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Abstract

The originalmethodological approach based on the risks anafysisoptimization is proposed to research
variants for developing hydrocarbon deposits ofti&negions The basic analytical problems that are due to be
solved by probabilistic modelling of processes famemulated. Input and otput allowo research different
variants for developing hydrocarbon deposits oftisnegions Some effects are demonstrated by example.

1. Introduction development of technologies of remote sounding of

_ the Earth, including ecological monitoring, an
Considerable ~resources of the hydrocarbongygimation of resources and forecasting of a

concentrated in Arctic regions, are already corgim o dition of an environment of the Arctic zone, and

by geophysical research and data of prospecting}llSO the automated systems of gathering and
drilling. Some deposits of resources are already

_ Jinformation processing in remote areas of Arctic
developed (for example on Yamal Peninsula). In th'sregions, etc.
context working out of set of variants of pocaarchin these directions is new.
developmenbf deposits of hydrocarbons earious
depths of Arctic ocean is expected.
Research in following directions [11] are L :
perspective: to be solved by probabilistic modelling of

development of technologies of ecologically safe se Processes

investigation and extraction of various kinds of presence of various threats generates diverseahatur
mineral resources in extreme natural-climatic and technogenic risks. In turn realization of tksea
conditions of Arctic regions; during the preparatory period and at development of
development of technologies of complex safety ofunderwater deposits of hydrocarbons can lead to
works on a continental shelf, including monitoring infringement of quality and safety of objects and
and forecasting of extreme situations of natura an systems. The analysis of domestic and foreign
technogenic character; experience tells about necessity of creating coxple
the prevention and liquidation of emergency floodsapproach to risk management in development of
of oil, first of all in ice conditions, includingeation deposits of hydrocarbons in the conditions of Arcti
of technologies for detection of oil under ice; regions. It will allow leaving finally on creatioof
development of technologies complex hydro- technologies of new generation.

meteorological and ecological monitoring of the For research and a substantiation of variants of
dangerous natural phenomena in Arctic regions;  development of hydrocarbons deposits of Arctic

2. Thebasic analytical problemsthat are due
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oceanmany scientific and technical problems should 3.2 Example of risk prediction
be solved. Those are, for example, following
problems of risk analysis and optimization:

1) for ecologically safe sea investigation, exim@ct
and transportation of various kinds of mineral
resources in extreme natural-climatic conditions;

2) for complex safety of works on a continentallhe

Nowadays at system development and utilization an
essential part of funds is spent on providing syste

protection from various dangerous influences on
system integrity (these may be natural events,
failures or defects events, “human factors” events,

including monitoring and forecasting of extreme terronlst attacks  etc). Elementary Eveﬂts for a
situations of natural and technogenic character; complex system areCbrrect operation” (the main

3) for prevention and liquidation variants of Property of system integrity) anantegrity loss’ if
emergency floods of oil, first of all in ice coridits, ~ SyStém integrity is lost). The term “integrity” shd
including creation of technologies for detectiorodf ~ b€ defined. There are examined two general
under ice; technologies of providing protection from dangerous
4) for development of technologies complex influences: periodical diagnostics (controls) of
hydrometeorological and ecological monitoring of SyStém integrity (technology 1, without monitoring
the dangerous natural phenomena in Arctic regions; Petween diagnostics) and additionally monitoring
5) for development of technologies of remote Petween diagnostics (technology 2) [2]-[4], [6]]10
sounding of the Earth, including ecological Technolpgy 1is based on p'erlodlcal diagnostics of
monitoring, an estimation of resources andSyStém integrity that are carried out to detectg_éan_
forecasting of a condition of an environment of thethreats (for example, danger sources penetration in
Arctic, and also the automated systems of gathering SyStém) or consequences of negative influences.

and information processing in remote areas of Arcti |n€ lost system integrity can be detected only as a
regions. result of diagnostics, after which system recovsry

For research in the specified directions theStarted. Dangerous influence on a system is acted
methodological approach which is based onStep-by step: at_ first a danger thrgat occu_rremn:ie a
probabilistic modelling of processes of occurrence,then after activated threat begins to influence.
development, the control and neutralization of SyStem integrity can't be lost before a threat
possible threats of natural and technogenic charact (Penetrated danger source) is activated. A darger |

is proposed. considered to be realized only after a danger sourc
has influenced on a system.

3. The proposed methodological approach Note. It is supposed that used diagnostic tootsaall
providing necessary system integrity recovery after

3.1 General revealing of danger sources penetration into aegayst

or consequences of influences.
Technology 2, unlike the previous one, implies that
operators alternating each other trace system
integrity between diagnostics (operator may be a
than or special devices or their combination or
natural analogy of operator). In case of detecting
threats occurrence (danger source penetration) an
operator recovers system integrity. The ways of
integrity recovering are analogous to the ways of
technology 1. Faultless operator’s actions prowide
neutralization of a threat (of a danger sourcentyyd
b i e penetrate into a system). When operators alteate
system operation is proposed. He: is a limited  complex diagnostic is held. A penetration of a dang
space of elementary events; — is a class of all o rce is possible only if an operator makes aor err
subspace of(>-space, satisfying the properties of pyt a dangerous influence occurs if the danger is
c-algebraP — is a probability measure on a sp&e  activated before the next diagnostic (the event
Because,2= {w} is limited, there is enough to “Integrity loss”). Otherwise the threat will be
establish a mappingi —px = P(a) such thatp, =0  detected and neutralized during the next diagnostic
and Y p_=1. The examples of dozens such models(the event Correct operation”).

. The probability of correct system operation within
exist [2]-[10] etc.. the given period of prediction (i.e. probability of
success) may be estimated as a result of use the

This work focuses on using universal metrics in a
systems life cycle: probabilities of success ok t®
lose integrity during a given period for an element
subsystem, system. The results depend analyticall
on the time of periodic control, monitoring and
recovery of system integrity. Calculation of these
metrics allows to predict risks on a uniform
probability scale, quantitatively to prove levelé o
admissible risks. The prediction of risks can use
widely monitoring data and statistics. In geneadec

a probabilistic spaced, B, P) for estimation of
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probabilistic models [2]-[10] etc. Risk to lose
integrity of system duringrediction periods an
addition to 1 for probability of providing system
integrity (correct system operation or “probalyilitf

characteristics of any events can be used as input.
Probabilities of "success" during a given time or

risks to lose system integrity are used as final or
intermediate result of modelling.

success”’)R=1-P. The consequences should be The basic ideas of correct integration of probgpili

considered.

The inputs for calculations are:

a) for a complex system - given prediction period,
b) for an every element of a complex system:

metrics are based on a combination and development
of models. For a complex estimation of systems with
parallel or serial structure existing models can be
developed by usual methods of probability theory.

frequency of dangerous threats occurrence (forThe approaches are demonstrated in [2]-[10] etc.

example, dangerous sources penetration
system);
mean activation time of threats;

into &et's consider the elementary structure from two

independent parallel or series elemefig\re 1).
Let's PDF of time between losses i6th element

period between neighboring diagnostics (betweerintegrity isB;i(t) = P (r;<t), then:
system controls) of defined integrity; 1) time between losses of integrity for system
the mean diagnostic time (time of system control of combined from series connected independent
defined integrity); elements is equal to a minimum from two timgs
mean time from the last finish of diagnostic (cohtr failure of 1st or 2nd elements (i.e. the systemsgoe
recovery) up to the first integrity loss during into a state of lost integrity when either 1st,2md
monitoring (only for technology 2). element integrity is lost). For this case the HE{f

of time between losses of system integrity is rodi
3.3 Thetechnology of risk prediction for by expression

complex systems _ _

B(t) = P(Min(z1,75) <t) = 1 —P(Min (z1,75) > 1)
Many models are applicable to a system presented as
one element. The main output of modelling is
probability of correct system operation or riskdse
system integrity during the given period of time (1)
(Treq)- If probabilities for all pointg;e, from 0 too
are calculated, it means a trajectory of the PDFp) time between losses of integrity for system
depending on threats, periodic control, monitoringcombined from parallel connected independent
and recovery. And the building of PDF is the real elements (hot reservation) is equal to a maximum
base to risk prediction for given time. In analogy from two timesz;: failure of 1st and 2nd elements
with reliability it is important to know a mean ®m (j.e. the system goes into a state of lost integrit
between neighboring losses of integrity (like meanwhen both 1st and 2nd elements have lost intdgrity
time between neighboring failures in reliability For this case the PDF of time between losses of

(MTBF), but in application to quality, safety elor  system integrity is defined by expression
unrenewable objects this is mean time to the first

failure). The PDF allows defining mean time of
correct (safe) system operation by traditional
methods [2]-[10] etc. 2)
The idea of knowledge mining from probabilistic

modelling processes irdeveloping hydrocarbon  Applying recurrently expressions (1)—(2), it is
deposits of Arctic regionsonsists in the following. possible to build PDF of time between losses of
Any process represents a set of the acts, which angtegrity for any complex system with parallel aovd/
carried out with defined “success” at limitatiors f  series structure.

resources and conditions. This amount of acts |SApp|y|ng recurrenﬂy these expressionS, itis Ijnjeg
characterized by expenses of resources (costp receive mean recovery time for any complex
material, human), accordingly acts can be executedystem with parallel and/or consecutive structure.
for different time with various quality. And Al these ideas are implemented in the software
conditions are characterized by a set of randomechnologies of risk prediction for complex systems
factors influencing processes. From the point efwi  for example, the “Complex for evaluating quality of

of probability theory it is possible to suppose production processes” (patented by Rospatent
formally, that all processes on macro-and micro-Ne2010614145) [6], [9].

levels may be repeated in time line. Time
characteristics of processes and frequency

=1 —P(‘L'1> t)P(‘[g > t)

= 1 - [1By(t)] [1- BoA1)].

B(t) = P(Max(r1,r2) <t) = P(m< )P(r2<1t)

=B1(1) Ba(1).
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Example of complex system from independent elements

Fariants of logicintegration of elameants

Thieaty sgalnid evers dibdvatem L, 2 o, %1, 5% of cvtlmsited ivanem

i OO CTEI®

To bein a state of integricy:

Froastivr mravuies: proieic contrnl, manitarug sl recenera of inbrgrits

11*And"” 1-st element 21%0r" 1-zt element
H A Gt B E 5 = .
A, 1-md clemeil -3 cleiicad Interpretation: the system goes into a state of lostintegricy
should he should be i s i L ara
: . o . . = when either 1st. or 2nd or... the last element integrity is lost
in the state of integrity in the state of mtesrity ”

Figure 1. lllustration of system, combined from parallel amilies subsystems

4. Theinput and output to research variants and expedient), and also from characteristics of a
for developing hydrocarbon depositsof Arctic ~ possible damage.
regions For solving the problem 2 (analysis and optimizatio

of risks for complex safety of works on a contirant
Within the limits of the methodological approack th ghelf, including monitoring and forecasting of
following metrics that depend on input conditiods 0 extreme situations of natural and technogenic
problems are proposed. character):
For solving the problem 1 (analysis and optimizatio 2 1) research of occurrence of the extreme dangerou
of risks for ecologically safe sea investigation, and catastrophic phenomena at Arctic ocean and
extraction and transportation of various kinds of their influences on sea activity and economic dbjec
mineral resources in extreme natural-climatic of 4 coastal zone are proposed to be carried out:
conditions): « by risk of occurrence of the uncontrollable
1.1) efficiency research of various technologies of  extreme dangerous and catastrophic phenomena
development of hydrocarbons deposits and other gepending on time characteristics of threats,
minerals on the Arctic shelf are proposed to be control and-or monitoring of conditions, and also

carried out: . from characteristics of a possible damage;
by probability of success of problems  solving; by risk of destructive influence of the extreme
by probability to lose integrity (for example, risl dangerous and catastrophic phenomena on sea

lose safety) of system of deposits development and  gctivity and economic objects of a coastal zone
compound ~ subsystems depending on time gepending on time characteristics of threats,

characteristics of threats, control and-or monitgri control and-or monitoring of conditions and
of conditions and comprehensible restoration of  comprehensible restoration of broken integrity,
broken integrity, and also from characteristicsaof and also from characteristics of a possible
possible damage; damage;

1.2) research of influence of hydrometeorologicalz_z) optimization of sea wildlife management and
factors on efficiency of resources developmentcomp|ex management sea and coastal ecological
taking in_to account cIir_nate chan_g_es are proposeo_l WQystems is proposed to carry out by criteria
be carried out by risk of critical decrease in «efficiency — safety — expenses» taking into actoun
efficiency of systems of resources o!evelopment _ancilisks to lose complex safety of works at Arctic ace
compound ~ subsystems depending on tiMeyyring the given period depending on time
characteristics of threats, control and-or moni@ri  -haracteristics of threats, control and-or monitgri
of conditions and comprehensible restoration of,t conditions and comprehensible restoration of
broken integrity (where it is possible and expegien proken integrity, and also from characteristicsaof
and also from characteristics of a possible damage; possible damage:

1.3) the estimation of risks in geological-geopbgisi 3 3y yesearch of quality of hydrometeorological and
investigations and exploitation of hydrocarbonic yeginformational support of the sea activity, dieec
resources of Arctic ocean is proposed to be carrie(gn minimization of risks and optimization of sea

out by risks of critical decrease in efficiency gperations, are proposed to carry out by criteria
depending on time characteristics of threats, ednir efficiency — safety — expenses» taking into actoun
and-or monitoring of conditions and comprehensibleicks  to~ Jose quality depending on time

restoration of broken integrity (where it is po$sib  characteristics of threats, control and-or monitpri
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of conditions and comprehensible restoration of5.1) research of system of long-term tool monitgrin
broken integrity, and also from characteristicsaof of key climatic changes of circulation of the World
possible damage. ocean are proposed to be carried out by risk of
For solving the problem 3 (analysis and optimizatio critical climatic changes depending on time
of risks for prevention and liquidation variants of characteristics of destabilizing factors, contrdl o
emergency floods of oil, first of all in ice condits, conditions, and also from characteristics of expens
including creation of technologies for detectiorodf  and a possible damage, and also on other metrics of
under ice): system operation quality, an estimation of resairce
3.1) research of efficiency of various variants of and forecasting of a condition of an environment;
technology and the equipment for effective 5.2) research of satellite monitoring and the asialy
protection of the sea environment againstof seasonal variability of sea ices are proposeuoketo
anthropogenous pollution are proposed to be carriedarried out by risk depending on time charactessti
out: of destabilizing factors, control of conditions,dan
by probability of success in problems of protectidn also from characteristics of expenses and a pessibl
the sea environment from anthropogenous pollution; damage, and also on other metrics of quality of the
by risk to lose safety of the sea environment fromautomated systems of gathering and information
anthropogenous pollution depending on time processing in remote areas of Arctic ocean.
characteristics of threats, control and-or monitgri

of conditions and comprehensible restoration of5, Theformal statement of problemsfor

broken integrity, including oil detection under;ice system risks analysis and optimization

3.2) the estimation of processes of pollution from _ _ _ _
courts is proposed to be carried out by risk offfom system analysis point of view the main
emergency floods of oil. funct!qn of management is a purposeful change of a
For solving the problem 4 (analysis and optimiati condition of process, object or system. Thus the
of risks for development of technologies complex Process, object or system considered as managed if
hydrometeorological and ecological monitoring of @mong all changes there is available one by meians o
the dangerous natural phenomena in Arctic regions): Which the purpose can be achieved. Management is
4.1) the estimation of pollution and an ecological Pased on a choice of one of set of any alternatives
damage in the Arctic zone is proposed to be carried?@tional management is the management leading
out by risk depending on time characteristics ofachievement of the purpose by criterion of an
threats, control and-or monitoring of the dangerouseXtremum (a minimum or a maximum) the chosen
natural phenomena and comprehensible restoratioRa@rameter at a set of limitations. Classical exaspl
of broken integrity; of rathnal management generally.are maximization
4.2) the estimation of hydrometeorological and ©f @ prize (profit, a degree of quality or safetjc.)
navigating-hydrographic support of sea activity is &t limitations on expenses or minimization of
proposed to be carried out by risks to lose qualityeXPenses at limitations on a admissible levelsskr
depending on time characteristics of threats, obntr @nd-or quality and-or safety etc. o

and-or monitoring of conditions and comprehensibleFor rational management of processes it is negessar
restoration of broken integrity, and also from t0 know and predict system behaviour in time libe a
characteristics of expenses and a possible damage; Various influences. For this purpose it is offeted
4.3) research of systems of monitoring of pollution Use the mathematical models including presented
of a surrounding environment are proposed to beaPProach. The metrics entered in these models, or
carried out by probability of success in problerfis o their combination may be _usgd as criteria metrics.
monitoring depending on time characteristics ofActually they are the quantitative measure (craeri
threats, control and-or monitoring of conditiongian function) describing degree of achievement of a
comprehensible restoration of broken integrity, andPurpose at various stages of system life cycle. The
also from characteristics of expenses and a pessibistatement of problems for system analysis includes
damage. definition of pondltlons, threats and estimation a
For solving the problem 5 (analysis and optimizatio level of admissible risk established by precedent

of risks for development of technologies of remotePrinciple. Thus the final choice of integrated
sounding of the Earth, including ecological Mmeasures is allocated on a payoff to the customer i

monitoring, an estimation of resources and view of specificity of created or maintained system
forecasting of a condition of an environment of theAS Probability parameters give higher guarantees in
Arctic zone, and also the automated systems ofStimations of a degree of achieving purposes in

gathering and information processing in remotesareaCOmparison with average value at a choice it is
of Arctic regions): recommended to use probability as the cores. And
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evaluated time characteristics (for example thermeasystem parameters, technical and management
time between violations of admissible systemmeasures @), presented in terms of time
operation quality) are offered as auxiliary. characteristics of threats, control and-or monigri
For example, there are applicable the next generabf conditions and comprehensible recovery of lost
formal statements of problems for system riskintegrity, are the most rational for the given pdrof
optimization: operation if on them the minimum of risk to lose
1) on the stages of system concept, developmengystem integrity is reached:

production and support:

system parameters, technical and management R(Qaiona) = MiN Roper (Q),

measures @), presented in terms of time Q

characteristics of threats, control and-or monitgri

of conditions and comprehensible recovery of lostat limitations on admissible level of risk to dos
integrity, are the most rational for the given pdrif integrity for i-th subsystem (element); (R) < Radm. i

on them the minimum of expensé&ge() for creation  and/orprobability of an admissible level of quality

of system is reached: Pauain(Q) > Pagm and expenses for operation
Coper. (Q) < Cam  and under other operation or
Z(Q rationa) = MINZ gey. (Q), maintenance conditions.
Q

There may be combination of these formal

statements in system life cycle.
at limitations on admissible level of risk to lose The order for use the developed classical formal
integrity R(Q) < Rum and/or probability of an  approach to analyze and optimize system processes
admissible level of qualityPyuaiy(Q) > Pam and is illustrated byFigure 2.
expenses for operatioype (Q) < Cam and under The software tools for risks analysis and
other development, operation or maintenanceoptimization to research variants for developing
conditions; hydrocarbon deposits of Arctic region can be based
2) on operation stage : on complex for modelling system life cycle

processes “MODELLING OF PROCESSES” [3].

STATEMENT OF PROBLEM §

L nalysis of purposes, functional dsys.t“‘.‘ .
possibilities and environment LR R ational
conditions of system operation : strategy of

P rofits guality
. ¥ . . and for management
Bnalysis of system operation scenarios damages in system
congidering threats life cyc le
5 tudied I
Definition of guality and risks Pl M athematical
metrics in system life cyele T models, methods
m itig ate risks, and su artin
L ] decrease them spopftwareg
Formalization of problem ¢ I BXpENIES tools

ANALYZIS AND OPTIMISATION ——
Justified levels of - =

Solution of the problems of analysis

Conditions and synthesis
threats

acceptablegquality
and
admissible ris ks

Definition and substantiation

of accep table guality and
admissible risks

CONTROL OF QUALITY AND RISK

S¥stem project.

5
Lnalysis of functional O e vt e
possibilities and environment
conditions of system operation

¥

M anaged
possihilities to
im prove guality,

Conditions B ¥ ¥
2 nalysis of system operation
thre ate, ¥ ¥ 13

dangerous scenarios considering threats,
svents dangerons events and influences

and
mfluences

m itig ate risks,
increase profits
andfordecrease
expenses andiozr
damages

Establishm ent of the formal level
Trinr e ofacceptable quality
and new and admissible risks

Tequ irem ents
and conditione

Feal mquirements
to s ystem integrity

Establishmentof real requirem ents
to systetn integrity

Figure 2. The approach to analyze and optimize system psese
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6. Example Results of modelling processes have shown [1], that

, ) risk to lose integrity (quality of operation) for02
Example. Let's analyze a fragment of the main gas, ognostic years during the period 2023-2043 is

pipeline Bovanenkovo-Ukhta (more than 1200 km) g, to 0,6-0,8. In comparison with other preceslen
by probabilistic modelling of natural and technogen 1 acq figures speak about expediency of undertaking

processes. It constructed over an earth surfacey nreventive measures, and also about necessity of

Subfragments  between compressor  stations  (§orking out of the Plan of emergencies liquidation.
stations - Bajdaratsky, Jarynsky, Gagaratsky,;t nerig petween system controls will be reduced

Vorkuta, Usinsk, Intinsky, Syninsky, Chikshinsky, ¢qm 6 to 3 months the risk to lose integrity ir220

Maloperansky) are allocated. There are serialygy3ig nearby 0,16-0,44. It is twice more lowheat

subsystems and every subsystem has parallgh,n for an existing mode of maintenance and repair
structure of elements (pipeline) - degure 3. On the basis of these results the following

recommendations are scientifically proved:

Yamal Peninsula 2 cenmewudence to establish a risk level to lose integrity (qualdf

Coani preisor slatloma

Bavanenkova _"" Bajdaratsky operation) 0,38 within 10 years of operation as
L LY Jarvnsky admissible (on the base of «precedent principle»);
_____ 2 M8 Gagaratsks to pass to the quarterly control of a condition of

system after 10 years of operation (i.e. since 024

to use annual planning of maintenance measures
service on the basis of modelling processes for
rational risk management in admissible limits.

. Vorkuta

____________

ol Lsinsk
. E TS Y

S | EEPPTREY
7 Chikshinsky '
Ukhta =i hikshinsky 7. Conclusion
|;||. ------------------------ i

- Mal ransky ' [ [
ek kLot The presented systemic approach is a real andlytica

lever toresearch variants for developing hydrocarbon
deposits of Arctic regions from risk point of view
For complex systems the proposed results helps to
About 75-90% from the pipelines are under natural2nSWer the question «What (ational measures should
threats, including ice drift (threats for constions).  '€@d t0 expected effect without waste expenses,
It is required to estimate risk to lose integrigpdlity ~ When, by which controllable and uncontrollable

of operation) of fragment Bovanenkovo-Ukhta in conditions —and —costs?». ~ The effect from
2023-2043. implementation this approach in system life cysle i

The solving of a problem [1]. According to commensurable with expenses for system creation.

estimations of experts, in 20-30 years there wall b | "€ work has begun.
considerable changes of climatic conditions which
will cause rise in temperature of frozen thicknesse References

increase in depth seasonal thawing and, 3$] Burtseva, A. (2013).Quality management of
consequence, decrease in stability and bearin@yabil "~ gheration of the gas transportation system in

of the bases for a gas pipeline and other engimgeri  conditions of Yamal Peninsula. The dissertation

constructions. o on a scientific degree PhD. Scientific supervisor -
Technical characteristics of elements between kostogryzov A.l, The Gubkin Russian State

compressor stations are considered as identical, ypjyersity of Oil and Gas.
except for the first subfragment (between station Grigoriev, L.., Kershenbaum, V.Ya. &

Bajdaratsky and Jarynsky) which is underwater * kostogryzov, A.l. (2010)System foundations of
transition (reservation by 4 elements-pipelinesge the management of competitiveness in oil and gas
Figure 4. Initial data for modelling have been  complex. Moscow: National Inst. of oil & gas.
generated depending on conditions of concrete siteg] Grigoriev, L., Kostogryzov, A. & Tupysev, A.
and specificity of a territorial arrangement ofreel (2013). Automated dispatch control: problems
and details of modeling. Proc. of IFAC
Conference  on  Manufacturing  modeling,

Figure 3. The analyzed fragment of the main gas
pipeline

[ = 0 = R = o o = management and control 1157-1161.

Sl e S T S [4] Kolowrocki, K. & Soszynska-Budny, J. (2011).

- Reliability and Safety of Complex Technical
Figure 4. The structure for modelling processes Systems and Processes. Springer-Verlag.

77



Grigoriev Leonid, Guseinov Chingiz, Kershenbaum Vsevolod, Kostogryzov Andrey
The systemic approach, based on the risks analysis and optimization, to research variants for devel oping
hydrocarbon deposits of Arctic regions

[5] Kostogryzov, A. et al. (2011). Mathematical
models and applicable technologies to forecast,
analyze and optimize quality and risks for
complex systemgRroc. of the 1st Intern.Conf. on
Transportation Information and Safety (ICTIS),
Wuhan, China, 845-854.

[6] Kostogryzov, A. et al. (2012). Some applicable
methods to analyze and optimize system
processes in quality management. InTech,
http://www.intechopen.com/books/total-quality-
management-and-six-sigma/some-applicable-
methods-to-analyze-and-optimize-system-
processes-in-quality-management

[7] Kostogryzov, A., Grigoriev, L., Nistratov, G.,
Nistratov, A. & Krylov, V. (2013). Prediction and
Optimization of System Quality and Risks on the
Base of Modelling Processes. DOI:
10.4236/ajor.2013.31A02American Journal of
Operations Research 3, 217-244,
http://www.scirp.org/journal/ajor/

[8] Kostogryzov, A., Nistratov, A. &Nistratov, G.
(2012). Applicable Technologies to Forecast,
Analyze and Optimize Reliability and Risks for
Complex Systems. Proc. of th& Summer Safety
and Reliability Seminar, Vol. 3, No. 1, 1-14.

[9] Kostogryzov, A., Nistratov, A. & Nistratov, G.
(2013). The Innovative Probability Models and
Software Technologies of Risks Prediction for
Systems  Operating in  Various Fields.
International Journal of Engineering and
Innovative Technology (IJEIT) Vol 3, Issue 3,
146-155 http://mww.ijeit.com/archive.php

[10] Kostogryzov, A. & Stepanov, P.V. (2008).
Innovative management of quality and risks in
systems life cycle. Moscow: APC.

[11] Long term priorities of applied science in Russia.
Moscow: National Research Inst. High Economic
School, 2013, 120p.

78



