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Abstract. The application of interval estimation of deviation of work duration under the time
management of projects of design vessels documentation development has been studied. The
aim of the study is to determine the possibilities to apply the interval estimation of deviation
of work duration on the basis of normalizing transformations. This will reduce the probability
of exceeding the time and budget of projects of design vessels documentation development.
The Johnson’s normalizing transformations and rules of interval arithmetic are applied to
determine the deviation of work duration in projects of design vessels documentation de-
velopment. Three types of interval deviation of work duration in projects of design vessels
documentation development are determined.

The example of usage of interval estimates of deviation of work duration is given on the basis
of Johnson’s normalizing transformations in projects of design vessels documentation devel-
opment. The research results can be used under the time management of projects of design
vessels documentation development. This improves the reliability of estimation of work dura-
tion deviation and helps to make the informed decisions to change the schedule of projects of
design vessels documentation development.

Keywords: project time management, project of design vessel documentation development,
Johnson’s normalizing transformation, interval arithmetic.

AnHoranus. [Tokazana BO3MOKHOCTh NMPUMEHEHHs] HHTEPBAJILHOTO OLIEHUBAHUSI OTKJIOHE-
HUH POAODKUTEIBHOCTH PadOT Ha OCHOBE HOPMAIIU3YIOLIEro Npeodpa3oBaHus [KOHCOHA
1 MHTEPBAJILHOM apr(METHKH /Il yIIPaBJICHHUS BPEMEHEM B IPOEKTAX pa3paboTKN KOHCTPYK-
TOPCKOW JOKyMEHTAIMHU CY/IOB, YTO MO3BOJIMT ITOBBICUTH JIOCTOBEPHOCTh OLIEHUBAHMSI OTKJIIO-
HEHUH MPOJIOIDKUTEIILHOCTH PaOOT ¥ yMEHBIIUTH PUCKHU TPEBBIMICHUS] CPOKOB ITPOCKTOB.
KuaioueBble ciioBa: ynpasieHne BpeMEHEM MTPOEKTA, IPOEKT pa3pabOTKH KOHCTPYKTOPCKOH
JOKYMEHTAllMd CyAHA, HOpMaju3ylollee mpeoOpasoBanue J[KOHCOHA, WHTEpBalbHAs
apudmeTka.

Anortanis. IlokazaHo MOXJIMBICTh 3aCTOCYBaHHS IHTEPBAJIBHOTO OIIHIOBAHHS BiJIXHJICHB
TPHUBAIOCTI POOIT Ha OCHOBI HOPMATI3yHOYOro MepeTBOpeHHs J[PKOHCOHA Ta IHTEPBAIBHOL
apuQMETHKH ISl YIPaBIiHHS YaCOM Y MPOEKTaX PO3POOKH KOHCTPYKTOPCHKOI TIOKYMEHTAIIT
CYJICH, 110 JIO3BOJISIE MiJABUILUTH JOCTOBIPHICTh OIIHIOBAHHS BIAXHMJICHb TPHBAJIOCTI POOIT Ta
3MEHIIUTH PU3UKH 00 MEPEBUILICHHSI CTPOKIB IPOEKTIB.

KoarouoBi csioBa: ympaBiiHHS YacoM IPOEKTY, IPOEKT PO3POOKH KOHCTPYKTOPCHKOT
JIOKyMEHTaIli1 Cy/lHa, HopMaJli3yloue repeTBopeHHs J)koHCOHa, iHTepBalibHa apU(METHKA.
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Problem statement. Vessel design engineering (DE)
projects are always limited in time. While such projects
carrying out there are cases of exceeding the planned du-
ration of the works, which require changes to the project
schedule. Typically, these changes lead to overtime rise
or attract additional personnel and, therefore, increase the
time and cost of the project. Timely detection of the work
duration exceeding in the time management of vessel DE
project by estimating the work duration deviations would
reduce the number of changes in project schedules, which
in turn would reduce the risk of exceeding their timing
and cost.

Increasing the estimations reliability of work dura-
tion deviations in time management of vessel DE proj-
ects, as well as evaluation of these deviations impact on
the project duration is an urgent problem that must be
solved by the project managers.

Analysis of the recent research and publications.
The method PERT (Project Evaluation and Review Tech-
nique) is used as well as Earned Value Technique while
time management of the vessels DE projects [1, 4, 10, 11].

The disadvantages of the PERT method are as fol-
lows: the use of the averages for the evaluation and work
duration dispersion of the 3 distribution, which does not

IMocTanoBka npodaeMsl. [IpoekTs! pa3paboTku KOH-
crpykropckoit nokymernrarmu (KJ[) cymoB Bcerma orpa-
HUYCHBI 110 BPCMCHMU. B TMPOINCCCE BBIMNOJIHECHUSA TaKUX
MIPOEKTOB HAOIIOMAIOTCS CITyYau MPEBBIIICHHUS TIAHOBOI
MIPOJIOJDKUTEIIFHOCTH PadOT, KOTOphIe TpeOyrOT BHEcCe-
HUSl U3MEHEHUI B pacnucaHue npoekra. Kak mpasuiio,
M0100HBIE U3MEHEHUSI IPUBOAAT K YBEIMUCHUIO 00beMa
CBEPXYPOYHBIX pa60T WA K IIPUBJICYCHUIO JOITOJTHUTEIIb-
HOTO TIEPCOHAJIA F, COOTBETCTBECHHO, YBEIIMUMBAIOT BPEMsI
U CTOUMOCTH ITPOCKTA. CBO@BpeMeHHOC BbISIBJICHUC TCH-
JCHITMIA TIPEBBIICHHS TPONODKUTEIBHOCTH PadoOT TpH
yIpaBlIeHUH BpEeMEHEM NPOeKToB pa3padorku K] cymos
IyTEeM OIICHMUBAHUS OTKJIOHEHHH IPONOIKUTEIEHOCTH
padoT MO3BOINIIO OBl YMEHBIINTH KOJIMYECTBO H3MEHEHNH
pacrucaHus IPOEKTOB, YTO, B CBOIO OY€PEb, CHI3HIO OB
PHUCKH IPEBBIILIEHNS UX CPOKOB U CTOUMOCTH.

IloBbllIeHHE JTOCTOBEPHOCTH OIIEHOK OTKJIOHEHUH
MIPOIOIDKATEIEHOCTH pabOT MPH yIIPaBICHIHA BPeMEHEM
B mpoekTax paszpadorku KJ[ cymos, a Takxke oueHHBa-
HUE BIUSHASA 3TUX OTKIOHEHUH Ha BPEMs BBITIOTHEHUS
IIPOEKTa SIBJISETCS aKTyaldbHOH 3a/1aueil, KOTOpylo Ipu-
XOIUTCS PelIaTh MEHEIKepaM IPOEKTOB.

AHaJIN3 MOCJEeIHUX MCCIeJ0OBAHMI M myOauka-
umii. [Ipu ynpaBieHnn BpeMeHeM [TPOeKTOB pa3padoTKH
KJI cymoB Hapsmy ¢ metonom PERT (Project Evaluation
and Review Technique) npUMEHSICTCS MemoO 0C80EHHO-
20 oovema (Earned Value Technique) [1, 4, 10, 11].
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always correspond to the real data [3, 9], as well as the
use of point estimates of the average and work duration
dispersion, which are known to be less reliable than the
interval estimates [5].

The disadvantages of earned value method can in-
clude the use of rough estimates of the work to meet dead-
lines with a low reliability [1, 6]. In the method control
parameters there is no information on the effect of work
duration deviations on the critical path of the project. De-
viations from the planned work duration show a change
in the flow of funds, but not in time. While parameters
converting, which reflect the current state of the project
in terms of cost, within the parameters expressed in units
of time, it is practically impossible to obtain information
on the coincidence, advancing or lagging of the current
schedule comparing to the planned work schedules.

The a method of comparing the planned network
project schedule with the actual network schedule is more
reliable method of control and time management of the
projects, comparing to the method of PERT and earned
value method [1, 3, 4]. This results in estimates of the
work duration deviation in the form of point estimates
with a sign. Negative values of the work duration devia-
tions indicate the advancing of the project schedule, and
positive values — lagging behind the project schedule.
Such estimates can be used for projects with determined
duration of works.

The essential difference between the vessel DE de-
velopment projects is the presence of random values of
the work duration with non-Gaussian distribution law
[9]. This creates difficulties in finding interval estimates
as well as of the work duration and work duration devia-
tions.

Currently, methods of the confidence intervals de-
termination are well designed for random variables with
normal distribution. For non-Gaussian random variables
determining the confidence interval is known or for indi-
vidual distributions, in particular Poisson [2] or Johnson
[7, 8].

In the case of an unknown law of the random vari-
able, which is the case in vessel DE projects, we can de-
termine the confidence limits by means of nonparametric
methods or by normalization of the random variable with
the help of normalizing transformations, such as John-
son, the Box—Cox (Box—Cox) [8].

Therefore, interval estimates of the work duration
deviation in vessel DE projects can be obtained using
interval estimates the work duration, determined by ap-
plying normalizing transformations [12].

WORK OBJECTIVE — show the possibility of
using interval estimation of the work duration deviations
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Henocrarkamu metona PERT sBnsrorcss mcmnosb3o-
BaHHUE JJISl OLIEHKU CPEIHEro U JUCIEPCUU MPOJOIKU-
TEJILHOCTH PabOTHl P-pacripenerieHus, 4To He Bcerna
COOTBETCTBYET peasIbHbIM JaHHBIM [3, 9], a Taxxke npu-
MEHEHHE TOYEUHBIX OLEHOK CPEIHEro U JUCIIEPCUH MTPO-
JOJDKUTEITBHOCTH PaboT, KOTOpBIE, KaK U3BECTHO, MEHEE
JIOCTOBEPHBI, YeM UHTEPBAJIbHBIE OLIEHKH [5].

K Hemocrarkam MeTos1a 0CBOCHHOTO 00beMa MOYKHO
OTHECTH HCIIOJIb30BaHHE TPYOBIX OIEHOK COOIFOACHHUS
CPOKOB padOT ¢ HU3KOM TOCTOBEpHOCTHIO [1, 6]. B koH-
TPOJIBHBIX TMapaMeTpax MeToja OTCYyTCTByeT MH(opma-
LI O BIMSIHUM OTKJIOHEHHUH MPOAOIDKUTEIBHOCTH PadoT
Ha KpUTHUYECKUH MyTh npoekTa. OTKIOHEHUs OT 3aruia-
HUPOBAHHOW TMPOJIOKUTENBEHOCTH PaboT IOKa3bIBAIOT
W3MEHEHHS B JIBM)KCHUU (DMHAHCOBBIX MOTOKOB, @ HE BO
Bpemenu. [Ipu npeoOpazoBaHuK MapameTpoB, OTpaxaro-
LIUX TEKyIlee COCTOSHUE MPOEKTa B CTOMMOCTHBIX €U~
HUIIaX, B MapaMeTphl, BEIPAXKEHHBIC B €IMHUIIAX BpeMe-
HU, NPAKTHYECKH HEBO3MOXHO ITOJYYUTh UH()OPMAIHIO
0 COBIIQICHUH, ONIEPEKEHUH W OTCTaBaHUH PEaIbHOTO
pacriucanusi padoT OT IJIAHOBOTO PACIIMCAHUSI.

Bonee nocToBepHBIM METOAOM KOHTPOJS U yHpaB-
JICHUsI BpEMEHEM MPOEKTOB, 110 CPAaBHEHUIO C METOJIOM
PERT u MeTOIOM OCBOEHHOTO 00BEMA, SBISETCS Me-
TOJI CpaBHEHHMS IIAHOBOTO CETEBOTrO rpaduka mpoekra
¢ aktuueckuM ceTeBbIM rpadukom [1, 3, 4]. B pesyinb-
TaTe MOIY4aroTCs OLEHKU OTKJIOHEHUH NMPOAOIKUTENb-
HOCTH padoT B BU/IE TOYEUHBIX OIIEHOK cO 3HaKoM. OTpu-
LaTeIbHbIE 3HAYEHUS! OTKIOHEHUH MPOJOIKUTEIBHOCTH
paboT yKa3bIBaIOT Ha ONEPEKEHNE PACTIMCAHNS ITPOCKTa,
a TIOJIOXKUTENNbHbBIC 3HAUCHHUs] — Ha OTCTaBaHUE OT pac-
nucaHusg NpoekTa. Takue OIEHKM MOXHO INPHUMEHSTh
JUIS TIPOEKTOB C JETEPMUHHPOBAHHON MPOIOKUTEINb-
HOCTBIO PadoT.

CylleCTBEHHBIM OTIIMYMEM IPOEKTOB pa3paboT-
xu KJI cynoB aBnsieTcd Hanu4ue ClydaiiHbIX 3HAYEHUIT
TIPOJIOJDKUTENILHOCTH PadOT C HErayCCOBCKUM 3aKOHOM
pacnpenenenus [9]. DTo co3naeT TPYAHOCTH MTPH HAXOXK-
JICHUU UHTEPBAJIBHBIX OIICHOK KaK MPOJOKUTEIBHOCTH
paboT, TaK ¥ OTKIIOHEHHH MPOIOIDKUTEIBHOCTH PadoT.

B nHacrosiiee BpeMsi METO/bI ONpEeNIeHHs! JOBEpU-
TEJIbHBIX HHTEPBAJIOB XOPOIIIO pa3paboTaHbl s CITydai-
HBIX BEJIMYUH C HOPMAJIBHBIM 3aKOHOM PaCHpeAeTIeHHUS.
JUis HerayCcCOBCKHX CIy4YalHBIX BEJIMUUH ONpe/ieleHue
JIOBEPUTEIIBHOTO MHTEPBaJIa N3BECTHO JINOO ISl OT/IEIb-
HBIX PacHpeAeIeHUH, B 4aCTHOCTU ITyaCCOHOBCKOTO [2],
6o JIxoncona [7, 8].

B ciryuae HeM3BeCTHOTrO 3aKOHA pPacIpeIeICHUS CITy-
YyaifHOM BETUYMHBI, YTO UMEET MECTO B MPOEKTaxX pas-
pabotku K/ cynoB, MOJKHO ONIPEETUTh JJOBEPUTEIbHBIC
HMHTEpBaJIbl HEIapaMeTPUIECKUMH METOIaMH HITH ITyTeM
HOpMAaJIU3aIi1 CTy4aliHONW BEJTMYMHBI C IIOMOIIBIO HOP-
MaJIM3YIOIINX TpeoOpa3oBanuii, Hanpumep JKoHCOHa,
Bokca—Kokca (Box—Cox) [8].

CrnenoBaTenbHO, MHTEPBAJIBHBIC OLIEHKU OTKJIOHE-
HUH TPOJIOJDKUTENILHOCTH PadoT B IPOEKTaX pa3padOTKH
KJI cynHa MOXXKHO HONY4YUTh, UCTIOJIB3YsS MHTEPBAJIBHBIC
OLICHKH MPOJOJDKUTEILHOCTH paboT, onperiesieHHbIEe Ha
OCHOBE TNPHMEHEHUS] HOPMAIM3YIOUIMX MpeoOpa3oBa-
Huit [12].
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on the basis of normalizing transformations for time
management of the vessel DE projects. This will increase
the reliability of the estimates and reduce the likelihood
of exceeding the time and cost of projects.

Basic material statement. The process of the time
management of the vessel DE project can be represented
as a diagram of feedback control (see Fig. 1), where the
DM — the decision-maker. Often the project manager
acts as the decision-maker.

The monitoring of deviations of actual work dura-
tion is carried out while the project execution. Using the
recommendations in the form of interval estimates of the
work duration deviations, the decision maker decides to
change the project schedule in order to reduce the risks
associated with exceeding the project period.

The planned schedule of the vessel DE project rep-
resented as a network diagram (network model "work
sites"), is a reference schedule for the control deviation
of the actual work duration. The reasons for these devia-
tions may be as follows: a time delay while the source
data transmitting in order to adjust the 3D-model of the
ship and working drawings release; unplanned changes
in the parameters of units, assemblies or vessel compo-
nents; insufficient level of scientific expertise in esti-
mating the work duration and preparation of the project
schedule network and others.

The list of causes of the work duration deviations in
the vessel DE projects is constantly expanding. The set
of causes varies from project to project and, as a rule, the

Control action

N°2 (2) 2014

HEJIb PABOTBI — mnoka3ars BO3MOXKHOCTb IpU-
MEHEHHs MHTEPBAJIbHOTO OLIEHUBAHUS OTKJIOHEHUH Mpo-
JOJDKUTEIIBHOCTH paboT Ha OCHOBE HOPMATIHM3YIOIMIUX
IpeoOpa3oBaHMi JUIs YIIPaBICHHUS BPEMEHEM ITPOCKTOB
pa3pabotku K/l cy0B. TO MO3BOJIMT MOBBICUTH JJOCTO-
BEPHOCTH OLIEHOK U YMEHBIINTh BEPOATHOCTH MTPEBLIIIIE-
HUS BPEMEHU U CTOUMOCTHU IPOEKTOB.

H3noxenue ocHoBHOro Marepmuana. Ilpormecc
yIpaBJeHUsl BpeMeHeM IpoekTa paspadotku K/l cynHa
MOYKHO TIPEJCTaBUTh B BHJIEC CXEMBI YIIPaBJICHHS C 00-
parHoii cBsizbio (puc. 1), rae JIITP — nuio, npuaUMaro-
mee pewenue. Yawe Beero B posu JIIIP BeIcTynaer me-
He/IKep MPOEeKTa.

B mporiecce BbINOIHEHNS TPOEKTa MPOBOJUTCS KOH-
TPOJIb OTKJIOHEHUH (haKTHUECKOH MPOAOIDKUTEIBHOCTH
pabot. Mcrosnb3ys peKoMeHIaliu B BUJIE HHTEPBAJIbHBIX
OIICHOK OTKJIOHEHUWH MpojoinKuTeNbHOCTH padot, JITTP
MIPUHUMAET pelieHue 00 M3MEHEHUH pacIUCaHUsl Ipo-
€KTa C LIeNbI0 YMEHBIICHUS PUCKOB, CBSI3aHHBIX C Mpe-
BBIIIICHHEM CPOKOB IPOEKTA.

[TnanoBoe pacmmcanue mpoekTa pazpadotku K/
CyllHa, TIpEeJICTaBICHHOE B BUJIE CETEBOro rpaduka (ce-
TEBOW MOJIENN «pabOThI B y3J1aX» ), SIBISIETCS TAJIOHHBIM
pacrcanieM Ui KOHTPOJISt OTKJIOHEHUH (haKTH4ecKoi
MIPOJOIDKUTENLHOCTH paboT. [IpnunHaMu STUX OTKIIOHE-
HUH MOTYT OBITh: 3aJIEPXKKH 110 BPEMEHU IPU Iiepeade
HCXOAHBIX JAHHBIX JUIsI KOPPEKTHUPOBKHU 3D-Mozaemnu cy-
Ha M BBIITyCKa pabo4MX yepTexeil; He3allaHupOBaHHbIC
HM3MEHEHHUs TTapaMeTPOB Y3JI0B, arperatoB MM 3JIeMEH-
TOB CyJHA; HEAOCTaTOYHBIM YPOBEHb KOMIIETEHTHOCTU
9KCIIEPTOB NP OLIEHUBAHUHU MPOJOJIKUTEILHOCTH PadoOT
1 COCTaBJICHHH CETEBOI0 rpaduka MpoexTa u ap.

[lepeueHb MPUYMH OTKJIIOHEHUH MPOJOIKUTEIHHO-
cTH padort B npoekTax paspabdorku K/ cynoB mocTosiHHO

Control object

for decision-makers
(interval estimation)

Targets Project
Development .. The decision Schedule of the project
. . Decision- . o . . o
Schedule engineering to change the project design documentation >
. maker
documentation schedule development vessel
of Ship
A
Develop
recommendations | Monitoring, analysis,

detection of deviations

Fig. 1. Scheme of the Time Management of the Vessel DE Project:

Puc. 1. Cxema ympasieHus BpeMeHeM IpoekTa pa3padorku K/ cyana:

Targets Project Development Schedule engineering documentation of Ship — T1aHOBOe pacrnucaHHe NMPOEKTa pa3paboTKH
KOHCTPYKTOPCKOW JIOKyMEHTALUH CyaHa; decision-maker — nuno, npunnmatoinee pemenue (JIIIP); the decision to change the
project schedule — nipuHsTHE pelieHus 00 N3MEHEHUH pacHHcaHus IpoexTa; schedule of the project design documentation de-
velopment vessel — pacrucaHne NpOeKTa pa3paboTKNU KOHCTPYKTOPCKOW JOKyMeHTauuu cynHa; develop recommendations for
decision-makers (interval estimation) — pa3pabotka pexomenaauuii aist JITIP (uutepBaibHOe oLleHUBaHKe); monitoring, analysis,
detection of deviations — KOHTPOJIb, aHAJIU3, BBISABICHUE OTKJIOHCHMIA; control action — ylpasJsouiee BO3JICHCTBUE; control

object — 0OBEKT yIpaBICHUSI
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causes don’t repeat. This greatly complicates the classi-
fication of causes of the work duration deviations, to ob-
tain reliable estimates of their prediction and the actual
timing of the project.

One way to solve these problems is to use confi-
dence intervals estimates of the average duration of work
derived from normalizing transformations, rather than
point estimates derived from  distribution according to
the method PERT. It was shown in the work [9] that for
the vessel DE projects it is preferably to use the Johnson
normalizing transformation.

In the general case Johnson transformation is as fol-
lows

z=y+nqx, 9,1),n>0, -0 <y<oo,
A>0,—00<@<oo,
where ¢ — arbitrary function; y, n, ¢ and A — transfor-
mation parameters; z — normed random variable, dis-
tributed according to the normal law. Three classes of
functions ¢ are applied for Johnson transformation:

a,(x;0,1) = ln(

. _ X—9
qz(xa(p’l)_ln(k+¢_x

X —

(P), x> ¢ (class S));
j,(p<x>(p+7»(class S);

q; (x; o, ?\,) = Arsh(%@j, —o0 <x < oo (class S,).

Selection of the Johnson class of transformation for
the experimental data is performed in two stages.

1. According to the values of the squared skew-
ness and measure of kurtosis the appropriate Johnson
transformation class is chosen. The domain of the John-
son class distribution in the plane (42, E; 4 — sample
skewness, E — sample kurtosis) is given in [5].

2. The parameters’ estimates of the selected Johnson
class transformation are defined [9].

During the project planning (based on normalizing
transformations) the confidence intervals of the average
work duration in previous projects are determined. In
this case, each network model unit can be described as
a tuple

W= (w1, (1)

where w, — code of the i work; [ti’Z] — interval esti-
mate of the planned i work duration, got on the basis of
Johnson normalizing transformations. While monitoring
the actual work duration (tﬁ) and interval estimation of
the actual i work duration deviations [Azl_,A_zi], got by

means of the interval arithmetic rules, is determined

o -,
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pacimpsiercsi, @ Habop MPUYMH U3MEHSIETCS OT MPOEKTa
K TIPOEKTY U, KaK IIPaBUIIO, HE MOBTOPsiETCA. DTO CHJIb-
HO YCIIOXKHSET KJIACCH(HKAIMIO MPUYNH OTKIOHECHUH
MIPOJIOJDKUTENILHOCTH PadoT, TOMYyYEHUE JTOCTOBEPHBIX
OLIEHOK MX W TPOTHO3MPOBaHHE (PaKTUUECKUX CPOKOB
BBINTOJTHEHHS IIPOEKTA.

OmauM n3 crnoco0OB  MPEOJOJICHHST ONMCAHHBIX
TPYAHOCTEI MOXKET OBITh MCIOIB30BaHUE OIICHOK JIOBE-
PUTENBHBIX WHTEPBAIOB CPEIHEH MPOIOIKUTEIbHOCTH
paboT, MOJyYEHHBIX HA OCHOBE HOPMAM3YIOIIUX ITpe-
00pa3oBaHMii, BMECTO TOYCYHBIX OLICHOK, ITONYYECHHBIX
Ha ocHoBe B-pacnpenenenus o metony PERT. B pabore
[9] 61O TIOKA3aHO, UTO Ui MPOEKTOB pa3padoTku KJ|
CyZ0B HanOoJee MpeAnoYTUTEIHHO NPUMEHEHNE HOpMa-
JIU3YIOILETO TpeodpazoBanust JHKOHCOHA.

B o6mem ciaywae npeobpa3oBanue J[KOHCOHA NMEET
BUJ

z=y+ g, ¢, 1), n>0, -0 <y <o,
A>0,—00<@<o0,

e ¢ — NPOU3BOJIbHAS QYHKIHS; Y, 1, ¢ U A — napame-
TpPBI IPeoOpa3oBaHus; z — HOPMHUPOBAHHAS CIIydaiiHas
BEJIMYMHA, PACIPEACIICHHAs [0 HOPMAaJbHOMY 3aKOHY.
Jast mpeoOpazoBanus JPKOHCOHA IPUMEHSIIOTCSI TPH Ce-
MeiicTBa QyHKIMH ¢:

q (x; q),?») = 1n(x ; (p]’ X > ¢ (ceMeHcTBo S,);

¢ o0)= 1n(ﬂ

, ¢ <x>@+A(cemeiicTBO S,);
A+o—x

q; (x; (p,k) = Arsh(%), —00 < x < 00 (CEMEHCTBO ).

[onbop cemeticTBa mpeoOpazoBanms J>KOHCOHA IS
COBOKYITHOCTH SKCIIEPUMEHTAIIBHBIX JaHHBIX BBITIOJIHS-
eTcs B J[Ba dTara.

1. ITo 3HaYeHUsIM aCUMMETPUH B KBaJpaTe U dKCIIeC-
ca BBIOMpAETCs COOTBETCTBYIOIIEE CEMEHCTBO Mpeodpa-
30Banus J[xoHcoHa. O0OnacTb omnpeeseHus: ceMeiicTBa
pacripenenenust JxkoHcona B miaockoctu (4% E; A —
ACHMMETpHS BRIOOPKH, E — 3KCIIecC BRIOOPKH) TIpUBE/Ie-
Ha B [5].

2. OnpeenstoTest OLEHKN TapaMeTpOB BBIOPAHHOTO
cemeiicTBa npeodpasoBanus JxoHcoHa [9].

[Ipn nnaHnpoBaHWM NpPOEKTa OMpenensiorcs (Ha
OCHOBE HOPMAJIM3YIONIMX IpeoOpa3oBaHMil) JOBEpH-
TEJIbHbIE UHTEPBAJIbI CPETHEN MPOIOIKUTENLHOCTH pa-
00T B IpeABIAYIINX MPOCKTaX. B 3TOM cirydae Ka)mbIi
y3€JI CEeTEeBOIM MOJIETH MOKHO OMKCATh B BUJIE KOPTEKa

W, =<Wi’[t_i’;i]>’ 1

e w, — Koi i-d paboTsl; [ti,Z] — UHTEpBaJIbHAS
OICHKA T[UIAHOBOW MPOMODKUTEIBHOCTH - paboTHI,
MTOJTy4YCHHAS! HA OCHOBAHWU HOPMAIM3YIONINX Tpeodpa-
3oBaHui Jl>xoHcoHa. B nponiecce MOHUTOpUHTA ONpeie-
JITFOTCST (paKTUYECKasl MPOIOIKUTEIBHOCTh PaOOThI (tﬁ)
Y MHTEpPBaJIbHAS OICHKA OTKJIOHEHHS (PaKTHIECKOH Mpo-
JOJDKUTEIILHOCTH i-i paboThI [Ati’A_ti]’ MOJTy4yeHHasi Ha
OCHOBE TIPaBUJI HHTEPBAIBHON apu(pMETHKH:
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In the current case the tuple (1) will be as follows:

w=(wlnle s @

Interval estimates of work duration deviations in the
vessel DE projects can be of three types.

Interval estimates of the first type deviations have
positive values of the lower and upper interval borders:

At; >0 A AL > 0.

They show that the work is going ahead of schedule.
In the vessel DE projects the interval estimates of the
work duration deviations of the first type may indicate
a low reliability of the average work duration estimates.

Interval estimates of the second type deviations have
a negative value of the lower border and positive of the
upper border:

At <O/\A7ti>0.

They show the normal performance of works and
that the change in the project schedule is not required.

Interval estimates of the third type deviations have
a negative value of the lower border and the negative of
the upper border:

Ati<OAE<O.

They show the lag of the project schedule and may
lead to failure of the project life. This type of interval es-
timates of the work duration deviations always requires
some changes in the project schedule.

Reliability of the estimates of the work duration de-
viations in the working vessel projects can be improved
by the introduction to the tuple (2) of an additional pa-
rameter, characterizing the work execution status. This
parameter can be called the coefficient of the work per-
formance. The tuple (2) takes the following form:

W, =<w [tp,, pl], ,,,[Atl,At, ,k,>, 3)

where k, — the work performance coefficient.

As a general rule, to obtain the exact values of the
performance coefficient is difficult because the methods
of the design works standardization are not developed.
Most often the design work performance is evaluated
empirically as a confirmed percentage of the work com-
pletion, or in the form of the control events of the i work
of the working vessel project. One of possible variants of
the list events is shown in Table 1.

In case of k, = 0,25...1,0 and interval estimates of
the work duration deviations of the first type the project
manager records the fact of saving resources for their use
in other works of the project.

N°2 (2) 2014

M R

B stom ciyuae koprex (1) mpumeT BuI

Wl.=< ,,[tl,t tf,[At,, ]> @)

WHTepBanbHble OLEHKM OTKJIOHEHUH MPOJOIKHU-
TEJILHOCTH paboT B mpoekTax paszpadborkn KJI cynna mo-
T'YT OBITH TPEX THIIOB.

Humepeanvhvie oyenku OMKIOHEHUT NEPEO20 Mmunda
HMMEIOT MOJOKUTENbHbIE 3HAYEHUS] HI)KHEH U BepXHel
TpaHAIBI HHTEpBAJa:

%>0/\AT[>O.

OHM OKAa3bIBAIOT, UTO PabOTHI HAYT C ONEPEKEHUEM
nna”a. B mpoekrax paspaborku K] cynna wHTEpBah-
HbIE OIICHKU OTKJIOHEHHUH MPOJOIKUTEIHHOCTH padoT
TIEPBOTO TUIIA MOT'YT YKa3bIBaTb Ha HU3KYIO JTOCTOBEP-
HOCTb OIICHOK CpeqHeH MPOJOKUTEIFHOCTH padoT.

Hnmepeanvhvie oyenKu OmKIOHEHU 8MOpo20 Mund
UMCIOT OTPULATCIIBHOC 3HA4YCHUEC HIDKHEN TrpaHUIBI
U MOJIOKUTEIHHOE — BEPXHEH:

Ati<OAI4>0.

OHM CHUTHaIM3UPYIOT O HOPMAaJIbHOM BBINOJIHEHHH
paboT 1 He TpeOyIOT N3MEHEHHUS PACTIMCAHUS ITPOCKTA.

Hnmepsanvnvie oyenku OMKIOHEHUL MPeEmve2o
muna UIMEIOT OTPHULIATENIbHOE 3HAYEHUE HIKHEH IpaHu-
(bl U OTPULIATENBHOE — BEPXHEN:

At,.<0/\A7tl.<0.

OHM CUTHAJTM3UPYIOT 00 OTCTaBAaHHUH OT PacIHCaAHUS
MIPOEKTa U MOTYT TIPHBECTH K CPBHIBY CPOKOB IPOEKTA.
DTOT TUI UHTEPBAJILHBIX OLEHOK OTKJIOHEHHUH MpOJ0JI-
KHUTEIILHOCTH paboT Bceraa TpedyeT U3MEHEHUs Paciiu-
CaHUs MPOEKTA.

JlOCTOBEPHOCTh OLIGHOK OTKJIOHEHUH MpPOJOIKU-
TEJILHOCTH paboT B pa0OuMX MPOEKTaX CyIHa MOXKHO
MOBBICUTH ITyTeM BBEAEHHUS B KOPTEX (2) AOMONHU-
TEJIBHOTO IapaMeTpa, XapaKTepU3YIOIIEro COCTOSHUE
BBINOJHEHHS PabOTHL. DTOT MapamMeTp MOXKHO Ha3BaTh
KO3 GUIIMEHTOM BBITIOJIHEHUS paboThl. Koprex (2) mpu-
MET CJEYIOMUN BUJI:

W, =<w [tp,, [] /,,[Att,At, ,k,>, 3)

e k, — KOO QUIMENT BBIMOTHEHUS PabOTHL.

Kax mpaBmito, NmOJNy4nuTh TOYHBIC 3HAYCHUS KOI(D-
(¢umreHTa BBITIONHEHUS PaOOTHI CIIOXKHO, TaK Kak [0
CHX IIOp He pa3padoTaHbl METOIbl HOPMHPOBAHHS KOH-
CTPYKTOPCKUX padoT. Yamie Bcero BBINOJHEHHE KOH-
CTPYKTOPCKOI pabOTHI OLICHUBAIOT SMIIMPUYESCKH B BHJIE
TIOATBEPXKICHHOTO MIPOLICHTA BBIITOJIHCHHUS PAOOTHI TH00
B BHUJIC€ KOHTPOJBHBIX COOBITHH i-if paboThl pabodero
npoekTa cynHa. OuH U3 BO3MOXKHBIX BapHAHTOB Heped-
HSI KOHTPOJBHBIX COOBITHI MTpHUBECH B Ta0I. 1.

Ilpw 3Havenmsx k, = 0,25...1,0 n MHTEPBATBHBIX OIEH-
Kax OTKJIOHEHHH HPONOIDKHTEIBLHOCTH PaboT IIepBOro
THTIa MEHEKep NpoeKTa (PUKCHPYeT (paKkT IKOHOMHHU pe-
CYPCOB ISt HCTIONB30BAHUS B IPYTHX paboTax MPOeKTa.
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Table 1
Ta6auuna 1
Performance coefficient
No Koadhdpumment Explanation / lloscHenne
BBINOJHEHUS padOTHI
1 0 The work is not started / Pabora He Hadyara
2 025 The basic design data are given. The design engineering is started /| OCHOBHbIE HCXOHbIE TaH-
) Hble noy4yeHsl. Hauara pa3paboTka TOKyMeHTaluH
All the design data are got. The documentation is ready for technical and regulatory inspection /
3 0.50 Bce HCXO/iHbIC JAHHBIC MTOJTYYeHBI. JIOKyMEHTALMS MTOArOTOBIICHA ISl TEXHHYECKOr0 U HOpMa-
THUBHOT'O KOHTPOJISA
All the mistakes, detected while the technical and regulatory inspection, are corrected.
4 075 The documentation is ready for the repeat technical and regulatory inspection / Bce ommOxwu,
: BBISIBJICHHBIC IIPU TEXHUYCCKOM U HOPMATHBHOM KOHTPOJIE, YCTPAHCHBI. ﬂOKyMCHTaLIl/Iﬂ rorona
JUISL TIOBTOPHOTO TEXHUYECKOTO ¥ HOPMaTUBHOT'O KOHTPOJIS
The documentation passes the technical and regulatory inspection and is approved by the Chief’
5 1.00 Engineer / JJokyMeHTalus MpOILIA TEXHUYECKUH U HOPMATHBHBIH KOHTPOJIb M YTBEPIKJICHA
[JIABHBIM KOHCTPYKTOPOM

In case of k, = 0,25...0,75 and interval estimates of
the work duration deviations of the second type the proj-
ect manager records the fact of the normal schedule ex-

ecution of works.

In case of k, = 0,25...1,0 and interval estimates of
the work duration deviations of the third type the project
manager records the fact of the excess of the planned
work duration and takes urgent measures to modify the

project schedule.

The results of the interval estimation of the work du-
ration and work duration deviations for the fragment of
the container carrier DE project network schedule (see
Fig. 2) are shown in the Table 2.

The confidence intervals for the work duration are
found on the basis of the Johnson transformation class
SB. Interval estimates of the work duration deviations

are got according to the rules of interval arithmetic.

The following chain H - A1 - A4 - A6 - Kisa
critical path of the schedule network. Work performance
coefficient in the Table 2 is equal to 1 for all the works,

as we used data of the completed project.

Table 2

Tab6auna 2
v, [tt_] b [Ati,A_ti] k
Al [20,30] 28 [-8, 2] 1
A2 [16,24] 32 [-16, 8] 1
A3 [24,36] 34 [-10, 2] 1
A4 [40,56] 64 [-24, -8] 1
A5 [24,32] 34 [-10,-2] 1
A6 [64,80] 72 [-6, 8] 1

Ilpu k, = 0,25...0,75 v UHTEPBAILHBIX OLEHKAX OT-
KJIOHEHUH TPOAODKUTEIBHOCTH PabOT BTOPOTO THMA
MEHEKEp NMpoekTa (Gukcupyer (pakT HOPMaIBLHOTO BBI-
TIOJIHEHHMS PACIIUCAaHUs padoT.

Ilpn k, = 0,25...1,0 ¥ MHTEPBANBHBIX OIEHKAX OT-
KJIOHEHUI TPOJOJDKUTEIBHOCTH PadOT TPEThEro Tuma
MEHEDKEp MPoeKTa (GUKCUPYET (aKT MPEBBIIICHHUS IUIa-
HOBOM MPOJIOIKUTENEHOCTH pabOThI M TPUHUMAET CPOU-
HBIE MEPBI 110 M3MEHEHHUIO PACIHCaHHs IPOCKTa.

Pe3ynbraTbl MHTEPBAJIBHOTO OLIEHMBAHMS MPOJIOJI-
KHUTEIBHOCTH pabOT M OTKIOHEHWH IMPOIOIKUTEIBHO-
cTH paboT /It pparMeHTa ceTeBoro rpaduka MmpoeKTa
paspabotku K]l xoHTeliHepoBo3a (puc. 2) MpUBEICHBI
B Tabm. 2.

JloBepuTeNbHBIE HMHTEPBAIbl MPOAOKUTEIBHOCTH
pabot HaiineHBl Ha OCHOBe IpeoOpazoBaHHs JIKOHCO-
Ha ceMelicTBa SB. IHTepBanbHbIe OLEHKU OTKJIOHEHUI
MIPOJOJKUTENILHOCTH pabOT MOJNYYeHbI 110 IpaBUIaM
MHTEPBAIBLHON apu()METHKH.

Kpurnueckum 1mytem cereBoro rpaduka siBISIETCS
nernouka H—-A1—A4—A6—K. Koadpunumenr Boimon-
HeHUs paboT B Tabm. 2 paBeH | s Bcex paboT, Tak Kak
HCIIONIb30BAJIUCH JaHHbBIE 3aBEPIICHHOTO TIPOEKTA.

OTKIIOHEHUST MPOJODKUTEIBRHOCTH padoT Al, A3
1 A6 (cM. Tabi. 2) OTHOCATCS KO BTOPOMY THITY, CIIEIO-
BaTeJIbHO, ATH Pa0OThI HE BBIXOJST 32 PAMKHU TUIAHOBBIX
IIapaMeTpPOB U HE BIUSIOT HA PACIIUCAHUE MTPOCKTA.

Fig. 2. Fragment of the Container Carrier DE Project Network
Schedule

Puc. 2. ®parment cereBoro rpaduka npoexra paspaborku KJJ
KOHTEHHEPOBO3a
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The work duration deviations Al, A3 and A6 (see.
Table 2) belong to the second type, therefore, these
works do not go beyond the planned parameters and do
not affect the project schedule.

The work duration deviations A2, A4, and AS belong
to the third type, and may lead to increase of the project
life. First it is necessary for the project manager to pay
attention to the operation of A4, as it is on the critical
path and can definitely increase the project time. The as-
sessment of the works A2 and ASimpact on the increase
of the project time can be determined using additional
calculations.

In this case, it is clear that managing influences of
the decision-maker (with high confidence) should be
directed primarily on the A4 work influence neutraliza-
tion. Consequently, the interval estimation of the work
duration deviations can improve the accuracy of detec-
tion of the critical points with the project time excess and
quickly neutralize their negative impact.

CONCLUSION

Application of the interval estimation of the work
duration deviations on the basis of the Johnson normal-
izing transformation and interval arithmetic for the time
management in the vessel DE projects can improve the
accuracy of the work duration deviations estimation, can
help to make grounded decisions to modify the schedule
of the vessel DE projects and decrease the risks of ex-
ceeding the project life.

Crnmcok uTeparypbl

N°2 (2) 2014

OTKJIOHEHHUST TIPOJIOJDKUTENBHOCTH pabor A2, A4
n A5 OTHOCATCS K TPETbeMy THILy U MOTYT IpPUBECTH
K YBEJIMYECHUIO CPOKOB MpoekTa. B mepByro ouepens
MEHEIDKEPY MPOeKTa HEOOXOMUMO OOpaTUTh BHHUMAaHUC
Ha paborty A4, Tak Kak OHa HaXOIUTCSl Ha KPUTHIECKOM
IIyTH ¥ OJHO3HAUYHO MOXKET YBEJIUYHUTH BPEMs MPOEKTA.
OueHky BIustHUS paboT A2 1 AS Ha yBeTMUCHNE BpeMe-
HU TIPOEKTa MOXKHO OINPEJEIUTh C MOMOIIBIO JOMONHU-
TEJIbHBIX PACUETOB.

B nanHOM ciyuae BHJHO, YTO YHPaBIISIIONIUE BO3-
nevictBust JIITP (¢ BBICOKOI CTENEHBIO JOCTOBEPHOCTH)
JIOJDKHBI OBITH HAIPaBJICHBI B MEPBYIO O4Yepeb Ha HEw-
Tpajnu3anuio BiMsHUS padoTrel A4. CnenoBaresbHO,
HMHTEPBAJIBHOE OICHUBAHUE OTKJIOHEHUH MPOJOIKU-
TEJILHOCTH PabOT MO3BOJISIET TIOBBICHTH JIOCTOBEPHOCTH
BBISIBJICHUSI KpDUTHYECKHX TOUEK C MIPEBBIIICHUEM BpeMe-
HU MIPOEKTa U ONEpPaTUBHO HEHTpanu30BaTh UX OTpULA-
TeJIbHOE BIIUSHUE.

BBIBO/IbBI. IIpumeHneHne HHTEpBaILHOTO OI[CHHBA-
HUE OTKJIOHEHUsI TPOJIODKUTEIILHOCTH PadOT Ha OCHOBE
HOpMaJu3ylomero npeodpazoBanus JI>KOHCOHa W HH-
TEpBAIBLHON apu(METUKH ISl yNPaBICHUs BPEMEHEM
B npoekTax paspadorku K/ cy0B Mo3BOMISET MOBBICUTH
JIOCTOBEPHOCTh OIICHMBAHMs OTKJIOHEHHWH MpPOIOIKU-
TEJILHOCTH PaboT, NPUHMMATh OOOCHOBAaHHBIC pelIe-
HUSI 10 U3MEHEHHUIO PACIIUCAHUsI IIPOEKTOB Pa3padOTKH
KJI cynoB M yMEHBIIUTb PUCKU IPEBBIMICHUS CPOKOB
IIPOEKTOB.
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