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ESTIMATION OF THE TIME OF THE VESSEL'S ARRIVAL AT PORT

Purpose. The paper aims at the assessment of the probability of the vessel’s arrival at the port at a specified time
interval considering the different combination of the voyage charter-party (C/P) terms and their wordings.
Methodology. The structure of the vessel's time in port was formed considering the C/P terms and their wordings.
The time intervals for which it is actual to estimate the time of arrival were defined on the basis of the theory of
transport processes and systems. The normal distribution law was used to estimate the probability of a vessel's arrival
at a port at a specified time interval. Findings. The probability of the vessels arrival at the port of loading in the C/P
in question was searched in three most actual situations: 1) the vessel's opening date is known; 2) the vessel's arrival
to the port of discharging on previous C/P is known and 3) the vessels position on the passage to the port of
discharging in previous voyage is known. For these three situation were estimate the probability of the duration of
the time elements from the opening point and present position points to the port of loading in the C/P in question far
as the C/P terms indicate the beginning and the duration of the laytime. Originality. For the first time the vessel's
time in port was structured considering the C/P terms and their possible wordings, their impact on the time in port
was determined, and the probability of wvessel's arrival at specified time intervals was searched.
Practical value. The obtained results can be used in voyage planning (during fixing the C/P and further voyage
performance) by estimation the duration of the time in port considering the C/P terms and wordings of the beginning
and duration of laytime and time of the vessel's arrival.

Keywords: vessel's voyage; vessel's time in port; voyage charter-party; voyage planning

Introduction

The vessel's time en route largely determines
the duration of the passage between ports of
loading and discharging and both with the voyage
charter-party (C/P) terms on laytime (its beginning
and duration) it does the total voyage time. This
time, in its turn, is a basis for calculation of voyage
expenses and that’s why it influences the
efficiency of the voyage. For the shipowner, who
carries the cargo under the voyage C/P, the issues
of determining the time of the voyage are therefore
of fundamental importance. But the most part of
researches dedicated to the voyage planning
implies the problem of the time en route indicating
the slow steaming as an important factor of the
voyage efficiency [6, 7, 8, 10, 11, 14, 15]. But the

time en route is only the part of the total voyage
time and it is no use of searching it just without the
time in port as far as time en route (probably the
vessel's speed on passage) determines the time of
the vessel's arrival to the port for cargo handling.
On the other hand, the duration of time in port
depends on the appropriate terms of the C/P.

Purpose

The purpose of this study is the assessment of
the probability of the vessel’s arrival at the port at
a specified time interval, considering the C/P terms
and their wordings, which is quite important both
for negotiations before the C/P fixture and for
voyage time planning and ensuring the voyage
efficiency when performing the voyage. In order to
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achieve the purpose the following objectives are to
be realized: definition of the impact of the
appropriate C/P terms and their wordings on the
structure and duration of the vessel’s time in port;
determination the situations, that are of practical
importance for assessing the probability of the
vessel arriving at a port at a specified time interval,
and obtaining the appropriate calculation formulas;
conducting statistical studies confirming the
validity of using the normal distribution law for the
elements of the voyage time in the processes of
estimating the probability of a ship arriving at
a port at a specified time interval.

Methodology

The definition of the impact of the appropriate
C/P terms on the structure and the duration of the
vessel’s time in port was based on the analysis of
the wording of the C/P terms and decomposition of
the time in port depending on the possible
combinations of the wordings of these terms. The
determining of time intervals, for which it is
expedient to determine the probability of the
vessel’s arrival at the ports of cargo handling, was
formed on the main principles of the theory of
transport processes and systems. The estimates of
the probability of a vessel arriving at a port at
a specified time interval were carried out taking
into account the properties of the normal
distribution law for the elements of the voyage
time, the validity of which is confirmed by
statistical studies.

Findings

General issues regarding the C/P terms which
determine the duration of cargo handling and
appropriate vessel's time in port are stipulated in [1,
2, 3,5 7,9 12, 13, 16-18]. These terms are the
loading and discharging rates, terms on Notice of
Readiness (NOR) tendering/accepting, including or
excluding Sundays and Holidays in laytime days,
Sunday time duration as itself. The initial point for
time in port calculations is NOR terms — is how it’s
tendering/accepting stipulated in the C/P. There are
two main variants: 1) NOR can be tendered whether
the vessel in berth or not, whether in free pratique or
not, whether in berth or not (www) or 2) NOR can
be tendered after the port formalities on arrival, i.e.
after the vessel’s berthing. Rather important are

wordings regarding the time of NOR tendering, i.e.
there may be terms in C/P according to which NOR
can be tendered only during office hours. That in
fact will take some time waiting the office hours if
the vessel arrives on day off. Table 1 shows the
structure of the vessel's time in port considering the
different wordings of C/P terms. As one can see, the
C/P terms determining the duration of the elements
of the time in port largely depends on the day of the
week and time of arrival (before noon of after
noon). For instance, when tendering NOR words in
C/P as to be given on getting «free pratique», the
waiting time t,, to tender NOR will be longer if the

vessel arrives before noon (b. n.) on day off (w/e)
compared with the vessel’s arrival early in the
morning on the first working day (w. d.). Similarly,
the time between tendering/accepting of NOR will
be less if the vessel arrives before noon on working
day than if she arrives, for instance, the same day
but closer to noon. If NOR can be tendered on www
terms, the formalities take place during the «grace»
period between tendering of NOR and the beginning
of cargo handling. The impact of the terms that
include/exclude Sundays and holidays as laytime is
obvious. But the moment of the vessel’s arrival is
also important here — the vessel which arrived on
Friday evening, for instance, will spend more time
in port if the C/P fixed on SHEX terms than on
SHinc.

Thus, even under the same C/P terms, which
have a varying impact on the duration of time in
port, actual duration of the time in port varies and
is determined by the time of arrival of the vessel at
the port. The decisive factors are:

1)The arrival of the vessel at the port before
noon (b. n.) or afternoon (a. n.) which for NOR
terms determines the initial point for ty.;

2)The vessels staying in port during Sundays
and holidays which (under SHEXx in the C/P)
determines the tg, .

For estimating with reasonable certainty the
possible structure and duration of time in port, the
carrier must first assess the probability of the
vessel’s arrival at the port for cargo handling on
a particular day or even within the specified time
interval of a particular day. And this, in turn,
depends on the duration of the vessel’s previous
voyage and the duration of the vessel’s passage
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from the last port of call (port of loading) to the
port of loading (discharging).

Thus, the estimation of the vessel’s time in port
is based on a preliminary estimation of the duration

of the previous voyage and the vessel’s passage to
the port of loading/the duration of loading and
passage to the port of discharging.

Table 1
Structure of vessel's time in port considering on combination
of C/P terms and wordings
Combinations of Waiting NOR Formalities Cargo Sundays and Formalities
C/P terms determining time t,, acceptance time t; handling | Holidays toy time t;
the vessel's time in port time tyor (arrival) time tey (departure)
; - tyor incl ty | tyorinc t; ten tsy ts
w.d. : -
W an. _ tyor incl ty | tyorinc t; toy tsy ts
+ SHEX b.n. _ tyor incl t; | tyogrincl t; tey ts,, t
wle : -
an. - tyor incl t; | tyogrincl t; ton ts,, ty
b.n. - tyor incl ty | tyogrincl t; ton - ts
w.d. : -
W an. - tyor incl ty | tyorincl t; ton - ts
SHinc b.n. _ tyorincl ty | tyogincl t; tey - Ly
wle : -
an. - tyorincl ty | tyorincl t; ten - ts
b.n. - thor t; ten t t;
w.d.
free a.n. Ly tnor ty tey tsy Ly
pratique
+ SHEX b.n. Ly tnor Uy ten bk b
wie
a.n. Ly tnor L ten Ly Ly
b.n. - tyor ty tey - t;
w.d.
fr.ee a.n. tW tNOR t f tCH - t f
pratique
+ SHInc b.n. t, thor t tey - Uy
wie
a.n. tW tNOR t f tCH - t f

Mathematically, these temporal characteristics
are continually variable, and it is possible to
estimate the probabilities of one or another range
of their values given 1) knowledge of the type and
parameters of the distribution law of the above-
mentioned durations of voyage time elements;
2) the availability of reliable information on the
present position of the vessel.

A C/P is fixed usually both during the end of
cargo handling and the vessel's opening, and much
earlier. With significant time intervals between the
barging the C/P terms and the planned beginning
of the voyage, the assessing with a sufficient
degree of certainty of the indicated elements of
time is noted to be meaningless (and in this

situation one can only rely on average data). So we
consider three situations, in which it makes
practical sense to assess the probability of
a particular duration of the elements of the vessel’s
time in port (fig. 1):

1) reliable information on the vessel's opening
is known and it is required to estimate the
probability of the vessel’s passage to the port of
loading t, ;

2) reliable information is known about the
arrival of the vessel at the port of discharging in
the previous C/P and it is required to estimate the
probability of the duration of the vessel’s time in
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port of discharging in the previous voyage and the
vessel’s passage to the port of loading t ;

3)reliable information about the position of the
vessel on the passage to the port of discharging in
the previous C/P is known and it is required to
estimate the probability of the duration of the
vessel’s passage to the port of discharging, the
vessel’s time in the port of discharging in the

previous voyage and the vessel’s passage to the
port of loading t .

The identified above practical situations

determine three versions of the problem of
estimating the probability of the vessel arriving at

the port of loading in the time interval (t,,t,) The
assessment takes place at points A, B, C.

J‘I time

/

Fig. 1. Three situations, which are of practical sense to assess
the probability of a duration the voyage time elements

It seems appropriate, the solution to this
problem is associated with the determination of
deterministic and probabilistic components in the
structure oft,,t,, t; and further evaluation of the
probabilities of a certain range of values for the
second component. This approach is taken as the
basis for this study.

To authors opinion, the following formal

descriptions for t,,t/,t. are fair:

vty v

L
tV:=+AtV’ 1

v 1)
where L— the passage length (miles), V — the
average speed of the vessel on passage between
ports, varies between allowable speeds of the
vessel (miles/day).

. L . S .
In this case v is a deterministic value; At, is

a random component of the time intervalt,. The
sense At, — the additional time, which is formed

under the impact of a variety of factors of different
nature (in particular, these issues were considered
in [4]), for example:

1)weather conditions that lead to the need to
reduce the average speed at the transition or
increase the length of the passage (changes in the
route);

2)the need to wait in queue when passing
channels, straits (in particular, the Bosporus).
It should be noted that the expectation of the
passage of the Bosporus by vessels is an important
problem, especially in winter due to weather
conditions.

Authors express t; as follows

Q

DR

=ty +,=

(2)

+Atgy, +%+Atv :

where tg, =Mi+AtCH — the vessel's time in port
DR

of discharging in the previous voyage (days);
Q — cargo discharged (VN); Myz— discharging
rates  (MT/vessel/day); At,,— a random
component of the time in port of discharging in the
previous voyage which occurs, for instance, as
uncertainties in the duration of the formalities
procedure (days).
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t; formalized by authors as

*

* L *
ty=t,+t, = Vi +At,+

Q

*

« L x .
where tV=v+AtV — the time en route to the port

of discharging in the previous voyage (days); L —
voyage distance (miles), At,— a random
component of the time en route (days), takes place
being influenced by factors similar to At,

Thus, the assessment of the probability of the
vessel’s arrival at the port for the three situations
and the time points of the A, B, C assessment

DR

L
+Atey +v+Atv (3
P(t,<t, <t,) 4)
P(t, <t, <t,) (5)
P(t, <t] <t,) (6)

where (t,,t,) - the set time interval.
Considering the presence in the structure of t,,
t/,t7 deterministic and random components

vty

comes to (4)-(6): (4)-(6) are equivalent, respectively, to the
following expressions:
L L
P| t,-= <At, <t,-—= 7
(1 Y, v 2 Vj ( )
P| t,- Q -ismvmtmstz- Q i (8)
Mpr V Mpr V

+L . +U
p(tl- QLM py st < -0 -L_Lj ©

MDR \ DR Vv

In turn the problem of defining (7)-(9) is
reduced to the problem of determining

P(t'<At, <t"), (10)
P(t' <At,+Atg, <t"), (12)
P(t' < At, +Ate, +AL, <t"), (12)

where t' and t” are formed after the transformation
of the constraints in (7)-(9) considering the
deterministic components in the structure of t,,t!

vty
”
.

Thus, to calculate (10)-(12), it is necessary to
know the type and parameters of the distribution
laws of random components in the constraint
structure of the elements of the voyage time.

In studies of the probabilistic nature of the
voyage time and its elements (for instance, [4]) the
authors substantiate the validity of using the
normal distribution law for the mathematical
description of their behavior, in particular, the time
en route and time in port. The authors [4] studied

statistical data on the operation of bulk-carriers of
up to 25000 tons of deadweight in the Black Sea-
Mediterranean region. At the same time, the study
was not connected with the total duration of the
time en route or time in port, but with the study of
their individual components (the time required to
complete the formalities in the ports, the waiting
time for the vessels starting the lay time), which
essentially determine the probabilistic nature of the
consolidated elements of the voyage time.

This conclusion is valid considering the fact
that the speed of the vessel V and the cargo
handling rates M, for example, are not random
values, but are formed as a result of the
«purposefuly actions of the Master and the
stevedoring company, respectively. In this case,
due to, for example, weather conditions, the Master
may be forced to slow steaming for a certain
period of time, which is just a part of the At, or

At, random component of the time en route.
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In particular, as a result of statistical studies of
the time of port formalities (that is, in essence
At!)), the hypothesis about the normal distribution

law of this quantity was confirmed with a
sufficient degree of reliability. Fig. 2 shows the
result of testing the hypothesis of the normal
distribution law of waiting time for the beginning

of the laytime. Also, as a result of studies of the
vessel's time waiting for the beginning of the
counting of the lay time, the validity of using the

normal distribution law for At, was verified
(fig. 3).

“Wariable: port form alities and custom s clearance, D istribution: Nermal
Chi-Square test= 0,67719,df= 1 (adjusted}, p = 0,41058
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Fig. 2. The results of testing the hypothesis of the normal distribution law
of waiting time for the beginning of the counting of the laytime
Wariable: waiting for the beginning of the lay time, Distribution: Normal
Chi-Square test = 0,82288, df = 2 {adjusted) , p =0,73230
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Fig. 3. The results of testing the hypothesis of the normal distribution law for At:
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According to the obtained results, the p-value
significantly exceeds 0.05 (usually the accepted
level for testing hypotheses), therefore, the
analyzed data do not contradict the normal

distribution law. The following quantile-quantile
graphs (Fig. 4) also provide visual confirmation
that the data under consideration do not contradict
the normal distribution law.

Quantile-Quantile Plot of port formalities and customs clearance

Distribution: Normal

port formalities and customs clearance = 8,3667+1,6459*x

0,01

0,05 0,10 0,25

0,50 0,75 0,90 0,95 0,99

Observed Value

-2,5 2,0 -1,5 -1,0 -0,5 0,0 0,5 1,0 1,5 2,0 2,5
Theoretical Quantile
Quantile-Quantile Plot of waiting for the beginning of the lay time
Distribution: Normal
waiting for the beginning of the lay time = 6,1+1,6575*x
0,01 0,05 0,10 0,25 0,50 0,75 0,90 0,95 0,99
10 — . T T T . . T

9

8
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>
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2
[}
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2 M M M M " M M M M

-2,5 -2,0 -1,5 -1,0 -0,5 0,0 0,5 1,0 1,5 2,0 2,5

Theoretical Quantile

Fig. 4. Quantile-quantile graphs for normal distribution law and searched statistical sample

The homogeneity of the initial information is
noted to be important for the «purity» of statistical
studies. Therefore, to obtain reliable information
on the distribution law parameters, it is necessary

to systemize the source data (for example, by
navigation regions, by season of work (summer,
winter, autumn-spring), by countries of ports of
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call) since in fact the behavior At,, At,, At, is
differentiated depending on the above factors.
Thus, the legitimacy of using the properties of
the normal distribution law for the numerical
estimate (10)-(12) is substantiated. Knowing the

parameters of the laws of the distribution of
random variables At, , At,, , At, :

(M 0, ) (13)

(Mag, Oy ). (14)

(15)

(M «,0 *j,
Atv Atv

M Aty

v

mathematical

where va , M

Aoy

expectations, standard

c c G .-
Aty Moy AC

\

deviations of the random value At,, Ate,, At,

considering their independence and the properties
of the composition of normal values authors obtain
equivalent to (10)-(12) expressions (16)-(18)

t"-M,, t-M,,
P(t'<At, <t")=0 L -0 v, (16)

O, O,

t"-(l\/lA M, ) t'-(MA M, )
P(L'< At +Atgy <t7)=0| — G || v L, (17)
\lomv Oy \jcmv Oy
( ) t”_(MA‘v +MA‘CH M, j tl_(MA‘v +MA‘CH M, j
P(t' <tg, +At, <t")=D vz - Y
2 | 2 2 2 | 2 2 : (18)
\/ O, Oy +6At: \/ O, "Ourgy, +6At:

2

where ®(x)= 24t is a Laplas function.

1 7-
—— e
2y,

If estimated at time points A, B, or C (Fig. 1)
the probability of a vessel arriving at a port at a
specified time interval is less than a specified value

0<p” <1, that is, it does not hold, respectively

P(t'<t,<t")>p or (19)
P(t'<tg, <t")=p’ or (20)
P(t'<t, +g, +t, <t")2p’ (21)

SO next, the time in port of loading under the C/P in
question should be estimated, taking into account
arrivals after the set time interval, and this
becomes the basis for the ship-owner to insist on
certain C/P terms regarding the time in port or
freight rate in order to ensure the required level of
the voyage efficiency.

As noted above, the time of arrival of the vessel
at the port of loading under the C/P in question
affects the structure and duration of the vessels
time in port, which naturally has a further effect on
the time of arrival of the vessel at the port of
discharging, which in turn affects the structure and
duration of the time in the port of discharging
(Fig. 5).

Thus, after conclusions on the basis of (19)-
(21) on the time of arrival of the vessel at the port
of loading, conclusions can be made regarding the
vessel’s time in port under loading t, , as well as
the probability of the vessel’s arrival at the port of
discharging at different time intervals (Fig. 5),
which also provides information on the probability
of the time under discharging t,, considering the

time of the vessel’s passage t' .

The basis of these conclusions is the reasoning
and formulas similar to those presented above,
regarding the time of arrival of the vessel at the

port of loading. Similarly, in the structure, t, ,tj\',
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ty, random components can be distinguished and,

using the information on the parameters of their
distribution laws, for a given probability, the
calculated values of the elements of the voyage
time for the C/P in question are obtained. In
particular, in [4], an approach to estimating a
possible increase in time en route and time in port
using the VAR method is presented and one can

components in the structure t, ,t),t, and get their
total values.
So it becomes possible to estimate the duration

of the voyage under the C/P in question:
tey =t ' +p (22)

that in turn becomes the basis for evaluating the
time-charter equivalent, as an indicator of the

take into account the influence of random o
efficiency of a voyage.
R T R >l
—e . L @ L >
F—é )'l I Pn_,_l )
S (@) (1) (45)

Pt <t, <t)7)

Fig. 5. The impact of the time of arrival of the vessel at the port of loading
at the time of arrival at the port of discharging in terms of «probabilities»

At the same time, this assessment will largely
correspond to the practice of the shipping business,
since in (18) the elements of the vessel's time in
port consider the specific structure and duration
depending on a) the C/P terms and their wordings;
b) the probability estimations of the vessel’s arrival
at the port of loading.

Originality and practical value

The authors have formed the structure of the
vessel’s time in port, based on the terms of the C/P
and their possible wordings, and established their
influence on the duration of the vessel’s time in the
ports under cargo handling. The estimation of the
probability of the vessel’s arrival at the ports of
loading and discharging at certain time intervals
has been completed considering the laytime terms
stipulated in the C/P, based on the current position

of the vessel. The obtained results can be used in
the practice of shipping companies in order to plan
the work of vessels on the carriage of goods, as
well as to ensure the effectiveness of the voyage
both at the negotiation on fixing and during the
voyage on the already fixed C/P.

Conclusions

To ensure the effective organization and
operation of the fleet for the carriage of goods, it is
important to estimate the time required to carry out
voyages. The results presented in this paper allow
us to solve tasks related to the operation of a vessel
on the terms of the voyage C/P, according to the
estimation of duration of the vessels time in port
under cargo handling, based on the terms and
wordings in the C/P.
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OIIHKA YACY IIPUBYTTA CYJHA B IIOPT

Mera. Crartst npucBsiYeHa OLIHII BIPOTAHOCTI NpUOYTTA CyZHAa B HOPT Yy IEBHI YacoBl IHTEpBaH
3 ypaxyBaHHSIM pi3HHX KOMOiHamiii ymoB peficoBoi uyaprep-maptii (Y/II) Ta 11X QOpMyIOBaHb.
Metoauka. ChopMOBaHO CTPYKTYpPY CTOSIHKOBOTO Hacy CyJHa B MOpPTY 3a pe3ynbraramu anaiizy ymoB Y/II ta ix
¢dopmyntoBanb. YacoBi iHTepBany, sIKi MOBHHHI aKTyaJbHO OLIHIOBATH Yac HPUOYTTS CyaHa, Oynu BHU3HA4YEHI Ha
IZCTaBl MMOJIOKEHb TEOpPii TPAHCIIOPTHHUX IMPOIECiB i cucTeM. [ OLIHKK BipOTiZHOCTI MPUOYTTS CyOHA B IOPT
y TI€BHI 9acOBi iHTEPBaJIN BUKOPHCTAaHO HOPMAaJIbHUH 3aKOH po3noairy. Pe3yabTaTu. BiporimHicts mpuOyTTs cyaHa
B mopT 3a posrmsHyroro Y/II nocmimkeHa Ui TPhOX HAWOUTBIN aKTyalnbHHX CHTyamid: 1) Bigomoro
€ Jara «BIOKPHUTTS» CyOHA; 2) BIIOMHM € Yac IpHUOYTTS CyZHA B HOPT PO3BaHTaKEHHS 3a momnepexnboro Y/IT,
3) BiZIOMOIO € TIO3WIIIA CyJHA HA TEPEXOii 3 TOPTY PO3BAHTaKCHHs 3a MOMEPEIHIM daprepoM. s IMX TPHOX
cUTYyarlii Oyso OLiHEeHO BipOTiAHICTh TPUBAIOCTI €IEMEHTIB Yacy BiJ JaTH «BIAKPUTTS» U IMOTOYHOI MO3UIII CyIHA
JI0 TIOPTY 3aBaHTaxeHHs 3a po3risiHyToto U/I1, ockinbku ymoBu U/I1 BH3HAuaroTh MOYATOK 1 TPUBAIICTH CTAIii.
HaykoBa HOBHM3Ha. Ymeple CTOSHKOBHH Yac CTPYKTYpOBaHO 3 ypaxyBaHHAM ymoB Y/II Ta X MOXIMBHX
(opMyJIIOBaHb, YCTAHOBIICHO iX BIUIMB Ha CTOSHKOBHM 4Yac 1 JIOCII/PKEHO BIPOTiJHICTH HMPUOYTTS CyAHA B IIEBHI
yacoBi inTepBanu. IlpakTuyna 3HauumicTb. OTpUMaHi pe3ysibTaTd MOXKHa BHUKOPHCTATH TiJl Yac IUIAHyBaHHS
peiicy (mig yac nepeMoBHH 11070 ykiaganHs Y/I1 i momanpIoro BUKOHAHHS peiicy) 3a paXyHOK OLIIHKH TPHUBAJIOCTI
CTOSHKOBOTO Hacy, 3 ypaxyBaHHSAM yMOB Ta ¢opmyiroBanb Y/I1 mono mouarky W TpuBanocTi craiii W uacy
mpuOYTTS CyIHA.

Knrouosi crosa: pelic cyiHa; CTOSHKOBHH 4Yac; peiicoBa yapTep-napTis; IUIaHyBaHHS percy
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OLEHKA BPEMEHU INPUBBITUA CY/ITHA B ITIOPT

Henb. CtaThs MOCBAIIEHA OIICHKE BEPOSTHOCTH NPHOBITHA CyAHA B TNOPT B ONpEAEICHHBIE BPEMEHHBIC
HHTEPBAIIBI C Y4ETOM pa3IHYHBIX KOMOMHAIMM yClloBHii peiicoBoii uaprep-naprtud (U/I1) u ux ¢GopMyIHpOBOK.
Mertoanka. ChopMupoBaHa CTPYKTypa CTOSTHOYHOTO BPEMEHH CyIHA B TIOPTY MO pe3yibTaTaM aHaIH3a YCIOBHUIM
YWII u ux popmynupoBok. BpeMeHHBIE WHTEpPBAIBI, KOTOPHIE JOJDKHBI aKTyalbHO OLCHHBATH BPEMs IMPHOBITHSL
cymHa, OBLIH YCTaHOBIICHBI HAa OCHOBAaHHH ITOJIOKCHHUN TEOPHH TPAHCIIOPTHBIX IPOIECCOB W CUCTEM. [ OIeHKH
BEPOSATHOCTH NPUOBITHS CyJHA B TIOPT B OIpE/ciCHHbIC BPEMEHHBIC HHTEPBAJBI HCIIOIB30BaH HOPMAJBHBIN 3aKOH
pacupeneneHus. Pe3yabrarhl. BeposTHOCTE MPHUOBITHS CyIHA B TIOPT MOTPY3KH MO paccMarpuaeMoit Y/I1 u3ydena
JUTSL TpeX Hamboliee aKTyalbHBIX CHTyaldid: 1) M3BECTHA JaTa «OTKPBITHSI» CY/AHA; 2) M3BECTHO BPEMsl MPHOBITHS
Cy[IHa B TIOPT BBITPY3KHU 10 mpeasiaymemy Y/I1; 3) u3BecTHa Mo3UIMS CyIHA Ha MEpeXoje U3 MopTa BHITPY3KH IO
mpesaymeMy daprepy. s 3THX Tpex CHUTyaluil Obula OIleHEHA BEPOATHOCTH MPOJOJDKHTEIBHOCTH 3JIEMEHTOB
BPEMEHHU OT AAThl «OTKPBITUS» M TEKYILEH MO3UIIMU JI0 TOpTa MOTpy3KHu 1o paccMarpuaeMoi Y/II, T. k. ycnoBus
Y/II ompenenstoT Havalo U MPOJODKUTENBHOCTh cranuu. HayuyHast HoBM3Ha. BriepBele CTOSHOUHOE Bpems
CTPYKTYpHpPOBaHO ¢ y4eroM ycioBuii Y/Il m MX BO3MOXKHBIX ()OPMYJIMPOBOK, YCTAHOBJICHO HX BIIMSIHAE Ha
CTOSIHOYHOE BpeMsi M HCCIEIOBaHAa BEPOATHOCTh MPHUOBITHS CYIOHA B OIpPEICIICHHBIC BPEMEHHBIC WHTEPBAIIBL.
[pakTuyeckasi 3HAYNMOCTb. [loTydeHHBIE Pe3ylbTaThl MOTYT OBITH WCHOJB30BAaHBI B IUIAHUPOBAHWUHU pelica
(B mpouecce mneperoBopoB 1o 3akirodeHnto Y/I1 um mocnenyromiero BBIOJHEHHS peiica) 3a CUET OLECHKH
NIPOJIOJDKUTENFHOCTH  CTOSSHOYHOTO  BpEMEHHM, ¢ YydeToM ycioBud W ¢opmyiupoBok Y/ mo Havamy
Y TIPOJIOJDKUTEIFHOCTH CTAIMU ¥ BPEMEHH NMPUOBITHS CYIHA.

Kntouegule crosa: peiic cyqHa; CTOSHOYHOE BpeMs, peiicoBas yapTep-napTus; IIIaHUPOBaHHE pelica
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