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BBe,lleHHe 

M.ueJI nonyqaTb 3Hepnno B peaKuRJix .uenennJI ypana n ropRJI rro.u .ueii­

CTBHeM IIOTOKa 6hlcTphiX He:ltTpOHOB, pmR,naiOllJ,HXCJl H pa3MHom.aiOTI.J;HXCJI B 

MJUUeRII, o6nyqaeMOII nyqROM ycKOpeRBhiX qaCTRU, IIpOTOHOB RJIR ,Uell:Tpo­

HOB, B03HRHJia IIOtiTH O,ll;HOBpeMeHHO C 3anycKOM nepBhiX npOMliiTIIJieHHhiX 

peaKTOpOB ,UeJieHRJl Ba TeiiJIOBhiX Hell:TpORaX. (ha R,UeJI RHTeHCRBRO IIpo­

pa6aTLIBaJiaCb, sHcnepHMeaTaJILHO H reopeTn-qecKK, KaR B CIDA, TaR H 

B CoBeTCKOM Co103e. Ball<Rhle pe3yJI»TaTh! 6h!JIR rronyqeRh! TaKJI(e Kana.u­

CKIIMH <jlH3HKaMl!. PaccMaTpl!BaJIHCb KaK cna6o o6orall\eRRhle R30TODOM 

235 U 3JieKTpOJI.UepHh!e CRCTeMhl, C He60J!bll!IIMII 3HaqeHRJlMR K03<jl<j:>RUI!eHTa 

MY•1hTHJJJll!KaUIU! I<,," TaR H no.uKp!!TnqecRne peaKTophl c I<,ff "' 1 (eM. 

o630phl [1]- [2]n MaTepnanhl ne.uaBBIIX KOB<jlepenunll [4]- [6], r.ue MOJKHO 

Hall Til no.upo6HyiO 6n6nnorpa<jll!l0 ). 

B HailieM HHCTHTyTe TaKHe HCCJie)J.OBaHHJI 6hlJIH HHHII.HHpOBaHLI H IIO,l(­

,UeplKIIBaJIJICb .u. 11. BnoxnnueBhiM, B. n. ,UlKeJieiiOBhiM, M. r. Mell\epJI­

KOBhiM II B 50 - 70-X ro.uax liBTeBCliBBO BeJiliCb B Jla6opaTOpRHX JI,UepHhiX 

npo6neM n TeopeTnqecKoll li3RKll. Tio3.unee B pa3BliTRe noro nanpaBJie­

HIIJI 6oJibrnoll BRJia.U BBec R. ,U. ToncTOB n ero coTpy.uRRRR B Jia6opaTo­

piU< BhiCORl!X 3Reprnll, no.u.ueplKaRHhle A. M. BaJIJIRHhiM [7, 8]. Bh!JIR 

BliiiiOJIHeHhi SKCIIepnMeHTaJILHIJe H3MepeHHJI BliiXOJl:a aettTpOHOB B paamrq­

Hh!X Ml!ll!eBJIX npl! 3Bepnn 660 MoB ll B o6JiaCTll E "' 3-6 r.B, C03.UaRI>I 

MaTeMaTHtieCKHe nporpaMMLIJ II03BOJIHIOID;He Mo,n;emipOBaTb pa3Jill"qHL!e aC­

neRThl >JieRTpoH.uepnoro rrpouecca n oco6ennocTn CJIOJKHhlX >JieRTpoH.uep­

HhlX ycTaHOBOK. 

O.uHaRo, BecMoTpH na pH.U oqeBliJIBhlX npel!MYII\eCTB (6e3onacnocTD 

sncnnyaraun:a, B03MOiRHOCTL nepepa6oTKH ropnH H 3anacoB "OTBaJIDHoro" 

238U, BeCbMa ROpOTROe DO CpaBHeHlllO C peaRTOpaMII Ba 6h!CTphiX Beii­

TpOHaX BpeMJI yJIRoeBRJI nerRo .ueJIJ!IUliXCJI R30TODOB n T . .u.), npaKTnqe­

cRoro BOJIJIOIUeHIIJI 3JieRTpOJI,UepBhle CRCTeMhl He IIOJiyqnJIR. 8TOMY npeDJIT­

CTBOBaJill, B nepBylO oqepe,Ub, oqeHb BhiCORlle Tpe6oBaBRJI K YCROpRTeJI!O: 

IIOCKOJILRY TaRHe CHCTeMLI npe,li.Ha3HatiaJIHCb B OCHOBHOM ,ll;1JJJ. Hapa6oTKK 

nerHo ,n;eMJJJ.HXCH H30TonoB 
233U n 239 Pu, KoTopLie npe.nnonaranocb .n;anee 

HCIIOJib30BaTo B ,noqepanx peaxropax aa renJioBhlX aettrpoaax, npoH3Bo.n­

cTBO )I.OCTaTO"qllQ 60JibliiHX HOJIH"qeCTB STHX H30TOIIOB Tpe60BaJIO IIpOTOBHltiX 

nyqRoB c l!HTeBCliBHOCTJIMR 100 - 300 MA. 

K. Py66l!a 6h!JI, IIO·Bli.URMOMy, rrepBhiM, KTO npe,UJIO)!(llll, oropocnB 

rliiiHOTH3HpOBaBiliee meJiaBHe HCDOJib30BaTb SJieHTpoJI,n;epHhle ycTaHOBRH B 

HatieCTBe 6pHJJ:epoB, orpaHHtiHTbCH CaMO,ZJ.OCTaTO"qHLIMH CHCTeMaMH "o.ZJ.KH 
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ycKopnTem - OI\HH peaKTop" . .L\JIJI noro np11roi\Hhl ycKop!!TeJIII, nMeiO­

li\He Ha IIOpi!I\OK MeHLDll!e TORI! ( CM. 1\0K!Ia)\hl [9, 10) ll Dpi!Be)\eHHY!O TaM 

61!6JlllorpacpniO ). 
Eme MeHhmRMH TOHaMa a aHeprHJIMH Bcero JIBllib B HeCROJihRO coTeH 

MsB MO!KHO orpaHII'lHTLCJ! B DOI\KpiiTII'leCKIIX CIICTeMaX C Koscpcplll:;_l!eH­

TOM MYJILTIIDJIHKai(IIII I<,1f "'0,95- 0,97. XoTJI np11 sTOM aHa'lHTeJILRaJI 

'tJaCTh aaeprBH nepBHtiHoro nyqRa repaeTCJI B HOHHaa:uHoBHhiX nponeccax, 

SHeprHI! )\eJieHHJI BO MHOfO paa npeBOCXOI\HT DOTepll, 6JiarO!IapJI qeMy KO­

scpcplll(Hel!T aMDJIHct>HKai(HII 

Kamp =DOJIHLiit BhlXO,ll; TennafaaTpatieaHaJI ::meprHJI 

ocTaeTcJI )l.OCTaTot~Ho 6oJiblliHM. 8To BHJlHO H3 Ta6JIHIJ.hl I, r.rte noRaaaHhl 

peaymTaTbl pac'leTOB 1\JIJI I(HJIHHI\pll'leCKOfi DJIYTOHI!eBOfi aKTIIBHOfi 30Hhl 

(cpe)\KJ!J! ·nJIOTHOCTL DJIYTOHHJ! 8 rjcM3) C BOJ!LcppaMOBOfi MHDleHL!O B I(eH­

Tpe (eM. pnc. 1) [11). Auanorll'lHhle peayJILTaThl nony'<aiOTCJI n 1\JIJI 

11pyrnx DOI\KPIITH'leCKHX CHCTeM. 

ITo!IKPRTR'leCKRe CllcTeMhl c I<,1 1 c:; 0, 95-0,97 Ha!leJRHO ynpaBJIJIIOTCJI 

BapLnpoBaHHeM TOKa ycKopnTeJIJI, coBeprueauo 6eaorracuhl 11 ne Tpe6yiOT 

cnenHaJibHhlX .noporocTOJIDlHX ycTpoikTB o6ecneqeBHJI 6eaonacaocTII, RO­

TOphle ITO DpHHJIThiM CTaH,li.apTaM JIBJIHIOTCJI o6JI3aTeJihBbiMH )lJIJI BCeX ycTa­

HOBOK C J<,ff 2': 0, 98. 
B Ra'tleCTBe nepBoro mara B nay'tleHHH nnyTonneBhlX aJieinpoJI.uepHLIX 

CIICTeM Mhl Ilpe)\JiaraeM 06"Lei\HHHTL aKTHBHY!O 30HY pa60Ta!Oll\ero B DOI\­

RpiiTH'leCROM peJRI!Me rrnyTOHIIeBoro peaKTOpa MBP-30 Jia6opaTopn11 Hefi­

Tpouuon cpnaiiRR OMHM ( ero npei\DOJiaraeTcJI !leMOHTIIpOBaTL B CBJI311 c 

C031\aHneM 6onee coBeprueuuon ycTaHOBRil MPEH) c 660 MsB rrpoToH­

HhlM cpaaoTpOHOM Jia6opaTop11R Jl!lepnhlX npo6neM OMHM, I!MeiOD.\IIM TOR 

BhlBe!leHnoro nyqua J=3,2 MRA (!!RTeHCRBHOCTh ny'lRa Np = 2, 1 · 10
13 

'laCTIIII/c).1 

KaK noKaab!BaiOT OIIeHRR, BhliiOJIHeHHhle B JIH<I> n JIBTA OMHM, I!C­

nonbsoBaHHe Bcero JIHllib 10% BblBe.n.eanoro nyt~Ra nosBoJIJieT coa.n.aTh aneR­

TPOJII\epuyiO CI!CTeMy c J(,ff c:; 0, 94 11 MOD.\HOCTLJO ORono 10 RBT. TaRaJI 

1 IJpoTOHHN:A ¢asotpOH Jlf.[IJ ()11JIJ1 xapaKtepusyetCH CJieJJ.yJOlli,HMH napaMetpaMH: 

3HeprHH ycKopeHHI:lX npotoHoB E = (659 ± 6, 0) M3B; 

3Hepretu'llecKa.a .nucnepcux f:).E = (3, 1 ± 0, 8) M3B; 

M8KCHM8JlbH8JI HHteHCHBHOCTb BJ:WBeJJ.eHHOro ny\IK8 B pemHMe 6b1CtpOfO Bb1B0,2I,8 (npo­

)lOJI)Kl.f'teJibHOCTb Bb1Bo.n.a 30 c) J = 3, 2 MKA; 

Bl:iiBe,neHHI:iiR: ny\IOK HMeet MHKpOctpyKTypy - CfYCTKH \18CTHU .IlJlH'reJlbHOCTblO OKOJIO 

10 HC C HHtepBaJIOM npHMepHO 70 HC. 
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MOIUHOCTh MO}hC?T 6LITh CHRTa B03.IJ...VlliHbiM OXJiaffi)leHHeM- Tal\HM ilie, HaHOe 

I!CIIOJJh3yeTCJI B HacronJDee BpeMJI Ha peaKTope MBP-30. B TO JRe BpeMJI 

yKa3aHHaJI MOIUHOCTb BIIOJIHe .IJ.OCTaTO'liHa .IJ.JIR IIpOBe.UeHHR 60JiblliHHCTBa 

HCC~1eJlOBaHHH, He06XO.llH},1biX .UJUI HOHCTpyHpOBaHHSI 6o.nee MOIUHhiX 3JieH­

TpOSIJl.C?pHbiX ycraHOBOK. BonLlliHe noroRu uefirpoHOB II03BOJIHT H3Y'liHTh 

pa3~1H'l1Hhl€' peiRHMbl TpaHCMyTaUJUi pa,!UiOaKTliBHbiX OTXO)lOB. RBJl.fiiOIUefiCR 

B HaCTORlUee BpeMR O.UHOit H3 rJiaBHhlX npo6JieM R.llepHOit 3Heprennm. 

Pi"//~ .. ·- . ~ 
--#' 2 7 ; 7 7 7 7 7 7 ·1~7 

5 ~ 

Puc. I. I.(u.<unap1l~ec?Ca.• n.tymouucaa.• c6op~·a c eo.tbrftpa.uoeoil .•w­
weuMo auaJotempoM 3 c.« 1L B.~tuuofi 14 CM, n.~tymmWC6bl.« 6 .. tarth'CmQ.4(. au­

a.Mempo.M 7,2 c.«, cma.,z.bH'bl.« u eo .. tbifjpa.«oebt.« peifj.,z.el·trnopa.~out c mo.HL(~t­

H.a.uu, coomeemcmaeuuo, 2,4 u 10 c.u. n.,ymouuee·bte cnu:p.>K'HU u .... u·wm 

m.auma.,toeyw u cma.,z.Mty·w o6o.,to·1l'h:1l mo.,WflLH.mL 0,1 1t 0,3 .u.«. Jlyl.{o-n· 

ycnopeuH:bLX npomouoo eooaumc,q. 6 80.1tbifjpa.woey·w .4W"liU"U"b !l(pCJ OCC8lj10 

tL(IAb IW l.4y6u><y I c." 

8To 6y.n.eT nepBaR B. M:Hpe 3JieHTp0R.UepHM ycraHOBHa 3Ha'IHTeJihHOn 

MomnocTH. B nocne..u.yromeM, npH ycnoBHH nepexona H 6o;1ee nnTeHcu­

BHoMy TC:'TIJIOC'beMy, ee MOlll,HOCTb MOJKeT 6biTh yseJBilJeHa Ha nopH,UOH. (' 

oHOH'IaHMeM pa6oT Ha ny\me GGO M3B <fla3oTpoHa MO»mo JHH'OIOTpe?Th 

B03MOIKHOC.Th nepe6a3upoBaHHR ycnHIOHH1i Ha ny"tJ.oH npoTOIIOH u .:u'fl\11:\ 

JWHOH 9 !'oB omxpocpa3oTpoHa J1B~~ 0J1JIJ1. 
MI>J XOTC:'Jlll 6bi oco6o IIO.lJ.l.JCpHH,YTh, liTO HapRJl.Y C HCIIOJ1h30Hal!UC'!'.I 

3JieHTpOHJ.I.epHhiX ycTaHOBOH )lJI.R. 11pOH3BO.UC.THa 3Hepnm Jia OCIIOHC:' ypa11a 
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M TOpHH cerO,ZI.H.II OtieHb Ba»<HOe 3Ha'leHR€ HMeeT np06JJeMa 3HOJJOrR'lleCHH 

6e3onacnoli 11 9KOHOMII'lecKII BLiro.unoli )'TIIJI113al\llll 3anacoB 'liiCToro (opy­

a~ei!.Horo) TIJIYTOHIUI H aarpH3HeHHOf0 .npyrHMH H)'HJIH.llaMH "reXHHtieCHOfO" 

n::~yroHHJI c aroMHLIX 3JieHrpocraHUMil. Tiocne.nHee oco6eHHo Baamo, no­

CKOJibHY TeXHH'l!eCHHii TIJIYTOHHil, HaH. H3BeCTHO, MOiK€T 6b1Tb HCTIOJlb30-

BaH .n~1JI HaroroaneHHJI aroMHoro opymHJI, tiTO coa.zraer cepbe3HYIO yrpoay 

erO H€KOHTp0!!11p)'eMOro pacnpOCTpaHeHI!JI. 8JieKTpOJI,UepHO.JI TeXHOJJOrliJI 

npe.ncraB~"'JiercJI aecbMa nepcneHTHBHon JJ.JJJJ. perueHHH arott aa.zratiH. 

Ta6JIHL1a I 

3aBHCI1MOCTb napaMeTpOB 3JieKTpOR..UepHOH CHCTeMbl OT 

3Hepr11H 6oM6ap..uHpy!Oili11X npOTOHOB 

(3Ha'leHIIJI E 11 Q B f3B) 

E, fsB J(,ff N,otfE Qion/ E Q,otf E 

0.1 0.939 64 0.9.5 4.3 

0.2 0.941 210 0.85 11.2 

0.3 0.943 276 0.80 15 .. 5 

0 .. 5 0.944 378 0.69 20.8 

0.6.5 0.943 393 0.58 21.4 

0.8 0.946 396 0.47 21.4 

1.0 0.946 409 0.41 22.1 

1.5 0,945 379 0.34 20.4 

2.0 0.942 347 0.30 18.7 

O.unoll 113 npiiBJieKaTeJibHLIX CTopon paccMaTpBBaeMoro npoenTa JIBJIJI· 

eTCH ero OTHOCliTeJibHaJI Jl,erueBH3Ha H B03MOJRHOCTb 6biCTpofi peaJUI3aUHH, 

nocKO!IbKY yJKe I!MeeTCJI npaKTII'!ecKB see Heo6xo,UHMOe o6opy.uosaHI!e .UJIJI 

C03.llaHHJI npe.zrnaraeMoii ycraHOBHH. Bonee roro, "aropyro mHaHb" npH­

o6peTaiOT pa6oTaiOII.\IIe B TeqeHIIe .uonroro apeMeHII peanTop 11 ycnop!!Te!lb. 

Cne.uyeT TaKJKe I!MeTb B BI!.ZJ.Y, 'lTo Ol1JUI - MeJK.uynapo,UHO.JI opra­

HHaaUHII, TI03TOMY ytiacnle B HCCJI€)l.OBaHHJIX )J.OCTYIIHO lliHpOKOMY Rpyry 

cnenllaJIIICTOB. K npe.unaraeMoMy npoeKTy npo!IBJIJIIOT IIHTepec 6oJib!IIOe 

'li!CJIO IIHCTIITYTOB KaK cTpan-y'laCTHII!\ Ol1Hl1, TaK 11 JJ.pyrHX cTpaH. 
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<l>H311'<eCKOe o60CHOBaHHe H OCHOBHble XapaKTepHCTHKH 

ycTaHOBKH 

II piiH!lHTIHa!lbHaJI B03MOJKHOCTb nony'leHBJI snepnm B anenTpoH.uepBLIX 

ycTaHOBKax 6Lina .UOKa:IaHa BLIIIOJIHeHHLIMB B Ol1Hl1 ancnepBMeHTaMH c 

60Jib!IIIIMB ypaHOBLIMB 6JIOKaMB [1 j B IIO)l.TBepJK.UeHB 6o!lb!IIBM 'IBCJIOM TeO· 

peTB'!eCKBX pac'!eTOB (eM., B qacTHOCTB, [3],[11]- [13]). 

Ha p11c. 2 nona3ana KOHCTPYKilBR aKTBBHoli 30HLI l.JBP-30. l1MeH B 

BH)ly MaKCHMaJibHOe CHJiffi€HHe CTOHMOCTH npoeKTa JI COHpameaJie CpOROB 

Ill 
~p 

Puc. 2. Fopu3ouma.Ab><btu {nepneuauny.AS!puo uanpa8.Ae><u10 8epmu-

1\aA'b1lO noaaetueuu'btX n.~tymortue8'btX cmep:Heuei1} pa3pe3 anmu8uofi 301l'bt 

peanmopa MBP-30. B ~eumpe' .Me:J~Cay a8y.M5! n.Aymouue8'bt.MU c6opna.MU, 

no.Me14eua cmaA'b1WSl n.Aacmuua c ypau-.Mo.Au6aeuoeofi 8cmaanoil 8 mau­

ma.-to8oU nacceme. Buetuuaa o6oAo'llna-petfi.~teKmop U3 :Hee.A€3a u.Meem 

mO.AUlUUY 7 C.M 8 8€pxueiJ 'tacmu, zae npenS!mCS! noa8eU1€UU'b<€ n.Aymo­

UU€8bt€ TB9Jl'b< u 10 C.M co 8C€X apyzux cmopou. Ily'<O» npom01i08 c za­

yccoeou no.AyUlupuuoil 1,5 C.M uanpaB.AS!emcS! '<€P€3 UlMb Z.Ay6uuoil 2 C.M 

8 ~eump n.Aacmmtbt c ypau-.MO.Au6aeuo8ou 8cma8nou nepneuauny.AS!puo 

a.ttuue n.~tym01iU€8'btX Cm€p::HC1l€fi (m. e. CA€8a uanpaeo 8 nAOCX:OCmU pu­

cyuna) 
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ero peaJIB3aD;HH, ML1 npe,lUIOJiaraeM BHOCHTb HaK MOH<HO M€Hblll€ H3M€He­

HI!lt B cyrn;ecTByiOieyiO KOHCTPYKI1l!IO aKTI!BHOlt 30Hhl peaKTopa. B qacTHO­

CTH, MM OTKa3anHCh OT nepBOHaqaJibHO ITJiaHHpOBaBme~CH nepecTpottKH 

aKTI!BHOlt 30Hhl B 1\l!liHH.!(pnqecKyiO C D;eHTpaJILHOlt BOJibClJpaMOBOlt Ml!­

meHLIO [12], 'ITO TI03BOJII!JIO 6h! yBeJII!'II!TL KeJI· BMeCTo noro .!(JIJI 

yBeJIH'IeHHH .!(aBBoro Koa<j>qmn;nenTa MelR.!(}' npaBolt n JieBolt qacTJIMI! 

30HL1 BCTaBJI€Ha HMeiOm;aJICH B BarueM pacnop.HlR€BHH CTaJibHaJI ITJiaCTHHa 

c •anpeccoBaHBh!M B ee cpe.!(Helt qacTn ypan-MoJin6.!(enoBh!M BKJia.!(hlmeM 

(235U: 238U: 96Mo = 81 : 9: 10%). ::ha .!(eTaJIL no.!(po6no onncana B 

npnJioJRennn I. 
B Ta6mrn;ax II n III npnBO.!(JITCJI peayJILTaTh! MaTeMaTn'!ecKoro MO.!(eJJn­

poaannJI Bh!XO.!(a neltTpOBOB n TenJIOBh!.!(enennH B aKTI!Bnolt •one HBP-30, 

1!3o6pamennolt na pnc.2, np11 o6nyqenHn BCTaBKI! c ypan-MOJJH6.!(eBoBh!M 

BKJia.!(hlmeM ny'!KOM 660 MaB npoTOBOB nepneH.!(><KYJIRpHo oc>< nJiyTo­

nneBh!X CTepJRnelt. fJiy6nna rn;eJII! .!(JIJI BBO/(a ny'IKa - 2 CM. II pOCTpaH­

CTBeHHaJI .!(HcrrepcnJI rry'!Ka xapaKTepH3yeTCJI rayccoBCKolt <j>opMolt c no­

nymHpnnolt 1 eM. 

Q6pam;aeT aa ce6.H BHHMaHH€ OTHOCHTeJihHO MaJIO€ T€ITJIOBb1.U€JI€HHe sa 

cqeT HOHH3aD;HOHHL1X ITOT€pb H peaKnH~ pacm;eiTJI€HH.H ITO cpaBH€HHIO C 

BHJia,n:oM HH3RosuepreTuqecRoro .n:eneau.H. 9ro xapaHTepno ue TOJibRO .UJIJI 

HHTerpaJILHhiX 3Ha'!ennlt Q, no 11 .UJIJI npocTpancTBennoro pacrrpe.neJieHHJI 

TeiiJJOBhl.!(eJJeHnJI, 'ITO Bl!.!(Ho na rrpnMepe .uannhlx .!(JIJI 1\HJIHH.UpnqecKolt 

Ta6Jmua II 
JiiHTerpaJibHble xapaKTep><CT>fK>f )IJIJI aKT>fBHOH 30Hbl JIIBP-30, 

o6JiyqaeMOH ny"<JKOM 660 M3B npoToHon 

Bee .uannhle npnBe.!(eHbl B pac'!eTe na O.!(llH 6oM6ap.!(HpyiOrn;nl! rrpOTOH. 

Koa<j><j>nn;nenT MYJJLTI!IIJJHKauHn 

<{HcJIO Hel!TpOHOB: 

aaxBaqeBBliiX 

BblJI€TeBlllHX 

'InCJIO .ueJiennl!: 

BB3R09HepreTB:qecRHX 

BhlCOHOSHeprerH~eCRBX 

TerrJio.!(eJienne: 

B uoauaanaoHHIJX nponeccax 

npR HH3R09HepreTHqecROM ~eJieHHH 

npH BliiCOROSHepreTHqeCROM ,n:eJieHlH! 
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](,!1 = 0, 940 ± 0, 0015 

Noap = 14,2 

Nout = 309 

NtN• = 147 

Nhfi• = 0, 7 

Qion = 286 MaB 

Qtfi• = 25200 MaB 

Qhfi• = 130 MaB 

ruc.reMht~ npn:ne.n.eHHhiX B npHJIO>KeHIH:f II. 9To o6cronre.ilbCTBO nan pa3 

H TI03BO.il.RE'T UCTIOJib30BaTb rOpH30HTaJibHblil IIY'.JOK IIpOTOHOB H BCTaBKY C 

( ( ~ - ;\1 o )- BHJia.li.biilleM Herrocpe;rcrBeHHO B Ha'llecrse MHilleHH 
2

. CJ1e.uyer 

oT!>.teTHTb. liTO cncreMa ocraHerc.R 6eaorracnon H B nmorenitiecHOM c~1Y-

1Jae. HOf}ta llpOTOHHbiit TIJ'llOH 0.1€llldE'TC.R Ha TI.;'I)'TOHHE'Bbi€' CTE'piKHH. '3ro 

BJVlHO H3 pactterHhiX ra6mur npoc:TpaHCTBeHHoro pacnpe.a.e~1eHu.R Bhl.Ue~1JI­

lOIUerocn renna npu o6J1yl!eHHii or,ue~1bHoro nnyroHHE'Boro crep.mH.R, Jwr,ua 

pa.auaunmman Harpy3na .RB~1JH:OTC.R HaH60Jihlllefi no cpaBHE'HHfO co c;Jy'qaeM 

o6;xy\J('HJl.fi aHTHBHOfi 30Hbl~ f.1E' TIJJ)'TOHHE'Bble CT€pi!\HH '!3CTHtiHO 

Tafin><ua III 
Pacnpe.ueJieHMe noJIHoro TenJIOBbl)leJieHH.JI B OT)leJihHbiX qacT.nx 

ycTaHOBK>f, >f30fipa>KeHHOH Ha p><C. 2 

Bee .uamlble npnBe.ueHhl B pac~ere Ha o.unH 6oM6ap.unpyiOmnl! npoToH. 

Jlo BC€M 'laCT.RM C)'MMapHO 

B llJI:fTOHl!eBoll 30He: 

B ~1€BOfi 'l3CTJI 

B npaBOi:i 'IaCTH 

B (U- Mo)- BHJJa.Ublllle 

B o6oJIOllHe BHJJa,Uhlllla 

B pe<jJJJeHTOpe: 

¢poHT3JlbH3R '13CTh 

sepxH.R.R qacrh 

HJ.IlliH.RH 'l3CTb 

3a,li.HR..R l.laCTb 

JieBaR 'I«CTh 

npaBa.R 'lacrh 

...... ~ ~ "" . . . . 
25500 MaB 

11700 !vbB 

11500 MaB 

2220 MaB 

35,1 MaB 

45,3 MaB 

4,55 M3B 
4,90 M3B 
7,51 MaB 
2,47 MaB 
2,23 M3B 

3HpaHnpyiOT ;Jpyr ;lpyra (eM. npHJIOllieHHe III) 3. 

2 8 uaCToJJwee speMJI Ha HBP-30. ~cnoJJ.b3)'JOWeM no.u.csetKY ::~JJeHtpommM ny11noM. 

11pltMeH11eTC.ll BOJlb¢paMOBaJJ MHW€Hb ,lt.HaMetpOM 3 <".M, nocKOJlbK,Y UOHl13aUUOHHbl(' no­

TepU 3.tieKtponos uaMHoro 6oJibllle, ~.JeM y npotoHOB. Mu 6naro.aapml .n. M. Onu­

w:enKo, 11p'HBJleRmeMy Harne BU'HMaHUe }{ B03MO:ni.HOC"H1 ~C110Jlh30BOTb f0pY.301\1'0:;JbHUt\ 

HY''o" nporouos 

36e3onacHOCTb Morna 6hl HapywHl'bCJt numb npH Henocpe.ll.CTBeHHOM o6nylleHHH n.:ly­

TOHncuoro CT~J-HKIIJI Qtl€Hb )'31\HM, lUiTeH<"-HDHI>tM nyttKOM, KOr.ll.a 6JlarO.!t<'lpJI JIOK<'IJlbHOMY 

IJ<'perpt'll)' MOI'Jla fihl H<'lp,YWHlbCJl r('j1M{~n1'1HO('Th :lalUHTHOfi 060JJOtlKU \TE'JHKIUI. l3 pa('-

01aTpli!HH~MOR ('.UCTCM<' TOKOA cnyqaA 38JK'J.l0MO U\1\.1110\I~H. 
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P11c. 3 IIJimocrpnpyer 3aBHCHMOCTb Bh!XOIJ.a HellrpoHoB H renJIOBh!IJ.eJie· 

HHR or KO~<jl<jlHnlleHra MYJibTHllJIHHaiiHH [11]. Xor11 npHBe)J.eHHh!e Ha ~TOM 

pHCYHKe ll.aHHhle, HaH H ra6JI1111a I, OTHOCJITCR K !111JIHHIJ.pnqecHoli aHTII· 

BHOJ! 30He ( CM. piiC.l), XapaHrep 3aBJICJIMOCTeJ! )J.JIJI 30Hhl, 11306pa)!{eHHOJI 

Ha pRe. 2, ocraerc.a TaKMM me. Pacqerhl noKa3blBaiDT, t.no Bee npHBe.n.eH­

Hhle JJ.aHHble JIBJIRJOTCJI .uocrarotiHo ycroiltiMBhlMH: /(~fh Bhlxo.u HeihpoHoB 

H se~llit{HHa T€IIJI0Bhl,ll€JI€HHH ITJiaBHO H3M€H11lOTCH B 3aBHCHMOCTH OT BapH­

aUHfi 3Hepnnt: M HHT€HCIIBHOCTH II,Y\fHa IIpOTOHOB. 9ro CBH.D.eTeJibCTB,YeT 

110 l I • I • I 2JCD 
100 I ..-

I E=0.65 GeV I 1MO :> 
UJ I Cll 

~ I (!) 

.... / 1300 0 
/ - 50 w d .. ·· / ~ / 800 .... 

/ 0 ...- ·-- z -0 --- )00 
0,94 0,96 0,98 Kett 

Puc.:~. 3aeucu.uocm'b men.~toebtaeA.eHUSl {cn.~tout'/iaSL npueast} u e'bl­

xoaa ><eiimpO><OB {ny1<1<mup) om 1<03tfttftu~ue><ma MY..<bmUn..<U>W~UU npu 

E = 0,66 T3B 

0 Ha)J.e)!{HOCTH I! ~HCllJIY3T3J1110HHOJI ycroJ!qJlBOCTl! npoeKTIIpyeMOJ! m6pl!· 

,ll.HO:tl CHCT€Mbl. 

Pacqerbl rennOBhiX Harpy3oR paaJUI'tJHhlX aneMeHros CHcreMbl (eM. 

raRllie npHnomeHJie I) noRaablsaror, qro OHJI He npesocxo}l)IT .uonycniMh!X 

HpHTJiqeCKHX 3HaqeHHJ! II B CJiyqae He06XOIJ.HMOCTII Moryr 6b!Tb 6h!CTpO 

cHH*eHLI nyTeM yMeHbllleHHJI TORa ycROpHTeJIJI. B 3TOM OTHollieHriH n:Po­

eKTHpyeMan ycTaHOBRa TaHme nnonae 6eaonacaa. 

YcJIOBHJI 31J.aHIIR, B HoropoM pa3MenreH 660 M3B <jla3orpoH, rro3BOJIJI!OT 

o6ecrreqHrb ycJIOBIIJI paiJ.l!aiiiiOHHoli 6e3onacHOCTII. TiocHOJ!bHY I<,ff He 

6yll.eT rrpesh!nrarb 3HaqeHHJI, paBHoro 0,95, rrpoeHTIIpyeMan 3JieKrpol!ll.ep· 
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HaR ycraHOBKa rrpe)J.crasJ!Jier co6ol! 6e3ouacHy!O IIOIJ.HpiiriiqecHy!O c6opKy 

11 yll.OBnersoplleT rpe6osaHIIJIM IIHCTPYK!IIIII uo 6esouacHoCTII [14] (He rpe-

6yiOTCJI CY3 II HaHaJihl asap!!l!Ho!i 3anriiTh!). TipeiJ.IIOJiaraeTCJI IICIIOJ!b30-

sarb ll.ellcrsyrolllYIO Ha MBP-30 CIIcreMy B031J.YD!Horo oxn3)!{)J.eHJIR. 

TiyreM MareMaTIIqecKoro MOIJ.eJIIIpOBaHIIJI HaMII upopa6aTJJBaJICJI raH)!{e 

aap!!aHr CIICTeMh! c nosoporoM uporoHHoro uyqHa II HanpasJieHIIeM ero 

H3 BOJib<jlpaMOBYIO MIInreHb, HaXOIJ.HIIIYIOCJI B neHTpe aHTIIBHOJ! 30HIJ IIa­

paJIJieJibHO nanpaBJiemno IU!JIHH.n;pRqecHH pacnonomeHHhiX DJiyTOHHeBLIX 

crep)!{He!i. TaKM KOH<jlllrypaniiR uo3BOJ!Jier IICCJie)J.OBar• 6oJiee nr1IpoK11li 

Ha6op ITOIJ.KprniiqecHIIX c6opoK, O)J.HaHo 6oJiee )J.enresJJ!i BapHaHT c ropii· 

30HTaJibHh!M nyqKOM B HaCTOJI!IIee BpeMJI npe)J.CTaBJ!JieTCJI 60Jiee IIpe)OlO· 

tiTHTeJibHhlM • 

IIporpaMMa 3KcnepHMeHTOB 

CJieiJ.YeT nMeTb B BIIIJ.Y, qro 3Ta uporpaMMa nMeer upeiJ.HapiireJibHIJli 

xapaHTep, nocHOJibKY eme He Bee noreannanbHLie yqacTBHRH npoexTa non­

HOCTb!O ccpopMyJIIIpOBaJIII CBOII npe)J.JIO)!{eHIIJI . 

Tiocne )J.eMoHrama aKTIIBHOli 30Hhl MBP-30 11 ee c6opH1I B 31J.aHIIII cpa· 

30TpoHa Ha nepBOM 3rane pa6or, npoiJ.OJI)!{IITeJibHOCTblO B 8 - 12 MeCJiues, 

OCHOBHOJ! 3a)J.aqeJ! 6y)J.eT )J.eMOHCTpai!IIJI B03MO)!{HOCTII C03)J.aHJIR 6e30IIaCHO!i 

11 ycrol!qJ!sol! B 3HCIIJiyaraiiiiii 3JieKrpon)J.epHoli ycraHOBHII II nposepHa Ha­

)J.e)!{HOCTII reoperiiqecKIIX MeTOIJ.OB pacqera raHIIX CIIcTeM. TiyreM reo· 

periiqecKoro nepecqera 113MepeHII!i uoroHa HelirpoHOB II reMueparypJJ B 

or)J.eJibHJJX roqKax BHyrpii 11 so MHomx roqKaX BHe ycraHOBHl! 6y1J.YT noJiy· 

qeHh! O!IeHHII H03cp<jlii!Il!eHTa pa3MHO)!{eHJIR II IIOJIHOrO BIJXO)J.a HeJ!TpOHOB, 

BeJIHqHHhl HX yTeqRJI H3 c6opRH, BeJUPIHBhl TeiiJIOBhl,U.eJieHHJI B CHC'l'eMe. 

ByiJ.eT llccne)J.oBaHo BJIIIRHIIe pa3JIIIqHIJX orpamareJie!i, a raH)!{e <jlnyHrya· 

nil II K03cpcp1IniieHra K,!f. 
,UJIJI II3MepeHIIli IIOTOHa HeJ!TpOHOB 6y.n;eT IICI!OJ!b30BaHa MeTO)J.IIHa, pa3-

pa6oTaHHaR II onpo6osaHHM B JIB8 OMJIM. TipeiJ.IIOJiaraeTCJI, qro reuJio­

<jln31IqecKI!e II3MepeHIIJI 6y1J.YT BIJIIOJ!HeHh! C yqapiieM <IJ8l-i (06HIIHCK). 

l-i3MepeHIIJI IIOTpe6yiOT HeCHOJ!bHIIX COTeH qacOB pa60Th! cpa30Tp0Ha 

JIJITI OMJIM. TeoperiiqecHIIe pacqerJJ 6y1J.YT o6ecneqeHJJ JIBTA OMJIH 

c yqacriieM MJIH B CsepKe, fopHO·IIH)!{eHepHoll aKa)J.eMIIII B KpaKoBe II 

no "CocnJJ" B MIIHCHe. 

Ha sropoM naue pa6or, upOIJ.OJ!lKIITeJibHOCTbiO 1 - 2 ro)J.a, ocHoBHOli 

33)J.aqeJ! CTaHeT IICCJie)J.OBaHl!e pa3JIIIqHh!X pellil!MOB BJJropaHJIR IIJiyTOHIIJI 
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II cKopocTett npoxolK,ZieHIIJI nenoqeK TPaHcMyTaniiii pa.li!IoaKTIIBHhlX JI.l\ep, 

noJIHoThl BhDKHranWI ocRonoqBhiX H aKTHBH.lJ;HhiX naoronos. By.uyT Hc­

cne,l\oBaHhl npocTpancTBeHH0-3HepreTIIqecKIIe pacnpeAeneHIIJI HefiTpoHoB 

B c6opKe, JiiX 3aBHCHMOCTb OT KOHCTpyRIUIH, MarepHaJia OTpaJRaTeJIH, HaJIH­

qllJI saMe,l\nliTenett II BennqiiHhl K ,, 1. By.l\YT l!3Mepenhl l!HTerpanbHhle Hett­

rpoagge ce'IeHWI .neneHHH n pa.nnan:a:onnoro aaxBaTa .n;JIJI .n:onrO>RHBYll.J;HX 

ocKonoqHhlX l! aKTIIHl!.l\HhlX l!30TOIIOB B cneKTpe nel!TponoB c6opK!!. II peA­

nonaraeTcJI HCCJie}l.OBaTb scll<PeRTHBHOCTb a,n,Ha6aTHqecROf0 pe30HaHCHOrO 

nepeKpecTnoro MeTo.l(a (TaR nas!>lBaeMhltt ARC-MeTo.l\) .l\RJI TpaHcMyTanHII 

HeROTOp:biX pa,nnoaRTHBHhiX OTXO)J.OB C IIOMOTI.J.bJO CIIeD,HaJibHOfO CBIIHD;OBOfO 

Ky6a, pa3MenreHHOro B6R!!3l! aKTliBHOl! 30Hhl yCTaHOBKII ( CM. IIpl!RO)!(eHHe 

IV). Oco6bltt IIHTepec npe.l\CTaBAAIOT l!CCJ!e!l.oBaHl!JI B03MO)!(HOCTII yBemi­

't!HTb HeiiTpOHHhle IIOTOKH nyTeM IIpHMeHeHIIJI CeHUHOHHpoBaHHhiX c6opoK, 

qTO OTRphlBaeT IIYT1l R HCIIOJib30BaHHIO YCROpHTeJie:tt CO cpaBHHT€JlbHO He-

60Rbnil!Ml! TOKaMl! [15]. PesynbTaThl II3MepeHl!tt 6y.l(yT conocTaBAATbCJI c 

pe3yJlhTaTaMH MaTeMaTII'IeCROfO Mo,lJ.eJIHpOBaBHH COOTBeTCTByiDlll.HX npo­

necCOB C Ue.JThiO IIOBhlllieHHJI TO'tJJIOCTH paC'IeTHhiX MeTOJl.OB. 

J13MepeHHJ1 Hel!TpOHHI>lX I!OTOKOB 6y.l(yT Bl>li!ORHeHhl Ha OCHOBe MeTO­

,ll.HKII, paspa6oTaRRott B JIB8 OHRH, Tenno<j>nsnqeCJrne nsMepeHHJI I!pe,ll.­

nonaraerCJI BhlUORHHTb c yqacTHeM <I>8H (06HIIHcK). HsMepeHnJI Hefi­

rpoHHhlX ce'leHntt 6y.l(yT o6ecTie'leHhl JIH<I> OHRH c yqacnreM BHHH8<I> 

(CapoB). Pa6oThl c ceKnl!oHnpoBaHHhlMl! c6opKaMH 6y.l(yT BhliiOJJHJITbCJI co­

TPY!l.RHKaMn BHH8<I> c yqaCTl!eM JIH<I> OHRH. TeopeTl!'lecKne pacqeThl 

6y.l(yr o6ecneqeHhl JIBTA OHRH c yqacTneM opraansaunl!, yKasaaHhlX B 

I!pe,ll.hl,l\yll\eM nyHKTe. ,[\JIJI pa60T BTOporo aTaiia IIOTpe6yeTCH HeCKOJJbKO 

coTeH qacoB pa6oThl <j>asoTpoaa. 

Ha 3aBeprnarom.eM 3Tane, npo.n;omKIITeJihBocThiO 6Kono ro.n.a, npe.n.nona­

raercJI paccMorpeTb B03MO}I{HOCTb nepeMemeH:HJI ycraHOBIUI na nylloK ycKo­

pnTeM JIB8 OHRH c 3Hepr!!el! nyqKa 9 f3B c TeM, qT06hl BhliiORHI!Tb 

OJ:l€HO'lBhle H3MepeHHJI BhlXO,li.a Be:ihpOHOB, T€ITJI0Bhl,ll,€JI€Hl:IJI H CHOpOCTeit 

rpaHCMJTaD,HH B IIJ'lHaX Jl€fKHX HOHOB H BliiCOH03HeprerHqeCHHX DpOTOHOB. 

8T11 li3MepeHHJI 6y.l(yT BhlUOJJHeJ!hl JIB8 OHRH, TeopeTl!qecKl!e pacqeThl 

o6ecneqnT JIBTA OHRH. Hpe,ll.nonaraeTcJI, qTo !l.M nsMepeHlltt I!OTpe-

6yeTCJI OKOJJO 100 qacOB pa60Thl YCKOpl!TeAA. 

***** 

Mhl 6naro,ll.apl!M !0 .. C. 3aMJITHnHa l! JI. M. 0HHJUeHKo sa o6cym!l.e­

HHJI, COB€Thl H CTHMJJUipJIOlli.JlO HpHTHHy. 
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IT pl'!nomeHI'!e I 

Tennoso>i pac«eT 

scTaBKI'! c (U- Mo)- BKJJa,l\hiWeM (1'13 OIT3 HBP-30) 

reoMeTpi:Ul BCTaBHH DOHaaaHa Ha pHC. 4. Ona HMeer HBa.n.parnoe Celle­

HHe H COCTORT R3 H€plRaBeiOmei\ CTaJIH C BnpeCcOBaHHblM BKJI3)J.hllll€M. 

·-,. 

~ 

"' ·,, 
' 

Cr(I'AI.H~J 
C.A~C I" 

;-

: .J ..-. 

o.;.j 

Puc. 4. Pa3.ltep ocmaenu H = 170 .«.«, ee mo .• r·<ll<LHa 8" = 31 ·"·"· 

To.w(tt>W ( U - M o )- en.<aaO<wa 8v = 25 ·"·"· To.<141l>W ezo o6o .• zo~.-., 

606 = 2, 5 ·"·"· Paauyc on.taab!!u.a no ypauy R 1 = 53 ·"·" ( R 2 = 

120 ·"-'") 

BKRa,ll.blni IIOMeiUeH B repMeTll'IeCKYIO TORCTOCTeHHYIO ( 006.) CBapHyiO 

o6onoqKy 1!3 mapoi!poqHofi HepmaBewmett cTam! 8II-172 c Texuonorii'Ie­

cK!IM B03.l(yniHhlM sasopoM ( 6,, = 0 - 0, 15 MM) n 11ocameu B rHes.l(o 

craJibHOfi nnacTHHhl c TOJID.I.HHofi Ecr.· )lJUI nponycKa renJIOHOCHTeJIR, oxna­

H<JJ.aromero BHna.nhlrn, n:MeercJJ aa3op Mem;zy cTaJJbiO BCTaBHH u MeM6paHai>m 

HacCeT ( 6 = J, 5 MM) C Ka)!(,ll.Ofi CTOpOHhl . [(eHrp BKRa,l\b!IJla COBMeJUeH C 

reoMeTpH'leCKHM UeH'rpOM aKTHBHOt\ 30Hhl. 

11 



.llaJiee 6y!lyr ucrroJih30BaThCJI cJieJlYIOUIMe Be,,uqMHhl: 

W (Br) - TeiTJIOBaR MOUIHOCTb aKTMBHO!l 30Hhl; 

W (Br) - TenJIOBaR MOUIHOCTb BKJia)lhiiiia; 

qv (BrjM
3
) - ITJIOTHOCTb TeiiJIOBOTO ITOTOKa; 

G (HM
3 /'-~) - pacxo)l rerrJioHocureliJI (B03JlYXa); 

Fra (M
2
) - npoxo.uHoe ce\leHHe renJIOHOCHTeJI.R; 

V (M/C) - CKOpOCTb ren,,HOCMTeJIJI; 

T.x (K) 
TBux {K) 
t {K) 
v(M2/c) 
R, 
Xu 
o (Br/M2 K) 
). {BrjMK) 

Cp (.llm/Kr I<) 
p (KrjM3). 

d, (M) 
TI (K) 
T2 {K) 
W = 10000 Br; 

W = 1200 Br 

- T€MTieparypa T€TIJIOHOCHT€JUI Ha BXO.ll.€i 

- reMneparypa renJIOHOCHTemi Ha Bhlxo.ne; 

- cpe.llHJI.R T€Mrreparypa T€IIJIOHOCHTemi; 

- H03<i><PHUH€HT liHH€MaTIFI€CHOtt BJl3HOCTM; 

- Kpnrepu!l PefiHrOJih)lca; 

- Kpnrepu!l Hyccenhra; 

- K03<jlcjlHUMeHT TeiTJIOOTila'-IH; 

- K03<jl<jli!UI!eHT TeiTJionpOBOilHOCTI!; 

- YJl€JlbHa.H T€IIJI0€MHOCTb B03,[()'Xa; 

- TIJIOTHOCTb B03}lyxa; 

- rH,npaBJIH'l€CHHfi (3KBHBaJJ€HTHbl~) .D.HaMerp; 

- reMrreparypa BKJiallh!IIIa; 

- TeMneparypa cranbHoro 6noRa; 

-12% OT MOUIHOCTI! aKT. 30Hbl; 

W = 1800 Br - MO!IIHOCTb 30Hhl + MO!IIHOCTh nyqKa; 

G = 100 HM3 fq. 
!1pn Bhl'UiCJieHiiJIX Mhl 6ylleM npennonaran, '-ITO 

o pacqer reMneparypHoro noliJI cranhHO!l nJiaCTI!Hhl ii BKJiallb!IIIa MO· 

iR€T 6biTb BhliiO.iiH€H B CHMM€TpH'liHOM O.ll.HOMepHOM npH6JIH/R€HlUl C 

rpaHI!'-IHh!MI! ycJIOBI!IIMI! renJionepella'-11! 3-ro polla; 

e XOpOillaJI T€TIJIOIIp0BOJlHOCTb H He60Jlbllia.JI TOJIIUHHa CTaJihHOit TIJJa­

CTHHbl H BHJJa).I.hllUa II03BOJI.RIOT npeBe6petJJ, OC€BhiM nepena,lJ.OM TeM­

neparyp; 

o renJIOBhiileJieHile B ypaue npOI!CXOili!T paaHoMepHo no ace!! rpaHillje 

BHJia.lU.Ulllaj 

e HMeeT MeCTO XOpOIIlBtt TeiiJIOBOA HOHTaHT Me>R)lJ' 060JIOl!HOtt BHJia­

.li.blllla Ji CTaJiblO IIJiaCTHHldj 
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0 TeXHOJIOrJP!eCKIIli B03JlYIIIHhlfi 3a3op MeH<JlY ypaHOM II o6oJioqHOli 

BKJiallb!IIIa B rrpelleJibHOld CJiyqae MO>KeT 6b!Tb CKOMlleHCI!pOBaH rep· 

MnqecKIIM paCIIIi!peaneM ypaua. 

!1 p11 3TI!X yrrpo!IIeHIIJIX K09<jl<jlnuneHT renJioorlla'-11! onpelleliJ!eTCJI cne­

JJ.YIOUJ.HMH COOTHOllleHHRMH: 

FT. = 2. 6. H = 2. 1, 5. 1o-3 . o, 17 = 5,1 . 1o-• M2; 

G 100 
V = 3600 · F = 3600 · 5 1 . 10-• = 54' 6 M/ c; 

TB. ) 

V = 1/2 · V = 27,3 Mjc; 

L'.. - 3600 . 1200 - 3600 . w - 0 • 

TTH. - 100. 1000. 1, 2 - G. Cp. p - 36 C, 

TBblX = TBx. + /).TTH. 20 + 36 = 56°C; 

- 1 1 
T = 2 · (T.x. + T.ux.) = 2 · (20 + 56) = 38°C. 

B Ka'-!ecrae orrpelleJIJIIO!IIell rrpnMeM reMrreparypy 1' = 40°C. Torlla 

v = 17 ·10-6 M2jc, >. = 27 ·10-3 Br/M K. 

R, = 
Vd, 

v 

Tiled, = 26. 

27.3 X 2 X 1.5 · 10-3 

17.10 6 ""' 4800, 

Nu = 0,018R~'8 = 0,018 (4800)0
'
8 = 16; 

Nu>. 16 X 27.10-3 

= 144 BT/M
2

. K; Q = -- = 3.10-3 d, 

1 
()( = 

1. + §.!,_ + §... ' 
6 >.o6 >.a 
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rll,e 
Ao6 = 20 BT/M· K; 

.>.. = 40 · 10-3 Br/M • K; 

6. = (0 7 0, 15) MM. 

IlpH HarpeBe ypaHa .6.Tv = 500°C " Ros<j><j>HuHeHTe JIHHe!lHoro 

pacnmpeHHJI av = 12, 5. 1 o-6 I I K yBeliH'I€HHe pa3Mepa BKJialJ,blllla Bll,Ollb 

OCH COCTaBHT 

.6.1 = 6vdv.6.Tv = 0, 025 X 12,5 · 10-6 
• 500 ~ 0,15 MM, 

'qTO K UpHHHMaeTCJI 3a MaKCRMaJihHYIO B€JUPIRHy T€XHOJIOfiF£€CROrO 3a3opa 

IIpH 6. = 0, "'1 ~ a = 144 Br/M
2

• K; 

rrpH 6, = 0,15 MM a 2 ~ 90 Br/M
2 

• K. 
Pacc'IHTaeM rerrepb TeMrreparypHoe nolle craJibHo!l rrnacTHHbl n Brrpec­

coBaHaoro B aee (U - M o)·BRJiall,blllla. .[(>I<j><j>epeau>IaJibROe ypaBHeHne, 

on:achiBaiDIII,ee none BKJia.n;hlrua, 

d'T1 1 dT1 k'T = F1. ---+--- 11 
dr' r dr 

CooTBeTCTBYJOIUee ypaBHeHne lJ.liJI CTallbHol! IIllaCTHHbl 

rll,e 

d
2
T, + ~ dT, _ k~T2 = F,, 

dr' r dr 

k' 1 

2a>. 
6v>.v( A + a6.)' 

qv 2-
F1 = -(.>." + k1T); 

2a 
k' - -- , 

2 - 8CT)..CT 

2-
F2 = - k2T, qv = 

w --,-. 
7f R16v 

PelllennJI ypaBHeHHll (1) H (2) nMeJOT BHlJ. 

F1 
T1(r) = C1Io(k1r) + C,Ko(k1r) - k', 

1 

T2(r) = C3Io(k2r) + C.Ko(k,r) - :~, 
2 

(1) 

(2) 

(3) 

(4) 

rll,e 10 H /{0 - <j>yHKUHH BecceliJI 1-ro n 2-ro poll,a n nyJieBoro nopll.URa. 
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~ 

.LJ:-1n orrpell,elleHMJ! IIOCTOJlHHblX C1, C,, C3, C, BOCII0-%3yeMCJI rpannq­

HhiMH yc;IOBH.RMH: 

e T€!-.meparypa ypaHa Ha ITOBepXHOCTH MaRCHM3JlbHa B U€HTpe BHJla-

.ll.hlma 

dTJ/dr = 0 npn = 0; 

• paBHhle reMneparyphl Ha rpaHHUe BHJ1a.Uhlllla H TIJiaCTHHhl 

T1 = T2 npn r = R1; 

e O.UUHaHOBbiit T€IIJIOBOtt TIOTOR Ha rpaHHUe BJWa.UI:Jllla M D.:IaCTIIHbl 

dT1 dT2 
npn r = R1 H Av ~ Ac:r; a,. - dr 

o reMneparypa na BHellJHel! rpaHnue 6JIOKa paBHa cpell,Hell reMnepa­

rype oxJ1am.n;arome~ cpe.n;hi 

12 = T np11 ,. = R, . 

CooTBeTCTBenno, KOHCTaHThl Cto c,, c3. c, B ypaBHeHHJlX ( 3) 11 ( 4) 6)'ll,)'T 

HME'-Th 3HatJ€HJl11 

1\",(k,Rtlitt - f,-) 
C, = 10 ( k1R, )I\, (k2~tl + ~ J, ( •·, R1 )1\o(/.•,Rtl; 

c, = 0; 

c3 ~o [ T.K. Ko(k2 R2 ) -> 0 npn k2R2 > 1,5 ]; 

~ · J,(k,R,)(tt - ttl 
c4 =- , k 1 2 • = 

/ 0 (h•1Rt)h 1 (A•2 R,) + f;It{k1 R.1 )l\ 0 (k2 R.J) 
k1 /~(k1 Rt) C,. 
k,J,,(,·,R!) 

3Aecb 11 H l\'1 --- <PYHHUHll Becre.n11 1-ro u 2-ro po.n.a H. H,YllCBoro nopJUU\a_ 

15 



Tenepb ypaBReRHJI (3) u ( 4) MO>RHo nepenucan B BH.ne 

Ft 
Tt(r) = Ctio(ktr) - kf, 0 :S r :S Rt; (5) 

Fz 
Rt :S r :S Rz. (6) Tz(r) = C.I<a(kzr) - p, 

2 

HatKe npHBO.llfiTCJI napamreJibHble oueHOttHLie pacqeThi MaKCHManbHhiX 

3Ha'!eHJ!l! TeMnepaTypb! (U- Mo)- BKJia.llbllJJa .llJIJ! .nByx Kpai!Jil!X Bapl!­

aHroB: C MJIHHMaJibHb!M ( 68 = 0) U MaKCHMaJibBb!M ( 6.. = 0, 15 MM) 

B03iJ.Y1llHb!Mll 3a3opaMl! (npu qv = .5,4 -106 BT/M
3

) 

I) 6. = 0 <>t: 

ki = 500, k1 = 22, 4, k~ = 309, k2 = I 7, 6; 

ktfk2 = 1,27, ktfk2 = 1,04; 

Ft = -2,43 ·105
, j;t = - 1160; 

1 

ft = - 40, tt - ft = - 1120; 
' 1 ' 
ktRt = I, 19, kzRt = 0, 93; 

I0 (1,19) = 1,38, I 1 (1,19) = 0, 70; 

K0 (0,93) = 0,46, K 1 (0,93) = 0,68, I0 · I<1 = 0,938; 

I 1 ·I< a = 0, 322, C1 = - 237; 

np11 r = 0, Io(O) = I, Tt(O) = Ct - j;t; 
1 

Tt(O) = 273°C. 

2) 6. = 0, 15, <>2: 

p 
I 209, kt = 14, 5, k~ = 194, k2 

F1 = -2,55 ·105 , j;t = - 510; 
1 

ff = - 40, tt - ff = - 4 70; 
' 1 ' 
k1R1 = 0, 77, k2Rt = 0, 74; 

I0 (0, 77) = 1, 15, It(O, 77) = 0,41; 

I<0 (0, 74) = 0,62, I<t(O, 74) = 0,97; 

13, 9; 

I0 • I<1 = I, 115, It· I<o = 0,254, Ct = - 790; 

npu r = 0, Io(O) = 1, Tt(O) = Ct - );t; 
1 

T1(0) = 370°C. 

16 

AHaJiorn'!Rhtl! pacqeT .llJII! W = 1800 BT, Kor.ua 

qv = 8, 2. 106 BT/M
3
, t = so· c. 

1) 6. = 0, <>t: 

Ft = - 3,81 ·105
, j;t = - 762; 

1 

ft = -50, tt - ft = - 712; 
' 1 ' 
Ct = - 359, Tt(O) = 403°C; 

T1(0) < [Tv]-

2) 6 •. = 0, 15, a2: 

Ft = - 3,57 · 105
, j;t = --: 1708; 

1 

fi - - 50 fi - fi - - 1658· k1- 'ki ki- ) 
C1 = - 1170, T1 (0) = 538•C; 

Tt(O) c:= [Tv], 

r.ne (Tv] = 550°C llO yCJIOBII!O COBMeCTIIMOCTU ypaHa B KOHTaKTe C Hep­

maBeiOIU.ett cTaJihiO. 

17 



Ilp11JIOJKeH!1e II 

Pacnpe,lleJieHHe cyMMapHoro TenJIOBbl.lleJieHI111 B 

U11Jl11H.llp11'1eCKOi1 3JleKTp011,llepHOJ1 ycTaHOBKe ( CM. p11C .1), 
o6Jiy'laeMoi1 ny'lKOM 660 M"B npoToHOB nepneH,li11KYJI11pHo 

.l1Jli1He nJiyTOHI1eBhiX TB8JioB 

(B pacqeTe Ha 2000 6oM6ap.unpyromnx npoToHoB) 

Pacrrpe.ueneHne no ,liJII!He TB9.IToB - rrepneHiliiKYJIJ!pHo HanpaBneHH!O 

npOTOHHOrO IIytJHa 

Z, CM 

.lOOOE+Ol 

.2000E+Ol 

.3000E+Ol 

.4000E+01 

.5000E+01 

.6000E+01 

.7000E+Ol 

.SOOOE+Ol 

.9000E+Ol 

.1000E+02 

.1100E+02 

Qtot 

.OOOOE+OO 

.4222E+06 

.2861E+07 

.4121E+07 

.5134E+07 

.5819E+07 

.6163E+07 

.2992E+07 

.3062E+05 

.2883E+05 

.2761E+05 

Z, C!li 

.1200E+02 

.1300E+02 

.1400E+02 

.1500E+02 

.1600E+02 

.1700E+02 

.1800E+02 

.1900E+02 

.2000E+02 

.2100E+02 
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Qtot 

.2683E+05 

.2622E+05 

.2543E+05 

.2371E+05 

.2273E+05 

.2179E+05 

.2228E+05 

.2116E+05 

.6863E+04 

.OOOOE+OO 

Parnpe.n.eJieHue B.UOJIL HanpaBneHHR npoTOHHoro nytiHa 

R, CM Qtot I R, CM Qtot 

.1500E+Ol .6363E+03 .1800E+02 .363IE+07 

.3000E+01 .2691E+03 .1950E+02 .2671E+07 

.4500E+Ol .1010E+04 .2100E+02 .2185E+07 

.6000E+Ol .1136E+04 .2250E+02 .2541E+04 

. 7500E+Ol .6657E+06 .2400E+02 .1119E+04 

.9000E+Ol .2367E+07 .2550E+02 .8465E+03 

.10.50E+02 .2728E+07 .2700E+02 .8380£+03 

.1200E+02 .3114E+07 .2850E+02 .1670E+03 

.13-50E+02 .3468E+07 .3000E+02 .7018£+02 

.1500E+02 .4255E+07 .3150E+02 .8343E+02 

.1650E+02 .3315E+07 
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IT pHJIOlKeHHe III 

Pacnpe)leJieHHe Tennoabl,neneHHJi BHYTPH nnyToHHeaoro Pacnpell.eJienne renJIOBh!)l.eJieHnJI nonepeK cpepJRRR (B,nom. aanpaBJieHHJI 

CTeplKHR, o6Jiy<<aeMoro ny'<KOM 660 M;,B npoTOHOB B cpe)IHe>i npOTOHHOro JIY'IKa) 

TO'!Ke nepneHJ(HKYJIJipHO ero npO)IOJibHO>i OCH R,cM Q,.,, MaB R, CM Q, • ., MaB 
(B pacqere Ha 105 6oM6ap)l.HpyJOII(IIX npOTOHOB) .1500E-01 .1295E+05 .3150E+00 .OOOOE+OO 

CyMMapHoe rennoBhi.IJ.eJie:a:ne: 
.3000E-01 .OOOOE+OO .3300E+OO .OOOOE+OO 

B HOHH3ai.U:IOHHhlX npoueccax Qion = 1.:36 · 106
; 

.4500E-01 .OOOOE+OO .3450E+OO .OOOOE+OO 

npii HH3H03HeprernqecKoM .n.eJieHMH Qe,;, = 6.03 · 102
; 

.6000E-01 .OOOOE+OO .3600E+OO .OOOOE+OO 

npu BbiCOK03HeprenrqecJ<OM .ueJ1emm: Q hfi' = 1.23 . 10'. .7500E-01 .OOOOE+OO .3750E+00 .OOOOE+OO 
.9000E-Ol .OOOOE+OO .3900E+00 .OOOOE+OO 
.1050E+00 .OOOOE+OO .4050E+00 .OOOOE+OO 

Pacnpe)l.e,leHI!e renJJOBh!.UeJJeHHR B.UOJJh crepl!{HJI .1200E+00 .OOOOE+OO .4200E+00 .OOOOE+OO 

Z, o< Q,.,, MaB Z, CM Q, • ., MaB .1350E+00 .OOOOE+OO .4350E+OO .OOOOE+OO 

.1000E+01 .OOOOE+OO .9000E+01 .lll8E+02 .1500E+00 .OOOOE+OO .4500E+00 .7977E+05 

.2000E+01 .OOOOE+OO .1000E+02 .OOOOE+OO .1650E+00 .OOOOE+OO .4650E+00 .2123E+05 

.3000E+01 .OOOOE+OO .1100E+02 .OOOOE+OO .. 1800E+00 .OOOOE+OO .4800E+00 .1059E+06 

.4000E+Ol .OOOOE+OO .1200E+02 .OOOOE+OO I .1950E+00 .OOOOE+OO .4950E+OO .1520E+05 

.. SOOOE+01 .1295E+05 .1300E+02 .OOOOE+OO .2100E+00 ·.OOOOE+OO .5100E+OO .9419E+05 

.6000E+01 .1038E+02 .1400E+02 .OOOOE+OO .2250E+00 .OOOOE+OO .5250E+OO .1000E+01 

.7000E+01 .6890E+04 .1500E+02 .OOOOE+OO .2400E+00 .OOOOE+OO .5400E+00 .OOOOE+OO 

.8000E+01 .13-52E+07 I .2550E+00 .OOOOE+OO .5550E+00 .3292E+06 
.2700E+00 .OOOOE+OO .5700E+00 .1043E+07 
.2850E+OO .OOOOE+OO .5850E+OO .1025E+06 
.3000E+00 .OOOOE+OO .6000E+OO .1362E+06 

21 . 
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IlpHJIOJKeHHe IV 

ARC-MeTO.ll (Adiabatic Resonance Crossing Method) 
BLDIUiraHHJI pa,ZU.fOal<THBHblX OTXO,l{OB 

CyTL MeTo.na cocTOHT B TOM, 'ITO BbDKHraeMLiii o6pa3eu; noMemaeTCH 

B 3aMe)IJIJIJOIUYJO, HO cna6o nornoll\aJOII\YJO nel!TpoHhl cpeiiJ ( Hanp!!Mep, 

BHyTpb CBI!HI\OBOrO Ky6a, CM. pH C. 5), o6ny'!aeMyJO ITOTOKOM 6hlCTpb!X 

nel!TpoHoB. B ilpol\ecce !1H<jl<jly3HH n "a)llla6aTn'!ecKoro" 3aMe)ll!e!lHH Ka­

lR!Ihlll Hel!TpOH MOJReT HeCKOJlbKO pa3 npOXO)Il!Tb CKB03b o6pa3eU, BCHKIII! 

paa c .npyroii 3HeprHea, acne.ncTBHe qero aepoHTHOCTL ero pe3oHaHCHoro 

norJIOII\eHHH BHYTPH o6paaua cyll\eCTBeHHo B03pacTaeT. 

ARC-Memog 

Pu- c6opKO 

U- MUWeHb 

n.,omOHbl Cd- CflU/\bmp 

I ( I \ I< 
&b!cmpb•e 1 ; \ 

MeUmpOiibl 06pa3e4 

Pb- 30Meg ... ume ... b 

Puc. 5. Ilpuuv.unua.Jt'b1taSl cxe.ua 3?CcnepuAteuma4b1Wil pea.JtuJa'l.{uu 

ARC-Memoaa 
IIo!lo6Hhlll MeTO!I (on 6hln BrrepBhie np11Menea B 50-hlx ro11ax B <l>MAH 

CCCP) ncnonh3yeTCH B nel!Tponnol! cneKTpoMeTpiiH IIpH ceneKUHII ne!!­

TpoaoB TIO BpeMeHH 33M€,l{JI€HHJI, yBeJIH'liiBa.JI BepoJITHOCTb pe30H3HCHOf0 

3aXBaTa ( B 3aBHCHMOCTH OT B€JIH'l!HHhl 3HeprHH He1hp0HOB) Ha 3 - 4 TIO­

pH,ZJ.Ha no cpaBHeHJno c o6hl"Y:Hoi1 MeTO.UHKoit no BpeMeHH nponeTa. MoHmo 
npe!lnonaraTb, 'lm ARC-MeTO!I 6y11eT BecoMa a<jl<jleKTIIBHhlM 11 B cnyqae 

TpaHCMyTaUHII pa)IHOaKTJIB!lhlX OTXO)IOB. 8<j><jleKTHBHhlfi, _uel!CTBYIOIIU!l! 

na BhllRl!raeMhlll o6pa3eU rroTOK HefiTpOHOB N,11 "" I<· 1012 jc. BennqnHa 

22 

K03<i.l<i>HUHeHTa f{ ocraeTCJI IIOH3 He OUeHeHHO:i:i HH TeOpeTHt.IeCKH, HH 9KC­

nepliM€'HTaJibHO. 

C IIOMO!llb!O npoeKTHpyeMOl! 3l!eKTpOR)Iepnol! J'CTaHOBKll MOlReT 6hlTb 

Hccne!IOBaHa KaK 3<jl<jleKTIIBHOCTb ARC-MeTO!Ia, Tall H npoMo.uennpoBaHhl 

peilaiMhl BhlffiHraHHJl p.R.Ua HYKJIH.llOB. rpaHCMyTaUH.fl HOTOphiX ,D.pyrHMH CTIO­

co6aMH secbMa 3arpy.nmneJibHa. 
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BapaweHKOB B.C. H .D.p. P2-98-74 
Cl>H3Jf':lecKHC acnexrn 31JCK1pOMepHOii YCTaHOBKH 

Ha OCHOBe DO.IDC.plmf"'CCKOif 30Hbl: peax.ropa H6P·30 H 660 MaB DpoTOHHOTO cpaso1p0Ha 

MaTCM31ll'lecKOC MO.D.eJJHpO.BaHHC H TeJ11IO¢H3H'lecKMe OllCHKH DOKa3bfB310T, 'JT'O ofu.en;HHCHHC 
HMCIOLUHXC.ll B OHSIH nnyrouuesoro peanopa HSP·30 H 660 MaB nporouuoro ¢aJOrpoua c roxoM 

BbiBe.llCHHOro li)"'K3 0,25 MKA (10% OT ero CpellHCTO 3H3'1eHWI) D03BOJUieT C03.ll3Th OXJJ~ 
BOlll)'XOM 3JleKtpOOJiepH)'lO yCTaHOBKY C K03~HUHCHTOM M)'JlbnJIVJHKauHH Ktff~ 0,94, Bb!XOD.OM Heli­

"I'pOHOB Nrot:::: 1014-1015 
H TeWIOBOii MOlllHOCTbJO OKOJJO 10 KBT. 31'0 Dpo.D.CMOHCTpHpyeT B03M0:40fOCTb 

COliUiHH.!I 6eJonaCHW: B 3KCMyaT<UUIH noliXpHTH'ICCKHX TpaHCM)7311HOHHQ-3Heprern\lecKHX 31ICXTpo~ 
'U(epHWX CHCTeM, npHfOJIHWX .1L1U1 ytWJHJallHH opy;«eifHOro H TeXHH'iCCKOfO JLII}'TOHH.!I. Ey,ueT HCCJlezto~ 
BaHa KHHC1JUCa 3.1JeKTpOSIJlCpHOH CHCTCMDI, B \laCTHOCTH ¢l.'Jyx:TyaUHH BeJJH'iHHbl Kr.ff npH p3l.IUI'DIWX 
napaMetpax nyqx.a npoTOHOB, H3MepeHb1 Ce\leHHX Sl,llepHbiX peaKUHH, Heo6XO.ItHMble ,!1.ll.!l OLteHKH ~· 
$eKTHBHOCTH pasr!H"'Hb1X pe::trnMOB TpaHCMyrallHH p3.UH0aKTMBHb1X OTXO.UOB, Onpe.at.neHbl. HeiiTpOHHbl.e 
DOTOKH H pacnpe.ue.neHH.ll TeMDeparypbl BH)"IPH H BHe aKTIIBHOH 30Hbl, CpaBHeHHe XOTOpbiX C peJYJJbTa• 
TaMH TeOpeTH'IeCKHX paC':ICTOB D03BOIIHT nposepHTb H C)'WCCTBeHHO YCOBepWeHC'rnOBaTb MeTO.Itbl MaTe­
M3TH\IeCK0fO MO.Ile.11Hp0BaHHX 3JJCKTpCHutepHbiX CHCTeM. flpe.unOJJaraeTC.ll OUCHHTb ~KTHBHOC'Il> 
ARC-MeTO.ua Bbf)KHraHHJI pMHOaKTHBHDIX OTXO.ItOB, a TaJOKe HJ)"fHTb B.IJH.IIHHe paJJIH"::HDIX 3KpaHOB H, 
B DOCJJe.ll)'KliUeM, M)'JJbTHCCKWtOHHpOBaHHX aKTHBHOH 30Hbl, R03BOJLII10utero )'BeJJHl!HTb BblXO.It Heii"rpOHOB. 

Pa6oTa BblfiOJJHeHa B na6oparopHH Bbl<lHCJJHTeJJbHOH TeXHHKH H 3BTOMaTH33UHH OH.SIH. 

C006WeHHe Oth.e.UHHeHHOro HHCTH1)73. Xll.epHbiX HCCJlC.U0BaHHJi.lly6Ha, 1998 

flepeBO.U 3BTOpOB 

Bara~henkov V.S. et al. P2-98-74 
Physical Aspects of an Electronuclear Set-up on the Basis 
of the SubcJltical Zone of the 1BR~30 Reactor and the 660 MeV Proton Phasolron 

Mathematical modeling and thennal flux estimations show that a combination of installations 
available at present at JINR - the plutonium reactor IBR~30 and the 660 MeV proton phasotron 
with the current of the extracted beam 0.25 mkA, i.e. 10% of its average value, - allows one 
to construct an air-cooled electronuclear set-up with the multiplication coefficient Krff ~ 0.94, 
the neutron yield N,,,::: 1014-1015 and the heat generation about to 10 kW. This set~up will demonstrate 
a possibility to construct subcritical transmUiation-power generating electronuclear systems safe 
and stable in operation and applicable for utilization of weapon grade and technical plutonium. Kinetics 
of the electronuclear system will be investigated, in particular, fluctuations of the value of Krff 
for various parameters of the proton beam. Cross-sections of nuclear reactions which are impOrtant 
for the estimations of an efficiency of various conditions of the nuclear waste transmutation 
and the neutron fluxes together with the heat distributions inside and outside the plutonium core will be 
mea,.ured. A comparison of these data with theoretical calculations allows one to check up 
and to develop significantly the methods of mahtematical modeling of electronuclear systems. We 
suppose also to estimate the possibilities of ARC-method for the burning of radioactive wastes 
and to study the influence of various reflectors and multipartitioning of the core which increases 
the neutron yield. 

The investigation has been performed at the Laboratory of Computing Techniques and Automation, 
JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna, 1998 


