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ilaH o6aop coapeMeHHH0r0 COCT-0SIHHH rrpo6neMbl npu:MeHemnt peaKUHil: 

facmennettuSI anH nepepa6oTKH 2380 11 232 Tb a nerKo nensmrnecsi .H30TODbI 
S-9pu u 233 U ... OueHK-H IlOK83blB8lOT nepcneKTHBHOCTb 3Toro M9TO!l8, KOTOpblii 

aapMY .c uenttoli peaKunefi .nenemu1 e aTOMHbIX peaKTopax H peaKue:eA HyKneo 
CHHre-38 B repMOSUJ.epHblX ycraHOBKBX MO}K91' CT8Tb rpeT.bHM ttanpaaneHHeM 

IlpOMbllWeHHOro _nonyqemnl 8TOMHOii auepr-HH. 

Pa6ora BbIIlOnHeHa a na6oparopHH BbltJHCJTHTenbHOii TeXHHKH 

" aBTOMaTH3aUHH OlHIH. 
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Barashenkov V.S. P2 - U072 
Nuclear-Physical Aspects of E!ectronuclear Me1hod. 
Part 11 

Uptodate state of the problem of application of a splitting 
reaction to the convertion of 238U and 232 Th to easily fissionable 
isotopes is presented. Estimates poinl lo the prospectiveness of 
this method which 1:o~ether _with a chain fission reaction in nuclear 
reactors and -a nucleosynthesis reaction in thermonuclear installa
tions might be the third direction for industrial production of atomic 

energy. 
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I. BBegeHHe 

3a ceM1> JieT, npome,lOIIHX rrocJie orry6.1IllKOBaID1ll o6aopHott 
CTaTbll /I/, IlOJIYtr8HO MHOro HOBWC 3KCnepm.feHT8J.ibHllX ll TeOpeTll'Je
CKliX .n:ammx, KSCaillllliXClI HaKOWiemm JierKo ~8JIIIIIIHXCR ll30TOilOB B 
6JroRax ll3 u 238 . K Th232 • HaCTOS[lll8R pa6oTa JillJIR8TCR 06-
sopoM aTKX ~aHHHX. 

CJie,n:yeT e~e pa3 no,n;t1epKHYTb, tITO, H8CMOTPR Ha D;OCTSTOtIHO 
xopomee cor;racne pactieTOB c HSBeCTHHMK aRcnepnMeHTaJ.IbHHMK .n:amru
MR, R a6COJIIJTHHM SHatieimSIM TeopeTli'JeCRHX BeJm'IlIH CJien:yeT OTHO
CKTbCR C ,D;OJilltHOti OCTOpoll:HOCTbD, paccMaTpKBM KX KSK o~emrn:. ,ll1m 
dOJiee Ha.n;emmx BllllO.D;OB Tpe6yeTCR "OTJIS.D;Ka" TeopeT:ir<IeCirn:X MO,n;e".". 
JieA no 3H8tmTeJibHO (5oJibmeMY tmCJIY axcnepm.feHTaJ.lbHllX _n;aHHWC, tieM 
3TO m.feeTCH IIORa B HallleM pacnop.Rlltemm. / / 

Pa6oTa JillJISleTcR npon;OJIJteHHeM o6aopa 2 • 
~ 

II. YrJIOBHe H 8HepreT:ir<I8CIGie pacnpegeJieHIDI He1i1TpoHOB 

Ha pHc.l_H 2 noxasaHH yrJIOBHe pacnpen;eJiemm Hei!TpoHoB, BWie-
Ta~ HS ypaHOBOI'O 6JroRa c ,D;HSMeTpOM D z I, 5 .,\ R.H. • BliCORO-
aHepreT:HtieC'IGie tiacT~ pesRo xoJI.1IHMHpoBaHH no HanpaBJiemm nep
Bli'!Horo rrytIKa npoTOHOB, OD;HSRO yxe npll :r' -::::: 50 MaB tISCT~ BWie
Tam IlpaKT:HtieCRK H30TpoIIHo. T8ROA ~apaKTep yrJIOBHe pacnpe,n;eJie
mm ~em H BHYTPK 6JIOKa H83allKCm.fO OT era COCTaBa K reOM8Tpm!. 
8TO smm.reros npocTHM CJI811;CTBHeM rumeMaTmra RSCRS.D;HOA JiallllHH 
'!aCT~. 0TKJIOHemm (B CTOpoHY Yl3eJmtiemm aim30Tpomm) Ha6Jno,n;a
llTCR .7millI, ,It,ID[ Otiem. TOHKRX MmlleHeA • 

Ma I'KCTOrpaMM p.lIC.3 BH,n;Ho, tITO IIO~aBJUIDl!lee tmCJIO Hei1-rpoHOB 
o6na,J(aeT 3Heprzea,ueHLmeff,qeu IO MaB,c MaKCI!MyYOM B paffoHe H8CKORL
RWC COTeH KaB. IIo cpaBHemm C ue~neHHUMH HeATpoHaMH "IKCJIO BHCOK0-
8HepreTli'J8CKHX tiaCT~ COBepmeHHO H83H8'!KTe~bHO. 

3 



Ha pnc.3 cneKTP ,BWieTaD!IlliX H3 6JioRa HeiiTpoHOB cpaBHHBaeTCSI 
co cneKTPOM HeftTpoHOB, odpa3ymn1XC.II B ynpyrwc H Heynpyrwc .IIztepHUX' 
pea:imrunc rrpn :r' > I0,5 MaB (alffiJlo::1IDe cnexTpH .ItIDI ~yrwc paa
MepoB MOKOB ll30dpallteHll Ha pnc.B B 2 ). B CBHHUOBOft MmlleHH 3TH 
cneKTPll llMellT npaKTH'IeCKH O,l(HH8KOBYK> qJOPMY l'.I pa3JIR'J81lTC.II TOJ[f,KO 
no adcoJWTHoft BeJIR'Il!He; B ypaHOBOM dJioKe d.11aro.nap.1I nponeccaM ;ne
.11eHH.1I cneKTp BWieTal!ll\RX HehpoHOB pe3KO C.ztBl'.IHYT B OdJiaCTH MeHI,llllIX 
aHeprntt. 

{J)opMa SHepreTJI'leCKWC cneKTpoB Me.~elUIHX '18CTRU BHYTPH Mlfil!e
HH, N=N(,.-,z,r), cnaOo 3SBHCHT OT 3HeprHH nepanqHUX npOTO
HOB, XOT.II d.11aron:a.Pll BM8,ztY dHCTpllX K8CK8D;HllX '18CTRU C:yMMapHHe 
cneKTPH BCeX odpa3Yl!ll\RXC.II B 6JIOKe HehpOHOB c pocTOM T Me.~eHHO 
C.ztBHraK>TC.II B OdJiaCTI, 60JII,llllIX 3Heprnii. Cpe_nH.II.II . 3HeprH.II BTOpll'IHllX 
qacTeft B IllllpoKOM liHTepBaJie 3Ha'leHH:ii T ocTaeTC.II BeJIH'IllHO:lt no

PJJ:n;Ka I YaB. 
Hacx0.111,xo cor.11acYK>TC.1I Me:11,zy codon pactieTH n;Hqqiepe~aJII,Hl:lX 

pacnpen;e.11em dN/d7 n d2N/d!J'd 51. , BllIIOJIHeHHHe 
pa3JllI'IHllMR aBTOpaMH, BHztHO H3 pnc.4 lI 5. B UeJIOM pesyJII,T8TH BH
'IllCJieHH:ft d.11RSKH MeJit.ltY codon. HeKoTopHe pacxo:11,n;eHR.II B cneKTpax 
BWieTaK>!IlliX '18CTHU CB.IISaHH,rJiaBHHM odpasoM,co cnocodoM pac'leTa 
HehpoHoB, ncrrycx'e~ ocKoJIKaMH .n:e.11eHH.1I, KoToputt doJiee noc.11eno
BaTeJieH B padoTe 3 , a TaKllte C pa3JIH'IlleM B RCIIOJII,30B8HHWC CRC
TeMax rpyrrIIOBllX KOHCTSHT .~.II ormcaHH.II IIOBe.neHH.II HH:3K03HepreTH
qecKRX qacTnu B d.11oxe • .IUloAHlie _n;Hqqiepe~aJI1,HHe pacnpen;eJieHH.II 
Ha pnc.5 xopomo cor.11acYJ)TC.1I c 3KCIIepl!MeHTOM rrpn T < IO MaB; 
rrpn do.111,mnx aHeprlI.IIX TeopeTtittecirne ~HatieHH.II (d.11nsKHe Mell.ztY codoft) 
OK83HB81lTC.II HeCKOJII,KO mme 3KCnepRMeHTaJII,HllX. CJre,zyeT, O,ztHSKO, 
HMeTI, B BH!tY, 'ITO B 8TOii odJISCTR aHepm O~Hl:1e .n;amme He oqeHI, 
TO'IHH R, KSK OTMe'lam CaMR 8BTOpli padOTll / 5 ' .IIBJIJOOTC.II IIOKa JllIWI, 

npe.ztBap:11Te.111,HHMH. 
B ne.110M TeopeTH'IecKRe n axcrrepRMeHTaJibHlle .n:aHHHe xopomo 

cor.11acymcS1 rrpn nsMepeHHH BeJill'IllHH aHeprHH ,' Ha qeTHpe nopJJ;n;Ka. 
Ha pHc.6 rroKa3aHH pacqeTHHe aHepreTH'IecKRe crreKTPH BWieTaK>

lllliX ll3 MlfilleHH r -KBaHTOB. B 3TR crreKTpll BMmeHH JlllWI, Te ¥ -
KBaHTH, KOTOplle odpasyIOTcR B pesyJil>TaTe .1In;epHHX ( n, K )-peax
untt. KaK BR.ztHO, 3H8'IllTeJII,Ha.lI '18CTI, 3Toro ll3JIY'leHH.II norJIOII18eTC.II 
MRWeHbX> (BHXon 'I -KBSHTOB YMeH1,maeTC.1I npn nepexo.ne K MaJIHM yr
JISM) • B cpe,ItHeM H3 MlillleHH C pa3MepoM IOxIO CM BWieTaeT JillWI, OKO
JIO 3% po:11,naJOlllllX ¥ ~KBaHTOB. KpoMe 3TOrO,B pe3yJII,TSTe pacna.n;a 
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_. 2 f ll .ltP•) B MHWeHH Odpa3yIOTC.II BllCOK03HepreTH
'leCKRe '/ -KBaHTll, lt1IB KOTOpllX MIDIIeHI, dOJiee rrpo3pa'IHa; onHaKO 
mrreHCHBHOCTI, TaKoro ll3JlyqeHR.II 3Ha'IllTeJII,HO MeHbme llHTeHCRBHOCTH 

(-JIYtieii ,OT ( n, 'i ) - peaKURI ll CTSHOBHTCSI cymecTBeHHoft 
JimIII, npz O'leHI, BllCOKHX 3Heprrurx. 

Ill. C~eHKe RQHH38UfiOHHllX IIOTepi, 

KaK yxe~OTMe'laJIOCI, B, 121, aHeprll.lI KSCKanHHX '18CTRU, a c.11e
.ItOBSTeJII,HO, ll IIOTOKR BTOPR'IHllX '18CTHU B dJIOKe 'lpe3Bll'Iai1Ho CHJII,
HO 3aBHCRT OT BeJIH'IRHll ll0Hll38UROHHWC n0Tep1,. 3TH IIOTepn MOJltHO 
CHH3RTI, (H TeM CaMHM YBeJIH'IRTI, BllXOD; HehpoHOB), eCJIH BMeCTO npo
TOHOB llCllOJII,30BSTI, ITY'IKii ycxopeHHHX JJ:nep, rne C caMoro H8'18Jia 
HMe:l'.lTCSI HeHOHR3Yll!11ie '18CTHUll - HehpoHll. TaKHe J:(~a dynyT B3SH
MOzteftCTBOB8TI, c BemecTBOM, rpydo rOBOPSI, KaK IIY'IOK, COCTOSIIllHft 
ll3 CMecn npoTOHOB ll HeftTpoHOB. 

MHorRMR aBTOpaMll (CM.,.HanpRMep. padOTH /B,?/ n odsop /I/, 
r.ne npHBe,neHa dndJWorpaipwl) odpama;roci, BHHMaHHe Ha nepcneKTHB
HOCT:& npRMeHemI.II rry'IKOB ycxopeHHHX .n;ehpoHOB. 8TO IlOitTBe~n;aJIOCI, 
RSK coodpazeHll.lIMR o6mero xapaKTepa, TSK z Herrocpe.n:cTBeHHllMH aRc
rrepRMeHTSJ1I,HHMH ,l(aHHllMR no BllXO.ztY HeftTpoHOB na 06.11yqeHHHX nelT
poHSMH ypaHOBllX ll CBHHUOBHX MHWeHeft. JleTaJII,Hli:lt KOJIH'leCTBeHHH:lt 
8HaJIR3 B38HMO.D;elcTBHI BllCOK03HepreTR'IeCKHX neftTpoHOB C TSDlteJillMR 

~ 
cpe,l(aMR CTaJI B03MOllteH IIOCJie paspadOTKR KSCKSl(HOii MOl(eJill nehpoH-
J:(l(epHHX B38llMO,l(eftcTBd/B-I0/ • 

PacqeT Heynpyroro CTOJIKHOBeHR.II .n;eftTpoHa C J:(D;p0M B 3TOii MO!(e
Jlll CBO.n;HTC.II K paccMOTpemm- COBOKynHOCTll l(Byx K8CK8_l(OB, nopoxn;eH
HllX B .II~e-MHllleHB HYMOHSMH HaJieTaJllllero n;eATpoHa. B odJiaCTR 3Hep
rna T <- I ra.B-/3TH KSCKal(ll C xopomen TO'IHOCTI,Xl MOlltHO C'IllTSTI, He-
38BllCHMl,IMH /B ; O,ztH8RO eCJIH T > I raB, TO HeodXO.l(llMO yxe Y'IHTll
BSTI, ll3MeHeHHe 'IHC.118 ~OHOB JJ,l(pa-MllllleHR- no Mepe pa3BHTH.II B HeM 
JlllBH.II R8CKS!(HllX 'ISCTRU 9/. Pacnan B03dyitl(eHHOro .II!U)a. OCTa!lmero
CJt llOC.118 RSCKS.ItHOft CT8.l(lIR nponecca~ oc1mecTBJIS1eTCJI IIY.T'fjj KOHKY
PRPYJJIIIHX M8llztY co6ol npoueccoB ncnapeHR.II :a ~eneHRH 7IO. · 

XOT.II axcnepl!MeHTSJil,HllX ,l(aHHHX O B3aRMOn;elcTmm IIY'IROB n;eh
pOHOB C .l(eJI.lilllHMRC.II cpen;SMH B HSCTO.IIl!l86 BpeM.II O'IeHI, MaJIO, xopomee 
cor.11acne Teope n OllllTa ~a-.n:eATpoR-Jtl(epHHX B3amio~ellcTBHll n cor-:
Jiacne pac'leTHHX ll ll3MepeHHHX BllXO!(OB HeffTpoHOB H3 od.11yqeHHHX 
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6JIOROB (cM.HIDKe) .QaeT onpeQeJieHHj'K) YBepeH,~TI, B npaBIDibHOCTH 
TaKlKe H .Qpyr.11x TeopeTII'tJ8CR.HX pe3yJibT8TOB *) • . . 

KaR BHQHO H3 Ta6JIIIIJ;!1 I, 38M8Ha ny"tJRa npoTOHOB QeitTpoHaMH 
.Qei1CTBHT8JII,HO npHBOl\IIT R 3H8'tJHT8JlbHOMY YB8JIH"I8HID'.l traCJia 6HCTpl1X 
'tJ8CTIIn, a, CJI8.QOB8T8JII,HO, QOJUKHa IIPHBOQIITI, R YBeJIH"!eHHD H Qpyrruc 
xapaRTepHCTHR, onpe.QeJIB!O!lll1X HHT8HCIIBHOCTb npouecca pa3MHOlK8HIDI 
"!8CTHU B o6Jiy"tJaeMOM 6JIORe. 0QH8RO C poCTOM 3Heprllll IlP8HMYlll8CTBO 
QettTpOHHoro Tiy'tJRa IlOCTeneHHO yTpa"!HBaeTCR. IlpH T=2 raB llCilOJll,30-
BaHHe ny'tJRa .QeitTpoHOB YB8JIH'tJIIBaeT IlOTOR 6UCTP11X 'tJ8CTHU B 6JIOKe 
Beere JllllllI, Ha 6% npoTIIB 40% IIPH T=0,3 raB • .lvta IIOB!IDleHIDI s@leK
THBHOCT.li 3JI8KTpoRQepHoro MeTO.Qa HaH60Jiee nepcneKTHBHOtt npeQCT8B
JIReTCR 06JiaCTb SHeprntt T~ 0,7 + I I'sB ~). 

Ta6JIHUa I. 

OTHOllleHHe cpeQHHX 'tJHCeJI HeynpyrHX B3aHMO.QettcTBRi1 'ISCTIIn C 
SHeprnaMH :r ,. I0,5 MsB B IIPaRTH'tJBCKH 6eCKOH8'tJHOM Y,PSHOBOM 6JIORe, 
06Jiy-qeHHOM .QettTpoHaMR H npoTOHaMH C SHeprHett T /?/. 

TI rsB 

0,3 
0,66 
I,O 
2,0 

N. (d+U) /N. (p+U} 
in in 

I,4 
I,26 
I,17 
I,06 

3TO Il0.QTB6!)llt.Q88TCR TSJOle ,QSHHUMH T86JmIJ;!1 2 H PHC. 7. r.zte 
npHBBQBHll pac'!eTHUe SHa'lemm IlOJIHoro BWCO,lt8 HeitTpoHOB il0BE) • 

*) :&.!eCTe C TeM .ivm YTO'IHeHIDI reopMM, KOTOPM paspa60T8H8 IlOK8 
eme .xyxe, 'IBM B CJIY'l88 HYR,IOH-Jllt8PHWC BS8HMO,zte!cTBHI, BaJtHO llMBTI, ' 

60Jiee no.ztpo6HYJJ aKcnepHMeHTMl>HYJ) HHqiop.,runm o B38HMO.ztelcTBHJDC 
BHCOK03Hepre.TH"l8CKHX .zte!TpoHOB, B 'tJSCTHOCTH QSHHHe no ce"!eHWIM 
ynpyrHX H HeynpyrKX CTOJIKHOBemrl!: .ztelTpoHOB c JlltP8MH, cneKTpaJII,
Hlle pacrrpe,QeJieHHJJ HHSKOSHepreTH"leC_KHX . "18CTHU HS B38RMO.ztelCTBHI 
. ztelTpoHOB C T.f!ZeJWMJI Jlztpal,!H H T •. Q. 
H) HcilOJil,SQBaHH·e nytlKOB Jllt8P CHOB8 .CTSHOBHTC.ff BHrO,lt}WM Ilp.11 0"18HI, 
BHCOKHX SHepI'HJIX T ;; IO raB/Hyitll. ;· CM. § y • 
Hi£) KaK H B CJIY'J86 npoTOHOB, npe,QIIOJiaraJIOCI,, "ITO TO"le"IHlll . HCTO"I
HHK .ztelTpoHOB, HSJIY"ISIIlll!I B.lt~, OCH Z , paCIIOJIOlteH BHYTPH 6J.tOK8 
Ha rJiy6HHe zo = 26 CM (cM. 2 ). 
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TaR .lite RSK H B CJij''tJae npOTOHHOro ny"IKa, BeJIII'IUHa n 6HCTpo YBeJIH
"IHBaeTC.ff c poCTOM SHeprHH rrepBH'tJHOtt "!8CTHIJ;!1, oco6eHHO npn T< I I'aB. 
B o6JiaCTH 60JII,IIIHX SHeprntt CTeneHb pocTa HeCROJ!bKO CHIDKaeTCR H 
npn T>r.,2-3 raB CT8HOBHTCR TaKott JKe, K8K QJIR npOTOHOB. (.lvta cpaB
HeHHR B IlOCJieQHett KOJIOHRe Ta6JIIIIJ;!1 YK838Hll OTHOllleHHR IlOJIHWC BWCO
QOB HeilTPOHOB B c.ny-qae ztettTpoHHoro H npoTOHHOro o6Jiy'leHHn npH 
O,QHott H Tott .lite SHeprnn T). 

B T8_6JI:une 2 YK838H TaKJKe BWCO.lt HettTpOHOB, o6pa3YlO!Ill1XCR B 
RQ8PH11X. peaKI.(WlX npH T > I0,5 MaB. rro. cpaBHeHHJO C npoTOHHilM 06-
Jiy-qeHHeM 3TOT BWCOQ YBeJIH"IHB88TCR B Tott .lite nponopUHH, qro H IlOJI
HUtt BWCOQ n ( T ) • 

Ta6JIHU8 2. 

Bwco.zt HeitTpoHOB B Ilp!3RTH"IBCKll 6eCROH8'tJHOM 6JIOKe H3 ecTeCT
BeHHott CMBCII H30TOilOBypaHa, 06.l(yllaeMOM QettTpoHaMH C 3Heprnett T 
( HenrpoHoB Ha nepnuqHun AellrpoH)/71. ' 

T, raB n ~(:i' < 10,Slv!aB) n(d+u )/n(p+U) 

0,3 19 II,2 I,5 
0,4 34 !9,5 I,4 
0,5 51 29 I,3 
0,6 66 ., 38 , I,3 
0,7 83 46 I,3 
0,8 99 .. 55 I,3. :~. 

0,9 II3 63 I,3 
I,O 127 70 I,3 
I,25 156 88. I,2 
I,5 IBO I04 I,I 
I,'75 , 204 II9 I,I 
2,0 233 139 I,I 

0 nponopUHOHaJibHOCTH BeJm'IHH n , n ( ,.,..I0,5 MaB) II SHep
rnn TB CJiy-qae.ztettTpoHOB MOlltHO rDBOPHTI, J!Hllll, B rpy60M npn6J.tHJKe
HHH - .ivm. He60JII,IIlHX HHTepBMOB l!. T. 

Ha p:e:.c.8 IIpRBe,QeHll Q8Hiru:e no BWCOztY HeitTpOHOB HS CBHHUOBOtt 
Ml!llleHH. TeopeTH'leCKHe n·aKcnepHMeHTaJibiru:e .ztaHHHe xopomo corJiacy
IlTCR, OQH8KO .ivm 8TOro noTpe6oBaJIOCI, ~OCTSTO'IHO .zteTaJibHO npoMO
QeJIHpoB8Tb YCJIOBHR 8RCIIepHMeHTa: Y'tJBCTb pa36poc SHeprnn ny'tJRa 
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.nehpoHoB, npocTpaHCTBeHHoe pa3MbITRe 3T01'0 IIY1JKa .11 rrp. IlpH 3aMeHe 

IlytIKa npOTOHOB .rte:liTpOHaM.11 BeJllNIIHa n Bbl/\ HeCKOJibKO BOa_pae-TaeT-, 
on:HaRO pa3Jilltme HeBeJmKO. 

Ha p.Hc.I3 B 121 naHo CpaBHeH.He pacnpe,zteJieH.H:li IIJIO'l'HOCTeii 

Hejl:TpoHOB, o6pa3YK!Jl!D(C.ff B CBillill;OBOii .H ypaHOBO:li MHIIIeHJIX ITO!{ .zteicT

BReM rrytma zteiTpoHOB .11 npOTOHOll pa3JI.H"IBHX 3Hepr.11A. BCJiy'Iae ztettT

poHHOl'O llY'IKa HCiiTpOHl1 pacnpe~eJI.lllOTCH C 6oJiee Y3IWM M8KCHMYMOM 

H .HX 'I.HCJIO MewreHHee j'MeHDmae'l'C.ff C PQCTOM "-rJIYClmm" z , 'ITO 

o6ycJIOBJieHO MeHbllIRM HztepHHM npo6eroM .zteiiTpoHOB .11 .n:OBOJibHO 3Ha'l.H

TeJinHl1M BRJI8ItOM B Heynpyrne CTOJIKHOBeHIDI npH -OOJILIJIHX ~ HellTpo

HOB, o6pa30BaBIIJWCC.ff B _peaKIU1ffX CTp.HIIHHra. IIoCKOJII,Ry, O,!{HaKo,dOJin

WM 'IBCTn HeiiTpoHOB BWieTaeT .113 ClJIOKa 'Iepea 60KOBYJO IlOBepXHOCTn 

fop., HBIIpRMeP.~/acnpe_n;eJieHR.ff N.1.Cr) n Nu (z) Ha p.1m.9 

lL1llI p.Hc.IO B 7 np.H MaKC.HMMnHWC 3Ha'Iemmx r JI z >. 1'.!{e BMan; 

C'l'p.lm.HH1'0Bl1X HehpoHOll MBJI, TO BeJllNlIHS OTHomemm n !lb/A In 
MMO .H3M8H.ffeTCHo . 

Mouo 6wro 6u ellle 6oJiee CHH3.HTn "HerrponaBO.n;RTeJinHl1e" HoHRaa

ItlfOHHl:le IIOTep.H, ec.,rn RCIIOJin30B8Tn IlY'JK.lf an;ep·TpHTRH. Pac'IeTli 

B38HMO!{effcTBR:li C ypaHOBh!Mll ClJIOKSMR H!{ep TPRT.HH IlOK83UBaIOT, 'ITO 

Ilp.lI T = 0,3, I H 2 f3B OTHOmeHRe n{t.+U°J / n(d+U) = I,54, 

I,40, I,23 foM. TaIO!te p.l'Ic.7)! 

B IlOCJie!{H.lle ro~ Clwm paapaelOTaHli lffiCRan;HUe MOitM.11, II03BO

JIRIOIIlHe C xopome:li TO'IHOCTnD pacC'I.HTliB8T1, CTOJIKHOBeHRH pa3JIH'IHWC 

nap ,JierKHX H TmtMHX Rnep c/l'<eTo~ nponeccon HcnapeHRR, n;eneHID1 

H npen;KoMITayHn;Horo pacnan;a I-IJ. 0.zuraKO H.HKaKRX pactieT0.13 

pacnpocTpaaeHRH lIY'IKOB BliCOK03HepreTH'Iecxru:c nn:ep B cpen;ax noKa 

He BUilOJIHeHO.. 3RcnepweHTMbHO 3TOT BOilpoC TaKJle eme He HCCJie-

. O:OBaJICH. 

.lfeRoTopue aBTopu npen;.narMR YMeHb!IIRT~ Mmnme ROHH3auHOHHliX 

rrpoueccoB nyTeM BBen;eHRH rrepen 6.lroKoMYpaHa CJIOH BemecTB (Hanp.11-

Mep,Be9) c OOJinllIRM Bl1XOD;OM peaKUH:li mna { P, ~ ). K COlltaJie

mno, 3RCIIepHMeHTMnHHe liCCJien;oBaHWr IIOR83a;m /I , 'ITO 3TOT :nyTI, 

He .naeT IlOJIOlltRTeJinHWC peayJinTaToB: BllXO.n; HefforpoHOB OKa3HBaeTCJI 

BCe JKe MeHnlllllM, 'IeM IIP.11 Herrocpe,ztCTBeHHOM 06JIY'IeHllll ypaHa. 

• EcJI.11 Ha D;JIIDie HOHH3auHOHHOl'O npo6era B 06JIY'IaeMlilypaHOBHii 

6JIOK BBeCTH I'OMOreHHYJJ npm.,ecn JierKoro BenteCTBa, TO no Mepe y13e

~R'IeH.11H 0TO~ rrp.11Mec.11 ROHH3auHOHHU:li npo6er 3apm!teHHUX qacTHU-dyneT 

B03jl8CT8TJ:, 6HCTpee WC an:epHOl'O npo6era .i\ ll.H. , ClJiaron;apa qeMY 

*)JI ~naro,llapeH C .E. tJm-pHHOBY sa np0Be,1temrue paeqeru arnx BeJIHtzJIH .• 
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MOJKHO 6WIO 6u, B006I11e l'OBOp.!i, Ha.n:eRTnC.ff Ha 6oJiee IIOJIHOe HCIIOJin-

30B8Hlie IIY1JK8 nepBH'IHUX npoTOHOB 161 . .lJ;eTMLHOe paCCMOTpeHHe 

HeCKOJinKRX Ba p.lI8HTOB IIOR8SMO, O,n;HaRO , 'ITO Ha 0TOM nyTH r a1t:11:e, 

IIO-Blln;RMOMY, HeJIJ:,3.ff IlOJIY'l.HTn Blilll'pli!lla. 

PeaJII,HM B03MOJKHOCTn j'MeHnmemm HOH.11311UHOHHWC IIOTepn B Hac

TO.fflllee BpeMH CB.ff38Ha C RCITOJin80BaHHeM IlytIKOB YCKOpeHHHX Rn;ep .11 

nepexo.noM B o6JiacTn otJeHn BHCOKHX aHepr.lI:li, rne nee aap.liJKeHHUe 

'I8CTRUU CTaHOBRTCSi CJia6o HOH.H3YKXltl™ll *>. 

IV. r~IJJIOBMgMeHHe B o6;ryqaeMUX 6.IIOKill( 

BeJIH'!lIHa TeIIJiooott 0Hepr.1m, nun:e.mnomellcR B o6;ryqaeMoM neme

CTBe, cKJian;HBaeTCH .113 HOHH8run'IOHHliX noTepn, 8Hepr.1m, KOTopaR 

ocBo6oznaeTcR np:a !{MeHHH R .11cnapeHHH Rn;ep, .11 aHepr.1m oT.!{eJieHIDI 

'I8CTHU. B ypaHOBllX .11 TOPROBWC 6JIOK8X OCHOBHO:li BKJian; .naeT aHeprHR 

!{eJieHRH. B TOJICTHX 6JioRax 0T8 0HeprM 3Ha'l.HTeJinHO npeBOCXO!{HT 

0HeprRD nepBH'IHUX npoTOHOB (CM. ra6.mnzy 3). B o6JI8CTH T (::: I-2 raB 
Ha Kal!_!{li:li raB 0Hepro, BHeceHH!rli nepBH'IHliM npoTOHOM B MmIJeHn .113 

U 238, B ITOCJie.ztJieft Bl,l!{eJI.ffeTCH 3-~ raB .!{OIIOJIHHTeJinHOil 8Hepr.1m. 

Pacnpe.neJieHRe TeIIJioBun;eJieHRR B n:eJI.fflllellcR cpen;e (pnc. 9) 6JI.Ha
KO R pacnpeneJiemm 'IRCJI8 aKTOB ,!{eJieHRH, np.11 3TOM HaH6oJiee B8JKHHM 

OR83UBaeTC.ff H.113K03HepreTJi!tleCKOe n;eJieHHe, oco6eHHO ,!{eJieHHe JI.!{ep 

U 235• STo XOpomo ;rn:n;Ho HS COilOCTSBJieHrui. pac'IeTHWC ,!{aHHWC Ha 

pHC • IQ H B T86JIH~e 4, ( ~s .11 V& - 'illCJIO aRTOB n;eJieHRH JI.!{ep 

U 235 H U 23B, ~=Vs + V8 
- IlOJIHOe tru:CJIO .n;e;remdt~. HanpllMep, 

np.11 r~ 660 MaB no CpaBHemm C 6JIOKOM .118 'I.HCTOI'O u 
38 

B MIDil8HH 

.113 ecTeCTBeHHO:li CMeCH ll30TOIIOB ypaHa 'IHCJIO ,!{MeHH:li noapacTaeT 

6oJiee 'IeM H8IIOJIOBHHYi np.116Jm8HTeJinHO B T8KO:li JKe nponopUHH yne

JIH'IHBaeTC.ff H TeIIJIOBl,l!{eJieHHe: C 2,7 ~o 3,9 raB. 

*' IIp.11 BHCOKHX 3Hepr.HJIX HMeTalOlllero R!{pa CTSHOBHTC.ff CYl!leCTBeHHoii 

,!{OJI.JI 0Heprmr, YHOCHMOft 0JieRTpoM8l'HHTHh!Mll K8CKan;aMH, :mmuimpye

MllMH. paClla,IJ;OM Ji. 0 -Me30HOB. 
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Ta6Jmu.a 3. 

TeWIOB.bl;D;eJieime B npaKTlflleCKH 6eCKOHeqHQM·6JioKe H3 ecTeCT
BeHHott CMBCH H30TOITOB ypaHa, 06JIYqeHHOM npoTOHaMH H n;ettTpoHaMH 
C :meprneii: T (B pacqeTe Ha O.qliy nepBlfllHYJ) qacTmzy-; CTSTHCTlflleCKM 
OlllH6Ra P,acqeTa Q H n - OKOJIO 5%; B 8HaqeHllllX Q/n OlllH6Ka 
_ ID%) 771. 

Q, raB Q/n' 
MaB 

T, raB 
H e11rT DOH 

p d d/p p d 

0,3 I,O I,3 I,3 ?? ti8 

0,66 3,9 4,? I,2 6? 62 
I,O 6,3 ?,5 I,2 62 59 
2,0 15,I 13,9 0,9 ?O 61 

B MIDIIBHH C BHYTpeHHHM llCTQqHHKOM npoTOHOB MaRCHMBJlbHOe 

T8llJIOBU.D;eJieHHe npollCXO.D;llT Ha paCCTO.lililll! OT llCTOttHJIBa z-z O "").. /l.H/2 
(HanoMHllM, qTo aHaJiorn:'IHhl:li xapaKTep HMem npn:Be~eHHUe B npen;un;y
meM paa.n;eJie pacnpen;eJieHIDI qn:cJia BSaHMon;ettcTBn:ll BTop.nqHUX qacT.nn; 

B 6JIORe). 
JJ.ruI MIDIIeHefi, o6JiyqaeMUX BHemHRM ITY'JROM rrpOTOHOB, OCHOBHM 

qaCTb TeITJia (n, COOTBBTCTB6HHO, qncJia ~eJieHIDi ) cocpe~oToqe-

Ha B HaqaJie MHmeHH n 6llcTpo YMeHbmaeTcSI npH nepexon;e K 6oJiee 

rJiy60KHM ee CJIOSIM. 
~pMa pacnpe.neJieHHtt ~ ( z, r ) n: Q (z,r) CJia6o aaBHCllT 

OT 3HeprllH nep~HllX qacTllIJ; ll Jillill1, HeCKOJlbRO CMemaeTCSI npn YM6Hb
meHllll 3TOtt SHeprllH K TOtJRe BXO.Jl8 ny'!Ka ll3-3a YBeJinqemm OTHOCll

TMbHOro BKJ18.D;a ll0Hll3an;HOHHUX IlOTBpb. 
IloJIHOe TeITJIOBU.llBJieHHe B 6JioKe Q pacTeT nponopunOHBJlbHO 

sHeprllH npoTOHOB T, npHt1eu TeITJioBaJI aHeprHJI, BH:D;eJIJDJlll8JICSI B 
pacqeTe Ha OllHH HettTpoH, Q/n • OCT88TCSI npaKT:e:qeCKH IlOCTO.mI-
HOll npll T ~o. ?-I raB, COCTaBJlSISI OROJIO 65 !l3B B 6eCKOHeqHott cpe.n;e 
ll3 ecTeCTBeHHoii CMecn ll30TOITOB ypaHa ll npHMepHO 60 !l3B 13 cpene 
11a u 238 - HaMHoro MBHbme, qeM JlJlSI .npyr.wc cnoco6oB reHeparnm 
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He:llTpoHOB (HCKJiil~emre COCTaBJIRIOT Jmlllb TepMO.f{D;epHlle HCTO~HRKH, 
CM. Ta6muzy- 5). 0THOCHTeJibHO Hlr3Roe "TeIIJIOBOe conpoBo~emre" BTO
PH'IHHX HetiTpoHOB - 3aMeqaTeJibHSJI oco6eHHOCTb aJieRTpoga;epHoro Me
To,a;a, OCHOBaHHoro Ha HCilOJib30B8.HRR npoTOHOB H 6oJiee T.RllteJIHX qac
Tlill;. 

J(l 

I. 

2. 

Ta~a 5. 

TeIIJIOBHa;eJiemre B MIDI1eHR npH P,aa1MHIDC cnoco6ax 
reHeparnm HetiTpOHOB 716 

l1CIIOJib3yeMSJI TeMOBHa.reJieHHe' Bwcoa; He:llTpOHOB Ha 
peaRIUm lfaB/He poH O,QRH MeraBaTT 

t(d,n)He4 .2500 2,4. ro15 

(T=250 KaB) 
u (e, r; xn) 2000 3. roI5 

(T=35 MaB) 
3. Be 9(d,n)BlO !200 5. roI5 

4 • .UMeHRe !90 3. roI6 

5. U (p,xn) 60 roI7 

(T=I raB) 
6. Bi(p,xn) 30 2. roI7 

(T=I raB) 

7. TepMoga;epHSJI 3 2 • roIB 

peam~ c a,t 

Eme Memme:ll Be~qnHo:ll TeIIJIOBHa;eJieHIDI xapaRTep:1rnymc.fI Mmnemr 
.1!3 cruuma, BHCMYTa H ,a;pyrmc, 6oJiee JierRRX 3JieMeHTOB (pHc.II,!2)*? 

IlpH Tc-I raB OTHOmeHRe Q/n WI.fl CBmn:tOBO:ll MIDI1e:HH C ,QHaMeTpoM 
D = IO CM rrpn6JIRanTeJibHO B .QBa paaa MeHbme, 1:rnM QJI.fI MmIIemr H3 
u 238 • 3To CB.fI3aHo C TeM, ~TO ,a;eJieime ga;ep CB~ rrpoHCXO,QHT 

Jilllilb no.a; ,a;eifoTBHeM BRCORO.SHepreT~eCRRX qaCTlill; H HecpaBHeHHO 

*) CorroCTaBJieime C .l(aHHHMR QPYrHX aBTOpoB IlOR83HBaeT, qTo ,a;aHHHe 
pnc.II I(JI.fI TOPM ReCKOJibKO aaB1mieHll. 
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pruKe, qeM .QJI.fI ~ep ypaHa (pnc. 4,5 B 121 ) H OCHOBHOii BKJiaa; B 
TeMOBRa;eJieHRe npoHCXOa;HT OT ROHR3imROHHRX npoqeccoB. 

IIo aTo:ll ze npMRHe ·Ha pnc.I2 pa~e TeMOBHa;eJieHR.fI B T.llllte
JIO:ll CBRHqOB0::11 H Jierno:ll 6ep~eBo:ll MmneH.fIX Q (Pb) - Q (Be) 

BO MHOrO pas MeH:&me_pa3HOCTR Q(U)-Q(Be) • 

B o6JiaCTH T f O, 5 I'aB paaJIMHe "y:a;M:&Horo TeIIJIOBHa;MeHR.fI" 
.QJI.f! ,l{eJIJill1ID(C.fI H He.l{eJIJill1ID(C.fI MmIIeHefi 6RcTpo YMeH:&maeTC.fI; IIpH 
T ~ 0,2 raB (Q/n) ~ (Q/n)pb , a npn eme MeH:&mHX :rneprHRX u . 
BeJ!ll'mH8 Q/n B ypaHOBO:ll MmIIeHR CTaHOBHTC.fI ,a;aJKe ·HeCKOJI:&KO MeHb-
me:11, ~eM B MmIIeHR R3 CBmn:ta. 

B Ta6JI:iru;ax 3, 4 n Ha pnc.I3 npHBe.a;eHH pac~eTHRe .a;aHHlle QJI.fI 

ypaHOBRX MHllleHe:11, 06JiyqeHHRX BblCOK03HepreTMecKm.m ,a;etiTpoHaMH. 
B o6JiaCTH T ~ 0 ,3-I raB TeMOBH,a;eJieime ,QJI.f! ,a;etiTpoHOB Ha 20-30% 
60Jibme, ~eM .QJI.f! IIpoTOHOB, o.a;HaKO paCC'!HTaHHOe Ha oa;HH HetiTpoH 
BH.a;eJiemre TeMa no.I{ .a;e:llcTBReM .a;e:llTpoHHoro nyqRa, Q/n , B npe
_a;Max cTaTHCTR'leCRO:ll TOq!{OCTH pac~eTOB ORa3HBaeTC.fI TaRHM ~e, RaK 
H B CJiyqae npoTOHOB. 

BeJmtmHa Q/n He H3MeHReTC.fI n npn nepexo.a;e K J!QPaM Tpn-
TM: wm T= 0,3f 0,66; IR 2 raB OTHomeHRe Q/n B aTOM CJiyqae, 
TIO oqeHKaMC.E.ql'lrpHHOBa~COCTaBJI.f!eT COOTBeTCTBeHHO 7!,63, 6I n 
6I M'aB. 

!Ipl'I 3Hepr1rnx,<lOJI},mHx, qeu HeCKOJibKO raB, He 3aBRC.filllett OT TRIIa 
nepBR'IHO:ll ~acrnnu .cTaHOBRTC.fI H BeJil'lllliHa TeMOBll.D;MeHIDI Q U) 

~pda IIpoCTpaHCTBeHHWC pacnpe.l{eJieHH:ll V(z,r) R Q(z,r) 

TaKlte MaJIO R3MeHSieTC.fI IIpR 38MeHe npoTOHHOro ny~Ra ,a;e:llTpoHaMH. 
B CJiyqae CBRHqa H 6oJiee JierRRX ga;ep TeMOBHa;eJieHHe OKa3HBa

eTC.fI He 38BHCJilllHM OT TRIIa nepB~HOtt ~CTlill;bl ,Ita.Xe IIpR aHeprMX 
Tz0,3 I'aB. 

CJie,izyeT IIO.ltll8PRHYTl>, ~To, HeCMOTP.fI Ha cpaBHHTeJibHO Ma.JIYI) 
Bemr<mHY' OTHOmeHR.fI Q/n • CY},lMapHoe TeMOBHa;eJieHHe B o6Jiy~ae-
MWC 6JioKax o~eH:& BemntO~ Hanp:RMep, B BJieKTp0J!a;epHo:ll YCTSHOBKe C 
aHepI'il:eft npoTOHOB T•I raB, TOKOM IOO MA z MmIIeH:&D :e:a u 238 BHa;e
JI.fieMM T8MOBSJI MOII[HOCTl, COCTSBJI.fieT 430 MBr. (STO 3Ha~eHHe xopomo 

~ r 8 CM. C p. • 
HJ B Ta<l~e 3 . BeJIHTmHS Q .I(JIJl .l(etiTpoHOB np:e: T=2 raB HeCKOJI:&KO 

MeH:&We, ~eM .QJI.f! npoTOHOB • CJie,a;yeT, o.a;HaKO, ltM8Tl, B BRD;Y, ~TO 
CTaTHCT~ecoe OIIIl!6KH pac~eTOB COCTaBJI.IDJT OKOJIO 5%, T.e. 
AQ ~ ±r raB npR T ~ 2 raB. 
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corJiacyeTCJI C oueHICott K8H8D;CKIDC <pll3KKOB: Q ~ I200 MllT n!)H TOKe 

npoTOHOB 300 MA, KOTOplitt npea;noJiaraeTCJI B rrpoeKTHpyeMOtt 8JI8KTpo

n:a;epHott YCT8HOBK8 no npOH3BO,D;CTBY I T IlJIYTOHHJI B roa; 1331). 
IIpu HCnOJIL30BaHHH HeoCSea;HeHHoro npnpo.rumro ypaHa MOIItHOCTI, T8IlJIO

BliD;8JleHHJI COCTaBllT 630 MBr. ~ a;ettTpoHHoro· IlY'IK8 yita38HHlie 'fflCJia 

B03paCTYT B noJITopa pa3a. 

IIOHJITHO, 'ITO ecJIH He ncnOJIL30BSTI, CHJII,HO pacqx>KYCllpoBaHHl:lX 

ny~OB 'I8CTHI{ ll He npHMeHJITI, aifxl)eKTHBHOro T8IlJIOCt.eMa, TO Bli.D;SJie

HHe TSKIDC K~eCTB TenJia npHBe,a;eT npaKTll'I8CKll K MrHOB8HHOMY, · 

B3pimooCSpa3HOMY pa3pymeHl'IJD 'ISCTR Mml!eHH. 

C a;pyrott CTOpoHH, oCSJiy'ISeMSJI BliCOK08HepreTH'I8CKHMH 'I8CTHI{8-

MR MUlll8HL, no.a;oCSHO STOMHOMY peaKTOPY, MOJKeT .CJIYJKHTI, MOl!lHHM llCTO'I

HKK·oM TenJia. !Ion; a;ettcTBHeM IOO MA IlY'IKS npoTOHOB T8IlJIOB!ill;8JI8Hlle 

B MmlleHH ll3 u 238 
38 ro.a; (300 CYTOK) COCT8BllT OKOJIO 3,I•I06MBr• q. 

HcnoJIL30B8Hlle HeoCSea;HeHHoro ypaHa noBHCllT STY BeJllf'IHHY a;o 
6 4,5.IO MBT•tJ. 

F.cJIU k 0 - K.n.a;. npeoCSpa3oBaHHJI aJieKTpoaHepruu, 3aTpa'IeH

Hott Ha rmTaHHe YCKOPHT~; B 8HeprRKl !lYtJKa ycKopeHHl:lX tJ8CTHU, a 

k3JI - K.n.,a;. oCSpaTHoro npeoCSpa30BaHUJI TenJIOBOtt 8Hepruu B 8JI8KT

putieCKYKl, TO OTHOllieHHe B08BpameHHott Ii 88TpatieHHOtt 8JieKTpo8HeprUH 

EB08Bp Q(T)k8JI Q(T) 
k =-=~":'.'""-= ___ k k 

TelDl E . T/k T n 8JI 
88Tp n 

(I) 

XoTJI .!VI.II COBpeMeHHHX YCKOPHTeJiett, ncnoJIL8YKlntUXCJI B llCCJiea;OB8HllJIX 

Jo ~8,Ke tiacTHU n Jia;ep, Koa®ImueHT kn eme HeBeJIHR (~I-O,OI% 
20

•
21 

), O!iCTplitt nporpecc YCKOPHT8JII,HOtt TeXHHKU R TeopeTHtJeCKHe 

· paspaOOTKR YK88HB8KlT Ha B08MOJKHOCTI, cos_a;aHHJI YCT8HOBOK C O'I8HI, 

BliCOKOtt aifxl)eKTHBHOCTI,Kl npeoCSpa80B8HRJI 88TpatmBaeMott 8HeprRH B 

MOIItHOCTI, nyqKa. Cetttiac HMeKJTCJI peaJILHHe TeXHRtJeCKRe B08MOJKHOCTll 

D;JIJI C03.D;8ImJI CRJII,HOTOtJHHX YCROPHTeJiett_ C .K08cplJHI{UeHTOM kn:=60-80%. 

MOlKHO npea;noJiaraTL, 'ITO B CSY.D;YJ!tlfX ycTaHOBKax, cneI{llaJIR8~0BaHHHX 

Ha IIp0ll8BO,D;CTBe :meprRR, BeJIR'IRHS kn CSy.neT eme OOJILllie / / ;!£)) • 

:K) fl CSJiaroa;apeH B.II • .I{MHTpneBCKOMY n A.II. q)e_a;oTOBY sa ooc~a;e1me 

:noro Bonpoca. 
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qTO RacaeTCJI K08~8HTa _k3JI' TO ero MOJ!tHO BHCSpaTI, T8KRM 

JKe, KSK ,D;JIJI CJmeCTBYJJIInlX aTOMHWC 8JI8KTpoCTSHI{Utt: k3JI z 30%. 

Ifs p:ac.I4, r.a;e npRBe,a;eHH pac'IeTHHe sHatieHHJI KOaq$IuneHTa 

B08BpaTa (npn kn = 0,5). BH.a;HO, tJTO B Mmneim R8 oCSe.gHeHHoro ypaHa 

~erur < IOO%, B TO xe BpeMJI HeCSOJILIIIM npHMec1, u 23 . RJIU IIJIJTOHUJI 

MOlteT C,Il8JISTI, 8JI8KTpon:a;epHHil: M8TO.It "caMOOKYIISIOIIlHMCJI11 'fli.6 TOJII,KO 

38 ctieT nepeBo,na TeIIJIOBO! 8Hep!'lm B 8JI8KTpRtieCKYID, He C'fflTaJI 

8Hepnm:, sanaceHHoil: B JIJU)aX Pu 239 (CM.§ Y), R BOSMOlltHOCTR 

,IlaJILHeil:mero IlpoMHll!JieHHoro H CS!iTOBOro RCnOJIL80BSimJI SH8tJllTeJILHOtt 

tiaCTH ocTaBmerocJI TeIIJia. 

Koa~eHTkTelIJI CSy,IleT B03paCT8TI, no Mepe Toro, KaK-B Mml!e

HR 6y,zteT HaRaIIJimlaTLCJI Pu 239• 

B c~ae .neil:TpoHHoro ~a k..relIJI '? IOO% 'fli.e npu T z 600 MaB 
(eCJIH ~ = 0,5). 

Y. QJleKTpognepHHI csp.uomr 
BMe,a;CTBRe P8.ltllauROHHOro SSXBaTa He:ttTpOHOB Jia;paMR u 238 II. 

noCJie,rero . .ft -pacna,a;a B OOJiyqaeMOM OJIOKe oCSpasyeTCJI lISOTOn 

Pu 23 • Pacnpe.tteJieHIIe g tJHCJia saxBaTOB, coBnaa;aromee c pacnpe.tteJie-

HlleM n:nep IlJIYTOHllJI l\iax (z,r) :: N(Pu 239 ; z,r) , lIOK838HO 

Ha !)RC. I4. HHTerpaJILHlie BSJIH'IHHli npHBe.n;eHli B T86JIRI{e 6, TaM 

lite YKasaHH ic'IeTHlie .naHHHe .D;JIJI n:a;ep u 235, Niax a N cu236 > , 
H COOTB8TCTBYJlllHe pesyJILTSTH pac'IeTOB .!VI.II ,a;ettTpoHHoro IlY'IKa. 

~a;pa IlJIYTOHHJI KOHI{eHTPRPYKJTCH,_B OCHOBHOM, B Toil: JKe 80He 

( z - zo )!::' Ail.H /2 , r.ne npoHCXO,ItRT HaRCSom,mee 'fflCJIO 

B38RMO,a;elcTBRI R peaJIRsyeTCJI MSKCHMYM T8IlJIOBH.lt8JI8HllJI. HMeHHO 8Ta 

tJSCTI, Mmll8HH .n:OJIEHa B nePBYJ) oqepe,ttL HanpaBJIJITI,CJI D;JIJI XHMHtieCKOro 

BliD;eJieHHJI IlJIYTOHHJI. 

!Io cpaBHeHHJ) c pacnpe.rteJieHRJIMR BlitteJIJmlllerocJI TelIJla II tJHCJia 

.tteJieHHI npocTpaHCTBeHHoe pacnpe.tteJieHHe oCSpaSYJllllIXCJI JI.a;ep nJIYTO
HRJI JIBJIJieTCJI SHS'IHTeJII,HO CSOJiee nOJIOI'RM H? CJI8.IJ;OBSTeJILHO, CSOJiee 

tJYBCTBHT8JII,HliM K ~opue H paauepaM WfmeHH. 

B o6JiacTJJ: T ~ I r3B YBeJIH'IeHIIe aHepruu nePBR'IH!iX tiacTHU Ha 

· A T J13B .a;aeT n!)HpoCT n!)H6JIJ11SRTeJILHo B I20 • AT n:nep IIJIYTOHRJI. 

B7.m:SKSJI BeJIJII'lllIHS AN ( Pu 239) · nOJiyqaeTCJI H ,D;JIJI ,a;pyrruc SHa'IeHHI 

T: 8HepreTH'IeCRSJI SSBHC:eMOCTI, "ll'ICJIS oCSpaSYJl!IWCCH JI.ztep IlJIYTOHRJI 

notiTH JIHllelmut. BlixO.It nJIYTOHWI II!)H TzI rsB Yl3eJIRtJ1IBaeTCJ1 no'ITH 

Ha Tp8Tb, eCJIH BMeCTO npoTOHOB RCnOJILSOBaTI, IlJtjOK .n:ettTpoHOB 
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(BeJWtJHHa N ( Pu239) ~ 63 H3 T86JmIV:l 4 .ItJISi 700-!,13B IIY'lli8 
_n;e:ll:TpoHoB, 6oM6apD;HpYlOlllero MlillleHr, 113 o6en;HeHHoro U 238 , xopomo 
cor~acyeTC.fI co 3H8tI8HH8M N ( Pu 239) =:: 65, llPHBe.n;eHlWM B pa6oTe 
/23/). 

Ha1mWieHHe IIJ!YTOHlI.fI pe3KO B03paCT88T ,D;aJ!te npH OtI8H:b MaJIWC 
n;o6aBKax u 235 • HarrpHMep, rrpH T~I r3B o, 7,,;_g npm,ec:& H,11ep 

u 235 
B rrpHpO.I(HOM ypaHe. YB8JI.lltJHB88T BWCOD; WIYTOHll.fI Ha 20-25%. 

AHaJiornt1Hillt peayJILTaT n;aeT rrpHMecr, caMHX Jin;ep Pu 239• 

Ta6JllIL@ 6. 

lfucJIO .fID;8p u 236 H Pu 239, o6pa3Y!OUlliXC.fI B rrpaKTll'I8CKH 
6eCKOH8tIHOM 6JIOK8 H3 8CT8CTB8HHOil. CM8CH H30TOITOB ypaHa rro,n;. n;ea

CTBH8M ITYtIKa ITPOTOHOB ~ 'eil.TpOHOB C 3HeprHe:ll: T (B pactieTe Ha 
OD;HY nepBHtIHYIO tI8CTlIIzy') 7 • 

T, r3B IT:QOTOH!l .UefT£0H!l 
N(Pu239t 

N(U236) N(Pu239) N(U236) N(Pu239) N(Pu?Z~!I p 

0,3 O,I9 I2 0,2I I8 I,5 
0,4 0,35 23 0,38 32 I,4 
0,5 0,49 36 0,54 48 I,3 
0,6 0,62 47 0,70 62 I,3 
0,7 0,76 60 0,88 78 I,3 
0,8 0,90 7I I,I 93 I,3 
0,9 I,05 84 . I,2 I06 I,3 
I,O I,2 96 I,4 II9 I,2 
I,25 I,5 I24 I,? I46 I,2 
I,5 I,9 I5I 2,0 I69 I,I 
I,75 2,5 I78 2,2 202 I,I 
2,0 2,6 203 2,6 2I9 I,I 

il3 _D;aHHWC T86JI.llIV:l 6 CJI8D;Y8T, 'ITO rDD;OBM l1poH3BOD;HTeJI:b
HOCT:b (300 CYTOK) 3JI8KTpoJin;epHO:fi ycTaHOBKll, IlOJIHOCT:bIO HCITOJI:b3YIO
mett rrytioK rrpoTOHOB c aHeprHe:ll: T=I r3B, HHTeHCW!HOCTLIO IOO MAH· 
lI Mllm8H:b H3 u 238 , MOrJia 6u COCT8BHT:b OKOJIO 470 Kr IL1IYTOHIDI 
(I, 6 Kr/ CYTKH) • ilCITOJI:b30B8HH8 8CT8CTB8HHOrO, He068.D;H8HHOrO ypa
H8 II03BOJI.fI8T YBMll'IHT:b 3TY npOll3BOD;lITeJI:bHOCT:b n;o 570 Kr/ron; 
(I, 9 Kr-cyTIW), a rrepexo,n; K ITYtIKY ,n;e:ll:TpoHOB ,n;acT BWCO,D; Ol(OJIO 
750 Kr WIYTOHIDI B ro.n; (2,5 Kr/OYTKH, .ItJI.fl H8068.I(H8HHOro ypaHa). 
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CJie,n;yeT, O.D;HaKO, non;tiepKHYTL, 'ITO rrpHBe,n;eHHUe 3H8tI8Hll.fI OTHO
C.fITC.fI K ll.D;88JI.ll3HpoB8HHOMY CJIJtI8IO npaKTHtI8CKH 6eCKOH8tIHOro 6JIOK8 
H3 tIHCToro ypaHa 6e3 ytieTa TeIL/IOHOCHTeJI.fI H KOHCTPYKTW!HllX MaTe
PHaJIOB, KOTopue, IIOH.fITHO, 6yn;yT HeCKOJI:bKO CHIDUlT:b aqqieKTHBHOCT:b 
ycTaHOBKli. TaK,npopa60TKa K8H8D;CKlIMH ~3lIKaMll rrpoeKT8 3JI8KTpo-
Jin;epHo:ll: YCTaHOBKH "ING" Ha OCHOBe YCKOplIT8JI.fI npoTOHOB C aHep-
ruett T ~ I r3B lI TOKOM 300 MA n;rra Ol.(8HKY npoH3BOD;lIT8JI:bHOCTlI, 
llplIMepHo, B I T IL/IYTOHll.fI B ro,n; 19, 241. B IIP8KTHtI8CKH 6eCKOH8tIHOM 
6JIOK8 H3 imcToro u 238 npH 3TlIX YCJIOBH.fIX CJI8D;OB8JIO 6u o~n;au 
Hapa60TKll OKOJIO I,4 T IL1IYTOHIDI Bron;. IlplI6JI.ll3HTeJI:bHO TaK lB:e COOT
HOC.fITC.fI BWCO,D;!l WIYTOHlI.fI B npaKTll'I8CKli 6eCKOH8tIHO:fi H 6oJiee peaJI:&
HO:ll: rrpoeKTHO:ll: MlillleHSIX, 06JIYt1aeMWC rrytIKOM 500-MaB · ,11elttpOHOB: 
npH TOKe 320 MA ro.D;H~HM Hapa60TK8 IL/IYTOHlI.fI B 6eCKOHetIHOM 6JIOK8 
H3 tIHCToro u· 238 COCT8BJI.fI8T OKOJIO 800 Kr, oJeHKa D;JI.fI Mllm8HH B 
aMepHK8HCKOM rrpoeKTe MTA paBH8 576 Kr / 23 , 25 • 

C n;pyro:ll: CTOpoHU, CKOpoCTI, o6pa30B8HlI.fI Jin;ep IIJIYTOHlI.fI 6yn;eT 
~!lCTpo B03pacTaTr, ITO Mepe RX H8KOIL1IeHlI.fI B MllW8HlI. 3TO MOX8T He 
'I'OJibKO CKOMII8HCllpOB8TI, CHHXeHHe BWCOD;a IL/IYTOHlI.fI, o6yCJIOBJI8HH08 
BJilI.fIHHeM T8IL1IOHOCHTeJI.fI lI KOHCTPYKTHBH!lX 3JI8M8HTOB MID118HH, HO ll 
3H8tIHT8JII,HO rrpeBUCRTI, pactieTHUe n;aHHUe D;JI.fI 6JIOKOB "IHCToro u 2~ 
0Tc!Qn;a BH.D;HO, H8CKOJII,KO BaJltHOe 3HatieHHe HMeeT paCCMOTpeHHe peaJib
HllX MHmeHefi;._n;aHHUe .ItJI.fl MIDil8Hei C H8H3M8Hiru.M KOMITOH8HTHIJM COCTa
BOM HMeIOT JIHWL opkeHTupopotIHoe 3HatieHHe. 

BallHo:ll:oco6eHHOCTI,IO aJieKTpogn;epHoro 6pHD;HHra .fIBJI.fI8TC.fI TO, 
'ITO CKOpoCTI, Hapa60TKH.ITJIYTOHlI.fI B 3TOM CJiytiae HeCpaBH8HHO 60JI:E.me 
CKOpoCTH "pa3MHOX8HlI.fI" peaRTOJ)OB Ha 6UCTPWC Heil.TpOHax. H3 corro
CTaBJI8HlI.fI Ta6mm 4 ll 6 Bll.D;HO, 'ITO B 6eCROHetIHO:ll: Mlllll8Hll H3 ecTe
CTBeHHoro ypaHa H8 RaJ!tl.(Oe J83[(8JI.llBW88C.fI an;po ypaHa o6paayeTC.fI 
npHMepHO 3,3 an;pa ITJIYTOHlI.fI. Ila pactieTaM K8H8.D;CRlIX (pll3HROB rrpoeR
THPY8M8.fI HMH npoMillllJieHHM ycTaHOBRa npu YCJIOBIDI nOJIHoro 06ecnet1e
HlI.fI 3HepreTHtI8CRlIX ~ 38MKHYTOro an:eKTJ)O.fil.(8pHoro l(lIKJI8 38 CtieT 
CJKHraHlI.fI "18CTH o6pa3yBll!eroc.fI ITJIYTOHlI.fI 6y_n;er BUD;8B8TJ, OKOJIO I r 
IIJIYTOHH.fI Ha KB.E,Itlle 2 r 38TpatieHHOro ypaHOBoro CllPb.fI,B TO BpeM.fI 
KaK.B peaKTopax 3TO COOTHOmeHHe OOCTaBJI.fI8T npu6JIH3HTeJibHO I:200. 
TaKM 3JI8KTpoan;epHMYCT8HOBK8 crroco6Ha ~a6JEaTJ, IL/IYTOHReM ,n;ec.fI
TOK peaKTOpoB MOlllHOCTLIO IOOO MBT /I9 , 2 • · . 

3JieKTpoan;epHH! 6pH.D;Wll' ll03BOJIRT ITOJIYtI8TI, oi:iem, 60JILWHe 
KOJilltI80TB8 ILlIYTOHH.fI, oco6eHHO, eCJIH JtI8CT:b, "!TOK IOOO ron;y Bee 
aaepreTH"!8CKlI8 peaKTOpu, HMeDmH8C.fI B MHpe, 6Y.D;YT npoH3BO.D;lITL 

Boero JIHWI, OKOJIO 90 Kr ITJIYTOHH.fI B oyT~261. 
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Ha pnc.I4 np:ime,n;eHa OTHOCllTeJII,HaJI BMli'mHa. B03apaTa. 8JieKTpo-

8Hepr:a:a sa CtJ:eT llCllOJII,30BamuI TellJIOB~n;eJiemm B 6JIOKe n CJ!CllrrumR 

o6pa3YIOlllRXC.fl .R;n;ep llJIYTOHlm 

kB03B= 

E IlOJIH 
~ = 

E3aTp 

kn,kaJI (jt 
+q------

kTenJI · T 6 a+~ 

N(Pu239) (2) 

1-KB 
\ 

r.n;e Koa@m~eHT kTellJI onpe,n;eJIReTC.fl COOTHOmeHneM (I)' kn = o,~ 
k 8JI = 0,3 (cM. § IY), q c::HO 113B - aHeprnR .n:e.nemm ~ Pu 9 

(He CtmTa.fl 5% aHeprnn, YHOCllMOI HelTpnHo), 6, = 742 t n 

%. = 1028 S - cetJ:emm :n;e.nemm n sanaTa HehpoHa .R;D;poM Pu 239, 

KB- - K08q$m;KeHT BOCllpoRSBO,D;CTBa, onpe.n;eJIJmllHI '!HCJ+O HOBWC .R;n;ep 

Pu 239
, o6pasy:mtHXC.fl (n cropaJJ!Jllrx) B aTOMHOM peaKTope npn cu

raHllll O,D;Horo ~ llJIYTOHnR • .n,rsr JierROBO.D;HWC peaRTOpoB KB = 0,6; 

8TO 3HatJ:eHne ll llCllOJil,30BaJIOCI, llPli pactJ:eTe KPHBWC l)lic.I4 *>. 
Ilpn T~ I raB TSKllM o6pa30M MOlltHO nOJIY'lllTI, Tpex-tJ:eTlipeXKpaT

HHI BHnrpHm no CpaBHeHlllO C llOJIHOI SaTpatJ:eHHol 8Heprnel EaaTp. 

OKOJIO 60-70% 8TOro BHnrPlifila 06.flSaHO 8Heprnn .IteJiemm llJIYTOHRR. 

HcnOJII,SOBaHHe .n;elTpoHHoro ~a Ha TpeTI, YBMli'mBaeT BHRrpHlll B 

8Hepr:a:a Ill)li T ~I raB ll npaKT~eCIU:t He CKSSHBaeTC.fl Ha BeJlll'D![He 

~osBp. npn aHeprnn, 60JI1,mel, tteM HecKOJILKo raB. 

C poCTOM 8Heprnn T ,D;OJIR B03BpamaeMol 8Heprnn CTpeMRTC.fl R 

llOCTORHHOMY npe.n;e.ny. 0,D;HaKO 8TOT BHBO.n; He Y'lllTHBaeT "ajxpeKTa pas

romw", cBRsamtoro c BOBJietJ:eHReM B aJieKTpo.R;n;epHHI nponecc o6pa
SYXXItifXCR .R;D;ep llJIYTOHRR. 

B CSMOM ycKopnTe.ne ~D;eJI.fl8TC.fl T8llJIOBM aHeprnR 

QYCRop=EaaTp-T = T(l-kn ) /kn<< Qll~H· 

.ztaxe npn MaJIWC SHatJ:·eHRJIX Ko~eHTa _ ~ Ha noztn;epza.HRe caMoro 

ycKOPHTeJIR Tpe6yeTC.fl JlllWI, OtJ:8HI, He60JII,WM ,n;OJIR n~aeMOI 8JI8KT

p~eCKOI 8Heprnn. B HSR60Jiee paspa60TaHHOM K HaCTOJill{eMJ BpeMeHR 

*) .n,rsr TmteJIOBO.D;HWC peaKTopoB KB~ O, 9. fl 6Jiaro.ztapeH B.B.OpJIOBY 

sa o6cyx,n;eHRe BOnpocoB, RaC8XllllHXC.fl 8ROHOMHRR peaRTOpoB R pac

tJ:eTa KOajxp~eHTa kB03BP• 
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KaHa,n;cKOM npoeKTe aJieKTpo.R;n;epHoil YCTaHOBKll -~ 8Toro Heo6XO,Itl{MO 

BCero TOJII,KO OKOJIO 2% aJieKTpntJ:eCKOii MO!IIHOCTll 191. 
EaJiaHc 8Heprna B 8JI8K~o,n;epHOM 6pnn;nHre aHaJill3llpoBMC.fl TaK

JKe B pa6oTe B.A.,llailnn;eHKO ? , rn;e 6wr cn;eJiaH BHBOD; o TOM, 'ITO 

Ha 8TOM nyTn npnmni:nnaJII,HO HeJII,3.fl TIOJIYtmTI, HllK8KOro BilllrPlifila B 

8Heprnn. 0.D;HaKO OUeHKll pa6ow: / 2?/ IlpoBen;eHli B HallMeHee 6Jiaro

TipIDITHOM CJI~ae - _n;JIR .fln;ep Th 232 n MlillleHn, B KOTopoa BHXOl{ HeilT

pOHOB B.D;BOe M8HI,me, "leM B TOJICTOM ("npaKTH"!eCKll 6eCKOHetJ:HOM") 

6JIOKe, He JtmTl1BaJIC.fl K08_q$runeHT BOCTIPOll3BO.D;CTBa KB li He_ Y'lllTl1Ba

Jiac1, BOSMOJKHOCTI, YTHJIH3aunll "T€llJIOBl1l{eJiemm B Millll8Hll. KaK 1111 Bll

.D;eJill BHme, MOlltHO Yita3aTI, YCJIOBll.fl, KOrn;a 8JI€KTpoR:r~epHHi1 6pnn;nHr 

,n;aeT sHatmTeJII,HHI 8HepreTll'l€CKH~ Bllllrp11m • 

He MOJKeT CJIYJKHTI, B03pa.JlteHHeM rrpOTHB 8JI8KTPO.fll{8pHoro MeTo,n;a 

n TO o6CTO.flT€Jil,CTBO, qTo pacxo.n:u Ha co6CTBeHHHe' HJlltHl1 B 8TOM CJIY

'!ae BHme, tJ:eM B peaKTopax-6pn.n;epax, r.n:e OHR cocTaBJISJIOT He 6oJiee 

IO%. 3TO 611JIO '611 cymecTBeHHHM coo6paJKeHReM, eCJill 611 peaKTOpli-

6pn.n;epli ,n;eilCTBHTeJII,HO MOrJill o6ecnetmTI, Y.O:OBJieTBOPHTeJII,HYJ(l CKO-

. pOCTI, HapaClOTKH ~eJil!IIIHXCII ae111ecTB, 

BliBo,n; B.A.)laIJn.n;eHKO O TOM, 'ITO H3J!OllteHH!l8 B ero CTaTI,e cooCl

paJKemm ".n;eJiam n.n;eJ sJeKTPO.fln;epHoro 6pnn;nHra HenpneMJieMol B 

CaMOI OCHOBe" (cM. 27 , · CTp,I6I), COBepmeHHO HeCOCTO.flTeJieH. 

B p.R;ll;e pa6oT npe,D;JiaraJIOCI, llCTIOJII,30B8TI, B Ka'!eCTBe MnllleHn 

no,n;KpllTR"leCit{IO CliCTeMY, T. e. t'bell;llHllT~ BOe,n;mto YCKOpllTeJII, R 

peaKTop Ha 61:lCTpliX HeilTpoHax 14, 28 , 29 • OTO ll03BOJIHJIO 61,1 llOJiy:.. 

'lllTI, O'!eHI, BliCOKlll R08q$m;KeHT BOCllpoll3BO,D;CTBa .n:~eroc.fl BemecTBa 

n B TO xe BpeM.fl - 'ITO oco6eHHo BaJKHO - llCTIOJII,30BaTI, YCKOPRTeJII, 

C MeH1,mel RHTeHCllllHOCTI,IO ~Ka. 06pa3HO rOBOP.fl, SJieKTpo.fln;epHM 

'!aCTI, TSKOI CllCTeMli CTaHOBHTCR B KaKOI-TO Mepe aHaJIOroM .n:niMiy-

3HOHHWC sSBo.n;oB, Ha KOTOpHX _n;eJIJill{RICR MaTepHM oT.D;eJI.fleTC.fl OT · 

HeRCTIOJII,SyeMoro u 238 ; ~OK ycKopeHHUX '!8CTllU .n;aeT B03MOXHOCTb 

nepepaCloTaTL B8CL ~0Cl1,1aaeMHR ypaH B H~epHoe ropnqee III, 
MolltHO .. ztYMST:&, 'ITO 8TO - O,D;HO ns HaR60Jiile llHTepecmuc HanpaBJieHRfi 

paSBRTIDi SJieKTpo.R;n;epHoro MeTo,n;a. 

qTO KacaeTC.fl CTOllMOCTH nponSBO.D;CTBa .D;eJIRmliXC.fl BemecTB 

SJieKTpo.fln;epHHM MeTO,D;OM, TO B HaCTOJill{ee BpeMR s,n;ec1, MOlKHO c,n;eJI8TI, 

JinmI, rpy6o-opneHTnpoBOtJ:Hlie pactJ:eTH •. Ha PRC. 16 np:ime,n;eHli pesyJI1,Ta

Tli TaKKX oneHO'!HWC pac"IeTOB, BlillOJIHemiwcRaHa.n;cKnMn ~3HKaMn. 

KaK BH.n;HO, CTOllMOCTI, Cll.lII,HO 3SBRCHT OT llJiaHnpyeMol nponsBO.n;R

TeJII,HOCTll YCTaHOBKli R npn BliXO~e 4 Kr llJIYTOHWI B CYTKH COCT8BJI.fl8T 
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oKoJio 40 $/r (B ueHax 1974 ro.u;a). 8To noKa eme 3HatruTeJIJ,HO Blm!e 

CTOllMOCTll npoll3BO.ll;CTBa u 235 M8TOll;OM ll;llqqJY3llOHHOro pa3.ll;eJI8HWI 

ecTeCTBeHHO:li CM8Cll ll3OTOilOB ypaHa ( ~ 25 $/r *)) ' B CBJI3H C llC

TOlll8Hl'l8M y,u;o6mnc .Ir,1Ul 8KCnJiyaT~ M8CTOIJOllt.11;8HH:li ueira Ha ypaHOBOe 

Cl:lpM 61:lCTpo BO3pac:rao:r H B. 1990-2000 rr. ,ll;OCTHI'HYT, llO-Bll.ll;HMOMY, 

ypoBHR, Kor.u;a aJieKTpo.R.u;epmtll cnoco6 npoH3Bou;cTBa Moxe:r c:ral'L 

CloJiee 3KOHOMP!t!Hll~* • 

Kor.u;a o6cYJKu;aeTcJI aJieKTpoJiu;epmtll MeTo.u;, To, KaK npammo, 

HMeiar B BH.ll;Y cwr1,HoToqHJ:le ycKopHTeJIH c aHeprne:li qacT~, He npeBl:l

mruomeil: HeCKOJIJ,KID( raB' IlOCKOJIJ,KY nepexo,u; K oqeHJ, BHCOKHM aHepl'IDIM, 

XOTJI H IlO3BOJIReT, 6Jiaro.u;apSI BO3paCTamm llOTOKOB BTOP~Hl:lX qacT~ 

B MHmeHH, CHH3HTJ, HHTeHCllBHOCTJ, ~Ka YCKOpeHHl:lX qacT~, TeM He 

MeHee B UeJIOM npHBO.ll;lIT K 3HatruTeJIJ,HOMY YCJIOlltHeHIDl H y,1topoxa.HHD 

CHCTeMl:l. 0,u;HaKo 8TOT BOnpoc Tpe6yeT 60Jiee TlllaTeJIJ,HOro H3yqeHWI, 

H He HCK.JmqeHO, qTO HMeHHO "Bl:lCOK08HepreTHqecKoe·HanpaBJieHl'!e" 

OKaJKeTC.II mm6oJiee Bl:lrO,ll;Hl:lM ,Ir,1Ul aJieKTPO.R.ll;epHOI'O 6pau;HHra ***). 

*) CTOHMOCTI, ,ll;llqqJY3HOHHOro Bl:l.ll;eJieHl'IJI u 235 (npH icJI~Blm: H3BJie

qeHWI HS KS.llt_u;oro KI' ecTeCTBeHHoro ypaHa 5 r U 23 c 93%- il: KOH

ueHTp~e:a) COCTaBJIJieT B H8CTOJilllee BPeM.II !5 S/r. CTOHMOCTJ, l Kr 

U309 B 1976 roey COCTSBJIJIJia 40-50 I • Omma,eTCJI, qTo B 

lffi0 ro,ey aTa CTOHMOCTI, IlO,ll;HHM8TCJI _u;o 84 • ' a K l!:85 ro,ey -

_u;o 100 S / 30, 3I/. 
3aMeTHM, qTo B 1954 ro,ey CTOHMOCTI, npoH3BO.ll;CTBa llJIYTOHl'IJI 

:na ynoMmiaBmeicJI BHWe aMepHRB.HCKoi ycTaHoBxe c HCllOJIJ,30BaHHeM ~

Ka 500- llaB · .u;ehpoHoB H CYTOqHoi npoHSBO.u;HTeJIJ,HOCUD, ·paBHoft 

5?6 Kr, oueHl!B8Jlac1, B 250 S/r (B nepecqeTe Ha ueHH 19?4 ro.u;a) 
/23,247 · . 
**) ~JIH Bl:lBO,ItOB O BO3MOXH0Cl'H 3CfxjieKTHBHOrO npaK:rHqecKoro OCYllleCl'BJie

HHH a:roro cnocoela :rpeelye:rcs e~e npopaOo:rxa MHornx HHKeHepHO-3KOHOMP!

qecKHX Bonpocon. 

iBBE) H 6Jiaro.ztapeH K.,U.To;rcToBy 3a MHoroRpaTHHe_o6c~eHWI aTwc 

BOilpOCOB, a T8.!0lte 38 npoqTeHHe PYKOillICH H MHOrO'll!CJieHHHe Sa.Me

qaHRI\• Cxo,o;HUe coo6pru,;eHHJI H3JIOXeHH B He,Ita.BHeil: paeloTe P.P • .Bwu,.. 
COHa/2!/. · 

' 
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,Ue:licTBllT8Jil,HO, IlOCJie Toro K8K sapmteHH!le qacTHIJ;U HHJK8KTllpo

B8HH ll YCKOpeHl:l u;o 3Heprllii T ~ IO raB, llX D;aJIJ,Hefuuee ycKopeHHe 

npoHCXO.u;HT YJK8 noqTH 6es nOTep1,. OrpaHlltteHHH, CBJI38HHHe C npocT

paHCTBeHHl:lM 38PJI.ll;OM H 6eTaTpoHHliMH KOJie6aHID!Mll, no Mepe YBeJIHqe

HHJI SHeprHH CTaHOBJITCJI Bee MeHee BaJKiruMllj STO yJiytJlllaeT 3MHl'l'aHC 

rryql{a H IlO3BOJIJieT HCnOJI!,3OBaTJ, ycKopmoruee KOJibUO C YM8HJ,WaIOU1eiicJI 

anep:rypon H, CO0l'B8l'Cl'B8HHO, CHH3Hl'b sa:rpa:ru Ha OXJla.JKA8HHe 

CBepxrrpoBO,ll;HHKOB HJIH, Hao6opoT, HCnOJI!,3OBaTb YCKOpSIIOlll88 KOJil,UO 

C IlOCTOJIHHO:li anep:rypon, HO cymecTB8HHO YB8JIH"IllTb sa ctteT aToro 

truCJIO HHllteKTHpoBaHHl:lX H 38XBatl8HHl:lX D;JIJI ycKopeHHJI ttaCTIII.t. 

Oco6eHHO 3aM8HtruBl:lM npeu;CTaBJLII8TCJI RCnOJib3OBaTJ, rryql{ll Bl:lCOKO

SHepreTHttecrou T.lllteJIHX su:tep. 3To 3KBIIBaJI8HTHO JB8JIHtteHHD Ha O.ll;lIH

.u;Ba nop.R,u;Ka llHTeHCllBHOCTH rryqKa npoTOHOB, no3BOJIJI8T CHl'l3HTb noTe

Pll 3HeprHH Ha 3JieK:rpouarHHl'H!l8 JIHBHH B MHllleHH, a C TOtlKll 3peHHJI 

YCKOPHTeJIJ,HO:li T8XHHKH He BH3liBaeT npllHUHIIllaJIJ,HH:li 3aTpyu;HeHHil:. 

IlpH nepexou;e B O6JiacT1, aHepmil: T ">> IO raB Tpe6oBaHHJI K HH

TeHCHBHOCTH nyqKa Hac:ronbKO CHIDKaBJI'CJI, qTo YJK8 CTpoJilllll8CJI ll 

npoeKTHpyeMl:le B HaCTO.filllee BpeMJI Ir,1IJl HCCJie,u;oBaHHil: no qiH3HKe 3Jie

M8HT8pHl:lX qaCTHU YCK0Plll'8JIH OKaSHBaiarcJI no CBOHM napaMeTpaM 

6JIH3Kll K TOMY. t!TO HeO6XO.ll;HMO 'n;JIJI OCYlll8CTBJieHH.II 3JI8RTpo.R.u;epHoro 

6pH.ll;lIHI'a. 8TO MOlltHO npoWIJIIOCTpllpoBaTJ, Ha npHMepe OO3,u;aBaeMOI'O 

B BaTaBHH CBepXIIpoBO.ltJil!IBro YCKOPHTBJIJI ( "Energy Dabler" ) Ha 

IOOO raB 1211. . " 
F.cJIH CtruTaTb, t!TO truCJIO o6pa3YK!IIHXCJI B ypaHOBOil MHIIIBHl'I .R.u;ep 

nJIYTOHHJI ll TenJIOB~u;eJieHHe npH0Jlll3Hl'8JILHO nponopUPJOHaJil,HJ:l aHeprHH 

npoTOHOB, TO KOaqxpllUPJBHT BO3BpaTa 3HeprHH 

k = k N T•[" +qot.. u.1 / ( 6a, + 6j. )] /(E
0
+ ANPT} , 

8038 ;ln p • ,r 

r.u;e N - "l!llCJIO nepB~Hl:lX npoTOHOB, ol :=o< IOO/(l-KB) - Koa~-
P 

eHT My-JIJ,THIJJIHK~, t~? (CM.Ta6JIHul:l 5 n 6), j!, N 'l' - MO!IIHOCTb 

pa,JtHOttac:ro:rHOil CHCTBM!l (K03qxpHUH8Hl' f' ~ 2 R MOJt~T 61:lTJ, ll;OBe

~eH ~o I,5 /lB/}, Eo ~ 20 ·IJ:Br - XOJIOCTaJI MOl!lHOCTL YCKOpMTeJIJI, 

KOr,u;a He YCKOpSI8TC.II Hll O_u;Horo npOTOHa. 

EaJiaHC SHeprHH 6y:u;eT noJIOUTeJil,Hl:lM (kB03Bp.> I). eCJIH llH

TeHCHBHOCTJ, ~Ka (npor./c) 

N~li = E/[k~ T (t+q<LG::'J/(C,o.+Gj.) -JVkJ~2·10
16

/T(raB), 
p o- 0 cl/I , -
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T.e. Np > 2.rn13 rrpOT~/c IIPH T = rn3 TaB. OTO Boero JIHIIII, B 
H8CKOJI!,KO n;eCSITROB pas 6oJir,me llHTeHC.HBHOCTH Np~ 1012 rrpoT ./ C ' 
ROTOpaSI saruiaHHpoBaHa .JVIB CTpoSimerocSI YCKOpHTeJI.H. 

lliITeHCllBHOCT!, No MO.lltHO CHHSHTI>,ITO Rpaiiliefi Mepe,Ha rropa:n;OR, 
eCJIH B Mllll!eHH HCITOJI!,SOBaTI> ecTeCTBeHHmi, Heo6e,ztHeHHHH Wlli CJierRa 
o6oramemrn.ll ypaH.~ 

·6 I 
......_ 10 '1 
~ I 

~ 1664 
I 

f05
~ 
f 

1o"'l 
180° 
f 

nY40K 
nPOTOHOB 

' ' '135° 

Pn:c.l. Pact:feTHlie yrJIOBHe pacrrpe_n;eJiemur HefiTpoHOB B paMHt:fHHX 
3HepreTllt:fecrou HHTepBaJiaX (B e.nrurnuax Heif.TpoH / nepBH"l:H.llfi rrpoTOH• 

• MaB• cp/4/. · 
HeliTpoHH BHJieTaIOT HS ~ztPll"l:8CROro ypaHOBoro 6JIORa ,l(JIRHOff 30 
H .1UlaM8TpOM 15 CM, Bo3Jie KP:iIB.llX JKaSaHH SHat:feHIDI AT B MaB. 
oHeprM nepBH'tHWC npoTOHOB T = 800 MaB. 

*) OueHOt:fHaSI CTOHMOCTI, BliCOR03HepreTR"l:eCROro YCKOPHTeJISI, Heo6xo
.~oro ,ll,lU! CHae!ltemur ITJIYTOHH~ P,eaRTOpa C MODtHOCTI,ll 100 MBr, 
COCTaBJISieT OROJIO 200 MJIH. s 217. CTOHMOCTI, CHJll,HOTOt:fHOro YCKO
PHTeJIJI C 3Heprneff T~l I'aB B KaHa.n;CKOM rrrre~Te MeKTPOSin;epHOrO 
6pnztHHI'a ouemmaeTcSI 6oJiee t:feM B 250 S 19 • ~ a?HM oueHKaM 
CJie.ztYeT ,n;06aBHTl, CTOHMOCTl, IVilillleHl'I: 400 MJIH. s 19 •. HsroToBJie
ime TaKoit MHIIIeHR npe,H;cTaBJISieT co6o:l1 CJIOlltHYJO TeXHR-qecRYD sa.n;a-qy. 

22 

2 I 10 • ~ I 
~ tof --.... 
C) 

~ 

~ 10' ,--..,, 

·A ...... . ' 
---34°-48°\. \ 
- ao·-100° ·.. 1 

\ 
L-, 
~ 
~ 10"3 

•••. 132°-146° 

10-t IOI f03 
J' (MJ8) 

Pnc.2. ~OJISI HeffTpOHOB (B % ) C 3Heprnefi 60JII,me T IVISI Tpex 
~ HHTepBaJIOB (pact:feT) 141. 
oHeprM Il,POTOHOB T = 800 MaB; Bee OCTaJII,Hlie n;amrne Te ~e, t:fTO 
H ,l(JLJI PHC • l • 

10' 

10°. 

h 
~ 10" 
< 
-a 10·2 

. . .... ~ ....... ~--~ ''1 

-3 
101 1 .,, • .,J 

tff2 t(J' 10' 10 
T(M38) 

10·2 

w·3 

10-' 
,as 
10·' 
1a•1, •• /D;-'"".......,......___,_, _._. ~, 11. I 

,oz 103 
J"(M35) 

Pnc.3. CneRTpli HeffTpoHOB, o6pa3YIOUJ;l1.XCSI B IJ;WIHH.n;pllt:feCRHX 6JI~Rax 
ll3 u 238 ll Pb 207 .ItIDUiOll 30 ll .ztHaMeTpoM I5 CM rro,n; ,n;eitCTBlleM 
rryt:fKa 800-MaB, IlJ)OTOHOB, napaJIJieJ!l,HOro OCR IlR/IHH;n;pa (B e.1UlHH
uax HeffTpoH;/nepBlI'IHI,lll rrpoTOH • JlaB) • · 
- - HefiTpoHH, BWieTalll!lie ll3 6JIOK8j - - - ll ••• - Heii:TpoHH ll3 
Sin;epHl:lX peaimnff npK.f >10,5 MaB cooTBeTCTBeHHO .n;JISI ypaHOBoro 
n CBRHUOBoro 6JIOROB. 
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r.r- • ... 1:..-,.r;.i 
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!"l'·' l-r.; 
•••• !.: ·); +--~ I , t : - •• 

! : 
I • 

·-·-' 1== ..... . .. . . .. :., 
L 

I 

Pnc.4. 
CIIeKTpH HefiTpoHOB, o6pasy~ 
llllIXCH B UWIRHnPRtJeCKOfi Mml!e
HR R3 U 238 C pa3MepaMR 
30xI5 cM rron nettcTBReM 
ITY"'!K8 800-MsB npoTOHOB, 
rrapaJinen»Horo ocR ~n-
pa (B ewrnm.iax HeilTpoH/ 
rrepBW!HHfi rrpoTOH. MaB 0 cp). 

HettTpoHH H3 HnepHHX 4' 
- -pearuru:nii np.lI.T.>I0,5MaB, 

-.-.- - B~eTaBn:me .IIS 6noKa 
HeilTpoHH/3/;- .II 

10-1! I I I I 11111 1 1 1 1 1111 1 1 1 1 1 11 ,J I • • • - COOTBeTCTBYJOlljlrn l(BH-
,o-2 10-1 1 7,M36 mm paC!oT/4/. 

Puc.5. 
3HepreTR"'leCKRe cneKTPH HeilTpo-

1 

HOB non yrnoM e K Hanpanne'
HIDO IlY"'IK8 rrepBll"'lHWC rrpoTOHOB 
c aHeprRefi 1'='750 MaB, C!oMC!ap
nRPYIOllllIX IUIJIRHnpR"<IeCKRi1 C!noK 
R3 u238 pasMepoM 30xl5 CM 101-
rrapannen»HO ero ocz. -
CMo~ercTorp8MMli-p8C"'leT 
paC!oTH 3 , nyHKTRp -pac"<Ie/4.( 1 

3KcrrepHMeHTan»Hhle TOtJK.II, no
nytJeHHHe tJeTHP»Mff pasnR~ 10-, 

MeTonaMR, B3HTH ll3 paC!oTH 5 • 
Bee naHHHe BHpaxeHH B en:HimMJC 
HeiiTpoH/nepruI"'!Hllfi npOTOH • 10·2 

•MaB 0 cp. 

w-

24 

q, 10 100 :r, 11,a 

0 

iQ e 11, .. 

l:-, 1d 
:g_ 
~ 
--0 102 

-3 
10 I e 11111tl • I ee eel I e1l,11J 

1C11 10-t 10' 10 
f (M38) 

PRc.6. CrreKTp '( -u3ny'leHHH qHJilllUU)UtJeCKOii lVlHIIlemr ua u 238 ,ll;JUI

H01130 R .ItHaMeTpoM IO CM, o6ny-qaeMofi rry-qKOM npoTOHOB C 3HeprReiI 
T = 800 Lf3B B~n» OCII I~Llrn:Hzwa {B e.mIHRilBX "'!HCno ¥ -KB8HTOB / 
IIePBRtJHHil IIpoTOH • M3B•-cp)i4/_. 

- - R~emi:e B HHTepBaJie .t1 ~ = 33,56° + 48,19°; 
- - - · - 1rnny-qemrn B lIHTepBaJie L18 = I3I,8I0 + 146,44°. 

8 - yron no OTHOmeHl'lID E HailpaBneIDIIO IlYtJKa npoTOHOB. 

8 

6 

4 

2 

0 

K t=nr(T}/3r1p(T/3) 

Ki=niTJ/2np(T/2) 

Tf(utl 

0,5 1 1;i 2 
PRc.?. 0THomeHRe rronHoro BWCOJ:ta HeffTpoHOB B rrpaKTH"'l6CIW -OecKO
Hff'lHOM MOKe R3 ecTeCTBeHHol CMeCR R30TOIIOB ypaaa, o6nyqaeMQM 
.1telTpoHaW1 1t7lll R.lU)8MJ![ T.PJl'l'JIJi -c BHepmeA T, R .BHXO.ltY' 11e:ltTpoHoll, 
llO~!{eHHOMY, COOTBeTCTBemro, .ztBYMR l!. TpeMSr Ilp0TOHSMK C 3HepI".R
eit T/2 H T/3. 
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I'l!C .8. Cpe_ztHee tIHCJIO He2TpoHOB, BWieT8IOIIllt.1C H3 ItMHll.ztPHtJ:eCKOff 
CBll~OBOH MilllleHH c;ia3MepaMll 60 X IQ CM {B pactJ:eTe. Ha Ozt.HH ll81}-
BHtJ'.Hllit .zteirrpoH) /? • · ·. . . . 

• - EeayJI1>TaTu pactJ:eTa; ,1 - aKcnepHMeHTaJil>HHe .ztaHHHe Ha pa6.o'."" 
Th! /I I. IlyHKT.11poM noKaaaHo tJ'.llCJIO HeliTpoHOB, BHJieTa10m,rx Ha wnne

HH, eCJI.H BMeCTO IJY'IKa zteiiTpoHOB 11cnoJI1>so:aaT1>IJY'IOR npoTOHOB Toli 
Jite a He prIIB T. 

10} 

......... 

~ 10
1 

~ ..._, 

CJ 10' 

0 

1a I I I I pl, I I •II I I I I J 

0 18 36 54 72 90 . 
Z (CM) 

I'Hc.9. TellJIOB~zteJieHHe B npaKTlf'iecKU 6eCKOH8tJ'.HOM 6JIORe H3 ecTe
CTB8HHOi1 CMeCH H30TOllOB ypaHa, 06.JiytJ:enr ll,POTOHaMK C 3Heprneff T 
{B pactJ:eTe Ha O,zt.HH nepBHtJ:HHit ll,POTOH) 6 • 

26 
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I 
:' 
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I 

I 

/ 

6 

--- 4 t-.J -
~2 
~ 0 

1 

0 18 36 54 72 0 
Z (CM) 

8 

B 

18 24 36 
'r{CM) 

PHc.IO. Pacnpe.1te.neime aRTOB .zteJieHIDI B npoztOJil>HOM {A) 11 none
petJ:HoM {E) HanpaBJieHH.IIX B 6.JIOKe H3 ecTeCTBeHHott CM6Cll ll30TOilOB 
ypaHa, OOJIYtJ:eHHOM nP,QTOHaMH c aHepmett T (B pactJ:eTe Ha o.zt.HH 

nepBR'lHHff Il,POTOH) 767 . 
Ha .ItByx BepXHRX pHc. _ - ~ .ztJIB T = 660 Ll3Bj - - - - V

8 
ztJIR 

T =- 660 ll3B; -x- - -I .ztJIJI T = 300 MaB. Ha _ztByx HIDKID1X p11c. 
~& .ztJIB:r' ;;,, IO, 5 M3B II T = 660 YaB (BucoKoaHepreTHtJ:eCKoe 

. zteJieHHe) ; 
s ~ WI.II :r< I0,5 MaB n T = 660 MaB (HH3K03HepreTHtJ:ecKoe 

. zte.neHHe) • 

90 - " C0 

g, 60 
1 ; 

~-30 
O· 

0 
0,3 0.5 

Th 
8i 

0,7 0,9 1 
T (r3B) 

PHc.II. TeIIJIO~zteJieHHe B ~er ll:3 TOPRII lI BJICMYT8 B pactJ:eTe 
Ha O,ItHH BHJieTa.Jllld HetlTpoH 33 • 
Jl1mHa MmIIeHH ·60 CM, ,ztHaM8Tp IO CM. T - 3H8prnJI nepBH'l'.HHX npoTo

HOB. 
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2,4 
~ 

~ t,6 
t_ 

'-
0 0,8 

/./ 
,o Pb -·--

0 -·--"---· -~=-sn 
'Ke 

0,4 0,8 1,2 1,6 2 · 
r·(r3a) 

PHc.I2. TeIIJioBun:eJieHHe B uwnm.n:l)lNeCKoii MHIIIeHH .~aMeTpoM IO CM 
li ,n;mmoii 60 CM. 06.7IYtiaeMoii IlY'IBOM II.POTOHOB C 8Hep!'Ileii T. MmneH:E, 
rroMelljeHa B ueHTp saMe.1VlJilO!llero (n OTpa.JKa!Clllere-) HeiiTpoHU BO.ztmioro 
6aKa c pasMepaMH ISO x ISO x ISO CM. lJytroK rrpoToHOB rrorra.n:aeT Ha 
Topeu MHIIIeHli ~epes BEIBYYMlIPOBaHH11ii KaHaJI,PacqeTHue ~aHHUe - Ha 
o~.m1 rrepBHqHuit rrpoToa117 I. 1 

3,2 

,I 

/ 2,4 
/ 

/ 
/ ,, 

'--' 
/~ 

~ w . .,, 
:;, 11 

1V, 
1,4 1,8 O 0.2 0,6 1 

T (fJB} 
Plic.I3. TeIIJIOBH.n:eJieHlie B ypaHOBOM n CmIHUOBOM 6JIOKax .rtHaMeTpoM 
IO CM li ,!l;mmo:ii 60 CM rro.n: .n:eilcTBReM npoTOHOB- li .n:eiiTpoHOB C 8Hep-
rneii T. / 
Kp,rnaJI - pac~eT :irs pa6oTH / 7/. (B ~ae CBilHUa .n:aHH11e Jt)UI 

IIpOTOHOB ir. .tte:fiTpoHOB ~,l{l,!BaIOTc.11 Ha o.ItHY KPID3YD}; x - TeopeTH
qecKHe .ttaHHUe pa60TU 18 _!t)IJI Izytll(a npoTOHOB. 

.. 
28 

4i 
3,6 

3 

2,4 

1,8 

1,2 
1 .... ---A 

/ 

o,6 F / :-- - - - § . 
0 

0,5 1 

-.-

- --

1,5 2 
T (r3s) 

Plic.I4. ~OJI.ll TeIIJIOBOii aHeprllli, B03BpamaeMOii B 3JieKTpOCeTb, B 
ycTaHOBKe c rrpaKTHqeCKH 6ecKOHe~HUM ypaHOBUM 6JIOKOM, KOTopuii 
o6JiyqaeTCJl npoTOKaMH C 8Hep!'Ileil T. 
A - ecTeCTBeHHaH CM8Cb li30TOIIOB ypaHa; B - u 238 • CIIJIOWHUe KPliBUe 

l(IIOJIH l( 
- ---reIIJI' rryHKTRp - ---reIIJI· 
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16 

-;) t2 
r,.;-

~--- 8 
~ 
~4 

a 18 36 54. 72 0 
l(cM) 

f8 36 54 
t(cM) 

PHc.15. Pacnpe,n;eJie:mre si;n;ep Pu 239 no IIpaKTII'Iecroi: 6ecRoHetJHOMY 
ypaHOBOMY 6Jioey, 06JIY'IeHHOMY rrpoTOHaMH C 3Heprnen T MaB (B pac
'IeTe Ha O,I(ll:H rrepBll:'IHIDl IIpOTOH) 761. 
A - pacnpe,n;Me:mre B pa,I(ll:aJIJ,HOM, B - pacrrpe,n;eJie:mre B rrpO.I(OJIJ,HOM 
HanpaMemrnx. 
CWIOlllHlle rIICTOrpa.MMII - pactJeT ,nJIH ecTeCTB6HHOft CM6Cll li30TOilOB ypa
Ha, nylrnTllP - pactJeT .lt}IB 6JIORa ll:3 'Ill:CToro U 238 Ilpl'I T = 660 MaB. 
CTpeJIRoft noRaaaHo noJIOJKemre HCTO'IHliRa rrpoTOHOB (rJIY6HHa me.im). 

:r 
I: 

t -~ 
20 

D,4 OJ½ 

I. 

l,2 1p 2 2.4 
T(r3t,) 

PHc.16. On;eHO'IHM CTOHMOCTI, npoH3BO.I(CTBa l r .n:emnnerocJI BemecT
B8 3JieRTposi;n;epHNM M6TO,I(OM B a~~OCTll OT npOH3BO.I(ll:TeJI1,HOCTH 
YCT8HOBIG!: II 3HeprHH npOTOHOB 2 .KpnBl,le l,2,3,4 COOTBeTCTByJOT 
npoll3BO,I(ll:TeJI1,HOCTH,paBHOft l,2,3,4 Kr .n:e.rumterocJI BetneCTBa B CYTIW. 
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