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BBE.11Eill1E 

rJiaBHOe Tpe6oBaHHe I\ KOHCTpyiU..J;HH JII06oro .H.nepHoro peaKTOpa -

STO o6ecrre'1eHHe ITOJIHOH 6e30IT8CHOC1H B rrponecce ero SRCITJIY8T8UHH. 

Tpe6oB8HHfl, KOTOpge rrpe~~RRIDTCR I\ CHCTeMe aBapHHHOH samaTH 

38BHCRT, ITpH STOM, OT THITa peaRTO}a H OITpe~e~Cfl, HCXO~ H3 

8H8JIH38 BCeX IIOTeHI.zyiaJJ.bHO B03M0.7KH};iX ,I.J;JI.ff ~aHHOi YCT8HOBKH aBa

pHiHHX CHTY8UHH. ToJIDKO rrocJie TaKc,ro aHaJIHsa, y'JKe sHaH, '1To 

MOJKHO B ITPHHI.U!ITe o~aT:& OT pea.RTC,pa, KOHCTpYKTOpH BITpaBe ~e

JI8T:O OKOH'1aTeJIDHOe S.8I\JII(}qeHHe 0 CHCTeMe aBapHftiHOit 38IUHTEI. 

BJti,IUioe MecTo B HCCJie~oBaHHH <>esorracHOCTH peaKTopa saHMMaeT 

aHaJIHs " MaKCHMaJIDHoti" aBapRvr, T.e. Toil rRHoTeTvr'1ecRot.t aBapHH, 

KOTOpaH B03MOJKHa TOJI:&KO ITpH CaMOM He6JiarorrpHHTHOM CTe'1eHHH 

06CTOBTeJI:&CTB H 1\0TOpaa ITO cymeCTBY BBJIReTCR rrpaRTH'1eCRH HeBe

pORTHl:lM co6HTHeM. IIocJie.nHee He osJia'1aeT, o)I.HaKo, '1TO perueHHe 

TaKOi 3a,ua'1H MOEST rrpe~CT8BJIBT:O miiii:O TeopeTV!'1eCKHH HHTepec. 

3HaT:& BepXHHii rrpe,neJI OIT8CHOCTH BCer,na ITOJie3HO, TaK KaK OH 3aBe

~OMO BKRID'1aeT B ce6a BCe peaJI:&HO :303MOJKHHe aBapHHHHe CHTY8UHH. 

~ HMITYJI:&CHHX peaKTopoB rrpojJieMH 6esorracHOCTH HaH6oJiee 
t~,./ 

8KTY8JI:&HH, ITOCROJI:&Ky TaKHe peaKTO)li pa6oTaiDT B pe]lWMe Ha,nRpH-

TH'1HOCTH ITO MrHOBeHHUM HeHTpOHaM. IlOCROR:&KY 6HCTpo~efiCTBHe 

cymeCTBYIOJlUiiX CHCTeM aBapHHHOH 3all.laTb1 OK83HBaeTCB He.nocTaT0'1H1IIVJ 

.nJIR rro~aBJieHHH nerrHoia peaKUHH sa aper~ nop~a .nnHTeJI:&HOCTH 

HMTIYJ.ffiCa ( I'V 100 MRCeR), TO ROHCTPYRUHB HMITYJI:&CHOro peaKTOpa 

~O~a TIOJIHOCT:&ID HCRJIKRaT:& B03MOEHOCT:O IIOflBJieHHfl HerrporH03Hpy

eMbiX HMrryJI:&COB MOll.lHOCTH 60n:&IIIOH EeJIH'1HHU, CIIOC06HBX IIpHBeCTH K 

aBapHH peaKTopa. 
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B CB.fl3It! C ~TIDVI B03HIJI:RaeT BOIIpoc, R8ROBO rrpe.n:eJI:&HO B03MO.iK

HOe 3Ha-gem~e ~HeprHJii TaRoro HMrryJI:bea BHe Bepo.HTHOCTiti ero rro.HB

JieHIJI:R? KaROBa BepO.HTHOCT:b OII8CHNX <Q~TYauMH ~HepriJI:IJI: JiiMrryJinca? 

I1 RaRoi ,U0.7DKH8 6NT:O CHCTeMa aBapJdtHOH 38Ill,HTll, 8CJI11: y-E838HH8.ff 

Bepo.HTHOCT:b rrpe,UCT8B.1I.f.reT peaJI:bayiO OIIBCHOCT:b? 

,UaHHa.H pa6oTa B OCHOBHOM IIOCB.TIIteHa rrepBOMJT PI3 H83B8HHIIX 

BorrpocoB. Hue 6y:rs.eT rrpe)J).IOJteHa Mo.o:eJI:b B3pb1Ba roJioro peaKTopa 

(MO,UeJI:b .XW:,IllWH ccpepH), II03BOJI.ffl0nta.f.f IIOJIYtJPIT:b IIpOCTb!e 8H8JI11:TH

-gecR¥Ie pellieHH.f.f )J.JI.fi IIOJIHOH Bhl.I(8JieHH )i IIpH B3pb1Be ~HepnUI, RVIHe

TH"18CROH ~HeprHH (CHJIH B3pl:1Ba) H rrapaMeTpOB BCIIbU.UR:vl MOlll,HOCTH. 

CJie,nyeT cpa3y cRa3aT:&, "1To o ToqHO:)TIJI: pemeHH.f.f rro.n:o6Hoi 3a.r~;a-gJii 

roBOpldT:O TPY.UHO • EcJI11: TeopeTH"1eCRH9 MeTO,llhl He OIIHpaiOTC.ff Ha pe-

3YJI:bT8TH ~RCIIepHMeHTa, TO RaR rrpH ~CIIOJI:030B8HHiti IIpOCTUX MO)leJiei, 

TaR H npH HCIIOJI:b30B8HHPI CJIO.}KHHX ql1CJI8HFIHX MeTO,D;OB, THIIa rrporpaMM 

J! X -J ~ ~ A C-~A C H rrp. *) , pe q:o MoxeT VI,D;TH .IDII.TI:o o no P.f.fJ(Ke 

k!CROMOH BeJI11:"gHHhl, IIOCROJI:bRY Heo6Xo,n;mvme .n:JI.f.f pac-geTa .D:8HH1:1e Iti3-

BeCTHhl C 60JI:olliOH CTerreH:OIO Heorrpe.n:e JieHHOCTJII, a qacTO M BOBCe 

oTcyTCTBYIOT. IIo~TOMY HeJI:b3.ff c YBe_t:eHHOCT:OIO cRa3aT:o, "1TO CJIOJKHRe 

"1PICJI8HHhl8 MeTO,D;H, CJie,nyiOII{He IIO IIY'l H .n:eTaJIPI3a.I.U1M MCCJie.IJYeMoro 

rrponecca, Bcer~a .n:~n:yT pemeHHe, 6cJiee 6JIH3Roe R .n:ei1cTBHT8JI:oHOMY 

3HatJeHJIIIO, qeM rrpocTa.f.f MO)leJI:b, yqPJ:'l J:maronta.f.f JIHI.TI:o Han6oJiee xapaK

TepHli!e CTOpOHhl .f.fBJieHPIR. ilOCJie.n:Hee 03HaqaeT, qTO B yrrpomeHHOH 

~) 0CHOBHHe CBe,D;eHH.f.f 0 't}RCJieHH~ MeTo,n:ax 8H8J!ki38 RPYIIHI:i!X 

aBapH!, MO.}KHO IIOJIYtJPIT:O, HaiipRMep, B 
3/. 
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MO,I(eJm IIOJIH8.ff BlUl;eJieHH8.ff aHeprHSJ, F8IIpHMep, 6y,n;eT 38BHCeT:O OT 

CaMRX 06mHX xapaKTepMCTHR peaRTOpa: OT ero 06~6Ma (HO He OT 

reoMeTpHU), cpe,mre! IIJIOTHOCTH (HO t:e OT BH.II;a pacrrpe.n;eJieHH.H 

J(~) ) , R03qxpHUHeHT8 ,D;8BJI8HHSI ( 9 f' /'0 T)v (HO He OT ,I1;8TaJI:oHOii 

38BHCHMOCTH .II;8BJieHH.ff OT TeMrrepaTypH) H T • .II;. PaSYMeeTC.ff, 'qT06b1 

oT,naT:o rrpe,n:rro-qTeaHe rro,n:o6aoi rrpocT<~E: Mo,neJm BSpbiBa c ueJI&ro 

ncrroJI:osoBaT:o ee rrpH aHaJIHse 6esorracuocTn peaKTopa (r.ne, cJie:rry

eT OTMeTHT:O, TO'qH8.H HH~pMaqHH 0 Bl~JieHHOH aaeprHH BOBCe He 

o6srsaTen:oaa) ay~o 6uT:o yBepeHHBM, -qTo ae.nocTaTKH Mo,n:eJIH saBe

.noMo MeHee 3H8'qMTen:DHH, -geM Heorrpe;{eJieHHOCT:O ~MSH'qeCRHX M Tep

MO,lWHaMH'qeCRMX rrapaMeTpOB, BJIH.HIOI.UK:C H8 p88BHTHe B3PHBHOrO rrpo

uecca. tfTo6a HMeT:o TaKYJO ynepeHHOC~?:o B rrpe,n:JiaraeMoi Mo,n:eJIM, 

sa,n;a-qa 6HJI8 IlOCT8BJieHa IIpH .II;OilYII(eHn:JIX, ROTOpble, BO BCSIROM CJTY

-qae .If)IH pea.RTOpOB C ROMil8KTHOH 8RTJIBHO! 30HOR, HBJIHIDTCH BIIOJIHe 

Ilpt~reMJieMHMH. 3aTeM HCXO,lUiaH CHCT8M::l ypaBHeHHi, C IIOMOI.UbiO ,II;OITOJI

HHTeJI:bHHX rrpe.nrroJioxeami, 6HJia cBe.n~~aa R sa,n;a-qe, ,n:orrycRaromef! 

aHaJmTH'qeCROe perueHHe, TO'qHOCT:O RO'roporo (B paMRax C8MOft MO.II;eJm) 

6b1Jla rrpoBepeHa rryTeM cpaBHeHH.ff c c~~pme:ti tJHCJieHHHX perueHJm:. 

B CaMHX o6m:Kx -qepTax rrpouecc sspHBa ~epHoro peaxTopa 

COCTOHT B CJie)JYIOUJ,eM. 0T BHeruHero MICTO'qHRRa BBO.II;MITCSI IIOJIOXHTeJI:o-

H8H pea.RTHBHOCT:o ~( i). YBeJim:-qemre peaRTHBHOCTH corrpoBoJK-

.naeTcsr pe3RHM HapaCT8HHeM MOU!HOCTPI peaKTOpa Q { i:) H BH,IJ;eJIHe-
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MOH SHeprPIH Q(t) ~ j Q{t) cit , T.e. ITOBHIDeHHeM TeMne-

paTypbt TOIIJIJdBa H, CJie)lOBaTeJI:OHO, reHepa!J,I[eia: ,I(aBJieHH:ti B aRTHB

HOi1: soHe. CHJIH, ooycJIOBJieHHae rp~HeHTaMH .n:aBJieH~, npPIBo~ 

B ,UBHEeHHe MaTepPiaJibt 8KTHBHOi1: 30HE, H, TeM CaMbtM, nopo~aiDT 

OTpxm;aTeJI:DfiYIO peaRTHBHOCT:O OOpaTHOH CBH3H, lWTOpaR B KOHe't!HOM 

CtJeTe (Ha CT8,I.IJIH pas6poca 30Hhl) raCHT BBO,In!MYIO BHeiDHIOIO peaRTPIB

HOCT:O H npeRpamaeT D;eiTHYJO peaRUHIO - MOIUHOCT:O pe3KO rra.naeT. Ta

RHM 00p830M ~pMHpyeTCR BCIIHIDI\8 MC~iOCTH. 0CHOBHOi1: D;eJI:DIO aHa

JIH38 IIO)lOOHO:ti aBapHH RBJIReTCR OIIp€)leJieHPie IIOJIHOH BaneJieHHOH 

SHeprHH Q(o-o) , a TaiOKe TOil ee ~ aCTH, ROTOpa.FI npe)lCT8BJIReT 

COOOH KHHeT~eCRYIO (MeXaHH'qeCRYIO) SHeprHIO B3pNB8 H RBJIReTCR 

8H8JIOrOM ROJIHtJeCTBeHHOM OD;eHRH CHJ:l,I B3pb1Ba OObi'tJHJ:iTX sapSJ.nOB. 

CymecTByiOIJJ,He B H8CTORntee Bperv:SI MeTO,nbl 011HC8HHR B3pblBHOrO 

npon;ecca OCHOB8Hbt, RaR npaBHJIO, He. OOmPIX IIOJIOlKeHHRX HetfTpOHHO

rH)lpO)lHHaMPitJeCIWH Mo,neJIH EeTe-Tai-t~·a /I/: 
I. 3a BpeMSI HeifTpOHHOH BCITI:liiiii:H ~pMa npocTpaHCTBeHHHX 

pacrrpe.neJieHHH MOIIJ,HOCTH H y,neJI:DHOif peaRTHBHOCTJii d(~) *) He 

HsMeHReTcR, T .e. rrpe,nrroJiaraeTcR, t:To cMememlfe MaTept1aJioB aRTHB

Hoi 30HH B TetJeHHe STOro BpeMeHH H8CTOJIDRO MaJib!, "4TO ROHiflHrYpa

UHIO peaRTOpa MO~O C"4HT8T:O HeH3MeHHOif; 

2. B ypaBHeHHRX rH.npoJU{HaMHKH H YP8BH6HHH COCTO.HHHR ITJIOT:rf 

HOCT:O ITOCTORHH8 H paBHa H8'i8Jl:DH01V~r 3H8'i6HHIO, T .e • pacnpOCTpa

HeHHeM BOJIH ,naBJieHPISI (H y,napHNX BOJIH) rrpeHe6peraeTCR. 

it) - J:[{'l..) - STO H3MeHeHHe peaRTHBHOCTH llpH Y.naJieHHH 

e,nHHHI1;l:I OO'beMa (HJIH MaCChi) H3 TO't!HPI ~ peaRTOpa. 
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B npe.If)IaraeMoili Mo.neJIH B ypaBHemunc rH,UPO.IUrHaMHim a 

ypaBHeHHH COCTOHHHH ~OnyCRaeTCR 88BHCHMOCTb OT ITJIOTHOCTH B 

rrepBOM ITpH6JIM:~eHHH: rrpe,I(ITOJiaraeTCR, ~TO H8MeHeHHR ITJIOTHOCTH 

TaR M8JIR (B CHJIY rr.I), ~TO YR888HH@e ypaBHeHHR MO~HO MCITOJib80-

B8Tb B "JIHHeapH80B8HHOM" BH,IJ;e, T .e • B aRyCTH'GeCROM ITpM6JIIDKeHHH. 

ITepe~a~e:fli TerrJia oT TOITJIHBa K oRpy~aromHM MaTepHaJiaM, a Ta~e 

HarpeBaHHeM ITOCJie.UHHX 88 Cl.JeT HeihpOHOB MJrn 

rrpeHe6peraeTcR. 

I.I. ITocTaHoBKa 8gAatJH. 

MMeeTca roJiaR roMoreaaaa c~~Hl.JecRaH aRTHBHaR soHa pa,ua

yca A2 , MaTepHaJI ROTOpOH XapaRTe~H8yeTCR HeROTOPHMH 8~RTHB
Hb1MJII 8Hal.JeHVIRMH TeiTJIOeMROCTH C v i!), Ha~aJ!bHOM ITJIOTHOCTH f ::: 

-/ 0 

= I I '?Jo ) H80TepMHl.JecRo:ti CltHIVaeMOCTH Er == -po (;;'Oj()f>)r , 

t18o6apH~ecRoro Roaqxp{III.UieHTa o6'heMI:oro pacrmrpeHHR oL 11 = f
0 

(o?5/2J T) t 

{II rpa~eHTa Y.IleJ!bHOH peaRTHBHOCTH V X 0 a) • B MOMeHT t- == 0 

B peaKTop BBO~Tca rroJioJirn:TeJ!bHaa I eaR:THBHOCTb tE 0 { -t- ) • Tpe-
• c:IQ 

6yeTCR orrpe,UeJrnTb Y.UeJ!bHRe (Ha I I TOITJIHBa) MOI.UHOCTb Q{t)::: c:/z' 

H BH.UeJIReMYIO aHeprMro G ( t-) , ~ Ta.KJKe .KHHeTHtJeCRYIO aHeprHro di 
(CHJIY B8pbtBa). 

:K) IlOCROJibRY T8ITJIO BH.UeJLReTC.H TOJibRO B TOITJIHBe, TO C v 

8TO y~eJ!bH8H TeiTJIOeMROCTb TOTIJIHBa. 

H) oTa BeJIH~HHa, xapaRTepM8YJOI.U8R 8qxpeRT e}J.niml.JHOrO CMeDJ)

HJIIR CJIOR (B ~aHHOM CJIYtJae CipepMtJeC:ROrO) T0.7IJ.JlHHOi I CM, 6y~eT 

onpe~eJieHa HHJKe. 
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Y.:neJI])Ha.ff aHeprki.ff Q ( t) , yc.r;:e.I(HeHHoe rro o6'beMY aKTI-iBHO~ 

30HH 3Ha'1eHHe, no.n;qHH.ffeTC.H ypaBHeEHIO KHHeTID\H 

(I) 

r,:ne 7 - cpe.n;Hee BpeM.ff D3HH MrEOBeHHl:i!X He~TpOHOB, S -
HCT0'1HVIR • 

06paTH8.ff CB.H3:D C (f) , o6yC:JIOBJieHH8.ff CMell{eHH.HMH MaTe

pHaJIOB ITO.!( B03~eHCTBMeM rp~I(MeHTa ~BJieH~, 06H'1HO 38llVICl:i!Ba-

eTC.ff B BM_I(e /2- 4/ 

c = 1 v vcr(~)c/ v / 
v (2) 

---'>(~f) ~ 
r~e LL 2 ; - cMemcHHe '1acTHUbi c Iwop,I(MHaTo:H ~ , 6y,:neM 

onHCHBaT:c ypaBHeJ:nrBMH rm.:npo)l'£!HaMVIWtr B {flopMe JiarpaiDKa I 4 - S/ 

? ~ ~ - _!. J/~ ? /)(~,~-6) 
'Jil. f ~"2. ~~ ) 

..;z ';)/! 
?)(z,-t- J ~ ou 2l. iE 

(3) 

(4) 

ln;ec:c fi =- 2 -r L1 (R-1 i-) Jiarpamoo:3a :rtoop.I(MHaTa '1aCTHm;r B MO

MeHT i , nepBoHa'1a.7IbHO Haxo.:nMBWl~Hc.fi B T0'1Ke ~ , 0'" :: 1/ ,f -

Y.UeJI])HJ:rlt 06'beM, a ~aBJieHHe P no,n:q:~H.ffeTC.ff, KaK CR838HO BH1IIe, 

JIHHeapH30B8HHOMY ypaBHeHHD COCTOHlH.fi MaTepHaJia a:rtTHBHOH 30HH, 

ROTOpoe RMeeT BH)l, XapaRTepHJ:rlt ,Il)l;J Itl!,UROCTe:H : 
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TeMrrepaTYpa T (t1 I) • OTCtJRTRBaeMaJI oT HatJaJIJ:,Horo pacrrpe

.neJieHMJI, rrpe.n.uoJiaraeTCJI c:aa:saHHOi c JIORaJIJ:,HOi aueprHei ~ ('l.) Q(f:) 

(~0- RpHTHtJeCROe pacrrpe~eJieHHe IIOTORa HeiTpOHOB) IIpOCTRM COOT

HOilleHHeM 

) (6) 

T.e. 38TpaTH 3HeprHM Ha pa6oTy .:n;eqopMa.IJ;d 38 BpeMJI BCIIbUIIRH 

He YtJHTHB8IDTC.ff: B~eJIJieMaJI aueprMR UeJIHKOM H~eT Ha IIOBHilleHHe 

BgyTpeHHei aueprHH aJieMeHTa o6~eMa. 

YpaBHeHHH (I • 6 ) IIOJIHOCTniD OIIHCHBaiDT rrpouecc B3pHBa 

C~pHtJeCROrO peaRTOpa, H8JIHtJHeM B03MOEHHX I!YCTOT B aRTHBHOi 

30He ROTOporo MO~HO rrpeHe6petJn. 

I.2. PemenHe yPaBHeHHi rH~po.HHHaMHRH 2 
06mee BHQ~HHe .J.!.7J;ff o6paTHOli CBJI3H 

MH pemeHHJI cMcTeMll (I - 6) Heo6xo,nHMo 3HaTn qyHRUHIO /£ (2..) 
llpe)J;CTaBMM ee B 06IUeM BH,JJ;e A"" 

X (-z) ~ L_ !_h { ;l) " m e. 
11:::0 .) 

(7) 

I ...-V I'l-l 

r; X(p_J ~/J.- L= n Lh ( ~) . 
h .::.j 

( 8) 

,llaJiee, rrpe,nrroJiara.ff, tJTO cMeiUeHHs:r IVaJIH; 

ujz. << 1 npn 
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OT6pOCIDJI B ypaBHeHH.HX (3) H (4) HeJLHHe:iHhle 'tlJieHEI, .fiBJI.fiiOIIWeC.fi 

Be~~MHaMH BTOporo H BNille ITOp~OB MaJIOCTH. ECJIH 3aTeM BBeCTH 

ITOTeHIJ;HaJI CMemead ¢('t, f) , Y.D:OBJJeTBOp.fJIOlJ.ld: COOTHOilleHHJO 

• ~c,b u (2, t) :: 'j"-;-
) 

(9) 

(IO) 

TaR KaH ~aBJieane aa rpaHHUe paBao {yJIIO H neaTpaJIDHa.a: ~acTaua 

aerro~uaa, To 

Ha~aJIDHhle ycJIOBH.a: HYJieBae: 

¢(~~):: (J¢(9 2)- 0 
~-~ -

12 
~ {I ) :: i j 2)(~ I) rJ; (~) c z.; ~ " 

0 
I< ~I 

()('l iJ = -d j_:!_!__' fTR''f)c"'~~ ''-
) v 2'2.J '.) 

~ 0 

(II) 

(I2) 

(I3) 

(I4) 

(I5) 
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- RBasHCTaTvrqecRoe (rrpH ? 2
/ ~ t 2 

=- o ) pememre, 

IIpocTpaHcTBeHHoe p;wrrpe,n.eJieHRe TeMTiepaTYPH rrpe,n;cTaBHM 

B cpopMe, 6JIH3ROit R RpHT>I"q8CROMY pacrrpe,neJiemuo IIOTOR8 Hei!Tpo

HOB B C~pH'1eCROM peaRT,)pe: 

(!6) 

6 
.. 4-r-n3 

no o rx,eMY ,f .// I< TeMnepaTypa, 

.r/ 

3.necb ;n(i)- cpe,naRa 

paBH8.ff Q (-f) / C v , eCJIH ypaBH8HHe SHeprHH HMeeM BH,I( 

(6), a ROSqxJfHD;HeHTH ~. H ~ o Y.D:OBJieTBOp.fiiOT COOTHOIDeHH.f.IM: 

r.ne I(! v - RO&@iHini€ HT HepaBHOMepHOCTH T8IIJIOBRJ(eJieHkl.ff. 

Pacrrpe.n;eJieHHe (!6) rrpaBTH'18CRR COBIIa,naeT C ,neitCTBHT8J!bHHM 

(I?) 

(B .n;HqxpY3HOHHOM IIpH6JIH21:eH!tni) H BMeCTe C TeM 3H8'1HT8JThHO ynpo

maeT 38,I(8'qy, T8K R8R IIC 13BOJmeT BOCIIOJTh30B8TbC.ff OJlTOrOH8JThHOCEbiO 

cpyHKIJ;HH <pi< ( ~ ) Ha [ 0 J R. j . Ilo,ncTaBJrn ( 16) B BblpaJKe HHR 

(13- 15), 



IO 

IIOJIY"qiDJl *~ "qTO IIPH 0 ~ ~ ~ /(_ 

t- 0.0 

u.r~ t J ==- ot, c 2 {"' ~ ... f .Jt' 7'(t- t 'JL (-;J k J:;.,-1" ~ cf;A, ct '_ 
')~ 0 lc.::t ~ .,.-\1( 

C y-qeTOM BupaJKeHH.ff ( 8) ,11,JIR \7 Z (~) peaKTHBHOCTL 

o6paTHOM CB.ff3H (2) MOJKHO 38IIHCaTL B BH,Ue 

.IV 
C (t) ::: L <~n ( f ) 

J1~t .) 
(19) 

*) HeTpy,II.Ho y6e.I(HTLC.ff, -qTo (18) y,noBJieTBOp.ffeT ycJIOBHIO 

CB060.I(HO~ TIOBepXHOCTH c~ Lf /'Jf2. +2. tl /~) l< ~ol.v 'T'(~ t). JJ:eHCTBH

TeJILHO, no.neitcTBOBaB onepaTopoM ( i/'J~ +cl~) Ha C~'JMY B (!8), 

TIOJIY'ql!M .I(8JILTa-<IJyHKIJ;IIIIO: ~t.· 

~ (-f) cl(~)l( 2) ~ I 

('d/?2. f ~~~ )L_ ,A ~ j ~ ~ jdiY!AK c t =: 
K.:: I J( 

c>Q k C><l -t 

=:L_ (~'l LI(~) .... ~JJiw;~,ct'=-L(;)k-2k2J;..;t"d~ 
k ::;: I /II< ~ / Jc..:: I 

=:: ;j £ £, AJR-V &.-,;;!< ct ' = { .2~ f{-t '_ R.;_ ~J. 
K: .::, 

CJie)(OBaTeJIDHO ( :{ ~u " ; u) /~ -J< == 
t 

-;::::: oLv {2,_ ~ T(i- %3) +Soc ~~l, 2] 7'{1-t')J;..J,cl' • .tt J = 
0 ~ 

:::: dv bQ. /(1) ===: ci v 7(~ t ). 



II 

r.ne 
0 

- "rrapu;HaJIJlmaR" o6paTHa.ff CB.ffs:o, o·rBe'qaromaR 1?. -OMY tjJieHY 

pa3JIO.?KeHH.fi q)y'HK!UlH /Z_ ( 2) • 3m.mHRH 0 (2.~ f.) BHpa.?KeHHeM 

(I8), BMeCTO (20) 6y,n;eM HMeT:O 

3.nec:o JiJt!. 

sk (h):::: f x"-/Jh,., ':J:: d-:x::.) 

(20) 

(22) 
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.If.J.rR He"CJeTHHX 1'?.. ( 11. ::;- 2m- 1; /n -:: 0 2.. __, · • · ) BI:!4l1CJIMT:O PM 

( 23) HeCROJThRO CJIOJitHee • OnycRa.H BURJia.l(Kl1, 3aiTHIIIeM: 

F {t-J 
~-; {Z I £(h7y) 

~ R (t)- L ~2J. 2. B (7"/2) 
211? -I 2m- 1 .f==t (2,;J/(2m-2;·1;)/ 2m-.2._;·~r 

0 

L.. 
j~t 

B aToM BHp~eHMI1 ~o 
) 

c::>cQ 

R ( t J ==: 2(-l)~m-.2)/ 2: 
2m-t 1c·~~a.J .. 

~Jll<? 
,.lhU·/ 

(Iii<) 

( 3aMeTF.£M, 'G'rO CyMMvipoBaHIIJ:e BHITOJIIHI8TC.f! ITO He"CJeTHhtM ~ ) • 

(25) 

(26) 

IIpe,IUIOJIOilrnM, "CJTO .PR.lX (26) MO:m:HO IT?8JJ;CTaBI1Tl> Ha6opOM ITOJIIIJ:HOMOB 

EepHYJIJII1 "CJ8THOro rrop~nRa. ~.f! 3TOPO pa3JIOEHM ITOJIIIJ:HOM 2:5 (~) 
paBHJ:ffi: no orrpe.neJieHI~J:IO /?I: 

2
m ,; 

2m ~m- 1 2. <m -2 ~ .2m- y 8 (?) =- CZ -m'L 1- C B 'L - C 8 't .;. 
2~ ~~ / 2M ~ 

l<.flc2k .,?-m-21(' m Q 72. + ... f {-1) 8 Q:- f ... f- {-;) In (.Zm-t) v.tn_, 
2.m ..k 

( Bk - "CJHcJia EepHYJIJIH:) ,- B p~n 

(28) 

B MHTepBaJie 0 ~ ?" = c t I R.. ~ .( • Tor.na K08CNJMI.U1eHTh! 
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pa3JIOJK8HM.f! samiDIYTC.fi B BM.Ue 

I 

} ~(2m) ==- J B (rc)J;\,Jik?dz ~ 
0 21? 

MO~HO ITOR838Tb, ~TO BHpameHHe B qarypHNX CR06RaX T0~8CTBeH-

HO paBHO HYJilO 

ITOpnHOH8JibHH 

Ulle HTbl t" 

(T~R. 'qJieHH llpH OJUHI8l\OBHX CTerreHBX ( ?i~ ) npo

B ( r- = .1 ) = 0) • TaKm.~ o6pasoM, Rosqxpli
.2~ 

OR83l:l!B8IOTC.f! OTJIH~HHMH OT HYJI.H TO.libRO IIpH He-geT-

HHX k:. H paBHH 

b (2m) 
A: 

= /;(-;) (2mJ/ -m { j 
/ ).Z?1rl 
l.lif< 

- L .I .?/n-.2·;.1 

m-; B. } 

j::: I (2j)/ (Jil() 'I . (3Q) 

TaR RaK P.f!.ll (26) TO~ He co.n;epu~~ -qeTHHX ~JieHOB, CT8HOBHTC.f! 

.fiCHWVf, ~TO Ha 0Tpe3Re [ 0) 1 ] ero .nei1:CTBHTe.libHO MOjKHO 

npe,:n;CTaBI1Tb HeRO'l'OpOH CY1VJMOi1: IIOJHHOMOB /3 .2n,('C) • )J)m 3TOrO 

ROSqxpHD;I1eHTH }) k. = ( .J/ I<) -I t p.H,:n;a (26) HYjKHO Bblp83HTb 

t.Jepe3 R03qxp~eHTH bl< • 3aiTHlleM JIMillb OI<OH~aTeJrbHH~ pe-

3YJibTaT sToi1: npon;enypH: 

m-.;' lj 
{-1) h./ 

(2m·2·)1 I . 
t (2m-2;) 

1'\. • 
(3I) 
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r.ne 0 = BP;('2jJ) / , BP- "<UWJia EepeyJIJIIti, f/
0 

= I. 

ilO.I(CTaBJ!RR (3I) B (26) OROH~aTeJILHO 6y.I(eM HMeTD! 

(32) 

(33) 

HeCIWJILKO rrepBblX 3Ha~emm. ROS@lMII:(HeHTOB H;· ) s: (;), BWJHC

JieHHUX ITO cFoPMYJiaM (32) H (22), a TE!Kilte ~MCeJI H IIOJmHOMOB Eep

ff.YJIJm npe.ncTaBJieHH B Ta6JniUe I. 
KoHe~HHR pesy~TaT .1XJIR rrapUHam,HO~ o6paTHOH CBH3H BHrngnHT 
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YR838HHHe OO~~z o6yO~OB~eH~ B~nOM ypaBHeHHH OOOTOHHHH (5), 

lWTOpoe .ll:OilYORaeT RaR OJKaTHe, T8K li paOTmiteHHe "JKH,IIl<OOTH 11 
• 

MoXHo 6~o 6a BBeoTn ~orro~HTe~aoe orpaa~eane aa ypaBHeHHe 

(5): J:) = 0 rrpn d v f < lY- (!o , KaK STO o,n;e~aHO Y KoBa-
/ ~-

JieBH~a I 41. O,IUiaRO yoJIOBHe oToyTCTBHH rrpo~HOOTH JK.H)lKOOTH rrpH 

ee paOTRmeHHH 3~eCb R~eTOH H3JIHTIHHM, IIOOROJibRY xapaRTepaoe 
~/C 

BpeMH pa3BHTHH BCIIHWRH MOmHOOTH ~Horo MeHbmer-B Te~eHHe STOro 

BpeMeHH ~UROOTb Boer~a 6y~eT o~aTa. Ha~a~HaH OT~H rro~~eMa 

MOmHOOTH MO~T 6HTb B IIPHHUHIIe B30bMa npo~O~TeJibHOi, HO TaR 

RaK OHa He oymeoTBeHHa ~ MeXaH~3Ma OaMOrarueHHH peaRTOpa (TeM

rrepaTypa H ~aBneHHe MHOrO Meanrue TeX, ~TO pa3BHB8~CH npH B3pH

Be), TO~ STOrO 0Tpe3Ra BpeMeH~ MOXHO ~OnyOTHTb HaJIH~He BOJIH 

OTpHnaTeJibHHX ~aBJieHHi. 

TaRHM o6pasoM, 6es oymeoTBe 1aota rro~epu B o6mHoOTIII sa.na-ga 

OBeJI80b K perueHHIO ypaBHeHHfl KHHel'HRH (I), B KOTOpOM o6paTHaH 

CB.f.£3b BWH10MeTOH ITO qx_,pMYJiaM (3.1) • liHOJieHHOe perueH.~Ie STOM 38-

~a~H He rrpe~OTaBJIHeT Tpy,n;a, I100R1)JlbRY rH,Il;pO.n;HHaMH'tJeORaH ~aOTb 

pao-qeTOB IIO~HOOTblO HORJII(JqeHa H3 )800MOTpeHHH *)• 

*) CTOHT OR838Tb, ~TO 'qHOJieHHOe HHTerpHpOB8HHe ypaBHeHHi 
(3 - 5) oorrpmiteHo o Tpy~ooTHMIII, OBHsaHHHMH o B03MOXHOOTbiO 
HeyOTO~HBOOTH perueHHH H3-38 H8Jili~HH ORa~KOB Ha !l>POHTe y,napHOR 
BO~Hl:i!. lJT06H o6eorre~HTb rJia,IJ,KOOT:> peruemrn, 06H~HO BBO)J',f.[T 
"rroeB,noBH3ROOTb", rrpe)J.Jlo.iKeHeyiO HniDv.raaoM H PnxTMaiepoM /B/. 
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2. IIp~-I6JIHJiteHHOe aJiaJ!IiTHqecRoe pemeavre sa.rr.aqH 
o B3]JDIBe peaRTopa 

2.I. IIpH6JIHJKeHHe gy.rreBo:ti CROPOCTH sByRa (Mo.8eJib 
~re - Tamvra) 

3aiTHilleM pemeHHH (349) H (346) .nnff C~aH, ROr~a 3aBHCH

MOCT:OIO OT y~eJThHOrO 06'beVIa B ypaBH8HHH COCTOHHHH (5) MOJKHO 

rrpeue6peq:o. nng STOrO ycrpeMHM CROpOCT:O 3ByRa C R &yJIIO, COXpa

HHH Be.mqHey d v c ~ = J (on ~~ T) rrocToHHHon. Tor~a BMecTo f . ;-/ 2T 

(34a) H (346) 6y~eM HMeT&: 

t 

~ (lljj T(t -t) t 1
oll:.'(35) 

0 

J7 
c J 17-1 " an:ec:o ~ (h) = ..r ci?? .l7 ol x - 1\0S~HUHeHTR, orrpe~e~-

0 

eMHe COOTHOill8HH~1H (22). BHBO~ aTOM ~PMY~ OCHOBaH Ha TOM, 

qTQ ITpH C --. 0 OTJI~H~: OT HY~ BRJia~ B peaKTHBHOCT:O (34) 

,IJ;~T Jllfill:D JIHHeRHHe ITO j;?- ~ qJieHR ITO.n;HHTerpaJI:oHbTX <IJyHRUHR 

7.39 • (?/2).; 73". ('T/) 11 c£n .717/ , T.e. B (34a) 11 (346) 
'.1 ~I ~ 

HM88T MeCTO 3aMeHa: 

~ $7/--;.. .9/?, 
~ 

B~N (7"/'.z) -;. (-1).1,.(-2/0) ~· J'.) 
732,;·{rr') ~ o (/'>L)_; 

8~ tr') -.;;. -7"; 
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(noJIHHOMl:i! EepeyJIJIH -qeTHoro nopR,IUCi, sa MCI<JIIO-qeHHeM B .2 ('C ') 

06pamaiOTC.ff B FfYJib, nOCROJII>Ry co.neJJKaT -qJieHH nopR.n;I\8 BWIIe 

nepBOI'O). KpoMe TOI'O, npM Bl:lBO,ne (35) 6b1JIV£ MCnOJfb30B8Hb1 paBeH-

CTBa: 

I ln-1-1 
y(-1) (2/n)/ 1-/ 

/n-j 

,lJ,JII@)e pe HUMPYR ( 35) .n;:BaJK.,Ill,I no B peMe HM JII cyrv1rvmpyR .E, (f) 

no BCeM rz , nOJJYGHM ypaBHeHH:e J)I.fl o6paTHOH CBR3U C: (I) : 

,AI" 

r.ne t7 (£ ( R) ::::: J.. ~ h L 
11 

- rr: a.n;J~IeHT cpyHRUMM Z {~) 

na rpanuue R. • 3TOT peaylfbTa~ RB~eTC.ff xapai<TepHHM .~ 

MO,neJIM EeTe-Ta~a: BTOpaR npOM3BO.I.H8R peai<TJIIBHOCTH o6paTHOH 

CBH3M nponopUHoHaJioHa nJIOTHOCTXI aEepron~neJieHHR. CJie.Dye'l' OTMe

TVITI>, -qTO "qJI8H J: _R Vd{R.) B BblpaJKeHJIIH (36) CBR38H C 

HaJIHGMeM CRaGRa .UaBJieHMH Ha cBo6o.z:Hoi1 rpaHHUe R C T .K. peaK

Top I'OJIHH) M .UOJDiteH 6HT:b orrymeH *), eCJIM rpaHJIIIJy aKTJIIBHOH 30Hbi 

*) EcJIH B6JIH3H rpaHMIJ,bl pas.ueJJa acWJeKTMBHOCTH MaTepMaJioB 

8KTMBHOH 30HH H OTpamaTe~ 6JIH3KM no BeJIHGJIIHe, TO npM6~eHMe 

CB060,UHO:fi noBep~OCTM 6oJiee rrpMeMJJeMO H YI<838HHHH GJieH CJie,DyeT 

OCT8BHT:b jgj• 
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H8J:I:&S.H paCCMaTpHBaT:O KaK CB06o.n;;zyro IIOBepXHOCT:O / 9/. Ecmr .n;o

rryCTHT:O pacnpOCTpaHeHHe BO~H, TO STOT CRS~OR 6y.n;eT .n;BHraT:OC.H 

CO CROpOCTLIO C R ~eHTPY peaKTOpH, T.e. HMeT:O xapaRTep CJiaOOR 

Y.napao:fd: BO~Hb! paspeaeHH.H *). He~·py,n;Ho y6e..IJ:HTLC.H (eM. ~PMYJiy 
(IS) H CHOCRY HS CTp. j 0 ) , ~~·o STa BO~Ha 06.HSSH8 CBOHM ITO-

.HB~eHHeM I\Oaqx}_)H~eHTY ~ec.. , npaKTepHsyromeMY CTerrem, "paBHO-

MepHOCTH" Terr~oBu.n;e~eHH.H. B .namaeiiiieM -q~eH, co.n:ep~IUHii £1 c.... , 
.:.vv 

6yJ1,e'Y YC~OBHO HSSilBSTL BR~S,D;OM "y.n;apHO~ BOJIHTl' B pea.RTHBHOCT:O 

o6paTHOR CB.HSH, a ~JieH C ~ 0 - BR~SJ1.0M "CTOme:£1: BO~bt" (IIpH 

~ = 0 peiiieHHe (IS) IIpHHKMaeT ®oPMY THIIa CTO~ei BO~HH). 
ex. 

2.2. IlOJIH8.H BgAe~eHH8.H aaep::H.H. IDopMa BCIIbtlliRIII 

MOIUHOCTH 

C,n:e~aeM eme O..I(HH IIIar aa rryTn yrrpomeHH.H sa.n;a-qz, rrosBOJI.mO-. 
I.UHH IIO.nyqHT:O aHa~HTM'tJeCRHe peUieHH.H )J.Jlff Q (-b) H Q(-f:) 

B rpy60M IIpH6JIHJKeHHH. 3aM8THM, ~~·o JII06a.H BCllbtllii\8 MOmHOCTH (sa 

¥1CRJIIO~eHHeM MHOrORpaTHbt.X BCIIbiiii8I\, BOSMOJKHbtX npH CH~HOM aqxpe.RTe 

,I(orrJiepa H Heorpaaa~eHHOM HapaCTSEH¥1 BBO,n;aMOH peaRTHBHOCTH / 2/) 

xapaRTepHsyeTC.H ITO,D;':beMOM MOIUHOCTI'l, a SaTeM CITS.D;OM C o6paSOB8HH8M . 
MaitcHMYMa Q max • Ecmr BCrn:mtRY 2 (f) ~eJIHROM ~pMHpyeT 06paT-. 
Ha.H CB.f!3:0, TO, rJI.fi.IJ;.H Ha <P0PMY RpHBOH Q ( t) , MOJKHO cpasy CI\a-

SST:O IIpH RSRHX BpeMeHSX o6paTH8.fi ::;B.fiS:O Ol\8SbiB88T CJIUeCTBeHHOe 

:*) B TB8p.D;biX HJIH U)JEHX TeJia:{ ~SP,Ha.H BO~Ha ,n:aJKe C aMIIJIH-

TJ.D;OH "'105 STM .HBM8TC.H !c~a6on'' OJ, T.e. npaRTH~eCI\H He 

OTJIH~aeTC.fi OT 81\yCT~eCROR. IlOCRO~IORY MO,D;e~ "JK¥t,IU\OH cti>epa" 

OCHOBSHa Ha 8RJCTatl8CROM ITpH6JIHJKeHHH, TO s.n;ec:o "y.n;apHa.fi BO~HB" 

B ~oM c~~ae 6y.n;eT "c~a6oii" .n:wte ecmr cRagoR .n;aB~er-m:R aa ee 

tPPOHTe BO Maoro pas 60J:I:biiie IO~ aTl\r. 
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BRHRHMe Ha IIOBe~eHHe MOmHOCTH, a llpH RaRHX BpeMeHaX ee ~HJIHHe 

He3H8'4HTeJ!bHO H MOIUHOCT:O orrpe~eJI.fWTCfl ITO cymeCTBy BHeU!HeH pe

aKTHBHOCT:OID. HeTpy~o BH~eT:o, qTo o6~acT:o cymecTBeHHoro B~R-. 
HHR o6paTHOR CBR3H - 3TO 06JiaCT:O !\[8I<CIDJIYMa Q ( -l) , paBHaJI 

rrpH6JIUHTeJibHO IIOJIYillHpHHe BCIIbii.URH (o6paTH8R CBJI3:0 CHJ!bHa pa3y

MeeTCJI H ,lJ.Jlff IIOCJie,JJYIOIIU1X BpeMeH, F.O 3Ta 06JiaCTb Y'Jf.e He HHTepec

Ha, IIOCKOJ!bRY MOIUHOCT:O Q { t-) 3,nec:o rrpaKTH'4eCKH paBHa f!YJIIO) • . . 
C .n;pyroH CTOpOH11 1 TOqKa, r~e Q(f_) ::: Q n?e<x .F.IBJI.HeTCfl TQqROH 

t . 

rreperPI6a ~R tiJyHRLUIH Q.Ct)"'" jQ(t 'Jolt 
1 

, T.e. B yKa3aHHOH o6-
u • 

JI8CTlf 8HeprPIR 38BHCHT OT BpeMeHH IT?I16JIPI3HTeJibHO R8K QmaJ(. ( t- fo) 

r.ne i
0 

- IIOCTORHH8fl, 38BHC.ffiU8fl 0 r ,Il,JlliTeJ!bHOCTH aaqaJIDHOH 

CT8,1l;I1H pa3:BlfTHJI BCIIEIIIII\H, T.e • .JIHHeJiHO. t!T0611 Y3H8T:O RaR Be,I(eT 

ce6JI B 3TOH ~e 06JI8CTH 06paTHaJI C~I3b, .IJ;OCTaToqHO 38BHCHMOCT:O 

Q,a~e. (i-to) IIO.IJ;CTaBHT:O B (35) (I1JIH B 06IUHe cpopMYJIH (34), ROr,na 

3a,naqa paCCMaTpHBaeTCJI B aKyCTHqeCI:OM rrpH6JIIDKeHHH) • EcJIH Terrepb 

Ml1 XOTHM 3aMeHHTb HHTerpaJI (35) IIOJ;XO.I(.fiLUHM a.nre6paH't3eCRHM Bhlpa

.iKeHHeM, crrpaBe~HBblM ,1I,JI.H JIID6oro MO:rv eHTa BpeMeHH, a He TOJ!bKO 

B YR838HHOM "cymeCTBeHHOM" rrpoMe]K.Y"'!Ke, TO K8K 3TO C.IJ;eJiaTb Y'Jli.e 

EcHo. B rrpeo6pasoBaHHOM rroc.ne yRasaHHOH rro.n;cTaHOBRH BHpa~eHHH . 
(35) BeJIPI'4Hf!Y Qh)Ot)(. (f-fo) f!YJR.HO 3aMeHIITb HCROMOH cpyHKIJ;IIeH 

Q (-f) *) , B HTOre )J,JIJI o6paTHOH CBJI3H rro.nyqHM RaqecTBeHeyiD 

38BHCHMOCTb BH~a 

CV> 1 .:3 2 2{ (l "/' " --- n(n+t)L Q <E.Ct) :::J 7iR.ci.vC rJo.RVcX-(R.) +c>vL~ 11+1 ~{h) • ~ 
h ~ I Ji h I C Q ( 37) 

II /?Ia )( 

*) ,UorrycTHMOCTL 3Toro YTBepJI\neiiHR 6HJia rrpoBepeHa rryTeM 

'4HCJieHH11X pacGemoB. 
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3aMeTHM, "1TO B a.RyCTH"1eCI<OM IIpH6JIJIJKeHHH, I<Or.n:a OIIHCaHHaJI 

Bhlll!e rrpoue,nypa rrpeo6pasoBaHHJI pacnpoc'rpaHJieTc.H rm 0611Wie cpop:r.zy

JIH (34), BHpajl{efUie (37) 6y,I(eT CO.I(epJKaT:O tJJieHH H 6oJiee BhiCOI<HX 

CTerreHeM, HO H B 3TOM CJIYtlae, eCJIH ,I(JIHTeJThHOCTL BCIIhlllli\M {) << R. 
3 c ) 

C 1'\.... Q OCTaeTC.H ,I(OMMHMpyromeH 3al>HCL1MOCT:OIO (RBa.npaTV1"1HI:JX II 

mmeMHhiX tJJieHOB He CO,I(e pjl{IITCJI BOOCime) • 

TaRHM o6pasoM, sa.rr,atJa cBeJiaci: R pemeHMIO ypaBHeHn.H 

(38) 

(39) 

- "R03qrpMI.I;MeHT o6paTHOM CBH3I1 11
, I<O'WPHM IIORa He H3BeCTeH. ilp:M: 

c0 = COns t ypaBHemm (38) .norrycHaeT rroHllili.eHM:e rrop.H,If,Ra 

I1 B OTCYTCTBMM MC'l'OtJHVII\a ~ IIJH106peTaeT BM,rr,: 

(40) 

• 
r.ne Q ( 0) - MOUJ,HOCT:O B MOMeHT f pWrlltJHOCTM Ha MrHOB8HHHX 

H8MTpOI-IaX. lloJiara.H, tJTO R MOM8HTY I peM8HH, ROr.na MOI.l.U10CT:O CHH-
• 

.maeTC.H :IJ.o rrepBOHatJaJI:oHOro ypOBH.H (;( ( 0) Bhl,I(8JI8HHa.H 3HeprH.H 

paBHa IIOJIHOMY 3Ha"1eHMIO Q(oo) , 6Y.ll8M JZ[liJI8TL: 

Q(oo) ~ 1¥ 
b . 

(4I) 
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C ,n;pyl'OH CTOpOHH, 113 ypaBH8I-IVIH (38) M (40) CJie,nyeT, "YTO MaRCH-

" 
f Q{o) 

(42) 

CMCTeMa ypaBH8HMH (41) L1: (42) II03BOJI.H8T MCR.TIIO"YHT:O H8M3B8CTHI:ffi 

ITapaMeTp Q met.x us Bhlpa]KeHM.H ,If)I.ff t M aamrcaT:o (4I) B 

CJie,IJYIOI.U8M BM.I(e 

(4Ia) 

8TOT pesyJII>TaT COOTBeTCTBY8T C~"YaiD, ROr.I(a MCTO"YHHR ~ 

H8"Y8JII>Ha.H MOIUHOCT:O Q(o) IIp8H€6pe.1ItrrMO MaJrn, a BH8IIIH.H.H peaR

THBHOCT:O BBO,I(HTCR ITO CTyiTeH"YaTOlVY 38ROHY • 

ilyTeM "YHCJieHIIhiX pac"Ye'l'OB ycTaHOBJieHo, "YTO ITPH peaJII>r-mi1 

38BVICHMOCTI1 BBO,IU1MOH peaRTLfBHOCTVI OT Bpel\mFm: L1: peaJII>HblX S 
.. 

M Q(o) B3pb1Be ::meprM.H c xopowei1 

'l'O"Y HOCT:OID OITVICbiBaeTC.H qpplVlYJIOH ( 4Ia) , 8CJIH ITO.!( B8JIW:I LfHOM j .£ 0 

~) 
ITOHHMaT:O MaRCVJMaJ.rbHOe 3H8"Y8HL1:8 Il)JIHOH peaRTifBHOCTkf: 

Bh~TI;8JI8HH8.fi ITpM "CMJJ:OHOM 

BBe,:n;eM aqxpeRTI1BHblli rpa.IU1eHT y.I(eJII>Hofii peaRTMBHOCTH cciJepM-

-*) 8To cooTuoilleHne crrpaBe.rr.muo rrpM MaJIJ:.IX rro cpamremuo 

c R/ C sHa'lei-m.Hx 79 . 



- 23 

JJ;:: 2.. 2 ' 'Y. / v :;r == V' ~ {S l.!i A (l,x(R) + J 121< E l'l{l?f-1) s {h) L ] (42) 
o / g ~ [#2 /3 0 ~ n ~I 'Jj IN I I h 

EcJIH ~VICJIO ~ :;;<;12. = I,035 r:oJIOEJ1T:& paBHhtM e.IT,RHVIIJ;e, 

TO 8TO BHpa~eHVIe MO%HO 38ITVIC8T:b B BU~e 

r.ne 

/{' 2.)/' 
j k o 2 n L f- s_ 121< z:_ nrnnJ ~(n L (43) 

( cl R ) = c) a: J; Ji R {;, h f ; 0 7i 11 =I ~ hf I I ) h 

- TeMnepaTypHbill: I\08qxpH:Qfr8HT peal\TU:3HOCTVI t onpe.IJ;eJI.H8Mblli I\8K 

H3MeHeHHe k npH HarpeBamui peaJtTopa corJracHo pacrrpe,neJieHHIO 

TenJioBaneJieHM.H (I6); 

~ 

( 
9k) _ ~ 2 \ n. Lh 
? R_ r - 1; .It R. f-;;; 11 r 3 ( 44) 

- HSOTep~eCl\HH KOacixPHUll8HT, Ollp8,H8JIR8MHH KaR H3M8H8HH8 k_ 

npH paBHOMepHOM HarpeBaHHH aKTHBHOt 30Hb1. 0R0~8T8JI:&Hhlit pesyJI:b

TaT .1J)IR OCHOBHbiX napaMeTpOB BCllbllliKV. MOIUHOCTH BHI\7ill.IJ;I1T CJI8,IJYIOI.I.\HM 

o6pasoM.!. 

BaneJieHHa.H B I r TonJIMBa aHeprvra: 

Q(oo) (45) 
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Mai<eHMaJI:&Ha.H y.n;eJI:&Ha.H MOII.{HocT::&: 

. I ...c· 
tC) - c._-,,., 4: )( l""r"\.( ) 
\,.;[ ma. x -.2 fi · -(': 4:" 00 (46) 

II II • • 

,1lJ.IIIT8JIDHOCT:& BCITbiiiiRM Q(oc)) I Q rn 4: x 

(47) 

TiocKOJI:&RY BbiBO,IJ; <l>oPMYJI (45) H (46) OCHOBaH Ha rrpe,IJ;CTaBJie

HVIH o6paTHOR CB.H3H B BH,IJ;e .IJ;BOHHCrO IIHTerpaJia j j /( f ')~I' 2 

(eM. ~PMYJIY (35)), TO B aRyCTH~eCKOM IIpR6JIH~HHH CJie~eT 0~

)J;aT:& IIO.HBJI8HH.H KYTerpaJIOB 60JI88 BbiCOKOH KpaTHOCTK, T.e. ~JI8HOB 

~8TB8pToro ITOp.H.n;Ka ITO C n?a. x M Bblllle ,IJ;JIH BN.JJ:8JI8HHOit SHeprHH . ) G ( oo) H -qJieHOB rrmoro H T •• n. rropJI.IJ;KOB .If.JI.H Q rna.x* • 

MccJie,ny.H Bupa~HHe (42), Herpy~Ho yc>e~T::&C.H, qTo ®opMa 
/.1 i' pacrrpe~eJieHHH ;!(~) = Z L17 (I() MOJKeT cymecTBeHHO BJIH.HT:& Ha 

XapaRTep 3aBHCHMOCTH ITOJIHOA y~e~~HOR SHeprHH OT HepaBHOMepHOCTH 

TerrJioBan;eJieHKH. JlHHeiiHa.H 3aBHcmvrocT:&, 11. = I, rrpHBO)J)!T R B03-

pacTaHHIO Q (oo) rrpH YB8JIH'q8HHH xoaqxpHUHeHTa HepaBHOMepHOCTH 

/{ v ~ Sa t- So • 11JreHaM c )1 > 2 cooTBeTCTByeT o6paTHa.H 3aBH-

CHMOCT:&: G (CXJ) YMeH:&maeTCH c yBeJIWieHHeM I< v • B c~ae n. = 

= 2, Iwr.na Of(~)== L0 f- L 2 {j )2
-· Hai~OOJiee xapaKTepHaH ,II)I.ff 

c®epHqecROH reoMeTpHH 3aBHCHMOCTI,- B~IJ;8JI8HHa.H SHeprH.H B0061I.{e 

He 3aBHCHT OT fCv * *~ T.eo CHTYc~II.H TaKOBa, qTo, HarrpHMep, ITpH 

*' B pa6oTe /II/ rroKa3aHo, qTo ecJIH oc>paTHa.H CBR3::& c paBHa 
"<;:'> II 

•• ~ 0 ncl Q/clt"", r~e rrpo~3BO.ILHa.H cTerreHH n < 0 03HaqaeT 
1?--~ • K-t-2/, !4(+1 K'l-1/ ~ 

1111- RpaTHblii HHTerpaJI, To Q "'· c ;'l " G ""'c 1 '?- { 1<-=- In/) 
;ll'}IJI HHTerpaJI:&HbiX COCT8B.runoti.WIX C • PaCCMaTpHBaeMJlli H8MH c.ny-qait 

COOTB8TCTByeT .n;ByKpaTHOMY HHTerpaey: /( = 2. 
~) D!aROH .?Ke BHBO,D; CJie,:nyeT, :IaiipMMep, !1:3 pa60Tbi ffHKOJI::&COHa/9~ 

r.n;e rrapaC)oJIHqecmre pacrrpe,n;eJieHHH 1:CIIOJI::&3YIOTC.H KaR ~ cpyHR~H /1(~) 
TaR K .If.JI.H rrpocTpaHCTBeHHOH ~pMa TerrJioBu.n;eJieHHH. 
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BLIPBBHHBamnr TerrJIOB!ilD;eJieHHH (YBeJIM-qemrH J: I k v ) BRJia.D: "y,n;ap

Hoii BOJIHH" B03pacTaeT poBHO Ha ~TOJII:,I\0, Ha CROJII:,I\0 YMeH:OIIIaeTCH 

(sa C'tJeT COOTBeTCTBYIOmero YMeHI:dieHHH sf) IKv) BKJia.n "cTomeii BOJI

Hiii", OOYCJIOBJieHH~ ,n;eti:CTBHeM JIO;:taJII:,HblX rpa.n;HeHTOB .D;aBJieHHH. 

3aMe'tJaH, 'tJTO BeJIH'tiHHiii, BXO,J,ffi.lJ.He B BblpaJKeHHe (45) OOJ)a3yiOT 
2 ') 

ROMIIJieRC C pa3M8!JHOCT:OIO CM /eel\'~, ,JJ,Jl.fi IIOJIHOH Bl:l.D;eJieHHOH 8HeprMH 

E MOJKHO sarrHCaT:O 

r.ne (48) 

M - Macca TOIIJIHBa, a 

2. v (49) 

- BeJIH'tJHHa, KOTopyro Mo~o paccMaTpMBaT:o, KaR rrapaMeTp, xapaRTe

pHsyronurli IIOTeH:qHaJII:,IzyiO 0118CHOCT:O peaRTOpa (rrpM BiiiOpaHHOM CTaH

.n;apTHOM 3H8'tJ8HMM ~ rnctx ; HarrpHJ.1ep I%) • IloCROJI:ORY KOa<fxl>mJ,PieHT 

.D;aBJieHHH (j} p/'dQ)..., ::::: ol Y £.,. /Cv 015Iif'tJHO IIOp.F.f.Il',Ra IIJIOTHOCTM MaTepMa

Jia aRTMBHOH 30Hiii /
3/, a ( cl k /c/R) ~dv ~ ( cl k /c! T) rv I/ R..) 

TO clvC
2
/Cv "'1. M- fldo rv,{~ • CJie.D;OBaTe.JIDHO, ;rr,:JUI COBCeM 

rpyOI:DC OI.J;8HOR 

R 3!2. 
V~ ·-c. ·z- h?Q.)( (49a) 

TaRliiM oopasoM, IIOJIHaR Biii.ILeJieHHaR aHeprHR orrpe.n;eJIReTcR 

KOMOMHai.J;HeR aqxpeKTliBHiiiX rrapaMeTpOB, xapaRTepii3YIOII.U1X 8RTMBHYIO 

30HY B D;8JIOM: y,D;eJII:,HOH TeiiJI08MROCT:OIO TOIIJIIIBa Cv , K08@)MI.J;MeH

TOM OO~eMHoro pacmMpeHMR ~v , ~ROpOCT:OIO 3By!\a C, JIHH€HHgM 
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rpa)JJ1eHTOM y,neJI:&HOH peaKTHBHOCTii V ~ , xapaKTepM3Y10IIJ.IDJI sqxpeKT 

CMe me HH.H "yo pe.D;He HHOrO" cfi:Je pH-g e C IWrO CJIO.ff e,n:MHW1 I10H TOJIIIiMHhi, 

cpe,nHvrM BpeMeimM JKM3HM MrHoBeHHl:iX Hei1TpoHoB T M rrporropnMo

HaJI:&Ha KY6Y MaKCillVI8.7ThHOH peaRTM:EHOCTM, KOTOpa.ff BBe.n;eHa B peaK

TOp. ME ou;eHim rrocJie,nHei1 MOJKHO vrcrroJI:&soBaT:o cpopMYJIY 131: 

(50) 

- Co - Q~ 12 • 
r.ne Z - T L Q(o) ) G (o) - Ha-gaJIBHa.ff MOIIJ.HOCT:& 

(B MOMeHT I~pr.iTMl1HOCTH Ha MI'HOB8HllhiX HeHTpOH8X). 8Ta cpopMyJia 

IIO.r.ry-tJeHa /
3/ B rrpe,IUIOJI02KeHHH HeOJ'paHM"geHHOrO HapacTaHH.ff BBO.IJ;H-. 

MOll peaKTMBHOCTH CO CKOpOCT:OIO ~ 0 M -gacTO MCIIOJI:&3Y8TC.ff IIpH 

aHa.mrse aBapMHHLIX CHTyau;kffi B 3HeiJreTH11eCKHX peaRTopax, r,ne aBa

pH.ff, R8R rrpaBHJIO, C"gMTaeTC.ff Bb13B8Hf :oti rrpeKpame IIHeM D;HpKyJIJ.liJJ1U 

TeiiJIOHOCHTeJJR C IIOCJie,IJYIOlllHM BCl{Hfai-IHeM H Bhi6p8ChiB8HHeM HaTpHR 

M3 aKTMBHOH 30Hhlj IIpM 3TOM HeiiOC]: e,IJ;CTBeHHOH IIpH-gHHOH .FI.:UepHoro 

B3pHBa .FIBJIReTC.ff M36biTOl1H8.ff peaKT~BHOCT:&, ROTOpa.ff MOJKeT 6h!T:& BBe

,I(eHa, .rwr.na pacrrJiaBJiemme TOITJmBo "rra,naeT" BHH3 H co6vrpaeTc.F.I 

B OOJiee IIJIOTHYIO ROHcpHrypaD;HIO. B 3 rOM CJ:IYC1ae Q *- paccMaTpHBa

eTC.F.I Rai< noporoBa.F.I SHeprHH: ecJIH BH.neJI.F.IeMa.F.I B To-gKe Z. y:rr.eJI:o

Ha.F.I SHe_prH.F.I ¢0 (~) Q(-t) < Q* , To HarpeBar-me TOIIJIJiiBa nprrno

.TI.MT JIHllffi~8IIOJIHeHHIO rryCTO'l', OOpa3 1)B8BliU1XC.F.I rJiaBHbiM 00p830M ITOCJI8 

HCl183HOBeHH.F.I HaTpH.FI, Oe3 reHepaD;Hii 38MeTHbiX ,D;aBJI8Hl1H *) • 

:K) Ha STOll C'll8,IT,Hl1 aBapl!UI ,D;8B~IeHH.F.I OIIpe,IJ;eJI.F.IIOTC.IT yrrpyrOCT:OIO 

H8CHIUeHHhiX rrapoB TOITJIHBa. 
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06paTHa.fi CB.fi3L IIO.f.IBJIJieTC.fi TOJILI\0 IIpH 

.uanJiemra HalJniiaiOT 6HcTpo pacTH. Ha STOM cTa,UHH aBapvm ciwpocTLIO 

,I(aJILHefirnero HapacTaHH.fi BHCllli-:IGH p3aRTHBHOCTH rrpei-I86peraiOT I1 

. i * 
C'lMTaiOT, 'ITO C m c..)(. = Eo , I'3(e f *- MOMeHT BpeMerm:, 

Ror.ua ¢
0 

(o) Q Cf) =:- Q * . HcHo, 'ITo B rrpe,IJ)IaraeMo:fi 

MO,I(eJ.lli B3p:oiBa, r,n;e BH8UIH.f.£.fl pea.KT 1BUOCTL BBO,lJ,HTC.fi B rrpaRTMlJeCI\M: 

He co,n;epJKaiiWfi ITYCTOT peaRTOp IIOpi)J:'OBa.fi 3HeprVrJI He MOJKeT ID/IeTL 

TaiWI'O qlM3W18CI\OI'O CM1ICJia *) • Q -}f- - 3TO I!pOCTO Ta ~meprM.fi, . ;( 

rrpM RO'I'OPOM co f = ch?c:lX ' I~ .e. BeJ.llilJIUia no cymecTBY ae-

M3BeCTHa.fi. 0,1J,H8RO, ITOCI\OJILRY ROS~):pHilJieHT v k Z 1- k_ k L 
6 ~":) .)f. 6 0118HL CJia 0 3aBHCHT OT ~ , TO ~m IIpM J.lli3MTeJILHHX OUeHOK 

MO.IKHO 6paTL OObftJHO HCIIOJIL3yeMoe ~:HalJeHHe Q?'f-= 109 - IQIQ 

apr/r / 3/. tfi1CJieHHLTe paClJeTLT ITOREt31IBaiOT, lJTO ,UJI.fi peaKTOpa 

MEP-2 /I2 - I3/ 
~ 

G = IOO ]J)K/r, 

. 
rrplii Q (o) = IIO BT/r 

Moauo rroRasaTL, lJTO )J)J.JI rpycLIX oneaoK c «Jet x B paccMaT

PHBaeMoM: MO,I(eJIH B3ph!Ba MOJKHO HCIIOJIL30BaTL OOJiee KOIIRpeTHYIO cpop-

Cmcn ~0[7. 0J:z[/2~Eo<J (5I) 
(~ 7 Q (o) ) 

r.ue R_ - pa_:mzyc aRTI1BHOH 30Hbi, do - CKOpOCTL BBe,n;eHM.fi BI-Iem-

HeH peaKTMBHOCTH (40 ceR-I ~ !16?-2). 

at) CJie.IJYeT OTMeTHTL, lJTO BeJlli'1HHa Q * B006me He m.neeT 

.llOCTaTO'lHO 'leTKOI'O cpH3H'leCKOI'O OII])e.I(eJieHH.fi /
3/ • 
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I!OCROJILRY HapJI.IJY C TOIIJrn:BOJII B ai\THBHOH 30He IIpHCYTCTBYIOT 
-/ 

H ,IJ;pyrHe MaTepHaJlbi, TO IIO.I( oL v H CjlOOJJaeMOCT:OIO £ T 

CJie,nyeT IIOHIIMaT:O 11 3qxpeRTHBHHe 11 :ma't1eHIISI: 

J 
, r.ne (53) 

Q · - OO'beMHa.ff )J.OJm 
(. 

L -OM I\CIMIIOHeHTH, IIpH't1eM HH)J.ei\C i=O 
OTHOCHTC.fi R TOIIJIID3Y • B 3THX COm'HOIIIeHif.ffX IIO,Iij)a3YMeBaeTC.fi, 'tJTO 

TeiiJIO BHJ(eJmeTC.fi TOJIDI\0 B TOIIJIHliHOH I\OMIIOHeHTe; KOHe'tJHa.ff CJimMae

MOCT:O COCe)J.HHX ROMIIOHeHT IIpHBO,Izy:T R 't1aCTH'tJHOll peJiaRCaQnH )J.aBJie-

HHSJ B TOIIJIHBe - oTcro.na oL " = c 1 o o<. v o < ol. v o . 

Ka"tJeCTBeHizyiO 33BHCHMOCT:O ~ {f) H Q C t) OT BpeMemr 

MOXHO IIOJ:IY'tJRT:o, pemHB ypaBHeHHe (40). McrroJIL3Y.H saMeHY Q-? 1/cy 

H rrpe~oJiaraH HYJieBse Ha'tJan:&HHe YCJIOBH.H, IIOCJie HHTerpHpOBaHH.fi 

IIOJIY'tJ HM : 

3.n:ec:o 

[ 

~clo;'t J J/.3 
(i(t) = -3~ f 

I f 3<2 D 
) 

- 3olo f 
Q{i) = Q(f) ~~-d._o_(? __ 

I f 3 e- 3oLo t-

(54) 

(55) 

t = 0 COOTBeTCTByeT Ma~CRMaJI:&HOMY 3Ha'tJeHHIO MOmHOCTH 

CzyrreH:&Ra peaRTHBHOCTH <E 0 = ex 0 rz- BBO.n;RTC.H B "MoMeHT" 

t- :::- ~ <.?<0 , Ror;rr.a MOmHOCT:o :wtJesarome MaJia. Ms (55) cJie:JJYeT, 

'tJTO ®0pMa BCIIHIDRH He .HBJI.HeTC.fi cm,~eTp~HOH OTHOCHTeJILHO ee 

BepiimHH! CIIa)J. MOIUHOCTH ropa3)J.O Rj)ytJe, 1:JeM liO,IJ;'I>eM. 

06e 3aBHCHMOCTH (54) H (55) , a T~ COOTHOIIIeHHe (49a) 

HCIIOJI:o30B8JIHC:O rrpH BHBO.I(e ®0PMYJDl (51) ,lJ,Jlfi rpyOOH on;eHRH MaR

CHMaJI:&HOH peaRTHBHOCTH. 
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8Ta Be~~HHa rrpe~CTaBnHeT rrepBOCTeiTeHHRH HHTepec rrpn 

aHaJlli3e RpyiTHoii aBapnH I-I, BMecTe c TeM, ee oueHKa rro,D;BepJKeHa 

eme 6o~weit Heorrpe~e~eHHOCT~, ~~M B~MC~eHHe ITO~OH B~ne~eHHOH 

aHeprH~. 

"CfuCTO OUeHKa CM~H B3PHBa C:30.zu;ITCJI I\ orrpe~e~eHMIO BepxHero 

rrpe,ne~a pa6oTu vf~na )( , ROTopyro artTMBHasr 30IIa, o6~a.n:an 3arracoM 

BII.Ue~eHHOR sr.nepHOH SHeprMM, MOJI\HT COBepWJ.iiT:O ITpH H303HTpomr~ec

ROM pacmEpeHHH / 2 , 3 • 9/. B 3TOr7·C~ae BC.ff BHYTpeHHJIR 3HeprJ.iiJI 

a~eMeHTa o6':DeMa A V , 3a B~e~·oM rroporoBofi ::>HeprnH Q ~.f Lt V 
3aTpa~aBaeTCJI Ha pa6oTy rrpoTI-IB llHeWHIDC en~. B paccMaTpaBaeMofi 

MO~eJlli B3pbiBa BepXHHR rrpe.n;e~ paCIOTbJ vf m~~tx 6y.n;eT paBeH ITO~HOit 

Bbi.ne~eHHO:ti ::>HeprHI-I £ ::: M (J{rxJj , T .R. Q* = 0 no yc~oBI-Iro. 

B .n;eficTB~Te~HOCTI-I, o.nHaRo, RI-IHeT~ec:Kan auepri-IJI B3pbiBa 

MOJKeT 6LIT:O MHoro MeH:&Ille J! max 12, 31 *), TaR Ralt rroporoBaJI 

aaepran, BHYTpeHH.ftfi aaepri1JI ROHeqfillx rrpo,IJYRTOB B3pRBa, a TaiOKe 

CRPHTQe TeiT~OTbt q>a30BbtX rrepexo.nos (He BXO.JJ,RIIUie B COCTaB ~ * ) 
B CYMMe MOryT .naT:o 3Ha~eHI-Ie, cpaBHHMoe c E . llpn o~eH:o 6o~

Ilii-IX E aT~ "rroTepi-I" ::>Hepr:vm )a3yMeeTcJI H83Ha~HTe~Hbt I-I 

rrpH6~H-'KeHHe uf = Jf /nQX 6y.n;eT BITO~e ITp~eMJieMHM • .Eiplti <¥tetih ~-

I'JfiH 'MEl it. Bfte ~ BHa 'He npueu' I/M~JI. llpH MaJibtX £ 
C~e,:rryeT mJtii,I(a.T:O 3aBHCID.10CTH THITa ~ ...._ £ 2 

, BUT8R8IOIU8H lii3 

OCHOBHLIX 38!\0HOB 6HCTporo HarpeBEtHliiJI Te~ /I5, i6/. 

*) 8TO IIO.D;TBepJiiJ];eHo H H8ROTC_pLIMH ::mcrrepliiMeHTaMH ITO /I4/ 
B3PbtBY TeMOBbtX peaRTopoB /3, I4; • B aRcrrepHMeHTe K J W' 1-TNT 

' 
HarrpliiMep, (B3pbtB paReTHoro peaRTcpa) RI-IHeTH~ecRafl aHeprnsr 6a~a 
6o~ee ~eM B 100 pa3 MeH:owe ITO~Hoi: auepri-IH E = IOIO )J)K. 
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I-lMJKe 6y:IJ,eT ,naHa rpy6aJI OUE HRa "MHHHMaJibHOM" pa60TLI J/
Ha OCHOBaHHM ypaBHeHHR COCTO.HHV.JI (5) C ,ll;06aB0'1HhlM YCJIOBMeM: 

p = 0 rrpH ol,., T < 15;~. llpe,n;rroJicJKID~I, '1To M3'08HTporri1:'1ecRoe pacrrm:

peHHe ai<THBHe:fri 30H1I rrpe,n;cTaBJI.fi6T COOOM pacr.rrnper-nre CMJillHO Cji\a

TOH (B Ha'1aJillHbiH MOMeHT) H Harp9TOM ,n;o BhiCORMX T6MITepaTyp JKM,ll;

ROM c<Pephi rrpH HYJieBOM BHerrmeM ,n;3BJieHHM. BspbiB TaRoi1: ct!Jephi 

osHallaeT pasJieT "RarreJieR" B pa,II,Jia.JII:,HOM HarrpaBJiemm, B RaJ¥JJ;ofi 

II8 ROTOphiX ,II,aBJI6HMe paBHO HYJIIO :I R'8JI(D;8.l! M3 ROTOp!:DC H6COT B ce6e 

onpe,n;eJieiiHHM 3arrac BHYTper-mefi 3Jieprmr. Cy'MMapHYIO RvrHeTn'1eccyro 

8H6pi'HIO BCeX RaiTeJieR VI 6y,n;eM r-m:mBaT:S CVIJIOll B3pbma. MOJKHO :IJY
MaT:S, '1TO 8TO 6y:IJ,eT MHHvilVJ8J'.Il>H8.fi OU6HRa CVIJIH B3PI-1B8, TaR Rai< 

OCT8T0'1If06 T8ITJIO, OITpe,n;eJieHHOe 'J'8RIDVI o6pa30M, IIO-BH)J,LIMOMY 

88BI:Jill6HO. 

113 YCJIOBI1JI ITOCTO.fiHCTBa 8HT} OITJtiH HaXO,II,t1M, C ITOMOillJ,IO ypaB

H6HHJI cocTOHHMR (5), '1TB TevrrrepETypa B rrpouecce pacumpemrH 

I1:3M6HH6TCH ITO 33ROHY 

(56) 

r.ne T0 = Q ( CXJ) I c v H y1MTHBaeTcR, llTO TerrJioeMRocT:s 

I r MaTepHaJia paBHa y.n;e.JII:,HOH Terr.meMROCTVf C v TOIIJIMBa, 

YMHOJKOHHOH Ha M/M
0 

(M Vf M
0 

- Macca TOIIJ!VfBa I1: BCeM ai\TMBI-IOll 30HH 

COOTBeTCTB6HHO), ITOCROJ'.Il>RY HeTOIT~IliiBHhie ROMIIOH6HThi ITO YCJIOBHID 

He HarpeBaiOTcR. 

McrrOJill3YJI aTo Bhip~eHvre, rroJ~aeM cJie,nyromee rrpM6JIH%eHHOe 

BUpaJKeHMe ,Il)UI I\V.UI6TII'l6CI\'OH 8Heprv H B3pi:IBa A: 

lU '2 l'1o 
J/ = _!_ 1'1 2J 2 _!__!_ 2 ~J · M 

2 ° { . p51. . Mo/g 
I -1 Q(OO) 1'1 j 

(57) 
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ol., c Q (CXJ) 1---. 
S..ec:o zJ ::- c - cpe.naa:a cxopocT:o paaJieTa Mace, C:. vtJ;£ 

v r J 

QCooJ- noJlHaa y~Jll)HaJI aaepru. Hs (57) BH.miO, l!To npH MaJIHX 

saal!eHHHx noJIHol aaeprum E cHJia BSPHBa nponopumoaaJI:&aa ~' a 

IIPH Ol!eH.D OOJibJIIKX E CTpeMHTC.S: R CBOeMy npe,lleJll)HOMY 3Hal!eHHJJ E. 

3. MaRcBMa.n:oaM aBapWI peaRTopa HEP-2 

~CJieHHSe ~HHse, KO~Opse DpHBe~eHH B TaOn. 2, OCHOBSHH 

Ha ~yx 8MIIHpHl!eCRRX COOTHOmeHHBX B RpHTKl!eCROI TOqRe lrCJz /I?/: 

?< ~ ::- ~ 2): :: zJ RA 

....,.. a c~ .- I( 3 o? .) 
l~e ./ J 

r,D;e ~A - y.u;eJI:&HHI OC:S'beM TBep,D;)ro Zf ~ npH TeMnepaType IIJiaB-

JleliHRJH Ha ,D;aHHHX / 3/ 0 ROa<ppBUJ:I~HTe ,ItaBJieHH.R' ('iJ ,P fq Q)v IIpH 

WIOTHOCTH vo2. ~C' = 5 r/cM
3• Ilepexo.n K Pu o.z OCYJQeCTBJJSJI

CH B npeJniOJlO&emm, l!TO 8TH MaTepH8JIH IIO,ntJHHJD1l'CH npHHUHIIY COOT

BeTCTBeHHHX COCTOSHHI. Orrpe.zteJiemle napaMeTpoB ypaBHeHHH COCTO.S:

HH.S: ,1UlS WIOTHOCTII, OTJIJrtlaDitei:C.S: CIT H88B8HHOI, llpoBO.llHJIOC:& B 

npe,D;nOJlO&eHHH 0 B8H-.ztep-B88Jl:&COBC:ROM B88HMOJteiCTBKH Me~ MO~-

Icy"JlaMIII J'::>u 02 npH ?J" = 00 CM3 /MOJI:& • ilJIOTHOCT:D HSMeHSIJI8C:D 
.t 

MeJI.lt.Y .ItBYMJi Rpalmum npe,D;eJ18Ml!l: F.eTOIIJIHBHHe KOMIIOHeHTH He CJJWMa-

eMU (MBRCHManl»HaH nJIOTHOCT:& J?~ ~ ) - HeTODJIHBHHe ROMIIOHeHTH 

oC:S.na.u;am 6ecRoHel!Hol: C.DMaeMOCT:OI (MHHHMa,m,aa.s: IIJIOTHOCT:D Pu ~ 
K STOI: snmo SSBHJIIeHHOI: aeonpe.n;eJieHHOCTH .f 6HJia .D;OC:SaBJieHa 

(! 

aeonpe.zteJieaaocT:D ~yrHX TepMo~Ha~qecx.HX H WHSHl!eCRHX napaMeT-
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pOB *) H TaRHM 06paSOM, Ha OCHOBaHHH qopMY~ (45) H (57), 6H~ 

BH'JHC~eHH BepXHee, HH.iK.Hee ll '1 Ha:vi6o~ee BepOJITHOe" SHat1eHM.ff 

IIO~HOH BI:.I,D;e~eHHOH ::meprHH, CV.~ BSpHBa, TeMIIepaTypa H .®B~eHHJI, 

COOTBeTCTBYIOIIlHe CROpOCTH BBe.z;eHH.ff BHemHeH peaRTHBHOCTH 40 CeR-l, 

T.e. rrpe~e~HO BOSMOXHOH .~ MEP-2 Be~HHe. rro~eHHHe pesyJTh

T8TU CpaBHHBanHCb C ~aHHUMH ~uc~eHHoro pact1eTa. 0RaS~OCn, t1TO 

yxe IIpH BeJIH'qE:He IDVIIIYJThCHOH Ha,n:KpvtTlftJ HOCTH c 0 1n 11 )1. , BBO.IJ:HMOH 

sa Ct1eT IIO.I(BHXHOrO OTpruKa.TeJIJI HeHTpOHOB /I2/ t rrpeBI:1lll8ICJUeH 0, 003, 

cpopMY~a Q { O<l) = V 2
/ 2.. .naeT rrpaRTHt1eCRVI TOT jKe pesy.1IbT8T, 

-qTo H t1Hc~eHHH:ti pact1eT (pasmr-qHe rrop~n:Ka I0-20%; He 6o~ee). 

0.I(HaRO rrpH Ma~x Com4)C STa cpopMY~a cymecTBeHHO SaBbiiiiaeT SHep

rvtro. HarrpHMep, IIpvt £ o max :: I0-3 (HOpMa.J.I:OHI:lli UMlJ.YJThC MOUU:IOCTH 
vt. 

rrpH 11. = 50 ru;) Q(ro) = 2 rrot1TH B IOO pas 6o.1Ibrue peaJ:I:OHoro 

sHat1eHHsr sHeprHH mvmy~ca. 

4. 3aR~eHae o 6esonacHOCTH peaRTopa 
iffiP-2 

Burro~HeHHHe Bh1111e onemm rroRasHBaiOT, 't1To MaRCIDJiaJThHasr aBa-

pH.ff peaKTopa MEP-2 - STO ~nepHI:ri1 BSpHB C CH~OH ;'\, IOO Kr THT. 

He BHSHBaeT COMHelmH, t1TO II_t;tf"qHHOH Bbi,I(e~eHH.ff TaRoro I\O~eCTBa 

SHeprvtH MOZeT 6HTn TO.JibRO ITO~li.iK.HHH OTpa.iK.aTe~; ec~H rrpe~O~O

.ilU!Tn, t1To B rrponecce BpameH11.ff oH crroco6eH BHesarrHo, T.e. sa BpeMJI 

il) BMecTo "To-qHoro" SHt:;t1eHH.ff ~max.= 4.8 /io?: = 6,I•ro-3 

B Ta6~. 2 HCITOJThSyeTC.ff Be~~l!Ha Cm4 ~= 6,9•10-3• BBe~eHHe ~0-
IIO~HMTeJThHOH Ra:n;KpMTHt1HOCTH 8!-I0-4 C sarraCOM rapaHTHpyeT y-qeT 
TeX ReMHOrO't1liC~eHHHX rrop, KC,TOpbie pea.JibHO IIpliCYTCTBYIOT B aRTHB
HOH SOHe MEP-2, H BR~a~ IIO~CXHTe.JibHOro S~KTa norr~epa. 
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nop.H)J,Ra HHTepBaJia Me2!\IJ;Y COCe)J;JUIJ:MH I1MITYJli>CaMH, CMeCTVIT:OC.H K 

noimy" aKTVIBHOH 30HH Ha BeJivr-gnay nop.fi,IJl<a 5-7 lVINF) (acMJeRT 

peaK'I'MBHOCTM npM STOM (3,5-5) ··ro-3 ) • IIpe,IJ;OTBpaTHT:O nOCJie,n;

CTBH.H Tai<OrO 6h1CTporo CMei.UeHI1:I poTopa aBapHfiiHa.H 381.Il,V1Ta He B 

COCTO.HHMH, noSTOMY rrpe,D;CTaBJI.HeT HHTepec O~eHHT:O, Bepo.HTHH Jill 

no,IJ;06HHe C06HTM.fi npH TeX xapaJ\TepHCTHRBX nO,llBJiJ.JtHOrO OTpruKaTe

JIR, KOTOpHe rrpe,IJYCMOTpeHhl npOtn\THHMH Tpe60B8HM.ffiVIM? 

0TBeT Ha STOT BOnpoc HeT)Y)J;HO nOJIY"gVITb, ecJ.rn OII.eHHT:O Bepo

.HTHOCT:O ~JIYKTYBUHM SHeprMM RMlYJIDCa B pesyJI:oTaTe CJIY'q8HHUX CMe

Il~eHMH JionacTM ITO rrpM ero Bpami3HHVI (He paccMaTpMBaSI B03MO.iltHOCTH 

aBaplU;_t CaMOrO IIO.llBkDK.HOrO OTpa:Ka'feJI.H). Pac-geT BepO.HTHOCTH OTKJIO

HeHH.H SHeprMM HMITYJI:OCa OT HOp:v1aJIDHOrO (cpe,IJ;Hero) 3HaGeHH.H l1pOBO

,IJ;HJIC.fi B npe,n;rroJioJKerrau o .raycc )BOH ct..opMe pacnpe,n;eJieHVI.fi H) CJIYGai1:

HHX CMemerm:fii JIOnaCTlf nO,IJ;BU.iltHO ['0 OTpaJKaTeJI.H H 0 JI11H8HHOH 33BMCH

MOCT11 Me~ny CMemeHHRMlti M peaRrMBHOCT:OID. YCT8HOBJI8HO, GTO BepORT

HOCTI) 60JI:OlllMX cpJIYI\TyaU;IH SHepr:t:lM HMnyJI:oca pe3I\O B03pacTaeT, 8CJIU 

B paCGeTaX yqeCT:O BJIM.fiHHe TGMITepaTypHOrO ROS~HII)I8HT8 peai<THBHOC

Tlti, RO'rophti! B STOM CJIY-gae arpaeT OTpMII.aTeJI:OHYID poJID. B Ta6JTIII.I,8 3 

npHBe~eHhl pesyJIDT8Th1 BR'C1HCJI8H~.H BepO.HTHOCTH Tpex,- ITRTM - I1 

ITRTHB)J.ll,aTMKpaTHOro yBeJlliGeHH.f.l SHepf'MH MMrryJI:oca, no OTHOlll8HMIO R 

2£) B ITPHHII)IITe MOJKHO H83E8T:O I1 ~pyrge MeXaHM3Mh1 CTOJib 6llCTporo 

BBe,D;eHll.fi peaKTuiBHOCTH, HO OHY! CYJIYT eme 6oJiee rMIIOT8TH'C1Hhl, -geM 

H83B8HHEIH. 

B) AH:aJIJt13 SRCnepMMeHTBJII:HblX ,1l8HHUX no CMemem1.ffiv1 JIOIIaCTI1 

no,llBMJKHoro oTpaJKaTeJIR MEP-2 :yRa3biBaeT, -gTo arrrrpoRCVIMaiil!R pea: .JI:o

Horo pacnpe,n;eJieHH.fi R.PMBo:ti ra:y cca 3aBhllllae'r BepoHTHOCT:o orracHhlX 

cpJryR•ryaUjiH saepnm VIMTIYJI:OCa, TaR GTO MO.iKHO Ha,IJ;e.HT:OC.H, 'llTO 3.IJ:8CJ) 

Mbl IDJTeeM BepxHIOID oueHRY yRa3HHHOM BeponTHOCTM. 
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HOpMa.JIE,HOMy sHa-geHHIO, ,IJ,JI.B IIOJIJ lllHpHHLI A rayccoBoro _pacnpe

.neJieHHR, paBHOH 3, 4 VI 5% paBHOBeCHOH I1MnyJ!bCHOiii Ha.JlE\pliiTJii"gHOCTH 

c./IIIIJC = I,s·ro-3• 3Ha"4emw I:a·ro-3 
COOTBeTCTByeT "Hak160JI80 

orracHoMy" peJK.1i1MY pa60Tb1 peaRTopa, Iwr.n:a fl.. = 5 rn .• :vis Ta6Jlk1I.ll1 

BR,UHO' "4TO .I(3jl{8 npM A = 0, 03 . €. M••uc = 5' 5. Io-5 
II.HTM.RpaTHble 

(DJIYRTyai.I,I1H npoHcxo.n;rT B cpe,uHmvl Ra.fK.IJ:Lie IO cyT. 

T a 6 JI M u a 3 

llpl1Me"4. c;D(K ~ 3) @(K > 5) @(I\,> I5) 

n = 5 ru 0,03 2·Io-4<2o VIHH) 2,6•Io-7 (IO cyT.) 5·ru-17 (Oo) 

( E • l'l'llr ,. r:: 0,04 3·ro-3 (I MHH) 5 o·ro5 , (I "4ac) (400 JI8T) 

=I, a·ro-3) 0,05 Io-2 (20 ceR) 6 o·ro-4 
' 

(6 MHH) (4 Mec.) 

EcJIH B Ra-geCTB8 Rpl1T8J!11f: 6830II8CHOCTH IIOCT8BV'IT:b yCJIOBl18 

H8,UOIIyCTHMOCTl1 IIRTHa.rr,n,aTHKpa'l HLIX cpJIYKTYaiiHiii 3HepriU1 MMnyJI:OCa 

(HarpeB TOIIJUiBa, ITpl1 8TOM COC'l'aBJI.H8T 600°, '1TO COOTB8TCTBY8T 

TeMrrepaType TB3la cpe~Heiii TerrJioHarrpaEeHHOCTH I500 + 600 = 2I00°C; 

T .e. sua"4eHJuo, 6JUi3I<OMY I< Terv.rrepaType rrJiaBJieHHR P"o.t - 2200°C), 

TO M3I\CTtlM8JI:OHO ,IJ;OnyCTTtlMOe 3H8"48Hl18 A , COrJiaCHO Ta6JI. 3, 

cocTaBMT .6,.,,..~ o,u4 · ec:''"41C" = 6,2·ro-5. 

TaR Rai< R08~11II~8HT peaBTJiiBHOCTH ITO CM8llieHMIO )( 0Tpama-

T8JIR K aKTHBHOiii 30He peBeH ( :11/ .'x ) = 5•Io-4 ..1._ , TO 
MM 

B8Jll1"4liiHa .4 m.a-e = 6,2•Io-5 , Bb1paJKeHHaR B MM, 6y,UeT paBHa 

L\x = 6,2·ro-5 /5•Io-4 = O,J 25 MIVJ. TaRoB .uoneH 6LIT:& cpe.UHMiii 

! JIKXPT" JIOII3CTVI IIO,rr;BIDI\Horo OTI:8:ataT8JIR, '1T06'E He ,UOI!YCTH:T:O IIOHBJI8-
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I-Hi.FI HMITYJli>Ca, IIpHBO.:WilUero E HarpeBaHHIO 3aM8THOH "48CTH TOIIJmBa 

.UO TO'lEH IIJI8BJI8HHJ1*) • 'CiT06H HO ,IJ;OrryCTHT:O II.FITHEpaTHbiX cpJIYRTya-

HyiKHO CHH3HT:b .UO 0,04 NIM. 

B pe3yJII>TaTe IIpO,IJ;OJiiKIIIT8Jl)Hbi.X HCIIHT8HHH Mai\eTa IIO,IJ;BIDKHOrO 

OTpruita'l'8JI.FI 11EP-2 ycTaHOBJieHo, "t!TO rrorrepe'1HHe CM8II\8HH.FI JionacT:a 

ITO B npon.ecce BpameHH.FI OTpaJKa reJI.FI He rrpeBHlliaroT HeCEOJI:bEHX ,n;ecm

EOB MRM. CJI8.UOBaT8JThHO, .n:a~e ?8CIIJI8BJI8HH8 TOIIJIHBa B pe3yJI:bT8T8 

cpJIYRTyan.Mii ::meprtJIM IDVIrryJI:oca c )6H'I'He npaRTH'18CRH HeBepo.F.rTHoe; 

He rOBOp.FI YiK8 0 BCIIbllllR8X MOII~H::>CTH, HOC.FIIIWX XapaRT8p .fi,U8pHOro 

B3pbffi8. EoJiee Toro, EaR IIOR838JIH HCCJI8.UOB8HH.FI ~pyrHX aBTOpOB, 

.UaiKe IIpM C8MOH H86JiarorrpM.FITHOH IIOJIOMRe pOTOpa BH838IIH08 rrpM6JIH

JK8HM8 OTpaJKaT8JI.fi R aRTJiiBHOll 30H8 Ha H8CEOJI:bEO NlM peaJI:oHO Heocy

Il\8CTBIDVIO • B llpHHil,HIIe MOJKHO Ilf8~CT8BHT:b CMTY8I.U1IO, KOr~a BbiXO,IJ; 

113 CTpO.FI OTJ:J;8JI:oHOrO Y3JI8 B CVJCT8M8 IIO,If,BIDKHOrO OTpaxtaTeJI.FI MOJK8T 

IIOBJI8'1:b 38 C060H TaKyiO Il~II:b C06biTM~, '1T0~6HT:b MO'JK8T1 0Eaa8TC.FI 

B03MOJKHb1M ,UaJK8 y,:n;ap JIOIT8CTH [Q (HJIH ee Q?parMeHTa) B '18CT:b ROJKY

xa, Henocpe.UCTB8HHO rrpv1Mb1R8IOUl8H R' "OKHY" aRTMBHOR 30Hb1, rrpo

M.fiTMe ROJKYXa 11 npJtJ.6Jm.JJ.reHHe ITC' R aRTM.BHOiii soHe Ha 3Ha'1MTeJI:biiYID 

B8JIM'1HHY. 

O,JJ.HaKo TPY.:n:Ho rrpe.n:cTaBH~':b, '1To Bec:r, a ToT npouecc MOJKeT 

rrpo:a3oiii:TH 3a BpeM.FI, MeHI>lllee nepHo.:n:a Bpamem!.FI OITO (0,02 cei\), 

TaR '1TO H OT T8ROH npaKTH"48CHM HepeaJII>HOH CMTY8Il.:U!H peaKTOp 

38C'l'P8XOB8H: MHOr0'1HCJI8HHb18 ,::J;aT'lHRH, ROHTpOJmpyroiiJ,I18 COCTORHH8 

ITO, .U8.ITYT CB08Bp8M8HHbill: CV1THHJI Ha BKJIIO"Gemie 6b1CTpO,U8HCTBYIOII\8H 

8B8pi1RHOR 38IIWTb1, Bp8MR cpa6HTbffi8HH.FI KOTOpOH 0,02 CeR. 

:K)PaCITJI8BJI8HH8 TOITJII1B8 .lp'Wi 8TOM He 6y,IJ,eT, T.R. Y.II.8JI:bH8.FI 

TeiTJIOTa nJiaBJI8HHR Pu q .UOB1)JI:bHO BeJIMKa. ITpe,n;eJII>HOe 3Ha'1eHne 4 x 
Bb111le ROToporo B03MOJKHO pacrrJI:tBJieHHe neHTpaJII>Horo TB8Jia, no MeH:b

llleiii Mepe paBHO 0,25 MM. 
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