


dlSk and undergo the beg1nn1ng process1ng 1;e:\ the FFTA
transformatlon and statistical analys1s The f11tered and
transformed 1nstant "noise image", together w1th all 1mages
processed before, const1tute the obJects for the pattern

'recognltlon process. Each of the spectral dens1t1es 'is

. treated ‘as a polnt 1n the N—d1mens1ona1 Eucl1dean _space,

where N s the number of frequency channelsh Subsequent
spectral dens1ty amplltudes determ1ne the p01nt pos1t1on As
shown earl1er 1n [4 5], the changes 1n reactor 3perat1on for

properly selected k1nds‘fof the ‘measured s1gnals ;are

reflected by the ~ change of the pattern crﬁated by the

.respect1ve spectral dens1t1es— po1nts—v1n the N- d1mens1onal

 Euclidean tspace - So. that - e.g. two different .reactor -

o operat1on states should - be represented by two separate

clusters of N—d1mens1ona1 p01nts /The prodess of the

';clusters extract1on—fcluster1ng- const1tutes tbe ‘main 1deaji
‘of our d1agnost1cs .system.” ‘The:,normal, tAble reactor
,3‘operat1on is characterized‘”usually°“by ‘the one ‘or few

‘clusters When the subsequent :(in time) ‘point falls intoyone

,of them, know1ng th151 .cluster: character1st1cs,€ one"rcanvk.,

1mmed1ate1y determ1ne " the ‘instant: . reactor vfoperation;\
Otherw1se,g when.‘au~new cluster-’appears}f“the?“anomalousf
- operation . of ~the, reactor ' can ‘be expected. |The 1~c1uster/
analys1s and features select1on procedures help an’ operatorl_
to exam1ne +the reason of an- anomalous reactor operat1on.

However, the - long term. degradat1ons ‘may disturb the

clusters structure in d1fferent ways, S0 that some”of them
may be. 1nv1s1blelfor a s1ng1e cluster1ng method especiallyj
- when well establlshed numerous - ‘cluster . attracts s1ng1e
abnormal" po1nts of an. 1nc1p1ent degradation.| An. approach’
to the detect1on of: both the: abrupt and slow degradatlons of




the reactor operatlon are exempl1f1ed in the next sect1ons

of th1s paper

‘Main characteristics'gﬁ EhéaIBR;ﬁlreactor éﬁgfiﬁé diaggostics

The system br1efly descr1bed above 1s.app11ed to the
IBR-2 pulsed reactor (Dubna USSR) d1agnost1cs The IBR- 21

'reactor is’ used as a pulsed neutron source for perform1ng1

the phys1cal 1nvest1gat1ons on the neutron beams Its main

character1st1cs are ‘as’ follows

: 2 Mw." ;

° average pdwer~regime:

® maximumipulseipowerﬁf i = 1500 MW,~
. frequency of reactor pulses: =\ Iili§ g, v veaiond
e reactivity :'modulator:‘ e R two mov1ng

“reflectors: the main’ (OPO) -

g : ~1’¢ : ,ft,“te' SRR and add1t1onal one' (DPO).

The pulse. energy - (react1v1ty) is the most general,

‘reactor parameter. ‘Its fluctuat1ons are measured by - means ‘of

the vacuum and ionization fission chambers placed mainly in.

the center of‘the:reactor'COre and on the 'neutron ‘beam. The

signals, are.transmitted by means ofjthe respectivetCAMAC

blocks. The‘statistical‘erroriof the power‘spectraleensity'b"

(PSD) for the measured time series: ‘length equal 'to 8192 and

256—p01nts PSD discrete channels, : is estimated at 13%. As
the sampllng frequency of the pulse signals'is given by the

reactor pulse'«frequency ‘(i.e. "5Hz) the reactor control
period must be,not,less~than?30-minutes, and‘the‘width‘off
PSD discrete channels ~0.01 Hz.  The control ‘period ‘and
stat1st1cal PSD: character1st1cs turn out " to be, the opt1mal

OQﬁsrAto,,obta1n appropr1ate results, for :ther follow1ng

‘"some of the well known cr1ter1a,

‘t‘experlence

' vtobJects (N 256 d1mens1onal

£

clusters:;analysis w The reglme of the ilong term reactor
operation 1s pPFlOdlCdl one_ 1‘e 1n the s1ng1e cycle it
works non—;stop two weeks then wa1ts one week w1th zero
power T o

T

'jInv the' appl1ed d1agnost1cs Vsystem two“clusterlng

‘algorlthms ;are used The f1rst one,; namely the mutualv
Vnearest. ne1ghborhood , h1erarch1cal agglomerat1on : method
v (MNN) . waq desrrlbed f1rst by Gowda and Krlshna in’ [6] The‘

'ksecond wneif"thef ISODATA ‘ non—h1erarchlca1 cluster1ng

algorlthm Js preqented by Tou and Gonzalez in {4] Both of

‘ fthom‘ were ‘used 1ndependently the IBR 2 dlagnostlcs '
’ff[2 1,5] The requ1rcd number of clusters for ‘the, 1n01p1ent '

7ﬁ,‘degradatlons detectlon can not be str1ct1y determlned us1ng'

.Tftabout the1r appearance may be h1dden 1n&the early stage ofi

'rlusters agglomeratlon process The reasonable 1nterval i.e.

3 10 clusters are. examlned in thls paper 1n accordance w1th,d

‘the‘ n01ses level ‘whlch nisb con51dered, and the ,authors‘t

The collected_ M 182 PSDS,; whlch constltute the data~’

¥ p01nts) for _the ; pattern

'recogn1t1on proress1ng,~ cover the reactor operatlon t1me

per1od from the end of 1987 to the beglnn1ng of 1991 i.e.

1'“kthe reactor operatlon per1od w1th the PO 2 vers1on of the '

mov1ng reflector The reg1on 1 1n F1g 1 shows the power,_

‘fluctuatlons —the average power standard dev1at1ons— and the‘

fMNN—cluster1ng t1me dlagram: dur1ng thlS' perlod }The‘

clusterlng t1me d1agram presents the cluster number each

k.subsequent '—1n tlme— PSDs belong to. The last spectra*
g [183 199] (reglon 2) refer to the reactor operatlon w1thf

rvrt1f1c1al dlsturbances. The1r role w;ll “be explalned_ln ‘the

,7because the 1nformat1on»



-~ sequential spectro number’ (time)

::pig.1§The cluster1ng ‘time d1agram (the sta1rcase\dia§ran)" '
- .and pdwer”fluctuations'during'the‘reactor'operaticn”period>
.rw1th the - P0-2 mov1ng reflector version. “:The::. reg1on 2 S
k\represents the normal reactor operat1on and " the reg1on 2

’refers to the reactor operat1on w1th art1f1c1ally 1ntr0duced {v'-,c'V

: i react1v1ty d1sturbances S
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’ Fig.2 The ISODATA and MNN cluster1ng t1me d1agrams durlng

‘-cons1der1ng reactor operat1on per1od
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next,sectlon.‘As>shown in'Fig.l,:duringlstabiliﬁationjperlodk

P (6 months) t"the' subsequent-. PSDs 'fall ~into; small '('n

Tquant1ty), four, "trans1t1on" clusters. This" part of ‘diagram

reflects the: stab111zat1on per10d of  .the reactor no1ses,

after alter1ng ‘the. mov1ng reflector vers1on frod the PO 1 to

'_'the PO 2 one :The: cluster No.7 in whlch almostlall further

~.po1nts fall to,, represents :the roughly table reactor

roperatlon ﬂreg1me.;“Whatx71S¢ the:ameanlng‘~ofn these: two

;;underl1ned terms?.;

,,,,, tAsis! shown in: F1g 1, ‘the / MNN—clusterlng t1me diagram

v'.reflects ‘the changes of ~ithe ' 'IBR-2" reactor power
; *fluctuat1ons;, The\'ma1n"d1fference“”is :-that - the former
‘fEXtraCtsp;mcre d1st1nct1y ‘both ' the: fsubsequEnt ‘reactor
: transiticn “lstates and the moment *"sﬁab111zat1on |
o Add1t1onally, the new clusters in 'the dlsturbances reg1on
"(reg1on 27in Fig. 1). are apparent too. Therv1olat1cns,of the
’"stable operat1ng reglme,‘ whlch are represedted . by 'thek
: clusterS‘*5th'“and*‘6th appearance in Flg I;"and their
“disappearance: for ‘the less deta11ed cluster1ng represented
by the t1me d1agram Ans F1g 2 .(thick:® 11ne), srgnal ‘that “a
ot "subtle"'structure of the stable 7th cluster (or 3rd _one’ 1n

Fig.2) exists. EEEIRAR T T
The' cluster1ng time’ ‘diagram’ obta1ned us1ng the ISODATA

J algor1thm (Fig.2) shows: more - d1st1nct1y,uthan~ the MNN
'a1g0r1thm theﬂ substructure ‘of the :éscd3calhed— roughly‘

stableﬁ‘regimej}of’ the\nreact0f7Qoperaticn;f The " N1emann

bnonlinearAtranSfOrmation‘[7]“cf the*256 dimensional space

into two- d1mens1ona1 one, lets:one’ to observe in F1g 3 the

main: features of -the clusters’ structure with the respectlve,

3,c1uster1ng ‘results. The 'solid “line "divides this' structure;
v1nto the two ‘parts ST-A " and ST-B- respect1ve1L The ST—A"

L



-represents the stab111zat1on per1od of the reactor no1ses
'Aw1th the

(clusters

new: mov1ng reflector vers1on {Two

1 and 27 inFig.3) "’ 1nv1s1b1e for ther

' last two years operat1on per1od ‘of-the: IBR 2 reactor Un11ke

~the __former, one, th1s strugcture:+-is: more

‘spherical,
roughly stable 'However,

‘cluster (3a ~and"3b<

the
in ' Fig.3) .

substructure of the ithird

revealed by the

4th . and 5th’ clusters " require’ more’ deta1led examination . in .

order to determ1ne both the " reasons of such a: behav1or and';,‘

the1r 1nfluence on the reactor operat1on

Degradation~diagnostics'gfrthe‘IBR-2 reactorgi'

o

‘,3 Two.. k1nds of the - reactor operat1on degradat1ons ‘are !

_1n th1s paper u51ng the, pattern

; exam1ned recogn1t10n

d1agnost1cs system The f1rst one’ refers to: the case when-a

floating reactor long t1me trend undergoes the: abrupt change
- or a new trend appears. The second k1nd,
of its_own;izeg

reactor . operation degradation Both theqfirst‘and the‘second

kinds . of degradat1ons Aare examined~ spl1tt1ng the full PSD

frequency 1nterva1 [0,2. 5]Hz or. [1 256] frequency. channelsy,
1nto three ones. (see F1g 4)
of . them reflects the main sources of power fluctuat1ons

low frequency 1nterval [0 01, 0 78]Hz (or [1 80]

‘The

frequency
channel number 1nterval) corresponds to . the cool1ng flow

‘ /no1ses,\the follow1ng [0 78,1. 65]Hz to: thes mov1ng reflectors

8

tendenc1es/ o
ISODATA
algorlthm (see Fig.2). are; extracted by the MNN method On:v
.the other: hand, the ST-B shows the clusters represent1ng then

-compact‘:and :

that conf1rms the correctness of: treat1ng it asr

ISODATA

‘algorithm ‘and- degradat1on disturbances. represented by - the ‘

concerns ‘the trend . °

7when;cont1nuous,and slow}trend:reflects thevr.

The spectral dens1t1es in. each '

i
i

i
»
S
=
i

narrow

‘vibrations

: ([1 801

‘hthe react1v1ty f1uctuat1ons in each of ‘the* group ranged from k

’,appParance is s1gna1ed in’ the

re\ealed by the’ less deta11ed MNN clusterlng 1 e

Alesser number of clusfers is assumed

‘most extreme one—'any others,

. Vo

support1ng constructlon v1brat1ons, and in the last one the}
[1.7,1. 8]H7 the-

~The PSDs 1n each of. these . frequency w1ndows:

peak kreflects mov1ng reflectorsk
undergo pattexn rerognltlon processlng separatelv
order to evemp]1fy ‘the f1rst k1nd of degradat1on5'

recognltlon, the new trend to the normal reactor operat1on

‘was lntrnduced by art1f1c1al reacllylty modulatlon us1ng the l

rod of -the power automat1c regulatlon The three groups of'
dlslurbdnces w1th various respect1ve modulatlon frequenc1es‘

were. 1ntroduced The modulat1on frequenc1es are selected in

such a way that thclr contr1but1ons to ‘the PSDs are be1ng

revealed close to _the. w1de peak in the reglon 1 in-Fig.4:

frequencv ‘channel number: 1nterva1) Add1t1ona11y

1.6- 10‘6‘up to 1 7- 10‘5Ak/k of the power pulse energy e. g. -

2 20 per (ents oftlts average As the t1me d1agrams showﬁ

‘(see Flg 5),<both for the low frequency PSDs' MNN— cluster1ng'

and the ‘full 1nterva1 PSDs MNN- cluster1ng, the new clusters,

[183 199] subsequent spectra‘~

number 1nterva1 P }Ti .a}j S

i;

{;Asx is- shown .1n F1g 2, the abrupt degradat1ons L are:

iv when the .
It ev1dences that the
are well recognlzed by “the MNN

1ntroduced dlsturbances

.cluster1ng method On the other hand 1t seems to be strangeﬂ

that the ISODATA algorlthm did not recogn1ze —apart from theg
even relat1ve1y*s1gn1f1cant
dlsturbances The exp]anat1on 11es 1n the ba51c 1dea of the

. SODATA algor1thm, where” the agclomerat1on. process “is.

pelformed .roncernlng the establ1shed average ‘cluster

centors. approach

Seet

Such an enforces spher1cal

9

Q

shape of a°



..+ Fig.3 The‘.two‘”dimenSmnal clusters ; structure after the ’
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Fig. 5 The clusterlng t1me d1agrams for the.: fdll frequency
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1nterva1 process1ng (thlck 11ne) -and - other ones.;Both the:

Vyf"10w~~frequency,f([1 80]) - dlsturbances 1nf1uence,a on, the.
,?_Bth 9th 10th clusters appearance and the partlal 1nf1uencex

. of, the med1um frequenc1es dlsturbances (belonglng to thef”

;PSQ ompylituvde
N i ;: - p :

[81 170] 1nterva1) on the cluster Z substructure ex1stence}

w-a
- DA
S .

(reflectlng by the 5th and 6th clusters), are :shown. A slow:

,5£”;’ ‘ %: L ddegradatlon in the med1um frequencies:window:is,shown: at theVZ

_hoob ARt : e P end of the con51dered reactor operation perlod tthe~c1ustersa
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.- 3rd (see F1g 2) cluster center (sol1d 11ne) w1th t standard .J‘?h §‘ : :

5 and 6 i eappearance,“ forﬁ'the [61 170] 1nterva1 ~time

g N

TR

'dev1at1on (dashed 11nes) in each of the frequency channels. .
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‘cluster, attract1ng other, close, small clusters and po1nts
As is shown in F1g 4, wh1ch represents ~the center of the

vcluster No.3 (see Fig.2 and F1g 3), the greatest standard

gdev1at1ons 1n subsequent frequency channels areb 1n the”

,,,,,

1nterva1 2. The average contr1but1on of this reg1on to the

Eucl1dean d1stance between 256~ d1mens1ona1 po1nts is about;

»i70 per’ cents, whereas the remarg1ng ones 15 per cents each

VAs this frequency reg1on ma1n1y determlnes the size of the

‘cluster and. 1ts center pos1t1on,,a11 d1sturbances 1n the low :
»;;frequency w1ndow,;,even th1s large ones, turn out to be;
;1nv1s1ble for the ISODATA algorlthm The N1emann mapp1ng of

jpattern transformation (see Fig. 3) gives the better results,'

'?d1st1ngu1sh1ng the degradat1ons inthe form of' two clusters

"4 and 5 respect1ve1y, however plac1ng ‘them’ very close to the'

cluster 3b. , I ‘ : B
As is shown in Flgs 1 2 3 5, apart fromﬂ the abrupt

‘degradat1ons caused by the react1v1ty modulatlon in the “low:
-frequency region, recogn1zed as’ separate new clusters ‘at the
‘end of the clustering time d1agram, additional - substructuref
of:. the “3rd: “(in: Figs.2, 3) “cluster: ex1sts The' ISODATAf
cluster1ng t1me d1agram for ‘the med1um frequency 1nterval*
k(1nterva1 2:'in Fig.4) presented 1n F1g 5- shows ‘that'! thei
fluctuat1ons in Just this: 1nterval ‘are’ respons1b1e ‘for ‘the.

' :substructure appearance ﬁIt shows also, f’that afterf“
relatively: " stable:: operat1on period ’represented by the»
alternately occupied. 3rd and: 4th clusters;:the. new c1usters7\'
' 5th and 6th have appeared recently ‘The centers of- thesedy
-clusters shown in F1g 6 'are; qu1te d1fferent ‘than the -

previous  ones. h peaks \areM sharper and h1gher Cin

-ampl1tude They ev1dence the resonance—11ke behav1or caused

by the moving reflector supporting . device .and jacket =

St

50

w >
o OE BB
4| 3 1 .‘ .

- PSD amplitude
. o cort ; . : ;

Hao A, t?bfa: 100 110 - 120 130, 140 .- 130 180, 170, .-
BT O frequency chonnel number

L OFig. 6 The ‘centers of the 3rd; 4th, 5th and 6th’ clusters for" r
,ﬂ“jﬁ?th “PSDs ' - - medlum : ‘frequency “'window : . ([81,170]). "
S ISODATA—clusterlng PIEH T Mt -

Y' — .auxiliary coordinate -

X = ‘quxiliary coordinate

«. Fig.T - The ,N1emann pattern ~of “:the clusters istructure
\ldetermlned by the peak., referrlng the moving - reflectors ih

‘v1brat10ns 1n the {175, 185] w1ndow The clusters 5 and. 6

- “reflect the recent (two years) reactor operatlon,' whlle'

'ﬁtlzlst 2nd and 3rd the" 5tab1llzat1on perlod at the beglnnlng ofwi;

\the reactor operatlon with the new’ mov1ng reflector versxon

i3



' vibrationsl,‘Becauseg:this:uanomalous”"effect 1n1t1ates the"f

‘fluctuations of reactivity on 5710' Ak/k level, up to now

it ‘does not require 1mmed1ate 1ntervent1on However, the

bonds loose both: for the ‘Jacket and support1ng dev1ce of thef

mov1ng reflectors w111 be str1ctly controlled.

v - The last’ t1me d1a0ram depicted - in. F1g 3 shows' thef
>cluster1ng results 1n the [1 7,1.8]Hz frequency w1ndow (or

'[175 185]. frequency channel number 1nterval) It embraces

,l,:thé. frequency . 1nterval of ‘the narrow “peak appearance

reflectlng the mov1ng reflectors v1brat10ns The ‘Niemann,

)t

mapplng of patterns transformat1on allows one to observe in:

F1g 7 the respect1ve cluster‘structure transformed 1nto two

d1mens;onalrspace After stab1llzat10n perlod represented by;

the":"oblat¢”f 01USterS;u »~and'*3’.,the ‘wellu eStabllShed’
numerous and '"spheric" clusters 5 and'l6*°abpéérédk:> The

centers of these clusters occup1ed alternately dur1ng ‘last

two: .years: (see F1g 8) are. shifted in respect to. each other -

';rby the one ‘channel . Th1s effect is’ rather small: one and ‘is

estlmated at 10"7 -107°. Ak/k of react1v1ty fluctuat1ons Such

' _fluctuatlons may ‘be caused by the minute (10 mm ) mov1ng

l reflectors mutual location changes at the subsequent reactor‘

cycle start.

Discussion and‘conclusions "

In the” system, wh1ch the,authors used for the IBR—2

nuclear reactor: d1agnost1cs, two. ‘clustering’ algorlthms'are

built- —in for two: sorts ‘of - expected reactor degradat1ons:'As

- .the results presented 1n the prev1ous sect1ons show, the MNN
. algorlthm properly selects the abrupt trend changes 1n‘the

/reactor operat1on., Th;s, fact& s,;apparent espec1ally for

14

‘,‘stab1l1zat1on perlod of. the IBR-2 reactor and for the per1od‘
k of art1f1c1a1 dlsturbances 1ntroduced by the react1v1ty

] modulatlon, reflected by the long, w1de clusters 1,2 and 4,5

in F1g 3,rrespect1vely Th1s advantage results from the 1dea‘

-of clusters agglomerat1on performed by the MNV,hlerarchlcal_

algorlthm i. e. the appurtenance of a ‘single: p01nt or a small .

cluster to the blgger one, *is’ determ1ned by the - nearest

. ne1ghbors of a: p01nt whlch s Just cons1dered lThat is why,

the clusters selected by the MNN cluster1ng may take the

"forms of ‘chains’ (clusters 1 and 2 in: ' Fig.3: or‘3 1n F1g 7)
‘reflect1ng some: ‘operation’ trends The : algor;thm control

»parameters as the cut off rad1us and/or ‘the- number of ‘the

nearest ne1ghbors takent1nto cons1deratlon, determ1nes the

'level of d1fferent trends extractlon However, the advantage

of selectlng cha1n llkP structures appears be the

'd1sadvantage for the detectlon of both the .degradat1on5f

caus1ng the deformat1ons of the well establlshed numexous

cluster and the 1nternal substructure of such a cluster As

‘1s shown in:the’ previous- se(tlons, such features of clusters‘

V'.sixucture -are . partly ‘or: completely 1nv1s1ble ‘by ‘the:- MNN

algoxlthm For; the ISODATA algorlthm unlike’ the MNN one, the

" ~clusters agglomerat1on,process ‘is: determined  rather by ‘the
’~global, clusters \structure ~than by the local (nearestk
‘ neighbors),,one,v:and,ythe :pattern 7recognition.‘sub3ects are
k rather:thexclusters;of«their own, than the separate points.

»5Because,3the agglomeration*processV153performed due ‘to' the

clustersrcenters with;determinedwseparation bbtween‘them,

- and . the | assumed :size of"thef'clusters, “ite enforces the

spher1cal shape  of clusters.’ Therefore, each deformat1on of

: 'thls cluster: shape: or its grow in size is. reflected ‘by ‘the

cluster partltlon ThlS fact 1s 9xempl1f1ed 1n‘F1g 3, wherei
o . :$15‘ . , P
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th‘ ‘ISODATA cluster1ng reveals the substructure of the
cluster 3rd (subclusters 3a and 3b) The detect1on both of
the reason of* th1s substructure appearance'and the small
degradat1on the [81 170] frequency channel . number
1nterva1 (1nterva1 2 in F1g 4), shows the ISODATA—cluster1ng

, advantages However,:.as

preserve . the uspher1ca1 structure,» the ‘numerous - 'clusters -
attract the smaller ones placed close to them: For example,~
the Fig. 3 dep1cts, that the d1fferent clusters 1 ‘and 2 are -
class1f1ed by the ISODATA as a s1ng1e one’ (see F1g 2),fand :

- the. clusters 4. and 5, reflectlng s1gn1f1rant react1v1tv

fluctuat1ons, are’ class1f1ed to the: cluster 3h. Summarjzlug, 5
we can conclude that the MNN and ISODATA cluster1ng methods'

supplement ~each? other, .and ; for the degradat1on d1agnost1cs

- they should be - used concurrently

,Sp11tt1ng theu PSDS: data - ;nto”*théi thfée“?fféquehéy‘

- windows | respons1b1ef for -var1ous sources of react1v1ty

~fluctuat10ns,3and cluster1ng them separately, permlts the

authors ‘to increase the: system sens1t1v1ty by the order of_'“'

magn1tude .For. the ‘full, ~PSD: frequency 1nterva1 process1ng,‘

the react1v1ty fluctuations’ at a 1078 lO"5 Ak/K 1eve1 are

d1st1ngu1shab1e, ‘while'for @ the separate frequency w1ndows,

the 10~ T-107 ¢, Ak/k degradat1ons are apparent.: It is? worth to

, emphas1ze that such. a spl1tt1ng is 1nd1spensable, when somn

- PSD frequency window contribution to the: Euclldean metrlcs

is cons1derab1y h1gher “than the. other’ ones.

In rorder to; exam1ne ‘more carefully the degradat1on

processes, the authors: propose the mapp1ng of patterns

transformations - application.: “ The transformat1onT of = the

N- d1mens1onal pattern to the two or’three dimensional - ‘ones,

makes ‘it possible . to v1sual1ze the clusters structure andk':

observe ‘their changes during the reactor operation.

po1nted ‘above, in. order to

Although, the two (or three) dimensional- patterns ‘show '

disturbed- in romparison with the N- dimensional ;ones—f‘

'clusters structure, the ‘pictures 11ke F1g 3 and ‘Fig.7 g1ve

_1mpress1ve1y ~ correct” 'results ‘The pattern' recogn1t1on

d1agnost1cs system used by the" authors has built-in , two

' pr1nc1pa11y different mapp1ng of pattern methods [1]: the

Karhunen—' Loeve and N1emann techn1ques The d1agnostics
system enable one “to comb1ne both of them, and observe the

resu1t1ng three (or two) d1mens1onal c1uster1ng structures

13].

The positive effect of the degradations. detection in

 some comp}PY dev1ce operat1on (not only the nuclear reactor)»

at the1r' very beg1nn1ng stage depends on~ the proper
selection of both the 1nformat1on source (data measured) and
the method kof 1ts process1ng The former requ1res “the
knowledge, ‘where" such degradat1ons may be expected and'the
latter, what ‘kind " of. degradat1ons are ant1c1pated ’Justl

these rules should be taken into account in construct1on of_

any re11able nuclear reactor diagnostics” system
12 —

PSD amplitude

%5 7 il k1 es | s
_Fig.8 The centers -of clusters in the [175,185] frequency
" channel number interval. s :
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