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nOCTAHOBKA 3AAA4H 

B HMnynbcHoM peaKTOpe nepHOAH4eCKorO Ae~CT8HR H3-3a OTpHua
TenbHO~ MO~HOCTHO~ 06paTHO~ C8R3H B03MOmHO B03HHKHOBeHHe pemHM08 
C yCHneHH~MH Kone6aHHRMH MO~HOCTH, B TOM 4HCne H aBTOKone6a
TenbHOro THna 11,21. 

B HaCTOR~e~ pa60Te HccneAy~TcR ABa BHAa aBToKone6aHH~. nep
8bU1 - aBTOKOIle6aHHR C 4aCTOTO~, B ABa pa3a MeHbwe~ 4aCTOTbi CJ1e
AOBaHHR HMnyIlbcoB MO~HOCTH; BTOPO~ - K0J1e6aHHR, B KOTOPblX no
MHMO COCTaBIlR~~e~ C YKa3aHHO~ 4aCTOTO~ npHcyTcTByeT COCTa8IlR~

~aR C 4aCTOTO~, 8 4eT~pe pa33 MeHbwe~ 4aCTOTbi CIleAoBaHHR HMnYJ1b
COB M~HOCTH. 

YPABHEHH~ AHHAMHKH H CTPYKTYPHAR CXEMA 
HMn¥nbCHOrO PEAKTOPA 

Ypa8HeHHR KHHeTHKM HMnyIlbcHoro peaKTopa nepHOAH4eCKoro Ae~
CTBHR CBOARTCR K cIleAy~~e~ CMCTeMe ypaBHeHH~ 13/: 

pet) PH (t) + PtlJ (t) /1 .1/ 

PH (t) ~ Eno(t - nTH) /1.2/
n=O 

PtlJ ktlJ S(t) /1.3/ 

En Mn (f mn ) S n /1.4/ 

Set) ~ Sj (t) 
I 

/1.5/ 

T
d S i (t) 


j + Si(t) lliP(t), /1.6/
dt 

rAe 1, ... , I. 3Aecb t - BpeMRj TH - nepHoA cIleAo8aHHR HM

nyIlbcoB MO~HOCTH; P - M~HOCTb peaKTOpaj PH - HMnYIlbCHaR H,PtlJ 
~OH08aR COCTaBIlR~He MO~HOCTH peaKTopa, 06YCIlOBIleHH~e COOTBeT
CTBeHHO 8~AeIleHHeM 3HeprHH 8 HMnYIlbcax M B npOMemYTKax MemAY 
HMMH; E n - 3HepnlR, sbiAenReMaR B Te4eHMe n-ro MMnYIlbca MO~HOC
TM; i, I - COOTBeTCTBeHHO HOMep rpynnbl M 4HCJ10 rpynn 3ana3AblBa~

o ~.liti~~jil,;:t",71:::1-;:'" 
._IOB'~hl' U\·'''''·'fI.'.,~\·r 1 
_"'" WlI.& '" ',",' " ! 

,'" (. I 
~...c:.JI":,':'; ii_I

L V91liii1 or.."""_'_' 
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U\HX HeHTpOHOBj Sj , S - COOTBCTCTBeHHO MO~HOCTb HCT04HHKOB 3ana3

AbiBalO~HX HCHTPOHOB rpynnbl i 101 cyMMapHaR; Sn =. Set II T H - 0) - MO~

HOCTb HCT04HHKOB 3ana3AblBalO~HX HCHTPOHOB ncpcA Ha4anOM pa3BHTHR 
n-ro HMnynbca MO~HOCTH; Mn - !IlaKTop YMHOll<CHHR B n-M HMnynbcc, 
3aBHCR~HH OT MaKCHManbHoro 3Ha4CHHR peaKTHBHOCTH (mn' KOTOPOC 

AOCTHraeTCR B n-M HMnynbCej k$'" {3/jf $1 - AonR 3HcprHH !IloHa, 
T • e. 3HcprHH, BblAcnReMOH MClI<AY HMnyllbcaMH, OT aCCH 3HcprHH, Bbl
AcnRCMOH B Te4CfiHC ncpHOAa T Ii" 3ACCb {3 - CYMMapHaR AonR 3ana3AbI
BalO~HX HCHTPOHOB BceX rpynn, l$ - pcaKTHBHOCTb !IlOHa, T.e, pcaK
THBHOCTb B npOMemYTKC MCmAY HMnynbcaMHjT j - nOCTORHHaR BPCMCHH 
i - TOH rpynnbl (T. 11 A. , rAe A j - nOCTORHHaR pacnaAa HCT04HH KOB 

I ¥ I. v 

3ana3AblBalOlltHX HeHTPOHOB I-TOH rpynnbl)j I' j - AonR 3ana3AbiBalOlLlHX 
He~TpoHoB i-TOA rpynnbl OT cYMMapHoH. 

(/>aKTop YMHOlKCHHR XOPOUIO Onl'1CblBaCTcR 3KcnoHcHToH 

Aexp(Bf Aexp(x ) , 	 /2/
n

dM 
3ACCb A, B =: 11 {3 - KOHcTaHTbI, npH4cM {3 = liB"" [M !{-~)] 0 _

11 	 H n d f f ~f 
mn mn m 

- TaK Ha3b1BaCMaR HMnynbcHaR AonR 3ana3AblBalO~HX HeHTpOHoa 14/; 

Xn = Bf mn (mr/{3H - MaKCHManbHOC 3Ha4CHHc pcaKTHBHOCTH B n-M HM
nynbcc, BbipamCHHOC B AonRx (3". 

BllHRHHe OTpH~aTcnbHoA 06paTHoA CBR3H ~MO~HOCTb-peaKTHBHOCTbU 
onHCblBaeTCR cnCAYIO~HMH ypaeHeIMAMH/5~~ 

, dv(E.L + vet) k oP{t) 	 /3,1/ 
o dt 

/3.2/x n =gn-I'n' 

rAe vet) - TeKyllteC 3Ha4CHHe peaKTHBHOCTH MO~HOCTHOH 06paTHoi:1 
CBR3H B AonRX {3H ' o6ycnoBncHHoA pa30rpeBOM pcaKTopa, a I'n = 
= v (t '" nTH - 0) - ce 3Ha4CHHe B MOMeHT BPCMCHH, npCAWCCT BYIO~H H 
pa3BHTHIO n-ro HMnynbca MO~HOCTHj gn - 3aAalO~CC 3Ha4CHHC pcaK
THBHOCTH B AonRX (311 B MOMeHT pa3BHTHR n-ro HMnYIlbca MO~HOCTH, 
06YCIlOBneHHoA opraHaMH ynpaBIleHHRj k o , '0 - K03!1l!llHUHCHT ncpCAa
4H 101 nOCTORHHaR BPCMCHH MO~HOCTHOH 06paTHoA CBR3H. 

~aTb 60nce T04HOC, 4CM /3.11 onHcaHHe MOlltHOCTHOH o6paTHoH 
CBR3H,3aTpYAHHTenbHo 15~1 • Y4~TblBaR 3TO, ueIlccoo6pa3HO BBCCTH 

ynpo~eHHC npH onHcaHHH 3ana3AblBalOlltHX HCHTPOHOB 101 paCCMaTpHBaTb 
SMCCTO WCCTH rpynn / I 6/ ABC 3KBHBanCHTHbiC / I = 2/ C OTHOCH

TcnbHblMH AonRMH It 1 • I' 2 H nOCTORHHblMH BPCMCHH T 1 ' T 2 
npH HCcIlcAOBaHHH HMnynbcHoro pcaKTopa B Ka4eCTBC BblxoAHOA 

BcnH4HHbI npHHHMalOT He nonHYIO MO~HOCTb .pcaKTopa, a MO~HOCTb. 
o6ycnoBnCHHYlO TOIlbKO HMnynbcaMH. 3aBHCHMOCTb Set) OT PI1 (t) YAo6
HO npCACTaBHTb CHCTeMoA ypaBHcHHH /4/, KOTopaR BblTCKaCT H3 ypaB

HCHHH /1.1/, /1.3/, /1.5/, /1.6/! 

2 

dS: u) 

r. 	 + St (t) - 11 j' k ~ PH (t). Set) }.:, Sj, /4/
I 

dt 1 

a 3aBHCHMOCTb I'(t) OT PH (t) - CHCTCMOH ypaBHcHV1H /5/, COAcp)t{a
~eA I t 1 AH!Il!llepeHUHaIlbrlblX ypaBHcHHH, nocKollbKY 3aBHCHMOCTb PH (t) 
OT Pet) Bblpa)t{aeTCR, KaK cncAycT 1013 CHCTCMbI /1/, AH!IllbepCHUHallb
HbiM ypaBHcHHCM I-ro nopRAKa: 

dv 
j
' (t) 

,
j 
---.-- ~, p'(t) k Y. k'P (t). I,(t) ~ I' ~ (t). /5/

I () I 11dt. 	 o I 

3ACCb k' ~~ 11 (1 - k $) - K03!1l!llHUV1CHT ncpCAa4H OT MOlltHOCTH HMnynb

COB K nonHOH MO~HO(;TI.1 pcaKTopa, 'j .11; /rAc i = 1" ..• 1/ - no
CTORHHblC BpCMeHH H KQ3!1l:;'HUHeHTbl ncpeAa411, 3aBHCR~He OT T i '/' j , 

k$;Y i /rAe i = 0, •.. ,1/ - K03!1l!llHUHeHTbI ncpeAa4H, 3aBHCR~HC OT 

I I 
T ,11. /rAC T , ••• , I /, r 0 k $' npH4E:'M L I' 1, ~ Y 1 

1 I 1 

,QnR nocneAYlOl4erO clilanH3a YAo6HO npcAcTaBV1Tb HMnyI1bCHbll1 pcaK
TOP KaK AHCKPCTHYIO no BpCMeHH CHCTCMY C 6e3pa3MepHblMH ncpCMeH
HbIMH. COOTBeTCTBYIOWHe n -MY IIIMnYI1bCY MO~HOCTIII 3HeprlllR en ~~c En IE 0 

III MOlLlHOCTV1 HCT04HHKOB 3ana;:\AblBalO~HX HeHTpOHOB 3 in S in ISO H 
S IS 0 pacCMaTpHBalOTcR B AOIlRX OT HX 6a30BblX 3Ha4cHHiIi EO 

n 
H ~o. B Ka4CCTBe 6a30B~x npMHIllMalOTCR 3Ha4eHHR ncpCMeHHblx, COOT
BeTCTBYIO~He 6a30BoMy pell<MMy, T.C. PC~HMY pa60Tbi peaKTopa npH 
KaKOM-nH60 Bbl6paHHOM YPOBHe cpCAHe~ MOlLlHOCTM CO cTa6HI1bHblMH IIIM
nyIlbcaMH. B pe3ynbTaTc AIlR AMCKpeTH~X MOMCHTOB BpCMCHH ypaBHc
HHR AHHaMHKH npMEOARTCR K CI1CAYIO~e~ CHCTeMC ypaBHeHH~: 

en exp(y n ) 	 /6.1/ 

\x n t z 
II 	 /6.21 

7.1) In S!l 	 /6.3/ 
I 

s n ~ S ;n /6.4/ 

e 1<n 	 TI1
S.· (s; n-l+ ---) exp(- --) 	 /6.5/

III 

a so 
 T 

I ' 1 

;\ X n ~ n - I"n /6.6/ 
I , 

/' ~ l' /6.7/
II In 

0 

, 	 Y i '14 
/' ~ (II + e k P T --)exp(- __ ) 	 /6.8/

In I n- 1 n 0 H T. ' 
I 

rAe 

3 



,SO I 
fLi exp ( - T Ii I , j ) 

/7/~ --------- (750 k'E 0 1 1 - exp(-T Ir )
'j li j 

YpaBHeHHR /6. 1/-/6.8/ COOTBeTcTBy~T CHCTeMe aBTOMaTH4eCKoro 

ynpaBneHHR C HAeanbH~MH HMnynbcHblM~ 3fleMeHTaM~, KOTop~e npeo6
paSY~T Henpep~nH~e BenH4HHM B nocneAOBaTeflbHOCT~ ~MnYflbCOB C 

nepHoAOM T~. npH ~TOM KamAblH ~Mnynbc nponop~~OHaneH o-~YHK~H~, 

aero HHTerpan paSeH 3Ha4eHH~ BxoAHOH Ben~4~HM B MOMeHT reHepa

~~H HMnyflbca. Ha pHC. I npeACTaBfleHa CTPYKTYPHaR cxeMa Hen~He~

Puc.l. CTPYKTYPHafi cxeMa UMg
nYJlbCHoro peaKTopa. 

HOH ~MnynbcHoA C~CTeM~, COOT~eT
cTBy~~aR ypaBHeH~RM /6.1/-/6,8/. 
3BesAo4KoA nOMe4eHbl A~CKpeTHble 

~YHK~~H BpeMeH~, o6pasoBa HHMe 
no cneAy~~eMY THny: 

/8/e*(t) :E e(t)o(t - nT~) I t :E en - nT ~). 
o n~o 

TaKI1M o6pasoM, CIlYHKlIHR e*(t) , paSHaR 0 np~ t ~ nT~ H 6eCKOHe4
HOCTI1 npH t= nTH' OnHCblf3aeT nocneAOBaTenbHOCTb ~MnynbcoB C 6ec

KOHe4HOManoAAnHTenbHOCTb~, C 6eCKOHe4HO 60nbwoA aMnfl~TYAoA ~ 

C nflo~aAblO, paBHoA en' B ¢opMyne /8/ It ,; 1 c - K03C1l¢H~~eHT pas

MepHocT~, e(t) - HenpepblBHaR CIlYHK~HR BpeMeHH, npeAcTaBnfl~~aR 


co6otli onI6alO~y~ AHcKpeTHbix nepeMeHHblx en' 
CTPYKTypHaR cxeMa AaHa B B~Ae Hen~HetliHoA npRMotli ~en~, nHHetli

HOtli lIen~ oTPH~aTenbHoH o6paTHotli CBRSH ;3Hepr~R HMnynbca - peaK
THBHOCTb H Hefll1HeAHOH ~enH nonomHTenbHoH oopaTHoA CBRSH 3Hep
rHR HMnYflbca - M~HOCTb HCT04HHKOB sanasAblBa~~Hx HetliTpoHo9 • 
HMnynbcHble 4aCTOTH~e nepeAaTo4Hble CIlYHK~I1H o6paTHblx cBflsetli 
W* (jUl) 11 W; OUl) np~ ABYX 3KBI1BaneHTHbix rpynnax sanaSAblBa~~Hx 
H:tliTPOHOB /1 = 2/ B~pama~TcR cneAY~~HM oopasoM 

/3/ 
: 

8 * (jUl ) 1 2 exp ( - T ~ I r , ) IfLi _____~____ L~_ _._, 9/
W* OUl) k 

s e * (jUl ) exp(jcuTu) exp(-T IT,)a so jM 1 'j ~ In 

2 y,
I' *(j Ul ) 1 exp ( - T ~ .I Ti ) / I 0/

W; (jcu) ---- k PT~ k 
e*(jUl ) o i ',0 Ti exp (j Ul T:>=-;;T=T~---- ) , 

rAe [,)- KpyroBaR 4aCTOTa npeo6pa30BaHHR ¢YPbe, 8*(j(d),~'*(jU) 
e*(jUl) - COOTBeTCTBeHHO ~YPbe-Hso6pameHI1R AI1CKpeTHblx ~YHKlIl1~ 
BpeMeHI1 8*(t), v*(t) 11 e*(t) • 

B CIlopMYflax /9/ 11 /IO/P k'Eo/T~ - cpeAHRR MO~HOCTb peaKTO
pa, COOTBeTcTBy~aR 6aaoBoMY peml1MY; TIC. 0,5 b ' jij',25b2-':'-~-: 

4 

rAe a '1'1 '1'2 k', b [T 1 ~ T 2 kCb (Ill T 2 ; fL 2 T 1 ) I k'; 

'2 b-T 1 ; fL~ [T 1 '(1l 1 T 2 + fL2,Tl )l!('l- T2); fL~ 1 " fL'l ; 

v 
' 1 [T1 T2 - T 1(T1 f T1 )1,'[('I- '2 )('1- To)l: 

}'z·IT I -- T2 (T1 • T 2 -- T2 )]/[('I -. T2 )( TO -- r 2 )], yo 1- y 1 

ABTOKonE~AHH~ C O~HO~ 4ACTOTO~ 

AH~flHS n~Heapl130BaHHoA MOAefl~ I1MnYflbcHoro peaKToPa nOKa
aan '2', 4TO peaKTOp YCTOtli411B npl1 cpeAHeA MO~HOCTI1, MeHbweH He
KOToporo rp~lH114HOrO SHa4eHI1R, a npl1 AOCHllI<eHHI1 rpaHH4Horo 3Ha
4eHI1R B HeM B03HI1Ka~T KOfle6aH~R MO~HOCTI1 C 4aCTOToA Ul", rAe 

Cd rr 17/T~. /11/ 

Y4eT Hefll1HeAHblX SaBI1CHMocTetli nOSBonReT BblRBHTb 60nee cnomHble 
npo~eccbI. H3BeCTHO 17/, 4TO B Henl1HetliHblx CI1CTeMaX C 06paTHblMI1 
CBR3RMI1 np~ Hel13MeHHOM BXOAHOM B03AetlicTBI111 B03MOll<HO c~eCTBOBa
H~e He3aTyxalO~I1X KOfle6aHHtIi - aBTOKone6aHHH. 

HaflI14~~ aBTOKOne6aHI1t1i C 4aCTOToA (<I" 3Heprl11O HMnynbcoB 
MO~HOCTI1 MOll<HO npeACTaBI1Tb B BI1Ae ASyx COCTaBflRIO~HX - nOCTORHHOA 
e ~ nepl10A~4ecKoA e*: 
e*(t) e* + e*(t) /12/ 

_ 00 

e*(t) 1 t A e ~ cos 17 n . - nT~), /13/ 
II 0 

rAe A e - aMnnl1TYAa nepl10AI14ecKotli cocTaBnRIO~etli e*(t). AHanOrl14HO 
B BI1Ae nocTORHHotli 11 nepeMeHHoA COCTaBnRIO~I1X npeACTaBnRIOTCR 11 
APyrl1e nepeMeHHble. 6a30Boe SHa4eHHe 3Heprl111 I1Mnynbca EOYA06HO 
B~6paTb TaK~M, 4T06~ nOCTORHHaR cocTaBnRIO~aR 3Heprl1~ HMnynbcOB 
B aBToKofleoaTeflbHoM pell<l1Me paBHRnaCb eAI1HHlIe: en = 1. B 3TDM CflY
4ae 

"" 
e*,· I :E o(t - nT~).t /14/

n'" 0 

. 04eBI1AHO, 4TO TorAa 0 ~ A e < 1. 
CTPYKTYPHaR cxeMa ~MnynbcHoro peaKTopa An~ nepl10AI14eCKl,.1X 

COCTaBflR~~I1X nOKa3aHa Ha pl1c.2. 
CornaCHO aHaflory Kp~TepHR YCTO~4~BOCT~ HatliKBl1cTa AnR HMnynbc

HMX C~CTeM aBToKone6aHHR C 4acToTo~ vI" B03MOll<HbI npH YAOBfleTBO
peHl111 cneAylO~ero ycnoBI1R: 

klO lW;UUl 17 ) - k ro 'W;(jUl17 )] - 1. 51. 
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PHc.4. CTaTH4eCKaH xapaKTepHCPHc.2. CTpYKTYPHaH CXeMa HMnynbc Zn z(t).z" 
Horo peaKTopa AJlH nepHo.n;H1.IeCKHX THKa norapHtPMHqeCKOH HenHHetiz 

nCOCTaBnHlOlI\HX nepeMeHHhIX C 1.IaCTO oI '# I l"'z .Sn nmu HOCTH, nepeMeHHhle Ha ee Bxo.n;e 
-.,.,Toil W TT • Sn H Bblxo.n;e Z n a HX orH5alOume 

I' A S ____ I'z s(t) H z(t) npH Kone5aTCJ1bHOM 
Z"1I'HIf 

peJKHMe C 4aCTOToil (JlTT • 

o~"'7' vr"''''' fit 
Sa) orH6alOl1IHe e(t), y(t), z(t), s(t)3Ae<:;b 

npH aSTOKone6aTenbHOM peml1Me. 
W;Ow TT ) asTTla so ' W;;(jw TT ) Pko TllaPTT' /16,17/ ~ npl1 3TOM Y4TeHO, '-ITO npl1 On 

= en = 1 s n Sn '" 1. 3TO cnerAe 
2 

AyeT 113 QlOpMyn /6.5/,/6.6/11 /7/.
exp(-T I Ti ) 

a 
STT 

- l II 
/18/

i = 1 T i 1 +exp( TI,.!Tj) nOCKonbKY 

2, Y. exp( .- Til Ir i ) As AeIW";,(j(dTT)1 Ae Ia 8 TT IIa so. /22/- l _--1- --.---- -.. ---_ ~-._ /19/a pTT 
o I-texp(-T /T j lT j II TO koo ' K8K H k 10 • RsnRIOTCR QlYHKlIHeili aMnnHTYAbl A e : 

klO - 3KsHsaneHTHbll1 K03QlQlHlIHeHT nepeAa411 3KcnOHeHlIHanbHO~ HenH a 1 ~ A la 1/aso In _____~___ ~.'::..__._._~oHeiliHocTH An!,! nepHOAl1'-1eCKOI1 cOCTaSnRlOl1Ieili e>(t) C 4acToToili (d TT 11 k 20 /23/ 
aMnnl1Ty~oili Ae: 2Ae la SIT I 1 Ael:1sITl/aso 

A 
YcnOBl1e CYl1IeCTBOSaHI1R aSToKone6aHHiIi C 4acToToili O'IT /15/ C Y4eklO = /20/

1n(1 + e) TOM nocneAylOl1Il1X ~oPMyn CBOAHTCR K ypasHeHHIO: 

koo - 3KsHsaneHTH~iIi K03QlQlHlII1eHT nepeAa411 nOrapHQlMI14eCKOH Henl1- k lO (Pko Til a pTT - k 20 (J S71 la so ) - 1, /24/ 
Hel1HOCTI1 AnR nepHoAI14eCKOili cocTasnRlOweili i~t) C 4acToToili W TT ~ 

H3 KOToporo cneAyeT, 4TO onpeAeneHHoili aMnnHTYAe aBToKOne6aHI1MaMnnl1T YAOI1 Az : 
~e6YAeT COOTseTCTBOBaTb onpeAeneHHoe 3Ha'-leHI1e cpeAHeH MOl1lHOCTI1

A" In(1 1 As) - 1n(1 - A .)
k" S P: 

00 /21/ 
s 2 


(1 " k a S IT I a so 

A y. As - COOTseTCTseHHO aMnnHTYAbl nepl10AH4eCKI1x cocTaSnRlOl1Il1X P /25/ 

y*(t) 11 5*(t). -k O T l1 a pIT 


QlopMyn~ /20/ 11 /21/ nonY4eH~ ~3 ypasHeHl111 /6.1/, /6.3/-/6.5/. 

KaK_cneAyeT 113 3aBHCHMOCTeili k 10 11 OT Ae , 60nbWeH aMnnl1TY
3TO nORCHRIOT pl1c.3 11 4, Ha KOTOp~X nOKa3aH~ CTaTH4eCKHe xapaK k 20 
Ae Ae COOTseTcTsyeT MeHbwee 3Ha4eHI1e kID 11 60nbwee 3Ha4eHI1eTepl1CTHKI1 3KcnOHeHlII1anbHOili 11 
koo • CornaCHO aHanory Kpl1TepHR yCTOH411BOCTH HaHKBHCTa, paBeHCTnOrapl1QlMH4eCKOH Henl1HeiliHocTet1 
SO /24/ COOTBeTcTByeT CI1CTeMe, HaxOARl1IeHCR Ha rpaHl1l1e YCTOH411A €"",ar " 11 06ycnOsneHH~e 3TI1MI1 HenHHe.:i


=e.".y ~" HOCTRMI1 AHCKpeTH~e no SpeMeHI1 SOCTH. W3 aHanl13a HapyweHI1R 3Toro paseHCTBa npl1 113MeHeHI1RX
."'VQ', aMnnHTYA~ Ha Man~e Sen11411H~ ±AAe cneAyeT, 4TO aSTOKOne6aHI1RAe nepeMeHH~e en' Yn ' zn' sn H HX 
C '-IaCTOToili ("IT 11 aMnnHTYAOH Ae yCT0i14HB~.e""'II' 

rpaHI14HOe 3Ha~eHHe cpeAHeH MOl1lHOCTI1 Prp ' npH KOTOPOM S03HI1!I" 0 1 2 n 
PHc.3. CTaTH4eCKaH xapaKTepHC KalOT Kone6aHI1R C 4aCTOToili (U , nonY4aeTCR H3 /25/, ecnl1 nOnOml1Tb 

l 
rr~n ~n JIt _'" !In!J{t} 0 r.. 2T,. t 

I iA i • # TaKa 9KcnOHeHUHanbHOA HenHHeil  Ae' 0 : 

,:/,. HOCTH, nepeMeHHhle lIa ee Bxo.n;e 
 1 - a la 

srr soH BblXO,[le en H HX orH6alOumeyct> Yn P /26/) H e(t) npH Kone6aTCJ1hHOM rp TT 
- k T a 

pe~Me C qaCTOTOil W • o 11 PIT 
TTn 
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ECTeCTBeHHO, 4TO $opMyna /26/ nOBTopReT $opMyny, nony4eHHY~ ~3 
aHan~3a n~Heap~30BaHHo~ Mo~en~ ~MnynbcHoro peaKTOpa '2 

ABTOKonE6AHHR C ~BYM~ 4ACTOTAMH 

B OTn~4~e OT n~He~HOH MO~en~ aHan~3 ~MnynbcHorO peaKTOpa 
KaK c~CTeMbl HenI1HeL:1HoH' nOKaSblBaeT, 4TO np~ ~OCTI1)!{eHI1I1 HeI<OT~)

poro ypOBHA cpe~HeC1 MOII\HOCTI'1 nOMI1MO Kone6aHI1sit C 4aCTOTO~ (Or; B03
HI1KalOT TaK)I(e Kone6aH~A C 4aCTOTO~ ("7;/2' r~e 

)·("11/2 11/(2TH	 /27/ 

B 3TOM cnY4ae nOMI1MO nepl1oAl'14eCl<0~ COCTaBnAlOlI\esit 3Heprl111 I1Mnynb
COB MOII\HOCTI1 /13/ 6y~eT npl1cyTcTBOBaTb TaK)!{e nepl1QAI14eCKaA coc
TaBnfllOlI\aA e*(t) . Ee YA06HO npe~CTaBI1Tb B BI1~e CYMMbI I<OCI1HYCOI1
~anbHoH 11 c~Hyco~~anbHo~ COCTaBnAIOII\~X: 

'" e e*(t) f e*(t)
1 2 	 /28/ 

'" e* (t) 1 k C 1' 	cos..:r-n, o(t" nT ) /29/1 ' tn=o 2 H 

* 1 k C 2' sin,l! n ' oCt n T ). 	 /30/
o 2 H 

~~eCb",C111 C2 -	 KOHcTaHTbI, np~4eM 1s'11=Ae1 A e2 rAe' 
Ael • Ae2 - aMnn~TY~bI cocTaBnAIOIl.I~x eiCt) 11 COOTBeTCTBeHHO. 

PHc.5. ABToKoneoaHHH 3HeprHH 

HMrrYJlbCOB MOU\HOCTH rrpH HanH'LIHH 

rrepHOgH'LIeCKHX cocTaBnRWlI\Hx C 

,QByMH 'LIaCTOTaMH 	 - H (J.l 11!2w l1 
• ~ en, l\ - ~ ll' 0 - ell' V·, ~ 1n ,f -O-+..[;,.f-~t:.---I--<!l.-\-.!~~ 
o ~ •e 211 

Ha Pl1c.5 ~nR pe)l(l1Ma Kone6ao 
H~H C flBYMR 4aCTOTaMI1 11(11 11 W 11/ 2 
nOKa3aHbI ~I1CKpeTHaR nepeMeHHaA 
en ~ ee COCTaBnAlOlI\l1e en, en ,atn' 

o 4 6 n 	 ! 211 ' a Ta~)I(e I1X ",orI16alO~l1e e(t) , 
o 	 itT;. 6Tu t eCt) = 1. e(t) , e 1(t) , e 2Ct) . 

npl1 Bbl4~CneH~11 rpaHI14Horo 3Ha
4CHI1R cpc~He~ MOII\HOC TI1 Prp 111 2 , 

npl1 KOTOPOM B03HI11<alOT Konc6aHI1p. C 4acToToH w 11/2 • KOHCTaHTbI C 1 
11 C 2 B $opMynax /29/ 11 /30/ cne~yeT paCCMaTpl1BaTb KaK 6eCKOHC4
HO ManbiC Ben~4I1HbI. ~nA B03HI1KHOBCHI1R COCTaBnAlOII\e~ e*(t) C 4ac
TOTOH (° 11/2 ~On)l(HO y~OB.rjeTBOpATbCR cne~ylOlI\CC ycnOBl1e: 

8 

e* 
1 2 )[- W;(jw I1/2 ) + k2t W~O(dITI2)] k 12 + 

/31/ 

+ "*C"We 2 J 111 - WpOW I1 /2) + k22 W;(jw IT/2)Jk ll '" ~r(jWI1/2)+'" 2 ). 

3~CCb 3KBI1BaneHTHbie K03$$114I1CHTbI nepe~a4~ 3KcnOHeH4~anbHOH 11 

nOrapl1$M114eCKOH Hen~HeHHOCTeH AnA nep~OA~4eCKl1x COCTaBnAlOlI\l1x C 
4aCTOTOH w /e 11 C 6eCKOHe4HO ManblM~ aMnnl1TYAaMI1 paBHbI:

l1

d~ 
kll 	 /32/en min

Yn Yn=Yllmin 

~en_1 	 /33/k12 	 en malt 
dYn Yn - Yn malt 

d zn , 1 1 

k 21 /34/


-----~I --~ 

dS n So Smin I-Assn min 

d Zn I 	 1 1 
k 22 	 ---. /35/ 

So sn~somalt smax 1 ~ As 
HMnynbcHbie 4aCTOTHbie nepe~aT04Hble $YHK4~~ W;(jw I1/2) ~ W;(jllll1/e) 
paBHbI . 

1 2 Ii i exp(-TH /Ti ) 

W*( jllI /2) k /36/


S IT 
a so 1 Tj j - exp C - T H / rj ) 


2 Yi exp(-T 
H 

/ri ) 
W* /37/p 2) '" Pko TH 	 . k 


1'" 0 ri j 

H3 /29/ 11 /30/ cncAycT, 4TO 

e ~(jll)11/2) C 2 
*C" ) C exp(-jwI1/2 T H) j--. /38/ 

te 1 JW1112 C 1 
C Y4eTOM 3Toro ~s ypaBHeHI1A /31/ BblTeKaeT cneAYlOlI\ee paBeHCTBO: 

C2 1 +lWp(jwITI2 ) - k21 W:CjwITle )J k12 
-;----.-;;------------------------ -- • /39/ 
J!1+[Wp (jwI1/2)-k 22 W;OWIl'/2 )]kll~ 

np~ onpe~eneHHOM YP£BHe cpeAHeH MOII\HOCT~ PrpITI2 nOM~MO Kone
6aHI1H C aMnn~Ty~oH A e rp 11 4aCTOTOH w l1 BOSH~KaIOT Kone6aH~R C 
4aCTOTOH w IT12' 3Ha4eH~A PrPITI2 ~_Aerp Bbl4~cnAIOTCR sne~YIOII\I1M 06
pasoM• 3aAaBaRCb PAAOM SHa4eH~H Ae B Al1anaSOHe 0.$ Ae < 1 11 ytC
nonbSYA $opMynbl /20/, /23/, /25/, /32/-/37/, /39/. AnR Ka)l(~Oro 
SHa4eHI1R Ae Bbl4~cnRIOT P 11 KOMnneKCHY~ Ben~4I1HY C2/C 1 • HCKO
MbIM~ 3Ha4eH~AMI1 Prp 11/2 11 Ae rp RBnRIOTCA Te SHa4eH~A P ~ Ae ' 
KOTOp~~ COOTBeTcTByeT AeHCTBI1TenbHOe SHa4eH~e C 2 /C 1 • Cne~yeT 
OTMeT~Tb, 4TO AO KaKorO-TO YPOBHA cpe~HeH MOII\HOCT~ B03HI1KW~e 

aBTOKone6aH~A C 4aCTOTOH W IT I2 6y~yT YCTOH4~BblMI1. B 3TOM HeTpYA
HO y6e~~TbCA, npOBeAA aHan~s, aHanOrl14HblH aHanl13Y YCTOH4~BOCT~ 
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aBTOKone6aHH~ C 4aCTOTOH aMnnHTYAOv. Ae • npH AanbHeHWeM 
YBenH4eHHH P XapaKTep CTaHOBHTCA 60nee CnO~H~M. 

np"IM<:!p 

AnA HMnynbcHorO PeaKTOpa C napaMeTpaMH ~6P-2 AnA pa3nH4H~x 
3Ha4eHHH nepHoAa cneAOBaHHA ~MnynbcoB MOQHOCTM TH 6~nH paCC4H
TaHbl rpaHH4Hbie 3Ha4eHHA cpeAHe~ MOQHOCTH Prp17 , npH KOTOPblX 
B03HHKa~T Kone6aHHR C 4aCTOToA w17 , a TaK~e rpaHH4H~e SHa4eHHR 
Prp17/2 H COOTBeTCTBY~QHe HM 3Ha4eHHR Ae rp , npH KOTOP~X nOMHMO 
Kone6aHHA C 4aCTOTO~ WiT B03HHKalOT eu.te H Kone6aHHA C 4aCTOTO~ 
WIT/e' Pe3ynbTaT~ paC4eTa npHBeAeH~ Ha pHc.6. 3Ha4eHHA napaMeT
POB 6bln!-1 npHHRTbl cneAY~U\He: 111 == 0,364; 112 == 0,636; Tl == 35,5 C; 
T2 == 2,72 C; k(/l = 0,06; ko 0,01 t11<j/KBT; TO == 10 c. 

Pl1c.6. 33Bl1CMMOCTh rp3HJ{4HbIX 
3Ha4eHHH cpe)J,IlHX MOU\I!OCTl'll 
P rpIT ,Prp17.'2 Ii <lMITJ1HTYAhl .:1B

TO K0J1l'6aIHlfl 3HcpnH1 HMJlYJlhCOB 
MOU\HOCTI1 Ae rp OT nepH2)~a CJ1Q
AOB£lHlUI HMnYJ1bC Oil TH • P - B MET, 
T H - B C. 

B Ta6nH4~ AnR 3THX ~e 3Ha4e
HH~ napaMeTpOB H AnA cnY4aR TH == 
== 0,2 C npHBeAeH~ paC4eTH~e no-

OJ lO r cneAOBaTenbHOCTH 3Ha4eHHH 3Hep0,01 0,1 
" rHH I1MnynbcoB en AnA aBTOKone

6aTenbHbix pe~HMOB. npH Prp 17 " 


< P Kone6aHHA COOTBeTcTBy~T ABa HMnynbca, npH 

4eT~pe /pHc.5/. no AocTH~eHHH HeKoToporo 


xapaKTep Kone6aHH~ CTaHOBHTCR 60nee 

cnO~HblM. 

3AKJlI04EH~E 

npOBeAeHH~~ aHanH3 nOKa3an, 4TO B HMnynbcHoM p~aKTope BcneA
CTBHe HenI1He~HO~ 3aBHCHMOCTH 3HeprHH HMnynbca MOQHOCTH OT peaK
THBHOCTH H MOU\HOCTH HCT04HHKOB 3ana3AbiBanQHX He~TpoHoB B03MO~HbI 
YCTO~4HBble aBToKone6aHHA 3HeprHH HMnynbcoB MOU\HOCTH. B pa60Te 
nonY4eHbI ycnoBHA B03HHKHOBeHHR H cyQecTBOBaHHR aBToKone6aHH~ 
C 4acToTo~, B ABa pa3a MeHbweA 4aCToTbI cneAoBaHHR HMnynbcoB MOQ

HOCTH. nOnY4eHbI TaK~e ycnoBHR, npH KOTOPblX B Kone6aHHAX nOMHMo 
cOCTaBnA~U\eA C yKa3aHHoA 4aCTOToA B03HHKaeT cocTaBnA~~aA C 4ac
TOTOH, B 4eTblpe pasa MeHbweA 4aCTOTbI cneAOBaHHA HMnynbcoB MOU\HO
CTH. 
10 

Ta6J1Hu.a 

ABToK0J1e6aHHR 3HeprHH HMnYJ1hCOB MOU\HOCTH 

0,2 c; P 10,97 MBT; P = 13 86 MBTTH rp IT 	 rp17!2 ' 

P, HBT en 

n = I n == 2 n 3 n = 4 n == 5 

t I ,52 1,38 0,62 1,38 0,62 1,38 
12,07 1,51 0,49 1.51 0,49 1,51 
12,62 1,6 0,4 1,6 0,4 1,6 
13,17 t ,67 0,33 1 ,67 0,33 1,67 

14 1,6 0,346 1,86 0,208 1,6 
14,17 1,55 0,372 1,9 0,188 1,55 
14,31 1,52 0,393 1,93 0,173 1,52 
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H3.UR~eDbCKHfl OTDeD 06be.UHHeHHoro ~HcTHTYta R.UepHhlX HctnenoBBHHP 

nonoa A.K. P11-86-576 
AsToKone6aH~A M~HOCTH HMnynbcMoro peaKTopa 

B 4enRX aHanHTH4eCKoro ~ccneAoBaHHR A~HaM~KH ~MnynbcHoro peaKTopa nepHo
A~4eCKoro AeHcTBHR nony4eHw ycnoe~ B03HHKHOBeH~R aeToKone6aH~A MO~HOCTH, 
o6ycnoeneHHWX HenHMeHHOH 3aB~C~MOCTb~ 3Hepr~H HMny!lbCa M~HOCT~ OT peaKTI1B
HOCT~ H M~MOCTH ~CT04MHKOB 3ana3AW83~~X HeATpOHOB. noKa3aHO, 4TO np~ CpeA
HeA M~HOCT~ peaKTOpa, paBHOH nep80MY rpaH~4HOMy 3Ha4eHH~, B HeM 803H~Ka~T 
KOne6aHHA C 4aCTOTOH, 8 ABa pa3a MeHbWeH 4aCTOTW cneAoBaH~R HMnyflbC08 MO~
HOCT~. npH 6onbweM 3Ha4eHHH cpeAHeA MO~HOCT~ B peaKTOpe Ha6n~Aa~TCR ycToA-
4~Bble aBTOKOne6aHHR, aMn~TYAa KOTOPWX onpeAenReTCR yp08HeM CpeAHeA M~HOCTH 
np~ CpeAHeA MO~HOCT~, paBHOH 8TOpOMY rpaH~4HOMY 3Ha4eHH~, 8 Kone6aHHRX nOMH
MO COCTaBnR~eH YKa3aHHOH 4aCTOTW B03H~KaeT COCTaBnR~~aR C 4aCTOTOH, 8 4e
Twpe pa3a MeHbweA 4acToTw cneAoBaHHR HMnynocoe M~HOCTH. Bo3HHKWHe Kone6a
HHR c A8YMR 4aCToTaMH TaK~e ycToH4~B~. 

Pa6oTa 8wnonHeHa 8 na6opaTop~H MeHTPOHHOA $~3~K" OH~H. 

Coo6weHHe Ofh.e:umeHHoro HHCTifTYTa ll!lepllhiX HccneuoaamtH. lly6Ha 1986 

nepeBoA O.C.BHHOrpaAOBOH 

Popov A.K. P11-86-576 
Power Oscillations of Pulsed Reactor 

For analysis of the dynamics of a periodically pulsed reactor the condi
tions of formation of power oscillations are obtained. These are due to non
linear dependence of energy of power pulse from reactivity and power of de
lay neutrons. It is shown that at reactor mean power achieving the first 
boundary value oscillations appear in the reactor which frequency is by a 
factor of 2 less the reactor power pulse frequency. For more value of the 
mean power stable oscillations are observed in the reactor which amplitude 
is determined by mean power level. For mean power equal the secondary boun
dary value new oscillations appear. The frequency of additional oscillations 
is by a factor of 4 less than the reactor power pulse frequency. The arisen 
double frequency oscillations are also stable. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1986 
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