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1. BBEllEHHE 

O;umrn 113 OCHOBHblX y3nos peaKTOpa HEP-2 HBmieTCH 
Mo;uynHTOp peaKT11BHOCTl1, T. H. no;uBmKHblH OTpaJKaTenb (no) • 
H380CTHO, 'iTO He11cnpaBHOCTl1 MaWl1H C spa~aro~l1Ml1CH 3neMeHTaM11, 
KaKOBblM HBnHeTCH no, cnyJKaT O)lHOH 113 OCHOBHblX npl1'111H 
npOCTOeB 11 asap11i1:HblX c11Tyau110 c11nOBblX ycTaHOBOK. IlO3TOMY 
npo6neMa O6ecneqeH11H 6e3onacHOCTl1 3KcnnyaTau1111 peaKTopa 
Tpe6yeT CO3)laHl1H COOT80TCTByro~l1X M0TO)ll1K 11 CHCTeM 
n11arHOCTl1Kl1. 

O;uHl1M 113 MeTO)lOB o6HapyJKeHl1H pa3BHBaro~erocH ;ue¢eKTa 
MaWl1HHoro o6opy;uoBaHl1H cnyJKl1T ;u11arHOCTl1pOBaH11e TeXHl1'i0CKoro 
COCTOHHl1H Ha OCHOBe 113MepeHl1H MeXaHl1'i0CKl1X K6ne6aHHH 
(s116pau110) Cl1CT0Mhl. Ha no·ycTaHOBneHhl s116pau11OHHhle ;uaT'iHKH, 
11H¢OpMaU11H C KOTOpb!X 3aBe;ueHa Ha cTpenO'iHble np116ophl Ha 
nynbTe ynpasneH11H 11 B CY3 peaKTopa. 3TO no3BOnHeT H,a6nro;uaTb 
yposeHb s116pau110 11 OTcneJK11BaTb ero Bb!Xo;u 3a ;uonycTHMhle 
npe;uenbI. 

Cy~eCTB0HHO 6onee 11H¢OpMaTHBHOH HBnHeTCH M~TO)lHKa, 
OCHOBaHHaH Ha H3MepeHl1H CHrHanos' BH6pau1111 H aHan113e 
B116pau11OHHblX cneKTpOB, nony'ieHHblX. nyTeM 6bH?TPOI'O 
npeo6pa3osaH11H cl>ypbe (Encl>) . [ 1] •. C ee noMO~bro MOJKHO, nony'iaTb 
npe;uynpe;u11TenbHyro· HH¢OpMaU11W Ha caMblX pa1m·mc CTa)ll1HX 
8O3Hl1KHOBeHl1H noreHu11anbHblX He11cnpaBHOCTei1:, o6bl'iHO 38. 
HecKonhKO Mee.Hues · no MOMeHTa 'pa3pyweH11H · ;ueTan11, s KOTopoi1: 
Ha'ian p~3B~BaTbCH ;ue¢~KT. 

On11caH11ro KOMnbroTepHOH Cl1CTeMhl, OCHOBaHHOH Ha .TaKOH 
MeTO)ll1Ke, noCBH~eHa ;uaHHaH pa6oTa. 

2. AnnAPATYPA CHCTEMbl 

Cl1CTeMa ( p11c .1 ) COCTOHT 113 Ha6opa nepBH'iHblX naT'iHKOB 
aKcenepoMeTpOB . c npe;uyc11n11TenHMH, .. 6JIOKa ¢HnbTpOB Hl1lKHHX 
qacToT 11 nepcoHanbHoro KoMnbroTepa (IlK) THna· IBM· PC' c 
ycTaHo~neHHhlM s HeM M6;uyneM aHanorosoro .11 u11¢posoro 
sso;ua-BblBO;ua ADIO [ 3] • . . 
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P11c .1. CTpyKTypHaH CXeMa Cl1CTeMbl aHan113a B116pau11A 
nonB11JKHoro oTpaJKaTenH peaKTopa HEP-2 

'\_l 

'ieTbipe a116pau110HHblX naT'-Il1Ka - aKcenepoMeTpa T11na 8310 
4>11pMbl 

11
Ep10nb 11 K'b_ep 11 [2] ycTaHoBneHbl HenocpencTBeHHO Ha 

KoHcTpyKu1111 no: 
(1) penyKTop - nonepe'-IHaH cocTaBnHIOlllaH Kone6aH11A; 
(2) penyKTop - npononbHaH COCTaBnHIOlllaH; 
(3) nepe.rtHHH onopa - npononbHaH COCTaBnHIOlllaH; 
(4) nepenHHH onopa - nonepe'-IHaH cocTaBnHIOlllaH. · 

KaJK,llblH naT'-Il1K CHa6JKeH npenyc11n11TenbHblM ycTpOHCTBOM 
n114>4>epeHu11anbHbIM yc11n11TeneM 3apHna T11na 2634 TaKJKe 4>11pMb1 
11 Ep!Onb 11 Koep 11 

• • · 

CneKTpanbHb1e xapaKTep11cT11K11 Kone6aTenbHbIX npoueccoa 
KOHCTPYKU1111 no MOJKHO pa3611Tb Ha Tpl1 nonn11ana30Ha -
Hl13KO'-IaCTOTHblH ( 1-200 ru), cpenHl1X '-IaCTOT no 2 Kru 11 BblCOKl1X 
\laCTOT Bblllle 2 Kru. ,llnH BbJ6opa '-IaCTOTHoro n11ana30Ha 113MepeHl1H 
cnyJK11T 6noK 4>11nbTpoa H'i. EnoK conepJK11T .. aHanoroBbIH 
MynbT11nneKcop -nnH Bb16opa onHoro .113 '-IeTb1pex n114>4>epeHu11aJibHb1x 
c11rHanoa, nocTyna10llll1X OT · npenyc11n11TeneA 2634, 
nporpaMM11pyeMblH yc11n11Tenb C K034>4>11u11eHTOM yc11neH11H 1-64 11 
TPl1 aKTl1BHblX 4>11nbTpa Hl1JKHl1X '-IaCTOT. <I>11nbTpbl xapaKTep113YIOTCH 

-'-IaCTOTaM11 cpe3a 200 ru, 2 Kru, 10 Kru, xapaKTep11CTl1KOH 
'ie6b1111eaa 6-ro nopHnKa 11 HepaeHoMepHOCTblO nonocbl nponycKaHl1H 
1% ~ KOHCTpyKTl1BHO 4>11nbTpbl BblnOnHeHbl B CTaHnapTe KAMAK, 
Mar11cTpanb· He Hcnonb3yeTcH. 

.llnH ou114>poBKH H3MepHeMblX c11rHanoB, a TaKJKe nnH 
ynpaaneHl1H BXO,llHblM MynbTHnneKCOpOM H nporpaMM11pyeMblM 
yc11n11TeneM 6noKa ¢HnbTpoa :11cnonb3yeTCH Monynb aHanoroaoro 11 
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u114>poaoro aaona-aaona [3]. Monynb npencTaBnHeT co6oA nnaTy, 
BhlnonHeHHYIO B CTaHnapTe 3neKTPOH11Kl1 nK 11 ycTaHaBnHBaeMylO B 
on11H 113 pa3'beMoB c11cTeMHoro 6noKa. OH conepJKl1T . napannenbHbJH 
11HTep¢eAc H aHanoro-u114>poaoA npeo6pa3oBaTenb (10 pa3pHnoa, 
30 MKC) c 8-KaHanbHblM aHanorOBblM MynbTl1nneKcopoM Ha axone. 

3anycK AUn npOH3B0,lll1TCH annapaTHO no · CHrHany 
nporpaMM11pyeMoro TaAMepa. 3TO Il03BOnHeT ou114>poBhlBaTb BXO,llHOH 
c11rHan c Tpe6yeMblM paBHOMepHblM BpeMeHHblM 11HTepaanoM 
n11cKpeT113aUHH axonHoro c11rHana, '-ITO Heo6xon11Mo nnH era 
o6pa60TKl1 MeTO.llOM En<I>. C'-Il1TbJBaHHe naHHblX B naMHTb nK no 
KaHany DMA o6ecne'-IHBaeT MaKCHManbHOe (annapaTHOe) 
6b1cTpo.lleHcTBHe nepena'-IH naHHbIX, pa3rpyJKaeT npoueccop OT 
PYT11H_HblX onepaUHH 11 nonycKaeT 11cnonb30BaHHe B CHCTeMe nK 
naJKe caMhlX Mna.lllllHX MoneneA. 

3. nPOrPAMMHOE OEECnE'iEHHE H3MEPEHHH 

OCHOBOH nporpaMMHoro o6ecne'-IeHHH H3MepeHHH HBnHeTCH 
nporpaMMa NOISE, KOTopaH npenocTaBnHeT B03MOJKHOCTl1 
npo113B0.llHTb •UHKn H3MepeHl1ll B nonyaBTOMaTl1'-IeCKOM 11 
aBTOMaTH'-IeCKOM pelKH~ax C OT06palKeHHeM naHHblX Ha 3KpaHe 11 
HaKonneHHeM HX B naMHTl1 H Ha BHelJIHeM HOCl1Tene, npencTaBnHTb 
HHcf>OpMaUHIO B rpacf>H'-IeCKOM BH,lle C B03MOJKHOCTblO nony'-IeHHH 
11 TBepnoA KOilHJ.1 11

• 

, no~b~OBaTenbCKHll 11HTep¢ettc peanl130BaH B B11,lle BnolKeHHblX 
3KpaHHblX MeHIO, 11Me!OlllHX OKOHHYIO CTPYKTypy. H3 rnaBHoro MeHIO 
B03MOJKeH BbJ6op cnenylOlllHX OCHOBHblX pelK11MOB ( MeHIO} • · 

1. npoTOKOn l13MepeHHH. 3TOT pelKHM .Il03BOnHeT. Bb16paTb, . 
c11rHanbl KaKl1X ,llaT'Jl!KOB 11 B KaKHX '-IaCTOTHblX n':11ana30Hax ' 6ynyT 
HccnenoBaTbCH B ,llaHHOM ceaHce" H3MepeHHH. ,llaTa H3MepeHHH 
0,llH03Ha'-IHO onpenenHeT HMH, a HOMepa ,llaT'-IHKa H ,llHana30Ha 
pac111HpeHHe 4>auna naHHwx. HanpttMep, B ¢afine N021193.F12 
3an11caHbl naHHbl0 H3MepeHl1H, npOH3Be,lleHHOro 2 HOH6pH 1993 rona 
C ,llaT'-IHKa 1 BO 2-M '-IaCTOTHOM ,llHana30He ( no 2 Kru) • TaKaH 
¢opMaJ1H3aU11H o6ner'-IaeT Be,lleH11e apx11aa H IlOHCK ,llaHHblX. 

2. YcTaHo'aKa napaMeTpoB. B nminore . ~oryT 6bITb 
ycTaHoBneHbl cneny10lime napaMeTpb1: 

,llnHHa Bbl60pK11 - pa3Mep BXO,llHOro 6y¢epa naHHbJX; 
'-IHcno ycpenHeH11A - axonHofi cHrHan MOJKeT 6WTb 
MHOroKpaTHO (1- 128 pa3) 03MepeH (ou04>poBaH) C 

. nocn~nY10lllHM era ycpenHeHtteM; .. 
Btt3yantt3aUHH - ycTaHaBnHBaeTCH pa3MepHOCTb OCH op,ll11HaT 
npH rpa<l>H'-IeCKOH BH3yanH3aUHH naHHblX - B MHnn11BonbTax 
nH6o 7leUH6enax; 
ne'-IaTb npoTOKona - MOlKeT 6b1Tb ycTaHOBneH pelKHM 
aBToMaTH'-IecKoro Bhl~ona pe3ynbTaTa Ka•noro H3MepeHl1H Ha 
ne'-IaTb c rpa¢H'-IeCKl1M npencTaBneH11eM <f,ypbe-cneKTpa. 

3.- 3anyCK H3MepeHttfi - nocnenoaaTenbHO 3anycKaeTcH 
npouenypa 113MepeHHH H o6pa60TKH nnH KaJK,lloro 113 Bbl6paHHblX. B 
MeHIO n.1 CHrHanoa, npH 3TOM npOH3B0.llHTCH: 
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aBTOnoncTpOHKa K03¢¢111u111eHTa yc111neH111H: Ha OCHOBe 
aHam-13a BXOllHOI'O CIIII'Hana BbI6111paeTCH TaKOH K03¢¢111uifeHT 
nporpaMMlllpyeMOI'O yc111n111TenH 6noKa ¢HnbTpoB, nplll KOTOpOM 
CHI'Han Ha sxone MonynH aHanorosoro ssona cooTBeTCTBosan 
6bl nonHOMY n111HaM111YeCKOMY n111ana30HY Aun, YTO no3BOnHeT 
noBWCHTb TO'LfHOCTb 1/13MepeHIIIH; 
-:: Ha6op BXOllHblX naHHblX ( 1113MepeHl/le) Ill 
4>ypbe-npeo6paaoeaH111e; 
- ian111cb s ¢attn naHHwx; 
- rpa¢111YeCKaH Blll3yan1113aUIIIH <l>YPbe-cneKTpa III era BbIBOn Ha 
neYaTb. 

4. B1113yan1113au,rn ¢aunos naHH&1x. 
5. KOHTponb BXOllHblX CI/II'Hanos - npoCMOTp "ocuHnnorpaMM 11 

CIIII'Hanos mo6oro 1113 naTYIIIKOB B 3anaHHblX YaCTOTHblX 
n111ana3oHax. 

4. OCOEEHHOCTH OEPAEOTKH H HHTEPnPETAUHH PE3YflbTATOB 
H3MEPEHHH 

Pa6oTa C naHHOH CIIICTeMOH 3aKnroYaeTCH B H3MepeHI/IIII 
s1116pau1110HHblX cneKTpOB C onpeneneHHOH nep111on111YHOCTbffi C 
nocnenyrollll/lM I/IX cpaBHI/ITenbHblM aHanH30M. l{aHHble nepBblX 
H3MepeHHH npHHIIIMaroTCH 3a 6a3y, OTHOCHTenbHO KOTOpOH 
OTcne:1<111BaeTCH n111HaMHKa·111 TeHneHUIIIH 1113MeHeHI/IH cneKTpOB. 

Pe3YnbTaTOM OllHOI'O 1113MepeHHH B 061i1eM ·cnyYae HBnHroTCH 12 
<f>ypbe-cneKTPOB nonyYeHHblX OT 4-x .JiaTYIIIKOB s 3-x YaCTOTHblX 
nnana3oHax. 'Ka:1<n&1fi cneKTp - 3TO 400 3HaYeHHH aMnn111Tyn&1 
Kone6aHHiI. 3a speMH 3KcnnyaTau111111 cncTeMw HaKannnsaeTcH 
nocTaTO'LfHO 6onbWOH 06beM IIIH¢0pMaUIIIH, Ill nnH HHTepnpeTaUHIII 
pe3ynbTaToB 1113MepeH111H III n0Kan1113au111111 ne<!>eKToB Heo6xon111M 
TlilaTenbHWH yYeT Bcex oco6eHHOCTeH 06beKTa nnarHOCTIIIKH. 

Ha OCHOBe H3yYeHHH. KOHCTPYKUHH no 6wno ycTaHoBneHO 
COOTBeTCTBl/le cneKTpanbHWX COCTaBnHWlillllX TeM 111n111 IIIHWM 
MexaHHYeCKIIIM y3naM Ill neTanHM. AHan1113 llHHaMH'LfeCKOI'O 
Harpy:1<eHHH no noKa3bIBaeT, YTO OCHOBHblMH HCTOYHHKaMH 
B036y:1<neHHH B1116pau111u HBnHroTCH Bpalllaffilill/leCH 3neMeHTW: Banw 
OCHOBHOI'O Ill nononHHTenbHOI'O IlOllBlll:l<HOI'O OTpa:1<aTenH (OnO Ill 
nno), wecTepHH III npoMe:1<yTOYHbIH san penyKTopa; npnso.ri 
penyKTopa - 3neKTpoMaI'HIIITHaH MY<l>Ta Ill po~op npHBOllHOI'O 
3neKTpons111raTenH. KpoMe Toro, n111HaMHYecK111e, B03MYIIleHHH 
3neMeHTOB no co3naroTCH TaK:l<e 3a cYeT ra3on111HaM111YeCKHX 
IIIMnynbCOB nasneHI/IH renHH, Bbl3bIBaeMblX Bpa1IleHl1eM nonacTeH ono 
111 nno. · 

OnHOH 1113 OCHOBHWX nplllYIIIH BH6pau111111 B o6nacTH HH3KHX 
YaCTOT no HBnHeTCH HeypaBHOBeweHHOCTb Bpalilaffi~IIIXCH 3neMeHTOB 
( OnO Ill ;unO) Ill OOHBnerme CBH3aHHblX C Hell UeHTpo6e:1<HblX CHn Ill 
MOMeHTOB. np111Y111HaM111 HeypaBHOBeweHHOCTIII MOI'YT 6b!Tb 
HeCOOCHOCTIII ono Ill nno C wettKaMH IIIX Banos, Kp111B1113Ha OCH sana, 
pa3nHYHe B Macce nonacTH Ill npoTHBOBecoB, nepeKOCbl, Bbl3BaHHble 
nocanKoH nonacTeH Ha san&1, 111 np. 
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Pnc.2. )])rnaMHKU pU3BlITIDI BH6paimoHHbIX 

0,D.Horo 113 ,UUT'IHKOB, YCTUHOBJieHHbIX HU 

O'fPU)KaTeJUI, c 1991 no 1994 ro,u1>1. Ha 

TIOCJie,UOBUTeJlbHOCTb H3· 32 cneK'fl)OB 
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Kone6aHHH cpenHeqacTOTHoro nnana30Ha reHepttpy10TCH 
BblCltJHMH rapMOHHKaMH cttn, . nopo)l(neHHblX HeypaBHOBe!IleHHOCTblO ono 
H nno, a TaK)l(e nttHaMttqecKHMH B03nettCTBHHMH wecTepeH 
penyKTOpa (3y6UOBaH qacTOTa), B03My~eHHHMH B nonwttnHHKaX H 
HapyweHHHMH reoMeTpHH KHHeMaTttqecKHX CBH3ett CHCTeMhl 
penyKTOp- npHBOnHOll nBttraTenb. 

8 nnana30He Bb!COKHX qacTOT MexaHHqecKHe KOne6aHHH 
npencTaBnH10T co6ofi ynpyrtte BonHbI, B036y)l(naeMble TpeHtteM B 
y3nax no. 

H3MeHeHHH COCTOHHHH o6opynoBaHHH conpOBO>KAalOTCSI 
3aMeTHbIM ( Ha 6onee qeM 3-6 nB) yBennqeHHeM aMnnHTYnbl 
onpeneneHHOH COCTaBnHIO~efi (ttntt nonochl) cneKTpa. 3aTeM, no 
Mepe pacnpocTpaHeHHH ne¢eKTa, MenneHHo Bo3pacTaeT H o6~ttfi 
ypoBeHb MeXaHttqecKHX KOne6aHHH. 

B cnyqae nnaBHoro H MenneHHOro noBbI!IleHHH ypoBHH 
BH6pauttfi MO)l(HO cynHTb O CKOpOCTH pa3BHTHH ne¢eKTa H 
oueHHBaTb BpeMH 6e3onacHOH 3KcnnyaTaUHH ycTaHOBKH. nptt 
BHe3anHOM H 6bICTpOM noBbI!IleHHH ypoBHH BH6paUHH He06XO;[lHMO 
npe;nnpHHHMaTb onepaTHBHbie Mepbl. 

5. OCHOBHblE PE3YflbTATbl II>YHKUHOHHPOBAHH51 CHCTEMbl 

C noMO~blO C03;[laHHOH annapaTypbl . H nporpaMMHOro 
o6ecneqeHHH H3MepeHHH MexaHnqecKHX KOne6aHHH no HBP-2 
npoBO;[lHilHCb c HHBapH 1991 ro;na. neptto;nHqHQCTb H3MepeHHH - 1 
pa3 3a UHKn peaKTe>pa, T. e. qepe3 Ka)l(;[lble '12 ;nHeH Henpepb!BHOH 
pa6oTbI no. B pe3ynbTaTe B KoHue 1993 ro;na 6bmo o6Hapy)l(eHo 
KaK noBbI!IleHtte ypoBHH BH6pauHH Ha qacTOTax. OKOno 90 tt 140. ru, 
TaK tt o6~ee noBbI!IleHtte BH6paUHOHHOro ;¢oHa ( pttc. 2) . B 
pe3ynbTaTe _aHantt3a · ;naHHaH TeH;neHUHH 6bma HHTepnpeTttpoBaHa 
KaK nporpeccttpy10~Hfi ;ne¢eKT onopHoro no;nwttnH11Ka, ua ocHoBaHHH 
qero'B•anpene 1994r. 6bma npott3Be;nena ;nocpc_>qna.H ocTanoBKa 
peaKTopa ;nnH 3aMeHbI no. · · · 

8 3aKnroqentte aBTOpbl Bb1pa)l(a10T 6naro;napHOCTb 8. H .fly~HKOBy 
3a none3Hble KOHcynbTaUHH H ;neHTenbHOe yqaCTHe B pa6oTe, 
n.B.E;nyHoBy 3a 6onbWYIO npaKTHqecKylO pa6oTy c CHCTeMOH H 
r. n :}l{yKoBy 3a nocTOHHHblH HHTepec K pa6oTe. 
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Eo6paK011B.Cl>., TyJiaeB A.E. · 
ABTOMaTH3HpOBaHHa51 CHCTeMa aHaJIH3a BH6pall,HH 

. noABH)KHOI'OOTpa)KaTem1 peaKTopa HEP-2- . . ' - -\ . ' .· . 

Pl0-95-18 -

. OnncaHa aBTOMaTH3HpOB~HHa51 CHCTeM~ aHaJI~3a B;6pau;~ii IlOABH)Kff()fO 
OTpa)KaTeJI51 peaKTOPa. HEP-:2, OCHOB~HHaSI Ha MeTOAe H3MepeHH51 CHrHaJIOB 
BH6paU,HH H aHaJitf3a Bii6paU,HOHHhIX CileKTpOB, IlOJiyqeHHhIX nyTeM 6hICTpOro 
npeo6pa30BaHH51 Cl>yphe. CncTeMa COCTOHT H3 ua6opa_nepBnqHhIX AaTqHKO~....:.... 
aKCeJiepoMeTPOB, npeAyCHJIHTeJieH~ cpHJihTpOB HH)KHHX qaCTOT H nepCOHaJihHO­
ro KOMilhJOTepa THna'IBM PC C ycTaH()BJieHHhIM B ueM Mo.riyJieM amuioroBoro H 
u;ncppoBoro BBOAa-BhIBOAa, Ha OCHOBe KOMilhJOTep:aoii AHarHOCTHKH Texuniiec:... 
Karo COCT051HH51 IlOA:JJH)KHOro OTpa)KaTeJI51 peaKTClpa HEP~2 6hl.lla noJiyqeua 
6a3a AaHHhIX BH6pall,HOHHhIX cneKTpOB, o6uapy')KeH nporpeccnpyIDII.J,Hlf JjecpeKT 

' . . ~ - . .. , -·. . -

· P.i6oTa BhITTOJIHeua B Jfa6opaTOpnn ueiiTpouuoif cpn3HKH HM. H.M.Cl>panKa 
OH5IH. . ... . , . 

. Coo6U1em1e Q61,e,1m1euu~ro 1111CT;;T)'Ta S1J1ep11b1x HCCJie,1oaa1111A. ,ny611;, · 19°95: · .. ._;_ ·;. .. -: , .. _,.,... .. . . ·, .. 

··BobrakovV~F., Tulaev A.B .. 
Automated System for Vibration Analysis 
of the Movable Reflector of the IBR-2 Reactor 

_ .. An automated system to analyze vibrations of the movable moder.i'tor at the 
IBR-2 reactor is described. The. system is based on measuring vibration signals 
and analyzing FFT-spectra. The system consists of a set of promary sensors:­
accelerometers; pre;:implifiers;Jow frequency filters, and an IBM PC computer. 
\yith an analog and digitalinput-output unit. The computer diagnostics of the 
technical conditions· of movable reflector provided a. means for obtaining 
-vibration spectra and; as a result, a progressive defect in one of the parts of 
reflector was detected. · · · · · · · · 

The in~estigation has been performed at the FrankLaboratory of Neutron 
Physics,JINR. .. . . ' . . 
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