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ALGORITHM FOR PRODUCTS FINAL CONSUMPTION
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The article presents an algorithm for products final consumption structure analysis.
Such an algorithm for the base year allows to correctly determine the column-vector of
final consumption of products in Degenerate Dynamic Input—Output Model of enterprise.
The main idea of the algorithm is to include in the structure of the column-vector not
only external but also internal trade turnover. This will increase the adequacy of this
mathematical model. To characterize the efficiency of the proposed algorithm, it is necessary
to study the conditionality and productivity of the obtained models in two cases: using
the existing (first case) and author’s methods (second case) at the formation of the final
consumption vector. The study showed that the author’s method, mn a number of cases,
allows to obtain well conditioned and productive model. Qualitative assessment of this
statement is confirmed by the examples shown. The article also suggests an algorithm for
final consumption vector-function finding in the model for the reporting year. An indicator
of the adequacy of such a function has also been determined.

Keywords: final consumption, degenerate dynamic input-output model, condition
number, productivity level of the enterprise input-output model.

Introduction

Currently, Degenerate Dynamic Input—Output Model (DDIOM) of enterprise are
being actively studied. The reason for this was: firstly, accumulation of theoretical and
practical economic and mathematical basis for the study of Input—Output models at
different levels [1, 2, 3|, secondly, the development of mathematical methods in Russian
scientific schools that allow solving degenerate systems of ordinary differential equations
(Irkutsk school [4], Chelyabinsk school [5]).

Dynamic Input—Output Model has the form:

2(t) = Ax(t) + Bi(t) + f(t), (1)

where: A is a matrix of size n X n and describes the unit direct cost; B is a matrix of size
n x n describes the unit capital cost; x(t) is a vector of gross output; f(¢) is a vector of
products final consumption [6].

At the enterprise level, the model considered above will always be degenerate. This was
claimed by V.V. Leontieff himself the founder of the Cross-sectoral balance sheet method
[6]. The degeneracy of the model is due to the presence of zero rows in the capital cost
matrix. For example, such a structural element as <households> is unable to generate
fixed assets, so det B = 0.

Note that in formula (1), f(¢) is product final consumption vector-function on the
planning period. To find f(¢) use the following data: for each structural element for the
base year, the total volume of demand for the enterprise’s (column-vector F ); forecasted
values of the growth rate of demand for the enterprise’s products in the planning period.
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The existing methods (work D.V. Ruzakov and P.T. Voronkov [7|, M.I. Letavin and
A.A. Banin [8, 9] et al.) of building enterprise Input-Output models are quite similar.
They include in the structure of the model only production units of the enterprise. They
distinguish only production divisions of the enterprise in composition of structural elements
of such model. One side, the use of such approach makes it possible to avoid the problem of
degeneracy. But on the other side, it has a number of significant limitations, for example:
a) the scope of application of the model is narrowed by the industry specificity of the
enterprise; b) such models have a low level of adequacy, which reduces the accuracy of
mathematical calculations.

In work A.V. Keller [10] proposes the idea of including three types of structural
elements as branches of the model: production (business units of the main activities:
production department); service (business units of the auxiliary activities: accounting
department, warehouse, human resources department etc.); external (households and
corporate customers). Also, considered an example of constructing the DDIOM. Then, in
work A.V. Keller and T.A. Vinogradova [11, 12] developed the methodology and algorithm
for constructing the DDIOM for the enterprise. At that, the author of this article for
the purposes of universalization of the model shows the need to introduce an additional
fourth structural element — equity movement. It reflects operations on the movement of
the company’s own capital and distribution of net profit. Thus, it is proposed to include
four groups of structural elements in the model. This allows to analyze the economic
interrelations in the model on the principle of accounting for exports and imports (used
in the input-output models of the country and the region).

When analyzing the properties of the constructed models, the author found that the
level of conditionality is one of the important parameters for assessing their adequacy [13].
Note that the Turing number [14, 15] was used to determine the level of conditionality of
the DDIOM:

N=n""ME-AM(E—-A (2)

where: N is a condition number; n is a matrix order; M(E — A) and M((E — A)™!)
are maximums element of the corresponding matrix, multiplied by the quantity n, so
M(E — A) =n- max max (F — A) [14, 15].

1<j<n 1<i<n

The obtained \_fgﬂue of NV is characterized as a quantitative measure of conditionality.
So if NV > 103, then the matrix A is poorly conditioned, if 1 < N < 100, then it is
considered that the matrix is well-conditioned [14, 15]|.

Another one of important parameter for assessing the adequacy of the DDIOM is the
level of productivity of the matrix A. It is necessary explaining that further productivity
analysis will be carried out on the basis of sufficient condition evaluation [16].

During the analysis of the DDIOM (constructed by the A.V. Keller’s methods [10]),
a low level of their productivity and conditionality was noted. Analysis of the reasons for
this showed that another approach to determine the final consumption structure is needed.
Thus, the presentation of the author’s approach to the formation of the vector-column
and the determination of the vector-function of the final consumption in the DDIOM
is the goal of this article. For this did: modern methods of forming a vector-column of
final consumption of enterprise products are analyzed; developed the structure of I for
DDIOM of enterprise; developed the algorithm of formation of F'; developed the algorithm
of formation of function f(t). Also, the article shows that the author’s algorithm will
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allow to form such F , which, in a number of cases, will make it possible to obtain a
well-conditioned and productive model.

1. Existing Methods of Forming a Vector Column F in the
Enterprise Input—Output Model

At present, the column-vector F is understood as Ksupply of products under demands
[8, 9], when building enterprise input-output model. In monetary units of measurement,
this is equivalent to the enterprise revenue. Figure 1 shows the formation algorithm of F
based on existing techniques.

( K i R Stage 3 — The
Stage 2 — The amounts of gross
Stage |- Determine amounts of gross revenue for each
the amount of gross revenue are structural element
revenue of the distributed among are included in the
enterprise during the the structural model on the i-th
reporting period elements of the rows of the final
model consumption
column-vector
. J . J

Fig. 1. Formation algorithm of F based on existing techniques

Next, in Table 1 we give an example of the DDIOM for one enterprise with six
structural elements (1, 2 — production; 3, 4 — serving; 5 — households and 6 — corporate
consumers), in which F' is determined by the algorithm presented above. Denote it as first
variant.

Table 1
Matrices A and B for the DDIOM of enterprise (first variant)
Matrix A, 7,5 =1,n Matrix B, i,j = 1,n
1 2 3 4 516 |1 2 3 4 516

0,00011] 0,01598| 0,00000| 0,00000
0,00862| 0,00046| 0,00000| 0,00000
0,01563| 0,03244| 0,00135| 0,00000
0,01000| 0,03650| 0,00000| 0,00102
0,08378] 0,33810| 0,99294] 0,90719
0,78986 | 0,53497| 0,22517| 0,06505

0,00024| 0,00000| 0,00000| 0,00000
0,00000| 0,00076| 0,00000| 0,00000
0,00000| 0,00000| 0,00027| 0,00000
0,00000| 0,00000| 0,00000| 0,00034
0,00000| 0,00000| 0,00000| 0,00000
0,00000| 0,00000| 0,00000| 0,00000

o ot | Wl o k| = .
olo|lo|lolo|lo
olo|lololo|lo
olo|lololo|lo
olo|lololo|lo

Table 2 shows the obtained column-vectors F' and X.

For this variant, the value N’ = 6,01. The calculated Turing number is in the range
from 1 to 100. This suggests that the model is well-conditioned. But the productivity
analysis of matrix A showed that a sufficient condition for the productivity of the Input—

Output model is not satisfied, because Z a;; >1 for j =3 (Z a;3 = 1,21945 | . Thus,
=1 =1
the model presented above cannot be considered productive. Next, present the author’s
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Table 2

Vectors F and X for the DDIOM of enterprise
(first variant)

n Final Gross output
consumption
F X

1 15928,58 15993,38

2 3556,50 3698,91

3 0,00 370,60

4 0,00 295,40

5 0,00 3226,46

6 0,00 14714,05

technique for the formation of a column-vector F and give an example of the DDIOM for
the same enterprise.

2. Products Final Consumption Structure Analysis in the DDIOM

When constructing the DDIOM, the final consumption will include three components.
The first component is the consumption of the enterprise’s products by external consumers
(external demand). This is the output of the company’s production divisions sold in the
external environment in monetary terms, which is measured in sales revenue. Such values
are calculated only by production units. An exception may be the service unit’s activities,
also bringing revenue to the company (they can provide outsourcing services to other
enterprises).

The second component of final consumption is the consumption of products of non-
production units within the enterprise (Intrafactory turnover). At the enterprise level, the
products of non-production units will be their activities necessary to ensure the smooth
operation of the enterprise in all its areas (logistics, economics, accounting, security,
personnel management, etc.). In its economic nature, this part of the final consumption
will be equivalent to the company’s expenses for carrying out the activities of such units.

Although non-production units do not create finished products, but the costs of their
activities are included in the total cost price of production units. In this connection, from
an economic point of view, it will be incorrect to take into account in the final consumption
only the produced and sold products of production units. And at the same time, consider
such values as non-productive structural elements to be zero. It is necessary to allocate
that part of production, which is created in non-productive sphere (in the form of a costs
part of such activities from the final cost price) and to consider these values in a column
of final consumption in corresponding lines.

The third component of the final consumption of the DDIOM contains unfinished
production (U) and inventories of products (/) in the warchouse. These values should
be reflected in the model for the systematic and complete presentation of economic
information about the enterprise activities. Thus, for the enterprise’s DDIOM, the final
consumption vector for each i-th structural element will be understood as the sum of
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the demand for the products of this unit consumed both in the external and internal
environment, taking into account the values of unfinished production and inventories of
products for the compilation period of the model:

E,=F“ 4+ Fn  i=T1n, (3)
where: E"“t is a consumption of the enterprise’s products in the external environment;
l:;im is a internal consumption of the enterprise’s products; n is a number of structural
elements in the model.

The values of final consumption, with considering external demand, will be equivalent
to the amounts of sold products to counterparties in monetary terms (sales proceeds).

The internal consumption of the enterprise’s products is calculated by the following
formula:

Em _ ]Eimv + ﬁiml _ Fiml + EmU _ FimU : i = 17_717 ( 4>
where: ﬁf”v is a adjustment of final consumption with considering the value of intrafactory
turnover; ]:;f”] is a inventories of products in the enterprise’s warehouse at the end of the
base period; F{"! is a inventories of finished products in the enterprise’s warehouse at the
end of the period preceding the basic; ﬁ’f"U is a unfinished production at the end of the
base period; F/"V is a unfinished production at the end of the period preceding the basic.

Will explain that the column-vector Fis found using formulas (3) and (4). Further, this
column-vector is used to further define the unit cost matrixes of the DDIOM for the base
period. For this purpose, based on the absolute values obtained (matrices of direct and
capital costs, column-vectors Fand X ), the calculation of the unit cost matrixes A and
B. The structure and volume of the vector F influence the vector X, which in turn affects
the values obtained A and B. Thus, the vector F affects the qualitative characteristics of
unit cost matrixes: their productivity and conditionality.

When constructing the model for a planning period, it is necessary to determine
a vector-function f, depending on the time t. The vector-function f(t) is determined
analytically based on: values F for each month of the period, available resources, goals
and objectives of the company for the planning period, etc. In the next section of the
article, present the developed algorithms for vector-column F' forming and vector-function

f(t) finding.

3. Algorithms for Vector-Column F Forming and Vector-Function
f(t) Finding in the DDIOM

Algorithm for vector-column F forming consist of four stages (Fig. 2).

Stage 1 — Calculation of the external demand value (gross revenue for each structural
element of the model) (F).

The size of the external consumption of the enterprise’s products is initially
determined. This will be the intermediate final consumption or final external demand
in the form of the received sales revenue for each structural element of the model. For
all structural elements, except for production elements, the values of F** will be zero.
The exception may be when the servicing units bring the company additional revenue by
providing services or performing work for counterparties.

2017, vol. 4, no. 3 39



T. A. Vinogradova

4 N r ™ r N
Stage | —
Calculation of Stage 2 — Stage 4 — Final
gross revenue Determination of Stage 3 — formation of the
for each the value of Determining the column-vector of
structural wtratactory value of {7 and / final
element of the turnover consumption
model
\. J \, J \. S

Fig. 2. Vector-column F forming by the author’s technique

Stage 2— Determination of the value of domestic consumption of products (intrafactory
turnover) (EFV).

In order to subsequently adjust final consumption by the value of production of non-
production units (intrafactory turnover), the amount of expenses for performing activities
of non-productive structural elements is determined. These values will correspond to the
total cost in the direct cost matrix by the columns of each non-productive structural
element. After that, these amounts will be allocated from the value of the external demand
of production structural elements.

Such an adjustment of the final consumption, taking into account the intrafactory
turnover, is possible only for production and service units. Thus, the model will reflect the
mechanism of redistribution of the revenue received by production structural elements to
ensure the maintenance of the functioning of the service. Such adjustment for households
and corporate consumers is not necessary, since in the model in relation to the enterprise
these structural elements are external.

Start
. out ., ¥V inl
Inputin, F, ", F, 7y F,
inf inU inU
Ff?: 3 FBJ ; F.:'T{
i=1
i=i+1
= 5 Ot inV inl inl inU inU
'Fz' F; T F: ¥ FE.' - F!?i + Fﬁf - FH:

Fig. 3. Flowchart of F vector-column formation

Stage 3 — Determination of the value of unfinished production (U) and inventories of
products in the enterprise’s warehouse (7).
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The following values are defined for the base and preceding period: unfinished
production (F/™!, F"V) and inventories of products in the enterprise’s warehouse (F/™,
F"U) . In this case, the corresponding values for the base period are subtracted from the
values of the U and the I for the previous period. This adjustment of final consumption
is carried out only by the structural elements of the model, which directly carry out the
production of finished products.

Stage 4 — Final formation of the column-vector of final consumption.

After the third stage is completed, an array of data for the final formation of the
column-vector F' will be generated, using formulas (2)—(3). For the calculation process of
F , a block diagram has been developed for each structural element (Fig. 3). After that,
the final values of F are entered in the corresponding rows of the column-vector in the
DDIOM.

In Tables 3 and 4, give an example of the construction of an DDIOM for the same
enterprise as in Section 1 of this work. Here, note that the F' will be found by the author’s
method. Denote it as second variant.

Table 3
Matrices A and B for the DDIOM of enterprise (second variant)
Matrix A, 7,5 =1,n Matrix B, i,j = 1,n
1 2 3 4 516 |1 2 3 4 5|6

0,00012| 0,01655| 0,00000| 0,00000
0,00891 | 0,00048| 0,00000| 0,00000
0,01615| 0,03360| 0,00061| 0,00000
0,01033| 0,03780| 0,00000| 0,00051
0,08655| 0,35020| 0,44738| 0,45974
0,81596 | 0,55412| 0,10145| 0,03297

0,00025| 0,00000| 0,00000| 0,00000
0,00000| 0,00079| 0,00000| 0,00000
0,00000| 0,00000| 0,00012| 0,00000
0,00000| 0,00000] 0,00000| 0,00017
0,00000| 0,00000| 0,00000| 0,00000
0,00000| 0,00000| 0,00000| 0,00000

o ot x| Wl o k| = .
olo|lo|lolo|lo
olo|lololo|lo
olo|lo|lolo|lo
olo|lololo|lo

Table 4 shows the obtained column-vectors F and X.

Table 4

Vectors F and X for the DDIOM of enterprise
(second variant)

n Final Gross output
consumption
F X

1 15417,04 15481,84

2 3428,61 3571,02

3 451,93 822,53

4 287,50 582,90

5 0,00 3226,46

6 0,00 14714,05
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When comparing the obtained DDIOM of enterprise in two cases it is clear that,
depending on the methodology used for the formation of F, the values of the unit costs
and vectors of the models will be different. Next, we present the developed algorithm for
finding the vector-function f(¢) for the reporting period (Fig. 4).

Stage 2 — , N .
Stage 1 — Transition Determination of Stage 3 — Finding the
trom the base period points of the function ﬁ1110t1911 J(t) by
to the reporting [{t) — interpolation , solving the
nodes mterpolation problem

Fig. 4. Formation of the vector-function f(t) by the author’s method

Stage 1 — Transition from the base period to the reporting.

In the process of building the model for the planning period, it is necessary to make a
transition from the base period to the reporting.

Step I: The planned trends and the dynamics of the change in F for each structural
element of the model are determined depending on F'. Will explain that F' is considered a
column-vector of the final consumption of enterprise products in the base period, and F
in the reporting period. Also, the factors of the external and internal environment of the
enterprise are established, which can affect the change in the value of F. For example, it is
established that in the planning period, in comparison with the base year, Expected total
increase in final consumption of products by 5%. This relationship between F' and F' can
be represented as F' = 1,05F.

Stage 2 — Determination of points of the function f(t) is a interpolation nodes.

In order to construct the function f(t), it is necessary to initially define a set of points
for its subsequent interpolation. This stage includes the following steps:

Step 1: The intermediate points on the time axis t are determined, where ¢t = 0, 7.
Usually this is the first day of the month of the reporting period: January 1, February 1,
etc. and then ¢t = 0, 12. Moreover, the interval on the t-axis, for example, from 0 to 1, will
correspond to the dynamics of final consumption for January.

Step 2: The reporting values F; (where the r is a number of months in the reporting
period, r = 1,12) and F; are determined.

Step 3. The first point of the future function f(¢) is determined, for ¢ = 0(¢o; yo). This
point can be determined in different ways: expert method or by finding average values for
the same month in the base period.

Step 4: The point (t1;y1) is determined (Fig. 5) through the area of the trapezoid:

a+b
2

where: S is a trapezium area; a and b are bases of the trapezium; h is a trapezium height.
For our example in January, the area of the trapezoid is the value F}, where r = 1.
The quantity a is known. The height of the trapezoid h depends on the frequency of the
separations of the reporting period for intermediate time intervals. For our example, when
the reporting period is divided by months, the value h = % Thus, only the height b
remains unknown. After finding this, we find the point (¢1; ).
Step 5: All other points of the function f(¢) are defined. Similar to step 4 (Fig. 6).

S:

h, (5)
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Fig. 6. The found points of the function f(t)

At the function is interpolated, the points found will correspond to the interpolation

12
nodes. At the same time, the following condition must be satisfied: F; = Z F'.
k=1

Stage 3 — Finding the function f(t) by solving the interpolation problem. The stage
contains such steps as:

Step 1: The required function f(¢) is found by solving the interpolation problem on
the basis of the found points on the time interval ¢t = 0, 7. It is possible to interpolate the
function in several ways, for example, using the Lagrange method.

Step 2: Checking the adequacy of the function found.

At this step, the relationship between F' and f(t) should be explained:
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E—/Mwﬁ- (6)

F' is an indicator of the adequacy of the interpolated function f(t). So, if

(i~ [ 50 dt) - min,

that this indicates a high level of adequacy of the function f(t) found.

In conclusion of this section, will analyze the level of productivity and conditionality
of the received DDIOM (second variant) using the author’s methodology of forming F.
The number of conditionality in this case N' = 6, 12, which also indicates a good level of
conditionality of the model obtained. It is also established that the unit direct cost matrix

n
is productive and the inequality ) a;; < 1, j = 1,n for all structural elements is satisfied.
i=1

Conclusion

The paper presents algorithms for the formation of the vector-column and vector-
functions for the products final consumption in the DDIOM, developed by the author.
Briefly list the findings:

e the structure of the column-vector of final consumption is analyzed and the technique
of formation of F' is presented. If before, the products final consumption was
understood only the value of gross revenue, then now the author in the final
consumption in the DDIOM proposes to include two components: external and
internal consumption of the enterprise’s products. For each component, a detailed
description and formulas for their calculation are presented;

e the algorithm and the block diagram of the formation of F in the DDIOM of the
enterprise for the base year are developed;

e in the examples it is shown how, depending on the adopted methodology for
determining the structure of final consumption, the values of the matrices A and
B in the model change;

e it is established that the use of the methodology and algorithm for the formation
of final consumption of products proposed by the author makes it possible to
correctly determine the column-vector F' n the DDIOM of the enterprise. Such the
methodology allows in a number of cases to obtain a productive and well-conditioned
model;

e the developed algorithm for finding the vector-function f(¢) in the reporting period
is presented, the indicator of its adequacy is determined.

Summing up, we note that the inclusion of external and internal turnover of the
enterprise in the final consumption structure will lead to more adequate subsequent
modeling of the enterprise’s activity in the planning period. Also it will allow to develop
such managerial decisions that will improve efficiency of intrafirm planning of activity of
the enterprise.
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AJITOPUTM AHAJIN3A CTPYKTYPHI KOHEUYHOI'O
IIOTPEBJIEHI Y ITPOAYKIINN B BEIPOXKJIEHHOM
TNMHAMUNYECKON BAJTIAHCOBOY MOJIEJIN
MPEOIIPUATA

T.A. Bunoepadosa

B crartbe mpencraBiieH aJropuTM aHan3a CTPYKTYPhl KOHEYHOIO IIOTPEOJIEHUS, 03~
BOJIATOIIETO KOPPEKTHO OIPEIETIATh BEKTOP-CTOJIOEN KOHETHOTO MOTPEOICHNsT MPOLYKITUN
B BBIPOXKJIEHHON JIMHAMUYECKOH OalaHCOBOI Mojeu NpeaunpusTus 3a 6a3oBbiii rog. Oc-
HOBHOI Wjieeil aJIrOpUTMa SIBJISIETCS PACCMOTPEHHE B COCTaBe TAKOTO BEKTOP-CTOJIONA He
TOJIKO BHENTHUX TOCTABOK IPOJYKIINU, HO U BHYTPEHHETO TOBAPOOOOPOTA, UTO TO3BOJIAT
ITOBBICUTD aJIEKBATHOCTH MCCJIEIyEeMOil MaTeMaTndeckoi Mojesm. JLis xapakrepuctuku 3¢-
PEKTUBHOCTH TIPEIIOKEHHOTO aJTOPUTMA, MCCIEI0BAINCH 00YCIOBIEHHOCTD U TPOIYKTHB-
HOCTH TOJIyYEHHBIX BBIPOKIECHHBIX JAMHAMUICCKUX OATAHCOBBIX MOJeseill MpeanpusaTnii B
JBYX CJIyYdasix: IPU UCIOIB30BAHUN CYIIECTBYIONMIEH U aBTOPCKOM METOANK (DOPMUPOBAHUST
BEKTOPa KOHEYHOT'O ITOTPebIeHNs. YCTaHOBJIEHO, UTO IIPEJJIOYKEHHBII aBTOPOM METO/I B Psiie
CJIy9a€eB TI03BOJIUT TI0JIyYaTh XOPOIIIO 00YCJIOBJIEHHYIO U IIPOyKTUBHYO Moie/ib. KadecTBen-
Hasl OIEHKA JIAHHOT'O yTBEPXKJIEHUS MOATBEPKIEHA IIPEJICTABJIECHHBIMU TpuMepaMu. Takke
B CTaThe MPEJIOKEH aJTOPUTM HaXOXKIECHNST BEKTOP-(PYHKIINNA KOHETHOTO TMOTPEOICHNs B
MOJIeJIN 38 OT49eTHBIH rnepuos. OlpeesieH MHIMKATOP aleKBATHOCTH TAKOi (DYHKIMH.

Kmouesnie crosa: xonewrnoe nompebienue, 6ulporHcoennan OUHAMUYECKAA OaAGHCOBAA
MOOEAD, YUCAO 0OYCAOBAEHHOCTIU, YPOSEHD NPOJYKMUSHOCTIU bAAGHCOB0T MODeAU NPednpu-

AMMUA.

46

Journal of Computational and Engineering Mathematics



COMPUTATIONAL MATHEMATICS

JImreparypa

1.

10.

11.

12.

Topormies, E.JI. MojenupoBanue yCTOWIHBOCTH U SKOHOMUYECKOTO POCTA B YCJIOBUAX
HEOITPe/IeIEHHOCTH TapaMeTpoB MexkorpacseBbix Mojeseii / E.JI. Topornmes, T.B. Ta~
rouenko // CoBpemeHHasi SKOHOMHUKa: mpobjeMbl u pemenus. — 2013. — Ne 6. —

C. 137-148.

Mapaxosckuii, A.C. MexkorpacieBas OajlaHCOBast MOJETb KakK (MMOEKTUBHBI WH-
CTPYMEHT WHJMKATUBHOIO IIaHupoBaHus cbasancuposannoro pocra /| A.C. Mapa-

xoBckuit // Becrauk CraBporosibckoro rocyaapcrsennoro yuusepcurera. — 2006. —
Ne 44. — C. 49-56.

. Wiedmann, T. A review of recent multi-region input—output models used for

consumption-based emission and resource accounting / T. Wiedmann // Ecological
Economics. — 2009. — Ne 69. — P. 211-222.

Bosipunnier, FO.E. Anrebpo-muddepenimaibibie cucrembl. MeTosbl perienuss u uc-
crenopanust / FO.E. Bosipunnes, B.®. Yucrakos. — Hosocubupck: Hayka, 1998. —
224 c.

. Ceupuiok, ['A. YucienHoe perieHne CUCTEM YpaBHEHUil JICOHTHEBCKOTO THIIA |

[.A. Ceupumiok, C.B. Bperues // Ussectus Boiciunx yueOHBIX 3aBejenuii. Marema-
tuka. — 2003. — Ne 8. — C. 46-52.

Leontieff, V.V. Input-Output Economics / V.V. Leontieff. — New York, Oxford:
Oxford Univesity Press, 1986. — 448 p.

Bopoukos, I1.T. CoepiriercTBoBaHMEe IAHUPOBAHNS PE3Y/ILTATOB U 3aTPAT JIECO3Ar0-
TOBUTEJIHHOTO TIPOU3BOJICTBA Ha OCHOBe MeToja <3arpar-sbinycks / [1.T. Boponkos,
J.B. Pysakos // Bectauk MOCKOBCKOIO TOCYIapCTBEHHOTO yHUBEpcUTeTa Jieca — Jlec-
noit Becrauk. — 2001. — Ne 4. — C. 190-193.

. JleraBun, M.U. Jlunamudeckasi OajiaHcoBast MOJEIb SKOHOMHYECKON HesaTelbHOCTH

upennpusitust /| M. Jlerasun, C.A. Maxaposa // Dkonomuka — 2009. — Ne 4. —
C. 46-50.

Banun, A.A. Ilpumenenne 6a/1aHCOBOII MOJIe/IN B aHAJIN3E JIEATEIHLHOCTI IIPEJIIPUs-
tus / A.A. Barnun, M.U. JleraBun // 9koHOMIKa 1 MaTeMaTnydeckne MeTobl. — 2002. —

Ne 4. - C. 67-73.

Kemnmep, A.B. Huciennoe ncciemoBanue 3a,1a9 ONTUMAIBHOTO YIIPABIECHUS JIJIsT MOJIe-
JIeil JIEOHTHEBCKOT'O THUIIA: JUCCEPTAINs ... J0KTOpa (PU3UKO-MAaTeMaTHIeCKUX HayK:
05.13.18. — Yensgbunck, 2011. — 249 c.

Kemmep, A.B. Merouka mocrpoeHust CTaTUIeCKOl U JIMHAMUYIECKOH OalaHCOBOI MO-
neqn zHa yposae npeanpusitus / A.B. Kemnep, T.A. Hlumkuna // Becraux FOVpI'Y.
Cepust Dkonomuka n MenezkMenT. — 2013. — T. 7, Ne 3. — C. 6-12.

Kemnep, A.B. Hcnosb3oBanne 6yxXrajarepckoil OTYEeTHOCTH KaK OCHOBBI IIOCTPOEHUS
JITHAMUIeCKOi OastancoBoit Mogenu jyist peanpusarust /| A.B. Kesrep, T.A. ummku-
Ha // CoBpeMmeHHasi 9KOHOMUKA: TIpobeMbl u permtenusi. — 2014. — Ne 9. — C. 8-19.

2017, vol. 4, no. 3 47



T. A. Vinogradova

13.

14.

15.

16.

Kemnnep, A.B. Yuciao oOycioBIeHHOCTH KakK HEOOXOIMMOE YCJIOBHE aJeKBATHOCTHU
muHaMaeckoil Ganmancosoit mogemn / A.B. Kemrep, T.A. lumkuna // FOxwHO-
ypaJIbCKasl IMKOJIa [0 MaTeMaTUIeCKOMY MOJIETUPOBAHUIO: COOPHUK TPYIOB BCEPOC-
cuiickoit HayuHO-IpakTrdeckoit koudepenryu, 29-30 maga 2014 r. — Yensabunck: M3-
narenbekuit ieHTp FOYpIL'Y, 2014. — C. 66-69.

Dannees, [1.K. Boraucimrensabie meroinr jmueiinoit anrebper /| JI.K. ®amees,
B.H. ®ajeesa. — M.; JI.: @uszmarruz, 1963. — 734 c.

eit, P. Yucao o0yc/ioBJI€HHOCTH MATPUIIBI KaK ITOKA3aTe/ b YCTONYUBOCTHU IIPU pellle-
Hun npukaaaabx 3agad / P. Heit, M.M. lymados // Tpynst DOPA. — Ousndeckoe
O6mectro PA, 2011. — Ne 16. — C. 61-67.

['panbepr, A.I". Tunamuaeckue Mogenn HapoaHoro xossiictsa / A.I. I'panbepr. — M.:
DroHOMUEKa, 1985. — 240 c.

Bumnoepadosa Tamwvana Asexcandposua, acnuparm, xapedpa Mamemamuieckozo u

Komnwvromeprozo modeauposarus, Focro-Yparvckuil eocydapecmeenmnviti ynusepcumem

(2.

Yenabunck, Poccutickan Dedepayusn), shishkinata@susu.ru

Hocmynuna 6 pedaxyuro 23 uons 2017 1.

48

Journal of Computational and Engineering Mathematics



