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Aim. Calculations are an integral part of the development of any complex technical object.
Normally, they are subdivided into the calculations to confirm product operability (kinematic,
electrical, thermal, strength, hydraulic and pneumatic systems analysis, etc.) and calcula-
tions to confirm its dependability (calculation of reliability, longevity, maintainability, storability
and other indicators). As it is understood and provided in statutory documents, dependability
calculation involves procedures of identification of an object’s dependability indicators using
methods based on their calculation using reference information on the object’s components
dependability, on the dependability of analog objects, on the properties of the materials and
other information available at the time of calculation. However, in the case of development of
unique highly vital systems, obtaining statistical data for dependability calculation is impos-
sible due to two conflicting conditions, i.e. the limited number of produced objects and the
requirement of high accuracy of the input information. Nevertheless, in the author’s opinion
dependability calculations must be performed. The only question is how to calculate the de-
pendability and what such calculation should mean. Methods. In the classic dependability
theory, the conventional understanding of probability of no-failure is the frequency of failures
in time, yet for unique highly vital systems the failure rate must tend to zero over the entire
period of operation (preferably, there should be no failures at all). For this reason the concept
of “failure” in the context of unique highly vital systems should probably be interpreted not as
an event, i.e. any fact, which as a result of experience can occur or not occur, but as pos-
sible risk, i.e. an undesirable situation or circumstance that is characterized by the probability
of occurrence and potentially negative consequences. Then, an event in the form of a real or
potential failure in operation can be associated with a risk in the form of probability of failure
with negative consequences, which in terms of the consequences is equally unacceptable with
regard to unique highly vital systems. In this case dependability calculation can be reasonably
substituted with risk assessment, a process that encompasses risk identification, risk analysis
and comparative risk assessment. Thus, risk assessment enables the achievement of the tar-
get dependability directly by substantiating the stability of manifestation of a specific product’s
properties and not indirectly through undependability caused by failures of analog products.
Results. The paper shows the procedure of risk assessment for unique highly vital systems.
Using the example of a mechanical system with actuated parts represented by a spacecraft
single-section pivoted rod the risk assessment procedures are shown. The feasibility of risk
assessment with the use of design engineering analysis of dependability is demonstrated.
Conclusions. It is shown that the absence of statistical data on the dependability of analogs
of unique highly vital systems does not prevent dependability calculation in the form of risk
assessment. Moreover, the results of such calculations can be a source and guidelines for
adopting design and process engineering solutions in the development of products with tar-
get dependability indicators. However, legalizing the method of such calculations requires the
modifications of the technical rules and regulations to allow for dependability calculation by
other means than with the use of statistical data on the failures of analogs.
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What should mean dependability calculation of unique highly vital systems

with regards to single-use mechanisms of spacecraft

Introduction

The development of any complex technical products
is impossible without calculations, i.e. establishment and
calculation of required data [1]. Calculations in the form
of documents that contain calculations of parameters and
values, e.g. dimension chain calculation, strength calcu-
lation, etc., are part of the list of design documentation
per GOST 2.102. The codes and forms of calculations for
engineering products are defined in the OST 92-0290 in-
dustry standard. For instance, according to GOST 2.119 the
calculations are in general subdivided into the calculations
to confirm product operability (kinematic, electrical, ther-
mal, strength, hydraulic and pneumatic systems analysis,
etc.) and calculations to confirm its dependability (calcu-
lation of reliability, longevity, maintainability, storability
and other indicators). In technical rules and regulations
(GOST 27.301 and GOST 27.410) dependability calcula-
tions are understood as only procedures of identification of
an object s dependability indicators using methods based
on their calculation using reference information on the
object’s components dependability, on the dependability
of analog objects, on the properties of the materials and
other information available at the time of calculation.
Importantly, the availability of dependability calculations
based on reference data on the dependability of analogs
involves legal and financial implications in the context of
insurance of the risks of loss of objects [2]. However, in
the case of development of unique highly vital systems,
obtaining statistical data for dependability calculation is
impossible due to two conflicting conditions, i.e. the limited
number of produced objects and the requirement of high
accuracy of the input information. Despite the opinion that
there is no need for dependability calculations for failsafe
systems and they should be substituted with ensuring
compliance with qualitative criteria of dependability [3],
in the author’s opinion dependability calculations as part
of UHVC development are not optional. The only question
is how to calculate dependability and what such calcula-
tion should mean.

The relevance of UHVC dependability calculation can
be observed using the example of operation of single-use
mechanisms of spacecraft. The efficiency of spacecraft
operation in orbit wholly depends on the successful
deployment of the solar panels and space antennas (re-
flectors), whose cost accounts for a negligible part of
the total cost of the spacecraft and its placing into orbit.
Experimental confirmation of dependable deployment is
impossible due to high reliability requirements (0.9995
and higher) and unique environmental conditions of
the deployment in orbit that cannot be accurately rep-
licated as part of ground-based experimental activities.
At the same time, practically any error in the design
and manufacture of the deployment mechanisms may
cause a failure that can entail the loss of the spacecraft.
Therefore in this case dependability is largely defined
by the calculations.

Approaches to the dependability
calculation

Since failures of UHVC cause losses far greater than the
cost of their creation [4], the dependability is characterized
by the reliability and is defined by the indicator of prob-
ability of no-failure (PNF), i.e., the probability that within
the specified operation time no failure of the object occurs
[5, 6]. In the classic dependability theory PNF is normally
understood as the frequency of failures in time, yet for the
UHVC the failure rate must in theory tend to zero over the
entire period of operation (preferably, there should be no
failures at all). For this reason the concept of “failure” in
the context of UHVC should probably be interpreted not
as an event, i.c. any fact, which as a result of experience
can occur or not occur [7], but as possible risk, i.c. an
undesirable situation or circumstance that is characterized
by the probability of occurrence and potentially negative
consequences [8]. For single-use mechanisms of spacecraft
we should talk of the risk as the effect of uncertainty on
the goals, where uncertainty is understood as “the state
of complete or partial absence of information required
for the understanding of an event, its consequences and
their probabilities” [9]. Then, an event in the form of a
real or potential failure in operation can be regarded as a
risk (probability of failure with negative consequences),
which in terms of the consequences for UHVC is equally
unacceptable. In this case dependability calculation can
with no damage to the meaning be substituted with risk
assessment, a process that encompasses risk identifica-
tion, risk analysis and comparative risk assessment [10].
Importantly, risks of failure have no aspect of frequency,
yet the risk assessment allows predicting the development
scenarios of undesired situations that may cause failures
and using such estimates in the adoption of engineering
solutions as part of the UHVC development process. Thus,
risk assessment enables the achievement of the target
dependability directly by substantiating the stability of
manifestation of a specific product’s properties [11] and
not indirectly through undependability caused by failures
of analogs [12].

The departure from the understanding of an “event” as
a fact of disturbance of an object’s operability [5, 6] in
the context of dependability calculation gives sensitivity
to the concept of “dependability” in terms of its termi-
nological definition. In the author’s opinion, the shift of
the standard definition of the term “dependability” to the
functional interpretation diverts from an understanding
of dependability other than that adopted in the current
mathematics of the dependability theory. The use of the
concept of “function” in the terminological definition
of dependability as the requirements established in the
regulatory, design, project, contract and other docu-
mentation for an object [6] causes the abstraction of the
physical processes occurring within products and conse-
quently does not encourage risk analysis. For example,
in the organizational and engineering documentation, the
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deployment of folding spacecraft in orbit is considered
as a function that enables the spacecraft’s preparation to
operation within the specified service life, but at the physi-
cal level it is achieved through planned and consistent
operation of a set of design components that enable the
performance of such function. The functional definition of
dependability actually makes “invisible” the operation of
structural components that ultimately ensure dependable
performance of the function of deployment of spacecraft’s
folding structures.

In the author’s opinion, the definition of dependability
as the property of a system to maintain in time and within
the set limits the values of all parameters and/or indica-
tors that characterize the system's ability to perform the
required functions in specified modes and conditions of
operation, maintenance, storage and transportation [13]
provides a uniform understanding (self-consistency) of
the parametric and functional definition of dependabil-
ity [14] and enables dependability estimation both in
terms of the classic dependability theory and in terms of
analysis of the risks of failure. This becomes doable due
to the fact that it is now possibility to consider depend-
ability as a physical value with intrinsic simple and/or
essential properties that can be expressed in parametric
or non-parametric models through parameters and/or
indicators [11].

The method of analysis of risks related to UHVC
failures is based on the principles of physicality (causal
connections) and physical necessity (consistency with the
laws of nature) of the causes of failures. The task of the
risk analysis while using the above principles becomes the
analysis and synthesis of the simple properties that make
the (essential) property of dependability, which becomes
possible in the context of A.l. Uiomov’s paradigm of the
triunity of things, their properties and relations [15] and
extended interpretation of the concept of “relation” as the
mutual spatial arrangement, interrelation and interaction
of things [11]. The connection between the parametric
and non-parametric nature of properties’ manifestation
becomes evident if the term “operation” given in the now
obsolete GOST 22487 standard is used, i.e. “execution in
the object (system) of a process (processes) according to
the specified algorithm and (or) manifestation of specified
properties by the object”. In this case functions prescribed
by the organizational and engineering documentation [6]
at the physical level can be represented as the manifesta-
tion by an object of the specified properties in accordance
with the specified algorithm of the performed process.
This circumstance is extremely important in the context
of technical systems, where during operation a number
of properties can manifest themselves simultaneously of
sequentially causing performance or non-performance of
the functions specified in the organizational and engineer-
ing documentation.

This approach extends the capabilities of the classic
dependability theory that is applied in strength calcula-
tions of dependability enabling additional evaluation of
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products’ operation based on the mechanical, kinematic,
energy, electrical and other parameters [16]. As at some
hierarchical level physical properties are independent
(e.g. the properties of strength and electrical conductiv-
ity), when examining any of the properties identified by
the risk analysis it becomes possible to use either the
deterministic or stochastic approach in the quantitative
estimation of a specific dependability property under
consideration.

Unlike classic dependability calculation, risk assess-
ment enables the elimination of ambiguity in the product
development process, i.e. taking into consideration the
fact that the designer’s idea must be reflected in the de-
sign documentation in a way that ensures that this idea
is clear to the persons not involved in the design process
and not familiar with the original ideas without additional
explanations and comments and most importantly without
the loss of meaning. Typically, ambiguity stems from the
perception of the term “operable state” that is defined as
the state of an object in which it is able to perform the
required functions [6]. Taking into account the explana-
tion of the understanding of the concept of function in
the term “dependability” given in the national standard,
it is not possible to qualify the operable state as sufficient
for the performance of a product’s intended function.
The situation is somewhat clarified by the explanation
of the term “operable state”, according to which it can
be defined as a state of an object in which the values of
all parameters that characterize the ability to perform
the specified functions comply with the requirements of
the documentation for such object [6]. This certainly is a
more specific definition of the operable state for a com-
plex technical object, but it also has serious inaccuracies.
First, for UHVC the requirement in the documentation
must be necessary and sufficient, but the national standard
does not clarify how to achieve that, which undoubtedly
increases the role of the human factor in the develop-
ment process (some people believe that the requirements
are sufficient for achieving the object’s operable state,
some people don’t). Second, the primary document for
the products’ manufacture is the design documentation
and not another documentation, as the same standard
puts it. In this sense the abandonment of the previous
definition of the term “operable state” [5] that clearly
specified design documentation in no way contributes to
the reduction of the role of the human factor (due to less
precise definitions).

Example and sequence
of risk assessment

Let us examine an example of risk assessment in its
standard form. In accordance with the definition of the
term “risk assessment” [10], at the first stage the risk iden-
tification is performed, which consists in the identification
of the source of risk and possible causes of failure. At this
stage the product functionality is identified at the physi-
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cal level in accordance with GOST 28806 in the form of
availability and specific properties of a set of functions
capable of satisfying the specified or assumed needs. The
aim of this procedure is to provide the formal descrip-
tion of failures as hypothetical situations that prevent the
performance of the functions under consideration. It is
assumed that each potential failure is due to causes that
directly engender them, that appear, exist and develop
within the conditions of the environment as a set of ex-
ternal factors and operating modes in view of the worst
possible combinations. Obviously, each type of failure can
have several causes at once. The identified possible causes
of failures as a whole are the foundation of a check list
of risk identification. It must be understood that the risk
identification procedures define the completeness of the
identified object functionality and must be performed by
qualified experts, as the results of such procedures fill-up
the check list and ultimately serve as the criteria for the
establishment of the obligatory and sufficient require-
ments in the design documentation.

At the next stage of risk assessment analysis is per-
formed that generates the information background for
the comparative risk assessment and adoption of decision
regarding their sources. The procedures of risk analysis
follow a specific algorithm in strict compliance with the
general logic of actions according to the check list (in this
case the identified causes of failure are the starting point
for any subsequent actions related to risk analysis and
assessment):

* properties of the critical components are identified,
whose presence makes each cause of failures impos-
sible,

» each property of critical components is defined quanti-
tatively based on parameters (indicators),

» for each parameter (indicator) a range of allowed values
is defined based on the requirements of the design specifica-
tions (the customer’s idea of the product) and product build
(the developer’s idea of the product design),

» the value of each parameter within the allowed range
is substantiated by calculations and experiments in terms of
operability and dependability,

* dependability is evaluated by method of dependability
structure diagram in order to confirm the fact that the se-
lected values of the parameters (indicators) comply with the
specification requirements,

* operability conditions are verified for parameter values
compliance with the requirements of the norms, specifica-
tions and design documentation (for each parameter there
must be a corresponding requirement for manufacture and/
or operation, whose performance can be verified by means
of maintenance inspection),

« risks are identified that are associated with failures as
the result of absence of requirements in the detailed design
and process engineering documentation “as is”.

* probability is analyzed of failures associated with the
underestimation of design and/or process engineering errors
made during the development of the detailed documenta-

tion for adoption of the final decision on the compliance of
the design and detailed documentation with the specified
dependability requirements.

At the final stage of risk assessment the value of identi-
fied probability of failure is compared with the specified
reliability requirements and, if necessary, actions are
taken to reconsider the engineering solutions and/or
establishment of additional requirements in the detailed
documentation.

An example of risk assessment

As a specific example of risk assessment let us examine
amechanical system with actuated parts represented by a
spacecraft single-section pivoted rod that for some time
is fixed on the resting surface with a locking device, then
the mechanical constraints in the lock are removed, the
rod, by the action of actuators, is deployed to the specified
angle, locks in the end position and starts operating as
a panel with specified performance parameters [4]. The
reliability of rod operation is ensured by sequential per-
formance by its structural components of their assigned
functions that consist in the manifestation of the strength
of the rod under load in the locked position, prevention
of spontaneous removal of mechanical constraints in the
lock, transmission of electrical signal to the electric fuses
of pyro cartridges upon command, pyro cartridge firing,
removal of mechanical constraints in the lock, separation
of the rod from the resting surface, rod rotation through
the specified angle, locking and specified operation of the
rod in the service position. The structural components
of the rotating rod during deployment must sequentially
perform all of the above functions in the assigned condi-
tions and modes of operation. Failure to deploy the rod
may be due to the failure of any of the functions or a
combination of causes that may be defined not so much
by the conditions and modes of operation as a combina-
tion of adverse factors.

As an example, let us examine the function of rod
rotation through the specified angle with the deploy-
ment actuator. Failure of the above functions may be
caused by the following conditions: non-activation or
breakdown of the actuator (failure to activate), absence
of required reserve of drive moment (deceleration), disap-
pearance of radial clearance in the joint (joint locking),
disappearance of axial clearance in the articulated joint
(wedging), sudden appearance of obstacles in the rod’s
path (catching).

Obviously, each of the causes of failures can be coun-
tered by solutions and/or actions of the rod developer that
provide its design with such critical component proper-
ties that would enable unconditional fulfillment of the
assigned functions. For instance, to prevent or attenuate
the consequences of:

« failure to activate the actuator it is required to ensure
the limit probability of its faultless operation by means of
redundancy of critical components,
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* deceleration of the rod, creating a sufficient reserve of
drive moment relative to the moment of resistance forces
in its path by selecting the correct power performance of
the actuator,

* joint locking. Choosing such radial clearances in the
bearing as to ensure rotation freedom subject to possible
changes in the thickness of the layer of solid lubricant and
thermal deformation,

» wedging in the articulated joint, making provisions for
thermal decoupling in the direction of the bearing’s axis of
rotation,

« catching of the rod, eliminating all possible obstacles
in the rod’s path caused by the gravity-free environ-
ment, kinematics of the motion or design of adjacent
structures.

The quantitative estimation of the conditions of oper-
ability per each identified property of critical components
involves choosing a parameter (indicator) that fully char-
acterizes the property in question and the corresponding
allowed range of deviation [16]. The range of allowed
deviation of the parameters (indicators) will be defined
by the requirements of the design specifications (external
parameters) or by the internal design parameters (selected
materials, layout and force diagrams, manufacturing proc-
esses, etc.) [17].

Let us cite the parameters (indicators) and their allowed
ranges that correspond to the unconditional fulfillment of
the function of rod rotation through the specified angle in
the form of conditions that prevent or attenuate the con-
sequences of the causes of failures for the following risks
under consideration:

1) failure to activate the actuator

P,>P,, (1)

where P, is the probability of activation (operation) of

actuator; P, is the probability of fault-free operation of

actuator in accordance with the distribution of the assigned

requirement of rod dependability indicator per structural
components

2) deceleration of the rod

M,>M, 2)

where M, is the drive moment developed by the rod
deployment actuator; M, is moment of resistance forces in
the rod’s path

3) joint locking

A=n-2n,-n,>0, (3)

where A, is the radial clearance in the joint; x is the
minimum clearance in the connection between the in-
ternal and external members of the joint not including
the layer of lubricant; 1, is the maximum thickness of
solid lubricant subject to its possible changes in the
course of operation; 1, is the limiting value of thermal
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deformations in the radial clearance in case of volume
expansion (compression) of the internal (external)
member of the joint

4) wedging in the articulated joint

A, > Al 4)

where A, is the axial clearance in the articulated joint; A/
is the thermal deformation, capable of causing thrust force
within the articulated joint

5) catching of the rod

9,—0, )

where Q,, is the probability of the rod being caught.

The fulfillment of each of the conditions (1) to (5) in
the course of operation under the given conditions and
modes can be expressed in the form the probabilities that
the values of the parameters (indicators) do not exceed
the allowed limits over the observation interval ¢ and
will equal

P (=P (P,zPp,), (6)
Py () =P (M;>M,), (M
Py (=P (A,.>0), ®)
Py (=P (A, > A, )
Ps()=1-0,. (10)

The probabilities (6) to (10) can be identified by sto-
chastic or deterministic methods. In the first case, the prob-
abilities of parameters being within the allowed range are
calculated using the methods of the dependability theory,
e.g. method of individual dependability [18] (which ulti-
mately does not rule out possible failures, but can provide
the idea of their possible frequency). In the second case the
fact of the parameters being within the specified allowed
range is substantiated (necessary measures are taken to
prevent failures) based on the provision of design reserves
(redundancy, safety factor, drive moment reserve, para-
metric redundancy, power and temperature decouplings,
procedures to ensure guaranteed results, e.g. by using
minimax criteria).

Under the deterministic approach, in order to achieve the
probabilities P, (f) = 1, wherei=1,2, ..., 5, in expression (1)
the actuator must be redundant, e.g. for an electromechanical
actuator a redundant motor power supply must be provided,
while for a mechanical actuator structural redundancy must
be in place; in expression (2) it is required to ensure drive
moment reserves not less than 200 % for the worst combi-
nation of operating conditions and zero kinetic energy of
the rod [19]; in expression (3) minimax criteria must be
provided that are based on the restriction of the ranges of
realization of random parameters for the worst conditions of
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their realization [20]; in expression (4), thermal decouplings
must be in place [21]; in expression (5), procedures to ensure
guaranteed results are to be provided, e.g. with the use of
computer simulation [22].

In case of application of any method (stochastic or deter-
ministic) of probabilities (6)-(10) calculation the dependable
performance of the function of rod rotation through the
specified angle is identified using formula

PO=T170) (a1

where 7 is the number of indicators that ensure uncondi-
tional fulfillment of the function of rod rotation through a
specific angle; P (%) is the probability of the i-th parameter
(i=1,2,...,5) not exceeding the allowed limits; 7 is the
observation interval.

The calculated value (11) provides the theoretical
dependability indicator that may differ from the real one
if the design and/or process engineering documentation
does not contain some manufacturing requirements or
they are specified incorrectly for non-ambiguous fulfill-
ment of conditions (1)-(5). The absence, ambiguity or
incorrect performance of requirements of the technical
documentation can be caused by events associated with
failure to conduct the required calculations and tests,
omissions on the part of designers in the preparation of
drawings, limited time of delivery of design documenta-
tion, lack of coordination between designers and process
engineers, etc.

In order to reduce the risks associated with the failures
caused by insufficient scope or ambiguity of the require-
ments, the design and process engineering documenta-
tion must be analyzed for compliance of the scope of the
parameters (indicators) that describe the performance
of certain functions, e.g. (1)-(5), with the respective
requirements.

Non-relevance of the parameters and requirements of the
design and/or process engineering documentation, risks of
non-fulfillment or undue fulfillment of requirements in the
process of manufacture are regarded as events C,, where
index 7 corresponds to the i-th component of the system
under consideration. The probability of each such event may
be defined by formula:

P(C)=6;P, (1), (12)

where 0, are adjusting factors that can be obtained by
expert methods, e.g. using point-based estimation of failure
severity:

6,=1-0,

where Q, is the expected probability of failure of the
i-th component in accordance with the scale of point-based
estimation of failure severity per GOST 27.310.

In order to calculate the final probability of the per-
formance of the function of rod rotation through the

specified corner subject to the provisions of the design
and process engineering documentation (12) the follow-
ing formula is used

PO-=T17 ). (13)

The above procedures of evaluation of the probability
of performance of the function of rod rotation through the
specified corner can be used as part of the analysis of each
of the mentioned rod functions during deployment, while
the probability of their performance and the general prob-
ability of no-failure of the rod are evaluated using formulas
(11) and/or (13). The applicability of the above formulas is
defined by the required accuracy of dependability evaluation
[16]. For the purpose of estimation of reliability below three
nines formula (11) may prove to be quite applicable, while
if the required reliability is three nines and above formula
(13) must be used.

Risk assessment with the use of
design engineering analysis of
dependability

The method and risk analysis and assessment subject to
design and technical solutions (1)-(13) was named design
engineering analysis of dependability (DEAD), whose
general description is given in [23, 24]. The methodology
can be described as a sequential performance of a set of
specific methods:

* The functional analysis method is intended for the
identification of the primary functions that enable the per-
formance of products’ intended function and identification
of possible failures as the result of violation of operational
conditions.

* Method of worst case analysis for the identification of
the causes for possible failures including the worse combi-
nations of factors of a product’s technical condition, modes
and conditions for its operation.

* The method of failure management for the identifica-
tion of the properties of products’ critical components,
whose implementation makes the causes of failures im-
possible.

» Method of product design parametrization for quantifi-
cation of the properties of critical components and definition
of the ranges of allowed values, e.g. (1)-(5).

* Method of parameters substantiation for the evaluation
of the probability of the operating parameters being within
the allowed range, e.g. (6)-(10).

* Method of dependability evaluation using the method
of dependability structure diagram (11) for decision-making
regarding the compliance of the chosen design parameters
with the assigned dependability requirements.

» Method of definition of necessary and sufficient require-
ments by means of continuous analysis of the design and
process engineering documentation for identification of the
degree of compliance of the operating parameters with the
specified requirements.
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* Method of identification of risks of failure due to non-
specified requirements in the design and/or process engineer-
ing documentation (12) for identification and evaluation
of possible failures as the result of compliance with the
requirements of detailed documentation “as is”.

» Method of dependability evaluation subject to the risks
associated with the underestimation of design and/or process
engineering errors (if identified), e.g. with the use of point-
based estimation of failure severity (13) for adoption of final
decisions regarding the compliance of the design with the
specified dependability requirements.

Depending on the required accuracy of dependability
estimation the obtained values of probabilities (11) or (13)
are compared with the specified dependability requirements
P, to ensure the fulfillment of condition

VP=[P(1)vP(C)]>P,. (14)

In case of non-fulfillment of condition (14) DEAD pro-
cedures must be reiterated and new calculations must be
performed with refined initial data.

It should be noted that the above approach to depend-
ability calculation (11)-(14) was developed specifically for
folding structures of spacecraft and has not yet been applied
to other technical objects. Nevertheless, if we compare this
approach with the procedure of dependability calculation
of mechanical parts of aircraft rotary structures based on
conventional approaches of the dependability theory [25,
26], the former allows significantly extending the capabili-
ties of taking uncertainty factors into account. For exam-
ple, out of five causes of failures considered in this paper,
known sources only examine one, i.e. “rod deceleration”
(2), which is completely explainable as such sources did
not regard the design and process engineering solutions as
uncertainty factors.

Conclusion

It is shown that the absence of statistical data on the de-
pendability of UHVC analogs does not prevent dependability
calculation in the form of risk assessment. Moreover, the
results of such calculations can be a source and guidelines
for adoption of design and process engineering solutions
in the development of products with target dependability
indicators. However, legalizing the method of such calcula-
tions requires the modifications of the technical rules and
regulations to allow for dependability calculation by other
means than with the use of statistical data on the failures
of analogs.
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