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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-

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 (ІТ).

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 
tech nologies 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”, “1С: Mechanical engineering”, 
“Galaxy: Mechanical engineering”, “Sail”, “ІТ-En ter-
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. А., Levin А. І., 
Cherviakov L. М., Rybakov А. V., Yevdokymov S. А., 
Brod skyi 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 

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 
RUCs 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 О. B., 
Shchehol V. А., Fedorovych О. Ye., Serhieiev S. V., Ser-
hieieva Yu. І., 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 
con trol, 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-

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; Т – 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; О – 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; { }1, 1,U u l L= =  ‒ set of specification levels; T = 

{ }( ) ( ) , 1,iT
i it u t u D i I= ∈ =  – set of requirements and re-

strictions; { }, 1,iTTD D i I= =  – range of admissible values 
of requirements and restrictions; D = 

{ }( ) ( ) , 1,iD
i id u d u D i I= ∈ =  – set of the data of workload 

and readiness for production of unfinished mutually inter-

changeable units and parts; { }, 1,iDDD D i I= = – range of 
admissible values of possible workload and readiness for 
production of unfinished mutually interchangeable units 

and parts; { }( ) ( ) , 1,iV
i iV v u v u D i I= ∈ =  – set of solution 

variants; { }, 1,iVVD D i I= =  – range of admissible values 
of solutions variants; { : ( , , , ), ,D

u u uS S S f S D T V D D= = ∈  

T  DT, V  DV} set of the states of formation process; 

{ }( ), 0, , , ( ) ( , ), , 0,j j j uO o u j J u U o u u S u U j J= = ∈ = h ∈ = – 

set of the resulting optimal solutions at every level of specifi-

cation; { }( ) ( ) , 1,iP
i iP p u p u D i I= ∈ =  – set of the indices 

of product quality; { }, 1,iPPD D i I= =  – range of admi-
ssible values of the indices of product quality; K = 

{ }, 1,nk n N= =  – set of the quality criteria taken into ac-

count by the customer; { }( ), 0,mA a k m M= =  – 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

Мпс = <F(MPR, FCR, PCO), ІK, МК(МP, MT, МR,

MA), AK(AST,AS),ПК,ОрК, R(R1,R2,R3,)>,

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; ІК is the information complex – data-
bases of enterprise classifiers and directories, hierarchi-
cal bases of knowledge in possible variants of products 
composition; МК is the complex of models and method 
(represented by МP, MT, МR and MA sets); МР 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; МR 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; АK 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 АST and AS sets); АST 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; ПК is the complex of software 
instruments realizing functional problems of the subsys-
tem; ОрК 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 – R1  
 FM × F, where FM is the set of functional modules, F 
denotes functional problems;

- distribution of the models and the method by prob-
lems – R2  MK × F;

- distribution of the solutions algorithms by prob-
lems – R3  AK × 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, UC, 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. UC 
is the vector of the cost of parts and assembly units 
(PAU); LM is the vector of production workload; T is 

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. TS 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. UС, 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

 1
1

argmax ( ), 1... ,
n

i i ij i
K w q o j m

=

= - =∑  (1)

where j is a number of the product variant; n is quantity 
of components of the new product composition; wi de-
notes coefficients of importance of the indices by ith 
unit. The parameters of the criterion include the quan-
tity of reclamations of every unit оi and value of reliabil-
ity qi. The parameters are normalized to range [0,1].
 max, ;f

f
o O f F≤ ∈∑  (2)

 min, ,p
p

q Q p P≥ ∈∑  (3)

where of is maximum admissible quantity and character 
of reclamations at the present period of time for every f th 
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assembly unit, determined by the enterprise experts; 
Qmin is minimum admissible value of reliability at the 
current period of time for every pth PAU, determined by 
the enterprise experts.

Minimization of the cost of the new product

 2
1

argmin , 1, , ,
n

ijj i
K C j m…

=

= =∑  (4)

where Cij is the cost of every ith element of the construc-
tion of the j th variant of the product.

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

 
1

; ;
n

hi h
i

uc Uc h H
=

≤ ∈∑  (5)

 
1

; ,
n

di d
i

v V d D
=

∈ ∈∑  (6)

where uch is maximum admissible cost of hth types of 
“variation” PAU at enterprises; H is quantity of types of 
variation PAU; Vd is set of required elements of the con-
struction of the d th 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

 3
1

argmin max ,
n

ijj i
K T

=

 
=  

 
∑  (7)

where Tij is the term of manufacture or delivery of every 
i th element of the construction of the j th 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

 ; .i
i I

lm Lm Nh h
∈

≤ h∈∑  (8)

In its turn, it consists of restrictions on availability of 
components and materials mb, energy resources ec, re-
strictions on determined terms of delivery of materials 
and components ts, free stock of time of operation of 
equipment rk of the kth group of PAU, available at the 
enterprise at the present period of time and stock of 
working time of workers tg gth profession. Thus, produc-
tion workload includes Lm = {mb, ec, ts, rk, tg}. This infor-
mation is obtained from enterprise subsystem ERP.

Maximum realization of regional requirements to the 
new product

 4
1

argmax ,
n

ijj i
K R

=

= ∑  (9)

where Rij is quantity of requirements made to the i th unit 
of the construction of the j th variant of the product. Re-
strictions include only the use of the units (variants), 
developed according to these requirements and having 
relevant certificates
 yr  Yr, r  R, (10)
where Yr stands for required elements of the construc-
tions of the r th type developed to meet the regional re-
quirements of the customers.

Maximum use of improved units in the new product

 5
1

argmax ,
n

ijj i
K In

=

= ∑  (11)

where Inij is quantity of improved units available in the 
ith unit of the j th variant of the product. Restrictions in-
clude required use of improved units, available at the 
enterprise, in the non-standard products

 0, 1... ,il
i I

In l L
∈

≠ =∑  (12)

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

 
1

,
n

í
i i

i
F K

=

= a∑  (13)

where 
max

,ií
i

i

K
K

K
=  Ki max is expert assessment of maxi-

mum value of this criterion and weight coefficients are 
to meet the condition: 1.i

i
a =∑  The values of weight 

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*3 together with the assessment of the weight 
coefficient obtained from the enterprise expert a*n, it is 
proposed to calculate coefficient a* in the following way
 a* = γa*3 + (1 - γ)a*n, (14)
where γ = 0.560.5b; b* is normalized assessment of the 
corresponding variant of product according to criteri-
on K *

 * *
*

*
,

predic bas

bas

K K
K

-
b =  (15)

where *
predicK  is assessment according to criterion K * 

predicted for this variant of product; *
basK  is basic (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 A 
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: j: K × S × O  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 Т, К 
and А sets, the designer is proposed an ordered list of 
possible variants of lineups in the form of V set, by means 

of mapping P set on A set and on S set: y: P × A × S  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 V set: h: T × 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 (СМM), and the informa-
tion technology dynamic component was also descri-
bed – information processes (IP) and their interaction 
(IPI). On this basis the model of the information tech-
nology is presented by the set: IT = DS, СМM, 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:

М1 is the model of the subsystem of formation of the 
product optimal composition meeting an individual order;
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М2 is the model of the requirements tree when non-
standard product is put to production;

М3 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;

МF 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 

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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Мета. Підвищення ефективності процесу роз-
робки нестандартної продукції в умовах неповної 
визначеності шляхом створення інформаційної 
технології автоматизованого формування опти-
мального складу нестандартної продукції.

Методика. При розв’язані поставлених завдань 
використані: методи системного аналізу та загаль-
ної теорії систем – при побудові теоретико-мно-
жинної моделі підсистеми формування оптималь-
ного складу нестандартної продукції на машинобу-
дівному підприємстві; методи теорії прийняття рі-
шень і теорія оптимізації – при розробці методу й 
моделі вирішення завдання формування оптималь-
ного варіанта складу продукції; теоретико-мно-
жинний підхід – при розробці структури підсисте-
ми й інформаційної технології.

Результати. Обґрунтована необхідність розробки 
інформаційної технології автоматизованого форму-
вання оптимального складу нестандартної продук-
ції. Проведено аналіз математичних методів, моде-
лей та інформаційних технологій управління конфі-
гурацією виробництва продукції, що відносяться до 
вирішення завдання формування складу нестан-
дартної продукції. Розглянуті підходи до формуван-
ня складу нестандартної продукції на основі компо-
нент повторного використання, проаналізовані пе-
реваги та недоліки. Розроблені й удосконалені моде-
лі, метод та інформаційна технологія автоматизова-
ного формування оптимального складу нестандарт-
ної продукції, що дозволяє з наявної номенклатурної 
бази підприємства запропонувати оптимальний ва-
ріант для конструктора, формуючого технічну про-
позицію потенційному замовнику за його вимогами.

Наукова новизна. Запропонована науково об-
ґрунтована інформаційна технологія автоматизо-
ваного формування оптимального складу нестан-
дартної продукції, що включає теоретико-множин-
ну модель підсистеми формування оптимального 
складу нестандартної продукції, математичну мо-
дель і метод рішення задачі формування оптималь-
ного варіанта складу продукції.

Практична значимість. Розроблені моделі, метод 
і прикладна інформаційна технологія вибору скла-
ду нестандартної продукції на машинобудівному 
підприємстві, що включає функціональний модуль 
моніторингу готовності виробництва, функціо-
нальний модуль формування вимог замовника й 
функціональний модуль багатокритеріальної опти-
мізації складу продукції за вимогами замовника.

Ключові слова: багатокритеріальна задача вибо-
ру, інтегральний критерій оптимальності, множина 
Парето

Цель. Повышение эффективности процесса 
разработки нестандартного изделия в условиях не-
полной определенности путем создания информа-
ционной технологии автоматизированного форми-
рования оптимального состава нестандартного из-
делия.

Методика. При решены поставленных задач ис-
пользованы: методы системного анализа и общей 
теории систем – при построении теоретико-мно-
жественной модели подсистемы формирования 
оптимального состава нестандартной продукции 
на машиностроительном предприятии; методы те-
ории принятия решений и теория оптимизации – 
при разработке метода и модели решения задачи 
формирования оптимального варианта состава 
продукции; теоретико-множественный подход – 
при разработке структуры подсистемы и информа-
ционной технологии.

Результаты. Обоснована необходимость разработ-
ки информационной технологии автоматизирован-
ного формирования оптимального состава нестан-
дартного изделия. Проведен анализ математических 
методов, моделей и информационных технологий 
управления конфигурацией производства продук-
ции. Рассмотрены подходы к формированию состава 
нестандартного изделия на основе компонент по-
вторного использования, проанализированы преи-
мущества и недостатки. Разработаны и усовершен-
ствованы модели, метод и информационная техноло-
гия автоматизированного формирования оптималь-
ного состава нестандартного изделия, которая позво-
ляет из имеющейся номенклатурной базы предприя-
тия предложить оптимальный вариант для конструк-
тора, формирующего техническое предложение по-
тенциальному заказчику по его требованиям.

Научная новизна. Предложена научно обосно-
ванная информационная технология автоматизиро-
ванного формирования оптимального состава не-
стандартного изделия, которая включает теоретико-
множественную модель подсистемы формирования 
оптимального состава нестандартного изделия, ма-
тематическую модель и метод решения задачи фор-
мирования оптимального варианта состава изделия.

Практическая значимость. Разработаны модели, 
метод и прикладная информационная технология 
выбора состава нестандартного изделия на маши-
ностроительном предприятии, которая включает 
функциональный модуль мониторинга готовности 
производства, формирования требований заказчи-
ка и модуль многокритериальной оптимизации со-
става изделия по требованиям заказчика. 

Ключевые слова: многокритериальная задача вы-
бора, интегральный критерий оптимальности, мно-
жество Парето

Рекомендовано до публікації докт. техн. наук 
І. В. Шевченком. Дата надходження рукопису 
31.03.16.


