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Abstract. The article considers a person as an element of me-
trology. His functional duties and specific actions are not taken
into account. The metrologist is presented as a two-phase system,
including two stages of the life cycle, the first cycle of which is a
phase of concentration - work for effect, the second cycle - a phase
of chaos, consisting in the restoration of spent energy to continue
the first phase. A formal model of a person-metrologist is pre-
sented. The duration of the inter-verification period, optimal in
terms of the availability factor, and the average number of object
repairs per one year have been determined. With the help of the
real model the average age of the person operator in terms of max-
imum availability, with and without preventive periods has been
determined. In the formal and real person-operator models, the
distribution of person lifespan is determined by the statistically ex-
treme Weibull distribution law. From the formal point of view the
chaos environment is characterized by a probability distribution
function opposite to the concentration environment distribution
function according to P. Levy.

Keywords: metrologist, metrology, two-phase system, concen-
tration environment, chaos environment, average failure rate, con-
centration function, concentration assurance.

INTRODUCTION

Metrology traces its history back to ancient times, but only
in the XX century did it become one of the main fundamental
sciences. Metrology is divided into three main sections. Theo-
retical, or fundamental — considers general theoretical prob-
lems (development of the theory and problems of measuring
physical quantities, their units, measurement methods). Applied
— studies the issues of practical application of theoretical me-
trology developments. She is in charge of all issues of metro-
logical support. Legislative — establishes mandatory technical
and legal requirements for the use of units of physical quanti-
ties, methods and measuring instruments.

It is appropriate to raise the question of the main element of
the science of metrology - the metrologist. In foreign and do-
mestic literature, many works are devoted to the person opera-
tor [1-10]. Basically, they deal with aspects of the interaction
of a person and a team with hardware and software systems.
However, in our opinion, studying the elements of metrology
(such as standards, measuring instruments) and their practical
significance, we have the right to consider the most modern me-
trologist from a technical point of view as a metrological ele-
ment, and in a broader sense - as a living metrological system.
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The aim of the article is to study the person metrologist as a
metrological element.

FORMAL MODEL OF A PERSON METROLOGIST

First, let us consider a prototype of a model — a technical
model — using the example of «average failure rate and avail-
ability factor of a measuring device, taking into account its
metrological checks» [11]. To assess the reliability of restored
objects, the reliability indicator is used — the average failure
rate [12].

In this article, the average failure rate of recoverable objects
is considered under the condition that periodic preventive
maintenance is carried out at the facilities. It is assumed that
during restoration and prevention, the object is restored com-
pletely to its original state.

The article posed the task of determining the average failure
rate of an object on which state checks can be periodically car-
ried out. With them, the object could be in a functional state,
but requiring updating, for example, by adjusting its parame-
ters. When a failure was detected, the object was replaced with
anew one. An integral equation was derived for the correspond-
ing average failure rate of the object, and its properties were
investigated. The purpose of the article was to establish the first
connection between the reliability indicators of hardware and
software objects with metrological indicators that make up a
necessary part of ensuring the quality of objects.

The following designations were adopted: (t) — average
failure rate; a(t) — probability density of time to failure;
Q(t), P(t) — likelihood of failure and the likelihood of fail-
ure-free operation; U(t) — function of time distribution of the
beginning of verification; v(t) — density of the probability of
the duration of the verification and adjustment of the parameters
of the object; g(t) — distribution density of the recovery time
of an object after a failure; T — moment of the appointment of
the first verification; 6 — moment before the first failure occurs.

The average failure rate was determined by the sum of three
components corresponding to the following inconsistent events:

- there was exactly one refusal of the object in time t, pro-
vided that verification was not scheduled during this time;

- there were several object failures within t time, provided
that the first failure occurred before the appointment of the first
verification;
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- there were several object failures within t time, provided
that the first verification was scheduled before the first failure
occurred.

Then the expression for the average failure rate took the
form:

o) =a®)x[1-U®)]+

+ ft[l —U@®)] xalt) X ot —1)dt+ @Y
0

+ ftu — ()] X fmv(e) X o(t — T — 0)d0dU ().
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Expression (1) is obtained under the condition that after re-
fusal and verification, the object is replaced by a serviceable
(new) one instantly. The control over the state of the object's
elements is perfect. For (1), the Laplace transform of the mean
frequency is determined:
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The image of the probability density of the duration of the
verification and adjustment of the object parameters was repre-
sented by the sum of two random components, therefore the La-
place image is equal to:

vi(s) = u'(s) Xr(s), (4

where u*(s), r*(s) — are the images of the time densities of
verification and adjustment. In practice, checks on objects are
carried out regularly, so it makes sense to consider a degenerate
distribution as U (t), 1. e.

vo=(243T

where T — the period between adjacent verifications.

From expression (2), taking into account formulas (3)—(5),
under the condition of long-term operation of the object, a
steady-state value of the average failure rate was obtained:

QM)

o, T) = ,
o) Jy P(2)dz + t,, P(T)

(6)

where t,,,, — average duration of one verification with parame-
ter adjustment.

Reasoning in a similar way, we got o(t), ©*(s), o(xo,T)
for a situation when the restoration of an object was not per-
formed instantly, but after a random time:
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where t, — is the average recovery time of the object.

From expressions (6) and (7), provided that verification is
not performed (T — ), there follow the known special cases
of stationary values of the average frequency:

_ 1
wlo,®) =7
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where t,,, — is the average time of no-failure operation of the
object.

USE CASE ®(x, T)

It is required to determine the optimal in terms of availabil-
ity factor the duration of the calibration period T, and the aver-
age number of repairs n,, of the object per one year, if the dis-
tribution law of the object's operation time to failure is
Weibull's law with the parameter values:

Ao =1x10"5h7*, k = 2.5.

The average time to repair an object after a failure is t, = 10 h,
and the average duration of verification and adjustment of the
object's parameters is t,,, = 2 h. It is easy to verify that the sta-
tionary value of the facility availability factor is:

fOT P(z)dz
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where P(t) = et Q(t) =1 - P(b).
The quantity Ty, leading to the maximum (7) satisfies the
equation:

tr — tur

t To
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in which A(t) — is the failure rate of the object.

It should be noted that expressions (8) and (9) coincide with
expressions obtained in [13] in a different way.

The results of calculations according to formulas (7) and (8)
are shown in Figure 1. The maximum value of K; = 0,95 is
achieved at T, = 50 h. The average failure rate of Ty = 50 h
corresponds to the average frequency of failures (e, Ty) =
0.00351 per hour. The average time of no-failure operation of
the facility without verification is T,,, = 89 h, and with their
verification is T,, = 285 h. The average expected number of
repairs of the facility during the year without carrying out
checks n, ~ 100, and with their carrying out n, ~ 31. The total
operating time of the facility during the year increases by an
average of half a month.
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Fig. 1. Dependences of the average failure rate ®
and the availability factor of the object K on the duration
of the period T between checks

Let us consider a rather small inverse problem of metrology:
how, for a given availability factor, to determine the require-
ment for the value of the average duration of verification and
regulation of an object? For this, from expression (8) we find
the value t,,,-. It will be represented by the expression:

R P@dz 1-K, Q)
Y P(T) Ko TP’

(10)

It is also possible to represent the solution of equation (8)
with respect to t,,,- in the form

tu,ztr<1_ 1 )
ATo) [2° P(2)dz + P(T,)

Graphical representation (10) is shown in Figure 2. It fol-
lows that the inflection point coordinate t,,(50) = 2.055h
corresponds to the optimal solution.

We have considered an example of a typical operation of a
complex technical system. Let's make one remark that this ex-
ample is not typical for a person — a measuring device.

The remark concerns the fact that the standard devia-
tion (RMSD) is not typical for the life of a person who is in both
normal and stressful situations. The calculation shows that with
an average device lifetime of 89 hours, not years, the standard
deviation is 38 028 hours. Replacing the unit «hour» with the
unit «year» clarifies the remark made. Therefore, based on the
Weibull distribution, we will select an example that is real for a
person — a measuring device.

tur(T)

(=R \° e N B =)

Fig. 2. Dependence of the duration of one verification
with the adjustment of parameters on the duration
of the period T between verifications

REAL MODEL OF PERSON METROLOGIST

So, we define the distribution of the life time of a person
metrologist by the Weibull distribution law F(x) = e_}‘ox"k,
extreme in statistics. Let's select the values of the following pa-
rameters: Ay = 1 X 107° year, k = 2.8. Then the average age
of the metrologist is v; = 54.4 year; the second initial moment
is v, = 3 307.4 years and the standard deviation of the age is
o = 21.0 year. This means that the period of his career is in the
range from 33.4 to 75.4 years. We also take the value of the
average duration of recovery of a person metrologist after an
illness t, = 3 months and the value of the average duration of
his preventive maintenance during the period of work
t, = 1 month.

Applying the calculations of the previous article material,
we get the following graphical results. Figure 3 shows a graph
of the readiness function, and Figure 4 shows a graph of the
average failure rate (disease) of a person metrologist. Figure 5
shows the probability of continuous work of a metrologist dur-
ing his life.
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Fig. 3. Ready function

Years are indicated along the abscissas of all graphs. Based
on the graph in Figure 3, it can be argued that the maximum
availability factor K;(o,25) = 0.993 is achieved with the
value of the optimal periodic preventive maintenance Ty, = 25
years. In this case, the average frequency of failures (diseases) is
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Fig. 4. Dependence of the average frequency
of failures (diseases) of the metrologist on the duration
of the period T between verifications
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Fig. 5. Probability of continuous trouble-free operation
of the metrologist depending on the lifetime

(o, 25) = 3,212 x 1073 year™1. Figure 5 shows a graph of
the probability of continuous trouble-free operation of a metrol-
ogist depending on the number of years. The results of calcula-
tions according to formulas (7) and (8) in relation to the initial
data of the model of a person operator, presented in Figures 3
and 4, lead to the following additional quantitative data: if the
average age of a person metrologist, excluding preventive
maintenance, is v, = 54.4 year, of service it will be

1/0)(00’ 25) year™! = 311.333 year. The average number of

required restorations in one year will be 1/54.277 = 0.018
once. Taking into account preventive maintenance with an op-
timal frequency of 1/311.333 =3.212 X 10™3 within one
year, it will be 0.018 X 0.25 = 4.5 x 1073 years. Time costs
per year for treatment will be on average

3.212x 1073 x 1/;, = 2.677 x 107* years.

Thus, the gain in time to restore health per year will be on av-
erage (4.5 X 1073)/(2.677 x 10™*) = 16.81 times due to the
periodic preventive maintenance of a person metrologist. These
conclusions apply only to those setting data of the example that
we have given.

ON THE RELATIONSHIP BETWEEN THE DISTRIBUTION
FUNCTIONS OF CONCENTRATION AND CHAOS

Unlike technical and software systems and their elements —
measuring devices, which can function when working as in-
tended or be restored, the measuring system «person metrolo-
gist» can also be in the two named states, but these paired states
are different. If the first systems are restored in their inherent
technical environment, then the second, according to their
states, can be attributed to systems of a seasonal type. After they
leave the state of work in a technical environment, they find
themselves in a different environment that differs from the first
in another property. If the systems of the first type are associ-
ated with the phenomenon of concentration of the produced
product, with the receipt of a significant effect, then the systems
of the second type, on the contrary, are associated with libera-
tion from the process of concentration of the product, but on the
contrary, they are removed from this need for production, go
into a state of rest, relaxation, organized indifference, roughly
speaking — controlled chaos.

Here, chaos is understood as the acquisition of such proper-
ties, without which it is impossible to return to systems that
have the properties of the first systems. Namely, if the systems
periodically change the indicated properties of the two named
systems, but on the whole pass from one type to another and
vice versa, then we call such systems seasonal. The seasonality
of systems is the basis of the life cycle, their dialectical unity.
Thanks to it, the economic growth of the state, progress in civ-
ilization, science, the welfare of the nation, its defense capabil-
ity and others are possible.

AN ABSTRACT EXAMPLE

The subject, functioning in the concentration mode with pa-
rameter t;, and duration x;, has developed N. M. Sedyakin's re-
source 1, [14]. Subject then entered chaos mode with parameter
t, to restore the consumed resource. How long should it be in
chaos mode, x,, in order to restore the spent resource in con-
centration mode?

Formally, the modes are represented, as follows from the
material presented [15-16]:

Qr(xy) = rr%gx(F(tk) — F(ty + x, +0)),
Wi (xy) = max(F(te) = F(tx + %, + 0)),

where Qp is the concentration distribution function, Wj is the
chaos distribution function, F is the concentration resource
function.

Recall that resources are defined as:

{T'QF(xk) = —In(1 - Qp(xx))

Wi () = — In(1 — We(x,)). an

Sets [ti], [t,] are formed separately to solve the subject's
problem. These sets can be used to implement various options
for restoring the value of the lost resource of the metrologist's
working capacity.

Taking into account the economic costs, it is possible to con-
sider the optimal strategies of the seasonal type. Try to solve a
similar problem. The question is not only how to determine the
value of the restored resource, but how to make up for the loss
of a part of the concentration resource. Or will it resume itself
after the metrologist's preventive maintenance? But even in this
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case, it is of interest how the concentration function will change.
In the simplest case, using formulas (11), one can solve the fol-
lowing problem. Knowing the value of the spent resource in the
concentration mode rQr(xy), , one should substitute it instead
of rWig(x,) in the chaos formula and solve the resulting equa-
tion regarding the determination of time x,in the chaos mode.
And then perform a reverse recalculation of this time, using the
equalities of the resource values in these two modes and find a
new time value x;, and the corresponding resource value in the
concentration mode. Add this value of the resource with the
value of the previously residual resource in the concentration
mode. Draw conclusions about further changes in the regime.

Example. We use the third subsection of the article. We will
express all numerical data in hours, passing from measurement
in years to hours (1 year = 8,76 x 103 hours).

Suppose that the metrologist performed work in the envi-
ronment of concentration described by the concentration func-
tion of P. Levy

Qr(xy) = m;'l:lx(F(h +x,+0)— F(h)) ,

during the time x;, = 60 h with the set parameter h = 30 h and
moved into the environment of chaos, described by the chaos
function

W () = H}llaX(F(hl) —F(hy +x; + 0)) )

to restore his lost performance. Question: how long will it take
to restore the lost operational resource and return to continue
working in concentration mode? (In this case, he will add the
value of the restored working capacity to the value of the resid-
ual, saved working capacity in the concentration mode.) The
working capacity will be represented in the sense of N. M. Se-
dyakin's resource. The service life in the concentration mode
will be designated as rq(x) = —In(1 — Q(x)). The total po-
tential resource will be equal to rg(c0) = 2.053. The worked-
out resource is equal to rq(60) = 1.719. The residual resource
in the concentration mode is rqo = rq (o) — rq(60) = 0.334.
The recovery time of the resource in the chaos mode will be
determined by solving equation

Tw(xy) = In(1+ W(x,) +rq(60) =0.

To do this, we will find a solution to the operator:
xo = 60
Given

In(1+W(xy)+1.719 = 0(15)
Find(x,) = 64.514.

Thus, the consumed resource is equal to:
rw(64,514) = —1.719.

Changing the sign of the resulting number to the opposite
and summing it up with the residual resource, we get:

1.719 + 0.334 = 2.053.
This is the initial potential resource.

CONCLUSION
An attempt is presented to consider a person metrologist as
a recoverable element of the metrological system. Two stages
of its life cycle as a seasonal system are investigated. The first
stage consists in the direct fulfillment of the functional duties

of metrology. The second stage of the cycle is associated with
the restoration of the metrologist's working capacity, his health,
without which it is impossible to ensure the further working ca-
pacity of the metrological system and obtaining the target ef-
fect. If this stage is associated with the implementation of the
concentration function in the corresponding environment (we
will call it the concentration environment), then the second
stage is associated with the opposing environment (we will call
it the chaos environment) associated with the provision of the
first environment. From a formal point of view, the environ-
ment of chaos is characterized by a probabilistic distribution
function opposite to the concentration function of P. Levy, and
is called by his name [15, 16].

More complex chaos processes are not covered in the arti-
cle. Within the limits of restrictions, a quantitative relationship
between the stages is established and a formal way of realizing
this relationship is proposed. A simple example of the interac-
tion of a concentration environment with a chaotic environment
is given.
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Hecko0JbK0 3aMeYaHUM 0 CAMOM BAKHOM
3JIEMEHTE METPOJIOTMU — YeJIOBEKe

n.T.H. B. A. Cmaruu

MexayHapoaHas akageMus nHGopMaTH3auH
Cankt-IlerepOypr, Poccus
va_smagin@mail.ru

Abstract. B cratbe paccMaTpuBaeTcsl YeJOBeK KaK 3JeMeHT
MeTpoJiorud. PYHKIHOHA/IbLHbIE O00S3aHHOCTH W KOHKpPETHbIe
JeiiCTBHS ero He NPMHUMAIOTCS BO BHMMaHue. MeTpoJor mpea-
cTaBjsieTcsl Kak AByXga3Hasi cucTeMa, BKIOYAOMIAsA ABa Tana
“KH3HEHHOTI'0 MK/, NEePBbIi IHKJI KOTOPOii ecTh (pa3a KOHLEH-
Tpauuu — padora s noaydeHus dddexra, BTOPOil HUKI —
(daza xaoca, 3ax/04aIasics B BOCCTAHOBJCHUH IOTPAYeHHBIX
CHJI ¢ IeJIbI0 IPOJoJIsKeHUs nepBoii ¢a3bl. Ilpusoaures popmann-
Hasl MofieJIb 4YesloBeKka-MeTposora. Onpeensiercsi ONTHMAJIbHAS
no k03(p¢GHuUNEHTy rOTOBHOCTH MPOAOKHTEIbHOCTh MEXKIOBe-
POYHOI0 MepHoJa U cpeJHee YHCJIO PEMOHTOB 00bEKTa 3a OJUH
roa. Ilpn momMouy peajbHOIi MoJesin onpe/e/sieTcs: CPeHUI BO3-
PACT 4eJI0BeKa-0NepaTopa ¢ TOYKH 3peHHs MAKCHMAJbHOIO KO-
3¢ GUIHEHTa TOTOBHOCTH, ¢ Y4eTOM NPO(PMIAKTHYECKUX NEepHO-
noB 1 0e3 HuX. B (popmanbHOii U peasbHOIl MoeasIX YeJOBeKa-
onepaTopa pacnpesieJiecHie BpeMeHH KU3HH 4YeJ10BeKa oIpees-
eTcsl IKCTPeMaJbHBIM B CTATHCTHKE 3aKOHOM paclpejeaeHust
Beiidyanaa. C ¢popManbHOi TOYKH 3peHHsI cpeia Xaoca XapaKTe-
pu3yeTcsi BepOSITHOCTHOH (yHKIHMell pacnpeiesieHUs, TPOTHBO-
MOJI0KHOM GyHKIMM pacinipeaeseHus cpeabl kKoHuenTpauuu no I,
JleBu. Onpenensiercsi KOJIUYECTBEHHAS CBA3b MEXKAY ITalaMH U
npemiiaraercs GopMajbHbIi MyTh peaju3anuu 310ii cszu. [pn-
BeJleH NpocTeiuii NpuMep pacyeTa BOCCTAHOBJICHUS HCXOJHOIO
pecypca (a3bl KOHIEHTPALUH.

Keywords: wmetpoJior, merpoJiorusi, AByx¢asHas cucrema,
cpela KOHHIEHTPAIUH, Cpelda Xaoca, CPeqHsisi 4acToTa 0TKA30B,
(pyHKIMSI KOHIEHTPAINH, o0ecnieueHne KOHIEHTPAIINH.
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