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Speci�c features of foresight expert forecasting methods make them ine�ective for

compresided analysis of enterprise innovation activity. This determined the urgency of

developing a deterministic method for predicting the results of innovative activities of the

corporation resulting from the simulation of production indicators.

The paper considers modelling of innovation process quantitative characteristics, aimed

at the industrial enterprises innovative activity evaluation under implementation of a speci�c

investment project. In the process of modelling operations used a production function. To

account for the speci�city of industrial production basic production function modi�ed with

regard to material resources and in�uence of "autonomous" technical progress is Hicks-

neutral. The developed algorithm of solution the Mendershausen multicollinearity e�ect.

Credibility built industrial plant test con�rmed by the consent of the criteria of operational

models.

The author's method of estimation of innovative activity of industrial enterprises

in implementation of innovation project on the basis of dynamics of indicators of the

elasticity of production. The proposed method allows to re�ect the economic result from

the introduction of a speci�c innovation project. The research results are recommended

for practical use in the selection of investment projects and for integrated assessment of

corporate governance through the additional key performance indicator.

Keywords: economic and mathematical model of an industrial production; corporate

foresight; production function; innovation activity evaluation.

Introduction. Foresight is a set of expert methods used to predict innovation activity
results [1]. Foresight researches come from the assumption that there are many options
for the future, and the likelihood of one of them depends on the actions that are taken at
the current time. In addition, the introduction of a new product or innovation process
has no required amount of historical data for the extrapolation models, which could
describe the behavior of �rms in the market as a result of the innovative project. Thus, the
speci�c features of expert forecasting methods make them ine�ective for the comprehensive
analysis of innovative companies and encourage researchers to seek additional analytical
tools.

Despite the fact that at the moment there is no e�ective method-term describing the
use of quantitative methods to predict the results of innovative activity of the enterprise, it
is possible to quantify these results. This determined the relevance of developing a method
of predicting the results of the corporation innovative activities on the basis of modelling
the resulting production �gures.

1. Modelling the Organization's Activity. The initial stage of the prediction is the
Cobb � Douglas production function calculations:

CP = A ·Nα · FAβ, (1)
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where CP (commercial product) means commercial output, measured in thousand rubles
per year; N is a sta� size, measured in employees; FA (�xed assets) is the amount of
basic production assets turnover, measured in thousand rubles per year; A represents
an empirical coe�cient which conjugates the function composite elements (right and left
parts) and equally performs a scaled coe�cient of reduction for each composite element
(1), α, β are the numerical output elasticities of the correspondent assets and the output.

For material-intensive production enterprises, it is advisable to take into calculation
physical resources used at production output. "Autonomous" technical progress Hicks-
neutral also must be taken into consideration, adding a multiplier. As a result, the function
takes the form:

CP = A ·Nα · FAβ · CAγ · eλt (2)

where CA are the current assets, measured in thousand rubles per year, γ is the output
elasticity upon current assets, numerical; e is the base of the natural logarithm; λ is
the coe�cient of elasticity, showing the e�ect of "autonomous" technical progress on
production results, numerical; t is the time valuated relatively to the base year, year,
(ti = Ti − Tb).

The production function parameters A,α, β, γ, λ based on historical data CP , N , FA,
CA, t can be represented in its standard form by solving the system of equations

m∑
i=1

lnCPi = m · lnA+ α ·
m∑
i=1

lnNi + β ·
m∑
i=1

FAi + γ ·
m∑
i=1

lnCAi+

+λ ·
m∑
i=1

ti,

m∑
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(lnCPi · lnNi) = lnA ·
m∑
i=1

lnNi + α ·
m∑
i=1

(lnNi)
2+

+β ·
m∑
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(lnFAi · lnNi) + γ ·
m∑
i=1

(lnCAi · lnNi) + λ ·
m∑
i=1

(ti · lnNi),

m∑
i=1

(lnCPi · lnFAi) = lnA ·
m∑
i=1

lnFAi + α ·
m∑
i=1

(lnFAi · lnNi)+

+β ·
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(lnFAi)
2 + γ ·
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(lnFAi · lnCAi) + λ ·
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(ti · lnFAi),
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(lnCPi · lnCAi) = lnA ·
m∑
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lnCAi + α ·
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(lnCAi · lnNi)+

+β ·
m∑
i=1

(lnCAi · lnFAi) + γ ·
m∑
i=1

(lnCAi)
2 + λ ·

m∑
i=1

(ti · lnCAi),

m∑
i=1

(lnCPi · ti) = lnA ·
m∑
i=1

ti + α ·
m∑
i=1

(ti · lnNi)+

+β ·
m∑
i=1

(ti · lnFAi) + γ ·
m∑
i=1

(ti · lnCAi) + λ ·
m∑
i=1

(ti)
2,

(3)

where m is a time frame of the historical data used (m > 4).
Parameters of production functions A,α, β, γ, λ in more general form can be found

on the basis of the retrospective data on CP,N, FA,CA, t, by means of solving system if
equations (3). In the system of equations (3) m means the number of years, which it took
to collect the retrospective data (m > 4).

If system (3) has no solution due to Mendershausen multicollinearity e�ect, it is
recommended to do the following: divide the total di�erential of function (2) by the
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function CP :

dCP/CP = α · dN/N + β · dFA/FA+ γ · dCA/CA+ λ · dt. (4)

Then the following nomenclatures are used:

dCP

CP
= 2 · CPi+1 − CPi

CPi+1 + CPi

= z,
dN

N
= 2 · Ni+1 −Ni

Ni+1 +Ni

= x, dt = ti+1 − ti = 1,

dFA

FA
= 2 · FAi+1 − FAi

FAi+1 + FAi

= y,
dCA

CA
= 2 · CAi+1 − CAi

CAi+1 + CAi

= w.

Expression (4) transforms into the equation:

z = α · x+ β · y + γ · w + λ. (5)

Then the elasticity coe�cients α, β, γ, λ are calculated on the bases of the transformed
source data of the system

m∑
i=1

zi = λ ·m+ α ·
m∑
i=1

xi + β ·
m∑
i=1

yi + γ ·
m∑
i=1

wi,

m∑
i=1

(xi · zi) = λ ·
m∑
i=1

xi + α ·
m∑
i=1

(xi)
2 + β ·

m∑
i=1

(xi · yi) + γ ·
m∑
i=1

(xi · wi),

m∑
i=1

(yi · zi) = λ ·
m∑
i=1

(ti · yi) + α ·
m∑
i=1

(xi · yi) + β ·
m∑
i=1

(yi)
2 + γ ·

m∑
i=1

(yi · wi),

m∑
i=1

(wi · zi) = λ ·
m∑
i=1

(wi) + α ·
m∑
i=1

(wi · xi) + β ·
m∑
i=1

(yi · wi) + γ ·
m∑
i=1

(wi)
2.

(6)

According to the elasticity coe�cients' numerical values, the coe�cient A is calculated
by

A =

∑m
i=1 zi · xα

i · yβi · wγ
i · eλt∑m

i=1(x
α
i · yβi · wγ

i · eλt)2
. (7)

The validity is checked analytically by goodness-of-�t test by Fisher, Student,
Kolmogorov � Smirnov (KS-test).

The external environment of an organization is extremely aggressive and quite
unpredictable under present instable economic and political conditions. In this context
any innovative project implementation and investment is at risk and is quite di�cult
to perform. However, this is the moment when large-scale structural changes are
to be carried out. The changes should deal with active innovative technologies and
products implementation together with imports phase-out and lame duck industries
development. The overall economic system conditions are impossible to change without
active implementations, that is why economic and mathematical models of enterprises
innovation activity should become an e�ective management tool.

2. Model of Enterprise's Innovation Activity Analysis. There are two models in
order to evaluate the innovation activity of an industrial enterprise. The �rst one deals
with the period of 5 years before the innovation project implementation. The second one
deals with the period of 5 years after having executed the project. The di�erence of the
production �nal rates ∆CPi = CPi − CPi+1 represents the particular innovation project
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execution. Innovational activity of an enterprise (IA), considered within the frames of the
particular innovational project is evaluated according to the sum of dynamics of production
elasticity within the review production period: IA = (αi+1 − αi) + (βi+1 − βi) + (γi+1 −
γi) + (λi+1 − λi).

The proposed method can be used as one of the components of the integrated
evaluation of the e�ectiveness of corporate governance. Assessing the impact of an
innovative project on the operating results of the company allows to draw a conclusion
about how faithful were selected organization's management strategy and key areas of
development, how to invest money e�ectively for business owners. Accordingly, the level
of innovation activity of the company may be included in the system of key performance
indicators used at the facility.

Conclusions. 1. The foresight methods are not su�cient for objective and reliable
evaluation of an industrial enterprises innovative activity. Such evaluation requires formal
methods of modelling and predicting.

2. The Cobb � Douglas production function with provision for autonomous technical
progress, Hicks-neutral, is the best tool to re�ect the interdependence between the
industrial enterprise resources' provision and the �nal rates.

3. The enterprise innovative activity for this investment project is evaluated by sum
of dynamics of production elasticity within the review production period.
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ÌÎÄÅËÈÐÎÂÀÍÈÅ ÈÍÍÎÂÀÖÈÎÍÍÎÉ ÀÊÒÈÂÍÎÑÒÈ
ÏÐÅÄÏÐÈßÒÈß

Â.Ã. Ìîõîâ, Ê.Ñ. Ñòàõàíîâ

Ñïåöèôè÷íûå ÷åðòû ýêñïåðòíûõ ôîðñàéò ìåòîäîâ ïðîãíîçèðîâàíèÿ äåëàþò èõ

íåäîñòàòî÷íî ýôôåêòèâíûìè äëÿ âñåñòîðîííåãî àíàëèçà èííîâàöèîííîé àêòèâíîñòè

ïðåäïðèÿòèÿ. Ýòî ïðåäîïðåäåëèëî àêòóàëüíîñòü ðàçðàáîòêè äåòåðìèíèðîâàííîãî ìå-

òîäà ïðîãíîçèðîâàíèÿ ðåçóëüòàòîâ èííîâàöèîííîé äåÿòåëüíîñòè êîðïîðàöèè íà îñíîâå

ìîäåëèðîâàíèÿ ðåçóëüòèðóþùèõ ïîêàçàòåëåé ïðîèçâîäñòâà.
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Ñòàòüÿ ïîñâÿùåíà ìîäåëèðîâàíèþ êîëè÷åñòâåííûõ õàðàêòåðèñòèê èííîâàöèîííî-

ãî ïðîöåññà äëÿ îöåíêè èííîâàöèîííîé àêòèâíîñòè ïðîìûøëåííîãî ïðåäïðèÿòèÿ â

êîíòåêñòå âíåäðåíèÿ êîíêðåòíîãî èíâåñòèöèîííîãî ïðîåêòà. Â ïðîöåññå ìîäåëèðîâà-

íèÿ îïåðàöèîííîé äåÿòåëüíîñòè ïðåäïðèÿòèÿ èñïîëüçîâàíà ïðîèçâîäñòâåííàÿ ôóíê-

öèÿ. Äëÿ ó÷åòà ñïåöèôèêè ïðîìûøëåííîãî ïðîèçâîäñòâà áàçîâàÿ ïðîèçâîäñòâåííàÿ

ôóíêöèÿ ìîäèôèöèðîâàíà ñ ó÷åòîì ìàòåðèàëüíûõ ðåñóðñîâ è âëèÿíèÿ ≪àâòîíîìíî-

ãî≫ òåõíè÷åñêîãî ïðîãðåññà íåéòðàëüíîãî ïî Õèêñó. Ïðåäëîæåí àëãîðèòì ðåøåíèÿ

ïðîáëåìû ýôôåêòà ìóëüòèêîëëèíåàðíîñòè Ìåíäåðñõàóçåíà. Äîñòîâåðíîñòü ïîñòðîåí-

íûõ ìîäåëåé îïåðàöèîííîé äåÿòåëüíîñòè ïðîìûøëåííîãî ïðåäïðèÿòèÿ ïîäòâåðæäàåò-

ñÿ ïðîâåðêîé ïî êðèòåðèÿì ñîãëàñèÿ.

Ïðåäëîæåí àâòîðñêèé ìåòîä îöåíêè èííîâàöèîííîé àêòèâíîñòè ïðîìûøëåííîãî

ïðåäïðèÿòèÿ ïðè âíåäðåíèè èííîâàöèîííîãî ïðîåêòà íà îñíîâå äèíàìèêè ïîêàçàòåëåé

ýëàñòè÷íîñòè ïðîèçâîäñòâà. Ïðåäëîæåííûé ìåòîä ïîçâîëÿåò îòðàçèòü ýêîíîìè÷åñêèé

ðåçóëüòàò îò âíåäðåíèÿ êîíêðåòíîãî èííîâàöèîííîãî ïðîåêòà.

Ðåçóëüòàòû èññëåäîâàíèÿ ðåêîìåíäóþòñÿ ê ïðàêòè÷åñêîìó èñïîëüçîâàíèþ ïðè îò-

áîðå èíâåñòèöèîííûõ ïðîåêòîâ è äëÿ èíòåãðèðîâàííîé îöåíêè êîðïîðàòèâíîãî óïðàâ-

ëåíèÿ ÷åðåç äîïîëíèòåëüíûé êëþ÷åâîé ïîêàçàòåëü ýôôåêòèâíîñòè.

Êëþ÷åâûå ñëîâà: ýêîíîìèêî-ìàòåìàòè÷åñêàÿ ìîäåëü ïðîìûøëåííîãî ïðîèçâîä-

ñòâà; êîðïîðàòèâíûé ôîðñàéò; ïðîèçâîäñòâåííàÿ ôóíêöèÿ; îöåíêà èííîâàöèîííîé

àêòèâíîñòè.
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