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MULTIAGENT MODELING OF PRODUCTION LOGISTICS
IN THE CREATION OF HIGH-TECH PRODUCTS

Economic instability and stochastic behavior of the market lead to the need to develop new methods and mod-
els to reduce the life cycle of high-tech products. Therefore, the urgent task is a detailed consideration and
analysis of each main stage of the life cycle of creating complex technical products. The current study develops
a method for optimizing production processes. The subject of research is a production planning and manage-
ment as the main stage of the life cycle. The method proposed in the publication is based on the component ar-
chitecture of the created innovative high-tech product, which is obtained because of decomposition at the ini-
tial stage of design. Modern production is of distributed nature. While planning production, it is necessary to
pay attention to the management and synchronization of material and other types of flows in the logistics chain
of distributed production. To form a set of basic and subsidiary operations of distributed production, it is nec-
essary to consider the logistical features, the level of decomposition of the component architecture of the cre-
ated product, as well as the type of component in the production cycle. Logistics operations are conducted fol-
lowing the requirements for the relevant indicators, namely, the cost of the operation, quality, competitiveness,
innovation, the risk of the operation. The main criterion for optimization is the duration of operations. The
work uses multi-agent simulation modeling of a sequential logistics chain of production processes, as well as
mathematical models and methods: system analysis, optimization using integer programming, multi-criteria
optimization, and expert evaluations. The method reduces the duration of the production cycle for the manu-
facture of individual components of the complex architecture of high-tech products by determining the optimal
set of production and ancillary logistics operations for each component, considering the requirements for key
production indicators, which minimize production time of high-tech products.

Keywords: high-tech products; shortening of the life cycle of new equipment; logistic processes of distributed

production.

Introduction

The difficult situation on the market of
consumption of high-tech products is associated with
the turbulence of the economy, high requirements for
competitiveness and innovation of products, leading to
the need to shorten the life cycle of complex equipment
(aerospace, engineering products, etc.) [1]. Shortening
the life cycle of high-tech products requires new
appropriate methods and mathematical models at all
stages of technology development. The article considers
the main stage of the cycle of creating complex
equipment associated with production. It is important to
carry out the analysis and selection of optimal in time
logistic processes for the organization of production
with the possibility of shortening the life cycle of
complex equipment. In addition, it is necessary to take
into account the requirements for competitiveness, cost,
and innovation in the production of high-tech products
in the limited conditions of operation of domestic
enterprises.

1. Statement of the research task

When creating modern high-tech products, much
attention is paid to the architecture of the future product.
Modern approaches to the construction of architecture
use a component approach, which allows you to break
the product into appropriate components. Because of
decomposition of the created technical product at a
design stage its multilevel architecture is formed. The
designed complex technical product may contain
different types of components (Fig. 1): reusable
components, as well as combined components that
contain elements of innovation, innovative components
that ensure the competitiveness of the created product.

Modern production of high-tech products is based
on the distribution of production processes, which in
turn requires optimizing the duration and cost of
implementing the life cycle of creating a complex
product taking into account the logistic processes of
movement of materials, raw materials, components [2].

The logistics system of distributed production
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provides management of the main flows of the logistics
supply chain - production - sales (Fig. 2).

In distributed production, it is necessary to
manage: 1 material, 2 informational, 3
transportation and 4 — financial flows [3].

The material flow on its way from the primary
source of raw materials materials to the final consumer
goes through a number of sections. Material flow
management due to the distribution of production
requires modern information and communication
technologies of production logistics [4]. Logistic
operations with information flows are reduced to the
creation of distributed information systems and the
implementation within this system, actions to collect,

store, process and transmit information related to
material flows or analysis of these flows and their
management [5].

The reseach focuses on the study of logistics of
distributed production. Nowadays, subsidiary logistic
operations have a significant impact on the main
indicators of production, namely: duration of
production, product quality, the risk of successful
execution of the order portfolio, sales costs, etc. In
addition, the share of subsidiary production operations
(transportation, warehousing, control), compared with
the main production operations, is constantly growing
and can have a significant impact on the duration of the
production cycle of high-tech products.

Production based on the use of component architecture of a high-tech
product
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Thus, in conditions of economic instability and
stochastic behavior of the market there is a need to
shorten the production cycle of technical products in the
limited conditions of the enterprise. Thus, the aim of the
article is to develop a method of shortening the duration
of certain parts of the logistics system by creating a
multi-agent simulation model for the analysis of the
main and subsidiary production processes.

2. Solving the research problem

Production, as the main stage of the life cycle of
creating a high-tech product, can be considered as a
process that corresponds to the elements as a sequence
of operations (main and subsidiary) during the moving
of an unfinished product in the production system of the
enterprise.

Considering the territorial distribution of the main
components and technological processes of production
complexes, it is necessary to select rationally and justify
both the main and subsidiary operations of production.
To do this, it is necessary to analyze many alternatives
of subsidiary operations for timely and high-quality
maintenance of the main production process of
distributed production.

An important point in the optimization of the
production cycle is the choice of possible measures for
each stage of production, considering the j-th level of
detail of the component architecture of a complex
technical product.

For each of the levels of decomposition of the
technical product, depending on the type of component
(reusable  component, innovative ~ component),
considering the logistic features of the stage of product
creation many possible alternatives for choosing basic
and subsidiary operations can be formed.

We introduce a Boolean variable xidkj , which

shows the choice of the i-th alternative as the main
technological operation and the d-th alternative as a
subsidiary operation of the k-th stage of the j-th level of
decomposition of the component architecture of the
product. With:

1- shows the choice of the i—th
alternative as the main
technological operation and
the d —th alternative as
Xidg = a subsidiary operation @
of the k —th stage;

0—in another case

(absence of choice).

In its turn:

kal,_K, where k; is the number of logistic

stages of production required for the release of the
technical product on the j-th stage of decomposition;

i, =1Ln, , where n, is the number of possible
] ] ]

alternatives for the selection of the main operations of
the k-th stage of the j-th level of decomposition of the
created product;

dkal,mkj, where my, is the number of

alternatives for the selection of subsidiary operations of
the k-th stage of the j-th level of decomposition of the
architecture of the created product;

j=1L, where L isthe number of levels of detail

of the architecture of the product.
In addition, it is necessary to consider

ne. m.
ki ki

zzxidkj =1, @)

i=1 d=1

which means that you must choose one of the possible
alternatives.

Each alternative involves costs and a certain
duration, as well as the risk of execution.

We introduce the following indicators for the
analysis of the main and subsidiary production
processes of the k-th logistic stage:

tidkj — the duration of the k-th stage, associated

with the selection of the i-th main operation and d-th
subsidiary operation for the j-th level of detail of the
component architecture of the created product;

zidkj — the cost of implementing the k-th stage in

the case of choosing the i-th main operation and the d-th
subsidiary operation of the j-th level of decomposition
of the component architecture of the created product;

pidkj — product quality at the k-th stage in the case

of choosing the i-th main operation and d-th subsidiary
operation of the j-th level of decomposition of the
component architecture of the created product;

qidkj — competitiveness of products that arise at

the k-th stage, which is associated with the choice of the
i-th main operation and d-th subsidiary operation for the
j-th level of detail of the component architecture of the
created product;

hidkj — innovation of the k-th stage, which is

associated with the choice of the i-th main operation and
d-th subsidiary operation for the j-th level of detail of
the component architecture of the created product;

ridkj — the risk of performing the k-th stage

associated with the choice of the i-th main operation and
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d-th subsidiary operation for the j-th level of detail of
the component architecture of the created product.

Then the choice of operations and equipment for
the main and subsidiary production processes,
considering the many possible alternatives at each
logistic stage, can be assessed as follows:

To improve production indicators it is necessary to
optimize them.

We minimize the duration of the production cycle
by rational choice of technological operations for the
implementation of the main and subsidiary production
processes at all stages of production:

min Tj =;Z;Xidk,‘tidkj (4)
i

P, >P/

under the conditions i =P

H;>Hj, R;<Rj,

where Z| — the allowable costs for the implementa-

tion of the production of a separate component of the j-
th level of detail-architecture of the created product;
P{ — permissible quality of manufacturing compo-

nents of the j-th level of detail of the product architec-
ture;
Qj —allowable competitiveness;

Hj — acceptable innovation of the components of

the j-th level of detail of the product architecture;
R’ — the allowable risk of the production cycle for

the component of the j-th level of detail of the architec-
ture of the product.

We minimize the cost of realization of the produc-
tion of components by rational choice of technological
operations considering the main and subsidiary produc-
tion processes at all logistic stages of production:

min Zj = ;Z;Xidkaidkj (5)
i

P.>P,

the conditions J i

under

H;>Hj, R;<Rj,

where T; — the allowable duration of the production

cycle of the components of the j-th level in terms of its
shortening.

It is necessary to obtain the maximum indicator of
quality, competitiveness and innovation of the
components of the j-th level in terms of shortening of
the production cycle:

max P, :ZZindkj Pig, . When T;<Tj,
k i d
Z,<Z}, Q;>Qj, H;>Hj, R;<R};
max Q =Zk:ZZd:xidquidkj , under the condi-
tions T, <T/, Z;<Z}, P;>P/, H;>Hj, R; <Rj;
max H; :gzgxidklhi% , under the condi-
tions T,<T/, Z;<Z}, P;>P/, Q; 2Qj, R; <Rj.

We minimize risks for successful execution of a
production cycle at a choice of technological operations
of the main and subsidiary production processes at all
stages of production:

min Rj = gz;xmki ridkj (6)
i

under the conditions Tngj’,

Q;>Qj, H; > Hj.

2,2},

At the next stage, multi-criteria optimization is
carried out to ensure the optimal choice of the main and
subsidiary production processes in terms of shortening
the production cycle. To do this, we introduce a
comprehensive criterion in the form of the sum of
individual indicators:

where ar, oz, op, 0qg, oy, ag — Weight coeffi-
Ty Z;.P Qjy Hj Ry,
assessment of their importance. With:

cients obtained by expert

0<oar<10<0,<1 0<ap<], OSOLQ <1,
0<ay <1, 0<ag <1,

ar +0z+0p +0g+oy +og =1.
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Indicators ~ of  the  production process
'T'J-, Zj, I5j, Qj, I:|J-, Iij are normalized (translated into a

dimensionless scale 0+1):

= N7V 5 425 5 _Pih
Y-ty o=z P -y
. . )
0,-2i7% p _HitHi o Ri7R;
' Q-Qi T H-H ! Rj-R]

where in tun T, Z, P, Q) H}, R} - the
extreme values of indicators T;, Z;, P, Q;, Hj, R},

obtained by local optimization at the previous stage.

It is necessary to minimize the complex criterion
taking into account the requirements for reducing the
production cycle:

min FJ-,

T,-T; Z,-7,

(X'T = +az * +(X'P
T-T, ‘z-7,
Q=9  H-H
Q;-Qj H'j—H;

Pg‘ﬂ+
P, -P;

+Q,Q H

with the restrictions

H;>Hj, R;<Rj.

T,<T, Z;2Z,

Consider a sequential scheme of organization of
the main process of production of a complex component
product, when the main technological operations are
performed one after another, creating a sequential logis-
tics chain (Fig. 3).

To perform basic technological operations, subsid-
iary operations must be used, which form a set of alter-
natives, from which it is necessary to choose rational
options for organizing the process of production of a
component product. Suppose that for each i-th main
operation a set of alternatives in the form of d-th subsid-
iary operations is possible.

With the help of experts, by preliminary analysis
of many ancillary logistic operations in the manufacture
of components of a complex product, you can deter-
mine:

tidkj — the duration of the d-th subsidiary operation

to ensure the execution of the i-th main operation of the
k-th stage of the j-th level of decomposition of the com-
ponent architecture of the created product;

Z;q. — the cost of implementing the d-th subsidi-
Kj

ary operation to ensure the implementation of the i-th

main operation of the k-th stage of the j-th level of de-
composition of the component architecture of the creat-
ed product;

pidkj — product quality of the i-th main operation,

which is associated with the choice of the d-th subsidi-
ary operation of the k-th stage of the j-th level of de-
composition of the component architecture of the creat-
ed product;

qidkj — competitiveness of products of the i-th

main operation, which is associated with the choice of
the d-th subsidiary operation of the k-th stage of the j-th
level of the de-composition of the component architec-
ture of the created product;

hig, — product innovation of the i-th main opera-
]

tion, which is associated with the choice of the d-th sub-
sidiary operation of the k-th stage of the j-th level of
decomposition of the component architecture of the
created product;

ridkj — the risk of performing the i-th main opera-

tion, which is associated with the choice of the d-th sub-
sidiary operation.

It is necessary to choose a rational composition of
subsidiary operations in the manufacture of product
components, which ensures the implementation of the
according indicators:

Tkj — the total time of subsidiary operations of the

k-th stage of the j-th level of decomposition of the cre-
ated product;
ij — the total cost of organizing and performing

subsidiary operations to ensure the work of the main
production of the k-th stage of the j-th level of decom-
position of the component architecture of the created
product;

ij — product quality, which depends on the ra-

tional choice of the set of subsidiary operations of the
k-th stage of the j-th level of decomposition of the com-
ponent architecture of the created product;

ij — competitiveness of high-tech product, which

depends on the rational choice of many subsidiary oper-
ations of the k-th stage of the j-th level of decomposi-
tion of the created product;

HkJ — innovativeness of a high-tech product, which

depends on the rational choice of the set of subsidiary
operations of the k-th stage of the j-th level of decompo-
sition of the component architecture of the created
product;

Rk,-— the risk of the main production of the k-th

stage of the j-th level of decomposition of the compo-
nent architecture of the created product.
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The component of j-th level of decomposition
of component architecture of the created
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Fig. 3. The structure of the sequential logistic chain of the production cycle
of component product

To solve the problem of optimization for the
rational choice of many subsidiary operations in the
manufacture of product components, you can use the
method of integer linear programming.

We introduce a Boolean variable Xiq e{O;l},
]
which Xid, =1means that to perform the i-th main
]

technological operation selected d-and subsidiary (sup-
port) operation of the k-th stage of the j-th level of detail
of the component architecture of the created product,

ikj =1,nkJ dkj =1,ka ; xidkj =0 - otherwise. The

obvious condition is:

indkj =1 mns ycix Iy, =1,nkJ .
d

Considering the introduced Boolean variables
Xig,. formulates the main indicators of production:
]

nkj mkj
1Ty :szidkj tidkj -
i=1 d=1
execution of subsidiary operations of the k-th stage of
the j-th level of decomposition of the component
architecture of the created product.

the total time of

Ni; My
2. ij =Zindkaidkj — total costs for the

i=1 d=1
organization and implementation of subsidiary

operations of the k-th stage of the j-th level of

decomposition of the component architecture of the
created product.
Nj My
3. ij :Zl:dz;xidk;pidkj — product quality, which
1= =
depends on the rational choice of the set of subsidiary
operations of the k-th stage of the j-th level of
decomposition of the component architecture of the
created product.
N M
4. ij :Zdzxidquidk,- — competitiveness of a
i=1 d=1
high-tech product, which depends on the rational choice
of the set of subsidiary operations of the k-th stage of
the j-th level of decomposition of the component
architecture of the created product.
N My
5. ij :Z;Xidk,-hidk,-_ innovativeness of a
i=1 d=1
high-tech product, which depends on the rational choice
of the set of subsidiary operations of the k-th stage of
the j-th level of decomposition of the component
architecture of the created product.
Nk My;
6. Rkj :Zl:;x“’kj ridkj — the risk of successful
1= =
production of the k-th stage of j-th level of
decomposition of the component architecture of the
created product.
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Thus for each of indicators of manufacture certain
restrictions are imposed:
Ty, sTl;J, T;J — the allowable duration of the

subsidiary operations of the k-th stage of the j-th level
of decomposition of the component architecture of the
created product;

ij SZ[(j, Zy, — allowable total costs for the

organization and implementation of subsidiary
operations to ensure the operation of the main
production of the k-th stage of the j-th level of
decomposition of the component architecture of the
created product;

ij 2P,Qj, P,;J_ — the allowable quality of the

product, which depends on the rational choice of the set
of additional operations of the k-th stage of the j-th level
of decomposition of the component architecture of the
created product;

Qy, 2 Q{(j , Q{(j — the allowable value of the

competitiveness of a high-tech product, which depends
on the rational choice of the set of additionaloperations
of the k-th stage of the j-th level of decomposition of the
component architecture of the created product;

Hy >Hi ., Hy - the allowable value of

innovation of a high-tech product, which depends on the
rational choice of the set of subsidiary operations of the
k-th stage of the j-th level of decomposition of the
component architecture of the created product;

Rkj < R’kj, R’kJ— the allowable risk of the main

production operations of the k-th stage of the j-th level
of decomposition of the component architecture of the
created product.

The rational choice of subsidiary production
operations will allow, depending on the indicator we are
interested in (Tkj VA ij, ij , ij, Rkj) to

J
optimize the production cycle in terms of acceptable
values of the main indicators Ty , Zi, P, Qi . Hi .

Rf(j.
To shorten the implementation time of the
production cycle, it is necessary to find min Tkj

minimize the duration of subsidiary operations of the
k-th stage of the j-th level of decomposition of the
component architecture of the created product:

Ny My

i=1 d=1

under the appropriate conditions Zk]_ < Z[(l_, ij > Péj ,

! ’ ’
Qi <Qi, Hy <Hi , Ry =Rj,.

Intra-production logistics is an element of the
logistics chain. Skillful connection with the external
logistics accompanying production is necessary. Supply
and sales logistic plans are secondary to basic planning.
The calculation of ancillary plans for supply and
marketing should take into account the characteristics of
a complex product produced by the enterprise, and
depends on the characteristics of suppliers, transport
operations, the characteristics of external warehousing,
the requirements and planned tasks of the customer, and
also from the infrastructure of the transport network.

Therefore, for simulation of logistic production
processes it is necessary to use a multiagent model [6].
We introduce the following agents (Fig. 4):

1. Agent "MONITOR". Performs time manage-
ment in multi-agent simulation and event management.

2. LC detail level setting agent. Agent for deter-
mining the j-th level of detail of the component archi-
tecture of the created product.

3. Agent for determining the k-th stage of product
creation.

4. Agent for determining the main technological
operation.

5. Duration Determination Agent (t).

Innovation Definition Agent (h).
Risk Determination Agent (r ).
Competitiveness Determination Agent ( q).

. Cost Estimation Agent (z).
10. Quality Determination Agent (p ).

11. The agent of the choice of the d-th subsidiary
operation.

12. Results Agent for LC Management Decision
Making.

When conducting multi-agent modeling of materi-
al flow and other types of production flows, it is neces-
sary to approach the choice of interconnected techno-
logical processes at different stages of material move-
ment from a systemic standpoint [4]. Material flows
within production include flows between shops, be-
tween individual enterprises of distributed production,
between sites and machines (flows are the movement of
raw materials, components, parts, assemblies). Most
often, the movement of material flow is carried out in
batches, which are reflected in the agent model.

When modeling the production process, it is nec-
essary to determine how the material flow loads the
main production units, where the occurrence of queues
associated with the violation of capacity; how many
units of material flow enters and leaves the shop; the
intensity of the input and output flow. If the flows inter-
act with each other, it is determined which flows inhibit
the production units, and which accelerate. It is im-
portant to find out the difference between the planned

© N



Ingpopmauiini mexunonozii 81
2 o [3] . 14 [5]
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Agent Agent
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Cost Estimation
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Competitiveness

Determination Agent Determination

Agent

subsidiary operation Results Agent

Fig. 4. Block diagram of a multi-agent simulation model

and actual modeling result. In the process of modeling
is:

1. Ensuring the receipt of products exactly on time
and in a given quantity.

2. Deviations from the terms of delivery of materi-
als and components are minimized.

3. The deviation of the "plan-fact” of production
activity is minimized:

minA =T1 )

(plan) ~ F (fact) *
4. Different kinds of equipment failures are ana-
lyzed.
5. The staff of the enterprise is optimized, which
ensures the implementation of basic and ancillary logis-
tics operations.

Conclusions

This article analyzes the production in the form of
the main stage of the life cycle of creating a high-tech
product. Production implements a logistics chain, which
carries out the implementation of many technological
operations. A study of the sequential logistic chain of
the main processes of the production stage during the
movement of the unfinished product in the production
system. In order to obtain optimal timing of successive
production processes, a rational choice of operations is
carried out, both the main and subsidiary processes. It is
important to take into account certain limitations that
affect the choice of specific production processes.
Restrictions relate to indicators: duration of operations,
innovation, competitiveness, and quality of the created
product and the risk of operations at a certain stage,
taking into account the level of detail of the created
product.

To solve this problem, the method of integer linear
programming, multicriteria optimization and multi-
agent simulation model are proposed.
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MYJbTHATEHTHE MOJEJIOBAHHSA BUPOBHUYOI JIOI'ICTUKHU ITPU CTBOPEHHI
BUCOKOTEXHOJIOTI'TYHOI ITPOYKIIII

0. €. ®eooposuu, JI. M. J/lymaii

ExoHOMIUHa HECTaOUIBFHICTH Ta CTOXAaCTWYHA TOBEHIHKA PHHKY NPH3BOJUTH IO HEOOXITHOCTI po3poOICHHS
HOBUX METOJIB 1 MoJiesiell JJIsl CKOPOUEHHSI TPUBAJIOCTI XXUTTEBOTO LUKy CTBOPEHHS BHCOKOTEXHOJIOTIYHOI Mpo-
aykuii. ToMy akTyanbHUM 3aBJaHHSM € JETAIBHUN PO3TIS 1 aHAJi3 KOXKHOTO 13 OCHOBHHX €TalliB XUTTEBOTO IIHK-
JIy CTBOPEHHS CKJIATHUX TEXHIYHUX BHUPOOiB. METOIO JOCTIIKEHHS € pO3pOOJICHHS METOAY ONMTHUMI3aIlil mpoIeciB
BupoOHHIITBA. [IpeMeTOM TOCHIPKEHHS € TUIAaHYBaHHS Ta YIPaBJiHHS BUPOOHHUILITBOM, SIK OCHOBHHM €TaIrlOM HT-
TEBOTO LIMKIY. B OCHOBI MeTO/1y, 3aIpOIIOHOBAHOrO Y MyOJIiKalii, JeXUTh KOMIOHEHTHA apXiTeKTypa CTBOPIOBaHO-
TO IHHOBAIIITHOTO BUCOKOTEXHOJIOTIYHOT'O BUPOOY, 110 OTPHMaHAa y pe3yNbTaTi IEeKOMITO3HIIIT Ha TOYaTKOBOMY €Ta-
i npoekTyBaHHsA. CydacHe BUPOOHHUIITBO Ma€e pO3MOIiNIieHHH Xapakrep. [Ipyu ruraHyBaHHI BUPOOHHIITBA HEOOX1THO
NPUALISATH yBary yrnpaBiiHHIO Ta CHHXPOHi3allil MaTepialbHOrO Ta IHIIMX BUJIB ITOTOKIB B JIOTICTUYHOMY JIAHIO31
po3noxineHoro BUpoOHUITBA. 1111 GOopMyBaHHS MHOXXHHHA OCHOBHHX 1 JOTIOMDKHHX OIIEpaliidl po3MOJiIIEHOTO BU-
poOHHIITBA HEOOXITHO BPaXxOBYBATH JIOTICTHYHI OCOOJHMBOCTI, PIBEHb JEKOMITO3HINI KOMIOHEHTHOI apXiTEeKTypH
CTBOPIOBAHOTO BHPOOY, a TaK0XX BUJI KOMIIOHEHTA, IO 3HAXOJUTHCS B BUPOOHHUOMY 1ukii. Jlorictika omepartiit
3IICHIOETHCS 3T1JTHO 3 BUKOHAHHSM BUMOT JIO BIATOBIJHUX MOKA3HMKIB, a cCaMe BUTPATH Ha peajizalito oneparii,
SIKICTb, KOHKYPEHTOCIIPOMOXHICTb, IHHOBALIHHICTh, PU3NK BUKOHAaHHS onepauii. [Ipn boMy rojgoBHUM KpuTepieM
ONTHMI3allil BUCTyIa€ TPHUBAJICTh BUKOHAHHA omepaniid. B poGoTi BUKOPHUCTOBY€ETHCS MyJIbTHAreHTHE iMiTalliifHe
MOJICITIOBAHHS TIOCTIIOBHOTO JIOTICTHYHOTO JIAHIIOTA MPOIIECiB BUPOOHMIITBA, a TAKOXK MaTeMaTHIHI MOJIENI Ta Me-
TOJM: CUCTEMHHMH aHaJi3, ONTHMI3allis 32 JOMOMOTOIO IUJIOYHCENIFHOTO NPOrpaMyBaHHs, OaraToKpuTepialbHa OIl-
TUMi3alisl, eKCHEepPTHI OLIHKK. MeTos N03BOJISIE CKOPOTHTH TPHUBAIICTH BUPOOHMYOIO HUKIY Ul BUTOTOBJIICHHS
OKPEMHX KOMIIOHEHT CKJIaJHOI apXiTeKTypH BHCOKOTEXHOJOTIYHOTO BHPOOY HUISIXOM BU3HAYEHHS ONTUMAalbHOI
MHOXXHHHM BUPOOHWYHX Ta JONOMDKHHX JIOTICTHYHHX OTIEpalii JuIst KOKHOTO KOMIIOHEHTA 3 YpaxyBaHHSIM BHUMOT JIO
OCHOBHUX IIOKa3HHMKIB BUPOOHHIITBA, 10 JO3BOJISIE MiHIMI3yBaTH TEPMiH Yacy BUTOTOBJIEHHS BUCOKOTEXHOJIOTIYHOL
TIPOTYKITii.

Ki11040Bi c10Ba: BUCOKOTEXHOJIOTIYHA MTPOAYKILiS; CKOPOUEHHS )KUTTEBOTO ITUKITY HOBOI TEXHIKH; JIOTiCTHYHI
MIPOLIECH PO3IO/IJIEHOT0 BUPOOHUIITBA.
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MYJbTUATEHTHOE MOJIEJTMPOBAHUE ITPOU3BOJACTBEHHOM JTOTUCTUKH
P CO3JIAHUHU BLICOKOTEXHOJIOTMYHOM IMMPOAYKIIAH

O. E. ®@eooposuu, JI. H /lymaii

DKOHOMHYECKasi HECTAOMIFHOCTh U CTOXACTHYECKas MOBENICHHE PBIHKA NMPUBOAWT K HEOOXOOMMOCTH pa3pa-
OOTKH HOBBIX METOJIOB U MOJICNCH IS COKPAIICHUS MPOJOJDKUTEIBHOCTH KU3HCHHOTO IUKJIA CO3JaHUS BBICOKO-
TEXHOJIOTUYHOH Mpoaykiuu. [losToMy akTyallbHOM 3a/jaueil sIBIsieTcs AeTadbHOE PAaCCMOTPEHUE U aHAIH3 KaXKI0Tro
W3 OCHOBHBIX JTaIlOB >KU3HEHHOI'O ITUKJIA CO3MAHMs CIOKHBIX TeXHHYECKHX m3aenui. Llenpio mccinenoBaHus sBIISI-
eTcsa pa3paboTKa METOa ONTHMH3ALNH MPOLIECCOB MPOM3BOACTBA. [IpeaMeToM HCCleTOBaHUS SBISCTCS TUIAHUPO-
BaHUA W YIPABJIECHUS MPOU3BOICTBOM, KaK OCHOBHBIM 3TalloM *H3HEHHOTO IUKJIa. B ocHOBe MeToaa, MpeaokKeH-
HOTO B ITyOJNHKAIUH, JISKUT KOMIIOHEHTHASI apXUTEKTypa CO37]aBaéMOT0 MHHOBAIIMOHHOTO BBHICOKOTEXHOJIOTHYHOTO
W3JeNus, TIOTyYeHHass B Pe3yJIbTaTe JIEKOMIIO3UINH HAa HAYAIIBHOM JTare IpoeKTHpoBaHUsI. COBpEeMEHHOE MPOM3-
BOJICTBO UMEET paclpeleicHHbINH xapaktep. [Ipyu IuiaHUpOBaHUU MPOU3BOJCTBA HEOOXOAUMO YJCIATh BHUMAHHE
VIPaBICHUIO U CHHXPOHU3AIMKA MAaTePUAILHOTO U IPYTHX BUIOB MOTOKOB B JIOTUCTUYECKOMU 1IETIH PaCIpe/IeIeHHO-
ro npomsBozcTBa. s GopMuUpoBaHHS MHOXKECTBAa OCHOBHBIX M BCIIOMOTATEIFHBIX OIEpaIlii pacHpeAesICHHOTO
MIPOU3BOJICTBA HEOOXOIUMO YUHUTHIBATh JIOTHCTUYECKUAE OCOOCHHOCTH, YPOBEHb ICKOMITO3UIIMKA KOMITOHCHTHOH ap-
XUTEKTYPBl CO3/1aBa€MOT0 M3JIENUs, a TAaK)Ke BUJ KOMIIOHEHTa, HAXOJSAIIETOCs B MPOU3BOJICTBEHHOM IukJe. Jloru-
CTHKA OMEpaIfii OCYIIECTBIIICTCS B COOTBETCTBHH C BHIITOIHCHHEM TpeOOBaHHUI K COOTBETCTBYIOUINM ITOKA3aTEIISIM,
a MIMEHHO PacXoIbl Ha peaji3aluio ONepaliy, KaueCTBO, KOHKYPEHTOCIIOCOOHOCTh, MHHOBAIIMOHHOCTh, PUCK BBI-
MIOJIHEHUS omnepanuu. [Ipy 3TOM IIaBHBIM KPUTEPHUEM ONTUMM3AIMU BHICTYIAET MPOOJKUTENLHOCTD BBITIOTHEHHS
onepanuii. B pabote ucnonap3yercs MyIbTHATCHTHOE HMUTAIIMOHHOE MOICIMPOBAHUE TOCIIEJOBATEIIEHON JIOTUCTH-
YECKOM LIeTH MPOLECCOB MPOU3BOACTBA, a TAKKE MATEMaTHYECKUE MOJAEIN U METOAbI: CUCTEMHBIN aHAINU3, ONTUMHU-
3a1Ms ¢ TIOMOIIBIO 1IEJIOYUCICHHOTO MPOTPaMMHUPOBAHUS, MHOTOKpUTEpUATbHASI ONTUMH3AIIHS, SKCIIEPTHBIE OlEH-
KU, areHTHOE MOJICITHPOBaHUSA. METO/1 MO3BOJISIET COKPATUTh JUTUTEIHLHOCTh MPOU3BOJICTBEHHOTO LHUKIA JJIs U3TO-
TOBJIEHUSI OTAEIbHBIX KOMIIOHEHT CJOXKHOW apXUTEKTYpbhl BBICOKOTEXHOJOTMYHOIO M3IENNs IMYTEM OIpPEAENeHUs
ONTHUMAJILHOTO MHOXKECTBA MPOU3BOICTBEHHBIX U BCIIOMOTATEIbHBIX JIOTUCTUUECKHUX OTMEpaIfid i1 KaXKI0ro KOM-
MIOHEHTa ¢ y4eTOM TpeOOBaHWI K OCHOBHBIM IOKAa3aTelsiM MPOU3BOJICTBA, YTO MO3BOJIIET MUHUMU3HPOBATH CPOK
BPEMEHU M3TOTOBJIEHUSI BBICOKOTEXHOJIOTMUHOM MPOTYKIUH.

KutoueBble c10Ba: BEICOKOTEXHOJIOTUYHAS POAYKLHKS; COKpPALIEHUE KU3HEHHOIO IMKJIAa HOBOW TEXHUKH; JI0-
TUCTHYECKHE TPOIECCHI pacIipeeIeHHOTO IPOU3BOICTBA.
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