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. I.Bae_zteHHe 

,UJIH 06blqHHX peaKTOpGB J1SB8CTHH . ,I03a THIIa H8YCTO~CTJ1 

H,COOTB8TCTB8HHO, ,I03a THIIa IIOB8A8Hl1fl MOmHOCTH Sa IIp8A8JiaMJ1 

YCTOfi"t!HBOCTH :·acHMIITOTJ1qec~ poeT MOmHOCTH l1 H8Jll1H8~8 
aBToKoJie6aHHfl. He~aBHb 6HJI oOHapymeH APyro~ THII 
HeycTo~qJ1BOCTH, xapaKTep~ AJIH HMIIYJibcHoro peaKTOpa 

II8pHOAJfq8CKOrO A8~CTBJ1fl (H.p.II.A) - BOSHHKHOB8Hl18 KOJI80a~ 
MOmHOCTH C qacTOTO~ TOqHO B 2 pasa .M~Hbill8 qaCTOTH 

IIYJlbCa~ peaKTHBHOCTH [!,2]. ~l1SH"t!8CKJ1 rrpHpoAa H8YCTOfi"t!HBOC
Tl1 saKJIIOqaeTCfl B "qJ1CTOM" sarraSAHBaHHl1 OTpH~aT8JlbHO~ 
oOpaTHO~ CBHSH B H~p.n.A. - Ha OAHH HMIIYJlbC MOmHOCTH. 

HHTepeceH H Ba~eH c ToqKJ1 speHHH aHaJIJ1sa OesonacHOCTH 

peaKTOpa BOIIpoC 0 TOM, KaKOB xapaKT8p IIOB8A8Hl1fl MOmHOCTH 

H. p. II. A· sa npeASJiaMH YCTO~qJ1BOCTl1; qacT~ cnyq~ 0HJI 

paccMoTpeH B paOoTe [IJ. 3A8Cb AaH aHaJIJ1s peme~ ypaBHS~ 
AJ1CKp8THO~ MOA8Jll1 AlfHaMHKH H.p.n.A., cnpaB8AJll1BOCT~ KOTOpo~ 
OeccrropHo AOKasaHa npaKTJ1qecKo~ paOoTo~ peaKTOpoB OHfiH·[3,4J~ 

2. llpocTeAmaH ~CKp9TH8H HenHHeDHaH MO)t9nb ~aUHKH 

HYnYRLCHOro peaKTopa nepuo~ecKoro .zteRcTBHH. 

llyCTb oOpaTHafl CBHSb B H.p.II~A· HM88T IIpoCT8~~ BJfA,T.8. 

Cym8CTBY8T 8AJ1HCTB8HHIDi 8~ M8XaHHSM - MrHOB8H~ 
TeMnepaTyp~ a~eKT peaKTHBHOCTH. B aToM cnyqae, rrpeHeOperaH 

J1SM8H8Hl18M l1CTQqHJ1Ka sanaSAH:EaromHX H8~TpGHOB B T8q8HJ18 

rrpo~ecca, MO~HO '0IIJ1CaTb AJ1HaMHKY peaKTOpa p8KypCHBHHMl1 

ypaBHSHHHMH [ I ] : 

P~+1=·~·(pn+ ko·Qo·qn> (I-I) 

q =-exp(p +p )-1, n. n o 
<I-2> 

rA8 p - peaKTHBHOCTb oOpaTHO~ CBHSH B n-: M J1MIIYJlbC8 
. n . • . 

MOmHOCTH ( AJIH paccMaTpl1Ba8MOrO Tima peaKTOpGB "peaKTHBHOCTb" 

Qbt.t", 1 • •• ·t1A·myr I J:::.':'~ :.:·:·: .. ,;, ~l ... 
£li -~'-"..,: ... •., .,.·,aiJ ... A,Jiii!:\ 
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paBH8 ITp9BHill9HHID K08~~9HT8 pa3MHOm9HHH H8~TpoHOB B ITHK8 
HMflY~hC8 MOmHOCTH_Ha~ ero.kpHTHqecKHM 3HaqeHHeM H H3M9pH8TCH 

B 9~. f:3UJ07.- "HMrryJihCHO~ ~OJIH 38II83,IU:ll3a~ H8~TpDHOB" [5]); 
p -BH8mHHH peaKTHBHOCTh; 

0 . 

qn - OTHOCHT8JihH08 OTKJIOH9HH9 8HeprHH n-ro HMIIYJirC8 
MOmHOCTH peaKTOpa OT ero HaqaJihHOrO (paBHOB9CHOro) 3HaqeHHH 

Q
0 

rrpH KOTOpoM p =P =0; , · n o 
· . ~ =eXp(~a·T); a-IIOCTOHHHaH Bp8M8HH OXJiam~8HHH 8KTHB-

HO~ soHH peaKTopa, T - rrepHo~ IIYJihcar.urn: peaKTopa ( BpeMeHHO~ 

HHT9pBaJI Mem~ ~YMR IIOCJI9~0BaTeJihHHMH HMrryJihC8MH MOmHOCTH); 

k0- 8MIIJIHTy~a HMrryJihCHO~ ~YHKUHH OdpaTHO~ CBH3H, 
T.9."0TKJIHKa" peaKTHBHOCTH H8 H3M9H9HH9 . 8HeprHH o~oro 

HMIIYJihCa: k(t)=k0 ·exp(-a·t). Oqe~o, ~k(T)/k0 • 

B ypaBH9HHH (I-I) BTOpoe CJiaraeM09 · B CK06K8X 9CTh 

H3M9H9HH9 p98KTHBHOCTH H3-38 ~OIIOJIHHT9JihHOrO, CB9pX cpe~Hero, 

HarpeBa TOIIJIHBa B rrpe~~eM ( n-· :M ) HMIIYJihC9 , paBHOrO 

. qn ·Q0 /c ( .c - T9IIJIO~MKOCTh TOIIJIHB8). -K08~~9HT ~ yqHTHBa8T 

oxJiam~eHHe peaKTopa (coOTB9TCTB9HHO, HsMeHeHHe peaKTHBHOCTH ) 

38 Bp9MH Me~ COC9~HHMH HMrryJihC8MH MOmHOCTH. 

KaK cJie~eT .· H3 ypaBHeirn:A: ( I) , rroBe~eHHe MOmHOCTH H. p~ rr. ~. 
CTporo OITp9~9JI9HO HaqaJihHHMH YCJIOBHHMH - 3HaqeHHHMH B9JIHqJ.:[H 

Q0 H p0 , a_padoqaa TOqRa peaKTOpa (JlaBHOBeCH09 COCTOHmf9 

q =0) COOTB9TCTBY9T 3HaqeHJ.:I:HM p =0 H p ~0. TaK KaK ~9JihiD n . o n 
~8HHO~ padOTH H~9TCH H3yq9HH9 IIOB9~9HHH MOmHOCTH. peaKTOpa 

BH9 ITp9~9JIOB 06JI8CTH CT86HJihHOCTH, padoqyro TOqKy peaKTOpa 

CJI9~9T CqJ.:[T8Th H9YCTO~qHBo~. 3TO 3HaqJ.:[T, qTo JIIDdoe, CKOJih 

yPO~o· M8JI09 OTKJIOH9HH9 p OT HYJIH BH3HBa9T T8KH9 H3M9H9HHH 
. . 0 

MOmHOCTH ( 8H9prHH HMrry~hCOB) peaKTOpa BO Bp9M9HH. ( B 

~8JihHe:RmeM HM9HY9MH9 "~IDK9HH9M") , KOTOpHe yme He 38BHCHT OT 

P0 · , a ~9JIHKOM yrrpaBJIHIDTCH M9X8HH3MOM odpaTHO~ CBH3H. IT08TOMY 
MOmHO CqJ.:[T8Th p

0 
paBHHM HYJIIO B ypaBH9HHH (I), KOTOpoe T9II9ph 

dy~eT HM9Th T8KO~ B~: 

Pn+1= ~·(pn+k·Q·(exp Pn-1)). I-3 

2 

~JIH yrrpomeHHH 0603Haqe~ OIIym8HH HH~8KCH Y-BeJIHqHH k0 H Q0 )~. 
,liJIH 8H8JIH38 ycTo:tfqHBOCTH padoqe~ ("HeiiO~BHmHO~"). TOqKH 

OdllqHo JIHHeapH3YIDT ypaBH8HH8 ~aMHKH. nKHeapH38~H (I-3) 

IIpHBO~T K ypaBHeHHID 

Pn+1= -~·(1+kQ) ·pn' 

HJIH Pn+·/Pn = ~·(1+kQ)= r, . ( I-4 

H3 KOToporo CJI8~9T.yCJIOBH8 YCTOHqHBOCTH peaKTOpa: 

lrl~ 1 (. r=<p·( 1+k·Q) ). ( 2 ) 

ECJIH rrapaM9Tp r y~OBJI8TBOpH8T (2), TO H860Jihlli08 B03Mym9HH8 p 
0 

rrpHBO~T JIHllih K Bp8M8HHOMY H3MeH8HHID MOmHOCTH, H p88KTOp 

IIOCT8II8HHO BO~BpamaeTCH. K paBHOBeCHOMY ·coCTOHHHID q =0 • n 
HaiipoTHB, IIpH r<-1 CKOJih yro~HO M8JI08 B03Mym8HH8 . . 
peaKTHBHOCTH BHSHBaeT HerrpeKpamaromeeca ~HmeHHe ( Ha~o 

IIOMHHTh, ~TO ITpH STOM o6paTH8H CBH3h OTpH~8T8JihH8). KaK 6HJIO 

IIOK338HO paH99 [!,2], rrpH 3HaqeHHHX r B HHT9pBaJI9 [-I,-I,5] 

peaKTOp BblXO~T 

Ha pemHM rrepHo~~ 
qecKHx KOJieda~· 

C II8pHO~OM, B 2 
pasa rrpeBHlli8IDmHM 

rrepHo~ rryJihcar.urn: 

T, T. e. Ha pemHM 

rrorrepeMeHHHX HM-

rryJihCOB (pHC.I). 

~H3~8CRBH ITpH

. po~a sToro a~e

HHH 38KJIIOqaeTCH 

B TOM, qTO B 

.HMITYJihCHOM pe
aKTOpe H8H368mHO 

Q 

t 

PHc.I. BpeM8HHaH 3aBHCHMOCTb SHeprHH 

(Q) HMIIYJibCOB MO~HOCTH H.p.rr.~. B He

YCTQHqHBOM COCTOHHHH B6JIH3H rpaHH~ 

ycTOHqHBOCTH (r=-1,05); B8pXHflfl H 

HH~Hflfl B8TBH COOTB8TCTBYIDT qeTHblM H 

. HeqeTHblM HMIIYJibCaM. 
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3.0 3.3 J.S J.1 

YcTaHOBHBlllli8CH 3Hal18HHH 8H8prHH HMnyJibCOB MOII\HOCTH Q 
B CB060,IJ;HHX . KOJI86aHHHX B 3aBHCHMOCTH OT . napaM8Tpa 

06p8THO:ei CBH3H r ,Il;JI.H peaKTOpa, OI1HCHBa8MOrO . Yj)-HHSM 
( I -3) ( ",n;HarpaMMa ~a:etreHc>ayMa") (a-) • 

.I(HarpaMMa ~a:etreHc>ayMa ,n;JI.H YP-HH.H ( 3) . ( c5 ). 
4 

I 

HM88T M8CTO "l1HCT08" sanaS,n;I:lBaHHe 06paTHO:ei CB.HSH Ha O,n;HH 

nepHO,Il; rryJibCa~, a 8TO H 8CTb Ilp8,1J;IlOCHJIKa ,K H8YCTO:eil1HBOCTH 
,n;HHaMHl18CKO:ei CHCT8MH. KoJie6aHH.H MOII\HOCTH H. p. n. ,n;. sa rpal:iHUErA: 

. . . 
YCTO:eiliHBOCTH B TO .lK8 Bp8M.H .HBJI.HIOTC.H YCTO:A:liHBHMH, . H HX 
aMn.JIHTy,n;a MO.lK8T 6HTb onpe,n;eJieHa HS ypaBH8HH.H (I-3) .EIJ. 

Borrpoc COCTOHT B TOM, qTo 6y,IJ;8T IlpH M8HbmHX, qeM -!,5,· 

SHal18HH.HX r; HHaqe rOBOp.H, KaKOBO 6y,n;eT nOB8,1J;8HH8 peaKTOpa C 

60JI88 r.JIY60KO:A: OTp~aT8JibHO:A: 06p8THO:A: CB.HSbiO 7 Ha pHc.2a. 

nOKaSaHH SHal18HH.H SHeprHH HMrry.JibCOB MOII\HOCTH B YCTaHOBHBmHXC.H 

I~KJiaX CB060,1J;HHX KOJI86aHH:A: IlpH pas~ SHaqeHJI.HX r OT -0,8 ,Il;O 

-2,5 ( cp - nocTO.HHHa H pa.BHa 0, 98). Hs pHCYHKa .HCHO, qTo rrpH 
r=-!,5 ,IJ;ByxTOl18l1HI:l:A: UHKJI ,KOTOpl:l:A: CTa6HJI8H ,Il;JI.H r, M8HbmHX no 
MO,IJ;yJIIO,CTaHOBHTC.H H8YCTO:A:liHB H ycTynaeT M8CTO 4 -ToqeqHOMY 

UHKJIY - KOJI86aHH.HM C rrepHO,Il;OM 4T. 3TOT B CBOIO Ol18p8,I!;b T8pH8T 
YCTO:A:liHBOCTb npH r~-1,67 ., H BOSHHKa8T UHKJI C nepHO,Il;OM 8T. 

TaKoe nocie,n;oBaTSJibHoe y,n;BoeHHe nepHo,n;a rrpo,n;o.JI.lKaeTCH 

c>ecKoHeliHO B TOliKax rk'. pacnoJiaraiOII\HXC.H ·Be~ c>~e ,n;pyr. K 
,n;pyry no Mepe BOSpaCTaHHH k H CXO,n;HII\HXCH K. r 

00
=1, 696 •• , r,n;e 

H80.JKH,IJ;aHHO BOSHHKa8T XaOTHl18CK08 ,n;BH.JK8HH8 -:- . H8YJ10pH,IJ;OqeHH08 
HSM8H8HH8 8H8prHH HMilYJibCOB MOII\HOCTH ( Q) KaK B Q-rrpoCTp8HCTB8 

( CM. pHC. 2a), TaK H BO 

1 

••~•·•····--. ••••.,_•-••••,-•,_•.,.·.·•1••.,_•,_••1···: ' . ' . • .... • • ..... . •• •• •• • •• • •• • •••• t 

Bp8MeHH (pHC. ~3). ~ •• • •• ~.~ ........ •• •• • ·~ • •• • •• •• . . . . . . ... .. . . . .. . .... 
3HaqeHHH Q M8l1YTCH .• • • • • • •· • •••. • • • • • • • • • •• • • • 

·······'~~!:········~··"· H8I1p8,1J;CKaSY8MO M8.1K,IJ;y • •••• .•.• • '"• ••• '"• ••••• • •. • '"• '"•• .•. •. • •. '"• • •. • • 
B8pXHHM H HH.lKHHM 

npe,n;eJiaMH. 3TOT 

~8HOM8H - C)ecnOpH,I!;OK, 

nopom,n;aeMH:A: . cTporo 
,Il;8T9pMHHHpoBaHHHM . 

Yp8BH8HH8M ( S,Il;8Cb -

ypaBH8HH8M (I-3) 
,n;HHaMHKH . H. p. n. ,n;. ) , 

- 6HJI OTKpUT B KOHIJ;8 
70-X ro,n;OB H·HaSBaH 

• t 
••••••••••••••• ........... ••••••••• _f! ••••••••• • • • • •••• 41!;.. • •••• "· ••••• t~~~t •••••••• · .. · ................. , . · ... ·.. . .... · ...... ~...,.._,'ltNIIA....,......,.,....,....,..,._,.....,.~ 

PHc:3. BpeMeHHaH saBHCHMOCTb SHep~ 
HMJ1YJibCOB MOII\HOCTH H.p.rr.,n;. B 

HeycTo:A:liHBoM cocTOHHHH B,n;a.JIH oT 

rpaHHWl ycTO:A:tiHBocTn (r=-1, 7I). 

",n;eTepMIDllipOBaHHHM xaocoM" E6,7J. OH oKasaJICH Be~bMa·TJmi{tlHllM 

HBJI8HH8M ,Il;JIH MHOrHX ,IJ;HHaMHtiSCKHX CHCT8M. Ha pHC.26 nOKaSaH 
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Xp8CTOMaT~ rrpHMep, TaK 
cl>a:ttreHC5ay-Ma."-YCTaHOBID3lllli8(::H 3Haqemm 
Onp8~8~HIDTCH ypaBH9HH8M 

Ha3HBa8MaH . "AHai'paMMa 
rrep8M8HHO~ X, KOTOpHe 

X = r·X ,(1- X ) n+1 n n ( 3 ) 

. . ~ . 

·- Mo~e~oiD qac~eHHOCTR e5no~ornqecKRX·rrorry~H~ [ 8 ]. 
YpaBH8HH8 ( 3) RM88T "H8TIO~IDKHYIO" TOqKY. X=1-1 /r , ycTo~qHByro 

B nHT8pBa~8 I<r<3; rrpn r>3 H8YCTO~HBOCTo B8~~T K H8~8~HM 
CBOC50~M KO~eC5aHHHM X. CpaBHHBa.H .D:'fai'paMMH pHC. 2a H 2C5~ B1I 
B~T8 YAHBHT8~oHYID HX cxomeCTo , YAHBHT8~oHYID TIOTOMY, qTo 
rropoAHBlllli8 HX ypaBH8HHH (I-3) H (3) B8CoMa H8CXOD. 

. . 
KaK rroKasa~ M. ~a~reHC5ayM [ 9 ] , ·.n;~H C50~I?lllOro K~acca 

H8~8~ peKypCROHHHX COOTHOlll8~ Xn+1= f(Xn) , HM8~ 
8~CTB8HHllaMaKQHMYM rropH~Ka Z>1 ( T.e. f(Xm)-j(X)a:IX-Xmlz 
~~- (X-X) ~OCTaToqHQ Ma~o~), xapaKT8pHH yHID3epca~oHH8 m . . 
CBO~CTBa H O.D:'fHaKOB~ flYTo rrepexo~a OT: rrepHO.D:'fq8CKOI'O K 
xaoTnqecKOMY ~nmeHRID (HasHBaeM~ Terrepo "c~eHapneM 

ci>a:ttreHC5aY'Ma") HesaBRCHMO O':!-' · 'KoHKpeTHoro BH~a peKypcHOHHoro 
COOTHOlll8HRH. K 8TOMY. me. ~accy OTHOCHTCH H ypaBH8HH8 (I-3), 
oe5~a~aromee cBo~cT:sa.MH lfla.llreH6ayMoBcKoro rrepexo~a. Ilepeqnc~M 
RX 3~8Co KpaTKO ( TQqHaH R rro~aH lflopMy ~poBKa ~aHa B [ 9, 10 l): 

I. B H8KOTOpoM nHT8pBa~8 · H3M8H8HHH . yrrpaB~HIDil.\8I'O 

rrapaM8Tpa, HaqHHaH OT 3HaqeHHH, COOTB8TCTBYIDin~I'O" rpaHH~e 
. II II 

YCTO~qaBQCTH B .Ma~OM (~~H yp-HHH (I-3) - OT r 1=-I ~0 

r00~ 1,7 ), HT8pa~ CXO~TCH K rrepHO.D:'fqecKHM YCTO~HBHM 

~aM c rrepno~oM 2k mepa~ (2k-ToqeqHHe r_uOOm) c k, 
H3M8HHID~l.\HMCH OT I ~0 ro B TQqKaX rk- TOqKaX "C5H!lJypKa~ 

Y~eHRH rrepno~a". 

2.3HaqeHRH rk, ToqKH C5n!IJypKa~ y~oeHHH rrepno~a 
"CK9~~", T.e. TIO~IDTCH MaCmTaC5HOMY COOTHOID:SHRID: 

rk+1-rk => 6 rrpH k => ro. 

rk+2-rk+1 

6 

HM9IDT 

tillCJIO 6=4, 6692 ••• -O,IJ;Ha R3 YHHBepcaJioHHX KOHCTaHT cl>a:ttreHC5ayMa.. · 
3.Pa3M8In8HH8 ToqeK rrepHOAHqecKOI'O UH~a (p1,p2,p3, •• pk) B 

rrpocTpaHCTB8 p TaKme OC5HapymnBa8T CK8~JIHHI' , rrpH Kam,IJ;O~ . 
C5H!IJypKaUHH BOCTipoH3BO,ll;H cee5H B a pas M8HoiD8M MaCmTaC5e.; 
a= 2,5029 ••• KaK CJI8,IJ;CTBH8 8TOI'O, ~aH MaJiaH OC5~aCTo Ha 
AHai'paMMaX . 2a H~ 2C5, C5y.n;yqH yBe~qeHHO~, CTaH8T TIO~OC5Ha 

,n;pyro~ OC5JI8CTH TO~ me ,n;Hai'paMMH rrpH M8HoiD8M k. 
4.IlpH 3HaqeHHH r=r.

00 
UHK~qHQCTo YCTyrraeT M8CTO 

xaoTnqecKoMy .n;BnmeHHID. 
5.,UJISI lrl>r

00 
cpeAH xaoca HM8IOTCSI "OKHa" pery~SipHOCTH -

M8JIH8 OC5~aCTH C TIOCJI8,ll;OBaT8~oHOCToiO m·2k-Toqe~HHX ~OB 
r.n;e k BospacTaeT OT 0 .n;o ro , a m, ~oe HaTypa~oHoe qnc~o,:

rrepno.n; UHKJia, KOTOpHM OTKpHBa8TCSI "OKHO". 
6.Ilpn Ka~o~ C5n!IJypKaUHH y.n;BoeHHH rrepno.n;a B ~yphe-cneKTpe 

KOJI8C5a~ TIOSIBJISIIOTCSI ~8 HOBH8 cyC5rapMOHHKH. 
,UeTaJioH08. OC5'0SICH8HH8 H ,ll;OKa3aT8~oCTBO YHHB8pca~oHOCTH 

CBO~CTB rrepexo~a ~a~reHC5ayMa MOmHO Ha~TH B OpHI'HHaJioHHX 
pae5orcix [ 7-12]. 

· BepH~MCSI K .D:'f8I'paMM8 Q(r) Ha pHc.2a, K 8~ CTOX8CTHqecKO~ 

rrpaBo~ qacTH. IIpem.n;e Bcero, 6pocaiOTCSI B r~asa rrepno,n;HqecKHe 
"mma''", Heomn.n;aHHo B03HHK8IOIIU18 cpe.D:'f rrpeo6Jia~aiOI!lero xaoca. 
IIepBHM rroSIBJISieTcSI 20-ToqeqH~ r~~ rrpn r=-I,7I3... 3aMeTHo, 
qTo qeM M~Holli8 HaqaJio~ rrepHO,ll;B "OKH8", T8M nrn:pe "OKHO". Ha .. ' 
OCH r, I',ll;8 pa3M8In88TCSI TIOCJI8~0BaT8~oHOCTo ~OB, 

HCTIHT1IBaiOIIU1X 6H!lJyp!taUHH y~08HHSI rrepHO~a. TaK, rrepB08 "OKHO" 
C Haqa~oHHM nepHO~OM 2 ( JI8Ba.SI qacTo ,n;HarpaMMH) 3aHHMa8T Ha 
OCH r C8I'M8HT flr=O, 696._.; "OKHO" C Haqa~oHHM rrepHO,IJ;OM m=3 -
C8I'M8HT llr=0,I3 ••• ; ~~SI m=5·llf~0,01, a ~~SI m=12 - H8. 60~88 
O,OOI. 3TH rrepH0~8CKH8 "oKHa", KaK yme 6H~O CKa3aHO BHID8, 

TRrrnqHH ,ll;~ lfJafireH6ayMOBCKOI'O nepexo~a. 
llliT8p8C8H BOrrpoC 0 TOM, rroqeMY CTporo ~8T8pMHHHpOBa.HHH8_ 

ypaBHeHRH rrpHBo~T K xaocy ~ McqepnHBaiDmee · o6'0SICHeHHe · ~aHo, . 
-HarrpHMep, B KHHI'8 [ 11 ] , . TI08TOMY - orpa~CSI . 3~8Co .. OC5IItHM 

. . , 
yTB8pm,ll;8HH8M, qTQ STO CBH3aHO C O.n;HOBp8M8HHHM ,ll;8~CTBH9M ~yx 

!lJaKTOpoB ~ 6HCTpHM· pa368I'8HH8M ~yx Haqa~oHO 6nHsKHX 
Tpa9KTOp~ H "CB~PTHBa.HH8M" HX B sa,n;a~ OI'pa~8Hl1Wt 
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MHTepBa~. ITO~OHee·ocTaHOBHMCH Ha Borrpoce- B KaKO~ CTerreHH 

~HmeHHe HB~HeTCH X80THtJ:eCKHM? H3 pHC. 3 BH~HO, ti:TO .OHO He 
oO~a~aeT cBO~CTBaMH "Oe~oro" myMa. KaKOBa me Mepa ero 

X80THti:HOCTH? 
PaCCMOTpHM ~e ITOC~e~OBaTe~hHOCTH HTepaUHR 

( "TpaeKTOpHH") , H8~8IOIIU1XCH B 0~3KHX TQqKaX X
0 

H X
0 

+E0 ( E0 
Ma~o). ITepBaH ~Tepa~ (H rroc~e~~~e ) -~aiOT x 1=f(x0) H · 
X

1
+E1, r~e . EJ'""fx(X0) ·E

0
• _.pt~:eBH~HO,. TpaeKTOpHH Oy~T . 

pacxo~ThCH, ec~ <E 1/E0 >= <If (XJI>=R>1 ( s~ecb 3H8K ( > 
03H8tJ:8eT ycpe~HeHHe ITO BC8~ TpaeKTOpHH). qeM 0HCTpee 

pacXO~HTCH 0~3KH8 Tp88KTOpHH, T8M M8Hhlli8 B03MOmHOCTh 

rrpe~CK838HHH HX - ITOC~e p8CXOm~8HHH Ha ITO~Hillt HHT8pB8~ . H 
.cB{;pTHBaHHH Tp88KTOpHH "380HB88T" CEQ{;. rrpolliJIOe. 

CJie~OB8T8JlhHO, ·ecTeCTB8HHO orrpe~e~Th CT8IT8Hh X80THti:HOCTH KBK 

B8~~y, oOpaTHYIO KO~ti:8CTBY HT8p8UH~, B Teti:8HH8 KOTOpHX, 

MOmHO HX rrpe~CK838Th. Ec~ Eint 8CTh Be~ti:HH8 ITOpH~Ka 

HHT8pB8JI8 H3M8H8HHH X, a N ~ KO~ti:8CTBO HTepaUHR, 0 KOTOpHX 

TOJihKO ti:TO lliJI8 pet!:h, TO MOmHO 38ITHC8Th COOTHOlli8HHe 

N 
Eint a: R · E0 , H~ N·£f ln(Eint/E0 )/lnR. 

I . . 

BeJIHt{HHY i\=<ln 1 f ( x) 1 £flnR HaSHBaiOT "rroKasaTe·JieM JIHrryHoBa" H 

00Hti:HO HCITOJih~YIOT ~JIR X8p8KT8pHCTHKH X80THt!:HOCTH O~HOMepHoro 

rrpou;ecca. ,UJIH AeTepMHHHpoBaHHoro rrpou;ecca M;O, ~JIH "OeJioro" 

myMa i\=oo. B HCCJI8~8MOM rrpHMepe (yp-HHe I-3) ~JIH lrl)1,7 

oo>i\~0 , tJ:TO YKBSHBaeT Ha "~eTepMHHHpoBaHHIDi xaoc". TaK~ ~JIH 
r=-1,71 i\=0,11 •• , ~JIH r=-1,85 i\=0,35 •• , ~JIH r=-2,12 

( "OKHO") i\=-0, 84 ... 

3. PeaJIHCTH'I!eCK8H MO.I{e~h .I{HH8MHKH . · 

mmyJlhCHOro peaKTOpa nepHO.I{H'I!eCKOrO,I{eACTBHH 

Kat!:8CTB8H~O ~H8MHK8 H.p.rr.~. B. "38KpHTHtJ:eCKO~". 00JI8CTH 

(T.e. BH8 00J1aCTH YCTO~ti:HBOCTH JIHH8~HO~ MO~e.Jrn:,: YCTO~ti:HBOCTH' 

"B M8JIOM") He H3M8HHeTCH rrpH HCITOJih30B8HHH 00Jiee CJIOmHHX, 

pea~CTWieCKHX MO~e.Jie~, Heme~ p8CCMOTpeHH8H Bhlllie •. ,Ue~O B 

8 
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,, 

l 

} 
\ 

TOM, ti:TO JIIDOaH M8TeM8THti:8CK8H M0~8Jlh, a~eKBaTHO OITHC~8H 

peaKTOp, 00H38H8 oO~a~aTh ~CCHIT8THBHHMH CBO~CTBaMH, T8K KaK 
HX rrpoHBJIHeT · peaKTOp . ( pa?CSHBaeTCH T8IT~OB8H 9H8priDI, 

p8CIT8~8IOTCH HCTOt{HHKH 38IT83~hiBa!OmHX He~TpoHOB H T.~.). 

,!(HCCHIT8THBHOCTH rrpeo0pa30B8HHH ( B TOM trn:CJie MHOroMepHoro) H 
ero H8Jrn:H8~HOCTH ~OCT8TOti:HO, ti:TOOH OHO ITOK83HB8~0 · ·cBO~CTBa 

rrepexo~a K "~eTepMHHHpoBaHHOMY xaocy" [ 11 J. 
,Ua~M ITpHMep KOMIThiOTepHoro MO~e.Jrn:POBaHHH ~aMHKH 

H.p.rr.~. TaKHM peKypCHBHhiM COOTHOlli8HHeM: 

xn+1= G(xn), ( 4-I ) 

r~e B8KTOp X HM88T 9 rrpoeKUHR p 1,p2 ,p3 ,s1,s2 , •••• s 6 ; 

rrepBH8 TpH - IT8pUH8JihHhi8 KOMITOHeHThi peaKTHBHOCTH oOpaTHO~ 

GBH3H, OCT8JlhHhi8 - rpyrriTOBhi8 HHTeHCHBHOCTH 38IT83~. 

H8~TpoHOB (TOti:H88, OT~OCHT8JlhHhi8 OTKJIOH8HHH MHT8HCHBHOCTH OT 

cpe~H~ro sHat~:eHHH ). OrrepaTop G orrpe~e~HeTCH ypaBH8HHHMH 

Pi,n+1=cpi(Pi,n+kiQ·qn). 1=1,2,3, 

sm,n+1=cpm(sm,n +rm ·qn) .m=1,2, ••• 6,' 

qn =L sm n xexp L pin- 1, .(4-2) 
m ' i ' 

r~e cpm =exp( -i\mT) , cp
1 

= exp( -a.1 T) , 

i\m~m 
r =·-------------

m L i\m~m·cpm/( 1 -cpm) 
m 
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PHC.4,YcTaHOBHBillH8CH 3HaqeHHH 8HeprHH HMrrY~bCOB (Q, · OTH.e~.) 
CB060~HHX KO~e6aHHR peaKTOpa C MO~e~biD ~HaMHKH ITO 

yp-HHID (4) B 3aBHCHMOCTH OT cpe~He~ MOmHOCTH (P, MBT). 

ITOCTOHHHHMH Bp8M8HM ai. ~ HEP-2 rrapaM8TpH M0~8~ TaKOBH 

k1=-0,65, k2=+0,61, k3=-1,67 Pu!Mnm; 
T1=10,2 , T2=1,8 , T3=0,3 c .. 

Ha pHc. 4 ~aHa ~arpaMMa , aHa~?r~HaH ,l~I1:a~paMMaM p:ifc. 2, 

~~H peaKTopa HEP-2 (ecTeCTBeHHO, pacq~THaH!); B KaqecTBe 

YITpaB~romero rrapaM8Tpa BH6paHa Haqa~bHaH (cpe~HHH) MOmHOCTb , 

peaKTOpa P = Q·T. KaCKa~ 6H~YPKa~ HaqHHaeTCH B TOqKe 

P ~ 8,5 MBT, TaM, r~e peaKTOp CTaHOBHTCH H8YCTo~qHBHM B 

~H8~0M rrpH6nHE8HHH M0~8~ ~aMHKH (8TO MO~HO ITO~HTb M 

aHa~THqecKH , ITpOB8pHB yp-HHe. ( ·4 ) Ha . YCTQ~qHBOCTb, 

HarrpHMep, KpHT8pHeM illypa-KoHa [ 14]) • XaoT~eCKOe ~~eHMe 

ITOH~8TCH rrpH P~14,2 MBT. Bee 3HaqeHHH P, COOTBeTCTByromHe 

6H~YPKa~M, ITO~HHHIDTCH TeM ~e ITpaBlmaM, liTO rrapaMeTp r Ha 

PHC.2. OT~~e ~arpaMM p~c.2 M 4 -· TO~bKO B ~c~e H 

paCITO~OlKeHHH IT8pH0~8CKHX "OKOH" B CTOXaCT~8CKO:A: 06~aCTH. 
/ 
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4. 0 ~yrHX CQeHapHHX nepexo~a K CTOX8CT~e?KOA 

,JtHHaUHKe 

QqeB~O, qTo HMITY~bCHH:A: peaKTOp M0~8T 6HTb H8YCTO~HM 

H B rrpHBHtiHOM CMHC~e, T. e. ITOKa3HBaH BHe 06~aCTH · ~e~o:A: 

YCTO:tltiHBOCTH 06HtiHHe He~He:A:HHe rrepH0~8CKH8 KO~e6aHHH C 

rrepHo~oM; KOTopH:A: H8 KpaTeH rrepHO~ C~8~0BaHHH HMITY~bCOB 
MOmHOCTH. Ha30B~M TaKyro HeycTo:A:qHBOCTb "Ko~e6aTe~bHO:A:", ~a6H 

OT~qHTb OT "HMITY~bCHO:A:", OITHCaHHO:A: BHllie. C~8~0BaT8~bHO, 

yp-HMe (4-I) MOJKeT HMSTb pemeHMH KO~e6aT8~bHOro THITa. 0co6o 

C~OlKH08 ITOBe~eHHe ~eMOHCTpHpY8T peaKTOp, KOr~a H8YCTO~CTH 
060HX .THITOB ITOH~HIOTCH rroqTH O~OBpeM8HHO , ( ITpH O~O:A: 

MOmHOCTH); HHHMH C~OBaMH, KOr~a ero rrapaM8TpH OKa3HBaiOTCH 

B6~3H TQqKH ,r~e rrepeceKaiDTCH,rpaHHUH 06~aCT8~ "HMITY~bCHO:A:" 

H "KO~e6aT8~bHO:A:" HeyCTO:A:t!HBOCTe:A: (TOtiKa 0 Ha pHC.5). 

T1 
D 

p 
- PHc. 5. KaqecTBeHHH:A: xapaKTep rpaHHU o6~aCTH ycTo:A:tiHBOcTH (A) 

C KO~e6aT8~bHO:A: ( CIT~OlliHaH ~) H "HMITY~bCHO:A." 

(rryHKTHpHaH) HeycTO:A:t!HBOCTblO B IT~OCKOCTH ~yx 

rrapaM8TpDB ~HaMHqecKO:A. M0~8~- PH T1• 

II 



EcJIH H3M8H.fl8MH8 rrapaM8TpH ,IU.fHaMHqee:Ko:A. MO,Il;8Jill H8XO,Il;.fiTC.fi B 

C8RTOp8 A. (·pHC. 5) , TO peaRTOp ycTo:AqHB; B C8RTOpe B OH 

OC5Hapy:HCHBa8T CBO:ACTBa, XapaRT8pH3YJOinH8 "HMTIYJibCHYJO" 

H8YCToaqHBOCTb; B C8RTOpe ,D, u.JJKme R rpaHHU8 ycToaqHBOCTH, · 

HM8IDT M8CTO OC5HqHHe H8JillH8aHH8 ROJI86aHH.H • Ho B C8RTOpe C, a 

T8RJK8 B D B6Jrn3H rpaHHUH C C8RTOpoM C, KOJI8Ci8HH.fl MOinHOCTH 

rT 1 .,; f'11 

CJIOmHH; HM IIpHCYJnH RaR rrepHO,IJ;HqHOCTb, _TaR. H X80THqHOCTb. 

MHTep~CHO Ha6JIID,IJ;8Tb ( CM. pHC. 6 H 7), RaR 9BOJIIDWfOID.IpY8T 

xapaRTep cBoCio,IJ;Horo ,IJ;BHmeHH.H _oT per:yJI.flpHoro ,11;0 xaOTHqecRoro, 

ROr,IJ;a YIIpaBJI.fiiDinH8 rrapaM8TpU ( P, T 1 ) H3M8H.HIDTC.fl B OIIp8,Il;8JieHHHX 

HarrpaBJI8HH.fiX. M B. TOM CJiyqae, ROrl,IJ;a . "ROJie6aT8JibHa.H'~ 
. H8YCToaqHBOCTb H8CTyrraeT paH88 "HMJiyJibCHOa" ( pHC. 6), H B 

' ) 

,Il;pyroM, o6paTHOM BapMaHT8. (pHC. 7) IIpoHCXO,Il;HT IIOCT8II8~ 

rrepexo,n; R CTOXaCTHqecROMY ,Il;BHm8HHID, HO JiyT.HMH, OTJIHqHHMJf OT 

-1 F 1 "1 ~~ I ~1 { . I J ~~ • 1 r11 I I rJ 1 

I ~ I • 

-1 I I I -1 I l ,-1 

,. ~ -

1 

~:·-.... ~ 
a. 'b ., • 

• • . . 
•• 

rT 1 .I I rT 1 I I I . I -1 I· l I -1 . .., 

e f 
I I I I• J 

j I I ~ ~.-::-. 1 1 I · r1 1. I I rT 1 
,-1 r I !1-,.. ~ ~ 1 r ... ~~ ~ 

~: 

~, ~v . -:~:~ I I 1 c r . ~I I -'1 _If. •• -· 1 

-1 - l-1, - . ~ I I a. I .. • -• - .. : I• 

C d l I I ~ 

' -1 I I -.~ ... ., ., le 
PHc.6.@a30BH8 rropTp8TH (,IJ;BHm8HH8 ,IJ;Byx ROMTIOH8HT B8RTOpa X l ~-

B YJ)aBH8HHH ( 4) - HHT8HCHBHOCTH 3aTia3,1l;HBaiOI!UiX HeaTpoHOB 

S H peaRTHBHOCTH R) CBOC50,IJ;HHX ROJI86a~.H.p.II.,IJ;. IIpH 

3HaqeHH.HX· rrapaMeTpoB Ha JIHHHH a-d pHc.5. · PHc.7.To ~e,qTo Ha pHc.6,.IJ;JI.fi rrapaMeTpoB Ha .JIHHHH e-h pHc.5. 
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cu;eHapMH !Jla:A:reH6ayMa. TaKo:A: nepexo.n; · K xaocy Ha3HBaJOT 
"nepeMeiKa8MOCTbJO"; OK xapaKT8pM3Y8TCH XaOTWl8CKMMM BCTIJI8CKBMM 
Ha qJoH8 peryJI.HpHoro ,li;BlfiK8iill.H , KOTOpHe ITO M8p8 npW5JIMlK8HMH K 
xaocy CTaHOBHTCH 60Jiblll8 M (MJIM) IIO.HBJIHJOTCH tiall\8 [ I5 ]. 

5.·Bimo,ItY 
' 

I.MMfiYJihCH~ peaKTop nepMO.n;MtiecKoro .n;e:A:cTBMH c 
..J 

OTpMI.J;aT8JibHHM T8MII8paTypHHM 8~8KTOM IIpM ,li;OCTMiK8HMM H8KOTOpo:A: 
MOJnHOCTM C H8M308iKHOCTbJO TipMXO,JJ;MT K CT~XaCTM\!8CKOMY TIOB8)J;8HMJO 
8H8prMM . MMJIYJibCOB MOil\HOCTM, TaK Ha3HBa8MOMY 
",n;eTepMIDillpo:saHHOMY xaocy". 

I 

2.XapaKT8p II8p8XO,JJ;a K Xaocy 3aBMCMT OT Bp8M8HHOrO 
xapaKT8pa 00paTHO:A: CBH3M, OT KOHKp8TH<?:A: MO)J;8JIM .zumaMi1KM; 
HaM00JI88 B8po.HT8H "I!Ja:A:reHOayMOBCKlf:A:" Tiepexo,n;, IIpM KOTOpoM 
XaOTM\!8CK08 ,li;BlfiK8HM8 HaCTyJia8T JIOCJI8 08CKOH8\!HO:A: 
IIOCJI8,li;OBaT8JibHOCTM OM~YpKal.l;M:A: Y,JJ;B08HMH nepMO,JJ;a KOJI86aHlf:A:. 

3.CTOXaCTM\!HOCTb ,n;MHaMMKM M.p.ri.,n;. 8CTb CJI8,li;CTBM8 
~CKp8T~OCTM, ~CCMJiaTMBHOCTM M H8JIMH8:A:HOCTM ypaBH8Hlf:A:, 
OIIMCHBaJOJnMX elj. 

4. Ilepexo,n; J1. p. II. ,n;. K XaOTM\!8CKOMY TIOB8,li;8HMJO CJI8,JJ;y8T 
CtiMTaTb "0830JiaCHHM" COrJiaCHO, HaiipMM8p, KpMT8pMHM aBTOpoB 
paOOTH [ 16 J, TaK KaK pa3MaX KOJI80aHlf:A: MOil\HOCTM B03paCTa8T 
ITOCT8II8HHO C M3M8H8HM8M ynpaBJI.HIDJnMX rrapaM8TpoB ( Cp8,li;H8:A: 
MOJnHOCTM HJIM peaKTHBHOCTH, CM. pHc.2,4,6,7). 

IlpaKTM\!8C~ HHT8p8C B npo,li;OJiiK8HMH HCCJI8,li;OBaHM:A: 
~CKp8THO:A: H8JIHH8:A:HO:A: ,n;HHaMMKH H.p.rr.,n;. MOiK8T 3aKJIJO\!aThCH B 

. ,'.• ·' 

IIOHCK8 TaKHX MO,li;8JI8:A:, KOTOpH8 ,n;aBaJIM OH "orrac~" xapaKT8p 
nepaxo,n;a qepe3 rpaHMI.J;Y YCTO:A:tiHBOCTH ( T. 8. H8MOHOTOHH08, 
p83K08 B03paCTaHH8 MOil\HOCTH), JIHOO B ,li;OKa3aT8JibCTB8 
HBB03MOmHOCTH TaKoro nepexo.n;a. 
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