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3arracu HaH60Jiee 8HeproeMKHX R y~o6HHX )J,J1H. HCITOJI1,30Bamm BH~OB 
opraHH'!8CKOro TOIT~Ba - HeqJTH R rasa 6~3KR K RC~eprraHHro. O~eHKH 
ITOKa8UBaroT, ~TO RX XBaTRT ~ID!, Ha H8CKOiI>KO 6JrnJKafiIDHX ~9CHTHJI9TRfi. 
EoJiee 3Ha~HT8Jll,HH sarracu KaM9HHoro yrM. Ilpn COBpeMeHHHX TeMrrax 
pa8BHTM 3KOHOMHKR OHH MOryT o6ecrre~BaTI, 8HepreTHKY Haman ITJiaHeTU 
ITO KpauHefi Mepe B Te~eHne rrapu COT9H JI9T. Ho 8TO, K coxaJieHmo, CBH-
8aHo C o~eHI, cepI>98HHMR 8KOJIOrH'!eCKliMli ITOCJI9~CTBRHMR - C cJKHraHHeM 
8Ha~HT8JII,HOM ~aCTR, a ITO H9KOTOpUM o~eHKaM ~axe Beere KRCJIOpo~a aT-
MOCqJepu, BUOpOCOM orpOMHUX K0~9CTB co,, , cepHHX OKHCJIOB R T.~. 
1TO KacaeTCH B0800HOBJIH9MUX RCTO~HHKOB SHeprHH -rH.np08JI9KTPOCTa~il. 
BeTpHHHX ~HraTeJiefi, COJIH9~HUX 6aTapett, TO RX BKJia~. HeCMOTpH Ha 
60JII>UJYID BaXHOCTI, R ~axe YHRKaJll,HQCTI, )J,J1H. H9KOTopux crre~R~9CKHX 
ycJIOBUll, B8CI>Ma orpaHR~eH R He MOX9T CTan orrpe~eJl.ltlOII\RMI. 
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Pnc. I. · O~eHK!f rroTpe6HocTefi 
Hamett ITJiaH9TU B aieKTp08H9p
rnn. Ile ~aHHHM Melll,IIYHapo~Horo 
3HepreTWiecKoro KOHrpecca; 

6' 
B e~~ax IO TuT. 

Pa~KaJII>HHM pemeHneM rrpo6JieMU, KasaJioc1, 6u, Mor CUTI> T9pilOH~ep
HHil CRHT98. O~HaKO BOITpeKH B9CI>M8 OITTHMliCTH'!9CKHM rrepBOHa~aJll,HllM 
rrporHo8aM Ha 3TOM ITYTR rro-npexrreMY CTOHT eme·~p98BWrafiHO CJIOXHHe 

I) CYll.l9CTB9HHH9 KoppeKTRBH MOX9T BH9CTH C03~8HH9 MomHHx COJIHe~HHX 

M9KTpOCTa~fi B KOCMOC9 C TpaHCITOpTRpOBaHHeM rro~aeMOH TaM·3HeprRR 
Ha 3eMJiro, Ho 3To - ~eJio BecI>Ma ~aJieKoro 6y~ero. 
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HaTIHO-T8XIIB'i8CKH8 sa.n;a'lll. Crre!(HaJIBCTJ:l-T8pMOJUJ:8pll1JIKll yJKe ,n;aBHO roBO

p.ll:T o TOM, 'ITO B 6JmJKa:unrne 5-IO JJeT HM y,n;aCTCJI cos.n;aTb .n;efiCTBYKJ!Ull:U 

rrpOTOTilll peaKTOpa, KOTOp!,I:U IIOKaJKeT rrpllHI(HITlla~HYJO BOSMOJKHOCTb SKOHOMll

'l8CKll BHrO,IJ;HO:U yrrpaBAAeMo:it T8pMOJU{epHo:it pea,mllll, HO STH cpOKll ITOCTOJIH

HO C,IJ;Bfil'aIDTCJI,n: cerO,IJ;HJI pe'lb ll,Il;8T yJKe O HatJaJJe XXI BeKa. Hy a ,Il;AA 

cos.n;aHM iipoMRIIJJieHHllX yci1rn·oBoK rroTpe6yro:TcJI, rro-Bn:,Il;liMOMY, eme .n;ecJIT

KH JJeT. 0.n;HaKO ll IIOCJie Toro, KaK y.n;acTCJI 38JK8% "TepMciimepHyxJ rop~JJ..:. 

ey", ee SHepreTmecKn:e sarracH'6y,nyT BeCbMa orpaHll'leH!illMH ll llCITOJlb30-

BaTb'BeCb TRlK8~H·BO,Il;OpO,n;, B HS06ll.Jllill CO,Il;8pl!Ulll!llHCJ! B 38MHHX OKeaHaX, 

He y.n;acTCJI:.:. Be.n;b'KpoMe iiero B "rope~" Bee BpeMJI cJJe,IJyeT .n:o6a~Tb 

TpHTHH, KOToporo B rOTOBOM Bll,IJ;e Ha Hamett ITJJaHeTe:HeT. JJ:AA ero Hapa-

6oTKH'Tpe6yeTCJI JIBTmi ( n+6u _,.. 4He+t ) , .n;o6HBaTb KOTOpl:lfi 

Tpy,Il;HO, ITOCKMbey B 38MHOH KOpe ero MaJJO H, KpoMe Toro, STO'-·pacce

JIHHllH MeMeHT. ' 

B rrpn:mnme, BOSMOJKHO "rope mm" ll 'IHCTOJ'O .n;eilTepIDI, 6es iipn:M8Cll 

TpllTHJI, HO TOJlbKO rrpn: 'lp93BJ:l'la:itHO BHCOKHX T8MTiepaTYpax n:s-sa 6o~iirnx 
ITOTepb Ha,HSJJY'leirne;' OrpoMime Tpy,Il;HOCTH CBJISaHll H C .n;pyriiMn: BOSMOJK-

HHMH TepMOR,Il;epHHMii 'pea,mMMH ( Harrpmnep, p+d --
3

He + (, p+t -
4

He ) '. 

KaK rro.n;q6paTbCJ! B HllM rrpaKTll'leCKH - rroKa COBepmeHHO HS JICHO. 

)!IOJKHO 6HJJO 61/Ha,n;e.FITbCJ! Ha peaKTOpH, B KOTOPHX n:crro~SYSTCR 

"rrpo-rHBo~oJJo.JKHaR:"'.pea,mn:JI - .n;eJJeHHeOtJSHb TJIJKeJJHx, rreperpy}l{SHHHX 

HeHTpOHaMn: ',mep ypaHa·: TaKHM nyTeM cero.n;IDI B Mn:pe ITOJJy'laIDT OK~JJO 

12% BCeft SHSJ)rHH, a B H8KOTOPHX CTpaHaX OH CTaJI y;..e OCH.OBHHM. Hanp.11-

Mep, BO <Ilppm:iirn H8 ero ,IJ;MID ITpHXO,Il;HTCJI YlK8 CBHIDe 7Cf/'o. 0,n;HaKO llSOTOil 
235u , .n;eJJeHHe KOToporo B peaKTOpax _KaK pas ll -~aeT JlbBIIHyID ,IJ;MID 

SHeprHH, COCTaBAAeT B rrpupo,n;HOM (HaTJpaJII,HOM) ypaHe BCero Jllillib 0.72%; 
.n;pyrIL\ffi cJJoBaMH, 6oJJee 99% Boero .n;o6ImaeMoro B MHpe ypaHa n.n;eT B 

OTBaJJ. IloBllll!eHHe 8KOHOMH'IHOCTH aTOMH0::1 SHepreTHKll H :e_e ,IJ;MroBpeMeHH!le 

rrepcrreKTllBl1 Tpe6yroT paapa6oTKH ::i,:WleKTHBH!lX M8TO,Il;OB'llCIT0~30BaHIDI 
238u , na KOToporo B ocHOBHOM ·n: cocTOHT .n;o6HBaeMHfi ypaH. 

0,n;n:H U3 ny'reft B STO'.l HarrpaBJJ8Hllll. - SaCTaBI'ITb aTOMHllff peaKTOp 

pa6oTaTb B peJKUMe, Kor.n;a rrpH KaJK,UoM ,n;eJJeHHH ypaHoBoro impa B cpe.n;HeM 

Bl1,Il;8AAJJ0Cb 611 ITO KpafiHeH Mepe Ha 0,Il;HH H8HTpOH 6o~me, 'l8M STO Tpe6y

eTCJI ,Il;AA rro,IUJ;eplKaHllR o6!l'IHO:it nerrHOH peaR4Hll .n;eJJeHIDI. Sa C'leT SToro 

,Il;OITOJJHHT8JlbHOrO HefhpoHa B_03MOlKHO o6pa3oBaHHe JJerKo Bll,IJ;e~merocR 
. 239 · ,. . . 

impa Pu 
. ' • ' .. aH~ 
. 238 , . 239 · v 
-·n+ U -- .. U + 0 ··-

239 . _.?.
5r" 

Np+e ..:.- 239Pu+e-

TaKOH pelKHM imepH!lX rrponeccoB (ero HaSHBaIDT 6pll,Il;HHrOM) MOlKHO 

o6ecrre'lI'ITb:B peaKTOpax Ha 61:lCTpHX HSHTpOHax, a rrpll H8KOTOpHX crre!(Ha~

HHX YCJJOBHRX (B TaK Ha3ImaeMHX TJIJKSJJOBO,Il;HllX.peaKTOpax C rrpHMeCbID 
233u ) ll B o6JJaCTH TSITJJOBHX H8HTPOHOB. 0.n;HaKO o6pasyximeecJI rrpn 

2 

" 

3TDr.l 'IUCJJO HeflTpOHOB .Jlllllib H83Ha'lUT8JlbHO rrpeB11maeT rAHHHMaJlbHO Heo6-

xo.nm.rne ,n;.'UI 6pH,Il;HHra, :rr rrepepa6oTKa 238u B imepHoe ropiotJee B coBpe-

MeHw.orx peaKTOpax-Hapa60TlJ'.HKax rrpOHCXO,Il;HT B8CbMa M8M8HHO. 11 BCe STO 

BpeMFI peaKTOp ,IJ;.Jlff CBOefl pa60Tl1 ,Il;OJllKSH IlOTpe6AATb YJKe HMeronmecR sarracH 

233u , 735u H.JIU uapa6oTaHHOro paHee ITJJYTOHHJI • .UpyrnMH CJJOBaMH, 

rrepeBO,IJy 3HepreTHKU Ha peaKTOp11-6pu.n;epH ,Il;OJllKeH rrpe.n;meCTBOBaTb eme 

,IJ;.'lHT8JlbH1liI rreprro.n; "rrepBoHa'laJibHOro H8KOWI8HHR Kami:Ta.rra" -Hapa60TKH 

6om,llliIX KOJIH'IeCTB JJerKOBbl,IJ;e~nmxcR 3Jl8M8HTOB. 

BHXO,Il; Heil:TpOHOB pe3KO B03pacTaeT rrpn rrepexo.n;e K SHepruRM, UJHoro 

60JlblllllM MU.JJJIHO!la SJJ8KTPO!l-'BO~T. 2roro H8Jlb3R .n;o6nucJI B nerrHl1X 

peaKUHRX ,n;eJJeHUJI - Bl1COKO:ClHepr8Tll'l8CKllX HeHTpOHOB T8M MaJJo, O,IJ;HaKO 

MOJKHO ,Il;OCTI'I'Ib c ITOMOlllblO HerrpepHBHOH 11 ITO,Il;CB8TKH 11 peaKTOpa O'IeHb 6HCT

pmm HeihpoHaMn OT BHSIDHero I!CTO'lHHKa. TaKIIM UCTO'IHHKOM MOrJJa 611 611Tb 
"TepMc.JJI.n;epHaH ropeJJRa", v1cnycRa10maJI HefiTpOHH c :meprHeM 14 MsI3 B 

OKpyJKa1001un ee ypaHOB11M aKp8H. 2ro- TaK Ha311BaeMHH rn6pn.n;H11fr TSPMOJI,IJ;. 

HM MOJKHO 6y.n;eT BOCI10Jlb30BaTbCf! B 6Y.JJYIIl8M, Ror.n;a y,n;aCTCSI 38JK8'Ib ynpaB

JIJI8MYIO T8pMOM8PHYID P8aKrtHID. 

,UpyraJI B03MOlKHOCTb - UCI10Jlb30BaTb ,IJ;AA "rro.n;cBeTKU" rry'IOK 3ap~eH

HHX -qacTHU 113 yCKOpHT8AA, KOHBepTHpyeMHX B MHIDSHU B ITOTOR BHCOKo:.mep

reTn'IeCKI'IX HeitTpOHOB. ( 0 TOM' KaK STO rrpm!CXO,Il;HT - 'JYTb HI!JKe) • Ta KOU 
238 

crroco6 rrepepa6oTKll ll B ITJiyTOHUit ITOJiy'lllJl Ha3BaHne SJJeKTpOR,ll8pHoro 

M8To.n;a. Ha I<paTKOM l!taproHe CIIe!(Ha.JmcTOB ero Ha311Ba!OT "8JJ8RTpoimoM". 

HapJUJY C peaKTOpaMl! ,n;eJJeHHR H "T_epMOJI,Il;OM" - STO TpeTliil B03MOlKHHH 

nyn pa3BHTUR aTOMHOll SHepreTUKl! U, KaK Mil YBH.nllM HIUKe, ITO ·Bll,Il;HMOMY, 

HaH6oJJee rrepcrreKTHBHHH; BO BCRKOM CJiy'!ae, caMIDi 6esorra_CHllH. 

I<asaJJOCb 611, Hait.n;eH 3aMe'laT8.%Hl1M M8TO,Il; ITOJJY'leHM aTOMHO:':l: 31!8.P

nrn, I103BO~IIU!:ii YTl!Jill3UpoBaTb Bee aarracH OTBaJlbHOro ?38
u • .IlAA 

SToro HYlKHO TOJlbKO cbs.n;aTb YCTaHOBKY, COCTO.ffiQYID U3 Tpex 'IaCTeir; .n;o

CTaTO'IHO MOlllHOro YCKOpI!TS.JU! rrpoTOHOB, ypaHOBOM MllIDSHll, r.n;e rrpOHCXO,Il;llT 

BH,IJ;eJJeHirn TerrJJa . II HaKOITJJeHHe ITJiyTOHUR, ll 8Jl8KTpOCT8HUHH, IICI10~3YKJl!l8M 

Bl1,Il;8M!Ol!l8eCf! B MUID8Hll T8ITJJO U ITHT81Clll8ii YCKOpMTeJlb. TaKaR Tp8X3B8HHaJI 

ycTaHOBRa 6y.n;eT caMa CHaOJKaTb ceOJI 8Heprnefi' a U3.J1UllJKI! B BU,IJ;O R,n;ep

HOro ropmero MJIB ::iJJel<Tpomrnprun ( ll.JIB Toro u ,n;pyroro BMecTe) Ciy.n;eT 

ITOCT8BJ!Jl:Tb. IIOTpe6HT8AAM. 

BrrepBue rro,n;o6Haf! n.n;eR 6HJJa Bblci<a3aHa 3.JioypeHcoM, 3.:,!aK-'.·,1uJJJJaHoM 

n H.ILCeMeHOBHM e111e B Ha'IaJJe 50-'x ro,n;oB n BOT yJKe 6oJJee tJeT11pex 

,n;eCJITKOB JieT oocyJK,UaeTCJI /flll3HR8Ml! ll SHepreTHRaMH. Ha O,Il;HOM H3 ITOCJJe.n;

HllX COBeTCKI!X COBemamrtl:, ITOCBJIIl(8HHl1X STOTT rrpo6JJeMe., B KOHUe bO-x 

ro.n;oB, JI H8C'IHTHBaJJ rrpe.n;cTaBnTeJJei1 6oJiee 20 pa3JJU'lH!lX opraHH3BI(HiL 

PeryJiqpHO rrpoBo;iqTCFI MeJ!OJYHapo,n;H11e KOHtepSHUllll (rrocJie,IJ;Hf!JI rrpoillJ!a 

oeeHbID npouworo ro,n;a B HnoHHU) • 11 BM8CTe c TSM .n;o CHX rrop HH y Hae, 

HJ/I sa py6elK0\1 He I10CTp08HO HH O,ll;HOro ::JJI8KTPOR,n;epHoro peaKTOpa. 
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Kor.n:a pett!> n.n:eT o cos.n;aFnnr TaRoi1 CHcTeMH, cpasy JKe BOSHHRaeT 
Borrpoc OTOM, a HaCROJI!>ROoHa 6y.n;eT aj)'peRTHBHoi1 Ha rrpaRTHRe? Ha 
rrpHMepe TepiAOH.IJ:epHO:t pearonrn: MO.JKHO BH,n;eT!>, KBR TeopeTll'IeCRll .. 6esyrrpett

H8.fi H.n;ex rrp:ir ee rrpaKTll'!eckofi peamrnar.rim MO.JKeT CTOJIRHYT!>CR: c orpoMHHMH 
TeXHOJIOI'Il'!eCRHMH TPY.IJ:HOCTR:Mll ll OiKll,1(8eMHM. "oKeaH 3Hepr1rn" B TetteHllEi 
MHOrll~ JieT OCT8H9TCR: He.n;ocTll.lKHMOH Mff'ITOH. 1ITOOH oue_HllT!, IIOT9HUHaJII,-::
HHe H rrpaRTll'!eCKH9 B03MO.JKHOCTR BJieRTpoH.n;epHOro MeTo.n;a, paCCMOTpID,! 
rro.n:po6Hee, 'ITO rrpoIIcxo.n;HT, Ror.n:a o6Jra,n;aromaR OOJII,ruo;t sHeprn:e:rr ttacTn:ua 
rrorra.n;aeT B ypaHOBYJO MHIDeH!> • 

BHCOROSHepreTll'IecRaR 'IaCTIIU8 .n:po'OllT BcTpei.aIOmHeCR: e!l Ha IIYTll 
H.n;pa' rrepe.n:aBM: CBOIO :meprHJO ll3 HllX rrpOTOH8M' HeHTpoHaM' a IIpll BHCO
KHX SHeprIIR:X H pol!t,ll;aJOiiurMcJi: · MesoHaM. B CBOJO O'Iepe,n:1,_ 3TH 'tfacTHUH pac
meIIJIRJOT .n;pyrne ,r.n;pa, yBeJill'!HBaR: 'IllCJIO pacrrpocTpaHmomHXCR B Mlllli8Hll 
'!8CTIIU H T.,n;. HarrpIIMep, IIpll CTOJIRHOBeHmr C MPOM ypaHa IIpOTOHa, 00-

Jia.IJ:aJOmero 3Heprneif B I rsB, p0l!t,ll;89TCR: 25-27 OHCTPHX ll M9,n;JI9HHHX 
'!8CTIIT(, B TOM 'IllCJI9 OROJIO 20 H9HTPOHOB. 3-ro B cpe.n:HeM B OT.IJ:eJI!,HHX 
.JKe CTOJIRHOBeHllR:x MO.JKeT po.n;Hnc,r 30,40 n: 60.n~e '!aCTHUi MHo.JKeCTBeHHOCT!> 

~ 
Plrc.2. Ilpll CTOJIRHOB8HIUI BHCOR08Hepre
TI!'l9CROtt '!8CTfilU,l C aTOMHHM H.n;pOM ll3 
Hero BHJI9T89T OOJI!,lli09 'IllCJIO IIpOTOHOB, 
H9HTpOHOB ll IIll-MeSOHOB. CHJI!,HO B030J.lK-
.ll9HH09 OCT8TO'IHOe MPO rrepexo.n;HT B 

CBoe OCHOBH09 COCTOR:Hlle IIYT9M ":ircrrape
HllR:11 HeilTpOHOB ll HCIIYCR8HIDI raMMa
RB8HTOB llJill MO.lKeT pas,n;eJIHT!>CR:, a B03-
6yl!t,ll;eHHH9 OCROJIRll OIIR:T!>-T8Rll T9PRJOT 
sHeprnJO, "ncrrap.m:r HeitTpOHH II ncrrycRaR: 

raMMa-RBaHTH 

ncrrycKaewx '!8CTHU OHCTPO pacTeT rrpn YB9JII!'l9Hllll 3Heprnn rrepBH'!HOtt 
'!8CTHUH-CH8PH.IJ:8. EcJIH ee 3HeprIIR rropR:.n;Ra ra3 rsB, TO B H.n;epHOMCTOJIR
HOBeHHll MOryT pO.IJ:HT!>CH Y.lK9 COTHll BTOPll'IHliX '!8CTHU- B pesyJI!>T8T9 rrpo

necca MHOrocTyn8H'I8TOro "pa3MHOK0HWI" B BemecTB8 Mlllll0Hll o6pasyeTOR 
MOl!lHld1 JlliB8Hb npOTOHOB, H8iTpOHOB, M830HOB li HRSKOSHepreTII'I8CKHX 

R.I(0p-OCT8TKOB. 
KoHe'!HO, He BCflKOe CTOJIRHOBeHHe '!aCTHUH C H,lij)OM corrpOBOl!t,ll;aeTCR: 

ere pacmerrJieHHeMH BliJieTOM HOBliX '!aCTHU. CJIY'I8IOTCH Ir .n;pyrIIe B38llMO

.n:ettcTBM, Kor.n:a, TOJIKHYB MPO, 'I8CTllI(8 IlpOCTO OTCKarumaeT OT Hero, 
'ITOOli CTOJIKHYT!>CR: co CJI8,!JyIOmHM. 0,n;HaRO, C Y'!eTOM TaRHX "XOJIOCTHX" 
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B3aHMo.n;e:rrCTBHM 'tfllCJIO pacrrpOCTpaHRJOmHXCR: B BemecTBe '!8CT:mt O'!eH!> Be
mmo. I1x TpaeKTOpllll ( TpeKH) o6pasyJOT B BemecTBe' MHllieHH "KaCK8.IJ:HOe 
.n:epeBO", OT CTBOJI8 KOTOporo OTXO.n;HT MHO.JKeCTBO BeTBR:mHXCR: "cytrROB" 
n "cy'!e'!KOB". HanpHMep, Ror.n:a B OoJII,mott ypaHoBHfi 6JIOK norra.n:aeT rrpo
TOH C 3HeprIIefi 300 :AsB, rropol!t,ll;a9MOe .HM KaCRa.n;Hoe .n:epeBO COCTOHT rrpn

rnepHO ll3 700 BeTO'!eK' a rrpn yBeJU!'l9Hllll ::JHeprIIB rrpoTOHa B.n;Boe nx 'IllC
JIO B03pacTaeT .n:o Tpex THCR:'I. 

BHJieTaIOmHe ll3 H.n;ep sapR:.JKeHHHe 'IaCTllUH, rrpOTOHH ll Me30HH, B3aH- · 
MO.n;eftCTBYJOT C MeRTpOHHHMll OOOJIO'IR8Mll aTOMOB Ir, cpHB8R C HHX MeKT
pOHl:,I (HOHll3YR aTOMH), TepR:IOT 3H8'!llTeJII,eyJO '!8CT!, CBOe:rr SHeprnn. IlOSTO
ury OHll OHCTPO 38Me,n;JIHJOTCR. IIpoTOHH OCTaHaBJIHBaJOTCR, a Me30HH pacrra
.n;aIOTcR:. I1Ha'Ie Be,DyT ce6,r ~eHTpOHH. y HllX HeT MeKTpH'leCKOro sapH.n;a, 
ll OHll CBOOO.IJ:HO rrpoxo.n;HT CRB03!, 3Jl9KTpOHHHe OOOJIO'!Kll aTOMOB. I1x 3Hep
IT1.ll: tteJIHROM yxo.n;nT Ha M9PHHe B3aHMO.IJ:eHCTBllR. Pa3BllBaRC!>, JIHBeHI, 
'!aCTHU B MllllieHll Bee 00JI99 o6oramaeTCR H9HTpOH8Mll ll IlOCT9IleHHO rrpeB
pamaeTCR: B nHTeHcn:BHHil rroTOK Me.n;JieHHO .IJ:HllXIlYH.IJ:HPYKIJUIX'HefiTpoHdB. 

IIo.n: .n;eilcTBlleM 3TMX HehpoHoB B ypaHoBoii MllllieHH rrpoucxo.n;HT TaKHe 
.JKe rrpoueccH .n;eJieHM H rrpeBpameHM H.n;ep 238u · B rrJiyTo_irn:rr:, KBR u B 
peaKTOpe Ha OHCTPHX H9l-iTpOHax, TOJI!,KO Teriepi 3TH rrpo~eccH MOryT ll:po
T9RaT!> B 'IllCTOM 23 8u,HllRaKHx CTapTOBHX (saTpaiiotiH!lx) rrpHMeaeit JIEirRO
.IJ:9JIHmHXCR: H.n;ep H9 Tpe6yeTCR:,ll CKOpOCT!, peaKI(llll HecpaBH9HHO 6o~me. 

· IloHRTHO, 'ITO TaRoit rrpouecc CTaH9T 3KOHOMH'I9CKH BHrO.IJ:HHM _B TOM 
CJiytrae, Ror.n:a·KoJU!'leCTBO Bli.IJ:9JIR!OOl9rOCR: B ypaHOBOM,6JIOK9 TenJia.n., 
sHeprIIR, ROTopyIO MO.JKHO IIOJlY'IllT!> rryTeM "cmrraHHR" ~dpasoBaBiriHxc,rj~ep 
IIJiyTOHHR, Oy,DyT 3Ha'!HT9JI!,HO npeBOCXO.llllTb 3H9prlIID d'o~Oap,n;npyi;;uut£ µpo

TOHOB. 3-roro saBe.n;oMo H9JI!>3R: .n;ocTll'!!> rrpn :meprruqc '!aCTllJ:t, ,MeH:r,llllix 
HeCKOJl!,KHX COTeH M3B. B 3TOH oOJiaCTll oco6eHHO ~e- ;IlOTepn 3Heprllll 

Ha HOHMSaI(HJO 8TOMOB ll rrpoTOHl:,I OCTaHaBJIHBaIDTCR:; H9 ycn~i)~ClpasoBaT!> 
.n:ocTaTO'IHO OOJI!,lliOro 'IHCJia JlllBH9BHX 'I8CTllI(. IlOJIOJK9Hll9'Cil8C89T TO, 'ITO 
'IllCJIO 3TllX '!aCT:IIU, a CJI9.IJ:OB8T9Jl!,HO, 'IllCJIO OOpasymurx~R H.n;9p IlJiyTOHllR 
ll T9IIJIO, Bll,ll;9JIRJ0~99CR: B MHIDeHH, BospacTaIDT HaMHoro OHCTpee, 'ISM 3H9P
rHR: OOMOap.n;HpYJOmHX IIPOTOHOB. 3-ro xopomo BH.n;HO HS Tael.:am.tu I, r.n:e rrpn
B9.IJ:9Hl:,I ~aHHH9 .n;JIR OoJII,moro OJIOKa HaTypaJII,HOro (He O'IHmeHHOro OT npn
M9CH 235u ) ypaHa. Y .JKe rrpn 700-800 M3B pacxo.n: SHepr,rn noRpHBaeT 
3aTp8TU H rrpo~ecc CTaHOBHTCH orrpaB.n;aHHHM. . . 

· HHT9HCllBHOCT!, H9HTpOHHOro JlllBHR: ClmlKa9TCR: rrorJiome1meM ere pas
JIH'IHHMH KOHCTpyKTHBHHMll .IJ:9T8JlfrMH H T9IlJIOHOCHT9Jl9M, Y.IJ:~JIRJ!lltID,! T9IlJIO 
H3 aKTllBHO:ll: SO!lll MHID9Hll. BHxo.n: IlJiyTOHIDI H KOJIH'I9CTBO IlOJIYlia8MO:ll: 
8H9prlllI YM9H!>maIDTCH rrpn 3TOM rrpHOJIH3HTeJI!>HO Ha 30-50%. 3To HJlJIJOCT
p:irpyeT TaOJillI(a II, r.n:e yKa3aHH .n:aHHHe ,n;.;m CJIY'IaR, Kor.n:a MHJileH!>IO HBJI.fl-

9TCR aKTHBHaR 30Ha p98KTOpa Ha 0HCTpli1. H9i1TpOHaX (cM.pnc.3), H 
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n - "IlICJIO p0'1t,ll;8!0lilHXCH HeHTpOHOB, 
N ~ -qHCJIO 06pa3YIOlilHXCH JI,D;ep ITJJYTOHID! 
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0 
N 

--- 900 ------1 
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260-t __ ..,. -Lr __ .;..;- I,\ 
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Pnc.3 

AKTRBHaH 30Ha MeKTPOJI,JJ;epHoro peaK
TOpa. YpaH B BH,IJ;e oKRcn uo2 sarre
-qaTaH B rreHaJill (TerrJioB11,ne.1IfITOume 

MeMeHTll) C OOOJIO'!KOH Il3 He_plK8BeIO
IllB:iL CTaJIH. IIpocTpaHCTBo Me'1t,IJ;y HilMil 
aarroJIHeHO TeMOHOCHTeJieM - Jllli~M 
HaTpneM. IIy-qoK rrpoTOHOB rroczyrraeT 
B oceByiomem, ll BCTpe-qaeT CBilHUOBYIO 
aar.nymey •. Bee pasMep11 B MM 

nenom,syeTCH.o6e,nHeHHW!: ypaH H3 OTBaJioB (rrpHMec1, 235u B 2.5.pasa 
MeH1>me, 'IeM B Hazypam,HoM). TeM He MeHee BHXO,n 3HeprnH Bee paBHO 
OCTaeTCH ,ll;OCTaTO'!HHM ,nJIR B03MemeHHR 3aTpaT Ha ycKopeHHe rrpoTOHOB H 

6 

') 
~· 

;II,.lJH pa6oT!l: MOUIHOU 8Jl9KTpOCTaHURR2 ). 
Ta6,mrua rr 

3HeprnR rrpoToHa , raB - I 
1IHCJI O pO.I(HBUlliXCJ'I' 
HelhpoHoB - 43 
B TOM '!l!eJie BHJieTeB-
WlIX Il3 MH!Il8HU , % _;_ 26 
TerrJioB~eJiemre , raB - I. 4 

OueHim rr0Kas11Ba10T, -qTo Ha coBpeMeHHOM ypoBHe ycKopnTeJI:E.Hofi Tex
HniH "MeKTpo>m" 6y,neT 3KOHOMH'IeeKH Han6oJiee Bllro.nHHM rrp:rr 3H9prHHX 
rrpOTOHOB 0.8-I. 5 raB, zor.na HeilTpOHHllTI Jll!B6H1, B MH!IleHU .nocTaTo-qHo, 
HHT8HCHBeH, a CTOHMOeT:E, yeKOpHTeJIR eme He CJIH!IlKOM,BHeoKa. 

Hapa60TKY IlJJYTOHilR H T8IlJIOBH,neJieHne MOlKHO 3Ha-qHT8JI1,HQ yBeJIH'IHT:E,, 
ecJIH B 06.lJY'IaeMYIO rrpoToHaMU MH!IleH1, e caMoro Ha-craJia rrpH!,!e!IlaT1> HeMHoro 

JierKo.neJIHU1eroeR 235u . UJIB ITJJYTOHHR. TaK rrepexo.n .oT 'IHeToro 238u 
K HazypaJI:OHOMY yBeJIH-qHBaeT BllXO.IJ: ITJJYTOHHR Ha 25%, TeITJIOBll,neJieHUe :-
Ha 30%. CHeTeMll,C TaKHMH, ,no6aBKaMH RBJIBIOTCH KaK 611 rrpOM8JRYTO-qHol1 
czyrreH:E.IO Me.i!UU' pem,TopaMH Ha 611eTp11x HetiTpmrax H aJieKTpOR.Ilepm,M~ 
YCT8HOBKaMH e '!HCTllM 238u • ,OHll ll03BOJismT rrepepa6aTllB8T1, H ,D;06HBaeMI:m 
B rrpHpo.ne ypaH, HOB OTJIH-que OT peaKTOpOB Tpe6yIOT ~ 3Toro ropas.no 
MeH1>llle "saTpaBo-qHoro" R.nepHoro rop101Iero. 

2) CJie.nyeT oeo6o o~TaHoBHTMR H~ -~eK0Top11x oco6eHHOCTRX MiuneHeli rrpe
H~~eJKeHHe IWTOpllMYI -craeTO rrpHBO,nHT K He.nopa3YM8HliHM rrpH o6cyJK,neHJm 
l{[J,lj, MeKTpoR,nepHoro MeTo,na. Pa3MHOlK8HHe HeRTPOHOB, a, CJI8.D:OB8T8JI1,HO, 
H :$l)eKTliBHOCT:E, ycTaHOBKl'I CHJI:E,HO 3aBHCRT OT pa3M8pOB, H IlJIOTHOCTH Mli
!IleHH. B He60JI1,WIIX MillileHRX pa3MHOJKeHHe HeHTpOHOB_npoRCXO.IJ:l!T 3Ha'!HTeJII,
HO CJia6ee 6Jiaro.na.PJI ux yTe'!Ke -qepes IlOBepXHOCTI, MmneHH. 0,nHaKO B 
.nocTaTO'!HO 6om,m,rx 6JIOKax -crepes rroBepXHOCT:O YXO,nRT npaKTM-creeKU Y'E.e 
He pasMHO'E.810IIUieCR Me,nJieHH11e HefiTpoHll, nosToMY ,nam,Heihnee yBeJJu-creHHe 
pasMepoB Mlilll9HH cymecTB8HHO BJil!ReT Ha Hapa60TKY IIJIYTOHliR, HO IIO'!TH 
He CKa311BaeTCR Ha IlOJIHOM "IlICJie HeUTPOHOB. HarrpHMe~, rrepexo.n K 0'!8H1, 
60JI1,lllOM Mmil81%cP. Ta6J:ume II, CHWKaICl!lID1 yTe'Iey e 25;e .no HYJJR, YB8Jll!'!H-
BaeT BHXO.IJ: ·. Ru C 37 ,no 54 R,nep B TO BpeMR, KaK IIOJIH00 '!UCJIO HeJIT-
pOHOB B03paeTaeT Beere Ha H8CKOJI1,KO rrpoueHTOB ,nJJR TaKRx MllllleHeH; KP.K 
l1 B e.ny-crae peaKTOpOB ,npll aTOM CJie.nyeT llCITOJI1,30BaT1, OTQaJKal!Illll8 3Kpam1. 

CJie.nyeT T8!0K8 HM8T1, B Bll.IJ:Y, 'ITO ny'IOK yerwpeHHllX 'IaeTiiU .noJIJKeH 
BBO,nHTl>eH -qepe3 meJI1,-yr.ny6Jie1rne, T.K. HHa'Ie 00JI1,lll8R -qaeT:E, HettTpOHOB, 
po,nHBlilUXeR B nepBllX R,nepHllX eTOJIKHOB8HHRX B6JllI3U rrepe,nHe:! eTeHK!I, 
BllJISTaeT H3 MH!IleHII U OK8311BaeTCR IlOT8pJIHH0!1. 
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HyJKHO 38M8THTI,, 'lTO M8RTPOM8pH8H T8XHOJIOrHH, H8CMOTPH Ha CBOli 
40-JieTIDm B03paCT, .I{eJiaeT eme TOJII,RO rrepBble marH H T;/T MHOro H8HCIT0~-
30BaHHUX pesepBOB. BOT TO~RO HeROTOpHe H3 mrx. 

Burne roBopHJIOCI, 0 TOM, qTo llpOTOHU 6ecrroJie3HO pacTpa~JIBaIDT 
qacTI, CB08.H 3H8prlrn, nyTaHCI, B "rrayTHHe" HOHH38~0HHUX rrponeccpB. 
8qqleRTHBHOCTI, M8RTPOM8pHOM ycTaHOBRH MOJKHO 6b!JIO 6u 3Ha~T8~HO no
Bb!CHTI,, ecJIH 6u H8PH.IIY C rrpoTOHaMH B rrepBH'iHOM nyqKe 6UJIO MHoro 
H8liTPOHOB. TaRoil CJIOJKHUil nyqoR MOJKHO ITOJJY~TI,, 8CJIH R~8CTO rrpOTOHOB 
YCKOPRTb 8TOMHH8 .R,Iijl8,B COCTBB KOTOpwt BXO)),RT HenTpOHH.Hanp.llMep,B ny'lKO 

YCROpeHHblX .I{SHTpOHOB Kallf)\llll IIPOTOH "HeceT B ce6e" H8HTPOH. CTaJIKHB8RCb 

c MHlli8HbID, 6oM6ap~yromee MPO paccurraeTCH Ha rrpOTOHU H HeilTpOHU, 
Kallf)\llll H3 KOTOpllX o6pasyeT JIHBSHI, BTOpH'!HllX'qacT11.L(. 

MOJKHO Ha.I{BHTI,CH; qTo HCII0~30Bairn:e 6oJiee THJKe~x. qeM ,I{8llTpOH, 
M8P-CH8PMOB eme .60JI89 YBS~HT BllXO,I{ H0HTpOHOB H COOTB8TCTB9HHO 
Ha_pa6oTey IIJJYTOHHH. 0.I{HaKo THJKe~e R.npa caMH o6M.I{aIDT 6o~IDHM MeKT
pHqecKHM 38PMOM (KpOMB HBllTpOHOB OHR C~.I{8PE8T H llpOTOHll) H IIOTBpH 
HX 3HeprHH Ha· HOHH38IJ;:IDO YJKB HS KOMIIBHCHPYIDTCR '.;io6aBoqffUMH: Hei!:TpOHa
MH • .llOJI.llteH cymecTBOBaT:r, HBKOTopui!: OIITHMYM, rroJioJKeHHe KOToporo cero.I{.;. 
HR HBHCHO. 

PaC'l9Tbl roBOpHT ''iTO rowa'; THJK9JI99 ,I{8HTpoHa ,He' CTOHT HCllOJU,30BaT!, 

(CM. Ta6J:tmzy Ill). B TO JIB Bp8M.ff B OIIb!TaX, BHIIOJIHBHHUX B )Iy6He K.,U. ToJic
TOBllM· C COTPY.I{HHKaMH, sa~KCHpOBaHO YB9~8HH9 BllXO,I{a HeilTpOHOB B 
nyqKe THJKe~x HOHOB yrJiepo.I{a. B03MOJKHO, 3TO CBH3aHo C TBM, qTo TBO
PBTHKH IIOKa HS Ha~JmC!, paccqHTllB8T!, C.JzyqaH TaK Ha3b!B89MOH IIOJIHO.H 
,I{93HHTerpanHH R.nep, KOr,I{a OHR IIO'iTH neJIHKOM pacrra,I{aIDTCR Ha COCTaB
~m:ii:e HX qacT~, a ITO ,I{aHHHM K.,U.ToJICTOBa Hero COTpy.I{HHKOB TaKHe 
C06HTHH IIpOHCXO.I{HT ,I{OCTaTO'lHO 'laCTO, 8CJIH 'l8CTHneil-CHaPR.nOM ~BT

CR THJK8JI09 R.npo: 

Ta6Jimi;a III 
Buxo.I{ HefiTpOHOB n H T9IIJIOBbl.I{8JI9HH9 Q :·:a -6JIOK9 Hazypa~Horo 

ypaHa, 60M6ap.I{HpyeM1:>_ro R.npaMH c sHeprneil I raB/HYKJIOH. 
Bee .I{8HHll9 B pacqe.Te:Ha O.I{HH HyKJIOH HaJieTaiallero MPa 

R.npo: p d d 12c 

n 89 103 89 67 
0 ,rsB_ -,A.6, 5.I ·•. 4.8 3.8 
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TeM H9_M8H89, XOTH 3TOT BOllpOC Tpe6yeTeme YTO'lHBHHH, HOH 
.I{B¼TpOHHHfi IIY'!OR c 3Heprnett B r.rsB/HyKJIOH yBe~:ii:Bae; Hapa6oTey 
ITJJYTOHHH IIpHMepHO Ha 20-3()%. Bec1>Ma 38M8THaR .I{068BKa ! - ·-

IlpaB.I{a, C YB8JIH'l91fll8M 3HeprHH OHa CHHJK88TCH, llOCKO~R:y. llpH Bll
CORHX 8H9PrHHX :l!OHH3~·oHHbl9 IIOTBpH CJia6o 38BHCHT OT BBJIH'IHHU M9KT
pH'l9CKOro 38PM8 6oM6ap;nrpyirniett 'laCTRqbl H rrp:ii: .3H9PrHH, paBHOH 
2 raB/HYKJIOH COCT8B1lHm yxe' Boero IO%. 

McrrOJU,30BaHH8 ny'lKOB THJKB~X.Mep CTaHOBHTCH.CHOBa BHrO.I{HliM 
llpH O'l8HI, Bb!CORHX 3HeprHHX: IIOC.ne TOrO,KaK 'laCTRnll, II!)OTOHH HJIH H.IqJa, 
HHJK8KTHpOB8Hll B K8M9pbl YCKOpHTBJlff H pasorHaHU ,I{O 3HeprHH rrpIDAepHO 
B 10 I'aB/HyKJIOH,HX .I{a~H9.Hill99 YCKOpeHHe IIpOHCXO.I{HT yJKe C O'i9H1> MaJIHMH 
IIOT8p.i!MH •. 3aMBHa ITpOTOHO~ H8 THJK9~9 R.npa 3KBHB8JI9HTHa B 3TOM CJIYl!aB 
.I{BCHTH--H .I{aJKe CTOKpaTHOMY YB8JIH'I9HHID HHTBHCHBHOCTH n:y,.Ka, BrroJIH~ 
B03MOJKHo; qTo Momm,re 3Jl8KTpOH.I{9pHUeycTaHOBKH B'-0YJJYm8M6y,nyTpa6o
TaT1> ·:irMeHHO Ha aTOM rrimanime. 

·. ECTI, eme O.I{HH KpyrrHblil pesepB II0Bbllli9HHH KIUJ: MBKTPOMBPHHX ycTa
HOBOK. Mu y11,.e: ro:sopHJIH o TOM ;··qi'o "TepMciR.nepHyID ropeJIR:y" MO.lltHO aaxeq1, 
JIHlli!, IIp:ir'i:JqeHI, BllCOKOft TeMIIepazype- B9,I{1, ,I{Jlff Toro, 'lT06H CJIHT!,CH, 
MP8 .I{eilTepH.ff H TPHTHH .I{O.mKH!l rrpeo.I{OJISTI, CH~Hoe M8KTpH'!eCKOe OTTaJI
KHBaHHe. y mix O.I{HOHMSHHble sapMl,l. H OTTaJIKHBaHHe. T9M CMI>Hee-; 'qeM 
6JIH.llte rro,nxoMT omi .I{Wr K )f.pypy: ·: Ilpo6HTI> 3TOT · c~;oBoil 6apiri_p .ff.I{Pa 
MOryT J!Hlli!, -"c pas6era", KOI',I{a -B8JIHKa ·me CKOpOC'I'.I,, a 8TO B03MO.lltHO. 
TO~KO B CH~HO HarpeToil IIJI83Me. TeM He MeHee MOlltHO ll01IblT8T!,C.ff_IIepe
XHTPHT!, rrpHpo,ny. B MeKTPOR.nepaoM pea:itTope poJK.I{aIOTcH MIO-MesoHu
qacTH:QH, Bo BCeM rroxolltHe Ha MeKTpoii, TOJII>Ko B 200 pas THJKeJiee. 01m 
.I{OBO~HO CJia6o B3aHMO,I{8.HCTByroT C H,I{p8MH·H B 60~lliHHCTBe rrorJiomamc.ff 
TOJICTHM. aKpaaoM peaKTopa, noBumaH erci TeMIIe_pazypy. 0.I{HaKo, ecJIH rroTOK 
~Me30HOB HarrpaBHT!, B .I{8fiTp~H-TpHTH8BYID IIJI83MY,.TO.llpHTHHyTll8 IIOJIOlltH
T8~HI:lMH sapR.naMH MSP oTp:ii:naTe~Ho sapHJKeHHUe MID-¥930HH, rro.I{o6Ho·- · 
M8K'DpOHaM' 06pa3YIDT 8TOMbl' HO C pa3M9p8MH B 200 pas M9HblliHMH .· M8KT-. 
pOHHUX. HeiiTpaJU,HHfiM8308TOM_(oTpHn8T8llHllil 38,PM M980Ha ioMII8HCHpy-
9T B H8M IIOJIOJKHTe~Hblil-sapM H.IqJa) MO.llt9T'T81I8pI, oqeHI, 6JIH3RO "no.I{
KpacTI>C.ff" K O,I{HOMY H3 M9p llJl83MH,H TOr,I{a rrpoH30ft.I{eT peaitnHH CJIHHHHH, 
a C8M'M10-M930H OCB060,IUITCSi R MOJ!t8T o6pa30B8T!, CJie,1lyIOIItHtt M8308TOM. 
MID-MesoH'BHIIOJIHHeT B 3TOM rrpol{eccepon KaTaJIH38TOpa, ll03TOMY H npo-
necc ll~Jl Ha3Ba!me M830K8T8JIH38. . ' ' 

·xoTH MIO-M830H .lltHB8T Boero JIHlliI, HeCROllKO mpumoHHHX ,I{O~ett ceR:yH
,I{bl (B OTJm'm·e. OT MeKTpoHa OH -aeycTo!trimaR:: ~opoT~OlmBymaH :izacT:iina-, 
pacrra.I{aromaHc.ff aa MeRTPOH ir aettTp:e:Ho, cM. p:e:c. 4) , pac"ieTH :ir OIIblTH 
y6eJCJ;aXJT B TOM,. 'lTo rrpel(,I(e, . ~-eM· pacrracTI>CH, oa ycn!3Bae-r ocYJ!leCTBHT1> 
oo~ee 'MTHR pearuunt c~snnm, :e: B KaJK.I{ott_ BH,IteJlffeTcH)iiieprM f P,o;ir,zta:, .r 

~\ t,., ''' 
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BTCJI HellTpOH, KOTOplilH B CBOIO Otrepe,IU, MOlKeT y>IaCTBOBaTI, B peaRI.1:mr 

'ABJIBlmJI HJIII B npeBpamemm H'APa ypaHa B nJJy-TOHl'Jll. Ilo~aeTCR CBoeo6-
pa3HHH rH6.PH'A "MeKTpOMa" n "TepMOJI'Aa". 

JJ-
- -, ----

}Jp',®\l'IZP;,.. _ttrr!J>. 
: )~~-'v/Jf,j \ . _, 
'-, t1 

PRC. 4. CxeMa •. MB30KaTa.mrna 

B M8KTPOJm8pHOM.YCTaHOBK8 

IlpaB'A8, B TaKOM rn6pll'A8 TOJKe eme 

'A8JI8KO He Bee HCHO'. B traCTHOCTH' 6e?no

KOllCTBO BH31i1Ba8T HB06XO'A:!iMOCTl> C03'A8HHJI 
nJIOTHOit (no-Bn,nm,10MY' nO'A 60JiblllHM 'AaB
JieHUeM) T.PHTH8BOit nJia3MH, "ITO C03'Aa8T 
OTiaCHOCTl> aBapHMHHX CHTyaUHM Il "paCIIOJI-
3aHHH" pa'All:OaKTHBHOro T.PHTHR, KOTOplilH 
KpattHe _TPY'AHO H30JIIIpoBaTI, ( no aToti npn

'tfHHe B ClliA H .PM8 ~pyrnx CTpaH cero~HH 
Boo6me aanpemeHl,I pa6oTH c .. TpnTneM). Tex
HOJIOrM M830KaTaJIII3a JE,It8T 6eaonacHHX 

KOHCTpyRr(Hfl:. TeM H8 M8Hee, TeopeT~ec-
KHe nporH03lil B 3TOH o6JiaCTil ~8CI>Ma 06Ha
'A6~Barom:ae. HeKOTOpb!e (pH3Uitl! 'AaJKe CtrHTa

IOT' 'tfTO_ rrpon;ecc B SJieKT.POMepHOll YCTa-:
HOBR8 MOlKHO opraHH30BaTI> TaK, "ITO Il3 

·BcnoMoraTeJil>Horo MID-Me30HHbl'A RaHaJI MOJKeT 
cTaTI> ocHOBHllM ncTOtrHl!KOM HefiTpOHOB, 

TpaHCMYTHPY!OmHX 238u B nJJYTOHHM. 
KaK 6u TaM Hu 6wro, a'Jlo - B_eCI>Ma HHTepecHoe n rrepcneRTHBHOe 

HanpaBJieHHe MeKT.POMB.PHOll npo6JieMH. 
Sa HSCKOJil>RO ~eCJITilJIBTHM HCCJIS~OBaHM aJISKT.POMepHHX npon;eccoB 

HaKOMeHH. 1:!KcnepruneHTaJII>Hl,le ~aHHHe-H C03'AaHa ~OCTaTO'tfHO Ha'AelKHaJI, 
IIO~TBep.lK.ll;eHHaJI OllHTOM TeOpHH. Cero~HH y Hae eCTl> Bee Heo6XO'AHMOB ~ 

C03~aHl!JI cinHTHO- npOMHIILJleHHOH;CTaHOBKH H HeT COMHeHHM, "ITO oHa 6y

~er pa6oTaTI> BeCI>Ma ajlcpeKTHBHO '· · 

3) B RatreCTBS npHMepa O'AHOro Il3 TaKHX npoeRTOB MOlKHO npnBSCTH ill)SMO
lKBHilJI ,paa11a60TaHH1,Ie B OIDil1 n <Ii31 ( 06HHHCK) no'A .PYROBO~CTBOM I{.JJ,. ToJIC
TOBa H rr.~.KnpnJIJ10Ba. IlpeMaraeMaJI 'A8MOHCTaD;HOHHaJI OIIHTHO-npOMHIILJleH
HaR: YCTcjHOBRa BltJI](JqaeT IJ;liMOT.POH MR ycRopeHHR ol- -traCTHIJ; C aHeprI18H 
I.5 raB/gyMOH n TOROM 100 MRA H Ml!W8Hl> B BH'Ae IIO'ARPilT~SCKOro 
( c K@=0.95) ypaHOBoro peaRTOpa, o6orameHHoro H30TOnOM 235ti • PeaK-
TOp ouaJE,ItaeTCJI Pb-Bi - T8IIJIOHOCilT8JI8M co CKOpOCTI,IO 2. 5 M/ C 11 TeMIIe
paTypofi Ha BHXO~e OROJIO 500°c. UeHTpaJII>HaJI traCTI, Ml!WBHH, Ha ROTOpy~ 
HarrpaBJI8H IIY'tfOR cl. -traCTHU, TOJKS COCTOHT Il3 Pb-Bi - CIIJiaBa. AKTilB
HaJI 30Ha ORpylKeHa TOJICTllM .OTpaJKaIOmHM CTaJil>HllM SKpaHOM. Ilap, no~aBae
MHH Ha 1')p6oreH3paTOpH SJISKTpOCTaHIJ;HH, 6y~eT nMeTI> ~aBJI8HH8 Milan 
T8MIIepaTYPY 435 C, "ITO COOTB8TCTBY8T napaMeTp8M·~8HCTeytOmHX aTOMHHX 
SJIBRT_QOCTaHn;Hll. . . 

IlpH noTpe6JIJI8MOH ycRopnTeJieM SJI8KTp~eCKOM MOmHOCTH B I ifiBT 
B~8JI.II8M8JI B peaRTope TSMOBaJI. MOmHOCT.I, COCTaBHT 15 MBT. 

CTOHMOCTI, YCTaHOBKH.B n;eJIOM on;eHHBaeTCJI ee aBTOpaMH B 3()-40 MWI-
JllIOHOB py6.. , B n;eHaX I990 r.) • IIpemoJiaraeTCJI, "ITO OHa MOlltST ~eiiCT-
BOBaTI> B T8tr8HHe HeCKOJil>KHX ~SCJITROB JI8T. 
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YcTaHOBK8, KaK YlKB roBOpHJIOCl>, 'AOJIJKHa 6HTI> T.P8X3B8HHOll. IlpH 
3TOM, IIOlltaJJYH, _caMHM TPY~HHM 6y~eT CTpOHTSJI:&CTBO CilJil>HOTO'tfHOro yCKO

pHTSJIR:. B MamI1HaX,.HCIIOJil>3Y8MHX ~ ycKOp8HF!JI traCTHD; B OIIHTaX no 
i}H3HK8 BHCOKHX aHeprHH, O'tf8Hl> M8JI .KITJJ: rrpeo6pa30BaHFJJI IIO~O~MOH 
3JI8KTP03H8prmI B :meprn:10 IIY'!Ka YCKOPSHHl,IX traCTHD; - BCero JIHm:& a.I
I%. IlOHJITHO, 'tfTO ~M 3JIBKTPOMa aToro COBepmeHHO He~OCTaTO'tfHO. EHCT
plilll rrporpecc YCKOpHT8JII,HO~ TSXHHKH H TeopeT~eCKH8 paapa60TRH yKa3H
BaIOT Ha B03MOJKHOCTI> cos~aHnR ycTaHOBOK c otreHI> 6oJII>mHMn KUU. MMeroTci 

BIIOJIHe peaJil>Hl,18 T6XHH'tf8C.lill8 B03MOlKHOCTil ~ C03'AaHHJI CHJII>HOTO'tfHHX 
YCKOpilT8JI8li C I{IUJ:, paBHHM 60-80%. ECTI> OCHOBaHMJI noJiaraTI>, "ITO B ,, . . 
6Y.I\Yll1IlX ycTaHOBKax, cnen;naJIH3UpOBaHHHX Ha npoH3BO~CTBO aHeprmi:, 

KoaM,nn;neHT rrpeo6pa30BaH:ivr 3JIBKTPil'tf8CTBa B 3Heprmo IIY'!Ka 6Y'A8T ~aJKe 
eme oome (B traCTHOCTH, 6Y'AYT HCilOJil>30BaTI>CJI SKOHOM>i'tfHl,18 MarHHTH Ha 
CBepxnpoBO~HHKax HT.~.). CnJII,Hb!H TOJI'tfOK B 3TOM HanpaBJieHilH 'A8JllI. 
pa60TH no IWCMll'tf8CKOH rrporpa,w11e COIL. 

OneHKH IIOKa3HB8IOT, TITO 'AM HaKOIIJIS!UIJI TOHHH nJiyTOHM B rO'A HY
EeH ycKoprrTeJII> C ITHT8HCHBHOCTI,JO rrpoTOHHOro IIY'IK8 OKOJIO COTHH \ll'IJIJIH

aMIIep (rrpn sneprmi: B I rsB). 8ro otreHI> MHoro - Ha rroJITopa-na rropM
Ka 6oJII>me, treM y caMHX CHJII,HOTO'tfHHX pa6oTaKl!UiX cerO'AHJI M8WHH ( CJft.. 

puc. 5) • TeM HS .Me Hee' IIpHHn;HIIH8JII,HHX npeIIRTCTBlrA Ha 3TOM . IIYT!i He 
BH'AHO - TPY~HOCT!i JIIIWI> TBXHH'tf8CKOro IIJiaHa. 

100 
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• • • 
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1 1.5 2 
31-lep?.U<;I, fa~ 

0'AH8 11:3 HUX. - · '.'trHCTH:1" BHB_O~ 

IIY'tf_Ka. IlOCKOJil>KY ero HHTSHCHBHOCT!, 
otreHI> BBJIIIKa, TO "BUCaMa" ~alKe.He-
60Jil>lllOH ~oJIH ycKopae~ru:x tracTnn;. Ha 
cTeHKax Kar.1ep1i1 coa~ac:T trpe3Blil'tfal1Ho 

BHCOKYIO panoa~~HBHOCTI,. YcTpaHJITI, 
HBIIOJI8'AR.lf, Hmrn6elKHO B03HilK8IOII\lrn 

np11: 'AJIHT8Jil>HOJ1. pa6oTe JII06oro ycTpoi!

cTBa, 6y'AeT rrpaKTHtreCIIB HeB03MOJKHO~-
Cero~HJI H3B8CTHO yJKe.HBCKOJII,

~o xopomo rrpopa6oTaHHHX.rrpoeKTOB 
MBKTpOJI.I(9pHHX CliCTB:Vl_ C. CUJil>HOTO'tf-:
Hl,IMH YCKOPHTBJIRMH, OTetreCTBSHHHX 

n sapy6eJKHHX!,ROTOpHe,6y~T pa6o
T8TI, C 60Jil>WUMKfUL H B KOTOplilX BH-

BO.r( rryTIKa 6y~eT npOHCXO~T:& "co 

MHOrHMH ~eBJITK8MJI" ( T. e .. Ha ypoBH8 
99.99 ••• %) • CymecTByIOT rrpoeKTH 

PHc.5. ToK (MA) :ir aHeprHJI ,I(eficTBYJO
mnx (0) 11: CTPOHII\lfXCJI .( e) ,ycKopuTe-
'!P,H . .• ... . . . 

·, ... ;,,·:··_ 

11 



URKJIOTpOHOB, r.r;;e rry'IOK ycKop!IeMHX qacT,m pacKpy<mBaeTC!I no .r;;ocTa
TO'IHO KOMIIaKTHOH, zyro CXaTOH cnHpamr, H npe.r;;Ao~eHH!I HCnOAb30BaTb 
6o~nme JIHHe!-im;e YCKOpHTeJIH C IIp,<rMOJIHHeHHHM ~KOM IIOCTerreHHO pasro
HmOIIJHXC!I qacT,m. 3,r;;eCb 8CTb, HS qero BH6HpaTb, XOT!I MHOrHe ~H3HKU 
OT.r;;aTOT rrpe~O'ITeHHe ltITKJIOTpOHa~A KaK B8CbMa. Ha.r;;eXHHM B 3KCnAyaTanHn 
IT HaIT60Jiee OCB08HHHM B HameH CTpaHe. . 

.Uo qepH06WibCKOH KBTaCTpoqJ!,! Ml,I 6UM YBepem; B 6esonaCHOCTU aTOM
Hott 3HepreTHKU - B9'Ab CTOHT peaKUHIT .r;;eAeH:rur B aTOMHOM peaKTOpe IIOHTIT 
tzy°Tb liHT8HCHBHee - IT B aKTUBHyIO 30Hy aBTOMaTU'I9CKH B~nraTOTC!I norAO
I11amn10 CT9~HU. qliCJIO He!-iTpOHOB TaM cpasy CHUXaeTC!I :U pea~ B03B
pamaeTC!I Ha "ITcxo,r;;m;e py6exn". I{poMe MeMeHHo!{ aBapHHHofi sam:uT1l, 
MA3oB ecn 0Ille :u 3KCTpeHHaJI, 61lcTpaJI - EA31,1, Kor.r;;a rrorJiomaIOIIIHe CTe~
HH 6yKBa~HO Bl,ICTpeJIHBaIOTC!I B aKT:UBHyIO soey. I{asaAOCb 6u - IIOJIHa!I 
6esorracHOCTb. H no 3KOJior:nqecKHM IIOKa3aTe~ aTOMHHe MeKTPOCTa~:un 
BHr~eJIH B COTHU pas 6oJiee 'IHCTHMU, 'IeM; HarrpHMep, TpaMnnoHHHe, 
pa6oTaIOlllUe Ha KaMeHHOM yrJie, MasyTe nM Top:jle n cHJibHO sarpJISHHIO!llHH 
npMeraIOIIIYIO MeCTHOCTb BpemruMH B1l6pocai,m. Ho BOT KaTaCTp~a B TJ:epH0-
6wre IT p,m aBapn:H Ha .r;;pyrn:x COBeTCKHX H sapy6exm;x aTOMHHX rrpe~pru:r
TIDrX noKaSaJIH, 'ITO XOT!I H O'IeHb pe.r;;KO, HO Bee ~e-HHor.r;;a MOrJT BOSHH
KaTb COBepmeHHO -Herrpe.n:Bn.r;;eHHl,18 noTe~IIaAbHO orracHUe CUTyanmi. A TOT 
¢aKT, 'ITO pacqeTHa!I BepOHTHOCTb KpynHHXaBapnH MaAa, He ycnoKaHBaeT 
HaceJieHHe - Be,r;;b Xn'.Tb no coce.r;;cTBY co CIIp!ITaBlllHMC!I B He'APaX aTOMHoro 
peaKTOpa paMOaKTHBHHM ~HOM BeCM'f8 H8YJOTHO. MomHoe ,r;;B~9HHe "seJie- , . 
HUX" B Harne Bp8M!I _He~S!I c6paCHBaTb co C'I8TOB. YBepeHHOCTb B 6es6- ,' ', 

IIaCHOCTU, MOryT .r;;aTb JlHillb CITCTeMI:l, B KOTOpH:ic Hane_JIO HC~eHa B03-
MOXHOCTb BOSHHKHOBeHH!I caMopasroHHIOmITXC!I uenHUX peaKUHH. 

K TOMY xe OTXO'Al,I ( HJIH, mm rOBOPHT crrennaJIHCTH, "XBOCTH") aTOM

HHX 3Jl8KTpocTa~Hil: 06Jia,r;;aJOT orpo.MHO:H; a rJiaBHOe, coxpaHmOmeiicJI THC!I..: 
qeA8THHMIT'CM8pT8JlbHO oriaCHOH ~ Beere i!GIBOro pa,r;;noaKTITBHOCTbIO. Ha
.r;;e~Hoe saxopOH8HHe TaKUx "XBOCTOB" - CAO~Ha!I H .r;;oporocTOJilI(a!I sa,r;;aqa •. 
,·,io~HO 6UTb yBepeHHHM' 'ITO yxe B He.r;;aJI8KOM 6J'AYil!8M CTOHMOCTb BHpa6a
THBa8MOH Ha aTOMHHX 3JI8KTPOCTaHnIT!IX 3HeprHIT_6y.r;;eT orrpe.r;;eJl!ITbCH He 
CTOJlbKO SaTpaTawr Ha .r;;o6Htzy · ypairn H 3KCrr.nyaTaUHIO caMHX CTa~:u:it, 
CKOJlbKO pacxo.r;;aMH Ha .r;;oJirOBpeM8HH08 saxopoHeHUe ITX paMOaKTHBHHX 
OTXO'AOB •. 

3 3Jl8KTpo,mepHUX peaKTOpax TOXe paSBHBaeTCH uerrHaH peaKUHH 
.r;;eJieHHH IT, CJie,r;;oBaT9JlbHO .••·HeM8JlO paMaKTHBHHX "~aKOB". 0,r;;HaKo BOT 
TJT-TO H rrpOHBJl!I9TCH I'JiaBHaH OC069HHOCTb T.aKUX CITCT9M: y HHX H8T 
KpITTffq8CKOro pelKli!Ma - 6aJiaHCITPYI01119H "Ha Jiesmm: Hoxa" nerrHOli peaKnHHi 
II03TOMY TaKUe C:UCT9MH, C o.r;;Hott CTOpoa:u, rapaHTITpoBaHH OT CIIOJISaHUH 
B HeyrrpaBJl!IeMira peJKIDs, a c .r;;pyrott cTopoa:u .r;;o6aBKH rrpirMecett He BHKJIID.,, 
'I8ET SJieKTpo,meplillli rrponecc, a Mill!, CHruKalOT ero.rrpd';IlyKTHBHOCTL.MO!ll-
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HHe JIHBHIT qacT,m .n;po6HT IT pacmerrJl!Im MHilleHb HS-paMOaKTHBHI:lX OTXO
.r;;oB, a paccenBa10m:uecJIH8liTPOHI:l rrpo,r;;oJIXaIOT CBOH IIYTb BHyTpli ypaHOBHX 
CJIOeB. B1,1xo,r;; 3Hep:r1rn_ H8CKO~KO CHHX88TCH, HO BCe paBHO OCTa8TC!I ,r;;o
CTaTO'IH? 6o~Il!R.',!. KaK o6paSHO SaMeTITJl y,rncTHHK o.r;;Horo HS_ ceMUHapoB, 
"MeKTpoMepHwl peaKTop crroco6eH rrepeJKe% .r;;axe rrorraBirrn:e B a:ero KOH-
cepBHHe 6aHKH". .. . • ·.. . . 

KoHe'IHO, rrepeJKHraTb ueJIHKOM :3ce paMoaKTHBHHe_oTXO'AU B8CbMa 
HaKJia.r;;Ho. IJ;eJiecoo6pasHo yHnqTo~aTb JIHillb HaIT6oJiee orraca:ue, ,r;;oJirolKlifBY-·. 
m:ue H30TO!Ill _THXeAUX 3Jl9M8HTOB, a ,r;;Jl!I KOPOTKOlKli!BYR\HX_MOXHO IIOCTpOliTb' 

cpaBHHTe~HO .r;;emeBue xpaHHJIHI11a. ,UpyrHMH CJIOBaMH, ns paMOSKTHBHI:lX 
"XBoCTOB"_cJie.nyeT. rrpe~apHTeJILHo SKCTparITpoBaTL Ha:u6oJiee orracme 
KOMIIOH8HTl,I li BOT 3TO, ·y~e cpaBHHT8JlbHO H960JlbWOe KOJinqeCTBO MaTepna
Jia, .r;;oJKMraTb B SJieKTpOM~PHOM peaKTOpe. TaKoil: pelKlifM 3KOHOMffqeCKH 
BeCbMa B1lro.r;;eH. 

Ilpo6JI9M8 pa.r;;noaKTliBHI:lX OTXO,r;;OB. aTOMHHX 3Jl8KTpOCT8HUllli cero.r;;im 
H8CTOJlbKO a~TY8JibHa, 'ITO paCCM8TpHB8IOTCH rrpoeKTH 9Jl9KTpo,mepHHX yc
TBHOBOK, U8JIHKOM crreunaJIHSUpOB8HHHX Ha nx ".r;;oJKMr8Hli9", IlPOliSBO,r;;CTBa 
:meprmr o.T .TaIDix peaKTopoB He Tpe6yeTcJI. 8To TaK .HaSHBaeM1,1e KOHBep
Top1,1 HJIH TpaHCMJTaTOpI:l. 

M01!1HU8 IIOTOKH 'IaCTHU li BHCOKYJO T8MIIepazypy 3JI8KTpQM9pHOrO p&
aKTOpa MO~HO UCIIOJlb30BaTb ~ ,r;;eSHHTerpaunH n .r;;pyrliX oco6eHHO orrac
HHX BemecTB, XHMnqecK8!I rrepepa60TKa KOTOp!,!X .r;;opora HJIH CBHSBHa C 
3KOJIOrnqecKHMH rrpo6JieMaMH. Brrpo'IeM, ~ 3TOPO, BOSMOXHO, 6oJiee rro.n:
XO.n:JilI\IfMR 6y.nyT KOHB8pTop1,1, B KOTOpHX rrpoToH!illtt rryqoK SaMeHeH 3Jl9KT
pOHHHM-Be.r;;b ,r;;eSHHTerpaI.UIH ~eCKHX coeMHeHHil CBHSaHa C rrepecTpofi
KOH MOJieKYMPHHX, a He ,mepH!,!X CBJISefi. 

3JreKTPOHHH9YCKOpliTeJIH MOrJT 61lTb c,r;;eJiaHI:l SHa'IHT8JlbHO tlOJiee 
CUJILHOTO'IHHMH, 'I8M rrpOTOHHI:le; rrpn orrpe,r;;eJieHH1lX YCAOBIDl:X 8TO MOXeT 
.r;;aTb HM rrpeHMJmecTBa U rrp:u HCIIO~SOBaHHH B KOHBepTopax paMOaKTHB
Hl,IX 3JieMeHTOB. TaKaH BOSMO~HOCTb oero,r;;HJI TOXe rrpopa6aTHB8eTC!I. 

K~~Me HaKOIIJieHHH paMOBKTHBHI:lX OTXO'AOB C aTOMHOH aHepreTHKOH 
CBHSaHa eme o.r;;Ha rposa:aH orracHOqTL - BOSMOXHOCTL HeKOHTPOJIHpyeMoro 
pacnpocTpaHeHH!I aTOMHoro OPYlKli!H, IIOCKOJILKY IIJJYTOHHfi, o6paSYJOil!liHC!I 
B peaKTOpax_ aTOMHI:lX 3A9KTPOCTaa:nntt, B SJieKTPOMePHHX ycTaHOBKax H 
B ypaHOBl,IX 3Kp8HaX 6y.nymnx·TepMo,mepa:ux reHepaTOpOB, MOX9T 61lTb liC
IIOJILSOB8H B Ka'I8CTBe MepHOH BSp1,1B'IaTKHB aTOMHHX60M6ax. K rrpHMepy, 
Hapa60TKa IIJJYTOHli!I B a119KTpo,mepHHX YCT8HOBK8X 6y~eT RSMep!ITbCH TOH
HBMH,li 3TO o6CTOHTeJILCTBO sacTaBMeT rrp8Bl'IT9JILCTBO c-60JILmott OCTOpo,m.. 
HOCTLID OTHOCHTLC!I K rrpoeKTBM CTPOliT9~TBa TaKHX ycTpottcTB. 

Hs6aBJIII!ICL OT 3KOJlOI'l'.111eCKHX rrpo6JIEM, CBHS8HHHX C ~o6wtefi 60JIL
nrn:x KOJinqeCTB rrpaKTJ!ll9CKli He HCIIOJILSye1oro ypaHa lI 'AOJlI'OBpeMeHHHM; 
II O'ITH Be it HUM xpa H elmeM _pasoa.K'l'1tBHI:lX :EalllfiQ..'l'B.. M!L.II.PR06 pa:raeM.. J.tP.VTYD, 
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He MeHee TpeBozeyro rrpo6JieMy-. KasaJiocn 611 - TYJIHKOBaH CHTY8Wf.li, n: B 
IlOCJie.n;mrn ro,ll;!I Bee 6omuiee "IllCJlO Y"IBHHX CTaJIU CKJIOH.liTnCR K MHCJIU 0 

TOM, 'ITO .li.D:BPHYID 3Heprn:IO CJie.n:yeT Boo6me MCKJIIO'II:!Tn M3 3HepreTWieCKoro 
6aJiaHC8 Hamefr IIJ18HeTl1, .n;a.11te n;eHOIO pe3KOI'O CHMJK9HM.li T9MITOB 3KOHOMH"Ie
CKOro pa3BMTM.li. Bo3MOJKHO, MOJI, Kor.n:a-Hn6y.n:n OHa 6y.n;eT pea6MJrnTMPOB8-
Ha r.n:e-Hn:6ym Ha J1YH8 n:;rn KaKoi1-;rn6o .n:pyroil 6e3EJl!3HeHHOH ITJ18H8T9, HO 
Ha 3eMJie. efi HBT M9CTa. Cero.n;HH 3TH MHC.iIB o6CYJK.D:810TC.li BO MHOrMX 3KO
JIOrH"IeCKHX M3.D:8HIDIX. 

TeM He MeHee, BHXO.D: eCTn ,n ,ll0CT8TO"IHO 6esorraceyro 8T0!.1HY10 3Hep
reTMKY C03.IJ:8Tn MOJKHO. 

He.n;aBHO raseTH n: ;,ey-pHa.Jlli c MHTepecm11 o6cyJF.,n;a;rn rrpeMoJKeHMH, c · 
KOTOp11Mll BHCTYITMJI B EBporrefiCKOM Il;BHTpe .!i.IJ:9pHl1X RCCJ19.IJ:OB8Hn:tt _ero reFie
pamHHH .n;n:peKTOp K.Py66n:a. C~eCTB9HHO HOBHX cpe.n:n: HMX 611.JlO .n;Ba. 

Bo-rrepBhlX, ~ Toro, "IT06!1 MCKJIIO'IUTn co6Jia3H BOCIIOJln30B8TnCJI 
Hapa6oTaHHl1MH JierKO.IJ:eJUill\MMHC.li MeMeHT8MM B lllTOMHOM opyrum. Py661rn 
C"IMT89T Heo6XO.IJ:MMl1M 6asn:poB8Tn 8TOMHY10 3HepreTMKY He Ha ypaHe, a Ha 

TOplll:.Ero sanacu Ha 3eMJie .n:a)Ke HecKomKo 6oJinlIIMe, '!eM ypaHa, a rro.n: 
.n;efrCTBMeM HefiTpOHOB B HeM BM9CTO ITJiyTOHIDI o6pasyeTC.li JI9rKO.IJ:9JJ.fIII{MMC.li 
M30TOII 2330 

232 233 27nwf 233 - 27U"'".; 
n+ Th - Th+. [. _,_ Pa+e - 233o+e-

XOT.li, B rrpMHD;MIIe, ero TO.lite MOJKHO MCIIOm30B8Tn B K8"I9CTBe H.n;epHOH 
B3p11B"I8TKH, BH.D:8.iIBTn ero M3 TOpMeBoro peaKTOpa Kpaf!He TPY.D:HO. ~eJio 
B TOM, 'ITO ypaH M IIJiyTOHMll - pa3HHe 3Jl9M9HTH M MX MOJKHO cpaBH'ATeJinHO 
rrpocTO pas.n;e;rnn '.lCllMW!eCKMMM M9TO.IJ:8MM. K TOMY JKe B 8TOM CJiy"I89 rrpn:
XO.IJ:MTC.li MM9Tn .n;eJIO B OCHOBHOM TOJlnKO C 239Pu , .n;pyrne M30TOIJl,I ITJiy
TOHH.li He c~eCTBBHHH. A BOT B TOpMeBOM peaKTOpe o6pasyeTC.li u;e.Jlliii 
H86op M30TOIIOB Ypairn (CM. Ta6Jnmy IY, r.ne YK838Hll M30TO!Ihl, c Han:60Jin
l!J8lf BepOHTHOCTnlO odpasyrom:rrecH B 3Jl9KTPO.!i.IJ:epHOM peaeKTope). HeKOTOpHe 

M3 HMX "oTp8BJJ.fI10T" .li.D:8PH09 opyEJl!e, HO OT,ne;rnTn MX XMMH"IBCKMMM M9TO
.IJ:8MM H9B03MOlKHO - .IJ:JJ.fI 3TOro HYlKHH rpoM03.IJ:KMe M .n:oporocTO~Me .D:MWP'J-
3MOHHH9 38BO,lll1, pa6oTa10lll,~e K TOMY .lite B yc~OBIDIX "Ip93B!1"IallHO BHCOKOll 
pa.n;M08KTUBHOCTM. IlpaKTM"I9CKM 3TO - HepaspelIII:!MaJI sa,na"Ia; BO BC.liKOM 
CJiy•rne, T8KOE' IIpOH3BO.IJ:CTBO He Y.IJ:8CTC.li CKpUTn OT BHel!IHero H86JllQ1l;eflliJI. 

3JxpeI,TMBHOCTn 3~81'TPO.!i.IJ:9pHoro rrpou;ecca C TOpM91A HeCKO~nKO H!1lK9, 
'IBM C ypaHOM - rrp:rr 3Heprrm IIpOTOHOB B I rsB BHXO.IJ: H8TIT_p0HOB CHHjj{89T
C.li IIpiiM8pHO Ha "I9TB9pTn. 0.IJ:H8KO l\Illl YCTaHOBKM MOJKHO 3H8'IliT8~nHO yBe
~WIMTn, ec~n B K8"I9CTB9 MMI!JeHR MCIIO~n30BaTn TOpMH, odorameHHHH ~erKO
Bl1~8MlOII{MMMC.li 3.7!8M9HTar,m, M rrpeBpaTUTn MMlll8Hn B IIO.D:Kp:Z:TH"IeCKM:1 peari:

Top. IlpaB.n;a, rrpM 3TOM Mil CHOB8 B03BpamaeMcH·K rrpodJieMe CT8PTOBl1X 
sarracoB ~erKOBH.D:8JJ.fIIOII{MXC.li s~eMeHTOB, HO .n;aJKe ec;rn Ha"IMH8Tn C Heodora-
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Il{8HHOro TOp:ru:J;, TO, ,KaK IIOKa3~Bam 
pac"IeTU, 6naro.n;apH Hapa6oTKe 

YCT8HOBK8 ,llOBOmHO 6HCTpO BHtt.n;eT H8 
KPMTH"I8CKMM pel!W.M, KOTOpHll MOlKHO _ ,na

~ee peryJIMpOB8Tn ~oKaM YCKOpMTeJJ.fI. 
Ilp:a ~TOM peaKTOp OCTaHeTC.li B_IIO~He des.; 
orracHHM, rroc1rn~nKY CTOilT rrpoc!HM Ha.iKa
TneM KHDIIKil c6pocun HarrpH.11teHHe c yc
KopMTeJJ.fI, KaK "rro.n;cBeTK/3" MI'HoBeHHO 

rrpeKpaTHTCJI M u:errHaJI peaKD;H.li TaK .lite. 

6HCTpO 38TYXH9T. 
. HacKO~KO 6UCTpO rrponcxo.n;n:T BH-

:ico.n: MeKTp0.!i.IJ:8pHofi. CH:CT9Ml1 C HYJI9Boro 
cTapToBoro rroJioieHJIH Ha pa60"IM~ pelllliM, 

BH.IJ:HO Ha rrpnMepe pac"!eTOB .D:JJ.fI 6~0K8 .·· 

HarypamHoro ypaHa' o6Jiy"Ia.eMoro IJY"IKOM IlpOTOHOB C 3Heprnfi I raB MH
T8HCHBHOCTnlO oKo.110 oKo~o IOO MA. YJKe trepea 3 ~ecJID;a rroc~e Ha"IaJia rrpo
uecca ITOTOK HeaTpOHOB B03p8CTaeT B 2.3 pasa, a "Iepes 6 M8CJID;9B - IIO"ITH 
B 7 pas . .ll.Jm TOpneBHX 6~0KOB aHaJIOrM"IHOrO pac"!eTa H 3KCIIepM.'11'eHTOB IIOKa 

HBT, HO MOJKHO .IJ:YM8Tn, 'ITO pOCT 6y.n;eT rrpmJJepHO TaKRM .lite. 
BTopaJI cymecTBeHH8.li .n;eTaJln B rrpe.D:JIOlKeHIDIX K.Py66:rrHa COCTOHT B 

M.n;ee OTita38TnC.li HCIIO~n30B8Tn 11 llJ18KTPO.li.D:" KaK HapadOTKY ropmero M.li 

peaKTOPOB Ha T9IIJIOBHX H9llTpOHax, KOr.n;a KaJK.D:aH MeKTpOH.IJ:9pH8.li ycTaHOBK8 
IIIITaeT .n:ecJITOK .n;o"IepHHX peaKTOpOB, M paCCM8TpHBan rrapy ycKopn:TeJin 
II~IOC peaKTOp KaK caMOCTOHTe~nHYlO 8Hepron;eHTpa~. IIO~HOCTnlO yTn;rnsI:Ipy10-
my10 T8IlJIO MOHH38Il;HOHHl1X IIOT9pn M peaKD;MM .IJ:9~8HH.li TOpll.li Il Hapa60T8H-
HOro 233

0 • Tpe6yeM8.li HHTBHCHBHOCTn IIY"IKa IlpOTOHOB, a, CJI~.IJ:OBaTe~-
HO, M 'JPY.D:HOCTM co CTpOHT8JlnCTBOM YCKOPMTBJJ.fI B 3TOM C.Jly'Iae 3Ha"IMTe~nHO 
CHM~8IOTC.li. Ou;eHKM ITOK83HB810T, "ITO BIIOJIHe 'AOCT8TO"I9H YCKOPilTe~ C TO
KOM B HecKomKO .n;ecHTKOB MA, T. e. .IJ:OBO~nHO 6;rn3KHlt ITO rrapairnTpaM K 
T9M, KOTOpHe y)Ke pa6oTaIOT B H8CTO~ee Bp8M.li. 

3KOHOMH"I8CKH8 IlpHKM.D:KH IIO.IJ:CKa3HB8IOT, 'ITO 8HeprMJI TOpneBoro 
"a~eKTPOH.Il8", no Kpa:rrHeti Mepe Ha rrepBHX rropax OCBOBHH.li TBXHOJIOrnn, 

dy.n;eT, no-BM.D:MMOMY, .nopo.11te TOTI, KOTOpa.li ITOJiy"IaeTC.li Ha .n;eficTBYIOII{MX 
8TOMHHX CT8HD;HHX, O.IJ:H8KO BOIIpoc B TOM, KaeyIO u;eay rrpaBR~nCTBa Ii o6me
CTBO roTOBH IIJ18TMTn 38 o6~a.naHMe OTHOCHTeJlnHO "IMCTHM MCTO"IHMKOM 3Hep
r;m, rrpaKTM"I8CKR Henc'!eprraeMHM ( 3eMHl1X sarracoB Topmr XB8THT Ha THCH
"IH ~eT) H B9CnMa Ha~e~HllM. Hrpa CTOMT CBe"I ! 

KaK 3TO yJKe CJiy"I8JIOCn M paHee, HBY"IH8JI 11.n;eH, rpo3Hll{8H rrepeBopo
TOMB 8KOHOMMKe, BHXO.IJ:MT Ha rrepBHH rr~aH, .B IIJIOCKOCTn rrpaKTM"IBCKOH 
peaJIH38UMH, Kor.n:a C03,ll8JOTCH rro.n:xo~e 3KOHOMM"I9CKUe M ITOJIHTH"IeCKMe 
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YCJIOBIDI. KapJI Py66Ra BHCTyrrnJI co CBOR:11 rrpe,II,JJ.OJKeHlleM "IIO,nKpllTll'IeCKO
ro TOplleBoro 3JieKTpOH.n;a" KaK pas BOBpeMH - KOr.n;a .n;Ba .n;pyrllX TIYTll 
aTOMHOlt 3HepreTHim, 'IHCTO peaKTOpHufi H TepMoH.n;epHufi, BCTpe'IaIOT Bee 
6oJibmee corrpoTHBJieHHe. 3ac.71Yrofi K.Py66rra HBJIJieTcH To, 'ITO OH YJIOBRJI 
ll3M8H8Hli8 CHTY8Illlll ll CBOIDA 8BTOPHTeTOM Bb!.n;a10meroc,r g)H3HK8 rrp11BJieK 
BHllM8Hlie K rrepcrreKTliBaM MSKTpoH,nepHOfi 3HepreTHKll. 

IfoHe'IHO, 6UJIO . 6u OmH6KOM ,llyM8Tb, 'ITO Ha HOB OM nyTli yJKe Bee HCHO, 
Be.Il;b B Mllpe'eme He IlOCTpOeHO IIOKa HH O.Il;HOM .n;eHCTBYl0!118.tl M8KTpo,r.n;ep
HOfi CT8HUHll ll TYT eme MOryT o6HapyJ!Cll:TbCH H8Bli.n;RM!le H8M IIO.Il;BO.Il;H1le 
KaMHll. TeM He MeHee, HeT COMHeHllM, 'ITO B Il8JIOM ll.Il;8H s.necb rrpaBMJ!bHhle 

li MOJKHO yBepeHHO IIPliCTYII8Tb B rrpoeKTlipOB8HH!O OIIUTH!iX YCT8HOBOK, 
KOTOpue II03BOJUilOT YTO'IHHTb .n;eTaJIH. 

13 saKJII(TqeHHe ,r xoTeJI 6u rro6Jiaro.napHTb arrn.n;eMHRa PAH A.M.EaJI.n;J{
Ha, 'tf.lleHa-RoppecnoH,D;eHTa PAH M .r .ll!emepmcoBa ,npoC:peccopoB H.13. IIyswurna l1 
K . .IC ToJicToBa sa o6cy.lK,D;eHRe qJR3M'ieCKl-!X acrreRTOB npo6JieMU, 'IJieH-Koppec
noH.D;eHTa PAH B.II • .llJKeJienoBa, npoqieccopoB A.A.rJiasoBa n !I.A.IlleJiaeBa 

38 pa3MCHeHH8 B03MOJKHOCTeH YCKOPHT8JlbHOli TeXHHIIB, 8 rrpoqieccopa 
II.JI.KRpHJIJIOBa 38 o6cy.lK,D;eHHH oco6eHHOCTeff MHill8HHOro KO/AIIJieRca. 

PyRoIIROI,' IIOCTYIIliJia B H3,I(8T8JII,Cruul OT.Il;8JI 

24 WGBPaJISI I994 ro.na. 
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