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WHCTPYMEHTAPUA MUHUMU3ALINK
PUCKOB NMPU PASPABOTKE
BbICOKOTEXHONOIMrM4YHOU
nPOOYKLMMN

B ctatbe paccMoTpeHbl MeTodonornyeckue
OCHOBbl U 3KOHOMMWKO-MaTeMaTU4eCKUini UHC-
TPYMEHTaPUIN MUHUMM3ALMN TEXHOMOMNYECKMX
pUCKOB pa3paboTKM BbICOKOTEXHOMOTMYHOWM
npoaykuuun. MNpeanoxeHa HoBas, 6onee ad-
hekTuBHasi opraHm3aums npouecca paspaboTku
BbICOKOTEXHONOMUYHbBIX U3OENUi, a Takxe
VWHCTPYMEHTApUi OLEHKN TEXHUKO-IKOHOMMU-
4yeckon 3a(pPEKTUBHOCTM HOBbIX TEXHOSOIMUN,
BHeApPSIeMbIX Ha NPeANPUATUAX-U3rOTOBUTENSAX
[aHHOW NpoayKLUWN.

Knrodeenie crioea: mexHonozauyeckue pucku,
8bICOKOMEXHOM02uYHas1 MpodyKyusi, npeonpu-
smue, uHcmpymeHmapud, 3¢hghbeKmueHOCMb,
paspabomka.

1. Introduction

The problem of assessing and minimizing the risks of development of high-
tech products is multifaceted and therefore the complexity of its solutions com-
mensurate with its importance.

In most degree currently financial and economic risks of this development
is studied. However, given the nature of these products, which is created using
high-tech, no less important is the problem of assessing the risk of its develop-
ment process. Scientific fundamental and practical importance of this problem,
define the following key factors:

— low level of innovation and technological development in Russia, which
lags far behind the leading industrialized countries that have reached the fifth
technological order. In Russia, more than 50% of the technology used belongs to
the fourth way of almost 30% — the third. As a result, Russia, receiving natural
resource rents, began to pay higher rents intellectual countries exporting high-
tech and innovative products, i.e. our country imports almost 90% of the needed
high-tech products [1].

— unresolved to this problem at the moment. Earlier analysis of this problem
was carried out in insufficient, and its results were largely descriptive. Funda-
mental research, which concentrates on the development and test of the hypoth-
esis that has generic and applicable to any technology evaluation process, there
has been little. As a result, hitherto accepted scientifically sound and practically
implemented a comprehensive toolkit to minimize the risks of technological de-
velopment of high-tech products is absent [2].

— complexity and sometimes inability to use when solving a scientific prob-
lem under consideration the results of its study foreign scientists (particularly in
relation to technology, created for national security that have secrecy). This is
primarily due to the specific features of Russian production management system
of high-tech products that are created in the main enterprises of the defense-
industrial complex of Russia [3].

These circumstances necessitate the creation of tools that allow to minimize
the risks of technological development of high-tech products.

2. Analysis of technological risks and tools to minimize them by using the
previously introduced technologies

Developing of high-tech products based on the use of manufacturers have
introduced earlier technology requires minimization of technological risks of
its creation by the transition to a new, more efficient organization of develop-
ing high-tech products [4]. Currently, in the traditional structure of the product
lifecycle (PLC), technological preparation of production (TPP) follows the de-
velopment works (DW). However, in high-tech industries in the production of
high-tech products as appropriate, in our view, to begin TPP at the stage of DW,
i.e. these two stages of product life cycle to spend as much as possible in paral-
lel. The organization of innovation in high-tech industries provides the following
benefits:

— reduced the total duration of pre-production stages of product life cycle, as
part of the TPP can be carried out before the transfer of the design documentation
to the manufacturer;

— increases the consistency of design solutions and technological capabilities
of the manufacturer. This reduces the risk of making the step DW technologically
unrealizable or inefficient design decisions and, consequently, the risk of ineffi-
cient use of funds allocated for the development of innovative products.

Capabilities of integration DW and TPP appeared thanks to the introduc-
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tion of CALS-technologies and sys-
tem of automatic project, which allow
real-time information on all design
changes developed product. For the
analysis of technological risks creat-
ing innovative products and develop-
ment tools can be used to minimize
their methodological approach pro-
posed in [5, 6]. Section discusses the
stages of the product lifecycle, so that
upon completion of each stage of DW
appear to fulfill a certain stage of the
TPP. Performing technological prepa-
ration of production stages in relation
to the stages of development work al-
lows you to quickly identify mistakes
made with a certain probability dur-
ing the DW, which lead to a decrease
in manufacturability of the product
or even the impossibility of its pro-
duction in the application of existing
enterprise technology manufacturer.
Through the integration of the DW
and TPP these errors are corrected
much earlier, which reduces the loss
of time and money, because under the
new organization of production, they
are identified at an early stage product
life cycle, have not yet led to costly ir-
reversible losses.

Assessing the probability of occur-
rence and error detection is performed
in parallel stages of the DW and TPP
can determine the expected volume of
new high-tech design rework products
and their corresponding losses that
must be mapped to the time and cost,
obtained during sequential stages of
product life cycle data. As a criterion
for evaluating the effectiveness of the
integration of the DW and TPP indica-
tor can take a relative reduction in the
expected loss of time and money on
rework errors. Integral evaluation of
the effectiveness should consider the
terms of creating high-tech products,
as time of appearance of a new prod-
uct on the market affects its competi-
tiveness.

To work around this problem it
is necessary to estimate the expected
volume of work on the stages of the
DW and TPP subject to possible al-
terations of the product associated
with the correction of mistakes. Let m
— number of stages of DW, denote the
index i = 1, ... m, and the correspond-
ing stages of TPP, denote the index
j =1, ...m. At the end of the i-th stage

of DW can perform the i-th stage of
the TPP. In order to simplify the mod-
el, we assume that all stages of DW
have the same duration ¢° and cost sO,
and all stages of TPP — respectively,
d" and s”. Then planned durations and
cost DW (D%, $) and TPP (D, Sp),
excluding errors and alterations can be
determined as follows:

Dy=mxd% Sy =mxs% (1)

Dy=mxd';Sy=mxs"; (2)

Suppose that in the course of DW
can be a mistake with probability H.
If the process of the DW consists of
m identical successive stages , then at
each i-th stage is equal to the probabil-
ity of error 2 = H/ m. Suppose a given
probability b, that this error is detected
on the corresponding i-th stage of the
TPP. If the probability (1 — b) it is not
detected at i-th stage, then with prob-
ability [b x (1 — b)] it is likely to be
found at (i + 1) stage of TPP, with
probability [b x (1 — b)z] —on (i +2)
stage of TPP, etc. We assume that this
error is guaranteed to be detected at
any stage of TPP, until his final stage
m. Then the probability that an error
will be allowed on the i-th stage of
DW and revealed on the j-th stage of
the TPP, is:

[ hxbx(1-b)/ ™ =
=£xbx(l—b)j_i,
m

j=i..m—1

M hx -k = ©)

-y,
m

[j=m

Model (1)—(3) evaluation of the
likelihood of errors at the DW and
detection phases of TPP allows to
determine the technological risks of
innovation development of high-tech
enterprises in the development of in-
novative products.

Upon detection of an error made at
some stage of development works, all
the steps performed after it, subject to
alteration. The amount of data rework
is an interest equal value x — [0; 1].
Similarly, for the corresponding stages
of technological preparation of pro-
duction this amount is equal x < [0; 1].
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One fundamental mistake made while
performing a certain stage of DW can
depreciate all subsequent stages of de-
velopment activities even if they are
performed without error, i.e. x = 1. If
the error is small, then x << 1. Since
the construction of the new products
and the development of production
methods are labor-intensive, the cost
and time losses of the errors listed are
closely linked. Therefore adopted in
the model equation of time and cost
share of losses associated with alter-
ing the design of the product because
of that mistake is justifiable.

If an error made by the i-th stage
of DW is found on the j-th stage of the
TPP, j > i, then the following shall be
subject to alteration of the number of
stages of the DW (Amo)and the corre-
sponding stages of TPP (AmT):

Ami?j :Aij =j—i+l,j=i,..m 4

Durability and cost of rework for
DW (Ad’, As®) and TPP (Ad’, As")
can be defined as follows:

(Ad?, = kxd®xam?; =
=xxd?x(j—i+1),

Asi?j = K‘XSOXAmI?j =
=xxs?x(j—i+1),
Adl;=puxd" xAm! ;= (5)
=uxd" x(j—i+1),

Asl = pxc” xAm] ;=

=uxs’ x(j—i+1),

at j=i,.m

Then the expected duration and
cost of rework DW (ADO, AS° ) and
TPP (AD”, AS") with (1)~(3) can be
expressed as follows:

0 _ N\ A0
AD® =% Ad? xH, ;=
i=1 j=1
n o n
=xxd’xY Y Am{;x H, ; =
i=1 j=1 )
=xxd?xAMO; (6)
o_ n o n 0 :
AS _2;21Asi’jXHi’j =
i=l j=

n n
— o 0 —
=kxs"xXY Y Am X H,; ;=
i=1 j=1

= kx5O xAMY; 7)
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=uxd’ xAM"; (8)

_ T T _
= UXs XZZA’":‘,/‘ xH, ;=
i=1 j=1

=,u><sT><AMT; 9)
where AM° , AM" — the expected

number of steps of the DW and TPP
subject to alteration.

Zz —i+1)XH, ;

i=1 j=1

(10)

Summing expression (6), (7), (8)
and (9) can be found of increasing du-
ration (6D) and cost (6S) DW and TPP
caused by mistakes made in the design
of the product and its subsequent al-
terations:

oD =AD° +AD" =
= kxd?xAMO + puxd" xAM™; (11)

O+T

S =AY +AST + KO =

= xxs? xAM? +UXs TxAM" +

— K0+T

add > (12)
O+T

where K_;; — the additional cost of
the DW and TPP, which is necessary
for their integration and parallel ex-
ecution.

Inclus1on in the proposed model in-
dex K95 due to the fact that the inte-
gration of the DW and TPP is only pos-
sible on the basis of modern informa-
tion technologies and therefore requires
the purchase of expensive software and
hardware, as well as organizational
changes on manufacturers of hlgh tech-
nology products. Indicator K" allows
to take into account the additional costs
caused by the transition to the new or-
ganization of the process of developing
innovative products, which increases
the validity of the proposed instrument.

Ne3, 2014

3. Economic evaluation of
effectiveness of a new organization
of development process of high-tech
products

In accordance with the currently in
force organization of innovative devel-
opments in high-tech industries stages
TPP begin only after the DW. There-
fore, no matter what stage of DW or
process error was made, it will not be
discovered until the beginning stages
of technological preparation of produc-
tion, i.e. before the end of the design of
the product development. Moreover, if
a mistake is made on the i-th stage of
the DW, alteration in any case subject
to (m — i + 1) stages of DW. Then the
expected number of steps of the DW
AM g,,d, to be adapted, can be defined
as follows:

AMG, =hxY (m—i+1)=
i=l
=hx[mx(m+l)@}=
mxX(m+1)
2
:ﬁxmx(mﬂ)

m 2

=hx

- Hx ’"2“ (13)

Expectancy duration ADgnd and
the cost of rework mistakes AS Qnd,
made during the development work in
the traditional sequential execution of
the DW and the TPP can be defined as
follows:

ADC = kxd®xAMS, =

m+1

= kxd® x Hx—— (14)
AS9 ond = = xxs? xAMend =
1
ZKXSOXHXT+ (15)

With regard to the number of stag-
es of TPP to be adapted, as well as the
expected duration and cost of these al-
terations, they are defined in the same
way as in the parallel execution of the
DW and TPP as at their sequential
execution also have to redo only the
technological preparation of produc-
tion steps that follow mistakes. There-
fore, the expected increase in the value
0S,,4 and duration 6D,,; the DW and
TPP about their planned level consist-
ent with the traditional organization

of these processes is expressed by the
following formulas:

éDend = ADEM/ +ADT =
= kxd?xAME , + uxd” x AM";(16)

&’ nd —ASem/ +AST =
= xxsOxAME , + uxs" xAMT (17)

Comparing the expressions (11)
and (16), (12) and (17), we can deter-
mine the relative reduction in growth
duration and cost of the DW and TPP
caused by errors and the subsequent
alterations:

bDend oD ADend ADO .
Y Y (18)
dg nd -d ASend ASO Kgi-:]T (19)
&S, ASO , +AST

This relative reduction achieved
thanks to the new principles of or-
ganization development and manu-
facture of high-tech products can be
considered as a relative measure of
the effectiveness of the integration of
the DW and TPP. Implementation of
assessment tools discussed economic
efficiency and integration DW and
TPP requires consideration of the fol-
lowing important conditions.

First, the tools discussed initially
considered the possibility of DW on
stage only one error with probability
H < 1. Nevertheless, analysis of for-
mula (18) shows that the relative re-
duction of rework does not depend
on this probability. Therefore, we can
prevent the possibility of multiple er-
rors in the implementation of the DW
with different probabilities, provided
that the errors on various stages of
R&D are considered as events that
are not mutually exclusive and inde-
pendent from the probabilistic point of
view.

Secondly, after the discovery of the
J-th stage of the TPP error made on the
i-th stage of DW during rework appro-
priate milestones, it is possible to re-
emergence of a new error. If repeated
errors are possible and their number at
this stage is not limited to the DW, the
total probability of error at this stage
is the sum of the following infinite and
decreasing geometric progression:
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h+h2+h3+...=£ (20)

h
Note that if 4 << 1, then s = h.

Otherwise, all of the expected volume
alterations should be multiplied by a
value equal % But since this factor
will go into all the terms of the numer-
ator and denominator of the final ex-
pression (18), then his account will not
affect the relative reduction of rework,
is achieved through the integration of
the DW and TPP. Consequently, the
considered instrumentation is applica-
ble in this case.

Thirdly, by integrating the DW and
TPP reduced the expected number of
stages development work to be remak-
ing: < AM ?nd. Comparison of
(11) and (16) shows that this change
would not be significant under the fol-
lowing conditions: x X d~ < u % d',x
x ¢ <p X s, AMP = AMgnd. For large
values of the cost of a new organiza-
tion DW and TPP K%}/, the total cost
of product life cycle stages may even
increase, which will make this integra-
tion ineffective. With x x d° >> o d,
K X s0>>,u x s, AMC << AM ;,q the
integration of the DW and TPP can
significantly reduce the duration and
cost of the expected output of the new
innovative products to the market by
reducing the required volume of re-
work due to earlier detection of errors
during the DW.

4. Tools and methods for assessing
technology, implemented by
the manufacturer of high-tech
products

If during development work de-
veloped an innovative product, the
production of which require the intro-
duction of factory new technology, the
primary means of reducing the risks
of its creation process is to assess the
technical and economic efficiency of
this technology. Criteria considered
for evaluation are chosen based on the
following principles: low cost, high
efficiency, equivalence and objective
indicators for assessing the usefulness
of technology. In modern conditions,
chief among them are the criteria for
minimum cost and maximum efficien-

cy [7].

Criterion of a minimum cost advis-
able expressed as follows:

Z(A, ) = minZ(t, w)

AeG,1eG,we N, 21)

E'(, w) > E'p, (22)

where Z — total cost of implementing
the technology; A{gi, £, -, &} —
characteristic values of technology,
providing the minimum total cost; @ —
conditions feasibility assessment;
{g1, &, ---» &>} — current values de-
termined by the characteristics of
technology; G — set of admissible val-
ues defined characteristics; E' — an
indicator of efficiency of technology;
E?R — the desired value indicator
of the effectiveness of technology;
N — the set of admissible values of the
conditions of technical and economic
evaluation of technology.

Criterion (21) are useful in the
presence of mandatory limits on the
values of the effect of the introduction
of technology.

Criterion of maximum efficiency
is applied on a limited budget for the
implementation of technology and
therefore it has the following form:

E (2, @) = max E (¢, »),
AleG,te G, weN, (23)

Z(A, 0) < Zgp, (24)

where A — characteristic values of
technology, providing maximum effi-
ciency of its implementation; Zr, — the
required value of the total costs of the
introduction of technology.

Advantage of these criteria is the
possibility of their use of well-de-
veloped methods for single-criterion
optimization. The main disadvantage
is considered criteria in the absence
of acceptable analytical relation-
ships and procedures justify restric-
tions on the values obtained with the
help of their performance. In the case
where there is no clear limitations or
requirements to maximize perform-
ance, if the desired search result can
be performed using the method of op-
timization «cost-effectiveness», and
the effectiveness criterion (V) of the
following form:

Vi, ©) = {Z(t, ), E'(z, 0)} (25)
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Criterion (25) are useful for select-
ing one of several competing technol-
ogy options when it is necessary to
take into account technical and eco-
nomic characteristics. May be other
variants of determining the criteria of
technical and economic assessment of
the process using the concept of over-
all efficiency.

In assessing the technical level of
new technology necessary to compare
it with the predicted parameters at the
time of development of the world’s
best examples of this type of tech-
nology and destination. An important
condition for the creation of a basis
for comparison, allowing objectively
evaluate the technical level of technol-
ogy approach is differentiated accord-
ing to their classes.

Integrated approach to the techni-
cal and economic evaluation of tech-
nology requires consideration of most
important indicators of its technical,
economic and social efficiency. In this
case the key tasks that require priority
solutions are:

—update lists of the most important
indicators of evaluation;

— establishing the baseline values
of single indicators;

— determination of the coefficients
weighting on groups of indicators;

— establishing relationships be-
tween different characteristics of tech-
nology;

— development of methodology for
assessing the effectiveness of the tech-
nology;

— testing of the developed guide-
lines and models.

The most complex and least solved
now is the problem of finding suitable
for practical use dependencies between
the technical and economic character-
istics of the technology. To solve it,
you can, from our point of view, use
the following methods: deterministic
analysis, regression analysis, factor
analysis, expert assessments. Deter-
ministic analytical methods are used
for the necessary conditions for es-
tablishing unambiguous nonrandom
relationships between economic and
technical characteristics.  Usually,
these ratios are established between
the two variables: for example, the
«cost — effectivenessy, «cost — devel-
opment timey, etc. The process of for-
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mation of analytic functions is based
on the analysis of structural and func-
tional relationships between the stud-
ied characteristics of technology or
processing of statistical data contain-
ing values studied characteristics. In
the case where there are no conditions
for the establishment of an analytical
dependence between random values of
economic and technical characteristics
used regression analysis.

Regression analysis methods are
currently the most effective for de-
termining the analytical relations be-
tween cost and performance technol-
ogy. However, in order to increase
the accuracy of determining ratios
must have a sufficiently large volume
of sample preparation techniques for
which are generally not possible.

Factor analysis is based on the use
of regression analysis and is used in
cases when it is necessary to evalu-
ate the effect of deviations perform-
ance (factors) to change the value
of technology. For a small sample
size, the use of regression and fac-
tor analysis does not provide the re-
quired accuracy in the determination
of the required dependencies. In this
case, for the solution of this problem,
you can use the method of expert es-
timates, which, as experience shows,
with proper selection of experts can
provide acceptable accuracy and reli-
ability of results.

5. Conclusion

Discussed in the article methodo-
logical approaches, indicators and eval-
uation algorithms of technological risks
creating high-tech products have a uni-
versal character. They can be used in all
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high-tech industries while minimizing
technological risks. At the same time,
in contrast to existing models solution
to the problem, developed a compre-
hensive toolkit enables to minimize the
risks inherent in both effective and ap-
plied in production technologies. The
application of this tool will improve the
efficiency of the process of developing
high-tech products.

This article was prepared with the
financial support of RHSF (project Ne
14-02-00060).
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