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TECHNOLOGICAL SIMULATION PROCESS OF FORMING
GRINDING MIXES BY LINEAR PROGRAMMING
The article discusses the method of linear programming (simplex method) as the method of
systematic improvement and quality management, in particular the formation of grinding com-
pounds, and the use of the resulting models to predict, control and optimize the process as a whole.
Keywords: planning; production quality management; grinding mixture; simplex method.

Ipuna Jipomina, Iaauna Ilonosa
MOJIEJIOBAHHA TEXHOJIOI'TYHOI'O ITPOIIECY ®OPMYBAHHA
ITOMOJIbBHUX CYMIIITEN METOJ1OM JIHIMHOTI'O
ITPOI'PAMYBAHHA

Y cmammi poseaanymo memoo ainitinozo npozpamysanns (cimnaexc-memod) ax menoo
CUCMeMAMUMHO20 NOAINWEHHA | YNPAGAIHHA AKICMIO UpoOHUYMEa, 30Kpema, (opmyeanHam
HOMOABHUX CyMiwell. 3anponoHoeano GUKOPUCMAHHA OMPUMAHOT M0Oeal 0451 NPOCHO3YEAHHSL,
YNPABAIHHA ma onmuMi3ayii mexHoa02i4H020 NPouecy 6 uiiomy.

Karonoei caosa: naarnysants; ynpasainHs SKicmio aupoOHUYMEa,; NOMOAbHA CYMilL; CIMIACKC-MEMOO.
Tab6a. 3. Puc. 3. Dopm. 5. Jlim. 10.

Hpuna démuna, I'namna Ionosa
MOJIEJIUPOBAHUE TEXHOJOI'MYECKOI'O ITPOLIECCA
OOPMUPOBAHUA ITOMOJIbBHBIX CMECEU METOAOM

JIMHEMHOTI'O ITPOTPAMMMPOBAHUA
B cmamve paccmompen memod auneiinozo npozpammuposanusn (cumniexc-memoo) Kax
Memoo cuCMeMaAmu4ecK020 yAyHuleHUsA U YNPas.AeHUs Ka4ecmeom npou3eo0cmed, 6 HacmHocmi,
dopmuposanuem nomoavnvix cmecei. Ilpedaoinceno ucnoavioeanue noayveHHoii moodeau 04
NPOZHO3UPOBAHUA, YNPAGACHUA U ONMUMUZAUUL MEXHOA02UMECK020 NPOUecca 6 UeaoM.
Karoueevte caoea: naanuposanue; ynpaeieHue KavyecmeoM Npou3go0cmed; NOMOAbHAS CMeCh;
CUMNAEKC-MemO0.

Problem statement. Economic and mathematical methods can be used to solve a
large range of economic problems. Targets may be different depending on manufac-
turing conditions and the nature of tasks. In economics such problems arise in prac-
tical implementation for the optimality of planning and management. The require-
ment for the use of the optimal approach to planning and management (the principle
of "optimality") is flexible to alternative production and economic situations when it
is necessary to take planning and management decisions. Such situations typically
constitute everyday practice of economic entities (production program selection,
attachment to suppliers, preparation of mixtures ectc.) (Fedoseyev, 2002;
Baltrashevich, 2001; Karasev, 1987; Garnaeyv, 2000; Kantorovich, Gorstko, 1968).

However, the performance of professional tasks under the current conditions is
associated with the use of mathematical apparatus, as the method of systematic pro-
duction improvement and quality management, and the use of the resulting model to
predict, control and optimize consumer properties of existing and new products
(Berestnev, 2008).
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Among the universal methods for linear programming, simplex is the most com-
mon method, developed by American scientist George Dantzig (Fedoseyev, 2002).
However, linear programming methods were also executed by the Soviet scholar
L.V. Kantorovich in the late 1930s. Unfortunately, these methods were not popular at
that time and therefore are not widely known. Having developed the simplex method
in the late 1940s, Dantzig was unaware of the works by Kantorovich.

The use of linear programming methods has significant advantages over the tra-
ditional ones:

— if the solution by conventional methods is, as a rule, obtained by developing
one version of a plan (rarely 2—3), then by linear programming all real options of the
plan are taken into account and the best is chosen (Fedoseyev, 2002; Vashkevi, 2009);

— thanks to the clear solution scheme linear programming is easily automated,
saving labor.

Thus, to solve the problem it is appropriate to apply linear programming meth-
ods (Moore, 2004), which allow calculating, comparing and varying the basic com-
ponents of the grinding mixture.

Recent research and publications analysis. Key aspects of the research are dis-
cussed by scientists of the neighboring countries, among which are A.N. Mertsalov
(2009) and V.O. Novitskiy (2010).

Unresolved issues. The Republic of Kazakhstan has diverse soil and climatic
areas, which in turn affect technological properties of grains and, therefore, in gener-
al, the organization and delivery of the process. Proper formation of grinding mix-
tures provides an output of quality products and process optimization. Analytical
methods for calculating grinding mixtures are a tool for modelling, forecasting, and
optimizing the process as a whole. Many facets of this problem determined the choice
of the theme and the purpose of this study.

The objective research is to compare graphical and analytical methods for calcu-
lating the grinding mixture and to develop a mathematical model for calculating the
composition of the mill batch, based on specified constraints on quality, yield, price
and weight of a grain mix to reflect the selected optimization criterion using the sim-
plex-method in the application package MS Office (search for solutions), as well as
the analysis and selection of the components of the grinding mixture of the most suc-
cessful set of the best options in the calculations based on the current production
requirements.

To achieve this goal the following objectives are identified:

— to develop a mathematical model for calculating the composition of the mill
batch;

— to solve the problem graphically;

— to solve the problem by using an analytical method (simplex-method);

— to compare the results obtained by graphical and analytical methods;

— to choose the best option for grinding mixture.

The key research findings. The calculation of the optimum recipe of grinding
grain mixtures is based on the current balances of raw materials at the plant, repre-
sented in its silo board and price data. If business has an automated accounting for
grain quality, then the silo board data are automatically downloaded from the
accounting system, otherwise they may be entered manually. In case the elevator has

AKTYAJIbHI [TPOBJIEMWN EKOHOMIKW Ne6(156), 2014



MATEMATUYHI METOAMN, MOZEJ1I TA IHOOPMAL|IVIHI TEXHOJ10T1i B EKOHOMILI 453

partial accounting, the cost of grain is treated as a weighted average for each silo. In
other case, the price of raw material is put into classes (or other classification) based
on consolidated accounting data (Berestnev, 2008).

Simplex-method used by the facility "Search for solutions" in Microsoft Excel,
is the method of finding the extremum. The program finds a certain angular solution,
and then looks through all neighboring angles of the feasible region and finds out
whether the value of the objective function will improve when moving the function in
one of these angles. In case of a positive answer the solution moves to such a corner,
and the program re-examines its adjacent angles — is it possible to further improve? If
the answer is negative, the program exits (Moore, 2004).

The mathematical model for calculating the mill batch is written as follows and
is seen as the system of linear inequalities:

In this case, the objective function becomes:

F:f(X) c, x1 +c:2x2 +...+C, X, — max,min,const.

F=f(X Zc X; — max, min, const. (1)
where ¢ — given constants.
Subject to (conditions) in the unfolded state:
Xy TaX, +...+a,, x 15,=2rb,,
8y Xy FAxXy F. + 8y, X S5 21D, ?)
Xy +a,,X, +---+arn_1u£(n{ ,=2f b,
x; 20; j=1n. (3)
Subject to conditions in general form:
Za X;<b,, i=1m,. 4)
x>0b>0/—1mj 1n (5

where aj;, bj, ¢, — the defined constants.

Conditions (2, 3) are the function restriction. As initial parameters for calculat-
ing the grinding mixture composition, the restrictive conditions for grain quality are
used (the amount of gluten, gluten quality in terms of the DCO, drop number, vitre-
ousness, nature, ash content (or whiteness), the content of trash and grain impurities,
moisture etc.) yield, the number of components in the mixture , as well as the mar-
ginal cost of grinding mixture. It is also possible, if necessary, to limit the percentage
of wheat input of various types and classes (Berestnev, 2008).

General data to calculate the mill batch are recorded in Table 1.

Table 1. Indicators of components and grinding mixture

Value of component
Gro uptof Specified rate parameters Mixture restrictions
parameters 1-st | .. |i-th| .. [n+th
n
N tity of grain in th M=%Ym; =100%;
Quantitative Quan lmylxct)uf”g?;j e my m; My ; l
m; 20
Vitreousness, % Vi| .. | Vi| .. | Vn 2V
Qualitative Gluten content (Gl), % | Gl1| .. | Gli| .. | Gln >Gl
Ash content, % 71 Zi 7n <7
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Continuation of Table 1
‘ Economic ‘ Price, KZT ‘ Py ‘ Pi ‘ ‘ P, ‘ Puin ‘
Note: The sign «=» is used for quality parameters, the increase of which leads to the improvement
of grinding mixture. These are: vitreousness, gluten quantity and the like the sign «<» for quality
parameters, the reduction by which also leads to grinding mixture improvement. For example, ash
content, moisture etc.
Source: Authors.
The paper discusses a three-component and a four-component mixtures. Tables

2, 3 show the basic data for calculating grinding batches.

Table 2. Initial data for calculating a three-component mixture

Parameters first Co?elé?)lrlﬁlts hird Mixture parameters
Weight of mixture (M), t 1750
Presence of components (m), t 1200 1600 2800 m,<m,, My,Sm,, MMy,
Vitreousness (V), % 48 60 50 >50
Gluten content ( Gl), % 23 28 24 >24
Ash content (Z), % 1,73 1,77 182 >1,76
Price (P), KZT /ton 22000 24000 21000 minimum

Source: Authors.

Table 3. Initial data for calculating a four-component mixture

Components .
Parameters first second 5 third fourth Mixture parameters

Weight of mixture (M), t 1750
Presence of components (), t 1200 1600 2800 2000 M <My p MySMy,

ms<M3e, M4SM 4
Vitreousness (V), % 48 60 30 34 =50
Gluten content ( Gl), % 23 28 24 25 >2%
Ash content (2), % 1,73 1,77 1,82 1,79 <1,76
Price (P), KZT /ton 22000 24000 21000 23000 minimum

Source: Authors.

This paper presents the calculation of the mill batch by graphic and simplex
methods and their comparative analysis is carried out.

Calculation of a three-component grinding mixture using the graphical method
(Vashkevi, 2009) by weight and quality indicators is given on Figure 1. The vertices of
the triangle correspond to 100% of the content of this component in grinding mixture
(grinding mixture weight).

M = 1750, G11=23%, V1=48%, Z1=1,73%
1 component

my=1200 t
V=50%

my=1200 t

2 component 3 component

My = 1750, G1o=28%, V>=60%, Zs=1,77% M; = 1750, Gls=24%, V3=50%, Z3~1,82%
Source: Authors.
Figure 1. Calculating of a three-component mixture based on weight
and quality indicators
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Thus, point A meets all the conditions imposed by the quality and weight of a
grinding mixture. Consequently, the mass of components at the point A is: m; = 430
tons (24.6%); m, = 410 tons (23.4%); m; = 910 tons (52%).

The price of the three-component grinding mixture is determined by the formu-
la (1) and is:

F = 22000 x 0,246 + 24000 x 0,234 + 21000 x 0,52 = 21948 KZT.

Calculation of the three-component grinding mixture by analytical method
(simplex-method) is shown on Figure 2. In the column "values" the mass of the com-
ponents is given in %.

On the basis of formulas (1) and (2) one can write a mathematical model for
three-component mixture (raw data are given in Table 2):

F =22000m, +24000m, +21000m, - min.
under the constraints:
48m, +60m, +50m, 250000
3m, +28m, +24m, 2240300
,/3m, +177m, +1,82m, <176 300
Lm, +m, +m; =1750

Hn, =0

Thus, solving the system of inequalities by the simplex-method, we obtain the
numerical values of the masses of the components that meet all the specified criteria.

B3 Microsoft Excel - Pacuét TPE XHOMIID HE HTHOH CMECH

@_] Gaiin  Mpaska BWma  BcTaeka  QopMat  Cepedc  JdadHble  OkHo  Chpaska

HARER" NEREI= R YR NN - SR AR RA R SRS T8 0 RN Y |
§ Caibri Sl o X &K UISS=H e mg EE| G- H-A-H
C27 = &
A I 8 I C | [} | 3 | G H
L Variables
The objective
C 1 Comp 2 C 3 | function value
| 2 |Name [13]
| 3 |Values,% 0,471 0,199 0,310
| 4 |Lower limit
| 5 Upper limit
| 6 |Coefficients in OF 22000 24000 21000 21627,490
Jaes)
| s |Parameters: Limits Left part Sign Right part
| 9 |Vitreousness (V), % 48 60 50 50,000 »= 50
| 10 |Gluten content { GL), % 23 28 24 23,822 >= 24
| 11 | Ash content (Z), %o 1,73 1,77 1,82 1,730 <= 1,76
| 12 |Mass, tons 1200 1600 2300 1750,000 = 1750
13
(2]

Source: Authors.
Figure 2. Calculation of a three-component grinding mixture by the simplex-
method

As it can be seen from Figure 2, the calculation of grinding batch by simplex-
method is more accurate than the calculation by graphical method, and the price in
this case is 21,627.5 KZT.

Similarly, a four-component grinding mixture is calculated. The results of the
calculation are shown on Figure 3.

ACTUAL PROBLEMS OF ECONOMICS #6(156), 2014



456  MATEMATUYHI METOAMN, MOAEJ TA IH@OPMALINAHI TEXHOOrIi B EKOHOMILI

B Microsoft Excel - PacugT ueThipEXiomioHe HTHOH cmecH

i) pofin  Opasra Bra  Berasks  ®opwat  Cepenc  fandble  Okdo  Cnpaska

=2~ BEREIE= NN - N W SRS AR AR NS TR NN W R NN |
i Calibri S - XK & U [== =958 o o0 8 5% AR R R -S|
G2 - &~
A T a | c | o T 3 T 3 (- W 1
| ‘Variables
The objective
Ci 1 Ci 2 Ci 3G 4 function value
| 2 [Name 3]
| 3 |Values,% 1] 0.63 0,265 o
| + |Lower limit
| 5 [Upper limit
| & |Coefficients in OF 22000 24000 21000 23000 20685
7|
s |
| 5 |Parameters: Limits Left part Sign = Right part
| 10 |Vitreousness (V), % 48 60 S0 54 51,05 >= S0
| 11 |Gluten content ( GI), %o 23 28 24 25 24 == 24
| 12 [Ash content (Z), % 1.73 1.77 1.82 1,79 15974 <= 1.76
| 13 |Mass, tons 1200 1600 2800 2000 1750 = 1750

Source: Authors.
Figure 3. Calculation of the four-component grinding mixture by the simplex method

Conclusions. Thus, the proposed model of technological operations allows cal-
culating the composition of grinding mixture without the knowledge of programming
languages, but using Microsoft Excel.

The use of a graphical method is only available for two-and three-component
mixtures, as for the four- and more component mixtures it is impossible to chart the
calculation of grinding batch. The disadvantage of the graphical method is the pres-
ence of errors in such construction. Graphical method can eliminate a larger share of
subjectivity than the method of inverse proportions.

When calculating by graphical method it is not always possible to correctly select
the point with the minimum value of the objective function, therefore, errors occur
when determining the cost of a grinding mixture.

Application of the simplex-method allows calculating the grinding mixture of
any number of components more significantly, to analyze different options and
choose the best option of grinding batch in charge of all the conditions on quality.

Between the values obtained by the graphical method and the simplex-method,
the differences are about 30—35%.

References:

bammpawesuuy B.D. Metonsl ontumusaiuu: Yue6. mocobue / B.D. bantpamesuu, H.E.
bapa6anos. — CI16.: CII6I'DTY "JIBTU", 2001. — 80 c.

bepecmnes E. B. PexoMeHIaImy 1o OpraHu3aIiy U BeJICHUIO TEXHOJIOTYECKOTO MPOIIecca Ha MyKOMOJTBHBIX
npernpusitusix / E.B. Bepecrres, B.E. [etpruerko, B.O. Hosuikuit — M: [leJTu ipust, 2008. — 176 c.

Bawrxesuu B.B. Texnuka u TexHojorus mpousBonctsa myku / B.B. Bamkeuu, O.b. Topen. —
Bapnayn: "Ipadukc”, 2009. — 209 c.

Tapnaes A. B. UcnonbzoBanrie MSExcel u VBA B skoHOMUKe 1 (puHaHcax / A.B. TapHaes. — CII6:
BXB — Cankr-Ilerepoypr, 2000. — 336 c.

Kanmoposuu JI.B., lopcmko A.B. MateMaTuuecKoe ONTHMaIbHOE ITPOrpaMMUPOBAHUE B SKOHOMUKE.
Onrumu3aiius u yrnpasierue / JI.B. Kautoposuu, A.b. Topctko. — M.: 3nanue, 1968. — 95 c.

Kapaces A.H. Matematnueckue MeTonsl W Mojenu B TulaHupoBanuu / A.W. Kapaces, H.LI.
Kpewmep, T.U. CaBenbeBa. — M.: DxoHOMuKa, 1987. — 445 c.

Mepuyanoe A.H. ABToMaTu3alius MpoIeCCOB ITAHUPOBAHUS 36PHOBBIX PECYPCOB MYKOMOJIEHOTO
TPOM3BOACTBA: ABTOped. AuC... KaH. TexH. HayK. — M.: 2009. — 26 c.

Myp lxe., Jlappuod Y. DxoHomuueckoe Moaenupobanue B MS Excelio — M: Busbsime, 2004. — 1024 c.

Hoesuyxuii B.O. Moneny 1 MeTOIbl ONTUMATBHOTO YIPABJICHUs TIPOM3BOJICTBOM ISl 36PHOBBIX U
3epHOIepepabaThIBAIOLIMX KOMITAHUI: ABTOped. IKCC... I-pa TeXH. HayK. — M.: 2010. — 51 c.

Dedocees B.B. DKOHOMUKO-MaTeMaTUYEeCKUE METOAbI U MpUKIaaHbie Monenu / B.B. ®enoceen
B.B. A.H. Tapmami, I.M. [Jaitut6eros u np; mon pen. B.B. ®denoceesa. — M.: KOHUTH, 2002. — 391 c.

Cratrd Hagiiia no pegakmii 07.11.2013.

AKTYAJIbHI [TPOBJIEMWN EKOHOMIKW Ne6(156), 2014



