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Abstract. The ship repair process is a complex technological process affected by rather large
number of risk-contributing factors: the cost of repairs, repair durations, quality of repair,
the presence of the necessary production facilities and personnel, etc. It highlights the prob-
lem of analysis, prediction and forecasting of the impact of these factors in order to solve
effectively a number of organizational measures which precede the implementation of the
ship repair works. For the account of a variety of factors which affect the course of the ship
repair process the automated information systems which contain the developed databases
are developed at the enterprises. Because of the versatility the existing information systems
of the dockyards management can not display the specifics of the ship repair and are mainly
focused on the management of the financial costs at the enterprise. A common drawback
of such systems is the lack of decision support modules in them which limits their function
in the production management. The aim of this article is to consider the possibility of ap-
pliance of the model to support the decision making under the conditions of risk which are
presented by the probability trees at which the tasks of probabilistic inference and the devel-
opment of a number of illustrative examples are solved. Preliminary, each risk-contributing
factor which represents a system of random events is graphically displayed in the form of the
distribution tree. Each branch of the distribution tree displays a single random event and
its probability to be fulfilled. The combination of such trees received by their joint leads
to the probabilities tree. Each node (the top) of such tree is connected with one complete sys-
tem of random events. Each event and the probability of its fulfillment are displayed by the
tree branch which comes from the corresponding node. Each path in the tree from the root
node to the final position shows one of the possible combinations of events which are called
a script. This approach can be successfully applied for the analysis of various organizational
and technical problems of the ship repair under the conditions of uncertainty.

Keywords: risk, uncertainty, probability inference, graph.

Annoranus. PaccMoTpeHa nporeaypa NoCTpOSHHUs IEPEBbEB BEPOSITHOCTEN U pacyeTa cooT-
HOIIEHHUH BEPOSTHOCTHOTO BBIBOJA Ha HUX. [IpennokeH psi MPUMEPOB, HILTFOCTPHPYIOLIUX
BO3MOYKHOCTH ITPUMEHEHHMSI BEPOSITHOCTHOTO BBIBOJA JUISl AHAJIM3a PA3JIMUHBIX OpraHU3alu-
OHHBIX M OPraHM3alMOHHO-TEXHUYECKHUX 337a4 CyAOPEMOHTA B YCIOBHUSIX HEONPEAEICHHO-
CTH ¥ PHCKa.

KroueBble ciioBa: pUCK, HEOTIPEAEIEHHOCTD, BEPOSTHOCTHBIHN BBIBOJI, Ipad.

Anoranis. Po3nisiHyTo Tponienypy moOymoBH JiepeB IMOBIPHOCTEH Ta pPO3paxyHKY CIIiB-
BiJTHOILICHb IMOBIPHICHOTO BHMBOJy Ha HUX. 3allPOMIOHOBAHO P/l MPUKJIAIIB, SIKI LTFOCTPYIOTh
MOXKJIMBOCTI 3aCTOCYBaHHsSI HMOBIPHICHOTO BHBOJIY NpPHW aHaNli3i Pi3HUX OpraHizauiiHuX
Ta OpraHizaliifHO-TeXHIYHUX 3a/1a4 CYJTHOPEMOHTY B yMOBaX HEBU3HAYEHOCTI Ta PU3HKY.
KoaiouoBi ci1oBa: prsnk, HEeBU3HAUCHICTh, IMOBIPHICHHH BUBiZ, Tpad.
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Problem statement. In recent years, due to the lack
of government contracts for shipbuilding the shipbuild-
ing enterprises tend to perform ship repair works [1, 2].

Ship repair is a complex technological process,
which is influenced by a sufficiently large number of the
risk-contributing factors: the cost of repairs, time limits,
repair duration, repair quality, availability of the neces-
sary production facilities and staff etc. [2].

This highlights the problem of analysis, prediction
and forecasting of the impact of these factors in order
to effectively solve a number of organizational measures
preceding the direct implementation of ship repair works.
For example, when deciding on the contract conclusion
the ship company (Customer) will be primarily inter-
ested in such factors as the cost of repair, repair dura-
tion and quality etc. On the other hand, the shipbuilding
(ship repair) enterprise (Contractor) should assess their
capabilities before deciding to perform the repair order
in terms of availability of the necessary production fa-
cilities and personnel, supplies of the necessary materials
and components, specifications and the need to engage
contractors etc.

To take into account a variety of factors affecting the
course of the ship repair process, the enterprises create
the automated information systems which include the da-
tabase (DB) development.

IMocTanoBka nmpodJeMbl. B mocieanye romsl BCaen-
CTBHE OTCYTCTBUSI TOCYIAapCTBEHHBIX 3aKa30B Ha IMO-
CTPOWKY CyHOB B JESTEIBHOCTH CYyIOCTPOUTEIBHBIX
MIPEANPUSTHH HaMETWJIaCh TEHJCHIUS K BBINOIHEHHIO
CYIIOPEMOHTHBIX pabor [1, 2].

CyIOpeMOHT MpeAcTaBIseT COO0M CIOKHBIN TEXHO-
JIOTUYECKUH MIPOLIECC, HA KOTOPbIN OKa3bIBAIOT BIMSIHHUE
JIOCTaTOYHO OOJIBIIIOE YUCIIO PUCKOOOPa3yIonuX (hakTo-
POB: CTOMMOCTb PEMOHTHBIX PabOT, CPOKH MPOIOJIKHU-
TEJILHOCTh PEMOHTA, Ka4eCTBO PEMOHTa, HaJIMYK1e HE0O-
XOAUMBIX MPONU3BOACTBEHHBIX MOHIHOCTeﬁ 1 nI€pCoHajia
U psan npyrux [2].

3TO BBIIBUraeT 3a/1a4y aHAIN3a, IPOTHO3UPOBAHUS
1 MIPEIBUACHUS BO3ACHCTBHUS EPEUUCIICHHBIX (DAKTOPOB
¢ 1enbio 3(Q(GEeKTUBHOTO PElIeHHs psijia OpraHU3aloH-
HBIX MEPOINPUATUH, IIPEALIECCTBYOIINX HEIIOCPEICTBEH-
HOMY BBITIOJTHEHHUIO CYIOPEMOHTHBIX paboT. Tak, Harpu-
Mep, IPH NPUHATHH PEUICHUS O 3aKJIIOUYCHNN KOHTPAKTa
CYZIOBYIO KOMITaHHIO (3aKa34HK) MPEex/ie BCero OyayT HH-
TepecoBaTh Takue (PaKTOpbl, KAK CTOUMOCTh PEMOHTHBIX
paboT, MPOIOIKUTENBHOCT, KaueCTBO PEMOHTA M JIp.
C npyroii CTOPOHBI, CYIOCTPOMTENBHOE (CYyZOPEMOHT-
Hoe) mpenmpusatue (VcrmomHuTens) mepen MPUHATHEM
pelIeHus] O BBIOJIHEHWH PEMOHTHOTO 3aKa3a JIOJDKHO
OIICHUTH CBOW BO3MOXKHOCTH B TUTaHE HAJIMYMS HEOOXO-
JUMBIX IPOU3BOJCTBEHHBIX MOIIHOCTEH U IepcoHala,
3anacoB HEOOXOIMMBIX MAaTepHAaIOB U KOMILICKTYIOMINX
W3/eNIid, HOPMATHUBHO-TEXHUYECKOW JOKYMEHTAlUH,
HEOOXOANMOCTH MPUBJICUCHNST KOHTPAr€HTOB U JIP.
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The analysis of the existing information systems
of the ship repair enterprises management enables
to outline the following ones which became the most
widespread [1, 2, 5]: “1C Enterprise”, “Galaktika”
(“Galaxy”), “Parus” (“Sail”), “Marine 2000, “TRIM”,
“MART”. However, these systems can not display the
specific features of ship repair because of its versatility
and are focused mainly on the management of the finan-
cial expenditures of the enterprise.

A common drawback of these systems is also the
lack of decision support modules in them which limits
their functions of production management. In this regard,
the formation of the specialized decision support systems
(DSS) of ship repair enterprises with the modern math-
ematical methods and software is an urgent scientific and
practical task.

Latest research and publications analysis. In the
DSS construction the focus is directed to a method of de-
cision-making itself, to the decision rule construction.
The knowledge base (KB) of the DSS typically includes
the input data and the procedures of the logical choice
(decision rules). Thus, the main element of the DSS
is the decision-making method [9].

Consequently, the important question is the sound
application of decision-making methods.

The analysis of publications on the latest research
and development in the field of the ship repair DSS de-
velopment [1-7] leads to the conclusion that the solution
to this problem is in the initial state.

It should be noted that the DSS implemented in the
ship repair industry basically solve the problems of con-
structing and optimizing of repair graphs presented
by network models. At the same time the methods of op-
timization, the analytic hierarchy process, the fuzzy sets
etc. are used as the decision-making methods. However,
speaking about the decision-making in the conditions
of the risk-contributing factors, the conventional meth-
ods of the probability theory should be used for the risk
analysis.

It should be also noted that the scenario-based ap-
proach for the decision making under risk conditions
based on the probability inference on the probability trees
is rapidly developing now. This approach can be used
as a basis for the DSS construction in the organizational
problems of ship repair.

The article aim is to consider the possibility of the
probability inference usage in the analysis of the risk-
contributing factors of the organizational problems of the
ship repair and the development of a number of illustra-
tive examples.

Basic material. The models presented by the proba-
bility trees, with the help of which the probabilistic infer-
ence problems are solved, can be used for the decision-
making under the risk conditions [10]. Previously each
of the risk-contributing factors which represent a system
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Jnst yuera MHOro0oOpas3usi (pakToOpoB, BIHUSIFOLIMX
Ha XOJ CyAOPEMOHTHOIO Mpolecca, Ha MPEANPUITHAX
CO3IAI0TCSI  aBTOMATU3UPOBAaHHbIE WH(OPMALMOHHbIE
CHCTEMBI, COJICpIKallle B CBOEM COCTaBE Pa3BUTHIE a3kl
nanubix (B).

AHanu3 cyniecTBYIONX HH()OPMAIIMOHHBIX CUCTEM
YIpaBJICHUS CYIOPEMOHTHBIMU TPEIIPHATHSIMA TT03BO-
JISIeT BBIICNUTH CIEAYIOIIne, IOMy4YHMBIINE Hauboiee
mmpokoe pacnpoctpanenue [1, 2, 5]: «1C Ilpennpus-
tney, «amaktukay, «Ilapycy, «Marine 2000», « TRIM»,
«MAPT». OgHako 3TH CHCTEMBI B CHITy CBOCH YHHUBEp-
CANIBHOCTH HE MOTYT OTOOpasuTh CIEUU(PHUKY Cymope-
MOHTa ¥ OPHEHTHPOBAHBI IPEUMYILIECTBEHHO HA yIIPaB-
JeHne (PUHAHCOBBIMU 3aTpaTaMy Ha MPEANPUSITHH.

OOmuM HEeIOCTAaTKOM IEPEYNCICHHBIX CHCTEM SIB-
JISIETCSl TAK)KE OTCYTCTBHE B HHMX MOJyNEH HMOLIEPKKU
MIPUHSTHUS PEIICHNH, YTO OTPaHUYIHUBAET UX (YHKLIUH 110
YIIPaBJICHUIO MPOU3BOACTBOM. B 3TOl CBsI3M co3naHue
CHENMATU3UPOBAHHBIX CHUCTEM MOAJEPKKH NPUHATHS
pemennii (CIITIP) cynopeMOHTHBIX MPEeIIPUATHIA, OCHA-
IICHHBIX COBPEMEHHBIMU MaTeMaTH4YeCKHMMU METOlaMHU
Y [IPOTrPaMMHBIMH CPEJICTBaMHU, ITPEACTaBIsIET COOOH ak-
TyaJbHYIO HayYHYIO M IPAKTHYECKYIO 3a/1a4y.

AHaJIM3 NOC/IeTHUX HCCJIeT0BAHUI U MyOJIHMKALNIA.
ITpu nocrpoenun CIITIP ocHOBHOE BHMMaHHE HampaB-
JIEHO Ha caM METOJ IPUHATHS PELIeHUH, Ha TOCTPOESHUE
pemaroniero npasuia. basa snanuii (b3) CIIIP oOkrar0
BKJIFOYaeT B ceOsl BXOJHBIEC JAHHBIE M MPOLETYPHI JIO-
IMYecKoro BbIOOpa (pemiaromue npaswia). Takum o0-
pasoM, ocHoBHOH anement CIINIP — merox npunsTHs
pewenuii [9].

CrenoBarenbHO, BaYKHBIM SIBIISIETCSI BOIIPOC 00OCHO-
BAHHOTO ITPUMEHEHHS TOTO MITH HHOTO METO/Ia IPHUHSATHS
peLIEeHHH.

AnHanu3 nyOnukanmi, MOCBSIIEHHBIX IOCICIHUM
WCCIICIOBAaHUAM W pa3paboTkaM B OOJIACTH CO3MaHUS
CIIIP cymopemonTa [1—7] mo3BoysieT caenarb BBIBOL,
YTO pElIeHHE NaHHOW MPOOJIEMbl HAXOMUTCS B HAYallb-
HOM COCTOSTHHU.

Crnenyer ormetuts, uto CIIIIP, peannsyemsie B cy-
JOPEMOHTHOW OTpaciyi, B OCHOBHOM pEIIAlOT 3a/a4uu
MOCTPOCHUSI U ONTHUMHU3ANMU TPAPHKOB PEMOHTA, KO-
TOpBIC MPEACTABICHBI CETEeBBIMU MoaelsMu. [Ipu stom
B KQUeCTBE METOAOB NPUHATHS PEIICHUN UCTIONB3YIOTCS
METO/Ibl MHOTOMEPHOW ONTHMH3AIMK, aHaJH3a Hepap-
XUH, HEYETKUX MHOXKECTB U Ip. Bmecte ¢ TeM, rosops
O MPHUHATUH PEIICHUI B YCIOBUSIX HAIUYHsI pUCKOOOpa-
3ylOIKX (akTOpoB, Uil aHAJIN3a PUCKOB CIIEyeT MpH-
MEHSThH OOLICTIPUHSTHIC METOJIbI TEOPHH BEPOSITHOCTEHA.

Crnenyer Takke OTMETUTb, YTO B HACTOAIIEE BPEMs
MHTEHCUBHO Pa3BUBAETCsI CLIEHAPHBIM MOAXO Uil Ipu-
HATHUS PEIICHUI B YCIOBUSX PHCKA HA OCHOBE BEpOAT-
HOCTHOI'O BBIBOJA Ha JAEPEBbsX BeposTHOCTeH. Takoil
TIOIXOJ] MOXKET OBITH IOJOKEH B OCHOBY IOCTPOCHHS
CIIIIP B opraHu3allMOHHBIX 3a/1a4aX CYJOPEMOHTA.

HOEJBIO CTATBMU sBasercs pacCMOTpEHHUE BO3-
MOXHOCTH ITPUMEHEHHSI BEPOSTHOCTHOTO BBIBOJIA B aHA-
JIM3€ PUCKOOOpasyromux (haKTOpOB OPTraHU3AMOHHBIX
3a71a4 CylIOpEeMOHTa M Pa3padOTKa psijia WILTIOCTPATHB-
HBIX IPUMEPOB.
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of the random events is graphically displayed in the form
of the distribution tree (Fig. 1). Each branch of the distri-
bution tree displays one random event and the probabil-
ity (p) of its implementation. The combination of such
trees, received by combining them lead to the probability
tree (Fig. 2) which is a tree graph. Each node (vertex)
of such graph is associated with one complete system
of random events. Each event and its performance prob-
ability are displayed by a tree branch which comes out of
the corresponding node. Each path in the tree from the
root node to the end point represent one of the possible
combinations of events which is called a scenario [10].

Probabilities tree in Fig. 2 represents eight pos-
sible scenarios (indicated as a sequence of numbers
in brackets).

N°2 (2) 2014

H3no:xenne ocHOBHOTO MaTepuaJia. [yt npuHsIThs
pEeLICHU B YCIOBUAX PUCKA MOT'YT UCIIOJIb30BaThCs MO-
JIeTIH, TIPEICTaBJICHHBIE IEPEBbSIMH BEPOSTHOCTEH, Ha KO-
TOPBIX PEIIAIOTCS 3a1a91 BEPOSITHOCTHOTO BhIBOAa [10].
[IpenBapuTenbHO KaXKABI prckooOpasyromuii (akrop,
TIPE/ICTABISIIONIMH CUCTEMY CIIyYailHBIX COOBITHH, Tpa-
¢duueckn orobpakaercsi B GopMme jaepeBa pacnpeselie-
Hud (puc. 1). Kaxxnas BeTBb AepeBa pacnpeaeaeHus oTo-
OpakaeT OHO CiTydailHOE COOBITHE M BEPOSATHOCTH (p)
€ro ocymecTsieHus. KoMOMHAmmMm TakWx JAepeBbeEB,
TIOJTyYEHHBIE MX 00BEJMHEHHEM, IPUBOJIAT K JICPEBY Be-
posiTHOCTEH (pHrC. 2), KOTOPOE MPECTABISIET COO0H ipe-
BoBUIHBIN rpad. Kaxbiii y3en (BepinnHa) Takoro rpaga
CBSI3aH C OJTHOM MOJTHOW CHCTEMOH CiTydaifHBIX COOBITHH.
Kaxxnoe coObITHE M BEPOSTHOCTH €r0 OCYIIECTBICHHS
0TOOpa’kaeTcsi BETBBIO JIEPEBA, BHIXOAAIIEH M3 COOTBET-
cTByromIero y3na. Kaxslii myTh Ha AepeBe OT KOPHEBOTO

Acceptable Acceptable Acceptable
p]=O,l p3=0,3 p5=0,1
Repair Repair Repair
cost duration quality
Unacceptable Unacceptable Unacceptable
p2:0,9 p4:O,7 p6:0,9

Fig. 1. Distribution Trees of Systems of Random Risk-Contributing Events

Puc. 1. [lepeBbst pacnpeneneHuii CHCTEM CIIydaiHbIX pUCKOOOPA3yIOINX COOBITHI

Acceptable R =0,1
Acceptable (a,) P (@), pla) o (1)
pla;)=0,3 .
Repair p,=0,003
quality p,=0,027
Acceptable (a,) °(2)
p(a)=0,1 ,
Repair Unacceptable (a,), p(a,)=0,9
duration Acceptable (a,), p(a,)=0,7
*(3)
Repair p,=0,007
quality p,=0,063
Unacceptable (a,) e (4)
Repair pla)=0,7 Unacceptable (a,,), p(a,))=0,9
cost =
Acceptable (a) Acceptable (an),rp(a“)w 0,1
pla)=03 *(5)
Repair p,=0,027
quality p,=0,243
= (0)

Unacceptable (a,)
p(a,)=0,9

Repair
duration

Unacceptable (a,)
p(aﬁ) = 0’7

Unacceptable (a,,), p(a,,)=0,9
Acceptable (a,,), p(a,;)=0,1

*(7)
Repair p,=0,063
quality p,=0,567

*(8)

Unacceptable (@), p(a,,)=0,9

Fig. 2. Probabilities Tree of Random Risk-Contributing Events under Ship Repair Works Contract Execution

Puc. 2. JlepeBo BeposTHOCTEH CiIydalHBIX PHUCKOOOPA3yIONIMX COOBITHH HPH 3aKIIOYCHWH KOHTPAKTa Ha BBHIIIOJHEHUE CYIO-

PEMOHTHBIX pa60T
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As each scenario is formed by one possible combi-
nation of events, one from each of the complete system
of events, the total number of scenarios can be calculated
before the probability tree construction as

m
N gnl,
where 7, is the number of events in the i-th system;
m is the total number of systems of random events.

Probability of occurrence of the events can be ob-
tained in two ways: the objective one, based on the fre-
quency approach which uses statistical data about the
past events implementations in the ship repair enterprise
for a certain period of time; the subjective one, based
on the procedures for expert estimations obtaining and
processing.

Let’s consider the examples which illustrate the anal-
ysis of some organizational problems of ship repair using
the probability trees and the probability inference.

Example 1. The task of the shipping company
is to choose a ship repair enterprise for the ship repair
contract execution. Probability tree of the most impor-
tant risk-contributing factors which affecting the contract
execution is shown in Fig. 2.

Let’s perform the necessary probability calculations
on it. First, let’s define the probabilities of each scenario
implementation taking into account the obtained probabil-
ities of each of the events included in this scenario [10]:

(1): P(a,.a,.a,) = p(a))- p(a;)- p(a,)=0.1-0.3-0.1=0.003;
(2): P(a,.as,a0) = p(a,)- p(a;)- p(ag)=0.1-0.3-0.9 = 0.027;
(3): P(ay.a,.a,) = p(a)- p(a,)- p(a,) =0.1-0.7-0.1=0.007;
(4): Paya,.a,) = p(a)- p(a,)- p(a,,) =0.1-0.7-0.9 = 0.063;
(5): Pay.a,.a,,) = p(a)- p(as)- p(a,) =0.9-0.3-0.1=0.027;
(6): P(ayas.a,) = p(ay)- p(as)- p(a,)=0.9-0.3-0.9 = 0.243;
(7): P(ay.aq.a;3) = p(ay)- p(ag)- p(a;)=0.9-0.7-0.1=0.063;
(8): Pay.az.a,) = p(a,)- play)- p(a,)=0.9-0.7-0.9 =0.567;

8
P= ZP, =0.03+0.027+0.07 +0.063 +
i=1

+0.027 +0.243 + 0.063 + 0.567 =1.

From the obtained results analysis we can make
a conclusion that the scenario (8) is the most negative.
The scenario (1) has a minimal probability of its imple-
mentation at the acceptable risk-contributing factors
rates. For the example considered, the most appropriate
scenario is obviously the (6) one, but in such a case the
Customer must sacrifice its cost and quality for its repair
duration.

Let’s extend our analysis by means of the determina-
tion of the probability of occurrence of at least one of the

115
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y3J1a 10 KOHEYHO! MO3UIMHU OTOOPAXKAIOT OAHY U3 BO3-
MOKHBIX KOMOHMHAIMK COOBITHH, KOTOpasi Ha3bIBACTCS
crerapueM [10].

JlepeBo BeposATHOCTEH Ha puUC. 2 MPENCTaBIACT BO-
ceMb BO3MOXKHBIX CIieHapueB (0003Ha4YEHBI MMOCIIeI0Ba-
TEJIBHOCTHIO IIUPP B CKOOKax).

[MockombKy KaKIpIil crieHapuii oOpasyeT ofHa BO3-
MOXKHasE KOMOWHAIUST COOBITHI, TIO OTHOMY M3 KaXKIOH
MTOJTHOM CHUCTEMbI COOBITHH, OOIEe YHCIO CICHAPUCB
MOXET OBITh ITOJICYMTAHO eIl 1O KOHCTPYHPOBAHHUS Jie-
peBa BEpOsITHOCTEN Kak

m
N=]]n,
i=1
e 1, — YHCIIO COOBITHH B i-H cucTeme; m — obmiee
YHCIIO CUCTEM CITyYaiHbBIX COOBITHH.

BeposiTHOCTH OCyIIECTBICHIH COOBITHI MOT'YT OBITH
TTOJTYYCHBI IBYMSI CITIOCOOaMI: OOBEKTHBHBIM, Ha OCHOBE
YaCTOTHOTO TTOJIX0/[a, UCIIONB3YIOIIET0 CTaTHCTHYECKUE
JAHHBIC O MPOIUIBIX Pealu3allisIX COObITUI Ha Cymope-
MOHTHOM TIPESIIPUATHH 32 ONPEACICHHBIA TIEPHOJT Bpe-
MeHH; CYyOBEKTHBHEIM, B OCHOBE KOTOPOTO JIe)KaT TIpoIie-
JTypHbI TIOJTYIEeHUST 1 00pabOTKHU SKCTIEPTHBIX OI[EHOK.

PaccmoTpuM mpuMepsl, WIUTIOCTPUPYIOIIAE aHa-
JIU3 HEKOTOPBIX OPTaHU3AIlMOHHBIX 337a4 CYIOPEMOHTa
C TIPUMCHEHUEM JIEPEBHEB BEPOSATHOCTH U BEPOSTHOCT-
HOTO BBIBOJIA.

Ilpumep 1. Tlepen cyqoxonHON KOMIIAHUEH CTOUT
3amada BEIOOpA CYTOPEMOHTHOTO TPEATIPHATHS IS 3a-
KITIOUEHUS KOHTPAKTa Ha BBITOJHCHHWE PEMOHTA CYIOB.
JlepeBo BeposATHOCTEH Hanbosee 3HauNMbIX PUCKOOOpa-
3yIOIUX (DAaKTOPOB, BIHUSIONIMX Ha 3aKIIOUCHHE KOH-
TpaKTa, IPEACTABICHO Ha PUC. 2.

BrImorHIM HE00XOIUMBIE BEPOSTHOCTHBIE PaCYETHI
Ha HeM. [Ipexxe Bcero ompenenuM BeposSTHOCTH peatn-
3aIlMU KaXI0TO U3 CIICHAPUEB C YYETOM MTOJYUYCHHBIX Be-
POSATHOCTEH KaKIOTO M3 COOBITHH, BXOASIINX B JAHHBIN
criernapuii [10]:

(1): P(a.a,.a,) = p(a,)- p(a;)- p(a,)=0.1-0.3-0.1=0.003;
(2): P(ay.as.a5) = p(a,)- p(a;)- p(ag) =0.1-0.3-0.9 = 0.027;
(3): P(ay.a,.a,) = p(a,)- p(a,)- p(a,)=0.1-0.7-0.1=0.007;
(4): Playa,.a,) = p(a)- p(a,)- p(a,,) =0.1-0.7-0.9 = 0.063;
(5): P(ay.as.a,,) = p(a,)- pas)- p(a,) =0.9-0.3-0.1=0.027;
(6): P(aya,.a,) = p(a,)- p(as)- p(a,)=0.9-0.3-0.9 =0.243;
(7): Py(ayaq.a;3) = p(ay)- p(ag)- pla;)=0.9-0.7-0.1=0.063;

(8): R(ay,a4,a,,) = p(a,)- p(ay)- p(a,)=0.9-0.7-0.9=0.567;

8
P= ZR =0.03+0.027+0.07+0.063 +
i=1

i

+0.027 +0.243+0.063 +0.567 = 1.

V3 aHanu3a MONYYEHHBIX PE3yJbTaTOB MOXHO 3a-
KJIFOUUTB, YTO CLEHApHH (8) sSBISETCS CaMbIM HEraTHB-
oeiM. Crenapuii (1) mpu mpuUeMIIEMBIX TTOKa3aTeNsIx
PpHUCKOOOpasyrImuX (akTopoB 00NagaeT MUHUMAIBLHON
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events which make up each scenario. For this, let 4 be the
event which appears at least from one of the events a,,
a,...,a,and let’s use the following expression from [8]:

P(A)=1-q(a))q(ay)-...-q(a,),

where ;i is the event opposite to the a, event, and
q(aj) =1~ p(a,) is the probability of the implementation
of the ;i opposite event.

Then for each of the eight scenarios considered we
have:

D P(4) =1-{[1- p(a)]-[1- p(a)]-[1- p(a;)]} =
=1-(0.9-0.7-0.9) = 0.433;

(2): P(Ay) =1-{[1-p(a)]-[1- p(a;)]-[1- p(ay)]} =
=1-(0.9-0.7-0.1) = 0.937;

(3): P(45) =1-{[1-p(a)]-[1- p(a)]-[1 - p(a;)]} =
=1-(0.9-0.3-0.9) =0.757;

(4): P(4,)=1-{[1-p(a)]-[1- p(a)]-[1- p(a,)]} =
=1-(0.9-0.3-0.1) = 0.973;

(5): P(A45)=1-{[1- p(a,)]-[1- p(as)]-[1 - p(a,)]} =
=1-(0.1-0.7-0.9) = 0.937;

(6): P(4g) =1-{[1- p(a)]-[1- p(as)]-[1- p(a,)]} =
=1-(0.1-0.7-0.1) = 0.993;

(7 P(4;) =1-{[1-p(a,)]-[1- p(ag)]-[1- p(a;;)]} =
=1-(0.1-0.3-0.9) = 0.973;

®): P(Ag)=1-11-p(a)]-[1- plag)]-[1- pla,,)]} =
=1-(0.1-0.3-0.1)=0.997.

The obtained results further confirm the previously
made entries. Thus, the negative characteristic feature of
the eighth scenario is also enhanced by the fact that one
of the unacceptable events (P(4 . )=0,997) will occur al-
most surely.

The conclusion made in respect of the first scenar-
io is supported by the low value of the (P(4 1) =0,433)
probability of one of the three eligible events. As for the
sixth scenario, its attraction in the considered example
is confirmed by the high value of the P(4 )=0,993 prob-
ability of the implemented a, event.

Example 2. Let’s consider the probability analysis
task aimed at the forecasting of the portfolio of orders
of the ship repair enterprise which seeks to maintain
a leading position in the particular market segment. All
the underlying information of the task is presented by the
initial tree in Fig. 3.

It is supposed that the expected state of orders for ship

®)

(6)

repair can be represented by two events: a, is expansion
and a, is reduction of the portfolio of orders. Depending
on that the state of the enterprise affairs is represented
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BEPOATHOCTBIO CBOEH peanuzanuu. s paccMOTpeHHO-
TO MpHMEpa, OYCBUIHO, HAUOOJICE MPUEMIIEMBIM SIBIISI-
eTcsl crieHapuit (6), OMHAKO TPU ITOM 3aKa34HK JOJDKCH
paau ATUTEIHHOCTH PEMOHTA IOCTYIIUTHCS €r0 CTONMO-
CTBIO M KAYECTBOM.

PacmupumM Hair aHaau3 mocpecTBOM ONpPENeTICHHs
BEPOSITHOCTH TOSIBJICHHUS XOTsI OBl OJHOTO W3 COOBITHUH,
COCTABJISIOMINX KaXIblid crieHapuil. s aToro 00o3Ha-
9iM uepe3 4 coOBITHE, COCTOAIICE B ITOSBICHUN XOTS OB
OJTHOTO M3 COOBITHH a,, A, ...,d,, H BOCTIONB3YEMCS CIIe-
JYIOITNM BhIpakeHHeM u3 [8]:

P(4)=1-4(a))-4(a,) ...-4(a,),
e a, — COObITHE NPOTHBOMOJNOKHOE COOBITHIO d,,
a q(ai) =1- p(a,) — BEPOATHOCThL peanu3aluy IPOTH-
BOTIOJNIOKHOTO COOBITHS @, -

Torma mist KaxJa0ro U3 BOCBMU paccMaTpuBaCMbIX
CIICHAapUEB UMCCM!

(D P(4y) =1-{[1- p(a)]-[1- p(ay]-[1- p(a;)]} =
=1-(0.9-0.7-0.9) = 0.433;

(2): P(A(z)) =1-{[1-p(a)]-[1- p(a;)]-[1 - p(ay)]} =
=1-(0.9-0.7-0.1) =0.937,

(3): P(45) =1-{[1-p(a)]-[1- p(a)]-[1 - p(a;)]} =
=1-(0.9-0.3-0.9) =0.757;

() P(Ay)=1-11-pla)]-[1 - pla)]-[1- pla,)]} =
=1-(0.9-0.3-0.1)=0.973;

(5): P(dg)=1-{[1- pl@)]-[1- p(as)]-[1- p(a,)]} =
=1-(0.1-0.7-0.9) =0.937;

(6): P(4g)=1-{[1-p(a,)]-[1- p(as)]-[1 - p(a;,)]} =
=1-(0.1-0.7-0.1) = 0.993;

(7 P(Aq) =1-1{[1-p(a,)]-[1- p(ag)]-[1- p(a;;)]} =
=1-(0.1-0.3-0.9) = 0.973;

®): P(Ag)=1-1l1-p(a)]-[1- plag)]-[1- pla,)]} =
=1-(0.1-0.3-0.1)=0.997.

[Momy4yeHHble pe3ynbTaThl JOMOJIHUTEIBHO ITOJ-
TBEP)KAAIOT CIENaHHBIC paHee BBOABL Tak, oTpuia-
TeJIbHAs XapaKTePUCTHKAa BOCHMOTO CIEHApHUsl YCHIIH-
BAaeTCsl €Ile TEM, YTO OJJHO M3 HEIPUEMIIEMBIX COOBITHH
NPOM30MET NPAKTHYECKH HaBepHsKa (P(4)=0,997).
BeIBOZ, cenaHHBII B OTHOIICHWH IIEPBOIO CIICHA-
pusi, MOAKPEIUISEeTCS HU3KUM 3HAYCHHEM BEPOSTHOCTH
(P(A,))=0,433) 0IHOTO U3 TPEX NPHEMIIEMBIX COOBITHIA.
Yto e KacaeTcsl LIeCTOro CLEHapHs, TO €ro HEKOTo-
past IPHUBJIEKATEIbHOCTh B PacCMaTpHBacMOM IpHUMepe
MOATBEPXKIACTCS BBICOKUM 3HAYCHHEM BEPOSTHOCTH
P(4,,)=0,993 peanmnsyemoro coObITHS d;.

Ilpumep 2. PaccMOTpUM 3a/ady BEpOSTHOCTHOTO
aHaJIN3a, HAIIEJICHHOTO Ha NPOTHO3UPOBAHHE NMOPTQes
3aKa30B CYIOPEMOHTHOIO NPEANPUITHs, KOTOPOe CTpe-
MUTCSI COXPAHUTD JIMANPYIOIIEE MOJIOKEHNE Ha OIpeie-
JICHHOM CerMEHTe pbIHKa. Besi mcxomHas mH(poOpMaims
3aj1a4M IpeJIcTaBIeHa HCXOIHBIM ISPeBOM Ha PHC. 3.
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Advertising campaign

portfolio for ship repair market Success ¢ /a,, b,, p(a,)=0,9
repair Preservation e(1)
bl/al,p(a3)=0,9  =0.486
Expansion p,=0,054
a,. pla)=0.6 °)
Failure ¢,/a,, b, p(a,)=0,1
Success ¢//a,, b,, p(a,)=0,6
®(3)
p,=0,036
p,=0,024
Loss ®(4)
bja,p(a)=0.1 " Failure c/a,, b,, p(a,)=04
Preservation Success ¢//a,, b,, p(a,)=0,8 o)
b/a,, p(a;)=0,2
p5=0,064
p,=0,016
®(6)
Failure ¢ /a,, b, p(a,,)=0,2
Reduction Success ¢ /a,, b,, p(a,;)=0,3
(0.)=04 ®(7)
a,, p(a,)=0,
» P p,=0,096
=0,227
Loss Ps o3)
bya,, p(a,)=0,8 .
Failure ¢ /a,, b,, p(a,,)=0,7
8
>.2,=1,000
i=1

Fig. 3. Initial Probabilities Tree

Puc. 3. cxonHoe iepeBo BepoSITHOCTEH

by the following events: b, — the company will maintain
its leading position and b, — the leading position may
be lost. To preserve the leading position in the market
the company is planning to organize an advertising cam-
paign which can also be associated with two events: ¢,
is success and c, is failure.

Let’s present a technique for the probabilities calcu-
lation on the example from [10].

The total probability of the advertising campaign
success:

P(success)=P +P,+P+P =
= 0,486+0,036+0,064+0,096 = 0,682.
The total probability of the advertising campaign
failure:
P(failure)=P,+P,+P +P,=
=0,054+0,024+0,016+0,224 = 0,318.
Assuming that the state of the portfolio of orders and
the market position depend on the expected states of the
advertising campaign, let’s rebuild the probabilities tree
as it is shown in Fig. 4.
Probabilities of events for such a tree will be calcu-
lated using the data in Fig. 3. Thus, we have [10]:
p'(c,)=P(success)=0,682;

p'(c,)=P(failure)=0,318.

117

[onaraercs, 9TO OXXHAAEMOE COCTOSHHE IOpTde-
JIS1 3aKa30B Ha CYIOPEMOHT MOXKET OBITh MPEICTaBICHO
JBYMSI COOBITHSIMH: ¢, — PACIIUPEHHUE U @, — YMEHb-
nieHue noptgelis 3aka3oB. B 3aBUCHMOCTH OT 3TOTO CO-
CTOSIHHE JIeJT TPEAIIPUSATHS ITPEACTABISIETCS] COOBITUSIMHU:
b, — mpennpuATHE COXPAHMUT JIUIUPYIOMIEE TTONOKECHUE
U b, — MUIMPYIOIIEE TIONOKEHHE MOXKET OBITh MOTEPSI-
Ho. JIJ1st cOXpaHEHUs JINIMPYIOLIEro TOJI0KEH S Ha PhIH-
K€ TPeIIpHUITHE TUIAHUPYET OPTaHU30BaTh PEKIAMHYIO
KaMITaHHUIO, KOTOPasi MOKET OBITh CBsI3aHA TAaKKE C JIBY-
Msl COOBITHAMH: ¢, — YCIIEX; ¢, — HEyaaJa.

[IpuBeneM TEXHHMKY BBIYUCICHHS BEPOSTHOCTEH
Ha mpuMepe u3 padotsr [10]

[lonHast BEpOsTHOCTH ycIiexa peKkJIaMHON KaMIIaHUU:

P(ycnex)=P +P, +P +P =
=0,486+0,036+0,064+0,096 = 0,682.
[NonHast BepOsSTHOCTH HEYIa4u PEKJIAMHOM KOMITaHHH:
P(neynaua)=P,+P, +P +P =
=0,054+0,024+0,016+0,224 = 0,318.

[Nonaras, 9ro coctostHue moOpTdens 3aka3oB U MO-
JIO)KEHHWE HA PBIHKE 3aBHUCAT OT OXKHJIAEMBIX COCTOSHUH
PEKJIAMHOW KaMIIaHUH, MEPECTPOUM JIEPEBO BEPOSITHO-
CTEH, KaK IMoKa3aHo Ha puc. 4.

BeposiTHOCTH COOBITHIA TS TAKOTO JIepeBa PacCUUTACM,
WCTIONB3YS AaHHBIEe prc. 3. Takum obpaszom, umeeM [10]:

p'(c,)=P(ycnex)=0,682;
p'(c,)=P(neynaqa)=0,318.
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Leadership in ship repair

portfolio for ship market
Advertising repair )
campaign ] Preservation b /c , a, p(a,)=0,931
Expansion o)
a,/c, p(a,)=0,765

- p,=0,486

p,=0,036
Success ¢, p(a,)=0,682 *(3)

Failure
Cp p(az) =0,318

Fig. 4. Rebuilt Probabilities Tree

Puc. 4. IlepectpoeHHOE 1epeBO BEPOATHOCTEH

pla,/¢)=(P+P)/(P+P,+P,+P)=0.522/0.682 = 0.765;
play/e))=(P,+PB)/(B+PB+P+P)=0.160/0.682 = 0.235;
pla,/c,)=(P,+P)/(P,+P,+P,+P)=0.078/0.318 = 0.245;
pla,/c,)=(P,+B)/(P,+ P, + P, +B)=0.240/0.318 = 0.755.

Further in view of the probability values we obtain
the following:

p(b/ci,a)=P/(p'(c,)- pa,/c,)) =0.486/(0.682-0.765) = 0.931;
pb, /¢y a)=P,)(p'(c,)- p(a,/c,)) = 0.036/(0.682-0.765) = 0.069;
p(b /¢, a)=P.[(p'(c,)- pla,/c,)) =0.064/(0.682-0.235) = 0.400;
pb, /¢, a)=P,[(p'(c)- pla,/c,)) =0.096/(0.682-0.235) = 0.600;
pb /¢y, a)=P,/(p'(c,)- pa,/c,)) = 0.054/(0.3180.245) = 0.692;
p(by/ ¢y a)=P,[(p'(c,)- pla,/ c,)) = 0.024/(0.318-0.245) = 0.308;
p(b /¢y, a)=P,[(p'(c,)- p(a,/¢,)) =0.016/(0.318-0.755) = 0.067;
p(by /¢y, a,)=PB,)(p'(c,)- pla,/c,)) = 0.224/(0.318-0.755) = 0.933.

The calculations show that in case of the suc-
cess of the advertising campaign the probability

of the leadership maintaining in the ship repair market
is P +P,=0,486+0,064=0,550, and the probability

Reduction
a,/c,, p(a,)=0,235

Expansion
a,/c, pla;)=0,245

Reduction
a,lc,, p(a,)=0,755

Loss b,/c,, a,, p(a,)=0,069
Preservation b /c,, a,, p(a,)=0,4
®(5)
p,=0,064
»,=0,096
o (7)

Loss b,/c,, a,, p(a,;)=0,06
Preservation b /c,, a,, p(a,)=0,692
®(2)

p,=0,054

p,=0,024

®(4)

Loss b,/c,, a,, p(a,,)=0,308
Preservation b /c,, a,, p(a,;)=0,067
®(6)
p,=0,016
p,=0,224
®(8)

Loss b/c,, a,, p(a,,)=0,933

8
Y p.=1,000
=1

pla,/¢)=(P+P)/(P+P,+P,+P)=0.522/0.682 = 0.765;
pla,/e)=(P,+PB)/(B+P+P+P)=0.160/0.682 = 0.235;
pla,/c,)=(P,+P)/(P,+P,+P,+P)=0.078/0.318 = 0.245;
pla,/c,)=(P,+B)/(P,+ P, +P,+P)=0.240/0.318 =0.755.

C y4eToM MoJTy4YeHHBIX 3HaU€HUH BEpOSTHOCTEN Ja-
Jiee ToTyvaem:

p(b/cya)=P/(p'(c,)- p(a,/c,)) =0.486/(0.682-0.765) = 0.931;

pb, /¢, a)=P,)(p'(c,)- p(a,/c,)) = 0.036/(0.682-0.765) = 0.069;
p(b/c,,a)=P./(p'(c,)- pla,/c,)) =0.064/(0.682-0.235) = 0.400;
pby /¢, a)=P[(p'(c,)- pla,/c,)) =0.096/(0.682-0.235) = 0.600;
p(b/cy,a)=P,/(p'(c,)- pla,/c,)) = 0.054/(0.318-0.245) = 0.692;
pb, /¢y, a)=P,[(p'(c,) p(a,/c,)) = 0.024/(0.318-0.245) = 0.308;
p(b/ ¢y, a)=P,[(p'(c,)- p(a,/c,)) = 0.016/(0.318-0.755) = 0.067;

p(b,/c,,a)=PR.[(p'(c,) p(ay/c,)) =0.224/(0.318-0.755) = 0.933.

[IpoBeneHHBIE pacyeThl IMOKA3BIBAIOT, 4YTO Be-
POSITHOCTh COXPAHCHHS JUACPCTBA HA PBIHKE CYIO-
pEMOHTa MpU YCIEXe PEeKIaMHOM KaMIIaHUM paBHA
P +P;=0,486+0,064=0,550, a BepOATHOCTH COXpaHEHHUs
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of maintaining a leading position in case of the failure of the
advertising campaign will be P,+P,=0.054+0.016=0.070.

CONCLUSION. 1. The proposed technique for the
probabilities trees construction and calculating the prob-
abilistic inference relations on them can be successfully
applied to the analysis of various organizational and lo-
gistic problems of the ship repair under uncertainty con-
ditions.

2. Application of the numerical support of the ana-
lytic calculations discussed in the article will be of great
interest to the practitioners involved in the automation
of the management of ship repair, shipbuilding and other
enterprises.
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JUAMPYIOMIETO TOJNOXKEHHUsT NpH HeyAade peKIaMHON
kammanuu Oynet P2 + P6 = 0,054 + 0,016 = 0,070.

BBIBOJDBI. 1. IlpemioxkeHHasi TeXHHKa MOCTpoOe-
HUSI JIEPEBbEB BEPOSITHOCTEH M pacyeTa COOTHOIICHUH
BEPOATHOCTHOT'O BbIBOJA HA HUX MOXKCT 6I)ITI) C ycruexom
MPUMEHEHa JIsl aHalIu3a Pa3IMuHbIX OpraHU3aIllMOHHBIX
YU OpraHW3alMOHHO-TEXHUYECKHX 3aJad CyIOpEeMOHTA
B YCIIOBHAX HEOTIPEICICHHOCTH.

2. IlpuMeHeHHe YHCIOBOTO COIPOBOXKACHHUS pac-
CMOTpPEHHBIX B pa00TE aHAIMTHUYCCKUX BBIKIAJIOK MPEI-
CTAaBUT HECOMHEHHBIN WHTEpeC ISl NMPAKTHKOB, 3aHU-
MAIOMIUXCS BOMPOCAMH aBTOMATH3alWN YIIPABICHUSI
CYIIOPEMOHTHBIMH, CYAOCTPOUTEIBHBIMH ¥ JPYTHMH
NPEINPUATHIMU.
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KHWKHAS NOJIKA

r.B. ETOPOB ‘ ‘
B MOHOI‘pa(l)I/II/I PAaCCMOTPEHBI MPUHIUIILI IIPOCKTUPOBAHUA CYI0B C OIrpa-

HUYEHHBIM PaliOHOM IIJIABAHUSA C MCIIOIB30BAHNEM HMHCTPYMEHTOB TEOPHH PHCKA.
[ToxazaHbl pa3nmu4HbIC (PAKTOPHI, BIHSIOIINE HA PUCK JSKCIUTyaTAIlMH JAHHBIX CY-
noB. [TpuBeneH TEXHUKO-PKOHOMUYECKUN METOJ aHalu3a U KOHTPOJISl pUCKa mepe-
JIOMOB KOpITycoB cynoB. OG0CHOBaHNE PEIICHUH MPH MOATOTOBKE MPOSKTOB HOBBIX
CYIIOB C OTpaHIYCHHBIM PaifOHOM ITTaBaHUS IS CTPOUTEIHCTBA Ha OTCUSCTBCHHBIX
Bep(dsIx, mperaraeMbie B HACTOSIIIEM MMOCOOUH, 0a3UPYIOTCS HA CUCTCMAaTH3AIUU
¥ aHaJIM3e HAKOIUIEHHOTO B MOAOOHBIX YCIOBHSAX 3HAYUTEIHHOTO TEXHHYECKOTO
¥ TIPaKTHYCCKOTO OMBITA O0CCTIICUCHUST HAACKHOCTH, 0€30TMacHOCTH U d(PPEKTHB-
HOCTH TIOJIOOHBIX CYJIOB Ha dTaraxX U3MCHEHUS KJIACCOB, MOJICPHU3AIINI, PEMOHTOB,
pEHOBaLIM, Pa30BbIX NEPEX0/I0B, PACHIMPEHHUI paliOHOB IJIaBaHHUA. , ,
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NIPOEKTHPOBAHKE CYADB
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