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CTpooJJCMa- 06ecnetJCHllSl lJCJI0BClJCCTBa :meprncu SIBJISICTCSI O,L\HOJI H3 rJiaB

HCiiurnx. no ,L\aHl!bIM MC)K,L\yHapo,L\HOro 3HCpreTHlJCCK0ro K0Hrpecca B 6JIJl)KaH-
. . 

wee CT0JICTHC O)KH,L\aCTCSI POCT M0~HOCTH npOH3B0,L\CTBa 3JICKTpo3HeprHH AO 50 
ThlClllJ rHroBaTT, noKa3aHHblH lta puc.I. J,fa Hero CJICAYCT, lJTO 3a CllCT HCKonae

MblX rop!OlJHX HCT0lJHHKOB 3HCpr1m MaKCHMYM ,L\OCTHraeTCSI K 2000 ro,L\y, H 3a

TCM H3CTynaCT 6bICT{)bIH C03.L\, HK 2020 ro,L\y'OKOJIO 60% 3.lleKTpo3HCprIIH npe,L\

n0J1araCTOI noJJy•UITb OT aTOMIIOH. CpaBHHTCJibHO MaJihlM 6y,L\CT BKJia,L\ B0306-

HOBJISICMblX HCTOlJHHKOB 3HeprHH Ha OCHOBC COJIHClJHOH, BKJia,L\ OT HCC 11 K 

2100 r. 0)KH,L\aCTCSI nopSI,L\Ka 20%, a OCHOBHblM HCTOlJHHKOM 6yACT 3HCprmI 

aTOMa. 

CoOTBCTCTBCHHO 3TOMY YCHJICHHC spe,L\a ,L\JISI :JKOJIOrJIH OT Bhl6poca B. aTMOC- . 

q>epy npOAYKTOB C)KHramrn yrJISI, HCq>TH.H ra3a B03M0)KH0 no c.u;euapmo, IlOKa-

3aHHOMY ua puc.2. 
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PHc.2. 8b16pocL1 CO2 

B KHHre «.slAepHaSI 3HepreTHKa, ljeJIOBeK H OKpy)KalOw,asi CpCAa>> anTopaMH 

n3 11A3 HM.11.B.KypliaToBa noKa3aHo, 'ITO cyMMapHhiii npcA AJISI uaccncttm1 OT 

yroJibHbIX 3JleKTpocTaHIJ,HH B 'IeTbipccTa pa3 BhlWC, 'ICM OT aT0MHbIX, BKJIIO'Iasr 

BCC oncpaU,Hll OT A06hl'IH AO 3axopoHCHHSI OTX0L\0B. AttaJIOrHllHbIC OU,CHKH npll

B0L{SITCSI H B 3apy6e.)l(HblX HCTO'IHHKaX. 

B yro11hHoii 30Jie B cpCAHCM C0ACP)KHTCSI 400 r ypatta Ha TOH Hy, TO ccTb n 

CTpanax CHr B 30JIC OCTaCTCSI 0K0JI0 90 ThlC. T0HH ypaHa, 'ITO B'ICTBCpo 6om,wc, 

'IeM cro roL{0Basr A06bl'Ia BO BCCM Mllpc. IT pH 3TOM B aTll,IOCqJCpy BblJ:ICJHICTCSI pa

AOH, 06yCJiaBJIHBat0w,Hii 6oncc Il0JI0BHHbl CCTCCTBCHHOii L\03hl pa1ut0aKTHB-

. H0CTH. 

060 BCCM 3TOM OOlll,CCTBCHHOCTb IlOlffH HC HHqJOpM1tpoBam1, 8 TO npeMSI KaK 

TTOCJIC 'ICpH06bIJibCKOH KaTOCTpOqJbl HCK0MTTCTCHTHblMH aJITOpaMH H cpc.1:1cn1a

MH MaCCOBOH HHqJOpMau,,rn 0Ha PC3KO HaCTpOCHa nponrn aTOMHOH ::mcprCTUKlt. 

Ha YllPCAHTCJibH0M C'bC3L{C PocCHHCKOro 3HCproTCXHOJIOl'll•ICCKOro K0llrpccca R 

anpcne c.r. npHBO}lHJIHCb npHMCpbl, KOr}la JIIOL{H JI0)KHJIHCb Ha pCJihChl, 1no61,1 
npcmncTBOBaTb CTpoHTeJihCTBY 6110Kon A3C. ,LJ,11}1 H3MCHCHH}l 06n1,ccrnc1rnoro 

l\-rnemrn rnanuciiwnM 3JICMCHTOM no cyw,ecTBY SIBJI}lCTCSI rapannrn 6c3onac110-

cn1 A3C, n oco6cnHocTn OT ncpcxo.o.a pcaKTopoB n tta.o.Kp11TH'IH1>Iii pC)KIIM, T.c. 

C ncynpaRJI}lCMbIM POCTOM MOlll,HOCTH. 

ECJin ncpo}lTHOCTh an~p_11ii_~!?IX_..£.1nyau.uii.~JI}l .O.yiicrnyt0w.Hx pcaKTopon 

ou,cmrnaeTO1 cneu,nanncTaMH nOps1iJ.f~H)J4 ,t<JtKTopbncT u CTasttTCSI 3,qa•~a 
. J. :.l , •- ,., , t 
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nOBhlCHTb cc B l 0-100 pa3, TO )KUTCJlb MhlCJllIT HC aep0SITHOCTHbIMH KaTcropn

SfMII - OH .)1(11BCT KaK 6bl B <<,ll.BOC'IHOH>> ~a - HCT) CHCTeMe, H HHKaKaSI Hrpa B 

BCpO}lTHOCTH ero He ycTpannacT. 

CJIC,11.0BaTCJibHO, Hco6xo,o.nMO HCKJIIO'lHTb Ha.O.KPHTH'lHblll pC)KHM, 3T0 o6ec

nC'IHT pcaKTOp C 3QXPCKTHBHblM K03qJqJIIU,HCHTOM pa3MHO)KeHJrn HCHTpOHOB 

Kx/J < l. B TaKOM pcaKTOpC HC MO)KCT caMOCTOSITeJlhHO no.o..o.ep)KHBaThC}l u,enHa}l 

pcaKu,nsr - Hco6xo.o.nM BHewHm'i HCTO'IHHK HCiiTponon, ee HHnu,uupyiow,uii. 

TaK naJhlnacMhlii ::>JICKTpoSIACPHh1i'1 cnoco6 (3JI.51P) 6b1Jl 6o11ec 30 11eT Ha3aA 

npCAJIO)KCH B CllIA n KaHa,o.e. ITpc.o.no11aranocb ncnoJih30Battne ycKopeHHhIX 

npoT0HOB, KOTOphle B CTOJIKH0BCHHSIX C }l,ll.paMH o6pa3ylOT ueiiTpOHhl, no.o..o.ep

)KlfBalOUJ.IIC u,enHylO pcaKU,HIO. ,ll,JISI pcaJIH3aU,HH 3JI.51P HY)KHO CO'ICTaTb ycKO

pHTCJib II pcaKT0p cncu,HaJiblIOH K0HCTPYKU,HH, a TaK)Ke noJiy'lHTb }l}lepHblC 

.o.aHHhlC, Hco6xo,o.nMhIC ,ll.JISI AOCTH)KCHHSI 3qJqJCKTHBHOCTH npou,ecca. B nepBbIX 

npocKTax ( l ) 11 nOCJie.o.yt0w,nx pa3pa6oTKax BHHMaHtte 6h1110 11anpaB11cuo ua 

CHJlbHOTO'IHblC ycKOpHTCJIH H 'ncnOJih30Baune OOC,ll.HCHHOro ypaHa, T.e. noCJie 

· 235 
H3BJIC'ICHH}l H3 CCTCCTBCHHOro OOJlblllOH 'IaCTH U30T0na u. 8 caMOC nOCJICA-

HCC BpCMSI IIHTepec K CHJihHOT0'IHbIM ycKOpH.TeJISIM B03poc B CB}l3H C nporpaM

MOH COI1, nponJB0.O.CTBa TpHTH}l n11si nciiTpottuoro opy)KttSI n npo611eMoii 

TpaHCMyTaU,IIH HaKOnHBWHXC}l pa.o.noaKTHBHblX npo,o.yKTOB aTOMHOH npOMbIW

JlCHHOCTH, a TOM 'IHCJIC .o.011ro.)1(11Byw,nx aKT'nun.o.oa. ,ll,JI}l 3Tnx u,e.ncii B pa6oTe 

(21 npoBe.o.ena KOHU,CnTyaJihHa}l npopa6oTKa TpaHCMyTaU,HH aKTHHHL\OB. Ily

'IOK np0TOHOB H3 ycK0PHTeJI}l C :mepmeii· i ,5 f3B II TOKOM 39 MA uanpanmieTC51 

Ha BOJibqJpaMOBYIO MHWCHh. AKTHBHaSI 30Ha pcaKTOpa 0XJia)K}laCTC}l HaTpneM. 

IT PCAnOJiaraCTCSI TpancMyTnpoaaTh B ro.o. 250 Kr aKTHHHL\0B c rcuepau,ucii 

246 MBT 3JICKTpo3Hepmn, ,o.ocTaTO'IHOii ,ll.JI}l nnraunsi ycKopHTCJI}l. 

B (3 I K0HU,Cnll,lf}l PHOENYX npe.o.rionaraeT C03,o.aune OOJlbWOro JllfHCHHO

ro yCKopnTeJISI np0T0H0B C 3HCprucii 1,6 f3B H TOKOM. _l 04 MA. Xorn ra'Koii yc

K0PHTCJlb Tpc6yeT pa3BHTIISI cyw,CCTBYIOIIJ,CH TCXHOJIOrllH, TCM HC MCHe·e f!Jla

HHpylOTCSI .o.a)Kc 6o11hrnnc MarnnHhI Ha TOK 250 MA npn ::mcpmn npoT0HOB 

1,6 f3B c 11cnoJihJOBanneM nx ,o..iJg nponJao,o.cTBa Tpttnrn._ • , 

Ha puc.3 113 pa6oThI I 4 ) npnBCACHhl .o.anHhlC no .o.eiicTByioIIJ,nM u npoeKTH

pycMhlM ycKOpHTCJl}lM, B TOM 'IHCJIC H3 (2 I C MOlll,HOCTblO nyl!Ka np0TOHOB 

60 MBT. 

Bo3M0.)l(CH .o.pyroii no.o.xo.o. ocyIIJ,CCTBJICHJISI 3JI.51P - CHH)KCHHC Tpc6ona

HHll K ,MOlll,HOCTH ny'IKa yCK0pCHHblX l!aCTJ.IU, 3a C'ICT nOBhllllCHHSI Kx/J. pcaKTOpa 

CTapT~Bb~M o6oraIIJ,CHHCM cro 
235u. Bhrnrpbilll TaK)Ke MO)KH0 no11y'lHTb npn 3a

MCHC np0TOHOB Ha Jie_rKHC Sl,ll.pa. ITcpBhlC 3aKJIIOllCHH}l 06 3T0M CJlC,11.0BaJIH H3 

auann3a CTOJIKHOBCHHll npoTOH0B H smcp C si.o.paim cepe6pa H CBHHU,a, KaK no

Ka3hlBaCT Ta611. l. 

l13 Ta6nnu,hl CJic.o.ycT, 'ITO c ynCJin'IenneM aToMnoro Beca ycKopettnoro }lJ:\pa 

y)KCCTOlJaCTC}l cnCKTP HYKJIOHOB, BbIJICTalOIIJ,HX 113 }l,ll.Cp Mnwencii, II pacTCT BC-
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PHc.3. HacTOSU.LIHH CTaTyC npOTOIIHblX YCKOPHTCJICH 

po51THOCTb HX Il0JIH0fO pa3pyweHH51 B .OCH0BH0M Ha 0TACJlhHblC HYKJI0Hbl. Tim)
T0MY B nOCJie~yiom.nx CTOJIKHOBCHH51X B peaKu,Hsix n, 2n e s•Apax 6yACT C03AaHo 

OOJibWCC KOJillllCCTB0 HCiiTpoHcie, T.c. 3aTpaThI 3HeprnH Ha reuepau,mo 0AH0ro · 

ueihpoua CJICAYCT o,t<n~aTh MCHhrnlle, 11eM AJISI npoTouoe. B 3Toii CBSl3H ueo6xo-: 

AHM0 YllHTbIBaTh II OTHOCllTCJlhHbIC IlOTCpH 3HeprHll AO CTOJIKHOBCHHSI Ha IIOHH-

3au,n10. Oun pacc1111T~na10T~S1 rio q>opMyJJe · · 

l JX dE -x/). 11 = - -E 0ma.,.-d e dx, 
. 0 X 

rAC Eo - HallaJlbHaSI KHHCTHllCCKaSI 3HCprHSI ll3CTHU,bl, X - M3KCHMaJlbHhlH 
. . max. 

11oun3au,noHHhlii npo6er, ..l - cpeAHHii npo6cr AO CT0JJKHOBCHllSI. PacllCThI, npo

BCACHHhIC B (5 ], npHBCACHbl Ha pHc.4. 113 Hero CJlCAYCT,. llTO 0THOCHTCJlhHhJC 

HOHH33U,llOHHble Il0TCPH y RACP 
4
He MCHhlllC, 'ICM y npOT0HOB. (B 3TOH CRSl3~,. 

OTMCTHM, •fro B (6) HC 6hIJJ y11TCH MHO,t<HTCJlh e -x!J._ ·H II pc3yJJhTaTe ~~Tcpn y 
4 . 

SJACP He OKa3aJJHCb OOJlblllC, llCM y npoTOHOB, a nee KpHBblC BMCCTO CTSlfHRaHHSI 

B TOllKY npn Eo _. 0 paCXOAHJJIICb). 
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C11ap1111 

BepoSITHOCTb. IlOJIHOfO 

pa3pylllCHHSI SIACP 

ccpc6pa 

CpCAHCC llHCJlO 
6blCTphIX HCHTpoHOB 

CpcAHSist :JHeprnst 
ueiiTpouon, M:JB 

BcpOSITHOCTb IlOJIH0fO 

pa3pylllcmrn 
Sl;.lCP CBHHU,a 

CpCJ:(HCC llllCJl0 
6hlCTDhlX HCliTDOH0B 

I· 

l'uc.4. 

Ta6J111u,a I 

p 211 

3% 

13 21 

120 ± 12 110 ± 3 

6% 10 

30 

f$3 

~ 9 Ci.ru~ 
H)' •:t,C" 

411c 12c 22.' 

L 

6 17 

25 28 30 

138 ± 3 148 ± 5 156 ± 4 

22 

45 · 43 52 
-

.llJJst AaJlhHCMlllllX HCCJICAORaHHH CORMCCTH0 co C:IlCU,llaJJHCTaMII X<l>Tl1 Ha

MIi 6huia co3AaHa ycTaHOBKa <<CB11Hu,os1,1ii 6JJOK>> 11 nposcACHhl onhlThl ua cnnx

p0¢a3oTpoHc OlUll1. M11lllCHhK1 Ami llacTnu, CJIY,t<HJia cnnuu,onasi npn3Ma 

50x50x80 CM, II K0T0PYIO ll3CTHU,hl RBOAHJIHCb_ C IlOMOil).blO KattaJJa myfornoii 

20 cM. B o61,CMC.MlllllCHII pacnom1raJ11tcb KaMcp1,1 KHT-8 AHaMeTpoM 7. MM co, 
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CJI0eM ecTeCTBeHH0ro ypaHa, :xfxt>eKTHBHOe K0JHtlJCCTB0 K0T0poro 6bJJIO .B cnc
U.HaJibHblX 0nblTax [7) onpeACJJCH0 paBHblM ( 1,5± 0,2) Mr. 

PcaKU.HH n, y MeT0A0M raMMa-cnCKTpocK0nHH pcrttCTpttpoBaJIHCb _c n0M0-

lllblO ypaH0BblX AHCK0B AHaMCTpoM 8 MM u BCC0M l r, TaK)KC ycTaH0BJICIIHblX s 
001>eMe MHWCHH. 

Ta6nmi.a 2 

p (npOTOllbl) 211 4lle de 

311cpr1111, f:,B 311epn111 ua 11yKno11 1111pa, ('38 

3,65 8,1 3,65 3,65 3,65 

OTHOCHTCJlbHble 
3aTpaTbl 3HeprHH 
Ha reHepau.mo 

l 0,92 0,89 0,72 0,81 0AH0ro HeHTOOHa 

PacllCTHhle 
noTepH 3HCprnH 
Ha HOHH3aU,HIO 

8. 4 4 B% 6 11 

YMCHblllCHHC 
3aTpaT 3Hepnrn 
no cpaB1-1eHH10 
cnpoTOHaMH 

(8±6) % (l 1±6)% (28±6)%. 09±6) % 3,65 f38 -

MoHHTOpttpoBaHHe lJaCTHU. npott3B0AHJIOCb C nOMOlllblO aJIIOMHHHeBblX AC

TeKTOpoB s peaKu,1rnx x 27 Al ➔ 24Na, Koma n3secTHbl ceqeumlpeaKu,un. Ebina 

pa3pa6oTana TaK)Ke cneu.uanhnasi MCTOA~Ka MonnTopuposan;tR c noMOIUblO co:

lleTaH~si noKa3aHHH KHT-8 H tppoT03MYJibCHH npu MaJihIX tti-iTencuBHOCTSix, a · 

npu 6onhwux ucnoJih30BaJICSI nattACHHblH K03tptpHU.HCHT nepCCllCTa ~JISI 

KHT-8 (8 ]. 

Pe3yJibT3Tbl OnblTOB no rcnepau.ttu HCHTpoHOB npoTOH3MH H SIAP3MU 
2
H' 

4 
He H 

12c ony6JIHKOB3Hbl B (9-l 2 ). OTHOCitTCJibHble JtptpCKTHBHOCTH re

Hepau.uu AJill 3THX lJ3CTHU. noKa3aHbl B Ta6n.2. 

KaK H 0)KH,AaJIOCb, H3 Hee CJie,AycT, lJTO 3aTpaTbl 3HeprHH Ha rcnepau.u10 OA

HOro neiiTpoHa no cpa,BHCHHIO C npOTOHaMit AJISI SIACP 4Hc YMCHblll3IOTCH npu

MCpHO Ha 30%. 

.nnsi onpCACJICHlfSI a6cOJIIOTHbJX 3aTpaT 3HCpnrn Ha rcnepau.u10 O,AHOro neii

TpoHa perttcTpttposaJIHCh TaK,KC HCHTpoHbl, BhlJieTasurne H3 csuHu,osoi1 MHUIC

HH. Omt 3aMCA,1SIJilfCb B BaHHC C BOAOH, ycTaHOBJICHHOH Ha Bepxneit rpaHH MH-

6 

ij. 

i 

1 
V 
\ 

! 
I 

lllCHlf, n perucTpnpoBaJIHCb c nOMOIUblO KH T-8 n ypaHOBblX ,AeTCKTOpOB Ha pac

CTOSIHHH 1-20 CM OT ,AHa B3HHbl. 

OnbITbl 6blJIIt npoBeACHbl C Sl,ApaMn: 2H, 4 He, 7Li H 12C, B HHTepsane 3Hep

nm l ,5 + 2,2 f38 Ha HYKJIOH. Pe3yJihTaThl onblTOB H3 pa6oThl [ 13] npnBeACHhl 

B Ta6n.3. l,fa HCC CJie,AycT, lJTO o6a MeTOAa A3JIH cornacylOIUHC~SI pe3yJI~TaTbl, H 

ycpe,AHCHHall BCJIHlJHHa 3Hcpnrn Ha reHepaU.HIO OAHOro HeHTpoHa paBHa 

E = (32 ± 5) M38. 3Ta BCJIHlJHHa MHOro MCHbUie, lJeM npnBOAm,taSI paHee B [l ] 
E > 50 M::>B, HO n03,Ke YTOlJHCHne B I 14 ] co CChIJIKaMn Ha yqeT peaKu,nii n, 2n 

II . ' . . .. ; •:. . . ' ; . 

B pa6oTax [ 15, 16) AaeT pac•1eTHoe 3HallCHHC £
11 

::::: 30 M:JB •. IToMHMO 3tta11ettnsi 

3TOH BCJIHlJHHhl AJISI 3JI51P OHO HeOOXO,AHMO AJISI paClJCTOB 3aIUHTbl OT HCHTpO

HOB H C03AaHHSI Ha 6a3e ycKopHTCJieii HeHTpoHHblX reHcpaTOpoB. 11MeeT MeCTO 

CHH,KeHne 3aTpaT 3Heprmt Ha rcHepaU.HIO HeiiTpoHOB nerKHMH SIAPaMH no cpaB:

HCHHIO C npoTOHaMH, a COOTBCT_CTBeHHO TOKa II MOIUHOCTH nyllKOB lJaCTU:U., Cne-
JJ,OBaTCJibHO, o6ncr11aCTCSI C03Aatt'iie ycKopuiem1. •. . . 

,. ·, ' ' ... ;,•, . . ' ' " 

,nnsi ,AaJibHCHWHX HCCJieAOBaHHH pa3pa6ornn It BKJIIOlJCH B nporpaMMY JIB3 

npOCKT <<3HeprHS1>>:. <<llCCJie,AOBaHHe tpH3HlJeCKHX cneKTpOB 3JieKTpoSI,AepHoro 

cnoco6a no,1yqeunsi ,aTOM~ou· 3tteprmI>>. Ha npoeKT nony11ettbl noJIO,KHTCJih

HblC OT3b1Bbl OT MuHHCTepcTBa aTOMHoii :=mepruH J>occHHCKOH <l>eAepaa.HH, tta

y11Horo U.CHTpa KypllaTOBCKHH HHCTHTY1:, Cl>H3HK0-3HcpreTnlJeCKOro HHCTHTyTa 

B O6mrnCKC H 11HCTitTYTa SIAepttoii 3Hepnrn B MHHCKC. 

B paMKaX npoCKTa s 2-JICTHHll cpoK HaMelJaCTCll Bb!TIOJIH~Tb CJieAYIOIUYIO 

nporpaMMy.· 

Ta6nnu.a 3 

3uepnrn 311epr1111 renepau.m1 11eihpo11on, M:JB 
C11ap1111 

. '!Y1<no11, I':JB 11,y 11,F CpC)IHCC 

21-f 1,5 34,7 ±3 30,0 ± 4 32,4± 3 

4Hc 2,2 30,6 ± IO 27,5 ± 6 29,0 ± 8 

7 2,2 31,0 ± 8 34,7 ± 5 32,l± 6 

12c 1,87 31;5 ± 5 32,7 ± 4 32,l ± 4 

CPCAHee (32± 5) M3B 

1. 3aTpaThl ::>HeprnH tta rcncpau.1110 OAHOro HCiiTpona B 6noKax pa3:,1wrnoro 

HACPHOl"O COCTaBa Ii YBCJIHlJCHHe 3HeprHH no cpaBHCHHIO C 3HCprtteI1 ny11Ka ~ac

THU. npn naJIHlJHH AemIIUHXCSI SIAep. 
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2. COCTaB nepcneKTIIBHOro KOMil03HU.IIOHHOro ropi04Cro B roMOrCHHOM II 

reTeporeHHOM aap1IaHTax. 

3. 3Heprm, II Macca '-laCTIIU., OllTHMaJihHble AJISI :>cpcpCKTHBHOCTH u.cnHOlf pc

aKU.HH n C03AaHHSI ycKop11TeJisi. 

4. ll,JIHTCJlhHOCTb pa6on,1 6e3 3aMCHbl ropi04Cro HJIII C A06aBJICHlfCM 

238u, Pb n Bi. 
5. CneKip HeiiTpoHOB BHYTPII 6noKa II BhIJieTa!OlQHX 113 Hero. 

D,aHHble, KOTOphie· 6yAyT noJiy4eHbl, ll03BOJISIT npHCTYllllTh K C03AaHHIO 

llOAKPHTII4HOro peaKTOpa, B KOTOpoM u.enHaSI pcaKU.HSI IIHHU.llllpycTCSI ny4KOM 

Sl,llep II3 ycKOPIITCJISI [ 17 1.-
JlnnettHaSI 3aBIICIIMOCTb MOll.l,HOCTII peaKTopa OT IIHTeHCHBHOCTH ny•1Ka 4a- _ 

CTIIU. n noAKPIITII'-IHOCTh, T.e. K:x/J < l, rapaHTnpyioT peaKTOP OT <<pa3roHa>>, CJic-

AOBaTeJihHO, o6ecne41IBa10T 6e3onacttOCTh. 

TTp1I BblKJll04eHIIII ny4Ka 4aCTIIU. :meproBhl,lleJieHIIe B peaKTOpe 011em, KO

poTKOe BpeMSI o6yCJiaBJIIIBaeTCSI 3ana3Ab1Ba!Oll.l,IIMII HettTpoHaMH, BbIXOA KOTO

pbIX - 0,6 % , a nepllOJJ.blMeHhllie MHHYTbI. y CPCJJ.HSISI no rpynnaM 3ana3,llh1Rato

ll.l,IIX HeHTpoHOB, nOJIY'-IIIM JJ.JISI 3aBIICIIMOCTII MOll.l,HOCTII peaKTopa OT DpCMCIHI 

cpopMyJiy 

W(t) = W 0,0064 · l pt/o,os 
O 0,0064 -p ' 

rAe peaKTIIBHOCThp = Ka</J - l. TTp11 K:x/J = 0,98,p = - 0,02. 

W(t) _ W 0,0064 -0,25( 
- o 0,00264 e • 

qcpe3 l c W(l) = 0, 19, 4cpc3 10 c - W(lO) = 0,02. 
BaX<HCHIIIHM cpaKTOpOM aTOMHOH 3HcprCTIIKII SIBJISIIOTCSI cc 3KOHOMII'-leCKIIC 

noKa3aTeJIII, KOTOphlc 3aa11csiT OT 11cnOJJh30BaH11S1 ypana. B coBpeMCHHhIX pcaK-

Topax J).CJIIITCSI B OCHOBHOM 
235U, II C Y'-ICTOM :Jcp<pCKTIIBHOCTH cro H3BJIC4C.HHSI 

H3 npnpOJJ.HOro ypaHa H HCllOJlh30BaHIISI B peaKTOpax TOJlbKO - 0,5% npnp0,llHO

ro ypaHa JJ.aCT :>neprnio. 

B 3JI.slP cncKTp HeHTpOHOB 6onee X<'eCTKIIH, II B03MOX<HO 6oJihWCC BKJII01JC

HHC B u.enHOH npou.ecc OCHOBHOro 1130TOna • KpOMC Toro, nplI X<CCTKOM CllCKTPC 

HCHTpOHOB npoJ).yKThl JJ.CJICHIISI 6yJJ.yT llOrJIOll.l,aTh MCHhWYIO AOJIIO HCHTpOHOB, 

B03paCTCT BpCMSI paOOTbl 6c3 3aMCHbl ropl04Cro 11, CJlCAOBaTCJihHO, 3KOHOMH4C

CKIIC noKa3aTCJIII. 

OcTaHOBHMCSI ,llaJICC Ha B03MOX<HOCTH B 3JI.slP TpaHCMyTaI.J.IIII npOAYKTOB 

ACJICHIISI SIJJ.CP (TTD,). 

KaK noKa3aHO B [ 18 ), 6ecnepcneKTHBHa TpaHcMyTaU.HSI C IlOM0ll.l,b!O npoT0-

H0B II y-KBaHTOB, noJiy4aCMhlX OT ycKOpHTCJICH 3JICKTp0HOB, T.K. 3aTpan,I :mcp

rlIH npn 3T0M B ,lleCSITKII pa3 npCBhlWa!OT TY 3HCpru!O, _KOT0p3S1 _6h1Jta fl0Jiy•tCHa 

npH o6pa30BaHHII TTD,. . 

- 8 

TpaHCMyTaU.HSI c llOMOll.l,b!O HCHTpoHOB Tpe6yeT HHTeHCHBHblX ny'-IKOB, T.K. 

B npoTHBH0M CJiy11ac CJIIIWKOM BCJIHKO HCOOXOAHMOC BpeMSI. OAHaKo B J).eHCTBy

!Oll.l,HX pcaKTOpax Ha TCllJI0BblX HCHTpoHax IIHTCHCHBHOCTb HeHTpoHHblX IlOT0-

K0B orpaHH'-ICHa BeJill'-IIIHOH 1015 
CM-

2 
c-

1, a ll0T0K - 1016 CM-2c- 1 B npoCKTe 

131 Tpc6yeT C03J).aHHSI CHJlhH0T04H0ro YCK0pHTCJISI. 

8 0llbITax, Bblll0;1HCHHblX HaMH (9-12 ), 61,1JI0 onpeJ].eJieHO pacnpe,llCJICHHe 

n110THOCTH nciiTpoHoB, rcnepltpoaaHHblX 4acTnU.aM1I B caunu.oaou M11weH1I. 

BJJ.0;11, ny11Ka, cornacno pnc.5a, nJI0THOCTb Ha paccT0SIHIIH 50 CM- cnaJ).ana B I 0 
pa3, a noncpcK ny4Ka, cornaCHo pnc.56, B nsiTh pa3 Ha paccT0SIHHH 25 CM. J,fa 
3T0ro CJICAYCT, 4T0 0K0JI0 nOJI0BHHbl 311Cprun BbIACJISICTCSI B U.CHTpa.TlbHOH 30HC 

MHWCHH OOhCMOM ~ 100 JI. 

B pcaKTope na 6blcTphlx nci1Tponax EH-600 [ 19) JJ.OCTIIrHyTa B u.eHTpanh-

.. - .. 1016 ~2 -1 
HOii 30HC nJI0THOCTb n0T0Ka HCHTpoH0B - CM C npn 3HCproHanpsi-. 

~CHHOCTH ~ i,5 MBT/11. npn M0lQH0CTH 3JI.slP, paBHOH EH-600, HHTCHCHB

HOCTh B u.cnTpanhnoii 3onc 6yACT 6onhwe, e IO pa3, n cooTBCTCTBCHHo nnoT:. 

IIOCTI, nciiTponuoro Il0T0Ka - 1017 
CM-

2
c-

1• TaKHM o6pa30M, npu Bl,IBOAC 

HciiTponoB 113 U._CHTpaJthHOii 30Hhl MoryT 6b1Tb C03AaHhl YCJIOBIISI AJISI TpaHCMy

TaU.HJI 3a MCHbWCC BpCMSI. 

OcTaHOBHMCSI, HaKOHCU., na B03MOX<HOCTSIX 0115111 B MOJJ.CJillpoBaHHII H 

pa3pa6oTKax 3JI.slP. no cylQccrny onn ynnKaJihHhl. 

11HCTIITYT pacno11araeT ny4KaMH npoTOHOB II JICrKIIX SIACP B JJ.Hana30He 

:mcprmt n 1111Tc1-1c11a110<.,-r11, AOCTaT04H0M JJ.JISI 113MCpcnnsi KOHCTaHT, HCOOXOJJ.H

MbIX J).JISI 3Jl.s1P. B 11a6opaTOpllSIX HHCTIITyTa CJIOX<HJill(;h K0JIJICKTHBbl BblCOKO

KBaJIHCjmu.11poBaHHblX cncu.naJIHCTOB no pa3pa6oTKC, HaJiaJ).KC II 3KCnJiyaTaU.HII 

ycK0PIITCJICH, B •taCTHOCTH B JI.sin BCAYTCSI pa6oTbl no npoCKTY «M11HrCH>> [20 I 
---:- ycKop11TCJ1S1 JJ.CHTOHOB na :mcpruio 2 f:JB c T0K0M 10 MA. B JIB3 3aKaH4HBa

Y oTn. 

a 
YoTH, 6 

QI 

QI 

04 

02 

• 
---:fo ___ io ii 10 20 R, CM 

JO --·JO•-+- 40 ,i, iO ,;; Z,CM 

Puc.S. a- 11pomm1,11oc pacnpC/\CJICIHIC 111,IXO/\OB (11, y) II (11,J), 11opM11poummoc 11a IIX BhlXO)lhl II 
TO•IKC lliJII z == 35 o,, R = 0 <4 - IIOiJMlliJOHKa, /\ - p (11, )'), .. - p (11, f). 0 - 12c (11, y), 
e -

12c (11,J)l. n - pa,1uaJthllll<' pac11pc11cnc1111c (11, }' ')-pcaKHllll. IIOpMHpOBKa HI l+<C. 
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IOTCSI pa6oTbl no conep;it<aHHIO ycK0PHTCJISI Rncp - HYKJI0TpoHa co CBCpxnp0B0-
nS1I11.HMH MarHHTHblMH CHCTeMaMH, T.e. C MH0roKpaTHblM yMeHhllJeHHCM no
Tpe6JISICMOH ::mcprun. HyKJIOTpoH n03B0JIIIT ycKOPSITb JICrKHC Slnpa It Rnpa cpen
HCro aTOMHOro BCCa no 3Hepru11 7 f38 Ha HYKJIOH II np11 MCHhllIClf 3HCprmt sinpa 
BnJIOTh no ypaHa. 

KaK 6blJIO noKa3aH0 pattee, pa3pa6oTaHa It onpo6oBaHa MCTOnHKa H3Mepc
HHSI KOHCTaHT, Hcpo6xon11Mb1X nnR 3JUIP. 

Jla6opai-op11S1 HCHTpoHHOH <f>tt311KH 11HCTHTyTa pacnonaracT KOJIJICKTIIB0M 
y4eHblX 11 o6opynosaH11eM, BKJ1104asi peaKTop 11EP-2, 4TO M0;it<CT o6ccnc4nTh 
Heo6xon11MhlH <t>poHT uccncnosaHHH no HCHTpoHHOH <PH3HKe. B JIBT A KOJIJICK
THB, pyK0Bon11MhlH B.C.EapaUICHKOBblM, 11MeCT MHOroJICTHHH onhlT pac4eTOB 
no MeTony MoHTe-KapJio u.enHblX npou.eccos B peaKTOpHhlX cttcTeMax. TaKHM 
o6pa30M, C0BMeCTHO C y4eHhlMH 11HCTHTYTOB, y4aCTBYIOll)JIX B np0CKTC <<JHCp
rHSI>>, 0115111 pacnoJiaraeT B03MO)KHOCTSIMH, HCOOXOnHMblMH n;rn peamt3aU,HH 
nporpaMMbl 3JI51P. ITon4CpKHCM, 4TO HMCeTCSI B suny nmtTCJlbHaSI 3KCnnyarn..: 
U.HSI 6e3 3aMCHbl ropl04Cro If H3BJIC4CHHSI nnyTOHHSI, TO CCTb nnsi cyry6o MHpHblX 
U.CJICH noJiy4CHHSI :mepruH. 

ITpuseneM Ha OCHOBC H3Jl0)KCHHOro B03MO;it<HhlH BapttaHT 3JI51P C Bhina4di 
B ceTh 10 MBT 3JICKTpo3Heprutt, T.e. snsoc 6onhwe, 4CM y nepsoii B MHpe A3C, 
C03naHHOH B 1956 r. B O6HHHCKC. 

PACl-lET HEOEXO.LI.11MOti 11HTEHCl1BHOCT11 
ITY4 KA 51,lI.EP 4Hc 

ToK B en11H11u.ax 3apRna 
l-lHCJIO Rncp B ceKyHny 
3HcpruS1 Ha HYKJIOH 
3HepruSI ny4Ka 
Ha reHepau.1110 l HCHTpoHa 

lJHCJIO HCHTpoHOB 

ECJIH 3¢<p.K03<p<p.pa3MHO;it<CHHSI 
K;x/1 = 0,98, TO 4HCJIO HCHTpoHOB 

ITp11 neJ1CHHH 4HCJIO HCHTpoHOB 
lJHCJIO ncJICHHH 
3HeproBhinCJICHHC np11 ncnemrn 

MOIII.HOCTh 

10 

I 
//2 
e = l ,5 f3B 
E = 2·e·l = 31 f3B 
32 M3B 

9 
n .= 3• 

10 1 = 941 
32.106 

N = 94·0,98 = 4600 
l -0,98 . 

2,44 
m = 4600/2,44 = 1885 
- 200 M3B 

W = l·m ·200 = 377000/ M3B 
3 000 -13 

W = 77 · l ,6 · 10 I= 
= 6· I0-8, BT 

Ecnn M0III.HOCTb ycTaH0BKlf l 07 BT 3JI, a KIT.LI. 0,35, TO TCnJIOBaSI MOIIJ.HOCTb 

2,8·6• 107 BT T.e.: 2,8·6• 107 13 = 6· 10-8
, OTKyna / = 4,8· 1014 ennH~lll,3apSl;a 

unu TOK ny4Ka / = 77 pA. 
/ 2 4 -14 -I lfoCJio sincp He N He= 2 = • · 10 c 

Momnoc.Thny4Ka W= 2,4·1014 ·6 f3B = 230 KBT. 
Ecnu K03<pq)HU.HCHT npco6pa3oBaHIISI 3HCpnrn CCTII B ny40K - TOJihKO 

0,25, TO HY)KH0 < l MBT II TOK< 0,1 MA. . 
B 3aKJI104cn11c np,rncny cnosa aKancMHKa B.11.BeKcnepa - ocnosaTeJISI 

JIB3, naypcaTa focy;iapcrBCHHblX npCMHii CCCP II npeMHH ClllA «ATOM nJIS1 
MHpa>>: <<ITOKa;it<HTC, 4T0 3TO B03MO)KH0 H HY)KHO, a TCXHHKa HattneT cpencTBa.· 
ll_JISI OCylll,CCTBJICH.IISI>>. 
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. TOJJCTOB K.LI,. .· 
. M0Aem1posaime 3,1eKTpoS!AepHoro cnoco6a 
noJJy,1e1U1S1 aTOMHOii 311cprm1 
H TpancMyTaUHH aKTHBHhlX OTXOAOB~ 

18-92-303 

f 

. 06cy %AaeTCSI ncpcnCKTIIBHOCTb 3JJeKTpoS!Aepnoro cn6co6a. noJJy<ICHHSI 
aTOMHOit :JHCprmt II TpaHCMYTaUHII paAHOaKTHBHblX OTXOAOB Ha OCHOBC AaHHblX 
no rcucpaunn HeiiTpoHOB JJerKHMH S!ApaMH s MaCCHBI;fOM 6JJOKC CBHHUa, noJJy:.. 
llCHHhIXHa c1mxpo¢a3oTpone OJ15IJ,L 

Pa6orn n1,mom1cna B Jla6oparnpnn n1,1cOKHX :JHeprnii Ol15U1. . ' . 
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. CTcpeBOA anrnpa 

.Tolstov K.D .. · 
•Simulation of Electronuclcar Method 
of Atomic Energy Production 
and Radioactive Waste Transmutation 

18-92-303 

·--- .Prospects of clcctronuclcar method of atomic energy production and radio
active waste trailsmuta'tion arc discussed. The work is based on data obtained 
at theJ I NR synchrophasotron, which arc devoted to neutron gencraiion by light 
nuclei in massive lead block. · · · · 

• Thcinycstigation has been performed at the Laboratory of High Energies,• 
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