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A MODEL OF CLOSED CIRCUITS FORMING IN A LOGISTICS SYSTEM WITH
FEEDBACK

The subject of the research in the article is the reverse flows of material resources within the circular processes of closed supply
chains of the logistics system with feedback. The aim of this article is to develop a model of the formation of reverse material flows
using the processes of circular economy, which will achieve maximum efficiency of the logistics system. To achieve this aim it is
necessary to solve the following tasks: to determine the essence and study the evolution of the circular economy through changes in
the frameworks that form it; develop a graphical model of a logistics system with feedback, which is based on the implementation of
circular processes; develop a mathematical model of the logistics system with feedback and conduct experimental calculations
confirming its adequacy. Methods of systems analysis, operations research, namely linear programming (distribution problem is
solved by the simplex method) are used to solve the tasks set in the study. The following results were obtained: the essence of the
circular model of the economy, the evolution of its economic frameworks and the processes that are part of them were studied; the
graphical model of the logistics system with feedback was presented by means of circular processes; a mathematical model of the
logistics system with feedback was created. Conclusions. The concept of a circular economy is based on the principles and objectives
of the concept of sustainable development and emphasizes the need to close logistics systems, i.e. to create logistics systems with
feedback. The tools for the implementation of its concept are closed supply chains, which include direct and reverse material flows.
Closed circuits are created through the use of circular processes, which create logistics loops that provide feedback between the
participants in the chain and allow you to organize the reverse flow of products, their components, raw materials and materials. The
application of operations research methods allows to create a mathematical model of the task of optimizing return material flows and
to distribute material resources by loops, so that the total cash flows of the logistics system reach the maximum value and

ecodestructive impact on the environment by creating return flows of secondary material resources was minimal.
Keywords: circular process; closed logistics chain; logistics loop; reverse material flow.

Introduction

At the beginning of the XXI century, the problem of
unsustainable development of modern civilization has
acquired a new qualitative state and reached its limit. An
economy built on the principles of technocracy and non-
equivalent socio-natural exchange is incapable of ensuring
long-term sustainable development for humanity. Today,
the biosphere is unable to fight human activity, it has
begun irreversible changes. Mankind produces 2,000
times more organic waste than all of nature [1]. It has
already become clear that the contradictions between the
ever-growing needs of society and the limited capabilities
of nature threaten the continued existence of man as a
species.

A harmonious alignment of the components of
sustainable development that ensures economic growth,
social stability and environmental balance in the long term
can be achieved thanks to the introduction of the
principles of circular economy, which has recently
received increased attention from specialists around the
world. The transition to a circular economy is becoming
global, and the benefits of implementing this concept are
becoming increasingly apparent. According to experts, in
2025, the circular economy can annually provide an
increase in the income of the global economy of more
than 1 trillion US dollars. In addition, the transition to a
circular economy will create huge opportunities for
modernizing production and introducing industrial
innovations, ensuring annual GDP growth of 7% [2].

The existing linear model of the economy is not
perfect, as it constantly requires the involvement of
additional primary resources, which, passing through the
man-made system, produce a large amount of waste. The
circular economy takes into account the biological and

technical cycles of resource circulation and the potential
benefits that can be obtained at different levels of these
cycles, it involves the transition from a linear model of the
economy to a closed cycle economy [3]. Ideally, the
formation of a closed model of the circular economy
should lead to compliance with the principle of zero
waste, which is possible through the introduction of
mechanisms of reverse (reverse) logistics and the creation
of environmentally-oriented closed logistics chains.

Analysis of recent research and publications

The study of the essence of the circular economy, its
processes and business models is currently given some
attention by scientists, but it cannot be considered
sufficient, because this concept is not just a new direction
of scientific thought within economics, but is an
interdisciplinary approach, the main task of which is to
create a theoretical basis for changing the worldview of
mankind to a more humane in relation to the environment.

For the first time, the circular economy was
recognized as a promising direction of economic
development in the Report of the Club of Rome "The
Limits to growth™ [4], published in 1975 and contains the
results of analysis of possible civilization potential
population growth, scale of use of natural resources,
environmental problems.

In 2015, the European Commission addressed the
European Parliament and the Council of Europe, socio-
economic and regional committees with a report "Closing
the loop — An EU action plan for the Circular Economy"
[5], in which the concept of circular economy was
substantiated. The modern concept of logistics, which is
actively developing and has recently been influenced by
greening, taking into account the principles of the circular
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economy, is the management of supply chains (logistics
chains) - Supply Chain Management.

Such scientists as Yu. V. Varenko, M. Yu. Hryhorak,
L. M. Zaretska, E. V. Krykavsky, I. I. Mukhina,
A. V. Smirnova, C. Comtois, Robert D. Klassen,
Su-Yol Lee, J.-P. Rodrigue, B. Slack, etc. disclose the
issues of applying an ecological approach to logistics
chain management in their works. Models of the logistics
chain with reverse material flows are presented in the
works of such researchers as: S. S. Al
V. V. Bezkorovainy, E. M. Bukrinskaya, D. O. Gobov,
M. N. Grigoriev, K. O. Dzyubina, A. V. Dzyubina,
O. P. Dolgov, D. A. Karkh, O. V. Myasnikova,
S. V. Potapova, A. Tambovtsev, T. Tambovtseva,
S. 0. Uvarov, V. A. Falovich, S. A. Shahnazaryan etc.

The importance of taking into account environmental
requirements in the optimization of logistics structures by
solving in conjunction with traditional logistics problems
of optimizing return material flows from consumers to
places of production or disposal within the reverse
logistics is noted in [6]. In [7], the scope of activity, which
is identified as logistics of recycling and utilization, is
defined within logistics, and its goals and main logistic
functions are outlined. In [8] the necessity of transition to
the closed-loop economy is noted and the issues of
transformation of logistics systems are considered, the
conditions of realization of logistics of interaction of
system participants in the conditions of construction of
circular economy are revealed, the structure of closed
supply chain is developed. In [9] the peculiarities of direct
and reverse material flows are considered, the expediency
of introduction of reverse logistics tools into the logistics
activity of the enterprise is substantiated, the basic models
of reverse material flows functioning in modern economic
conditions are formed, the peculiarities of return and
utilization recycling are revealed. In [10] the key
parameters of the closed loop of the supply chain are
investigated, the need to coordinate the reverse logistics
strategy with the life cycle of the product, seasonality of
demand for it, with the pricing strategy for refurbished
goods and the level of after-sales service; the conditions
for allocating part of the closed loop of the supply chain
for outsourcing are outlined. In [11] an integrated and
generalized scheme of logistics network with feedback,
due to which it is possible to reach a compromise between
costs in this network and eco-destructive impact on the
environment, presents a mathematical model for solving
integrated multicriteria multi-link direct and inverse
logistics. The paper [12] presents mathematical models
and methods for solving problems of transport route
optimization in closed logistics systems, taking into
account many topological and logistical constraints,
including a proposed solution for network optimization for
transporting direct and reverse product flows, which will
increase the efficiency of closed logistics systems.

Despite the existing research on the organization of
direct and reverse flows within the reverse logistics,
traditionally these tasks are considered separately, which
does not allow for general optimization of material flows
and achieve a synergistic effect for participants in the
logistics system.

The aim of this article is to develop a model of the
formation of reverse material flows using the processes of
circular economy, which will achieve maximum
efficiency of the logistics system. To achieve this aim it is
necessary to solve the following tasks:

1. Define the essence and explore the evolution of
the circular economy through the change of frameworks
that form it.

2. Develop a graphical model of the logistics system
with feedback, which is based on the implementation of
circular processes.

3. Develop a mathematical model of the logistics
system with feedback and conduct experimental
calculations confirming its adequacy.

Task solving

Circular processes in the model of circular
economy.

There are two approaches to defining the essence of
a circular economy: resource-oriented (flow-oriented) and
economic-oriented (systemic).

According to the flow approach [13-16], the circular
economy is based on the use of closed flows of materials,
energy and waste, which can be achieved through the
reuse of product, components, raw materials and supplies.

The systems approach [17-19] presents the circular
economy as a model of the economic system, which is an
element of the man-made system and is based on the reuse
of materials, which will preserve natural resources, and
considers creating value for system elements.

The most commonly used and taking into account
the above approaches to determining the essence of the
circular economy is the interpretation of the circular
economy provided by experts of the Ellen MacArthur
Foundation [2], according to which the circular economy
is an economy that has a renewable and closed character,
provides for the creation of a continuous development
cycle that preserves natural capital and increases its
value, increasing the return on resources by optimizing
their use.

The circular economy is an alternative to the
traditional linear economic mechanism, as it is
characterized by a closed nature of resource use and
recovery. Unlike the traditional model of economy, which
works on the principle of "take, make, use, waste", the
circular economy offers a fundamentally new sustainable
model based on the principle of "take, make, use, repair or
recycle, reuse". The circular model is a good way to save
resources and materials, reduce the negative impact on the
environment and sustainable economic growth.

In modern conditions, the transition to a circular
economy is possible due to the closure of the resource
cycle and the creation of closed supply chains. This
opportunity first appeared due to the introduction of
recycling — the process of returning waste to the
production process, which was one of the first processes
of the circular economy. In the process of developing the
concept of circular economy, the framework conceptual
structures were formed - frameworks, which as the ideas
of circularity were transformed: "3R", "4R", "6R" and
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"9R" [20; 21]. Stages of evolution of the circular economy
and their corresponding circular processes are presented in

Table 1. Characteristics of circular economy framework processes

table 1 [13].

The level of
circulation of the Framework Process characteristics
economy [20]
First level - 4R, 6R, 9R Recover (recovery, refund) —the process of collecting products and components at the
useful end of use, disassembly, sorting and cleaning for use in subsequent life cycles.
use of raw materials 3R, 4R, 6R, 9R Recycle (recycling, processing) — the process of returning waste, discharges and
emissions into the processes of techno genesis. Reuse of waste for the same purpose,
as well as the return of waste after appropriate treatment in the production cycle.
The second level is the 9R Refurbish (update, repair) - restore and update an old but serviceable product.
extension of the 6R, 9R Remanufacture (update, modification) - the process of restoring the product to bring it
service life of the into working order by replacing or repairing major units or components.
product and its parts 9R Repurpose (reorientation) - repurposing, using a product that has failed and its parts in
a new product with a second purpose.
9R Repair (repair, correction) — repair and maintenance of a defective product for use in
accordance with the original purpose.
3R, 4R, 6R, 9R | Reuse implies that a certain product is reused for original or new purposes in its
original form or with some changes and minor improvements.
The third level - smart | 3R, 4R, 6R, 9R Reduse (reduction, diminution) involves the reduction of the use of resources and
production and use of energy at the stages of planning and production of the product, and the reduction of
products emissions and waste at the stage of its use.
9R Rethink (rethinking) — increasing the intensity of product use (for example, sharing).
9R Refuse (refusal) — reduction of excessive consumption of products by completely
abandoning their functionality by transferring their functionality to other products.
6R Redesign — the process of developing next-generation products that would use
components, materials and resources extracted from the previous lifecycle or products
of the previous generation (redesign to use as many extracted components and parts as
possible without losing functionality).

Implementation of circular economy frameworks
involves the transformation of business interactions, in
particular, through the implementation of economic
strategies of industrial symbiosis and industrial
metabolism, according to which the interaction between
elements of the man-made system can be carried out at the
micro, meso and macro levels in cascade resources, when
waste from one production is a raw material for another,
thus ensuring the reduction of eco-destructive impact on
the environment.

Graphic model of a logistics system with feedback

To create a model of a closed logistics system
(logistics system with feedback), which includes closed
(complete) logistics chains; we use participants and
processes used in the model of circular economy, which is
proposed by the Ellen McArthur Foundation [2].
According to this model, the main participants in closed
circuits are: resource provider, (RP), parts manufacturer
(PM), product manufacturer (PM), service provider (SP),
consumer / user (CU), collection center (CC), repair
center (RC), sort center (SC), utilization center (UC).

Eco-oriented closed logistics chain consists of two
chains: forward and reverse, depending on the direction of
material flow. Participants in the direct chain may not be
in the reverse, and vice versa. There are participants in
both the forward and reverse chains. The conditional link
that divides the complete chain into direct and reverse is
the consumer / user of the product. Within a complete
logistics chain, the direct chain begins with the natural
environment and the resource supplier and ends with the

consumer / user of the product, the reverse chain begins
with the consumer / user of the product and ends with the
recycling center and the natural environment.

The implementation of the concept of a circular
economy, which is based on the creation of closed
logistics systems, which requires the closure of logistics
chains by creating feedback systems, has led to the use of
processes that are not typical of linear logistics chains.
Among the processes of circular economy should be noted
processes related to reverse logistics and involved in the
organization of reverse flows to create feedback in a
closed logistics chain: recover, recycle, refurbish,
remanufacture, repurpose, repair, reuse. Due to these
processes, which can be called circular, there are
logistic loops between the participants in the logistics
chain, providing feedback in closed logistics chains
(fig. 1).

The largest number of logistics loops is created by
the process of recycle (recycling, recycling) — ten loops.
The process of returning waste, discharges and emissions
into the production cycle can be carried out by almost all
elements of the environmental chain.

The repair process (repair, maintenance) creates a
single logistical loop, as the repair and maintenance of a
faulty product for use in accordance with
the original purpose requires the participation of the repair
center.

The repurpose process creates three logistic loops, as
the path of the failed product to the product manufacturer
goes through the collection center or collection center and
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repair center, and parts of the product move through the
disassembly center.

The recover process creates two loops in the logistics
chain, because after disassembling the products, the
products and their components can go to the parts
manufacturers and product manufacturers.

The processes of refurbish (update, repair) and
remanufacture (update, modification) create two loops, as
products from consumers can come to the repair center
through the collection center, and directly.

|
m RP > DM > PM » SP
N > 7R T o Tk ] =)
‘\ - 1 - - '
A% \ > I |
S o, |
I , ,\\/ i = 1’ |
R DT / |
= 3 ' I
O RC % ; i cu
N
M
E
N e
I
= " recycle e > repair repurpose— — — —» recover
= = > yefurbish/ remanufacture — — » reuse — — — » utilization
Fig. 1. Logistics system with feedback
The reuse process creates two loops because it logistics chain (utilization center), 1. - natural

involves reusing the product for original or new purposes
in its original form or with some changes and minor
improvements.

In addition to the reverse processes in the circular
economy model, there is a process of utilization, which
aims to safely recycle waste that cannot be used in
another, more efficient way.

Mathematical model of a logistics system with
feedback

The essence of the mathematical model is the
formation of reverse material flows, which allow to close
the supply chain through the organization of circular
processes and achieve the maximum value of the total
cash flow from their implementation. To solve this
problem, the method of linear programming of economic
and mathematical modeling (distribution problem) is used.

Assume that the movement of material flow is
carried out from link i to link j of the logistics
chain. The designations of the chain links
are as  follows: i={lI 1l loileiloileei i Taeiloc s
F={9e 35 dow i Jow i sp i o i e dse i e due | where

Ueilo Tow i Towilsoi leu o {3613t o Jou i s deu |
participants in the direct logistics chain, {1 ;!
{ouidecidsei Jaciduc

logistics chain. Chains begin and end with the following
elements: 1., (Jg) — first participant in the direct

logistics chain (resource provider), 1., (Jq, ) — last direct
chain participant and first reverse chain participant
(consumer / user), — last participant in the reverse

— sets of
4

ccr SC;IRC;IUC}’

— sets of participants in the reverse

environment.

The objective function of the mathematical model is
the total cash flows from the organization of the reverse
(recycling and utilization) flow of material resources in
the logistics chain

Uc (JRC P L
CF= [ 5 zch“m,Xi?.ﬂfiu,uij%max, O
i=ICU \Jj=JRP p=1 I=1
|
where Xijp — the amount of product (material flow)

coming from the link i ( I and enters the link j

CU' RC)
of the logistics chain (j=1J,:J,) through the loop |
(1-EL
flows generated by the movement of a unit of material flow
from the link i ( to the link j of the logistics

) of the circular process p (p 1 P) Cf P _ cash

cu» IUC&)

chain (j=J,,;J, ) through the loop | (I =LL) of the
circular process p(pzl;_P); U, — the amount of
products that are disposed of from the link i ( U,IRC) of

the logistics chain; Cf," — cash flows generated by the

disposal of a unit of material flow in the chain i
( (A RC) of the logistics chain.

- Restrictions:

- for the return or utilization of all products entering
the links of the reverse logistics chain, taking into account
that
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)

where @; — the number of products that arrive in the link
j (i=Jidxc) of the reverse logistics chain, we will

accept that @, =h; Vi=j, then

(=

RC L

ZP:ZXPI +U, =D

j=JRP p=1 1=1

®3)

where b, — the number of products that come out of the
link i (i =131, ) of the reverse logistics chain.

- on non-exceeding the capacity of the links of the
reverse logistics chain

IRC P L
> ZZX”' <g;, @)
i=ICC p=1 I=1

where §; — the number of return products in which there
is aneed for the link j (j=1J.J,. ) of the logistic chain.

- for the needs of the links of the direct logistics
chain in the reverse material flow

ICU

Q)

Table 2. Logistics loops of reverse logistics chains

where hj — the number of return products in which there is

RP?

a need for the link ] (j:J qu) of the logistic chain.

- for the maximum volume of product utilization in
the links of the direct logistics chain

uj < kdj 'Xij ) (6)

where k; — utilization coefficient in the link j of
material flow (j=J,,;J;, ) received from the link i of the
direct logistics chain (i=1¢;1,).

- for the maximum volume of product utilization by
the links of the reverse logistics chain

JRC JSp
5 k[ S j

j=cu j=JRP

()

where kr — utilization coefficient in the reverse logistics

chain.

Due to the use of the proposed mathematical model
it is possible to solve the problem of optimization of
reverse recycling and utilization of material flows in the
logistics system, which will achieve the maximum value
of total cash flows from the introduction of circular
processes.

Experimental calculations of the corresponding
distribution problem, which were performed by the
simplex method, confirmed the adequacy of the model and
allowed to distribute the material flows in the same way as
presented in table 2.

Circular process Logistics loop Reverse material flow (tone)
1 recover 11 CuU CcC SC PM
600 600 600 600
12 Ccu cc SC DM
0 0 0 0
2 refurbish/remanufacture 21 CuU RC PM
0 0 0
22 CU CcC RC PM
0 0 0 0
3 reuse 31 CuU CcC SP
0 0 0
32 Cu cC RC SP
1000 1000 1000 1000
4 repurpose 41 CU CcC PM
0 0 0
42 CuU CcC RC PM
0 0 0 0
43 CU CcC SC DM
600 600 600 600
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End the Table 2.

5 repair 51 CU CcC RC CU
2000 2000 2000 2000
6 recycle 61 CuU CcC SC RP
500 500 500 500
62 CU cC RP
0 0 0
63 CuU RC CC SC RP
0 0 0 0 0
64 CuU RC CC RP
0 0 0 0

When solving the problem, all the restrictions were
met and the maximum value of the objective function
(total cash flows) was reached - 43602.5 USD. At the

feedback within closed logistics chains, within five
circular processes: recover, reuse, repurpose, repair, and
recycle. The utilization process is also taken into account

same time, logistics loops were created, providing (fig. 2).
|
ﬁ RP » DM —> PM > sP
N % e TE f - >
1
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—» recycle - > repair repurpose
— — » reuse — - ——» recover — — — ¥ utilization

Fig. 2. Experimentally obtained closed logistics system

Conclusions

The concept of a circular economy is based on the
principles and objectives of the concept of sustainable
development and emphasizes the need to close logistics
systems, ie to create logistics systems with feedback. The
tools for implementing the concept of a circular economy
are closed supply chains, which include direct and reverse
material flows. There are closed chains due to the use of
circular  processes:  recover, recycle, refurbish,
remanufacture, repurpose, repair, reuse, which create
logistics loops between the participants in the logistics
chain. Logistics loops provide feedback between the
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MOJIEJIb ®OPMYBAHHSI 3AMKHYTHX JIAHITIOT'IB B JIOTICTUYHIN
CUCTEMI 31 3BOPOTHUM 3B’SA3KOM

IIpenMeToM NOCHIKEHHS B CTAaTTi € 3BOPOTHI IIOTOKHM MaTepiabHUX PECypciB B MeKaxX NUPKYSIPHUX IIPOIECIB 3aMKHYTHX
JIAHITIOTIB MOCTAYaHb JIOTICTHYHOI CUCTEMH 31 3BOPOTHHM 3B’s13K0M. MeToI0 1aHOi CTaTTi € po3poOka Mojieli (hOpMyBaHHS 3BOPOTHHX
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MarepialbHUX MOTOKIB 3 3aCTOCYBaHHSM MPOLECIB HHUPKYJSIPHOT €KOHOMIKH, IO J03BOJHUThH JOCATTH MaKCUMAalbHOI eeKTHBHOCTI
(GYHKIIOHYBaHHS JIOTICTHYHOI cucteMu. J{I JOCATHEHHS IOCTaBICHOI METH HEOOXIHO BHPIIINTH HACTYITHI 3aBAAHHS: BH3HAUYUTH
CYTHICTDb Ta JOCHIAUTH €BOJIOLII0 IUPKYJSIPHOI €KOHOMIKH depe3 3MiHy (QpeiiMBOpKIB, 10 i yTBOPIOIOTH; po3pobuTH rpadiuny
MOJIeJTb JIOTICTHYHOI CHCTEMH 31 3BOPOTHHM 3B’SI3KOM, sika 0a3yIOThCS Ha BIIPOBA/DKEHHI IUPKYJSIPHUX IPOLECIB; PO3POOHTH
MaTeMaTHYHy MOZENb JIOTICTHYHOI CHCTEMH 31 3BOPOTHHM 3B’S3KOM Ta IIPOBECTH EKCIICPHMEHTAJIbHI pO3paxyHKH, IO
MiATBEPDKYIOTh 11 afgeKkBaTHICTh. s BUpILICHHS MOCTaBICHUX 3aBJaHb B JOCIIIKCHHI BUKOPHCTOBYIOTHCS METOAM CHCTEMHOTO
aHayi3y, MOCTIDKEHHsS OIepallif, a caMe JHIHHOrO NporpaMyBaHHS (pO3MOALIbHA 3aJada BUPILIYETHCS CHUMILIEKC-METOAOM).
OTprMaHO HACTYIHI Pe3yJIbTATH: JOCITIIKECHO CYTHICTh LUPKYISAPHOI MOJEi eKOHOMIKH, eBOJIOLII0 ii (peiMBOPKIB Ta MPOLECIB,
o0 BXOAATH N0 iX CKJIamy; 3a JOIOMOTOI LHPKYJISPHUX IPOLECIiB NPEACTaBICHO TrpadidHy MOJIENb JIOTICTUYHOI CHUCTEMH 31
3BOPOTHUM 3B’S3KOM; CTBOPEHO MAaTeMaTHYHy MOJENb JIOTICTHYHOI CHCTEMH 31 3BOPOTHHM B’s3KoM. BucHoBkm. Komemis
LUPKYJSIPHOI eKOHOMIKM 0a3yeThcsl Ha IPUHITAIIAX Ta HUIIX KOHIIEIIIT CTAJIOr0 PO3BUTKY Ta HAroJIONIy€e HAa HEOOXiJHOCTI 3aMHUKaHHS
JIOTICTHYHUX CHCTEM, TOOTO CTBOPEHHI JIOTICTHYHHX CHCTEM 31 3BOPOTHHM 3B’S3KOM. I[HCTpyMeHTOM peanizamii KOHIENIii
BUCTYIAIOTh 3aMKHYTI JIQHIIOTH IIOCTABOK, 1O CKJIaay SIKMX BXOAATH IPsSMi Ta 3BOPOTHI MarepiajbHI ITOTOKH. BHHHKaroTh
3aMKHYTI JIQHLIOTW 3aBISKM BUKOPHCTAHHIO LHPKYJIAPHUX HPOLECIB, SKi CTBOPIOIOTH JIOTICTHYHI MHeTHi, sKi 3abe3nedyroTh
3BOPOTHUI 3B’S30K MDK y4YacHHKaM{ JIQHLIOTa Ta JO3BOJISIIOTH OPTaHi3yBaTH 3BOPOTHHH TMOTIK MPOAYKTIB, IX KOMIIOHEHTIB,
CHPOBHHHM Ta MartepiaiiB. 3aCTOCYBaHHS METOMIB JOCIHIIKCHHS OIepaliii N03BOJIIE CTBOPHUTH MaTeMAaTHYHY MOJENb 3aBIaHHSA
onTuMi3amii 3BOPOTHHUX MaTepialbHUX MOTOKIB Ta pO3MNONUIMTH MaTepialbHI pecypcd 3a MeTIAMH, TaKuM YHHOM,
mo0 3arajbHi MOTOKM TPOINOBHX KOIITIB JIOTICTHYHOI CHUCTEMH JIOCSINIM MaKCHMAaJbHOTO 3HAYeHHS, a EeKOJECTPYKTHBHHMIL
BIUIMB HAa HAaBKOJIMIIHE CEPEJOBHINE 3aBISKM CTBOPEHHIO 3BOPOTHHX IIOTOKIB BTOPHMHHHX MaTepialIbHUX pecypciB OyB
MiHIMaJIbHUM.

Kunrouosi ciioBa: nupkysipHuil nporec; 3aMKHYTHIH JIOTICTUYHHHN JIAHIIOT; JIOTICTUYHA TIETIIs; 3BOPOTHUIT MaTepialbHUH MOTIK.

MOJIEJIb ®OPMUPOBAHUSA 3AMKHYTBIX IIENIEX B JIOTUCTUYECKOM
CHUCTEME C OBPATHOM CBS3bIO

IIpenMeToM wucciieoBaHusl B CTaTbe €CTh OOpaTHBIC INOTOKM MaTepHANBHBIX PECYpCOB B paMKaxX LUPKYJSIPHBIX HPOLECCOB
3aMKHYTHIX IIeTIeil TTOCTaBOK JIOTUCTUYECKON CHCTEMBI ¢ 00paTHOH cBa3bi0. Llesiblo maHHOI cTaThu SBISAETCS pa3paboTKa MOJETH
(opMHupOBaHUST 0OPATHBIX MaTE€PHUATBbHBIX MOTOKOB C IMPHUMEHEHHEM IIPOLECCOB IHUPKYJSPHON SKOHOMHKH, YTO TTO3BOJIUT JOCTHYb
MaKCUMaNbHOH 3()(HeKTUBHOCTH (YHKIMOHHPOBAHUS JIOTHCTHIECKON CHCTEMBI. [ TOCTMKEHUS MTOCTABICHHOH e HeoO0XO0auMO
PELINTh CIIeAYIOMHUe 3aJa4M: ONPENEINTh CYIIHOCTh M HCCIENOBATH SBONIONMIO IHPKYISIPHOH SKOHOMHKH ITyT€M W3MEHEHUS
obpasyromux ee (peiiMBopkoB; paspaboraTh rpaduuecKkyro MoIEib JIOTHCTHYECKOH CHCTEMBI C OOpaTHOH CBA3bIO, KOTOpAas
0a3upyroTCs Ha BHEPEHUH LUPKYJSIPHBIX MPOIECCOB; Pa3paboTaTh MaTeMAaTHYECKYIO0 MOJIENb JIOTUCTHYECKOH CHCTEMBI ¢ 00paTHON
CBA3BI0 U TNPOBECTU IKCIEPUMEHTANbHBIE PACYETHI, IOATBEPXKAAIOIINE €€ aJeKBAaTHOCTb. [l pelleHus IOCTABICHHBIX 3a/ad B
HCCIIeIOBAaHUM HUCIHOJB3YIOTCS METOABI CUCTEMHOTO aHAJIN3a, MCCIIE[OBAHUS OlNepalii, a IMEHHO JMHEHHOrO MPOrpaMMHUPOBaHUS
(pacmipesienuTeNnbHAs 3a7ada peIIaeTcsd CHMIUIEKC-MeTonoM). IlomydeHsl crnemyromue pe3yJbTaThl: HCCIEAOBAaHA CYIIHOCTh
IUPKYISIPHON MOJIENH SKOHOMHMKH, SBOJIIONNH e¢ (ppeliMBOPKOB M MPOIECCOB, BXOISMINX B UX COCTaB; C TOMOINIBIO IUPKYIAPHBIX
MPOIIECCOB MpEACTaBleHa Tpadudueckas MOJAENb JIOTHCTHYECKOH CHUCTeMBI ¢ OOpaTHON CBsI3pIO; CO3/laHA MaTeMaTHYecKas
MOJIENTb JIOTUCTHYECKOW CHCTEMBI ¢ 00paTHOH BsA3KH. BeiBoabl. KoHIenus MupKyIspHON SKOHOMUKH 0a3upyeTcs Ha MPHHIUIAX 1
[EeISIX KOHILENIMM YCTOWYMBOTO PAa3BUTUS M IIOJYEPKHBACT HEOOXOIMMOCTh 3aMBIKAHMS JOTHCTHUECKHX CHCTEM, TO €CTh
CO3JJaHUM JIOTHCTUYECKHX CHCTEM C OOpaTHO# CBs3bI0. VMHCTpyMEHTOM peanu3alyy KOHIEHIMH BBICTYMAIOT 3aMKHYTBIC LENH
MOCTaBOK, B COCTaB KOTOPBIX BXOJAT NpsIMble W oOOpaTHble MarephajbHble IIOTOKH. BO3HHKAIOT 3aMKHYThIE LENH
6arofapsi UCHOJIb30BAHUIO LIUPKYJISIPHBIX MPOLIECCOB, KOTOPBIE CO3JAI0T JIOTUCTHYECKUE METIIH, KOTOpble 00eCreunBa0T 00paTHYyIO
CBSI3b MEXJIy YYaCTHHKaMH ILI€[M M II03BOJIIIOT OPraHM30BaTh OOpATHBIH IOTOK ITIPOAYKTOB, HX KOMIIOHEHTOB, CBIPBS W
MarepuanoB. [IpuMeHeHHe METOJOB HCCIIEIOBAaHMS ONEpamui MO3BOMSIET CO34aTh MAaTeMAaTHYEeCKYl0 MOMAENb 3a/add
ONTHMHU3AIMH OOpAaTHBIX MATEPHANBHBIX IIOTOKOB M  PAacIpefeNuTh MaTepHalbHBle pPecypchl MO MeTISIMH, TaKHM
o0Opa3oMm, dYTOOBI O00mMEe TOTOKH JICHSKHBIX CPEACTB JIOTHCTUYECKOH CHCTEMBI JOCTHIIM MAaKCHMAIbHOTO 3HAUeHHUs, a
9KOAECTPYKTUBHOE BIMSHNE HA OKPY’XKAIOMIYIO Cpely Oiaroiapsi CO3MaHNI0 OOPATHBIX MTOTOKOB BTOPHYHBIX MAaTePHAIBHBIX PECYPCOB
OBUIO0 MUHMMAJIBHBIM.

KunroueBsbie ci10Ba: IUPKYISIPHBII MpoLiecc; 3aMKHYTas JIOTUCTUYECKAs! LIeTlb; JIOTUCTUUECKas! MeTIst; 0OpaTHBIH MaTepHatbHbIA
MOTOK.
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