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A H H 0 T a n H ~ 

0TIHC3H3 nporpaMMa ~ ~HC~6HHCro HCC~e~OB3HHR ~H3MHKH 

HMny~caoro peaxTopa aa 3BM E3CM-6 ~ ClC-6400. ITpHBO~TCR MaTe

MaTH~ecxHe MO~e~ KMny~CHOH KHH6THBH peaKTOpa, Ten~006MeHa B 

aKTHBHOH 30He K CHCT6MH 3BTOMaTH~6CFOrO pery~poBaHHR peaRTOpa. 

naeTCR npHMep HCC~e~OBaHHB aBapHHHO~ CHTY3UHH npH HapymeHRH KRHe

MaTH~eCROH CBR3H orro H nuo. llpHB0~1CB T6RCT nporpaMMR Ha IDOPTPAHE. 



BBe.neHne 

EJiaro)lap.f.I H8Jllll'qHIO MO,IrYJISITOpOB pnaKTHBHOCTH MOUlHOCT:b HMnyJI&-

CHOrO peaKTOpa HOCHT .f.IBHO BupaxeHHHi JDMfiYn:DCHui xapaKTep. 0CHOBH8.f.I 

.II.OJJJJ Bce:ti aaeprHH, BU,IteJISieMoi B peaK'~Ope, Bbl)leJISieTC.f.l BO BpeM.f.I KOpOT

RHX HMnyJI&COB MOmHOCTH, ~TeJI&HOCT:b ROTOpUX H8 HeCKOJI&RO llOpR~OB 

MeH:ome ,ItJllllTeJIDHOCTH nepiro,Ita CJie,nOB8H.~.f.l STHX HMIIYJI&COB. BeJllil'qHH8 

aHeprHH HMIIYJIDCOB (HJIH npBKTH"tleCRH n)onopnHOHaJI:OHa.f.I eii BMnJIHTY.Il8 

:m~nyJI&COB MOtllHOCTH),_nomma HJill llO,IJ..II.e)UB8T:OC.H H8 3a.IJ.8HHOM ypOBHe 

(peEHM CT86HJIH38~H MOmHOCTH), HJIH H3MeH.HT:OC.H ITO Tpe6yeMOMY 38KOHY 

(HanpHMep, peE.JtlM CT80HJIH3~H 38.ll8HHI)r0 nepHO.IJ.a H3MeHeHH.H MOutHOCTH 

peaRTOpa) • 3TO o6ecne-qHBaeTC.H 8BTOM8'rHtJeCRHM peryJISITOpOM, ocymecT

BJISIIOIIlKM n;eJieHanpaBJieHHOe H3MeHeHHe pl~8RTHBHOCTH C IIOMOUlDIO CTepJIUiei 

AP H KC. llpH STOM nepeMemeHB.e CTepltH.1 AP onpe.rteJI.HeTC.f.I OTRJIOHeHlieM 

peryJDIIpyeMOi B.KJIH"q.HHU OT ee 38,ItaHHOro 3H8tJeHH.H. CTepJKeH:b xe KC BRJIIO

-qaeTC.H B pa6oTy J!Hill:b npH BYXO.rte CTep;KH.H AP 38 rpaHH~ YCT8HOBJleHHOi 

cpe,nHei 30HU H CBOHM .rteiCTBMeM CllOC0(5CTByeT B03BP8IUeHHIO AP B cpe,n

HIOIO 30HY• KaR H ~ CTan;HOH8pHOrO pelmTopa YCTaHOBHBmaBC.H CROpOCT:b 

nepeMeuteHH.a cTepEH.a AP nocTaBJieHa B nponopn;RoHaJIDHYIO saB.HcHMocT:o 

OT Olllii6ItH peryJIHpyeMOH BeJDI'qHHll. lLn.s HMITYJIDCHOrO peaitTOpa TaROi 

38ROH nepeMeuteHid.f.I CTepJRH.a AP .RBJI.HeTC~I OIITHM8JIDHNM B CT8TJ!lCT~eCROM 

CMUCJle iE) , 'qTO BeC:OM8 BaJKHO, T8K KaR HMfiYJIDCHOMY peaRTOpy B CHJJY 

ero ROHCTPYRn:HH H IIpH~na pa60TH npUCYIJlH OOBWlleHHBe ({lJIIOKTYai.UIH 

peaRTHBHOCTH. 

lloMIDVIo ycpe.IJ.HeHH.a onrn6RH peryJIHpoBaHM acTaTHtJecRHM AP B 

nporpaMMe npe,IJ,yCMOTpeHa .IJ.OIIOJIHHTeJI&HH.H B03M01UIOCT:b ycpe.IJ.HeHH.H 

OWH6RH. 

i() A.K.llonoB. 0 CT8THCTH'qeCRH OHTHMBJIDHOM peryJIHpOB8HHH aaeprHH 

HMfiYJIDCOB 6HCTporo peaitTOpa. ATOMH8H aaeprz.a, ~. (!97!), c.269. 
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ITporpaMMa rrpe~asaa~eaa ~ Mo~enKpoB~HHH nepexo~ax rrponeccoB 

B HMfiYnbCHOM peaRTOpe B pexaMe CTa6H~~3anHH sa~aaaoro ypOBHR MOmHOC

TH (BR~aB H3MeHeHHe YCT8BRH 38~8HHOrO ypOBHR) H B peEHMe H3MeHe

HRR MOmHOCTR C 3~8HHWM nepRO~OM. 

ITpe.ItYCMOTpeH ~ eT RaR TKIIOBHX pe ryJI.BpHBX B03MYtlleHD (ITO peaR

TRBHOCTH, BXO~O~ TeMnepaType Te~OHOCHTeJI.B, paCXO~ TeiT~OHOCHTeJI.B), 

TaR H C~~aiHHX B03MYmeHHA peaKTHBHOCrH. B03MOXHO TaKES MO~e~poBa

HHe aBapHiHHX CHTyanHa, CBR38HHHX C HapymeHHeM RRHeMaT~eCROi CBR3H 

MO.IlYJlBTOpOB peaKTHBHOCTH. 

I. YpaBHean.a RHHeTn~ 

MCXO~HYMH ypaBHeHHH.MR ~ OITHCaH~R RHHeTRRH KMnynbCHOro peaR

Tepa ~IDTCR H3BeCTHue ypaBHeHHR: 

(I.I) 

clc . .. 
(I.2) 

-
cl·t 

r~e n - ~OTHOCT~ He~TpOHOB B peaRT~pe, -~ - cpe~ee BpeMR 

XR3HH MrHOBeHHHX He:t!TpOHOB, ..f<S<Ixl> - SppeRTHBHH:it ROS<Ixl>HD,HeHT pa3MHO

JKeHRJl He~TpOHOB, A . A = L ~ . - COOTBeTCTBeHHO )J.OJI.B sanas,IU1-
:/.., ( ) ./~ i ./.., (. 

B8101llHX He~TpOHOB rpyrrnu i R CyMMapHa.a, (3 i J J t' - COOTBeT-

CTBeHHO KOHneHTpaUH.a H OOCTO.aHHa.a paca~a HCTO~HHROB sarras~ammax 

HeiTpOHOB rpymm t , ,J::_ - BHemHH0: HC'l'O~HHR HeiiTpOHOB, rf::' -
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,IVm Y.U06CTB8 OT ypaBHeHim (I.I) ~: (!.2) C.UeJI8Jl, nepexo.u R 

ypaBHeHR.RM B MOIItHOCT.RX, BblpaJKeHHRX B ,I(CtJI.RX OT HOMHHaJibHOro 3Ha-qeHX1.R 

cpe~He! MOIItHOCTH peaKTOpa: 

d P{'t::) 1 f. . ('t' J 
d·t = r; c{"t)-F(t:-) ·-r ~ (~J (I.3) 

tr~J = J: ~r~J + ~ 
(1.4) 

l 

j P;/t) = A.·[-~- (1') -r/4~ [J{rt) 7 
(I.5) 

clrt L 1 
r.n.e II = [.f._ { i-;/-> ) - i] / k rtf -.J3 - peaxTHBHOCT:b no MrHOBeH-

HblM Hei1:TpOHaM, BHpaJK.eHHa.R B .UOJI.RX? / 

p = n Inn -MOUUiOCT:O peaKTOpa~ (3.uec:o n k - HOMHHaJI:OHOe 

3H8'q€HHe llJIOTHOCTH Hei1TpOIIOB, ycpe,I!HeHHOH ITO BpeMeHH), 

n ::::./J.i c,j.frt~}· Yllf ' J= .1-t#~:.·.~t:COOTBeTCTBeHHO MOUUiOCT:O 38ll83-

.lWB8IOtllHX He!TpOHOB rpynnu i H BHeiiHero HCTO'qHHKa, ,5' - CYM-

M8pHa.R MOlllHOCT:O HC'J.10'qiU1KOB HeiTpOHOB, ~ i .:. ./3,· fo - OTHOCHTeJI:&H:Wi 

naxo.u sanas.mrearomu ae!TpoHOB rpynns i , 7!. ~ ~ 1,6 /1 
0 - .c / ~ =Ff;. 

( 

llOCTO.RHHa.R BpeMeHH MrHOBeHHHX HetiTpOHOB B ceR. 

B HMIIYJI:&CHHX peaKTopax nepao)J.H-qeoRoro .ueitcTBH.fi 6Jiaro.:nap.R Ha.mt

-qaro MO~JI.RTOpOB peaKTHBHOCTH (HanpHMep, llO.llBHXHRX OTpaxBTeJiei) pe

aKTHBHOCT:O, a CJie.UOBaTeJI:&HO, H MOIItHOC~~:O ZMeJOT HMIJYJI:bCHHR xapaKTep. 

PeaRTliiBHOCT:O peaKTOpa MOXHO npe.UOT8BHT:O KaK CyMMy OTpHnaTeJIDHOH 

peaKTHBHOCTH cpoHa G <f H H8RJI8)tblB8lOUl\'IXC.R Ha Hee nepHO,IIlf'1eCRHX 

HMITYJI:&COB peaRTHBHOCTH, o6yCJIOBJieHH:WC MO.llYJI.RTOpaMH (eM. pHc.&.I). 

MaKCHMaJI:&HOe 3Ha-qeHJiie, ROTOpoe peaRTID3HOCT:O ~OCTHraeT BO BpeMR 

HMnyJrDca, o6osaa-qeao -qepes f loot • 
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llpH Ha~HH .UBYX MO~~BTOpOB (oc~OBHOpO H ~OITO~HHTe~HOro) C 

pasaoi! -qacTOToii MO.IJYJl.flil;HH C m rrpH :mMaeT pasJIH'qHble saa-qeHH.H B 

pa3Jikft3HHX IDVIITYJI&CaX. B MOMeHT 1 IWrJta tiMITYJI!>Cbl peaKTHBHOCTH Q)opMHpy

IDTC.H O~OBpeMeHHO ~YM.H MO.IJYJI.HTOpaMH 1 peaRTOp CTaHOBHTC.H H~pHTH

-qecR.KM ( ~,.., > 0). reHepHpyeMHe B pe3{JI&TaTe STOrO OCHOBHEle HMITYJI&Cbi 

MOmHOCTH RMeiDT S~KTHBHYID mHPHHY, JieiamyiD B paiOHe COTHH ~mRpoce

RY~U, ITpH rrepHo~e RX CJie~OB8HH.H 1 COCT9BJIRDmeM ~eCBTKH-COTHH MH~

ceK,y~. ITosTOMY rrpa Mo~e~poBaHKH ~HaMHRH HMUYJI&CHoro peaxTopa 

KMnyJI&Cbl MOmHOCTH MOEHO C'qHTaTL rrporrop~OH~HSMH ~eJILTa-~HRUKHM. 

B TaROM Ee B~e rrpe~CTaBJI.HIDTC.H H IT06oqHble HMITYJILCbl (caTe~Tbl), 

reHepapyeMHe B MOMeHTbl BpeMeHH, KOr~a HMDYJI&Cbl peaRTHBHOCTH ~pMHpyiDT

C.H ~WL O~M OCHOBHElM MO~JI.HTOpOM peaRTHBHOCTH. llpH STOM (t~ ~ 0~ 
M3-3a rJIY60KOi ITO~pHTH'qHOCTH BO BpeM.H Me~ HMfiYJILCaMH MO~ 

HOCTL ~Ha peaKTOpa p.; O'qeHL MaJia. Ee BK~a.U B BeJIH"qHHY SHeprHH, 

B~eJI.HeMOi! B peaRTOpe 38 rrepHO~ C~e~OBaHRB OCHOBHbiX HMITYJILCOB MOm

HOCTH, COCT8BJI.HeT HeCKOJILRO rrpo~eHTOB. 

Y-qHTbiBa.H STO, ypaBHeHH.H KHHeTHKH (1.4) H (1.5) ~ KMnyJI&CHoro 

peaxTopa coxpaH~C.H, a ypaBHeHae (1.3) saMeH.HeTc.H cJie.DYID~ ypaBHe

HH.RMH: 

p (t J == p t ("t) -+ R (t) 

.P(+) 
6,p{1-) 

0 nr 
~ (1-) =£/c. r {1--- ~ r) 

(1.6) 

(1.7) 

(I. 8) 
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(I.9) 

( e tj_,}(.« CtfJ1;!U J 

anec:b p J P¢ J Pu - ceeTBeTcTBeHHQ\MeiUHeCT:b peaRTepa,NOt16HI?C1b 
. Ha~ 3 <i.>OHa ~ HMrryJibC-, B ]J.eJISIX eT HeMHH8Jlb Hero 3Ha-qeHI1SI cpe.nae.v1 MelJlHOCTH, 

6 r; / gj~ - ceeTBeTCTBeaao peaKTHBHOCT:b !{loaa H MaKCIDVIaJ!bHee 

saa-qeaae peaKTHBHeCTH B :mvirryJibce (B .neJI.f.IX .;:3 ) , /c = I ,2,3 ••• -

HOMep mvm:yJIDca peaRTHBHeCTH, T - nepme.n oJie.UeBaHHSI HMrryJibceB. 

peaRTHBHecTH B ceK, £/c = ~:=-( -t- = 1: r) - aaepr11a ~ -Tore HMnyJlbca 

MOIUHeCTI1 B ceR, ,J I 1- = lc r- o) - cyMMapaaa MeiUHecT:b ncTe-qal1KeB 

HeHTpeHeB I< MeMeHTY pa3BI1THSI -k -Tore HMfiYJr&Oa MeiUHeCTH, 

K 1.( , ]\ '- = Ln ( l( 
4 
/c) - ceeTBeTCTBeHHe mviiTYJ!bCHllH n Jiera

pn~n-qecRHH KOS~B~eHTll YMHexeHHSI ( J?~ - B CeR), C =I CeR

Re~RIJ;HeHT pa3MepHOCTH, tlj - CROpeCT:b BpatUeHHSI eCHOBHOre 

(6oJiee 6UCTpero) MO]J.YJISITepa peaRTHBHOCTH B~CeR. 
ITpH xepomei OTa6HJIH38~H CROpOCTH BpatUeHHSI MO]J.YJISITepa H 

YMepeHHHX ITO]J.OrpeBaX TOnJIHBa sa BpeMSI HMfiYJlbCa MOtllHOCTH, 'qTO xapaK-

TepHO )J)lR HOPMaJI:bHBX (He aBapHiHHX) peJJ.UiMOB, j{' t-r H _/(!. ~ SIBJIS!-

IOTCS! TeJI:bRo cpyHRD;H.mJIE 6 'h1 m: He saBHC.RT oT uJ H ,.? • 

3aBHCHMOCT:b JIOrapm~-qecRoro R03~H~eHTa YMHOEeHHSI }(k 
OT peaRTHBHOCTH BBO]J.HTCS! B nporpaMMr B B~e T86JIHUN -qepes onepa

Tep .lJ,ATA. ,1Ln.R onpe,neJieHH.R JC 1... B rrpoMelKYTO"qHHX TO'qKax HCTieJlb

SyeTCS! CTagnapTHaSI ITO]J.ITporpaMMa napa6oJIH-qecRei HHTepiTOJISIUHH • 
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2. PeaRTHBHOCT:o peEIRTopa 

PeaRTHBHOCT:o B BMny~ce c ~ cR~a;umaeTc.a MIS c~e.nyiOmruc 

ROMOOHeHTOB (Bee B ,ItOMX fi ) : 

(2.I) 

r.ne f., (t) - peaRTHBHOCT:O <JloHa, 

<f"onu {'t) - peaRTHBHOCT:O OCHOBHOrO MO,IJyJJ..flTOpa peaRTHBHOCTH (OC
HOBHOrO OO,ItBHEHOrO OTpam8TeJJ..fl), 

t
2
no{t)- peaRTHBHOCT:O .nono~HHTe~oHoro MO~MTopa peaKTHBHOCTH 

(.nono~HHTe~Horo no,ItBazHoro oTpa~TeJJ..fl), 

gc ( '(:') - C~aE:HaR COCTaBJJ..fliOIUaR peaRTHBHOCTH ( CJIY~8HHaR no-
~ C~e,ItOBaTe~HOCT:O ~HCeR). 3a,naeTCR TORDRO B MOMeHT 

pa3BHTHR HMfiYRDCOB MOmHOCTH. 

PeaRTHBHOCT:o qoHa onpe.neRHTCR KaK: 

- OOCTORHHaR COCTaBJJ..fliOmaR peaRTHBHOCTH (onpe,neJJ..fleTCR 
H3 Haq~HHX YCROBHH), 

C:.P(t) - peaKTHBHOCT:O CTep:aum 8BTOMaTHqecKoro pery~HpOBamm t 

3£) A.,U.PoroB. IlporpaMMa )lJ1B HHTe:,pHpOBaHHR ypaBHeHHH KHHeTHRH 
.a.nepHoro peaRTopa, ny6Ha (I976). 
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c::.t: {+)- peaKTMBHOCT:b ROMlleHCiipyromero CTepJKWI, 

G6[~) - peaRTHBHOCTI>, o6yc~oB~eHHaR TeMnepaTypoH Ton~Ba, 

d:r(~) - peaKTHBHOCT:b, o6yC~OB~eHH8R T9MITepaTypo~ TeiT~OHOCHTe~, 

[ 1K(+) - BHemH:ae (s~na.TcR B Ha~a~HHX ~aHHHX) BOsMYmeHHR peaRTHB-
HOCTiil. 

PeaRTHBHOCT:b OCHOBHOPO MO,rry~Topa peaRTMBHOCTH (QIIQ) BBO~T

CR c~e~romHM o6pasoM: 

fo 
<£, 0 ( ~) == 1 f:l 

uo,o ,.,_r 
.f: = 1,2,3, •••• ,#. 

(2.3) 

PeaRTHBHOCTI> ~ono~HHTe~I>Horo MO~~Topa peaRTMBHOCTH .... 

BBO~T:O HJm aHa~OrH~HO OCHOBHOMY MOJJY~Topy: 

(2,4) 

HRH S~BaT:O B B~e HenpepHBHOH ~YHRLHH BpeMeHH (HaiTpMMep, npH 

MO,:UeJmpOB8HHH paCCMHXpOIDISaiJ.HH H TOplVOJKeHHH .IJliQ) • 3.nec:o 'f:= .k 'r ·-
MOMeHT ITORB~eHMB :HMny~ca-caTe~Ta; 1-::: ~ m ~'J' - MOMeHT ITOBB~eHMtf.: 

OCHOBHOPO HMny~ca MOWHOCTH; .,:n._ - OTHOllleHMe ~aCTOTII MO~~l.'(HM 

peaRTMBHOCTH OCHOBHHM MO,rry~TOpOM R GaCTOTe OCHOBHHX HMITy~COB 

MOmHOCTM; A/' - tJHC~O pacC~MTLIBceMLIX HMITyJ.I:OCOB. 

HsMeHeHMe peaKTMBHOCTH sa c~eT Ten~oBoro paclll:apeHHR Ton~Ba 

Til a~RTa ~n~epa B HeM M Sa C~eT pcClliHpeHHR TeiT~OHOCHTe~ COOT

BeTCTBeHHO S8ITHllleTCR C~e~IOmaM o6pa~OM! 

(2.5) 
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(2.6) 

r~e ~ - TeMrrepaTypHHR R08~HUHeHT peaRTHBHOCTH TOnRHB8 

()J.OJIH ~joe ) , p - TeMnepaTypHIDi R08~HII,HeHT peaRTHBHOCTH 

Ten~OHOCHTe~ ()J.OJIH~~t: ), ~. (t) - TeMnepaTypa TOn~HBa, 
ycpe)J.HeHHa.fi no BRCOTe H no pa;r.aycy rBB~a (°C), 4(1-) - TeMne

paTYpa TeiT~OHOCHTe~, ycpe)J.HeHH8.fi DJ BRCOTe RaHa~a B 8RTHBHOH 

30He (no BRCOTe TB3~a) (°C), ~o - H8"CJM:bHOe 3H8tJeHHe TeMne-

paTypu Ten~OHOCHTe~ Ha BXO)J.e B aRT~BHYID 30HY (°C). 

r.n:e 

(-0,5 

PeaRTHBHOCT:b aBTOMaTH"CJecRoro perynRTopa npe.n.cTaB~eHa B BH)J.e: 

(2.7) 

.;:!' - nepeMeiueHHe CTep.1KH.fi AP B OTHOCHTeJThHRX e.:nHHHnB.X 

~ ~I' ~ 0, 5) , t ,4-;o, - MaR CHM8JI:&H8.fl aqxpeRTHBIIOCT:b AP B 

.n:o~x~ .. 

PeaRTHBHOCT~ ROMneHCHP¥IDmero CTepEH.FI BRpa.1KaeTC.fl aHa~orH"CJHO: 

(2. 8) 

r.n.e tee - nepeMemeHHe cTep.1KH.fl K ~c (B OTHOCHTeJll>HbiX e)J.HHMnax), 

(-0,5 ~ -tc ~ 0,5), g ltrm - MaKCHM8JI:bH8.fl aqxpeRTHBHOCT:b 

B )J.OJIRX~. 



9 -

3. YpaBHeHM.fi TeiiJioo6MeHa :3 aRTJ4BHoii 

aoHe B cpe.AHHX TeMIIepa~~ypax 

}J;.r.f.r yrrpomeHM.fi paCCMOTpeHM.fi 3a.,.ualfH IIpHH.fiT p.a,n .nonym;eHHi: 

a) aRTHBHaJI 30Ha peaRTOpa COCTOHT R3 R.IXeHTM~HblX TeiiJIOBJI.D:eJIJIIO
IUMX SJieMe HTOB ( TB3) C O.IXMH8ROBb1M Te IIJ [0BJ:1.lleJie HMeM, 

6)------~~--------.-~--~----.---· 
II 12£1, 

B) nepeTO~ TeiTJia B OCeBOM Hanpal;JieHlU1 OTCYTCTByeT, 

r) DOTOR TeiTJIOHOCHTeJI.fi paBHOMepF.O pacnpe.neJieH DO TeXHOJIOrM~ec

RHM RaHaJiaM aKTHBHO~ 30HH, ROTOpue T~~e C~MTaiDTC.fi M,neHTR~HHMM. 

Bee aTM npe.nnoJIOEeHHJI ~IDT B03MCEHOCT~ paeeMaTpMBaTb TennoBue 

nponeeeu TO~RO B O)XHOM SRBHBaJieHTHO~ RaHaJie aRTHBHOH 30HH, exeMa 

KOToporo npHBe.neHa Ha pRe. 3.I. 

YpaBHeHH.fi nepe.na~H TeDJia B aRTMEHOi 30He peaRTOpa HaxO~Te.fi H3 

YCJIOBH~ TeDJIOBOrO 6aJiaHea. ]J;.r.f.r oepexo.na OT ypaBHeHHH B ~aeTHRX 

ITpOH3BO)XHHX R 06HRHOBeHHUM )XH~peHnHBJIDHHM ypaBHeHH.fiM 38BHCHMOCTb 

TeMnepaTypu TeiTJIOHOCHTeJIR OT BUCOTH aKTRBHOH 30HH annpORCHMHpOBaJiaeb 

MHOroqJieHOM 3pMHTa TpeTneH eTeDeHH ~). B peay~TaTe DOJIY~eHa eJie

~IDID;a.fi CHCTeMa .IXM~peanHa~HHX ypaBH3HHH, ODMCUBamman nepeXO)XHHe 

TeiTJIOBHe nponeccu B aRTHBHOH aoHe pea:<Topa. 

(3.I) 

(3.2) 

(3.3) 



(Y 
~) 

r 

L 

a) 

~) 
Pzc. 3.I. a - cxeMa SRBHBa~eHTHUX TB3na H KaHa~a Ten~oHoczTe~, 

6 - pacnpe~e~eHze TeMnepaTyJ. I - TOURHBO, 2 - ROHT8RT
HHM c~oH, 3 - o6o~o~Ra, 4 - Ten~oHoczTe~. 
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(3.4) 

r.ne TeMnepaTypa TOnJIHBa Ha UDKH9M KOHI.{e SKBHBaJieHTHOro 

TB8Jia (°C), 

~(t}- TeMnepaTypa TOnJIHBa Ha I;epXH9M I<OH!l9 SRBHBaJI9HTHOro 

TBaJia ( °C) , 

Qf(t} - TeMnepaTypa TOIIJIHBa, YCJ:e)llieHHa.R no BHCOTe TB3Jia (°C), 

~ (t) - T9MIIepaTypa TenJIOHOCHT9Jl.B Ha BXO)le B 8I<THBHYIO soay(°C), 

t2 (+) - TeMnepaTypa T9IIJIOHOCHT9Jl.B Ha BHXO)le HS 8I<THBHOR 

SOHH (°C), 

ttp(t)- TeMIIepaTypa TenJIOHOCHT9Jt.R, ycpe)llieHHa.R no BHCOTe 

TB3Jia ( °C) , 

a11 C(~/JJ. )Cit - BOHCTSHTH, r.ne: f ja2- ·· nOCTO.RHH8.R Bp9M9HH SBeHa, sa 
bl 

BW.XO,IlHYIO B9Jm"tJMHY I<OTOporo rrpHH.RTa CJl9,I(H.R.R MOIUHOCT:b, a sa BXOJJ.HYIO -

T9MIIepaTypa TOIIJIHBa, 

at /a 2. - BOSqxpRUHeHT nepe)Ia"tJH S"J'OrO SBeHa t 

1/ tY~t - nocTO.RHHa.R BpeMeHH sBeua, sa Bno.nayro BeJIH"GHHY BOTo-
hl 

poro npHH.RTa cpe.IUI.R.R TeMnepaTypa TemroaocHTeJI.R, a sa BXO.IUIYIO -

T9MIIepaTypa TOIIJIHBa, 

(3.6) 
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2 :z-. 7_0 'k 
cr..) == v ---

<; Cr·fr' ·S,. ~ Ck·J'{·~ +~ ·./(~ 

2(b-7o·k 
a3=----

cr J{· S'r 

2IT 
a"=T 

(3.7) 

(3. 8) 

(3.9) 

(3.10) 

3~ee:b l'vH - HOMHHanbHOe 3Ha~eHHe y~eRDHOtt MOmHOeTH, B~enBeMO~ 

B e.ltHHRUe OO'beMa TOIIJmBa B rrponeeee ;teJieHR.fi (BT/eM3), $..,~ ~~ ~ ~.,.-
I "" ) 0 1 

-eOOTBeTeTBeHHO ee~eHRe TOIIJIMBa (ropro~ero), ROHTaRTHOrO eJIO.R, OOOJIO~KH 

H 3RBHBaJieHTHOrO EaHaJia TeiiJIOHOeHTe.ID: (eM2) t ~ C: C' ~ r,. k) c/ "-r -

-eOOTBeTeTB6HHO T6IIJIOeMKOeT:b TOIIJIHBa, ROHT8KTHOrO eJIO.R, 06oJIO~EH H 

-- TeiTJIOHOeHTeJI.R ( S-m · C ~ ° C ) , v v V V: /i:. ttr_, t.f~e, (/o J /7 

-eOOTBeTeTBeHHO IIJIOTHOeT:b TOIIJIMBa, KOrTBRTHOrO eJIO.R, 060JIO~RV1 H 

TeiTJIOHOeHT6JI.fi (r/eM3), 

7.,. :Z 0 - eOOTBeTeTBeHHO pa.JWYe TC ITJIHBa H HapyJKHblii pa,llHye 
I 

OOOJIO~EH (eM), 

s: 1 ~o - eOOTBeTeTBeHHO TOJimHHa ROHTa.KTHOrO eJIOB H 060JIO~EH 
(eM), 

.I\ r 
1 

A~e , A o - eooTBeTeTBeHHo ROsqxp:anE eHT TerrJionpoBo~ocTH TOITJIHBa, 

ROHTaRTHoro eJio.a H o6oJIO"qER ( Bm /c4.1- oc ) , 
~ - EO~H~eHT TeiTJIOOT~a-qH OT COOJIO~RH R TeiTJIOHOeHTeJiro 

< B-m/c.A 2 · ,e ) • 
V/ - CEOpOCT:b TeiiJIOHOeHTeJIB (cM/C), 

L - BueoTa a.KTHBHO~ soHu (eM), 

~ - EO~HnHeHT TeiTJIOITepe~-qH 0~ TOITJIKBa R TeiTJIOHOeHTeJiro 
c &/CA< f)c J 

( 
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Ko~~UHeHT Terr~onepe~a~H rro~eH ~ cpe~HX no pa~cy TeMrrepa

TYP TOIT~Ba H Te~OHOCHTenn, HCXO~H ~3 ~paBHeHHH Terr~orrpoBO.nHOCTH 

~ CT8~0H8pHoro COCTOHHHH. B rrporpaMMe rrpe~CMOTpeHa B03MOEHOCTn 

~ MO~e~HpOB8HHH H3MeHeHHH TeMrrepaTypH Ten~OHOCHTenB H8 BXO~e B 

8RTHBayiD 30HY, ROTOpaH 3a~eTCH B ~~e,nyromeM B~e: 

4. Mo.IJ;e~poBaHHe nHcTeMI:l peryJIHpoBaHH,_SI 

.IJ.Hcfxi>epeHll,Ha~HHe ypaBHeHH.fi, (IITHCHB8IOIJ.tl1e rrepeMeuteHRe aBTOMa

TH~eCROrO peryJIHTOpa C y~eTOM ero ~.HepUHOHHOCTH HMeiOT C~eJlYIOUUi:~ BH~: 

(4.I) 

IIpe,eycMoTpeiru ,ItBe B03MOJKHOCTI1 y~eTa 38IT83.1lbiB8HHH rrepeMeuteHHSI 

AP OTHOCHTe~HO CHrHa~a yrrpaB~eHHH. 

a) B R8H8~ AP BBO~TCB ,I(Ba HHepUHOHHHX 3BeHa C ITOCTOBHHUMR 

BpeMeHH 'f;i H /,.2. : 

(4.2) 

(4.3) 

6) B R8H8~ AP BBO)lHTCB O)lHO J.U[~·PI.lHOHHOe 3BeHO C IIOCTO.RHHOH 

BpeMeHH 7At .' 
(4.4) 

(4.5) 
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r;::te ...t; ("t') - rrepeMeuteH~e CTepJKH.R ,.AP {B OTHOC~TeJII,Hl:JX e;naHHuax), 

~ (r) - CROpOCT:b CTepJIUHI AP (OTH.e.zr/c), 

7;,
1 

.7;2 -rrneTOflHHHe BpeMerr~ AP (c), 

AA(~) - c~rHaR yrrpaB~eH~R cTep~HeM AP c y~eToM 30HH He~YB

CTBaTeJII,HOCTH m orpaH~~eHHeM YPQBH.R (HaCHIUeHHe). I'pa<f>ni< carHaRa 

yrrpaBReHa.R rrpHBe;::teH Ha pnc. 4.1. 
~ 

~------------~~-----------~--~~Am 

/ 
/ 

/ 

/ 
/ 

/" 

/" 
/ 

/ 
/ 

/ 
/ 

-~Am 

PHc. 4.I. YrrpaBRBIOIIUlli cHrH.:iR AP c y~eTOM 30HH He~yBCTBHTeJID-
HocTa Ill# ; L1 - omn6Ra peryRHJJOBaHH.R. 

YrrpaBR.RromHH CHrHaR C 30HOH He~yBCTBHTeRbHOCTH <f>opMHpyeTC.R 

ITO CRe.I(YIOIUeMY 38I<Oay: 

0 

(4.6) 
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r.ne: 0 <:: L4 ~ f / AAh7 , 0 et. Lli .;;;; .Lt.~~.n - ItoHcTaHTll. 

Ll - OWH6Ra peryRHpOBaHHR, BOTOpaR ~pMHpyeTCR ITO O~HOMY 
H3 Tpex 3aROHOB, 06~CH8HHe ROTOpllX 6y,neT .rtaHO HH~; 

AA iii - orrpe.neJI.HeTCR HCXOM H3 rrpe.ne.7J])HO .:rtorrycTHMoro sHaqemui 

ctwpocTH HsMeHeH.HR pea:KTHBHOCTH AP - ( olc11 //1-- ) no q>opMYJie: 

CHCTeMa ypaBHeHHH ):(JIR ItOMlleHCH)YIOillero CTepltHR HMeeT llOXOJK.LUi: 

BH.n. CRopocTn EC: 

(4.7) 

IIpe.zrycMoTpeHll .D'.Be B03MOJKHOCTH r'1eTa sanas.:rumaHHR: 

a) CarHaJI yrrpaBJieHHR KC npoxo.m T qepes JlBa HHepl.U10HHhTX sBeaa 

C IIOCTORHHHMH BpeMeHH 7:c~ U ?:c~ 

~2J:e (rt} 
tlt 

t! u':cc { 1-) = --{;-- · (- 'IP:cc (t-} + Z(,;cL 'f)) 
d ·t l~ecJ 

(4. 8) 

(4.9) 

6) CaraaJI yrrpaBJieHHR HC rrpoxo~r '1epes O.ItHO HHepnHOHHOe 

3BeHO C ITOCTORHHO:f.i BpeMeHPI r;c 1. ~ 

(4.10) 

(4.11) 
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£~: f~) - nepeMemea:ae cTepJKH.R KG (oTH.e.IWI:GUlll), 

tc (r) - ci<opocT:& KC (OTH. e.n../c), ' 

7J~ec, 7I~c- n<n'O.RHHae BpeMeHH KC <c), 

21~:c (t-) - peJieiiHHi CJtrraaJI ynpan;reHM.R KC, 

llpH MO)J.eJIHpOBaHHH HeJIHHeiHa.R 3~~HCHMOCT:& peJieftHoro CHrHaJia 

ynpaBJieHH.R KC sa.naeTc.R cJie.rtYIOllliiM oopaaoM (eM. p:ac. 4.2) B saBHCM1-

MOCTH OT CROpOCTH H nepeMeuteHH.R CTepJKJI.R AP: 

0 (4.12) 

_ [·..!, ~ -1:,, c' ~ '>(.,/~.~ ?AJCc(t-o) tO 

1l~ 111 ~ -~;. i:-1 ~ ~ 0 

v..~ IC /"""'" -
t 

-e.z - t;li _) I 

r 0 0t, 

.............. ) ~ .. - _.., ___ ___, - 't{ ICCI'I 

PHc. 4.2. PeJieiHbtl cmrHM ynpaB.IleH:a.s KC. 
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£c (1-') - nepeMemeaHe cTep2R.H.R KC (oTH.e,nHim!ll1), 

fcc (r) - CI<opoCT:b KC (oTH. e.u./c), 

'/;ICC, Z:~ec - n~O.fiHHhte BpeMeHH KC <c), 

Vx:c (t) - peJieia'l:li CI-lrHaJI ynpaB~IeHH.fi KC, 

ilpH MO.UeJIHpOBaHHH HeJIHHeiHa.fi 3ffi3HCKMOCT:b pe~eiaoro CHrHaJia 

ynpaB~eHH.fi KC sa.naeTc.fi cJie.ItYIOtllHM o6pa:3oM (eM. pmc. 4.2) B saBHc:a

MocTH OT CIWPOCTH H nepeMeuteHH.fi CTeplt:f.fi AP: 

0 

-e.z 

-- lJ 
. -

lA ~ >(.) 

_ r·.~ ..... ~--t~ I('}/;.,>()~ ?AICc(·'f-o)to 

1'-~ t ~~~ ~ -£;. (-( ~ ~ o 

ICC' --- . ...,.._ 
t ( r-

- t:u _) ~ 
f o I"' -0,.2 

f __, 

PHc. 4.2. Pe~eiHbli cmraa~ ynpa:~:.~eHH.fi KC. 

(4.12) 
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' 

tl~cm - MaRcHMan»Hoe 3Ha~eHHe cRopocTH KC, RoTopoe onpe~e~
eTc.a HCXO)J.R H3 npe,nen»HO,UOrryCTHMOrO 3Ha~eHH.f.l CROpOCTH H3MeHeim.f.l 

peaRTHBHOCTH ~ f - (at 6/Cc / clt) ,.:;i.a_< no <I>oPMYJie: 

il~ec (t- 0) - 3HaqeHHe 

,ll8HHOMY. 

B MOMeHT BpeMeHH, npe)J',UleCTBYJOillHm 

Ilp.H CTa6HJIH38UHH OT~en»HO nepF.o~a peaRTOpa, O'I'~en»HO YPOBHSJ 

MOlllHOCTH, a TaRJite npH nepexo~e c o,IUioro peJJWMa Ha .npyroii cHrHa.n: 

ynpaBJieHH.f.l BH'qHCJI.f.IeTC.f.l no CJie~romei ~PMYJie: 

(4.I3) 

IlpH ynpaBJieHHH O~OBpeMeHHO no nepHo,ny H YPOBHID MOmHOCTH 

HCnOn»3YIDTC.f.l JJ,Ba BhtpaxteHH.f.l : HJIH 

(4.I4) 

(4.I5) 
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Ilp.a {!,.( = 0, f:; = I oeymeeTBJI.RnTe.R ynpaBJieHme TOJffiRO no 

nep.ao.zry. Ilpn 0 = I, CJ.z = 0 oeYtneeTBJI.ReTe.R pell.UiiM eTa6HJIH3aii,HH 

MOmHOeTH. IlpR yrrpaBJieHMH O,llHOBpeMeHHO ITO nepMO.lJY R no ypOBHIO MOlll-

HOeTR no ,noeTJ42KeHMH onpe,neJieHHOrO J"POBH.R MOmHOeTH (ROTOpiDi sa.naeTe.R 

BeJIH~HHOif eY.!f ) ynpaBJieHHe ITO nEpHO.lJY OTRJIIO~aeTe.R. 

L''.x-e = {: 
n;f.{ Xz <: C:x!::l' 

r %~ :::::.exy-
' 

cxer={; ~ Xcr <. (J XY 

~ Xcf ~ r3.x:r 
J 

(! )'y = 0; s -: j 

fx, t,_, J).!f, fx 
1 

(! ~ - ROHeTaHTH, 

!J ~ ( ·-t}\.._c~ sa.,llaiOU.tee sHa~eH~w o6paTHoro rrepHo.na peaKTopa, 

!::! {'f) - o6paTHhlli nepHo.n JlasroHa peaRTopa, 

2 ('f) - HHTerpaJI oum6RH rrepmo.na peaKTopa, (eM. (4.20)), 

)(~p(f) - OTHOeHTeJlbHa.R SHEprH.R KMnyJIDea, onpe~eJieHHHM 

06pa30M yepe,nHeHH8.R IIO BpeMeHH (eM. (4.22)), 

- eMrHaJI OTHOeHTeJIEHO~ SHeprHH HMIIYJibea, erJia~H-

HHH ~MJlbTpoM B BH.ne ~H~eeRoro sEeHa BToporo rrop~nKa (RoJie6aTeJlb

HIDi ROHTYP e KOSqxpHII,HeHTOM 3aTyXaHH.f.l j ) . 
YpaBHeHH.R ~HJlDTpa B KaHaJie M3MepeHH.R rrepMO)ta 3aiiHeHBaiOTe.R B 

(4.I6) 

(4.I7) 
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06paTHIDi rrepv.ro.u peaKTopa orr_Je.neJI.fleTC.fl ypaBHeH:v.teM: 
' 

ecJIR ~I1~Tp He HCIT0~3yeTC.fl. 

3)leC:b J .... ROSqlpiDmeHT 38TyxBHI1.fl, 1; - IT<D'O.f.IHH8.fl BpeMaHH 

(c), )((t)- OTHOCHTeJI:bH8.fl SHepi:v.t.fl viMfiYJibC8 (eM. (4.21)), 

J? - KOJI~eCTBO OCHOBHHX HMfiYHOCOB MOmHOCTH, ITpi1HHMaeMoe ,I(JI.fl 

~pMHpoBaHH.fl ycpe)lHeHHoro saa~eHH.fl o6paTHoro nep:v.to.ua. 

0WH6Ra o6paTHoro rrepno.ua peaKTopa (pasaocTI> Me~ sa.uaHHHM 

H peaJibHblM saa~eHM.RMH o6paTHoro ne}Ho.ua) BhlpruKaeTc.fl cJie.DYIOlllHM ,IUiqJ

~peHII,HaJI:bHhiM ypaBHeHHeM: 

~~(t) .+ ' 
_o/_1:_ == !I "(t) - !/(i) (4.20) 

0THOCRTeJI:bH8.fl SHeprH.fl HMITYJib<:a H8.XOJUilTC.fl CJie.IJYIOUWM o6pa30M: 

(4.2I) 

;("" r~ .. r;;; rt' <(f+i)-m7') = ~ .• f""-•)m 7' 5 i' 6 """' ~ + 

+ ~ [x ( 1:"' '!' £, 1- ~ (ku)m 7')- J9. frk-t}m r" 'f ~ k,., 7')} (4.22) 
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3.n;ec:o - SHeprHR TeRymero aMIT,yR:DCa MOmHOCTH, E(t) 

E*" 
rz 

- aa,n;a:romee ( Tpe6yeMoe) aaa~eHHe aaeprHH HMrryR:oca 

MOmHOCTH, - ROHCTaHTa (I~ I08). 

5. Oco6eHHOCTH aHrOPHTMa pac~eTa 

B MOMeHTLI BpeMeHH 'f = k·T 
TepiiHT pa3pblB, H3MeHR.H B STHX TO~RaX OBOe 3HaqeHHe IIpOIIOpii,HOHaR:DHO 

aHeprHH HMny~ca no c~e~romKM ~OPMY~EM: 

l = I ,2, ••• 6 , 

~r(t-= k 7') = a,(t=k ~"7-o) + tt;t .£(-t:: t r) 

~ ( 1-:: ~ r) = ~(1' = k 'l'-o) + crL · E (~ = i 7') 

61. (~ = " 7') = G1 (r = ~ r-o) + ~ · E ( t ~ ~ 'f') 

(5.2) 

(5.3) 

(5.4) 
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H COOTB8TCTB8HHO nepec~HTHB88TCR MOD~OCTL HCTOl:JHHR8 38IT83~arommx 

He~TpOHOB S { i:) H MOIIlHOCTL cpoHa ;;, (i-) ITO lc>PMYJiaM (I.4) H 

(I.?). 

YpaBHeHHR (I.5), (3.I) + (3.5), (4.1) + (4.5),(4.7) + (4.II), 

(4.16),(4.17),(4.20) o6pa3yiOT CVICTeMY H3 20 OOHRHOBeHHHX ,llR<WJepeH

IU18JILHHX ypaBHeHHH rrepBoro ITOp.f.l,lU<a, KOTOpaR HHTerpHpyeTC.f.l C ITOMOIUDIO 

cTaa.napTHO~ 6H6JIHoTel:IHOH rro.nrrporpaMvru .I /1/ 7' S T P (HcrroJIL3Y

eTcR H3BeCTH:IDi MeTO.D; Pyare-KyTTa). JpH aTOM B )lHqxpepeHI.U!8JILHOM 

ypaBHeH.HH (I.5) IIpHHHMaeTCR p;. ~; , T8R RaR IIp.H HHTerp.HpOBa

HHH CHCTeMbi ypaBHeHHH 3H8'tJeHH.R :t' i ~ 'r. 
Hal:IaJI:&HHe aaal:JeHMR B MOMeHT BpeMeHH '1:' = D~ aa.naiOTCR cJie-

,Jl.VIDUU1M o6pa30M:CtiHT8IDTCR H3BeCTHHMH l?_f(t-=o)- cpe.D;HHH ypoBeHL 

MOUUIOCTl'I B .rtOJI.f.lX OT HOMk1H8JILHOH ( }~f it~-t.. (t-::o) = L ) H 

Sc ( 0) - MOlllHOCTL BHemaero HCTOl:JHHRH 38II83,lWB8IOUUiX HeHTPOHOB. 

M .naJiee rro qopMYJI8M BHl:IHCJIRIDTCR rrpo'tae rrapaMeTpu ypaBHeHHH: 

E(o): iii 7 (P,., +,f.).(~+ t) (5.5) 

g.,(s) ==-Gone- G~n-; (5.6) 

S(o-o) := ,5;(o) + 1~ (o)- .:fM .fA. /1. (5.7) 
r 2 r/~t J,; J 

G,., (o) onpe.n:eJIReTcR oopaTHOH HHTepno~I.RllHe:a H3 ycJIOBHii: 

f( = -tn E(b} 
t. ~(o-o) 

(5.9) 
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tt!f (o) = 

6;; (o} =- ;{ · / Gi,fc) - ~~1 

Ctfo) = )1·[ /~{t)- t)oj 

£{o) 

2 

C,q ~) ;:- ~c (o} : f:tx~} -~ G ~ {o) == 0 

AA(v) == t/J;(~) = tJ;-= A(o) = 0 

cc ; c,.,{v)- ~no- C:no- Ce/')- 0 (o) 

X(tJ} ===I 7 A; (o} =-I > ,,!/(G) :- 0 

Xr, (o):: I ) ~{c):: I , :1(/,') = tJ 

(5.IO) 

(5.II) 

(5.I2) 

(5.I3) 

(5.I4) 

(5.I5) 

(5.I6) 

(5.I7) 

(5.I8) 

(5.I9) 

(5.20) 

3aTeM ~eT npe~apaTe~HHi pac~eT 200 HMny~COB MOmHOCTH ~ 

YTO~HeHHJJ Ha~aJI])HWC yCJIOBd. JlaJiet~ CTep:JKHH KC H AP BHBO,llRTCJJ B 

sa.naaaoe Ha~a,m,aoe noJio!teHHe a Ha1JRHaeTc.a pemea.we HYBtHOi sa.na~z 

(nepeXO,IJ. Ha ;npyrol ypoBeH:b MOIUHOC~~H, ClCa~OI~ peaRTHBHOCTH, H3Me

H8HHe TeMnepaTYPbi TenJIOHOCHTeJIJJ HH BXO,IJ.e B aRTMBHYIO SOHY, MO.Ue.Tm

pOBaHHe aBapMHHHX CHTyauH! H T.,:n.:. 
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B pacl.JeTe 6wm npHH.RTH cJie)JYIOtllHe ,,sHal.JeHH.R napaMeTpoB (IVI.R 

peaRTopa I16P-2): 

= 0,038; 0,28; 0,2I6; 0,328; O,I03; 0,035 -~ 

= O,OI29; 0,03II; 0,134; 0,3.3I; I ,26; 3,2I (c) 

= 0,02 (c), 

= 0 

t.t c = 300°C , 

6ono =I~ 
8 .urro = 3,5p 
~ =- 3,8·1o-3~/-c) 
fi = - 3·1o-3 (;3/"e) 
a~ = 100 (°C/c) 

Cl~ = O,I (I/c) 

fJ3 = 0, 71 (I/ c) 

a4 = 7,5 (1/c) 

G·A,.., = 0,1 :J3 
etcwt = 5 :J3 
fA~ec~r. = 2·1o-5 (I/c) 

J = 0,7+ I 

rx = 4+8 (c) 

D,.,!:f = 0, 5-t I 

f!_a = 0 

At = O,I ·AA~ 

AA~ = 2·1o-1 ~ 2•ro-3 (1/c) 

1;11 = 5,00 (c) 

7;.A = 0,04 (c) 

TJJu = 0,04 (c) 

1;KC = 5,0 (C) 
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6. llpn1ep pa60TN c ]rporpaMMoi 

~ npHMepa paCCMOTpRM noBe~eEMe pea.KTOpa npH TOpMOESHHH 

nilO B pesy~TaTe HapymeHHR RHHeMaTH~ecnoA CBR3H !ITO H QllO. 

3aBRCHMOCT:& peaRTHBHOCTH nil0 CT yr~a nOBOpOTa 3~Ba~aC:& B 

B~e T86RHUH. llpe~o~ara~OC:&, ~TO CROpOCT:& nll0 n~eT no SRCnOHeHTe: 

/~Y' -- .,,, --ex-LJ t !-tV 
VC/ .2'no - "'t) . . -r ( - rrr 

'/,_, 
(6.I) 

C nOCTO.SHHOH BpeMeHH ~ , 3Ha~eHH 3 .KOTOpOH Bap:&RpOBa~OC:& ( lc- -
Ha~a~HNH MOMeHT TOpM03eHHR). 

llepeXO~HNe nponeCCN, o6yc~OB~efHHe TOpMOJKeHHeM nll0, MO.lleJlJipO

BamiC:& Ha 3BM EOOM-6 Ha npoepe pea.K'I?Opa, paOOTa.IOIUero C ~aCTOTOi 

OCHOBHHX HMIIY~COB MOIUHOCTH 5 fu. (npll ~aCTOTe OliO 50 fu. (pRe. 6.I)). 

llpH STOM HCC~e.noBa~OC:& ,nBa peXKMa no ypOBHD MOmHOCTH: 

a) HOMHH8~HNA, T.e • .no Ha~~ TOpM03SHKH niTO B pea.KTope C 

ITOMOII{bD AP no,zr.nepDBMC.ff HOMHH8~H:Wi ypoBeHD MOIUHOCTH (B Ra'CJeCTBe 

HOMRHa~Horo 3Ha~eHH.ff cpe.naei MOUUiOm'H 6biJia npHHSTa Ben"CJHHa 4 MBT). 

~ STOrO ypoBHR xapa.KTepHO CYllleCTBeHHOe BD.ffime TeMnepaTypHhTX 

o6paTHHX cBRsei; 

6) peERM O,OI% OT HOMHHa~HOro, .Kor.na TeMnepaTypHaR o6p8TH8R 

eBBs:& ce6.s He npoRBn.seT. 

Ha pmc. 6.2 oTpaEeHO noBe.neaHe peaRTopa, pa6oTaromero aa 

HOMHH8~HOM ypOBHe MOmHOCTH, ITpH SRCDOHeHURa~HOM na.neHHH CROpOCTH 

niTO C nOCTO.ffHHOi BpeMeHH 'f:v, = 100 C H "6HCTpOM" pery~Tope (~=:-j c). 
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PHC~~l. 06paaoBaHHe HMfiYRbCOB MOmHOCTH peaKTOpa. 
p -. MOiuHOCT:&, . 8 - pea.I<THHHOCT:& peaitTOpa Ha MI'HOBeH-

HWC HeaTpOHaX, eM - B6JllftJHH8 HB,ItRpHTH'tJHOCTH Ha MI'HOBeH-
HHX He~TpOHaX, 06ecne"tJHB8IDmBR fUCTOHHCTBO aMITnHTY~ OCHOBHbcr 

HMfiYnbCOB MOUUtOCTH, t 4J - peaKTHBHOCT:& lf)oHa, Go no B ~no 
.COOTB6TCTB6HHO S~RTHBHOCTH OCHOBHOro H ~OOO~HHT6JIJJHOrO MO-

. JtYJLR'l'opo:s, rt • :speMH. 

-------~~: .,. -~---·~-~·-------~---
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Pac.~2. llepexo~Hue nponeccu npa a.I<cnoHei~anbHOM n~eHHH cRopocTH 
lU10 c nocTOHHHOi npeMeHH IOO ce1:. 
p • MOUlHOCT:& B ~OJJJIX OT HOMv:HaJIJJHOrO ypOBH.R, 

cf - peaRTHBHOCTL peaRTOpa B ~OJJJIX~. 

r 

l 
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I 
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iloe~e Ha~a~a TOpMOXeHMH !ITO DpOMeXO~T err~ peaRTKBHOeTH, 
~~(~_.J 

TaR RaR HapymaeTeH eOBIT~eHHe MaReMMYMOEfUITO H niTO. B pesyRnTaTe 

STOrO rrpoHeXO~T pesRRi erra~ aMIT~TY~ OeHOBHHX HMrry~eOB MOmHOeTH 

H, e~e~OBaTe~HO, TeMrrepaTypN TOIT~Ba, ~TO B eBOID O~epe~ Be~eT R 

y.MeH:bllleHHID MO~~ OTPHUaTenDHOH TeMJepaTypaoi peaRTKBHOeTM. To eeT:b 

B eHeTeMY HatiHHaeT IT~OeMT:be.f.I peaR'L'HBHOeT:b, paHee ROMITeHeHpOB8BlllaH

e.f.I 6~aro~ap.f.I pasorpeBy peaRTopa. KpoMe Toro B eB.f.I3H e rr~eHHeM aM

rr~T.Y~ OeHOBHHX HMITY~eOB MOIUHOeTH H pery~TOP HatiHHaeT BBO~T:b B 

eHeTeMY ~OITO~HHTenDHYID peaRTHBHOeT:b e ITOMOWPID pery~pyiDIDMX eTepxaeH. 

HapaeTaHHe yr~a paeeor~aeoBam[.f.I npHBO.:n:HT R TOMY, ~To 11MIIYJI&e 

peaRTHBHOeTH, o6ye~OB~eHHI:rli ,ItOITO~HH~'eJI&HblM MOJJY~TOpOM, eMei.Ua.f.Je:b t 

H8tiHHaeT Ha~aT:beH Ha HMnyJI&e pEaRTHBHOeTH OITO, ROTOpHR o6ye~OB

JIHBa~ pam,we nepBIDJ: IT060tiHmi HMnyJI&C • To eeT:b OeHOBHO:fa: HMnyJI:be MOUl

HOeTH M nepBH:fa: ITOeJie Hero eaTeRJIHT EatiHHaiDT MeHRT:be.f.J pOJIRMH. TaRHM 

06pa30M, B pesyJI:bTaTe OeTHBaHH.f.J peaRTOpa (a TaREe pa60TH pery~Topa) 

peaRTHBHOeT:b qJQHa eTaHOBHTe.f.r HaeTO~E\0 60JI&lllOH R MOMeHTY ITOJIHOrO 

HJrn: ITOtiTH ITO~Horo eOBMemeiDIR .niiO H OITQ HallpOTMIB aRTHBHOH 30HH, tiTO 

aMITJrn:Ty~a nepBoro IT060tiHOrO RMnyJI:bea MOUlHOeTH eTaHOBHTe.f.J BO MHOro 

pas 60JI:bllle aMITJIHTY)lbi OeHOBHOrO HMnyJI.:,ea, eOOTBeTeTBy'lOIUeH yeTaHOBHB

IDeMJeR peilrnMY. 

Pe3yJI:bT8TH MO~eJIHpOBaHH.f.J ~R e,zyqag, KOr~a peaKTOp ~0 pae

eRHXPOHH3aQHH pa6oTa~ Ha HOMHHaJI&HOM ypOBHe MOmHOeTH, OTpa~HH B 

Ta6JIHII.e. AHaJIOrHtiHHe pe3yJI&T8TLI ITOJIYti8IOTeR H JJ)I.H pecmTopa, paOOTaiO

mero Ha HH31WM ypOBHe MOUlHOeTH. O~aro, poeT aMITJIHTY.U HMrryJI:beOB B 

STOM eJIYtiae 6aJiee ITJI8BHHH, noeROJI:bRY OH RB~eTe.f.r e~e~eTBHeM TOA:bKO 

pa60TH peryH.RTopa, YBe~H~HBammero peEKTRBHOCT:b. 



T a 6 JI H u a 

ilOCTO~HHa~ BpeMeHH TOpMOJK.eHH~ 

.uno B ceH 6C roo 300 IOOO 

KpaTaocT:o npeBHIDeHH~ aMITJIHTY~ 
nepBoro caTe~Ta H~ HOMHHaJI:&- 15 24 21 ?,? 
HUM 3Ha~eHHeM aMITJIHTY~ OCHOB-

II 21 16 Horo HMnyJI:&Ca MOmHOCTH * 
ITpoMe~TOK BpeMeHH B ceR c 
MOMeHTa TOpMOJKeim~ :rr.o ITO~BJie- I,G 2 3,2 5,4 
HH~ CaTeJIJIHTa aBapHiHOH aMITJIHTY~ 

YroJI paccorJiacoBaHH~ Me~ 
.lll10 H OITO B rp~cax B MOMeHT - ~J - 0,5 5 - 9,6 
B03HHKHOBeHH~ aBapJiiAHOrO HMnyJI:&ca 

*) llepBM II.M<Ppa DTHOCHTC.f:l I< 6oJiee 6HCTPOMY peryJI.RTopy( T = 1 c), 
lA 

BTOpM - K 60Jiee Me.IlJieHHOMy ( 'r:ll = S c) . 
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TaRKM o6pa30M MOXHO c~enaTD CRe~romae BHBO~: 

I. M3 HCCRe~oBaHHR noBe~eHHJI peaETopa npH TOpMOXeHHH nrro 
B~O, ~TO aMITRHTy~a IT060~Horo HMI~RDCa MOmHOCTH CTaHOBHTCR BO 

MHOrO pas 60RDille aMITRHT~nN OCHOBHCrO HMrryRDCa, COOTBeTCTByromero 

HOpMaRDHO~W pe~ pa6oTH, no HCTeqeHHH cpaBHHTeRDHO ROpOTKOro 

rrpoMe~TKa BpeMeHH. KaK BH~HO H3 T96RH~, ITpH HOMHH8RDHOM ypOBHe 

MOmHOCTH }1JI.R ITOCTORHHLlX BpeMeHVI TO}MOJKeHH.a OT 60 Jl,O IQQQ CeR ( deJ ~zelia03) 
aBapH.a HacTyrraeT ~epes I ,6 + 5,4 c'm rrocne Ha~ana TOpMoxeHlilR. 

2. PeryJLHTOp C OORDIIIe:fii CKOpO<!TI>ID rrepe,n:BH~HH.a CITOC06CTByeT 

ycyryoneHHID aBapHH. 
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JGRA~ DINIBR 73/7"3 nPT=i f TN 4.) + 1 L. ;: 6 (• ~ 

2 

!.4 

1D 

'· 

PROGRA~ DINidR(INPUT,OUTPUT,TAr~~=OUTPUT) 
0 I MENS I 0 N T K ( 5 ~) , A K ( 5 b) , Y ( 2 () ) , F t 2 D l ! 

DIMENSION SS(100,27} x 
COMMON/APCIS,SC,rQ,AQ,FT,AT,J1n,EA,,[AqM,E~C,EK:M,F0,~C,T1,A1,~2, Y 

1 ~3,A4,A5,TT,OT1,P,T1Ak,T2AR,T1<:,T2KC X 
COMt10tl/CXX/XCP, YY, DEA ,UKC, YPE R, < ~, ZAT, TZ, TX, IN P., li<E?.1 :.< 

COMMON/TT/AMM(f),ALL(6) I 
EXTEPNAL EXTER~ Y 
NAME L I ~ T I Y tJ T I I( , T , Y ' 
NAMELIST/N~/N,MY,KEBX,NP X 
DATA C 0 ~ M = 2 • E -1 > , ( CJ 1= 2 • E- 2) , ( C X Y: il • :» , ( CX = 1. ) , ( C l =G. ) , C C X Z = 1.) X 

+ ,CCXCP=l.l,<ZAT=1.l,CTX=4.l,tUKCM=2.E-~>,CAL41=·1l,CALA2=:.25l X 
+ ,CT7=1.),(CD=O.),CINER =1l,(JNE1,1:-:1>,(Kl=CI,(R~-1.),(NP=10 1 X 
+ , (KQ=1P),(PCP=1.) ,(Ef-\RM=0.1), <EKCM=5.l ,(T1A~=~.S), <TeAR=. id I. 
+ , (T1KC=f.5) ,(T?KC=.C4), (0KOPC=1~ .• l 9 CDKDP0=3.5>, C H=.0.,1), CTi =.2X 
+), <PI=-=3.14159265), <TP=.I2), <SC=-i.E-1~) ,(AQ=-3.tE-3), (AT=-3.E-.<,) ll 
+ ,lT10=3uG.) ,(A1=1(1(;.), (l\2=u.1l, (A:==.7l) ,(A4=7.5> ,<EFE=.183l X 
+ ,CNNY=2l),(DK8X=O.fJ2),0~0=-H..':d,(E=0.2l,(EE::=0.2l ,(K?X=~.) X 

OATA<AMM=.t=38',,28:J\Jt•216,.328,.1 1 3,.C·35) " 
nAT A (A l l = • D 129 , • 0 ~ 11, • 13 t.;., • 3) 1, 1 , 2 6, 3. 21 ) x 
OATACTK=1.S536E-4,1.S8b6E-4,2.01~7E-4,?,0~20E-4,2.0856~-4,2.12 5 Y 

1E-4,~.1569F-4,2.1949E-b,2.2346E-.,2.276£-4,2.31~5[-4,2.36~1E-4, Y 
2 2.4129E-4,2.4633~-4,?.51~~E-4,~· 5i26E-4,2.6321E-4,2.b~52E-4, X 
3 2.7o24E-4,2.8341E-L.t,2.9109E-4,2. 9933E-4,6.0623:::-.:.,3.1li3GE-4, X 
4 3,2834E-4,3o3'381E-4t3o5243E:-4,3, bb42E-4,3.82u3:::-4,.3. gcJ63E.-4, I 
5 4.196PE-4,4.428UF-4,4.69Af:F-4,5.U217F-4,5.41SL::::-4,5. '1' 9£-t.., 1. 

6 &.549~£-tt,7.4197~-4,8.669!F-4,1.~397E-3,1.3f5L-3,1.9057~-3,3.?~~~x 
7E-3,13.4206E-3,1.504E-2,!t.1784E-2,1. 32013E-1,'-t.3217E-1,1.212l , >-

8 2 • 4 7 4 13 t 3 • 8 3 61 t 5 • 0 6 2 2 t t:. 11 J 5 t 7 • 0 ~ 3 , 7 • 8 3 2 8 t 8 • ~ u 2 j ) X 
fART=-1.E-212.3E-~ A 

no 2 JK=1,56 
TKCJK>~ALOGCTK(JK)) 
AKCJK>=EART 
EART=EART+2.5E-412.~E-3 
IVAR=1 
CONTINUE 
READ 10,N,r-1Y,KEBX,NP 
FOF:MAT(4!3) 
N = 4" :· 

A5 = 1. 
T1=T10+A5•ti.-EX~C-T/TT)) 
OT1=CA5/TT>•EXPC-T/TT) 
sc = l, •• 

"1X=S~, /'1Y 
NP :: 150 
EEE = 0 • 0 2 
E = 0.[2 
T1 = T 1:;; 
GKSM = 0.03? 
GARM = 0.035 
UKCM = GKS~IC.~•PI•EKCM> 
DAM = G~RM/{.5•PI¥EARMl 

DT1 = O. 

X 
t 
l 

X 
X 
/. 
X 
;x 
(, 

X 
X 
l 

X 
I 

A 

C•••••••• INITIAL CONDITIONS •••••••••••~••••••••••••••••••••••++++++++?\ 
C•••••••• Y(1) - ·vt6l - THF. 1-'0WFR UF O[l'lUFO-NEUTf:'~ONS X 
c•••••••• YC7) -THE AV~RAGE THEMPERATURF OF FUEL X 
c•••••••• Y(8) THE THEMPERATlJRE OF FUEL f".'OU 0 



GRA~ OINIBR 73/73 OPT=1 

c•••••••• Y(g) - THETHENPERATURE OF FU::L ROO ON lOP F'JJ 
C•••••••• THE AVERAGF THEMPERATURE OF SOOIU~ COOLANT Y(1l)) -c•••••••• THF THEMPfRATURE CF SOOL~NT ON OUTPUT YC11) .;:. 

c•••••••• fHE OISPLACEMENT CF 4UTOMATIC CONTc;:QL i·OO Y{12) -
c••••••u THf VfLOSITY OF AUT0:1ATIC CONTROL '0lJ y (13) -
c•••••••• ~ELAY OF AUTOMATIC ~~U YC14) -
c•••••••• THE OISPLACEMENT o= SOMPEN~ATION ~U) y { 15) -
c•••••••• TH[ VELOCllY OF C01Pfi~5'~TICN R()O Y(16) -
C•••••••"' TI-lE OELAY OF f.OMPEilS4 TI ON ROD y ( 17) -
C•••••••~ TYF RflATIVE ENERG' OF PULSE AFTeR FILrE~ YC18) -
c•••• • .,.._.. TH f E RRO~ :N OF fr,U,C To~ PER! 00 Y(20) -

PCP= f/(Tfl•t1X•<1. + 1./fOl)- SC 
AJ = 1.1(12.•£\4) 
A12 = (A1/A2)+PCP + .Ai~[/2. 
Y(8) = A12 + T1!J 
YC11) = A1"'A1"'PCP/(A2•A+> + lil 
YC9) = A12 + Y (11) 

Y ( 10 ) - • 5 • CT 1 0 + Y ( 11l ) - 'JT 1 "'A J +A~..,. A J • ( Y C 8 ) - T 1 'J- "f ( 9 J + Y ( 11.) ) 
YC?t = A12 + Y C11J) 
00 105 J=1,g 

1G5 Y(J+11) = '• 
EAt< = • 5 • E A R '1"' S I N ( PI"' Y <1 2 ) ) 

c••••••••• EAR- T'iE EFFECTIVITY OF AIJT01ATIK GONTROL ;<IJO 
c••••••••• EKC - TliE EFFECTIVITY OF C(l,"1P;::NSATION ROD 

EKC = .5•EKCM•SINCPI•Y(15)) 
c•••••••• THE REACTIVITY EFFECT OF FU~L 

EQ = AQ•(Y(?) - T!G) 
c•••••••• THE R~ACfiVITY E~FECT OF SODIUM CCOLANT 

ET = AT•(Y(i'}) - Til}) 
su = [t • 

DO 100 J=i,6 
106 SU = SU + ALL(J)•AMH(J) 

S = SC + PCP - E•SU/2. 
~ = ALOGCE/S) 
CALL PJ1RINVCR,TK,AK,S6,1\'ltl) 
XK = 1./(5J.•PI•EAR~•MX•lFl 
fC=ABU-OKOFO-D~OPO-E<C-EO-ET 
EO=F.C+EKC+ET+EQ 
PRINT 158,E,S,~,A~U,EC,EO,LAR,EK:,EQ,ET,ET1 

158 FORMAT(11E11.3/) 
PfdNT 13, Y 

P=-S /E 0 
QL) 1l11; J =1 '? 

100 Y(J) = A~M(J)•PCP + ~·~MM(J)•ALL(J) 12. 
XX = EIEEt: 
XCP = XX 
X0 = XX 
T=O.u 
ST1=0 •. • 
ST 2=0. Li 
KE8X=1 
M:::t1X 
s·~ = :; 

):. / .· 

\.' r: 

y, 
\ 

X: 

X 
X 
'i 
y 

X 
X 

" X 
X 
y 

X 
X 

PRINT 12 X 
1 2 FO F MAT ( 1 1-' , 4 0 X , 4 3 Y ••• I N 1 T I A l C 0 ;.J S T A N T S •• • , I I 

+ 3X,13H== THERMAL ==,6X,J5H=~ CONTROL AND COMPE~SAliJN RIJOS ~=,i~Y~ 
2,2bH== AUTGMATIC AND RE~ULrTE ==,8~,13H== 



~OGRAM OINIBR 73/73 1lPT=i f r N 4 • 3 + r 4 ·1 6 

c 
c 
c 

PRINT 11,T10,EARM,t:I<:Ct1,EEF,TZ .PC::> Y'' .. 
+ ,A1,T1AR,T1KC,YPER,CO DKJPO ~~ 
+ ,A2,T?,Il.R.,T?KC,CXY,INU:,oKJPO ,,, 
+ , A~, DA M, UK C M, C Y Z , I "J F R :1 , H 't... ( 
+ ,.li:+,D1,ALA:l.,CXCP,RF-;,SC >•'· 
+ ,AO,CX,ALA2,ZAT,TT,Sr ~,, 
+ ,Al,GZ,ABU,TX,KQ,E >r~ 

11 FORMAT (2Xt I< 
15HT1D= ,E11.3,2X,7HEARM : ,l11.3,?r,7HFKCM = ,f11.3,2A,7YEEE : , 
2E11.3,2X,7HTZ = tE11.3,2X,7HPCD = ,E11.3/ 

15 

6 

22X,5HA1 = ,E11.3,?X,7HT1AR = ,F11.3,2X,7HT1KC :: ,Ell. 3,2X,7HYPr.'~ =>~ 
3 ,E11.3,2X,7HCO = ,F11.3,2X,7~UKOPO= ,E11.3/ ~ 
42X,SHA2 = ,E11.3,2X,7HT2Ak = ,~11.3,2X,7HT2KC = ,E11.3,?X, « 
~7HCXY = ,E11.3,2X,7HIN~R = ,IL1,2x,7HDKDPQ= ,E1t.3/ «. 
52X,5H~3 = ,E11.3,~X,7H0Ai1 =, 11.3,2X,7HUKCM := ,E11,3,?X, >: 
S 7H C X 7 = , C 11. 3, 2 X, 7 HI NE fd = , 1 '.1 , 2 X, 7H H = , f 11,3 I It. 

6 2 X , 5 H A 4 = , E 11. 3, 2 X , 7 H 01 = , !" 11 • 3, 2 X, 7 HAL A 1 = , E 11• 3 , 2 l( , 't< 
57HCXCP = tf11.3,2X,7HRF. = ,E:.1.3,2X,7HSC = ,E11.3/ ); 
7?X,5HIIC = ,E11.3,2X,7HCX = ,E11.3,2X,7HALA2 = ,F11.J,?X, >-
77HZAT = ,E11.3,<X,7HT1 = ,::~1.3,2X,7H.)J = ,F11.31 "X: 
82X,5HAT = ,E11.3,2X,7HCZ = ,L11.3,2X,7HE~AXO= ,~11,3,2X, ~ 
8 7 H T X = , E 11 • 3 , 2 X , 7' f J< 0 = , I j 1 , 2 X , 7 Y E C = , ~ 11 • 3 // I ) >z 

PRINT 15 7 

FORMATC1H ,33X,47H•••• I ~I T I A L 
+I 2X,50(1H=>t23H T = :' SEK,YCl), !=1,2( 

NN Y = 2J 

co~·~ or TIONS 
,5CC1H=)I/) 

THE e~GIN INTEGRATION OF SI~TEM OINAMIC [OU~TIONS 

00 3 K=1,N 
CONTINLE 
CALL INTSTF(NNY,H,T,Y,FXTERN) 
IFCT.Ll. fTP"'"FLOAT(K)))GO TO 5 
E~X = 0. 
IF<K.LT,NP>GO TQ 4 
E9X = OKOX 
CONTINUE 
FOPO = 0. 
IFCK.NE.MlGO TU 6 
EDPO = OKOPO 
M = M + MX 
CONTINLE 
fQ = AO•(Y(7) - TiD) 
ET = AP·(Y(1J) - T10) 
IF(Y(12> .LE. (-.5)) Y(12l 
IF(Y(12).GE.O.SlYC12> = 
IF(Y(15),G£.0.~)Y(15) = 

:J.5 
' r 'J • .:;. 

I F ( Y ( 1 5 ) • L E • ( - ~, • S ) ) Y ( 1 S ) = - • 5 
AL = Y (12) 
UKC = C. 
IFCAL.GE.ALA2.ANO,Y(13),GT.O.)UK~ = UKCM 
!F(AL.GE.ALA1.ANO.Y(13).Ll.J.t1NO,UKCP.~·'E,G.>UKC = uK.;1 
IFCAL,LE.-ALA1.ANO.Y(13>.GT.0.ANC.UKCP.NE.l.)UK: = -JKC~ 
IFCAL.LE.-ALA2.AN1.Y(1~).LT.3.)UKC = -UKCM 
UKCP = UKC 
OEA1 = CX•XK•Ct. - XCPJ + CZ•ZK•Y(2Gl 
ex 2 = 1. 

.,. "J..'f ""I l>i. 

>< 
It 

·x: 
:X 
)< 



~OGRAM OINIRR 7317.3 !lPT=1 

IFCY(1g).GE.CXYlGX2 = :. 
CXP = 1. 
IFtXCP.GE.CX'f) C'XCP = J. 
ox = DEA1 - co~o1 
IF(ABS<D~AU.LF.D1lDEA = O. 
IFtA8SCDEA1l.GT.D1.AND.~3S(OX).Lf.DAM)0EA = ilX 
IFCDX.GE.DAM) OEA = OAM 
IFCOX.LE.-OAM)nEA = -OA~ 

FTN '+aS+ 4''6 

C••••..,.•••••"'~'-'t-• OFA- THE OPE;;,ATE SIG'lAL hiTH LIMlH.Tl.J~~; 
C••••••••••••• DEA1 - THE SIGNAL OF ~ONT~OL POD 

EAR= .s•EARM 4 SINCPI•Y(12)) 
EKC = .5"'EKCM•SINCPI•Yt15)) 
E~=EC+EAR+CKC+EQ+ET 

c••••••••• EC - THE PHONE-~.EAGKTIVIT'' 
S = G. 
oo 102 J-=1,6 

102 $;;. S + Y(J) 
s = s + sc 
P=-S/EC 
PSX = CPF + P) "~' TP/2. 
Y7 = YC7) 
Y3 = YC8) 
Y9 = Y(9) 
soo = :; 
ET1=FO+OKOPO+EDPO+E8X 
IF(ET1.GE.A~(1))G0 T~ 141 
E=O.O 
GO To 142 

141 CONTINUE 
CALL PARINV(ET1,AK,TK,Sb,Rl 
R=EXP(fd 
:::= S•f;; 

c•••••••• E - THE ENERGY OF PULSE (AS JELTA-FUNCTION) 
C•••••••• S - THE POWER OF SOURC~S OF N~UTRCNS 
c•••••••• S~ - THE POWER OF FXTERNAL SOURCF 
C•••••••• T - THE PE~IOO OF REACTIVITY PULSES 

142 CONTINUE 
SI1=SI1+ABS<E-EEE) 
SI2=SI2+(E-EEE>••z 
00 H 3 J =:1, 6 

103 Y(J) = Y(J) + tLLtJ)•A~~(J)•E 
~1X = A1•E 
Y(7) = Y(7) + AiX 
Y<e> = Y<8> + A1X 
Y(9) ::. Yf9) + A1X 
s = 0. 
oo 1u4 J=t,6 

104 S ::- S + Y(J) 
s = s + sc 
f(~ = Ao• (Y(7) - TiU 
ET = AT•<YC10) - fiC) 
EO=EC+EAR+rKC+f~+fT 
P=-S/EO 
PP = P 
PSR = fSR t PSX + [ 
IF<EOPO.EQ.G.>GO TO 3 
KI = KI + 1 
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toGR.AM OINIBR llPT==t 

3 

IMAX = KI 
XX = E/EEE 
XR. = XX 
XCP = XCP + <X~ - XGP)/RR 
YY = CALOG<XX> - ALOG<XPJ)/CKO'"MX•TP) 
IFCMOOCKI,KQ),FQ.0)XP = XX 
PS~ = PSR/CTP~~X) 
ELO=Al OG10 fEl 
SSCKI,1> = T- 0.001 
SSCKI,:?) = E 
SS ( K I, 3) = EL 0 
SSCKI,4) = XX- 1. 
SSCK!,:-;) 
SS<KI,U 
SSCK!,?l 
SSCKI,B) 
SS<KI,Sl 
s:; < K I ,:1 '1 , 
SSCKI,1U 
SSCKI,12) 
SSCKI,13) 
SSCKI,14> 
SSCKI,15) 
SS<KI,io) 
SS<Kit17l 
SSCKI,18l 
SSCKI,19} 
SSCKI,20) 
S$(1(!,21) 
SS ( KI, 2 2) 
SSCKI,?3l 
SSCKI,24> 
SS(Kl,25) 
SSCKI,26) 
PSK = ~~ • 
CONTINUE 
PRINT :?05 
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205 F"QRMAT(//1fX,9HTI'-1E(St:K) tbX,1HE, L;X,5HLN(E) ,';JX,?HA.-1, 1~ X,4HP-S;, 
+ 1ryX,1HY,4Y,12~T-SR(J~FOPF) ,2X,1~HT-SR(AFT~R) ,~X,1QH1-NAC~VF~)//)) ~ 

JO 20D I=l,I~AX ~. 
2(; ,1 PRINT 2 q 1 , I,{ S S C I, I D ,I I= 1 , 9 ) :C ,~ 
201 FORMATCI5,gF13.5l X ~ 

PqiNT 206 ~ ( 
206 FOKMAT(//1~,X,9HTHIEC'3fK),6X,4HL-~R.,~A,cHL-I(G,E-X,:;;HC:-'1A;<,5X,5Ht:-AR. X 

+ ,BX,5HE-KC ,9X,SHEQ+F"T,7X t8HS-~lfO~E,6X,8HS-~=TE~ //J ) 
!JO 2L2 I=i,IMAJ:' 

2f!2 PRINT 201,l,SS<I,U,<SS(I,Il),Il=1iJ,17> \ 
PR.INT 2'J 7 X 

2 L 7 F 0 1\M AT (I /1 X , 9 H T I r1 [ ( S E K) , '3 X , 4 HE- d X ,3 X , J. ~ H T F 1-8 F = 0 K. E , 2 X , 9 H lF 1-AF T n )< 

+ ,2X, 10HTF2-lEFORE ,2X, 9HTF2-AFE~~, ?X, UHT-NA CI NPJT) ,~X t12HT-NA (OLJ n 
+PUT) ,3X,6Ht.•FUEL ,.3X,8HF-Sl10I!Jt1 I ) :X. 

00 2C3 I=i,IMAX /... 
2 u 3 PR. I NT 2 i) 4 , I , S S <I t1 ) , ( S S ( I , I !) , II = 1. .c , 2 6 > 1: 

204 FORMAT<I5,10F12.S) X 
PRINT 13,Y 

13 FOkMATC6F2G.1U/) 
SI3=~I1/EE;:: 



~nGRAM OINIBR 73/73 0PT==1 

9 

SI;.=SI 2/ CEEE•• 2) 
PRINT 9,SI~,Slii 
FJRMAT C/2[30.61) 
IVAR=IVAR+-:. 
GO T 0 14 
END 
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~OUTINE EXTERN 73/73 OPT=1 

c••••••••••••• THE~M~O CONDUCTION ~NO TR~NSFER f~UATION •••••••••••••• 
c•••••••• Tl - THE THE1PERATURE OF COOLANT ON INPUT 
c•••••••• DT1 - THE GRADIENT OF TH~MP~~AlURE OF COOL~~l 

XX = Al•o 
F(7) = XX- A2~(Y(7) - YC1 ) I 

F ( 8 ) :: X X - AZ ~, ( Y ( 8 ) - T 1 ) 
FC9) =XX- A2""'(Y(9}- YC11) 
!="{10) = A3+(Y(7)-Y(1Q))+A4"'l" 1-Y(11)) 
F(11) = 12.•A4~Y(10)- 6.•Att··(T1 + Y(ii)) + DTi 

+ - A3¥(Y(~) - Ti) + A31f. Y(9) - Y(11)) 

c••••••••••••• THE AUT0'1ATIC CONTROL r;:ou EQUATIONS •••••••• .. ••••+++H'<~• 
F(12) = Y(13) 
IFCINEP.E0.1>F<13)= tY(14) - Y(13))/T2AR 
IFCIN£:.R.EQ.O)Yt13) = Y<14) 
F(14) = (QEA- Y(1~})/T1AR 

C•"'"••••••••••• THE COMPENSATION CQr,TROL ~:00 EQUATIONS •••n••••••••••• 
F(15) = Y(16) 
IF<INER1.EC.1JF(16) = (Y(17) - YC1b))/T2KC 
IF<INER1.EC.O)Y(1o) = Yl17> 
F(17J : (UKC- Y(17))/T1KC 

C••••••••••••• THE ~fACTOR AUTOMATIC R~SULATlON EJUAl[ONS ••~••••••••• 
F(18) = XR - 2.•ZAT•YC18)/TZ - YC1~) 
F(19) : Y(18)/<TX•TX) 

c••••••••••••• PRESET OF REACTOR PERIOD, ANO THAN POWER LEVfL 
F(20) = YPER - YY 

c••••••••••••• YY - THE REACTOR PFRIOO (FLOWING) 
c••••••••••••• YPE~ - THE PRESET OF PE~IOO REACTOR 

RETURN 
EiW 


