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Methods. The article explores and substantiates methods for determining consumer demand
and, on this basis, develop optimal production plans considering technological, operational and
market restrictions.

Results. Model of optimal strategy production output are proposed Implementation of these
methods allows the company to be more competitive. The research was carried out at «Pridneprov-
sky» company, Dnipro, Ukraine. The company is a modern, mechanized and automated business.
Nowadays the company produces more than one hundred kinds of dairy products. The company
controls the terms of production, storage and transportation of their products from a farm to the sale
of finished products. Economic efficiency of «Prydniprovsky» company depends on the timely and
proper response to consumer demand. Therefore, the enterprise must adapt plans and range of
foods. These changes may range from once a month to once in ten days. Adjustment plans, in most
cases, are carried out by income criteria or sales volume. This calculation is usually performed
manually, and decisions are made by experienced specialists. These decisions can be attributed to
rational or close to optimal. Practice management now shows that such plans and management deci-
sions are not perfect. Deficiencies are caused by different experience planning professionals, lack of
time to consider all the factors, subjective approaches to solving the problems. The proposed meth-
odology eliminates these shortcomings and allow to increase profitability of this enterprise.

Novelty. Proposed models and methods given differ from the existing ones by the formal-
ized approach, the use of economic mathematical models of demand assessment and optimal fin-
ished product determination considering technological and market constraints.

Practical importance. The models of demand forecast and calculation of the optimal plan
of production of the «Pridneprovsky» company are offered. Models allow to increase profitability
and competitiveness of this enterprise. The results of the study presented in the article are of practi-
cal interest for businesses operating in the consumer market.

Keywords. Optimization, demand, forecast model, production output, criterion, technologi-
cal constraints, correlation.

Problem statement. At present, in the
current economic situation, it is necessary for
the company to form an effective strategy of
production. To do this, the company needs to
forecast the demand for products and in accord-
ance with this demand to formulate a produc-
tion program.

Therefore, it is advisable to explore sci-
entifically the substantiated methods for deter-
mining customer demand and on this basis to
develop optimal production plans considering

technological, operational and market con-
straints.

Analysis of recent research and pub-
lications. Commercial enterprises tasks of in-
dustrial activity planning economic-
mathematical models are studied and described
in many research papers. So, the paper [1] pre-
sents the concept and algorithm of the complex
production program development and imple-
mentation.
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Efficiency estimates of the product
range management system on market are pre-
sented in paper [2]. Practical recommendations
for enterprise efficiency improving are investi-
gated and provided in the paper [3]. Production
program optimization as a part of the dynamic
system of the enterprise activity planning was
carried out in research paper [4]. In the publica-
tion [5] the process of forming an enterprise's
production program is considered and mathe-
matical model for estimating the level of uncer-
tainty is proposed .

Enterprise production program planning
system using economic and mathematical
methods and models is proposed in research
paper [6]. The article [7] substantiates the ne-
cessity and expediency of the production pro-
gram fuzzy linear optimization model with
flexible restrictions of production resources.

Complex analysis was carried out and
some methods of forming an effective goods
assortment were proposed in the paper [8].

Despite many scientific publications on
the chosen topic enterprise's production pro-
gram formation economic-mathematical model
needs further improvement.

Formulating the purpose of the article.
The purpose of the article is to develop scientif-
ically the substantiated methodology for opti-
mal production plans considering forecast of
customer demand, technological, operational
and market constraints

Outline of the main research material.
Investigation of demand for products is per-
formed in two stages. The first stage includes
the research and product sales analysis, the sec-
ond one calculation of optimal output to meet
the demands. The assortment and volume of
products are calculated for each consumer who
buys them. As a result, the company can identi-
fy the most profitable customers and to link
production with actual market needs, improve
sales system, establish an individual approach
to meet the individual consumer’s needs.

Every month several parameters are cal-
culated for each consumer.

The average volume of products pur-
chased from a consumer to an enterprise.

. ®
ij = n
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where — p, sales i — product type j—

consumer, for k —day,
P,- sales | — product type j— consumer

per month,
N — number of days in the month.
Standard deviation in sales during the
month of the average volume is estimated by
the following equation:

n

(i —Py)? @)
_ i=1
SHE \ T

In general, the rate of satisfying demand for the
i-th kind of production will be calculated by the
formula:

100% )

where, ; *— request for i-th type of
ij

product, per j day, by k—s customer.

The variable Ki can identify those cus-
tomers and products, which do not meet the
demand. Further, this value should be used to
adjust the production enterprise program, raw
materials purchase policy and enterprise devel-
opment [12].

For quantitative assessment of demand
and production of the i-th type of product in
time we introduce the Ri coefficient.

2 K Zpk” Zzuk
zpkijzij ’(k:1 - )
k=L

n

: e |, O3 (4)
Z(pk”)27 k:ln _ Z(Zk”)27 k:ln

k=1

R =

Thus, if the value Ri is within 0,8-1, the
production properly responds to the demand
change on this product type. If Ri is within 0,8-
0,4, the production does not meet the demand
and needs to review the approach to the produc-
tion. If Ri is less than 0.4 enterprise pays no
attention to these products.

The next stage assesses the consumers
tastes around the city of Dnipro. The analysis
shows the products which are in demand in the
given area of the city to provide product plan-
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ning taking into account the benefits of differ-
ent social groups living in the area.

For this purpose, consumers of the re-
gions are grouped and supply and demand for

m m
the kinds of products Zy : P are counted
up, where m — number of the area of town.
Then goods that meet the highest demand are
Z . =max(Z™)
calculated by the formula i-1m
Then the coefficient of demand is calculated.
v Lo —Poax 0
K™= 5 100% )

max
1

where Prraxc products which meet the
highest demand.

The analysis of K * coefficients makes it
possible to adjust production for the most im-
portant consumer products[12],[9].

In order to timely meet the demand for
products short-term forecasting models are pro-
posed [7],[8],[9]. The models make it possible
to calculate the demand for the next planning
period [10],[11]. Forecasting results are given
to the enterprise administration for production
program adjustment.

Model of Short-term Forecasting of De-
mand for Products. In order to forecast the pro-
cesses with rather high sales (more than 100
outlets), there is a convenient forecast approach
using Fourier transformation with a further
ranging trend separation[13].

Let x (t) is a random process specified by
Xi, 1 =1 .. n. Having expanded this process in
Fourier serial by means of fast Fourier trans-
formation, then we get the following:

1 n—1 i
(j/n)k
C . = —F— X, e :
7= I Zk:() % (6)

where n — number of values in the sample
Xi

cj — Fourier serial expansion coefficient.

We calculate the absolute value, j = 1,
...,m and calculate the trend frequency using
the formula:

g, =c,-H(c,|— D)

(7)

where

212

{1 if x>=0
H(x)=

0 if x<0
L - const,

With (7), the coefficients in the expan-
sion, which values are lower of the threshold L
are converted to zero. Thus, the random com-
ponent in the spectrum is truncated. The re-
maining coefficients describe the trend. Having
applied the inverse Fourier transformation to
cj, trend value is restored. Continuing the ob-
tained trend for 1-5 values forward, we produce
forecast with low relative error.

It is suggested to apply the extrapolation
formulae that use one and two prehistory
points.

For one-point extrapolation, the formula
is of the form:

K. (b) 4T
where >, ,, - estimated value, x -

prehistory point.

2% ©)

n
Kx (1), Kx (2) - values of the correla-
tion functions for t=1 and 7=2.

Correlation function is calculated by the
formula:

1 n—t _ _
K. (7)= (nj;(xi - X)(x,,. (10)

X =

To forecast two prehistory points, the
extrapolation formula is of the form:

KO-K@O)
KO-k (1)

x x
= ) ) X+ ) ) X~ X

KOKO-KE0 A
K0)-K(1)

11)

The maximum mean quadratic error for
the formula (8) will be equal:
KZ (D
2 o x ~ 7
g =K, (0 X (o) (12
The maximum mean quadratic error for
the formula (11) will be equal:

K, (0K’ ()-2-K; (DK, (2) +K, (0K} (2)

£ =KO- KE0)- K (1) (13)
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The forecast results analysis by one and
two prehistory points has shown that the predic-
tion accuracy is slightly higher at an extrapola-
tion of two prehistory points, although the ac-
curacy increase is negligible. The value of cor-
relation function Rx(t) for t=1,2 must satisfy
the inequality:

R (D= LHON 0,4 +0,5
K. (0) (14)
K, (2

R.(2) = KX—EO; >0,4+0,5 15)

The average quadratic prediction error
for one prehistory point for Rx (1)> = 0,4 will
be equal to 2 = 0,84 - K_(0) -

To forecast errors for two prehistory
points for Rx (1)> = 0,5 and Rx (2)> = 0,4 we
will get:

2 - 0,79-K2(0)—0,5- K2 (0)
- K2(0)-0,5-K,(0) 16)

The formulae given demonstrate that
these models make it possible to describe and
predict the processes that satisfy the given con-
straints.

To determine the optimal strategy of
products, the economic and mathematical mod-
el is proposed. The criterion of optimization is
the minimum costs of production, inventory,
fulfillment of basic and overtime operations.

M—c

.
(Vi Xi +Co 1y +bnl,[)+2(rtw‘ +a,0, +hH, + f,F,) > min

t=] t

N

X T *r+:',r—1 -4 = z"; (17)

A
Z kix,—w,—0, <0;(18)
i=1

w, —w,_y —H, + F, =0;(19)
—p.w, + 0, =< 0;(20)

X, = 0;
1.V = 0;
L. =0;

e
Wrrﬂtr PrrHrr'F,:_- E ﬂ;
i=12...N;j=12...T.

X, - production output within the t peri-

od,;
v, - unit cost produced within the t pe-

riod;
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¢, — Storage costs per unit of i-type prod-

ucts of t period;
|~ volume of product stored during pe-

riod t;

I~ volume of product, which was not

supplied to the consumer for the t period;
b, — losses due to the lack of i-product;

r, — the cost of man-hour of primary la-

bour force for the t period;
w, — number of man-hour of primary la-

bour force necessary for production output dur-
ing the t period;
a, — man-hour cost of overtime labour

force during the t period;
O, — humber of man-hours of overtime

labour force needed for production during the t
period;
h, — man-hour cost of additionally em-

ployed labour force during the t period;
H, —number of man-hours of additional-

ly employed labour force needed for production
during the t period,;
f. — man -hour cost of fired labour force

during the t period,
F - number of man-hours of fired labour

force during the t period;

N — number of products varieties;

T — number of planning periods of t
length each;

z, —demand for i product during the t pe-
riod,;

k, — unit labour costs for production of
the i-th product;

P, — percentage of overtime work during

the t period.

Restriction (17) balances demand, pro-
duction, stocks and debt on goods. Restriction
(18) is imposed on the available workforce.
Equation (19) limits the changes in workload
and labor. Restriction (20) is imposed on the
upper limit of the use of overtime work.

Conclusions. The method of the demand
calculation of the company products that makes
it possible to determine the amount of demand
as well as properly respond to changes of con-
sumer preferences and quantify the response
quality on changing demand is proposed.
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The economic and mathematical model
proposed enables to determine the optimal
amount of production considering technologi-
cal, operational, and market constraints, the
model is implemented on the PC using the im-
proved simplex method.

Calculation results are provided to the
company executives to make the final man-
agement decisions.

The economic and mathematical models
can significantly reduce the undermade profits
and improve the whole enterprise efficiency.
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30epiraHHs Ta TPAHCIOPTYBAaHHS CBO€I MPOAYKLIi 3 Gepmu 10 mMpojaxxy roroBoi npoaykiii. Exo-
HOMIYHa e(heKTUBHICTh KOMOIHATY «IIpuAHINPOBCHKUI» 3aJI€KUTh B1Jl CBOEUACHOTO Ta MPAaBUIbHO-
ro pearyBaHHs Ha MONMUT CHOXHBayiB. ToMy MiANPUEMCTBO MOBUHHO A/JalTYyBaTH IJIaHU Ta acop-
TUMEHT NpOoAyKTiB. L{i 3MiHU IJ1aHIB BIPOBAKYIOTh BiJI OJJHOTO pa3y Ha MICSIb 10 OJTHOTO pa3y Ha
necath AHiB. [lnaHu KopuryBaHHs B OUIBIIOCTI BUNIA/IKIB 3/11HCHIOIOTHCS 3a KPUTEPIAMU J1I0X0y a00
o0csirom mponaxiB. Po3paxyHku, 3a3BHuail, BUKOHYETbCS Bpy4uHY. [IpakTrKa ynpaBIliHHS MTOKa3ye,
1110 TaKi MJIaHK Ta YIPABIIHCHKI pillIEHHS € HelocKoHanMMU. Henoniku 3yMOBiIeHi OpakoM J10CBiy,
yacy Ha po3ria] ycix (akTopiB Ta MOMMJIKaMH (DaxiBLIB 3 IJIaHYBaHHs. 3alpONOHOBaHA METO0-
JIOTisl ycyBa€e Il HEJIOJIKU 1 JI03BOJISIE 3alPOBAJAUTH HAYKOBO-OOIPYHTOBAaHI METOIM 1 MOJENI s
MOIIYKY ONTHUMAJIbHUX PIIIEHb Ta 3@ PaXyHOK IbOTO MiJBUIIUTH MPUOYTKOBICTh LILOTO MiANPHEM-
CTBA.

HoBu3na. 3anponoHoBaH1 MOl Ta METOAH BiAPI3HAIOTHCS BiJ ICHYIOUHX 3a (opMaiizo-
BaHUM HayKOBO OOTPYHTOBAHUM IiIXOJI0OM, BUKOPUCTAHHSAM €KOHOMIYHMX MaTeMaTHUYHUX MoJIesIei
OILIIHKKA TIOMUTY Ta JO3BOJSIOTH PO3PaxyBaTH ONTHMAIBHHU TUIAaH BHUITYCKY TOTOBOI MPOAYKINI 3
ypaxyBaHHSM TEXHOJIOTIYHUX Ta PUHKOBUX OOMEXEHb.

IMpakTHyHa 3HAYYIIiCTH. 3alIPOTIOHOBAHO MO/IENI MIPOTHO3YBAHHS MOMUTY Ta PO3PAXYHKY
ONITUMAJILHOTO TUIaHy BUpOOHUITBa KoMOiHaTy «IIpuaHinpoBcbkuit». Mojeni 103BOJISIOTh ITi/1BU-
IIUTH NPUOYTKOBICTh T4 KOHKYPEHTOCIPOMOKHICTh LILOTO MiAnpuemcTna. [IpeacraBneHi B cTaTTi
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ECONOMETRICS IN MANAGEMENT DECISION MAKING
pe3yNbTaTH AOCIIKEHHS MPEICTABIAIOTh NPAKTHYHUN iHTEpec U MiANPHEMCTB, IO MPAIIOI0Th
Ha CIIO’KUBYOMY PHHKY.

Knrwouoei cnosa. Ontnmizantisi, IOMKT, IIPOTHO3HA MOJIEIb, BAPOOHUIITBO MPOIYKIIii, KpUTe-
piii, TeXHOMOTIYHI OOMEKEHHS, KOPEJISILIis.

DKOHOMUKO-MATEMATUYECKUE MOJIEJIU OIITUMAJIbBHOU I[TPOM3BOICTBEHHO
CTPATEI'NHA
M. A. Jlemudenxo, k. m. n., doyeum, HTY «/[nenposckas norumexuuxay
/. B. Kabauenxo, k. 3. H., Ooyenm, HTY «/{nenposckas norumexruxa

MeTtonoJiorusi uccjenoBanusi. B cratbe uccienyrorcs u 000CHOBBIBAIOTCSI METOBI IIPO-
THO3UPOBAHMs MOTPEOUTENBCKOIO CIPOCAa HCHOJIb3YEMBIX Ui MOJENM pacueTa ONTHUMAaIbHOIO
IJIaHa IPOM3BOJCTBA F'OTOBOM MPOLYKIUHU C YUYETOM TEXHOJIOTMYECKUX, IKCIUTYaTal[MOHHBIX U Pbl-
HOYHBIX OTPaHUYEHUM.

Pesyabrartsl. [Ipeanoxkensl Mogenu pacyeTra ONTHMAIBHOIO 00beMa MPOHM3BOACTBA IPO-
OyKuuu. BHenpeHue 3TUX MoJelell MOBBIIAET KOHKYPEHTOCIIOCOOHOCTh Npeanpusatus. Mcecneno-
BaHUe npoBoausioch B komOuHate «I[Ipuanenposckuiiy, r. Jnenp, Ykpauna. Kombunar — sto co-
BPEMEHHBIN, MEXaHU3UPOBAaHHBIN U aBTOMAaTU3UPOBaHHBINA Ou3Hec. Ha ceronnsmHuii 1eHp Komma-
HUS IPOU3BOJAUT OoJiee cTa BUJOB MOJIOUHOM NpoAyKiuu. KoMmmnanus KOHTpoJIupyeT yClloBuUs MPo-
M3BOJICTBA, XPAaHEHUsS U TPAHCHOPTUPOBKH MPOTYKIMHU ¢ (pepMbl 10 MPOAAKU TOTOBOM MPOILYKIHH.
OkoHoMuueckas d¢dekTnBHOCTh KoMOMHATa «IIpHIHENTPOBCKMIT» 3aBUCUT OT CBOCBPEMEHHOTO U
IIPaBUJIIBHOTO pPearupoBaHus Ha cipoc norpedureneid. IloaTomy npennpusrue A0JKHO aJanTHPO-
BaTh IUIAHBI U ACCOPTUMEHT IPOJYKTOB. DTU U3MEHEHMs IIJIAHOB BHEJPSIIOT OT OJHOrO pa3a B Me-
CsIII 10 OJTHOTO pa3a B JiecsaTh AHEH. IlaHbl KOPPEKTUPOBKHU B OOJIBIIMHCTBE CIy4YaeB OCYILECTBIIS-
IOTCSl TI0O KPUTEPHUSIM JI0X0Ja WM 00beMOM mponax. Pacdersl OOBIYHO BBIMOIHSETCS BPYUYHYIO.
IIpakTuka ynpaBiacHMsI NOKa3bIBA€T, YTO TAKWE IUIAHBI U YNPABICHYECKHE PEIICHUS SBIAIOTCS
HecoBeplIeHHbIMU. HepgocTaTku 00yciOBIIEHBl HEXBATKOW OIBITA, HEJJOCTATKOM BPEMEHHM Ha pac-
CMOTpeHHUEe BceX (paKkTOPOB M OMIMOKaMM CIELMAIMCTOB MO MiaHupoBaHuto. [IpemioxkenHas meto-
JI0JIOTHUSL yCTPAHSET 3TU HEJOCTATKU U MO3BOJISIET BBECTH HAyYHO OOOCHOBAHHBIE METO/IbI U MOJENN
JUIS IOMCKA ONTUMAJIbHBIX PEIIEHUH U 3@ CUET 3TOr0 NOBBICUTH JOXOJHOCTH ATOTO MIPEIIIPHUSITHS.

Hosusna. [IpennoxxeHHble MO U METO/bl OTJIMYAIOTCS OT CYIIECTBYIOMIMX B (hopMaiu-
30BaHHBIM HAyYHO 0OOCHOBAaHHBIM I10JIXOJIOM, UCTIOJIb30BAHUEM HIKOHOMHUYECKUX MAaTeMaTHYeCKUX
MOJIEJIEH OLIEHKH CIpoca U MO3BOJISIIOT PaCCYMTATh ONTHUMAIbHBIN IJIaH BBITYCKa TOTOBOM IMPOAYK-
LMY C YYETOM TEXHOJOTUYECKUX U PHIHOYHBIX OTPAaHUYECHUM.

IMpakTuyeckas 3HAYMMOCTh. [IpeIoxkeHpl MOIeM TPOrHO3UPOBAHUS CIIpoca U pacyera
ONTUMAJILHOTO TUIaHA MPOU3BOJACTBa kKoMOMHaTa «IIpuaHenpoBckuit»y. Mojenu mo3BOJISIOT MOBBI-
CUTh MPHUOBUIBHOCTh U KOHKYPEHTOCIIOCOOHOCTh 3TOro npeanpustusi. [IpeacraBieHHble B cTaThe
pe3yJIbTaThl UCCIIEI0BAHUS MPECTABIAIOT IPAKTUYECKUI HHTEpEC ISl IPEANPUITU, padOTaIOIIUX
Ha MOTPEOUTEIHCKOM PBIHKE.

Knwueswie cnosa. Ontummsanysi, Crpoc, NPorHo3Hasi MOJelb, IPOU3BOJACTBO MPOIAYKIIUH,
KPUTEPUIA, TEXHOJIOTUYECKUE OTPAHUYECHMSI, KOPPEIIALHS.
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