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Purpose. Improvement of the efficiency of non-standard product design in conditions of incomplete certainty by
developing information technology for the automated formation of optimal non-standard product composition.

Methodology. The following methods have been used in problem solving: methods of system analysis and general
systems theory to build a set-theoretical model of subsystem of creating the optimal composition of non-standard
products at the machine-building enterprise; methods of decision-making theory and optimization theory to formu-
late the method and the model of solving the problem of forming the optimal structure of products; a set-theoretic
approach in designing the structure of subsystem and information technology.

Findings. The necessity of the development of information technology for the automated design of non-standard
products optimal composition has been grounded. The analysis of mathematical methods, models and information
technology of configuration control of production related to the problem of the non-standard products formation has
been carried out. The approaches to the formation of non-standard products based on component reuse have been
considered; the advantages and disadvantage have been analyzed. Models, methods and information technology of
the automated formation of non-standard products optimal composition formation have been developed and im-
proved that makes it possible to offer the best option for forming technical design offer for the potential customer’s
requirements from the existing nomenclature database of the enterprise.

Originality. The scientifically based information technology for the automated formation of optimal non-standard
products composition has been suggested that includes the theoretic and multiple model of subsystem of non-stan-
dard products optimal formation, the mathematical model of the task of the product optimal variant formation and
method of solving the problem of automated generation of product optimal variant that makes it possible to form the
best composition in terms of integral criterion of non-standard products to each customer individually and improve
the efficiency of the company.

Practical value. The models, methods and applied information technology of non-standard products selection at
the engineering enterprise have been designed that includes a functional module of monitoring production readiness,
as well as of customer requirements formation and a module of multi-objective optimization of production according
to customer requirements.

Keywords: multicriteria problem of selection, integral criterion of optimality, Pareto set

Introduction. Significantly increasing competition
between manufacturers has been observed at traditional
markets of mechanical engineering products in recent
years. If in previous years the customer had a choice be-
tween expensive European and low-cost products of
Ukrainian manufacturers, now Chinese, Turkish and
Russian manufacturers promote their products actively.
In this situation enterprises face a challenge of transfer
to manufacturing non-standard products oriented to the
needs of a particular customer (individual kitting in ac-
cordance with a customer’s requirements). In this con-
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nection every process of conclusion of a contract im-
plies an expertise of the possibility of manufacturing
non-standard products from the available nomenclature
basis of the finished units at the enterprise. The pro-
posed final variant, confirmed by the contract, is taken
as the base of further launching into manufacture. It ex-
plains the importance of optimization of exploratory
design when commercial success of new product and its
life cycle is grounded.

During the expertise of the possibility to manufac-
ture and form a preliminary composition of a non-stan-
dard product meeting the customer’s requirements the
personnel of the enterprise form the composition of the
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future product individually from the various available
nomenclature base. Most often this process occurs in an
operation mode without taking into account many fac-
tors influencing the quality of the product both from the
point of view of its manufacturability for the manufac-
turing enterprise and the point of view of meeting the
customer’s requirements to the maximum.

The choice of the optimal composition according to
the customer’s requirements taking into account the en-
terprise restrictions, production current readiness and
workload, carrying out every order under the conditions
of improvement of production efficiency turn this prob-
lem into a multicriterion challenge which can only be
solved using up-to-date information technologies (IT).

Hence, working out an information technology for
computer-aided formation of the optimal composition
of non-standard products is topical. Solution to this
problem will make it possible to improve the efficiency
of the enterprise operation and to meet maximum num-
ber of the customer’s requirements.

Analysis of the recent research. To solve the problems
of structure formation, the CAD/CAM/CAE/PDM
technologies are used. They are to provide speed-up and
simplification of the process of launching into manufac-
ture. During the recent decade these technologies have
been widely used at Ukrainian enterprises as well. The
most popular software products bought by plants are:
“Ascon”, “Intermech”, “1C: Mechanical engineering”,
“Galaxy: Mechanical engineering”, “Sail”, “IT-Enter-
prise” and others. Such software products enable reduc-
ing the number of people who control the complex cycle
of product working out and manufacture, eliminating
errors, taking into account many factors that were omit-
ted before due to calculations complexity.

Considering information technologies related to this
subject, it is possible to say that the technology of con-
figuration control (CC) of product manufacture is one
of the up-to-date approaches to design and manufacture
of high-technology and knowledge-intensive CALS
products. This scientific field has been studied by such
scientists as Karasiov D. S., Sheptunov S. A., Levin A. 1.,
Cherviakov L. M., Rybakov A.V., Yevdokymov S.A.,
Brodskyi L. L. et al. [1—4].

CC is a control technology related to working out,
manufacturing and supporting the life cycle of complex
devices produced in many variants including the vari-
ants meeting the customer’s requirements.

The starting point of CC consists in determination of
the contract requirements, their approval by the cus-
tomer and the supplier and their formalization. The sup-
plier must strictly adhere to this contract. The consumer
receives not only the product itself but also all the docu-
mentary proofs of the fact that the product and all its
components meet the assigned requirements. Configu-
ration control at the development stage implies determi-
nation of correspondence between the values of require-
ments and characteristics design values in all the con-
figuration objects (CO), in the whole product and in
operative elimination of incipient deviations.

The implementation of reuse components (RUC) is
another method of time reduction during preparation of
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multi-nomenclature products manufacture, which pro-
vides minimization of time, risks and financial expendi-
ture of the project. It is possible to create plenty of basic
RUC:s according to previously known characteristics by
RUC synthesis on the basis of realized projects.

When using RUC, special attention is paid to the
mechanism of flexible adaptation of the basic lineups of
the designs, their ability to adapt and vary (modify) dur-
ing the selection of the required design for every cus-
tomer even if these units are adopted from other design
lineups.

Methods and approaches to formation of RUC bases
from available nomenclature bases of the enterprises
have been studied by such scientists as Nekrasov O. B.,
Shchehol V. A., Fedorovych O.Ye., Serhieiev S. V., Ser-
hieieva Yu.l., Plokhov S.Z., Zamirets N.V. [5—6] et al.
Creation of mechanisms for formation and systematiza-
tion of many RUCs taking into account the accumulated
experience of previous developments for the use in future
projects are the basic purposes of these developments.

Unsolved aspects of the problem. When CALS- tech-
nologies, namely, systems of CAD/CAM/CAE/PDM
class, related to production preparation for manufactur-
ing complex products, are used, they do not solve com-
plicated multicriterion problems, in particular, concern-
ing selection of optimal combination of non-standard
products.

Analysis of CC mathematical methods, models and
information technologies related to solution of the prob-
lem of formation of non-standard products composition
was carried out. It revealed that:

1. CC technology is comparatively new for Ukraini-
an industry, and its application is connected with a
number of terminological, methodical and technologi-
cal problems.

2. CC technology consists of the following basic pro-
cedures: configuration identification, configuration
control, account of configuration status, configuration
check (audit).

3. Analysis of the functional model of CC proce-
dures description revealed the necessity for develop-
ment of a method and algorithms describing the succes-
sion and interaction of CC procedures in the integrated
information environment of the enterprise at different
stages of the product life cycle. In this case technical re-
quirements to CO are inherited from the previous con-
text and are used as the basis for taking engineering (de-
sign) solutions regarding both the whole product and its
components (parts, devices, assembly units, etc.), i.e.
CO of lower ranges.

When the CC technology is used, either new manu-
factured product modification or a completely new line-
up is created depending on the number of changes.
These developments take rather a long time (drawing up
new documents, carrying out development work) and a
lot of finance on the part of both the enterprise and the
customer.

The following faults were found during the analysis
of the RUC technology:

- selection of RUC according to the criteria deter-
mined by developers-experts but not by the customers;
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- lack of the possibility to generate the product com-
position according to the requirements of a particular
customer and not for a general prospect;

- lack of the possibility for taking into consideration
the production situation during formation of the future
product composition for more efficient operation of the
manufacturer.

Besides, these developments only determine the
mechanism of revelation of reuse components and the
method for RUC set formation, which makes it possible
to form an ordered multidimensional set of RUC on the
basis of the found criteria. These papers deal with the
synthesis of possible future projects and not with solu-
tion to a really posed task of formation of non-standard
products.

Objectives of the article. Analysis of the processes of
draft proposal formation during drawing up a contract for
manufacture of non-standard product composition re-
veals that it is necessary to regard restrictions put forth by
both the customer (list of the customer’s requirements
with different degree of importance) and by the enter-
prise (account of the enterprise unfinished production
and additional work, readiness of the enterprise to manu-
facture non-standard products at the current period of
time). Besides, it is necessary to take into consideration
variability of the nomenclature basis of the manufactured
products, interchangeable parts and units, which will al-
low the optimal choice of the construction variant.

Hence, it is expedient to create models, method and
information technology that will enable the specialists
of the enterprise to formulate configuration of the prod-
uct manufactured according to all the requirements of
the customer from the available multi-nomenclature ba-
sis of the enterprise without design improvement taking
into account the production capacity and reducing ex-
penditure of time and finance.

The purpose of the paper consists in improvement of
the efficiency of the process of development of non-
standard products under the conditions of incomplete
certainty by means of creating models, method and in-
formation technology of computer-aided formation of
the optimal composition of non-standard products.

Presentation of the main research. To achieve the
purpose, the research of the processes of drawing up
contracts between an enterprise and a customer and for-
mation of non-standard products composition from
available nomenclature basis of the enterprise according
to the customer’s requirements was performed. Accord-
ing to the results of the research, a model of the problem
of control of generating the optimal composition of
non-standard products was proposed in order to write
down the formal problem statement. Interrelation of the
processes of formation of product composition (FS),
formation of reuse components composition (FK) and
the subsystem of optimization (SSO) is presented in
Fig. 1 and the following designations are adopted.

While developing the set-theoretic model of the sub-
system, its structural and conceptual component was
determined by considering capacity loading, production
current state and criteria of selection of particular units
determined by both the customer and the enterprise ex-
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Fig. 1. Block diagram of the process of control of forma-
tion of the optimal product composition:
FS — the processes of formation of product composition;
FK — the process of formation of reuse components compo-
sition; SSO — subsystems of optimization; T — set of re-
quirements and restrictions; D — set of the data of work-
load and readiness for production of unfinished mutually
interchangeable units and parts; O — set of resulting opti-
mal solutions at every level of specification; S — set of the
states of formation process, V — set of the solution vari-
ants; P — set of the indices of the product quality; A — set
of the adapted indices of criteria significance, K — set of
the quality criteria taken into consideration by the cus-

tomer; U = {ul,l :LT} — set of specification levels; T =
= {ti(u)|ti(u) eDl i :17} — set of requirements and re-
strictions; DT = {DTI = 1,7} — range of admissible values
of requirements and restrictions; D =
= {di(u)|di (w)e D? ,i= 1,7} — set of the data of workload
and readiness for production of unfinished mutually inter-

changeable units and parts; DP = {DDf N =1,7} — range of
admissible values of possible workload and readiness for
production of unfinished mutually interchangeable units

and parts; V = {vi (u)|vl.(u) eDi= 1,7} — set of solution
variants; D” = {DVf S =1,7} — range of admissible values
of solutions variants; S ={S,:S, = f(S,,D,T,V),De D",

T e DT, Ve D"} set of the states of formation process;
0={0,).j=0.J},ucU,ow)=n;ws,) ucl,j=0.J —
set of the resulting optimal solutions at every level of specifi-
cation; P = {p,. (u)|pl.(u) eD” i= 17} — set of the indices
of product quality; D? = {DP' N :ﬂ} — range of admi-
ssible values of the indices of product quality, K =
= {kn,n = LW} — set of the quality criteria taken into ac-
count by the customer;, A= {am(k),m = 0,7M} — set of

adapted indices of criteria significance

perts. Solution of these problems was the ground for de-
velopment of a complex of mathematical models, a
method and an information technology of computer-
aided formation of optimal composition of non-stan-
dard products.
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The model of the subsystem structure can be repre-
sented in the form of a sequence

M,.= <F(MPR, FCR, PCO), IK, MK(MP, MT, MR,
MA)} AK(AST,AS),HK,OPK, R(RlaRZ’R37)>:

where F stands for functional problems of MPR, FCR
and PCO modules; MPR is the complex of problems of
monitoring the readiness of production; FCR is the
complex of problems of formation of requirements to
manufacture of non-standard products; PCO is the
complex of problems of optimization of the future non-
standard products composition by means of selection
criteria ranging; /K is the information complex — data-
bases of enterprise classifiers and directories, hierarchi-
cal bases of knowledge in possible variants of products
composition; MK is the complex of models and method
(represented by MP, MT, MR and MA sets); MP is the
model of a subsystem of computer-aided formation of
the optimal composition of non-standard products; MT
is the multicriterion model of requirements tree; MR is
the mathematical model of the problem of formation of
optimal composition of non-standard products taking
into account selection criteria ranging; MA is the meth-
od of solution of the problem of computer-aided forma-
tion of optimal variant of non-standard products com-
position; AK is the complex of algorithms of solutions to
problems of formation of the structure of future non-
standard products and selection of its composition (rep-
resented by AST and AS sets); AST is the algorithm of
formation of the structure of future non-standard prod-
ucts; AS is the algorithm of selection of non-standard
products composition; 1K is the complex of software
instruments realizing functional problems of the subsys-
tem; OpK is the organization complex of the subsystem,
i.e. organization principles, national standards and en-
terprise standards regulating the process of the expertize
of the possibility of manufacture, making a draft pro-
posal and setting for production, R stands for relations
between functional problems consisting of:

- distribution of the problems by modules — R,
< FM x F, where FM is the set of functional modules, F
denotes functional problems;

- distribution of the models and the method by prob-
lems — R, € MK x F;

- distribution of the solutions algorithms by prob-
lems — Ry, c AK x F.

Solution to the mentioned functional problems
needs development of requirements tree including ad-
ditional information units. The model of the require-
ments tree is presented in the form of a sequence of in-
put parameters that are the main branches of this tree

R=(KG, KD, U, LM, T, Z, TS, TP, O, Q, VZ, V).

Here KG is the vector of the basic signs of the con-
struction; KD is the vector of additional signs depending
on KG and signs chosen by the customer. For every me-
chanical engineering enterprise the signs are determined
depending on the type of the manufactured product. U,
is the vector of the cost of parts and assembly units
(PAU); LM is the vector of production workload; 7 is
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the vector of the terms of PAU manufacture; Z is the
vector of accounting of developments for every PAU, its
following levels contain information about types and the
number of developments in every storehouse or shop at
the enterprise. 7.5 is the vector of the terms of resources
delivery by suppliers for manufacture of the product.
The branch of this category takes into consideration the
factors influencing deliveries, in particular — structural
factors, commercial factors, operational factors, func-
tional factors and external factors making the sequence
of vectors of the following level TP. O is the vector of
maximum values of the number of reclamations by
units; Q is the vector of minimum admissible values of
reliability of the used units. It is also necessary to take
into account the possibility of mutual interchange of
units VZ and significance of units and parts V'that can be
represented in the form of matrixes for more flexible se-
lection of the individual composition of non-standard
products for the customer. Ug, LM, T, Z, TS, TP and O
vectors are added to the proposed model; their signifi-
cance is described in detail in the Candidate’s Thesis. In
paper [7] the requirements tree is analyzed in more de-
tail.

The considered requirements, as in the known pa-
pers, represent both design context and the customer’s
requirements in the form of selection criteria. However,
to take into account all the possibilities and capacities of
the production at the present moment and to enhance
the process of manufacture and efficient production op-
eration it is necessary to take into consideration such
selection criteria as:

1. Maximization of the indices of product quality.

2. Minimization of the cost of the new product.

3. Minimization of the manufacture terms.

4. Maximum realization of regional requirements.

5. Maximum use of improved units in the new pro-
duct.

To write down a mathematical model of the choice
of the optimal variant of the preliminary composition of
non-standard product taking into account ranging of
choice criteria, first of all, objective functions for all de-
termined local criteria of choice presented below were
written down.

Maximization of the indices of product quality

K, =argmax Y w,(q;—0,), j=l..m, (1)
J

i=1

where j is a number of the product variant; » is quantity
of components of the new product composition; w; de-
notes coefficients of importance of the indices by i
unit. The parameters of the criterion include the quan-
tity of reclamations of every unit o,and value of reliabil-
ity ¢;. The parameters are normalized to range [0,1].

ZOfSOmaX, feF; 2)
f
24,20, peP, (3)
P

where o,is maximum admissible quantity and character
of reclamations at the present period of time for every /™
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assembly unit, determined by the enterprise experts;
Oin 18 minimum admissible value of reliability at the
current period of time for every p™" PAU, determined by
the enterprise experts.

Minimization of the cost of the new product

Kzzargmjnzcl]., j=L...,m, 4)
=]

where Cj is the cost of every i element of the construc-
tion of the j" variant of the product.

This criterion includes restriction of PAU cost at the
enterprise uc, and of the cost of construction elements
that cannot be excluded at such variant of the new prod-
uct v,. These restrictions are determined directly by the
experts of every enterprise individually.

> uc, <Uc,; heH,; (5)

i=l

ZvdieVd; deD, (6)

i=1

where uc;, is maximum admissible cost of A" types of
“variation” PAU at enterprises; H is quantity of types of
variation PAU; Vs set of required elements of the con-
struction of the d™ type determined by the enterprise
designers for every lineup of the product and “varia-
tion” assembly units; D is quantity of unchanged ele-
ments of the construction.

Minimization of the manufacture terms. If it is neces-
sary for the consumer to obtain the product in the near-
est time (short terms), the weight coefficient of the local
criterion will be the highest. The criterion of choice is of
the form

n
K, =argmin(maxz7}j], (7
J

i=l

where T is the term of manufacture or delivery of every
i™ element of the construction of the j™ variant of the
product. The choice takes place only in mutually inter-
changeable units, minimum values are chosen among
maximum terms for every unit. For this criterion the in-
dex of production workload is the restriction

Zlmni <Lm; meN. (8)

iel

In its turn, it consists of restrictions on availability of
components and materials m,, energy resources e, re-
strictions on determined terms of delivery of materials
and components £, free stock of time of operation of
equipment 7, of the k" group of PAU, available at the
enterprise at the present period of time and stock of
working time of workers 7, g" profession. Thus, produc-
tion workload includes Lm = {m,, e, t, r;, t,}. This infor-
mation is obtained from enterprise subsystem ERP.

Maximum realization of regional requirements to the
new product

K, =argmax ) R;, 9)
=l
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where R is quantity of requirements made to the i thynit
of the construction of the j ™ variant of the product. Re-
strictions include only the use of the units (variants),
developed according to these requirements and having
relevant certificates

ve?Y, reR (10)

where Y, stands for required elements of the construc-
tions of the r type developed to meet the regional re-
quirements of the customers.

Maximum use of improved units in the new product

K =argmax ) In, (11)
=]

where In; is quantity of improved units available in the
i unit of the j" variant of the product. Restrictions in-
clude required use of improved units, available at the
enterprise, in the non-standard products

i, #0, I=1..L, (12)

iel

where L is general quantity of units in the construction.

The problem of finding the optimal solution can be
solved by means of formation of an integral criterion of
optimality of the following form

F:Zn‘,“iKif’ (13)

i=l

i

where K| = » Kimax 1 €xpert assessment of maxi-

rmax
mum value of this criterion and weight coefficients are
to meet the condition: Zoc,. =1. The values of weight
1
coefficients of the local criteria are determined by the
method of paired comparison.

Thus, the weight coefficient assessments should:

- dynamically change with updating of the current
state of the production and in the corresponding sector
of the market;

- be balanced in relation to the thoughts of the repre-
sentative of the customer and the representative of the
enterprise.

To specify the assessment of the weight coefficient
with renewal of the data and to approve the assessment
of the weight coefficient of criterion K*, received from
consumer a.,; together with the assessment of the weight
coefficient obtained from the enterprise expert a.,, it is
proposed to calculate coefficient ., in the following way

Ol = Y03 + (1 - Y)a*na (14)

where v = 0.56%; B, is normalized assessment of the
corresponding variant of product according to criteri-
on K*

K *predic _ Kf”s

b= (15)

dic . . .
where K" is assessment according to criterion K*
predicted for this variant of product; K?* isbasic (aver-
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aged) assessment according to criterion K~ for products
of a certain class.

It provides the achievement of the property of adap-
tation of the integral criterion, which makes it possible
to flexibly respond to changes of market conditions and
prospects of production situation and to coordinate the
assessments of priorities between the customer and the
manufacturer.

Thus, the presented expressions form a mathemati-
cal model of the problem of formation of the optimal
variant of preliminary composition of non-standard
products taking into account selection criteria ranging.

On the basis of the multi-component model of re-
quirements tree and the model of selection of the opti-
mal variant of the preliminary composition of non-stan-
dard products, taking into account selection criteria
ranging, a solution method was proposed. It provides the
possibility of proposal of solution variant from the avail-
able nomenclature basis of ready PAU for the designer
working out a draft proposal. Every solution is used di-
rectly for every customer according to his/her individual
requirements taking into consideration restrictions and
possibilities of the enterprise at the current period of
time. The method includes the following stages:

Stage No. 1. Determination (formation) of the cus-
tomer’s requirements to the future non-standard prod-
ucts.

Stage No. 2. Determination of the further actions de-
pending on the way of assigning the choice criteria.

If the customer ranges the choice criteria, search for
analogous orders immediately takes place in the data-
base (DB) of ready projects. If the customer fills in a
table of weight coefficients on the basis of judgment of
its advantages, judgments of consistency and admissibil-
ity are checked and he/she passes to stage No. 3.

Stage No. 3. Calculation of weight coefficients of lo-
cal criteria of choice and integral criterion of optimality.

Based on formulae (1—12), the optimality criteria,
(13) — integral criterion of optimality are calculated and
(14, 15) — weight coefficients are specified for balancing
the data of the customer and of the enterprise experts. It
results in achieving the property of adaptation of the in-
tegral criterion and a set of adapted indices of criteria 4
importance is formed by means of mapping K set on .S
set and on O set described in the model of the problem
of control of formation of non-standard products opti-
mal composition: @: Kx §x 0 — A.

Stage No. 4. On the basis of the draft proposal (DP),
coordinated with the customer, analogous orders and
design solutions are searched for in DB of the ready
projects of the enterprises. If identical requirements are
found, optimization of the product composition takes
place on the basis of current production situation and
priorities both on the part of the customer and on the
part of the enterprise and they pass to stage No. 6. Oth-
erwise — to stage No. 5.

Stage No. 5. On the basis of the main requirements
and requirements chosen by the customer a lineup of the
product composition is determined — on the basis of 7, K
and A sets, the designer is proposed an ordered list of
possible variants of lineups in the form of V'set, by means
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of mapping Pset on Aset and on Sset: y: PxAxS— V.
Then on the grounds of additional requirements, the ad-
missible set of variants of performance of the future
product composition is reduced by determination of Pa-
reto set. Comparison and ordering of the solution vari-
ants are made on the basis of the calculated integral cri-
terion of optimality or ranging of the choice criteria.

Stage No. 6. Analysis of the ordering results.

Stage No. 7. Analysis of the reasons for unsatisfactory
solution.

Stage No. 8. When the integral criterion of optimality
or choice criteria ranging is used, which results in a par-
tial ordering of vector assessments, it is checked if their
type meets the customer’s requirements. When ordering
of the solution variants, obtained at some step, meets
the customer’s requirements, this ordering is chosen as
the final one. If the person who makes decisions acts
rationally, he/she must choose the solution variant in
accordance with the obtained ordering. I.e. a set of re-
sulting optimal solutions is formed at every level of spec-
ification by mapping T'set on Vset:n: Tx V— O.

Stage No. 9. Check of availability of the customer’s
unique requirements.

Stage No. 10. Transfer to the following specification
level.

Using the system approach, search and selection of
variants of construction are performed “top to bottom”
beginning from upper (“big”) levels of specification and
going down to lower ones. The method of formation of
the optimal composition of non-standard product is it-
erated at stages No. 5...9 to the lowest level of construc-
tion specification.

Thus, a method for computer-aided formation of the
optimal variant of composition of non-standard product
at the mechanical engineering enterprise is proposed. It
differs from the conventional methods in the fact that it
uses the multi-component model of requirements tree, a
mathematical model of the problem of formation of the
optimal composition of product taking into account se-
lection criteria ranging and an adaptive integral criterion
of optimality. The method makes it possible to flexibly
respond to variation of market conditions and prospects
of production situation and to coordinate priority as-
sessments between the customer and the manufacturer.

While developing the information technology of
computer-aided formation of the optimal composition
of non-standard product, its static part was determi-
ned — the data structure (DS) and a complex of mathe-
matical models and a method (CMM), and the informa-
tion technology dynamic component was also descri-
bed — information processes (/P) and their interaction
(IPI). On this basis the model of the information tech-
nology is presented by the set: /7=({DS, CMM, IP, IPI).

In accordance with this expression information pro-
cesses (IP) were determined and the information tech-
nology scheme was created; it is shown in Fig. 2.

The complex of the mathematical models and the
method used in the IT dynamic component is presented
in the form of abbreviations:

M1 is the model of the subsystem of formation of the
product optimal composition meeting an individual order;
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Fig. 2. Diagram of the information technology of computer-aided formation of the non-standard product optimal compo-

sition

M2 is the model of the requirements tree when non-
standard product is put to production;

M3 is the mathematical model of the problem of for-
mation of the optimal variant of the product preliminary
composition taking into account the selection criteria
ranging;

MF is the method for solution to the problem of for-
mation of the product composition optimal variant.

Thus, it is the first time when a scientifically grounded
information technology of computer-aided formation of
the optimal composition of non-standard choice is pro-
posed. It includes all the developed and improved models
and the method enabling individual formation of the best
(from the point of view of the integral criterion) compo-
sition of non-standard product for every customer and
improvement of the enterprise operation efficiency.

The obtained results were practically realized and
their efficiency was verified by implementation into the
production process of “Kredmash” PJSC, in particular:

- information technology of computer-aided forma-
tion of the optimal composition of nonstick product was
tested under the conditions of selection of the composi-
tion of asphalt-mixing plants at “Kredmash” PJSC;

- introduction of “DP formation” subsystem began
in 2013 and introduction of “Composition choice” sub-
system began in 2014, which made it possible to com-
pletely approbate the IT and verify its efficiency;

- IT application during 2013—2014 demonstrated
improvement of the rate and quality of creating draft
proposal (DP) by 1.5 times, reduction of terms and in-
crease in efficiency of the choice of non-standard com-
position — by 2 times, decrease in the number of con-
struction changes in the following production process —
by 2.5 times;

- the process of DP creation, drawing up and signing
a contract reduced from 10—15 days to 3—7 days.

Conclusions and recommendations for further re-
search in this area. The necessity for development of the
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information technology of computer-aided formation of
the optimal composition of non-standard product has
been substantiated. The analysis of mathematical meth-
ods, models and information technologies of control of
product manufacture configuration, which refer to solu-
tion of the problem of formation of the non-standard
product composition, has been performed. Approaches
to formation of the composition of non-standard prod-
uct on the basis of reused components have been consid-
ered, their advantages and disadvantages have been ana-
lyzed. A scientifically grounded information technology
of computer-aided formation of the optimal composi-
tion of non-standard product has been proposed. It in-
cludes a set-theoretic model of the subsystem of forma-
tion of the optimal variant of composition of the product
and a method for solution to the problem of computer-
aided formation of the optimal variant of product com-
position, which makes it possible to form the best (from
the point of view of the integral criterion) composition of
non-standard product individually for every customer
and to improve the efficiency of the enterprise operation.
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Merta. IligBuieHHs e(eKTUBHOCTI TMPOLIECY PO3-
pPOOKM HeCTaHAAPTHOI IPOMAYKIIil B yMOBaX HEMOBHOI
BU3HAYEHOCTI IISIXOM CTBOpPEHHS iH(MOpMaliiiHO1
TEXHOJIOTil aBTOMAaTM30BaHOTO (OPMYBAaHHS ONTH-
MaJIbHOTO CKJIaay HeCTaHIAPTHOI MPOIYKILii.

Metomuka. [Ipu po3B’si3aHi mocTaBlIeHUX 3aBAaHb
BUKOPUCTAaHi: METOAM CUCTEMHOTO aHaJli3y Ta 3arajb-
HOI Teopii CUCTeM — TpU MOOYAOBi TEOPETUKO-MHO-
KUHHOI MOJeNi mincucteMu (hopMyBaHHSI ONTUMATb-
HOTO CKJIaly HeCTaHAAPTHOI MPOAYKIlii Ha MAIITHOOY-
NIBHOMY TiATTPUEMCTBI; METOIU TEOPil MPUINHATTS pi-
1IeHb i Teopisl ONTUMI3allil — MpU po3podLli MeToay i
MOJIeJTi BUPIIIEHHS 3aBIaHHs (pOPMYBaHHSI OITTHMAJThb-
HOTrO BapiaHTa CKJaay IpOAYKIIil; TeOPeTUKO-MHO-
KUHHUM TAXia — Ipy po3poOlli CTPYKTYPU MiACUCTe-
MU ¥ iHDopMaLiiiHOI TEXHOJIOTII.

Pesyabratun. OGrpyHTOBaHA HEOOXiTHICTh PO3POOKU
iH(opMalLiiiHOT TeXHOJIOTil aBTOMAaTU30BaHOTO (hOPMY-
BaHHS ONTUMAJIbHOIO CKJIAAy HeCTaHAAPTHOI MPOIYyK-
wii. IpoBeaeHo aHani3 MaTeMaTUYHUX METOIIB, MOJE-
Jieit Ta iHbopMalifHUX TeXHOOTii yrpaBaiHHS KOHOi-
rypalli€ero BUpOOHUIITBA MPOIYKIIii, IO BITHOCITHCS A0
BUDILLIEHHSI 3aBAaHHA (OPMYBaHHSI CKJIaQy HECTaH-
JapTHOI MpoaykKuii. Po3misiHyTi minxoau 1o hopMyBaH-
HSI CKJIaly HeCTaHIAPTHOI MPOAYKIIii HA OCHOBI KOMIIO-
HEHT TTOBTOPHOTO BHMKOPWCTAaHHS, TIpOaHaTi30BaHi Iie-
peBaru Ta He1oJ1iku. Po3po0JieHi i1 ymockoHaneHi Moje-
JIi, MeTOJI Ta iH(opMalliiiHa TeXHOJIOTisl aBTOMAaTU30Ba-
HOro (hopMyBaHHSI ONTUMAIbHOTO CKJIaay HecTaHAapT-
HOI MPOIyKIIii, 1110 TO3BOJISIE 3 HAsSIBHOI HOMEHKJIATYpHOL
0a3u MiANPUEMCTBA 3alIPOINIOHYBATU ONTHMAaJbHUI Ba-
piaHT U1l KOHCTPYKTOpPa, (hOPMYIOUOro TeXHIUHY Mpo-
MO3U11i10 MOTEHIIHHOMY 3aMOBHUKY 32 IOrO BAMOTaMU.

HaykoBa HoBu3HA. 3anporioHOBaHa HayKoOBO 00-
IpyHTOBaHa iHdOpMalliliHa TEXHOJIOTiSI aBTOMAaTU30-
BaHOTO (DOPMYBaHHS ONTHMAJIbLHOTO CKJIamy HeCcTaH-
JIapTHOI MPOAYKIIii, 1110 BKJIIOYAE TEOPETUKO-MHOXMUH-
HY MOIENb MimcucTteMu (hOpMYBaHHSI ONTHMMAIBLHOTO
CKJIaly HeCTaHAApPTHOI IMPOAYKIIii, MAaTeMaTUYHY MO-
JIeJIb i METO, pillieHHs 3a1a4i (popMyBaHHS ONITUMAaJIb-
HOTO BapiaHTa CKJIaay MPOLYKIIii.

IIpakTuuna 3HauMMicTb. Po3pobiieHi moneri, Meton
i mpuKJIagHa iHpopmaliifHa TeXHOJIOTisl BUOOPY CKia-
Jly HecTaHAApTHOI MPOAYKIii Ha MalIMHOOYIiBHOMY
MiIMPUEMCTBI, 1110 BKII0Ya€ PYHKIIIOHATBHUI MOIYJIb
MOHITOPUHTY TOTOBHOCTI BHUPOOHMUTBA, (YHKIIIO-
HaJIbHUU MOAYIb (POpMYyBaHHS BUMOI 3aMOBHMKA W
(pyHKIIIOHATBHUI MOMIYJIb OATaTOKPUTEPIAIBHOT ONITH-
Mi3alii cKJiaay MpoayKilil 32 BUMOraMy 3aMOBHMKA.
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Iems. IloBbrmeHue 3(p@eKTUBHOCT Mpoliecca
pa3paboOTKM HECTAaHAAPTHOTO M3IEIUS B YCIOBUSIX He-
TOJTHOM OMpeneIeHHOCTU MyTeM COo3IaHus MHdopMa-
LIMOHHO TEXHOJOTMHU aBTOMaTU3UPOBAHHOIO (hOPMHU-
pPOBaHUS ONTUMAJIBHOIO COCTaBa HECTAHAAPTHOTO U3-
JIEJTUSI.

Mertonmuka. [Ipu perieHbl TOCTaBICHHBIX 3a1a4 UC-
TTOJTb30BaHbl: METOJBI CUCTEMHOTO aHaIM3a U O0IIeit
TEOPUU CUCTEM — TIPU TTOCTPOEHUM TEOPETUKO-MHO-
JKECTBEHHO MOMIENHN IIOACUCTEMBI (POPMUPOBAHUSI
OINTUMAJIBHOTO COCTaBa HECTAHOAPTHON IPOMYKIINHU
Ha MaIlMHOCTPOUTEIFHOM MPEAIIPUSITAN; METOIBI Te-
OpUU TIPUHSATHUS PEUICHUN U TCOPUST ONTUMU3ALINN —
Mpu pa3paboTKe MEeToda M MOMACIU PEIICHMS 3amadyu
(opMupoBaHUs ONTHMAJIbHOIO BapuaHTa COCTaBa
MPOAYKIUU; TEOPETUKO-MHOXECTBEHHBIN MOAXOd —
MpY pa3paboTKe CTPYKTYPhI MOACUCTEMBI U MHpOpMa-
LIMOHHOM TEXHOJIOTUU.

PesyabraTtbl. OG0CHOBaHA HEOOXOAUMOCTb pa3paboT-
K1 MHGOPMAITMOHHOW TEXHOJIOTMM aBTOMAaTU3MPOBaH-
HOro (hOpMUPOBAHUST ONTUMAIILHOTO COCTaBa HECTaH-
JapTHoro m3nmenus. [IpoBemneH aHaIM3 MaTeMaTHIeCKIX
METOIOB, Mopejieii M MHGMOPMAMOHHBIX TEXHOJOTUIA
yIpaBlIeHUST KOH(MUIypallel TPOM3BOICTBA ITPOMYK-
mn. PaccMOTpeHbI TTomxoasl K (hOpMUPOBAHMIO COCTaBa
HECTaHIApPTHOTO M3MICIMSI HAa OCHOBE KOMIIOHEHT ITO-
BTOPHOI'O MCIIOJb30BaHUSI, TPOAHATU3UPOBAHBI TIPEU-
MylllecTBa 1 HemocTaTku. Pa3zpaboTaHbl U ycoBepIIEH-
CTBOBaHbI MOJICJIU, METO U MTH(OPMAIIMOHHASI TEXHOJIO-
I'Msl aBTOMaTU3MPOBAaHHOTO (DOPMHUPOBAHUSI ONITUMAITh-
HOTO COCTaBa HECTAHIAPTHOTO M3EJINsI, KOTOpasi IT03BO-
JIIeT U3 UMEIOIIeIicsl HOMEHKJIATypHOU 0a3bl Mpearpusi-
TS TIPEUTOKUTH ONITUMAJIBHBIN BApUAHT 1T KOHCTPYK-
TOpa, (POPMHUPYIOIIETO TEXHUIECKOE TPEIJIOKEHNE T10-
TEHIIMAJTLHOMY 3aKa39MKYy I10 €TO TPCOOBAHIISM.

Hayynas HoBu3na. [IpenjioxxeHa HaydHO OOOCHO-
BaHHasI TH(QOPMAILIMOHHAsI TEXHOJIOTMSI aBTOMATU3UPO-
BaHHOTO (POPMMPOBAaHUS ONTUMAJIBHOTO COCTaBa He-
CTaHIAPTHOTO U3MEINS, KOTOpast BKJIFOUAeT TEOPETUKO-
MHOXECTBEHHYIO MOJIe/Ib MOACUCTEMbI (DOPMUPOBAHUS
ONTHMMAaJBbHOIO COCTaBa HECTAHAAPTHOIO M3ACIUS, Ma-
TEMaTUUYECKYIO MOJIEIb M METOJ pellieHusT 3aaaun (pop-
MUPOBAHUSI ONITUMAILHOTO BApMAHTa COCTaBa U3MIENIHSI.

IIpakTuyeckas 3HauumMocTb. PazpabotaHbl Mozienu,
MeToH M TpUKIIagHas WH(POPMAIIMOHHAST TeXHOJOTHSI
BBIOOpA COCTaBa HECTAHIAPTHOTO M3ICINS Ha MaIllM-
HOCTPOUTEILHOM TIPSANPUSITHH, KOTOpas BKIIIOYACT
(bYHKIIMOHANIBHBIN MOIYJTb MOHUTOPMHTA TOTOBHOCTHU
IIPOU3BOACTBA, (HDOPMUPOBAHMS TPEOOBAHMI 3aKa3UM-
Ka 1 MOJIyJIb MHOTOKPUTEPUATbLHONM ONITUMU3ALINHU CO-
cTaBa U3AEJIMS 110 TPeOOBAHUSIM 3aKa3uMKa.

KiioueBble ciioBa: MHo2okpumepuaivbHas 3a0a4a uvl-
bopa, uHmMezpanbHuLil Kpumepuili ONMUMAALbHOCMU, MHO-
acecmeo [lapemo

Pekomendosano 0o nybaikauii dokm. mexH. HayK
1. B. llleguenxom. Jlama  HaoxoddceHHs — pyKonucy
31.03.16.
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