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Abstract: On the basis of the mechanism of accidental se@sec&nonical
expansions the algorithm of the economic state grfcaltural enterprise
forecasting is obtained which allows to estimate thsults of its work in
future under the realization of a certain reorgatin (change of land
resources, labour resources, fixed assets).

Keywords. accidental sequence, canonical expansion, algorith
of extrapolation.

INTRODUCTION

Economic state is the most important criterion ofibess activity and
reliability of an enterprise that determines itsnpetitive ability and potential in
effective realization of the economic interests alif participants of economic
activity. For ensuring of successful work the maamagnt of an enterprise needs to
be able to estimate and forecast realisticalle@snomic state as well as partners
and competitors. The models of forecasting are dhe instrument of the
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determination of current enterprise state or pdésis of its development. But
such practice in the management of Ukrainian ert&p is absent. Mainly the
experts whose methods don't have clear scientifaugd and have the name
“nosology” which means intuitive approaches basiog personal working
experience are occupied with the forecasting agrprises and banks. Western
specialists have the priority in the investigatioh the possibilities of the
management on the basis of the forecasting of @nger economic state. Bever
started theoretical development and building ofgpostic models, then it was
continued in the works of Altman (the USA) [Altmd®94], [Altman and other
1997], Alberichi (ltaly), Misha (France) and othg@&anger and other 1986], [Hall
1994]. More contemporary trend in the building bé talgorithms of economic
indices forecasting is the usage of stochastic ousthof extrapolation. The
relevance of such approach is explained with tHiki@nce of great number of
accidental factors on the results of enterprisectfaning (weather conditions,
accidental variations of demand and supply, irdlatetc.), under the influence of
which the change of economic state indices obtagtsdental character. But the
existing models of prognosis impose considerabtetdtions on the accidental
sequence describing the change of economic indit&@®nov and other 1998],
[Ryabushkin 1987], [Teyl 1971], [Szmuksta-Zawadz&@l3], [Pedki 2013],
[Potonski 2012] (Markovian property, stationarity, monmyp scalarity etc.).
Thereupon the problem of the building of the fostcmodel under the most
general assumptions about the stochastic propeiftitbe accidental process of the
change of the indices of enterprise economic stiases.

AIM AND THE RAISING OF PROBLEM

The aim of this work is the development of the tedhgy of agricultural
enterprise management on the basis of the algorahrihe forecasting of the
indices of its work. The main requirement to theetasting algorithm is the
absence of any essential limitations on the stdichpsoperties of the accidental
process of economic indices change.

THE SOLVING OFPROBLEM

The most universal from the point of view of thequigements to the
investigated accidental sequence is the method lihaes on the mechanism
of canonical expansions [Pugachev 1962], [Kudnytsk001]. The main primary
indices of the economic state of agricultural gmises are the gross profit, gross
output, land resources, labour resources, fixedtadhat is why the object of the
investigation is the vector accidental sequench fine dependant constituents ( if
necessary the number of figures and their qual@attomposition may be
changed). Preliminary investigations (the check dependence of accidental
values) showed that the accidental sequences bWiegcrihe change of the
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economic state of the enterprises which relat&ééartensive [Sirenko 2010] type
of the development during the interval of elevemrgethat corresponds to the
processing of twelve annual indices for the gremhlmer of the enterprises of the
mentioned type have the most stable and signifisethastic relations. For such
vector accidental sequence the canonical expahsiethe following look:

X, (i) =M[X,(i)]+ ZZV“)¢“)( ),i=112,h=15 1)
v=l A=1
where X, (i), i=1,12 - gross profit;
X, (i), i=1,12 - gross output;
X, (i), i=1,12 - land resources;
X, (i), i=1,12 - labour resources;
X (i), i=1,12 - fixed assets.

The elements of canonical expansion are the adeidetpefficients
VP, v=1,12,A=1,t and nonrandom coordinate  functionsg,’ (i),

v=112,A=1°% h=112,i=1E:

v

Vv(ﬂ) XA(V)—MI:X :I ZZS:V(])¢(J)() (2)

©=1 j=1

A-1 R
> VgD (v),v =112
j=1

D, (v) =M [{v} [=m[{x, ()}’ | -M[x, (v)] - ®)

> >0, (1) (v} - XD, (){e (v)} ., v=112,

4=l =1 j=1

(M[X, (v) X, (i)]- (4)

g () <MLL 06 () MO ()]

M [{VV“)}ZJ D, (v)
M X, ()M %, ()]- 3 20, (e ) () -

50,00 )0, A=180 =T

i=
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Coordinate functions g\ (i),h,A=1,5,v i = 1,1 have the following
properties:

1, h=A4A & v=i
0,i<vor h<A &v=i.

89 (i) ={ (5)

The algorithm of extrapolation on the basis of cacal expansion has the
look [Atamanyuk 2005], [Atamanyuk and other 2012]:

M[X, (0], 4 =0,
e )= 1) 3 () = (]9, 21 ®
e () [ () = 1) J821) 1 =1

where m“(i)=M| X, (i)/x,(v), A=15,v=1u-Lx; @)= 1] h= Lt

i =u+112 - is the linear optimal quantity by the criteriohthe minimum of the

average square of the error of the prognosis igskimation of the future values of
the investigated sequence under the condition that values for random

parameters X, (v) are known x,(v), A=15v="1u-Lx (u) j=1. In

[Atamanyuk 2009] in the form of a theorem is provibet the algorithm has
optimal characteristics.

As it follows from (4) the valuesg! (i),h,A=15vji=11: are

determined through auto- and mutually correlatedkctions of the investigated
vector accidental sequence. In the Table 1 theegadfi autocorrelated function are

Table 1. Autocorrelated function of the accidetatstituentX, (i), i=1,12

2002 | 20031 2004 200p 2006 2007 2008 2009 2010 2012|2013
2002 1 | 099 0,79 0,42 0,79 0,74 0,49 0J)72 0,63 0O@65]| 0,43
2003|1099 1| 0,74 042 0,74 0,74 052 070 0,64 0OAB9 | 0,46
2004|0,70{ 0,72 1| OS5y o067 058 OO0 0/9 0,70 0m®B8 | 0,60
2005|042 042 057 1| 0,38 0,36 0,45 0J)21 041 (0OEB&E9| 0,18
2006 0,79] 0,74 067 038 1| 0,81 0,5 0j91 0,80 0F83]|0,41
2007|0,74| 0,74 058 0,3p 081 1 O,/2 073 0,92 0@BH1]| 0,44
2008 0,49| 052 0,70 045 055 042 1 0/51 Q74 0389|041
2009| 0,721 0,70 0,69 0,21 091 0,43 O51 1 0,77 0®BG4 | 0,55
2010| 0,64| 0,64 0,70 0,41 0,80 0,92 0//4 077 |1 0@&KO| 0,59
2011)0,47| 0,48 0,66 0,3p 0,72 0,81 O,/3 080 091 |@71]0,46
2012 0,55| 0,59 0,78 0,19 053 0,51 049 0,74 Q6@1p 1 |0,71
2013|0,43| 0,46 0,60 0,18 041 044 041 055 0,596 00,71 1
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presented K [;(1([/) >O<1(|)} v =1,12, i= 1,1%) for the first constituent.

For the period of 2002-2012 the values of the aretated functions
M |:)0(h (V))o<h (|)} v=111i=111h= 1, determined by means of the
processing of statistic data (indices of the attiaf Nikolaev region agricultural
enterprises during 2002-2012). For Z(MI{)O(h (v) X (12)} v=111h=1"are

calculated on the basis of the determinate models:

(7)

M[il(v)il(lz)}zusm[ﬁl(u)f’(l( 1)}— oom[f(l(u)xl( ¥
(8)

+0,08M {il(v)xl(g}— 0 01M[>°<l(v)>°<1( )3}— 0,485 = 1,11
M[)O(l(v))o(l(ﬂ)}zoQQM{)O(l(V))O(l(l).} -0 0[521(./)521( J)%+ 9
+0 oozvl[f(l(v)il(g - o,om[il(v)xl( )3} y="111, ¥
M[il(u)il(lz)}o99w[>"<1(v)>"<1( 1;} ooaa{il(u)ﬁ%l( ]@+ "

-0 oom[f’(l(u)il(g - o,oom[xl(u);’(l( Bl v=111

M[Xl(v))o(l(12)}=078&/|[X1(|/))0(1(1).} -0 oael[xl(u)f’(l( ]@+ -

The parameters of the equation (7)-(11) satisfymi@mum of the average
error of approximation (relative error of the faastis not more than 1 %).



12 Igor Atamanyuk, Yuriy Kondratenko, Natalia Sirenko

In the Table 2 coordinate functiogtl(j)(i), v,i=112 corresponding to

autocorrelated functiorM [)()(1(v))0(1(|)} v=112,i = 1,1 and determining the

degree of the influence of former values of grossfip for future values is
presented.

Table 2. Value of the coordinate functiogf! (i), v,i =1,12

2003| 2004, 2005 2006 20Q7 2008 2009 2010 2011 20023
2002| 0,89| 0,54 055 o062 043 045 0,89 0,858 0,2(86 | 2,65
2003 1 | 2,25 -146 -2,40 0,2 547 -2j71 355 1838B52 4,70
2004 O 1 | 509 117 -158 -0,03 -2,y7 -0R3 -558427 5,07
2005| O 0 1]017 026 094 018 0,77 105 -0,57 711
2006| O 0 0 1] 048 12y 106 105 2,01 -2,37 0,69
2007| O 0 0 0 1] -181 074 353 0,37 9B1 2(86
2008| O 0 0 0 0 1| 068 144 3,18 -6,/4 -3[39
2009 O 0 0 0 0 0 1 129 221 -3,80 0,p3
2010| O 0 0 0 0 0 0 1 3,88 0,19 -844
2011 O 0 0 0 0 0 0 0 1 1,99 -4,96
2012] O 0 0 0 0 0 0 0 0 1/ 0,50
2013 O 0 0 0 0 0 0 0 0 0 1

Additionally to the Table 2 in the model (6) the lues
¢ (i),h,=1,5,h# A,vj=11. which allow to consider mutual stochastic

relations between the constituents, (|) h=1,5 (for example, the influence of

land resources on gross profit, labour resourcegass output etc.) are used.

The future values of the mathematical expectedevalithe investigated
vector accidental sequence {X} are estimated with tisage of the determinate
model

M[X,(12)]=2,39M[ X, (1)]- 1,928 X, ( 19+

_ (12)
+1,08M [ X, (9]~ 0,208 [ X, ( B h= 15.
The parameters of the equation (12) as well ag)f{1(l) are determined
from the condition of the minimum of the averageoerof approximation. For
agricultural enterprises of Nikolaev region relatedntensive type of development

the mathematical expectations /g X, (12) | = 4276, M[ X, (12)]|=12844.%.
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In all in the algorithm of the prognosis (6) 55 ramce values
x,(i),h=15,i=11: and 1775 that are not equal to zero balance cefifs
¢ (i),h,A =15, v j = 1,1z are used.

For the increase of the effectiveness of the cating processes during the
prognosis by extrapolator (6) it is advisably te ube calculating procedure the

substance of which is the fulfillment of the follmg stages:
Step 1. For the fixed pointt, (initially v =1) the dispersions

D, (v)(initially A=1) of the accidental coefficienty” with the help of the

expression (3) are determined,;

Step 2. Using the obtained at the previous stepeva@), (v)coordinate
functions gy, (i) for h=1,5;i =v,12 by the formula (4) are calculated;

Step 3. The conditiom <5 is checked. If the outcome is positivé, is
increased by onel =1 +1and the transition to Step 1 is fulfilled. Otheravithe
calculating process is continued by the transitothe next Step 4.

Step 4. The check ofy <12 is fulfilled. If the condition is performed, the
value v is increased by one =v +1, the parameterl is given the value one
A =1 and the transition to Step 1 is fulfilled. If thendition is not carried out, it
means that the parameters of the extrapolator aterrdined for all points of
discretization in which accidental process is vidvaad the transition to Step 5 is
fulfilled;

Step 5. The estimation of the future value of theestigated process is
specified by the introduction into the calculatimocess the next value

x (1), 1=1,5 (initially #=1). For|=1 the third expression of the formula (6) is
used, forl =2,5 the second one is used:
Step 6. It is checked whether all values are usedhe forecasty =11. If

the condition is fulfilled, the process of calcidas is finished, otherwise the value
M . Is increased by ong = i +1 and the transition to Step 5 is fulfilled.

The block diagram in Figure 1 illustrates the wofkhe algorithm.
Model (6) gives the possibility to estimate grossfip x1(12) and gross

output x2(12) for 2013 for a certain enterprise basing on thetada

x,(i),h=1,5,i = 1,17 of its work for eleven previous years. The congmiof the

prognostic values which are obtained by meanseag#irapolation algorithm with
the statistic data of the results of agricultunategprises work of Nikolaev region
for 2013 indicates high effectiveness of the depetl prognostic model (relative
error 2-3%).



14 Igor Atamanyuk, Yuriy Kondratenko

, Natalia Sirenko

Figure 1. Block diagram of the functioning of tHgaithm (6).

Calculation D, (v)
according to (3)

]
v

Calculation o) (i),

v =v+1 ‘

h=2.5i=v,12 by (4)

Yes '\ No
v <12

\ n

v
Forecast specified

n=p+l ‘ using x, (H)J=L75
according to (6)

Yes No
n<il

( End )

New known results of enterprises functioning fod2@&llows
characteristics of the algorithm (6) and the exifajpr can be

to specify the
used for the

enterprise management at the level of the parame@)e{ftZ) - land resources in
2013, x,(12) - labour resources in 2013 (12) - fixed assets in 2013 for the

achievement of the required effect for 2014.
The diagram of the computer system functioning bae
developed technology of management is presentetjure 2.

basis of the
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Figure 2. Computer system for the forecast and gemant of an agricultural enterprise.

Grossprofit Grossoutput Landresources| | Manpower | | Fixedassets
(GP) (GO) (LR) resources (MR (FA)
« v
Database 1« Computersystem
Forecast
GP, GO
Variation block of]

LR, MR, FA

CONCLUSIONS

The optimal algorithm of the extrapolation of theoromic indices of
agricultural enterprises which as well as canonegbansion put into its base
doesn’t impose any essential limitations on thersstic properties of economic
indices is obtained.

The model of the forecast allows to estimate thsults of enterprise
functioning after its reorganization (the changdaoid resources, manpower, fixed
assets).

The offered method of management may be alsaeshfor nonagricultural
enterprises with other set of economic indices.
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