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Abstract: this article covers inventory management tasks. We have considered the simplest model, the Wilson model.
Too little may not be enough for everyone, and too often you will have to bring new lots, drive vehicles. Hence, it is
necessary to find the best value of the stock — not too large and not too small. We mathematically found out that the
optimal plan should be sought among those in which the parties arrive at the same time intervals and, therefore,
have the same size Q. The plan in which the sizes of all parties are the same and equal to Q. Will be called the
Wilson plan. Plans Wilson in spite of its simplicity, give usually a large economic effect and because is widely used.
Keywords: management, optimal value, warehouse, inventory management theory, model, costs.

IMPOCTEWIIUWE MOJIEJIA YIIPABJIEHUSA 3AITACAMHU
Caunna3apos II.A.", Xomkab6aeBa JI.Z (Pecny6mka Y30eKucTaH)

1Caunna3ap06 Llaiinoebex Akmamoguy - KaHOUOAm nedazo2uyecKux HayK, OOYeHm,
2Xoooicabaesa Junvbap - cmapwii npenodasamens,
Kagedpa mamemamuxu,
TawkeHmcKuil IKOHOMUUECKUU YHUGEPCUMeEN,
2. Tawxenm, Pecnyonuxa Y3bexucman

Annomayun: 3adauu ynpasienus 3anacamu. Muvl paccmompenu npocmeiuyio modenv - mooenv Bunbcowua.
Cuwkom mMano modcem He X8amumv HA 8CEX, U CIUUWKOM HACMO 6aAM NPUOEMCs NPUBO3UMb HOGble NAPMUlU,
eonamo mpancnopm. CnedogamenvHo, HeoOX00UMO HAUMU JTYYWYIO 8eNUNUHY NAPMUU - He CAUUKOM OOTbULYIO U He
CIUKOM Manenbkylo. Mbl Mamemamuiecku 8blACHULY, YINO ONMUMAIbHBLL NIAH Clledyem UCKamy cpedu mex, 8
KOMOopbix napmuu npudbiéaiom 8 00UHAKOSble NPOMEICYMKU BPeMeHU U, CIe008aAmenbHo, UMEIOm O0OUHAKObIL
pasmep napmuu. IInan, 6 KOMopom pasmepuvl 8cex napmuii 00UHaAKosbvl, Oyoem Hazgams naianom Bunvcona. [lnanv
Bunvcona, necmomps na ceoro npocmomy, obvluHo 0arom 60IbULOU IKOHOMUYECKUL dghekm u nomomy wupoko
UCNOTBL3YIOMCAL.

Kntouesvie cnoea: ynpaenenue, onmuManbHas CMOUMOCHYb, CKIAO, MeOpusi YAPAGIEHUs 3anacami, Mooenb,
3ampamoi.

Introduction. Mathematics can help plan the operation of factories, and stores. A wide variety of supplies are
stored in warehouses and pantries: bricks and perfume, tractors and sugar, books and bread, tires and soda... Too
many stocks is bad, materials are wasted, and bread can dry out. Too little may not be enough for everyone, and too
often you will have to bring new lots, drive vehicles. Hence, it is necessary to find the best value of the stock — not
too large and not too small.

The mathematical theory of inventory management is now developing rapidly. Thousands of books and articles
have been printed and a wide variety of models created and used. We will consider the simplest Wilson model,
which, despite its simplicity, is widely used and brings great benefits.

Let’s move on to describing a real situation, for making a decision in which we build a mathematical model .

Let’s denote by the letter “r” daily demand. A change in the stocks “S” product in the warehouse can be
represented by a broken line (Fig. 1).
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Fig. 1. Change in stock of products in the warehouse
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Fig. 2. Product stock change in one day

This means that the cost of maintaining the product for the first day is proportional to S;, and for the next one is
proportional to S,. Costs for 2 days are proportional S;+S, with the same coefficient of proportionality. And now we
will use the fact that areas of triangles NAE and AFP are equal, since they are rectangular, the angles NAE and AFP
are equal, as vertical, NA=AP, (because HB=BG by construction, the lines EH, AB, FG are parallel), and the
triangles under consideration are equal [1].

Therefore, Sy, is equal to the area of the trapezoid NKGH, and S is equal to the area of the trapezoid PQMG for
similar reasons, and S;+S; is equal to the area of the trapezoid NQMH. Thus, we have a convenient expression for
calculating the costs for several days: they are proportional to the area under the graph of the amount of stock
limited the abscissa axis and vertical straight lines corresponding to the beginning of the first day and the end of the
last. During the time T, the products will stay together in the warehouse for as many days as the shaded area under
the graph in Figure 1, if we assume that h is a unit of measurement on the abscissa axis, and the time T, the average
cost per day will be equal [2].

a= %{G[Number of deliveries during time T] + F[Area under the graph] D

Now we have completely switched to the language of mathematical. It is necessary to solve a purely
mathematical problem to minimize the value of (1), having found the optimal supply plan, I, e. Lot sizes Qp Q1 Qo,...
and delivery times ty ,t5,...

We will show that, optimally, all lot sizes are equal and the intervals between their deliveries are also equal.

First, in the set of plans, select a subset that contains the optimal plan, take some plan and try to improve it (Fig
3). Itis not profitable to have a stock when the next batch arrives. If the first tooth in Figure 3 (solid line) is replaced



by the one shown by the dashed line so that the value of the stock at the moment of arrival of delivery Qs is equal to
O, then the costs will decrease.
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Fig. 3. Moment of arrival of delivery Q1 is equal to O, then the costs will decrease

Indeed, the number of orders and the moments of their delivery will remain the same, and the area under the
graph will decrease by the shaded area. You can do the same with the rest of the teeth. This means that the optimal
plan must be sought among those in which all teeth reach the T axis [3].

In other words, if the plan has at least one tooth does not reach the “’T’” axis, then this plan is not optimal. If all
the waves reach the T- axis, then we can determine the quantities, knowing the moments of their arrival. Indeed,
batch Qg is consumed from time t;to time t;,;- the arrival of the next batch. Consequently,

Qi=r(tisa-t)

Here “r” is the daily demand. The cost of maintaining the product from moment t; to moment t;,; is easy to
calculate. Below the graph is a triangle with base (t;.1-t;) and height Q;=r(t;.;-t;). It’s area is equal to:

1 1
5 Qi tin — ) = Sr( iy — t;)?%,

and the cost of maintaining the product is “F” times greater and equal

2TF(tis — )2,

During time “T” it can be 1,2,3,...delivery of products to the warehouse (the first occurs at time 0). As already
established, the optimal plan is among those in which all teeth reach the T axis. In particular, the stock at time “T” is
0. Now we find the optimal plan provided that exactly “K” batches are delivered in time “T” at times to, ty, ...,t1
respectively. After that, all that remains is to choose the optimal “K”. Let us introduce the notation:

i=1,....k-2,

Biv1= tipr =, A= t, Ae=T — te4

Delivery costs are equal to GK and are the same for all considered plans. The costs of maintaining the product

from moment t; to moment t;,, are equal %rFA%, and for the entire time “T” are equal

1
ErF(A% +A3+ -+ AR+ AD)

To minimize (1), it is enough to minimize (2). We get the following math problem; For which non-negative
numbers Xy, Xp, i=1, 2,....k, the sum of which is equal to T, does the value attain a minimum

AF+ A3+ -+ AR+ AL )
Consider first the particular case k=2. Let’s introduce the numbers x; X, using equalities.
T T
Alz E + Xl,Azz E + X5.

Then



Now let’s calculate the sum of squares;
2 2 2 2 2 2
A% + A2= G + xl) + G + xz) = T4 Txy + X2+ -+ T+ xE= + T(xo#xo)+ 58 + x8=— + x2 +x2.

Therefore A7 + A% reaches a minimum when it reaches a minimum of x# + x3 . And the sum of squares x? + x2
is always non negative and is equal to 0 only in the case x;=x,=0. Hence, in the case under consideration, (2) reaches

.. T
a minimum when A;= A,= >
Now let us prove in the general case.

T
Ai=E+Xi,i = 1, ,k

Then
T T
X +Xp+ X = (AI—E)+"'+(A]{—E)= A1+...+Ak—T=0.

Let’s calculate the sum of squares:

) , (T 2 T 2 T2 T ) T2 T )
A1+"'+Ak=(E+X1> +"'+<E+Xk> == k_2+2EX1+X1 + -+ +k_2+2EXk+Xk =

2 2
=%+%(X1+X2+---+Xk)+(xf+X§+---+xﬁ)=%+Xf+x§+---+xﬁ.

The sum of squares x? + x3 + -+~ + xZ is always non-negative and is equal to 0 only in case x; = - = x = 0.
Hence , the sum of squares A? + --- + AZ reaches its minimum in case
T
A= =A= —
1 2 k

We found out that the optimal plan should be sought among those in which the parties arrive at the same time
intervals and, therefore, have the same size “Q” (Fig. 4). The gap A between the arrival of parties is expressed in

terms of “Q” as follows: A= %

v

Fig. 4. The gap A between the arrival of parties is expressed in terms of “Q” as follows: A=Q/r
Let € batches of “Q” products completely diverge in time T = CA. Let’s calculate the average cost (1) for a plan
in which all batches are of size Q. The total demand in time T is rT. During this time , £ = % batches of products

2
are delivered. Below the graph of % triangles, the area of each is g—r , and the total area under the graph is as follows:

Q* rT_ QT

2r Q 2°

For the delivery and maintenance of products in time “T” spent



FOT _ o 1T, pQF _ (Gr FQY),
GU+TE =G T +FY _(Q+ 2).T
and the average cost of (1) for one day is equal to:

_Gr FQ
f(Q)—a‘l‘T

Now we are going to do the math again:
At what value of “Q” does the function f (Q) reach its minimum? Which Q is the most profitable? From (3) we
get

(3)

)= _S8 L F_
f'(Q = Qz+2 = 0, from here

2Gr
Qopt = T €))

Formula (4) of the most advantageous batch size is named after the American scientist R. Wilson and was
obtained in the first quarter of our century.

The plan in which the sizes of all parties are the same and equal to Qg Will be called the Wilson plan. Plans
Wilson in spite of its simplicity, give usually a large economic effect and because is widely used.
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