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B pa6oTax [1-3) pacc-Motpeaa JIHHeltaaJI MOJlem. MOII.\HOcTHolt o6p~:raoll cBJI3H peai<

topa JiBP-2. B peJKHMe Cta6~JIH3an;uu, X;paKTepB3YIOII.\BMCJ! He60JThiuBMB OTKJIOHCHBJ!MH. 

MOII.\HOCTB o;: cpeJlHero 3Ha'leHBJI. JiMDYJI:bCHM nepeXOJlHaJI xapaKtepBCTBKa o6paTHOlt , · 

·cB113B ODBCI.lBaJiac:r, tpeMJI 3KCDOHCHTaMB, BHa'le fOBOpn,· MOII.\HOCTHaJI o6paTHaJI CBJ!3b ODH· , 

cuBaJiac:r, tpel.u! JlB$$epean;uam.auMu ypaBHeHBJIMB nepBoro nopnJlKa. B pe3yn:r,tate :noro ·' 

peaKTBBHOCT:b B ~-M HMDYJI:bce onpe.llerum~b~ CJieJlYloli.\HMB COOTHOllleHBJIMH: • 

. Prin ~ ·,(Pri~-1+ E0Llen~1i~ex~( -T./Tj), ' . (1) 

"". , 
3 

Prn,; :~:::>rin•' j ~ 1,2,3, {2) 
. . i=1 

'r)le p~, Prjn :.C«;lOTBeTCTBeHHO peaKTHBHOCTb MOII.\HOCTHOlt o6paTHOlt CBJI3B B D·M BM· 

nyn:r,ce u ee j .:. n cocTaBJIJ!lomaJI, kj B: Tj - KO<~If!lf!un;ueat nepeJla'IB u noctoJIHHaJI Bpe

MeHH j ·- a COCTaBJIJIIOII.\elt peaKTBBHOCTH, T. - nepHOJl. CJie)lOBaHHJI HMDYJI:bCOB .MOII.\HOCTH, 

Llen-1 = (En.:.1 - E 0
)/ E 0 ·OTHOCHTeJThaoe OTKJIOHeaue 3Heprau (n: 1) - ro HMnyn:r,ca En-1 

OT ee 6a30BOfO ( cpe)lHero) 3Ha'leHHJ! E0
• . 

· KuaetHKa peaKtopa onucuBa.Jiac:r, aenaaellaolt cucteMoll ypasaeaull 

.. · Lle,. = (~sn + 1)expp,.- 1, . ' 
Pn = P: + Prn; 

1 • 

·,: 1 ' 6 ·• .Eo· . · 
Lls,. = ~)Llsin-1. + so ji;..\;Llen-1)exp( -;-..\;TH), 

s=l, 

· E 0 • 6 so = 1/L ]1.;..\i exp( -..\;T.) 
• i=1 1- exp(~..\;T.)' 

I. (3) 

(4) 

(5) 

) . ; : ; (6) 

r)le Lls,. = (S,.- S 0
)/ so- OTHOCHteJll.aoe OTKJIOHeHHe iiHTCHCHBHOCTH HCTO'IHBKOB 3aUa3)li.l· 

Batoli.\BX aelttpoaos, cootB~TCTBY.IOmee n • MY BMnyn:r,cy, o:r cpeJtHero3aa<iemiJI. so, .... · 
Lls;n-1 = (Sin-1- S't)/S0

- OTHOCHTem.aoe OTKJIOHeHHe i. lt·coctaBrut~ll.\elt 'uateadlsliocTB 

HCTO'lHHKOB,' cooTBeTCTBYIOII.\elt (n-1)- MY HMnyn:r,cy, ot ee cpeJtHero 3Ha'leHBJI $;'; oi-iiecea

aoe K so·= .r;r=1 Sj, p.;, ..\; - COOTBC~CTBeHJIO. OTHOCHTeR:bHM JlOJIJI 'u UOCTOJIHHaJI. pacna)la 

.i-ll. coctaBJIJIIOII.\elt 3aUa3Jli.lBaroli.\HX aelttpoaos, p:, p,. ~ cootBetciB<iaao 3ait.aro.ll.\ci:h .u p.e-

3YJI&tupytoll.\aJI peaKTHBHOCT:b B D~M HMnym.ce. , . -

PeaKtBBHoct~ supa>Keaa B Jl~JI.i!x {J.~ ITpu <~ToM, KaK cneJlYeT H3 coo':raoll!eHuJI (3), ae 

tpe6yetCJI 3HaH'BJI caMoro :ma'leHHJI {J.. . . · 
ITpu CHMMetpB'IHI.lX nepHOJlB'lecKB:x npnMoyron:r,aux Kone6aHHJIX pe~KTHIIHO~TH. p0 

· 3aperBCTpBp~BaHHI.le KOJie6aHBJI M_Oli.\HOCTB Lle 3aMeTHO HeCBMMeTpR'lHJ.l •. : ::ha HeCHMMe

tpB'IHOCT:b He MOJKeT 6I.lT:b 06'bJICHCHa HeJIHHeltHOCTbiO •ypaBHeHHJI. (3).· ITo3TOMY B pa6ote [4) 
OJlBH H3 tpex KO<~Ifllflun;ueatoB nepeJlaqu; coorsetctBYIOII.\Hlt aan6onee MeJllleaaolt coctaBJIJI- • 

1011.\eii peaKtHBHocta Momaoctaolt o6pataolt cB.R3n; 6un npaa.RT 3asucuMI.lM oT otKJioaeauJI 

TeMnepatypi.l TeUJIOBLl)leJIJ!lOII.\HX 3JieMeHTOB Ll6 OT ero cpe)lHero ypOBHJI 6°: 

. 8k ,. .· 
k1 = k~ + 8~ . Lle, 

, e• "' 
(7) 

r)le k} =, k1(6°). 

() 06J.cnHHCHHWii H~CT111)'1' OJICpHWX HCCOC)lOBaHHii,lly6Ha. 1995 . 
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BIJ'IHCJieHHLle no ypaBHeHHJIM (1) - ( 6) KOne6aau.fl <~Rep rna Lle npn nepBOJlB'lCCKHX 

npHMoyron:r,aiJx Kone6aau.flx peaKiaairociD: p0 
· c yqetoM 3asucuMoc.f~ ki oT. TeMnep.i.1:ypi.t (7) 

cym:eCTBeHHO MeHbllle OTJIB'la!OTC.fl OT B3MepeHHLlX KOJie6aHBfi 3Hepruu, 'ICM 6e3 yqeta 3TOfi 

3aBacaMocta. 0JlHaKo aey.n:o6ctBoM BBeit.eirHn: · iaKoro · yqeta aeJIHaeltaoctu Momaoctaolt 

o6pataofi CB.fl3B HBJIJ!etc.R aeo6XOJlBMOCT:b BBe)leHBJI JlOUOJIHBTenbHLlX ypasaeault, onuc.LIBa-
romux TeMnepatypy TeUJIOBLl)leJIJIIOII.\BX 3JieMeHTOB. . :·' , .: . 

Ilo3TOMY HBJKe paCCMOTpeH fioHee UpOCTOfi BapHaHT yqeta HeJIBHefiHOCTB1 KOTOp.Llfi 

OCHOBaH Ha npe)lUOJIOJKCHBB7 'ITO peaKTHBHOCT:b MOmHOCTHOfi ofipaTHOfi CB.fl3B np~nopuuo-
• ) ~ 

HaJihHa TeMnepaType TennoBhUJ.eJiliJOIIIHX aneMeHTOB. c }"IetoM aTom· Ko3_¢4mullei1Thi. i:Iepena'lll : 

MOIIIHOCTHOH o6paTHOH CBJIJH 6Lmlf npenCTaBileHLI AB)'Mll 'IJieHaMH pSIAa Teiinopa: 

... 
• < 8kj' ·' _ k~+-- Pr 

·' kj - J 8pr Pr=O · 
" (8) 

.,•-' 

Hilli,HHa'le,npoH3Be)leHHeM JlBYX K031fllf!uuaeHTOB nep~Jla'IH·- Iie3a~HCHM~r6 OT peaKHBHOCTB 
K031fllf!Hn;BeHTa ofipaTHOfi CB.fl3B kj B 3aBBCBMOfO kj: .. , ; : .c·.' . , :·· . ·,. :' 

rJle 

k; 
k'· J 

kjkj, 
1 + Llkjp., 

Llk; = ~k;l ·;kj. 
Pr Pr=O 

" - ~ 1- ~ 

- ' 

TaKHM o6pa30M, BMecto BbipaJKeHBJI (1) ucnonb30Banoc:r, cneJlYromee B.LlpaJKeaue: 
• -. ' > •• , -~ • \" • 

·. k?k'- 1' . · .. ' 

Prjn =.(Prjn-1 +E0
.6.en-1 

3 E- )exp(-T,./T;). 
J 

(9) 

(10) 

(11) 

Ha puc. 1 noKaJaaa ctpyKtypaaJI cxeMa BMnyllbcaoro peaKtopa, JlBHaMBRa Rotoporo 

OUBCaHa ypaBHeHH.flMB (2) - (6) II (9)- (ll),, CBJIJbiBa!Oll(lfMif , , 3Ha'leHifll nepeMeHHhiX B·n-M 

HMnynhce. ITo <~THM ypaBHeHH.flM JlBHaMHKH npa npHM:oyrollbHIJX Iioire6aHB.flX 3~awmefi 
·peaKTBBHOCTB paCC'IHTbiBaJIHCb 3Ha'!eHB.fl OTHOCHTeJI:bHbiX OTKJIOHeHBfi .3HeprBB, HMUYJI:bCOB 

npu pa3JIB'IHIJX 3H'a<lenu.flX )leB.flTR napaMetpoB: T17 T 2 , T3; k}, k2, k3, flkt,:Llkd, Llk3: 

Pacc'lntaHHIJe'3Ha'!eHli.fl ~TKJIOHeHBfi 3Hepruu .flBJIJIIDTCJ! annpOKCBMBpyi<imuMH B o6o-

3Ha'leHbi Llea. B Ka'leCTBe BCKOMIJX 3Ha'leHBfi iiapaMetpoB Tj; kj; Llkj{j = 1, 2, 3) npu

HHMaJIBct> Te HX. 3Ha'leHBH, UpB KOTOpbiX · cpe)lHeKBa)lpaTB'lCCKOe OTKJIOHeHBe Lle. OT' Lle~ 

MBHBMaJI:bHO: . 
1 M .· ·. ·. <: :! 

'M L(Lle,.- .6.ean)2=:= min, {12) 
n=1 

r)le M - 'IBCJIO BMnyn:r,coa 3a nepBOJl Kone6anufi. ITo YKManaofi MetOJlBKe annpoKCHMBpo

BaJIBc:r, 3aMepeHHLle B 1992 r. KOJie6aHBJI 3Hepnm HMnym.coB MOmHOCTB J(JIJI JlBYX pelKHMOB 

pa6oTLl peaKtopa l:IBP-2: npa cpe)lHelt MomnocTB 2 n 1,8 MBT. ITonynepBOJl KOne6aauA 

6.LIJI JlOCTaTO'IHO npoJ(OJIJKBTem.H.LIM u roctaBBJI 16 c (!'f = M/2 = 80 uMnym.roB), B pe3ym.

Tate qero 3Ha'leHBJI BHTeHCBBHOCTB BCTO'lHBKOB • 3ana:l,!lbiBa!Om:HX HefitpOHOB B KOHit;e KaJK)lOfO 

nonynepuo)la 6LlJIB npaKTB'leCKH neu3MeHHLl (SN = SN.f.1, SM = S1). 9To no3BOJIBJIO B cO:. 

OTBeTCTBBB C lflopMynolt (3) BLl'lBCJIBT:b 3Ha'leHBJI 3a)latomelt peaKTBBHOCTB B JlOJIJIX {J,. DO 

u~;~~·::~~~~~~:.~ta r~~::r?2~ 

~'j Gn··t'"'iM: ;i.: .::t~7,:~;~;;;• L 
I !':':'' {~JI' ~·1--l·.. !i • vV•;;;:~ r!;.; , t:.:lt'i ~ 
.. ....._.... -~-



,f.·: 

JOIYM coce,llHUM UMnym.caM. .LJ:.rr.H HOMepoB HMnym.coB M H 1 

o- 0 51 .~let+ 1 
Pt - • n ileM + 1' 

a ]lJIJI noMepoB N u N+1: 

P~ = 0.5ln .~leN+ 1 
ileN+ 1" 

(1'3) 

(14) 

B Ra'leCTBe aa,n;aro~ell: peaKTUBnocru p0 6Lino npuHJITo cpe,llHeaputlJMeTutJecKoe ana-
qenue 

Po= 0.5(p~ + p~). (15) 

B peaym.TaTe nonyqunucL cneeyro~ue aaatJeHHJI. ,[(nJI cpe,llHell: Mo~nocTu peaKTopa po = 
E 0 /T. = 2 MBT . p0 = 0, 0618 (pi = 0, 0633, p~ = 0, 0618), a .AnJI po = 1, 8 MBT 
p0 = 0, 059 (pi = 0, 0597, p~ = 0, 0582). . 

3aatJeHUJI napaMeTpOB MO~HOCTHOll: o6paTHOll: CBJI3U U Cpe,llHeKBa,n;paTU'leCKOro OTKnO
HeHHJI nony'IUJIHCL cneeyro~Mu. 

,[(nJI po = 2 MBT: 

Tt = 0,2; 

k~ = -0,4; 
llkt = -4,04; 
u = 3,14 ·10-3• 

,[(nJI po = 1, 8 MBT: 

T1 = 0,2; 

k~ = -0,5; 
llkt = -8,25; 
u = 3,14-10-3. 

T2 = 3,9; 

k~ = 4,4; 
..1.k2 = -5,05; 

T2 = 2,8; 

k2 = 2,2; 
..1.k2 = -5,95; 

T3 = 7, 7 c; 
k3 = -9,7 /Ju/MBT; 

D.k3 = -5,05 1/ /Ju; 

T3 = 8,3 c; 

k3 = -5,5 /Ju/MBT; 
.llk3 = -6,6 1//Ju; 

Ilpu pactJeTaX 3Ha'leHUJI J.li( i = 1, ••• ,"6) 6LIJIH npUHJITLI paBHidMU; 
0,038; 0,28; 0,216; 0,328; 0,103; 0,035, 
3HatJeHUJI ~i : 

0,0129; 0,0311; 0,134; 0,331; 1,26; 3,21 1/c, nepuo,A Kone6anull: T. = 0,2 c. 

(16) 

(17) 

Ha puc.2 .AnJI cpe,llHell: Mo~nocTu peaKTOpa 2 u 1,8 MBT noKaaanLI aaperucTpupo
Bannlde aaaqenHJI D. e. npu npJIMoyrom.nMx Kone6anHJIX aa,n;aro~ell: peaKTUBHOCTU p0 • TaM 

lKe rioKaaanLI oru6aro~ue Llea u .Pr, cooTBeTCTByro~ue y:KaaannLIM.aHa'leHHJIM ,AeBJITU na
paMeTpoB MO~HOCTHOil: o6paTHOll: CBJI3U (16) U (17), npu KOTOpLIX cpe,llHeKBa,n;paTH'leCKOe 
OTKnoaenue u MUHUManLno. lla pnc.2 BH.llHo, 'ITO npe,~~;nolKennoe nennnell:noe onucanue 
MO~HOCTHOil: o6paTHOil: CBJI3U ,AaeT XOpomee npu6JrnlKeHUe ilea K /).e. 
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Puc. 1. CTpyKTypaaJI cxeMa UMnynLcaoro peaKTOpa. 

. I_.:.. 6iioK o6paTHoll: CBJI3U no aanaa,ALIBaro~uM neli:TponaM, 
II - 6noK nennnellnoll: Mo~nocTnoll o6paTnoll: CBJI3H, o6ycnoBnennLiil: 
paaorpeBoM peaKTopa 

0.12 1\ .... "', .. '-a•e 'fV' , 

0.06 

• ... . ,;;:;n--- .. • / ,... -o.oo1\. \~ 4z" 7~-~ --~-·;' ~~ 

-0.06 

Pr 
-0.12 0 

40 80 120 

n 
160 

Puc. 2. IlepUO,A Kone6anull: H3MepeHIILIX D.e(b., +) U BLI'IHCneHHLIX D.ea (-, ___ ) 
OTHOCHTenLHLIXOTKnOHeHHil ::meprHH UMnynLCOB H Bhl'lHCneHHOil peaKTHBHOCTU 

MO~HOCTHOll: o6paTIIOi1 CBJI3H Pr npu npJIMoyronLHLIX KOne6aHUJIX 
aa,n;aro~en peaKTUBHOCTU p0

• Cpe,llHJIJI MomnocTL peaKTOpa 2 MBT; (b.,_) 
u 1,8 MBT {+,-) 
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3aKmoqeHHe 

MomnocTHaJl o6paTHaJl CBJI3h peaKTopa HBP-2 ormcana TpeMJI .li.HlP!l>epemrnaJihHhiMil 
ypaunennHMil nepsoro nopJIJIKa c Ro3«P!l>nrinenTaMn nepe.zraqn, JIHnettno 3aBncnMhiMil oT 

peaRTilBHOCTil MOlliHOCTHOit o6paTHOit CBJI31l. 
Tio.zro6panif ·3ua.JennH .zrei!Jini napaM:~pos MomnocTiwtt o6paTnott ·csJI:in~ o6ecneqnua-

romne nanJiyqmee npn6JIRHleHile BblqncJieHHbiX 3Ilaqenitt .3Heprnn llMHYJihCOB R 3aperllCTpn
poBaHHhiM npn rlpJII.ioyroJii.nhlx ~~Jie6anllllx 3a.zraromett peaKTilBHOCTil c nepno.zroM 32 c npn 

cpe.ZIHett MomuocTn peaKTopa2 n 1,8 MBT. 
~ ' •' 
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Tionos.A.K. 
Ynpmue1mru~ ne;mneihiru~ MOAeJJb MouutocTuoii o6p; 
peiu(Topa 11EP-2 · · 

Momno~THIDI o6pamru~ cs~3b peaKTopa 11EP-2 
aJJbllbiMH ypasnenu~MH nepsoro nop~AKa c Ko::>cjxpu 
3aBH_CHMbiMH OT peaKTHBIIOCTH MOIUIIOCTIWii o6pan10 
JleBHH napaMeTpOB MOIUIIOCTHOH o6paTHOii CB5i3~ 

naunyLiwee npu6nuJKe11i-te Bbi'IHCJJeiiHbiX 3HaLieuui1 -~ 

K 3aperncTpHpOBallilbiM npu np~~IOYfOJlbiib;X KOJJe6a 
C .nepHOJlOM 32 C npH cpeJlHeH MOIUIIOCTH peaKTOpa 

Pa6oi'a Bbmonnena B Jla6opaTo{mu nei1Tpom 
0115111. • . 

Coo6meHHe 06belllllletmoro'nucnnyra stllepHbiX 11c 

. 

Popov A.K. 
Simple Nonlinear Model.of the.IBR-2 Reactor. Pow' 

.The IBR~2 reactor power fet;dback is describ~d 
equations: It .is assumed that the power transfer coe 
on the power feedback reactivity: Nine power fee 
to make the best correspondence of the calculated po 

. power os~ill~tipns caused by the reactivity jump OSI 
at 1.8 and 2 MW of mean reado_r power. · · 

The investigation has been . p"erformed at the 
Physics, JINR. • · 
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