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Abstract

Russian regions that have the appropriate scientific potential is investigated. For this purpose, a

model is developed to optimise and plan the cross-financing of R&D costs in a federal district,
which takes into consideration the specific technological and economic results of R&D in the regions.
This model makes different R&D expenditures by type of work dependent on three planning directions
of innovative development in the regions of the district: investment, production, and financial. All three
processes are considered simultaneously. Investment planning is reflected by investment in fixed capital,
production planning (by gross regional product), and financial planning (by indebtedness of legal entities
on loans). Nonlinear regressions of R&D costs by type of work are optimised using a genetic algorithm,
simulated annealing, and pattern search, which eventually allow calculation of the reserve or deficit of the
corresponding R&D costs in each region of the federal district. The results of global optimisation reflect
the conclusion that in conditions of saving federal budget funds, the federal district can partially finance
all R&D costs in those regions that need it. Identifying such regions more reasonably requires analysing
this situation in more detail, that is, in terms of various R&D costs by type of work. For the Privolzhsky
Federal District, the findings indicate that the Samara region, the Republic of Bashkortostan, and the
Perm region are the most in need of financing various types of R&D expenditures. However, the main
donor for the costs of different types of R&D is the Nizhny Novgorod region. The findings of this model
can allow considerable savings in the federal budget funds allocated for scientific and, consequently,
innovative development of the regions.

The issue of an optimal amount of funding for research and development (R&D) costs within the
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AHHOTaIHUA

CCIIe Ty €TCSBOIPOCONITHMATBHOT0 00beMa (hPMHAHCHPOBAaHUSA3aTpaT HAHAY YHO-NCCIIEIOBATEIILCKUE

pabotsl (H1P) B mpenenax pernoHOB CTpaHbI, UMEIOIIUX COOTBETCTBYIOIINN HAyYHBIHN MOTEHIIAAT.

Jlst 5TOTO pazpaboTaHa MOJIENIb ONTUMHU3AINH U TUTAHUPOBAHUS IIEPEKPECTHOTO (PUHAHCUPOBAHUS
3arpar Ha HHP B enepanbHOM OKpyTe, YIUTHIBAIOIIEH KOHKPETHBIE TEXHOJIOTMIECKHE U SKOHOMHYECKHE
pesynbratel HUP pernonoB okpyra. JlaHHasi MOAEIb CTaBUT B 3aBUCHUMOCTD pa3inuyHble 3aTpatbl Ha HP
[0 BUAaM paboOT OT TpeX HAIpaBiICHU IJIAHUPOBAHUSI MHHOBAIL[MOHHOTO Pa3BUTHUS PErMOHOB OKpyra:
MHBECTULIMOHHOTO, POU3BOJICTBEHHOTO, (priHaHcoBoro. [Ipu 3TOM BCce Tpu mpoliecca paccMaTpUBarOTCS
OJHOBPEMEHHO. [HBECTUMIIMOHHOE IUIAHWPOBAHHUE OTPAKAIOT HMHBECTHLIIMA B OCHOBHOW KalMTall,
IIPOU3BOJICTBEHHOE TUVIAHMPOBAHUE — BAaJIOBOM PErMOHAJIbHBINA MPOAYKT, & (PMHAHCOBOE IIJIAHWPOBAHUE —
3aJI0JDKCHHOCTh FOPUIMYECKUX JIMI 10 KpeautaMm. Hemuuennsle perpeccun 3arpar Ha HUP no Bumam
padoT ONTUMM3HUPYIOTCS C IOMOIIBIO TEHETUUYECKOTO aJITOPUTMa, UMUTAIIMOHHOIO OTXKUIa U MIOUCKA I10
1a0JIOHY, YTO MO3BOJISIET B UTOTE BEIYUCIIMTE PE3EPB MIIM HEOCTATOK COOTBETCTBYONIMX 3arpar Ha HUP
B KOXJIOM peruoHe (pemaepaabHOro okpyra. Pesynbrarsl mio0aibHON ONTHMHU3AINH TTO3BOJISIOT CHIENATh
BBIBOJI, UTO B YCJIOBUSIX SKOHOMHHU (heiepabHBIX OIOMKETHBIX CPEACTB (elepanbHBbIi OKPYT MOXKET
YaCTHYHO caM MpoQHrHAHCUPOBaTh Bee 3aTparel HA HUP B Tex permoHax, KOTOpbIe B 3TOM HY>KHAIOTCSI.
YroObl Oomee 0OOCHOBAHHO OMPENENUTh TAKWE PETHOHBI, HEOOXOANMO aHAIM3UPOBATH ATy CHTYAIHIO
nosipoOHee, T. €. B pazpese pasnudHbix 3arpat Ha HUP no Bunam pabort. st [puBomkckoro dheaepaibHOTO
okpyra (II®O) nomydeHo, yTo Hanboee HyKIAIOIUMHCS B (PHHAHCUPOBAHUH PA3IMIHBIX BUIOB 3aTpar
Ha HUP oxkassiBarorcst Camapckast obmactb, pecrybnmka bamkoprocran u [lepmckuii kpait. Ho mpu aTom
OCHOBHBIM JIOHOPOM 3aTpaT Ha pa3nuuHble Buabl HUP sBnsercs Hukeroposackas o61acts. 310 O3BOIMIIO
OBbI CYIIIECTBEHHO COKOHOMHTH (hefiepalibHble OO/DKETHBIE CPENCTBA, BBIJCISIEMbIe Ha HAYYHOE U, Kak
CJIEICTBUE, NTHHOBALIMOHHOE Pa3BUTUE PETMOHOB CTPAHBI.

KiioueBble cjioBa: MHHOBAllTMOHHOC PAa3BUTUC, PETMOH, MHBCCTUIIMOHHOC IJIAHUPOBAHUC, IMTPON3BOACTBECHHOC
IJIaHUPOBAHUC, (1)I/IHaHCOBO€ IIJIAaHUPOBAHUEC, 3aTPAThl HA HAYYHO-HUCCICAOBATCILCKUC paGOTBI
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Model of cross-financing for research and development costs in a federal district

1. Introduction

Currently, the cost of research and development (R&D) is an important component of Russian
state budget expenditures. The financing of R&D allows the state to solve the problems of global techno-
logical challenges, including the problems of implementing the import substitution policy. However, the
issues of the optimal amount of funding for R&D expenditures within the country and its regions, which
have the appropriate scientific potential, have not been completely resolved. By scientific potential,
we refer to both research institutes and universities, and scientists working in these institutes. It seems
impossible to solve such problems in isolation from the specific technological and economic results of
regional R&D. Planning of these results, as well as the resources necessary to achieve them, is an urgent
task to optimise the costs of R&D. In this regard, we distinguish three types of planning: investment,
production, and financial. We consider all three processes simultaneously. This will allow us to cover a
wide range of tasks to optimise R&D costs in the regions and contribute to their innovative development.

Similar optimisation issues have been studied in detail by many scientists in relation to the busi-
ness development planning of companies. For example, 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 taking into consideration the
systemic financial effects of investment programmes. By such effects, the author referred to cross-fi-
nancing, cross-subsidization, cross-holding, and cross-hedging. Despite the usefulness of these studies,
there is still a need to create programmes of innovative development for manufacturing companies and
industrial regions. In this regard, Fabiana et al. (2016) studied how the technological innovation process
occurs in small and medium technology companies located in Paraiba Valley Metropolitan Region and
Northern Coast, Brazil. The study revealed that the development of innovations depends on the type of
economic activity that the company develops and the interactions it undertakes with the internal and
external environments. Vasconcellos et al. (2016) argued that the resources invested in research do not
guarantee immediate practical application. With the aim of developing and presenting a methodology for
evaluating a research portfolio and selecting the best research investment, the author showed that risk
and return criteria should be used to manage R&D portfolios when selecting projects.

To this end, the present study explores the issue of the optimal amount of funding for R&D costs
within the regions of the country that have the appropriate scientific potential.

2. Literature review

Although the abovementioned findings are of real practical interest for implementing the suc-
cessful development of commercial firms, we aim to leverage them to optimise and plan national and
regional R&D expenditures. Other useful results from various researchers in this field include those of
Xu (2018), who found that regional investment in R&D in the area of human resources has a positive
effect on the efficiency of the internal R&D of an enterprise. The scientist formulated three policy recom-
mendations: increasing regional investment in R&D, expanding, and consolidating the enterprise as the
basis of R&D status, and increasing regional investment in R&D in human resources. Chen et al. (2019)
found that the production elasticity of R&D capital in China was much higher than that of R&D person-
nel, 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 additional since 2014. To ensure
sustainable growth in research results, the contribution of R&D with positive output elasticity should
be increased, or the contribution of R&D with negative output elasticity should be decreased with the
necessary compromises made 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 spending efficiency was measured using a non-parametric data envelopment
analysis (DEA) methodology, which measures input—output efficiency. Hong Kong and the Philippines
were found to be the best performing countries in R&D when analysed using the constant returns to
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scale approach. However, Hong Kong, Indonesia, Singapore, and the Philippines are the most efficient
ASEAN countries under the variable returns to scale approach. The study also confirmed that increas-
ing spending on innovation leads to disproportionate effects. Dehmer et al. (2019), relying on recent
developments in spending on science in countries such as China, Korea, India, and Brazil, have found
that global scientific activity is undergoing major shifts. Using the evolving pattern of past R&D ex-
penditures for forward-looking projections and in the absence of notable changes in science policy and
spending priorities, the authors predicted the continuation of a major shift in R&D geography towards
Asian countries and an ongoing large and, in many respects, growing gap between the scientific haves
and have-nots in the world.

Kiselakova et al. (2018) examined the relationship between R&D expenditures and the develop-
ment of global competitiveness in Slovakia, as well as in member states of the European Union from
Central and Eastern Europe (CEE EU (11)). To assess the competitiveness of the CEE EU (11) countries,
the researchers used the Global Competitiveness Index processed by the World Economic Forum and
found that an increase in R&D spending can contribute significantly to the level of competitiveness of
CEE EU (11) countries. All the analyses confirmed the importance of focusing on increasing R&D ex-
penditure, especially in the higher education sector, as it has a significant impact on improving the global
competitiveness of the CEE EU (11) countries in the case of a number of Global Competitiveness Index
sub-indices.

In this regard, the issue of national and regional R&D expenses is especially important. According
to Feoktistova (2014), when planning R&D and its financing, the project approach should be used by
selecting the expected results from implementing a research project as one of the key criteria and select-
ing the results already achieved by the research project by its would-be executor as the key criterion.
Gaponenko (2018) considered situations in which it is potentially possible to reduce the actual costs of
performing R&D: (1) performing R&D similar to work previously performed by the same contractor—a
scientific organisation or a researcher; (2) performing R&D similar to work previously performed by
other contractors—scientific organisations; (3) performing (possibly simultaneous) of similar R&D for
different customers; (4) using previously obtained research results or previously assembled installations
in new research, if the subjects of old and new research are not analogous to each other; and (5) including
in the terms of reference of tasks that do not correspond to the goal of R&D, the results of which can be
used, for example, in another R&D or a publication, a patent.

Nevertheless, in our opinion, these studies did not sufficiently elaborate on the problem of select-
ing reasonable quantitative benchmarks for planning the R&D expenditures of the regions. The issue of
planning the redistribution of R&D expenditures among regions also remains open. On the contrary, in
the work by Yashin et al. (2020), a foresight of the evolution of the innovation system in a federal dis-
trict based on the use of a multipurpose genetic algorithm revealed that to increase the synergy effect of
the federal district, it is planned to redirect investment resources and R&D costs to those regions where
resources are scarce. This will eventually increase the average per-capita income in the regions of the
federal district, which will lead to population growth. This highlights the necessity of solving the prob-
lem of optimising regional R&D expenditures and, above all, selecting the most rational methods for
this purpose. Thus, Ildirar et al. (2016) provided new estimates of the impact of R&D expenditures on
economic growth. They found that there are different types of R&D expenditures, each of which has a
different significance for economic growth. The authors found that all R&D expenditures have a positive
and significant impact on economic growth in individual OECD countries, but their importance varies.
Therefore, policymakers should develop policies to stimulate R&D based on the characteristics of these
countries. Accordingly, countries should allocate more resources to different types of R&D expenditures
to achieve sustainable growth rates.

Salimi and Rezaei (2018) pointed out that assigning the same level of importance to different R&D
indicators, which is a common approach in existing studies, may oversimplify the R&D measurement
process and lead to misinterpretations of effectiveness and, consequently, incorrectly chosen R&D strat-
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egies. Their findings showed that assigning different weights to different R&D indicators (as opposed
to simple averages) leads to different rankings of firms and allows R&D managers to formulate more
effective strategies to improve their firm’s R&D effectiveness by applying knowledge of the importance
of various R&D indicators. Bina et al. (2015) proposed comprehensive criteria for selecting R&D and
innovation projects under conditions of uncertainty and taking into consideration the real constraints
applicable to the Brazilian electricity sector using a combination of integer programming formulations
and a method based on the PROMETHEE method. The authors identified the best results of the proposed
application in solving the regulatory problems of the electricity sector, which emphasises the compliance
of companies with R&D and innovation expenditure commitments. Thus, although selecting R&D and
innovation projects is not a typical example of optimisation, under certain regional, sectoral, or organi-
sational constraints, it may be the best solution.

Huang et al. (2020), taking into consideration the paradox of the spillover effect of R&D spared
from the global supply chain, used a computational general equilibrium model with the GTAP v10 da-
tabase to analyse the impact of Japanese public investment in R&D on key sectors of the global supply
chain—chemical and pharmaceutical, electronic equipment, machinery, and transportation equipment—
to assess its output, foreign trade, and welfare. Performance parameters initiated by public investments
in R&D are calibrated from the SciREX Policymaking Intelligence Assistance System - Economic Sim-
ulator (SPIAS-e). The simulation results showed a significant increase in Japanese production and ex-
ports of chemical and pharmaceutical, electronic equipment, and transportation equipment. The study
provides a comprehensive global analysis of manufacturing networks and an analysis to assess the spill-
over effects of R&D investments.

Sadollah et al. (2020) set the main goal of optimisation as improving overall sustainability, includ-
ing environmental, social, economic, and energy resource sustainability, through the implementation of
corresponding target functions. Since energy optimisation is one of the main objectives of sustainable
development, it is studied from an energy perspective. Further, the concept, definitions, and elements
of sustainability and optimisation were presented, and metaheuristic optimisation algorithms used in
recently published papers related to sustainability and sustainable development were reviewed. Hyk
(2021) determined the optimal cost structure for innovation and its impact on sales revenues, with a fo-
cus on the use of elements of economic and mathematical modelling. The scientific novelty of the work
lies in the development of a model that substantiates the relationship between the studied indicators of
costs for innovation, enables predicting the amount of revenue from sales, and ensures the achievement
of its optimal value. The author also assessed the impact of the economy of innovation on the environ-
ment, which results in preserving the potential of natural resources to achieve sustainable economic
development.

In the present study, we apply metaheuristic algorithms to optimise R&D costs in the regions of
the federal district. This will further allow for planning the cross-financing of R&D within a single dis-
trict. Of the available metaheuristic algorithms, we use the following three, which have significant ad-
vantages: (1) a genetic (evolutionary) algorithm (GA) is a highly effective way to find multiple efficient
solutions in a single simulation run (Kalyanmoy, 2001); (2) simulated annealing (SA) makes it possible
to avoid “trapping” in the local extrema of the function being optimised and to continue the search for a
global extremum (Lopatin, 2005). Compared to GA, adaptive simulated annealing (ASA) does not yield
to genetic algorithms in most problems and wins in many (Ingber and Rosen, 1992); and (3) pattern
search (PS), a direct search method, 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., 2006).

1. Materials and methods

Using the above metaheuristic algorithms, we created a model to optimise and plan the cross-fi-
nancing of R&D costs in a federal district (Fig. 1). The model includes five stages, as shown in Fig. 1.

28 Sustain. Dev. Eng. Econ. 2023, 2, 2. https://doi.org/10.48554/SDEE.2023.2.2



mailto:https://doi.org/10.48554/SDEE.2023.2.2?subject=

Rodionov, D., Koshelev, E.

Fig. 1. A model for optimising and planning the cross-financing of R&D costs in a federal district

Stage 1 — Collect and prepare statistical data on the dynamics of investment, GRP, and in-
debtedness of legal entities in the regions. At this stage, we collect and adjust for inflation data on the
dynamics of investment in fixed capital (x1), gross regional product (GRP) (x2), and the debt of legal
entities on loans (x3) of the regions of the federal district over a long period spanning 10 years. These
data are available on the website of the Federal State Statistics Servicel. Here, parameter x1 character-
ises investment planning, x2 refers to production planning, and x3 captures the financial planning of the
district.

Stage 2 — Collect and prepare statistical data on the dynamics of regional R&D expenditures
by type of work. Here, we collect and adjust for inflation statistical information on the internal current
expenditures on R&D in total (y), as well as by types of work, which are divided into fundamental re-
search (y1), applied research (y2), and developments (y3). These data are collected for the same period
of time as in the previous stage.

Stage 3 — Build non-linear regressions for the target functions of R&D costs by type of work.
We use multiple non-linear regressions of R&D costs of the form y = f (x],xz,x3) , which more real-
istically reflects economic processes in comparison with linear ones. These are constructed using the
Statistica software.

Stage 4 — Optimise the regressions on the given intervals by GA, SA, and PS. We perform glob-
al optimisation of the regression target functions in MATLAB using the three metaheuristic algorithms:
GA, SA, and PS. To refine the results of the GA and SA methods, we supplement the optimisation results
of the target functions with the hybrid functions of pattern search and the interior-point method (Babynin
and Zhadan, 2008). That is, the GA or SA algorithms are applied first, and then their results are used as
a starting point for the subsequent optimisation of the target function. This allowed for obtaining better
solutions in each specific case of optimisation of the corresponding R&D costs.

In each particular case, we search for the global maximum of R&D costs in the federal district; that
is, we calculate how much funds can be allocated to R&D maximally and on what values of parameters
x1, x2, and x3 this maximum depends. We then optimise the obtained regressions for each type of R&D
on the segments of parameters x1, x2, and x3, which are typical for each region of the federal district
under study.

Stage 5 - Calculate the reserve or deficit of the respective R&D costs in each region. At this stage,
we compare the obtained optimum R&D expenditures for each region of the district with its actual max-
imum value for the period under study and calculate the reserve or deficit of the respective R&D expen-
ditures in each region as a difference between the actual and optimum values. This enables planning the
possibilities of cross-financing R&D within the same district in more detail, that is, by region.

3. Results

In what follows, we demonstrate how this model works using the example of the Privolzhsky
Federal District (PFD), considering only those regions (regions or republics) in which pilot innovation
territorial clusters from the list approved by the government of the Russian Federation are located. These

are the industrial regions where PFD’s main R&D is carried out.
! Federal State Statistics Service. URL: https://www.gks.ru
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Stage 1 — Collect and prepare statistical data on the dynamics of investment, GRP, and in-

debtedness of legal entities in the regions. At this stage, the necessary initial data were collected from
the website of the Federal State Statistics Service2 and adjusted for inflation. They are presented in the
2020 prices in columns x1, x2, and x3 of Table 1. Since the above website contains data on domestic
current expenditures on R&D only for 2010 and the period 2015-2020, we took the data on investment
in fixed capital, GRP, and indebtedness of legal entities on loans for the same years.

Table 1. Initial data on the Privolzhsky Federal District in 2020 prices (million rubles)

Year Investments in | Gross regional Indebtedness of | Internal current costs of R&D by type of work
fixed capital product legal entities on [ ¢ Fundamental | Applied re- Developments
loans research search
X, X, X, y Y, Y, Yy
1. Nizhny Novgorod Region
2010 354041 1203299 335116 49755.1 2257.5 7763.1 39734.3
2015 286275 1345281 438699 69259.4 2328.5 6359.8 60571.1
2016 268126 1341478 392014 76640.5 2197.6 7618.6 66824.4
2017 276481 1422534 356981 72458.5 2283.8 7463.4 62711.2
2018 280429 1478448 361167 71571 2399.5 9863.7 59307.8
2019 309749 1462590 385278 80671.8 4970.6 9972.7 65728.4
2020 383102 1474561 361554 68750.3 5220.1 8560.3 54969.9
2. Republic of Mordovia
2010 75165 194177 80800 884 156.1 267.3 460.6
2015 64242 219641 114539 996.8 147.6 293.9 555.3
2016 60822 233116 97935 896.2 141.2 173.2 581.9
2017 65984 242754 112000 885.7 126.5 212.9 546.4
2018 56551 245720 98970 1049.4 168.1 470 411.4
2019 54751 240875 102512 1009.9 125.3 438 446.6
2020 48969 238909 83007 1081.5 107.1 433.5 540.9
3. Ulyanovsk Region
2010 88464 328536 75419 9242.4 175.8 1451.9 7614.6
2015 96771 370808 96010 9672 228 5190 4254.2
2016 81562 375920 99058 9114.9 262.8 4511.5 4340.6
2017 94796 375951 71717 12565.8 230.2 2038.7 10296.8
2018 89649 376064 84054 12206.9 302.8 1267.4 10636.7
2019 75555 339226 78955 9659.3 218.5 1791.1 7649.6
2020 61181 312577 85313 10288.1 265.6 2607.6 7414.9
4. Samara Region
2010 284644 1282274 390241 22679.8 665.6 1249.4 20764.6
2015 368865 1540461 423126 19921.2 681.9 1616.6 17622.8
2016 296748 1468075 449779 13454.2 641.7 1220.8 11591.5
2017 292574 1520781 453792 15631.9 844.7 1282.3 13504.9
2018 286479 1633018 398565 14861.2 649 1197.6 13014.5
2019 301737 1632825 319233 19929.2 614.4 1020.9 18294
2020 202462 1648019 298558 15492.5 761 713.0 14018.6
5. Perm Territory
2010 257417 1148574 276981 12308.4 2383.9 1325.1 8599.4
2015 275493 1295517 312592 14528.9 982.9 1873.9 11671.9
2016 276655 1266576 221842 14107 1027.2 1568.8 11511
2017 276337 1343064 215175 15007.6 843.4 17453 12418.8
2018 263369 1425398 243162 13788.9 1032.6 1428.7 11327.6
2019 305392 1456557 274316 15591 1090.2 1716.1 12784.6

2 Federal State Statistics Service. URL: https://www.gks.ru
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2020 290460 1467320 306550 15636.3 1148.2 1797.1 12691
6. Udmurt Republic
2010 94280 506122 121689 821.4 451.2 85.2 285
2015 99676 630842 114739 1297.2 380.9 163.9 752.4
2016 100692 614648 119263 1263 337.2 155.7 770.1
2017 94358 622590 89959 1986 237.5 458.6 1289.9
2018 104844 682300 89920 2481.4 657.3 233.1 1591.1
2019 105451 668360 110349 2332.8 731.4 126.8 1474.5
2020 107187 675545 85536 1846.9 811.5 123.1 912.2
7. Republic of Tatarstan
2010 606333 1846263 540376 11366.2 1526.8 1864.5 7974.9
2015 751565 2274027 660546 13926.5 2495.5 1772.2 9658.8
2016 735575 2234011 710836 13841.8 2196.6 1856.1 9789.2
2017 718755 2412123 699269 17574.2 2626.4 2249.4 12698.4
2018 680801 2669465 594273 18420.6 2422.4 2444.6 13553.6
2019 672302 2522721 496504 16617.8 2611.1 2232 11774.7
2020 655319 2549636 414215 16878.6 2896.6 2557.3 11424.7
8. Republic of Bashkortostan
2010 283173 1772189 213167 7236.3 1806 1958.3 3472
2015 386986 1603409 371940 9869.2 1420.5 996 7452.7
2016 410388 1546257 334792 9960.4 1193.1 2229.1 6538.3
2017 314046 1589666 328141 9739.9 1161.9 2568.5 6009.5
2018 289657 1809428 327419 11196.7 1408.7 2582.6 7205.5
2019 337919 1746876 328865 10490.5 1361 2644.6 6484.9
2020 326850 1754979 323670 10527.2 1417.7 2483.4 6626.1

2009-2018 and the Wolfram Alpha search service3. The results of the forecast are shown in Table 1 in italics.

We forecast the missing data on investment in fixed capital and GRP in 2020 prices, using the period from

Stage 2 — Collect and prepare statistical data on the dynamics of regional R&D expenditures by type
of work. At this stage, we collected and adjusted for inflation statistical information on the internal current costs
of R&D in total, as well as by type of work: fundamental research, applied research, and developments. These
data were collected for the same period as in the previous stage. They are presented in the 2020 prices in columns
V.Y, ¥,, and y, of Table 1.

Stage 3 — Build non-linear regressions for the target functions of R&D costs by type of work.
According to the data in Table 1, the following most accurate non-linear regressions were obtained in
Statistica:

- regression for all R&D costs (Fig. 2)

¥ =82426.01+0.06x, —8303.97In x;, R> = 0.948 , adjusted R*> =0.938;

- regression for fundamental research (Fig. 3)

X

X3

- regression for applied research (Fig. 4)

b

y, =—58921.7+3523.1Inx, +1925.2In x,, R* = 0.244 , adjusted R* =0.185;

- regression for developments

2
¥y, =—-315317.4-0,025429661x, —0.6432493x, —M+981.9057\/Z $ 2319139000 p2 = 0,447,
adjusted R*=0.392 .

3 Wolfram Alpha search service. URL: www.wolframalpha.com

X

X3
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Fig. 2. Regression plot for all R&D costs

Fig. 3. Regression plot for fundamental research
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Fig. 4. Regression plot for applied research

Stage 4 — Optimize the regressions on the given intervals by GA, SA, and PS. The global
optimisation of the target regression functions was performed using MATLAB. GA, SA, and PS were
used for this purpose. To refine the results of the GA and SA methods, the optimisation results were
supplemented with hybrid functions of the pattern search and interior-point method (fmincon). All target
functions were investigated on the segments of actual values of parameters x1, x2, and x3 for the period
under study, according to the data in Table 1, marked in bold type.

As an example, for all the costs of R&D in PFD, the optimisation results are given in Table 2. As
shown in the table, the most reliable result is obtained by PS. Adding this algorithm or the interior-point
method (fmincon) as a hybrid function for GA or SA also allowed achieving a high-quality solution to
the optimisation problem.

Table 2. Results of the global optimisation of the regression for all R&D costs for PFD (million rubles)

Algorithm Investments in | Gross regional prod- | Indebtedness of legal | Total expenses on | Maximum actual val-
fixed capital uct entities on loans R&D ue
X, X, X, y y
GA - 2655302 84 056 147 583.4 80671.8
GA + fmincon - 2 669 465 71717 149 751.5
GA+PS - 2 669 465 71717 149 751.5
SA - 1474 311 381367 64 166.1
SA + fmincon - 2 669 465 71717 149 751.5
SA+PS - 2 669 465 71717 149 751.5
PS - 2 669 465 71717 149 751.5

Table 2 also shows that the maximum actual value of all R&D costs is significantly lower than the
maximum possible total costs of R&D with the respective values of GRP and indebtedness of legal en-
tities on loans. This indicates that there are real possibilities for financing R&D in a larger volume. This
issue, however, requires a more detailed solution. Thus, we conducted the same global optimisation of
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all types of R&D costs for each PFD region separately, applying the same metaheuristic algorithms. The
previous target regression functions were investigated for each region on its segments of actual values
of parameters x1, x2, and x3 for the period under study, according to the data in Table 1. The results of
global optimisation are shown in Tables 3-6.

Table 3. Results of the global optimisation of the regression for all R&D costs by the regions of PFD
(million rubles)

Region Investments | Gross regional | Indebtedness of | Total expenses | Maximum ac- | Reserve (+) or
in fixed cap- product legal entities on on R&D tual value deficit (-) of

ital loans expenses
X X Xy Y y Ay

1. Nizhny Novgorod - 1478 448 335116 65 487.9 80 671.8 15183.9

2. Mordovia - 245 720 80 800 3336.6 1049.4 -22872

3. Ulyanovsk - 376 064 71717 12 147.5 12 565.8 4183

4. Samara - 1648019 298 558 76 621.3 22 679.8 -53941.5

5. Perm - 1467 320 215175 68 499 15636.3 -52862.7

6. Udmurtia - 682 300 85536 29 058.4 2481.4 -26577

7. Tatarstan - 2 669 465 414 215 135189.2 18 420.6 -116 768.6

8. Bashkortostan - 1809 428 213 167 89103.4 11 196.7 - 77 906.7

Table 4. Results of the global optimisation of the regression for fundamental research by the regions of
PFD (million rubles)

Region Investments | Gross regional | Indebtedness of | Fundamental | Maximum ac- | Reserve (+) or
in fixed cap- product legal entities on research tual value deficit (-) of

ital loans expenses
X, X, X, Yy Yy Ay

1. Nizhny Novgorod 383 102 - 438 699 1464.4 5220.1 3755.7

2. Mordovia 75165 - 114 539 376.5 168.1 -208.4

3. Ulyanovsk 96 771 - 99 058 445.5 302.8 - 1427

4. Samara 368 865 - 453 792 1464.2 844.7 -619.5

5. Perm 305 392 - 312592 13585 23839 1025.4

6. Udmurtia 107 187 - 121 689 641.6 811.5 169.9

7. Tatarstan 751 565 - 710 836 1602 2 896.6 1294.6

8. Bashkortostan 410 388 - 371940 1 444.1 1 806 361.9

Table 5. Results of the global optimisation of the regression for applied research by the regions of PFD
(million rubles)

Region Investments | Gross regional | Indebtedness of | Applied re- | Maximum ac- | Reserve (+) or
in fixed cap- product legal entities on search tual value deficit (-) of

ital loans expenses
X X X Y Y, Ay,

1. Nizhny Novgorod 383,102 - 438,699 11,382.8 9,972.7 -1,410.1

2. Mordovia 75,165 - 114,539 3,059.7 470 -2,589.7

3. Ulyanovsk 96,771 - 99,058 3,670.3 5,190 1,519.7

4. Samara 368,865 - 453,792 11,314.5 1,616.6 -9,697.9

5. Perm 305,392 - 312,592 9,931.7 1,873.9 -8,057.8

6. Udmurtia 107,187 - 121,689 4,426.6 458.6 -3,968

7. Tatarstan 751,565 - 710,836 14,686.1 2,557.3 -12,128.8

8. Bashkortostan 410,388 - 371,940 11,307.4 2,644.6 -8,662.8
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Table 6. Results of the global optimisation of the regression for developments by the regions of PFD
(million rubles)

Region Investments | Gross regional | Indebtedness of | Developments | Maximum ac- | Reserve (+) or
in fixed cap- product legal entities on tual value deficit (-) of

ital loans expenses
X X X Y3 Y; Ays

1. Nizhny Novgorod 383,102 1,203,299 438,699 40,998.4 66,824.4 25,826

2. Mordovia 75,165 194,177 80,800 9,503.2 581.9 -8,921.3

3. Ulyanovsk 96,771 312,577 71,717 13,603.7 10,636.7 -2,967

4. Samara 368,865 1,282,274 453,792 39,572.4 18,294 -21,278.4

5. Perm 305,392 1,148,574 312,592 30,065.7 12,784.6 -17,281.1

6. Udmurtia 107,187 506,122 121,689 3,732.2 1,591.1 -2,141.1

7. Tatarstan 751,565 1,846,263 526,041 27,961.4 13,553.6 -14,407.8

8. Bashkortostan 410,388 1,546,257 371,940 27,670.3 7,452.7 -20,217.6

Stage 5 — Calculate the reserve or deficit of the respective R&D costs in each region. The last
columns of Tables 3—6 present the results of calculating the reserve or deficit of the respective R&D
costs in each region as the difference between the actual and the optimal values. This allowed for plan-
ning the possibilities of R&D cross-financing within one district. For example, in Table 3, in the Nizhny
Novgorod and Ulyanovsk regions, the actual maximum total R&D costs exceed the optimal costs. This
leads to the tentative conclusion that in the conditions of saving federal budget funds, PFD can partially
finance all R&D costs in those regions that need it. According to the data in the last column of Table 3
regarding the lack of total R&D costs, we can include the Republic of Mordovia, the Samara region, the
Perm region, the Udmurt Republic, and the Republics of Tatarstan and Bashkortostan in such regions.
Moreover, according to Table 3, the region in need is the Republic of Tatarstan.

To better identify these regions, the outcome was analysed in more detail—in terms of the vari-
ous costs of R&D by type of work. The results in Tables 4—6, for example, show that the Republic of
Tatarstan, on the contrary, had some reserve in the expenditures on fundamental research, which could
be redirected to other regions of PFD. Further, for Tatarstan, the shortage of expenditures on applied
research (Table 5) and developments (Table 6) in total was significantly lower than the shortage of all
R&D expenditures, as reflected in Table 3. By contrast, according to Tables 4-6, the Samara region,
the Republic of Bashkortostan, and the Perm region were the most in need of financing various types
of R&D costs. However, the main donor of the reserve of costs for various types of R&D remained the
Nizhny Novgorod region, if we again consider the internal cross-financing of R&D costs within the lim-
its of PFD. This would allow significant savings in the federal budget funds allocated for scientific and,
consequently, innovative development in the country’s regions.

4. Discussion

The present results correlate with the conclusions obtained by Yashin et al. (2020). Namely, for
the Samara region, the model revealed the greatest deficit in current R&D expenditures compared to the
optimal plan, which amounted to 10,673 million rubles. The region can be partially compensated for at
the expense of R&D reserves of the Nizhny Novgorod and Ulyanovsk regions, the Udmurt Republic,
and the Republics of Tatarstan and Bashkortostan. In total, such a reserve amounts to 8,412 million ru-
bles, which should be allocated to the Samara region. The synergy effect of such an reallocation would
be 86,153.7 million rubles. The reserve of 8,412 million rubles can also be partially allocated to R&D in
the Republic of Mordovia and the Perm region, and the remainder should be transferred to the Samara
region. However, the synergy effect of the entire PFD in this case will be the same as in the case if the
entire reserve is allocated to R&D in the Samara region.

Comparing the obtained results with the experience of other researchers, it can be noted that in
planning R&D and its financing, Feoktistova (2014) highlighted the use of the project approach, the
choice of the expected results of a research project as one of the key criteria, and the choice of the results
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already achieved by a research project by its potential performer as the key criterion. Gaponenko (2018)
also considered situations in which it is potentially possible to reduce the actual costs of performing
R&D: (1) performing R&D similar to work previously performed by the same contractor—a scien-
tific organisation or a researcher; (2) performing R&D similar to work previously performed by other
contractors—scientific organisations; (3) performing (possibly simultaneous) similar R&D for different
customers; (4) using previously obtained research results or previously assembled installations in new
research terms if the subjects of old and new research are not analogous to each other; and (5) including
in the terms of reference tasks that do not correspond to the goal of R&D, the results of which can be
used, for example, in another R&D or a publication, a patent.

We propose justified quantitative guidelines for planning the costs of R&D in an industrial region
based on global optimisation of the indicated costs. The described approach can contribute to better de-
cision making by state structures and their experts with regard to planning the innovative development
of industrial regions of the country.

5. Conclusion
The following points highlight the most important findings of the study:

1. Currently, the issues of the optimal financing of R&D expenditures within the country and its
regions, which have the appropriate scientific potential, have not yet been completely solved. It seems
impossible to solve such problems in isolation from the specific technological and economic results of
regional R&D. Planning of these results, as well as the resources required for their achievement, is an
urgent task to optimise R&D expenditures. In this regard, we distinguished three types of planning: in-
vestment, production, and financial. We considered all three processes simultaneously. This allows for
covering a wide range of tasks to optimise R&D costs in the regions and contribute to their innovative
development.

2. The results of global optimisation allow us to draw the conclusion that in the conditions of sav-
ing the federal budget funds, the federal district authorities can partially finance all R&D costs in those
regions that need it. To identify such regions more reasonably, it is necessary to analyse this situation in
more detail—in terms of various R&D costs by type of work.

3. For PFD, the Samara region, the Republic of Bashkortostan, and the Perm region are the most
in need of financing various types of R&D expenditures. However, the main donor of the reserve of ex-
penditures on various types of R&D is the Nizhny Novgorod region. This is the essence of the internal
cross-financing of R&D costs within PFD. It would allow significant savings in the federal budget funds
allocated for scientific and, consequently, innovative development of the country’s regions.
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