial region, as well as the level of its socio-economic development, and on the other
hand, contributes to overcoming the economic determinism of territories and stimulating the economic
growth of an industrial region. A regional model for planning innovative development programmes has
been created, which consists of the global optimisation of current domestic research and development
(R&D) costs of the industrial region, depending on its investment planning according to the fixed capital
investment data, production planning according to the gross regional product (GRP) data, and financial
planning for the accounts payable data of organisations. In the Nizhny Novgorod region, to minimise
all R&D costs, investments in fixed assets and GRP should be increased, and the quantity of accounts
payable by organisations should be reduced. However, for basic research, there is a limit on the debt of
organisations, the excess of which is impractical because it leads to an outflow of the necessary funds
for basic research. The increase in this debt also leads to an increase in the costs of applied research. For
developments, there is a lower limit on the amount of GRP, below which it is not advisable to drop, as
it leads to an outflow of the funds necessary for development.

The subject of the work is a study of the patterns and prerequisites for the formation of regional
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AHHOTAUA

pEAMETOM pabOTHI SIBISETCS UCCIIEIOBAaHIE 3aKOHOMEPHOCTEH U MPEANOCHUIOK (POpMUPOBAHUS

pPETHOHANBHBIX WHHOBAIIMOHHBIX CHCTEM C YYETOM aHalu3a U OOOOIICHHS 3HAYUTEIHLHOTO

MaccuBa MHQPOPMAIINH 10 dJIEMEHTaM B3aWMOJICHCTBUSI HA PETHOHAILHOM YPOBHE Ha OCHOBE
SKOHOMHKO-MAaTEMaTHYeCKoro MojaenupoBanus. Llenb paboThl 3akiodaeTcs B pa3paboTKe HAy4HO-
000CHOBaHHOW THOKOW YyIpaBIeHUYSCKOW MOJIENN, C OAHON CTOPOHBI, YUUTHIBAIOMIEH CHEIUPUKY TUKIHYHOCTH
Pa3BUTHUS MHHOBALIMOHHOM CUCTEMBI IPOMBIIIJIEHHOTO PETHOHA, @ TAKXKE YPOBEHB €T0 COLIMAIEHO-?KOHOMHYECKOTO
Pa3BUTHS, C JPYTON CTOPOHBI, CIIOCOOCTBYIOIIEH MPEOIOIEHII0 SKOHOMUYECKOTO AETEPMUHN3MA TEPPUTOPHIA U
CTUMYIUPYIOLIEH Y KOHOMUYECKUN POCT IPOMBILIIEHHOTO perroHa. Co3laHa peruoHaabHasi MOJIEb IUTAaHUPOBAHUS
MpOrpaMM HMHHOBAIIMOHHOTO PAa3BUTHS, KOTOpas 3aKIOYaeTCs B IJI00AIBHOW ONTUMU3AIUM BHYTPEHHHUX
TEKyIUX 3aTpaTr Ha Hay4YHO-HccienoBarenbekue padborel (HUP) nmpomeiuieHHOro pernoHa B 3aBUCUMOCTH OT
€r0 MHBECTUIIMOHHOTO TUIAHUPOBAHHS MO JaHHBIM 00 WHBECTHIIMSAX B OCHOBHOW KamuUTall, POU3BOACTBEHHOTO
IJTAHUPOBAHUS COTIACHO JJAHHBIM O BaJIOBOM pernoHansHoM nponykre (BPII) u ¢puHaHCcoOBOTO MIIaHUpOBAHHS O
JTAaHHBIM O KPEIUTOPCKOH 3aJ0JDKEHHOCTH opranu3anuii. B Hrbkeropoackoi 00macTu ¢ nenbio MUHIMHU3AIUU BCEX
3arpar Ha HUP cnenyer yBennuuBarh MHBECTHIIMY B OCHOBHOM KarmTan u o0beM BPII, a Takke cHukarh pazmep
KpEAUTOPCKON 3aJ0JDKEHHOCTH opraHuzanuii. [Ipu stom ans (yHIaMEHTanbHBIX HMCCIEOBAHUN CYIIECTBYET
TIpeJieN 3aJ0/PKEHHOCTH OpraHu3alliii, IPEBhIIIEHHEe KOTOPOTO Heleaecoo0pa3Ho, T. K. 3TO MPHUBOIUT K OTTOKY
HEOOXOAMMBIX CPEJCTB Ha (yHIAaMEHTAIbHBIC HCCICIOBAHUS. YBEIUYCHUE JaHHOW 3aJI0JKEHHOCTH MPUBOIMT
TaK)Ke K IMOBBIIICHHUIO 3aTpaT Ha MPHKIAIHbIE HccaenoBanus. [ pa3paboTOK CyIIecTBYyeT HIDKHUH Ipenent
o0bema BPII, Huke KOTOpOro omycKarbes Heleaecoo0pasHo, T. K. 3TO IPUBOIUT K OTTOKY HEOOXOAUMBIX CPEJICTB
Ha pa3paboTKH.

KuaroueBbie c10Ba: MHHOBAIIMOHHOE Pa3BUTHE PETMOHA, MHBECTHIIMOHHOE TUTAHWPOBAaHUE, MMPOU3BOACTBEHHOE
IJIaHUPOBaHWe, (UHAHCOBOE TUIAHUPOBAHKE, 3aTPaThl HA HAYYHO-HMCCIIE0BATENbCKIE PabOThHI
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Model of Global Optimisation and Planning of Research and Development Costs of an Industrial Region

1. Introduction

Currently, the conditions of the external environment in the Russian Federation suggest consider-
ing the issues of nationally effective and balanced socio-economic and innovative development of the
nation’s industrial regions by modelling their innovative development processes. In this regard, works
on the problems of functioning of regional innovation systems, developed by Russian and foreign sci-
entists, summarise that most systems have a stable set of structural elements, which are well studied and
described, and the institutional relationships of innovation chains have been identified. However, the
role of regional innovation systems is still underestimated, most of the works are devoted to national
innovation systems, and most studies are socially oriented without proper economic and mathemati-
cal description. The present study is distinguished by the analysis and generalisation of a significant
array of information on the elements of interaction at the regional level based on economic and math-
ematical modelling. In the framework of this study, we propose analysing regularities and considering
prerequisites for the formation of regional innovation systems. The goal of this study is to develop a
science-based flexible management model that, on the one hand, considers the specifics of cyclic devel-
opment of the innovation system in an industrial region and its socio-economic development level, and
on the other hand, contributes to overcoming the economic determinism of territories and stimulating the
economic growth of the industrial region. To achieve this goal, it is necessary to create a regional model
of simultaneous investment, production, and financial planning of innovative development programmes.

The problems of planning for investment, production, and financial programmes and their in-
terrelation were studied by scientists such as Brigham and Gapenski (1993), Kruschwitz and Lorenz
(2019), and Limitovskiy (2019). Brigham and Gapenski (1993) investigated the planning processes of
investment programmes for commercial companies’ projects. Kruschwitz and Lorenz (2019) studied the
processes of simultaneous investment and financial planning, as well as simultaneous investment and
production planning. Limitovskiy (2019) supplemented their results by considering the systemic finan-
cial effects of investment programmes. However, the processes of simultaneous investment, production,
and financial planning have not been sufficiently investigated. In addition, these technologies have yet to
be adapted into state structures to plan the innovative development programmes of regions.

2. Literature review

Overall, various scientists have studied the processes of simultaneous and financial planning. The
available extant findings allow for individual perspectives on this issue by supplementing the already
established technologies with production planning. Thus, Naumenkova and Glazun (2002) used simula-
tion and analytical methods of quantitative analysis and forecasting to study the management processes
of the investment and financial activity of an enterprise. By including the time parameter, the authors
mutually linked the key variables and functional areas of the model created in time. Hahn and Kuhn
(2012) found that since the aggregate planning of capital (one-time) investments is done in the long term,
the detailed timing of their adjustment remains at the medium-term level. In combination with capacity
control measures to optimise the use of assets, the time of capacity adjustment can also be used. The
study presents a relevant technology for cost- and risk-based performance optimisation in supply chains,
simultaneously covering investment, operations, and financial planning.

Nedosekin and Abdulaeva (2013), in their monograph, reviewed the models and methods of var-
ious planning options—strategic, investment, operational, and financial in a narrow sense—providing
simplified types of plans while considering the issue of normalising plan parameters. Rytikov et al. (2014)
presented a model of simultaneous planning and a corresponding tool that takes into consideration the
conditions of financial feasibility, liquidity, and the impact of the tax burden. The model enables optimi-
sation of the project financing scheme (its full financial plan) according to one of two criteria (maximum
final property value or maximum net discounted income). The study showed that the proposed model
makes it possible to find balanced financing schemes for investment projects, to determine the optimal
sequence of commissioning their capacities, and to effectively use free funds generated by the project.
In their monograph, Dinges and Pozdeyeva (2018) proposed methods for optimising the investment
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and financial programmes of road organisations, providing: (1) dynamic formulation of the problem for
enterprise development in the short and medium term; (2) interrelated consideration of possible options
for investment and financial activities of enterprises; and (3) an indicator that maximises the value of en-
terprise capital at the end of its implementation as a criterion for the optimality of programme formation.

The useful findings of these studies of simultaneous and financial planning, they should be used to
create innovative development programmes for manufacturing companies and industrial regions. In this
regard, the works of the following researchers are of separate interest. Fabiana et al. (2016) investigated
how the technological innovation process occurs in small- and medium-sized technology companies
located in the metropolitan region of Paraiba Valley and the Northern Coast of Brazil. The theoretical
methodology they used consisted of the authors’ six models of innovation: the technology push, the
market pull, the coupling innovation process, the functional integration innovation process, the systems
integration and networking innovation process, and open innovation. By observing models of innova-
tive development adopted by companies, it appeared to the researchers that the models were closer to
what was proposed as the chain interaction model. They concluded that the development of innovation
depends on the type of economic activity that the company develops, and the interactions that it has with
the internal and external environment.

Vasconcellos et al. (2016) argued that the resources invested in research do not guarantee imme-
diate practical application. Companies and governments are increasingly looking for mechanisms to
prioritise R&D projects when resources are scarce. Thus, the researchers aimed to develop and present
a methodology that could be used to evaluate a research portfolio and to help select the best investment
in research. The findings show that risk and return criteria should be used to manage an R&D portfolio
when selecting projects. Thus, the problem of planning the costs of scientific research work (SRW) be-
comes relevant, and Feoktistova (2014) identified the following key principles in this process:

1) Understanding that scientific research work is a unique process, different in its characteristics
from any other work, and requires a special methodological and legislative approach;

2) Using the project approach in planning R&D and its financing as the most effective and proven
strategy in Russian and international practice;

3) Applying competitive principles of funding research projects and independent expert scientific
evaluation, which allows for selecting truly best performers and ensuring high-quality results;

4) Selecting the expected results of a research project as one of the key criteria in planning the
costs of the project;

5) Selecting the results already achieved by a potential contractor is the key criterion in determin-
ing the funding of a research project.

Gaponenko (2018) considered situations in which it is potentially possible to reduce the actual
costs of conducting SRW, highlighting the following:

1) Carrying out SRW similar to the works carried out earlier by the same contractor, that is, a sci-
entific organisation or a researcher.

2) Carrying out SRW close to what was previously done by other contractors—that is, scientific
organisations.

3) Carrying out (possibly simultaneously) similar SRW for different customers.

4) Using previously obtained research results, previously collected findings in a new study in case
the subjects of old and new research are not related.

5) Including in the terms of reference tasks that do not correspond to the goal of the SRW, the re-
sults of which can be used, for example, in another SRW or a publication, a patent.
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Thus, there is a need to solve the problem of reducing the cost of SRW in such a way that it would
increase the efficiency of the industrial regions’ economies. For example, by predicting the evolution of
the innovation system of a federal district using a multipurpose genetic algorithm, Yashin et al. (2020)
showed that to increase its synergy effect, the federal district should redirect investment resources and
SRW costs to regions where economic and financial resources are insufficient. This will eventually in-
crease the average per-capita income in the regions of the federal district, which will, in turn, lead to pop-
ulation growth. In this regard, the issue of managing SRW costs in innovation-industrial clusters, which
contribute to the socioeconomic development of the regions where these clusters are located, is relevant.
For this purpose, it is necessary to solve the relevant problems of cluster management. Thus, Polyanin et
al. (2020) developed scientific and methodological guidelines that can contribute to the timely identifica-
tion of real and potential economic threats in a cluster. The authors created a methodology for assessing
the economic security of a cluster that is characterised by a comprehensive approach that allows for all
possible risks and threats in the functioning of individual components of the cluster structure.

Tashenova et al. (2020) developed a method for assessing the digital potential of backbone innova-
tive active industrial clusters. The method was developed based on existing methods and approaches to
assessing the innovation potential of industrial clusters and the digital potential of industrial enterprises,
and enables calculation of the final integral assessment. The proposed method has been successfully
tested on the example of the cluster “Development of information technology, radio electronics, instru-
mentation, communication, and information and telecommunication devices of St. Petersburg”.

However, in a broader sense, the issue of managing SRW costs in an industrial region, rather than
in its individual cluster, is important. To this end, regional SRW costs should be optimised. Thus, Xu
(2018) found that innovation factor theory considers that regional investment in research and develop-
ment (R&D) directly affects the new product development (NPD) indicators of the enterprise, and inno-
vation efficiency theory considers that regional investment in R&D affects the NPD indicators of the en-
terprise, which, in turn, affect the internal efficiency of the enterprise’s R&D. The researcher compared
data from a Chinese provincial region with enterprise data from China’s industrial enterprise database.
The empirical results showed that the innovation factor theory and the innovation efficiency theory exist
simultaneously. Regional investment in R&D can affect the NPD indicators of enterprises. However, in-
vestment in the R&D of other enterprises in the same region has a beneficial effect on the internal R&D
efficiency of enterprises. Regional R&D investment in human resources positively affects the internal
R&D performance of enterprises. According to the findings, the researcher formulated three policy rec-
ommendations: increasing regional investment in R&D, expanding and consolidating the enterprise as
the basis for R&D status, and increasing regional investment in R&D in the area of human resources.

Chen et al. (2019), using a stochastic fixed-effects frontier model based on transregistration of the
production function, estimated the elasticity of production and substitution of R&D in universities at
the provincial level of China during 2009-2016. The authors found that the technical R&D efficiency
of Chinese universities tended to become relatively stable after rapid growth. Increasing the degree of
internationalisation and externalisation of R&D capabilities contributes to the technical efficiency of
R&D, whereas spending on government subsidies hinders the technical efficiency of R&D; the effects
of deepening R&D and internet connectivity are not evident. The production elasticity of R&D capital is
much higher than that of R&D personnel, suggesting that R&D capital is the main driver of the research
results. The elasticity of substitution between R&D capital and personnel has changed from replacement
to addition since 2014. To ensure sustainable growth in research results, it is necessary to increase the
contribution of R&D with positive output elasticity or to decrease the contribution of R&D with negative
output elasticity by making the necessary compromises according to the ratio of substitution between the
two R&D inputs.

Dobrzanski and Bobowski (2020) determined whether funds spent on R&D are used in the coun-
tries of the Association of Southeast Asian Nations (ASEAN). Fifteen countries were examined over the
period of 2000-2016. R&D expenditure efficiency was measured using a non-parametric methodology
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of data envelopment analysis (DEA), which measures input—output efficiency. The study included the
following cost and output variables: annual public and private spending on innovations, high-tech ex-
ports as a percentage of manufacturing exports, patent applications to the World Intellectual Property Or-
ganisation (WIPO) according to priority years for millions of residents, applications for trademarks (TK)
for millions of residents, and information and communication technology (ICT) exports as a percentage
of manufacturing exports. Hong Kong and the Philippines are found to be the top-performing countries
in R&D when analysed using the constant return to scale (CRS) approach. However, according to the
variable return to scale (VRS) approach, Hong Kong, Indonesia, Singapore, and the Philippines are the
most efficient ASEAN countries. The study also confirmed that an increase in spending on innovation
leads to disproportionate effects.

The solution to the above problems inspires the central question of the present research: How can
SRW costs be optimised in an industrial region? Despite the unconditional importance of identifying the
necessary parameters of the optimised target function, it is also necessary to determine the methods of
global optimisation, that is, to choose those that will allow for obtaining the most reliable final solution
to the problem. To solve this problem, we apply the following approaches, which are subsequently de-
scribed in detail:

1) Genetic algorithm (GA)

2) Simulated annealing (SA)

3) Pattern search (PS)

Let us describe their advantages in more detail.

1. Evolutionary algorithms (genetic algorithms) are relatively new but very powerful methods
used to find solutions to many real search and optimisation problems. Most of these problems have mul-
tiple objectives, which leads to the need to obtain a set of optimal solutions known as efficient solutions.
The use of GAs has been found to be a highly effective way of finding multiple efficient solutions in a
single simulation run (Kalyanmoy, 2001).

2. The annealing method makes it possible to avoid a “trap” in the local extrema of the function
being optimised and to continue the search for a global extremum. Moreover, even in conditions of
insufficient computing power for finding a global extremum, the annealing method usually provides a
good solution—that is, one of the local extrema (Lopatin, 2005). A comparison of adaptive simulated
annealing (ASA) and GAs revealed that the SA method does not lose to GAs in most problems, and even
wins in a number of them (Ingber, and Rosen, 1992).

3. Direct search (pattern search) is a method for solving optimisation problems; it does not require
any information about the gradient of the target function. Unlike more traditional optimisation methods
that use information about the gradient or higher derivatives to find the optimal point, the PS algorithm
looks for a set of points around the current point to identify the point where the value of the target func-
tion is lower than the value at the current point. A direct search can be used to solve problems for which
the target function is not differentiable or even continuous (Conn et al., 1991; Conn et al., 1997; Kolda
et al., 20006).

Thus, using three different algorithms to optimise SRW costs, we can test the resulting solution.
3. Materials and methods

The optimisation of the SRW costs for the industrial region is carried out considering the following
factors:

1. Investment planning. For this, we used information on the dynamics of investment in fixed
capital in the region.
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2. Production planning. Here, we relied on data on the dynamics of the gross regional product
(GRP).

3. Financial planning. Given that in this task, we considered the possibility of external financing,
which provides an additional opportunity for industrial companies in the region to develop their innova-
tions, we use information about the dynamics of organisations’ accounts payable.

Thus, the optimisation of the SRW costs is dependent on the simultaneous processes of invest-
ment, production, and financial planning, which allows for obtaining the most effective combination of
the values of these three factors. It is also necessary to define what is meant by the optimisation of the
SRW costs: their maximisation or minimisation. Obviously, in the ideal case, it is necessary to inves-
tigate the problem of finding opportunities to increase SRW costs, because in this case, the industrial
region will develop more intensively due to receiving and implementing new technologies, which, in
turn, will have a positive effect on the innovative development of the whole country. However, we look
for possibilities to decrease the costs of SRW to that optimal value, which will be achievable by simulta-
neous investment and industrial and financial planning of the region, allowing us to determine the most
expedient proportions of the three listed planning factors in monetary terms.

Lastly, the regional model of simultaneous investment, production, and financial planning of in-
novative development programmes should be sufficiently detailed; thus, several target functions of the
internal current costs of SRW for an industrial region are investigated: the total costs of SRW and their
three components—basic research, applied research, and developments. This eventually allows us to
draw more reasonable conclusions about how an industrial region should develop its internal current
costs of SRW, depending on the planning of investment in fixed capital, GRP, and accounts payable of
organisations.

Taking these assumptions into consideration, we present the stages of implementing the model
under consideration in Fig. 1, followed by a detailed description of the stages.

Figure 1. Stages of implementing the regional model of simultaneous investment, production, and
financial planning of innovative development programmes

Stage 1 — Collection and preparation of statistical data on the dynamics of investment, GRP,
and accounts payable of companies in the region. To construct high-quality future nonlinear regres-
sions of the target functions of SRW expenditure, we needed data on the dynamics of investment in
fixed capital (x1), GRP (x2), and accounts payable of organisations (x3) over a long period covering
10 years. Since the website of the Federal State Statistics Servicel contains data on the internal current
costs of SRW, investment in fixed capital, and accounts payable of organisations for the period up to and
including 2020, but there are no such data on GRP for 2019 and 2020, we forecast them ourselves using
WolframAlpha2. Further, to make the collected data comparable, they were adjusted by all the annual
inflation rates for the period under consideration.

"'the Federal State Statistics Service. Available at: https://www.gks.ru
2WolframAlpha. Available at: www.wolframalpha.com
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Stage 2 — Collection and preparation of statistical data on the dynamics of the region’s SRW
expenditures by type of work. At this stage, statistical information was collected about the internal
current costs of SRW in total (y), as well as by type of work: basic research (y1), applied research (32),
and developments (y3). These data were also for the same period covering 10 years as the period of the
previous stage, and were also adjusted by all the annual inflation rates for the period in question.

Stage 3 — Construction of nonlinear regressions for target functions of SRW costs by type of
work. Nonlinear regressions reflect economic processes more realistically than linear ones. Moreover,
in our case, regressions of the form y = f(x,x,,x;) were multiple. To obtain them, we used the Statistica
package. We judged the quality of the target function regressions by the determination coefficient (R2)
and the adjusted R2, that is, by the closeness of their values to 1.

Stage 4 — Optimisation of the regressions on given intervals by the GA, SA, and PS methods.
This global optimisation was performed with Matlab using GA, SA, and PS. To refine the results of the
GA and SA methods, we supplemented the optimisation results of the target functions with the hybrid
functions of PS and the inner point method (Babynin and Zhadan, 2008). That is, the GA or SA algo-
rithms were run first, and then their results were used as a starting point for the subsequent optimisation
of the target function using the hybrid function. This provided a better solution in each case of optimis-
ation of all costs of SRW, basic research, applied research, and developments.

In addition, if we do not set the lower and upper values of each parameter of the target function of
the corresponding SRW costs, its minimum value can turn out to be minus infinity. Therefore, for each
parameter x1, x2, x3 of the corresponding target function, we set their actual lower and upper values for
the period under study. This approach also allowed us to compare the optimal (minimum) value of the
corresponding SRW costs with their actual minimum value for the period under study.

4. Results and discussion

In what follows, we illustrate the implementation of the presented model using the example of the
Nizhny Novgorod region, which is a large industrial region.

Stage 1 — Collection and preparation of statistical data on the dynamics of investment, GRP,
and accounts payable of companies in the region. At this stage, the necessary raw data were collected
from the website of the Federal State Statistics Servicel. These are presented in columns x1, x2, and
x3 in Table 1. Since the above website contains data on internal current expenditures on SRW only for
the period from 2015 to 2020, as well as for 2010, we selected the data on investment in fixed capital
and accounts payable of organisations for the same years. To make the collected data comparable, we
corrected them for all the annual inflation rates for the period in question, according to the data in Table
2. Thus, all the data in Table 3 are presented in the 2020 prices.

Table 1. Initial data on the Nizhny Novgorod region (million rubles)

Invest'— Gross Accounts | Internal current expenses on SRW by type of work

Years ﬁments n regional payabl'e of Basic re- Applied Develop-
xed capi- organisa- Total, y

tal, x, product, x, tions, X, search, y, |research,y,| ments,y,

2010 | 192072.4 | 652805.9 313700 26992.8 1224.7 4211.6 21556.4

2015 | 235066.7 | 1104643.2 | 623100 56870.6 1912.0 5222.2 49736.4

2016 | 232010.4 | 1160782.3 836700 66317.1 1901.6 6592.4 57823.2

2017 245268 1261939.4 | 869200 64278.4 2026.0 6620.8 55631.5

2018 | 259392.9 1367544 999200 66202.2 2219.5 9123.8 54858.9

2019 | 295252.2 1249100 76896.2 4738.0 9506.0 62652.2

2020 | 383102.1 1425600 68750.3 5220.1 8560.3 54969.9
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Table 2. Annual rates of inflation (%)

2010

2011

2012 | 2013

2014

2015

2016

2017 2018

2019

2020

8.78

6.1

6.58 6.45

11.36

12.91

5.38

2.52 4.27

3.05

491

Table 3. Initial data on the Nizhny Novgorod region in 2020 prices (million rubles)

Invest- Gross Accounts | Internal current expenses on SRW by type of work

ments . payable of ) )
Years in fixed regional organisa- Total Basic re- Applied Develop-

capital product fions search research ments

X X Xy y ¥ Y A

2010 354041.7 | 1203298.9 | 578234.4 49755.1 2257.5 7763.1 397343
2015 286274.2 | 1345281.2 | 758837.5 69259.4 2328.5 6359.8 60571.1
2016 | 2681269 [ 1341478.2 [ 966946.9 76640.5 2197.6 7618.6 66824.4
2017 | 276480.9 | 1422534.3 [ 979814.8 72458.5 2283.8 7463.4 62711.2
2018 280429 1478448.5 | 1080232.7 71571 2399.5 9863.7 59307.8
2019 309749.1 | 1462385.4 | 1310430.8 | 80671.8 4970.6 9972.7 65728.4
2020 383102.1 | 1474349.6 | 1425600 68750.3 5220.1 8560.3 54969.9

We also solved the problem of the lack of data on GRP for 2019 and 2020 on the website of the
Federal State Statistics Service. We forecast them independently in the 2020 prices using, for this pur-
pose, the period from 2009 to 2018 and WolframAlpha® (Fig. 2):

Cubic polynomial (formula 1):

2733.04x° —50181.7x> +293422x +831795 (D
R* =0.962, adjusted R* =0.943
Quartic polynomial (formula 2):
239.151x* —2528.28x —11678.4x” +188195x+ 913872 (2)
R?> =0.97, adjusted R* =0.946
Logarithm (formula 3):
1375021n x +1.13267-10° 3)

R>=0.811, adjusted R* =0.787

Figure 2. Graphs of the three best forecast functions of the GRP of the Nizhny Novgorod region in
2020 prices (million rubles)
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Despite the lowest R2 and adjusted R2 values, the forecast, according to the natural logarithm,
seems the most plausible from an economic point of view, since in 2020, we expect the GRP values to
decrease due to the pandemic.

Stage 2 — Collection and preparation of statistical data on the dynamics of the region’s SRW
expenditures by type of work. At this stage, statistical information was collected on the internal current
costs of SRW in total and the type of work: basic research, applied research, and developments. They are
presented in columns y, y1, y2, and y3, respectively, in Table 1. The data are for the same period of time
as in the previous stage. They were also adjusted by all the annual inflation rates for the period under
consideration (Table 2). The results are presented in Table 3.

Stage 3 — Construction of nonlinear regressions for target functions of the SRW costs by
type of work. Based on the values in Table 3, the following most accurate nonlinear regressions were
obtained in the Statistica package:

Regression for all SRW costs (formula 4):
75140630000 715718200000 36550920000 (4)

X X, X3

y=1741889-0.8089667x, —0.4449632x, —

R* =0.999, adjusted R* =0.995
Regression for basic research (formula 5):
y, = 25140.5-0.04x, (5)
R* =0.992, adjusted R* = 0.985
Regression for applied research (formula 6):
y, =5310.287 +0.003x, 6)
R’ =0.41, adjusted R* =0.292
Regression for developments (formula 7):
y, =—814037 +x, (7)
R* =0.9999, adjusted R*> =0.9996

Stage 4 — Optimisation of the regressions on given intervals by the GA, SA, and PS methods.
This global optimisation was performed in the Matlab package. GA, SA, and PS were used for this
purpose. To refine the results of the GA and SA methods, the optimisation results of the target functions
were supplemented with hybrid functions of the PS and interior point methods (fmincon). To this end,
all target functions were investigated on the segments of actual values of parameters x1, x2, and x3 for
the period under study, according to Table 3, that is, x, €[268126.9;383102.1], x, €[1203298.9;1478448.5]
,and x; € [578234.4; 1425600]. The results of optimisation for all costs of SRW, basic research, applied
research, and developments are presented in Tables 4-7.

Table 4. Global optimisation results for regression for all SRW costs (million rubles)

Investments in Gross regional | Accounts payable
Algorithm fixed capital prodfct of organils)at}ilons Total SRW costs
X, X, X, y
GA 383 039.2 1473 402.4 582 875.9 31776.3
GA + fmincon 383 102.1 1 478 448.5 578 234.4 30 666.8
GA +PS 383 102.1 1 478 448.5 578 234.4 30 666.8
SA 363 744.5 1203 308.3 578 253.4 47 626.6
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SA + fmincon 383 102.1 1 203 298.9 578 234.4 42 402.3
SA+PS 383 101.9 1478 448.1 578 235.1 30 667
PS 383 102.1 1478 448.5 578 234.4 30 666.8

Table 5. Optimisation results for regression for basic research (million rubles)

Investments in Gross regional Accounts payable Basic research
Algorithm fixed capital product of organisations
X] X9 X'; yl
Analytically - - 25,140.5 0

Table 6. Optimisation results for regression for applied research (million rubles)

Investments in | Gross  regional | Accounts payable of Applied research
Algorithm fixed capital product organisations bp
X] X? X'; y?
Analytically - - 0 5,310.3

Table 7. Optimisation results for regression for developments (million rubles)

Investments in Gross regional | Accounts payable of Developments
Algorithm fixed capital product organisations P
Xl X? X'Z y'%
Analytically - 814 037 - 0

As shown in Table 4, the PS algorithm is the most ideal method for solving the problem in ques-
tion. In addition, adding this algorithm as a hybrid function for the GA or SA allows for achieving a rath-
er high-quality solution to the optimisation problem. On the contrary, adding the interior point method
(fmincon) as a hybrid function did not always significantly improve the quality of global optimisation.

Comparing the optimal (minimum) value of the relevant costs of SRW with their actual minimum
value for the period under study, we draw the following conclusions:

For all internal current costs of SWR, based on the results in Table 4:

1. The global optimisation algorithms allow planning the minimum of all SRW costs (30,666.8
million rubles), which is less than the minimum value observed in the period under study (49,755.1
million rubles).

2. It is possible to achieve the minimum of all SRW costs at the maximum observed investments
in fixed capital (383,102.1 million rubles), the maximum GRP (1,478,448.5 million rubles), and the
minimum accounts payable of organisations (578,234.4 million rubles). This means that investment and
GRP volume should be increased, and the debt of organisations should be reduced.

For basic research, based on the type of regression and the results of Table 5:

1. The amount of spending on basic research depends only on the accounts payable of organisa-
tions.

2. Reducing this debt below 25,140.5 million rubles requires spending on basic research.

3. An increase in debt above 25,140.5 million rubles is inexpedient, because it leads to an outflow
of necessary funds for basic research.
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For applied research, based on the type of regression and the results of Table 6:

1. The amount of spending on applied research depends only on the accounts payable of organi-
sations.

2. The minimum value of these costs (5,310.3 million rubles) is achieved in the absence of the debt
under consideration.

3. The increase in this debt requires an increase in the cost of applied research.

For developments, based on the type of regression and the results of Table 7:

1. The amount of spending on developments depends only on the GRP.

2. The increase in the amount of GRP above 814 037 million rubles requires development costs.

3. Reducing the amount of GRP below 814 037 million rubles is inexpedient because it leads to an
outflow of necessary funds for developments.

Comparing the obtained results with the findings of other researchers, we observed that for plan-
ning R&D and financing, Feoktistova (2014) highlighted the use of the project approach, indicating the
choice of the expected results of the research project as one of the key criteria, and the choice of the
results already achieved by the research project by its potential contractor as the key criterion.

Gaponenko (2018) also considered situations in which it is potentially possible to reduce the actual
cost of performing SRW: (1) performing SRW similar to work previously performed by the same con-
tractor—that is, a scientific organisation or researcher; (2) performing SRW similar to work previously
performed by other contractors—that is, scientific organisations; performing (possibly simultaneously)
similar SRW for different customers; (3) using previously obtained research results, previously collected
findings in a new study in case the unrelated old and new research topics; and (4) including in the terms
of reference tasks that do not correspond to the purpose of research, the results of which can be used, for
example, in another study, publication, or patent.

We propose reasonable quantitative guidelines for planning the costs of SRW in an industrial re-
gion, obtained as a result of conventional and global optimisation of the indicated costs. The presented
model will allow state agencies and their experts to make better decisions regarding the planning of
innovative development of industrial regions in the country.

5. Conclusion
The following are the most important conclusions from the results of the study:

1. The regional model for planning of innovative development programmes implies optimisation
of internal current costs of SRW for an industrial region, depending on its investment planning according
to the data on the dynamics of investment in fixed capital in the region, production planning according
to the data on the dynamics of GRP, and financial planning according to the data on the dynamics of
accounts payable of organisations.

2. Under optimisation of the SRW costs, we understand the possibilities to reduce them to that op-
timal value, which will be achievable with simultaneous investment, production, and financial planning
of the region, allowing determining the most appropriate proportions of the above three planning factors
in monetary terms.

3. The presented regional model should be sufficiently detailed, for which purpose several target
functions of the internal current costs of SRW for an industrial region are investigated: the total costs
of SRW and their three components—basic research, applied research, and developments. This will
eventually allow for drawing more reasonable conclusions on how an industrial region should develop
its internal current costs of SRW, depending on the planning of investments in fixed capital, GRP, and
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accounts payable of organisations.

4. The most ideal for solving the problem under consideration is the PS algorithm. In addition,
adding this algorithm as a hybrid function for the GA or SA allows for achieving a sufficiently high-qual-
ity solution to the optimisation problem. On the contrary, adding the inner point method as a hybrid
function does not always significantly improve the quality of global optimisation.

5. In the Nizhny Novgorod region, to minimise all the internal current SRW costs, it is necessary
to increase investment in fixed capital and GRP volume, as well as to reduce the amount of accounts
payable by organisations.

6. However, for basic research, there is a limit of indebtedness of organisations, the exceeding of
which is inexpedient, because it leads to an outflow of necessary funds for basic research.

7. The increase in this debt also leads to an increase in the cost of applied research.

8. For developments, there is a lower limit of the GRP amount, below which it is inadvisable to
go, as it leads to the outflow of the necessary funds for developments. Since developments constitute
the main part of all SRW costs and the management of GRP, production constitutes the main part of the
successful financing of all SRW costs in the industrial region under consideration.
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