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BBe,neHHe 

11.n.eR nOJIyqaTh 3HeprHIO B peaRD;HRX .n.eJIeHHR ypaHa H TOpHR no.n. .n.eti­

CTBHeM nOTORa 6hlCTPhlX HefiTpOHOB, pOm.n.aIOrn,HXCR H pa3MHOmaIOrn,HXCR B 

MHllleHH, o6JIyqaeMoti nyqROM YCROpeHHhlX qaCTHD;, npOTOHOB HJIH .n.etiTpO­

HOB, B03HHRJIa nOqTH O.n.HOBpeMeHHO C 3anYCROM nepBhlX npOMhlIllJIeHHhlX 

peaRTOpOB .n.eJIeHHR Ha TenJIOBhlX HetiTpoHaX. 9Ta H.n.eR HHTeHCHBHO npo­

pa6aThlBaJIaCh, 3RCnepHMeHTaJIhHO H TeOpeTHqeCRH, RaR B CIIIA, TaR H 

B COBeTCROM COI03e. BamHhle pe3YJIhTaThl 6hlJIH nOJIyqeHhl TaRme RaHa.n.­

CRHMH cpH3HRaMH. PaCCMaTpHBaJIHCh RaR cJIa60 o60rarn,eHHhle H30TonOM 

235 U 3JIeRTpOJI.n.epHhle CHCTeMhl, C He60JIhIllHMH 3HaqeH1i1JIMH R03cpcpHD;HeHTa 

MYJIhTHnJIHRaIJ,HH I{ef j, TaR H no.n.RpHTHqeCRHe peaRTophl C Keff ~ 1 (CM. 

0630Phl [1] - [2] H MaTepHaJIhl He.n.aBHHX ROHcpepeHD;Hti [4] [6], r.n.e MOlKHO 

HafiTH no.n.P06HYIO 6H6JIHOrpacpHIO). 

B HailleM HHCTHTYTe TaRDe HCCJIe.n.OBaHHJI 6hlJIH HHHD;HHpOBaHhl H no.n.­

.n.epmHBaJIHch,ll. 11. BJIOXHHD;eBhlM, B. II. ,llmeJIenOBhlM, M. r. Mern,epJI­

ROBhlM H B 50 70-x ro.n.ax HHTeHCHBHO BeJIHCh B JIa6opaTOpHJIX JI.n.ePHhlX 

np06JIeM H TeOpeTHqeCRoti H3HRH. IIo3.D.Hee B pMBHTHe 3Toro HanpaBJIe­

HHR 60JIhIllOH BRJIa.n. BHec It ,ll. TOJICTOB Hero COTPY.D.HHRH B JIa6opaTQ­

pHH BhlCORHX 3HeprHit, nO,lJ,.LJ.epmaHHhle A. M. BaJI.n.HHhlM [7, 8]. BhIJIH 

BhlnOJIHeHhl 3RcnepHMeHTaJIhHhle H3MepeHHJI Bhlxo.n.a HetiTpoHoB B pa3JIHq­

HhlX MHIlleHJIX npH 3HeprHH 660 M3B H B 06JIaCTH E ~ 3 - 6 r3B, C03.n.aHhl 

MaTeMaTHqeCRHe nporpaMMhI, n03BOJIJIIOrn,He Mo.n.eJIHpOBaTh PMJIHqHhle ac­

neRThl 3JIeRTpOJI.n.epHoro npOD;ecca H oco6eHHOCTH CJIOlKHhIX 3JIeRTpOJI.n.ep­

HhIX YCTaHOBOR. 

O.n.HaRo, HeCMOTpR Ha PJI.n. OqeBH.n.HhlX npeHMyrn,eCTB (6e30nacHocTh 

3RCnJIyaTaIJ,HH, B03MomHOCTh nepepa60TRH TOPHJI H 3anaCOB "OTBaJIhHOrO" 

238U, BeChMa RopOTRoe no cpaBHeHHIO C peaRTopaMH Ha 61ilCTPhIX Hei­

TpOHax BpeMJI Y.D.BOeHHJI JIerKO .n.eJIJIrn,HXCJI H30TonOB H T. .n..), npaKTHqe­

CRoro BOnJIorn,eHHJI 3JIeRTpOJI.n.epHhle CHCTeMhI He nOJIyqHJIH. 9TOMY npenJIT­

CTBOBaJIH, B nepByIO oqepe.LJ.h, OqeHh BhlCORHe Tpe60BaHHJI R YCRopHTeJIIO: 

nOCROJIhRY TaRDe CHCTeMhI npe.D.HMHaqaJIHCh B OCHOBHOM .n.JIJI Hapa60TRH 

JIerRO .n.eJIJIrn,HXCJI H30TonOB 233U H 239Pu, ROTophIe npe.n.nOJIaraJIOCh .n.aJIee 

HCnOJIh30BaTh B .n.OqepHHX peaRTopax Ha TenJIOBhIX HetiTpoHax, npOH3BO.n.­

CTBO .n.OCTaTOqHO 60JIhIllHX ROJIHqeCTB 3THX H30TonOB Tpe6oBaJIO npOTOHHhIX 

nyqKOB C HHTeHCHBHOCTJIMH 100 - 300 MA. 

R. Py66Ha 6hlJI, nO-BH.n.HMOMY, nepBhIM, RTO npe.n.JIOmHJI, oropocHB 

rHnHOTH3HpOBaBIllee meJIaHHe HCnOJIh30BaTb 3JIeRTpOH.n.epHhIe YCTaHoBRH B 

RaqeCTBe 6pH.n.epOB, OrpaHHqHThCJI caMo.n.OCTaTOqHIilMH CHCTeMaMH "O.D.HH 
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YCKopHTeJIh - O,n;HH peaKTOp". ,nJIJI 3TOrO IIpHrO,n;HhI YCKOpHTeJIH, HMelO­

mRe Ha IIOPH,n;OK MeHhmRe TOKR (CM. ,n;OKJIa,n;hI [9, 10] R IIpRBe,n;eHHYIO TaM 

6R6JIROrpaqmlO) • 

Eme MeHhmRMH TOKaMR R 3HeprRHMR Bcero JIRmh B HeCKOJIhKO COTeH 

M3B MOlKHO OrpaHRqRThCH B IIO,n;KpRTRqeCKRX CRCTeMax C K03q,q,HII.HeH­

TOM MYJIhTRIIJIRKaII.RR Kef! ~ 0,95 - 0,97. XOTH IIpH 3TOM SHaqHTeJIhHaH 

qaCTh 3HeprRR IIepBRqHOrO IIyqKa TepHeTCH B ROHRsaII.ROHHhIX IIp0II.eccax, 

3HeprRH ,n;eJIeHRH BO MHoro pas IIpeBocxo,n;HT IIOTepR, 6JIaro,n;apH qeMY KO­

3q,q,RII.ReHT aMIIJIRq,RKaI(RH 

K amp =IIOJIHhIA BhIXO,n; TeIIJIa/SaTpaqeHHaH 3HeprRH 

OCTaeTCH ,n;OCTaTOqHO 60JIhmRM. 9TO BR,n;HO RS Ta6JIHII.Ill I, r,n;e nOKasaHhI 

peSYJIhTaTIll paCqeTOB ,n;JIJI I(RJIRH,n;pRqeCKOA IIJIYTOHReBoA aKTRBHoA SOHhI 
3( cpe,n;HHH 'nJIOTHOCTh IIJIYTOHRH 8 r / CM ) C BOJIhq,paMOBoA MRmeHhlO B II.eH­

Tpe (CM. pRC. 1) [11]. AHaJIOrRqHhIe peSYJIhTaThI nOJIyqalOTCH R ,n;JIH 

,n;pyrRx IIO,n;KpRTRqeCKRX CRCTeM. 

IIO,n;KpRTRqeCKRe CRCTeMIll C I(ejj ~ 0,95-0,97 Ha,n;elKHO ynpaBJIJIIOTCH 

BaphRpOBaHReM TOKa YCKopRTeJIJI, COBepmeHHO 6eSOIIaCHIll R He Tpe6YIOT 

cneI(RaJIhHIllX ,n;oporOCTOHmRX YCTpoAcTB 06eCneqeHRH 6esonaCHOCTR, KO­

TopIlle no npRHHTIllM CTaH,n;apTaM HBJIJIIOTCH 06HSaTeJIhHIllMH ,n;JIJI Bcex yCTa­

HOBOK C Keff 2:: 0,98. 

B KaqeCTBe nepBoro mara B RsyqeHRR nJIYTOHReBIllX 3JIeKTpOH,n;epHhIX 

CRCTeM MIll npe,n;JIaraeM 06'he,n;RHRTh aKTRBHYIO SOHY pa60TalOmero B no,n;­

KpRTRqeCKOM pelKRMe nnyToHReBoro peaKTopa HEP-30 JIa60paTopRR HeA­

TPOHHOA q,RSRKR 0 HRH (ero npe,n;IIOJIaraeTCH ,n;eMOHTRpOBaTh B CBHSH C 

cos,n;aHReM 60JIee COBepmeHHoA YCTaHOBKR HPEH) C 660 M3B npOTOH­

HhIM q,asOTPOHOM JIa60paTopRR H,n;epHIllX IIp06JIeM OMRM, RMelOmRM TOK 

1013BhIBe,n;eHHoro nyqKa J=3,2 MKA (RHTeHcRBHoCTh IIyqKa Np = 2,1 . 
1qaCTRI(/C ) •

RaK IIoKasIllBalOT OI(eHKH, BIllIIOJIHeHHIlle B JIHcr. R JIBTA OMRM, RC­

IIOJIhSOBaHRe Bcero JIRmh 10% BIllBe,n;eHHoro IIyqKa IIOSBOJIJIeT cos,n;aTh 3JIeK­

TpOH,n;epHylO CHCTeMY C Keff ~ 0,94 H MOmHOCThlO OKOJIO 10 KBT. TaKaH 

1IIPOTOHHhIA <j;>a30TpoH JIHII OI1HI1 xapaKTepH3yeTCJI CJIe,nylOll1;HMH napaMeTpaMH: 

3HeprHJI YCKopeHHhIX npoToHoB E = (659 ± 6,0) M3B; 

3HepreTH~eCKaJl ,nHcnepCHJI tlE = (3, 1 ± 0,8) M3B; 

MaKCHMaJIbHaJl HHTeHCHBHOCTb BhIBe,neHHoro nY~Ka B peJKHMe 6hIcTporo BhIBo,na (np<r 

,nOJIJKHTeJIbHOCTb BhIBo,na 30 c) J = 3, 2 MKA.; 

BhIBe,neHHhIA nY~OK HMeeT MHKPOCTPYKTYPY - crYCTKH ~aCTHn ,nJIHTeJIbHOCTblO OKOJIO 

10 HC C HHTepBaJIOM npHMepHO 70 He. 
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MOIUHOCTh MOmE"T 6hITh CHHTa B03,n;YIllHhIM OXJIam,n;eHHeM TaHHM me, HaHoe 

HCrrOJIh3YE"TCH B HaCTOHIUee BpeMH Ha peaHTope MBP-30. B TO me BpeMH 

YHa3alIHaH MOIIJ;HOCTh BrrOJIHe ,n;OCTaTO'llHa ,n;JIH rrpOBe,n;eHHH 60JIhIllHHCTBa 

HCCJIe,n;OBaHHR, He06xo,n;HMhIX ,n;JIH HOHCTpYHpOBaHHH 60JIE"E" MOIUHhIX 3JIE"H­

TpOH,n;epHhIX YCTaHOBOH. BOJIhIllHe rrOTOHI1 HettTpoHOB rr03BOJIHT H3Yl.JHTh 

pa3JIH'lIHhle pemHMhI TpaHCMYTau,HH pa,n;HoaHTHBHhIX OTXO,n;OB. HBJIHIOIUe:tkH 

B HaCTOHll.I;ee BpeMH O,n;HOR H3 rJIaBHhIX rrp06JIeM H,n;epHOR 3HepreTHHH. 

Puc. 1. l{u.ltuuapU'l{ec'fta5t n.ltymo1tUeeaJl c6op'fta c eo.'lbrPpa.4toeoii .4tlt­

We1tb1O aua.4tempo.4t 3 CAt 1l a.ltU1tOU 14 C.4t, n.ltymO'1iUee'bt.4t 6.,lU'l,t'lCemo.M all­

a.4tempo.M 7,2 C.4t, Cma.lt'b1t'bt.M U eO.!l'b!ppa.4tOe'bt.M perP.lte'ftmOpa.M'lt c mO./llt..(u­

Ha.4tU, coome€mCme€}t'1iO, 2,4 U 10 C.4t. JI.ltymOUll€ebl€ cmepJIC}W 'It.Me'lOm 

ma1tma.;lOey1O 1t cma.ltbuy'lO 060.;lO'II:1t1l mo.lt1t..('ltHo'il 0,1 u 0,3 .4t.4t. JIY'l{O'h: 

yC'1tOpe1t'H:btx npomO'l-lOe eeoaumc.q e eo.tlb!ppa.4tOey'lO .MUWfH:b 'Iupe.3 oceeylO 

'U~e.;l'b ua z.;ly6uuy 1 C.4t 

8TO 6y,n;eT rrepBaH B MHpe 3JIeHTpoH,n;epHaH YCTaHoBHa 3HaQUTeJIhHOR 

MOIU,HOCTH. B rrOCJIe.n;yIOIU,eM, rrpH YCJIOBHH rrepexo,n;a H 60JIee HHTeHClI­

BHOMY TerrJIOC'heMY, ee MOIU,HOCTh MomeT 6hITh YBeJIHl.leHa Ha rropH,n;oH. C 
OROHtIaHHeM pa60T Ha rrYQHe 660 M3B <i>a30TpoHa MomHO paCCMorpeTb 

H03MOlKHOCTh rrepe6a3HpoBaHlIH YCTaHOBKH Ha rry'lIOH npOTOHOB \1 nenmx 
HOHOB 9 1'3B cHHxpo<i>a30TpoHa J1B:~ OMRM. 

Mhl XOTeJIlI 6hl oc060 rro,n;l.IePHHYTh, 'lITO HapH,n;y C HCIIOJIh30BaHJH:'M 

3JIeHTpOH,n;epHhIX YCTaHOBOH ,n;JIH rrpOH3Bo,n;CTBa 3HeprHH ua OOIOBe ypana 
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H TOpHH CerO,n:HH OlleHb BalKHOe 3HalleHHe HMeeT rrp06JIeMa 9KOJIOrHlIeCKH 

6e30rraCHOH: H 9KOHOMHlIeCKH BhlrO,n:Hoit YTHJIH3a[(HH 3arraCOB lIHCTOrO (OPY­

lKeitHoro) rrJIYTOHHH H 3arpH3HeHHOrO ,n:pyrHMH HYKJIH,n:aMH ""TeXHHlIeCKOrO 

rrJIYTOHHH C aTOMHhlX 9JIeKTpOCTaH[(HH:. ilOCJIe,n:Hee Oc06eHHO BalKHO, rro­

CKOJIbKY TeXHHlIecKHit rrJIYTOHHH:, KaK H3BeCTHO, MOlKeT 6hlTb HCrrOJIb30­

BaH ,n:JIH H3rOTOBJIeHHH aTOMHoro OPYlKHH, liTO C03,n:aeT cepbe3HYIO yrp03Y 

ero HeKOHTpOJIHpyeMoro pacrrpOCTpaHeHHH. 9JIeKTpOH,n:epHaH TeXHOJIOrHH 

rrpe,n:CTaBJIHeTCH BeCbMa rrepcrreKTHBHoit ,n:JIH peIlleHHH 9TOit 3a,n:allH. 

Ta6JIHua I 

3aBHCHMOCTb napaMeTpOB 3JIeKTpoR,nepHOM: CHCTeMhl OT 


3HeprHH 6oM6ap,nHPYIOW;HX npOTOHOB 


E, r9B 

0.1 
0.2 
0.3 
0.5 

0.6.5 
0.8 
1.0 
1.5 
2.0 

(3HalleHHH E H Q B r9B) 

J<eff Ntot / E Qion/ E Qtot/ E 
0.939 64 0.9,5 4.3 
0.941 210 0.8,5 11.2 
0.943 276 0.80 1,5.5 
0.944 378 0.69 20.8 
0.943 393 0.58 21.4 
0.946 396 0.47 21.4 
0.946 409 0.41 22.1 
0,945 379 0.34 20.4 
0.942 347 0.30 18.7 

O.l{HOIt 1i13 rrpliIBJIeKaTeJIbHbIX CTOPOH paccMaTpliIBaeMoro rrpoeKTa HBJIH­

eTCH ero OTHOCIiITeJIbHaH ,n:eIlleB1iI3Ha iii B03MOlKHOCTb 6hlCTPOit peaJIliI3anlilH, 

rrOCKOJIbKY YlKe HMeeTCH rrpaKTHlIeCKH Bce Heo6xo,n:HMoe o6oPy,n:OBaHHe ,n:JIH 

C03,n:aHHH rrpe,n:JIaraeMoit YCTaHOBKH. BOJIee Toro, "BTOPYIO lKH3Hb" rrpH­

06peTalOT pa60TalOmHe B TelleHlle ,n:OJIroro BpeMeHH peaKTOp H YCKopHTeJIb. 

CJIe.uyeT TaKlKe HMeTb B BH,n:y, liTO OMRM MelK,n:YHapo,n:HaH opra­

HH3a[(HH, rr09TOMY YlIaCTHe B HCCJIe,n:OBaHHHX ,n:ocTyrrHo IllHPOKOMY Kpyry 

Cne[(HaJIHCTOB. K rrpe,n:JIaraeMOMY rrpoeKTY rrpOHBJIHIOT HHTepec 60JIbIllOe 

lIHCJIO HHCTHTYTOB KaK CTpaH-YllaCTHH[( OMRM, TaK H ,n:pyrHx CTpaH. 
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<l>Itl3It1QeCKOe 060CHOBaHItle ItI OCHOBHhIe XapaKTepItlCTItlKItI 

YCTaHOBKItI 

I1PIlHIl;IUIllaJIbHaJI B03MOm.HOCTb nOJIyqeHllH:meprllll B 3JIel{TpOH,.n:epHhlX 

YCTaHOBKaX 6bIJIa ,.n:OKa3aHa BhlnOJIHeHHhlMll B 011JlliI 3KCnepllMeHTaMll C 

60JIbIIlHMH ypaHoBhlMII 6JIOKaMll [1] II IIo,.n:TBepm.,.n:eHa 60JIbIIlllM qllCJlOM Teo­

peTlIqeCKIIX pacqeTOB (CM., B qaCTHOCTH, [3], [11] [13]) . 

Ha pllC. 2 IIOKa3aHa KOHCTPYKIIllH aKTHBHOH 30Hhl liIBP-30. liIMeH B 

BIIJIY MaKCHMaJIbHOe CHIIm.eHHe CTOHMOCTH IIpoeKTa H COKpam,eHlle CPOKOB 
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Puc. 2. rOpU30Uma.lt'bu:btU (nepneuau1Cy.ltSlpuo UanpaB.lteUU'1O Bepmu­

1Ca.lt'bUO nOaBeUteUU'btx n.ltymouUeB'btX cmep:>ICueu) pa3pe3 a1CmUBUOU 30U'bt 

pea1Cmopa JilBP-30. B v,eumpe , .Me:>ICay aBY.MSl n.ltymouUeB'blMU c6op1CaMu, 

nO.Mew,eua cma.lt'bUaSl n.ltacmuua C ypau-Mo.ltu6aeuoBou BcmaB1COU B mau­

ma.ltoBoil 1Cacceme. BueUtu5ul 060.lt01f.1Ca-perjMe1Cmop U3 :>IC€.Ite3a U.Meem 

mo.ltw,uuy 7 CM B Bepxueu 1f.acmu, zae 1CpenSlmcSl nOaBeUteUUbte n.ltymo­

UUeB'bte TB9JI'bt U 10 C.M co Bcex apyzux cmopou. lly1f.01C npomouoe c za­

yccoBoil no.ltYUtupUuou 1,5 CM UanpaB.ltSlemCSl 1f.epe3 w,e.lt'b z.lty6uuou 2 C.M 

B v,eump n.ltacmUU'bt C ypau-.Mo.ltu6aeuoeou BcmaB1Coil nepneUaU1CY.ltSlpUO 

a.ltuue n.ltymouueBblX cmep:>ICueu (m. e. Clteea uanpaBO B n.ltOC1Cocmu pU­

cyu1Ca) 
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ero peaJIH3aII.HH, Mhl rrpe,n:rrOJIaraeM BHOCHTb RaR MO.mHO MeHbille H3MeHe­

HHit B cym,eCTBylOm,ylO ROHCTPYRII.HIO aRTHBHoit 30Hhl peaRTopa. B 'laCTHO­

CTH, Mhl OTRa3aJIHCb OT rrepBOHa'laJIbHO nJIaHHpOBaBIlleHCH nepeCTpOHRH 

aRTHBHOH 30Hhl B II.HJIHH,n:pH'leCRYIO C II.eHTpaJIbHoit BOJIbcppaMOBOH MH­

IlleHblO [12], 'lTO n03BOJIHJIO 6hl YBeJIH'lHTb I<eff. BMecTo ::noro ,n:JIH 

YBeJIH'leHHH ,n:aHHoro R03cpcpHII.HeHTa Me.m,n:y npaBoit H JIeBOH 'laCTHMH 

30Hhl BCTaBJIeHa HMelOm,aHCH B HailleM pacnopH.meHHH CTaJIbHaH nJIaCTHHa 

C 3anpeCCOBaHHhlM B ee cpe,n:Heit 'laCTH ypaH-MOJIH6,n:eHoBhlM BRJIa,n:hlilleM 

(235 U : 238U : 96M 0 = 81 : 9 : 10%). BTa ,n:eTaJIb no,n:po6HO onHcaHa B 

npHJIo.meHHH 1. 
B Ta6mrII.ax II H III npHBOMTCH pe3YJIbTaThl MaTeMaTH'leCROrO Mo,n:eJIH­

pOBaHHH Bhlxo,n:a HeitTpoHoB H TenJIOBhl,n:eJIeHHH B aRTHBHoii 30He MBP-30, 

H306pa.meHHoit Ha pHc.2, npH 06JIY'leHHH BCTaBRH C ypaH-MOJIH6,lJ;eHOBhlM 

BRJIa,lJ;hlIlleM nY'lROM 660 M3B npOTOHOB nepneH~HKyJIJlPHO OCH nJIyTo­

HHeBhlX cTep.mHeit. rJIy6HHa m,eJIH ,lJ;JIJI BBO,lJ;a nY'lRa - 2 CM. I1pocTpaH­

CTBeHHaH ,lJ;HCnepCHH nY'lRa xapaRTepH3yeTcH raYCCOBcRoit cpopMoii C no­

JIYIIIHPHHoit 1 CM. 

06pam,aeT Ha ce6H BHHMaHHe OTHOCHTeJIbHO MaJIOe TenJIOBbI,lJ;eJIeHHe 3a 

C'leT HOHH3aII.HOHHhlX nOTepb H peaRII.Hit pacm,enJIeHHH no cpaBHeHHIO C 

BRJIa,lJ;OM HH3R03HepreTH'leCROrO ,lJ;eJIeHHH. BTO xapaRTepHO He TOJIbRO ,lJ;JIH 

HHTerpaJIbHhlX 3Ha'leHHit Q, HO H ,lJ;JIH npOCTpaHCTBeHHoro pacnpe,lJ;eJIeHHH 

TenJIOBhl,lJ;eJIeHHH, 'lTO BH,n:HO Ha npHMepe ,n:aHHhlX ,lJ;JIH II.HJIHH.lI.pHqeCROH 

Ta6JIHQa II 

HHTerpaJIbHbIe xapaKTepHCTHKH ~JIJI aKTHBHoH 30HbI HBP-30, 


o6JIYQaeMOH nYQKOM 660 M3B npoToHoB 


Bce ,lJ;aHHhle npHBe,lJ;eHbI B paC'leTe Ha O,lJ;HH 6oM6ap,nHpYIOm,Hit npoToH. 

K03CPCPHII.HeHT MYJIbTHnJIHRaII.HH I<ef f = 0,940 ± 0,0015 

1.JHCJIO HeitTpoHoB: 

3aXBa'leHHhlX Neap = 14,2 

BhlJIeTeBIIIHX N out = 309 

1.JHCJIO ,neJIeHHit: 

HH3R03HepreTH'leCRHX Nifis = 147 

BbICOR03HepreTH'leCRHX N hfis = 0,7 

TenJIo,lJ;eJIeHHe: 

B HOHH3aII.HOHHhlX np0II.eccax Qion = 286 M3B 

npH HH3R03HepreTHQeCROM,lJ;eJIeHHH Qifis = 25200 M3B 

npH BhlCOR03HepreTH'leCROM ,lJ;eJIeHHH Qhfis = 130 M3B 
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Cl1CTeMhI, npl1Be,lJ,eHHhIX B npl1JIO}KeHHl1 II. 8TO 06CTOHTeJIbCTBO HaH pa3 

I1 II03BOJIHeT l1CrrOJIb30BaTb rOpl130HTaJIbHhlH nyqOH rrpOTOHOB l1 BCTaBHY C 

( [r - J\1 0) - BHJIa,lJ,hlilleM HenOepe,lJ,CTBeHHO B HaqeCTBe Ml1111eHl1 2. CJIe,lJ,yeT 

OTMeTl1Th. lITO Cl1CTeMa OCTaHeTCH 6(,,30rraCHOH l1 B rl1nOTeTl1qeCHOM CJIy­

qat" J{Qr.z~a npOTOHHhlH rryl.IOH CMeruaeTCH Ha rrJIYTOHl1eBhle CTep}KHl1. ~jTO 

Bl1,lJ,HO I1:~ paCl.JeTHhlX Ta6mn:J; rrpOCTpaHCTBeHHoro pacrrpe,lJ,eJIeHHH Bhl,lJ,eJIH­

JOruerOCH TerrJIa rrpI1 06JIyq("HI1H OT,lJ,eJIbHOrO rrJIYToHHeBoro CTepmHH, Hor,lJ,a 

pa,lJ,l1aIJ;I1.0HHaH HarpY3Ha HBJIHeTCH Hal160JIbIIleii no cpaBHeHHJO CO CJIyqaeM 

06JIYl.leHHH aKTHBHoH 30Hhl, rJIe rrJIYTOHHeBhle CTepmHII qaeHP-IHO 

Ta6J1Hu;a III 

Pacnpe,l1;eJleHHe nOJlHOrO TenJlOBbI,neJleHHJI B OT,neJlbHblX qaCTJIX 


YCTaHOBKH, H906pruKeHHoH Ha pHC. 2 

Bee ,lJ,aHHhle npHBe,lJ,eHhl B paCqeTe Ha O,lJ,HH 60M6ap.lUlpYJOIII.Hit rrpOTOH. 

ITo BeeM qaCTHM cyMMapHo 

B nJIYToHHeBoH 30He: 

B JIeBOH qaCTII 

B rrpaBoit qaCTH 

B (U - AIo)- BHJIa,lJ,hlllle 

B 060JIOqHe BHJIa,ll,hlilla 

B pe<pJIeHTope: 

q,poHTaJIbHaH qaeTb 

BepXHHH qaeTb 

HH}KHHH qaeTb 

3a,lJ,HHH qaCTb 

JIeBaH l.IaeTb 

qaCTb 

25500 lYbB 

11700 M3B 
11500 M3B 
2220 M3B 

35,1 lYbB 

45,3 lYbB 
4,55 M3B 

4,90 M3B 

7,51 M3B 

2,47 M3B 

M3B 

3KpaHlIpYJOT ,lJ,pyr ,lJ,pyra (eM. rrpHJIOmemie III) 3. 

HaCTO.lImee BpeM.lI Ha RBP-30, HCnOJIh3YlOmeM n0.ll.CBeTKY ;,neKTpOHHbIM nYl.IKoM, 

npHMeH.lIeTC.lI BOJIb<ppaMOBa.lI MHIlleHh .lI.HaMeTpOM 3 CM, nOCKOJIhKY HOHH3aUHOHHbIe no­

TepH 3JIeKTpOHOB HaMHoro 60JIhIlle, qeM Y npOTOHOB. MbI 6JIarO.ll.apHbI JI. M. OHH­

IUeHKO, npHBneKIlleMY Hallie BHHMaHHe K B03MOJKHOCTH HCnOJIh30BaTh ropH30HTaJIhHbIA 

nyqOR npOTOHOB 

3Be30naCHOCTh MOrJIa 6bl HapYIllHThC.lI JIHIllh npH Henocpe.ll.CTBeHHOM 06JIyqeHHH nJIY­

TOHHeooro CTepJKH.lI OqeHh Y3KHM, HHTeHCHBHblM nyqKOM, Kor.ll.a 6JIaro.ll.ap.lI JIOKaJIhHOMY 

neperpeny MOrJla 6b1 HapYIllHThC.lI repMeTH1IHOCTh 3aIUHTHoA 060JIOqKH CTepJKH.lI. B pac­

CMaTpHBaeMoA CHCTeM~ T8KOA cJlyqaA 38Be,ltOMO HCKJIlOqeH. 
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PllC. 3 llJIJIIOCTpllpyeT 3aBllCllMOCTb Bhlxo,na He:ttTpoHoB II TerrJIOBhl,neJIe­

HllH OT K09cpcpllUlleHTa MYJIbTllrrJIllHaUllll [11]. XOTH rrpllBe,neHHhle Ha 3TOM 

pllcYHHe ,naHHhle, KaK II Ta6JIllua I, OTHOCHTCH K UllJIllH,nplllIecKoit aKTll­

BHOit 30He (CM. pllc.l), xapaKTep 3aBllCllMocTeit ,nJIH 30Hhl, ll306pameHHoit 

Ha pllC. 2, OCTaeTCH TaKllM me. PaclIeThl rrOKa3hlBaIOT, lITO Bce rrpllBe,neH­

Hhle ,naHHhle HBJIHIOTCH ,nOCTaTOlIHO YCTOitlIllBhlMll: ](eff' BhlXO,n He:ttTpOHOB 

II BeJIlllIllHa TerrJIOBhl,neJIeHHH rrJIaBHO ll3MeHHIOTCH B 3aBllCllMOCTll OT Bapll­

aUll:tt 3Heprllll II llHTeHCllBHOCTll rrYlIKa rrpOTOHOB. 8TO CBll,neTeJIbCTByeT 

120 

100 .­
E=O.65 GeV •1&00 > 

L.Ll II 
~ C) .... 

0 1300..... 50d LLJ 

'" ."" 800 .... 
0", .......

",. Z.",. 

0 ."",,"""'" ]00 
O~L. Keff 

Puc.:3. 3a8UCUMOCm'b menA08'btO€.tteHust (cnAOUiHast 'X:pU8ast) U 8'bt­

xooa H€UmpOH08 (nYH'X:mup) om 'X:03ifjifjU'I1,UeHma MYA'bmUnAu'X:a'l1,UU npu 

E = 0,66 r3B 

o Ha.n.emHOCTll II 9KCrrJIyaTaUlloHHoit YCToitlIllBocTll rrpoeKTRpyeMo:tt rR6pll­

,nHOH CHCTeMhl. 

PaclIeThl TerrJIOBhlX HarpY30K pa3JIlllIHhlX 9JIeMeHTOB CllCTeMhl (CM. 

TaKme rrpllJIOmeHlle I) rroKa3hlBaIOT, lITO OHll He rrpeBOCXO,lVIT ,lJ;orrYCTllMhlX 

KpllTlllIeCKllX 3HalIeHll:tt H B CJIYlIae He06xo,lJ;llMOCTll MoryT 6hlTb 6hlCTPO 

CHllmeHhl rrYTeM YMeHbmeHllH TOKa YCKopllTeJIH. B .aTOM OTHomeHllll rrpo­

eKTllpyeMaH YCTaHOBKa TaKme BrrOJIHe 6e30rraCHa. 

YCJIOBllH 3,naHllH, B KOTOPOM pa3MemeH 660 M.aB cpa30TpoH, rr03BOJIHIOT 

06ecrrelIllTb YCJIOBllH pa,nllaUlloHHoit 6e30rraCHOCTll. IIOCKOJIbKY Keff He 

6y,neT rrpeBhlmaTb 3HalIeHllH, paBHoro 0,95, npoeKTllpyeMaH 9JIeKTpOH,lJ;ep­
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------------------

HaH YCTaHOBKa npe;UCTaBJIHeT co6oit 6eSOnaCHYIO nO;UKpHTHqeCKYIO C60PKY 

If Y;UOBJIeTBOpHeT Tpe60BaHHHM HHCTPYKD,HH no 6esonacHocTH (14] (He Tpe­

6YIOTCH CY3 H KaHaJIhI aBapHitHoit samHThI). TIpe;unOJIaraeTCH HCnOJIhSO­

BaTh ;ueACTBYlOmylO Ha MBP-30 CHCTeMY Bos;uymHoro OXJIam.;ueHHH. 

TIYTeM MaTeMaTHqeCKOrO MO;ueJIHpOBaHHH HaMH npopa6aThIBaJICH TaKlKe 

BapIfaHT CIfCTeMhI C nOBopOTOM npOTOHHoro nyqKa H HanpaBJIeHHeM ero 

Ha BOJIhcppaMOBYIO MHmeHh, HaXO;u.a:myIOCH B D,eHTpe aKTHBHoit SOHhI na­

paJIJIeJIhHO HanpaBJIeBHIO D,HJIHH;upHqeCKH pacnOJIOmeHHhIX rrJIYTOHHeBhIX 

CTepmHeit. TaKaH KOHcpHrypaD,HH nOSBOJIHeT HCCJIe;UOBaTh 60JIee mHpoKHit 

Ha60p nO;UKpIfTHqeCKHX C60pOK, O;UHaKO 60JIee ;uemeBhIit BapHaHT C ropH­

SOHTaJIhHhIM nyqKOM B HaCTOHmee BpeMH npe;UCTaBJIHeTCH 60JIee npe;uno­

QTIfTeJIhHhIM. 

nporpaMMa 3KcnepHMeHToB 

CJIe;uyeT HMeTh B BH;UY, qTO 3Ta nporpaMMa HMeeT npe,l(BapHTeJIhHhIit 

xapaKTep, nOCKOJIhKY eme He Bce nOTeHD,HaJIhHhIe yqaCTHHKH npoeKTa nOJI­

HOCThlO CcpOpMyJIHpOBaJIH CBOH rrpe;UJIOmeHHH. 

TIoCJIe ;UeMOHTama aKTHBHOit SOHhI MBP-30 H ee C60PKH B s;uaHHH cpa­

SOTpOHa Ha rrepBOM 3Tane pa60T, np0;UOJImHTeJIhHOCThlO B 8 12 MeCHD,eB, 

OCHOBHOit sa;uaqeA 6y;ueT ;ueMOHCTpaD,HH BOSMomHOCTH cos;uaHHH 6esonacHo:lt 

If YCTOitqHBoit B 3KCnJIyaTaD,HH 3JIeKTpOH;uepHo:lt YCTaHOBKH H rrpOBepKa Ha­

;uemnOCTH TeOpeTHqeCKHX MeTO;UOB paCqeTa TaKHX CHCTeM. TIYTeM Teo­

peTHqeCKOrO rrepeCqeTa HSMepeHHit nOTOKa He:ltTpoHoB H TeMnepaTyphI B 

OT;ueJIhHhIX TOqKaX BHyTpH H BO MHorHX TOqKaX BHe YCTaHOBKH 6Y;UYT rrOJIy­

qeHhI OD,eHKH K03cpcpHD,HeHTa pasMHomeHHH H rrOJIHOrO BhIxo;ua HeitTpoHoB, 

BeJIHqIfHhI HX YTeqKH HS C60PKH, BeJIHqHHhI TenJIOBhI;ueJIeHHH B CHCTeMe. 

By;ueT HCCJIe;UOBaHO BJIHHHHe paSJIHqHhIX oTpamaTeJIeit, a TaKlKe cpJIYKTya­

D,HH K03cpCPHD,HeHTa K eff • 

,llJIH HSMepeHHit nOTOKa HeitTpoHoB 6y;ueT HCnOJIhSOBaHa MeTO,l(HKa, pas­

pa60TaHHaH H onpo60BaHHaH B JIBS OMRM. TIpe;unOJIaraeTCH, qTO TenJIO­

tPHSHqeCKHe HSMepeHHH 6Y;UYT BhInOJIHeHhI C yqaGTHeM <b9M (06HHHCK). 

HSMepeHHH nOTpe6YlOT HeCKOJIhKHX COTeH qaCOB pa60ThI tPasoTpoHa 

JIRTI OMRM. TeOpeTHqeCKHe paCqeThI 6Y;UYT 06eCneqeHhI JIBTA OMRM 
C yqaCTHeM MRM B CBepKe, rOpHo-HHmeHepHoit aKa;ueMHH B KpaKoBe H 

TI0 "COCHhI" B MHHcKe. 

Ha BTOPOM 3Tane pa6oT, np0;UOJImHTeJIhHOCThlO 1 2 ro;ua, OCHOBHo:lt 

sa;uaqeit CTaHeT HCCJIe;UOBaHHe pasJIHqHhIX pemHMOB BhIropaHHH nJIYTOHHH 
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H CKopocTeit npOXOlK,neHHJI nenOqeK TpaHCMYTanHH pa,nHOaKTBBHhIX JI,nep, 

nOJIHOThI BhIlKHraHHJI OCKOJIOqHhIX H aKTHHB,nHhIX H30TOnOB. By,nYT BC­

CJIe,nOBaHhI npOCTpaHCTBeHHO-SHepreTBqeCKHe pacrrpe,neJIeHBJI HeitTpoHoB 

B C6opKe, BX 3aBBCHMOCTh OT KOHCTpYKnHB, MaTepHaJIa OTpamaTeJIJl, HaJIB­

qHJl3aMe,nJIHTeJIeit H BeJIBqHHhI Keff . By.nyT B3MepeHhI HHTerpaJIhHhIe Heit­

TpOHHhIe CeqeHBJI ,neJIeHBJI B pa,nBanBOHHoro 3aXBaTa ,nJIJI ,nOJIrOlKBBYll(BX 

OCKOJIOqHhIX B aKTBHB,nHhIX H30TorrOB B crreKTpe HeitTpoHoB C60pKB. TIpe,n­

rrOJIaraeTCJI BCCJIe,nOBaTh sq,q,eKTBBHOCTh a,nBa6aTHqeCKOrO pe30HaHCHoro 

nepeKpeCTHoro MeTo,na (TaK Ha3hIBaeMhIit ARC-MeTO,n) ,nJIJI TpaHCMYTanBB 

HeKOTophIX pa,nBOaKTBBHhIX OTXO,nOB C nOMOll(hlO CnenBaJIhHOrO CBBHnOBoro 

Ky6a, pa3Mell(eHHOrO B6JIH3B aKTBBHoit 30HhI YCTaHOBKB (CM. npBJIOlKeHBe 

IV). Oco6hIit BHTepec npe,nCTaBJIJlIOT BCCJIe,nOBaHBJI B03MOlKHOCTH YBeJIB­

qBTh HeitTpoHHhIe nOTOKB nYTeM npHMeHeHBJI ceKnBOHBpOBaHHhIX C60pOK, 

qTO OTKphIBaeT nYTH K BCnOJIh30BaHHIO YCKopBTeJIeit co cpaBHBTeJIhHO He­

60JIhmHMB TOKaMB [15]. Pe3YJIhTaThI B3MepeHBit 6y,nYT conOCTaBJIJlThCJI C 

pe3YJIhTaTaMB MaTeMaTBqeCKOrO Mo,neJIHpOBaHBJI COOTBeTCTBYIOll(HX rrpo­

neCCOB C neJIhlO rrOBhImeHBJI roqHOCTB paCqeTHhIX MeTo,nOB. 

113MepeHBJI HeitTpoHHhIX nOTOKOB 6y.nyT BhInOJIHeHhI Ha OCHOBe MeTO­

,nHKB, pa3pa6oTaHHoit B JIB8 OI1RI1·, TenJIoq,B3BqeCKBe B3MepeHlIJI rrpe,n­

nOJIaraeTCJI BhInOJIHlITh C yqaCTBeM <I>811 (06HHHCK). 113MepeHBJI Heit­

TPOHHhIX CeqeHBit 6y.nyT o6eCneqeHhI JIH<I> OI1RI1 C yqaCTBeM BH11118<I> 

(CapoB). Pa60ThI C ceKnBOHBpOBaHHhIMH c60pKaMlI 6y,nYT BhIrrOJIHJlThCJI co­

TpY,nHBKaMB B11118<I> C yqaCTHeM JIH<I> OI1RI1. TeOpeTBqeCKBe paCqeThI 

6y,nYT o6eCneqeHhI JIBTA OI1RI1 C yqaCTBeM opraH1I3anHit, YKa3aHHhIX B 

rrpe,nhI,nymeM nyHKTe. ,n;JIJI pa60T BToporo STana nOTpe6yeTcJI HeCKOJIhKO 

COTeH qaCOB pa60ThI q,a30TpoHa. 

Ha 3aBepmalOmeM STane, npo,nOJIlKlITeJIhHOCThlO OKOJIO ro.n;a, npe.n;nOJIa­

raeTCJI paCCMOTpeTh B03MOlKHOCTh nepeMemeHBJI YCTaHOBKlI Ha nyqOK yCKO­

plITeJIJI JIB8 OI1RI1 C sHeprBeit nyqKa 9 fsB C TeM, qTo6hI BhInOJIHlITh 

OneHOqHhIe B3MepeHBJI BhIxo,na HeitTpoHoB, TerrJIOBhI,neJIeHHJI H CKopocTeit 

TpaHCMYTanlIB B nyqKaX JIerKlIX lIOHOB H BhICOKOSHepreTlIqeCKlIX rrpoToHoB. 

8TH 1I3MepeHlIJI 6y.nyT BhInOJIHeHhI JIB8 oI1R11, TeOpeTlIqeCKlIe paCqeThI 

o6eCneqBT JIBTA OI1RI1. TIpe,nnOJIaraeTCH, qTO ,nJIJI H3MepeHHit nOTpe­

6yeTcH OKOJIO 100 qaCOB pa60ThI YCKopHTeJIJl. 

***** 

MhI 6JIaro,napHM IO. C. 3aMHTHHHa H JI. M. OHHmeHKo 3a o6cY>K.n;e­

HHH, COBeThI H CTlIMYJIlIpYlOmylO KpBTlIKy. 
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llpHJIO)l(eHHe I 

TenJIOBOH pact.J:eT 

BCTaBKH C (U - lvlo)- BKJIa,nbImeM (H3 Oll3 HBP-30) 


reOMeTpHJI BCTaBKH rrOKa3aHa Ha PHC, 4, OHa HMeeT KBa,l:(paTHOe cetIe­

HHe H COCTOHT H3 HepmaBeIOm:ett CTaJIH C BrrpeCCOBaHHhIM BKJIa,l:(hIrneM. 

Puc. 4. Pa3,Mep BCmaB1l:U H = 170 ,M,M, ee mO.;ntflt'Ha {YeT = 31 ,MM, 

To.!tUl,tt'Ha (U - M 0)- B1l:.ttaiJ'bluw {yv = 25 ,MM. TO.;f,UJ,m-ta fZO 060,;f,O'I.I:tW 

{Y06 = 2,5 MM. PaiJuyc B1l:.!tadbtWa no ypa'Hy Rl = 53 MM (R2 = 
120 MM) 

BKJIa,l:(hIIII rrOMem:eH B repMeTHtIeCKYIO TOJICTOCTeHHYIO (606.) cBapHYIO 

060JIOtIKY H3 mapOrrpOtIHoit HepmaBeIOm:eit CTamf 9 IT-172 C TeXHOJIOrHtIe­

CKHM B03):(yIIIHhIM 3a30pOM ({YD. = 0 - 0, 15 MM) H rrocameH B rHe3,l:(O 

CTaJIhHoit IIJIaCTlIHhI C TOJIm:lIHOit {YeT., ,l(JIJI rrpOnYCKa TerrJIOHOCHTeJIH, OXJIa­

m,l:(aIOm:ero BKJIa,l:(hIIII, lIMeeTCJI 3a30p Mem,l:(Y CTaJIhIO BCTaBKlI H MeM6paHaMH 

KacceT (fj = 1, 5 MM) C Ka}R,l:(oit CTOPOHhI . UeHTp BKJIa,l:(hIIIIa COBMem:eH C 

reOMeTpHlJeCKHM UeHTPOM aKTHBHo:A 30HhI. 
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,llaJIee 6y.n:YT HCITOJIb30BaTbCH CJIe.n:YIOIUHe BeJIHqHHhl: 

W (BT) TeITJIOBaH MOIUHOCTb aHTHBHott 30Hhli 

ltV (BT) TeITJIOBaH MOIUHOCTb BHJIa.n:hlllIa; 

3
 qv (BT/M ) - ITJIOTHOCTb TenJIOBOrO nOTOHa; 

G 	(HM 
3 

/ q ) pacxo.n: TenJIOHOCHTeJIH (B03.n:yxa); 

FTH (M2) npOXO.n:HOe CeqeHHe TenJIOHOCHTeJIH; 

V (M/C) CHOPOCTb TenJIOHOCHTeJIH; 


TBX (K) TeMnepaTypa TenJIOHOCHTeJIH Ha BXO.n:e; 


TBJil.x (K) TeMnepaTypa TenJIOHOCHTeJIH Ha BhlXO.n:e; 


t (K) cpe.n:HHH TeMnepaTypa TenJIOHOCHTeJIH; 


v (M2/C) H03<p<pHUHeHT HHHeMaTHqeCHott BH3HOCTH; 


Re -- HpHTepHH PeHHrOJIb.n:ca; 


1Vu HpHTepHH HycCeJIbTa; 


Q (BT/M2I{) - H03<p<pHUHeHT TenJIOOT.n:aqH; 


A (BT/MI() -- H03<p<pHUHeHT TenJIOnpOBo.n:HOCTHi 


Cp (,ll}K/HrI<) y.n:eJIbHaH TenJIOeMHOCTb B03.n:yxa; 


p (Hr/M
3

) -- nJIOTHOCTb B03.n:yxa; 

dr (M) rH.n:paBJIHqeCHHH (3HBHBaJIeHTHblft) .n:HaMeTp; 


Tl (K) -- TeMnepaTypa BHJIa.n:hlllIa; 


T2 (K) TeMnepaTypa CTaJIbHOrO 6JIOHa; 


W = 10000 BT; 


W = 1200 BT -12% OT MOIUHOCTH aHT. 30Hhl; 


W = 1800 BT -- MOIUHOCTb 30Hhl + MOIUHOCTb nyqHai 


G = 100 HM
3 /q. 


I1PH BhlqHCJIeHHHX Mhl 6y.n:eM npe.n:nOJIaraTb,qTO 

• 	 paCqeT TeMnepaTypHoro nOJIH CTaJIbHoit nJIaCTHHhl H BHJIa.n:hlilia MO­

meT 6hlTb BhlnOJIHeH B CHMMeTpHqHOM o.n:HOMepHOM npH6JIH}KeHHH C 

rpaHHqHhlMH YCJIOBHHMH TenJIOnepe.n:aqH 3-ro po.n:a; 

• 	 XOpOlliaH TenJIOnpOBo.n:HOCTb H He60JIbiliaH TOJIIUHHa CTaJIbHo:t:i nJIa­

CTHHhl H BHJIa.n:hlilia n03BOJIHIOT npeHe6peqb oceBbIM nepena.n:OM TeM­

nepaTyp; 

• 	 TenJIOBhl.n:eJIeHHe B ypaHe npOHcxo.n:HT paBHOMepHO no Bceit rpaHHn;e 

BHJIa.n:bIIIIa; 

• 	 HMeeT MeCTO XOPOiliHit TenJIOBoit HOHTaHT Mem.n:y 060JIOqHO:t:i BHJIa­

.n:hlilia H CTaJIbIO nJIaCTHHW; 
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• 	 TeXHOJIOrHqeCKH~ B03.n;ymHhI~ 3a30p MeHl,lJ;y ypaHoM H 060JIOqKo:l 

BKJIa.n;hIma B npe.n;eJIhHOM CJIyqae MOmeT 6hITh CKOMneHCHpOBaH Tep­

MHqeCKHM paCIIIHpeHHeM ypaHa. 

fIpH 3THX ynpoIUeHHHX K03<pQ:m.QBeHT TenJlOOT.n;aqB onpe.n;eJIHeTCH CJIe­

,ZJ;yIOIUHMH COOTHOmeHHHMH: 

FTH = 2·8· H = 2.1,5.10-3 .0,17 = 5,1.10-4 
M2j 

G 	 100 v = = 	 = 54,6 M/C;
3600· FTH. 3600·5,1 . 10-4 

v = 1/2· V = 27,3 M/C; 

3600·1200 3600· IV 
~TTH. = 	 = = 36°G;

100 . 1000 . 1, 2 G·Gp·P 

1 1
T = 2"' (TBx• + TBllIx.) = 2"' (20 + 56) = 38°G. 

B KaqeCTBe onpe.n;eJIHIOIUe:l npBMeM TeMnepaTYPY T = 40°G. Tor.n;a 

v = 17.10-6 M2/C, ..\ = 27.10-3 BT/M K. 

Vdr 27.3 x 2 x 1.5 . 10-3 

= 	 ~ 4800, 
V 17.10-6 

r.n;e dr = 28. 

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

16 X 27.10-3 

a = = 3.10-3 

1 
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r~e 

A06 = 20 BT/M' Kj 

AB = 40 . 10-3 BT/M' K; 

b}) = (0 + 0,15) MM. 


llPR HarpeBe ypaHa l:l.Tv = 500°C R K03<p<PRnReHTe JIRHe:itHoro 

pacmRpeHRH av = 12, 5· 10-6 1/K YBeJIRqeHRe pa3Mepa BKJIa~hIma B~OJIh 
OCR COCTaBRT 

l:l.l = bvdvl:l.Tv = 0,025 x 12,5 . 10-6 
• 500 ~ 0,15 MM, 

qTO R npRHRMaeTCH 3a MaKCRMaJIhHYIO BeJIRqRHY TeXHOJIOrRqeCKOrO 3a30pa 

npR b» = 0, al ~ a :::z: 144 BT/M
2 

. K; 
2

npR bB = 0,15 MM a2 ~ 90 BT/M • K. 
PaCCqRTaeM Teneph TeMnepaTypHoe nOJIe CTaJIhHo:it nJIaCTRHhI R BIIpec­

COBaHHoro B Hee (U - M o).BKJIa~hIma. ,ZlRcpcpepeHnRaJIhHOe ypaBHeHRe, 

onRChIBaIOm;ee nOJIe BKJIa~ma, 

(1) 


COOTBeTCTBYIOm;ee ypaBHeHRe ~JIII CTaJIhHo:it nJIaCTRHhI 

~T2 1 dT2
+ - k~T2 = F2, (2)dr2 r dr 

r~e 

k2 2aA 
1 Fl = - (1: += kit);bvAv(A + ab}») , 

W 
7rRfbv ' 

PemeHRH ypaBHeHR:it (1) R (2) RMeIOT BR~ 

Fl
Tl(r) = C1 / 0(klr) + C2KO(klr) - k2' (3) 

1 

T2(r) = C3Io(k2r) + C.Ko(k2r) - :;, (4) 

r~e 10 R Ko - <pYHKnRR BecceJIII l-ro R 2-ro po~a R HYJIeBOrO IIopHMa. 
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)lJIR orrpe.n.eJIeHHR IIOCTORHHbIX C1, C2 , C3 , C4 BOCIIOJIb3yeMcR rpaHHtJ­

HhIMH YCJIOBHRMH: 

• 	 TeMrrepaTypa ypaHa Ha rrOBepXHOCTH MaHCHMaJIbHa B ueHTpe BH.iIa­

.n.hIllia 

dTd dr = 0 rrpH 0: 

• 	 paBHhle TeMrrepaTyphl Ha rpaHHue BHJIa.n.hIma H IIJIaCTHHhl 

• o.n.HHaHOBhIfi TeIIJIOBOfi rrOTOH Ha rpaHHue BHJIa.n.hlma H IIJIaCTHHhl 

= 
dr dr 

• 	 TeMIIepaTypa Ha BHellIHefi rpaHHue 6JIOHa paBHa cpe.n.Heit TeMIIepa­

Type OXJIalK.n.aIOIII.efi Cpe.n.hl 

12 = T rrpH r = R2 . 

COOTBeTCTBeHHO, HOHCTaHThl C}, C2 , C3 , C4 B ypaBHeHHRX (3) H (4) 6y.n.YT 

HMeTh 3HatJeHHR 

IiI (h~2Rd( ft - tt) 
Ct 

= Io(klRdI<t{k2Rl) + kIl(h~lRdI{o(h;2Rl) ~ 

~. I1(k1Rd(tt it) 	 h71 Il(k1Rd 'V 

C4 = - Io(k1Rt)I{1(k2Rt) + i/l(1.71~dI{o(I.:2Rd = - 1.:2 A't{k'2 Rd (1. 

<PYHHUHH BecceJIlt 1-1'0 H 2-ro po.n.a Ii HY.iIeBOrO 1l0PJI.L~Ha. 
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Tenepb ypaBHeHHH (3) H (4) MO}f{HO nepenHcaTb B BH,lle 

FlT1 {r) C1 10(klr) - ki' ° ::; r ::; R 1 ; (5) 

T2(r) = C4 1(0( k2r) - -:~, Rl ::; r ::; R2. (6) 
2 

HHme npHBO,llHTCH napaJIJIeJIbHbIe OueHOQHbIe paCQeTbI MaKCHMaJIbHbIX 

3HaQeHHit TeMnepaTypbI (U - M 0)- BKJIa,llbIllia ,llJIH ,llByX KpaitHHx BapH­

aHTOB: C MHHHMaJIbHbIM (~B = 0) H MaKCHMaJIbHbIM (~B. = 0,15 MM) 
3 

B03,llYIlIHbIMH 3a30paMlI (npH qv = 5,4· 106 
BT/M ) 

kf = 500, kl = 22,4, k~ = 309, k2 = 17,6; 

kl/ k2 = 1,27, kl/ k2 = 1,04; 


Fl = - 2,43 .105 
, ~ = - 1160; 


ft = - 40, ~ - ft
1 

= - 1120; 
2 1 2 

klRl = 1,19, k2Rl = 0,93; 

10(1,19) = 1,38, 11(1,19) = 0,70; 


1(0(0,93) = 0,46, 1(1 (0,93) = 0,68, 10 , 1(1 = 0,938; 

II . 1(0 = 0,322, C1 = - 237; 


npH r = 0, 10(0) = 1, T1 (0) = C1 - tt;

1 

Tl(O) = 273°C. 

kf = 209, kl = 14, 5, k~ = 194, k2 = 13,9; 
Fl = - 2,55· 105

, tt = - 510; 
1 

& - - 40 El - & - - 470'
k~ - 'ki k~ - , 

kJRl = 0,77, k2Rl = 0,74; 
10(0, 77) = 1,15, II (0, 77) = 0,41; 


Ko(O, 74) = 0,62, KdO,74) = 0,97; 

10 , Kl = 1,115, 11 .1(0 = 0,254, C1 = - 790; 


npH r = 0, 10(0) = 1, T1(0) = Ct - ~; 

1 

Tl (0) = 370°C. 
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AHaJIOrHqHJlIH paCqeT ,l(JIH W = 1800 BT, ROr,l(a 
3 ­

qv 	 = 8,2· 106 
BT/M, T = 50°C. 

1) DB = 0, 0'1: 

Fl = 3,81.105 
, ft = -762; 

ff = - 50, ft - ff
1 

= - 712;
2 1 2 

C1 = - 359, T1(O) = 403°C; 
T 1 (O) < [Tv]. 

r,l(e [Tv] = 550°C no YCJIOB1HO COBMeCTHMOCTH ypaHa B ROHTaRTe C Hep­

maBelOmeit CTaJILIO. 
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IIpHJIO.iKeHHe II 

Pacnpe.ll:eJIeHHe CYMMapHOI'O TenJIOBbI.lI:eJIeHHH B 
QHJIHH.lI:pHQeCKOH 3JIeKTpoH.lI:ePHOH YCTaHOBKe (CM. pHc.1), 

o6JIYQaeMOH nYQKOM 660 M3B npoToHoB nepneH.lI:HKYJIHPHO 
.lI:JIHHe nJIYToHHeBblx TB8JIOB 

(B paCqeTe Ha 2000 60M6ap,llHpyroIII;Hx npoToHoB) 

Pacnpe,lleJIeHHe no ,llJIHHe TB9JIOB - nepneH,llHKYJIHPHO HanpaBJIeHHro 

npOTOHHoro nyqKa 

Z, CM Qtot Z, CM 

.1000E+Ol 

.2000E+Ol 

.3000E+Ol 
AOOOE+Ol 
.5000E+Ol 
.6000E+Ol 
.7000E+Ol 
.8000E+Ol 
.9000E+Ol 
.1000E+02 
.1100E+02 

.OOOOE+OO 
A222E+06 
.2861E+07 
A121E+07 
.5134E+07 
.5819E+07 
.6163E+07 
.2992E+07 
.3062E+05 
.2883E+05 
.2761E+05 

.1200E+02 

.1300E+02 

.1400E+02 

.1500E+02 

.1600E+02 

.1700E+02 

.1800E+02 

.1900E+02 

.2000E+02 

.2100E+02 

.2683E+05 

.2622E+05 

.2543E+05 

.2371E+05 

.2273E+05 

.2179E+05 

.2228E+05 

.2116E+05 

.6863E+04 

.OOOOE+OO 
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PacnpE'.lleJIE'HI1E' B.llOJIh HarrpaBJIE'HHH rrpOTOHHoro rryqKa 

R, CM Qtot I R, CM Qtot 

.1500E+01 .6:36:3£+0:3 .1800E+02 .:30:33E+07 


.:3000£+01 .2691 E+0:3 .19.50E+02 .2671E+07 


.4.500E+01 .1010£+04 .2100E+02 .2185E+07 


.6000E+01 .11:36E+04 .2250E+02 .2541E+04 


.7.500E+01 .6657E+06 .2400E+02 .1119E+04 


.9000E+01 .2:367E+07 .2550E+02 .8465E+0:3 


.10.50E+02 .2728E+07 .2700E+02 .8380E+0:3 


.1200E+02 .:3114E+07 .2850E+02 .1670E+0:3 


.13.50E+02 .:3468E+07 .3000E+02 .7018E+02 


.1500E+02 .4255E+07 .3150E+02 .8:343E+02 


.1650E+02 .3315E+07 
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npIlIJIOmeHIIIe III 

Pacnpe.ueJIeHIIIe TenJIOBbI.ueJIeHIIIH BHYTPIlI nJIYTOHIIIeBoro 


CTepmHH, o6JIYl:.IaeMOrO nYl:.IKOM 660 M3B npoToHoB B cpe.uHeH 

TOl:.lKe nepneH,UIIIKYJIHPHO ero npo,UOJIhHOH OCIII 


(B pactJeTe Ha 105 
6oM6aPJ],HPYIOllI,HX rrpOTOHoB) 

CYMMapHoe TerrJIOBhlJ],eJIeHHe: 

B HOHH3aUHoHHhlX rrpou,eccax Qion = 1.:36 . 106 
; 

npH HH3Ro9HepreTHtJecRoM J],eJIeHHH QlJis 6.0:3 . 102 
; 

rrpH BhlcoRo3HepreTHtJecRoM J],eJleHHH QhJis = 1.23 . 104
• 

PacrrpeJ],eJIem'Ie TerrJIOBhlJ],eJIeHHH B,l1,OJIb CTepH{HH 

Z, CM Qtot, MaB Z, CM Qtotl M9B 

.1000E+Ol .OOOOE+OO .9000E+Ol .1118E+02 

.2000E+Ol .OOOOE+OO .1000E+02 .OOOOE+OO 

.3000E+01 .OOOOE+OO .1100E+02 .OOOOE+OO 

.4000E+01 .OOOOE+OO .1200E+02 .OOOOE+OO 
JjOOOE+Ol .129.5E+05 .1300E+02 .OOOOE+OO 
.6000E+Ol .1038E+02 .1400E+02 .OOOOE+OO 
.7000E+Ol .6890E+04 .1500E+02 .OOOOE+OO 
.8000E+Ol .13.52E+07 
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Pacnpe.n.eJIeHHe TenJIOBhI,lJ;eJIeHHJI nOnepeK CpeplKHJI (B,lJ;OJIb HanpaBJIeHHJI 

rrpOTOHHOrO rrYQKa) 

R, CM Qtot, M.9B R, CM 

. 1500E-01 . 1295E+05 .3150E+00 .OOOOE+OO 

.3000E-01 .OOOOE+OO .3300E+00 .OOOOE+OO 

.4500E-01 .OOOOE+OO .3450E+00 .OOOOE+OO 

.6000E-01 .OOOOE+OO .3600E+00 .OOOOE+OO 

.7500E-01 .OOOOE+OO .3750E+00 .OOOOE+OO 

.9000E-01 .OOOOE+OO .3900E+00 .OOOOE+OO 

.1050E+00 .OOOOE+OO .4050E+00 .OOOOE+OO 

. 1200E+00 .OOOOE+OO .4200E+00 .OOOOE+OO 

.1350E+00 .OOOOE+OO .4350E+00 .OOOOE+OO 

.1500E+00 .OOOOE+OO .4500E+00 .7977E+05 

.1650E+00 .OOOOE+OO .4650E+00 .2123E+05 

.1800E+00 .OOOOE+OO .4800E+00 .1059E+06 

.1950E+00 .OOOOE+OO .4950E+00 .1520E+05 

.2100E+00 -.OOOOE+OO .5100E+00 .9419E+05 

.2250E+00 .OOOOE+OO .5250E+00 .1000E+01 

.2400E+00 .OOOOE+OO .5400E+00 .OOOOE+OO 

.2550E+00 .OOOOE+OO .5550E+00 .3292E+06 

.2700E+00 .OOOOE+OO .5700E+00 .1043E+07 

.2850E+00 .OOOOE+OO .5850E+00 .1025E+06 

.3000E+00 .OOOOE+OO .6000E+00 .1362E+06 
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llpHJIO}KeHHe IV 

ARC-MeTo,lt (Adiabatic Resonance Crossing Method) 

BhI}KHraHHJI pa,ltHoaKTHBHhIX OTXO,ltOB 


CYTh MeTo,n;a COCTOHT B TOM, 'ITO Bhl}KHraeMhl:ti 06pa3ell, rroMemaeTcH 

B aaMe,n;JIJIIOmyIO, HO cJIa60 rrorJIOmaIOmyIO He:tiTpoHhl cpe,n;y (HarrpHMep, 

BHyTph CBHHn;OBoro Ry6a, CM. pHC. 5), o6JIY'IaeMYIO rrOTOROM 6hlCTPhlX 

HethpoHoB. B rrpon;ecce .n;H<p<pY3HH H "a,n;Ha6aTH'IeCROrO" 3aMe,n;JIeHHH Ra­

}K,n;hlH HeHTpoH MO}KeT HeCROJIhRO pa3 rrpoxo,n;HTh CRB03h 06pa3ell" BCHMa 

pa3 C ,n;pyro:ti ::meprHe:ti, BCJIe,n;CTBHe 'Iero BepOHTHOCTh ero pe30HaHCHoro 

rrOrJIOmeHHH BHyTpH 06pa3ll,a cymecTBeHHO B03paCTaeT. 

ARC-Memog 

_PU-C50pKO 

U - MuweHb 

npomOHbl Cd- cpUl\bmp 

Cblcmpble 
HeumpOHbl 

Puc. 5. IlpuH11,unua.lt'bHa51 cxe.Ma 31CCnepU.MeHma.lt'bHOil pea.ltU3a11,UU 

ARC-.Memoaa 

IIo,n;o6HhlH MeTO,n; (OH 6hlJI BrrepBhle rrpHMeHeH B 50-hlX ro,n;ax B <l>MAH 

CCCP) HCrrOJIh3yeTcH B HeHTpOHHOa crreRTpOMeTpHH rrpH CeJIeRll,HH He:ti­

TPOHOB no BpeMeHH 3aMe,n;JIeHHH, YBeJIH'IHBaJI BepOHTHOCTh pe30HaHCHoro 

3aXBaTa (B 3aBHCHMOCTH OT BeJIH'IHHhl ::meprHH He:tiTpoHoB) Ha 3 - 4 no­

pH,n;Ra no cpaBHeHHIO C 06hl'IHO:ti MeTo,n;HRo:ti no BpeMeHH rrpOJIeTa. MO}KHO 

npe,n;rrOJIaraTh, 'ITO ARC-MeTo,n; 6y,n;eT BeChMa 3<p<peRTHBHhlM H B cJIy'Iae 

TpaHcMYTall,HH pa,n;HoaRTHBHhlX OTXO,n;OB. 9<l><l>eRTHBHhlH, ,n;e:ticTByromHH 

Ha Bhl}KHraeMhla 06pa3ell, nOTOR HeRTpoHoB NeJ J :::: Ii . 1012 
/ c. BeJIH'IHHa 
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K03<P<PHUHeHTa l\ OCTaeTC.fl nOKa He oueHeHHoit HH TeopeTH~ecKH, HH 9KC­
nepHMeHTaJIhHO. 

C nOMOll.(hlO npoeKTHpyeMon 9JIeKTpO.fl.nePHoit YCTaHOBKH MOlKeT 6hITh 
HCCJIe.nOBaHa KaK 9<p<peKTHBHOCTh ARC-MeTo.na, TaK H npOMo.neJIHpOBaHhI 
pelKHMhl BhllKHraHH.fl P.fl.na HYKJIH.nOB, TpaHCMYTaUH.fl KOTOPhiX .npyrHMH cno­
co6aMH BecbMa 3aTpy.nHHTeJIbHa. 
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P2-98-74EapameHKoB B.C. H JIP. 

Cl>H3HtfecKHe acneKTN 3JleKTpOJlJlepHOii YCTaHOBKH . 

Ha OCHOBe nOJIKPHTHtfecKoii 30HN peaKTopa HEP-30 H 660 M3B npoTOHHoro qmoTpOHa 


MareMaTHtfeCKoe MOJIeJlHpOBaHHe H reMoq,H3HtfeCKHe oueHKH nOKa3LIBaJOT, tfTO o61.eJlHHeHHe 

HMelOlUHXCSI B OHSIH MyToHHeBoro peaKTOpa HEP-30 H 660 M3B npoToHHoro q,aJoTpoHa C TOKOM 

BNBeJIeHHOro lI)"IKa 0,25 MKA (10 % OT ero cpeJIHero 3HatfeHHSI) n03BOJ1SleT C03JIaTh oxnaJKJIaeMYlO 

B03JIYXOM 3J1eKTpOJlJlepHYIO YCTaHOBKY C K03~HUHeHTOM MyJlbTHWlHKauHH Kef! ~ 0,94, BNXOJIOM Heii-

TpOHOB Ntot ~ 1014_1015 H reMOBOii MOIUHOCTblO OKOJlO 10 KBT. 31'0 npOJIeMoHCTpHpyeT B03MO:lKHOCTh 

C03JIaHHSI 6e30nacHNX B 3KCWlyaTallHH nOJIKpHTHtfeCKHX TpanCMyTauHOHHO-3HepreTHtfeCKHX 3JleKTpo­

JIJIepHNX CHcreM, npHroJIHNX JJ,IUI ym.rIH381(HH op}'JKeiiHoro H reXHHtfecKoro MyroHHSI. EYJIeT HCCJJeJIO­

Bana KHHeTHKa 3J1eICTpOJlJlepHOii CHcreMN, B tfaCTHOCTH qmYKTyaUHH BeJlHtfHHN Kef! npH PaJ1lHtfHNX r napaMeTp8X nyqKa npOToHoB, H3MepeHbI CetfeHHSI SlJIepHblX peaKuHii, Heo6xoJIHMNe JIJ1SI oueHICH ~­
..... q,eKTHBHOCTH PaJ1lHtfHNX pe:lKHMOB TpanCMyTauHH PaJIHOaKTHBHblX OTXOJIOB, onpeJIeJleHN HeiiTpoHHNe 

nOTOKH H pacnpeJIeJleHHSI reMneparypbl BHyTPH H BHe aKTHBHOii 3OHbI, CpaBHeHHe KOTOPblX C pe3YJlbTa­
TaMH reopeTHlfeCICHX paCtfeTOB n03BOJlHT nposepHTh H CymecTBeHHO ycosepweHCTBOBaTh MeTOJIbl Mare­

MaTHlfecKoro MOJIeJlHPOBaHHJI 3JleKTpOJIJlepHNX CHcreM. npeJInOJlaraeTCSI OueHHTh ~q,eKTHBHOCTh 
ARC-MeTOJIa BbI:lKHraHHJI PaJIHOaKTHBHblX OTXOJIOB, a TaK:lKe H3yqHTb BIlHJlHHe PaJ1lHtfHNX 3KpanoB H, 

B noc.rreJIYlOlUeM, MYJlbTHCeKUHOHHpOBaHHSI aKTHBHOii 30HN, n03BOJ1SlIOlUero y&eJlHtfHTh BNXOJI HeiiTpOHoB. 

Pa60Ta BblnOJlHeHa B na60paTOpHH BNtfHCIlHreJlbHOii TeXHHICH H aBTOMaTH3auHH OHSIH. 

Co06weHHe O61.eJIHHeHHoro HHcTHTYTa JIJIepHNX HCCIleJIOBaHHii. lly6Ha, 1998 

nepeBOJl aBTOPOB 

Barashenkov V.S. et a1. P2-98-74 

Physical Aspects of an Electronuclear Set-up on the Basis 

of the Subcritical Zone of the JBR-30 Reactor and the 660 MeV Proton Phasotron 

Mathematical modeling and thermal 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 electronucIear set-up with the multiplication coefficient Kef/~ 0.94, 

the neutron yield N'lIl ~ 10 14_1015 and the heat generation about to 10 kW. This set-up will demonstrate 

a possibility to construct subcritical transmutation-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 Kef/ 
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 
measured. A comparison of these data with theoretical calculations allows one to check up 
and to develop significantly the methods of mahtematical modeling of electronucIear 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. 
JlNR. 
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