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Abstract

Purpose: the purpose of this article is to present the method of the statistical diagnostic of ship onboard electronic
equipment reliability, using of probabilistic model of stream of refuses on the Neyman-Pirson’s plausibility criteria.
Method: the article describes the method of account these criteria which allow to increase a control level on the
state of reliability of ship onboard electronic equipment with using of the statistical diagnostic. Results: on the basis
of the analysis conducting received in relation to the level of reliability of ship equipment made decision concerning
to possible declining of equipment reliability level and terms and volume of his technical service. Discussion: the
proposed method is the methodological basis for search of extremums of Neyman-Pirson’s criteria of the
supervisions terms and permit to provide the diagnostic of ship onboard equipment reliability.

Keywords: parameter value; ships’ electronic equipment; statistical diagnostic; technical service.

1. Introduction

At this time up-to-date devices, systems and
facilities that allow to promote efficiency of the use
of ships on water ways during carriage of cargoes,
are actively used in a world trade fleet.

At the same time, in connection with the
development of technologies in last years,
shipowners minimize the quantity of ships’
crewmembers, that does not allow in proper time in
full volume to conduct the technical diagnostic of
ships’ onboard electronic equipment.

Taking it into account and for prevention of
refuses and breakages of ship equipment and
mechanisms, actual is a task to create conditions for
the maximum possible full and complete automatic
diagnostic of ships’ equipment, first of all the basic
ship systems: ships’ navigation complex with its
equipment, and complex of management of ships’
main propulsion machinery.

For decide the task, it is necessary of providing
of ships’ onboard electronic equipment reliability
level needed. It can be carried out by using
approach of the statistical diagnostic. This article
is sanctified to the decision of this problem. Without
its realization the permanent reliable automated

control for activity of ships’ electronic equipment is
impossible.

2. Analysis of the last researches and

publications

In accordance with the analysis of scientific and
technical researches and publications [1,4,7-9], at
this time there is the accepted approach in relation to
the estimation of reliability of technical equipment
as function of sentinel work between the certain
parts of time. Taken into account also the
recommendation of providers in relation to work
hours to the breakage of equipment. By the
corresponding State standards of Ukraine certain
methods of statistical evaluation of indexes at the
various graphic plans of works are demand. But, as
appointed in publication [4,6,9], often, mainly in the
conditions of unfavorable weather conditions,
services upon a certain plan do not answer a plan
with standards required.

In publications [1,3,4,6,7] are given approaches
concerning realization of statistical control of
reliability of equipment.

But, concretely reasonable recommendations in
relation to a choice and calculation of statistical
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figures for increase of level of ships’ electronic
equipment reliability, it is not prepared till now.

3. Aim and objectives of the researches

To prepare the method of the statistical diagnostic of
reliability of ships’ equipment taking into account
the probabilistic model of stream of refuses on
statistics of the Neyman-Pirson’s plausibility criteria.

4. Materials and methods of research with the
grounding of the previous scientific results

The probability model of the stream refuses
according to the Neyman-Pirson’s plausibility criteria,
which account the instability of observation
conditions for the Poisson distribution, taking into
account the model of the stream refuses of the ships’
equipment, is based on the statistical hypotheses H,
and H;, which can be classified as follows:

statistical hypothesis of H, — at this value of
actual amount of refuses of ny ships’ equipment as

for i period of exploitation the parameter n,, of size
distribution law of amount of refuses of n equals to
the statistical evaluation of the expected quantity of
refuses 7. >0 for this control period;

statistical hypothesis of H; — at this value of
actual amount of refuses of n, of ship equipment for
i-period  of the exploitation parameter 7, of

distribution law of refuses amount n exceeds

parameter ﬁg (Mg, > flg ,when 7y, # flg)
[174755679]'

Where parameter n, is a value of the
parameter of distribution law of size of refuses
amount of n for i period that answers the hypothesis
OfH].

The value of parameter /.. is the function of

statistical evaluation of the expected value of
A
parameter of refuses stream Z3; of the technical
facilities.
A
For its determination value of parameter Z3; is

used, which got on results prognostication, if a
sentinel sort of statistical evaluation values of actual
value of parameter of stream of refuses parameter
AN

Z ¢ is non-stationary.

For a verification of hypotheses, it is necessary to
use the statistical data’s and define the critical area
of statistics, which is determined by values o and B.

The statistical data’s on general loss of ships in
the world for a period 2010-2015 on the ship's types
[10-12] are indicate in the Table 1 and on Fig. 1.

Table 1

Total losses of ships in the world for a period
2010-2015 on the ship's types

Typesof | 5010 | 2011 | 2012 | 2013 | 2014 | 2015 | Total
Ships
Dry cargo 60 37 61 41 31 36 266
Bulkers 11 14 9 15 4 6 59
Passenger’s 3 7 7 8 10 4 39
Tugs 7 2 6 7 7 7 36
(igi‘l?;fjl 5 2 8 0 | 2 2 29
Ro-Ro 1 3 4 2 5 4 19
Other types 3 5 3 6 4 2 23
Container’s 5 3 6 4 4 5 27
Suppliers 2 2 3 2 3 2 14
Barges 1 0 0 3 1 0 5
Dredgers 2 2 2 0 1 1 8
Oil tankers 3 3 1 0 1 0 8
Gas tankers 1 1 1 0 0 0 3
Grand total | 104 81 111 98 73 69 536

General lost of ships in the world for period
2010-2015 on the ship's types

= Dry cargo

= Rulkers

= Massenger’s
Tugs

= Chemical tankers

= Ro-Ro

= Other types

= Conteiner’s

= Suppliers
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= Dredgers
u Qil tankers

= Gas tankers

Fig. 1.

The statistical data’s on causes of total losses of
ships in the world for a period 2010-2015 [10-12]
are indicate in the Table 2 and on Fig. 2.
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Values o and B, which determine the level of
meaningfulness and function of power of criterion,
can be certain not strongly. But maximal
authenticity of acceptance or rejection of one of
hypotheses answers a minimum value o and f.

As a value a and B depends from the obtained
statistical data of ny , from the parameter 7, and
terms of supervisions ﬁ@, then minimum values o
and B will be determined by the area of possible
values for the given terms of supervisions and
obtained and received statistical data of cases of
shipboard equipment failure, which were results
of the above emergency events.

Table 2

Causes of total tosses of ships in the world
for a period 2010-2015

Causes 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | Total
Submerged 64 45 55 70 50 63 347
Wrecked/
aground 23 28 26 21 18 12 128
Fire/
explosion 11 8 13 15 6 3 56
Collision 10 3 5 2 2 3 25
Machinery
damage 4 6 15 2 5 2 34
Hull
damage 4 3 6 1 4 2 20
Miscellan. 6 1 1 1 2 0 11
Hall
contact 0 0 2 0 1 0 3
Piracy 2 1 0 0 0 0 3
Missing 1 0 0 0 0 0 1
Grand total 125 95 123 112 88 85 628

Causes of Total Losses for period 2010-2015

Missing
Piracy |
Hall contact |
Miscellaneous [l
Hull damage 1IN
[
Collision NI
Fire/explosion NN
Wrecked/aground I IR
Submerged N

Machinery damage
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Fig. 2.

In this case a task as follow: search of extremums
of statistics of criteria of Neyman-Pirson’s for these
terms of supervisions [1,2,5,9]:

Chart of dependence of value of statistics of criteria
W(ny,) of the parameter ng, n At the various

conditions of supervisions on the Neyman-Pirson’s
criteria, is given on the figure 3.
Figures shows that to every values of parameter

ng, Mg answers a maximal value to the parameter

Ny s which is determine the lower level for value

1- .. .
A> —B . Thus the minimum value of criterion is
o

arrived when parameter n,, — co. But, as figures
shows, when parameter ny > 6 reduction to the

function is considered much slowly. And when
n, = 7 for different n, the function takes on a

value less than 0.,5.

Iz
W (p2zr

ar

Fig. 3. Dependence of value of statistics of criteria W (ny)

from the parameter ny, 1 H,

In this case expediently as a minimum value of
statistics criteria (W,,;,) is to take on a value which

answers the parameter ny = 7. This minimum

value of criteria showed a lower limit for a value

B<——. Thus, for every values of parameter ny,
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flg it is possible to find the value of the parameter

(n, ), which determine the maximal (W) and the

minimum (#,,,) values of A and B [3,5-8].
Using of the received values 4 and B (maximum
values of criteria, which presented of the

parameter 7, ) it is possible to decide the system of

inequalities relatively the critical areas of values of
statistics of on the Neyman-Pirson’s plausibility
criteria o and f3:

1-—

\Y
<

A
o (1)
B

-

B

IN
—

Variants of the results of decision of this system
of inequalities (1) are presented in a graphic view
(Fig. 4) — for A; and B;, (Fig. 5) — for A; <4, and
B, > B,.

B
fo N

0 aw I 0 a 0

Fig.4. A; and B,
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Fig. 6. Graphic of dependences of value a,,;, from the
terms of supervisions of parameter 1 at the different

values of actual amount of refuses of n,

Figures shows, that the every pair of values 4, B
answers the values of oy, 1 Bmin. When A=const and
Bl — omn?, but Punl. And vice versa, when
B=const and AT — Opninl, but PuinT.
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Fig. 7. Graphic of dependences of value B, from the
terms of supervisions of parameter ﬁg at the different

values of actual amount of refuses of n, .

Graphics of dependences of value o, and Buin
from the terms of supervisions of parameter ﬁg at
the different values of actual amount of refuses of ny
are given on the Fig. 6 and Fig. 7.

An example of decision of task of the statistical
diagnostic of level of reliability of ship equipment is
made [3-5,8].

The basic data are:

A A
Zsiivlyj > ZPi+1)) S n¢(i+1)j’
A

where: Z s(i+1); — set value of evaluation of the

parameter of stream of refuses of wares for period of
exploitation, which is determined from statistical
data of previous periods of exploitation (hours™)
with application of the improved methodology of
statistical evaluation and prognosis of stream refuses

parameter taking into account intensity of
exploitation;
nd’(i iy~ actual amount of refuses of wares

founded during period of exploitation at total

workload of wares 1z(l. i) -
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A

Implementation of condition z s+l =

A

Zggis1y; is checked up. If a condition is not
implement, it is the sign of possible decline of actual
level of reliability below set.

The set value of amount of refuses of wares of

J-type for the (i+1) period of exploitation

n.  , and also the condition of distribution of
(i+1)

size nqj is checked up on the cut away normal law.

At implementation of condition of distribution of
size on a law verification of truth of hypothesis
about the Poisson’s parameter of component
distribution:

Received parameter I’lqu 1y =3, and certain that

parameter ¢ = 3. In a table 1, in a column
(i+1)j

which answers nqb = 3 find on the left n 3.

S+
This value to the Poisson’s parameter of component

distribution answers the hypothesis of H, set forth
before;

In the column of table 1 for parameter 7 = 3

find on the right a value of parameter "y , =4, that

A

answers /¢ 1)) 3. This value of the Poisson’s

)J
parameter of component distribution answers the
hypothesis of H; set forth before;

. S h
Implementation of condition 7y, S(isl),
is checked up. A presence of this condition is the
sign of possible decline of actual level of reliability

below set.
5. Discussion

The proposed method is the methodological basis for
search of extremums of Neyman-Pirson’s criteria of
the supervisions terms and permit to provide the
diagnostic of ship onboard equipment reliability.

6. Conclusions about research and prospects of
further researches herein in this direction

At implementation of condition 7, > ﬁg (41); it
i+1)j

is necessary to check possibility of acceptance of

hypothesis of H; or Hy on the one of variant given
below.

Situation Oy, < Pmin Means the rightness on a
hypothesis Hy. At the concrete value of parameter
ng for the control period of exploitation, actual level
of reliability, which is characterized by a parameter

nH1 , equals set, that responds to the condition

Ry, =n 1)) An acceptance of hypothesis of H)

is a ground for continuation of exploitation of ships
equipment checked.

For verification of possibility of acceptance of
hypothesis of H; it is necessary to carry out
comparison of minimum values of authenticity of
errors of the first level (amin) and of the second level
(Bmin) (Flg 29 3)5

Inequality Omin > Pmin Shows the rightness of
hypothesis of H;. In this case the values oy, and Byin,
can run to the border of values: dami, —1, 000,
Bumin—0,000, that means that with high authenticity
the hypothesis of H; can be accepted.

In case of the defined value of parameter n, for
control period of exploitation and actual level of
reliability, which is correspond to a parameter n,; ,

is below set, that responds to the condition

n >n . . .
H; Sy In this case it is necessary to

conduct the analysis of possible reasons of decline
of equipment reliability level on results of which
take a measures for conduct level of reliability
needed (technical maintenance as per instructions
and maintenance books, check of certain type
equipment, modernization of separate equipment
unit or whole complex.)

In accordance with the features of setting of
certain type of ship equipment and shipboard
systems, and also development of technologies on
the maritime and inland water transport, possible
reduction to the quantity of crewmembers on ships
in the future, the procedure of reliability diagnostic
of ships’ equipment must be additionally studied and
improve in further.
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MeToa CTATHCTHYHOTO AIaTHOCTYBAHHS HATIHHOCTI Cy/THOBOTO 00/ 1aTHAHHSA
JHepxaBHMi yHIBEpCUTET iIHPPACTPYKTYPH Ta TEXHOJOTIH

Byn. Kupuniserka, 9, Kuis, 04071, Ykpaina
E-mail: itykhonov@i.ua

Merta: MeTOIO i€l CTATTi € MPEICTAaBICHHS METOAY CTATUCTHYHOTO IiarHOCTYBAaHHS HAMIMHOCTI CYJHOBOTO
OOpPTOBOTO €JEKTPOHHOIO O0JaJHAHHS, 1[0 BUKOPHCTOBYE IMOBIPHICHY MOJENb MOTOKY BiIMOB 32 KPUTEPisIMU
npasnonoaioHocti Hefimana-Ilipcona. Metoa: crartss omucye croci® ypaxyBaHHS LMX KpUTEpiiB, sKi
JIO3BOJISIFOTH  TTJIBUIIUTH PIiBEHh KOHTPOIO 3a CTAHOM HAJIMHOCTI CYJHOBOTO OOPTOBOTO OOJNaJHAHHS 3
BUKOPHCTAHHSIM CTAaTUCTUYHOTO JIarHOCTYBaHHs. Pe3yJbTaT: Ha TiNCTaBi OTPUMAHWX aHAJI3IB BiJHOCHO
CTYIICHIO HAIIHHOCTI CY/THOBOTO 008 JHAHHS MPUIMAETHCS PILIEHHS 00 MOXKIIUBOTO 3HW)KEHHSI (PAKTUIHOTO
PiBHS HaJIHOCTI HMKYE 33J]aHOTO PiBHS TEPMIHIB Ta 00CATY HOTO TeXHIYHOTO OOCIyroByBaHHs. Jlmckycis:
3aIMPOIIOHOBAHUI METOT € METOIOJIOTTYHO0 03010 IS MOMTYKY eKCTpeMyMiB 3a Kpurepismu Helimana-Ilipcona
BITHOCHO YMOB CITOCTEPEKEHHS 1 J03BOJISTE 3MIHCHIOBATH MIarHOCTHKY HAMIMHOCTI CyITHOBOTO OOPTOBOTO
HaBIraiiHOro o01a HaHHS.

KiaruoBi ciioBa: 3Ha4YeHHS MapaMeTpy; CTaTHCTHYHE NiarHOCTYBaHHS; CYJHOBE CJICKTPOHHE OOJIaJHaHHS;
TEXHIYHE 00CITyTOBYBaHHS.
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MeToa CTATUCTHYECKOT0 1iarHOCTUPOBAHUS HAIEKHOCTH CyI0BOr0 000py/10BaAHUA
Tl'ocynapcTBeHHBIN YHUBEpCHTET HHOPACTPYKTYPHI M TEXHOJIOTHIA

yi. Kupumnosckasn9, Kues, 04071, Ykpanuna

E-mail: itykhonov@i.ua

Heab: menb0 STOM CTaThU SABISETCS TPEACTABICHHE METOAAa CTATUCTUYECKOTO IUAarHOCTUPOBAHUS
HaJCKHOCTH  CyJOBOTO OOPTOBOrO  3JICKTPOHHOI'O OOOPYJOBaHUS, MpPH KOTOPOM UCIOJIB3yeTCs
BEpPOATHOCTHASI MOJIeNIb IOTOKA OTKAa30B II0 KpuTepuio mpaBromnomodoHoctn Heitmana-ITupcona. Meron:
CTaThbs OIMMCHLIBAET CII0CO0 yu€Tra 3TUX KPUTCPUCB, KOTOPHIC NO3BOJJIAIOT IIOBBICUTH YPOBCHL KOHTPOJIA 3a
COCTOSIHUEM  HAJIeKHOCTH  CYJOBOrO  OOOpYJOBaHUS  C  HUCIHOJB30BAHHEM  CTAaTHCTHYECKOTO
muarHoctupoBanus. Pesynprar: Ha ocHOBaHMM MOTyYeHHBIX pe3yJIbTATOB OTHOCHUTEIBHO CTETIEHH HAIC)KHOCTH
CYZOBOTO 00OPYIOBaHHS MPHHUMAETCS PEIIEHHE OTHOCUTEIBHO BOZMOXXHOTO CHIDKEHHMS (DAKTHYECKOTO YPOBHS
HAJISKHOCTH HIKE 3aJaHHOTO YPOBHS, a Takke CpPOKaMHM Ta O0beMa €ro TEXHHYECKOrO OOCITy>KUBAHUSL.
Jluckyccusi: TIPEIUTOKSHHBIA METOJ| SIBISICTCS METOJOJIOTMYECKONM ©a3od sl MOWCKa SKCTPEMyMOB 3a
kputeprsimu Hetimana-ITupcoHa OTHOCHTENTFHO YCIIOBHA HAOIOJCHNS W TIO3BOJISIET OCYIIIECTBUTE THATHOCTHKY
HaJISKHOCTH CyJJOBOT0 OOPTOBOTO HABUTAIIMOHHOTO 000Dy JOBAHHSL.

KioueBble cj10Ba: 3HAYCHHWE MapaMeTpa; CTATHCTUYECKOE JUArHOCTUPOBAHHUE, CYJOBOE DSJCKTPOHHOE
00opyIoBaHHNE; TEXHUIECKOE OOCITYKUBaHNE.
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