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· B pa6oTe [1] npoee.neu auaml3 nepexo,nuoro npouecca MOII.(HOCTH c gpKo BhI

pa:lKeHHhIMH Kone6aHH}IMH. 3TOT npouecc JapernCTPHPOBaH 31 }IHBapg 1997 r. 

npH OTKnIOtJeHHOM aBTOMaTHtJeCKOM peryn}ITOpe AP. EhmH no,no6paHbl napaMeT

pbl MOII.(HOCTHOH o6paTHOH CB}IJH, npH KOTOpbIX paCClJHTaHHbIH nepeXO,!lHhlii 

npouecc uaHnYtJWHM, o6paJOM nptt6ntt:lKancg K JapemcTpttpoeauuoMy. OKaJa

nocb,tJTO COOTBeTCTBYJOII.(a}I 3TOMY Cn)"laIO MO,nenb peaKTOpa C OTKnIOtJeHHblM AP 

(npH cpe,nHett MOII.(HOCTH 1,87 MBT H pacxo.ne TennoHOCHTeng 80 M3/tJ) OKaJanach 

ueycTOHtJHBOH. 

HH:lKe 3Ta Mo,nenb peaKTOpa HCcne,nyeTC}I B pe:lKHMe C BKnIOtJeHHblM aBTOMa

THtJeCKHM peryngrnpoM. 

PACqETHAJI TIEPE~ATOqHA~ ~YHKUH~ 

ABTOMATHqEcKoro PErYil~TOPA 

~n}I Hccne.noeaHJ{}I ycTOHlJHBOCTH peaKTOpa B pe:lKHMe aBTOMaTHtJeCKoro no.n

.nep:lKaHH}I MOII.(HOCTH Heo6xo,nHMO JHaTb nepe,naTOtJHYIO cpyuKI.(HIO AP. TiocKORbKY 

3KcnepHMeHTanhHoro onpe.neneHJ{}I ee He npoeo,nttnoch, oua 6bma non)"leHa pac

tJeTHhIM IlYTeM. 

TiepeMelI.(eHHe CTep:lKH}I AP ocymecTBn}leTC}I warOBbIM ,!lBHraTeneM. Ero CKO

poCTb JaBHCHT OT OTHOCHTenbHOro OTKnOHeHH}I flp aMilnHTY.!lbl TeKymero HMnynh
n 

ca MOII.(HOCTH P OT ero :lKenaeMoro (6aJOBOro) JHatJeHH}I P0 
n 

p -Po 
flp =_n __ 

n pO (1) 

KOTOpoe npaKTHtJeCKH paBHO OTHOCHTenbHOMY OTKnOHeHHIO fle 3HeprnH TeKywe-' n 

ro HMnynbca MOII.(HOCTH E OT ee :lKenaeMoro (6aJOBOro) JHatJeHH}I E° n 

E -E° flE 
fle =_n __ 

n E° 
_ n zflp. 
E° n 

(2) 

YtJHTbIBM pa36poc OTHOCHTenbHbIX aMnnHTY.!l HMnynhCOB MOII.(HOCTH, ocyweCTBn}I

IOT HX Crna:lKHBaHHe cneI.(HanbHbIM 6noKOM CKna:lKHBaHH}I e COOTBeTCTBHH c cpop

Mynott 



A - - - lip -A -Pn - Apn-1 + __ n_ Pn-1 
k 

(3) 

me Ap 1, Ap - crnaJKeHHbie OTHOCIITen1,H1,1e OTKJIOHett11.si filmn11Tv,u (n - 1)-ro n- n J• 

II n-ro IIMnyn1,coB, k - K03qJqJIII.(IIeHT crnaJKIIBaHII.sJ. 

CMb!cn K03cpcp11u11eHTa k xopomo npocMaTp11saeTc.si, ecn11 cpopMyny (3) 

3an11caTb B IIHOM BII,!le: 

Ap -Ap = (Ap -Ap )/k. n n-1 n n (3a) 

BII.UHO, 'ITO pa3HOCTI, crnaJKeHHb!X coce,UHIIX 3HatieHIIii 6noKa crna:iImBaHII.sJ B k 
pa3 MeHblIIe pa3HOCTII Me)K,!ly TeKyll.(IIM 3HatieHIIeM BXO,!lHOii BenII'IIIHbl II ee crna

)KeHHb!M 3HatieHIIeM, COOTBeTCTBYIOll.(IIM npe,u1,I,uymeMy IIMnyn1,cy. 

Ilpe.uycMOTpeHa B0'3MO)KHOCTI, ycrnHaBnIIBaTb tieTb!pe qJIIKCIIpOBaHHb!X 3Hatie

HII.sJ k: 4, 8, 16, 32. 

OTKJIOHeH11e Ap nepe,uaeTc.si Ha 6noK ynpaBneHII.sJ maroBbIM .UBIIraTeneM AP. 

Ilpe.uycMOTpeH Bb16op qJIIKCIIpOBaHHb!X 3HatieHIIii K03qlqJIIUIIeHTOB nponop

UIIOHanbHOCTII Me)K,!ly Ap II qacTOTOii ynpaBn.sJIOll.(IIX IIMnynbCOB marosoro ,!lBIIra

Ten.& (11tta11e rosop.si, cKopocTbIO marosoro .UBIIraTen.si). 3To 06ecne1111BaeTc.si TeM, 

'ITO Bbl611paeTC.sJ 0,!lHO 113 tieTbipex 3Ha1IeH11ii A (0,05; 0,10; 0,15; 0,20), Ka)K,!lOMY 

113 KOTOpb!X COOTBeTcTByeT 0,!lHa II Ta )Ke CKOpOCTh marosoro ,!lBiffaTen.si AP 

v° = 5,5 maroB B ceKyH.!ly, 

Ilp11 pac11eTe nepe,uaTOtIHoii cpyttKUIIII AP 6bmo npIIH.sJTO, 'ITO o,u11H mar nepe

Memett11.si AP cooTBeTcTByeT II3Mettett1110 peaKTIIBHOCTII HEP-2 Ham = 0,0136 ~ , p II 

me ~ - IIMnynhcHa.si ,uon.si 3ana3,u1,rnaiom11x tteiiTpottoB (.un.si HEP-2 ~ =l,6· 10-4 
H H 

a6conIOTHhlX e,UIIHIIU peaKTIIBHOCTII). TaKIIM o6pa30M, K03qlqJIIUIIeHT nepe,uaq11 

marosoro ,us11raTen.si cosMecTHo co CTep)KtteM AP paBeH (v0 / A)·mp = 0,0748/ A 

~11/c. 

KaK cne.uyeT 113 cpopMynhI (3), 6noK crna)KIIBaHII.K cpopM11pyeT CIIrHan Ha CBO

eM BhlXO,!le no nIIHeiiHOMY 3aKOHy. l103TOMY ero nepe,uaTO'IHYIO cpyHKl.(IIIO nerqe 

BCero Bbl'IIICnIITh, ecn11 nonO)KIITh, 'ITO .un.si nepsoro IIMnyn1,ca OTHOCIITenbHa.sJ 

aMnn11Ty,ua pastta Ap1, a ,un.si scex npo1111x IIMnyn~coB otta pastta ttynro. Tor.ua 

cornactto cpopMyne (3) 

- Apl - Apl ( 1 ) - Apl ( 1 f - Apl ( 1 r-1 
Apl=k,Ap2=k 1-k ,Ap3=,:- l-k , ... ,Apn=k 1-k ' 

T.e. nocne,uosaTenhHOCTh Apl' Ap
2
, ... , Apn npe,ucrnsn.sieT co6oii y6brna10my10 reo

MeTp1111ecKy10 nporpecc1110 co 3HaMettaTeneM 

q=(1-¼)<l. (4) 

2 

·-

~\ 
t' 

. TaKIIM o6pa30M, BXO,!lHOH H Bb!XO,!lHOii CllrH_anbl 6noKa crna)KIIBaHII.sJ KaK 

cpyttKUIIII BpeMeHII npon0J)UIIOHMbHbl ,uenhTa-qJyttKUII.sJM. TaKHe cpyHKUIIII npIIH.sJ

TO noMetiaTb 3Be3,!l01IKaMII. 

lip *{t) = Ap/)(t), 

lip "' 
- * I'° n-ls: Ap (t) = k k-1 q • u(t - (n - 1 )TH), 

n-1 

r.ue T = 0,2 C - nep110.u cne,uoBaHII.sJ IIMnynbCOB MOll.(HOCTII. 
II 

<l>yp1,e-mo6pa)Kett11.si c11ruan0B (5) 11 (6) paBHbI 

Ap*U ro) = lip!, 

. Ap "' 
Ap *u ro) =-f L qn-l exp(-j m(n - 1)), 

n=I 

(5) 

(6) . 

(7) 

(8) 

r,ue 00 = WT - KpyrOBM tiaCTOTa B OTHOCIITenbHbIX e,!lIIHIIUaX (00 = 0 + 7t), O} -
II 

Kpyrosa.si 11acTOTa B c-
1 

Ecn11 nono)KIITh 

me 

q = exp(a), (9) 

a=ln( 1-¼} (10) 

TO ypasttett11e (8) np11MeT BII,n CYMMbI y61,rna10meii reoMeTp1111ecKoii nporpecc1111 

lip! "' . Ap1 1 = 
Ap*(j oo) = k L exp( { (a - J ro)(n - l)} - k 1 - exp(a- j ro) 

n=I 

Ap1 expUro) 

= k expU ro) - exp(a) · 
(11) 

Ilepe,uaTO'IHM cpyHKUII.sJ 6noKa crna)KIIBaHII.sJ nonyqaeTC.sJ 113 ypaBHeHIIH (11) II (7): 

Ap *uw) 
wtuw)= Ap*Uro) 

!. expUro) 

k expU ro)- exp(a) 
(12) 

CKOpOCTh marosoro ,!lBIIraTen.si, II cne,uoBaTenbHO, CKOpOCTh 113MeHeHII.sJ peaK

TIIBHOCTII AP nponopUIIOHMbHbl 3HatieHII.sJM Ap (3). l103TOMY nepe.uaTO'IH.sJ.sJ 

cpyttKUII.sJ maroBoro ,!lBIIraTen.sJ COBMeCTHO co CTep)l(HeM AP IIMeeT BII,!l: 
, .. ~---·- .... , 

J.:, :.:: __ .,. _ ,3 v,!i 1;,.:':!,iJT { 

t~j·\-:;;E.~! ~it( :;~~J;l:,~i?, ~ 
t5M5.fU.·iCT~Ht>. \. -



p :Pu 00) 0,0748 expU 00) 
w*(j w) = ----=..:.:'----=-- T ---. , 

2 6p *uoo) 11 "exp(jw)-1 
(13) 

f)le p :Pu ci5) - cpypbe-mo6pa)Kem1e peaKTHBHOCTH AP. 

TTepe.uaTO'!Hru! cpyttKUIDI aBTOMaTH'!eCKOro perymIrnpa onpe.uemIeTC.sl KaK 
npOH3Be,!leHHe nepe,uaT0'!HblX cpyHKUHH (12) H (13). 

* . p :Pu w) expU w) expU w) p :Pu w) 
W pU w) = * = k AP · = * , (14) 

A !J.p (j w) exp(j ci5) - exp( a) expU oo) - 1 11e U w) 

f)le 

- Ko::icpcpHUHeHT nepe.ua'IH AP. 

0,0748-TH 
kAP=~ (15) 

TTpH6JIH)KeHHOe paBeHCTBO B Bblpa)KeHHH (14) 06n.11CH.sieTC.sl npaKTH'!eCKHM 
paBeHCTBOM !J.p H /1e (2). 

YCTOMl.JMBOCTb PEAKTOPA B PE)Kl1ME ABTOMATl11.JECKOfO 
TTOLUlEP)KAHl151 MOI.llHOCTM 

CTPYKTYPHIDI cxeMa peaKTOpa MEP-2 COBMeCTHO c aBTOMamqecKHM peryn.11To
poM noKaJaHa Ha pttc. l. TaM noMe'leHa nepe.uaTO'!Hru! cpyHKUH.sI peaKTopa 

W; (j oo) H COCTaM.sIIOIUHe ee nepe,uaTO'!Hble cpyHKUHH 3ana3,Ub!Ba!OIUHX HeHTpOHOB 

W ;u w) H MOIUHOCTHOH o6paTHOH CB.113H W ;u 00). 

0 -6en • I 
~W,ljw Wi (j @11 IPAPn ~ --

lien w;pljwl Prn 

6Sn 
6sn=S° 

W~ ( jGl) 6En 
w;(jlil) I• I 

Aen 

' I ' • 

Pttc. J. CTp}'KTYJ)Hllll CXeMa 3aMKHyroii CHCTeMLI 3BTOM3TH'leCKOro UO/Ulep)l(3HHll MOIUHOCTH peaKTOpa 
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·) 

I 
\ 
) 

w*uw) =tis*((@= 
s 11e*(jw) 

6 exp (-A.T) 6 exp (-A.T) 
="" µ.A. "w) l HA ) I"" µ.A. I (!AH)' ,f-' 1 1 exp U co - exp (- .T ,f-' 1 1 - exp - .T 

r=J IH 1=J IH 

(16) 

me tis* (j w) - cpypbe-HJo6pa)l(eHHe OTHOCHTeJibHOro OTKnOHeHIDI 

tis= (S - S 0) /SO cyMMapHOH HHTeHCHBHOCTH JanaJ,UbIBa!OIUHX HeHTpOHOB S OT ee 

6a30BOro 3Ha'!eHIDI s 0; µ., A. - COOTBeTCTBeHHO 0THOCHTeJibHru! .[{OJI.II " nocTO.sIH-
l l 

HID! pacna,ua 3ana3.Ub!Ba!OIUHX HeHTpOHOB rpynnbl i (µ. = 0,038; 0,28; 0,216; 0,328; 
l 

0,103; 0,035; \ = 0,0129; 0,0311; 0,134; 0,331; 1,26; 3,21 c-1). 

p;.uw) 4 k1 exp(-T /T1) w*(iw) =---=----="" - " (17) 
T Av*(jw' £..i T exp(jw)-exp(-T /T)' = UJJ 1=1 I H I 

f)le p;.u w) - cpypbe-H306pa)l(eHHe peaKTHBHOCTH MOIUHOCTHOH o6paTHOH CB.113H 

(B Kaqecrne e.uHHHUbl H3MepeHH.sl peaKTHBHOCTH npHH.sITa ~H). 3tta'!eHH.sl K03cp

cpnuHeHTOB nepe.uaqu kl " noCTO.IIHHblX BpeMeHH Tl MOIUHOCTHOH o6paTHOH CB.113H 

B COOTBeTCTBHH c [1] 6b!JIH npHH.sITbl cne.uyIOIUHMH: kl =-8,12; 6,97; 15,12; -26,46 

~"/MBT, T1 = 5,6; 4,3; 560; 980 c. 

w;uw)= 11:*u@ 
PAP(jw) 

1 

1-w;uw)-E°w;uw) · 
(18) 

Mtt.ueKC * YKaJbrnaeT, 'ITO cpypbe-HJo6pa)l(eHH.sl OTHOC.IITC.11 K nepeMeHHbIM, npe.u
CTaBJieHHblM B BH,Ue nocne,!lOBaTeJibHOCTeH HMnyJibCOB, nponopUHOHaJibHblX .uenb
Ta-cpyHKUH.sIM. 

Eb!JIH Bbl'lHCJieHbl aMilJIHTY.!lHO-cpa30'!aCTOTHbie xapaKTepHCTIIKll pa30MKHY-

TOH CHCTeMbl wp* (j w) = w ~p(j ci5) w; (j w) .[{JI.II Bcex B03MO)KHblX KOM6HHaimfi napa

MeTpOB AP k" !l.. IlocKOJibKY paccMOTpettHOMY B [l] Kone6aTeJibHOMY nepexo.utto
MY npoueccy MOIUHOC.TH MEP-2 6e3 AP cooTBeTCTByeT tteycTOH'IHBrui MO.UeJib 
peaKTOpa, TO peaKTop c BKJIIO'IeHHbIM AP 6y.ueT ycTOH'lllB, eCJIH aMilJIHTYJlHO-cpa-
30'!aCTOTHa.sI xapaKTepHCTHKa pa30MKHYTOH CHCTeMbl C poCTOM qacTOTbl 00 O.UHH 
pa3 0XBaTHT TO'IKY C KOOp,UUHaTaMll -lj OB HanpaBJieHHll npOTHB qacoBOH CTpen
KH. 3TO ycJIOBHe BbinOJIH.sieTC.11 npH k = 4 u Bcex 3Ha'leHH.IIX /l. OT 0,05 .uo 0,20 
(pHc.2), a TaK)Ke npu k = 8 u /1 = 0,05; 0,10 H 0,15. Ilpu k = 8 u /1 = 0,20 peaKTop 
COBMeCTHO c AP J)l(e tteycTOH'IHB. IlpH k, paBHblX 16 " 32, peaKTOp COBMeCTHO c 
AP tteycTOH'IHB npH scex JHa'IeHIDIX /l. OT 0,05 .uo 0,20. 
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· B HacTOamee BpeMa Ha HEP-2 

ycTaHOBneHbl 3HatJeHIIa napaMeTpOB 

AP k = 4 II t:,. = 0,20. KaK BHAHO m 

pIIc.2, Ana YBenIItJeHIIa 3anaca ycToii

tJIIBOCTII uenecoo6pa3HO', ycTaHOBIITb 

MeHhnrne 3HatJeHIIa !:i, T.e. IIOBblCHTb 

CKopocTb AP npII Tex )Ke paccornaco

BaHIIax MOIUHOCTII. 

3AKJIIOl..JEHHE. 

1. PactJeTHblM nyreM IIOJl)'tJe·Ha 

nepe)];aTOtJHasI cpyHKUIUI aBTOMaTHtJec

KOfO perymITopa. 

2. TipoBeAeH aHaJIH3 pacctJHTaH

HblX aMIInHTYAHO-cpa30tJaCTOTHb!X xa

paKTepHCTHK pa30MKHyroii CHCTeMbl, 

COCT0511Ueii H3 aBTOMa'fll.tJeCKOfO pery-

mITopa H peaKTopa. TioKa3aHo, tJTO 3a-
P11c.2. AMIIJIIIT)'/IHO-cjJa:io•rnCTOTHbie xapaKTep11- nae ycTOHtJHBOCTH peaK'ropa HEP-2 C 
CTIIKII pa:iOMKHyroii CIICTeMhl «aBTOMamqeCKIIH pe- BKnIOtJeHHblM AP IIOHH)KaeTca C yBe-
rymIT0p - peaKTop». 1 - k=4, d=0,05; 2 -
k=4, d=0,10;. 3 _ k=4, d=0,15; 4 _ k=4, nHtJeHHeM K03cpcpHUHeHTa crna)KH-
d = 0,20; 5 - k = 8, d = 0,05. BaHHa (OH MO)KeT IIpHHHMaTb 3Ha-

tJemrn 4, 8, 16, 32), T.e. c yBenHtJe

m1eM IIHepUIIOHHOCTII 6noKa Crna)KIIBaH~- YBenIItJeHJie napaMeTpa CKOpOCTII AP 

( OH MO)KeT IIpIIHIIMaTb, 3HatJeHIIa 0,05; 0, 10; 0, 15; 0,20); T.e. yMeHbl.lleHHe CKO

pOCTII AP TaK)Ke IIpIIBO)];IIT K IIOHH)KeHIIIO 3anaca YCTOHtJIIBOCTII. 

TipII cpeAHeH MOIUHOCTII 1,87 MBT II pacxo)];e TeIInOHOCIITena 80 M3/q peaK

TOp COBMeCTHO C AP YCTOHtJIIB nIIl.llb IIpII MaJiblX 3HatJemrnx K03cpq)IIUIIeHTa crna

)KIIBaH~ (4 II 8). TipII )];eBaTH KOM6IIHaUIIax napaMeTpOB AP m npeAyCMOTpeHHblX 

llleCTHa,[IUaTII peaKTOp HeycTOHtJIIB. 

TIHTEPA TYP A 

l.TIOIIOB A.K. - Coo6meHIIe omrn Pl3-97-361,)(y6Ha, 1997. 

PyKOIIIICb IIOCTYIIIIna B II3)];aTenbCKIIH OT)];en 

30 ceHTa6pa 1998 ro)];a. 
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AHaJIHJ ycTOHtJHBOCTH HMnynhcHoro peaKTopa MEP-2 
npH BKJIIOtJeHHOM aBTOMaTH'leCKOM perymnope 

PB-98-275 

BbI'IHCJieHa nepenaTOtJHM cpyHKUllil aBTOMaTHtJeCKOfO perymnopa (AP) C yqe
TOM 6noKa crmu1mBaHm1 axonHoro cnrnana. IlpoaHaJIH3ttpoBaHo BJilliIHHe napaMeT
poa aBTOMaTHtJeCKOfO perymnopa Ha YCTOH'IHBOCTb peaKTOpa. IloKaJaHO, 'ITO 
yaeJIHtJeHHe HHepUHOHHOCTH 6noKa crmu1mBaHlli1 AP H YMeHbWeHHe CKOpOCTH 
nepeMemeHml CTep)Kml AP npHBOWIT K YMeHbWeHHIO Janaca ycTOH'IHBOCTH, H lla)Ke 
K HeycTOH'IHBOCTH peaKTopa. 

Pa6orn BbmonneHa B Jla6oparnptttt HettTpOHHOH cptt3HKH HM. M.M.<llpaHKa 
omrn. 
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Popov A.K. 
Analysis of the Stability of the IBR-2 Pulsed Reactor 
with the Automatic Controller 

PB-98-275 

The transfer function of the automatic controlier, including the smooth block, 
was calculated. The influence of the parameters of the automatic controller on the 
reactor stability was analysed. It is shown that the increase of inertia of the smooth 
block and the decrease of the control rod speed lead to decrease of the reactor 
stability reserve and even to the instability of the reactor. 

The investigation has been performed at the Frank Laboratory of Neutron 
Physics, JINR. 
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