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6. = 120,86’ = 60, 6 = 60, 8", = 215, 6 = 410, 65 = 440, 6], = 250, &, = 280,

1 Y12 1 Y12 1 Y12 Y31 Y31 ? Y31

6° = 109, 6° = 122,

1 Y12

- the variable 8_,, the number of realizations

327
- the variable 6, the number of realizations n, =10,

137

n, =11, realizations:
realizations:
g, = 180,6;, = 165,60, = 180, 6;, = 120,
g, =60, 8, = 105,68 = 100, 8; = 60, é;, = 180,86, = 410,68, = 255,6; = 150,
g, = 275,60, =170,6,= 80,6, = 75,6, = 298, g, = 495,68, = 1105,
g, = 182,68, = 75,
- the variabled,,, the number of realizations, = ,0
- the variabled,,, the number of realizations, = ,2 realizations:
realizations: o _
g;, - these realizations are not possible,
g, = 235,60, = 70,
- the variabled,,, the number of realizations,, = ,2
- the variabled, , the number of realizations, = ,0 realizations:

realizations:
g, = 310,6;, = 270,

1 Y3

there are no realizations,

- the variabled,,, the number of realizations, = ,2
- the variabled, , the number of realizations, = ,6 realizations:
realizations:
g, = 180, 82 = 360,
6, = 180,0; = 120, 6; = 120, 6, = 200,
g, = 137,6; = 595, - the variabled,,, the number of realizations, = ,2
realizations:
- the variabled,, , the number of realizations, = ,0
realizations: g, = 175,6; = 140,
@;, - these realizations are not possible, - the variable 6,,, the number of realizations
- the variabled,,, the number of realizations, = ,8 n, =2,
realizations: realizations:
g, = 360,86, = 290, 8; = 60, 8,, = 180, g, = 180,6;, = 180,
g, = 140,86, = 60, g, = 60, g;, = 220,
- the variabled,, , the number of realizations,, = ,2
- the variabled,, , the number of realizations, = ,3 realizations:
realizations:
g, = 135,86, = 180,
g, = 120,6;, = 330, 8;, = 240,
- the variabled,, , the number of realizations, = ,0
- the variabled,, , the number of realizations, = , 1 realizations:
realizations:
g;, -these realizations are not possible,
g, = 240,
- the variabled,, , the number of realizations, = , 1
- the variabled, , the number of realizations, = ,8 realizations:
realizations: )
. = 60, 82 = 120, 6’ = 190, 8 = 200, b, = 150,
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- the variabled, , the number of realizationg, = ,2
realizations:

g, = 240, 6 = 360,
- the variabled,,, the number of realizationsg, = ,0
realizations:

there are no realizations,
- the variabled,,, the number of realizations, = ,2
realizations:

g, = 180,86 = 720,
- the variabled,,, the number of realizations, = ,0
realizations:

there are no realizations.
- the variabled,, , the number of realizationg, = ,0
realizations:

gl - these realizations are not possible.

5.2.4. Evaluating the unknown parameters of
the shipyard ship-rope elevatoroperation
process

On the basis of the statistical data from Secti@i34
using the formulae given in Section 3.3, it is (Hlolss
to evaluate

- the vector of realizations

[ p(0)] = [0.4211,0.3684,0.21050,0]

of the initial probabilitiesp, (0) b= 12345, of the
ship-rope elevator operation process transientsdn
particular stateg, at the moment= 0,

- the matrix of realizations

[p,]=

0 03158 055789 01053 O
03333 O 0,4444 01667 0,0556
03636 04546 O 0,0909 0,0909
0,2857 02857 02857 O 01429
05 0 05 0 0
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of the transition probabilitiep,, b,1 = 12345, of

the ship-rope elevator operation process from the
operation statez, into the operation state during

the experiment timé&® =616 days.

Until now there are too small numbers of
realizations to determine, presented in Section 3.4
empirical characteristics of the realizations oé th
conditional sojourn time of the system operation
process in the particular operation states.

5.2.5. Identifying the distributions of the
conditional sojourn times in the operation
states of the shipyard ship-rope elevator

The realizations of the system operation process
sojourn timesg,, in the statez, while the next
transition is to the state may allow us to formulate
and to verify the hypotheses about their conditiona
distribution functions H, (t). Unfortunately until
now there are too small numbers of realizations to
formulate any hypotheses about the distributions of
the conditional sojourn times in the particular
operation states.

5.2.6. ldentifying the mean values of the
system conditional sojourn times in operation
states of the shipyard ship-rope elevator

Due to the fact pointed in Section 5.2.5, the
conditional empirical mean valueM, =E[8, ],
b, =12,...5, b#l, of the sojourn times in the
particular operation states on the basis of the
realizations of the ship-rope elevator operation
process conditional sojourn time€, and after

applying formula the (7) are estimated and they
amount:

M, =11433 M, =12545 M, =15250,

M, =22533 M, =17125 M, = 23000,
M, = 24000, M, = 24375, M, =32400,
M., = 29000, M, =27000, M, =15750,
M,, =18000, M, =15750, M, =15000,
M., =30000, M, = 45000,

As there are no realizations of conditional sojourn
times 8,, 6, and @, it is impossible to estimate

their conditional mean valugd ., M, and M, .

5.3. Statistical identification of the shipyard
ground ship-rope transporter operation
process
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5.3.1. The shipyard ground ship-rope The ground ship-rope transporter reliability depend
transporter description strongly on the tonnage of transferred ships aed th

] ) place where the ship should be transferred. The
The ground ship-rope transporter in the Navalyoaching machines in the transportation system are
Shipyard in Gdynia is composed of three broaching,mpered 1, 2, 3. There is used one or there @ us
machines working independently equipped in theyq o possibly three broaching machines depending
steel ropes “Drumet” with the diameter 30 mm. This 4, weight and length of the ship and on which repai

system is used to transfer ships coming to th&,ost the ship should be transferred. All three
shipyard for repairs from platform to the repaispo paching machines are working in the extreme

and back from repair post to the platform. The loadg;yation when large vessel over 1800 tones is
of steel ropes in the broaching machines is medsure, o sferred.

as a power consumption of amperage. The maximum
of power consumption of broaching machines is 1005
Ampere. First, during ship docking the ship settted
special supporting carriages on the platform iseai
to the wharf level and then the ship is transferredP’0C€SS

from the platform with the rope broaching machine Taking into account the expert opinion on the
on a traverse. Next the ship with the traverse, oroperation process of the considered ground ship-rop
which the ship is settled, is shifted in the regaist  transporter we fix:

direction. Then after stretching the ropes from the- the number of the ground ship-rope transporter
ship to the broaching machine through some blocspperation process states= 7

the ship is transferred from the traverse to tipaire  and we distinguish the following as its seven

post. After some repair measures, the ship ispperation states:

transferred back to the traverse and then on the . an operation statez, — the ship with a
platform. Finally, during undocking the ship on the
platform is moved down to the water. There are nine
repair posts, denoted by symbols R1-R9. The first
repair post R1 can be lengthening to the post R1/B1
for long ships. There are also available two repair
depots denoted by symbols B and D. Generally all
kind of repairs can be carried out in any repastpo

.3.2. Defining the parameters of the shipyard
ground ship-rope transporter operation

tonnage up to 1300 tones is transferred from
the platform to the traverse, from the traverse
to the repair posts R1-R5 and from the repair
posts R6-R9 to the traverse (the broaching
machine number 1 is useg)),

* an operation statez, — the ship with a

The repair posts R1 and R2 are equipped in crane. tonnage up to 1300 tones is transferred from
The submarines are repaired in the depot. the traverse to the repair posts R6-R9, from
Additionally large vessels are transferred to the the repair posts R1-R5 to the traverse and
repair post R1/B1. The scheme of the plan of repair from the traverse to the platform (the
post placing is given ifigure 22 broaching machine number 3 is us&g)(

* an operation statez, — the ship with a
tonnage up to 1300 tones is transferred from

BROACHING MACHINE NG - the repair posts R1-R5 to the traverse and the
P — access to the broaching machine number 3 is
B _LHHT([]|[]][— BRoAcriNG mAcHINENo: difficult (the broaching machine number 2 is
/ ot s/BROACHING MACHINE NO 1 used Gz)). ' . .
______ * an operation statez, — the ship with a
[RAVERSER R1 B1 tonnage over 1300 up to 1800 tones (or the
ship with a tonnage up to 1300 tones after
R6 R2 . . .
long period of renovation or after taking
R7 R3 some special kind of measures) is transferred
from the platform to the traverse, from the
R R4 traverse to the repair posts R1-R5 or from
=9 R5 the repair posts R6-R9 to the traverse (the
broaching machines 1 and 3 are us&d (
S)),
Figure 22.The scheme of the plan of repair post * an operation statez, — the ship with a
placing tonnage over 1300 up to 1800 tones (or the

ship with a tonnage up to 1300 tones after
long period of renovation or after taking
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some special kind of measures) is transferredThe collected statistical data necessary to evalyat
from the platform to the traverse, from the the initial transient probabilities of the groundips
traverse to the repair posts R1-R5 or fromrope transporter operation process in the particula
the repair posts R6-R9 to the traverse and thestates are:
access to the broaching machine number 3 is
difficult (the broaching machines 1 and 2 are - the ground ship-rope transporter operation pimces
used §, 9)), observation/experiment tim@® = 616 days,

* an operation statez, — the ship with a

tonnage over 1300 up to 1800 tones (or the" the number of the ground ship-rope transporter
ship with a tonnage up to 1300 tones afteroperation process realization§0) = 19,

long period of renovation or after taking

some special kind of measures) is transferred the realizationn, (0)of the number of the ground

from the traverse to the repair posts R6-R9,snip-rope transporter operation process transients

from the repair posts R1-R5 to the traverséne particular operation stateg at the initial
or from the traverse to the platform (the momentt = 0

broaching machines 2 and 3 are us&g (
S)),

* an operation statez, — the ship with a
tonnage over 1800 tones is transferred (all
broaching machines 1, 2 and 3 are us&d (

S, Q).
) - the vector of realizations of the numbers of the

Moreover, we fix that there are possible theground ship-rope transporter operation process
transitions between all system operation stategsTh transitions in the particular operation statgsat the

the unknown parameters of the system operatiorinitial momentt = 0

process semi-markov model are:

n(0)=12 n,(0)=2 n,(0)=3 n,0)=0,

n,(0)=0,n,(0)=0,n,(©0)=2

_— [n, (0)] =[N, (0),n, (0), n, (0), n, (0), n5 (0), N (0), n, (O)]
- the initial probabilities p, (0), b=12,...,7,

b#l, of the ground ship-rope transporter =[12,230,002].
operation process transients in the particular

statesz, at the moment= 0, The collected statistical data necessary to evalyat
the transition probabilities of the ground shipeop
- the transition probabilitiesp,, b=12,...7, transporter operation process between the operation
states are:

b#1, of the ground ship-rope transporter
operation process from the operation state

. . - the realizationn, of the numbers of ground ship-
z, into the operation state , b 9 p

rope transporter operation process transitions from
the statez, into the statez, during the experiment

- the distributions of the conditional sojourn fime © = 616 days

times 4,, b=12..7 b#l, in the
particular operation states and their mean

n12 = 27' n13 = 6! 14 = 1' n16 = 2!
values.

n21 = 26’ n23 7' 25 l' nzs = 5' n27 = 3'
To identify all these parameters of the ground ship n, =14,
rope transporter operation process the statistiatz n.=1n =1

about this process is needed. The statistical thata
has been collected is given in the Appendix 3A in
Tables 2-21[4]. From data given in these Tables, on N, =6, n,=1 n,=1n, =1
the basis of methods and procedures given in the n =1 n,=2 n_ =1,
previous sections, in further sections the grounp-s
rope transporter operation process statistical deaga

. . : - the matrix of realizations,, of the numbers of the
fixed and its unknown parameters are estimated.

ground ship-rope transporter operation process
transitions from the state, into the statez during

5.3.3. The shipyard ground ship-rope
by J PTop the experiment tim&® = 616days

transporter operation process data collection
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[0 276 1 0 20 6, = 145,60 = 40, &5 = 60, 65 = 40,

26 0 7 015 3 67 = 140,07 = 192,67 = 33,6 = 15,

0 14 0 0 0 0 O 0% =185, 8 =65, 82 =170,
[n,J=|1 0 000 1 0],

1 0 000710 —thgvgriable€13,the number of realizations, = ,6

6 0 1100 1 realizations:

11 2 0010 0 ., = 135,62 = 125, 6% = 100, &, = 390,

o> = 115, 6° = 210,

- the realizationn, of the total numbers of the

ground  ship-rope transporter operation process the variabled,,, the number of realizations, = , 1
transitions from the operation statg during the | o5jizations:
experiment time © =616days (the sums of the
numbers of the matrifn, )] ., =145,
n =36 n,=42 n, =14, n, =2, n, =2 - the variabled, , the number of realizationg, = ,0
n,=9 n, =4, realizations:
- the matrix of realizations of the total numbefshe there are no realizations,
ground ship-rope transporter operation process . o
transitions from the operation sta during the - the variableg,, the number of realizations, = , 2
experiment time® = 616 days realizations:
[n,]=[n,n,,n,n,,n,n,n]=[364214,2294]. &, =250, ¢, =180,
The collected statistical data necessary to evafyat - the variableg,,, the number of realizations, = ,0
the unknown parameters of the distributions of therealizations:
conditional sojourn times of the ground ship-rope there are no realizations,
transporter operation process in the particular
operation states are as follows: - the variable 8,, the number of realizations
o ) n, =26,
- the realizations@‘, k = 1,2, ..., n,, of the o
- . ol o realizations:
conditional sojourn time#, of the ground ship-rope
transporter operation process at the operatiore stat 6. = 45,67 = 55,8’ = 35, 8: = 40,
z, Wh(.en the next tran.5|t|o.n is to the operation state 6. = 75, 8° = 270, 6., = 55, &, = 50,
Z, during the observation time: 8, = 115,6° = 70, 6" = 35, 62 = 205,
_ o g’ = 130,06, = 240, 6; = 30, 6;; = 190,
- thﬁ vgrlableell, the number of realizations, = 0, 6" = 60, 8" = 15, §° = 20, 62 = 65,
realizations: g = 60,67 = 75, 62 = 45, % = 60,
@' - these realizations are not possible, g, =40, 6,7 =40,
- the variable 8,, the number of realizations -thg vgriable&zz, the number of realizations, = ,0
n, =27, realizations:
realizations:

@), -these realizations are not possible,

6. = 40, 6 = 45, 6 = 240, 6" = 80, - variabie 6
6 = 205,6° = 45, 6, = 50, &, = 50, -t ‘37 variable 6,
n23 = 7

@’ = 80,8, = 115,68, = 60, 87 = 70, L
realizations:

the number of realizations

1 Y12 1 Y12 ’ Y12

68 = 155,6% = 125,68 = 40, ° = 265,

' Y12 1712 1 Y12
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6., =27, 8=20, 8 =15, 8. =75,
6:, =40, 6 =60, 8., =50,

- the variabled,, ,
realizations:

there are no realizations,

the number of realizations,, =

,0

- the variabled,, , the number of realizations, = , 1
realizations:

g, =32,
- the variabled,, , the number of realizations,, =
realizations:

6. =50, 62 =70, 85 =45, 6. =45, 6, =40,

- the variabled,, ,
realizations:

', =90, &, =165 6 =70,

- the variableg

.., the number of realizations,,
realizations:

there are no realizations,

- the variable 6,, the number of realizations

n, =14,
realizations:

the number of realizations,, =

0312 =95, 0322 =25, 6332 =20, 0342 =25, 0352 =62
6, =60, 6, =70, 6. =45, ¢, =70, 2 =50,

6% =90, 67 =60, 65 =55, 6 =60,

- the variableg

., the number of realizations,,
realizations:

@y, - these realizations are not possible,

- the variableg

.., the number of realizations,,
realizations:

there are no realizations,

- the variableg

., the number of realizations,
realizations:

there are no realizations,

- the variableg

367

the number of realizations,

314

realizations:
there are no realizations,

- the variableg

., the number of realizations,,
realizations:

there are no realizations,

,0

- the variabled, , the number of realizations, = , 1
realizations:

8- =150,
- the variabled,, , the number of realizations,,
realizations:

there are no realizations,

- the variabled,,,
realizations:

there are no realizations,

- the variabled

.. » the number of realizations,,
realizations:

g;, - these realizations are not possible,
- the variabled,, , the number of realizations,
realizations:

there are no realizations,

- the variabled,, , the number of realizations,
realizations:

g, =170,
- the variabled,, , the number of realizations,,
realizations:

there are no realizations,

- the variabled,,
realizations:

6, = 240,

- the variable@

,» the number of realizations,,
realizations:

there are no realizations,

the number of realizations,, =

,0

the number of realizations, = , 1

,0



SSARS 2010
Summer Safety and Reliability Semindme 20-26201Q Gdaisk-Sopot, Poland

- the variabled,,, the number of realizationsg, = ,0
realizations:

there are no realizations,
- the variabled,,, the number of realizations, = ,0
realizations:

there are no realizations,
- the variabled,, , the number of realizationsg, = ,0
realizations:

6., -these realizations are not present,
- the variabled,, , the number of realizations, = , 1
realizations:

6., =180,
- the variabled,, , the number of realizations,, = ,0
realizations:

there are no realizations,
- the variabled, , the number of realizations, = ,6
realizations:

6, =210, 62 =210, & =80, &, =180,

g; =180, 6; =190,
- the variabled,, , the number of realizations,, = ,0
realizations:

there are no realizations,

- the variable@

., the number of realizations,, = , 1
realizations:

6, =190,

- the variableg

.. » the number of realizations, = , 1
realizations:

6, =190,

- the variableg

657
realizations:
there are no realizations,

the number of realizations, = ,0

- the variableg

. » the number of realizationg, = ,0
realizations:

315

8., - these realizations are not possible,

- the variabled, , the number of realizations, = , 1
realizations:

6 =245,
- the variabled,, , the number of realizations,, = ,2
realizations:

6, = 230, 67, = 240,

- the variable €,;, the number of realizations
n,=0,
realizations:

there are no realizations,

- the variableg

. » the number of realizations, = ,0
realizations:

there are no realizations,

- the variabled,, , the number of realizations, = , 1
realizations:

g, =60,
- the variabled,, , the number of realizations,, = ,0
realizations:

there are no realizations,

- the variable@

., the number of realizations,, = ,0
realizations:

@y, - these realizations are not possible.

5.3.4. Evaluating the unknown parameters of
the shipyard ground ship-rope transporter
operation process

On the basis of the statistical data from Secti@i3%
using the formulae given in Section 3.4, it is plolss
to evaluate

- the vector of realizations

[ p(0)] = [0.6315 0.10530.1579,00,0,0.1053

of the initial probabilitiesp, (0) b=12,...,7, of the
ground ship-rope transporter

operation process
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transients in the particular states at the moment
= O,

- the matrix of realizations

[p.]1=

[0 07500 01667 00278 0 00555 O

06190 0 01667 0 00238 01191 00714
0 1 0 0 0 0 0
05 0 0 0 0 05 0
05 0 0 0 0 05 0

06667 0 01111 01111 O 0 01111

| 025 05 0 0 025 0 0 |

of the transition probabilitiesp,,, b,1 =12,...,7, of

r, 0427 05,

- the length d,, of the intervals|; =<aj,b)),
j=12..5,

R, _ 250

d,=—%=="-063
r,-1 4
where
R, =maxd; -ming, = 265-15= 250,

- the endsa);, by, of the intervalsl ; =<a},b)),

the ground ship-rope transporter operation process = 122, according to the formulae

from the operation statg, into the operation state

during the experiment tim® = 616 days.

On the basis of the statistical data from Secti@35
using the formulae given in Section 3.4, it is plolss
to determine the following empirical characteristic
of the realizations of the conditional sojourn tiafe
the ground ship-rope transporter operation proess
the particular operation states:

- the realizations of the mean valu&, of the
conditional sojourn time#,, of the ground ship-rope
transporter operation process at the operation gtat
when the next transition is to the operation sigte

o, :2—17§9;2 01019 bl =12...7 b#],

of intervals

the number T,
| =<a),b)), j=12..7, that include the
realizations ), k=12,...27, of the conditional
sojourn timesé@,, at the operation state, when the
next transition is to the operation state

the disjoint

d,
2

ming, -3z =15-53-_

1<ks27 12

165,

a;, = max{-165,0} = 0,

b, =a,+63=0+63=63,

a,=b. =63, b’ =a, +2[63=0+126=126,
a =b’ =126, b} =a, +363=0+189=189,
a’, =b} =189, b =a, +4[63=0+252=252,
a’, =b! = 252, b%, =a!, +563=0+315=315

- the numbers), of the realization®}; in particular
intervals|;, j=12,...5,

1 2 3 4 _ 5
n12_121 n12_6’ n12_51 n12_3’ n12_1’

Histogram of the conditional sojourn ting,
S abil 7btf|) 0-63 63 — 126 126 - 189 189 — 257 252- 315
n, 12 6 5 3 1
h,t)y=n//n, 12/27 6/27 5/27 3/27 1/27
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0,5
0,45 +
0,4
0,35
0,3
0,25

0,15 - -
0,1
0,05 -

0

0-63 63-126 126-189 189-252 252-315

Figure 23.Histogram of the conditional sojourn tingg

- the realizations of the mean valu&, of the _
R,, = maxd,, —ming; =270-15= 255,

conditional sojourn timesd,, of the ground ship- ka2 2L Iskszs
rope transporter operation process at the operation

state z, when the next transition is to the operation - the endsa;,, bj, of the intervalsl ; =< a/,,b}),

state z, j =12,...5, according to the formulae
12, oo dy 64 _
, ===20, 0815 bl=12..7b#l, ]rslrkllzrgeﬂ—?—w—? =-17,

- the number 7, of the disjoint intervals a, =max{-17,0} = 0, b), =a;, +64=0+64=64,
|, =<aj},b)), j=12..f,, that include the
realizations ), k=12,...26, of the conditional
sojourn times@,, at the operation state, when the al=bh? =128 b’ =a' +3B4=0+192=192
next transition is to the operation state

F, =~/26 05,

a’ =h! =64, b’ =al, +2[B4=0+128=128,

a' =b? =192, b’ =a', +464=0+256= 256,

a;, =b;, = 256, b, =a;, +564=0+320=320,
- the length d,, of the intervals|; =< al,b)),
j=12..5 - the numbersy), of the realization®}; in particular

intervals | i j=12,..5,
d, = R, —255D64

*F,-1 4 n, =16, n;, =5n; =2 n,=2n;, =1
where
Histogram of the conditional sojourn tingg,
|, =<aj,b)) 0-64 64 — 128 128 — 192 192 — 256 256- 320
n, 16 5 2 2 1
h,t)=nl/n, 16/26 5/26 2126 2126 1/26
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0,7

0,6

0,5

0,4

0,3

0,2 -

0,1

O T |\| |\ 1
0-64 64-128 128-192 192-256 256-320
Figure 24.Histogram of the conditional sojourn tingg,

5.3.5. Identifying the distributions of the M, =10204, M, =8130.
conditional sojourn times in the operation
states of the shipyard ground ship-rope In the remaining cases not identified in SectichS.
transporter distributions, using formula (7), it is possiblefiod

. . . ) only the approximate values of the empirical mean
Using the procedure given in Section 3.5 we may y P P

verify hypotheses on the distributions of the yaluesMb"z El6, lof the conditional sojourn times
conditional sojourn time®, , b, =12,...7, b#1, in in the particular operation states that are asvll

bl 7
the particular operation states. At the moment, _ _ _
because of the lack of statistical data coming from M, =17917, M, =145 M,, =215
experiment it was possible to verify only two M, =41 M, =32 M, =50 M, =10833
hypotheses on the distributions of the sojournsime M, =5621,

Namely, we have the following results: M, =150 M, =70,

M51:24Q M56=18Q
M, =175 M_ =190 M_ =190 M, =15Q
M, =245 M_ =235 M, =60,

- the conditional sojourn timég, has an exponential
distribution with the density function

0, t<0,
h,,(t) :{0.0098exp[—0.009&], >0, As there are no realizations of conditional sojourn

times 6., 6,, 6,, 6, 6, 6., 6., 6,,, 6

15 1 17 24 341 357 367 37 429 431

- the conditional sojourn timé,, has an exponential &, 6., 6. 6., b, 6,, 6, 6,, 6,, 6, and

distribution with the density function 6, it is impossible to estimate their conditional
mean valuesM, M., M,, M., M., M,,
h (t): O’ t<0’ M37’ I\/|42’ M43’ M45' M47’ MSZ' M53’ M54'
“ 0.0123exp[-0.0123], t = 0. M. M., M. M. M. andM. .

5.3.6. Identifying the mean values of the 5.4. Statistical identification of the Stena
SyStem Cond|t|0na| SOJoum fimes In 0perat|0n Baltica ferry Operation process

states of the shipyard ground ship-rope
transporter 5.4.1. The Stena Baltica ferry description

For the above distributions identified in Section The m/v Stena Baltica is a passenger Ro-Ro ship
5.3.5, using either the formulae (8) or (13), we ca operating in Baltic Sea between Gdynia and
find the following mean values of the conditional Karlskrona ports on regular everyday line. Her awne
sojourn times in the particular operation states: is Stena Line Scandinavia AB. She was build in
Gdask Shipyard in 2005. She is characterized by the
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following parameters: the length of 164.41m, thee an operation statez, —unmooring operations at
breadth moulded of 27.60 m, the summer load draft Gdynia Port,

of 6.313 m, DWT of 4456,_ the displacement of an operation state, - leaving Gdynia Port and
16618 tons, the cargo capacity of 466 cars, thed tot L o

numbers of passengers and crew capacity of 1200 + havigation .to GD” buoy, o )

96 = 1296. The number of cabins is 379 with the® &0 Operation sta# —navigation at restricted
number of beds 949 and total number of seats on a Waters from “GD” buoy to the end of Traffic
board is 981. The main engines are 4 of the kind Separation Scheme,

MAN 4840 kW, the propellers are 2 of the kind Ka * an operation state, —navigation at open waters
Me Wa with diameter 4800 mm, the BOW thrusters  from the end of Traffic Separation Scheme to
are 2 of the kind 1275 kW and 735 kW and the aft  “Angoring” buoy,

thruster is 1 of the kind 735 kW. The naVigatiomi an « gan Operation statezs _navigation at restricted
communication equipments are according to SOLAS
Convention. The ferry speed is 19.5 knots (calm
water) (RPM — 178). The service restriction are:
maximum of 350 NM from land and wave height of
3.1 m, according to the Stockholm Agreement. Karlskrona Port, _

We assume that the ferry is composed of a number df an operation statez, —unloading at Karlskrona
main subsystems having an essential influenceson it  Port,

safety. These subsystems are illustratefeigure 25 * an operation state, —loading at Karlskrona Port,

On the scheme of the ferry presentedrigure 25, . an gperation state,, —unmooring operations at
there are distinguished its following subsystems:
Karlskrona Port,

waters from “Angoring” buoy to “Verko” Berth at
Karlskrona,
an operation statez, —mooring operations at

S, - anavigational subsystem, * an operation state, —ship turning at Karlskrona
S, - a propulsion and controlling subsystem, Port,

S, - aloading and unloading subsystem,  an operation statez,, —leaving Karlskrona Port
S, - a hull subsystem, and navigation at restricted waters to “Angoring”
S, - an anchoring and mooring subsystem, buoy,

S, - a protection and rescue subsystem, * an operation statg, , — navigation at open waters
S, - a social subsystem. from “Angoring” buoy to the entering Traffic

Separation Scheme,
* an operation statez, —navigation at restricted

waters from the entering Traffic Separation
______________________ 1 Scheme to “GD” buoy,

(:53} /sy * an operation statez, —navigation from “GD”
. E 'f buoy to turning area,
L g . ,-") * an operation statez, —ship turning at Gdynia
. N\, ] lf‘ Port,
L (;\x\___\ * an operation statez, —mooring operations at
(B (&) | AT/ Gdynia Port,

« an operation state , —unloading at Gdynia Port.
Figure 25.Subsystems having an essential inﬂuenceMoreover, we fix that there are possible only the
on ferry safety transitions between the neighboring system operatio

states, i.e., from the operation states to the

operation statesz,,, b=12,..17, and from the

operation state, to the operation stata .

Taking into account the expert opinion on theThus the unknown parameters of the system
operation process of the considered Stena Baltic%perétion process semi-markov model are:
ferry we fix: '

- the number of the ferry operation process states
v =18

and we distinguish the following as its eighteen
operation states:

+ an operation state —loading at Gdynia Port, momentt = 0,

5.4.2. Defining the parameters of the Stena
Baltica ferry operation process

- the initial probabilitiesp, (0), b =12,...18,
of the Stena Baltica ferry operation process
transients in the particular states at the
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- the transition probabilites p,.,,  The collected statistical data necessary to evatyat
b=12..17, and p, of the Stena Baltica the transition probabilities of the Stena Baltieary

_ . operation process between the operation states are:
ferry operation process from the operation

state z, into the operation state,, and
from the operation statez, into the
operation state,,

- the realizationn, of the numbers of the ship
operation process transitions from the stateinto
the statez, during the experiment tim® =42 days

- the distributions of the conditional sojourn

) ) =0,n,=42, n.=0,..,n,_= =0,
times 6., b=12..17, and 6, in the = r© r i = O Mg
particular operation states and their mean N, =0,1n,=0n,=42...n,=0 n,=0,
values. s
H . H 171 = 4 n172 = 0' n173 = O' 1 n17l7 = 0' n1718 = 42’
To identify all these parameters of the Stena Balti
ferry operation process the statistical data abiast
n181:42’ nlBZ:O’ n183:07 e n1817:O’ nlBlS:O’

process is needed. The statistical data that has be
collected during spring is given in the Appendix 4A
in Tables 1-77]. - the matrix of realizations,, of the numbers of the
From data given in these Tables, on the basis oferry operation process transitions from the state

methods and procedures given in the previougnig the statez, during the experiment tim® = 42
section, in further sections the Stena Balticayferr

. e L .. days
operation process statistical data is fixed and its

unknown parameters are estimated.

(042 0...00 |
5.4.3. The Stena Baltica ferry operation 0042..00
process data collection [n,1=| ... ,
The collected statistical data necessary to evalyat 0 0 0...042
the initial transient probabilities of the Stenaltiga 420 0...00

ferry operation process in the particular states are:

- the ship operation process observation/experiment the realizationn, of the total numbers of the ship

time © = 42 days, operation process transitions from the operatiatest
z, during the experiment tim&® =42 days (the
- the number of the ship operation process sums of the numbers of the matfix, ) ]

realizationsn(0) = 42,
n=n,+n,+..+n, =42,
- the numbersn,  (O)f the system operation process [, =y +n_+..+n. =42
i i A i 2 21 22 vt 218 '
transients in the particular operation statesat the
initial momentt = 0 n,=n_+n_+..+n =42,

Ng =N +Ng, +...4N =42,
n,(0) =42, n,(0) =0, ..., n,(0) =0, 18 18l 182 1818
- the matrix of realizations of the total numbeftsha
ship operation process transitions from the opamati
statez, during the experiment tim® = 42 days

where

nO)+n@O+....+ (0) = 42
- the vector of realizations of the numbers of the [n]=[n.n,....n]=[4242..42
system operation process transients in the paaticul

operation stateg, at the initial moment = 0 The collected statistical data necessary to evalyat

the unknown parameters of the distributions of the
conditional sojourn times of the Stena Baltica yferr
[n, @] =[n, ©),n, 0),...n,(O)] = [420,...0]. operation process in the particular operation state
are as follows:
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- the realizations8*, k = 1,2, ..., n,, of the z 8| 10 6 5 5 6

bl 7 bl ? 17

conditional sojourn timesg, of the Stena Baltica | z 26| 26 30 20 16 17

18
ferry operation process at the operation state
when the next transition is to the operation state Table 2.Realization of conditional sojourn timeék

during the observation time are given in fhebles at operations states
1-7. In theTables 1-7there are given realizations of

the conditional sojourn times in particular opemati | Oper| 8. | 65| 65..| 62, s, | 67,
states on the basis of a sample composed o#2 ation
realizations of the Stena Baltica ferry operation State
process. It is assumed that one voyage from Gdynia z,
to Karlskrone and back to Gdynia of the ferry is a 5 62| 43| 50| 61 65 63
single realization of its operation process. The— > 3 3 2 3 >
conditional sojourn times in particular operation Z:
states of each single realization of the ferry apen Z, 33| 38| 39| 43 40 42
process are given in minutes in separate columns. z, 49| 62| 45| 46 51 47
The operation process is very regular in the sen e 62115801 5071 511 497| 496
that the operation state changes are from the S
particular statez, b=12,...17, to the neighbouring Z 34| 40] 36| 33 38 38
state z,,, , b=12,...17, only and fromz, to z. Z > > > > 8 /
Therefore, the realizations of the conditional sajo Z, 150 17} 16| 21 33 34
times g,.,, b=12,..17, j=12,...42, are given in z, 26| 60| 65| 25 55 40
the Tablesb-th row and the realizations of the z, 5 6 3 4 4 2
cgndltfonal sojourn timed.,, b=12..17, are z. 4 2 2 6 4 5
Table 1.Realization of conditional sojourn timeék z, |438|561|491)513| 496 500
at operations states 2, 42| 63| 46| 60 50 50
z, 35| 34| 31| 33 34 36
Otper eblbﬂ 9b2b+1 eb3b+1 gljml glfml ebsbﬂ Z16 3 4 4 4 4 4
ation
state z, 4 5 8 7 6 7
z, z, 16| 22| 17 8 17 17
z, 55| 52 47 75 60 60
z, 4 3 3 2 2 2 Table 3.Realization of cqnditional sojourn timeék
2. 58| 31 3 35 37 18 at operations states
Z4 52 46 48 65 53 47 Oper 913 glA gls gle 617 918
z, 598 | 635| 539| 572| 499| 507 ation
z, 35| 42| 42| 44| 35| 37 state
Z, 7 9 8] 7| 7| 5 %
z 25| 20| 23| 27| 20| a1 2, | 45| 45| 49] 20] 33] 50
5 2 2 2 2 2 3
2, 75| 59| 56| 40| 66| 47 22
5 3 5 3 5 3 z, 35| 36| 36| 36| 37| 35
z
. 5T 5 7] E 7] g z, | 51| 51| 51| 49| 53| 44
z
— 51 22 5 o5 >3 5 z, | 595| 495| 504 | 507 | 498 | 483
z
= 34| 39| 38| 39| 38| 35
z. | 574| 427| 461| 501| 498| 490 % e
2. | 61| 43| 43| 46| 49| 52 % T
z 33| 32| 33| 36| 35| 33 %
- 7 7 5 7 7 7 z, 75| 77| 60| 73| 82| 118
Z z, 5 2 2 2 3 4
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z, 4| 4| 4| 4| 4| 4 z, | 573| 498 | 506 | 576 | 494 | 505
z, 24| 24| 25| 24| 23| 22 z, 36| 37| 35| 38| 38| 36
z,, | 582|491 | 499 | 488 | 464 | 484 z, 8 7 5 7| 10 9
z, 72| 50| 48| 50| 48| 52 z, 25| 11| 17| 31| 23| 25
z, 34| 35| 35| 34| 35| 34 z, 55| 55| 43| 45| 52| 48
zZ, 5 5 5/ 4| 4| 4 z, 3| 3| 3| 3 2 3
z, 7 7 6| 4| 4| 7 z, 4, 4| 5 5/ 4] 5
z, 26| 40| 21| 34| 40| 35 z, 23| 22| 23| 26| 23| 23
z,, | 573| 497 | 531| 500 492 | 496
Table 4.Realization of conditional sojourn timeék z, 58| 51| 54| 47| 40| 51
at operations states Z. 34| 35| 33| 35| 35| 34
Oper[ 67, ] 63, [ 62| 6| 6] 6 Z | S| S| 5] 5] 4] ¢
ation z, 4, 5| 5| 5 7 6
state z, | 18] 20| 11| 10| 16| 18
Zb
Z, 43| 15| 45| 57| 97| 68 Table 6.Realization of conditional sojourn timeé%
z, 2 2| 3| 2| 2| 3 at operations states
z, 34| 34| 36| 36| 39| 36
z, | 51| 52| 50| 53| 53| 54 gtli[:)er: Ones | O | O | O | G| G
z, | 497| 504 | 507 | 503 | 500 | 492 state
z, 37| 36| 37| 34| 38| 40 z,
z, 7 8| 8| 8 7 9 z, 37| 44| 46| 78| 59| 65
z, 9| 25| 19| 31| 30| 35 z, 6| 3 2 2 2 2
z, 71| 55| 30| 24| 34| 41 z, 37| 36| 36| 37| 36| 36
zZ, 2 2| 3| 3 2 5 z, 64| 51| 53| 63| 55| 53
z, 4| 4| 4| 4| 4| 4 z, | 576| 495| 502 | 574 | 492 | 497
z, 23| 22| 22| 22| 26| 22 z, 35| 39| 37| 36| 38| 37
z,, | 498|496 | 505| 595| 493 | 499 z, 10| 6 7 7 6 6
z, 47| 53| 51| 61| 61| 48 z, 23| 15| 18| 19| 18| 24
z, 31| 32| 33| 46| 34| 34 z, 50| 58| 53| 30| 30| 45
z, 5| 5| 3| 4| 6 6 z, 2 2| 3| 3 2 2
z, | S| S| 7| 5] 4 5 z, | 4| 5| 4| 5| 4| 4
zZ, 28| 22| 8 2| 12| 13 z, 24| 23| 24| 23| 28| 24
z,, | 590| 508 | 520| 502 | 508 | 508
Table 5.Realization of conditional sojourn timeék z, 47| 47| 56| 47| 46| 42
at operations states Z. 33| 34| 35| 36| 35| 35
Oper[ g7, [ 6. | 6., ] 6. ] 62| 6. Z | O] S| 4] 4] 5] 4
ation z, 3) 6 6| 10| 5| 4
state z, | 25| 18| 12| 12| 17| 14
Zb
z, 58| 35| 45| 75| 72| 62
z, 3| 4] 3| 3 2 3
z, 37| 36| 35| 39| 37| 36
z, 67| 51| 50| 62| 49| 48
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Table 7 Realization of conditional sojourn timés of the transition probabilitiegp,, b,I =12,...18, of

at operations states the system operation process from the operatida sta
z, into the operation statg during the experiment
Oper 0113;1 61:3b8+1 61:3:+1 6:1304 61:41:14 elj:ﬂ time ©=42 dayS.
ation On the basis of the statistical data from Sectidn3
state using the formulae given in Section 3.4, it is jiolss

Z, to determine the following empirical characteristic
z, 53| 25| 55| 84| 71| 67 of the realizations of the conditional sojourn tife
- 2 2 3 2 2 2 the _Stena Balti_ca ferry operation process in the

2 particular operation states:

z, 38| 37| 40| 36| 37| 34
z, | 60| 49| 46| 57| 53| 51 - the realizations of the mean valués of the
z, | 584|504 505|573 | 494 495 conditional sojourn timesd,, of the Stena Baltia
z, | 38| 35| 36| 39| 36| 36 ferry operation process at the operation state
Z > 7 > > 6 6 when the next transition is to the operation s@&te
z, 15 6| 40| 28| 32| 28
z, | 70| 35| 35 47) 40| 50 g =1%0 =543 bl=12..18b#|
z, | 2| 2| 3] 3] 3] 2 co42iE

5 4 5 5 4 4
Zu - the number 1, of the disjoint intervals
z 25| 25| 24| 23| 26| 24 o B ,

12 . =<a},b)), j=12..,,, that include the
z,, | 595| 506 | 535| 506 | 503 | 503 : izt k=12 .42 of th ditional
> 22 251 a7 46| 511 43 rer?nzatlo.ns 6,, k=12,...42, .o the conditional
2 340 35| 34 34| 33 33 sojourn tlr.n.ese%2 at t:e operaFlon state when the
. 3 7] 7] = = 7] next transition is to the operation state
z, 5 3 4 5 3 5 o= /—nbl :\/EDG,

z, 20| 11| 11| 10| 13| 18

. - the length d, of the intervals
5.4.4. Evaluating the unknown parameters of

the Stena Baltica ferryoperation process ) =<ay,hy), =126
On the basis of the statistical data from Sectidni35 —
using the formulae given in Section 3.4, it is [loss d, =— R :8_2 116,
to evaluate ,-1 5
- the vector of realizations

where

[P(0)] = [200....00] _
R, = ]rg(%é?lkz - Jgglgzefz =97-15=82,

of the initial probabilitiesp, (Q)b=12,...18 of the ) )
ship operation process transients in the particular

operation stateg, at the moment= 0,

bJ'

the endsa/, ,b/,

J b}, of the intervalsl, =<a/,b) ),

j =12,...6, according to the formulae

- the matrix of realizations

) . min 6% G g5 1645 g7
010...00 ekst2 2 2
001...00 al, =max{7,0} = 7,

[Pu]=] ... ,
000...01 b, =a, +d=7+16= 23,
100...00]

a% =bl, =23, b’ =al, +216=7+32=39,
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a’, =b% =39, b} =a;, +3[16=7+48=55,
- the numbers), of the realizationg,? in particular
al,=b} =55 b} =a,+416=7+64=71, intervals| , j=12,...6
3152 :b142 =71, b152 =a112 +5[16=7+80=87, nll2 =2, nlz2 =4, nfs =15, nl42 =14, nfz =6, n162 =1
a;, =b’, =87, b}, =aj, +6[16=7+96=103
Histogram of the conditional sojourn tin&,
l]:<al:];|’bbl) 7-23 23 -39 39-55 55-71 71 -87 87 — 10
n, 2 4 15 14 6 1
h,(t)=n//n, 2142 4/42 15/42 14/42 6/42 1/42
04
0,35
03 g
0,25 i
02 i
0,15
0,11
0,05 ,—I
0 T T
7-23 23-39 39-55 55-71 71-87 87-103
Figure 26.Histogram of the conditional sojourn tingg,
- the realizations of the mean valué, of the - the lengthd,, of the intervalsl , =<a/,b) ),
conditional sojourn timesg,, of the Stena Baltia j=12,..6,
ferry operation process at the operation staje
when the next transition is to the operation state d. = R, _82 016
“ f,-1 5
g —if =26, bl =12,..18 b#l
23_4 B ' where
- the number F,, of the disjoint intervals R, =maxd;-ming;, =97-15=82
I, =< ab,,bj) j=12,...f,, that include the _ _
realizations 8°, k=12....42 of the conditional - the endsay, by, of the intervalsl =<a;,by; ),

231

sojourn times@,, at the operation state, when the
next transition is to the operation state

Flz =Ny Z\/E DG,

|, =<a},b}), according to the formulae
min gy, — %=2—%=2—0.4=1.6,
1<ks42 2 2
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a,, = max{L60} = 16, as,=bs, = 48 b}, =al, +5[08=16+40= 56,
by, =a;, + 08=16+ 08= 24, a’,=bS, = 56, b%, =a’, +6M8=16+ 48= 64,
az,=bl, =24, bl =a,+2[08=16+16=32 - the numbers ), of the realization®,? in particular

intervals | r j=12,...6,
a:?: = b223 = 3'2! b§3 = a;s + 3 [0-8 = 1-6 + 2.4 = 4.0,

I’lll2 =24, I’]lz2 =14, nfs =0,n,=3n,=0n,=1
al,=bd =40, bl =al, +4D8=16+32= 48,

Histogram of the conditional sojourn tintg,

|, =< a) b)) 16 -24 24-3.2 3.2-4.0 40-4.8 48-5/6 56-6.4
nl, 24 14 0 3 0 1

ﬁzg(t) =nl/n, 24/42 14/42 0/42 3/42 0/42 1/42

0,6

0,5

0,4 i

0,3 i

0,2 i

0,1 - 1

O T T T 1
1,624 2432 3240 4048 4856 5664
Figure 27.Histogram of the conditional sojourn tinég,

At the remaining cases we are proceeding afterwards 0, t<7,
in an analogous way. 2 t-7 _1t-7 -
5.4.5. ldentifying the distributions of the hy, (t) = 10?;7 5;’6;2 48141703_t
conditional sojourn times in the operation 103-7103-54 48 49 " 54<t<103
states of the Stena Baltica 0 t>103

Using the procedure given in Section 3.5 we may_ the conditional sojourn timed, has an
verify the hypotheses on the distributions of the 2

conditional sojourn timeg#, b,l =12,...18, b#l,
in the particular operation states and we have the t<16
following results: h,,(t) :{1’03ex 103t -16)] t>16,
- the conditional sojourn timé,, has a triangular ' P~ T e E T

distribution with the density function

exponential distribution with the density function
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- the conditional sojourn timé&),, has a chimney

distribution with the density function

0, t <29,
0.0278 29<t <35
hy, ()= 101984 35<t<38
0.0266 38<t<47,
0, t>47

- the conditional sojourn tim&,, has a chimney

distribution with the density function

0, t <41,
00095 41<t <46,
hs(t) = 100762 46<t <56,
00127 56<t<7],
0, t>71

- the conditional sojourn timé,, has a double
trapezium distribution with the density function

0, t <4678,
~0.00004 +0.0277 4678<t < 52595
~0.00006 +0.0397 52595<t < 6502,
0, t < 6502;

h56 (t) =

- the conditional sojourn timé,, has a double
trapezium distribution with the density function

0, t <319,
0.006%-0.1747 319<t=<3717,
0.0031-0.0395 3717<t<45],
0, t>451

h67 (t) =

- the conditional sojourn timé,, has a double
trapezium distribution with the density function

0, t < 45,
-0.0183+0.2922 45<t< 702
-0.0069 +0.2122 702<t<105
0, t>105

h78 (t) =

- the conditional sojourn timé,, has a triangular
distribution with the density function

0, t<Q,
_ 10.0021, O<t<214
h89 (t) -
—0.002 +0.087, 214<t<444,
0, t>444;

- the conditional sojourn timé,,, has a double
trapezium distribution with the density function

0, t <146,
hy (t) = 0.0001 +0.0109 146<t<5226,

0.0062 522<t<1274,

0, t>1274;

- the conditional sojourn timé,,,, has a chimney
distribution with the density function

o} t <16,
_ 1050 16<st< 32
o) = 9200
0.0595 32<t< 64,
0, t> 64

- the conditional sojourn timé,,,, has a chimney
distribution with the density function

0} t <38
_ |1.6667, 38<t< 42
hlllZ(t) -
0.1667 42<t< 6.2
0, t>62

- the conditional sojourn timé,,,, has a chimney
distribution with the density function

0, t <187,
00092 187<t<213
h.i:(t) = 101786 213<t<265
0.0061 265<t<343
0, t>343

- the conditional sojourn timé,,,, has a chimney
distribution with the density function

0, t <4102,
0.0014 4102<t <4774,
h,.,(t) =100184 4774<t<51]
0.0028 511<t<6114,
0, t>6114;
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- the conditional sojourn timé,,,, has a Weibull's
distribution with the density function

hys(t) =
o

- the conditional sojourn timé,,, has a chimney
distribution with the density function

t <36.8

0, t <30,
0.0317 30<t<33
0.2698 33<t <36,
0.0084 36=<t<48
0, t>48

hyg6(t) =

- the conditional sojourn timé,,, has a triangular
distribution with the density function

0, t< 27,
_ 10308 - 0.823 27<t< 452
h1617(t) -
-0313 +1.9719 452<t< 6.3
0, t>63

- the conditional sojourn timé,,,, has a double
trapezium distribution with the density function

0, t< 23

-0.1134 +0.6707, 23<t< 562
0.0071-0.0063 562<t<107,
0, t >10.7,

hy,6(t) =

- the conditional sojourn timé,,, has a Weibull's
distribution with the density function

h (1) = 0, t<0,
o 0.1113"9exp[-0.04732%Y], t>0.

5.4.6. ldentifying the mean values of the
system conditional sojourn times in operation
states of the Stena Baltica ferry

0.1415t - 36.8) 1“3 exp[-0.0661t - 36.8)21%), t > 3638;

For the distributions identified in Section 5.4.5,

according to either the formulae (8) or (9)-(1ibe
mean valueM , = E[6,,], b,| =12,...18 b#I, of

the system operation proce&s$) conditional sojourn

timesin particular operation stategare determine
and they amount:

d
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M,, =5433, M,; = 257, M, =3657,
M, =525 M, =52595 M, =3716
M, =702 M, =2143 Mgy, =5369,
Mo = 293 M, = 438, My,,;=2386,
M5, =50969, M, =5014 M, =3428
Mieir = 452, My75= 562, M5 =18.74,

6. ldentification of the operation processes of
real complex technical systems using
computer program

The computer program allows to identify of the
unknown basic parameters of the system operation
processes and to verify the hypotheses concerning
the unknown forms of the distribution functions of
the conditional sojourn times in the particular
operation states on the basis of empirical data
coming from the operation processes of complex
technical systems. The program is based on the
methods and algorithms for the estimating unknown
parameters of the operations process included]in [1
Particularly, the computer program is useful in
determining the probabilities of the initial opeoat
states of the system operation process and the
probabilities of the system operation process
transitions between the operation states. The
computer program allows to estimate the unknown
parameters of the distributions of the conditional
sojourn times of the system operation processeén th
particular operation states distinguished in [S}tees
suitable for these variables uniform, triangular,
double trapezium, quasi-trapezium, exponential,
Weibull, normal and chimney distributions. Nexte th
program allows for testifying the hypotheses about
the fitting empirical distributions with the
distinguished distributions. Moreover, in the casks
the hypotheses acceptance, the computer program
allows to determine the theoretical mean values of
the sojourn times of the system operation process i
the particular operation states. If the hypothesmes
rejected, the program allows to find the empirical
values of the mean values of these variables.

The computer program may be used for unknown
parameters identification of the operation procgsse
of real technical systems, particularly, the operat
processes of port, shipyard and maritime
transportation systems [3]-[4], [6]-[7] . It maysalbe
used to construct the integrated safety and rditiabi
decision support systems for various maritime and
coastal transport sectors. This program togethtr wi
the description may also be included into these
training courses addressed to industry.
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