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BbmycKH "llHHaMHKa H,UepHbIX :mepreTWJecKHX ycTa.HOBOK" 
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B BbtnycKax "llHHaMHKa H,UepHhIX :mepreTHtJeCKHX ycTa.HOBOK" ny6JIHKyroTc.11 MaTepHanbI no cne.u.yroI.I.tHM BonpocaM: 
- MaTeMaTH'leCKoe MO,1J,e1IHpOBa.HHe AlfHaMH'leCKHX npouecCOB B R3Y H HX :meMeHTax; 
- pe3ymTaTbl 3KcnepHMeHTOB no YCTOH'IHBOCTH CTauHOHapHblX npoueccOB H OOOCHOBaHHIO MaTeMaTH'leCKHX MO,IJ,eneH 

AHHaMHKH R3Y; 
- pactJeTHbie Hccne.u.oBa.HH.11 nepexO.U.HbIX H aBapHHHbIX npoueccoB; 
- paCtleTHbie HCCJieAOBa.HH.11 ycTOH'IHBOCTH CTat.OfOHapHblX pe)l(HMOB R3Y; 
- AffarHOCTHKa R3Y; 
- OilHCa.HH.11 H aHHOTaUHH nporpaMM pactJeTOB AlfHaMHKH H 3KCnepHMeHTaJibHblX HCCJie,IJ,OBaHHH. 

Issues of "Dynamics of nuclear power plants" contain the following information: 
- mathematical simulation of dynamic processes in NPP and their components; 
- experimental results on the stability of stationary processes and the definition of mathematical models of the NPP dy-

namics; 
- design analysis of transient and emergency operation; 
- design analysis of the stationary mode stability; 
- NPP diagnostics; 
- code descriptions and summaries for the dynamics designs and experimental studies. 
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YCTO0tIHBOCTb H IlEPEXO,IJ;HblE IlPOUECCbl 

Y,IJ;K 621.039.514 

0 IlPHJIO)KEHHHX TEOPHH HEJIHHEAHblX KOJIEBAHHR K ,IOIHAMHKE 
R,nEPHblX PEAKTOPOB•> 

.llaeTCfl KPITl<Jdt o!hop HCCne,D,OBllHidt ynpoweHHWX HCJIHHellHwx MITeMl1ll'leCKIIX MO)lenell llKHIMHKH pell<TopOB MeTO/l&MH TeopHH Kone­

C5aHJdt. 

ON APPLICATIONS OF TIIE TIIEORY OF NONLINEAR OSCILLATIONS TO NUCLEAR REACTOR DYNAMICS. V.D. GORY ATCHENKO. 
A short review of the investigations in the field of simplified nonlinear mathematical models of reactor dynamics using the methods of the theory 
of oscillations. 

OcHoBoii HAepHOH ycnHOBKH cny)l(HT aKTHBHa.JI 30Ha 

(A3) peaKTOpa, 3ano11HeHHa.J1 TeTIJIOB&l,IJ,emuomHMH :meMeH­

raMH (TB3JiaMH). Ba:>KHeHllla.JI COCtaBHlUI qacn TB3JIOB - )],e­

JIJIIJ.leec.11 BemecTBO (HaIIpHMep, ypaH). HMeHHO 31).eCb, B A3, 
H)].eT caMononnep:lKHBaioll.la.1tc.11 peawt.11 )],eneHHH 11nep ypaHa. 

KHHeTH'ieCKaJI 3HeprH.11 OCKOJIKOB neneHHJI npeACTaBJIJleT 

OCHOBH}'IO 'laCTb (:=:: 80%) TeJ'DlOBOH 3Hepnm, KOTOpa11 OT· 

BOAHTCJI TeTIJIOHOCHTeJieM (pHc. 1, · ropH30HtaJibHble crpen­

KH). qepe3 coe)],HHHTeJibHbIH Tpy6onpoBon HarpeTbIH Tenno­

HOCHTeJI& nocrynaeT B nepBbIH KOHryp naporeHepaTopa, r)].e 
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PHc. 1. YrrpoweHHaJI cxeMa llll.epHOII 3HepreTH'leCKOA YCT3.HOBKH: 

1 - llKTHBHafl 30KB pelKTOpa; 2 - Tnm.i; 3 - COCllHHHTenhHbIA 

TpyC5orrpoBOll; 4 - TerrnooC5MeHHHK (naporeHepaTop); 5 - HICOC 

•>HacTOflWIJI CTITIJI npe)lCT&BMeT 'lllCTI, nneHapHoro JlOKna.111 

HI Bcecol03HOA KOHct,epeHUHH no HeJIHHellHblM Kone6aHHf!M MeXaHH· 

qecKHX OHCTeM [ l ) . PaccMaTpHBleTCfl llHHIMHKa peaKTopoB c yqe­

TOM HeATpOHHO-<l>H3K'ICCKHX rrpoueccoB, XOTfl 'IHCTO MCXIHK'ICCKHe 

f!BneHHfl TIJOKC Beel.Ml cywecTBeHHhl H HHTepecHld. 3TO, e OCHOBHOM, 

BH6pauHH JneMeHTOB KOHCTpYKUHA llll.CpHblX 3HepreTK'lecKHX ycra­

HOBOK (JIJY) e noToKe TellnOHOCHTenfl. ARIU1H3y TIKHX BH6pauHA 

nocBJUUeHhl JlOKna.!lld (2, 3 I. 

OTnaeT CBOe TeJ'Dlo XOJIO)],HOH cpe)],e (Kill< npaBHJIO, BOAe) 

BTOporo KOHrypa ( CM. pHC. 1, BepTHK81lbHble CTpeJIKH). 

B pe3yJI&TaTe TennoHOCHTen& BToporo KOHrypa HarpesaeTCH, 

npeBpamaeTcH B nap H nonaerc11 K Harpy3Ke (HanpHMep, 

Ha typ6HHY) . 
Ilepe'IHCJIHM HeKOTOpb1e 0003Ha'leHHJI H Ha3BaHHJt .. ) • 

IlyCTb N - J'DlOTHOCTb HeirrpoHOB B A3, a Q - TelUIOBlUI 

MOll.lHOCTb peaKTOpa. lloKa3aHO, 'ITO 3TH BCJIH'IHHbl nponop­

UHOHaJlbHbl: Q = AN; A = const. ECJra B AaHHbIH MOMeHT 

J'DlOTHOCTb HeiirpoHOB paBHa N, TO 11epe3 BpeMH, paBHOC 

cpe)],HeMy BpeMeHH )l(H3HH 01).HOro 0OKOJICHH.11 HeHTpOHOB, 

oHa pasHa kN, rAe no onpeneneHHio k - Ko34>4>HI(HeHT 

pa3MHO)KeHHH HeiiTpOHOB. BeJIHllHHy k - 1 Ha3b!BalOT H36bl· 

TO'iHblM KOJ4>4>HUHeHTOM pa3MHO)KeHHJI, a OTHOWeHHe Ok= 
= (k - 1) /k - l>eaKTHBHOCTbIO. EyAeM noJib30BatbCH no­

cne)J.HHM repMHHOM. 

)lnH cneuHaJIHCTOB no teopHH KOJie6amtii 11nepHblH 

peaKTop (H R3Y B uenoM) npencTaBJIJteT 6on&woii HHre­

pec, IlOCKOJibKY peaKrop - JTO HCJIHHCHHblH 06bCKT C MHO· 

roo6p33Hb]MH o6paTHblMH CB.113.IIMH. B caMOM )],eJie, pa3MHO· 

)K3I01J.1HC CBOHCTB3 peaKTOpa, a cnenoBaTCJibHO, H J'DlOTHOCTb 

HCHTp0HOB N He MOryr He 3aBHCCTb OT 4>HJH'iCCKOrO COCTOJI• 

HHlt (r.e. TeMiieparyp H OJIOTHOCTeH) pll311H'iHblX cpen pe­

aKTOpa. C npyroii CTOpOHbl, JT0 COCTOltHHe 3aBHCHT OT TeJ'DlO· 

Bbl,IJ,CJICHHlt Q, a cnenoBaTeJibHO, H OT IlJIOTHOCTH HCHTpOHOB 

N. B HTore nonyqaerc11 cxeMa, npencTaBneHHlUI Ha pHc. 2. 
llo6aBHM, 'iTO KpoMe ynoMHHYT&1x 06parHb1x CBltJCH (Hx Ha-

3bIBaJOT BHyrpCHHHMH), cymecTByIOT H npyrne, BHeWHHe 

o6paTHblC CBlt3H, 06ycnoBJieHHb1e pa31IH'iHblMH opraHaMH 

perynHpoBaHHlt H ynpaBJieHHH. 

.. )3/lCCb H )llJlee HCOOJlb3yeTCfl TepMHHonorHfl, xapaJ<TepHU 

llnfl ''ro11e11HoA" HllCIIJ1H31UHH A3. 
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Jlonroe epeMR ueHTpam,Hb1M sonpocoM .IIHHaMHKH 

pe81CT0p0B 61,m sonpoc 06 ycTOH'IHB0CTH CTauHOHapHoro 

pa6o11ero pe>KHM8, H6o ycTOH'IHB0CTJ, CT8UHOH8pHoro pe)l(H• 

N 

2 

3 

PHc. 2. CxeMa .11nepHo ro peaKTOpa K8K llMH8MH'leCKOI! CHCTeMbl C 

o6paTHblMH CBJl3JIMH: l - HenHHeiIBhIA 6noK, OT0 6pa)l(aJOIUHA YPaB· 

HeHHJI KHHeTHKH peaKro pa; 2 - 6no K BHy TpeHHHX o 6paTHh!X CBJI· 

3el\; 3 - 6no K BHewHel! o 6paTHo A CBJl3H ( OllHH H3 aapHaHTOB) ; 4 -
anre6pax11eCKoe JaeHo, ¢opMHpy10U1ee peaKTHBHOCTb 

Ma B 3Ha'!HTeJlbHOR Mepe onpe.nen.11eT pa6oTOcnoco6HocTb 

.1mepHOR ycTaHOBKH. llo.lIBHJIOCb (H npo,nOJI)l(aeT nO.IIBJl.llTb· 

c.11) 60JlbWOe KOJlH'leCTBO pa6oT, B TOM 'IHCJle MOHOrpaq>HR 

[4 - 6), IlOCB.IIWeHHbIX yrny6neHHOMY H3yttemuo 3TOro BOTI· 

poca. O,nHaI<O B HaCTO.lllllee BpeM.11 K .H3Y rrpe,n1>.1IBJ1.IIIOTC.II 

pa3llH'!Hbie H BeCbM8 )l(eCTKHe Tpe60B8HH.II rexHHK0·3KOHO· 

MH'!ecKoro xapaKTepa. Hx BbIITOJIHeHHe .nenaeT HHor.na He• 

uenecoo6pa3HbIM, a nopoR HeBo3MO)l(HbJM o6ecne'leHHe 

YCTOR'IHBOCTH CTauHOHapHoro pe)l(HM8. qacTO OKa3bIBaeTC.II 

)],OCTaTO'IHbIM, 'IT06bl B rrpouecce 3KcnnyarauHH OTKJl0HeHH.11 

OT CTaUHOHapHoro pe)l(HMa He 6bIJlH CJlHIIIKOM 6oJibWHMH. 

IlpH TaI<OM IlOAXO.ne HeJlb3.II orpaHH'IHBaTbC.11 TOJlbKO aHaJIH· 

30M YCTOR'IHBOCTH pa60'IHX pe)l(HMOB, He06XOUHMO rrpOBO· 

UHTb rro.npo6Hoe HCCJie,noaaHHe UHHaMHKH .H3Y BCeMH cpe.n­

CTBaMH TeOpHH KOJie6aHHR. IlpHMeHHreJibHO K MO)],eJl.llM Ha 

q>a30BOH ITJlOCKOCTH CTaBHJlaCb 33Aaqa IlOJlHOro Ka'!eCTBeHHO· 

ro Hccne,noBllHH.11 UHHaMHKH. Hccne.noaaHHe 6onee CJIO)l(HbIX 

MO)],eneH, B '!aCTHOCTH MO)],eJleH C 3ail33)],bIB8HH.IIMH, Ilp0B0· 

)],HJlOCb no CJle)].yJOmeR cxeMe: I) onpe)],eJI.IIJlHCb COCTO.IIHH.11 

paBHOBecH.11 (crauH0HapHb1e pe)l(HMbI); 2) B rrpocrpaHcrne 

napaMeTpOB ycraHOBKH Bbl)].eJI.IIJlaCb o6naCTb acHMITTOTH'le• 

CKOH YCTOH'IHBOCTH BbI6paHHoro crauHoHapHoro pe)l(HMa; 

3) orrpe)],eJ1.11J1HCb onacHb1e H 6e3onacHb1e (no H.H. Eayrn­

HY) yqacrKH rpaHHI.l o6nacrn ycroH'!HBocrn; 4) )].Jl.11 3Ha'le• 

HHH napaMerpoB H3 o6nacrn HeycroH'IHBocrn B6JIH3H 6e3-

onacHbIX yqacTKOB npoBOUHJIC.11 npH6JIH)l(eHHbIH aHaJIHTH'le­

CKHH pacqer aBTOKOJie6aTeJlbHl,IX pe:>KHMOB; 5) )],Jl.11 TO'leK, 

Jie)l(aUIHX rny6oKo B o6nacrn HeycTOH'IHBOcra, a TaI<)l(e )].Jl.11 

TO'leK B6JlH3H onacHbIX yttaCTKOB rrpOBOUHJIHCb 'IHCJ1eHHb1e 

pacqerbI aBTOKOJie6arenbHbIX (HJIH HHbIX) rrpoueccOB. 

3nm,1 I) - 4) '18CTO )],OITyCKaJOT aHaJIHTH'leCKOe pewe­

HHe, HO KOHKpeTH1>1e BbIKJla,w<:H 6bIBaJOT BeCbMa rp0M03)],· 

KHMH (HanpHMep, )],Jl.11 CHCTeM C 3ana3)],bIBaHH.IIMH) . OKa3a• 

JlOCb B03MO)l(ffbJM C03)],aTb IlaI<eT nporpaMM, KOTOpblH rre­

peKJia)],bIBaer Ha 3BM pa6oTy no BCeM JTHM JranaM. TaKa.11 

'IHCJieHHaJI peanH38UH.II o co6eHHO ueHHa a Tex cnyqa.llX, 

KOr)],a y)l(e Ha rrepBOM 3Tane BCTalOT OOJlbWHe H HerrpeO)],O· 
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JIHMbie nperr.llTCTBIUI K IIOJlytteHHIO 8HaJIHTH'leCKOro peweHH.11 

(HarrpHMep, rrpH 8HaJIH3e HeJIHHeHHblX pac rrpeJJ,erreHHblX MO· 

JJ,eJleR, KOrJJ,a KHHeTHKa HeHTpOHHOro IIOJl.11 OT06p8)1(aeTC.II 

ypaBHeHH.IIMH rnna UHq>q>y3HH HJlH 6orree CJlO)l(HbIMH ypaB• 

HeHH.IIMH) . qHCJleHHbie acneKTbl 3)],eCb o6cy)l()],aTb,He 6y,neM; 

HM noca.11meHb1 pa6orbr [7, 8). 
Hccne.n;osaHHe Mo.n;eneA J].HHllMHICH Ha 4>a3oeoA IDIOCKO­

CTH. OcHOBHa.11 1.1,en1, raxoro Hccne.noaaHH.11 - BbI.IIBrreHHe Ka• 

qecrneHHOrO xapaKrepa BJIH.IIHH.11 HeKOTOpblX OCHOBHbIX rra­

paMerpoB peaxTOpa Ha ero UHHaMHKY. 

Ha'!HeM c Mo,neneR 

x=(ax+byXI +x); y=x -y, 

x = (ax+ b y + cy
2 (1 + x); y = x - y, (2) 

x =(ax+cx
2 

+by){l +x); y=x - y , (3) 

B KOTOpblX X = (N - No) /No - OTHOCHTeJibHOe H3MeHeHHe 

IIJIOTHOCTH HeRrpoHOB; No - CTauHOHapHoe 3Ha'leHHe; rrepe­

MeHHaJI y rrponopuHoHanbHa H3MeHeHH10 TeMI1eparyp1,r pe• 

aKropa (no,np06ffYIO CB.113b C nepBOHa'laJibHblMH nepeMeHHbI· 

MH - N, OK H ,np. CM. B [9]). 
llepBoe ypaaHeHHe B (1) - (3) oro6p8)1(aer KHHeTHKY 

HeHrpoHHoro non.11 6e3 yqera TaK Ha3bIBaeMbIX 3aTia3)],bIBalO• 

WHX HeRrpOHOB .) . IIepBbIH COMHO)l(HTeJib rrpe.ncraerrner 

peaKTHBHOCTb ( C TO'IHOCTblO .no noJIO)l(HTeJlbHOR IIOCTO.IIH· 

HOH), a BTOpOR - IIJIOTHOCTb HeRrpOHOB. Ko3q>q>HUHeHTbI 

a, b, c - IIOCTO.IIHHble 'IHCJla. 3HaK ux MO)l(eT 6blib pa31IH'I· 

HblM. IlpHH.IITO rOBOpHTb, '!TO a H b xapaKTepH3YJOT coor­

BeTCTBeHHO MOmHOCTHOR H TeMITeparypHbIH K03q>q>HU,HeHTbl 

peaKTHBHOCTH. IlpH COCTaBJleHHH MO,neneH (1) - (3) npe.n• 

rronaranocb, '!TO peaKTHBHOCTb pea1<ropa 38BHCHT OT MOWHO· 

CTH H TeMrreparypbl TOJlbKO O,nHOR cpe)].bl peaxropa. BTOpoe 

ypaaHeHHe cHcreM (1) - (3) rrpe.ncraen.11er 6anattc renna 

3TOR cpe)].b1. To'IKOR, KaK 061,1'1Ho, o6o3Ha'!eHo UHq>q>epeHUH• 

poBaHHe no BpeMeHH, HO a CHCTeMax {l) - (3) (H B nocne­

.UYIOIUHX ypaeHeHH.srx (4) - (6)) M8CWTa6 no BpeMeHH H3· 

MeHeH. 

B CHCTeMe (1) npHH.srra JlHHeiiHa.11 38BHCHMOCTb peaK• 

THBHOCTH OT TeMrreparypbl. Taxoe .nonymeHHe cnpaae)],JlHBO 

npH )],OBOJlbHO OOJlbWHX H3MeHeIDI.IIX TeMneparypbI - B 

HeCKOJlbKO .neC.IITKOB rpaAyCOB. IlpH 6onee rny6oKHX H3· 

MeHeHH.IIX Tpe6yerc.11 yttHThIB8Tb HeJIHHeHHYJO 3aBHCHMOCTb 

peaKTHBHOCTH or TeMneparypbl , '!TO H JJ,enaeTC.11 B MO,nenH 

(2) . .Iln.11 KattecrneHHOrO aHaJIH3a UHH8MHKH )],OilOJlHHTeJlb· 

HOro cnaraeMoro cy2 , nO•BHUHMOMY, )],OCT8TO'IHO, raK KaK 

peanbHa.1£ 38BHCHMOCTb peaI<THBHOCTH OT reMIIepaTypbl HMeeT 

BH.U, npe.ncraaneHHbrH Ha pHC. 3 (Ha'lano OTC'lera reMnepary­

p1,1 'IHCTO YCJIOBHOe) . 

B03MO)l(HbJ cnyqau, KOr,na He06XOUHMO yqHTbIB8Tb He• 

JlHHeHHyro 38BHCHMOCTh peaKTHBHOCTH OT MOmHOCTH peaK• 

.)l1Me!OTCJI B BHJlY Heltrpom.1, HcnycK aeMhle He B MOMeHT 11.e• 

neHH.11 ll/1.pa yplll!a (3TO - MIBOBeHm.re HeA11>om.1) , a HeCKOJThKO 

Il03lKe, IlpH (1-pacnme HeKOTOphIX OCKOnKOB 11.eneHH.11, KaKOBhIMH 

JIBnJIJOTCJI, B QC!:!OBHOM, H30 T01ll,[ HOila H 6poMa. 



rnpa; npocreHIID!H raKoH yqer ocywecrnneH B cHcreMe (3). 
OrMeTHM, '!TO TinOTHOCTb HeihpoHOB - aemtt[}{Ha Heor­

pHI1aremHa.H (N ~ 0; N0 > 0), noJTOMY B coornercTBHH 

C cpH3HKOH Bee HCcne,a:oaaime CHcreM (1) - (3) orpaID!tJH­

BanOCb o6naCTblO l + x ~ 0. 

PHC. 3. Ka'lecrBeHHbrlt BHn 3aBHCHMOCTM 

peaKT!fBHOC'rH OT TeMllepaTypbl Tenno­

HOCHTem1 

TeMnep3Typa 

IIpoae,a:eHo HC'lepilhIBaJCJIUee Ka'lecTBeJllfoe Hccne,a:oaa­

HHe CHcreMbJ (1). OHa HMeeT ,a:aa nono>KeHHH pa!lHOBeCHH : 

P, (0, 0) - CTaUHOHapHblH pa6o'!HM pe)l(HM HP2 (- 1, -1) -
norameJllfbIH peaKTOp. OcHOBHb!e Bb!BO/l:bl: l) KaKOBbl 6b! 

HH 6bllH KOJ<P<PHUHeHTbl peaKTHBHOCTH a H b, aBTOKOne6a­

HHll B CHCTeMe (1) HeB03MO>KHbl (npenenbHbie UHKnbI He 

cywecrnyior); 2) B 3aBHCHMOCTH or Ha'lanbHbIX ycnOBHH 

H KOHKpeTHbIX 3Ha'!eHHH a H b nH6o ycraHaBTIHBaerc.H CTaUH­

OHapHb!H pe)l(HM, nH6o peaKrop racnrc.H, nH6o ero MOIU­

HOCTb HeorpaHH'!eHHo pacTeT (nocne,a:Hee npoHcxo,a:Hr, B 

'!aCTHOCTH, npn b < 0 n ,a:OCTaTO'IHO 6onblllOM llOTIO)l(HTenb­

HOM 3Ha'!eHHH a) . 

Ilepexo,a: or CHCTeMbI (1) K CHCTeMe (2) (,a:o6aaneHHe 

'!neHa cy2 ) BHOCHT HOBbie Ka'1eCTBeHHb1e oco6eHHOCTH B AH· 

HaMHKY peaKropa : 

1. CywecrnyeT He Oll:lllf, a ,a:aa crau:noHapHbIX pe)l(HMa 

pa60Tb1; aropoH pe>KHM OT06p3)1(aeTc.H TO'IKOH P3 ( - (a + 

+ b) / c, - (a+ b) /c) Ha nnocKocrn x, y. fl106oH H3 JTHX pe­

>KHMOB MO)l(et 6b!Tb YCTOH'IHBblM HnH HeyCTOK'IHBblM B 3a­

BHCHMOCTH OT napaMeTpoB. 803M0)1(HbI cnyqaH, Kor,a:a o6a 

pe)l(HMa HeycTOHIJHBbI, HO HCKnIOIJeH TOT cnyqaH, KOr,a:a o6a 

pe)l(HMa O,a:HOBpeMeHHO ycTOH'IHBbl. 

2. Ilo.HBnHeTC.ll B03MO)KHOCTb aaroKone6aHHH. 3Ta B03-

MO)l(HOCTb peanH3yercH npH C < 0 H ,a:ocrarotJHO 6onblllOM 

3HatJeHHH napaMerpa a(a > 1). ABroKone6aHH.H Moryr co­

aeplllaTbc.H KaK BOKpyr nepaoro COCTOHHHH paBHOBeCIUI 

(P,), TaK H BOKpyr BTOporo (P3) - B 3aBHCHMOCTH OT KOH· 

KpeTHbIX JHatJeHHH a, b, C (pHC. 4). neTanH HCcne,a:oBaHH.H 

CHCTeM (I), (2) co,a:ep>KaTC.ll a MOHOrpacpHH [9). 
OrHOCHTenbHO CHCTeMbl (3) MHOrHe BbIBOll,bl OCTaIOTCll 

TaKHMH >Ke, KaK H ,a:TIH CHCTeMbl (2), HO eCTb HHTepeCHble 

OtnHIJH.ll: l) B03MO)l(HOCTb cyweCTBOBaHHH HeycTOHIJHBOro 

npe,a:enbHoro UHKna, OKpy)l(aJC)mero TO'!Ky P3 H onpenen.HIO­

mero o6naCTb ee npHUl)l(eHHH; 2) HeBOJMO)l(HOCTb cywecT­

BOBaHIDI ycTOHIJHBbIX npe,a:enbHbIX UHKnOB (H, cne,a:oaaTem­

HO, aBTOKOne6aHHH) npH nonO)l(HTeTibHOM TeMneparypHOM 

KOJq>q>HllHeHTe peaKTHBHOCTH (npn b > 0) . ITo,a:po6HbIH aHa­

nHJ JTOH CHCTeMbl ,a:aH a CTaTbe [10) . 

IlOMHMO CHCTeM (1) - (3) HJyqeHbl TaK)l(e CHCTeMbl 

PHC. 4. XapaKrepHb[e noprpeTb! CHC'reMbl (2) npH 3Ha'leHHJIX aapa­

MeTp0B a, b, C, nonyCK3.IOWHX cymeCTBOBaHHe ycrolt'!HBbIX npeo.enb• 

Hb!X UHKnOB: a - npenenbHbllt UHKn OKpylKlleT TO'll<Y P 
1 

; 6 - ape­

nenbHbllt UHKn OKpy)l(lleT TO'IKY p. 

x = [cp(x) + 1/J(y)] (1 + x); } (4) 
y = X -y; 

x = (ry - y - qxXl + x); } (5) 
y = ary(I + x) + (y - I Xqx + y); 

~ 1 =ax1(1 +xi)+a12(x2 -x1 );) 

x 2 = bx2(1 + x 2) + a2 1 (x1 - x2). (6) 

<l>yHKUHH ,pH 1/1B CHCTeMe (4) - nonHHOMbI, npHl!eM a KOH­

KpeTHOM aHanHJe JTO nonHHOMbJ He Bblllle TpeTbeH CTeneHH. 

AHanHJ CHCTeMbI (4) npoae,a:eH B pa6oTe (11). C IIOMOlUblO 

pa3pa6oTaHHoH pa.Hee MeTO,a:HKH nonyqeHb1 ,a:ocTaro1JHb1e 

ycnOBH.ll cywecTBOBaHHll H OTCytCTBH11 npe,a:enbHbIX UHK· 

noB , KOTOpbte Bbipa)l(alOTC.ll B BH,a:e CHCTeMbl pau:HoHanbHbIX 

HepaBeHCTB OTHOCHTenbHO KOJq>q>KUHeHTOB IIOTIHHOMOB '{I 

H 1/1. 

MHoro CHn TIOTpa'!eHO Ha aHanHJ CHCTeMbl (5), a K0TO­

pOH X - no-npe>KHeMy OTHOCHTenbHOe HJMeHeHHe MO[UHOCTH, 

Ho nepeMeHHa.H y onpe,a:enHeT He HJMeHeHHe TeMneparypbt, 

a peaKmBHOCTb. CHcreMa (5) cocraaneHa npH ytJeTe HJny­

qareneH JanaJ,a:bJBaIOIUHX HeHrpOHOB, HO B npeHe6pe)l(eHHH 

BpeMeHeM >KHJHH MrHoBeHHblX HeHTpOHOB H npHrO,a:Ha /J,1Ill 

aHannJa ,a:HHaMHKH MenneHHbIX npoueccoa c xapaKTepHbIM 

apeMeHeM nopn,a:Ka 10c H 6onee. neTanH Hccne,a:oaaHHn H 

nonyqeHHb1e peJynhTaTbl CM. B CTaTb11X [12). OrMeTHM TOJll,· 

KO, IJTO a CHCTeMe (5) YCTOK'IHBbie npe,a:en&Hble UHKnbl He cy­

mecTBYJOT H, cne,a:oaaTen&Ho, aBTOKone6arem,m,1e pe>KHMbI 

HeB03MO)l(Hbl. IlpH HeKOTOpbIX JHatJeHHnx napaMetpOB a, 
q H r cywecrnyer HeycTOKt[HBbIH rrpe,a:en&Hbll{ UHKn, OXBa­

TbIBaIO[UKH ycTOHl!HBYJO ro1U<y (0,0) H onpe,a:en11IOIUHH 06-

nacT& npHrn)l(eHHn crau:HoHapHoro pe>KKMa peaKTopa. 

CHcTeMa (6) npencTaBnHeT npocreHllIYJO MO,a:em ,a:KHa­

MHKH ,a:ayx CBll33HHblX {o6MeHHBaIOIUHXCll HeHTpOHaMH) 

peaKTOpOB. 3,a:ecb X1 H X2 - OTHOCHTenbHble H3MeHeHHH 

nnoTHOCTH HeHTpOHOB B nepBOM H BIOpOM peaKIOpe CO0T­

BeTCTBeHHO ; a. 2 H a2 I - nono>KHren&HbJe KOJq><pKUHeHTbl 

CBHJH; a H b - MO[UHOCTHbJe KOJ<pcpKUHeHTbl peaKTHBHOCTH. 

noKaJaHO, IJTO rrepHO,a:HIJeCKHe pe>KHMbl B CHCTeMbJ (6) 
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Jho6oe peweHHe u,neT K 0,11.HoMy H3 YCTOH'lH• 
aB03MO,acHl,J • 

HH.... paBHOBecrur JIH6o yxo,11.HT B 6eCKOHe'I­BWX DOJIO)l(e n 

HOCTI, _ B 3aBHCHMOCTH OT H8'181lhHbIX ,ll8HHl,IX H KOHKpeT-

HhlX 3H8'1eHHH napaMeTpOB , 

Mo.tleJJB Tpen.ero nop.llJlKa. QqesunHoe o6o6meHHe pac­

cMoTpeHHbIX MonerreA non yqaeTcn B TOM crryqae, Korna 

yqHThJBaJOTCR: TeMneparypHbie H3MeHeHHR: He 0,llHOH, a nsyx 

cpen peaKTopa. B npocTeHlllHx crryqanx npuxo,11.HM K cne­

.llYJOlllHM HeJIHHeHHbIM MO,lleJIR:M TpeTbero nop,i;nKa: 

x =(a1Y1 + a2y2 )(I + x); Y1 =r(X-Y1); Y2 = x-y2; (7) 

i = y(l + z)/ (l - y); y =au+ bv; µu =(z + y)/(I - ·y) - u+-yv; 

rv = u - (I + -y)v. (8) 

B y p aBHeHHR:X (7) r > 0, a napaMeTp bl a1 H a2 MOryT 6&ITh 

K 8K IlOJIO>KHTeJI&HblMH, TaK H OTpHl.laTeJI&HblMH. B CHCTeMe 

(8) y - H3MeHeHHe pe8KTHBHOCTH; z, u H V - OTHOCHTeJlh­

Hbi e H3MeHeHHR: KOHUeHTpawm H3Jly'lareneii 38083,II.b!BaJOlllHX 

HeihpoHOB, TeMOeparypbl TOIUIHBa H TennoHOCHTeJIR: COOT· 

BeTCTBeHHO. IlapaMeTpbl µ, 'Y H r rIOJlO>KHTeJibHbI; a H b -
HeKOTOpble IlOCTOIDiHbie mo6oro 3HaJ<a no q>H3H'leCKOMY 

CMbICJIY y < 1. B o6eux CHCTeMax CT8UHOHapHbIH pa6ol!HH 

pe>KHM pe8KTOpa OT06pa>KaeTCR: HyJieBblM IlOJIO>KeHHeM paB­

HOBeCHR:. 

Jln,i; CHCTeMbl (7) ,ll0K838HO [13)' 'ITO npH nepexone 

qepe3 rpaHHuy o6nacrH ycroH'lHBocTH B o6rracTb Heycroii­

'IHBOCTH B036y)l(,ll;aJOTCR: 8BTOKOJ1e6aHH11 (po)l(,ll;aercn ycroH­

'IHBbIH npe,lleJibHbIH UHKJI). Jln,i; CHCTeMbl (8) norryqeH [14) 
HHOH pe3yJibT8T: rpaHHua o6rracTH ycrOH'IHBOCTH CT8UHOHap­

Horo pe>KHMa B npocrpaHcTBe napaMerpoB peaKTopa R:BJIR:· 

ercn onacHOH, npH'leM nepexon qepe3 rpaHHUY B o6rracrb He­

ycroH'!HBOCTH rrpHBO,llHT K HeorpaHH'!eHHOMy•} HapaCTaHHIO 

MOlllHOCTH. 

Mo-.e1IH ,l;KH8MHKH pealCTOpOB K8K 061,eKTOB C 38D83N>f· 

BBBHeM. B o6meM crryqae 11,llepHYJO ycraHOBKY crrenyeT pac­

cMarpHBaTb KaK o6MKT c pacnpeneneHHblMH rrapaMerpaMH. 

0,llHaKO '18CTO ee ynaercn HAeanH3HpOB8Tb KaJ< CHCTeMy C 

O,llHHM HJlH HeCKOJlbKHMH 38Il83,llblBaHHR:MH BO BpeMeHH . 

~3H'leCKHe npH'IHHbl 38rI83,llblB8HHH C8Mble p83H006p83Hble : 

rpaHCITOpTHb1e 38Il83,II.bIBaHHR:, 06yCJIOBJ1eHHb1e KOHe'IHbIM 

BpeMeHeM npoxona rennoHocurerreM no pa3JlH'lHbIM JneMeH­

TaM KOHrypa UHpKyrun.orn; KOHe'IHhle BpeMeHa nporpeBa 

P83JIHllHbIX cpen peaKropa; KOHel!Hoe BpeMR: cpa6aTbIBaHHR: 

CHCTeMhl perynHpOBaHHR: H T.,ll. 

C TO'IKH 3peHHR: 8H8JIH38 YCTOH'IHBOCTH CT8UHOH8pHblX 

COCTO.IUIHH H pacl!eTOB B03MO>KHbJX aBTOKone6areJibHblX 

pe)l(HMOB H3yl!8JIHCb p831IH'1Hble MO,lleJIH C 38Il83,II.blBaHHR:MH. 

3Hal!HreJibHan 'lacrb HX npencrasrreHa cnenyromHMH cucre­

M8MH : 

x =(ax+ by(t - r))(l + x); y = x - y; (9) 

x = [cp(x(t - r1 )) + it,,(y(t - r2 ))] (I + x); y = x - y ; (10) 

.) B paMJ<ax c npaBeAJD{BOCTH MO,lle1IH (8} . 

6 

P(l + x) + z - x = O· p = cp(x(t - ri)) + it,,(y(t - Tz ))} 
. ' (11) 
y=x - y; z.=cie(x - z); ae >0; 
• I 
x = a(l + x) J T(77, t)sin2 1r77d77; 

0 

aT aT 
- + - = x(t)sin 1r77; T(O, t) = O; 0 ,;;;; 77 ,;;;; I ; 
at a11 

ex= c~ 0 + ~ 0 )(1 + x) - fJHx - y); 
3 3 T T 

y = ~ (x - y) = exp(- µa)(y - y(t - µ)); 
~ 

vi\ = (I - a)x - b(0
3 

- OT); 

iJ = a0 (t - µ) - 0 + ax + b10 - 0 ); 
T T T \:3 T 

a"' a
2

"' - = -- + q[l - <P(77 t - r))ip· at a112 
' • 

q = const; 0,;;;; 17,;;;; 1; cp(O, t) = cp(l , t) = 0. 

} (12) 

(13) 

} (14) 

CHcreMb1 (9) H (10) crry>Kar HenocpencTBeHHb1M o(?o6meHH­

eM MO,II.eJieH (1) H (4) COOTBercTBeHHo. tJneH ip(x(t-r1)) 

MO>KHO paccMarpHB8Tb K8K BKJ18,IJ. B peaKTHBHOCTb HenHHeH­

HOH CHCTeMbl perynHpOBaHHR: MOIUHOCTH, a TI - 38ll83,II.bJB8· 

HHe B ee cpa6aTbmaHHH. 3arra3n&maHHe r 2 o6ycrroeneHo KO· 

He'lHbIM BpeMeHeM nporpeBa cpe,!I.b1, JIH6o r 2 - rpattcnopr­

Hoe 38rI83,II.bIBaHHe. 8 CHCTeMe ( 11) yl!TeHbI H31IyqarenH 38· 

rI83,II.bIB8JOlUHX HeitrpoHOB (nepeMeHHaR: z), HO He Y'IHTbIB8-

J10Cb M8JIOe BpeMR: >ICH3HH MrHOBeHHbJX HeihpoHOB; p - pe­

aKTHBHOCTb peaKropa; OCTaJibHbie 06o3H8'1emrn re >Ke, 'ITO 

H B cucreMe (10) . CHcreMa (12) - O,IJ.Ha H3 npocreHlllHx 

MO,II.erreii ,11.HHaMHKH roMoreHHoro 11,1I.epHoro peaKropa c 

UHPKYJIHPYIOlllHM HeOKHMaeMbIM rorumeoM (HanpHMep, pac­

nnaeaMH coneH ypaHa). <I>opMa HeHrpOHHOro UOTOK8 npHHR:· 

ra CHHYCOH,II.8JlbHOH, a H3MeHeHHe reMneparypbl (T) Ha BXO· 

,IJ.e B A3 orcyrcTByer. 3ana3,II.bJBaJOIUHe HeHrpoHb1 He yqreHb1. 

Bonee conep>KaTemHOH npe,!I.CTaBJJ.Jlercn MO,II.eJlb [l 3] . 0Ha 

orn6pa>Kaer reMneparypm1e H3MeHeHHR: AByx cpe,!I. - IOIPKY· 
JIHPYJOlllero TOIUIHBa (0 T) H 3aMe,ll)IHTeJIR: (0 3). YllreHbl T8K· 

>Ke 3ana3n&IBa101..UHe HeHTpoHbi. 3ana3,II.bmaHHe µ - BpeMn 

(B 6e3p83MepHbIX e,11.HHHUax) npoxo,1J.a >KH,IJ.KOro TOilJIHBa 

no KOHTypy UHpKyn.1111,HH; aeT H ae3 - K03q>q>Hl.(HeHTbl pe-

8KTHBHOCTH no TeMOeparype TOIUIHBa H 38Me,IJ.JIHTeJIR: COOT· 

BeTCTBeHHo. OHH MOfYT 6b!Tb K8K O,II.HOro, TaK H npyroro 

3H8Ka. Bee OCT8JlbHbie KOlq>q>HUHeHTbl rIOJIO>KHTeJibHbl, 

npH'leM a < 1; ~ < 1; a < 1. B cucTeMe (13) (3 - ATIR: 3a­

n83n&IBaIOLUHX HeiirpOHOB; ~ - HX ueHHOCTb (0 ,;;;; ~ ,;;;; 1) . 
HaJ<OHeu, CHCTeMa (14) npe,!I.CTaBJIR:eT O,llHY H3 npOCTbIX MO· 

neneii 11,llepHoro peaKrnpa KaK 061>eKTa c pacrrpe,1I.eJ1eHHbIMH 

napaMeTp8MH. 3TO - .llH<pq>y3HOHH811 MO,II.eJlb, B KOTOpoH 

HCKOMaH nepeMeHHaJI '{J nponopUHOH8JlbH8 IlOTOKY HeHTpo­

HOB ' Bblpa>KeHHe B KB8,!I.p8THbIX CK06Kax BMecre C MHO>ICH· 

TeneM q xapaKTepu3yer KOJ<pq>HuHeHT pa3MHO>KeHHn Heiir­

poHOB . 

YcTOH'IHBOCTb COCTOR:HHH paBHOBeCHR: 8HaJIH3Hp0B8JI8Cb, 



Kat< npaBKllO, no MeTO,ey {l)-pa36HeHHll [ 15] ) H npH JTOM 

BbJ,D,eJilUJaCb o6nacTb YCTOH'lHBOCTH B npocTpaHCTBe OCHOB­

HblX napaMeTJ)OB peat<rnpa. Pac11eT aBTOKone6aHHH npoBo­

.wmc11 no MeTOo;HKe, npe,uno)l(eHHOH H OOOCHOBaHHOH ,!l11ll 

CHCTeM c noCJie,neHCTBHeM B MOHOr paq>HH [ 16] . 

Bee MO,nenH (9) - (14) HCCJie,nOBaHbl Ha OCHOBe JTOH 

MeTOo;HKH. 11ccnenoBaHHe npeJJ,BapMOCb nonpo6HbIMH pac'le­

TaMH ycTOH'IHBOCTH CTauHOHapHoro pe>KHMa H ,nonontumOCb 

HenocpencTBeHHbJMH 'IHCJieHHb!MH pac'leTaMH 3.BTOKOne6a­

HHH C nOMOlllblO 38M. Pe3YJlbTaTbl aHa11H3a CHCTeMbl (9) H3-

]10)1(eHbl B (9]. MonenH (10) H (11) nonpo6HO HJyqem,I B 

craT&e (17], npaB,na, q>yHKUHH 1/J(y) nperoronaranac& nHHeH­

HOH, a q>yHKUHll I{) (x) annpoKCHMHp<>Banacb nonHHOMOM 

He Bblllle TpeT!>eH CTyneHH. CHcTeMa ( 12) paCCMOTpeHa 

B [l 8] KaK 'laCTHhIH CJIY'laii 6onee o6mero HlfTerpO·JJ.Hq>­

q>epetto;Han&Horo ypaBHeIDUI c 6ecKoHel{J{bJM nocne­

,neHCTBHeM. Monem. (13) Hccne,noBaHa B [19] c npHBne­

'leHHeM 'IHCJieHHoii MeTOJJ.HKH (8]. KpaeBaa JaJJ,a'la (14), 

npe,nCT3.B11.IIJOlllaH TaK)l(e HHTepec H ,[l,ll.11 MaT~MalWlec­

KOH 6HOq>H3HKH, pellleHa npH6]1H)l(emm B pa6oTax 

(20, 21] - KaK BTopoe np116.JOOKeHHe no MeTO,ey fanep­

KHHa. 

HeT B03MOM<HOCTH nepe'IHCnHTb BCe KOHKperHbre peJym,­

TaTbl 3THX pa6or, nOJTOMY npHBeJJ,eM T011bKO OJJ,HH nocra­

TO'IHO xapaKrepHbIH pe3ymrar, orHOC.lllllHHC.11 K Hccne,noBa­

HHJO CHCTeM&I [ I 2] . Ha pHc. 5 AaHa rpamma o6naCTH ycron-

PHc. 5. fpaHIUla .V-pa36HeHHH 

nnOCKOCTH 

- 8 

3! .10' 
T 

'lHBOCTH B rinOCKOCTH K03q>q>Hll,HeHTOB peat<THBHOCTH no 

TOIJJIHBy (~\) H 33MeA11HTen10 (a\). I<pHBaJI 9>-pa36HeHHll 

HMeer onacHbJe (H306pa)l(eHbl nyHKTHpoM) H 6eJonacHb1e 

(H306pa)l(eHbI CrinOIJIHOH nHHHen) yqacTKH. Ha pHC. 6 npen­

CTaBneHa 6Hq>ypKaa;HOHHaJI JJ,HarpaMMll MMKOro pe)l(HMa B03-

6y)l(JJ.eIDUI 3.BTOKOne6aHHH, Kor,na rpaHH'IH0e JHa'leHHe na­

paMeTpa ~T npHHa,o;ne)l(HT 6eJonacHOMY yqacTKy. AMrinHTY­

na aBTOKone6aHHH MOH0T0HHO pacTeT C pocTOM .ieT. Cnnow­

HaJI 11HHHll - pac'!eT no llHa11HTH'leCKOH MeTOAHKe, nyHKTHp­

HaJI nHHHll - pe3Y1lbTaT Henocpe,ncTBelilioro pellleHHll Ha 

38M ypaBHeHHn (12). Ilo Mepe ynaneHH.11 OT rpaHHU&I pac­

xo)l(JJ.eHHe Me)l(JJ.y 3THMH peweHH.llMH B03pacneT, HOO q>OpMa 

3.BTOKOne6aHHH oKaJ&IBaeTC.11 AOCTaTO'IHO naneKOH OT TOH, 

'lTO ,naeT npe6nH)l(eHHoe aHanHTH'lecKoe peweHHe. lIHCJieH­

H&Ie pac'leTbl ,!l11.ll napaMeTpoB BOOH3H onaCHbIX yqacTKOB no-

1,2 

0,8 

0,4 

6 

PHC. 6. 611<t,ypKawtOHJUUI 11,11a­

rpaMMa AJ)SI CHCTeMLI (13) s 
C/ly'lae MJIJ'l<Ol'O pellCHMa B03-

6y>KD.eHHJl aBTOKOne6aHHA 

8 

KaJanH, 'ITO npH Tat<HX napaMeTpax TaK)l(e YCTaH3.B1IHBaIOTC.II 

3.BTOKOne6aHH.ll, HO pe)l(HM ycTaHOBneHHR )l(eCTKHH. 
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HCCJIE.D;OBAHHE HA Cl>A3OBO:0 IIJIOCI<OCTH HEJIHHE:0HO0 MO.n;EJIH 
.D;HHAMHKHPEAKTOPA 

B .H. llIHJIOB 

KaqecTBel!HldMH MeTOAaMH TeOpHH He11HHelbn.Ix J<One6aHH1t H3yqaeTC11 Toqe'llfaJI MOAenL ,[lHHaMHKH peaKTOpa 6e:i 3ail83,IJ,LIB8JOll.lHX Heffypo• 
HOB C yqeTOM HeJIHHeAHoA (KBBD,paTH'IHOA) 3&BHCHMOCTH peaKTHBHOCTH OT MOWHOCTH H reMnepaTypHoA o6paTHo8 CB113H. 

AN INVESTIGATION ON THE PHASE SURFACE OF REACTOR DYNAMICS NONLINEAR MODEL. B.N. SHILOV. By means of the quali· 
tative methods of the theory of nonlinear oscillations a point model of the reactor dynamics without delayed neutrons, taking into account nonli­
near (quadratic) reactivity dependence on power and thermal feedback, is analysed. 

PaccMoTpHM HenHHeiiHYIO cHcTeMy 

:ic.=(1 + xXax+bx2 +cy); y=x-y. (1) 

IlpH H8,11;1le)K31.UHX H,D;eanH3au,HJIX 3Ta CHCTeMa OIIHCbIBaeT ,D;H· 

H8MHKY pa3l1HIJHblX pa3MH0)1<3.IOlllHXCJI cpe.n, H3.IlpHMep ,D;H· 

H3.MHKY .11,D;epHoro peaKTOpa C HenHHeHHOH 33.BHCHMOCTblO 

K03q>q>HUHeHTa pa3MHO)KeHHJI HeHTpOHOB OT MOlllHOCTH 

peaKTOpa [1]. B 3TOM cnyqae nepeMeHHhle X Hy onpe,D;eJIJIIOT 

COOTBeTCTBeHHo OTHOCHTenbHbie OTKnOHeHHJI MOILIHOCTH H 

TeMnepBTypbl B peaKTOpe OT CTauHOHapHbtx 3Ha'leHHH. He­

CKOJibKO 6onee 06lllHH cnyqaii CHCTeM.bl (1) paccMaTpH­

BaJICJI B CTaTbe [2], B KOTOpoH npH a < 0 Hccne,D;OB3.Hbl 

COCTOJIHHJI paBHOBeCHJI H Haii,nem,1 HeKOTOpbte He06XO)];HMbie 

ycnoBHJI cymeCTBOB3.HHJI nepHO,D;H'leCKHX peweHHH. Ha ca­

MOM ,D;ene napaMeTp a, nponopUHOH3.JlbHhlH MOlllHOCTHOMY 

KOJq>q>HUHeHzy peat<THBHOCTH peat<TOpa, MO)KeT 6b1Tb KaK 

oTpHUaTen&HhIM, Tat< H nono)KffTen&H.hIM. llan&HeHl.l.laH 3a,D;a• 

qa 33.KnIO'laeTCJI B nonHOM Ka'leCTBeHHOM HCcne,D;OB3.HHH CH· 

CTeMI,I (1) B 33.BHCHMOCTH OT napaMeTpoB a, b H c. 

8 

AH.amt3 cocroJIIIHA p8BHOBeCHJil.. CymecTBYJOT TPH CO· 

CTOJ1HHJ1 p3.BHOBecHH cHcTeM.1>1 (1): P1 (0,0); P2(- l,-1); 
P3 (-(a + c)/b, - (a+ c)/b). Ilo q>H3ffllecKoMy cM1>1cny 

nepeMeHHOH X 

1 + x;;;i,o. (2) 

To11Ka P3 cymecTByeT (ne)KHT B o6nacTH (2)), ecnH Xo = 
=-(a+ c)/b > -1. 

,lJ.nJI aH3.JIH3a THilOB COCTOJIHHJI paBHOBeCHJI p I , pl, p 3 

nHHeapu3yeM CHCTeMy (1) B OKpeCTHOCTH Ka)l(Aoro COCTOJI· 

HHJI p3.BHOBeCHJI H COCTaBHM xapa.KTepHCTH'leCKHe ypaBHe­

HHJI nHHeapH30B3.HHblX CHCTeM. IloJiyqHM 

}1.2 + (1 - a)X - (a+ c) = 0; 

{A+l){A+a+c-b)=0; 

X2 + [I+(l+:xoXa+2c)]X+(l+x0 )(a+c)=0. 

(3) 

(4) 

(5) 

AHa.nH3 KOpHeii ypaBHeHHH (3) - (5), npoBe,D;eHHbJH 

cornacHO [3]' Il03BOmuI pa36HTb npocTp3.HCTBO nap3.MeTpoB 



a, b H c Ha 11 o6nacrei'.i: ( CJlj"laeB), COOTBeTCTB}'IOlUHX pa31IH'I­

Hl>IM THilaM TO'leK p 1 , p 2, p 3 . Ilorrj"leHHbie pe3YJibtaTbl CBe­

,o:eHbl B ra6nimy, a TaJ<>Ke npe,o:ctaBJieHbI Ha pHc. 1. IlpHCyt­

CTBYJOIUHH B ra6JIHue H Ha pHcym<e napaMetp a= I + (1 + 
+x0 )(a+2c). 

AHanH3 cymecrBoBaHHll npe,D;em.HLIX UHKJJOB, BepTH­

Kan& X = -1 q>a30BOH IDlOCKOCTH (x, y) ectb HHterpan&HaJI 

KpHBall CHCTeMbl ( 1), ITO3TOMy paCCMOtpHM TOJibKO o6rractb 

1 + x > 0. IloKa)l(eM, 'ITO npH c > 0 CHCTeMa (1) He HMeet 

npenerr&HblX UHKJIOB. ,IleHCTBHTen&HO, npenerr&HblH UHKJI 

norr)l(eH oXBaTbrnan rolfl<'.y P 1 m16o TOl{KY P 3• Ilocne JaMeHbI 

t = X - xi; T/ = y - Yi ypaBHemrn (1) npeo6pa3YJOTCll B CH­

CTeMY 

i =(at+ be + 2bxit + cr,Xl +xi+ 0; Tl= t - 'Tl, (6) 

B KOtopoi'.i: x. = y I. = 0 .o;nll P1 H x
1
. =y. = x 0 .D;nll P3 . 

1 • I 

Ha ocH t = 0 norry11aeM ~ = cr,·(1 + x), a Ha ocH 'Tl= 0 
HMeeM 11 = t T.e. q>a30Ball tpaeKtopHJI CHCTeMbl (6) npH 

c > 0, nonaB B nepBb!H HnH tpeTHH KOOp,D;HHatHbie yrnbI, 

60Jibllle HX y)l(e He ITOKH)];aet, 3Hal!HT, BOKpyt COCTOJIHHJI 

paBHOBecHJI xi' Yi He MO)l(et 6b!Tb 3aMKHytbIX q>a30BbIX 

rpae1<t0pHH•) . 

,IlnJI CJlj"laJI c < 0 BOCITOn&JyeMCJI KpHtepHeM )liorra1<a 

[3, 4), B3JIB F(x, y) = (1 + x)m-tecmy _ 3Ha11eHHJI m, 

y.o;oBrrernopJII01UHe 1<pIuepmo, CY1Uecrny10r, eCJIH 

(l-a)a>0. (7) 

HtaK, CHCTeMa (1) He HMeer npe.o;en&Hb!X UHKJIOB B o6JiacTH 

1 + x > 0 (npH c < 0), eCJIH napaMetpbl CHCTeMbl y.o;oBnerno­

pHIOT HepaBeHcTBy (7). ,Uo6aBHM eme, '!TO npe.o;en&Hb!e UHK­

Jlbl B CHCteMe (1) OTCYTCTBYJOT npH napaMetpax H3 o6JiacTH 

3, TaK KaK B 3TOM CJij"lae B o6JiacTH 1 + X > 0 Het OC06btX 

TOl!eK c HH;lJ;eKCOM j = + 1 [3). 
Ha pHC. 1 3allltpHXOBaHl>l o6JiacTH, )];ITJI KOTOpbIX .D;OI<a-

3aHO OTCytCTBHe 3aMKttyTblX q>a30BbIX rpaeI<tOpHK. ,IlnJI 

He3allltpHXOBaHHbIX o6rracrei'.i: IDlOCKOCTH (a, c) Ctporoe pe­

llleHHe BOnpoca O CYlUeCTBOBaHHH npe.o;en&HbIX UHKJIOB y.o;a­

JIOCb ITOITyl!HTb TOJibKO .D;nll TOl!eK, 6nH3KHX I< rpaHH'IHbIM JIH­

HHJIM a = 0 H a = I (Ha pHC. 1 3TH nmom OTMel!eHbJ TOlfl<'.a­

MH). Ha 3THX JIHHHllX Bbl'IHCJleHa nepBaJI ITJIIlyttOBCKaJI Be­

JIWIHHa L1 [4] , a 3ateM no 3HaKy L1 B COOTBeTCTBHH C te-opH­

eH po)l()];eHHa npenemttoro UHKJia H3 CJIO)l(HOro 4>01<yca [ 4] 
ycrattoBrreHo cnenyiomee. 

1, ,IlnJI TO'leK o6rractH 1, 6JIH3KHX I< BeptHI<allH a = 1, 
CHCTeMa (1) HMeer e.o;HHCTBeHlil>IH tteyctOH'IHBblH npe.o;eJib­

HbIH l.(HKJI, 01<pY"'a101UHH toll.Ky P1. 

2. ,Ilnll TOl!eK o6nacTH 2, 6JIH3KHX I< rpaHHUe a= 0, CH­

cteMa ( 1) HMeet e,D;HHCTBeHHbIH HeycTOKIIHBbIH npenem­

HbIH UHKJI, OI<pY"'aIOIUHH P3 . 

3. ,Ilnll ro11e1< o6JiacTH 8, 6JIHJI<Hx I< rpamme a = 0, 
CHCTeMa (1) HMeet e,D;HHCTBeHHbIM HeyctOH'IHBblH npe­

nen&HbIK UHKJI, 01<py>Kaio1UHH P 3. 

•)3To paccylKI!eHlle cnpaBe.[JJIHBO H Wlll 6onee 06111ero cnyqu, 
Korna C}'MMa ax + bx2 B (1) 3aMeHeHa DpOH3BOm.Hol! llHanHTfflle­

CKOI! !p}'Hl<IJ,Hel! s(x), TaKOI!, '!TO s(O) = 0. 

C 

a 

0 

a 

C 

a 

6 

C 

a 

B 

Puc. 1. Pa36HeHHe nnocKoCTH napaMeTpOB (a, c) no rnnaM COCTOJI­

HHI! p3BHOBecull : a - b > O; 6 - b < - 1/2; B - -1/2 < b < 0 



TIUll,I COCTORHIIH paaaoeecHR B 33BHCHMOCTH OT napaMeTpOB 

O(5nacn, CooTH0WeJiHR MelKAY 
napaMeTpaMH 

l b > 0; a< l; a+ C < 0 

2 0 < a+ c < b; o > 0 

3 a+c>b>0 
4 0<a+c<b; o<0 

s a+ c < 0; b > 0; a> l 

6 a+ c < b < 0; a<l 
7 b<a+c<0; a<l 
8 b < 0; a+ c > 0; o>0 
9 b < 0; a+ c > 0; o< 0 

10 b<a+c<0; a> l 
11 a+c<b<0; a>l 

a 

B 

X 

P, 

Ycrolmie&rA yJen (q>oKyc) 
Ce,a;no 

., ., 

HeycrolMtBbIII: ylen (q>oKyc) 
YCToA'IHBbtlt y3en (q>oKyc) 

Ce,a;no 

HeyCToltirne&tlt yJen (q>oKyc) 

6 

r 

Pac. 2. ~830Bb!e nopTpeTbl 
CHCTeMbl (1) npa napaMer­
pax: a - H3 3aIUTpHX0BaH· 
HOA 1{8CTH o6naCTH l ; 6 -
HJ o6nacTH 1, 6na3KO K rpa­
HHue a = 1 ; e - HJ o6naCTH 
3; I' - H3 o6naCTH 9, 6nH3K0 
K rpaHHue o =0 (b > - 1/2); 
.ll - H3 o6naCTH 11, 6nH3KO 
K BepTHKBnH a =l 

P, 

CeAJio 

Y CTOA'IHJlbdt Y3611 
Ce,a;no 

Y crolt'Drabtlt y3en 

CeAJio 

P, 

Ce,a;no 
y CT0A'D!:e blA ylen ( q>oK ye) 

Heycrolt'Drabtlt y3en (q>oKyc) 

Ce,a;no 
YcrolNHB&tlt yJen (q>oKyc) 
Heycrolt'Dmbtlt y3en (q>oKyc) 
CeAJio 

4. D,n.11 ro11eK o6nacrn 9, 6Jrn3KHx K rpaHHUe a;:: 0, CH· 

creMa (1) HMeer npH b > -1/2 eni,rncraeHHbIH ycroH'IHBbIH 

npe,u.en&HbIH UHICJI, oKpy)l(alOIUHH P3. 

5. D,n.11 T0l!eK o_6nacreH 10 H 11, 6nK9KHX K aepTHKaJIH 

a ;:: 1, CHCTeMa (1) HMeer e,a;HHCTBeHHblH ycrOHIJHBbIH npe­

,u.emHbIH UHICJI, oKpy)l(arolUHH P 1 . 

6. D,n.11 T0IJeK o6nacrn 7, 6nH3KHX K BeprnKanH a;:: 1, 
CH ere Ma ( 1) HMeer e,IJ,HHCTBeHHbIH HeycrOHIJHBblH npe,u.eJib· 

HbIH UHKJI, OKpyll<aIOIUHH T0IIKY p 1, 

Cl>a30Bhle noptpen,1 CHCTCMl,I (I), Yl!HTbIBa.R pacnoJI0· 

l!<eHHe H THill,l oco6b!X T0IJeK, HanHIJHe HHrerpanbH0H KPH· 

B0H 1 + x ;:: 0, pacnonol!<eHHe rnaaHb1x H30ICJIHH ax + bx2 + 
+ cy ;:: 0 H X ;:: y CHCTeMbl (1), y,u.anocb B 061UHX 11eprax 

ycraH0BHTb xo,u. cenaparpHc ce,u.en, 11ro H 3aaepWHJio Hc11ep­

Ilb1Ba101UHH aHanH3 noae,u.eHH.11 cpa30BblX rpaeKTOpHH CHCTe­

Mbl (1) Afl.11 acex napaMerpoB H3 3aillTpHX0BaHHblX o6na­

creif. 11c11epru,maromee Ka11ecraeHHoe HCCJie,u.oaaHHe Bb!Il0JI· 

HeH0 TaKl!<e ,IJ,JI.11 T0IJeK He3aillTpHX0BaHHblX o6nacreH, MH3· 

KHX K rpaHHUaM a;:: 0 Ha ;:: 1. D,n.11 napaMerpoa, npHHa,IJ,Jle­

ll<amHX He3aillTpHX0BaHHblM o6naCT.IIM H ,IJ,0CTaT0IJH0 y,u.aneH­

HblX or rpaHHU o6nacreii, npoae,u.eHHbIH aHanH3 CJie,u.yer C'IH· 

TaTb BbIIl0JIHeHHbIM C T0IJH0CTblO ,IJ,0 11ernoro IJHCJia npe,u.eJib· 

HblX UHICJI0B. 

HeKOTOpble cpa30Bbie noprperbl CHCTeMbI (1)' nocrpoeH­

Hbie B pe3ymrare npoae,u.eHHoro HcCJie,u.oaaHH.11, npe,u.craane­

Hbl Ha pHC. 2. 
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YJJ;K 621.039.55.514 

OB YCToffqMBOCTB ")J;BHAMBKE BblCOKOIIOToqHoro H)lEPHoro PEAKTOPA 
C TBEPJJ;blM TEIIJIOHOCBTEJIEM 

B.H. 11BaHoB, IO.<l>. Tpy1um, H.JI. qHXJia,n3e 

HccnenyeTCll ycrnlNHBocn. CTauH0HapHoro pelKKMa pa6oThl BblCOK0il0T0'IH0ro peaKTopacTBep.Ul>IMTennoH0CKTeneM, conepllCautllM TOIIJJHB0 
(BPTI). IlpOBOJll!ICll pac'leThl nepeX0A}ll,IX npoueccos· B pelKKMe caMOperym1pOBIU!Hll peaKTOpa IlpH BHel.lJHJIX B03M~eHHllX peaKTHBHOCTH. 

ON THE STABILITY AND DYNAMICS OF A HFR WITH SOLID HEAT-TRANSFER AGENT. B.N. IVANOV, Yu.F. TRUNIN, I.L. CHIKH­
LADZE. The stationary mode operation stability of the HFR with solid heat-transfer agent, containing fuel is under investigation. The calculations 
of the non-stationary processes in the reactor self-regulation mode of operation under external reactivity disturbances are conducted. 

ITpHHUHn pa6oTbl Bbie0K0TeMneparypHoro peaKT0pa 

fPOTT [l] e IJ,HKJIH'leeKH nepeMewaeMbIM no Kpyry mep­

AbIM TeIUI0H0eHreneM, eo,o.ep>KatUHM ronnHB0, M0>KeT 6b!Tb 

yeneWH0 paenpoerpaHeH Ha BbICOK0n0T0'IHble peaKT0pb!. Ca­

Ma K0HerpyKUJUI peaKT0pa e BpalllatolllHMe.11 reIIJI0H0eHre­

neM npe,o.yeMarpHBaer npoerpaHeTBeHHoe pa3,o.eneHHe o6na­

ereii rennoBbl,!J.eneHHH H re1IJioebeMa, no3Bomuowee pa3rpy-

3HTb aKTHBHYJO 30HY OT MerannOKOHeTpYKUffH, He06X0AH­

MblX ,o.n.11 npH,D.aHHH m:my HY>KHbIX MeXaHH'leeKHX H Tenno­

BblX xapaKrepHeTHK. IlpH 3T0M no.11Bmi:ere.11 B03M0>KH0eTb 

BbI,O.eneHHH 110,0. T0IIJIHB0 6omweit qaeTH aKTHBHOH 30Hbl H 

0ITTHMH3aUHH ee eoeraBa, 'IT0 no3B0n.11er II0BbleHTb y,o.enb­

H0e 3Hepr0BbI,O.eneHHe H 3Ha'lHTenbH0 YBenH'lHTb II0T0K HeHT­

p0H0B. 

norHtleeKoe pa3BHTHe TaKOH K0HUelIIIHH npHB0,!J.HT K 

Heo6xo,D.HMOeTH 3aMeHb1 rennonepe,o.a'lH 11oepe,o.eTB0M renno­

Boro HJnyqeHHH, He11onb3yeMOH B eHereMax fPOTT, Ha K0H­

BeKTHBHblH reIIJioo6MeH e o,rumpo,D.Hoii epe,o.oii, HanpHMep 

06bI'IHOH BO,!J.OH. ITpH 3T0M B0,O.a B aKTHBHOH 30He 6y,o.eT Bbl­

nonHHTb H <pyttKIJ,HIO 3aMe,o.nHrenH. ITOHBMereH B03MQ)K­

H0eTb opraHH3aUHH 11orpy>KHOH eHeTeMbI e Bpawarow.eiieH 

rrnarcpopMOH, Ha KOTOpOH pa3MeweHbl TB3flbl B BH,D.e oqexno­

BaHHblX rennoeMK0eTHblX erep)KeHbK0B e rennOBOH H30nH­

UHeH Me>K,o.y o6onO'll<OH H T0IIJIHBHl>IM eep,o.e'IHHK0M. Ha Ma­

noM yqaerKe K0ilbUa BpaweHHH e Il0M0IUbIO 6oKOBblX orpa­

>Kareneii H npo,o.on&HhIX 11ornowarow.HX wropoK, Bbm0nHJl'.10-

W.HX ponb HeihpoHHbIX oree'leK, opraHH3yereH aKTHBHaH 

30Ha. Bo BHelJJHeH o6nacTH npoHCX0,!l.HT HHTeHCHBHaH Tenno-

0T,D.a'la. TaM >Ke paJMemeHb1 CTaUH0HapHb1e nornoTHrenH 3a­

na3,!J.bIBaIOlllHX HeiirpoHoB, Heo6xoAHMb1e Afl.11 06ee11eqemrn 

rny6oKOH 110,D.KpHTHtffi0eTH. 

TaKaH CHCTeMa pa3pew.aer 11paKTH'leeKH Bee rpy,o.H0CTH 

BblC0K0n0T0'IH0f0 peaKropoerpoeHIDI H Il03B0nHeT nonY'lHTh 
- s 1016 -3 -1 Il0T0KH HeHrpoH0B nopH,D.Ka . CM .c . 

,Il,BH>KeHHe raep,o.o<pa3HOro TOIIJIHBa no 3aMKHyT0MY 

K0HTYPY 06be,!l.HHHeT 3T0T 0pHrHHanbHbUf annapar e H3Beer­

Hb!MH npoeKTaMH peaKT0poB e II,HpKynHpYJOlllHM ropIO'IHM 

(PUf) H, eoornereraeHHo, BH0eHr AHHaMH'leeKHe oco6eH­

Hoem, npHeywHe PUf [2, 3] • Cpe,D.H HHX, npe>K,D.e Beero, 

ene,o.yer 0TMeTHTb yMeHblllCHHe 3<p<peKTHBHOH ,!J.0nH 3ana3AJ,I­

BaIOlIJ,HX HeiirpoH0B B aKTHBH0H 30He, npHB0,!l.Hlllee K B03c 

M0>KH0MY yxy/J,ll.leHHIO ycnoBHH yeT0K'IHBOeTH H yrrpaBn.11e­

M0em [4] . B BPTT 3TOT 3<p<peKT M0>Ker apoHBHTbeH Bee1,­

Ma eHnbH0, IIOCK0JD,KY H3 ero aKTHBHOH 30Hbl BbIH0eHTe.11 

eBblllIC 90% H3ny'lareneii 3alla3AJ,IBaI01IJ,HX HeKTpoH0B. 3Ha­

'lHI' KHHCTHKa peaKT0pa 011pe,o.enHeTeH 11paKTH'lCeKH T0flbK0 

MrH0BCHHblMH HCKTp0HaMH. KpoM~ roro, npHcyrernyer H 

xapaKrepHaH win n106oro Pllf B3aHM0CBH3b tteiirpoHHo-¢H-

3H'leeKHX H rennocpH3H'leeKHX napaMerp0B T0IUIHBa Ha Bbl­

xo,o.e H Bxo,o.e aKTHBHOH 30HbI, c11oeo6HaH npH onpe,o.eneHHbIX 

ycnoBHHX "paeKa'laTb" cnyqaKH0 B03HHKWHe B03MYlllCHHJI 

M0lllHoem H reMDeparypHoro 11on.11. 

8 BPTT nonHbrn H30TepMH'ICCKHH K03<p4>HUHeHT peaK­

THBH0eTH eKJia,11,bmaereH H3 0TpHUarenbHblX KOJ<p<pHIJ,HeH­

T0B no reMnepazypaM T0rrnHBa H 3aMe,o.nHrenn. B o6weM 

enyqae 0TpHUaren1,HaH o6parHaH eBH3b era6IDIH3HpyeT eH­

ereMY, O.D.HaKo 11pH KpaHHe Manoii ,o.one 3ana3AJ,raatolllHX 

HeihpoHoB B aKTHBHOH 30He PUf H Bbie0K0M ypoBHe erauu­

oHapHoii M0UlH0eTH eHnbHaH 0TpHUaren1,HaH o6paTHaJI'. eBH3b 

M0>KeT eTaTb npH'lHH0K B03HHKH0BCHHH Kone6arenbHOK He­

yeTOH'IHB0eTH [S]. 
C yqeroM 3THX oeo6eHHoereii Hecnep_oBaHHH yeroH'lH­

Boem H ,D.HHaMHKH BPTT eraH0BHTeH Bee&Ma aKTyan&HbIMH 

Ha n106oM 3rane ero pa3pa6oTKH. 

PaceMOTpHM y11poweHHyro exeMy peaKT0pa B BH,O.e 

3aMKHYT0fO K0flbUCB,0fO K0Hrypa, H306pa>KeHHoro Ha pHe. 1. 
JI;rn MareMam11eeKoro 0IIHCaHHH ero ,D.HHaMHKH e,o.enaeM 

pHJJ. npe,o.11ono>KeHHii. 

1. AKTHBHYIO 30HY npe,o.eraBHM coepe.o.oro'leHHbIM o6be­

M0M, a BHeWHIOIO qaerb K0HTypa II,HpKynJmHH (rerrnoo6MeH­

HHK) - nHHCHHblM paenpe,o.eneHHblM 3BCH0M. 

2. KHHemKy HCHTpOHOB 0IIHlllCM ypaBHCHHHMH T0IJC'l­

H0f0 11pH6nH>KCHHH e yqeroM ,D.BH>KeHHH H3JlyqaTeneK 3aila3-

AbIBaI01IJ,HX HCHTpoHOB no 3aMKttyI0MY K0Hrypy. 

3. TennoB1,1,o.eneHHe BO BHeWHeii qaem K0Hrypa UHPKY­

nJmHH, o6ycnoBneHHoe H3nyqeHHeM 3a11a3,11,bIBaIOl.l.lHX Heih­

poH0B, a TaK>Ke MfH0BeHHbIM H 3aaa3,ll,blBaIOlIJ,HM ')'-HJnyqe­

HHeM, II0il0>KHM He 3aBHeH1IJ,HM OT BpeMeHH H 11oeT0HHHblM 

110 B~H ,wnrne rennoo6MeHHHKa. 

4. Ko3<pcpHUHeHr rennoor,o.a'lH or T0IIJlHBa K oxna>K,D.aIO­

meii IB'O,q,e. e'lHTaCM noeTOHHHblM BO BeeM K0HType UKPKY­

n .IIUHH . 
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5. Cpe1ume TeMIIepaTypbl TOIUlHBa H BOAi>! B o6neMe 

aKTHBHOH 30Hbl II0110)KHM paBHblMH HX TeMneparypaM Ha 

BblXOIJ,e H3 30Hbl. Y'lHTblBUl cna6bIH IIO/J,OrpeB H IIOCTOJIHHblH 

paCXOA BOAbl Ha OXJla)KIJ,eHHe, C'OITaeM ee TeMIIeparypy Ha 

Bxo11,e B aKTHBHYIO 30HY H BO BceH BHeWHeH qacTH KOHTypa 

UHPKYll.llUHH nocTOIIHHOH. 

B TaKOM npH6JTH)KeHHH MareMaTHl!ecKall Mone11b 11,HHa­

MHKH BPTI HMeeT cnenyiomHif BHA, 

PHc. 1. npHHu;mHaJJbHaJI cxeMa peaxTopa: 1 - 6acceAH c BOAOA; 2 -
BpllUaIOUlaJICJI nnaT4>opMa c TCnnOBbl,llCflJDOlUHMH c6opKaMH; 3 -
aKTHBHaJI 30Ha; 4 - 6oKOBOlt OTpalKaTCnb; 5 - norno1UaI01UllJI WTOP-

1<a; 6 - CTSJ.lHOH8pHb!A nornOTHTCflb 

YpllBHeHJIJI KIOler&KH eeA'IpoBHoro DOJUI H peaKTHBHO­

CTB: 

dN{t) o K(t) - (3 6 

--= ---N(t) + L X.C.(t); 
dt l . I I 

1= 1 

dCi(t) =~ N(t) - X.C.(t)- C;(t)- C;(t - TT)exp(- \rr). {l) 

dt / I I TI 

i = f;6; 

311,ecb N ( t) - Teil1IOBall MOUlHOCTb peaKTOpa; / - cpenuee 

BpeM11 )KH3HH MfHOBeHHbJX HeHTp0HOB; oK(t) - peaKTHB· 

HOCTb; Ol<o - IIOCTOIIHHall COCTaB1111l0Ulall peaKTHBHOCTH, 

06yC110B11eHHaJ1 UHPKYJI.RUHeH no KOHTYPY H3llyl!aTe11eit 3a. 

n83AblBaIOl.llHX HeHTp0HOB; OKBH - BHelllHIIII H36bITOl!Haff 

peaKTHBHOCTb, BHOCHMall B CHCTeMy; Ci (t), Ai H {3i - KOH· 

ueHTpaUHII, IIOCTOIIHH8JI pacnana H 11,01111 i-H rpyIIIlbI H3llY· 

' qaye11eif 3ana3AJ>IBaIOlllHX HeHTpoHoB, /3 = l: (3. - HX CYMMap-
J c.i 1 

Hall 11,0JUI; Tj ( t) , Qj H T j COOTBeTCTBeHHo· TeMneparypa, TeM-

neparypHb)H K03(pq>HUHeHT peaKTHBHOCTH H BpeMII npe6bI­

BaHHJI B aKTHBHOH 30He TOIUlHBa (j = 1) H B011,bl (j = 2); 
TT - BpeMH npoxona TOI111HBOM BHewHeH \laCTH KOHTypa 

(TeI111006MeHHHKa). 

YpBBHeHIUI TelDJOBOro 68J1aHC8 ,!lJDI ~epuoro TOIDIIIB8: 

B aKTHBHOH JO He: 

dT1 (t) m1 c1 ~ 
m 1 c1 -- = -- [T 1 (H, t)- T1 (t)] -

dt T1 
(2) 

12 

B TeIU1006MeHHHKe: 

oT1 (z, t) H oT1 (z, t) _ Q -. 
----+ mTC1 -- -----

ot TT OZ 

(2) 

- kST[T1 (z, t) - TT] 

c rpaHH'IHl,JM ycnoBHeM T1 (0, t) = T 1 (t). 
YpuHeBHe TeIDJOBoro 68J18Hca ,!lJDI 38Me,IUIHJ'eJUI: 

dT2(t) m2C2 
m2c2 --= -- [T2sx - T2(t)] + 

dt T2 

(3) 

3.a;ecb mj H cj - Macca H YAeJibHaJI TeI111oeMKOCTb TOI111HBa H 

3aMeAJTHTe1111 B aKTHBHOH 30He; k - K03q>(pHLl,HeHT TeI1110-

0T/J,al!H OT TOI111HB8 K BOAe; S1 H ~ - IDIOUla/1,H noBepx­

HOCTH TeIUlo06MeHa B aKTHBHOH 30He H ~Il1I006MeHHHKe; 

a - 11,01111 TeIUIOBOH MOUlHOCTH, Bbl1J,emuoma11CJ1 B 38MeA1)H• 

Te11e; 1\ (z, t) H ~ - TeMnepaTypa H Macca TOruJHBa B 

TeIUI006MeHHHKe; H - ATIHHa TeIUI006MeHHHKa; Q - BeJTH· 

l!HHa TeI11IOBbI/J,e1leHH11 B HeM; Z - KOOp/1,HHllTa, HaIIp8.B1IeH­

H8JI no XOIJ.Y 11,BH)KeHHII TOID1HB8 (z = 0 COOTBeTcTByeT BXO· 

AY B Teil1I006MeHHHK, a Z = H - BblXOIJ.Y H3 aero) • 

CHcTeMa ypaBHeHHH (1) - (3) B paMKax npHHHTOH 

H11,eanH3aUHH no11HOCTb10 OIIHCbIBaeT ,nHHaMHKy BPTI H MO· 

)Ke! 6b1Tb Hcnonb30BaHa ,nJHI HCCJie/J,OBaHIDI YCTOKtlHBOCTH 

CT8UHOHapHoro pe)KHMa. C 3TOH ue11b10 BBe11,eM HOBoe BpeMJI 

T = t/T1, OTHOCHTe11bHble H3MeHeHHJI nepeMeHHbIX n(r) = 

= (N(r) - N0 )/N0 ; c . (r) = (C.(r) - C. )/C., i = 1,6; 
I I lo lo 

{} , (r) = (T.(r)-T. )/(T 1 - T ),j =l,2,H6e3-
J J J o O 1 BXo 

pa3MepHb1e napaMeTpbl rL /3/\l; ai = A{i; ~i = a/(1 + 
+ ai - exp(-ai11T)), i = 1,6, xapaKTepH3YJOlllHe 11,01110, pac-

11a11, H ueHHOCTb i-H rpYJII!bl H311Ylf8TeJieH 3aII33Af>IBaJOUlHX 

HeHTp0HOB B 3KTHBHOH 30He peaKTOpa; II = Tl /r 1 H II T = 

= T T/T 1 , xapaKTepH3YIOll.Ole BpeMeHa npoxo11,a 33MeA1)HTe· 

11eM 3KTHBHOH 30Hbl H TOIUIHBOM BHeWHeH ll3CTH KOHyYpa 

UHPKYJUIUHH; J.L; = a;r 1 (T 1 0 
- T 1 B Xo ) / /, j = 1/2, xapaKTe• 

pH3YJOl.llHe TeMUepazypHbie oopaTHbie CBJl3H no TOil1IHBY H 

3aMeA11HTe1110; o = kS1 T 1 /m1 c1 , xapaKTepH3YJOlllHH Tenno­

nepe11,aqy OT TOIUIHBa K B011,e; 'Y = m2 C2 /m1 C1 - OTHOWe­

HHe cyMMapHbIX TermoeMKOCTeH 3aMeA1)HTe1111 H TOIUIHBa; 

T/ = Nori/m1C1 (Tio - TlBXo) = 1 + ('Y/11)(T2o'-T2Bx)/ 

/ (T1 - TlBx ) , xapaKrepH3YIOlllHH TermoByio MOlllHOCTh 
0 0 

peaKTopa; PsH = (r 1 //)oKBH' xapaKTepH3YJOl.llHH BHeWH1010 

H36bITO'lttylO peaKTHBHOCTb. Pa3peWHM ypaBHeHHe B '13CTHblX 

llp0H3B0/J,Hb1X H HCKJIIO'IHM see anre6p3lflleCKHe COOTHOWe­

HHII. B pe3YJibTaTe nOnYlfHM CHCTeMY 06bJKHOBeHHbIX AH<P· 
cpepeHUHaJibHblX ypaBHeHllH C 3aII83AbIBaHHeM cne11,yiomero 

BH/1,3: 

(4) 



dc.(r) a. 
-

1 
- = - 1 [n(r) - c.(r)] - [c.(r) - c.(r - v )] X 

dr f 1 1 . 1 T 
I 

xexp(- aivT), i=T,6; 

dt'.11 (r) 
~ = t?1 (r - vT)exp(- ovT) - t?1 (r) - o [t?1 (r) - (4) 

- t?2(r)] + (1 - a)l?n(r); 

dt?2 (r) 
'Y--- = 

dT 

CHa11ana llpoBel].eM HCC1Iel].OBaHHe YCTOHl!HBOCTH B Ma­

JlOM, T.e. no JIHHeapH30BaHHOH CHCTeMe ypaBHeHHH (4). 
l1cnom3yeM MeTOI]. a>-pa36HeHH.II [6] IlnOCKOCTH JJ,eHCTBH­

Tem,HbJX napaMetpoB µ 1 H µ2 , xapaKtepH3}'lOIUHx teMnepa­

rypHb1e o6paTHble CB.113H B peaKTOpe. Ilocrre JIHHeapH3aJ.J,HH 

H npeo6pa30BaHHR no Jlannacy cHcTeMbI (4) norryqHM xa­

pai<repHCTH'leCKoe ypaBHeHHe B BH.Ue (p - napaMetp opeo6-

pa30BaHH.11 Jlannaca) : 

F3 (p) = -yvp2 + [ov(-y + I)+ -y(v + I)] p + (o-y + ov +-y) -

- [v(-yp +o) +-y]exp(- (p + o)vT); 

6 ~ 
<t>(p)= P + L a.r.[f - ---~----]; 

• 
11 1 p+a.+1-exp(-(p+a.)vT) 

1= I I . I 

(5) 

IlpH p = 0 H3 xapaKTepHCTH'leCK0f0 ypaBHeHH.11 (5) 
HaHJJ,eM ypaBHeHHe oco6oii llp.llMOH 

o +a(l - exp(- ovI)) 
µ1 +v -------......_-µ2 =O, 

(1 - a)'Y+ov 

npoxoJJ,.111.Ueii qepe3 II H IV KBaJJ,paHTbI nrrocKocrn (µ 1 , 

µ2) . IlpH noJJ,CTaHOBKe B xapaKTepHCTH'leCK0e ypaBHeHHe 

(5) p = jw II0JI)'lJHM q>OpMyJibl &D-pa36HeHH.II B napaMetpH­

'!eCKOH qiopMe. qRC1IeHHb1e paC'!eTbl no 3THM q>OpMynaM 

BblllOJIHeHbl npH H0MHHaJibHblX 3Ha'leHH.ax napaMeTp0B BPTI, 

C0OTBeTCTB}'lOIUHX 36o/o-M}' o60rllll.\eHHIO T0IUIHBa. Ha pHC. 2 
npeJJ,CTaBJieHa K3pTHH3 9) -pa36HeHH.11, rpaHJlll,bl KOTOporo 

COCT0.IIT H3 oco6oii np.llMOH H 6eCKOHe'IHoro 'IRC113 BeTBeH 

peryllilpHOH fJ> -KpHB0H (Ha pHC}'HKe H306pIDKeHO HeCKOJlb­

KO nepBblX BeTBeH, OCTaJibHbie BeJJ,yt ce6.11 aHaJIOfH'IHblM 

o6pa3oM, pacnonara.11cb Bee JJ.aJI&Uie or Haqana Koopi:urnar 

no Mepe yseJIHtJeHJIB napaMetpa w). BernH c HetJeTHbIMH no­

p.llJJ.KOBbIMH H0MepaMH Jie)l(aT BO II KBaJJ,paHTe IlJIOCKOCTH 

(µ., µ2) , a BeTBH C tJeTHblMH H0MepaMH - B IV KBaJJ,paHTe. 

O6nacTb acHMnTOTH'leCKOH YCTOH'IHBOCTH orpaHHqeHa nep­

BOH BeTBblO tlJ-KpHBOH, oco6oii rrpHMoii R orn6a10meii ceMeH­

crna qeTHbIX Berneii B IV KBaJJ,paHTe. B :ny o6nacTb uenHK0M 

400 

-20 -10 

0 
/1(_ 

200 

If 
400 

PHC. 2. fl) - pa36HeHHe 11/lOCKOCTH (µ,' µ,): 1 - oco6aJI 11p.11Ma.11; 2 -

nepsa.11 BeTBI, peryn.llpHoA lOKpHBoA; A - pa6oqa.11 TO'll<a; 33ll!TpH­

XOBaHHaJI 11acr1, - 0611acr1, ycroA'!HBocrH s uenoM 

BXOJJ,HT III KBaJJ,paHT ITJIOCK0CTH, B KOTOpoM pacnorraraerc.11 

pa6oqa.11 TO'IKa BPTI (µ 1 = -19,33; ~ = -62,22). 3anacb1 

YCTOH'IHBOCTH peaKropa B HOMHH3JlbHOM pe)!QfMe JJ,0CT3TO'I­

H0 BeJTHKH: JJ,JI H B036y)l()J.eHH.II arrepHOJJ,H'leCKHX, KOJie6a­

reJibHblX HJIH CMelllaHHbIX npoueccoB He06XOJJ,HM3 CMeHa 

3HaKa XOT.11 6bl 01].H0fO H3 TeMneparypHblX K03qlqlHUHeHTOB 

peaKTHBHOCTH, 'ITO JJ,JIH JJ,aHHOr0 peaKropa npeJJ,CTaBJ1.11erc.11 
q>H3H'leCKH HeB03MO)l(HbIM, 

11ccrrel].OBaHHe ycTOH'IHB0CTH B M3J10M n03B0JI.lleT onpe­

JJ,eJIHTb IO'IHble rpaHHUbl o6nacTH YCTOK'IRBOCTH B npocrpaH­

crne xapaKrepHbIX napaMerpoB peaKropa H oueHHTb 3anacb1 

ycroiitJHBocTH no oTHoUieHH10 K rpamru,aM o6nacreii Heycroii­

'IHBbIX npoueccoB. OJJ,HaKO H3 Hero HeJlb3.II H3BJie'lb CBeJJ,eHHH 

0 Benwnrnax JJ,OllYCTHMblX Ha'laJibHblX B03MYUieHHH, npH 

KOT0pbIX COXpaH.lleTCH YCTOK'IHBblH pe>KHM pa6oTbJ. Orner 

Ha 3TOT Bonpoc MO)l(eT JJ,aTb aHaJIH3 HeJIHHeHHOH MOl].eJIH pe­

aKTOpa, T.e. HCCJleJJ,OBaIDle YCTOKIIHBOCTH B OOJiblliOM HJIH B 

uerroM. IlpoBeJJ,eM ero no MareMaTH11ecKOH MOp;errH (4) c 

noMOI..UblO BTOporo MeTOJJ,a JlHnyHOBa, o6o6UieHHoro Ha 

CHCTeMbI C 3ana31].blBaHHeM [7] . 
PaccMorpHM <l>YHKUHOHarr 

6 

V(r) = n(r) - ln(n(r) + I)+ L rit~[ ci(r) - ln(ci(r) + 1 )] + 
i= I 

(6) 
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onpeneneHHblH Ha aeKTOp-<l>YKKID(H 

v('r) ={ n('r), c 1 (r + u), ... , c6 (r + u), ~1 (r + u), ~2(r)}, 

-vT~u~O. 

K0T0plUI ,mm1eTC.II TO'IKOH q>YffKUH0HaITbH0ro q>a30BOfO 

npoCTpaHCTBa C HOpMOH 

llv(r)II = sup{ lnl, lci(u)I, 1~1 (u)I, 1~2 I}, i = I":"6. 
MeTpHKOH, no KOTOpOH HccnenyeTC.11 ycrOH'IHBOCTb, M0)l(eT 

CJiy)l(Hn, caM q>YffKUHOHan (6). 
Herpy.llHO BHnerb, '!TO q>YffKUHH BH.[la [x (r) - In (x (r) + 

+ 1)] noJI0)l(HTeIThHbl npH acex 3HatJeHH.RX x(r) > -1. TTo­
T 

IT0)l(HTeITbH0CTb HHTerpana J (c. (u) [c. (u) - cl. (u - vT)])/ 
O I I 

/(c
1
(u) + 1) du noKa3aHa a pa6ore [2) . CnenoaaremHo, 

q>YffKUHOHan (6) .IIBIT.ReTCR. onpeneneHHo-non0)l(HTeITbHblM 

npH µ
1 

< 0 H µ
2 
< 0. 

nonHaR. npoH3B0.llHaR. q>yHKUH0Hana, BbltJHCITeHHaR. B CH· 

ny ypaBHeHHH CHcieMbl (4), HMeer BH,[J.: 

rne 1 + 6 exp(--6v ) 
S(~l, ~2) = µI [-- ~i(T) + 2 T ~I (r)~1 (r-vT)-

l -a 1-a 

1 +6 2 
- --~1 (r-vT)]+ 2[aµ 1 +(I 

1 -a 
6v + -y 

x ~2 (r) - 2µ2--- !?Hr) . 
av 

OtJeBH.llHO, npoH3B0.llHaR. dV (r) /dr 6y,a.er onpe.a.eneHHo-0r­

pHI.1,atemHoH, ecnH KBa,a.patH'IHaR. q>opMa S ( i, 1 , ~ 2 ) > 0. 
TTonO)l(HteITbHOCTb KBa,a.patH'IH0H q>OpMbl 06ecnet1eHa npH 

BblIT0ITHeHHH HepaaeHCTB 

r.a.e 

µ 21 µ µ µ2 
) 

I 2 2 <0 
µ1 < 0 H (1 - a)2 + 2(1 - !lJ a(l - a)+~ , 

~ = (6v +-y)[(6 + 1)
2 

- exp(- 26vT)] > 0. 

6 2(6 + l)v 

TaKHM o6pa30M, <i>YHKUHOHan (6) .11anR.etcR. onpeneneH­

Ho-nono>KHTeJI&HbIM, a ero nonHaR. npoH3B0.llHaR. (7) - onpe­

,a.eneHHo-0rpHI.1,aren&HOH npH BblIT0ITHeHHH ycnoBHH 

3ro 03HatJaer, '!TO B HeKoropoH t1acm III Kaa,a.paHra nnocKo­

cm (µ1, µ2), pacnon0)l(eHHOH Me)l(,[J.y .llBYMJI npR.MblMH 

Bblfl0ITHeHbJ ace ycnoBHR. Te0peMbl 06 acHMITTOTH'leCKOH 
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ycroHtJHB0CTH tpHBHaITbH0f0 peweHHR. CHCTeMbl ypaHeHHH 

(4). CnenoaareJibHO, B JT0H o6nacrH crauHoHapHoe peweHHe 

HCXO.llH0H CHCteMbl R.BITR.eTCR. aCHMnTOTH'leCKH ycTOHllHBbIM 

B uenoM, r.e. npH mo6bJX q>H3HtJeCKH peanH3yeMblX HatJanb­

HblX B03MymeHHR.X H npH mo6bIX non0)l(HTeITbHb)X 3HatJeHH.IIX 

3ana3J].bIBa10mero apryMeHTa r T. 

ll.n11 H0MHHaITbHbIX 3HatJeHHH napaMerpoa BPTT npHMbie 

(8) notJTH coana,a.a10r C OCllMH KO0p.[lHHaT ITIT0CKOCTH (µ1' 

µ 2 ), raK t1ro q>aKTHtJecKH sec& Ill KBa,a.paHr R.BJI11erc11 06-

nacrbJO ycrOH'IHBOCTH B uenoM (cM. 3awTpHXOBaHHYJO 06-

nacTb Ha pHc. 2). TaKHM o6pa3oM, no pe3yn&raraM aHanH3a 

ycTOH'IHBOCTH B MaITOM H B UeJIOM MO)l(HO yrnep)l(,[J.aTb, '!TO 

npHcymHe paccMarpHBaeM0MY peaKropy JJ,HHaMHtJeCKHe oco-

6eHHOCTH PUf He HaKJia,a.bIBaJOr K3KHX-nH6o )l(eCTKHX orpa­

HHtJeHHH Ha ycnoBHll yctOH'IHBOCTH ero HOMHHaITbH0fO pe­

)l(HM3. 

6onee n0JIHylO HHq>OpMauHJO O B03MO)l(}{OCTH 06ecnet1e­

HH.II 6e3onacHoH 3KcnnyarauaH peaKropa M0)l(er naTh aHaJIH3 

ero co6craeHHb1x JJ,HHaMHtJeCKHX xapaicrepHCTHK. no HHM 

)Ke M0,KHO np0BOJJ,HTb pa3pa6orKy Jq>q>eKTHBHbIX CHCTeM 

ynpaaneHHR. H aBTOM3THtJeCK0f0 perynHpoBaHHS:, CHCTeM 

aaapHHHOH JaWHTbJ H cpe,a.crn reXHHt1ecKOH .[lHarHocTHKH 

HeHcnpaaHocreH. <:: JTOH uem10 no HenHHeHHOH MareMaTHtJe­

CKOH M0.[leJIH ( 4) 6bD1H paCC'IHTaHbl nepeX0,[J.HbJe npouecCbI, 

o6ycnoaneHHbJe pa31IH'IHblMH B03MymeHHR.MH pe3.IcrHBH0-

CTH. Pe3yn&rarb1 pact1eroa npe.a.craaneHb1 Ha pHc. 3 H 4. 
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P11c. 3. ITepeXOJlllblC npouecc1,1 np11 MillOBeHHOM CKa'IKe peaKTIIBHO· 

cm 6KBH =0,513: a - HQ'WlLHhlll y11acroK ; 6 - Ol5WIIA BHll 

Bae,a.eHHe nocroHHHO ,a.eHcrny10mero B03MymeHHH 

6K
811 

= 0,5~ Bbl3bJBaer HatJaJibHbJe CKatJKH MOWHOCTH peaK­

ropa H reMneparypb1 ronnHBa c 6onbll1HMH aMnnHrynaMH 

(pHc. 3,a) . TTocne HeCK0JibKHX nepeKone6aHHH nepeMeHHbie 

BbIXOIUIT Ha HOBbJe CTauH0HapHble ypOBHH 3a apeMR., npH­

MepH0 paaHoe 0,3 c. O.llHaKO JTHM npoueccoM 06maJ1 Kapm­

Ha 1:ornaMHt1ecKoro noae,a.eHHR. cHcreMb1 He Hct1epITbmaercH. 

llepe3 npoMe)l(yrOK apeMeHH, paaHbIH apeMeHH npoxona 

TOllJIHB0M BHeUIHeH '13CTH K0HTypa UHpKYJIR.UHH, Ha BX0.ll 

aKTHBHOH J0Hbl nocryna10r ocna6neHHbIC HatJaJibHbie B03MY­

meHHR. reMneparypbI rorornaa H KOHUeHrpauHH HJJI}"lareneH 

3ana3J].blBaJOIUHX HeHrpoHOB. Orpa6aTbIBall 3TH B03Myme­

HHR., peaicrop BbIX0JJ,HT Ha HOBbIH CTa"UH0HapHbJH pe)l(HM 

(pHC. 3,6). TOJibKO t1epe3 HeCKOJlbK0 o6oporoB nnarq>opMbl 



npoHCXO/J)fT no1rnoe 3aTyxaHHe HallaJJbHhIX B03MyuJ.eHHH. 

Pac11eTb1 noKa3aJIH, IITO npe,a;eJibHO ,a;onycTHMOK ueJIHIIH­

HOH MrHOBeHHoro B03MyuJ.eHHJI pe3.KTHBHOCTH, npH KOTOpOH 

He npoHCXOIJ)fT repM1NeCKOro pa3pyweHH.II peweTKH TBJI0B, 

JD3Jl.11erc.11 oK = 1,7(3. Y)Ke 11epe3 0,015 c nocne uue.uemrn BH 
TaKoro B03MyuJ.eHJUI reMnepaTypa TOnJIHBa B aKTHBHOH 30He 

)lOCTHraer MaKCHMaJlbH0 ,a;onycTHMOH BeJIHIIHHbl nop.11,[U<a 

2000° C, a 11epe3 6 C B peaKT0pe ycraHaBJIHBaeTC.11 HOBbIH 

CTailH0HapHhlH pe)KHM, npH KOTOpOM MOl.l.lHOCTb npeBbIWaer 

HOMHHaJibHblH ypoueHb Ha 80%, a TeMneparypa T0nJIHBa B 

aKTHBHOH 30He - Ha 50%. 
no HeJIHHeKHOH CHCTeMe ypauHeHHK ( 4) MO)l(HO npoue­

CTH H pac11eTb1 KOHKpeTHbIX auapHHHbIX CHTYailHH. HanpH­

Mep, HeHcnpauHOCTb THna CpbIBa 0/J)fOH HJIH HeCKOJibKHX 

norJIOl.l.laIOIUHX WTOp<>K MO)KH0 OfiHCaTb JIHHeKHblM pocroM 

pe3.KTHBHOCTH ,a;o ypoBH11 nopjljlKa HeCK0JibKHX /j B re11eHHe 

BpeMeHH, pauHoro BpeMeHH npoxo,a;a T0fiJIHB0M aKTHBHOH 

30Hbl. 8 3TOM cnyqae npe,a;eJibH0 ,a;onycTHMa.11 C TOIIKH 3pe­

HH.II coxpaHeHH.ll uen0CTHOCTH TB3JIOB TeMneparypa TOfiJIH­

Ba )l0CTHraerc.11 npH Bb!XO)le oKBH Ha ypoBeHb 3,2(3. OTKJIH­

KH OTHOCHTeJibHblX OTKJIOHeHHH MOl.l.lHOCTH H reMnepaTypbl 

TOfiJIHBa Ha TaKoe H3MeHeHHe peaKTHBHOCTH H306pa)Keffbl Ha 

pHC. 4. HallaJibHbJe nepeKone6aHH.11 MOl.l.lH0CTH c MaKCHMaJib· 

o;,- 8 
r:i 
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PHc. 4. nepexoWlJ,le npouecchl 

npH nHHeltHOM H3MeHeHHH peaK­

THBHOCTH 

t,c 

Hl>IMH aMnJIHry,a;aMH (nop.11,a;Ka l 5N0 ) 061>.RCH.lllOTC.ll cyM­

MapHbIM ,a;eii:creHeM pocra BHeWHero B03MYl.l.leHWI H OTpH­

uareJibHOro reMneparypttoro :xpq>eKra pea.KTHBH0CTH. no­

cne,a;yiol.l.lHH cna,a; peaKTHBHOCTH no OTpHUaTeJibHOfO 3Ha11e­

HHJI o6ycnouneH cpa6aTbIBaHHeM CHCTeMbI auapHHHOH 3aIUH­

Tbl. OTKJIHKH nepeMeHHbIX Ha raweHHe peaKTHBHOCTH HMelOT 

nnaBHblH MOHOTOHHblH xapaKtep. Ilony11eHH1>1e pe3YJibTaTbl 

B onpe,a;eneHHOK Mepe xapaKrepH3YJOT CBOKCTBa auapKKHOK 

6e3onacHOCTH Hccne,a;yeMOH CHCTeMbl. 

8 3aKJIIO'leHHe cne,a;yer OTMeTHTb, IITO paCCMOTpeHHa.11 

3,a;ecb cocpe,a;oro11eHHa.ll MO)leJib IJ.OBOJibHO yrrpomeHHO OfiH­

CbIBaer ,a;HHaMKKY BPTT H no3Bon.11er nOJIY'fflTb cKopee Ka-

11ecrneHH1>1e, 11eM TOIIHbJe KOJIH'leCTBeHHh1e pe3YJibTaTbl. TeM 

He Mettee, Ha CTa/J)fH npe,a;BapHteJibHblX, KOHUeITTyaJibHblX 

npopa6oTOK C ee noMOl.l.lblO M0)l(HO c,a;enaTb BblBO)l 0 BfiOJIHe 

YIJ.OBJieTBOpHTeJibflbIX /J)fH3MH'leCKHX xapaKrepHCTHKax Bbl· 

COKOIIOTOIIHOfO peaKTOpa. 
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ql.fCJIEHHO-AHAJUITHqECKOE HCCJIE)].OBAHHE )].BYMEPHOfl )].H<l><l>Y3HOHHOfl MO)].EJIH 
)].HHAMHKH .R)].EPHOro PEAKTOPA 

C MOIUHOCTHO0 3AilA3)].hlBAIOIUEfl OBPATHOfl CB.R3hl0 

M.B. BIDKeHoB 

PaccMarpHBaetC.11 ,llByMepHa.s .ll}l4><l>y3HOHHa.R MOACIU, ,llHHaMHKH ll,llepHoro peaKtopa c nHHellllolt 3ana31Ih1BaJOWelt MOJllHOCTiiOA o6paraoA 
CBll31JO. C noMOJUIJO tpe11,ero npH6mOKeHH.II no MeTO.llY fanepKHHa HCCneAyeTCll yctoltqHBOCTh HetpHBHam.Horo CTaUHOHapHoro pell<HMa peaKTO­

pa H npOBO,llHTCll npH6nHll<eHHbIA aHanHTH\leCKHA pacqey aBTOKone6aHHA. 

NUMERICAL AND ANALYTICAL INVESTIGATION OF A 2-D DIFFUSION DYNAMICAL MODEL FOR A NUCLEAR REACTOR WITH 
POWER-TYPE DELAYED FEEDBACK. M.V. BAJENOV. A 2-D diffusion model of the dynamics of a nuclear reactor with linear delayed power 
feedback is discussed. With the help of the third approximation by Galerkin technique the stability of a reactor nontrivial stationary mode is analysed 
and approximate analytical calculation of the self-oscillations is performed. 

OOCTBHOBKa 38,IJ,8'1H. Hcxol]JIWe ypaeaealDI. PaccMotpHM 
AByMepHYJO .D,Hcpcpy3HOHHYJO Monem .D,HHaMHKH ,ui;epHoro 

peaKTOpa B npeHe6pe)l(eHHH 3ana3lJ.bIBalOWHMH HefllpOHaMH. 
B KaqecTBe rpaHH'lHblX ycnOBHH npHMeM ycnOBHe paseHCTBa 

HyrIIO noTOKa Ha rpaHHue aKTHBHOH 30Hbl, KOT0PYJO BbI6e­

peM B sHne KBanpata co ctopoHoii h. Bocnon1,3yeMc.11 6e3pa3-

MepHhIMH npoctpaHCTBeHHbIMH nepeMeHHbIMH X = X1 /h, 
y = y 1 /h H npenctaBHM HcxonHYJO Kpaesyio Janaqy B cneny-

10weM sHne: 

I - = M ~<l> + (k - 1)<1>, 0 ~ x, y ~ 1; 
3T 

00 

(1) 
i}<[> l } 

4>(0, y, T) = 4>(1, Y, T) = 4>(x, 0, T) = 4>(x, I, T) = 0, 

rne <I>= <l>(x, y , T) - no TOK HeiitpoHoB; M - nJJHHa MHrpa­

UHH; I - speMR )l(H3HH HeiitpoHoB; k- - K03cpcpHuHeHT 
pa3MHO)l(eHHH; T - speMR. 

llpennoJJO)l(HM, qTQ B CT8UllOHapHOM COCT0JIHHH K03cp­

<PHUHeHT pa3MH0)l(eHHJI He 38BHCHT OT K00p.D,HH3T x, y: 

k.
0 

= const. (HHneKc "0" yKaJ1>maet, 'lT0 JHaqeHHe ne­
peMeHHOH 6epeTCJI B CT8THKe.) Terna HJ (1) HaX0.D,HM, qyo 

<l>o(x,y) =<l>maxsin1rx•sin1ry; k
000 

- 1 =21r2 M2 /h1
• (2) 

llepeiineM B cHcteMe (1) K H0B0H nepeMeHHOH V (x, 
y, T) = <l>(x, y, T) - <lb (x, y). IlonyqHM: 

av M2 1 1 
- =-2 ~V + -(k - k ""o + -(k - l)V; 
3T /h I 00 00 0'-.- I 00 

V(0,y, T)=V(l , y, T)=V(x, 0, T)=V(x, 1, T)=0. 

OrpaHH'lHMCJI cnyqaeM M0WH0CTH0H 3anaJlJ.b1Ba10weii 

o6p3THOH CBJIJH : 

k00 - k .. 0 = - crV(x, y, T;-- r), (4) 

rne T - Il0CT0JIHH0e 3anaJ)lbIBaHHe, He JaBHCJllllee OT npocr­

paHCTBeHHbIX K00p.D,HHaT. 

lloncraBHM (4) B (3) , cnenaeM JaMeHy BpeMeHH t : T fr 

H aseneM H0Bbte napaMerpbI ci = err /I, Tl = M1 r /h2 I. OKOH'la­
ren &Ho nonyqlfM : 

16 

3V(x, Y, t) ,.. 
---= T1AV(x, y, t) - crV(x, y , t - 1)!1>0 (x, y) -

3t 

- aV(x, y, t - l)V(x, y, t) + :1r217V(x, y, t); 

V(0, y, t) = V(l , y, t) = V(x, 0, t) = V(x, 1, t) = 0. 

(5) 

CrauH0HapH1>1ii pe)l(HM pa6ot&1 peaKropa oro6pa)l(aerc11 

HyJJeBbIM peweHHeM J8lJ.3'lH (5). 

C no3H~HH reopHH Kone6aHHH ypasHeHH11 THna (5), 
T.e. KBaJHJJHHeHHbie ypasHeHHJI .D.H<P<PYJHH C n0CTOJIHHhIM 
Jana3)lbIBaHHeM, y)l(e paccMaTpHB8JlHCb B Janaqax .D,HH3MH· 

KH ,ui;epHbIX pe8Kt0p0B [ l 1' HO T0JlbK0 B 0JlH0MepHOH no­

CTaH0BKe H ynpoweHH0 - KaK BTopoe npHMH)l(eHHe no Me­

TOJlY fanepKHHa. 3necb, KaK BHAH0 HJ (5)' HJyqaeTCJI 6onee 
peanHCTH'leCKHH H 6onee cn0)l(HblH cnyqait yqeta HeOnH0p0.0.· 

H0r0 pacnpeneneHHJI HeHTpC>H0B no ABYM HanpaBJieHHJIM, a 

B ocHosy nocneny10wero peweHHJI 6ynyr nono)l(eHb1 : l) 'lHC· 

JJeHH0•aH8JlHTH'leCK0e HCcnenoBaHHe C Il0M0lllblO rpetbero 

npH6J1H)l(eHH11 no fanepKHHy; 2) HenocpencTBeHHoe l{HC· 

neHHoe peweHHe Ha 38M Kpaeaoit J8Jlaqlf (5). C noit TO'lKH 

JpeHHll naHHyio pa6ory M0)l(HQ paCCMatpHBaTb KaK paJBHTHe 

H o6o6weHHe peJyJJ&TaT0B, H3Jl0)l(eHHbIX B [l] •· 
CseneHHe 38,11,aqe (S} K CHCTeMe o6LIKHoseHHLIX JlHq>­

<l>epemown,Hl>D( ypasHellHA. PeweHHe Jana'lH (5) B KB&npa­
Typax n0JlyqHTb He y,naeTCJI. OOJTOMY BOCil0JlbJyeMCJI Mero­

ACM fanepKHHa [2] H 6yneM HCKaTb npH6JJH)l(eHHOe pewe­

HHe B BHne 
n 

V(x,y,t) = L ak(t)vk(x,y), 
k=t 

rne vk (x, y) = sin1rkx.sin1rky - co6cTBeHHb1e cl>YHKUHH cTa­
UHOHapHoH KpaeBOH J&na'lH. 

Tpe6osaHHe paBeHcTBa HyJlI0 HeBJIJKH Ha 6aJHCHbIX 

•>.llH<t><l>Y3HOHKLle MO,llenH ,llHHaMHKH Jl.ll.epHblX pea.Ktopos HC­
cne,ll0B8JIHCI, taK)l(e B PR.Ile ,llpYrHX pa6ot, B qaCTHOCTH, B KHHI'e 
I 3) . O.llHaKo taM paccMatpHBBJlHCb HHYe sonpoc1>1, He cs.113aHH1>1e c 
JanaJ,lll,IBaHHeM H pacqe-roM astoKone6atem.HblX npoueccos . 



q>yHKUHHX vk (x, y) 0pHBO,lJ.HT K CHCTeMe n HenHHeHHbIX 
,lI.Hq>q>epeHUHaJlbHblX ypaBHeHHH OTHOCHTenbHO ak (t): 

n 

c'i/t) + 2771T2(k2 - ] )lk (t) + 4a<1> maxL a/t - 1 )Rl I k + 
I= I 

n n 

+4aL L a/t-l)am(t)Rlmk=0, 
/= I m = I 

r.u.e 
I I 

Rfmk = J J v1vm vkdxdy. 

0 0 

k = 1, ... , n, (6) 

llpH n = 1 CHCTeMa (6) npeapamaeTCH B ypaBHeHHe, KO­
TOpoe He co.u.ep)l(HT napaMeTp 77 H, cne.u.oaarenbHO, He y'IHTbI­
Baer ,lI.Hq>q>Y3HIO HeHTpOHOB ( 11TO'le'1HaH" Mo.a.em KHHem­
KH). Jl,J-u1 n = 2 ypaaHeHH.11 (6) npe,lI.CTaBfl.lllOT co6oii CHCTe­
MY .lI.BYX .U,Hq>q>epeHUHaJibHblX ypaBHeHHH, BTOpoe H3 KOTO­
pblX co.u.ep)l(HT 'IJleH, nponopuHoHaJibHbIH 77. O.a.HaKo B nHHeH­
HOM npH6nH)l(eHHH JTa CHCTeMa pacna.a,aeTCH Ha ,lJ.Ba tt.e3aBH­
CHMblX ypaBHeHH.11 OTHOCHTenbHO a1 H a2, npH'leM ypaBHeHHe 
.a,n.11 a 1 no-npe)l(HeMy He y'IHTbIBaer ,lI.Hq>q>y31UO. PaccMOTJJHM 
cnyqaii n = 3 (rpeTbe np1-16nH)l(eHHe no ranepKHHy). 

C.u.enaeM B (6) 3aMeHy nepeMeHHb1x: xi (t) = ai (t) /<l>max • 
i = 1, 2, 3 H BOCITOflb3yeMCH HOBbIMH ITapaMeTpaMH: CX = 
= a<l> 11 = 61T217 n. = l 67T2 77 r = 4 (4/37T) 2 r2 = max' 1 , •u. ' 1 ' 

= 4(16/157T) 2, f3 = 4(4/ 157T) 2, T4 = 4(36/35tr) 2, r5 = 
= 4 (16/21 tr) 2, r6 = 4 (4/91r) 2. B pe3ymTaTe nony'IHM: 

x1 (t) + r1 ox1 (t - 1) + r3ax3(t - 1) + r1ox1 (t - l)x1 (t) + 

+r3ox1 (t - l)x3(t)+r2ax2(t - l)x2(t)+r3aX3(t - l) x 

X x,(t)+r4OX3(t- l)x3(t)=0; 

X2(t)+111x2(t)+r2OX2(t- l)+r2ox,(t - l)x2(t)+r2OX2 X 

x (t - l)x1(t)+r5ox2(t - l)x3(t)+rsox3(t - l)x2(t)=0; 

x3 (t) + 112 x3 (t) + r3O x1 (t - l) + r4O x3 (t - 1) + r3a x1 (t - 1 )x 

Xx , (t) + f4OX3(t - l)x3(t) + f5QX2(t - l)x2(t) + f4QX3 X 

x(t - l)x1 (t)+r6 o x3(t - l)x3(t)=0. 

TaKOBbl HCXO,[J,HbJe ypaaHeHHH ,lJ.HHaMHKH. 

11cCJie.u.oaaHHe ycTOAIIHBoCTH Hyneaoro peweHWt Cl{CTe­
Mhl (7) . J1HHeapH3yeM CHCTeMy (7) B OKpeCTHOCTH HyneBO­

ro COCTO.IIHHH paBHOBeCHH. llony'IHM 

x1 (t)+r1ox,(t - l)+r3ax3(t - l)=O; } 

x2(t)+771x2(t)+r2nx2(t-l)=O; (8) 

X3(t) + 772 X3(t) + r3ax, (t - 1) + T4OX3(t - I)= 0. 

Ha'IHeM Hccne.a,oBaHHe ycTOK'IHBOCTH C aHaJIH3a BToporo 
ypaBHeHHH (8) . XapaKTepHCTH'leCKOe ypaBHeHHe ,[l,nH X2 = 0 

HMeeT BH,[J, 

(9) 

llocTpOHM .a,n.11 ypaaHeHHH (9) rpaHHUy 9>-pa36HeHHH [ 4] 
Tin0CKOCTH napaMeTp0B Q H 77 = 771 /6tr2 (pHC. 1). O6naCTb 
ycTOH'IHBOCTH 33UlTpHXOBaHa. 

PacCMOTpHM CHCTeMy nepaoro H TpeTbero ypairneHHii 
(8). XapaKTepHCTH'leCKHH onpe.u.enHTem 3TOH CHCTeMbl 
HMeer BHA 

p+r,aexp(- p) 

r3aexp(- p) 
(10) 

llonaraH B HeM p = iw H pa3.u.enHH neHCTBHTenbH)'lO H MHH­
MYIO qacm, nony'IHM Ky6H'leCKOe OTHOCHTeflbHO CX ypaBHeHHe 

aa3 + ba2 + ca .. ct = o . 
rne 

H Bblpa)l(eHHe .a,n.11 77: 

KpoMe peryn.11pHoH KpHB0H, wTpHX0BKa seTBeH K0TOpoH 
ocymecTBnHeTC.11 B CO0TBeTCTBHH co 3HaK0M .IIK06HaHa 

ti.= 

[(r1 + r4)w sin w + r1 16 7T 277 cos w + 

+ 2a(r,r4 - rl)cos 2wJ 16 7T2ar,cosw 

[(r1 + r4)w cos w - r1 l61T277sin w--

- 2a(r1T4- rnsin 2w] 

.J-pa36HeHHe co.a,ep)l(HT ,lJ.Be oco6b1e np.llMbie: a= 0 H 

11 = - [ ( r 1 r 4 - r i)/ 167T 2 r 1 ] ; . 

(7) fpaHHua UJ -pa36HeHHH npeACTaBneHa Ha pHC. 2. llpeTeH­
.a,eHTOM Ha o6naCTb YCTOH'IHB0CTH .IIBnHeTCH 33UITpHX0BaHH3H 
l!aCTb ITnOCKOCTH a, 17. ,lloK3)1(eM, 'ITO JTO ,lJ.eHCTBHTeflbHO o6-
fl3CTb ycrnH'IHBocrn. llonara.11 B (IO) 772 = 0 H BB0,lJ..11 o6o3Ha­
qeHHe X = aep, H3XO.U.HM 

~ = -~ ± j (r, - r4)2 + d = k < 0 . 
X 2 4 t 

Cne.u.oaaTemHo, npH 772 = 0 ypasHeHHe (10) pacna.u.aerc.11 Ha 
,lJ.Ba ypaBHeHHH 

p - k±aexp(- p) = 0, 

see KOpHH K0TOpblX HMeIOT OTpHUaTenbHble .u.eKCTBHTenbHbie 
qacrn, ecnH - tr/2 < k /x < 0 (CM., HanpHMep, (5) ). TaKHM 
o6pa30M,3awTpHXOBaHHa.ll o6nacTb Ha Tin0CKOCTH a, 11 (CM. 
pHC. 2) )leHCTBHTenbHO .IIBflSleTC.11 o6naCTblO YCTOK'IHBOCTH 
HyneBoro peweHHH paccMaTpHBaeMOH CHCTeMbl. 

CpaBHHM !D -pa36HeHHH, npe.a.cTaBneHHble Ha pHC. 1 H 2. 
llpH nI06bIX 3Ha'leHH.IIX 77 ~ 0 (a TOilbKO OHH HMeIOT q>H3H­
'leCKHH CMbicn) B o6nacrn MaJlblX a Hynesoe perneHHe CH· 
CTeMbl (7) YCT0H'IHBO. Ilo Mepe yaenHtJeHHH napaMerpa a 
CH3'1an3 (npH CX = a.) B036y)l(,lJ.aIOTCH nepBaH H TpeTbH npo­
CTpaHCTBeHHbie rapMOHHKH (a1 "I= 0, a3 t= 0, a2 = 0)' a 33-
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- (7,r/2r2 ) -(3,r/2r2 ) 

a 

6 

TeM (npH Ck = Q •• > a.) - BTopa11 npocTpattcTBeHH3R rap­

MOHHKa (a2 fa 0). 3aMeraM, 1-ITO ii'. cna6o 33BHCHT OT 'T/, B 

TO BpeMR K3K Q•• 6bICTpo p3CTeT C yaenH'leHHeM f/. 
Pacqen,1 8BTOKone6aTem.HLIX pe)l(HMOB no cocpe,!lOTO· 

11eJ010A MO,[lenH (7). TTycTb TO'IK3 B C napaMeTp3MH w = 

= w., 'T/ = T/•, a = a. ne)KHT Ha rpaHHue o6nacrn YCTOK\llil!O· 

era (pHc. 3). CnenyR MeTO,[O!Ke, npenno)l(eHHOK a pa6oTe 

[6) nnn CHCTeM C 33[133Jlb1B3HHeM, npoaeneM npH6nH)l(eH­

HblK aHanHra11ecKHK pac11eT aBTOKone6aHHH a TO'!Ke B1 c 

P11c. 3. 3aBHCHMOCTb aMnJUffYD.l>J aBTOKOne6aHHll OT 3Hal!eHHll napa­

MeTpa a HJ o6naCTH HeyCTOll'IHBOCTH npH l'l =6,23.10-2 (ci' .... 2,18): 
--- - TO'IHOC peweHHe; - -- - npH6nHlKCHHOe peweHHC 

18 

5,r/2r, ?i . 

PHc. I. Kal!eCTBeHHblll BHll rp3HHUbl9>-pa36He­

HHJI: a - n.n11 BToporo ypaBHekHII (8): 6 -

n.n11 ClfCTeMbl nepeoro H TpeTbero ypaeHeHHll 

(8) 

\ 
\ 

R \ 

\ 
\ 

PHc. 2. HnmOCTpauHII Bb!6opa napaMeTpoB 

npH amurnJe THna rpaHHubJ o6naCTH ycroll­

'IHBOCTH: - y\faCTOK rp3HHUbl i) 
paJ6HeHHII n.n,i CHCTeMbl nepeoro I( TpeTbe· 

ro ypaeHeHHlt (8); - - - - y'laCToK rpa­

HHUbJ !D-paJ6HeHHII n.n11 BToporo ypaeHe­

HHII (8) 

KOOpJlHH3T3MH 'T/ = 'T/•, a= a•+ € (€ > 0), ne)l(alUeK B o6na­

CTH HeycTOH'IHBOCra B6nH3H rpaHHUbl o6nacra YCTOH'IHBO· 

era (CM. pHC. 3) . .Ilnn JTOro BOC[IOflbJYeMCR ypaaHeHHRMH 

(7)' B KOTOpbIX IIpe.ll.BapHTenbHO cnenaeM 33MeHy 

Uenecoo6pa3HOCTb ee o6ycnoaneHa cnenywLUHM. B pac­

cMaTpHBaeMoK TeopHH peweHHe HLUeTCR B BH)le pR,!l3 no CTe­

neHJIM scnoMoraTenbHoro Manoro napaMeTpa, npH'leM rnaa­

HbIH '!neH pRJl3 HMeer BH,[l cos ( wt + I{)). OJlH3KO' K3K noKa-

3bIB3eT 'IHC1IeHHbJH 3H3nH3 Kone6aTenbHblX pe)l(HMOB, npH 

JlOCTaTO'IHO 6onbUIHX 3MMHTYJl3X Kone6aHHR cyruecTBeHHO 

OTnH'l3IOTCR OT CHflYCOHJl3nbHblX, 6yny'IH orpaHH'leHHbIMH 

CHHJY (1 + X1 > 0). TaKHe Kone6aHHR ,[lOCTaTO'IHO xopowo 

OfiHCb1B3IOTCR <i>YHKUHeH BHJl3 exp ( cos ( wt + I{))), a He 

cos ( wt + I{)). AMnnHyYJlbl BTOpOH H TpeTbeH npocTpaHcTBeH­

HblX rapMOflHK MeHbWe 'leM nepBOH, H nnn HHX nenaTb aHa­

nOrH'IHYIO 33MeHy nepeMeHHbIX HeT He06XOJlHMOCra . 

PaJnO)l(HM B (11) 3KC[IOHeHry B pnn Teimopa B OKpeCT· 

Hocra HynR H orpaHH'IHMCR Ky6HtfHOK HenHHeHHOCTblO.) . 

• )4JJeKbl paJflO)l(CHKJI 'leTBepTolt H 6onee Bb!COKHX CTeneHell 

He y'IHTbffiaJOTCII, nOCKOm,Ky OHH He Hy)l(Hbl D.nll peweHHI! eonpoca 

0 6 onaCHblX H 6eJonacKb!X yqaCTK3X rp3HHUbl H OHH He Tpe6}'10TCII 

nn,i OTblCK3HHII nepHOD,H'ICCKHX peweHHll B nepBOM np116nH)l(eHHH. 

3m xopowo BH.a;Ho, HanpHMep, HJ peJym,nTOB pa6oTbJ ( 6). 



TIO,D.CTaBHM Bb!pa)l(eHHH .ll,11H x.(t) (i = 1,2,3), CX, '1}13 CHCTe-
1 

MY (7) H c,a.enaeM 3aMeHy BpeMeHH tn = t/ ( 1 + a), r.a.e 
I al < 1. Tiony,rnM 

1 1 2 1 2 1 
+-Y1(t ---)y1(t )+ - Y1(t - --)Y1(t )] + 

2 n l+a n 2 n l+a n 
1 1 

+ T4 [y3(t - - - ) + y3(t ---)y3(t ) + y3(t -
n l+a n l+a n n 

1 I 1 
2 

1 
---)y1(t )+ - y3(t ---)Y1(t )] +rsY2(t ---)x 

l+a n 2 n l+a n n l+a 

X Y2(tn)+r6y3(tn--
1

-)y3(tn) }=o, 
I+ a 

r.a.e 11t = 6TT271., 711 = 16 TT
2
71*. 

Tipe,a.CTaBHM HCK0Mble nepeMeHHble Y1 (t ) , Y2 (t ) , 
n n 

Yl (t ) H napaMeTpbl a H f plUlaMH no BCTTOMOraTenbHOMY 
n 

napaMeT_py µ: 

y1(tn)=µcosw•tn +µ2Y12(tn)+µ3y32Vn)+ ... ; 

y2(tn) = µo 1 cos(w•tn + ,P1) + µ2y22(tn) + 

µ 3y23(tn) + ... ; 
(13) 

3,a.ecb O I , 0 2, i.p I, 'Pl - aMllJJHTYAbl H cpa3bJ C06CTBeHHbIX 

Kone6aHHH nHHeapH30BaHHOH CHCTeMbl, COBTTaJlaJOIJJeH C (8), 
ecnH B nocne.u,HeH nonmKHTb ci = a.; 111 = 11T; 112 = ~- Penuur 
:ny CHCTeMy, HaXO,!J,HM 

r.a.e 

.llnJt Toro IIT06bl onpe.u,enHTb nepHO.u,HIICCKHe q>yHl<UHH 

Y12, Y22, Yn, Y13,Y23, Y33, ... H nocTOJ1HHb1e K03<pq>HUHeH­
Tb1 f2, ~. f4, 04 , ... no,a.CTa.BHM pSl,D.bl (13), (14) B CHCTeMy 
(12), npe,a.cTaBHM nesyio H npaay1011acTH (12) p.11.u,aMH no 
CTeneHSIM µ H npHpaBH.lleM K03q>q>HUHCHTbl npH O.u,HHaKOBblX 
CTeneHHX µ. 

PaseHCTBO K03q>q>HUHCHTOB nepe~ µ2 naeT cne.u.yiomyio 
ITHHeHttyIO CHCTeMy ypasHeHHH OTHOCHTenbHO Y12 (t ) , 

n 
Y22 (tn), Yn (tn): 

½(y12 , y22 , y32 ) =Ai+ Bicos 2w•tn + Cisin 2w•tn , 

i= 1,2,3, 
(15) 

rne 

L1 (u(t), v(t), w(t)) = u(t) + T1 Q .u(t - 1) + T3~. w(t - l); 

Li (u(t), v(t), w(t)) = v(t) + 11rv(t) + r2a * v(t - 1 ); 

LJ(u(t), v(t), w(t)) = w(t) + 11:!'w(t) + T3~.u(t- l) + 

+r4a.w(t - 1) 

( cpopMYJibl .ll,11.11 \, Bi, Ci' i = 1, 2, 3 ,a.aHbI B TipHJIO)l(eHHH 1). 
113 CHCTeMbl (15) HaX0,IJ,HM nepHO.u,HlleCK0e peweHHe 

yi2 (tn) = Ai + Bi cos 2w*tn ➔ C?in 2w•tn; i = I, 2, 3. 

8b1p3)1(eHH.11 .ll,11.11 Ai,Bi, Ci' i = 1, 2, 3, T3K)l(e npHBe,a.eHb1 B 
TipH110)1(eHHH 1. 

Tenepb npHpaBHHeM K03<pq>HJJHCHTbl nepen µ 3 H nony­

llHM CHCTeMy .ll,11.11 Y1 3 (tn), Y2 3 (tn), Yl 3 (tn): 

½(y13 , y23 , y33 ) = Fisin w•tn + Picos w•tn + Gi(sin 3w•tn' 

cos 3w•tn) = fi(e2, a2, tn), i = 1, 2, 3, 
(16) 

r.a.e G2 = 0, G1, G3 - nHHeHHb1e cpyHKUHH 0THOCHTemHo 
sin3w•t , cos3w.t •>. 8b1pa)l(eHHH .ll,11SI F

1
, P., i = 1, 2, 3 na-

n n 1 
Hbl s TipHJIO)l(eHHe 2. 

O6paTHM BHHMaHHe Ha TO, IITO HIJJeTC.11 nepHO,IJ,HlleCK0e 
peweHHe CHCTeMbl {16). lloJTOMY npaBa..11 113CTb (16) ,IJ.OIT)l(­
Ha 6b!Tb opTOroHanbHa peweHHSIM CHCTeMbl ypaBHeHHH, co­
npH)l(eHHOH K ITHHeapH30B3HHOK CHCTeMe (7] : 

• KoHKpeTHbUI BHD. lj>yHJ<.UHlt G, (sin 3w•tn, cos 3w•tn), 
G,(sin3w.tn, cos3w.tn) He Ba>KeH, T3.K KlK OHH He .11.IILIYT BKlll,11.88 

ycnOBHe OpTOI"OHam,HoCTH. 
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V2(t)=T1rV2(t)+a.r2V2(t + l); 

V3(t)=T1fV3(t)+a:r3V1(t + l)+a.r4V3(t + 1). 

3ta CHCteMa HMeet n;aa JIHHeHHO He3aBHCHMblX pewemu1 

BH]la 

vP) = cos w.t; V~1) = O; V~
1
) = f31 cos w.t - f32 sin w.t; 

vP >=sin w.t; V~2 > = 0; V~2 > = (3 1 sin w.t + (17) 

+{32cosw.t. 

YcnoBHll optOrOHaJlbHOCH{ peweHHK (17) H BeKtOp­

cl>YHKUHH C KOMilOHeHtaMH fi (i = 1, 2, 3, f2 = 0) npHBOJlllT 

K CHCteMe anre6paH11eCKHX ypa.sHeHHH OTHOCHteJibHO €:2' <½ : 

l (18) 

<l>opMYJibl Jl]lll sij'Ti, i, j = 1, 2 BblnHCaHbl B IlpHJIO>KeHHH 2. 

Perna.JI cHcteMy (18), HaXOJlHM e2 H 0i : 

S12T:2 - S22T1 ~1T1-S11T2 
€2 =--------; 0:2 =----- --

S11 S:2:2 - S12 ~ I S1 I~ :2 - S1 l S2 I 

BbtnOJIHllll aHaJIOrH'IHbie ]leHCTBHll, MO>KHO OTblCKatb 

Y13 (t~, Y2 3 (tn), Y33 (tn), €4, 04 H T.Jl. 

Ha~eHHble 3Ha'leHHJI €2 H 02 Il03BOJIJIIOT cnenatb BblBO­

Jlhl O xapaKtepe rpaHHUhl o6nactH yctoH'IHBOCTH B IlJIOCKO­

C'l'H Q, 'I'/ H 06 aBTOKOJie6aHHllX B CHCteMe (7). Ilyctb €:2 > 0. 
Torna npH MaJibIX e > 0 ('Ito coorBetcTByer o6nacTH Hey­

ctOH'lHBOCTH) cywecTByet YCTOH'lHBOe nepHO]lHl!eCKOe pe­

weHHe BHna 

Y1 (tn) ~µcos w•tn + µ
2

y 1 2 (tn); 

y2 (tn) E O; 

y 3 (tn) ~ µ6cos (w•tn +IP)+ µ
2

y 32 (tn), 

rne 

3to peweHHe npenctaBJIJleT aBTOKOJie6aHHJI c M.IITKHM pe>KH­

MOM B036y)KJleHHll, a TOtJKa a., Tl• npHH8Jl]le>KHT 6e:30naCHO­

MY Ylf8CTKY rpllHHUbI o6nacTH ycTOH'lHBOcTH. Bo3Bpamallc& K 

nepeMeHHblM X1 (t ) ' X2 (t ) 'X3 (t ) ' IlOJlytJHM aBTOKone6a-n n n 
teJibHOe peweHHe HCXOJlHOH 3a]latJH (5): 

~(x,y,t )=~ {exp(µcosw.t +µ2y 12 (t ))simrx x 
n max n n (19) 

x sin 1TY + (µ6 cos(w•tn +IP)+ µ
2

y 32 (tn))sin31rx -sin 31Ty}. 

Ecmt >Ke €:2 < 0, TO a., Tl• - TOtJKa, npHHaJl]le>Kawall 

onaCHOMY YlfaCTKY rpaHHUbl . 8 3TOM cnyqae aH3JUITHl!eCKHMH 

cpencrBaMH He ynaeTCll onpeneJIHTb BHJl yctaHOBHBWHXCll 

npoueccoB. IlpHXOJlHTCll o6pamaT&Cll K pe3yJI&tataM tJHCJJeH­

HbIX pactJeTOB Ha 3BM Jl]lll napaMeTpoB H3 o6nactH HeycTOH­

'IHBOCTH. 

HccneAoB8lDle JlHllaMHKH Ha JBM no HCXOJlHOA pacnpe­

.lleJJeHHoit MO,lleJDI, llnll nonTBep)KJleHHJI npH6nH>KeHHbIX pac­

tJeTOB YCTOH'IHBOCTH H Jl]lll BblllCHeHHJI xapaKtepa HecTauHO­

HapHbIX npoueccoB KpaeBaJI 3ana11a (5) pewanacb Ha 3BM 
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no MeTony ceTOK. Pae11eTbI npoBOJlHJJHCb B6mt3H npa.soii rpa­

HHUbl o6nacTH ycTOH'IHBOCTH (cM. pHC. 2)' KOtopall OKa3a­

naCb 6e3onacHoH (€2 > O). PaccMaTpHBanoc& HecKOJlbKO 

cl>HKCHpoBaHHblX 3HatJeHHH napaMeTpa Tl, Jl]lll Ka)l(Jloro H3 

KOTOpblX Bbl6HparIHCb pa3llHl!Hbie 3Hal!eHHll <l - KaK MeHb­

lllHe, taK H 60JiblIDle COOTBeTCTBYIOWero a •. 
qHCJJeHHoe HccnenoBaHHe noKa3ano cneny10wee. 

1. IlpH 3Hal!eHHllX a, 06ecne11HBaJOWHX YCTOH'IHBOCTb 

HeTpHBHaJibHOro CT3UHOHapHoro pe>KHMa, B peaKtope COBep­

walOTCll 3aTyxa10WHe Kone6aHHll. 

2. IlpH a > a., Korna HeTpHBHaJibHblH CT3UHOHapHb!H 

pe>KHM HeycTOH'IHB, nepexOJlHbIH npouecc 3a.sepwaeTcJ1 

yctaHOBJleHHeM aBTOKOJ1e6aHHH. IlpHl!eM rpaHH'IHbie 3Ha-

11emlll CX, HaifneHHble no MeTony farrepKHHa H OnpenerreH­

Hble C nOMOWblO 3BM, COBnana10T C TOl!HOCTblO no HeCKOJlb­

KHX npoueHTOB. 

3. llorrytJeHHbIH aHaJIHTH'leCKH (no 4>opMyrre (19)) 
rpa4>HK pocTa aMilJIH-TYnhl aBTOKOJ1e6aHHH~ Ka11ecTBeHHO He 

OTJlHtJaeTCll OT neiiCTBHTeJlbHOro (pHC. 4), a KOJIHl!ectBeH­

Hall pa3HHUa, B03pacTa10waJ1 C rny6HHOH "npOHHKHOBeHHll" 

pa6o11eii TOIIKH B o6naCTb HeyCTOH'IHBOCTH, 06:i,llcHJleTCll 

TeM, 'ITO TeOpHll npHronHa TOJlbKO ' B noctaTO'IHO MaJIOH 

€ - OKpeCTHOCTH rpaHHUbl. 

4. Pa3JJHtJHe Me)l(Jly TO'IHblM H npH6nH>KeHHblM peweHHll­

MH B03pacTaeT C yMeHbllleHHeM 7). 3to CBll3aHO C TeM, l!TO 

IlOHJITHe € - OKpeCTHOCTH napaMetpa a, rne BepHO npH6ml­

>KeHHe (19)' Jl]lll pa3HblX 3Hal!eHHH Tl - pa3HOe. 

BblllCHHJlOCb, l!TO eCJJH pa6o11aJ1 TOtJKa rre>KHT He CJJHlll­

KOM narreKO OT rpaHHUbI o6nacrn ycTOH'IHBOCTH (CM. pHc. 2), 

TO ycTaHOBHBWHeCJI KOrre6aHHll JIBJllllOTCll CHMMeTpHl!HblMH 

no npOCTpaHCTBeHHbIM KOOp]lHHataM na>Ke npH HeCHMMeT­

pH'IHOM Hal!aJibHOM pacnpenerreHHH BHna: nepBall rapMOHHKa 

(sin1TX, x E [0, 1)) noocH XHBTOpall (sin2ey, y E [0, 1)) ­

no OCH y; nepBall rapMOHHKa no OCH x H TpeTbll (sin31ry, 

y E [O, 1]) - no OCH y; BTOpall rapMOHHKa no OCH x H 

TpeTbll - no OCH y. 

llnll noctaTOl!HO 6omWHx 3Ha11eHHJ{ rrapaMeTpa ci (cHJJb­

Hoe "rrpoHHKHOBeHHe" B o6nactb HeycTOH'IHBOCTH) HeCHM­

MeTpHl!HOCTb Hal!aJibHOfO pacnpenerreHHJI MO>KeT coxpaHJITb­

CH, H B CHCTeMe yctaHaBJlHBaJOTCH npOCTpaHcTBeHHO HeCHM 

MetpH'llib1e Kone6aHHJ1. HanpHMep, Ha pHc. 4 npencraBneHbI 

H30MeTpH'lecKHe npoeKUHH npoetpaHCTBeHHoro pacnpene­

nemu1 IlOTOKa HeihpOHOB B CJIYlfae, KOrna Q = 4; a. ~ 
~ 2,18, a Ha'laJibHoe COCTO.IUDle 3anaBaJIOCb nepBOH rapMO­

HllKOH no OCH X H Bropoii - no OCH y. 

HTaK, npH HCcnenoBaHJlH ycTOH'IHBOCTH H aBTOKOJie6a­

HHH snepHoro peaKtopa no n;ayMepHOH nH4><l>Y3HOHHOH MO­

nenH KHHeTHKH C JlHHeHHblMH 3ana3nbIBa10WHMH o6paTHhlMH 

CBH3JIMH npHMeHeHHe Metona ranepKHHa (TpeTbe npH6nH­

>KeHHe) BnonHe onpaBnaHo H no3BOJllleT: 1) nenatb npaBHJJb­

H&Ie Kal!eCTBeHHble H BnorrHe ynoBJietBOpHTeJlbHble KOJ1H-

11ectBeHHble- BbIBOP,bl 06 YCTOH'IHBOCTH CtaUHOHapHoro pe­

>KHMa; 2) nOJlYlfaTb Heo6xO]lHMble Hal!aJibHble npH6JIH>KeHHH 

JlJIH nocneny10mero Haxo)KJleHHll TOIIHOH rpaHHUbI o6nacrn 

ycTOH'IHBOCTH c n0Mom&10 3BM; 3) H3y11aT& xapaKTep rpa-



a 6 

B I: 

PHC. 4. npocrpattCTBeHHoe pacnpeneneHHe OOTOKa HellTpoHOB npH a= 4; Tl= 4,39.10- 3 H pa311H4HLIX t : a - t = O; 6 - t = 6/13r; e - t = I (7 / 13) T; 
r-t = 2(12/13)r 

HHUbl o6rracTH YCTOH'IHBOCTH B npocrpaHCTBe napaMeTpOB 

ycraHOBKH; 4) npoBOW{Tb npH6nH)l(eHHble aHaJIHTH'leCKHe 

pactfeTbl aBTOKorre6areITbHblX pe)l(HMOB npH napaMerpax, 

B3JITblX H3 o6rracTH HeycTOH'IHBOCTH BMH3H rpaHIUJ,bl 3TOH 

o6rracTH - pactfeTbl, CJ1Y)l(aJ.IlHe OCHOBOH WIJI HCCITeAOBaHHJI 

AHHaMH'leCKHX npoueccoB Ha 38M HenocpeACTBeHHO no Wl<P· 

<PY3HOHHOH MOAenH. 

llPHflQ)KEHHE l. 

<1>opMyn&1 llflJI BbI'IHCITeHHH BeITH'IHH A., 8 ., C., A., 
I I I I 

x cos(2,p - w .); 

l_ I~ . 1- 2 
C1 = - - r1 a* sin '.!w,. + - r3a*'5 s1n(,p - w.) + r4a*o x 

4 2 2 

x sin(2,p w.); 
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A1=B1=C2=O; 

I _ I _ 
2 A3= - 4r3a. -- ~- a.[r3 +li (r4 +r6 ))cosw. -

l -
- ::; f4tl.o cos(.p - w.): 

I ~ I 
B3 = - - r3 a • cos 2w • -- - r 3 Q'. cos w -- - r 4 a · x 

4 2 • * 2 * 
'~ x licos(,p - w.) - 2a.o 2(r4 +r6 )cos(2,p -- w.); 

I _ I ~ 
C3 = - - r3a .sin 2w• - - r3a .sin w• + 

4 2 

-2w. + r, a.sin 2w. f1 a,..cos 2w. 
A= 

r3a.cos 2w. - f3~sin 2w. 

f3a.sin 2w. r3a.cos 2w. 

- 2w* + f40*sin 2w* Tlf + r4a.cos 2w* 

OnpeAenHTenH A1, A2 , A3 , A4 MoryT 6&1T& nonytJeH&I 

H3 A IlyYCM 33MCHbI B nocneAHeM nepBoro, BT0poro, TpeTbe­

ro HJIH tJCTBepTOro cron6na CO0TBCTCTBCHH0 Ha CT0116eU. 

IB1C1B3C31T. 

IlPI1n0)l{EHl1E 2. 

$opMYJlbl A]lj{ Bbl'IHC11CHHJI BCJlH'IHH Fk' pk (k = 1, 2, 3), 

SiJ' Ti (i, j = 1, 2) : 

F = F(1 )€2 + F(2 >o + F(3) . p = p(1 )€2 + p(z >o. + p(3) 
k k k 2 k'kk k• k' 

k = 1, 2, 3; 

i = 1, 2; 
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FP) = - r1 sin w. + r3lisin(.p - w.); 

FP) = a.{ r1 [- sin w. + w.cos w.J + £30 [w.cos(,p - w.)+ 

+ sin(,p - w.)]} ; 

c3 ) ~ . { _ 1 ..- I _ I _ 
F1 =a.smw• - ri(A1 + -il1 + - ] +rJ[- A3 +-83) -

2 8 2 

X (.p - w.ft a.or4sin(1P - w.){·AJ - ½[o cos IP+ 83]} -

I ~ J, _ I _ } 1 ~ - 2a.o sin(2w.+IP)ydl3 1 + 4) +r4B 3 - 2a. x 

(
- - } I_ 

x li cos(2w• +,p) r4C3 _+r3C 1 + 4a.or3sin(w. +IP); 

PP)= - r1 cos w. - r3ocos(,p - w.); 

pp>=a.{-r1[w.sinw.+cosw.] +r3li[-cos(,p-w·.)+ 

+ w.sin(IP - w.)]} ; 

(3) _ 1 ~ . { _ -- } ~ { _ 1 _ 
P1 - 2a. smw• r 1 C1 - r3C3 +a.cosw. - r1 [A1 + 2B1 + 

1 _ 1 
+ ] r [A + - l 2 } ~ ( - 1 g - 3 3 -B3)+-li r4 +a.ocos,pr3 [- A1 -- + 

2 4 4 

1 -J ~ [ 1 + 2 cos w.J - r4 A3 + a.or4 cos(,p - w.) - A3 + 2 x 

_ } 1- _ 1_ 
X [licos,p-83] + -a.or4C3 sin(ip - w.) + - a.osin(2w. + 1P)X 

2 2 

x{r4 c\ + r3 C ,} - ½ a.o cos(2w. + ip){r3 [d I + ¼1 + f4 83} + 

I_ 
+ - a•lir3cos(w• + IP); 

4 

F<i)=p<i)=o i=l 2 3· 2 :1 , ' , ' 

F~1) = - r3 sin w. + r4li sin(IP - w.); 

F~2
) = a .{r3 [- sin w• + w.cos w.) + r4li [w.cos(IP - w.) + 

+ sin(IP - w.)J} + 11! li sin IP; 

(3) ~ . { - 1} ~ - ~ - . F3 = - a.r3sm w. 2A1 + 4 - a.r3 C 1 cos w. + a.oA3sm IPX 

l_ { _ 1 _} l_ 
x [r4 +r6] - -a.sin2w• r3 [.13 1 + - ] +r4B3 --a.x 

2 4 2 

{ 
- -} 1_ { x cos2w• r3C1 +r4C3 - 2a.o cos(IP-w.) r4[C1 +C3] + 

+r6c3} +a.osin(1P -w.){r4 [A1 +A3 + ~ - ~(B1 +83)] + 
8 2 

+r6(A3 - ½83)}-½a.o[r4 +r6J{B3sin(1P+2w.)+C3 X 

x cos(IP + 2w,..)} ; 



P(J) -
j - - f3COS W* - T40COS(lj?- w.); 

(2) - ~ { . 
P1 - a• - r3 [w~sm w. + cos w.] + r4 o x 

x [- cos(IP - w .) + w .sin(IP - w .)1} - r,fo cos !p; 

p(3) - ~ { - - 1 ~ ~ -
J - - a.r3cosw. 2A1 +B 1 + 2.f - a.oA3coslP[r4 + 

+r61 - a.{r3 [A1 + ¼1 +r4X3} - 2a.cos2w.{rd81 + 

+ ±1 +r483} + }a.sin2w.{r3C1 +r4C3} - a.o COS(lj? -

- w.){r4(A1 +A3 + ~+ ~(81 +83)1 +r&[A3 + ~831}+ 
8 2 2 

I_ { _ _ _ } I_ 
+ 2a.osin(IP - w.) r4 [C 1 +C 3 ] +r6C3 + 2a.o x 

X (r4 +r6l{C3sin(1P+2w•) - 8.Jcos(!p+2w*)}. 
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IlPHBJilDKEHHhI0 P AClIET )lHHAMHKH PEAKTOP A 
B CJIYllAE )KECTKoro PE)KHMA B036Y)K,nEHIDI ABTOKOJIEBAHH0 

B.A. Kont1HH 

PaccMBTPHBaeTCJI cnoco6 npH6nHllCCHHOro HaxO)l(J:lCHHJI aMIUIHTYltbl aBTOKOne6aHHlt B 11.nepHOM peaKTOpe B cny11ae llCeCTKOro pellCHMa B03· 
6y)l(AeHHJI. 

AN APPROXIMATE CALCULATION OF REACTOR DYNAMICS UNDER STRINGENT MODE OF SELF-OSCILLATION EXCITATION. 
V.A. KOLCHIN. An approximate procedure to determine the self-oscillation amplitude in a nuclear reactor under stringent made of ~xcitation is 
discussed. 

PacCMOTpHM .U.OCT3TOl!HO 06wy10 MO.U,en& ,a;HHaMHJ<H 

H.U.epHoro peai<ropa - ro11e11Hoe ypaaHeHHe KHHeTHKH a co-

11eraHHH C CHCTeMOH JIHHeHHblX .U,Hcj>q>epeHUHanbHblX ypaa­

HeHHH, OrIHCbIBalOlUHX o6paTHble CBH3H. llocne HecnO)l(HblX 

npeo6pa3oaatrnii [ l) JTY MO.llenb MO)KHO caecrn K HenHHeif­

HOMY HHterpo-.U.Hcj>q>epeHUHanbHOMY ypaaHeHHIO 

lx(t) = - [l + x(t)l S x(t - r)f(r, a)dr 
0 

m 

- .C (ji~i[x(t) - J x{t - r)gi(r)dT]. (1) 
i= I 0 

3.u.ec& x (t) - OTHOCHTellbHOe OTKnOHeHHe MOWHOCTH; 

l - BpeMJI )Kff3HH HeHtpOHOB; (ji - nonH i rpyDITbl H3J1y11are­

JieH 3ana3,llbJBaJOLUHX HeHTpDHOB; Cl:= (0:1 , 0:2, .. ,,a ) - co­
I 

BOKynHOCTb napaMetpOB o6patHOH CBH3H, cpe.u.H napaMeT-

poB a. conep)KaTCll H KOJq>cj>HUHeHTbl peaKropa; f (T, a) -
I 

.11npo o6paTHofl CBH3H rro 1 rpynne H3nyqarenefl 3anaJ.U.b1Ba10-

WHX HeHTpDHOB; ~ i - KOJcj>cj>HuHeHT ueHHOCTH i-H rpyn­

Dbt [2]. 
B pa6ore [ 1] Hait.u,eHbt peweHHH ypaaHeHHR ( 1) npH 

3Hal!eHHH napaMeTpOB H3 o6nacrn HeycTOH'IHBOCTH B6JIH3H 

rpaHHUhI a cny11ae MHrKoro pe)IG!Ma B036y)l(JleHH.R aaro­

Kone6aHHH. nony11eHb1 q>OpMYfibl, Bblp3)KaJOLUHe 3aBHCH· 

MOCTb aMITJIHTY.llbl H nepnona aBTOKone6aHHH OT TOIIKH ne­

pece11eHHH rpaHHUbl H rny6HHbl npoHHKHOBeHHH napaMetpa 

B o6naCTb HeycTOH'IHBOCTH. (B 11actHOCTH, 3TO MO)KeT 6b!Tb 

TeMneparypHb!H KOJcj>cj>HUHeHr peaKTHBHOCTH, KOTOpblH 3a 

apeMJI JKcnnyarauHH 3Hal!HrenbHO MeH.11etcJ1). Korna napa­

Merp a nepeceKaer rpattnuy o6nacTH ycrOHl!HBOCTH ~ = 
= ak H nepexo,llHT a o6nacTb HeyctoHIIHBOCTH, nponcxo,llHT 

Ka11ecrneHHoe H3MeHeHHe .llHHa.MHl!ecKoro noaenetrnJI cHcre­

Mbt. 3ro HBJieHHe Ha30BeM ak - 6ncj>yp<auneif, npyrne na­

paMetpbI 6yneM C'IHT3Tb HCH3MeHHblMH. TTpH ~ - 6ncj>ypKa­

UHH 6e3onaCHOH rpaHHUbl npoHCXO,llHT MJlrKHH pe)KffM B03· 

6y)l(,UeHHJI aBTOKOJie6aHHH, B cny11ae onacHOH rpaHHUbl (rep-
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MllHbl "onacHb1e" H "6e3onaCHbie" rpaHHUbl IlOJICHeHbI B 

[3]) B03MO)KeH J1H6o )KeCTKHH pelKHM B036y)l(AeHHJI aBTO· 

KOJ1e6amtii, JIH6o nepexon Ha .o;pyroii CTaUHOHapHblH ypo­

BeHb, JIHOO na)Ke croxaCTH'leCKHe KOJ1e6amt.11. PacCMOTpHM 

peanH3auHro 0,[U{OH H3 3THX B03MO)KHOCTeH - )KeCTKHH pe­

lKHM B036y)l(AeHHJI aBTOKOJ1e6aHHH. B JTOM CJ1yqae KpoMe 

HHcpOpMaUHH O BeJIH'IHHe aMilJlHTY.D;bl KOJle6aHHH npH '\ -

6H4>ypKatorn, MO)KHO nOJly'!HTb .D;OilOJlHHTeJlbHylO HHq>OpMa­

UHIO O BeJlH'IHHe B03MYlUeHHJI B o6nacTH ycrOH'IHBOCTH no 

HeKOTOpOH nepeMeHHOH (HanpHMep, MOW.HOCTH) . KOropoe 

BbIBO.o;HT peaKrop HJ crauHoHapHoro COCTOJIHHJI (pHC. 1) ; 
HOJlHKaMH noMe'leHa ycroii'IHBa.R a.MIDIHl)'na (µ0 ) Kone6a­

HHH (aBTOKOJle6aHHe), a KpeCTHKaMH - Heycroif'IHBaJI 

(µ*). 

0 ~ 

PHc. 1. 6H<l>YPKIUKOHHaJI llHirpiMMa s CJiy'lae ll<eCTKOI'O pellGt:Mi 

B0315YllCJlCHHll iBTOKOnel5aHHII 

EcnH peaKrop pa6oraer B o6nacTH 3Ha'leHHH napaMerpa 

~ <; °it ,..; a: H BeJlH'IHHa B03MYllleHH.II MeHbwe coornercr­

Byromero 3Ha'leHHJI HeycrOH'IHBOH aMI1J1Hry.zn,1 (µ*), TO 

crauHoHapHblH pelKHM ycrOH'IHB; B npoTHBHOM CJlyqae, npH 

BeJlH'IHHe B03MYllleHHJI OOJlbWe µ•, B03HHKalOT aBTOKOJle-

68.HHJI c aMWIHry.o;oii µ0
, coornercrnyromeii .o;aHHoMy JHa­

qeHHJO (l(k . .IlpyrHMH CJlOBaMH, HeycrOH'IHBOCTb pelKHMa MO· 

)Ker B03HHKHylb paHbme, 'leM JHa'leHHe napaMerpa '\ no­

CTHrHer rpaHH'IHoro a:, Haii.o;eHHoro no nHHeHHOH reopmi, 

H KpoMe aMilJlHTY.D;bl KOne6aHHH c nOMOIUblO HeJlHHeHHOH 

reopHH MO)KHO oueHHTb o6naCTb npHTJl)KeHHJl K COCTOJIHHIO 

pasHoBecwr . 

.IlaHHu craru J1BJ1.11erc11 ecrecrneHHbJM nponon)l(eHHeM 

pa6or, o6o6meHHe KoropbIX npencraimeHo B (4] . 
nmieapH3yeM ypaBHeHHe (1) B OKpeCTHOCTH COCT011HHJI 

pllBHOBecwr x = 0, coornercrnyromero crauHoHapHoMy JHa­

'leHHIO MOIUHOCTH, H COCTaBHM xapaKrepHCTH'leCKoe ypasHe­

HHe. Ilony'!HM 

m 

D(p) = Ip + F(p, a)+ E J3iEi [l - Gi(p )] = 0, (2) 
i = I 

rne F (p, a) H Gi (p) - HJ06pa)l(eHH11 no nannacy or 11.o;ep 

f ( T, a) H gi ( T) coornercrneHHo ; p - napaMerp npeo6pa3o­

BaHHJI Ilarmaca. 

O6b!'IHO He COCTaBJlJleT rpy.o;a HaHTH a.HaJIHTH'leCKH F (p, 

a) H Gi (p) . HO OTbICK~e o6paTHblX npeo6pa30B8HHH OT 

JTHX <l>YHKUHH .o;JlJl C1ly"18JI MHOfOMepHblX CHCTeM - nocra­

TO'IHO CJ10)KH8JI 38.1];8'18, nOJTOMY y.o;o6HO HCnOJlb30B8Tb 

ra6nH'IHb]e 3&,na.HJUI ,llJTJI <pyHKl(l{H f(T , a) H g. (T), Haii-
1 
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.o;eHHble nyreM HHTerpHpoBaHH.11 Ha 3BM CHCTeMbI JlHHeH­

HblX o6parHblX CBJIJeH npH x ( t) = o ( t) ( rne o - <l>YHKUHJI 

,il,HpaKa) no BpeMeHH. (Ilonpo6Hee CM. (5, 6] .) 

EcnH H3BeCTHbl .11.o;pa o6parHbIX CBJIJeH, xapaKrepHCTH· 

'leCKoe ypaBHeHHe (2) npH p = jw 38nHWeTCJI B BH.o;e : 

m 

Re D(jw, a)= F~ + L J3i~i [l - y;:-;;] = 0; 
i = I 

(3) 
m 

Im DGw a) = lw - Fw + '°' t?.f ·'·~= O· 
' S L., l-'1 I 'Y IS ' 

i = I 

rne j - MHHMa.11 e.o;HHHua; Re H Im - pean&Hble H MHHMbie 

qacm coornercrneHHo; 

ca 

F~ = J f(T, a)sin wTdr; F~ = S f(r, a)cos wrdr; 
0 0 

(4) 

iJi~=s gi(r)sin wrdr; 1/1~ = s gj(r)cos wrdr. 
0 0 

IlycTb npH a = a• ypasHeHHe (2) HMeer napy lfHcro 

MHHMbIX KOpHeif P1,:2 = ±jw*. PaccMorpHM '\ - 611cpypKa­

l.(1110 H 6yneM HCK8Tb peweHHe ypasHeHH.11 (1) npH '\ =a:+ 
+ €. XapaKrepHCTH'leCKOe ypasHeHHe (2) npH JTOM 3Ha'le­

HHH HMeer napy KOMI1J1eKCHO-COnpJ1)1(eHHblX KOpHeH h ( €) ± 

± jw(e),npH'leMHHrepeceHcnyqaH dh/dele=o *O· 
PeweHHe HmeM B BH.D;e pH.D;OB (7] : 

(5) 

t' = t/(1 + a); lal < l. 

qro6b1 liuHY'lffT& 6H4>ypKal(l{OHHyro .o;HarpaMMY, npH· 

Be.o;eHttylO Ha pHC. 1, npHXO.D;HTCJI orpaHH'IHB8TbCJI KaK MH· 

HHMYM 'IJleHaMH nopJl.o;Ka µ4
• 

MO)KHO npe.o;nOlKHTb CJle.D;yJOlUYJO cxeMy HCCJle.D;OBaHHJI 

xapaKrepa rpa.HHU. EcnH € > 0 H b2 > 0, TO pelKHM B036y)l(­

.o;eHHJI asroKone6aHHH M.llrKHH. EcnH e > 0, b2 < 0, a b4 > 
> 0, TO cne.o;yer OlKH.D;8Tb )l(eCTKOro pe)l(HM8 B036y)l(AeHHJI 

aBTOKne6aHHH co CK8'1KOM 8MI1J1HTY.D;bl OT HYJlll no BeJlH'IH· 

Hbl (µ0
) 

2 = - b2/b. Ha:•= a:+ b2 /2/b4. 3ra oueHKa aMWIH· 

TY.D;bl CKa'IKa ll,0Jl)KH8 paccMarpHB8TbCJl K3K npHMH)KeHHoe 

3Ha'leHHe, T8K KaK TOtJHaH BeJIHlfHHa MO)l(eT 6b!Tb Haif.o;eHa 

B CJ1yqae yqera scex 'IJleHOB pJ1.D;a (5) npH yCJ10Bmi ero cxo­

.o;HMOCTH. 

IlpH e > 0, b2 < 0 H b4 < 0 nn.11 ornera Ha Bonpoc o 

pe)KHMe BOJ6y>KAeHH.11 H aMnnHryne CJ1e.o;yer HCKar& b6 • Ilpr1 

cMeHe 3HaKa e coornercrneHHo MeWIJOTCJl 3HaKH B b2 11 

b4 , H BblBO.D;bl OCT8IOTCJI npe)KHHMH. 

PeweHHe B BH.o;e (5) llO.D;CTaBHM B (1) H, C06HpaH KO· 



3<l><l>HUHeHTbl npH OnHHaKOBblX creneHHX µ, nony'IHM CHCTe­
MY ypaBHeHHit .11,ru1 orl>!cKaHHR b2 , b4, 112 , a4 , x 2 ( t ') , X3 ( t '), 
~ (t') . 

B p;onOJmeHHe 1< (4) BBeneM CJieny10LUHe 06oJHa11eHHn: 

S
00 

i_ s00 

3f(r, a) 
F = f(r, a)dr; r = - dr; 

0 0 aa 
00 00 

F; w =Jf(r, a)sin 2wrdr;F~= S r sin wrf(r, a)dr; 
0 0 

,. S00 

af(r, a) x 
00 

• 32 f(r,a) 
Fwc= rcoswr---dr; Fw=Ssmwr 

2 
dr. 

-r aa 5 oo 
0 0 

KpeCTHK 03Ha11aer, IJTO ,i:p;po 11aCTHl>IM o6pa30M nponH<l>ct>e­
peHUHpOBaHO no ~; aepXHHe HHJ].el<Cl>l w, 2w, 3 w 03Ha1Ja!OT 
apryMeHTbl /Jl!H CHHyca HJIH KOCHHyca (noCJieJ].HHe OTMe11a­
lOTCH HH>KHHM HHJ].eKCOM s HJIH C COOTBeTCIBeHHO); H3.JIH· 
IJHe T 03Ha11aer, IJTO IlO)].l,IHTerpanbHoe Bbipa)l(eHHe YMHO)l(e­
HO Ha T. 

PeweHHe npH µ 2 3anHweM B BHp;e: 

rne 

A2 = ~ Fw /D(0)- B = F~Re D(2jw) - F~ IJ? D(ljw) 
2 c ' 

2 
21D(2jw)l2 

F~Im D(2jw) + FwRe D(2jw) 

~ = - 21D(2jw)l2 

3Ha11eHHn b2 H 112 HaXOLO{M H3 peweHHH CHCieMbI JIHHeH­
HbIX ypaBHeHHH 

b2S1 + a2O1 = R1; 

b2 S2 + Oz 02 = R2 , } 
m 

S1 = - F:; S2 = F~; 01 = w(- F~ + L /3i!i~~); 
i = I 

+ 82 (F~ w + F~)/2 + C2 (F;w - F~)/2. 

PeweHHe X3 (t) HaH.a,eM B BH.a,e 

x3 (t) = B3 sin 3wt + C3 cos 3wt, 

rne 

B; Re D(3jw) + c; lm D(3jw) 

B3 = ID(3jw)l2 

_ - B; Im D(3jw) + c; Re D(3jw) 
C3-----:...:........:.....--:--.:.._-....:....::......::_ 

ID(3jw)l2 

I 
B'= -[H (F2w +Fw) -C (F2 w +Fw)]· 32 2s s 2c c, 

I 
c'= - [B (F2w +FW)+C (F2w +FW)], 322c c 2s s 

PeweHHe X4 ( t) npe.u.craaneHo HH)l(e: 

X4 (t) = Ai + B4 sin 2wt + C4 cos 2wt + B4 sin 4wt + C4 cos 4wt, 

rne 

Ai = 1¼/D(0); J4 = (B~Re D(4jw) + C~Im D(4jw))/1D(4jw)l2; 

~ = (- D~Im D(4jw) + C~Re D(4jw))/1D(4jw)12; 

Bbipa)l(eHHR /Jl!H 84 H C4 aHanorH1JH1,1 a1,1pa)l(eHHnM /Jl!H 

Haxo)l(J].eHHn 84 H C4, ron1,1<0 BMecro 84 H C4 HCUOJIJ,3Y· 
BIV clV IOTCH 4 H 4 COOTBetcTBeHHo. Bblpcl)l(eHHn AJJH HaXO)l(-
A /1 B" C" 81V clV .a,eHH,i: 4, 4, 4, 4 H 4 HMelOT BffA: 

.. I 
~ = - b2(A2:F + 2 F:)- wa2 F~/2 -{ (A2)2F + 

I _ F2W)( 
2 C 

~ [(B2)2 +(C2)2]} ; 

H~ = - b2 (B:iF :w + C2 F:w+~/2)+2a2 w(-lC2 - ~ F:~+ 

+C F2 w-Fw/4)+(C F3w - B~~~)/2- A ().) F2w+ 2 'TC 'TC 3 C 3 ii 2 ."2 C 

+ C2 F2• w + B2 F) + (83 FW+ FWC3 )/2; 
• S C 

c~ = - b2 (C2F~w - B2 r.:w - F: /2) + 2a2w(/B2 - B1 F~: -

- C F2w+Fw /4) -(B F3 w+C F3w)/2- A (C F+C F2w-2 'TS 'TS 4 C 3 S 2 2 2 C 

- ~·F2 w) -(B Fw -C Fw)/2 · "2s 3 s 3 s' 

B1V = (C F3 w - B F3 /2 +(B Fw - C Fw)/2-4 3c 3s 3s 3 c 

- {[(C2 )2 - (~ )2
] F:w + 2B2 C2 F:w} /2; 

c¼V = (B3F~w+ F:wC3)/2 + (B3F: + C3F~)/2 -{ [(Cz)2 -

-(B2)2]F~w - 2B2C2 F:wJ /2. 

Jln,i: OTbICKaHHH b4 H G4 He06XO.a.HMO pelllHTb CHCTeMy JIH· 

HeHHbIX ypaBHeHHH 

l 
r.a.e 

R~= FA.i - F~B2/2 - F:(C4/2 - Ai) - F;J,(B4 + B2B3 + 

+ C2 C3)/2 - F~ w(C4 - li3 C2 + C3 l3z)/2 - F!w(B2 B3 -
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m 

X L /3i~iit,h\; 
i= 1 

- C2 /2) + F:~2 WU2 - F::: W02 C2 - F~b2 (A2 + C2 /2) + 

+ F~b2 lh/2 +~(F2wC2 + F2 wB2) -(- F~ wo2 + 2 S C 'TC 

•~ m 
+F~b2)b2 +a~w,L /3i~iit,;~c. 

1= I 

B C11Y1fae, Korna peaKTHBHOCTb llBHbIM o6pa30M 38BHCHT 

OT 3an83.[(bIBaHHll, ypaBHeHHe (1) 33IIHllleTCll KaK 

- m 
ix(t) = - lt + x(t)l S x(t - z - r)f(r, a)dr - r:: /3Ji lx(t) -

0 i= I 

-S x(t - r)ipi(r)dr], 
0 

r.a:e z - aenH'-!HHa 3ana3.[(blBaHH'1. 

Bee q>opMynhI IJlIR Haxo)l(.[(eHH,i: b2, o2, b4 , a4 oCTa­

IOTCR npe)K}l}{MH C Y1feTOM 33MeHbI B 0003HatJeHH'1X F Ha <l> 
(HanpHMep,~c Ha (J/"Jc, rne <Jj'J = cos wz~ - ~sinwz, 

C C S 

<rt,:= ~sinwz + f';'coswz H T . .a;.). 

B KatJeCTBe IlpHMepa pacCMOTpHM H3BeCUfYIO Mogenb 

[3], r.a:e HMeIOTC'1 onaCHbie yqacTKH rpaHHUbI o6nacTH ycTOH­

'IHBOCTH. By.a;eM Hccnenoaan TaKHe Me,lJ,JleHHbie npoueccb1, 

'ITO 33Il33.[(bIBllIOIUHe HeHTpoHbI IlO'ITH Bcerna HaXOMTC'1 B 

p8BHOBeCHH C MfHOBeHHbJMH. Monenb MO:>KHO npencT8BHTb 
cornacuo [3]: 

x = (1 + x)(ax + by(t - z)]; 

y = X - Y, } (6) 

rne X - OTHOCHTenbHOe OTKJIOHeHeHe MOIUHOCTH; y - OTKJIO­

HeHHe reMneparypbl, a H b - K03q>q>HUHeHTbI peaKTHBROCTH, 

nponopUHOHanbHbie MOIUHOCTH H TeMneparype. - MOll.lHOCT­
HOH H reMneparypHbIH COOTBetCTBeHHo. 

113-33 npocTOTbl o6paTHbIX CB'13eH Bee Bblpll)l(effiUI B (4) 
H aHanonNHb!e HM y,a:aeTC'1 3anHC3Tb B '1BHOM BH.[(e. IlpHBe­
neM OCHOBHbJe H3 HHX: 

F=a+b; f;';'=w/(w 2 +1); F~=l /(w2 +l); 

P~ = w2 
/(1 + w2 )2; F~c = (1 - w2)/(1 + w2)2; 
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<I>"-'= b(Fwsin wz + ~wcos wz). 
S C S 

OcTanbHbie Bbipll)l(eHHR nerKO nony'laIOTC'1 H3·IlpHBe.a;eHHbIX. 

fpaHHUa o6nacTH YCTOH'-IHBOCTH npH z = 1 npe,a:CT8BneHa 

Ha pHC. 2. IlpH 3HatJeHHH w OT 0,02 no 0,21 y'laCTOK rpaffHl..lbl 

onacHb1H, npH'leM b2 < 0, a b4 > 0. B 3TOM C11Y1fae cnenyeT 

O)I0!.[(3Tb B03HHKHOBemrn )l(eCTKOro pe)IO!Ma B036y)l(,lle.HH'1 

aBTOK011e6auHH c aMnnHTy.a;oH npH w• = 0,176 paaHoii: 

b 

✓- -0,0136 

0,3569 
:::<0,2. 

PHC. 2. fpamrua .V-pa36HeKIUI 

nnOCKOCTH napaMeTpoB B MO)le­

m1 (6) 

a 

lleiicrnHTemuo, nyreM HHrerpHpoBa.HH,i: cHcTeMbI (6) Ha 

3BM npH a• = -0,4718 H b* = 0,5323 noKa3aHO, 'ITO a CH­

cTeMe B03HHK3IOT 8BT0K011e6aHH,i: C 3MIIm!T)'.[(0H, C0CT8B11'1-

IOIUeH 1,2µ0 
; pe)l(HM B036y)l(.[(emrn )l(eCTKHH. 

llJl,i: peanH3auHH npenno)l(eHHoro cnoco6a 0TbICKaHH,i: 

b2, b4 cocTaaneH naKeT nporpaMM. B KatJecTBe axo.a;Hoii 

HHq>OpMauHH (cM. nonpo6Hee (6]) HCil011b3YIOTC'1 pe3ym­

JaTbI pactJeTa nepexo.a;HbIX npoueccoa npH x (t) = 6 (t), rne 

6 - nenbTa-q>YffKl..l,HR llHpaKa. 

C Il0M0IUbIO naKeTa nporpaMM CTp0HTC'1 rpaHHua 0611a­

CTH YCTOH'-IHBOCTH B Il110CKOCTH rra paMeTp0B, xapaKTepH3YIO­

IUHX peaKTHBHOCTb, H H8X0MTC'1 3HatJemrn b2 H b4, a TaK:>Ke 

X2, X3, }4, (½ H 04, IlpH oueHKe B03MO:>KHOCTeH HCil011b30-

B3HH'1 npenno)l(eHHoro cnoco6a OTbICKaHHR aBT0Kone6aHHii 

cne.a:yeT Y'IHTbIBaTb, 'ITO paccMOTpeHa onpenenRIOIUU (a 

CMbtcne 3Mll11HTY.[(bl H '18CTOThI) HenHHeiiHOCTb THila npoH3-

aeneHHR MOIUH0CTH Ha peaKTHBH0CTb. IlpH y'leTe npyrHX 

THil0B aHanHTH'leCKHX HenHHeHHOCTeH peweHHR HIUyrc,i: aHa-

110rH'IHblM cnoco6oM B BH.a;e p,i:noa (5). 
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HCCJIE,UOBAHHE AKYCTHqECKHX KOJIEBAHH:0 B PEAKTOPE 
C UHPKYJIBPYIOIUHM r A3OOBPA3HblM TOIIJIHBOM 

M.JI.rop6YHoa,B.A . .[(eHHcoa 

HccnenyeTCll YCTOINHBOCTI, no OTHOWeHHIO K TepMOI.KYCTH'leCKHM Kone6aHHJIM H DpOBOllJITCJI pacqeTl,I nepeXOllffl,IX npoueccoa a •JlllepHOM 
peaKTOpe C UHpKYnHPYIOW.HM raJO061)aJHblM TOMHBOM. 

A STUDY OF ACOUSTIC OSCILLATIONS IN A REACTOR WITH CIRCULATING FUEL. M.L. GORBUNOV, V.A. DENISOV. Stability 
with respect to thermoacoustic oscillations is analysed and calculations of transient processes in a reactor with circulating gaseous fuel are performed. 

11ccne.uoaaHHe aKycTHtJecKHX Kone6aHHH a peaKropax c 

ra3006pa3HbIM T0IUIHB0M HBITReTCR 0,llHHM H3 0CH0BHbIX 

3T3IT0B npH aH3ITH3e HX ,llHHaMHKH. O6'bRCHHeTCR 3T0 3aBH­

CHM0CTblO TelUI0Bbl,lleITeHHR B ra3006pa3H0M T0IUIHBe OT ero 

TIIT0TH0CTH, 'IT0 M0)l(eT npHBOJ]){Tb K B036y,t<AeHJUO aKYCTH'le­

CKHX KOne6aHHK [l] . 3THM BonpocaM nocamue!J pR,ll pa6oT, 

o63op KOTOpblX npHBe.[(eH B KHHre [2]. 113 6onee IT03,llHHX 

HCCITC,ll0B3.HHK OTMeTHM pa6ory [3] ' B KOTOpOK npoae.ueHbl 

oueHKH aMIUIHTYA aKYCTH'leCKHX aBTOKOne6aHHK B peaKTO­

pe ITOCTORHHOK MOJllHOCTH C HCITO,llBH)l(HbJM ra3oo6pa3HblM 

TOIUIHBOM. 

B Hacromueif craTbe Hccne.uy10rcR a1<ycTHt1ec1<He Kone-
6aHHR B aKTHBHOK 30He peaKTOpa C UHpKynHpYIOJllHM ro­

pIO'IHM (PU[). OcHOBH0e BHHMaHHe y.uenReTcR .llBYM aonpo­

caM : onpe.ueneHHIO ycnoBHH B036y)l(,lleHHR aKyCTH'leCKHX KO­

ne6aHHK H Hccne.a,oaaHHro ,o;HHaMHtJecKHX npoueccoa npH 3Ha­

tJeHHRx napaMeTpoB, rrpHH3JJ,lle)l(3JllHX o6nacTH HeycroiftJH­

aocTH. KpoMe roro, o6cY)K,llaercn 34>4>e1<THBHOCTb nonyqeH­
Horo aCHMTITOTH'leCKOfO ycnOBHR B036V)l(,lleHHR KOne6aHHK. 

B OTITH'!Re OT H3BeCTHblX pa6or [ 4] crporo ytJHTbJBaeTCR ,llH· 

HaMHKa H3ITytJaTeneK 3aITa3,llbJBalOJllHX HeKTpoHOB. 3ro CBR-

33HO C TeM, 'IT0 H3ITYtJ3TeJJH 3aTia3,llblB3!0JllHX HeKTpOHOB 

"BMOpO)l(eHbJ" a cpe.uy H npH aKYCTH'leCKHX K0ne6aHH.RX 

(oco6eHHo npH HepaaHoMepHOM pacnpe.ueneHHH H3ITyqare­

neif 3ana3,llbJBaJOJllHX HeKTpoHOB no npocTpaHCTBY) .uaJOT 

BKJJa,ll B o6paTHYIO CBR3b OT IUIOTH0CTH TOIUIHBa K TelUIOBbl· 

.ueneHHIO, ,lla>Ke HeCMOTpR Ha TO, 'ITO HX ITOCTORHHaR pacna­

.ua MHOrO 6omwe nepHO,lla aKyCTH'leCKHX KOne6aHHK. 

MaTeMaTH'leCKYIO M0,llen& ,llHH8MHKH TOIUIHBa B aKTHB­

HOH 30He peaKTOpa COCTaBHM rrpH cne.uy10JllHx rrpe.unoITO)l(e-

HHRX: a) aKTHBHy'IO 30HY MOlKHO 3aMeHHTb O,llHHM 3KBHBa­

neHTHblM Y3KHM KaH3ITOM, T3K 'ITO MO)l(HO HCITOITb30BaTb 

O,llHOMepHbie ypaaHeHHR ra30BOK ,llHHaMHKH ,llITR TOIUIHBa; 

6) TOIUIHBO- H,llearr&Hb!H ra3, Y.UOBITeTBOpRIOWHH ypaaHeHHIO 

MeH,lleneeaa-KnaneifpoHa; B) KHHeTKKY HeKrpO.HOB MO)l(HO 

OITHCaTb "TO'le'lHb!M" ypaaHeHHeM C O,llHOH 3KBHBarreHTHOH 

rpynnoif H3ITytJaTeneH 3aITa3.UbJBaIOJllHX HeKTpoHOB, 8 ,llHHa­

MHKY H3nytJaTeneH 3aTia3,llblB3!0JllHX HeKTpoHOB - ypaaHe­

HHeM B 'laCTHblX Ilp<)H3B0,llHbIX [5] ; r) peaKTKBH0CTb eCTb 

<l>YHKUHR IUIOTHOCTH TOIUIHBa. B ,nore ypaaHeHH.11 KHHeTH­

KH HeHTpOHOB H ra30BOK ,llHHaMHKH 3aTIHWYTCR B BKlle 

[4, 5]: 

dN 6k - (3 _ 
-- - ---N+XC; 
dt I 

J-1 

6k = 6k0 + e S (p(x, t) - p 0 (x))<f>(x)dx : 

0 

2 H 
C = - S C(x, t)F(x)dx; 

H o 

ac 
-- + a, 

a f3 
- (Cw)+ XC = - NF(x); 

ax I 

aw aw I ap 
-- + w -- + - -- = O; 
at ax p ax 

ap ap aw 
+w - +atP -- = A(1e - l)NpF(x); 

at ax ax 

{l) 
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ap a 
-+-(pw)=O; 
at ax 

P= RpT. l (1) 

3necb npHHJITbl cnenyroIUHe 06o3Ha'leHlUI: N - IlJIOTHOCTb 
eeirrpOHOB; c5k - peaKTHBHOCTb; / - cpe)],Hee BpeMH 
:>KH3HH TeIUIOBblX HeihpoHOB; C(x, t) - KOHUeHTpauHR, 

(3 - nonR H A - IlOCTORHHaR pacnana 3KBHBaneHTHOH rpyn­
m,1 HJnY'laTeneif 3ana3)J,bIBaJOIUHX HeHTpOHOB; F (x) -
4>yHKUHR npocTpaHCTBeHHoro pacnpeneneHHR IUIOTHOCm 
HeHTpoHOB; € - IUIOTHOCTHOH K034>4>HUHeHT peaKTHBHOcm; 
P, w, P, T - IUIOTHOCTb, CKOpOCTb, naaneHHe H TeMneparypa 

TOIUIHB a B aKmBHOH 30He; a. - IlOKa3aTenb a,11;1-ia6aTbl TOil· 
nHBa. HHneKc "O" coomeTcmyer 3Ha11eHH10 nepeMeHHOH B 

CTaUHOHapHOM COCTORHHH. 
B Ka'leCTBe rpaHH'IHblX YCJlOBHH B03bMeM CJ1eJJ,y101UHe: 

Ha BXO)],e H BblXO)J,e H3 aKTHBHOH 30Hbl HMelOTCR MeCTHble co­

npoTHBneHHR, IlpH'leM naaneHHR nepen BXO)J,HblM H IlOCJle 
BblXO)],HOro conpomBneHHH IlOCTORHHbl [6]. KpoMe rnro, 
npHMeM, 'ITO TeMnepuypa TOIUIHBa Ha Bxone B aKTHBHYJO 
30HY IlOCTOR!ffla, a KOHUeHTpauHR H3fl}"laTeneii 3ana3)J,b!BaJO· 

IUHX HeHTpoHOB Ha BXO)],e B aKTHBHYJO 30HY paBHa KOHUeH­
TpaUHH Ha Bb!XO)J,e H3 aKTHBHOH 30Hbl C yqeTOM 3KCilOHeH­
UHam,Horo pacnana. Torna rpaHH'IHbie ycnOBHR HMelOT BHn: 

1\2 
P(H, t)- PBbIX = 2 p(H, t)w2 (H, t); (2) 

T(O, t) = const; C(O, t) = C(H, t - t )exp(- At ). 
BH BX 

3necb A1 H Ai - K034>4>HUHeHTbl MeCTHblX conpomBneHHH; 

p BX H p BblX - nOCTORHHbJe naaneHHR; tBH - BpeMR npoxo­
na TOrrnHBOM no BHewHeMy KOHTYPY UHpKynRu;1m; H -
WIHHa aKTHBHOH 30Hbl. 

)lnR nony11eHHJ1 YCJlOBHH B036y)l()J,eHH.11 aKycm11eCKHX 
Kone6aHHH BOCilOflb3yeMCR MeTO)],HKOH, H3flO)l(eHHOH B pa6o­
TaX [2, 4]. Il03TOMY B nan&HeirweM ocraHOBHMCR TOnbKO Ha 
OCHOBHbIX MOMeHTax HCCJleJJ,oBaHHR. 

CucTeMa ypaaHeHHH ( 1), (2) HMeeT CTaJOIOHapHoe pewe­

HHe, KOTOpoe B 6e3pa3MepHblX nepeMeHHbIX C TO'IHOCTblO no 

'lfleHo~ nopRJJ.Ka 'IHCJla Maxa M B KBanpaTe onpenenReTCR 
peweHHe M CJ1enyromeif 3aJJ,a '1H KowH: 
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d 
- (mD) + aD = aF; 
dy 

m(O)= 1, n(O)= l; 

D(O) = D(I)exp(- av), 

(3) 

rne aaeneHbI CJ1e,nyromHe 6e3pa3MepHble nepeMeHHbie: 

m = wo(Y)/wo(O); n = Po(Y)/Po(O); D(y) = C0(y);\//f3No. 

oe3pa3MepHb1ii napaMeTp a 1 = AN0p0 (O)li/CvPo (0) x 
x wo(O)T

8
x ~ T0 (H) - T0 (0)/T0 (0) xapaKTepu3yeT 

CTaI019HapHyro MOIUHOCTb peaKTOpa H, Ol!eBH)],HO, nopMKa 

e)],HH}IUbI. IIapaMeTpbl a = lli/wo (0) H v = tBH Wo (0) /H 
xapaKTepH3ylOT COOTBeTCTBeHHO OTHOWeHHe BpeMeHH npo­
xona TOIUD{BOM no aKTHBHOH 30He K nOCTO.IIHHOH pacnana 
H3nyqaTeneH 3ana3)J,blBaJ01UHX HeHTpOHOB H OTHOUieHHe 

BpeMeHH npoxona TOIInHBOM BHeWHero KOHTypa UHPKY· 
nRUHH KO BpeMeHH npoxona no aKTHBHOK 30He. YpaB­
HeHHe /JJIR KOHUeHTpauHH H3fly'laTeneii 3ana3)J,blBaJOWHX 

HeHTpOHOB nerKO HHrerpHpyercR B KBaJJ,paTypax. IIonyqHM 

a Y du !- Y u dv 
D(y)= - exp(- a S - )lJF(u)exp(of - )du+ 

m 
O 

m(u) lm(v) 
0 0 ~ 

1 du 
exp(- a(v +S--)) 

0 
m(u) 1 u dv 

1 + -------S F(u)exp(aS- )du. 
1 du o o m(v) 

m(l)- exp(-a(v+J--)) 
om~) • 

(4) 

CnenyR yKa3aHHoH MeronHKe, HeTPYAHO nonyqHTb yCJ10-
BHe B036y)l()J,eHHJI aKycm11ecKHX KOne6aHHH: 

[ 

I V 1 2 I 30 d2v V30 
x a25 - F(y)dys __ 3_o <t>(y)dy + _ (' _ F(y)dy x 

m dy2 ~ j m 
0 O 0 

S
1 

d dv30 1 l l- dv30 I 
X F(y) - (mD--)d)i!- -

2 
!\1 (--) 2 + 

0 dy dy J w0 dy y = 0 

(5) 

B Bb1pa)l(eHHH (5) neifcTBHTen&HaR <l>YHKUHR v30 H w0 .IIB· 

nRIOTCR co6cmeHHOH q>YffKu;HeH H co6cmeHHbIM 'IHCJlOM 
KpaeBoii 3aJJ,a'IH 

(6) 

IlapaMeTpbI Ct2 = €Po (0) H//3~ H a3 = lv'Po (O)/p0(0)//3~H xa­
paKTepH3YJOT coomeTCTBeHHO CHnY o6parHOH CBR3H H HHep-



UHOHHOCTb o6paTHOH CB.R3H OT JUIOTHOCTH TOJUIHBa K TeIIJio­

Bb(AeJieHHIO no uerrn : IDlOTHOCTb TOIUIHBa - pe3.KTHBH0CTb -

IlJIOTH0CTb HeiiTpoHOB - TeJUI0Bb(AeJieHHe - JUIOTH0CTb T0n­

JIHBa. IlapaMeTp t = (J3 - &k0 )/13 = fD(y)F(y)dy - ueH­

HOCTb 3ana3J:U>IBaIOlUHX HeHTpoHOB. o 

YcnoBHe (5) nonyl!eHo B npennoJio)l(eHHH, 'ITO nepuon 

aKYCTH'leCKHX KOJie6aHHK MHOro MeHbUie B peMeHH npoxona 

TOIIJIHBOM no BHeUIHeH qacTH KOHTypa UHPKYJI.RUHH, T.e . 

OTKJIOHeHHe KOHUeHTp3.UHH H3JiyqaTeneii 3ana3J:U>IBaIOIUHX 

HeHTpOHOB Ha BXO,!J,e B aKTHBttylO 30HY MO)l(HO npHH.RTb paB­

HblM HYJIIO. 

Bb1pa)l(eHHe Res 1 COCTOHT H3 l!eTblpeX cnaraeMbIX, aHa­

JIH3 ,!J,BYX nepBblX H3 KOTOpblX npoBe,[J,eH B pa6oTe [4] . 
TaM noKa3aHO, 'ITO HaJIH'!He o6paTHOH CB.R3H OT MOIUHOCTH K 

peaKTHBHOCTH MO>KeT npHBeCTH K B036y)l(,!J,eHHIO aKyCTH'le­

CKHX KOJie6aHHH. TpeTbe cnaraeMoe OilHCblBaeT BKJia,D; B 

HeycTOH'IHBOCTb 3ana3J:U>IBaIOIUHX HeHTpDHOB, a qeraeprne 

cnaraeMOe - H3JiyqeHHe aKYCTHl!eCKOH 3Hepnm C KOHUOB 

aKTHBHOH 30Hbl. 3To H3JiyqeHHe cra61'1JlH3HpyeT CT3UHOHap­

HblH pe>KHM pa6oTbl peaKTOpa no OTHOUieHKIO K aKyCTH'le­

CKHM KOJie6aHH.RM, a KOHKpetHblH BKJia,D; 3TOrO cnaraeMOro 

33BHCHT OT KOJq>q>HUHeHTOB MeCTHblX conpOTHBJieHHH, 

onpenen.ReMblX KOHCTpYKUHeii BXO,!J,HbIX H BblXO,!J,HblX ycT­

pOHCTB. 3aMeTHM, 'ITO HX pacl!eT ,!J,Jl.R aKyCTH'leCKHX npouec­

COB npe,!1,CTaBJI.ReT onpeneneHttyIO Tpy,!1,HOCTb [3). IloJTOMY 

B ,!J,aJibHeKUieM orpaHH'IHMC.R 6onee >KeCTKHM Tpe6oBaHHeM, 

a HMeHHO : 6yneM C'lHTaTb, 'ITO Ha KOHUax aKTHBHOH 30Hbl 

noTepb aKycmqecKoii JHeprHH HeT, T.e. A.1 H A.2 paBHbI 

HYJIIO. 

OueHHn aHaJIHTH'leCKH BKJia,a; TpeTbero cnaraeMoro B 

o6meM cnyqae He ynaeTCJI, H He06XO,!J,HMO npoBO,!J,HTb pac­

l!eTbl Ha 3BM. O,!J,HaKO ,!J,Jl.R HeKOTOpblX l!aCTHblX CJI}"laeB 

MO)l(HO npoBeCTH npe,!1,BapHTeJibHbie oueHKH. IlycTb, Ha­

npHMep, IUIOTHOCTb HeHTpOHOB BblpDBHeHa no ,!J,JIHHe 3.K· 

THBHOH 30HbI, r.e. F (y) = const H <I>(y) = const. Torna no­

JIY1JHM, '!TO TpeTbe cnaraeMoe nponopUHOHaJibHO BeJIH'lHHe 

S1 d dv30 dv30 I dv30 I - (mD--)dy =mD-- - mD--
0 dy dy dy y = 1 dy y = o . 

3To Bbip3)1(eHHe JJ;JIJI nep»oii co6CTBeHHoii q>yHKUHH Kpae­

BOH 33,l];al!H (6) 6y,!J,eT OTpHUaTeJibHbIM, T.e. 3ana3J:U>IBaIOIUHe 

HeHTpoHbl BHOC.RT nOJIO>KHTeJibHblH BKJia,D; B B036y)l{,[J,eHHe 

aKyCTHl!eCKHX KOJie63.HJIH. AHaJIOrH'IHbIH pe3y1lbT3T nonyqeH 

B pa6oTe [7) ' rne noKa3aHO, 'ITO yqeT 3allaJJ:U>JBaIOIUHX HeHT· 

pOHOB B peaKTOpe C Heno,!J,BH)l(Hl,JM T011JIHBOM He npHBOW!T 

K H3MeHeHHIO 3HaKa ,[J,HHaMHl!eCKOH peaKTHBHOCTH, B03HH· 

KaIOIUeii B cHJiy Bbrweyxa3aHHoii o6paTHoii cBJl3H. 

nposeneM oueHKy Bbipa>KeHHR (5) ,!J,Jl.R cnyqa.R peaKTO· 

pa MaJIOK MOIUHOCTH, Korna napaMeTp Ql <1. Torna » Bbl· 

pa>KeHHH (5) B noJ:U>IHTCrpailbHbIX <l>YHKUH.RX 3Ha'leHH.R V3 0 , 

w~ H m MO>KHO BbJ'lHCJIHTb npH Ql = 0. KpoMe TOro, 6yneM 

C'lHTaTb napaMeTp a= °AH/wo (0) MaJIOH BeJIH'IHHOH (HanpH· 

Mep, °A= 0,1 c- 1, H = lM, Wo (0) = 1 M.c- 1, Torna a= 0,1). 
3To npennoJIQ)KeHHe He npHHUHilHaJibHO, HO 3Ha'lHTeJibHO 

ynpomaer BbIKJia,!J,KH. HTaK, oueHHM (5) B cnyqae, Korna 

m = 1, v 30 = sink0 1ry, w~ = a1r
2
~, a< I. Torna,!J,JIJI cny­

qu F(y) = 1, <l>(y) = 1 CTaIOIOHapHoe pacnpeneneHHe H3JIY­
qareneH 3aJI33,!J,bIBaJOIUHX HCHTpOHOB H HX u;eHHOCTI, paBHl>I 

1 - av{l - y) 2 - cw 
D(y)=---, t=--

1 + II 2(1 + 11) 

OTMeTHM, 'ITO ::ITH q>opMyJibl cnpaBe,[J,JIKBbl npH av < 1. non­

CTaBHM Haii,[J,eHHb1e BeJIK'lKHbl B (5) H nOJiyqHM YCJIOBHe 

ycTOH'IHBOCTH no OTHOUieHHIO K TepMOaKyCTH'leCKHM KOJie-

6aHHJIM : 

(7) 

CpaBHKBaR JTO ycnoBHe c aHaJIOrH'lHbIM ycno»HeM K3 pa6o­

TbI [4]' BHW!M, 'ITO yqeT 3aJia3J:U>lBaIOl.llHX HCHTpoHOB CYIUC­

CTBeH B cnyqae Manoro nnoTHOCTHoro KOJq>q>HJ.(HeHTa peaK­

THBHOCTH (a2 ~ 2)' T.e. cna6oii o6parHOH CB.R3H OT MOIU­

HOCTH K peaKTHBHOCTH. AHanorH'lHO, ,IIJI.R cnyqu F (y) = 
= sin1ry:<l>(y) = sin

2
ey JJ;JI.R nep»oii rapMOHHKH aKycmqe­

CKHx KOJie6aHHH nOJiyqHM yCJIOBKee) 

3rr2 

Q2 + - 8- < (2~- 1 Xl H'- 1r
2 an (8) 

3necb yqeT 3ana3J:U>IBaIOIUHX HCHTpOHOB TaK)Ke npHBOWIT K 

n0Jl:BJieHHIO BTOporo cnaraeMoro B JICBOH 11aCTH HepaBeHcma 

(8), a Bb!BO,!J, 0 CYIUectBeHHOCTH ero yqeTa B cnyqae MaJIOro 

IlJIOTHOCTHOrO KOJq>q>HUHeHra peaKTHBHOCTH OCTaeTCJI B CH/le. 

B o6meM cnyqae, Korna napaMeTp a 1 ~ 1, npoBO,!J,HJIHCb 

pac11eTbI Ha 3BM no q>OpMYJiaM (3) - (6). IlpK 3TOM BapbK· 

poBaJIHCb napaMeTp Ql , xapaKTepH3YJOIUHH CTauKOHapHYJO 

MOIUHOCTb peaKTOpa, H napaMeTp 11, xapaKTepH3YJOIUHK OT­

HOUieHHe BpeMeHH npoxona TOJUIHBOM BHClllHCK 'l&CTH KOH· 

Typa KO BpeMeHH npoxona &KTHBHOH 30Hbl. PacqeTbI npoBO­

,!J,HJIHCb ,!J,Jl.R BblpoBHeHHOrO HCHTpDHHOro noJIJI (F = 1, 4> = 1) 
H ,u;Jl.R CHttyCOH,!J,aJibHOro (F(y) = siney, <l>(y) = sin2ey) npH 

3Ha'leHIDix napaMeTpa O < a 1 ..; 1. Bo Bcex CJIY'lll.llX nony­

'leHo, '!TO yqeT 3ana3J:U>IBaJOl.llHX HeirrpOHOB npHB0,!J,HT K pac­

UIHpeHHIO o6nacTH HeyctOH'lHBOCTH no OTHOllleHHJO K nepBOH 

rapMOHHKe KOJie6a.HHH. Ha pHC. 1 B Ka'lCCTBe npKMepa npHBe· 

,[J,eHbI o6naCTH ycro~'!KBOCTH B IlJIOCKOCTH napaMeTpoB (a3, 

Ql) no OTHOWeHHJO K nepBOH rapMOHHKe aKyCTH'ICCKHX KO• 

ne6aHHii, nonyqemn,1e no cpopMyne (5) npH F(y) = siney, 

<I>(y) = f 2 (y) ,!J,Jl.R Ql = 1 (KpH»aJI 2), Ql = 0,5 (KpHBaJI 3) 
H no q>OpMYJie (8) (KpHBaJi 4). 3necb )l(C npKBC,!J,eHa 06-

naCTb YCTOH'IHBOCTH no OTHOllleHKIO KO BTOpoH rapM0HHKe 

KOJie6aHHH (ko = 2, Ql = 0,75; KpHBaJI I). O6nacTH ycTOH'lH· 

BOCTH pacnOJIO)l(eHbJ non COOTBCTCTBYJOID;HMH KpKBbIMH. 

Pe3YJibTaTbI ,IIJI.R cnyqax F (y) = I, <I>(y) = I asanora'lHbI. 

KaK n0K33aJIH paC'ICTbl, o6naCTb YCTOH'lHBOCTH cna6o 33BH· 

CHT OT napaMeTpa 11 . TaK, npH a 1 = 0,75, a= 0,3, I ..; 11..; 

..; 20 TpeTbe cnaraeMoe B HepaBeHCTBe (5) H3MCHJIJI0Cb B 

npenenax 4% cBoero cpe,!1,Hero 3Ha'leHHi. TaK 'ITO B npenenax 

•>sonec BblCOKHe rapMOHHJ<H KOne6aHHlt a npeAJ1onolKeHHH 

m e 1 B 3TOM cny'!ae He B036y)l(,lllllOTCJI, 
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PHc. 1. fp3.HHULI o6JTaCTH ycrol!l!HBOCTH . B rutOCKOCTH napaMeTpOB 

(01, , 01,) 

3TOH TOIJHOCTH BMeCTO YCJIOBHJI (8) nm1 CJIY'laJI 0'.1 = 0,75 

H3 HepaseHCTBa (5) HMeeM: 

0'.2 + 2 < 1,345{1 + 12,45 a;). 

113 IlOllY'leHHhIX pe3yllbTaTOB CJienyeT, '!TO HaHMeHbilllUI 06-

nacn ycTOH'IHBOCTH rronyqaeTCJI ,n,rrn peaKropa Manoii Mom­

HOCTH (0'.1 ~l) H, CJien,oBaTellbHO, YCJIOBHJI (7). (8) JIBll.11-

IOTCJI ,!J;OCTaTO'IHbIMH YCJIOBH.IIMH YCTOH'IHBOCTH CTaII,HOHap­

Horo pe)l(HMa pa6oTbI PUr no ornoweHHIO K nepaoii rapMo­

HHKe aKYCTH'leCKHX KOne6aHHH. 3TOT BbIBO)J. coxpaHHeTCJI 

H ,JJ;nJI 6onee BbJCOKHX rapM0HHK B CJIY'lae BblpoBHeHHOro 

HeHTpoHHOro nonJI . .Il,nJI CHHYC0H)J.aJlbHOro )l(e pacnpe.n;ene­

HH.11 HeHTpoHHOro non.II TaKoe cpasHeHHe )],IJJI 6onee BbJCOKHX 

rapMOHHK npoBeCTH He y,n;aeTC.11 (CM. CHOCKY). On.Ha.KO ecrJH 

napaMeTp 0'.1 He Man, TO nopJl,!J;OK B036y)l()J.eHHJI rapMOHHK 

aHanorH'leH CJIY'!aIO BbipoBHeHHoro non.11, T.e. npH yaenH'le­

HHH napaMeTpa a2 B036y)l(,!J,aeTcJI nepBlUI rapMoHHKa, 3aTeM 

BTOplUI H T.)J.. 

IlpoBe,n;eM a.HailH3 nepeXOn,HbIX npoueccoB, B03HHKalO­

illHX B aKTHBHOH 30He peaKTOpa npH OTKnOHeHHH nepeMeH­

HbIX, xapaKTepH3YJOillHX COCTO.IIHHe peaKTOpa, OT CTa~HO­

HapHbIX 3Ha'!eHHH. 3ro,· aHanH3 Il03BOJ1HT rronrnep,n;HTb 

pe3YJ1bTaTbI, nOJTY'leHHble paHee, H Bbl)J.eJlHTb OCOOOHHOCTH 

n,HHaMH'!eCKHX xapaKTepHCTHK peaKropa. 

HcnOllb3YJI IlOJ1Y11eHHble paHee pe3yllbTaTbl, 3a,n;aqy MO)l(­

HO ynpOCTHTb. Bo-rrepBbIX, npeHe6pe)l(eM MeCTHbIMH conpo­

THBJleHHJIMH Ha Bxone H BblXO,JJ;e aKTHBHOH 30Hbl. BO-BTO­

pbIX, BBHny CJia6oro BJIH.IIHH.11 3ana3,JJ;b!BaIOillHX HeHTpOHOB 

Ha B036y)l()J.eHHe aKYCTH'leCKHX Korre6aHHH (no KpaiiHeH Me­

pe npH 0'.2 ~ 10) 6y,n;eM C'IHTaTb, 'ITO K0~eHTpaIJH.11 H3J1Y'la­

reneii 3alla3/],blBalOillHX HeihpoHOB nocro.llHHa BO BpeMeHH. 

Tor,n;a MaTeMaTH'!eCKlUI Monenb aKTHBHOH 30Hbl Pur 0ilH­

weTCJI CHCTeMOH ypasHeHHH (1) . eCllH B HeH nollO)l(HTb 

C = C (x) , a A1 = A1 = 0. 3aOHweM 3TY CHCTeMY B 6e3pa3Mep­

HbIX OTKnOHeHHJIX OT CTaUHOHapHoro peweHHJI : 

30 

au1 2 dm 
m- + W.2 m --u2 

aul au, dm au! ay dy 
-+Mm -- +M - u, +u1--+---------=-0; a1 ay dy ay 1 + mu2 

au3 au3 au3 dn au! aul (9) 
--+Mm-- +u1--+- u1 +aen -- +au3-- + 
a1 ay ay dy ay ay 

dm u4 
+ M - U3 = 0'.1MF(y)(u2 + - + U2tJ..i); 

dy m 

du4 ' 
0'.3 - = - U4 + 0'.2 (1 + U4) s U2 <l>ydy 

d1 
0 

C rpaHH'IHblMH YCJIOBHJIMH 

(10) 

" 3necb 

u 1 = (w(y, 1) - wo(y)),\/Po(0)/Po(0); 

U2 = (p(y, 1) - PoCY))Po(0); U3 = (P(y, 1) - P0 (y))/P0 (0); 

u4 = (N(1) - N0 )/No -

6e3pa3MepHble OTKllOHeHHJI CKOpOCTH, IlllOTHOCTH, nasne­

HHJI TOrmHBa H IDI0THOCTH HeHTpoHOB. 11apaMetpbl 0'.1' 0'.2' 

0'.3' M BBe,JJ;eHbI paHee, y = x /H, T = t vP O (0) / Po (0) /H. 

BerrH'IHHbI m H n, xapaKrepH3y10mHe CTaII.lJOHapHoe pacrrpe­

,n;erreHHe cKopocTH H nasneHH.11 H BBe,n;eHHb1e paHee, onpe,n;e­

n.1110rc.11 H3 CJienyiomeii 3a,n;a'IH KoWH: 

-- - ------
dy m(:,,r,n - M2m) 

dn _ 2 dm . 
-- - - M -- , 
dy dy 

(11) 

m(0) = 1, n{0) = 1. 

PemeHHe CHCTeMbl (9), (10) npose,n;eM MeTO,!J;OM ceTOK. 

,IJ,ri.11 3TOro ~Ben,eM p~HOMepHYJO ceTKY{ ti, Yj} , r,n;e t =if; 
yj = y 1 + {j - l)h, J = 1, k + 1; T - war no BpeMeHH, h = 
= 1/k , k - 'IHCJIO KYCKOB, Ha KOTOpbIe pa36HT oTpe3oK O ~ 
~ y ~ 1. IlpH COCTaBlleHHH pa3HOCTHOH cxeMbl )],11.11 CHCTeMbl 

ypasHeHHH (9) 6y,n;eM annpoKCHMHpoBaib npoH3B0n,HYIO 

no npocrpaHCTBeHHOH KOOp,!I;HHaTe y B ypasHeHH.IIX Hepa3-

pb1BHOCTH H 3HeprHH npoH3BO)J.HOH Ha3a,n;, a B ypaBHeHHH 

,!J;BH)l(eHH.11 npoH3BO,!J;HOH Bnepen. KpOMe T"ro, ypaBHeHH.11 
Hepa3pbIBHOCTH H ,!J;BH)l(eHHJI armpOKCHMHpyeM no .IIBHOH cxe­

Me, a ypasHeHH.11 3HeprHH H KHHeTHKH HeHTpoHOB no He.llB­

HOH, npH'leM )],11.11 Bbl'IHCJieHHJI HHTerpana HCnOJ1b3yeM q>op­

MYllY rparre~ii. K 3TOH CHCTeMe ypasHeHHH ,n;o6aBHM cero'!­

Hbie annpoKCHMaIJHH rpaHH'IHblX YCJIOBHH (10) H ypasHeHH.11, 

noJ1Y'leHHbIe npH npHMeHeHHH Mero,n;a 3HJ1epa 1-ro nop.11n,Ka 
K CHCTeMe ypasHeHHH ( 11) . 



Ilopll,llOK Bbl'IHCllemtii nepeMeHHblX Ha (i + 1) •M Bpe­

MCHHOM cnoe cne,a;yIOI.UHH : H3 ypasHeHHJI Hepa3pbIBHOCTH 

o_npe,a;e.JU1ercJ1 u
2
i+ .1 , j = 1, k + 1, a HJ ypasueHHJI .a;BIDKeHHJI 

1+1 . - 1k 3 ' J -u1 ,j , J - . , . areM _H3 ypasHeHHJI Jl,TIJI IDIOTHOCTH HeH~-
HOB onpe,a;enJ1eTcJ1 U: 1 , a HJ ypasHeHHJI JHepnm ut+- ~ , 

-- 3J 
j = 1, k . B nocne,llHIOIO otrepe.llb HJ ypasHeHHJI JHepnm, 3a. 

ITHCaHHoro B (k + 1) ·M yJne, c yq_eTOM rpaHHllHOfO ycnoBHJI 

Ha BblXO,lle H3 aKTHBHOH 30Hbl onpe,a;enJleTCJI 3Hal!eHHe CKO· 

pocTH u~ + ~ + 1. IlpH pacqerax Ja,a;asanHc& cne,a;y10I.UHe Hallanb­

Hbte ycnoBHJI: u0 
• = ~u3simry. ; u1°. = Q l = 1, 2, 4, j = 1, 

--- 3,J J ,J 
k + 1. 3,a;ec& ~u3 - aMnnHry,a;a B03MytUeHHH ,a;asneHHJI. 

qHCllO k npHHHM3nOCb_paBHhlM 10H 20. 

Jlnll npoBepKH J<l><l>eKTHBHOCTH 'IHClleHHOH cxeMbl H 

Bb16opa wara no BpeMeHH npose,a;eH pacqer "KnaccHl!eCKHx" 

axycTHlleCKHX Kone6auHH B .a;BH>KytUeii:cH cpe,a;e. PaccMorpe­

HbI nepeXO,llHhle npouecCbl B cnyqae CX1 = 0, M = 0,01, :t= 

= 1,065. PaclleTbl noKa3anH, 'ITO pe3yn&T3Tbl HMelOT xopo­

WYIO TOllHOCTb npH r ~ 0,5h, a HMeHHO: B CHCTeMe ycrauas­

nHBalOTCJI KOne6aHHJI c nepHO,llOM r a)c = 2, llTO COOTBeTCTBY· 

er nepHo,a;y axycTHlleCKHX KOJie6aHHH B CHCTeMe 6e3 reIDIO· 

no.a;Bo,a;a c yqeTOM TOro, llTO M < 1 H ,e. ~I. AMnJIHTY,llbl KO· 

ne6aHHH CKOpoCTH, finOTHOCTH H ,a;asneHHJI npHMepHO paBHhI, 

npH'leM aMnJIHTy,a;a Kone6aHHH ,a;asneHHH cosna,a;aer c aMnJIH· 

ry,a;oif Hal!an&uoro B03MytUeHHJI, Ha OCHOBaHHH 3THX pe3ynb­

T3TOB B ,a;anbHeHWeM pacl!eTbl npoBO,llHJIHCb C waroM no 

apeMeHH T = 0,5h. 

PaccMaTpHBanHcb nepexO.a;Hbie npouecch1 B ycraHOBKe co 

cne,llYfOWHMH 3Hal!eHRJIMH 6e3pa3MepHblX napaMeTpoB: 

Ha pHc. 2 npe,a;crasneHa ocuHJUtorpaMMa nepexo,a;Horo 

npouecca no finOTHOCTH HeifrpoHOB. no OCH Op,llHHaT OTJIO· 

)l(eHo .cpe,a;Hee JHal!eHHe B03MytUeHHH nnoruocTH Heii:rpoHOB 

33 aKyCTHlleCKHH nepHO,ll. 113 pHCyHKa BH,llHO, llTO KOne6a­

HHJI finOTHOCTH HeHTpoHOB C axyCTHlleCKOH 'l3CTOTOH Haxna­

,llb!BaIOTCJI Ha HH3KOll3CTOTHylO COCTaBJIJIIOWYIO C nepHO,llOM, 
cooraerCTBYIOI.UHM BpeMeHH npoxo,a;a rorunma no aKTHBHOH 

30He. 3a BpeMH nop.11,llKa 1000 H/~ /Po (0) B paccMaT­

pHBaeMOM cnyqae HH3KO'laCTOTHaJI COCTaBilJIIO!UaJI 3aryxaer. 

K JTOMY apeMeHH aMIUIHry,a;a Kone6auui1: ,a;asneHHH B ueHT-

u •. 10' 

2 

0i--..----'-"-----~--__.. __ 
t. 10" s, C 

- 2 

-4 

- 6 

- 8 

0,4 0,8 

PHc. 2. O~nnorpaMMa nepe­

xo.ll}loro npouecca no nnOTH0CTH 

HeltTpoH0B (011 = 0,75 ; 012 = 
= 127; 011 = 100; M = 2,7.10"3) 

pe aKTHBHOH 30Hbl yMeHI,maeTCJI npHMepHO Ha 30% CBoeH 

nepaoHal!anbHOH seJIH'IHHbI, BenH'IHHa ,a;eKpeMeHTa 3aryxa­

HHJ1 paBHa o = -3,92.10-4. Jlng JTHX )Ke napaMerpoB no 

<t>opMyne (5) nonY'IHM ReS1 = -0,136 H, cne,a;osaremHo, 

,a;eKpeMeHT 33TYXaHHJI nonYlfaeTCJI paBHblM {j = -3,78.10"4. 

TaKHM o6pa30M, 'IHCJ1eHH_b1e paclle'IbI no,a;mep)l(,llaIOT cnpa­

aeJl,TlHBOCTb ycnOBHJI (5), a paccMarpHBaeMbIH peaKTOp 

ycTOH'IHB no OTHOWeHHJO K axyCTH'leCKHM KOne6aHHJIM. 

YcnOBHe ycTOH'IHBOCTH (5) HOCHT aCHMilTOTHlleCKHH 

xapaxrep H cnpaBeJl,TlHBO npH M ➔ 0, a ycnoBHJI (7) , (8) 
cnpaseJ],TlHBbl npH ,llOIIOilHHTen&HOM ycnoBHH CX1 < 1. Jlnll 

BblJICHeHHJI J<l><l>eKTHBHOCTH 3THX ycnOBHH npH KOHell­

HblX JHa'leHHHX napaMeTpoB M H a1 6bm npoae,a;eH cne­

.llYIOI.UHH 'lHClleHH_btH JKcnepHMeHT. IlpH 3a,a;auHb1x JHaqe. 

HHJIX napaMerpoa a1 H o3 'lHcneHHo, no xapaxrepy nepe­

XO.llHhIX rrpoueccos, onpe,a;eJlJIJlacb o6nacn, ycroif'Dmoc­

TH B IUIOCKOCTH napaMeTpOB M, ~ , IlapaMerp 01 H3Me• 

wmCH B npe,a;enax or HynH ,a;o eJJ,HHHD;b1. Ha pHc. 3 npHBe­

,a;eHI,t pe3ynhran,1 ,ll1lJI o3 = 1,5, F(y) = sin1ry, ~(y) =F2 (y), 

0 0,1 

PHC. 3. rpaHHUhl o6naCTH ycrolt• 

'IHB0CTH B M0CK0CTH napaMeT· 

pos (M, 012) 

3 

0,2 M 

01 = 0,5 (KpHB8H 1) H 01 = 1 (KpHB8H 2). Ha 3TOM )Ke 

pHCyttKe IIpHBe,a;eHa rpaHHUa o6nacTH YCTOH'IHBOCTH, nony­

qeHHall cornacHO ycnoBHIO (8) (KpHB8H 3). Kax BH,llHO H3 

pHcyttKa, C yseJIH'leHHeM ll'HClla Maxa o6naCTb ycTOH'IHBOCTH 

yMeHbWaeTCJI, 0,a;HaKO npH H3MeHeHHH 'IHCJia Maxa 11.0 

3H8'leHHJI M = 0,2 (llTO, aepOJITHO, 11,0CTaTO'IHO Jl,TIJI peanb­

H_b!X annaparoa) oHa ocraercH 6omwe, 'leM o6nacn, ycToii:­

llHBOCTH, onpe,a;enHeMaH HepaBeHCTBOM (8). AHanorH'IHblH 

pe3ynbTaT nonyqaeTCJI H }J)IJI cnyqag Bblp0BHeHHoro HeHTp0H· 

HOro nonJI. TaKHM o6pa30M, acHMilTOTHlleCKHe YCJIOBHJI (7)' 

(8) OCTaJOTCJI cnpaBe)])THBbIMH npH 11,0CTaTO'lHO WHp0KOM 

H3MeHeHHH napaMeTpoB 01 H M H MOfYT 6bITI, HcnOJib30BaHbl 

npH oueHKe aKyCTH'leCKOH HeycTOH'IHBOCTH npoeKTHpyeMbIX 

peaxropoa. 

B paccMoTpeHHOM peaxrope c napaMeTpaMH o2 = 127, 

CX3 = 100 o6paTH8JI CBJl3b OT MOLUHOCTH K peaKTHBHOCTH 

OlleHb HHepUHOHHa. EcnH napaMelp 03 yMeH&W8Tb, OCTaBJIJIJI 

CX2 HeH3M~HHbIM, TO B peaxrope B03HHKHYT axycTH'leCKHe 

Kone6aHHJI, TaK, ecnH llOJIO)l(HTb 03 = 1,5, llTO COOTBeTCTBY­

eT l ~ 10-s c, TO peaI<:rop OK83bIBaeTCJI HeycTOHllHBblM no OT· 

HOWeHHIO K axyCTH'leCKHM KOne6aHHJIM H HHKpeMeHT Kone-

6aHHH paBeH {j = 8 ,65. 10-4 . IlonylleHHble BeJIH'lHHbl HHKpe• 

MeHTOB H .a;eKpeMeHTOB KOne6aHHH o6ycnosneHI,I MaJiblM 

JHalleHHeM 'lHcna Maxa a aKTHBHOH 30He peaKTopa H JaTpy,a;­

HJIIOT H3yqeHHe aBTOKOJie6aHHH B TaKOH ycraHOBKe. Ilono-
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M}' paCCMOTpHM peaKTOp C TeMH >Ke napaMeTpaMH, HO C 

lfHCTTOM Maxa M = 0,1. Ha pec. 4 npHBe)leHa nony'leHH3JI B 

pelynhTaTe '!HCTTeHHbIX pac'!eTOB 3aBHCHMOCTh aMrIJIHTYAl>I 

0, 

0,2 

0,1 

-0,1 

-0,2 

PHC. 4. 31lBHCHMOCTh aMTIJlHT)'IUd 

llBTOKOne6aHHII BO3Myl.UeHHJI 

MOTHOCTH HellTpOHOB OT "rny-

6HHhl" T/ npoHHKHOBeHHJI s o(i­

naCTI, HeyCTOll'IHBOCTH (T/ = (0<2 -

- C.:) /0<: .100%; C.:,. 31,38) 

aBTOKOne6amm B03M}'llleHIUI nnoTHOCTH HeihpoHOB OT na­

paMeTpa ~ npH 3Ha'!eHIUIX OCTanhHbIX napaMeTpoB: a1 = 

= 0,75, a 3 = 1,5, M = 0,1, F(y) = simry. Ilo oce a6cU11cc OT· 

no>KeHo B npoueHTax npeBbIWeHHe 6eq>ypKauHoHHoro JHa­

'!eHIUI napaMeTpa a!, Haihi;eHHoro /1,IIJI nepBOH rapMOHHKH 

KOne6aHHH, a no OCH Op,ll;HHaT 6e3pa3MepHoe 3Ha'leHHe B03· 

MymeHH.11 MOTH0CTH HeHTp0HOB B ueHTpe aKTKBHOH 30Hbl. 

O'!eBHAHO, '!TO pe>KHM BOJ6y>K.1J;eHH.11 aBTOKone6aHHii MU· 

KHH. 

lh pHC. 4 BH,IJ;HO, '!TO c YBenH'!eHHeM nnOTHOCTHOro KO· 

3q>q>HUHeHTa peai<THBHOCTH (napaMeTpa ai) AO HeKoToporo 

noporoBoro JHa'!eHH.11 aMIDIHTyAa aBTOKone6aHHii pacrer, 

a npH npeB&IWeHHH noro noporoBoro JHa'leHH.11 aBTOKone-

Y,lJ;K 621.039.534.25; 536.423 

6aHHH Her H MOlUHOCTI, peaKropa HenpepbIBHO pacrer. Or­

CytCTBHe aBTOKone6aren1,Horo pe>KHMa npH JHa'leHHRX na­

paMerpoB, H!XO,rvtlJ..IHXCJI He,IJ;aneKO OT rpaHHUbl o6nacTH 

ycTOH'IHBOCTH, nHWHHH pal IlO,IJ;'lepKHBaer Bl>KHOCTI, HC· 

cne,IJ;OBaHHJI aKYCTH'leCKHX Kone6aHHH B peaKTOpe c Ulf P­
KynHpYJOlUHM TOilnHBOM. 
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YCTO01IMBOCTb PACXO,lJ;A B KAHAJIE 
C KOH.,n;EHCBPYIOIIUiMC.R HEOKIIMAEMbIM TEilJIOHOCIITEJIEM 

o.r . CasHXHH 

B paMKax HHTerpllJ'IIJIO!I MOJJ,ellH coxpaHeHHJI KOJIHlleCTBa JJ,BJOKeHHJI J),OKl3h!BleTCJI ycrollqHBOCTI, B ManOM CTll.OfOHlpHoro pellO!Ma KaHana 

C KOHJJ,eHCHpyIOIUHMCJI HeClKHMleMh!M TCTIJlOHOCHTeneM. 

STATIONARY MODE STABILITY OF A CHANNEL WITH CONDENSING INCOMPRESSIBLE COOLANT. O.G. SAVIKHIN. Within the 
framework of the conservation of linear momentum integral model the stability in the small of the stationary mode of a channel with condensing 
incompressible coolant is proved. 

3KcnepHMeHTanhHbie HCcne}l0BaHHJI noKa:3bIBalOT' '!TO B 
pJIAe rennoo6MeHHbIX annaparoB, B K0T0pbIX HCil0Ilh:3YJOTCJI 

K0H}leHCHpyroIUHeCJI .D;Byxq>a3HbJe Il0TOKH, npH onpeneneH­

HblX ycnoBHJIX B0:3M0>KHbl KOne6aHHJI pacxo,IJ;a TeIInOH0CH· 

ren.11. Taic, HanpHMep, Kone6aHHR pacxo,IJ;a >KHAK0CTH Ha6n10-

AanHcb Ha BbIX0,IJ;e H:30nHp0BaHH0r0 K0H,IJ;eHCHpyromero 

KaHana npH Il0CTORHH0M nepena,1le ,IJ;aBneHHJI Ha HeM [1]. 

IlpoBe,IJ;eHHoe B [2] e:1yqeHHe napannen1,Hoii pa6oThI cena-
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paropoB-naponeperpeBareneii (CIIII) Ha o,IJ;HH J<0HAeHcaro­

c6opHHK B creH,IJ;0BblX ycnoBHJIX H npH np0MbtwneHHbIX HC· 

IlbITaHHJIX BbIJIBHn0 HapyweHHe H0pManbHbIX ycnoBHH pa-

6oTbl annaparoB. OHO Bbipa>KanOCI, B Kone6aHHJIX ,IJ;aBneHHa 

H pacxo,1J;a rpe10iuero napa, nepeoxna>K,IJ;eHHH K0HAeHcara. 

HeCMOTp.11 Ha IlpaKTH'leCKYJO 3Ha'IHM0CTb Hccne,IJ;OBaHHH 

ycrOK'IHBOCTH K0H,IJ;eHCHpylOlUHXCR ,ll,ByXq>a:3HbIX Il0T0K0B, 

AaHHOH TeMe y,1J;en.11erc1t JHalfHremHo MeH1,wee BHHMaHHe 



no cprurneHHJO C HJy'leHHeM HeycTOH'IHB0CTH B KHIT1lll.leM 

IT0T0Ke. llo CHX IT0p B0ITpoC yCTOK'IHB0CTH K0H,lleHCHpYJOIUe­

f0C.11 not OK a OCTaeTC.11 He,D.OCTaTO'IH0 HJ)"leHJU,IM. HeT nomwro 

noHHM3HH.II MeXaHH3Ma HeycTOH'IHBOCTH B HaH6onee npoCTOH 

TennorHApaBnH'leCKOH CHCTeMe, TaJCOH, KaJC HJOnHpoBaHHbIH 

K0H,D.eHCHPYIOIUHH KaHan npH nocT0HHH0M nepenane ,D.aBne­

HH.11 Ha HeM. CymecTBylOT TPYAH0CTH C BblOOpOM MaTeMaTH­

'leCKOH M0,D.enH Cil0)Kffb!X CHCTeM C K0H,D.eHcauHeH TennoH0· 

CHTenH, KaJCHMH .IIBilHIOTCH CfifI. 

EcTeCTBeHHblH no,a.xo,a. K HCcneJJ;0BaHHIO HeycTOH'IHBO· 

cm K0HAeHCHpYJOmero KaHana CBH33H C npHMeHeHHeM pa3-

BHTOH Te0pHH ycTOH'IHBOCTH naporeHepHpYJOmero KaHana •. 

O,a.HaKo B pa6oTe [I] 6bma BbICKaJatta nmoTeJa, onHpa-

10maHc.11 Ha aHaJ1H3 HMel01J.l:11XCH JKcnepHMeHTaJibHblX ,D.aHHbIX, 

0 pa:mH'IHH npHpo~l HeycTOH'IHBOCTH naporeHepHpYJOmero 

H K0H,D.eHCHpy10mero KaHaJJ0B. PeJymTaTbl pa6oTbl [3) 

CBH,D.eTenbCTBYIOT 0 cnpaBe,D.nHB0CTH JTOro yrnep>K,D.eHHH. 

8 HeH, B '13CTHOCTH, Ha 0CH0Be ynpomeHH0H MaTeMaTH'leCKOH 

M0,D.enH noKa3aH0, 'ITO CTaJ.(HOHapHI>IH pe)l(HM Kattana C KOH· 

,a.eHCHpYIOIUHMCH HeC)l(HMaeMblM rennoH0CHTeneM YCTOH'IHB. 

B TO )Ke BpeMH npH yqeTe C)KHMaeM0CTH TennoHOCHTenH Bbl· 

HBneHo HaJJH'IHe o6nacm HeycTOH'IHBocrn B npocTpattcrne 

0CH0BHblX napaMetpoB. 3aMeTHM, tJT0 npH Hccne,D.0BaHHH 

ycT0HtJHB0CTH naporeHepHpYJOmero KaHana C)KHMaeM0CTblO 

TennoHOCHTenH 06b!'IH0 npeHe6peraJOT. 

BMeCTe C TeM HMelOtCH pe3ynhTaTbl Apyroro xapaKTepa. 

TaK, B pa6ore [4] noKaJaHo, 'IT0 HeycT0HtJHBaH pa6oTa ce­

naparopoB-naponeperpeBareneH .IIBnHercH cne,a.CTBHeM Me)K­

KattanbHOH HeycTOH'IHBOCTH napannemHblX K0H,D.eHCHpYJO• 

IUHX KaHaJJ0B. B JTOH craTbe ,D.nH attanHJa MeXaHHJMa Hey­

CTOH'IHBOCTH npHMeHHeTCH no,a.xo,a., pa3BHTbIH pattee O,D.HHM 

HJ aBropoB ,a.nH HccnenoBaHHH naporeHepHpy10mero Kattana. 

8 C0OTBeTCTBHH C yKa3aHHbIM nonxo,D.OM CHCTeMa HJ ABYX 

KOH,D.eHCHpYIOIUHX KaHanOB npe,a.craBnHeTCH B BH,D.e HeKO· 

roporo Kone6aremHoro K0Hrypa. JJ,nn onHcaHHH Teililo­

rHApaBnH'lecKHX npoueccoB B Ka>K,D.oM KaHane Hcnon&JyeT­

CH MOJJ;enb, K0T0paH He Bb!XO,D.HT 33 paMKH HHrerpan&HOH 

MOJJ;enH 3aJCOHa coxpatteHH.11 KOnH'leCTBa ,D.BH)KeHHH. AHanH­

TH'leCKH H3HJJ;eHHbie B pa6ore [ 4] nepHOA H 3MI1JIHTYA3 KO· 

ne6aHH.H cpaBHHBalOTCH C 3KCnepHMeHTaJJbHbIMH naHH&IMH, 

npHBe,a.eHHbIMH B [2]. OTMe'!aercH ynoBnernopHremHoe 

cornacoaaHHe pe3yn&raToB. 

TlllCHM o6pa30M, B HMelOIUHXCH ny6nHK3UHHX 0TCYTCT· 

Byer O,D.H03H3'lHOe MHeHHe O npHpone HeycT0ffllHB0CTH CH· 

CTeM C KOHJJ;eHCaUHeH Tenn0HOCHTenH. 3ro YK33bIBaeT Ha 

tteo6xoAHMOCT& 6onee neTan&Horo H yrny6neHHoro HJy'le­

HHH paccMarpHB3eMOH 33A3tJH. 

B naHH0H pa6oTe o6o6maeTCH 43CTb pe3YJ1bTaTOB CTaTbH 

[3). CBH3aHHbIX C ycTOH'IHBOCTblO K0HJJ;eHcHpYJOmero KaHa­

na C HeC)KHMaeM&IM TennoHOCHTeneM. Ee uenblO HBnHeTCH 

noKaJaren&crno B paMKax 1-rnrerpanbHOH MonenH coxpaHe­

HHH K0nH'leCTBa ,D.BH)KeHKH ycrOH'IHBOCTH CT3UH0HapHoro pe­

)KHMa Kattana C KOHJJ;eHCHpYIOIUHMCH HeC)KHMaeM&IM Tenno­

H0CHreneM B o6nacm npaJCTH'leCKH peanHJyeM&IX 3Hal!e­

HKH KOHCTpYKTHBHbIX H pe)l(HMHblX napaMeTpoB. TeM ca-

MbIM B pa6oTe ,a.aercst 0OOCHOBaHHe yTBep>K,D.eHHH 06 OTCYT· 

CTBHH B KOH,D.eHCHpYJOIUeM KaHane rex q>HJH'leCKHX MeXaHH3· 

MOB HeycTOH'IHBOCTH, K0TOpb!e xapaKTepHbl ,D.nH naporeHe­

pHpYJOIUero KaHana. 

TaK KaJC B AaHHOH pa6ore Hcnon&JyeTcH xapaKTepHcm­

'leCKoe ypaBHeHKe, nony'leHHoe B pa6oTe [3), KpaTKO 

HaITOMHHM ee OCHOBHb!e nonO)KeHHH. Ilo aHanOrHH C napore­

HepKpYJOIUHM KaHanOM CTpOKTC.ll MaTeMarn'leCKaH Monen& 

KOHAeHCKpYJOIUero Kattana B BK.Ile CHCTeMbJ AHq>q>epeHUHaJJb• 

HhIX ypaBHeHHH B qacTHblX npOH3B0,D.HblX. IlpH 3TOM HCnonb-

3yercH 0,D.HOMepHU r0MoreHHaH MO,a.en& ,D.Byxq>a3Horo ITOTO· 

Ka, 33KOH COXpaHeHH.11 KOnH'lecrna ,D.BH)Keffll.11 33IlHCb!BaeTC.ll 

B HHTerpan&HOH q>OpMe, C)KHMaeMOCTb TennoHOCHTen.11 Y'IH· 

TbIBaeTCH B O,D.HOOfueMHOH HAeaJIHJaJ.(HH, 8 pe3yn&rare atta­

nHTH'leCKOro peweHHst nHHeHHOH CHCTeMbI ypaBHeHHH nep­

BOro npH6nlf)KeHHH nonytJaeTCH xapaKTepHCTH'leCKOe ypaB­

HeHHe . .llnH BhUICHeHH.Sl B03MO)K}{l,1X MeXaHHJMOB HeycTOH· 

'IHBOCTH npoBOAHTCH Hccne,a.oBrume ynpomeHHblX xapaKTe­

pHCTH'leCKHX ypaBHeHHH. OcHOBHOe ynpoma10mee npenno­

IlO)KeHHe JaJCnJO'laercH B cne,a.y10meM. llpe,a.nonaraeTcH, '!TO 

ITOilHbIH nepenan AaBneHHH B KaHane COCTOHT HJ nepenaJJ;OB 

naBneHHst Ha wai16ax, pacnono)KeHHh1x Ha Bxone H B&1xone 

Kattana. B OTnH'IHe OT [3] B AaHHOH pa6oTe HJyqaeTCH 06-

IUaH Monem KOHJleHcHpYJOmero Kattana c yqeroM Bcex co­

CTaBnHIOIUHX nepenana naBneHH.11, BKnlO'laH pacnpe,a.eneHHb1e 

no ,D.nHHe noTepH AaBneHHH Ha TpeHHe H HHBenHpHYJO COCTaB• 

nH10IUY10 nepenana naBneHH.11. 

8 npennono)KeHHH HeC)KHMaeMOCTH TennoH0CHTenH 3anH· 

weM nony'leHHoe B pa6oTe [3] xapaKTepHCTH'lecKoe ypaB­

HeHHe B cne.a.YJOIUeM BHne: 

T s + 1 +(fl'.+ DF2 2 (s) + BF2 1 (s))/U(s) = 0, u ' ,. (1) 

r.a.e s - 6eJpaJMepHb1H napaMeTp npeo6pa3oaaHH11 nannaca; 

1 - exp(~ (l + sX-- In m)) 
U(s) = I - --------; 

I + s 

1 - exp(- s(- In m))) 1 
F22 (s) = (l - m - m------- --; 

' s 1 + s 

1 - exp(- (2 + sX-ln m)) 
F2 1 (s) = 2(1 - m) - (1 - m - --------) x 

' 2 + s 

X ~· 
m - OTHOWeHHe yJJ;en&HOro 061,eMa rennOHOCHTenR Ha Bbl· 

XOJJ;e HJ Kattana K y,a.enbHOMY o6MMY Ha Bxo,a.e; Tu - no. 

CTOJIHHaJI BpeMeHK HHepUHH TennoHOCHTemr, KOJq>q>HIJHeHTbl 

Il', D, B npe,a.cTaBilJIIOT co6oH rHApaBIIH'leCKHe conpoTHBne. 

HKH, onpe,a.enHJOIUHe paJnH'lH&Ie cocTaBnHJOIUHe nepena,0.I 

,a.aBneHHH, HopMHpoBaHH1>1e Ha rHApaBIIH'lecKoe conpomBne. 

HHe yq:acTKa Kattana, 3aHRToro Bo,a.oi:i•> . 

•>nepe'IHcneHHble nepeMCIDllJC CJICAYJOWHM o6p830M CBll38KW 

c ee1llfllHHaMH, eeeAeHHhlMH e pa6ore (3) : 

11 · = (tBX- J + t(l, - I , ))/ tB. D= gz(- TO )/ (2 u:blXtB) 

B =t(-T0 )u:J(2t8 ) , Tu =T8 L1x'l - T0 ·2t8 ) 

\ = ~b!X + 1 + t(/ 4 - h ") . B Aam.HeltweM 3TH coonioweHHJI HHrAt 
He HC00111,3yJOTCll, n03T0MY o603H8'lCHHJI 00JICHJITI, He 6yACM. 
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YpaBHeHHe (1) conep)KHT llilTb 6e3pa3MepHblX napaMeT­

poB m, r u' Il', B, D. O6JJacr&ro 3Ha'leHHH npaKTH'leCKH peami-

3yeMbIX napaMerpoB JlBJIJleTCJl MHO)KeCTBO,..) 

0 < m ~ l ; Tu ;;;. o; n '> - m; o ;;;. o; s;;;. o. · (2) 

Hccne,n.OBaHHe YCTOHIJHBOCTH npoBe,D.eM ,D.JIJI napaMerpoB H3 

o6JJacTH (2) . Ka.IC H3BeCTHO, He06XO,lJ.HMblM H ,D.OCTaTO'IHblM 

ycnoBHeM ycroH'IHBOCTH JlBmteTCJl OTCYTCTBHe KOpHeH xa­

paKrepHCTH'leCKoro ypaBHeHHJl B npaBOH IlOJiynJIOCKOCTH 

Res ;;i, 0. J].nll aHaJIH3a pacnono)KeHHJl KOpHeH xapaKrepHcTH­

qecKoro ypaBHeHHJl (1) BOCil0Jlb3yeMCJl npHHUHilOM apry­

MeHra. IlpHMeHHM ero K <PYHKUHH IP (s) , rne 9J (s) neBall 

qactb paBeHcma (1) . B Ka'leCTBe KOHTy pa CR B03bMeM npa­

BYIO IlOJIOBHHY OKpy)KHOCTH pa,D.Hyca R C u.eHtpOM B Haqane 
KOOp,D.HHat H cerMeHT -R ~ w ~ R Ha OCH w = Ims. 3ateM 

R yctpeMHM K 6eCKOHe'IHOCTH. OtMeTHM, 'ITO cpyHKIJ,HJl 

fj) (s) He HMeer nonrocoB Ha KOHtype CR. OrcyrctBHe HYJieH 

Ha KOHtype 6y,n.er noKa3aHo HH)Ke. KpoMe roro, B paccMat­

pHBaeMOM cnyqae IJHCJIO IlOJIIOCOB y q>yHKIJ.HH g>(s) BHytpH 

KOHtypa CR paBHO HYJIIO. ,lleHCTBHTen&HO, OTCytCTBHe noJIIO· 

COB y <PYHKUHH F2,1 (s) , F2,2 (s) o4eBH.D.HO, noJTOMY nocra­
TO'IHO noKa3atb, 'ITO U(s) He o6pamaeTCJl B HYJib BHytpH 

KOHtypa CR. Ilocne,D.Hee cne,n.yer H3 HepaBeHcTBa 

1

1 - exp(- (1 + sX- ln m) I 
~ 1 - m. 

1 + s 
(3) 

CoorHoweHHe (3) J1BJIJ1etcJ1 qactHbIM cnyqaeM 6onee o6me-

ro HepaBeHcma .. 
I ~(s)I = 1S exp(- (Re s + jw)t)d,p(t), ~-,~co), , (4) 

0 

cnpaBennHBoro B o6nacTH Res ;;;. 0 .D.Jill nro6oH nepe.a.aro'I­

HOH q>yHKUHH llf, (s) npH ycnoBHH, 'ITO cooTBetcTByromu eH 

nepexO,lJ.HaJI <PYHKUHJI cp (t) MOHOTOHHa H HMeer orpaHH'leH­

HYJO BapHau.HIO. IlonytHO npHBe,n.eM eme O,D.HO He06XO)J,HMOe 

,D.JIJI ,lJ.aJibHeHWero H3JIO)KeHHJl HepaBeHCTBO, JIBJIJIIOUleecJl 

cnencrBHeM Bblpa)KeHHJl (4): 

rne 

1m(s)1 ~ (1 - m2 )/2, 

1 - exp(- (2 + s)(- ln m)) 
<I>(s) = ----------'-- . 

2 + s 

(5) 

TaKHM o6pa3oM, ,lJ.JIJl ,n.oKa3at en&crBa or cyrctBHJl y xa­

paKrepHcTHqecKoro ypaBHeHHJl (1) KOpHeH c noJio)l(HteJib· 

Hb!MH ,n.eHCTBHte1lbHblMH qacTJIMH ffj')KHO noKaJatb paBeH­

CTBO HYJIIO IlOJIHOfO npHpameHHJl apryMeHta fP(s) Ha KOH· 

type CR. 3to paBHOCHJlbHO TOMY, 'ITO rpaq>HK oro6pa)KeHHJl 

KOHtypa CR Ha IDIOCK0CTb (Im 9) , Re //J) He OXBaTbIBaer 

Ha'laJIO KOOp,D.HHat. C 3TOH uemro IlOKa)KeM, 'ITO o6pa3 KOH-

•>ttepaneHcTBo Il' > - m 03Ha11aeT, 11To BellH'DIHa Hanopa, o6yc­

noBneHHoro 0TpHUaTem.HLJM rpll,llHeHT0M CK0p0CTH Teiln0H0CHTeJIJI, 

He npeBOCX0,IUIT f'H,tij)aBJDf'leCKHX D0Tepl> Ha BXOA}I0M H BbIX0.[l;H0 M 

yqaCTKax K&Hana. 
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rypa CR npH oro6pa)KeHHH 9'u.eJTHKOM pacnonaraercll B 06-

nacTH Re.9'> 0. Orcrona 6y.a,er taK)Ke cne,n.OBaTb orcyrcTBHe 

HyneH y q>yHKUHH ~(s) Ha KOHtype CR. 

Ilpe)K,lJ.e Bcero nocrpoHM oro6pa)KeHHe nonyoKpy)l(Ho­

cTH, BXO,D.JlllleH B COCTaB KOHTypa CR Ha IUIOCKO~Tb 1'. OHO 

6y,n.er npenctaBJIJltb co6oH nonyoKpy)l(Hocr& ,n.ocrarotlHo 

6omworo pa,D.Hyca HJIH npH r u = 0 npllMYJO, Koropb1e Jie)Kar 

BHytpH IlOJlynJIOCKOCTH Re 8' > 0. J];IJI nocrpoeHHJl o6pa3a 

MHHMOH OCH ,D.OCTatO'IHO orpaHH'IHTbCJl cnyqaeM 0 ~ W , TaK 

Ka.IC rpaq>HK or96pa)KeHHJl 5' npH OTpHUareJibHblX 3Ha'leHHJlX 

w pac11onaraetCJl CHMMeTpH'IH0 OTH0CHteJibH0 OCH Re~ 3a­
rmmeM neHCTBHteJibffYIO qacrb oro6pa)KeHHJl f/l MHHMOH no­

nyocH B cnenyromeM BH,n.e: 

lloKa)KeM, 4TO Bee cnaraeMbie, CTOJllllHe B npaBOH qacTH Bbl­

pa)KeHHJl ( 6), HeotpHUareJibHbl. ,lleHCTBHteJibH0, BOCil0Jlb30-

BaBWHCb (2), (3) , IlOJlyqHM Re(l + Il'/U) ~ 0. ,llanee, cna­

raeMoe, conep)KaJ..llee nepe,n.aT0'IHYIO cpyHKIJ.HIO F 2,1 , MO)KHO 

npenctaBHTb B BH,D.e 

B 
Re(F2,1 /U) = --------------- x 

(m cos((- ln m)w))2+(w - m sin(( - ln m)w))' 

x [(I - m + Re <I>)m cos((- In m)w) + w2 (1 -

- m sin((- ln _m)w ))(2(1 - m) + Im <I>/ w )] . 

HMeer MeCTO HepaBeHCTB0, CBJl3blBaIOUlee MHHMYJO ii .a,eHCT· 

BHTeJibHYIO qacTH <I>: 

2 Im <l>/w + Re <I>= m 2 sin((- ln m)w)/w . (7) 

HJ HepaBeHcma (5) cne.a,yer C00THOWeHHe 

(8) 

Orcrona, Hcnom3yJ1 (7), (8) , nony'IHM 

llm <1>1/w = (1 - m2 + 2m(- ln m))/4. (9) 

113 ou.eHOK (8), (9) BbITeKaer' 'ITO npH 0 ~ ( - lnm) w ~ 
~ rr/2 Bb!IlOJIHJleTCJl COOTHOWeHHe Re (F21 /U) ;;;. 0. Boe-, 
IlOJlb30BaBWHCb (8) , (9) H HepaBeHcTBaMH 

(rr/2)2 (1 - m(- In m));;;. 2m(ln m) 2 ; 

3(1 - m) - (1 - m 2
) - m 2(- ln m) ;;;. 0 , 

cnpaBe,D.JTHB&IMH .D.JIJl nro6bIX m H3 o6nacTH (2) , Herpy,D.Ho 
noKa3aTb, 'ITO Re(F2,1 /U) ;;;. 0 H npH ( - lnm)w ;;;. rr/2 . 

AHaJI0rH'IHbIM o6pa30M npeo6pa3yeM B Bbipa)KeHHH 

(6) cnaraeMoe, conep)Kamee nepenaro'IHYJO cpyHKUHIO F2,2, 

K cnenyromeMY BH.lJ.Y : 

Re(F
2

,
2

/U)= D m(l - m cos((- ln m)w) - m sin((- ln m)w),('...,)_ 
(m cos((- ln m)w))2 +(m sin({- ln m)w)- w)2 

(10) 
113 Bb1pa:>1reHHJ1 (10) c yqeroM HepaBeHcraa 1 - m -

m(-lnm) ;;;. 0, cnpaBe.D.JIHBoro .D.llJl n106oro m H3 HHtepu-



JJa (0, 1), BbiteKaeT COOTHOWeHHe Re(F2.,2/U) ~ 0. 
HTaK, npH mo6b1x 3HaqeHHnx napaMeTpoB H3 o6rracm 

(2) o6pa3 npaBOH nOJJynJJOCKOCTH Res ~ 0 npH OT06pa)Ke­

HHH $J uemJKOM pacnonaraeTCJl B o6rracm Re.9> > 0 H no:no­

MY He MO)KeT OXBaTb!BaTb Haqarro KOOpnKJ{a'f. Ha OCHOBaHHH 

npHHUHna apryMeHTa OTcio,na cne.nyeT, trro xapaKTepHcm­

qecKoe ypaBHeHHe (1) He HMeeT KOpHeif B npaBoH nony­

IIJJOCKOCTH Res ~ 0. TaKHM o6pa30M, B paMKax HHTerpanb­

HOH MO,neJJH coxpaHeHHH KOJJHqeCTBa ,!l;BH)KeHHJI CTllUHOHap­

HblH pe>KHM KaHaJJa C KOH,D,eHCHpY!OlUHMCJl HeC)KHMaeMbIM 

TeIIJJOHOCHTeneM B o6nacm IlpaKTHqeCKH pearrH3yeMblX 

3HaqeffHH KOHCTpyKTHBHblX H pe>KHMHblX napaMeTpoB 

YCTOH'IHB B MaJJOM. 

IloHCHHM, qeM BbI3BaH9 TaKoe cywecmeHHoe pa3JJHl!He 

B ,D;HHaMHKe KOH,neHcHpyiomero H naporeHepHpyiomero Ka­

HaJIOB. ,llnJl noro npoaHaJJH3HpyeM OCHOBHbie OTJJHIJHJi xa­

paKTepHcmqecKoro ypaBHeHHn (1) OT xapaKTepHcraqecKo­

ro ypaBHeHHH naporeHepHpyiomero KaHarra, BHA Koroporo 

xopowo H3BecTeH (cM., Hanp., (5)). Ilpe)K)];e Bcero 3aMeTHM, 

qTo B o6oHx cnyqaHX HMeeTcJl TpaHcnopTHoe 3ana3,ll,bmaHHe 

TeIIJJOHOCHTenn, JlBJJHIOIUeecn, KaK noKa33HO B pa6oTe [6], 
He06XOAHMblM YCJJOBHeM wrn B03HHKHOBeHHH TewxonmpaB· 

JJHqecKOH HeycTOHqffBOCTH KOJJe6aTeJJbHOro xapaKTepa. 

Me)K)];y TeM, B Kaqecme OTJJHIIHTeJJbHOH oco6eHHOCTH KOH· 

,neHcHpyiomero KaHarra cne,nyeT OTMeTHTb OTCYTCTBHe B xa­

paKTepHcraqecKOM ypaBHeHHH (1) cnaraeMbIX, oTpa)KalOIUHX 

3ana3,nbmaHHe TeIDIOHOCHTemr Ha JKOHOMaH3epHOM yqacTKe. 

3ro CBH33HO C TeM, tfIO JKOHOMaH3epHblH yqacTOK KOH,D,eH­

CHpyiomero KaHana pacnonaraeTcn Ha ero Bbrxo,ne, a TaK)Ke 

C TeM, qro H3MeHeHHeM y,nenbHOfO 061,eMa BOAi>! MO)KHO 

npeHe6peqb. Ilepe,naroqHbre q>yHKUHH Ha HcnapHTeJJbHOM H 

neperpeBaTeJJbHOM Yll3CTKax, KOTOpbie 6bIJJH nonyl!eHbl B 

[3] H HCDOJJb3YJOTCJl B ,naHHOH pa6oTe, no BHAY 6rrH3KH K 

coorneTCTBYJOIUHM nepe,naTOQHbIM q>YffKUHJlM ,!l;JJJl napore­

Hepupyiomero KaHana. O.a;HaKo rJJaBHoe OTJJH'IHe 3aKJJioqaeTcJl 

B TOM, tfIO napaMeTp m, BXOAHIUHH B nepe,naTO'IHbie q>yHK· 

UHH H HrpaioIUHH pom KOJq>q>HUHeHTa ycHJJeHHJl nepe,nal!H 

B03MYIUeHHn C Bxo,na KaHana Ha ero BbIXOA, B cnyqae KOH· 

,neHcHpyiomero KaHana nBJJHeTCJl BeJJHl!HHOH MHOro MeHb­

weif e,mJHHUbl. <l>aKTHl!eCKH ,!l;JJH KOHAeHcaTopa m - JTO Be­

JJHl!HHa, o6paTHaJt K coorneTcrnyiomeMY napaMeTpy napo­

reHepHpyiomero KaHana. TaK KaK napaMeTp m BXO~T B Ka­

l!ecme MHO>KHTenn K lJJleHaM xapaKTepHCTH'leCKoro ypaBHe­

HHH, OTpa)KalOIUHM 3ana3,ll,bIBaHHe, TO nocne,D;HHe He 0Ka3bl· 

Ba!OT onpe,neJJHIOIUero BJIHHHHJl Ha pacnOJIO)KeHHe KOpHeH 

xapaKTepHcrnqecKoro ypaBHeHHn. 06 JTOM CBH,neTerr&cmy­

lOT oueHKH, norryqeHm1e Bblllle. TaKHM o6pa3oM, npoBe,neH­

HbIH K3l!ecmeHHblH aHaJJHJ noKa3bmaeT, '!TO HeCMOTpJl Ha 

HaJIHl!He TpaHcnopTHOfO 3ana3,D;bIBaHHJl TeruIOHOCHTeJJJl, B 

KOHAeHCHpyiomeM KaHaJJe B paMKax paCCMOTpeHHOH MO,ne­

JIH OTCyrcmyeT BCH He06XOAHMaJl ,!l;JJJl B03HHKHOBeHHn He­

YCTOH'IHBOCTH COBOKynHOCTb YCJJOBHH, KOTOpaJl HMeeT Me­

CTO B crryqae naporeHepHpyiomero KaHana. 

113 pe3yrr&TaTOB ,!l;aHHOH pa6oTbl CJJe,nyeT, '!TO npHMeHe­

HHe ,!l;JIH H3yqeHHJl MeXaHH3Ma HeycTOHIIHBOCTH KOH,D,eHcHpy-

IOIUero KaHaJJa Tpa,a;HUHOHHOfO no.a;xo,na, pa3BHTOro npH HC• 

enep;oBaHHH ycTOHqHBocm naporeHepHpyioruero KaHana, 

He npHBOAHT K )KeJiaeMOH uerrH. 11Haqe fOBOp.!i, paccMOTpeH­

HaJl MaTeMarnqecKa.11 MO,nerrb KOH,D,eHcHpyiomero KaHarra c 

ee ynpomalOIUHMH npeAIIOJIO)KeHH.liMH He Il03BOJIJleT Bbl· 

JlBHTb MeXaHH3M HeycTOH'IHBOCTH. 8 CBJl3H C 3THM B03HHKa­

eT He06XOAHMOCTb o6cyp;HTb B03MO)Kl{bie npHl!HHbI HeycTOH· 

IIHBOCTH CTllUHOHapHoro pe)KHMa, Ha6rriop;aBweHCJl, HanpH­

Mep, B JKcnepHMeHTax [l, 2). Ilyrr&cauHH pacxo,na )KHl];KO· 

cm, HMeBWHe MecTo B JKcnepHMeHTe [l), o6ycnoBJJeHbI, 

KaK OTMel!aeTCJl B 3TOH pa6oTe, C)KHMaeMOCTblO H HHepIU{eH 

TellJIOHOCHTeJIJl, TO ecTb nBJJ.lilOTCJl no CBOeH npHpo,ne HH3KO­

qacTOTHbIMH aKycmqecKHMH KOJJe6aHHJlMH. Ilo.np;ep)KaHHe 

JTHX KOJJe6aHHif ocywecrnnHeTcJl 3a cqeT nepexo,na TeIDIOBOH 

3HepraH B MeXaHH'lecKyio. KaK cne.nyeT H3 AOCTaTO'IHblX 

KpHTepHeB YCTOH'IHBOCTH pa6oT [1, 3), aBTOKOJJe6aHHJl 

B03M0)Kl{bI, eCJJH DOCTO.liHHble BpeMeHH TeIDIOBblX npouec­

COB B KOH,D,eHCaTope H aKy'CTHl!eCKHX npoueccoB B Heo6orpe­

BaeMblX KOMMYffHKauHJlX O.a;Horo nop.11,tUCa HJIH nepena.n 

AaBJieHHH Ha BXOAHOM rH.a;paBJJHqecKOM conpoTHBJieHHH 

COCTaBJI.lieT npHMepHo noJJOBHHY AaBJieHH.li B KOHType IUf P· 
KYJJ.llllRH. Ilepe11HeneHHb1e ycnoBH.R qame Bcero BbinOJIHJl· 

!OTC.Ii ,!l;JJ.li TeIIJJoo6MeHHbIX annapaTOB, HCnom3yeMblX B 

KpHoreHHOH TeXHHKe. ,llnJl TeDJJo06MeHHHKOB, HaXOA.lllUHX 

npHMeHeHHe B .li,[(epHOH JHepremKe, TaKHe YCJJOBH.li npaKTH· 

l!eCKH He pearrH3YJOTC.li. Cne.noBaTeJibHO, HeycTOH'IHBOCTb, 

Ha6rrio,naBllla1{CJl DpH napaJJJJeJJbHOH pa6oTe HeCKOJlbKHX 

CITil Ha O.a;HH KOH,D,eHCaTOCOOpHHK [2], He MO)KeT 6bITb 

061>JlCHeHa paCCMOTpeHHbIM Bblllle MeXaHHJMOM. C ueJiblO 

061>JlCHeHH.R npOTHBOpel!H.li TeopeTHqecKHX BbIBOAOB C He­

YCTOH'IHBOH pa6oToif CITII, Ha6rriop;aiomeitcJl Ha npaKTHKe, 

aBTOpaMH pa6oTbl [7] 6bIJIO BblCKa3aHo npeAIIOJJO)KeHHe, 

QTO MeXaHH3M HeyCTOHIIHBOCTH Cilil o6yCJJOBJieH He TOJlbKO 

,nHHaMHqecKHMH npou.eccaMH B naparrneJibffblX KOH,D,eHCHpy­

lOIUHX KaHarrax CilII, HO H TaK)Ke npoueccaMH B OTBOA.RIUHX 

KOMMyHHKau;H.RX, BKJIIOqaJl CJJHBHOH Tpy6onpOBO,D,, KOH,D,eH­

caToc6opHHK, CHCTeMY OTBO,na KOH,D,eHcara HJ KOH,neHcaTO· 

c6opHHKa. HMeHHo H3yqeHHe AHHaMHqecKHx npoueccoB B 

OTBO,D,.lilUHX KOMM}'HHKllUH.RX CTaHOBHTCJl B nocne,a;Hee Bpe­

M.ll 0,D,HHM 113 OCHOBHbl:X HallpaBrreHHH 3KCI1epHMeHTaJJbHblX 

HCCJie,D,OBaHHH Cllll [8]. 8 UeJJOM 3a,D,alla BblnBJieHHH Mexa­

HH3Ma HeyCTOH'IHBOCTH Cflfl nBJIJleTCH npe,D,MeTOM caMOCTO· 

.liTeJibHOro H3yqeHHn. 

CnHCOK JJHTepaTypw 

1. BxaT B., Be,neKaHHA 3n. ABroKone63HHJl pacxona )KHA­

KOCTH B ABYXq>a3HblX nOTOKax//TeIDionepen,aqa. 1980. 
Cep. C. T. 102, N° 4. C. 113 - 121 . 

2. Ilaparrnen&Ha.11 pa6ora cenapaTopoB naponeperpeBaTerreif 

Ha qemepTOM 6rroKe HB A3C/n.H. ApTeMOB, B.<I>. ne­

CHTYH, B .Jl. KpeHAHH H ,np.//TeIIJJoJHepreTHKa. 1977, 
N° 12. C. 18 - 23. 

3. CaBHXHH O .r. TeopemqecKoe Hcene.noBaHHe ycrni:llffl­

Bocm CTau;HOHapHoro pe)KHMa KaHarra c KOH,D,eHcauHeif 

35 



rennoHOCHTCJUI//BonpoCbl aroMHOH HayKH H reXHHKH. 

Cep. ~H3HKa H reXHHKa Jl)J.epHblX peaKTOpoB. 1987. 

Bbm. 2. C. 33 - 39. 
4 . neneeB H.C., lllMapRH n.H. Ilynbcawrn MaCCOBOH CKO· 

poem reW10HocHren11 B cenaparopax-naponeperpeBare­

n11x//lhB. BY30B CCCP. 3HepremKa. 1973. N° 11. 

C. 60 - 69. 

5. Ca6aeB E.~. CHcreMbI cpaBHeHH11 nn11 HeJIHHeHHhIX 

.[O{q>q>epeHIJHaJibHblX ypaBHeHHH H HX npHJI0)KCHHSI B 

.[O{HaMHKe peaKT0p0B. M.: AT0MH3nar, 1980. 

6 . Mopo30B 11.11., feprrHra B.A. Ycroii'IHBOCTb KHn.lWJ;HX 

annapatoB. M.: AtoMH3nar, 1969. 

7. Eyp_HHKOB B.11., CaBHXHH o.r. TeopeTHl!CCKOe Hccne-

Y,D;K 621.039:534.1 

nosaHHe ycroiitJHBocTH pacxona B KaHane c KoHP,eHcH­

PYIOu.tHMCSI napoM/ /.llByxq>a3HhIH noroK B ·:rnepreTHl!e­

CKHX MaumHax H annaparax:Te3. noKn. VII Bcecoio3. 

KOHq>./lllIO UKT11. n. 1985. T. 2. C. 177 - 178. 

8. YcrroBHSI pa6otbI Monyrreii H rpy6 oTBona KoHP,eHcara 

CIIII-500-1 Ha qepH06bDlbCKOH A3C/BJI. Myxa'ICB, 

A.B. HeKpacos, B.IO. IlHKyc H np.//3HeproManraHo­

crpoeHHe. 1988. N° 10. C. 38 -41. 

CTaThll IlOCT}'IIH1ll B pe,a;aJ<UKJO 
26 JIHBlpll 1989 r, 

Bonpochl ITOMHOI!: uayKH H TCXHHKH, Cep. 

Cl>H3Hl<a llll.epHbIX peaicropos, 1989, Bhlll. 3, c. 32 - 36. 

H,UEHTH.cl>BKAUBH BBBP AI.U10 IlAPOilPOBO.n;A A3C " 

JI.B. CMHpHOB, C.M. KannyHos, B.cl>. OsllHHHHKOB, A.B . .Hc1<eJIRHH 

C nen:wo HAeHTH$HKlllJllll'. BHt5p8ll,ld! naponpOBOAI Ha A3C c BB)P-1000 npollOAJITCll pac11en.i YCTaHOBHBIIIllXCJI axyCTH'lecl<HX 1<onet5amdt B 
napoBOM Tp&l<Te H Bhl3hlB&eMhIX HMH pe30HaHCHLIX 1<one6amdt naponposona. O6cy)K,AaeTCJI B03MO)l(}{OCTI, HCil0111,30BIIHHJI HMeJOl11JIXCJI MOl];enel!: 
H anropHTMOB npH npoel<THpOBaHHH, 

VIBRATION IDENTIFICATION IN THE NPP STEAM LINES. L. V. SMIRNOV, S.M. KAPLUNOV, V .F. OVCHINNIKOV, A. V. YASKEL Y AIN. 
To identify the WPR-1000 NPP steam line VJ'brations the calculations of the stationaiy acoustic vibrations in a steam circuit and the resulting reso· 
nance vibrations of steam lines are performed. The possibility to employ the current models and algorithms at the design stage are discussed. 

Poer JHeproHanpSl)KeHH0CTH o6opynoBaHHSI .ff3Y H cHH­

)KCHHe ero MerannoeMK0CTH conposo)KP,aerc11 yseJIHl!eHHeM 

CK0poCTH P,BH)KeHHJI rennoH0CHten11, CHH)KeHHeM )l(CCTK0CTH 

B3aHMoneHCTBYIOUlHX C not0K0M KOHCTpyi<IlHH H, KaK cnen­

cmHe, IT0BblllleHHeM ypoBHSI BH6pauHH. B nepsyro 0l!CpeP,b 

3T0 0TH0CHTCSI K TaKHM B3aHMoneiicTByrou.tHM C n0T0K0M 

K0HCTpYKu;H.IIM, KaK rpy6onposonb1 H rennoo6MeHHb1e rrytl· 

KH. IlpH C03naHHH BH6poHane)l(H0ro o6opynoBaHH.II B03HH· 

Kaer P,Ba THna 3aP,al!. Bo-nepBbIX, He06X0P,HMOCTb oueHKH 

B03M0)KH0CTH B03HHKH0BCHWI onaCHl>IX BH6pau.HH H npHIUI· 
TH1i B CB.113H C 3THM 0ilTHMaJibHblX K0HCTpYKtopCKHX pewe­

HHH Ha CTa,nHH npoeKTHp0BaHH.11, 11, B0·Bt0pblX, 3aP,al!a HneH­

THq>HKauHH onaCHblX BH6paumi o6opynoBaHHJI .ff3Y BO Bpe­

MJI nycKo-Hanano'lHhlX pa6or HJIH B npo11ecce JKcnnyara­

UHH, nposeneHHJI pacqeroB H npHH.IITH.11 Mep no CHH)l(CHHJO 

ypoBHSI BH6pauHH. ,UaneKo He scerna ynaerc.11 peweHHe ra­

KHX 3aP,a'I C ll0M0ll.\blO 'IHCJieHHoro HJIH MonenbHoro 3KCne­

pHMCHta, H o6yCJioBneH0 310 CJI0)KH0CTblO runpo.[Ol:HaMH'le­

CKHX npoueccoB B renn0H0CHTene. B CBSl3H C JTHM 6onbW0e 

3Hal!eHHe HMeeT pacWHpeHHe 3HaHHH o mnHl!HbIX Mexa­

HH3Max B036y)l(AeHHJI Kone6aHHH H COBepweHCTB0BaHHe 

HMelOll.(HXC.11 MeronoB pacqera rHP,ponHHaMH'leCKHX B03.D.CH­

CTBHH H napaMetpoB Kone6aHHH 3JICMeHT0B KOHCTPYKUHH. 

B rex )Ke cnyqaJ1X, Korna HaP,C)KHJ,IH pacqer ypoBH.11 Korre6a­

HHH HeB03M0)l(eH, rnaBHl>IM KBn.11erc.11 yMeHHe npencKa3aT& 

rpaHHUbl o6nacreH reoMetpHl!eCKHX H q>H3Hl!eCKHX napaMeT-
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poB, rne BeJIHKa Bepo.11tH0CTb B036y)KJJ.eHH.II onaCHblX Kone-

6aHHH. PacWHpeHHe 3HaHHH MexaHH3M0B B036y)l(AeHH.11 H 

B03M0)KH0CTCH pac11et0B H 011eH0K npoHCX0AHT nyreM H3yqe­

HH.II cnyqaeB BH6pauHH, BCtpe11a10ll.(HXC.II Ha npaKTHKe. Pe-

3YJibtaTbl Hacro.11mero HccnenoBa.wui., HMeJOll.(He H caMocro.11-

renbH0e 3Hal!eHHe, Moryr cny)l(Htb Hnn10crpauHeH 3THX nono­

)l(CHHH. 

1. Kone68HHJI naponpoBona A3C, 3an&'la ~eHI'Hcf>HKa­

UHH, IlpH nycKe C nocnenyroll.(HM non'beM0M M0U\H0CTH Ha 

0.[0{0M H3 6n0K0B C peaKt0poM BB3P-1000 3aq>HKCHpoBaHbl 

K0ne6aHH.11 naponposona, Hnyiuero or o.[O{oro H3 naporeHe­

paropoB K typ6HHe. qaCTOTa K0ne6aHHH 0K0JI0 45 fu, a 

aMnnHryna B T0l!Ke H3MepeHHJI C0CTaBHJia 0,2 MM, 'IT0 co-

0TBeTCTByer BH6poycKopeHH10 l ,Sg. IlpoBei:i;eHHb1e H3Me­

peHHJ1 nynhcauHH nmneHH.11 napa noKa3anH, 'IT0 B naponpo­

sone HMeJOt Meeto aKycm11ecKHe KOJie6aHJUI roe )Ke 11acro­

tb1, 'ICTK0 BbJACJI.IIJOll.(Hec.11 Han ypoBHeM wyM0B. C poct0M 

M0U\H0CTH ycraH0BKH aMnnHryna BH6pau;HH H wyM B03pa­

CTaJIH, noJT0MY ypoBeHb M0U\H0CTH 6bm orpaHH'leH no 

BHeceHH.11 H3MeHeHHii B K0HCTPYKUHJO. KparKoe coo6meHHe 

06 JTHX Kone6aHH.11x npencrmneHo B pa6ore [ 1] . 

B CB.113H c JTHM npencrmn.11er HHtepec pa6ora [2], 
rne HMeJOTC.11 naHHb1e no H3yqeHHJO H JIHKBHnau;HH KOne6a­

HHH naponposona yctaH0BKH, nono6Hoii BB3P-1000. OnH• 

CaHHblH cnyqaii 0'leHb n0X0)I( Ha paccMatpHBaCMblH B Ha"CT0li• 

meii pa6ore. Ha nsyx 6noKax sono-sonS1Horo peaKtopa 



MOlllHOCTbJO 790 MBT H3•3a BH6paUHH naporrposona TaK)l(e 

6h1Jl orpaHH'leH ypoBeHb MOUlHOCTH, H rrocne TUlaTenbHbIX 

H3MepeHHH H q>H3HQecKoro MonerrHpoBamrn pemeHHe npo6-

neM&1 6&mo nocTHrHyTO cneUHan&HblM 3aKpenneHHeM napo­

npoaona. ITpH'IHHOH 6&mo rrpH3HaHo ryp6yneHTHOe H BHxpe­

BOe B036y)l()J;eHHe aicycmqecKHX Kone6aHHH B rrapoBOM 

TpaKTe H nepeKa'IKa 3HeprHH 3THX Kone6aHHH s pe30HaHCHbie 

MexaHH'lecKHe Kone6aJOU1 naporrposona. Ha pe3yn&TaT&1 Ka­

KHx-m16o pacqeTOB aBTOpbl He CCbinaJOTCJI. B pa6oTe [I] 
OCHOBaHHOe Ha H3yqeHHH aKyCTH'leCKHX Kone6aHHH pewe­

HHe rrpo6neMbI HaHp;eHO nyreM H3MeHeHHJI KOJibUeBblX TY· 

IlHKOBblX OTBO)J;OB rraporrposona, B KOTOpblX YCTaHOBJieHbl 

rrpenoxpaHHTen&Hbie KnarraH&I. 

3ap;aqa, He3aBHCHMO pelllaBlllaJICJI aBTOpaMH )J;aHHOH 

pa6oTbl, COCTOj{Jla B cnenywmeM: I) YCTaHOBHTb npH'IHHY 

Kone6aHHH H nocrpoHTb MaTeMamqecKYJO Monen&, oTpa)l(aJO­

lllYJO ace KaqecrneHHbIe H KOITH'lecrneHH&ie oco6eHHocru 

rrpoTeKaJOUlHX npoueccoa; 2) pa3pa6oTaTb pacqeTHYJO Me­

TOIJ:HKY, IT03BOJIJIIOlllYJO rrpOBO)J;HTb onepaTHBHYJO oueHKy 

BJIHJIHHJI BHOCHMblX B KOHCTPYKUHIO H3MeHeHHH Ha ee BH-

6paUHOHHbie xapaKTepHCTHKH. ITpH H)J;eHTHq>HKaUHH Ha6nJO­

naswerocJI JIBneHlUI 6bDIH HCIIOnb30BaHbl HeKOTOpbIe MaTe­

pHanbl npoeKTa ycTaHOBKH H )J;aHHbie no KOHKpeTHOH KOM· 

rroHOBKe rraporrpoaona Ha 6noKe. 

B HaCTOJllllee apeMH cno:>Kmrac& o6mHe npencTasneIDU1 o 

!pH3HKe npoueccoa ao36y)l()J;eHHJ1 Kone6aHHH Tpy6onpoao­

noa H HMelOTCJI He06XO)lHMbie TeopeTH'leCKHe OCHOBbl ITOJl· 

xona K peweHHJO nono6Hb1x 3ap;aq [3, 4]. 3ToT nonxon 

rrpenycMaTpHBaeT pacqeT qacToT H cpopM cao60nHbIX aicy­

cnnecKHX Kone6aHHH B nBH~eHcH no Tpy6orrpoaony 

cpene H cso6oJlHbIX Kone6aHHH caMoro Tpy6orrposona, a 

TaK)l(e H3yqeHHe B3aHMO)J;eHCTBHJI 3THX KOne6aHHH. 

2. reoMerpIDI e oceonHLle napaMerpLI naponponona. 

P.accMarpHBaeMbIH yqacT0K naponpoaona, cxeMaTHtieCKH H30-

6pa)l(emu,rn Ha pHcyHKe, HMeeT CJiO)l(HYJO rrpocTpaHcrneHHyJO 

KOHq>HrypauHJO C rrpoMe)l(yrO'lHblMH orropaMH H oco6eHHO· 

crnMH B BHne :meMeHT0B apMaTyp&I, paccMaTpHBaeMblX KaK 

--K naporeHepuopy 

,, 
K -ryp6HHe" 

feoMeTpHll naponpoBOJJ,a H <jlopMa ero CB06o.rv11,1x KOne6aHHA Ha qa. 

CTOTe 44,3 ru 

cocpenoT0'leHH&Ie Macc1,I, H Tpex ornernneHHH c Kon&ueB&J­

MH yqacTKaMH, K0HU&I yqacTKa )l(eCTK0 3ap;enaHb1. B ceqe­

HMX 1, 2, 10 HMelOTC'1 CK0Jib3'11UHe onop1,I, npeMTCTBYJO· 

UlHe BepTHKanbHOMY CMemeHHJO, a a ceqeHff'1x 4, 6, 8, 11, 
12 rpy6onpoaon rronseweH Ha rrp~Hax. O6ma.11 MHHa 

Tpy6onposona Me)l()J;y KOHUes1,IMH onopaMH oKono 45 M. 

B ceqeHH.RX 5, 7, 9 c OCHOBHOH qacTbJO rraponposona coe)lH­

HJIJOTCJI KOn&ueB&Ie OTB0)J;bl, B )l(eCTKO 3aKpenneHHOM aepx­

HeM ceqeHHH Kll)l(Jloro H3 KOTOpblX YCTaHOBneHbI COOTBeTCT· 

BeHHO nsa npenoxpaHHren&H&Ix KJianaHa H KJiarraH c6poca. 

Tpy6onpoBOJl CTaJibHOH H CHapy)l(H llOKpblT reilJIOH30JIJI· 

UHeH. BHyTpH )J;BH)l(erc,i BO)J;JIHOH nap, HMelOlllBH CTat{HOHap­

HYJO cKopocTb Vo = 50 M/c H naaneHHe P0 = 6.106 Ila. IlpH 

3THX rrapaMerpax CKOpoCTb 3BYKa B nape C = 520 M/c. 

3. PaC'leT CB060nm,IX llK}'CTll'lecKHX KOJJe68RHA B na­
ponposone. MaTeMaTH'leCKaR Mop;em nyn&CauHH nasneHH.R 

H CKopocTH napa nn.11 Ka)l(IJ:oro yqacrKa naponposona npen­

crasnxer COOOH CHCTeMy OAHOMepHbIX BOJIHOBblX ypasHeHHH 

c yqeTOM norep& Ha TpeHHe [5] : 

op 1 av 
- = - - --i(v); as g at 

(I) 
op c2 av 
at--gas°' 

rne p, V - OTKnOHeHB.R naaneHH.R H CKOp0CTH OT CTaUHOHap­

HblX 3HaQeHHH (Po H V0 ); s - nponon&HaR KOOpAHHara; 

t - apeMH; i (v) - rHJlpaBITH'leCKHH yKnoH, xapaicrepH3YJO· 

I.UHM noTepH Ha TpeHHe npH ManbIX v: 

{ 

32 II 

i(v)= -;i2v 

Vo 
A-- V 

gd 

npH Re ~ 2. 103 

(naMHHapHaH BJl3KOCTb); 

npH Re> 2.103 

(Typ6yneHTHaJI B.R3KOCTb). 

(2) 

3nec& II - KHHeMaTH'leCKaJI BJl3KOCTb napa; d - AHaMeTp 

Tpy6onpoaona; A - K03q>4>HIJ;HeHT fHJlpaBJIH'lecKoro Tpe­

HHH. 

IToTepH Ha TpeHHe JIHHeHHO 33.BHCJIT OT CK0poCTH V H B 

OClIOBHOM naponposone, rne Vo =I= 0, OHR Ha HeCKOJibKO 

rrop.RAKOB rrpeBbIWaJOT rrorepH B TyrrHKax, rne peanH3yerc.R 

MeXaHH3M naMHHapH0H BJl3K0CTH, <I>opMyna (2) coomer­

cmyeT KBa3HCTaUHOHapHOMY IUJOCK0MY Te'leHHIO H B cnyqae 

rapMOHH'leCKHX KOJie6aHHH npHr0AHa T0JibKO )];1IJI rpy61,1x 

cpaBHHTen&HblX oueH0K (CM. HH)l(e). B Y3JIOBblX TOQKaX, 

TO ecTb B MecTax II0AKJIIO'leHH.R OTBO)J;OB H KOn&ueBblX yqa­

CTKOB, npHH.IITbl paseHCTBO nasneHHH H ycnosHe Hepa3pb1B· 

HOCTH IIO'fOKa Ha rpaHHUax o6pa3YJOUlHX y3en rpy6. IlpH 

pacqerax paccMaTpHnanc.11 sec& rraponpoaon OT rraporeHepa­

ropa no ryp6HHb1, HMelOUlHH )];1IHHy 135 M, TO ecTb yqHTbIBa­

nHCb H yqaCTKH, 0003Ha'leHHbie Ha pHCyHKe IlyHKTHpoM. Pe­

wanac& rrpo6neMa co6crneHHbIX 3HalleHHH, C0OTBeTCTBYJOIUUI 

CHCTeMe ypaaHeHHH BHna (1) )];1IJI acex Hepa3BeTBJJeHHbIX 

yqacTKOB rraporrposona BMecTe c ycnoBH.IIMH B y3Jlax H Kpa­

eBbIMH ycnoBH.RMH Ha a1,Ixone H3 naporeHepaTopa H rrepep; 
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'laCTOThl CB06<>Alll,1X UC)'CTJl'lecKJIX KOJ1e6&HRH (f11) H 3H&•eHJlll norapH4>MJ111ecKHX AeKpeMeHTOB Kone6aad (11.) 

k 8 9 10 21 

fk, I'u 12,7 13,6 14,8 32,3 

Ilk 0,045 0,0075 0,041 10-s 

ryp6HHOH. Ilocn.HoBKa JTHX nocnenHHX ycnoBHH 3arpy;J;HH­

rem,Ha, noJTOMY pac'ieTbl npOBO.a;HJIHCb IJ)IJI pa3Hb1X cnyqa­

eB, Korna Ha Ka~OM H3 KOHUOB q>HKCHpoBaJIOCb JIH6o 

na.BneHHe (P) , JIH6o CKOpOCTb (V). lif30 BCex pe:1yJlbTaTOB 

pacqeroB 6b1JIH Bb1neneHb1 xapainepHbie qacr0Tb1 H coomer­

cmeHHo q>opMbl CBOOO;J;HbIX KOJJe6aHHH, KOTOpble npaKTH­

qecKH He 38.BHCJIT OT BHna KpaeBblX ycnOBHH. HeKOTOpble 

pe3ynbTaTbI pacqera npHBeneHhI B n.6nHUe. 

Bcero B ;J;Hana30He O + 50 I'u 06Hapy)l(eHO 34 '!aCTOTbl 

CBOOO;J;HblX KOne6aHHH. XapaKrepHblM (CM. Bblllle) qacro­

TaM coomercmyior H OTHOCHrenbHO HH3KHe norepH. IlpH 

CBOOO,llHblX KOJ1e6aHHJ1X no coomeTCTBYJOll.lHM q>OpMaM 

3Ha'IHTenbHbJe H3MeHeHHJI AaBJJeHHJI H CKOpoCTH HMelOT 

Mecro rnaBHbIM o6pa30M B omonax H noBOllbHO MaJibl B 

ocHoBHOM naponpoBone. IlorepH B JTOM CJI}"lae onpenenJ1-

10rcJ1 B OCHOBHOM MeXaHH3MOM naMHHapHOH BJl3KOCTH. 

qaCTOTbl H q>opMbl 3THX Kone6aHHH •onpeneJJJllOTCJI omona­

MH, H HX npHfinH)l(eHHblH pacqer MO)l(eT 6b1Tb BbtnOnHeH, 

eCJIH paccMorpeTb CB06o,llHb1e Kone6amut B ornenhHO B3JI­

TOM omone C q>HKCKpoBaHHblM Aa.BneHHeM Ha Bxone . .[lnJI 

rpy6oii oueHKH HCKnlOIIHM H3 paccMorpeHKH OTHOCHTellb­

HO KOpoTKHH yqacroK Me)l(Jzy OCHOBHblM naponpoBOAOM H 

KOllbUeBOH 'iaCTblO omona. IlpH CBOOO,llHblX KOJJe6aHHJIX 

Ha AJIHHe KOllbUa YKna.ru,maercH uenoe 'IHCJJO nonyBoJJH 

na.BneHHH: fk = c/''Ak = ck/21, k = 1, 2, ... , rne Xk - nJIHHa 

CTOJl'ieH Bonm,1; l - ;J;ITHHa KOilbUa . .[lnHHa Ka)KJJ,oro H3 KO­

neu nepBblX .u;Byx orBonoB pmHa 18 M, r .e. nonyqaeM X1 = 

= 36 M; f1 = 14,5 ru; X2 = 18 M; f2 = 29 ru; X3 = 12 M; 

f3 = 44 I'u; ... 3TH pe3ynbTaTbI }'P.OBnerBOpKreilbHO COBila.D,a­

lOT c nonyqeHlD>IMH npH 'IHcneHHOM peweHHH no 6onee TO'IHOH 

MonenH (CM. AaHHble IJ)IJI q>OpM 9, 21 , 23, 30 B ra6nHUe). 

qHcneHHoe peweHHe noKa3bJBaer, '!TO aMilllHryni,I 3THX 

q>opM CB060;J;HblX Kone6aHHH no KpaHHeH Mepe• Ha nopJl;J;OK 

Bblllle, 'ieM BHe omonoB . .[lnJI q>OpM 9 H 30 Ha IJ)IHHe KOilbUa 

B coomeTCTBKH C TOIIHblM peweHHeM H npH6nH3HTeilbHOH 

oueHKOH YKna.ru,maiorcH coomercmeHHo nonoBHHa H non­

ropbl ,D,ITHHbl BOilHbl • .[lnJI CBOOOnHb!X KOJJe6aHHH no q>OpMaM 

21 H 23 Ha IJ)IHHe KOilbUa yKnanblBaeTCJI npHMepHO uenaJI 

IJ)IHHa BOilHbl, H B rrpouecce Kone6aHHH npoHCXO;J;HT nepe­

pacnpeneneHHe napa B KOnhue 6e3 o6MeHa BemecrBOM c 

OCHOBHOH 'illCTblO naponpoBona. 

4. PaC"le-r 'i&CTOT e 4>opM CBo6onm,ix Kone68RHA TPY· 
6onpoBOA8, PaccMarpHBaeMbtH rpy6onpoBon coBepwaer 

CBJl3aHHJ,Je H3rH6HO-KpYTffnbHble KOJ1e6aHH.11. IlpH aHaJIH3e 

3THX KOJJe6aHHH BOCnOilb3yeMCJI O;J;HOMepm.IMH ypmHeHHJI­

MH ,IJ;Bl{)l(eHHJI KpHBOJlHHeHHoro rpy6onpoBona [6], KOTO­

pb1e MOryr 6b1Tb npencraBJJCHbl B BHne 

Aii(s, t) + BIT(s, t) + Cu(s, t) = F(s, t). (3) 
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23 29 30 31 

34 43,5 43,7 44,9 

9,10-s O,G15 0,0048 0,014 

3necb u - BeKTOp IlHHeHHblX CMemeHHH TO'ieK. OCH rpy6o­

npoBona; A, B, C - J1HHeHHb1e nH<l>cl>epeHUHaJibHbie onepa­

ropb1 HHepmrn, norepb H )l(eCTKocTH; F (s, t) - BeKrop npH­

JJO)l(eHHblX CHIT. Y'ITeHbI napaMCTpbl HCXO;J;HOro Hanp.!l)l(eHHo­

neq>opMHpoBaHHOro cocroHHH.11, o6ycnoBneHHoro na.BneHHeM 

(Po) H CKOpoCTblO (Vo) cpeni,1, CHIT OH TJl)l(eCTH, reMnepa­

rypHblMH neq>opMauHJIMH. IlopJl;J;OK CHCTeMbl ypaBHeHHH 

(3) no KOOp;J;HHare s )];BeHanuarbIH. 

Pacqer CBOOOJJ.Hl,IX KOJJe6aHHH npoBOnHJJCJI npH )l(eCT· 

KOH 3anenKe KOHUOB rpy6h1 H IJ)I.11 F (s, t) = 0. B ;J;Hana30He 

0 + 50 fu 6bll10 06Hapy)l(eHO 15 C06CTBeHHbIX 'i3CTOT H Cpe;J;H 

HHX '!aCTOTbl 13 K. 44,3 ru, KOTOpbte w: npenCTaBil.!llOT oc­

HOBHOH HHTepec. Ha pHCyHKe npHBeneHa q>OpMa Kone6aHHH, 

coomercmyiomaH qacrora 44,3 ru. 

s. BJ.IH}')KneHHlde KOJie68HHSI Ypy6onpOBOA8, Bhl388HBlde 

nym,ca~H BH}'TPeHBero ,IJ,8BlleHHJI, 113 conocTaBJieHHJI 

cneKTpOB co6cmeHHblX aKYCTH'ieCKHX a MeXaHH'ieCKHX KO· 

ne6aHHii rpy6onpoBona cnenyer, '!TO B6JJH3H qacror 13 H 

44 ru HMelOTCJI HaH6onee 6naronpHHTHble ycnoBHJI B036y)l(­

neHHH pe30HaHCHblX KOJJe6aHHH KOHCTPYKUHH. B ypaBHe­

HHH (3) Bml.!IHHe nepeMeHHbIX COCTaBll.!llOll.lHX CKOpocrn H 

p;a.BneHHJI Y'iHThIBaer cnaraeMoe F, IJ)IJI Koroporo cnpa.BeAJIH­

BO Bblpa)l(eHHe 

F(s, t) '"" - Ko (s)[Sp(s, t) + 2mV0 v(s, t)], (4) 

rne Ko (s) = dro/ds -BeKTOp KpHBH3Hbl OCH rpy6onpoBona 

(npoH3BO;J;HaJI OT BeKTopa KacareJJbHOH K OCH) ; S - IlllO· 

LUa.ru, BHyTpeHHero ce'leHlUI rpy6onpoBona; m = pS - Macca 

)l(H)];KOCTH Ha e;J;HHHUY IJ)IHHbl. 

.[lnJI aKYCTHtJeCKHX KOJJe6aHHH nepeMeHHaJI pacnpene­

neHHaJI CHJ18 ( 4) B CHITY MaJIOCrn nynhC8UHH CKOpocrn 

V (s, t) onpenenJleTCJI B OCHOBHOM nyllbCauH.!IMH Aa.BlleHHJI 

p (s, t) H KpHBH3HOH ocH rpy6b1 Ko (s). IlpH coBnaneHHH 

HJIH 6nH30C1li qacTOTbl nyllbC8UHH K co6cmeHHOH qacrore 

KOne6aHHH naponpoBona B03M0)1(H0 pe30HllHCHOe B036y)l(­

neHHe MexamrqecKHX KOne6aHHH. )lrul aHaJIH3a BOCnOllb3Y· 

eMCJI npouenypoii Merona By6HOBa-fanepKHHa, coxpaHHB 

B pa3llO)l(eHl{H peweHHJI TOJlbKO pe30HaHCttylO q>OpMY U (s): 
p 

(5) 

ip+ 2hip + w~ IP= - ~ J if (s)Ko(s)p(s, t)ds = D sin nt; 
Mo (L) P 

rne 

Mo = J if Aif ds; 2h =-
1
- f u Bu ds 

p p I.A p p 
(L) mo (L) 

- 3KBHBaJieHTHa.11 Macca H 3aryxaHHe npH Kone6aHHJIX napo­

npoBona no pe30HaHCHOH q>OpMe C 'i3CTOTOH Wo ; p ( s, t) = 



= Pp(s) sinnt, p (s) - pacnpe.o,eneHHe .o,aBneHHH B a.KycTH-
y "' p 

'leCKOH 't'OpMe KOne6aHHH c 'laCTOTOH n (HHTerpHpoBallHe 

Be.o,eTcH no BceH ,D,nHHe paccMaTpHBaeMoro yqacTKa naponpo­

BO.o,a, BKJ!}Ol!aH TynHKOBbie OTBO.O,bl). 

AHanH3 Bbipa>KeHH.11 (5) noKa3bIBaeT, 'ITO aMTUIHTY.O.a 

CHJlbI (D) TeM 6omwe, 'leM 6onbllle aMnnHTy.o,a KOne6aHHH 

.O,llBneHH.ll Ha y11aCTKax 6omlllOH KpHBH3Hbl. .lln.11 BbI.O,eneH­

HbIX Bbillle cpopM aKYCTHl!eCKHX Kone6aHHH C HH3KHM ypoB­

HeM 3aryxamur OCHOBHOH BKna,D, B Bbipa>KeHHe .o.aroT HHTerpa­

!!_bl B npe.o.enax OTBO.O,OB. 0TMeTHM, 'ITO npH D = 0 CHJia 

F (s, t) OpTOroHanbHa K COOTBeTcTByromeH cpopMe u (s) 
p 

H pe30HaHCHbie Kone6aHH.ll He B03HHKaIOT. 

IlpHBe.O,eHHa.11 B pa3.o,ene 3 MO.O,em H OCHOBaHHbIH Ha HeH 

'fHCneHHbIH paC'leT .o.a10T B93MO>KHOCTb no H3BeCTHOH aMTUlH··. 

Ty.o,e Kone6aHHH .o,aBnemrn B KaKOM-nH6o ce11eHHH naponpo­

Bo.o,a (HanpHMep, H3 HaTypHbIX H3MepeHHH) BOCCTallOBHTb 

cpopMY Kone6aHHH .o,aBneHH.11 p (s). llpH H3BeCTHOM ypoBHe 
p 

IlOTepb (h) C Hcnom30BaHHeM (5) MO>KHO oueHHTb aMnnH-

TY.O.Y Kone6aHHH Tpy6onpoBona 'Pmax H HaHTH MaKCHMYMbI 

UHKJil{l!eCKHX Hanp.ll)l(eHHH K BH6poycKopeHHH. llpoBe.o,eH 

manH3 pe3oHaHCHbIX Kone6aHHH naponpoBo.o,a Ha 'lacTOTe 

B6nH3H 44 I'u, npH MaKCHManbHOH aMnnHTy,Ile nynbcaUHH 

.IJ.aBneHHH nop.11.IJ.Ka I 05 Ila H norapHq>MH'lecKoM neKpeMeH­

Te Kone6aHKH Tpy6bI 0 = rrh/w0 = 0,1. llony11eHo, l!TO MaKcK­

ManbHbie OTKnOHeHH.ll .IlOCTHralOTC.ll B6nH3H ce11eHHH 12 H 

pllBHbI 0,27 .10-3 M (BH6poycKopeHHe B 3TOM Ce'leHHH 

2,lg), a MaKCHMYM UHKnHl!eCKOfO Hanp.11>KeHH.11 B HaH6onee 

Harpy>KeHHOM ce11eHKH .IlOCTHraeT aenH'lHHbl 6,3.106 Ila. 

6. 4&83H11eCKHe Mex3HH3MLI B036}')1(,lleHHSI 3K}'CTlfllecKHX 

Kone6amm B napoopouo.o,e. ,llnH nony'leHH.11 nonHoH KapTH­

HbI paccMaTpHBaeMoro .11BneHHH Tpe6yeTc.11 OTBeT Ha Bonpoc 

o npH'lHHe B036y)K.D.eHHH aKYCTH'lecKHX Kone6aHHH. B pa6o­

Te [3) OTBeT Ha 3TOT Bonpoc 6bm nony11eH Ha OCHOBaHHH 

cneUHanbHblX H3MepeHHH. llono6HOH HHq>OpMauHeH llBTOpbl 

He pacnonaraIOT, nonoMy TOilbKO nepe'lHcnHM OCHOBHble cpK-

3Hl!eCKHe MexaHH3Mbl HapYllleHH.11 TepMOfH,IlpOaKYCTHl!eCKOH 

YCTOHl!KBOCTH [7] , KOTOpbre MOryT HMeTb MeCTO a paccMaT­

pHBaeMOM cnyqae. 

llpH paccMOTpeHHH yKa3aHHbIX MeXaHH3MOB B036y)K,D,e­

HHJI npe.o,CTaBMeTC.11 Ba)l(HbIM o6CTO.IITenhCTBOM B03MO>K· 

HOCTb 06MeHa BemecTBOM H 3Heprneii Me>Kny napoM B OTBO,Ile, 

.IIBMIOll.lKMC.ll pe30HaTOpOM, H IlOTOKOM napa B OCHOBHOH 'la­

CTK naponposona. Ilo3TOMY B036y>KAeHHe KomueBbIX cpopM 

21 H 23 (CM. Ta6nHuy) ManOBepOHTHO. 

IlepBbIM H3 RHTepecyIOI.UHX Hae MeXaHH3MOB B036y)K,D,e­

HHH .IIBn.lleTC.11 "cBHCTOK" [8) . Ka>K)lbIH OTBO.Il npe.o,CTllBn.ReT 

co6oH pe30HaTop K .IlBK>KeHHe napa MHMO ero OTKpbITOfO 

KOHUa MO>KeT B036y/J,HTb 3BYK no 0,IlHOH H3 co6crneHHbIX 

cpopM pe3oHaTOpa. B036y>KneHHe llBTOKone6a.HHH cTOn6a napa 

B OTBO,Ile npoHCXO/J,HT 3a Cl!eT KHHeTH'leCKOH :rnepnm IlOTOKa 

B naponpoBone. OueHKa HHKpeMeHTa Kone6aHHH 3aTpynHH­

TenbHa H e,IlBa nH MO>KeT .o,aTb rrone3HblH nn.11 npaKTHKH pe-

3YilbTaT. JlcHO TOnbKO, l!TO 3TH KOne6aHH.ll npo.RBn.llIOTC.11 C 

pOCTOM CKopocrn napa (TO ecTb MOIUHOCTH ycTaHOBKH). 

non>KHbl B036y)K.D.3TbCH KOne6aHHH Ha 'laCTOTax OKOnO 13 
H 44 ru. 

npyrHM H3 MeXallH3MOB .IIBn.ReTC.11 TaK H33bIBaeMbIH 3q>· 

cpeKT 3oH.D.Xayca. B JTOM cnyqae B036y)K,D,eHHe Kone6amrn 

napa B pe30HaTOpe npoHCXO,D,HT H3•3a pa3HOCTH TeMneparyp 

noTOKa napa H KOHCTPYKUKH B BepXHeH 'lacTH ornona. Bo3-

HKKaeT rrymcHpyroma.11 nepe.o.a11a Tenna OT noToKa napa 11e­

pe3 KOHCTpyKUHH B OKPY)l(alOll.lee npOCTpaHCTBO. llocTymrn­

WKH H3 naponpoBO)la H OCTblBUIHH B ornone nap B npyroH 

cpa3e KOne6aHHH BbIXO,D,HT B naporrpoBO.Il K YHOCHTCH ITOTO· 

KOM. Iloxo>Kee .11BneHHe OJIHcaHo eme PeneeM [9]. 
B pa6oTe [2] ITOKa3aHo, l!TO HCTO'IHHKOM aKYCTKl!eCKHX 

Kone6aHHH .IIBn.lleTCH BHXpeBOH OTpblB, KOf,Ila B03HHKa10mKe 

nymcal.(HK .O.aBneHHH MoryT B036y,D,HTb pe30HaHCHbie a.KY• 

CTH'leCKKe KOne6aHHH B napoBOM TpaKTe, llpH BHxpeBOM OT­

pbIBe 'laCTOTa cxona BKXpeH Ha KaKOH-nH6o HeO,D,HOpO,D,HO· 

CTH THna Knanma pacTeT C pocTOM CKOpOCTH ITOTOKa H no­

cnenoaarenbHO B036y)K,D,aeT pe30HaHcHb1e Kone6aHHH Ha pa3-

nH'lHbIX cpopMax. Ha1-16onee onacHo B036y)K,D,eHHe cpopM c 

HH3KHM ,IleKpeMeHTOM KOne6aHHH. B cnyqae, ODHCaHHOM B 

[2] , y naponpoBO)la He 6bmO TYilHKOBbIX OTBO.O,OB, HO KMen 

MeCTO MOll.lHbIH HCTO'IHHK KOne6allHH, H reHepKpyeMOH KM 

Kone6atenbHOH 3HeprHH OKa3anOCb .IlOCTaTO'lHO ,D,nH KOMTieH­

cauKH .IlOBOilbHO 3Ha'lHtenbHbIX notepb Ha tpeHHe . 

HMeIOTC.11 K npyrne q>H3Hl!eCKKe MexaHH3Mbl B036y)K.D.e­

HH.R: KaBKTaUHOHHbie .IIBneHHH B IlHtatenbHOM Hacoce, KOne-

6aHH.11 B typ6HHe KnH a rraporeHepaTOpe H T.)l. He HCKilIO'leHO 

H O,D,HOBpeMeHHoe neHCTBHe HeCKOnbKKX KCTO'IHHKOB. 

7. MepLI DO openoTBpameHHJO ODaCHLIX Kone6amut oapo­

DpOBO,nll, llony'leHHbie BbIIIIe pe3ynbT3TbI .IlaIOT npenctaBne­

HHe O npouecce K OCHOBHbIX oco6eHHOCT.IIX B036y)K,D,eHKH 

KOne6allHH naponpOBO)la, a taK>Ke 06 HMeIOI.UHXC.11 MateMaTK­

l!eCKHX Monenn, MeTonax pacqera K aHanK3a nonyqaeMb1x 

pac11etHbIX H 3KcnepHMeHTanbHbIX )lllHHbIX. 0.o,HaKO npH aHa­

JHf3e ycnoBHH B036y)K)leHlrn B npoeKrnpyeMbIX K neHCTBYIO· 

ll.lHX Jl3Y HCilOilb30BaHHe 3TKX pe3ynbTaTOB B nonHOM 061,e­

Me COilp.ll)l(eHo co 3Ha'lHTenbHbIMK tpy,D,HocrnMH, o6ycnoB­

neHHblMH OTCYTCTBHeM KHq>OpMauKH 06 HCTO'lHKKax nynb­

CaUHH .O.aBneHH.11. B 3TKX ycnOBHHX MO>KHO IlOCTpOHTb MeTO­

AHKY, n03BOn.llIOlUYIO npoBepKTb BbmonHeHHe TOilbKO Heo6-

XO/J,HMblX ycnoBHH B03HHKHOBeHH.II paccMatpKBaeMOfO TKITa 

Kone6allHH naponpoBo,::r,a. 

llepBbIM .11Bn.11e1c.11 ycnoaKe coananeHK.11 11acTOt co6cT­

BeHHbIX aKyCTHl!eCKKX Kone6aHHH 3anonH.11IOmeH tpy6onpo­

BO.Il Cpe.Ilbl K 11ac101 MeXaHHl!eCKHX Kone6aHHil tpy6onpoBO­

.Ila. llpH JTOM oco6oe BHHMaHHe cnenye1 o6paTHtb Ha cna6o 

.O,CMilq>HpOBallHblC cpopMbI aKycrn11eCKHX Kone6aHHH, Korna 

nn.11 B036y)K,D,eHK.R .o.octaTOl!eH HCTO'IHHK He6omwoH MOll.lHO· 

cm. llpoueneHHoe B npe.IlbI.IlYIUeM pa3nene o6cy)KlleHHe 

MexaHH3MOB B036y)K,D,eHH.II B nepByro 011e penb OTHOCHTC.11 K 

3THM cpopMaM. YKa3aHHOe B pa6ote [1] 3HatJHTemHoe CHH· 

>KeHHe ypOBH.11 BH6pauHH naponpOBO)la )lOCTKfHYTO 3a Cl!eT 

TaKOfO H3MeHeHH.II reoMeTpHH, KOTOpoe ,3aMeTHO C.IlBHraeT 

11aCTOTbl cna6o neMncpHpoBallHbIX cpopM aKyCTH'leCKKX KOne-

6aHKH H cna6o BnH.11e1 Ha co6crneHHb1e 11acTOTbI MexaHH11e­

CKHX Kone6aHHH. 

BTOpoe ycnoBKe COCTOHT B 3cpcpeKtHBHOCTH B3aHMO,IleH-
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CTBHJI a.KYCTH'leCKHX H MexaHHtJeCKHX cpopM, TO ecTb B He­

OpTOrOHaJibHOCTH COOTBeTCTBYIOI.IUfX cpopM KOJie6a.HHH. TOJib· 

KO B 3TOM CJiyqae B03MO)l(Ha nepeKatJKa :meprnH aKyCTH'le­

CKHX KOJie6aHHH B MeXaHH'leCKHe. KocBeHHblM CBH,UeTeJibCT· 

B0M cnpaBeiJ)lHBOCTH Ta.KOfO YTBep)l(,lleHIDI JIBJIHeTC.ll 0TCYT· 

CTBHe 3aMeTHblX KOJie6aHHH naponpoBO,lla Ha 11ac.rnre 0KOJIO 

14 ru. 
YKa3aHHble Heo6XO,llHMble ycnOBH.ll CJie,a;yeT paccMaT­

pHBaTb Ka.K YCJIOBH.ll IlOBblllleHH.ll pHCKa B036y)l(,lleHHH 

onaCHblX KOJie6aHHH naponpOBO,llOB. MeponpHHTHH no 

yMeHbweHHIO yKa3aHHOfO pHCKa B HTOre CBO,ll.l[TC.ll K Bbl.llC· 

HeHHlO ueneHanpaarreHHblX H npHeMJleMblX H3MeHeHHH KOH· 

CTJ>YKUHH naponpOBO,lla (HanpHMep, B paCCTaHOBKY npoMe•. 

~O'IHblX onop [2]) H npoBe,lleHHIO YKa3aHHb!X Bblllle 

pactJeTOB iJ)l.ll HOBOfO BapHaHTa KOHCTPYKUHH, ArrropHTMbl 

pactJeTa CBOOO,llHbJX aKycrntJeCKHX H MexaHHtJeCKHX KOJie-

6aHHH ,llOCTaTO'IHO npoCTbl H He Tpe6yIOT OOJibWOfO MalliHH· 

HOfO BpeMeHH. 3To Il03BOJIHeT BKJIIO'IHTb HX B CHCTeMy 

aBTOMaTH3HpOBaHHoro npoeKTHpOBaHH.ll C uerrbIO onepaTHB­

HOfO npOCMOTpa BapHaHTOB H Bb!6opa HaH6orree npHeMJle­

MOfO. 

Ta.KHM o6pa30M, paCCMOTpeHbl npH'IHHbI H Ka11ecmeH­

Hble oco6eHHOCTH Ha6mo,llaBWHXC.ll Ha O,llHOM H3 6rrOKOB 

B BBJP-1000 orracHbIX Korre6aHHH naponpoBo,a;a. CxeMaTH· 

tJeCKH B036y)l(,lleHHe 3THX KOrre6aHHH BblfJIH,llHT CJie,llYJOl.llHM 

o6pa30M. 3a ctJeT 3HeprHH ,llBH:>1<yweroc.1r napa B036y)l(,llaIOT· 

CH a.KYCTH'leCKHe KOJie6aHH.ll B napOBOM Tpa.Kre Ha 0,llHOH H3 

ero co6crBeHHbIX cpopM, a B3aHMO,lleitcTBHe 3THX KOJie6aHHH 

C MexaHH'leCKHMH KOJie6aHHHMH naponpoao,a;a npH 6rrH30-

CTH co6cTBeHHbJX tJaCTOT npHBO,llHT K B036y)l(,lleHHJO noCJie,a;­

HHX. B pa6oTe nepe'IHCJieHbI H tJaCTH'IHO o6cy)l(,lleHbJ OCHOB­

Hble B03MO)l(Hble B paccMaTpHBaeMOM CJiytJae q>H3H'leCKHe 

MeXaHH3Mbl, ynpaBJIHIOl.llHe IlO,llBO,llOM 3HeprHH napOBOfO 

IlOTOKa H Il03BOJI.lllOlUHe 3a C'leT 3TOH 3HeprHH no,ll,llep)l(HBaTb 

3Ha•nnerrbHbJH ypoBeHb Korre6aHHH. KpoMe rnro, paccMOTpeH 

Ta.K)l(e Bonpoc O MeTO,llHKax oueHKH B03MO)l(H0CTH B036y)l(­

,a;eHHJI Ta.Kora THTia KOrre6aHHH npH npoeKmpOBaHHH. 

l-13yqeHHe <pH3HKH npoTeKa10mHx npoueccoa, pa3pa6oT­

Ka H BKJIIOtJeHHe B HHlKettepHYJO IIpa.KTHKY MeTO,llHKH pactJe­

Ta Il03BOJIHT Ta.K)l(e npOB0,llHTb Ha pa6ClTaIOU{HX ycraHOBKax 

onepaTHBHYJO H,lleHmcpHKauHIO no,a;o6HblX KOJie6aHHH H o6ec­

netJHT npHHHTHe 0ilTHMaJibHblX Mep. Jlrr.1r 3TOf0 MO)l(HO HC­

IlOJib30BaTb HMeIOU{HeCH MO,lleJIH H anropHTMbl. 
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.IlMArHOCTMKA 

Y.IlK 681.518: 621.039.58 

P A3P ABOTKA IlPOrP AMMHoro OBECilElffiHIDI 
CMCTEMbl OilEPATMBHoro .IlMArHOCTMPOBAHM.R .R3Y: 

COCTAB 11 CTPYKTYP A 

H.A. Ba6KHH, O.H. Ka.1rnwes 

PaccMaTpHBaIOTCJI OCHOBHLie npHHll,HnLI 003.[laHHJI oporpaMMHOI'O ot5ecoe'leHHJI, KOTopoe peaJJH3yeT MeTO.llHKY .[lHarnOCTHpOBaHHJI, OCHO­
BaHHYJO Ha HCDODb3OBaHHH Ka'leCTseHHhlX .[lHHaMH'leCKHX xapaKrepHCTHK aHOMaDLHLIX opoueccoB. CrpyKzypa nporpaMMHOI'O O6ecoe11eHHJI 
pa3pa60'raHa C YtreTOM DpHHUHDOB caMoOpraHH3aUHH H cneUH¢,HKH .Sl3Y. 

A NUCLEAR POWER FACILITY EFFICIENT DIAGNOSTICS SYSTEM SOFTWARE DEVELOPMENT: STRUCTIJRE AND COMPOSI­
TION. N.A. BABKIN, o ·.N. KALISHEV. The basic principles to develop the software realizing the diagnostics procedure based on the usage of quali­
tative dynamical properties of the abnormal processes are discussed. The software structure is developed taking into account the self-organization 
principles and specific character of nuclear power facilities. 

Tpe6oBaHHll ITOBbIWeHHll 6e30ITaCHOCTH, Hme>KHOCTH 

H 3q>cpeKTHBHOCTH pa6oTbl .H3Y, a TaK>Ke COKpaweHHH 

BpeMeHH HAeHTHq>HKauHH HeHcnpaBHOCTeH H npeACKa3a­

HHll TeffAel:O.{HH HX pa3BHTHll Hepa3pbIBHO CBll3aHbl C Heo6-

XOAHMOCTblO C03AaHHH BbICOKOaBTOMaTH3HpoBaHHbJX 

CHCTeM onepamBHOro ,a;HarHOCTHpoBaHHll (con), OCHOB­

HOH \laCTblO KOTOpbIX llBJIHeTCll ,a;HarHOCTH'leCKOe nporpaMM­

Hoe o6ecne'!eHHe (TTO) (l] . 
OnepaTHBHoe AHarnocrnpoBaHHe npe11.nonaraeT pewe­

HHe cneAYIOUOiX B3aHMOCBll3aHHbIX 3aAa'I: 

- BbUIBITeHHe H KOppeKUHll HeAOCTOBepHbIX ITOKa-

3aHHH HHq>opMauHoHHO-H3MepHTen&HbIX KaHarroB (HHK); 

- o6Hapy>KeHHe aHOMaJIHH B pa6oTe 06'beKTa AHarHOCTH­

pOBaHHH (On) Ha Ha'laJibHOM JTaJie HX pa3BHTHH; 

- ffAeHTHq>HK~ HeHcnpaBHOCTeH on; 

- npOrH03 pa3BHTHll aHOMaJIHH H (HUH) HHTerparrbHall 

oueHKa COCTOllHHH on. 

KpoMe BHYTpeHHeH CITO>KHOCTH 3maq AHarHOCTHpOBa­

HHH, C03AaHHe nO COn AUH .H3Y 3aTpyAJutlOT cne11.ywIUHe 

OCHOBHbie npH'IHHbl: 

- CITO>KHOCTb KOHCTpyKUHH K3K on B uinoM, T3K H 

OCHOBHblX ero JITeMeHTOB H Y3ITOB; 

- B33HMOCBll3b OOITblUHHCTBa q>H3H'leCKHX npoueccoa, 

npoTeKaIOUOiX B ofueKTe; 

- OOITbWOH ITOTOK nepBH'IHOH H3MepHTeITbHOH HHq>op­

MauHH; 

- orpaHH'leHHOCTb anpHOpHbIX 3HaHHH O B03MO>KHbIX 

HeHcnpaBHOCTllX o6'beKTa; 

- 33BHCHMOCTb KOHKpeTHOH pearrH33UHH 11.eq>eKTa OT 

ero pa3Mepa H pe)KHMa pa60Tb1 on; 

- orpaHH'leHHll Ha Bbl'IHCITHTeITbHbie peCYPCbl H BpeMll 

paCIT03H3BaHHH nepBonpH'IHHbl 3HOMaITbHOCTH COCTOllHHll 

o6'beKTa; 

- ITOBblllieHHbJe Tpe60B8HHll K HaAe>KHOCTH pe3yITb­

T3TOB aHaITH33 H CHCTeMbl AHarHOCTHpOBaHHH B uenoM; 

- MaIT03KTHBHOe yqacrne HUH OTCYTCTBHe (AITll .R3Y 

cneuuan&Horo Ha3Ha'!eHHH) qenoBeKa - onepatopa. 

YKa3aHHbie npH'IHHbl BITHHIOT H8 Beeb npouecc C03A3-

HHll no, H3'1HH8H OT MeTO,D;H'leCKHX pa3pa60TOK H KOH· 

'!all peanH3auHeH OTAeITbHbIX arrropHTMOB H opraHH3auHeH 

HX B3aHMOAeHCTBHll, TTpaKTH'leCKH JTO npOHBITlleTCll B 

TOM, '!TO Ka)l(,l:U,IH H3 HCilOITb3yeMbIX anropHTMOB H nO 

B uenoM AOIT)l(Hbl YAOBneTBOpllTb cnelJ.YIOIUHM a11.anT3UHOH­

HbIM TpeOOBaHHllM :. 

- 6bITb ycTOH'IHBbIMH K cnyqaH.HbIM B03MymeHHHM 

KOHTponHpyeMblX napaMeTpOB on; 

- He 33BHCeTb OT H3'1aJibHbJX ycnoBHH B03HHKHOBeHHll 

aHOMarrHH (pe)KHMa pa60Tbl .R3Y, BpeMeHH ITOllBITeHHll 

11.eq>eKTa no OTHOWeHHIO K Ha'lany pe>KHMa H T./1..); 

- He 3aBHCeTb OT mna H pa3Mepa HeHcnpaBHOcteH; 

- o6pa6aTbIBaTb HenonHyIO KITH '!aCTH'IHO HCK8>KeHHYIO 

HHq>OpMBUHIO, 

KpoMe TOrO, 110 COn AOIT>KHO 6bITb KaK MO>KHO 6onee 

YHHq>HUHpOBaHHbIM, npoCTbIM H OTKpbITbIM AITH. BKITIO'le­

HHll HOBbIX H MOAHq>HKauHH HMeIOUOiXCH. ,a;HarHOCTH'!ec­

KHX H HHbIX IlOAITporpaMM. 

IIpeAUaraeMoe no con COCTOHT H3 ABYX qacTeH: 

cepaHCHOH (BCITOMOraTemHoH) H ,a;HarHOCTH'leCKOH. 

CepBHCH8H '!aCTb no o6ecne'!HBaeT CTbJKOBKY Tex-
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HHl!eCKHX cpencrn, CO.Il C KOHTpoJibHO·H3MepHTeJibHOH 

armapaTypoii: 061>eKTa H ocymecTBJineT orn6pa)l(eHHe mut>­

poBoii:, rpaq>Hl!eCKOH H TeKCTOBOH HHq>OpMailHH Ha nHCn­

nenx H MHeMocxeMax, 3aJIHCb 3TOH HHq>OpMauHH Ha Mar­

HHTHbie H 6yMa)l(Hbie HOCHTeJIH, npoCMOTp BCeH HJIH qacrn 

onepaTHBHOH (TeKymeit) HJIH apxHBHOH HHq>opMauHH 

no 3anpocy oneparnpa H T.n. no cocTa:ey H cTpyKType cep­

BHCHan noncHCTeMa cymecrneHHO 3aBHCHT OT TeXHHl!eCKHX 

cpencrn CO.Il H o6'beKTa H npencrnBnneT co6oii coBoKyn­

HOCTb B OOJlbWHHCTBe CBOeM CTattnapTHblX H 4>YHKUHO· 

HaJibHO CJia6o CB'13aHHblX npyr C npyroM nonnporpaMM, 

HanonHeHHe KOTOpblX (BXOnhI) onpenenn!OTC'1 B OCHOB· 

HOM pe3YJibTaTaMH pa6oTbl (Bb!XonaMH) nHarnocrn11ec­

KHX nonnporpaMM. 

,IlHarnocrn11ecKan 11acTb no ocymecrnnneT noncTpoii­

KY non TeKyu.tee HOpMaJibHOe COCTOHHHe O.Il H peanH3yeT 

MeTOnHKy onepaTHBHOro nHarHOCTHpoBaHH'1 H3Y, H3JIO· 

)l(eHHylO B pa6oTax [2 - 7] . B npouecce 4>YHKUHOHHpoBa­

HH'1 ycTaHOBKH pacn03HaBaHHe B03HHKWeH HeHcnpa:eHOCTH 

ocymecTBJ1'1eTcn nneM conocTa:eneHHn onepaTHBHOH nHar­

Hocrn<recKoii: HHq>OpMauHH (.IUf), BbillBJI'1eMOH no Mepe 

pa3BHTHJI aHOMaJibHOH CHTYauHK npH noMOIUH WTaTHOH 

CHCTeMbl nar<JHKOB, C 3TaJIOHHOH HHq>OpMauHeH (311), 

KOTopan llBJI'1eTC'1 pe3yJibTaTOM npep;sapIueJibHOrO aHaJIH· 

3a aHOMaJibHbIX nepexonffhIX npoueccoa, nony11eHHbIX no 

MaTeMaTHl!eCKHM MonennM O.Il H(HJIH) npH npoBeneHHH 

HaTypHbIX 3KCnepHMeHTOB. 11cnOJib3yeMble npH nHarHOCTH· 

pOBaHHH oco6eHHOCTH aHOMaJlbHbIX npoueccoB npo'1BJI'1IOT· 

c,i: B Hal!aJibHblH nepHon pa3BHTH'1 HeHcnpa:eHOCTeH, cna6o 

HJIH OnH03Hal!HO 3aBHC'1T OT pa3Mepa neq>eKTOB, WYMOB 

B CHCTeMe, HeaneKBaTHOCTH Moneneii H B03neHCTBH'1 HOp· 

MaJibHO pa6oTaJOlUHX perynHpYJOll\HX ycTpoHCTB, a TaK)l(e 

nerKO H 6bICTpO Bb1neJI'1IOTC'1 H3 TeKyu.teH HHq>OpMauHH. 

KpoMe rnro, 6onbwan •mcTb oco6eHHocTeii o6nanaeT BHYT· 

peHHeH CTPYKTYPOH, a 311 coJnaeTcn c onpeneneHHbIM 

ypoBHeM HHq>OpMauHOHHOH H36blTOIIH0CTH (Ka~OH 

HeHCllpaBHOCTH CTaBHTC'1 B coorneTCTBHe HeCKOJlbK0 xa­

paKTepHbIX oco6eHHocreii:). Bee 3T0 n03BOJI'1eT na)l(e B YCJI0· 

BHJIX <raCTHllHOro aecoornercrnHn 311 H .[(Ii pacno3HaTb aHO­

MaJibHYJO CKtyauHIO C MHHHMaJibHOH (nonycTHMOH) oumfi. 

KOH H cnoco6crnyeT BbillBJieHHJO nar<JHKOB c Henocroaep­

HbIMH noKa33.HHJIMH. 

11MeeTC'1 p,i:n pa3pa6oTOK, B K0TOpbIX TaK)l(e HCnOJib3Y· 

lOTC'1 nirnaMH<JeCKHe xllpaKTepHCTHKH aHOMaJibHblX npouec­

COB. HanpHMep, B pa6oTe [8] peanH3yerc.11 MeTOn npHIIHH· 

Ho-cnencrneHHb1x Moneneii (TICM), KOT0pb1e onpenenn10T 

JIOrHl!eCKHe CB.113H Me~ C06blTH.IIMH H COCTO.IIHH.IIMH, 

xapaKTepH3YJOIUHMH B03HHKHOBeHHe HeHcnpaBHOCTeii:; B pa-

6ore [9] B Ka11ecrne OTJIH<JHTeJlbHblX oco6eHHOCTeH HCilOJlb· 

3YJOTC.ll Hanpa:eneHHe, CKOpoCib H xapaKTep H3MeHeHH'1 ne­

peMeHHblX', npHl!eM HaH6onee <ryBCTBHTeJibHbie K Ka~OH 

KOHKpeTHOH HeHcnpaBHOCTH napaMeTpbI H THn HX noBeneHH'1 

YKa3blBalOTC.ll 3KcnepraMH; B pa6oTe [ 10] npeAJiaraeTC'1 

HCCJienoBaTeJibCKaff CHCTeMa, K0TOpa.11 peaJIH3yeT CTaTHCTH· 

l!eCKHH (perpeccHOHHb!H) aHaJIH3 3KcnepHMeHTaJibHblX naH-
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HblX, He CB.113aHHbIH C pa60TOH B peanbHOM BpeMeHH. OnHa­

KO CHCteMbI Ha ocHoBe TICM 06nana10T HenocraTKOM -

pa3BeTBJieHHOCTblO nepeBa COCT0'1HHH H opHeHTauHeH Ha an­

pHOpHy!O noCJienoBaTeJibHOCTb C06bITHH, KOTOpan peanbH0 

MO)l(eT H He peanH30BaTbC'1; peanH3aJ.O{JI )Ke noJIHOMacwrafi­

HOH JKcnepTHOH cHcTeMb1 nnn H3Y B 6JIH)l(aHWHe rOnhI 

npo6neMaTHl!Ha [l] H, nO-BHnHMOMY, MO)l(eT naTb xopoWHH 

Jq>q>eKT JIHWb B COl!eTaHHH C np0CTblMH H nerKO q>OpMWIH· 

3yeMblMH MeTOnaMH nHarHOCTHp0BaHH'1, 

flpeAJiaraeMble B pafioTe COCTaB H CTpyKTypa flO CO,Il 

npennonaraJOT HaJIH<JHe nonnporpaMM, ocymecrnnn10ll\HX: 

- nHarHOCTHp0BaHHe lfliK, KOppeKUHIO H q>HJibTpaIOfIO 

He.a,OCTOBepHbIX noKa3aHHH; 

- 3.HaJIH3 TettneHUHH H3MeHeHH'1 napaMeTpoB O.Il (aHa­

JIH3 npeiiq>a (TpeH;D.a) H KpaTKOCpol!HblH nporH03 noBeneHlffl 

H3Mep.11eMblX nepeMeHHbIX COCT0'1HHR); 

- o6Hapy)l(eHHe q>aKra aHOMaJibHOCTH COCTO.IIHH.11 O.Il 

(aHaJIH3 xapaKTepa npeii:q>a H nonycKOBblW KOHTpom OTHO· 

CHTeJibHblX OTKJlOHeHHH H3Mep.11eMblX nepeMeHHbIX) ; 

- q>OpMHpOBaHHe .IUf (Bb1neneHHe xapaKTepHb!X OCO· 

6eHHOcTeii: aH0MaJibHoro npouecca) ; 

aHaJIH3 aHOMaJibHOH CHtyauHH (pacn03HaBaHHe, 

HneHTHq>HKauH.11 H JIOKaJIH3ailH'1 HeHcnpa:eHOCTH IlYTeM CO· 

nOCTaBJieHHn .Il11 H 311 npH nOMOIUH HaH6onee KOMJieTeHT­

HblX peWaJOll\HX npa:eHJI (PTT)); 

- HHTerpanbHYJO oueHKy COCT0'1HH'1 ycraHOBKH (npor­

H03 pa3BHTH'1 H noCJiencTBHH B03HHKWeH aHOMaJIHH, npen­

CKa3aHHe B03MO)l(HbIX HeHcnpaBHOCTeH H HX npHllllH) ; 

- pac11eT TeXHOJIOrHl!eCKHX napaMeTpOB o.u. 

Ilpencra1meHHaJ1 Ha pHCYffKe 4>YHKUHOHaJibHO·HHq>OpMa­

UHOHHa'1 CTPYKTYPa no o6ecne<JHBaeT pauHOHaJibHYJO opra-

HH3aUHIO npouecca nHarHocTHp0BaHHJI 6naronapn noncTpoH­

Ke non TeKyu.tHe (HOpMaJibHbie) pa6o<JHe 3Hal!eHHJI H3Mepll­

eMbIX napaMerpOB, BblllBJieHHIO H aHaJIH3Y TOJibKO aHOMaJib· 

HblX OTKJlOHeHHH nepeMeHHbIX COCT0JIHHJI H aBTOMaTHl!e­

CKOMY ynpaBJieHHIO pa6oTOH nonnporpaMM B 3aBHCHMOCTH 

OT peaJIH30BaBWHXC'1 (npollBHBWHX ce6ll K naHHoMy MO· 

MeHry) oco6eHHocTeH nHarnocTHpyeMoro npouecca. 

Ka)l(nhIH H3 yKa3aHHbIX Ha CXeMe TIO MOKOB COOTBeT­

CTByeT OnJ{OH HJIH HeCKOJibKHM, HO pa6oTaJOll\HM KaK e.a,HHoe 

uenoe nonnporpaMMaM. PaccMoTpHM npenno)l(eHHYJO CTPYK· 

TYPY H Bee ee 6noKH 6onee nonpo6Ho. 

EnoK 1 ocymeCTBJilleT KOHTpOJib nocT0BepHOCTH nepBHII· 

HOH HHq>OpMauHH, nocTyna10meii OT H3MepHremuoro K0MTI· 

neKca o6'beKra. IlonnporpaMMbI 6110Ka peanH3Yl<JT MeTOnhI 

nonycKOBoro KOHTp0JIJI H noCJienoaareJibHOro BepOllTHOCT· 

HOro aHaJIH3a [ll], KOTOpbie orrapalOTCH Ha HMelOll\YJOCll 

annapaTypHYJO H aHaJIHTHl!eCKYJO (pac11eTHYJO) H36b!TOl!HOCTb 

HHq>OpMauHH H o6Hapy)l(HBaJOT OWHOOIIHbie IlOKa3aHH.ll 1111K, 
onpenenll!OT npHIIHHbl H paCCl!HTblBaJOT xapaKTepHCTHKH aHO· 

MaJibHblX norpeWHocreH, KOppeKTHpYJOT He]lOCTOBepHble H3· 

MepeHHll, 

nonnporpaMMbl 6JIOKa 2 ocymecmJilllOT noncTpOHKY 

non TeKyu.tHe (peanbHb1e) pa6o<JHe 3Ha11eHH.11 napaMerpoB 

O.Il H BbI]leJieHHe Ha 3TOH OCHOBe TOJlbKO aHOMaJibHbIX OT· 
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OueHKa <l>YHKUHII 6eJonaa10CTH H <j>aKTH'leCK0ro pecypca; 
nporH03 pa3BHTHJI B03HHKWell aH0MaIIHH; Bbipa6oTKa 
peK0MeHAaJlHII no ynpaBneHHIO 0.ll 

PerncTpauHll llH, <j>opMHpoBaHHe H oTo6pa)l(eHHe coo611.teHHII; 
cepBHC oneparopa 

<llyHKUHOHam,HO-HH!pOpMaUHOHHal! CTpyKTypa fl0 COil 

I<lIOHeHHH H3MepHeMbIX nepeMeHHbIX, q>OpMHpoBaHHe nJ{ar­

HOcrnqecKOH HHq>OpM3UHH, a T8K)l(e O6HapY)KeHHe 8HOMaJib­

HOCTH COCTO.!lHH.!l Jl3Y. 

Jlrrx aHaJIH3a COCTO.!lHH.!l Jl3Y q>opMHpyerc.!l BeKrop 

OTHOCHTeJlbHbIX OTI<JIOHeHHH x.,. = {xi(T)} , i EI= {1, ... , 
n} , K8)1(,[J,bIH :meMeHT KOroporo onpeAeJI.!leTC.!l Bb!pa)l(eHHeM 

x.(r) = (P.(r) - P?.)/~ + ox.(T), 
I I I I I 

rAe T - HOMep onpoca 1111K; P?, P. (T) - onopHoe H H3Me-
1 I 

peHHOe 3HaqeHH.!l i-H nepeMeHHOH COOTBercTBeHHo; oxi ( T) E 

E oX - KOppeKIHPYJOllla.!l nonpaBKa, BeJIHqHHa KOTOpOH 
'T 

3llBHCHT or pe)l(HMa pa6orb1 R3Y. 

Ha KB83HCTauHOHapHOM pe)l(HMe KoppeKU:H.!l TO'!eK or­

cqera npoH3BOnJITC.!l no pe3ymraraM aHanH3a Apeiiq>a nepe­

MeHHblX x. ( T), i E I, KOTOpblH ocymeCTBJI.!leTC.!l B 6noKe 3. 
I 

Tpeim i-ii nepeMeHHOH KOHTpomtpyerc.!l C nOMOlllblO cne)]..![-

mero KOHipOJlbHOro CHrHaJia Ki (T) [12]' KOTOpbIH B )].8H­

HOM CJiyqae xapaKrepH3yer Mepy paccornacoBaHHH Me)l()].y 

npeAUonaraeMoH ro~oii orcqera (HynesbtM cpenHHM) H 

peaJibHbIMH 3HaqeHH.!lMH xi (T) H onpenenxeTC.!l COOTHOWe­
HHeM 

_ X.(T) (I - o:)x.(T - 1) + o:x.(r) . 
K.(r)=~= ~ ,1El, (1) 1 

xi(r) (1 - o:)xi(r - 1) + o:1xi{r)1 

rne Xi(T), Xi(T) CrJia)l(eHHoe H CrJia)l(eHHOe a6cOJIIOTHOe 

3HaqeHHH xi (T); 0 < o: < 1 - nocro.11.HHax crna)l(HBaHHH. 

IlpH BbIXO)le KOHrponbHOro CHrHana (1) 3a npenen1,1 HeKo­

roporo nosepHreJibHOro HHrepsana, r.e. npHI K. (T) I > ~ ., 
I I 

q>HKCHpyercx HaJIHqJ,!e CMemeHH.!l i-H rrepeMeHHOH H npOHC-

XOnJ{T H3MeHeHHe KOppeKrnpywmei1 rronpaBKH ox. Ha Be-
- I 

JIHqJ,!Hy £.sign(K.(T)), rne £. - cpeUHee 3HaqeHHe orKJioHe-
1 I I 

mm nepeMeHHOH x. ( T), BbI3B8HHOe HaJIH'DleM TeXHonornqe-
1 

cKoro wyMa (o Bhr6ope HaqaJibHbIX 3HaqeHHii: x., x. H rrapa-
1 I 

MerpoB o:, ~ i CM [ 11, 12]) . 
0 xapaKrepe npeiiq>a 6yneM cynJ{rh no qacrore BHece­

HHJI KOppeKTHPYJOlllHX IIOilpllBOK Ha rrpOMe)l(yrKe BpeMeHH 

To, copa3MepHOM co cpenHeii AJIHTeJibHOCTblO HewraTHbIX 

nepexo.D,Hb1x npou:eccoB B O,U. TeKymee cocroxHHe J13Y 

CqJ,!Taerc.!l aHOMaJibHbIM, eCJIH npei1q> HOCHT 3KCIIOHeHUH­

aJibHblH xapa1<rep, r.e . KoppeKUHH, noCJienoBaremHo ocyme­

cTBnHeMaJI M.!l KaKOH-nH6o nepeMeHHOH B MOMeHTbl BpeMe­

HH To, T 1, T z, rrpOHCXO/J.HT B O/lffOM HanpaBneHHH H BbIIIOJl­
H.!lercx yCJIOBHe 

(2) 

B 3TOM CJiyqae ro~oii orcqera AJI.!l Bcex nepeMeHHhrx CqJ,!Ta­

ercx HOMHHaJibHblH ypoBeHb, coomercmylOUIHH MOMeHry 

BpeMe~ To - 1, a c MOMeHra T 2 HafflHaeTcx nJ{arHocmqe­

CKHii aH8JlH3 BO3HHKWeH CHty3UHH. 

ECJIH YCllOBHe (2) He BbIIlOJlH.!lercx, ro no Mepe HaKon­

neHH.!l HHq>opM3UHH ocymecTBnxercx nJ{arnocmqecKHH aHa­

llH3 cyMMapHbIX C/lBHfOB rrepeMeHHb!X x. (r) or HX Hcxon-
1 

HbIX 3HaqeHHif, r.e. aHanH3Hpyercx BeKrop oX . 
'T 

qacroe BHeceHHe KoppeKmpywmeii no6aBKH £. pa3HbIX 
I 

3HaKOB CBH)lerenbCTByer O ee 3llBbillleHHOM 3ffaqeffHH. 

IlpH BHe3anHOM nOHBJleHHH HeHcnpllBHOCTH, Korna yc­

JlOBHe (2) He ycneBaer peaJIH3OBaTbC.!l, COCTO.!lHHe Jl3Y .6y­

AeM CqJ,!TaTb aHOMaJlbHbIM, eCJIH XOT.!l 61,1 AJl.!l OJ];HOH rrepe­

MeHHOH xi (r) BbIIIOJlHJleTC.!l HepaBeHCTBO 

(3) 

rne x. ( T) - ycpenHeHHoe (HarrpHMep, no rpeM ro~aM) 3Ha-
1 

qeHHe i-ii nepeMeHHoii; U. = £. + RH R - BO3MO)KHOe pacco-
' I 

rnacoBaHHe Me)l()].y 3HaqeHH.!lMH nepeMeHHbIX, Bbl3BaHHoe 

npei1q>OM HeKOHTpOllHpyeMblX rennoq>H3HqecKHX rrapaMer­

pOB, HeTOqffOCTblO onpeneneHHJI roqeK orctJera ,IJ,11.!l BbiqJ,ICJie­

HHH xi (r) Ii MOMeHra BO3HHKHOBeHH.!l HenonanKH, a IlpH 

HCilOJlb3OBaHHH MOAeJibHOH HHq>OpMaUl{H AJI.!l nocrpoeHH.!l 

3TaJIOHOB - H3-3a HeTOqffOCTH MO)lellHpOBaHH.!l nJ{HaMHKH 

3HeproycraHOBKH. 

Koppe1<mpy10U1He nonpaBKH Ha lllT8THblX nepeXO)lHblX 
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pe)l(HMax onpenemnorcH no pe3ynbraraM pacqera B reMne c 

npoueccoM HMHT8UHOHHOH MonenH H0pManbH0 <PYHKUHO­

HHpyt01UeH ycra.H0BKH (6nOK 8) . O6Hapy)l(eHHe aH0ManbH0-

CTH C0CT0HHHH B 3TOM CJiyqae ocymecrBJIHeTC.ll C n0M0lllblO 

Hep&BeHCTB (3) H(HJIH) anre6paH11ecKHX mmapHaHT0B nepe­

xonHoro pe)l(HM8 [ 13) J K0T0pbie He 38BHCHT OT BX0,nHblX 

napaMerpoB o6MKT8. O.o;HaKO noHCK TaKHX HHBapHaHT0B 

3arpy,nHeH H H0CHT 3BpHCTH'leCKHH xapaKrep. 

K cpopMHpyeMoii nonnporpaMMaMH 6noKa 2 nuarHocTH­

qecKoii HHcpopMat{KH, KpoMe BeKropa OTKJlOHeHHH x.,. J 

0TH0CJITCH: 

- ,a;HarHocra'lecKHH K0MIUleKc (UK) - coBoKynH0CTb 

X ={i :lx.(-r)I >U.,i=li l,v='I,m},rnei - :meMeH-
.,. I) I I V V 

rapHbIH npH3HaK, cpHKcHpyromuii Ha HHrepBane BpeMeHH 

(1, 'T) cpaKT Bb!X0,na BeJlH'IHHbl xi ('T), i = I i,,, I 38 BepXHHH 

(i > 0) HnH Hff)l(HHH (i < 0) rrpenen ,a;HarH0CTH'leCK0ro 
V I) 

HHrepBana (-Ui' Ui) J rrpH'leM eCJIH 'IHCJI0 II0HBHBllIHXCll 

3neMeHrapHbIX rrpH3HaK0B 6onbllle m, ro B UK BKnIO'larorcH 

re H3 HHX, K0T0pbie C00TBeTCTBYJOT rrepeMeHHblM C HaHOOJlb· 

lllHMH 0TH0CHTeJlbHblMH 0TKn0HeHHHMH; 

- CTPYKTYPHp0BaHHblH UK (UK-C) - A ={A J z } J .,. .,. .,. 
rne z.,. ={ z,,,} BeKrop 3H8'1HM0CTH, KOTOpbIH oro6p8)1(aer 

oco6eHH0CTH npocrpaHcTBeHHo-BpeMeHHoro pacrrpeneneHHH 

3Ha'leHHH{ xi ('T) : i = I i I} Ha H8'1aJlbH0M :nane pa3BHTHH 

aH0ManHH H K&>K,D,bIH 3neMeHr Koroporo (~ ) npencraBnHer 

co6oii noKa3arenb 3Ha'IHM0CTH v-ro rrpH3HaKa H3 A H orrpe-.,. 
nen11ercH no npaiumy, H31J0)l(eHHoMyB [6]l_ { 

- nHHrBHCTH'leCKHH UK (UK-JI) - V = A , V } , 
rne V.,. ={ V" } - C0B0KynH0CTb JlHHrBHC~'leCKHX .,.IIpH~Ha­

K0B V v, rrpencraBJlHIOlUHX CO OOH K0,11; O.o;HOH H3 raKHX xa­

pBKrepHCTHK rroBeneHHll nepeMeHHOH xi' i = Ii,,, I KaK rrpH­

Ha,u;Ie)l(Jiocrh a6COJ1IOTH0ro 3Ha'leHHJI HJ1H CK0p0CTH H3Me­

HeHHJI rrepeMeHHOH 38,ll;aHH0MY HHrepBany, 6bICTp8JI cra6H­

nH38Ul{H Ha H0B0M crauHoHapH0M yp0BHe, HaJlH'IHe noKanb­

Horo JKCrpeMyMa, rrpeBblllleHHe BenH'IHH0H I x
1 
• 

1 
/ x

1
. 1 I Iµ Iv+ I 

3a,naHHoro npenena H r.n.; 

- HHrerpanbHbIH UK (UK-11~ - gk { xi (-r)} - HHrer­

panbHU ouemca ManbIX H3MeHeHHH nepeMeHHbIX C0CT0HHHH, 

K0TOplUI: npH H8J1H'IHH k-H HeHcnpaBH0CTH, H8'1HH8JI C HeK0· 

roporo MOMeHra BpeMeHH, npHHHMaer HaH6oJ1b11Iee 3Ha'le­

HHe cpe.a;H Bcex npyrnx UK-'1 H3 C0B0KynH0CTH 

G.,. ={ gq: q E .11: & q :;i: k }, 

rne X = { 1, ... , N} - MH0)l(eCTB0 HQMepoB B03M0)l(HbIX 

(O)KH,naeMbIX) HeHcIIpaBHOCTeH (cnoco6hl nocrpoeHHH <PYH­

KUH0HaJl0B gk npHBe,nem,1 B [6]). 
<I>opMHpoBaHHe ,a;HarH0CTH'leCKHX K0MilJieKC0B, K8)f(J];l,IH 

H3 K0T0pblX HBnHeTCH mmapHaHT0M CHCTeMbI no 0TH0llleHHIO 

K orrpeneneHHbIM CBOHCTBaM a.H0MaJlbH0f0 npouecca, H8'1H­

Haercll cpaJy noCJie o6Hapy)l(eHHH aH0MaJlbH0CTH C0CT0HHHH 

(BbIIlOJlHeHHH X0TH 6bi 0.o;Horo H3 HepaBeHCTB (2) HJlH (3)) 
no IIpaBHJlaM, He 3aBHClllUHM OT xapaKrepa pa3BHTHH aH0Ma­

JlHH H pe)l(HMa pa6orb1 R3Y. 

B 6noKe 4 peam13yercJ1 anropHTM "npH3Ha.K - necpeKr" 

(Il- U) , K0TOpblH ocymeCTBJlHeT pacn03HaBaHHe B03HHKllleH 
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aHOManbHOH CHTY8UHH no cpaKTY rrpHCyYCTBHll HaH6onee 

HHcpOpMaTHBHblX rrpH3HaK0B B 3TaJ10HH0M 0TIHC8HHH (06pa-

3e) HeHCIIpaBH0CTH. PacII03HaBaHHe IIp0H3B0.a;HTCH nyreM 

conocraBneHHH ccpopMHpOBaHHOro K naHH0MY M0MeHry 

UK c 311, xpaHlllUeiicH B 6H6nHoreKe 3ranoHH6ii HHcp0pMa­

UHH (E3H) B BH,ne MaTpHllbI 11'(i ➔ k), B Koropoii Ka)l(,ll;o-
- µ 

MY IIpH3HaKY iµ, µ = 1,2n CTaBHTCll B C00TBeTCTBHe II0,ll;MH0· 

)l(eCTB0 H0MepoB rex HeHcIIpaBH0creii, no 0TH0llleHHIO K 

K0T0pblM ,ll;aHHbIH npH3HaK HBJlHeTCll 0,nHHM H3 HaH6onee 

'IYBCTBHTellbHblX. Pe11IaI01Uee npaBIUI0 anr0pHTM8 Il-U M0)l(­

H0 npencraBHTb B BH,ne 

min { max 11' - 1T k } ➔ k E Ko , 
kE X qE .X q (4) 

rne 7fk - K0JlH'leCTB0 npH3H8K0B H3 A.,., K0T0pbie B CO0TBer­

CTBHH C MarpHIIeH n orneceHbI K HaH6onee '!YBCTBHTeJlbHhlM 

110 0TH0llleHHIO K k-H HeHCIIpaBH0CTH. 

IlonnporpaMMa 6noKa 5, peanHJy10ma11 anropHTM 

" "CTpYKrypa - necpercr" (C-U) , ocyiuecrBJIJler pacII03HaBa-

HHe aH0MaJilffl nyreM cpaBHeHHJI 3H8'1HMOCTH IlpH3Ha.K0B B 

UK-C H B JTaJI0HHblX crpYKrypHp0BaHHhlX UK (3UK), xpa­

HJ1110{XCJ1 B E3H B BHP,e MarpHUbI 3UK (k ➔{iµ}), K0ropaJi: 

Ka)f(J].0H HeHCilpaBH OCTH CTaBHT B COOTBeTCTBHe 0.o;Hy HJ1H Hec­

K0JlbK0 ynopgno'leHHhIX ueno'!eK (cron6uoB) Ak = Ji } , 
- m lµ 

µ = l, m :meMeHrapHblX npH3HaK0B, rne HH,neKC µ llllnHercH 

KaK H0Mep0M crpoKH, TaK H noKa3areneM 3H8'1HM0CTH 11pH3-

H3.l<a, r.e. z = µ. Pemaromee npaBIDI0 anropHrMa C-ll µ 
HMeer BH,11; 

min{rk - minr } ➔ kEK1 , 
kE K QE K q 

(5) 

rne K B 3aBHCHM0CTH OT KOHJCpeTHOH CHTYauHH paBH0 J1H6o 

K, nH6o Ko, a rk - K03<P<PHUHeHT paccornacoBaHHH Me)l(,ll;y 
- k 
A.,. H ~ J Bbl'IHCJieHHe K0T0poro ocymeCTBJlHeTCH B ,o;Ba 

narra: 

- 3JleMeHTbl { z,,,} ynopgn0'IHBaIOTCH 110 3H8'1HM0CTH 

C00TBeTCTBYIOI.UHX npH3HaK0B B ~. r.e. CTp0HTCJI ueno'IKa 

{ z } , i = i , Tl= 1, mo H orrpenenHeTCll 'IHCJI0 II0Jl0)l(HTeJlb· 
~ ~ µ --

H bl X pa3Hocreii (zp - zq), p = 1, m0 - 1, q = p + 1, m0 

(m0 - 'IHCJI0 o6mux ,nnH A H Ak 11pH3HaKOB); .,. m 
- eCJIH B A orcyrcTByer 11pH3HaK, II0Ka3aTeJlb 3H8'1HM0-.,. 

CTH K0roporo B A~ He 11peBbllllaer mo J TO K Bbl'IHCJieHH0MY 

Ha rrepB0M :nane 3Ha'leHH10 r k no6aBn11ercH e.a;HHHua. 

O'!eBH.o;HO, anropHTM C-U pa6oraer 110 O.o;HOH H TOH )Ke 

cxeMe KaK 11pH C0BII&naIOlUHX, TaK H '18CTH'IH0 HeC0Bll&naIO­

lUHX crpyKrypax, 'IT0 BeCbMa cymecTBeHH0 llpH 8HaJ1H3e He­

ll0JlH0H HJlH HCK8:>KeHHOH HHcpOpM8UHH. UaHHbJe 0 xapaKre­

pe paccornacoBaHHH Me)l(,ll;y peanbHbIM (A ) H JTaJl0HHhIM 
k .,. 

(J\:m) 06pa3aMH pacII03HaHH0H HenoJI&nKH, eCJlH OHO 6bll10, 

HCn0llb3YJOTCJI B 6noKe 9 ,nJlJI BblJIBJleHHJI HeHCIIpaBHblX H3Me­

pHTeJlbHblX Ka.Han0B H K0ppeKUHH E311 (rronpo6Hee 06 3T0M 

CM. [5]). 
AnropHTM "nHHrBHCTH'leCKHH IIpH3H8K - neq>eKr" 

(nTI-U), peanH3yeMbJH 110,nnporpaMM0H 6noKa 6, T8K:>Ke 

HMeer PIT BH,na (5) J HO K03cpcpHUHeHT paccornac0BaHHH I\ 



yBem111HBaeTCH Ha e.o.HHHl.ly, ecrm npH q>HKCauIDf JIHHrBHCTH­

tJeCKOrO npH3HaKa v,, He BbinOJIHHeTCH YCJIOBlie 

v =v(i =i · v EVk) 
V µ V µ' µ ffi ' 

(6) 

r.o.e V~ = {vµ} , µ = 1, ffi - 3T3JIOHHbJe JIHHrBHCTH'leCKHe 

IlpH3HaKH nepeMeHHbIX x, . I, i E Ak . 
Iµ µ m 

IlOAMHO:>KeCTBO ,K MO)l(eT 6bITb pa.BHO Ko HJUI K1; cpop-

MHpyeTCH no.o.MHO)l(eCTBO K2. 

Boo6me rOBOpH, JlHHrBHCTHtJeCKHX npH3HaKOB, xapaKTe­

pH3YIOIIIHX 0.D.HY H TY )Ke nepeMeH1!y!O, MO)l(eT 6bITb HeCKOJlb· 

KO. YcnOBHe (6) IlpH 3TOM MO)l(eT H3MeffilTbCll Ha V ~ V ' 
I V µ 

HO JIHWb B cnyqae, KOr.o.a npH3HaKH y- 06na.o.a10T CBOHCTBOM 

IlOrITOl.l.leHHH (✓ q>HKCHpyeTCH TOm."Ko nocne nOHBJieIDUI 

VI -1 H VI - I < : I ) . 
IJ V IJ 

B 6noKe 7 ocymecl'BnHeTCH pacno3HaBaHHe aHOMaJIHH 

Ha ocHOBe llK-11. Ilo.o.nporpaMMa 6noKa peanH3yeT anro­

pmM "mnerpanbHbIH KOMruieKc - .o.ecpeKT" (l1K-Il), 
pelll3.!0l.l.lee Ilpa.BHJIO KOTOporo HMeeT BH.O.: 

lgk I /max { 1g I + 'Y } ~ ok· ➔ k E K3 , (7) 
qE K q q 

r.o.e 'Yk H Ok - norpeWHOCTb Bbl'IRCJielil!H gk { x/r)} IlpH 

OTCYTCTBHH' B03MytUeHHH H 3a)].aHHblM nopor tfYBCTBHTeJibHO· 

crn coorneTcTBeHHo; K MO)l(eT 6b!Tb pa.BHO K , K 0 HJIH K 1 . 

Cne.o.yeT OTMeTHTb, '!TO .UK-11 B CHJiy oco6eHHOCTeH no­

CTpOeHH.11 n03BOJIHIOT pacn03HaTb KpaTHbie necpeKTbl, '!TO 

B3)1(H0 npH 3HaJJH3e Me,a:neHHO pa3BHBaJOIUHXC.II H cna6o Bbl· 

p3)1(eHHbIX aHOMaJlHH. 

Jln.11 nOBbIWeHHll H3.D.e)l(HOCTH pacn03H3.B3HHll )l(eJiaTeJib­

HO HaJJH'lHe HeCKOJibKHX llK-11, xapaKTepH3YJOIIIHX O.ZJ.HH H 

TOT )Ke .o.ecpeKT. 

EcrrH nn.11 Ka)l()J.OH HeHcllp!}BHOCTH llOCTpOHTb CBOH 

llK- 11 He y.o.aeTcll, TO mo6an H3 OCTaBWHXC.11 Henona.o.oK 6y­

.o.eT xapaKTepH30B3TbCll HeKOTop1>1MHa6opoM llK-11. B 3TOM 

cnyqae a cocTa.B 6noKa BKJIIOtJaeTcn no.o.nporpaMMa, ocy­

mectBrr.1110wa.11 JIOrHKO-apHcpMerntJeCKHH 3HaJIH3 3HatJeHHH 

Tex llK- 11, KOTOpb1e B TetJeHHe HeKoToporo npoMe)l(YTKa 

BpeMeHH y.o.oBnernopH!OT Hepa.BeHcrny (7) . llaHHbIH aHaJIH3 

MO)l(eT 6bITb opraHH30BaH no rnny anropHTMa C-,Il. 

CB.113b 6noKa 2 C no.D.IJporpaMMaMH pacrt03Ha.BaHH.II op­

raHH30B3Ha TaK, '!TO llJ1 nepe,a:aeTC.11. B 6JIOKH 4 - 7 no Mepe 

Bbl.llBJieHH.11 COOTBeTCTBYlOIIIHX OC06eHHOCTeH, Ka)l(.ZJ.3.11 H'.3 KO· 

TOpb!X npo.11Bn.11eTCH Ha onpe.o.eneHHOH CTa)].HH p33BHTHll aHO­

MaJJHH. IlepBblM Ha'lHHaeT cpopMHpoBaTbC.11 .UK, a HatJano 

cpopMHpoB3HHH npyrHX KOMnneKCOB 33.BHCHT OT xapaKTepa 

KOHKpeTHoro aHOMaJI&Horo npouecca. HanpHMep, ecn1-1 npo­

uecc Me,a:neHHbIH (no ornoweHHlO K nep1-1ony onpoca), TO 

nepBbIM J,13 OCT3.BlllHXCll K pacno3H3.BaHHIO nO.O.KJllOtJaeTCH 

llK-11. 

8 CTa.D.HH cpopMHpoBaHHH, a crre.o.oaaTeJibHO, H 3H3JIH3a, 

MO)l(eT HaXO.D.HTbCH HeCKOJlbKO KOMnITeKCOB O.D.HOBpeMeHHO 

(Ha 0.0.HOM ware no T). flpH 3TOM B3aHMO.O.eikTBHe Pn (non­

nporpaMM pacno3Ha.BaHHll) peryJIHpyeTC.11 ecTeCTBeHHblMH 

YCJIOBHJIMH HX KOMileTeHTHOCTH: anropHTMbl pacn03H3.BaHHH 

BKJllO'lalOTCll B aHaJIJ-13 aHOMaJibHuro npouecca B nOpllJJ:Ke, 

COOTBeTCTBYJOmeM HepapXHH OC06eHHocreii. Ka)l()J.bIH anro­

pHTM Y'ffiTbIBaer pe3ynbtatbl pa60tI,J npe.ZJ.l,1,a:ymero, '!TO 

cymecrneHHo ycKopHeT npouecc AJ{arHocrnpoBaHHH, a BOJ­

MO)l(HOCtb He33.BHCHMoro q>YHKUHOHHpoBaHH.11 n03BOJI.lleT 

anropHTMaM np0KOHTponHpoBaTb .o.pyr .o.pyra. KpoMe TO· 

ro, anropHTM Il-ll, KOTOpb!H BCer.o.a 3HaJIH3HpyeT IIOJIHOe 

MHO)l(eCTBO B03MO)l(}{I,IX .o.ecpeKTOB, He TOJlbKO yMeH&waeT 

Heonpe.o.erreHH0CTb CHTYllllHH ,a:nH Bcex nocne.D.YJOIIIHX anro­

pHTMoB, HO H CJIY)l(HT IIOCT0HHHO neHCTBYJOIIIHM CTpaxoB0'I· 

HbIM 3BeHOM, He .O.OllYCKalOIUHM yxona B JIO)K}{OM Hanpa.B­

neHHH. 

Cne.o.yeT OTMeTHTb, '!TO n0IIbITKH BbI,D;eneHH.11 acex nepe­

l[HCJieHHb!X Bblllle .ZJ.HHaMH'leCKHX oco6eHHOCTeH Ha Ka)l(.ZJ.OM 

ware orrpoca - IIJlaTa Ja B03M0)l(HOCTb .D.HarH0CTHpOBaHHH 

lllllp<)K0ro cneKTpa aHOMaJibHbIX CHTYaIIHH H pauH0HaJlbHYJO 

opraHHJauHlO B33.HMO.O.eHCTBHll anropHTMOB pacn03H3.BaHHll, 

O.D.HaKO, Y'IHTblBa.11 yHHBepcanbH0CTb arrropHTMOB cpopMHpo­

BaHHll .Ill1, HX npocroTy, He33.BHCHM0CTb OT Ha'laJibHbIX yc­

JIOBHH BOJHHKHOBeHH.11 H xapaKTepa pa3BHTH.11 aHOMaJlHH, a 

TaK)l(e TO Ba)l(HOe o6CTO.IITenr,crBo, '!TO 33pattee HeHJBeCTHO, 

KaKHe OC06eHHOCTH H KaK HMeHHo npollB.IITC.11 B Ka)l(.ZJ.OH 

KOHKpeTHOH 3HOM3JlbHOH CHTyattl!H, ny nnaTy HeJib3ll C'IH­

TaTb '1pe3MepHOH. 

PeJyrr&TaTbI aHaJIHJa reKynteif cHryanmt no.o.cHcreMaMH 

nepBH'fflOH o6pa6otKH HHq>OpM!IUHH (6JIOKH I H 8), o6Ha­

py)l(eHHll aHOMaJIHH H cpopMHpoBaHHll ll11 (6nOKH 2, 3) H 

pacnOJHa.BaHHH nepBonpH'IHHbl B03llHKWeH Herrona.o.KH (6no­

KH 4 - 7) B BH)].e HOMepoB Helfcnpa.BHbIX 1111K, )].HarHOCTH· 

tJeCKHX KOMnJieKCOB H HOMepoB HeHcllp3.BHOCTeii-npeTeH,!leH­

TOB IlOCTYIIaJOT B no.o.cHCTeMyCHRTeJa .Ill1 (6noK'9). llaHHa.11 

nO)],CHCTeMa, BO-rrepBbIX, ocymecTBJilleT nporH03 p33BHTHll 

B03HHKWeH aHOMam!H Ha 6a3e aHaJIH3a IlOCTpoeHHbIX Ha 2 -
3 wara anepeA npH'IHHHo-cne.o.crneHHL1x )].HarpaMM, B Ka)l(­

AYIO HJ KOTOpbIX B KatJeCTBe 3JleMeHTapHbIX C06bITHH BXO.D.HT 

XOT.11 61,1 0/],Ha HeHcnpa.BHOCTb·IlpereH/l,eHT; BO·BTOpbIX, .o.aer 

HHTerpanbttylO oueHKy COCTOllHHll R3Y Ha OCHOBe 3H3JIH3a 

TaK Ha3bIBaeMbIX KpHmtJeCKHX cpyHKUHH 6eJonaCHOCTH [ I 1 
H MeTO)].OB oueHKH cpaKTHlJeCKoro pecypca [9]; B·TpeTLHX, 

HCXOWI HJ peweHH.11 ABYX npe.D.bJ.O.ytUHX Ja.o.aq H Ha OCHOBe 

HHCTpYKUHH no 3KCIU1yanuHH H 3KCnepTHblX oueHOK, xpa­

Hlll.l.lHXC.11 B E311, q>opMHpyeT peKOMeH)],8.UHH no BblXO/J.Y HJ 

CJIO)l(HBWeHCll CHTYauHH. 

113 BbillleH3JJO)l(eHHOro cne.o.yer, '!TO pa6ora no.o.cHcreM 

o6Hapy)l(eHHll, pacnoJHa.BaHH.ll H CHHTeJa, a TaK)l(e 6noKa I 
He 33.BHCHT OT pe)l(HMa pa6otbl ycraHOBKH. IlOJTOMY, ecnH 

6JIOK 8, KOTOpblH ocymecrnn.11eT pactJeTbJ, CBHJaHHbie c Bbl· 

lJHCJieHHeM aHaJIHTH'leCKHX H3MepeHHK nn.11 6noKa l H JJie­

MeHTOB llK-11 nn.11 6noKa 2, .o.ononHHTL no.o.rrporpaMMaMH 

pacqeu 3HatJeHHH OTHOCHTeJILHbIX OTKJIOHeHHH nepeMeHHbIX 

no npOCTblM nporH03HbIM 33.BHCHMOCTllM H (HITH) no HMHTa­

UHOHHbIM MO,a:en.11M, TO CHCTeMa onepaTHBHOro ll,HarHOCTH· 

poBaHHll 6yner BbinOJIHllTb CBOH cpyHKUHH B IJOJIHOM 06'be­

Me H Ha IUTaTHLIX IWpeXOp,HbIX pe)l(HM3X p;lOOTbl Jl.3Y [7] . 
TaKHM o6pa30M, npeAJIO)l(eHHa.11 cxeMa B3aHMO)].eHCT· 

BHJI rro.o.nporpaMM n03BOJI.lleT: 
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- n0BbICHTb crpyKI)'pH}'IO HaAe)l(H0CTb nQ (c60H B pa-

6ore HJIH H31>.R:THe fl!OOOH nonnporpaMMbl He npHB0/:(HT K 

norepe pa6orocnoco6Hocm cucreMbI B uenoM) ; 

- YBe1IH'IHTI> ,D,0CTOBepH0CTb /:(HarH03a H Bepo.R:THOCTb 

O,[U{03Ha•1Horo pacno3HaBaHH.R: B03HHKllleH aHOManHH, OCO· 

6eHHO B ycnoBH.IIX HenonHOH HJIH '!aCTH'IBO HCKa)l(eHHOH HH· 

q,opMauHH (no.a,nporpaMMbl, ocymeCTBflJl:JI: COBMeCTHblH aHa­

flH3 COCTOJl:HHJI: ycraHOBKH, KOHrponHpY!QI H nononHJl:IOT 

npyr .a,pyra Ha scex cranIDlx npouecca ,IJ;HarnocrHposaHH.11, 

HatraH8.R'. or nposepKH noKa3aHID! 1111K H KOH'la.11 H,IJ;eHTHq>H· 

KauHeH HeHcnpaBHOCIH); 

- COKpaIHTb BpeM.R: nocraHOBKH ,IJ;HarH03a (Ka)l(,Il;a.11 non­

nporpaMMa HCn011&3yer pe3y11&talbl pa6orbI npe,D,br.D.Yll.UlX H 

c~aer HeonpeneneHH0CTb cHryaUHH nn.11: nocneny10wHx) ; 

- o6ecne'IHTb caMoopraHH3aIIHIO npouecca ,IJ;Harnocrnpo­

BaHHJI (peanH3YIQTCJI HaH6onee KOMIIereHTHble Ha .a,aHHOM 

nane attanH3bI uenoqeK PTT 6e3 npoBepKH KaKHx-nu6o cne­

UHan&Hbrx ycnoBHH). 

KpoMe TOrO, nQ 0TKpbITO ,D,n.R: BKnlO'leHHJI HOBblX H 

MO,Il;epHH3aIIHH HMelOJ..U;HXCJI: anrOpHTMOB. 

Bee 3TH Ka'leCTBa n03B0flJIIOT CO,U, nocrpoeHHOH Ha 

0CH0Be Bblllle H3JI0)l(eHHbIX npHHUHnOB H pa3pa6oraHHbIX 

anropHIM0B, n~arH0CIHpoBaTI, B pean&H0M BpeMeHH nocra­

T0'IH0 lllHpoKHH Knacc neq,eKTOB H o6ecnetmBalOT B03M0)1(• 

H0CTI> ananraIIHH CHCTeMbI K R3Y 1I106oro mna H Ha3H~'le­

HIDI. 

Bon&lllHHCTBO anropHTM0B nporpaMMH0 peanH30BaH0, 

onpo6oBaHo Ha recroBbIX npHMepax H y.a,osnersopJter orpa­

HH'leHHJIM no BpeMeHH. 

B3aHMO,D,eHCTBHe nporpaMMHblX 6n0KOB orpa6oraHO C 

noM0U{blO tracneHHoro 3KcnepHMeHra Ha CM-4 C HCn0n&30· 

BaHHeM HHq>OpMauHH, nonyqeHH0H no MO.a,enH KOHKpeTHOH 

ycraHOBKH. 
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HCilOJlh30BAHHE ,UHHAMWIECKMX XAP AKTEPHCTHK AHOMAJibHOro IIPOUECCA 
.UJUI OIIEPATHBHOro ,llHArHOCTHPOBAHIUI ABAPHRHblX PE)KHMOB p ABOTbl 

3HEPrOBJIOKA A3C 

H.A. Ba6KHH, A.H. ropJIHH, C.B. KonraH, A.E. KpolllHJIHH, r.B. MHpoHoaa 

HnJIJOCTpHpyeTCll B03MOlKHOCTb H 3CP<l>eKTKBHOCTb onepaTHBHOII HJ:leHTK<PHKawrn peam.HhlX aeapilAH!dx pellCHMOB 3Hepro6noKa A3C Ha OCHO· 
ee aHan113a ,lHHaMH'leCKHX xapa.KTepHCTHK aHOMam,Horo H3MeHeHllJl KOHTpOnHpyeMJ,JX nepeMeHHblX. 

ABNORMAL PROCESS DYNAMICAL PROPERTIES USED TO EFFICIENTLY DIAGNOSE NPP UNIT EMERGENCY OPERATION. 
N.A. BABKIN, A.I. GORLIN, S.V. KOLGAN, A.E. KROSHILIN, G.V. MIRONOVA. Possibility and efficiency of NPP unit actual emergency ope­
ration identification are demonstrated based on an analysis of controlled parameter abnormal variation dynamic properties. 

CBoeBpeMeHHaJl HneHTHQ>HKaillUI nepBonpHIIHHbl B03· 

HHKWeH HeHcnpaBH0CTH B 3Hepro6noKe A3C BO MH0r0M 

3aBHCHT OT HaJifflllUI cnoco6oB onepaTHBHOH o6pa6oTKH 

(c)l(aTHJI) H3MeplleMOH HHQ>OpMauIDI H aJir0pHTM0B ,u.Har­

H0CTHp0BaHHJI, nonycKalOLUHX np0CTYIO nporpaMMttylO pea­

flH3auHIO. Pe3ynbTaTbl aBT0MaTH3HpoBaHH0ro aHaJIH3a, npen­

CTaBneHHbJe B K0MnaKTH0M H HHQ>OpMaTHBHOM BHne, TT03· 

B0flJIIOT onepaTOpy He T0llbK0 B0BpeMJI 0CMblCilHTb TeKy­

mee COCT0JIHHe ycTaH0BKH H npenoTBpaTHTb pa3BHTHe 

aH0MaJlbHOH CHTYauIDI no cpa6aTbIBaHHll CHCTeMbl aBapHKHOH 

3aLUHTbl, HO H TT0M0l{b 06C11y)l(HBalOIUeMy nepC0HaJIY C0Kpa­

THTb cpoKH yCTpaHeHHll B03HHKWeH HeTT0Jla,[I.KH. 

MeTononorHlfeCKH npH C03naHHH aBTOMaTH3Hp0BaHH1>1X 

CHCTeM nHarH0CTHKH C110)1(Hb!X TeXHHIJeCKHX 06'1,eKT0B B03· 

HHKaeT Heo6X0,[I.HMOCTb peweHHll Cile,[l.ylOLUHX npo6neM: 

- onpeneneHHe H0MeHKnaTyp1,1 COCT0IIHHK (co6bITHH)' 

K0T0pbte CHCTeMe He06X0,[I.HM0 ycT0HIJHB0 pacn03HaBaTb B 

C00TBeTCTBYIOlUHe cpoKH; 

- onpeneneHHe napaMeTpoB, noBeneHHe KOT0pbIX xapaK• 

TepH3yeT Ka)l(,[l.oe H3 pacn03HaBaeMbIX COCT0IIHHH; 

- pa3pa6oTKa J131>IKa 0TIHCaHHJI noeeneHH11 napaMeTpoB, 

TI03B0JlJll01Uero , C 0,[I.H0H CT0p0Hbl, a,a;eKBaTH0 0TTHCaTb xa­

paKTepHoe noeeneHHe napaMeTpoB H, c npyroif cTop0HbI, 

cnenaTb 3T0 0TTHCaHHe nocTaT0IIH0 ycTOHIJHBbIM 0TH0CHTeJtb· 

HO MaJiblX B03MYIUeHHif; 

- pa3pa6oTKa MernnoB onpeneneHHll Toro, no KaKoif 

CTenemt TeKYIUee COCT0llHHe 0frbeKTa llBJTJleTCJI "noXO)l(HM" 

Ha 3Tan0HHbie orrncaHHSI pal11Hl!Hl,lX ,[l.liarl-lOCTHpyeMblX co­

CTOJIHHH, H, H8K0Heu, onpeneneHHe nopora 3HalJHM0CTH, 

1IpH K0T0poM HMeeT CMblCil Bb1naBaTb TT0Jlb30BaTenro COOT· 

Bercrnyromee coo6meHHe. 

PeweHHe 3THX npo6neM M0)l(eT 6b!Tb nocrnrnyTO KaK 

q>OpMaJibHbJMH MeTOnaMH, HanpHMep, MeTonaMH aBT0MaTH· 

qecKoro KJl8CTep-aHaJTH3a, TaK H C HCTT0TTb30BaHHeM 3BpH­

CTHK, 0Tpa)l(lllOlUHX 3HaHHJI 0 naHHoM TeXHHIJeCK0M 06'beK• 

Te. HCTOIJHHKOM nono6Hb1X 3BpHCTHK, CYIUeCTBeHH0 TI0Bbl· 

lllalOIUHX KalJeCTB0 ,[I.HarH0CTHIJeCKHX CHCTeM, MoryT 6b1Tb 

KaK Heq>0pMaJTH30BaHHbie 3HaHHJI 3KCnepT0B, 3KCrmyarnpy­

l01UHX HnH npoeKmpyrolUHX naHHblH TeXHHIJeCKHH 06'beKT, 

TaK H noKa3aBlllHe CB0IO K0ppeKTH0CTb pacqeTHbie H Jl0fH· 

qecKHe MonenH o6'beKTa. 

8 TeXH0JT0rHIJeCK0M nJtaHe C03,u.aHHe CHCTeM ,[I.HarH0CTH· 

KH Bbl,[I.BHraeT nepen pa3pa6oTIJHKaMH TaKHe Tpe6oBaHHJI, 

KaK 

- He06X0,[I.HMOCTb Hane:>KHoro pacno3HaB3.HHJI C0CT0JI· 

HHH (co6blTHH) 38 BpeMJI, onpenen11eMoe CK0p0CTJIMH 6e3-

onacHoro p·a3BHTHJI npoueccoB, npoTeKaJOLUHX Ha o6'beKTe; 

- rn6KOCTb CHCTeMbl B rmaHe B03M0)l(H0CTH YT0IJHeHHll 

H M0,[1.HQ>HKauHH 0IIHCaHHJI pacn03HaBaeMblX C0CT0JIHHH H 

KpHTepHeB HX pacTT03HaBaHHJI; 

- ycT0HIJHBOCTb CHCTeMbl 0TH0CHTen&H0 MaJlbIX B03MY· 

meHHH, K0T0pall M0)l(eT paCCMaTpHBaTbCJI B .u.BYX acneKTax: 

B nnaHe YCTOHIJHB0CTH pacn03HaBaHHJI H C0KpameHHJI 0lllH-

6oK nepeoro H BTOporo pona H B nnaHe YCTOKIIHBOCTH caM0H 

CHCTeMbl, pa6oTa KOTOpoH He non:>KHa npoB0UHp0B8TbCJI 

HeCYIUeCTBeHHbJMH 0TKJl0HeHHllMH COCT0IIHHJI CHCTeMbl. 

KpoMe rnro, Heo6xonHMO, IJT06bI CHCTeMa o6na,u.ana 

pa3BHTbIMH cpenCTBaMH B3aHMoneHCTBKJI K8K C pa3pa6oTIJH­

KaMH 6a3bl 3HaHHK CHCTCMbl, TaK H C nHUa.MH, K0T0pbie 6mJT 

ee HCTT0Jlb30BaTb npH 3KCnnyaTaumi TeXHHlfeCK0r0 06'beKTa. 

8 pa3H0e BpeMll cneUHaJTHCTaMH no ,u.HarH0CTHKe H TeX• 

H0noraMH-3KCnepTaMH npeA11aranoc1> HCTI0TTb30BaTb ATIJI 

oueHKH aH0MaJtbH0ro C0CT0JIHHJI nHHaMHIJeCK0ro 06'beKTa 

pa31IHIJH0f0 pona oco6eHHOCTH B H3MeHeHHH K0HTponHpye­

MblX napaMeTpoB (CM., HanpHMep, pa6oTbl [I - 5)). K 

H8CTOJ11UeMy BpeMeHH CYIUecrnyroT pa3pa6oTKH aBT0M8TH3H· 

p0BaHHbIX CHCTeM onepaTHBHOH nHarH0CTHKH (COn), B 

K0T0pblX HCil0Jlb3YlOTCJI HaH6onee np0CTble npH3HaKH aBa-, 

pHHHoif cHTYauHH. 

O,u.Ha H3 co3namn,1x BO BHHHA3C [4] 3KcnepTHbIX 

CHCTeM - 3KCnpecc-,[I.HarH0CTHlfeCKaJI 3KcnepTHaJI CHCTeMa 

3n3C - OH•JlaHHOBaJI 3C npe,u.Ha3HalfeHa ATIJI 6blCTp0H aB· 

T0MaTKIJeCKOH H,[l.eHTHq>HKailHH aBapHHHbtX pe)l(HM0B A3C 

Ha B03M0)l(H0 6onee paHHeH CTa,u.HH H npencTaBJleHHJI HHq>Op­

MauHH 06 3THX pe)l(HMax. 

IlpH C03naHHH 3TOH ,u.HarHOCTK'leCKOK CHCTeMbI aBT0pbI 

YlfHTb!BaJTH cneny101UHe oco6eHH0CTH 1IpHMeHeHHJI ,[I.HarH0· 

CTHlfeCKHX CHCTeM B aTOMHOH 3HepreTHKe. 

I. Heo6xO,[I.HMOCTb o6pa6oTKH 6onbWHX o6'beM0B HH· 

q>OpMauHH: 'IHC110 B03M0)l(HbIX THTT0B aBapHHHblX pe)l(l{­

M0B ~ 102 ' a 'IHCil0 naTIJHK0B ~ 103 
H .a.a)l(e noC11e 0TceKBa­

HHJI HeHHq>OpMaTHBHblX naTIIHK0B ~ I 02 
• 
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2. H.a;eHTHq>HKauH.11 aBapHHHbIX pe)l(HM0B .a;omt<Ha npo­

B0)lHTbC.11 3a MHHHMaJ!bH0e BpeM.11, IIT0 Bbl3B8.H0 6onbWOH 

CK0p0CTiilO pa3BHTH.ll aBapHHHblX npouecCOB. 

3. Bon1,woH ymep6 OT HenpaBKnbHOH KJIH Hecsoespe­

MeHHOH H)leHTHq>HKauHH npouecca. 

4. 3Ha'lHTeJlbHa.ll HeKOHTponHpyeMa.11 norpeWH0CTb no­

Ka3aHHH )laT'lHK0B H B03M0)l(}{a.ll HeTOIJH0CTb B 3TaJI0HHblX 

pe)l(l{Max, 6onbWa.ll l!aCTb K0T0pbIX nony'ieHa H3 MaTeMaTHl!e­

CKOH M0)lenH. 

Bo BHI1HA3C HMeeTc.11 .MaTeMarn11ecKa.11 Mo.a;eJlb q>H3H­

qecKHX npoueccoB H npolJH0CTHbIX xapaKTepHCTHK 3Hepro-

6n0KOB BB3P-1000, M0)leJIHpyioma.11 pa6oTy scero ocHOBH0-

ro o6opy.a;oBaHHJI 6noKa. 3ra M0)lenb, B l!aCTH0CTH, Hcnon1>-

3yeTC.ll KaK HCT0IJHHK HHq>OpMauHH npH q>opMHp0BaHHH 3Ta­

n0HHl>IX pe)l(l{MOB, cpaBHeHHe C K0T0pbIMH H n03B0n.lleT 

onpe.a;eJIHTb ran asapHHHoro pe>KHMa. 

C yqeT0M nepe11HcneHHbIX BbIWe oco6eHH0CTeH 3a)l3.IIH 

H)leHTH<l>HKauHH H3 MH0>Kecma B03M0)l(Hb!X DOAX0IJ,0B npell,• 

D0l!TeHHe 61,mo 0Tll,aH0 3KCDepTH0H CHCTeMe, CTpo.llllleH aJI­

ropHTM pacn03HaBaHH.ll Ha 0CHOBe 3KCnepTHbIX 3HaHHH 06 

0C06eHH0CT.IIX pe)l(l{MOB. 

C II0M0lllblO TaKoro noJJ,X0)J,a, KaK 6yll,eT noKa3aH0 

Hll)Ke, y.a;aeTC.11 B 0CH0BH0M 3a npHeMJieMoe BpeMJI pa3.a;e­

nHTb MH0>Kecmo B03M0>KHblX HeWTaTHbIX pe)l(l{M0B Ha no'i­

TH 0,D,H0MepHbie no,o;MH0>Kecma. O,D,HaKO HCn0ilb30BaHHe B 

Kal!ecme OTJIH'IHTeilbHblX npH3HaK0B 3.H0MaJlbH0ro npo­

uecca JIHWb npocTbIX xapaKTepHCTHK, T.e. HanpasneHHJI, 

CK0p0CTH H xapaKTepa H3MeHeHHJI (THna IIOBe)J,eHHJI) rpyn­

n1,I K0HTp011HpyeMbIX napaMeTpoB, npe,D;BapHTeJibH0 YKa-

3aHHbIX 3KCnepraMH JIH6o BbUIBJI.lleMblX no npeBbIWeHHIO 

3apaHee Bb16paHHbIX ,D;HarH0CTH'ieCKHX ycTaB0K, M0>KeT 

0Ka3aTbC.ll Hell,0CTaT0IIHblM .a,JIJI O,D,H03Ha'IHOH H)leHTHq>HKa­

UHH asapHHHbIX pe>KHM0B pa6oTbI 3Hepro6noKa A3C oco-

6eHHo npH >KeCTK0M orpaHHl!eHHH Ha BpeM.11 pacn03HaBaHH.ll, 

0TKll3e HeK0TOpoH l!aCTH JJ,aT'IHK0B H (KnH) HeT0'IH0CTH na­

JIOHH0H HHq>OpMauHH. 3To TIU<>Ke CBJl:33.H0 C npHHUHilKaJlbH0H 

Tpy,D,H0CTblO 0ilTHMaJ!bH0ro BbI6opa KaK BeJIH'lHH ,D;HarH0CTH­

'leCKHX YCTBH0B0K, TaK H COBOKynH0CTH .a;HarH0CTHl{eCKH 

ueHHbIX K0HTpom1pyeMbIX nepeMeHHbIX 6e3 npe,D;BapHTeJib­

Horo a.HanH3a Bcero MH0>KeCTBa O)l(H)laeM1>Ix co6bITHH. Kpo­

Me Toro, Hei<OTOpbie npoCTbie npH3HaKH Moryr 0Ka3aTbCJI 

MaJIOHHq>OpMaTHBHbIMH. HanpHMep, CK0p0CTb H3MeHeHHJI 

0,D,HHX H Tex >Ke nepeMeHHbIX y O,D,H0THTIHbIX aBapHH pa3JIH'I­

Ha H onpe1J,enJ1:eTc.11 BeJIHIIHHOH xapaKTepH3yiomero ny aBa­

pHIO B03MymeHHJI (HanpHMep, pa3Mep 0TBepCTHJI Te'IH), a 

pa3JIHIIHe B THne noBell,eHHJI MHOrHx nepeMeHHbIX Ha Ha'iaJib­

H0M 3Tane pa3BHTHJI aH0MaJIHH He ycnesaeT . np0.IIBHTbCJI. 

3q>q>eKTHBHOCTb COn MO>KH0 Il0BbICHTb ecnH B 'lHCJie 

OTJIHIIHTeilbHbIX npH3HaK0B aH0MaJ!bHOro npouecca HCn0Jib-

30BaTb oco6eHH0CTH H3MeHeHHJI BO BpeMeHH B3aHMHbIX 

OTKJI0Hemrn H0pMHp0BaHHhlX 3Hal!eHHH K0HTp011HpyeMblX 

nepeMeHHbIX, T0r.a;a no CTeneHH H3MeHeHHJI 3THX 0TICJl0He­

HHH no 0TH0WeHHIO .a;pyr K ,o;pyry H K H0pMe M0>KH0 He 

T0JlbK0 aBT0MaTH3Hp0BaTb Bbl.llBJieHHe HaH6onee HHq>0pMa­

THBHblX .a,Jl.11 Ka)l()lOH aBapHH nepeMeHHbIX, HO H CTPYKTY· 
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pHp0BaTb HX Me)l()ly C06oH, T.e. BBeCTH HepapXHIO no 3Ha­

llHM0CTH. KpoMe Toro, npeJJ,BapHTeJlbHa.11 npoBepKa pa3JIH­

'IHM0CTH OilHCaHHH B03M0>KHbIX HeWTaTHbIX pe>!CHMOB .a,JIJI 

pa3Hb!X rpynn K0HTp011HpyeMbIX nepeMeHHbIX, K0T0pa.ll 

nerK0 aBT0MaTH3HpyeTCJI 6naro.a;apll: HaJIHl{HIO 'HepapXHH B 

aBapHHH0H KHq>OpMauHH, n03B0JIHT Bbl.llBHTb MHHHM8JibH0 

1!36bITO'IHYJO C0B0KyTIH0CTb JJ,HarH0CTH'leCKH ueHHbIX nepe­

MeHHbIX H nocrpoHTb K0MilaKTHYJO 6H6nHOTeKy 3TaJI0H0B 

(B3). H, HaKoHeu, H.a;eHTHq>HKauHro aBapHHHOH cHTYauHH 

cne.a;yeT ocymeCTBJIJl:Tb no Mepe q>HKCauHH 0TJIHIIHTeJibHblX 

CBOHCTB 8.H0MaJlbH0ro npouecca, npH'leM C n0M0lllblO aJiro­

pHTMa, K0T0pbIH HeqyBCTBHTeneH K B03M0>KHbIM HCKa>KeHH­

.IIM H3MeplleMOH H (HJIH) 3TaJIOHHOH HHq>OpMauHH. 

Jl;tll peaJIH3auHH 3THX nono>KeHHH TeKymee COCT0.11-

HHe ycTaH0BKH 6yneM oueHHBaTb C noM0lllblO 6e3pa3Mep­

HbIX nepeMeHHbIX xi(t) = (Pi(t) - Pi0)/P10 , rne Pi(!L_­

H3Mepemtoe B M0MeHT BpeMeHH t 3Ha'ieHHe i-ro (i = 1, n) 

K0HTponHpyeMoro napaMeTpa; P.
0 

- oueHKa MaTeMaTHl!e-
1 .,, 

CK0ro 0>ICHJ],aHHJI P. (t) Ha TeKymeM cTauH0HapH0M pe>!CHMe. 
I -

B Kal!ecTBe napaMeTpoB P'. (i = 1, n) Moryr 61>1T1> B1>16pa-
10 

Hbl H0MHHaJ!bHhte 3Ha'ieHHJI nepeMeHHhIX pi (t) B M0MeHT 

n0)J,ICJlIO'ieHHJI COn (HCXO,D,HaJI CTaTHKa) JIHOO 3Hal!eHl4JI APY· 

roro cTauHoHapHoro pe>KHMa. OJJ.HaKO, ecnH cpaBHHTen&Ho 

He3HallHTeJibH0e H3MeHeHHe pi (t) no 0TH0WeHHIO K CB0eMy 

H0MHHaJ!bH0MY 3Hal!e!iHIO 0Ka3bIBaeT 3Ha'IHTeJibH0e BJIHJI­

HHe Ha 4>H3H'ieCKHe CBOHCTBa Hl'IH pa6orocnoco6HOCTb ycra­

H0BKH, >Kenarem,Ho, l!T06bl COOTBeTCTBYJOI.Uee aHOMaJibHOe 

0TICJlOHeHHe x. (t) 61,mo TaK>Ke 3Ha'lHTeJibHblM. 3a P'. 
I W 

B 3T0M cnyqae MO>KeT 6bITb npHHll:T, HaIIpHMep, pa6o'lHH ,D;Ha-

na30H H3MeHeHHJI nepeMeHHOH P i (t), nepena)J, nasneHHJI HJIH 

reMnepayYpbl pa6oqero Tena Ha BX0J],e H BbIX0JJ,e ,D;HarH0CTH­

pyeMoro arperara. 

Oco6eHHocTH npocTpaHcTBeHHo-B peMeHHoro pacnpene­

neHHJI 3Hal!eHHH nepeMeHH1>Ix xi (r), i = G BbI.11BnJ110rc.11 

nocne o6Hapy>KeHHJI (r = O) aH0MaJIHH Ha Ka)l()lOM cne,o;yio­

meM ware onpoca T = 1, 2, ... . IlepeMeHHb1e cocroJ1:HHJ1, 

ycpe,D,HeHHb(e 3Hal!eHHJI x. (T) K0T0pbIX BblWJIH 3a npenenbl 
- I 

nonoc1,I lxi(r)I < ai,rne ai - CTaHJJ.apTHoe OTKJI0HeHHe xi(r) 

OT Hynesoro cpe,D,Hero H3-3a HaJIH'lHJI reXHonornqecKoro wy­

Ma, paH)l(Hpy10TcJ1 B coorBeTcTBHH c uenol!KOH I ~ ( T) I > 
> I xi ( T) I > .... IlpennonaraeTcll, IITO c MOMeHT~ q>HKca-

1 
UHH HepaBeHCTBa 

C0B0KynH0CTb nepeMeHHhlX X- , ... , X1· no cpasHeHHIO CO 
1, V 

sceH ocTasweHcll rpynnoH 6onee HHq>opMaTHBHa H JJ.arI&HeH-

wee pa3.a;eneHHe nepeMeHHbIX npoB0J],HTCJI He3aBHCHMO B 

Ka)l()loH s1,1neneHHoH rpynne (R - nonycTHMoe paccornaco­

BaHHe Me)l(JJ.y 3Hal!eHHJIMH nepeMeHHbIX, BbI3BaHH0e ,o;peH­

q>OM rennoq>H3H'leCKHX napaMeTpoB, HeT0'iH0CTblO onpe.a;ene­

HHJI p io, ,D;HCKpeTH0CTblO K0HTp0nll, a npH HCn0Jib30B aHHH 

MOllenbHOH HHq>OpMauHH - H3-3a HeT0l{H0CTH M0JJ,enHpoBa­

HH.11 llHHaMHKH 3Hepro6noKa H caMHx asapHH). 

IlpH HaJIH'lHH JIHWb 0,D,H0ro 3JieMeHTa B paH>KHpoBaHHOH 

uenol!Ke (v = 1) J],0Jl>KH0 BbIIl0JIHJl:TbCJI HepaseHCTB0 



(2) 

B pe3yn&raTe aHOMam,HOMY npoueccy no Mepe Bbmon­

HeHH.11 ycnOBK.11 ( 1) CTllBKTC.11 B COOTBeTCTBHe JJ;HarHOCTH'le­

CKHH KOMIDieKc (llK) IT = {iv} , npe)lCTaBn.11101.UHH co6oil 

uenotIKy npK3HaKOB - HOMepOB nepeMeHHblX xiv (r) C yi<a-

3aHHeM HanpaBneHH.11 KX H3MeHeHH.II, T.e. +i , HnH -i , 
V V 

nop.RAOK crre)lOBaHH.11 K0TOpbIX ( 0TH0CKTen&Ha.11 3Ha'IHM0CTb 

npK3HaKOB) onpenen.11eTc.11 MHO.lKecrnoM noKa3aTeneil { zJ = 

= ZT. 3neMeHT&t z., qiopMHpy10Tc.11 no crrenyroweM)' npocro­

MY npaBKny: B MOMeHT qJHKCaJJ.HH ycrroBHH (1) nOKa3aTenH 

Mettee 3HatfHMbtX nepeMeHHbJX YBeflKtfHBaIOTCH Ha 1 (B HC· 

xo)lHOM cocT0.IIHHK Bee z. = 1, i = [ii). 
1 

EcnH nK, cqiopMHP9BaHHbJH Ha npoMe>KyrKe BpeMeHH 

(1, r') (r' - npe)len&Hoe BpeMH H)leHTHqJKKaJJ.HH aBap1m)' 

coxpaHHeT CB0IO CTpyi<rypy npK BapKau,KH K03<pqJHUHeHra 

paccornacOBaHHH R ATI.11 BCex aH0MaflbHbIX npoueccoB, Bbl3· 

BaHHbJX OJJ;HOH K TOH >Ke npH'IHHOH, TO TaKOH nK HBnHeTCH 

CTpYJ<TYPHblM HHBapHaHT0M CHCTeMbl K MO>KeT Kcnon&30-

BaTbCH B Kaqecrne 0ITHCaHHH (06pa3a) aBapHHHOro pe>KHMa. 

n peABapHTen&Hoe Bbl HBneH'He )lHarHOCTK'leCKOH KHq>Op­

MaJJ.KH H qi~pMHpOBaHHe 3TaflOHOB O>KH)laeMoro MH0>Kecrna 

aBapKH ocymecmn11eTCH c noMOI.U&IO 38M no pe3yn&TaraM 

HaTypHblX 3KCnepKMeHTOB H (KnK) pacqera MaTeMaTH'!e­

CKOH MO)lenH )lHHaMKKH :3Hepro6noKa. OueHKK 3KcneproB 

B 3T0M crryqae uenecoo6pa3HO Kcnon&30BaTb flKllib Ha Ha'!anb­

HOH K 3aKJJIO'IHTeflbHOH CTa)lHHX KaK MH KOHTpOJJ.111 TaK H 

Bb16opa HaH6onee npenno'ITHTen&HbIX rpynn H3MepHeMbIx 

nepeMeHHbtX H3 3KOHOMH'!eCKHX, 3KCnnyaTauH0HHblX H llPY· 

rKX coo6pa>KeHHH. 63 M0>KeT BKJJIO'laTb 3Tafl0HHble OITHCa­

HHJI Tex , COCTOHHHH 3Hepro6noKa, KOT0pble 6y)lyT HMeTb 

MecTO npK ori<a3e HeKoropoil qacru nar'IHK0B, KaK 3T0 K 

nenaercH B BH!,U1A3C. OJJ;HaKO MO>KHO Kcnon&3oBar& ra­

KOH anropKTM pacno3HaBaHH.II (cM. [6]), KOTOpblH ocymecr­

BnHeT IT0KCK 3TanOH0B HaH6onee 6nK3KHX (noxo>KHx) 4>op­

MKpyeM0MY OITHCaHKIO B03HKKllieH aHOMaflbHOH Clityau.HH 

nyreM BblHBneHHH TOflbKO 061.UKX 3neMeHTOB, Torna, He3a­

BHCKMO OT KCKa>KeHHH KHq>OpMauHK, B 63 BKJJIO'!aeTC.11 

flHllib HCXO)lH0e MHO>KeCTBO HHq>OpMaJJ.KOHH<;> K36bITO'IHblX 

3TaflOH0B, a caM ITOKCK (H)leHTHqJKKauHH) M0>KeT npOBO· 

)lHTbCH no Mepe <l>HKCaJJ.KH npH3HaK0B, 

Bo3MO>KHocrn yKa3aHHOro nonxona MH peweHHH 3ana­

'IH onepaTHBHOro )lKarH0CTHpOBaHHJI aHOMaflbHbIX CKrya­

UKH 3Hepro6noKa A3C npoImn10crpHpyeM Ha npHMepe crre­

AYIOI.UHX BOCbMH aBapKH (coKpaweHHJI o6menpKHHTbie): 

1. Te'!& 1-ro K0HTypa nY-100 Me>K)ly PH nr. 

2. Tell& rnK-.UY-500. 

3. Te'lb 1-ro KOHTypa .UY-200 Me>Kcy PK ruH. 

4. OTKJJIO'leHHe 1-ro fUH. 

5. 3aKp&1THe 1-ro 630K. 

6. 3aKp&1THe CPK Typ6KH&I. 

7. Ilonttoe o6ecTo'IHBaHHe 6noKa. 

8. Te'!& .UY-400 Ha naponpoBO)le nr. 

C qacroToH onpoca 1 ru KOHTponHpyroTcH crreny101.UHe 

napaMeTpbI: P 1 - nono>KeHHe perynKpyroiuero KJJanaHa TYP-

6KH&I OCH; P2 - HeHrpoHHaH MOWHOcT&; P3 - naBneHHe B 

K.U; p 4 - )laBJleHHe B nr-1 ; p 5 - nepenan )laBneHH.11 Ha 

ruH-1; p6 - nepenan )laBneHHH Ha aKTHBHOH 30He; P, -
ypOBeH& B Kn; p 8 - ypoBeHb B Ilf -1, 

Ha pHcyttKe npKBe)leHbI nepexo)lH&Ie npouecc&I Bcex 

BOCbMH aBapHH Ha npOT.11.)l(eHHH 10 cc MOMeHTa OTKJJOHeHHH 

ABapH.11 1 AllaplUI 2 

0 1 3 5 7 9 11 t, 0 01·1 ,.._ 7 -lL..4' C 

*=: ~3=:~ i :;... ~ 

IX -12 1><~60 

-16 2 -80 
1 -10 

-80 
2 

ABapHJ1 7 AllapHH 8 
40 ~ ~ 

~ -' .. ;:' 
6 I>< 

-80 5 -80 
1,2 

IlepeXO)l){ble npoueccbl aaapHAHblX pellGIMOB 1 - 8 

KaKOH-nH6o nepeMeHHoH x. (t) (i = 1, 8; P. = P'. ) OT 
I W W 

cBoero HyneBoro cpenttero Ha 3%. UH<l>p&I Ha rpa4>HKax 

03Ha'laIOT HOMep·nepeMeHHOH. llHarHOCTH'leCKKe K0MilJleKCbl 
k -IT= 

10
, k = 1,8, npeABapmeJibHO cqiopMHpOBaHHbie Ha 3BM 

no pe3yn&TaraM pac'!eTa aBapKH c noM0W&IO MaTeMaTH'le­

CKOH MO)lenH )lHHaMHKH 3Hepro6noKa, C03)laHHOH BO 

BHl111A3C, coxpaHJUOT CBOIO CTPYKTYPY {KpoMe aBapKH 3) 

npK R :i.;;; 0,04; ai = 0,01 l\(r) /Pi
0 

H npHBO)l.llTCH B Ta6n. 1. 
3Ha'IHMOCTb npK3HaKOB B .UK COBnanaeT C HOMepoM CTpo­

KK Ta6nHUbl. 

JlerKO 3aMeTHTb, '!TO Bee nK (KpOMe nK llBapKH 5 H 7) 
OTJIK'laIOTC.11 npyr OT )lpyra He TOJlbKO COCTaB0M, HO K nop.RA­

K0M cne)lOBaHHH npK3HaKOB. 3ro n03BOnHeT 0D;H03Ha'!HO 

H)leHTHqJHUKpoBaTb n106oH aHOMaflbHbJH npouecc Kl 0)KHna­

eMoro ,.;HO)l(eCTBa aBapHHHblX pe)KHMOB 1 - 8, npH'leM npK 

orcyrcTBHH He TOflbKO n106oro OJJ;HOro npK3HaKa ( OTKa3e 

coornercrnyromero ,o.ar'IHKa) B o6pa3e Ka)l(,ll,OH aBapKK, HO 

H HeKOTOpblX rpynn npK3HaKOB. 

HanK'IHe HHq>OpMauHOHHOH K36bITO'IHOCTH no3BOn.11er 

Bb!6paTb MHHKMaflbHO-K36blTO'IHYIO COBOKynHOCTb nepeMeH­

HbIX, Yll0BneTB0pH!OWHX ycrroBH.IIM ue11eBOH q>yttKUHK )lHar-
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Ta6nHua 1. JlHarHOCTll'tecKHe KOMMeKCbl aeapHH 

3Ha'IH· 

MOCT!, HoMep aaapHH 

npH3· 

HaKa 7 6 3 5 4 1 3 

1 -1 -1 -2 -2 -5 -7 -7 
2 -2 8 -7 8, - 5 -6 -3 -5,-6 
3 -5 4 -5, -6 -6 8, -1,-2 -2 -2 
4 -6 -2, 7 - 3 4 -3 

5 8 -1 

6 4 

HOCTHpOBaJUUl. EcrrH OCHOBHaJI uerr& - pacn03HaBaHHe B03-

HHKWeH aHOMaJlbHOH CHTYailHH 3a MHHHMaJlbHO KOpoTKOe 

BpeMJI, TO He06XO,nHMO HCnOJib30BaTb nepeMeHHbJe, onpene­

JIJleM&Ie B OCHOBHOM JJieMeHJaMH nepBOH CTpOKH ra6rr . 1. 

B Ta6rr. 2 npHBOnHTCH JTaJIOHHbie llK aaapHHH&1x pe)l(HMOB 

1 - 8 H MHHHMaJlbHO B03MO)l(HOe BpeMH (IIocrrep;HHH CTpO­

Ka) HX cpopMHpoBaHHJI, a 3Ha'IHT, H BpeMH HneHTH<pHKailHH 

COOTBeTCTBYIOlUeH aaapHH c MOMeHra ee o6Hapy)KeHHJI. 

IlepeMeHHbie ~ H x 6 OKa3aJIHCb JIHWHHMH. llaJI&HeiiwaH 

nofibITKa COKpaTHTb 'IHCJIO KOHTpOrrHpyeMbIX napaMeT­

pOB 6e3 noTepH onH03Hal!HOCTH pacn03HaBaHHJI (MO)KHO 

OCTaBHTb JIHWb nepeMeHH&Ie X1, Xz, Xs, x,) npHBO,nHT K 

yaerrH11eH1DO BpeMeHH HneHTH<pHKailHH aaapHHHbIX pe)l(HMOB, 

a B crr}"lae orKll3a KaKoro-nH6o o.a.Horo .a.aTIIHKa - K Heon­

H03Ha11H0My ,nHarHo3y. 

2 

-8 
-2 
-1 
-4 
- 7 

8 

-8 
-4 
-5 
-2 
-7 
-6,-1 

CKOpoCTb H3MeHeHHH nepeMeHHOH 

(KaK Hee npHpameHHe Ha HeKOTOpOM 

HHTepBaJie BpeMeHH) .IIBJI.lleTCJI Hey­

CTOH'IHBOH xapaKTepHcrnKoii nrr.11 

aaapHif,.- 3aBHC.111.UHX OT pa3Mepa ne­

cpeKTa. TaK, npH MeHbureM AHaMeTpe 

yre'IKH aaap1rn rnna 3 H (HITH) 

6oJibweM llY aaapHH rnna 1 cKopocTb 

H3MeHeHH.11 nepeMeHHOH x 7 nepecraeT 

6&1r& pa31rn11a10meii 3TH aaapHH xa­

paKrepHcrnKoH. 

.Il.n.11 OCYlUeCTBJieHHH 6&1crpocxo-

AH1Ueroc.11 npouecca HneHTH<pHKaUHH 

aHOMaJibHOH CHTYailHH ace llK, npHaeneHHbie B ra6rr. 1 (6e3 

y11era npH3HaKoB ± 4 H ± 6), npencTaBJIHJOrc.11 B BHne Aepeaa 

pacno3HaBaHH.II [5]. IlpH HaJIH'lHH pa31IH'IHOro pona HCKa)Ke­

HHH B HH<pOpMailHH (oTKa3 narl!HKa, HeTO'IHOCTb 3TaJIOHa) 

pacno3HaBaHHe aHOMaJIHH no TaKOMY nepeBy CY1UeCTBeHHO 

ycrro)KHJlercH. IloJTOMY Ka)KIJ;oH ,llonyCKae~oii aHOMaJibHOH 

CHTYailHH CTaBHTCH B COOTBeTCTBHe CBOH 3TaJIOH, KaK 3TO H 

cnerraHo B 3ll3C. Mo)l(Ho noiirn no npyroMy n}'"(H [6) H 

HCnOJib30BaTb aJiropHTM pacno3HaBaHHH, nrr.11 peaJIH3aJlHH 

KOTOporo 6 3 npencTaBJI.lleTCH JIHWb a BHne HCXOIJ;HOH 

MaTpHUbI 3TaJIOHHbIX llK, nocTpoeHH&IX c }"leroM B03MO)K­

Hb!X HCKa)KeHHH, a TaK)Ke MaTpHUbl Konoa, xapaKrepH3YIO· 

lUHX ran noBeneHHH COOTBeTCTBYIO!UHX nepeMeHHbIX. 

PaccMorpHM no.a.po6Hee peanH30BaHHbIH sapHaHT 3ll3C, 

B KOTOpOM B 3Ha'!HTeJibHOH Mepe HCnOJib3YJOTCJI JKcnepTHbie 

3HaHHH 06 oco6eHHOCTHX aaapHH· 
Ta6nHua 2. 3TanOHHble AHafl!OCTll'tecKHe KOMnneKCJ,I aeapHH H epeMR HX 4'<>pMHp0BaJIJUI 

HblX pe)Kl{MOB. C nOMOlUblO 3KC· 

3Ha'IH-

MOCTI, HoMep asapHM 

npH3· 

Ha.Ka 7 I 6 I 3 I 5 I 4 I 1 I 3 

1 -1 -1 -2 -2 -5 -7 - 7 
2 -2 8 -7 8, -5 -3 -5 
3 -5 -5 -2 

T,C 1 4 2 3 1 3 

llocrre BbI6opa ,nHarHOCTH'leCKH HaH6orree ueHHbIX nepe­

MeHHblX (B naHHOM crryqae - nepeMeHHblX c HOMepaMH 1, 
2, 3, 5, 7, 8) o6pa3 Ka)KnOH aaapHH ,llOnOJIHHeTCH HH<pop­

MailHeH o pa31IH'IHH B xapaKTepe Hx noaeneHH.11. IlocKorr&Ky 

cpopMHpyeM&IH llK cpaBHHBaeTcH c JTaJIOHH&IMH no Mepe 

BbIJIBJieHH.11 HOBbIX npH3HaKOB (npH BblnOJIHeHHH Hepa­

BeHCTBa (2) nrr.11 i-H nepeMeHHOH) H (HITH) <pHKCailHH ycrro­

BHH (1), TO caMOH "paHHeH" xapaKTepHCTHKOH aHOMaJlbHOro 

H3MeHeHHH nepeMeHHOH .IIBmleTCH oueHI<a BeJIH'IHHbl ee npH­

paweHHH B MOMeHT nO.IIBJieHHJI COOTBeTCTBYJOIUero npH3Ha­

Ka. B HaweM crryqae (cM. Ta6rr. 2) 3aMernoe pa31IH'!He a cKo­

pocTH H3MeHeHHH o6Hapy)KHBaJOT JIHWb nepeMeHHbie Xs 

(JJ.JlJI aaapHH 4; 5 H 8; 3 na BeJDl'IH:Ha B cpentteM paaHa 

coornercTBeHHo 0,1 c- 1 ; 0,06 c-1 ; 0,01 c-1) H x 7 

(0,02 c- 1 H 0,08 c-1 nITH aaapHH 1 H 3 COOTBeTCTBeHHO). 
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2 

I 2 I 
- 8 
-2 

4 

8 

-8 
-5 

2 

neproB-rexHorroroa 6bm ccpopMH­

poaaH noJIHbIH nepe11eHb B03M0)1(­

HblX THilOB aB pHHHbIX pe)l(HMOB; 

3areM, nocrre T1UaTerr&Horo aHaJIH-

3a, 6bIJIH Bbt6paHb1 HaH6orree xa­

paKrepHb1e napaMerpbI (cHMilTO­

Mbi) nJIH Ka)KIJ;oro pe)Kl{Ma. qHCJIO 

TaKHX napaMeTpOB COCTaBHJIO /JJIH 

pa3HbIX pe)Kl{MOB OT 4 AO 8, XOTH 

JKcnepTbl He 6bIJIH orpaHH'!eHbI 

'IHCJIOM xapaKrepHbIX napaMerpoB. Henocpe,llcrnemme 3a­

,llaHHe pac11eTHbIX JHa11eHJAi napaMerpoB C ,nHHaMH'leCKHMH 

noKaJaHHHMH naT'IHKOB HeB03MO)l(H0 H3-3a HeTO'IHOCTH 

naHHbtX. .Il.nH peweHHH 3TOH npo6rreMbl 6bIJI pa3pa6oTaH 

a,lleKB3THbIH H3bIK OnHCaHHH noBe,lleHHH napaMeTpoB, Heqya­

CTBHTeJibHbIH OTHOCHTeJibHO pa31IH'IHblX norpeWHOCTeH. AHa­

JIH3 paccy)KIJ;eHHii JKcneproa no3BorrHrr Bb1neITHr& acero 6 

HaH6orree xapaKrepHb!X THnOB noae,lleHHH pe)Kl{MHbIX 

napaMerpoB: pocT, Ila,lleHHe, JIOKaJlbHbie MHHHMYM H MaKCH­

MYM, pe3KHH pocT HJIH pe3Koe na,lleHHe co cra6HJIH3ailHeH Ha 

HOBOM ypoBHe. KpoMe rnna IlOBe,lleHH.11, napaMeTp xapaKTe­

pH3yeTC.II KOHKpeTHbIM 3Ha'!eHHeM (cKOpOCTblO, OCUHJIJIJI­

UHeH, 3Ha'!eHHeM ypOBHH). IlO,ll06HbIH, ,llOCTaTO'IHO rpy6bJH 

Jl3blK OnHC3HHH noaeneHHH napaMeTpOB Il0Ka3aJI ce6H 

anorrHe aneKBaTHbIM H, KpoMe IlOBbIWeHHH noMexoycTOH-



'IHBOCIH CHCieMbI, II03BOJTHn cywecrBeHHO TIOBblCITTb ee 

6blcipo,neiicIBHe, IaK KaK Kll)KJJ.bIH nm rroBe.o,eHH.11 orrpe.o,e­

n.11eic.11 He 6onee tJeM rro IpeM IO'IKaM. 

Orrpe,neneITT1.11 rnrra rroBe,neHH.11 rrapaMeipa rrpoBo.o,.11Ic.11 

C HCIIOflbJOBaHHeM anrrapaia IeOplfil HetJeIKHX MHO>KeCIB. 

CierreHh "rroxo>t<eCIH" rroBe,neHH.11 rrapaMeipa Ha :nanoHHoe 

onpe.o,em1eic.11 coorneicmy10weii cpyttKI.(Heii rrpHHa,nne>t<HO· 

cm. BH,ll <PYHKUHH npHHa,nne>KHOCIH H MeIO,llHKa JKcnepTHOH 

oueHKH aBapHHHb!X pe>t<HMOB 6bmH Bb16paHbl IaKHM o6pa-

30M, 'II06bl BepORIHOCib OlllHOO'IHOH H,lleHTHq>HKauHH 6bma 

MeHbllle Hanepe,n 3a.D,aHHOH ( C ytJeIOM AHCnepCHH CHrHanoB 

H OlllH6KH Jian0HHbIX pe>t<HMOB). 

TipoBe.D,eHHbie pactJeibl noKa3ami:, 'ITO BIIn0ih .D,0 II0· 

rpelllH0CIH 1 % no ,naBneITTIIO H 3% II0 yp0BH.llM H pacxo,naM 

3.113C II0JB0n.lleI 0,llH0JHatJHo H.D,eHIHq>HUHpOBaib II0'IIH BCe 

pe>t<HMbl (KOHe'IHbIH CIIHC0K BbIB0Aa B0JM0>KHblX pe>KHM0B 

COCIOHI HJ OAH0TO·ABYX npeieH.D,eHIOB) . Jln.11 rrorpelllH0· 

cm, coomeicIBeHHo, 2% H 6% CIIHCOK rrpeieH.D,eHroB co,nep­

)l(}fI noxO>t<He pe>t<HMbI. TipH 60flblllHX norpelllH0CT.IIX ,nnHHa 

cIIHcKa rrpeieH.o,eHI0B cywecrneHHo YBemi:tJHBaeic.11. 

Heo6XO,llHMO 0IMeIHib, '!IO /J,Jl.11 onrnManbHOro perneHK.11 

Ja.o,a'IH H.a,eHrnq>HKaUHH aaapHiiHoro pe>t<HMa cne,nyeI npe,ny­

cMorpeTh BOJMO>KH0Cih Henpo.11BneITT1R HeK0TOpblX CHMnT0· 

MOB pe>t<HMa KJ•Ja rronHoro OIKa3a ,nar'IHKa. 

B CB.ll3H C JTHM 6bmo IIpHH.llT0 3BpHCIH'leCKOe npaBHnO, 

.a,orrycKa10wee KAeHTHq>HKauHJO pe>t<KMa II0 (n - 1) CHMIIT0· 

MY, rne n - o6mee 'IHCJI0 CHMnI0M0B, 0IIHChIBa!OlUHX aBa­

pK!O. TaKoe H3MeHeHHe yCJioBHii pacrro3HaBaHH.II pe>KHM0B 

YBenH'flUJ0 '!Keno HHq>OpMaTHBHbIX coo6wemoi rrpHMepH0 

Ha 1,5 nop.11.D,Ka (aBapKHHbIH pe>t<KM + orKaJ .o,artJHKa). 

TioH.llTHO, '!IO IIpH rro,no6HhIX o6MMax 0IIHCaHH.11 aBapHH· 

HhIX pe>KHM0B I o6beMax IIOKa3aHHH .a,aI'IKK0B H ,ll;0B0flbH0 

cnO>t<HhIX anropKTMax aHanHJa KHq>OpMau1rn H norntJeCK0rO 

Bhmo,na np.11Ma1I pea.rm3aUH.II no.o,o6HOH CHCTeMbl B pe>t<HMe 

peanbH0ro BpeMeHH npaKIH'leCKH HeB03M0>t<Ha, taK KaK 

BpeMR peaKI.(HH Ha HJMeHeITT!e pe>t<HMa A0fl>KHO 6bJTb rropRA· 

Ka ~ 10 c. 3Ia rrpo6neMa 6bma pe111eHa pa36HBaHHeM 3.113C 

Ha 2 IIO.D,CHCieMbl - crarH'leCKYJO H ,llKH3MH'leCKYIO, 

CiarntJecKa.11 rro,nc11creMa 3.113C-C pe111aer 3a.o,aqy rrocr­

poemrn IIO 33.0,aHHbIM JKCneprHbIM onHCaHK.IIM aBapHHHbIX 

pe>t<HMOB .a.epeaa Bb!BO.O,a ,llHarH0CTH'leCKHX coo6weHHii 

npeieH.a,eHroB rnna aBapHHHhIH pe>KHM + orKaJ .o,aitJHKa 

(~ 104 coo6weHHii). TiocKOnhKY .o,aHHoe .a,epeao cipoHrc.11 

anpH0pH, 6e3 ytJeia aKryanbHbIX noKa3aHHH .D,3I'IHK0B, IO 

npH ABH>t<eHKH no JT0MY .a.epeay orceHaa10Ic.11 Bee anbrep­

HaTHBhI, K0TOpbie, cornacH0 HJBecrH0MY npaBHny rpex 

cKrM, no11rn HaaepH.11Ka He coornercrny10I onpe.a,eneHHoMy 

Ha6opy 3Ha11eHHii rrapaMerpoB. OrMernM, IJT0 rrpH rrocrpoe­

HHH .a,epeaa HCII0flb3YJOTC.ll cneuHanbH0 pa3pa6oraHHbie an­

ropHIMbl orrpeneneITTl.11 ,llKX0T0MHIJeCKHX napaMeTpOB H HX 

JHa11eHHH C reM, 'IT06bI MaKCHManbH0 C0KparHTb cpe.a,Hee 

l!Hcno 111arOB BbIB0.O,a cnHCKa ,llH3rHOCTH'leCKHX coo6we­

HHH -npereH.D,eHT0B. 

KpoMe roro, 3.113C-C rrpe.a,ociaBn.11eI rrom3oaaien10 

06bI'IHhIH ,nn.11 3C Ha6op OIII.(HH: HaKonneHHe H MOAKq>HKa-

UHR 3HaHHH (B HallleM CJiytJae - 0IIHCaHHe aaapKHHbIX pe>KH­

MOB), 06bRCHeHKe 11eii:CIBHH (B ,naHH0M cny11ae - rrocne.o.o­

BaienbHOCIH 111aroB npH onpe.o,eneHHH CIIHCKa coo6me­

HHH - npeieH.D,eHTOB) . 

.IbrnaMHtJecKa.11 no.o,cKcieMa 3.113C-Jl pe111aeI Ja,naqy 

onpe,neneHH.11 rro npeAOCiaBneHHoMy eii Ha6opy JHa11eHHii 

.o,aitJKK0B 3a n c6pocoa AHarnocrntJeCKoro coo6weHH11 (KnH 

HecKonhKHX coo6meHHii:, Ho He 6onee, cKa>t<eM, Ipex) o 

HaH6onee B03MO>KHOM rnne aBapHHHOro pe>t<HMa H 06 OIKa-

3aBlllKX )J.at'IHKax. CHcieMa 3.Il3C-.Il BKn1011aeic11 B pa6oiy 

no npeBbI1ileHH10 paHee onpeAeneHHoii yciaBKH noKaJaHHii 

KaKoro-nH6o K3 onpaWHBaeMbIX )J,aIIJHK0B If, lfCnOnbJYR 

rrocipoeHHoe 3.Il3C-C AepeBo Bbrno.o,a, onpeAen.11eI Ja OTHO· 

CHienbH0 He6omwoe IJHCJIO 111aroB (20 - 25) CIIHC0K npe­

IeH)J,eHTOB. IlOCKOflbKY )J,epeao Bbmo.a,a CipoKICR B napa­

AKrMe 
11

II0IJTH HaBepH.llKa He", IO, ecieCTBeHH0, CIIHC0K rrpe­

reH)J,eHI0B 0KaJbIBaerc.11 )J,OCiaTOIJH0 6onblllHM, TIOJIOMY 

,nn.11 COKpameHH.11 Jroro CIIHCKa 3.Il3C-Jl ,llKHaMHIJeCKH 

BKn1011aeI nH6o BbIIJHCJieHHe 6onee Ciporoii: cpyHKUHH npK­

Ha,nne>t<Hocrn Ha6opa CHMTII0M0B aBap1rn, nK6o CPaJY cxe­

MY pacnoJHaBaHH.11 no Eaiiecy. 

Tipe,nno>t<eHHaR cxeMa 3.Il3C, cornacHo JKcnepHMeHianb­

HhIM If rrpeABapHienhHl>IM pac11eraM, noJBon.11er o6ecnetJHib 

A0CtaIO'IHO paHHIOIO H Ha)J,e>KHylO H)J,eHIHq>KKauK10 aBapKH­

HbIX pe)K}IM0B If IeM caMbIM nOBblCKib 6eJonacHOCTb A3C . 

OrrncaHHbIH anropKTM pacno3HaBaHH.ll peanHJ0BaH Ha 

38M "3neKtpOHHKa-85" a BH)J,e nporpaMMbI, KOI0pa.11 ,llnR 

pa6oibl rpe6yeI TOflbK0 3anonHeHHR 6a3bl 3HaHlfH, CO)J,ep>t<a­

rueii oIIHcaHHe acex aBapHii. HcnomJy.11 ny 6aJy JHaHHii:, 

BCIO )J.anbHeii111yro pa6ory nporpaMMa BblIJOflH.lleT aBIOMarn­

tJeCKlf. Jln.11 orrncaHHR pe>KHM0B pa3pa6oratt cnel.(Han&HbIH 

.113bIK OIIHCaHHR noBe)J,eHKR napaMeipOB, KOIOpbIH, KaK no­

Ka3ana npaKTHKa, .11Bn.11eic.11 .o,ocraIO'IH0 a.o,eKBaIHhIM, co­

ornercrny10IUHM paccy>t<.o,eHH.llM rexttonoroa H B ro >Ke ape­

MR )J,0CtaI0IJHO rrpoCTbIM, IJT0 )J,enaeI 0IIHCaHKe YCIOH'IHBbIM 

0IHOCHienbH0 B03MyWeHKii. EaJa 3H3HKH .llBflReTCR 0TKpbl· 

roii If nerKo MO,llHq>HUHpyeMoii. 

PacCMOipeHHbie Bblllle aBapHH 6bITTlf KCil0flb30BaHbl B 

Ka11ecrne KCX0AHbIX )J,3HHbIX 3.113C. B Ia6n. 3 ,nn.11 rrpKMepa 

IIpKBe,neHo 0IIHC3HHe ABYX aBapHHHblX pe>t<HMOB (A - JHa­

lJeHHe rrapaMeipa B 0THOCHTenbHbIX e)J,HHHUaX 11epe3 10 C 

c M0MeHra o6Hapy>t<eHHR aH0ManHH; a - cratt.a,apIHoe or-

KnoHeHHe HJMepeHHH napaMerpa). 

"M3lliHHHoe" rrpe.o,ciaBrreHHe HalJanbHOH '13CTH )J,epeBa 

pacrroJHaBaHHR HMeeI BK.o,: 

0 2 -.557063 l 156 - 1 

1 1 -.783852 2 85 0 

2 3 -.058216 3 58 1 

3 3 -.927063 4 31 2 

4 7 - .82010 5 18 3 

5 - .129058 6 13 4 

6 1 -.000502 7 10 5 

7 2 -.005218 8 9 6 

8 3 0 0 - 1 7 

9 4 0 0 -2 7 

10 2 -.093218 11 12 6 
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TaonHua 3. O1111caHKe aeapHii 

Xa paKTepHCTHKa 

H3Mep11eMoro napaMeTpa 

napaMeTp 

noeeneHHe A (1 

AeapH11 l 

P, YMeHbUJeHHe 0,9276 0,009276 

P, YMeHbUJeHHe 0,8206 0,008206 

AeapH11 2 

P, BcnnecK 0,0001 0,000001 

P, BcnnecK 0,0058 0,000058 

Pa YMeHbilleHHe 0,6781 0,006781 

Cro6Ubl COOTBercTBeHHO 03Ha'laJOT: 1 - HOMep y3Jla 

nepeBa; 2 - HOMep onmMaJibHoro napaMeTpa B y3rre nepe­

Ba; 3 - 3Ha'leHHe 0ilTHMaJibH0f0 napaMerpa C Y'ITeHHOH 

cpyHKUHeH H3MeHeHHn napaMerpa; 4, 5, 6 - CCbIJIKH HaJieBo, 

HanpaBo H Ha3an B nepeue. 
Y3Jlbl 8, 9 nepeBa - JIHClbH (CCbIJIKa HanpaB0 MeHbllle 

HYJIH H noKa3bIBaer nopHlJ.KOBbIH H0Mep JIHCra B MaCCHBe 

rrucr&eu), 2-H crorr6eu B JT0M crryqae conep>KHT lJ.JIHHY rrHcra. 

OKoH'laTerr&m,re coo6weHHJ1 (rrHcT&n) 3n3C nocrre nocT­

poeHH.11 nepeBa 6ynyT HMeT&, HanpnMep, crrenyroWHif BHn: 

DHCT 1: 

(103) TetJ& 1 KoHrypanY-100 Me)l(lJ.y PH nr / "HencnpaBHo" 

naBrreHHe B Kn 

(602) 3aKpbITHe CPK Typ6HH&I / "HencnpaBHa" HeiirpoHHan 

MOWHOCTb 

(800) Te'lb nY-400 Ha naponpoBone nr. 
Uncppbl B CK06Kax - "MatllHHHOe" OnHCaHHe pe>KHMOB ; 

HanpHMep, 103 - pe>KHM 1 c HeHcnpaBHOCTblO nar'!HKa 3, 

a 800 - pe:lKHM 8 6e3 HeHcnpaBHocTeH naT'IHKOB. 

Bee nepeuo pacJI03HaBaHHH conep>KHr ~ 400 y3rroB : pe-

3YJibTaT pa6oTbI cHcTeMbI 3n3c-C ~ 200 rrHcT&eB. Ba:lKHO, 

'ITO B JIIOOOM crryqae MaKCHMaJibHOe KOJIH'leCTBO CpaBHeHHH 

He JipeB&rwaeT 10, tJro o6ecne'!HBaer onepamBHyIO l).HarHo­

cmKy YKa3aHHblX aBapHH B peaJibHOM BpeMCHH (He 6orree 

10 c). 

PaccMorpeHHbre IIO,:J,XOlJ.bl C03l).aHH.ll CHCTeM onepaTHB­

HOH l).HarHOCTHKH Il0Ka3bIBaIOT 3cpcpeKTHBHOCTb aBTOMaTH-

3HpOBaHHOH l).HarHOCTHKH aBapHHHblX pe:lKHMOB. Onb!T HC­

IlOJib30BaHH.ll CHCTeMbI 3n3C noKa3an, ttTO y:lKe npocTb1e 

anropHTMbl l).HarHOCTHKH nocTaTO\IHO Jq>q>eKTHBHbl H Il03B0-

JI.IIJOT C03l).aBaTb llOJIHOCTblO aBTOMaTH3HpoBaHHbie l).HarHO· 

cmtteCKHe CHCTeMbI, npHrOl).Hble nrr.11 npaKTH'ICCKOro npHMe­

HeHHH Ha A3C. 

11cnoJib30BaHHe 6orree CJIO)l(Hb!X anropHTMOB l).HarHOCTH­

KH, OnHCaHHbIX B nepBOH qacrH, yqHTbIBaIOWHX pe3yrr&rar 

npel).BapHTerrbHoro aBToMaTH3HpoBaHHoro aHaJIH3a nouene­

HHH aHOMaJibHblX 0TKJIOHCHHH KOHTpOrrHpyeMbJX nepeMeH­

HblX H crpyKTypHpoBaHHe aBapHHHOH HHq>OpMattHH, BO MHO· 

rHX crryqaJIX Il03B0JIHT: 
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- Bbl.llBHTb HaH6orree HHq>OpMaTHBHYIO nrrn l).HarHOCTH­

\leCKHX uerreH COBOKYllHOCTb KOHrporrHpyeMblX JiapaMerpOB 

(OilTHMH3HpOBaTb OilHCaHHe COn); 

- yMeHblllHTb BpeM.11 H,:J,eHTHq>HKaUHH aHOMfV!bHOro npo­

uecca; 

- yuerrH'IHTb rrry6HHY nHarHOCTHpoBaHH.11 npH TOH )KC 

wraTHOH CHCTeMe H3MepHTCJibHblX ycTpoHCTB; 

- yuerrH'IHTb Hal).e:lKHOCTb pacno3HaBaHHH O:lKH,:J,aeMoro 

MHO:lKecTBa aBapHHHblX pe>KHMOB. 

Pa3BHTHe con 3Hepro6noKa A3C npennorraraeTCH no 

nym coqeraHHn o6oHx nonxonoB. 

CnHCOK JIHTepary p bl 

1, [aBpHJIOB 11.A. H np. HeKOTOpble BOilpoCbl opraHH3atlHH 

CHCTCMbl l).HarHOCTHKH A3C c ypaH-rpaq>HTOBblMH KaHaJib­

HblMH KHillUUHMH peaKT0paMH OOJiblllOH MOWHOCTH 

(PEM-K) Ha 6a3e YBM//Bonpocb1 aroMHoii HayKH H rex­

HHKH. Cep. nHHaMHKa H3Y. 1979. B&m.1 (5). C.17 - 23. 

2. Ea6KHH H.A. 06 HH<popMaTHBHOCTH npH3HaKOB npH p.Har­

HOCTHpOBaHHH H3Y//BonpOCbl aroMHOH HayKH H TCXHHKH. 

Cep. <l>H3HKa H TCXHHKa .lllJ.CpHblX peaKropos. 1982. 

Bbm. 3 (25) . C. 31 - 38. 

3. EpauepMaH 3.M., MyttHHK 11.E. CTpyKrypH1>1e Meronb1 o6-

pa6orKH 3MilHpH'ICCKHX naHHbIX. - M. : HayKa, 1983. 

4. A6arnH A.A. H np. CHcTeMa KOHrporrn H nHarHOCTHKH pe­

>KHM0B pa6oTbI JHepro6noKa A3C// AToMHan JHeprnn. 

1987. T. 63. Bbm. 3. C. 311 - 315. 

5. Ea6KHH H.A., KanHllleB O.H. 06 aBTOMaTH3aUHH H anama­

UHH Oll.HOH pacno3Ha10weii cHcTeMb1//Bonpocb1 aTOMHOH 

HayKH H TeXHHKH. Cep. <l>H3HKa H rexHHKa nnepHbIX pe­

aKropoB. 1986. Bbm. 1. C. 36 - 41. 

6. Ea6KHH H.A. 06 OlJ.HOM nonxone K aBT0MaTH3attHH l).Har­

HOCTHpOBaHHJI J13Y //BonpOCbl aTOMHOH HayKH H TeXHH­

KH. Cep. <l>H3HKa H TCXHHKa .lllJ.CpHblX peaKropoB. 1988. 

Bbm. 1. C. 76 - 82. 

CTaTbll ll0CTynHna B penaxuHJO 

27 <j>eepan11 1989 r . 

BonpOCbl aTOMHOl:t HayKH H TeXHHKH. Cep. 

~HJHKa xnepHb!X peaKT0poB, 1989, Bbm. 3, c. 47 - 52. 
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CIIOCOBbl ,Z:UiArHOCTHPOBAHIUI R3Y 
HA OCHOBE MATEMATH4ECKO0 MO,UEnH ~HHAMHKH 
KOHTPOnHPYEMblX TEXHonorH4ECKHX IIAP AMETPOB 

B.B. 3HhillleB 

npeD,JJaraeTCSl 38.J).aqy <t>YHKUHOHam.Horo W{arHOCillpOBaHHJI 513Y pewan C Hcnom,JOBaHHeM BCnOMOraTem.HhJX <t>Hm.TpOB AaHHJ,JX KOHTJ)O· 

JUI H npHHUHnOB 'IHCneHHoro HHTerpHpOBaHHSl CHCTeMbl O6bJKHOBeHHblX AH<t><t>epeHUHam.HblX ypaBHeH1d!. 

NUCLEAR POWER FACILITY DIAGNOSTICS PROCEDURES BASED ON A MATHENATICAL MODEL OF THE CONTROLLED TECHNO­
LOGICAL PARAMETER DYNAMICS. V.V. ZNYSHEV. The problem of the nuclear power facility functional diagnostics is suggested to be solved 
using the check data auxiliary filters and the principles of the ordinary differential equation system numerical integration. 

MaTeMarn'leCKYlO Monenb rornaMHKH KOHTp01IHpyeMblX 
TeXHOJIOrlfCleCKHX napaMeTpOB :meMeHTOB H3Y B 60JTI,JJil{H• 
CTBe cnyqae MO>KHO 3am!CaTb B BHAe 

dX(t) _ 
-- = F(X(t), U(t), U(t)), t;;,, 0; 

dt 

X(0) = Xo ; U(0) = Uo; U(0) = Uo , 

(1) 

rne X (t) - KOHTp01IHpyeMbie TeXHOJIOrH'leCKHe napaMeT­
pbl, XE Rn; U (t) - KOHTpoJIHpyeMbte nJiaHOBbie ynpaB­
neHHR., lJ E Rr; U (t) - B03M}'IlleHHR, COOTBeTCTByroLUHe 
HCKOMbIM HeHcnpaBHocrnM, U E Rm; F - B o6meM cny­

'!ae HeJIHHeHHa.11 BeKTOp-<pYffKUHR, nHcf>cf>epeHUHpyeMaR: no 
CBOHM apryMeHTaM . 

.Il,HarHOCTil'leCKaR: 3ana'la COCTOHT B onpeneneHHH HeH3Me­
pR:eMblX U(t) no ypaBHeHHJIM (1) H nocTynaroIUHM H3 CH· 
CTeMbI KOHTpon.11 naHHblM O TeKywHX 3Ha'leHHRX X(t), 
U(t). B [l , 2) :na 3ana'la HHTepnpeTHpyeTcR KaK xapaK­
TepHa.11 nJIR TeopHH ynpaBneHHR 3ana'la "ocywecTBneHHR 
Ha3Ha'leHHOH TpaeKTOpHH", nIIR peweHHR: KOTOpoH 
nepcneKTHBHO HCnOJib30BaHHe MernnoB o6paTHbIX 3ana'I 
nHHaMHKH. B nononHeHHe K pa6oTe [ 1] npHBeneM pRn 
npHeMOB, ynpoIUa10lUHX peweHHe 3ana'IH. B OCHOBe npHe­
MOB Jie)KHT coo6pa)l(eHHe O TOM, 'ITO Ha Ha'laJibHOM :nane 
nHarHOCTHpoBaHHR Ba)l(HO onpenenHTb npH'IHHY Ha6monae­
MbIX HapyweHHH H naTb JIHWb 01.(eHJ<y ee KOJIH'leCTBeH­
HblX xapaKTepHCTHK, TOttH0ro 3HaHHSI I<0T0pbIX 'lame ,Bcero 
He Tpe6yeTCR. TT03TOMY OKa3bIBaI0TCR npaKTil'leCKH noJie3-
HblMH npH6JIH>KeHHbie cnoco6b! peweHHR: nHarHOCTI!'leC­
KOH 3ana'IH. 

l. EyneM C'IHTaTb, 'ITO Bb16paH HHTepBan BpeMeHH 
At, Ha KOTOpoM H3MeHeHHR: B nHarHOCTHpyeMOM JJieMeH­
Te H3Y HaCTOJlbKO MaJibl , 'ITO MO)KHO npeHe6pe'lb pa3HH­
ueH Me>Kny 

F(X(t), D(t), U(t)) H F(X(t - c5t), D(t - c5t), U(t - - c5t)) + 

• >3Aec1>, KaK H B [ l )1 MSI npoCTOTLI HJflO>KeHHJI npeAnonaraeT­

c11, 'ITO CffCTCMa ffJMepeHlUI 6eJblHepUHOKHa ff HAeam.Ka no TO'IHOCTH 

ff HaAC>KHOCTH. 

aF aF 
+(- ) (X(t) - X(t - c5t))+(--=-) (U(t) -

_ax1 - 6t aF au t - 6t 

- U(t - c5t)) + (- ) (U(t) - U(t - c5t)). 
au 1- 6t 

Tor,u,a, ecrm npe.llC'I'aBHTh t = kc5t H o6o3Ha'IHTb x (k) = 
= X(k) - X(k- 1); u (k) =Dk - U(k-1); u(k) =U(k) -

- U(k - l), TO cHcTeMy (l) MO>KHo 3aMeHHTb annpoK­
CHMHpy10meH CHCTeMOH BHna 

aF 
[I - ( ax\_

1 
c5t] x(k)= c5t[F(X(k - !), U(k - l), 

aF aF (2) 
U(k - 1))+(-=-) u(k)+( - ) u(k)]. 

au k- 1 au k-1 

OTc10na HCKOMbte u (k) ' COOTBeTCTBYlOlllHe HeHcnpaBHOC· 

TRM, 6ynyT CBR3aHbl C anpHOpH H3BeCTHblMH H H3MepRe­
MblMH BeJIH'IHHaMH cnenyroIUHMH COOTHOWeHHRMH: 

aF 
(- ) u(k) = A(k); au k - 1 

aF aF 
A(k)= [1-(- ) c5t)x(k) - At[F(k - l)+(-=-) x 

ax k - 1 au k -

x if(k)] . (3) 
CHt:TeMa (3) - OCHOBa nJIR anropHTMa o6Hapy>KeHHH 

HeHcnpaBHOcTeH, B03HHKaJOIUHX npH pa6ore H3Y B pa3-
JIH'IHbIX pe>KHMax, B TOM 'IHCJie nnaHOBblX pe>KHMax, conpo­
BO>KnaJOlllHXCR rny6oKHMH H3MeHeHHR:MH KOHTpo1IHpyeMblX 
napaMeTpOB (pa3orpeB, pacxona>KHBaHHe, MaHeBpHpoBaHHe 
M0lUH0CTbIO H r.n.). Herpyll,HO BHneTb, 'IT0 CHCTeMa (3) 
nOJIY4eHa Ha 6a3e H3BeCTHblX cpopMyn 'IHCJieHHoro HHTer­
pHpOBaHHR CHCTeMbl 06bIKHOBeHHblX AHcf>cpepeHllHaJibHbIX 
ypaBHeHHH. AHanoroM wara HHTerpHpOBaHHR: RBJIR:eTCR 
HHTepBan BpeMeHH At, 'lepe3 KOTOpbIH rrpoBOnHTCR onpoc 
KaHaJIOB KOHTp0JIR . IlpH 3TOM npennonaraeTCR, 'ITO BpeMR 

onpoca Bcex KaHaJioB rrpette6pe)l(HMO Mano no cpaBHeHHlO 
C Ot. 

B cny'!ae, Korna nHarHocTHpoBaHHe npoBonHTCR npH 
pa6oTe H3Y Ha ycTOH'IHBOM CTauHOHapHoM pe>KHMe, 
(a!'/aX)k = (aF/3X)k_ 1 = A; (3F/aD)k = (3F/aU)k_ 1 = 
= B; (aF/aU)k = (aF/aU)k _ 1 = B - nocTORHHbie MaTpH· 
!.(bl pa3MepoB nxn, nxr, nxm COOTBeTCTBeHHO. 3aMeTHM, 
'ITO BbI'll{CJIHTb 3JieMeHTbI MaTpH!l A, B, B (JIHHeapH30BaTb 
MoneJib (1)) MO>KHO H3BeCTHbIM cnoco6oM Ha 3BM. )lnR 
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noro nocrrenoBaTeJibHO K Ka)l(,[(OMY CTaIIHOHapHOMy JHa-

11eHHIO X 0 , U 0 , U 0 Heo6xonHMO no6aurrHTb OTHOCHTerr&Ho 

Ma.JIYIO KOHCTa.HTY c5X, c5U, c5U, He BbIBOWUizylO CHCTeMy 

(1) HJ o6rracTH mrnewHocTH, nocrre 11ero paccl!HTaTb no 

ypauHeHHHM nHHaMHKH HJIH CtaTHKH HOBOe CTailHOHap­

HOe COCTOHHHe CHCTeMbI (2) B npHCY::TBHH JTOH no6aBKH. 

HanpHMep, F (Xio + c5Xi , X 0 i, U 0 , U 0 ) = 0. Torna 

:meMeHTOM ami MaTpHUbI A 6yneT IIHCIIO 

F m(Xoi + c5~, Xoj, Uo , Uo) -· F 
0
/Xo , 00 , Uo) 

0~ 

BOJMO>KHOCTH nHarHOCTHpOBaHHH (KaKHe HeHcnpaBHOC­

TH MO>KHO o6Hapy,t<HBaTb H HaCKOJibKO TOIIHO H "paHo" 

C IlOMOIIlblO MaTeMaTHl!eCKOH MonerrH H HMe10mewc11 CHCTe­

MbI KOHTporr11) cymecTBeHHO JaBHCHT OT CTeneHH aneKBaT­

HOCTH MOnerrH, OT paHra MaTpHUbl a f /a UH l!aCTOTbl nocTyn­

JieHHH HHq>OpMailHH O BeJIHl!HHaX X RU (OT ot). 
CrrenyeT TaK)l(e JaMeTHTb, IITO Ha npaKTHKe na)l(e npH 

OTCYTCTBHH HeHcnpaBHOCTH (u = 0) npauu 11acTb ypau­

HeHHH (3) A (k) 6yneT OTJIHl!Ha OT Hyrr11 HJ-Ja nocTOHH· 

HOH HJIH MeHHIOIUeHCH BO BpeMeHH no6aBKH, BblJBaHHOH 

OUIH6KaMH IIHCIIeHHoro MonerrHpOBaHHJl H KOHTpOJIH . 

.Ilo6auKa 3Ta 6yneT npHCYTCTBOBaTb B Ka)l(,[(OM ypauHe­

HHH CHCTeMbI (3) B Tel!eHHe npoBonHMOro nrraHOBOro 

pe)l(HMa. To ectb nHarHOCTHpoBaHHe (aHaJIHJ CRCTeMbl 

(3)) noJl)l(HO Hal!HHatbCJl npH Bb!IlOJIHeHHH ycrrOBHJl 

I A (k) I > e, rTi,e e pacc11Ht&1uaeTCJ1, Hcxonn HJ yKaJaHHbIX 

BOJMO>KHblX OWHOOK. IlpH JTOM 6orree Hane)l(HO 6yi:zyr 

o6Hapy)l(}{BatbCJl HeHcnpaBHOCTH, KOTOpbie BblJbIBa!Ot HJMe­

HeHHJl B KOHtporrHpyeMbIX BeJIHIIHHax B enHHHUY BpeMeHH 

JHal!HteJibHO 6om,WHe, 11eM HJ•Ja BJIHRHHJI OUIH60K. Ta­

KHe HeHcnpaBHOCTH B MOMeHT HX noRBrreHHJl 6ynyT cy­

mecTBeHHO BJIIDITb Ha CKOpoCtb HJMeHeHHH Tex A (k) ' 
B KOTOpbIX oHk CMonerrHpoBaHbI. 

2. Bblllle npennonararrocb, 'ITO COCTaBJIRIOIUHe KaHarrOB 

HJMepeHHR (naT'IHKH, npeo6paJOBarenH H r.n.) 6eJbIHep­

UHOHHbI. B neHCTBHTenbHOCTH HHtepUHOHHOCTb KaHaJIOB 

HJMepeHHR HMeer Mecro H npaKTH11ecKH 06ecne11HuaeT 

HH3KOll8CTOTHYIO q>HJibTpauHIO CHfHaJIOB Ha Bxone KaHa­

JI0B. B TO )l(e BpeMJI caM KaHarr HJMepeHHJl MO)l(eT CIIY)l(J{Tb 

HCTO'IHHKOM WYMOBbIX no6aBOK Ha ero BbIXOne. Y11er 

JTHX CBOHCTB KaHaJIOB HJMepeHHJl pe3KO JatpynHJleT pe­

weHHe nHarHOCTHl!eCKOH Janal!H HJ-Ja He06XOnHMOCTH 

JailOMHHaHHJl H nepepa6otKR OOJibWOro o6neMa HHq>opMa­

UHH o teKYIUeM npouecce (11eM crro>KHee MoneJib, OnHCbI· 

BalOIIlaJI Kattarr HJMepeHHR, TeM OOJibWaR Bb16opKa naH­

HbIX c BbIXona KaHarra HJMepeHHJl Tpe6yetCJl nJIJl BOCCTa­

HOBJieHHJl reKYIIlHX JHal!eHHH KOHtpomtpyeMOH BeJIHIIH· 

Hbl). JlOJTOMy Ba)l(HO HMeTb cnoco6bI o6xona YKaJaHHbIX 

tpYAJ{Octeii. Ilpenrro:ll<HM nua raKHX cnoco6a nrrR cnyqan, Kor­

na HMeerc.11 aneKBatHaJI Monerr& nHffaMHKH .H3Y B BHne [l]: 

Tx =Ax+ Bu+ Bu, x(0) = u(0) = u(0) = 0. (4) 

IlOHCK HeHcnpaBHOCTeH u 0CYIUeCTBJIJleTCJl, cornaCHO [ 1] , 
nyreM aHaJIHJa ypauHeHHH (4) : 
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Bu= A; 

A= Tx - Ax - Bu. 
(6) 

Cnoco6 1. Ilyctb KaHaJibl HJMepeHHH HMelOT pa3Hble 

KoJq>q>HUHeHTbI nepena11H Wi (p), i\ (p), r]JJ! p - napa­

Merp npeo6paJOBaHHJl ITannaca, i = 1, 2, ... , n; j = 1, 2, ... , r : 

(7) 

(Yp y. - BbIX0n&I KaHaJIOB HJMepeHHJl). 

l1ocrauHM Ha B&1xone Ka)l(,[(oro KaHarra HJMepeHHJl 

BCn0MOraTeJibHbIH q>HnbTp C taKHM KOJq>q>HUReHTOM nepe­

nal!H W <l>i (p) , W <l>j (p) , IIT06bl ,[IJIJI BCex KaHaJI0B HJMepe­

HHJl Bb!IlOJIHJIJIHCb CO0THOWeHHJl: 

(8) 

rne y <l>i' y <l>j - BblXOnbI BCnoMorateJibHOro q>Hilbipa, 

a Wo (p) - 0nHHa!(OBblH ,[IJIJI Bcex KaHaJIOB HJMepeHHJl 

KoJq>q>HUHeHr nepena11H. 

113 (7) H (8) nonyqaeTCJl q>opMyrra, no KOTOpoH CT,.POHT· 

CH BCnOM0raTeJibHblH q>HJibTp : 

\"-I . = ffil.)- 1 W • W . = (\"i'. )""! \'✓ <l>l \"1 O, <l>J J O· (9) 

B pa6oTe [ 1] noKaJaHo, IIT0 ecrrH npH pac11eTe A no q>opMy­

ne (6) BMeCT0 x H u noncTaBJIJITb C00TBeTCTBYIOIUHe BbIX0· 

nbI 0nHHaK0BbIX JIHHeHHhIX q>HnbTPYIOIUHX JBeHbeB, BX0· 

naMH K0TOpbIX CIIy)l(aT X H u, TO ll0JIYl!a!OIUHeCJl B peJyJib· 

TaTe aHamtJa ypaBHeHHH (5) HeK0TOpbie u<I> 1 6ynyr CBJI· 

JaHbI C HCK0MblMH Uz TaKHMH )l(e JBeHbJIMH. B HaweM crry11ae 

OTc10na crrenyeT nocrrenouaTen&Hoc1& neiicTBHH M" pewe­

HHH nHarH0CTHl!eCKOH Janal!H cnoco6oM 1. 
1. BbIXOn&l KaHaJI0B HJMepeHHJl y, y nponycKalOTCJl 

11epe3 BcnoMoraTeJibHble q>HJibTpbl, noc1poeHHbie taKHM 

o6pa30M, IIT06bi Bb!Il0JIHJIJI0Cb C0OTH0WeHHe (9). (Ycrro­

BHe pearrHJyeMOCTH BCn0M0rateJibH0ro q>HnbTpa - CTe­

neHb p JHaMeHaTerrJl KOJq>q>HUHeH1a nepenal!H q>Hn&Tpa 

60JibUie HJIH paBHa CTeneHH 'IHCIIHTenJ1). 

2. BbIXOn&I BCn0M0raTeJibHbIX q>HnbTpOB y <1>, y <1> 

HCn0JibJYIOTCJl B Bbl'IHCIIeHHH nepeMeHHbIX A<I> : 

A<1> = Ty<I> - Ay<I> - By <1> 

(A<I> JT0 A npH YCII0BHH, IIT0 X H ii JaMeHeHbI Hay <I>' y <I>). 

3. IlyreM aHarrHJa ypauHeHHii 

(11) 

HaX0nHTCJl u<I> • . B HeK0TOpblX crrr1a11x y)l(e Ha JT0M ware 

nocTHraeTcJl uen& nHarnocTHpoBaHHJl onpenerr11eTcJ1 

MeCT0 H npHIIHHa HapYUieHHJI. 

4. 11CKOMbie HeHcnpaBH0CTH u onpenerr.lllOTCJI H3 ypau­

HeHHJl (IQ). 

.)Oco6eHHOCTH 8HaJIHJa CM., HanpHMep, s [l] . 



EcnH npHHSiTb BO BHHMaHHe peanbHOe o6CTOSiTeJJbCTBO, 

•!TO B JJIOOOM JJJCMCHTe AHarHOCTHpoBaHHSi 0,1].HOBpeMeHHO 

M0r)'T B0JHHKHYTb H pa3BKB3TbCSi OAH3·ABC HeHcnpaBHOC· 

TH, TO H3XO,ll.HTb U<I> , 3HaJIH3HpySi (11), H BOCCT3HaBJJH· 

B3Tb (ecnH noTpe6yeTcSi) u no ypaaHCHHIO (10) 3HatJHTC11b· 

HO npowe, tteM BOCCTaH381IKB3Tb /].HH3MHKY acex BXOAOB 

KaHanOB HJMepeHHSi H HCK3Tb HenocpeACTBCHHO U no HCXOA· 

HblM ypaBHeHHSiM (5) , (6). 
npHMep. llycTb KOJ<f><PHUHeHTbl nepe,a.atJH K3HaJIOB 

H3MepeHH~ - penaKC3UHOHHbie 38CHbSi: wi =! / (Tip+ l) ; 
Wi = 1 / (TjP + 1) . Tor.a.a HaH6onee npocTbIM npouecc pe· 

lUCHHSi /].HarHOCTHtJeCKOH Ja,a.atJH 6yAeT, ecnH Bb!6patb 

W0 (p) = l / (T0 p + l)_:t , cornacHo<f>opMyne (9),W<l>i= 

= (Tip + l ) / (TO p + 1) , WJ<I> = (TjP + l) / (TO p + 1). 
Cnoco6 2. BOJbMeM a Kattecrne BCilOMorareJJbHblX 

<PlillbTpOB rrpocTeiru.rne penaKC3UHOHHble 3BCHbSi C IIOCTOSiH· 

HblMH BpeMeHH T <I>' 0/].HHaKOBblMH /l.1ISi a cex KaHanoa HJMe• 

peHHSi H BO MHOro pa3 rrpeBblWa!OlUHMH M3KCKM311bHQe 

apeMSi nepeXO/].HbIX rrpoueccoB B ,ll.HarHOCTHpyeMblX JneMCH· 

Tax H KaHanax HJMepeHHSi Tmax· llpH Tm ax/ T<I> ~ l /l.1ISi 

paCCMaTpH.BaeMOH CHCTCMbl Bb!IlOIIHSilOTCSi ycnoBHR 

A.H. THXOHOBa /J.1ISi CHCTeM C MaJlblM napaMeTpOM npH 

ttacni npOHJBO,ll.HblX ( CM., HarrpHMep, [3, 4]) , IIOJBOIIRIO· 

lllHe anrrpoKCHMHpoB3Tb HCXO.ll.HYIO CHCTeMy (5) - (7) 

BblpO)KiJ.CHHOH CHCTeMOH BHD.3: 

Ax+ Bu+ Bu= 0: 

y = x; y = u ; 

T<1>y<1> +y<I> =y: T<1>y·<1> +y<1> =y; 

x(0) = u (0) = u(0) = 0. 

(12) 

8ae11eM /].OIIOJJHHTCJJbHbie nepeMeHHbJe u<I>/ ' CBRJ3HHbJe 

c u
1 

ypaaHeHHeM 

H o6oJHatJHM .6<1> cyMMbI ( - Ay <1> - By <1>), Tor11a rrepaoe 

ypaaHeHHe CHCTeMbl (12) MO)f(HO rrepenHC3Tb cne/].y!OlUHM 

o6paJoM: 

(14) 

To eCTb, fl01J,CT3B11SiSi B ypaaHeHHH CT3THKH HCX01-1,H0H CHCTC· 

Mb! (5) BMCCTO X H u BbIXO/lbl acnoMoraTeJJbHblX <PKnbT· 

poa y H y <1> , cooraeTcTBeHHo, nonytJHM J<I> H 11anee HJ 
<I> ~ ,.., 

(14) H3XO/lHM u<I> ; u<I> CBRJaHO C HCKOMblM u ypaaHeHHeM 

( 13). 

OtteBHJIHO, ttTO npKBe11eHHb1e cnoco6b1 yrrpoweHHo ro 

peweHHSi /].HarHOCTH'ICCKOH J3/l3'1H npHMeHHMbl H npH 

llOCTpOeHHH llHCKpeTHoro H.[J.eHTH<f>HK3TOpa HeHcnp3BHOcreii, 

1<or11a HH<f>OpMauHR c BblXOD.OB Bcex HJMepHTCJJbHblX KaHa­

noa nocTynaer n ocnenoaarenbHO nHCKperHo ttepeJ HHTep• 

Ban BpeMeHH 6t (t = k6t) .Ii HCITOllbJYIOTCll llHCKpeTHble 

<PHJJbtpbl. H anpHMep, D.HCKpeTHblM aHanoroM CHCTCMbl 

(12) 6yneT cne11y 10lUaJI CHCTeMa: 

A.x(k) + 13u (k) + t3u(k) = 0, 

y(k) = x(k), y (k) = u~(k); 

y<1>(k);:; (lit/T,i,)y(k) + (lit/T<1> - l)y<l>(k - 1), 

Y<I>(k)= ~ y(k)+(6t l)y<l>(k I ). 
T<ll T<ll 

a CHCTCMbl (13), (14) - CHCTeMa: 

u(k) =(T <1> /6t)u<1> (k) + (T <1> /5t 

Bu<t,(k) = ;,i,(k); 

;<t>(k) = - Ay<t>(k) - IW<1>(k). 

llpe/l.1IO)f(eHHbie cnoco6bl llHarHocnipoaaHHSi YMCHb· 

waJOT BbltJHCIIHTCJJbHble TPY.ll.HOCTH, Bb!JbIBaeMblC He06XO· 

,ll.HMOCTblO BOCCTaHOBneHHR /lHHaMHKH BX0/108 KaHaJIOB 

HJMepeHHR no HX BblXOD.aM H <f>KnbtpauHH D.aHHblX KOHTpo• 

nR, oco6eHHo arnpoii cnoco6: npHMeHeHHe ero He rpe• 

6yeT BbitJHcneHKR npoHJBOAHbJX KOHTpOnHpyeMblX aenH• 

tJHH, OH MaJIOtJYBCTBHTeneH K HJMeHeHHIO ,rnepUHOHHblX 

xapaKTepHCTKK AHarHocmpyeMoro JJJeMeHTa H KaHanOB 

HJMepeHHSi . Ero He/].OCTaTKH CBHJaHbl C cywecTBeHHOH 

HHepUH0HHOCTblO BCflOMOraTCllbHOro <PlillbTpa: Ja,a.ep)IQ(a 

B nonyttemm ,l].HarHOJa H Ma113JI 'IYBCTBHTCJJbHOCTb K 

HMnyJJbCHblM HCHCilpaBHOCT.IIM OTHOCHTCllbHO MallOH npo• 

nomKHTCJJbHOCTH H 3MIUIHTYAbI. 

<l>yHKUHOHanbHble oco6eHHOCTH Ka)K/J.oro HJ pa311HtJ· 

HblX JneMeHTOB R3Y, oco6eHHOCTH npORBIICHHH HCHCilpaB· 

HOCTeii H o6Hapy)f(eHKH JTHX nponaneHHH n.enaIOT HeJ<p<peK• 

TH.BHblM cnenoaaHHe KaKHM·IIHOO YHHBepcanbHblM 06lUHM 

npaaHnaM oueHKH rpamm npHMeHHMOCTH TOfO HIIH HHOro 

cnoco6a AHarttocTHpoBaHH.11. Uenecoo6paJHO .[J]lll Kal!C• 

noro KOHKpetHoro cnytiaSi npOB0D.HTb CTICUHaJlbHOe Hccne­

noaaHHe. 
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PA3HOE 

Y.llK 621.039.512: 518.517 .92 

K BOnPOCY O PEUIEHMM nPHMOA M OBPATHOA 3NLAll 
,llnH YPABHEHMA HEfITPOHHOA KMHETMKM 

IO.M. rycea, P.lll. BaxHToa, A.TI. KocTHUhIH 

OpennaraeTCJI lfHCneHHl,JII MeTOA peweHHJI npllMOII H o6parnoll JaJJ;a'I Wlll ypaeHeHHII HellTpOHHOII KHHeTHKH. nocTpoeHa paJHOCTHaJI cxeMa 
WlJI pac'leTa peaJ<THBHOCTH no peJym.TaTaM HJMepeHHII ruJOTHOCTH HellTpOHOB. OpHBO.llJITCJI npHMepbl . 

ON THE DIRECT AND INVERSE PROBLEM SOLUTION FOR THE EQUATIONS OF NEUTRON KINETICS. Yu.M. GUSEV, R.Sh. VAKHI­
TOV, A.P. KOSTITSYN. A numerical approach to solve the direct and the inverse problem for the equations of neutron kinetics is proposed. 
A difference scheme to calculate reactivity based on the neutron density measurement result s is constructed. Examples are presented. 

noc-nmOBKa 33]l8'1H. HeiiTpOHHO-<f>H3H'leeKHe npoueeebI 

B peaKTOpax Ha Me)],11eHHblX HeHTpoHax onHeb1Ba10TeH cne­

nyiomeii eHCTeMoii nH<pq>epeHI1,Han&H1>1x ypasHeHHH [I] : 

6 

k- L 13., 6 dn 11=1 

- - n+ 2 11..,e., ; 
dt L 

11= I 

(I) 

de 13 
----!'... = - "- n - 11.e ,v=J ,2, ... 6 
dt L II II 

(2) 

Ha'l3JlbHble ycnoBHH: J],11H t = 0 

13 
n(O) = n0 ; e11 (0) =~L no• 

II 

(3) 

O6o3Ha'leHHH : n = n(t) - flJIOTHOeTb HeHTpoHoa; e = 
II 

= e., (t) - KOHUeHTpa.JJ,HJI .H]lep - npenweeTBeHHHKOB 3afia3-

AblBaIOLUHX HeiiTpOHOB v-ii rpynn&1; k = k(t) - peaKTIIB-

HOeT&; 13. ' A , L - noeTO.HHHbte BeJJH'IHHbl. 
II IJ 

ITpH Hecnenoaamra AHHaMHtJeeKHX eaoiieTB peaKTOpa 

pewaeTeH npHMaJI 33]la'la. llpH 3anaHHOM B03neiieTBHH 

Ha peaKTOp no peaKTHBHOern k(t) , npeneTaBJJeHHOH 3Ha­

tJeHHHMH ki B TO'IK3X \· 0 ,i;;;; i ,i;;;; m , o6pa3yi<>LUHX pa36He­

HHe t = 0 < t1 < t2 ... < tm = T, HaxonHTeH peweHHe 

eHeTeMbl (1) - (3) - H3MeHeHHe BO epeMeHH flJIOTHOeTH 

ueiiTpouoe n. (t). 
I 

O6parna.H 3anatJa 3aKJJJO'laeTcH e onpeneneHHH cpyHK-

UHH k . (t .) npH 33A3HHOH <pyttKUHH n. (t.), npeneTaBJJeH-
1 I I I 

HOH npH6mt>KeHHbtMH 3Ha'leHHHMH n. B Tex >Ke TO'IKax 
I 

t .. ITpH JTOM H3BeeTHO, 'ITO lln(t.) - n.11 ,i;;;; 8., rne 8. -
I I I I I 

3anaHHoe nonyernMoe yKJJOHeHHe (e paBHOMepHOH MeT-

pHKe) H3Mepeuuoro 3Ha'leHH.H n . OT TO'IHOH aeJJH'IHHbl 
I 

n(\). 
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O6parna.H Jana'la B03HHKaer H3 ueo6xonHMoern o npe­

neneuH.H peaKTHBHOeTH kt, KOHTpoJJHpyeMOK npH pa6o­

Te peaKTOpa H HenoJJ&3yeMOK, B HeKOTOpblX CJJy'la.Hx, B 

npoueeee ynpaaneHHH. PeweHHe o6parHOH 3ana'IH - enHH­

erneuuaH B03MO>KHOeTb onpeneneHHH peaKTilBHOeTH, TaK 

KaK uenoepenerneHHoe ee H3MepeHHe ueeo3MO)l(ffO. 

3Ta o6paTHa.H 33]latJa OTHOCHTe.11 K KJlaeey HeKoppeKT­

HblX 33]la'I. llon&tTKH C03AaHH.II eHeTeM o6pa60TKH pe3YJJb­

T3TOB 3KenepHMeHra nJJII pae'leTa peaKTHBHOeTH 6e3 y'leTa 

HeKoppeKTHOeTH npHBeJJH K e6oHM pa6oTbl 38M H3-33 

CJJYtJ3KHblX norpewuoeTeH B HexonH&IX 3Ha'leHHHX 1\ (2). 
lI.nH 6op&6bt e noMexaMH B nonoJJHeHHe K annapaTHblM 

epencTBaM npHMelUUieH nporpaMMHblH enoco6 33LUHTbl, 

KOTOpblH oeymeeTBJJ.IIJJ, no eyrn nena, 6eeKOHTpOJJbHYJO 

KOppeKUHIO HeXOAHbIX 3HatJeHHH "r 8 ueJJHX nOBbIWeHHH 

TO'IHOem e'lera H yeTOH'IHBOeTH pa6oTbl 3BM He06XOnHMO 

HenOJJb30BaHHe eneuHanbHbIX pa3HOeTHblX cxeM, Y'IHTbJBalO­

LUHX HeKoppeKTHOeTb 3ana'IH. 

llpHMeHeHHe peryn11pH3YIOLUHX anropHTMOB, oeHOBaH­

HblX Ha anpHOpHOH HHq)OpMauHH O peweHHH (3) , a TaK>Ke 

npyrnx nonxonoa, HenoJJ&3YJOLUHX pa3JJH'IHoro pona cpyuK­

UHOHan&1 OT peweHHH 33]la'IH nJJH noJJy'leHHH perynHpH3YJO­

LUHX onepaTOpOB (4] , 3aTpynueHo BBHUY He06XO)].HMOeTH 

e'leTa B pean&HOM Maewra6e epeMeHH. C noMOlllblO 3THX 

Meronoe peweHHe MO>KeT 6&ITb noeTpoeuo, eCJJH cpa3y 

33]laHbt s ee m 3Ha'leHHH HeXO)].HblX )].3HHblX ~ .. HHatJe roao-
1 

pH, o6pa6oTKa pe3yJlbTaTOB 3KcnepHMeHTa oeymeeTBJJ.lleT-

CH He B npoueece H3MepeHHH, a nocne 3aeepweHHH OITblTOB. 

Pa3JJH'IHoro pona ynpoweHH.11 (2) , ttanpHMep, npennono­

>KeHHe O TOM, 'ITO BKJJ3]l 'IJleHa dn/dt B peaKTHBHOeTb He3Ha­

'IHTeJJeH, OK33bJBaIOTeH eec&Ma rpy6&1MH nJJH AHH3MH'lee­

KHX pe>KKMOB THna ue,hpoHHbIX BeITbIWeK. 



B aaHHoii pa6oTe Offi!Cb1BaeTc11 HOBbIH 'IHCJJeHHbIH 

MeTO/l pewemrn np11MOH M o6paIHOH 3ajlatf .lJJlj{ CHCTeMbl 

(I), (2), no3son11101.1..111ii .llTl11 o6paIHOH 3ana'IH nonYtfHTb 

npH6nH)l(eHHOe YCTOH'IHnOe peweHHe c norpewHOCTblO, 

cornacoBaHHOH C norpeHIHOCTblO HCXO/lHblX aaHHblX. MeTO/l 

peweHHH npHMOH 3ana'IH HMeeT orpaHH'leHHyio o6nacn 

npHMeHHMOCTH. Ilpe)lme Bcero OH He npHMeHHM K CHnb­

HblM HeHTpoHHblM P.CilbJWI<aM C k > ~ /3. • KpoMe TOro, 
... ~1 ... 

B OTnH'!He OT H3Bl'CTHblX HeRBHblX cxeM [5, 6]' OH YCTOH-

'IHB nHWb np11 no1;TaTO'IHO ManOM BpeMeHHOM ware. Il03TO­

MY JTOT MeTO)l 0 llHCbJBaeTCH HH)l(e B TeCHOH CBH3H C rnas­

HOH 3a)latteH noaytteHHH peaKTHBHOCTH. 

Pa3HOCTIUUI cxeMa MJl n:pSlMOA ]a)la'IH. CHCTeMa ypaB­

HeHHH HeHipOHHOH KKHeTHKH ( 1) ' (2) pa3peWHMa C no­

MOI.UblO 0/lHOWarOBblX (3iinepa, Pym-e-Kyna) HnH MHO­

rowarOBblX (AnaMca, fHpa) MeTO)lOB. 3TO MeTO/lbl 

napannen&Horo THna: 1<a)l(noe ypasHeHHe cHcTeMb1 Ha Ka)l(­

/lOM ware pewaeTc11 oTnemHo. l1epeMeHHa11, onpe,a;eneH­

Ha11 no npe/lbIJlYl.l..leMy ypasHeHHJO, B ica)l()lOM noCJJe,a;yio-

1.1..1eM ypasHeHHH Ha ,a;aHHOM ware He Hcnon&JyeTc11, BO 

BpeMR ctteTa o,a;Horo wara HeT CBH3H Me)l(,ll;y ypaBHeHHHMH. 

TaK npH MonenHposaHHH ypasHeHHH HeHTpOHHOH KHHe­

THKH C IlOMOl.l..lblO MeTO,D;OB napannen&Horo nma K0HUeHT­

pau;IDI JIJ].ep - npe1l,llleCTBeHllllKOB 3ana3)lbIBaJOI.W{X HeITTpO­

HOB, pacc'IHTaHHaJI .lJJIH (i + 1)-ro wara, B C'leT MOTHOCTH 

HeHTpoHOB Ha 3TOM ware He BXO/lHT, npHMeH.aeTC11 npe,a;no­

n araeMoe 3HatfeHHe ,a;aHHOH senH'IHHbI. Ilapannen&Hbie MeTO­

IJ.bI, HMeH HeCOMHeHHoe npeHMymecrno, 3aKnl0'13IOl.l..leec11 

B B03MO)l(HOCTH pacnapannenHB3HH11 Bbl'IHCJJeHHH Me)l()ly 

HeCKOflbKHMH npoueccopaMH, HenpHrO)lHbI, o,a;HaKO, .lJJlji 

pewemrn o6paTHbIX 3anatt. 

IloCTpoHM HOBYIO pa3HOCTHYIO cxeMy .lJJljl CHCTeMbl 

(1). (2)' npe,a;ycMaTpHBaiOI.I..IYJO HCilOnb30BaHHe pe3yn&­

TaTOB Bbl'IHCJJeHHH no Ka)l()l0MY npeAbI/lyt.UeMy y pasHeHHIO 

BO Bcex noCJJe)lylOI.I..IHX H Il03B0flHIOl.l..lyJ0 Ha ee OCHOBe nepeii­

TH K peweHHIO o6paTHOH 3al).a'IH. 

llycTb w = { t., 1 = 0, 1, 2, ... ,m, t o= 0, t = r}-
T I m 

paBHOMepHaH ceTKa Ha 0Tpe3Ke 0 ~ t ~ T C waroM T = 

= ti+i - \ · PaccMoTpHM <PYHKUHH k = k(t), n = n(ti) ' 

C = C (t.) llHCKpeTHoro apryMeHTa t . E w . IlpH Ka)I(-
., II I I T 

/lOM q>HKCHpoBaHHOM 3HatteHHH t = \ <PYHKUHH k (ti) , 
n(t.), C (t.) HBflj{IQTCH JneMeHTaMH KOHe'IHOMepHoro 

I II I 

rHnb6epTOBoro npocipaHCTBa H . 
T 

Pa3HOCTHaH cxeMa .llTJH npHMOH Jajla'IH HMeeT BH)l: 

T P., 
= c . + - [F + - (n. +rF0 - A (c . .. rF..)J ; (4) 

11 ,1 2 " L I ., 11,1 V 
c.,,j + I 

r11.e 
s 

ki - LP., 
a, : I 6 p 

F0 = ----- n
1
. + ~ )..,c.,,1; F =~ n. - A c ; 

L L, II L I II 11, I 
11=1 

v=l , 2, ... ,6. 

CxeMa (4) ,a;nH ypasHeHHH (2) JJOCipoeHa no cpopMy­

ne XoiiHa (cpopMyna Pym-e-Kyrra BToporo nopH,CU<a) . 

CxeMa (6) .lJJljl ypasHeHHJI (1) COCTaBneHa aHanOrH'IHO. 

OAJ{aKO B (5) BMeCTO C 1 + rF HCDOflb3YJOTCJI HaHJJ,eH-.,, ., 
Hbie no cxeMe ( 4) Be.llHtIHH.bI c . + 

1 
• 

a, J I 
.llnH HCCJJe)lOB3HHJI YCTOH'IHBOCTH CXeMbI (4)' (5) 

npencTaBHM ee B KaHOHH'leCKOH cpopMe, JJ03BOmuoweii 

y Ka3aTb onepaIOpbI, OTBeTCTBeHHbte 3a yCT0HlOlBOCTb: 

I 11=1 11=1 
+ - -----(n. + rf0 ) +---- n = 

2 L 1 2L T 

1 6 

= - L A., (c., i + c., i + 1 ) • 
2 v= 1 ' ' 

(7) 

Pa3HOCTHOH cxeMe (6), (7) coorneTCTBYeT 1<aHOHH'lec1<a11 

cpopMa [5] : 

c~ 1 +a~. + (I - a)Xc = t/1; c (0) = c 
O 

; 
, v V V V , 

, ~ 
n

1 
+arn+(l -a)Yn=cp; n(0)=no, 

(8) 

(9) 

rne Y = Y(t) , Y = Y(t + r), X - onepnop&t, neiicmy10-

w11e B npocTpattcTBe HT; H\), cp (9 - H3BCCTHbIC <PYHK· 

UHH )lHCKpeTHOrO apryMeHTa t = ti CO 3Ha'leHHRMH B H,.; 
a= 1/2; 

.llnR cxeMbI (8) HMeeM nocTOHHHbIK onepaTop X, 
a OIIepaIOpbl y H y' BXOllJlll.O{e B cxeMy (9)' 33BHCJIT OT 

BpeMeHH. lh (7) CJJenyeT, 'ITO oIIeparnp Y (t) caMoconp.11:­

)l(eH, H IlOflO)l(HTeneH: Y(t) =Y*(t) >0 npH k(t) < 
< E

1 
/3. • 3ToT onepaTOp yaosnemop.11:eT yCJJOBHIO flHnu.tl{-

" = V A 

ua not B TOM CMbICJJe, 'ITO (1/p)A<.Y<.pA; p =exp(Mr), 

rne M = const > 0 H He 3aBHCHT OT r, eCJJH k = k (t) oTHo­

CHTCH K Knaccy nHni.uHUeBbIX <PYHKUHK. 

B 3THX yCJJOBH.11:X npH 

I 1 
a ~ - - --WIHO -" - - -- ; 

2 rllXII 2 TA., 

I 
a~ -- ---

2 rllY(t)II 

(10) 

(11) 

ycTOM'ffl:BbI cxeMbI (8), (9), a CJJenosaTenbHO, H (4) H (5) 
[ 5] • TI pH a = I /2 ycnOBHH YCTOH'IHBOCTH (1 O) H ( 11) 
BbtnOflHHIOTCH .lJJIH n106oro T > 0. OnHaKO BBH,D;y ":lKeCTKOC­

TH" HCX0AHOH CHCTeMbl AHq>cpepeHUH31IbHbJX ypas~HHH 

war HHTerpHpOBaHHH non)l(eH 6btTb orpaHH'leH: r <. L/ 2: P.,. 
II• t 

noKa3aHO [6) , '!TO CXeMbl THJJa (4) H (5) HMelOT 

BTOpoH nop.11:)lOK annpoKCHM3UHH OTHOCHTenbHO T. l•fa 

annpOKCHM3UHH H YCTOK'IHBOCTH cxeMbl cnenyeT ee CX0/1,H-
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M0CTb K i:r;Hq>q>epeHUHaJibHOH 3a,u,aqe (1) - (3) C TeM )Ke, 

BT0pblM nop.11,D;KOM. 

Pa3HOC'llllUI cxeMa n.n,r 06pa1110A 3a,u,aqa. Mernn nocne­

nosaremHoro rnna c Harm'!HeM cB.113H Me)l(,!J;y ypasHeHH.IIMH 

BO BpeM.11 C'lera O,D;HOro wara pa3pa6oraH BawapHHblM (7]. 

O.o;HaKO :na cxeMa npH peweHHH 06paTH1>1x 3a,u,aq ,o;aeT 

HeycTOH'IHBbIH npouecc: HllKaDJIHBaeTCR OWH6Ka, o6ycnoB­

neHHa.ll HeycrOH'IHBOCTbJO C'!era K norpeWHOCTH HCXOAHl>IX 

,D;aHHbIX H K norpeWHOCTH 'IHCITeHHOfO Merona. qepe3 

HeCKOITbKO necRTKOB waroB peweHHe "pacKa'IHBaercR" 

H npH06peTaeT "mrnoo6pa3Hl>IH" BHA, xapaKTepH1>1H ,o;nR 

HeKoppeKTHblX 3all,a'I. 

J).n.11 C03AaHHR ycTOH'IHBOH pa3HOCTHOH cxeM1>1 o6paT­

HOH 3a,u,a'IH npe,o;naraeTCR MeTOA KOMII03HUHH peweHHR, 

3aJ<JlJO'!aIOJ..UHHCR B nocrpoeHHH Knacca npH6nH)l(eHHbIX 

ycroH'IHBbIX peweHHH H 0T6ope H3 Hero peweHHR, conocTa­

BHMoro no TO'IHOCTH C H3MepeHHRMH HCXOAHl>IX AaHHbJX. 

IlpHfinH)l(eHHbJe ycTOH'IHBbJe peweHHR nonyqaIOTCR H3 

TO'!Horo pellleHHR rryreM uenenarrpasneHHoro ero H3Me­

HeHH.II ;a;TJR npHAaHH.11 cra6HJJH3HpYJOJ..UHX CBOHCTB. 

Pa3HOCTHYIO cxeMy, n03BOITRIOIUYJO IIOCTpDHTb "TO'!· 

Hoe" pellleHHe o6paTHOH 3a,o;a'IH, HeTpYAHO nony'IHTb H3 

(4) H (5), 3aMeHHB npe,o;cKa3aHHOe 3Ha'!eHHe n. + TFo 
1 

<l>YHKUHH n(t.) B TOIIKe t.+ 1 Ha 3a,u,aHHyro senH'IHHY n.+ : 
I I I I 

T (3 
c .. ,1 .• 1 =c .+ - [F + .....£. n. -}.. (c . +TF )]; (12) 

v V,I 2 v L ltl v v I v 
6 

1 ~ (31) 

k 2L[ 
ni+i - n. 1 F0 v=1 

i+l = 
1•---=<------

T ni+t 2 ni•i L 

CxeMa (13) conep)l(HT onepauHro '!HcneHHoro AH<p­

q:,epeHUHpOBaHH.11 <l>YHKUHH n ( t) , 3a,u,aHHoH npHfinH)l(eH­

Ho. 3ra onepauH.R He o6nall,aeT CBOHCTBOM ycTOH'IHBOCTH. 

ECJIH ni H ni + 1 .IIBITRIOTCR i:r;HCKpeTHl>IMH peaIIH3auHRMH 

B TO'Il<ax ti H \+ l HeKOTOpOH HenpepbIBHOH q>YHKUHH 

n(t), TO npH T ➔ 0 (ni+i -ni)/r➔ (dn/dt)t=tj• EcnH )Ke 

ni H ni+ l npeACTaBITRJOT COOOH pe3yJJbtaThl H3MepeHHR 
HJIH paci,era, TO npH T ➔ 0 pa3HOCTb (n. - n.) MO)l(eT 

I+ l 1 
CTpeMHThCR K HyJIIO "HecornacoBaHHo" C T, Torll,a B03MO)K-

HO_, '!TO OTHOllieHHe 

(14) 

CneAOBaTen1>HO, peweHHe, nony'leHHOe no (12) , (13), He­

ycTOH'IHBO. 

nocrpoHM npH6nH)KeHHoe, HO ycrnH'IHBoe peweHHe 

o6parHOH 3aAa'IH, YMHO)Ka.11 (ni+ 1 - ni) Ha zi+ 1 ,o;nR ycrpa­

HeHHR HecornacosaHHOCTH Me)Kll.y 'IHCITHTeneM H 3HaMe­

HaTeneM B (14). B pe3ymrare Ha K3)1(AOM ware no BpeMeHH 

nony,rnM 'OAHOnapaMeTpH'leCKHH Knacc npH6nH)KeHHhlX pe­

weHHH : 
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C T (3 ~ 
v,i+1 = c . + - [F +~ n. - A .. (c .. ,1. + rF..)]; 

v ,1 2 v L 1 + 1 v v v (15) 

6 

I: F0 vsr(3 
- ~---"+ 

ni+1 L 

(16) 

rAe O ~ zi + l ~ 1 onpeAenReTCR H3 yen OB HR 

lni•1 - 0i+1 (zi•1 )I ~ <\+1 ; 6 

T ki•1 (zi•1 )- L 13., 
n. (z. ) = n.(z.) + - [F0 + v = 1 

1+1 1+1 I I 2 L 

6 

+ I: >--.,c.,,i•11. 
11 = 1 

IlapaMerp z HrpaeT pom cTa6HnH3Hpyromero MHO)l(HtenR. 

113 (15) - (17) HeTpy,D;Ho TllK)Ke 3aMeTHTb, '!TO KOrAa 

norpeWHOCTb H3MepeHH.11 crpeMHTC.11 K HyrrJO, o. ➔ 0 u = 

= 1, 2, ... , i + 1); n. (z.) ➔ n., z. ➔ 1, a cneioBarenbHO, 
J J ,.., J J 

KOMn03HUHOHHOe peweHHe k . (z.) CXOAHTCR K "TO'IHOMY" 
J J 

peweHHJO B KOHe'IHO-pa3HOCTHOH q:,opMe (12)' (13)' KOT0· 

poe B CBOJO O'lepeAh CXO,D;HTCR K TO'IHOMY peweHHJO o6paT­

HOH i:r;Hq>q:,epeHUHaIIbHOH 3all,a'IH (1) - (3) npH ycnoBHH 

T ➔ 0. 3ro cnell,yer H3 CXO,D;HMOCTH pa3HOCTHOH cxeM1>I 

( 4), (5). KoMIT03HIOfOHHoe peweHHe rrpe,!],CTaBruleT co6oii 

perynRpH3YJOJ..UHH anropHTM. lleHCTBHrenbHO, npH KOMII0-

3HUHH peweHH.11 ycraHaBnHBaercR npasHno, nocpeACTBOM 

KOTOporo Ka)l(,ll;OH nape MHO)KeCTB ( MaCCHBOB) pe3ynb­

raroB H3MepeHHH n. EN H norpeWHOCTH o. Et::. CTaBHT-
J J 

CR B COOTBeTCTBHe enonHe onpeAeneHHOe MHO)KeCTBO 

k. Ek, raKoe, '!TO k. (z.) ➔k. npH o. ➔O. 
J J J J J 

BhJIIHCJIHl'el'ILHldA 3KCDepH1tfeHT. J).rIR o6paTHOH 3aAa-

'IH 3arpyAHHrenbHO npoeecTH arrpHOpHhlH aHaJTH3 YCTOH­

'IHBOCTH H TO'IHOCTH. Hcxo,D;HbJe q>YHKUHH 3a,l],aJOTCR npH6-

flH)KeHHO H YKa3b1BaeTCR B03MO)K}{aR 30Ha HX H3MeHeHHR, 

3aBHCRJ..UaR OT TO'IHOCTH H3MepeHHR HITH npe.a;eapHrenh­

H0fO pacqera. <I>llKTH'leCKH npH peweHHH o6paTHOH 3a,u,a­

'IH ;a;TJR Ka)l(,!J;oro wara HMeercR nHW1> O,l],HO CIT)"laHHoe npH6-

ITH)KeHHoe 3Ha'leHHe 3a,u,aHHOH <l>YHKUHH npH OTCytCTBHH 

TO'!Horo 3Ha'!eHHR. lleHCTBHrenbHaR norpewHocrb 3a,u,aHHR 

HCXOAHOH q>yHJ<UHH Ha AaHH0M ware ocraeTCR HeH3eecr­

HOH. O.o;HaKO HMeHHO JTa norpeWHOCTb, Hap.RAY c Ka'!ecr­

BOM pa3HOCTHOH cxeMbl, onpeAenReT TO'IHOCTb H YCTOH· 

'IHBOCTb peweHH.11 o6paTHOH 3all,a'IH. 

A.Harm3 3T0f0 peweHIDI. npOBOAHflCR Ha OCHoee 'IHC· 

neHHoro JKcrrepHMeHra, peanH30BaHHoro Ha 3BM EC-1 Q6Q. 

no MeTOi:r;HKe [8] . Ha nepeoM JTane pewaeTCR npRMaR 

3a,u,a'la. B Ka'!ecTee k(t) 3aAa10Tc.11 cnenyromHe q>YHKUHH, 

COOTBeTCTBYJOIUHe pa3ITH'IHhJM pe)KHMaM HeHrpOHHO-<l>H3H· 

qecKHX npoueccoB: 1) cryneITTaroe H3MeHeHHe peaKTHB • 

HOCTH - npo6HbJH CHfHaJI, II03B0ITRIOJ..UHH oueHHTb ,D;HHa-



-
MHKY HeiirpOHHO-<pHJH'leCKHX npoueccoa; 2) CHHYC0H,llallb­

H0e HJMeHeHHe peaxTHBH0CTH - nepeB0,ll IUI0TH0CTH HeHr­

p0H0B c HHJK0r0 ypoBHJI Ha 6onee BblCOKHH H o6patHO. 

JI.,rn peweHHJI npllMOH Ja,llalJH npHMeHJleTCJI pa3H0CTHaJI 

cxeMa (4) , (5). 

Ha Bt0poM srane B peweHHe npRMOH Ja,llalJH - HaH­

.ueHHYJO <l>YHKUHIO n ( t .) - BH0CJITCJI norpeWH0CTH Jana-
~ I 

eaeMoro ypoBHR: n(ti) = n(ti) (1 + Cp), r.ue C - ypoBeHb 

norpewHocrn; p - cny'laiiHb1e 1JHcna HJ HHtepaana (- 1, 1), 

pacnpe.ueneHHbIe no H0pManbH0MY 3aK0Hy. 

Ha rperbeM Jrane pewaercR o6parHaH 33,lla'la: Boccra­

H0BneHHe 4>YHKUHH k (t) c TI0M0lUblO cxeMbl ( 12), (13) 
H Mero.ua K0MTI0JKUHH peweHHR no cxeMe (15) - (17). 

B pac'lere HcnonbJOBanHcb cne.uy10m1-te JHa'leHHR nocroRH· 

HblX BenH'IHH: (jl = 0,00025; (j2 = 0,00084; (j3 = 0,0024; 

(j4 = 0,0021; (j5 = 0,0017 ; (j6 = 0,00026; \ = 14,0 c-1 ; 

;\2 = 1,61 c-1 ; ;\3 = 0,456 c- 1 ; ;\4 = 0,151 c- 1 ; As = 

=0,0315c- 1
; ;\6 =0,0124c- 1 ; L= 10-4 c; T = 10-2 c. 

Ha pHC. 1 H 2 noKa3aHbl pe3ynbt3Tbl '!HcneHHoro 3KC· 

nepHMeHTa. "To'IHoe" peweHHe o6parnoii Ja,lla'IH no (12), 

(13) .uaer rrnnoo6pa3ffYJO Kp1-tey10, xapaKrepHyro .llnll HeKop-

k. 10- 3 

2 
tJ. tJ. /l b 

/l 
I:,,. A 

A ll 

1,5 
0 0,Q2 0,04 0,06 0,08 0,1 t, C 

PHc. 1. Pe3ym,TaT!J 'IHC/leHHoro MonenHpoeaHHJI ypaeHeHHlt Heltr­

poHHolt KHHeTHKH MIi cryneH'UITOro lfJMeHeHHJI peaKTHBHOCTH: 

--- - 33,llaHHOe H3MeHeHHe peaKTHBHOCTH; 6 - peweHHe 06-

paTKolt Ja,D.a'OI no (12), (13) npH ypoeHe norpewHocr11 C = 0,02; 
X - KOM!lO3HUHOHHoe npH6nH>t<eHHOe peweHHe no (IS) - (17) npH 

C=0,Q2 

peKTHbJX 33113'1. Meron K0Mn0JHUHH Il0JB0nllet nony'IHTb 

peweHHe, nocrat0IJH0 T0'IH0 rrpH6nH)l(3JOWeecJI K Ja,naHH0MY 

Ha nepB0M Jtarre. llHcneHHblH 3KCrrepHMeHr naer B03M0)1(• 

H0CTb orrpeneJIHTb norrycTHMblH ypoaeHb rrorpeWH0CTH 

H3Mepemrn IlJl0TH0CTH HeHtpoHOB npH Ja,naHHblX rpe6o­

BaHHJIX K T0IJH0CTH rrepec11era peaKTHBH0CTH. 

B 3aKJ110'1eHHe orMeTHM cnenyromee. PeJynbtar peaK­

THBHocrn BbI,llaercH C HeK0T0pblM JanaJ,llbIBaHHeM OTHO· 

CHrenbH0 epeMeHH nocryrrneHHH cHrnana. 3ra Ja.uep)l(Ka 

o6ycnoeneHa epeMeHeM, Jarpa11HBaeMbIM Ha BbIIJHcneHHH 

0,llHoro wara, H nnH c'!era B peanbH0M Macwra6e epeMeHH 

He ,ll0Jl)l(H3 6bITb OOJlbWe BeJIH'IHHbl wara. Ha npaKrnKe 

HepenKH cny11aH, Korna war HJMepeHHH ~t rrpeebIwaer 

nonycTHMblH 110 yctoHIJHB0CTII war ITO cxeMe T (~t )> T). 
B 3THX cnylJaRX rrpennaraeMblH MeT0ll raK)l(e M0)l(eT 6hITb 

llCTI0Jlb30B3H nyreM BBe,lleHHJI q>HKTIIBHblX TOIJeK, pacrrono­

lKeHHblX Ha HHtepeane H3MepeHHll Ha pacctollHHH T .upyr 

OT npyra. 11MHTauHH H3MepeHHll Ha q>HKTIIBHblX T0IJKax 

k. 10· N r, 
I \ 7 

. I \ 
5 I \ 6 

. \ 
4 ~ \ 5 

I ~ \ 
3 I . \ 4 

I \ \ 
2 

1 ,' 
. \ 

3 
\ \ . \ 

l I \ ' 2 
I / 

\ ' _..,,, 
0 

.3 s \ 7 9 t, C 

-1 \ 

-2 \ 
\ 

-3 \ 

-4 

-s 

PHC. 2. PeJyn1,rarhl 11Hcne1111oro MOAenHpOB3HH.R ypaeHeHHlt Heltr­

pOHHOlt KHHeTHKH ,WUI CHHYCOH)lanl,HOl'O 33KOHa HJMeHCHHJI peaK­

THBHOCTH: --- - 38JlaHHoe HJMCHCHHe peaKTHBHOCTH; --- -

H3MeHeHHe nnOTHOCTH HeltrpOHOB npH CHHYCOHABnltHOM HJMeHe­

HHH peaKTHBHOCTH; - -- ·- - KOM!lOJHUHOHHOC npH!SnHlKeHHOC 

peweHHe no (15) - (17) npH C = 0,1 

M0)l(eT 6bITb ocymectBJieHa c Il0M0lUblO HHreprr0JI.111.lHH. 

EcrecTBeHHo, apeMR c1Jera wara rrpH JT0M B03pacraer 

rrporropUH0HanbH0 K0nlllleCTBY 4>HKTIIBHblX T0'leK Ha 0,llH0M 

HHtepeane H3MepeHHR. CoKpameHHe BpeMeHH CIJeta MO· 

)Ket 6bITb nocrnrHyro pacrrapannenHBaHHeM Bb11JHcneHHit 

B MH0ronpoueccopHbl X CHCTeMaX. OllHaKO T3K0H rro.uxon 

He RBJIJleTCJI 0TITHMaJibHblM. EonbWOH HHtepean H3Me­

peHHJI naer Manyro 11acrory BbI,lla'IH peweHHH. C JTOH T0'I· 

KH 3peHHn npennolfnlreJI&Hee coKpameHHe HHTepeana HJMe­

peHHit no HeKoropoit eeJIHIIHHbI, 06ecrre1JHBaromeit orrrn­

Man&Hoe C00TH0WeHHe Me)l(,lly HHrepeanoM HJMepeHHll 

H epeMeHeM BbI'IHcneHHJI npH orpaHH'leHHH Ha war c11era. 
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KPlITHqECKOE HCTEqEHHE HACbllUEHHO0 )1(11,UKOCTH 
qEPE3 ,UJIHHHbIE KAHAJlbl 

M .H. CasenheB " 

npennaraercl! rereporeHHal! Monem, nap0>KHJl1<0CTHoro noro1<a. npoeoJJ;Krcll aHanK3 pa3BKTKll reqeHKJI a ycnoBHllX HeH30JHTponHoCTH. 

CRITICAL OUTFLOW OF A SATURATED LIQUID THROUGH LONG CHANNELS. M.l. SAVELYEV. A heterogeneous model of the steam­
liquid stream is proposed. An analysis of the flow evolution under the non-isoentropy conditions is given. 

IlpH aH3JIH3e aBapHn c pa3repMern3auHen nepBoro 

K0Hrypa A3C npegnorraraior, '!TO npoHcX0/1.HT MrH0BeH­

HbIH pa3pbIB rpy6onpoBo,na, C0e/1,HHJIIOIUero K0prryc peaK­

ropa c o6opy,noBaHHeM [1] . Yre'!Ka re1UI0HocHrerrx npH 

JT0M onpeAeJIHeTCH KpHTH'leCKHMH ycrroBHHMH HCTe'!eHHH, 

'!TO npHB0,O.HT K He06X0/1,HM0CTH H3yqeHHH KpHTH'leCKHX 

n0T0K0B B 3agaqax o6ecne'leHHH HAepH0H 6e3onacHOCTH. 

AHanH3 ABYXq>a3Hbix re'!eHIDi B rpy6onpoBogax 3Ha'IH­

ren&HOH np0THlKeHH0CTH BalKeH raK)l(e npH npopa6orKe 

JHepreTH'!eCKHX npoeKT0B, rrpegycMarp11BaIOWHX TpaHcnop­

IHp0BKY rrapolKH/1.K0CTHblX CMecen Ha 3Ha'IHTeJ1bHble pac­

CT0HHHH. 

lbBeCTHb!e H3 JlHTepaTypHbIX HCTO'IHHK0B M0AellH ABYX­

<pa3HblX reqeHHH, KaK IIpaBHll0, 0CH0BbIBaIOTCH Ha HCII0J1b-

30BaHHH JMnHpH'leCKKX 3aMb!KaIOIUHX COOTH0WeHHH J],]IH 

K0HKperHblX cpe.o. H reoMerpHH, CIIpaBe,[l.]IHBblX B orpaHH­

'!eHH0M ,[I.Harra30He pelKHMHbIX rrapaMerpoB [2]. OcHOBaH­

HaJI Ha rrpHHUHrrax rereporeHHoro repM0/1.HHaMH'!ecKoro 

paBH0BeCHH <pa3 M0,t\eJlb re'!eHHH [3] BKJIIO'!aer pa3l1H'I­

Hble BH,[l.bl MelK<pa30BbIX H BHeWHHX B03AeHCTBHH, II03B0-

J1HIOIUHX yqecTb crpyKrypHbie, reoMerpH'leCKHe, pelKHM­

Hbie H .o.pynte <paKTOpbl , 11HTeHCHBHOCTb o6MeHHblX rrpouec­

C0B Ha rroBepxHocrH pa3Aena cpa3 orrpegenxercH H3 coor­

BercmyioIUHx 3aK0H0MepHocren /1.BHlKeHHH H re1UI0Macco-

06MeHa 0AHH0'IHblX '13CTHU, YHHBepCaJibHblH xapaKrep 

M3TeM3TH'leCK0H M0/1,eJlH II03B0J1Her HCII0J1b30B3Tb MeTO­

AhI, rrpHMeHHBWHeCH J],]IH aH3JIH33 Te'!eHHH B C0IDiax (4, 5), 
J],]IH HCCJie/1,0BaHHH H 11.pyrKX ABYXq>33HblX noTOK0B. 

8 npeACTaBJleHHOH pa6ore HCll0J1b30B3JIHCb JKcne­

pHMeHT3JlbHbie /1,aHHbJe ,wrn K3H3JI0B nocr0HHH0ro ce'!e­

HHH 0THOCHTeJlbHOH J],]IHHbl L/d ~ 600 (6) H L/d ~ 3500 
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[7]. 11pH T3KOH npornlKeHH0CTH 3H3'1HTeJ1bHbl Heo6pam­

Mble rrorepH, o6ycrroBneHHbie B3aHMO,nencmHeM noroKa 

co CTeHKaMH. llOJTOMY rrorpeWH0CTb pac11eTOB, 0CH0Bbl· 

B3IOIUHXCH Ha H30JHTp0ITHblX M0l].eJlHX re'!eHHH, CT3H0BHT­

CH HegorrycTHM0 BbICOK0H [6, 8). 
CpaBHHTenhHbIH aHaJIH3 BllHHHHH MelKcpa30BbIX B03-

AeHCTBHH Ha pa3BHTHe II0T0Ka CBH/1,eTeJlbCTByer 0 rrpeo6na­

AaIOIUeH p0llH TpeHHH [3, 9). Jl.nH re'leHHH B J],]IHHHbIX 

KaHarrax BbIIT0JlHHM0CTb ycrrOBHH HaCbIIUeHHH H3BeCTH3 

H H3 0llblT3 [ 10) . IlOJTOMY B npe/1,CTaBJleHHOH pa6oTe rep­

MH'leCK3H HepaBH0BeCH0CTb He Y'IHTbIBaercH H reMTiepary­

pbl <pa3 C'IHTaIOTCH paBHblMH, 0TBe'laIOIUHMH ycnoBHHM 

H3CbIIUeHHH B reKYIUeM ce'leHHH, IloroK rrpeAll0JlaraercH 

ABYX<pa3HblM Ha BCeM npornlKeHHH KaH3JI3, MelK<p330BOe 

rpeHHe pacc'IHTbIBaercH B npe/1,II0Jl0lKeHHH ny3blpbKOBOH 

crpyKrypb!. IlpH 3TOM ABHlKeHHe napolKHAKOCTHOH CMeCH 

0nHWeTCH crreAyiomen CHCTeMOH ypaBHeHHH: 

T = T/f). (6) 



3)].eCb P - J].aBneHHe; T - TeMnepaTypa; w - CKOpocTb; 

G - MaccoBbIH pacxoJJ.; p - nnoTHOCTb; h - 3HTanbrrnll; 

F (z) - nnO!llaJJ.b nonepe'lHoro ceqeHHll; z - npo,ll.om­

Hall Koopnirnan. KoHcTaHTbI K 1 , K 2 onpe,ll.emuoTCll ycno­

BH.IIMH Ha BXOJ].e. 11HJ].eKCbl 1, 2 OTHOCllTC.11 K )l(H,IU(OCTH 

H napy, s - onpe,ll.enlleT COCTOllHHe HaCbI!lleIDUI. Ko3<pq>H­

uueHT T/ paBeH e.rnnn,rue npH HCIIapeIDIH )l(H,IU(OCTH H ttymo 

npH KoHJ].eHcauHH napa. 

TpeHHe Ha cTeHKax onpeJJ.eneHo no q>opM'yne rHJJ.paB­

nHKH: 

f P1Wi 
f =;\ -
Tp d 2 

rJJ.e d - )].HaMeTp KaHana. 

(7) 

KoJq>q>mnrnHT conponmneHHll X BbI'!HcneH no napa­

MeTpaM )l(H,IU(OCTH C HCnOilb3OBaHHeM q>OpMyn Bna3Hyca 

H HHKYPaJJ.3e : 

{

0,316 Re-o,2 5 ; Re< 105 ; 

;\= 

0,0032 + 0,221 Re-0,2 3 7
; Re;. 105

• 

(8) 

TpeHHe fM<l> Ha noaepXHOCTH pa3)].ena q>a3 onpeJJ.e­

nlleTCll B3aHMOJ].eHCTBReM OJ].HHO'IHOH '!aCTHUbl H cyMMap­

HblM HX nOTOKOM n: 

(9) 

(10) 

B 3THX COOTHOllleHHHX ~ - pa,ll.Hyc ny3blpbKa. Ko3q>q>H· 

UHeHT conpornaneHHH C 3a,ll.aH COOTHOllleHHeM 
µ 

48 2 ,2 
C = - (1 - -); 

µ Re Re 
p p 

(11) 

(12) 

rJ].e II 1 - KHHeMaTH'!eCKall B.113KOCTb. 

CB.113b pa3Mepa IIY3blpbKa C napaMeTpaMH Te'!eHHJI 

nonyqetta o6pa6oTKOH J].aHHbIX no OTHOCHTenbHOMY ,ll,BH· 

)l(eHHIO '!aCTHU [ 11 ] : 

\✓e (Re f 2 = A, p p 
(13) 

r)].e A - const; We - KpHrepHH Be6epa J].Jl.11 ny3bipbKa. e 
<I>H3H'!eCKHe CBOHCTBa BO/J.bl H napa onpe,ll.eneHbJ nH· 

HeHHOH annpoKCHMauHeH Hx Ta6nH11H&1x 3Ha'!eHHH [12) 
B paCCMOTpeHHb!X J].Hail33OHax: p = (0,1 .;. 1) Mila [7] 
HP= (0,1 .;.10) Mlla [6]. 

B npeJJ.enax q>HKCHpoBaHHOH crpyKTYpb1 3Ha'!eHHe A 
MeHHeTCR cpaBHHrenbHO cna6o [ 11] H onpe,ll.eneHO IlOCTOHH· 

HbJM B npe,ll.enax K3>KJ].OH rpynn&I 3KCnepHMeHTOB, pac­

CMOTpeHHblX B [6) H [7]. llOJTOMY COOTBeTCTBYJO!llaJI 

CHCTeMa ypaBHeHHH HMeer nHlllb OJ].HH HacrpOe'lHblH napa­

Merp. Ero BenH'!HH3 onpe,ll.en.11erc.11 no COOTBeTCTBHlO onb!T· 

Hb1x H pacqerHblX peanH3auHii pacxona npH pa11ettcrne npo­

'IHX ycnoBHH B OJ].HOM H3 pe)l(HMOB. B CHny 3Ha'!HTenbHOH 

pa3HHD,bl ycnoBHH HCTe'!eHH.11, paCCMOTpeHH.bIX B pa6onx 

[6] H [7] ' Be111mrna A AJUI HHX OKB3bmaercR pa31IH'IHOH: 

7 ,5. 10-s H 10-9 coornercTBeHHo. IlpH 3THX q>HKCHpoBaH­

HbIX A npoBe,1J.eHb1 pac'leTbl B IIpe,ll.enax 3KcnepHMeHTanb­

HO HccneJ].OBaHHhlX o6naCTeH. CoorneTCTBHe OilbITHblX 

H pacqeTHbIX J].aHHbl.X (pHc. 1 - 3) CBHJ].eTemcrnyer O J].OCTa· 

.. 
' ~ 1,6 
.., 

P0 , Mfla 

PHC, 1. 3aBHCHMOCTL YD.em,Horo pacxoaa J OT BXOJl}IOI'O D.aBneHH.ll 

Po npH pa3nH'lllhIX MHHaX KaHana: 3KCDepHMeHT [6]: • - 1/d .. 8; 
t,. - 1/d = 40 ; • - 1/d = 141; • - 1/d,;. 34S;+- l/d = 612; pac<ieT: 
1 - no H303HTponHOlt l'OMOI'eHHOlt MOD.enH (6]; 2 - s - no MO.[l.enH 

pa3D.ent,HOI'O Te'leHHJI cpa3 (2 - 1/d = 10; 3 -1/d = 141; 4 -1/d = 34S; 
S -1/d = 612) 

.. 
I 
0 ... 
...; 

0 

------

4 

PKc. 2. 3&BHCHMOCTL YD.enLHoro KpKTH'leCKOI'O pacXOD.I OT OTHOCK· 

TenLHolt MHHLI npH palnH'IHLIX TCMDCpiTYpaX Ha BXOD.e: -- -

3KcnepHMeHT [7]; -- - - pac'leT; 1 - T0 = 433 K; 2 - T0 = 

= 413 K; 3 - T0 = 393 K 

P, Mila,~ 

~" \ \ 
\ \ \ 

0,4 \ \ \ 
1"12'\ 3 \ 

0,3 I I \ 
I \ 

0,2 I 

', ..... 
' ' ' ' B 'v9 

' \ \ 
\ 

\ 
O,l!,----:--::-c,:--::-:~-;;-;;-;:;,'nn'--::;;;-;::;:-;;u.--,7.,ir'.d 

0 10/12S0 20/2500 30/3750 I, M/1, 

PHC. 3. l•faMeHeHHe CTaTH'leCKOI'O D.aBDCHHJI no D.nKHe npH pa3J1!1'1HOlt 

npoTJl.)l(CHHOCTH KaHana: --- - 3KCilepHMCHT [7]; -- - -
pac11eT; 1 - 1/d = 470; 2 -1/d = BIO; 3 -1/d = 1460;4 -1/d = 182S; 
S - 1/d = 23S0; 6 - 1/d = 2740; 7 - 1/d = 2940; 8 - 1/d = 3060; 9 -
1/d = 4600 
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T0'IH0 xopoweM 0llHCaHHH MonerrHpyeMbIX cpH3H'leCKHX 

npoueccoB. CrrenyeT cneuHan&Ho oTMemT& coBnaneHHe 

KpHm11ecKoro ce11eHHJt C BbIXonoM H3 KaHana 0pH paBeH­

cme nonyqemmro pac11eT0M H JaMepeHimro B om,ne KpH­

TH11ecKoro nepenana na1meHH.1t ( cM. pHc. 3). 
IlpH 3Hal!}!TeITbH0M BITH11HHH Ha pacxon H pacnpene­

neHHe cnm11ecKoro naBneHH11 no nITHHe coomeTCTBHe 

Qill,llHhIX H nony11eHHhIX pac11eT0M HX 3Ha11emrn CBHneTenb­

CTByeI 06 yn0Bnemopu1err&HOH T0'lH0Cm Bbl'IHCITeHH11 

IpeHH11 Ha CTeHKax. TaKHM o6pa30M, CO0TBeTCTBYIOIUHe 

no1epH CHIT naBrreHHJt B nayxcpa3HhIX Il0T0Kax BbICOKOK 

ana)l(}{0Cm M0rYT 6&ITb paCC'IHTaHbl C Il0M0lUblO CO0TH0-

weHHH (7) , (8) nuHaMm<H onHocpa3H&1x cpen. 

CHc1eMa ypaBHeHHH (1) - (13) He M0)KeT 6bITb pewe­

Ha npH ycn0BH11X Ha axone G2 = 0. B03MO)Kff0Clb C'leTa 

npH G2 ➔ 0 o6ycrroarreHa xapaK1epHcmKaMH 38M H a 

paCCM0TpeHH0M cny11ae onpenerreHa BX0nHhIM MaCC0BhIM 

napoconep)Ka.HHeM X0 = 10-4 . TaKoe HJMeHeHHe napo­

conep)Ka.HH11 AX = 10-4 coorneTcrnyeT npoT1t)KeHHocm 

Ha11an&Horo yqacTKa Al ~ 0,03 l. IloJIOMY omHl!}fe axon­

Horo napoconep)KaHHJt OT Hyrreaoro npH aHanu:re pe3yrr&­

n1oa He YlfHThIBaIT0Cb. 

IlpH BbICOKHX naarreHHRX, paccM0TpeHHhIX B pa6oTe 

(6], He ynae1c.1t ·nonYlfHTb peweHHe a o6nacTH pacxonoa , 

xapaKTepHbIX nn11 CpaBHHJen&H0 K0p0TKHX KaHan0B 

(l /d ~ 80). CoomeICTBYIOIUHe 11HCITeHHh1e peweHH11 He 

HMeIOT cpH3H'leCKOro CMbICITa. Ilo-BHJlHMOMY' 3JO 061>JtC­

H1teTC1I H3BeCTHblMH (8] 0TITH'IH11MH B pa3BHJHH KpHTH­

qecKHX Il0J0K0B npH pa311H'IHOH nITHHe KaHaIT0B. ,D.n11 noJO­

K0B B K0pC>TKHX KaHanax M0ryT 0Ka3aJbC11 CYIUeCTBeHHbIMH 

3cpcpeKThl MeJac1a6HITbH0CTH, CB113aHHbie C 3apo)l(UeHHeM 

HOBOH cpa3bl. 3m RBneHHJI Hy)l(UaIOTC11 B C3M0CJORTerrb­

HhlX uccnenoBaHH11x. 
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Y,UK 621.039 

KAKOA BE30IlACHOCTH cnE,UYET ,UOBHBATbCH OT H3C 

H.B. llleaeneB 

PacCMaTpHBBCTCll npHeMneMaJI creneHJ, pHCKa OT RX KaK )lJlJI 3KOHOMHKH Cl'paHLI, TaK H ,llJlll HaceneHHll 30Hhl, HJ KOTOpoll BOJMOlKHB 
3BaKyauHJ1. 

WHAT ARE WE TO CONSIDER AS A SAFETY LEVEL FOR NPP. Ya.V. SHEVELEV. Nuclear power plant admissible risk level is investi­
gated with respect to both country economy and population of the region whereof evacuation is possible. 

O6mecTBeHHOe C03H3HHe B nocnenHee epeMH CT3H0BHTCH 

B Haweii CTpaHe 3aMeTJD,IM n0JIHTH'-leCKHM <paKT0p0M. 

qepH06bIJThCK3.II Tpare]J,H11 B JT0M C03H3HHH o6'be,D,HHHJ13Cb 

c yrpo3oii Apany, CeBaHY, EaHJ<any, c noBopoT0M peK H 

rn6en&10 napoxona "A.o.MHpan HaxHMOB". B JT0M o6'heAH­

HeHHH ecTb CB011 rny6oKaR npaBna. IlpaB,:i;a, 'IT0 Haw Hero,:i;­

m,rii X0311HCTBeHHbIH MeXaHH3M B0CIIHTbIB3eT pa3rHJlb1];11eB, 

K0T0pbie M0ryT He,:i;opa60T3Tb, He,:i;onpoBepHTb K0HCTpyK­

UHJO, HeHapoKOM B30pBaTb peaKT0p, n0T0IDITb napoxo,:i;, 

3arp113HHTb 03epo. IlpaB,:i;a, 'IT0 OH H3CIDK,:J;aeT KopnopaTHBHy'IO 

cpeo,:i;anbHYJO IlCHX0JI0rHIO, no6y,tel];aJOlllYIO HIDKeHepOB H yqe-

HblX 0TCT3HB3Tb 'leCTb q>HpMbl, a He lfHTepeCbl Hapo,:i;a H 

HayqHyJO HCTHHy. Ho ecTb B C0BpeMeHH0M o6mecTBeHHOM 

co3HaHHH onacHb1ii JrreMeHT HenpaB,:i:&1. EcnH ero ceoe­

BpeMeHH0 He Bbl11BHTb, OH MOll<eT B,:J;OXH0BHTb nioneii He 

Ha c03H,:J;aHHe, a Ha pa3pyrueHHe 06mecTeeHH&1x ueHHocTeii. 

3ToT JrreMeHT mnaeTcH He,:i;ocTaTo'IHoii oceenoMneHHoCTbJO 

JIIO,:J;eK, B 11eM, K0Hel!H0, BHHOB3Tbl y11eHb1e, npeHe6peraJO­

mHe nopoii pa3'bHCHHTeJibHOH pa6oTOK. O6mecTBeHHOCTb 

y Hae, KaK H Ha 3anane, He,:i;ooueHHeaeT 061,eKTHBHYJO 

He06XOAHM0CTb C031];3HH11 onaCHblX ,:J;JIH JIJOneii H npHpo,:J;bl 

npoH3B0,:J;CTB. 3Ta He,:i;ooueHK3 npHMeHHTenbHO K H,:J;ep­

HOH JHepremKe Bbtpall<aeTCH e Tpe6oeaHHH o6mecTBeH­

Hocm IDIOO rapaHTHp0B3Tb a6comomyJO HeB03M0ll<HOCTb 

3B3pHH mna 11epH06blJlbCKOH, JIHOO OTK333TbC.II OT CTpOH· 

TeJibCTBa .11,:J;epHbrx JJieKTpocTaHUHH, e KpaiiHeM cnyqae -

crpoHTb Hx e ,:i;pyroii pecny6rrHKe. 

UHBHJIH33UHH y,:i;nHHHJia H yKpacHna 11enoee11ecKyJO 

ll<H3Hb, HO BHecna 8 Hee H0Bble, reXHoreHHbie onacHOCTH. 

11x MOll<HO ceecm K ffYJIIO TOJlbKO e epttyB o6mecTBO e 

nepso6bITHOe COCTOHHHe, 0CT3BHB ero 6e3 rreKapcTB, 6e3 

Tenna, 6e3 ITHUIH (npoKopMHTb HbIHewHee HacerreHHe ,:i;apaMH 

npHpo,:J;bl HeB03MOll<HO) . O,:J;HHM H3 C3Mb!X CTp3lllHbIX 

nopO)l(AeHHH UHBHJIH33UHH .IIBJIHeTCH aBTOM06Hnb. 3a npe,:i;­

CT0HWHe norrBeKa 3T0 11y,:i;oeHwe nory6HT e Haweii cTpa­

He MHJIJIH0Hbl JIJOneii, eCJIH TeXHHK3 6e3onacH0CTH B aBT0-

,:i;opOll<HOM ,:i;erre He ycoeepweHcreyeTcH pa,:i;HKanbH0. 3a 

TO ll<e BpeMH OT nocrre,:J;CTBHH 'lepH06bIJibCKOK 3BapHH norn6-

HyT, 3a6orree paKOM, Tb!C.IIIIH HaWHx rpa)l(AaH (no Kpaii­

HHM oueHK3M K0JIJieKTHBHa.11 1];033 06rry11eHH.11 JIJO,:J;eH C0CT3· 

BHT OT 3,2 .107 no 2,1.108 11erroeeK063p, KOJ<pq>HUHeHT 

nepec11eTa 1,25.10-4 cnyqaeB paKaHa l 11erroBeK063p).Mell<· 

ny TeM o6mecreeHnoe c03HaHHe, cnpaBe,:i;nHso eocnpH· 

HHM3H '1epH06bIJibCKYJO aBapHIO KaK Hapo,:i;HYJO rpareAHJO, 

e ynop He BHAHT no6omua Ha ,:i;oporax. 3Ta YAHBHrem­

HaH a6eppauH.11 HMeeT ,:i;aneKo H,:J;yWHe nocrre,:i;cTBHH. EcnH 

JIIO.D;H 0CTaHYJCH cneru.IMH B CBoeM COCTpa,:J;aHHH, paccMaT­

pHBaH B yeeml'IHTeJibH0e CTeKno TblC11'1H H B yMeHbWHTeJib­

HOe CTeKJIO MHnnHOHbl, TO npH,:i;eTCH H B C3MOM ,:i;ene OTK3· 

33TbCH OT .11,:J;epHOH 3HepreTHKH. IlOTOMY 'ITO c,:i;enaTb ee 

a6cOJIIOTHO 6e30fl3CHOH T3K ll<e HeB03MOll<HO, KaK HeB03-

MOll<HO c,:i;enaTb a6COJIIOTHO 6e30TT3CHbIM 3BTOM06Hnb. 

Bc11K311 6e30Il3CHOCTb CT0HT ,:i;euer. HanpHMep, no,:i;-

3eMJD,IH nepexo,:i;, yMeHblllaJOlllHH KOJIH'leCTBO c6HBaeMbIX 

M3UIHH3MH newexo,:i;oB, CTOHT 'leTBepTb MHJIJlH0Ha py6neH. 

EcnH BbICOKOnapHbie CJ1083 "qenoBe'leCK311 ll<H3Hb 6ecueu­

Ha" BOCnpHH11n, BCepbe3, TO npH,:i;eTC11 pbITI, 3eMJDO y KIDK­

,:i;oro nepeKpeCTKa, H31>.llll H3 6JO}J,)KeTa TOJlbKO 1];JI1I MOCKBbl 

10 Mnp,:i; py6rreii. qyrb Il03)1(e Mbl pa36epeMC11, tty)ICHO 

JIH rpaTHTb TaKHe 6eU1eHb1e ,:i;eHbrH, a noKa o6paTHMC.II 

K npaKTHKe. 

BoT Bbl,:J;ep)l(Ka H3 "ueHHHKa", KOTOpbIM IlOJlb3yeTC.II 

f AH, OIITHMH3Hpy11 3amHTHble MeponpHJ1TH11: 

rn6em 11erroeeKa, HMeewero ceMbJO - 23 789 py6.; 

rn6err& 11enoeeKa, He HMeBwero ceMI>H - 19 510 py6.; 

rn6em pe6eHKa ,:i;o 16 rreT - 28 500 py6. 

EcJIH 33TpaTbl Ha CTpDHTeJibCTB0 nepexo,:i;a He OKynaJOTCH 

33 HOpMaTHBHblK cpoK O)l(H,:J;aeMOH 3KOHOMHeii, IlO,:J;C'IH· 

raHHOH C nOMOWblO 3TOro ueHHHKa, TO nepexon HepeHT3-

6eneH H r Al1 He peKoMeH,:J;yeT ero crpoHtb. 

KowyHCTBeHHa JIH raKaJI 6yxranTepHH? no MOeMy 

MHeHHJO, He CTOJlbK0 K0WYHCTBeHHa, CKOJlbK0 He,:J;OCT3-

TO'IHO Hayqua. na np0CTHT MeH.11 3BTOp MeTOAHKH B.A. AKce­
H0B, HMeBWHH, 6e3yCJIOBHO, 6rraropo,:i;Hoe HaMepeHHe pauH0· 

H3nH3Hp0B3Tb npouegypy npHHHTHH peweHHH no MepaM 

6e3onacHOCTH, HO H3YK3 cero,:J;HJI ,:i;aneKO ~a Bnepen 

OT Y3KOX0311HCTBeHH0f0 3H3nH3a nono6Hb!X npo6neM. 

HanpHMep, 3MepHK3HCKaH q>HpMa, Bbl6Hpa,r MeCTO ,:J;JIH 

coopyll<eHHH rn,:i;poaKKYMYJIHPYJOWeK JJieKrpoctaHUHH, 

BKJIJOt{l{JJa B 33TpaTbl no K3)1(1];0MY H3 KOHKypHpYJOWHX 

eapHaHTOB neHell<HYJO oueHKY nop'IH neii3a:>Ka, a no onHoMy 

H3 eapHaHTOB T3Kll<e ,:i;eHell<H}'IO oueHKy pa3pyrueHHH He 

HMeJOweii HHK3KOH X03HHCTBeHHOH ueHH0CTH 3KOCHCTe­

Mbl H3•3a Kone6aHHii ypoeHH B0l];bI e o3epe. C11eey11 JTOMY 

npHMepy, Mbl AOJl)l(Hbl BCHKHH 3KOHOMHl!eCKHH <paI<:TOp 

oueHHBaTb He TOJibK0 no ero BJIH.IIHHJO Ha 6JO,:i;ll<eT o6mecTea, 
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r.e. Ha MarepHanbHoe 6naronony'llie rpa)l(,11,aH, HO TaK)l(e 

H no ero np.11MOMY BITH.IIHHIO Ha caMO'fYJICTBHe ITIO,l],eH, 

n106YJOllOIXCll KpaCHBbIM neH3a)l(eM, C03HaJOIUHX ce6.11 

l{aCTblO )KJ,IBOH npHp0,11,bl H 6one3HeHHO BOCilpHHHMaIOllOIX 

ee ,11,ecrpyKUHJO . .IleHe)l(HbJe ouem<H ABYX HnocTaceH 3KOHO­

Mlfl!ecKoro q>aKTOpa ,11,0fl)l(HbJ B BH,11,e CYMMbl BXO,ll,J,!Tb B 

3KOHOMHtteCKHe pac11eTbl. 

TpyAOCilOC06HhIH 11enoBeK - JTO, 6e3ycnoBHO, JKOHO­

MH'leCKHH q>aKTOp, HMeJOIUHH X03.IIHCTBeHHYJO ueHHOCTb, 

a ero rn6enb - JTO X03HHCTBeHHa.11 n0Tep11. Ha 11enoaeKa 

rpanmH AeHbrH, KOpMll, OAeBall, 06YJ1aH, B pac11eTe, Me)K­

,11,y IlpG'lliM, H Ha X03HHCTBeHHy10 OTAaqy. r-1 BApyr - Hae3A 

aBTOM06HITH, H ace noumo npaxoM. A eme, 6bITb MO)KeT, 

Ha):1;0 KOpMHTb OCHpOTeBUlHX IDK,11,HBeimeB. IlpH6nH3HTem,­

HO TaK paccy)l(,ll,aer B.A. AKceHoa, a pe3ymraTbI ero pac­

cy)l(,ll,eHHH Hcrronb3y10r r AH H fYTIO (no)l(apHa.11 oxpatta), 

Hcnpannraa.11 AeHbrH Ha Hauxy c BaMH 6e3onacHocTb. Paccy)K­

J:leHH.11 3TH npaBHITbHbl, HO He nonHbl. OcHOBaHHble Ha HHX 

neHe)l(HbJe oueHKH, KOHe'fHO, AOITlKHbl nenaTbC.11. Ho He 

OHH onpeAen.1110T o6mecrneHHyJO n0Tep10 npH rn6enH 

11enoaeKa. 

qenoBe11ecKa.11 )1(}13Hb He 6ecueHHa, HO oHa caMoueH­

Ha. qenoaeK ueHHT CBOIO )l(H3Hb He CTOITbKO a Mepy TOH 

nonb3bl, KOTOPYJO OH npHHOCHT o6mecrny CBOHM TpYAOM, 

CKOITbKO a cHJiy Jano)KeHHoro a Hero reHern11ecKH HHCTHHK­

ra ca~mcoxpaHeHH.11. l1 JTO q>aKT, C KOTOpbIM Hai:i;ne)KHT 

C'lliTaTbC.11 JKOHOMH\feCKOH HayKe. l16o npenMeT JKOHOMH-

11ecKOH HayKH - JTO ycTpoHcrno X03HHCTBeHHOH )l(H3HH 

HaHJIYlll.UHM i:i;n.11 11enoBeKa cnoco6oM. Bee, IITO ueHHT 11eno­

aeK, ,11,0fl)KHO nonyqaTb JKOHOMHl!eCKYJO oueHKy a py6-

IT.IIX. l1 IIHIUa, H KOMq>OpT, H KpaCHBblH naH,ll,Ulaq>T, H 

HeHcrpe6HMOe )KenaHHe )f(HTb B03MO)KH0 ,11,0ITbille - ace 

AOmKHO IlOITY'JHTb ab1pa)l(eHHe a 3BOHKOH MOHeTe. IloroMy 

'ITO nonHOCTbJO ynoanernopHTb Bee noTpe6Hocrn 11enoBeKa 

HeB03MO)KH0, npHXO,ll,J,!TC.11 MaHeBpHpoaaTb, )Keprny.11 OAHHM 

B nom,3y ,11,pyroro. A 6e3 KOITHl!eCTaeHHoro COH3MepeHH.11 

ueHHOCTeH B e,l],J,!HOH aanJOre MaHeapbl 6yAYT HanOMHHaTb 

,ll,BH)KeHH.11 aBTOM06Hn.11, aO,l],J,!TenJO KOTOporo 3aB.113aITH 

rnaJa. 

KaK ab1pa3HTb B py6n.11x )KenaHHe )KHib? JJ,n.11 JTOfO 

H~O cpaBHHTb JTO )KenaHHe C npyrHMH 11enoae11eCKHMH 

)f(enaHH.IIMH, y)f(e IlOITY'fHBUlHMH neHe~lO oueHKY, HanpH­

Mep c )f(enaHHeM norparnrb AeHbrH Ha KpacHBYJO one)K,11,y 

HJIH HHhre MarepHanbH1>1e 6nara. IlycTb, HanpHMep, 11enoBeK 

cornaU1aeTc.11 Ha raKoe H3MeHeHHe ycnoBHH Tpy,11,a, npH 

KOTOpOM pHcK norn6eyTb B03pacTaeT Ha 10-3 3a ro,11, 

(AOilOITHHTenbHO rn6HeT Ka)l(AbJH ro,11, ~)];HH 'lenoBeK H3 

TbIC.ll'lli)' HO npH JTOM 3apnrrara noablUlaeTC.11 Ha 103 py6. 

3a fOA. TorAa MO)KHO CKa3aTb, KaK JTOT 11enoaeK oueHH­

aaeT B py6n.11x cHJiy caoero HHCTHHKTa caMocoxpaHeHH.11. 

OueHKa JTa O)];HOCTOpOHH.11.11 : He abillle 103 py6./10-3 = 

= 106 
py6. EcnH, K TOMY )l(e, HJBeCTHO, IITO 3a MeHbillYJO 

nonrraTy 11enoaeK pHCKOBaTb He xo11eT, TO nony11aeM oueH­

Ky C ApyrOH CTOpOHbl: He HH)Ke 106 py6. .IlononHHTenb­

HbIH pHCK 10-3 3a ron xapaKTepeH i:i;n.11 U1axTepoa. l1 npH-
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6aaKa K 3apnnaTe aop.11nKa 103 py6. 3a roA He pacxo,ll,J,!rc.11 

C npaKTHKyeMblMH nonnaTaMH Ha CTOITb )Ke onacHblX npoH3-

BO)];CTBax 3a pHCK norn6eyTb. IlocKOITbKY 3TH AOI1JlaTbI 

Bb1pa60Tana npaKTHKa, a OTCYTCTBHe CHCTeMaTH'leCKHX 

HccneAOBa.HHH MO)f(HO npHH.IITb 106 py6. 3a rpy6YJO CaMO­

oueHKy MaccaMH nJOAeH cBoeH 6eJonacHocrn. PaJyMeeTc.11, 

npHMeH.IITb JTY caMOOL{eHKY cne,11,yer TOITbKO B TeX CJlY'fa.llX, 

B KOTOpblX OHa rronyqeHa, T,e . npH HH3KHX ypoaH.IIX pHc­

Ka. IlpH 6onbill0M ypoBHe pHCKa nnaTa 3a eAHHHUY pHCKa 

AOn)l(Ha ao3pacrn. 3ro BH)];HO H3 npeAemHoro cnyqa.11: 

nJ06oH 3,ll,paBOMbICIT.IIIUHH 11enoaeK, He o6peMeHeHHbIH 

3a6oTOH O p0,11,CTBeHHHKax, OTKa)KeTC.11 OT KOMMep11ecKOK 

cnenKH, CKOITb 6bI KpynHyJO CYMMY neHer OHa He cynHJia, 

ecnH B MOMeHT rronyqeHH.11 nnaTbl OH AOCroaepHO norn6-

HeT, He ycrrea BOCIIOITb30BaTbC.II caoHM 6oraTCTBOM. Ho 

6onbill0H pHCK COUHaITbHO HerrpHeMJJeM, TaK IITO npennarae­

MbIM HOpMaTHBOM - 106 py6. - MO)KHO IlOITb30aaTbC.II 

npH OilTHMH3auHH nJ06oro COUHanbHO npHeMJieMoro npoeK­

Ta. HanpHMep, MO)];HqlHKauH.11 npoeKTa, nplf KOT0poH ocna6-

neHbl 3aIUHTHbJe MeponpHHTH.11 H nononHHTenbHO rn6HeT 

500 11enoBeK B ron, HO 3aTO JKOHOMHTC.11 MHJinHapA py6neH 

a ron, BblfO)];Ha HapoAy H ,11,om1<Ha 6b1Tb npHH.IITa K HCIIOIT­

HeHHJO apH ycnoaHH, IITO pHCK nJ06oro rpa)K,11,aHHHa ocTaeT­

c.11 Ha rrpHeMJieMo HH3KOM ypOBHe. IlpHH.IITOe Ha rocynap­

crneHHOM ypoaHe peUleHHe O TaKOH MOAHq>HKauHH OKa­

)KeTC.11 cornacoaaHHbJM C TeMH ITHIIHblMH peilleHH.IIMH, KOTO­

pble ITIO,l],J,! npHHHMaJOT, pa3MeHHBa.ll CBOIO 6e3onacHOCTb 

Ha MarepHanbHbie 6nara, YKpaU1a10IUHe HX )l(H3Hb. OueH­

Ka e,ll,J,!HHUbl pHCKa rn6enH 'lenoBeKa B 106 py6. B AeC.IITKH 

pa3 npeaOCXOAHT X03.IIHCTBeHHyJO oueHKy pHCKa norep.llTb 

pa60IIYJO CHJIY 11enoaeKa, HCilOITb3yeMy10 r A.H. l1 HMeHHO 

JTY BblCOKYIO oueHKy cneAyer HCilOITb30BaTb, peilla.11 

aorrpoc, CTOHT HJIH He CTOHT CTpOHTb eme 0,1],J,!H nepeXOA. 

11pH JTOM MO)f(HO y6e,l],J,!TbC.II, IITO 10 MJJPA py6. - OTlD0,11,b 

He qpe3MepHa.11 rrnaTa 3a IlOBbiilleHHe 6e3onacHocrn 

MOCKOBCKHX neUleXOAOB. TaK IITO a naHHOH cq>epe 6eJonac­

HOCTH YKa3aHHbJH HOpMaTHB npaKTH'leCKH paaH03Hal!eH 

IT03yHry ")KH3Hb 6ecueHHa". Ho KaK ,11,aneK IlOKa IITO 

MocropHCilOITKOM OT Toro, IIT06bl cnenoBaTb 3TOMY IT03YH· 

ry ... .Ila H OTKy,11,a a3.11Tb eMy 10 MITPA py6.? Benb HX HY)KHO 

aHa11ane Ha 11eM-TO C'bJKOHOMHTb, a y)K 3aTeM TpaTHTb Ha 

6e3onacHOCTb B TOH HITH HHOH ee c<pepe. 

O6mecTBeHHOCTb AOIT)l(Ha IlOH.IITb, '!TO JKOHOMH'leCKH 

BhirOAHa.11 TexHonorn.11, abICB06o)K,ll,a.11 pecypcbl, nena.11 

o6mecrno 6ora'!e, no3aon.11eT eMY TparnTb 6onbille cpencrn 

Ha YITY'IUleHHe caHHTapHoro COCTO.IIHH.11 )l(Hflfflll, Ha TeXHH­

KY 6e30ilaCHOCTH, Ha Me)];HUHHY- He TeXHHKa npOTHB 11eno­

BeKa, a HeJKOHOMHtfHa.11, r.e. ry6HIUa.ll ITJOAeH TeXHHKa 

npoTHB JKOHOMHIIHOH, a 3HatfHT, cnacaJOIUeH ITIO,l],eH Tex­

HHKH - TaKOBa peanbHa.11 aITbTepHamaa. l1 IlOCKOITbKY 

JKOHOMHl!eCKHH pac11eT ecTb HHCTpyMeHT Bbl6opa caMoro 

JKOHOMH'fHOfO BapHaHTa TeXHH'leCKOro peilleHH.11, JTOT 

pac11eT HBn.11eT co6oii He TOITbKO 6anattcHpOBaHHe Tpy,11,a 

H KOMq>OpTa, HO OH .IIBIT.lleTC.11 B TO )Ke BpeM.11 H 6anaHCOM 

)KH3HH H CMeprn. HaHny'llllHM .IIBIT.lleTC.11 BapHaHT C HaHMeHb-



wefl cyMMOH ueHe)K}{I,IX 3aTpaT H ueHe)l(}{OH oueHKH 0)l(H­

JlaeMOH rn6enH RlO)leH. OTKa3aTbCJI OT TaK0ro cyMMHpo­

BaHHJI no JIK06bI 3TH'l:eCKHM coo6pa)l(eHIDIM - 3T0 TO )Ke, 

qro BecTH X03HHcmeHHyIO Maunmy, 3a)l(MYPHB rna3a. HH'l:e­

ro, KpoMe 3pH 3ary6neHHblX )l(H3HeH, IlO)l06HaJI 3THKa 

He uacT. 

Co6cmeHHo roB0pH, r AJ1 H rYTIO CTp0JIT 3K0H0MH· 

qecKHe pac'l:eThI Ha npaBHJibHbIX npmnnmax. Beua, 'l:T0 

0HH npHHHMaJOT He TOT H0pMaTHB : 20 - 30 Tb!C. py6. 

BMeCT0 MnH py6. Il03TOMY cer0 AHJI Jl0il0RHHTenbH0 Bno­

·)l(eHHbIH B HX cqiepy )leJITenbH0CTH MHJinH0H cnaceT He 

0AH}' qenoBe'leCKYJO )l(H3HI>, KaK 3T0 6bIDO 6bI, ecnH 6bi 0ITTH· 

MH3auHJI 0CH0BbIBanacb Ha npaBHnhH0M H0pMaTHBe, 

a ropa3Jl0 6onbwe: He MeHee 30 )l(HJHeH. A 'IT0 KacaeTcll 

3/lpaBooxpaHeHHJI, TO OHO Il0Ka He CHHCX0/lHT Jl0 3K0H0· 

MH'leCK0H 0ITTHMH3auHH. .Ila H 'l:T0 HaweMy mnueHCK0MY 

3/lpaBooxpaHeHHJO onrHMH3HpoBaTb, ecnH OHO 6ecnnaTHoe. 

IlonoMy caM1>1H 6omwofl 3<pq>eKT JlaAYT C'b3K0H0MneH­

Hbie 3KOHOMH'!HOH TeXHonorHeH cpeucma, ecnH 0T)laTb 

HX MeJlHUHHe. Ilopa3HTenbHblH pe3ymTaT nony'IHn He)laB­

H0 CoBeTCKHH ueTCKHH q>oHA HM. H .B. ITeHHHa: 3aTpanra 

2 MnH py6., OH opraHH30Ban cnaceHHe uecHTH ThIC.fll-1 ueTeH ! 
A BOT BR0)l(eHHe cpeucrn B Il0BbIUieHHe 6e3onacHOCTH 

Jl)lepH0H 3HepreTHKH uacT HaHMeHbWHH Jq>q>eKT, H6o 3)leCb 

Ha 6e3onacHOCTH He 3K0H0MJIT, H MHnnH0H py6neH, uonon­

HHTenbH0 BR0)l(eHHbIH B HeK0T0pble H3 3aWHTHblX ycTpoHCTB, 

paccMaTpHaaeMbIX Me)l(JlYHap0JlHbIM coo6wecrnoM, cnaceT 

rrpH6nH3HTenbHO 0AH}' qenoBe'l:eCKYJO )l(H3Hb. O6cy)l()laJOT· 

CH H ewe MeHee 3<pq>eKTHBHb1e 3allIHTHb1e ycTpoHcma. 

TaK 'IT0, ecnH H )lanbwe rp0M03JlHTb 3aLUHTY Ha 3aLUHTY, 

TO 0TH0WeHHe l!Hcna Jl0IT0nHHTenbH0 crraceHHbIX RlO)leH 

K uorronHHTenbHbIM 3aTpaTaM craHeT MeHbwe 1 Ha 106 py6. 

Ilo3TOMY, Bbl/lBHfaJI He)l0CTaTO'Ill0 o60CHOBaHHbie Tpe6oaa­

HHJI K ll0BbIWeHHlO 6e30ITaCH0CTH Jl)lepH0H 3HepreTHKH, 

Mbl 6y)leM pacX0Jl0BaTb cpeJlCTBa C HaHMeHbllIHM rrone3-

HblM 3q>q>eKTOM. 

Ilpe)l(Jle 'l:eM Bbl/lBHraTb pa3yMHhie Tpe6oBaHHJI K 

6e30llaCH0CTH .IIJlepH0H 3HepreTHKH, a TeM 6onee pewaTb, 

JlOCTOHHaJI nH QHa correpHHUa TpaAHUHOHHOH 3HepreTHKe, 

CT0HT 3a)lyMaTbCJI : a ll0'l:eMy, co6crneHHO r0B0pll, HMeHH0 

HJlepHaH 3HepreTHKa HaX0/lHTCH non o6cTpenoM "3eneHb1x"? 

Be)lb H3 COll0CTallneHH.I[ H a6comotHblX onacHOCteH JlBYX 

TexHononrn - .11uepHoH JHepreTHKH H aBT0TpaHcnopTa -

H 3q>q>eKTHBHOCTH Bll0)l(eHHJI cpeucm B ll0BbIWeHHe 6e3onac­

H0CTH 3THX TeXHonorHH 0JlH03Ha'IHo cneuyeT: o6wecmeH­

H0CTb Jl0R)l(Ha KpH'l:aTb 06 orracH0CTH aBTOM06HJIH, a He 

Jl)lepHOH 3HepreTHKH. H TeM ae MeHee Macc0B0e C03HaHHe 

npaKTH'l:eCKH He pearnpyeT Ha aBTOJl0p0)l(H}'lO onacH0CTb. 

Ilo-BHJlHMOMY, rrpH'IHHa B TOM, 'IT0 BHH0BaTblX 3)leCb ll0'l:TH 

TaK )Ke MHoro, KaK H )l(eprn . .Uo6HTbCJI 6onee BbICOKOH 

orneTCTBeHH0CTH 3a CB0H )leHCTBHJI Tex MHnnH0H0B RlO)leH, 

OT K0TOpbIX 3aBHCHT 6e30llaCH0CTb Ha Jl0porax, 3a)la'l:a 

He nerKaH. HHoe )leno - KanHraH Kpy:mmro nacca)l(HpcKoro 

napoxoua, JlHCITeT'l:ep Ha )l(en.e3H0M uopore, orrepaTop Ha 

Jl)lepHOH 3JleKTpocraHUHH HJIH HH)l(eHep, K0TOpblH ee npoeK-

THpoBan. TaKHX IllO)leH cpaBHHTenbH0 HeMHoro, OT ll0Be­

)leHH.11 Ka)l(Jloro H3 HHX 3aBHCHT 6e3onacHOCTb C0TeH H 

Tb!CJl'l: rpa)l(JlaH. 3THX lllO)leH H Ha)l0 uep)l(aTb Il0Jl rrpHue­

ll0M o6wecTBeHHoro MHeHHJI, 'IT06bI 0HH He pacnycKanHCb. 

IlpHMepHO TaKHMH paccy)l(JleHHJIMH, ll0·BH/lHM0MY, 

onpenenHeTCJI npHCTpacTH0e 0THowem1e K BHH0BHHKaM 

qepH06blllbCKOH aBapHH, H X0TJI B 3T0M paccy)l(JleHHH eCTb 

:meMeHT HCTHHbJ, OHO He M0)l(eT CJlY)l(HTb HH 0CH0B0H JlllJI 

rrpHHJITHJI peweHHH ITO ll0BbIWeHHlO 6e30llaCHOCTH Jl)lep­

HOH 3HepreTHKH, HH TeM 6onee onpaBJlaHHeM a6eppauHH 

B3rll.11Jl0B o6wecTBeHHOCTH, IloTOMY 'l:T0 3T0 T0ITbK0 Ka)l(eT­

c.11, 'l:T0 6e30TiaCH0CTb Jl)lepHOH 3HepreTHKH 3aBHCHT OT 

HeMH0rHX lllO)leH. Ha caM0M )lene 0Ha onpeuenHeTCJI KYllh· 

TypoH rrp0H3B0JlCTBa Bo BceM Hap0AH0M xo3.11flcme. Be/lb 

6e3onacHOCTb 3aBHCHT OT C00TBeTCTBHJI qepTe)l(aM H Tex­

HH'l:eCKHM ycn0BHJIM KaK CTp0HTellbHb]X K0HCTPYKUHH 

CTaHUHH (a CTp0llT ee TbICJl'IH lllO)leH), TaK H 3neMeHT0B 

o6opy/lOBaHHJI (a H3r0TaBnHBaeTC.II OHO Ha C0TH.JIX 3aB0· 

JlOB). H3BeCTHa Macca cn}"laea HecoorneTCTBHJI, BblllBJleH­

HOro uaneKo He caoeapeMeHHo. KoHTpon1, He ace M0)l(eT 

BbI.IIBHTb, a K0HTponepbI - lllOJlH Toro )Ke BOCllHTaHHll, 

'ITO H npo'l:He C03)laTellH TeXHJIKH. 3Ha'IHT, 6e3onacHOCTb 

3aBHCHT OT Toro, KaKHX lllO)leH B0CllHTbJBaeT CyWeCTBYJO· 

1.UHH X03JIHCTBeHHbIH MexaHH3M. EcnH HHKTO He crrpawHBa­

eT C pa6oqero 3a BK0llO'l:eHHbll1 a He BBHH'leHHbIH B UIKaq> 

wypyn, a cnpawHBaeTCJI C Hr~·o TOllbK0 3a q>OpMallbHbIH 

IT0Ka3aTenb - nnaH, TO pa6o'IHH 3aKOHOMepH0 npeB pa­

waeTCJI B qiopManHcTa, B 6e3oTBeTcTBeHHoro xanTypIUHKa. 

TollbKO IT0llHOUeHHbIH X03JIHCTBeHHbIH pac'l:eT, K0HTpollb 

3a Ka'l:eCTBOM npOJlYKUHH He co CT0pOHbI 6e3JlYUIHOfO 

'lliHOBHJIKa, a co CT0p0HbI Kp0BH0 3aHHTepeCOBaHH0ro 

noKynaTellJI, CB060AH0 BbJ6HpaJOwero ce6e IT0CTaBIUHKa 

llp0JlYKUHH, TOllbKO K0HKypeHUHll H Ha pbIHKe rrpe)lMe­

T0B TI0Tpe6neHHJI, H Ha pbIHKe Cpe/lCTB npoH3B0JlCTBa, 

H Ha pb1HKe pa6oqei:i CHJibI Moryr npece'lh xanTypy. Yrpo-

3a HaKa3aHHJI py6neM - 3TO cyp0BblH, HO cnpaBe/lllHBbIH 

BOCITHTaTellb . 

HOBbIH X03JIHCTBeHHbIH MexaHH3M cnoco6eH B0CllH· 

TaTb orneTcmeHHbIX mouei:i . Pa3BpaweHHh1x mouei:i OH 

/l0ll)l(eH rrepeB0CITHTaTb, A 3T0, KaK H3BeCTH0, 6onee TPYJl· 

Hoe ueno, He)l(enH aocTIHraHHe. 

Bo3HJIKaeT aonpoc : He cneuyeT nH nouo)l(JlaTb c pa3-

BHTHeM JIJlepH0H 3HepreTHKH AO Toro M0MeHra, Korua 

B npoMbrwneHHOCTb npHJlYT lllOJlH, B3paweHHbJe B H0BbIX 

ycnoBH.IIX, npH H0BOM X03JIHCTBeHHOM MeXaHH3Me? KarrH­

TanHCTH'leCKHe CTpaHbI, pe3K0 yMeHhWHB nocne JHepreTH­

qecKoro KpH3HCa 3HeproeMK0CTb HauH0HallbH0ro Jl0X0)la, 

IT0ll}"!HllH CB0eo6pa3HYIO nepe)lbillIKY B HapawHBaHHH 

MOIUHOCTeH Jl)lepHbIX :meKTpOCTaHUHH. 

Ilo1JeMy 61,1 H HaM He cuenaTb nouo6Hyio nepe/lbIUIKY, 

yn0Tpe6HB ee Ha ycoaepweHCTB0BaHHe K0HCTPYKUHH .R:Aep­

HhIX ycTaHOBOK? TeM 6onee, 'l:T0 y Hae npHHJITa npqrpaM­

Ma JHeproc6epe)KeHJU1. YBhI, na nporpaMMa 0KaJanacb 

0/lHOH H3 MH0rHX rpoMK0 npoB03rnaweHHbIX H THX0 noxo­

potteHHblX nporpaMM. OHa He peanH3yeTcll no TOH )Ke caMOH 
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npH4HHe, no KOTOpoM HaillH JIJJ,epHble YCTaH0BKH onacHeH 

attanorH'IHblX ycTaH0B0K 51:noHHH, <I>paHlOfH, CWA. BHHOB· 

HHK 3/J,eCb H T8M - 0AHH: Hero)],HbIH X03JIHCTBeHHblH Me­

XaHH3M. 

C n0M0IUblO HauJero ueHTpanHcTeK0fO MexaHHJMa 

M0)l(H0 pelllHTb He6on&woe 'IHC110 npo6neM, npH3H3HHblX 

Bll)l(HeHlllHMH, H T0nbK0 npH ycn0BHH, 'IT0 '!Heno nioJJ,eH, 

B0BneKaeMblX B peweHHe K3)1()],0H H3 HHX, 0TH0eHTen&H0 

Hesemi:K0 . IloKa RJJ,epHble yeraH0BKH 6bUJH HeMH0r0'IHe­

neHHbl, 0HH C03)],aBanHeb H 3KennyaTHpoBanHeb epaBHH· 

Ten&H0 He6on&WHMH 0TpRJJ,aMH see&Ma KBami:q>HilHp0BaH· 

HblX, 0TnHIIH0 BbllllK0nemn,1x eneuHanHeT0B. HapyweHHe 

pernaMeHTa JKennyaTauHH 6bm0 TaK >Ke HeB0JM0>KH0, 

KaK 6paK Ha .IUIOHeKOH q>HpMe H3·33 He)],o6poeoBeeTH0eTH 

pafioqero. 

Tenep& nono>KeHHe HHoe, RJJ,epHaJI JHepreTHKa eTana 

KpynHOH 0Tp3C11bl0 H He M0>KeT 6on&we 6b1Tb 033HCOM 

B nyeTb!He. OHa >KHBeT no TeM >Ke 33K0HaM, 'IT0 H Bee Hap0A· 

Hoe X03JIHemo. 11 ecnH 06ys1UKKK 33K0H0MepHo, a He 

cnytlaHHO BbmyeKalOT He 1101Th3yioll..l}'l0eJI enpoeoM npoAYJ(-

1..lHlO, ecnH cen&X03MauIHH0eTp0eHHe 33K0H0MepH0 

BbmyeKaeT He TY TeXHHKY, K0T0paJI yerpaHBaeT eenbeKoe 

X03JIHeTB0, TO T0'IH0 TaK >Ke 33K0H0MepH0 RJJ,epHaJI JHep­

reTHKa He YA0BnemopHeT Hae eTeneHb10 eBoeil 6eJonaeHoeTH. 

AHanorH'lHO H Bbie0KaJI JHeproeMK0eTb H31..lH0HaJJbH0ro 

/J,0xona y Hae JaK0H0MepH0 eBJl3aHa e noBceMeeTHOH 

6eex03HHeTBeHHOeTblO, 3HeproeMKOeTb He eHH3HTeJI no 

Tex nop, noKa He 3apa6oTaeT B nonHyio CHJIY HOBbIH xo­

JJ1HeTBeHHb1ii MexaHHJM . 

.EcJIH 6&1 KpynHOK 3KOHOMHH 3HepronoTpe6neHKJI 

M0>KHO 6&mo )],06KT&e.11, yeoBepweHeTBOBaB TeXHonorHIO 

B 0/J,HOK-.o;Byx OTpacn.llX, M0>KH0 6&mo 6bI H3)],3Tb napy 

noeTaHOBneHKH BbICOK0f0 ypoBHH, cocpe)],0T0'lHTb Ha 

JTHX TeXHonorH.llX BHHMaHHe BbICOKHX PYKOBOAHTeneH 

H npeoAoneTb conpoTHBneHHe npe/J,OpKHTHK, JaeTaBHTb 

HX e)],enaTb TO, B 'leM 0HH He 33HHTepeeOB3Hbl. Ho yeosep­

UieHeTB0BaHHe TeXHon0rHH B HeeK0flbKHX eaMbIX JneKTpo­

eMKKX 0Tpacn.llX, BKnlO'laJI np0H3B0)],eTB0 anlOMKHHJI , 

)],aeT Manyio ttaeTb T0f0 3q>q>eKTa, K0TOporo )],06KnHeb 

KanHTanHeTH'leeKHe eTpllHl>l nocne JHepreTH11eeKoro KpH-

3Hea. Cl>a.KTHtteeKH 3KOHOMHJI JneKTp03HeprHH, K KOTOpOK 

Y Hae 6eenno/J,HO npH3blBalOT MHOf0'1HC11eHHb1e nnaKaTbl, 

nonytteHa TaM 6YKBaJJbHO Ha Ka)l()],0M pa6otteM MeeTe, OHa 

p33M3JaHa no 0Tpacn.llM H TeXH0fl0fHJIM, He orpaHH'IHBaeTe.11 

TeMH HeMH0fHMH H3 HHX, Ha K0TOpbie npHX0)],HTeJI 6onb­

lllaJI )],0fl.11 3neKTp0110Tpe6neHHJI, HO 3ax.BaTbmaeT H Te 6ee-

1JHC11eHHble TeXH0norHH, f)],e JHeprHll TpaTHTeJI ManbIMH 

)],033MK. 3KOHOMHTe.ll He TOflbK0 JHeprn11, JK0H0M.llTeJI 

MaTepHanbJ, npoH3B0/J,eTB0 K0T0pblX rpe6yeT 6onblllHX 

JaTpaT JHeprHH. Bee JT0 B eyMMe H )],aeT eHH>KeHHe JHepro­

eMKoeTH H31..lK0HaJJbH0ro /J,0X0)],a. llo6HTbeJI Il0)],06Horo 

3cpcpeKTa npHK330M eBepxy, 6e3 X03JIHeKOH 33HHTepeeo­

BaHH0eTH BHH3Y, HeB03M0)l(H0, ll03TOMY JHepreTHtteeKOH 

nepe)],b!WKH B JT0M eToneTHH y Hae eKOpeH scero He 6y)],eT. 

Xopowo, eenK HOBbIH X03J1KemeHHb1H MexaHHJM no3B0· 
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nHT HaM nepeeTpOHTb npoMbIUineHH0eTb Ha HOBOH TeXH0· 

norH11eeKOH oeH0Be K K0HUY eToneTHJI. llpH ycnoBKH, 

'lT0 BBe)],eH OH 6y)],eT B Te'leHHe HeeK0n&KHX neT. Tor)],a 

B nepBoe )],eeHTHneTHe cnenyiomero BeKa MbI, BOJM0>KH0, 

BpeMeHHO npeKpaTHM BB0/J, 3HepreTHtteeKHX • MOIUHOeTeH 

H CTaHeM )l(l{Tb 33 etteT Jq>cpeKTHBHOK lK0H0MHH pecypeos. 

Ho )],0 JT0f0 H3)],0 eme /J,0>KHTb. 11 6e3 BB0)],a JneKTpoeraH­

.UHH B Te'leHHe )],eBJIH0CTblX f0/J,0B HaM, no>KanyH, He OOOH· 

THeb. 

OeTaeTeJI peUIHTb: KaKKe JneKrpoeTaHl..lHH erp0HTb 

B JTOT nepH0)], B ryeToHaeeneHHblX npOMblUineHHbJX paiio­

Hax esponeiieKOH ttaeTH CCCP? 
)lnJI Ha11ana epaBHHM RJJ,epHble H yron&Hble JneKTpoeTaH· 

UHH no 'IHcny n10)],eii, KOTOp&1x 0HH ry6.11T. llpu JTOM cne­

AYeT yttHTblB3Tb Beeb UHKn pa6oT: )],06bl'IY TOilnHBa, ero 

nepepa6oTKY H TpaHcnopTHpoBKY, CTp0KTen&CTB0 K JKennya­

T31..lHlO CTaHUHH, nepepa6oTKY H JaxopoHeHHe OTX0)],0B. 

Bee 3TH eTaAHH yronbH0fO H RJJ,epHoro T0nnHBHOf0 UHKna 

rpo3HT KaK nepcoHany (waxTepaM, ipaHcnopTHHKaM, 

erpoHTenHM, JKcnnyaT31..lHOHHHKaM). TaK H HaceneHHlO, 

He 3aH.IIT0MY Ha )],3HH0M npoH3B0)],eTBe. l!Hcno npe)l()],e­

B peMeHHbJX eMepTeK, eB.ll33HHblX e f0/J,0M paOOTbl 6noKa 

MOll.(H0CTblO 1 fBT' npe/J,CTaBneH0 B ene/J,yiolUeH ra6n11ue 

(s 'IHC11HTene - yron&RbIH, B 3HaMeHaTene - HJ],epHbIH 

TOlUIHBHbIH UHKn). fH6en& HaeeneHHJI OT yron&HblX CTaH· 

UHH eBJl3aHa fnaBHblM o6pa30M e TeM, 'ITO 0HH Bbi6paeblB3lOT 

B aTMOC4,epy aneop6HpoBaHHI>Ie 30nOH KaHUCporeHbI. 

Yny'lllieHHe 0'IHeTKH raJ0B cna6o CKaJbIBaeTe.11 Ha JT0M 

cpaKTOpe, TaK KaK KaHUeporeHbl eH)],.llT Ha CaMbIX MenKHX 

qaemuax, K0T0pb1e nnoxo Janep:>KHBaroTe11 3onoynasnHBa10-

IUHMH yeTp0HCTBaMH. Ecmi: nepee'IHTaTb rn6enb n10)],eH 

B 3KBHBaneHTH0e YA0p0>KaHHe 3neKTp03HepraH, TO AJl.11 

yron&HblX eTaHUHH eT0HM0CTb 3HeprHH ysenH'IHTe.11 B 

3 + 4 paJa, a AJIH RJJ,epHbIX - MeHee 'leM Ha 1 %. 

O6ny'leHHe 

nepcoHan I HaceneHHe 

0,11 

0,3 

Hec'lacr-

Hble 

cny'lllH 

5,6 

0,25 

3a6onesaHHJI Hep8AJ{a-

UHOHHOft3THOfl0I1lH 

nepcoHan I HaceneHHe 

6,9 

0,15 

360 

0 

Bcero 

370 

0,8 

.) P3,D,HOaKTHBHble Bb16pocb1 pacnpoCTpaHJIJOTCll s aTMooci,e­

pe Ha 6om,1.1JJ1e pacCT0llHHll. npHBeAeHa rH6en& mo,11,ell Ha 3eMlle 

OT ll,11,epHblX yCTaHosoK CCCP. llJUI HaceneHHll CCCP ymep6 

OT co6CTBeHHblX YCTaH0B0J< Ha nopll,11,0K MeHbllle, 

B uenoM no CTpaHe OT yron&Hb!X JneKTp0eTaHUKK 

rK6HeT, Ja6oneB paK0M, 6onee 20 000 ttenoseK B ro)],. M o >K­

HO eKaJaTh, ttTO e)l(ero)],Ho yromHaJI JHepreTHKa nopo)l()],aeT 

ttepH06binbeKy10 asapmo. 

OueHKa eMepT0H0CH0CTH RJJ,epHoro T0ilnHBHOf0 UHKna 

C)],enaHa B npe/J,Ilono>KeHKH, 'IT0 K3TaCTpOq>bl THna 11epH0· 

6bm&eKOH pe)],KH (AJIJI 0/J,H0fO 6noKa cnyqanHeb 6bi p33 

B MHnnK0H neT, ecnH 6bi JT0T MOK JKenny aTHpoBane.11 



»e•mo). qepH06bmheKaJI aBBpHH npoH3owna noene Hapa6oT­

KH HnepHblMH 6JIOK3MH Beero MHpa HeMHOrHM MeHee 10 000 

neT, a 6noKaMH THna PEMK - Beero 100 neT. 0 npH'IHHax 

rpy6oro rrpoelfeTa B oueHKe BepOHTHOeTH a»apHH y)l(e rOBO· 

pHJIOeb B 061UHX qeprnx. Eonee KOHKpeTHO BHHY enenyeT 

B03JIO)l(HTb H Ha Hae, q>H3HKOB (npoe'IHTaJIHeb B B3)1(ff0H 

nJIH 6e3orraeHOeTH q>H3H'leeKOH xapaKTepHeTHKe peaKTOpa), 

H Ha KOHeTpYJ<TOpOB (HeynalfHO eKOHeTpYffpOBaJIH a»apKH­

HYJO 3llIUHTy), H Ha 3KeIIJiyaTauHOHHHKOB (HapywHJIH 

pernaMeHT JKeIIJiyaTauHH). He 6ynh JI106oi1 H3 JTHX oWH6oK, 

a»apIDI He npOH30UIJla 6bI. Ymep6 OT tJepH06bmbeKOH a»apHH 

JI oueHHBa!O rrpH6JIH3HTeJibHO B 20 Mnpn py6. 1-13 HHX 

IIOJIOBHHa - 3TO neHe)l(H3.R ou,eHKa rH6eJIH JIIOAeH, npyra.R 

fiOJIOBHHa nenHTeH, rpy6o roBOp.R, IIOpOBHY Me)K,IJ,y rrpH­

MbIMH 3aTpaTaMH Ha JIHKBHn3UHlO noeneneTBHH, lipHMblM 

H KOeBeHHb!M Y!Uep60M OT HenorronylfeHH.R JHeprnH, Y1Uep-

60M OT lIOTepH 3eMJIH, 3aTpaTaMH Ha eTpOHTeJibeTBO )l(HJib.R 

nJIH 3BaKYffpoBaHHblX BMeeTe e KOMIIeHeauHeH 3a rrepe­

eeneHHe H IIOTep!O HMymeeTBa. EcJIH OTHeeTH 3TOT Y1Uep6 

1< MHpOBOH Bbipa6oTKe HnepHOH 3HeprHH (104 peaKTOpo­

JieT)' IIOJIY'[HM ynopO)l(aHHe 3HeprHH Ha 1,5%. Ho no OTHO· 

weHHlO K Bb1pa60TKe JHepnrn Ha peaKTopax THrra PEMK 

3TO 6yneT 150% 6e3 ylfeTa Ba)l(fforo B 3KOHOMHKe cpaKTO· 

pa - nHeKOHTHpoBaHHJl•); e ylfeTOM nHeKOHTHpoBaHHJl 

aBapHH ynopO)l(HJia JHeprnro, Bbipa6oTaHttylO Ha 3THX peaK­

TOpax, Ha 85%. 

3m rpy6a.R oueHKa rroKa3bIBaeT, lfTO ecnH 6b1 aaapKH­

HOeTb peaKTopoB THna PEMK He YMeHbWHJiach, TO JTO 

6bIJIO 6b! ry6HTeJibHO nJI.R lfX 3KOHOMHKH. B TO )Ke BpeM.R 

eHH)l(eHHe aaapHHHOeTH B 100 pa3, nocne qero aaapHH Maew­

n6a qepH06bmbeKOH AOJI)l(ffbI pa3neJIJ1TbeJ1 Me)K,IJ,y eo60H 

Hapa6oTKOH 104 
peaKTOponeT, II03BOJI.ReT He rrpHna»aTb 

aaapH.RM eKOJib·HH6ynb eepbe3HOro 3KOHOMH'leeKoro 3H3· 

lfeHH.R. 

OnHaKO, fiOMHMO HHTepeeoB Beero Hapona, epeneTBOM 

Bblp3)1(eHH.R KOTOpbIX JIBJI.ReTeJl 3KOHOMH'leeKHH 3HaJIH3, 

BKJI10'la101UHH neHe~ oueHKY rn6enH n10nei1, enenyeT 

HMeTb B BHAY TaK)l(e H HHTepeebI Ka)K,IJ,Oro OTAeJibHOro 

'leJIOBeKa, B TOM 'IHCJie pa60THHKa HnepHOH JJieKTpOeTaH· 

UHH HJIH )l(HTeJI.R IIpHeTaHUHOHHOro ropona. 

3TH JIIOAff rronaepra!OTeJl flOBbIWeHHOMY pHeKy. 11 eeJIH 

rrepBbIR H3 HHX rrony•.iaeT 3a non0JIHHTeJibHb!K pHeK nem!)l(­

HYJO KOMIIeHeauHIO, TO BTOp0H ee He rronyqaeT H H3XOnHTe.R 

B Mettee BbirOnHOM IIOJIO)l(eHHH, 'leM epe,a;HHH rpa)K,IJ,aHHH 

eTpaHbJ. C Hepa»eHeTBOM MO)l(HO MHpHTbe.R, eeJIH OHO KOJIH· 

'leerneHHO He3H3'1HMO nJIJl 'leJIOBeKa. nyeTb Ha HnepHOH 

eT3Hl(HH HMeeTeJl 10 6JIOKOB (no KOHI(a eTOJieTH.R HH Ha 

OnHOH eTaHI(HH HX He 6yneT 60JibWe) H aaapHH MaewTa6a 

qepH06bmbeKOH rrpoHeXOAHT Ha Ka)f(nOM 6JIOKe e Bepou­

HOeTblO 10-4 
3a ron (pa3 B neeHTb Tbte.R'! neT). Torna aaapHH 

Ha eTaHI(HH 6yneT npoHeXOAffTb pa3 B TbleH'!y JieT, rpy6o 

•>.llHcKOHTHpOBaHHe - 3T0 3KBHBaneHTHp0B8.l!He pa3H0Bpe­

MeHHhlx Jl0X0Jl0B H 33TJ)RT no 33J<0HaM 6aHxa: 6onee paHHHe Jl0X0· 

ALI BecoMee 6onee no3JlHHX. 

roBopH, e qaeTOTOH H3Bep)l(eHHJl 8e3y»HH. IlpH aaapmi 

B03HHKaeT onaeHoeTb rH6eJIH rrepcoHana 11 HaceneHHH. 

)lng )KHTeJIJl IIpHeTaHI(HOHHoro ropo.a;a BepoHTHOeTb rn6e­

JIH He IIpeBoeXOnHT 10-2 . C T3KOH BepOHTHOeTblO lfeJioBeK 

3a6oneBaeT paKoM npH no3e 06ny'leHHJ1 80 6Jp, Me)K,IJ,y 

TeM rrpH orraeHoeTH 06ny11eHH.R noJOH 75 63p HaceneHHe 

3BaKYffpyeTeJl (B IlpHnHTH JIIO.a;H Ha6panH B HeeKOJibKO 

pa3 MeHbWHe A03b1) . )lnH nepcoHana (BKJIIO'!aH fi0)l(apHH­

KOB) BepOHTHOeTb rn6eJIH pa3 B neeJITb Bbl We. 8 HTOre 

AJIH HaceneHHJl BepoHTHOeTb rn6eJIH He npeBbIIIIaer 10-3 

3a ron x 10-2 = 10-5 3a ron, a )],]I.Ji nepeoHana 10-4 3a 

ron. )lng epa»HeHHJl: epenHenpOMbllllJieHHblH pHeK rn6emt 

OKOJIO 2.10-4 
3a ro.a;; pHeK norn6HyTb OT MOJIHHH 10-6 

33 ro)J.. )ln.R KOMfieHeauHH pHeKa )l(HTenlO npHeTaHI(HOH· 

Horo ropona enenoBano 6b1 noIIJia'IHBaTb 106 py6 .. 10-s 

33 ron = 10 py6. B ron, '!TO eoeTaBJIJleT OKOJIO rrpoueHTa 

OT epenHenY!UeBoro noxona. Mo)l(ffo eMeno eKa3arh, 11To 

npH HHl!eM He KOMTieHeHpye~OM pHeKe TaKOro MaellIT3· 

6a l!eJIOBCK enaa JIH MO)l(eT e'IHTaTb ee6Jl o6H)f(eHHbIM 

06111eeTBOM. OnHaKo TparenHH )KHTeJieH TpH,a;uaTHKHJIO• 

MeTpOBOH 30HbI eoeTOHT He TOJibKO B TOM, 'ITO AJIJI HHX 

BepOHTHOeTb 336oJieTb paKOM y»eJIH'IHBaeTeJl Ha 1 %. 3BaKya­

U,HJl e IIOTepeii npHBbl'IHOro o6pa3a )l(H3HH, ponHbIX MeeT, 

HMY1Ueerna, HMe10111ero AJIH 11en0Be1<a He onHy JIHlllb neHe)l(­

HYIO u,eHHOeTb, - Bee 3TO TaK)l(e Bbl3b[BaeT eepbe3Hb!e AY· 

weBHble TpaBMbl, epaBHHMbie e TeMH, KOTOpbie HeIIbITbl· 

Ba!OT oeTaBWHeeJl 6e3 KpoBa JIIOAH IIpH KaTaeipOq>Hl!ee­

KHX H3BOnHeHH.RX, 3eMJierp.ReeHHJIX, H3Bep)l(eHHJIX BYJIK3· 

HOB. 11 eCJIH K ,[(OMY l!eJIOBeKa rrpHeip3HBalOT BYJIKaH, 

TO eaMOl!YBeTBHe 11en0Be1<a yxynlllaereH. KopeHb BOnpo­

ea - Ha eKOJibKO. A 3TO 3aBHeHT OT TOro, H3BepraeTeJl JIH 

BYJIKaH pa3 B 10 neT, HJIH pa3 B 1000 JieT. y IIOnHO)Klf.R 

Be3y»HJI JllO.a;H eeJIHTeJl, He 33AYMbIBaJteb, '!TO paHO HJIH 

II03AHO HM HJIH HX fiOTOMKaM npHneTeJl 6e)l(3Tb, KaK IIpHlll­

JIOeh 6e)l(aTb )KHTeJIJIM 110MIIeH. qepe3 llOJITOpbl TbleJll{H 

neT rroene Toro, KaK Be3y»HH 3aBaJIHJI IloMTieH H eme naa 

ropona MHOrOMeTpOBblM enoeM rreIIJia, e KHTepBaJIOM B 

fiOJITOpaern JieT rrpOH30llIJIH TpH eHJibHeHllIHX H3Bep)l(eHHJl, 

e)l(KraBllIHe nepeBHH H ropona. Ho JIIOAH rro-rrpe)l(HeMy 

o6pa6aTblB3IOT IIJionopo,a;Hbre eKJIOHbl Be3y»HJI. IlOBTO· 

p.R10111Hee.R B epenHeM pa3 B TbleHl!Y JieT pa3pynIHTeJibHhie 

3eMJieTpHeeHHJl B paiioHe AnMa-ATbI (naa H3 HHX npOH30W· 

JIH e HHTepBaJIOM B 100 neT) He eroHHIOT HaeeneHHe e 3TOro 

Meern. Mb1 KMeeM, TaKHM o6pa30M, noeTaBJieHHb1e eaMOH 

)l(ff3Hbl0 eOUHOJIOfH'!eCKHe 3KCIIepHMeHTbl, pe3yJibTaTbI KO· 

TOpblX II03BOJIJIIOT YTBep)K,IJ,aTb, '!TO K BepOHTHOCTH JBaKya­

U.HH 10-3 
33 ron 11enoBeK OTHOCHTC.R He MeHee CfiOKOHHO, 

'!eM K BepoHTHOCTlf rn6eJIH 10-5 3a ron. Ero TpeBOrH AOJI)I(• 

Hbl H BOBee pacceHTbC.R, eCJIH OH 6yneT yBepeH, '!TO rocy­

napCTBO KOMneHeHpyeT eMy IIOTep10 HMY1UeeTBa H rroce­

JIHT B HOBb[H noM. l103TOMY KaTacTpOq>Hl!eCKHe aaapHH 

peaKTOpHoro 6noKa, HMe101UHe BepOHTHOeTb 10-4 33 ron, 

rrpaKTH'leeKH He Hapywa10T COU,HaJlbHOH crrpaBe)lllHBOCTH. 

foBOp.R O CIIOKOHHOM OTHOWeHHH l!eJIOBeKa K TOH HJIH HHOH 

MaJIOH onacHOCTH, .Ji HMelOT B BHAY l!eJIOBeKa HHq>OpMHpo­

BaHHOro. EeJIH 'leJIOBeK IUIOXO HHq>OpMHpoBaH, OH MO)f(eT 
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B0BCe He pearHpoBaTb Ha cep&e3HYJO onacH0CTb, IUIH 

HeaJJ,eKBaTH0 6ypH0 pearnpoBaTb Ha ffHl!TQ)KHYJO onacH0CTb. 

llnoxaa HHq>0pMKpoBaHH0CTb - HaH6onee xapaKrepHaa 

qepra o6mecTBa nepH0JJ,a 3aCT0R.. 8KHY 3a HeJJ,0CTaT0'IHYIO 

rpaM0TH0CTb HanIBX rpa)KJ],aH BMecre co cpe.[\CTBaMll Mac­

COBOH KHq>OpMauKK 6e3yCJI0BH0 pa3.[\eJIR.IOT yqeHbJe. ECJIH 

HM He y.[laCTCR. C03JJ,aTb B ronoBax JIIOJJ,eH npas,[J,KBYIO Kaprn­

HY CO0TH0WeHKR. onacHOCTeH pa3Hb!X reXHOJIOfHH, 3 npec­

ca K BnpeJJ.b 6yAeT B036y)KJ],aTb crpacrn no noB0AY pa3o• 

BOH rK6eJIK era '!eJI0BeK K TT0JIH0CTblO HfHOpKp0B3Tb 

e)l(e,[J.HeBHbie MeJIKKe, HeBbIHrpblllJHbJe ,[J.JIH )l(ypHanKCT3 

rpareJJ,Hll, YH0CR.JUHe 1a ro,[J, HeCK0JlbK0 coreH )l(H3HeH, TO 

npKnercH rparnr& cpencrsa He ny'lllKM o6pa3oM. HTOroM 

6YAYT 3pH 3ary6neHHble )l(H3HH. 

HraK , a xopowo HHq>OpMHpoBaHHOM o6mecTBe K 

6e3onacH0CTH peaKTOpHoro 6noKa pa3yMH0 npe,[J,bR.BKTb 

cnenyrowee rpe6osaHHe : sepoR.IH0CTb Karacrpoq>K'lecKoii 

asapHK He JJ,0Jl)l(H3 npeBblllJ3Tb 10-4 33 ro,[J,. Eorree )l(eCT· 

Koe rpe6osairne cKopee scero 3K0H0MK'leCKK He onpas­

AaH0, K60 rpyJJ,Ho npe,[J,CTaBKTb ce6e, 'IT06bl MH0roKpar­

H0e cHK)l(eHHe sepouHocrn (no 1 o-s 3a ron, a reM 6orree 

AO ypoBIDI 10-6 3a ron, nocrnrHyroro BO <I>paHUKH, B Hno­

HHH, CIIIA) ,[J,0crasanocb napoM. EcrrH nono6Hoe CHH)l(eHHe 

pHcKa 6yner conpR.)KeHo c yserrK'leHHeM 3arpaT Ha Bb1pa6oT­

KY 3HeprHH 6onee 'leM Ha 1,5%, TO OHO ce6R. 3K0H0MK'lec­

KH He onpas,o;aer. A 3TO, KaK y)l(e rosopl{J]0Cb, 6yAeT 03Ha­

'13Tb, '!TO nont6Hyr JIIO,[J.H, K0T0pblX M0)l(H0 6b1JIO 6bJ cnac­

TH, ecnK 6bl Mbl He TT0,[J.,[J.aJIHCb Heo60CH0B3HHbIM crpaxaM. 

Cnoco6Hbl JIH HayKa, HH)l(eHepHR., np0MbIIllneHHOCTb 

Haweii: crpaHb1 no6HrbCR. rpe6yeMoro ypoBHR. 6e3onac­

Hocrn R.,[J,epHblX 3JieKTp0CTaHllHH? HaWll npoeKTbl MaJI0 

0TJili'IalOTCR. OT 3apy6e)l(Hb!X, H eCJIH 6&1 Mbl HMeJIH CT0Jlb 

)Ke Ha,D;e)l(H0e o6opynosaHHe H CT0Jib )Ke Ha,[J.e)l(Hb!X JIIO,[J,eH, 

TO 6e30il3CHOCTb 6bma 6bJ 6onee '!eM AOCT3T0'IH0H. Heo6-

X0,!J.HM0 nepeyCJI0)KHHTb 33JU}iTHbie ycrpoiicTBa H TaKHM 

cnoco60M '13CTHtJH0 K0MneHCHp0B3Tb Hawy 06my10 6e3-

0TBeTCTBeHH0CTb. llpH 3TOM pe'lb H,[J,eT He 0 KopeHHOH nepe­

pa6orKe npoeKT0B - Ha 3T0 Her BpeMeHH, - a 06 HX A0pa-

6orKe, MOAHq>HKaI}HH. PaccMarpKB3IOTCR. pa31IK'IHble sa­

pHaHTbl. CneuKaJIHCTbl no n0.D,3eMHbIM coopy)l(eHHR.M, 

pa3yMeercR, narpHon1 csoero nena, noJIHbI onrnMH3Ma, 

H CtJHTaIOT, '!TO pa3MeweHHe CTaHUHH B rpaHHTe, Ha rrry6H­

He nopH.D,Ka 100 MeTpoB , pe3K0 n0BbICHB HX 6e3onacH0CTb, 

BbI3oser YA0p0)1(aHHe He 6onee '!eM Ha 20%. Ho ,[J.JIR. raKoro 

pa3MemeHHR. H~o. 'IT06bI no,[J, rpyHT0M 6bm rpaHHT. 

na H creneHb YJJ.0p0)1(aHIDI B 20% y MH0rKX BbI3bJB3eT 

C0MHeHHe. He BblrJI8J],HT 3JieraHTHblMH JJ.pyrne npopa6a­

TbIBaeMbie cer0,[J,IDI reXHHtJeCKHe peweHHH C nocraH0B· 

KOH A0IT0JIHHTeJibHbIX q>WlbTp0B H rpoM03,[J,KHX renno-

06MeHHHKOB ,[J.JIR. CIDITH.R 0CTaTO'IH0ro TenJI0BbI,[J,eJieHH.R 

B 0TCyrCTBHe BCR.K0fO 3JieKTp0CH36)1(eHHR.. naJlbHeHI.lla.R 

pa6ora BblR.BHT H HCTHffHYIO 6e3onacHOCTb H HCTHHHYIO 

CTOHM0CTb 3THX sapKaHT0B M0.D,eplOl3aI}HK. KoHCTpyKTOp· 

cKaR. MbICJib He cKa3aJia ewe 3,[J,ec& csoero nocrre,[J,Hero 

cnosa. 
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llpeATT0JI0)l(HM, 0JJ,HaK0, '!TO B 6JIH)l(aHWl!e r0,[l,•,!J.Ba 

y,o;osnemopHrenbHbie peweHHR. 6yAyr HaiiJJ,eHb1. H ,[J,a)l(e 

6yJJ.yr npeJJ.JIO)l(eHbl sapHaHTbl yMeHbllJelOIR. pHcKa He T0Jlb· 

KO ,[1,0 ypoBIDI 10-4 3a roJJ,, HO H JJ,0 ypoBHR. 10-5 
33 r0A 

(6onee Aoporne, pa3yMeercR), H JJ,a)l(e AO ypoBHR. 10-6 

3a roJJ. (ewe 6onee ,[J,oporne). Tor,o;a nepeA 1rnuaMH, Hecy­

JUHMH nepC0HaJlbHYIO 0TBeTcmeHH0CTb 33 6e3onacHOCTb 

R.,[J,epHOH 3HepreTHKH, BCTaHeT T.R)l(eJieiiwaR. M0paJibHa.R 

npo6neMa: caHKUH0IOlp0B3Tb IUIH He caHKUK0HHpoBaTb 

CTp0HTeJibCTB0 H,[J,epHbIX 3JleKTpOCT3HUKH B 3T0M CT0Jie­

THK? 11 ecJIH caHKUH0HHp0B3Tb - TO B K3K0M sapHaHTe: 

C MHHHMaJlbH0 npHeMJieMbJM pHCK0M 10-4 
33 ro,[J, HJIK C 

TT0HK)l(eHHbIM pKCKOM? nonycTKM, 6y,[J,eT npKHR.T0 pewe­

HHe pe3JIH30B3Tb caMbIH ,[J,emeBbIH sapKaHT C pKCK0M 

10-4 3a roA. TorJJ,a JJ.0 cepe,o;HHbI crreeyiowero cTonernR. 

Ha 6noKax 3TOH K0HCTPYKUKK C sepoR.THOCTblO 40% 
npoK30H,[J,eT asapKR. Macwra6a '!epH06blJibCKOH c nepece­

neHHeM JIIOJJ,eH, 3KOH0MK'leCKHMK norep.R~K, ,[J,0il0JIHKTeJib· 

HbIMH rreiiKeMKR.MK . • JJerKO ce6e npeJJ.CTaBHTb, '!TO pa3rHe­

saHHbJe JIIO,!J.H 3aT0TT'l)'T Tex, KIO C03Harerr&Ho no,!J.Bepraer 

KX T3K0MY pHCKY, H, 6bITb M0)l(eT, 0IOI C,[J,eJiaIOT 3TO -na)l(e 

He ,o;o)l(K,[J.a.Rcb asapHll. Me)l(.D,y TeM npKHHrne MeHee onac­

Horo, HO 6orree A0pororo sapKattra, yMeHbllJaH pKcK 0'le­

BK,!J.HOH Hapo,[J.HOH rpare.D,HH, o6e,o;HHeT o6wecTBO H JIHWaeT 

ero B03M0)l(H0CTH npe,[J,0TBpan!Tb CKpbITbJe OT HeBHHMa­

TeJibH0ro B3rJIR.,[J,a 6orree ropeCTHbie HapoAHbJe rpareAHK, 

cnacrn ropa3A0 6orrbUJee 'IHCJI0 rr10nelf, o6rrer'IHTb )1(1,!3Hl> 

MH0rKM, He JJ,aTb np0JIKTbCH HeBK,[J,l!MblM MKpy CJie3aM. 

OrKpbJToe npK3HaHKe TOH )l(eCTOKOH npaB/l.bI , '!TO 

'1pe3MepHaR. 6e3onacH0CTb onacHa, R.BIUI0 Cb 6bl JJ,Jl.R JIKU, 

npHIOIMaIOJ..UHX peUJeHHe, nocTym<0M rep0H'leCKHM. 3TH 
JIHua A0JI)KHbJ 6bIJrK 6bI BbJ,[J,ep)l(aTb 6op&6y c co6oit H 

o6mecrseHHOCTblO, 3peHHe KOTOpOH KMeer CMeJUeHHbJH 

cpoKyc. Eopb6a 6yJJ,er HenocHJibHOH, ecnH ee He no.o..o.ep)l(aT 

illHp0KHe Kpyrn y'leHbJX ynopHOH pa3bR.CHHTeJibH0H pa6o­

TOH, ecrrH ee He no.o..o.ep)KHT npecca. He cyMeeM MbI y6eAl!Tb 

JIIOJJ,eH B TOM, '!TO onacH0CTb K 3KOHOMH'IHOCTb HY)KH0 

B3BellJHB3Tb Ha 0,[J,HHX secax - npHAeTCR. npKHHM3Tb He0ITTK· 

MaJibHblH sapKaHT npoeKra. a TO H B0BCe 33KpbIB3Tb R..D,ep­

HYJO 3HepreTHKY Ha JJ,JIHTeJibHblH cpoK. A noxopOHHbIH 

3BOH no R.AepHOH :rneprernKe 6b1Jl 6bJ noxopoHHbIM 3B0· 

HOM no COTIDIM TbICH'I 3pR. 3ary6rreHHblX )KH3HeH. 

B caMoM ,[J,erre, ceroJJ,HR. B <I>Pf K <I>pa.mom .R,[J,epHa.R 3Hep• 

rn.R ,[J,eUJesrre yroJlbHOH Ha ,[J,ec.RTb - rpKAU3Tb npouearos. 

Y Hae B esporreHCKOH Ti3CTH CTpaHbl O'rH0CHTeJlbHaR. 3K0HO­

MK'IH0CTb H.D,epHOH 3Hepnm BbIUJe K3·3a rop33,[J,0 60JiblllHX 

3arpaT Ha TpaHCII0pT yrJI.R (Mb! Be3eM ero K3 A3KK B Es pony 

nocyxy, a <I>Pf K <I>pairu;,rn no6bIB3IOT npaKTHTieCKK pR.,[J,0M co 

craHUHHMK KJIK norryqaior BOAHbIM nyreM H3 CIIIA, r JJ,e OH 

,[J,06bIB3eTC.R 6JIK3KO K no6epe)l(bl0). Ey,o;eM Ha,D;e.RTbC.R, 

'!TO JJ,0n0JIHHTeJibHbie Mepbl 6e3onacHOCTH, o6ecn e'!KBal01.Ulle 

pHCK 10-4 33 ron, He TT0JIH0CTblO "cbeJJ,HT" 3K0H0MK'leCKHe 

npeHMYJUeCTBa HaUJeit .11nepHOH 3HepreTHKH. EcrrH 0 CTaHeT­

C.R pa3HKU3 X0T.R 6&1 B 10%, TO Ha cpen crna, C1>3K0HOMJieH­

Hble Ha BBeJJ,eHHblX B CTpOH AO KOHI.l3 CTOJleTH.R 6noKax, 



MO>KHO 6yneT erraern OT aBTOJlOpO:>KHI,IX KaTaeTpOcp 

200 000 Thie. 1JenoaeK*) . 3ra pae1JeTHaJ1 aem-1tJHHa, H na>Ke 

erue 6oJibWaR, MO>KeT o6peeTH IDIOTb H KpoBb, eem1 Hawe 

"3eJieHoe" )lBmKeID!e )l06beTe.ll Toro, 4TO eTpOlHeJibeTBO 

Ka>KJlOH .11nepHOH yeraHOBKH 6yneT eorrpOBO)l(JlaTbe.11 JlOilOJl­

mneJibHblMH aeeHrHOBaHH.IIMH (B e1JeT IlOJIY4aeMOH 3KOHO· 

MHH OT 3aMemeHH.II yrn.11 ypaHoM) Ha pa3HOro pona Mepbl 

6e3orraeHoern, H B rrepayro 04epeJlb Ha 3Jlpai3ooxpaHem1e 

a TOM paiioHe, rne HaeeJieHHe ITO)lBepraeTe.11 pHeKy 6b!Tb 

3BaKYffpOBaHHb!M H3-3a KpyIIHOH aaapHH. CnenaHHaR oueH­

Ka YIJHTb!BaeT JIHWb HeITOJib30BaHHe e1,JKOHOMJ1eHHbIX 

epe)leTB. Ho aerroMHHM, eKOJlb BeJIHKa pa3HHUa B np.llMOH 

rH6eJIH JIIO)leH OT yrOJibHOrO H H)lepHoro TOIDIHBHbIX UHK­

JIOB. llpH sepo.11rnoern aBapHH 10-4 a ron rronytJHM a paette­

Te Ha ron pa6oTbI 6JioKa a .11nepHOH 3HepreTKKe 1,8, a a 
yrOJibHOH 370 rrory6JieHHblX JIIO)leH. B HTOre tJHeJIO erra­

eeHHblX H)lepHbIMH eraHUHRMH JIIO)leH B03paeraeT )lO 750 000. 
lloKa '!TO ll)lepHble :meKTpoeTaHUHH rrpoTHBorroeTaBJI.11-

JIHeb yrOJibHblM. Ho Be)lb y Hae aeJIHKH JanaebI ra3a. A e)l(J,f­

raHHe ra3a - JKOJIOrHtteeKH 'llieTblH rrpoueee. HeJib3.II JIM 

orraeHyIO .11nepHy10 JHepreTHKY 3aMeHHTb 6e3orraeHOH JHep­

reTHKOH Ha ra30BOM TOITJIHBe? EeJyCJIOBHO MO>KHO, eCJIH 

xaaTHT raJa, H eCJIK raJ newea, H eCJIH ero no6hl4a 6e3orrae­

Ha. B Tex >Ke <l>Pf H <l>pamnrn 3JieKTpHtteeTBo, Bb1pa6aTbI· 

aaeMOe Ha ra30BOM TOIUlHBe, 3HatJHTeJibHO )lOpO>Ke 3JieKTpH-

4eema, Bb1pa6aTbrnaeMoro Ha yrne. Y Hae pa3HHU3 JlOJI>KHa 

6bITb MeHbwe H3-3a noporoBH3HbI TpaHenopTa yrm1. Ho 

eTOHMOeTb raJa, K3K H eTOHMOeTb npyrnx rrpHpO)lHbIX pe­

eypeos, B03paeTaeT e yaenHtteID!eM Maewra6oa no6bI'IH. 

ECJIH oeTaHOBHTb pa3BHTHe .11nepHOH 3HepreTHKH H BOeITOJI· 

HHTb o6pa3yIOIUHHe.ll neq>HUHT JJieKTpo:meprnH 33 e'!eT yae­

JIH'leHH.11 )l06bi'IH H e>KHraHH.11 Ha 3JieKTpOeTaHUH.IIX ra3a, 

TO ra3 rronopo>KaeT. CMO)l(eT JIH OH B 3THX yeJIOBJ,f.llX 6b1Tb 

JKOHOMHtteeKHM KOHKypeHTOM .R)lepHoro TOIIJlHBa? H He 

paerronararo HHq>OpMauHeH, Il03BOJI.RIOIUeH OTBeTHTb Ha 3TOT 

aonpoe, a MHem1.11 enelI,HaJIHeTOB rro ra3y pa3Hope'IHBbI. EAHH­

emeHHoe, '!TO R 3HaIO - )l06bI4a ra33, B OTJIH'llie OT ero e>KH­

raHH.11, He .IIBJI.lleTeR HH 6e3orraCHbIM )lJl.11 JIIO)leH, HH JKOJIO· 

rH1JeeKH HeiiTpaJibHbIM rrpoueeeoM. llonoMy nepeKJirotteHHe 

JHepreTHKH e ypatta Ha ra3 He yeTpaH.ffeT JllO)leKHe H 3KOJIO­

rH4eeKHe noTepH, a JIHilll, rrepe)lBHraeT HX H3 o)lHoro reorpa­

q>HtteeKoro paiioH3 B npyroii, HJ peerry6JIHK e pa3BHTbIMH Ha­

UHOHaJibHbIMH )lBH>KeHH.IIMH a o6naeTH, rne MaJibie HapO)lbl 

eme He H3yttHJIHeb 3aIUHmaTb eBOH HHTepeebI. 

llepeHeeeMe.11 Tenepb MbICJieHHO B nepBbie nee.llTHJieTH.11 

CJienyromero aeKa. llpo6neM3 KOHKypeHUHH raJa e ypaHOM 

OTTia)leT eaMa eo6oii H3·33 yMeHbWeHH.11 )l06bI'lli ra3a. YrOJib 

B eaporreiieKOH ttacTH CCCP nonpe)l(HeMy 6yneT ITJIOXHM 

l<OHKypeHTOM ypaHy, H oeTaHeTe.11 BOrrpoe: KaKOH 6e3onae­

HOeTH HY)l(HO 6y)leT )l06HB3Tbe.ff OT .ff)lepHblX JJieKTpoeTaH-

•)nocne Toro, KaK JaTpan1 Ha 6eJonacHocn B asTonopOlKHOM 

nene 6ynyT pauKoHanKJKpOBaHbl, 3<j><j>eKT nononHKTem.HI,I X JaTpaT 

s 3Toll o6nacm YMeHl>lill!TCJI s necl!TKK pal, HO OCTaHCTCJI MHOro 

Apynoc o6nacrett 3<j><j>eKTKBHoro snolKeHMJI cpencTs B 6eJonacHocri.. 

UHH? ,U,i.11 rnro, '!T06bl MO>KHO 6bIJIO eTpOHTb .ff)lepHbie TeIUlo-

JJieKTpoueHTpaJIH B6JIH3H KpYITHbIX roponoa, rne 

aaapH.11 6JI01<a lIOBJietteT 3a eo6oH B 10 - 20 pa3 

60JibWHH Y1Uep6, npH)leTe.11 y>KeeTO'IHTb Tpe6oBaHH.11 

K 6eJonacHOeTH. llpHeMJleMOH 6y)leT BepO.IITHOeTb 

aaapHH 10-5 33 ron. llpH JTOM na>Ke no.11BJiem1e 1<yera 

.11nepHb!X yeraHOBOK e eyMM3pHbIM 'IHCJIOM 6JIOKOB )lO 

50 WTYK, rrocrpoeHHbIX B npenenax panHyea )leHeTBH.11 

OAHOH eTpoH!eJibHOH opramf3aUHH, He enenaeT 4pe3Mep­

Hb!M HH)lHBHJlYaJibHbIH pHeK rn6eJIH: OH 6yneT Ha ypoaHe 

0,5.10-S Ja fO)l. llOeKOJibKY eTpOHTb H JKCIUiyaTHpOBaTb 

.11nepHble yeTaHOBKH 6ynyr JIIO)lH, BOemt:TaHHbie HOBblM 

X03HHeTBeHHbIM MeXaHH3MOM, H )lJl.11 rrpoeKTHpOBaHH.11 

JTHX yeTaHOBOK 6y)leT )lOeTaT04HO BpeMeHH, He HeKJIIO'le· 

HO, 4TO 3TH yeTaHOBKH 6ynyr HMeTb eHeTeMbl 6e3onaeHOeTH, 

e)leJiaHHbie 6e3 H3JIHWHHX 3arraeoa, H OHH 6ygyT He nopo­

)l(e, a nerneane esoHx npenrnecrneHHHKOB. Ha 6JI01<ax HOBoro 

IlOKOJieID!.11 3a CJie)lyIOIUee eroneTHe e1<opee aeero npoH30H· 

ner 1<pynHa.11 aBapWI, eCJIH He 6ynyr npHHJITh1 nepecrpaxoaott­

m1e perneHH.11. Ee3yCJIOBHO, BepO.IITHOCTb TaKOH aaapHH MO)IC­

HO CHH3HTb AO 10%, eCJIH ynopO)!CaHHeM 6no1<a )l06HTbe.ff CHH· 

)l(eHHR KataeTpoq>H4eCKOH aBapHH Ha HeM AO ypoBHR 

1 o-6 3a ron. Ho no-npe>KHeMy nepen ornereraeHHbIMH 

JIHUaMH, Bb16HpaIOIUHMH TOT HJIH HHOH BapHaHT KOHeTpyK­

UHH, 6yneT eTO.IITb HpaBeTBeHHa.R npo6neMa: cneeyeT JIH 

panH rnro, 'IT06bl H36aBHTb HaeeneHHe OT onaeHoeTH, 33 

Kornpyro e m1x enpoe.11T, rro)lBepraTb ero ropa3JlO 6om­

llIHM APYTHM onaeHOeT.IIM, 3a yetpaHeHHe KOTOpbIX OHH 

He OTBettaIOT eornaeHo cny>Ke6HOH HHetpyKuHH? 

CTan.Ji nocrymma B pe.11aKUH10 

16 HJOHJI 1989 r. 

Bonpocbl iTOMHOlt HiYKK K TeXHHKK. Cep. 

~31!l(iSl,llepHbIX peaKTOpoB, 1989, Bb!Il, 3, c. 63 - 69. 
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