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ABOUT OPTIMIZING OF INVESTMENTS VOLUME TO IMPROVE
THE BASIC INDICATORS OF THE ENTERPRISE EFFECTIVENESS

Purpose. Profit and profitability of any, including transport enterprises are the main economic indicators of the
enterprise effectiveness. These indicators reflect the results and successful performance of the enterprise. On the
other hand the enterprise effectiveness in the long term, assurance of rapid development and competitiveness is
largely determined by the level of investment activity and the range of investment activity. The purpose of this study
is the feasibility of the method to determine optimal investments volume for improving these or others (selectable by
the management) principal economic indicators of the enterprise effectiveness. Methodology. The basis of the pro-
posed methodology for determining the optimal investments volume is the theory of optimal control, in particular,
the procedure of dynamic programming since a managed development process of the enterprise is a multiple stage.
This procedure, using a phased plan, allows not only simplifying the solution of optimization problems, but also
solving those, which are impossible to apply the methods of mathematical analysis. Findings. The expediency of
performing the calculations to determine the optimal investments volume to ensure high rates of enterprise devel-
opment was proved, it is a key to the effectiveness of the enterprise in the long term and it improves its competitive-
ness. Originality. It is shown that using methods of the optimum control theory one can calculate the minimum vol-
ume of capital investments for the improvement of economic indicators, which determine the enterprise effective-
ness. The proposed method of calculation does not depend on the specific content of economic indicators. The effec-
tiveness of this calculation method is demonstrated on a model example. Practical value. The proposed method of
calculating the minimum volume of capital investments to improve the economic effectiveness of enterprises is
quite simple, but at the same time enables, on the one hand, to determine priority directions of investment activity of
the enterprise. On the other hand it improves the manageability and transparency of business enterprises, increases
the head's confidence in the correctness of decisions.

Keywords: income; profitability; economic indicators; efficiency; optimal volume of investments; optimization;
competitiveness; controllability; dynamic programming

Introduction other hand the enterprises effectiveness in the
long-term prospects, assurance a high rate of de-
velopment and increasing competitiveness is
largely determined by its level and range of in-
vestment activity.

The volume of investments depends on many
factors. For example, volume of investments de-
pends on the distribution of the earned incomes on

Income and profitability of any, including
transport [5—7] enterprise are the main economic
indicators of enterprise effectiveness. These indica-
tors reflect the results and successful performance
of the enterprise. They will help determine the vi-
ability of the realizable business-project and to cor-
relate values of benefits and costs [10]. On the
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consumption and savings. With low per capita in-
comes most of them are spent on consumption.
Revenue growth causes an increase in their share
allocated to savings, which are a source of invest-
ment resources. Consequently, the share increase of
savings causes corresponding increase in the vol-
ume of investment and vice versa. Also the expected
net profit margin has significant influence on the
volume of investments. This is due to the fact that
profit is the main motive of investments. The higher
expected net profit margin the higher volume of
investments will be and vice versa [4, 6, 11].

As it is known [1-3], before the investment one
should perform a range of activities to substantiate
the effectiveness of investments at the enterprise,
called the investment project. Preparation of an
investment project is a long and sometimes very
expensive process consisting of series of acts and
stages.

The main purpose of the investment project, as
a rule, is increase the net income and profitability,
therefore increasing the efficiency of the enterprise
performance to the desired level. Consequently,
one of the stages of its preparation may be deter-
mining the optimal (minimum) volume of invest-
ments. This object can be effectively solved by the
methods of optimal management theory. Examples
of these methods application in economics are pre-
sented in papers [13, 14].

Purpose

In this paper we present a method for calculating
the minimum volume of investments to achieve the
desired values B, — net income and R, —

profitability of the enterprise. It is assumed that the
costs are known a, b c at

i—i+l,j i,j—>j+1° i—i+l,j—>j+1

the change-over from the level (£, R;) magnitudes
of income and profitability up to levels (F,;, R;),
(F, R;,,) and (F,,, R;,,) correspondingly, where
F<B,,R<R,,,i=0,1,.,N, j=0,1,..,M, -

i+l J+1o

numbers of steps calculations, and a step of
calculation are month, quarter or a year. These costs
may be calculated by using the discounting method,
i.e reduction of nonsimultaneous incomes and
expenses, carried out within the framework of
investment project to the single (base) moment in
time [6, 10]. All calculations are carried out in basis,
anticipated and in the setting prices.

Methodology

The proposed methodology is a dynamic pro-
gramming procedure [8, 9]. This procedure, using
a phased plan, not only let simplify the solution of
optimization problems, but also solve those of
them to which it is impossible to apply the meth-
ods of mathematical analysis.

Accordingly to this procedure, the process of
decision-making concerning investments begins
from the last k -step. On this step one choose the
solution that allows obtaining the greatest effect
(reaching the final level (B, R,) for a minimum

volume of investment). Having planned this step, it
can be attached to the penultimate (k—1) step,

which in turn, (k—2) and so on.

In order to plan £k -step, one should know the
level (P, R) of the enterprise on (k —1) -step. If the
level (P, R) of the enterprise on (k —1) -step is un-
known, then one consider the various levels at this
step. For each possible level is selected so-called
conditionally optimal solution on the last, & -step.

Let us plan £ -step-by-step investment process and
(Pk—l,lﬂ Rk—l,l) > (Pk—l,2= kal,z) PRy (Pk—l,r’ kal,r) -
possible levels on (k —1) -step. On the last step we
will find conditionally optimal solution for each of
them. Thus, k-step has been planned. Really,
whatever level (P, R) on the penultimate step
was, we already know what solution should be ap-
plied on the last step. We proceed similarly to
(k—1) -step, only conditionally optimal solutions
should be chosen, taking into account already
selected suboptimal solutions on & -step and so on.
As a result, we are on the original level (£, R;) of
net income and profitability.

For the first step of assumptions about the pos-
sible level (P, R) we do not do, as the level

(R, R,) 1s known, but we find the optimal solu-

tion, taking into account all conditionally optimal
solutions, which have been found for the second
step. When passing from (£, R,) to (B, R,), we
obtain the desired optimal solution that provides
minimum volume of investments and their best
distribution on the steps of calculating.

Findings

As we have defined the performance level of
the enterprise with two parameters (P, R), then
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the optimal solution is convenient to search with
the geometric method on the plane POR , or rather

on bounded with lines P=F, P=F, R=R,,
R=R,
acceptable

of rectangle, which is the domain of
(R, Ry)
(P, R,) levels are well defined as two points of
the plane (Fig. 1).

levels. Initial and final

On fig. 1 vertical segments show profitability
increase at a constant value of income, horizontal
segments show income increase at a constant value
of profitability, and diagonal segments show simul-
taneously increase of income and profitability.

It is assumed that in one step one can increase
either net income on the amount AP, or profitabil-
ity on the amount AR or it is possible simultane-
ous increase both income and profitability. Here

AP < B —-F AR = R, —R,
m n,

where n;,n, — numbers of steps, accordingly,

horizontally and vertically. Obviously, there are
many trajectories (solutions) that are represented as
broken lines (P, R) on which the point can be

moved around from (F), R)) to (B, R,). Thus,

from solution set we have to choose the single one
that will minimize funds expenses equal to the
amount of funds expenses for each stage corre-
sponding to the broken line.

To demonstrate the efficiency of the above
mentioned algorithm one should construct an optimal

Fig. 1 solution for the investment process, shown in Fig. 2.
Rl.
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Fig. 2. On the horizontal, vertical and diagonal
lines are given the model parameters a

b

i,j—>j+1>

Suboptimal solutions will be represented by the
arrows coming out of circles, and the minimum
expenditure of funds will be recorded in circles. If
the point (P, R) is on the line £ , that pass through

the (B, R,), then one can be moving around only

i—i+l,j 2

ci»i+l,jaj+l .

vertically to this point. This is the only solution
possible and optimal.

In our case there are four points on the straight
line k (4, 4,, 45, A,), for which a path of motion
in (B, R,) vertically is the only thing, and funds
expenditure are 10, 17, 25 and 30 units accord-
ingly. On the straight line & point (P, R) may be
from points (B,, B,, B;, B,, B;) of straight line
k—1. Considering these points, we choose the
conditionally optimal solution for each of them,
taking into account conditionally optimal solutions
that have been found for points. If the point (P, R)
is in the point B, as a result of previous step, then
single (horizontally) funds expenditure is 4 units.

Three ways are possible from the point B, in to
the point (F,, R,): through point B, and funds
expenditure is 9 units; through point 4,, and funds
expenditure is 19 units; diagonally (and funds ex-
penditure is 10 units.). In this case the conditional
optimal solution is jump in vertical direction
(through the point B,).

Similarly, we find suboptimal solutions for
points B, B,, B;. Then subsequently find subop-
timal solutions for points on other lines, until we
are at a point (R, R,), for which we establish the
optimal solution, therefore, the optimal solution for
the entire process. The final optimal solution is
shown in Fig. 2 with two parallel arrows. Number
32, standing next to the point (F), R,), mean
minimum funds expenditure for jump from this
point in to the point (5, R,) .

Originality and practical value

It is shown that using the theory methods of op-
timal control one can calculate the minimum vol-
ume calculation of capital investments for improv-
ing the economic indicators which are determine

the enterprise effectiveness. The proposed method
of calculation does not depend on the specific con-
tent of economic indicators. The effectiveness of
this calculation method is demonstrated on the
model example.

Suggested calculation method of minimum vol-
ume of capital investments in order to improve the
economic indicators of the enterprise effectiveness
is quite simple, but at the same time it allows, on
the one hand, determining major priorities for in-
vestment activity of the enterprise. On the other
hand it increases the manageability and transpar-
ency of economic activity at the enterprise, en-
hances the confidence of the head concerning the
correctness of decisions.

Conclusions

If for some node point there are several (two or
three) conditionally optimal solutions, then they
are all marked by arrows, and after that any of
them is selected. In these cases, the problem has
several solutions, if such nodal points belong to the
optimal trajectory.

We should note that the above mentioned calcu-
lation algorithm can be applied for any pair of the
economic indicators operating efficiency at any en-
terprise.
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OB OIITUMU3AIIUU OB bEMA MHBECTUIIVH JJIS YIYUIIEHUS
OCHOBHBIX MOKA3ATEJIEA Y®®EKTUBHOCTU PABOThHI
HPEANIPUATHUA

Hesb. [Ipubsuts 1 peHTa0CTBHOCTD JIF0O0T0, B TOM YHCIIE TPAHCIOPTHOTO, MPEANIPUSITHS — 3TO OCHOBHBIE KO-
HOMHYECKHE IoKa3arenu 3PPEeKTHBHOCTH PaOOThI NPEANPHUITH. DTN MOKA3aTeNId OTPAXKAIOT PE3yJIbTaThl M YCIIEI-
HOCTh pabots! npeanpusitus. C Ipyroi cTopoHsl, 3G (eKTHBHAS AEATENBHOCTD MPEANPHUATHS B JOJITOCPOYHOI mep-
CIEKTUBE, 00ECIICUCHNE BBICOKMX TEMIIOB €TO Pa3BUTHS U MOBBIMICHNUS KOHKYPEHTOCIIOCOOHOCTH B 3HAYUTENbHOMN
Mepe ONpEeNeITIOTCd YPOBHEM €r0 MHBECTUIIMOHHON aKTUBHOCTH M JWANa30HOM WHBECTHLHOHHOM NESTENbHOCTH.
[lenpro TaHHOTO HMCCIIEAOBAHUS ABISIETCSI 0OOCHOBAaHNE METOAA OINPEAEICHHs ONTHMAIBLHOIO 00BbeMa MHBECTUINI
JUIsl YJTy4IICHHS 3TUX WM IPYrux (BBIOMpPaeMbIX PyKOBOJICTBOM) OCHOBHBIX SKOHOMHMYECKUX MOKazareneil s dek-
TUBHOCTH paboThl mpennpustus. Meronuka. B ocHOBe mpejsaraeMoil METOJMKH OIPENENICHHUs] ONTHMAaIbHOTO
o0beMa WHBECTHLMH JIKUT TEOPUSI ONTUMAIBHOIO YIPaBJICHHUS, B YACTHOCTH, MPOILEAypa ITUHAMHYECKOTO IpO-
rpaMMHUPOBAHUS, TaK KaK YNPaBIsAeMbli IPOLECC Pa3BUTHUS MPEANPUATHUS SBJIAETCS MHOTO3TanHbIM. [laHHas mpole-
Jypa, UCIOJIb3ysl MO3TAHOE IJIAHUPOBAHUE, MO3BOJIAET HE TOJIBKO YHPOCTUTh PELICHUE 33]a4 ONTHMHU3ALUH, HO
U PEIINTh T€ U3 HUX, K KOTOPBIM HENb3s MPUMEHNUTHh METO/BI MaTeMaTH4IecKoro aHanusa. PesyabraTel. O60cHOBa-
Ha 11e7ec000pa3HOCTh MPOBEICHHS PACcUETOB ISl ONPEAETICHISI ONTUMAIBHOTO 00beMa HHBECTHLIMH C LIeNIbI0 00ec-
MIEYCHNS BBICOKHX TEMIIOB PA3BUTHS NMPENNPHUATHS. DTO SBISETCS 3a10roM 3(GQPEKTUBHOCTH NEATENBHOCTH Mpea-
HPUSATHS B IOJITOCPOYHOM MEPCTIEKTHBE U MOBBIIIEHHUS €r0 KOHKypeHTocnocoOHocTH. Hay4yHnasi HoBu3Ha. [lokasa-
HO, 4TO C ITOMOIIbIO METOJIOB TEOPUH ONTHMAIILHOTO YIPAaBICHNS MOXHO MPOU3BECTH PAaciyeT MUHHMAIBHOTO 00b-
eMa KalHUTalbHbIX BIOKECHUH IS yIIydIICHNS] SKOHOMUYECKHUX TTOKa3aTelel, KOTOpbIe ONpeneisitoT 3(h(heKTUBHOCTh
pabotsl npeanpusitus. [IpemnoxxeHHas METOIMKA pacueTa He 3aBUCHT OT KOHKPETHOTO COJEpKaHHsS SKOHOMHYE-
CKUX MoOKa3zareseil. DPPEeKTUBHOCTh NTAaHHOW METOIMKH pacyera MpoJEeMOHCTPUPOBaHA HAa MOJEIHLHOM HpUMEpE.
IIpakTnyeckass 3HaunMocThb. [Ipennaraemas B craThe METOAMKA pacdyeTa MUHHMAIBLHOTO 00beMa KarnuTajJbHBIX
BJIOXKEHHH ISl YITy4IIeHHUs] SKOHOMUUYECKHX TToKa3areseil 3(h(eKTUBHOCTH MIPEANIPUSITHS JOBOJIBHO IPOCTa, HO B TO
K€ BpeMsl MO3BOJISIET, C OAHOM CTOPOHBI, ONPEEIUTh IPUOPUTETHBIE HANPABJICHUs] WHBECTUILMOHHOMN AEATENbHO-
ctu npennpusatus. C Ipyroil CTOpoHbI, OHa NOBBIIIAET YIPABIIEMOCTh U IPO3PAYHOCTh X03AUCTBEHHOU AEATEIbHO-
CTH TIPEANPUSTHS, OBBIIIAET YBEPEHHOCTh PyKOBOIUTEINS B IPABUIBHOCTH IPUHUMAEMBIX PEIICHHH.
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PO ONTUMIBALIIO OBCAT'Y IHBECTHUIIIN JIJISA MOJIMIIEHHS
OCHOBHHUX NOKA3HUKIB E@EKTUBHOCTI POBOTH
HIAITPUEMCTBA

Merta. [IpuGyTok i peHTaOenbHICTE OyAB-SKOTO, B TOMY YHCII TPAaHCHOPTHOTO, ITiJIPHUEMCTBA — II€ OCHOBHI
€KOHOMIYHI ITOKa3HUKU e(eKTUBHOCTI poOOTH minnpueMcta. LI nmokasHUKK BiioOpaaroTh pe3yabTaTH Ta YCIIll-
HIiCTh pOOOTH MiANpHEMCTBA. 3 HIIOTO OOKY, e)eKTUBHA JiSTIbHICTD MIAPUEMCTBA B JOBIOCTPOKOBIH MEPCIIEKTHBI,
3a0e3NeueHHsT BHCOKHMX TEMIIB HOro pPO3BUTKY W MiABHIIEHHS KOHKYPEHTOCIPOMOXHOCTI 3HA4HOIO MipOIO
BU3HAYAIOTHCS PIBHEM HOTO iHBECTHIIMHOI aKTMBHOCTI Ta Jialla30HOM IHBECTHLIHHOI AisuIbHOCTI. MeToo naHoro
TOCTIKSHHST € OOTPYHTYBaHHS METOIy BH3HAYCHHS ONTHMAIBFHOTO OOCATY iHBECTHIIH I MOJIMIICHHS X a00
iHmmX (OOMpaHWX KEpPIiBHUIITBOM) OCHOBHHX EKOHOMIYHHX MOKa3HHKIB €()eKTUBHOCTI POOOTH MiAIPHEMCTBA.
MeTtoauka. B 0CHOBI 3amponoHOBaHOT METOAWKH BHU3HAUYEHHS ONTHMAIBFHOTO OOCATY iHBECTHIIN JIEKUTH TEOPis
OIITHMAJIBHOTO YIIPaBIIiHHSA, 30KpeMa, poLeypa JMHAMIYHOTO IIPOrPaMyBaHH, TaK K KEPOBAHUH MPOLEC PO3BUT-
Ky MiAnpHeMCcTBa € OararoeranHuM. [laHa mpolenypa, BAKOPUCTOBYIOUH MOCTAIHE IJIaHyBaHHS, J03BOJISE HE Tillb-
KM CTIPOCTHTH piIlIeHHS 3a[ad ONTHMIi3allii, ane i BUPIIINTH Ti 3 HUX, IO SIKMX HE MOXKHA 3aCTOCYBaTH METOIU Ma-
TeMaTHYHOro aHajuizy. PesdyabTaTn. OOrpyHTOBAaHO OLUIBHICTH MPOBENIEHHS PO3PAxXyHKIB [yl BU3HAYEHHS OITH-
MAJILHOTO O0CATY IHBECTHIIIN 3 METOI 3a0C3ICUCHHS BHCOKHX TEMITIB PO3BUTKY mianpueMcTBa. Lle € 3amopykoro
e(eKTUBHOCTI JAiSUIBHOCTI MiANPUEMCTBA B JOBrOCTPOKOBIi MEPCIEKTHBI Ta MiABHIIEHHS HOT0 KOHKYpPEHTOCHPO-
MoxHocTi. HaykoBa HoBH3Ha. [loka3aHo, 110 32 JOMOMOTOI0 METOAIB TEOPii ONTUMAIBHOTO YNPABIIHHSI MOXXHA
3pOOUTH PO3pPaxyHOK MiHIMAJIBHOTO OOCATY KaIliTaJbHUX BKJIAJECHb ISl TOKPAILCHHS! eKOHOMIUYHHX ITOKa3HUKIB, SIKi
BU3HAYAIOTh €(DEKTHBHICTh POOOTH MiANPHEMCTBA. 3alIPOIIOHOBAHA METOIMKA PO3PAXYHKY HE 3aJIC)KUTDH BiJ KOHK-
PETHOTO 3MICTY €KOHOMIYHHX MOKa3HHKIB. E(QeKTUBHICT MaHOI METOAWKH PO3PaXyHKY MPOJEMOHCTPOBAaHA HA MO-
nenpHOMY Tpukiani. [lpakTuuyHa 3HaunMicTh. [IponoHOBaHA B CTaTTi METOAMKA PO3PaXyHKY MiHIMAIBHOTO 00CS-
Ty KalliTATbHUX BKJIAZCHB JUIS MOJIIIIEHHS] eKOHOMIYHHUX TIOKa3HUKIB €(peKTUBHOCTI MiATIPHEMCTBA TOCHUTH TIPOCTA,
aje B TOW XK€ 4Yac J03BOJISE, 3 OAHOTO OOKY, BU3HAUMTH MPIOPUTETHI HANIPSIMKH {HBECTHUIIIIHOT OisSUTBHOCTI MigIpH-
eMCTBa. 3 iHIOro GOKy, BOHA MiJABHIIYE KEPOBAHICTH 1 MPO30PICTh TOCHOAAPCHKOI TisNTBHOCTI MiANpPUEMCTBA, Iif-
BUIIY€ BIIEBHEHICTh KEPIBHHUKA y MIPABUIBHOCTI MPUHHATHX PIIIICHb.

Kniouosi cnosa: npnbyToOK; peHTa0EIbHICTh; EKOHOMIUHI MOKa3HUKH; €PEKTUBHICTh POOOTH; ONTHMAIBHHNA 00-
CSIT 1HBECTHLI1; ONITHUMI3allisl; KOHKYPEHTOCIIPOMOXKHICTh; KEPOBaHICTh; TUHAMIUHE POTPaMyBaHHS
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