N°2 (2) 2014

TEMA HOMEPA: CYAJOCTPOEHME

Igor l.
Kovalenko

KoBaneHko
Uropb
NBaHOoBUY

Alyena V.
Shved

lliBepn

AneHa
BnagumupoBHa

Anton V.
Melnik

MenbHuUK
AHTOH
ButanbeBu4

smi.nuos.edu.ua | smi@nuos.edu.ua §HIPBUILDING

MARINE INFRASTRUCTURE

VK 519.24:629.5.083.5
K 56

PROBABILITY ANALYSIS OF RISK-CONTRIBUTING
FACTORS IN ORGANIZATIONAL
TASKS OF SHIP REPAIR

BEPOAITHOCTHbIN AHAJIN3 PUCKOOBPA3YIOLNX GAKTOPOB
B OPTAHN3ALUMNOHHBIX 3AAAYAX CYNJOPEMOHTA

DOI 10.15589/SM120140205

Igor 1. Kovalenko .. KoBanieHKo, I-p TEXH. HAayK, MPod.!
igor.kovalenko@nuos.edu.ua
ORC ID: 0000-0003-2655-6667

Alyena V. Shved A.B. llIBex, kaH/. TeXH. HAyK, CT. IPENOAABATENb
helenashv@mail.ru
ORC ID: 0000-0003-4372-7472

Anton V. Melnik A.B. MenbHuK, cT. 1abopanT!
anton.melnyk@nuos.edu.ua
ORC ID: 0000-0002-6636-534X

! Admiral Makarov National University of Shipbuilding, Nikolaev

2 Petro Mohyla Chernomorsky State University, Nikolaev

! Hayuonanvrviil yrueepcumem kopabnecmpoenus umernu aomupana Maxaposa, . Hukonaes
2 Yepromopcruil 2ocyoapcmeennviil ynueepcumem umenu [lempa Mozunv, 2. Huxonaeg

2

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.

AHHoTanusi. PaccMoTpeHa npoleiypa noCcTpOeHuUs IepeBbeB BEPOITHOCTEH U pacyeTa cooT-
HOILICHU BEPOATHOCTHOTO BBIBOJA HAa HUX. [IpeioxkeH psil IPHUMEPOB, WILTIOCTPHPYOLINX
BO3MO)XHOCTH TIPUMEHEHHUS BEPOATHOCTHOTO BBIBOJIA JUTS aHAIN3a Pa3sIMYHBIX OpraHU3alld-
OHHBIX W OPraHW3ALMOHHO-TEXHHYESCKUX 3a]a4 CYIOPEMOHTA B YCIOBHUIX HEOINPEICIICHHO-
CTH H pHCKa.

KoroueBble ciioBa: puck, HEONPEAEIEHHOCTD, BEPOSTHOCTHBIH BBIBOL, Ipad.

Anoranis. Po3missHyTo nponeaypy mnoOymoBH JiepeB IMOBIPHOCTEH Ta pO3paxyHKY CIIiB-
BiJTHOIIICHb IMOBIPHICHOTO BHBOJY Ha HUX. 3allPOMIOHOBAHO PSJ] MPUKIIAMIB, SKi LTFOCTPYIOTh
MOXKJIMBOCTI 3aCTOCYBaHHS HWMOBIPHICHOTO BHBOJAY IpH aHaNi3i PI3HUX OpraHizaumiiHUX
Ta OpraHizaliifHO-TEeXHIYHUX 3a/1a4 CY[THOPEMOHTY B yMOBaX HEBU3HAYEHOCTI Ta PU3HKY.
KoaiouoBi ci1oBa: pru3nk, HEeBU3HAUEHICTh, IMOBIPHICHHH BUBiZ, Tpad.
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Problem statement. In recent years, due to the lack IMocranoBka npodsembl. B nocnenuue roapr Beie-
of government contracts for shipbuilding the shipbuild- | CTBHE OTCYTCTBHs TIOCYIapCTBEHHBIX 3aKa30B Ha IIO-
ing enterprises tend to perform ship repair works [1, 2]. CTPOMKY CylNOB B JACATEILHOCTH CyIOCTPOUTEILHBIX

NPEeNNpHUATHI HAMETUJIACh TEHICHIHS K BBITOJIHCHUIO
CYIOPEMOHTHEIX padoT [1, 2].

CynopeMOHT IpeCTaBiIsieT OO0 CIOKHBIN TEXHO-
JIOTUYECKUI IIPOLIECC, HA KOTOPBIN OKa3bIBAIOT BIMSHUE
JOCTATOYHO OOIBIIOE YHCIIO PUCKOOOpasyrommx (hakTo-
sary production facilities and staff etc. [2]. POB: CTOMMOCTb PEMOHTHBIX PaGOT, CPOKH MPOIOIKH-

This highlights the problem of analysis, prediction | TemBHOCTH pEMOHTA, KAYECTBO PEMOHTA, HATMIHE HEOD-
and forecasting of the impact of these factors in order | XOIMMEBIX MPOM3BOJICTBEHHBIX MOIIHOCTEM U MEPCOHATA

to effectively solve a number of organizational measures | ¥ PAI Apyrux [2].

preceding the direct implementation of ship repair works. OTO BbUIBHTrAcT 3anadn aHa/sa, HpOrHOSNPOBAHMA
e . U IpEeBHACHHS BO3ICHCTBHS IEPEUHCIICHHBIX (JaKTOPOB

For example, when deciding on the contract conclusion PCABHL A P ¢ p
C meibio A(PPEKTHBHOTO PEUICHUS psa OpraHU3aI[HOH-

HBIX MEPONPHUATHIL, IPEIIIECCTBYOLINX HEMOCPEICTBCH-
HOMY BBITIOTHEHHIO CYIOPEMOHTHBIX padoT. Tak, Hanpu-
tion and quality etc. On the other hand, the shipbuilding | wep, npu npunsTHn pewenns o 3akmoueHNN KOHTpaKTa
(ship repair) enterprise (Contractor) should assess their | cymoByro koMnanuto (3akazumk) nmpesxe Bcero OyayT UH-
capabilities before deciding to perform the repair order | TepecoBarh Takue (HaKTOpPbI, KAK CTOMMOCTb PEMOHTHBIX
in terms of availability of the necessary production fa- | PaOOT, IPOJOIKHTENBHOCTb, Ka4ECTBO PEMOHTA M JIp.
C apyroil CTOpOHBI, CYIOCTPOHTENbHOE (CYNOPEMOHT-
Hoe) mpexanpusatie (VMcromHuTenp) mepen MpUHATHEM
peleHus] O BBIOJIHEHUH PEMOHTHOTO 3aKa3a JIOJDKHO
OLICHUTH CBOU BO3MOXHOCTH B IINITAHC HAJINYUA HE00X0-
JMMBIX TPOM3BOACTBEHHBIX MOIIHOCTEH W IIepcoHaia,
course of the ship repair process, the enterprises create | sanacos HEOOXOMMBIX MaTEPHATIOB M KOMILIEKTYIOLIHX
the automated information systems which include the da- U3, HOPMATUBHO-TEXHUYECKOW JOKYMEHTAIIWH,
tabase (DB) development. HEOOXOMUMOCTh TIPUBJICYCHUS] KOHTPATCHTOB U JIp.

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-

the ship company (Customer) will be primarily inter-
ested in such factors as the cost of repair, repair dura-

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
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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 20007, “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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Jns ydera MHOroOoOpa3usi (akTOpoB, BIUSFOLIMX
Ha XOJ CyAOPEMOHTHOIO IpolLecca, Ha MPEANpUITHAX
CO3IAI0TCSI  aBTOMATU3UPOBAaHHbIE WH(OPMALMOHHbIE
CHCTEMBI, COJICpIKallle B CBOEM COCTaBE Pa3BUTHIE Oa3bl
naaubIx (B).

AHanu3 cyniecTBYIOMUX HH(QOPMAITOHHBIX CUCTEM
YOPaBIEHUS CYJOPEMOHTHBIMU IPEANPHUATUSAMH MTO3BO-
JISIeT BBLICJIUTH CIEAYIOIINe, IOMy4YMBIINE HauOoiee
mupokoe pacnpoctpanenue [1, 2, 5]: «1C Ilpennpus-
tHey, «amaktukay, «Ilapycy, «Marine 2000», « TRIM»,
«MAPT». OgHako 3TH CHCTEMBI B CHITy CBOCH YHHBEp-
CAJIBHOCTH HE MOTYT OTOOpa3uTh CIEHMU(HKY Cymope-
MOHTa ¥ OPHEHTHPOBAHBI IPEUMYIIECTBEHHO Ha yIIPaB-
neHne (PUHAHCOBBIMU 3aTpaTaMy Ha MPEANPUSTHH.

OOmuM HEIOCTAaTKOM TIEPEYUCICHHBIX CHCTEM SIB-
JISIETCSl TAK)KE OTCYTCTBHE B HHX MOZYNEH HMOMAEPKKU
MIPUHSTHUS PEIICHUH, YTO OTPaHUIHUBAET UX (YHKIUH 110
YIIPaBJICHUIO MPOU3BOACTBOM. B 3TOl CBsI3u co3naHue
CHENHMATU3UPOBAHHBIX CHUCTEM MOJNEPKKH HPUHATHA
pemennii (CIITIP) cynopeMOHTHBIX PEIIPUATHIA, OCHA-
LICHHBIX COBPEMEHHBIMU MaTeMaTH4YeCKHUMU METOlaMHU
Y IPOTPaMMHBIMU CPEJICTBaMHU, IIPEACTaBIsET COOOH ak-
TyaJbHYIO HAYYHYIO M IPAKTHYECKYIO 3a/1a4y.

AHAJIU3 MOCIeTHUX UCCIIeTOBAHMI 1 MyOIMKaIMii.
IIpu nocrpoenun CIIIIP ocHOBHOe BHMMaHHE Halpas-
JICHO Ha caM METOJ IPUHSATHS PELICHUH, Ha TIOCTPOCHUE
pemaroniero npasuia. basa snanuii (b3) CIIIIP o6kran0
BKJIIOYaeT B ceOsl BXOJHBIE JAHHBIE M MPOLETypHI JIO-
TMYECKOro BbIOOpa (pemaroiue npasuia). Takum o0-
pasoM, ocHoBHOH amemeHnT CIINIP — merox npussTus
peuenuit [9].

CrenoBarenbHO, BAYKHBIM SIBIISIETCS. BOIPOC 000CHO-
BAHHOTO ITPUMEHEHHS TOTO MIIX HHOTO METO/Ia IPHUHSATHS
peLIeHHi.

AHanu3 nyOnuKanui, MOCBSIICHHBIX MOCICIHUM
HCCIICIOBAaHUAM W pa3paboTkaM B OOJNIACTH CO3MaHUSL
CIIIP cymopemonTa [1-7] mo3BoNIsIeT caenarh BBIBOL,
YTO peuIeHUe JaHHON MPOOIEeMBbl HAXOOUTCS B HAYallb-
HOM COCTOSTHHH.

Crnenyer ormetuts, uto CIIIIP, peannsyemsie B cy-
JOPEMOHTHOH OTpaciyi, B OCHOBHOM pEIIAIOT 3a/a4ud
NOCTPOSHUS M ONTHUMH3ALUM TpaHUKOB PEMOHTaA, KO-
TOpBIE MPEICTABICHBI CETEBBIMU MojensaMu. [Ipu 3Tom
B KQU€CTBE METOAOB IPUHATHS PEIICHUN UCTIONB3YIOTCS
METO/Ibl MHOTOMEpPHOW ONTHMH3AIN{, aHaJH3a Hepap-
XUH, HEYETKUX MHOXKECTB U Ip. Bmecte ¢ TeM, roBops
O MPHUHATUH PEIICHUI B YCIOBUSIX HATUYHSI pUCKOOOpa-
3yOIKX (akToOpoB, Uil aHAJIM3a PUCKOB ClIENyeT MpH-
MEHSTBH OOLIETIPUHSTHIE METOJIBI TEOPHH BEPOSITHOCTEHA.

Crnenyer Takke OTMETUTh, YTO B HACTOAILIEE BPeMs
HMHTEHCUBHO Pa3BUBAETCs CLIEHAPHBIM NMOAXON JUIsl IpuU-
HSTHUS PEIICHUI B YCIOBUSX PHCKA Ha OCHOBE BEpPOAT-
HOCTHOIO BBIBOJA Ha JAEpeBbsIX BeposTHOcTe. Takoil
TIOAXOJ] MOXKET OBITH IOJIOKEH B OCHOBY IOCTPOEHHS
CIIIIP B opraHM3allMOHHBIX 33/1a4aX CYIOPEMOHTA.

HOEJBIO CTATBMU sBasercs pacCMOTpEHHUE BO3-
MOXHOCTH ITPUMEHEHHS BEPOSTHOCTHOTO BBIBOJIA B aHA-
JIM3€ PUCKOOOpa3yromux (aKTOpOB OPTaHU3AIMOHHBIX
3a7a4 CylIOpEeMOHTa M Pa3padOTKa psija 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:xeHne ocHOBHOTO MaTepuaJia. [y npuHsIThs
pEeLICHU B YCIOBUAX PUCKA MOTYT UCIIOIb30BAThCS MO-
JIeTIH, TIPEICTaBIICHHBIE IEPEBbSIMU BEPOSITHOCTEH, Ha KO-
TOPBIX PEMIAIOTCS 3a/1a91 BEPOSITHOCTHOTO BhIBoAa [10].
[IpenBapuTenbHO KaXABIH prckooOpasyromuii ¢akrop,
TIPE/CTABISIIONIMHA CUCTEMY CIIyYailHBIX COOBITHH, rpa-
¢uueckn orobpaxkaercss B GopMme aepeBa pacnpernele-
Hus (puc. 1). Kaxxnas BeTBb gepeBa pacupeaeaeHus oTo-
OpakaeT OfHO CilydaitHOe COOBITHE U BEpPOSITHOCTH (p)
ero ocymecTsiaeHus. KoMOMHammm TakWx AepeBbeEB,
MIOJTy9eHHBIE MX 00BEMHEHNEM, IPUBOJIAT K JICPEBY Be-
posiTHOCTEH (pHrC. 2), KOTOpOE MPEJCTABIAET COOOH pe-
BOBUIHBIN rpad. Kaxibiii y3en (BepiunHa) Takoro rpada
CBSI3aH C OTHOM MOJTHON CHCTEMOH CITydalfHBIX COOBITHH.
Kaxxnoe coObITHE M BEPOSTHOCTH €r0 OCYIIECTBICHHS
0TOOpaXkaeTcsi BETBBIO JIEPEBA, BHIXOAAIICH U3 COOTBET-
cTByromIero y3na. Kaxslii myTh Ha gepeBe OT KOPHEBOTO

Acceptable Acceptable Acceptable
pIZO,l p3=O,3 pSZO,l
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. JlepeBrs pacnpesniesieHuil cucTeM ciy4aifHbIX pUCKOOOpa3yIOIINX COOBITHI

Acceptable R =0,1
Acceptable (a,) P (@,). p(a,) s ()
pla)=0,3 :

Repair p,=0,003
quality p,=0,027

Acceptable (a,) s(2)

pla)=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,) s (4)
Repair pla)=0,7 Unacceptable (a,), p(a,))=0,9

cost =
Acceptable (a;) Accept_able (al_l)T_.p (_a_“)__ 0.1

pla)=03 #(5)
Repair p,=0,027
quality p,=0,243

»(6)
Repair Unacceptable (alz), p(alz) =0,9

Unacceptable (a,) duration Acceptable (a,). pla,) _.0’71

Play)=0.9 . @
Repair p,=0,063
quality Pp,=0,567

Unacceptable (a,) °(8)

play)=0,7

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

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

Puc. 2. JlepeBo BeposTHOCTEH CiIydalHBIX PHUCKOOOPA3yIOUIMX COOBITHH HPH 3aKIIOUYCHWH KOHTPAKTa Ha BEIIIONHEHUE 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 n, 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(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): 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= ZR =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
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y3J1a 10 KOHEYHO! MO3UIUHU OTOOPAXKAIOT OAHY U3 BO3-
MOXHBIX KOMOHMHAIMH COOBITHH, KOTOpas Ha3bIBACTCS
crierapueM [10].

JlepeBo BepOsSTHOCTEH Ha pHUC. 2 MPEACTABISACT BO-
ceMb BO3MOXKHBIX CIieHapueB (0003Ha4YeHBI MMOCIe10Ba-
TEJIBHOCTHIO PP B CKOOKax).

[ockonmpky KaXkApIii crieHapuii oOpa3yeT OfHa BO3-
MOXKHasi KOMOWHAIUSI COOBITUIH, TIO OHOMY W3 KaXKIOH
MTOJTHOM CHUCTEMBI COOBITHI, OOIee YHCIO CICHAPUCB
MOKET OBITh ITOJICYMTAHO €lle JJO KOHCTPYHPOBAaHUS Jie-
peBa BEpOATHOCTEN Kak

m
N=]]n,
il

e n, — YHCIO COOBITHH B i-H cucTeme; m — obmiee
YHCIIO CUCTEM CITyYalHBIX COOBITHH.

BeposiTHOCTH OCyIIEeCTBICHIH COOBITHI MOT'YT OBITH
TTOITYYEHBI IBYMS CITIOCOOaMH: OOBEKTHBHEBIM, HA OCHOBE
YaCTOTHOTO TTOIX0J[a, UCIIONB3YIOIIET0 CTaTHCTHYECKUE
JTAHHBIC O MPOIUIBIX Pealu3allisIX COOBITUI Ha Cymope-
MOHTHOM TIPEIIPUATHH 32 OIPEACICHHBIA TIEPHOJT Bpe-
MEHH; CYyOBEKTHBHEIM, B OCHOBE KOTOPOTO JIEKaT TIpoIie-
JypbI TIOJTYIEeHUS U 00pabOTKHU SKCTIEPTHBIX OI[EHOK.

PaccMoTpuM mpUMeEpHI, WUTIOCTPUPYIOIIAE aHa-
JIU3 HEKOTOPHIX OPTaHU3aIlMOHHEBIX 337a4 CYIOPEMOHTa
C IPUMECHEHUEM JIePEBbEB BEPOSITHOCTA U BEPOSTHOCT-
HOTO BBIBOJIA.

Ilpumep 1. Tlepen cynoxomHON KOMIIAHUEH CTOUT
3aa4a BEIOOpA CYIOPEMOHTHOTO TPEATIPHUATHS IS 3a-
KITIOUEHN KOHTPaKTa Ha BBHIITOJHEHWE PEMOHTA CYHOB.
JlepeBo BEpOSTHOCTEH HarOOJIee 3HAYUMBIX PUCKOOOpa-
3yIOMKX (DAaKTOPOB, BIHUAIONIMX HA 3aKIIOUCHHE KOH-
TpaKTa, IpeACTABICHO Ha PUC. 2.

BrImoHIM HE0OXOIUMBIE BEPOSTHOCTHBIE PACUETHI
Ha HeM. [Ipexxae Bcero ormpeneauM BeposSTHOCTH pealu-
3aIlMU KaXIOTO U3 CIICHAPHEB C YYETOM MOJYYCHHBIX Be-
POSATHOCTEH KaKIOTO U3 COOBITHH, BXOASAIINX B JAHHBIN
cuenapmii [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= ZP: =0.03+0.027+0.07+0.063 +
i=1

i

+0.027 +0.243 + 0.063 4+ 0.567 =1.

W3 aHanmu3a MOMyYEHHBIX PE3yIbTaTOB MOXHO 3a-
KIIFOYHTh, YTO ClIeHApHii (8) ABIACTCS CAMBIM HETaTHB-
vbiM. Crenapuii (1) mpu npUeMIEMBIX TOKa3aTemsx
PHUCKOOOpa3yroIuX (akTOpoB 00IagaeT 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(a,)-...-q(a,),

where ;i is the event opposite to the a, event, and
q(;i) =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(A(z)) =1-{[1-p(a)]-[1- p(a;)]-[1- p(ag)]} =
=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)]-I1= pla)]-[1- pla,)]} =
=1-(0.9-0.3-0.1)=0.973;

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

(©): P(A4g)=1=1l1-pla,)]-[1 = plas)]-[1 - pla,)]} =
=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(A(]))=O,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
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

®)

(6)
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BEPOATHOCTBIO CBOEH peanuzanuu. s paccMOTpeHHO-
ro MpHMeEpa, OYEBUIHO, HaUOOJIee MPUEMIIEMBIM SIBIISI-
eTcsl crieHapuii (6), OJHAKO MPHU ITOM 3aKa34HK JOJDKCH
paau AMUTEIHHOCTH PEMOHTA TIOCTYIIUTHCS €r0 CTOUMO-
CTBIO M KAYECTBOM.

Pacmupum Hail aHamu3 MOCPeCTBOM OINpeNeIeHHsI
BEPOSITHOCTH TOSIBJICHHS XOTsI OBl OJHOTO W3 COOBITHUH,
COCTABJISIOMNX KaxIblid crieHapuil. [ 3Ttoro 0603Ha-
giM depe3 4 cOOBITHE, COCTOAIICE B ITOSBICHUN XOTS OBl
OJTHOTO W3 COOBITHM 4, A, ...,d,, H BOCTIONB3YEMCS CIIe-
IYIOIINM BhIpakeHHeM u3 [8]:

P(4)=1-4(a)-4(a,) ...-4(a,),
e a, — COOBITHE MPOTHBONOJNOKHOE COOBITHIO d,
a q(aj) =1- p(a,) — BEPOATHOCTL peanu3aluy IPOTH-
BOTIOJNIOKHOTO COOBITHS @, -

Torma mist KaXxaoro u3 BOCHMH paccMarpuBaCMbIX
CIICHApUEB UMCCM!

D P(4y) =1-{[1- p(a)]-[1- p(a;)]-[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- pla,)]-[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(As) =1-{[1- p(a)]-[1 - p(as)]-[1 - pa,,)]} =
=1-(0.1-0.7-0.9)=0.937;

(©): P(4g) =111 pla,)]-[1 - plas)]-[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-
TeJbHas XapaKTePUCTHKa BOCHMOTO CIEHApHUsl YCHIIH-
BaeTCsl €Ile TEM, YTO OJJHO M3 HENPUEMIIEMBIX COOBITHIH
IPOM30MET NPAKTHYECKH HaBepHsKa (P(4)=0,997).
BeIBOz, caenaHHBII B OTHOIICHWH IIEPBOIO CIICHA-
pHsl, MOAKPEIUIeTCS HU3KUM 3HAaYECHHEM BEPOSTHOCTH
(P(A,))=0,433) 0IHOTO U3 TPEX NPHEMIIEMBIX COOBITHiA.
Yto e KacaeTcsl LIECTOro CLEHapHs, TO ero HEeKOTO-
past IPHUBJIEKATEIbHOCTh B PacCMaTpHBacMOM IMpHUMeEpe
TIOATBEPKJAETCSI BBICOKUM 3HAYEHHEM BEPOSTHOCTH
P(4,,)=0,993 peanmsyemMoro coObITHS d;.

Ilpumep 2. PaccMOTpuM 3aady BEpOSTHOCTHOTO
aHaJIN3a, HAIIEJIEHHOTO Ha MPOTHO3MPOBAHHE NMOPTQes
3aKa30B CYJOPEMOHTHOIO NPEANPHUATHS, KOTOPOE CTpe-
MUTCSI COXPaHUTH JIMANPYIOIIEe MOI0KEHUE Ha OTpesie-
JICHHOM CerMEHTEe pblHKa. Bes mcxomHas mH(popMauums
3aj1a4M IIpeJICTaBIeHa HCXOIHBIM ISPEeBOM HA pHC. 3.
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Advertising campaign

portfolio for ship repair market Success ¢,/a,, b,, p(a,)=0,9
repair Preservation o(l)
b/a,p(a,)=09 p =0.486
Expansion p,=0,054
a, p(a,)=0,6 *(2)
Failure ¢ /a,, b, p(a,)=0,1
Success c¢//a,, b,, p(a,)=0,6
(3)
p,=0,036
p,=0,024
Loss o(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
ps=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 »,=0,096
=0,227
Loss Ps o3)
bya,, p(a,)=0,8 .
Failure c/a,, b,, p(a,,)=0,7
8
2.p,=1,000
i=1

Fig. 3. Initial Probabilities Tree

Puc. 3. cxonHoe epeBo 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, 94TO OXMIAaeMOe COCTOSHHE IOpTde-
JIs1 3aKa30B Ha CYJIOPEMOHT MOXKET OBITh NMPEICTaBICHO
IBYyMsl COOBITHSIMU: @, — PAClIMPEHHE H d, — yMEHb-
nieHue noptges 3aka3oB. B 3aBHCHMOCTH OT 3TOTO CO-
CTOSIHUE JIET IPEATIPHUATHS IIPEICTABISAETCS COOBITHAMMU:
b, — mIpennpuATHE COXPAHUT JIUIUPYIOMIEE TIONOKECHUE
U b, — IMMIMPYIOIIEE TIONOKEHAE MOXKET OBITh MOTEPS-
HO. /I coxpaHeHUs TUANPYIOIIETo ONI0KEHHsI Ha PhIH-
K€ TPEeIIpHUIATHE TUIAHNPYET OPTaHU30BaTh PEKIAMHYIO
KaMITaHHUIO, KOTOPasi MOXKET OBITh CBA3aHA TAKKE C JIBY-
Msl COOBITHSMH: ¢, — YCIIEX; ¢, — HEyaa4a.

IIpuBeneM TeXHUKY BBIYHCICHHS BEPOSTHOCTEH
Ha mpuMepe u3 padotsr [10]

IlonHast BEpOSTHOCT ycliexa peKJIaMHON KaMIIaHUU:

P(ycnex)=P +P, +P+P, =
=0,486+0,036+0,064+0,096 = 0,682.
[NonHast BEpOSITHOCTB HEyJauM PEKJIaMHON KOMITAaHUH:
P(neynawa)=P,+P,+P +P =
=0,054+0,024+0,016+0,224 = 0,318.

INonaras, 4ro coctostHue mOpTQEns 3aka3oB M MO-
JIO)KEHHWE Ha PBIHKE 3aBHUCAT OT OXKHIAEMBIX COCTOSHUI
PEKJIAaMHOW KaMIIaHUH, [IEPECTPOUM JIEPEBO BEPOSITHO-
CTEH, KaK IMoKa3aHo Ha puc. 4.

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

p'(c,)=P(ycnex)=0,682;
p'(c,)=P(neynada)=0,318.
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TEMA HOMEPA: CYJOCTPOEHUE

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 epeBO BEPOATHOCTEN

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, p(a;)=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

o (4)

Loss b,/c,, a,, p(a,,)=0,308
Preservation b /c,, a,, p(a,;)=0,067
®(6)
p,=0,016
p,=0,224
*(3)

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

8
¥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 MoTy4YeHHBIX 3HaU€HUN BEpPOSTHOCTEH 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;
pb, /¢, 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(by/ ¢y, a)= B [(p'(c,)- p(a,/c,)) = 0.224/(0.318-0.755) = 0.933.

[IpoBeneHHBIe pacyeThl MMOKA3BIBAIOT, 4YTO Be-
POSTHOCTh COXpPaHCHHS JIUACPCTBA 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.

smi.nuos.edu.ua | smi@nuos.edu.ua
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JIMIUPYIOMIETO TOJIOKEHUSI NMPU Heyladye peKIaMHOM
kammanuu Oynet P2 + P6 = 0,054 + 0,016 = 0,070.

BBIBOJBI. 1. IlpemioxxeHHass TEXHHKa MOCTpOe-
HUSI JI€PEBbEB BEPOSITHOCTEN M pacyeTa COOTHOUIECHUH
BEPOATHOCTHOT'O BbIBOJA HA HUX MOXKCT 6LITI: C ycruexom
MpUMEHEHA JIsl aHalIu3a Pa3INuHbIX OpraHU3aI[MOHHBIX
U OpraHW3alMOHHO-TEXHUYECKHX 3aJad CyIOpEeMOHTA
B YCIIOBHAX HEOTIPENICICHHOCTH.

2. TlpuMeHeHHe YHCIIOBOTO COIPOBOXACHHUS pac-
CMOTPCHHBIX B pa60Te AHAJIUTUYCCKUX BBIKJIAAOK IpEa-
CTAaBUT HECOMHEHHBI WHTEepec IJsl MPAKTHKOB, 3aHU-
MAIOMIUXCS BOMPOCAMH aBTOMATH3alWN YIPABICHUSL
CYIOPEMOHTHBIMH, CYAOCTPOUTEIBHBIMH M JPyTHMH
NPEANPUATHSIMU.
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KHMKHAA NOJIKA

“ B MoHorpaguu paccMOTpEHbI PUHIIUIBI MPOSKTUPOBAHUS CYIOB C Orpa-
HUYEHHBIM PaliOHOM IIIABAHUSA C MCIIOIB30BAHNEM HMHCTPYMEHTOB TEOPHH PHCKA.
[Toxazanbl pa3nmu4HbIe (AKTOPHI, BIUSIONIAE Ha PUCK SKCIUTyaTallud TaHHBIX Cy-
] noB. [IpuBeneH TEXHUKO-?KOHOMUYECKUN METOJl aHalu3a U KOHTPOJIS pUCKa Tepe-
AARBAHER HA BCHOBE JIOMOB KOPITyCOB cyn0B. ODOCHOBaHHE PEIICHHI TP MMOATOTOBKE MPOEKTOB HOBBIX
./ FEOPHM PHLKA CYIIOB C OTpaHIMYCHHBIM PAfOHOM IIIaBaHUS IS CTPOUTEIHCTBA Ha OTCUSCTBCHHBIX
L Bep(six, MpeIaracMple B HACTOSIIEM ITOCOOUH, Oa3UPYIOTCS HA CHCTEMAaTH3AIUU
- = Y aHaJIN3e HAKOIUIEHHOTO B MOAOOHBIX YCIOBHSAX 3HAYUTEIHHOTO TEXHHYECKOTO
- e ¥ TIPaKTHIECKOTO OMBITa 00CCIICUCHUST HANICKHOCTH, O€30mMacHOCTH U APPEKTHB-
- HOCTH TIOJIOOHBIX CYJIOB Ha 3TaraxX U3MCHEHUS KJIACCOB, MOJICPHU3AIINI, PEMOHTOB,

l pEHOBaLIU/A, Pa30BbIX NEPEX0/I0B, PACIIMPEHUI pallOHOB IJIaBaHUA. , ,

>

BPDEKTHPOBANNE CYADB
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