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I. BB8,n8P8 

3!!9pI'B1! IIII!IyJlbCOB " ODtBOC TH B IlWllYJlhCIIOII pelUC TOP9 O~ellb qyBCTl3R

!6HDB8 K BB8A9HBOI peaKTBBBOCTB Bcn8~CTB.8 Taro , qTO B CT~ ~PMK

poB8Dl1II IIII!IyJlhCa IIpoHC%O,lll!T pes r oll za KI'IIOB9HIIHX aeITpoB8.X . Hanp,..ep, 

B peaKTOpe n9pHo~8CRoro A81CTaBH THna HOP OTBOCHT~B09 a aw8H8Hae 

<tneprJIB. mmyJU.C8 Dp. oe6o.Jll,ECIII Bow eRD peax'rDHOO'lJlA Q/ Q 
B 9~ lIIIOXf..u.ce f BJlpa&aeTCR COO'l'HOmeB14811 I 

II a/a = q = .tY~" . 	 (I) 
r Ae 	 f3 H - IUIl)'.nCHBJI JtOJUl S8Daa,ItHBAJIUKI BoITpOBOB; B ucmocTIl, Jl.U 
IIEP~2 p. = I.S· ro-4 , T ••• B 40 peB llelllolJe , ~.... p a<W> .IIlIIi peaK'o

pa BOIIp8p a moro .Ilel OTIlIIli 0 ;ypaao..... TOIWIIIOII . lloaTOlly IIjlII BOpllBJ[ba ol 

pa.6oTe IlWllYJlbCIiOro peaKTCpa n8jl1l0.llll'lOCKOrO AelCTI!lIlI aBep l'll.ll Bllll)"JIlr 

COB acnHTHBaet 8R8'lBT6JUHWe ~TY8JlD Eta- sa BQ..IaGaJillt JooOUATIIBlIOCU: . 

Up. 6o.GJDI 9Sa'Q9BB:SU 9BSPru .IMDY.ahCOB a. C(tCi"lh!tTCTBeIDiO, olill'Ul"'fe.mr

11011 zarpeJle lUIepsoro TOlLDBa oa IIIIIYJIloC ltMe6aIm!i " QDt8oon ~1.I\Y T mI

8llBIlTb .Il0nOJlllllT8JtbBHe KOoI&~ peal<TIIBIIOCft, 8CJIII TOKIIeP"TYJlIIIII ,,0

~'BT ~aKTKD8001. Kr I O. 
B ~o~e 1G....."Py.TCII 1IoUJlIIII& ....&paTYp&o!'C ~~T•. peal<TD

BOOT_ B8 &048daRKa w~OCt. (TO~e8t 8Be~ ~~OB M~ocr.) B 
IIIIlIyJ<I>CBOII peal<TOpe, ~O'aDIl"" " p&PIIe n.pao.llll'l.oxa nOBTOp!lllltlXOII 
BOIDmleK. 

AIIa.l!II8 1Ipo56.1l8U 089 ~.T8 TeJLll.O......""8BJUl IIU.Q' 80_ MOIIIIOC

TI ••o.ra6aHd JIB'f'8HCDBOCft a.att1l81lN'81'!"V ael'l'POfloll; aft 4taa'tDJII He 
OIBaRBA"" .8.D.fIl[&ft sa UQec'!1I8H1D1e pe81nt'8m 8BUBS8 ( CW.IJpI.40&e1tl.O). 

2 . 	 -Dqryp8BJIMe- IQle6alJI8 MOIR'OCH • lI[)ftR9.DM 

IOT0IUBocD IMQY41rC!QOro reA1ZOpB 


COOTIIO,",,1IJI8 TlDa (I) "oaeT 6wn BanlO8BO .I\lI8 .111601'0 TllII8 aaJ}'JUo<>

!foro peal<TOpa DjlIl M9.JtII% BOlllQlleJII!JU peaK'I'ltBIIOC"" B IIIIIY&C& P : 
q = K .. ·p . 	 (1') 

JlyOT~ BU"""" peal<TDl!ocn P" .....lIIl. r Oll o r IIIIIYJtIoC8 It IIIIIY.I[h(lY 

·;--c.J;l~~hE-~ 
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nepHO.JU!1I8CRB c rrepHO,n;OM to' KpaTRW4 nepHOJIY DOBTOpemtfI ZMIIyJrbCOB 

MOIIIHOCTH tp: to N· tp , npll'l81ol ~ pe ~ O. IlyCTh TaKlle 

n =4 
TeMIISpaTypa. MepHoro TOll.lIl1Ea (YCpe,Il;H8HBM no aKTnBHOit 30Be) OWlClma

eTCJi )1I!<!JjlepeHI\l!aJl.b""" ypaBHe"""" I-ro uOpll.ll!<a

t = - .;.T + Q, (2) 

r,lle DLI,llMeHHaR OHepI''''' Q (f. ) II!latepaeTCJi B TBMUepa'7JlllllX e,llllH1!

= (lIHIIYlI c.nOBallH , TeW[oiiMI<oCTb PeaKTOpa npllBllTa passol el\lllDlIle) . 

'ror.llB Ta.mepaTYpa uep9A BaqanOlf ( n .. 1)-1'0 mmy.n.ca 0npe,lle.a1'CH 

B!ip<meHDau 

T l -) = Tl+J exp (-cJ,t) =(T l-)+Q)exp(-Jt l ,(3 ) 
n-H } r,. P 1'\ n 1 

rJlB ~ TeMlleparypa Townma cpaay nOCJJS f'l - 1'0 BlmYJll>Oll. a 

On. - CKaqOK T"""epaT)'1lll B !lMllyJThce (1. e. aReprllll 1lWlIY"''''u WOII\IIOCTU). 
OtlLJlOS BH1:tR:!:IWInBH T l-) R "'T1 t- ) 01' HX Cpo.!(IlOro SHa

n. l ll "' i 
tf9HRH 6YJJ::l'r l OQ9BBJJ;HO, CBJl3aB1i COO'l'HOmeRB'eM (3~eCb H J],8JIoe IIHltOItO 

"-" orrymeH); 

aT = (ST. + n Q )·If (3 ')
tl"H n v~ 0 ) 

rllB ~n... oIIJle~CJleHO (1). Q0 eCT!> c~.D,Bee !3Ra1l9BKB 3noprml amy.rn.

COB MOIIIHOCTH, J< Bb&AeHO 0603HaqellBe ':f' '" e ~ PC-d t p) . 
~ • (3') aT" ··is..,e. Cj.n., COl'.11aCIlO paeOIlOTaY 

Cj,.n. = KH'P = K,.,( p.... + KTIT,,J, ( p ) 

IIo..rryq:mI yp8.EH8HHB CB.R:3H M8lIUlY 3BaqemlJDlB OTBooe.TOJIbfPlX oTMOJroUlil 

SReprm ltBYx coce)tB1IX mmy.zu.cOB YOIltHOCTa: 

(.j)ct,,+.= rq." + K",·Pn ... , -If.J<,, ·p,,. 
r,lle 0609RM"RO (0) 

r=(1 +1<.., KrQo)'lj' 

£i!O,ilCTll.ke ue~HO.l(ll'lBOCTH HCROWoro lIJlOI<ecca q.! t) (nepHoA DOCJIe

.QOBaTQJlhiiocru: p6.E1{;H TIapRo,L(J ii0Me.D,Oaa'1"6JILUOOTIl{q.rt} [pn } , 
KaK 6Y.IIeT BlIAHO 1!3 ,llBJThBellmero , npH I , r > - Il N .lUIqaHJ[/l 

q,,, OYilYT Onpe.Il8.lIliTbCJi cHcTawoll ( N - Il YpEUlHeH.l!l! IIII,II/l (4) IIpH 

t'l = I,2... N - I H AOnO.lllIl<TB.I!IJ!WI ypanHeHI!6l! 

f = rq,N+ K..,'PN - '{'KepI' (4') 

T. K. pn -=. 0 . TO WQ.lHO nOHlISHTb Ha e.lO!BlDlY D'OpsJ,ttOlC CHC
~ : ~ ~ 

TeMIl ypaBlIeRd, I!CKDI'mB g, N K PN • Teneph BeKTOp cy C 

2 

( N -I) npoeltllllllMll onpeAeJDIeTCJi YJlaBHeHB810I 

R(~ -K..,P) = -f<..,Kr,l{J,QoP (6) 

~ _ -1_lIJ1II: 
(6' )q=K"p +('f'-r) R p, 

r ,lle waTpllIl.ll 

r ( - ~) 0 o 
o r (-1) o (7 ) 

R , 

o o 0 o r (- 11 
i 1 1 (r+ j) 

1l OTCYTCTl\II e TeomepaTYPHoro 9iW>e~Ta P9"""",,"OC1'll (Kr Q o = 0) UaJIY'la

e'l'Cli oqeslWlOO COOTROIDeHDe q..... ., K.., .P- ___ ; npB K,. Q0 ~ 0 BOIIeOa!am 

IIOIIUIOO'l!ll 6YilYT Onp8AeJtlI'rl>CH B8RTOjlOII P II 9He'l.HlI"" CSe3pa3!lepma 

UBpaweTjlOB 'f B r (IWI If' :. ~ = k .., K r Qo). 
nnn DODopoweHHoA nyALC~ p9aKTHBHOOTl! ( N =2) H3 (6) 8MeeM 

'f+ / 
(l =p/(.f+ 'frr ) =p (8) 
-~f 1 'f+1 I r + l 

OTXYAa B~O, QTO npa OT~TQnbROM T8YDepaTYPBow ~Te peaRTMBUOC
TB ( r < 0 ) Ito.aeo8ll11ll MOO!IIOOT>l BIiIIle , q.... B O'I'CY'l'CTm e o<!Jjlel<Ta

T 
peBKTJIllIIOOU. Henocpe.lIcTBeHHIIII pe"eHll'" YpaBHe!llilS (6) ne!'l<o y61lJt11""CR 
B 'roll , qTO YO)lJ!eHD8 KQOe6aHd WOIIIBOCTII ga6.Jxru!a.TC>I l! np. KMeOtmIlII:x 

peax"",,"OCTI! C nepno,llow N ~ 3 (TaRO! nepBO,il 1BpaKTe~, ~ mywOB 

P9BJ<TIlIROCTIl B AeRcTBYD'l'" IIWIIYJiIoCH"" p9aJ1TOp9 KSP- 2 2 ) . C 1I0pl!"

,ll0ll N: 4 (cw . pac . 1). 
"pi! r : - I " N D 2 ,4 YC)IJ!eHBe ~OJ\eOawtll 6ecKoHeqaO BMII

KO; 3TO eCT» C;to,lleT""e ~oro , qTQ np_ r < - I IIMlIYJlbcllld! p9aJ1TOp 

~9pRO~ YCTOlqIBOCTh . Jelc~a.~e4hHo . OTHomegae 88pH8UX8 coc~ mY
ny~cou M~OCTB DpH HCqe3~e Wa.OM BoawymeBHI paaKTHBHOCTB,corA8cRo 
(4), .cn 

q,,,+,/q.n = r . (9) 

O~eB~ YC40BH8W orpaK~~eRBOCTB npouecca q. (t ) UJlII .IIl6ow 

~OM BQ~OHKB CSY,lleT Y"-,OB.O 

(10 )Irl = 'f'11 +K.. KT Qo l ~ 1. 
To ae ye",os•• (!O) "0&1<0 nQllY'lll'. C 1I011011hn <l'<>jJllWlaMlI T90JlIIlI J!IIHeI
DUX MMDYAbCRYX eaCTOM. A.lcTBIlT~HO, ypaBH9HBe (4) CY~L TaR nasYBB8

Moe wpasnOCTRoe" ypaBHeHM9 .wny~hCHoa CZCTeMU C o6paTBOi csa3Lm; ~ 

J 
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PRC. I. 3aaIiIC4L10C'l'h 8Iu1lJI.H

I \ \ -rYJrrl Bl::lHyX.IlOHID:LX l\Cl.i...aGrumil9a \ . 3Hepi~ ~COB ~~~CC

\ \ TH ( ~a.) o'r u&r&ooTpa r 
4 ( c".~ (5) , 'f = I) I1,JIJI-+ 

TPOX BaACB uepao~BCK~i 
I~OJldtJ~ CH&lIIH6J p6QKTKB

BOCTn: Donape>lOlllloR IlYJlb\ \r
camm peaxTWlBOC'l'lt (KpI!

3 -1 DB!! I), HWle6awrtt C nePllO
..IUNe cKofi DOOJIe.JtOBaT8JlbUOC2 
Tbil ip, -p, 0) (XPlIBB!! 
2) • xOJIe6awrtt C ncp.O)IH3 \ \ 

2 ---'C. __\, QecKo3 n ocneAOBaT64LHOCTbD " {p,-p, 0, 0 J (xPIIBB!! 3). 
3a 0ttIDtKp,y I1p;mHTU 8MIlJtH

T"JAll JlO.IIOOam!ll UPII r ;1./ "~~~ 
- 1 - 0,5 a 0.5 ~ 

YCTofiqBBOCTH CHCTeMU Heo6xon~o R ~OCTaTO~O. ~T06u KOpH~ xnpaxTepRC

TRQeCKoro ypaBUCH.ilil OJUlOPO;:W:Ou. j3CTli pa3HOCTHOrO ypaBBemm 6lL.'IB n o 

MOJUJIll "'eabDle I1JlI! paBHH I (eM. 3/, e. 98, TBOpe:.<a IJ. )WI CHCT9m , 
OmtCliBa~J.:)li COO'I'u o:oou.aeM (4), xapaHTepHC THQeCltOe ypaBU9KHO 8eTL 

(, - r ~ tJ , nO'To,.,. CRC T9Ma YCTott'lRBa, e= I r I ~ i . 
'I'aK1OM 06pa3OM, B O'MII'<1!e O~ pelll<ropa cT8!\l!OllaJ»!oro JlOAOTJl 

m.my.lIbCllwi paliHrop ncpuOJl.~ecKoro ltOSeTDllIl ( lI .p . n . )1) MO.1teT CTau 

ROYCTOitqu:nw.c 1I ZIp"!: O'!'PJfi¥lTe..rrDSOM 3Ha'l8lD1R 'l'eMTIepaTypuoro ~ICTa pe
III<TIIBlIOeTIl, ec.rm napa:.teTp r < - 1. B 3. 01< CJIY~e JIll60e BOsuyll(e

lIIle paan llBllocrn npllBe.nOT H "pacxs~e" """YJU.eOB - n03111UtllY" KOJIOO. 

IIllIl so'p!lCT!UI!!ell &UlJIUYlll< e nepKo",OI' N = 2 . 
Ji,rJl peaK'l'opon THUS lIEF anre6pall'leCKoe 911l1qeHlle napm.eTpB r 

ywe!WllaeTCII C poeT"" WoquOC TB peaKTopa; DpeJ\MhKOO 311SQelllle UOI:lllOCTII, 
as KOTOpoa peBKTOp repaeT yCTott.nDoCTb , corABcHo (IO),9cTh 

P = ('1' + 1)13. ( lIJII! P= ( '1' +1) £? w I III 
If·tp l Krl ' '1'1 Kplc/. t p 

rJle Kp=- k r/ol C - WOIllHOCTHOA xo~ellT peaKTlt8lIOCTB, a 
C - T9(L1(ae.u.OCTh pcaKTOpa. 

)WI qaoTlolX lIYDY.lIhCOB If CTpeUBTCII K I , II p~ ~ 
1Kploltp 

4· 

Hanp""'.p, I1,JIJI peBKTopa IlBP-2 3TOT npeJlQJI p9JleH 10 II&r (HOldl!HaJtbIIOe 

9Ea~el!lle MOIllflOCTB peaJ<TOpa - 4 MIlT). 
)WI lDIIIYJU.CHIU peBKTOPOB C CIlMOramel!llBW I!I>IDyJIbca nSpe>leTp r 

Be .""aeaT (WI.!! CJIa60 3""acnT) ~ 1I00000OC~rliHTOpe . 'I'aKJ , peaKTOpax 
C 6eSWlep!lllOllHW>l ramon... I!I'P / , EHI'P 5 , V r PER 6 aHepr"" 

m.myJl..bC8. onpe,ll,eJIfIeTCJl COOTHOmeDeN 

Q = 2p..,,/ I "AI ' (12) 

rile Pt'Yl- a8JIKPzTlftIHOCTh aa llI'BOB9mnu s 91TPOHax B HMIIyJIbce. 

KA - ~aMXqSCKKl KO~~9HT P98KTRBHOCTi, OT~A 

'l- jK"=-p '" o=2/IK,b,IQ, II r= 'f(1 't'kHKrQ) = If(1+ 2Kr ) . 
1m I ~I 

Ec.lIll TOKOA peBKTOp 6YileT BCU04b30BaT. ca B paaKIIO nepHO~OCK2X Beny

meK, TO oro YCTOil'llDlOCTb 6YJlOT o6ocne~eua npl! ya..OBlIlI I< T = K.Q. 
(Hanp!IIIep , Kl'P). B peliHTOpe I!a OHC-rpa B62'll'uJiIIX oGY'IIIO\ J(rl > I KA.I, 
a ero yCTOiI'llDlOCTh 6YJ!OT 9BBIlcen OT 'f (n:peaJI6 BCOro , oJT ....~'Nm 
IIIIIIYJU.COB ) II IIlIlUU< ao 6YJleT CBJ{'Wla C """lHOC nJ) pe8KTOpe • 

.I1I1l1 l!I>IDy.IbCma peBKTOpoB Ba 6ucTpllX BOllTpOSax C 60JW110A lIHeJllVl
OHBOCTbll ram9Hll11 Dape>lJT;l r npa~lIIIo lloaeT 6HTb BIIJlo3.40E 1111<: 

r",. - 6 'f. Q/a"" , 
r,lle Qc,o - aBeprllll amy..II.Lca, ROTOpaJI OWIa 6li upiS' OTCY'J"CTBD m el>

mm rameHllll ~ (12». OOH'IIIO B neAeTB)'IIIllU peaRTOpax QIQ=(r' 
~ 5 ~ 15 /7 , nOBTQMy TaKoA PSBHTOP MO&eT pa60TaTh B nepHo~~ecKow 

pSUlle Jil!lIIb apll O~OH~ W8.llH% 3Ba~elll<R.X napawoTpa 'f ~ 0 ,01. 
IfHTepecBo, ~TO lI . p .D .... wonT 6YTb yc.oA'lRB up. nOJIOUTena"" 

3Ba~eBD TBMllSpa.'ryPilOro KOa4¢lKIlR9HTa pe8.KTD HOCTI 1\T t TaKOW I qro 

co6nJul,ae TOil COOTBowed e (raJ. lIpa STOW KOJto6811l!H IIOllUlOCTZ 81!I:e, Q9Y 

B ClfY'!!'e oTpllUaT8J!bBOI'O TeunepaTYPBoro ,,*na ( C!< . COOTHO""BII0 (8». 

3. "Cllo6ollPe" R9Jl9<XlRP MOIIHOCt' tmII r < - I 

3.1. YCTOIqxaoCTb peaaua cno60~ BOJte6aRBA II ox nepaoA. 
B ~eICTllnBJIMOCTa " paOJt8.1U(B.11 iDIIIYJIhCOB Dpll 8aa~emua URpaaceorpa 

r < - I 6yner orpogaqeua BC49JlCTBKe BBlKHelaoCTa • orpamoqeB-

BOCTI! ~ q. (P) - 9Bepr.,. IIIIIIY.lbCOB UOOIBOCTII Be lloaeT 6uu OT-
pB.l..(B.Te.JI.hBol . B peaxTope YOTaB.OBHTCJi pe&l!M aaTOKOJIe68llB1. a TOlUIe6, 

"cBo6o,llmlX" KOJI06amr.ft (T9I*HB "aBToll:OJle68.Haa" npDI8IDlOTc.R. .. apon.ecCaM 

5 
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Q/ Q,I AHa)10 I'a'WO BUBO.ay D . 2 MomtO n OJJy'iH'n cacTeMY ypaBHeuW%, Yllosn:eT-

I 
 130JlfUJ!lYlJ IIepKo.uQeCltOt.1Y emm:
2 

(: X~ +f= r.p X. + If r;.q,(X n ) , 
(13) 

r.l(e 1'1 = 1, 2, ... N, Xn=K.KT ·aT.. 
(B OT~. O~ n. 2 YA06Hee SJleeb P~Tb s8Jl8~y ornOCKTeAh80 TeMDOpa

TYIEoro a<PI>w<Ta pe8R1'IIBlIOCTll , a He 9Bep!'Hll H!o!IJyncon 1I0IljllOCTa). llopn-
JlOK N CHCT.... (13 ) 3apaH"" HeIl3BeCTeB : " pes r.!lIo.aOCTBa peIlle!l1lll 

X(1/ ) CJt8JlYeT OT06p!1Tb Te , KOTopu e ycrolt'l1tllll . !J.!eBlWIo, TPHBlWtb-

Hoe ~emeB1Ie ClICT..... (13) Xn = 0 HeycTOI'IlWO, T . K . aMasa X =0 
3<I/Yl<l<lIWl q ( x ) )"",e!!.Ha , 2 TOr.l(a CnpaB8J1,II1IB1I BWlOJIll n . 2 ( eld TIlli.../ /, 

rooper"" 7.4) . 
YCToll'lllBOCTIo pemeHltll CIIC""'" (13 ) np. N ; M ipH3.".CKlI 03HaQa

30 11 
eT , ~ peauY CBOOOlllDlX KOAe6aHKB e oepaOJlOM " cnycTn HeKOTOpee 

:8peM.1l DOCJI9 WaJ1oro B03lCYlll9HWl peaK'l'1mBOC1'R BOCCT'asBBn1lBB.eTCR . YCJ[olmeFMc. 2. XpouOAorR~eCKafi DocnBAoBnr~bHOCTD saaqeHBA aHepran 
YCTOI'tKBOCTZ nep.o~~ecKoro paKHMa 1I0ZHO nQnY~Tb "eTOAOII AHHeap.3a

w.mYJl:LCOB MOIml00T& (O'nlOCIITBJI.bHO RQ"IWl LHOro ssa-qewlRJ B BKD.yJI1,.C
1UIII RpoIl8Cca (cu. B/ , e . 177). Dycrh X~M} - p ...eHlle CHCT..... (13 ) 

HCIoI nep1lo11ll'leCRII DyJIhCUJlYIIqeo.t peaKTope C 6es""e!IlllolllOOol cBllora
npa N=- 14 ; npn HC1J:83a.l1!1e imIlOU BO~etmH peaKTH.BROC TR n OJr)"'lUD'meBaew mmym,ca npz BBeneBlIl! Baea:neD: peax'rBBBocTa p:; 0, I fm. 
JW1ryrJ CIICT""Y ypaaaeHHI ' nepell nep"..,. B>lI!j'AbCOil ( I'l = I): peElRTOp XElpal<TepllsyeTCJi napa


MeTpaMlI ; If' = 0 ,9 , r = - 1,09; ~epl!lie !<pyzKll coorneTCTBYJl1' 
 ( 11) _ ((M ) ) + ((M) ) 03')
':l6THm4 m.wy.ocaw , demi9 - BeqeTBliM . Xnd + t n,,- 'f Xn + £", if·riq Xn + En ' 

XCI1)I'Jle E - B03JlY'lleaBe B6JIlNIIBIl h. . 
n 

OpeJlCTaJW<J! HO.JlllJlellHocTh q, (X) .iUI)'IoIII nepBIIMH 'iAeH8IOl! paMo:ten"" 

DO II'lJI0I0Y n8paMeTPY E. n. • nCnOJlIoaYH (3) , nMY'lOM ...OCTO (13 ' ) 

B 8enpel"'BlIHX cllcTe"a:., cu. /B/ ) . B K.QeCTB9 llpll><epa pa:lBHTIlR IIp<'!lec
_ La I ( ( M)) (1 4)

en. CB-m.ttmlX KWIe6aa.iIA B8 pBC. 2 8sodpazesa XPOHOJIOl"ll'i9CKaR DOCJIe,u,o [. "+ , - r ' E,,+ If· rr ·Cn · q, Xn 
:aB.'Iv.u.BOC'l'b O':'1tOCllT6J1.bHO~ aHBJI.I"Lf. wmY.a:bC<JB WOJItElOCTlt perurropa c8IIora

Dpeuocc [. ( t) 6Y.l(eT CXOJljlTIoCH K HYJID , eCJ!llCllll!ero AetcTuM C """'0l1li914 6e3 lIHeJXllll' , pa60T3IIIlOro B pealIMO n OPl\oJljl

qOCl<llX BCllLlJlleX , nQCJIe CRM"" peanaBBOCTI p . 0,11'.... B aCXOAHOI4 

CVCTuanaH c nocTGaBHoA 3Heprao! BWDy~OB . PasBKBBDQRDca upouecc 

I (tM I = n\f.( j + rr q'.()(!")))I ~ i (IS ) 
.~"",. iIMIIY-"""OB npepmaeTCJi nOCJle TOro , KElR 3••prllll OJlHoro IITI 

n f( <s. tmmyJrbCOB ,D.OCTl!rHeT "By.lOSOl'O" 3H8'118llM. Cu.ycu H8KOTOpoe BpeKfI YCTQ

HaRDl!amc.a nePl\oJljlqecKile cBo6olllDle KOAe6alwi C nepaOJl"" N = 4. Yc.noa•• ll~) eCTb YCJtoDlle YC1'OA'UlBOCTH p8lll!IoIll CDOOOJDIWt KMe6aH1llt c 
'.amuTYJl8 CBOOOllB!lX KOAe6aru!lI ~, DO.TOlly npI r < - I neT 

Dep.OJlOL, II . 
CMUCJIa rularuI3aposaTh lIHIJyU9l1llW8 Ko.n.e6aa:wt MOI:IPl0CTiI DCA .B.lIWIHIeu MB. I., 
JniI KQJl96aHd peaKTIBHOCTI; KOJledWUbl 3HeprBll RMIJYlILCOB MOntltOCTH. B J. 2. AIIaJ1M3 "CB060.I!HIIlC" KOAe6aHKB D peanope TJIlUI IffiP, 
't8.kOM pemwe 6yJfYT storM 'f'OJlLl(O cB06o)ijUJM.H . :JaAaqa 9a.JtJtJNQ.9'tCH 11 <byltKuJ!II q, (X) .IWI lIE"" ,",OlleT oon npe.l<CTlUlJle"a B Billie 
BUO-.r\eaHlI nepROJlll 2 tlMILoUITYJUI CB060llB!lX KQJlOOIIHJIJI. Cl- = ex pl;J.) - 1 /9/ . Tor.o.a nepao.II.H~ecKIlII ~"" CBOOO.I!HIIX KMe
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6aaHl OnHCWB8BTCR CHCTBMOH 

(~(~ 	 (~
Xn., = If Xn + If· r;( exp X" - 1), (16) 

n ::::i, 2, . . . M, 
a ycnoBne YCTOUqHBOCTB OTor o paaiNU eCTb 

1nM 

"fl. (1 + rT exp x~"'») I ~ i (17) 

1(=1 
COrJUlCOllaJlUOO p""eHRB ypallHBIlliJI (16) H nepaueHcTBa (17) onp<rnBJIJIe T 

nepDO.ll II a 3MII.al!.TYJ<)' KOJl.6B!1.d 1IOIlUI0CTH C}a. =1/2' [ max g,( X:;I) 

_ mlrt Q.(X~M))]. 
AHaro<. nOKll3liBa8T, qTO JI,IIl! <f ~ 1 ('lac",. llIIII}'J!bCll ..OI!UlOCTH) CBO

60JlHlie KMBOIIiWl npll -1 ,5 < r < - 1 ""81lT nepHO.ll, pauHllll n)'V, 
1I BIIIW"'YJIY , Onp9JUWl llAl)'ll npH6JiDellllJlU ypauae!lBew 

ll1.[I+Q.J/(1-qJ ~ -2q,a: ~ · r;./('fi'1), 

KOTOPOB JlllJlJleTCJI TO""",", npa 'f' = I. 3aBacIIMocn nepHOjla CB06oJllll,l.X 

KMe68!lal OT napaMeTpa r lIMeeT CJIomw.1! xapaRTep, nOKa3lllllld Ha 

pHC. 3. 

HHTepeCBO OTMeTHTb, QTO B CBo6o~ aane68RHHX BCerAa 
M.L g,n.> 0 , T.e. MOIIiHOC Tb peaRTOpa yDEIJ!II'UI.OaeTCll npu UX 003

n~ 1 
HKKHOBBBRBj 3TOT CKaqOR uomgOCTn CllHDHO 3aBHCRT OT ~ (H C4a6o -

OTr);TaK, npZ '1' : 0,9 z r'=-2,2 OR COCTaannOT u ,oo Q o) 

a npH 'f = 0 ,5 - YEe 0 ,5 Q ' o 

3.3 . Cll060llHl'e KOJle6a!mH B l1WI!y.lThCHOto' nepnOJ\H.ecI<OM peal<TOpe 

C 6e3liHepUllomruM raweHR6I4 IlMIlYJlbca. 

3aBHCBMOCT~ OTHOCHTeAbHOrO H3MeHeHnH 3Bepr~ HMDyAbca OT peaK
TREHOCTH rrpa6.JIm!eHBo rrpe.ncTaBllM B Bl:U!.B 

x ~ - I ;) {X, e=q.. (x = _ I, BCJll! 	 ( ::, )x < - 1. 

HeTp~o nonyqn~L Y~10BHe yCTO~OCTH nepHOJ\H.ec Koro pexuMa D cnyqae 

3a.'0Ila !I8) JWl q. ex): 

I'fLrM-LI~i , (I9) 

rlIe L paRKe! 'lHCJIY llM!IY.u.cOB B nepZOAe, JWl KOTOp!lX q. ~ - I; 
L npHH.\!l.laeT OlUlO as 3RaqellliJl 0 ,1 , .•. M-2. Dpn M = 2 L a!.leeT 

TOAhKO gyneBoe 3HaqeHBe; TOr .na ycnoBoe (19) He BNnO~eTCH npH 

r <- I. 3l!a'lHT. pemlW 3HaROnepeueHHoA aMIIJlIlT}')!)< B ilMJJyJl1>CHCN pe 

BJ<TOpe CaMoraCJll:{ero AenCTBIOl Be BO",,<UleU. lJp. M = 3 L = I ; TOr"", 

ycnoB.e YCToM~oCTB: 

If r 2 ~ i . 	 (di) 

I1a CHCTe..... yp;lBHeHl<ll (13) ,D.l!II I!!>IIlyJl.ca C q, = - I nWI)"IIIW 

X I := r 2(r- 'f)/('fr2-1)~ i. 	 (2(,1' ) 

YcnOBHII ( 20) • ( 20' ) npoUBOpe~ll, CJIe.lloaaT8Jl.bllo . ]l8u.II C II ~ 3 

TCla9 BODO:;!}lo&OH. WmuwWlhBoe 3H8.ttOfW.O nepnoJtl:l eC'lh 4 , a a.a.m.mdTYJlB. 

6aHbme 1 (CM. pHC. 2) . 

4. B N B 0 .n Ii 

4. L lip. OTPllllllT<UlW!ClII _epaTYPHOU Ro~eBTe pe8J!TI!IIHOCTa 

KOJte68u,," 	MO<qllOC"'. B llIIllYJI1>C""" paaRTOpe nep'OJlll'i8Cxoro .IlB2cTBili pac

TyT C yDM'~Oll.OII IIOIIROCTK , ecna KOJte6aR11J1 BR8llIl!ell paaR"""BOCTM npo_ 
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HCXOART C qaCTOTaMB , B BeCKanhKO pas MeHDmBMB qaCTOTH ny~c~ M~

BOCTH, no kpaAHeD Mepa B Z-4 paaa. 
4. 2. B OTnKqBe OT peaRTopa CT~oHaPBoro AelcTBRa O~acTb 1c

Toll'llU>OCtH JIlIHelllloro np.6.UJ<elmH llMIIYm.csoro paaKropa npB OTpBDRTMl>
BOIl T8Io01epaTyJliOll x09<jlpllIli!esTe paaKTIlllUOC'l'1I orpaJIl!'!eSR; BBTe.",a.. 1C

ToAqasoCTB ~elllloro npaomoaeKHS aDpeAsnReTCH Bepas9HC 'I'BO~ (10) . 
4.3. Wa-sa H6IIIIIJeAsor o xapaXTepa eM • • auepl'lIl'l llMIIYJ!I,COB MOIII

BOCTH C BBaAeBBOI peaRfHBBOOTbD Kane6auHH YomBOC'. B ~TX CS060A

IIllX RM06mllIl Orpall""eBH; nepl!OA • 8Mlti!BTY.ltII CSOOO,ll!!HX Ko.,eOaBI!A 

CJtQJ:l!llll OOpaaOOl 3"""OM 0'1' aapauOTpOB pa8lt'topa B = 06J!acn, ~.
RO! K npeAEIJIy YCToll<DlBocn J!1!IIe\llloro npHOiDWIHIlIl, MOryT 6U'tb onpeAe

~eHW aR&aK~eCRM. 

""'TOP BOC""" npH3S0TMea n~. lI.a.ilJelleJlaBY II X-'t'J ""'3 ........T.BayJ< 


A. K.lIonouy 38 nane.""e AIICKYCen no lISJIaae!IHoa SAeCb r ell•. 

IIl'II.I!OmlIIE 

IlJIWlI!l!E 3AIlA3IlJlBAlll)Il IlEWl'POHOB HA IIPSJlEl!Ii 
YCTO~'II!IlOCTl1 II.\IIIYJlll:HOro PEIJ\TOPA 

B ..1Ill1(elHOM nplf6.UaSHD OTnOCIl'fe.u.aoe o'Dtl101leoe DHCprm! n- l'O 

iI>OIYRl>CQ 1l01llll0CTJl ( B OTCyTCTmlB BO:!lC)'llleHl!1!) 1("",,0 3QDI!eaTb ,"IlK : 

b T 6 

q,n.;= ~ as/S + KH • K,$ In. =Eq i.,n + qr. n , 
L~f l =f 

r JlB S H St - ope,JOlfUl iIB'1'BSOIitBUOCn IWTOrm.:&Ka 380AJU)lBem;n Rel'r

POHOB oepal{ """Y"bC"""'IIIllOCTM. DOJDIQII • i -II rpymw cOOfBeTCTB6BBO. 
KoHUeH't']l81tHR: .o.T01C1RKOB 3awt3W'S9!'t(1'T BeAT[lOBOB IIOA'UDUlO'l'CJl 

ypaB£eJllll) TOro &e T.ilI!B (2), ~TO B T"""epa'!'Yp8 IlKTIU!HoA SOHll, nOeTOI(j' 

QIIMOIT/IIO mmoA1 n. 2 YOJDIO DOJIy'UlTh CJteJlYllilYll CBCTeuy paaHOOT!II<X 

ypaBIIe!lld JWI onpeAMeBJlll opollecco q, (t) : 

~ =i,2 , .. . 6,(2I)Ci-i.,n+l= Ci- L,11.. 'fi. + 'in: '1'( ~ 


o,.rn-+.=qrn · 'f + 0 n,' 'f ·r , 

I 6 ' ,. r 

. qrt = t; q,L,n + q,T,n 
r,ItB o6oSHaQeno: 

III 
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'Pi = eXp(-~itp) rL=f,(~i./2J). Ll'i'f/(I-'fJ) ; 
£=1Au f-' i.. ~ IIOC TOJiHB811 paCllBJla H aqq,eJtTiIBHaR ,ItOJIJI saTIaSllJiEIa..DIiKX 

HellTpOHOE L -J! rpymw. Ec.Jn> ypaeHeBlle (21) 3arnICarb B BexTO]»lOa 

<I1oJlMe - - A R"
~n'H- ."1-n. J 

TO MaTPl!J.l'l 17'7JecTbA 
('1', + 'f. r,) 'f. r. 'f. r: 'f, ' r, 

A=I 'f.G. ('f,+'f G) 'fr: '-PI'" 
2 2 2 2 2 

'fTr 'f·rr 'f'. rr . r 

CorRacso / 3/ (cu. c . 101, reopeNU 3 B 4) YCToA~oCTb CBCTOWH oopaAe

M9TCH C06CTB9HHliMR UCJI8M}J Ma'fP&ltU A - Olm Jlo.JmEm 6NTb IJOHhm9 H.lIi:I 

pasBH!. 

B cJ!Y'Ule 01lH0l! rpymw saoa3AJffiQl!1!111X Hel!TpOsOB MaTpHUa A eCTh 


A= 
 ~ 

1 - r'f' I 

'fr
T 

xapaRTepnCTHQeCKOe ypaBHBHE8 

(.; - ,,) (r - A) = 'f rr (1 - 'fj) 

a lWPHlI 91'0: 

" r. f 21\2=2 ±. '2,f /I(r-l) +4'frr(1 -~) ' 
(22) 

B OOJlblilBHcme CJI,Y'IB.eB OO,llKopelDt Oe BllpauBl1e ""lIRO paMOJIllTb OTHOCIl

TORbHO MaRoro BTOporo VleHa, H rorM JWI r < I 

1 + 'f r;. .( 1 - 'f, )/ (1 - r ) . 
(22 ' ) ;\ = 

1,2 { r _ 'f. rr (1 - '1',)/(1 - r) . 

nY''''' U!,..LIllIaQ eOOT!,o~elmH (22 ' ) seTPY;IUlo y6eABTbCR, QTO npII OTJllIlliI

Te.Lb!.!ON .....uOI)l'..rYpIlO\l "'1IbeKTe pellKTl!llROCU Y'let 9IWB"'lW"'0iID'X HOBT

poUOB 1"WIW 1~!oT ,IlIWIlQ30R yoroll'llU>oJl pa60n.! llMIIY""cnoro paaKTop!l 
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A CTagOBlITM 60JIbllle I DpZ BeKoTOpoM aHaqeBlm I ro J > I. B TO 

BpeMR KBK n o ~opMy~e (10). A~ea Y~OB"e YCTO~OCTB B Dpz64HaeHRH 

BBRSMeHBOC TD BCTO~ 3anaa,mmamprx BettTpoBoB, I r:. I < I. HanpoTRB, 

npz nMODTeJIbBOil TeomepaTYJlB"'" Ko3<Pl>=eHTa ( ~:> 0) 06JulcTlo 

yCTO~OCTl! CXOJ1.jlTM K BYJ!Il - DpB .m:l", Ba60pe DapaMeTPoB 'f, rr 
II 'f', OltllH lla Ropsen xapaxTepaCnqeCKOrO ypaBBelll<!! I A I :7 1. 

Ilalmo O'llderll'l'l> . "TO nODp!UlRa K KplITeplla.llhHOIq DapBlleTpy YCTolI 

tUIB.ocn: r , CBllSaBBM C 3 a naSl$BaIll:ll!KK HeATpOB8MB , H99l1a'IQITe..za,aB; 

B~3B r = - 1 OBa He np9BHmaeT 0.1 ~ Bcex pas YMHWX 3HaQQEOA 

'f " 'fl ' AnII qacTJD; lIIlllYJIl>COB ( KOI';lla npoua.yTOX BpeII9BJ!. MEWtJ' 

mmYAhcmm MHOro MeaLllle -reWloBoi1: DOC'l'OHHHo.i! p&WM'Opa • nocroRXBo:li 

Cll8,I!I! 38IIaswmamn HenTPOSOB) nonpaBKa plUllla - '" ip . 
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Wa6a.nI1H E.n . P11 -85-776 

o Ko.ne5aHI1A X ~HOCTI1 11 npeAene YCTOH411B OCTI1 

l1~ny.nbcH~X peaKTopOB 

B CTaTbe BweO~TCA COOT I1OWeHHA ~e*AY nepI10AH4eCKI1~H I< One5aHHAMH peaKTHS
HOCTH 11 3HeprHH I1MnynbC OB M~HOC TH B HMnynbcHOM AAepHOM peaKTope nepHOAH4 eCI<O 
ro AeHCTBHA C Y4eTOM TeMnepaT ypHoro 3~eKTa peaKTHBHOC TI1 . nOKasaHo, ~TO OTPH
4aTeJ'ibHbPH T~nep'aTy pHwi1 3¢1¢'e I< T peal<TI1BHOCTI1 y8enH~H8aeT I<One 6atlHA MOLliHOCTH , 
BW38aHHwe ManwMI1 Kone5aHI1AMH 8HCWHeH peal<TH8HOCTI1 C ~aCTO T aMI1 B AHanaSOHe 
1/ 2;'1 / 4 OT 4aCTOTW cneAOBaHI1A I1MnynbcoB MOLIIHOCTI1. npH HeI<OTOpOH. 3tla4eHHI1 CPeA 
HeH M~HOCTI1 peaKTopa, TaKOM, "ITO 5e3pa3MepHblH napaMeTp 06pa THOH CBA3Ht = - I, 
Yc14ne .... e I<One5aHHH ~OLIIHOCT14 npH Ma.nblX Ko.neGaHI1H peal<TIo'IBHQCTH 6eC I<OHe~tlO Be
nHKo, T. e . peaKTOp nepexOAHT B 05.nacTb Kone5aTeJ'IbHoH HeHycTOH4HBOCTH . npoee
AeH aHanH3 "cBo6oAHblXIl KOne6aH14i1 MOUI.HOCTI1 8 3TOH 05naCTI1. OnpeAeneHa rpaHl1ija 
YC TOH4HBOCTI1 AnA peaKTOpa H6P-2 - 10 HBT~ AnA peaKTopa C MeXaHH3MOH. caMorawe
HIo1A I1MnyJ1bCa npeAe.nbHoe 3Ha .... eUl1e /8 OoIblUle YCTOH41180CTI1/ cpeAHeH MOUI.HOCTI1 3Ha
4HTe.nbHO I Ha A8a nOPAAKa l HHwe. 

Pa50Ta ewnonHeHa e na60paTopl1H HeHTpOHHOH ¢lH3I1KI1 OHRH . 

llpetrpM.T ~Hl!tDlOro 118CTM -ryt'j! liJJ.ep.a Mecne.a.oaaMitR. Dye •• "'985 

nepeeOA aBTopa 

Shabalin E.P. P 11-85- 776 
On 	 the Reactor Power Oscill a tions and the Stability 
of 	Pulsed Reacto rs 

The reactivity- power relati ons in the case of outer reac ti v ity periodi c 
oscil lations in a rep~tltl vely pul s ed reactor are derived with reac tor- powe~ 
feedback taken into c on sideration. The res ults show amplifi cation of osci l la
tions by the negative feedba ck, If the osc il lation f requency i s 0,2-0.5 of 
the reactor power pulses f requenc y. When the nondimensi ona l parame ter of a 
feedback is equal (- 1) . the amplificati on goes to inf inity . i.e . a reactor 
becomes uns table ( In linear approx imation) . The anal ys is of "free" ose~ lla
tions of a reacto r power wh en the reac tor i s linea rl y unstabl e i s g iven al so . 
The power lIm i t of nonstability f or the IBR-2 rea c tor i s e s tl~ted to be equal 
tQ 10 HW; that limit fo r pul s ed reac tors with selfquen ching of powe r pul s es 
I, muc h lower (about two-order of ma gnitude) . 

The Inve,tlgat lon has been per formed at the Laboratory of Neut ron Ph ys ics , 
!JIHR . 
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