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eonpocaM: 

- MareMaTH'leCKOe MOACJIHpoeaHHe Al{HaMH'leCKliX npoueccoB B H3Y H HX 3JleMeHrax; 

- pe3ynbT3Tbl JKCnepHMeHTOB no YCTOH'IHBOCTH CT31J,HOHapHblX npoueccOB H o6oCHOBamuo MareM3nl'!eCKHX 

Moueneii: mtHaMKKH H3Y; 
- pact1eIH&1e H ccnenoe aHH 11. rre pexo11.H&1x H ae a piiiiH&1x npoueccoe; 

- pactteTHble HCCJte!lOB aHHS! ycroii'IHBO cm cral.l,HOHa pHblX pe)Kl{MOB R 3Y; 

- mtarnocrnKa R3Y; 
- OIU{C3Hll/l H 3HHOTall;flH nporpaMM pac'!eTOB )];HHaMHKH H JKCilepHMeHTMbHhlX HccrrenoeaHHii:. 

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 dynamics; 
- design analysis of transient and emergency operation; 
- design analysis of the stationary mode stability; 
- J...rPP di:umostics· 

the dynamics designs and experimental studies. 
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CBe-rnoli: naMRm 

Ba.IUiMa }J;eM&.fluoeH11a rOPHtJEHKO 
IIOCBHJ.UaeTCH 

Pe,r:uconnerHH c6opHHKa "BonpOCbI aToMHOH HayKH H Texmnru. Cep. <l>H3HKa 

H,n;epHhIX peaKTopoe" c rny6oKHM npHcKop6HeM coo6u,.aeT o nocnenoeaBwefl 

16 ,n;eKa6pR 1990 r. 6easpeMeHHOH Kownrne oniroro H3 opra.HH3aTopoe BbI· 

IIYCKOB ".[J.HHaMHKa .IJAepHbIX 3Heprern11eCKHX ycnlHOBOK", IIOCTOHHHoro H 

a1<Tmrnoro 1LJieHa pe,n;KonnerHH, ,D:HpeKTopa H1111 MeXaHHKH rrpH HHiKero. 

po,n;ClCOM YHHBepcHTeTe npocpeccopa rop.lI'leHKO Ba,nHMa .[J.eMbHHOBHtra.. 

Ymen H3 ,tcH3HH TanaHTJlHBbIH y11eHb1H H opramrJaTop uayKH, OnHH H3 

OCHOBaTeneH MaTeMamqecKOH Teop.HH AJ1HaMHKH R)l,epHbIX 3HepreTH'leCKHX 

YCTaHOBOK, 8.BTOp WHpOKO H3BeCTHbIX cneuaanHCTaM MOHOrpaqJHH H CTa:reiL 

Ou 6blJI yHHKMhHbrM no CBOHM JCaqecTBaM t1enoee1<0M - MYAPhIM H Tepne­

JIMBbIM, ,!J,06pomenaTenhHL1M I1' ,KH3HepanocTHblM, Ha pe,n;KOCTh TPYA0JU06H­

BblM H BbICOKOOpl'aHM30BaHHhIM - TTOWJHHHbIM PYCCKHM HHTI!JIJlHreHTOM 

B nyqweM CMblCJie 3Toro IIOHHTHH, 

.TIDKena I1' HeBOCTIOJIHHMa yTpara, HO CBeTJlaJI naMRTh O Ba,!J,HMe .l(eMhHHO· 

BHlle 6yAeT >KHTI. e cep.ru.i:a.x. ecex, KTO ero 3Han H mo6HJI. 



D E P E X O JI: H h1 E D P O .Q E C C hi, Y C T O :0 q H B O C T h 
H PErYJIHPOBAHHE PEAKTOPOB 

Y.[U( 621.039.58 

PACtIETHhl8 AHAJIH3 3AIIPOEKTHhIX ABAPH0 
PEAKTOPH08 YCTAHOBKH ACT MOIIUIOCTblO 200 MBr 

C.A. KpIOKOB, O.IO. KaByH 

Pat:CM81'pHBa!OTCJI 3allpOCKTHLie asapl!H H3 1<11acca TIIMOOTBO.llllf>IX, peaKTIIBHOCtlU,UC H aBapldt C IlOTepei! TeWIOHOCHTeJiett nepaoro 

K0KI'ypa peat<TOpHOII YCTIIHOBKH ACT. 

ANALYSIS OF UNDESIGNED ACCIDENTS OF A NPP REACTOR WllH POWER 200 MW. S.A. KRYUKOV, O.Yu. KAVUN. 
Undesigned accidents belonging to the class of heat removal and reactivity accidents as well as to those coni:erned with the coolant loss in the 
primai:y circuit of a NPP reactor are under discussion. 

BbICOKHH ypoBeHh 6e3onacHOCTH H Ha~e)KHOCTH pac­
CMUpHBaeMOH peaKropttoH ycnHoBKH ACT o6ecne'IHBaior 

HK3I<He napaMerpbI rennoHOCHremr nepsoro I<OHTypa H HK3· 

K8JI JHeproHanpJl)KeHHOCTb aKTHBHOH JOHbr; HHTerpam,HllJI 

K0MDOHOBK8 peaI<TOpa; eCTeCTBeHHaJI u;HpKYJI,mHJI ren. 

JIOHOCHTenJI nepBoro KOHTypa; OtpHUaTeJILHaJI o6patH8JI 

CBJ13b Ja cqer orpimuenhHbIX JHat1eHHH reMIIeparypHo• 

ro, MOJ.llHOClHOfO H naposoro K03q>q>HU,HeHTOB peaKTHB• 

Hocm; pa:iMeiu:eHHe peaKTopa BHYfpH crpaxoeotfHoro 

Kopnyca; rpeXKoHrypHcUI cxeMa nepena1IH renna OT aKTHB• 

HOH 30Hbl K norpe6Hremo c 6ap11epoM no nasneHJno Ha 

cereeoM 1eIOJ006MeHHHKe; ocnaiu:eHHe ycraHoBKH cucre­

MOH 8B8pHHHOro pacxoJia)IO[BaHl{ll C naccHBHblM npKHD.H· 

IlOM pa6oTbl H naccHBHblM BaeneHHeM B AeHCTBHe npe 

aBapunx; HllJIH'lHe ClfCTeMbl 38ll{HTl,l OT npeBbUJJeHHH J:ylB· 

neHHJI K8K no nepBOMY, IaK H no BTOpoMy KOHTypy; 

BKJlWtfeHKe B cxeMy YCTaHOBKH CHcteMbl asapHHHOH nona­

'IH 6opHOro pacTBopa B peaKtOp, CHCTeMbl aBRpHHHOK no.a;­

IIHTKH H JlOil011lUITeJibHO aKTHBHOH CHCTeMbl aBRpHHHOro 

paCXOJl8)KHB8HlUI, Ilepe'IHC1IeHH111e Bbnue ipaKTOpbI IlOJ• 

BOJIJllOT ycraHOBHTI, KRtreCTBeHHO 6onee BbJCOKHii ypoBeHb 

6e3onacttocrn no cpa1rnemuo c ycraHoBKRMH THrra BB3P, 
•!To naer BOJMO)l(HOCTh pa3Memar11 ACT a6rr1uu KpYIIHbIX 

HaceJieHHbIX nyHI<TOB. 

BH}'TpeHltHe cBOHCTBa CRMOJaiu:KIU:eHHOCTH pelUCTopuoii 

ycraHOBKK e m1H6on11weii. creneHH npo,mnXIOTCH B 3anpo­

eKTH111x asapu11x C 'IHCIIOM OTK830B, npeBl>WlllIO.llUlM Ipe6o­

BRHHJI HOpM8THBHbIX llOK}'MeHTOB no 6eJOil8CHOCTH. ,llnH 

yMeHbllieHHH nepetJHR aH8m13HpyeMbIX 3anpoeKTHblX asa­

pHHHbIX pe)IQ!MOB paccMOTpeHhl HaH6oJiee TJOKel'ILIC CH• 

TY~ H:l cJien}'WllUIX KJlRCCOB aeapo: I) a.sapHH, CBJI­

JRKHJ,Ie c yxy,r::r;ureHHeM rennoonona; 2) peaK'rHBHOCTJU.te 

asapuH; 3) aeapHH c 1101'epe.ii rennoHOCllTemt nepsoro 

Kottrypa. AeapHHHbie peJICHMbl Bbif:iHpWIHCb HCXOWI H3 

tore, '110 B03MO>KHLIM noCJJe.D;CTBHCM HX Morna Obi ObITh 

nnaeneHHe TOtDIKBa. OHH MO,[(enHpoBaJIHCL B Ilpe~OJIO· 

>Kemrn Hecpa6aT1,maHHJ1 mapuHHon: 3aIIUITbI H npaKTHtfe• 

CKH nonHoro npeKpaweHH.11. terutooreona BcTpoeHH&IMH 

Teruto06MeHHHKaMH, KpoMe roro, He Y'lHTbIB8nOCb qnepa­

THBHOe BMernaten&CTBO nepCOHWia H <pYHKUHOHHpoBaHHe 

CHCTeM 6eJonacHOCTH. 

XapaKrepHoii oco6eHHOcTblO 3anpoe1<:TH1,1x a.BapKH c 

Hecpa6aTbIBaHHeM llBRpHHHOH 38UO!Tbl 11BmrercJ1 TO, 'ITO 

CHH>KeHHe HeiirpOHHOli MOUlHOCTH peaKTOpa Ilp0HCXOW1T 

TOJibKO 38 Ctlet orpuuarenLHh!X o6paTHblX CBH3eii, o6yc­

JIOBJTeHHblX ntlHCTBHCM 3q><peKTOB peaI<THBHOCTH, 

IlonoMY npe pacqere T8KHX 8J3apHH oco6yIO BalKHOCTh 

npu.o6petaeT Bonpoc o To11Hocm onpenene1rna Ko:iipqiu­

UHeHroB peaI<THBHOcm, Jlrr.11. aHaJIK:la 3anpoeKTHbIX aaapHH 

6eJ pa:irepMeTH38UHH Kopnyca peaKropa HcnorrL30BRJI· 

CJI nporpaMMH.bIH KOMMeKC pac'!eTa asapHHH.b!X H nepe­

XOW{blX peX<HMOB BO.[J.0-BOJJ,JIHblX peaI<TOpHblX ycTaHOBOK 

C MOl],eJILIO aKTHBHOH :lOH1>r, npei:i;CTa.BJieHHOH B IIOKaccer­

HOM rpexMepHOM TlpH6nH)KeHHH. )layxrpyrmOBbie AH<p• 
4>Y3HOHHbie ypaeHeHHJI ( C ytJeTOM UieCTH rpynn 3ailB3Ubl­

B8IOII(HX Heii:tpOHOB) 38IIHCbIBaJ1HCL B BH,O:e 

1 iJFI 
-¥ = vo1vF1 + Q(l - f1) -v, 
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- Lall - L1-2F1 + i; /ici; 
1 11F2 v7ir = VDzVF2 + L1_zF1 - La2F2; 
2 

Q = vnirl1 + vnF2If2; 

ac1 
ai = f31Q - AiCI ' 

r.a:e V 
1 

, V 2 - cKopocn, Heil:rpoHoB; F 
1 

, F 
2 

- noroK He ii­

TpoHoa; D1, D2 - K03cpqnuureHT AHcpcpy31,rn; I:a
1

, I:a
2 

-

ce'leHHe nornomeHH11; I: ~ cet1eHHe 3aMenneiuu1; 
I-• 

V fl , II f2 - BhlXO.D. HeiirpoHOB Ha 8Kl nenemrn; Ir,, I:f2 -
ce'!eHHe neneHirn; ~ - nonH 38Il83.D.blB8IOWHX HeiirpoHOB; 

fji - .[J.OJIH i-H rpyrtnhl Jana3J:n,lll8IOUIHX HeHTpoHOB; \ -
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nocro.RHHan pacrraA3- B i-if rpyrrrre; ci - K0HLl,eHTparurn: 

HJJ,e~H3Jly'lareneii i-H rpynrrh1 JarraJD:bl.BaJOlllHX HefirpoHoB. 

ITp,rne11,eHHasr cHcreMa peruanacb cerotJHbrM Meron:oM 

C HCil011h30BaHHeM MeI0Ll,ll BepxHeii penaKcall,HIL HeihpoH· 

HO-q>H3H'lecKHe K0HcraHibl BbltJHCJHIJTHCb no rrporpaMMH0• 

MY KOMllJleKcy, rrocrpoeHH0 MY tta 6aJe rrporpaMM 

YHMPACOC, HW-7000 H .11p. [l - 3]. 
IlpH peweHliH ypaaHeHHH rH)lp0D;HHHMHKH nepaoro 

K0Hrypa (3a KCKIIJO'leHHeM aKTHBH0H 30Hbl) HCil0Jlb30-

Ba1!HCb llpHHUffllhI H MeIOLl,bl, peanH30B3HHble B rrporpaM­

Me mtHAMlfKA (4). 
KoMTieHCarop ,o;aa11eHJ1.11 MO.Qemtp0BaJlcH rpeMH pac­

'leTHblMH ofiheMaMH - He11,orperoii B0AJ,I, B0J:U,i Ha llH.HHH 

HaCbIIUeHHsr H napa. OrrHcaHHe MareMaru11eCKOH MO.UeJJH 

KOMileHcaropa .uarmeHMsr npel];craenetto B [51. 
PaccMarpHBaeM1>1e asapKH c norepeif reruJOH0cHren.11 

(paJrepMeTHJaUHsr Kopnyca peaKropa) xapaKrepH3yiorcsr 

0OJlblIIBMH B03MYIUeHlUIMH nasneHH.11 H pacxo,o;a ICllJl0H0-

CHTeml nepBoro K0Hiypa. ,llJI.11 KX 3H3JlH3a HCil01lb30Ba.nacb 

nporpaMMa C MH0ro:meMeHIH0H M0)leJibJO peaKropHOH 

ycraHOBKH. YpasHeHH.11 coxpaHeHlUI 331IlfCbIBaJIHCb )VI.JI ro­

MOfeHHOfO paBH0Becttoro rmyxcpa3Horo Il0IOKa, 

,!qt.11 Ka)l():loro 3lleMettn pactJernoii cxeMbI (KpoMe 

OObeMa Me)l(Jzy crpaX0BO'IHblM KOpnycoM H KopnycOM 

peal.(TOpa) 38IlHCb!BRIOIC.I[ ypaBHeHmr coxpanemur MaCCbJ 

H JHepnrn B BH.!l,e . 

dpi 1 
TT= V L Gi-i; 

l 

I (G. .i.) .. dP dP 
di l i 1 

- J 1 1i 1 1 i -=~Ql+-------+--
dr V .p . Vp. Pi di- Pi dr ' 

I I I I 

r.ue Pp ii, pi rtll0TH0CTh, JHTa.JJbnHn H .Ll,8BJierute B i-M 

JlleMenre; Qi MOll.lH0CTb HCTO<UIHKa HJIH CT0Ka rerum-

Bbl,CleJleHHH BHYTpM i•ro :meMeHra; G. . - pacxo.a; reIUJo-
1-J 

HOCHrensr Ha CTbIKax J:ijlYX CMe)Kf{bIX 3JleMeHIOB. 

D.rtn Ka)l(noro CTbIK3 .QBYX CMe)l(HbiX 3JleMeHIOB 

(rpaCCbl) JaIDlCbIBaercJI ypaBHerute ,QBH)l(eHM.11: 

dGi-J 1 Gi_ilGi_il 
dr - I (l If). j(P1 - pj - 2f2 x 

1- ~ 

[
~i-1 L] X ~ + Pj + g(Hi - ipi + Hi - jP} -

- G/ - r(q~i -f~} 
rne (l/f) .. - 0THOWeHHe !UIHH rpacc K IlpDXO,llHbIM ce-1-J . 
11eHH.IIM; Hl. ., H. . - reOMerpHtJeCKHe OTMeTKH no Bbl• 

-l 1-J 

core nrr,i: i-ro H j-ro 3JleMeHroB; ~i-i' ~i-J - KOJcpcpmrneH­

rhI rn,upaI!JJHtJecKoro conponmneHJrn, rrpHae,o;eHHbie K 

npoxo,llHOMY ce11eHHIO 3KIJIBHOK 30Hbi IJ,ll.ff i-ro H j-ro 3Jle­

MeHI0B. 

YpaaHeHH.11 coxpaHeHHH ,Q011011H.l[IOTC.ff ypaBHeHHeM co­

CTORlill.11, 33Bl:tCHM0CTHMH .!l,JIR K pHTill!e CKHX pacxouos, 
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ypaBHe!iHHMH .!l,llH onpenenemrn TI0TOKa OT MeraJIJl0K0H· 
cTpYKlJ.Hii' H r .n. 

TT pocrpaHCTB0 Me)l{Jzy KO prrycaMH B HJi)l(HeH <JaCTH o6-

pa3yer repMeTHtJHJ,I.H o6beM HHlKHeii: 'lacm CTpaxoao11Horo 

Koprryca. Ilpenrronaraerc.R, tJIO naporaJoaa11. cMec& a o6beMe 

MeJK.!IY Kopnyca.MH rroCJie paJrepMeTH38UHH Kopnyca peaK­

ropa 6yner HRX0AHTbC.11 B repMOAl{H3MH'leCK0M paBl-!0Be­

CHH. TorA3- ypaaHeHH.ff coxpaHeHHJI 5y.ayr HMeTb BH.11: 

rne MCK - M3CCa reIDI0HOClITCIIJI B crpaxoB0IIHOM Kopnyce; 

QCK - rermoOIBO)l HJ CTpaxoBO'IH0fO K0prryca; UCK -

rronHaH BHyrpeHH.11.ff JHeprnH TellJl0HOCHren.11 B CTpaxo­

B0tJH0M K0pnyce; GTiT - Il0T0K JHeprnH rennoH0CHTenR 

HJ pea1<ropa B crpaxoao11a1,1ii Kopnyc; GTiT - rroroK JHep­

nm rell110HoCHren.11 HJ crpaxono11noro Kopnyca rron 3al.Ll,Hr· 

Hy10 o6ono'lKY. 

JlasneHHe napoBOAJIHOH CMeCH B crpaX0BO'IH0M KOp­

nyce onpe)leJI.ffJI0Cb HTep31.1,HOHHbIM MeT0l];OM no JIHHeH­

HOMY HHreprromUJ,HOHH0MY ypaBHeH]{IO: 

"pk+ I _ pk - l(xk _ xk) _ pk(xk - I _ xk - 1) 
- (xk _ i_k) _ (xk - I _ xk - I) 

r,rte Xk"' (ik - i'k)/(i"k - j'k); Xk "'(Vk - v'k)/(v"k -
- v'k), k - H0Mep Hrepawm. 

.UaBneHHe raJa B crpaxoB0'lHOM K0pnyce JarrnweM 

B BH.a;e pr = ~Ts)/ er:; !p), r,o;e ~, r:; - HatJaJI&H0e ,!1;3B­

JieHHe H reMrreparypa raJa B crpaxoao'IHOM Koprryce; 

If' - omeMHoe napoconep>KaHHe B crpaxonotJHoM Kopnyce. 

JlaBJieHHe B crpaxoBOtJH0M KOpnyce 6yner HMeTb BHA 

PCK :,:,p+pI'_ 

YpaBHemu1 Hen:rpaHHOH l<HHeTHKH paccMatpHBaJJHCb 

B IO'le'lHOM IlpHMH)l(eHJrlt. Ko3cp(pKUHeHTbl peaKTJIBH0-

crn pacC'!HTb1Bam1cb BO aceM .a;HanaJOHe H3MeHeHHR. pe­

.lKHMHbIX napaMeTpoB c nocraro'!Ho Man1>1M1-1 HHrepnanaMH 

Me>KJJY ymoa1>1MH IO'IKRMH no nporpaMMe BlfITP-7 H 3a­

AaBaJIHCb B BHAe ra6n~ Ka.K c)>yHKI.UIH napaMerpoB rerr­

n0HOCHICIIK H ropiotJero. CncreMa 061>1KHOBeHHb!X D;Hq>• 

c)>epeHIUfaJILHhlX ypasHeHHH HHrerpHp0BaJlaCb C HCTI011b30• 

BaHHeM He,mHoii CXCMbl Btoporo nopnD.Ka anrrp0KCHMa• 

UHH C 8BIOM8Ill'leCKHM BbIOOpoM mara HHrerpHpOB3HH.ff. 

C Il0M0lllblO npe.!1,CTaBneHHblX BhIIIJe nporpaMM BbmOJI· 

HeH pactJeIHblH 3H8JIH3 CJie):lyIOIUHX JarrpoeKTHb!X anapHH• 

Hb!X pe)Kl{M0B: 1) npeKpallleHHe rellJl00IBOA3- B 11poMK0H· 

ryp c or1<aJoM asapniiaoii 381.J..tHTbl peaKropa; 2) Herrpe­

;l:lYCM~rpeHHoe HJBne11eHHe pafioqeif rpyrrrrht opraH0B CY3 

npH pa6ore peaxropa Ha HOMHHa.JihH0H MOIUHOCTH C 

rrpeKpameHHeM rellJioorno.a;a s npoMKottryp H orKaJOM 

aaapHttHOH 381.UHibl peaKropa; 3) pa3repMeTH38UlU[ mf)K­

Heii' qacrn Koprryca pea1<ropa c npeKpaweHHeM rellJioor• 

ao,o;a B npoMK0Hryp H on,aJOM aaapHHHOH JRll.lHibJ pe­

aKropa. 



ITepBblH H3 pacCM3TpHB3eMb!X pe)l{HMOB (H3 Knacca 

3.l!apHH C yxynweHHeM TefUIOOTBOl'.{a) xapaKrepu3yeTCH 

pa3orpeBOM TellJIOHOCHTen11 nepeoro KOHtypa (puc. 1). 

3tta'llUeJibHOe CHH>KelOfe teMOCbeMa co CTOpOHbI npoMe­

)l(YJO'IHOro KOHT}'pa (pactteT B&mrnrneH B npea;nono)Kelfiili 

npaKrnlfl:lCKH rronHoro rrpeKpameHHJl UHpxymnum te1IJ10-

HOCHtem1 no rrpoMKOHTypy) rrpHBOJJ;HT K yeenHlleHHIO 

TeMnepaiypbI reTIJloHocHren.fl, noc1ynarowero B aKTHB• 

HYIO 30HY, Poer TeMnepuyphl B 3KTHBHOH 30He ne.a:eT K 

BHeceHHIO OTpnuatem,HOH peaKTHBHOCTH H CHH)l(eHHlO MOlll• 

HOCTH peaKropa. YMeHbWCHHe IDlOTHOCTK tennoHOCHteJrn 

B OIIYCKHOM yqacTKe Cl£K)K3et JJ;BH>l(YLUHH Harrop H pacxo.n. 

tennoHocHren.fl 11epe3 lil<THB ttylO 30HY. IT pHMepHo ttepe3 

25 - 30 c cpa6at&1Ba10r nepen1ii, a 33teM BropoH npeno­

xpaHHteJibH&Ie KII3II3.HbI, nanetme roieneHHJl B pe3.I<tope 

IlpHBO/J,HT K HX 3aKpb!Tifl0 TIO ,a:ocnn1<eHIUf COOTBet­

CTBYIOWHX yctaBOK, 3aKKIIaHHe reMOHOCHTeJI.lJ B 3KTKBHOH 

30He ysenu'IHl!aer JJ;BU)l(y11.odi Harrop s KOHtype UHPKY· 

IIHJ.UIH H pacxoi:t TeITJTOHOCHTen.fl qepe3 liKTHBttylO 30Hy. 

YsenH'!eHHe pacxo.a.a noctyIIaroweil s aKTHBHYJO 30Hy 

xonoi:i;Hoii BOJlhl H3 onyCKHOfO Y'l3CtKa npHBO/J,HT K BBO• 

fI.Y II01IO)IG{TCIIhHOH peaKTKBHOcrn, TeMn CHH)f(eIDUI HeH• 

tpoHHOH MOWHOCTH na.uaet. ,UanbHeiill!ee IlOBblWeHHe .a.aene­

HHJl B peaKrope H IlOBTOpHoe cpa6aTbtllRHHe IIepeoro 

IIpe,noxpaHHTeIILHOro KJianaHa CB.113aHO C 33Me.D)leHHeM 

reMna CHH)l(eHH.11 MOWHOCTH peaI<Topa. 

Bnocnen:cm,rn np0/1.0Jl)l(3eTC11 OIIKC8HHhlif BhIWe rrepHO­

Aff'leCKKH npouecc, Ol];HaKO MOll.lHOCTK peaKropa y)l(e He­

.nocraro11Ho Ll,Tl11 roro, 'IT061>1 B0I3aar1, noanIrneHue .naene­

IDIR B nepBOM KOHJYpe AO ycTIUIKH cpa6ar1,1BaIDIJl IIpe­

n:oxpa1nneJibHOro KJianatta KOMlleHcaropa ,1:1aeneHHH. 

Bcne}lCTBHe 3Ha'IHTeJlbHOro CHK)l(eHH.11 Hej,jrpOHHOii MOW· 

Hocrn npH ewe 3Ha'!HteJI&HOM pacxon:e .reilJ!oHocuremr. 

11epe3 liKTHBHYlO 30HY H ol'imeM Henorpeae TelUIOHOCH· 

rem1. a peaKrope npHMepHo Ha '350 c rrpouecca rrpe1<pa-

1L1aercK KHileHHe B aKTifBHOH 30He, rrpouecc CT3fuurH3H• 

pyeTCff H nepeXO,:ulT B KBa3HCT3UHOHapHoe COCTOHHHe 

IO 

(CM. pHC. 1). OcraTOl!Hb!e TeIIJIOBb!Jl~JieHHJl aKmBHOH 

30Hhl KOMI1eHCHpyIOTC11: Bb16pocoM :meprnH npH nepHO.[IH• 

'leCKOM cpa6aT&maHHH rrepBoro npeo:oxpaHHrenbHoro 

K11anaHa, 

Ha,Qe)KHOe oxnal!C,ll;eIDie 8KTIIBHOH 30HI,J B paccMaJ­

pHBaeMOM pe)K}!Me 06ecrre11HaaercK no MOMeHn ee 

oronemuI H3-3a norepi, rennoHocu1enH, a&mapKBaeMoro 

qepe3 rrpe.noxpaHHTCJlbHb!e KJiaT18Hb!. ,UocTaTQl{HO TO'IHYIO 

oueHKY Bemt'!HHbl 3TOro BpeMeHH MO)l(HO c.a.enar& HCXO• 

.u;11: H3 cne,a:yromero ypastteHHH; 

T OCT 1'n 

Qn = Mo(i' - i0) = f QpCr)dT + f ~('r)dr, 
0 TOCT 

r,!l;e Qn, 'T n - COOTBeTCTBeHHO KOJlH'leCTBo TelIJ1a H ape­

MH, Heo6xo/J,HMOe wtJI nporpeaa reITJT0Ho~1enn B nep­

BOM KOHrype JJ.0 COCTOJlllKff HaCblWeHHJI; io - cpe,llH.fl.JI 

3HT3IIblIH.lJ TellJIOHOCHTeJI.11 B nepBOM KOHtype B HOMHHaIIh• 

HOM pe)KHMe; T OCT - BpeM.11 CHH,KeHJUI MOll.lHOCTH peaK­

ropa ,no ypoBHH ocraTO'IHbIX rermos1,menemd~. (Qocr). 

l1cnom,3yJl cpopM}'lly Y3.11-B0rnepa: Qocr (r) = 
= 0,0662 Q0r-0.2 , MO.>KHO nonyimri, 

[

(2 5 _ TOCT ]J,25 
r 0 = Q~ (M0(i' - i0) - l Qp(r)dt') + .~ 

KorrK'leCTBO Teruia, HeOl'iXO,!J;HMOe .ll/TH Bh!II3pHaamrn 

Maccbl 1ell110HoCH1enH (M0 - M83), Haxo.n11werocH Bblllle 

aKTKBHOH 30Hbl, onpenem1ercH COOTHOllleHHeM 

Tnta.X 

Qn = (M0 - Ma
3 
)r = f Qocr(r)dr , 

Tn 

r.ne T ma-it - apeMH coxpaHeHJHI aKTHBHOH 30Hhl no.a. 3a­

JIHBOM, 

J,13 llpHBe.a,eHHhIX ypaBHeHHH MO>KJtO nony'IHib 

rmax = 
_ [12,S(M ('" _.,. ) - Qo o • io 

2,6 

2,i 
i, Ga.3 
0,8 

0,4 

20L;___.____:_:..=-=::::::::::::=::::::=:::==::::::::=====;::::=~::=::~~~~o 
0 50 ffJO /50 200 25D 300 350 ~00 ~50 500 55tJ 600 'C,c 

Pl,:c. 1. Pe)l(KM npeKpaw;effllll TellllOOl1101l,a B llpOMKOHT}'p C OTKBJOM aBapHlill:ott 3!UW{TLI: T BX a:J' TBhlX a3 - TeMneparypa TeMOHOCHTeJUI 

Ha BXOD;e H BLIXOD;e RKTHBKOA 30Khl' T , T - TeMneparypa TeIITIOHOCHTerul Ha BXOlle H BLIXO.[le BC'l'pOe1ntoro TellJl006MeHHHKa; 
_ ' BXTO Bb!XTO _ 

p - llaBnCKlle B pea:i<Tope; G - OTIIOCKTelU,Hld11 pacxo.u. reIDIOHOCHTCJIJI 11epe3 aJ<THBHYJO 30HY; q - omoCHTem,KllJI Tl:llllOBllJI MO!WIOCTb p 83 
peaKTopa 



T OCT 

fipette6peraH \[JJettaMH f QP ( r) dr H r 0•8 , HMeeM 
O OCT 

[
12,S(M ('" --;- ) M )] 1.25 

Tmax = QO O I - 10 - 83 r ' 

-c!J 
OllpeAeneHHOe B COOTBeTCTBKH C 3aBHCHMOCTblO (1) -5 

BpeMR COXpaHeHHR aKnlBHOH JOI-lb! TTOA 3aJIHBOM COCTa.Bl{T 

He Mettee 24 11. _ 5 
Pe:lKHM Henpe.izycMOTpeHHOro K3BJTelleHlUl pa6otJeH 

Ga3 

~ 
d 
C 

mp 
~ 
c.." 

l 

i,8 0,99 

1,6 0,98 

l.~ 0,91 

rpynnbr opraHOB CY3 MOAemipoBanc11. B npe.IUIOJTO>KCHHH, -7 .__ _ _.._ _ _,.__{f-_._ __ l , l,2 
0 

0,96 
IITO HaH6onee "TJ1:)l(ena11" pa6oqa.11 rpynna Bb1Bo)lHrc11 co 

CKOpDCTbIO 0,02 M/ C. 

Ha11anbHblH JTan aaapHH xapaKrep1uye1c11 HHteHcHB­

HhJM pa3orpeBOM nepaoro 1<0Hrypa, tJTO o6ycnosnetto 

BbIBOAOM pa6otiHx opraHoB CY3 H npaKTH'ICCKH flOJIHbIM 

npeKpameHHeM rennoomo.z:i:a B npoMKOHryp. IlpH :iroM 

peaKTKBHOCTb, BHOCHM3.ll opraH3MK CY3, He KOMIICHCH· 

pyercg :,qJ<peKtaMH peal<:rHBHOCTH . OrHOCHTCilbH3$1 Heii­

rpoHHSJt MOUlHOCTb cyiuecraeHHO npeBbJwaer OTHOCHTeJib• 

Hb[H pacxon relIJTOHOCHTeJin tJepe3 3KTHBHYIO 30Hy, qepe3 

20 - 30 C cpa6aTbJB3IOT nepBblff, a 3ateM Bropoii npe.u.o­

xpatoneJibHbte KJianaHbJ KOMllettcaropa 11,aanetorn. IIpH· 

DJIH3HTeJlhHO llepe3 40 C pa6oqa,r rpynna IIOJIHOCT&IO Bbl· 

BO/:tHTC.11 HJ 8KTHBHOH JOHbl. Ha6n10.na10TC.II xapaKTepHble 

KOne6aHH11 pacxo.na, MOUlHOCnt K nasneHHH B peaKTOpe, 

B&l3'B8HHbie 38KKnaHHeM re1IJTOHOCHTem1 B 3KTHBHOH 

30He. IIpeKpameHHe BBO.llll IIOJIO)Kl{TeJJLHOH peaKUIBHOCTH 

Ja c11eT Bb1BO.ll8 opraHOB CY3 npHBO.llHT K CHHJKeHHro TeM­

na nporpesa nepsoro 1<0HTypa. ,llan&tteiiwee nporeKaHHe 

pellO!Ma KatJecTBeHHO attanOrHII.HO paccMorpeHHOMY BbllUC 

(pHC. 2). 
Aeap1ui: c paJrepMeTHJaW1eH Hli)l(HeH 11acrn 1<opnyca 

peaKropa (pHc. 3) xapai<:repH3yercx nepereKaHHeM ren­

noHOCHTeJIH B repMerK'IHblH o6&eM Me)K.[zy crpaxoBOIJHb!M 

KopnyooM H KopnycoM peaKropa, Ja3op MC)l(Jzy KOTOpbl· 

3 

2,5 0,5 

2. i..c:::...--.--..--------'o 
o m 20 .30 40 1:,c 

PHc. 2, PeJKHM 11enpe11,ycMotpellHOro H3Bne'!eHHJI pa6o'!el! rpynm.1 

oprllHOB CY3 c npeKpa111elllfCM TennooTBona B npOMKOHTYP I! OTKa-

3OM aaapHltHoA Jal.L(.l{n.( 

0 

N 
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0 

0,8 3 
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PHc. 3. PelKHM p1nrepMernJa1.01H l!Hll(Hell 'lllCTH Kopnyca pea1<ropa 
C npeKpaweHHeM tC1111OOTBO,tla B np0MK0HTYP H ot1<83OM aBapHA­
Holl 3all.l,HTbl (TTon - cpellWUI TeMnepa-rypa ronruma; N - OTHOCH• 

TeJibHU HCltrpoHHaJI MOWffOCTl> peaKTOpa) 

MH npMHJIT paBHblM 30 MM. IIpeAJIOJiaraercg MfHOBeHHLIH 

paJp1,1B Kopnyca no ceapHOMY WBY, BpeMR pacKpb!THR 

l<OnLUCBOfO 3330pa paJrepMemJa.ium no MaKCHMaJibKOH 

BeJJH'D!HbI cocrasnner 0,01 c. B peJyJJ&rare pa3repMern-

3al..U[H HH)l(HeH qacrn Kopnyca peaKTopa ceqeHlfeM 0,44 M 

HaDJiro,oaercx pe3KOe rraneKHe naBnetrmr B nO.flJOHHOH 06-

nacTH pea1<ropa. 8o3HHKBJOT Kone6aHH.11 pacxo.na c Kpar­

KOBpeMeHH&TM o6paTHb!M TOKOM JC11110HOCHTC1I.R qepe3 a1<­

THBHYIO 30H)'. CHH>Kemte ;::i:asnemui H nocrynneHHe rop.11-

qero JelIJTOHOCHTenH H3 30Kbl r.nrosoro y11.aCTKa B 3KTKB­

H)'IO 30HY !IPKBOAJIT K BBOA)' orpHU8TeJibHOH peaKTHBKO­

crn. HeifrpoHH81l MOIUHOCTb peaKTOpa pe3KO na.ll3et 33 

2 C JJ:O 60% OT HOMHHaJibHOfO 3HBIICHH.II 38 cirer neiiCTBHH 

3cpcpeKJOB peaKJKBHOCTH. Ilocne H3MCHCHHH HanpaaneHHH 

UKPKYJI.lllUfH Ha llpllMOC B0306HOBJ1HeIC1l nocrynneKHe 

XOJJO.!I.HOro reIU10HOCHJen11 B aKTHBHyro 30HY, II.IO xapaK­

repH3YCICH He1<oropot1 cta6KJTHJaUReii tteihpoHHOH 

MOUIHOCJH, 

B HattamHbIM MOMettr (r = 0 - 0,01 c) MaKCKMaJlb­

HblH nepenall, ila.BJieHH.ll Ha aKTICBHOH 30HC MO)l(CJ ,[I.OCTH· 

ran, I Mila. 3a BpeM1t, p81!HOe RpHMepHO 0,4 c, TeilJIOHO· 

CHTeJJb nonHOCTblO JarroJIHJlCT ofueM Me)l(,!O' KopnycaMH. 

3a 3TO BpCMR H3 pea1<ropa BbITeKaer OKOJIO 3,8 J renno­

HOCHren,r, .Uan&HCfflllHH npouecc pa3BHTK.ll asapHH 6yner 

Ka'lecraeHHO aHaJIOTH'IHbIM rrepBOMY HJ paccMOTpeHHLIX 

pC)IG(MOB, 

BbltlOJIHCHHI,IC pactteTbl no.z:i:mep>K.ll3IOT Bb!COKHH ypo-

I . 
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BeHL fie3onacHOCTK npoeKmpyeMOH pea:tCTOpHOH ycTaHOBKH. 

Hamt'llte BbIHeceHHoro KOMOeHcaTopa Jl,aBrreHHH nepBoro 

Kottrypa c rtpei:i;oxpaHKTem,HhIMll icnanaHaMK o6ecne'lll­

Baer B paccMOTpeHHblX 3anpoeKTHblX pellCHMaX HellpeBhlWC· 

HKe ,llOTIYCTHMOro ,a;aBJICHliH H repMent'IHOCT.!i Kopnyca 

peaKropa. AHaJIH3 aHllJlOrH'IHblX 3anpoeKTHblX a.BapHK ,ll11H 

pea1<ropHoii ycraHoBKK ACT-500 [6] no1<a31,raaer, tn:o 

npou;ecc pa3BHTKII raKKX aBapaii xapa1<TepH3yerc.11 pacKpbI· 

rneM pa3MMOB octtoBHoro a crpaxoso•moro Kopnycos, 

AaBneHHe B pea1<rope nOBbllllaerCH 11.0 7,5 Mila (MaKCH• 

MaJlbHOe 3Ha'!eHHe, .a:onycKaeMOe no npOqJJOCTH KOpny­

ca). MaJlblH 3830p Meil(LJY OCHOBHblM H crpaxoBO'IHhlM 

KOpnycaMH npei:i;ornpa1.Qaer ,a;alKe KpaTKoBpeMeHttoe 

o6e3BO)K}IB3HHe aKTHBHOH 30HbI, Hap;e)l(J{Oe oxnaxqi:eHl£e 

aKTKBHOH JOHbJ BO Bcex paccMorpeHHbtX 3.BapHHHblX pe)KH­

Max o6ecne'!HBaercR s te'!eHHe He MeHee 24 q 6e:!:I onepa• 

nmHoro BMewarerr&cTBa nepcoHana It nowo11ot1eHl£K CH· 

CTCM 6e30llaCHOCTH, TaKHM o6pa30M, nocrrencTBH.11 OT 

paCCMOTpeHHb!X Bblllle JarrpoeKTHblX aBap1di He rrpeBbI• 

wawT ypDBHH npoeKTHblX aBapHK. 

1. CHi:i;opeHKO B.Jl. Pacqer t<pHTWfHOCrH H BbiropaH}Ul pewe­

TOK CQ cna6oo6orameHHbIM TOITnHBOM H nerKOBO,a:HbIM 

JaMe,o;rnnneM: IIpenpHHt/HA.3-1434. M., 1967. 

Y.II.K 621.03 

2. CanopeHKO B.n., ITweHHH B.B. l1H,KeHepHb!e MeIO.llbl 

H crporpaMMbl IlOWOTOBKH MaJIOrpynITOBbIX KOHCiaHI 

JJ]IR pacqera aKTHBHbIX JOH C nen<OBOllHblM 3aMewm­

reneM//BAHT. Cep. <l>H3HKa H reXHHKa .11uepHb1X pe­

a1nopoa. 1985, Bbm. 4, C. 3 - 9. 
3. MoHoB B.C., I<Hpeeaa 11.n., BemreBa E.,Il. AHHoraUflsi: 

pwc1erHoii: nporpaMMbl HH-700O: ITpenp1rnr/11A3-2156, 

M., 1971. 
4. IlporpaMMa JJ]!Jl 3BM E3CM-6. Pac'!er HecrawmttapHbtx 

pe){(HMOB )Heprern'!eCKHX ycraHOBOK C BB3P - ,ll»11a­

MKKa/B.II. Crracc1<0B, r.A. Bom<oB, B.r. BonKoB H np. 

M.: 11Jll111aroMHH<popM, 1978. 1776/0<I>ATI. 

S. Benaissa B., Martin W.R. Transient analysis of the 

TM-2 pressuriser system//Nuclear Technology. 1985. 

Vol. 6, N° 2. P.136 - 141. 
6. KoHUeilJlHR 6eJOnacHOCTH peaKTOpHOH yctaHOBKll aTOM• 

HOH cra.HUHK rerutocHa6)1(eHJut/<l>.M. MHteHKOB, B.B. Ero• 

poa, B.C. Kyym, H il.p,//AroMHa.11 JHeprn.11, 1988. T. 64, 
Bbllt, 4. C. 267 - 275. 

Cratw1 nocrymma B pe.wucwuo 

27 anperrn: 1990 r. 

BonpOChl aTOMHOR HayKH H TeXHHKH. Cep. 

illlt3HKa .IIJJ:CpH!,IX pe!!KT0poB, 1990, BLm. 5, c. 3 - 1. 

HCCJIE,lJ;OBAHHE PABOThl MHKPOMOWJI.fl PEAKTOPHO0 YCTAHOBKH PKM 
B PE)KMMAX C KlfIIEHHEM 

A.C. 3l-ICMaH, P.C. IloMeThKO, B.M. Cemma.HoB 

Ilpe,ll;C"raBJleHhl pe3YJlbTaThl 3KCnepHMeHTaJ1LHOro HCC!lell,Oll!UUlJI ycrol'-'!RBOCTH ll,HpKYJlllUHU Tel1JIOHOCHTCJlJI B nepaoM KOHT}'pe. 

noKa3aHa B03MOllCHOCTI, Kor,mneKCHoro JlHar'HOCTHpOBaHl'lll pa60T1,I Ml!KpOMO.[lyllll. 

INVESTIGATION OF THE PRESSURE TUBE MODULE REACTOR PLANT MlCROMODULE OPERATION UNDER THE REGIMES 
WlTII BOILING. A.S. ZlSMAN, R.S. POMET'KO, V.M. SELIVANOV. Experimental results on the coolant circulation stability within the primary 

ciJcuit are proposed. A possibility to perform complex diagnostics of the micromodule opern tion is displayed. 

KaK y,Ke OIMe'laJIOCb B pa6ore [ l] ' ,ll;)l.ll arOMIU,IX 

craHllHH reIUioctta6)KeHHH (ACT) rrpell,lloiKeH H pa3pa6oraH 

itpoeKT BO}].Orpaqrnrosoro peaKtOpa C MHKpOMO/zy]IRMH. 

CornacHo npoeKry pa6ora pea1<ropa no nepBOMY KOH• 

rypy orpaHH'!HBaercH ronbKO o6nacn.w HeJJ,orperofi llCHA· 

KOCTII. 0,llHaKO HccnenoBBHH.11 pe)KHMOB c KHileH.HeM ~!OT 

B03MOllCHOCTb rrporH03HpoBatb noaeneHHe ycraHOBKH B 

HerntaTHbIX pe>KHMax, B 'lllCTHOCTH rrpH CHH,KeHJU1 ro!B· 

rreHHR B rrepBOM KOHtype, npeBbIWeHHH npoeKTHOro 3H3• 

11eHlU! MOWHOCTH MOA)'Jl.11 JIH6o itpH CHHllCeHHH pacxoi:i;a 

reIDioHoCHrerrn no B ropoMy KOHTYPY. Il pe.11:cn.srnIer HHte­

pec I3K)l(e o6ocHOBaHHe B03M0)1(HOCTH 3KCrrnyatall,Hl{ MO• 

DYJIR 8 KHltRWl1X pellCHMax. 

MccnenoBaHH.11 npOBOW(11HCh Ha llOJlHOMacrnra6Hoti 

3JleKTpoo6orpeaaeMOH MOi:i;emi MKKpoMo,llYnH (MM) B co­

craae teIU1o<fJHJH'lecKoro crettna BhICOKoro 11.asne11mI 

8-200. UocraTOtJHO ITOll,p06Hoe OmlcaHHe MHKpGMOJzyJI.11 

H ero Mo.a;em1, Hx napaMerpbI H xapaKtepHcTHKH, a raK,Ke 

OIIHcaHHe )KC1tepHMeHiaJJbHOro 06opy11.osamrn npHBeL1eHbl 

B pa6ote [1]. TaM )Ke OIIHCaHa pa6oTa MllKpoMO/U'JlJl s CTa­

UKOHapHbIX pe)l(HMax H rrpliBeJJ.eHa xapaKreptta.11 33BHCH­

MOCTb H3MeHeHH/I pacxoroi B nepBOM KOHrype (G1) OT 

MOWHOCTH TBC. 8 3TOH 3aBHCHMOCTH Bbl,lleneHO rpn xapaK• 

TepHhlX o6nacTH pa6otbl MO,llY/l.11; I - O,llHocpa3HUI 06-

nacrh; JI - o6Jiacrb KHnnwero pellCHM8 C ITOJJOl!CHieJlbHblM 

rpa.a:HeITToM pacxoroi no MOWHOCTH TBC H III - o6rracTb 

KHnsi:wero pe)!GfMa c nai:i;eHHeM JHa'leHH11 G1. 

B naHHOH pa6ore HCCJle,llYeM p.llA BOIIpocoB, CB.II· 
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3aHHbIX C pa6o10ii MUKpoMOJl.YnJ[ B KlHU11.I.1eM pe)KHMe: 

- YCTOH'lHBOCTb UHPKYIUlUHK reIIJIOHOCHrenJI no llep­

BOMY KOHiypy; 

- YCIOH'lHBOCib pa6oTbl CHCieM&I MHKpoMOJl.YJib -

KOMrreHcarop ofueMa (MM-KO) B unrpoKOM IIJiatte, B 

'{8CTHOCTII IIOBe,QeHHe CHCTeMbl 11pK HaJIHlllOI MaJIOH Te'lK 

B rrepBOM KOHTYpe, llpH HeB03MOlKHOCTH OIBO,cr.l scero 

rellJfa '!epe3 sttyrpHMOJlYJihH&1H re11JI006MeHHHK; 

- B03MO)KHOCTb JJ;KarHOCTHKH B03HHKHOBelllUl HeycTOH· 

'IHBOCTH I.Uf PKYJl.llllHH 110 xapaK1epy H3MeHeHKH MaccO: 

o6MeHa Me)K,lzy MM H KO. 

KaK y)Ke OTMe'!aJIOCh [ l] , B o6nacrH KHrrem1.11 II B tte­

Ko1opoM ;::t;HanaJoHe M01.1.1Hocrefi TBC llpH IIOHHlKeHHhlx 

naanemrnx (P1 < 4 Mlla) cp11KcKpoaarrKch asr0Monen1,­

Hb1e Kone6aHJrn pacxo.cr.i 110 rtepBOMY KOHTypy. Bo Bcex 

OilbITax Ja rpaHHu;y ycIOH'IKBOCTH UHPKYJUII~H llpHHKMaJI· 

c.11 pelKHM c aMIIJIHrynou 1rnne6aHHfi A > 0,03G1 , MaKCH• 

MaJlbHa11 aMIUIHty)la KOJle5aHHii G1 Ha6111onanach IlpK HaH6o­

nee HH3KHX naeneHHHx (P1 < 0,3 MIia) H nocrnra­

na- ~ 30% OT CpeUHero JHa'!CHHJI G1. B OllbltaX qlHKCHpoea­

nac& raK)Ke rpaHHU,a 11pe1<paI1.1eHH.11 1<:0ne6aHH.ii pacxona 

np11 naJibHeiirneM }'BeJIH'leHHH MOl.l.1HOCTH TBC. 
Ha pHc. 1 - 3 noKaJaH&I JHaqemu1 MOWHOCTH THC 

(NTBC), cooraercreyiowHe HHlKKeii: H sepxtteii rpaHHu;aM 

ycrOH'IHBOcrn UHpKYIIHUHH. Bo acex cny'!anx JJ;KanaJoH 

H3Mettemrn NTBC, npu Koropofi CYmeCTBoeanH Konefia­

HH.11, He rrpeBbllllaJI 200 KBT. Ko11e5aHHH pacxoaa H8'lHH811HCb 

BCKOpe IIOCJie 11011:BJleHHH napa B I.llfOBOM y'lacrKe. BbinOJI• 

HCHHhle 01..leHKH IlOKa3anH, lfTO ,!l.11.11 . C'f8UKOHapHbJX pe)KH• 

MOB Ha rpamu.i;e ycrott'{HBOCTH 3HaqeHH.II HCTHHHoro ofu­

CMHOro napoconep)l(aHHR (,p), pacc'!HTaHH&te no Mero­

,IU!Ke [2], cocraan1tior 0,4 - 0,6. ITony'!eHnoe 3Ha'leHHe 

napocoAep*aHHJl xapaKrepHo ,!l.Tllt o6nacrn paJBHTOro 

C nepeXOAOM K cttapRAJiOMY pe)KHMY Tel!eHHlt (3] (06-

1-­
c:C 
:ii::: 

800 

2 

PHc. 1. 3lll!KCHMOCTb JHB'leHKll Ni-Be· coomeI"CTBYIOlltHX Kone6a­

llHJlM G1 H GMM-KO' OT ll&BlleHIDI B nepuoM Kmrrype npK 

G2 = 3,2 Kr/c; t8x2 = 80° C: 1 - npeKpBUleHHe Kone6aHHlt G
1

; 

2 - Ha'lano Kone6H.HHlt GI; 3 - pe:moe B03pllCTllHKe BMIUIIITYAbl 

Konet'iwodl GMM- Koi 4 - KJMeHeHKe xapaKTepa Kone6aHHtt 

GMM-KO; S - Ha'!ano xone68.HKlt GMM-KO (o6nacn, Heycroll• 
'IHBOR ItHpKYllJlWffl :Jail.lTpHXOBa.Ha) 
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cEi 
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800 
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400 
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~o 60 80 mo t8•1 /c 
Pile, 2. 3aBHCIIMOCTL 3Haqe,odt NrBc• COOTBCTCTBYIOlllHX Kone68.HIUIM. 

G1 H GMM-KO' oT TilM11epazyp1,1 OXJIQ)f(A&l()J.11ell BOW>l npH p = 
= 2,4 Mlla: 1 - npeKpallle!Ole 1<one6amdt G

1 
(G

2 
= 3,2 Kr/c); 

2 - ff!l'lano Kone6am!lt G1 (G2 = 3,2 KI'/c): 3 - npeKp11UeHHe Ko-

11e611todt G1 (G
2 

= S Kr/c): 4 - Hll.'lano Koneli8HH1!: G
1 

(G
2 

= 
= S Kr/c) ; 5 - Hll.'111.110 Kone6amllt GMM-KO (G

2 
= 5 Kr/c) 

800 

PKc. 3. 3aBHCHMOCTb 3HR'leHHll Nr-Bc• COOTBeI'CTBYIOlllHX KOllelia• 
HWl:M G1 H GMM-KO' OT pacxo~ oxn10KIJIU()11J,elt BOAbi npH P

1 
= 

= 2,4 Mlla: 1 - npeKp8lJ.lel!He KOne6aHHlt G
1 

(t
8

X
2 

= 50° C); 2 -
lfa'lano Kone611t1HII G (t = 50°C); 3 - npeKpaweHHe Konelia-

1 BX2 
0 HHII G 1 (t8 x2 = 80°C); 4 - HBl/llJTo Kone6aHH~ G

1 
(t

8
x

2 
= 80 C); 

S - Hal/aJlo Kone6aHHlt G~M;;-KO (t
8

x 2 = 50 C); 6 - lla'lano Ko­

ne6amd:i GMM-KO (1iix2 - 80 C) 

nacn II JaBHCHMOCTH G, (N) ), q TO COOTBeTCTB yer Macco­

BOMY napocoD,ep>KaKHio X > 0, 

Heo6xO.a;HMO OTMeTHTb, lfTO B Hacro11~ee BpeM.11, Ha­

CKOJll,KO H3eecrno aeropaM, B nH,eparype orcyTcTBy101 

HCCJ1e)l0B3HIIH CHCTeM, aHanOr'H'lll.blX paccMarpKBaeMOH 

(MM-KO), a coornercrneHHo orcyrcrayio, pa3pa6oraHH&re 

wrn raKHX CHCTeM KplHepHH YCTOKlfHBOCTH. AB1opaMH 

c.nenaHa IlOilbITI<a npoBeCTH oueHKY YCIOH'IHBOCTH UHp­

KYJJJU.IHH no KpHrepmo, rrpe,t1;11o>KeHHOMY B.II. 3asanb­

CKHM H n:p, [4) ,a;TIH MOD,eJIK peaKrnpa ACT-500. IIo 

JTOMY KpHTepHIO ycrOH'!HBOCTL CKCTCMbl onpe)];eJI.lletcR 

xapaKTepOM 38BHCHM0CTeH CYMMbl rHJlpaBJT.H'leCKHX conpo­

THBneKHii no KOHTYPY ecreCTBeHHOH UHpKynmurn H ,a:BH· 

lKYWero Harropa or pacXOl];a relUIOHOCHTem1 B TO'IKe HX 

nepece'leHKJl (pa6oqeii ro'IKe) . B qacrnocrn, ecmt 

dP rl dG > 0 B TO'lKe nepece'leHHH, ro pe)l(HM tteycroH11KB. 

ConocraBneHHe pe3ynLraroB npoBeAeHHoro aHaJIK3a no 

KpKTep1110 3aBaJibCKOTO H 3KCnepHMeHiaJll,HbIX WiHHblX 



He rtoJBom1er C/:l;enan o6Ha,!le)KHBaiomero Bb!Bo,a:a o npH· 

MeHHMocm KpHTepHJI K MOAE!IlH MHKpoMOJlYJIH, 

Ha111maJ1 C pe)K}IMOB KHneHHH He,!lorpetoii )IQl,ll;l<OCTH 

B c11creMe MM-KO Ha6moaaerca nocro.11HHLIH Maccoo6-

MeH MelKnY MM H KO (attanorn'IHO "i:u,ixarem,HoMy" 

peJIGIM}' Ha 38KJIIOtfHTen&HOH CTaJnlH asapHH [l]) B BHJJ.e 

nyn&CHpyromex B 06o11X HanpasneHHBx nepete\feK rerr­

JtOHOCHten.11 no rpy6orrpoBoJlY MM-KO. YcpeJJ,HeHHoe 

3Ha\feHHe pacxoJJ,8 no nemm MHKpoMoizy-n1,-KoMiteHca­

rop om,eMa npH pa6ore MOJJYllll Ha CT8UHOHapHOM ypoBHe 

MOIUHOcm BO BceH ofinacm II (pHC. 4} paBHO HYJl!O, TeM 

caMblM B :noii o6nacm. ycpe,!J.HeHHble BO B peMeHH T > 
► TJCone6 xaprunepHCTMKH Moizy-m1 coxpaHJ110TCfl nocro­

HHHhlMH, OJJ,Hat<O IlpH JJ.OCTKlKeHHH MOIQHOcreii TBC, 
COOTBeTCTBYIOIQHX MaJ<CHMYM8M pacxo,[la B nepBOM J<OH· 

rype (NGmax>• H nepexone Ha HHCXOWllUYJO BeTBb 3aBH· 

CHMOCTH G1 (N) (o6Jlacrb Ilij !pHKCHpoB311HCh IIpeHMY· 

mecreeHHO nepere'll<H TeilJIOHOCHTenll H3 MOA}'JtJI B KOMIIeH­

carop 061,eMa, r.e. B o6naCTH III npoMCXOJJ.IH rrocto.llH• 

Hoe B&ITecHeHHe rennoHocurenH H3 MM B KO (rrp11 no­

CTOHHHOM 3HH.'leHHH MOll.lHOCnl. TBC}. 3ro CBJ138HO, C\fH• 

raeM, c HapyweHHeM 6anaHca Me)l(,!zy rerrnos1,1.u,eneHHeM 

B TBC K OTBOJJ.OM 1enna so a1opoii KOHJYp. IlpH JTOM 

TiapaMgmp 

pl 

! 

secb reRepHpyeM&IH B TBC nap He ycnesae1 KOHJJ,eHCHpo­

san.cB B TeIOloo6MeHHHKe, H B03HHKaer HeKotopoe OOBbl• 

IUeHHe /:l;aBneHH.11 B nepBOM KOHrype, H, I<BK cne,a.CTBHe 

JTOro, \f8CTb reilJIOHOCHten.11 BbJTartKKBaerc.11 B KOMIIeH­

carop. TaKHM o6pa30M, omeM napa B MOA}'ne rrpH nocro­

JIHHOH MOLUHOCTH HapactaeT' 'ITO npHBO,!IHT K CHH>KeHHIO 

G, H B CBOIO oqepeAb K 6onee HHTeHCHBHOMY napoo6pa30· 

B8HHIO H T.J],. B pe3YJibTaTe 3TOro npH pa6ore yci:aJIOBKH 

Ha JIIOOOM yposHe MOWHOCTH B o6nacrn IIJ 3aBHCHMOCTlf 

G 1 (N}, rne NTBC > NG max' np01-1cxo~r nocreneHHoe 

ocyrneHHe MOnYil.11 H CHJUKeHHe G1' 'ITO MO)KeT 6blfb HHtep­

npem.pOB8HO KaK anepKO.IJ,tPleCKBJI HeyctOH'!HBOClb CHCTe­

Mbt MM..:..Ko. 
Kaic OtMe'!aJIOCb, npoeKT He npe,IzyCM8TpHBaeT HaJIH'll{Jl 

K8KHX·JtH6o BHelllHHx coe,!],}lHHTeJibHblX JIHHMH nepBOrO 

KOHyYpa MM C npyrnMH 3JleMeHTaMH yctaHOBKH, KpoMe 

1py6ortposoaa Me)Kjl)' KO K MM. IlpH HanH'IKK Martoii re­

'IH HJ nepsoro 1eoxrypa MM 3ra CBJl3b .U,OJI)KHa o6ecne'!HTb 

a,neKsatHYIO noll;JIHTKY M3 KO. OJJ.HaKo MO>Klto rtpJ{Becm. 

HeKoropLie paccylKJJ,eHH.11, KOrna B03MOll<HOCTb TaKOH noJJ,­

IlHTKH He O'leBH,!],H8. HanpHMep, o6oeM tertnOHOCHTem1, 

rrorepHHHb!K B pe3YJtbTSTe yre<n<K, MO)l(eT 6btTb 38HIIT 

napoM rrpH rex JKe napaMe1pax, a 3Hat0!.T, K JJ,aBneHHe B MM 
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MO)Kel OCTaJbCII npe)l(HHM H, cne)lOBaTeJibHO, B TaKOM 

cnyttae no,a.nHIKa H3 KO 6y]ler orcyTCTBOBaTb. IlpH 3TOM ' 

B03HHKHeT CHTya1.1H.11, aHaJI0nt'IH311 om1caHHOH BbIWe (06-
. 11acn, III 3UBHCHMocrn G 1 (N)), c nocrenettttbIM ocywe­

HHeM MOJJYilll 3a C'leT M3110H Te'U{ 6e3 K8KHX-m16o BHeUIKHx 

IlpH3HaKOB, 

8 CJ3.113H C BbIWeH3JIO)l(eHHblM B03HHKJIH npeJ:UlOJIO)Ke­

HIUI O B03MO)l(H0CTH B03HJ{KllOBeHH.II anepHOro,i'leCKOM He­

YCTOlflffiBOCm CKCTeMbI MM-KO B pe3ym,rare BOJMyweHH.11, 

BHOCHMOro HaJIH'IHeM Ma.TlOH Te'[!{ B nepBOM KOHrype npH 

paoore ycraHOBKH a o6nacrn II JaBHCHMocrn G1 (N) 
(aKano1wrno CIIY'IBIO, 0'[U{C3HHOMY Bb!We, ~p;e Heycroii­

'IKBOCTb CHCTeMbl B03HHKana B pe3ynbrare ,llHCOaJiattca 

MelKJJY TeIIJTOBbI,lleJietuteM H TeilnOOTBOJlOM) . • 

3KcnepHMeHTbi C HCKYCCTBeHHO opraHH30B3HHOK Te%10 

Kottrpo1mpyeMoro pacxoAa npoBelI,eHLI KaK tta xo11on­

HoM MOnyJie (npH NTBC = 0) ' raK Ii npH pa3JIH1lHbIX ypoa­

HJIX MOlllHOCTH TBC. Pe3ynhTatb1 JKcnepnMeHros noKaJa­

JUf YlI.OBJieTBOpHieJILHOe COBI18,lleHHe BeJIH'IHlib( y1ettKH 

(Grc'BI) H pacxop;a HJ KOMneHcaropa 06,,eMa B MKKpo­

MO,tzym, (GMM-KO), 1.e. pacxo,lla TIOJlilHTKH K3K B OAHO• 

qia:mo» o6JlacrH ('ITO He Bbl3b!B8JTO COMHeHHM), raK H B 

pel!OIM3X C KHrieHHeM B 06nacnt (I, B TOM 'IHC!le H B pe­

>KHMax C 3BTOKOne6aKHIIMlf G1 np1t pa3IlH'lHbIX 3lla'leHHXX 

pacxoAa re<JH 50 n/t1 ..-;;; G
1
e

1111 
..-;;; 300 rr/q (pHC. 5). 

TaKHM o6paJOM, CHCTeMa MM-KO ycroii'!HBa OTHO• 

CHTent,HO BOJM)'llleHHn, BHOClfMOfO HanH11HeM yre'IKH ren­

IlOffOCHTe1111 HJ nepaoro KOHTypa MM B o6nacm II JaBHCli­

MOCTH G1 (N). 
npoueccht rettepawm H KOHJJ.ettcaQHH napa, KOTOpb1e 

ttenocpencTBeHHo an111110t Ha UHpKymmHoHHbte xapaKTepH· 

CnlKH KOJITypa H 1ennOrHApOJIHH3MH'lecKylO o6craKOBKY' 

.II.Billl!OtC.11 nptt<!HHOH H3MeHeHH11 naaneHH.11 B MHKpDMOAY-

200 

lSO 

mo 

50 

0 

10 

PIie. 5, 3aBHCKMOCTb GMM- KO 
OT BCJIH'OUlbl ytC'IKH TC/lJJOHOCH· 

Temr (GT) : • - ~BC "" O; <1 -

0.[IHO¢)a3Hbllt pe)l(l!M j O - K>lllll-

111,KR pCll<HM 

0 

50 150 

ne. Y'IHTb!B3.11 OIHOCHTeJILHOe rIOCT08HCTBO ABBneHH.11 B KOM­

neHcaTope ofu.eMa, MO)KHO yrsep)l(.[J.aTb, 'ITO BCIIKOe H3-

MeHeHKe ,a:aBJiemtll B nepBOM KOHIYpe tvo!KpOMOA}'JI.11 Bbl• 

3oaeT HJMeHeKHe Maccoo6MeHa Me)l(J].}' MM H KO, TaK 

K8.I( HHepQHOtfHOCTb Tpy6onpoaona Me)l(,lly MOA}'neM H 

KOMneHcaropoM (BpeMII ycraHOBJTCHIH! pacxoAa IlO rpy-

6onpoBO.tlY IlpH B03HHKHOBeHHH Ilepenap;a ,llaeneHH11 MC)!C• 

AY MM H KO) Ha nopJl.[J.OK MeHbWe HHepu.HOHHOCTH nep­

aoro KOHTypa (BpeMeHH TpaHcnopra rennottocH1en11 no 

KOHrypy), Mo)l(HO C'!HT3Tb, 'ITO nyJTbC31.U{OHHbte xapaKTepH· 

cTKKa GM M-KO .uomt<Hbl COACp)K3Tb noneJHy10 Httq>o pMa• 

UHIO o rermornp;poJJ;HttaMl{Ke nepBoro KOHtypa. 

ConocraBneKHe norryt1eHHb1x B pe3ynLTaTe 31ecnepH­

MeHTOB xapaKTepHblX H3MeHeHHH i:(aBneHHII P, • Gl H 

GMM- KO C npHBe,tteHKOK paHee xapaKTepHOK 33BHCHMOCTblO 

G1 (N) H pac'!etHb!Ml-1 3HatteH}IJlMH HCTHHHOfO ofu.eMHO­

ro napocoJJ.ep)l(aHH.11 noJeomreT Bbui;enHTb cneny10w11e 

wecTL xapaKTepHbrx· pe)l(]{MOB pa6oTbI CHCTeMbI MM-KO 
(CM, p11C. 4); 

1. OrcyrcTB11e pentcTpHpyeMLJX (Ha ypoatte norpew­

KocTeii annaparypbl ~ 0,5%) Korre6aHHi1 n106oro ff3 napa­

Merpoa - o.a.Ho<pa3HbJH pe)K}fM ( KHnettue orcyTcTB yet). 

2. fiOXBJieHHe nepBbIX pemcrpHpyeMblX IlY11bC3WiH 

Maccoo6MeHa MM- KO, 1110 cooteercTByet pe)K}fMY KHne­

l-lH.R c ttenorpe·aoM 11a H3'18JlbHOM y11acrKe o6nacTH II H 

Ha6n10AaeTC11 ropaJAO paHLwe, 11eM KOrre6aHH11 pacxoAa 

G1 (KpHBa.11 5 Ha pHc. I, 2 H 1<pHBb1e 5, 6 tta pHc. 3). 

3, 80JpacraH.11e 3MnnHTYAbl nyJ1bC8JJ;Hi1 GMM,..KO 1-1a 

nopHAOK no cpaBHeHHIO C ripeAbl.llYWHM pe)l(l{MOM (KPH· 

sa.11 4 Ha p11c. l). 3To cooreeTCTBYer, c'illTaeM, CTepexo.u,y 

K pa3BHTOMy o6'beMHOMY KKneHHJO }I npe.nwecTByer lia­

'laJiy Kone6amtif G1. 

4. BoJpacrattHe 3MilJIHTYAbI nepete'leK GMM- KO ewe 

tta nop.RJJ.OK, 11ro cooTBercrayer, no HMe101.W1MCJ1 ,lllfarpaM­

MaM pellO!MOB, nepeXOII,Y K cHapl!JlHOMY pe)KHMY Te'le­

HHII (0,4 < cp ~ 0,6) H Ha11any cpHKatpyeMbIX KOne6aHHH 

G1 H P1 . TaKo» ypoaettb nynhcaUHit GMM- KO cooTeer­

cruyer BceMy mianaJotty MOIUHocTeii TBC, npH KOTOpbtX 

Haonwi:(aiorc.11 Kone6a1urn G1 • 

5. YMeHbillettHe 8MilJ1HfYAbI IlYJibCaIUtK GMM~ KO Ha no• 

PHJlOK (KpHBaJI 3 Ha pKC. l) ' H3MeHeHne HX xapaKrepa, 

'ITO cooraerCTByer sepxHei1 rpaHHue tteycTOK'IHBocm G 1 

(no MHCHHIO 3BI0poB, 3TO MO)l(HO HHTepnpernpoB3Tb KaK 

np«JH3K nepexo,t1a K J:O{cnepcHOMY pe)l(HMY Te'leHHII), 

6. flepere'IKH TeJU10Hoa1te11J1 npeHMyurecTBeHtto lf3 

MM B KO. 06na cTb III JaBKCHMOCtlf G1 (N) - o6nacTL 

a Ile pHOJJ;H'leCKOK Heycroi14:UBOCTH ( n peK pawatorc.11 KOJie-

6awrn G1 H Ha6rt10naerc11 ero CHH:lKeHue npH nocro11HHoi1 

MOtUHOCTlt TBC). 

Ha acex ocUHJUiorpaMMax nyJibCBU)IM GMM- KO B pe­
>KHMax 2, 3, 5, 6 (CM, pHC. 4) MO)l(}{O BbIAeilHTb xapaK­

TepHb!e Bb!COK0'13CTOTHbie COCTaBJJ.lllOWHe H MO,tzy11H­

PYIOI..UYIO HX HH3KO'laCIOTHYIO COCTBBJIJIIOWYIO cneKrpa. 

MO)KHO O)l(Hll,aTb, '!IO HHq>OpMantBHOCTb OCUHJIJIOrpaMM 

IlYJibCaW{tt GMM- KO Il03BOJllfT He IOnbKO q>HKCHpoB3Tb 



TaK11e mrnefillll, KaK HeycrOH1lliBOCTh UHpKymnm11 H Ha­

lHl'!He Te'!eH B r1epBOM KOHType, HO H ll,HarHOCTHpoBaTb 

pe)l(HMbl te'!eHHll a KOHType. TaKHM o6pa:mM, nyrr&ca­

ll;HOHHble xapaKrepHcrnK11 pacxop;a GMM- KO Moryr fibITb 

11cno111,3oaatt&1 Jlllll KOMIUleKCHOH imarnoCTHKH PKM H 

aHarrorninthIX c11creM, '!TO nerraer aKryan&HbIM nan&Hewwee 

HX 11ccnenoaaHHe. 
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rl1,llPOJUIHAMl1KA H TEIIIlOOBMEH B MHKPOMOWJIE PEAKTOPHOfl YCTAHOBKH PKM 
B HECTAUHOHAPHblX ABAPH8HLIX PEiKHMAX 

B.M. Cemrna.Hoe, B.M. lllaphrrmH, P.C. IloMen,Ko, a.A. BonTeHKo, 
A.C. 3HCMa.H, 10.11. Opexoe 

npHBOWl'TCJI peJynbTllTbl HCcne11osaHHA aeap11H, CIIHJIIHHOA C paJrepMen13all}leA nepsoro KOHTypa MHl<POMOll,YWI peaKTOpHoA ycra· 

HOBKH WI.II aTOMHOI! CTaH!..IHH-

HYDRODYNAMICS AND HEAT EXCHANGE IN A MICROMODULE OF A PRESSURE TUBE MODULE REACTOR PLANT IN 
NONSTATIONARY EMERGENCY REGIMES. V.M. SELIVANOV, V.I. SHARYPIN, R.S. POMETKO. E.A. BOLTENKO, A.S. ZISMAN, 

Yu.I, OREKHOV. Investigation results of an accident caused by the ruptwe of the reactor plant micromodule primary ciJcuit in a thermal 

power plant. 

B atOMHOfl :meprernKe see 6onee umpoKoe np11Me• 

HeHHe ttaxo.wn arrnapat&r, CHCTeM1,1 1 KaHaJihI, pa6ora10wHe 

B YCJIOBHHX ecTecTBeHHOH UHpKYJl.llUHH rerlJlOHOCHiemt. 

0Tcyrcrs11e CIIO>KHoro HacocHoro o6opyp;osaHHll BMec1e 

co 3Hal{HieJlbHOH reIUIOBOK HanpR)l(eHHOCThlO npHBO)lll.T 

KO ace 6onee urnpOKOMY HCrlOJib30Bafflno T8KHX CHCJeM 

B YCJTOBHJIX rlOBblllleHHhIX rpe6osaHHK 6e3onacHOCTH. Oco-
6eHHO 3KTYaJJLHhl 3TH BOIIpOChl J].llJI ACT H AT3U,' KOTO­

pble nomKHhl 6&tJL npH6nHlKeHbl K no1pefuuen10. 

n ~Hu;HilllaJJbHOH oco6eHHOCTblO paccMatpHsaeMOH 

peaKtOpHOH ycraHOBKlf .11BJ1.11ercH pac'IJleHelllle nepaoro 

KOHtypa Ha OOJiblllOe 'IHC!IO 3.BTOHOMH!>IX KOHtypos (MHK· 

poMOJ1.Y1Te0) Manora 061.eMa c ecrecmettttoii UHpKyn,i:-

1..1,HeH. IlpH JTOM KJ raKHX YHM<l>KUHposaHHb[X MHkpOMO· 

JJ.YJieii MOr)'I 6b!Ib co6paHb1 ycraHOBKH pa3Jllfl1HOH MOIU· 

HOCTH. Bec&Ma aalKHblM qia1<rnpoM B 06ecne11emm 6eJ­
onacHOCTH Jll!JllleTCll B03MO)KHOCTh orpa6otKH scex pe>KH-

Mou pa6orhl MOJ1.Yneil: Ha rlOJlHOMacwra6HbJX :meKtpo• · 

o6orpesaeM&IX MOAeJIHX. 

06cyiK.AaeM&1e HH)Ke OIIblJbl npoae,ueHbJ Ha llBYX MO­

ll,eJlllX Monyneif, IlepaaH MOJleJI& 11peacraarrJ1Jia co6oif 

3aMKHYTb!H llHPKYJl.llUHOHHb!H KOHTYP, Bb!IIOITHeHHblK B DH· 

/l,e e/l,HHOro MOJJ.YJI.11, cop;ep>Kamero rennos&menaJOmyio 

c6opt<y (TBC) B HH>KHeil ero '!aCTH, T.llfOBbIH H orrycKHOil: 

yqaCIKH H rellJio06MeHHKK (pHC, 1,a). 11MeHHO raKa.ll KOH­

crpyKWUl paccMa1puaaercH s Ka'lecrae emmoro MOJlYJill 

Jlllll pana Bo.a.orpacpHTOBhIX pea1<ropoa craHUHii re11J10-

cHa6lKeHM.11 MOWHOcnio 50 - 300 MBr. TBC npencraBnll­

na co6oii ny'IOK HJ 30 CTep>KHeH Jllf.aMeTpoM 13,5 MM 11 

WIHHOll 2,8 M, Crep)l(HH pacnonaranHCh a KOprryce c BHYT­

peHHMM /lliaMetpoM 125 MM no ll.BYM KOHUeHTpH'lCCKHM 

OKpylKHOCTllM BOKpyr onycKHOro y'laCTKa KOHTypa Ha­

PY)l(Hb!M Jllf.aMeTpoM 57 MM, 

OcHOBHble npoeKtHbJe napaMetpbl peaKTOpHoro MHKpo-

11 
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M0A}'nft (ycrroBHH Ha Bbtxone H3 TBC - HeJ:lorperaH BO• 

,qa) ACT cneey10w1-1e: MaKCKMaJILHan MOWHOCTb 

1070 KBr; .rU!BJteHHe B nepBoM K0HType (Pi) - 71', Mila; 

naBJleHHe BO BT0poM l<OHType (P2) - 1,2 Mila; pacxon 

110 sropoMy K0Hrypy 1!epe3 KaH3JI-M0~JtL, MaKCHManL­

HblH (G2 MaKc) - 16 r/q; reMneparypa Ha Bxone B re11J10-

06MeHHHK (tBX2) 80°C; TeMneparypa Ha BblXOJJ,e H3 

rermoo6MeHHHKa e HaH6oJtee ttanpnil<eHH0M KaHane 

(t8bIJ - 150°C. 
Bropoii: Kattan 11pencraamm co6oii: rty'I0K H3 ceMH 

crepx<Heft JllUMerpoM 13,5 MM H .lm'IIHOH 3 M, pacnorro­

lkeHHbIX B 1<op11yce C J:giaMeTp0M 50 MM H 3amyweHHb!M 

HH)l(HHM BXO/lOM (pKC. 1,6). Han o6orpeBaeMOH c6op­

K0H HaX0,!ijUICR Tennoo6MeHHHK. TerutOCbe M B raK0H 

CHTyai.um ocywecrBJ1JDICR onycKa10weiiccJ1 BHH3 Bonoii:, 

'!epe3 1<oropy10 saepx ,0;1mranc11 nap. 

Ilpeil<ne lleM nepeii:rn K paCCMOipeHHIO HeCtal.l,HOHap­

HblX npoue CC0B' paCCMOTpHM KpaTKO oco 6eHH0CTH pa6o­

Tbl KaHana-M0A)'JI/1 B JKCrlepHMeHJaJibHbiX H rtyCKOBblX 

pe>KHMax, B TOM 'IHCJte H npH napaMetpax, 0TJTHIJalOLUHXCJI 

OT npoeKTHbIX. 

Ha pHc. 2 npHBeneHa THlllllll!a/1 JaBHCHMOCJb pacxo,qa 

ecrecJBeHHOH UHpKY11HUHH OT MOUlH0CTif. MO}KHQ BLine­

mm, no Kpaiineii Mepe TPH o6nacTH JaBHCHMOCJH G (N) . 
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PIie. l. npHHUHJ1Ham,1tble cxeMbl 31(.CDepH!llleHTWlhHbIX l<aHIIJIOB: 

a - MOII}'nI, ACT (1, 2 - BX0.11 H BblX0.11 Tl?IIJIOHOCHTeilJI BTOporo 

l<OHT)'pa; 3 - rpy6l<a <nruir..na Tennoo6MeHmn<a; 4 - TOKonoroio­

/lldj 5 - JneMeHTLI TBC); 6 - ceMHCTeplKlteeol!: ny,ioK (1 - renr10-

06MeHHHK; 2 - !<Opnyc; 3 -TOKOfiO,!OIOALJ; 4 - TBC) 
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PIie. 2. 3aeHCHMoCl'b pacxo.na TennoHoCHTenll or MOll.lHOCTH npH 

Gl = 3 I<r/c; tBXl = 90° C; P 
1 

= 2,4 Mna 

O6nacTb I (o6nacTb HeJJ,orpeTOH >KH)lKOCJH) 0JHOCHTC'1 

K crryqa10 o}l,Ho4>a3Horo TennottoCHre1111 Ha BL1xone HJ TBC. 

ITpH 3aK1maHHll rennottoc11remi: Ha BhlX0Ae H3 TBC, 'IT0 B 

HaweM crry<1ae HMeno Mecro 11pH HeAorpeBe ~ 5°C, Ha6mo-

11aeTCR 11epexoL1 Ha 6onee Kpyroii yqacroK II (o6nacTb 

l<HIICHH.11) C !l0Clll.l!CeHHeM HeKOJOporo MaKCHMyMa pac­

xona GMa1<c· Ysenwtemte MOWH0cm BLillle 3HalleHHH 

Ne npHBOJJ;Hr K cHH)KeHHIO pacxona. O6naCTh III orne-
M a1< c 

1rner ofueMH0MY KHlleHHIO npH MaCCOBbIX napoconep)Ka-

liHU X ~O,l H Bblllle. 

OnbITbl TaI<)Ke IIOKaJanH, 'IT0 npH npoeKJllOM .[laB• 

neHHH B nepB0M K0HType H 3HallHTeJ1LHbTX ero 0TKJl0He­

HHHX ( ± 2 Mila) IUf PKYilHUHJl ICIUJOH0CHJe!lll no nepBOMY 

K0HJY PY BO BceM HCCJleA0B8HHOM l];HaIT830He MOWHOCTCH 

mm11ercn ycrOH'llfBOH. BMecre c reM crre~er 0TMeTHTh, 
11T0 B Hallarre Btopoft o6nacTH, np11 Il0HH)KCHHb!X ):laBne­

HHllX (P ~ 2,4 Mila), B 0TH0CHTeJlbHO Y3K0M mrnna30He 

M0WH0CTeH Hal'imonanHcb Konel'iaHH.11 pacxorot no nep­

B0MY KOHrypy (CM. pHC. 2). II pH nBBneHKHX HlOKe 

0,3 Mila aMllJIHty.na KOJle6aHHH paCXOAa Morna IJ,OCTII• 

raTL ~ 30%. TTepHOA Kone6aHHii cocraanff.Jl ~ 20 - 30 c 

H 6but cpa.BHHM c BpeMeHeM tpaHcnopta teIUI0HOCHTeJlll 

ITO K0HTypy. flpH nasneHHH ~ 2,4 Mila aMTI11HTYA8 K0Jle-

6aHHH C0CJaBJUlJla 2 - 3%, r.e. 6bJJ18 Ha YJXlBHe wyM0B 

CHCTeMbl, a rrpH n.aeneHHHX p > 5 MIia npH3HaKH Heycr0H­

'lHB0CTH B006we OTCYTCJBOBaJIH. KaKor0•IIH6o BJIHJIHHII 

KOnel'iaHHit pacxona 8MllJ1HTYJJ.Oil: 2 - 3% Ha teMneparyp­

HbIH pe)f(l{M TBC He na6n10llaJIOc1,. 

TaKHM o6p830M, 3JK HCCJI~ll0Bal{HJI noKa3aJIH B03M0>K• 

H0CTb il0CTH:>KeHH/1 peaKT0pHOH ycraHOBKOH npoeKTHbIX 

napaMerpoB C HCII0flb30B8HHCM 3aJlO>KeHHor o B Hee npHH­

UHlla M0~nE,H0CTH. 

O.r:tHOH HJ oco6eHHocreil: .a:aHHOH ~aKropttoii ycra• 

HOBKH .llBJl.HeTCll otcyrcrnHe ol'ioco6neHHOH CHCTeMbl aea­

pm!Horo 0XJlail(J:leHHH c6opKH. Ee pollb Bt,UI0JIH.lleT KOM­

neHcatop omeMa. CoBMerneHHe 3TifX q>}'HKUHH rpe6yer 

JKCITepHMeHTaJlhH0fO HCCJien.oaaHHH aaapHHHOH CH­

tyaUHH, CB'133HHOH C o6pb!B0M Tpy6KH K K0MfieHcaro­

PY omeMa, B peJyn&Tate qero CHcreMa asapHii:Horo 

0XJiail(JletrnJI 0Ka3t,tBaercR OTKJIIO'ICHHOH H Kattarr He MO· 

,KCT 6b1Th nonirntaH BOAOH. Pa3BHTHe raKOH aBapHH, JaI<0• 



H0MepH0CTH npouecC0B B pa3l1Hlfflhle M0MeHTb[ BpeMelrn 

K ,mmmHCh 3a,u;at1eH JKcnepKMeHTWlbH0r0 HCCJienoBallliH, 

IlpK H3y'leHHH npoueccoB pa3repMeTH38UHH M0A)'JTJi 

61,1110 yACneHo BHHMaHHe cnerzyroLUHM BorrpocaM: ycmii­

llKBOCTH pacxo11,a teITJTOH0OlieJIJi no rrepB0MY K0HT)'py 

Ha ne_psoii crainm aaapwi: rrpH P1 > ParM: K0JIH'l!ecTBy 

rerrnoH0CHtemr, ocraroweroc11 B Moizyne noc.Jte pa3repMe• 

TH38UIDI; B03MO)KHQCTH CbeMa 0CT8T0'IHOro tell110Bbl1J,e­

neHH.11 npH 3aJinroii: Bonoii TBC; CKopocrn norep1> ren­

noHocnrenR HJ M0.z:o.']IH B JaBHCHM0CTH OT ero yp0BHH, 

M0lllH0CTH TBC H peiKHMHLIX napaMetpoB Btoporo KOH· 

rypa Ha JaKJ1rot1Htenhttoii ctanJtK asap.Ha npa naanemm, 

MHJKOM K atMOCqiepH0MY; YpoBHlO JeMrrepatyp c6op­

KH Ha cra,lij{H ee ocyrneHHn, 

8 CBR3H c lllHpOKHM KpyroM no.a,1e)K3lllHX paCCM0ipe• 

HHro sonpocos 0CJ3H0BHMCH JTHlllb Ha rriaBHbIX M0MeH­

rax. OrMeTHM, 'ITO Ka)l(,naH HJ nocne,u;yroLUHX BblllleHaJBaH­

Hb[X npo6neM nornqecKH BbiteKaet HJ npeJl.brro'meii. 

OAJ{HM Hl B8)1{}{1,IX B0ilpoCOB M0)KHO C'IHT3TL noae11eHHe 

M0,!J;Y1I1l, ttaxoµ,mnerocR rrpH Bb!COKHX (M2KCHMMbHblX 

npoeKJHLrx) napaMetpax B nepBI>1e ceKYH/:U>J noCJie paJ• 

repMeTHJatlHH. 80JID1Kae1, B '13CTH0CTH, eonpoc, He npH· 

aener nu palrepMeIMJauH.11 K npeKpatUeHHJO HJIK onpo­

KHn1,maHnro UHpKymul}DI TCJlJJ0H0CHteJJH, a JT0 B CBOIO 

011epeni, x pj13pywemuo rennoa1,111emuomeii c6opKH, 

KottetJHo, orner Ha :nor Bonpoc JaBHCKT or ce1Jemu1 H 

Mecra pa3repMeTH33UHH, Jlnx paccMarpllllaeMoro M0A)'JTH 

6hlJI KCCllCJI0BaH pa3pbIB e,[l,HHCTBeHH0ro tpy6onpoBOJia, 

coerouuuowero M0A)'Jlh no rrepBoMy KoHTypy c K0MITeH• 

caropoM .uasneHHH, )laHHblH tpy6onpoB0JI (BHYTpeHHHM 

,[l,HaMetp0M 10 MM) Il0JJ,COenJtHAACJI K M0/lYJIIO s Bepx­

HeK ero qacrn. Pa3p&m ocyr.uec11m.11J1csr Ha paccroRIIllll 

~ 100 MM OT MHKpoM0A)'nH c Il0M0WblO 6bicrpo.a;eii­

cra y10mero yctpoif.cTBa. 

Pe3y1lbTatbl 0AH0l'O K3 taKKX OilbiT0B IlpHBeneHbi Ha 

pHC. 3. B te'leHHe ~ 1 - 1,5 MHH l];aBJieHHe B KaHane CH){• 

)Ka1I0Cb npaKTK'ICCKK no atMocqiepHoro. CHH'Jl(e!Ilte MOlll• 

Hocm TBC or nepBoHa'lllJlhH0ro ypoaHn (1070 K8r) Ha• 
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Pile. 3. l:-fJMe11eHHe napBMe-rpoB Mlli<p0M0A}'11JI' nocne p83repMem-

3~ npH G2 = 3 Kr/c; t:exl = 90°C; P1 Ha'I = 7,8 Mila: 1 -
NOCT(t); 2 - pl (t); 3 - N3Jl (t); 4- GI (t); S - o, Ha'I 

l!HHaJI0Cb a nplil!e}].elill0M Ha pHC. 3 cny1.ae '1epe3 ~ 10 C 

noc.ne pa3repMeTH3aUHK. TeM C3Mh!M HMHTHp0BaJT0CL 

AOCTaT0'IHO 6on&rnoe 3aIT83.!ll,rBalrne B cpa6aibiB8HHH 

asapHHHoii 3a111Hnt. 11Hlepectto 0tMernr&, <rro pacxo.u 

rerrnoH0CHtenH no nepB0MY KOHTYPY noCJie paJrepMe• 

TH3atJ,HH HecK0ilbK0 B03pacran B nepBbIH M0MeHT Bpe• 

MCHH H a J],aJTbHeiirneM Ha npotIDKeffiUi ~ 2 MHH coxpa­

Hmt CH OKOJJ0 HcxoJJ,Horo cramrnttapHoro JHa11emrn. Mom­

Hocr1, MO,rzyJIJI BO BpeMR T8K0H aaapHH (.ana no11y11eHH11 

K0HoepaatHBHhIX oueHOK) Cflli)KaJ13Ch HeCK0/lhK0 Men­

neHHee, 'leM ITO 33K0HY OCT3TOt!HOro tellJIOBbil],CJleHHn. 

B ret1eHHe Jtoii CT3/llfH asapHH K2KHX·JIH6o Heranrattb!X 

MOMeHtoB B rroaenemm teMnepar,ypttoro pe)l(IIMa TBC 

He H2MJOJl,aJT0Ch, 

IIOJIO)l(RieJILHblH 0TBer Ha B0npoc 0 )KH3Hecnoco6Ho­

CTH M0.z:o.']IH B nepBbie ceKytt/J,f,r H MHHYtbI palrepMeTH33• 

lJ,HH rpe6yer attanHJa nan1>Heiiwero paJBHTHH asapHH. 

11cCJieJioBamrn paJrepMeTHJaUHH Mo,u;y1111, npe11craa­

nemmro Ha pKC, l,a, Il01<338JTH, 'IT0 Il0CJie CHH)KeHHH A2B• 

neHHH Jl.0 npaKrn'!ec1<K atMocqiepHoro B M0)zyne octaet­

CJI eme 6onee IT0IT0BUHbI nepBOHa"lllJJbHOro K0nH'lecma 

JerlJI0HOCHteJIR, HarrpHMep, npH ofueMe M0/l}'JIH ~ 100 n 
B cnyqae, npHBel],eHH0M Ha pHC. 3, t1epe3 1,5 MHH rrocne 

paJrepMeTHJau;HH Haxonwioch 54 JI ao.tu,1. 3to cooraer­

cmoaano npeBblllleHHJO sepX11ero ypoBHH TBC Ha ~ 2,6 M, 

T ,e, cl5opKa ocraBanacb IT0JTH0CJblO 38JTHT0U reilJIOHO CHTeneM. 

~bBeCTHO, \[JO 3aJTHB JeTlJI0BbIAemIJOweif c6opKU BOAOH 

IT03B0JIJleT CHJitb C Hee onpeJJ;eneHHyK) M0utH0Cib B 6ap-
6ora>KHOM 6e3KpH3HCHOM pelKHMe. HaH6oJiee He6Jlaro­

IlpH1ITHb1e ycn0BMH B JaK0M cny11ae HMelOT MCCI0 npu 

0TCYJCTBHH pacxona tennoH0CHieJIH Ha BX0,lle B TBC. 

TaKaR CHtyaUHH HMUTKpoaanacb B M0AYJte, Il0KaJaHH0M 

Ha pHC, 1,15, c JarnyweHHbIM BXOA0M. 

)laHHb!H MOA)'JI.L IlOJB0JTHJT T3K)Ke HCCJICjl0Batb B03• 

M0>KH0e BJIHllHHe renn0BbIJl,eJleHHJi He rnnbKO B ctep)K• 

mix, HO H B KOpnyce M0A)'JTJI (HMHTil.UHH Il0JOKa tenna 

H3 rpa¢mtoBOH KJl3/l,KH). OilbITbl noKaJanH 0TH0CKJeJlb• 

HO CJia6oe B1IHJIHHe C00JH0WeHHH MOlllHOCJeff Me)KJ]:y K0p­

nyc0M MOA)'JTH (NI<) H tellJI0Bhil];eJIRIOlllCH c5opKoii 

(NTBC) Ha KpHTHl!eCKYIO M0IQH0CTL (pHc. 4). 3ro corna­

cyetCH C cpH3H'lCCKHMH rrpeACtas11eHHJ1Ml'l O MexalfflJMe 

,mneHH.K, cornacHo K\>ropoMy onpe11enJ110lllHM cpaKTO­

pol\1 ffi!JIJleTCH B3aHM0J:(eHCTBHe /lBHiKYUU!XCH Haactpe'I}' 

Il0TOK0B BO.tu,! H napa [ 1, 2] . Mo)KHO JIHlllh 0TMCTKTh, 

'ITO 6onee p3.BH0MepHoe pacnpeD:eJiel:Ofe reHepaIUIH rrapa 

no ce'!eHHIO Moizynn (NK / (NK + N TBC) ~ 0,5) npHB0· 

nJtT K HeK0T0poMy CIU[)KeHJuo o6meft M0WH0CTH IlpH H}IJ· 

K0M .uanneHHK. 3to, B npmnume, T3K)l(e Il0HIITH0, IT0CK0111,· 

KY Mo>Ket yxynurnn, yCJioe11sr ,a;rrn BHyrpemrnx. K0HBeK­

THBH1>Ix I0K0B. TaKHe HBJTCHHH HaMK),ll,21tl{Cb a:arnpaMH, 

B qactH0CTK, Ha npo3p8'lHOH M0,UC!IH, KaK r1011yqeHHb1e, 

taK H .a;pyrne na,HHbJe [l, 2] II0Ka3bma10t, 1£T0 JHa'!eHHR 

npenenbl{h[X MOIQHOCTeii B03pacta!Ot C YBeJIH'leHHeM 

.uaanemuI, 
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PIie. 4, 3asHCHMocn. kpHTH'leCKOll: MO!UHOCTI{ ll}"lka H3 ceMH CTep>K­

Hell: OT COOTHOWeHHJI MO~OCTefl: npH OTCYTCTBHH pacxoA3 Tenno­

HOCHTenll Ha exoae: 1 - P = 0,52 Mila; 2 - P = 0,3 Mila; 3 - P = 
= 0,1 Mila 

HMewWHii:c.11 onhlr noKaJbraaer raK)Ke, trro }'Bem!'!eHHe 

npenenhHblX MOWHOCTeH c6opoK pacrer HeCKOnhK0 6bICT· 

pee, lfeM KOJIH'lleCTB0 crep)l(Heii:. 3ro T8K)l(e CBH33H0 C yny'l­

WeHHeM YCllOBHH )],JUI B03HHKH0BeHHH H cymecIB0BllHlUI 

6onee M0utHl,IX BHyrpemmx K0HBel<THBHblX Te'leHHK (l]. 
B qacrnocm, nru1 Mo,oym1, no1<a3aHHoro tta pHc, l,a (HJ 

30 crep)l(tteff), IlpH YJXlBHe JilJlHBa ttan sepxoM TBC ~ S M, 

1JTO C0OTBercmyer Aa.BJleHHIO ~0,15 MIia, MO)KHO 0)l(HJ:UITI, 

Mo111HocreH He HHJKe ~ 120 - 130 KBr. PeanhHO Ha ARH· 

HOM MO.QYJie 6bma nocrnrnyra M0II.IH0CTI, 150 KBt 6e3 

1<3KHX•JIH6o npH3H8K0B B03HHKH0BeHH.II KpHlKCHblX .llB· 

JieHHii. OtMeTHM, lfT0 AaHHllll M0WH0CTb B ~ 1,5 pa3a 

npeBblilllleT YJXlBeHh 0CT3T01[H0f0 renn0BhIAeJieHHH H, ra­

KHM o6paJOM, YCJI0BHe 3llnHBll c6opKH HBflJletCll nocra­

TOl{HblM ycnosHeM AJIH c,.eMa ocraro•moro rennoa1,1ne11eHl1J1 

B 6e:n<pM3HCH0M pe)KffMe. 

llanbtteifwee pa3BHrne raKoii aaapiiH xapaKrep113yer­

CH npOJJ:0mKaJOWHMHCH norepHMH reM0H0CHTCJUI H3 c6op­

KH 3a c'!et napoo6paJoaaHH11 B TBC H cootBeTcmyroJ.l.lHM 

CHJf)l(eHHeM ypoeHH rennoHOCHTenn. HaJIH<rne TCIJJJ006MeH­

HHK.a B eepxHeii 'lllCTH M0AYnJI. npHBOll,MT K OTHOCHTeJJb­

HO ltH3K0MY teMny Il0Tepb rennoH0CHteJIJI Ha il3HHOii cra­

WIH aBapHH npu /lclBJleHK.HX B M0.rzyne, 6nH3KHX K atMO• 

ccpepHOMy. Om,1Tbl ll01(33311H, 'ITO Ha l];aHHOH era.mm asa­

pHH M0}KCT KOHACHCHpoBaT&CH ~ 90% napa, o6pa3yrowe­

rocx a TBC (pHc. S). IlpH 3T0M KoH,a:ettcar no onycKHoii 

eersH nocTynaer Ha axon a TBC. 
l1ccrrenoaaHHH noBeAeHHH )lllBneHHJI B M0Ayne ua 

JlllCJUO'IIHTenbHOK cramm. aBllpHH ll0MOrnH BblJICltHTb HeK0-

IOp&Ie oco6eHHOCnl H 3aK0H0MCpH0CTK norepb TelUIOH0• 

CHTeJill. Ilpon.ecc Ha J:UIHHOH CT8,!J,HH llBapHH HeJlhJll owecrn: 

K ctal.U{0HapHOMy. OH xapaKtep1nyercn AOCT8TO'IH0 CJia• 

6o HlyqeHHbIMH JIBneKIUIMH nepH0,!J,H'leCKHX BbI5pocoB 

HJ Mo,oym1 napoiKHAKOCTHOH cMeCH c noCJie,oyroll.lHM 

38XB3TOM onpeneneHHOrO K0JIH'leCTBa B03JJ;YX3. HeKO:ro­

pb!C 0 m,JICHeltHJI raKHX npoueccoB A8HbI B (3' 4] . Mo)l(HO 

npeAII0110lKHTh, 'IT0 3TH npoll,eCCbl onpenemUOICJI COBO· 

KyTTHOCTblO u;enor o p11A3 ITllpaMerpoB H mmeHHii, Cpe.a;H 
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!'He, 5. H:.iMeHeHHe 06'LCM8 TClllIOHOCHTerul B Moizyne (1)' TeMne­

payYpld noBepXHOCTII HMHT!lTOpa (2) BO BpeMeHH npH pl =. paTM 
H H3MeHeKHe 06'1.eMa Te11JJoHOCHTem1 DpH OTCyTCTBHH KOHllCHC~ 

Ha 8H}'TpHMOJlYm,HoM Tertn006MCHHHKe (3) 

H.flHUHHpYWIIUIX H nonnep)KHBawI.UHx raxy10 tteycrOK'IIH• 

B0CTb (p8lCTOpoB Clle.nyer Ha3Bat& CBJ13& reHepllll,HH rrapa 

C paCX0J],0M reruJ0H0CHrem1, caMOBCKHilaHHe reIDIOH0CHTe­

)U{ B 110;:n.eMH0M yqacrKe npH HH3KHX A3BneHHHX, reHe­

PllUHH H K0HAIJHcaiurn napa np11 K0ne6aHHnx A!IBJleHHH na 

ypoBHe, 6nH3KOM K 8TMOClpepHoMY, H J],p. 

B Ka'!eCTBe npHMepa Ha pHc, 6 npHBeJJ:eHo noaeJJ,eHHe 

pacxoJJ;a reM0H0CHTellJI no nepBOM}' K0HTYPY MOA)'nJI 

a raKOH CHryarurn. ?{apat<repHo ornn<rne cpopMbI i<one6a­

HHH pacxo.t(a OT rapMOHlf'{eCKOii: M0)l(HQ Bb!AeilHT& cra­

AKW BbllKHA3Hli11, B re'leKKe KOtopoii pacxo,u; npaKTH'le• 

CKH IT0CTOJIHeH H A0craTO'IHO HH30K. 3areM cne,a;yeT OT· 

HOCHTeJU,HO HertpoJJ:011)KffTeJlbH8H CT&JJ:IIJI yaemneHHH pac­

xo)J;a (BbI6poca) c II0CJleA)'IOWHM ero CHHiKeHHeM. 

OtMe'lall CJJa6yro H3ytJeHH0CTb raKHX npoueccoa H OT• 

CytCTBHe coomercmy10mHX pac'leTH&IX peKOMeHP,auHH, 

cne.rzyer Il0A11epKttytb KX Bec&Ma Bll>KHYIO pon& He T0!lbK0 

AJIH AaHHoro anrrapara, Ho H ATIR npyrnx a aHanon11JHbIX 

aaapHHHbIX CHryaUHHX. 
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'C,C 
!'He, 6. Xapai<Tep H3MeHelOlll pacxo.a.a no nepBOMY tcoltT}'py e BBa­
pidbloll: CHcyBD;IIH 

IlpHHUIII1H3nLHaJl B8iKHOCTb T3.KHX npoueccos 38KJJIO· 

11aercn B TOM, 'ITO B pe3yntirare nepH0/J,lltfCCKKX IlOHH)l(CHHH 

.11asneHHH HH>Ke atMoc$epnoro B MO.QYJI& 3axaar1,maercJ1 
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B03,!l;}'X, CHH.lKa!OWHH B o6weM CJiy11ae 341<JleKTHBHOCT& 

BffYTPHMO)zyflbH0ro tennoo6MeHHHKa. 

Ba)KffoH oco6e!Dfocn10 raxHx npor,,eccoB .IIBJIHetca 

T3K)Ke .H TO, lfTO K0Jie6aHHH JnBJiemui: IIO a6comoTHOH Be• 

JIH'IHHe HeBeJIHKH H, Ka.I( IlpaBHJIO, He npesblwalOT 

0,02 Mila. B 3THX ycn0Bm1x 0K33hrsaercx B0JMO)l(}II,IM 

nonH0CTblO HCKJIIO'Dltl, norepH rerutoH0CHTeJIJI B CpenY 

c noM0ill&IO m.a;po3araopa (V-06pa3noli 1py6K11} , K0TOpbtii 

M0xcet 6blth pacnono>KeH BH}'TpH M0,!l;}'JUI, 

CKopocn, norepb reIDIOH0CHteJIJI H3 M0A)'1IJI, K8.K 

Il0K33bIB8IOI 0ilJ,IIhl, JJ;OCT3I01llt0 CJI0)l(HbJM 06p830M 33BH• 

CHt or M0W:H0CTH TBC, yp0BHJI 3anonHeHHJ1 Moµ;yn:11:, napa­

Metpoa BTOporo K0HTYpa (pHc. 7). IlpK HH3KHX ypoBHJIX 

33IIOJJHeHHJI M0/JYJIJl H Hll3KHX MOWH0CTJIX TBC notepH 

HeBeJIHKH. B TaKHX ycnoBHJIX ocyxneCTBnJICTCJl, Il0·BH· 

,!I,HM0MY, A()CtaIO'lllO xopowu cenapan;HH )l(Hp;K'.0CIH H 

napa. (J)a3aqecKHM yposeHb CMeCH He JJ.0CTHraer sepxa 

M0)zyJJ.ll (ce'leHHR pa3repMeIH3aIUIH) H norepH CBK38Hbl 

C YX0Jl0M B arMoc4>epy TOJlbK0 'laCTH reHepHpyeMoro napa. 

3ro Il0AtBep~etCJI H pe3YJI&TaTaMH 38MepoB K0JIH'lecma 

K0H,®Hcara s Bbl6pocax. IlOBl>IllleHHe M0lUHOCTH TBC 
pp 75 - 100 KBT H HCX0A}loro om.eMa (B XOfl0JlH0M 

COCTOJIHID!) JeIDI0H0CHTeJJ.R AO 35 - 40 n IlpHB0.a;HT K cy­

meCTBeHH0MY yseJIH11eHH10 no1epb renn0Hocaren11 B nep­

syio 011epeni, 38 C'ler BLt6poca >KK,!J;K0CTH. OWi.a.KO IlpH 

ei:ue 6onee BblC0KHX 38Il0flHeHH8X (45 - 50 n) p0Jlb 

nepHo,a;n11eCKHx npou;eccos, npHBei:i;eHHblX Ha pac. 6, yMeHJ,­

maercx H IlOTepH CHH>K3IOTCII. 
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Pile. 7. 3aBHCHMOCTI, CKOpOCDI norepi. TeDnOHOCHTerul OT HB'IIIJllr 

Hora :JBOOllHe!UUI 3MM npH tBX2 = S0° C; G2 "' 11 T/11; 1 - N = 
= 100 KBTj 2 - N = 75 KBT; 3 - N = so KBT; 4 - N = 25 KJIT 

MMeK naHHh1e no KOJIH'leCTBy ocrarow;eroc.11: B M0A}']Ie 

TeilJI0H0CHTeJIK noCJie pa:irepMeTH38u;HH H }J;aHHble no CK0-

pocrn norepb Illl" palJJHIIHbIX napaMerpax, MOlKHO pacclOI­

TaTL B re11eHHe KaKOro BpeMeHH TellJlOBblJlCnKIOWaH c6op­

Ka 6y,11,et 38JlHia teIDI0HOCHTeneM, IlpH 3TOM CJieA}'eT 

Y11KT1>maTb, 'II0 npH HaJIH'IHH reIDIOBbIJltmeHHK ypoeeHb 

TCIIJI0H0CHTeJl.11 3H8'fHTeJlbH0 Il0B1>Il.llaetCJI 38 cqer ero KHne­

HHH, J13 P"C. 5, eanpHMep, BH~o, 'IT0 ocyweIDl'.e c6opKK 

(pocr reMneparyp1>1 creHKH pp 250°C) Ha11anocb npH 

offheMe teilJl0H0CltTenH ~ 17 JI. Mel!CJJ.Y reM K3K nnx 38IlH· 

Ba TBC npH orcyrcraHH re11J10BblJleJieHH.11 Heo6xoneMLrii: 

o6i.eM ,emoeoceremr cocrwm1er ~32 n. 
BbmOJIHeHHble ou;eHKH Il0Ka3bIB8IOT, 'IT0 Ha'laJIO ocyme• 

JUIJI c6opKH npR CH}[)l(elDUf 0CTaT0IIH0f0 tennoBi,meneHH.lI H 

perutbH0ro H3MeHeHH.R BO BpeMeHH napaMerpos BToporo KOH· 

zypa Halfflerc11: irepe3 ~ 35 'I noCJie pa3repMemJaiµtH. 3ro 

BpeMH MO)KH0 C'IMtatb BilOJIHe ,IJ,0CT8TO'IHl>IM JlilJI noncKa 

a.B8pHHHOro MO,!l;}'JlJI H IlpHHJITH.11 COOTBeTCTBYIOlll,HX Mep. 
C p;pyroii cropoHhl, H3 pHC. 5 TaK>Ke BHAJ{O, 'ITO Il0BblllleHHe 

reM!lepatypbI CTeHKH C H8'l8Jl0M ocyweHIUI HMHta1opoe 

HeBeJIHK0. 3ro c:BH38H0 C B03M0)1(HbJM BbJH0COM BJiam, 

tetmoC'beM0M 3a c11er reHeptpyeMoro napa. Ilpe nonHoM 

,ice ocyweHHH MOA)'JIH OTBOJl renna 6yi:i;er 0C}'UleCTBJIKTb­

CJI rennonposoneocr&IO H u311y11eHHeM, Ornocaren&Ho 

HH3KHH ypoBeHb teilJl0Bhl,®JICHIUI: K 3T0M}' BpeMeHH, KaK 

noKaJbJBaror pac11erI>r, ire npHBe.n:er K nnaBJieHHIO renno­

B&IAeJI.RIOJ:UeH c6opKM. 
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PACtJET IIEPEXO)Uil>IX IIPOI\ECCOB B OBOI'PEBAEMhIX K.AHAJIAX 
OPTOrOHAJILH08 IIPOromco8 

B.B. KHpHJIJlOB 

Ilpe.anaraeTCll MeTOll COBMeCTHoro peweHHll pa3HOCTHhIX ypuHeHHII, annpoKCHMHPYJOWHX YPBBHCHHJI /lHHlMHIQ! ol5orpesaeMoro 

KBHBJia, Meron no3BOMeT peamnoean. BO:JMYll.lellltJl: no rennoaoll: HarpY::11<:e, pacxoll.Y, wmneHH10 H 3HTllllldIHH a pBMKllX emrnoro lllll'opHTMa. 

ORUIOGONAL RUN-BASED ANALYSIS OF TRANSIENT PROCESSES IN HEATED DUCTS. V.V. IGRJLLOV. A -method of joint 
solution of difference equations approximating the equations of the heated duct dynamics is proposed. The method allows one to realize 
perturbations in thermal load, discharge, pressure and enthalpy within the frame of a single algorithm. 

K H3CTOHll.leMy BpeMeHH H3BeCTeH J»IA pa6or, fi0CBJI• 

meHHbJX 'IHCJteHH0MY pewemno Kpaee1,1x 33Aa'l AHH&MHKH 

o6orpeeaeMoro KaHana [I - 4}, Ilpnm11ecKH eo scex pa6o­

rax IlpHMeHJleTCH pa3,lJ,eJJl,HOe peweHHe ypaeHeHHH J:U{H&MHKH. 

IlpH AOCTBTOIIHO BblCOKKX naeneHH.HX raKOH MeTO,lJ, .RBJIJleT• 

CJI BeCbM& 3q14>eKTHBHbIM H no cyw;eCTBy HCfi0nh3yer "33. 

MOpallCKBaHHe" K03!pcpHQHeHTOB, COAeplKatllHX HenKHCH· 

HOCTH, 8 pHAe pa6oT IlpHMeHJleTCJl KB33HJIHHeapH33LUfJ( 

A/Ill npeo6pa:30B3HHJl QJleHOB ypaeHeKHJl K0JJH'lecraa D;BH· 

lKCHJU1, HeJIHHeHHhIX no pacxoizy. 

OllHa.J<O npH MaJlblX 3HaqeHffHX .uaeneHJU[ pa31].eJlbH0e 

peweHHe ypaaHeHHH CTaH0BHTC.11 MaJl03cp<peKTifBHJ,IM, 

B JTHX CJty11anx norepH ,lJ,aeneHHJI no ,1111HHe Kamma cratto• 

BJfTCJl cpaBHHMbl C caMHM ,[~aJmeHHeM, H HenHHeHHOCTH, 

CBH3aHHhle C HJMeHeKHeM CBOHCTB rennoHOCHTenn, npo­

.llBJJJIIOTCH B 6om,we.ii: creneHH. 8 pe3yn1,rare CXO.a;HMOCTb 

HrepaUHii 3aMetHo yxy,a;uraerc.11. B JTHX YCll0BHHX ueneco­

o6pa3Ho mrneapKJOean ypasHeHHJI He tonbKO no pacxony, 

HO H no Aa]3JieHHIO H 3HTaJlbnHH, a 33TeM COBMeCTHO pewaTb 

nonylfeHHylO CHCTeMy JIHHeHHblX anre6paH'ICCKHX ypaeHe­

HHH, Ilpe,!JJiaraeMhlH MeTOJl 6y,lJ,eT H3JT0)l(CH ,1111J1 A0CTaT0'lHO 

npocroii MaTeMaTHl!eCKOH Mone.mt:, COCT0JUUCH HJ rpex 

ypaeHeHHH AHH3MHKH ll0TOKa, OllffaKo OH M0)l(eT 61,1Tb 

o6o6meH H ,1111JI 6onee C110)1(HbIX MaTeMaTH'leCKKX MOJlCJJeH. 

MBTCM8TH'leCKIUI MO~ o6orpeeaeMoro KaBIUI8 • .neH­
)l(eHHe rennoHoCHrenJI e o6orpeeaeMoM KaHane OITHCb1Baer­

CH ypaeHeHHHMH Hepa3phIBH0CTH, K0]lH'fecTBa /J;BH)KeHHR 

H JHepnm, a teMneparypa creH.KH Ka.Hana pacclfflTbIBaercH 

H3 ypaimemrn rellJJoeoro 6aJJaHca: 

(1) 

(2) 

16 

p(P ,i), i < i', i > i". 

(1 - tp)p' + tpp", i' ~ i ,i;;;; i" ; 

l l . < ., . > . " 
l p, 1 11 I I • 

-= 2 2 
Pz (l - x) x ., <. <'" 

(1 ) 
, + --,, , I _ I _I 

- 'Pp ,pp 

{
pi, i<i', i>i", 

e = (I - ,p)p'i' + 'PP"i", i' s is i" 

(3) 

rne p - IIJJ0THOCU; G - pacxon; t - BpeMH; z - KOO~ 

)llmara enom, OCH KaHaJia; S - nnomaAb ce11emrn; P -
.uaeneHHe; T - KacaTeJJbH0e H8Ilp,l,KeHHe rpeHHH; II -Tp 
nepHMetp; g - ycKopeHHe CB06oAHoro naAeHHJt; 8 - yron 

Me)K.!Jy OCblO KaHana H MpH30HTaJiblO; i - 3HTaJibIJHH; 

q - IIJl0TH0CTb rennoeoro Il0TOKa; W - CK0p0CTb; ip -

HCTHHH0e ofueMHoe napocoAeplKamre; x - pacxoWioe 

napocoAeJ»KaHHe; 0: K031p<pHUHeHT TellJIO0TnattH; 

T - TeMIIeparypa; C - reIDI0eMK0CTb; Q - om.eMHOe 

teIIJl0BhIACJJeHHe; HHAeKCbl ', " - napaMe1pb1 lKH)lK0CTH 

H napa Ha JIHHHH Hac1inueHHH; w - napaMeTpbI creHKlf 

KaHana; Hap - Hapy)l(HaH noeepXH0CTh CTeHICH; BH - BHYT· 

peHHJIH aoeepXH0CTb CTCHKH; 0 - Ha1mmHoe C0CTOJlHHe. 

Ha'laJibHl>Ie YCll0BHH AJIJJ ypaeHemdi (1), (2) JaJIH­

cbmawrcn e BHAf 

Komf'!eCTBo rpaHHTJHbIX ycnoBHH onpeAenllerc.11 TJHc­

noM xapaKrepHCTMK, "BXO,lJ,HIUHX" B KaHan Ha ero K0Hll8X. 

Ha BXOJlC H BblX0Ae KaHana 33J:\8AHM 3Ha'leH}IJJ .uaerreHHJI 

P(t,O) = p BX(t) - AP BX ; 

P(t,l) = p DW:(t) + AP BblX ' 

(4) 

(5) 
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\ 
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rne MBX = tax<GaxlGexl/2s;xPax); L\PBbIX 

= t aL1x (GaLix IGBhlX l/2siwxPBblX); l - 11,JIHHa KaHana; 

t - K03cpcplillHeHT Mecrnoro rn.a.paB11H'!eCKOrO COilpoTHB· 

neHK.11. 

IlpH Ja.namm ycnOBHH (4) Ii (S) CKOpOCTh TerDIOHOCH­

Ten.11 Ha BXO/J,e Ii BbIXone KaHana MOlKeT IlpHHHM8Tb K3K 

rronO:lKIHenbHbie JHa11eHHJI, TaK H OTpHUaTeJibHhle. IlpH 

w BX ;;.,, 0 Ha BXOJJ,e B KaHan HY:lKHO 33J].iTb eme OJ:{HO rpa• 

HH11Hoe ycnoe:11e: 

i(t,O) = inxCt) , (6) 

' 
IlOCK01lbKY COOTBCTCTBYIOW311 xapai<repHCTHKa BXOIJ:l(T B 

KaHan. IlpH WBX < 0 rpam111Hoe ycnoBHe 110 3HT8Jlblllnl 

Ha Bxone He JanaercSl. IlpH WBhlX ;;.,, 0 Ha BblXO)le HJ K3Ha­

na KpoMe yC110BH.11 (5) He rpe6yerc.11 Janaearb !Ipyrnx 

YCIJOBHH, a npH w < 0 Ha BhlXOJJ.e 113 K3Hana nomKHO BblX 
6b1tb Ja,a;aHo ycnoaue 

i(t,l) = jDblx<t) • (7) 

Ilo,D;BOJ].ll HTOrn, OTMeTHM, 'ITO BOJMO)Kffbl 11en1pe Ba• 

pHaHTa co11eraHHH JHa'leHHH paCXO/lOB Ha KOH1Iax KaHana: 

G(t,O) 2: 0 , G(t,l) 2: O; 

G(t,O) < 0 , G(t,l) 2: O; 

G(t,O) 2: 0 , G(t,l) < O; 

G(t,O) < 0 , G(t,l) < O; 

(8) 

(9) 

(10) 

(11) 

lblcneHHI,Iii MefO,IJ, peanHJlU~HH M8TCM8TINCCKOA MO­

nenH. 3amnueM CHCTCMY ypaeHeHllH (1) e BKAe· BeKTOp­

HOro ypaBHeHH.11 

(12) 

rue 

(16) 

rue = (utP) m+I (~) m+l _ (aF) in+I. 
An aY + r aY T aY ' 

n n n 

- (!!£..)m+l. Bn - I - r aY ' 
n-1 

C = {J)m _ <l>rn+7 _ r(•1,m + I _ ,1tm + I) + TFm + I + 
n n n 't'n 't'n - I n 

+ A ym-Fl - B ym + 1. 

(atP)~ _ (~)-m

1 

+ 
01 

-_

1 

• (aF)in+l. 
A' n = aY r uY r 8Y ' 

~ - (~) in+1. n 
B n + I - - r aY , 

n + I 

C' = <l>m - {J)m + I - r(•'•mTI - .,,m+l.) + TFln+l + 
n 11 n 't'n + I 't'n n 

+ A' yrn+l - B' ym + I. 
n n n+l n+l' 

r = r/h; HHAeKc m + 1 - JHa11eHHe Ha npei:u,1.a,y~eit HTe­

pau.KH (m + 1)-ro apeMeHHOro CJI0.11; y - BeKTOp C KOM• 

noHeHraMH G, i, P; annpoKCHMauirn rpaHHtJHb!X YC!lOBHH 

H crpyKrypa Be1cropa Y 3aBltCHT OT BH)la rpaHH'IHbIX 

ycrrOBHH. 

AnnpoKCUMa/4UR. i!paHU'IH&IX yC/losuii npu G ex ;;.,, 0, 

GebIX ;;.,, O. B 3TOM C.1Iy11ae Ha axone B KaHan JaJI,alOTCJl 

YCJIOBH.11 ( 4), ( 6) , a Ha B&1xone - ycnoaHe (S) . Pa3110)KHM 

a pnn Tefulopa JHatieHHn aP ax H aP ei,ix » npHBeneM rpa­

HH'IHble YCllOBHR J:< BH,ll;Y 

A ym + I = C . B ym + I - C 
I I I• N N - N• 

r.o.e 
(17) 

0 

0 1 0 
(18) 

• Bae)I,eM B KaHane paBHOMepttylO no .o,rIHHe pa3HOCTffYIO --

cerKy c y3JlaMH n = 1, 2, ... , N. B JaBKCHMOCTK or JHai<:a _ _ [il6P BlolX) m + 
1 

CKOpoCTK B n-M y311e annpoKCHMKpyeM ypaaHeHMe (12) ~ -11 aPN 

HeJIBHblMK pa3HOCTHblMH cxeM3MH 

<l>m + I _ {J)m ipm + 1 _ ipm + I 
n n + n n - I = pm+ I G > O· (13) 

r h n ' n- ' 

ct>m + I _ «l>m 1/Jm + I _ 1/Jm + I 
n n + n + I n =pm+ I G < 0 (14) , 

r h n ' n • 

rne r, h - warn cxeMbI no epeMeHH H l(Oop.a;HHate z; m -

HOMep BpeMeHHOrO CJIOJI. 
• ~ u ..-..m+1 .,.m+t 

Ilpi!MelOIB pa:mo)KeHHe 't'yHK~H ..., 11 , ,;, n , 

F ;:i + l B p.llA Teiinopa C coxpaHeHHeM nHHeii.HbJX IIJieHOB 

pa:mmKeHHK, npKBeJ].eM ypaeHeHHJI (13), (14) K BHJJ.Y 

(15) 

C = 1pm + I + .6Pm +I_ (P iU!..Pab1x)m+l _ 
N BbDC SW( N ilPN 

c'lAP - ci.ti.P _ (i Bbtx) m + I _(~ BblX) iii+7 I 
N iliN \ uGN . 

(19) 

JlpH Gf + I > Q 3H3'1eHHe al' BX HC 3:lBHCHT OT J].aBneffll.11 

pf+ 1, BeKrop Y HMeeT cneJJ.YIOWYIO crpyKrypy: 

yt = I PiG I . (20) 
AnnpoKcUMa14UR zpa11uimb1x yCJ1oauu npu G sx < 0, 

G
6

blX ;;;., 0. IlpH JTHX ycnos11.11x Ha BXO/le B Kamm Ja.a.aer­

CH YCllOBHe ( 4), a Ha BblXOlle 38JI,aercn ycnoaHe (5). rpa­

HH'IHhie YCJIOBHJI IlpHBOJ]..llTC.11 K BHJJ.Y ( 17) , rue 
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(

a~P nx] mTT 
~ II; 

cl= pm+ I+ 6Pm+l - ( a6P BX) m + I 
IIX JI)( GI~ -

a~P - aAP -
_ (' ~) m + I _ (P ......___.!!) m + I . 1

1 di I aP ' I I 
(21) 

e,d - c~~=-r . , r ·":.=~ r , I - r ·~~=-r , II 
3naqemre CN onpeii;enae1CH a1,1pa)l(eHHeM (19), a BeK• 

I0p Y HMeeI BHA 

(22) 

Annpo1<cuMa14w, 2pa11W1Hb1X yCAoeuu npu G ax ~ 0, 
G 8 l>l x < 0. Ha axone B KaHan 3a,naro1cn ycrroa1u1 ( 4) , ( 6) , 
a Ha BblX0D,e H3 KaHana - ycnoBHH (5)' (7). ,UeHCIBYH 

aHaJI0rH'IHh!M o6pa30M, npaae~M rpaHH'lHJ,Ie ycn0BHJI 

K BH/zy (I 7), rD,e A 1 , C I onpe.ne.1uuorcH a1,1pa)l(eHHH• 

MH (18), a m+l 

( 

aAP Bbllt] m + 

·m + I 1ablx 

1 

0 

0 

Be1nop Y HMeer BHD. (20). 

aGN 

0 

il~P m+ I - (G DblX) 
N aGN 

(23) 

AnnpoKCUMU/.IWl 2pa1tU'lHbtX yC/loeuu npu G
6

x < 0, 
Ga1,ix < 0, Ha axo~ B KaHan JaD,alOTCJI yCJt0BHH (4), a Ha 

BhIXone KaHarra - ycrr0BHJI (5), (7). fpaHH'!Hbie YCJI0BHJI 

raK)l(e nprao,rvrrca K BH/zy (17), IlpH'leM BN, CN onpe­

nemnorc11 BL1pa>KelillHMH (2 3) , a A 1 H C 1 - a 1,1pa'lKelillJ1MH 

(21). BeKIOp Y HMeeT BHJ:{ (20). 

PellleHHe pa3HOCTHbIX yp8.BHeHHii (15) , ( 16) c YCII0· 

BKHMH (17) M0llCHO IT0JIY'lHTh MeIOD,0M opror0HaJlbHOH 

nporoHI<H [5]. B 3aBHCHM0CIH OT 3HBKOB CKopocrn Ha KOH· 

uax Ka.Hana K0mf'leCTB0 rpaHH'IHblX YCJIOBHH H3MeHHeTCH 

OT JJ.BYX no '1eTb1pex, npH'leM B i::i;eyx CJIY'IRHX K0SlH'lecTB0 

rpaHHl!HbIX YCJIOBHH He paBH0 11HC11Y ypaeHeHHii. 3IO 06-
croirrem,cmo He J1B1111ercsr npenHTCTBKeM D,JIH nony'leHHH 

peweHHJI IlpM lfCR0Jib30BaHIIH HBHbIX pa3H0CTllbJX cxeM. 

O~aKo np11 npHMeHemrn HeHBHbIX cxeM H oproroaam,­

HOH npor0HKH Heo5xo,!lHMO BBecrn nonOJIHHTeJibHhie CO· 

0JHoweHHH, 

HanH11He pe'lKHM0B c G8 x > 0, GBMX < 0 HJIH G8 x < 0, 
GBhIX > 0 CBHJ:{eTellhCTByeT O TOM, 'lTO BffYTpH KaHana 

eCTh I0'll<a, B KOT0poii G = o. O6o3H810IM ~ KO0p,!lHHaTy 

JTOH T0'IKH. ,UasJieHHe B Heii npoX0JJ:HT J1H6o 11epe3 MH· 

HHMYM, 11H6o qepe3 MaKCHMyM. Ilycn T0'lKa zk KRXO,!IHTCH 

MellCA)' Y3113MH ceTKH n = j H n = j + 1. PaccMOTpHM crry-

18 

'lclll, Korna G8 x < 0, G8 wx > 0. AnnpoKCHMHpyeM ypas­

HeHHe (12) B 0KpeCTH0CTH TO'IKH ~ Clle/zyIOI.UHMH cxe­

MaMH: 

<l>!'l + I _ <l>m tpf + J _ tJij + I 

x J r I + h = P-Fj + I; (24) 

([)ID + I _ cJ)ffl T/Jm + I _ ~ + l 
(1-x) j+l r j+l+ J+l h k a= 

= (I - x)Fj//, (25) 

r11.e ;,,<. = h /h· h = 7_ - z_• 
I ' I -I< J' h = z. - z

1 
.. YpaaHeHHH 

J+ 1 
(24), (25) IlpHBOAJITC.R. K BHA)' 

A ' ~ + \ - B' ym + I - C' . 
j 1 j"° k k - j' 

A "'111+1 Bym+I-c J + 1 1 _f"+ I - k k - j + I 

(26) 

(27) 

raKHM )Ke o6pa30M, KaJ< H ypaaHeHH.11 (13), (14) . BeKT0p 

y HMeer BH,ll (22) . B TO'IKe z = 21< 33IIHWeM 

(28) 
r]J.e 

(29) 

PaccMorpHM CJ1y11aii, KorD,a G
8

x > O; G
8
hlx < 0, Ypas­

HeHHe (12) B 0KpecrHocm I0'IKH z = ~ annpoKCHMH­

pye M cxeMaMH 

cJ)m + I _ cJ>M ,1,m + l _ ,1,m + I 
k k + Y'k ,,, j 

X T h 
_,.,pm+ I. 
- " k , 

cJ)m + I _ <l>m 1/'m + I _ 1/)m + I 
(l - x) k r k + j + I h k = (1 - x)Fr + I, 

K0T0pbre npeo6pa3yIOTC.fl K BHA)' 

A' ~ + I - B' ym + I - C' . 
k k J j - k' 

Aym+l B ym+l-C 
k k. - J + I j + l - k" 

YC110BHe GK;; 0 3aITJ1rueM a BH]J.e (28), r]J.e 

(30) 

(31) 

Ak = I o o 1 I ; ck = o; Y1 = I P i a I (32) 

B Cll}"laJIX (9), (10) pa3D,eJlHM KaHan Ka JJ,Be 'laCTH: 

0 ,,.;; z .e;; zk H ~ ..;; z ..;; l, B CJ1y11ae (9) Ha orpe3Ke 

0 ..;; z < zk pewa10rcx ypaaHeHHH ( 16) , (26) c rpaHK'I· 

HbiMH ycn0BHHMH (28) C MarpmaMH (29) H nepBhIM 113 

YCIIOBHR (17) c MarpHil,aMH (21), a Ha otpe3Ke zk ..;; z <; 

,(; I pewa10rcsr Yp8.BHeHH.11 (15) , (27) c rpa.HMl!HbIMH ycno­

BHHMH (28) H BTOpbIM H3 YCJI0BHif (17) C M3IpH11,aMH (19), 
B C11y'lae (10) Ha orpe3Ke O ~ z ,(; zk pewa10rcx ypaB• 

HeHH.11 (15), (31) c rpaHHtJHbiMH ycnoBH.IIMH (28) c MaTpH· 

U8MK (32) C nepBblM H3 ycn0BHH (17) C MBipm.taMH (18). 
Ha orpe3Ke 9< ..;; z ~ I pell.llU0TCH ypaBHeHKJI (16), (30) 
c rpaHH'IHbIMH YCII0BH.IIMH (28) c MaTpHil,2MH (32) 11 BTO• 

pbIM K3 YCJI0BHH (17) C MBTpHU3MH (23). 
B 3llBHCHMOCTH or co11eTaHKx 3HaKoB G8 x H GBLIX 

npHMeHJleTC.11 npaaa.11 HJIH JieBaH opror0HaJibHhle nporoHKH. 

I 

I 

I 

l 



I 
l , 
I 

B CJiyqae (8) np11MeHHM neayro nporoHI<y, B cnytJae (I 1) -
npasy10. B cnytJae (9) Ha orpe3Ke O ..;; z ..;; zx npHMeHHM 

npasyro rrporoHKy, a Ha orpe3Ke zK <; z ,;;;; l - JieB y10, B CIIY· 
qae (10)' HanpotHB, Ha 0Tpe3Ke O ,;;;; z ,;;;; ZK RpHMeHJIM 

nesy10 nporoHKY, a Ha orpe3Ke zK .s;;; z ..;;1 - npaBy10. 
neBU oproroll8JllilWI nporoeKa, B xoJJ.e npHMOH npo­

roHKH Bl>l'IHCJUllOTC.11 BeKTOpbl Hn, Dn, Wn, Xn pa3MepHO· 

cm 3 H CKamrpbl (Jn' rn. 3anoMHH8IOICJI BC!(tOpbl xn K 

D n H CKan.llpbl t3n' rn: 

Hn.:::: A;IBn - Ion - I; rn =VHn,Hn; Dn = H/rn j 

wn = A;l(Bn - lxn - I + Cn) j Pn = D~Wn; 

xn = wn - D/Jn; rN + I = BNDN; PN + I = BNXN. 

B XOJJ;e o6paTHOH nporoHKH Bhl11HC11HeTCJI BCKIOp y::i+ 1 : 

ym+l=D +X· =Yn+t-fin+l C 
n nYn n• Yn r ; YN + I = N' 

n + 1 

PaccMotpHM onpeAeneHHe JHatJeHHH Bel(TOpOB H H W 
B y:me n = 1. B COOTBeTCTBHH c (5] r 1 = I, (31 - 0, 3aIIH• 

WCM MBTPJIQY A1 cornaCHO [5] B BHAC 

A1 = 11A: Atjj, · 
rJJ.e A~ - KsanparHaJ1 MaTpHUa pa3MepHocm 2 x 2. 

Torz:1a BeKTOpl>l H1 H W l onpene11J110TCJI CJICJzylOWHM 

o6pa30M: 

(33) 

a raKlKe cornacHO (33) D1 = H1 H X1 = W 1. 

B C1Iyqae (9) neaaH nporoHI<a Ha'!HHaeTcH c y3Jla 

n = k, H MatpHI.(bI A 1 , C 1 38MeHHrorcn Ha MaTplil.l;bI Ak 

H Ck. CornacHo (34) MatpHUhI Al (Ai) JJ.Om1CH1,1 ru.1r1> 

HeBblpo)l(.!l.eHbl, 003TOMY BeKrop Y .llOJl)l(CH HMeTI, BilOJlHe 

onpe.a:eneHHyto crpy1<rypy: B e11y11ae {18) yt = I PiG I , 
aacny'!ae (19) yt=IGiPI. 

DpllBIUI OpTOl'OHaJILHllll nporoHICa. <llopMynhI npa.BGH 

np.11.MOH IlJ,X>I'OHKH HMeIOT BH.D.: 

Hn = A~1Bn +,on+ I; rn =VHn,Hn; Dn = H/rn; 

wn = A;l(Bn + ,xn + I + Cn); Pa= D~Wn; 

xn = wn - DJn; ro = A1D,; Po= A1X1. 

<llopMynbI o6paTHOH nporOHKH HMelOT BK.o.: 

+I Yn-1 -Pn-1 
ym = D " + X · ,, = -----· " = C . n nr n n' 'n r ' 1 0 0 

n - I 

Ha'!art&Hbie JHa'!eJUUt BeKropoa HN K WN onpe.o;en1110Tc.11 

cne,a,yJOlUHM o6pa30M: 

rn.e si - KBanparHaJ[ MarpHl.l;a pa3MepHOCnf 2 X 2. 

./. 

B cny11ae (9) rrpaaa11 nporoHKa B&momrnercH c y3Jla 

K no n = 1, H MatpHUbl BN, CN 3aMeH.IIIOTCH Ha Ak H ck. 
B CJiyqae (10) npasa.11 nporoHKa BbmonH.11etcJ1 c n = N 
.o.o k, a a CJiy'!ae (11) npasaJl nporoHKa BbmonH11ercn 

cn=Nnon==I. 

Y11er TeMDepnyp1,l CTeRKH KaHaJia II pe3ymTan.1 pao­
qeroe. YpairneHHe (2) annpoKCHMHpyerc11 paJHOc1·ttoii 

cxeMon 

Tm•t m n ~ + I wn - T wn = om• I+ m + I ~ _ a:m • 1 X 
wn Pw T wn qHap.n S n 

w 
n 

X (Tm •1 _ 1 m + 1 ) __.11_H_ 
wn n S • 

w 

H3 Koropou HaxoJ]MrcH T :;:
0

+ 
1 

H noncrasnnerc11 a YpaB· 
HeHHe 3HeprMH CHCieMbJ (12). 

blar HHTerpKpoeaHH.11 no speMeHH orrpe.o.en.11erc11 HJ 

<n1cna Kypanra wrjh = 1, rne w - MaKCHM8Jl&Ha.11 cKo­

pOCTb noroKa no )l]lHHe KaHana. YaenH~emre T caepx onpe­

JJ.eneHHOro i:IBHHblM o6p830M Heoenecoo6pa3HO' T.K. 310 

IlpHBOJ:IHT K C)'UlecmeHHOM)' HCKa>1<eHHIO pacnpenenelOur 

3HTaJihilHH BJI.Oilh KaHana . 

.I(aHHb!H MeTO,O: HMeer BblCOKYIO CKOpocn, CXO.!IHMOCTH 

HtepaUHit KaK noKa3Lmaer om.rr pacl!eroa, a cpeJI.HeM 

Ha O.llHOM ware no upeMeHH rpe6yercn 2 - 3 HTepawm 

IlpK OTKOCHTellhHOH norpewHocrn onpe,1:1eneHH.11. KOMilO• 

HeHT BeKrnpa Ya 0,1 - 1%. 
Ilpe,a.naraeMblii MeIO.Q orpa6arLmanc.11. Ha pacllerax 

nepeXOllHbIX rrpoueccos B 06orpeaaeM1,JX Kat!anax c so­

lJOH H renHeM B Ka11ecr~e rennoHOCHTem1 npH D;OKpHTH• 

qecKHX H caepxKpHTHl!eCKHX JHa'!eHH.11.X nasneHHn. Pe­

)KHMbl C KHileHHeM OXBaTbIBaJJH Beeb D;Hana30K H3MeHeHH.II. 

11apoconeplK8HHH. Ha BXO,O: B Kattan IlOD;ilBaJJCH KBK OJI.HO• 

<J>a3HbIH, raK H KHIT.IIJ.ll.HH rtoroK. Ilepexo,aHLre npoueccbI 

Bb13bmanHCb lt3MeHeltHeM .t(aaneHHK, pacxoi:xa, 3HT8JlbllHH 

Ha sxone B KaHan, a raKlKe 3a c<1er H3MeHeHHa rennoso.ii 

Harpy3KH, H3MeHeHHe KOIOpoii BO BpeMeHH HOCHJlO 

cKa11Koo6pa3KbtH H HMnynhCKbJii xapaKrep. Mccne.a:oaa­

nHCb nepeXOllHbie npoueCCbl B Kattanax pa3JlH'lKOH npo• 

CTpaHCTBeHHOH OpHeHTau;HH, a raK>1<e C pa3flH'!HblMH 3a• 

KOHaMH H3MeKeHHJI rennosoro noroKa 110 ~uHe KaHana, 

B11Jl0Ib .o.o cocpei:tOTOIJeHHOro 1ennOBb!llenem1J1. 

B Kalfecrse npHMepa Ha pHc. l - 3 npe,acrasneHbT pe-
3YJibtar1,1 pac11era nepexo,aH1,1x npoueccos B o6orpesaeMoM 

KaHane C remteM ,O:OKpHrn:'leCKHX napaMelpoB np11 CKa'IKO· 

q6pa3HOM H3MeHeHHH re11J10Boii HarpYJKH, pacxoaa, nas­

neHHH H TeMneparypLI Ha sxo,ue. Kattan npe.a:crnsmm co6oii 

cnHpanb H3 HeCKOJII,KHX BepTHKallbHO opHeHTHpoBaHHbIX 

neren& c o6orpesoM Ja Cller micoynesa renna H (jlottosoro 

re1IJ10llpHTOKa. Pe3yn,1,rarb1 pac'!era nepeXOllHbIX npouec, 

COB OpH H3MeHeHMH TeITJlOBOH Harpy3KH cpaBHHBalllfCh 

C 3KCrtepHMeHT8JlbKblMH nattHbIMM pa6o11,1 [6] (cM. TO>IKH 

Ha pH c. 1). B i:xa,HHoft pa6ore npe,a.nonaranoch, '!TO Ja s peM.11 

nepexoJ1Koro npouecca pacxoll Ha sxo,lle B KaHan ocrasan­

CJl IlOCIOJtHKblM, MMeroweecJt OTKlIOHeHHe pac'leTHI,IX H JKC-
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cs 
C: 
L 
a: 
<l 

0,04 

0 
0 

0 

a 

a 

0~2..____.____.____._____.___~....____ 
O 8 !2 t)c 

6 

B 

u 

Q9~_.__~___.__~__._--!--_ 
o ~ 8 t,c 

Pttc. I. HlMcHcH11e nepena.ua JlaBJJe1urn .6P Ha KaHane (a), nonol!<emrn 

TO'IKH Ha'!ana tomeHHII npH i = i' (6) , pa,xona Ha Bxo.ue B Kattan 

(B) npll llMfl}'.'11,CHDM } 'Bem1<1e111111 rel1flOB.bllleJteHIUI 

• O 

e­
~ 
e-r-----... 

""-.> 

0,8 

0!4 ,....__.__._____.__.._____._ __ _ 
0 4 8 t, C 

' 
P11c. 2. ITepeMeweHHC TO~!Qi Hal/ana KllllCHHII npu HMnym,CHOM 

fBCJJH'lelUllf TeMlleparyph! IIOTOKa Ha sxone B KaJlan 

nepHMeHTaITbHb(X aamtbJX OObHCHR.:10Ch HenocTOHHCTBOM 

pacxona Ha sxoue. 

B pacqerax uanpm1<eH0e rpemrn Ha yqacn<e c KHnemfeM 

pacorn.r1,rnaJ1ocb no Monenw <l>pwuemt [7], a TaK)Ke no ro­
Mtlrettnoii MOLleJJlf, a K03cpqmm1eHT HCTHHHOrO 061,eMHOro 

.napoconep)f{amrn Bbl'Il1CJIIDICII no nattHbJM pa6oT [8 - I OJ, 
a TaKiKe npHHllMaJlOCb, '!TO o() = /3, rJJ,e {3 - 06-beMHOe na­

poconeplKaHtte. BblllO!lHeHHhle pac'!eTbl ll0K2Jb[Ba!Ot, 'lTO 

H3MeHem1e nepenana naanemrn O'leHb 01a6o JaaHrnT OT 

BH.!la q>OpMyJJ wrn '{) H ropa3}10 OOJiee CHJJhHO JaBHCHT OT 

Bftna MOlleJJH rpemrn B n:syxqiaJHOM llOTOKe, 

20 

0 

~ 
4 

<!:J 

!,4 

i 

0,6 
0 ~ 8 12 t,c! 

PHc. 3, l13MeKeHHe pacxona Ha sxo.ue B KBHUJ npH HMnym,CHOM 

ye en H'!e1un1 aasn eHHJI Ha s x one 

BhlBO,llbl 

1. ITpennoJKeHHbIH MeTou npHro11ett wrn pacqera ne• 

pexonttbtX npou:eccoe B o6orpesaeMhIX J<attanax npH ,a;o­

Kpmw1ecK11x H CBe pXKpHTH'leCKHX JHa'leffi!HX ,u;IBHeHIUI 

C KHTleHHeM H 6e3 KimemtH TeTIJIOHOCHTem1 IlpH B03MY• 

weHHHX no. pacxoey, ,a,asrrem110, JHTar!blll{H Tenn0Hoc11-

rem1 H no TellJJOBOH Harpy3Ke. 

2. Meron pac11eTa o6na,uaer Bb!COKOlt CKOpoCiblO CXO• 

,lll{MOCUI HTepaUHH. H ofinanaeT BblCOKOK npoU3Bo,mnenb­

HOCThJO. Pac'ler 13 c pearibttoro npouecca rpe6yer 30 -

40 c npoueccop11oro BpeMeHH 38M EC 1061. 

3. ITpHMCHeHHe O prorOHaJJbHOH. nporOHKU ll03B0JlHCT 

l1CTIO/lb30BaTb JJ;BYXTO'IC'lHb!e pa3HOCTHbie cxeMbl H TO'lHO 

peallHJOBbJBaTb rpaHH'll!bJe YCJIOBHH. 
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,IJ;HHA.i\1HKA H YCTOfftIHBOCTh .H3,I(Y B 3HEPrETWIECKOM PE)KIDAE 

. A.B. TioKTHH 

npoUO,wlTCll pi!.C'leTbl Hectlllll!OHapHoro noeeueinu1 H ycrol!'IIIBOCTH HJJlY, paf'iOTa!OlUClt 8 3HepreTH4eCKOM pel!<f{Me, 

DYNAMICS AND STABILITY OF A NUCLEAR POWER PROPULSION PLANT IN A POWER REGIME. A.V. LOKTIN. Nonstationary 

behaviour and stability of a nuclear powCI propulsion plant operating in a power regime is calculated . 

.HAepHaH :mepro1J;BHrarenLHa.H. ycrattoeKa (.H3.llY) SIB· 

nJ1erc.a o,IIHJIM HJ Hatt6onee nepcneKTHBHbIX arperaroe 

8BT0H0MH0ro HCTI0Jih30B8ffiUl H M0lKeT Haii:rn lllHp0KOe 

npHMeHeHHe npH peweHHH 3aJJ,a'I 0CB0eHH.R MIUKHero H 

narrLHero KOCMoca [l]. KaK 1:1;1mrarenb H3JlY cnoco6Ha 

pa3BHBaTh 3ll~IIJ,ITellbH0 60J1hU111e no cpaBHeHKIO C XHMH· 

l!ecKHM mmrareneM rnry H ynenLHhJH 1u,mymc npw MeHL­

illHX Jatparax roruut:ettoro Matepuana H pa6otJero Terra, 

a B Kal!ecrae :meproycraH0BKH - Bb1pa6aTbIB8Tb 3JleKTpH· 

l!eCKHM TOK OOJibWOH M0U.IH0CTH, He06XO/IHMb!H JJ,.TlH TIHT3• 

HHR pa3JUl.'IHhIX JHeproeMKHX 1exHorrorw1ecKHX npoueccoe 

Ha 6opry op6HTaJibHb!X craHUHH, flHTaHH.11 K0CMH'leCKHX 

pall3pclB IDUI HH0H 6oproB0H armapaTypb!. 

D,»ttaMHK8 H ycroH'!HBOCih JIBHf3IellbH0ro pe)ICHMa 

H3.IIY nonpo6tto HCCJJenoaatta e pa60Tax [2 - 6], B ro 

)KC BpeMR HeCTaUH0HBpH0e noaeo,eHHe HJnY B JHepreTH· 

'!eCK0M pelKHMe HJyqeH0 HenocraT0'lH0, X0T.11 npencraa­

Jl.ReT JHBIIJ,IT~nbHbltl HHrepec. 3roii npo6lleMe Il0CBJQ.UeH 

Marep1rnn nattHOH pa6oTbl ua npHMepe HccrrenoaaHH.11 npo• 

cre0.rne11 n-mo1erH'!ecKoii ycraH0BKH. 

B Ka'!ecrae :meprowcrn'IHHKa npennorraraercH HJBec1-

HhIH BbICOKoreMneparypttbJU peaKTOp "NERV A" [7] , a 

B Ka'!ecTBe CHCTeMbl opeo6pa3oBaHHH JHepnt:H - zyp60• 

MaJ.UHHHbIH npeo6p830B8TeJib, COCT0.111.Ul{H H3 ryp6onpK­

B0Jl8 H ymmon.11pttoro reHeparopa, pattee HJ)"leHHbIH a 

pa6oTe {81. 
Ha pHC. 1 npencraaneHa cxeMa .H3nY. pa6ora10111eif 

B JHepreTH'!eCK0M pe)KHMe. fa3006pa3Hb!H B0Ji:0pon Hartte­

raetcfl CHCTeMOH no,i:a'IK H3 6aK0B B rpaKTbI oxrra)l()leHHll 

peaKropa 11 JHepro6noKa, 3areM o6a 110T0Ka nocrynarot 

e CMeCHTeJJb, 0TKyna nonanaror Ha ryp6onpHB0ll, HMe!OIUHH 

Puc, 1. CxeMa a3.IlY: 1 - Tpa1ub1 oxm1J1<L1cH1u1 JH~pro6no1<a; 2 -
Hacoc ecnoMorare11bH0ro THA; 3 - rypomra ucnoMorarem,noro 

THA; 4 - TpB.l<Tbl OXJl.vteAelill.R HeaKTHB, bIX :)flCMCIITOII pea1<TO· 
pa; 5 - u.poccenb nepenyc1<a; 6 - rpa1<T oxnalK1Ie10111 a1<nieHolt 

30Hbl; 7 - Hacoc. OCHOBtloro THA; 8 - T}'pf'illila OCtlOBHOro THA; 
9 - rypf'ionpmrnn ymmon.11p11oro re11eparopa; 10 - y1111non11pHbltl 

reHep!).TOp 

o6IUHii. ean c ymmmrnpHbIM re11eparopoM. Orpa6oraHHh1ii. 

ra3 nw6o c6pacbIBaercH a 0Kpy)l(aromee npocrpa11crno, 

nH6o nocne oxrra)l(Ji:emrn no,o.ae,CH Ha BX0llbI ryp601rncoc• 

HblX arperaroB (THA) CHCieMbl TIQ,!l,3l!I{, a Bb1pa6aTblB3fMUH 

311eKrpo3Heprnn nocrynaer norpe6urennM, B Ka11ecrne 

KOTOpb!X paCCM8TpiiBaJT8Ch 8KTHBll8.ll Harpy3K8. 

Oc06eHHOCTLIO .H3nY KBK . JIHH3Mli'leCKOM CHCTeMbl 

JtBJtH.eTCH HaJlHl(He MH0r0lfHCJleHlihIX o6paTl-lhlX CBH3eH, 

onpe,a;enmom11x xapaKTep ttecraW10Hapttoro noaeneHH11 

:noro 061,eKra, a T8K)l(e paJJtH'IHblX MeX3HH3M0B B03M0iK· 

HOH 11eycTOH'IHBOCTII. flpH 3T0M HMeeT MeCTO 6onbUJOK 

pa36poc BpeMeHHhlX xapaKrep11crnK - oT I 0-4 
c, xapaK­

repHbIX /J,ll.11 :meKTp01IHHaM114eCKHX npoueccoe a porope 

retteparopa, 1epM0aKycrn11eCK(tX If f830,!J,HH3Mll'ICCKHX npo-
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ueccos, JlO n,eC.IITKOB H COTeH ceKyH)l, xapaKTepHblX Wl.11 

npoi.ieccoa nporpeaa M3Teptanos KOHCTp}'KUJlH, pacnana 

llllep - 1-131ly'laTeneii Jana3,UblBalOWHX HeihpoHOB, HJMeHeHH.11 

mKa co11etto1,u~a ywmon.RpHoro reHepampa, pa6oTaiowero 

npH KpMOreHHO !Ill3KliX TeMneparypax. 

MareMant'lec1<aJ1 Monenb !lHHaMHKH SI3,Il;Y, pa6o-

Taioweii e JHepreTHl{ecKOM pellCJtMe, BKmo<Jaer B ce611: om1-

ca1me peaKTOpHOK <Jacrn ycraHOBKK, JHepro6no1<a H CH· 

creMbl nona'll pa6otiero Tena, cocronwei< HJ ocHoBHOro 

THA, nonaiowero raJ a TpaKTbl oxnalt(JleHH.11 peaKropa, 

H acnoMOfaTCJlbHOro THA, nou.aiowero raJ B TpaKTbT 

oXJ1aiK1JeHHJ1 JHepro6noKa. 

HeHTpoHHaH K1l:HeJHK8 OJlHCaHa "rolle'IHb!MH" ypae• 

HeHH.RMH c }"leTOM wecrn rpynn 3aaaJn1,rsaiom1-1x tteiirpo­

HOB, a ypaBHemte peaKTHBHOCTH npencTaan.11er co6oi< CYMMY 

BKnanos or li3MeHeRHH reMnepaTy p1>1 nnepttoro TOIUIHBa, 

TeMneparypbl HeaKTJ,IBHb!X 311eMeHTOB peal<TOpa H IDIOT­

HOCTeK pa6o'lero tena, OXJI3)1(ll3IOUiern TOMHBO 1-1 He3KTHB· 

Hb!e JJ!eMeHTb!. YKaJ3HHb!e H3MeHeHJ.1.R TeMnepnyp H IUlOT· 

ttocreii onpenenJ110rcn HJ ypastteHu11 Tennoaoro 6anaHca 

B TOrlJIHBHblX H HeaKTHBHb!X JneMeHTaX H CHCTeM repMora-

30lIHH3MH'{eCKHX ypasHeHHH B Tpaicrax OXJ13>KAeHtlll pe· 

a1<mpa [3]. 
3Hepro6nOK OOHChIBaercir s HYllbMepHOM npHfimllKe­

HlfH 110.006110 TOMY, K3K :no .o.ena.rtOCb B pa6oTe [8] , C ytJe­

TOM ttemrnetlllOH J:lBJ.ICJ.IMOCTH_ :me1<rp11'1eCKoro conpOTHB· 

nett11.11 1<p11onpoaonHJ.1Ka or reMneparypbl [9]. Ero on11ca­

HHe BKnl0'!3eT !l ce6R ypaaHeHHR 3ne1<TpoMexaH.11'leCIOIX 

npoueccos e conetto1u1,e 11 poTOpe :mepro6no1<a, ypaatteHHH 

repMOra30illlHaMHKH B rpaKTaX 0XJI3lKneHJ,fll H ypaBHCIIHR 

raJoBOH ,llHH3MHKH B ryp6onpKBone. 

MareMarn11ecKall MOilCJlb CHCTeMbl nona'IH BKlllO'laer 

a ce611 orrn.catttte ryp6ottacocHblX arperaTOB a a11ne ypas­

ttettttii ,wrnaMHKH e pameH1rn poTOpa THA H repMo'raJonu­

HaMH'lecKax npoueccoe e ryp61me H Hncoce [5]. 
np11 aHartH3e pa6oTbi fl3.UY B JttepreTH11CCKOM pe­

iKHMe orpaHHl{HJIHCb •t'3CCM0Tpe1-1HCM HH3KO'l3CIOTHblX rrpo­

ueccoa c xa paK repttbtMH e peMel!aMH no pallKa B peMeHH 

nporpeaa ronnHBa H 6onee. norry11etttta11 raKHM o6pa30M 

CHCTeMa ypaBHCHHK HC00Jlb30B3Ha KaK WI.ff HCCJlCll0B3HHll 

ycTOii'IHBocrn H3JIY, raK H JJ/UI HJY'lCHHJt w1HaMH'lecK11x 

CBOHCTB M011em1. 

AHa.rtH3 ycTOK'IUBOCTH HOMHHaJlhHoro JHepreTH'leCKOro 

pe>KHMa 6onhwoi1 Mowttocnt ocywecreneH MeTOilOM 

D-pa36He 1urn n pocrpattcrna na paMeTpoa, xa paKre pH3YIOUllfX 

peaKTHBHOCTHb!e o6paIHblC CBH3H, H napaMeTpoB, 

xapa1<re pHJYIOWHX :mepro6noK. 8 rrepeOM CJiy'!ae LI.TUI 

pac<Jeia rpaHHU o6nacrn npeteH,!l,eHTa Ha YCTOK'IHBOCTb 

HCflOJlb30BaHa MCTOJJ,HK3, npe,[lJ!OiKC!{H3/I B pa6ore (10]. 
8 COOTBCTCTBHH C HeH p3C'ICT ocywecrarrHeTCR Ha OCHOBe 

o6pa6oTl<lf KHq>opM3WfH O noaeneHHH nepeXOilHblX <PYHK­

UHH, nony<JeHHbiX KaK OTKnHKH nepeMeHHblX CHCTeMbl 

c pa30MKHYTOM peaKnIBHOCTHOH o6paIHOH CBR3b!O Ha 

MaJJOe crynett'laTOe BOJMyw.eHHe MOlllHOCTH peaKmpa. 

Bo aropoM cnytJae no 11cxo.n)IOH cttcTeMe ypaeHeHHK, omt-
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Cb!BalOWllX LlHH3MliKY, H3XOJl,HJl0Cb xapaicrepHCTHl!ecKoe 

ypaBHeIDle, I-{ no HeMy CTpoJUJOCb D-pa36HeHHe. 

AHanH3 ne pexo)lliblX q>YHl<UHH CHCTeMbl peaKntBHOCT• 

llblX o6paTHblX CB.113ei1 (pHc. 2) IIOK33bTBaer, ltTO BOJMY· 

weHHe MOlUHOCTH peaKTOpa B036YlK!l3eT B CHCTeMe npo­

ueCCbl, xapaKrepH3YIOllll1eCR P33JJH'lHbIMH '13CTOTHblMK 

,[l){anaJo!laMH, Mx MO>KHO 00,llpaJ;:J,enHTb Ha 6blCTpb1e npo• 

ueccbr (Ha HHTepBane BpeMeHH no 1 c)' CBH38HHbie C npo­

rpeBOM TOMHBa B aKTl1BI-IOH 30He pea1uopa, H MenneHHbte 

npouecCbl, CBll3aHHbte C nporpeBOM HeaKTHBHblX 3JleMeHTOB 

peai-nopa, HJMeHeHHeM reMneparypbl MaTepnana o6MOTKff 

conettoHna H ff3MeHeHHeM ero mKa. MenneHH1,1e npoueccr,i 

paJBHBalOTClt B HHTepaanax BpeMeHH B necJlTKK H COTIOI 

ceKyttu. 06utee BpeMll nepexoAH.oro npouecca cocraamter 

HeCKOilbKO MHHYT, 

f 

z 

3 

-5 

-iO __ __. __ __.._.......,...__, 
D IDO 200 t,c 

PHc. 2. nepexo.11Hb1e <\>)'H1<U1m onoxa peaxTHBllOCTHbIX oopanu,1x 

CBff3eil: 1 - OTHOCIITen1>Hoe OTKllOHeHHe TeMneparypbl Tonmrsa 

8 T OT lfOMlfflanbHOro 3Hal/eHIUlj 2 - OTllOCHTeJlbtlOe OTKllOHelO<e 

TCMnepa-rypi.t HeaKTHBHhlX 3nCMeHTOB peaxropa 91{ OT HOMHHaJJ!r 

Hora 3Ha<tel0tll; 3 - OTHOCHTem,Hoe OTIUlOHCHHe 1111omoCTH tenno­

HOCHTem1 B aKTIIBHOA 30He Pr OT llOMHJ(aJll,HQfO 3HaqeHJUI; 4 -
OnlOCIITeJ'lbtlOC OTKJIOHeHMe nnorHOCTH Te11JJ0Hoc11Tem1 B HeaKl11B· 

Hb!X ::meMeHTax pea1<ropa PH OT HOMHKanbHoro 3Ha'ICIOIJI 

C »cnonb30B3HHeM B Ka'leCTBe HCXO/lHOU HHq>OpMa­

UUH l-13o6pa)KeHHb!X Ha pile. 2 nepeXOLlHblX q>YHKUl{tt llO­

crpoeHbl D -pa36Helm.ll npoCTpaHCTBa TeMnepaTypHblX H 

nnoTHOCTHb!X K03q>qJH_Ul:feHTOB peaKn!BHOCTH. Ha pHC. 3,a 

H 3 ,6 ttJ06palKettbI rpamn.u,1 D-pa36HeH1rn e cneny10wHX 

nnocKoqnx 6eJP3JMeptth1X rrnpaMerpoe: reMnepaTypHo­

ro K03cpqmuHeHTa peaKTHBHOCTH no rorurney H MOTHOCT­

Horo K03q>q>11Ul-H!Hta peaKTHB HOCTlf no oXJia>KD,alOl.llCMY 

a1<nurnyJO Jotty pa6o'leMy re,iy (µ6T, µpr); reMnepaTyp, 

Horo KOJq>qll-lUWeHra peaKTHBHOCTH ITO TOMHBY H TeMne­

paTypttoro KOJqlq>HUHeHTa pea1<T10UIOCTH no HeaJ<THBHblM 

JneMeKTaM (µ(IT' µ(JH). 
D-pa36HeHHe JlJlOCKOCTTf (µ9r' µPT) COCTOHT H3 oco-

60.:i npnMOK, coornercrnyioweH 'lacrore w = 0, H ,u;syx 
aerneii peryn11pttoii D-t<pHBoi<. 06nacrb - npereHneHr 

Ha YCTOH'lHBOCT!> - pacnoJIOiKeHa neaee ooo6oi1 npHMOH I{ 

orpatt04c11a cKHJY nepaoi< eeTBbIO perymtpHoi% D-KpHeoi1. 

8 3TOII o6nacrn pacITOJIO)KeHa pa6o'laH TO'{K3 CJICTCMbl 

(TOQKa A Ha pHc. 3), COOTBeTCTBYIOWaJI HOMHHaJlbHblM 
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l'Hc, 3. D-pa36He!Dle IDIOCKOcmt: Cffll,lzyJl)lllBX oap&Mfll)Oa: a -

(µ.BT' /Jpr); 15 - (/JIIT' /J9H); B - ('>'c• 19) • (1 - 0-KpHBU .1111• 
Jl3.IlY B cnyq:ae H0MHll8Jll,IWX 3H8.'18HBII napBMeTp0B CJICl'OMl,J; 2 -
D-1<pHBU D;Jl.11 3Heprolmo Ka C ynpouteHHWM OIIHCIHHeM BJDUUIH.II 

peaKTopa (no pe3ym,T&TBM pal!om (BJ); 3 - I>-KpHBU l&Jlll Jl3JlY 
npH Le= 0,SLcHoM) 

napaMe1paM .H3.nY B JHepreIH'leCK0M pe>KHMe 60111,woil 

MOIUH0CTH. C noM011u,10 pac11eTa nepexoWioro npouecca 
npH H0MHHaJlhHldX 3H8'1CHHHX K03Cl,q>HUHeHTOB peaKTHB• 

HOCTH Il0Ka33HO, 'ITO na o6JJacn. ,mm1eTCJ1 o6naCT&IO 

8CHMIIIOTH'lfCKOH YCIOH'IHBOCTH, AH8JIH3 pacnOJJOlKeHHll 

pa6o\Jeii TOllKH no OTHOwemno K rpaHHU8M DOK8lbmaet, 

<rro Jallac yc1oii:11Heocm BnonHe HS~>KeH. 1Jrofi•1 nepe­

Becrn pa6oqy10 TO'IKY e 06JJac11> anepHOJIH'leCKoii He· 

YCTOH'IHBOCTH, He06xOJIHMO 0,IUI0BpeMeHH0 yMeHhl!DITI, 

no M0,!Jymo teMnepatypHblH K03(p$HUHCHT pe8KTHBH0CTH 

no J0IUIHBY IlpKMCpH0 Ha 100% H0MHHftJI&Horo 3Ha'leHHR 

H MOJHOCTHOH K03q>$11UHCHT peaKlHBHOCIH no pa6otreMY 

reny e alCTHBHOA lOHe Ha 30%. 

D-palflleHHe ruJOCKOCIH (µ.6T' P.9R) COCTOHT H3 OCO• 

6oil npRMOH, COOTBeTCTB}'IOWeii 3H8'1eHHIO w = 0 H pery­

nRpHOH D•KpHBOii (CM, PHC, 3,6). O6Jiac11, YCTOHIIHBOCIH 

pacnono>Keea HH>KC oco6oii npRMOH H orpaKH11eHa cnpaea 

perymr.peoii D-KpHBoA. 8 3TOH 06.nacTH H!XO.QHTCJI paoo• 
qaJI TOl(l(a CRcreMhl, coometcmy10waJ1 H0MKHalllHOM)' 

peXCHMf pa6ou,1 .H3,llY. H a 3TOii nnoCICoCTH 31Lilac ycroii­
llHBOCTH BeJIHK KaK no OTHOWeHHJO K anepHOJ»{lleCKOH 

eeycroii'IHBOCTH, raK H no OTHOU1eKH10 K HH3K0'18CIOT• 

HOH KOJie6uem,HoK Heycroii'IHeocm. H&JlH'IHe o&tacrd 
Kone6atem,Hoii HeyCTOHIIHBOCTH B M0CK0CTJIX napaMCT· 

p0B (µ6T, µPT) H (µBT' µt)H) CBJ138HO C npHCytCTBHeM 
B peaKrope JJ;OCT8TOl(l{0 CHJJbHhIX 0TpHU.aTent,Hli!X HHep­

UHOHHl,IX o6patHblX CBJl3e~ [3], a o6Jiacreii anepHOAH· 

'ICCK0H HeycroffllHBOCTH - C npHCYTCTBHeM nono)KHleJU,. 
HblX o6patHbJX CBJl3eH (Ha H}'JleBOH 'laCTote). 

Ha pee. 3,e npe.a;cTaeneHo D-pa36HCHHe IlJIOCKOCTH 

napa.MetpoB, xapaK1epa3YfOWHX co6cTBeHHO 3Hepro6JioK 

he• r6 ), r.e. tex >Ke napaMetpoB, no KOtopbIM crpoH1Ioc1, 
D-pu6HeKHe ~PK eccnenosaHHH yctoii'IIHBOCTH 3Hepro-

6noKa B pa6ore (8). 3Z1ec1, 'Ye "' ~C0 /mc H rlt "' 

1 d I\ 
"" --- 8 X8paKTepH3YIOT HHep11H0KHOCTb nporpe-1\ d BC C 

ea COJJCH0H.llll K 38BHCHMOCTb conponmneHHJI coneHOHJJ,B 

OT ero teMIIepatypbJ coomerCTBeHHO (Mc - Macca COJTe­
Hoena; cc - Y~hHaJI TCilJIOeMKOClb MarepHaJtll COJJe­

HOHJJ.B; m - M&cca f83a ,B IIOJJOCTHX rpaKra OX1Jl)ICJleHHll 

COJICHOH,tta; C - yii;en&HaJI TeIIJl0eMKOCTI, raJa; I\ - 311.CK· 

tpH'leCK0e conpoIHBnelD!e coneHOHna; 8c --reMneparypa 
MatepH1na coneHOana), 

Ka11eCTBeHHO Kapmna D-pa36HemfJI nn11 R3JlY s JTOM 

cn}"lae coenanaet c cooTBetCTByioweii Kapmeou W!JI 

aeeprofinoKa [8). O~o ecnH JllUI MOJJ.f!nH :JHeprolirloKa 

C ynpomeIDWM OIDIC8HHeM BJlHJlHHll peaKtopa IlpH Bcex 

ct,~qecKH pe11JIHlyeMblX JHa'teHHRX napaMeTpoB 1'c H 

r9 pa6o1W1 TO'DCi naxoromacb B o6JiaCTH YCTOM'IHBOCTK, 

to lQJR H3JlY RpH r6 "' 5 pa6o'ta1t JO'lKa nellGIT s o6nacm 

YctOK'IHBOCTH TOJilaKO np11 'Ye > 0,8. OTMeTHM, lflO KPH· 

TH'leCKOe 3HlllleHHe "Ye, 11pH KOIOpC>M pa6o11aR JO'IKa MO­

)ICIIT nepem B ofilJacrb ltHJKO'laCTOTHOM Kone6arem.Hoii 

neycroH1D1BOCTH, 3aBHCl1T OT BtmJIIOIHbl l1HAYKUfBH0CTH 

COJJCHOH,!18. TaK, npH YMeHbllICHHH MHD.YKTHBHOCJH cone­

HOH,!li BllBOC (CM. KpH»yJO 3 Ha pwc. 3,B) 110 cpllBHCHHJO 

C HOMHH3nl,Hl>JM 3HaqeHHeM KpllTil'lecKoe 31-la•reHHe 'Ye 

TaK>Ke YMeHbWSeJCJl Bz:tBOe. 

Boo6we roeop11, 3Ha11e11He r6 = 5, 11cnonbJ0BaHeoe 

B pa6ote [8], cornacH0 na.HHblM [9] JlBJJ.lleTCJI MaKCH· 
M8J1bHlalM K COOTBCTCTByer HJJ.e8JlbH0 'IHCT0MY Metanny. 

Ha IlpaKTHKe BeDH'IHHa re finHlKC K 3 HJlH 2, r.e. K T8KHM 
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JHa11eHHSIM, npH KOTOpblX eepollTHOCTb nonan.atrnll pa6o­

'leM TO'IKH B o6nacrh KOJie6arenhHOM tteycrOH'ilieocrn cra­

HOBHTCJI ttyneaoM_ npH mo6b1X 'Ye > 0. l!ro Kacaerrn ane­

pl!.Oll.H'leCKOM HeycrOH'IHBOCTH, TO HJI npH KaKHX q>li3ll'le• 

CKH peaJJJByeMblX. JHa'leHHRX napaMeTpoB 'Ye H re H HOMH­

H3JlbHI,[X 3Ha'!eHHRX OCTanbHI,!X napaMeTpoB c11creMI,J OHa 

He MO)l(eT B03HHKHYTb. 3aMentM, 'lTO B03HHKHOBeHlfe 

KOne6arerrLHOH HeycrO!i'IHBOCnl B :mepro6noKe a JJ,aHHOM 

cny11ae CBH3aHo c HaJJH'llleM HenHtteifttoro :meMettra (311eK• 

TpH'lecKoe conporneneHHe coneHOKua ttemrneiitto JaBHCHT 

OT ero reMnepa1ypbl) H rrpHCYTCTBHeM JJ:OCTaTO'lHO CH.Jlb­

HOH Httepll,HOHHOII OipHUaTe1IbHOH o6parnoii: CBJl3H TIO ue­

rroqKe: TOK coneHOHlla -:- teMneparypa coneHOHlla - co­

nporHeneHHe conettou.n:a - TOK coneHoHna. 

)ln..11 nonyttem1J1 6onee ITonttoro npencraeneHHll o ITOBe• 

ueHHH H3.IlY e JHepren111ecKOM pe,KHMe pacc•11naH1,1 

nepexonH1,1e 11pouecc1,1 110 Hemrneifttoii Monenu ll,HHaMHKH. 

3m pac11eTbl npoeeneHbl K8K ll)lfl lllTaTHbJX pe)l(HMOB, 

HaTipHMep nepexoAa H3.IlY aa 6onee BblCOKHH ypoeettb 

MOlllHOCTH, Jal< H Wl.11 pKna aeapHHHbiX anyauHii, TaKHX, 

1<aK qacrn11Hoe nepeKp1,1rne rpaKra oxna,K)leID1.11 JHepro-

6noKa, '!acm11Hoe nepeKpb1rne rpaK.a 0XJ1a)l(Aemrn peaK• 

rnpa, BHe3aITHoe yMeHhllleHHe nanpsiiKeHH.11 n111a10rn co­

nettoa!la yH1momtpHoro reHeparopa H upyrnx. Bbm raK• 

,Ke paccMotpett H cny11ai1 nonanattn11 pa6o'!eH TO'IKK e 06-

nacn HJ,!JKO'laCTOTHOH KOJJe6arenbHOH HeyCTOH\JHBOCTK, 

B03MO)l(Hb!H np11 HeeepHOM Bh16ope KOHcrpYKUIIOHHblX 

napaMetpoa. 

Ha p11c. 4 J,1306pa,KeHbl 113MeHeHIIII. nepeMeHHbTX, 06yc­

JIOBJ1eHHb!e CKa'IKOM BHelllHeif peaKntBHOCTI!, paBHblM 

0,1 ~. 803MY!lleHtte peaKTHBHOCTII npHBOll,HT B KOHe'IHOM 

peJynhrare K ycraHoeneHHJO Hoeoro craUHottapnoro 3Ha­

'!eHHil MOWHOCTH peaKrnpa H COOTBeTCTBYIO!.l.lllX eMy JHa­

<JeHHH OCTaJlbHb!X nepeMeHHb!X Kai< peaKrnpa, Tai< II 

JHepro6noKa. 

Ha pHc. 5 npeacrae11ett1,1 HJMeHeHH.11 nepeMeHtt1,1x, 

06ycnoanettH1,1e aeapHi't:ttoH e11ryauHefi - '!aCTHl!HbIM ne-

P>!c. 4. [lepeXOJlHb!I! npouecc B 0611acni aCl!MnTOll!'ICCKOA ycrol!­

lllmOCTH: l - Hel!rpoHHaA MOl.lll{ocu, N; 2 - TeMneparypa ronmrna 

I\; 3 - TeMneparypa HeaKTHBKbJX 3llCMCHTOB peaKTOpa lllf; 4 -
c1rnpocTJ. spameHHll poropa reHeparopa n; 5 - TOK coneHolt/lll 

IC. nepeMCHHbJe HOpMltpOBiill!,J !fa JiOMKHailblfl,le 3Ka<1emu1 
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2,l,er, 
G,t:1u,:7c,Gc 
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200 : 300 t,c 

PIie. 5. nepexoJ:1H1JI! rrpouece, o6y_crmaneHHhlA 11ac11111H1,1M nepe­

KpblTHeM TPIIKTa oxnaitmelllill 3Hepro6110Ka J.13.UY: 1 - CKOpocn. 

a pall(elfHll po TO pa re He pa TO pa n ; 2 - HekrpOHHaA M OlUIIOCTh N; 
3 - reMneparypa rorumBa I\; 4 - pacxon pa6011ero Tena B rpaKTM 

oxnIDKUeHHll peaKTOpa G; 5 - TCMIIepazypa HeaKrnBHt.lX 3!leMCH­

roe peaKTOpa OH; 6 - TOK CO/JeROIUl,a reHepa-ropa IC; 7 - paCXOll 

B rpaKT oxnalKUeHHJI 3Hepro6noKa Ge' ITepeMeHHlde HOpMKpOBa­

HI,[ Ha HOMHHllJll,Hl,le 3Ha11eHH11 

peKpb1nteM tpaKra OXJlalKlleHl1Jl :mepro61101<a .H3nY, Bhl3bl­

B3JOIUHM nepaotta'!anhHoe naJieHHe pacxo11a B 1pa1<Te 

oxnalKuem-1.11 Ha 30%. 3TO TlpHBOll,HT K 6blctpOMY yeemt• 

11ett1110 pacxona pa6o<Jero rena e rpa1<1e 0XJ1a>K,qeH11.11 peaK­

TOpa, 'ITO BJle<reT Ja co6oM yMeHbllleHHe TeMllepaTypb! pa6o­

'lero rena ll aKTHBHOM JOHe H yeenH'leliKe ero rtllOTHOCTII 

H, Clle)lOB3TeJlbHO, npHBO!lHT K no,mneHHJO ITOJlO)l(}!TeJib­

HOro BKnana a peaKTHBHOCTb. B pe3ymTa1e pacTeT MOlll­

Hocn peaKrnpa. Ha'!lrnaior cHnbHee nporpeeatbCll rnn­

mrno B aKnraHOM 30He 0 HeaKTHBHbie 3JleMeHTbl peaKTO­

pa B COOTBeTCIBHH co CB011MH IIOCTOJlHHblMH BpeMeHH. 

Poer TCM!lepatypbl tteaKIIIBHblX 3.JieMeHTOB npHBOJJ:HT K 

pocry reMneparypbT pa6cnero Terra B rpa1ne HX oxna)l(Jle• 

HH.11, '!TO BblJbrnae1 yeenHtteHHe cKopocrn epamemtH 

pornpoe OCHOBHOfO H BCllOMOra:eJibHOro 1yp6ottacocHbIX 

a rpera1oe. YeenwieHHe pacxona pa6oqero rena B rpaK­

Tax oxna)KJleHHH pea1<1opa cHaqana JaMeA,11.11e1 pocr TeM­

nepatyp TOitJIHBa H HeaKTHBHbtX JJieMeHTOB, a 3areM 

cta6HJJH311pyer HX Ha HOBOM ypoBHe, COOTBeTCTBYIOWeM 

eoJpocllleii MOIUHocrn peaKtopa. Il.oC11eJ:1YIOlll.liH pocr 

pacxoAa e rpaKre 3Hepro6noKa npHocraHa.BrrHeaer pocr 

reMneparypbr Matep11ana coneHOHJl!, BbJ3BaHHblH nepeo­

Ha11anbHhIM yMeHb!lICHHeM pacXOAa B 3IOT rpaKT, a 33TeM 

ttecKOJibKO yMeH1,waer ee eenwnrny. [lo Mepe yeeJJH'le-

' HH.11 TeMITepaTyp1,1 coneHOll!lil H COOTBeTCTBYJ01Uero pocia 

ero conponurneHH.11 npoHCXOAHT yMeHhWCHHe IOKa co­

neHOHAa, 06[lla.11 A,11HTen1,ttocTh nepexo)J.Horo npouecca 

COCTaBnlleT OKORO <Jeib1pex MHHYT, 

AeapHHHa.11 CHTya,urn, CBHJaHHaJl C '13CTll'1Hh!M nepeKpbl• 

THeM rpaKra oxna)KJle mm I IlpHBO)l.llLUHM K llillleHHJO pac­

xona TefJJJOHOCHien .II B 3TOM rpaKTe (Ha 10% HOMHHaJT b• 

HOTO ypOBH.11)' Bhl3b1Bae1 na)leHHe MOlllHOCnt (Ha 20%) 
H COOTBeTCTBYTO!llee yMeHhWeHHe teMneparyp TOJlJIHBa 

H HeaKTHBHbIX JTieMeHTOB peaKropa I T .e. He cpopMHpyer 

KaKHX-JlH6o onaCHb!X llOClle!lCTBHH. }lmneJlbHOCTh nepe-

1 



xoJIHoro npouecca oocraanaet oKono 'lerb1pex MHHyr. 

ABapHHHaH CIITYau.HH, CBHJ3H}{a11 c naneHHeM Hanp.11-

)keHH.11 TlHT3HHJl coneH0H.Qll (AO 50% H0MHH8JlbH0ro ypoB­

Hll), Blll3J,JBaer CJia6oe H3MeHeHHe M0lUHOCTH peaKTOpa, 

HO 3&MCTHbIH Bb!6poc CKOpoCTH Bp3llleHH.lf potopa YHH· 
nomrpHoro rettepatopa (150% HOMHH3111>Horo ypoeHR). 
TaKaJl CHzyaiuut B CJ1y1tae HenocratotfHoro 3anaca npoq. 
H0cTH poropa MO)Ket npHBeCTH K ero pa3py111eHH10, 

.Il,,JHTCJI&H0ctb nepexoµ;Koro npouecca cocraemter He­

CK0JI&Ko MHH)'T, 

Ha l»fC, 6 npeActaeneH1,I nepexo.o,Hble npouecc11I muI 

cnyiraJ1 nonaA8,HH11 pa6otJeH tO'IKH s o6nacn HK3K0'18CT0T­

HoH Kone6arenbHoH aeycroii:'IHB0CTH. B CKcreMe ycraHas-

5 

0 

Puc. 6. IlepexoJJ;HW.11 nponecc B ot5nacm KonellaTeJibHOft Heyc-rolt• 

'D!BOCTH: 1 - yrnoau: CKOpOCTb BPIUl8HKll pOTopa reHeparop11 n; 
2 - TOK coneHOHJll le; 3 - HeA'rp0KH&JI MOntHOcn. N. nepeMelt­

KLIC HOpMHp0BBHW Kl HoMHHiJU,Hble 3Ha'le11Wl 

mmaeTCJI aB~Kone6ateJ11,HblH pe>IOIM c nepHOA0M 0K0JIO 

rpex MHHYT H BMimHT)'.QllMH, A()X0AfllllKMH AO 9 H0MHHllJIL· 

Hb!X 3H31{CHHH B llHKOB0M BbI6poce. AMnnHTYAhl TeMneparyp 

T0ilJIHBB H Heat<rnBHl>IX 311eMeHT0B He npesblll.13IOT 1 %, 
T .e. pacCM0tpeHH311 asapHHHasl CIIIY3UH11 He DpHB0.[(HT 

K onacHbIM nocne11cTBHJIM B peaKTopHOH 'laCTH ycraH0B• 

KH. IIO•BHJlHMOMY, TaK0K HH3KOl{aCT0THblH npouecc He 

IlpeACT11Bn11er Cll0)KHOCTH ~11 00AIIJ!JICIQf_.1I C Il0MOlllblO 

CHcteMbl aBT0MBTR'leCK0ro peryrutpoBaJIH11, . 

Ilo pupa6oTaHHOit nporpaMMe M0)l(H0 CIIHTBTb mo6&1e 

aBapdtHbie npoi:teCCbl, MOlleJIHpC>BaHHe KOt0pbIX B03M0)I(• 

HO B paMKax npHHJITOH MiTCM3Tl('leCKOii MOne,JH .[(HHBMH• 

KH J13JlY. 
B 38KJII0'16HHC cneeyer OTMCTHTb, 'ITO Y'fCT B MatCM8· 

tH'leCKOA M0AenH )IHH8MIUCH .Jl3,IIY pe8KT0pa C CHCTCMOH 

0OA!l'IH pa6o11ero tena B TpaKTbI oxna)f(JleHH11 3Hepro6noKa 

0pHB0AKT K YMCHbWCHHIO 3anaca ycroiillllBOClH. IlpH HC• 

npiuuou.HoM Bbl6ope K0HctpYKUHOHHbIX napaMetpoB 3Hep­

ro6n0Ka B CHCTCMC MO)l(CT B03HHKH}'Tb HH3KO'laCTOTHa.tl 

Konet5aren&HBJI HeycroA11HBocr11. OtMCTHM TBK)Ke, cno 

8BBpMHHhle c.Hty&ll;JIH B 3He'pro6noKe, npHBO,tl.RlllHC K 3Ha­

l{HJem.H0MY naACHHJO pacxo.a,a a tpllkt ero oxnaXQleKJt.11 

(KanpHMep, 3a c11er IDICTK'IH0fO nepeKpblTHH tpaKta 

OX118)KACHJUI 3Hepro6noKa) npoown K CYlllCCTBeHHblM 

HJMeHeHJutM M0IUH0CTH peaxropa H TeMneparypbl peaK­

tOpHb!X MatepHaJI0B, H, cne.a:osarenLHO, M0ryr crarr, 

npH'IHHOH repMHlleCK0ro pnpyUieHJIJI 8KTKBH0H 30Hbl. 

llpe.o.craemuot ta.J<)KC onaettocr1, aBapKKHble c1uya~, 

CBJ138HHbie 00 3H3'1Kte1IhHl,IM na11eHMeM Hanp,n1eeHH11 m1ta­

HMII coneHOH,D.3 H1lH OTKJlIO'ICHHCM Harpy3KH, TIHTaeMOK 

reuepatopOM, T.K. 0HH M0ryr conpoB0)f(Jl8TbCJI 3Ka'D!renb• 

HbIMH MCxaHH'leCKHMH Harpy3KBMH poropa 3Hepro6noKa. 
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YllK 621.039.576 

06 0,UHOM MEXAHH3ME HEYCTOfNUBOCTH UHPKYJIHllHH TEIIJIOHOCHTEJUI 

C.H. B.z:r,OBMH 

AHaJ11131!p) eTCH B!11\HHHC TeMneparypHol\ 331!11CIIMOCTII BIIJKOCrn reIJJToHOCITTeJIJI Ha ycroll'IHDOCTL UUpKYJIJll.!,HH 11 3aMKHYTOM 

KOHzype, BKJUO'latoll.leM a1<T11BHy!O 30H}' I! Terutoo6MeHHHK. TToK33aHa apHH!.J,IHll!BJl}J{aJI 1!03MO,KHOCTI> u.ecra611111!Ja.J..IIU( pacxo.u,a. 

ABOUT A MECHANISM OF COOLANT CIRCULATION INSTABILITY. S.I. VDOVIN. Effect of the coolant viscosity thermal 
dependence with respect 10 stabilitr of circulation in a closed loop including the core and heat exchanger is analysed. Principle possibility 
to destabilize discharge is outlined. 

8 CBR3U C pa3pa6oTKOlf HOBblX rnnoe peaKrnpoB ITpQf• 

H03HpyeTCR ~CITOJlb30BaHHe reITJIQHOCHTeJieii, ¢,H31t'leCKHe 

CBOlfCTBa KOTOpMX CHJibHO MeHJIIOTCR B paoo11eM /.l,HaITaJQ. 

He reMneparyp. n pHMCpoM MOlKeT CJIYl!OlTb JKHJJ;KOCOJle• 

BOH ypatt•TOpHeBblll peaKTOp [l} npH TeMneparype TOIT· 

JIHBHOH COJIH Ha axo11,e a aKmBttyro JOHY (A3), "6m13Kott" 

K reMnepatype 11JiaeneHHR. I1p1t HoM11HanbttOM nouorpeae 

B A3 BR3KOCTb raKoro TertJIOHOCHTeJJK yMeHhmaeJCR np11· 

Meptto B 1IBa pa3a. 3ro 06ycnan1rnaaeT cywecrseHHYIO 

JaBHCHMOCTh rm1paBnH11e CKHX IIOTe ph OT. Te Mlle paTypbl, 

Kornpall <popM1tpyer cnerr.yioLUy10 uenb o6parHoi1 CBR:JH: 

pacxon - TeMneparypa renn0Hoc1t1en11 (rnllJlHBHoil co111t) -

rmrpaem1.'1ec1<1-1e norepH tta rennoo6MeHHHKe K A3 - pac­

xo.n. HHepuHoHttocn re1111oeh1x npoueccoa, a TaKiKe HaJIH'IHe 

.110110,lHIHenbHOH o6paTHOil CB11311. no TeMITeparype (3aMKHY· 

TOCTb KOHrypa UHpKynnwrn) MOlKeT npHBCCTH K Hecra• 

611JibHOCUI pacxona TelIJIOHOCHTeml.. 

B Hacrnmue1'i pa6ore paccMaTpHaaercJt Mo11enh - Me• 

xaHli3M [:2] HeYCTOH'lltBOCTK UHpKYJUU.I,HH rennOHOClfTeJrn 

B 33MKHYICM KOHType, o6ycrroaneHHOlf JaB1tCHMOCThlO 

rnnpaBJIH'leCKHX noTeph OT JeMneparypbl /IBHlKYUlCHCJl 

cpell.h! 1-1 Httepu110HttocrhJO rennOBhIX npoueccoe. 

OnHcmtHe MaTeMa-rHlleCKOH MOJle/lH. PaCCMOTpHM KOH· 

.TYP llHPKYJlRlUUI reIUIOHOCHTeJU[, cxeMa KOTOporo IIOKa• 

Jatta Ha p11c. I. CocraBHbiMli 31IeMeHTaMH KOHTypa RBIIJl· 

IOTCll: aKTKBHaR 3oHa (A3); rertJio06MeHHHK (TO); Hacoc; 

llOllBOllHWHe H oraounwne KOMMYHHKa1.i;;rn (TTK, OK), 
BKRIO<!alOUlHe nOllbCMHb!e H OITYCKHh!e y'laCJKH. Uanee 

paccMaipllBalOTCH OJJieJlbHO CJ1Y'l3.H npHHy,mnerrbHOJI H 

ecrecrneHHOH UHpKYJIHUHH (Ell) re11J10Hociue1111. 

tQ 

YpaeHeHJIH coxpaHeHHR :mepr.HH H Hepa3pblBHOCTH Ha 

OK TO 

OK 

-a. 

Puc. 1. C x eMa KOHTypa IJ,llp­

Kymu.orn TeltrloHocHTeJJII 

OllHOpO,ll,HOM y'laCJKe KOHTypa JanmneM B BHne 

a a 
pc(-T + u-T) = q· at i)z ' 

u(z,t) = u(t), z E [0,LJ, 

(1) 

(2) 

ni:e P, C - IUIOTHOCTb H YAeJihHall relIJIOeMKOCTb TeITJIOHO· 

CHTemr; u, T - CKOJ)OCTb Ii TeMnepa'rypa TeITJIOHOCHTenR; 

L, Z - D,lIHHa H KOOp.ll,HHara BilOJlb paCCMaTp1rnaeMoro 

Y'laCJKa KOHrypa; q - TCllJIOBOH nOJOK B e,!J,ltHHUY 001,eMa 

relUIOHOCHTelIH, KOTOpblH Ha Ka)K,O.OM o6orpeeaeMOM y<raCT· 

Ke C'IHJaeTCH· nOCTORHHhlM; q (z, t) = canst (npHHRJaH 

3a!IHCb ypaattemrn. Hepa3pb1BHOCU!. nonyctltM2 npH MaJIOM 

lt3MeHeHHH IUIOTHOCTH TelUIOHOCliTeJI.R, HanpHMep ITpH 

HeH3MeHHOcTK ero arperarnoro cocJOJ1Hlrn). 

Ha rpaHm.1,e Oil}Wp0AJ:lb!X y'laCTKOB COOJHOUieHHJl 

( 1 ), (2) n pKHH Ma!OT BM!l 

Ti(J..,, t) = Ti + 1 (0, 1); Siui = Si+ 1 ui + 1• (3) 

3uecb HH,UCKChl 1, l + I yKa3b!BalOT npHttall,11e)KH0CTb nepe• 

MeHHOH coo1nercray10meMy y11acrKy KOHrypa; Li, Si -
WIHHa K npOXO/lHOe ce'!eliHe i-ro y'laCTKa. 

YpaBHeH11e KOJIH11ecraa LJ;Blf)KCHlfR 33ITHIIICM B HHTer­

panbHOH tpopMe: 

du1 a 
µ 0 dt = DP11 - p iJz FTPdz +HEU, (4) 

m 
fAe µ

0 
= pS

1 
1: (Ln/ S ) ; j - KOIIHtiecrno O,IJ,HOJ)OAHhIX 

· n- I n 
y'laCTKOB KOHiypa; ul - CKOp<JCTh UHpKyruuum renno-

HOCHTeJ11i, COOTBCTCTB yrowa l!. npoXOAHO MY ce 'ICHHIO s I ; 

DP H - rrepenan lll!BJleHJrn Ha Hacoce; a F /a z - norepH 
Tp 

Ha TpeHHe: 

(5) 

a,K - const; 
HEU = J godz - J godz 

I II 

(6) 

(HEU - Hanop EU, onpenenneMbJii. pa3HOCThm nnoJttocm 

reITJIOHOCHTCJlJf B onycKHOM (I) H JlO,QbeMHOM (II) yqacr-

Kax; 3HatieHHJl rrapaMerpoB a. H K onpe,a,enHmTCll CipyKTY· 

poii noroKa; D,lIJI JiaMHttapttoro re11emu1. K = I, a B crry•iae 

pa3BHJoro I}'p6yrreHTHoro noroKa npHHHMaeT 3Ha1Je­

H1te 0,25). 

I 
A 
I 
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B CHJIY 3aMKHYIOCTH KOH-rypa UHpKYJI.RUHH HMeeM 

.a.onomuuenbffYIO o6paTffYIO CBR3b no TeMnepaType: 

(7) 

JI,n11 onpeneneHHR. KHHeMamqeCKOM BJl3k0CTH TellJIO· 

HOCHTeJIJI 6yneM HCITOilb30BaTb COOTHOWeHHe 

(8) 

Ha pHc. 2 Il0Ka3aHI,1 3aBHCHMOCTJ, BH3KOCTH BO,IU,l OT TCM· 

nepa1yp1,1 Ilplf n,raneHHH P = 2 Mila [3] H annpoKCHMa­

UHH 3TOH BenHl!HHbl C IlOMOI.UblO q>YH.KIUIH Be-ecT, 9ea/T, 

se-°'T + -y. IlapaMeTpbI B, Cl, 'Y onpenenJUtHcb H3 ycnoBH.f.l 

COBnaneHHH HCTIIHHOH H a11npoKCHMHpy10meii 3aBHCHMOCTH 

B tteKOTOpbIX TOt{KaX A, C, D. 

C 

0 20 40 60 ao r:c 
l'Hc. 2. 3KcnepHMeHTanLHaH J8BlfC10>1ocn "(T~ (--) a ee annpo1<­
ClfM8l.lllH cpyHKQHRMH Be -a/T (- · - · -) , Bea (- - - ) , Be -aT + 'Y 

(- .. - .. -) 
Bcro,izy e MJ'JbHeiirueM 6yneM nperotonaraTL, tlTO rn.a.• 

paanH'iecKHe noTepH cocpe.a,OT011eHbl Ha ooorpeeaeMJiix 

y'laCTKax (noTepH Ha IlO.u;BOAJlll,IHX H OJBOJVllUHX KOMM}'· 

HHKat.UUIX He:rna•nueJibHbf); BpeMeHa . npoxona TennOHO· 

CHTeJieM IIOIJ,BO,[I,R.llleii H OTBO~eH KOMM}'HHKau,MM paBHbl 

H MHOfO 001lbWe BpeMeHH npoxoaa YlJaCTKOB C TeIUJOl10.D;• 

eo.a,oM. IloCJJeA}lee .a,onyiueHHe oJHat1aeT, tlTO IlpH a.HaJIH:Je 

o 6weKOHT}'pHOH rermorn,a:paBJIH'ICCKOH HeycTOH'iHBOCTH 

npouecCbl Ha o6orpenaeMbIX Y'i8CTK2X KOHTypa MO)KHO 

paCCM2lpHBaTb B KBa3HCTaTH'ieCKOM IlpH6JIH.>Jcemm:. Bee 
3TO JI03BOJIRCT IlOJIY'{HTb R.BHO YCJJOBHR. omueKOHT}'pHOH 

HeycroH'IKBOCTH, .a.onycKa10mHe fipDCT}'IO q>H3H'lCCKYIO 

HHTepn peTal.1}110, . 

IlpHH)'AHfem.HaJI ~pK)'JUIQHJI TemlOBOctrrerul, IlpH 
aHanH3e cra6HnbHOCTH TIJ»IHY.a.HTen&HOH 1UipKyrtJW;HH 6y­

p;eM C'iHTaTb 

DP",p - const; L1 = L1,1 + L1,2; Lz = Lz,1 + Lz,2· 

3nech L1 - cyMMSpHu JJ.JlHHa onycKHoro (L,,
1

) H ro­

pHJOHTaJTbHoro (1
1
,
2

) no.a.eo,[UIIIOlx }"laCTKoB; 1
2 

- cyM­

MapHlUI D,JIHHa IIOJJbeMHOfO (L2,1) H ropH30HTallbHOro 

(L
2 2

) OTBO,[I,BWHX y'l&CTKOB, , 

COOTHOUieHHe ( 4) • IlHHeapH30BSlllioe OTHOCHTenbHO 

OTKJIOHeHHH OT CTatlHOHapHoro pe)!OIM8 H npeo6pa30BBH• 

Hoe no Ilannacy, JamtwercR: 

rne p - napaMeTp npeo6pa.JOBBHH.ll Ilarmaca; .6. - oJHa11aeT 

Manoe OTKnOHeHHe COOTBeTCTB}'IOUleH senH'lHHbl OT cta­
UHOHapHoro JHat1eHHn; 6u = 6u

1 
= .6.u

1 
/ui = tl.u1/u;; i"" 

: 1, 2, a, m; • - 06o3H3'{BCT nepeMeHH)'IO B CTa!tHOHapHOM 

peXGIMe; HHp;llKChl 1 H 2, a H m COOTBCTCTBYJOT llOllBO.a.RmCH H 

0TB0.a..1W.1eii: KOMMYffHKalU{JIM, A3 H TO (3.IICCb K HH>Ke, 'ITO• 

6hl'. H36e)l(aT& nHWHHX o6o3Haqemdi, BeJJHl!HHbl H HX H306pa­

)l(eHHJl IIO naruu.cy 0003Haqeff!,J 0.11,HHa.KOBl>JMH CHMBOJlllMH). 

HJ ypaaHCHHii (I) - (3), nposo.a,g a11ano1wmb1e npe­

o6pll30BaHHJ11 C }"leTOM npe~OJIO)l(CHHR. 0 ·npHeMJleMOCTH 

KBa3HctaTH11ecKOrD npH6!tHlKCHMR 1JllR o6orpeBaeMbIX 

yqacTKOB 110JI}"IHM 

clT1,z = e- pz/11;",3T1,0, i = 1,2; } 

qlz . 
~Tl,z = dT1,0 - pcu• AT du, 1 = a,m. 

(10) 

I 0 

3necb6Ti,z= .6.Ti(z)/.6.T
0

; .6.T0 =T!(L4 ) - r:(o) 
cr2UH0HapHbtii nonorpee TennoHocxrens s A3; 6T1 (0) "' 
= .AT! (0)/.6.To - OTHOCHTenbHOe OTKJIOHeHHe TeMitepaT}'pbl 

Ha exop;e i-ro )"lacn<:a; 6u -- 6u
2 

= i5u
0

• 

Hcnom,JyR. COOTHOWeHHff (8)' (10). 33ITMWeM 

f I!,,. (vK)dz = - ~(v•KL )(e- in1dT1 0 - Wc5u);} . A3 a a , 
_._ (II) 

f_A (vK)dz = - ~(v~KLn)ldTmO + (1 -W)<Su], 
TO ' 

rJJ,e t = 1n (v 0/IIL) •; v~, vt - BR.3KOCTb TeDJIOHOCHTem1 

Ha BXOJ],e H BbIXOJ],e H3 A3 B CTIUJ,HOHapHOM ·pe)IQfMe; 

11!'1< = JL;.111.i<dz/L.; 1. = L
1
/u1• - BpeMJt npoxona Ten-

1 O I I 
1tOHOCRTeJ1eM i-ro Y'f2CTI<a KOHtypa; \If = .1/ (xE) -
- l/[(v

0
/vL)•K - 1], 

}13 YCJIOBHH JaMl(ttyJOCTH KOHTypa 11,HpKynJUDUI (7) 
c y'leTOM (10) HMeeM 

1 - e- fiJ> 
c:5T

1 0 
=---du= ,:(p)c5u, T = T1 + T2• (12) 

· 1 - e-TJ> 

l-lcnom,JyR. COOTHOWeHHJI (11)' (12) H npeAITOJIOlKllHHe 0 

paseHCTBe BpeMeH npoxo.a.a Te□noHoCHreneM IIK H OK 
(-r 1 "" 1

2 
= 1/2), HJ YpaBHeHHR. (9) 110JJY'IHM CJ1eA)'10Wee 

xapaKtepHCIH'leCKOe ypaaHeHHe: 

(1 - e-S) [µS + A - 1 - le{l ~:-s)j = 0, 
+e 

rJJ,e µ "' 2µ
0

u:'/(1<fDPH1); A = (2 - 1<)/(KO + '11; e = 
= DFA3/DP · DP = DFA3 + DFTO. DFA3 DFTO -

TP H' H TP TP' TP' TP 
.rnnpaBJIH'leCKKe noTepH e A3 K TO B e1aUHonapttoM pe-
)IQfMe; S = Tp/2, 

HanH'!He ofiluero MHO)l(HieJIJI (1 - e-S) e xapaKTe­

pHCTH'lecKOM ypaBHeHHH OTpa)KaCT KOHcepB8TH3M pac-
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CMatpHaaeMoii CHCTeMhl. IIo npc.a.nono,KeKHJO CYMM3 non­
B0!U{M0f0 B A3 H OTB0~M0f0 B TO Te111Ia nocT0RHHa 

K prurna Hymo, 1 .e. 1 Tdz = con st. B paMKax 3toii H11,eana­

JaUHH CHCteMa He M0)KeT 6bTib 3CHMllT0TH'leCKH YCTOK'fH­

BOiL 3to om,.11cHHeT npHCYTCTBHe B xapaxTepHCTH'leCKOM 

ypaBHeHHH COMHO)!Gltem1 (1 - e -S)' K0pHH K01oporo 

pacnonolKeHhl Ka MHKM0H OCH HeJaBHCHM0 OT KOHCTpYK­

TKBHblX H pe)l(HMHblX napaMeTp0B paccMatpHBaeMoro 

K0Htypa. TaK KaK 0j)HCYTCTBHe 3TOf0 C0MH0)l(l{TeJIR o6yc­

JJOBJJeH0 npHH.IITOH HneamnaU)leK, 10 BfiHJIHHe BbineJJeH­

HOH o6paTHO.H CBRJH Ha YCIOKtlHBOCTb UHpKymnum ten­

JI0H0CHTenR 6y.neM oueHHBatb no pacrronoiKemuo 1<:optteK 

ypa1rnemu1 

(13) 

AHanHJ YCIOK'D(B0CIH npoee.neM C Il0MOWblO Merona 

.U-pa36HeKH.R IUJ0CK0CTH llBYX D.eHCTBHTeJU,HblX napaMeipoB 

(µ, A). IlonaraR B (13) S = 0, ttaxo.a;KM oco6yro np.11Myro: 

A = 1/2. Yp3.BHeHHR .U-KpHBoii Jam1wyrc.11 (S = iw): 

A= l, t = l - Zt sinw 
2 J 2w l + cosw· 

TaKHM o6pa30M, B paCCM8TpHB3eM0M CJ1y<1ae oco6:ui np.11-

Ma.ll coana,uaer C KpliBOH .U•pa36HeHlrn, Kal!C,QOH T0llKC 

1<oropoH coornercmyer 6ecKoKe'IH0e YHCJlO Koptteil tta 

MHHMOii OCH. ,Un11 BbllleneHJUl o6llacTH YCTOH'IHBOCTH nono­

lKHM B C0OTHOLUCIUUl (13) µ = 0 H 11penctaBHM ero B BHD,e 

e-5 = -1 + (1 - 2E)/(A - E). Orc10na cne.izyer, l{J0 na­

paMerp A npHH8jJ,l"le)KJ{T o6llacTH ycroii'IHBOCTH, ecnH Bbl· 

nonttetta ontta HJ uenot1eK ttepaneHcra (BepxHRR nH6o 

HK)l(HJl.11) : 

A ~ 1 /2, e ~ 1 /2. (14) 

OpH Hapywe>orn xou 61,1 011:Horo HepaaeHCTBa a Ka~oii 

uenol{Ke CI31.0f0HapHblK pe:iKHM HeyCTOH'IHB. 

B WHpoK0M ll}failaJ0He pe)KHMHbJX napaMerpoB 

(0 < K < 1, 1 < (Pal°" L)'.,i<. < .40) 3HSl{eHHe A OOJlLUie 

1 /2. B JTHX paMKax ycnosHe ycroH'IHBOCTK IlpHHY mnem,.. 

HOH UHpKynH.u;HM tenJI0HOCHTenR B KOHrype oomaCHO 

(14) HMeer BHi;t*) 

DFA3 DFA3 t 
e - -....!l!... - TP > -

- DP - DFA3 + OFTO 2 . 
H Tp Tp 

EcnH :.110 coorHmneHHe ttapymeHo, r.e. rnnpaBJJHl{eCKHe no­

repH e TO npea&1rna101 mnpaenHl{ecKHe norepH B A3, ro 

CTllll,H0Ha pHblR pelKHM HeyCTOH'OIB. 

OtMelMM, l{JQ ycn0BH.11 ycTOHl{HBOCTH, C00TBeTCTBYIO· 

WHe HHlKHeii ueno'!l<e Hepasettcn (14), Moryr pean1130-

sarbcn, HanJEMep, npH (v 
0

/vL) • < 1, t.e. Korna BRJ-

1<:ocr1, rellJTOHOCHtenR yaenK'IKBaeTC.11 C J)OCT0M reM11e­

paryp1,1. 3ror CJiy'laii, 00·BHllHMOMY. BCTpel{aerc.11 pem<o 

H B .a;anbtteAweM paccMaTpHB8IbC.R' He 6y,:i:er. 

*) YcnoBHC ycro8'1RBOCffl $opMYJIHpyeTCJl C Y'ICTOM 38Me'la­

HHJI O KOKCCpBllTfl3MC OpllHJITOII: MOllCIIK, 
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EcrecmeKHa.sI llHJn<yruuum TelDIOHOCHTens. IlpH HC• 

cnenoaaHHH BJJH.IIH.H.11 BbI,QeneHHOH o6paTHOH CBJl3K Ha 

ycroii'IHBocrh EU 6yueM c11Hra11, DPH = 0; L = L = 
1,2 2,2 

= 0; L, = LJ,I' L, = 1,,1 . 
TaK KaK B ycnoem1x EU CKopocr1, 1J;BHlKeHHJl re1Dio­

HOCKten.11 cywec-raeHHo ffH)l(e (no cpaettemuo c np1rny-

1I1nen1,Koii UHpKYll.lD.l.Heii), TO B 11,am,HeiiweM HHepll;HOH• 

HblM cnaraeMblM a C00TH0llieHHH ( 4) 6yneM rrpeHe6peraTb. 

C y11eTOM 3TOfO ypaaHetOSe ( 4), JlHHeapH30B3HH0e OTHO• 

CHTenbHO OTKJIOHeHKK OT Cl3UHOHapHOro pe)IG{Ma H npe­

o6pa30B3HHOe no nannacy, JallHUierca: 

6HEU 
2- K = K~{-W +x[l - e(l - e-S)]} + ·u0, (15) 

HE u 

rne S = rp/2· E = DFA3 /H* · H* = DFA3 + DFTO ... ' TP EU I EU Tp lp ' 
B paMKax JIHHeifHoro npHfinH)f(em1.11 JIJIR reM11epa-

1:ypKoii 38BHCHM0cnt llJlOTH0CTK rennOH0CHTeJIJI 

nonyqHM 

H~u = gao!\To(L1 + I..i)/2; } 

L L 
(16) 

• a+ m 
!\HEU= - HEu[~ + LI + l.i (2x - l)]ou, 

r,!le 'k. = x(S) = (I - e-5)/S. 
C y'leI0M CO0TH011Iemu1 (16) xapaKrepHCTHl{eCKoe 

ypaeHeHHe (15) 3allHUieTC.ll: 

(I - e- s)(2B + A(l + e- 5)+ 2x(S)] = 0, (17) 

rJJ.e2B=2b-Kt(I-2E); A=2 - 1<+KH'V - E)-b; 
b= (LC£+Lm)/(L1 +L2 ) . 

HaJIHl{He o6w:ero MHO)l(lfte11J1 (1 - e-S) o6ycnoBne­

HO, KaK otMet1anocb s1,1rne, npmt.11roii HACam1JaUHeif. nanee 

C 00M0ll.lblO MeTO,:i:a n-pa36HeHHR fiYD.eM aHanH3KpDB8Tb 

pacnonoJKeHHe KopHeH sroporo COMK0)l(HTem1 ypaaReHHK 

(17). Ilonara.11 S = iw K BbJJ:1en.11J1 D,eliCTBHTeJlbHYIO H Ml{K­

MYIO 1{3CTH, nony'OIM A= -tg(w/2)/(w/2); B = 0. 3tta­

<1eHHSlM w = 0 H w = ± 21Tn (n = 1, 2, ... ) C00TBeTCTBYIOT 

oco6ble npnM1,1e: B +A+ 1 = 0 H B +A= 0. 

Ha pHc. 3 llplfBe,!leHa rpaHMua n-pa36HeHH.R, cooTBer­

CTByro1.1..1aJ1. BT0pOMY COMH0>KHrenro xapaKtepHCTHl{eCK0ro 

ypasHeHHH (17). TaK K3K B paccMaTpHl!aeM0M cny11ae 

PMc. 3. fpa.HHua I>pa36KeHHJI MOCKOC'Ill 



Ka)KJJ.OH T0'll<e KpHBOH ll-pa36uemui: H oco6oif npllM0H 

B + A = 0 CO0TBeTCIByeT 6ecKoHe'IHOe IIHCIT0 KOpHeH Ha MHH• 

MOH OCH, TO llITpHXOBKa rpaHHUbl ocy~eCTBJieHa TOnbK0 

JJ,IUI yKa33HKll o6nacTH npereH)J.eHra H He COOTBeTcIByeT 

H3MeHemuo KOJrnqecraa K0pHeif B npaeoi'! nonynnocKocTH 

IlpH nepexone 11epe3 .ll·KPlmYIO, 113 BH.[l3 paCCM3TpHB3eM0· 

ro COMH0lKHTen.fI cnenyer, 'ITO npu A = 0 H B > 0 JIH6o 

B < -1 Bee K0pHH HMelOT 0tpuu;arenbHbie .o;eKCIBHTenb• 

H1,1e 11acrn. TaKHM o6pa30M, napaMeTpbI A, B np11tta.a;n:e­

)1(3T o6nacTH YCTOHl!HBOCTH, ec11H ·BbffiOIIHeHa 0nffa H3 u;eno­

'leK ttepaaettcrn: B > 0, B + A > 0 ne6o B < 0, B + A+ 
+ I < 0. npe HapymeHMH XOTH 61,1 0J:U{OfO HepaseHCTBa 

a xa)l{!(oH rpynne crau;HoHapHbIH pe:lKHM tteyc10H'IHB. 

KaK 0TMetta!l0Cb pattee, Bblp3)KeHHe 8 t A 6on&we Hynll 

B lllHp0l<OM ,D;H8Ila30He pe)ICHMHblX napaMerpoB, 8 3fflX 

paMKax ycnoaue ycroH'IHBOCTH EU TellJIOH0ClfTenx B K0HTY• 

pe IlpHHHMaer BH/l: 

B = a m -ln(...Q.tK - - -=--=-.!I!.. > 0 L + L v ( 1 DFA3) 
L1 + Li vL 2 H;u · 

(18) 

IlpH HapyweHHH HepaaeHCTBa CT8IU10H8pHbIH pellCHM He• 

YCIOH'IHB. 

I,13 fiOJIY'!CHHoro YCJlOBHJl cnemrer, 'ITO 3lllH{CHM0CTb 

rn.o;paamnecKHX norep1, or reMneparypb1 reRJJ0HOCHten,i: 

0KaJ1,raaeT ,a,ecTa61UIH3Hpyromee s11n.11HHe Ha EU, ec1rn: 

rnnpaanm1ecKHe norepH B TO npeBL1wa101 norepH B A3 

YUK 621.039.514:517.929 

A3/ · ) (DFTP 8Eu < 0,5 , CtaOHJI&Hocr& pacxona MOlKer Hapy-

lllanc11 B cnyqae 0TH0ClftenbHO ManOH WDfHbl o6orpesaeMb1X 

yqacTJ<:oe, Ecnu l"HJJ.paBnH'leCKHe no1epu a A3 npesanu­

PYIOT, 10 YK333HHIUI. 3aBHCHMOCTh 0KaJ1,raaer cta6HJIH3H• 

pyromtie BJIHllHHe. 

3aMe'l8Hlle, Ilycr& rnnpaamtqecKHe norepu (BH3KOCT& 

,UBHllC}'meHC.ll cpenr,1) He 3aBHCffT OT TeMneparyp&t reRJJO• 

HOCHTeJIK, Tor)J.a, KaK CllCJ].}'eT H3 xapaKTCpHCTH'leCKOro 

ypasHeHHll (9) H COOTH0ureHHJl (18), UHPK}']l.llu;HJI ren­

Jl9H0CHTeJill a paccMaTpHBaeMOK ll0CTaH0BKe YCTOHl!HBa 

HeJaBHCHM0 OT cnoco6a UKpKymn{HH. 

CUHCOK nHTeparypw 

I. BrrHHKHH B.fl., HoaHKOB B.M. >KH1J;Kocones1,1e 11,a,epHb1e 

peaKTOpbl. M.: ATOMH3.QllT, 1978. 
2. MnteHKOB 4>.M., MoTopoa B.11. Mexa1tHJM&1 Heycroii­

l!HB&IX nponecCOB B TeRJJ0BOK H SIJlepHOH JHeprernKe. 

M.: 3Heprou3,a;ar, 1981. 
3. PHBKHH C.A., AneKcaH,a;poa A.A. Tennoq>H3H'leCKHe 

CBOHcna B0,!J,b1 H BOW{Horo napa, M.: 3Heprn.11, 1980. 

Crat'lJI nocrylllllla B pen&KUHJO 

10 OKTRopll 1990 r. 

Bonpoa.I llTOMHolt HayKH II TeXHHkH, Cep, 

IIIK3HKll smepHLJX peB.KTOpOB, 1990, BldII. 5, C, 26 - 29. 

lfCCJlE,lJ;OBAIIlfE MO,ll;EJIH l(HHAMm<:H PEAKTOPA 
C HEJllfHERHO:A 3AIIA3,l:OJlBAIOmE0 OBPATHOR CBFl3bl0 

M.B. BIDKeHoB 

Ka'leCTBeHHbl)VHI MeTOn&MI! -reopKU Kone6aHHlt .113yqaeICR TO'le'illa.11 Monem, lll(KaMHKH peBKTOpa 6e3 3a!la3jl,LIB8Jl)WlfX HeltrpoHoB 

C )"leTOM Hemrnel!Holl 3!lJJ33JJ,blBWOIJ..lell o6paTHOII CBll3H no TeMneparype H KOOp;!l;lrnBTe peI'y]IJITOpa. 

INVESTIGATION OF DYNAMICS MODEL OF A REACTOR WITH NONLINEAR DELAYED FEEDBACK. M.V. BAZHENQV, 
Using the qualitative methods of the oscillation theory a point model of reactor dynamics without delayed neutrons accounting for nonlinear 
delayed feedback in temperature and comtroller coordinate ls examined. 

IlocrauoaKa 38JlatJH. ltcxo.a;111,1e ypa.anellHJl. PaccMOTpHM 

HenmteHHYIO MateMBTHIIeCKYJO MO,!J,CJlb JlHH8MKKH ll.QepHO­

TO pea1<ropa llpH CJteJ].}'IOUUIX OCH0BHhlX npe,!],rI0JlO)KeHHKX: 

l. MoAeJib KKHemKH - mtJe'IHaff. 

2. 3ana3,Ut,IB3IOI.l(He HeHTpoHbl 01cy1cray10T. 

3. PeaKTHBHOCTh 3aeHCHT JOJlbK0 OT i:r;eyx cpaKTOpoB: 

l) H3MeHeHJUI reM11eparyp1,1 KaKoii-nH6o Oi:tHOH cpe.cu,1 

peaKrnpa; 2) KOOp/lHHaT&I pery111110pa. 

4. XapaKTepHCTHKa peryn1110pa - Ky6H11ec1<aJ1 CHM· 

MeTpH'IH8K. 

5. TpaHCIIOpTHbie 3ail331l;b!BllHHll, KOHC'IHble BpeMeHa 

nporpeBa H 1.n. HHepl.Uf0HH&1e npou:ecc1,1 xapaxtepH3YIOT· 

CJl ynpomeHH0•ll0CTOllHHblM 33.I1a3m,IBaHHeM ( T 1) B B blpa­

)l(eHHH IJJJJI peaKTHBHOCTH. 

6. Kotte'IHOe BpeMJI cpa6ar&tBUllf.JI CHCTeMbl perynn­

poBllHHK onpe,a,em1e1c11 T3K)l(e O0CT0llHHblM 3ana3nr,ma­

HHeM (r2), 

7. Tennoa1,1e npouecCbl B peaKrope 0T06pIDKalOTCII 

ynpomeHH0 - OAH,HM mrneHHbIM .D.H$q,epeH1UtaJ1bHblM 

ypaaHeHHeM rennoaoro 6anu1ca. 
IloCJte nepexona K 6e3p83MepHblM nepeMeHKbIM H 

napaMeTpaM ypaBHeHHll /lHHBMHKH peaKtopa M0,KHO Ja­

IlHcaTb B CieJJ.YIOWeM BHne: 

x(t)-== [1 + x(t)] [ay(t - T1)+bz(t - T2)+cz3(t-T~ ;] 

y(t) = x(t) - y(t); (l) 

z(t) = x(t). 
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3nech x ( t) , y ( t) , z ( t) - 6e3pa3MepHhie nepeMeHHbte, 

KapaKrepH3YIOWHe OTHOCHTenbHOe OTKnOHeHHe MOWHOCTH 

or craLUtoHapHO_!O JHa<temu1, HJMeHeHHe teMneparypbI 

peaKropa H KoopJIHHary perym1ropa coomercmeHHo; 

ITO q>H3K'leCKOMY CMbiCJIY l + X ~ O; TO'IKOH OTMC'leHO 

JIHcp<pepemrnpoaaHHe no 6e3pa3MepHOH He3aJJHCHMOli 

nepeMeHHOH t, nponopuHoHanhHOH apeMeHII T (non­

tiepKHeM, '!TO peaKTHBHOCTb B MOMeHr t JaBHCHT or HJ· 

MeHetufii: reMneparyphI K KOOpll,HHarhI perymnopa, B3.fl­

Tb1X coorneTCTBeHHO B HeKOTOpbte npeJlllleCTBY!OllUle MO· 

MeHTbl t - Tl JI t - T 2 , rne T 1 H T 2 - llOClO.IIHHbJe Jarra3-

LlbJBatnfll}; 6e3pa3MepHble rrapaMetpbl a, b, C HMelOI 

npocTOH !pK3H'!eCKHH CMhICJI: a nponopUHoHaneH TeM• 

neparypHoMy K03cp<pHUHeHTy peaKTHBHOCTH, b - K03!pq>H· 

UHeHTy peaKTHBHOCTK, o6ycrroaneHHOMY ):leHCTBHeM pery­

mnopa, c xapaKrepHJyer HemmeiiHOCTh peryn.11ropa 

(paccMatpHBaerc.11 crryqaii c < 0 KaK 6onee ecrecmeHHbtH 

C <pHJH'!eCKOH TO'IKH 3peHHJ1). 

TTomtoe K aqecraeHHOe Keene i::i;oaaHHe CH creMhI (1) a 

ttactHOM cnyqae T 1 = T 2 = 0 npoeeneHo B pa6ore [ I ] . Dly11ait 

6e3bIHepuHOHHOro perym1topa (x(t) = z(t))\ paccMorpeH 

a pa6ore [2]. Hacromuall cratbll conepJKHr pa3a1m1e H o6o6-

welilfe pe3ynbtaTOB, HJnO)!(eHHb!X B (1, 2]. 
AwutH3 COCTO.IDUffl paBHOBecJUI, B o6weM cny11ae CH· 

creMa (1) HMeer rpH COCTOHHHJI paBHOBeCHH: P1 (0, 0, 0); 
P2 (0, 0, n; p 3 (0, 0, -n) rne t = ../=bic. JlHHeapH3yeM 

ypaBHeHHll ( 1) a OK pecrHOCTH Ka)!(Jloro HJ HHX H cocra­

BHM xapaKrepHCTH'leCKHe ypaBHeHlf.R: mrneapH30BaHHblX 

CKCTeM. fiony'IHM 

0 1(,l) = ,1,3 + ;.2 - b(l + ,l)e- .l.r2 - a.le-).11 = 0 AJIH P 1; 

Di(,l) = ..t3 + J2 + 2b(I + ,l)e- .l.r2 - a.le- .l.tt = 0 (
2

) 

(3) 

PaccMorpHM ypaeHeHHe (2). MeronoM D-pa36HeHHH 

Bbri::i;eJIHM 06.rracrb ycrOH'lllBOCTH COCTOJfHHH paBHOBeCHH 

P1 B IVIOCKOCTH napaMerpoa a, b. fpaHHL\a D-pa36HeHH.R: 

6yneT COCTOHTh 113 KpKBb[X 

uisin wr2(1 + w2) 
a= . 

w[ w sin w(r 1 - r 2)-cos w(r 1 - r
2
)] ' 

(4) 

w 3(cos wr 1 - w sin wr 1) 
b=------.:.__------=----

w [w sin w(r 1 - r 2) - cos w(r 1 - r 2)] 

H oco6oii npRMOH b = 0, oTBetiaroweii JHa11eHHIO w = 0. 
B qacrHOM CJiy<tae T 1 -4= 0, T2 = 0 D-pa36HeHHe conep­

)K}IT noMttMo perynHpHoii KpHeoii a = 0, b = -w2 H oco-

6oM npnMoit b = 0 ceMeiicrso oco6h1x npHMbIX 

b = - w~ - aw nsinw n Tl' ( S) 

rne wn' n = I, 2, ... - KOpeHh ypaBHeHKH wtgwr1 = l. 
fpaHHua D-paJ6HeHHH Bbl]leJieHa Ha pHc. 1 CMOIIIHOH 

nHHHeH. Ilpe1eHneHTOM Ha 06.rracn YCTOH'IHBOCTH llBnReT-
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PHc. 1. fpaHIU\l,I Opa36HeHHn IUlOCKOC'J'I{ nap8MeTpOB a, b Mll 

ypanHeHHlt (2) (CMOUlHllll JIHHHJ!) H (3) (11ymcmpHaJ1) npH 

c = -1 H plllWl'IH!,IX 3Ha11eHKJ1x -r1 , Ti: a - r 1 = I, r, = O; 6- r 1 = 
= o, r, "'l; B - Ti = 0,3, r, = o.s (MaCWTa6LI ae co6moACHLI) 
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CH JawrplfX0BaHHa.11 CIUIOWHOH llllpHXOBKOH 'l3Clb IIJJO· 

cKocrn a, b. )lrr.ll. noKaJarem,crsa rnro, uo no ne11craH­

renhHo o6rracn YCTOR'IHBOCIH, B0Cil0JlhJyeMCJl KpHTepHeM 

MHxairnoaa [3]. HeCllO)l(HO no1<aJarr,, uo npR napaMer­

pax a, b lf3 paccMa1pHBaeM011 o6rracrn apryMeHr ron:o­

rpacpa M11.Xaiinoaa 

Re D1(iw)= - w 2 
- aw sin wr1 - b(coswr2 + w sinwri): 

Im D1(iw) = - w3 - awcoswr1 - b(wcoswr2 - sinwr2) 

HJMeHHetcH Ha 3/2 rr npH ysenH11eHHH w 01 K)'nH no 6ec­

K0He11Hocm"'). 3TO H .OOKaJr,)Baet YCTOH'IHBOCJb COCTO.IIHHH 

paBHOBeCH.11 P1 (0, 0, 0). 
PaJMep1,1 o6nacm ycroK'iHBOCTH Ha 11J10CKOCJH a, b 

cymecraeHH0 33.BHCHJ OJ JanaJnhIBaHHU TI, T 2 , C poCTOM 

senHl!HHbI Ka)K,Cloro HJ JarraJn1,raaHHH o6nacn ycrOH'IH· 

socm C)l(HMaerc.11 Ha npenene (r. ➔00) Hc11e3aer. 
I 

AHaJTHJ xapaKteplfCTK'leCK0ro YpaBHeHH.11 (3) npoB0· 

1n1rcJ1 aaanorw-1Ho. fpaHJ.111,a D-pa36HeHHH nnocKocrn rra­

paMerpoa a, b MO)l(et 6bJTh nony'leHa JaMeHoK a cpopMY· 

nax (4), (5) b Ha -2b. O6.rlacrh ycroK'GIBOCTH COCIOHHHK 

paBHOBeCH.11 P2 (0, 0, n H p3 (0, 0, -n BhJ,l:leJleHa Ha pHC. J 
nytt1<rnpHoii unpHXOBKoil"""). 

Hccne/lOBaHHe nou~eHJOI cKCTeMJ.r (1) Ka 6Hcjiyp­
Ka1.1HOHH0A KpHBO'i b "' o~•). npH nepexo,ne napaMeTp0B 

CHCTeMl,l (1) HJ o6rracrn YCTOH'IHBOCJH COCT0HHH.11 paB· 

H0BeCHH P1 (0, 0, 0) (cM. pHC. l) B aepxHto!O nonyJ1J1oc• 

KOCTb KopeHb Ao xapaKrepMCTWleCK0r0 ypaBHeHMH (2) 
06pamaerc.11 a Hym. (npH b "'0) H MeH11:er JHaK. C<!lcTOHHHe 

paBHOBeCl,{ff P 1 (0, 0, 0) craH0BHTCR cen,J0BblM u 0JU{0-

B peMeHHO npottCX0/:UtT po)l(,O.em1e nBYX ycTOH'IHBhIX 

COCTOJIHHH pallHOBeCH.11 P2 (0, 0, n H P3 (0, 0, -n. 
Bocnom3yeMCH reopeMOK 0 ueHTpanbHOM MHOroo6pa3HH 

[ 4], cornacHo KOiopoH HJy'leHKe 6H4>ypK3JJ,HH 6eCKOHe'I­

HOMepHOH CHCteMbl (I) B KpHTH'leCK0M C/ly'lae o,mmro 

Hyneaoro KopHR: M0JKeT 6bITh caea;eHo K H3y'leHHro 6H· 
4>yp1<aL1,KH 0/J,HOMepHOK CHCieMbl Ha uearpanbH0M MH0fO• 

o6pa3HH Mo. UeHipanbHOe MH0 roo6pa3He M0 ( ero cyI.Qecr­

aoa aHHe CJ1e,1:1Yer K3 pe3ynbraIOB pa6o1b1 [5]) npencraa­

n11.er oo6oii .JI0K3JibH0 mmapHaHrHoe, noKanhH0 ycroil:­

'IHBoe MHoroo6paJHe, conep)l(awee Ha11ano Koopmrnar. 

EyneM paccMaTpHB8Tb M3JIYIO OKpeCIH0CTb TO'fKH 

b = 0. OrpaHH'IHBa11c1, 'DleHaMH nopHD.Ka b1
, HailneM KpHTH· 

'!eCKHK KOpeHh Ao ypaaHeHHH (2); 

;.0 =ab+ {3b2
, (6) 

ra;e a::-I/a; (3:= {l/a3
) + (1 + 1 1 - r 2 ) (1/a2

). 

Cne,[:lyH [4], nepeTIHllleM CllCTeMy (1) a BJ.fi:(e 

(7) 

*) YAo5Ho paCCMOTpeTb MaJll,le oTpHUD-Tem,Hb!e 3Ha'leHH.II ua­

MllTpOI! a, b. 

**) .IJ;vi ypaBHeKHJi (3) BeTBK D-1<p11Boll:, He llBIDIIOll.[l{eCJi 

rplUOluelt o6nacm ycroll'IHBOCni, Ha p11c. 1 He no1<aJa.H1,1, 
..... ) AHallil3 :noro CJly,Illll Il03BOIDICT rny6l!<e UOKJlTI,, Jll!H8.Mff­

KY CHCTeMbl Ilpll. b > 0. 

r11e 

v1(0) = v(t + 0) = {vi1(B),v21(B),v31(8)(; 

8 E [- r,0]; t = max{r1.rz}; 

. (o, - r s e < o; 
R(b)vr = f(v b) 8= O· 

t, ' , 

d1J(s;b) = c5(s) -o(s) 0 ds; (B) 
(

0 ao(s+r1) bd(s + r 2)J 

o(s) o o 

f(v1,b) = {avlt(O)v21(- r 1) + bv11(0)v3i(- r 2) + 

+ ~c(- •2) + CV11CO)v~1(-r2), 0, o}T. (9) 

IlpH 9 E [-'T, 0) ypaaHeHHe (7) .uaer 0'leBH/J,H0e CO0TH0-

Ult.tnle dvt (0) /dt = dv/0) /d9, a npH 8 = 0 - CH• 

cTeMY (I). 
Haiia;eM co6cIBeHHMe BeKropr,1 q (8) 1:1 q* (9) onepa­

rnpoa A(b) K conp11X<eHHoro K He My A* (b) cooraetcTBeHHO, 

omeqa101Ul{e co6craeHHOMY JHa'leHJ.110 M: 

rne d21 =o:(1 + ri); d 31 =a? - d2 1 ; d22 ==~(l +r1) -

- a.2 (1 + T 1 + 0,5 rD; dn = a.~ - d2 2 ; Q - HopMHpo­

BO'llthIH MHO)l(Hten1,. 

JJ;1.11 it, E C[O, r], <{) E C[- T, OJ onpea;enHM "CKan11p, 
Hoe rtpoH3Be,l:leHHe" [4} 

0 9 
(1p,rp)=1pT(On,(O)- J J 1/JT(~ - 0)d71(0,b)y,(~)d; (12) 

8=-T~=0 

H H0pMHpyeM BeKt0pbl q H q* ycnoatteM (q"', q} = 1. 

BBeneM H0llble nepeMeHHhle u (t) H w (t, 0) no <pop­
MYnaM 

u(t) =(q-, v1);w(t,0) = vi(0) - q(0)u(t). ( 13) 

Torroi tta MHOroo6pa3HH Mo 6y.ueM HMer1> w(t, 0) = 
:: w(u(t), 8), rn:e 

•) 3D.CCL H IIHlKC orp3.HH'IHMCII l{lletlaMH nopl!AI<a b'. 

31 



B nepeMeHHblX u H w ypaBHeHHe (7) npHMeT BHll [4) 

u = A0u + [q•(O) Jf(w(u,0) + q(9)u) = 
T = ..l.0u + [q•(O) )f

0
(u); (15) 

. J A(b)w - ([q•(O) JF0)q(8), - rsB < O; 

w = l A(b )w - ( [ q"(O) i\)q(O) = f 0,8 = 0. (I 6) 

C upyrofl cropoHbI, Ha MHoroo6pa3HH Mo BMH3H KYJlll 

HMeeM 

w=w u· II • (17) 

Hcnom,Jyll Bb1pa:>KeHJt11 (10), (11), (14), (15), npeJJ,cTa­

BHM Rpa.BbJe 11acm (16) H (17) pxn.aMH no CTeneHllM u, 

npHpaBHReM KOJtpqnmHeHTbl nepe11 U
2 H, orpaHH<tHBaJICb 

'lTlettaMH nopJilll<a b2 , 11aflneM 

(18) 

Pa31IO)ICJ(M npaBy10 11acTb (15) no CTeneHllM u no u3
• OKOH· 

'l8TCllbH0 nonytJKM 

u =(ab+ ,8b2)u +g(b)u3• 

r11e g(O) = -c/a < 0. 

{19) 

Cocto1nme paBH0BeCH.11 u "'0 CHCteMbt (19) npa b = 0 
npenCT8BJ1.IICT co6oii CJIO)l(Hb!H tpeXKpatHblH yJen, pacna­

na10uumc11 B o6nacrn b > 0 Ha rpu rpy6bIX cocro11HH.11 

paBH0BeCHR - i:r;aa y311a H ceAJ'I0. ITpff b < 0 HMeeTC.11 TOJlb• 

KO 0llHO YCTOH'IKBOe rpy6oe COCT0SUOle paBH0BeCHll: 

u = o. BoJBpaWa.RCb K HCXO,[lHOH fiecK0KC'IHOMepHOH CH· 

CTeMe (1) , Mb! MO)l(CM renepb YU3CplfCAalb, 'IT0 npH b > 0 
0llH0MepHoe HeyCT0H'IHB0e MHoroo6paJlie wu CCJJJl0Boro 

C0CT0RKHIJ pa1rnoeec11.11 P, (0, o, 0) BXODJU B ycrOH'IHBbie 

COCT0IIHH.11 paBH0BeCHIJ P2 (0, 0, n H P3 (0, 0, -n. Cne-

1J.0B3TCJ1bHO, npH nepeXOAC napaMetp0B H3 HH)KHeH nony­

IUlOCK0CTH (b < 0) 8 BepxHIOIO (b > 0)*) rno6aJibH0e no­

aeneHHe CHCTeMbl (1) He MeH.11erc11. PeweHH.11, HlzyI.UHe 

npH b < 0 B cocTOHHHe pauHoBeCH.11 P1, npH b > 0 6y.oyr 

crpeMHTbCR K 0lJ.H0MY HJ YCTOH'IHBblX COCTOIJHHH p8BH0-

BCCHR Pi HJIH P1, octauaRCb B OKpeCIHOCTH ttal{ana K00p­

AKJ18T. 

Hcc.ne.QoBaeHe xapa1nepa peryrutpHoA rpaHHIU,I o6na­
C'ffl ycroAIIHBoCTH, JJ,n.11 onpeJleneHHII "onacHb1x" H "6eJonac­

HhIX" yl{aCtKOB perynRpHOH rpaHHll,bI o6rracrn ycroibm­

eocTH H 0,[lH0BpeMeHH0 AJ]Jl npHfinmt<eHH0r0 paC'lCTa ilBTO· 

Kone6aHHfl BocnonbJyeMCII' MCTOnHKOi< pa6on1 [6]. Cne­
naeM ripelJ.BapHTCJlbH0 B CHCTeMe (1) 38MeHy 

x(t) = exp[v(t)J - l, (20) 

•) Tlpell.llonaraerca, 'ITO a e (d0 , 0) (CM. p11c. l). 
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uenecoo6pa3ttocrb 1<oropoii o6ycnoenetta cneA}'IOWHM. 

8 paCCM8TpHB8CMOH Te0pHH pernel{He HIUeTCll B BHne p.11na 

no creneHJIM scn0Mora1en&ttoro Manora napaMerpa, 0pK­

l{CM rnaBHb!H l[J]CH p.11na HMCCT BliJl cos ( wt + 'P). OJJ,HaKo 

K0iie6aHHJl M0WH0CTH B peaKrope orpamneHbl CHH3y 

(ycnoulie l + x ~ O) H RpH JlOCTato'lH0 6onr.WKX aMrutH­

ryi:i;ax CYlllCCTI3CHH0 0TJlH'IBIOTCR OT CHJIYCOH,naJlbHbIX. Ta­

KHe Kone6amrn .uocraro'IH0 xopowo 011Hcbma10rc.11 q,yHK• 

URCH BH.0:8 exp [ cos ( wt + ip)), a He q>YHICJtHCH 

cos ( wt + .p) . 

PacCMOTpHM o611acTb YCTOH'lHBOCIH COCT0JIHHII pa:e­

H0BCCHJI p 1 , H nyCTb T0'll<8 a , b npHH81,liIC)l(HT rpaHHIJ.e ... 
3TOH o6nacTH c llBOHH0H mrpHXOBKoii. B naKttoii to'fKe 

xapaKTepHCTHIICCK0C Ypa.BHeltHe (2) HMeer napy llllCT0 

MHHMbIX KOpHCH },, = ± iw., a OCTaJlhH&Ie K0pHH - C OJ• 

pKUBTCJlbHblMH }leHCTBHTeJlbHJ,JMH 148CTJIMH. IlOJIO)!QfM 8 

ypairneKHJ( (1) a = a.; b "' b• - E; t
0 

= t/(1 + o); 
I CTI < 1 H c y11eroM 38MeHbI (20) nony'DIM*) 

dv rl 
dt = (1 + a){a.}'(t0 - l + O') + 

n 

(21) 

I 3 + 6 V (tn) ]; 

dz I 2 l 3 
dtn = (1 + .a)[ v(tn) + 2 V (tn) + 6v (tn) ]. 

II peJJ.CTaBHM HCK0MbJC nepeMeHHhie V ( t ) ' y (t ) ' n n 
z (tn) H napaMetp&1 o H e pn.o:aMK no BCIT0MOraren&HOM}' 

napaMerpy µ : 

v(tn) = p cosw.t0 + µ2v2(t0 ) + µ 3vit0 ) + ... ; 

y(tn)=µo,cos(w.tn+ ~1) + µZyi(tJ + 

µ3yitn) + ... ; 

z(t0 ) = po2cos( w. t0 + ~,i) + p 2zz(t0 ) + 
+ µ3z3(tn) ... ; 

E = E1f
2 + e.,p4 + ... ju= crtt2 +o-.,p4 + .... 

(22) 

(23) 

3necb 0 1' 62. r.p I ' 'Pl - aMTTJJHTYAJ,I H q>ll3hl co6cmeHHblX 

l.<OJ1e6aHHff mrneapH30B3HHOH CHCTCMbl B TOIU<e a., b •. 
Pe wan 3TY CliCTeMy, Hax0nttM 61 = 1 / (-v'l + w!); 

62 = 1/w,..; ,p 1 = -arctgw,..; 'h = -1r/2. 
Jln11 Toro tfl'06bJ onpe.a;enHTb nepH0,!!Jf'leCl<He BCKT0p­

qiyHKll,liH ui (vi, Yp z)' i = 2, 3, ... H ITOCTOJIHHbte K03<1,­

cpHU,HeHTLJ E1, Oz, €4, 04, ••• 'n0,llCTBBHM p'11lbl (22), (23) 
8 CHCTeMy (21) ' npe.a;crauHM nee YIO K npaBylO 11aCTH (21) 
pllll3MH no CTeUeH'1M µ H npupaBHReM K03cp4lHLU1CHThl npu 
0nHH8K0BblX creneHJIX µ. 

•) 3KCOOHelfry pa3l10>KHJ1H B p11,a Tellllopa K OI'pll.HH'IIUlllCL 

KylSKl!Hoit HCJJK.llelblocn.JC), DOC!<Ol1LKY 'UieHJd Pa3JIOllCeHIUI 'lenep, 

Tnft \I t\anee BblCO!<KX crenef{eR B ll&ni.HeRllieM He HCDOJil>3YIOTCJI. 

.. 
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PaBeHCTB0 1<03(p(pHUHCHT0B nepen µ2 ~eT cne.ny10• 

wee ypaBHeJ{He B BCKTOpHOll. cpopMe: 

Loui(tn) = r 1 + y2sin2m.1n + y3cos2w.tn• (24) 

rlJ,e Lo - mrneHHhIR oneparnp: 
0 

Low = w - f d17(s)w(t + s); 
-t 

d71 (s) onpenem1.e1cJI cpopMyrroii (8), B Koropm'i noJI0)KJ{M 

a.= a.,.., b = b*. 
Ilept10):l;H11ecKoe pe11.1eHHe nra1rnemur (24) HMeeT BHA 

(25) 

8b1pa)l(elill.ll WI.II BCKT0pHbIX KD3q>cpmmeHT0B 'YI' 'Yl, ')'3 

H CHCTeMa ypaeHeHHH /J;fU[ HaXQ)Kj],eHH.11 K0MII0HeHT BeKTO· 

poB P1' P2' p3 npHBe)J.eHbl B nplUIO)l(eHHll 1. 
IlpttpaaHHBa.11 K03Q)qlHIUICHTbl nepe.a. µ 3

, TI0JIY'laeM 

ypaattemte 

Louitn) = F(c2,a2,tn) = f 1(e2,az)sinw.tn + 
+ f2(c2,o2,)cosw.tn + G(e2,o2,tn)· (26) 

KoMrtOHCHTbl eeKTOpDB f1, f2, JlHlteHHO 3!UUlCJ!WHC OT 

E2 , a2, naHbJ B llpHJI0/KeHlUI l *). 

O6paTHM BHHMaHHe Ha IO, '!TO HWCIC.11 nepHD)].H'ICCKOe 

pe11.1eHHe u3 (tn) ypaaHett11.11 (26), npaBa.11 11acr& Kotopo­

ro co.a.ep)K){t 'IJleHbI, nponop1.JH0HaJibH&1e sin w. tn, 
cosw,..t , H, Kp0Me roro. ypaBHem1e Lou3 "' 0 npH 

n 
a = a.*, b = b,.. HMeeI napy 'IHCTO MHHMbIX KOpHeii A1,2 = 
= ± iw. (pe1011aHCHblH CJ1y11a11). Cne110BaTeJl&H0, peweHHe 

u 3 (tn) 6yner nepH0JJ.H'leCKHM rorl).a H ron&Ko ror~, Kor.a.a 

rrpaeaJl 4acr& (26) oprorottan&Ha nepliD)J;H11ecKHM pewe­

HHR.M w, (t ) , W2 (t ) BeKT0pHDf0 ypaaHeHliJI. n n 
0 

\V + J d,l(r)w(t - r) = 0, (27) -, 
conp.fDKettttoro ypasHeHHIO L0 w = 0; HHIJ.eKc T oJHa'laer 

rpaHCTI0HHp0B aHKe. 

Y cnoaHe o proroHanhH0 cm 

'br:/w, 
JF(e2,o2 t0

)wi(t
0
)dtn = 0, i = 1,2 (28) 

0 • 

rrpmioll;lir K 01creMe nsyx mrneHHblX Heontto pD/IHbIX 

ypaaHeHHii: 0IHOCHTeJlbH0 /l.BYX HeH3BeCTHbIX: E2 H <1:i, 

1-13-Ja rpoM0JJlK0CTH cp0pMYJI CJ..fCieMa (28) B pa3BepHYIOM 

BKAe BbJIIHCalta a npHII0iKeHHH 1. 
OrpaHK\IHBa.llCb o peweHHK (22) 'IIleHaMH nopKJlKa 

µ2, nony'laeM µ:::.:: .J(b• - b)/e2 =~.a peweHlie M0)K• 

HO npep;cJaBKTb B BHl].e : 
CT:' "' E: • 

v(tn) =y<-1 ez cosw.tn + £2 (pl I + P21 sm2w,.tn + 
+ p 32cos2w.t); 

y(tn) =✓e/e2o l cos(w.tn +'f}1} + :
2 
(p12 + (29) 

+ p 22sin2w.,.tn + p 32cos2w.tn); 

•) KoHKperm,11t 11Hn 11mtop-cpyt1KUHK G(,;, , a, , tn) = 
= g

1 
(r, , C11 )sin 3w • t

0 
+ g2 (E, , u 1 )cos 3w,. tn t1e 111llKeH, nocKom,Ky 

oHa He naeT IIICJlaJlS. B YCJIOBHC opror0HBJU.U0CTII. 

+ p 23sin2w.tn + p 33cos2m.tn); 

tn = t/(1 - ea/e2). 

(29) 

Ee.rm f H e2 OJlHoro JHaKa, ro rpaH11ua o6nacm ycroH'IH· 

aocrn fiYAet 6eJonacttoii. IlpH nepexo/le napaMetpoe '1epe3 

rpaHHUY B CHCTeMe B036y)KIJ.a10rc.11 aBTOKOne6aHHR., I1p11· 

'leM pe)l(HM BOJ6y)l(JJ.eHHH - M.llrKHii. B npoumHOM CJJyqae 

( E E2 < 0) a.,.., b* - ro'IKa, n pKtta,a;ne)K8wa11: onacttoMy 

y11ac1Ky rpatm1.1&1 K attammt'leCKHMH cpe.a.crnaMH He yuaet­

cK onpenemfTL BKll ycraH0BHBlllHXC.11 npoueccoa. ITpHXO· 

IJ;HTC.fl. 06pawar1,c.11 K pe3YJJbTataM 'IHC1leHHblX pac'leIOB 

Ha 3BM D)'J.11 napaMerpoa HJ ofinacrH tteycroii'IHBocrn. 

Mccnel].oaaHHe xapaKiepa rpaHH1.11,1 o6nacrn ycroii'M­

eocrn ]J;BYX APYrHX COCTO.IIHHH paBH0BeCHJl CKCl'eMbl (1) 
npoo0JJ;l{TC.ll aHaJIOrli'IHO. OtMeTiiM TOJlbK0, 'IT0 npen13a­

pHteJ1&Hb, JaMeHOH z = z ± ~ ("+" D)'J.fl. TO'IKH P2 (0, 0, n 
H "-" .D,TIK TO<n<:H P3 (0, 0, -i)), CliCTeMa (1) npeo6paJyer­

CH K BHIJ.Y 

x(t) = [l + x(t) J[ay(t - T 1) - 2bz(t - T2)± 

::!:: 3../- cb'z2(t - r2) + cz3(t - ti.)]; 

y(t) = x(t) - y(t); · 
(30) 

z(t) = x(t). 

ll>opMYJlbi (24) - (29) ocTalOTCR B CHJie upH YCJJ0BHH 

33MeHbl Bb1pa)l(eHHH ,[VIII -y., p. (i = I' 2, 3)' f I' f2' E2' I I __ 

a:i Ha H0B&1e .:;., p. (i = l, 2, 3), f 1 , f 2 , e2 , OJ, npencran• 
I I · 

neHHbJe B nplUT0)l(eHHH 2. 
tfHCJleHH!,le pac~Tbl, Ilo npHBeAeHHblM B npHJIOiKCHH­

.IIX I, 2 aHanttrn'lecKKM cpopMynaM 6&DHI paCC'IHTaH&l 3Ha­

'leH.H.II E2 H "e; llpli pa3)Ui'IHblX COOTHOWeHHj[X MC)l(lly 3a• 

na3Ll&IBattHffMH r 1 11 1 2 . 3roI attanHJ nononHeH peweHn­

eM CHCTeMbl (l) Ha 3BM MeTO.rt0M )lopMaHa 11 ITpHHca 

C nepeMeHH&IM waroM (7]. PacCMOTpeHbl., -B 'l3CTH0CTH, 

CJl CIJ.Y IOIU,He CJl y '!aH ; 

l. T 1 = 1, r 2 = 0, c = -1. fpaHHua o6nacm ycroii:• 

'IHBOCTii COC10lllillll paBHOBeCli.11 p I (0, 0, O) B&1neneHa Ha 

pHC, l ,a CTIJlOWH0H. JUiHHeM, a COCTOHHHH paBHOBeCKJI. 

P2 (0, 0, t) H P3 (0, 0, -n nyHKIKpHoii:. Y'laCIKH 

( d 1 , d2 ), ( d2 , d 3 ) , ( d4 , d;) , ( d5 , d6 ), .•• , a raK )Ke 

(d0 , d1 ), (i1;, d3), (d4, ds), (ds, d6 ), ... (cM. pnc. L,a) 
.llBTIJIIOTCJl 6e30llaCHh!MH (H2 > O; f:€2 > 0), a Y'laCTKH 

(do, di), (d3, d4), ... H (di, dz), (d3, d4), ... -onacH&IMH 

( E E2 < 0; ei"2 < O) . Pac<Je Thi Ha 3BM TICK aJanH, '!TO 1mre p­

B aJiaM (d1, d2), (d2 , d3), (d0, d1) orneqaer 6KcpypKa­

JJ;H0HHaH 1n1arpaMMa 4, 11HrepBany ( d4, dd - nttarpaMMa 2, 

a KHtepearraM (d0 , di) . (d3. d4) - 1J;HarpaMMa L HJ npen• 

ctaBJieHHblX Ha pHC. 2. .Ilrrn npyrnx y'laCTK0B rpaHHUhl 

o6nacrn ycroif'IHB0CTli cocro.11m1i1 pasttoaecnR P2 w P 3 

yKaJaTb cooreercrayro1UY10 JJ.HarpaMMY oKaJ:ut0Cb Ja• 

Tpy.a,HHren&H0 B CB.113K co CJlQ)l(H0CTblO paJL1eneH11.11 Ha 

38M LOIKII0B, p0.IDIBUIHXC.11 B pe3ymrare 6mpypKamrn 

Att1:tpoH0Ba-Xoncpa Ha rraHHOlf rpamme, H UHKJl0B. 110· 

llBHBlllllXCSI pattee Upll 6I•l'l1>YpKamtJl.X Ha npyrnx rpa­

HHUax. 
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0 l 

Pile, 2. 6mpypKattHOHHhle .uKarpBMMl>I B Manolt OKpeCTHoCTH ro•l.l(H 

E = 0; 2, 4 .- E f1 > O; 1, 3 - ~ f1 < 0 

2.T 1 =O,T2 =l,c=-l.Y11acTKH (di,d2 ), (d3 ,d4 ), ... 

rpaHKUbl o6nacm ycrOH'IHBOCTH COCTOJIFIH.R paBHOBeCHJI 

P1 (0, 0, 0) Ii yqacrKH (0, d1), (d2 , d3), ••. rpaHHU&f o6na­

CTH YCTOH'IHBOCTH COCTOIUIHH pal!HOBeCJHl P2 (0, 0, n H 

P3 (0, 0, -n 6y,i:zyr 6e3onacHbJMH B OTnHl!He OT onaCHbIX 

ytJacn<oB (0, d.), (d2 , d3), (d4 , d5 ), ... H (d1 , d2 ), 

(d3, d4), ... (CM. pHc. 1,6). BmpypKaUHOHHhte D;1urpaMMhI 

H306pa>KeHbl Ha pHC. 2: KpKBa.R 4 COOTBercmyer HHTepBa­

naM (0, di), (d3 , d4 ); KpHBaJl l - HHTepaany (0, d.); 
KpHBa.R 3 - HHTepBaJiaM (d2, d3), (d4, d5), (di, d2), 

Ha y11acrKe rpaHHUbI ( d 1 , d2 ) cyme crs yer ro11Ka, a1,1we 

Koropoif HMeeT MeCTO 6HCpypKaUHOHHaH l];HarpaMMa 2, 
a HHl!Ce - mrnrpaMMa 4. 

3. r1 = 0,3, r 2 = 0,5, c = -1. Perynsi:pttaii: rpruuu1a 

o6nacrn ycroii<nrnocrn cocroHHHR paBHOBeCH11 P1 (0, 0, 0) 
(cM. pHC. l,13) HMeer onactt&IH xapa1nep H eil orae11aer 
&tcpypKauHoHHa/1 ,!IHarpaMM3 1 ( CM, pHC. 2). fpaH1u1a 

6 

4 

2 

0 

50 t 

a 

0 

Pile. 3. B1m aBTOKone6amdl: a - a = 0,6; b = 0 ,4; c = - 1; T 1 = l; 
T, = O; 6- a.= -21,S;b= -14,l; c= - 1; Tl =o; T1 = 1 
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o6nacrn YCTOHIJHBOCTH COCTOHHHH paBHOBeCHJI 

P2 (0, 0, ~) H P3 (0, 0, -n, ttarrporHB, 6y,o;eT 6e30IT8CHOH, 

Cooraercmy10wa11 6Hq,yp1<aUHOHHaJ1 AHarpaMMa - KpH­

BaH 4 Ha pHC, 2. 

TTpH H3MeHeHHH 3ana3ni,1saHHii xapaKrep rpaHHUbl 

o6nacTH YCTOH'lHBOCTH M0)l(CT cymeCTBCHHbIM o6pa30M 

MeHHThCH, O6wa.11 reH,[teHllHH COCTOHT e COKpaweHHH p8.3Me: 

poB "6e30113CllbIX
11 

y'laCTKOB rpaHHIJI,I H ysem11JeHHH pa3-

MepoB "onacHbtX" y11aCTKOB C poCTOM 3anaJni,1BaHHii. 

8 3aKmo'leHHe OTMCTHM, 'ITO nepHO,o; H 8MITJ1HTYna 

8BTOKOJle6aHHH (eCJJH raKOBble B03HHKJIH ITpH nepexone 

e npocrpaHCTBe napaMetpoB rpaHHu1>1 o6Jlacrn ycroHIJH• 

BOCTH) pacryr C ysenHIJeHHeM myiiHHhl llpDHHKHOBeHHH 

napaMetpoB B o6nacn, Heycroil:'IRBocrn, a qiopMa Kone6a­

HHK craHOBHTCII "mt'IKOBOH" (pHC. 3}. 
BLIBo.Qld, IlposeneHHoe HccnenosaHHe no:monaer CJle­

nar& pH)]; yraep)K,lJ,eHHii OIHOCHTCJibHO BJlHHHMH napaMer• 
pDB CHCTeMI,I (1) Ha ee JDIH3MHKY. 

1. 3anaJJI,btBaHHH T1 H T2 OK83J,IB310T Jlecra6HJIH3H· 

PYIOlllee BJIHHHHe Ha CHCTCMY, npKBO/lH K cymeCTBeHHOMY 

COKpamemuo ofinacreii ycrOHIJHBOCTH COCTO.RIOIH paBHOBe­

CHII Pi(0,0,0), P2(0,0,t), P3(0,0,-e) (B OTCYTCTBHe 

3aITa3AbIBaHHil: o6nacrh ycroii'IHBOCTH COCTOHHHH p8.BHO· 

BeCHII P1 - Tpernii: KBa,o;paHr rtnOCKOCTH a, b, COCTOHHHH 

paaHoBecHH P2 , P3 - aropoii: KBaJJ.paHT (cM. [I])). B TD 

>Ke BpeM/1 HaJJH'll:1e OLl,HOTO JanaJJJ.bIBaHHH T1 -=I= 0 1IpH 

T2 = 0 Bbl3brnaer ITOl!BJleHHe ll0II011HHTCJihHbIX 06.Tlacreft 

ycroii'IHBOCIH e nonyJUIOCKOCTH a> 0, 

2. 3anaJ,z:u,raaHHx r 1 , 1 1 nenaror CHcreMy (1) aero­

Kone6aTeJlbHOii: (e OTCYTCTBHe 3aIT83/U,IB8HHH CHCTeMa He 

HMeer H30JIHpOBBHHbIX 3aMKHYTb!X cpa30BbIX rpaeKTOpHH 

(CM, [l]}). 

3. IlpH cpHKCHpoBaHHblX JanaJm,IBaHHJtX )],HH8MHKa 

CHCICMbl onpe)J.en11ercH napaMCT{>llMH a ff b: /l1III 3HalfeHHH 

a, b, npuHa)J;11e""1IUHX o.u;ttoii HJ o6Jlacreii ycroa11HBocrn 

( CM, pHc. l) , H A0CT8TOIIHO Manbtx Ha'laJibHblX BOJM)'WeHHH 

peweHHH crpeMHTCH IC K8KOMY·JlH6o H3 YCTOlillHBbIX CO· 

cro11HHii paBttosecHH (K P1 npH b < 0 .1-l K P2 wm P3 rrpH 

b > 0) , e npomBHOM CJJytJae B CHCieMe ycraHaerrHBalOTCJI 

iBTOKOJie6amrn HJIH 1IpoHCXOLl,HT yxon peweHHJI a 6ecKO· 

He'IHOCTb. 

IlpKJio>KeHHe J. CZ-opM}'1JLr, eeo6xoIJ;HMLle AJ111 Bf>l­

qecnee:wi: Be11H11HH E2 R ~ ,!Olli CHCTeMLI (1). B1,1pa>KeHHJI 

WI.II ee1<rOpoB 'Y1, 'Yl, 'YJ C KOMITOHeHraMH ('Yll, 'Y21, 

-y3i), (r12, 'Y22, ')'32), ('Y13, 'Yl3, 'Y33) OOOTBeTCTBCHHO 

HMelOT BHn; 

'Y11 =112 =")'13 ='Y22 =1n =0; " 
'Y21 =r31 .=1'23 =73"3 =0,25. 

.Il;IJI H8XO>K.ll;eHHH KOMITOHeHt BeKTOpoB Pt (P, 1, P2 I, P31), 

P2 (P, 2 , P2 2 , P3 2 ) , p3 (P1 3, />i 3, p3 3) Heo6xo)lHM0 pelllHTb 

CHCTeMy JIHHeRHh!X anre6paH'leCKHX ypaeHeHHii 



H BOCilOJih30BaTbCH <pOpMyrraMH 

P12 = - 2w.P33: P22 = 2w.(P23 - P33); 

1 
P32 = 2w (0,25 + P13); 

• 

(1) 

KOMTIOHeHTbl BeKTOpoB f1(E2, Oz)= (f11(E2, Oi), 
f21 (E2, l'.1:z), f31 (E2, 11:2)) H f1(E2, CJi) = (f12(E2, Oz), 
f22 ( E1, 0"2), f 32 ( €2 , Oi)) J1,a10rc11 B1>1pai1<e1UU!.MH 

f ll (e2,oi) = - a.r 1<7:zel1w.cos(ip1 - w. T 1) + 

b.r2o2o2w.sinw ;r2 + (- e:zei2 + ¾co~ + 

+ u2b.cS:Jcow.r2 - o2 a.o1sin(ip1 - w.r1); 

f t 1 · . l we2,c1i>=2p 12 + <7:fl1 Slnff1; f31 (ez,<72) = 2P12: 
f 12(e2,o2) = - a.r1o2o1w.sin(ff1 - w.r1) + 

+ h.r2<72of!'.cosw.r2 - (- ei2 +¾co~+ 
+ a2b.c~2)sinw,h + a 2a.o1cos(ip1 - w

0
r 1); 

1 1 
fzi(ez,az> = Pu + 2Pu + 8 - <1-i1c0 sip1 + 0 2: 

l 1 
f32(ez,O2) = Pu + 2P13 + g + 0 2· 

(3) 

CHCTeMy (28) lIHHeHltbIX ypaBHeHHK OTHOCHTellhHO BeJIH'IHH 

E2, Oz MO)l(HO JallfCaTb 'lepe3 KOMTlOHeHTbl BeKTOpoB f 1, 

f2, f3: 

f12 + azf22 + /Jif21 + aaf32 +/Jia1= O; 

- fl I + /3zf 22 - az f21 + /33f32 - ai31 = O, 
r /l,e 

a. . b. 
P2 = - z(sm w.rl + w.cosw.T1); /Jr=-wcos w.rz, 

1 +w. • 

IlplmOlKel[He 2. •opMym,J, eeo6XOAHMfdC /J.IUI BLAHC­

lleHIUI BeJIHIIHH ~, ~ AJlJI c11creMld (30) . BeKTOpM 

'Yt <ft I, °Y2 1, 'Y31), 12 ff1 2, 121, 73'1), 73 CT1 3, :Y-2 J, 133) 
onpeneJIKIOTCj[ q>OpMyJiaMH 

- 3.~.s2 - 3~02 · 2w y11 = - s 2v- cu.u2; y12 = s 2 - c • 2srn .-r2; 

Y13 = S ~v'=cfi;oicos2w.r2; Yiz = Y32 = O; 

Yz1 = Y31 = f 23 = f33 = 0,25, 

rJl,e s = 1 JllU[ COCTOJIHH11 pa.BHOBeCH:.11 P2 (0, 0, fl, H s = -1 
.lll]j[ COCTOHHH11 paBHOBeCHll Pa (0, 0, -~). KoMIIOHeHTbl 

BeK~opoB Pj(P.j•_P2;, p3j), j_= I, 2, 3 HfK(E2 , az> = 
= (fl I< (fl, <12), f2K (E2, a2), f31< (E2, a2)), K = 1, 2 MO)!(• 

HO Haiirn, 3aMeHHB B (1) - (3) b,., Ha -2b,.., 'Y·· Ha 'f.., 
Jj lJ 

p .. Ha p.. H BOCil011b30BaBWHCh <pOpM)'naMH 
IJ IJ 

'f. 1(e2,o2) = f11 (2e2,a2) - 3p32v=co.o
2
sinw.r

2 
-

- 6,,/- cb. c52<P:n -½p33)cosw,r2; 

fiz(ez,az) = f1z('.2€z,oz) - 3p32 \!'="co. dzcosw.rz + 

+ 6✓- cb~ c52(p31 - ½p33)sinw.r2; 

f2i"z,az) = f2K(2e2,uz);f3/ez,O'z) = 
= f3K(2e2,az). 

3aMemm B (4) fij Ha ~j' IlOJl)"laeM CIICTeM)' ypaeHetmH 

OTHOCHreJibHO Ez 'Oi . 
ABrop Bbrpa)l(aer 6naronapHocrr, 3.M. ConHeqHoMy 

3a ueHHble COBeTbl H 3aMe'fatm11. 
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OIlTHMAJibHbl0 PErYJUITOP ITEPEMEHHO0 CTPYKTYPbl 
,ItJUI BblP ABHHBAHlliI TEITJIOBh1.llEJIEIIlf0 B PEMK 

.H.B. IlleBe.nee 

TI0KaJL1Baerc11, 'ITO eoccraHonne11ne orrmManLHoro JHepropacnpeuenellllll e PEMK, 11apy11.1e1111oro Mam,IMH BO3MYWeHHllMH, 

MOllCeT ocyweCTBHT!, MHOfOK!Ulam,Hb!A: perym1rop. TipH 11.ocraro•mo 601thlllHX BO3MYUICHHllX llOilllCHa 6btTL 113MfHCHa CTpYKTypa peryn11ropa. 

OPTIMAL CONTROLLER OF VARIABLE STRUCTURE TO BALANCE HEAT RELEASE IN RBMK TYPE REACTOR. 
Ya. V. SHEVELEV. It is demonstrated that optimal power distribution in a RBMK type reactor disturbed by small perturbations can be 
recovered with the help of a multy-channel controller. For the case of relatively large disturbances the controller structure has to be changed. 

B HacT011wee spewr.•) CJIO>KHJIOCh nsa 11anpaaneHHH 

s ynpasneHHH noneM reMOBbineneHHH PEMK. nepaoe 

HanpaaneHJ,te c-raBHT OCHOBHOH UeJlbIO cra6mtH3HpoBaTb 

11eycroii'lHBOe none aaToMarn'leCKHMK pery1rnTopaMH, 6a3H• 

pYIOlllHMKCH Ha Tpa!l)iUHOHHOH aHanoroaofl TeXHHKe. IlpH 

3IOM paccM3TpHBalOTCfl KaK cxeMbl noK3nbHb!X aBTOM8TH· 

'leCKHX perymtropoa [I - 5], a KOTOpb!X Ka)KJJ,l,JH CTep­

>KeHh (H.11H rpynna CHHXpoHHO /XBK>K}'UUIXCII crep>KHe«) 

ynpaan11erc11 CBOHMH .nereKropaMM, raK H 6onee o6wHe 

cxeMbl (HanpHMep, perynHTOphl rapMOHHK) [6 - 8] . ITpe.u,­

llO/laraeTCR, 'IIO B cra6HIIH3KpoBaHHOM peaKTOpe C BpeMe­

HeM HeycroifttMaocTH 6onee qaca oneparop 6e3 rpyna Bbl· 

poattHer none, pyKoBOIICTByHch HHTyKIU1ei1. Btopoe ttanpaa­

ne1111e CBRJblBaeT BbtpaBHHBaHHe non.II. C COBeTaMH, Koro­

pble MO>KeT Bbtpa6arb1BaTb CI3HUHOIUIBH UH<l,posaJJ 3BM 
[9 - 13]. Tai-: KaK OHa MO>KeT pewaTb 38Lla'OI 6bJCipee 

oneparopa, TO He06XOlll-!MOCTh a npe)];BapHtellbKOH CTa6K­

J1H3aUJ1H non11 omanaeT. PeanHJatat.11. coaeTOB MO)Ker KllTK 

<1epe3 onepaTopa, ecm1 Haae>KHOCTb 3BM ttenocraT011tta, 

mm HanpnMyto, <1epe3 m1cppoattanoroabie npeo6paJOaarenH, 

ecm1 38M O'leHb Halle)l(H3. 

Otn.emrneH11e yKaJaHH1,1x ttanpaanettnft uenecoo6pa3-

Ho. ecnH 38M MOiKeT pewaTL Jana'IY BblpaBHHB81·llUI He 

rom,Ko 6b1crpee, no H ny'lwe onepa,opa, ow-iaKO 38M 
OCT3IOTCH HeIIOCtarottHO Hane>KHblMH. TaKHM o6pa30M, 

061.erurneH.He JTHx uanpaeneHHH Tpe6yeT, npe)l(.u,e ecero, 

COBepweHCTBOBaHHH OllTHMlt33UHOHHblX nporpaMM no 

ilBYM napaMeTpaM : Ka<iecrny 1-1 61,1crp0Te onrnMl133UKK. 

Ho 061,erurneH11e Tpe6yeT TaKil<e coaepwettcraoaamrn 

perymr.ropoa. 

B npoeKTe cncreMbt perynHpoaau1111 PEMK-1500 

cnenaH ea>KHblii war K 061,erurnett1110 perym1poaaHHH H 

M31.1.lHHHO.H onntMHJa1..urn :· onrHMH3ttpy10ma1t nporpaMMa 

naeT KOM3HLlbl Ha nepeMeweHHe He non101HeHHblX peryJJ.ff· 

ropy CTepiKtteft It tta HJMeHe1rne ycTaaoK y perynHtopa. 

OnttaKo npMHUHn perym1poaattKR np11 JTOM ocTaaneH 

npe>KHMM (30HHbJM IUIH .HHa•1e noKanhHbIM). 'ITO He 8 non­

HOH Mepe peam13yc1 BbirOD.bl OT 06beUl{HeHHR. PaJ HaBcer11a 

"3a6HTb1e" JaKOHbt perym\'pOBaHHH 6ynyr ue1136e)KH0 

•) Pa50Ta BbtnOntteHa B l 980 r. 
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BXO}].l{Tb B nponrnope'Ole C rpe6oBaHHKMH OilIHMaJlbHO­

CTH B MCHflJOIUHXCH YCJJOBHJJX pa6oTbl peaKTOpa. Xopowa11 

onrnMH33UHJl He1-tJ6e)K}{O 6YAeT YllJfpBTbC.11. B orpaHH'ICHH.11., 

ycrattoaneHHbJe cxeMow perynHposaHH.11., 6yneT tpe6oaaTb 

nepecTpo.HKH JTOH CXeMbl. TaKHM o6pa30M, xoporno CO· 

lfeTaTbCJI C xopollDfMH OilIHMH33WiOHHblMK nporpaMMBMH 

MoryT He BCHKHe peryn.11.ropbl, a !lHWb TaKHe, CTpyKTY· 

pa KOTOpbIX MO>KCT nerKO nepecrpaHBBTbC.11 npH MeHJ1JOIIU1X· 

CH YCJlOBHJlX pa6otbI. nepecrpaHaarb CTPYKTypy HY)ICHO 

6bICTpo, no KOMaH.uaM UH<ppoaoil 3BM. 

HH>Ke 6yn:er llOKa3aHo, tJTO IO'lHOe pewelilie OilTHMH· 

33UHOHHOH 33JJ,a'I){ ecTecraeHHblM o6pa30M npHBO)l;HT K 

cxeMe Mttoro1<aHan1,ttoro perym1topa. 3ra cxeMa pacc<a1-

Tb1BaeTc11 3BM M ocraeTCJl tteHJMeHHoi1, noKa s peaKrop 

He np11JJYT nocTaTO'IHO CH.nbHbie BOJMyruelUIH. Tor.ua 3BM 
6bICTp0 pacCIJHTbIB3et HOBYIO cxeMy {crpy1crypy) pery­

JlHTOpa. TaKHM o6pa3oM, o6beJI.HHeHlie n:syx ttanpaane­

HHH - ecTeCTBeHHblH pe3yn&Tar pa3B11TIUI MeTOAOB OllTH­

MHJaUHH H coaepweHCIBOBamrn cxeM pery11Hpoaa>11rn. 

0rrrHMH3aJ.UUI nuns TerD10Bbt.QeJJee:lrlt npH pa6onuomux 

}10.K3JlldlLIX 3BTOM8TK'lCCKHX peryruITopax (JJAP), ,D,nH 
roro lfT06b1 coaeT&I 3BM no nepeMewemno crep)l(HeH He 

BXO}].l{JlH B npOTHBOpettHe C CHCTeMOH nAP, Heo6X01.0IMO 

nononHHTb Ha6op orpaHM'leHliH. onTHM.H3aUHOHHOH 3a.U,a<rn:. 

HapHlJ.Y C TaKHMH ecrecraeHHbJMH orpaHJ{ljeH}fHMH, KaK 

Hes1,1xon nepeMewaeMbtx crep;i<1te11 3a npenenb1 pa6o11ero 

.D.Halla30Ha (3a "ICOHUeBHKH"), coxpaHemie pe3KTl1BHOCUI 

Ha HeHJMeHHOM (HyneBOM) ypoaHe, HY>KHO BBeCTl1 nonon• 

H1-1renbHb1e orpaH.H'lelUIH Ha nepeMeweHHH ctep>KHeH. nAP. 
He>KenatenbHO BbmOJJ:KTb 3TH crep)l(HH 3a npenenbt o6nacrn, 

rne HX Jq>q>eKTHBHOCib np116JmJHTenbHO IlOCTOHHHa [ 14]. 
Bo BCHKOM cny'lae, ffX HenbJH BbtBO/:nifTb Ha KOHUeBHKH. 

fioJTOMY KOHUeBHKH crep)l(HCH J1A.P nomKHbl 6bITb KaK 

6bl nepe.1IBHHYTbl BHyrpb aKTHBHOif 30Hbl. KpoMe roro, 

K ycTaBKe Ka)l(JJoro nAP non)l(eH 6bITh no6aBneH ror c11r­

Han paccornacoeaHKH, KOTOpbl.H Mor 6bl llOJlll.HTbCR llpH 

npe)l(HeM ycraaKe nocne ocymectarreHHR nnaH.HpyeMoro 

nepeMewett11H acex cTep)l(HeK. Mtta'le J1A.P Ha'Oler pa6oralb 

H a HTOre nepeMeweHHH CTep>KHCH J1AP He 6yn:yT COOT­

aeTCTBOB3Th JarutaRHpoBaHIILIM {ctep)l(HH MOryT na)l(e 

BbtHTH HJ pa6o11ero !l)iana3oHa). nonomonenbHbie orpaHH· 
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4emrn, IIOCKOflbKY 1!HCJ10 HX He BbJXO,!lliT Ja npeneJibl 

o,mrnrb-JJ.Byx .necHTKOB, T.e. Mano no cpa1rneHH10 c 'IHC· 

flOM "ecTeCTBeHHbIX" orpaml'lelillM, H3MepneMb1X COTH.ll'MH 

[ 11] , npaKTH 'leCKll He CKa;icyTCII Ha · nTIHTCflbHOCTll pe­

WCHHH OTTilfMHJaUHOHHOH JaJ181fil. 0DH8KO OHH yxy)'.t111a!OT 

pe3YJ]brar OilTllMHJa!.UOf. Eorn, ttanpHMep, OTTTHMH3H· 

pyercn BepollTHOCTb llOBpelK,UeHHll TOTTJlHBHblX c6opoK, 

TO orpaHlllfCHHH YBCJIH11aT H3.KMCHLtuee AOCTHlKHMOe JHa­

'leHHe JTOH sepo11rnocni:, r.e. nAP 6y,11,eT BpeWI-Tb xopo• 

rneii OIITHMHJar.um. 

qTO nony'IHTCH, ec1rn B OTTTHMH3HpY!OlllCH rrporpRMMe 

He 6ynet orpaHlf'leHHH Ha nepeMerueHHe crep)Kffeii nAP? 
8 OIITHMaJibHOM rutaHe 6oJJbllia11 '!aCTb CTCp)l<Heii Bb!B0.!1,HT· 

Cff Ha KOHUeBMKH [ 11] , Ta )KC y'laCTb nocrnrner 60JibWYIO 

'laClb ctepl!<HeH nA.P: rrporpaMMa TaK HJMCHHT yc1aBKH, 

'-ITO B pa6oTe O CTaHeTCff JlHWb OKOJtO tpeni ,CTe plKll.eii:. 

Kotte•mo, CCllH HHrepnanbJ Me,KJ:zy' OTTTHMH38LUUIMH 

MCHbille rrepHO,II,8 pa3rOHa HeycTOH'IHBOH rapMOHHKH B 

orcy1crnwe JlAP, ro 6oJILlllOH 6em,1 tte 6yner: rrporpaMMa 

OllTHMH38UHH BOJhMeT qJYlfKUHH nAP HR ce6H, TO'IHee, 

oHa 6ynet 3aMeHffTb BblBC,QeHHb!C HJ paOOJbI crep)Kllli ITAP 
npyrnMM creplKHHMH, T.e. 5yner MCHHTb CipYKTYPY pCfY· 

JlffTOpa. Ho OilTHMHJaJJHOHHaH. nporpaMM8 peanHJyeTCH 

Ha MaJIO HaJJe)l(HOH 3BM. no:JTOMY 6y.u,eT ny'lll.le, ecnH B 

npoMelKyrKax MC)KAY ee YKaJamrnMH oy.a:er pa6oraTL 

Ha,o:e)Kttbltt perymnop. Ho JTO ,11,onlKeH 6&ITL nepec1p8HBa• 

eMb!H peryJIHTOp c HeJa,II,8HHblM JapaHee Ha6opoM CTCplKHCH. 

C'I'pyKTypa H nepeC'leT oRTHMllJDdloro wiaea. IlpaKTH· 

l[CCKM en;aa JlK B03MOlKHO H Heo6xorurMO pewatb OTTTHMH• 

JaUHoHHyro Janal[y 06 yrrpaBJieHHH rroneM HeHTpDHOB PEMK 
B npoMe)KyTKax Me)l(AJ neperpy3KBMH TOIIJJHBa KaK HenH­

HCHHYIO, lfpe3Bbl'laitHO pe3KRH, 6nH3Kan K noporoaoii 

38BHCHMOCTb aepoHTHOCTK noape)K,QCHHH TOIInHBHOH c6op­

lCH OT ee MOlUHOCIH Il03B0JlHCT CBCCTH OITTHMH3aW{OHH}'IO 

3analJY K mmeiittoii. Ha nerannx JJJ,ecL HeyMeCtHo oCTattaa­

nHBatbCH, llOCTatOIJHO CKaJRTb, 'ITO norepll TOIJHOCTH npH 

lTOM HCBCJlHKa, a Bh!Hfpbllll B o6'beMe BbIIO!cneHHii 

orpOMeH. 

B ;:J:aJibHCHlllCM 1{3JIO)!(e,HHH nonpa3yMeBaercH, 'ITO ofu.­

eKTaMll KOHTpOJlJI HBJIHIOTCH pa601!J,1.C KaHaJILI, a He HX 

l[acm, T.e. paccMaTpHB2eTCH /lBYMepHall MO}J;CJlb peaK• 

ropa; H TOJlbKO KOHTpDJlb aKCHaJibHblX nepeKOCOB B 

l[eIBeptHX peaKropa Hano.MJmaer o pea.rr&HOH TpexMep-­

HOcTH nom1 rennoab111,eneHHii. Ilepexo.a; K onrnMHJaUHH 

rpexMeflHoro nom1, rne ofu.eKraMH KOHtpomi: HBllffIOTCff 

yllaCTKR Ka Han OB; Mano '!TO MeHHeT B pery~unope H Oil• 

THMHJal.(ROHHOH nporpaMMe, 3BMC.rrllffH ee pa6ory Bcero 

B 11,Ba-rpH pa3a. 0,nHaKO ttapHAY C neperp}(3K8MH K ne­

pecl[eJy MaJIOro IJ}ICIIa. KOJ(pq>HllHCHTOB mnieHHOH MO)J,eJIH 

no6y;f(118IOT a JTOM cnyl[ae H CHJibHbiC nepeMemeHHn 

perynHpy10mero creplKHH, ecnH pH.QOM C HHM HBXO.a;HTCII 

IIOTCHUHaJibHO onaCHblK yt1aCTOK KaHana [I 1]. 
Pellle'loleM nutteHHOH- orrTHMHJauHOHHOH Jana'IH HB· 

l!ReTCH Oln[H HJ B03M0)KHb!X "onopHb!X" l1Jl8HOB [ 15]' 
B orropHOM rrnaHe m ~npaBJUICMblX nepeMeHHb!X He Haxo-

WITC.11' Ha rpaHHuax pa3peWC!IHO!I .'J.Jll{ Hl1X o5n:J.cn;: l1 111 

ycnOBHH rnna <, >, = Hll ll .lllO!C/l. crpornr.tH paBeHCTB8r-.-ol. 

TaKHM o6pa30M, .DJlll 3TlfX yupaBnllCMblX nepeMeHHblX, 

HaJLJBaeMblX 6a3HCHJ,IMli, HMeeTCff CHCTeMa nHHettHhlX 

ypaBHeHHii. IlpaBbIC '!acrn 3TOM CllCTeMbI, a 3HR'IHT H 

pe3YJlbTaTI,I ee peweHJrn, onpe,a;enff!OTCH YC1lOBHHMH Ja.a;a­

'Ol, IlpH He6on&woM HJMCHCHHH YC!IOBHii orropHbIH I1J1aH 

coxpaHHCT crpyKrypy, HO H3MeHemrn npaB&IX 11acreii ae­

AYT K H3MeHeHHlO OTITHM3JlbHblX JHa<teHHii 6a3HCHblX ynpaB­

nReMb1X nepeMeHHblX. IIpH CWlhHOM H3MeHeHHH ycnOBMii 

OilTHMaJihHbIM craHOBHTCff ,11,pyroH ("coce.a;imii") onop­

HbIH rrnatt, IlpH 31:0M MCHJleTCH COCTaB ypaaHeHHH H:, 

6br:Tb MOlKCT, HX 'IHCIIO m, 1 .e. MeHHeTCll crpyKrypa onrn­

M3JlbHOro IIJlaHa. 

CrpyKcypa OllTHMam.noro JDiaHa AJlJI PliMK. B naH­

noii Jal];a'le OllTHMH3at.U1H y,11,06HO C'IHT3Tb ynpaB!IHCMbIMH 

ne·peMeHHblMH nonOlKCHHII creplKHCH. Te HJ HRX, KOTO· 

pb!C B OilTHMBJlbHOM rrnaHe He BblllllIH Ha KOHUCBHKH, 

T .e. OCTaJlliCb "nOµ;BH)KHbIMH"' H JIBJIJIJOTC.ll 6a3HCHbll\,!H 

rrepeMeHHb!MH. qTO KacaeTCH m paBeHCTB, TO B HX l[J{CIIO, 

npe)K,II,e Beere, BXO,QHT COOTHOWeHHR MelKDY MOJ.UHOCTH· 

MH caMbIX onacHbIX Kattanos. B npocreihueii eepCHH mrneii­

HOH OllTHMH3811,HOHHOH 3a.a,a11H, Karna Bee ,KaHaJibl TO)K­

JlCCTBeHHbl 110 CBOl{M CBOHCIBaM, ycnoBHCM OilTHMaJilr 

HOCTH oKaJ&JBaercR O)lHH8KOBOCTb MOLUHOCTCH onacHb!X 

KaHaJIOB, lfTO naer (m' - 1) paBeHCT8 npM m' onaCHb!X 

Kattanax. y rrpo<n1x Kattanos MOII.lHOCIH MCHhWe, 'leM y 

onacHb!X, 8 6onee CIIOlKHOii aepcHH B OTITHMYMe rpaBHH· 

BaJOTCJI He MOWHOCTH, a BepOHTHOCTH 11oapelK,II,eHH11 HnH 

KaKHe-m16o <pYHKUHH OT JTHX BCpDJITHOCTeii. 8 ewe 6o­

nee TO'IHOH nocraHOBKe 38,QR'lli BCJ)OlfrHOCTH )lOJl)f{l{bl Haxo• 

}J;HTbCH B JanattHOM OTHOrnemm, HJlH HeKOTOpble q>yHKUHM . 

OT Bepo11rnocreii, nHHe~HO CBH33HHb!e C MOJ.J..IHOCT.ll'MH 

KaHaJIOB, AOJllKHbl paJJIH'laTbCff Ha 33)l8HHble KOHCiaHTbl 

llpH 3BJ:{8HHOM 3Ha'leltHH MOlllHOCrn peaKTOpa. 

)lnH IlpDCTOTbl (rnaBHbIM o6pa30M }])111 onpeAenen­

Hocrn) HJJ10il(CHHH B ,II,!UlbHeiillleM 5yneM C'lHTaTb, lfTO 

BeKrop P', cocrasneHHb!M HJ ae po HI HO ere ii rroa pelK,UeHHJJ 

onaCHb!X Kattan OB' ,QOJilKCH MMeTb BH)J, P' = }..J ', TAC J, -
BeKTOp C Cl];lU-IH'IHbIMH KOMTIOHeHTaMl{ ( m' KOMITOHeHJ) , 

A - tteonpe.a;eneHHOe l[HC!IO. 

KpoMe (m' - 1) paneHCTB, B01pai1<aeMbIX 3Toii cpopMY· 

noti, HMeercn o,a;Ho ecrecrneH110e paaeHcmo R = R t' 
op 

rm: R - peaKnmttocrh, a Ropt - Ja,a;aHHOe ee (onruMan1r 

Hoe) 3Ha'!eHHe (o6&I'IHO Hyneeoe Will crauHottapttoro pe)Kll­
Ma pa6otbt) . )lanee Mory, HMeTbCR paBeHcrna, CBJJJaHHb1e 

c nonommrenhHLIMH orpaHH<ICHHHMlt. Ka)l{Jloe nonontttt­

TCJI&Hoe orpaHH1Je1me MO)l(eT narh caoe paaeHc1ao. ~anp1t­

Mep, TaKHM paBeHCTBOM MO)Ket 6b!Tb Tpe6oBaffife, 'IT061,1 

CYMMapHbIH TOK KaMep JlOKaJlbHOro perymuopa KMeJT 

3a,D,8HHOe 3HB'leHHe. EcrrH rpe6yeTCJI, 'IT06bi pa:mwme MelK­

nY MOI.UHOCTIIMH nonOBHH (HnH l[eTBepreii - :HO JaBHClff 

or TeXHonom'!ecKoii cxeMbl KOHrypa oxnalK,!leHmr) peaK-

. ropa He rrpeBb!WaJIO nortyCTHMOfO JHa<teHHff ~Q. TO B Oll· 

HOM onopHOM rIJiatte :no paJn11to1e 6y11.er crporo ~Q, a 
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npyroM - c1poro -AQ, B rpeTheM 6yne1 '!acrbro or ±AQ, 
Ecmt orpaHH'leHHe nma >-, ~ cratt0BHTCR B onopH0M 

JlJiaHe CTpDrHM paBeHCTB0M, OHO HaJb1Bae1cJf ,!leHCTBYIO· 

WHM B Il,aHH0M onopHOM IDI8He. OrpaHH'leHHe mna p~­

BeHCTBa - Bcerna neil.cray10mee, ,Ueiicrny10mHMH HJIH 1-1e­

aeiicIByio111HMH Moryr 0KaJaTbCR He TOllhK0 orpaH}lltemrn 

Ha CO0TH0ll!eHHH MOW HO ere H nonOBHH ( lJeTBe pre ii) peaK­

ro pa, HO H orpaHH'leffirn 110 Bb!C0TH0MY llepeKocy nomr 

rennoa hl.lleJreHHii, ycpe,!lHeHH0MY no see My ce'lemno peaK­

rnpa (OllHO orpaHH'leHHe) liJm no 1Jeraepn1M peaKropa 

(3 orpaHH'leHHn) •) . 

11raK, Am nonomrnrellbHhlX AeHCTBYIOIUHX orpaHHlJetUIH 

BMecre c paHee HallHC8HHbIMH aanyr (m = m' + Am) pa­
aeHCTB, HJ K0T0pb!X HaX0JJ:llTCll IIOllOlKeHHJI m n0ABH)l(Hb!X 

crep)[<Heii. B nHtteiiHyio onTHMH3all,Hottttyio 3a,[la'ly Heno­

cpencrnetttto BX0LVIT He nono)l(eHHR, a peaKTHBH0CTH, CBll• 

38HHble C IlO,llbeM0M CTep)l(lteH OT Hll:)[(Hero JlO 33,llaHH0ro 

nono)l(emrn; 0HH 06pa3y10r ae1<10p r pa3MepttocrH m. 

nonOlKCHIUI crep,KHeH Bbl'lHCIUIIOICll 'lepe3 pe8KTifBHOCIH 

B COOTBeTCIBHH C HMeromeHCR HHcpopMSUHeii 0 npocflHne 

tte.iirpoHHoro nom1. 

nepecqer 0iffHMaru.H0ro ID13H8 J]JlJI PEMK. IlpKXO· 

JllltllHe B peaKrop B03MyWeHH11 rpe6yror H3MeHeHH11 

perneHHll 0ilTHMH38UJ!OHHOH JaJJ,a'IH. ECJIH crpy1<rypa onrn­

Man bH0ro nnaHa ooxpaHReTCJI (BOJMYWeHHff M3Jlb1), TO 

no era TO'IH0 B0CCT8H0BHTb Ha pyweHHb[e paaeHCTB a, T .e, 

38HOB0 peumn CHCTeMy ll.3 m JIHHeiiHblX ypaaHeHHH. TaK 

KaK IlpH pewemrn: onUIMJ-13aUHOHHOH Ja,o:a'IH no Mepe 0Tb!C· 

KaHHJI OilTHManbHOr0 onopttoro nnatta <pOpMlipYIOTCH taK­

iKe 11p.11MaJI H 06pa1Ha11 MaTpllilbl :HOH CHCTeMbt ypaBHeHH:ii, 

TO WI.If OTb!CKaHHJI HJMeHeHHff BeKTOpa f Ll0CTaTO'!H0 
opt 

YMHO)KHI& lfJBecrttyio MarpHUY - tta3oeeM ee G - tta HJ-

ee cTHhJif BeKrop p, IITO rpe6yer 110pRllK8 0,05 C pa6oT&I 

ra1<oii 3BM, KaK 63CM-6 [11] (06&1'1Ho a PEMK 'IHC• 

no He Bb!Wenurnx Ha K0HUeBHKH crep>KHeii Mettee 0OJIY· 

C0THH, m < 50). 

Ecrrn aoJMYUieHHll BeJIHKH, rpe6yerc.11 ttaArn cpe.lDI 

"cocea!Olx" onopHbiX lln8H0B HOBblii 0IJTHM3JibHbiH:, ·Ha '!TO 

rparnrcn l c pa6orb1 E 3CM-6 [11]. IlpK 0<teHb 6onbllIHX 

B0JMyweHH:llX 0IIUIMaJI&Hall T0'l~a M0)l(eT nepecK0IIHTb 

He a cocenHioro sepWHHY MHororpaHHHKa orpaHH'leHHH, 

a yrm1 aanbrne - Ja 2 - 3 pe6pa; Ha ee TI0HCK yii.ner 

2 - 3 C. npH3H3KOM roro, 1ff0 crpyKrypy 0fiJHMaJlbHoro 

m1:l.Ha H)'iKII0 MeH11Tb, CllYiKHT npeapaweHl!e 0/1.HOf0 HJ pa­

Hee npaBUJlbHb[X HepaaeHCT~ B HenpaBHJ:tbH0e HepaBeH­

CTB0. Hanpm,1ep, B pe3ynbTare peweHHJI CHCTeMbl ypaa­

lleHHH 0Ka3an0cb, 'ITO IIO!lBli>KHhJH crep)KeHb neperneJI 

38 CBOH K0HUeBHK, 'IT0 HeaonycrnM0. 3tta101r, CIIHC0K 

IIOllBIDKHb!X crepJKtteH Hano UJMeHHTb. l1rr11 0!OfH HJ 

*) J,faMeHeHHe BblCOTHoro nepeKoca MOlKHO ornrar1, nponop­

UHOllaJJl,KblM CMemelOl!O B3BeweHH0A CYMMLI KO0pW!H&T K0lill0B 

creplKKelt, ra1< '!To Jana'ta oc-raerc11 mrnel\HoA, Ho 11p11 6on&WHX ne­

peMeLUeKM/IX crep>KHeA ax aeca nonne>KaT nepec'teTy. 
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KaHaJIOB, C'IHTaBWHXCH tteonaCHblMH, renepb Y.Meer 6o­
nee BbIC0KYJO eepoJITttocr& noepelKD,eHJui:, <teM orracHb1e 

J<aHaJibl, 3Ha'IHT, Cilll.C0K onaCHbtX KaHalloB H8,l:I0 CKOp­

peKTHpoB8Th*). HaKOHeu, nepeK0C (Bb!COTH&!H HJIH a3HMY· 

TaJit>HhtH), pattee uep)l(asum.ii:c.11 crporo BHYTpH nonycm­

MbIX rpallliu;, M0r Bb!Hnl H3 pa3peWeHHOH o6nacrn. 

3ro TaK>Ke rpefiyer Koppe1<THpoBKH onopHoro I1J1atta, 

EcnK ttapyI1DU10Ch 0JlH0 orpamt:lfeHll.e, HOBt>IH onTR­

MaJ1bHb1ii nnaH 6y.a,er c0ce,nffil.M onopHbIM IlJ[aH0M; Hapy­

weHHe cpa3y He CK0JibKKX Hepa.BeHcre (11m MaJlOBepoJJr­

HO) nepeBeAeT TOl{}(Y 0flTHMYM8 no HeCKOJlbKHM pefipaM 

MHOrorpaHHHKa orpaHHti:eHHH B HOBYIO ornaneHHyro 

BepWlltty, .ll.BHlKCHHe 110 0llH0MY pe6py K ORTHMaJlbH0ff 

T0'IKe - 3T0 0JlHH war .a;BOHCTBeHHOro CKM1111eKC•Mero-

D,a [15]. 
BeKrop P, ttepe3 KOTOpbiii onpeneJIRIOTCll IlpH K3BeCT­

H0H ctpYKrype nnaHa O0TI1MaJILHble norroX<eHll.R IJ0ABK)I(• 

Hb!X crep)f(}leH: 

rop1 - r = GP, (I) 

'1BJIJleTCR KOMil03HUHeii H3 BeKropa P', }l.3 rpe6yeMOfO 

H3MeHeHJ,Ul peaKTHBH0CTH (Rapt - R) H H3 rpe6yeMblX 

H3MeHeHH:H BeJIH'0!H, Ha KOTOpble H3JIO>KeHb! D,0n0JIHHTellh· 

Hbte .[lCHCTBYIOmHe orpaHH'leHHJI, OK838BllIHeCJI HapyweH• 

HbIMH. ECJIH K8KOe•TO nonomrureJibH0e orpaHMtteHH:e HJ 

1.[HCl18 ):leHCTBYIOI.UHX He HapyrneHo npHllle/lWHM B03Mywe­

HHeM, CO0TBeTCIBYIOIIU{H K0MllOHeHT p paaeH ttymo; n,:111 

He )leHCTBYIOl.llHX Jl0IT0JIHHTem,HbIX orpaHH'lemtfl KOMII0• 

HeHTbt B BeKt0pe p He npe,uycMorpettbl, KaK He npenyCM0T­

peHb[ 0HH H JlJlll Kattanoe, ocraBI.IJllXCR BHe CllliCK8 onac­

Hb!X K3H3JI0B. 

Pery1rnpoerume: npe;raiapHreJihHLJe 3aMe'l!lHHH. B pe· 

Jyn&rare YMH0)KeHHR MarpHU.hl G Ha &eKrop P c (m + 1) 
K0MilOfieHTOM oony11ae1c.11 BeKrop r - r C m KOMIIO~ 

opt . 
HeHTaMH. 8 OilTHMaJlbH0M nnatte Bee 3TH m K0MilOHeHT 

p3.BHhl HYJJIO, npHXOJl.lllllHe M31lble BOJMYuteHlfll IIpHB0,!J,JIT 

K no.llBJieHHlO HeHyneBbIX K0MilOHeHT seKropa GP. Ilepe• 

MemeHHe m c1ep)l(HeH, npennHcbraaeMoe cpopMynoii (1), 
B03B pawaer ace K0MOOtteHTbl ee1<1opa GP K HYJTIO. 

ECJJH tta:mar& GP eeKropoM pa36anaHca (HnH 11y11we 

BeKT0p0M He6anattca), ro nerK0 YCM0rperb aHan0rHIO 

Me,K,!J.Y orrnc&maeMbIM npoueccoM np11c11oco6Jle11HH onrn­

MH3KpyeMott CKCieMbl K rrpll.XOLI.IIJUHM B03MYIUeHHffM 

H pa6oro11 MH0r0K8H3JibH0ro (m-1<aHanLHoro) perynH• 

ropa. B m-1<attam,HoM perynnope BOJJleHCTBHeM tta m 

y11pa.Bl1ReMblX napaMeip0B .a:o6HBalOTC.ll o6pawe.HHJI B 

HY!Tb m KOMII0HeHT BeK10pa He6anattca. O6hl'IHO BeKTOp 

Ke6aJiaKca 110JIYlf8IOT annaparHb[M Bbl'IHTaHHeM ABYX 

m•K0Mn0HeHTHblX BCKT0p0B: JanaHH0ro (MarepH3JJK30BaH­

K0r0 e "ycraaKax") H KJMepneMoro. B naHH0M cny<1ae 

38A8HHb!Mll'. JIBJI.IIIOTC.ll Rll.Wb llm + l BenH'IHH, T0r,[la KaK ___ ___.______ 

•) B TpeXMepHoll MOllenH c paJ6HBKOl!: peaKTopa 1{11. CJIOK no 

BhlCOTe Cl!JfC0K COCTOHT ltJ '111.CTI:l!: l(aJlaJt0B. Ona.cltaJi T0'll<a M0lKet 

nepell.n!: B cocemrnl!: cnoR. 
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Ha ocram,Hhle m' BenH'IHH HaJI0)KCH0 (m' - 1) CBHJeH 

(B paccMaTpHBaeMOH BepCIUI 0IITKMH3au,HOHHOH 38A3.'1H 

3Tir CBJl3H - Tpe6oBaHHJI paseHCTBa m' BeJIH'lHH). OAHaKO 

ec.nu -rpaKTOBaTb GP KaK "HJMepeHHbril" BeKrop H C'OI· 

Tan BeKrop ycr8.Bo1< ffYneBbIM aeKr0poM, rn GP 0Ka3bI• 

Baerc.11. H H3MepBeMbIM BeKr0p0M H BeKTOp0M He6anaHca, 

Mano roro, Jtor >Ke aeKrop M0)l(Ho paccMarpusan H KaI< 

BeKrop, nponopnxoHanbHblH BeKropy CHrHanos tta rrepe­

MemeHHe perymtpY!Oll.lHX opraHoB, T.e, Mhl HMeeM 3AeCb 

llCJlO C npocreiiurnM 3aK0H0M perynHpoBaHHJI. 8 MHOro­

KaHaJJbHOM perymnope o6wero BM.Ila ue1nop He6anaHca 

nepepa6aTbJB8eTCJI B BeKT0p CHrHaJJ0B Ha nepeMeJ.Qemrn 

C II0MOUlblO M3TPHllbl ynpasneHHJI, rrocrpoeHHOH B OO0I• 

BeTCTBHH c Tpe6yeMblM 3aK0H0M perynHpoBalQU{, 

8 nponopintoHam,HOM perym1rope M0>KH0 II0JJO)IO!Tb 

dr/dt :: KGP, r~ K - "Kolcpq>HUHeHT yC}!JleHHn" c paJMep­

H0CTblO c-1
• 8 pe.11eiiHOM perym1rope KMeeM 

{ 

npH dj > dnopor; 

~ = ~ npu _ dnopor < _ dj < dnopor; 

- v ope dj < - dnopor, 

r11,e d. - K0MII0HeHTa j y BCKT0pa He6anaHca, r. - K0M· 
J J 

II0HeHra j y BCKT0pa peaKIHBHOCJeK cteplKHeii:, dDopor -

110por perymrTOpa (B eJJ,HHHIIax peaKIHBHOCTH), V - CK0• 

pocn. peryn.11rnpa (a ero,i:mruax peaKnwHocm 3a e.1:ornuuy 

BpeMeHH). 

)ln.s roro tfrO0bl perynJ1rop pa6oTan, He06XO,UHMO 

orrepamsHo cpopMHposar& BeKrnp He6anaxca GP. MaTpH• 

UY G 11,aer ~<}Jposa.11: 3BM, pacc'!Hn,ma10ma11 onrnManb• 

HhIH orropHbIH JlJiaH, a BeKmp P .a;om1a1a q,opMHpoaan 

CHCTeMa K0HTpoJl.ll, MatpHil:a G H Ha6op KOMD0HeHTOB 

eeKropa P orrpeJlemuor CTPYKTYPY perymrropa. 3ra crpYK· 

rypa 11,0JJ)l(Ha 6b1ctpo nepecrpaHBaThCJI no K0MaHJJ,aM 3BM 

Kat( T0ilbK0 B03HHKaer He06XOro,IMOCTb nepeiim K HOBO· 

MY onopHoMy nnaey. TaKHM o6pa30M, ll,TIJI onmMaJibH0• 

ro ynpaBJJeHH.R noneM rerur0B&IACJieHHH PBMK H)';l(eH 

MHOroKaHanbHbIH perymrrop nepeMeHHOH crpyKtyphl, 

ynpaim.lleMoii: 3BM. 
YcroAtnmocn.: BpeMs Bi.q,a6orKH CHl'HlUla K nepeMe­

~emno crep)l(JleA, Heycroii'IKBhtii 061,e1<r c peneil:Hb!M 

perynHrnpoM, crporo roaopJ1, ocraeTcH Heycroii<mBhlM, 

B no,a:06m,1x cnytia.11x cneeyer cJilBHib eoi:ipoc o npaKTH· 

11ec1<oii ycroil:11Hsocrn. ECJIH Kone6aHH.R 11ocraro11Ho 

M31Ibl H perynuop He H8CT0JJbK0 llllCT0 BKJJIO'taerc.11, 'ITO· 

6bl Bb!HTII HJ CTpoH OT OOJibW0f0 'Mata BIOIIO'feHHH, TO 

om,eKt c perymrropoM npaKrn11ecKH ycTOHt{l{B, ,Uru1 npaK· 

THl{eCKOH ycroii'IHBOCTH no MeHbllleH Mepe He06XOµ;HMO, 

IIT06bI peryn.11:rop He rrpoCKaKHBan 30Hy He'l}'BCTBHTeJlb• 

lt0CTH, 'IT06bI OH CBoeepeMeHH0 BhllOllOl!ancJI • .IlnJI :JT0f0 

Bblpa6orKa CHrnana He6anaHca .UOJI)KH3 npoH3B0,UHTbCSl 

A0CT8TO'IH0 6h!ctpo, 'IT06hl 3T0T CHrHan orpa)l(an He CJlHW· 

K0M CWlbH0 ycrapeawy10 cinyall,HIO. 8 l!i!CJH0CTH, ;a;ut Bbl• 

pa6oTKH CHrHana He6aJiaHca cneeyeT Il0MH0>KHTb M3TpH• 

u;y G Ha BeKTOp p' 310 YMH0)KeHHe M0)l(et BblIT0JlH.11.TbC.II 

KBK UHq>poBOH, TaK H aHanoroaoii TeXHHKOH. )ln.11 ycron­

'IHBOCTH perynHpoBaHHJt Tpe6yeTC.II nocraT0'IH0 Manoe 

B peM.11 BhUlOJJHeHH.11 :1rnii: orrepa.umi - MeHee 2dnopor /v, 

T.e. MeHbwe BpeMeHH IIpoX0)l(]:leHK.ll perynuopoM 30Hbl 

He'IYl!CTBHTen&ttocrn. KaK }')[Ce roeopHJI0Cb, E3CM-6 B&mon­

H.Rer 3ry orrepau;mo 38 0,05 c. BpeM.11 JlBHlKeHHJI perym1-
rnpa 1!epe3 30Hy He'l}'BCTBHTCJibHOcnr B JI0KaJibHblX i!BTO• 

MaTH'leCKHX peryn.11.ropa.x PBMK so Mttoro pa3 6omwe, 

TaK 'ITO 3BM a IlpHHUKIIe crroco6Ha aoepeMJ1 BhIKJIIO'llltb 

peryrruop, He /J,8B311 eMy rrpocKaKHB8Tb 30HY He'l)'BCTBH­

TeJibHO ctfl. 

Y croA'IHeocn.: paCIIOJJO>KelDle 0118Clll,lX K811aJIOB H uon­
BIDKID.IX crep>KRefi:, IloKa3a.HO [l 6 - 19] ' 'ITO MHOroKaHam,­

HhtH perymnop palJ,HanbH0•aJHMy-TaJibH0fO Il0IIII Heii:rpoHOB 

rrnoxo cra6HJIH3Hpyer peaKrop, eCJlH 1<aKOH•JIH6o HJ pery­

JIHp}'IOll.lHX crep)K}!eii: H3XO.a;HTCJl Ha MaJIOM pacCJOHHHH OT 

KaHaJia, B K0T0poM Ha/llleilCHT TI0MflplKHBilJb IIOCJOJIHHhIH 

yposeHh MOI.QH0Cllf, 3t0MY 11,aerc11 cneeyromee 06hJ1CHeHHe 

[17) ~ 6oflbll1He HJMeHeHlrn Heii:JpoHH0ro IlOJIII Ha Ti!K0M 

Ka.Hane, Bbl3BBHH&re 6onbIIIHM HJMCHeHHeM Il0JIJI B peaK­

rope, KOMileHCHp}'IOTC/1 O'leHL M31Tb1M nepeMemeHHeM 

WUl3Jle)Kll1Uero crep)l(HH. 803MYUleHHe, BHOCHM0e Ciep)KHeM 

B pacnpep;eneHHe aeiirpoHoB, HMeer JIOrapRq>MH11ec1<yro 

oco6eHHOCTb Ha MaJJblX paCCT0XIOIJIX, H J].OCT8T0'lH0 MaJIOfO 

nepeMeLu;eHHJI crep)l(HH, tJT06b1 CIOT&Ho HJMeHHTb norre B6JJH-
3H Hero H BOCCTilHOBHTh noKaJaHHe ACTeKT0pa, B HJOre 

CTepiKeHh 1(81( 61,1 Bh!KlllOttaeJC.11 H3 pa6orbJ, nepecraer 

peamp083Tb Ha HJMeHeHHJI, rrpoHCXOA.111.J.(He BIJ;aJIH OT 

Hero. IIapaMerpoM, onpe.u.enJUOUJHM cHny noro JcpcpeK­

Ta "BbJKJllO'leHHJI" B pery11.11rope C MaJlblM 'IHCJI0M CTep)K• 

HeH, M0)KH0 CtfHJ3Tb 0IHOWeHHe MHHHMaJJbH0T0 pi!CCTOJIHH.11. 

crep)KH.11. OT ,:i;ereKT0pa K pa)J;H)'cy aKTHBHOH 30Hbl. qeM 

MeH&we 3TOT napaMeTp, TCM MeHee 3cpcpeKTHBeH pery­

JIJrrop. 

OAJ{aKO npff OOJlbllIOM 'IHCJie TT0,IJ,BH)l(HhIX CTe]))l(HeH 

H K0HTposmpyeMblX KaHan0B CHT)'au,Hll MeHJleTC.ll. B03-

M}'w;eHHe 8 none HeiitpoHOB llpHB0.a;HT K II0.l!BneHHJO He• 

6ana.Hca 0.ll,H0BpeMeHH0 Ha MH0rHX onacHblX KaHanax, 

EcnH a6mi3H orracHoro KaHana ecrb rro,1J,BH)((Hb1H crep>KCHL, 

OH no-npe)l(}{eM)' JIHKBHJJ,Hpyer He6anaac MaJJblM nepeMe­

weHHeM, Ho ,[QIJI 11HKBH/J,8UHH He6anaHcoB Ha n;pyrnx Ka­

Hanax. A0JIX<Hbl nepeMeCTHTbC.11 ,:i;pyrne crep>KHll - eCJIH 

TOJihKO He 0KBJaJI0Cb TaK, lfI0 Bee 0ilBCHbie KilHaJJbl 

cocpenorn11eHb1 B MaJIOH ·o61Jacnr pea1nopa. IlpH Jlocra­

ro'lHo paBHOMepH0M pacnpe11,eneHHH: onaCHblX KaHaJI0B 

B03M}'ll.leHHe 6yJ].er Bbl3h!BaTh MaJlhie nepeMeweHHJI OOJlb• 

woro 'IHC11a crep)I(HeH. Ilo3IOM}' Jcpq>eKT BhlKJIIO'leHH.11. 

peryJt.RT0pa MH0fOKpaTH0 OCJiilMHeJC.ll, MOiKHO ~Malb, 

uo napaMetpoM, onpe.u,en.11101.lU{M JTOT 34JcpeKT, 6y11,e1 

0TH0WeHHe MHHHMaJlbH0ro pacctOJIHH.11. IlO,IJ,BHlKHblX crep)l(­

Heii OT onacH0ro K3HaJia He K paro,i:ycy peaKT0pa, a K CpeA­

HeMy pacctolltlHIO MelKA}' onacHblMH KaHanaMH npH 

YCII0BHH, 'ITO JTH KaHanhI He co6panHCb B Manoii l!i!CTH 

peaKT0pa. 

Co6HpaHHe orracffb1X KaHanoe B MaJIOH 11acm peaKropa_ 
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B npHHUHTTe BOJMOlKHO. MHoroKaHanbHblH perym!Top npH 

:)IOM He CMO>KeT cra6HJUl3HpOBaTb peaKTOp. OllHoKO He­

YCJOH'lHBOCib raKoro poJia raK >Ke Heonactta, KaK Heycroii:­

lO!Bocr&, opra>m'lecKH npHcywu penei1HoMy perynnrn­

PY Ka HeycroiillHBOM ofueKre. C npa1<TH'leCKHH TOqKH 

3peHHH peaKrop c perynnropoM 6yner ycroihHB, ecrrn 

IIODBH)Kf{bIX crep>1<Heif .[lOCTarol.lHo MKoro [ 11 J. MasJbi.H 
nepeKOC TTOJlJl HeihpoHOB' He noraweHHbtH CKCTeMOH pery­

mlpoBaHHH, np,mener K nommeHJHO HOBbIX onaCHblX Ka­

HaJIOB B.U,81Uf OT HX CKOl1JJeHH1l. Perymnop nepeCTpoHT 

CBOJO crpyKrypy I{ 6y.u,er YCTOH'lHBO peryn11poaaTb HOBOe 

pacnpenene1rne, Kotopoe ocrattetcJI onruMa!lbHbTM no np11• 

xona CIUibHbIX BOJM}'lllelOfH. 

Ycrolmalocn.: 33.Kou perynHp0B3HHJI JIAP. Hey.Qa<t· 

Hoe B33HMHOe pacIIOJlO)KeHH.e KOHTp011HpyeMblX KaHanoa 

H 11owm)l(HbtX crep,1rneit Bbl3btBaer cpaamnem,Ho Me.11-

neHHy10 HeycTOH'OIBOCTb rtpH ycnoBIDI Hawiy111uero Bbl• 

6opa 3aKoHa pery1mpo88Hl{ll. Hey.u,atJHbill Bbt6op 38KOHa 

perynHpoBaHHH MO)KeT npKBeCTH K KOpOTKonepHO.a;HOH 

HeyCTOH'lHBOCTH np11 JIIOOOM - xopoweM 11 IlJlOXOM pac­

TIOJlOlKeHHH KOHrponupyeMbIX KaHanoa H IlO,llBH;>KHl>JX 

CTep)l(Hei1. 0l1H8KO npH M8n0M 'IHCJle KOHTpomtpyeMhIX 

K8HartOB nerKO noCTpoHTb xopolllHH 33KOH perym1poB8HHJl. 

B qacrttocrn, ycroiltJHBocrb 06ecne,urnaerc.11 npocreRUJHM 

33KOHOM, cornacHo KOTOpoMy K3)K,D.bIH crep)KeHb npH· 

BO/lHTCJl B JJlnt:>KeHHe He6anaHCOM Ha "cBOeM". MH;>((SM­
rneM K HeMy KaHane. 3To H3BeCTHb!ll npHHUJ,tn JJOK8JlbHOro 

pery1rnpoaamu1. 

Qycrb y - Yopt - BeKIOp He6allaHCOB, T.e. OTKnO· 

HeHHK KOHTponHpYeMbIX Benli!JHH OT 38LJ.3HHb!X JHal!eHHif; 

A - MaTpl{Ua K03<pq>KUHeHTOB B1JHJIHHJI peaKTHBHOCnl 

crep)f(He.H Ha KOHTpom1pyeMbie BeJlH'IHHbl y, T8K '!TO 

dy = Adr. 3anaqa peryn.11Topa cocTOHT a OTbICKamrn H peanH-

3auHH TaKOrO H3MeHeHJ,l.ll BeKropa pe3KTHBHOCTH dr, KOTO· 

pblH o6pann He6anaHc a ttym. T.e. nacr dy = -(y - y t). op 
Ecrrn 'llicnO KOHTporrnpyeMbIX Bemll{!IH paBHO 'Gfcny Clep)K• 

Heft, TO A - KBanpaTH81l M3Tp1ma, H perneHHeM CHCTeMbl 

nayx HaIIHcaHHhJX ypaetteHHtt 6y.aeT ropt - r = dr = 
c:-A-1 (Y - Y ) opt · 

J101<:anb1toe peryn11poaaHHe no cym ecr& non&1TKa 

o6p8THTb M3TpHUY A HrepaWf.liMH. Ecmt KOMQOHeHTbl 

y H r JaHyMeposaHb[ B COOTBeTCTBIU{ C pacnpeneneHHeM 

KOHTponnpyeMblX eeJJHllHH Me>!Cey crep)KHSIMH (HOMep 

crep>KH.11 paaeH HOMepy OTHeceHHOH K HeMy KOHTponH­

pyeMOH senH'IHHbt), TO omta.Jibl Ha nepeMeweHHe cpop­

MHPYIOTcH (npH nponopW{ottanbHOM perynxpoaamrn) no 

33KOHY 

r = - K(y - Yopt), 

rJ].e K - 'IJ{CJlO (K03cp<pHI.UieHT ycHJ1elilrn). IlaH:>KeHHe CH­

creMbl on11cbmaerc11 ypaeHeKHeM y = - K(y - y 0pJ ~ 
PaccMotpHM urepaunoHHbtH npouecc qln 1 ) = 

= (Em - wA)q<n>; Ar(n+1) = Aln) - wq<n>; q<o) = 

= y - y 
1

; Ar<0 ) = 0 , nie E - eni,iHH11HaJ1 M3TpHua. op m 
EcnH Bee co6CTBeHHb1e JIUl'lCHHll M8Tpl11.(hl A HMCJOT 
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nonO>KKtenhHble n.eilCTBHTeJlbHble IJ8CtH, TO npH noctaTO'IHO 

MaJIOM nonolf<HTCn&HOM HrepaUHOHHOM napaMeTpe w HTC· 

pal..Ulli CXOAHTC.11 (q{n) ➔ O; ArCn) ➔ r
0 

t - r) H .Qa.lOT 

pemeHHe CHCTeMbl ypaBHCH>tH A ( r t - r) = - (y - y ) . op opt 
Ho paCCMatpKBaeMblH HTepaUHOHHhtH npouecc He 'ITO 

HHOC, KaK peweHHe CHCTeMbl 11mpq,epeHIU1asJbHblX ypaB­

HCffilH Jlll.ll y H r MeTOAOM 3HJiepa C warOM II0 BpeMeHH 

t(n +I) - t(n) ::: w/K. □pH 3TOM qCn) = y<n) - Yopt; 

~r(n) = r (n) - r TaKHM o6p330M JIAP ""UCTBHTeJlbHO opt · • -
pewaeT ypaeHeHHH W].11 r 1nepruutOHHb!M MeTOJJ.OM. MeTOA 

CXO,[ll{TCJI (perynHpoaaHHe YCTOH'IHBO Ha KOpoIKOM HH• 

Tepnane speMelOf), ecrm co6cTBeHH&1e JHatreHH:.11 A ne)l(aI 

a npaaoii nonynnocKocm. 3TO 6yJJ.er, B 11acrHOCTH, xorna 

ni,iaroHaJibHble 3/leMeHTbl A IlOJJO)IGI.Iem,Hbl H eenHKH no 

cpaaHeHlUO C He,IOlaroHaJJbHbIMH, T.e. noKanbHOe perynH­

posaHHe YCTOH'IHBO, Korna yaenn'leHHe pe3KTKBHOCTH OpH 

CMeweHHH creplKHJl CHJlbHO }'BCJIH'01Baer "ceoii" CHrHasJ 

H cna6o BJ1H.11er Ha "qy)l(Ke" cHrHartbI He6anaHca. 

3aMCiffM, 'ITO B paMKax np1rnwma JIAP tpe6oB3HHH 

ycTOH'DlBOCTH JaKotta perynHpoBalUta - ycrOH'IHBOCTH 

no 6bICTpb!M J].1311:)KeHHHM, TeMn KOTOpb!X JaBl{CHT OT K0-

3cpcpmmeHra yCWleHHJJ K, - BXO,!:VIT B npoTHBOpe'IMe C 

rpe6oBaHHflMH YCTOHlOIBOCTH no MeAJJeHHhlM .lU!Hil<eHK­

llM: np1161IH)l(e'HJ!e crep)l(HJI K KOHTponHpyeMOMY KaHany, 

TTOBblW3.II YCTOH'OtBOCTb no 6blCTpb!M ]lBH)KeH)IHM, BpeA11r, 

KaK paHee fOBOpHTIOCh, YCIOH'IKBOCTH no Me,ll,JleHHblM 

l];BH:il<eHHHM. 

Ilpu 6oJibWOM 'llfcrre KOHTpom1pyeMbJX KaHanoa u 

crep)l(Hei1 ITOH.IITHe "CBOH" craHOBl1TC.II paCIUlblB'laTb!M. 

□pH 3TOM cTaHOBHTCJl 33tpy,llHHTe1JbHb!M nor.rpoeHHe YCTOH­

'IHBOrO 38KOH8 perynHpoBaHl{.11 Ha TlpHHJ.Ume JlOKaJJbHOro 

perynHpoaaHHH. 

Ha XOpolllHe CBOHCTBll M3TpHUbl A paCC'111lh!B8Tb B 3TOM 

cnyqae He npHXO.llKTCH. B 33KOH perynHpoB3HH.II Heo6XOJJ;H­

MO JIJIHO BBO.IDITb M3TPHUY A- 1 
HJIH XOTJI 6bi rpy6oe 

npHfinHlKeHUe K 3IOK M8Tp11ue. 

TTycTb C - MBTpHua, y KOTOpoH neiicrBHT~JlhHhle IJ8CTII 

co6cTBeHHhrx JHa'leHHn An no11o)l(l{Ten&1tb1, If nycrh B = 
= A -t c. 3aKOH perym1poB8HHll r = - KB (y - y t) o6ec-op 
IIe'IHBaet KOpDTKOnep1rnnHY!0 ycTOH'IHBOCTb, HOO cneeyro-

wee HJ Hero ypaaaeHHe y = -KC (Y - y opt) HMeeT B Ka­

qecTBe peweHHH Ha6op 311TYX8IOWHX JKCCTOHeHT BH.na 

exp(- K;\nt). B qacrnocni, eCJrn C - enuHH'-IH8H MaTpHUa, 

ro ;\
0 

= l. 
YcroAl1HBocr1,: 33KOH Oin'HM8JJLUOro perymqmBaHH.11, 

Y OTTTHMaJJbHOro pcry1rnrnpa JaKoH peryJmpo13aHHR He MO· 

,icer np1u1ecrn K HeycTOKl!HBOcnt. ITycTh H - a11anor MaipH· 

Ubl A: HJMeHeHHe BCKTOpa p CBH38HO C H3MeHeHHeM r q>Op, 

Mynoif dP = Hdr. B ornwrne or A MatpHUa H He KBanpaTHa.11. 

06o3HB'IHM P 1 oIImMartbHoe 3Ka'leHHe P. EcnH nepe-op . 
MCCTilTb crep:>KHM B COOT13eTCTBIDI: C qiopMynoi{ (l)' TO p 
H3MeHHTCJl TaK, '!TO CTaHeT p3.BHO p opt· 3ro 3HatJHT, 'ITO 

H(ropt - r) = Popt - P,lUlH cornacHo (1) HGP=Popt-P. 
CTocKOJihKY npu P = P opt nepeMeman, crep>KHH »e HyJKHo, 

GP opt = 0. IloJTOMY HG (P - P opt) = - (P - P opt), H3 11ero 

cnenyeT, '!TO 



t 

HG= - Em. (2) 

IlpH nponopJJ.HOH8JlbHOM perymrpoBaHlm Il01IY'IHM 

d 
dt(P - popt) = -K(P - popJ· 

Bo3~emur 3aryxaior. KaK exp(-Kt). Tai< )Ke yCToii­

'IHBO 6yner t C npaKTHlfeCKOii IO'IKH 3pe11HH., H perreibtoe 

perynHpoBaHHe, ECJIH MaipHlla G onpegerreHa HCTOl(HO, 

paBeHCIBO (2) He 6y11er CilpaBC,!J)IHBO. BMeCTO Hero nony­

llHM HG = -C, r11,e C Ol1H3Ka K eroi:HH'IHoa MaipKUe. IToKa 

co6crBeIDU,1e 311a11eH1ui: MlipHUbI C oCTa10rcJ1 B npaBoii 

nonynnocKocra, perynHpoBa.RHe YCTOH'IKBO. Tom,Ko 

6om,UIHe OWH6KH B BLl'IIICJICHHH G c11,ena10I peryJIHpoBaHHe 

HeyCTOHIIHB LIM. 

PecymtpoBaRHe: 6e,onaceocn. a T01111ocn., IlpasHJta 

.RACpHOH 6e30nacHOCTH 38Ilpeu:uuor OAlfOBpeMeHHoe ABK· 

)l(eillle OOflbllIOl'O 11Hcna c:rep>KHeii B OIIHOM HanpasneHHH 

[20). Ee1m yserrH11HB8IL JOHy HeqyBCTBHren&HOcra d11opor, 

ro - 6yilCT YMCHLWBILC.11 'IHCJIO 0/l,HOBpeMeHHO pa6ora1011U1X 

crep>KHeH, IIOCKOJlbKY Mana BCpo.liTHOCTL MHO)KCCTBeHHO• 

ro IlO.IIBneHHJI 00Jlbll1HX He6ammcos. 0,1],HllKO IlpH 3IOM 

6yAeJ CHH>K3T&CJI IO'IHOCTb peryllHJIOBaHHH. Hrui6orree 

BepoJIIHLl CKTYBUHH, KOrl];a B03HHK nepeKOC IIOIIII TCIIJIO· 

:Bblnt!JICHHH, H IlpH 3TOM AITJI BOCCT3HOBJICHHJI OilTHMJ'Ma 

Heo6xOJJ;HMO nepeMeCTHTb MHOro crep)l(Heii Ha palm111-

HI,1e M21lble pacCTOJIHKJI. IlpH 6oJt&WOH 30He HeqyBCTBH· 

renLHocra ece crep>KHH oc1aeyrc.11. Ha MeCTe. B 3THX ycno­

BHHX MO)KHO 6I,JJIO 6&1 38MellHTb MW'lble nepeMemeKHH 

6on&woro 'IHCJia creplKHeii 6on&WHMH nepeMemeHHHMH 

Man:oro 'IHCJia crep)KHeii. IIepeKoc npx 3TOM 6yJJ;eT ycrpa• 

HeH, HO IIOJIB.IITCJI MHKpoHepaBllOMepHOCTH, 'ITO B MeHb­

weti creneHH, HO Bee )Ke IIOHH3MT 1(3\iCCTBO perynHpoBa• 

HHJI, OT/:l;amtT ero OT OflTKMWll,HOro • 

.D.nx roro 'IT06&1 co11eran, B&ICOKYJO to'IHOCTL c 6e3-

onacuocr&io perym1poBaHHx, MO)l(Ho, COXpaHH..11 JOH}' He­

qyBCTBHten&HocTH i:i;ocraTO'IHO YJKOH, BBeCTH 6JIOKKpoBKH. 

IlpoTOTHllOM TaKHX 6rtot<Hp0BOK MO)KCT CJ'lY)KHTb Mexa­

HHJM KOHll;CHTpKposaHH.11. BHHMaHHH y 11enoBeKa, Karna 

B MOJry B036y,icnaerCH HeCKOJlbKO ueHTpoB, OT HHX 

pacnpoc1paeJ1ercs. ropMo)Ketm:e, npen.RTcmyro11.1ee BOJHHK• 

HOBeHHIO HOBJ,IX aKIHBHbIX UCHTpDB. TeM caMLJM 000,CM 

BHHMamt:.11 scer,o;a ocraercn orpaHH11eHHLIM. 

CxeMa 6JIOKHpoBOK MOi!CeT, HaIIpHMep, Bblr1IJ1nen, 

CJJe.oywLUHM o6pa30M, KaK TOJII,KO AJ]JI npei:i;enLHO p;ony­

Cl'HMOro 'IHCJJa crep)l(HeH 6YACT npeB&IWeH nopor cxrnana 

He6anaHca Ha/:{ JOHOH HeqyBCTBHTeJILllOCTH C O,o;HOH HJ ee 
CTOpoH H 3TII creplKHH HR'IH}'T ,IJ;BH>KeHHe B Oi;i:HY CTOpotty, 

TaK TOT'l8C CKrH3Jlbl Ha ,!J,BH)l(CHHe npol!HX CTep)l(HeK B TY 

)l(e CTOpoH}' A()JI)l(ffJ,I Dhllb 386JIOKHpoB8.HLI, OcrallOBKa 

O,o;HOro H3 crep)ICJ!eH CKHM8eT 6rrOKKpoBKY, 0CTaHOBK8 

CTep>KHJI npoHCXOl];HT npH KcqeJHOBCHHH CHrnana He6anaH­

ca ~JI JTOro CTCp)KHJl. BnoKHpoBKfl. OCyll(CCTBJI.11.eTCJI pe3-

KKM CMemeHHeM rpaHHU&t 30Hbl HCqyBCTBHTMbHOCTH. 

CWime 6JIOKHJ)OBKH npoHCXOWIT 33 C'ler B03Bpara CMe-

11.1eHHOH rpa.HHnbI JOHI,1 Hel!}'BCTBHTeJI&HOCTH K HCXO,o;HOMY 

IlOllO>KeHHIO. KaK TOflbKO B npouecce B03B para BKJllO'IHT· 

CJI CTOJILKO HOBblX CTepllCHeH, 'ITO 'IHC/10 O,o;HOCIOpoHHe 

11,BH)l(}'IUHXCJI crep)KHeH OK8)KCTCH. npeJJ.eIIbllO JJ.OIIYCTH• 

MblM, T3K rpa.HHna 30Hbl He'fYBCIBHTCJibHOCIH CHOBa pe3KO 

CMeiuaerCJI, 6noKHpyH BKJllO'leHHe npo'IHX CTCplKHeH • 

.ll.nH IlOB&IWeHHJI TO'IHOCTH perynHpoBaHHJI uenecoo6pa3-

HO BBCCTH ,!J,88 nopora: IIOAfOTOBHTeIIbHi.IH H HcnomiH:rem,­

HLJH. IlOl];fOTOBHtenbH&IH nopor, oqeff& HH3KHH, cra6H­
neH, a HCflOJIHHielibHhlH nepeMeiuaerc11 OT II01lfOTOBHTCJlb· 

Horo AO 6eCKOHe'IHO Bb!COKOI"O (6riOKHpyio11.1ero). Ilpt 
OCTfl.HOBKe crep)l(HH. HCilOJIHHTeIIbHblH nopor p;BH)KeTCJI 

or 6nOKHPYIOll.lero 3H3tfeHHJI K IlOA['OTOBHren&HOM}', 0CT3· 

. HaBJJH:BaH.Cb Ha HeKOTOpoM paCCTOJIHHH OT Hero. Pac-

CTOH.HHe 31ll!HCHT Ot 'IHCII8 CKfHanOB, Bblllle,o;wHX 33 IlOJlI'()· 

TOBHTeJll,HblH nopor, qeM OOJlbWe TaKKX CHrHaJioe, 

reM 6ml)l(e uo,o;xoroi:r HCilOnHHTCJlbHbIH nopor K flOAI"(l• 

TOBKTe.llbHOM}'. PuyMeercH, B npouecce 3TOro UOJJ;XOJJ;a 

Moryr BKIIIOID{I&CJI B pa6ozy HOB&le creplKHH, H Hcnon­

HHTeJILHbtH nopor CHOBa IlO,o;HHMeTCJI 11,0 6noKHpy10me­

ro JHa'feHH.11., TaKaH CHCTCM8 JJ.BYX noporoB fl03B0JJJICT 

orpa6aT&IB8T& OrK.llOHeHHe MOUlHOCTH OT 38A8HHOro 3H8· 

'fCHHJI WIK rrro6am,llb!H nepeKOC O'ICHb. MWIJ,IMH nepeMe­

weHlUIMH 6om,woro 'IHClla c1ep)KffeH H OCTaBJIH.Tb He 

Oipa6oiaHHb1MH HCOOJlblll(e · noKanbHb!e B03M}'lll;CHH.II., rpe-
6yioLUHe MWlOfO nepeMeJ..UeHHJI 01'.l;HOrO CTCp)l(HR. 

Ilo,o;roTOBHTeIILHbIH rropor MOlKHO ycraHOBHTb Ha ypos­
He peaKnmHocm rrop11JJ;Ka 10-5 HJIH CMCJ..UCHHJI CTCp)l(HJI 

Ila 2 - 4 CM, ECJJH Bhlllle noro nopora IlOAlfJIJICJI CHMlaJI 

Ha p;BH)l(CHHC OJJ,Horo CTep)l(HJI, HCIIOJIHHTeil&HbIH nopor 

MOlKHO 0011,HHTb AO }'.POBH.11 10 - 20 CM. IlpH 10 - 20 CHr· 

Hanax, IlOAHJIBlllHXCJl Han fiOWOTOBHTeJibHblM noporoM, 

HcnommTeII&Hb!H nopor MO)KCI BIUIOTffYIO UOJJ:XOrotTh K nou­

rOTOBHTCJlbHOM}', IlpH :=JIHX ycnoBHIIX MO>KHO H8ilCJITbCJI 

Ha ro, 'ITO K norpewHocni: CHCieMI,I KOHTpDilJI ODTHMaJlb­

HblH peryrvi:rn p no6aBHT Bcero JIHUih OKOJIO I%. 
BKJJio'leHHe 11:alKlU,rii pa3 orpaHH11eHHor0 11Hcna creplK­

HeH C MaKCHM21IbltLlMH CHrH8JI8MH He6anaHca HaIIOMHHaer 

warosoe perymi:poeaHHe, OTIIH11aHcL or Hero reM, 'ITO B AaJI· 

HOM crry11ae TO'IHO HJBeCTHO KOHC'IHOe OilTHMaJibHOe CO· 

croH.HHe, Orpami:qeHHe '!HCJia 11,BK>KfllUIXCJI CTep)l(Heil He 

TOilLKO OTBeqa~T tpe6oBaHHJIM s.a;epHOH 6eJOil3CHOCTH, 

HO H o6nenaer nepeXOJl K 'IHCTO muppOBOH ynpaBJIJllOll.lCK 

MaWHHe. Ilepec11e1 CHrH3JJOB He6anattca He06XO.o,HMO IIpo• 

H3BOA}ITb Ja Manyio '13CTb BpeMeHH p;BH}Ketm:Jl 11epe3 30tty 

HeqyBCTBHrerrbHOCTH He jlll.11 Bcex IlO,tl;BHlKHblX CTeplKHeii, 

a TOn&KO A/IH ~K>KYlllHXCll, Ha B3CM-6 -raKOH nepec11er 

MO>KHO .nenan. 3a BpeM.11 MCHee 10-2 c. 
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3KCITEPHMEHTAJibHhlE HCCJIE~OBAHHR 

Y.r:u< 532.522:536,423 

3KCilEPHMEHT AJILHOE HCCJIE,D;OBAHHE HCTEllEHHR OEPErPETO0 BO,!ij,1 
'llEPE3 COIIBA MAJioro PA3MEPA 

B.E. BHHorpa,noB, r.B. KycKOB, E.H. CHHIU~lH 

IlpHBOJ:IJITCll pe3ynJ,TllTbl H3MepeHIUI TJirOBldX H paCXOD,HLIX xa.p8I<TepH~K conen C lil!aMCTJlOM B ropne 0,8 MM npH HCTe'leHl{H 
BCKHIULJJ~eA B0.11,Td B HHtepBllJie Tet,mepaTYp OT 100 11.0 335° c. H:Jy,ieHO Bmtlll!He I'83()HRCLlllleHHJt Ha pa<:na;:1 ctpyA neperpeToA 110/:11,1, 

EXPERIMENTAL INVESTIGATION OF OVERHEATED WATER DISCHARGE THROUGH SMALL-SIZE NOZZLES. V.E. VINOGRA· 
DOV, G.V. KUSKOV, E.N. SINITSIN. Measurement results are offered concerning the thrust and discharge properties of nozzles with 
neck diameter 0,8 mm under discharge of bubbling water within the temperature nnge 100 - 335°C. Gas-saturation effect on th11 overheated 
water jet disintegration is studies. 

IIocTpoeHHe q>HJHlfecKex MOAeneii 1e11eHHJ1 Tenno, 

H0CHTem1 B 3HeproHanpH)l(eHH&IX npoueccax, CBJl3aHH&IX 

C cpaJOBblMR nepexonaMH, 1pe6yeT HHq>OpMau;HH 0 Mexa­

Hll3Me HatJanLHOH cra,D;HH cpa.JoBoro nepexo,r:ul, OcH0BY 

3TOH HHcpopMauHH AOflX<Hbl cocraBJIJJn JaK0H0MepHocm 

B03HHKH0BCHHJI u;eHTpoB KlmeHJUI H pocra ny3blpbK0B 

napa B YCJJ0BHIDC. nepeMeHHOii: TeMnepaTypbI H .JJ,aBJieHHH, 

Cymecrayroll..O{e npe,a;cTaimemrn /J.OC'JaT0l{HO Ha,a;elKHo 0DH• 

CbmatoT t<HIJeHHe B YCJJ0BHJIX <paJOBOfO paBH0BeCHJl. 

B aHeproHanpH)KeHH1>1x rrpoueccax H oco6emro B aBa• 

pHiiH&IX c:HTYau,HJIX qiaJOBbIH nepex.o,a; peami:JyeTCll H3 

neperpeToro COCT0HHHB )ICHJJ.KOCIH, 3,a;ecb HaH6onee H3Y• 

l!eHHblM H noA0;3IO.utHMCJI TeOpeml!eCKHM ou;eHK3M 0Ka-

3BnCH npe,a;enLHblH CJJY'taif, KOr.a;a sepoHTHOCTf, Il0JlBJieHHH 

rryJ&IpLK0B napa onpeneJIJICTCll TepMO,ll,AH3MH'leCKHMH 

cpnyKIYatLHHMH H 0IU1CbraaeTC.f.l TCOpHeK roMoreHH0ro 33. 

po.ru,1Weo6paJ0BaH1rn. roMoreHHoe TepMocpnyKryau;KoHHoe 

KHileHHe B IIMCIOM BHAe HHKOr.a;a He peamnyeTCJI, ,UaiKe 

JlJlll opraHH'leCKHX :lKHJJ,Kocreii B cre:KJIHIHl&IX Karnmmi:pax, 

rne .llpell,enbHbie neperpeBbl npaKTHlteCKH COBil8,r:ulIOT C 

reopemqecKHMH pac'letaMH, OHO npoHCXOl];HT Ha cpoHe 

KHDeHHJI Ha ocna6n:eHH&IX Mecrax [I}. 
IlpH HCilOJlb30BaIDrn B0/l:hl fOMOreHH0e repMO!pJlYK• 

TYaUHOHH0e KHileHHe y,D;aeTClll Hafin10W1n T0flhK0 C HCilOJib· 

30BaHKeM HMIIYJILCHbIX MeIOl];HK npH 6b!CTpOM nepeBon:e 

)l(ff,!J;K0CTH B MeracT86HJILH0e COCT0HHHe. B lTOM crryqae 

Bon:a neperpeaaeTCJI n:o 305 - 310°C IIpH BTMOccpepH0M 

,a;a»neHHH. B o6nacrn reMneparyp Hll>Ke 300°C KHTieHHe 

neperperoii' Bo;i::u,1 npoHcxo~T Ha reTeporeHH&IX u_eerpax 

KHileHH.R. IlpHpo.u,a :rrHX u;eHTpoB AO KOIJll3 He H3YtJCHa, 

B M0HOrpaq:11:m II.A. IIaBnoBa [2] npHBeAeHa OMa H3 B0J­

M0)KJll,IX H HaH6onee nonH&rx KJJaccmt,HK!lllHii ueHTpoB 

KHDetuur. IlnOTHOCTh fOTOB&IX u;eHTpoB KHTieHHJI B ne• 

perperoit BOll,e ou;eHHBae,c11 pa3HbIMH asTopaMH B llDlpo· 

KHX npel].enax or 102 AO 107 CM-3• CyWeCTBYJOlllHe OQl,• 

eKTHBHb!C rpy.D,Hocrn He Il03B0fl.JllOT C03AaTb crpory10 MO• 

p;en1, Te11eHH11 BCKHna10meii >KHJJ:KOcnf. IIonoMY aKTyam.­

Hbt )KCilepHMeHTll.llhH&Ie HCCllenoBaHHll npoueccoB 11CTe• 

ltCHHJI BCKHl!aromeii. »GfAKOcm, K0I0phte He TOJibKO II03-

B01U[IOT Il0CTpoHTb 3MimpH'feCKHe · JaK0H0MepH0CTH, HO 

H MOryt ITOCJiy)IGln OCHOBOH Jl,Jl.11 pa3pa6oTKH reopern­

'leCKHX MO,a;eneH re11eH11ll renn0H0CHTeJIJI B aaapHl(lfblX 

CHyY3UHJIX, 

HaMH HJ)"leH0 HCTe'!eHHe neperperoii B0Ahl H3 K8Mep1,1 

B&ICOK0ro ,r:ulBne1urn B BTMoccpepy qepe3 COI11Ia MaJIOro 

paJMepa (llHaMerp s ropne_ dr ~ 0,8 MM; WJHHa ropna 

I = 0,8 + 1,5 MM; KOHHqecKHH axo.u. WJHH0H ~ 5 MM c yr­

JIOM cy)KeHH.11 ~ 90°; KOHH'leCKHH Bh!XO)'.l J]llHHOii }JP 

20 MM C yrnaMH pacumpeHH.11 O! = 5 + 180°) npH Ha'lanLHhtx 

TeMIIepaTypax :>KIUlK0CTH OT 100 no 340°C. lhMepJJnHCh 

THTOBble R pacxorou,re xapa.KTepHcrnKH corren. Merop;HKa 

om,,ros orutcaaa rro.u,po6tto B pa6o1e [3]. ,!br.11 COIIJ1a 6e3 

pacumpeHHsi: ( a = 180°) npoae,a;eHo qioTorpacpHpoBaHHe 

CB0OO,[Ull,JX crpyii: B0JJ,hl 33 connoM, 

PC3}'m.T8TLI om.nos c 911croA aonoA, XapaKrepHMe 

3aBHCHMOCTH nirn R pacxo.na OT TeMilepa1ypht )IO{Jl,K0CTH 

B KaMepe npH HCTe'leHHH HaCbllL\eHH0H B0/:U>I (JJ:BllneHHe 

Ha )l(!fJJ:K0Cih paBH0 ,a;asnemno H8CbllL\eHHbIX napoa )IQIJ:li 

K0Cill Pg) qepe3 K0HHtJecKHe conna C pa:mR'IHbIMH yrna­

MH pacumpemu1 H c ,tJ;JlHHOH pacWHp.1110meifcsi: 11acTH L = 

= 20 MM npHBell,eH&I Ha pHC. I (TIYHKTKpHbie nmom IIOKa• 

3brB3toI: a - pact.JCT no q>opMyne (1); 6 - ITO <pOpMyne 

(2)). IlpH HCTe'leHHH qepe3 K0p0TKHe COIIJJa pacx0nttbie 

xapaiuepHCIHKH HMelOT MaKCHMYM, K0ppenHpY!Oll.lHH C 

rpa~eii CIT0HraHHoro BCKHilaHH.H, 0IIHCbJBaeMOH reopHeH 

fOM0reHHoro 33.pOAI,lllleo6pa30B8HIU( [4}' Cnesa OT M3K• 

CKMYMa pacxon BCKHna10ru;eH BO)J;bl Mat!O 0TJIH'lae1cH OT 

pacqeya no yplll3Helllno EepHyrurn, npeW]onararomeMy 

,KHW{OCTb HCC)IQ{MaeMOH: 

y = µV~2-(P-
0

---P-
1

).......,ip
0

• (I) 
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PHc. 1, Te,,meparyplll,le :JIIBHCHMOC'IM pacXOll,11 (a) H TJITTI (6} npH 

<II "' 5° (•); 15° (o); 20° (+); 180° (o) (COIDIO 003 paCIJJH· 

pll!Oil.lell:Cll 'IBCTif) 

3z:i;ecb 'Y - YAeJibHblii M3CCOBblH pacxoz:i; BOJJ,J,1; µ, - KO· 

3q>q>mmeHT pacxoaa, onpe.a,em1eMb1ii onLJTHhIM nyreM 

no pacxomr xono.llHOH >KH,nKOcrn; Po - naaneHHe nepen 

COIUIOM; p I - z:i;aBJJeHHe B OKpy)l(a1011.1eii: cpeae, 38 

COIUIOM; p - IlJIOTHOCTh X<H.u;KOCTH rrpH TeMIIepazype 

onb1ta, 

Cnaooe oum11t1e pac11eTa OT on&1rn }'Ka3brnaeT Ha 

Many10 eenKIIHHY napocoAeplKaHlut B rop11e conna e naH­

HOH o6rracm TeMnepatyp. Cornacuo Teopmt roMoreHHO· 

ro 33poJlblweo6pa30BaHHJf [4] B noii o6rracm TeMnepa­

TYP npaKmqecKH OTCYTcmy10T n;ettTpbI KHrreHHH repMO• 

qm}'KTyattHoHHoil: npHpoJJ.1>1, HMelOLUHXCJl B >KHnKOCnf 

rotOBbIX n;eHTpoB KHlleHHJI OK83&raaeTCll HeJJ;OCtaTOIJHO 

nnH reHepllll.HH 3iiainnenbHoro KOJIH11ecraa napa e rop11e 

COIUla. 'hicneHHble paCtleTbl IIOK8lblB3IOT, 'ITO nITJI 33MeT­

Horo CHlf)l(eHH.11 pacxo.a,a )l(H.u;l<OCTH B KOpoTKOM K3H3Jle 

THIIa rop11a HCCJ1CI10B3HHbIX COIIl:JJ Heo5XO.[OIM3 IIITOTHOCTb 

n;eHTp0B KHileHllJI no KpaHHeii Mepe oonee 104 CM-3 . 

lKHI1KOCTb BCKHil3eT B paCWHpJllOil,leHC.11 'l3CTH conna. 3ro 
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IlOJJ.TBep)l(J].3lOT J.llroBble xapax:repHCTHKH, KOtOphie neMOH· 

ctpHpYIOT 3H311Htem,Hoe npeBblllleHHe peaKTHBHOH Tllrn 

BCKHnarowero IlOTOKa Han TllroK XOJIO.ll,HOH 80..tU,I IlpH 

TOM )Ke nepenai:i;e i:i;aBileHllll Ha conne P0 - P1. Ilpe HH3-

KHX TeMnepaTy pax (Hll;ice 150° C) crpy.R He ycrresaeT pac­
nacn.c,r a npei:i;enax ·pacUIHpH!oin;eHCJI qacrn KOpoTKoro 

collJia, H peaKTHBHU( tnra ~CKHI1310lUero IlOTOKa onpe.n;e-
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PHc, 2. H:iMeHelD!.11 Te1,mepayYpLI liCHJJ;l(OC'I1i nepeA COlll'IOM (a) H 

Timi (6) B npouecce OllblTB Ca, = 24°, L"' iO MM npH To = 115°C 
(l); 129°C (2); 151°C (3); 169°C (4); 187°C (S); 207°C (6); 
226° C (7): 279° C (8); 294° (9) 



JUITCJI ypaBHeHHeM, CIIpalleWIHBhlM ,a;,rn XOJIO)J;HOii lKHJl:­

K0CTK, BbITeKa!OuteH qepe3 DTBepcrHe; 

(2) 

3.a;ec& S - IJJiouta)J;h cet1eHHa ro))lla conna; v - KOlqJq>H· 

UHeHr c1<opocm, ytrnT&maroJ.Ul{ii norepu CK0pOcnf B con­

ne (e nepeoM npH6JIHiKeHHH ,!J,llR: HalWlx conen 11 = 
= 0,05 {5]). 

Ha pHC. 2 npe.ucraBneHhl .[lHarpaMMLI H3MeHeHIUI TCM· 

neparyp ,KH,!lKocrn nepeµ; connoM H ram npll ttecra­

LUiOHapHOM no TCMIIeparype HCJe\leIDm BCKlllI3!011:(eH 

B0)J;hl qepe3 coruto. TeMnepa-rypHaJI Hecral.l,HOHapH0CTh 

A0CTHranacb IIYTeM HepaBHOMepHoro HarpeBa B0JJ;bl B Ka­

Mepe. IIepBLie nopu;HH >KH,IU<ocrn 6hl11H. Ha 50 - l50°C 
X0JI0.uHee nocne.nHHX. 3a TeMJie paTypy TO npmmManach 

MaKCHMaJILHaJI reMneparypa >KHro<0CTH B KaMepe ,!J,llJI 

.uaHHoro OilbITa. B Je'letme 0llh!Ta B KaMepe IIOJl,IleplKHBa• 

JJoc& noc10J1Httoe _na.eJJemi:e P = P5 (T0). IlpH HH3KHX reM• 

neparypax (.uo 170° C) nrra e ret1eHHe on1,na npaxmt1e­

CKH He H3MeHJIJt8Cb H 6&UJa 0.[lffHaK0BOH wrn pa3Hb!X To , 

Bem1i:nma rHrn npH 3T0M B npe.a;enax norpeWHocni 

(2 - 3%) paeHa pacqery no ypaeHeHHIO (2)' IIOK333HHOMY 

nyHKTHpHOii m1HKeii Ha pKc. 2. B o6nacrn 5onee Bb!COKKX 

TCMneparyp peaKTHBHaJI TJlra cyweCTBeHHO 33.BKCHT OT 

reMneparypbl )KH.IJ;KOCTH nepe.u CODJIOM, Pe3ynt,T3Tbl 0ilbl• 

TOD no H3MepeHH10 mm K pacxo.a;a cornacy101CJ1 c pe3yn&• 

raraMH 4>ororpaqJH1JecKoro Hccne.D,oeatma pacna.a;a c-rpyii 

neperpemft BO.nt,l IlpH KCTe'!eHHH '!epel COilJlO 6e3 pacl.llH­

peHHJI (p11c. 3), B o6naCTK reMileparyp JJ,O 150° C aa6mo­

/J.3lOTCJI Hepacmumm:ecH crp)'H )KHW(ocrn Ha_ paccroHHKH 

50 - 70 MM OT COIIJla. C IIOBb!WeHHeM TeMnepaTypbl crpy.11 

pacIIa,!llleTCJI cpa3y 3a BJ,lX0llHblM cet1eHHeM colIJla. IlpH teM• 

neparypax CBblwe 200°C crpy11 BCKHIIesrneii BOil.Li npei:i;­

craamter co6oH CIIJIOIIIHOH q,aKen, yron pac111HpeHH11 KO­

roporo yaenH'IKBaerca c reMTieparypoil: H ,o;oCTHraer MaK• 

CHMaJlbHO ro JHal!eHHJI npH 300 - 310° C. 

CTeneHb pacnana crpyif neperpernii iKH.QK0CTH o6yc­

noaneHa Bemll{HJ{0ff 3¢>q,eKTHBHOH TelUI0Tbl napoo6pa30• 

BaHHH [6): r 3g, = r - c(T - T 5), r,1:1e r - YAem,Ha.11 ren­

rrora napoo6paJosaHHH XOl,!lKOCTHj T - JeMneparypa nepe­

rperoii )KH,Ql<0CTH; Ts - TeMIIepaTYpa Ha JlKHHH HaCbllUeHlrn:, 

C00TBCTCTBy10waJ1 JJ,aenemuo OKpy)KatouteH cpeAL1 (npH 

Hcret1eHHH ~ aTMocqiepy Ts = 100° C) ; c - cpe,UH.11.11 ren­

noeMK0CTh )KH,!lK0~Tif Ka HHrepsane TeMnepaTyp T - Ts : 
c = 1/(T - r8) J.c(T)dT; BeJIH\IHHa c(T - T 8) - Jana-

t. 
ceHHOe B neperpeTOH )l(HJJ;KOCTH rertno. 

qeM MeH1,we r 3g,, TeM HHTeHCHBHee pacna.a; crpyif 

neperperoii )l(HJ];K0CTH. .!J,Ju1 MH0rHX opraHH'ICCKHX :lKHA· 

KOCTeH B 06.JiaCTH BhIOOKHX neperpeBOB r3cp ..;; 0. II pH J!0M 

Ha6mo,o,aercn nonHhIH pacna.u crpyif neperperoit )l(HAKO• 

crn (yron pacnmpeHHB crpYH ~ 180° ) . HanpKMep, 

H8DJIIOJ:lil]IH IlOJIHblH pacna.a; crpyu H-neHraHa B 06.rracm 

reMnepuyp 140 - 150°C [7], 3ra TeMneparypa coorneT­

CIByeT rpaHllUe CIIOHTaHHoro BCKHil8ltHJI H-neHraHa npH 

8TM0C<pepHOM nasnelOIH [4]. 

n,n:11 BOAbl r 3q) B HCCJie,Q0B8HHOM H8MH HHTepaane 

teMJieparyp cymecreeHH0 6om,we HYJIH, CO0TBeTCTBeHH0 

MaKCHMWlbHblH yroJJ pacll.lHpeHH.11 crpyii eo.nbl He npe­

BbWJaer 120° IlpH 300 + 310°C. ,llan&Heii:wee Il0BLillleHHe 

TeMneparypbl BbJ3bIB3eT yMeHbWeHHe yrna pacnmpellll.11 

crp)'H ecne.D,CTBHe nepeMell.leHHH qipoHta 3axxnaHH.11 

BHYTpb conna, Ha pacxO/l;HblX xa paKre pHCTHKax ( CM. pHC. 1) 
M8KCKM)'MY yrna pacnmpeHHH COOTBeTcrayer M3KCHMYM 

y.a;emnoro Maccoaoro pacxo,o,a. O6nacrb noHH:>KeHHJI pac­

xo.ua coananaer c o6nac-r&ro YMem,weHHH yrna pacnmpeH1u1 

CTpYH BCKHIIaroweii )l(HJ];KOCTH. IlpH yMeHbllletnrn yrna 

pacll1HpeHHJ1 COIIJl8 MaKCHMYM pacxonHbJX xapaKrepHCTHK 

YMeHbllla,eTCJI no eeJJH'!Hlle H CMeutaerc11 B o6nacrL 6cmee 

BbJCOKHX TeMIIepaTyp. B o6rraCTH TeMIIeparyp no M8KCH• 

MYM8 pacXO.IU,l CHHlKllJOTCJI C yMeHLllleHHeM yrna pacum:­

peHKH, cnpaea or MaKCHM)'Ma pacxom,1 oT yrna pacnmpe­

HHB npaKmt1ecKH He laBHCHT, K1meHHe nepeMewaeicH 

BHYTPb roprra coIJJia H He 3aBHCHT OT <pOpMl,l paclllllpH!O­

meKCH qacrn, 

Taroa1,1e xapa.KrepHCTHKK He KMelOT MaKCHMyMa B HO, 

cnenoBaHHOM HHTepBWle TeMTieparyp. 310 o6yCJJOBJieHo 

3aBHCHM0CTblO peaKIHBHOii TR:Ill He TOJibKO OT pacxona, 

HO H OT CKOpDCTH Il0TOKa Ha BhIX0IJ,e H3 C0IIJ18, ,IJjlJI Hne­

am,Horo conna, y Koroporo .a;aBneHHe B Bh!X0J].H0M cet1e• 

HID! paBH0 ,(l;a1meHHIO OKpY>KalOllleH cpei:u,1, HMeeM 

F = inV, rue m - Maccoeb!H ceKyH/l,HhIH pacxoA tJepe3 

conno; V - CKOpDCTb IIOTOKa Ha BbIX0,ll.e Kl COIIJ13, Be11K· 

\IHHa in = S-y HMeer Mat<:CHMYM npH reMJieparype 310°C. 
Oi:i;HaKo V npoi:i;0niKaer pacrn c reMIIeparypoi% e pelYJibTa• 

Te HHTeHCHcpHKaJJ,HH KHneHHJI B pac111HpJ110U1eKcJ1 11acrn 

COIJJia no Mepe yMeHLWeHHJI BeJIH'IHHJ,! r3q,• Pa3yMHO npe.a;­

non0iKHib, 'IT0 B KOHll,e KOHll,OB IlpK IlOJIHOM JasepweHMH 

napoo6pa30naruu1 B ropne conna npoK3oii.uer cra6HJIH3a­

IU!H V H CHH)KeHHe mm c TeMneparypoit 

Pe3ym.TaT&I om.rroB c ra3oaacr.nu;eHJIOA lKH;ll;KOCTltJO, 

CTHMYJ1HpDB8Th pacna,o; crpyii neperperoif lKHAK0CTH M0)K• 

Ho pacraopettHeM B HeH ra3a, IlpHpo.a;a B03.a;eiicmHH pacr­

BopeHHoro B )KH):UC0CTH raJa H8 KHIJeHHe AO K0Hl.1,8 He H3Y· 

qeHa, 011,HBKO H3BeCTH0, tJT0 r33hl, pacreopeHHL!e B JKHJJ:• 

KOCTH, o6ller'!al0T KHileHHe. HaMH HJyqeHo BIIHHHHe ra30· 

HaCbllUeHHK Ha pacna.u crpyii: neperperoH soi:u,1, TJff0BLie 

H pacxoll,HLie xapaKrepHCTHKH conen. 

PeJyJI&TaTbl cpororpacpH'leCKOro HCCJIC.UOBBHHJI pacna.ua 

crpyu HBCblllleHHOH CO2 )l(H):UCOCnt npeJJ,CTaeneHbI Ha 

pnc. 4. B o6nacrH reMneparyp 11.0 150°C, me cy111ecmy10r 

ttepacnaa1.UHecH crpYH \IHcroii neperperoii B0nt,I ( CM. 

pHC. 3) , Ha6nro,1:1aerrn pa3ean crpyii npH HaChlllteHHH 

)l(H.IJ;K0CTH yrneKHCJlbIM raJ0M. IlpH 3THX TeMneparypax 

B 'IHCT0H BOi:i;e OTCY'TCTBYIOT ueHTpbJ KHileHH.ff repMOq>JJYK· 

TYau,HOHHOii IlpHpDAbI, Hac1,1meHHe lKHAl<OCTH raJOM CHK• 

)Kaer reMnepa1ypy )J;OCTHiKHMOro neperpeea 'IMCTOH eo111,1 

(TII ~ 310°C) Ha aenwrn:ey, onpei:i;eJJJ1eMy10 H3MeHeHKeM 

rennocpK3H'leCKHX CBOffCTB )KH,!U<0CTII [8]' B Ha11IeM cny11ae 

:na BeJJH'lliH8 He npeBbIW3eT HeCKOllbKHX rpa.uycoB. Cne-

1];0B3TeJILH0, B r330HaCbll.l..leHH0H B0)l.e npH teMneparypax 

HHiKe 300°C orcyrcrey10r repMocpnyKryal.OfOHHLie ueHTpLI 
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l'Hc. 3, Pacnan crpyl! neperpe101t eo,IU,I, MCTe1<a10utelt non o.asneHHeM HaCLlll.lCHHLIX napos (P0 = P5) np11T0=109°C (a); 143°C (P0 =0,5 Mila) 
(5); 146°C (a); 199°C (r); 249°C (A); 299°C (e); 311°C (ll<); 335°C (3) 



Puc. 4. Pacna.o. CTpyA BOA.bl, ttac1>11ueHHoll CO2 npH pa3m11n11,1x T0 11 P0 : a - T0 ,. 92"C; P0 - 0,5 Mna; fi - T0 - 125"C; P
0 

= 0,8 Mila; 
B-T0 = 125°C; P0 =l,6Mna; r-T0 = l2S°C; P0 =5,1 MITa; u - T0 = 214°C; P0 "'5,lMna; e-T0 = 259°C; P0 =5,6Mna 

KHneHHJI, H pacnaii: CTpyft npoHCXO~r B pelynhrate npH'lHH, 

He CBJIJaHHhIX C fiOHH)l(eHHeM repMOJ],HHaMlt'ICCKOH ycroit­

'OIBOCTH rreperperoii )l(J{)J;Kocnt. llpe)KAe ecero yc111rneaercJ1 

6apoKam1rin11pHa.1I HeycTOH'illBOCTb crpyii B pe3YilbTaTe 

HHTeHCliBHoro BbI.llenemu pacraopeHHoro raJa c noaepx­

!Iocm crpyH. Bo-erop1,1x, np11 pacrnopemm ra3a a l!GfAKO· 

CTH ysenwrneaercR CKOpocn. pocra IlY3hipbKOB napa a 

Ileperpetoii ,IGl,llKOCTM. HemJH nonHOCThlO HCKJllO'lliTb 

BOJMO)KHOCTb nommeliHJI AOilOTIHHTeJlbHblX ueHtpOB 

1rnnem1R BCJleJJ:CTBHe aKrnaa1.um cna61,1x Meer Ha crettKax 

KaHana H Ha 'lacrnuax npHMeceit B ,IG!p;Kocm. 

Xapa1<1eptt1,1it pacna,n raJoHac&tLUeHHoii crpYH ecnen­

craae 6apoKanumrnpHoii Heycroii'Olaocm Ha6mo.nancH npH 

TeMneparype .H.lu1<e 100°C (pHc. 4,a). C1pyx 01<py)KeHa 

opeonoM raJa (mra rrapa) H HMeer neperynxpH&1e "HJJ!o-

Mb!". B o6llacrn 1eMneparyp CBblllle I 00° C KpoMe HHteH­

csmttoro 11cnapeHHH c noeepXHocnt HMeer Mecro pocr ny­

lhl peii BHYTPH ClpYH. lloe bill.le HHe ,naanemrn ne peA CO TUT OM 

YCHm1eaeT pacnan c1pyii ecrteACTBHe aJpo,t:ornaMH'!ecKoii 

HeycrOH'IHBOCTH. ITpH TeMITeparypax }IOUlKOcnt CBb!We 

200°c q>OpMa pacnbma raJoHaCbJIUeHHOW If 'l:HCTOK BO)lhl 

OlOIHUKOBi!. 

ITpaK~'leCKM He o6Hapy)KeHo BJU!llmte raJOH3Cbll.Ue­

HHH Ha paCXOJlHble H JlffOBble xapaKrepacrnKH KOHWle­

CKOro corma B HCCile,!lOB3HHOH o5r!acn, TeM11epa1yp 

(pHc. S). He 6on&woe ctnnKeHHe pacxona 1<a61UoAanOC& 

np1t HaCbillleHHH BO,!lbl aproHOM ITO)l naeneHHeM 13,1 Mlla. 

ITOllCHHM norry'leHHblC pe3Yl1bT8Tbl. Pacxo)l )KIHJ,KOCTH 

'1epe3 KOp<HKOe con.no onpe.QenHeTCH rJl8BHblM o6pa30M 

pe>KHMOM Te'!eHHH )l(lfJJ:KOCra '!epel roprro COTIJ18 . .ll)UIH3 

47 



3 
2JXJ 250 31JO r,oc 

a 

F,H » 20 $ 
0 

0 
• 0 

0 

-10 • 
0 

00 

+ 
0 

0 
~00 R.50 ~00 r,ac 

6 

PHc. 5. TeMDepatypHJde :JaJIHCHMOCTH pacxo,Qa (a) H TJU'II (6) npH 
Kcnl'leBHH BOJJ,1,1 DOil A&BlleHHeM P0 =PS+ 0,2 MIJa: O - 'lHCTllH BO­

A&; • - BOAa, HaChllll,CKHaJl aproiloM; + - BO)],A, HaCblll(CHHllll co, 
(nya1<mpHaJ1. JD1HllJl - paC'leT no ipopMyne (1)) 

ropna HCCJie,UOBaHHbIX H3MH conen He 6onee 1,5 MM. 

IIp11 Bb!COl:CHX Ha'laJlbHblX Ua.BJleHlUlX )K}l,IJ,KOCTb npoxoron 

JTO pacct o,nme Ja BpeM.11 10-s C. HMeHHO Ja JTO BpeM.11. 
K npoHCXOJJ;HT pe3Klill cna.a. .QaBneHIUI B IlOTOKe K nepeBOJJ. 

)Kl{lllCOCTH B Meracta6HJibHOe COCTOffHHe. BbIWe OTMe'!a­

JIOCb, '!TO JJl!S! 33MeTHOrO CHH)l{effKJI pacxo.a.a B T3KOM KO· 

pOtKOM KaHane Heo6XO,!l,HMO 104 CM-3 H 6onee fOTOBblX 

ueHrpOB KHneHHJI. Ilo-BHn;KMOMY, pacmopeJIHe B BOAC 

raJos He s cocroJlHHH CTKMynHposarb nommeHHe r aKoro 

KOJlH'leCTBa ueHTpOB KHrteHlUl, C .a.pyroii. CTOpoHbJ, paCT• 

BOpeHHbte I"a3bl YBeJIH'IHB3IOT CK Op0Cib pocra ny3blpb• 

KOll napa. KpoMe roro, CKOpocn, pocta I1)'3b1pbKOB M3K· 

CHMam,aa noc.rre s&1xona )l(}!.D.KOCTH HJ roprra corma, rne 

.IJ.l!BJleHHe pe3KO n a.naer. B HTOre pacTBOpeHttbJX B )l(lfn• 

KOCTH ra30s 0KaJbmaetcJ1 nocraro'llto .tmJI tore, 'lt06&1 
ctHM)'nHposau pacnan crpYH 3a connoM npn HHJKHX 1eM­

nepatypax, HO HeJlOCTRTOlfflO JJllll 38MeTHOlf HHTeHCHq>HKa­

rom napoo6pa30B8.HH.11. s ropne conna. 

IlpH TeMIIepatypax cnwwe 200°C CTHMYJ1Hpy10mee 

ne1tcrsHe pacrnopeHHblX B BO,lle ta30B Ha !pOHe 1omeHHJ1 

'lKCTOH >KH,IU<OCTH Ol(aJ&IBaerCJI HecymeCTBeHHblM H MO­

)l(eT He }"DITbl88Tl,Cff, 3TO o6ycrroBJICHO ewe TeM, lfTO pacmo• 

pKMOCTh raJOB B BO.a;e C teMTieparypoii CHHltClleTCll H Ha­

'OIHaer IlOBbllllaTbCll ITpH TeMITepatypax CBbllllC 300° C. 
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OIIPE.llEJIEIDfE CKOPOCTH TEDJIOHOCHTEJUI 
B AKTIIBHO0 3OHE H.l(EPHoro PEAKTOPA 

C HCIIOJTh30BAHHEM llACTOTHbIX XAPAKTEPHCTHK KAHAJIA 

11.M. Kyp6aToe, H.H. roHtrap, C.H. Bon1<oea 

CKopoCTI. Tennouocm-en11 B KIIHllllax 11.i;epHoro peaKTOpa ODpelletU!eTCll nyTl!M pewellHJI yPlllUte111dl IIMIIJUfl'Y,a;K08 H q>ll30BOlt 'flCTOTHldX 

xapaxTepHCTHK KIIHlllla, nee&Ie 'IIICTH KOTOp!,IX (oraowelD!e aMnrurryp; Ter,mepatyp1,1 TermollOCHTenJI 1111 BblXO.ll6 H3 IeaHaJTa H MOl.llHOClll 
l(IIHIIJlll H CZIBHr DO 4>113e Me)l(,[l}' 3THMH liapllMeTpllMH) HIIXOMTCJI H3 3KcnepHMeHT11, 

1HE MEASUREMENT OF COOLANT FLOW RATE IN 1HE CORE OF NUCLEAR REACTOR BY USING CHANNEL FREQUENCY 
CHARACTERISTICS. I.M. KURBATOV, N.I. GONCHAR, S.N. VOLKOVA. The coolant flow iate in nuclear reactor channels is deteimined 
by solving the equations of channel's amplitude and phase frequency characteristics, which left puts (the relation of the amplitude coolant 
outlet temperature to the powez amplitude and the phase shear of these pa.rameten) a.re estimated exp6rimentally. 

CKopocrb 1e11JIOHOCifTe1rn B or.a;em,HblX Kattanax aK­

THBHOii 30HbI C'mTlleTCJl B8)1(HbIM ~arHOCTH'!eCKHM napa­

MeTpoM, TIIK KaK, COfi0CTIIB1UlJI H3MeHeHHJI :JHepr0BhlJ:t;eJTe­

HHH, CKopocreii H TeMneparyp, M0lKH0 ycraHOBHTI, npHtm­

Hbl HaMeHeHHn nocnerornx. KpoMe roro, onpe11,e.TteHHe CK0• 

pocreii 1ennoHOCHTen11 B peaJJbHblX ycnoBK.IIX pa6on,I peaK­

ropa npe.a;crasnxeT CIIMOCTOSITeJTbHblH HHTepec ]Jllll. H3Y· 

'leHHll. m.a;poll,HttaMHI<H CHCTeMbl (B TOM 'BIC11e H B npo­

~ecce KaMnamm) I IlOT0MY 'ITO M0JJ,eJTHpOBaHHe He Boer.a;a 

naeT Hy)l(Hbie pe3ynbrar&1. 

1-hBeCTHO, lffO np.11.MI,Ie H3MepeHlUl CK0poCTH )KHJJ,­

K0MetaJJJIH'leCKOro TeIDTOHOCHTeJIJI B aICIHBH0H 30He seci.­
Ma 3arpywnnenbHhl, B CBJ13H C 'leM npHXO/:UiTCSI Il0JJ&30BIITb­

CJI p113JTH\U{bIMH K0CBeHHbJMH MeTOA3,MH. MeTon, npe,11;­

naraeMblH B AIIHHoil: · pa6ore, rpe6yer H3Mepemui. reM• 

nepaTyp TelUI0H0CHteml Ha BblX0AC H3 KaHIIJJOB (TBblX), 

'ITO reXHH'!eCKH anonHe ocymeCTBHMo. Meron ocHOBbmaer­

cn Ha HCDOJJb30B8HHH !pil30BOH H aMIDIHTY,ll;HOH IJIICTOTHbIX 

xapaKTepHCTHK KaHarra, Il0JiylfeHHhIX }J)IH napaMetpoB 

TBJ.lx H reruroBhlAeJieHH~ TB31III (QTB). CKopocn Ten­

nottoCKrens ttaxo~TCH H3 rpaHcnoprHoro speMeHH 3a. 

na3.r:u,raamrn - O)lHOH K3 K0MITOHeHT, onpe1,1,e1IHIOIIUfX ren­

JI0B}'}O HHepUK0HH0CTb CHCTCMJ,J. 

CneI.1,HcpHKa teMomnpaanH'le CKHX YCll0BHii pal5oTbI 

IIKTIIBHOH 30Hbl paCCM8TpHBaeMoro peaKropa - BbICOKaJI 

re11J1onpoaoi:ntocTb crep,1rnesoro rs311a MaJJoro cet1emui:, 

oxna)i{lt,leMoro lfG!,ll;KHM MCTaJIJI0M, - Il03BOJJHeT 0ilHC8Tb 

,llHHaMHKY K0HBeKTHBHOro Tennoo6MeHa craunaprH0ro 

Kattana CJTCA}'IOllleH CHCTeMOH ,!l,HlpcpepeKIJ,Ham,H&IX YpaB• 

HeHHH (1): 

dTTB - - I 
al dt + T TB = azQTB + 2<T Bh!X + T BX) ; (1) 

dTllblX - - () 
a3 dt + T BblX = a4 TTB - a6Tsx., 2 

flJI! 1\9 - cpe~ no Bbicore KaHana TeMl!eparypa TB31Ia; 

TBX - reMnepaTypa rellJIOHOCHTeJIJI Ha BX0Ae B KIIH1111; 

QTB - :rneprost,tJJ.eneHHe TB3Jla (Ha eJ:t}I.HHUy ~H&i:). 

nofiaBHB K :JTHM YpaBHeHHJIM YpaBHeHHe, onpe.a;enJIIO­

lllee H3MeHeHHe reMnepaTyp1,1 repMonap1,1 Tr
11

: 

dT 
_____!!!. + T - T ll5 dt m - DLIX' 

(3) 

IlOJl}"IHM HCX0/lffYJO CHCTeMy ~cpcpepeHUHaJlLHI,tX ypaa­

HeHMH. 

IlpH Bbl'BOJJ;e ypasHeHHH (1) H (2) npHHHMaJl0Cb, 'ITO 

cpei:ntHJI no BblCOTe KIIH1111a TeMneparypa TCMOH0CHTenH 

T = (T11x + TBhlX) /2. IlpeWJonaranoc& TIIK}l(e, . '!TO 

dT8 x/dt = 0, '!TO o6ecneinrnaercx B ~&HeihueM ycno­

BHHMH npose~eHHH 3l<CUePHMeHTII. 

Ko3<pq>HUHCHrhJ B ypaBHeHHJIX (l) - (3) : 0.
1 

= 

= CTB / ( af) = T TB - 11ocroJ1HHaH s peMeHH TB 3Jla; a
2 

= 
=l/(af)~ a3 =1/(l/rTH+2/r1r); a

4 
=2/(1*2(rrH/r

1
r)); 

as = T rn - IlOCTOJIHHll.H BpeMeHH repM01111pnl; a6 = 

= (1 /T TH - 2/T tr)/ (l /r TH + 2/r tt), rne Crs - rermoeM­

KOCTb TBl1ta; a - K03cpq>HUHeHT Tel1JI00T,!l3.'IH OT TB3Jl3 

K rennoHoCHremo; f - nosepXHocr1, 1ennoo6Metta; / -

.rr;mrna TB3Jla; Ttr = //w - TpaHcnoprHoe 3a11a3i:u,1saHHe; 

w - CK0p0CTb rerur0H0CHTeIIJI B KaHane; T TH = CTU/af -

nocro.llHHaR. speMeffij: rennoHocHrenx s KaHane; CTH -

rennoeMK0CTh TellJIOH0CHTen.11 B KaHaJJe. 

IlPHMeHHs npeo6pa3oBaHHe ITaIIJJaca, nony11KM (no­

narax Tsx = 0) 

(alp+ l)TT8(p) = azQTa(P) + 2TBhlX(p); - I } 
(a3p + l)TBLIX(p) = a4TraCP)i (4) 

(a5p + l)Tm(P) = T8i.0 /p). 

Orc10A11 HIIHACM nepenaTo'lH}'i:o cpymciuuo: 

T m(P) (a1p + l)(a3p + l)(a5p + I) a5p + I ( ) 
-,r- = azt-----.;;..---:;____ - --:=--. s 
~ ~ 2 

113 (5) Herpy)lffo llOJIYllKTb 3MIIJlHTYAHYIO A(w) H 

cpa3osyi:o ip (w) (w - qacrora rapMOHHttecKHx Kone6a­

HllH MOll,IHOcm) 'IIICT0THhle X8paKtept1CTHKH CHCTeMbl 
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(HJ•Ja rpoM03/lKOCTI1 Bb1paJKeHHfi mm npHBOWIICH B 06-

11.1eM BHl]e) : 

cp(w) = Fi(rT8 ,rTH''rn•rtr,l,a,f,w). (7) 

npaKTH'leCKH 3anaqa onpenenemtH Ct<opocm rennoHOCHte• 

JlJI B KaHanax a1<rnBHOii 30Hbl pernaeTC.11 Cl1CJ];)'I01IUIM o6-

pa30M, Ilpn pa6ore pea1nopa Ha craUHoHapHOM ypoaHe 

MOWHOCTH C pa3nenbHhlM ynpaBJteHHeM MOlllHOCTblO K 

0 6opotaMK IJ,H pKYJilll.(HOHH&IX HacocoB ocy11.1eCTBJIJ1eTC1l 

H3MeHeHHe MOlllHOCTH peaKTOpa Qp C JanaHHOH 'laCTOTOH 

W K aMrutHTYIJOH AQP, C 381llfCblO TIOKa3alUl:ii repMonap 

Ttn H .u.ar'IHKOB KOHTpOlUI MOWHOCTH. Ilpn Bbt6ope 11acro­

Tbl H aMimHTYIU>I H3MeHeHHH Qp ~enecoo6pa3HO pyKO• 

BO,IJ,CTBOB8TbCR cneJ];)'IOUll{MM coo6pai!CeHHHMK. IIepHO,IJ, 

\i3MeHeHHH MOlUHOCTK TQP ,IJ,OiliKeH cymecmeHHO rrpeBbl· 

waTL cyMMY apeMeH reI111.oaoro JanaJm,raamrn mx acex 

meMeHTOB CHCTeM&I: 

TQP >> •n + 'rn +'tr+ 'm· (8) 

B JTOM cnyqae Ha pe3yn1,ratax 6yJ];)'T MCHblUe CK831,JBaT&CH 

ynpoweHHH, BHeceHHbie B Monenb CHCTeMbl ( cocpell,OTO• 

'!eHHOCTb napaMetpoB) (2]. AMMHTYM H3MeHeHHJl MOUl· 

HOCTII (AQP) ,IJ,011,!CHa ycraHaammaThCfl taKoii, tfI06bJ 

CBeCTH K MKHHMYMY BJIH.HHHC IlOMex (wyMOB)° H coo6-

pa30BblB8TbCJl C tpe6oeaHHHMH 6e30IIaCHOCTK npouecca, 

Heo6XOlIHMO yaKlKe, 'IT06bi o6ecnetDIBaJ10Cb YCJIOBHe 

T
8

x = const. 
Lin.11 Ka>K)loro Kamma KJMepeHHH reMnepa1yp orrpe­

nen.11e1c11 neaa11 4ac11, ypae HeHJuI ( 6) , npencrannH101J..1a.11 

co6oH KBa)lpar OTHOllleHH.a aMnnHTYIU>I reMnepatyp1,I ren­

noHocKrem:I 11a e1,Ixone HJ i-ro Kattana AT m. K aMilJIHTY· 
- I 

ne M0111HOCTH :rroro KaHana (IB3lla) AQ111 ·• IlpK 3TOM 
- I 

AQlB· = (AQP/ln)K1,, rne Il - 'IHCIIO TBJJIOB (KaHanoB) 
I I 

B aKtliBHOH 30He; Kr. - OTHOCHTenbltoe 3HeprOBbILl,e11eHHe 
• I ) 1-ro rn:ma (pac'!ertta11 aeJ1H11HHa • 

Onpe11em1.ercH neaaH '!aCTb ypanHeHHH (7) - ci:omr 

no cpa:ie MelKJlY H3MeHeHHeM TeMrreparypbl reIUIOHOCHTe-

11ff H H3MeHeHHeM 3HeprOBbineneInrn, KOTOpb!H MOJKeT 6b!Tb 

BbIpa)KeH '!epe3 norIHoe JanaJm,IBaHite Me)KLl,y HJMeHeHH­

eM reMrreparypbl H H3MeHeHJ1eM :JHeprOBbllleJieHHll Ti: 
rpi(w) = •~W. 

B CJ1yqae crporo rapMoHH1tec1<oro npou;ecca HJMeHeHH.11 

napaMerpoB T~ HSXO,[UITCJI 110 BpeMeHHOMY c,u;1mry Me)K-
1 

ny rpacjiKKaMH TTn- K QP. Eorn CKCTeMa yrrpaBnetuur pe-
1 w 

aKropoM He npenocJa»nReT TaKOK B03MO)J(l{OCTH, ocy• 

111ecrn1111erc11 KBa3HrapMOHll'ICCKOe H3MeHeHHe MOWHOCTH, 

H rt HaXO,llRTCH 38TeM no C~Kry Me)l(Jzy B3aHMHOKoppe­

JlffUKOHHOH cpyHKu;Heii (BKCl>) reMrreparypbI H MO(UHOCTH 

H aeroKoppemmHoHHOfi cl>YHKUHeii (AKcl>) MOll.lHOcTH 

(TeMneparypbI) . II pH H3BeCTHbIX napaMerpax CHCTeMbl 

TpaHcnoprnoe JanaJm,IBaHHe (T tr-) K COOTBeTCTBYIOWaff 
I 

eMy _cpei:urnn no BblCOTe CKOpDCTh TeIUIOHOCHTenH B Ka-
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Hane (wi) onpe.a.em1101c.11 H3 ypaaHeHK.11 (6) HJIH (7). 
3aMeiliM, '!IO B HeHBHOM BHlle (1!epe3 KO:Jcjiq>HIJ,HeHr Tell• 

rroorna'll{ a') napaMetp wi BXO,llRT B T TB' T TH' T Tn' '!TO 

MO)KeT CJIY)l(HTb OJlHHM H3 KCTO'IHHKOB OWKOOK ou;eHKH 

CI<OpoCTK. IlpK 11HHeii:HOH 3aBHCKMOCTK a or W B ypaB· 

HeHIUI (6) H (7) MO)KeT 61,1Tb BHeceHa COOTBeTCTBYIOIUaH 

KOppeKJHpQBKa, XOTH IlOpllllOK ypaBHeHHH npH JTOM 

IlOBbICHTCH. 

Bb16Hpax ,wt.a onpenenemrn: · CKopocm rennoHoCHrenH 

OAJIO H3 ,nnyx yp:mHeHHH ( ( 6) KJIH (7))' Heo 6xO;a;HMO 

HMeTb B BH.[J,)' CllCJ];)'IOtUee. Dpn Hane)Kl-fb!X 3Ha'!eHH.RX OTHO• 

CKTeJibHblX 3HeproBbt,[l,eneHHH Kri HCTIOJib30BaHHe ypaBHe• 

HHH (6) TIOBbllUaer onepanmHOCTb 01..(CHOK Wj, ECJIH na­

paMetpbt Kr, nony11eHbl C cywecTBeHHOH norpeWHOCTblO, 
I 

IIpeJ:lllO'ITHTelihHee pewatb ypanHeHHe (7) ( C H3BeCTHOH 

norepeif onepaTHBHocrn KJ.3a 6o11&U1eii rpynoeMJ<ocrn 

npoueJlYpbl HaXo,Kllemrn: Ti, oco6eHHO c TIOMOUlLIO 

BK(l) H AKcl>). 
ECJIH KaKofl-nH6o HJ napaMetpoB rrpaaoii ttacnt a1,1pa­

>KeHHH (6) H (7) HeH3BecreH (HanpKMep, T TD). TO Allll 

onpeneneHH.11 wi (H T TB) pewaercH cKcreMa ypaeHeHHfi 

(6) H (7). Oco61,1ii HHrepec npencraBJIHet HCIIOn&JoaaHHe 

3n!X ypaBHeHHH MH oueHKH TIOCTOHHHblX BpeMeHH rep, 

MOIIap (1 Tn-) B peanbHblX YCJIOBKHX pa6oTbi peaKropa, 
I w 

06bi'IHO IIOK338TeITL reilJlOBOH HHeprorn repMOIIpHeMHHKa 

onpenen.11erCJ1 B na6oparnpHbIX ycnomrnx, KoTOpbIe MO­

ryr cymeCTBCHHO OTJIH'laTbCH OT HarypHb!X, 

B qacrHocrn, IlOCTOIIHHble npeMeHH repMOIIap 3aBHCHt 

OT CKO poem teilJIOHOCHTeJIH ( CBH3b lie pe3 K03cjiq>HUKeHT 

TellJlOOT,IJ,rl'IIK) , CrreJ];)'eT T8K>Ke y,mr1,matb ro o6cTOHTeJI b• 

CTBO, '!TO BKJl8,A 1 TlI B cyMMapttoe 3anaJn1,maHHe (cM. Bbl· 

pa)KeHHe (8)) MolKeT 61,rrh onpenemuollll{M, TaK, /Jllll 

6L1crporo peaKropa EH-600 r TB =· 2 c, a r rn = 20 + 25 c 

(wratHbie nar'lllKH reMneparypLI Ha BhIXOue H3 THC) 

(3), l103TOMY Heonpe)leJJeHHOCTL B 3a)laHl!K nenH'IHHbl 

T TI! MO)l(et BHecrn cywecTBeHHb!H BKJTa,IJ, B rrorpernHOCTb 

KOHe'IHOrO pe3Y1Jhtata. 803MOiKHOCTb norryraoii oueHKK 

r TI! (rum T TB H T .JJ..) rrpK oIIpeACneHHH w 6e3 Haxo,Klle­

HKJI r* npe11ocraenHer cnoco6, JaKJT10"laroLUHHCH B Hcnom,­

JOBaHHK .!I.BYX ypanHeHKii (6), rronyqeHHblX npH pa3JIH'IHblX 

qacrorax npouecca HJMeHeHHH MOW:ttocrn ( c co6n:ioneHHeM 

YCJIOBHll (8)). 
TaKHM o6pa3oM, naHHall MeTOW1-Ka npe.u.ocraenReT 

HeCK01JhKO pa3ITK<!Hb!X eapaaHTOB 011pe,ue11emrn CKOpoCTH 

reIIJIOHOCHTeJIH H napaMerpoB 31JeMeHTOB aKmBHOH 30Hbl 

B 3aBHCKMOC1H OT B03MO)KHOCTeH KOHipDJlhHO•H3MepH• 

reJlbHOH CHCTeMl,l H CHCJeM&I ynpaenemui: peaKTOpDM, a 

raK)Ke B 38BKCHMOCTH OT HHTepecoe 3KCIIepHMettraropa. 

3KCIIepHMeHT1,1, npoaeneHH1,Ie rro onncaHHOH B pa6ore 

Meromnce, nanH ynoaneraopHren1,Hoe cornae0e c pac<JeTOM. 
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OCOBEHHOCTM AKYCTHl:IECIGIX YCTPO0C'I'B 
AJIR KOHTPOn.R YPOBIDI ArPECCHBHLIX )Kll,IU(OCTE0 

HA OCHOBE CTEPIKHEBLIX BOJIHOBO)J;OB 

A.H. TpocpMMoB, A.K. BpoBUl>IH, M.C. f'a,IJ,)IGleB, A.r. AIG.lMOB, 
A.II. KoHoeaJioB, 11.A. (l)HJiaToB 

OnHCh!BalOTCSI pe3ym,TaTLI HCCJleJJ;OBaHHA 3al)'X&HHJI YfibTpa3BYKOBLIX CKrHanOB B a1<yC1J1qeCKHx C'rep,KHeBh!X BOnHOBO.IUIX pB311H'IHh!X 

reoMe-rpK'!eCICHX pa3MepoB IlpH pa3HLIX re1,rneparypax. IloKa3llHb[ ocol5eHHOCTH 3aT}'XaHHJI H CKOpocm pacnpocrpaHelllUl: Yl1Lrpa3BYK09h!X 
Kone6aHHA B BonHOB0.!18X H3 pa3HLIX MeTBnllOB, 

SPECIFIC FEATURES OF ACOUSTIC DEVICES TO CHECK UP AGRESSIVE FLUID LEVEL BASED ON ROD-TYPE WAVEGUIDES. 
A.l. TROFIMOV, A.K. BROVTSYN, M.S. GADZHIEV, A.G. AKIMOV, A.P. KONOVALOV, I.A. FILATOV. UlU-asonic signal damping 
analysis results with respect to acoustic rod-type waveguides of different geometrical size under lllliious temperatures are discussed. Pecu­
liarities of damping and propagation velocity of ultl'asonic vibrations in the waveguides of various metals l!l'e displayed. 

B llilCI0J1.1.Uee BpeMH ru<:ycrn'!ecKHH Mero.a; K0HrponH 

ypoBHeH )l{H,nK0Cteii IIDlpClK0 npHMeHaerca B 3KCITepHMllH· 

TaJibHbJX peaKropax H Ha npoMbJWlleHHbIX A3C, T.K. o6ec­

ne'lHBaer npoBeD,emre HJMepeHHii B arpecCHBHbtx, B3pbt· 

B00IIaCHblX cpe.a;ax np11 BhJCOKHX 3HaqeJIKllX reMneparypbl 

H ,a,awieHHH. .Il1U1 JTHX ueneii pa3pa6arbraarorca yposHeMe­

pbl R CJffH3JIH33T0pbl yp0BHJ(, pa6ora10I1.U1e Ha np1unumax 

ymTpll3BYKOBOH no~amrn, npoX0}K,!lllHHH H JI,eMncJmposa­

HHH [l - 4]. 
Ilpose.n,eHH1,1e nporno30-0ueHoq1u,1e Hccne,a,oeamra no 

K0Hcrpyt<~HM aKycm<JeCKHx ycrpoiicm ,a;,IH onpe.a;eneHHJI 

YpoBH8 )l(J{,o;Kocreii: IT03B0JTHJJH BbUtBHTb, 'ITO HSJ16o11ee 

nepcneKTHBHbIM HanprumeHHeM Ha 6Jm)KllHUIHe 10 -

15 ner ,mnaerc.11 HCU0JlbJOBaHHe KOMm1HHpoB8HffbIX aicy­

CTHl!e CKHX ycrpOHCTB, co.u.ep)KB.LUHX CTep>KHeB0tl aKy­

CTil'!ecKHH B0JTH0B0,!J, 1t orpa)l(arem, (pHC, 1). 
3KcnepHMeHT3JlhHbte HCCJ1e,!J.0B8HHH npoB0}l.HJIHCb C 

uenb!O BbUtBneHHJI 3aBHCHMOCTeH 3aryxa.H1Ul yn&rpa3BYK0-

BblX Cl-trHaJioa (Y3C) B aKycm<JeCKHX crep)l{HeBhIX son­

Hoao.a.ax OT HX reOMeJpH'lllCKHX pa3Mepoa, lt:CR0JihJyeMI,JX 

Meran.noa, a TaK)l{e reMnepaTypHbIX B0JJI,eHCTBHH. B Ka-

11ecrae MarepHWI0B ,IJ)IH HCCJillWCMblX oflpa3UOB IlpHMe­

HHJIHCh HaH6onee pacnpocrpaHeHHblll Meran.rrbl: Hep)Ka­

BlllOIU3Jf cranh, neprIHrHaJI CTaJih, aJIIOMHHHH H naTyHb, 

AKycrnqecKHH crep)l(HllBOK B0JTHOB0A paCCMHTpHBaJI­

CH Kat< 6eCKOHe'IHO yrrpymii UKJIHH.a;p co CBOOO/J,HOH 6oK0· 

BOH noaepXHOCThlQ, B0JJH0Bbte npou;eCCbl B KOT0p0M _pac­

npocrpaJUIIOTCH B BH.@ rpex THilOB BOnH - npo,r,;0JlbHb!X, 

HlrH6HblX H KpynuibHblX, npH JJOM npoj];OJihHblll B011Hb1 

nepeH0CKI 0CH0BffYIO '18CTb ru<:ycm11ecKOH JHepnrn:, 

Il pH HCClle,!l0B3HHJIX 3aBHCHMOCTH ypoBHJI Y3C OT 

reoMerpHtfecKHX pa3Mepos Bo11H0Bo,a;oa nocne,a,oaaTem .. 

HO 11epe3 ropUbl 8KYCTH'leCKHX B0JIHOBO,!l;OB BB0J:OIJIH YilbJ­

pa3B}'K0Bbie K0ne6aHHH, K0T0pb!e Ha y11acnce 6Jrn)l(HCH 30-

Hbl pacnpocrpaHHIOTCJI B BH,a;e fIJIOCKOH B0JIHbI, a JareM 

B BH,r,;e paCXOD.Hll.lllfOCJI ny'U<a. )la.Jiee KpaeBble n}"IKH 

BCrpeqaJOJCH C 6oKOBOH rroaepXH0CTblO, npx )TOM 0HH 

rpaHeq>OpMHpYIOTCJI Ha npo,a;0JibHb1e H C,!J.B}tr0Bble B011Hhl 

B coorsercTBHI{ C 38KOH0M npen0MJlllHHH. IlpH BTOpH'IHOM 

orpamemrn OT nporHB0fl0JJO)i(ffOH creHKH B0JIH0BOA8 rrpo­

HCXO/l:HT 06panta11 rpaHccpopM81UiJI rrpo.noJlbHblX H CJl,BHro­

BblX B0JIH, Orpa>KeHHbie OT npornsonono)l(H0f0 ropua 

B0JlHOB0,D;a Y3C <pHKCHpClBHJlHCb Ha JKpaHe 0TC'leTHo-

perncrpHpyiomero t'irioKa. • 

KaK BH,!J,H0 H3 ra6JrnubI, r.a.e IlpHBe,a,eHbl ,naHHble HCCJie­

.a.osaHHH no 3aryxamuo Y3C B creJ»KHee1,rx BoJIHoso,1:1ax 

pa3H0fO ~aMerpa c paJJIHtJHOH CTeneHhlO o6pa6oJKH 6o­

KOBOH nosepXH0CTH jl;TUI pa3Hb!X MarepHaJIOB, H3HMCHh­

llIHM JaryxaHHeM ot'iria,na10r crep)l(HeB&Ie BOJlH0B0,llbl H3 

an!OMHHHH H Hllp)l(2Be10meri cranH C fi0JUlposaHHblMH 

noaepXHocrJIMM, npfflleM yMeHbllleliHe AK8Merpoe np1rao­

,!J,IIT K pocry JaryxaHHJI, 

vlcCJiellOBWUICb axyetH'leCKHe ycrpoiicrsa, B K0T0pb!X 

crep)l(}leBble B0nH0B0ll,bl Bb!Il0JTHeHbi H3 nepnHTH0H ClaJIH 

,a;HaMerpoM 18 MM H ,IJ)IHHOH 450 MM. B Ka<Jecrse orpa­

marena HCil011b30Ba.JIHC1, I1JI8CTHHbl HJ aJIIOMHHHesoii 

cpom,rn, qiopMbl K0T0pbIX npHHHMaJIHCb Ha 0CHOBe Mare­

M.iTH'leCKMX pacqeros H JaicoHa pacnpocrpaHeH!rn yn&T• 

pa3BYKa B )l{ffj],K0CTJIX, 

IlpHBOJ:O{M 3Hat(eHHJI 8Mnm1Tyn aKyCTHtJeCKOro CHr­

HaJla (a nE) Ha Bb!X0,lle ycrpoticrsa npH 0AH0M It TOM 

)l(e 3Hal!eHHH BX0llHOf0 CHrHana B aKyCTHtJeCKHX .YCTpDH-
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(5) OT IlOil]laBK8 , , , , , , , • , , , , , • , , , , , , 59 
Crep)l(aeeol! BOnHoeon M rpaneue11nanbill,JJI orpa­

>Karem, (CM. p11c, l,e) ... , • , ••... , , .•.. 58 

KaK BH.a;HM, M3KCHMaJlbH0e 3Hal.leHHe aKycmqecKoro 

curHana Ha B&txone HMeet yCTpoiicmo c "V"-06pa3HI>IM 

H tpaneueananbHbIM orpa)K8te1IJJMH. 

IlpoBOa;HJIIICb HCCJieP,0Batnur BJUUIHIUI Ha BeJUltmtty 

a1<:ycrn11ecKoro CHnra.Tia MatepHHJJa otpa)Katemi:. Orpa­
)Kateim Bh!IlO.TIIDIJUICb B BHP,e nnacmHbl rom1u1Hoii 1,5 MM 

C 'IHCTOTOH o6pa6otKH nosepXHocrn, COOTBetCTBy10weii 

neB.IIT0MY K11accy T0'IH0CIH. 



3aBHCKMOCTb 33T}'X!LHHR Y3C OT MarepHBJla, tt,opMlll Ce'!eHHR, ,qlfaMeTpa, CTeneKH o6pa5oTKH 6oKOBOli OOBepXHOCTH BOJIHOBO.[la 

CKopOCTb npoziom,HLIX Xapa1<repH• 
MaTep11an CT110THOCTh BOmt, C•l03 , M/C ClWleCKKlt 

a1<YCU11JeCKoro p•lO', r/CM' HMnewrnc, 
B 011HOIIOJJ,a Cnpaao1JH1,1e H3MepeirnL!e Kr/M' ,C 

JlB.HHhl e AllHJ{l,TC 

HeplKBBelO[QaJI 
cram. 8,03 5,66 5,6 

IlepllHTHaJI. 
cram. 7,8 5,85 5,7 

Amor,rn:HIIR 2,7 6,26 6,128 

JlBT}'Hh 8,5 4,43 4,1 

IlpHBOAHM K03<pq>HUHeHTbl orpa)KeHHH orpalKaTeJieH 

H3 CJJe~IOLUHX MarepHa.rIOB: 

A1IIOMKHHit •...• .• ...•.•. , .. , .•.•.• , 0,67 
OepJtHTHaJI. CTBJIL •• •• • ••• •••• , ••••• , •• 0,80 
Hep>KBBCIOW!lJI cran1, •• , , •• , • , • , , • , , , , , • 0,82 

Kat< BHAHM, MaKCHM3JibHblH KOJ<pqJH~eHT otpa)KeIDUI 

HMeior orpa)l(arenH HJ Hep)l(aBe10meii ctanH. 

I1ccne.u,oBaJTHCb 3aBHCHMOCTH aMIUIHTYAhl aKYCTH'l{eCKO• 

ro CHrHana (pHC. 2,a) 11 CI<Op<>CTH npoAOIIhHb!X BOJIH 

(pHC. 2,6) OT reMneparypbl B BOJIHOBO.U,ax, BbtrlOJlHeHHhIX 

H3 pa3JlHl(JlbJX MerannoB. IlpH IlOBblweKHH reMnepuypbl 

no 300° C npoHCXOJJ,HT JaT)'xaHHe CHCHarra Ha 20 - 40 nE 
K yMeH&weHHe CI<opocrn pacnpocrpattemfll CKrttarra tta 

500 - 1000 M/c, 'ITO me~er YllHThIDatb npH KoHrporre 

ypoBHJI X<H,ll;I<OCTH B YCIIOBHKX H3MeHeHIUI reMIIeparypbl, 

KpoMe roro, npoBO,IJ;lfIIHCb HccnenoBaIDUI. 3aBHCHMOCTII 

BeJIHlfflHhI JaryxaHHn aKycrHtiec1<oro CHrttana B crep)KHC• 

BblX BOJlllOBO/lax npH HX repMHtiecKOM H MeXaHH'!eCKOM 

ynpo1memm. I1cCJJe.u,oaanHch o6pa3Uhl HJ cranH Map, 

KH 3 nuaMetpOM 14 MM, n,IHHOH 270 MM, npH 310M onpe­

nemmac& aHH30Tp0IlH.II BOJlHOBO,a:a, r.e. pa3HHUa Me)l(Jzy 

BenHl(HHOH JaryxaHH.11 B llpslMOM H o6parHOM Hanprume­

ffiUIX, 

45,S 

45,6 

16,9 

37,7 

CreneHJ, 
¢10pMB .llffaMCTp o6pa6orKlf 3 BT YXa!I KC, 

ceqemut D,MM 60KOBOlt JJB/M 
nosepirnocrn 

22 Heo6pa6. 23,00 

10 - " - 34,95 
Kpyr 

22 nonupoe, 26,70 

10 - " - 27,45 

12 Heo6pa6, 31,00 

Kpyr 24 - ,, - 28,00 

Wecmyrom:,. 19 Heo6pa6, 28,75 
HHK 

16 - ,. 
- 30,00 

Kpyr 25 Heo6pa6. 26,60 

- " - 10 - " - 28,75 

Kpyr 10 Heo6pa6. 50,00 

20 - " - 40,00 

llleCT11yrom:,. 6,5 Heo6pa6. 54,50 
HllK 

Bel ynpo1UfeHIUI . , •. , •• , , , ••• . • • • ••• , 0,8 0 
MexaHHtiecKoe •.•••.• . •• • .• • •. . . •. •• 0,8 25,0 
TepM1111ecKoe . , .•. , . , , • , , . , , , .•. , . , • 1,0 8,0 
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IlpHBOmtM 38.BHCHMOCTH Benworn BbIXO~oro aKycrn­

'leCKOfO CHrHana B .rr.6 (Bropoii CTOJI6eD.} ll aHH3orpOilHK 

B % (rpernfi CTOJl6eU) OT pa31IK'lHbIX BHAOB ynpo11HellHJ1 

crep,icHeBblX BOJ1HOBOAOB: 

Puc. 2. 3aBIICHMOC:U, llMIIJTIITY/l,ld (a) K CKOpOC'l'H nepCAB'IK CHl'­

Hana (6) OT teMnepatypbl II c-repll(HCllblX BOTIHOBOAAJ(, BhlROflKC!f­

HL!X H3 Meranno11: 1 - ueplKaseroutaJr CTllJlh, 2 - nepnHTHaJI cram,; 

3 - QJUOMHHHlt; 4 - 11QTYHJ, 



UcCJJenoeaHH.11 noKa3aJIH, 'ITO B /lllltllbJX YCJJOBH.IIX 

BbI11BJieH llOJJO)l(J{TeJibHhllf :ajupeKT mm,KO IlpK tepMH'le• 

CKOM ynpo'fHeHHH, 

1Iony'feH1ti.1e pe3yn&1ar&1 KCC'JlenoBamm uenecoo6pa3HO 
YllHiblBaII, npH pa3pa6once H IlpHMeHeHKH crep)l(HeBbIX 

BOilHOBonos B 3.KYCTH'leCKHX H3MepHleJJbHblX ycrpoiiCTBax. 
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