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IS RELIABILITY THEORY STILL ALIVE?

Igor Ushakov
[
San Diego, California, USA
e-mail: igorushakov@gmail.com

At the banquet held during closing of the MMR-2004 Conference (Santa Fe, USA), one of the
most prominent specialists on Reliability Theory, Professor of The George Washington University
Nozer Singpurwalla was a host of the discussion during the dinner.The topic he chose was a bit
provocative: “IS RELIABILITY THEORY STILL ALIVE 7?7’ Even the question itself led to a furious
reaction of the conference participant: " Yes! It isalive! It is flourishing!”

What is going now if even such a question was suggested to the audience by such a serious
mathematician who dedicated all histalent to developing Reliability Theory?

It seems to me that Professor Singpurwalla is right asking such a question. Though an answer to
this question is not so smple. Being in a position a “mammoth” (if not a dinosaur J) in Reliability
Theory, | take a brevity to discuss this difficult question.

FACTORSTHAT DETERMINED IN THE PAST
AND DETERMINE NOW RELIABILITY THEORY

1. A theory always germinates in the depth of practical problems.

L et us recollect when the first boom of Reliability Theory happened. It was the Korean War time
(1950-53). Military equipment of the both opposing sides developed in the years of the “Cold War”
very intensively: Soviet and American hawks competed at armament race. Equipment became more
and more sophisticated, more and more complex and — as a result — more and more unreliable. Both
sides lose huge money due to unreliability, and of course Americans were the first who began to
develop Reliability Theory: they always could count money better.

First, the US engineers paid more attention to quality control, reliability engineering and
maintenance. Institute of Radio Engineers (IRE) and later Institute of Electrica and Electronics
Engineers (IEEE) called annual Symposiums on Reliability and Quality Control (R&QC) and
published Proceedings. At the beginning of 60s, a real tsunami of publication on reliability hit the
engineering communities...

A little later (as usual) activity in this areabegan in the former Soviet Union. Academician Axel
Berg coined a phrase: “Reliability is the problem number Nel I’

Thus, there appeared the problem that had to be solved fast and efficiently.

2. Decreasing interest to Reliability Theory.

First reason is objective: equipmen noe is much more religble than earlier. If vacuum lamps in
electronic equipment in 50-60s had MTTF about at most hundreds hours, today’s microchips that can
perform much more complex operations have failure rate 10 1/h and less.

Itisclear that reliability problems moved to the system level rather than component level.
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3. Oversaturation of the “ scientific market”.

A theory should always go ahead of needs of practice. Otherwise it will take a hand on tha pulse
of a dead man J... However, one can say that modern reliability theory ran too far from practical
engineering needs or even went to dead ends of “exotic” and practically useless mathematical
exercises. Actualy, practical reliability engineering has enough first class solution for today's
problems. New “local” problems can be solved on the local levels.

Probably, for engineering companies, it is more effective way to solve current reliability
problemsid to invite specialists on a contract basis.

4. Beginning “theory for theory”.

If you take a look at the first works on reliability of the end of 50s and of the beginning of 60s,
you could see pure pragmatic nature of those works. Even “pure mathematicians’ wrote for users rather
than for themselves: their results were transparent and their applicability was evident. However, in the
middle of 70s there appeared papers considering unrealistic models, math results began to be non-
understandable with no common sense interpretation.

That situation led to definite discredit of Reliability Theory as a whole. This situation was
expressed by one of leading specialist in reliability engineering: " The reliability Theory is for those
who understand nothing in reliability. Those who understand reliability, they design and produce
reliable equipment!”

(Unfortunately, such position led to a catastrophe with Soviet “ Soyuz-1" when due to afailure at
the cabin sealing three Soviet astronauts died during landing: Sputnik‘s designers forgot that relay
schemes have two types of failures. false opening and false closing.)

Nevertheless, indeed, pragmatism of theoretical reliability works went down dramatically...

5. Aspects of “modern fashion” in technology.

Once | asked my old friend Robert Machol, who is known for his book “System Engineering”,
why did a new direction “Management Science” appear? Initialy, it was Cybernetics, then Operations
Research has been coined, and now we have Management Science... “You aready answered on your
own question: thisis aproblem of fashion changing! Who will pay for an old dress? It is assumed that
new is better than old!” — answered Machol.

Of course, it was ajoke though, asit said, any joke contents a bit of joke.

6. Moving a*“ center of gravity” of the problem.

At its first steps, Reliability Theory paid its main attention to problems od field data gathering
methodology and data inference. In the modern theory the system analysis became the main topic. At
the same time, giant technologica systems like telecommunication, transportation, computer networks
or oil and gas distributing systems need specific methods rather than genera ones. Very often a
solution for one particular type of the system is absolutely inapplicable for another. However, any
specific solution is based on the fundamental results of common reliability theory.

Thus, as Marc Twain said, the hearsay about the death of reliability are premature, though the
age of its flourish doubtlessly is behind...
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RELIABILITY WORKSIN THE FORMER SOVIET UNION.
In the end of 50s there gppeared first publications on reliability, and in 1958 the First All-Union
Conference on Reliability took place in Moscow.
Informal scientific groups began to form in Moscoe, Leningrad, Kiev and Riga...

M oscow school of Reliability.

First group was formed in Zhukovsky (B. Vasilyev, G. Druzhinin. M. Sinitsa)and one of the
Military R&D Institute of Defense Ministry (V. Kuznetsov, . Morozov, K. Tsvetaev).

At the same time at the Popov Society, a brilliant manager Jacov Sorin organized Reliability
Chapter where the main role played R. Levin. Then in 1959 J. Sorin established the very first
Reliability Department a one of the industria institutes of the Military-Industrial Complex of the
former USSR.

From the very first days of the department existence, Academician Boris Gnedenko and
Professors of the Moscow State University Alexander Solovyev and Y uri Belyaev collaborate with this
department. A well known statistician — Jacov Shor from one of Military R&D Institutes joined them.
Those scientists with J. Sorin and the first employee of the department Igor Ushakov became official
consultants on reliability at the State Bureau on Standartization (Gosstandard) and later form the
Scientific Counsil on Reliability.

In 1962 B. Gnedenko | J. Sorin established at the Moscow State University weekly Seminar on
Reliability for engineers. It was a very popular event attended by tens of practical engineers. That
Seminar was led by B. Gnedenko with help of A. Solovyev, Yu.Belyaev and |I. Kovalenko.

Tandem “Sorin-Gnedenko” has been successfully existing about 25 years and has performed a
huge organizational and educational work.

Approximately in a year, J. Sorin established Moscow Reliability Consulting Center, and as the
Director of the Center appointed B. Gnedenko as a Scientific Lead of the organization and |. Ushakov
asits Scientific Coordinator.

A number of Doctors of Sciences and Professors collaborated with the Center, among them
A Aristov, I. Aronov, Yu. Belyaev, B. Berdichevsky, E. Dzirka, F. Fishbein, J. Shor, A. Solovyev, R.
Ulinich, 1. Ushakov, and others. They performed everyday’s consulting for industrial engineers and
twice a month there were tree 2-hour lectures. More than 50% of attendees were not from M oscow.
They came from various arts of the former Soviet Union: Far East and Baltic Republics, Ukraine and
Caucasus Republics.

In 1969 J.Sorin established the journal titled “Reliabiity and Quality Control” and became its
first Editor, taking B. Gnedenko, J. Shor and I. Ushakov as his deputies.

Approximately at the same time, the Publishing House “Soviet Radio” (later “Radio and
Telecommunication”) established Editoria Council headed by B. Gnedenko. It began to publish series
named “Library of ReliabilityEngineers’. Books of the series played significant role in educating
reliability engineers all over the former Soviet Union.

In the middle of 70s, a respectful academic journa “Technical Cybernetics’ (translated and
published in the USA as “Soviet Journa of Computer and System Sciences’) established a specid
Section “Reliability Theory”.

It is difficult to name all those who belong toe the Moscow reliability school, nevertheless |
should mention A. Aristov, I. Aronov, V. Gadasin, Yu. Konyonkov, G. Kartashov, |. Pavlov, A.
Rajkin, R. Sudakov, O. Tyoskin, V. Shper.

Taking about Moscow Reliability Schooal, it is reasonable to mention two books that reflected
many results in Reliability Theory.
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First of al, it was an excellent book “Mathematica Methods in Reliability” by B. Gnedenko, Y u.
Belyaev and A. Solovyev [ 1 ]. The book was translated into English [ 2]. Even now, 40 years after
the publication, this book and the book by R. Barlow and F. Proschan book [ 3, 4 ] that was translated
into Russian [ 5, 6 ], remain the best best monographs on the subject.

Secondly. It was “Handbook on Reliability” by B. Kozlov and |. Ushakov [ 7 ] that had several
editions[ 8 — 9] and trandlations [ 10 — 14 ]. This handbook remainded many years a table book for
reliability engineers.

L eningrad Reliability Schoal.

In 1959 at one of Leningrad R&D Institutes of Shipbuilding Ministry has been established the
first Reliability Department headed by I. Malikov. In the same year |. Malikov, A. Polovko, N.
Romanov and P. Chukreev, who led the Leningrad Reliability School, published first Russian book
“Fundamentals of Reliability Calculation” [ 15 ]. The book contained only 139 pages, but it was the
first book where one could find systematic description of an elementary knowledge in reliability
theory.

Soon in Leningrad A. Polovko founded Leningrad Reliability Center.

In 1964 A. Polovko published the very first monograph on Perliability Theory [16] that was the
first Russian book on the subject trandated into English [ 17 ].

Leningrad Reliability School gave several significant names. G. Cherkesov, L. Gorsky, I.
Ryabinin, N. Sedyakin, I. Shubinsky and others.

Kiev Reliability School.

In Kiev Military Radio Engineering Academy flourished a group headed by N. Shishonok: L.
Barvinsky, B. Kredentser, M. Lastovchenko, A. Perrote, V. Repkin, S. Senetsky. Under Shishonok’s
editorial leadership it was published “Fundamentals of Reliability Theory for Electronic Equipment” [
18].

In parallel, at Kiev State University and later in Cybernetics Institute appears a very strong
group consisted mostly of pupils of B. Gnedenko. This group dealt with general stochastic processes
theory applied to queuing and reliability problems. In this group there were such outstanding scientists
like Academicians |. Kovalenko and V. Korolyuk, and such specialists like V. Anisimov, V.
Volkovich, T.Maryanovich, A Turvin, V. Zaslavsky and others.

Riga Reliability School.

Founder od Riga Reliability School was Kh. Kordonsky who was a Chair of Department at Riga
Instute of Civil Aviation. His pupils—A. Andronov, |. Gertsbakh and Y u. Paramonov.

Probably this group was specifically practice oriented. In 1963 Kh. Kordonsky published his
book [ 19 ], in which some reliability models were discussed, then in 1969 |. Gertsbakh published his
book [ 21 ], that is, probably, the best book on maintenance problem.

Kh. Kordonsky, following his Moscow and Leningrad colleagues open a regular seminar on
reliability theory for engineers.

Independently at the same time in the same area V. Leontiev and V. Levin have been working.
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Irkutsk Reliability School.

Reliability problems in Siberia were related mostly to energy systems. Director of Siberian
Energy Instutute Academician Y u. Rudenko led those researches gathering a group of young scientists
(N. Voropai, G. Kolosok, L. Krivorutsky, V Zorkaltsev and other). For the work related to survivability
analysis of All-Union Energy system, Yu. Rudenko and |. Ushakov were honored by prestigious
Academy of Sciences Krzhizhanovsky Prize. They published together the first book on energy systems
reliability [ 22, 23].

Famous Rudenko’s Seminars in Baikal Lake area attracted not only by exotic place... Among
participants there were such specialists like E. Chervony, Yu. Guk, N. Manov, E. Stavrovsky, M.
Sukharev, E. Farkhad-Zadeh, M. Cheltsov, M. Y astrebenetsky and other.

Of course, the list could be continued: Tashkent, Gorky, Kharkov, Minsk, Thilisi, Erevan and
Vladivostok should be mentioned here.

Brief history of development Reliability Theory in the former Soviet Union.

As aready was mentioned, the first steps in Reliability Theory developing were done in the
USA. However, Soviet statisticians and engineers bagan to work in that direction with a small delay.

This brief review does not target to be complete, though | believe that some anayss of
theoretical ideas developed in the Soviet Reliability School should be done.

Interesting method of analysis of confidence estimates of system reliability based on non-failure
tests of its components was suggested byR. Mirny and A. Solovyev [ 24 ]. Then some general results
based on Monte Carlo simulation were obtained by Yu. Belyaev [ 25, 26 ]. Many new analytica
results afterwards were obtained by |. Pavliov [ 27 — 29], R. Sudakov [ 30 ] and O. Tyoskin [ 31].

Many works were related to analysis of complex systems with degradation of the operational
level (partial failures). Indeed, hardly a complex system might be characterized by smple binary
criteriaof type “yes-no” [ 32-34].

The profs of too limit theorem for stochastic point processes played significant role in further
development of methods of analysis of repairable system.

First. Hungarian A. Renyi [ 35 ] proved theorem concerning asymptotical “sifting” of stochastic
point process, and approximately at the same time G. Ososkov [36] proved theorem concerning
asymptotical superposition of the processes of the same type. Afterwards Y u. Belyaev, B. Grigelionis
and |. Pogozhev generalized those results. Their results permitted to develop convenient goproximate
practical methods for reliability analysis of vomplex repairable (renewable) systems|[ 37 ].

B. Gnedenko [ 38, 39 | was the first investigator of asymptotic methods of reliability analysis of
repairable (renewable) systems | the beginning of 60-s. He considered a duplicated renewable system
and proved that asymptotic distribution (under condition of “fast repair”) of the system time to failure
is exponential and does not depend on the distribution of the repair time. This work opened a new
direction in Reliability Theory that was successfully developed, first of al, by I. [ 40 - 42 ] Kovadenko
and A. Solovyev [ 43 -46].

Interesting ideas of semi-Markov processes aggregation related to reliability problems were
suggested by V. Korolyuk and A. Turbin [ 47 — 48 ], and afterwards these ideas were developed in a
series of works [ 49 — 50 ]. Interesting gpplications to Reliability Theory contains in the works by V.
Anisimov [51] and D. Silvestrov [ 52 ].

10
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Methods of optimal redundancy were developed in [ 53 - 57 ]. Some results from these works
were used for preparation of Military Standards.

Such important direction of Reliability Theory as accelerated testing appeared in the very
beginning of activity of Soviet specialists on reliability. Here works by N. Sedyakin [58], |. Gertsbakh
and Kh. Kordonsky, [59], G. Kartashov, A. Perrote and K. Tsvetaev [ 60 ] have to be mentioned first
of all. Models od accelerated tests with time-dependent loading were considered by V. Bagdanavichus
and M. Nikulin[ 61].

Concluding this brief review, it is necessary to mention an excellent book edited by B. Gnedenko
[ 621, in which many results of Soviet School on Reliability Theory have been summed up.

* % %

Evidently, these brief notes could not mention everybody who made an input into Reliability
Theory and its practical implementation. Moreover, such brief review amost always suffer from
author’ s subjective viewpoint. Actually, writing such review is a very dangerous thing: the author can
offend hisfriends and colleagues who appears out of the review...

The flow of publications in Reliability Theory is very intensive. A new generation of speciaists
in reliability can loose their orientation in these trouble waters of books and papers on the subject.
We have our Gnedenko Forum. Maybe it is reasonable to arrange rating of books on reliability?

Below | am presenting examples of some practical problems that | solved last years, working
for several American companies.

EXAMPLESOF SOLUTION OF PRACTICAL PROBLEMS

Computer _model of survivability analysis of the telecommunication network (for US
company MCI)

The problem of optimal alocation of traffic after catastrophic failure is considered. Matrix of
traffic between various pairs of nods and capacity of trunks are taken into account. Let us assume that
the traffic between San Francisco and New Y ork iz such as presented in the figure below.

°
ta ]
Chicago
D
100 -
a/ %
© (Wil
ashington
a 2
L
¥
b

The model is working in interactive regime: a user would like to look at the network reaction on
failure (or emergency turn off) of the trunk between Denver and St. Luis.

11
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The model calculates new input data (loss of the trunk) and finds anew optimal traffic allocation
between San Francisco and New Y ork, taking into account minimum “harm” for other system users.

8] MMinneapolis Chicago

30

20
(SanTramise) ©
a 2 s
.
o
o (i)

This computer model has been used for control of real telecommunication network.

Computer model for optimal allocation of spare parts for base stations of satellite
telecommunication system Global Star

12
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GlobalStar system uses low-orbit satellites that move around the Earth by spiral trgjectories,
covering practically a regions. It was planned to have about hundred ground base stations. Each such
station might have its own configuration depending on the population density in the station zone,
access to other communication systems, etc.

In a situation when each station might have an individual optimal alocation plan, the only
possibility to solve the problem was designing of a computer model. Educated managers almost
immediately understood that Neanderthal methods of type “5% of operating units, though not less than
one” did not work.

It was also clear that spare supply from asingle center is absolutely unreasonable. So, there were
Central storage in San Diego (California) and three regional storages.

/" Map =]y
“iew Group Cloze  Help

A computer model of optimal spare allocation allowed to get lists of spares for each individual
base dtation taking into account capacity of the base station, the type of spares replenishment
(periodica or by request), time of delivery and so on. Input data (failure rates of various units and its
costs) were kept in a specia database.

The user’s window with the list of basestations within one of the regionsis presented below.

,‘ Optimal Spare Allocation: D:A\5PARESA\Prudente. oza
File *“iew Stocks Units Run Reportzs Help

=d @B =2 g vmE s 2 4| 0l
[ ﬁ Central Stock 2 ghack Name
SR @ Fiegional 1 - IBraziI Delivery Time I‘IDDB
Level IUn-Site
Calculated Yalues Bequirements
Aailability dsilabilty |%35932
Feliability Fieliabii: Jh99
Cost Cost 47000000
"""""" % GWw273 17 Al Units [103 types
------------ @ G279 18 20-14074-1
"""""" B GWwara 19 20147031
"""""" By Gw2ra 20 20-14875-1
............ By GWwW2Fa 3

20-14317-1
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For each ground base station, the model kept all necessary input data for calculating optimal

Spare alocation.

,"3"' Operating Units of the Base Station

On-Site Stock:  |Brazi Sotby | % PatMo ¢ MName ¢ Oy " Comment ‘
|Initz in the conesponding Base Station [167 bupes)

Part Mo Mame Gty | Standby Comments - — |

20147031 | TFU Site Alarm COb 4 1] TFIJ_RF Rack =% New units |

20-14875-1  TFU Frequency Reference CCA 2 ] TFU_RF Rack =

20149171 |ATM IC CCA 4 1] CIS_SBS Rack +% Delate |

20-14918-1  CCA, vYMCA Interfface 4 0 CCP Combo Rack -

20149181 | CCA, YMCA Interface 4 0 GC Rack ' Canfim

20149301 |BCH IC 8 Part CCA, 20 CIS_SBS Rack E Expart |

20180341 |CCA, ALARM INTERFACE, BULEHEAD 2 1] TFIU_RF Rack

20-26035-1 | GW Receiver Card [GReC) CCA a0 Receive Rack _

20-26085-1  Digital Camrmon CCA 7 1] Diigital A ack m

20261151 | GW UpCanwvertar Card CCA 112 0 FL_GCU RALCK. x Cancel |

20-26795-1 | Timing Freg. Dist. Card [TFDC) CCA [ 1] Receive Rack

AN2RANRAICECA FALILT MOMITORIMG RRFAKFR1 n LR Combin Flartk_lll = Help

4 3 HIES |

Two problems can be solved: (1) Find optimal number of spare units of each type to warranty
maximum base station availability under limited total expenses; and (2) Find optimal number of spare
units of each type that delivered total expenses under condition that availability was not less than

specified level.

After the computation, the report printing was available in the form defined by the user.

Stock Report

Report:

Stocks

—Unit Detail————
v Mame

Spare Allocation [v MTEF
[ Cost
TitIEISTUCKS [ Operating
Header |£?Fffﬂs§-4.{ SR AL GO TN ETOERE [ Standby
Motes :I ¥ Spare
[ Tatal Gty
LI ¥ Spare Cost
rInclude into repaort rInclude stocks——— Sortunite by
~ iogo ¥ UNIT DETAIL il © PatNo € Name
ol seaizm leve & Selected € UnitCost ¢ Urit MTBF
[ Notes I Delivery Time " Selected & Childien ¢~ Spare Cost ' Spare Oty
[¥ Date [~ Retun Time
Requiremments: Calculated values: _?f't stocks by - =
4 [Level el it
[ fodlsbiliy 7 Availabily - A"'"Tb_” - Ee"f - H?'a '::’ _
i st s fErar
[~ Reliablity [ Reliabilty P ¥ J1 Close |
I e v Cost @ Previewl Print | B Export | ? Help |
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An exampleof the report is given below.

QUALCOAMMA OPTIMAL SPARE ALL.OCATION
STOCKS
Stock:  Brazil Level: On-Site Avadlabilip: 0912372575375
Spare unit delivery ime: 1008 Reliabiliy: 0993832202067
Cost: 455861,50
Uit data:
Part Mo Name MTEF Cost Spamr Spamw Cost
2-14074-1 TFU D trbution CCA [13E 23501 2 570,02
A-14703-1 TF Site & lamCC4 141904 |0,57 2 61,14
2-14875-1 TFU Frequency Reference CC4 215179 526,05 1 526,05
20-14517-1 ATMICCCA 118843 104447 1 104447
2-14518-1 CCh, TMCA Interface EhEET w242 3 L
2-14530-1 BCH IC 8 Part CC4 102364 059,74 3 1328,
M-18034-1 CCh, ALARM INTERFACE, EULKEHEAD 166867 175,44 1 175,44
D-Es-1 GW Receiver Cand (GReC) CCh TR4EE 130153 3 TR0E,18
M-20E5-1 Digital Conmon CCA 133333 738,14 2 157628
- 17 1o 8 ﬂ ——

Finding size of maintenance zones, number of servicemen and location of the maintenance
center within the zone for_serving user s of satellite telecommunication system

There were data of request rate obtained from a previous history of the maintenance system
operation in different counties of Florida State (there are several tens of such counties)

County Number Area Rate (number
of of requests
requests per day)

Alachua 8 902 0.148148

Baker 0 585 0

Bay 9 758 0.166667

Bradford 3 293 0.055556

Brevard 16 995 0.296296

Broward 70 1211 1.296296

Wakulla 3 601 0.055556

Walton 8 1066 0.148148

The designed computer model gave a possibility of interactive solution. Such method has been
chosen because the problem had alot of non-formalized factors. For instance, a maintenance center of
the zone should be chosen at some town rather than from pure geometrical considerations.

The designed algorithm based on directed enumeration with local step-by-step optimization. It
was also taken into account an intuitive hypothesis that solution for, say, South Florida counties did not
influence on the solution for Northern Florida counties.

The first county was chosen arbitrarily, though the maximum population density has been taken
into account. Such county occurred to beDade.

15
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. After computing obtained maintenance parameters, it was clear that it is possible to add some
neighbor county. Again informal hint for choosing the next county was that new two county should

form a “compact area’, i.e. this solution based on expert opinion. In this particular case the added
county was

Monroe.

After multiple application of the described procedure, the first maintenance zone has been
constructed.

West Palm Beach
is considered as
the second FSR
base.

Then in this zone one tried to split a single maintenance center into two (keeping the same total
number of servicemen). It gave a possibility (again in interactive regime) to widen the maintenance
zone.

After this first “macro step”, the first maintenance zone became “frozen” and the same procedure
isapplied to find a next zone.
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As the result of constructing new maintenance zones, only in Florida State alone estimated save
was about $400,000 a year due to best zoning, best location of maintenance centers and decreasing the
sraff.

CONCLUSION

Reliability Theory isaivel However, it should be applied in aright direction. Probably, needs in
pure theoretical researches is decreasing, nevertheless, there are many practical problems, which are
waiting solutions.

Thus, since life is continuing, the need of solving practical problems in reliability and
maintainability will exist always!
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ADAPTING BASS-NIU MODEL FOR PRODUCT DIFFUSION
TO SOFTWARE RELIABILITY

Sumantra Chakravarty
[
e-mail: sumontro@hotmail.com

INTRODUCTION

Software reliability growth is a well studied subject, perhaps starting with the classic work by Jelinski
and Moranda [Jelinski 1972]. Applicability of reliability growth models is well established in where
large (100 KLOC or more) software is written and maintained. Examples of such enterprises are
application software, space exploration, telecommunication, etc. One can obtain the definition of
standard terms (e.g., fault, failure) and operational summary of most widely used software reliability
models from adocument maintained by NASA Software Assurance Technology Center [Wallace].

Software reliability growth models address two important, but related, questions faced by the software
industry: 1) How many remaining bugs are likely to be present in newly developed software and how
much resources are needed for debugging to accepted level, 2) given that it is more expensive to fix a
bug after software is released to the users, when it is economically prudent to release the software.

SOFTWARE RELIABILITY GROWTH MODELS

Software reliability growth models (SGRM) generally assume a finite but random number of initial
faults that are revealed as failures according to a Non Homogeneous Poisson Process (NHPP). Time
dependence of NHPP (see [Ross 2003] for an introduction to stochastic processes) rate is supposed to
capture all underlying effects including learning effects by the debug team [Goel 1979, Ohba 1984,
Pham 1999]. Some models aso claim to incorporate effect of introducing new bugs during the actual
debug process. Operationally, most SGRMs resort to estimating the mean value function of the NHPP
using observed failure data and maximum likelihood estimation procedure (see [Hoel 1996] for an
introduction to maximum likelihood estimation).

Observed software failure data tends to be S-shaped. Thus, SGRM applications of NHPP choose an S-
shaped mean value function depending on two or more parameters. Homogeneous Poisson Process
(HPP) is dso used as SGRM [Ohba 1984] because of parsmony. However, exponentia distribution
arising from HPP does not fit all software failure data. When a software suite is composed of dissmilar
modules, hyperexponential distribution has been used to model software reliability growth [Ohba
1984].

NHPP is not the only family of stochastic models used to model software reliability growth. Weibull
PDF has also been used to model time rate of bug appearance [Kenny 1993]. Weibull model is justified
when debug effort increases with calendar time as a power law and this is the dominant effect in
determining the number of remaining bugs. If the debug effort grows linearly with time, an exponential
model is obtained.
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A common theme in SGRM is to a process or, a distribution and fit some observed time sequence of
fallure times to the model. One model may successfully summarize some datasets and fall to
summarize some other datasets. Thus, statistical goodness of fit measure is the only criteria that can be
used to evaluate any given SGRM. Sum of Squared Errors (SSE), Akaike Information Criterion (AIC),
and Chi-square tests have been used in the literature [Pham 1999].

MODELSWITH RANDOM EXECUTION MEDIA

Software reliability growth models, except for the Jelinski-Moranda model [Jelinski 1972], described
above assumes the number of bug to be a random quantity initialy. We take the view that initial
number of bugs in a code is fixed by unknown quantity. Execution media for the code provides a
random environment. If different debug teams were to debug the same code, different realizations of
fault detection would be achieved.

Ross has a model for software reliability growth starting with fixed number of bugs [Ross 2003].
However, practical use of the Ross model may be limited because it requires classification of faults
according to the number of failures it causes. Lee et al. has recently attempted to model software
reliability growth by a stochastic equation where random execution environment has been modeled by
ad hoc Gaussian noise source [Lee 2004]. Lee model seems to fit much of the published data on
software failures.

We posit another model for software reliability growth based on analogy with product diffusion of
consumer durable goods. Bass-Niu (BN) formulation attempts to provide a proper stochastic
formulation starting with fixed number of bugs in the code in the spirit of Jelinski et a., Ross and Lee
a al. Bass model also provides interpretation of the parameters (p and q) based on intrinsic complexity
of the code and ability of a debug team. Bass-Niu model also attempts to solve a problem with NHPP
based SGRM. Because NHPP assumes independent increments in digoint time intervals, it is difficult
to model introduction of new bugs within NHPP setting.

BASSMODEL FOR PRODUCT DIFFUSION

Bass model for was introduced in the marketing research community to model production diffusion
(adoption) of a durable (e.g., VCR) good [Bass 1969]. Let M be the size of the potential market and
N(t) be the number of adoptions by time t. It is assumer that M is large and continuous approximation
of N(.) is justified. Product adoption is parametrized by to real positive constants p (coefficient of
innovation) and q (coefficient of imitation). Bass postulates that time evolution of N, starting with no
adoption at t=0, is described by the following (non-linear) differential equation.

dN(E) _rpr €4 q U, ,
& [M N(t)].8p+q v H,t 0

Let F(t) be the fraction of adoptions by time t. As M—ow, we have the Bass equation and the Bass
formula (CDF) asits solution. Bass CDF isderived from the Bass equation in Appendix-A.
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Classic Bass solution offers some desirable features observed in production diffusion. F(t) is S-shaped
and has an inflection point. It also fits observed market data for many durable goods. However,
trangition from N(.) to F(.) assumes M—oo. This is difficult to justify in software reliability setting
because it is not possible have infinite number of faults in a software with finite number of LOC (lines
of code).

Not withstanding this apparent difficulty, we will explore the similarities between the process of
production and software reliability growth after introducing stochastic version of the Bass mode!.

STOCHASTIC BASS-NIU MODEL

Niu has provided a stochastic framework of the Bass model [Niu 2002]. Bass-Niu formulation of
product diffusion is a pure-birth model (see [Ross 2003] for an introduction to pure-birth models) with
birth rates:

é n u
Il =(M-nzgp+g——-n=0,..M-1
=M mgpra g |
Iy, =0

Coefficients p and g have same interpretation as in the classic Bass Model. Note that deterministic Bass
equation involved M is the denominator of its RHS. However, difference of M and (M-1) is negligible
as M—oo. Additionally, Niu has shown that

énu_

I|m Fy (1) = I|m ESM H

=k
F(0)=0

Time dependence of RHS arises from taking expectation with respect to time dependent probability.
Thus, the BN model converges in the mean to the Bass formula and this equation exhibits the
connection between the two models. Everyone adopts the product by t=co and F(w0)=1. This justifies
calling the Bass fraction as a Cumulative Distribution Function (CDF). Niu also provides a differential
equation for Fu(t), F(t) with finite M. We will not quote Niu’s derivation here for brevity. Instead, we
will provide an elementary derivation for Fy(t) in Appendix-B.

Niu has found exact expressions for the asymptotic (M—o0) of variance M [Niu 2005].
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Expression for asymptotic variance involves the Bass CDF and complement. It aso involves
contribution from the covariance of indicator function (denoting j™ adoption by time t; see [Niu 2005]
for details). Expressions of mean and variance of adoptions can be used to adapt the BN model product
diffusion to software reliability growth.

BASS-NIU MODEL FOR SOFTWARE RELIABILITY GROWTH

Bass-Niu model for software reliability growth adapts the BN model for product diffusion with a
different interpretation of parameters n, M, p and q. We will rewrite the BN birth rates for ease of
reading.

é n u
| . =(M-n)agptg——;n=0,..M-1
P =(M-mep+ar Ty |
I, =0
M is interpreted to be the number of bugs initialy present in the software. Here M is assumed to be
fixed (not random) but unknown. A denotes the time rate of bug gppearance and n denotes the number
of bugs found (assuming no new introduction).

We would like to solve the Bass-Niu equation for finite (but moderately large) M without further
assumption on p or, g. An approximate solution is presented in Appendix-C. Another scheme to find a
better solution, based on backward Kolmogorov equations, is presented in the section describing future
work.

INTERPRETATION OF PARAMETERSP AND Q

Parameter p is a measure of intrinsic complexity of the code (for given M, because number of initia
bugs and effective software complexity are likely to correlate with LOC). Effect of p can be understood
by assuming g=0. If g=0, there is no debugging, and each bug reveals itself independently with mean
time 1/p. Bugs in a more complex software take longer to reveal themselves. (Exponential duration
between two successive revel ations is an approximation of the execution environment.)

Parameter g is ameasure of learning by a particular debug team. Let’ s note that time of bug appearance
increases initially (small value of n). Starting with no knowledge about the software, the debug team
learns more about the software as another bug is isolated and eliminated. Let us also note that learning
contribution to bug appearance rate enters a region of diminishing returns after enough (about VM)
bugs have been fixed. Thisimplies onset of learning saturation.
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INTERPRETATION OF TIME DEPENDENT VARIANCE

Let A(t) be the intensity (rate) of a Non Homogeneous Poisson Process. It is well known [Ross 2003]
that number of eventsin timeinterval (0, t) is given by a Poisson distribution with mean

;‘j (u).du.

Moreover, the variance of a Poisson distribution is equal to the mean. This presents a problem for
NHPP based SGRM. Let us assume no new bugs are introduced while debugging. Then, we expect all
the bugs to be reveaed in the time interval (0, «). If software reliability is modeled as a Poisson
process, variance of the number of bugs must be interpreted as the variance of initial number of bugs.
Second, why should the variance grow as more bugs are observed? These present conceptual
difficulties.

In contrast, Bass-Niu model assumes fixed number of initial bugs and physically plausible behavior for
time dependent variance. Niu has calculated the expression for variance as M—oo [Niu 2005].
Asymptotic variance of number of observed bugs is zero at t=0 and t=c0. No bugs have been observed
at t=0, with certainty; no bugs remain at t=0, also with certainty.

FITTING PUBLISHED SOFTWARE RELIABILITY DATA
TO BASS-NIU MODEL

NHPP based models have been reasonably successful in modeling software reliability growth [Goel
1979, Ohba 1984, Pham 1999]. Further evidence comes from adoption of these models by NASA
[Wallace]. Primary focus of this work is to address some theoretical questions presented by NHPP
based SGRM, while not compromising on practical applicability.

It is easy to reinterpret asymptotic (M—x) Bass CDF as the “inflection S-shaped growth function h(t)
of NHPP” (compare with Eg. 8 of [Ohba 1984] with proper scaling by M).

1- et .
ht)=M =5 __:t30j >0y 3 O,M >0
1+y !
_ o (projt
Fl)=—"% " t:0,p>0,q2 0
1+aijge-(p+q)t
Pg

We expect asymptotic solution of Bass-Niu model to be numericaly close to Fu(t) when M is
moderately large. Thus, Bass-Niu model automatically fits observed software failure data fitted by
inflection S-shaped NHPP-SGRM. As an example, Project 2 data of Rome Air Development Project
[Brooks 1980] is fitted by p = 0.0084 and g = 0.213 or, (p+q) = 0.221 and (g/p) = 25.3. Fitted vaue of
M is 1315.9 in this example. We note, magnitude of q is much bigger that that of p for this dataset.
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FUTURE WORK BASED COAGULATION ANALOGY

We have found it difficult to solve the Bass-Niu equation by quadrature for large values of the learning
parameter q because of non-linearity in the BN differential equation. This mathematica issue limits the
applicability of the BN model to software reliability. There is another promising technique based on
solving the backward Kolmogorov equation (see [Ross 2003] for an introduction to Kolmogorov
equations) for the BN pure-birth model.

The backward Kolmogorov equation was solved exactly for a mathematically related problem of
stochastic death model of droplet coagulation [Arcigpiani 1980]. Arciapiani’s method involves solving
the backward Kolmogorov equations in matrix form by finding the eigenvaues and eigenvectors of the
matrix of “death coefficients.” Coefficient matrices for Arciapiani as well as BN models are bi-
diagonal with quadratic terms (in number of droplets or, software bugs detected). Thus, eigenvalues
can be found almost by inspection. BN birth rates turn out to be the eigen-values of the coefficient
matrix for backward K olmogorov equations.

Identification of eigenvalues leads to valuable insight into the system. As the Kolmogorov equations
from a system of linear differential equations, the solution (state probabilities) is a linear combination
of exp{-At},n=0,1, ..., (M-1). Let us observe that birth-rates of the Bass-Niu model may be rewritten
as

lo=Mp
l,=(M-1)p+q

IM-1:2(p+Q)+%
Iy =p+(q

Thus, birth rates for higher states (A with large values of sub-script) tend to independent of M whereas,
birth rates for low states tend to grow with M. Thus, only higher states contribute when M becomes
large (with p, q and t fixed). However, finding the eigenvectors requires significant effort and this may
be atopic for future work.

CONCLUSION

We have introduced NHPP based software reliability growth model. These models suffer from some
theoretical problems even though they are able to fit observed falure data reasonably well. We have
also introduced the Bass-Niu model for market diffusion of durable goods. We have mapped a
particular (inflection S-shaped) NHPP based SGRM to the asymptotic solution Bass-Niu model. This
provides empirical validation for Bass-Niu model in software reliability. We have provided
approximate solution for the Bass-Niu model for large (but finite) M in Appendix-C. Finding an exact
solution to the Bass-Niu model may be a project for the future.
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APPENDI X-A: Derivation of Bass For mula

We start with the Bass differential equation

di“) [1- FO)[p+aF®]te 0,F(0) =0

1 _ 1 1 _ 1 1 . .q 1
F/'(t)y 1- F(t) p+gF(t) p+q1- F(t) p+q p+qF(t).
U (ptg)t+constl=-In@l- F)+In(p/q+F)

1- F()
p/q+F(t)

([a)

>

= const2.e (P*t

Initial condition F(0)=0 implies const2=(q/p).
1- F(t) = e-(p+q)t +ﬂe-(p+q)t|:(t)
p

0 1- e (Pt = F(t)_gl__'_ﬂe-(mq)tg
e P a
Finally we get,
1- e (Pra)t

1+(q/ p).e "

F(t)=

Inflection point of Bass CDF can be found computing its second derivative. We start with the Bass
differential equation.

dzt(t) [1- FOlp+gF®]t2 0,F(0)=0
g 1 _ 1 1 _ 1 1,4 1
F'(t) 1- F(t) p+qF(t) p+ql-F(t) p+q p+gF(t)
R F// F/ F/
U e -
E PV CE T @iprRy

L ocation of the inflection point is found by setting its second derivative to zero.

F'(t.)=0P (1- F)=(p/q+F)

b Ft)=1&- P2
2 dg
@p+qo

4

bt = —E 99

p+q

We note that inflection point of Bass CDF existsonly if g>p.
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APPENDI X-B: Derivation of Bass-Niu equation

Finite state, pure-birth BN model is defined by the birth rates

é n u
Il =(M-nzgp+g——-n=0,..M-1
=M mgpra g |
Iy, =0

Forward Kolmogorov equations for this model (dash denotes time derivative), together with probability
normalization and initial conditions are

p(/J =-1 0Po

Pr =l naPrs- 1aPyin=1.,(M - 1)

I
Pw =+ v 1Pyy

§
1=a p.(®)

n=0

P, (0) =1 p,(0)=0;n=1..,M

We can see that state-M is an absorbing state from the evolution equation for pw. Fractional penetration
(average number of bugs reveaed) by timetis

Fu (t)—ﬁa np, () = a pn(t)—

n=0 n=0
Using the “tail formuld’ for expectation we get

M M M

138 13 & 1¥ 3 0
Fn=—anmp,t=—a a ) =—ac¢l-a p®~
MnO Mn0kn+1k Mn:og[ k=0 “ ﬂ_
M+1 1 & &
O F,t)=——-— P (t)
v Mg

We may use the forward Kolmogorov equations to derive a system of differential equations for the
cumulative probability.

pn(t)=é’n1 P (1);

Po(t) = po(t);py (1) =1
p/=-1_p,@;n=0..,M-1
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Differentiating the expression for Fu(t) on both sides with respect to t, we get a (formal) differential
equation get after some agebraic manipulations using the forward equations for cumulative
probability.

dF, (t) _ & l
Rl A t)—".
" fi‘op“”M

Using the definition of birth rates, we finaly have

dF, (t)
dt

- [i- q_§ : - MyvarEn
=[t- R Ollp+aF, O]+ 7 & (041 R 0} Mvarg iy,

Asymptotic expression for the variance can be obtained from [Niu 2005].
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APPENDI X-C: Reducing asymptotic Bass-Niu equation to quadr ature

Bass-Niu differentia involves the variance. Exact expression for variance for finite M is unknown at
time. We will use asymptotic expression for variance found by Niu to find an approximate differential
equation for large M. This approximation is justified when g/(M-1)<<1. Faced with a practical software
reliability growth problem of complex software, we expect large number of undiscovered bugs initially
(moderate to large M).

Even after the asymptotic expression for variance is substituted, we are unable to solve the resulting
nonlinear differential equation. Hence, a further linearizing approximation becomes necessary. In the
following, we will use work with the complimentary CDF

GM(t)=1- FM(t)

And we will linearize the asymptotic differential equation by approximating Gu(t)=G(t)+<(t). From the
Bass-Niu differential equations we have

- G/ () =Gt {p+a- aG()

-6, =6, 0p+a- a6, O]+ - [FOGO-y O]

Bass CDF and CCDF are linearized in the following way
Gy (t) =G(t) +e(t), Fy (1) = F (1) - e(t)

F, (1).G,, (t) = F(1).G(t) +[1- 2.G(t)].e(t) - e(t)>.
G, (1)> =G(t)* +2.G(t).e(t) +e(t)?

This give to the following linearized differential equation for the correction term

de(t) _ é q
S gpra- 260+ Ao 260)

u q
He(t) + B 1C(t)

Let us change the independent (t) variable to

d d
t :e'(P*'Q)I;_:_ +olt —
o (p+q) o

t=0P t =Lt=¥pPt =0

When M.q.e(t)/(M-1)<<1, the differential equation reduces to
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dt M-11+q/p t
K K/
ty=-2_.__ "2
9t) t 1+(q/ pt
_ alp o __ 2M(/p)

T @ralp (M- (L+alp)(M - )
Integrating factor for this first order differential equation is

et U A Ky
It) = expé p(u)dug=- Ingr 9T PL) * o

Ky u
e s e t Q
K, :EKé = 2M
q @+a/p).(M -1

Finally, approximate solution for the Bass-Niu equation is given by

_ 1 a/p 1, C
eM(t)_M-11+q/pI(t)g(u) o U

Fut)»Ft)-e,(t)G,t)»Gt)+e,(t)

We illustrate the usefulness of this approximation with an example.

Approximate Bass CCDF for finite M

1.00

— BassCCDF
S| 0.75 |- Niu2CCDF
\ 3 .
\\\ 0.50 E --—-Niu3CCDF
- \ | o5 >|---- epsM(tau)
[ I R B — AprxCCDF
""" L 3+ 0.00 - NiuCov

10 08 06 04 02 00

Tau

We have chosen M=3, p=1 and g=5 in this example. The plot shows exact expressions for the CCDF
for M=2 and 3 [Niu 2002]. It also shows the Bass formula corresponding to M=co. Source term in the
linearized differential equation, C(t) [Niu 2005], is also plotted.

Integration of the linearized differentia equation was performed in MS Excel with variable step
Simpson method. This led to numerical evaluation of gu(t). Distortion around t=0 (t=) is an artifact
of this Excel based integration scheme. Let’s note that gpproximate expression almost coincides with
the exact expression for thisillustrative example.
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ASYMPTOTIC ANALYSIS OF LOGICAL SYSTEMS
WITH UNRELIABLE ELEMENTS

G. Sh. Tsitsiashvili
[
e-mail: guram@iam.dvo.ru,
690041, Vladivostok, Radio 7 str.,
Institute of Applied Mathematics,
Far Eastern Branch of RAS

In this paper models of networks with unreliable arcs are investigated. Asymptotic formulas for
probabilities of the networks work or failure and the networks lifetime distributions are obtained.
Direct calculations of these characteristics in general case [1], [2] demand sufficiently large volumes of
arithmetical operations. Main parameters of the asymptotic formulas are minima way length and
minimal section ability to handle. A series of new algorithms and formulas to calculate parameters of
asymptotic formulas are developed.

Main characteristics. Define oriented graph G with finite number of nodesU and the set W of
arcs (u,v). In this graph thereis single node u., without input arcs and single nodeu’ , without output
arcs, the graph has not arcs(u,u) .

Suppose that n(s) isanumber of arcs of asubgraph s, si W.For Si {s:si W} put

n(s) = min n(s), D(S) = sn(s?a—n(s)(gs(:(u’\/) ,

C(S)=minC(s), C(s)= A c(uv),

(uv)i s

C.(S)= rL]iSnCl(s) » G (s) =maxc(u,v),

(uv)i s

T.(S)= & O exp(-hee),
SC,(5)=C,(S) (Ul s

c(u,v)- is positive and integer function. Designate by N(S), N,(S), N.(S) - numbers of
sl S:C(s)=C(S), C,(s)=C,(S), n(s) =n(S) correspondingly.

Put A the set of al ways R fromu, to u without selfintersections. Consider the sets
A={AT Uul AuT A, L=L(A) ={(u,v):ul Avi A} and L={L(A),Al A}-isthesetof all
sectionsin the graph G.

Graphs with unreliable arcs. For each the graph G define arc define the number
a (u,v) = I (the arc (u,v)works), where | (G)- is an indicator function of the event G. It is not
difficult to confirm, that
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U U a(u,v)= U a (u,v). (1)

RIR UV)IR LIL

VCJ

Denote a (G) the quantity of both sides of the equality (1) which characterizes the graph G
work.
Suppose that a (u,v),(u,v)T W areindependent random variables, P(a (u,v) =1) = p,, (h),

Ouy (h) =1- p,, (h),where h -issmall parameter: h® 0. Then the following asymptotic formulas
aretruefor h® 0.

If pu,v(h)~c(u,v)h,then P(a(G)=1)~h"RID(R).

If pyy(h)~h{Y) then P(a (G)=1)~ N(R)hcR)

If py, (h) ~exp(- h"e“¥), then P(a (G)=1) ~T,(R).
If dyy (h) ~c(u,v)h, then P(a (G) =0) ~h"MD(L).
If gy (h) ~h%Y) then P(a (G) = 0) ~ N(L)h®®).

If Gy, () ~exp(- h V) then P(a (G) =0) ~ T, (L).

o g~ 0w DN

Applications to lifetime models. Suppose that t (u,Vv) - independent random variables are arcs
(uv)T W lifetimes. Denote P(t (uv)>t)=p,,(h) and put the graph G lifetime

t t
(©)=ip st ()

Suppose that h=h(t) s monotonically decreasing and continuous function and h® 0, t® ¥,
then asymptotic formulas 1, 2, 3 are true if P(a (G) =1) isreplaced by P(t (G) >t). Suppose that h
is monotonically increasing and continuous function and h® 0, t® 0, then the formulas 4, 5, 6 are
trueif P(a (G) =0) isreplased by P(t (G) £1).

Calculation of graph characteristics. For Al A define Q(A) ={vi A:$ul A (u,v)T W} and
construct  the  sets A =Q(A)={u}, A1 =AUQ(A), k=12,.. Denote
n=n(R)= min(k:u*T Ak).

Designate by j (u,v), (uv)T W integer and nonnegative function:

& j(uv)= & j(vu),j (vu)£c(uv), (uv)l W,andcalitaflow. A quantity of the flow
(uv)iw (vu)l W
isthesum & j (u,v).
(u v)iw
Denote by G G, he graph constructed from the graphs G;, G, by a connection of their initial
and final nodes, correspondingly, and by G ® G, the graph constructed by a connection of the graph
G, final node with the graph G, initial node. Consider the sets R4, L;, R,,L, for the graphs G, in

the same sense asthe setsR , L for the graph G. Suppose that further u T Q(A_;),i =1...,n.
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Calculationof D(R): D(uw)=1, w1 A, D(u.)= & D(u)c(u,U.), 1Ek<n,

ud Q(A.1)
D(R)=D(u)
Calculation of N. (R): N« (u,4) =1, u, ;T Q(A, ),
N*(un—k—l)= . é( )N*(un—k)I ((un—k—liun—k)i W)'1£k<n'1’ N*(R):N*(U*).
Un. il QUAL k-1

Calculationof C(R),N(R ):each arc (u,v) of the graph is devided into arcs with initial lengths
(because the function c(u,v) is integer). Then the graph G is transformed into the graph G, with
single lengths arcs and applying the n=n(R ), N. (R ) calculation procedures to the graph G obtain
C(R). N(R) forthe graphG.

Calculation of C(L),n(L): using the theorem [3] of coincidence of maxima flow
value and minimal section ability to handle C(L) and Ford-Falkerson algorithm defineC (L) . Then
n(L) equalsto C(L) for c(u,v)° 1.

Suppose that W ={(u,U.1), 4T Q(A.1),i =1...,n} in next five points.

Calculationof C;(R): C (u) =0, uT A, C(Up.)
1£k<n, C(R)=C/(u).

Am(in )max(Cl(uk),c(uk,uk+1)),

- Ul QA1

Calculationof Ny(R): Ny(uy)=1, uT A, Ny (u.,)= a N, (uy),
U:Cp (Uesr) =max (Cy(u ), €( U Uys1))

1£k<n, Ny(R)=N,(u").

Calculation of C;(L): astheformula (1) leadstoC, (L) = rgaRx(mi)pRc(u,v) ,then C/(L) is
u,v

defined by C, (Uy.1) = iy )min(Cl(uk),C(uk,um)) J1Ek<n, Cy(w) =¥,

wl A,C(L)=C(u).
Direct formulasof C(L), N(L): if c(u,Uuq)° 6, 1£k<n-1, c(un_l,u*):cn, N, -isa
number of nodesin Q(A.;), 1£k<n-1, N,=1,then C(L) =1271kin Ny N,,;, and N(L)-isa
<n

number of elementsin the set {k:M =¢,NyN,,;,1£ k<n}.

Weak elements in the graph G. Suppose that for any pairs of arcs (u;,v;), (u,,v,)T W, such that
(u,v)?® (uy,V,), theinequality c(u,v )t c(u,,V,)istrue Then thereissinglearc
(u(S),v(S))1 s:C(s)=c(u(S),v(S)),and - InT, (S) ~ h LEVE) he o.

Call thisarc (u(S),v(S)) aweak element of (G S).

30. I p, (h) ~exp(- ")), h® 0, then- InP(a(G) =1) ~ - h RMR),

60 1f g, (h) ~exp(-h ")), h® 0, then - InP(a (G) = 0) ~ - h LML),
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In conditions of the statement 3¢ or the statement 6¢ a definition of aweak element (u(S),v(S))

is made by the procedure for C,(S) with S=R or withS=L, correspondingly. A definition of the

weak element and related asymptotic formula may be spread from a network onto arbitrary logic
function represented in a disjunctive or in a conjunctive normal form.

Recursive formulas for thegraph G G,:

C(R)=min(C(R,),C(R>)), 2
1 N(R,),C(R,)<C(R,),

N(R)=i  N(R,).C(R,)>C(R,), )
fN(Ry)+N(R,),C(R,)=C(R,),
C(L)=C(L)+C(L,), (4)
N(L)=N(L )N(L), ®)
G, (L) = max(C (L) C(L;)). ©)

C,(R), n(R) are defined analogoudy (2), N,(R),n(L) are defined analogously (3), (4),
correspondingly.

Recursive formulas for the graph G ® G,. C(R), n(R) are defined analogously (4), N(R ),
N, (R) are defined analogously (5), C,(R) are defined analogously (6), C(L),C,(L),n(L) are
defined analogously (2), N(L), N, (L) are defined anaogously (3).
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OPTIMIZATION PROBABILITY OF THE UNFAILING WORK
OF A NETWORK WITH USE OF STATISTICAL TESTS
ON A MONTE-CARLO METHOD

Elshan Aliguliyev
[
Baku, Azerbaijan
e-mail: elshanhaga@yahoo.com

A reliability of systems with anetwork structure, for example, as telecommunication networks,
is determined by a reliability of elements, making it, which can essentially differ on the reliability. At
the analysis of areliability the telecommunication networks usually is described graph, where the edges
of the are reflected map the network channels, and as units act the workstations, servers, followers,
switches, router or other devices. The parameters of a reliability frequently depend on a loading of a
network (values of loadings of channels determining access of the users, and quality of their service).
For this reason, formulating a problem of optimization of a reliability, it is necessary to determine,
which of parameters are important: coherence, channel capacity, mean time to repair, time of recovery
coherence or minimization of delay. Thanks to the structural redundancy of telecommunication
networks, the refusal of the separate elements usualy don’t result in full of the refusal of the network,
and only to partial deterioration of quality of its functioning. The full of the refusal of a network (for
example, in any separately of taken territory) can happen in the result of some large-scale acts of nature
- floods, hurricanes, earthquakes, which can result in destruction of communication lines or to global
switching-off of the power supply.

The quality of functioning of networks with switching of packages are usually evauated by
the loss of packages. These losses depend on the current condition of the elements of the network, etc.
are described by random process, which we shall designate as e(t). Allowed value of mean losses of
packages we shall designate as €”. As refusal of the network in this case we shall name an occurrence
of an event e (t)<e”. Despite of the structural redundancy of the network, the problem of reliability of
its elements remains rather actual. In this connection it is possible to formulate the following statement
optimization of the problem: a maximization probability of the unfailing of a network with allowance
for of specific criterion of the refusal €° at cost limitation on reserve of elements.

The problem of optimization of probability of the unfailing work of a network can be decided
by the method of optimization on statistical redlizations offered in [3,4]. The solution relating on
modification of this method is resulted below [5]. This method was circumscribed also in [6] for the
optimization of number of the channels in a communication network . The idea of a procedure of
optimization with reference to probability of the refusa of a network with switching of packages can be
formulated as follows.

Similarly to procedure in [4] the statistical experiment on a Monte-Carlo method [1] is carried
out as independent for each separate element of a network. The distribution of time to repair of
elements is considered uniform. In some moment the refusal of separate elements of a network can
appear unnoticed, if these the refusals have not braked the condition of the functional of quality. At the
failing the first element, which upsets the specific condition €” on the functional of quality - mean
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losses of packages, the reserve for this element is introduced which in default of basic element here
riseson its place.

During datistical simulation each time at the failing of the next element is introduced the
appropriate reserve of element. Such procedure proceeds before full exhaustion of resources:

C(X)> c°
where C° - limitation on the total cost of el ements.

In the result of the first redization the first " vector of a reserve " of elements of a network is
received.

X = (X, X, )i % - NUmMber of reserve of elements of ai-type, i=1,.....,n

During simulation for each realization the moment of the consumption of elements each of ai-
type in each redization are stored independently. Having such construction thus trgjectory of the
consumption of reserve elementsit is possible to decide a problem of selection of an optimum structure
of the reserve elements [4]. In the case of optimization of probability of the unfailing work of a
network it looks as follows: the possible structures of the reserve elements appropriate to the limiting
condition are fixed. For network with the “n” elements such is located n-dimensiona a cube satisfying
to the condition C(X)<C®, inside which the least number of trajectory is finished, i.e. where the least
number of cases of the failing and accordingly probability of the unfailing work happens above. At the
chosen structure of the reserve the probability of the unfailing work will be optimum.

C1

Time of the
' termination of
realizations

C2

Fig 1. Sdection of an optimum structure of the reserve for 2-dimensional case

On the figure 1 for convenience the example of selection of a "optimum" rectangle for two-
dimensional case is shown. From all rectangles, inside which only one realization is finished , the
mean and lower rectangle are optimal .
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1. Introduction

The contemporary war-time military operations can be divided into the following two stages.
The first and rather short stage includes very active actions with considerable losses. It is followed by
a much longer stage, during which the events associated with losses occur a a much lower rate. The
examples of such military operations are the current international military operations in Afghanistan,
Irag and the recent Russian military actions in Chechnya (whatever their political statusis). Below, an
approach to analysis of the military operations performance during the mentioned above second stageis
suggested.

Because the daily losses during the second stage is much less compared to the first stage, the
military operations during the second stage, from the reliability standpoint, can be considered as a
functioning repairable system, which is rapidly restored after each failure to at least the same condition
asit wasjust before the failure.

In this paper, an analysis of such military operations is developed in the framework of the so-

called repairable system analysis. The approach can be gpplied not only to the system failures, but to
successes (as the respective adversary’ s losses) as well.

2. Military Operations as | mproving/Deteriorating Repairable Systems

This section begins with introducing some basic notions of repairable system analysis needed for
the following discussion.
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2.1. Point Processes as Models for Repairable Systems

Basic Definitions

A point process can be informally defined as a mathematical model for highly localized events
distributed randomly in time. The major random variable of interest related to such processes is the
number of failures (or generaly speaking events) N(t) observed in the time intervad [0, t], which iswhy
such processes are also referred to as counting processes. Using the nondecreasing integer-valued
function N(t), the point process{ N(t), t > 0} isdefined as the one satisfying the following conditions:

N()>0

N(@©) =0

If to > t4, then N(tz) > N(tl)

If t; > t, then [N(t2) - N(t1)] is the number of events (e.g., failures) occurred in the interval (ts,
t7]

PWONPE

A trajectory (sample path) or realization of a point process is the successive failure times
of anitem: Ty, To, ... Tk . ... Itis expressed in terms of the integer-valued function N(t) i.e., the
number of events observed in the timeinterva [0, t].

N(t) = max(K[T, £1) (1)

It is clear that N(t) is a random function. The mean value E(N(t)) of the number of failures N(t)
observed in the time interval (0, t] is called cumulative intensity function (CIF) [Hoyland and Rausand,
1994, Moddares, et al., 1999 ], or mean cumulative function (MCF) [Nelson, 2003] In the following
the term cumulative intensity function (CIF) isused. The CIFisusually denoted by W, i.e.,

WD) = E(N(D)

Another important characteristic of point processes is the rate of occurrence of failures
(ROCOF), which is defined as the derivative of CIF with respect to time, i.e.

dW(t)
dt
Based on the above definition of ROCOF, the CIF is sometimes called cumulative ROCOF-.

w(t) =

Most of the processes, which are discussed in the following have monotone ROCOF. The system
modeled by a point process with an increasing ROCOF is called deteriorating (aging, unhappy, or sad)
system. Analogously, the system modeled by a point process with a decreasing ROCOF is called
improving (happy or reuvenating) system.

The distribution of time to the first failure of apoint processis called the underlying distribution.
For some point processes this distribution coincides with the distribution of time between successive
failures (which is aso called interarrival time), for others it does not. The underlying distribution is
included in definition of any particular point process used as a model for failure/repair process of
reparable systems.
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2.2 Nonhomogeneous Poisson Process

A point process, having independent increments, is called Nonhomogeneous Poisson Process
(NHPP) with time dependent ROCOF A(t) > O, if the probability that exactly n events (failures) occur in
b

any interval (&, b] has the Poisson distribution with the mean equal to ¢ (t)dt, i.e,

&3 (a0 Ot
PIN(b) - N(@)=n]= &——" - 7
forn=0,1,2,..., ,andN(0)=0.

In opposite to some other point processes, the times between successive events (e.g., failures) in
the frame work of the NHPP model are neither independent nor identically distributed.

Based on the above definition, the CIF and ROCOF of NHPP obviously can be written as follows

W(t) = ¢y (t)dt 3)
w(t) = A1) 4)

The cumulative distribution function (CDF) of time to the first failure (i.e., the CDF of underlying
distribution) for the NHPP can be found as

F(t)=1-P[N(t)- N(0)= 0]=1- exp( - W (t)) (5)
where W(t) is given by (3).

Let’s consider a series of failures occurring according to the NHPP with ROCOF A(t). Lettx betimeto
kth failure, so, at this moment, the ROCOF is equal to A(tx). The probability that no failure occursin
interval (ty, t], wheret >t , can be written as

t -t (t)dt
R, )= ¢ & @)t = ef’d - RO )
t gol Od Rt

which is the conditional reliability function of a system having age tx. In other words, we can consider
NHPP as a process in which each failed system is instantaneously replaced by identical one having the
same age as the failed one. Thistype of restoration mode isreferred to same asold (or minimal
repair) condition.

Another very important property of NHPP under the given assumptions follows from Equation (6). If
tx isequal to zero, Equation (6) takes on the following form

R(t)=exp(- @ (t)dt ), (7)

which means that the ROCOF of NHPP coincides with the failure (hazard) rate function of the
underlying distribution. In other words, all future behavior of repairable system is completely defined
by this distribution. It also means that just after any repair/maintenance action carried out at timet, the
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ROCOF is equal to the failure rate of the TTFF distribution | (t). So, we can aso consider NHPP asa
process, in which each failed system is instantaneously replaced by identical one having the same
failure rate as the failed one.

Is“same as old” restoration arealistic assumption? The answer depends on a given application.
Applied to a one-component system, it is definitely not arealistic assumption. For acomplex system,
composed of many components having close reliability functions, this assumption is rather realistic,
because only asmall fraction of the system componentsis repaired or replaced, which resultsin a small
change of the system failure rate (Hoyland and Rausand, 1994). Thiscan be definitely applied to the
military operations considered in the following.

An important particular case of NHPP is the case when the CIF a power function of time, i.e,

o &
wt==2 tso, a,b>0, (8)
eag
with the respective ROCOF given by
bat ¢
wit)=—&2  tso0a,b>0, (9)
aeag

which obviously results in the Weibull time to the first failure (underlying) distribution. Accordingly,
the NHPP process with ROCOF given by (9) is sometimes referred to as the Welbull process, the
power law NHPP process, or the “Crow-AMSAA model”. Itisclear that, if 5 > 1 the systemis
improving, and in the case of S < 1, the system is deteriorating.

Statistical procedures for this model were developed by Crow (1974, 1982), based on suggestions of
Duane (1964). These procedures can also be found in MIL-HDBK-781, IEC Standard 1164 (1995).
The main applications of the power law model are associated with reliability monitoring (which is
optimistically called “reliability growth™) of repairable products and as well as for non-reparable ones.

3. Case Study: US Military Operationsin Iraq after Fall of Baghdad
3.1 Data Source

The data used for this case study are available from the website http://icasualties.org/oif/Detail s.aspx,
which is called Iraq Coalition Casualties. According to the website, the data are being accumul ated
using the information from the following U.S. government sources:

1. CENTCOM (the United States Central Command in Tampa, FL ), which news releases are
published regularly on the Internet at http://www.centcom.mil/

2. News rdeases from the U.S. Department of Defense, that can be found on the Internet at
http://www.defenselink.mil/rel eases/

3.2 Data Analysis

The above suggested approach to risk analysis of military operations is illustrated by an analysis of the
US military operationsin Iraq (the system). The performance of this system is considered with respect
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of two failure modes — fatalities (the weekly number of US soldiers killed) and accidents. In the first
part of this case study, the system is analyzed with respect of the fatalities.

In the given context, the data related to fatalities include the following four causes of death:

Hodtile fire
Accidents
Friendly fire
Other

pWODNPE

In the second part of our case study, the system performance with respect to the failure mode called
accidents is analyzed. Using the respective data analysis, it will be shown that in spite of slowly
improving system performance with respect of the second failure mode (accidents), the system is
dowly deteriorating with respect to the first failure mode (fatalities), which definition includes
accidents as well.

3.2.1 Fatalitiesafter Fall of Baghdad

Figure 1 below depicts the cumulative number (ECIF) of fatalities during first 10 weeks of military
operations.

Cumulative Number of Events

200

160
,—o
120 //4/9/ >’e/<
80

40

Week

Figurel. Cumulative Number of Fatalitiesduring First 10 Weeks of Military Operations

The ECIF increases rapidly during first 4 weeks, and afterwards it slows down. The 4™ week (04/06/03
— 04/12/03) includes the fall of Baghdad, so the first four weeks is the period of very active military
operations with inevitably high losses (i.e, it is the first phase discussed in Introduction). The
following case study is going to cover the military operations after this 4 week interval.

The plot of time dependence of cumulative number of fatalities during the time interval between the 5

and 151% week (04/13/2003 -- 02/04/2006) is presented in Figure 2. The data were fitted using the
NHPP power low model (Equation (8). The fitted model for CIF is given by the following equation:

N(t) = 4.622(t - 4%, t3 5 (10)
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The fitted cumulative number of fatalities (CIF) is shown as a continuous curve depicted in Figure 2
below.

Cumulative Number of Events N(t) = 4.6217tH%%4
R? = 0.998

2500
2000 ‘@@&
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Figure2. Cumulative number of fatalities during the time interval
between the fifth and 151% week (04/13/2003 - 02/04/2006)

The squared correlation coefficient R® (proportion of the variance of N(t) explained by t) is 0.998,
which shows that the fitted model is adequate enough.

The parameter  of model (10) shows that the ROCOF of fatalities is not even constant, but slowly
increasing (# > 1), which means that the system of military operation is slowly deteriorating with
respect to the “fatalities” failure mode. Being on an optimistic side (in spite of the 2 sigma interval of
(1.216, 1.232) on ), one can state with a very high confidence that the system performance with
respect to the given failure mode (fatalities) is not improving.

The reader can notice a slight jump in ECIF a some time about 87" — 88" weeks. This increase might
be explained by the emerging insurgent activity in September — October 2004. This could suggest
breaking down the data into two subsets — before 87" week and after it, for a further analysis. The
respective analysis is beyond the given paper scope.

3.2.2 Accidents from the Beginning of Military Operations

Now we are going to analyze the system performance with respect to the accidents only, which
constitute one out four failure modes related to the fatalities considered in the previous section.

Figure 3 below depicts the cumulative number (ECIF) of accidents during the complete time interval
between the first week of operations (03/16/2003 - 03/22/2003) and 151% week (01/29/2006 -
02/04/2006). The 98" week is definitely a “discontinuity point.” During this week, there were 43
accidental fatalities. Most of the respective causes were identified as "non-hostile — helicopter crash.”
There were two helicopter crashes during this week.
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Cumulative Number of Accidents
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Figure 3. Cumulative number of fatalities during the time interval between the first week of operations (03/16/2003 -
03/22/2003) up to 151% week (01/29/2006 - 02/04/2006)

Due to the discontinuity point at 98" week, it is reasonable to break the data down into two subsets —
before 98" week and after it. The plots of the respective ECIFs are shown in Figure 4 and in Figure 5
respectively. The fitted curves of the cumulative number of accidents (CIF) are shown as the
continuous curves in the figures.

For the first timeinterval, the fitted model for CIF is given by the following equation:
N(t) = 4.917t°%, (11)

The squared correlation coefficient R? (proportion of the variance of N(t) explained by t) is 0.962,
which shows that the fitted model is rather adequate. The parameter f = 0.884 indicates that the
system is slowly improving with respect to the “accidents’ failure mode.

Cumulative Number of Accidents, before 98th Week

500 N(t) = 4.9168t0-884
R? = 0.962

400

300

200 -

100

0 20 40 60 80 100 120
Week

Figure4. Cumulative number of accidents from the beginning the military operations
up to 97" week (01/16/2005 - 01/22/2005)
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Cumulative Number of Accidents, after 97th Week
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Figure5. Cumulative number of accidents from the beginning the military operations after 97" week

For the second time interval (after the 97" week), the fitted model for CIF is given by the following
equation:

N(t) = 3.445°% (12)

The equation reveals that the system continues to improve with a possible slight decrease in the
accidence rate of occurrence, compared to the one related to the first interval, which might indicate that
some safety improvements have been done.

The squared correlation coefficient R? for model (12) is the same as the one related to model (11),
which shows that both models have approximately the same accuracy. Both models have the parameter
p<1l

Based on the above analysis one can come to the following conclusion. In spite of slowly improving
system performance with respect to the “accidents’, as a failure mode, the system is sowly
deteriorating with respect to the “fatalities’ failure mode, which definition includes accidents as a
specific case.

4. Concluding Remarks

The considered case study shows that the risk analysis of military operations can be performed in the
framework of traditional repairable system data anaysis using the notions of improving and
deteriorating systems. This approach can be suggested as a potentially useful tool among other
decision making support tools and techniques.
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PART Ill. FICTIONAL “CASE STUDY”

ABSTARCT. This paper is continuation of [Ushakov, 2006a; Ushakov, 2006b].
Here a demonstration of the methodology is demonstrated on a fictional case
study.

1. SOME PRELIMINARY COMMENTS

Below is presented a simple demonstration of the method considered in [Ushakov, 2006a;
Ushakov, 2006b]. All notations and terminology were given and explained in the previous papers.

Before considering the fictional case study, let us once more briefly characterize the proposed
model.

This mathematical model can be used for design of an interactive computer model, which can
be used by counter-terrorism decision-makers to solve the following problems:

What are the priorities of the subjects of protection?
What measures are most appropriate to protect these subjects?
What is the best money allocation for this protection?

Notice from the very beginning that we are going to design amodel for analysis the entire problem as a
unique and single “body”.

A decision-maker will be able to “play” with the model, change parameters and limitations and get
current results. In other words, it will be a“WHAT IF” type of amodel.

Suggested procedure of use of the model

Expert enters the following input data into the model:
- list of assumed objects of terrorists’ attacks,
priority of defended objects,
estimated cost of various defending measures,
estimated effectiveness of the protection of listed subjects,
limitation on the resources assigned for the protection program.

The model will present an output (solution) in the form of resources allocation between various
measures of protection and between the chosen subjects of defense.
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Input data

List of subjects of protection.

Categorization of the subjects of protection: human lives (like stadiums, conventions, etc.),
economical, political, historical/symbolical.

Expert-prepared relative priorities of these subjects (in scale from 1 to 10, for instance).
Assumed enemy s priorities of destruction of the same subjects.

Total resources for anti-terrorists’ activity on the country level and on regional levels.
Categorization of types of possible terrorists’ attacks for each subject of protection.

Expert’s evaluation of the “degree of assurance” that the given subject of protection would be
saved if some specified measures would have been undertaken.

Cost of reliable information about terrorists plans, their location, forms of their support, etc.
Experts’ evaluation of the effectiveness of the pre-emptive anti-terrorists strikes depending on
the expenses.

Of course, the number of listed types of input information should be corrected (as well as the model
itself) during real implementation.

Expected results of the modeling

The computer tool will allow a decision-maker to estimate numerically the effect of counter-
terrorismmeasures and will help making optimal (pamuonanr) allocation of the available resources.

The model will give the decision-maker a range of human resources, finances, logistics, etc.
needed for achieving the desired goal of protection the chosen objects.

2. FICTIONAL CASE STUDY

2.1. Description of the subjects of defense.

Consider in some fictional city, let's call it Freedom City, where there are the following
subjects for counter-terrorism protection:

Stadium (during an event),
Monument of Glory,
Great Bridge,

Stock Exchange,

National Park.

agrODE

Let px isapriority number of subject k. The priority number in some sense reflects the priority
of the subject for the society. Of course, such “scalar” evaluation is atrivialization of the problem, but
this method is used in many cases by Operations Research analysts. The numerical value of py hasto
be decided by counter-terrorism experts. Let the priority numbers for the considering fictional example
are:

p1 =10 (possibility of loss of huge number of lives)
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p2 = 8 (important National symbol),

ps= 5 (important transport link),

p4 = 7 (destruction may lead to a large scale economical chaos),
ps = 1 (city’s symbol, few living buildings).

For the beginning, we do not pay attention on the specific of the protected subject, (human,
economical or political). These factors might be taken into account on the further stages of the research.

2.2. Description of attack types.

Consider possible types of terrorists’ attacks on the listed subjects and measures of protection.
Stadium

Possible types of attacks:

Suicide bomber
Form of protection:
(1) Police at the entrance visually checking suspicious
objects (big bags, suitcases, etc.); explosive-sniffing trained dogs are used.

(2)Strong visa checking on the country boardersto avoid penetrating terrorist.

(3) Gathering information about unusual or suspicious activity within
Freedom City community of possible origin of terrorism support.
(4) Emergency state of paramedic service of Freedom City

Private planes or helicopters used as kamikaze.
Form of protection:
(1) Semi-military police helicopter barraging around the stadium with the weapon

possible to destroy unexpected flying object.

(2) Attentive scrutiny of candidates for pilot training schools.
(3) Emergency state of paramedic service of Freedom City

Regular civil planes.
Form of protection:
(1) Hardener checkpoints at airports (with inevitable “politically non-correct” profiling

by names and appearance).

(2) Presence of marshals at each flight between large cities.
(3) Emergency state of paramedic service of Freedom City.

Monument of Glory

Possible types of attacks:
Suicide bomber
Form of protection:
(1) Police at the enter of the Monument of Glory for visual checking suspicious objects
(big bags, suitcases, etc.); using explosive trained dogs.
(2) Strong visa checking on the country boarders to avoid penetrating terrorists.
Private planes or helicopters
Form of protection:
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(1) Semi-military police helicopter barraging around the stadium with the wegpon
possible to destroy unexpected flying object.
(2) Attentive scrutiny of candidates for pilot training schools.
Regular civil planes
Form of protection:
(1) Hardener checkpoints at airports (with inevitable “politically non-correct”
profiling by names and appearance).
(2)  Presenceof marshals at each flight between large cities.
(3) Emergency state of paramedic service of Freedom City.

Great Bridge

Possible types of attacks:
Suicide car-bomber
Form of protection:
(1) Police a the entrance of the bridge checking suspicious vehicles.
(2) Police checking suspicious vehicles entering Freedom City.
(3) Strong checking all employees at transportation organizations (with inevitable
“politically non-correct” profiling by names and appearance).
(4) Strong visa checking on the country boarders to avoid penetrating terrorists.
Bomb at the pier of the bridge
Form of protection:
(1) Control for suspicious diving activity in the area.
(2) Control for suspicious boat movement on the river under the Great Bridge.
(3) Strong checking all owners of boats in the basin.

Stock Exchange

Possible types of attacks:
Suicide car-bomber
Form of protection:
(1) Police at the entrance of the street to the Stock Exchange checking
suspicious vehicles.
(2)  Police checking suspicious vehicles entering Freedom City.
(3)  Strong checking all employees at transportation organizations with
inevitable profiling by appearance, names and the country of origin.
Strong visa checking on the country boarders to avoid penetrating suspected terrorists.

Suicide bomber
Form of protection:
(1) Police at the Stock Exchange visually check suspicious objects (big bags, suitcases,
etc.); using explosive-sniffing trained dogs.
(2) Strong visachecking on the country boarders to avoid penetrating terrorists.
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National Park

Possible types of attacks:
Suicide bomber
Form of protection:
(1) Police at the entrence observe more carefully visitors of the
National Park.
(2) Strong visa checking on the country boarders to avoid penetrating terrorists.

From brief analysis of measures above, one can see that some measures are local and specific
for a particular subjects of protection, some of them are common for objects within a particular region
(or area), and, finally, some measures protect all subjectsin the country.

For instance,

Police checking suspicious vehicles entering Freedom City,

Gathering information about unusual or suspicious activity within some communities
are local measures effective for entire Freedom City but only for this city.

At the same time, such measures as:

Strong visa checking at the country boarders

Attentive attendees checking at the pilot training centers (with strong profiling of the trainees)

Hardener checking at airports, especialy to and from main cities

Putting marshals at the civil planes
mfluence on the subjects of protection within entire country. All counter-terrorism pre-emptive strikes
abroad always effect on the level of entire country.

2.3. M easur es of defense, its effecticeness and related expenses.

Below we consider the simplest case study for the situation described above. All numbers are
fictional. Expenses for various protection measures taken in some conditional units, CU.

Governmental (all-country) level of protection:

Type of protection measure Protection | Related expenses
level
Attentive visaissuing in respect to nationality and Fiy |09 Cuy |5CU
country of applicant Fioy 1095 |Cp | 10CU
Checking arrived passengers Foy |08 Cx | 50 CU
Fap |09 C» | 100 CU
More attentive checking cargo Fs 0.8 C; |50CU
Introducing strong control for staying in the country | Fa | 0.8 Ca | 300 CU
with guest visas F4(2) 09 C4 | 500 CU
Checking pilot schools attendees Fs 0.95 Cs | 10CU
Checking employees of transportation organizations | Fg 0.95 Cs | S0CU
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All expenses are to protect al objects within the country, so “individual” expenses for a single
object will be relatively small. (For instance, defending 10.000 objects within the country due to
CHECKING ARRIVED PASSENGERS will correspond approximately 0.01 CU of expenses for each
object.)

The list of possible types of protection measures on all levels, corresponding levels of
protection and related expenses have to be prepared by expert familiar with security problems.

Zone (Regional) level of protection:

Every zone has to be considered individually because they have their own specific and their
own measures of protection. Consider introduced above Freedom City as a zone and consider possible
protection measures on zone (regional) level.

Type of protection measure Protection level | Related expenses
Checking incoming trucks Z; 0.9 Cu1 5CU
Police scrutiny of suspicious communities | Zyy) 0.8 Cyy |10CU
Zy2) 0.9 Cyy |15CU
Control of airspace over the city Z3 0.95 Cs 50 CU

Local (object) level of protection:

All objects have to be considered individually because they have their own specific and their
own measures of protection. Besides, the same measures of protection might effect differently for
different objects.

1. Stadium

Type of Type of protection Protection Related

attack level expenses

Suicide Visual checking suspicious personal |_§1(>1) 0.9 C 1((11)) 1CU

bomber belongings (bags, suitcases, etc.) Lﬁl(’z) 055 Cl((li) 5CU
Sampl e checking suspicious persons |_(21(>l) 0.9 C 2)1) 3CU

|_<21(>2) 095 | c 2)2) 4 CU

Explosi ve-founding trained dogs LY 097 | c® |5CU

Private plane | (zone level) - - - -
crash

Airliner crash | (all-country level)
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Type of Type of protection Protection | Related
attack level expenses
Suicide Visual checking suspicious persona Lgé)) 0.9 C:E(Z:L; 05CU
' it tC.
bomber belongings (bags, suitcases, etc.) C %) 0% | o 1((21; 1CU
Sample checking suspicious persons |_(22(>1) 0.9 C 1((21; 1.5CU
|_(22(>2) 0.95 C:E(Zl; 2CU
Explosive-founding trained dogs L | 0.97 Cl((% 3CU
Private plane | (zone level) - - - -
crash
Airliner (all-country level) - - - -
3. Great Bridge
Type of Type of protection Protection | Related
attack level expenses
Suicide car- | Police at the entrance of the bridge L® |09 | c® |1CU
bomber checking suspicious vehicles.
Police checking suspicious vehicles - - - -
entering Freedom City.
(zonelevel)
checking employees of transportation - - - -
organizations (country level)
Bomb at the | Control for suspicious boat movement | |® [099 | ¢c® |3CU
. . . 2 2
pier of the on the river under the Great Bridge.
bridge Regular checking all owners of boatsin L®» (095 | c® |1CU
the basin.
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Type of Type of protection Protection | Related
attack level expenses
Suicide car- | Police at the street where Stock L 1095 | ¢ |05CU
bomber Exchange locates check suspicious
vehicles parked at the building.
Police checking suspicious vehicles - - - -
entering Freedom City.
(zonelevel)
checking employees of transportation - - - -
organizations (country level)
Suicide Visual checking suspicious personal L(z‘t)l) 0.9 Cg‘l)) 05CU
bomber belongings (bags, suitcases, etc.)
entering the building Lsp, | 095 | cfp) |1CU
Sample checking suspicious persons Lg& 0.9 Céz% 05CU
ngg) 0.95 C§(21>) 2CU
Explosive-founding trained dogs L 0.97 c® 1CU
5. National Park
Type of Type of protection Protection | Related expenses
attack level
Suicide Visual checking suspicious persons L 095 | c® |1CU
bomber L& | 085 | c® |1CU
Strongvisa | (country level) - - - -
checking on
the country
boarders
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2.4. Calculation of protection level for subjects of defense.

We will demonstrate the method only on one object.

Initial protection of Stadium

Value of expected minmax loss for Stadium is equal to:
LOSSSadium = pl(l' Fl(l)) ><1' F2(1)) ><1' Fs) ><1' Zs) ><1' L(l?l)) ><1' L(Zl()l))' (1)
or after substitution of numerical data, one gets 0.0001.

Expenses related to thislevel of protection are equal to 55 CU on the country level , 10 CU on
the zone level and 4 CU were spent at the level of the object (Stadium).
Notice that the biggest expenses were spent on the country level, though it should be “shared” between
all protected objects.

L et us further consider only local level, because calculation by hand a system with hierarchical
structure is too time-consuming and, in addition, the transparency of the example will be lost.

Let usrewrite formula (1) in the form

LOSS,

Sadium

=0.01x(1- L)) x1- LYy).

i.e. we keep only variables related to the local level. Then analyzing all possible measures we will get
the following results:

Variant No. Formula Probab. of loss | Formula Expenses
1 (1- L)) «1- LY,) | 001 Ch+Cqy |4
2 (1- L)) x1- LG,) | 0005 Ciy+Coy  |°
3 (1- L)) X1~ LG,) | 0003 Ciy+Cxy | ®
4 (1- Liy) X1~ Lyy) | 00015 Ciy+Ciy |8

In more visualized form the results are presented in figure below.

0.01

0.009
0.008
0.007
0.006

0.005
0.004

0.003
0.002
0.001

wwd 5 6 7 8
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All these values can be used as members of the dominating sequences [Kettelle, 1962] for
further analysis.

Conclusion.

The suggested computer model allows to choose balanced and effective alocation of resources
between all three levels and to assign measures for each defended object depending on possible type of
terrorists attack.
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XXUBA 11 EWLIE TEOPUA HAOEXHOCTW?

Hropsp Ymakos
[ ]

Can [Juezo, Kanugpopnus, CIIIA
e-mail: igorushakov@gmail.com

Bo Bpemst Gankera Ha 3akpbiTiu KoH(pepeniun MMR-2004 Conference (Martemaruueckue METOIbI B
Hanexnoctu, Canrta-®e, CIIIA), oguH W3 BeaymuX 3amaJHbIX CICHUAINCTOB MO HAJICHKHOCTH
npodeccop Yuupepcutera Jxopmka Bammarrona (Bamwmnarron, CIIIA) Hozep Cunrmypsaria
BBICTYNAJI B KAa4e€CTBE BEIYIIETO JUCKYCCHIO. TeMol AuCKycCUM UM ObUT BBIOpaH, CKaXXeM IPSIMO,
MIPOBOKALMOHHBIN Bompoc: «XKuBa nu emie Teopusi HaaeKHOCTH?» Cama 1o cede MoCTaHOBKa TaKOTO
BOMpOCa BbI3Baja OYyKBaJIbHO OYpIO HErofoBaHUsl cpeau y4dacTHUKOB:«/la, ma, ma! Ona xuBa u
npouseraeT!»

Yrto xe NPOUCXOAUT B HAIIKW IHHU, U IIOYEMY TaKou BOIIPOC B MNPUHIMUIIE BO3HUK Yy CCEPBE3HOI'O
Mar€éMaTuka, HIOCBATHBLICTO MHOT'HME I'OAbl PA3BUTHUIO 3TOM caMol TCOpHUU HaI[C)KHOCTI/I?

MOHO TOMBITATBECS OTBETUTh HA 3TOT BOMIPOC, XOTS OTBET ITOT OyJIEeT JAJeKO HEeoIHO3Ha4HbIM. Ha
NpaBax €Clid YK HE <JIMHO3aBpa B HAJEKHOCTUY», TO yXK, BO BCAKOM CIIydae, «MaMOHTa», si Oepych
00CYIIUTh 3Ty HEMIPOCTYIO TEMY.

®AKTOPLI, OIIPEJAEJABHINE U ONIPEAEJIAIOINUE
PA3ZBUTUE TEOPUU HAJEXKXKHOCTH

1. Teopus 3apoxkaaercs B HeAPaxX MPAKTHKH.

Bcnomuum, koria Havascs Oym teopun HagesxxkHocTH. [1lna Kopeiickas Boiina (1950-53rr). Boennas
TEXHUKA B MEPBBIC JK€ TOBI «XOJOJHON BOWHBD OYpHO pa3BUBAIACh: 00€ CTOPOHBI B MPOIECCE TOHKU
BOOPYKEHUH co3/1aBaiu Bce 6osee 23 PeKTUBHBIE «KMHUPOTBOPUECKOE OPYIKUE, CUCTEMBI YCIOKHSIIHCH,
a MPOMBIIINICHHOCTh MUPHOTO BPEMEHH €]1Ba yCIieBalia 3a MOTPEOHOCTIMU aMEPUKAHCKHUX W COBETCKUX
«ictpeboB». O0e CTOPOHBI HECIM OTPOMHBIE TOTEPH M3-32 YACTHIX OTKAa30B BOCHHON TEXHUKH, a HO
MEepPBBIMH OJyMAallUCh aMEPHKAHIIbI: OHU Bcerna Jrydiie cuutanu aeHbru. B CIIIA nHawanmu ynensith
MOBBIIICHHOS BHUMAaHHWE BOMPOCAM KAauyeCTBa, HAIACKHOCTU U OOCTY)KMBAHUS TEXHUKU. HAYaJH
MPOBOJUTHCS ©XKeToAHble cuMmo3uyMbl WHcrtutyra PammommxkenepoB (IRE - Ingtitute of Radio
Engineers), a nosmuee, Uucturyra Unkenepo Dnektpuku u Dnektponnku (IEEE — Institute of
Electrical and Electronics Engineers), kotopsie Bbimyckaiu Tpyabl kKoHpepeniuii. K 60-m romam
MPOIIJIOTO CTOJIETHS Ha YHTATEIIeH OOPYIIUIICS MOIIHBIN MOTOK MyOIUKAIMIA IO HAJC)KHOCTH...
[TpumepHO B 3TO ke BpeMsl HayallaCh aKTHBU3AIUs pa0OT MO HAJCKHOCTH W B ObiBIieM COBETCKOM
Coroze. Axanemuk Axcenb MBanoBuu bepr — «oten coBeTcKoit KHOEPHETUKH» — MYCTUJ KPBUIATYIO
bpazy: «Hanexnocts —npobiema Nel I»

WupiMu  croBamu, TOSABHJIACh HACylm[Has mpoOiema, Koropas TpeboBama OBICTpOTO U
KBaJH() MIIMPOBAHHOTO PEIICHUS.
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2. YMeHbllIeHUe AKTYaJIbHOCTH NPO0JIeMbl.

He mocnenHioro posib ChIrpajo B Clajge WHTEpeca K TEOPUU HAJCKHOCTU Cpelu pa3pabOTYUKOB U
NpOU3BOAMTENCH TeXHHKH (B OCOOCHHOCTH JJICKTPOHHOM), YTO ammaparypa craja CYIIECTBEHHO
HanexkHee. Ecnum HapaboTka Ha OTKa3 2JIeKTPOHHBIX («BakyyMmHbIX») namn B 50-60-x  romax
U3MepsUIach JIECSATKAMHM, B Jy4IlIeM CJydyae — COTHSAMH 4YacoB, TO HBIHEIIHUE MHUKPOCXEMBI,
3aMEHSIONIUE TI0 CBOMM (PYHKIIMOHAIBHBIM BO3MOXKHOCTSIM IIeJIbIe OJIOKH, @ TO U CTOWKH «IaMIIOBOU
anmnapaTypbl», UMEIOT HHTEHCUBHOCTh OTKa3a MopsiaKa 10° —10°® 1/uac.

[TonsiTHO, YTO B TaKOW CHUTyalMu MpodJieMa HAIeKHOCTH MEpeluia Ha IpYrol YpOBEHb — Ha YPOBEHb
OOJIBIINX CUCTEM.

3. [lepeHaCHIIIEHHOCTH KHAYYHOT0 PHIHKA».

Teopust Bceraa I0KHA ONepekaTh HYXKAbl CETOTHIAIIHUNA MPAKTUKK, HHAYe OHA OYyAeT AepKaTh PyKy
Ha myJibce yxe ymepiiero J... OnHako, B HAcCTOsIIee BpeMs TEOPHUS HAACKHOCTU JHOO CIHUIIKOM
CHWJIBHO «pPBaHyJa» BIepe], OO0 3amoiizia B <OK30THYECKHE Tynukm». [IpakTtuka c ycrnexom
00XOAMTCS TPOMAJAHBIM W — HYXHO OTMETHTh — IEPBOKIIACCHBIM OOIIETEOPETUYECKUM Oaraxom.
«JIokabHO» k€ BO3HUKAIOIIUE TEKYIIHE MPOOJIEMBI U pPa3pelIaloTcs Ha JIOKAITBHOM YPOBHE.

Ceituac, Bumumo, ¢upmaM-pa3paboTynkaM BbeIrOAHee M d(PQeKTHBHEe NpHUriamaTe Ha TEKyIIHe
MPOEKTHl TO HAAS)KHOCTH KBATHU(UIIMPOBAHHBIX CIIEHUAINCTOB CO CTOPOHBI JUISl BBIMOJTHEHUS
KOHKPETHBIX UCCJICIOBAHUH.

4. BO3HUKHOBEHHE <T€OPUH PATU TEOPUM».

Ecnmu mpocmoTpers mepBbie paboThl HamekHOCTH KoHma 50-x u Hayama 60-x roIoB MPOIITIOTO
CTOJIeTHsA, TO B TJa3za OpocaeTcs NparMaTUYHOCTh paboOT Mo HaAeKHOCTH.  Jlake «JucThbie
MaTEMaTUKHU» MUCATH He Ui ce0s, a IS «II0JIb30BaTeNel». KOHEUHBIC Pe3yIbTaThl ObUIH TPO3PAYHBI
U TpaKTHYECKash UX MPUMEHUMOCTh ObUta oueBuaHa. OmHako yxe B 70-€ TOABI CTalM MOSBISATHCS
MyOJIMKAINH, JINOO TOCBSIIECHHBIC N3yYCHHUIO «OK30TUYECKUX» (2 TO W BOBCE HATyMaHHBIX) MOJEJICH,
aub0 CcoJiepKalire TOJIOBOJIOMHBIE MaTeMaTHYSCKHUE BBIKIAIKU (€CJIM HE CKa3aTh — BBIKPYTACHI), 3a
KOTOPBIMU TEPSUICS. M CMBICH 33Jayd Ja U KOHEYHBIE PE3yJbTaThl MPEJCTABIBLINCH B COBEPIICHHO
Heyo0oBapuMoil ¢opme. D10 ObIIM pabOTHI, KOTOPBIE, KaK OTHAXKbI cka3an bopuc BrnagumupoBuy
['HeteHKo, aBTOPHI TUCAH 1T ce0s1, a He JJIs ynTaTess !

Ot10, 0€3yCIOBHO, TOJOXHJIO HAYaJO OIPEIEICHHOM IUCKPEIUTAIMU TEOPUU HAIECKHOCTH, YTO
MO3BOJINJIO, HANpUMep, OJHOMY M3 BEAYLIMX COBETCKUX KOHCTPYKTOPOB KOCMHYECKHX alllaparoB
3asABUTH. «Ieoprell Hale)KHOCTBIO 3aHUMAKOTCS T€, KTO B HaJACKHOCTH HUYETO HE MOHUMaeT. Te xke,
KTO TIOHMMAaeT B HAJEKHOCTH, T€ IPOCTO JeNarT HajexkHyro ammaparypsi!» (K HecuacThio, Takoe
OTHOILIEHUE K TEOPHH MPHUBEJIO K TOMY, YTO MPOU3OIIEI TOT MEYAIbHBIN ClIydail, KOrja mpu Mmocajke
«Cor03a-11» Tpoe KOCMOHABTOB MOTHOJIM HM3-32 HEMPOJYMAHHON CXEMBbl PE3EPBUPOBAHMS B CHUCTEME
pasrepMeTH3aIMHi. KOHCTPYKTOPHI HE MOAYMAaIH O TOM, YTO PEJICHHBIE CXeMbl MMEIOT OTKAa3bl THIIA
JI0)KHOTO cpabaThIBaHUs KaK Ha 3aMbIKaHUE, TaK U HA pa3MbIKaHUE. )

[ToTepst mparMaTUYHOCTH PadOT MO HAJISKHOCTH CTajla ¢ TOJaMH ITyTaAOIICH. .
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5. Bonnpochbl «cOBpeMeHHO# TeXHHYEeCKOi MOIbI».

OmHaXIBI S CIIPOCUIT CBOETO JaBHero npyra Pobepra Makoina, KOTOpOro MHOTHE MOTYT 3HATh O €ro
kHure «CHCTEMOTEXHUKA», YeM BBI3BAHO TMOSBJICHHUEC HOBOIO HampamieHuss — Hayka ympaBieHus
(Management Science)? Benp Obuta 0HO BpeMsl B MOJE KubepHemuxa, TMOTOM OHA TOPOJIHIIA
CUCMEeMOMEXHUKY, TIOTOM BO3HHUKIIO UCCIe008aHUe Onepayull, a Teriepb BOT HAYKa ynpasienus... <Tak
ThI y)K€ CaM OTBETWJI Ha CBOM Bompoc: cMeHa Moubl! Kakaplil pa3 mpuayMbIBacTCsi HOBOE Ha3BaHHE,
4TO0BI 3aCTaBUTh TOTO, KTO IUIATHT, PACKOIICIHUTHCS — ITO K& HOBOe! 3TO ke Nydile, 4eM TO, 4TO
ObLI0!» - oTBeTHIT MHE MakosI.

KoneuHo, 310 1ryTKa, HO, KaKk TOBOPUTCS, B K&KAOH IIYTKE €CTh Q015 ULYMKU.
6. CMmeleHne <IeHTPA TAKECTH» MPOOJIeMBbl.

Teopust HaJE)KHOCTH BCEra yzelsija OCHOBHOC BHUMAHUE aHAINM3Y CHCTEM: IMOHSTHO, YTO HA YPOBHE
9JIEMEHTOB TEOPETUYECKHE METO/bl CBOJIWJIMCH B OCHOBHOM K 3aJa4yaM IJIAHUPOBAHHS HCIBITAHUN U
00pabOTKH SKCIEPUMEHTANBHBIX JaHHBIX. COBPEMEHHBIE CUCTEMBI BCe OoJiee U OoJiee YCIOKHSIIOTCS —
MOCMOTPUTE HA  rJ00abHBIE  TPAHCIOPTHBIE  CHCTEMBI,  TEJICKOMMYHUKAIMOHHBIE  CETH,
«KOMITBIOTEpPHBIE KOMMYHBI»... I 3mech, AecTBUTENBHO, €CTh MHOTO HHTEPECHBIX, CIOXKHBIX H
aKTyalbHBIX 3aJad, HO OT CIENHaINCcTa 10 HAJCKHOCTH YKe TpeOyeTcss He HalucaHue
o0meTeopeTHIecKuX padoT, a pelIeHHe 3THX KOHKPETHBIX 33]a4, Y4acTHE B <OKHBBIX IMPOEKTAX».
3a4acTyro 3a/au¥ HACTOJNBKO CIEHU(PUYHBI, YTO MX PEHICHHS YK€ HE HOCIT MEXIHCIUTUTHHAPHOTO
xapakTtepa. Ho, 0e3ycloBHO, pemieHHe ATHX 3a]ad ONUPAETCs Ha OOIEMETOJOJIOTHYECKYIO H
MaTeMaTUIECKyI0 0a3y COBPEMEHHOM TEOPUH HAJC)KHOCTH.

Tak 9TO CIIyXW 0 CMEPTH TEOPUHU HAAC)KHOCTH MPECTABISIIOTCS MPEKISBPEMEHHBIMH, KaK TOBapUBAI
Mapk TB3H, XOTS TIOpa €e pacuBeTa, HECOMHEHHO, YK€ 0CTalIach IMO3aIH. ..
«®POHT PABOT» 10 HAJIEXKHOCTH
B BBIBHIEM COBETCKOM COIO3E.
K xonmy 50-x B OpiBmiem CoBerckoM Coro3e MyOJUKAIMK 1O HAASKHOCTH CTAIH TMOSBISATHCS, KaK
rpuOBI TIOCsIe 100poro oceHHero Aok as, a B 1958 r. coctosmack [lepBas Beecoro3nas koHdepeHIus mo
HAJISKHOCTH, Ha KOTOpO# npeacenatensctBoBas B.M. Cudopos.

Cramu ¢popmupoBaThCS HaydHBIC MKOJIBI — B MockBe, Jlennnrpane, Kuese, Pure...

MocKkoBCKasl IIK0JIA.

K xonmy 50-x B Mockse chopmupoBanach HedopMaiabHas Tpylna B OCHOBHOM W3 TperNojiaBareien
Boenno-Bo3nymHou akagemun uMm. H.E. XKykosckoro (b. Bacumwes, I'. Ipyxunun, M. Cununa), a
Takxke BoeHHbIX crieruanuctoB w3 [{HUM-22 MunuctepctBa O6opons! (B. Kysuenos, Y. Mopo3os, K.
I{BeTaeB).

B 10 e Bpems B HayuHo-TexHuueckoM obmectse o paguotexuuke uM. A.C. ITomnosa (npeacenaTens
ak. B. CudopoB) 3ameuarenbHblii opranu3zatop Hayku SkoB MuxaitnoBud Copun co3nan Cekimio
HaJIe)KHOCTH, T/I€ aKTUBHYIO pojib cTan urpath b. Jlesun. [lpu aktuBHOM moaaepxkke ak. A. bepra, B
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1959 r. . CopuHn co3nan nepBbiii B Mockse (4, Bunumo, BTopoi B ObiBmieM CoBetckom Coro3e) oTien
HanexxHoctn B ogHoM n3 HUIM MunuctepcTBa 31€KTPOHHON MPOMBIIUICHHOCTH. B 3TOM oTnerne
poauiachk mepBas BEJIOMCTBEHHAs METOAMKA pacdyeTa HaJASKHOCTH DJICKTPOHHOW amnmapaTrypsl, JeTias
3aTeéM B OCHOBY OOIIECOIO3HBIX CTAH/IAPTOB MO HAJICKHOCTH.

C mepBoro ’xe roja CyHIECTBOBAHHsS ITOTO OT/AETA HAJEKHOCTH, K ero paboTe ObUIM MPUBICYECHBI
NEpPBOKJIACCHbIE MaTeMaTuku Bo rinase ¢ ak. AH Ykpaunsl bopucom Bragumuposuuem ['nenenko. B
3Ty Tpynnsl Bxoawiau mnpodeccopa MockoBckoro I'ocymapcTBeHHOro yHmBepcuTeTa uM. M.B.
JlomonocoBa lO. bensieB u A. CoJioBbeB, a Takke nepBokiaccHbli ctatuctuk . llop u3 oanoro
MockoBckoro BoeHHoro HUM. Ounum BMmecte ¢ S. CopunbiM u coTpyaHukoMm otaena M. YmakoBeim
cramu opuuanbHeIMu KoHCYIbTanTaMu ['occtannapra CCCP, rae 6bi1 (OmsiTh ke 1o mHUuaTuse 5.
Copwuna) co3nan HaydHo-TeXHIHUYECKHI COBET 10 MPOOIeMe HAJIC)KHOCTH.

B 1962r. b. 'nenenko u 5. CopuH opraHu3zoBaiu exeHeneabHbii CeMUHap 1Mo HaJAeKHOCTH, KOTOPBIN
poxXoIui B BeuepHee BpeMs B MI'Y. Ha atom cemuHape Bcerzia ObUI0 OY€Hb MHOTO CITyIIATeJIeH — Kak
rOBOpHTCS, s0JOKY Herjae ObUIO ymacTh, XOTS 3aceJaHus MPOXOIWIA HEe B ayAHTOPHAX, a B
JEKIHOHHBIX 3anax. YyTb mo3nHee 3TOT cemuHap, kotopwlid Benan b. ['menenko, FO. bense u A.
ConoBbeB, a no3aHee npucoeaunwica u WM. Kopanenko, mepepoc B CeMHHap MO HaJIEKHOCTH U
MaccoBOMY O0OCTYKMBaHHIO, KOTOPBINA Tak U 3akpenuics B MI'Y.

«Tangem Copus-I'HeneHko» 3apaboTajl B IMOJHYHO MOIIHOCTh M HE CHIKal OOOpPOTHI B TEUCHUE
npUMepHO 25 JIeT, MPO/IeNiaB MOUCTUHE TUTAHTCKYIO OPTaHU3alMOHHYIO M TPOCBETUTENBCKYIO PadoTy.
[TpumepHo uepe3 roa . Copun oprann3zoBeiBaeT KaOMHET HaZeKHOCTH M KauecTBa MPU MOCKOBCKOM
[TomurexanaeckoMm mysee. CBoeil mpaBoii pykoil oH BeiOupaeT b. I'HexeHko, nenmas ero HayYHBIM
PYKOBOJIUTENIEM, a «BCeoOImMM 3aMoM» HazHadaeT M. YmrakoBa. 3amadeii KabunHeTa OblIO «HecTH
3HaHUS B MAacchl». B TO BpeMs IIPH HEHCCIKAEMOM OPraHW3aTOPCKOM M IMPONaraHIUCTCKOU
nesitensHoctu S Copuna depe3 ['occtanmapT ObUIO TPOBENCHO PEIICHHME O CO3MAHHMU CITYKOBI
HaJIC)KHOCTH BO BCEX IMPOMBIIICHHBIX (B OCHOBHOM, 00OPOHHBIX) MHHUACTEPCTBAX.

['pomagHbIli KOIIEKTUB JOKTOPOB M KaHIUAATOB HayK padoTan B 3ToM KaOuHeTe Ha 0OIIECTBEHHBIX
Havanax. ([loMHUTE MIyTOYHBIN OTBET Ha BOIMPOC: YTO TaKOe paboTa Ha OOIIECTBEHHBIX Hadalax? JTo
KOTJIa Thl BKaJIbIBaellb, HO OECIUIaTHO, a OObIYHAs padoTa — 3TO KOTJA Thl HUYErO HE JeJaellb, HO
noJryJaentb 3apriary J.)

brein cocraBneH rpaduk eXeTHEBHBIX KOHCYJbTAIMH I HHKEHEPOB- pa3pabOTIYNKOB M paOOTHUKOB
ciyk0 Hame:)kHOCTH. KoHCymbTamuu MpoBOIMIIMCH BHICOKOKBATN(UIIMPOBAHHBIME CIICIIHAIACTAMHA —
KaK ONBITHBIMH HHXeHepamu (A. Apuctos, Y. Aponos, b. bepauuesckuii, D. [I3upkan, P. Yauaung, U.
VYirakos, ®. ®umnibdeiin u ap.), Tak 1 mareMatukamu (FO. Benses, B. Kamranos, A. Conosses, S1. [lop
u 1p.) ExxenneBHble KOHCYnbTanuu cobupanu mo 15-20 genoBek B JeHb, a Ha JieKiuu (pa3 B JBE
HEJIeIU — JIBE JBYXYaCOBBIX JICKI[MK) OMTKOM HaOuBangach ['nmaBHast Aynuropus IToJuTeXHHUECKOTO
My3esi, MpUYeM OOJIbIIIE TTOJIOBUHBI M3 HUX OB KOMAaHIUPOBAHHBIE C MPOMBIIUICHHBIX TPEIITPHUITHH,
npue3xaBiire otoBcioay: u3 Jleannrpana u Kuesa, 3 Purn u Bnagusocroka (!), u3 HoBocubupcka n
TamkenTa, n3 EpeBana u Tounucu... Kapra CCCP, BuceBmas B kabunere SIlkoBa MuxaiijioBuda, Bce
OblJIa YThIKaHA KPACHBIMH (PITAKKAMH C YKa3aHHEM €OXBA4YCHHBIX» TOPOJIOB..

B 1969r. mpu xypHane «CTaHZapThl U KauecTBO» Bce TOT ke HeyromoHHbli S. CopuH co3maet
npwiokeHue «Hame)KHOCTh W KOHTPOJb KadecTBa», a CBOMMH 3amMaMu BeiOMpaer b. I'memenko, M.
VYmaxosa u f. Hlopa. Ilocne cmeptu fxoBa Muxaiinosuya ['maBHeIM pegaktopoM ctai b. ['HeneHKo.
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[TpumepHO TOrma ke B m3mareiabcTBe «CoBeTckoe paauo» (mosmHee — «Paavo M CBSA3b») CO37aeTCs
PenakunoHHBIN CBET MO HaJeKHOCTH BO TiaBe ¢ b.B. 'Henenko. HaunHaeTcs BBITYCK KHUT B CEPUU
«bubnmorexka WHXXEHEpa IO HAACIKHOCTH», KOTOPHIE CHITPAld OTPOMHYIO pPOJb B BOCHHUTAHUU
CHEIMAIUCTOB 10 HAJICKHOCTHU BO BeeX yroJikax ObiBiero Coserckoro Corosa.

I'ne-to B cepenune 70-x B xxypHane «M3ectust AH CCCP. Texauyeckasi KHOEpHETHUKA» OTKPHIBACTCS
paznen «Teopus HaAEKHOCTH.

N, koHEUHO Ke, HeJdb3d HE BCIIOMHHUTh OCCKOHEUHBIC <«aBTOMpPOOErH 1o Oe3I0pOKbI0 |
pasrmiIbAsiicTBY», KoTopsie yctpauBan f. CopunH co cBommu crnoasmwkHukamu! Dto Obutn Kues,
Jlenunrpan, EpeBan, TOwmicu, Pura u I'opbkuii... IMEHHO 110 €ro MHUITMATUBE U C €T0 TOJICPIKKON B
pa3IMYHBIX TOPOJIaX HaIIeH CTpaHbl OBLIM CO37aHbl KAOWHETHl HAJSKHOCTH, aHAJOTHYHBIC
MockoBckoMy (2 MOCKOBCKHIT ObLI C TOYETOM IeperMEHOBaH B [{eHTpaibHbIi).

TpyaHo mnepeyuciauTh BCEX MNOpeacTaBuUTeNe MOCKOBCKOW NIKOJBI HAIEKHOCTH, HO BCE XKE
HEOO0XOMMO YTIOMSIHYTh HEKOTOpPHBIE UMEHa, 0€3 KOTOPhIX KapTuHa He Obuta Obl orHa: A. Apuctos, U.
Aponos, B. I'anacun, FO. Konénkos, I'. Kapramos, U. [TaBnos, A. Paiikun, P. Cynakos, O. Teckun, B.
MInep

FOBOpSI 0 MOCKOBCKOH IIKOJIE HaACKHOCTHU, HCJIB3d HE YIOMAHYTHh O ABYX KHHIAX, KOTOPLIC, B
OonpeaACICHHOM CMBICJIC, IMOABEIN UTOTH MHOT'OJICTHUX HCCH@I[OB&HI/Iﬁ.

[Mpexxme Bcero, 3TO mpekpacHas KHUra «MaTeMaTW4ecKhe METOJbl B TCOPHH HAJCIKHOCTHD,
HarucanHas b. ['Henenko, 0. bensiesiMm u A. ConoBbeBbiM [ 1 ]. Kaura Obuta ObICTpO MepeBeieHa Ha
aHTIANACKUY s13bIK [ 2 . U celiuac, crycts yxke Oojiee copoka JieT, OHa, Hapsay ¢ kauroi P. bapioy n
®. Ipomana [ 3, 4 ], nepeBeeHHON Ha pycckuid s3bIK [ 5, 6 ], ocTaeTrcs mydmieii MoHOrpaduei mo
001el TeoOprr HAJAC)KHOCTH.

Bo BTOpyto ouepenb, MOKHO OTMETHTHh «CHpaBOYHUK MO pacueTy HaaexxHoctu» b. Koznosa u U.

VYmakoBa [ 7 ], BbIepkaBIIuii Heckolibko mepem3nanuii [ 8 — 9 |u mepeBomoB [ 1 — 14 ]. Drot
CIPaBOYHHK JIOJTHE TOJIBI OCTABAJICS HACTOJILHON KHUTOW WHXKEHEPOB-Pa3pabOTIHKOB.

JleHMHIpajackas NIK0JIa.

B 1959r. B ognom u3 Jlennnrpaackux HUW MunnctepctBa Cya0CTpOUTENBEHOM MPOMBIIUIEHHOCTH OBl
OpPraHU30BaH MEPBBI OTEYECTBEHHBIN OTAE] HAAEKHOCTH, KOTOpBIM Bo3raBui M. Mamikos. B Tom
e TOo/Iy TPYIIa aBTOPOB — OCHOBOIOJIOKHUKOB JICHHHTPAJICKOH MIKOJIBI Hazie:)kHOCTH (M. Manukos, A.
[Tonoeko, H. Pomanos u I1. Uykpees) Boimyctuina «OCHOBBI TeOpHH ¥ pacueTa HagexHocTi» [ 15]. B
kHure ObLI0 Beero 139 ctp., HO, Kak roBoputcs: «MaJ 30JI0THHK, Ja JOpor». JTa Oblia repBas —
MyCTh U «XyACHbKas» — MOHOrpadus, rje BIEPBbIE HAa PYCCKOM S3bIKE ObLIa CHCTEMATHYECKU
M3JI0’KEeHA 3JIEMEHTApHAs TEOPUSI HAIEAKHOCTH.

Benen 3a MockoBekum KaGuaeToM HaZeKHOCTH, B JleHmHrpame Hayan (YHKIMOHHPOBATH
aHAJIOTUYHBIA KaOWHET mpu JloMe HaydYHO-TEXHHUYECKOHW MpormaraHibl. 37eCh «OpPraHU3aTOpPOM M
BIIOXHOBUTENIEM TMo0en» Obul AHartonuii Muxaitnmoud [lonoBko, mpernogaBaBmmii B BoeHHO#
akagemuu uMm. A.®. Moxaiickoro.
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B 1964r. A. I1o10BKO BBIITYCTHJI OJJHY M3 TIEPBBIX OTEUECTBEHHBIX CEPbE3HBIX MOHOTpaduil Mo Teopun
HanexHoctH [ 16 ]. Ona ke ObLIa ¥ EepBOM OTCYSCTBEHHON KHUTOM, TepeBeIcHHOM Ha 3anaze [ 17 ].
JleHuHrpajckass IMmIKONAa HAIEKHOCTH Jalla MHOTO HMHTEPECHBIX M BBICOKOKBAIM(HUIIMPOBAHHBIX
yuenbix: 310 JLK. T'opckuii, 1. A. Ps6ounun, H.M. Censixun, I'.H. Uepkecos, 1.b. [llyOunckwmii u ap.

KueBckas mkoJia.

B Kuese B cteHax KueBckoro BOEHHO-HHXEHEPHOTo pamuorexHudeckoro yuwnuina (KBUPTY)
pacugena mkosa noj pykoojactBoM Hukonas AnexceeBnua lllumonka. B sty rpynmy Bxoawiu JI.
bapsunckuii, M. JlactoBuenko, b. Kpenennep, A. Ileppore, B. Penkun, C. Cenenxuii. B 1964r.
KOJUIEKTUB aBTOPOB, Bo3riasisBmuiicss H. [lumonkom omyonukoBana MoHorpaduto «OCHOBEI TEOpUU
HAJICXKHOCTH PaJIMOdJICKTPOHHOM anmaparyper» [ 18 ].

[MapannensHo B KueBckom ['ocynapcTBeHHOM yHUBEpCHTETE, a Mo3aHee B VHCTUTYyTe KHUOEpHETUKHU
(upiHe WM. B.M. I'mymikoBa) O4YeHb CWIJIbHAs TpYyIIa MaTeMAaTUKOB, B OCHOBHOM yd4eHHKOB b.B.
'Henenko, momyumia OOJBIIOE YHMCIO MHTEPECHBIX HAYYHBIX PE3yIbTaTOB B 00JACTH HAACKHOCTH U
MaccoBOro oOciyxuBaHusi. B 3Toi rpymme ObLIM Takue BBIJAIONIMECS MAaTeMAaTHKH, KaK aKaJIeMUKU
AH Yxpaunsl B. Kopontok u . KoBanenko, a takxe B. Bonkosuu, B. 3acnaBckuii, T. MapssaHoBHY,
A. TypOuH u np.

Pu:xckas mkoJia.

«OTLOM-OCHOBOIIOJIOKHUKOM»  PHKCKOM  IIKOJBI  HAJEKHOCTU  sBIseTcss XauMm  bopucosuu
Kopnonckwuii, 3aBenoBaBmieit kadenpoit B Pmkckom MHCTHTYTE MHXKEHEPOB TPaKIAHCKOW aBHALIMU
(upiHe Pwkckuii TexHHYecKHid YHHBEPCUTET). YYCHHUK KPYIHOTO COBETCKOro Martemartuka ak. 0.
Jluanuka, X. KopaoHckuil yHacieqoBall 4epThl CBOETO YYHTENS: OH OBLI HE TOJBKO MPEKPAaCHBIM
YUEHBIM, HO M 3aMeuaTelIbHbIM TpernonaBareneM. Ero ydenuku — A. Annpono, U. I'eprdax u IO.
[TapamMOHOB OBLTH YK€ B paHHHE TOAbI H3BECTHHI 110 BceMy ObiBIIeMy CoBeTckomy Coro3y.

B oTimume OT MHOrMX JApYruxX WIKOJA HAASKHOCTH, PWKCKas OTJIMYanach MparMaTu3MoM U
OpHEHTAallMel Ha HaCyIIHbIE WH)XXEHepHble mpoOnembl. B 1963 r. Beixogur MoHorpadus X.
Kopmonckoro [ 19 ], rae yke mpuBeZeHbl HEKOTOPbIE MOJEIHM HAIEKHOCTH, a B 1969r. ero kHura
coBmecTHO ¢ W. 'epridaxom [ 20]. 3arem B 1969 r. Bemuia kuura W. Iepubaxa [ 21 ], moxanyit,
JydIiasi u3 KHUT 10 MOJAEISIM PO (QUITAKTHKH.

Yenmnusamu X. Kopaonckoro B Pmxckom Jlome HaydHO-TEXHHUUYECKOM MpomaraHibl, 4YTO pacrojaraics
TOTJa Ha YIiy OJHOW W3 YJOYeK, BIMBaBIIUXCS HA muomans Jlomckoro Cobopa, OB OpraHU30BaH
PETYIISIPHBIA CEMUHAP 10 HAIEKHOCTH.

HezaBucumo B Pure takske pabortanu Haja mpobiemoii HanexxHoctu B. Jlesun u B. JIeonTheB.

HpKkyTcKas MIK0JIA.

31ech BONPOCAaMM HAJEKHOCTH SHEProcCHCTEM 3aHUMaJICs JupekTop CHOMPCKOro 3HEPreTH4ecKoro
uHctuTyTa ak. lOpuit HukosaeBuu Pynenko, coOpaBummii B OTIen HaJEKHOCTH TaJaHTIUBYIO
mononexs (H. Boponaii, B. 3opkansies, I'. Kosocok, JI. Kpuopyukuit). OH HHUIMHPOBAT pabOThI
1o aHaiuM3y xuBydecTH Enumnol sHeprermueckoit cucremsbl ctpanbl (EDC), 3a uto Bmecte ¢ U.
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VYmakoBbiM noxyumn npectiwxnyto Ilpemuto um. I'M. Kpxsrxanosckoro or AH CCCP. Onu xe B
COABTOPCTBE BBITYCTHIIM U TIEPBYIO KHUTY O HAJIGKHOCTH dHeprocucrem [ 22, 23 ].

3HamMeHuThle «PyqeHKOBCKME CEMHUHApBI» CEMHHApbl Ha baiikane npuBieKaln HE TOJBKO 3K30THKON
Cubupu... Tam coOupascst BECh «IBET>» CIEIHUATINCTOB MO HAJC)KHOCTH B SHEPTETUKE CO BCEU CTPAHBI:
1O. T'yk, H. Manos, E. YepBonsiii, E. CtaBposckuii, M. Cyxapes, 2. ®@apxan-3age, M. Yensuos, I
Yepkecos, M. fActpbenenxwuii u ap.

Henb3st He cka3aTh XOTsI ObI HECKOJILKO CJIOB W O JPYTHX IIKOJAX HAJCKHOCTH B OBIBIIEM COBETCKOM
Coroze.

TamkeHT.
3neck paboOThl MO HAJEKHOCTH W CTAaTHCTUYECKOMY KOHTPOJIO KadecTBa BO3TJIABHJI CTAaBIIUN
BriocneacTBun Bune-npesunentom Y36ekckoit AH Carasl Xacanosumu CupaxauHoB, yuyeHuK A.H.

KonmoropoBa. 3neck B 001acTH Ha/IGKHOCTH pabOTaaM TaKHMe MAaTeMaTUKU W MPHUKIATHUKHU, Kak T.
Aznapos, A. Ycmanos, Hl.dopmaHoB u ap.

I'opbkuid.

I'operkoBckom ¢ummane BHUUC Toccranmapra 60mbinyr0 paboTy MO Pa3BUTHUIO CTATUCTUYECKHX
METOJIOB HAJISKHOCTH M KOHTPOJIs kKadyecTBa nposoawn JI. Jleiipep u B. Jlanuayc-crapmmii. (Kak u B
«JIBenaauartu cryibsx» Wnbha u [letposa, 31ech ObuTH Takke qBa Opara Jlanumyca.)

MuHck.

B MunckoMm Briciem nnxeHepHoM panuorexaudeckoM yumiuiie (MBUPTY) paborana rpymnma moa
pykoBoacTBOM mpodeccopa Anekcanapa Muxaiinosuua [llupokosa (B. Ckpunauk, A. Hasuwn).

Touaucw.
Eme B Hayane 60-x 31ech MOSBUICS MEPBbI KaHAUIAT TEXHUYECKUX HAYK UMEHHO O HAJIEKHOCTH —

1. be6namBum, yuenuk ak. B.M. Cudoposa. B nmocnenyrommue roast nmox pykoBojactsom M. Mukansze
paboTaiia rpyra MOJIOJbIX MPUKIAHUKOB-MATEMAaTHKOB.

EpeBan.
B EpeBanckom ['ocynmapctBeHHOM yHuBepcurete U B EpeBanckom HHWWM 351eKTpOHHBIX MallvuH

paboTajao HECKOJBKO XOPOIINUX CICIUAIMCTOB, TPk e Bcero, D. JlanuensH, a Takxke A. ['eBopksH, A.
I'eokusiH, I'. MapaHksH U 1p.

BJiaguBOCTOK.

B UHcturyTe aBTOMaTuKu U npoueccoB ynpasieHus JlanpHeBocTouHOro OtneneHuss AkageMuu Hayk
paborana cuibHas TpyIna CrenraIncToB no HaaexxkHoctd (O. AOpamos, A. CymnoHs).

U Bce xe MEpCUYCHDb 3TOT, HABCPHAKA, JAJICK OT 3aBCPIICHUA ...
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KPATKAS UCTOPUS PASBUTUSA
OTEYECTBEHHOM TEOPUM HAJIEXKHOCTH

Kax YK€ OTMCHAJIOCh, 6ypHBII>‘I IIOTOK I/Illefl B TCOpUHU HAACKHOCTH XJIBIHYJ B CaMOM HAadalIie
«XOJ'IO,Z[HOI‘/‘I BOI\/'IHI)I», KOoraa CTajln IIOABJIATHBCA BEC 0osiee U OoJiee CIOKHEBIE CHCTEMBI BOOPYKCHHU,
KOTOPBIC IIPpOCTanuBaJIn 60J'ILH_I€, 4EM pa6OTaJ'H/I.

HCpBLIG maru B pa3BUTHU TOI'O, YTO MbI TCIICPb HA3bIBACM TCOpHCﬁ HaJCXKXHOCTH, ObUTH CACJIaHbI B
AMepI/IKC. OI[HaKO OTCYCCTBCHHBIC CIICTIHMAIMCTBI 6BICTpO BKIIIOYMWJIMCh B 9TOT IMPOLECCC, a BCKOPE HC
TOJIBKO CpaBHAJIMCh, HO BO MHOI'OM U OIICPp AU (GaKOHO,Z[aTCJIeﬁ MOABI».

He NpeTCHAYsd HU B Koel MEpE Ha MOJHOTY 0630pa, IOoIbITaCEMCsA BCE KE OaThb Oeryioe omnMcaHue
OCHOBHBIX HAY4YHBIX HaHpaBJICHHfI, KOTOpBIC IPCACTaBIAIN CHGI_II/Iq)I/IKy OTEUECTBECHHOM IIIKOJIbI
TCOPpHUH HAAC)KHOCTH.

WuTepecHblid METO OLEHKU JOBEPHUTEIBHBIX TPAHUI] ISl HAIEKHOCTH CHUCTEMBbI, OCHOBAaHHBIX Ha
pe3ynbTaTax 0e30TKa3HBIX MCTBITAHUN BXOMSAIINX B HEE AJEMEHTOB, Obul mosydyeH P. MupHbM u A.
ConoBbeBbiM [ 24 ]. 3arem HekoTopble OoJiee o0mue pe3ynbTaThl Obu monydeHsl 0. bemnsieBbiM,
KOTOPBIH MPEUIOKUI METOJ], OCHOBAHHBI Ha CTATUCTHYCCKMX HUCHBITaHUSIX [ 25, 26 |. bounbioe
YHCJI0O HOBBIX aHAIUTUYECKHUX PE3YJIbTATOB U PA3IMYHBIX CiiydaeB Obuio momydeno U. [laBmoBeim
[ 27 -29], P. CynakoBbemm [30], O. Teckunsim [ 31].

Muoro paboTr ObUIO TIOCBAIICHO AaHAIWM3Y CIOXKHBIX CHCTEM C Jierpajaluedl KavyecTBa
(YHKIMOHUPOBAHHS 32 CYET «YACTHYHBIX OTKa30B». JleHCTBUTENHHO, BPSI JU CIOXKHYI) CHCTEMY
MOXHO XapaKTepH30BaTh MPUMUTHBHBIMH OMHAPHBIMH KPUTEPHSIMHU Pa0OTOCHOCOOHOCTH THUIA «Ia-
Her» [32-34].

Jloka3aTenbCTBO NBYX MPEICILHBIX TEOPEM B TEOPUH MPOIIECCOB BOCCTAHOBICHHS (PEKYPPEHTHBIX
TOYCUHBIX MPOIECCOB) CHITPAI0  PEHIAIONIYI0 POJIb B  PAa3BUTUU  TEOPUH  HAJICKHOCTU
BOccTaHaBIMBaeMbIX cucTeM. A. Penbn [ 35] chopmynupoBant u goka3ai TeopeMy aCUMIITOTHIECCKOTO
«pa3peKEHUsI» TOYEYHOro MoToka, W Torma ske I. OcockoB [ 36 ]| mokasam Teopemy 00
ACHMIITOTHYECKOM TIOBEICHUU CYTIEPIIO3UIIMH TOYeTHBIX TOTOKOB. [loxke FO. bensies, ['purennonuc u
W.ITorosxeB 000OOUIMIN ITH pPEe3yabTaThl. IJTH ACHMITOTHYECKUE TEOPEMBI TO3BOJIIIOT MOCTPOHUTH
NPAaKTUYECKU yI0OHBIC WHXKEHEPHBIC METOMBI MPHOIIKSCHHOTO aHAIHM3a CIOXHBIX BBICOKOHAJICIKHBIX
cucTeM ¢ BoccTtaHoBieHueM [ 37 ].

b. I'nenenko [ 38, 39 | ObuT epBBIM, KTO Havald pa3padarhiBaTh aCHMIITOTHYCCKUE METOJbI aHAM3a
CHCTEM C BOCCTaHOBJIeHHEM emle B Hayasne 60-x romoB. OH paccMmoTpen ITyOIupOBaHHYIO CHCTEMY H
MoKa3aj, YTO AaCHMOTOTHYECKOE paclpelelieHne BPEeMEHH O€30TKa3HOW paboThl TaKUX CHCTEM
SIBIISICTCSl DKCIIOHCHIIMAILHBIM U HE 3aBHCHT OT PacHpeeliCHHs BPEeMEHH BOCCTAHOBIICHHS (€CJIM ITO
BpeMs B CPEJHEM MaJIO 10 CPAaBHEHUIO C HApaOOTKOW Ha OTKa3). DTH MepBbIe pabOThI OTKPHLTH HOBOE

HalpaBJICHUEe B TEOPUHU HAJCI)KHOCTH, KOTOPOE 3aTeM YCIICIIHO pPa3BHBaIH, B INEpPBYIO odepenb, U.
KoBanenko [ 40-42]u A. Conosbes [ 43 -46].

WuTepecHble uaew arperupoBaHMsl COCTOSIHMN IMOJIYMApKOBCKHX IPOIECCOB C NPUMEHEHHSIMH K
3aja4aM HaJexHocTd Obuti mpemnoxenbl B. Kopomokom.u A. TypOunemm [ 47 — 48 ], a 3arem
pa3BuTHI B psijie padot [ 49 —50]. MHTepecHbIe NPHIOKESHHS K HAJIS)KHOCTH COJIepKaTcs B paboTax B.
Anncumona [ 51 ] u 1. CunbBectpoBa [ 52 ].
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MeTo/1bl ONTHMAJIBHOTO PE3ePBUPOBAHHMS MOIYUYIN CBOE pa3BuThe B padorax [ 53 - 57 |. Pe3ynbrarsr
MEepBBIX  padOT MO  ONTUMAILHOMY OOECHEUeHHWIO0 3alacHbBIMM ~ DJEMEHTaMH BOILIM B
pa3pabaThIBaBIINECS TOTJA BOCHHBIE CTAHIAPTHI.

Takoe Ba)XHOE HaNpaBJICHUE B TEOPUU HAJCIKHOCTH, KAK YCKOPEHHBIC MCIBITAHKS, BO3HHUKIIO HAa CaMOM
3ape pa3BUTHS TEOpPHU HAIeKHOCTH. Jloctatouno BcnoMHHTh paboTel H. Censxuna [ 58 ], X.
Kopnouckoro u U. I'epudaxa [ 59 ], A.Ileppore, I'. Kapramosa u K. Ilseracea [ 60 |. Mogenu
YCKOPEHHBIX HCIBITAHUN C HArpy3KaMH, 3aBUCSIIUMH OT BpeMeHH, paccMoTpenu B. barmanaBuuyc u
M. Hukynus [ 61 1].

B 3akiroueHune Xo4eTcsi OTMETHTh MPEKPACHYIO KHUTY 1O 001ei penakuueit bopuca Biagumuposuua
I'nenernko [ 62 ], B KOTOpPOH IOJABITOKEHbI OTCUYECTBEHHBIC IOCTHIXKCHHMS B OO0JIACTH TEOPUHU
HaJIe’)KHOCTH.

EcTtecTBEHHO, YTO 3TH KpaTKHE 3aMETKU HE CMOTJIM OTMETUThH BCEX TE€X, KTO BHEC 3aMETHBIN BKJIAJ B
pa3BUTHE TEOPUM U MPAKTHUKU HANEKHOCTH. ABTOpP MOMBITAJICH JIMIIL CAETIATh MPEAEIbHO KpPaTKUN
0030p Hei B 001aCTH TEOPHH HAJEKHOCTH, B KOTOPOM — KaK M BO BCEM Yepecuyp KpaTkoM — HMEETCs
npopBa mnpopex... Kaxapiii moHuMaeT, 94To mogo0HOro poja 0030pkl BCer/ia CTPagaoT OT aBTOPCKOTO
CyOBEKTUBU3MA M HEM30EKHOW HEKOMIETEHTHOCTH B TE€X WM WHBIX Bompocax. bomee Toro, 3To
3ajada K TOMY K€ U KpaiiHe HeOiaroaapHast — MOKHO OOHAETh ApYy3eil, KOTOPBIX 3a0bLI BCNOMHHTb.

Hac O6ykBanpHO 3axJIeCTHYI IIKBAJ MyOJIHUKAIMiA IO HAZE)KHOCTH: JECSATKH KHUT, COTHU cTarei... UTo
JIeNnaTh TOMY, KTO HMIIET B 3TOM OKEaHe HIETIOUKY MpaBibl?.. OTHUM CJIOBOM MOX0KE HA CHUTYaIUIO:
«[TuTp — TaKk MUTH!» — CKa3a KOTEHOK, KOT/1a HECITH €TO TOTHUTb...

HaiiTi crosimue KHUTHM MO TEOPHH HAJECKHOCTU B HBIHEIIHEM TOTOIE JINTEPATYphl CTAHOBHUTCS BCE
TpyaHee u TpyaHee... MHorna gake co3maeTcs BIeuaTieHne, 4YTo KakoTo-Tn00 oTOopa pyKomucei s
nyOIMKay He MPOU3BOAMTCS BOBCE: H3IAaTENIbCTBA MPOCTO <BamubaroT jaeHery». HeoOxommmo
OpraHm3oBaTth Kakoi-ro DOopyM CHEIHATUCTOB 10 HAAEKHOCTH, KOTOPBIA ObLT OBl crocoOeH
OCYIIECTBIISITh YECTHYIO U JKECTKYIO OLIEHKY MyOJMKalui B PEryJIsipHO H3/1aBaéMOM 0030pe HOBBIX
nyonukanuii. Hy)keH Kakoi-To «KOJUIEKTHBHBIM pa3ym», MOMOTAIONIMIA BBHIIUIBITE KOTEHKY! Moxer,
npolle JOBEPUTHCS HEMHOTMM  JKCIepTaM, KOTOpbIE MOMOTYT (IyCTh Mdaxe CyOBEKTHBHO)
COPUEHTHPOBATHCS B UH(GOPMAITMOHHOW TyYynHe ?

B IIPOTUBHOM CJIy4da€, HOBOC IIOKOJCHHE CICHHAJIMCTOB II0 HAACKHOCTH IOTCPACT BCAKYIO
OpUCHTAHIO B 9TOM MHPE...

Ceiiuac cymectByer HOBbI BeOcaiit «HEJEHKO @®OPYM» (ero »3JeKTpOHHBIA ajapec
http://www.gnedenko-forum.org. MoskeT, HMeeT CMBICI Ha HEM YCTPOUTh PEUTHHI KHHT TIO
HaJIeKHOCTU?

OAHHUM CJIOBOM, HEPEIICHHBIX 3aJlau JaKe YMUCTO OPraHU3aIllMOHHOIO TOJIKA OYE€Hb MHOTO, M PEIIUTh
HUX MOKHO TOJIBKO cooOrmia!

Huxe OpUBOAATCA HNPUMCEPLI PCAJIbHBIX HpI/IJ'IO}KCHI/II‘/’I TCOPHU HAACKHOCTU K PCIICHHUIO PA3JIMYHBIX
MNPAaKTUUCCKUX 3aa4.
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IPUMEPBI IPAKTUYECKHUX NPUJIOXKEHUI

KomnboTepHasi Mo/ieJib 1JIsl aHAJU3 KUBYYECTH CETH MepeIayu JAaHHBIX (115 aMepHKAHCKOI
tesieponnoii komnanuu M Cl)

Pemraercss 3amaya ONTUMANBHOTO pAaCIpeleeHUs] MOTOKOB B CETH C Y4eToM Tpaduka W 3aJaHHBIX
MPOMYCKHBIX CIIOCOOHOCTEH y310B 1 pedep. Jomyctum, uro notok mexay Can-Opanmucko u Hero-Mopkom
MPOXOJIMT TaK, KaK MPEJCTaBICHO Ha PUCYHKE.

0
0
X
100
/ 100
o (W
ashington
a & o)
Los Angeles
O
.

Janpmie Mopens paboOTaeT B pPEXUME [AMajora. JOMYCTHM, II0JIb30BATENbh XOYET IOCMOTPETh, Kak
OTpearupyer ceTh Ha OTKa3 (MM aBapuiHOE OTKIIOUCHHUE) KaHana Mexay JleaBepom u Cent-Jlyucom.

Seattle

o 722 o (Washinga

0 A :
Los Angeles _

Moaens nepecYnTHIBAET HOBBIE UCXOIHBIC TaHHBIC U HAXOJIUT HOBOE ONMTHUMAIBHOE paclpeIeICHuE NOTOKA
naHHbIX Mexay Can-Opannucko u Heto-HMopkom.
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EcTecTBeHHO, UTO MPU 3TOM MEPECUUTHIBAOTCS U TTOTOKU MEXKAY OCTATBHBIMH Y3JIaMH.
[IporpamMmHas peanu3anus YTOW MOJIENIH ObLIa UCTIOJIK30BaHA JJI YIPABICHHS PEaIbHOM CEThIO
TeJeKoOMMYyHUKanonHoi kommnanuu MCI.

KoMnbrorepHast Moesib AJ1s1 ONTHMHU3AIMA YUCJIA 3alIACHBIX 3J1eMEHTOB /ISl HA3eMHbIX CTaHIMIi
TeJIeKOMMYHMKAIMOHHOW CIIyTHUKOBO¥ cuctemsl I'106ascTap

Cucrema ['moGarncrap HCHONB3yeT HU3KO-OPOUTAIBHBIE CIYTHUKH, KOTOpBhIE OOpAIIalOTCs BOKPYT
3emuin Mo criupaieoOpa3HbBIM OpOUTaM, OXBaThIBasi MPAKTUYECKUA C€ TOYKH HA MOBEPXHOCTH 3EMIIH.
[TnaHupoBanOCh pa3MeCTUTh OKOJIO COTHH HAa3eMHBIX 0a30BBIX CTAHIIWN, MPUYEM IO KOH(QUTYpaluu
(mo coctaBy 00OpYIOBaHUS W TPOIYCKHOH CIOCOOHOCTH) BCE CTaHIMU TMPAKTHYSCKH ObUIH
Pa3IMYHBIMHU, IOCKOJIbKY 00CITy’)KUBAEMbIE UMH 30HBI OBLIM PA3IMYHBI 110 MJIOTHOCTU HACEJICHUS H 110
JOCTYITHOCTH JIPYTUMU CPEJICTBAMMU CBSI3U.

B s1ux ycnoBusx 000CHOBaHHBIN pacdeT HEOOXOAMMBIX 3aMacHBIX YacTell, MHaue KaK MPH MOMOIIU
KOMITBIOTEPHOH MOJENIH, HE MPEACTABISUICS BO3MOXKHBIM. 3aKa3uuK OBICTPO TMOHSMJI, YTO
«HEaHJCPTAIBCKHE METOABI» Tuma «5% OT yucia pabdoTaIoUIMX SJIEMEHTOB JaHHOTO TUMA, HO HE
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MCHBIIC OﬂHOﬁ MOTYKW>» NOPUBCAYT JIMIOIb K JA€30pHCHTAlUU p33pa60T‘-II/IKOB n HCOIIpaBJaHHbIM

pacxojam.

B pesynpraTte comuinch Ha HEOOXOJMMOCTH CO3/aHUS TpPEX PErHOHAIBHBIX CKIAACKUX 0a3,
o0CITy)KUBarOIUX 0a30Bble Ha3eMHbIe cTaHIUU. LleHTpanbHBIA ckian pasmeniaercs B Can-/luero
(Kamudopuus).

B pesynbrare Obuia paspaboTaHa Mozeidb ONTHMAIBLHOTO PE3EPBUPOBAHMS,
CIHCOK HEOOXOJMMBIX 3alacCHBIX AJIEMEHTOB IS Ka)XIOW W3 HA3E€MHBIX CTaHIIHA.

iMap
Yiew [Group Close Help

=10] %]

KOTOpas JlaBaja
HcxoaaeivMn

JaHHbIMH OBUIM KOJIMYECTBO pa6oqnx DJICMCHTOB KaXXI0I'o TUIla, TUII IIOIIOJIHCHUA (HO 3a11pocCy Win
HCpI’IOI[I/ILICCKI/I) " BpEMsA JOCTaBKHU HCOGXO}:[I/IMOFO nonoHeHus. OcTalbHbIE JaHHBIC (I/IHTCHCI/IBHOCTI/I
OTKa3a 1 CTOMMOCTH BHCMCHTOB) XPaHWINUCH B 06H.I€ﬁ 0aze JAaHHBIX.

BI/II[ I10JIB30BATCJIbCKOI'0 OKHa C IIEPECYHEM HA3CMHBIX CTaHI_II/Iﬁ JJIs1 OAHOT'O M3 PCruOHaJIbHBIX

CKJIa10B IIPHUBCACH HUXKE.

," Optimal Spare Allocation: D:\SPARES\Prudente.osa

Fil= “iew Stocks Unite Run Reportz  Help
= d @Em ®s g TEE 2Bs 74 0
o — % Central Stoc.k - Stack Mame
e EJ Regional 1 : IBraziI Delivery Time I'”:|DS

Lewvel IDn-Site

Calculated W alues
Aoailability
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Requirsments
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20-14517-1
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526,05
1044 .47 LI
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I[J'I?I KaX(HOﬁ U3 HAa3CMHBbIX CTaHI_II/II‘/‘I B MOJCJIU COALCPKATCA BCC HCO6XOI[I/IMBI€ CBCACHUA O YHUCIIC
HCOGXOI[I/IMBIX 3aIlaCHBbIX 3JICMCHTOB.

,"5"' Operating Unitz of the Baze Station

4

On-Site Stock:  |Brazi Sortby: | @ PaitMo ¢ Mame O Oty ™ Comment
Units in the comesponding Base Station [167 types)

Fart Mo Mame Gty | Standby Comments - Edi |

20147031 | TFU Site Alarm CCa 4 i TFIU_RF Rack % New units |

20143751 | TFU Frequency Reference CCA 2 0 TFU_RF Rack =

20145171 ATH IC CCA 4 i CI15_5BS Rack =% Delste |

20-14918-1  CCA, YMCA Interface 4 1] CCF Combo Rack -

20149181 | CCA, YMCA Interface 4 0 GC Rack ' Confim

20145301  BCH IC 8 Port CCA, 24 |0 CIS_SBS Rack & Expart |

20180341 | CCA, ALARM INTERFACE. BULKHEAD| 2 1] TFUU_RF Rack

20-26035-1 G Receiver Card [GReC) CCA 90 0 Feceive Rack

20-26085-1  Digital Common CCA 7 0 Digital Rack

20-26115-1 | Gw' UpConvertor Card CCA 112 |0 FL_GCU RACE x Cancel |

20-26195-1  Timing Freq. Dist. Card [TFDC) CCA [ 0 Receive Rack

MNPRANRT Cra FALILT MOMITORIMNG RRFAKFRIA n |

TR Combn Flar:k_ILI
»

‘? Help

Pemanoces nBe 3amaun: (1) HAWTH ONTHMAIBHOE YUCIO 3aMACHBIX JJIEMCHTOB KaXJOTO THIIA, YTOOBI
OecriepeOOTHOCTh 3aMeH Oblia Obl MAaKCHMAJIBHOW MU OTPaHMYCHHSX HAa CyMMapHbIe 3aTpaThl, U (2)
HAlTH ONTUMAaJbHOE YMCIIO 3aMaCHBIX AIEMEHTOB KaKIOr0 THUIA, YTOOBI 3aTpaThl ObUIM MUHHMAJIBHBI
MIPY YCIIOBUH, YTO JIOCTHTACTCS 3a/1aHHAsI BEPOSITHOCTh OecTiepeO0HHBIX 3aMEH.
Jnist KaKAaol cTaHuy Oblila IPEAYCMOTPEHA BOBMOKHOCTD pacleyaTky otyeTa

Stock Report E
—Unit Detall———
. [ Mame
Spare Allocation Report- Stocks ¥ MTEF
[+ Cost
TitIEISTOCKS [~ Operating
Header | 770 SEAEALL GO TIGN: STOCRS ™ Standby
Mates d |+ Spaie
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j [+ Spare Cost
—IncI_L_Jde into repart Include stocks——— Satuniteby—————————————
| [ UMIT DETAIL A " PatMo ¢ Mame
I Header [ Level # Selected © UnitCost " UnitMTBF
B i ol ez Ve " Selected & Children = Spare Cost € Spare Qhy
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O06paszern oT4eTa NPEJCTABIICH HIDKE.

QUALCOMA OPTIMAL SPARE ALLOCATION
STOCKS
Stock:  Brazil Level: On-Site Avadlabilip: 0912372575375
Spare unit delivery ime: 1008 Reliabiliy: 0993832202067
Cost: 455861,50
Uit data:
Part Mo Name MTEF Cost Spamr Spamw Cost
2-14074-1 TFU D trbution CCA [13E 23501 2 570,02
A-14703-1 TF Site & lamCC4 141904 |0,57 2 61,14
2-14875-1 TFU Frequency Reference CC4 215179 526,05 1 526,05
20-14517-1 ATMICCCA 118843 104447 1 104447
2-14518-1 CCh, TMCA Interface EhEET w242 3 L
2-14530-1 BCH IC 8 Part CC4 102364 059,74 3 1328,
M-18034-1 CCh, ALARM INTERFACE, EULKEHEAD 166867 175,44 1 175,44
D-Es-1 GW Receiver Cand (GReC) CCh TR4EE 130153 3 TR0E,18
M-20E5-1 Digital Conmon CCA 133333 738,14 2 157628
- 17 1o 8 ﬂ ——

OnpenesieHne pa3MepoB 30H TEXHUYECKOIr0 00 CJIYKHBAHHS U Pa3MeLeHHs IEHTPOB
o0c/1y’;kMBaHNs A00HEHTOB CIIyTHUKOBOI CHCTEMBbI CBSI3H

Ha ocHOBaHHMM HAa4albHOTO MEPHOJA IKCIUTyaTAllMd CHCTEMbl OBLIM IMOJYYEHbI JIAHHBIC O YHCIe
3alpoCcoOB Ha OOCITYy)KUBaHUE U3 PA3NUUHBIX rpadcTB mrara Diaopuaa (MX HACUUTHIBACTCS HECKOJIBKO
JICCSTKOB).

Ipaderso Yuciao romans HNHTEHCHBHOCTH
3ampocoB (3amp. B IeHb)

Alachua 8 902 0.148148
Baker 0 585 0

Bay 9 758 0.166667
Bradford 3 293 0.055556
Brevard 16 995 0.296296
Broward 70 1211 1.296296
Wakulla 3 601 0.055556
Walton 8 1066 0.148148

KomnerotepHas mporpaMma npemnosarajia npoBeieHue He0OX0AUMBIX BEIYHCICHHH B HHTEPAKTUBHOM
pexuMe.  OTO OOBACHSIOCH IENBIM psSAoM Hedopmamuzyembx (akTOpoB, HANpUMEpP, MECTO
pa3MelIeHusl LEHTPa 30HBI OOCIY)KUBAHUS BHIOMPAJIOCH, UCXOAS HE M3 UYHUCTO «TE€OMETPUUYCCKHUX>
COOOpakKeHUH, a MPUBSI3BIBAIOCH K HACEIICHHBIM ITyHKTAM.

Anroput™m OBUT YCTPOCH Ha MPHUHIIMIIE HAMPaBICHHOTO IMepedopa ¢ JOKATbHOW ONTHUMH3AIHEH
pe3ynbTaTa. bBBUIO MPHHATO WHTYUTUBHOE COOOpakeHHE, YTO KOH(pUTrypamms 30H OOCITy)KUBaHHUS,
HampuMmep, B 10KHBIX rpadcTBax DIopuabl He CKa3bIBacTCs HA KOHPHUTypaUsaX 30H Ha CEBEpe MITATa.
[TepBoe rpadcTBO BHIOMPATOCH MPOU3BOIBHO, XOTS M YUYUTHIBAJIACh HAUOOJIBIIAS TJIOTHOCTH 3alPOCOB
Ha equHUIY Twomanu. TakoBbM oka3zanock rpaderso [eiin (Dade).
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Bbuucnsaianck Bce IKCIUTyaTallMOHHBIE XApaKTCPUCTHKH, M OKa3aloCh, YTO JIOMYCTHMO
nojicoeiMHeHne cieayroiero rpadpersa. Cienyromiee rpadcTBo BHIOMPAIOCH MOIB30BATEIEM H3 TEX
COOOpaKEHHH, YTO OHO JIOJKHO OBITH COCEIHHMM C MEPBBIM, YK€ BRIOPAHHBIM, a HOBasi KOH(QUTypaIus
30HBI ObLTA OBl JIOCTATOYHO «KOMIAKTHOWY». BTOPBIM TpadcTBOM, pacrioioKEHHBIM CJIEBa, 0Ka3aaoch
Momupoy (Monroe).

West Palm Beach
is considered as
the second FSR
base.

HpI/I HOCTPOCHHUU 9TON 30HEI OISIThH B HHTCPAKTHBHOM PCIKUME ObL1a OpCAIpUHATA YCIICHIHAA ITOIIbITKA
BBCCTH ABa HCHTpPA C IICPCKPbIBAOITUMHUCA 30HAMHU I[CI‘/’ICTBI/ISI.

I[CﬁCTBYﬂ AaHaJIOT'MYHbIM O6p33OM, MbI CTPOUM 30HBI OﬁCJ’IY)KI/IBaHI/ISI OT 0Tr'a Ha CEBCP, ITOKPbIBAsA BCHO
TCPPUTOPHUIO LITATA. Z[anee HOI[OGJ'IaH npoaeaypa npuMEHsICTCI K IPYIruM [TaTaM.

B PE3YILTAaTE NOCTPOCHUA HOBBIX 30H O6CJ'Iy>KI/IBaHI/I$I TOJIBKO ITIO OI[HOﬁ CDJ'IOpI/II[C OKOHOMH: CpEACTB
cocraBmiia okoiao 400 TeIcsy J0JIJIapOB 3a CUCT JIY4YIIETO 30HHUPOBAHUA U 0oitee panroHaJIbHOI'O
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pa3MelieHusl IEHTPOB, YTO IMO3BOJIMJIO COKPAaTUTh YHCIO LEHTPOB M YHCIO OOCITYXKMBAOIIETO
MepcoHaa.

3AKIIOYEHHUE

Teopust HapexxHoctu xuBa! Hamo ucnosib30BaTh 3HAHUS B HY)KHOM HampaBieHuu. Hyxna B uuctoi
TEOpUHU, MOXKET OBbITh, M Claja, HO HYXKJa B NPWIOKECHHUSIX TECOPUU HANCKHOCTH K PEIICHHUIO
MPaKTHYECKUX 3a/1a4 ObLIa, eCTh U OyaeT!
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ACUMNTOTUYECKUU AHANU3 NOMTMYECKMUX CUCTEM
C HEHAOAEXHbIMU PEBPAMU

I'.III. ITuauamBuIA
[ ]
e-mail: guram@iam.dvo.ru,
690041, Braousocmox, yi. Paouo 7,
Hncemumym npuxnaonou mamemamuxu /[BO PAH

B mnacrosmelr paboTte uccieoBaHbl MOJAETH CHCTEM C HEHaJAeKHbIMH peOpamu. [lomydeHsl
ACUMIITOTHYECKHE COOTHOIICHMS JUII BEPOSTHOCTH PA0OTHI M paCHpeleICHUs BPEMEHU J>KH3HU B
Mojensax. HemocpencTBEHHOE BBIUMCICHHE YKAa3aHHBIX BEPOSTHOCTHBIX Xapaktepuctuk [1], [2]
TpeOyeT TeOMETPUUECKH PACTYILETO MO0 YUCITy pedep CeTH KOJMYeCTBAa apu(METHUECKHUX OTEPAIHil.
OCHOBHBIMHM TapaMeTpamMH CeTel, Ha OCHOBE KOTOPBIX MOJYYeHBl AaCUMITOTHYECKHE (OPMYIIHI,
SBJIIIOTCS JUTMHA KpaTJ4allIero myTH ¥ MUHUMalIbHas TIPOIYCKHAsl CIIOCOOHOCTH pa3pesa. Paspaborana
cepusi HOBBIX aJITOPUTMOB M ()OPMYJ Ul BBIUMCICHUS MApaMETPOB MOTYYEHHBIX ACUMITOTHYECKHUX
COOTHOIICHHH.

OcHoBHble xapakTepucTuku. OmpenenuM opHeHTUpoBaHHBIH Tpadp G ¢  KOHEYHBIM
MHOkecTBOM BepiunH U 1 MHOkecTBoM W peGep (U,V). B atom rpade ecTh eAMHCTBEHHAs BEIIMHA

U., B KOTOPYIO HE BXOJIUT HU OJHOTO pebpa M eIMHCTBEHHAS BEPIIMHA U , 3 KOTOPOil He BBIXOIUT HH
OJtHOTO pebpa, U B HeM OTCYTCTBYIOT peOpa Buaa (U,u) .
Iycts N(s) ancnopebepy s, si W. s Si {s:si W} nonoxum
n(S)=minn(s), D(S)= & O c(uwv),
IS sn(s)=n(S) (uv)is
C(S)= rLinC(s), C(s)= a c(uv),

(uv)'s
C1(S)=minCy(s), Ci(s) =(T33<50(u,V),
T,(S)= & ) exp(- h C(”"’)),

sCy(8)=Cy(S) (uv)i's
c(u,Vv) - monoxutensHas uenouncnennas Gpyskuus. O6o3naunm N (S), N;(S), Ni (S) - uucio

sl S:C(s)=C(S), C,(s)=C,(S), n(s)=n(S) coorsercTBeHHO.

Iycts A MHOXKecTBO Bcex myTeit R Ge3 camMomnepeceuenus U3 BepIIMHEL U B U . BBeneMm B
paccMOTpeHHe MHOXecTBa A = {Ai U:ul Aul A} , L=L(A) :{(u,v) cul A v A} u
L={L(A),Al A} - mMHOecTBO Bcex paspe3oB B rpade G.

Ipappl ¢ mHenamexkubiMu pebpamu. ConocraBuMm Kaxkiaomy pebpy rpapa G ymeno

a(u,v)=1(pebpo (u,v)paboraer), tme |(G)- wunaukatopuas ¢ynkuus coObitua G
HenocpeicTBEHHOM MPOBEPKOH MOXKHO yOEMThCS, 4TO
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U ua(v)=U0 U a(uy). 1)
RR (uv)l R oL (uv)iL

O603naunm a (G) BenMYMHY, BXOJAIIYIO B 00€ CTOPOHBI paBeHCTBa (1) M XapaKTepu3yIoILyo
paboty rpaga G

HpennonomHM aro a (u,v),(u,v)T W HesaBucuMBIe clydaiiHble BeTHIHHbI,
P(a (uv)=1)=p,,(h), q,,(h) =1- p,,(h),rae h - rekoropsIii Mmansiii mapamerp: h® 0. Toraa
MUMEIOT MECTO CIICAYIOLIHE aCUMIITOTHYECKHE COOTHOLICHUS pu h® 0.

7. Mycte pyy (h) ~c(u,v)h, Torna P(a (G) =1) ~ h"R) D(R).

8. Tlycts pyy (h) ~h®Y rorma P(a (G)=1)~N(R) h°R).

9. Mycts p,y (h) ~exp(-h ), rorma P(a (G)=1)~T,(R).
10. Tycts g, (h) ~c(u,v)h, rorna P(a (G)=0)~h"t) D(L).

)~
11. Hycrs q,, (h) ~ h“¥) torna P(a (G) =0) ~ N(L)h¢®) .
12. Tycts q,, (h) ~ ex (- C(“'V)) ,torna P(a (G)=0)~T,(L).

Ipuioxkenne K MOAeNsiM BpemeHu skusuuM. Ilycte t (U,V)- He3aBUCHMBIE ClTydaiiHble
BEJINYHHBI, HAMEIOIIE CMBICTT BpEMEH KU3HU pedep (u,v)T W.

OGosuaunm  P(t (u,v) >t) = Puv (h) w monoxum Bpems kusuu rpapa G paBHBIM

t (G)= r&glg(m%xRt (u,v).

Ecmm h= h(t) MOHOTOHHO YyObIBaromiass u HemnpepbiBHas ¢ynkimus u h® 0, t® ¥, 10
acumnToTnyeckue cootHomenus 1, 2, 3 ocraiorcs Bepusivu mpu 3amene P(a (G)=1) na
P(t (G)>t). Ecniu hmoHOTOHHO BO3pacTaromas W HempepbiBHas Qynkimus 1 h® 0, t® 0, To
cooTHowenus 4, 5, 6 Bepus ipu 3amene P(a (G) =0) na P(t (G) £1).

Boruncienue XapaKTepUCTHK rpaga. Jns Al A OnpeIeIuM
Q(A)={vi A:$ul A(u,v)T W} u nocrpoum muoxectsa A =Q(A))={u}, A1=AUQ(A),
k=1,2,.. Ionoxum n=n(R )= min(k:u*T Ak)

O6oznauum  j (u,v), (u,v)T W menmoumcnenHylo  HeOTpHIATENbHYIO  (DYHKIIHIO:

& j(uv)= & j(vu), j (vu)Ec(uv), (uv)l W, n HasoseM ee nortokoM. Benuunna
(uv)iw (vu)l w

noroka —cymma & j (u.,v).
(u MW

O6o3nauum G G, rpad, nosmydeHHnsiii u3 rpago G, G, coequHEHHEM HUX HayalbHBIX U
KOHEYHBIX BEpUIMH, COOTBETCTBEHHO, a G ® G, rpad, mHomydeHHBI CKIEHBAaHMEM KOHEYHOI
BepiiuHbI rpada G ¢ HavanbHOU BepnHOH rpada G,. byaem nonumats MHOXecTBa R4, Ly, R,,L,

st rpapoB G, G, B TOM ke cMmblcie, yTo U MHOxkectBa R, L s rpada G. Berogy nanee

ul Q(A.,),i=1..,n.
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Ipoyedypa 012 D(R): D(w) =1, w1 A, D(uuy)= & D(u) c(U,Uuy), 1Ek<n,

ud QA 1)
D(R)=D(u").
IIpoyedypa ona N. (R): N. (u,.,) =1, U1 Q(A,.,),
Ne(Und) = 8 Ne(Upy) 1 ((Un et i )T W), 1Ek<n- 1,
Un. il Q(Ay k1)

N.(R)=N.(u).

Aneopummer ons C(R), N (R ) : kaxoe pedpo (U,V) rpada pasbusaercs Ha pebpa eIMHAYHOMN
mmanel (T.k. Qynknms €(U,V) nenouncnenna), npeo6pasosas rpap G B rpad G, ¢ pebpamu
€MHUYHOM JUIMHBI, Jaliee, UCIOJIb3ys MPOLEAYPbl HAXOXKIECHU N = n(R ), N. (R ) s rpada G,
seraucisrores C(R), N (R ) nns rpada G

Aneopummor  onaC(L),n(L): mnomb3ysice Teopemoit [3] o coBmageHMM MaKCHMAIBLHOM
BEJIMYMHBI MOTOKA ¢ MHHHMMAIBLHOH MPOMYCKHOM CrocoOHOCTBIO paspe3oB C(L) u amropurmom
dopna-Dankepcona (Ford-Falkerson), ompenensercs C(L), a n(L) cosmamaeT ¢ BbMUCIEHHO
semunnoit C(L) npu c(u,v)° 1.

Monaraem W ={ (U, ), 4T Q(A. )

Ilpoyedypa onn Ci(R): C (uy)=0

1£k<n, C(R)=C (u).

Ipoyedypa ona Ny(R): Ny(uw)=1, ul A, N;(U,)= a N, (u),
Ut Cy(Uag )=max(Cy (). (U 1))

n} B MMOCJICAYIOUX IIATHU ITYHKTaX.

1..
A Clue) = min max (G (u) o{u ).

T

1£k<n, Ny(R)=N,(u").

IIpoyedypa ons C;(L): tak kak u3 coornowenus (1) cnenyer, uro C (L) = max(ml)InRC(u V),
R R (uyVv

10 C;(L) ompenensiercst u3 dopmyn C;(Ugq)= max min(C,(u),c(uy,U)), 1£k<n,
U

d Q(Ac1)

Cw)=¥, ul A, G(L)=c(u).

Senvie popmyasr ons C(L), N(L): ecm

c(Ug,Uig) ® G, 1Ek<n-1, c(un_l,u*) =c,, N, - uucno Bepumn B MHOKecTBE Q(A_4),
1£k<n-1, N,=1, to C(L) =1r£1?(i<rLCkaNk+1, a N(L)- uucino »s1eMeHTOB MHOMECTBA
{k:M =¢ NN, ,1£k<n}.

Vakue 36envs 6 cpagpe G. Tpeanonoxum, uto ans Jro6eix map pedep (Ug,vy), (U, Vo)1 W,
takux, 410 (Up,\4)? (U,,V,), Bemmonmsiercs HepaseHcTBO C(Uy,Vy)?! c(U,,V,), Torma cymecTByer
enmrcTBerHOe pebpo  (U(S),v(S))1 s:C (s)=c(u(S),v(S)), mpumaem - InT,(S)~h UEVE)

h® 0.
Hazosem pe6po (u(S),v(S)) y3kum 3Berom st mapst (G, S).

u
3¢. Iycts p,, (h) ~ exp( h-e(u V)) ,h® 0, torma - InP(a(G) =1) ~ - h AURMR),
6¢. ITycts ¢, (h) ~ exp( h- e V)), h® 0, rorma - InP(a (G) = 0) ~ - h SUL)Ivt)
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B ycnosusix yrepxaenus 3¢ win yreepxkaenns 6¢ onpenenenne yskoro 3sena (U(S),v(S))
IPOM3BOAUTCA € MOMOIIBID npoyedypsl Onsn C (S) mpu S=R wmmu S=L, COOTBETCTBEHHO.

Omnpeznenenne y3KOro 3BE€HAa W COOTBETCTBYIOIIME €My aCHMIITOTHYECKHE (OPMYIJIBI MOTYT OBITh
MIEPEHECEHBI C CETH Ha MPOU3BOJILHYIO JIOTHUECKYIO (DYHKIMIO, MPEJCTABICHHYIO B JTH3bIOHKTHBHON
WM KOHBIOHKTUBHOW HOPMAaJIbHOU (hopMe.

Pexypcuenvie popmynvr onsaepagpa G G,:

C(R)=min(C(R,),C(R>)), 2
1 N(Ry).C(Ry)<C(R,),

N(R)=i  N(R,),C(R,)>C(R,), )
fN(Ry)+N(R,),C(R;)=C(R,),
C(L)=C(L)+C(L,), (4)
N(L)=N(L )N(L,), ()

G, (L) = max(C (L) C(L;)). ©)

C.(R), n(R) onpenenstorcs ananormuno (2), N;(R),n(L) ompenenstorcs ananoruuno (3),
(4), coOTBETCTBEHHO.

Pexypcuenvie gopmyror ons epagpa G ® G,. C(R), n(R) Beuncnsorcs ananoruuso (4),
N(R), N;(R) souucnsiorcs aunanornano (5), C;(R) Bbumcmsnores ananorunuso (6),

C(L),C,(L),n(L) onpenensorest ananoruuno (2), N(L), N, (L) onpenensitorest ananoruyro (3).
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ONTUMU3ALNA BEPOATHOCTU BE3SOTKA3HOU PABOTbI CETU
C UCMNOJIb30OBAHUEM CTATUCTUYECKUX UCNbITAHUN
NOo METOAY MOHTE-KAPIO

J.A. Auinryues
[ ]
Baky, AzepOaiimxan
e-mail: elshanhaga@yahoo.com

HanexxHocTh cuCTEM € CETEBOM CTPYKTYpOM, HAIpUMEpP, TAKUX, KAK TEIEKOMMYHUKALMOHHBIC
CETH, ONPENEIAETCS HAAESKHOCTBIO COCTABIIIOIIMX €€ DBJIEMEHTOB, KOTOPBIE MOTYT CYLIECTBEHHO
OTIIUYATHCS MO CBOEH HaaekHOCTH. [Ipy aHaNM3e HAIEKHOCTH TEICKOMMYHHKAIIHOHHASI CETh OOBIYHO
omuceiBaeTcsi rpadom, rae pedpa oTOOpaKarOT CeTeBbIe KaHAIbl, a B KAa4e€CTBE Y3JOB BBICTYHAIOT
paboune CTaHIUU, CEpPBEPHl, MOBTOPHUTENH, MEPEKIIOYATENIH, MAapIIPYyTU3aTOPhl WM JIpyrue
ycrporicTa. [lapaMeTpbl HaIKHOCTH YacTO 3aBUCST OT 3arpy3KH ceTH (3HAUCHU 3arpy30K KaHAJOB,
OINPEICIIIONIMX JIOCTYN TMOJIb30BaTeNei, W KayeCTBO HX oOcihyxuBaHus). [lo 3Toil mpuuwmHe,
dbopMyupys 3amaq4y ONTUMHU3ALWU HAJAESKHOCTH, HY)KHO OTPEIENIUTh, KAKUe U3 MMapaMeTPOB Ba)KHBI:
CBSI3HOCTb, MPOITYCKHAsI CIIOCOOHOCTH, CPEIHEE BpeMs IO OTKa3a, BPEMsI BOCCTAHOBJICHUSI CBSI3HOCTH
WIM MHUHMMH3aLMs 3aJepkKeK. brarogaps CTPYyKTYpHOW H30BITOYHOCTH TEICKOMMYHHKAITMOHHBIX
CeTel, OTKa3 OTACNbHBIX DJIEMEHTOB OOBIYHO NPHUBOAWT HE K IMOJHOMY OTKa3ly CETH, a JHIIb K
YaCTUYHOMY YXYIIICHUIO KauecTBa ee PyHKIMoHupoBanus. [lomHbIi 0TKa3 cetn (Hanpumep, B KaKO¥-
au00 OTHENIFHO B3ATOW TEPPUTOPHH) MOXKET IMPOUCXOIUTh B PE3yJIbTaTe HEKOTOPBIX KPYITHO-
MacCIITA0HBIX CTHUXUUHBIX OEICTBUH — HABOJHEHWH, yparaHoB, 3eMJETPSICEHH, KOTOPhIE MOTYT
MPUBECTHU K Pa3pyIICHUIO JTHHUN CBS3U WM K TJI00ATBHOMY OTKJIFOUEHUIO DJIEKTPOITUTAHUS .

KauecTBO (yHKIIMOHUpOBaHUS CceTel C KOMMYTaluel MakeTOB OOBIMHO OIIEHWBAETCS MOTepei
MAaKeTOB. OJTH MOTEPH 3aBUCAT OT TEKYLIEr0 COCTOSIHUS 3JIEMEHTOB CETH, T.€. OIHCHIBAIOTCA
CIly4aiiHBIM TPOIIECCOM, KOTOPBI MBI 0003HauuM Kkak €(t). JlomycTnMoe 3HaYeHHE CPEIHUX MOTEPh
MaKeTOB 0003HAYUM Uepe3 €’. OTKa30M CceTH B 3TOM ciaydae Oy/IeM HasbIBaTh HACTYIJICHHE COOBITHSA
et)< €. (Muorma paccmarpuaercs mporiecc €*(t), KOTODBIA SBISETCS CKOIB3SIICH CPEemHEH
HEKOTOPBIM 33/IaHHBIM HHTEPBAJIOM yCPEHCHHS.)

HecmoTpst Ha CTPYKTYpHYIO M30BITOYHOCTH CETH, BOMPOC HAIEKHOCTH €€ JIEMEHTOB OCTACTCS
BeCbMa AaKTyalbHBIM. B 3TOil CBA3M MOXHO c(HOpPMYIHpPOBATh CIEAYIOIIYIO TOCTAaHOBKY
ONTUMM3ALIMOHHON 3ajauu: Makcumusayus eéeposimHocmu 6e30mKasHou pabomvl cemu C yyemom
3a0anH020 Kpumepus omKkasa € npu cmouMoCmHoOM 02PaHUYeH Ul HA Pe3ePEHbLe JNLeMEHMbL.

3amaya ONMTUMU3ANUU BEPOSTHOCTH O€30TKA3HOW PabOTHI CETH MOXKET OBITh PEIIeHa METOA0M
ONTUMH3AIMU TI0 CTATHCTUYCCKHM pealm3aiusM, npemioxkeHabiM B [3,4]. Hike mnpuBoautes
peleHne, onuparomieecs Ha MoAu(UKanuio 3Toro Meroaa [5]. DToT mMeTox ObLT omucaH Takke B [6]
JUI ONITUMM3AIMK YUCIIa KaHaJIOB B CETH CBS3W. Mero mporuenypsl ONTUMH3AINN TPUMEHUTEIBHO K
BEPOSATHOCTH O€30TKa3HOM pabdoThl CeTH C KOMMYTalWMed IaKeTOB MOXKHO C(HOpMYINpOBaTh
CJIe Iy FOIIMM 00pa3oM.

AnanorungHo mporenype B [4] MPOBOMUTCS CTATHCTHYECKHUIA SKCIIEPUMEHT 10 MeToay MoHTe-
Kapro [1] He3aBrcHUMO [UTsS K2XKIOTO OTISIBHOTO 3JeMEHTa ceTh. PactipeienieHre BpeMeHH JI0 OTKas3a
AJIIEMEHTOB CUMTAETCS PABHOMEPHBIM. B HEKOTOpbIE MOMEHTBI OTKa3bl OTAEIBHBIX 3JIEMEHTOB CETH
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MOT'YT OKa3aTbCiA HE3aMCUCHHBIMU, €CJIM OTHU OTKA3bl HEC HAPYHIWJIIM YCJIIOBUC IIO (I)YHKI_II/IOHaJ'Iy
Ka4dycCTBa. HpI/I OTKa3Cc TIICpBOro xK<& OJJICMCHTA, KOTOpBIfI HapymaceT 3aldHHOC YCJIOBUC eO 1o
q)YHKLII/IOHaJ'Iy Ka4CCTBa — CPCAHUX IIOTCPb MTAKETOB, BBOAUTCA PE3CPB IJIAA 3TOI'0 3JICMCHTA, KOTOpBIﬁ B
ClIydac 0TKa3a OCHOBHOI'O 3JICMCHTA TYT K€ BCTACT HA €0 MCCTO.

B npouecce CTaTUCTUYICCKOIO MOJACIMPOBAHUA Ka}I(I[BII;’I pa3 IIpru OTKa3C¢ OUYCPCAHOI'0 3JICMCHTA
BBOAUTCA COOTBCTCTBYIOH_II/Iﬁ pCBCpBHLIﬁ aneMeHT. Takas mnpooeaypa IMpoAaoKaeTCsa A0 IMOJHOTIO
HCUYCPIIaHU PECYPCOB.

0
C(X)>C
rae CO — OI'paHUYCHHE Ha CYMMApHYIO CTOUMOCTb DJICMCHTOB.

B pesynbTaTte nepBoil pealin3alny MOJTy4aeTCs IEPBBIN «BEKTOP pe3€pBa» JIEMEHTOB CETH.
X = (Xl,...., X, ); Xj - YHCIIO PE3CPBHBIX IJICMCHTOB | -ro THIIA, | = 1,...,N.

B mponecce MonenupoBaHHsA UIA KaKAOH pealn3alyy 3allOMHHAIOTCS MOMEHTBI pacxojia
AJIEMEHTOB  K&XJOTO I-T0 THUNA B KaKAOW peaM3alliy HE3aBUCHMO. VIMes MOCTpOEHHBIE TaKHM
00pa3oM TPAaeKTOPHM PacXojia Pe3epBHBIX AIEMEHTOB MOXHO peulaTh 3a7ady BbIOOpa ONTHMAIbHOIO
cocTaBa pe3epBHBIX dIeMeHTOB [4]. B ciryyae onTuMu3aimy BepOsSTHOCTH OE30TKa3HOW pabOTHI CETH
3TO BBIMJIAJUT CJIEAYIOUIMM 00pa3oM: (UKCUPYIOTCS BO3MOXKHBIE COCTaBbl PE3EPBHBIX IJIEMEHTOB,
COOTBETCTBYIOIIMX OTPaHUYMBAIOLIEMY YCJIOBHIO. [l ceTH U3 N 31€MEHTOB OTBICKUBAETCS Takou N-
MepHBIit Ky6, yroBnersopstomuii yenosuo C(X)<C®, BHYTpH KOTOPOTo 3aKaHUHBACTCS HAHMEHbIIEE
YUCJIO TPACKTOpUH, T.€. IJle MPOUCXOAUT HAUMEHBIIEEe YHCIO CIy4yaeB OTKa3a M COOTBETCTBEHHO
BEPOSITHOCTh 0e30TKa3HOW paboTel Bblme. [Ipu BBIOpAaHHOM cOCTaBe pe3epBa BEPOATHOCTD
0e30TKa3HON paboThI OyJEeT ONTUMATIBHOM.

C1

C(x)=C"

Mosenmut ocmanoea
. peanusaiuii

%/Mﬂl C2

Puc.1. Beibop onTuManbHOTO COCTaBa pe3epBa Jisl 2-MEpHOTO Cydast

Ha pucynke 1 mis ynoOcTBa moka3za nmpuMmep BbIOOpa «ONTUMATBHOTO» MPSMOYTOJIbHUKA JIJIS
JBYMEPHOro ciydas. M3 MOCTPOEHHBIX NMPAMOYTOJBHUKOB, BHYTPH KOTOPBIX 3aKaHUYMWBAECTCS JIWIIb
OJIHA peaJM3anus, IPUEMIIEMBIMH SIBJISIETCS CPEIHUN U HUKHUU PAMOYTOJIBHUK.
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AHTU-TEPPOPU3M: PASMELLEHUE PECYPCOB 3ALLUTDI

Hropsp Ymakos
[
Can-Jluezo, CIIIA
e-mail: igorushakov@gmail.com

YACTb I11. YCJTOBHBIA ITIPUMEP

Aunnotanusa. JlanHas ctarhs siBisiercs npogopkenneM [Ushakov, 2006a; Ushakov,
2006b]. 3mech mpemioKeHHAs METOIOJIOTHS ICMOHCTPUPYETCSL HA IPOCTOM YCIIOBHOM
(BBIMBIIIICHHOM) [TPUMEpE.

1. MPEABAPUTEJIBHBIE 3AMEYAHUS

Hwxe meron, paccmotpennsiii B [Ushakov, 2006a; Ushakov, 2006b], nemoncTpupyertcs: Ha
npoctoM mpumepe. Bce onpeneneHus ¥ 0003HAYCHUsS] TPUBEICHBI M OOBSICHEHBI B MPEIBIAYIICH
crarhe.

IMpexxme, YeM TIEPEMTH K pPAacCCMOTPEHHIO IIPUMEPA, KOCHEMCS BKpaTIE OCHOBHBIX
XapaKTEPUCTHK PACCMATPUBACMOM MOJIEIH.

JlanHasi MaTeMaTH4decKass MOJEIb MOXET OBITh MCIOJB30BaHA NPH CO3JaHUM WHTEPAKTHBHOU
KOMIIBIOTEPHOM MOJIEIH, KOTOpast MOXKET ObITh () EKTHBHO HCIIOJIb30BaHa JIMIAMH, IIPHHUMAFOIAMH
pelleHue, P aHaIK3€e CJIeIyIONIIX 3a/1a;

KakoBbI mpruopuTeThl 00BEKTOB 3AIIUTHI OT TEPAKTOB?

Kakue mepsl HanboJiee mpruemMIiIeMsl 7Sl IPEIOTBPAIICHUS TEPAKTOB?

KakoBo Hambomnee panvoHAIbHOE pPa3MENICHHE CPEJCTB MEXAYy OOBEKTaMHU JUIS TMOTy4YEHUS
HAWIY4IIEero B HEKOTOPOM CMBICTIE TI00aIbHOTO pe3ybTaTa’?

3aMeTM CcaMoro Hadaja, 4YTo MpeajaracMas MOJENb MOCTPOSHA B MPEATIONOXKEHHH, YTO
paccMaTpuBaeTcs 3aluTa BCeX 00bEKTOB OTHOBPEMEHHO.

[Tonb30BaTenu MoOAENM MOTYT BO BPEMSI MHTEPAKTHBHON PabOTHI ¢ KOMIBIOTEPHOW MOJEIIBIO
MEHSTH MapaMeTpbl M OTPaHUYCHHS, HAXOJsl Haubojee MpHeMJIeMble IMyTH AOCTHXKEHUS TpeOyemMoro
pe3ynbrata. HBIMU clloBaMu, mpeajaraeMasi MoJeib siBisieTcss Mojenbto ciueHapHoro (“WHAT IF”)
TUIA.

Ilpeononazaeman npouedypa ucnonb3o6anus mooeau
B Moznenb BBOASTCS SKCTIEPTOM TI0 aHTH-TEPPOPU3MY CIICTYIONTNE JaHHbIC:

CIUCOK MPEIOoIaraéMbIX LeIel TePpOPUCTHUECKUX aTak,
MPUOPHUTETHBIC BECa 3aIUIIAeMbIX 00BEKTOB,
OpPUEHTUPOBOYHBIE 3aTPAThI HA PA3JIUYHBIE MEPHI IO MPEAOTBPALIEHUIO TEPAKTOB,
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OpPUCHTHPOBOYHAA 3(1)(1)€KTI/IBHOCTB 3alllUThI 00HEKTOB IIpu IPUHATHU PA3JIMIHBIX MCP,
OrpaHu4CHUs Ha pECYPChl, IPCAHA3HAYCHHBIC UL OCYIICCTBICHUA MCP 3alIUTHI.

MO,I[GJ'IB npeaACTaBICT pCIICHUC B (I)OpMC KOJIMYCCTBCHHOT'O pacpeaACICHUA PECYPCOB KaK MCKIY
Pa3IMYHbIMU MEpaMU 3allIUThI, TAK U MCKIAY OGLGKTaMI/I, KOTOPBIC JOJI’KHBI OBITE 3alllMIICHBI.

Bxoonwie oannvie

Cnucox 06vexmog, noonexcauux 3auume.

Kamezopuszayusi 06wexmos 3awumol. Oonvuiue ckonjienus moodel (Hanpumep, cmaouoHwl,
cobpanusi, u m.n.), IKOHOMUHECKUE U NOJUMULECKUE YYPENHCOeHUS, UCTOPUYECKUe NAMSIMHUKU
WU HAYUOHATIbHBIE CUMEBOJIbL.

Ommuocumenvuvl npuopumemuvle seca (Hanpumep, no wkare om oo 10), nodcomoenenmvle
9KCnepmamu o aHMU-MeppoOPUsMY .

IIpeononaecaemvle npednoumenust Ojisk AMAaKU ¢ MOYKU 3PEHUsL MEPPOPUCTIOE.

Pecypcwi omeedennvie na 60pbby ¢ meppopuzmMom Ha YPOGHe CMPAalbl U OMOEIbHbIX PeSUOHOS.
Onpeodenenue munog 603MONCHBIX MEPaKmos npomus Kasicoo2o (UHOusudyaivHo) obvekma
3auumul.

DKkcnepmuas OyeHKa «KCMeneHu Y8epeHHOCmU» 6 MoM, 4mo KOHKPEMHO 635mblll 00bekm 6yoem
3auuwer npu yCao8uu, Ymo npeonpuHsImsl KOHKpemuvle Mepbl.

3ampamel Ha nonyuenue HAOEHCHOU UHGOPMAYUU O HAMEPEHUSX MePPOPUCmos, Ux
B03MOJICHBIX UCIOYHUKOB NOOOEPICKU U M. 1.

Dkcnepmuvle OyeHKu 3GHeKmueHoCmU NPegeHMUBHbIX YOapos no 0azam meppopucmos u
OYeHKA 3ampam Ha maxue Meponpusimusl.

EcTecTBEeHHO, TaHHBIN CIHCOK HE SIBIISETCS MCUYEPIBIBAIOIIUM U JOJDKEH KOPPEKTUPOBATHCSI BMECTE
C CaMOl MOJIEJIBIO IO MEpE PELICHUs MPAKTUUYECKUX 3a1a4.

Osicudaemuvie pe3yaibmamsl MOOCaAUPOGANUA

Ipoepammuas modenb NO360AUM TUYAM, NPUHUMAIOWUM pPeuleHUe, KOIUYeCMBEHHO OYeHUNb
IPpekmusHocms NPeONPUHUMAEMBbIX Mep NO 3aujume Om MePPOPUCUYECKUX AMAaK U NO360.UMm
Haimu onmumanvroe (PayuonaibHoe) pacnpeoeienue 0meedeHHbIX CPeOCms.

Mooeno  noszeonum  auyy, NpUHUMAIOWeEMY peuleHue, OPUEHMUPOBOUHO — ONpedeums
Heobxooumble M0OCKUe pe3epevl, (QUHAHCbL U 000py0o6aHue, Heobxooumvle Ol  OOCHUNCEHUS.
JHcenaemMotl yenu 3auumol 00beKmos om meppopucmudecKux amax.

2. YCJOBHbBIN [IPUMEP

2.1. Onucanme 00bEKTOB 3AIINTLI

PaccMoTpuM HEKOTOpBI BBIMBIILIICHHBI TOpoja, Ha3oBeM ero (gamocpad, B KOTOPOM
PacTIONIOKEHBI CIIEAYIONINE 00BEKTHI, KOTOPBIE MOTYT CTATh IEJIbIO TEPPOPUCTHUECKUX aTaK:

1. Craauon (Bo BpeMsi BHICTYILIEHHS CIIOPTCMEHOB),
2. Monyment CiaBbl,
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3. Beuaukuii Mocr,
4. dunancoBas Oup:Ka,
5. HammounanwHblii [Tapk.

ITycth px oOo03HauyaeT KOA( UIMEHT BaXKHOCTH 0OBbekTa K. DTa BenIMYMHA OMpEAC/ICHHBIM
00pa30B XapaKTepU3yeT COLUUANBbHYIO WM SKOHOMHYECKYI0 Ba)XKHOCTh JAaHHOTO o0bekTa. KoHewHo,
Takas CKaJsipHas XapaKTePUCTHKA SIBJSIETCS CYIIECTBEHHBIM YIPOIICHHWEM pEalbHOW MPOOIeMBl,
OJIHAKO 3TOT MPHUEM 3a4aCTYI0 MCIOJIb3YyeTCsS B Pa3JIMUHBIX 33Jayax HccieaoBaHus onepauuid. Camo
YUCJICHHOE 3HAYCHHE Pk TODKHO OBITh ONPEACICHO JKCHEPTOM IO TmpodiieMaM OOphOBI ¢
teppopusMoM. [lycTh B HamieM GUKTUBHOM MPUMEPE ITH BEITMYUHBI €CTh:

p1= 10 (B0O3MO:KHBI MOTEPH I'POMATHOTO YHCJIA JHO/AEH)

p2 = 8 (HanMOHANBLHBIH CHMBOJI),

p3= 5 (BaKHBIH TPAHCTOPTHBII YYACTOK),

ps= 7 (pa3pyuieHue MOKeT MPHBECTH K CePbe3HBIM (PMHAHCOBBIM MOCJIEICTBUSIM),
ps = 1 (ropoackoii CHMBOJ ¢ MAJIBIM YHCJIOM 3aHUIT BOKPYT).

PaCCManI/IBaﬂ ym€p6 OT paspylmicHus OGLCKTa, €CTCCTBCHHO, MOXKHO BBCCTHU W HECKAJIAPHEBIC
IIOoKa3aTejIu Ba’KHOCTH. OILHaKO Ha dTOH CTaJuH Mbl H30EKUM YCHOX(HCHHﬁ.

2.2. Bo3aMo:KHbIE THIIBI TCPPOPUCTHUYCCKHUX ATAK M MEPbI UX NIPECAOTBPALLICHUA

PaCCMOTpI/IM BO3MOJKHBIC TUIIBI TCPPOPHUCTUICCKHUX aTaK Ha INCPCUYHUCIICHHDBIC BBIIIC 0O'BEKTEI.

Craauon
[TpeamonaraemMbie THITBI TEPAKTOB:

«YenoBek-60mba»
CrocoObI 3aIIUTHI OT ATAKH:
(1) BusyanbHas nonmieickas mpoBepKa Mpu BXOJIC HA CTAIUOH; CITyKeOHbIe co0aKH,
TPEHUPOBAHHBIC HA OOHAPYIKCHHE B3PHIBYATKH.
(2) Ctporuii BH30BO# KOHTPOJIb HA TPAHUIIEC CTPAHBI IS IPEAOTBPAIICHUS
MPOHUKHOBEHHUSI TEPPOPHUCTOB.
(3) Coop unpopmanuu ciayx6amu 6€30MACHOCTH O MMOA03PUTEIILHON aKTUBHOCTH B

TOPOJICKUX OOLIMHAX, T0I03PEBAEMBIX B CHMITATHSAX K TEPPOPHUCTAM.

(4) ToBbImeHHAS: TOTOBHOCTD TOPOJICKOM CIY>KOBI CKOPOM MTOMOIIIH.

YacTHBIN «caMOJIeT-KaMUKAI3€>.
CrocoObI 3aIIKUTHI OT aTaKH:
(4) bappaxxupoBaHue B paiioHe CTaJOHA BOCHHOTO BEPTOJIETA, CIIOCOOHOTO

YHUYTOXKHTH CAMOJICT TEPPOPUCTOB.

(5) BaumarenbHast mpoBepKa KaHAUAATOB JUTS IIIKOJI, O0YYAIOMINX MATOTAKY.
(6) TloBeImIeHHAS TOTOBHOCTH TOPOJCKOH CITYKOBI CKOPOU TIOMOIIIH.

3axBauCHHBIN TEPPOPUCTAMH CAMOJICT TPKIAHCKON aBHATTMHUH.
CriocoObl 3aIIUTHI OT aTAKH:
(5) TmarenpHas MpoBepKa MaCCaKUPOB B aIPOMOPTAX.
(6) IpucyrcTBHE BOOPYKEHHOTO areHTa 0e30MacHOCTH Ha pelicax Mex Iy OOJbITUMHE

ropoaMHu.

(7) ToBeImIeHHAS TOTOBHOCTH TOPOJCKOH CITY>KOBI CKOPO TIOMOIIIH.
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Monyment CnaBbl
ITpeanonaraemple TUITBI TEPAKTOB:
«YemnoBek-6omba»

CrnocoObl 3aIIUTHI OT aTaKH:
(1) Honmuueickuii BU3yabHBIA KOHTPOJIb 3a IIOCETHTEIISIMHE, TPOBEPKA IOJO3PHTEIIBHBIX
CYMOK, opTdereit u np.; ciyxkeOHbple cOOaKkH, TPEHUPOBAaHHbIE Ha OOHAPYKEHUE
B3pBIBYATKH.
(2) Crporuii BH30BO# KOHTPOJIb Ha IPAHHILIE CTPAHBI JJIS TPEIOTBPALICHUS
IIPOHUKHOBEHHUS TEPPOPHUCTOB.

YacTHBIN «caMOJIeT-KaMUKA/I3e>.
CrnocoObI 3aIIKUTHI OT aTaAKH:
(1) bappaxxupoBanue B paiioHe CTalOHA BOCHHOTO BEPTOJIETA, CIIOCOOHOTO
YHUYTOXKHUTH CAMOJICT TEPPOPUCTOB.
(2) BaumarenbHast mpoBepKa KaHAUIATOB JIJISI KO, 00YYAFOIIUX MHIOTAXY.
3axBauCHHBIN TEPPOPUCTAMH CAMOJICT TPKIAHCKON aBHATTHHUH.
CriocoObl 3aIIUTHI OT aTAKH:
(1) TwaTenpHAast TPOBEPKA MACCAKUPOB B aIPOMIOPTAX.
(2) IlpucyrcTBHE BOOPYKEHHOTO areHTa 0€30MacCHOCTH Ha percax MexIy OOJIbIINMMU
roOpoaMHu.

Besmkuit Moct
[TpeamonaraemMble THITBI TEPAKTOB:
Camoy0wiiiia Ha aBTOMOOWMIIE, HAUMHEHHOM B3PBIBUATKOM
CriocoObI 3aIIUTHI OT aTaKH:
(1) lMonwumetickasi mpoBepKa MOJO3PUTEIBHBIX ABTOMAIIMH TPH MOBE3JIE K MOCTY.
(2) lNonumetickasi mpoBepKa MAITNH Bhe3KAOMNX B CBATOTpa.
(3) TmwarenpHast mpoBepKa pabOTHUKOB TPAHCIIOPTHBIX OPTaHU3AIUHU FOPOIA.
(4) Ctporuii BH30BO#1 KOHTPOJIb HA TPAHUIIEC CTPAHBI TS IPEAOTBPAIICHUS
MPOHUKHOBCHHS TEPPOPHUCTOB.

[ToapbiB 6OMOBI y «OBIKOB» MOCTA
CriocoObl 3aIIMTHI OT aTAKH:
(1) HaGuroienve 3a Mog03pUTEeIbHOM aKTUBHOCTHIO aKBAIAHTHCTOB B 30HE
MOCTa.
(2) KoHTpoJib 3a IBMKEHUEM KaTEPOB | SIXT 110 peke B paiioHe Benukoro Mocra.
(3) TwaTenpHast MpOBEpKa BJIA/ICITBIIEB KATEPOB U SXT B aKBATOPHH,TPUMBIKAIOIICH K
MOCTY.

®duHaHcoBas OMpIKa
[Ipennonaraemple TUIIBI TEPAKTOB:
Camoy0uiinia Ha aBTOMOOWMIIE, HAUMHEHHOM B3PBIBUATKOM

CriocoObl 3aIIUTHI OT aTaKH:
(1) Orpannvenue qBYKEHUS IO YIIHIIE, TAE PACHOIOXKEeHa OUpIKa; MPOBEpKa MAIlUH,
MPUITAPKOBAHHBIX Y 3/1aHUS.
(2) TmarenpHast MpoBepKa pabOTHUKOB TPAHCIIOPTHBIX OPTaHU3AIUU
ropoja.
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(3) Ctporuii B30BO#1 KOHTPOJIb HA TPAHUIIC CTPAHBI TS IPEAOTBPAILICHUS
MIPOHUKHOBEHUS TEPPOPUCTOB.

«Yenosek-o60mMba»
CrocoOBl 3aIIUATEI OT aTAKH:
(1) lMonuueickuii BU3yaabHbIN KOHTPOJIb 33 MOCETUTEISIMHU, TPOBEPKA MO03PUTEIBHBIX
CYMOK, iopTdeneit u mp.; ciyxeOHbIe COOaKH, TPEHHPOBAHHBIC HA OOHAPYKCHUE
B3PbIBUATKH.
(2) Ctporuii BU30BOI KOHTPOJIb Ha FPAHHUIIE CTPAHbI JJIS IPEAOTBPAICHHS
[IPOHUKHOBCHHS TEPPOPHUCTOB.

Haunuonanbneiii [Tapk
[Ipenmonaraemble TUIBI TEPAKTOR!
«Yenosek-00MbOa»
CriocoO5bI 3aIMTEI OT aTaKu.
(1) MonuueicK it BU3yaabHbIH KOHTPOJIb 33 TIOCCTUTEISIMH MapKa; CIy)KeOHbIEe COOaKH,
TPEHUPOBAHHBIC HA OOHAPYKCHUE B3PHIBUATKH.
(2) Ctporuii BU30BOI KOHTPOJIb Ha FPAHHUIIE CTPAHbI JJIS PEIOTBPAICHHS
MPOHUKHOBEHUS TEPPOPHUCTOB.

berubiii mpocMOTp BO3MOXKHBIX MEp MPEIOTBPALICHUS TEPAKTOB IMMOKA3bIBAET, YTO YACTh U3 HUX
HOCHT JIOKaJIbHBIA XapakTep, T.e. 00eCIeunBacT 3alluTy MMEHHO JAaHHOTO OOBEKTA, YaCTh U3 HUX
obecrieurBaeT 0E30MACHOCTh BCEX 0OBEKTOB B JJAHHOM PETHOHA, a YaCTh — 00CCIICUNBACT 3aIUTy Ha
OOIIeHAMOHATILHOM YPOBHE.

Hanpumep,

[Tonuneiickas npoBepka MalIMH BbE3KAOIMUX B CBATOrpas.

Co6op nHpopmaruu ciry>xk6amu 6€30ITaCHOCTH O TIOIO3PUTEIIBHO aKTUBHOCTH B TOPOJICKHX
OOIIMHAX, TI0/I03PEBAEMBIX B CUMIATHAX K TEPPOPUCTAM SIBIAIOTCS MEPAMH 3aIUTHI HA
PETHOHAIIBEHOM TOPOJICKOM) YPOBHE.

B 10 ke BpeMs Takue Mephbl, Kak:

Crtporuii BU30BOM KOHTPOJIb HA TPAHULE CTPAHBI ISl IPEIOTBPAILIEHNS TPOHUKHOBEHUS
TEPPOPHUCTOB.

BuuMmarenbHas mpoBepKa KaHAWAATOB IS KO, 00yJaoNuX MHIOTaXKY.

TiatenpHas npoBepKa MaccakupoB B a3pONOPTaxX.

[IpucyTcTBHE BOOPYKEHHOTO areHTa 0€301MacHOCTH Ha pericax Mex 1y OOJIBIIMMH TOPOAaMH
SBIIIIOTCS. MEPAaMHU TI0 3alIUTE BCEX OOBEKTOB B CTpaHe IesioM. To ke KacaeTcs u
MIPEBEHTUBHBIX YJIapOB 1O 0a3aM TEPPOPHUCTOB.

2.3. Mepbl 3a1UThI, X 3G (PEeKTHBHOCTH M CBA3aHHbIE ¢ ITHMH MEPaAMM 3aTPAThI

Huxe pacCMaTpruBacCTCA HpOCTOI>'I npuMcep pacucra, OCHOBAHHBIN Ha BBIMBIIIJICHHBIX JaHHBIX.
Bce 3aTpaThl U3MEPAIOTCS B HCKUX YCJIOBHBIX CIUHULIAX.
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Locydapcmeennulil yposensb 3auiumat:

Tun Mepbl 3a1IIUTHI YpoBenn 3arparsl pecypcoB
3aLUTHI
Ctporuii BU30BOW KOHTPOJIb HAa TPAHUIIC CTPAHBI JJIS Fiy 0.9 Cu | Sycmen.
MpeI0TBpPaALICHHS] IPOHUKHOBEHHUS TEPPOPHUCTOB. Fi2) 0.95 Ci2 | 10 yca.en.
TiarenbHas MpoBepKa MaccaXMPOB B a3pPOIOpPTax Fao 0.8 Co | 50 yca.en.
Fxo 109 C» | 100 ycn.en.
TiiarenpHas mpoBepKa Kapro B MopTax F3 0.8 Cs | 50ycan.en.
BBesenue cTporo KOHTpOJIS 32 MPEeObIBAHUEM B CTPaHE Faa 0.8 Cau | 300 ycm.en.
JHOJIeH ¢ BpeMEHHBIMH BH3aMHU Fao) 0.9 Cs | 500 ycm.en.
BuauMarenbHas mpoBepKa KaHAWAATOB AJIs KO, Fs 0.95 Cs | 10 ycn.en.
00yYaroNMX MHIOTAXY.
TimarenbHas mpoBepka pabOTHUKOB TPAHCTIOPTHBIX Fe 0.95 Cs | 50 ycm.en.
OpraHu3alyy.

Bce 3arparel B JaHHOM citydae MOTYT OBITh pacTpezesieHbl IO BCEM 3alIUIAeMbIM 00BEKTaM,
T.€. IOJIS 3aTpaT, MPUXOASIIUXCA HA KK U3 00BEKTOB, OKA3bIBACTCS CPABHUTEIHLHO HEOOIBIION.
(Hampumep, npu 3amute 10.000 066eKTOB B CTpaHEe «HHAUBUAYAIBHBIC 3aTPAThD» Ha OJIMH OOBEKT MPHU
BBEJEHUME CTPOI'O KOHTPOJII 3A IIPEBBIBAHUEM B CTPAHE JIIOJEM C
BPEMEHHBIMU BU3AMMU cocragst ot 0.03 no 0,05 yen.en.)

[lepeyeHp THUMOB BO3MOXKHBIX MEp MO NPEAOTBPAILCHHUIO PA3IUYHBIX THIIOB TEPAKTOB IIO
OTHOIIEHUIO K PA3JINYHBIM 00BEKTaM JOJKEH COCTABIISITHCS HKCIIEPTaMU 110 OOpbOE C TEPPOPU3MOM.

Souanvubiil (pecuonanbHblil) YPOSeHb 3auiumbl.

Kaxxnast 30Ha o0nanaeT cBoeii criennuUKon, a MO3ITOMY MEPbI 3a9UThl HOCST WHAMBHTyaTIbHBINA
xapakTep. IIpeanonoxum, uto CBATOrpaja paccMaTpuBaeTCs Kak 30Ha, W PACCMOTPUM BO3MOKHBIE
MEpBbI 3alIUTHI HA 30HATLHOM (PETHOHAIBHOM) YPOBHE.

Tun Mepbl 32U THI YpoBeHnn 3aTpaTsl
3aIIHUTHI pecypcoB
[IpoBepka aBTOMAIIHH TP BHE3/IE B TOPOJT Z; 0.9 Cu 5CU
ITpoBepka NOAO3PUTEIBHON AKTUBHOCTH B HEKOTOPBIX Zq) 0.8 Coy 10 CU
TOPOJICKMX OOIIIMHAX Zy2) 09 Cao 15CU
KoHTpo1h BO3AYITHOTO MPOCTPAHCTBA HAJT TOPOJIOM Z3 0.95 Cs 50 CU

JlokanvHwiti (UH()MGM()VG]ZbeZTZ) YPOBEHb 3aUiUDbL.

Bce 00BEKTHI MOJDKHBI OBITH PAacCMOTPEHBI WHAMBUAYAJIBHO B CHIY HUX CHEHUGUKA U
cnenupUIHOCTH Mep MO WX 3alluTe. 3aMeTHUM, YTO OAHH U T€ K€ MEphl 3allUThl MOTYT OBITH B
pa3auyuHOM cTenieHn YPPEKTUBHBI ISl PA3IUIHBIX 0O BEKTOB.
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1. Craguon
Tun repakra Mepa 3a1MThI YpoBeHb CootB.
3aLUTHI 3aTparsbl
«YesoBek- 6omba» BusyanbHblil KOHTPOJIb Lgl()l) 09 Cl((ll)) 1
MOJI03pUTENBHBIX IPEIMETOB yciL.eq.
(cymok, optderneit, u mp.) |_§1(>2) 095 | c 1((1;) 2
yci.eq.
Bri6opounast nmpoBepka |_(21()1) 0.9 ngl) 3
MI0JI03PUTENBHBIX JTIOJCH yCIL.eq.
|_(21()2) 0.95 Cé?z) 4
yci.eq.
Vcmonb3oBanne ciykeOHBIX cobak, | | 097 | c» |5
CHOCOOHBIX HAXOJUTh B3PBIBYATKY ycIL.eq.
YacTHBIN «caMOJIET- (30HAIBHBIN YPOBEHb) - - - -
KaMUKaa3e»
VYTHaHHBII TeppopUcCTaMu (rocymapcTBEeHHBII ypOBEHb
caMoJIeT rPaXIaHCKON
aBUAIMHUN
2. MonymeHnt CJ1aBbl
Tun repakra Mepa 3a1uMThI YposeHnb CootB. 3aTpaThl
3aLHUThI
«Henosek- Bu3syanbHblll KOHTPOJIb NOAO3PUTEIIBHBIX L:(L?:z) 09 Cl(é; 05
o6omba» npeaMeToB (CyMOK, mopTdeneid, u mp.) yCI.€1I.

3 [0% [cff |Lvenox

Bri6opoyHas nmpoBepka Mo J03pUTEeTbHBIX |_(22()1) 0.9 Cl((zlg 15
I0AeH YCIL.EN.
|_(22()2) 095 | c 1((213 2 ycn.en.

Hcnonp30BaHKe CIIy>KeOHBIX cO0aK, L 0.97 Cl((zlg 3CU
CHOCOOHBIX HAXOJUTh B3PBIBUATKY

YacTHbII (30HAJIBHBIN YPOBCHb) - - - -

«camoJIeT-

KaMMKaJ13e»

YrHaHHBIN (rocynapcTBeHHBIN YPOBEHb - - - -

TEPPOPUCTAMHU

camoJieT

TpaKTaHCKOU

aBUAJIMHUMI
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3. Beaunkuit Mocr

Tun repakra | Mepa 3amuThbl YposeHb CootB. 3aTpaThI
3aIUTbI

CamoyOwmiia | [Tonmuneiickas mpoBepKa MoJ03PUTEITHHBIX L 0.95 cl® 1CU

Ha aBTOMOOMJICH MTPH TIOIbE3/IE K MOCTY.

aBTOMOOMIIE,

HaunHeHHOM | [IpoBepka MamivH Ha Bbe3/e B TOPO/I. - - - -

B3pBIBYATKON | (30HAJIBHBII YPOBEHB)
[TpoBepka COTPYIHUKOB TPAHCTIOPTHBIX - - - -
ciryxk0 (rocyaapcTBEHHBIN YPOBCHBD)

MunnpoBanue | KoHTpob MOI03pUTEIHHOTO ABHKEHUS 110 L 0.99 cy 3CU

«OBIKOB» peKe MoOIM30CTH OT MOCTA.

MocCTa PerynsipHas npoBepka Biajelbles KarepoB i | | 0.95 c{® 1CU
SIXT B aKBATOPHH MOCTA.

4. dunancoBasi Oupxa

Tun repakra | Mepa 3amuThl YposeHb CootB. 3aTpaThI

3aIUTbI

CamoyoOuiia [Tonumeiickas mpoBepKa MoA03PHUTEIbHBIX L§4) 0.95 C1(4) 05CU

Ha aBTOMOOMJICH B OKPECTHOCTU OHUPIKH.

aBTOMOOMIIE,

HaunHeHHOM | [IpoBepka MamivH Ha Bbe3/e B TOPOJI. - - - -

B3pPBIBYATKON | (30HAJIBHBIN YPOBEHB)
[TpoBepka COTPYIHUKOB TPAHCTIOPTHBIX - - - -
ciryx0 (rocyapcTBEHHBIN YPOBCHbD)

«YenmoBek- Bu3yanbHbIl KOHTPOJIb MTOA03PUTEIIBHBIX L(z?l) 0.9 Cé?l)) 05CU

O6omba» npeaMeToB (CyMoK, moptdeneid, u mp.) 0 095 c@ 1CU

2(2) 2(1)
Bri6opounast mpoBepka mo103pUTETbHBIX Lg‘g) 0.9 Cé?l)) 05CuU
HHoACH L& 1095 | c@ |[2CU
3(2) 3(1)

Hcnonb3oBaHue CiIy>KeOHBIX COOaK, L@ 097 | c» |1CU
CHOCOOHBIX HAXOUTh B3PHIBYATKY

5. Hanuonaawnblii [lapk

Tun repakra Mepa 3a1uMTHI YposeHb CooTB. 3aTpaThl

3aIUTBI
«YenoBek-6omba» BusyanpHast mpoBepka L 095 |c® |1CU
MOJIO3PUTEIIBHBIX JIFOICH ® 095 | c® [1CU

Ctporuii BU30BOM
KOHTPOJIb HA TPaHUIIS

CTpaHbl JJId

npeaoTBpallCHUA
IIPOHUKHOBCHUA

TEPPOPHUCTOB.

(rocynapCTBEHHBIH YPOBEHB)
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2.4. Pacuer ypOBHSH 3alIMIIIEHHOCTH 00bLEKTOB

I[CMOHCTpaLII/IH MCTOJa MPOBOAUTCA HA MPUMCPC JIMIIb OAHOI'O 00BeKTa.

HavyaabHbIi VPOBEHDb 3alMTHI CTaIMOHA

3HaueHue 0KUAAEMbIX MUHUMAKCHBIX TOTeph it CTaioHa HAXOIUTCS KaK:
LOSSSadium = pl(l' Fl(l)) >(1' F2(1)) >(1' Fs) >(1' Zs) >(1' L(l?l)) ><1' L(Zl()l)) J (1)

YTO MOCJIE MOICTAHOBKY MPUBEICHHBIX BBIIIC YACIOBBIX 3HAYCHUH TTAPAMETPOB JIacT PE3yJIbTUPYIOIIEE
spauenne 0.0001.

3HaueHUe COOTBCTCTBYIOLIUX 3aTpAaT HAa YPOBHC CTPAHbI PaBHO 55 yci.ea., Ha 30HAJIbHOM — 10
YCi.€A. U Ha YPOBHE CaMOro o0bekTa —4 yci.en.

3amMeTuM €aIcC pas, 4To HanOOIbIINE 3aTpaThbl OTHOCATCA K 'OCYAApCTBEHHOMY YPOBHIO, HO 3THU
3aTpaTbl OTHOCATCS KO BCCM 3alllUIIIaCMbIM 00BEKTAM B CTpaHe.

PaCCMOTI)I/IM HUXKE TOJLKO JIOKAIbHBIN YPOBEHL, IMOCKOJIBKY pacy€T BPYYHYIO HOI[OGHOfI
HepapXI/I‘IGCKOﬁ CUCTEMBbI 3alllUThl YPE3MEPHO TPYAOCMOK, a KpOME€ TOro, 3a MacCOl YHCICHHBIX

PE3YIbTATOB NPOMNAACT KIIPO3PAYHOCTL>» NpeajlaracMoro MeToaa.

Y4uThIBask TOJIBKO JIOKABHBIC (haKTOPBI, MOXKHO (popmyiny (1) mepenucars B BUC:

LOSS,

'Sadium :OO]'>(1_ L(l%)l)) )<1_ L(Zl()l)) )

HHa4€ roBOpPs, OCTaBJICHEBI JIUIIb IICPEMECHHEBIC, OTHOCAIIHUECA K CaMOMY OG’LCKTY.

AHanm3upysi Bce BO3MOXXHbIE KOMOUHAIIMY JIJIS1 UMEIOIINXCS IBYX BHIOB MEpP 3aIUTHI, MOKHO
MOCTPOUTH CIICAYIOIIYIO TaOIHUILY:

Ne dDopmyJia pacyera O:xugaemble Dopmyaa O:xupaembie
BapHAHTA BePOSITHOCTH MHHHMAaKCHBbIE pacuera 3aTpar 3aTpaThl
noTepu
T e W @) 0oL Chy+Ch | Averen
2 - Lﬁ)z)) (1- L(Zl()l)) 0.005 C ]((1;) +C 52) Sycn.en.
3 - L(l?l)) (1- L(zl()z)) 0.003 C 1((11)) +C 2)2) 6 ycn.en.
4 1- LS)Z)) X(1- L(Zl()Z)) 0.0015 C 1((1%) + Cé?z) 8 ycn.en.

rpa(l)I/IK 3aBUCUMOCTH 3aIllIUTHI OT 3aTPpa4YCHHBIX CPCACTB MPCACTABJICH Ha I’pa(l)I/IKC HHUIXKC.
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3aBHCUMOCTH HO,I[O6HOFO poaa MOryrT OBLITH HMCHOJL30BaHbI U AJA METOo4a HaHCKopCﬁMCFO
CIIyCKa n JJIs1 IOCTPOCHUA IlOMI/IHI/II)YI-OH.[CfI MMOCJICAOBATCIIbHOCTU IIPHU HCIIOJB30BAHUU aAJITOPHUTMaA

Kerremns [Kettelle, 1962].
SAKJTIOYEHHUE
KommbroTepHass Mojenb, co3laHHas Ha Oa3e mpeiaraeMoil MaTeMaTHYeCKOW MOJIeNH,

IMO3BOJIUT B UHTCPAKTHUBHOM PCIKUME BBI6I/IpaTB PalrOHAIbHBIC (OHTI/IMaJ'IBHBIG) IJIaHBbI paCpCaACIICHUSA
CpCACTB I 3alllUThI OG’BGKTOB, INPOTHUB KOTOPBIX IPCAINOJIONKUTCIBHO MOXKCT OBITE NpcAInpuHATa

TEPPOPUCTUIECKAS aTaKa.
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BOCNOMUHAHUA O
BNAOUMUPE BAYECIIABOBUYE KAJTIALULHUKOBE

Muumamsuam I'.I11.
[ J
e-mail: guram@iam.dvo.ru,
690041, Braousocmox, yi. Paouo 7,
Hnemumym npuxnaonou mamemamuxu /[BO PAH

S mo3nakomumiics ¢ Brnagumupom BsuecnaBoBuuem KanamuukoBeiv B 1970 r., Oymyuwm
cryneHToM 4-ro Kypca MockoBckoro ¢usuko-rexHudeckoro uHctuTyra (MOTU). OH Torma emie
TOTOBHWJICS K 3aIUTE KAaHAUJATCKOW AUCCEPTALMU U BBIMONHAT (PYHKIIMU 3aMECTHTENS 3aB. Kadempoi
M®THU, Bosrmaeisemort Hukonaem IlanteneiimoHoBnuem byciienko. HeBbicOkoro pocta, O4eHb
HNOATSHYTHIH, CHOPTUBHBIN (3aHUMAJICS TOHKAMH Ha SIXTaXx).

JlepxaJicsi CKpOMHO, HO ¢ OOJBIIUM JOCTOMHCTBOM. biaronaps B.B. Kanamnukosy, st Boien B
KPYr YYacCTHHKOB CEMHHApa IO TEOPUHM MAacCOBOTO OOCITYy)XMBaHHMA W HaaexkHoctd npu MIY,
BO3IJIABJISIEMOr0 3ameuareiabHo Tpoiikoi pykoBoautenei: b.B. I'megenko, HO.K. benses, A.J.
ComnoseeB. Toraa yxxe Obut0 BUAHO, 4TO Brnaaumup BsgecnaBoBUY TATOTEET K HOBBIM aHATTUTHYECKUM
U YHUCIICHHBIM METOJAaM HCCIICOBAHUS MOJENEH MacCOBOrO OOCIY)KMBaHUS M HAACKHOCTH. DTH
METOJbl OH OOBEIWHWI TOJ OOLIMM Ha3BaHHEM: METOJA MPOOHBIX (YHKIUH, KOTOPBIA SBISETCS
pacnpocTpaneHneM Mmetona GpyHkuui JlamyHoBa ¢ auddepeHnanbHbIX YpaBHEHH Ha MapKOBCKHE
nporieccsl yepe3 Gopmyny JlpiHKHHA (BeposTHOCTHBIN aHanor ¢opmynsl Hetotona-JleiiOnuma). Ho
oOparasice K TaKUM 00IIUM MaTeMarndeckum meroaam, B.B. KamamaukoB Bce BpeMsi 1ymas 0 HOBBIX
Y aKTyaJbHBIX MPUKIAIHBIX 3aAa4ax. OTHON U3 TaKUX 3aJa4 OH CUMTAJ 3a7a4y YCTOMYMBOCTH CUCTEM
MacCOBOTO OOCITYXMBaHUs, TOCTAHOBKA KOTOPOW CO CCHUIKOI Ha M3BECTHBIN mapanokc JloitHeca Obla
caenana b.B. I'Henenko.

Cynp0a Tak pacnopsiamiack, 9to B 1972 r., cpady nocie okonuanuss MO TU s O6bu1 HanpaBieH
paborate B JlampHeBOocTOUHOE oOTAeseHHWe Poccuiickoii akagemun Hayk. I[losromy Hame oOmieHue
MPOJOIKATIOCH B OCHOBHOM TI0 TIEPENUCKE M BO BpeMsl pabOThI HAyYHBIX KOH(PEPEHIUH, MPOXO0 UBIINX
B eBporeiickoi yactu Poccuu. B ati rogel Bragumup BsadeciaBoBHY MOATOTOBHUI M 3AIMUTHI Y¥KE
JOKTOPCKYIO JIHCCEPTAMI0 W BOWIEN B TPYNIy MAaTEeMaTHKOB, BO3MIABILIEMYI BiaguMupom
MuxainoBuyem 3070TapeBbIM U 3aHUMABIIYIOCS 3aJJa4aMi YCTOMYMBOCTH CTOXACTUYECKUX MOJIETEH U
UX CBSI3BIO C MacCOBBIM OOCITY)KHBaHHEM, MaTEMaTHUECKON CTAaTHCTUKON U TpeJeIbHBIMUA TE€OpEMaMu
Teopun BeposiTHocTeil. BBK crtam copykoBoguTeneM MHOTMX HAay4HBIX KOH(GEpPEeHUUH 10
YCTOWYMBOCTH CTOXACTUYECKUX Mozenell. OH opraHu30Bajl €XKEroIHBINA BBIITYCK COOPHHUKOB CTAaTei MO
3TOM TEMATHKE IMOJ 3TWI0M MHCTUTYyTa CUCTEMHBIX MCCIeqoBaHUM Poccuiickon akageMuu HayK. MHe
JIOBEJIOCH  00BE3IUTh MHOTO TOpOJNOB UeHTpanbHOH Poccun, rtae 3070TapeB COBMECTHO C
KanamHukoBbIM MPOBOAMIN CBOU KOH(EPEHITUH.

Bnaguvup BsiuecnaBoBHY 04eHBb MHOTO JieJiall, 9TOOBI TOMOYB MOJIOJIBIM MaTeMaTHKaM U3 3TUX
rOpoJI0B M BOOOIIEe M3 pernoHoB Poccun B mpHOOLIEHUH K CaMbIM COBPEMEHHBIM pasjeiaM TeOpUHr
BEPOSATHOCTEH, MAacCOBOTO OOCTY)KMBaHMs, HAJICKHOCTH U T.I. 3a 3TO YYaCTHUKHA CEMHUHAPOB €ro
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o4eHb MFO0MIH. JINYHO MHE OH IOMOT C BaH_II/ITOfI Kak KaHHHHaTCKOﬁ, TaK U ,I[OKTOpCKOfI HHCCCpTaHHﬁ.
Ero noMompb HOCHJIA HC TOJIBKO XapaKTep IICUXOJOTUUSCKON U OpFaHHSaHHOHHOﬁ MO AACPIKKH. 0)¢
O4YCHb XOpOHIO YYBCTBOBAJ CBA3b TCOPECTHUCCKHUX I/ICCJ'ICI[OBaHI/Iﬁ C MMPUIIOKCHUAMHAU WU HCOOAHOKPATHO
PEKOMCHAOBAI YACIITb 3TOMY BOIIPOCY CaMOC€ IPUCTAJIBHOC BHUMAHUC. I[YMaIO, 4YTO YYBCTBO
HOBHU3HBI U HpaKTquCKOfI 3HAYUMOCTH Y HCT'O ObLIH IpOCTO BPOIKACHHBIMU Ka4€CTBAMU, a O6y‘{€HI/IC y
H.IL B}’CHCHKO U OJIUTCIBbHOC TBOPYCCKOC COTPYAHHUYCCTBO C CCMHUHAPOM FHGI[CHKO, bensera u
ConoBbeBa CYIIECCTBEHHO pa3BUJIM 3T KadCCTBa.

B nocnennue roasl xu3nu B.B. KanamuukoB 3aHumascs 3agayaMu MaTeMaTUYeCKON TEOpUU
pucka. B Poccun k 3 THMH 331a4aMy Ha4aJIy 3aHUMATBCS C HEKOTOPBIM OTCTABAHUEM M OH JENal BCE OT
HEro 3aBHCsIIee, YTOOBl JIMKBHAMPOBATH paspeiB. OgHAa W3 €ro mocieAHuX pabdoT, HaNMCaHHAs
coBmectHo ¢ P. HopOGeprom, BbImosHEeHa Ha CThIKE (UHAHCOBOM M CTpaxoBod MaremaTwku. OHa
OTKpBhIBaJIA HOBOE W OYEHb IEPCIEKTUBHOE HAmpaBleHHE HuccieqoBaHuid. OOCTOSATENCTBA TaK
CIIOKHMIICH, 4YTO BCKOpe Iociie cMmepTu Bnamumupa BsuecnmaBoBuua s Hadanm paboTaTh Haj
MPOAOHKEHUEM 3TOH paboThl BMECTE C MOJOIBIM M OYEHb TAJIAHTIMBBIM KUTAMCKHUM MAaTEMAaTHKOM
Kaewm Tanrom. Tak u nociie cBoeil mpex1eBpeMEeHHON KOHUMHBI Biianumup BsuecinaBoBud npoaosmkan
HaNpaBJSTh MOMX KOJUIET M MEHsI B Hamiei paboTe.

Bce nmromm yxonsat, 3To HenszOexxHo. Ho mamMsaTh 0 HUX, UX JIEN0 OCTAarTCs ¢ Hamu. U Hyx)HO
HUKOT/Ia HE 3a0bIBaTh 00 TOM W TOMHHTH, YTO HAIlld CETOTHSAIIHUC YAAaud CBS3aHBI C MMCHAMH
COBEPIICHHO 3aMeYaTeJbHBIX NPEAMICCTBEHHUKOB, OJHUM U3 KOTOPBHIX sBIsijIcs Bragumup
BsuecnasoBuu KamamHaukos.

102



March 2007 I e-journal “Reliability: Theory& Applications” No 1 (Vol.2)

NMPO®ECCOP KOPOOHCKUW — UCCNEOOBATEIb U YYUTENDb

[ ]
Joxaan 0611 3auuTaH Npod. A M. AHIPOHOBBIM
Ha INTERNATIONAL CONFERENCE RELIABILITY
AND STATISTICSIN TRANSPORTATION
AND COMMUNICATION (RELSTAT'05)
Riga, Latvia, November, 2006

sin Bor

KORDONSKY

& 2008 - International Group On Reliability

MepBas cTpaHuydka canta X.b.KopaoHckoro Ha cante Gnedenko-Forum
(http://www.gnedenko-forum.org/Memorial/Kordonsky/index_kordonsky.htm)

Xaitm bopucosuu Kopmonckwuii (1919 -1999) B 1941 rony okonumn JIeHUHrpajcKuii YHUBEPCUTET,
MatemMaTuko-MeXaHU4eCKuid (HaKkyJIbTeT, MOJYyYWI CIEHUAIBHOCTh <«MEXaHUK». BbuUl coiatom B
Haponnom onomuenun, ciymarenem KYUHXK B Jlenunrpaackoit Boenno-Bo3aymHoit Akanemun,
ciryxwun B 3ckaapuibi BBC, Ha ABHapeMOHTHOM 3aBojie ObLIT 3aMecTUTEIeM | TaBHOTO HHXKEHEpa.

B 1947 -1950 rr. — Appronkt Jlenunrpaackoir Boenno-BozmymHoit Axanemuu, OTtnenenue
MaTemMatuku. Ero HaydHbIM pykoBoauTenem Obln akagemuk HOpwit BmagumupoBuu JIMHHUK,
BBIIAIOMIUICS yY€HBIA B 00JACTH TEOPUU BEPOSATHOCTEH M MAaTEMAaTHYECKOH CTAaTHUCTUKH. OTO U
OTIPE/ICIIMIIO HAyYHOE HampaBlieHHE U kKBanudukammio Xaiima bopucosuua KopnoHckoro.

Msr Oyaem ToBOpHTH OO0 STOM HAmNpaBICHHUH KaK © HeEPEOll CHMOPOHe HAYYHOU OeAmeNbHOCHU
Xaiima bopucoBnua KopaoHCkoro — o ero BKJIage B Pa3BUTUU W BHEAPEHUU BEPOSTHOCTHO-
CTaTHUCTUYECKHUX METO/IOB.
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[Tocne okoH4aHust aAbIOHKTYPHI U 3amuThl B 1950 r. KaHAUIATCKOM auccepTalyu, ObLI HAMpaBieH B
Pury, Puxckoii Briciiee BoenHoe ABnanimoHHOEe yuuimiie. 3€Ch U NPOLUIa BCSI €r0 TPYAOBast )KU3Hb,
MeHsch Tosbko HazBauus BY3a: PUU I'A, PKUU T'A, PAY. bonee 30 met Obu1 3aBeqyrOIIUM
kadenpoit «TeXHOJOTUN PEMOHTA U TIPOU3BOJICTBA JICTATEJILHBIX aIlllapaToB».

[MepBbie wccie0BaHus ObLTH TOCBSIICHBI MIPOOIEMaM CMamucmuyecko2o (6b160pouUH020) KOHMPOJis
Kauecmsa npodykyuu. B To BpeMsi 3TO OBLIO OCHOBHBIM HAIPABICHUEM MPUMEHEHHS MaTeMaTHIeCKON
CTAaTHCTUKH, NPUYEM BeAyllee MECTO NpHHauIekano JICHUHIpaaCKUM MaTeMaThKaM, Belb U
ocHoBomnoJyararomiasi cratesi A.H. KonmoropoBa Cmamucmuueckuti npuémounviii KOHmMpoab npu
oonycmumom uucie oeghpexmmuulx uzoeautl, paghom nwymnio (1951r.) Opuia omyoOnukoBana B JIeHuHrpase,
B cOOpHHKE JICHHHIPAICKOTO IoMa HayYHO-TEXHUYECKOM MTpoaraHibl.

OTtHOCcsMecs croaa paboTh:

1953 r.: Kopnonckuit X.b. Cratuctruyeckuii npuéMOYHBIN KOHTPOJIb HA TOTOYHOU U
KOHBEHWEpHOU MUHUAX. Becmuux mawunocmpoenust, 1.

1955 r: Kopaouckuit X.b. [Ipunosxenue Teopun teneit MapkoBa K KOHTPOJTIO
naptuii. Becmuuk Jlenunepaockozo ynueepcumema, 11.

1956 r. Kopnonckwuit X.b. [IpocTeiimas ¢opma KOHTPOIS MPOTYKITHH.
Cmanoapmusayust, 5.

1958 r. Kyrait A.K. u Kopnouckuit X.b. Ananuz mounocmu u konmpons kauecmea B
Mawurocmpoenuu, T11. 3, 4. Mamruz, M-JI.

1959 r. Kopnouckuit X.b. BepostHoe kauecTBo npoaykuuu. Cmandapmuzayus, 10.

1961 2. Kopnouckwuii X.b. Pactipenenenne uncia aeeKTHBIA €MHUI] B ITAPTHIX
unenuii. Teopus eeposmuocmell u e€ npumenenust, 3.

W B Hacrosiee BpeMs 4YacTO BCTPEUAIOTCS CCHUIKM Ha 3TH TepBble paboThl Xaiima bopucoBmua
Kopnonckoro. Tak, B Tpymax The International Symposium on Stochastic Models in Reliability,
Security and Logistics, mpoxoauBmierol5 — 17 ¢espans storo roga B Wzpamne, B crathe Sh.K.
Formanov and T.A. Formanova Optimal plans of statistical acceptance control taking into account
Sheppard corrections mer unraem: We consider problem of optimal plans of statistical acceptance
(SAC) that were considered by Kh. Kordonsky, SKh. Srajdinov, Van der Varden, K. Sang ....

B 1950 — 1955 rr. nox pykoBoactBoMm Xaiima bopucosrua KopmoHCKOTo OCyImecTBIsIIOCh BHEIPEHNE
CTaTHUCTUYECKUX METOJIOB KOHTPOJIS KaueCcTBa MPOAYKIHH Ha 3aBose BOD, um oka3bBaiuch HaydHbIE
KOHCYJIbTAllUKM CIYXKO0aM Haa&KHOCTH 3aBojAa ABTOXNIEKTporpubop, BaronoctpourensHoro wu
JIn3eabpHOro 3aBOJIOB.

B 1963 r. B m3natensctBe dH3MKo-MareMaTnieckoit mureparypsl (MockBa, JIeHHHTpa) BBIILIA KHATA
Xaitma bopucosuua Kopnonckoro [llpunoswcenuss meopuu 6eposmuocmell 8 UHIHCEHEPHOM Oeie. ITO
Obuta TepBas KHHUra IO TEOPHUH BEPOATHOCTEH W MaTeMaTH4eCKOH CTAaTUCTUKE, aJpecOBaHHAs
WHXEHEpaM, TO3BOJIUBILAS TIOCJIEIHUM OCBOUTHh U MIPUMEHSATH BEPOSTHOCTHO-CTATUCTHUECKHE METO]IbI
Ha B CBOEH paboTe.

OtnunuurensHOM ocobeHHocThI0 Xaiima bopucoBuua KopaoHckoro Obuto penkoe coueTaHue 3HAHUS
MEXaHM3Ma pPacCMaTPUBAEMbIX (PU3MUECKUX TPOIECCOB M MAaTEMAaTHKH, CIOCOOHOHM omucaTh WX
aJiekBaTHO. briaromapss 3TOMy €ro KHHTH M CTaThU (KaKk W JIGKIMH) OTJIWYAIHCh IMOPA3UTEIBHOM
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MPOCTOTOM U SCHOCTBIO H3JIOKEHHSI MaTepuala, Mo CBOEMY COAEP/KaHUIO BEChbMa CIIOXKHOro. Tak B
nocnenyromne kaure Mooenu 0mkazo08 OH MULIET:

Jlozapugpmuuecku-nopmanvroe pacnpeoeieHue onucvléaem nogedeHue epeMeHu 6e30mKasHou pabomol
00beKM0o8, UMEIOWUX CBOUCMEO ‘“‘YnpouHamvbca™ no xo0y epemeHu dxkcnayamayuu. “‘Ynpounenue”
CKA3b18AemMcs 6 NOCMENeHHOM YMeHbueHUuu ckopocmu usHoca. Ilosmomy npescoe wem ucnonib3o8ams
J102apupMuyecKu-HOpMaitbHoe pacnpeoeieHue 0as ONUCAHUSL ONbIMHBLIX OAHHbIX, HEOOX0OUMO, UCXOOSL
Uz ¢usuyeckoeo cywecmea npoyecca UHAWUBAHUS U, €CAU MO BO03MOJICHO, NYMEM AHAIU3A
nogedeHust peanu3ayuli U3Hocd, YCMAaHo8umv, 0b6aadaom Ju ucciedyemvle 00beKmbl CE0UCEOM
“ynpounsmocs”.

Prxckuit aBHallMOHHBIN WHCTHUTYT, T1e padoTan Xaiim bopucosuu KopaoHckuii, roTOBUI HHXEHEPOB
[0 3KCIUTyaTalli¥, a He MPOU3BOACTBY camoy€roB. XaiMm bopucoBuu KopnoHckuit, cpasy yBuaen
OTPOMHOE TIOJIE ISl IPUMEHEHUS BEPOATHOCTHO-CTATUCTUYECKUX METONOB, B YCJIOBHUAX BBICOYANUIINX
TpeOOBaHUS K HAAEKHOCTH ABHAIIMOHHOW TEXHMKHM W O€30MacHOCTH MOJETOB. DTH TpeOOBaHUS
00€CIeYHBAINCH CUCTEMOM MEPOTPHUSATHIA, TAKAX KaK UCTIOIB30BaHHE CaMOJIETOB-THIEPOB (MMEIOITHIA
OTIEPEKAOIINIA M0 CPABHCHUIO CO BCEM MAPKOM HAJET), MHCTICKTOPCKUN TMPOBEPOK (IS KOHTPOJIS
TEXHUYECKOTO COCTOSHUSI CHJIOBBIX JJIEMEHTOB CaMOJIETOB), TEXHHUYECKUMH OOCIY)XHBAHBIMHU U
pEeMOHTaMU caMOJETOB. M BO3HHKAET Macca HAYYHBIX TMPOOIEM: CKOIBKO CaMOJIETOB-TUACPOB HYKHO,
U KaKAM JOJDKCH OBITh omepekaromuil HaET (¢ TeM, 4TOOBI C 33JaHHON CTEMCHBIO YBEPEHHOCTHU
MOXXHO OBUIO CyIUTh 000 BCEM IMapke B YCIOBHSAX €ro JallbHEWIIeW OJKCILTyaTalluu), KOTAa
OCYILIECTBIISITh MPOBEPKH M KaK MpeACKa3aTh CKOPOCTh Pa3BUTHUS OOHAPYKEHHBIX TPEIIHH, KaKOBBI
CpOKH ¥ 00BEMBI pabOT 1O OOCITY’)KUBAHUIO U PEMOHTY U TIp.

Ouenp OpicTpo Xaitm bopucoBny KopaoHCKuii CTaHOBUTCS HENpepeKaeMbIM aBTOPUTETOM B
I'paxxnanckoit aBuammu 1o 3Tod mpoOsemarnke. OH BBITIOJHICT BaKHBIC HCCICAOBAHUS W JaET
pekomeHjanuMM 1o  3anpocam  MunuctepctBa  ['paxmanckoit  aBuanum, [ocHUM TA,
AKCIUTyaTallMOHHBIX U PEMOHTHBIX TpeanpusaTaii. OIHOBpEeMEHHO Ha Kadeape co3maBaiicss OOJbIION
HAYYHBIN KOJIJIEKTUB U3 TATAHTINBOU U aKTUBHOM MOJIOIEXKMU.

Pemenue npaktuyeckux 3agady ocywmiecTBIsUIOCh XaiM bopucoBuu KopaoHckuit Ha cTporom
MaTeMaTudeckoM ypoBHe. I[losToMy pa3paboTaHHBIE MOJENM, METOJIbI W aJTOPUTMBI HMENH
YHUBEPCAIBHBIN XapakTep W ObUIM MPUTOAHBI MPAKTHYCCKH JJISI MHOTUX TEXHHYECKHX CHCTeM (HE
TOJILKO ABWAIMOHHBIX WU TPAHCIIOPTHBIX). IJTO OOCTOSATEIBCTBO OTPAXKACTCSA B MOCICTYIOLIHX
MyOIMKAIMSIX BEICOKOTO YPOBHS HAYYHBIX W3/IaHUSX

1964 r. Kopnouckwuit X.b. Pacuétel u ucibITaHUs yCTaIOCTHON JOJITOBEYHOCTH.
Tpyow 4-20 Bcecoroznoeo mamemamuieckozo cve3oa, Hayka, Mockaa.

1966 r. I'epudax U.b., Kopnouckuit X.b. Mooeau omkaszos. CoBeTckoe paauo,
Mockaa.

{1969. Gertsbakh I. and Kordonsky Kh. Models of Failures. Springer, Berlin —
Heidelberg - New Y ork}

1967 r. Kopnouckuit X.b. Beposmuocmuwiii ananuz npoyeccos usnawusanus. Hayxa,
Mockaa.

1969 r. I'epudax U.b. Mooenu npoghunaxmuxu. CoBerckoe paaro, Mockaa.

2000 r. Gertsbakh I.B. Reliability Theory with Applicationsto Preventive
Maintenance, Springer, Berlin - Heidelberg - New Y ork.}
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or}

K sTtomy cnmucky nocTHXKEeHHH cielyeT JOOaBUTh OJECTSIIYIO 3alUTy KaHIUIATCKON JAUCCEpTalluN
1964 r. Uneéii I'epudaxom. Hayuneim pykoBoautenem Obul Xaiim bopucoBuu Kopmonckui,
oduIMaIbHBIM OIMMOHEHTOM — akajaeMukK bopuc Bmamumupouu ['HenmeHko. 3amuTa MpoxXoawiia B
akToBoM 3ane BricotHoro 3manust AH JlarBuiickoit CCP u Obuta 3aMeTHBIM COOBITHEM B HAyYHOU
JKU3HU JIaTBUHMCKOM CTOJIMIIBL.

o

OcTa"HoBUMCS Ha ABYX CTATUCTUYCCKUX 3aaavax, IOCTABJICHHBIMU HOTpC6HOCT5[MI/I IMPAKTHKH.

Ilepeas xacanach METOJIOB CTATUCTHYCCKON 00pabOTKH JaHHBIX 00 OTKa3aX aBHAIMOHHON TeXHUKH. B
JUTepaType MO0 MaTeMaTHYECKON CTAaTHUCTUKE W CIPAaBOYHMKAX MO 00pabOTKe NaHHBIX BCEraa
paccMaTpuBajCs TaK Ha3bIBaGMbIM CIlydall noHOU 6blOOpKU, KOTJA OIICHWBAHHWE pacCIpeaeliCHUs
CIy4YallHOM BEJIMYMHBI M €ro MapaMmMeTpOB IMPOBOJIMJIOCH Ha OCHOBE TOYHBIX 3apEeTrUCTPUPOBAHHBIX
3HAUYCHHUH CIy4alHOU BeNMuuHBI. Ha mpakThke 3T0 03HAa4aio Obl, YTO KaXKJI0C M3/CIIUE WU CHIIOBOM
3JIEMEHT KOHCTPYKI[MH SKCIUTyaTHpOBAIMCh ObI J0 OoTKa3za. Ha camom e gene (mas oOecredeHus
HaJEKHOCTH U 0€30MaCHOCTH), BpEeMsl SKCILTyaTallii OIPaHHYMBACTCS YCTAHOBJIICHHBIMH PECYPCaMH,
MPEKICBPEMEHHBIMU CHATHIMH (Ia’ke HCIIPABHBIX 00BEKTOB) C SKCILIyaTallMy U T.1. Xaiim bopucouy
Kopnonckuii BBEN B MaTreMaTHYeCKyl0 CTATUCTUKY ATOT KJAcC 3a1ad, Uil UX PEIIeHUus MPe/JIoKuI
Memoo pazoensirowux pazouenuii, MPUMESHIIT METOJT MAKCUMAJIBHOTO TTPaBIOITIOI0 OHs :

1966 r. I'epiidoax U.b., Kopnonuckwuiit X.b. Moodenu omkazos. CoBeTckoe panuo,
Mockaa.

1970 r. ApramanoBckwuii A.B., Kopaouckuit X.b. Onenka MmakcuManbHOTO
MpaBA0No100Ms IPH MPOCTEHIIeH TpyNINUpOBKe JaHHBIX. 1eopus
eeposimuocmel u eé npumenenus, 1.

1985 r. Kopnonckwuii X.b., Pactpurun B.JI. CryuaitHoe nieH3ypupoBaHue Ha
TpaekTopusix B pasoBom npoctpanctse. M36. AH CCCP Texnuueckas

Kubepnemuxa, 6

1986 r. Kopmonckwuit X.b., Pacrpurun B.JL., lllynskun 3.A. OuenuBanue
MoKa3zaTesie HaaEKHOCTH IPH IeWCTBUM HECKOJIBKUX NpUYnH. M36. AH
CCCP Texnuueckas xubepuemuxa, 6.

B nanpHeiimem sTa npobiemMaTrka pa3BUIIach B II€JI0€ HANPABJICHUE B MATEMATHYECKOW CTATUCTHKE U
MOJTy4YHnJIa Ha3BaHUE YeH3YPUPOoBaHHble 8bl0OPKU .

Ceiluac — 3T0 OJIMH W3 BaXXHEUIIUX MPUKIIAJHBIX pa3feioB MaTEMAaTUYECKON CTaTUCTHKHU, B KOTOPOM
paboTaroT COTHU W3BECTHBIX MAaTEeMAaTHKOB, HMMEETCS MHOTOUYMCICHHas MOHorpaduyeckas u
JKypHaJIbHas JIUTEpaTypa.

Bmopasa 3a0aua xacanach TEOpUU HecMewjéHHO20 oyenuéanus. B TO Bpems, Korma BEpPOSATHOCTHO-
CTATHCTHYECKNE METOJbI TOJBKO HAYAIW IIUPOKO NMPUMEHATHCA HA MPAKTUKE, UCIOJIb3yEeMbIE MOIETN
Obutn oueHb mTpocThiMH. Kak mpaBwio, OHHM BKJIIOYAIM OJHY WM HECKOJIBKO OJMHAKOBO
pacnpeIeIEHHBIX CIIyYalHbIX BEITUYMH.

B cBsi3u ¢ 3THMM OCHOBHBIE YCHJIHMS MaTeMaTHKOB OBUIM HAampaBIeHbl Ha pa3pabOTKy METOI0B
MOJIYYECHUSI HAUTYYUX OYeHOK TapaMeTpPOB OCHOBHBIX pacHpeaeseHui ciydaiHblx BequduH. [lox
HAWTYYIITUMH [TIOHUMAJICh HeCMeuéHHble OYeHKU ¢ MUHUMATbHOU Jucnepcuell. 31ech ObUT TOCTUTHYT
OOJBIION TIpOrpecc M TakWe OLEHKH (KOrja OHM CYIIECTBYIOT) ObUIM HaiifieHbl (M U1 clydacB
[CH3YPUPOBAHHBIX BBIOOPOK).
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[To Mepe HakOIUICHHS ONbBITa, CTAJIM PACCMATPUBAThC BCE 0oOJee CIOXKHBIC CHTYalldd, KOTIa
NpeIMETOM CTATUCTUYECKOTO aHaK3a CTAHOBUIIUCH OOJIBIIME CUCTEMBI, MOJICIH KOTOPBIX BKITFOYAIIH
MHOT'O CJTyJaiiHbIX BEJIMYHH. 3aja4a 3aKIF09aliach B TOM, YTOOBI OIICHUTH TOKa3aTeln 3G hekTHBHOCTH
CHCTEMBI B IIEJIOM Ha OCHOBE CTATHCTUYCCKUX JIAHHBIX OTHOCHUTEIIFHO OTACIILHBIX JJIEMEHTOB. 37eCh
JEWCTBOBAIIM «I10 CTAPUHKE». I KAKJIOW CIy4allHOW BEIUYMHBI (DJIEMEHTa CHUCTEMBbI) HaXOIHIIH
HAMJYYINYH0 OICHKY M TMOJCTABISUIM €€ BMECTO COOTBETCTBYIOIIETO HEM3BECTHOIO MMapamerpa
BEPOSITHOCTHOW Monenu cucteMbl. (B coBpeMeHHOU aHTIIOSI3BIYHOW JIUTEpPAType 3TOT METOJ
HassiBaeTcs Plug-In Method). [Tpu sToM urHopupoBaics ToT ¢akt, 4to (B ciy4ae MalbiXx BHIOOPOK)
XOpOIIUE CBOMCTBA OTICNIBHBIX OIICHOK TEPSIOTCSA. DTO €CTECTBEHHO, TaK KaK MPU BBIOOPE ITHX
OLICHOK MBI CTPEMHJIMCh, KaK Obl, ONTHMU3UPOBATh HE CUCTEMY B IIEJIOM, a OTACIbHBIC €€ JICMCHTHI.
JIuist ToJTydeHusl HAMTY4IIMX OICHOK JUISi CHCTEMBI B IIEJIOM HEOOXOIMMO Cpa3y MMETh 3TO B BHIY U HE
paccMaTpuBaTh U30JUPOBAHHO YACTHBIC 3a]1a4U OICHUBAHUS OTICJIBHBIX TAPAMETPOB.

B Martemarnyeckoil CTaTHCTHKE K 3TOMY BPEMEHH OBLIM IMOJy4eHBI (yHIaMEHTAIbHBIC Pe3yabTaThl
C.P. Pao, A.H. Koamoroposa, /. bidkysmia, ogHako 0 IpakTUYECKOM HX HCHOJIb30BAaHUM IS
ykazaHHOU mnemu peun He Obwno. [lom pykoBomctBom Xaiima bopucoBnua Kopponckoro teopust
HECMEIIEHHOTO OIICHMBAHUS BIIEPBBIC B HalIeH cTpaHe (a, OBITh MOXET, U B MHpE) ObLIa IPUMECHEHA
JUTS OLICHUBAHUS TTOKa3aTesieil 9PEeKTUBHOCTH CIIOKHBIX CHCTEM.

Kak ceifuac momMHIO TOT pa3roBop, mociie 0JHOro Bo3pamieHus Xaitma bopucosuua Kopaonckoro us
MoCKBBI, HEMHOTO BO30YXKIEHHOTO IOCJIE€ KOMAaHIUPOBKH W moyHOTO »Heprum: Camra, a kak Bwl
Oyznere OLIGHMBATh CpelHEE BpeMs OXUAAHUSA, JUIS MpHMEpa, B OJHOJIMHEWHOW CHUCTEME MacCOBOTO
00CITy)KUBaHHS C TyaCCOHOBCKUX BXOJHBIM IMOTOKOM M SKCIIOHEHIIMATHHOM BPEMEHHU 00CITyKUBAaHUS ?

1972 r. AunponoB A.M., Kopnorckuii X.b., Po3zenosur I1.4. [Ipumenenue Teopun
HECMEIIEHHBIX OIICHOK B 3aJ1a4aX MaccoBOro oociyxuBanus. M36. AH CCCP
Texnuueckas kubepnemuxa.

1976 r. Kopmouckuii X.b., Po3entmur I[1.51. O HECMEmEHHOM OIleHUBaHUT
MOJIMHOMOB OT MOMEHTOB. Teopus eepoamuocmeli u eé npumeHnenus, 1.

1979 r. Pozenbmnut [1.51. Cmamucmuueckoe oyenueanue xapakmepucmux
HAO0ExdCHOCMU U D eKmueHocmu CI0HCHLIX cucmem. 3uHatHe, Pura.

1982 r. Jlapurn M.M. HecmenmEHHble OLIEHKU TUCTIEPCUU U HEKOTOPBIX JAPYTHUX
XapaKTePUCTUK OOpAaTHOTO HOPMATBHOTO pacnpenenenus. M36. AH CCCP
Texnuueckas kubepHemuxa.

1989 r. Boiinos B.I'., Hukynun M.C. Hecmewénnvle oyenku u ux npumeHeHus.
Hayxa, Mockaga.

3akaumBas paccka3 o Xaiime bopucoBuue KopmoHckom kak yu€HOM W memarore B 0OJacTH TEOpUHU
BEPOSTHOCTEH M, 0COOCHHO, MAaTEMaTHUYECKON CTaTUCTHKE, MpuBeaEéM onny nutaty C. Paaxakpumina
Pao u3 mpenucnoBun Kk ero KHUre JluHelnvie cmamucmuyeckue mMemoosvl u ux npumenenus, Hayka,
Mocksa, 1968 (Linear statistical inference and its applications, John Wiley & Sons, New York,
1966): A xouy evipasums npuznamenvnocmes Ponanwoy A. @uwepy u npogheccopy Maxananobucy, noo
BIUAHUEM KOMOPBIX 51 NPUMEN K OYEHKe MAMeMamuyecKol Cmamucmuky KaKk Ho8020 Memood Haule2o
6eKa.
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OTHUMU K€ CITOBAMH MBI BbIpaKacM CBOIO 6J'Ial"0,[[apHOCTB XaﬁMy EOpI/ICOBI/I‘-Iy KOpI[OHCKOMy.

HeoOxogumo ckazaTth U 0 émopoii cmopone desamenvhocmu Xaiima bopucosuua KopmoHckoro — o
€ro BKJIaJIe BO BHEIPEHUU KOMITBIOTEPHOM TEXHUKH B [ pa’k1aHCKYIO aBHALIMIO.

B 1963 r. Ha 6a3e Puxckoii mabopaTopun aBToMaTH3auu nonéros, Bxoausiiel B cocta PKUU T'A,
Obu1 co3nan Hayuno-BerumcnurensHblii mentp ['A. Tlocne nByx ner HepazOepuxu, B 1965 r. ero
HayalbHUKOM Ha3Hauuiau joueHta JIL.dD. KpachukoBa. On mnpuriacun Xaiima bopucoBnya
Kopnonckoro mis hopmupoBanus ocHOBHBIX Hay4HbiXx HanpasieHuit HBLI. B 1971 r. HBII I'A 6bin
npeodpazosan B [[HUMN ACY I'A , Bo3riasui ero I'. T . Kansuenko.

ITpodeccop X. b. Kopaouckuii moutu 35 net 6bu1 HayuHbiM pykoBogutenem pador HBI I'A u HHUU
ACY T'A nmo KOMOBIOTEPHOMY COCTaBJIeHUIO LleHTpanbHOTO pacmucaHuisi ABMXKEHHUS CaMOJIETOB
['paxxmanckol aBuauy — KpynHEHen aBuakOMIIaHUA MUPa B TO BPEMSI.

HGKOTOPBIC u3 pa60T 3TOro IEepHOJa, NOJIYyYUBIINC MCKAYHAPOJHOC IIPU3HAHUC:

1969 r. Kopnouckwuii X.b., 'epubdax U.b., B.Benssues., Makcum M., Jlunuc B.

DBPUCTHUYECKUIA METOJ] COCTABIICHUS aBUAIMOHHOTO pacnucanus. B coopHuke
Asmomamu3zayus 6 mawunocmpoernuu, AH CCCP, Mockga.

1969 r. Koppouckmit X.b., Jluauc B. m np. AJNTOpUTMBI COCTABJIICHHS TUTAHOB JBIDKCHUS
nmaccaxupckux camoseroB. B Tpymax 4-ro Konrpecca mo aBToMaTrudeckoMy YIpaBiICHHIO,
Bapmiaga.

1970 r. Kopmouckuii X.b., BensiBue B. u ap. LlenTpanbHOe pacnrcaHue NBMKECHUS CaMOJIETOB, Kak
Y4acTh YIPaBJICHHS BO3MYITHBIM JBKeHHEeM. B Tpynax 1-ro MexayHapOoIHOTO CHMITIO3HyMa
0 YIIpaBJICHUIO ABMXKEHUEM, Bepcaib.

1999. Kordonsky Kh.B., Gertsbakh I.B. Using Entropy Criterion for Job-Shop
Scheduling Algorithm.

Ho, xoneuHo, riaBHBIM pe3ynbTaToM ObutM He nyOnukanuu, a lLleHTpanbHOe pacmucanue, O
KOTOPOMY JIETadu caMOJETHl |'paxknaHckou apuanmu PacmucaHne, KOTOpOE BIIEPBBIE B MHUPE
COCTaBISIIOCH  KOMIIBIOTEPHBIM ~ criocoOoM. [lpuHumas BO BHHMaHHE YpPOBEHb TOTJAIIHEH
KOMITBIOTEPHON TEXHHKH, MPUXOAUTCS TOJIBKO YIUBIATHCS, KaK 3TO OBLIO BO3MOXHO: JBYXaJlpECHBIE
BBIUMCIIUTENIFHBIE MAIIMHBI, KOTOphIE paboTalid HENpepbhIBHO 0Oojiee CYyTOK [JIsI COCTaBJICHUS
¢dbparmenTa pacnucanusi; nepGOoIEHTH C COCTABICHHBIM PACIUCAHUEM; JIMHOTUIIBI, TICUaTAIOIINE TUPAXK
pactmcanusi. Oxazajgoch BO3MOXHBIM Onarojaps Taimantam Xaiima bopucoBmua Kopmonckoro u
CaMOOTBEPKEHHOCTH MOJIOAOTO KOJUIEKTHBA, BepuBLIEr0o B Hero: Bamepus Bewnssuesa, Wneu
I'epudaxa, Mumu Makcuma, FOpust [TapamonoBa 1 MHOTHX JPYTHX.

Ilya Gertshakh numer Bo BcTymmrenbHOW cTtaTthe cOOpHUKA TpymoB KoHGepeHmmuu 1999 r. Aviation
Reliability-99, mocesménnoii 80-netuto Xaiima bopucosrua Kopmornckoro:

Together with Yu.Paramonov, V.Venyavcev, M.Maksim and V.Linis, | worked on this project during
seven years, which were probably the most productive and most interesting in my whole life. Now |
realize that we all were extremely lucky to work under the guidance of a brilliant scientist and an
outstanding personality of Khaim Borisovich.
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The scheduling project was a very difficult and complex task. Nobody from the high management in the
Ministry had even a slightest idea how to approach it and what is meant under the title “Computerized
Scheduling”. On top of that, the computers in those days were extremely primitive. “Ural-4” which
occupied the whole floor of an old church, has less power than today ’s pocket calculator . Even having
modern computer power, one should be a man of an outstanding intellectual courage to accept the
challenge to be the head of such project.

From prof. Kordonsky we learner important things, and for all life. The first lesson was. before you
start doing the computerized schedule, be able to do it manually. This was a clever advice because only
after a year of intensive contacts with practitioners, we started to understand what the scheduling is
about, was is essential and what is secondary.

Prof. Kordonsky never was a “boss” who issued order and instructions. He created a stimulating
atmosphere of intensive exchange of opinions and discussions, sometimes heated, but always efficient.
He was open to any suggestion and critical remark. In spite of this tremendous scientific authority,
nobody was afraid of asking questions or of insisting on this opinion. | am convinced that a truly
democratic in our group was the key factor for the success of the project.

B nocneanue roaer npeObiBanus B JlatBum Xaiim bopucoBmy KopaoHckuii yBieKcs MpUMEHEHHEM
BEPOSATHOCTHO-CTATUCTUYECKUX METOJIOB B MEIUIIMHE, B YACTHOCTH, TP JUArHOCTUKE pabOTHI cepala.
3a momyudeHHBIE 37ech pe3ynbTaThl B 1985r. emy Obuta mpucyxkaeHa [ocymapctBenHass mpemust
JlarBum.

[Mocnennue paboter Xaiima BbopucoBuua KopmoHCKOTO MOCBSIIEHB TEOPUU HMCUYUCICHUS BPEMEHHU
JeTpajaluy CUCTEM, HapabOTKa KOTOPBIX U3MEPSeTCs B Pa3IMYHBIX IIKadax (KaJleHIapHOM BPEMEHH,
YHCcle IMKJIOB, YacaX HapaOOTKW B pPa3HBIX peXHMaxX M T.M.). BOJBIIMHCTBO W3 3TUX paboT
OITyOJIMKOBAHBI B BEAYIINX 3apPYOEKHBIX HAYYHBIX KypHaJIaX:

1993. Kh.Kordonsky and I.Gertsbakh. Choice of the Best Time Scale for Reliability Analysis. Europ.
J.Operat. Res,, 65.

1994. Kh.Kordonsky and |.Gertsbakh. Best Time Scale for Age Replacement. Inter. J. of Reliab.,
Quality and Safety Engineering, 1.

1995.Kh.Kordonsky and |.Gertsbakh. System State Monitoring and Lifetime Scales. I, I1. Reliab.
Engineering and System Safety, 47, 49.

1997.Kh.Kordonsky and I.Gertsbakh.. Multiple Time Scales and the Lifetime Coefficient of Variation:
Engineering Applications. Lifetime Data Analysis, 3.

1997.Kh.Kordonsky and |.Gertsbakh. Fatigue Crack Monitoring on Paralel Time
Scales. Proceedings of ESREL 97, Lisbon, June 17-20, 1997, 2.

1997.Kh.Kordonsky and |.Gertsbakh. Optimal Preventive Maintenance in
Heterogeneous Environment. Europ. J.Operat. Res., 98.

1998.Kh.Kordonsky and |.Gertsbakh. Pardlel Time Scales and Two-Dimensional
Manufacturer and Individual Customer Warranties. | IE Transactions, 30.

VYuenuku Xaiima bopucosnua KopaoHckoro B Hacrosiimee BpeMsi pabOTar0T BO MHOTHX CTpaHax — OT
Kanamet no Ascrpanmmu. Ho, KoHeyHO, OOJIBIIMHCTBO W3 HUX — B JlatBuuM. DTO — 4YJICHBI-
KoppecnionaeHThl JlarBuiickoit Axkagemun Hayk H.Camunuekc u f. Pynsurtuc, npodeccopa PTVY IO.
[TapamonoB, A.AunponoB, KO.MapTsiHOB U Jp.

OO1iee YnCI0 MOATOTOBIICHHBIX JOKTOPOB M KaHIUJIATOB HayK mpeBbimaeT SO uenoBexk.
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