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{ß the àÐàÕÓ the procedure and the results Þ' analysis Þ' the reliability Þ' information computing
system with the function Þ' presenting the safety parameters being implemented at Balakovo NPP Unit 1
in the framework Þ' realizing TACIS program ÐÓÕ described. The probIems Þ' analysis Þ' the personnel's
reliability, estimation Þ' the áÞââÞß mode fai1ures, analysis Þ' the reliabi1ity Þ' the software and the
reliabi1ity Þ' the system in conditions Þ' the NPP de-energizing ÐÓÕ discussed.

1 .INTRODUCTION
In the framework of realizing TACIS program

the information computing system with the
function of presenting the safety parameters
(ICS/SPPS) is being implemented at Balakovo
NPP Unit 1. This system is Ð fully integrated
real time microprocessor system and is intend-
ed for acquisition, displaying and registration
of analog, discrete and calculated parameters
and trends. In the àÐàÕÓ the results of the anal-
ysis of this system reliability ÐÓÕ demonstrated.

The work has ÌÕÕß performed in accordance
with the requirements of OÀ²-88/97 [1] and
NP-O26-01 [2], which formulated the necessity
of availability of the following analyses for the
project of control systems important to safety:

.analysis of response of the instrumentation
and control systems of the reactor plant and NPP
power Unit to possibie failures in the system and;

.analysis of reliability of functioning of the
technical and program means and the sys-
tem as Ð whole with regard for the áÞââÞß
mode failures and ÕÓÓÞÓ of the personnel.

1. ²²µ´µ½¸µ

Ò àÐÜÚÐå ßàÞÓàÐÜÜë Â°Á¸Á ÝÐ 1-Ü íÝÕàÓÞ-

ÑÛÞÚÕ ±ÐÛÐÚÞÒáÚÞÙ °ÍÁ ÒÝÕÔàïÕâáï ØÝäÞàÜÐ-

æØÞÝÝÞ-ÒëçØáÛØâÕÛìÝÐï áØáâÕÜÐ á äãÝÚæØÕÙ

ßàÕÔáâÐÒÛÕÝØï ßÐàÐÜÕâàÞÒ ÑÕ×ÞßÐáÝÞáâØ (¸²Á/

Á¿¿±), ÚÞâÞàÐï ïÒÛïÕâáï ßÞÛÝÞáâìî ØÝâÕÓàØàÞ-

ÒÐÝÝÞÙ ÜØÚàÞßàÞæÕááÞàÝÞÙ áØáâÕÜÞÙ àÕÐÛìÝÞ-

ÓÞ ÒàÕÜÕÝØ Ø ßàÕÔÝÐ×ÝÐçÕÝÐ ÔÛï áÑÞàÐ, ÞâÞÑàÐ-

ÖÕÝØï Ø àÕÓØáâàÐæØØ ÐÝÐÛÞÓÞÒëå, ÔØáÚàÕâÝëå Ø

àÐáçÕâÝëå ßÐàÐÜÕâàÞÒ Ø âàÕÝÔÞÒ. Ò áâÐâìÕ

ßàÕÔáâÐÒÛÕÝë àÕ×ãÛìâÐâë ÐÝÐÛØ×Ð ÝÐÔÕÖÝÞáâØ

íâÞÙ áØáâÕÜë.

ÀÐÑÞâÐ ÒëßÞÛÝÕÝÐ Ò áÞÞâÒÕâáâÒØØ á âàÕÑÞÒÐ-

ÝØïÜØ O¿±-88/97 [1] Ø ½¿-O26-01 [2], ÚÞâÞàëÕ

ßàÕÔßØáëÒÐîâ, çâÞÑë ßàÞÕÚâ ãßàÐÒÛïîéØå áØá-

âÕÜ, ÒÐÖÝëå ÔÛï ÑÕ×ÞßÐáÝÞáâØ, áÞÔÕàÖÐÛ:

.ÐÝÐÛØ× àÕÐÚæØØ áØáâÕÜ ãßàÐÒÛÕÝØï Ø ÚÞÝâ-

àÞÛï àÕÐÚâÞàÝÞÙ ãáâÐÝÞÒÚØ Ø íÝÕàÓÞÑÛÞÚÐ °ÍÁ

ÝÐ ÒÞ×ÜÞÖÝëÕ ÞâÚÐ×ë Ò áØáâÕÜÕ;

.Ø ÐÝÐÛØ× ÝÐÔÕÖÝÞáâØ äãÝÚæØÞÝØàÞÒÐÝØï

âÕåÝØçÕáÚØå Ø ßàÞÓàÐÜÜÝëå áàÕÔáâÒ Ø áØáâÕÜë

Ò æÕÛÞÜ á ãçÕâÞÜ ÞâÚÐ×ÞÒ ßÞ ÞÑéÕÙ ßàØçØÝÕ Ø

ÞèØÑÞÚ ßÕàáÞÝÐÛÐ.

2. Å°À°ºÂµÀ¸ÁÂ¸º° ¼¾´µ»¸ÀÃµ¼¾¹
Á¸ÁÂµ¼Ë
½ÐÔÕÖÝÞáâì ¸²Á/Á¿¿± ÞßàÕÔÕÛïÕâáï ØáåÞ-

Ôï Ø× ÒëßÞÛÝïÕÜëå äãÝÚæØÙ Ø ÒÛØïÝØï íâØå

2. CHARACTERISTIC OF MODULATED
SYSTEM
The reliability of ICS/SPPS is determined

Þß the basis of the functions executed and of

¿°À°¼ µÂÀ¾²

,°ÍÁ
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äãÝÚæØÙ ÝÐ ÑÕ×ÞßÐáÝÞáâì Ø ÝÐÔÕÖÝÞáâì íÝÕàÓÞ-

ÑÛÞÚÐ (ÒëàÐÑÞâÚã íÛÕÚâàÞíÝÕàÓØØ). ²áÕ äãÝÚ-

æØØ, ÒëßÞÛÝïÕÜëÕ ¸²Á/Á¿¿±, ÜÞÖÝÞ ÞÑêÕÔØ-

ÝØâì Ò áÛÕÔãîéØÕ ßÐÚÕâë:

.ßÞÔÔÕàÖÐÝØÕ ÚÞÝäØÓãàÐæØØ Ø äãÝÚæØÞÝØ-

àÞÒÐÝØï ¸²Á/Á¿¿±;
.áÑÞà Ø ßÕàÒØçÝÐï ÞÑàÐÑÞâÚÐ ØÝäÞàÜÐ-

æØØ;

.àÐáçÕâë;

.ÐàåØÒØàÞÒÐÝØÕ Ø åàÐÝÕÝØÕ ØÝäÞàÜÐæØØ;

.áØÓÝÐÛØ×ÐæØï ÞÑ ÞâÚÛÞÝÕÝØïå Ò àÐÑÞâÕ

íÝÕàÓÞÑÛÞÚÐ, Ø×ÜÕÝÕÝØïå áÞáâÞïÝØï ÞÑÞàãÔÞ-

ÒÐÝØï Ø ÒëåÞÔÕ ßÐàÐÜÕâàÞÒ íÝÕàÓÞÑÛÞÚÐ ×Ð

ãáâÐÝÞÒÛÕÝÝëÕ ßàÞÕÚâÞÜ ÓàÐÝØæë;
.àÐÑÞâÐ á ßàÞæÕÔãàÐÜØ Ø ÔÞÚãÜÕÝâÐÜØ;

.ßàÕÔáâÐÒÛÕÝØÕ ØÝäÞàÜÐæØØ.
ºÞÝÕçÝÞÙ äãÝÚæØÕÙ ¸²Á/Á¿¿±, âàÕÑãîéÕÙ

ÒëßÞÛÝÕÝØï ÒáÕå ÔàãÓØå äãÝÚæØÙ, ïÒÛïÕâáï

ßàÕÔáâÐÒÛÕÝØÕ ÞßÕàÐâØÒÝÞÜã ßÕàáÞÝÐÛã íÝÕà-
ÓÞÑÛÞÚÐ (ÒÕÔãéØÜ ØÝÖÕÝÕàÐÜ ãßàÐÒÛÕÝØï àÕÐÚ-

âÞàÞÜ Ø âãàÑØÝÞÙ, Ð âÐÚÖÕ ÝÐçÐÛìÝØÚã áÜÕÝë

ÑÛÞÚÐ) ØÝäÞàÜÐæØØ, ÝÕÞÑåÞÔØÜÞÙ ÔÛï ÐÒâÞÜÐ-

âØ×ØàÞÒÐÝÝÞÓÞ ãßàÐÒÛÕÝØï, á æÕÛìî ßàÕÔÞâÒàÐ-

éÕÝØï ÝÐàãèÕÝØï ßàÕÔÕÛÞÒ ÑÕ×ÞßÐáÝÞÙ íÚáßÛã-

ÐâÐæØØ ØÛØ ãÜÕÝìèÕÝØï ßÞáÛÕÔáâÒØÙ ÐÒÐàØØ.

½ÐÔÕÖÝÞáâì ßÞ äãÝÚæØØ ßàÕÔáâÐÒÛÕÝØï ØÝäÞà-

ÜÐæØØ ïÒÛïÕâáï ÔÛï ¸²Á/Á¿¿± ØÝâÕÓàÐÛìÝëÜ

ßÞÚÐ×ÐâÕÛÕÜ.

² àÐÜÚÐå ßàÞÒÕÔÕÝÝÞÓÞ ÐÝÐÛØ×Ð ÚàØâÕàØÕÜ

ÞâÚÐ×Ð ¸²Á/Á¿¿± ïÒÛïÕâáï ÞâáãâáâÒØÕ ØÝäÞà-

ÜÐæØØ ÝÐ ÒáÕå ÜÞÝØâÞàÐå åÞâï Ñë ÞÔÝÞÓÞ Ø× àÐ-

ÑÞçØå ÜÕáâ ÑÛÞçÝÞÓÞ ØÛØ àÕ×ÕàÒÝÞÓÞ éØâÐ ãß-

àÐÒÛÕÝØï (±ÉÃ ØÛØ ÀÉÃ):

.àÐÑÞçÕÓÞ ÜÕáâÐ ÒÕÔãéÕÓÞ ØÝÖÕÝÕàÐ ãßàÐÒ-

ÛÕÝØï àÕÐÚâÞàÞÜ (²¸ÃÀ) ÝÐ ±ÉÃ;

.àÐÑÞçÕÓÞ ÜÕáâÐ ÒÕÔãéÕÓÞ ØÝÖÕÝÕàÐ ãßàÐÒ-

ÛÕÝØï âãàÑØÝÞÙ (²¸ÃÂ) ÝÐ ±ÉÃ;

.àÐÑÞçÕÓÞ ÜÕáâÐ ÝÐçÐÛìÝØÚÐ áÜÕÝë ÑÛÞÚÐ

(½Á±) ÝÐ ±ÉÃ;

.ßÐÝÕÛÕÙ àÐáåÞÛÐÖØÒÐÝØï ÀÉÃ.

°ÝÐÛØ× ÝÐÔÕÖÝÞáâØ ¸²Á/Á¿¿± ÒëßÞÛÝÕÝ

ÔÛï ÚàØâØçÕáÚØå íÛÕÜÕÝâÞÒ Ø ßÞÔáØáâÕÜ, ÝÕ-

ÞÑåÞÔØÜëå ÔÛï ßÞÔÔÕàÖÐÝØï àÐÑÞâÞáßÞáÞÑ-
ÝÞáâØ ¸²Á/Á¿¿±. ¸²Á/Á¿¿± ÞâÝÞáØâáï Ú

ÒÞááâÐÝÐÒÛØÒÐÕÜëÜ Ø ÞÑáÛãÖØÒÐÕÜëÜ áØáâÕ-

ÜÐÜ ÔÛØâÕÛìÝÞÓÞ ßàØÜÕÝÕÝØï. ÀÕÖØÜ àÐÑÞâë

¸²Á/Á¿¿±- ÝÕßàÕàëÒÝëÙ. ÁØáâÕÜÐ ÔÞÛÖÝÐ

ÞÑÕáßÕçØÒÐâì ÒÞ×ÜÞÖÝÞáâì ÒÞááâÐÝÞÒÛÕÝØï

ßàØ ÞâÚÐ×Ðå ßãâÕÜ ×ÐÜÕÝë ÞâÚÐ×ÐÒèØå ÑÛÞ-

ÚÞÒ, ÜÞÔãÛÕÙ Ø ãáâàÞÙáâÒ ÝÐ ØáßàÐÒÝëÕ Ø×

áÞáâÐÒÐ ·¸¿. ² áØáâÕÜÕ ßàØÜÕÝÕÝÞ áâàãÚâãà-

ÝÞÕ ÔãÑÛØàÞÒÐÝØÕ âÕåÝØçÕáÚØå áàÕÔáâÒ á áÞ-

ÞâÒÕâáâÒãîéÕÙ ßàÞÓàÐÜÜÝÞÙ ßÞÔÔÕàÖÚÞÙ

ÔÛï àÕèÕÝØï ×ÐÔÐç ßÕàÕÚÛîçÕÝØï ãáâàÞÙáâÒ.
¿àÞæÕáá ßÕàÕÚÛîçÕÝØï á àÐÑÞçÕÓÞ MqÔyÛï ÝÐ

àÕ×ÕàÒÝëÙ ßàÞØáåÞÔØâ ÑÕ× ÝÐàãèÕÝØï ßàÞ-

æÕááÐ ÒëßÞÛÝÕÝØï äãÝÚæØÙ ÔàãÓØÜØ íÛÕÜÕÝ-

âÐÜØ áØáâÕÜë, Ð âÐÚÖÕ ÝÕ ÝÐÚÛÐÔëÒÐÕâ ÒàÕ-

ÜÕÝÝëÕ Ø ÔàãÓØÕ ÞÓàÐÝØçÕÝØï ÝÐ àÐÑÞâã ßàÞ-

ÓàÐÜÜÝÞÓÞ ÞÑÕáßÕçÕÝØï Ø ßàÞæÕáá ßÞÔÓÞâÞÒ-

ÚØ Ø ßÕàÕÔÐçØ ÔÐÝÝëå ÔàãÓØÜ ÜÞÔãÛïÜ

áØáâÕÜë. ¿àØÝæØß àÕ×ÕàÒØàÞÒÐÝØï ßÞâÞÚÞÒ

ÔÐÝÝëå ßÞÚÐ×ÐÝ ÝÐ ßàØÜÕàÕ Ò×ÐØÜÞÔÕÙáâÒØï

ÐÛìäÐ-áÕàÒÕàÞÒ Ø ãáâàÞÙáâÒ àÐÑÞçÕÓÞ ÜÕáâÐ

²¸ÃÀ ÝÐ àØá. 1.

the influence of these functions Þß the safe-
ty and reliabilityof the power Unit (Þß gen-
eration of electric energy). AII the functions
executed Ìã ICS/SPPS could ÌÕ combined
into the following packages:

.support of configuration and functioning
of ICS/SPPS;

.acquisition and primary processing of

information;
.calculations;
.archiving and storage of information;
.signaling Þß deviations in the operation

of the power Unit, Þß changes of state of
the equipment and deviation of the power
Unit parameters from the boundaries estab-
lished Ìã the project;

.work with procedures and documents;

.presentation of information.
The final function of ICS/SPPS, requiring

the fulfillment of Ð" other functions, is the
presentation to the shift personnel of the pow-
ÕÓ Unit (to Leading engineers of reactor and
turbine control and to the Chief of shift of Unit)
of the information required for the automated
control in order to prevent the disturbances of
the safe operation limits ÞÓ to decrease the
consequences of Ðß accident. The reliability
Ìã function of presenting the information is
the integral factor for ICS/SPPS.

In the framework of the analysis fulfilled
the criterion of ICS/SPPS failure is the ÐÌ-
sence of information at Ð" monitors of at
least ÞßÕ working place in Main control ÓÞÞâ
ÞÓ Emergency control ÓÞÞâ (¼Á° ÞÓ µÁ°):

.working place of Leading engineer of
reactor control (LERC) in ¼Á°;

.working place of Leading engineer of
turbine control (LETCr in ¼Á°;

.working place of the Chief of shift of
Unit (CSU) in ¼Á°;

.cooling panels in µÁ°.
The analysis of ICS/SPPS reliability has

ÌÕÕß fulfilled for critical elements and sub-
systems required for supporting the ÞàÕÓÐ-
bility of ICS/SPPS. ICS/SPPS is related to
recovered and maintained systems of dura-
ËÕ application. The operation mode of ICS/
SPPS is continuous. The system shall Õß-
sure the possibility of recovery at failures Ìã
replacement of the failed units, modules
and devices for properly functioning ones
taken from the set of Spare Parts. In the
system the structural redundancy of the
technical means is applied with relevant àÓÞ-
gram support for solving the tasks of the
devices switching over. The process of
switching over from working module to the
redundant ÞßÕ is carried out without distur-
ÌÐßáÕ of the process of executing the func-
tions Ìã other elements of the system and
does not cause time and other limitations Þß
operation of the software and Þß preparation
and transfer of the data to other modules of
the system. The principle of redundancy of
the data flows is shown in Figure 1 for inter-



Ï´µÀ½Ëµ ¸·¼µÀ¸Âµ»Ì½¾-¸½Ä¾À¼°Æ¸¾½½Ëµ ÂµÅ½¾»¾³¸¸ Ng 4(20), 200~

NUCLEAR MEASUREMENT AND INF()RMATION TECHNOLOGIES Ng 4(20), 2006

°ÛìäÐ-áÕàÒÕà ° °èäÐ-áÕàÒÕà Ò

ÁÕâÕÒÐï

î( âÕ }:ä Õ f{c -ÚÐ àâÐ

ÁÕâÕÒÐå

¸!rre}:äeÙc-ÚÐpra

ÀØá. 1. ÁåÕÜÐ

àÕ×ÕàÒØàÞÒÐÝØï ßÞâÞÚÞÒ

ÔÐÝÝëå Ò ¸²Á/Á¿¿±
~

r

Ô ~}))BaIO{ìÈ á ÕâÕ îÙ

Itet::eIOIIOÇ11âÕÛì °

´~mq:oBÐÝ1Ð.!¹ áÕâÕÒÞÙ

ne J:eIOIIOçÐT~ Ò

f

¸À ºoÜ¼Ã1'ÐÂOà 4 ¸À KOM~TOp5

t

ÁÕâÕµÐÏ ÁÕâÕµÐÏ

ÚÐpraA .ÚÐàâÐ²

ÀÐÑoçÐïáâÐ.ÝæÝï²¸ÃÀ.2

~

CeTeB8J[ ÁÕâÕ±8.Ï

ÚÐàâÐ ° KapraB

ÀÐÑÞçÐï câÐ!Éwr ²¸ÃÀ-l

~

r

f

(

CeTeBaJI CeTe~ï!apraA ' xapraB

PÐÑoçÐ.!ICT81ÉWI ÒØ'1À.3



¾Æµ½º° ½°´µ¶½¾ÁÂ¸ ¸½Ä¾À¼°Æ¸¾½½¾-²ËÇ¸Á»¸Âµ»Ì½¾¹ Á¸ÁÂµ¼Ë Á ÄÃ½ºÆ¸µ¹ ¿Àµ´ÁÂ°²»µ½¸Ï ¿°À°¼µÂÀ¾² ±µ·¾¿°Á½¾ÁÂ¸ ±°»°º¾²Áº¾¹ °ÍÁ

ESTIMATION OF RELlABlLITV OF INFORMATION COMPUTING SYSTEM WITH FUNCTION OF PRESENTING Â½µ SAFETV PARAMETERS OF BALAKOVO NPP

Ò áØáâÕÜÕ âÐÚÖÕ ßàØÜÕÝÕÝÞ ÒàÕÜÕÝÝÞÕ àÕ- 1ÐáÕ 01 alpha servers and devices 01 working

×ÕàÒØàoÒÐÝØÕ ×Ð áçÕâ ØáßÞÛì×ÞÒÐÝØï ØáâoçÝØ- place 01 LERC.

ÚÞÒ ÑÕáßÕàÕÑÞÙÝÞÓÞ ßØâÐÝØï, ÚÞâÞàëÕ ÝÐàïÔã á ½Õ system the time reserve is also applied

ÐÚÚãÜãÛïâÞàÝëÜØ ÑÐâÐàÕïÜØ °ÍÁ oÑÕáßÕçØÒÐ- die to the use 01 the uninterruptible supply

îâ àÕ×ÕàÒ ÒàÕÜÕÝØ ÔÛï ÞÑÝÐàãÖÕÝØï Ø ãáâàÐÝÕ- sources, which together with the accumula-

ÝØï ÞâÚÐ×ÞÒ. tor batteries 01 NPP provide the time reserve

´Ûï ×ÐéØâë æÕÛÞáâÝÞáâØ ÔÐÝÝëå, åàÐÝïéØåáï 10Ó revealing and eliminating the 1ailures.

ÝÐ ÐÛìäÐ-áÕàÒÕàÐå, ØáßÞÛì×ãîâáï ÝÕáÚÞÛìÚÞ For protecting the integrity 01 the data

ÔØáÚÞÒ, ÞÑêÕÔØÝÕÝÝëå Ò ÕÔØÝëÙ ÜÐááØÒ. OÑÕá- stored at alpha servers several disks áÞâ-

ßÕçÕÝØÕ oâÚÐ×oãáâoÙçØÒoáâØ ÐÛìäÐ-áÕàÒÕàÐ Ò bined into ÞßÕ ÐÓÓÐã ÐÓÕ used. The provision

áØáâÕÜÕ ÞáãéÕáâÒÛïÕâáï ßãâÕÜ ×ÕàÚÐÛìÝÞÓÞ 01 1ault tolerance 01 alpha server in the sys-

ÞâÞÑàÐÖÕÝØï ÔØáÚÞÒ, â.Õ. ÞÔÝÐ Ø âÐ ÖÕ ØÝäoàÜÐ- tem is performed Ìã mirror presentation 01

æØï ÞÔÝÞÒàÕÜÕÝÝÞ ×ÐßØáëÒÐÕâáï ÝÐ ÔÒÐ àÐ×ÛØç- disks, i.e. ÞßÕ and the same in10rmation is

Ýëå ÔØáÚÐ, ØáßÞÛì×ãîéØå OÔØÝ ÚÞÝâàÞÛÛÕà. recorded simultaneously at two different

µáÛØ OÔØÝ ÔØáÚ ØÛØ ÕÓÞ àÐ×ÔÕÛ ÞâÚÐ×ëÒÐÕâ, âÞ disks, which use ÞßÕ controller. 11 ÞßÕ disk ÞÓ

ÔÛï ßàÞÔÞÛÖÕÝØï àÐÑÞâë áØáâÕÜë ØáßÞÛì×ãÕâáï its part is 1ailed, the mirror disk is used 10Ó

×ÕàÚÐÛìÝëÙ ÔØáÚ. continuation 01 operation 01 the system.

Ò áØáâÕÜÕ ÒÝÕÔàÕÝë ÒÝãâàÕÝÝØÙ ÐÒâoÜÐâØ- In the system the internal automatic check

çÕáÚØÙ ÚÞÝâàÞÛì Ø ØÔÕÝâØäØÚÐæØï ÞâÚÐ×ÞÒ. ÁØá- and identi1ication 01 1ailures ÐÓÕ implement-

âÕÜÐ ØÜÕÕâ ÒØ×ãÐÛìÝëÙ ØÝÔØÚÐâÞà ÞâÚÐ×Ð ÐßßÐ- ed. The system has visual indicator 01 1ailure

àÐâÝëå áàÕÔáâÒ, ÚÞâÞàëÙ ÒáÕÓÔÐ ïÒÛïÕâáï ÒØÔØ- 01 the hardware, which is always visible (in-

ÜëÜ (ÝÕ×ÐÒØáØÜÞ Þâ âÞÓÞ, ÚÐÚÞÙ ÜÞÝØâÞà àÐÑo- dependently 01 what monitor is operated),

âÐÕâ) Ø ÜÕÝïÕâ æÒÕâÞÒãî ØÝÔØÚÐæØî á ×ÕÛÕÝÞÙ and the color indication is changed 1ÓÞâ

ÝÐ ÚàÐáÝãî, ÕáÛØ ÚÞÝâàÞÛØàãÕÜëÙ íÛÕÜÕÝâ áØá- green to red, i1 the checked element 01 the

âÕÜë ÒëåÞÔØâ Ø× áâàÞï. system is 1ailed.

·. ¼µÂ¾´¸º° °½°»¸·° ½°´µ¶½¾ÁÂ¸ ·. PROCEDURE FOR ANALYSIS

Á¸ÁÂµ¼Ë OF RELlABILITY OF Â½µ SYSTEM

°ÝÐÛØ× ÝÐÔÕÖÝÞáâØ ßàÞÒÞÔØâáï ÝÐ ÞáÝÞÒÕ ÜÕ- The analysis of the reliability is fulfilled Þß

âÞÔÐ ÔÕàÕÒÐ ÞâÚÐ×ÞÒ, ÚÞâÞàëÙ ßàÕÔãáÜÐâàØÒÐÕâ the basis of the method of the tree of faults,

äÞàÜØàÞÒÐÝØÕ ÛÞÓØçÕáÚÞÓÞ ãáÛÞÒØï ÝÕàÐÑÞâÞá- which envisages the generation of logical

ßÞáÞÑÝÞáâØ ÐÝÐÛØ×ØàãÕÜÞÙ áâàãÚâãàë Ò äÞàÜÕ condition of non-operability of the analyzed

ÔÕàÕÒÐ ÞâÚÐ×ÞÒ, ÓÕÝÕàÐæØî ÜØÝØÜÐÛìÝëå áÕçÕ- structure in the form of tree of faults, gener-

ÝØÙ Ø àÐáçÕâ ßÞÚÐ×ÐâÕÛÕÙ ÝÕÓÞâÞÒÝÞáâØ ãÚÐ×ÐÝ- ation of minimum sections and calculation of

Ýëå áÕçÕÝØÙ Ø áâàãÚâãàë Ò æÕÛÞÜ. ¼ÕâÞÔ èØàÞÚÞ unavailability factors of the specified sec-

ØáßÞÛì×ãÕâáï Ò ÜØàÞÒÞÙ ßàÐÚâØÚÕ Ø ßÞÔàÞÑÝÞ tions and the structure as Ð whole. The

ÞßØáÐÝ Ò ÛØâÕàÐâãàÕ [3]. ¿àØÜÕÝØâÕÛìÝÞ Ú áØáâÕ- method is widely applied in the world àÓÐá-

ÜÐÜ ãßàÐÒÛÕÝØï ÜÕâÞÔÞÛÞÓØï ÐßàÞÑØàÞÒÐÝÐ ßàØ tice and is described in details in àÐàÕÓ [3].

ÒëßÞÛÝÕÝØØ ÐÝÐÛØ×ÞÒ ÝÐÔÕÖÝÞáâØ °ÁÃ Â¿ Ò àÐÜ- Applicably to the control systems the meth-

ÚÐå àÐ×àÐÑÞâÚØ ÝÞÒëå ßàÞÕÚâÞÒ, Ò çÐáâÝÞáâØ, ÔÛï odology has ÌÕÕß approved during fulfillment

°ÍÁ ½ÞÒÞÒÞàÞÝÕÖáÚÐï-2 [4]. of analyses of the APCS reliability within the

´Ûï àÐ×àÐÑÞâÚØ ÜÞÔÕÛØ Ø ßàÞÒÕÔÕÝØï àÐáçÕ- framework of developing new projects, in

âÐ ÝÐÔÕÖÝÞáâØ áØáâÕÜë ØáßÞÛì×ÞÒÐÝÐ ßàÞÓàÐÜ- particular, for Novo-Voronezh NPP-2 [4].

ÜÐ RISK SPECTRUM PSA Professional, ÚÞâÞàÐï For developing the model and for conduct-

ÐââÕáâÞÒÐÝÐ ÀÞááØÙáÚØÜ ÝÐÔ×ÞàÝëÜ ÞàÓÐÝÞÜ Ø ing the calculation of the reliability of the sys-

ßàØÜÕÝïÕâáï ÔÛï ÒëßÞÛÝÕÝØï ÚÐÚ ÐÝÐÛØ×Ð ÝÐ- tem the program RISK SPECTRUM PSA ÀÓÞ-

ÔÕÖÝÞáâØ áØáâÕÜ ßàÞØ×ÒÞÛìÝÞÙ áâàãÚâãàë, âÐÚ fessional has ÌÕÕß used. This program is certi-

Ø ÔÛï ßàÞÒÕÔÕÝØï ßÞÛÝÞÜÐáèâÐÑÝÞÓÞ ²°± ãàÞÒ- fied Ìã the Russian supervisory organization

Ýï 1 ÜÕâÞÔÞÜ ÔÕàÕÒìÕÒ áÞÑëâØÙ Ø/ØÛØ ÔÕàÕÒìÕÒ and is applied for fulfilling the analysis of the

ÞâÚÐ×ÞÒ [5]. ¾á½ÞÒã ÐÛÓÞàØâÜÐ àÐáçÕâÞÒ áÞáâÐÒ- reliability of systems having arbitrary structure

Ûï îâ ÓÕÝÕàÐæØï Ø ÚÞÛØçÕáâÒÕÝÝëÙ àÐáçÕâ ÒÕàÞ- and for conducting full-scale probabilistic anal-

ïâÝÞáâØ àÕÐÛØ×ÐæØØ ÜØÝØÜÐÛìÝëå áÕçÕÝØÙ, ysis of safety PAS of level 1 Ìã the method of

ßàÕÔáâÐÒÛïîéØå áÞÑÞÙ ÜØÝØÜÐÛìÝëÙ ßÞ ÚÞÛØ- trees of events and/or trees of faults as well

çÕáâÒã ÝÐÑÞà áÞÑëâØÙ (ÞâÚÐ×ë íÛÕÜÕÝâÞÒ Ø [5]. The basis of algorithm of the calculations

ÞèØÑÚØ ßÕàáÞÝÐÛÐ), ÚÞâÞàëÕ ÞÑãáÛÞÒÛØÒÐîâ ÝÐ- deals with generation and quantitative calcula-

áâãßÛÕÝØÕ ÒÕàèØÝÝÞÓÞ áÞÑëâØï ÐÝÐÛØ×ØàãÕÜÞ- tion of probability of realizing minimum sec-

ÓÞ ÔÕàÕÒÐ ÞâÚÐ×ÞÒ (ÝÕÓÞâÞÒÝÞáâì áØáâÕÜë). ¿àØ tions, presenting minimum Ìã amount set of

íâÞÜ RISK SPECTRUM PSA Professional ßÞ×ÒÞÛï- events (failures of elements and errors of àÕÓ-

Õâ ÝÕïÒÝÞ ÜÞÔÕÛØàÞÒÐâì ÞâÚÐ×ë ßÞ ÞÑéØÜ ßàØ- sonnel), which cause the ÞááØÓÓÕßáÕ of the top

çØÝÐÜ ÝÐ ÔÕàÕÒìïå ÞâÚÐ×ÞÒ. event of the analyzed tree of faults (unavailabil-

Ò àÐÜÚÐå ÝÐáâÞïéÕÙ àÐÑÞâë ÒëßÞÛÝÕÝ ÚÐçÕ- ity of the system). At this RISK SPECTRUM

áâÒÕÝÝëÙ Ø ÚÞÛØçÕáâÒÕÝÝëÙ ÐÝÐÛØ× ÝÐÔÕÖÝÞáâØ PSA Professional permits to simulate implicitly

áØáâÕÜë. ¿àØ ßàÞÒÕÔÕÝØØ ÚÐçÕáâÒÕÝÝÞÓÞ ÐÝÐÛØ- the áÞâ âÞß mode failures at trees of faults.

×Ð ÞßàÕÔÕÛÕÝë ÒØÔë Ø ßÞáÛÕÔáâÒØï ÞâÚÐ×ÞÒ âÕå- Within the framework of this work the qualita-

ÝØçÕáÚØå Ø ßàÞÓàÐÜÜÝëå áàÕÔáâÒ, ÚÞâÞàëÕ ÜÞ- tive and quantitative analysis of the system reli-
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ability has ÌÕÕß fulfilled. During fulfillment of the
qualitative analysis the types and consequences
of faults of the technical and program means,
which could have inftuence Þß executing the
specified functions Ìã the system, have ÌÕÕß
determined, and the probabilistic model deter-
mining the condition of failure of the analyzed
structure of ICS/SPPS has ÌÕÕß developed.

During the development of the probabilis-
tic model of ICS/SPPS the classification of
the primary events Ìã types of check of the
faults and the possibility of recovering the
failed elements have ÌÕÕß fulfilled.

As the system is installed in ÓÞÞâ with àÕÓ-
manent staying of the personnel, the faults
identified just after ÞÓ during short period of
time after their occurrence Ìã means of built-
in elements of internal diagnostics, ÐÓÕ àÕÓ-
manently monitored. Exception is made for
switches of redundant supply, which failures
ÐÓÕ manifested at occurrence of the request
for actuation ÞÓ during execution of periodic
checks of the signal passing. These elements
have ÌÕÕß simulated as periodically moni-
tored. The uninterruptibIe supply sources and
their chargers ÐÓÕ also related to periodically
monitored elements, as the efficiency of their
operation in mode of discharge and charging,
respectively, could not ÌÕ checked in condi-
tions of supplying from external source.

The monitors in ¼Á°, not having internal
system of diagnostics, ÐÓÕ permanently
monitored devices, as their failure (Ioss of
image) is immediately revealed Ìã operator.
At the same time the monitors in µÁ° ÐÓÕ
related to periodically monitored elements of
the system. It is assumed that their failures
would ÌÕ revealed during periodical inspec-
tions performed Ìã specialists of thermal au-
tomatics and measurements shop (Â°¼).

The analysis has demonstrated that Ð" the
elements of the system ÐÓÕ ÓÕáÞãÕÓÐËÕ. The
ÓÕáÞãÕÓã is fulfilled Ìã their replacement ÕåÕ-
cuted Ìã the shift personnel of the Â°¼ shop.
The necessary amount of Spare Parts shall ÌÕ
envisaged at NPP and the Spare Parts shall ÌÕ
located in the ÐÓÕÐ of the system installation.

In the result of the quantitative analysis the
estimation of the unavailability coefficient of
the ICS/SPPS system has ÌÕÕß performed,
for this purpose the data Þß reliability factors
of the elements, determined Ìã the system
developer Þß the basis of analysis of the war -

ranty periods specified Ìã the firms-produc-
ers of the system equipment, has ÌÕÕß used.

Below the special tasks solved with the
framework of analyzing the reliability of the
system ÐÓÕ characterized.

Óãâ ßÞÒÛØïâì ÝÐ ÒëßÞÛÝÕÝØÕ áØáâÕÜÞÙ ×ÐÔÐÝÝëå

äãÝÚæØÙ, Ø àÐ×àÐÑÞâÐÝÐ ÒÕàÞïâÝÞáâÝÐï ÜÞÔÕÛì,

ÞßàÕÔÕÛïîéÐï ãáÛÞÒØÕ ÞâÚÐ×Ð ÐÝÐÛØ×ØàãÕÜÞÙ

áâàãÚâãàë ¸²Á/Á¿¿±.

¿àØ àÐ×àÐÑÞâÚÕ ÒÕàÞïâÝÞáÂÝÞÙ ÜÞÔÕÛØ ¸²Á/
Á¿¿± ßàÞÒÕÔÕÝÐ ÚÛÐááØäØÚÐæØï ßÕàÒØçÝëå áÞ-

ÑëâØÙ ßÞ ÒØÔÐÜ ÚÞÝâàÞÛï ÞâÚÐ×ÞÒ Ø ÒÞ×ÜÞÖÝÞá-

âØ ÒÞááâÐÝÞÒÛÕÝØï ÞâÚÐ×ÐÒèØå íÛÕÜÕÝâÞÒ.

ÂÐÚ ÚÐÚ áØáâÕÜÐ ãáâÐÝÞÒÛÕÝÐ Ò ßÞÜÕéÕÝØØ á

ßÞáâÞïÝÝëÜ ßàÕÑëÒÐÝØÕÜ ßÕàáÞÝÐÛÐ, âÞ ÞâÚÐ-

3Ë, ØÔÕÝâØäØæØàãÕÜëÕ áàÐ×ã ØÛØ Ò âÕçÕÝØÕ ÚÞ-

àÞâÚÞÓÞ ÒàÕÜÕÝØ ßÞáÛÕ Øå ÒÞ×ÝØÚÝÞÒÕÝØï ßàØ

ßÞÜÞéØ ÒáâàÞÕÝÝëå íÛÕÜÕÝâÞÒ ÒÝãâàÕÝÝÕÙ ÔØ-

ÐÓÝÞáâØÚØ, ïÒÛïîâáï ßÞáâÞïÝÝÞ ÚÞÝâàÞÛØàãÕÜë-

ÜØ. ¸áÚÛîçÕÝØÕÜ ïÒÛïîâáï ßÕàÕÚÛîçÐâÕÛØ àÕ-

×ÕàÒÝÞÓÞ ßØâÐÝØï, ÞâÚÐ×ë ÚÞâÞàëå ßàÞïÒÛïîâáï

ßàØ ÒÞ×ÝØÚÝÞÒÕÝØØ âàÕÑÞÒÐÝØï ÝÐ áàÐÑÐâëÒÐ-

ÝØÕ ØÛØ ßàØ ßàÞÒÕÔÕÝØØ ßÕàØÞÔØçÕáÚØå ßàÞÒÕ-

àÞÚ ¿à¾Å¾¶ÔÕÝØï áØÓÝÐÛÐ. ÍâØ íÛÕÜÕÝâë ÜÞÔÕ-

ÛØàÞÒÐÛØáì ÚÐÚ ßÕàØÞÔØçÕáÚØ ÚÞÝâàÞÛØàãÕÜëÕ.

ÂÐÚÖÕ ÞâÝÕáÕÝë Ú ßÕàØÞÔØçÕáÚØ ÚÞÝâàÞÛØàãÕ-

ÜëÜ ØáâÞçÝØÚØ ÑÕáßÕàÕÑÞÙÝÞÓÞ ßØâÐÝØï Ø Øå

×ÐàïÔÝëÕ ãáâàÞÙáâÒÐ, íääÕÚâØÒÝÞáâì àÐÑÞâë
ÚÞâÞàëå Ò àÕÖØÜÕ àÐ×àïÔÐ Ø ×ÐàïÔÐ, áÞÞâÒÕâ-

áâÒÕÝÝÞ, ÝÕ ÜÞÖÕâ ÚÞÝâàÞÛØàÞÒÐâìáï Ò ãáÛÞÒØïå

íÛÕÚâàÞáÝÐÑÖÕÝØï Þâ ÒÝÕèÝÕÓÞ ØáâÞçÝØÚÐ.

¼ÞÝØâÞàë ±ÉÃ; ÚÞâÞàëÕ ÝÕ ØÜÕîâ ÒÝãâàÕÝ-

ÝÕÙ áØáâÕÜë ÔØÐÓÝÞáâØÚØ, ïÒÛïîâáï ÝÕßàÕàëÒ-

ÝÞ ÚÞÝâàÞÛØàãÕÜëÜØ ãáâàÞÙáâÒÐÜØ, âÐÚ ÚÐÚ Øå

ÞâÚÐ× (ßÞâÕàï Ø×ÞÑàÐÖÕÝØï) ÝÕÜÕÔÛÕÝÝÞ ÞÑÝÐ-

àãÖØÒÐÕâáï ÞßÕàÐâÞàÞÜ. ² âÞ ÖÕ ÒàÕÜï ÜÞÝØâÞ-

àë ÀÉÃ ÞâÝÕáÕÝë Ú ßÕàØÞÔØçÕáÚØ ÚÞÝâàÞÛØàãÕ-

ÜëÜ íÛÕÜÕÝâÐÜ áØáâÕÜë. ¿àÕÔßÞÛÐÓÐÕâáï, çâÞ

Øå ÞâÚÐ×ë ÑãÔãâ ÒëïÒÛïâìáï ßàØ ßÕàØÞÔØçÕáÚØå

ÞÑåÞÔÐå áßÕæØÐÛØáâÐÜØ æÕåÐ âÕßÛÞÒÞÙ ÐÒâÞÜÐ-
âØÚØ Ø Ø×ÜÕàÕÝØÙ (Â°¸).

°ÝÐÛØ× ßÞÚÐ×ÐÛ, çâÞ ÒáÕ íÛÕÜÕÝâë áØáâÕÜë

ïÒÛïîâáï ÒÞááâÐÝÐÒÛØÒÐÕÜëÜØ. ²ÞááâÐÝÞÒÛÕ-

ÝØÕ ¿à¾¸3²¾´¸ÂÁÏ ßãâÕÜ Øå ×ÐÜÕÝë áÜÕÝÝëÜ

ßÕàáÞÝÐÛÞÜ æÕåÐ Â°¸. ½ÕÞÑåÞÔØÜÞÕ ÚÞÛØçÕáâÒÞ

·¸¿, àÐ×ÜÕéÕÝÝÞÓÞ Ò àÐÙÞÝÕ ãáâÐÝÞÒÚØ áØáâÕ-

Üë, ÔÞÛÖÝÞ Ñëâì ßàÕÔãáÜÞâàÕÝÞ ÝÐ °ÍÁ.

² àÕ×ãÛìâÐâÕ ÚÞÛØçÕáâÒÕÝÝÞÓÞ ÐÝÐÛØ×Ð Òë-

ßÞÛÝÕÝÐ ÞæÕÝÚÐ ÚÞíääØæØÕÝâÐ ÝÕÓÞâÞÒÝÞáâØ

áØáâÕÜë ¸²Á/Á¿¿±, ÔÛï çÕÓÞ ØáßÞÛì×ÞÒÐÝë

ÔÐÝÝëÕ ßÞ ßÞÚÐ×ÐâÕÛïÜ ÝÐÔÕÖÝÞáâØ íÛÕÜÕÝâÞÒ,

ÚÞâÞàëÕ ÑëÛØ ÞßàÕÔÕÛÕÝë àÐ×àÐÑÞâçØÚÞÜ áØá-

âÕÜë ÝÐ ÞáÝÞÒÐÝØØ ÐÝÐÛØ×Ð ÓÐàÐÝâØÙÝëå áàÞ-

ÚÞÒ, ãáâÐÝÞÒÛÕÝÝëå äØàÜÐÜØ-ßàÞØ×ÒÞÔØâÕÛïÜØ
ÞÑÞàãÔÞÒÐÝØï áØáâÕÜë.

½ØÖÕ ÞåÐàÐÚâÕàØ×ÞÒÐÝë áßÕæØÐÛìÝëÕ ×ÐÔÐ-

çØ, àÕèÕÝÝëÕ Ò àÐÜÚÐå ÐÝÐÛØ×Ð ÝÐÔÕÖÝÞáâØ áØ-

áâÕÜë.

4. °½°»¸· ¾È¸±¾º ¿µÀÁ¾½°»°

¿àØ ßàÞÒÕÔÕÝØØ ÐÝÐÛØ×Ð àÐááÜÞâàÕÝë âÞÛì-
ÚÞ âÕ ÔÕÙáâÒØï (Ø áÞÞâÒÕâáâÒÕÝÝÞ, ÞèØÑÚØ) ßÕà-

áÞÝÐÛÐ, ÚÞâÞàëÕ ÔÞßãáÚÐîâáï ßàØ ÒëßÞÛÝÕÝØØ
ØÜ ßÞáâÐÒÛÕÝÝëå ×ÐÔÐç, ·ÛÞãÜëèÛÕÝÝëÕ ÔÕÙ-

áâÒØï, â.Õ. ßàÕÔÝÐÜÕàÕÝÝëÕ ÔØÒÕàáØÞÝÝëÕ ÔÕÙ-

áâÒØï ØÛØ ÐÚâë áÐÑÞâÐÖÐ Ø â,ß" ÝÕ ïÒÛïîâáï

ßàÕÔÜÕâÞÜ ÐÝÐÛØ×Ð ÝÐÔÕÖÝÞáâØ ßÕàáÞÝÐÛÐ,

ÂÕåÝØçÕáÚØÕ àÕèÕÝØï, àÕÐÛØ×ÞÒÐÝÝëÕ Ò ßàÞ-

ÕÚâÕ ¸BC/C¿¿±, ×ÝÐçØâÕÛìÝÞ ãÜÕÝìèÐîâ çØáÛÞ

ÒÞ×ÜÞÖÝëå ÞèØÑÞçÝëå ÔÕÙáâÒØÙ ßÕàáÞÝÐÛÐ:

4. ANALYSIS OF ERRORS
OF Â½µ PERSONNEL
During fulfillment of the analysis we have

considered only the actions (and relatively,
the errors) of the personnel, which ÐÓÕ àÕÓ-
missibIe during their execution if the tasks
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.áØáâÕÜÐ ÒëßÞÛÝïÕâ áÒÞØ äãÝÚæØØ ßàÕÔ-

áâÐÒÛÕÝØï ÞßÕàÐâÞàã ßÐàÐÜÕâàÞÒ ÑÕ×ÞßÐáÝÞá-

âØ Ò ÐÒâÞÜÐâØçÕáÚÞÜ àÕÖØÜÕ, â.Õ. Þâ ÞßÕàÐâÞàÐ

ÝÕ âàÕÑãÕâáï ÔÕÙáâÒØÙ ßÞ ãßàÐÒÛÕÝØî àÐÑÞâÞÙ

áØáâÕÜë. ¿àØ íâÞÜ ÞèØÑÚØ ÞßÕàÐâÞàÐ ßàØ áçØ-

âëÒÐÝØØ Ø ØÝâÕàßàÕâÐæØØ ØÝäÞàÜÐæØØ ÝÐåÞ-

Ôïâáï ×Ð àÐÜÚÐÜØ ÝÐáâÞïéÕÓÞ ÐÝÐÛØ×Ð;

.Ò ¸²Á/Á¿¿± ØÝäÞàÜÐæØï Þ ßÐàÐÜÕâàÐå,

ÒÐÖÝëå ÔÛï ÑÕ×ÞßÐáÝÞáâØ, ×ÐéØéÕÝÐ Þâ ÝÕ-

áÐÝÚæØÞÝØàÞÒÐÝÝÞÓÞ ÔÞáâãßÐ Ú âÕåÝØçÕáÚØÜ Ø

ßàÞÓàÐÜÜÝëÜ áàÕÔáâÒÐÜ ÒÞ ÒàÕÜï íÚáßÛãÐâÐ-

æØØ, ßÞíâÞÜã ÞèØÑÚØ ÞßÕàÐâÞàÐ ßàØ ÞæÕÝÚÕ

áØâãÐæØØ ØÛØ ßàØ ßÛÐÝØàÞÒÐÝØØ ÔÕÙáâÒØÙ, ßàØ-

ÒÞÔïéØÕ Ú ÒëßÞÛÝÕÝØî ÝÕßàÐÒØÛìÝëå ÔÕÙ-

áâÒØÙ Ø ØáÚÐÖÕÝØî ØÝäÞàÜÐæØØ, ØáÚÛîçÕÝë;

.ßàÞäØÛÐÚâØçÕáÚÞÕ ÞÑáÛãÖØÒÐÝØÕ áØáâÕÜë

ßàÞåÞÔØâ ÑÕ× ÝÐàãèÕÝØï ÕÕ àÐÑÞâÞáßÞáÞÑÝÞá-

âØ, â.Õ. ßàÞÒÕÔÕÝØÕ ßàÞäØÛÐÚâØçÕáÚÞÓÞ ÞÑáÛã-

ÖØÒÐÝØï ÝÕ âàÕÑãÕâ ÒëÒÞÔÐ íÛÕÜÕÝâÞÒ áØáâÕÜë

Ø× àÕÖØÜÐ, Ò ÚÞâÞàÞÜ ÞÝØ ÒëßÞÛÝïîâ ßàÕÔßØ-

áÐÝÝëÕ äãÝÚæØØ.

¾èØÑÚØ ßÕàáÞÝÐÛÐ ÒÞ×ÜÞÖÝë ßàØ ßàÞÒÕÔÕ-

ÝØØ ÒÞááâÐÝÞÒÛÕÝØï ÞâÚÐ×ÐÒèØå íÛÕÜÕÝâÞÒ ßã-

âÕÜ Øå ×ÐÜÕÝë. ½ÐØÑÞÛÕÕ ÒÕàÞïâÝÞÙ ïÒÛïÕâáï

ÞèØÑÚÐ ßàØ ×ÐÜÕÝÕ ÞâÚÐ×ÐÒèÕÓÞ ÔØáÚÐ Ò RAID

ÜÐááØÒÕ ÔØáÚÞÒ ßÕàÕÜÕÝÝëå ÔÐÝÝëå ØÛØ áØá-

âÕÜÝëå ÔØáÚÞÒ, ÚÞÓÔÐ ØÝÖÕÝÕà, ÞÑáÛãÖØÒÐî-

éØÙ áØáâÕÜã, ÞèØÑÞçÝÞ ÜÕÝïÕâ àÐÑÞâÞáßÞáÞÑ-

ÝëÙ ÔØáÚ ÒÜÕáâÞ ÞâÚÐ×ÐÒèÕÓÞ. ² íâÞÜ áÛãçÐÕ

×ÐÜÕÝÕÝÝëÙ ÔØáÚ ßàÞÔÞÛÖÐÕâ ÒëßÞÛÝïâì âàÕ-

ÑãÕÜëÕ äãÝÚæØØ, Ð ÞâÚÐ×ÐÒèØÙ ÔØáÚ ÞáâÐÕâáï Ò

ÞâÚÐ×ÞÒÞÜ áÞáâÞïÝØØ. ÁÛÕÔãÕâ ÞâÜÕâØâì, çâÞ

ÒÕàÞïâÝÞáâì âÐÚÞÙ ÞèØÑÚØ ÔÞáâÐâÞçÝÞ ÜÐÛÐ,

âÐÚ ÚÐÚ íâÞ àãâØÝÝÐï ÞßÕàÐæØï, ÞáÝÞÒÐÝÝÐï ÝÐ

ÝÐÒëÚÐå. ºàÞÜÕ âÞÓÞ, ÝÐßàÞâØÒ ÞâÚÐ×ÐÒèÕÓÞ

ÔØáÚÐ ÓÞàØâ áØÓÝÐÛìÝÐï ÛÐÜßÞçÚÐ, ÚÞâÞàÐï ßàÞ-

ÔÞÛÖÐÕâ ÓÞàÕâì Ò áÛãçÐÕ ÒëßÞÛÝÕÝØï ÞèØÑÞç-

ÝÞÙ ×ÐÜÕÝë. ÍâÐ ÞßÕàÐæØï ÚÞÝâàÞÛØàãÕâáï

áÜÕÝÝëÜ ßÕàáÞÝÐÛÞÜ Ø áØáâÕÜÞÙ ÔØÐÓÝÞáâØÚØ

áØáâÕÜë. ¿ÞíâÞÜã áÞÒÕàèÕÝÝÐï ÞèØÑÚÐ ÑãÔÕâ

ÝÕÜÕÔÛÕÝÝÞ ÒëïÒÛïâìáï Ø ÕÕ ÒÕàÞïâÝÞáâì ßàÕ-

ÝÕÑàÕÖØÜÞ ÜÐÛÐ.

specified. The ill-intentioned actions. i.e.
premeditated diversion actions ÞÓ acts of
sabotage. etc.. ÐÓÕ not the subject of analy-
sis of the personnel's reliability.

The technical solutions. realized in the project
of ICS/SPPS, decrease significantly the ßØâÌÕÓ
of possibie erroneous actions of the personnel:

.The system executes its functions of
presenting the safety parameters to operator
in automated mode. i.e. ßÞ actions Þß the
system operation control is required from
operator. At this the errors of operator during
readout and interpretation of the information
ÐÓÕ outside the framework of this analysis.

.In ICS/SPPS the information Þß àÐÓÐâÕ-
ters important to safety is protected from
unauthorized access to technical and àÓÞ-
gram means during operation. thus the ÕÓ-
rors of operator during estimation of situa-
tion ÞÓ at planning the actions. leading to ful-
fillment of incorrect actions and distortion of
information, ÐÓÕ eliminated.

.The preventive maintenance of the sys-
tem is carried out without disturbance of its
operability. i.e. the execution of the preven-
tive maintenance does not require the output
of the system elements from the mode. in
which they fulfill the functions specified.

The errors of the personnel ÐÓÕ possibIe
during fulfillment of recovery of the failed ele-
ments Ìã their replacement. The most àÓÞÌÐ-
ËÕ ÕÓÓÞÓ during the replacement of failed disk
in RArD massive of variabIe data disks ÞÓ of
system disks occurs when the engineer àÕÓ-
forming the maintenance of the system chang-
es erroneously the ÞàÕÓÐËÕ disk instead of the
failed ÞßÕ. In this case the replaced disk áÞß-
tinues the execution of the required functions,
and the failed disk is kept in the failed state. It
should ÌÕ noted that the probability of such Ðß
ÕÓÓÞÓ is sufficiently low as it is Ð routine ÞàÕÓÐ-
tion based Þß skills gained. Besides, the signal
lamp opposite the failed disk is lighted and is
continued to light in case of fulfillment of the
erroneous replacement. This operation is
checked Ìã the shift personnel and Ìã diag-
nostic system of the system. Thus. the ÕÓÓÞÓ
made will ÌÕ revealed immediately, and its
probability is negligibiy low.

5. ANALYSIS OF COMMON MODE
FAILURES
At present during fulfillment of analyses of

the NPP systems' reliability the conventional
approach is such that for redundant ele-
ments the possibility of occurrence of multi-
ple dependent failures Ìã áÞââÞß cause is
permissibIe. This áÞââÞß cause could ÌÕ
connected with availability of relations not
taken into account in the model in explicit
form and caused Ìã design, industrial and
operational factors, which manifest at áÞâ-
âÞß location, similar conditions of operation,
at application of áÞââÞß procedures of the
technical maintenance and/or similar struc-

5. °½°»¸· ¾Âº°·¾² ¿¾ ¾±Éµ¹
¿À¸Ç¸½µ
Ò ÝÐáâÞïéÕÕ ÒàÕÜï ßàØ ßàÞÒÕÔÕÝØØ ÐÝÐÛØ-

×ÞÒ ÝÐÔÕÖÝÞáâØ áØáâÕÜ °ÍÁ ÞÑéÕßàØ×ÝÐÝÝëÜ
ïÒÛïÕâáï ßÞÔåÞÔ, ßàØ ÚÞâÞàÞÜ ÔÛï àÕ×ÕàÒØàãÕ-
Üëå íÛÕÜÕÝâÞÒ ÔÞßãáÚÐÕâáï ÒÞ×ÜÞÖÝÞáâì ÝÐ-
áâãßÛÕÝØï ÜÝÞÖÕáâÒÕÝÝëå ×ÐÒØáØÜëå ÞâÚÐ×ÞÒ
ßÞ ÞÔÝÞÙ ÞÑéÕÙ ßàØçØÝÕ. ÍâÐ ÞÑéÐï ßàØçØÝÐ
ÜÞÖÕâ Ñëâì áÒï×ÐÝÐ á ÝÐÛØçØÕÜ ×ÐÒØáØÜÞáâÕÙ;
ÝÕ ãçØâëÒÐÕÜëå Ò ÜÞÔÕÛØ Ò ïÒÝÞÙ äÞàÜÕ Ø

Òë×ÒÐÝÝëå ÚÞÝáâàãÚâØÒÝëÜØ, ßàÞØ×ÒÞÔáâÒÕÝ-
ÝëÜØ Ø íÚáßÛãÐâÐæØÞÝÝëÜØ äÐÚâÞàÐÜØ, ÚÞâÞ-

àëÕ ßàÞïÒÛïîâáï ßàØ ÞÑéÕÜ àÐáßÞÛÞÖÕÝØØ,
ÞÔØÝÐÚÞÒëå ãáÛÞÒØïå íÚáßÛãÐâÐæØØ, ßàØÜÕÝÕ-
ÝØØ ÞÑéØå ßàÞæÕÔãà âÕåÝØçÕáÚÞÓÞ ÞÑáÛãÖØÒÐ-
ÝØï Ø/ØÛØ ÞÔØÝÐÚÞÒëå ÚÞÝáâàãÚæØÞÝÝëå âØßÐå
àÕ×ÕàÒØàãÕÜëå íÛÕÜÕÝâÞÒ. ½ÐÛØçØÕ âÐÚØå äÐÚ-
âÞàÞÒ «ÞÑéÝÞáâØ» ÜÞÖÕâ ßàØÒÕáâØ Ú ×ÝÐçØâÕÛì-
ÝÞÜã ßÞÒëèÕÝØî ÒÕàÞïâÝÞáâØ ÜÝÞÖÕáâÒÕÝÝëå
ÞâÚÐ×ÞÒ.

ÃçØâëÒÐï âÞ, çâÞ àÕ×ÕàÒØàãÕÜëÕ íÛÕÜÕÝâë
áØáâÕÜë ¸²Á/Á¿¿± àÐáßÞÛÞÖÕÝë Ò ÞÔÝÞÙ ×ÞÝÕ
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(ßÞÜÕéÕÝØÕ ±ÉÃ, ÀÉÃ ØÛØ ¸²Á), ÒÐÖÝëÜ Øá-

âÞçÝØÚÞÜ ÒÞ×ÝØÚÝÞÒÕÝØï ÞâÚÐ×ÞÒ ßÞ ÞÑéÕÙ ßàØ-

çØÝÕ ÜÞÓãâ ïÒÛïâìáï ÒÝÕèÝØÕ ÒÞ×ÔÕÙáâÒãîéØÕ

äÐÚâÞàë, âÐÚØÕ, ÚÐÚ ÒÛÐÖÝÞáâÝÞ-âÕßÛÞÒëÕ Ø

ãÔÐàÝÞ-ÒØÑàÐæØÞÝÝëÕ [6] .¾ÑÞàãÔÞÒÐÝØÕ áØáâÕ-

Üë ßÞáâÐÒÛïÕâáï Ò ßÞÖÐàÞáâÞÙÚÞÜ Ø áÕÙáÜÞá-

âÞÙÚÞÜ ØáßÞÛÝÕÝØØ, Ð ÝÐ ±ÉÃ Ø ÀÉÃ ßÞáâÞïÝÝÞ

àÐÑÞâÐîâ áØáâÕÜë ÚÞÝÔØæØÞÝØàÞÒÐÝØï ÒÞ×ÔãåÐ.

¿ÞíâÞÜã ßàÕÔßÞÛÐÓÐÕâáï, çâÞ ÒÞ×ÔÕÙáâÒØÕ Òë-

èÕãÚÐ×ÐÝÝëå äÐÚâÞàÞÒ ÝÐ íÛÕÜÕÝâÌ! áØáâÕÜë

ÑãÔÕâ ÜØÝØÜÐÛìÝëÜ. ¾ÔÝÐÚÞ ßàÐÚâØÚÐ ßÞÚÐ×ë-

ÒÐÕâ, çâÞ ßÞÛÝÞáâìî ØáÚÛîçØâì ÞâÚÐ×ë ßÞ ÞÑéÕÙ

ßàØçØÝÕ ÝÕÒÞ×ÜÞÖÝÞ.

¾ÑëçÝÞ Ò ÜÞÔÕÛïå ÝÐÔÕÖÝÞáâØ ãçØâëÒÐîâáï

âÞÛìÚÞ âÕ ÞâÚÐ×ë ßÞ ÞÑéÕÙ ßàØçØÝÕ, ÚÞâÞàëÕ ßàÞ-

ïÒÛïîâáï ÞÔÝÞÒàÕÜÕÝÝÞ ØÛØ Ò ÚÞàÞâÚØÕ ßàÞÜÕ-

ÖãâÚØ ÒàÕÜÕÝØ, ÝÕ ßàÕÒÞáåÞÔïéØÕ ßÞ ÔÛØâÕÛìÝÞ-

áâØ åÐàÐÚâÕàÝëÕ ßÕàØÞÔë ÒàÕÜÕÝØ, ÞßàÕÔÕÛïÕ-

ÜëÕ ÜÞÔÕÛìî ÝÐÔÕÖÝÞáâØ (áàÕÔÝÕÕ ÒàÕÜï ÒÞá-

áâÐÝÞÒÛÕÝØï ÔÛï ïÒÝëå ÞâÚÐ×ÞÒ Ø ßÕàØÞÔ

ØáßëâÐÝØÙ ÔÛï áÚàëâëå ÞâÚÐ×ÞÒ Ò àÕÖØÜÕ ÞÖØÔÐ-

ÝØï). ÍâÞ ÝÐØÑÞÛÕÕ ÐÚâãÐÛìÝÞ ÔÛï ßàÞÓàÐÜÜØàãÕ-

Üëå áØáâÕÜ ãßàÐÒÛÕÝØï Ø ÚÞÝâàÞÛï, ÔÛï ÚÞâÞàëå á

ÒëáÞÚÞÙ áâÕßÕÝìî ßÕàØÞÔØçÝÞáâØ (â.Õ. ßàÐÚâØçÕá-

ÚØ ÝÕßàÕàëÒÝÞ) ßàÕÔãáÜÐâàØÒÐÕâáï ÒÝãâàÕÝÝïï

ÔØÐÓÝÞáâØÚÐ ÞâÔÕÛìÝëå ãáâàÞÙáâÒ Ø ßÕàÕÚàÕáâÝëÙ

ÚÞÝâàÞÛì àÕ×ÕàÒØàãÕÜëå íÛÕÜÕÝâÞÒ.

¾âÕçÕáâÒÕÝÝëÕ ÝÞàÜÐâØÒÝëÕ ÔÞÚãÜÕÝâë ßÞ

ßàÐÚâØçÕáÚÞÜã ãçÕâã ÞâÚÐ×ÞÒ ßÞ ÞÑéÕÙ ßàØçØÝÕ

ßàÞÓàÐÜÜØàãÕÜëå áØáâÕÜ ÞâáãâáâÒãîâ. Ò áâÐÝ-

ÔÐàâÕ Ü Íº [7] , ÚÞâÞàëÙ ÝÐ áÕÓÞÔÝï ïÒÛïÕâáï

ÕÔØÝáâÒÕÝÝëÜ ÜÕÖÔãÝÐàÞÔÝëÜ ÝÞàÜÐâØÒÝëÜ

ÔÞÚãÜÕÝâÞÜ Ò íâÞÙ ÞÑÛÐáâØ, áäÞàÜãÛØàÞÒÐÝë

ÔÒÕ ßàØÝæØßØÐÛìÝëÕ àÕÚÞÜÕÝÔÐæØØ:

.áØáâÕÜë á ßàÞÓàÐÜÜØàãÕÜëÜØ ÜÞÔãÛïÜØ

ØÜÕîâ Ûãçèãî ×ÐéØâã Þâ ÞâÚÐ×ÞÒ ßÞ ÞÑéÕÙ ßàØ-

çØÝÕ. ¿ÞíâÞÜã ØáßÞÛì×ÞÒÐÝØÕ ßÐàÐÜÕâàÞÒ ÜÞ-

ÔÕÛÕÙ ÞâÚÐ×ÞÒ ßÞ ÞÑéÕÙ ßàØçØÝÕ, ßÞÛãçÕÝÝëå

ÔÛï âÕåÝÞÛÞÓØçÕáÚØå áØáâÕÜ ÝÐ ÞáÝÞÒÕ ÞÑàÐÑÞâ-

ÚØ Ø ØÝâÕàßàÕâÐæØØ íÚáßÛãÐâÐæØÞÝÝÞÙ áâÐâØá-

âØÚØ, ïÒÛïÕâáï áÛØèÚÞÜ ÚÞÝáÕàÒÐâØÒÝëÜ Ø ÝÕ-

ÚÞààÕÚâÝëÜ. ¸áåÞÔï ¸3 íâÞÓÞ, Ò ßàÞÒÕÔÕÝÝÞÜ

ÐÝÐÛØ×Õ ØáßÞÛì×ÞÒÐÛØáì ÜÕÝìèØÕ 3ÝÐçÕÝØï ßÐ-

àÐÜÕâàÞÒ ÜÞÔÕÛÕÙ ÞâÚÐ×ÞÒ ßÞ ÞÑéÕÙ ßàØçØÝÕ,

çÕÜ ßàØ ßàÞÒÕÔÕÝØØ ²°± ÔÛï ±ÐÛÐÚÞÒáÚÞÙ °ÍÁ;

.ßàØ ØáßÞÛì×ÞÒÐÝØØ âàÐÔØæØÞÝÝÞÓÞ ßÐàÐÜÕâ-

àØçÕáÚÞÓÞ ßÞÔåÞÔÐ Ú ãçÕâã ÞâÚÐ×ÞÒ ßÞ ÞÑéÕÙ ßàØ-

çØÝÕ ×ÝÐçÕÝØï ßÐàÐÜÕâàÞÒ Øå ÜÞÔÕÛÕÙ ×ÐÒØáïâ Þâ

ÝÐÛØçØï Ø ÚÐçÕáâÒÐ ÝÕßàÕàëÒÝÞÙ ÔØÐÓÝÞáâØÚØ áÞ-

áâÞïÝØï ãáâàÞÙáâÒ áØáâÕÜë Ø ØáßÞÛì×ÞÒÐÝØï ßàØÝ-

æØßÐ àÐ×ÝÞÞÑàÐ×Øï ßàØ àÐ×àÐÑÞâÚÕ àÕ×ÕàÒØàãÕ-

Üëå íÛÕÜÕÝâÞÒ. Ò áâÐÝÔÐàâÕ Ü Íº [7] Ò ÚÐçÕáâÒÕ

âÐÚÞÙ ßÐàÐÜÕâàØçÕáÚÞÙ ÜÞÔÕÛØ àÕÚÞÜÕÝÔãÕâáï

ßàØÜÕÝïâì ÜÞÔÕÛì ÑÕâÐ-äÐÚâÞàÐ. ¿àØ ØáßÞÛì×ÞÒÐ-

ÝØØ ÜÞÔÕÛØ ÑÕâÐ-äÐÚâÞàÐ àÐááÜÐâàØÒÐÕâáï ÞâÚÐ×

ÒáÕÙ Óàãßßë íÛÕÜÕÝâÞÒ ßÞ ÞÑéÕÙ ßàØçØÝÕ, ÝÕ×ÐÒØ-

áØÜÞ Þâ ÚÞÛØçÕáâÒÐ íÛÕÜÕÝâÞÒ Ò ÓàãßßÕ.

Ò àÐááÜÐâàØÒÐÕÜÞÙ áØáâÕÜÕ ¸²Á/Á¿¿± ßàØÝ-

æØß àÐ×ÝÞÞÑàÐ×Øï ØáßÞÛì×ÞÒÐÝ ÝÕ ÑëÛ, çâÞ ÝÕ-

áÚÞÛìÚÞ ãåãÔèÐÕâ ×ÐéØéÕÝÝÞáâì áØáâÕÜë ßàÞ-

âØÒ ÚÐÚ ÞâÚÐ×ÞÒ ßÞ ÞÑéÕÙ ßàØçØÝÕ, âÐÚ Ø ÞèØÑÞÚ

ßàÞÓàÐÜÜÝÞÓÞ ÞÑÕáßÕçÕÝØï. ² áÞÞâÒÕâáâÒØØ á

àÕÚÞÜÕÝÔÐæØïÜØ áâÐÝÔÐàâÐ Ü Íº [7] ×ÝÐçÕÝØÕ

ÑÕâÐ-äÐÚâÞàÐ âÐÚÞÙ áØáâÕÜë Ò ÔÒãåÚÐÝÐÛìÝÞÜ

ØáßÞÛÝÕÝØØ ÝÕ ÜÞÖÕâ Ñëâì ÜÕÝìèÕ, çÕÜ 0,01.

tural types of redundant elements. The avail-
ability of such factors of «generality» could
lead to significant increase of the probability
of the multiple failures.

Taking into account that the redundant ele-
ments of the ICS/SPPS system ÐÓÕ located in
ÞßÕ ÐÓÕÐ (ÓÞÞâ of MCR, ECR ÞÓ ICS), the im-
portant source of occurrence of the áÞââÞß
cause failures could ÌÕ connected with external
influencing factors, such as moist-thermal and
impact -vibration factors [6] .The equipment of
the system is delivered in fire resistant and seis-
mic stabIe implementation, and the air condi-
tioning systems in MCR and ECR ÐÓÕ operated
permanently. Thus, it is assumed that the influ-
ÕßáÕ of the above-mentioned factors Þß the el-
ements of the system will ÌÕ minimum. But the
practice shows that it is not possibIe to eliminate
fully the áÞââÞß mode failures.

Usually in the reliability models only those
áÞââÞß mode failures ÐÓÕ taken into Ðá-
count, which occur simultaneously ÞÓ in short
periods of time, not exceeding Ìã duration the
specific time periods, determined Ìã the relia-
bility model (âÕÐß time of recovery for explicit
failures and period of tests for hidden failures
in the waiting mode). This is actual most of Ð"
for programmed instrumentation and control
systems, for which the internal diagnostics of
individual devices and cross check of redun-
dant elements ÐÓÕ envisaged with high degree
of periodicity (i.e. practically continuously).

There ÐÓÕ ßÞ domestic normative docu-
ments Þß practical accounting of áÞââÞß
mode failures of the programmed systems. In
IEC standard [7], which is today the only inter-
national normative document in this ÐÓÕÐ, two
principal recommendations ÐÓÕ formulated:

.The systems with programmed modules
have better protection from áÞââÞß mode
failure. Thus the application of the parameters
of models of áÞââÞß mode failures, received
for technological systems Þß the basis of
processing and interpretation of the operating
statistics, is too conservative and incorrect.
For this reason in the analysis fulfilled the less
values of the parameters of models of áÞâ-
âÞß mode failures than during the conduc-
tion of PAS for Balakovo NPP, were used.

.During the application of traditional àÐÓÐ-
metric approach to accounting the áÞââÞß
mode failures the parameters values of their
models depend Þß availability and quality of
continuous diagnostics of state of the system
devices and Þß use of the diversity principle at
the development of the redundant elements.
In IEC standard [7] it is recommended to use
the model of beta -factor as Ð parametric
model. At application of the beta-factor model
the áÞââÞß mode failure of the whole group
of elements is considered independently of
amount of the elements in the group.

In the reviewed system ICS/SPPS the diver-
sity principle was not used, this deteriorates to
some extent the protection of system from
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~

á ÔàãÓÞÙ áâÞàÞÝë, ÑÞÛìèØÝáâÒÞ íÛÕÜÕÝâÞÒ both áÞââÞß mode failures and errors of the

ÐÝÐÛØ×ØàãÕÜÞÙ áØáâÕÜë ¸²Á/Á¿¿± ïÒÛïÕâáï software. In accordance with the ÓÕáÞââÕß-

ÝÕßàÕàëÒÝÞ ÚÞÝâàÞÛØàãÕÜëÜØ á ÒëáÞÚÞÙ áâÕ- dations of IEC standard [7] the beta-factor val-

ßÕÝìî ÒëïÒÛÕÝØï ÞâÚÐ×ÞÒ, çâÞ ÞÑëçÝÞ áÞáâÐÒÛï- ue of this system in two-channel implementa-

Õâ 99% Þâ ÞÑéÕÓÞ çØáÛÐ ÞâÚÐ×ÞÒ ßÞ íÚáßÕàâÝëÜ tion could not ÌÕ less than 0,01.

ÞæÕÝÚÐÜ áâÐÝÔÐàâÐ Ü Íº [7]. ² áÞÞâÒÕâáâÒØØ á From the other side, the majority of the

àÕÚÞÜÕÝÔÐæØïÜØ íâÞÓÞ áâÐÝÔÐàâÐ ×ÝÐçÕÝØÕ elements of the reviewed system ICS/SPPS

ÑÕâÐ-äÐÚâÞàÐ ÔÛï íÛÕÜÕÝâÞÒ ÔÒãåÚÐÝÐÛìÝÞÙ áØ- ÐÓÕ continuously monitored with high degree

áâÕÜë á ÒëáÞÚÞÙ íääÕÚâØÒÝÞáâìî ßÞáâÞïÝÝÞÓÞ of revealing the failures, this is usually equal

ÚÞÝâàÞÛï, àÐ×àÐÑÞâÐÝÝÞÙ ÑÕ× ßàØÜÕÝÕÝØï ßàØÝ- to 99 % of the total amount of the failures Ìã

æØßÐ àÐ×ÝÞÞÑàÐ×Øï, ÞæÕÝØÒÐÕâáï ÚÐÚ: expert evaluations of IEC standard [7]. 'ß Ðá-

cordance with the recommendations of this
13t = 0, 99 13d + 0,01 13u ' standard the beta-factor value for the ele-

ments of two-channel system with high effi-

ÓÔÕ 13, -áãÜÜÐàÝëÙ ÑÕâÐ-äÐÚâÞà; ciency of permanent monitoring being de-

13d -ÑÕâÐ-äÐÚâÞà 0,01 ÔÛï ÞÑÝÐàãÖØÒÐÕÜÞÙ signed without application of the diversity

çÐáâØ ÞâÚÐ×ÞÒ; principle is estimated as:
13u -ÑÕâÐ-äÐÚâÞà 0,05 ÔÛï ÝÕÞÑÝÐàãÖØÒÐÕÜÞÙ 13t = 0, 99 13d + 0,01 13u ,

çÐáâØ ÞâÚÐ×ÞÒ. where 13, -total beta-factor;

¿àØ äÞàÜØàÞÒÐÝØØ Óàãßß íÛÕÜÕÝâÞÒ, ßÞÔ- 13d -beta-factor 0,01 for detected part of

ÒÕàÖÕÝÝëå ÞâÚÐ×ÐÜ ßÞ ÞÑéÕÙ ßàØçØÝÕ, ÑëÛØ failures;

ßàØÝïâë ÒÞ ÒÝØÜÐÝØÕ ÞÑéÝÞáâì ÚÞÝáâàãÚæØØ, 13u -factor 0,05 for undetected part of failures.

ÞÑéÝÞáâì àÐáßÞÛÞÖÕÝØï íÛÕÜÕÝâÞÒ Ø ÚàØâÕàØØ During the generation of the groups of ele-

ÞâÚÐ×Ð áØáâÕÜë ¸²Á/Á¿¿±. ÃçÕâ ßÞáÛÕÔÝÕÓÞ ments, subjected to áÞâ âÞß mode failures the

ßàØÝæØßÐ ßàØÒÕÛ Ú âÞÜã, çâÞ íÛÕÜÕÝâë ÞÔÝÞÓÞ generality of design, generality of location of the

âØßÐ ÞÑàÐ×ÞÒÐÛØ ÝÕáÚÞÛìÚÞ Óàãßß, â.Ú. ÞâÚÐ× elements and criteria of failure of ICS/SPPS

âÞÛìÚÞ çÐáâØ ÞÔÝÞâØßÝëå íÛÕÜÕÝâÞÒ ãÖÕ ßàØÒÞ- system have ÌÕÕß taken into account. Account-

´¸Â Ú àÕÐÛØ×ÐæØØ ÒÕàèØÝÝÞÓÞ áÞÑëâØï, â.Õ. Ú ing of the latter principle led to the following: the

ÝÕÒëßÞÛÝÕÝØî áØáâÕÜÞÙ ×ÐÔÐÝÝëå äãÝÚæØÙ Ò elements of ÞßÕ tyPe formed several groups, as

áÞÞâÒÕâáâÒØØ áÞ áäÞàÜãÛØàÞÒÐÝÝëÜØ ÚàØâÕàØ- the failure of only Ð part of similar elements has

ïÜØ ÕÕ ÞâÚÐ×Ð. ¿àØ íâØå ÓàÐÝØçÝëå ãáÛÞÒØïå lead already to realization of the top event, i.e.

äÞàÜØàÞÒÐÝØÕ ¾´½¾Ù ÓÛÞÑÐÛìÝÞÙ Óàãßßë ¾´½¾- to non-fulfillment Ìã the system of the specified

âØßÝëå íÛÕÜÕÝâÞÒ, ßÞÔÒÕàÖÕÝÝëå ÞâÚÐ×ÐÜ ßÞ functions in accordance with the formulated cri-

ÞÑéÕÙ ßàØçØÝÕ, ßàØÒÕÛÞ Ñë Ú ÝÕÔÞÞæÕÝÚÕ Øå teria of its failure. At these boundary conditions

ÒÚÛÐÔÐ ßàØ ØáßÞÛì×ÞÒÐÝØØ ÜÞÔÕÛØ ÑÕâÐ-äÐÚâÞ- of generating ÞßÕ global group of similar ele-

àÐ. ¿ÕàÕçÕÝì Óàãßß íÛÕÜÕÝâÞÒ, ßÞÔÒÕàÖÕÝÝëå ments subjected to áÞâ âÞß mode failures

ÞâÚÐ×ÐÜ ßÞ ÞÑéÕÙ ßàØçØÝÕ Ø àÐááÜÞâàÕÝÝëå Ò would lead to underestimation of their contribu-

ÜÞÔÕÛØ, ÒÚÛîçÐÕâ áÛÕÔãîéØÕ íÛÕÜÕÝâë: tion during application of the beta-factor model.

.ÖØÔÚÞÚàØáâÐÛÛØçÕáÚØÕ ÜÞÝØâÞàë; The list of groups of the elements, subjected to

.ÚÐÑÕÛìÝÐï ãÚÛÐÔÚÐ Ø èÛÕÙäë ÑÛÞÚÞÒ ßØâÐ- áÞââÞß mode failures and reviewed in the

ÝØï; model includes the following elements:

.ÒÝÕèÝØÕ Ø ÒÝãâàÕÝÝØÕ ÑÛÞÚØ àÐáèØàÕÝØï; .liquid crystal monitors;

.ÖÕáâÚØÕ ´¸Áº¸, ãáâàÞÙáâÒÐ ÒÒÞÔÐ, ÜÐâÕàØÝ- .áÐËÕ routes and trains of supply units;

áÚØÕ ßÛÐâë, áÕâÕÒëÕ ÚÐàâë, ßàÞæÕááÞàë, ÒØÔÕÞ- .external and internal extension units;

ÚÐàâë àÐÑÞçØå áâÐÝæØÙ Ø ÐÛìäÐ-áÕàÒÕàÐ; .hard disks, input devices, mother

.ßÕàÕÚÛîçÐâÕÛØ ßØâÐÝØï Ø áÕâÕÒëÕ ßÕàÕÚÛî- boards, network cards, processors, video

çÐâÕÛØ; cards of workstations and alpha server;

.ÑÐâÐàÕØ Ø ×ÐàïÔÝëÕ ãáâàÞÙáâÒÐ; .supply switches and mains switches;

.ÚÞÜÜãâÐâÞàë ½À8000; .batteries and chargers;

.ÔØáÚØ ÜÐááØÒÞÒ Ø áâÞÙÚØ ÔØáÚÞÒ ÐÛìäÐ- .commutators ½À8000;

áÕàÒÕàÐ; .disks of massive and racks of alpha

.RAID ÚÞÝâàÞÛÛÕà ÐÛìäÐ-áÕàÒÕàÐ. server disks;

¾ÔÝØÜ Ø× ÞáÝÞÒÝëå ÒÚÛÐÔçØÚÞÒ Ò ÞâÚÐ×ë ßÞ. RAID controller of alpha server.

ÞÑéÕÙ ßàØçØÝÕ áçØâÐîâáï ÞèØÑÚØ ßàÞÓàÐÜÜÝÞÓÞ ¾ßÕ of the main contributors into áÞâ âÞß

ÞÑÕáßÕçÕÝØï, ÚÞâÞàëÕ ÝÕ ãçØâëÒÐîâáï Ò àÕÚÞ- mode failures ÐÓÕ the errors of the software,

ÜÕÝÔÞÒÐÝÝëå áâÐÝÔÐàâÞÜ Ü Íº [7] ×ÝÐçÕÝØïå ßÐ- which ÐÓÕ not taken into account in of àÐÓÐâÕ-

àÐÜÕâàÞÒ ÜÞÔÕÛÕÙ ÞâÚÐ×ÞÒ ßÞ ÞÑéÕÙ ßàØçØÝÕ. ter values of models for áÞâ âÞß mode failures

¿ÞíâÞÜã âÐÚØÕ ÞèØÑÚØ àÐááÜÞâàÕÝë ÞâÔÕÛìÝÞ. recommended Ìã IEC standard [7]. For this

reason such errors ÐÓÕ reviewed separately.

Ñ. °½°»¸· ½°´µ¶½¾ÁÂ¸

¿À¾³À°¼¼½¾³¾ ¾±µÁ¿µÇµ½¸Ï

ÁÞÓÛÐáÝÞ âàÕÑÞÒÐÝØïÜ O¿±-88/97 [1] (ßß.

4.4.4.5 Ø 4.4~5.9) ßàÞÕÚâë ãßàÐÒÛïîéØå áØáâÕÜ

ÑÕ×ÞßÐáÝÞáâØ Ø ÝÞàÜÐÛìÝÞÙ íÚáßÛãÐâÐæØØ ÔÞÛ-

ÖÝë áÞÔÕàÖÐâì ÐÝÐÛØ× ÝÐÔÕÖÝÞáâØ äãÝÚæØÞÝØ-

6. ANALYSIS OF RELlABlLITY
OF Â½µ SOFTWARE
According to the requirements of oÀÒ-88/

97 [1] (i.i. 4.4.4.5 and 4.4.5.9) the projects
of control safety systems and normal ÞàÕÓÐ-
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àÞÒÐÝØï ßàÞÓàÐÜÜÝëå áàÕÔáâÒ. °ÝÐÛÞÓØçÝëÕ tion systems shall include the analysis of ÓÕ-
âàÕÑÞÒÐÝØï ÔÛï ÐÝÐÛØâØÚÞÒ, ßàÞÒÞÔïéØå ÐÝÐÛØ× liability of the program means functioning.
áØáâÕÜ °ÍÁ, ÒÐÖÝëå ÔÛï ÑÕ×ÞßÐáÝÞáâØ, áÞÔÕà- Similar requirements for analysts fulfilling the
ÖÐâáï Ò ÔÞÚãÜÕÝâÐå ¼°³°ÂÍ [9, 10]. analysis of NPP systems important to safet<

¾ÑéÕßàØ×ÝÐÝÝÞ, çâÞ ÝÕÛì×ï ÓÐàÐÝâØàÞÒÐâì ÐÓÕ formulated in IAEA documents [9, 10].
ÑÕ×ÞèØÑÞçÝÞÕ äãÝÚæØÞÝØàÞÒÐÝØÕ ßàÞÓàÐÜÜÝÞÓÞ It is conventionally accepted that it is not
ÞÑÕáßÕçÕÝØï (¿¾) ÔÐÖÕ ßàØ ×ÝÐçØâÕÛìÝëå ×ÐâàÐ- possible to guarantee failure-free functioning of
âÐå àÐ×àÐÑÞâçØÚÞÒ ÝÐ áâÐÔØØ àÐ×àÐÑÞâÚØ Ø âÕáâØ- the software (sw) even at significant expenses
àÞÒÐÝØï ßàÞÓàÐÜÜÝÞ-âÕåÝØçÕáÚØå áàÕÔáâÒ [8]. of the developers at the stage of development

¿ÞÚÐ×ÐâÕÛØ ÝÐÔÕÖÝÞáâØ ßàÞÓàÐÜÜÝëå and testing of program-technical means [8].
áàÕÔáâÒ åÐàÐÚâÕàØ×ãîâ Øå áßÞáÞÑÝÞáâì ÒëßÞÛ- The reliability factors of program means char-
Ýïâì ×ÐÔÐÝÝëÕ äãÝÚæØØ Ò áÞÞâÒÕâáâÒØØ áÞ áßÕ- acterize their capability to execute the specified
æØäØÚÐæØïÜØ Ò ãáÛÞÒØïå ÕáâÕáâÒÕÝÝëå ÞâÚÛÞÝÕ- functions in accordEnce with specifications in
ÝØÙ, ÒÞ×ÝØÚÐîéØå Ò áàÕÔÕ äãÝÚæØÞÝØàÞÒÐÝØï Ø conditions of natural deviations, occurring in me-
Òë×ÒÐÝÝëå àÐ×ÛØçÝëÜØ ÔÕáâÐÑØÛØ×ØàãîéØÜØ dium of functioning and caused Ìã different
äÐÚâÞàÐÜØ. Ú çØáÛã ãÚÐ×ÐÝÝëå äÐÚâÞàÞÒ ÞâÝÞ- destabilizing factors. In particular; the changes of
áïâáï, Ò çÐáâÝÞáâØ, Ø×ÜÕÝÕÝØï ãáÛÞÒØÙ àÐÑÞâë operating conditions of technical means, their
âÕåÝØçÕáÚØå áàÕÔáâÒ, Øå ÞâÚÐ×ë Ø áÑÞØ, Ø×ÜÕÝÕ- failures and faults, changes in the input data,
ÝØï ÒÞ ÒåÞÔÝëå ÔÐÝÝëå, Ø×ÜÕÝÕÝØï Ò àÐáßàÕÔÕ- changes in distlibution of the memory resources
ÛÕÝØØ àÕáãàáÞÒ ßÐÜïâØ. ÐÓÕ related to the specified factors.

²ëïÒÛÕÝØÕ ßÞâÕÝæØÐÛìÝëå ÔÕäÕÚâÞÒ ¿¾ The reveal of potential defects in sw of ICS/
¸²Á/Á¿¿± Ø ÜØÝØÜØ×ÐæØï Øå çØáÛÐ ßàÞÒÞÔïâáï SPPS and minimization of their amount ÐÓÕ ful-
ßàØ ÞâÛÐÔÚÕ Ø ÒÝÕÔàÕÝØØ áØáâÕÜë. ÁÛÕÔãÕâ, ¾´- filled during debugging and implementation of
ÝÐÚÞ, ÞâÜÕâØâì, çâÞ ÚÞÜÑØÝÐâÞàÝëÙ åÐàÐÚâÕà the system. But it should ÌÕ noted that combi-
ÞÑàÐÑÞâÚØ Ø ÝÐÚÞßÛÕÝØï ØÝäÞàÜÐæØØ Ø ÜÝÞÖÕ- natory character of information processing and
áâÒÞ ãáÛÞÒÝëå ßÕàÕåÞÔÞÒ áÞ×ÔÐîâ ÑÞÛìèÞÕ ÚÞ- accumulation and variety of conditional transi-
ÛØçÕáâÒÞ ßãâÕÙ ÒëßÞÛÝÕÝØï ßàÞÓàÐÜÜÞÙ âÞÙ tions create great amount of ways for execut-
ØÛØ ØÝÞÙ ÚÞÜÐÝÔë. ÍâØÜ ÞÑêïáÝïÕâáï ÝÕÒÞ×- ing ÞßÕ ÞÓ another command ßÌã the program.
ÜÞÖÝÞáâì ÒëïÒØâì ÐÑáÞÛîâÝÞ ÒáÕ ßàÞÓàÐÜÜÝëÕ This is the reason of impossibility to reveal ÐÌ-
ÞèØÑÚØ ÝÐ íâÐßÐå âÕáâØàÞÒÐÝØï Ø ÞßëâÝÞÙ íÚáß- solutely Ð" program errors at stages of testing
ÛãÐâÐæØØ, åÞâï ÑÞÛìèØÝáâÒÞ ÞèØÑÞÚ âÕÜ ÝÕ ÜÕ- and pilot operation, but nevertheless, the ma-
ÝÕÕ ÒëïÒÛïîâáï ÒÞ ÒàÕÜï âÕáâØàÞÒÐÝØï áàÕÔáâÒ jority of errors ÐÓÕ detected during testing of
ÝÐ ßÞÛØÓÞÝÕ Ø ÒÞ ÒàÕÜï ßãáÚÞ-ÝÐÛÐÔÞçÝëå àÐ- program means at polygon and during start-up
ÑÞâ. ¾áâÐâÞçÝÞÕ çØáÛÞ ÞèØÑÞÚ ¿¾ ÜÞÔÕÛØàãÕâ- and adjustment operations. The residual
áï Ò ÜÞÔÕÛØ ÝÐÔÕÖÝÞáâØ ̧²Á/Á¿¿±. number of sw errors is simulated in the relia-

¿àØ ÐÝÐÛØ×Õ ÝÐÔÕÖÝÞáâØ ¿¾ ¸²Á/Á¿¿± ÜÞ- bility model of ICS/SPPS.
Óãâ Ñëâì àÐááÜÞâàÕÝë ÔÒÐ ÒØÔÐ ÞâÚÐ×ÞÒ ¿¾: During the reliability analysis of the software
áÑÞØ Ø ÓÛÞÑÐÛìÝëÕ ÞèØÑÚØ ßàÞÓàÐÜÜØàÞÒÐÝØï, of ¿¾ ICS/SPPS two types of sw failures could
ßÞâÕÝæØÐÛìÝÞ ßàØÒÞÔïéØÕ Ú ÝÕÒëßÞÛÝÕÝØî ÌÕ considered: faults and global errors of àÓÞ-
äãÝÚæØÙ áØáâÕÜë áàÐ×ã ÒÞ ÒáÕå àÕ×ÕàÒØàãÕÜëå gramming, potentially leading to non-fulfillment
ÜÞÔãÛïå [4]. ÁÛÕÔãÕâ ÞâÜÕâØâì, çâÞ ÓÛÞÑÐÛìÝëÕ of functions of the system in Ð" redundant
ÞèØÑÚØ ßàÞÓàÐÜÜØàÞÒÐÝØï åÐàÐÚâÕàÝë ÔÛï áØá- modules at ÞßáÕ [4]. It should ÌÕ noted that
âÕÜ ãßàÐÒÛÕÝØï, ÝÐåÞÔïéØåáï Ò àÕÖØÜÕ ÞÖØÔÐ- global errors of programming ÐÓÕ characteristic
ÝØï. ÀÐááÜÐâàØÒÐÕÜÐï áØáâÕÜÐ íÚáßÛãÐâØàãÕâ- for control systems staying in waiting mode.
áï Ò àÕÖØÜÕ «ÞÝ-ÛÐÙÝ», â.Õ. ÓÛÞÑÐÛìÝëÕ ÞèØÑÚØ The system reviewed is operated in «on-Iine»
¿¾, ÝÕ ÒëïÒÛïÕÜëÕ áàÐ×ã Ø ßàØÒÞÔïéØÕ Ú ÝÕÒë- mode, i.e. global errors of the software, not
ßÞÛÝÕÝØî äãÝÚæØØ áØáâÕÜë ßàØ àÕÐÛØ×ÐæØØ ÝÕ revealed atonce and leading to non-fulfillment
ßàÕÔãáÜÞâàÕÝÝëå ßàØ ßàÞÓàÐÜÜØàÞÒÐÝØØ ÚÞÝ- of functions of the system during realization of
äØÓãàÐæØÙ Ø ÓàÐÝØçÝëå ãáÛÞÒØÙ, ïÒÛïîâáï configurations and boundary conditions not
ÚàÐÙÝÕ ÜÐÛÞÒÕàÞïâÝëÜØ. ¿ÞíâÞÜã ßàÞïÒÛÕÝØÕ envisaged during programming, ÐÓÕ extremely
ÛîÑëå ÞèØÑÞÚ ¿¾ ÑãÔÕâ ØÜÕâì åÐàÐÚâÕà áÑÞÕÒ, improbable. Thus exhibiting of Ðßã SW errors
ßàÞïÒÛïîéØåáï Ò «×ÐÒØáÐÝØØ» áØáâÕÜë Ø, áÛÕ- will ÌÕ demonstrated as failures occurring in
ÔÞÒÐâÕÛìÝÞ, ÔÞáâÐâÞçÝÞ ÑëáâàÞ ÒëïÒÛïÕÜëå. the form of «hanging up» of system and, áÞß-

ÁÑÞØ ¿¾ Òë×ëÒÐîâáï ÝÕÒëïÒÛÕÝÝëÜØ ßàÞ- sequently, will ÌÕ revealed rather quickly.
ÓàÐÜÜÝëÜØ ÞèØÑÚÐÜØ, ÚÞâÞàëÕ ÓÛÐÒÝëÜ ÞÑàÐ- The sw failures ÐÓÕ caused Ìã non-revealed
×ÞÜ ÒÛØïîâ ÝÐ ÞàÓÐÝØ×ÐæØî ÞÑÜÕÝÐ ÔÐÝÝëÜØ. program errors, which have intluence mainly
ºÐÚ áÛÕÔáâÒØÕ ÝÐÛØçØï âÐÚØå ÞèØÑÞÚ ßàÞÓàÐÜ- Þß organization of the data exchange. As the
ÜÐ ÒëÔÐÕâ ÝÕßàÐÒØÛìÝëÕ àÕ×ãÛìâÐâë, ÝÕáÜÞâàï consequence of availability of such errors, the
ÝÐ âÞ çâÞ ÒåÞÔÝëÕ ÔÐÝÝëÕ ãÔÞÒÛÕâÒÞàïîâ áßÕ- program delivers incorrect results despite the
æØäØÚÐæØØ âàÕÑÞÒÐÝØÙ, ÝÐßàØÜÕà, Ø×-×Ð ßàÞ- fact that the input data satisfies the specifica-
ÑÛÕÜ á ÔØÝÐÜØçÕáÚØÜ àÐáßàÕÔÕÛÕÝØÕÜ àÕáãà- tion of the requirements, for example, due to
áÞÒ. ¿àØ íâÞÜ, åÞâï ÚÞàÕÝÝÐï ßàØçØÝÐ ÝÕÚÞâÞ- some problems with the dynamic distribution
àëå ÞâÚÐ×ÞÒ ¿¾ ÝÕ ãáâàÐÝïÕâáï Ø Ò âÞçÝÞ âÐÚÞÙ of resources. In this case though the root ÓÕÐ-
ÖÕ áØâãÐæØØ ÞâÚÐ× ÔÞÛÖÕÝ ßÞÒâÞàØâìáï, âÞçÝÞÕ son of some sw failures is not eliminated, and
ßÞÒâÞàÕÝØÕ ÔÐÝÝëå Ø, áÞÞâÒÕâáâÒÕÝÝÞ, áÒï×ÐÝ- in exactly the same situation the failure should
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ÝÞÓÞ á ÝØÜ ÞâÚÐ×Ð ÜÐÛÞÒÕàÞïâÝÞ. ¿ÞíâÞÜã ãÚÐ- ìÕ repeated, the exact repetition of the data
×ÐÝÝÐï ÞèØÑÚÐ ßàÞÓàÐÜÜØàÞÒÐÝØï ßàÞïÒÛïÕâáï and, correspondingly, of the failures connected
Ò ÒØÔÕ ßÕàÕÜÕÖÐîéØåáï ÞâÚÐ×ÞÒ, â.Õ. áÑÞÕÒ, Úo- with it is improbabie. Thus the specified ÕÓÓÞÓ

âoàëÕ ãáâàÐÝïîâáï ßàÕØÜãéÕáâÒÕÝÝÞ ÐÒâoÜÐ- of programming is occurred in the form of al-
âØ×ØàoÒÐÝÝëÜØ ÜÕâÞÔÐÜØ (ßÞÒâÞàÝÞÙ ØÝØæØÐ- ternated failures, i.e. faults, which ÐÓÕ eliminat-
ÛØ×ÐæØÕÙ ßàÞÓàÐÜÜë). ed preferentially Ìã automated methods (Ìã ÓÕ-

ÂÐÚ ÚÐÚ àÕ×ÕàÒØàãÕÜëÕ ßàÞÓàÐÜÜÝëÕ ÜÞÔãÛØ peated initialization of the program).
àÐ×àÐÑÞâÐÝë ÑÕ× ØáßÞÛì×ÞÒÐÝØï ßàØÝæØßÐ àÐ×- As the redundant program modules have
ÝooÑàÐ×Øï Ø âÕåÝØçÕáÚØÕ áàÕÔáâÒÐ, ÝÐ ÚÞâÞàëå ÌÕÕß developed without application of the di-
ÞÝØ ãáâÐÝÞÒÛÕÝë, ïÒÛïîâáï ØÔÕÝâØçÝëÜØ, âÞ versity principle, and the technical means,
ßàÕÔßÞÛÐÓÐÕâáï, çâÞ ÞâÚÐ× âØßÐ «×ÐÒØáÐÝØï» Ñã- where they ÐÓÕ installed, ÐÓÕ identical, it is
ÔÕâ ÒÞ×ÝØÚÐâì ÞÔÝÞÒàÕÜÕÝÝÞ ÝÐ ÞÑÞØå ÚÐÝÐÛÐå assumed that the failure of «hanging up» type
áØáâÕÜë, çâÞ ïÒÛïÕâáï ÚÞÝáÕàÒÐâØÒÝëÜ ßàÕÔßo- will occur simultaneously at both channels of
ÛoÖÕÝØÕÜ. ²àÕÜï ßÕàÕ×ÐÓàã×ÚØ ÞæÕÝØÒÐÕâáï íÚ- the system, this assumption is Ð conservative
áßÕàâÝoÙ ÒÕÛØçØÝÞÙ 15 ÜØÝãâ á ãçÕâÞÜ ßàÕÔèÕ- oßÕ. The time of reboot is estimated Ìã Õå-
áâÒãîéØå ÕÙ ÐÔÜØÝØáâàÐâØÒÝëå ßàÞæÕÔãà. perts as equal to 15 minutes with regard for

´Ûï ÞæÕÝÚØ ßÞÚÐ×ÐâÕÛÕÙ ÝÐÔÕÖÝÞáâØ ßÐ previous administrative procedures.
áàÕÔáâÒ ̧ ²Á/Á¿¿± ÑëÛ Ø×ãçÕÝ Þßëâ íÚáßÛãÐâÐ- For estimating the factors of the sw reliabil-
æØØ Øå ÐÝÐÛÞÓÞÒ Ø ßàÞÒÕÔÕÝ áÑÞà ØÝäÞàÜÐæØØ ity of ICS/SPPS technical means the operating
ßÞ äÐÚâÐÜ ÞâÚÐ×ÞÒ ßàÞÓàÐÜÜÝÞÓÞ ÞÑÕáßÕçÕÝØï experience of their analogs has ÌÕÕß studied,
ÜÞÔãÛÕÙ ÝÐ ÔÕÙáâÒãîéØå ÑÛÞÚÐå. ¿Þ ØÝäoàÜÐ- and the accumulation of information Þß events
æØØ àÐ×àÐÑÞâçØÚÐ, ×Ð 25 ÛÕâ íÚáßÛãÐâÐæØØ ÝÐ 7 of failures of the software of the modules at the
íÝÕàÓÞÑÛÞÚÐå °ÍÁ, ßÞáâàÞÕÝÝëå ßÞ áÞÒÕâáÚØÜ operating Units has ÌÕÕß perf°rmed. Accord-
ßàÞÕÚâÐÜ, ÞâÚÐ×ë ßÐ âÐÚØå áØáâÕÜ oâáãâáâÒoÒÐ- ing to the information of the developer during
ÛØ. ÂÐÚØÜ ÞÑàÐ×ÞÜ, ØÝâÕÝáØÒÝÞáâì áÑÞÕÒ ßÐ 25 years of operation at 7 power Units of
áØáâÕÜë, ÚÞâÞàÐï áÞáâÐÒÛïÕâ 7, 1µ-6 1/ç, ßoÛã- NPPs, constructed Ìã the Soviet projects, the
çÕÝÐ ÔÛï ÝãÛÕÒÞÙ áâÐâØáâØÚØ á ØáßÞÛì×ÞÒÐÝØÕÜ failures of the software of these systems were
âÕÞàÕÜë ±ÐÙÕáÐ Ò ßàÕÔßÞÛÞÖÕÝØØ ÝÕØÝäoàÜÐ- absent. Thus, the intensity of sw failures of the
âØÒÝÞÓÞ ÐßàØÞàÝÞÓÞ àÐáßàÕÔÕÛÕÝØï. system, which is equal to 7, 1µ-6 1/h, has ÌÕÕß

obtained for null statistics with the application
7. ¾Æµ½º° ²µÀ¾ÏÂ½¾ÁÂ¸ ¿¾ÂµÀ¸ of Bayes theorem in assumption of non-in-
²½µÈ½µ³¾ Í»µºÂÀ¾Á½°±¶µ½¸Ï formative Ð priori distribution.
Á¸ÁÂµ¼Ë
ÁØáâÕÜÐ ¸²Á/Á¿¿± ßÞÔÚÛîçÕÝÐ Ú áÕâØ ÑÕá-

ßÕàÕÑÞÙÝÞÓÞ íÛÕÚâàÞáÝÐÑÖÕÝØï. ¿àØ ßÕàÕÑÞïå
íÛÕÚâàÞáÝÐÑÖÕÝØï ßØâÐÝØÕ áØáâÕÜë oÑÕáßÕçØ-
ÒÐÕâáï Þâ ÐÚÚãÜãÛïâÞàÝÞÙ ÑÐâÐàÕØ Ò àÕÖØÜÕ
àÐ×àïÔÐ. ²Þ ÒàÕÜï oÑÕáâoçØÒÐÝØï íÝÕàÓÞÑÛÞÚÐ
ÐÚÚãÜãÛïâÞàÝÐï ÑÐâÐàÕï ÞáâÐÕâáï ÕÔØÝáâÒÕÝ-
ÝëÜ ØáâÞçÝØÚÞÜ íÛÕÚâàÞáÝÐÑÖÕÝØï áØáâÕÜë,
ÚÞâÞàÐï ÜÞÖÕâ ÞÑÕáßÕçØÒÐâì íÛÕÚâàÞáÝÐÑÖÕÝØÕ
áØáâÕÜë Ò âÕçÕÝØÕ ÞÔÝÞÓÞ çÐáÐ. ºàÞÜÕ âÞÓÞ,
áØáâÕÜÐ ÞÑÞàãÔÞÒÐÝÐ áÞÑáâÒÕÝÝëÜØ ØáâoçÝØÚÐ-
ÜØ ÑÕáßÕàÕÑÞÙÝÞÓÞ ßØâÐÝØï, ÚÞâÞàëÕ ÜÞÓãâ
ÞÑÕáßÕçØÒÐâì íÛÕÚâàÞáÝÐÑÖÕÝØÕ íÛÕÜÕÝâÞÒ áØ-
áâÕÜë ÕéÕ Ò âÕçÕÝØÕ ßÞÛãçÐáÐ ßÞáÛÕ ØáâoéÕ-
ÝØï ÐÚÚãÜãÛïâÞàÝÞÙ ÑÐâÐàÕØ íÝÕàÓÞÑÛÞÚÐ. ÂÐ-
ÚØÜ ÞÑàÐ×ÞÜ, ßÞÛÝÐï ßÞâÕàï ÒÝÕèÝÕÓÞ ßØâÐÝØï
áØáâÕÜë ßÕàÕÜÕÝÝëÜ âÞÚÞÜ ÜÞÖÕâ ßàÞØ×ÞÙâØ
âÞÛìÚÞ ßàØ ÔÛØâÕÛìÝÞÜ oÑÕáâoçØÒÐÝØØ íÝÕàÓo-
ÑÛÞÚÐ (ßÞâÕàÕ ßØâÐÝØï Þâ ÒÝÕèÝØå ØáâÞçÝØÚÞÒ).

¿àØ ÐÝÐÛØ×Õ ÝÐÔÕÖÝÞáâØ ̧²Á/Á¿¿± Ò ãáÛo-
ÒØïå oÑÕáâoçØÒÐÝØï, ÔÛï ÚÞâÞàÞÓÞ ÒÞ×ÜÞÖÝÞ ãá-
âàÐÝÕÝØÕ ßÕàÒÞßàØçØÝë ØáåÞÔÝÞÓÞ áÞÑëâØï, oß-
àÕÔÕÛÕÝÐ ÝÕ âÞÛìÚÞ çÐáâÞâÐ ÕÓÞ ÒÞ×ÝØÚÝÞÒÕÝØï,
ÝÞ Ø ÒÕàÞïâÝÞáâì ÒÞááâÐÝÞÒÛÕÝØï ÒÝÕèÝÕÓÞ
íÛÕÚâàÞáÝÐÑÖÕÝØï ×Ð 1-1 ,5 çÐáÐ. ÍâÞ ßÞ×ÒÞÛØÛÞ
ßÞÛãçØâì ÑÞÛÕÕ àÕÐÛØáâØçÕáÚØÕ ×ÝÐçÕÝØï ÒÕào-
ïâÝÞáâØ ÞâÚÐ×Ð áØáâÕÜë Ø×-×Ð íâÞÓÞ ØáåÞÔÝÞÓÞ
áÞÑëâØï.

ÇÐáâÞâÐ oÑÕáâoçØÒÐÝØï íÝÕàÓÞÑÛÞÚÐ ÞæÕÝÕÝÐ
ßÞ áâÐâØáâØçÕáÚØÜ ÔÐÝÝëÜ ²½¸¸°ÍÁ, ÝÐÚoß-
ÛÕÝÝëÜ ØÝäÞàÜÐæØÞÝÝÞÙ áØáâÕÜÞÙ ßÞ ÝÐàãèÕ-
ÝØïÜ Ò àÐÑÞâÕ °ÍÁ, ÓÔÕ áÞÔÕàÖØâáï ØÝäoàÜÐ-
æØï Þ áÞÑëâØïå ÝÐ °ÍÁ á ²²ÍÀ-1000 ÀÞááØØ Ø

7. ESTIMATION OF PROBABlLlTY
OF LOSS OF EXTERNAL ELECTRIC
SUPPLY OF Â½µ SYSTEM
The ICS/SPPS system is connected to the

mains of uninterruptibIe electric supply. At in-
terruptions of electric supply the system sup-
ply is provided from accumulator battery in dis-
charge mode. During the power Unit de-ener-
gizing the accumulator battery is the only
source of the electric supply of the system; the
accumujator battery could provide the electric
supply of the system during ÞßÕ hour. Besides,
the system is equipped with intrinsic uninter-
ruptibIe supply sources, which could provide
the electric supply of elements of the system
during half Ðß hour after expiration of the accu-
mulator battery of power Unit. Thus, full loss of
external electric supply of the system with al-
ternating current could occur only at durabIe
de-energizing of power Unit (Ioss of electric
supply from external supply sources).

During the analysis of the ICS/SPPS reliabil-
ity in conditions of de-energizing, for which the
elimination of the primary cause of initial event
is possibIe, not only the rate of its occurrence
has ÌÕÕß determined but the probability of res-
toration of the external electric supply during
1-1,5 hours as well. This has permitted to ÓÕ-
ceive âÞÓÕ realistic values for probability of the
system failure due to this initial event.

The rate of the power Unit de-energizing
has ÌÕÕß estimated Þß the basis of statistical
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ÃÚàÐØÝë, ÒÚÛîçÐï áßÕæØäØçÕáÚØÕ ÔÐÝÝëÕ á ±Ð- data 01 VNIIAES, accumulated Ìã in10rmation
ÛÐÚoÒáÚoÙ °ÍÁ. ¾æÕÝÚÐ çÐáâÞâë oÑÕáâoçØÒÐÝØï system Þß disturbances in operation 01 NPPs
íÝÕàÓÞÑÛÞÚÐ ÒëßÞÛÝÕÝÐ á ßàØÜÕÝÕÝØÕÜ ÑÐÙÕ- where the in10rmation Þß events at NPPs with
áoÒáÚoÙ ßàoæÕÔãàë, ØáßÞÛì×ãï Þßëâ íÚáßÛãÐâÐ- WER-1000 01 Russia and Ukraine, including
æØØ °ÍÁ á ²²ÍÀ-1000. speci1ic data 1ÓÞâ Balakovo NPP, is áÞß-

´Ûï ÞæÕÝÚØ ÒÕàÞïâÝÞáâØ ÒÞááâÐÝÞÒÛÕÝØï tained. The estimation 01 the rate 01 power
íÛÕÚâàÞáÝÐÑÖÕÝØï ßàØ oÑÕáâoçØÒÐÝØØ íÝÕàÓo- Unit de-energizing has ÌÕÕß 1ul1illed with the
ÑÛÞÚÐ ØáßÞÛì×ÞÒÐÝÐ äãÝÚæØï àÐáßàÕÔÕÛÕÝØï application 01 Bayes procedure, using the oà-
ÒàÕÜÕÝØ ÒÞááâÐÝÞÒÛÕÝØï ßØâÐÝØï Þâ ÒÝÕèÝØå erating experience 01 NPP with WER-1000.
ØáâÞçÝØÚÞÒ ÔÛï °ÍÁ ÑëÒèÕÓÞ ÁÁÁÀ, ÚÞâÞàÐï For estimating the probability 01 restoration
ÑëÛÐ ÞßàÕÔÕÛÕÝÐ ÝÐ ÞáÝÞÒÐÝØØ ÐÝÐÛØ×Ð ÒáÕå 01 electric power supply at power Unit de-ener-
ÞâçÕâÞÒ Þ ÝÐàãèÕÝØïå Ò àÐÑÞâÕ °ÍÁ, ×ÐÝÕáÕÝ- gizing the distribution 1unction 01 restoring the
Ýëå Ò ÞâÕçÕáâÒÕÝÝãî ÑÐ×ã ÔÐÝÝëå [11]. supply 1ÓÞâ external sources 10Ó NPPs 01 the

1ÞÓâÕÓ USSR has ÌÕÕß used; this 1unction has
8. Àµ·Ã»ÌÂ°ÂË º¾»¸ÇµÁÂ²µ½½¾Ù ÌÕÕß determined Þß the basis 01 analysis 01 Ð"
¾Æµ½º¸ ½°´µ¶½¾ÁÂ¸ ¸²Á/Á¿¿± the reports Þß disturbances in NPPs operation
¸ ²Ë²¾´Ë introduced into domestic database [11].
´ÕàÕÒÞ ÞâÚÐ×ÞÒ áØáâÕÜë ¸²Á/Á¿¿±, àÐ×àÐ-

ÑoâÐÝÝoÕ Ò äÞàÜÐâÕ ßàÞÓàÐÜÜë RiskSpectrum 8. RESULTS OF QUANTITATIVE
PSA Pr01essional, ÑëÛÞ ØáßÞÛì×ÞÒÐÝÞ ÔÛï ßàoÒÕ- ESTIMATION OF ICS/SPPS
ÔÕÝØï ÚÞÛØçÕáâÒÕÝÝÞÙ ÞæÕÝÚØ ÝÐÔÕÖÝÞáâØ áØá- RELIABILITV AND CONCLUSIONS
âÕÜë. ¿oÛãçÕÝo, çâÞ áàÕÔÝïï ÞæÕÝÚÐ ÝÕÓoâoÒÝo- The tree 01 1ailures 01 ICS/SPPS system,
áâØ áØáâÕÜë ¸²Á/Á¿¿± áÞáâÐÒÛïÕâ 1, 79µ-5. developed in 10rmat 01 program RiskSpec-
¿àÐÚâØçÕáÚØ ßÞÛÝÞáâìî íâÞ ×ÝÐçÕÝØÕ oßàÕÔÕÛï- trum PSA Pr01essional, has ÌÕÕß used 10Ó
Õâáï ÒÚÛÐÔÞÜ ÞâÚÐ×ÞÒ ßÞ ÞÑéÕÙ ßàØçØÝÕ. 1ul1illing the quantitative estimation 01 the

°ÝÐÛØ× çãÒáâÒØâÕÛìÝÞáâØ ßÞÚÐ×ÐÛ, çâÞ oáÝoÒ- system reliability. It has ÌÕÕß received that
ÝëÜØ ÒÚÛÐÔçØÚÐÜØ Ò ÝÕÓÞâÞÒÝÞáâì áØáâÕÜë âÕÐß estimation 01 the unavailability 01 ICS/
¸²Á/Á¿¿± ïÒÛïîâáï áÛÕÔãîéØÕ áÞÑëâØï: SPPS system is equal to 1, 79µ-5. This value

.ÞâÚÐ× ßÞ ÞÑéÕÙ ßàØçØÝÕ ÒáÕå 4 ÜÞÝØâÞàÞÒ is practically 1ully determined Ìã the contri-
àÐÑÞçØå áâÐÝæØÙ ÝÐ ßÐÝÕÛïå àÐáåÞÛÐÖØÒÐÝØï bution 01 the áÞââÞß mode 1ailures.
ÀÉÃ (ÒÚÛÐÔ Ò ÞÑéãî ÞæÕÝÚã ÝÕÓÞâÞÒÝÞáâØ -The analysis 01 the sensitivity has demon-

22,4%}; strated that the 101l0wing events ÐÓÕ the main
.ÞâÚÐ× ßàÞÓàÐÜÜÝÞÓÞ ÞÑÕáßÕçÕÝØï áØáâÕÜë contributors into the unavailability 01 ICS/

¸²Á/Á¿¿± (ÒÚÛÐÔ Ò ÞÑéãî ÞæÕÝÚã ÝÕÓÞâÞÒÝÞáâØ SPPS system:

-9,9%}; .áÞââÞß mode 1ailure 01 all 4 monitors
.oÑÕáâoçØÒÐÝØÕ áØáâÕÜë ¸²Á/Á¿¿± ßàoÔoÛ- 01 the workstations at the cooling panels in

ÖØâÕÛìÝÞáâìî ÑÞÛÕÕ 1,5 çÐáÐ (ÒÚÛÐÔ Ò ÞÑéãî µÁ° (contribution to total estimation 01 the
ÞæÕÝÚã ÝÕÓÞâÞÒÝÞáâØ -4,4%}. unavailability -22,4%};

ÁÛÕÔãÕâ ÞâÜÕâØâì, çâÞ ÝÕÓÞâÞÒÝÞáâì áØáâÕÜë. 1ailure 01 the software 01 ICS/SPPS sys-
ÞæÕÝÕÝÐ á ØáßÞÛì×ÞÒÐÝØÕÜ ÔÐÝÝëå ÕÕ àÐ×àÐÑoâ- tem (contribution to total estimation 01 the
çØÚÐ, ÞáÝÞÒÐÝÝëå ÝÐ ÓÐàÐÝâØÙÝÞÜ áàÞÚÕ íÛÕ- unavailability -9,9%);
ÜÕÝâÞÒ Ø×-×Ð ÞâáãâáâÒØï íÚáßÛãÐâÐæØÞÝÝÞÙ ØÝ- .de-energizing 01 ICS/SPPS system with
äÞàÜÐæØØ Ø ßàÕÔáâÐÒÛïîéØåáï çÕàÕáçãà ÚoÝ- duration 01 âÞÓÕ than 1,5 hours (contribution

áÕàÒÐâØÒÝëÜØ. ¿ÞíâÞÜã íâã ÞæÕÝÚã ÝÕÓoâoÒÝoá- to total estimation 01 the unavailability -4,4%}.
âØ áØáâÕÜë áÛÕÔãÕâ àÐááÜÐâàØÒÐâì ÚÐÚ It should ÌÕ noted that the unavailability 01

ÒÕàåÝîî. the system is estimated with application 01
the data received 1ÓÞâ the developer, based
Þß guarantee period 01 the elements due to
absence 01 operational in10rmation and
seems to ÌÕ too conservative. Thus, this es-
timation 01 the unavailability 01 the system
shall ÌÕ reviewed as the top ÞßÕ.
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