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Oonos A.K. 
Ou,euKa HMDYJihcuou nepexoAHOH xapaKTepHCTHKH MOIIJ,HOCTHOH 
o6paTuou cssi3H peaKTopa HEP-2 tJ:aCTOTHhlM MeTOAOM 

Pl3-92-551 

Jl,Jisi HMnyJihcuoro peaKTopa HEP-2 nposeAeHhl ou,euKH MOIIJ,HOCTHOH 06-
paTuon CBSl3H B pe3yJihTaTe MaTeMaTHtJ:eCKOH o6pa6oTKH 3aMepeuuoro nepHO
AHtJ:eCKOro KOJie6aHHSI MOIIJ,HOCTH, Bbl3Bauuoro nepHOAHtJ:eCKHM 
npsiMoyroJibHblM KOJie6auHeM peaKTHBHOCTH. 11cnOJib30BaH MeTOA tJ:aCTOTHbIX 
xapaKTepHCTHK. 06paTHaSI CBSl3b OOHCaua TpeMSI AHctxl>epeHU,HaJibHblMH ypaB
HeHHSIMH nepsoro nopsiAKa. TTapaMeTphl o6paTuon CBSl3H noAo6paHhl npH6JIIDKe
HHeM CHatJ:aJia annpOKCHMHpy10IIJ,eH tJ:aCTOTHOH xapaKTepHCTHKH peaK'l'Opa K 
xapaKTepHCTHKe, BbltJ:HCJieHHOH nyTeM o6pa6oTKH 3aMepeuuoro nepeXOAHOro 
npou,ecca MOIIJ,HOCTH, a 3aTeM npH6JIH.)l(eHHeM KOJie6aHHSI MOIIJ,HOCTH, COOTBeT
CTBYJOIIJ,ero Bhl6paHHl>IM napaMeTpaM, K 3aMepeHHOMY KOJie6aHHIO. TToKa3aHO, 
1.J:TO npaKTHtJ:eCKH OAHa H Ta )Ke HMTTYJibCHaSI repeXOAHaSI xapaKTepHCTHKa 
MO.)l(eT 61>1Tb noJiytJ:eHa npH pa3HblX ua6opax napaMeTpOB o6paTHOH CBSl3H. 

Pa6oTa BblTTOJIHeHa B Jla6opaTOpHH uenTpoHHOH qJH3HKH 0115111. 

Coo6ll.\ett11e 06,,e,nm1ett11oro 1111cT11TyTa s,11ep11b1x 11ccne11osa•111t't. ,Uy611a I 992 

TTepeBOA asTopa 

Popov A.K. Pl3-92-551 
Frequency Method Estimate of the Pulse Transient Characteristic 
of Power Feedback in the IBR-2 Reactor 

The IBR-2 pulsed reactor power feedback parameters are estimated by 
means of the frequency analysis of recorded power oscillations caused by 
reactivity jump oscillations.The feedback is described by three first order 
differential equations. The feedback parameters were selected, first, by 
approaching the approximating frequency characteristic of the reactor 
calculated from the measured data on power transition process and, then, by 
approximation of power oscillations, corresponding to the selected parameters, 
to recorded power oscillations. It has been shown that practically one and the 
same pulse transient characteristic corresponds to different sets of feedback 
parameters. 

The investigation has been performed at the Laboratory of Neutron 
Physics, JINR. 
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B pa6oTe (1] 6hIJia ,n:aHa ou;eHKa 1-iaCTOTHoii n HMIIYJihCHoii rrepexo,n:Hoii xa

paKTepnCTHK MOW,HOCTHoii o6paTHoii CB.sI3H peaKTopa MBP-2 rrocpe,n:cTBOM Ma

TeMaTHl.JecKoii o6pa6oTKH rrepexo,n:HhlX rrpou;eccoB MOW,HOCTH peaKTopa rrpH rre

pno,n:nlleCKHX cryrreHl.JaThlX KOJie6aHH51X peaKTHBHOCTll B .n:narra30He llaCTOT OT 

0,022 .n:o 2,5 ru;. Kone6aHH51 peaKTHBHOCTH Bhl3hlBaJIHCb rrepno,n:HlleCKHMH rre

peMem,eHH.IIMH aBTOMaTHl.JeCKOI'O peryJI.sITOpa 113 OJI:HOI'O qJHKCHpOBaHHOI'O IIOJIO

)KeHH.11 B ,n:pyroe 3a BpeM.sI Me)KJI:y coce,n:HHMH HMIIYJibCaMH MOW,HOCTH (pnc.1). 

IIpe,n:HaMepeHHO H3MeH.sieMyIO peaKTHBHOCTb rrpHH.IITO Ha3hlBaTb 3a,n:a10m,eii. 

Ha pHc.1 OHa o6o3HalleHap
3

• IIocKoJihKY ,mepnrn HMrrynhca 3aBHCHT OT peaK-

THBHOCTH 3KCIIOHeHIJ;HaJibHO, TO aMIIJIHTy,n:a KOJie6aHHH peaKTHBHOCTH R 
(pHc.1) 6hIJia Bhl6paHa JI:OCTaTOlJHO MaJIOH. B pe3yJihTaTe 3TOI'O OTKJIOHeHne 

3Hepmn HMIIYJihCOB MOW,HOCTH E OT cpe,n:Hero ypoBH.11 EP (T.e. M = E - J!f> 
BBepx He HaMHOI'O rrpeBhlillaJIO COOTBeTCTBy10m,ee OTKJIOHeHHe BHH3 (no MO,n:y

JIIO). KOJIHlleCTBO rrepHOJI:OB KOJie6aHHH Ha pa3HhlX llaCTOTax COCTaBJI51JIO BeJIH

lJHHY OT 200 .n:o 6000. IlpHlleM Ha Ka)KJI:OH llaCTOTe 3aMephl KOJie6aHHH MOW,HO

CTH pemCTpHpOBaJIHCb HeCKOJibKO pa3. B TelleHHe BCero 3TOI'O BpeMeHH peaKTOp 

pa6oTaJI C OTKJIIOlleHHOH CHCTeMOH aBTOMaTHlleCKOI'O perynnpoBaHH.11, T.e. B pe

)KHMe caMoperynHpOBaHH.11. Ocym,eCTBJieHHe KOJie6aHHH peaKTHBHOCTH B TaKOM 

mHpOKOM .n:narra30He llaCTOT Tpe6yeT MHOI'O BpeMeHH H CB.sI3aHO C onpe,n:eneH

HhlMH TeXHHlleCKHMH TPYJI:HOCT.IIMH npn BhlCOKHX llaCTOTax n c Heo6xo,n:HMO

CThlO OT,n:eJieHn.11 BJIH.sIHH.11 rrepno,n:nqecKnx Kone6aHHii rrpn HH3KHX llaCToTax OT 

HMeIOW,HX MeCTo Me,n:neHHhlX HerrepHOJl:HlleCKHX H3MeHeHHH peaKTHBHOCTH. 

IlpH rrepHOJI:HlleCKOM CKallK006-

pa3HOM H3MeHeHHH peaKTHBHOCTH B 

KOJie6aHH51X MOW,HOCTH rrpncyTCTBy- e 

IOT Bee Helle..::Hhle rapMOHHKH B .n:na- 0,1 

na3oHe .n:o w = :re (T.e./ = 2,5 J'u;), 
HallHHa.11 OT rrepBOH wl = :re/ N, r.n:e M 

0 
N - l.JHCJIO HMIIYJibCOB 3a IIOJIIIepno-

n 

p3 
P11c. l. Ilep110)ll11JeCK11e KOJie6aHl1ll OTKJIOHe-

t, HHll :mepnm 11MilYJibCOB MOW.HOCTl1 OT ee IR ~N+1 M 
I 

cpeAHero 3~a1JeHHll (e) 11 3aAaww_eit peaK- N\ JR n 
THBIIOCTH 0.a) np11 N = 23 (n - HOMep HM-

nyJibCa) 



Aa, /, W = wT , W = 'br,f - COOTBeTCTBeHHO lJaCTOTa (B fu,) II KpyroBaSI 11acro
H 

Ta (B OTHOCHTeJihHhIX eAHHnu,ax n B paAI c), a T - rrepnoA nMIIYJihCOB MOll.l,HO-
H 

CTR (B c). II03TOMY B OTJIHlJHe OT [1 ] B HaCTOSlll.l,eH pa6oTe xapaKTepllCTIIKH pe

aKTOpa ou,eHeHhl no 3aMepaM KOJie6aHHH MOll.l,HOCTH, COOTBeTCTBYIOll.l,HX Jllllllb 

OAHOH 11aCTOTe CKalJK006pa3HOro H3MeHeHHSI peaKTHBHOCTH. 

lfaMeHem1e MOll.l,HOCTH B TelJeHne rrepHOAa, KOTOpoe ncnOJib30BaJIOCb B pac

lleTax, 6hIJio nony11eHo ycpeAHeHneM no BCeM 3apemcTpnpoBaHHpIM nepnoAaM. 

ECJIH Ha AaHHOH llaCTOTe pemCTpHpOBaJIHCh HeCKOJibKO peaJIH3aU,HH KOJie6aHHH 

MOll.l,HOCTH, TO ycpeAHeHne npOBOAHJIOCb II no 1IHCJIY peann3aU,HH. Ha pnc.1 no

Ka3aHO OTHOCHTe.TlhHOe OTKJIOHeHne 3Hepmn e OT cpeAHero ypoBHSI 

e = M!EfJ = E/EfJ - 1 (1) 

npn N= 23. 

qT06hl HCnOJih30BaTh B AaJihHenmeM 11aCTOTHhIH MeTOA, npnMeHHMbl.H K JIH

HeHHhIM CHCTeMaM, OTHOCHTe.TlbHOe OTKJIOHeHne 3Hepmn e npnBOAHJIOCh K CHM

MeTPHlJHOH nepHOAHlJeCKOH cpyHKU,HH e. ,UJISI 3TOro 3HalJeHHSI e B nepBOM II BTO

pOM nonynepHOAaX npnHHMaJIHCh, HCXOASI 113 COOTHomeHHSI: 

en= -en+N = O,S(en - en+N). (2) 

B 3aMepeHHhIX noCJieAOBaTeJihHOCTSIX 3Hepmn HMnyJihCOB MOll.l,HOCTH BCerAa 

npncyTCTBYIOT COCTaBJISIIOll.l,He AOCTaTOlJHO BhICOKOH 11aCTOThl, He o6yCJIOBJieH

Hhle opraHaMH ynpaBJieHHSI peaKTOpa. '.:ho Ha6JIIOAaeTCSI KaK npn HaMepeHHOM 

H3MeHeHHH peaKTHBHOCTH, TaK II 6e3 Hero. Il03TOMY 3HalJeHHSI e npn n OT 2 

AON - 1 (a CJieAOBaTe.n:hHO, n npn n OT N + 2 AO M - 1) crJia)KHBaJIHCh n 3a.:. 

MeHSIJIHCb 3HalJeHHSIMH 

en= 0,25(en-l + 2en + en+I). (3) 

3aTeM no 3TO.H )Ke cpopMyJie y)Ke CrJia)KeHHhle 3HalJeHHSI e npn n OT 3 AON - 2 

crJia)KHBaJIHCh em;e pa3. IIony11eHHhle TaKHM o6pa30M OTHOCHT~bHhle OTKJIOHe

HHSI 3Hepmn H npHHHMaJIHCh B KalleCTBe HCXOAHhIX AJISI AaJihHeHIIIHX pac11eTOB 

H 0003HalJaJIHCh BHOBb e. CpeAHeKBaApaTHlleCKOe OTKJIOHeHHe noCJieAOBaTeJib

HOCTH e OT e 3a nepHOA npn N = 23 COCTaBHJIO 3, 4 · 10-
3

• ,UJISI OU,eHKH aMIIJIH

TYAhl 3aAaIOm;eii: peaKTHBHOCTH R ncnOJih30BaJIOCb COOTHOllleHne, cnpaBeAJIH

BOe npn He OlJeHh 60JiblIIHX OTKJIOHeHHSIX peaKTHBHOCTH 

1 +en= ASn exppn, (4) 

rAeA _: HeKaSI KOHCTaHTa,p - pe3yJihTHpyrom;asi peaKTHBHOCTb peaKTOpa, S -

3HalJeHne HHTCHCHBHOCTH HCTOlJHHKOB 3ana3AhIBaIOll.l,HX HeiiTpOHOB nepeA Ha-

llaJIOM pa3BHTHSI HMnyJihCa MOll.l,HOCTH. 
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, .,, 

PHc.2. CTpyKrypHa!I cxeMa HMITYJJbCIIOl'O pe
aKTopa r----------------, 

I p* re* 
..--.. I 

IlpHHHMaJIOCb, 1ITO 3HalJeHHSI s, 
COOTBeTCTBYIOIIJ,He COCeAHHM HM

ny JihCaM, OAHHaKOBhl, a peaKTHB

HOCTb o6paTHOH CBSl3H, o6yCJIOBJieH

HaSI en, npOSIBHT ce6S1 JIHIIIb B noCJie-

AYIOll.l,HX HMnynhcax. 

I 
I 
I 
I 
I 

I ~• L-------,---------1 
WR 

* Po.c. 

C y11eTOM 3THX AOIIyIIJ,eHHH aMIIJIHTy)'.la 3a)'.laIOIIJ,eH peaKTHBHOCTH BhllJHCJISI-
JiaCb no qmpMyne: · 

R = 0,~ln [(l + e1)/ (1 - e N) ]. (5) 

Pa3MepHOCTbIO BhllJHCJieHHOH TaKHM o6pa30M peaKTHBHOCTH SIBJISleTCSI HMnyJih

CHaSI AOJISI 3ana3)'.lhIBaIOll.l,HX HeHTpOHOB /3 • 
11 

CTpyKTypHaSI cxeMa HMnyJihCHOro peaKTOpa, paccMaTpHBaeMoro rrpn Ma

JihIX OTKJIOHeHHSIX nepeMeHHhIX KaK JIHHeii:HaSI CHCTeMa, 6hIJia npnBe)'.leHa K BH

AY' noKa3aHHOMy Ha pnc.2. Ilpn 3TOM llCilOJib30BaHhl CJie)'.lyrom;ne o603Ha11eHnS1: 

p*, p* - pe3yJihTnpyroIIJ,aSI peaKTHBHOCTb H peaKTHBHOCTb MOll.l,HOCTHOH 06-0.c. 

paTHOH CBSl3H, o6yCJIOBJICHHaSI pa3orpeBOM peaKTOpa, s .. - OTHOCHTe.TlbHOe OT

KJIOHCHHe HHTeHCHBHOCTH HCTOlJHHKOB 3ana3)'.lhIBarom;nx HeiiTpOHOB OT ero 

cpe)'.IHero 3HalJeHHSI, BhllJHCJISleMoe no cpopMyJie, aHaJIOmlJHOH (1); ~. w;, 

w* - 1IaCTOTHhle HMilYJihCHhie nepe)'.laTOlJHhle cpyHKU,HH COOTBeTCTBCHHO peaK-p 

Topa, 6JIOKa 3ana3AhIBaIOIIJ,HX HeiiTpOHOB II MOll.l,HOCTHOH o6paTHOH CBSl3H. 

B HMilYJihCHOM peaKTOpe npaKTHlJeCKH BCSI 3Hepm.sI Bhl)'.leJISleTCSI B Te11eane 

HMilYJibCOB. ,UJIHTe.TlbHOCTb HX CTOJib Mana, lJTO npaBOMepHo onHChIBaTb HX 

)'.le.TlhTa-cpyHKU,HSIMH. Il03TOMy npn pac11eTax npeACTaBJISIIOT HHTepec 3Ha-

1IeHHSI nepeMeHHhIX JIHlllb B )'.IHCKpCTHhie MOMeHThl BpeMeHn. qT06bI IlOA-

11epKHYTb 3TO, o603HalJeHHSI nepeMeHHhIX (s*, ;•, ••• ), HX cpyphe-n306pa)Ke

HHH (s * (fo), ;· (fo), . : .) , a TaK)Ke 11aCTOTHhIX nepe)'.laTOlJHhIX cpyHKU,HH 

(w;(/w), ~(fo), ... ) IlOMelJeHbI 3Be3)'.1011KaMH. 

,UJISI 11aCTOThl w = WI = n/ N, a TaK)Ke )'.IJISI HelICTHbIX lJaCTOT 3wl, Sail II T.)'.I. 

B )'.IHana30He )'.10 w = .11: BbllJHCJISIJIHCb lJaCTOTHhie nepe)'.laTOlJHhle cpyHKl.l,HH [ 1 ]: 

w-u·w) = tuw> = 
s e*(jw) 

6 exp(--l.T ) 6 exp(-,l.T ) =}: lA. IH /'-1 A. IH 

. _ 1 
1 

i i exp() w) - exp(-A..T ) _LJ µ; i I - exp(-,l.T ) ' 
l- l H t=J I H (6) 

3 



me A.i' µi - COOTBeT<.rBeHHO nOCTO.IIHHa.11 pacnaJ:J;a H OTHOCHTeJlhHa.11 )];OJI.II i-H 

rpynnbl (i = 1, ••• ,6) 3ana3J:J;blBaIO~HX HeHTpOHOB (HX 3HatieHH.116hlJIH npHH.IITbl 

CJieJ:J;yJO~HMH:A.;-0,0129; 0,0311; 0,134; 0,331; 1,26; 3,21,µi- 0,038; 0,28; 

0,216; 0,328; 0,103; 0,035), 

fen exp[-jw(n - 1)) 

7/(jw) - n ~I _____ - . -

w;(jw) = p;(jw) - f R exp[-jw(n - 1)] 

(7) 

n=I 

(B CHJiy CHMMeTPHllHOCTH paccMaTpHBaeMhlX nepHO)J;HlleCKHX cf>yHKU,HH cyMMH

poBaHHe npoH3BOJ:J;HJIOCh no noJiynepHoJ:J;y.) 

lfa crpyKTYPHOH cxeMbl (pHc.2) CJieJ:J;yeT, llTO 

W"(jw) = P~.c_(jw) = 1 - W"(jw) - 1/W. (jw'. (8) 
p e*(j_w) s R ""J 

ECJIH OTKJIOHeHHe 3HepmH Bhlpa)KaTb He B OTHOCHTeJlbHblX e)J;HHHU,aX (e) , a B 

a6cOJI10THhlX (/1E) - B M,n:)K, TO nepeJ:J;aTOllHaSI cf>yHKU,H.11 ~6paTHOH CB.113H npo

nopU,HOHaJihHa Bhlpa)KeHHIO (8) H HMeeT BH)]; 

.- P~.c_(jw) .,,.. .- 1 
W (jw) - -=;.;___- - w(jw) · - -

o.c. - 11.E*(jw) - . P eJ -

= r1 - w;vw) - 11w;uw) 11 eJ. (9) 

qaCTOTHa.11 nepeJ:J;aTOllHaSI cf>yHKU,HSI peaKTOpa Bhlpa)KaeTCSI CJie)J;yIO~HM o6pa-

30M: 

1 . 1 
w;uw) = 1 - w;vw) - w;vw) = 1 - W:Uw) - e0U:.c_Uw) 

(10) 

CTaBHJiaCh 3a)J;alla OnHCaTh MO~HOCTHYIO o6paTHYIO CB.113b TpeM.11 AHcf>cf>epeHu,H

aJihHblMH ypaBHeHH.IIMH nepBoro nOpSI)];Ka, T.e. CTpyKTYPHO npe)J;CTaBHTb B BH)J;e 

Tpex napaJL/IeJihHO COe)J;HHeHHblX anepHO)J;HlleCKHX 3BeHheB H HaHJiylJIIIHM o6-

pa30M noJ:J;o6paTb HX napaMeTphl. qaCTOTHa.11 nepeJ:J;aTOllHa.11 cf>yHKU,H.11, COOTBeT

CTByIO~a.11 3TOMY CJiyllaIO, HMeeT BHJ:J;: 

3 k exp(-T /T) 
w* (jw)=""'__!_ "r . (II) 

o.c.a LJ T exp(j w) - exp( -T IT ) 
r=l r " r 

3J:J;eCh HHJ:J;eKC a nO)J;llepKHBaeT' llTO 3Ta llaCTOTHa.11 nepeJ:J;aTOllHa.SI cf>YHKU,H.11 .11B

JI.lleTCSI annpoKCHMnpyio~eii:. Ha nepBOM STane 3HalleHHSI napaMeTpOB Tr n kr 

4 

1 

f 

noJ:J;6HpaJIHCh TaK, 11T06bl HaHJiyllIIIHM o6pa30M npH6JIH3HTh annpoKCHMHpy10-

~y10 llaCTOTHYIO nepeJ:J;aTOllHYIO cf>yHKU,HIO peaKTOpa 

W. (jw) = l 02) 
Ra 1 - W"(jw) - eJw (jw) 

s o.c.a 

K 11aCTOTHOH nepeJ:J;aTOllHOll cf>yHKU,HH ~(jw) (10). IJpu 3TOM ~
3
(jw) )J;OJI)K

Ha 6b1Jla YAOBJieTBOpSITb CJieJ:J;yIO~HM yCJIOBH.IIM. 

Bo-nepBbIX, OHa )J;OJl)KHa 6b1Jla COBna)J;aTh C ~(j w) Ha caMOH HH3KO:U qac

TOTe w = w1 = n/N. 

Bo-BTOphlX, J:J;eHCTBHTeJlbHa.11 llaCTb ~(j w) Ha caMOH BhlCOKOH HelleTHOll 

11aCT0Te B paccMaTpHBaeMOM J:J;Hana3oHe 11acroT OT :,r, IN AO :re J:J;OJI)KHa 6b1Jla coB

naJ:J;aTh C ~a(jw) npH W = n. IlpH lleTHOM N HaHBhlCma.11 He11eTHaSI 11aCTOTa 

wmax = n(N - 1)/ N 6JIH3Ka Kn, a npH HelleTHOM N wmax = n. TaKHM o6pa-

30M, meCTb 3HalleHHH napaMeTpOB T, k CB.113aHbl ypaBHeHHSIMH: r r 

Re~
3
(jw1) = Re~(jw1), 

Imw;
3
(jw1) = Imw;(jw1), 

Rew;aUwmax) = Rew;(jwmax)· (13) 

_ B-TpeThHX, CYMMa KBaJ:J;paTOB OTKJIOHeHHH (w;
3
(jw) - w;(jw))2 

Ha npo

Me)KyTOllHblX llaCTOTaX )J;OJI)KHa 6hIJia 6h1Tb HaHMeHbIIIeH. qHCJIO. 11aCTOT' )];JI.SI 

KOTOphlx BblllHCJI.SIJiaCh 3Ta CYMMa, npHHHMaJIOCh pa3JIH11HhlM. B 11aCTHOCTH, 

paccMaTpHBaJICSI H CJiyllaH, KOr)J;a BblllHCJI.SIJIC.SI KBa)];paT OTKJIOHeHHH JIHIIlb Ha 

O)J;HOH caMOH MalIOH H3 BCex npOMe)KyTOllHhlX 11aCTOT 3w 1• 0Ka3aJIOCh, 11TO 3TOT 

CJiyllaH )J;aeT pe3yJibTaThl, HaHJiyllIIIHM o6pa30M npn6JIH)KaIO~ec.SI K pe3yJihTa

TaM, KOTOpble 6hlJIH noJiylleHhl B pa60Te [ 1 ] nyTeM MaTeMaTH11eCKOH o6pa6oTKH 

Ha6opa npou,eccoB, COOTBeTCTBYIO~HX mnpoKOMY )J;Hana30HY 11aCTOT KOJie6a

HHH MO~HOCTH. 3ToMy MO)KHO )J;aTh CJie)J;yio~ee OOI>.SICHeHne. B ncnoJih3yeMoM 

)];JI.SI paClleTOB nepexO)];HOM npou,ecce noJiynepHOA KOJie6aHHH MO~HOCTH, n TaK 

He OlieHb npOJ:J;OJI)KHTeJlbHhlH, COH3MepHM C HaH60Jihmeii: nOCTO.SIHHOH BpeMeHH 

o6paTHOH CB.113H. IloSTOMY nOBhlWeHne lJHCJia 11aCTOT, ncnOJih3yeMblX npn an

npOKCHMaU,HH, nOHH)KaeT yJ:J;eJibHhlil Bee HH3KHX tiaCTOT, KOTOphlX H TaK MaJIO B 

HCXO)J;HOM 3aMepeHHOM npou,ecce KOJie6aHHH MO~HOCTH. 

Ha pnc.3 H306pa)KeHhl BblllHCJieHHble no (pOpMyJie (7) 3Ha11eHH51 w;uw) 

)];JI.SI N = 32, 23, 19. TaM )Ke nyHKTHpOM HaMelleHa om6a10~a.SI 11aCTOTHblX xa

paKTepHCTHK peaKTopa. lfa pnc.3 BH)];HO, lJTO npn He OlleHb npOJ:J;OJI)KHTeJibHOM 

5 
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P11c.3. 3HalJeHl1ll aMIIJll1T)'JIHO-qJa3o-'laC

TOTHOH xapaKTep11CTl1Kl1 peaKTOpa, BbllJl1C

JJeHHble JIJlll N = 32 ( •), 23 (o), 19 (~). 
U11q:,paM11 noMe'leHbl KpaTHOCTl1 'laCTOT OT

HOCl1TeJJbHO nepeofi rapMOll11Kl1. IlyHKTl1-

poM HaMe'leHa orn6a10~a11 lJaCTOTHOH xa

paKTepl1CT11Kl1 

noJiynepHOJl.e (N = 19) yTpa,mBa

crc.si: cy~eCTBeHHa5l HH!pOpMaU,H5l 0 

XO)l.e ttaCTOTHOH xapaKTepHCTHKH 

Ha HH3KHX ttaCTOTax, H 3TO He no-

3BOJI5leT HCnOJib30BaTh ee Jl.Jl5l pac

'leTOB no H3JiaraeMOH MeTOJl.HKe. 

BbUIH Bhl'lHCJieHI,I Ha6opbI napaMeTpOB MO~HOCTHOH o6paTHOH CB5l3H T H . r 
kr Jl.J15l pa3JIH'lHbIX 3HatteHHH OJI.HOH H3 nOCT05IHHbIX BpeMeHH (HaH60JibIUeii). 

,Djrn Ka)K)l.oro H3 3THX Ha6opoB BbI'lHCJIAAHCb KOJie6aHH5l 3HeprnH HMnyJihCOB Ea 
npH 3a)l.aHHbIX KOJie6aHH5IX peaKTHBHOCTH P3, a TaK)Ke cyMMa KBa)l.paTOB OT-

KJIOHeHHii 
M 

2 " - 2 a = LJ (ean - en) . (14) 

n=l 

3)].eCh ea = ~/ JfJ - I. HaKOHeu,, H3 Bcex Ha6opoB BhI6ttpanc.si: OJl.HH Ha6op Tr H 

kr, KOTOPOMY COOTBeTCTBOBaJia HaHMeHhIIla5l cyMMa KBa)l.paTOB cl-. JJ:Jig: 3TOro 

Ha6opa napaMeTpOB BbI'lHCJIAAaCb HMnyJihCHa5l nepeXO)l.Ha5l xapaKTepHCTHKa 

annpOKCHMHpOBaHHOH MO~HOCTHOH o6paTHOH CB5l3H 

3 k 
w~ = L ; ·exp(-kT/T

7
), (15) 

r=l r 

T.e. TaKoe H3MeHeHne BO BpeMeHH peaKTHBHOCTH o6paTHOH CB5l3H, KOTopoe Ha-

6JIIO)l.aJIOCb 6bl, eCJIH 6hI OTKJIOHeHHe 3HeprnH B MOMeHT n = 0 npe)l.CTaBJI.SLJIO co-

w; 
30 60 n 90 

01-~~~~-.~~~~~.,-.,-.,-.,-~~~ 

-0,5 

~~~ 
7---,-

N.23 N =42 

;-....:::N=23 

-1 ,t......_:N=32 
,Or- N=42 
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6oii OJl.HHOttHhiii HMIIYJihC BeJIHttH

Hoii B 1 MJJ:)K. 

Ha pttc.4 noKa3aHa BhittHCJieH

HaY TaKHM o6pa30M HMnyJihCHa5l 

'nepeXO)l.Ha5l xapaKTepHCTHKa MO~-

P11c.4. 11MIIYJJbCHble nepeXOJIHble xapaKTe

p11CTl1Kl1 MO~HOCTHOH o6parnoii CBll311 (orn-

6a10~11e - /J/M/J,JK), Bbl'rnCJJeHHble JIJl!I 

N = 23, 32, 42. 

HOCTHoii o6paTHOii CB5l3H, cooTBeTCTBYIO~ag: N = 23. IlapaMeTphl ee no

JiyttHJIHCh CJieJI.yro~HMH: nocroYHHhle BpeMeHH T 1 = 0,3 c; T 2 ~ 3,9 c; • 

T3 = 6,3 c, K03cpcpnu,neHThl nepeJI.attH <,8/MBT) k 1 = -0,4; k 2 = 8; 

k3 = -13,4. Cpe)l.HeKBa)l.paTHtteCKOe OTHOCHTeJihHOe OTKJIOHeHHe a/ (IflvN) 

cocraBnJio BeJIHttHHY 1,63· I0-3
• BbittHCJieHHaY aMilJIHTYJl.a 3a)l.mo~eii peaK-

THBHOCTH R = 0,0527 P11· . 
CJie)l.yeT OTMeTHTh, 'ITO Ha6ophl napaMeTpOB, COOTBeTCTBYIO~He HHbIM 3Ha

tteHH5IM cl-, HeCHJibHO OTJIHttaro~HMC5l OT MHHHMaJihHOH cyMMbI KBa)l.paTOB, 

MOrJIH 3aMeTHO OTJIHttaThC5l OT napaMeTpOB, COOTBeTCTBYIO~HX MHHHMaJib-

HOH cl-. O)].HaKO 3TO He npHBOJl.HJIO K cy~eCTBeHHbIM OTJIH'lH5IM B HMnyJihCHhIX 

nepeXOJl.HbIX xapaKTepHCTHI~ax, KOTOphle COOTB~CTB0BaJIH 3THM Ha6opaM na

paMeTpOB. 

TaK, Ha6opy napaMeTpOB T, = 0,3; 3,6; 6,6(c) H k
7 

= -0,4; 5,8; -11,2 

({3 /MBT) COOTBeTCTByeT npaKTHtteCKH Ta )Ke HMnyJihCHa5l nepeXO)l.Ha5l xapaK-11 
TepHCTHKa. 

IlpH rn)JlbIUHX nepHO)l.ax KOJie6aHHH (N = 32, 42) Ha6JIIO)l.aJiaCh aHaJIOrH'l

Ha5l CB5l3b Me)K)l.y napaMeTpaMH H HMnyJihCHOH nepeXOJl.HOH xapaKTepHCTHKOH. 

3TH xapaKTepHCTHKH Ha pttc.4 noKa3aHhI nyHKTHpOM. 

TaKHM o6pa30M, B03M0)KHhle co BpeMeHeM H3MeHeHH5l B MO~HOCTHOH 06-

paTHOH CB5l3H JIYttIUe ou,eHHBaTh He H3MeHeHHeM 3HatteHHii napaMeTpoB T,, k
7

, 

a H3MeHeHHeM car.mro BH)l.a HMnyJihCHOH nepeXOJl.HOH xapaKTepHCTHKH. 

1IHCJIO HMnyJihC0B M0~HOCTH B noJiynepH0)l.e N Jl.0Jl)KH0 6bITb BbIIUe HeKo

TOporo ypOBH5l, 1IT06hl He yTpattHBaJiaCh HHcpopMaU,H5l O xapaKTepe ttaCTOTHOH 

xapaKTepHCTHKH peaKT_Qpa Ha HH3KHX ttaCTOTax. 

IlocKOJihKY B pactteTax HCnOJih3YIOTC5l nepBa5l H TpeTh5l rapMOHHKH, u,ene

coo6pa3HO, 1IT06hl 'lHCJI0 N 6bIJIO KpaTHbIM TpeM. Hatt6oJibIUee OTKJIOHeHHe 

ou,eHO'lHbIX HMnyJihCHhIX nepeXOJl.HbIX xapaKTepHCTHK, BbI'lHCJieHHbIX no pac

CM0TpeHHOH MeT0Jl.HKe (pHc.4)' OT COOTBeTCTBYIO~eii xapaKTepHCTHKH, BbI'lHC

JieHHOH B (1 ], cocraBHJio 0,13 /3/MJJ:)K B paiioue n = 6. TaKoe pacxo)KJl.eHHe 

MO)KH0 OOb5ICHHTb TeM, 'ITO cpopMyJia (5) OTHOCHTC5l K CJiyttalO, K0r)l.a Jl.0 H3Me

HeHH5l peaKTHBH0CTH MO~HOCTb cra6HJibHa. IlpH KOJie6aHH5IX MO~HOCTH c He 

OtteHh npOJl.OJl)KHTeJibHbIMH nepH0)l.aMH npHMeHeHHe cpopMyJihl (5) M0)KeT )l.aTh 

3aMeTHyro OIUH6Ky. TaK, npH N = 23; 32; 42 cpopMyJia (5) )l.aJia C0OTBeTCTBeH

HO 3HatteHH5l 3aJI.aIO~eii peaKTHBH0CTH R = 0,0527; 0,0515; 0,0486 /3
11

• B TO )Ke 

BpeMY nptt N = 114, KaK CJie)l.yeT H3 (1 ], R = 0,0542 /3
11

• 

PactteThl npoBeJI.eHhI Jl.JI5l pe)KHMOB pa6oThI peaKTopa B )l.eKa6pe 1988 r. co · 

cpe)l.Heii M0~HOCTblO 2 MBT npH ttaCTOTe HMnyJihCOB M0~HOCTH 5 HMn/c 

7 



(T" = 0,2 c) " paCX0Ae TenJI0H0CHTeJUI (HaTpm1) qepe3 aKTHBHYIO 30HY 

90M3/qac; 
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