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E11cTpoe BI:l.IleJiemie TCITJia B TOITJ!l!Be Momnoro l!MITYJII,Cl!Oro r:eaRTOpa, 

1mcamee xapaRTep TeITJioBoro y_napa, O6ycJioBJI11BaeT .PRil rrpo6JicM, RO

Top11e He CBOMCTBel!HU peaRTOpaM CTBIIl!OHapHoro .neiiCTBilJl II ROTOpue He 

BOSH1maJU1, IWR cymecTBeHHl!e, npn CO3'A8HIUI llMITYJibC!IIJ.X rrepiO,IlH'leCRIJX 

peaKTOpoB ITPO!llJIOro ITOROJieHII?. Ham1'l11e TeITJIOEHX Y.na.r;oE, crreunrp1ma 

pac5OTU (peEIM Ha.nKpHTH'lHOCTH no MrHOEel!HU,l Heil:TpOHaM) ~I neKOTOph'e 

,npyrne ococ5eHHOCTll HMrryJibCHOro .r;eaRTOpa npe_Il'l,JJEJIRIOT HOBf]e' •rpec5oEa -

HHR R rrporprui:r-1e n.nepHoii c5esorracuocTn n sacTaBJIRIOT Hec1mm,1m rro -

l!HOMY rronofiTn Ii .r;acCMOTpeHl!IO OT.nem,m,1x ee. acrrer<TOE. B 'laCTHOCTll, 

STO RacaeTCJl 06CY)it_naer,mx B pac5oTe IlpllH!ll1IlOE aBapHfillOH salUllTE n pery

Jil!fOEal!l!Jl I! HeROTOPl:!X Teopen1qec1<nx BOilpOCOB, CBJl3al!IINX C anaJil!3OM 

aBapl!HHIJX Cl!TyaIIl!ii. 

B YCJIOBllJlX, xapaRTepHNX )1J!JJ HMITYJII,Cl!oro .r;eaKTOpa Bl!COROli MOIUHOC

Tli ( HCCI<OJII,RO MBT) , TellJIOBOfi y_nap I! JlBJieHIIJJ, C !!HM CBJJ38lll!Ee, OXBBT!l

BBIOT .IlOBOJibl!O CIHf,ORl!H Rpyr BorrpocoB. f!O)lJie1.:.aumx IICCJie.noBaHllIO. Mexa

l!H'leCRaJl CTPYRTypa TOITMBHPX CTepmeil, MeXaHH'leCRl!e II TeITJIO(pll3ll'leC

RHe CBOfiCTBa TOilJil!Ba, 1!3MeHCHl!e STHX CBOfiCTB B rr.r;ouecce BErOPBHl!JJ, 

ar.r;eraTHOe COCTOJlHl!e TOITJil!Ba, oco6el!l!OCTU ROHCTpymmH TellJIOBU.IleJIJlro

l!ll!X SJieMeHTOB (TBSJIOB), SqxpEJRTll peaRTllBHOCTH, - Bee STII q,aRTO,I:11 B 

TOii HJIH llHOii CTellel!I! EJil!.R!OT Ha BeJIU'll!l!Y ~HaMU'leCRI!X (H CTBTl!'lec

Rl!X) HarpyaoR, BO3HUI<B!Oml1X rrpu TellJIOBOM y,nape B TOilJIHBe, a TaRJKe Ha 

xa.r;aRTep .IlBll:?.eHl!JJ MaTepHaJIOB aRTl!BIIOii 3OHU, orrpe,neJIJlIOIIll!fi IlOEe~e1me 

peaRTO,I:a B ueJIOM; OT STOro 38Bl!Cl!T, c5yneT Jll1 ·ycTOli'll!BOfi paOOTa .r;e-

aRTopa, nacROJI.bIIO oH 'CleaorraceH B rr.r;ouecce SRCITJiyaT~unn, Y,IlOEJieTBO

p.RIOT }111 TellJIOBI:l.Il8JIJlIOl!llle SJieMeHTH II ,npyrne ROHCTpyKIIl!H Tpec5oBaHl!JJM 

rrpO'lHOCTI!. llMeHHO _c STOii IlO31!IIl!H 11 Be,IleTCJJ .r;acC.MOTpemte ::lqxpeRTOB 

-~1~-<L.=--• · 1 06~Heilub:!~ r••,t~.t'Uifl 
anepill:lX (I~Jlc/.IOL~mu'J 

6M8Jtr.t/(,ff EK/\ 



TermoBoro y.napa. Ha.P,R.ey c 11x Henocpe.ncTBemn~ 1rnyqeH11eM oom,moe Bim

MaHne Y.IIeJ!.lWTC.H MeTO_naM pac"leTa. B OCHOBHOM rrpecJie.eyeTCH uem, IJOJIY

"lllTI, aHaJin:Tll"lec1me pememm sa.na"l • y,rro6m1e .IIlIH rrpaRTU"lecmcr oueHoR. 

Ta JKe ueJii, rrpecJierry-eTCH rrp.i: orrncaHlin aBapltil:HIDC BcrmmeR MOmHOCTll. 

IIpl™eHll.MOCTJ., aHaJmTR"lecmoc llJilI rro.nyaHaJil{Tll"leCI{llX MeTo.noB t ROTOpI1e 

mupoRo ncrrom,syroTCH rrpn aHaJin:se RPYITH11X aBapllll: 6I1cTp11X aHepreTll'tJec

RHX peanopoB. MO,i,;eT BI13B8Tl, COMHemrn, ecJilI pe% H.IIeT 06 liMIIYJII,C

HOM peaRTOpe. C .npyrott CTOpOHH. HCIIOJII,30BaHue CJIOJKHllX HefiTpOHHO

ru.rrpo.mm2M,{',8CRllX Ko,noB Tnrra AX-I• RAC -DA C n rrp. He Bcer.na orr

paB.ItaHo. IIOCROJII,J<Y HeOClXOJU1MaH 11Hifx)pMaUHH O 4)H3H"leCRl{X ll TepMO.In{

HaMH'tJBCRliX rrapaMeTpax nsBecTHa. RaR npaBwro. c 6om,mott cTenem,ro 

Heorrpe,rreJieHHOCTllt a "laCTO n BOBCe OTCYTCTBye~. IloSTOMy .IIlIH rrpn6JIH-. 

311TeJII,HIU: OU8HOI{ ncxo,n.a IIOCTYJIHPY8MOit aBapHll HMI!YJII,CHOro peaRTOpa 

IIOJie3HO HMeTI, pac"leTiryIO MO)J.8JII, THII~ EeTe-Tai'l:Ta' :K) t ytlllTI1BaI0tey10 

JIJi[IlI, HaMoJiee xapaHTepHI1e oco6eHHocm Bspmmoro npouecca. B paooTe 

rrpe,nJiaraeTCH MO)J.8JII, B3p~a peaRTOpa. II03BOJI.HlOOIBH. B OTJill'tJlle OT 

yrroM.HnyToii.yqecTI, pacrrpocTpaHeHlie axycTITTecRoil BOJIHil "lepes peaH

Top BO BpeM.R pa3BllTl1H BCIIIlJllRll MOII!HOCTl1 ll IIOJIY"ll1TI, o6mee pemeHHe 

,IJ)IH r11,:q[JO.IIHHaMH"l8CROH o6paTHOfi CB.8311 no peaRTllBHOCTH rrpn xapaRTep-

HOfi .IIJIH cqiep11"l8CROH aRTllBHOH 30HH IlpOCTpaHCTBeHHOH qiopMe T6IIJIOBI1-

.neJieHnH. a TaRXe rrpn6Jil{Jlt6HHH8 COOTHOID8Hl1H .IIlIH B~II8JI6HHOH 8Hepr11H. 

CHJI!l B3p!iBa lI H6ROTOpRX .npyrliX rrapaMeTpOB. 

IIpo6JieMa CB6PX6!1CTpott aBapliHHOll 3alllHTH n·peryJIHpOBaHl1H paccMaTpn

BaeTCH C TO"lRl1 speHl1H I!pHHIIHIIl1aJII,HOH B03MOJKHOCTl1 llCIIOJII,30Baim.R TeII

JIOBOro y.napa B rrpe.n:aapll_TeJII,HO H30rnyTHX CTepJKH.RX 11 saBHCliMOCTll ,IU{{p,

ipy3HOHHI1X CBOiiCTB. IIOJ1.lJPH3YIOIIl8H H6HTp0Hll cpe,I!Il (u.nRoro reJIHH) OT 

B8JIH"lHHI1 MarHHTHoro ITOJI.R B Ra"leCTBe M8X8Hl13MOB 6ucTporo ·(< 100 MRC) 

:K) Bethe H.A. • Tait J.H. • "An Estimate of the Order of Mag-:. 

nitude of the Explosion when the Core of a Paet Reactor 
Collapses". UKA.EA - RHM (56)/11J. · 
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ll3M6H8HHH peaRTllBHOCTl1. IIocJie,nHlifi ac[x'peRT. OTRPHTilli 10.H.Kasa'tJeHROBHM 

n B.B.OpJIO~HM x). lICcJie.eyeTcH OOJiee rroJIHo 11 OOJiee TO"l!WM MeTo,noM • 

"l8M 8TO rrpo,neJiaHO aBTOpaMR. liCCJie,noBaHa saBllCHMOCTI, BRJia.na B am,-

6e,Ito reJIHeBoro CJIOJJ• o6ycJIOBJieHHoro cmrn-op6HTam,HHM BsaHMo.neii

CTBneM npn (n. .al.) - pacce.RHmr. OT B8JIH"ll1HI1 ll HaIIpaBJI8HHJJ M8rHllT

Horo noM. yrJioBoro 11 aHepreTITTecRoro panpe,neJiemrii rra.narolllHx nettTpo

HoB. TOJilllHHlil OTpaxaTeJI.H. C.rreJiaHii npaRTli"leCRHe BilBO,Itil. 

HruKe ,naHo RpaTRoe onncaHne xa.lll,I!ott ns Tpex rJiaB .mrccepTaunn. 

I. WX}ieRTil T8IIJIOBOrO papa 

.ffBJieHHR. CBJJ38HHI16 C TeITJIOBlilM y.napoM B TOIIJIHBHIDC CT8pJKH.HX llMilYJibC

irnro peaRTOpa. llCCJie.eyIOTCJJ B PaMRaX Teopllll T8pMoynpyrocTn. OJ.(HO.;, 

TO"le"lHO:ii MO_IIeJIH IrnHeTllRH II Teopn11 B03MYlll8Hllli rrepBoro rrop.H,IIRa. IIoc

TaHOBRa sa,n,a"l OCytlteCTBMCTC.H B T8CHOH CBJJ3ll C I:OHRpeTHI,JMll oco6en

HOCTJIMll_ ROHCTPYRll'11ll T6ITJIOBI1,II8JI.RI001IIX . SJieMeHTOB. 

B OCHOBY OIIl{C8Hll.R TeITJIOBOro y.napa B CIIJIO[IlHIDC TOIIJIHBHllX cTepllUIBX 

IIOJIOJKeHa sa.n.a"la O ,IIBIUKeHim TBSJia. COCTO.Hl!lero H3 ll'6JIOrO (He COCTaB

JI8HHOrO 113 OT,IIeJII,HilX "laCTeii) TOIJJillBHoro CTepJKII.Rt CB060,nHO rroimmen

HOro BnyTpb TOHROit llllJI11lt,IIpH"l6CROft 060JIO'tJRH_/l-2/ HarpeBaHll8 TOfIJnfE-

HOro cep,rre"lHIIRa c~e.eyeT saKony :K:K): 

T(x, t) = (fa.+ f., Silt tr.r/1.) i{t ), (I) 

r.rre J'4 n cf
0 

- ROMIToHeHTil a1<cnam,noro Roaqx'pnuneHTa HepaBHoMepnoc

TH TeIIJIOBil,IIeJieHn.H k
1 

= ~ + ~ ( t +l 3.;° /:ii = I)• 7'(t) - cpe,nHHii 

no ,nJIHHe l cTepmm rro,norpeB TOIIJil1Ba B MOMeHT BpeMeH11 t 
1IacTHue pemennR rrocTaBJienHoii sa.na"lH u ee .rram,Heiimnx o6o6menlifi 

II03BOJllUil{ IIOJiyqlITI, npoCTI:Je napaMeTpH"leCirne COOTHO[Il6Hll.R t C IIOMOII!bIO 

KOTOpilX MOJKHO CYJ.IHTI, 0 paOOTOCIIOC06HOCTH TeITJIOB~II8JI.RIW!HX :meMSHTOB 

:K) ' . ' 
Kasa"leHRoB D.H •• OpJioB B.B •• A8. 33. 68I • 710. 1972. 

~>Taxa.R saBHCHMOCTI, 6.JIHsRa · R peam,Hott n BMecTe c TeM · cymeCTBeHHO 

06Jier'tJaeT Aam,Heilm aHaJin:3 /2/. IloJ.(06Huli rrpneM. OCHOBaHHuli Ha BI:Jlle

JIBHHll ll3 OCHOBHOH rapMOHIIBll H6HTPOHHOro ITOTORa C06CTB6HHOH./pyHRll'llll 

,rrpyroil: sa,rra"ln. IICITOJII,3Y6TCJJ B rJI. 2. 
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B 3UBliCllMOCTU OT ?ffiPaRTepllCTli.K HeiiTpOHI!OrO 1-mmym,ca, crroco6oB saH

pelIJieHII.fI TB:JJia, oco6e!IHOCTeii ero HOHCTpy.1mm1, CBOHCTB TOlIJIHBa ll 

HeHOTopmc ,npyrnx, rrpe,:ncTaBJIJIJOIUIIX lipaRTI!'rncm1:ii l!HTepec, YCJIOBnii. B 

'laCTHOCTU, aMITmITY.:na BOJIHH oceBh!X Harrp.REeHIIB B OOOJIO'IRe TD::JJia, BO3-

HIUWIOIUIIX BCJie,:UCTBlle TCIJJIOBoro y_:napa B TOITmrnHOM CTep>JUie' HMeeT Bll,:n: 

{ 

s,. + S'. Sin $"JI/~ 
G" (y): ot.'1;£ Q. 0 :F.!J/il , 
s ).(1+1) 1/!J, 

0.$J'~i, 
J'i.l.. 

(2) 

3_nec1, ol.. - RoaqxpnunenT Jinneiinoro pacnmpemm TOITJIHBa; T
O 

- rro.:norpeB 

sa ur1mym,c; o = i:; c ~IE~ S - ,r.ecTROCTI> O6OJIO'IRH; E , C n S 
( £ , C II S ) - Mo.:nym, yrrpyroCTH, CROpOCTI, 3ByRa ll cet1eH11e CTepJK-

$ .s $ 

HR (060JI0•1K11); .:\ = Cs IC ; /I= c .i- I l ; {} - .:nJinTem,HocT1, 

BClIHUIBl1. no Mepe Blll'Opaml.H TOlIJIHBO pacrryxaeT II HaITpJIJKeHlUl "s MOryT 

.noCTl1% rrpe,:neJI:bHoro 3Hat1emrn, RO'topoe B (I+ a' )/ 'I pa3 6om,rne (2). 

3a:nat1a o TeITJIOBOM y_:nape npn aJIJioTporrntJecnitx rrpeBpamenu.ax Torurn

:i;a perneaa B rrpe.nnoJioJKeHllll, 'ITO cpasoB11ii nepexo.:n He corrpoBoJK.:naeTcn 

asMeHemrnM yrrpyr11x cBo:iicTB TorrmrnHoro_ cTep.lll.HR.· Ilp11 orrpe)leJieHHHX 

yCJIOBllRX nepoRTHOCTI, pa3pyrn11TeJII,HOro BO3'AeficTBllR TelIJIOBoro y_:napa' 

pe3I<O CHmweTCR C YBeJIJ!'leH110M :meprllll l!Mrrym,ca. TaRoil pe3ym,TaT 

xapaRTepea, Harrpro.iep, ~ ITJIYTOHlleBo-raJimieBoro crrJiaBa. 

3qxpeI<T!.f peaHTllBHOCTll, o6yCJIOBJiemme BO3.:UeiiCTBlleM TelIJioBoro y,:napa, 

paCC'lllTbJBalOTC.R Ha OCHOBe COOTHOlllemm (II). AHaJill3 'IUCJieHH!lX pemeHn:ii 

YPaBHeHllii RllHeTHRl! peaRTOpa ll Mexammn rrp1rneJI R BUBO.IlY, '!TO pac'leT 

OT.:nem,Horo llMrrym,ca MOruIO rrpOBO.:nHTI, 6e3 yqeTa o6paTHO:ii CM3ll (II)' 

ecJIH /.6k/j£'" << (1+92)/J/ , r.:ne AR - BqXpeRT pacmnpeHnn cTep,meii 

rrpn nx Me.:nJieHHOM HarpeBaHllll Ha BemI'lllHY CRatJRa TeMITepaTYPll To ' 

c,,, - MaHClIMaJII,HaR Ha)UtpllTll'IHOCTI,. B llMITyJII,ce. 

TerrJIOBOH Y)laP B COCT8BHblX TOlIJillBIIl,!X CT8PilU!HX / 3- 4/ oco6eHHO llHTe

peceH B OTHOlll81Ilill ero BJill.81!11.8 Ha pea.KTllBHOCTI, pe_a.KTOpa. ,lJ;r.a BlltJllC

JieHll.8 IIOCJie.:nHeii Heo6XO)UIMO 3H8TI, 3a.KOH ,I(Blil!teHllR pa3JieTaKJum:xc.a 
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BCJie'ACTBlle T8lIJIOBoro y,:napa '18CTIIU ( T86JieTOR) CTepmm. 8Ta 3a_:nat1a 

nMeeT cTporoe aHamrTnt1ecRoe pememrn, ecmr ~ cpyHRmrn ti (r-) , orrn

cHBaKJmeii pacrrpe_:neJieHlle MOMeHTOB lIOTepl! CBR3ll Mer,:ny TOlIJIIIBHHMI! 'lac-

TllllaMU, BHlIOJIH.8eTCR YCJIOBlle: 

c I cl tj c:r) /J. ~ r ~ 1 (3) 

BCIO.:ny B O6JiaCTll rrerrpepblBHOCTll tj (:1:) / 4/ ~- Tor.:na i j (:,c) Haxo.mITCR 1!3 

YCJIOBll.8 G"(x, i) = 0 B neJIOM CTepime, a llCROMOe pacrrpe_:neJiemrn CROpoc

t.(r) 

(J.(;) = JJ .L ?G"(x,t) cit 
J. o.f 7.:r 

Teil pa3JieTa '18CTllll 

(4) 

( f - ITJIOTHOCT:b TOIJJil!Ba). XapaRTep pasJieTa 'laCTllU (4) n BHOCIThlUR 

rrpu 3TOM peaI<TIIBHOCTI, cymecTBeHHO 3aBllC.8T OT rrpocTpaHCTBelI!IO-Bpe

MeHHOH <popMU TelIJIOBH.neJieHll.8. Ilp11 t. = Co~st ll ll, = cJ. Cr x/l 
· I J o 

BHOCIIM8R peaRTl1BHOCTI, .J
1 clJ («c'J:/{ z-z /2 • o~,Ui' 

c(~J= - .---2... 
ell. ! 2E(I-Z)+Z72 I 1.~.(~ 2. (5) 

Sneer,//= 9,8! M/c2 , Z=Jt/ot.C''f, , elk/di. - 11soTepMHt1ecRnfi 

.K03qq)llllll8HT pea.KTllBHOCTll (I/CM). C lIOMOIUI,Kl (5) HeTPY.:UHO y6e,:n;HTI,CR, 

'!TO pa3JieT TOlIJillBHbl.X 'laCTllll MOiKeT_ lipUlleCTII R lIOJIHOMY rameHllKl Hec

I<OJII,.KllX nocJie)lYKJum:X llMITyJII,COB, a 3aTeM .K CIUII,HOMY BCITJI8CRY MOWHOCTll. 

PactJeTHaR MO.Item, TelIJIOBoro y,napa B lKllJ.U{OM Ton.mme OCHOB8Ha Ha 

rrpe UITOJIOJKCHIIII, tJTO pa::nH8JII,!IUe .:neqiopMallllll o6OJIOq.l{l! TB3Jia ll3M8H.8KJTC.8 

B CTporoM COOTB8TCTBHl1 C 1131,IeHeH!IeM )laBJieHll.8 (IO) B .:naHIIOH TO'II<e X 

CTOJI6a mr_IUiocTn. HHepunaw,Hue ,naBJiemm n xapaRTep Jlllllll!eHU.8 Tonmma 

CYJneCTBeHHO 38BiCRT OT yrrpyrllX CBO!CTB OOOJIOtJI<ll.·B OTCYTCTBlle IJY3Hpb

ROB ra3a 3cfipeHTU peaRTIIBHOCTll ll y,napH11e Harpy3I<ll Toro lite nop.amta, 

'!To H B TBep.noM Torrmme, O'AHa.Ko rrpn HaJil!'lllll rasonott rpasu c .noJieii 

lIOp.8,:nI<a o/. r ll BW!Ie llCtJe3a!OT rrpa.KTll'l8CRU ITOJIHOCTI,IO. 
V O 
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3a,na'la o ROJie6amrnx cTepJJUmii B cpe.ne TeIIJIOHoc11Te;m pemeHa B .. rrpe.n

rroJio:rtemm O IIJIOCHOM JI8MI!Hap.HOM Te'leHlm B.R3HOii HI,JOTOHOBCI{Oll li!li.UHOCT11 

B OTCYTCTBl!e rpa,nneHTOB ,naBJieHl:!R II CIIJI TJmeCT11, rrp11'leM CIUIH corrpo

T11EJieHl!.fl O6yCJIOBJieH1,1 IICHJIIO'll!TeJII,HO B.fl3I{l!M Tpem1eM • .Il.BIIJ?.BHl!e CTep2t

H.fl OITIICHB88TC.fl ypaBH8HU8M Tima TeJrerpaqmoro (rrocJie llCRJIIO'l8Hl1.fl rrpoc

Tpal!CTB8Hl!Oii 38B11CilMOCTl1) • .D:eRpeMeHT 38TYX8Hll.fl rrpo,UOJII,!IHX I{OJie6aHIIii 

J = t (fy/f)/r..Jv/t?. 
' 

(6) 

r,ne .P.. - IIJIOTHOCTI, li!li.UHOCTil, 
y ' 

}} - HIIHeMaTlI'l8CI{a.fl BR3KO en, C<l -

npyrona.fl tJacToTa RoJie6amm, 'Z - pa.neyc CTepJ'm.fl. Bpe,nH!JM *RTOM 

rrpu ROJI868Hllll TB3JIOB B l!lli,UHOM TeIIJIOHOCllTeJie .f!BJI.fl8TC.fl BO3MO.lKHOCTI, 

8HYCTll'l8CI{OH R8BlIT8Ullll a, I{81{ CJie,ncTBlle, BO3MO.lKHOCTI, 3pO311I! o6oJio

'l8R If IIO.f!BJI8Hil.fl ITYCTOTHHX 8qlpeRTOB peaRTilBHOCT11. 

Tepr.mynpyrne xrnrn6mie noJie6amia TOIIJI11BIIllX cT.ep.lKHeii on11ch!BaIOTCR 

.nmppepeHUlI8JII,HHM ypaBHCHil8M B t,acTHWC IIPOll3BO,nHLJX tJeTBepToro ITOpRJt

I<a, ROHRP8TH!lli BH,n ROTOporo onpe,neJI.fleTCR rpaHlI'lHHMH YCJIOBl'l.RMII 3a.na-

• 'lll. Ilpn HeITO,ItBll.lKH!lX RO~ax CT8piRHR ypaBH8HMe HeJillHeiiHoe ll ,nJIR aM

ITJillTY.IW i OCHOBHOii rapMOHRRM CMememrii. 3aIIllC11B88TCR B BH,ne: 

2 22 · J 2l 
cl. <J,(t) +·(~Jlo2-o2Ja-= ~c(~21+o1.vTJ+K /JS. cltz 2 l f ~ P S a 0 

(7) 

3,necr, '£ = 7i I l 9 - aMilJillTy,na H8'laJII,Horo npor:n6a' 
0 

J - MOMe!-IT 

lIHepnim ceqermR S. cTep:mm, KO - aMIIJIUTY.Ita BHemHeil Harpy3Rll, lvTJ 
- 8MIIJil'ITY.na P8.nI!8JII,HOll COCTaBJIRDJleii rpa,nneHTa TeIIJIOBll,neJieHlIR, i 2 = 

2 2 . C 
i

0 
+ 'tJ. T(i)/3! -,f :J /s . Kp:nTHtJecRoe 3HatJel!lie TeMrrepaTYPHoro cRatJRa 

To, rrpll ROTOPOM rrpRMoii CTepE.eHI, TepReT YCTOll'IPIBOCTI, ~>, y,noBJieTBO-

pReT paBeHCTBY: 
d. r;P = :Jce;s. ( 8) 

Kp1ITII'l8CH08 3H8'leHII8 rpa,Itl{eHTa VT, ITpH ROTOpOM ll3rll6 CTep.lKHR 

;c) 3Toi TepMIIH ycJIOBeH. Ilpll TeIIJioBOM y,nape HeJII,sJI IIOJIY'lllTI, perueHRR 

C HeorpaHn'leHHO B03pacTa10meil aMIIJIIITY'AOii (ns-sa peJiaRCaIIlIII H8IIp.RlKeHllii). 

6 

CTaHOBlITCR BO3MO:KHHM JilIIJll, B O.nHY CTOpOHY (I{ ueHTPY 'peaRTopa), orrpe-

,neJI.fleTCR COOTHOllieH~eM: k /vT/ = _j_§_ :/4'L ( J/2 
,l Kp J ./J S r,, - 7xf ) . (9) 

Ilpll H800JII,IlJOM H8'l8JII,HOM 11sr116e ll paCCMOTpemrnx rpaHlI'lllHX YCJIOBllRX 

TeMrrepaTYPHilli RO8qXpllU!Iel!T peaRTIIBHOCTll BO3pacTaeT OOJiee 'l8M Ha 

nopR,nOR ITO cpaBHeHIIID C O61,ItJHHM 3H8'leHll8M. Ilpn O6U'lHOH ROHCTPYRUl'IU 

TOIIJillBHHX R8CCeT H3rU6Hue ajxpeRTH peaRTllBHOCTU MaJIH. 

2. ABap1111m1e BCITHilJRl'I MOIIIHOCTll 

.l(a,re B RpaiiHe cepr,e3HOM Bapll8HTe 8B8Pllll llMrryJII,CHOro peaRTOpa 3BY

~OB8.fl (HJm y,napHa.a) BOJIHa MOlKeT Ha 3H8'lllTeJII,f!YIO PJIY6lIHY npOHIIRaTI, 

BHYTPI, 8RTllBHOii 3OHhl 38 BpeM.fl ,(} BCIIUilJRII, BH311J38.fl peJiaRCamuo rene

pnpyeMmc .naBJiemrn 11 TeM C8M1,JM yBeJI11'lIIBa.fl Bu.neJieHf!YIO :rneprmo. 

OCHOBHHe rrpe,UIIOJIOllleHllR rrpe,nJiaraeMOii MO.UeJIH B3pt,lB8 peaRTOpa (Mo.ne

Jill "iRII.nROil ci{lepu") Te 11te, tJTo II B Mo.nem1 feTe-TaiiTa, 3a 11cRJIIOtJeIm

eM Toro, 'lTO CH.HTC YCJIOBHe !Ie38BUCIIMOCTH ,naBJieHIIR OT Y.UCJII,HOro 06'I>c

Ma lJ = I/ f ll c,neJiaHO rrpe,nrroJIOJ!'.BHHe, 'l TO 3T8 38BllCUMOCTI, mrneiina.fl, 

T.e. ypaBHeHIIe COCTO.f!H11R HMeeT BH,n, xapaRTepHHH .UJI.R ruI,IU<OCTeii: 

?(?) iJ =j c2 {at" T('l,t) - (li-~J/v;,j. 

3,necr, ~= I/.f
0 

- H8'l8JII,HJlli yneJII,HIID: -Od'I>cM, o/.V = _p(JlJ'/Jrjl' 
T('l, f) - TeMrrepaTYpa TOIIJIUBa, II3Mep.fleMaH OTHOCHTeJinno HeRoToporo 

H8'l8JII,HOro pacrrpe,neJI8HlIR, ~ - CROpOCTI, 3BYHOBOii BOJIIIH. 

(IO) 

3a,na'la cTamrTc.a 'AJI.fJ ccpepntJecRoro (pa.m1yca /?. ) roMoreHHoro peaR

:ropa co CB060.nHOil IIOBepXIIOCTI,IO. TepMO,nllH8MlltJ8CRUe rrapaMeTpB orrpe,ne

JI.f!IOTCR C yqeTOM HaJIII'lllR neTOIIJIIIBHLJX ROMIIOHCHT B 8RTUBHOi1 3OIl8 • Tu.n

PO.URH8MH'leCR8.fl o6paTH8.fl CB.fl3I, no peaRTHBIIOCTH BU'lliICJIReTC.fJ C IIOMOlllbID 

H3BeCTHOro COOTHOruenn.a: 

c.(t) ==Jif ~ :Z d'V, (II) 
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i 
'' 

r,ne U(2,IJ- cMemenne tJacTn~ c Roop.1urnaTofi 'Z , 

JICHHR e_IU!Hli'lJHOro OO'.bOMa lI3 TO'lJRU 'l, peaRTOpa, 

Z{'l) - sifiteRT Y}J£l

B oomeM cJJYtJae /rs/• 
/1/ -

'X{tJ = ~ L
11 

( ;;~ (12) 

CoonromemiR (10-12) nmoo ypaBiremrn ru.npo_nnnaMHRl1 II HeiiTporrnoii: 

mmeTHRH IlOJIIIOCTI,J') OilllClffi~IOT rrpouecc B3PI-IBa 111.UIJU<Oro" cqiepHtJ8CROro 

r,eaRTOpa npn 38,nal!HOM 38HOI!e BBe.nemrn BH81!1Heii peaHTllllHOCTH co (t) B 

OTCYTCTBI!e TeilJIOOOMeHa Me:r.:,_ey TOITmmoM n OHPYMIOl.ll1!Mfl MaTeplHUlaMlI Il 

003 y'lJOTa HarpeBaHHR IIOCJie,mm:x 38 CtJeT pa)ll'!anHOHHOro R3JJY'l8HWJ. ap.. 
qieRT .Uormepa I aarras.mmalOll1He HeiiTpom,1, HaJil:!tJUe IIYCTOT B aHTHBHOH 3O

He TaRT&e Ile npnm!MaIOTCR BO BHIIMaHJie, XOTR B nporpaMMe 'lJUCJI8HHOro pe-. 

UJCHl!Jl 3a_natJl1 rr_pe_I(yCMOTpem1 BO3MOJ1I!OCTU BHJIIO'-lllTI, HX B _paCCMOTpemre, 

B cooTBeTcTBIU! c (I2) rn,npo_nnHaMrrtJecRa.H o6paTHa.H CB.Har, 
)/ 

c(i) = L c (f) (13) 
h:=/ n, • 

O6mee pernerme JJ,JIR "rrapuaam,mix" OO_paTHWC CBR38ll HMeeT BlIJl / 5/: 

'J!"'c-1:) = t f :/iC2
j+i j-1:T(t·t'JB (~~t}JI:' + 

ltJiR'ot.vC L,m "1rl j=I _ Jm+2 
0 

2j+I 

• 2· t . m m J :1-1 
+~(-!). (bn+t) '\""'(-t~Ji jT(i·t')Sin. 7ic-l'o1.;' (14a). 

~ ~l'J'U•2. ~ ( 2J - I) J ( ' . I?. 
J::/ . 0 

C (t-) (I ~ • 2. t . I 

21n-1 = _da._ L 22J-I C :Jr/ jr(f-t') B ( :~t )J-l I + 
'17iR 2

oLvC L 21n-1-/ ✓·=-, 2111+1 ~i+I 
Jin•/ -f:- 0 v 

+ So.(,21n)/{-1)1n1-1£ (-:):·H jT(t~t') B. (Jicf) Jf' + 
j=t aJ). m-j ~J . fl 

m+1 m-1 ° t: · , 
-I-~(-!) ..!!l!:J!..[1 +- L (-1):li_JjjjT{i·t~Sin. Ji;tdt 1 

• (146) 
:JiJmo j::o (.l;)/ 

0 
t'v 

B aTIIX cpopMyJiax m = l ,2, .. , l = p !/R ! (p-R) ! , J-a.. u t
0 

- RoMrro

H8HTh1 O6'.ber,rnoro RoaqxpmmenTa H~paBiror.mpnocTrr TeIIJIOBhl.neJieHM K = S + S 
. .., 0. 0 ( t + 3 so Jr, 2 

= l) '. tJffCJia I\( Y.UOBJI8TBOP.RJOT paBeHCTBy: 

8 

' 

I 
·• 

11 

! 
·1 ,, 

I 
\ 
l 
1 
I 

1<1-1 I 
(-!) (2K). I-/ 

K•/ 

K•f i+t 1_j+/ J.j 
+ L (-1) t2. C B. = 2(/!K-1) 

j=I .2K · J 
(15) 

(HO = 1, BK - tJn:c;ra Eepnymrn) , 7'(-!:)- c_pe,nmrn rro 06'.boM.y _peaRTo_pa rro

.norpen Torrmrna, B-6<)- nomrnoMu Eepnymm (0 ~ :r .(. I). J];m anatJe-
✓ 

nufi X > l ipy1rnmm ~-(x)B (14) cJie,eyeT rre_puo,IJ,l!tJecmi rrpoJ~OJ!iKMTL. 

Y,nem,HM (11a 1 r TOIIJIUBa) Bhl.U8JieHH8.H a11epr1rn . 
. 3 

Q l,IJOCvE0 

o J {..J2'l'2 /(dl</JT)fJ'P/ ' 
(16) 

r)le CV - Y.nem,naR TCIIJIOel'Af(OCTI, TOITJillBa, l,J = JiC I I<. ' co= Const 
- CI<atJO.I( peaRTl!BHOCTll, '[' ;.. cpe,nHee B_p8MJI. MSHH MrHOB8l!HI,JX· neiiTpO

HOB, atxpeHTUBHUl1 TeMrrepaTypHIDi ROajx'pu~eHT peaRTIIBIIOCTlI 
' .N' . 7i 

(dk/dr) =/;d. R
2 L:. nL (! +f. :,;:,f:xt·1Ji"~,1x) Cl?) 

i<j' .11 v n = I n. tt o :J, o -

COBIIa,naeT C HCTHHHUM R0:3qxplmlI8HTOM _peaRTHBHOCTH clk/dr TOJII,!(O 

rrpu CHJII,HO nepaBI-IOMepHOM ITOJie T8IIJIOBhl.neJieirnR, ROr,na ~ = o, <t = 

K = Jio/3. Koaqxp11U1teHT /ll. noRa3UBaeT, BO ci<om,Ho pas BRneJiennaR 
vmax J -

3HeprHR, pacctJltT8HHa.H C yqeTOM pacrrpocTpaHeHlt.H aeycTU'lJ8CHHX BOJIH, 

OOJIJ:,1!10 anepruu, Bhl'lltCJieHHO:ii B paMHaX Mo,neJII:! EeTe-TaiiTa. IIpu6JIJillieHHO 

tu = 1. + j 71 (✓kJdT)jrp ( l.J'l:)2 
u ' ( c/J/dr) co . (I8) 

TaR HaR ( elk jdr)
3

ip = di,Jcl'T u c..>Z-/c'0 ~clJ/R. , To rrpu .nm1Tem,nocTn 

BCIIH!IIBH -/l- , panno:ii 12/C , JU a:: 3, CTerreHI, yRaaa.HHoro pacxo,ri_nenu:a 

rrp1t .npyrnx anatJeHHRX cz9/I<. rroRaaana na p1tc,l, r.ne rrpnBe.nem,1 pesym,

TaTH tJncJiennoro (l) u aHaJil:!TlttJecRciro (2) pactJeToB Q O rr_pu cprrncupo

BaHHOM 3HatJeHllll Roajx'puuneHTa .naBJI8HlIR ( Jf /'J 'T) U' (B 3TOM CJJY'lae Qo , 

BHtJIICJI8HHa.R ITO M8TO,I(y EeTe-Tai1Ta, He 38BHCRT OT c). 

TaK HaanBaeMaR ''rroporoBa.R" aneprnR Q*, tJacTo ucrrom,ayeMa.H .mm 
BH'lllCJI8Hll.R IIOCTORHHOli Bo B CJJY'l88 neo_rpaHHtJemroro HapacTaHJrn BBO

_1lIIMOil peaHTllBHOCTU (co Ci<OpOCTI,10 to ) , paccMaTpllBaeTC.R I<aR cp0pMaJII,-
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I 

I 
I . 

,._ 
Hblii rrapar.mTp n onemrnaeTcR no rpopMYJie / 5/ 

Q* = R,2 €0 J/JT-1/~. 
(19) 

Kl!HeTwrnc.KaR ::rneprHR (mrna B3pHBa) orrpe,lleJIReTCR IHU< pac5oTa A, 

COBepruaeMaR IIPH H33HTporrnqec.KOM pacmHpeHHH a.KTliBHOll 30HH corJiaCHO 

3aBt!CHMOCTH (IO), HO c YCJIOBHeM p =.0, ecJIH o!v'T<{ll-t);,)/7J;, / 5/:. 

A _ M,, ~~ I + 2 M0 V//£0 

- 2. (I+ Mo V/IEo )2 · '20> 
3.nem, ¼ = olv Q

0
C/CV, E0 = M Q0 - IIOJIHaR BH,lleJieHHaR 3Hepr;m, 

M H Mo - Macca TOIIJIHBa II BCeii a.KTflBHOli 30Hl1 COOTBeTCTBeHHO. B 3.l(

CTp1:lMaJihHOH aBapnfinorr c11TYanun peaRTopa l1EP-2 Bemmma A, paccq11-
' ,, 

T8HH8R C yqeTOM Heorrpe_neJieHHOCTeil: (fll!3I{qec.HHX H TepMO.nf!HaMH'lecmrx 

napaMeTpOB, ouemrnaeTC.8 B 150 ± 100 .Kr TfIT H COCT8BJIR0T 40-70% IIOJI

HOH BH_neJieHHoi-J :meprmr. O,nHa.Ko rrpn BHc5paHHoil KOHCTPYK!.1,m peaKTopa 

11 ,neiiCTBYJOmeil: · aBapHii11oii: 38lllUTH BepoRTHOCTI, IIO,llOc5HOro coc5HTHR IIPaK

Tl1'l8Cl(If IICIIJllO'laeTCJJ, 

3. Ilpo6JieMa cnepxc5ucTpoil anap11U1ron salllHTJ:I 11 perymp0Bau11R 

CymecTBYRJllll18 Cl1CT8MH aBapHiinoil: salllHTH 6eCCl1JI!,IIH rrepe,ll BH83a!IHUM 

(O'l8HI, MaJIOB8p0.8THIJM) B03MYlll8HlfCM peaKTl!BHOC'rlf F,HYTPl1 llMnym,ca MOllr 

HOCTH. 1fTOc5H oc5ecrre'lUTI, BBe,nerme .KOM!ICHC11pYJOO!eit pea.KTl1BHOCTH sa 

BpeM.8 IIOPR,n.Ka ,nec.aT.KOB Mll.Kpoce.KYH.n MexaHl1'l8C.KllM CIIOCOOOM, a.KTHBHO

MY oprany Heoc5xo,llHMo cooc5mn:TI> yc.Koperme "' 1053 '. Tamr~ ycK~perm.a 

MOJKHO IIOJJytlHTI, !Ipll B3p1me liJIH y,llape • B 3TO.M OTHOllleHl1H rrpe_ncTaBJJReT 

H!ITepec pacCMOTpeTI, T0IIJIOBOH y.nap B rrpe,llBapHTeJII,HO l'I30rHYTHX CT8p]i{

HRX (He Oc5.838T8JII,HO TOIIJIHBHHX), ROH!.1H KOTOpmc 38Kp0IIJI8!1U B ruapH11pax 

HJIH orrepTu B TO'l.Kax. IlpH Ta.Kott ROHCTpy.Kmm a.KTHBHOH 30Hhl T0ll!IIepa

TypHHil .K08qXpUI1118HT pea.KTHBHOCTH MO]K8T 6:HT!, O'l8HI, OOJihlllHM (CM. rJI.l), 

!I03TOMY 118 HCKJllO'leHa B03MOJKHOCT!, HCIIOJI!,30Ba!HI.R TeIIJIOBOro Y.napa B 

Ra'lecTBe r11exaHns111a anap.1mHoro caMorameHHR HMIJY1IhCHoro peaRTOpa. 

]LnR rrp0Bepm1 y.Kaaamroii B03MOJ/JIOCTH nccJie,DyRJTCR pememm ypaBHemrn 

10 

Qo I I I J I I J C 
' 

100 ~ ~ 
~ - -

~ 
,...... 

,---

~ P". 
-

10 
~ 2 -~ 

-~ .,, ,, , -
/,/ 3 - ~ 

J I 
,-

I I I 
2 3 c9/R 

P11c.1. PesyJibTaTu 'lHCJieHHOro (1) H aHaJIHTH'l8CKOro (2) pac'leTOB 

nu.IleJieHHoa sHeprHH Q (K.Zta:/r) KaK ipyIIKI.lliH oTnomeHHJt c-9/R rrpn 
0 > 

ipHKCHponaHHOU K03ipipHI{He_~Te ,ll8BJieHHJt ( ?,o/ Ji) tr = 19 aTM/rpa,ll. 

BaemHHH peaKTHBHOCTI, ~(t) BBO,llHTCJI p IIOCTOJIHHOR CKOpOCTI,D i~ = 

40 C -l 8anHCHUOCTb 3 COOTB8TCT~yeT pesyJI!>TaTy MO,ll8JIH EeTe-TanTa. 

104.t. 
13 
12 

II 
IO 
9 
8 
7 
6 
5 
4 
3 
2 

0 8 ,a-z, 
8 

PHc. 2. SanllCHUOCTI, IIOJiltpll38I{HOHHOrO BILJia,Ita oL B aJII,68,llO reJIH-

eBoro CJIOH (TOJIDIHHOR I8 cu) OT HH.IlYKUHH MarHHTHoro rroJIH B fK!'c) 

.IlJIH UOHOHarrpanJieHHOrO rry'lKa HeaTpOHOB crreKTpa ,lleJieHHH, IIa.IlailDtero 

rro HopuaJIH i! I! IIOBepxeocTH oTpa:a:aTeJIJt, I - B..1. .i! • 2 - B /1.Z . 

11 



(?) l1 ypaBHemrn mrneTURU npu pasJilllJHb!X rrpe.nnoJIO:fileHU.RX OTHOCllTeJII,HO 
. " ~ 

BeJIUlJn11u asrn6Horo RoaqipmmeHTa peru<TliBHocTH, BHemmrx cuJI, cnocooa 

HarpeBaHll.R II T._n. KaR oRasaJIOCL, caMorameHue 6ucTporo l1MIJYJII,CHoro 

peru<Topa B npe.neJiax .nanHoro (aBapuii:Horo) mmym,ca BOSMOJKHo TOJII,liO 

.I!JIR peru<TOpOB co CM.RrlJeHHI,tM cneRTpOM neii:TpOHOB ( 'l" -;: ro-? c). 

BosMOlflJIOCTL BJIU.RTI, Ha peaRTllBIIOCTL peaRTOpa nyTeM 0!1CTporo (no

P.R.IUW bll!RpoceI(YH.n) ll3MeHemm Mar1mnmro IlOJI.R B IlOJI.RplI30B8HHOii: IDil1 

noJI.Rpll3YlO!llefi HeiiTpOIIH cpe.ne, T .e. 11eMexam11JecRUM cnocoooM, 6wra 

BnepBim sai\'JelJeHa IO.H.I{asalJeHR0BNM H B.B.OpJIOBHM. JJ;ia JRJl~oro remm, 

o~ofi 113 H8ll00JICC ooeutaIOH!liX IlOJI.RpH3YIOIIJ.l1X cpe.n, aqxf)eRT pealiTllBHOCTU 

o;;m.naJicn, no oIIeHRaM aBTopoB, B npe_ncm1x ro.:.3 - ro-2 ~ R/R. 

Bem11J1ma sqxpeRTa, Hai!_nenHa.R B HacTo.Rmeii: pa6oTe no pesym,TaTaM /G/ 

paclJeTa (MeTO.UOM MOHTe-KapJio) noJIRpll38I1llOHHOrO BRJia.na ol. B 8Jlb6e.no 

reJI11eBoro cJioR, cocTaBJI.ReT (1 ,O .:!: 0,1) .ro-3 ~ R/R i!:). 0wu6Ra paclJe

Ta IIOlJTll Q8Jil1ROM o6yCJIOBJieHa neonpe_neJieHHOCTI,IO .naHHHX O ipasax (12,ol )

- · pacce.RH11.R. Ilp11 BHJI!OlJemm Marm1THoro noJI.R 8 > 15 Rrc napaJUieJI1,-

1I0 II81Ip8BJICHHIO .z nylJRa na_naromux Heil:TpOHOB ( 8//J! ) IlOJI.Rplrna1.1nou-

IIW1 :JqXpCRT YHl!lJTOlKaCTCR npaRTlllJeCliU IlOJIHOCTLIO. EcJill ,m 13.L~,TO Sq>

<peliT MO.lKHO CHll8HTL T0JIT,R0 B 2 pasa (cM. puc.2). C poCTOM 8Hll30Tpo-, 

IIllll na.naIDlllllX IlCfiTfOH0B BRJia.n cl.. YBeJllllJllBaeTc.R. 0nTlIM8JII,IIU.R T0Jilllll-

H8 oTpaJKaTeJI.R ~ 35 CM. CneRTpaJIM!Oe pacnpe.neJiettue al {E) UMeeT 

CllJII,Hl1:fi pesoHaHC ( ol us = 3,5.ro-3) npu E = 1 1.lsD ll CJia6o BHpalKeH

lruil: pesoHaHC (oltes = 8· rn-4) npll _ Z ~ 5 MsB, R0T0pue COOTBe;~TBYIDT 

noJiozeniiRM P3; 2 - P1; 2 - ypoBneii .cocTaBuoro n.npa 5Hc2 • 

0CHOBHU8 BIIB0)]ll! 

l. B M0IUH0M IIMnyJ!bCHOM peaRTOpe nepllo_nulJeClioro .neilCTBll.R TeITJIO

BOii: y_nap M0.lKeT npe_ncTUBJ'.UlTI, cepI,e8Hy!O npo6JieMY liaR B OTH0WeHIIU 

:!£) PesyJI1,TaT npllBe.neH wm yr;roBoro u snepreTalJecnoro pacnpe.neJieHnii 
nanaIDIIJ.llX HeilTp0IIOB, 0Jill3lillX R peam,1mM. JJ.JI.R pe30H8HCHL!X (E = 1 !AsB) 

MOHOHanpaBJI€HHHX Heii:Tp0HOB ajx'peRT .nocTuraeT npe;ueJia: 0,003 .d R/R 

(npu OilTl!MaJILIIOii TO.iIIUIIHe OTpa,KUTCJI.R). 
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I. 

npolJHOCTll TenJIOBJ:l.D;eJI.RIDIUl!X :meMeHTOB, T8R II B OTHOWeHlrn .R_nepuoil 

6esonacnocTn. }1;m ncc;re.noBaHn.R scp:peliTOB TenJioEoro y_napa npe.UJiara

IOTC.R, B OCHOBHOM, 8H8Jll1Tr!lJecm1e MeTO.Il;H paclJeTa. 

2. AH8JIU3 aBapnfiuux BCilb!WeR MOlll.lIOCTll UMnyJII,CIIOr0 reaRTOpa, Bl!IIOJi

HeHIIHii 6es YlJeTa 8liYCTI!lJCCliHX sqipeliTOE, MO)IteT npl1ECCTU R cymeCTBCII

H0 saHHReunoil oue1me BH_ne;renHofi sneprnu. IIpe.llJiaraeMaR B_ pa6oTe MO

_neJ!b B3PHB8 peanTopa Il03BOJI.ReT YlJ8CTL 8TH 0$i)eRTU oes neo0XO)lllMOCTI! 

lJUcJieHHoro n1-ITerp11poBanun ypaBiremrn B lJaCTHux n_poasBo.nnux. 

3. TenJI0BOll Y.I!8P B nsorHyTIJX TOIIJII!BIIHX CTep::tH.RX MORHO HCITOJ!b30-

B8TI, B RalJeCTBe MeXaHU3M8 ,aBapniluoro CaMorameHil.R .llJI.R peaHTOpOB co 

CM.RrlJeHHhlM cneRTPOM neliTp0HOB. lipaHTUlJeCROe UCilOJ!b30BaHne ITO.iIRPl'l88-

IIl10HIIOro sqipeRTa B oTpanemrn neliTpOHOB oT rem-ieioli cpe_llP npmru1m11-

am,no B08MO.lJ'..HO B TO:il: O0JI8CTI1 TeXHl'IRH IDAIIYJILCIIHX peaRTO.POB, r.ne Heod

XO.llllMH 0HCTpue (rrop.R.URa MlllipoceHyH.n l!JIU .nec.RTROB 1111rnpoceHy~n) , HO 

cpaBHI1TeJII,H0 He0OfilWI!e ( < rcr3 L'IR/R) Cl{UlJRl'l peaHTlrnHOC'l'H ,aarrpn-

111ep, .I!JIR ~e;reii: "cBepx6HCTporo" peryJinpoBaHHR. 

CnucoR ny6JIURaIIuil, Bowe,llllillX B ,nnccepTaQnro: 

l. Jior.m_nse B .JI. , 

2. JioMH.nse B.JI., 

3. JI0MII.ll3e B.JI., 

4. JioMH_nse B.JI., 

.5. JioMH.nse B.JI., 

6. JioMn.nse B. JI. , 

AS, 35, BHIT. 2, 123-124, 19?3. 

Ollill1, Pll-6621, ,Iry6Ha, 19?2, 

AS, 35, BHil. 2, 125, 19?3. 

0HH.H, PII-6622, ,Ilyona, 19?2. 

OHffi:i, EI-11-9311, ,Iry6na, 19?5. 

lllaoamm E.II., 011illf, Pl6-?38I, ,Ilyona, 19?1. 

PyxorrncL nocrynuna B nsAarenr,CKHH 0rAen 
3 Maa 1977 roAa, 
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