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The results of many years of research in the field of formalizing the task of selecting automated systems for various
areas of design and office activities are given. The purpose of the study is the development of methods for qualitative
and quantitative evaluation when choosing an automated system, taking into accounts the operating conditions and
customer requirements. Qualitative assessment is based on the theory of choice and decision making, which examines
the mathematical models of this type of activity. In view of the fact that in the problem under consideration, many
alternatives, which are automated systems, are known, it can be related to the choice problem. The peculiarity of this
approach is that it does not require a complete restoration of the principle of optimality, but allows us to confine
ourselves to information sufficient to identify the optimal variant. The quantitative assessment is based on the
determination of the projected annual economic effect from the introduction of an automated system. The described
technique can be used by enterprises and organizations in the evaluation of automated systems at the stage preceding
the tender for their purchase.
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Introduction

Expanding the use of information technology
in practically all spheres of life of modern society
and the continuous appearance of various auto-
mated systems (AS) on the market actualizes the
task of developing a methodology for assessing
the optimal version of a particular system, based
on operating conditions and customer requirements.

As a rule, enterprises, institutions and firms
especially need the proposed methodology in two
cases:

1) The enterprise has only been established
and needs to purchase AS for work;

2) The enterprise already exists for a while,
has accumulated certain experience in the use of
information technology, but the existing situation
does not suit management and modernization is
required, including the purchase of new software.

In both cases, experience shows that the eval-
uation methodology must meet two basic require-
ments.

First, the methodology should be as broad and
objective as possible, based on simple and under-
standable criteria that do not allow double inter-
pretation, equally perceived by both customers
and performers.

Secondly, the methodology should allow the
implementation of the evaluation procedure on
the basis of a widespread computer program, for
example, Microsoft Excel. This will ensure the
simplicity of creation, the adequacy of perception
and ease of modernization. This is explained by
the fact that the customer, in most cases, does not
have the necessary level of knowledge in the field
of existing decision support technologies and
therefore does not want to risk losing money,
trusting, in his opinion, a complex and biased pro-
gram.

The formalization of the task of selecting an
AS involves a comprehensive study of systems,
including qualitative and quantitative assess-
ments.

1. The method of qualitative evaluation of AS

The basis for the methodology of qualitative
assessment is the theory of choice and deci-
sion-making, which examines the mathematical
models of this type of activity.

Let there be a lot of AS, and the problem is to
isolate a subset from it based on the idea of the
quality of the options, characterized by the princi-
ple of optimality. In this case, the decision-mak-
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ing task is called a pair <QQ, OP>, where Q) — many
options, OP — optimality principle. By the solu-
tion of the problem <Q, OP> we mean the set
Qpp < Q, obtained with the help of the optimality
principle OP.

The mathematical function of the OP optimal-
ity principle is the Cpp selection function. It asso-
ciates with any subset X < Q its part Cyp(X). The
solution Q,p of the original problem is the set
Con).

The decision-making tasks are distinguished
depending on the available information on the set
Q) and the optimality principle of the OP. In view
of the fact that in the problem under consider-
ation, the set of alternatives that are AS is known,
it can be related to the choice problem. Thus, the
problem of choice is a special case of the general
problem of decision-making. The peculiarity of
this approach to the solution of the problem of
choice lies in the fact that in the general case it
does not require a complete restoration of the op-
timality principle, but allows us to confine our-
selves only to information sufficient for distin-
guishing Q. The general optimization problem
may not assume the maximization of one or more
numerical functions. Its meaning is to select the
set of the best elements, i. e. in calculating the
value of Cpp(€2) for given Q and Cpp. If Cpp is
a scalar selection function on the set Q, then we
get the usual optimization problem.

The alternatives in question have many prop-
erties that affect the solution. Being enlarged these
properties can be classified into specific sets. In
particular, when solving the problem of choosing
a computer-aided manufacturing (CAM) system,
the following sets of properties are considered: M’ —
integration with CAD systems; M'' — design of
technological processes; M'"" — work with tech-
nology directories; M"""" — calculation of allow-
ances and cutting modes; M'"""" — material and
technical rationing.

Detailing of the indicated sets, shows that each
of them is formed by several properties. For ex-
ample, M'{m,’, m,'}, where m," — data transfer on
the composition of the machine-building product;
m," — data transfer of the elements of machine parts.

Similarly, M" {m ", m,"”, m5"'}, where m," —
interactive designing of technological processes
on the basis of code information entered into the
computer-aided process planning (CAPP) system;
m,"" — interactive designing of technological pro-

cesses on the basis of code information transmit-
ted automatically from the CAD-system file to the
CAPP system; m,""" — automatic design of techno-
logical processes on the basis of the code infor-
mation transferred from a file of CAD-system in
the CAPP system.

Some of these properties are expressed by
a number. This is confirmed by the existence of
a mapping ¢:Q — E,. Consequently, the savings
from reducing the labor intensity of work in the
CAM system is a criterion in the problem under
consideration, and the number ¢(x) is the estima-
tion of the alternative x by the criterion. Simulta-
neous accounting of individual properties can be
difficult. In this case, the groups of properties that
aggregate in the form of aspects are distinguished.
An aspect is a complex property of alternatives,
which simultaneously takes into account all the
properties that belong to the corresponding group.
In a particular case, an aspect can be a criterion.
For example, when considering the properties that
make up the set M’', the economy can be used as
a criterion when implementing a CAM system in-
tegrated with the CAD system.

Therefore, all the properties m,’, m,", ..., m,'"",
which are taken into account when solving the
problem <Q, OP>, are criteria. We put in corre-
spondence to the criterion m; the j-th axis of
E,(j=1,n). We map the set Q B E,, associating
with each alternative x € Q the point ¢@(x) =
{01(x), ..., 9,(x)} € E,, where @(x) — is the estimate
of x by the criterion m;(j=1,n). A criterion
space is a space whose coordinates of points are
considered as estimates by the corresponding cri-
teria.

The calculation of the estimates ¢(x) of each
Q-th alternative over the whole set of properties
allows us to determine the indicator of the overall
efficiency Eq;M;. To do this, it is necessary to
classify the estimates according to the properties
that are to be maximized and minimized.

The purpose of this classification is that, in
calculating the indicator of the overall efficiency
EqiM,;, it is correct (in the sense of the sign) to
take into account the values of the efficiency mea-
sures for the properties to be minimized.

Indeed, based on the physical meaning of this
classification, it is desirable that estimates for the
properties subjected to minimization of ¢;"")(x)
be minimal (for example, costs associated with
the purchase of computer facilities), but on pro-
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perties subjected to maximization ¢ "“)(x) are
maximal.

In this case, the calculation of the indicator of
the overall efficiency EqM; of the Q-th projec-
tion alternative is made by the formula

where Z(pgmax)M,-, Z(pg.mi“)Mi — accordingly,
M M

the sum of measures of efficiency on the proper-
ties subject to maximization and minimization.

After these calculations, confidence intervals
of the indicator Eq;M; are determined.

The final stage of the choice of the CAPP sys-
tem is the decision-making based on the analysis
of the calculated estimates @;(x) and the indicator
of the overall efficiency Eq:M;.

The alternative having the largest value of the
indicator of the overall efficiency EqM;, can be
considered as optimal for the considered set of al-
ternatives of the CAPP systems €. Therefore, if
the indicator of the overall efficiency EqM; of the
alternative to the CAPP system is the largest in
magnitude, taking into account the sign on the
whole set of design alternatives, then the Q-th al-
ternative is optimal.

However, it is quite logical to take step by
step decisions.

1. An alternative with the highest overall effi-
ciency index max Eq;M; is adopted as a nodal al-
ternative.

2. Analyzing the estimates ¢,(x) of each alter-
native for all purposes, an ordered set of alterna-
tives €2 in accordance with the values ¢(x) is con-
structed.

3. In each order of importance, the set of esti-
mates o; = {¢@(x), ..., ¢,(x)} determines the place
of the nodal alternative to the design of Q,,; and
determines the ways of its optimization:

A) if the set o is constructed for the goal that
is to be maximized, then Q,,; can be optimized
by the alternatives to the left of it in the set Q;

B) if the set o, is constructed for a goal sub-
jected to minimization, then 3, ; can be optimized
by the alternatives to the right of it in the set Q.

In this case, possible ways of optimizing the
nodal alternative Q,,; are determined. The possi-
bility of their practical implementation is consid-
ered in the subsequent stages of engineering anal-
ysis and is related to the resolution of compatibili-
ty and feasibility problems. In particular, when

solving the problem of choosing the CAPP sys-
tem, the ways of optimizing the nodal alternative
can be scheduled at the stage of the tender for the
purchase of the above-mentioned system.

2. The method of quantification evaluation of AS

The annual economic effect from the intro-
duction of an AS is determined by the formula

i=k Jj=m
Yecon = Z Zp; - Z th (1
i=1 j=1
i=k
where D> Zp; — the amount of saving wages of
i=1
workers in the i-th categories due to the increase
in labor productivity when implementing an AS
=m
for one year of work; jz Zt; — amount of costs
Jj=1
for the implementation of an AS for j-th items of
expenditure.

The amount of saving wages of workers in the
i-th categories due to the increase in labor produc-
tivity when implementing an AS for one year of
work is determined by the formula

i=k i=k

> Zp =3 (7o) m) )

i=1 i=1
where ZpiY — the amount of saving on the wages
of one specialist of a certain category, resulting
from a reduction in labor intensity by the types of
work performed, for one year of work; #; — number
of specialists in the i-th categories of employees.

The amount of costs for the implementation
of an AS for j-th items of expenditure is deter-
mined by the formula

Jj=m J=m emp Jj=k J=p soft
Zth:Z St xan +2Stj (3)

J=1 J=1 J=l J=l

where St;mp — the cost of one user license by user
category; n; — number of specialists in the j-th

J=p

categories of employees; Y. St;”ﬁ — sum of the
j=1

cost of j-th work on the implementation of an AS.

3. The results of approbation of the described
approach

Approbation of the described technique was
carried out for a long time in solving problems of
the choice of AS.

In the beginning, it was used to identify the
most important functions and tasks in the forma-
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tion of ways to create CAM systems of prototypes
for forage harvesting equipment [1], [2]. The ob-
tained results were used in the Main specialized
design bureau for the complex of forage harvest-
ing machines when creating the first stage of the
CAM system. Implemented on the basis of SM-
1420 computer, the CAM system consisted of
CAPP system of prototypes of forage harvesting
equipment [3] and an AS for structural analysis of
prototype designs [4].

Later on, when switching to PC and integrating
the above mentioned system, the methodology was
used to select the path of their further development.
In particular, with its help, the decision was made to
model decision making when choosing methods
for automating the technological preparation of pro-
duction of prototypes for forage harvesting and grain
harvesting equipment [5]. In addition, the techni-
que was used for the information analysis of the
technological preparation for the production of pro-
totypes for forage harvesting and grain harvesting
equipment [6], and also for the development of the
sequence of the creation of integrated systems [7].

To expand the scope of the described method-
ology, it was tested while analyzing and develop-
ing the proposals for the modernization of the ex-
isting PDM system of the joint stock company
«Gomeltransneft Druzhbay [8].

In 2013, the methodology was used in higher
education. Namely, when choosing a CAPP sys-
tem for the performance of laboratory work at the
Sukhoi State Technical University of Gomel [9].

Conclusion

The described technique can be used by enter-
prises and organizations in the evaluation of AS at
the stage preceding the tender for their purchase.
One of the advantages of the methodology is that
it is based on simple and understandable criteria
that do not allow double interpretation, is equally
perceived by both customers and executors, and
also allows the implementation of the evaluation
procedure based on the Microsoft Excel office ap-
plication. This circumstance ensures the ease of
creation, adequacy of perception and ease of mod-
ernization at the request of the decision-maker.

References

1. Petukhov, A. V. Diagnostic analysis at the stage of pre-project research / A. V. Petukhov // Tractors and agricultural

machinery. — 1990. — Ne 2. — pp. 21-22.

2. Petukhov, A. V. Investigation of the functional structure of the system of technological preparation of prototype pro-
duction / A. V. Petukhov // Tractors and agricultural machinery. — 1993. — Ne 6. — pp. 26-29.
3. Petukhov, A. V. Automation of the design of technological processes for the production of prototypes / A. V. Petukhov //

Tractors and agricultural machines — 1993. — Ne 12. — pp. 33-35.

4. Petukhov, A. V. Automation of structural analysis during technological preparation of production of prototypes / A. V. Pe-
tukhov // Tractors and agricultural machinery. — 1994. — Ne 3. — pp. 24-26.

5. Petukhov, A. V. Modeling decision-making when choosing methods for automating the technological preparation of
production of prototypes for forage harvesting and grain harvesting equipment / A. V. Petukhov // Modern Problems of Me-
chanical Engineering: Collection of articles of the international scientific and technical conference, Gomel, 5-7 July 2000. —

Gomel: Sukhoi STU of Gomel, 2000. — Vol. II. — pp. 70-73.

6. Petukhov, A. V. Information analysis of technological preparation of production of prototypes for forage harvesting
and grain harvesting equipment / A. V. Petukhov // Modern Problems of Mechanical Engineering: Collection of articles of the
international scientific and technical conference, Gomel, 5-7 July 2000. — Gomel: Sukhoi STU of Gomel, 2000. — Vol. II. —

pp. 75-77.

7. Petukhov, A. V. The method of creating integrated systems of design and technological design / A. V. Petukhov // Mod-
ern Problems of Mechanical Engineering: Abstracts of the IX International Scientific and Technical Conference, Gomel, 25—
26 October 2012. — Gomel: Sukhoi STU of Gomel, 2012. — pp. 87-88.

8. Completed projects of the Republican Unitary Enterprise «Center for Scientific, Technical and Business Information»
(Gomel). 5. Topic: To conduct an analysis of the current automated information system for document circulation of the joint
stock company «Gomeltransneft Druzhba» and develop proposals for its modernization [Electronic resource]. — 2008. — Mode
of access: http:// www.cntdi. gomel. by/ITprojects. htm. — Date of access: 13.01.2017.

9. Petukhov, A. V. Development of the method of criteria evaluation of the CAPP system / A. V. Petukhov // Modern
Problems of Mechanical Engineering: Abstracts of the XI International Scientific and Technical Conference, Gomel, 20-21
October 2016. — Gomel: Sukhoi STU of Gomel, 2016. — pp. 57-58.

Jlureparypa

1. MetyxoB, A. B. Jluarnoctudeckuii aHaIu3 Ha CTaJUH NMPeanpoeKkTHOro uccienoBanus / A. B. Iletyxos // Tpakropsl

M CEIIbCKOXO3SHCTBEeHHbIE MaKHbL. — 1990, — Ne 2. — C. 21-22.

2. IletyxoB, A. B. ccnenoBanue (pyHKINOHAIEHON CTPYKTYPBI CHCTEMbI TEXHOJIOTMYECKOW MOATOTOBKH MPOMU3BOJICTBA
OmBITHBIX 00pasioB / A. B. [leTyxoB // TpakTopsl 1 CEIbCKOX035HCTBEHHbIE MAIIMHEL. — 1993. — Ne 6. — C. 26-29.

1,2018

CUCTEMHbIN AHAJIN3 U MPUKITALHAS UHOOPMATUKA



20 CucmemHblil aHanu3

3. IeryxoB, A. B. ABromMaru3anus MpOEKTUPOBAHUS TEXHOJIOTHYECKHUX MPOLIECCOB N3TOTOBJICHHUS OIBITHBIX 00Pa3oB /
A. B. TleryxoB // TpakTopbl 1 CElIbCKOX03sIHCTBEHHBIE MalHbl — 1993, — No 12. — C. 33-35.

4. IleryxoB, A. B. ABTOMaTn3anus CTPyKTypHOTO aHANN3a MPH TEXHOJIOIMYeCKOH MOArOTOBKE MPOM3BO/CTBA OMBITHBIX
o6pasnos / A. B. ITetyxoB // TpakTopbl 1 CeIbCKOX03SHCTBEHHbIC MAIIUHBL. — 1994, — Ne 3. — C. 24-26.

5. IeryxoB, A. B. MonenupoBanye NPUHATUS pelIeHHH TPU BEIOOPE METOJI0B aBTOMATH3AI[MK TEXHOJIOTMYECKOH MOoro-
TOBKH IPOU3BOJCTBA ONBITHBIX 00pa3LOB KOPMOYOOPOUHOIt U 3epHOyOopouHoit TexHukH / A. B. IletyxoB // CoBpemeHHbIE
npobieMbl MalMHOBeACHHS: ¢0. cT. MexayHap. Hayd.-TexH. KOH]. (Hay4. 9TeHus, mocBsil. 105 rogoBuMHe co AHSI POXKICHUS
[1. O. Cyxoro), Tomens, 5-7 urons 2000 . / M-Bo o6paszoBanus Pecn. benapych, [omen. roc. Texs. yH-T um. I1. O. Cyxoro,
AOOT «OKB Cyxoro»; og oom. pexa. A. C. Ilarunsna. — I'omens: ITTY um. I1. O. Cyxoro, 2000. — T. II. — C. 70-73.

6. IMetyxoB, A. B. lndopMannoHHbIH aHAIN3 TEXHOIOTMYECKOH MOATOTOBKHU MPOU3BOICTBA OMBITHBIX 00Pa31l0B KOPMOY-
OopouHOit u 3epHOyOOpouHOil TexHuku / A. B. Tleryxos // CoBpeMeHHbIE NPOOJIEMBI MAalIMHOBEACHUS: ¢O. CT. MexyHap.
Hay4.-TeXH. KOH(. (Hay4. 4renus, nocssul. 105 rogosumue co xusa poxiaenus I1. O. Cyxoro), Tomens, 5-7 urons 2000 r. /
M-Bo o6pazoBanus Pecr. benapych, [omen. roc. TexH. yH-T uM. I1. O. Cyxoro, AOOT «OKB Cyxoroy»; oz o6m. pex. A. C. Illa-
runsHa. — [omens: I'TTY um. I1. O. Cyxoro, 2000. — T. II. - C. 75-77.

7. IleryxoB, A. B. MeTtoanka co3aHusi MHTETPUPOBAHHBIX CHCTEM KOHCTPYKTOPCKO-TEXHOJIOTHYECKOTO MPOSKTHPOBAHMS /
A. B. Tletryxos // CoBpeMeHHbIE POOIeMbl MAIMHOBEACHHS: Te3. JoKJI. IX MexayHap. Hay4.-TexH. KOH(}. (Hay4. YTEHHU, 110-
csl. I1. O. Cyxomy), Tomenn, 25-26 oxt. 2012 1. / M-Bo o6pazoBanust Pecri. benapycs, Tomen. roc. Texs. yH-T um. I1. O. Cyxo-
ro, OAO «OKB Cyxorox»; mox o6m. pen. C. M. Tumommna. — T'omens: ITTY um. I1. O. Cyxoro, 2012. — C. 87-88.

8. 3aKoHYeHHbIe TPOEKThl PecnyOnMKaHCKOTO YHUTApHOTO NpeanpusiTust «L{eHTp Hay4HO-TEXHHYECKON M JIeIIOBOM MH-
¢dopmauum» (r Fomens). 5. Tema: TIpoBectr aHanu3 IelCTBYIOEH aBTOMAaTU3UPOBAHHOH MH(OOPMAILIMOHHON CHCTEMBI JIOKY-
menToobopora PYII «T'omensrpancuedTs «APYXBA» n paspadorarh MpeaiokeHHs MO ee MOISPHU3AIMH [ DIeKTPOHHBII
pecypc]. — 2008. — Pexxum noctymna: http:// www.cntdi. gomel. by/ITprojects. htm Jlara nocryna: 13.01.2017.

9. IleryxoB, A. B. Pa3pabotka meroauku kputepuansHoit onenku CAITP TIT/ A. B. ITeryxos // CoBpeMeHHBIE poOIIe-
MBI MallIMHOBeIeHHsT: Te3. HOoKI. XI MexayHap. Hayd.-TexH. KoH(. (Hayd. utenust, mocssul. 1. O. Cyxomy), ['omens, 20-21 okT.
2016 . / M-Bo o6pazoBanus Pecn. Benapycs, ['omen. roc. Text. yH-T uM. I1. O. Cyxoro, ®umman ITAO «Komnanus «Cyxoii»
OKBb «Cyxorox; mox o6ut. pen. C. W. Tumommuna. — I'omens: I'TTY um. I1. O. Cyxoro, 2016. — C. 57-58.

Tlocmynuna IHocne dopabomxu Ipunama k neuamu
20.12.2017 27.12.2017 15.03.2018
A. B. Ilemyxos

®OPMAAU3ALUA 3AAAYU BbIEOPA ABTOMATU3UPOBAHHOW CUCTEMBbI

VYupeoicoenue obpaszosanus «l omenvcruti cocyoapemeennviti mexuuyeckuil ynusepcumem umenu I1. O. Cyxoeor,
2. Tomenw, Pecnyonuxa benapyce

B cmamve npusoosmcs pe3ynomamvl MHOLONEMHUX UCCIe008AHUll 6 obnacmu gopmanruzayuu 3a0auu  eblbopa
ABMOMAMUZUPOBAHHBIX cUCmeM Ol PASIUYHBIX Chep NPOeKmuposourol u oguchoi desmenvhocmu. Llens ucciedosanus
3AKNIOUANAC, 6 PA3PAbOmMKe MemoOUK KAYeCMBEHHOU U KONUYECMBEHHOU OYEHKU Npu 6bloope asmomMamusuposaHHoU
cucmembl, UCX005 U3 YCAOBULL SKCRIYAMAyuU U mpedo8anuil 3aKa3uuKd. B 0cHo8y MemoouKu Kauecmeen ol OYeHKU NOLONCEHA
meopus 8blOOPA U NPUHAMUS PEUIeHUL, KOMOPAs UCCIedyem MaAmeMamuyeckue Mooenu 9mo2o 6uda oesmeibHocmu. Beudy
Mo2o, Umo 8 paccmampueaemoul 3a0a4e MHONICECMBO AlbMEPHAMUE, KOMOPbIMU AGTAIMCS A8MOMAMUZUPOBAHHbIE CUCTEMbL
u36ecmuo, ona modxcem Ovime omuecena K 3aoaue evioopa. Ocobennocms mako2o nooxo0d COCMoum 6 mom, Ymo oH He
mpeobyem noiHo20 80CCMAHOGIEHUS. NPUHYUNA ONMUMATLHOCHU, d NO360I5A€M 02PAHUYUMbCS UHGOpMayuell, 0CMAamoyHol
07151 8bIOEILEHUs ONMUMATLHO20 6apuarma. Konuuecmeennas oyenka 6azupyemcs Ha onpeoeieHull npOSHO3UPYemMo2o 20008020
9KOHOMUUECKO20 Ipghexma om eHedpeHus: A8MOMaAmu3uUposantou cucmemsl. OnUCaHHAs MEMOOUKA MOJICEN UCTIONb308AMbC
NPeONnPUAMUSMU U OPLAHUSAYUAMU NPU OYEHKE A8MOMAMUZUPOBAHHBIX CUCIEM HA CIMAOUL, NPeOueCmeyouetll npoedeHuUo
meHOepa Ha Ux 3aKyNKy.

Knrouesvie cnosa: vibop asmomamusuposanHtoll cucmemvl, Ka4eCmeeHHas OYeHKd, KOIUYeCmEeHHas OYeHKd, meopusl
66100pA U NPUHAMUSL peUleHULL
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