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Key words: The article investigates the theoretical and practical aspects of predictive models based on
machine building enterprise, employed the use of the analytical method of trend alignment on the example of important
workers, trend, one-factor forecast function, indicators of the functioning of enterprises of the machine-building industry. The
multiple coefficient of determination, attention is focused on the tasks, application features, advantages and disadvantages of
forecast. the trend extrapolation method. The use of time is substantiated as an integral indicator of

the total influence of all factorial features that determine the value of the forecast
indicator. The process of adjustment of a number of dynamics by analytical method has
been considered according to two stages: the choice of type and evaluation of parameters
of the trend function. Predictive one-factor models are built for the number of employed
workers in large, medium and small domestic machine-building enterprises. Multiple
coefficient of determination is taken as a qualitative criterion for choosing a predictive
model. Construction of the forecast of the most important indicators of the industry, in
particular using extrapolation methods, is the basis for planning the development of the
industry, the definition of scientifically substantiated judgments about the possible value
of important indicators in the future period. The necessity of constructing multi-factor
forecast models is indicated, which will increase the quality of the forecast for the
machine building enterprises.
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Kurouosi ciioBa: JlocTikeHO TeOPEeTHKO-IIPAaKTHYHI aCHeKTH MOOyIOBH NMPOTHO3HUX MoJemeil Ha
MaIIMHOOYAiBHE MiANPHEMCTBO, 3aHHATI OCHOBI BHKOPHCTAaHHS METOAY aHANITHYHOTO BHPIBHIOBaHHSI TPEHAY Ha
MpaliBHUKH, TEHACHIIIS, OJHO(PAKTOpHA MPUKITAIL Ba)KJIMBHUX MTOKa3HHKIB (GyHKIIOHYBaHHS MiAPHEMCTB
MIPOTHO3HA (YHKILisl, MPOTHO3, MHOKUHHHUI MalIMHOOYAiBHOT Taiy3i. AKIEHTOBaHO yBary Ha 3aBIaHHAX, OCOOJIMBOCTSIX
KoedilieHT AeTepMiHaliii. 3aCTOCYBaHHs, TMepeBarax Ta HEIOJMIKaX METOJY CKCTPamoJAIlil TpeHay.

OOrpyHTOBaHO BHKOPHCTaHHS 4Yacy SIK iHTEIPajbHOI'O IOKa3HHKa CyMapHOTO
BIUTHBY BCiX (paKTOpialIbHUX O3HAK, 1[0 BU3HAYAIOTh BEINYMHY IPOTHO30BAHOTO
nmokasHuka. [lpomec TOPIBHAHHSA psIy HAWHAMIKA aHAIITHYHUM CIIOCOOOM
PO3TIITHYTO BIiATIOBITHO O OBOX €TaliB: BUOOpPY THITY Ta OIIHKH MapameTpiB
¢yrkuii TpeHny. [loOynoBaHO NPOTHO3HI OMHO(MAKTOPHI MOJIENi KUTBKOCTI
3afHATHX TIPAI[iBHUKIB HAa BEIHKHX, CEPEeNHIX Ta MAaJIUX BITYM3HIHHX
HiNPUEMCTBAX  MalMHOOyayBaHHs. SIKICHUM  KpuTepieM mpu  BHOODI
IPOTHO3HOI MOJENi y3iTO MHOXHHHHK KoediuieHntT nerepminauii. I[ToGymosa
IPOTHO3Y HAaNBaXJIMBIIINX MMOKa3HHUKIB raiy3i, 30KpeMa 3a JOIOMOIOI0 METOJIB
eKCTpAIoIsLlii, € OCHOBOIO UIs IJIaHYBAaHHs 1i PO3BUTKY, BU3HAUYCHHSI HAyKOBO
OOIPYHTOBAaHHUX CY/DKEHb INPO MOXKJIMBE 3HAYCHHS BaXJIMBUX ITOKA3HUKIB Y
MaiOyTHROMY Tepioni. 3a3HadeHO HEOOXiTHICTH MoOyHoBH OaraTo(hakKTOPHHX
NPOTHO3HUX MOJEJIeH, IO MiJBHUIIUTH SKICTh HPOTHO3Y JUIS IMiJMPHEMCTB
MaIIHHOOYTyBaHHSI.

processes for a more or less distant future. Forecasting
tasks in the economy and management are very popular,
The prediction refers to a science-based probabilistic because they can be used, for example, to predict future
prediction of the paths of development of phenomena and targets in the field of machine-building, in particular

Statement of the problem
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trends in the number of employed workers, the level of
wages, labour productivity in  machine-building
enterprises and so on.

Currently, scientists estimate that there are more than 150
different forecasting methods. The existing sources
present various classification principles of forecasting
methods. One of the most common methods of short-
term forecasting of economic phenomena is the method
of extrapolation, in which conclusions about the value of
forecast indicators in future periods are developed based
on the study of their dynamics in previous periods.
Therefore, practical issues in the introduction of modern
methods of forecasting acquire the relevance today in the
practice of management and use of forecasts as a basis
for planning the industry development, determining
scientifically substantiated judgments about the possible
value of important indicators of industry targets in the
future period.

Analysis of recent studies and publications

In the existing scientific sources, foreign and domestic
scientists have discussed in detail the topical issues of
providing human resources to machine-building
enterprises [1; 2], peculiarities of the personnel
management of machine-building enterprises in modern
economic conditions [3-6] and so on. The analysis of
publications in this area indicates that more deepened
study of the practical aspects of the use of modern
methods of forecasting is required [7-11] for effective
planning, receiving the forecasts of important economic
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indicators of enterprises of the machine-building
industry.

Obijectives of the article

The purpose of the article is to study the theoretical and
practical aspects of the construction of one-factor
predictive models based on the trend and the
implementation of forecasting indicators of the number
of employed workers in large, medium and small
machine-building enterprises.

The main material of the research

In scientific-technical and economic forecasting time is
usually used as the main factor-argument. It is obvious
that it is not the fluidity of time that determines the
magnitude of the predicted indicator, but the effect of
many factors has an impact on it. However, each moment
of time has certain characteristics of the set of factorial
features that change with time to a greater or lesser
extent. Thus, time can be considered as an integral
indicator of the total influence of all factorial features [7].
Let us consider the dynamics of the indicator of the
number of employed workers in machine-building
enterprises for 2012-2017 and determine the dependence
of this indicator on the time factor by constructing one-
factor functions.

In the process of analysis of statistical data on the
number of employed workers in machine-building
enterprises for 2012-2017 [12], monotonous trends in the
trend over the period of time were found, including in the
context of the size of the enterprises (Table 1).

Table 1 — Dynamics of the number of employed workers in machine-building enterprises, thousands people

. Years | o012 | 2013 | 2014 | 2015 | 2016 | 2017
Indicator

Numbe_rofemployedworkersmIargemachlne—bundmg 2132 | 1908 | 1481 | 1110 93,4 86,7
enterprises

Nu_mt_)erofempl_oyedworkers|nmedlum—3|zedmach|ne- 2701 | 2585 | 2397 | 2267 | 2267 | 2370
building enterprises

Numbe_r of employed workers in small machine-building 375 39,5 345 32,7 335 35,1
enterprises

Totaln_umberofemployeesmIargemachme-bundmg 5208 | 4888 | 4223 | 3704 | 3536 | 3588
enterprises

Note: developed by the author (State Statistics Service of Ukraine)

Thus, there is a general steady trend towards a reduction
in the number of employees in domestic machine-
building enterprises. In particular, the analysis of the
number of employees in the context size of the
enterprises indicates a downward trend in large machine-
building enterprises and certain fluctuations in the
dynamics of the indicator of the number of employees in
small and medium-sized machine-building enterprises.

In studies of management situations, extrapolation (from
lat. extra — over and polire — make smooth, trim) is
applied as a forecasting method. One of the limitations in
the use of extrapolation methods is that the extrapolation
forecast can be obtained for a period in the time interval
of not more than 1/3 of the base.

The simplicity and availability of the method make it
possible to widely use it in forecasting for the near future
with adjustment for other (non-forecasting parameters)
factors affecting the studied process.
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Disadvantages of the method are the ability to transfer
the negative trends of the past into the future, as well as
the inability to take into account current trends in the
development of the forecasting object. To improve the
efficiency of extrapolation in the analysis of the situation,
it is necessary to clearly determine the parameters of the
situation, quantitative indicators are projected and how
they can change in the future [9, pp. 62].

The methods of predictive extrapolation include the
following methods: extrapolation based on the average
level of the series, extrapolation by the average absolute
growth, extrapolation by the average growth rate,
analytical trend alignment, exponential smoothing,
moving average, adaptive smoothing, autoregressive
transformation, harmonic weights [7; 10].

One-factor forecast functions are those functions in
which the predicted indicator depends on only one
factorial characteristic. Not only time, but also another
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factor can be used as an argument factor in the one-factor
forecasting function, if its quantitative assessment for the
future is known.

Analytical trend alignment is one of the simplest and
most common forecasting methods. The trend
characterizes the process of change of the indicator over
a long period of time, excluding random fluctuations.
The trend of the phenomenon is found by approximating
the actual levels of the time series based on the selected
function [7].

The process of adjusting a number of dynamics by
analytical way consists of two stages: the choice of the
curve type, evaluation of the curve parameters.
Extrapolation of the trend can be applied only if the
development of the phenomenon is well described by the
constructed equation and the conditions, that determined
the trend of development in the past, will not undergo
significant changes in the future. When these conditions
are used, extrapolation is carried out by substituting into
the trend equation (1) the value of the independent
variable t, which corresponds to the value of the forecast
horizon.

d
Verp = f(tnsp), oy
where: yfi‘;d— is the predicted value of the function;

t — an independent time variable;
n — number of observations (periods of observations in
the past);
p — the value of the forecast horizon (the periods for
which the forecast is made).
The trend equation can be described by a wide range of
dependencies, in particular:
the trend of the indicator can be expressed using a linear
equation:

Ypred = a0 + al *t, 2
where: ao, a1 — unknown parameters of the function;
t — the sequence number of periods or moments of time.
the tendency of the exponent can be expressed by a
power polynomial, such as a quadratic equation:

Yopred = 80 + ™t + ax*t?, 3)

where: ap, a1, a,— unknown parameters of the function;

t — the sequence number of periods or moments of time.
the trend indicator can also be found by using parabolic,
exponential  (exponential), exponential, logarithmic
functions, combinations of linear and logarithmic
functions, functions of Conusa, Tornquist function,
logistic (sigmodontine), hyperbolic functions,
combinations of linear functions and hyperbolas, and so
on.

We consider the numerical evaluation of the unknown
parameters (ao,ai) of the trend equations to use it as a
forecasting tool.

The parameters of the trend function equation are
determined using the least squares method:

> (yt -yt calc)2 = min, 4)

where: y; — the actual value of the function;

Yt calc — the calculated value of the function determined on
the basis of the selected equation.

For a linear equation, the dependence can be written as
follows:
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Y (yi- a0 - a1t)? = min, (5)
In equation (5), the variables y: and t are known
quantities and the parameters of the equation (ao,a;) are
unknown  quantities.  After the  corresponding
transformations we obtain a system of normal equations
far the linear trend equation have the form:

XYe = aon+ a; )t

Syt = agdt + agd t? (6)

For the quadratic equation y = ag + ait + a,t?, the system
of normal equations is as follows:

Yy =aon+ a; Xt + a,¥t?
Yyt = apdit + a Yt? + a,dt3
Yyet? = apXt? + a; 5t® + ap ¥t @)

Also, analysing the graphically visual form of the initial
series of dynamics, you can choose the equation of the
curve or straight line, which reflects the initial series on
the chart as much as possible, then the calculation of the
parameters of this equation is carried out.

To build the one-factor forecast of models the number of
employed workers, we consider the dynamics of the
number of employed workers in large, medium and small
machine-building enterprises in 2012-2017 (Table 1).
Linear forecast model of the number of employed
workers in large machine-building enterprises (according
to statistics of the State Statistics Service of Ukraine):

yu= -27,48 t + 236,7 (8)

Note: developed by the author
where: yu — the number of employed workers in large
machine-building enterprises, thousand people;
t — the sequence number of the study period or time
points.
Linear forecast model of the number of employed
workers in medium-sized machine-building enterprises
(according to statistics of the State Statistics Service of
Ukraine):

Y= -7,818 t + 270,4 9)

Note: developed by the author

where: yp — the number of employed workers in
medium-sized machine-building enterprises, a thousand
people;

t — the sequence number of the study period or time
points.

Linear forecast model of the number of employed
workers in small machine-building enterprises (according
to statistics of the State Statistics Service of Ukraine):

yia= - 0,008 t + 38,64 (10)

Note: developed by the author

where: yiz — the number of employed workers in small
machine-building enterprises, thousand people;

t — the sequence number of the study period.

The adequacy of the regression model is estimated on the
basis of the coefficient of determination. The coefficient
of determination R? is the proportion of variance in the
dependent variable that is explained by the explanatory
variables. More precisely, it is unity minus the proportion
of unexplained variance (the variance of a random model
error or conditional variance of a dependent variable) in
the variance of the dependent variable. It is considered as
a universal measure of the dependence of one random
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variable and many others. In the particular case of linear
dependence, the coefficient of determination is the square
of the so-called multiple correlation coefficient between
the dependent variable and explanatory variables [8, pp.
262]. In particular, for the pair linear regression model,

Table 2 — Characteristics of forecast models
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the coefficient of determination is equal to the square of
the usual correlation coefficient between y; and t.

The values of the determination coefficients (R?) for the
constructed predictive models of the number of
employed workers in large, medium and small machine-
building enterprises are presented in Table 2.
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Initial sample size (n)

6 observations

6 observations 6 observations

Multiple coefficient of determination (R?)

0.953

0.689 0.437

Note: developed by the author
Despite the fact that some of the obtained models are not
reliable enough, they, for lack of others, before the
accumulation of values of longer time series, are shown
in Table 2 for the purpose of comparison. Thus, the level
of multiple coefficient of determination indicates that the
most reliable is the forecast model of the number of
employed workers in large machine-building enterprises
(R? = 0.953), the forecast model of the number of
employed workers in medium-sized machine-building

enterprises has an acceptable quality (R? = 0.689), and
the quality of the forecast model of the number of
employed workers in small machine-building enterprises
(R? = 0.437) indicates the impossibility of its use for the
forecast. Therefore, we consider and construct a predictive
model of the number of employed workers in small
machine-building  enterprises  using  exponential,
logarithmic, power polynomial, power function of the
trend (Table 3).

Table 3 — Nonlinear predictive models of the number of employed workers in small machine-building enterprises

Trend function

Type of one-factor forecast
functions

Multiple coefficient of
determination (R?)

Exponential y = 38,64e0.0% 0.434
Logarithmic y = -2,69In(t) + 38,42 0.484
Polynomial y=0,3781t2-3,558t+42,18 0.6

Power y = 38,42t0.07 0.486

Note: developed by the author

Estimation of reliability of predictive models of the
number of employed workers in small enterprises by the
value of the multiple coefficient of determination
obtained in the Table 3. It shows that the acceptable
reliability has a polynomial (2-nd power) forecast model
of the number of employed workers in small machine-
building enterprises (R2 = 0.6). Other predictive models
of the number of employed workers in small machine-
building enterprises are based on the exponential,
logarithmic and power functions of the trend, taking into
account the value of the multiple coefficient of
determination (R2 < 0.5), there is such their quality that
it is not recommended to use them for forecasting.

To calculate the estimated (smoothed) and forecast
values for 2018, the obtained trend equations should be
substituted with the ordinal number of the period for
which the forecast is made.

Substituting the sequence number of the period, which
will be implemented by the forecast (t=7) in linear
predictive model (8) we calculate that in 2018, the projected
number of employed workers at the large machine-building
enterprises will be 44.34 thousand persons. Substituting the
sequence number of the period, which will be implemented
by the forecast (t=7) in linear predictive model (9) we
calculate that in 2018, the projected number of employed
workers at medium-sized machine-building enterprises will
be 215.674 thousand persons. Substituting the sequence
number of the period for which the forecast will be made
(t=7) in the polynomial forecast model (Table 3) we expect
that in 2018 the projected number of employees at medium-
sized machine-building enterprises will be 35.796 thousand.
Thus, the forecast data on the number of employed
workers in large, medium and small machine-building
enterprises are shown in Table 4.

Table 4 — Results of forecasting the number of employed workers in machine-building enterprises, thousand people

Number of employed workers in

The forecast year large machine-building enterprises

Number of employed workers in
medium-sized machine-building

Number of employed workers
in small machine-building

enterprises enterprises

2018 44.34

215.674 35,796

Note: developed by the author
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So, according to Table 4, we can conclude that in 2018 it
is expected to reduce the number of workers in large and
medium-sized machine-building enterprises, due to the
negative trend in the number of employed workers during
2012-2017 and the unsatisfactory state of the machine-
building industry as a whole. The forecast of the number
of employed workers in small machine-building
enterprises is more optimistic in 2018, a slight increase in
the number of employed workers by 696 people is
expected.

Conclusion

The article deals with the use of modern methods of
forecasting, in particular, the practical aspects of
forecasting the number of employed workers in the
machine-building industry on the basis of the method of
analytical alignment.

In the constructed one-factor predictive models of the
number of employed workers in large, medium and small
machine-building enterprises the time has been used as
the main factor the argument. The fluidity of time has
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been considered as an integral indicator of the total
influence of all factorial features that determine the value
of the predicted indicator. To assess the quality and
determine the accuracy of the forecast, the coefficient of
multiple coefficient of determination has been used.
Thus, from the above calculations of the multiple
coefficient of determination, it is clearly shown that the
proposed linear models to predict the number of
employed workers in large and medium-sized machine-
building enterprises have a sufficiently high reliability of
the forecast, and the most appropriate model to predict
the number of employed workers in small machine-
building enterprises is a model based on the polynomial
trend function.

To improve the quality of the forecast, it is important to
take into account the influence of external and internal
factors on the studied HR-indicators for the enterprises of
the machine-building industry, so the prospect of further
research is the construction of multifactor forecast
models.
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