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Cpenn MaTeMaTHIeCKIX MOETICH NCCIIeTOBaHHS
PHCKOB, pa3pabOTaHHBIX aBTOPOM, BaKHOE MECTO
3aHUMAIOT AAIUTHBHO-MYJIbTUILUTHKATHBHBIE MOJICITH
OIIEHKH pUCKOB. COCTABISIONIMMH TaKHX MOJAETICH
SIBIISIIOTCS. TPEXCTYICHYATHIE HepapXUIeCcKue
CHCTEMBI PUCKOB (CTPOSIT JJIsl KOHKPETHOMN
MPUKJIHON CUTYAIMHU); OIIEHKH YaCTHBIX PHCKOB
(ompeensiFoT 3KCIEPTHO [l KOHKPETHOTO MPOEKTa,
MPOJYKTa U T.I.); MOKA3aTEJId BECOMOCTH KOHKPETHBIX
BHUJIOB YaCTHBIX PUCKOB (HAXOSIT Ha OCHOBE OMpOca
9KCIEPTOB B KOHKPETHOM MPUKIIAAHON 001aCTH);
ITOPUTMBI PacyeTa OLEHOK IPYIIIOBBIX PHCKOB MO
OIIEHKaM YacCTHBIX PUCKOB M OOIIET0 pHCKa Ha OCHOBE
OIIGHOK I'PYIIIOBBIX PUCKOB. B kauecTBe mpuMepoB
PacCMOTPEHBI TPEXCTYIICHIAThIC HepapXUIECKue
CHCTEMBI PHCKOB TP BBIITYCKE HOBOTO
WHHOBAI[MOHHOTO M3/ICIIHS U TPU BBHITIOJTHEHUU
MIPOEKTOB O Pa3pabOTKE PAKETHO-KOCMHYECKOM
TEXHUKU. [IpeNIOkKEeH AITOPUTM aiITUTUBHO-
MYJbTHILTUKATHBHON MOJICIIN OLICHKU PUCKOB O0IIETO
Buza. OICHKH YaCTHBIX PUCKOB SBJISFOTCS
MIPOU3BEACHUSIMHE MTOKa3aTeNcii BECOMOCTH Ha
ITOKa3aTeH BEIPa)KEHHOCTH, YTO COOTBETCTBYET
M3BECTHOMY CHOCO0Y OIIEHKH PHCKa B BHIIE
MIPOU3BEACHUS CPEIHETO yIIepOa Ha BEPOSTHOCTD
HEXeJIATETbHOTO COOBITHS. OIEHKH TPYIITOBBIX
PHCKOB CTPOSATCS 10 OIICHKaM YaCTHBIX PHCKOB
aJINTHBHO, a UTOTOBAs OIICHKA OOIIEeTo prcKa
PACCUUTHIBACTCS 110 OLICHKAM TPYIIIOBBIX PHUCKOB
MYJBTHILITMKATUBHO. PaHee aBTOp paccMaTpuBa
YaCTHBIN cllydyail aiInTUBHO-MYJIbTUILTUKATUBHOM
MOJICJIM OLICHKU PUCKOB, B KOTOPOM, B YaCTHOCTH,
COCTABJISOIINE MOJICIIA UHTEPIPETUPOBAIUCH B
TepMHHAX Teopuu BepositHocTeil. [Tpemnaraercs
OIICHKH YaCTHBIX PUCKOB U KO3 PHUITUECHTOB
BECOMOCTH IPOBOANTH HA OCHOBE HHTECPBAIBLHOM
MaTeMAaTHKHU U Teopur HedeTkocTH. [IpemioxeHo
HCTIOJIB30BaTh TPEYTOJIbHBIC HEUETKUE YHCIIa KaK
HanboJiee COOTBETCTBYIOIINE MPHKJIAIHBIM 3a/1adaM.
[IpuBeacHEI MpaBwiia apUPMETHICCKUX OTepaIni Ha
HUMH, a TAK)KE HaJ MHTCPBAILHBIMU YUCIIAMHU.
[IpogeMOHCTPUPOBAHO IPUMCHEHHUE alITOPUTMA
aJTUTHBHO-MYJIbTUILTUKATHBHON MOJICIIA OLICHKU
PHUCKOB Ha OCHOBE TPEYTOJIbHBIX HEYCTKHX YUCEI Ha
MIPUMEPE OLICHKH PUCKOB Peai3aluu
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Among the mathematical models of risk research
developed by the author, an important place is
occupied by additive-multiplicative models of risk
estimation. The components of such models are:
three-stage hierarchical systems of risks (builiafo
specific applied situation); private risk estimator
(determined by experts for a specific project,
product, etc.); indicators of the weight of specifi
types of private risks (found on the basis of arsyr
of experts in a particular application area);
algorithms for calculating group risk estimators
based on individual risk estimators and generél ris
estimators based on group risk assessments. As
examples, three-stage hierarchical risk systems are
considered in the production of a new innovative
product and in the implementation of projects for
the development of rocket and space technology. An
algorithm for an additive-multiplicative model for
risk estimation of a general form is proposed.
Estimates of particular risks are products of
weighting indicators by severity indicators, which
corresponds to the well-known method of risk
estimation in the form of the product of average
damage by the probability of an undesirable event.
Group risk estimators are built additively from
individual risk estimators, and the final totalkris
estimator is calculated multiplicatively from group
risk estimators. Previously, the author considered
special case of an additive-multiplicative risk
estimation model, in which, in particular, the
components of the model were interpreted in terms
of probability theory. It is proposed to carry eut
estimators of particular risks and weight coeffitge
on the basis of interval mathematics and fuzzy
theory. It is proposed to use triangular fuzzy
numbers as the most appropriate for applied
problems. The rules for arithmetic operations on
them, as well as on interval numbers, are givee. Th
application of the algorithm of the additive-
multiplicative risk estimation model based on
triangular fuzzy numbers is demonstrated using the
example of risk estimation t for the implementation
of innovative projects. Within the framework of
interval mathematics, risk estimators are consitlere
in the implementation of projects for the
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MHHOBALIMOHHBIX NIPOeKTOB. B pamkax unTepBansHoii  development of rocket and space technology. The

MaTEeMaTHUKH PaCCMOTPEHBI OLIEHKH PUCKOB IIPH approach developed by the author corresponds to the
BBITIOJTHEHUH TIPOEKTOB 110 pa3paboTKe paKeTHO- main provisions of systemic fuzzy interval
KOCMUYECKON TeXHUKH. Pa3BUTHIN aBTOPOM 1OX0 mathematics and the theory of stability of
COOTBETCTBYET OCHOBHBIM ITOJIOXKEHUSAM CHCTEMHOM mathematical models

HEUYETKOW MHTEPBAIIbHOW MaTeMaTHUKU U TEOPHUH
YCTOMYMBOCTH MaTEMaTUYECKUX MOJEJIEH

Kirouessie cosa: PUCK, BEPOSTHOCTHD, Keywords: RISK, PROBABILITY,
MATEMATHUYECKHWE METO/IbI OLIEHKHA MATHEMATICAL METHODS OF RISK
PUCKOB, SKCIIEPTHBIE OIIEHKH, ESTIMATION, EXPERT ESTIMATORS,
ANJUTUBHO-MYJIbTUIUIMKATUBHBIE ADDITIVE-MULTIPLICATIVE MODELS,
MOJEJI, HEHETKHME YUCIIA, FUZZY NUMBERS, INTERVAL
UHTEPBAJIbHAS MATEMATUKA MATHEMATICS

1. Introduction

Among m of athematic risk research models, an mapb place is
occupied by additive-multiplicative risk assessm@iodels [1]. They are based
on three-stage hierarchical systems of risks, inchvlyroup assessments are
determined by individual risk assessments, and, tiheyturn, combine the
general risk assessment of interest to the researcm the additive-
multiplicative risk assessment model, we singletbatfollowing components.

1) a three-stage hierarchical system of risksc(gtrat for a specific
applied situation);

2) private risk assessments(determined by expearta specific project,
product, etc.);

3)indicators of weight (importance, weight, madéty, importance) of
specific types of private risks (found on the basisa survey of experts in a
particular application area);

4) algorithms for calculating group risk assessidrased on individual
risk assessments and general risk assessments draggedup risk assessments
(according to these algorithms, the models of yipe tunder consideration got
their name, sinceat the lower level, group riskeassients are built additively
from private risk assessments, and at the uppet, lthe final risk assessment is

calculated from group risk assessments using apthcgitive scheme).
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In our previous works (see [1, 2] and others)figlarisks were estimated
with points of O, 1, 2, 3, 4, 5, and the weightifagtors - with real (real)
numbers. In this article, we propose a generalaatitive-multiplicative model
that uses different scoring systems, unambiguotimy@&®es of particular risks
and weight coefficients are replaced by their fuzaynterparts, namely, fuzzy

triangular numbers or interval numbers.

2. On the development of works on additive-multiplicative risk
assessment models and other sections of risk theory

BUT additive-multiplicative model risk assessmenfor the
implementation of innovative projects was first poeed in 1997 in the report
[3] with the aim of analyzing risks in the implentetion of an innovative
project at a university. The interaction of theestific team of the project
developers, the administration of the universityl @an external partner was
considered. In this setting, further results wéstamed in [4].

Then the model of the type under consideration geseralized and
applied to assess the risks in the production ¢ innovative product at the
enterprise [5, 6]. A number of sections of thisictet are devoted to the
development of this model based on the system fueyval mathematics tools
[7, 8].

BUT additive-multiplicative model risk assessmemhed out to be useful
in the development of innovative and investmentjgmts for the creation of
rocket and space technology. After discussing #improach at scientific and
technical conferences [9, 10], the preliminary hssof the development of this
area of research were summed up in the article lLEeries of works in 2017
[12 - 14] is devoted to the further developmenthef considered approach.

Fundamental work on theory and practice additivdtiplicative model
risk assessment is the article [15]. Reports [18,dte devoted to the further
development of this area of research. In particuhal7], the need to use fuzzy
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(fuzzy. interval) estimates of partial risks andgin indicators is substantiated.
This article is devoted to the solution of thistgesn posed in [17].

Work in this direction took place in a broader teoth of research on the
theory and practice of studying and managing nsk&rious applied areas. By
risk we mean an undesirable opportunity. The antotoythis term is security.

The initial stage of research on environmentaétyais reflected in the
reports[18, 19]. The article [20] substantiates ethmdological statement about
three types of mathematical risk models - probstihstatistical, fuzzy and
interval. A detailed review of the obtained scibatiresults is included in
textbooks [21, 22] and constitutes the main condémtonographs [23, 24].

Problems about The report [25] is devoted to thgawizational and
economic modeling of the management processeslaéinal enterprises under
the conditions of inflation risks.

During the development of automated system foredasting and
preventing aviation accidents in the organizatiomd gproduction of air
transportation [26], a number of problems of riskessment and management
arose. The results obtained are reflected in thé&s\@7 - 31].

The cycle of works is devoted to estimates credik for banking
structures. They are based on the use of expdmaémgies [32], in particular,
on the new Kemeny median calculation algorithm E3-

Much attention was paid to the development of aega theory of
risk[36], in particular, the analysis of the divigrf risks [37]. A new direction
in controlling was singled out - risk controllingd]. This managerial innovation
was supported at the Il International CongressCamtrolling [39, 40]. Risk
controlling tools are analyzed in [41]. Risk cotitng is an important part of the
information and methodological support of managdnjéfl]. At MSTU im.
N.E. Bauman is trained in the discipline "Risk Goliing". Preliminary results
of development to risk control as a scientific, ghigal and educational
discipline are summed up in the work[43].

http://ej.kubagro.ru/2022/03/pdf/22.pdf
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3. Private and group risksfor two hierarchical systems

The additive-multiplicative risk assessment moselquite general for
applications in various subject areas, but at #mestime it is quite simple and
adapted for practical applications and calculatidnghe terminology of V.V.
Nalimov [44], we are talking about a draft models An example, consider
about risk assessments for the release of a newvatine product [2, sec. 6.3]
and when executing projects for the developmeniteaband space technology
[11, 15].

As already noted, at first, an additive-multiptica model was developed
for assessing the risks of implementing innovapv@ects in universities (with
the participation of an external partner)[4]. The model of the type under
consideration was applied to assess the riskseindlease of a new innovative
product.

We consider the risk that the release of an intnegroduct will be
disrupted.In accordance with[37] towe classify ptev risks into production,
commercial, financial and global, highlighting thgpropriate groups.

To assess the risk that production risks will asely affect the
implementation of the project (thwart its complation time), we introduce the
following particular risks:

Reeverr the risk of defectiveness (in particular, undenegtion of the
complexity of the organization of production anck ttechnological process,
which leads to a high percentage of defective prteju

R.;- design risk (fundamental design errors, due techvit is impossible
to establish production on time and of proper dquali

Rs— risk of accidents (including risks of accidentsvark);

R4~ personnel risk (risks associated with the poesdibsence (iliness,
dismissal) of specialists, without which productiocannot be established, as
well as problems that arise in the process of vam®ociated with other direct

participants in the work).
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To assess the risk that commercial risks will askly affect the
implementation of the project, we introduce thdéolwing partial risks:

Ri>- supplier risk (risks associated with the actesti of suppliers,
manifested in the failure to meet delivery dateslufe to meet quality and
volume requirements, etc.);

R,— consumer risk (various risks associated with gomss, in particular,
the lack of attractiveness of products due to pomrketing, high prices,
changes in the market situation, etc.);

Rs— competitor's risk (risks associated with thevatodis of competitors,
in particular, the launch of similar products bymgetitors, collusion between
them, etc.);

R4~ environmental risk (risks associated with thavdwds of state and
municipal authorities, utilities, public organizais).

To assess the risk that commercial risks will askly affect the
implementation of the project, we introduce thdéolwing partial risks:

Riz— risk of the legislator (risks associated with areeen changes in
legislation);

R.s- exchange rate risk (risks of fluctuations in exuofpe rates, stock
prices);

Rssz— the risk of inflation (caused by rising prices).

To assess the risk that global risks will adverselffect the
implementation of the project, we introduce thédwing partial risks:

Riourtee Sk Of the state (state and international rigkgarticular, wars,
revolutions, imposition of sanctions, terrorismrigas global risks generated by
human activities);

R.4— risk of nature (risks of earthquakes, floodsn#suis, asteroid impact,
climate change and other natural risks).

Total we have identified 13 private risks. Eachtloedm can be detailed
further, constructing the fourth hierarchical leuvéle fifth, and so on. However,

http://ej.kubagro.ru/2022/03/pdf/22.pdf
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in order to obtain a preliminary risk assessmewgording to our expert
assessment, it is sufficient to use three-levebinehical risk systems.

The additive-multiplicative risk assessment mddehed out to be useful
in the rocket and space industry as well. We stihéyrisk that the project for
the development rocket and space technology witllbbeocompleted on time. In
the case under consideration, group risks corresfmithe following successive
stages [11, 15]:

1) preparation of the concept;

2) preparation preliminary design and draft design

3) development of design and technological docuatiem;

4) production of a prototype;

5) ground tests;

6) adjustment of documentation based on the mestidocumentation;

7) flight tests and revision of documentationgooduction;

8) launch.

For all 8 groups, 44 private risks were identifidédl of them are listed in
the article.[eleven]. Here, as an example, we gilist of private risks for stage
4 "Production of a prototype";

Riourteerr riSk Of defectiveness (risk of errors in the miacture of parts
and blocks);

R4 assembly risk (risk of assembly errors);

Rs4- the risk of lack of resources (machine park, maltepersonnel,
computer, temporary and other resources);

R4~ risks of subcontractors (risks associated witm-fudfillment of
obligations by subcontractors and subcontractors);

Rs4- organizational risk (risk of disruption of workue to their poor
organization);

Rs4~ risk of suppliers (risk caused by the actionssappliers of raw

materials, components, materials (low quality, atimin of deadlines));

http://ej.kubagro.ru/2022/03/pdf/22.pdf
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R;4- external risk (risk for other reasons).
In any particular situation, the creation of amifide-multiplicative risk
assessment model begins with the developmentiaka-evel hierarchical risk

system.

4. Algorithm additive-multiplicative risk assessment model

We proceed from a three-level hierarchical systgmsks, in whichm
risk groups, the j-th of which includes k(j) prieatisks Rij, where i = 1, 2, ...,
k(j), =1, 2, ..., m (see examples in the presgisaction).

Each of the private risks (risk factors) of them®d orderRij has two
indicators - the severity of Xij (shows the freqagrof occurrence) and the
weight of Aij (how much it affects the risk of aghier level). These indicators
can be evaluated on the basis of various modelsobapilistic-statistical,
interval, fuzzy.

We accept that risk estimate Qij Rij has the form

Qij= AijXij, (one)
where Alj is an indicator of weight (importance)y xample, an assessment of
economic losses caused by this type of risk, X@nsindicator of its severity
(value). This formula generalizes the well-knowskrassessment method as the
product of the average damage (the mathematicalcéxioon of damage) by the
probability of an undesirable event [1].

Group risk assessmetjitfor group | has the form

gi= Q ione= Qi2 — ... — Q ik(i) =AILXil + Ai2Xi2 + ... +Aik(i) Xik(i), i =1, 2,

ey M, (2)

those. the group risk assessment is equal to the cfuthe individual risk
assessments included in this group.

General RislQ expressed in terms of group risks as follows:

Q=1-(1-Q1)(1-Q2)...(1-Qm). 3

http://ej.kubagro.ru/2022/03/pdf/22.pdf
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Formulas (1) - (3) fully describe the calculatialyorithm in additive-
multiplicative risk assessment model. Group riskeasments are determined
additively from individual risk assessments, anc tbverall (final) risk
assessment is expressed through group risk assassmdtiplicatively.

Final overall risk assessme@tmaybebe used in evaluating the feasibility
of project implementation, in determining the pitypof project implementation,
in planning the allocation of resources for the tnglanning interval (this is
important in case of unsuccessful project implemuon). For the purpose of
risk management, the assessment of the overalxis&n be used to identify the
influence of the severity of one or another privategroup factor on the final
assessment Q of the overall risk, optimizing the@d of changes in the values
of the factors, taking into account the availalgleources.

Expert assessments are actively used at all stddmslding and using an
additive-multiplicative model - when building a haechical system of risks,
determining the values of the weighting coefficegnand then choosing the

values of the coefficients of expression for spegfojects.

5. Interpretation of the additive-multiplicative risk assessment model
in terms of probability theory

She was used in works [4, 11, 15]. In this appnoé#te risk score Q is the
1's complement of the probability P of the sucadssé€alization of the
associated event, i.e. P = 1 - Q. Private riskesponds to the probability that
the corresponding risk event [1] will not occur.oGp risk - the probability that
the stage of development of rocket and space témiwois successfully
completed on time. In the case of risk assessm@hen releasing a new
innovative product - the probability that the ptevaisks included in the group
will not interfere with the implementation of theopect.

The purpose of model development is risk assedsRte occurrence of
an unwanted event. To calculate this risk, a pritisib model is often used,
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according to which the occurrence of an undesirabént B is a random event -
a subset of the set of all possible elementarytsv@ime risk (undesirable event)
will be denoted by R, its numerical probabilistissassment Q. Let Q be the
probability of the occurrence of an undesirablené\®, then P = 1 — Q is the
probability that an undesirable event can be avbi&er simplicity, let Q be the

probability of failure, then P = 1 - Q is the probay of success, for example,

the probability of successful implementation ofimmovative investment project

to create a product of rocket and space technalogg certain stage of it). In

the further description of the model, the dualify@ and P is used (from the
applied point of view, it is important to estimalbe risk Q,

If risk events for individual risks are incompa&ipthen the group risk
assessment is given by formula (2). Note thataééhevents are independent and
the corresponding risk estimat@g are small, then formula (2) is also valid up
to infinitesimals of a higher order. This follow®in the fact that

Pi= Pil Pi2... Pik(i) =(1 - Qi1) (1 - Qi2)... (1 -KJi))=1-Qi1l-Qi2 - ... -

Qik(i) (4)
up to infinitesimals of a higher (than Qij) ordérhus, two fundamentally
different approaches (inconsistency and indepergjagiee the same numerical
value (in the asymptotics), which increases thalitglof using formula (2).

Group risk aggregation is based on the assumghiah different risk
groups act independently, i.e. the correspondisl events are independent.
Then the probability of success is:

P=P1P2...Pt,
accordingly, the total risk Q is
Q=1-P=1-P1P2...Pt.

As is known [1], for risk studies use mathematioaldels and methods of
three types - probabilistic-statistical, intervaldafuzzy. This statement was
substantiated back in 2000 in [20]. The conceptpodbability is often
inappropriate to use in interval and fuzzy moddlghen developing and
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applying interval mathematics and fuzzy theory atgon The additive-
multiplicative risk assessment model is based tyrem formulas (1) and (3),
the quantities included in them have no probahilshalogues.

6.Building a system for assessing privaterisks and weighting factors

Let us first discuss the assessment of the sgvefiiXij. If there is a
training sample, then it is advisable to calculéijefrom statistical data (as the
frequency of an undesirable event). An alternatipproach is the use of one or
another technology of expert evaluation. In botprapches, it is natural to give
risk assessments using linguistic variables.

In the works [2, 4, 11, 15], particular risks wetescribed by linguistic
variables with 6 gradations, each of which was fnm terms of a particular
degree of risk severity and was coded using ingefyjem O to 5. Namely, it was
used, for example, the following system of values:

0 - an almost impossible event (with a probabilitfy no more than
0.000001),

1 - an extremely unlikely event (with a probalgilif 0.000001 to 0.0005),

2 - unlikely event (probability from 0.0005 to 01),

3 - an event with a probability that cannot beleetgd (from 0.001 to
0.01),

4 - quite probable event (probability from 0.010td),

5 - an event with a noticeable probability (mdrart 0.1).

The risk scores Xij received from experts are mesban an ordinal scale.

Let us consider various possibilities of genemafjz the approach
developed in [2, 4, 11, 15] In additive-multipliceg risk assessment models,
various other systems of values can be used teagswate risks. Namely, a
different number of gradations can be chosen, thexethe numerical values of
risk assessments do not have to be chosen frosetH@, 1, 2, 3, 4, 5}. Grades

can be described in various ways. So, in [11], lamost impossible event is an
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event with a probability of no more than 0.01 (amot an event with a
probability of no more than 0.000001, as above).

To apply formulas (1) - (3), numerical risk assessts are requirefljfor
specific objects of expertise (products, projeets,). They are obtained as a
result of the application of one or another expsshnology.[2, 32]. At the same
time, experts should be familiar with specific puots or projects.

To evaluate indicators of weight (importansigthey are the same for all
projects) also attract experts, but of a differspécialization - those who are
familiar with the whole variety of objects of expse under consideration. The
choice of the set of numbers Aij should be consiste@th the choice of risk
assessment values. So, when using probabilististstal models, the
probabilities should be non-negative (ie, risk asseents should not exceed 1).
Thus, when using the accepted[2, 4 - 6] in theesysif risk assessment values,
the maximum risk is achieved when these valuesqual to 5. It is natural to
assume that the corresponding probability is etuél, and therefore the sums
Ail, Ai2,...,Aik(i) forany i =1, 2, ..., m must equal 1/5.

7.Arithmetic operationson interval and fuzzy numbers

Initial information for applying the algorithm aidiste-multiplicative risk
assessment model isXij severity scores and Aij eg scores. Risk
assessments are calculated using formulas (1) - (3)

In previous works[2, 4, 11, 15] Xij and Aij are mbers. However, it is
obvious that in practice the values of Xij and &ig determined only with some
accuracy and have errors. In accordance with tre®ryh of stability of
mathematical methods and models [45 - 49], it ivisable to use risk
assessment algorithms in which, instead of realbsus) the initial information
is interval or fuzzy numbers Xij and Aij. On theise the system fuzzy interval
mathematics is based [7, 8], which we consideihasbasis of mathematics of
the XXI century [50]. Although it is known that exval numbers are a special

http://ej.kubagro.ru/2022/03/pdf/22.pdf




Hayunsriit sxxypaan KyoI'AY, Ne177(03), 202201 13

case of fuzzy numbers, and the theory of fuzzy sets part of probability
theory [50], in applied research it is advisable detinguish between
probabilistic-statistical, interval and fuzzy maoslel

The main objective of this article is the devel@mihand approbation of
algorithms for estimating the fuzziness (error)tbé final estimates of the
general risk based on the errors in the estimdtgmmicular risks and weight
indicators.

To describe the blurring of the initial values, weill use two
mathematical tools - interval numbers and triangiuazy numbers.

In interval mathematics real numbers are repldmgdntervals (a, b),
where a < b. The interval number (a, b) can betewiagc-A,c+A)orc+A,
wherec = (a+b)/ 2 and= (b - a) / 2. Hera- error in determining the interval
number, i.e. blur indicator.

Arithmetic operations on interval numbers (a, il &c, d) are defined as
follows. For any real numbers a, b, c, d, the sacthdifference are:

(a,b)+(c,d)=(a+c,b+d),(a,b)-(c,dle=d,b-c),
For non-negative real numbers a, b, c, d, the mtodnd quotient are given by
the formulas
(a,by(c, d) =(ac, bd), (a,b)/ (c,d)=(a/d,b./c)

Fuzzy numbers are described by their membersimgtiins. We will use
triangular fuzzy numbers, which are given by threal numbers a < b < c,
whose membership function is equal to O to thed&#, increases linearly from
0 to 1 on the segment [a, b], decreases lineasin ft to 0 on the segment [b , C]
and is equal to 0O to the right of c. Thus, the mersiip function is defined by a
triangle with vertices at the points (a, 0), (b,abd (c, 0), which explains its
name. The triangular fuzzy number is completelycdbsed by the vector (a, b,

C).
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Note that the interval numbes, (0) can be considered as a fuzzy number
with a membership function equal to O to the Iéfapequal to 1 on the interval
[a, b], and equal to O to the right of b.

Let us introduce arithmetic operations on triaagufuzzy numbers
(onebone Cong @and (a2, b2, c2). The sum and difference of tinesabers are:

(a1, bl, cl) + (a2, b2, c2) = (al + a2, bl + b2t c2),
(al, bl, cl)- (a2, b2,c2)=(al - a2, bl - b2 c2).
For non-negative real numbers al and a2, the pta@hecquotient of triangular
fuzzy numbers are given by the formulas
(al, bl, clx(a2, b2, c2) = (ala2, blb2, clc2),
(a1, bl,cl)/ (a2, b2,c2)=(al/c2, bl /b2 a2).

Of all types of fuzzy numbers, we chose triangdlazy numbers for
modeling, since they are described by a small numbparameters (three), and
the results of arithmetic operations on them do gotbeyond the set of
triangular fuzzy numbers. In additive-multiplicagivisk assessment models,
fuzzy numbers with other membership functions can uUsed, but the

calculations and interpretation of their resules mauch more complicated.

8. ABOUT risk assessment for therelease of a new innovative product

Let's demonstrate the application of the algorigohditive-multiplicative
risk assessment model based on formulas (1) -f@B)xample assessing the
risks of implementing innovative projects [2].

Table 1 shows the initial data — estimates privegks for five projects
and weighting factors - without taking into accotimir errors. The private risks
used are discussed above, in the section "Private group risks for two
hierarchical systems".

In table. Figures 2 and 3 show risk assessmenthidomplementation of
innovative projects in the case when partial risk&l weighting factors are
described by triangular fuzzy numbers. Tab. 2 gpwoads to the situation when
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the lower and upper limits for private risk assemsts deviate from their
average values (see Table 1xlp, and the weight coefficients - Bypo0s. In

table. 3 permissible deviations are 2 times greater private risk assessments

up to+ 1,0, and for weight coefficients up +®01.

Table 1. Initial risk assessments for the impleraton of innovative projects.

Initial data Private risk assessments for five gctg
Weight coefficients Project 1| Project 2| Project 3| Project 4, Project 5
1. Production risks

0.08 one 2 0 2 one

0.07 0 one 0 one one

0.02 0 0 0 0 0

0.03 one 0 0 0 one

Qe 0.11 0.23 0 0.23 0.18

2. Commercial risks

0.05 0 one one one one

0.07 one 2 five one 2

0.02 0 one one one 0

0.06 one one one one one

Q, 0.13 0.27 0.48 0.2 0.25

3. Financial risks

0.06 0 0 0 0 0

0.07 one one one one one

0.07 0 0 0 0 0

Q, 0.07 0.07 0.07 0.07 0.07

4. Global risks
0.11 one one one one one
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0.09 0 0 0 0 0
Q, 0.11 0.11 0.11 0.11 0.11
Risk assessments for the implementation of inneggirojects
Q 0.36 0.53 0.57 0.49 0.49

Table 2. Risk assessments for the implementatiamoivative projects with

triangular fuzzy numbers Ain of the form A = (a.005, a, a + 0.005)
and Xin of the form X = (x - 0.5, x, x + 0.5).

Weight coefficients

Private risk assessments for five projects

Project 1 Project 2 Project3 Project 4 Project
1. Production risks
(0.075, 0.08, 0.085) (0.5,1,1.p)1.5,2,2.5) (0,0,0.5)| (1.5,2,2.5)(0.5,1,1.5)
(0.065, 0.07,0.075) (0,0,0.5) (05,1, 1.5(0,0,0.5) | (0.5,1,1.5)(0.5,1,1.5)
(0.015, 0.02,0.025) (0,0,0.5 (0,0,0.5) (M®) | (0,0,0.5)| (0,0,0.5)
(0.025, 0.03,0.035) (0.5,1,1.5)(0,0,0.5)| (0,0,0.5) (0,0,0.5) (0.5,1,1,
(0.05, 0.11,] (0.14, 0.23, (0.14, 0.23,| (0.08, 0.18,
Qe (0,0, 0.11)
0.23) 0.35) 0.35) 0.30)
2. Commercial risks

(0.045, 0.05,0.055) (0,0,0.5) (0.5,1,1.%p.5,1,1.5) (0.5,1,1.5) (0.5,1,1.5)
(0.065, 0.07, 0.075) (0.5,1, 1.6J1.5,2,2.5) (45,5,5 | (0.5 1,1.5)(1.5,2,2.5)

(0.015, 0.02, 0.025) (0,0,0.5) (0.5,1, 1.%p.5,1, 1.5) (0.5,1, 1.5)] (0,0, 0.5)
(0.055, 0.06, 0.065) (0.5,1, 1.5J0.5,1, 1.5)| (0.5, 1, 1.5)| (0.5, 1, 1.5)| (0.5,1,1.5)
(0.06, 0.13,| (0.15, 0.27, (0.35, 0.48,| (0.09, 0.20,| (0.15, 0.25,

< 0.25) 0.40) 0.59) 0.33) 0.38)
3. Financial risks

(0.055, 0.06, 0.065) (0,0,0.5) (0,0,05) (®M®) | (0,0,0.5)| (0,0,0.5)
(0.065, 0.07, 0.075) (0.5,1, 1.5J0.5,1, 1.5)| (0.5, 1, 1.5)| (0.5, 1, 1.5)| (0.5,1,1.5)
(0.065, 0.07, 0.075) (0,0,0.5) (0,0,0.5) (®M\) | (0,0,0.5)| (0,0,0.5)
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(0.03, 0.07,| (0.03, 0.07,| (0.03, 0.07,| (0.03, 0.07,| (0.03, 0.07,

2 0.18) 0.18) 0.18) 0.18) 0.18)

4. Global risks

(0.105, 0.11, 0.115) (0.5,1, 1.5J0.5,1, 1.5)| (0.5, 1, 1.5)| (0.5, 1, 1.5)| (0.5,1, 1.5)
(0.085, 0.09, 0.095) (0,0,0.5) (0,0,05) (®M®) | (0,0,0.5)| (0,0,0.5)
(0.05, 0.11,| (0.05, 0.11,| (0.05,0.11, (0,0.11, | (0.05,0.11,

s 0.22) 0.22) 0.22) 0.34) 0.22)

Fuzzy risk assessments for the implementationradvative projects

(0.18, 0.36,| (0.34, 0.53,| (0.40, 0.57, (0.29, 0.49,| (0.28, 0.49,

< 0.63) 0.76) 0.77) 0.72) 0.73)

Table 3. Risk assessments for the implementatiam@ivative projects with

triangular fuzzy numbers Ain of the form A = (a.00, a, a + 0.01)

and Xin of the form X =(x - 1, x, x + 1).

Weight coefficients

Private risk assessments for five projects

Project 1 Project 2 Project3 Project 4 Project 5
1. Production risks
(0.07, 0.08, 0.09) 0, 1, 2) 1, 2, 3) (0,0,1) ,213) 0,1, 2)
(0.06, 0.07, 0.08) 0,0,1) 0, 1, 2) (0,0,1) ,X02) 0,1, 2)
(0.01, 0.02, 0.03) 0,0,1) 0,0, 1) (0,0,1) ,Qn1) (0,0,1)
(0.02, 0.03, 0.04) 0, 1, 2) 0,0, 1) (0,0,1) ,QnP1) 0,1, 2)
Q. (0,0.11, | (0.07,0.23, (0,0, 0.24) (0.07,0.23,| (0,0.18,
0.37) 0.50) 0.50) 0.45)
2. Commercial risks
(0.04, 0.05, 0.06) 0,0,1) 0, 1, 2) 0,1,2) ,102) 0,1, 2)
(0.06, 0.07, 0.08) 0,1, 2) (1, 2, 3) (4,5,5 ,102) 1, 2, 3)
(0.01, 0.02, 0.03) 0,0,1) 0, 1, 2) 0,1,2) ,102) (0,0,1)
(0.05, 0.06, 0.07) 0, 1, 2) 0, 1, 2) 0,1,2) ,102) 0,1, 2)
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Q, (0, 0.13, | (0.06, 0.27,| (0.24,0.48, (0,0.20, | (0.06, 0.25,
0.39) 0.56) 0.72) 0.48) 0.53)
3. Financial risks
(0.05, 0.06, 0.07) 0,0,1) (0, 0, 1) 0,0,1) ,Q@p1) 0,0,1)
(0.06, 0.07, 0.08) 0, 1, 2) 0, 1, 2) 0,1,2 ,102) 0, 1, 2)
(0.06, 0.07, 0.08) 0,0,1) (0, 0, 1) 0,0,1) ,@1) 0,0,1)
(0, 0.07, (0, 0.07, (0, 0.07, (0, 0.07, (0, 0.07,
2 0.31) 0.31) 0.31) 0.31) 0.31)
4. Global risks
(0.10, 0.11, 0.12) 0,1, 2) 0, 1, 2) 0,1,2) ,102) 0,1, 2)
(0.08, 0.09, 0.10) 0,0,1) (0, 0, 1) (0,0,1) ,Q@p1) 0,0,1)
(0, 0.11, (0, 0.11, (0, 0.11, (0, 0.11, (0, 0.11,
N 0.34) 0.34) 0.34) 0.34) 0.34)
Fuzzy risk assessments for the implementationradvative projects
Q, (0, 0.36, | (0.13, 0.53, (0.24, 0.57,| (0.07, 0.49, (0.06, 0.49,
0.82) 0.9) 0.9) 0.88) 0.88)

Table data analysis. 1 shows that the risks ofempnting the considered

innovative projects befor efreely large - from 0.860.57. Therefore, it is

necessary to develop methods to reduce the sewériyivate risks, as well as

to prepare for a possible failure to complete theggat on time. The calculated

intervals for the total risk (the last rows of Tebl2 and 3) are not small and

expand noticeably with an increase in the possddatter of the values of

individual risk assessments and coefficients. Vdéesthat it is not advisable to

overestimate the accuracy of the conclusions. 3iaement corresponds to the

results of the theory of stability of mathematiocaddels of real phenomena and

processes[45 - 49].
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9. About risk assessments in the implementation of projects for the
development rocket and space technology

We apply the algorithm of the additive-multiplicet risk assessment
model based on formulas (1) - (3) to the initiatadéor two projects in the
development of space technology. The three-leverbhthical system of risks is
described above, in the section "Private and gnmisks for two hierarchical
systems". The values of the estimates of 44 partk$s and the corresponding
weighting factors (without errors) for two projease given in [11]. We will
proceed from the interval analogues of these quesitiwhich are introduced
according to the following rules.

The private risk assessment 0 corresponds tatkeval[O; 0.5], estimate
1 - interval [0.5; 1.5], estimate 2 - interval [L&5], estimate 3 - interval [2.5;
3.5], estimate 4 - interval [3.5; 4.5], estimate fnterval [4.5; 5.0]. Weight
coefficients were presented as [Al, A2] = [A - Q0B + 0.004], where A are
the values for the corresponding partial risk ieyeln].

The calculation results are given in Table. 4, elgmthe interval risk
estimates of the stages [Qil, Qi2] and their attevie notationQ +AQ , where |

=1, 2, ..., 8, as well as an interval estimattheftotal risk.

Table 4. Risk assessments successful implemenatpects for the

development rocket and space technology (modebnggunterval numbers)

Project development Project 1 Project 2
stage [Qil, Qi2] Q +AQ [Qil, Qi2] Q +AQ
1) Concept [0.126; | 0.246:0.12 [0.031; 0.105+
0.366] 0.178] 0.074
2) Project [0.075; 0.181+ [0.033; 0.115+
development 0.286] 0.106 0.196] 0.082
3) Development of [0.079; 0.193 [0.035; 0.11%
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working 0.306] 0.114 0.198] 0.082
documentation
4) Manufacturing of [0.140; 0.277+ [0.028; 0.116+
prototypes 0.414] 0.137 0.204] 0.088
5) Ground mining [0.209; 0.327+ [0.029; 0.111+
0.444] 0.118 0.192] 0.082
6) Correction of [0.065; 0.156+ [0.011; 0.080«
documentation 0.246] 0.091 0.148] 0.067
7) Flight test [0.244; 0.388+ [0.024; 0.105+
0.532] 0.144 0.186] 0.081
8) Launch [0.162; 0.289+ [0.022; 0.098+
0.410] 0.124 0.174] 0.076
Project as a whole [0.700; 0.840« [0.195; 0.500¢
0.979] 0.140 0.805] 0.305

Accumulating from stage to stage, the numericsk rassessment for
project 1 increases to a clearly unacceptable vafi@e840: 0.140, at which the
error is only 16.67% of the central value. Therefgrroject 1 will most likely
not be completed on time.

For project 2,accumulating from stage to stage, tthtal risk estimate
reaches 0.5000.305, respectively, the probability of successfmpletion of
project 2 (ie, on time) is close to the value & @ith an error of 61% of the
central value. Therefore, project 2 can be comglete time or not completed
with equal probability.

10. Conclusions
In this article, the additive-multiplicative rislassessment model is
generalized for the case of describing particukksrand weighting factors by

interval and triangular fuzzy numbers. The condgtonc of a system for
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evaluating particular risks and weighting coeffiteis freed from unnecessary
assumptions made in the previous works of the autho

As examples, the application of the proposed amrds considered.to
assess the risks of implementing innovative prejéctodeling using triangular
fuzzy numbers) and the risks of successful impldatem projects for the
development rocket and space technology (modebnggunterval numbers).

The problems of assessing the risks of projecthencreation of rocket
and space technology based on an additive-mukigphe model are considered
in [12 - 15]. This model is included in traininguwrses [2, 52].

Need generalizations additive-multiplicative riggsessment model with
the aim of describing private risks and weightiractbrs by interval and
triangular fuzzy numbers is substantiated in [ITe approach developed in
this article corresponds to the main provisionsotihe of stability of
mathematical models of real phenomena and procgéses49] and the results
of systemic fuzzy interval mathematics [7, 8, 50].

The generalized additive-multiplicative risk assaent model proposed
in this article based on fuzzy and interval initiaita can be successfully applied
in various application areas for risk assessmethinaanagement.

The author is grateful A.A. Grigorieva and A.A. ydor performing

calculations and preparing tables 1 - 4.
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