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Cy66oTHH BJ1. Pl-99-97 
YcKopttTeJIH Moryr CJJ.eJiaTb 11JJ.epttyro sttepreTHKY 6oJiee 6e3onacttoii 

Pa6orn IlOCBillUetta BCecTOpOHHeMy o6c)')K)l.eHHIO nrnpoKoro KOMilJieKCa npo-
6JieM MHpOBOH 3HepreTHKH. AttaJIH3ttpyroTCil pa3JIHqHhie acneKThl BO3HHKHOBeHHil 
H pa3BHTHil aTOMHOH 3ttepreTHKH, ee 3KOJiornqecKOH 6e3onacHOCTH H 3KOHOMHqe
CKOH KOHKypeHTOCilOC06HOCTH. PaccMaTpHBaIOTCil OCHOBHhie ttayqtthie HJ).eH H 

npeJJ.JIO)Kettttil no CO3JJ.attHIO npeJJ.eJihHO 6e3onacttoii Mepttoii sttepreTHKH XXI 
BeKa (BKJI}Oqai( pernemie npo6JieMhl TpaHCMYTal.lHH BhICOKOTOKCHqHhIX paJJ.HOaK
THBHhIX OTXOJJ.OB), 6a3ttpyromeiic11 Ha 3JieKTpO11JJ.epHOM cnoco6e noJiyqettllil 3Hep
rHH. 

Pa6orn BhIIlOJIHeHa B Jia6opaTOpHH BhICOKHX 3Heprnii OJUil1. 
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Accelerators Promise to Make Nuclear Energy Safer 

Wide complex of the problems related to the energy generation is discussed in 
detail in the paper. Different aspects of the development of nuclear power produc
tion, it's ecological safety and economical competitiveness are analysed. Main sci
entific ideas on .the development of the safe nuclear power engineering in the XXI 
century based on the electronuclear method of energy generation are considered 
including the methods of solving the problem of the high toxical radioactive waste 
transmutation. 

The investigation has been performed at the Laboratory of High Energies, 
JINR. 
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«BceziJa JIUUlb 6yiJyu,eMy npeiJcmoum pewumb, 

u36paJlu JIU Mbl eiJuitcirrneHHblU 603MO:JICHblU 
6blXOO U 6blJIO JIU HauiJeHO HaWlyttutee 

pa3peuteHue 6CeX mpyOHOCmeu». 
A. 3uHwmeuH. 

llenoBe'leCTBO Bcer,n;a ,!l;OJI)KHO 6y,n;eT CO3,D;aBaTh ycTaHOBKH, HecymHe B ce6e Bhl

COKYIO noTeHQHaJihHYIO onacHOCTh. HeJih3H c,n;enaTh KaKoe-JIH6o coopy,KeHHe a6co-: 

JIIOTHO 6e3onaCHhlM. IlOHHTHe «a6coJIIOTHaH 6e3onaCHOCTh» He HMeeT CMhlCJia. Mo

ryT 6hITh CO3,D;aHhl ycTaHOBKll C MaKCHMaJihHOH 6e3onacHOCThlO, npe.n;eJihHOH 6e3-

onaCHOCThlO. Ilo,n; 3THMH TepMHHaMH MO)KHO nOHHMaTh, 'ITO npHHHThl ace ,n;oczynHhle 

Hay'lHhle H HH)KeHepHhie peaJihHhie Mepbl no 06ecne11eHHIO BhICOKOH 6e3onacHOCTH. 

IlpH caMhIX He6naronpHHTHhIX ycJIOBHHX MO)KeT npOH30HTH aaapHH, HO He MO)KeT 

npOH30HTH KaTaCTPOq>a. IlOBhillleHHe 6e3onacHOCTH Bcer,n;a conpOBO)K,!l;aeTCH y,n;opo

)KaHHeM ycTaHOBKH. 

,[vul ,!l;OCTH)KeHHH KOHe'lHOH uenH MO)KHO HaHTH pa3JIH'lHhie OCHOBOilOJiaraIOII.{He 

q>H3H'leCKHe npHHUHilhl. TaK, B HaCTOHII.{ee BpeMH ,n;JIH nony11eHHH 3JieKTPO3HeprHH 

MO)KHO HCilOJlh3OBaTh 3HeprHIO: TeKymeii BO,!l;hl, OKHCJieHHH yrneBo,n;opo,n;Horo TOilJIH

Ba, ,n;eneHHH aKTHHOH,!l;OB. YrneBo,n;opo,n;Hoe TOilJIHBO: KaMeHHhlH yronh, Heq>Th, npH

pO,D;HhIH fa3. ,[{eneHHe aKTHHOH,!l;OB BO3MO)KHO Ha TenJIOBhIX HJIH 6hICTPhIX HeHTPOHax. 

ECTh H3 qero Bhl6HpaTh, HMeH B CTPaHe BhlCOKOnpoqiecCHOHaJihHhle Ka,D;phl H 6oraThle 

npHpO,D;Hhie pecypcbI. 

Ilpome Bcero nony11aTh JHeprnio oT TeKymeii BO,n;hI H C)KHraHHH npnpo,n;Horo 

raJa; CJIO)l(Hee Bcero nony11aTh 3HeprHIO npH ,n;eneHHH aKTHHOH,!l;OB 6bICTphlMH Heii

TPOHaMH. IlOBhillleHHe 6e3onacHOCTH pelllaeTCH Kap.n;HHaJihHO, eCJIH MO)KHO npe,n;no

)KHTh ,n;pyrne q>H3H'leCKHe npHHUHilhl, o6ecne'lHBaIOII.{He cymecTBeHHhlH poCT 6e3-

onacHOCTH Bceii ycTaHOBKH. 3TO ,n;oporoii, HO HaH6oriee npaBHJihHhIH IlYTh IlOBhlllle

HHH 6e3onaCHOCTH. 

IlOBhlllleHHH 6e3onacHOCTH, He MeHHH CYTH npouecca, MO)KHO ,!l;OCTH'lh BBO,n;H ,n;o

IlOJIHHTeJihHhie 6apbepb1 6e3onaCHOCTH. Hy)KHO CO3,D;aTh ynpaBJieH11ec1<y10 CHCTeMY 

ycTaHOBKH, CaMO3all{Hll{eHHYIO OT OlllH60K onepaTOpa H ,n;HBepCHH. TaKaJI ynpaBJieH

'leCKaH CHCTeMa nepecTaeT nO,!l;'lHHHThCH onepaTopy, ecJIH ero ,n;eiiCTBHH npOTHBOpe-

'laT norHKe ynpaBJieHHH npoueccoM. , 

,[{pyroii no,n;xo,n; - aBapHH C'lHTaeTCH HeH36e)KHhlM 3JIOM. IlpoH3B0,!l;HTCH 3KOHO

MH'leCKaH oueHKa, 'ITO Bhiro,n;Hee - TPaTHTh cpe,n;CTBa Ha IlOBhlllleHHe, 6e3onaCHOCTH 



3a cqe-r BBe)].emui B npou;ecc HOBbIX, 6onee JJ.Oporux TexHonoruii H yaenuqeHm1 qucna 

6apbepoa 6e3onacnocTH, unu B cnyqae aaapuu onnaTHTb ymep6 H )KePTBbI, noHeceH

Hbie HaceneHHeM. Ilo)].XO)]. aMopanbHbIH H )].Jlll COBpeMeHHOH KpynHoii 3HepreTHKH He

npHeMneMbIH B npHHQHne. TaK, HanpHMep, MO)KHO nH )].Il.H rHraHTCKOH rHJJ.p03neKTPO

CTaHQHH C)].enaTh )].eUieBn~ nnOTHHY, HO npH 3TOM )].OnycKaTb, qTo B npHHQHne 6e3 

npHey)].HTenbHOrO pa3pyrneHH.H nnOTHHa MO)KeT aaapHHHO )].aTb KpynHyIO Te%, H no

TOK B0)].bl CMOeT HaceneHHbie nyHKTbI, pacnono)KeHHbie 3a nnOTHHoii? 

KaTaCTPO!pbI mi 1<pynHbIX A3C ttMeIOT TPaHCHau;uoHanbHb1e nocne)].CTBH.H 3a 

cqe-r 3apa)KeHH.H PaJJ.HOaKTHBHbIMH ripOJJ.YKTaMH TeppHTOpHii Ha 6onbUIHX paccTO.HHH

.H:X OT Mec~a aaapHH. Ee3onacHOCTb A3C nptto6pena Me)K)].yHapo)].HOe 3HaqeHHe. 

Bee 3HeproHCTOqHHKH nocne nonyqeHH.H OT HHX 3HeprHH HMeIOT OTXO)].bl, KaK 

npaauno, OTPHUaTenbHO )].eiicTBy10mue Ha 0Kpy)Ka10my10 npttpoJJ.y. TaK, HanpttMep, 

Ka3anOCb 6bI caMa.H 3KOnorHqecKH qHCTa.H rH)].p03HepreTHKa, Bbl3bIBaeT HeraTHBHbie 

B03)].eHCTBH.H; Coopy)KeHHe rH)].p03neKTPOCTaHQHH H ee 3KCnnyarnu;HH Bbl3bIBaIOT H3-

MeHeHHe ypoBHH rpyHTOBbIX BO)]., BilH.HeT Ha paCTHTenbHblH MHp BOKpyr 3neKTPOCTaH

QHH. IlnOTHHa Hapymae-r ecTeCTBeHHYIO MHrpau;HIO pb16. qaCTb 3eMenbHbIX yroJJ.HH 

yxo)].HT no)]. BO)].y. Ilocne TYP6HH npOHCXO)].HT CHilbHOe rH)].pOJJ.HHaMHqecKoe B03MY

meHHe nOTOKa BO)].bl. B 3HMHHX ycnoBH.HX 3TO MemaeT 3aMep3aHHIO B0)].bl Ha 6onbUIHX 

paCCTO.H:HH.HX OT nnoTHHbl. Ha)]. peKoii CTOHT ne)]..HHOH ryMaH. Tenepb paccMOTPHM HC

nOilb30BaHHe yrneBO)].OpO)].HbIX TOilnHB. 

a) Hatt6onee 3KonorHqecKH qHCTbIM .HBil.H:eTC.H HCnOilb30BaHHe npHpOJJ.HOro ra3a, 

COCTO.HIUero BOCHOBHOM H3 MeTaHa, B TOnKax 3Hepre-rHqecKHX ycTaHOBOK pa3HOro 

Ha:maqeHH.H H pa3nHqHoii MOIUHOCTH. KoHeqHbIMH npoJJ.yKTaMH ropeHH.H .HBil.HlOTC.H 

H 20 H CO2• B 6nH)KattmHe )].ec»:THneTH.H C)KHraHue npupoJJ.Horo ra3a He JJ.Oll)KHO npu

aecTH K HenonpaBHMbIM nocne)].CTBH.HM a aTMOCcpepe. B TO )Ke BpeM.H ra3 Ha 6onbUIHe 

paCCT0.H:HH.H TPaHcnopTHpye-rc»: no raJonpoBO)].aM. Ilo)]. raJonpOB0)].bl H3bIMaIOTC.H H3 

o6pameHH.H 6onbUIHe TeppHT0pHH. Ilo.H:Bn.H:eTC.H: aepO.HTHOCTb KpynHblX noTepb ra3a H3 

pa3pymeHHbIX raJonpOBO)].OB, a TaK)Ke 3aropaHH.H ra3a. IlpHpOJJ.Hbiit ra3, nonaB B aT

MOCcpepy, OKa3bIBaeT 6onee 3HaqHTenbHbIH BKnaJJ. B napHHKOBbIH 3cpcpeKT, qeM CO2• 

YTeqKH ra3a H3 raJonpoB0)].0B H OTOnHTenbHbIX npu6opoB Bbl3bIBaIOT B3pb1Bbl H no

)Kapbl. Me-raH - 0CHOBHOe Cblpbe )].Jlll npoH3B0)].CTBa pa3nHqHblX yrneBOJJ.Op0JJ.HbIX 

coe)].HHeHHii. Ecnu MbI Ha )].ene, a He Ha cnoaax o6ecnoKoeHbI cocTO.HHHeM 01<py)Ka10-

meii cpe)].bl H 6e3JJ.YMHbIM HCnOilb30BaHHeM 3HepropecypCOB 3eMnH, TO Ha)].0 COKpa

maTb HCnOnh30BaHHe npHpO)].HOro ra3a B KOTnax KpynHblX 3neKTPOCTaHQHH, oCTaBHB 

ero )].Jlll 6bITOBbIX Hy)!()].. 

6) HecpTb - 0CHOBa 3Heproo6ecneqeHH.H aBTOM06HnbHOro H aBHaQH0HHOro 

TPaHcnoprn. _Jlyqmero· 3HeproucToqHHKa )].Jlll 3THX u;eneii y qenoaeqecraa HeT. Ha 

KpynHbIX 3IleKTPOCTaHQH.HX HecpTenpOJJ.YKTbl MO)KHO ucnonb30BaTb TOilbKO B aaapuii

HblX cuzyau;H.Hx •. 

B) KaMeHHhlii yronb - caMbiii KpynHhiii yrneBOJJ.OPOJJ.Hbitt 3Hepropecypc 3eMnH. 

l1cnonb30BaHHe KaMeHHOrO yrn»: Ha 3IleKTPOCTaHQH.HX 3HaqHTenbHO CilO)KHee, qeM 

npHpO)].HOro ra3a u Ma3yTa. TpaHcnopTHpOBKa 6onbUIHX Mace KaMeHHOro yrn»: Ha 
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6onblllHe paccT0.HHH.H He perneHa. KaMeHHb!H yronb Ha MeCTe )].06b1qu )].Oil)KeH 6bITb 

MaKCHManbHO OCBo6o)K)].eH OT nopO)].bl, eMy conyTCTBYIOIUeii. 3To Heo6xo)].HMO C)].e

naTb )].Il.H yJJ.eUieBneHH.H: H 3KOHOMHqecKOH u;enecoo6pa3HOCTH ero TPaHcnopTHpOBKH. 

nopo)].a COJJ.ep)KHT npHpO)].Hbie pa)].H0aKTHBHbie H30T0nbI. TTpe)].OTBpaTHTb nona)].aHHe 

yronbHOH nbinH, CO)].ep)Kameiic.H B )].bIMOBbIX ra3ax, B aTMOCcpepy npaKTHqecKH HeB03-

MO)KHO. 3To C03)].aeT CMepTenbHYIO onaCHOCTb nona)].aHH.H pa)].H0aKTHBHbIX qacTHU B 

nerKHe. 

TennoBa.H 3IleKTPOCTaHQH.H cyMMapttoii MOIUH0CTblO 5. 109 BT (3) Ha KaMeHHOM 

yrne KanopHHHOCTblO 5,5· 106 
KKan!T npH K03!p!pHQHeHTe HCnOilb30BaHH.H MOIUHOCTH 

0,9 H Kn,n = 45% C)KHraeT B ro)]. OKOno 14· 106 
TOHH KaMeHHOro yrn.11. 

Yrntt, JJ.a)Ke xopomo ocao6o)KJJ.eHHble OT nopoJJ.bI, ace paBHO coJJ.ep)KaT Heopra

HHqecKy10 Macey. ,nonyCTHM, qTo nocne oqHCTKH )].blMOBbIX ra30B B HHX 6yJJ.eT CO)].ep

)KaTbC.H nopo)].a B BH)].e 30Ilbl B KOnHqecTBe 1 % no Macce OT CO)K)KeHH0ro TOilnHBa. 3To 

3HaqHT, qTQ T3Q Ha KaMeHHOM yrne Bro)]. BbI6pacbIBaeT B B03.!1.YX npHMepHO 0, 14· l 06 

TOHH 30Ilbl, HilH 380 TOHH B cyTKH. B B0)].0eMbl H aTMOccpepy B paiioHe TaKOll T3Q 

e)Kero)].HO c6pacbrnaeTc.H 1, 7- IO 17 
,n)K Tenna. 

· B cepe)].HHe xx Be Ka BO BCeM MHpe HacTynttna 3noxa C03)].aHH.H rnraHTCKHX rn

)].paBnHqecKHX, Tenn0BbIX H aTOMHblX 3IleKTPOCTaHQHH. OnbIT He nO)].TBep)].Hn TeX Ha

)].e)K)]., KOTOpbie 3aKna)].bIBanHCb B 3TH rHraHTbl. 8 Ka)K)].0M cnyqae Ba)KHa onTHMH3a

QH.H co3)].aBaeMoro 3HepreTuqecKoro o6beKTa c yqeTOM acex napaMeTPOB, a He qHcTo 

CHIOMHHyTHbIX 3KOHOMHqecKHX. TaKHe CTaHQHH CTPO.HTC.H Ha )].eC.HTHneTH.H HX 3KC

nnyaTaQHH. Ilpe)K)].e acero, Ha)].o· yqHTbIBaTb peanbHOe B03.!l.eiicTBHe Ha qenoaeKa H 

npttpoJJ.y. KpoMe Toro, Hy)K)].aeTc.H B cymecTBeHHO 6onee rny6oKoM nccne)].oaaHHH 

TPaHcnopT 6onbUIHX IlOTOK0B 3neKTP03HeprHH Ha 6onbUIHe pacCTO.HHH.H no IlHHH.HM 

3neKTPOnepeJJ.aq. 

qenoeeqecTBO 3a BCIO CBOIO MHOroBeKOBYIO HCT0pHIO BOUino B K0HTaKT C 3HeprH

eii .H)].pa TOilbKO B cepe)].HHe )].Ba)].u;aToro BeKa. OceOHB )].Jlll CB0HX HY)!()]. 3Heprn10 rope

HH.H yrneBOJJ.OPOJJ.Horo Tonnttea, B~a, TeKymeii B0JJ.bI, conHu;a, qenoaeqecTBO JJ.0 ua

WHX JJ.Heii He 3Hano, qTo npttpoJJ.a o6na)].aeT KonoccanbHoii 3Heprneii )].enettH.H ypaua, 

CHHTe3a H30T0nOB BOJJ.0pOJJ.a. 

HayKa TOilbK0 B cepeJJ.HHe )].BaJJ.u;aToro BeKa cMorna npeJJ.cKa3aTb cymecTBOBaHHe 

.H)].epHOH 3HeprnH H o6b.HCHHTb, qTo Ha)].0 C)].enaTb, qT06bI .HJJ.epHa.H 3HeprH.H 6blna Bbl

)].eneHa H Hcnonb30BaHa no eone qenoBeKa. 

YpoBeHb )KH3HH IlIO)].eH Hepa3pbIBHO CB.H3aH C KOnHqeCTBOM 3HeprOHCT0qHHKOB, 

noTpe6n.HeMbIX cpe)].HecTaTHCTHqecKHM qenoBeKOM. 

.51)].epHa.H 3HeprH.H - 3TO cero)].H.H: H Ha o6o3pHMOe 6yJJ.ymee e)].HHCTBeHHblH 3Hep

roHCTOqHHK, KOTOpbIH M0)KeT o6ecneqHTb n106bIM KOnHqeCTB0M 3IleKTP03HeprnH H 

Tenna. Y)Ke B HaCTO.HIUee BpeM.H: B 3IleKTP03HepreTHKe Ha )].0illO .HJJ.epHOH 3HeprnH npH

X0)].HTC.H: Bo <l>paHQHH -75%, B EenbrnH - 60%, B lQ)KHOii Kopee - 49%, B lllae

QHH - 46%, B l1cnaHHH - 38%, B fepMaHHH - 33%, B JlnoHHH - 26%, B CWA -

21%, B PoccHH - 14%. 
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Ilo.nasmnomee 60JiblIHIHeTBO aTOMHblX 3JieK-rpOeTaHIJ.HH pa6oTaeT Ha Kopnye

HbIX SO.IJ.0-SO.ll)IHblX .H.IJ.epHblX peaKTopax. 3TH 3HepreTH'leeKHe yeTaHOSKH .HSJI.HIOTe.H 

np.HMOH KOHsepetteii soeHHblX nporpaMM. Bee OHH no eymeerny }ISJI}IIOTe.H MO.IJ.Hqm

Ka1meii .H.IJ.epH0-3HepreTH'leeKHX yeTaHOSOK .LJ.JI.!1 aTOMHblX nO.IJ.SO.IJ.HblX JIO.IJ.OK. 51.nep

HOe TOnJIHSO-npttpO.IJ.HbJH ypaH, o6orameHHblH ypaHOM-235. Iie3 HaJIH'IHH pa3.IJ.eJIH

TeJibHblX 3aso.nos, e03.IJ.aHHblX .lJ.Jl}I noJiy'leHH.!I SbleOKOo6orameHHOro ypaHa .LJ.JI.!1 .H.IJ.ep

HOro opy)l(HH, He 6b!JIO 6bl .H.IJ.epHOH 3HepreTHKH, pa60Ta101Ueii Ha ypaH-ypaHOSOM 

TOnJIHSe. 

EeJIH 6bI oesoeHHe .H.IJ.epHOH 3HepmH He npornno '1epe3 oesoeHHe .H.IJ.epttoro opy

)l(H}I, tJeJIOSe'leeTSO, S03MO)KHO, eme .no ettx nop He HMeJIO 6bl s esoeM paenop.H)l(eHHH 

ynpasmeMoii .H.IJ.epHoii 3Hepmtt. Ilptt e03.IJ.aHHH .H.nepttoro opy)l(HH 6bmn Mo611n113o

saHbI rttraHTeKHe KOJIJieKTHSbl Sbl.IJ.a!OIUHXe.H ytJeHblX, KOHe-rpyKTopos, TeXHOJIOros, 

HH)l(eHepos, pa6o'IHX, 3a-rpa'1eHbl ae-rpoHOMH'leeKHe eyMMbl .netter. COMHHTeJibHO, 

'IT06bl npasHTeJibeTsa e-rpaH, eo3.nasrnHX esoe Hal{HOHaJibHOe .H.IJ.epHoe opy)l(tte, no

lllJIH 6bI Ha TaKHe 3a-rpaTbl .LJ.JI.!1 JII06bIX MHpHblX esepx3a.IJ.a'I. 

EeJIH see 6b!JIO nO.IJ.'IHHeHO e03.naHHIO .H.IJ.epHOro opy)KHH, TO e03.IJ.aHHe .H.IJ.epHOH 

3HepreTHKH lllJIO no oeTaTO'IHOMY npHHL{Hny. 51.nepHa.H 3HepreTHKa He eTana esepx3a

.na'leii. K ee peantt3al{HH He 6b!JIO npHBJietJeHo TaKOe BHHMaHHe, KaK K e03.IJ.aHHIO opy

)l(ll}I. C03.naHHa.H .H.IJ.epHa.H 3HepreTHKa Ha TenJIOBblX Heii-rpoHax, Ha ypaH-ypaHOSOM 

TOnJIHBe, e B0.ll)IHblM OXJia,K.LJ.eHHeM He MO)l(eT npeTeH.nosaTb Ha npe.neJibHO 6e3onae

HYIO .H.IJ.epHy!O 3HepreTHKY e MHHHMaJibHblMH pa.nttoaKTHBHbJMH OTXO.IJ.aMH, 3KOHOMH

tJeeKH ueneeoo6pa3HYIO, Ha rnaseHeTBO B 3JieK-rp03HepreTHKe .nsa.nuaTb nepsoro 

seKa. 

,[(n.H e03.IJ.aHHH npe.neJibHO 6e3onaeHOH .H.IJ.epHOH 3HepreTHKH HMO soenoJib30-

BaTbeH seeM HaKonneHHbIM Onb!TOM e03.IJ.aHH.H H 3KennyaTal{HH 513Y, HO npH 3TOM 

KpHTH'leeKH paeeMO'IpeTb see HbIHe eymeeTBYIOIUHe Hay'IHO-TeXHH'leeKHe noezyna

Tbl. Mb! o6.H3aHbl eKa3aTb ee6e, 'ITO npaso Ha eymeeTBOBaHHe H nepeneKTHBHOe pa3-

BHTHe HMeeT TOJibKO npe.neJibHO 6e3onaeHa.H .H.IJ.epHa.H 3HepreTHKa, HeKJIIO'laIOIUa.H 

.H.IJ.epHb!e H PMHal{HOHHbie KaTae-rpoq>bI. 

qTO HY)l(HO e.nenaTb H MO)l(HO JIH e.nenaTb, 'IT06b1 513Y 6bIJia 3alUHIUeHa nOJIHO

eTb!O OT T.H)l(eJiblX no eBOHM noene.neTBHHM peaKTHBHOeTHblX asapttii, OT asapttii e Bbl-

6poeoM pa.nttoaKTHBHOeTH, OT B3pb1BOB, OT no)l(apOB, OT orntt6oK onepaTopa, OT .!J.H

sepettii? qTO HY)l(HO e.nenaTb, 'IT06bI eseeTH K MHHHMYMY pa.nttoaKTHBHble OTXO.IJ.bl H 

e03.naTb HeB03MO)l(HOeTb BblXO.IJ.a HX B OKpy)l(a!OIUY!O epe.ny? 

6e3yeJIOSHO, KHJIOBaTTbl yeTaHOBJieHHOH MOIUHOeTH H KBT·'lae npOH3Be.neHHOH 

3JieK-rp03HeprHH Ha npe.neJibHO 6e3onaeHblX .H.IJ.epH03HepreTH'leeKHX yeTaHOBKax 6y

.ll.YT eTOHTb .nopo,Ke, 'leM Ha HbIHe eymeerny!OIUHX. 3a 6e3onaeHoeTb HMO nnaTHTb. 

AsapttH THna qA3C onpoKHJU,IBa!OT se.HKYIO 3KOHOMHKy. CornaettTC.H JIH tJenosetJe

CTBo HMeTb .H.IJ.epHbie 3JieK-rpOCTaHL{HH, eCJIH npOH30H.IJ.eT eme o.ri.Ha asapHH THna 

qA3C? Ilpaso Ha cymecTBOSaHHe HMeeT TOJibKO npe.neJibHO 6e3onaCHa.H H.nepHa.H 

3HepreTHKa. 
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Bo3MO)l(HOeTb C03.IJ.aHH.!I coseprneHHO HOBOH ycTaHOBKH onpe.neJIHeTC.H (B npHO-

pHTeTHOM nop.H.IJ.Ke ): 

HayKoii, 

TeXHHKOH, 

3KOHOMHKOH. 
HayKa .IJ.OJI)l(Ha OTBeTHTb Ha sonpoc: He npOTHBOpe'laT JIH H.IJ.eH, 3aJIO)l(eHHble B 

npoeKT, Hay'IHO-q>H3H'leCKHM OCHOBaM? 

TeXHHKa OTBe'laeT Ha sonpoc: KaK KOHC'fPYKTHBHO H TeXHOJIOrH'leCKH c.nenaTb 

.naHHYIO ycTaHOSKy? 
3KoHoMHKa - HY)KHO JIH co3.nasaTb .nattiiy10 ycTaHOBKY cero.LJ.H.H H B 6Jitt)l(attrnee 

BpeM.H? 
B KOHL{e copOKOBblX H Ha'lruie IlHTH.IJ.eCHTbrX ro.nos B CoseTeKOM Col03e 6bIJIH OT-

Kpb!Tbl orpOMHble 3aJie)l(Jt Heq>TH H npttpo.nttoro ra3a. 

Coopy)KeHHe nepsoii B Mttpe A3C He HMeJIO HHKaKoro 3KOHOMH'leCKOro CMblCJia. 

AsrnpttTeT HaytJHoro pyKOBO.IJ.HTeJI.H ypattosoii nporpaMMbI CoseTcKoro Co103a 

11.B.Kyp'laTOBa .nan S03MO)l(HOCTb C03.IJ.aTb He60JiblllYIO no MOIUHOCTH _nepsy10 B MHpe 

A3C. Bo3MO)l(HO, nycK B 1954 r. nepsoii B Mttpe A3C onepe.LJ.HJI speMH, Kor.na H.nep

Ha.H 3HepreTHKa eTana 6bl Heo6XO.IJ.HMOH. Hatt6onee pelllHTeJibHbie 3a1UHTHHKH 3KOJIO

rHH etJHTa!OT, 'ITO .H.IJ.epHaH 3HepreTHKa Boo6me He H~Ha. TaK JIH 3TO? 

B KOHL{e xx BeKa Ha 3eMJie npO)l(HBaeT 6,6· 109 tJeJIOBeK. B KOHL{e xx seKa .no6b1-

'1a yrneso.nopO.IJ.HblX 3HeprotteTO'IHHKOB B MHpe He npeBbllllaJia 5-1 o9 
TOHH ycJIOBHOro 

TOnJIHBa (TYT). Ilo-rpe6neHHe yrneso.nopo.nttoro TOnJIHBa s MHpe O'leHb HepaBHOMep

HOe. B ClllA Ha 1 tJenoseKa no-rpe6n.HeTC.H 11,0 TYT, B 3ana.nHoii Espone 8,0 TYT• B 

3KOHOMH'leeKH pa3BHTbJX c-rpaHax npO)l(HBaeT ~ 20% HaceJieHHH, OHH no-rpe6JIHIOT 

~ 10-1 o9 TYT, HJIH ~ 7,6 TYT Ha O.IJ.HOro tJeJIOBeKa, B OCTaJibHblX c-rpaHax ~ 0,95 TYT Ha 

O.IJ.HOrO tJeJIOBeKa. 
,ll,JIH KOMq>OpTHOro npO)l(HBaHH.!I scero tJeJIOBe'leCTBa HY)l(HO HMeTb npttMepHO 

3,0 T ycJIOSHOro TOnJIHBa s ro.n Ha 'leJIOBeKa, T.e. Ha ~ 5,3· 10
9 

tJeJI. no-rpe6yeTC.H 

~ 16-1 o9 TYT. l1TOro, .lJ.Jl}I scero tJenosetJecKoro po.na ~ 26-10
9 

TyT. f.ne B3.HTb .no6asotJ

HO ~ 11-109 w? HeB03MO)l(H0 nony'IHTb HX 3a C'leT yrneso.nopo.nttoro TOnJIHBa. He 

o6ecne'IHTb see 'leJIOBe'leCTBO MHHHMaJibHblM KOJIH'leCTBOM 3HeproHCTO'IHHKOB -

3Ha'IHT o6pe'lb 6oJiblllYIO tJaCTb HaeeJieHHH 3eMJIH )l(HTb y KOC'IpOB, C)l(HraTb ceJibCKO

X03.HtteTBeHHbie OTXO.IJ.bl H .nepeBb.!I. 

TOJibKO .H.IJ.epHa.H 3HeprHH MO)l(eT o6ecne'IHTb 3HepreTH'leCKHe no-rpe6HOCTH 'le-

JIOBe'leCTBa B XXI seKe. 

rno6anbHa.H oueHKa .H.IJ.epHblX H TepMOH.IJ.epHblX 3HeproHCTO'IHHKOB JIHTOCq>epbI H 

m.npocqiepbI 3eMJIH .naeT cne.ny10mtte sentt'IHHbI. 

Macca 3eMHOH KOpbl npHMepHO paBHa 2,8-10
22 

Kr. 

Macca m.npoeqiepbI - npttMepHo 1,4· 10
21 

Kr. 

Cpe.nttee co.nep)l(aHtte npttpo.nHoro ypaHa B 3eMHoii Kope cocTaBJIHeT 2,5 -10
4 

se

COBbIX npoueHTOB, HJIH npttMepHO 7,0· 10
16 

Kr. 
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Cpe.nttee co.nep)Kam1e rnpIDI - 1, 3 -103 aecoBbIX npoueHTOB, mm 36,0-10 16 Kr. 

IlpH nORHOM ,neReHHH 1 Kr ,i:,nepHoro rop10qero BbI,neRHeTc,i: 8· 1013 ,a)K TenRoBoii 
:meprHH. 

IlpH IlORHOM ,neReHHH TORbKO ypaHa-235 (npHMepHO 4,9· 1014 Kr) 6y,neT BbJ,neRe

HO OKORO 0,4-10
9 ~ Tenna. IlpH nORHOM .neReHHH acero npHpo,nHOro ypaHa BbI,ne

RHTCH 0,56-10
31 ~ TenRa. IlpH noRHOM .neReHHH acero rnpIDI - 2,9· l 03 ,a)K TenRa. 

3Heprn,i: CHHTe3a. B npHpo,nHoii ao.ne Ha 5000-7000 aTOMOB ao.nopo.na co.nep

)KHTCH 1 aTOM ,neiiTepH,i:. TaKHM o6pa3oM, a 1 Kr o6bI'IHOH ao,nbI co.nep)KHTCH 1022 

,i:,nep, ttnH npHMepHo 3,3· 10-5 Kr ,neiiTepHH. 

B ao.nax MHpoaoro oKeaHa co,nep)KHTCH 4,57-1016 Kr .neiiTepHH (a 1 Kr f D 1 -

npHMepHO 3-10
26 

,i:,nep). IlpH IlORHOM CHHTe3e 1 Kr f D1 BbI,neRHTCH ~ 34,0-10 13 .a)K 

TenROBOH 3HeprnH. C)KHraHHe acero f D I ,nacT 1,55-1031 ~ TenRa. 

Co.nep)KaHHe RHTHH B 3eMHOH Kope oueHHBaeTCH B 3,2· l o-3%: 

6,65-1016 
Kr~ Li3, 

82,9-10
16 

Kr ~ Li4. 

PeaKUHH CHHTe3a: 

2 3 T 4 1 (2 -12 rr 
1 D1 +1 2 ➔2 He2 +0 n I ,81-10 .,_.,)K) . 

2 3 2 3 13 
1 Kr ( 1 D1 + 1 T2) co,nep)KHT (0,4 Kr I D1 + 0,6 Kr I T2 ), 'ITO .naeT 33,8-10 ~ TenRo-

BOH 3HeprHH. 

.am C)KHraHHH 6,65- 10
16 

Kr ~ Li3 Heo6xo,nHMO 2,22· 1016 
Kr f D1' npH 3TOM Bbl

.neRHTCH 2,39-1031 .a)K TenRa. 

OcaoHB 3HeprHIO ,neReHIDI TH)KeRblX ,i:,nep, 'IeRoaeqecTBo npH06peRo no'ITH 6e3-

rpaHH'IHbiii HCTO'IHHK 3HeprnH. y 'IeROBe'IeCTBa eCTb B 3anace BTopoii 6e3rpaHH'IHblH 

HCTO'IHHK 3HeprHH - 3HeprHH CHHTe3a RerKHX ,i:,nep. 

Ilo,nae.neM HeKOTOpb1e HTorn no .nocrnaepttoii CTPYKTYPe MHpOBbIX 3Hepropecyp

coa, .nocrynHbIX ,nn,i: .no6bl'IH coapeMeHHOH TeXHHKOH. 

KaMe1111b1e y211u 

Pa3Be,naHHbie Mecrnpo)K_neHHH COCTaBRHlOT (0,476-0,59)· 10 TOHH. 

IlpH cpe,nHeii KanopHiiHocrn 5,5-106 KKanlT (2,3-1010 _a:>IclT) 3TO 3KBHaaneHTHo 

Tennoaoii 3HeprnH ( 1, 1-1,4 )· 1022 ,a)K. 
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803MO)KHbie MeCTopo)K,neHHH oueHHBalOTCH B (3,2-7,6)-10 12 TOHH, HRH 

(7,36-17,48)· 1022 ,a)K TenRoBoii 3HeprnH. 

llpupoiJ11b1ii za3 

Pa3ae.naHHbie Mecrnpo)K,neHHH COCTaBJIHlOT (52-78)-10 12 
M3. 

Tennoaa,i: 3Heprn,i:, KOTOpy10 MO)KHO nony'IHTb, paaHa (2,0 + 3,0)· l 021 ,a)K. 

Bo3MO)KHbie MeCTOpO)K,neHHH oueHHBalOTCH B 330-10 12 M3. 

TenJIOBM 3HeprHH, KOTopy10 MO)KHO hOJIY'IHTb, COCTaBHT 12,8· 1021 ,a)K. 

ITpH C)KHraHHH 50-1012 M3 npHpO,nHoro ra3a B aTMOCqJepy 6y,neT BbI6poweHo 

180- 109 TOHH CO2. B Hacrnuuee apeMH B aTMocqiepe 3eMnH co.nep)KHTCH 

2400-109 TOHH CO2. COMHHTeRbHO, 'IT06b! Kor,na-RH6o 6blRH C03J].aHbl 3KOHOMH'IeCKH 

uenecoo6pa3Hbie ycTaHOBKH, npe.nornpama10mHe Bb16poc CO2 B aTMocqiepy. 

He</Jmb 

Pa3BeJ].aHHbie MeCTOpO)KJ].eHIDI Heqirn a MHpe COCTaBRHlOT (90--100)· l 09 TOHH. 

Tennoaa,i: 3Heprn,i: - (3,4-3,8)· 102 .a)K (TennOBbIX). ITpH KIT.a 45% 

(l,5-l ,7)• 1021 .a)K (3ReKTPH'IeCKHX). 

8o3MO)KHbie MeCTOpo)K,neHHH MOryT 6b!Tb oueHeHbl a (200--350)-109 TOHH, HRH 

(7,6-13,3)· 1021 .a)K (TenJIOBbIX). 

HeqJTb HY)KHO HCilORb30BaTb, npe)K,ne acero, ,nn,i: aBTOM06ttnbHOro H aBHaUHOH

HOro TPaHcnopTa, a He ,nn,i: 3ReKTP03HeprnH. 

Ypa11 

Pa3BeJ].aHHble MeCTOpO)K,neHIDI ecTeCTBeHHoro ypaHa COCTaBRHlOT 

(1,75-2,36)· 106 TOHH. 

TenRoaa,i: 3Heprn,i: - (1,4-1,9)-1023 ,a)K. 

B peaKTopax Ha TenJIOBbIX HeHTPOHax MO)KHO C)Ke'Ib OKORO 1 % npHpOJJ.HOro ypa

Ha, 'ITO .nacT (1,4-l,9)•1021 .a)K TennOBbIX. ITpH Krr,a ~ 33% -(0,46-0,63)-1021 .a)K 

3JieKTPH'IeCKHX. 

B peaKTopax Ha 6bICTPbIX HeHTPOHaX B 3aMKHYTOM TOilnHBHOM UHKne MO)KHO 

C)Ke'Ib npaKTH'IeCKH 100% npHpo.nHoro ypaHa, npH KIT,a = 45% MO)KHO nony'IHTb 

(0,63-0,86)· 1023 .a)K 3ReKTPH'IeCKHX. 

CoaeTCKHH Co103 ,nn,i: caoeii aoeHHOii nporpaMMbI .no6bm 60RblllOe KORH'Iecrno 

npHpo.nHoro ypaHa. Ha pa3JJ.eRHTeRbHbIX 3aao.nax 6bm nony'IeH BbICOKoo6orameH

HbIH ypaH, Ha KOHBepTopax Hapa6oTaH opy)KeHHbIH nRYTOHHii, KOTOpbIH nocne pa

JJ.HOXHMH'IecKoii nepepa60TKH Bbirpy)KeHHoro TOilJIHBa HCilORb30BMCH J].IlH opy)l(Hll. 

B CBH3H C rR06anbHblMH H3MeHeHHHMH, npoHCilleJ].IllHMH B PoccHH B ,neBl!HOCTbIX ro

.nax, no oueHKaM cneuHanHCTOB, CTPaHa HMeeT H36bITOK ypaHa-235 H nnyTOHIDI-239, 
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KOTOphle MOryT 6h1Th HCnOJih30BaHhl B .H,llepHOH 3HepreTHKe, oueHO'iHO l 00-200 TOHH 

opy)l(eHHOro IlJIYTOHHJI, l 000-2000 TOHH ypaHa, BhlCOKoo6orameHHOro H30TO

nOM 235. ,nmi nony'ieHH.H OAHOro KHJiorpaMMa ypaHa-235 HY)l(HO HMeTh npttMepHO 

200 Kr npttpOAHOro ypaHa. Cne,lloBaTeJihHO, Ha CKJia,llaX HaxomITC.!I (200-

-400)-10
3 

TOHH o6e,llHeHHOro ypaHa, CO,llep)l(amero 0,2-0,3% ypaHa-235. T.e. 20% OT 

pa3Be,llaHHhlX MeCTopo)l(,lleHHH npttpOAHOro ypaHa xpaHHTCJI B PocCHH Ha CKJia,llaX. 

3TO MHHHMaJihHa.H oueHKa no o6e,llHeHHOMY ypaHy, T.K. OCHOBHa.H Macca ypa

Ha-235 tt IlJIYTOHHR-239 HaxOAHTC.H B op~tttt. YpaH-235 ttcnonhJYeTC.H Ha o6orame

Htte TOnJIHBa ,llJIJI peaKTopoB Ha TenJIOBhlX HeiiTpoHax aTOMHhlX 3JieKTPOCTaHUHH H 

aTOMHhlX nO,llBOAHhlX JIOAOK. ITptt nony'iemm 3TOro ypaHa-235 TaK)l(e OCTaJIC.!I Hettc

nOJih3yeMhlH o6eAHeHHhlii ypaH. 

qTO MO~ ,llaTh l 000-2000 TOHH BhlCOK006orameHHOro ypaHa-235 B 3JieKTP0-

3HepreTttKe, eCJIH HCnOJih30BaTh ero ,llJI.!1 o6orameHHJI o6e,llHeHHOro npttpOAHOro ypa

Ha? 

ITptt nony'ieHHH Bh1coK006orameHHOro ypaHa 6hma JaTPa'ieHa 3JieKTP03Heprtt.H 

Ha pa6ory pa3AeneHH.H. 

B o6e,llHeHHOM ypaHe OCTaeTC.!I 0,2-0,3% ypaHa-235, HJIH 2-3 rpaMMa Ha OAHH 

KHJIOrpaMM o6e,llHeHHOro ypaHa. 

.nmi oueHO'iHOro pac'ieTa 6yAeM optteHTHpOBaThCJI Ha THnOBOH BOAOOXJia)l(,llae

Mhlll peaKrnp BB3P- l 000. ITpttMeM cpeAHee o6orameHtte .HAepHoro TOilJIHBa 4,2%. B 

l Kr o6eAHeHHoro ypaHa HaAo A06aBHTh 40 r ypaHa-235.Jh l Kr ypaHa-235 M0)l(HO 
nony'iHTh 25 Kr .H,llepHoro TOilJIHBa. 

1-h l 000-2000 TOHH ypaHa-235 MO)l(HO nony'iHTh (25-50)-1 o3 TOHH HAepHoro TO

IlJIHBa c o6orameHtteM 4,2% no ypaHy-235. 

ITptt 3TOM OCHOBHa.H Macca o6eAHeHHOro ypaHa -(175-350)-103 TOHH-He 6y

AeT HCnOJih30BaHa. 

(25-50)-10
3 

T0HH Jl,llepHoro TOnJIHBa c o6orameHtteM 4,2% no ypaHy-235 MO)l(eT 

o6ecne'ittTh pa6oTy 25-50 6noKoB BB3P- l 000 B Te'ieHtte 40-50 neT. CyMMapHo B roA 

6yAeT Bh1pa6ornHo (1,8-3,6)-10 11 KBT 'iac 3JieKTP03Heprntt. 

qTo AeJiaTh c 100-200 TOHH op~eiiHoro IlJIYT0Htt.H? ITpoAaBaTh nJIYTOHHii -

npecTynneHHe nepe,ll 'ieJI0Be'ieCTBOM. YHH'iTO)l(aTh - He,llonycTHMO, nJIYTOHHH -

JIY'illlee HAepHoe rop101Iee. finYTOHHii - AOporocTO.Hlllttii ttcKyccTBeHHhlii XHMH'ie

CKHii 3JieMeHT. CTPaHa BhlHy)l(,lleHa xpaHHTh ero, npHMeH.HJI Bee Mephl Jl,llepHOH H pa

,LUial.lHOHHOH 6e3onaCHOCTH, 3alllHThl xpaHmmma OT XHllleHHH H AHBepcttii. 

MO)l(HO IlJIYTOHHH HCnOJih30BaTh KaK CTapTOBOe .!l,llepHoe ropIO'iee B Jl,llepHhlX pe

aKTopax Ha 6blCTPhlX HeHTPOHax C )l(H,llKOMeTaJIJIH'ieCKHM OXJia)l(,lleHHeM. B 3TOM cny

'iae OH 6yAeT npOH3BOAHTh MaTepttaJihHYIO ueHHOCTh - 3JieKTP03HeprHIO. l1c'ie3aeT 

He06XOAHMOCTh B cneuttaJihHhlX xpaHHJIHlllaX. 

Ko3cpqnn.uieHT BocnpOH3BOACTBa B peaKTope Ha 6blCTPhlX HeiiTPOHax MO)l(HO Me

HJITh OT 1,0 AO 1,3. MO)l(HO pa6oTaTh B pe)l(HMe caMoo6ecne'ieHHJI: CKOJihKO CO)l(rJIH 

IlJIYTOHH:I, CTOJihKO tt Hapa6oTaJIH. MO)l(HO pa6oTaTh B pe)l(HMe paClllttpeHH0rO BOC-
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npOH3B0ACTBa - Hapa6aTbIBaTh nnyTOHH.!I 60Jibllle, 'ieM C)l(ttraTh. lh6h1TOK IlJIYTO

HH.!I MO)l(eT 6b1Th HanpaBJieH AJIJI CTapTOBOH 3arpy3KH BHOBh BBOAHMhlX Jl,llepH0-3Hep

reTH'ieCKHX yCTaH0BOK. B CJiy'iae Heo6XOAHMOCTH Jl,llepHhle peaKTOphl MOryT BepHYTh 

KOHAHI.lHOHHhlii IlJiyi"oHttii .LlJI.H HY)l(,ll o6opoHhl. 

l 00-200 TOHH opy)l(eiiHoro nJIYTOHH.H MoryT AaTh crnpT 100-200 RAepHhIM peaK

TopaM Tttna EH-600 HJIH 60-120 .HAepHhIM peaKTopaM 3JieKTPtt'iecKoii MOlllHOCTH 

1000 MBT. CyMMapHo B roA 6yAeT Bh1pa6ornHo (4,2-8,4)-10 11 KBT·'iac 3JieKTP03Hep

rtttt. 

)KHAKOMeTaJIJIH'ieCKHe TenJIOHOCHTeJIH ,llaIOT B03MO)l(H0CTh HMeTh Ha BhIXO,lle H3 

aKTHBHOH 30Hhl .H,llepHoro peaKTopa 6onee ;hlCOKYIO TeMnepaTYPY TenJIOHOCHTeJI.H, 

'ieM B BOAOOXJia)l(,llaeMhlX peaKTopax, a 3TO npHB0AHT K 6onee BhICOKOMY K03q>q>HUH

eHTY noJie3HOro ,lleHCTBH.!I . .nmi noJiy'ieHHJI OAHOro H Toro )l(e KOJIH'ieCTBa 3JieKTP0-

3HeprHH Ha,llo C)l(e'ih MeHhllle .H,llepHoro TOilJIHBa, a 3Ha'iHT - noJiy'iHTh MeHhllle pa

A(IOaKTHBHhlX npOAYKTOB AeJieHHJI. 

B JierKOBOAHhlX peaKTOpax C)l(HraeTC.!I AOporoii ypaH-235, B 6pimepax ropHT ,lle

IIJeBhlll ypaH-238. O6e,llHeHHhlH_ypaH tt Bhirpy)l(eHH0e m JierKOBOAHhIX peaKTopoB TO

IlJIHBO MO)l(HO C)l(e'ih npaKTH'ieCKH nOJIHOCThlO TOJihKO B peaKTopax Ha 6bICTPhIX Heii

TP0Hax C )l(H,llK0MeTaJIJIH'ieCKHM TenJIOHOCHTeJieM, ucnOJih3Y.H 3aMKHYThlll TOnJIHB

Hhlll l.lllKJI c paAHOXHMH'ieCKOH nepepa6oTKOH Bhlrp~eHH0rO TOilJIHBa tt 

MHOroKparnoii peuupKyJI.Hl.ltteii Jl,llepHOro TOilJIHBa. C)l(ttraJI (200-400)-1 o3 TOHH 

o6e,llHeHHOro ypaHa, MO)l(HO BhI,lleJIHTh (1,6--3,2)-1022 ,lJ;)I( Tenna, KOTOpoe MO)l(eT 

6h!Th npeapameHo B (4,4--8,8)-1015 KBT 'iac 3JieKTP03Heprutt. ,lJ;JI.H cpaaHeHH.H - B 

1985 r. ace 3JieKTPOCTaHI.lHH CoaeTcKoro Co103a Bhipa6oTanu 1,5-1012 KBT qac 3JieK

TP03Hepruu. 

Y)l(e A06hlTOro, Jie)l(amero Ha CKJia,llaX ypaHa CTOJihKO, 'ITO ero XBaTHT Pocc1m Ha 

CTOJieTH.H nptt nepeBOAe Bceii 3JieKTP03HepreTHKH Ha RAepHoe rop101Iee. 

qTO BhlrO,llHee? fIOTPaTHTh AOnOJIHHTeJihHhle cpeACTBa ceii'iaC H 1Iepe3 15-20 JleT 

HMeTh npe,lleJihHO 6e3onacHyIO .H,llepHyIO 3HepreTHKY Ha 6hlCTPhIX HeHTPOHax C )l(H,ll

KOMeTaJIJIH'ieCKHM OXJia)l(,lleHHeM aKTHBHOH 30HhI, ucnOJih3Y.H nptt 3TOM HaKOilJieH

Hhie orpOMHhle Janachl .H,llepHoro TOnJIHBa? Mnu, 3B0JIIOI.lHOHHO ynyqllJaJI JIBP, npo

AOJI)l(aTh HMeTh HX 0CHOBHhIMH pa6oTaIOlllHMH .H,llepHhIMH peaKTopaMH A3C? CAe

JiaTh JIBP H3-3a cneuuq>HKH JierKOH BO,llhl npe,lleJihH0 6e3onaCHhIMH HeB03MO)l(H0. 

YBeJIH'ieHHe KOJIH'ieCTBa 6apbepoB 6e3onaCHOCTH yaeJIH'iHBaeT CTOHMOCTh A3C H He 

C03,llaeT q>H3H'ieCKHX OCH0B 6e3onacHOCTH. JIBP MOryT C)l(e'ib He 6onee 1 % npttpOA

HOro ypaHa. HaAO npOAOJI)l(aTh A06hl'iY npupOAH0ro ypaHa. ,lJ;OJI)l(HhI npO,llOJI)l(aTh pa-

6oTaTh o6oraTHTeJihHhie KOM6HHaThI. 

PocCHJI o6Jia,llaeT YHHKaJihHhlMH 3anacaMH pa3JIH'iHhIX yrneBOAOPOAHhIX 3Hepro

HCTO'iHHK0B, a TaK)l(e rimpopecypcaMH. Poccuu HHKOr,lla He npH,lleTCJI ,lleJiaTh CTaBKY 

Ha OAHH 3HeproHCTO'iHHK, KaKHM 6hI xopolllHM OH Hll 6hm. 

51,llepHhie 3HepreTH'ieCKHe ycTaH0BKH C ucn0Jih30BaHueM 3HeprHH ,lleJieHH.H .H,llep 

aKTHH0H,ll0B HeHTPOHaMH - OCHOBa COBpeMeHHOH Jl,llepHOH 3HepreTHKH. B HaCT0.!1-
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mee BpeMa no.uaBnmomaa Macca a.uepHbIX peaKTopoB pa6orneT Ha TennoBbIX HeiiTpo

Hax. TennoH.OCHTeneM B TaKHX a.uepHo-:mepreTnqecKHX ycTaHOBKax MO,KeT 6bITb ner

Ka.8 BO,Ua, rennii, ,KMKHe MeTanllbl. I1Mea orpOMHblH OilblT ncnonb30BaHH.8 nerKOH 

BO.Ubl B Tenno:mepreTHKe, ecTeCTBeHHO 6blno HCDOnb30BaTb npn C03,UaHHH nepBblX 

3HepreTnqecKHX ycraHOBOK nerKyIO BO.UY KaK TennOHOCHTenb, npn 3TOM OHa »Bn»eTC.8 

n 3aMe.unnTeneM HeiiTpOHOB, qTo .uaeT eii onpe.ueneHHbie npenMymecTBa. 

H.uea peaKTopOB Ha 6bICTpblX HeiiTpOHaX Il0.8BHnacb npn6nn3HTenbHO B TO )Ke 

BpeM.8, qTo H n.uea peaKTopoB Ha TennOBblX HeiiTpoHaX. B CoBeTCKOM Co103e Hayq

HblM pyKOBO,UHTeneM pa60T a.uepHblX peaKTopoB Ha 6blCTpblX HeiiTpOHax C HaTpHe

BblM oxna,K,UeHneM 6bln A.11.JleiinyHCKHii. B peaKTopax Ha 6bICTpblX HeiiTpOHax ner

Ka.8 BO,Ua He Morna 6bITb llCDOnb30BaHa B KaqecTBe TennOHOCHTena. ~na 6pn.uepOB 

Hy:acHO 6blnO c Hyna OCBOHTb COBeprneHHO HOBblll TennOHOCHTenb - )Kll,UKHH MeTann, 

He 3aMe,Ull.8IOlUHH HeiiTpOHbl, cnoco6Hblll oxna,K,UaTb BblCOKOHanpa,KeHHYIO aKTHB

H)'lO 30Hy. 
~enanHCb IlOilbITKH ncnonb30BaTb B 6pMepax ra30Bble TennOHOCHTenn (rennii, 

CO2, N2O4)- Ilpnmi:nnHanbHblM He,UOCTaTKOM ra30BblX TennoHOCHTeneii aBnaeTC.8 

BbICOKoe .uaBneHne. Pa3repMeTH3aumi: npnBe,UeT K nonHOH IlOTepe TennoHOCHTena. 

BepHYTb TennOHOCHTenb CHOBa B aKTHBHYIO 30HY .una aBapniiHoro pacxona,KHBaHH.8 

HeB03MO)KH0. B aKTHBHOH 30He 6blCTpOro peaKTopa HeT MaCCbl, KOTopaa Morna 6bI 3a 

cqeT cBoeii TennoeMKOCTH B3.8Tb Ha ce6a BbI,UeneHHYIO 3Heprn10. 3a cqeT ocTaToqHoro 

TennOBbI,UeneHH.8 pa3pyrnHTC.8 ,Ua)Ke 3arnyrneHHaa 30Ha. AKTHBHa» 30Ha 6pn.uepoB 

HMeeT BblCOKOe o6orameHHe. PacnnaBneHne aKTHBHOH 30Hbl MO,KeT npnBeCTH K o6pa-

30BaHHIO HeKOHTpOnnpyeMOH KpHTnqecKoii MaCCbl co BCeMH T.8,KeneiilllHMH nocne.u

CTBH.8MH. 
I1Me» BblCOKYIO TeMnepaTYPY KHileHH.8, ,KMKOMeTannnqecKne TennOHOCHTenn 

,UaIOT B03MO,KHOCTb CHHMaTb 3Heprn10 npn HH3KHX .uaBneHH.8X B Kopnyce a.uepHoro 

peaKTopa. PernaeTca O,UHH H3 Ba,KHeiirnnx BonpocoB 6e3onacHOCTH - noTepa Tenno

HOCnTena npn pa3repMeTH3aUHH. IloaBnaeTC.8 B03MO)KHOCTb ncnonb30BaTb 6aKOBYI0 

KOMilOHOBKY, B KOTOpoii aKTHBHaa 30Ha Bcer.ua HaXO.UHTC.8 no.u 3anHBOM TennoHOCH

Tena. 
~na aTOMHblX IlO,UBO,UHblX no,UOK n, oco6eHHO, .una KOCMnqecKHX Kopa6neii, r.ue 

Becora6apnTHbie xapaKTepncTnKn nrpa10T perna10my10 ponb, ,KH.UKOMeTannnqecKne 

TennoHOCHTenn OKa3bIBaIOTC.8 BHe KOHKypeHUHH. 

B HacToamee BpeM» ,KMKOMeTannnqecKne Tenno~ocnTenn B peaKTopocTpoeHnn 

ncnonb3YIOTC.8 Mano. 

qero MO,KHO o:acMaTb B 6y.uymeM? 

Ebina HCTopnqecKaa He06XO,UHMOCTb, a He ornn6Ka, C03,UaBaTb H ycoBeprueHCTBO

BaTh .una ,Kene3HO,Uopo:acHoro TpaHCilOPTa napOB03bl, KOTOpble B HaCTmi:mee BpeM.8 

npaKTnqeCKH nonHO~TblO 3aMeHeHhl Ha TennOB03bl H 3neKTpOB03bl. 3TO eCTb ecTe

CTBeHHblll npouecc pa3BHTH.8 HayKn H TeXHHKH. 

Ha.uo IlOH.8Th, qTo, ncnonb3Y.8 nerKyIO BO.UY, Henh3.8 C03,UaTb 6onblll0H a.uepHoii 

3HepreTHKH. Ilpn npeeMCTBeHHOCTH BCeii HaKonneHHOii KynbzypbI nernoBO.UHbIX pe-
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aKTopoB OHH .uon,KHbl ycTynHTb MeCTO peaKTopaM Ha 6bICTpblX HeHTpOHaX c )Kll,UKO

MeTannnqecKHM oxna,K,UeHneM. TaKaa 3aMeHa .uon,KHa npon30HTH, npe,K.ue Bcero, B 

3neKTp03HepreTHKe. Henb3.8 cqnTaTb, qTO nerKOBO,UHbie peaKTOpbl 6bmn ornn6Koii. 

JIBP BblilOnHHnn CBOIO 3a,Uaqy, OHH OTBeqann CBOeMy ypoBHIO IlOHHMaHH.8 a.uepHOH 

3HepreTHKH. O.uHaKO .una 6y.uyIUeii a.uepHOH 3HepreTHKH HecpaBHeHHO nyqrnnMH 

»Bn.8IOTC.8 peaKTOpb1-6pMepbl Ha 6bICTpblX HeHTpOHaX C )Kll,UKOMeTannnqecKHM 

oxna,K,UeHneM. 
BbICOKa ponb pa.unoXHMHll B 6onblll0H a.uepHOH 3HepreTHKe. Beeb IlOTOK a.uepHO

ro TODnHBa 6y.ueT MHOroKpaTHO npoXO,UHTb qepe3 pa,UHOXHMHqecKylO o6pa60TKy. Pa

,UHOXHMHqecKne npoH3BO,UCTBa .uon,KHbl OTBeqaTb caMblM )KeCTKHM Tpe6osaHH.8M 

a.uepHOH 6e3onacHOCTH H He .uonycKaTb BblXO,Ua pa.unoaKTHBHOCTH B OKpy,KaIOlUYIO 

cpe.uy. ~a nocne.uy10mnx onepaunii c npo.uyKrnMn .ueneHH» oHn .uon,KHbl 6bITb rny-

6oKo oqnmeHbl OT aKTHHOMOB. Bo3MO)KHO, noHa.uo6nTC.8 pa.unoxnMnqeCKOe pa3,Ue

neHHe aKTHHOH,UOB H npo.uyKTOB .ueneHH.8. 

B a.uepHOM opy,KHH uenHaa a.uepHaa peaKUH.8 .uon,KHa npoiiTH TOnbKO O.UHH 

pa3 - so BpeMa a.uepHoro B3pbJBa. Bee .uenaeTc» .una Toro, qTo6bl He npomornna He

caHKUHOHnpoBaHHa» a.uepHa» peaKUH.8. 
8 aKTHBHOH 30He a.uepHOH 3HepreTnqecKOH ycTaHOBKH KOHTpOnnpyeMaa uenHa.8 

a.uepHaa peaKUH.8 MeT HenpepbIBHO. TonnHBO npn 3TOM HaKannnBaeT H30T0Ilbl aKTH

HOH,UOB ll npo.uyKTbl .ueneHH.8. MeTannoKOHCTpYKUHH B 30He a.uepHOH peaKUHH H B 

6nn,KattrneM OKpy,KeHHH CTaHOB.8TC.8 pa.unoaKTHBHblMH. 

OnaCHOCTb a.uepHoii 3HepreTHKH 3aKn10qaeTC.8 B cne.uy10meM: 

1. 8b!XO.U 113-IlO.U KOHTpOna uenHOH a.uepHoii peaKUHH, npn KOTOpOM 3a KOpOTKOe 

BpeM.8 Bbl,Uen»eTC.8 TaKoe KonnqecTBO 3Heprnn, C KOTOpblM He MO,KeT cnpaBHTbC.8 cn

CTeMa oxna,K,UeHna. 
2. Ilona.uaHne BblCOKopa.unoaKTHBHb!X npo.uyKTOB B OKpy)KalOIUYIO cpe.uy. 

TennoHOCHTenb - HeoTheMneMaa qacTb a.uepHbIX peaKTOpOB 6onblll0H e,UHHH4-

HOH MOlUHOCTH. TennOHOCHTenb - ,UBH)KyIUa»ca cpe.ua, nepeMeIUaeMaa nnn np1rny

,UHTenbHO, nnn 3a cqeT pa3HOCT.H nnoTHOCTeii, .una nepe.ua4H Tenna OT 6onee HarpeTO

ro Tena K MeHee HarpeToMy. 
TennoHOCHTenb - e,UHHCTBeHHblH 3JieMeHT B a.uepH0-3HepreTnqecKOH ycTaHOB

Ke, KOTOpblll IlOCT0.8HHO npHCYTCTByeT, KaK B 30He a.uepHblX peaKUHH - aKTHBHOH 

30He, TaK H BHe ee. 
TennOHOCHTenb He .uon,KeH nornomaTb HeiiTpOHbl. ~na a.uepHblX peaKTOpOB Ha 

6blcTpblX HeHTpOHax TennoHOCHTenb He .uon,KeH 3aMe.unaTb HeHTpOHbl. ~na peaKTO

poB Ha TennOBblX HeiiTpOHaX ,KenaTenbHO HMeTb TennOHOCHTenb, KOTOpb!ll 6bln 6bI 

xopornnM JaMe.unnTeneM HeiiTpOHOB. PeaKTopHoe mnyqeHne He .uon,KHO o6pa30Bbl

BaTb B TennoHOCHTene BblCOKopa.unoaKTHBHblX H30TOilOB C ,UOCTaToqHO 6onblllHM ne

pHO,UOM nonypacna.ua. PeaKTOpHoe mny4eHne He .uon,KHO H3MeH.8Tb q>H3H4eCKHe, Te

nnoq>H3HqecKne, q>H3HKO-XHMnqecKne CBOHCTBa TennoHOCHTena. TennoHOCHTenb He 

.uon,KeH 6bITh no.uBep,KeH B pe,KHMe HopManbHoii 3Kcrmyarnunn pa.unonmy. B pe,KH

Me pa604HX TeMnepazyp TennoHOCHTenb He .uon,KeH H3MeH»Tb q>H3H4eCKHe, Teano-
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qm3H'leCKHe, q>H3HKO-XHMH'leCKHe CBOHCTBa. TennOHOCHTenb He ).I.On)KeH 6b!Th 00.ll

Bep)KeH nttpontt3y. 

8 cnyqae asapHH, conpOBO)K)].aeMOH pe3KHM ysentt'leHHeM pa).l.»OaKTHBHOro H3-

ny'leHlUI H TeMnepaTyphl, TennOHOCHTenh He ).I.On)KeH yT}l)KemlTh nocne).I.CTBHH asa

pHH. 

KpaiiHe )KenaTenhHO, 'lT06bI TennoHOCHTenh o6na).l.aJI HH3KOH XHMH'leCKOH aK

THBHOCThlO. 

Tipe).l.llO'lTeHHe ).I.On)KHO 6hITh OT).l.aHO TaKOMY TennOHOCHTenIO }l).l.epH0-3HepreTH

qecKOH ycTaHOBKH, y KOToporo nyqume Tennoq>H3H'leCKHe napaMeTphl: a) BhICOKa}I 

TeMnepaTypa K»neHH}I, 6) HH3Ka}I TeMneparypa nnasneHH}I, B) 6onhllla}I Tenn om na

poo6pa3osaHH}I, r) Bbl CO Ka}! TenJIOeMKOCTh, ).I.) Bbl CO Ka}! TeOJionpOBO).I.HOCTh, e) HH3Ka}I 

B}13KOCTh, )K) He6onhlllM nnOTHOCTh. 

)KenaTenhHO, 'lT06bI TennoHOCHTenh: a) cna6o B3aHMO,lleHCTBOBaJI C peanbHhlMH 

KOHCTPYKUHOHHhlMH MaTepHaJiaMH, 6) cna6o B3aHMO).l.eHCTBOBaJI C }1).1.epHblM TonnH

BOM, B) 6bIJI COBMeCTHM C pa60'lHM TenoM {'lame acero C nernoii B0).1.0H, pe)Ke C ra3a

MH) HnH aemeCTBaMH, KOTOpblM Ha).1.0 OT).l.aTb Teano, BocnpHH}ITOe TeOJIOHOCHTeneM B 

}1).1.epHOM peaKTOpe. 

TipH pa60'lHX TeMnepaTypax TellJIOHOCHTenh, BOHM B KOHTaKT C B03.!\YXOM, He 

,!\On)KeH. 3aropeTbC}I. TeOJIOHOCHTenh He ,!\On)KeH neperpeBaThC}I no OTHOllleHHIO K 

TeMnepaType HaChimeHH}I, a 3aTeM B3pbIB006pa3HO BCKHnaTb (npH KOHTaKTe C aaa

pHHHO neperpeTbIM, pa3pyllleHHhlM TonnHBOM), a TaK)Ke He ,!\On)KeH BCKHnaTb H llOKH

,!\aTb aKTHBHYIO 30HY nptt pa3repMeTH3aUHH }l)].epHOro peaKTopa H, COOTBeTCTBeHHO, 

na,!\eHHH ).l.aBneHH}I. 

Ha Bb16op TellJIOHOCHTeM cymecTBeHHO BnH}llOT napaMeTphl, npH KOTOpblX 

npe,!\nonaraeTC}I ocymecTBHTh TepMO).I.HHaMH'leCKHH UHKJI. TeOJIOHOCHTenh, }!Bn}IIO

m»iic}I BllOnHe Y.!\OBneTBOpHTenhHhlM npH O,!\HHX napaMeTpax, OKa3bIBaeTC}I cosep

llleHHO HenptteMneMhlM npH 6onee BhlCOKHX napaMeTpax. EcTecrneHHO CTPeMneHHe s 

}1).1.epHO-JHepreTH'leCKHX ycTaHOBKax HMeTb MaKCHMaJihHO BhlCOKHH TepMO).I.HHaMH

'leCKHH KTI,/J;. MaKCHMaJihHO BhlCOKM TeMneparypa TenJIOHOCHTeM Ha Bh!XO).l.e H3 aK

THBHOH 30Hhl peaKTOpa onpe,!\eMeT KTI,IJ; BCeii }l)].epH0-3HepreTH'leCKOH ycTaHOBKH. 

TeMneparypHblH ypoBeHb TennOHOCHTen}I onpe).l.en}leTC}I pa60Tocnoco6HOCThlO KOH

CTPYKllHOHHhlX MaTepHaJIOB B ).l.aHHOM TellJIOHOCHTene 3a 3a,llaHHOe BpeM}I. ,/J;n}I TPaHc

nopTHhlX ycTaHOBOK, r).l.e HCKJIIO'lHTenhHO Ba)KHhlMH }IBn}llOTC}I aecora6apHTHble xa

paKTepHCTHKH }l).l.epH0-3HepreTH'leCKOH ycTaHOBKH, Bh!COKHH TeMneparypHblH ypo

BeHb TeOJIOHOCHTeM CTaHOBHTC}I pelllaIOmHM. 

8 pe3ynhTaTe MHoroneTHHX HCCne).I.OBaHHH B CTPaHax, cne11HaJIH3Hpy10m»xC}I B 

peaKTOpOCTPOemm, CllHCOK BemecTB, Morym»x 6hITh TennOHOCHTen}IMH, OKa3aJIC}I 

BeCbMa orpaHH'leHHhIM. ())K»)].aTb KaKHX-nH6o qpe3BhI'laHHO 3q>q>eKTHBHhlX 

OTKphlTHH He npHXO).I.HTC}I. l·l,!\eaJihHOro, YHHBepCaJihHOro TeOJIOHOCHTeM B npttpO,!\e 

HeT. TennoHOCHTenh ,!\On)KeH COOTBeTCTBOBaTh rnaBHOH H,!\ee, 3aKJia).l.hIBaeMOH BO 

BHOBh C03).l.aBaeMyIO }l).l.epH0-3HepreTH'leCKYIO ycTaHOBKY-
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TennoHOCHTenh MO)KeT 6bITh XHMH'leCKHM JneMeHTOM, COJiaBOM, CMeChlO XHMH

qecKHX 3neMeHTOB, HO He XHMH'leCKHM coe).I.HHeHHeM. '.:ho My TPe6oaaHHIO He y).I.OBne

TBOp}leT TennoHOCHTenh COBpeMeHHOH }i,!\epHOH 3HepreTHKH - BO).l.a. JlerKM BO,!\a -

OCHOBHOH TennoHOCHTenh H pa6oqee Teno B TPa.!\HUHOHHOH TennOJHepreTHKe. B Te

llJI03HepreTHKe MaJIOBepO}ITeH nttponH3 BO,!\hl H nonHOCThlO OTCyTCTBYeT pa,!\HOnH3. 

C03).l.aBa}I nepBble KOHBepTOpbl H 3HepreTH'leCKHe ycTaHOBKH ).I.JI}! aTOMHhIX 00,!\BO,!\

HhIX no)].OK, }1).1.epHM 3HepreTHKa CTaJia HCnonh30BaTh nerKyIO BO).l.y KaK TenJIOHOCH-

Tenh, 3aMe)].JIHTenh HeHTPOHOB H pa6oqee Teno. . 

Bo,!\a HMeeT cne,!\yIOm»e npHHUHllHaJI.hHbie He,!\OCTaTKH. 

I. Bo,!\a - XHMH'leCKOe coe).I.HHeHHe KHcnopo)].a H BO.!\OpO).l.a. B llOTOKe peaKTop

HOro mny'leHH}I npOHCXO).I.HT pa,!\H0nH3 B0,!\hl. 1laCTH'lHO B0,!\0p0.!\ H KHCJI0P0.ll peK0M-

6HHHPYIOTC}I. 1laCTh KHCnopo).l.a OKHCn}leT MeTaJIJI0K0HCTPYKllHH peaKTopa. qaCTh B0-

.!\0p0).l.a H KHcnopo).l.a B BH)].e XHMH'leCKHX JneMeHT0B 0CTaeTC}I B B0).l.e. 

8 asapHHHhlX c»ryautt}IX npH ).I.0CTH)KeHHH qeXJiaMH TellJI0BhI).l.eMIOmHx 3ne

MeHT0B TeMnepaTyphl Bhillle 800°C B0)1.}IHOH nap CTaH0BHTC}I 0KHCnHTeneM, 0T).l.aBM 

KHCJI0p0).I. Ha 0KHcneH»e. OKHC1!eHHbie qeXJibl Tenn0BhI).l.eMIOm»x JneMeHT0B Tep}IIOT 

MexaHH'leCKyIO np0'lH0CTh. TonJIHBO He y).l.ep)KHBaeTC}I B 3a).l.aHH0M nono)KeHHH H 

nerno M0)KeT 6b!Th o6pyllleHO. O6pa3yeTC}I CB060).I.HhIH B0).I.0p0).I.. lie3 K0HTaKTa C KH

cnopo).I.0M B03,!\yxa B0).I.0p0.ll M0)KeT C03)].aTb ra30BhIH ny3hlpb B aKTHBHOH 30He H TeM 

caMhIM YXY.!\lllHTh Tennoc'heM. B cnyqae Bh!6poca B0).I.0p0).l.a s aTMOCq>epy ll0'lTH Ha

sepH}!Ka npOH30H)].eT XHMH'leCKHH B3pb1B. 

2. BhICOKOe ).l.asneHHe (tKp = 374°C npH PK)} = 22,13 MTia). 

,/J;M nonyqeHH}I nptteMneMbIX TepM0).I.HHaMH'leCKHX napaMeTp0B 3HepreTH'le

CKOH YCTaH0BKH B0).1.a - TellJI0H0CHTenh - ).I.0n)KHa HMeTh BhIC0K0e ).l.aBneHHe. TipH 

pa3repMeTH3aUHH Kopnyca peaKTopa B0,!\a 00).1. ).l.aBneHHeM HCTeKaeT B 0Kpy)KaIOmy10 

cpe).l.y. TioTep}I B0).1.hl li3 A3 npHB0,llHT K ocyllleHHIO A3, pe3K0MY yxy)].llleHHIO C'heMa 

Tenna. 

113-3a Hli3KOH TenJionp0B0,!\H0CTH }1).1.epH0ro TonnHBa B H0MHHaJihH0M pe)KHMe 

TeMnepaTypa T0llJIHBa BhlC0Ka. TonnHBO aKKyMyn»pyeT MH0rO Tenna. 3To Teano npH 

0TCYTCTBHH Tennoc'beMa M0)KeT pa3orpeTh qeXJihl TellJI0Bbl).l.eMIOmHx JneMeHT0B ).1.0 

pa3pyllleHH}I. B }1).1.epHOM TonnHBe, B K0T0p0M 3arnyllleHa uenHM }1).1.epHM peaKUH}I, 

np0).I.0n)KalOTC}I }1).1.epHbie peaKUHH, y6hIBM co speMeHeM. 3To 0CTaT0'lH0e TennoBhI

,!\eJieHHe npH 0TCYTCTBHH HJIH CHJlhH0M HapyllleHHH C'ht:Ma 3HeprnH M0)KeT pa30rpeTb 

H Tonnttso, H qeXJihI TB3Jlos ).I.0 asapHHHhIX TeMnepaTYP. 

3. KpH3HC KHlleHH}I. 

TipH He 0'leHb 6onhlllHX y).l.eJihHhIX TeOJI0BhIX ll0T0Kax npH HapyllleHHH UHpKyM

UH0HH0ro pe)KHMa TennoH0CHTen}I no pacxo).l.y, TeMneparype, ).l.aBneHHIO M0)KeT npo

H30HTH 3aMeHa HHTeHCHBHoro C'bt:Ma 3HeprHH npH ny3hlpbK0B0M KHlleHHH Ha nJie

H0'lH0e KHlleHHe. TineHKa C03).l.aeT ).I.0ll0nHHTenhH0e TepMH'leCK0e conpoTHBneHHe, 

pe3K0 B03pacTaeT TeMnepaTYPa TB3Jla. B yqacTKax, noKphIThIX naposoii OJieHKoii, 

Ha'lHyTC}I 0KHCJIHTeJibHble npoueCChI - napouHpK0HHeBM peaKI.{H}I. 
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4. TiapoBoii B3phIB. 
KoHTaKT BhICOKOpa3orpe-roro TorumBa H3 pa3pyrneHHhIX TB3JloB c ocTaTKaMH 

BO,LU,l Ha ,I.lHe KOpnyca peaKTopa Bhl30BeT B3phIB006pa3HOe BCKHilaHHe BO,I.lhl, y ,I.lapHhlH 

pocT ,I.laBneHIDI napa. TiapOBOH B3ph1B MO)KeT pa3pylllHTh Kopnyc peaKTOpa, TPY6onpo

BO,LU,l, naporeHepaTophI, copBaTh KphilllKY peaKTopa co BceMH opraHaMH, ynpaBmno

Il(HMH u,enHoii H,I.lepHoii peaKLl,Heii. 

5. HH3KHH KTI,l],. 
JIBP HMeeT KTI,l], npttMepHo 33% npoTHB 45% ,u;rn peaKTopoB, oxna)KJ.laeMhIX 

)KHJ.lKHM MeTannoM. Eonee HH3KHH KTI,l], JIBP BhI3hIBaeT Heo6xo,I.lHMOCTh p;rn nony11e

HHH O,I.lHOrO H Toro )Ke KOilHlJeCTBa 3IleKTPo::meprHH C)KelJh 6oJihllle Jl,I.lepHoro rop1011e

ro, nonytJHTh 60Jihllle npo,I.lyKTOB ,I.leJieHHJI, npHBO,I.lHT K 6orree CHJlhHOMY TennOBOMy 

3acopeHHIO OKpy)KaJOmeii cpe,I.lhl B paiioHe aTOMHOH CTaHU,HH. 

6. Bo.I.la - 3aMe,I.lJIHTenh HettTPOHOB. 

Ha TenrroBhIX HeiiTPoHax Henh3ll C)KelJh: a) 6onhrne I% npttpOJ.lHOro ypaHa; 

6) o6e,I.lHeHHhIH npHpO,I.lHhlH ypaH, H3 KOTOporo H3BJietJeHa tJaCTh ypaHa-235 ,I.lJIJI BOeH

HhIX HY)KJ.l, a TaK)Ke J.lJlll o6orameHHJI H,I.lepHoro TonrrnBa pa6orn10m11x JIBP J.lJlll A3C 

11 aTOMHhIX IlO,I.lBO,I.lHhIX JlO,I.lOK; B) Hapa6aThIBaeMhie B A3 JIBP aMepHU,HH, K!OpHii, He-

myHHH. 
7. TiponnaBJieHHe o6pyrneHHhlM 3HeproBhl,I.leJlll!Oll(HM Jl,I.lepHhlM TOilJlHBOM ,I.lHa 

Kopnyca ll,I.lepHoro peaKTopa. 
B cny11ae noTepH BO,I.lJIHOro TeilJIOHOCHTellJI (1ITO npaKTHtJeCKH Hem6e)KH0 npH 

pa3repMeTH3aU,HH nepBoro KOHrypa H3-3a BhICOKOro ,I.laBJieHHJI BO,I.lh!) H o6pyrneHHJI 

Jl,I.lepHoro TOilJlHBa BCJie,I.lCTBHe He.u.onycTHMOro neperpeBa H pa3pyrneHHJI TB3JloB 

3HeprOBhI)J.eJlllll(ee JIAepHOe TOIIJIHBO MO)KeT nponrraBHTb AHO KOpnyca peaKTopa. 

Tel\,l!leparypa nrraBneHIUI Hep)KaBeIOil(eH CTanH COCTaBJIJleT IIpHMepHO l 500°C. O)1.Ha

KO eCJIH npH B3aHMO)J.eiicTBHH Jl)J.epHoro TOIIJlHBa C KopnycHOH CTallh!O 06pa3yeTCJI 3B

TeKTHKa U-Fe, 11Me10maJ1 TeMneparypy nnaBrreHHJI oKono 600°C, TO nponrraBneHHe 

)].Ha KOpnyca peaKTopa C Bh!6pocoM 3a npe.u.errhI Kopnyca Bh!COKOaKTHBHhIX aKTHHOH

)J.OB H npo.u.yKTOB .u.eneHHJI CTaHOBHTCJI 6onee BepOllTHhIM, ecnH He cKa3aTh - HeH3-

6e)KHhIM. 
KaK Mepy npeAOTBpameHHJI TaKoii KaTaCTPOq>hI crre.11.oBano 6u HMeTh BHYTPH 

KopnycoB JIBP B ux AOHHOH 11acTH aBapttiiHhie c6opHHKH no.u. aKTHBHOH 30Hoii, tJTO 

Il03BOJlHJl0 6hI npe,I.lOTBpaTHTh IIpllMOH KOHTaKT o6pyrneHHOro Jl)J.epHoro TOIIJIHBa H C 

AHOM Kopnyca peaKrnpa. 
JlIOMM HY)KHa TOJlhKO npe.u.errhHO 6e30IIaCHall 3HepreTHKa. EcnH npOH30HAeT 

BTOpoii qepH06hIJih B n106oii H3 CTPaH, Bna.11.e10mux aTOMHhlMH :meKTPOCTaHU,HJIMH, 

TO Jl)J.epHall 3HepreTHKa 6y.u.e-r Ha MHOrHe rO,I.lhl OCTaHOBneHa. 

Ha TeIIJI03HepreTHtJeCKHX ycTaHOBKax 3a MHOrHe rO)J.hl HX cymecTBOBaHIUI 6h1JIH 

aBapHH, HO He 6hIJI,O KaTaCTPOq>. ABapHH Ha TeIInOBhIX 3JieKTPOCTaHU,HJIX HOCJIT, 

BO-nepBhIX, noKanH30BaHHhIH B npocTPaHCTBe, BO-BTOphIX, pa30Bh!H xapaKTep 6e3 

pacTllHYTOro BO BpeMeHH Bpe,I.lOHOCHOrD B03)].eHCTBHJI Ha n10.11.eii H OKpy)KaIOil(YIO 

npupoJ.ly. 51.u.epHaH 3HeprID1 npn Bcex cBoux npHHU.HnHanhHhIX npeuMymecrnax ne-
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pe.u. .u.pyrHMH 3HeproHCTOlJHHKaMH HMeeT )].Ba npncymnx eii npHHU,HilHaJlhHhIX He.11.0-

CTaTKa: 

I. Bo3MO)KHOCTh Ha ,I.leHCTBY!Oll(HX 3HepreTHlJeCKHX ycTaHOBKax B03HHKHOBeHHJI 

HeKOHTPOnupyeMOH u.enHoii JIAepHoii peaKU,HH, npu KOTOpoii B3phIB006pa3HO BhI)J.e

JI}leTCJI TaKoe KOJlHlJeCTBO 3HeprHH, 'ITO CaMo JIAepHoe rop1011ee, Bee KOHCTPYKU.HH, 

ero OKpy)KaJOmue, MOryT He npOCTO pa3pyrnHThCJI, a ucnapHThCJI. TipH XHMH'leCKHX 

B3phrnax B03HHKaeT TeMneparypa B HeCKOJlhKO Th!ClllJ rpa.u.ycoB, npH JIAepHOM B3phIBe 

B npe.u.ene - B MHJIJIHOHhl rpa.u.ycoB. fpaq>HTOBaJI Ilh!Jlh, o6Hapy)KeHHaJI BOKpyr 

l!A3C nocne aBapuu, roBopnT o TOM, tJTO TeMnepaTypa B 3oHe aBapuu, no KpaiiHeii 

Mepe, npeBhirnana 4200°C - TeMneparypy cy6rrttMau,nn rpaqiurn. 

2. TipH u.enHOH llAepHoii peaKU,HH o6pa3yIOTCJI IIOTOK HeHTPOHOB, npo.u.y~hl ,I.le

neHHJI aKTHHOH,I.lOB, pa.u.uoaKTHBHhie aKTHHOHAhl. TiepHO)J.hl nonypacna.u.a B03HHKlllHX 

H30TOIIOB COCTaBilJIIOT OT .u.oneii ceKyH,I.lhl AO MHOrHX Th!CJltJeneTHH. PeaKTOpHoe mny

'ICHHe C03,I.laeT HaBe)J.eHHYIO pa.u.noaKTHBHOCTh B KOHCTPYKU.HOHHh!X MaTepnanax pe

aKTopa H B TCilJlOHOCHTCJie. TipH HapyrneHIDIX pernaMeHTa 3KcnnyaTaU,HH H aBapHllX 

pa.u.noaKTHBHh!e npo.u.yKThl MOry.T nonaCTh B OKpy)KaJOil(YIO cpe.u.y. Pa.u.noaKTHBHOCTh 

rn6errhHa J.lJlll Bcero )KHBoro, u npe)KJ.le Bcero J.lJlll 11enoBeKa. 

Oco6eHHOCTh pa.u.noaKTHBH0CTH - ee HCJlh3JI HH YHHlJTO)KHTh, HH HeHTPaJlH30-

BaTh XHMHlJeCKHMH MeTO,I.laMH. YHHlJTO)KHTh pa.u.noaKTHBHOCTh MO)KHO TOJlhKO Jl)J.Cp

Hh!MH peaKU,HJIMH, nepeBOAJI pa,I.lHOaKTHBHhie H30T0Ilhl B CTa6HnhHhie, AOJir0)KHBy

Il(He nnn KopoTKO)KHBymne tt30TOilhI, n1160 pa3pyrnaJ1 H.11.po H30Tona. HeK0Toph1e pa

.u.noaKTHBHhie npob.yKThI 06pa3y10T rrernopacrnopHMhie B Bo.11.e coe.11.11HeHHJ1, 11rn 

c03.11.aeT oco6y10 onacHOCTh. 

Tipe,I.lCilhHO 6e30IIaCHOH JIAepHaJI 3HepreTHKa MO)KeT 6hITh TOJlhK0 B TOM cny11ae, 

ecnH MO)KHO B npHHU,HIIe HCKJI!OlJHTh pa3roH u.enHOH llACpHOH peaKU,HH H pelllHTh 

npo6rreMy, CBJ13aHHYIO C HaKonneHHeM pa.u.uoaKTHBHh!X OTXOAOB. 

Ha.u.o pa3nHtJaTh pa,I.lHOaKTHBHOe Hacne.u.ue, norry11eHHOe OT BOeHHOH nporpaM

Mhl, H pa.u.noaKTHBHOCTh, HenpephIBHO 06pa3y10my10cJ1 B 3HepreTHtJeCKHX ll)J.epHhIX 

peaKTopax npH HX pa6oTe. Pa.u.noaKTHBHh!e OTXO)J.hl BOeHHOH nporpaMMhl - 3TO nna

Ta 3a He3HaHHe H BhIHy)KJ.leHHYIO nocnelllHOCTh npu C03)].aHHH JIAepHoro opy)KHJI. 

CTOJIKHYBlllHCh c yrpo)Ka!Oll(HMH Macrnrn6aMH HCKYCCTBeHHOH pa,I.lUOaKTHBH0CTH, He 

HMeJI HH )J.OCTaTOlJHh!X 3HaHHH H OI!h!Ta, HH BpeMeHH Ha HX npno6peTeHHe, Jl)J.epHhie 

.u.ep)KaBhl .u.o6ttnHCh ycnexa B C03)].aHHH ll,I.lepHoro opy)KHJI 6onhlllOH u.eHoii. 

Co3,I.laHHall paAHOXHMHtJecKaJI nepepa6oTKa 06rry11eHHOro TOilJIHBa 6hma Hanpa

BJleHa Ha H3BJlClJCHHC opy)Kell.HOro 
2i: PH, co.u.ep)Kall(ero Manoe KOJIHlJeCTBO npo.11.yK-

TOB .u.eneHHJI H ,I.lpyrnx H30TOilOB IIJIYT0HHJI. 

)],JIJI 6onhll!Oll Jl,I.lepHOH 3HepreTHKH IlOTPe6oBanOCh perneHHe cne,I.lyIOil(HX rno-

6anhHh!X 3a)].atJ: 

I. Tiepepa6oTKa 6onhrnttx Mace Bhlrpy)KaeMoro H3 llJ.lepHhIX peaKTopoB HAepHoro 

TOilJlHBa, co.u.ep)Kall(ero 60JlhlllOe KOJlHtJeCTBO pa.u.noaKTHBHhIX H30TOilOB. 
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2. Or,lleneHHe aKTHHOH,/lOB OT npo,nyKTOB ,lleneHml. AKTHHOH,/lbl npeapamaIOTCH a 

H,llepHoe TOilITHBO H BHOBb nocTynalOT B H,llepHbie peaKTOpbi. 

3. ilpO.llYKTbl ,lleneHHH, KOTOpbie, KaK npaauno, HMelOT cpaBHHTenbHO KOpOTKHe 

nepHO,/lbl nonypacna,lla, ,/lOIT)KHbl 6b!Tb xopowo o•rnmeHbl OT aKTHHOH,/lOB, KOTOpble 

HMelOT 6onbWHe nepHO,llbl nonypacna,lla. ilpO.llYKTbl ,lleneHHH ,/lOIT)KHbl 6b!Tb Hanpa

aneHbl Ha 3axopoHeHHe, xpaHeHHe HITH rpaHCMYTat..{HlO. 30Hbl JaxopoHeHHH ,/lOIT)KHbl 

6bITb rapaHTHpoBaHbl OT pa3pyweHHH, KaK Bcne,/lCTBHe reonorn11eCKHX B03,/leHCTBHH 

H H3MeHeHHH, TaK H B pe3ynhTaTe Henpo,llyMaHHblX nu6o YMbIWneHHb!X BMewa

TeITbCTB ITlO,/leH. ilpH xpaHeHHH npo,llyKTOB ,lleneHHH B03HHKalOT BOilpOCbl, rpe6y10-

1llHe cneUHaJibHOH Hay11Hoii npopa60TKH: B 11eM xpaHHTb, KaK xpaHHTb, KaK B cny11ae 

He06XO,/lHMOCTH o6ecne1IHTb 3BaKyauu10 xpaHHITltlll. 

4. HeMaJIOBa)KHblH Bonpoc - 1ITO ,llenaTb c 6onbWHMH MaccaMH KOHCrpyKUHOH

HblX MaTepHaJIOB u rpaq>HTOM c HaBe,lleHHOH pa,llHOaKTHBHOCTblO? Mo)KeT 6bITb, uene

coo6pa3HO npo,llyKTbl ,/leneHHH ynaKOBbIBaTb B KOHCTPYKUHOHHbie cnnaBbl C HaBe,neH

HOH pa,llHOaKTHBHOCTblO, H3BneKaeMbie H3 aKTHBHbIX 30H BMeCTe C orpa6oTaBWHM 

H,llepHbIM TOOITHBOM. 

OcHOBOilOnara10muii BKna,/l B C03,llaHHe npe,lleITbHO 6e3onaCHbIX H,llepH0-3Hepre

TH1leCKHX ycTaHOBOK H B YHH1ITO)KeHite pa,llHOaKTHBHbIX OTXO,/lOB ,/lITH 6onbWOH 3neK

rp03HepreTHKH ,llBa,llUaTb nepaoro BeKa MO)KeT BHeCTH ycKOpHTenbHaH HayKa H TeX

HHKa. 

8 OCHOBY H,UeH 3ITeKrpOH,llepHOH 3HepreTHKH C HCOOITb30BaHHeM MOlllHblX ycKO

pHTeneii 3apH)KeHHbIX 1laCTHU JaKna,/lbIBaeTCH cne,/lylOlllHH qJH3H1leCKHH npouecc. ilpH 

6oM6ap,llttpOBKe MHWeHeii H3 TH)KeITbIX 3neMeHTOB (HanpHMep, H3 CBHHUa) ny11KaMH 

pelli!THBHCTCKHX 3apH)KeHHblX 11acTHU (B 11acTHOCTH, npoTOHOB C 3Heprueii nopH,llKa 

1 f3B) o6paJyeTCH KaCKa,ll 6bICrpbIX HettrpOHOB (.llO 50 u 6onee HettrpOHOB Ha Ka)K,llblH 

npOTOH). 3TO OTKpbIBaeT npHHUHilHaJlbHO HOBble nepcneKTHBbl KaK a HCKnl01leHHH 

HeKottrponupyeMbIX H,llepHbIX npoueccoa B peaKTopax .neneHHH (T.e. pa3roHa uenHoi1 

peaKUHH co BCeMH ero Karacrpoq>n11eCKHMH nocne.ncrn1rnMH), TaK H B rpaHCMYTaUHH 

pa,llHOaKTHBHbIX H30TOOOB. 

,nmi npaKTu11ecKoro npnMeHeHHH ycKopttTenei1 .llllil rpaHcMyrauun .llOIT)KHbI 

6b!Tb npoBe,lleHbl Hay11Hble uccne,/lOBaHHH H 3KOHOMH1leCKHe oueHKH, KOTOpbie 003B0-

IDIT OTBeTHTb Ha cne,/lylOlllHe BOilpOCbl. 

1. KaKaH HY)KHa 3HeprnH H IlnOTHOCTb HOHHOrO (npoTOHHOro) ny11Ka ,/lITH TeX HITH 

HHbIX pa,llHOaKTHBHbIX H30TOil0B H CKOITb peanbHO C03,llaHHe ycKopHTeneH rpe6yeMOH 

MOlllHOCTH (npe)K,lle BCero no HHTeHCHBHOCTH ny11Koa)? 

2. Bo3MO)KHa ITH rpaHcMyraum1 CMeCH pa,llHOaKTHBHbIX H30TOilOB 1pm HY)KHO Ka

)K,llbIH H30T0Il rpaHCMyrttpoBaTb B CBOeM pe)KHMe? 

3. KaKaH HY)KHa 01IHCTKa OT OOCTOpOHHHX XHMH1leCKHX 3neMeHTOB ,/lllil rpaHcMy

TaUHH ,llaHHOro 030Tona? 

4. 3HepreTtt1leCKHH It BpeMeHHOH pe)KHM rpaHCMyrauun. rny60Ha rpaHCMYTa

UHH. 
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5. TexHonorHH H npttHUHObl H3rOTOBneHHH MHWeHH H3 BblCOKopa,llHOaKTHBHblX 

H30TOilOB. 

6. KaKOBa 6y.lleT HaBe,lleHHaH pa,llHOaKTHBHOCTb B 3neMeHTax KOHcrpyKUHH MH

weHu? 

7. rapaHTHpOBaHHbIH C'beM 3HeprHH C MHWeHH, 1lT06bI MHWeHb HH B KOeM cnyqae 

He 6bma pacnnaaneHa, 1IT06b1 pa,llttoaKTHBHOCTb He nonana B OKp~a10my10 cpe,lly. 

8. MuweHH ,/lOIT)KHbl orne11aTb BCeM rpe6oaaHHHM pa,llttaUHOHHOH 6e3onaCHOCTH. 

9. ilyTH yrunmauttH 3HeprHH, BbI,/lellileMOH B MHWeHHX nptt rpaHCMyrau0u 6onb

WHX Mace npo,llyKTOB ,lleneHHH. 

10. KaK BbirO,llHee YHH1ITO)KaTb Np, Am, Cm - B A3 H,llepHbIX peaKTopoB Ha 6h1-

crpb1x HeiirpoHax HnH 06ny11aH HX IlOTOKOM HOHOB (npOTOHOB)? 

,ll;IDI 6onbWOH H,llepHOH 3HeprerttKH C 6onbWHMH MaccaMH H,llepHoro TOilnHBa, Ja

rpy)KaeMoro It Bbirpy)KaeMoro 03 H,llepHblX peaKTOpOB, Heo6XO,llHMO CBeCTH K MHHH

MYMY pa,llttOaKTHBHbie npo.llyKThI, no,llne)Kamue xpaHeHHIO mm 3axopottett010. Xpa

HeHue H JaxopoHeHHe He MOryT IlOITHOCTblO CHHTb BOnpoc aaapHiiHoro nona,llaHHH pa

,/lHOaKTHBHOCTH B OKpy)KalOlllYlO cpe,lly. TonbKO rpaHCMyraUHH - YHH1ITO)KeHHe 

pa,llHOaKTHBHblX npo,llyKTOB - MO)KeT pewHTb Bonpoc YHH1ITO)KeHHH pa,llHOaKTHBHblX 

OTXO,/lOB (ecntt He B nonHOM 06'beMe, TO XOTH 6bI no,llaBITHlOlllltX KOJIH1Iecrn). 

Tenepb paCCMOrpHM BTOpoii acneKT 06ecne11eHHH npe,lleJibHOH 6e3onacHOCTH 

H,llepttoii 3HepreTHKH. 

)];ID! B03MO)KHOCTH Bbl,/lelli!Tb KOHrpon0pyeMy10 3Hepr010 B Tel!eHite ,/lOCTaT01IHO 

,/lnHTeJibHOro BpeMeHH B COBpeMeHHbIX rereporeHHbIX H,llepHbIX peaKTopax H3Ha1laJib

HO 3arpy)KaeTCH H36bITOK H,llepHoro rop1011ero, KOTOpbIH KOMileHc0pyercH CTep)KHH

Mlt - IlOrJIOTHTeJIHMH HeiirpOHOB. IlpH Hapywemm HeiirpOHHOro 6anaHCa H,llepHblH 

peaKTop MO)KeT HITH JarnoxHyrb, HJIH OOHTH B pa3rOH. 

)];ID! OOJIHOH rapaHTHH HeB03MO)KHOCTH peaKTHBHOCTHOH aaapHH B A3 ,/lOJI)KHO 

3arp~aTbCH MeHbWe H,llepttoro rop1011ero, 1leM rpe6yercH ,/lllil B03HHKHOBeHHH caMO

OOMep)KttBa10meiicH uenHoii H,llepHoii peaKUHH. A3 CTaHOBHTCH KpHT01IHOH TOJibKO 

3a C1leT IlOTOKa HeiiTpOHOB, nony11aeMoro 03BHe OT OOCTOpOHHero HCT01IHHKa. 

TaKHMH HCT01IHHKaMH HeiirpoHOB Moryr 6bITb: 

1. 11Mnyll&CH&lii peaKmop OeJleHWl. 

Ilpe,nnonaraeTCH HMilYJibCHOe BBe,neHHe B OO,!\KpHTH1IecKy10 A3 .no6aB01IHOro 

KOITH1leCTBa .neID1merOCH MaTep0ana, KOTOpoe caMO TaK)Ke IlO,!\KpltTH1IHO. 

BnepBbie B MHpe TaKoii HCCJie,noBaTeJII,CKHH peaKTop B 60-x ro,llax 6bIJI C03,UaH B 

,ll;y6He no.n pyKoao.ncTBOM ,ll;.11. Enox0Hueaa. 

2. ,aByx3oHHblU 11oepH&1u peaKmop oeJZeHWl. 

OcttOBHaH 11acTh A3 - peaKTop Ha TennoBbIX HeiirpoHax - no.nKp0T011Ha. Ilo.n

CBeTKa 6bICTPbIMH HeiirpottaMH ocymecTBllileTCH OT He60JibIIIOro H,llepttoro peaKTopa 

Ha 6bICrpbIX Heiirpottax. Bee Mepbl peaKTHBHOCTHOH 6e3onacHOCTH, BKnl01laH caMora

IlleHite npH IlOBbIWeHHH TeMneparypbl TennoHOCHTellil, ocymeCTBllillOTCH Ha peaKTO

pe Ha 6blcrpbIX tteiirpottax. 
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3. lloiJcBemKa 11eump01W.MU, nollyl/eHHblMU om peaKl{UU CUHme3a Ha TepMO.ffAep

HOM peaKTOpe C 1rnep1utaJibHblM yAep:l!<aHHeM nna3Mbl. 
TaKoii rn6p~HbIH .HAepHbiii peaKTop, oqeBHAHO, ttan6onee peaJibHbiii nyrb K nc

nonb3OBaHHIO B 3HepreTHKe 3Heprnn CHHTe3a. HaKonneHHblH B peaKTOpOCTPOeHHH 

onbIT o6ecne'iHBaeT CO3AaHne nOAKpHTH'iHOrD JIAepHoro peaKTopa AeneHHJI. 

4. lloiJCBemKa 11eumpo11aMu, nollyl/eHHblMU om peaKl{UU 63al«t0iJeucmBWl uo11110-

zo (npomo1111ozo) nyl/Kll C JUUUleHblO. 
MoHHblH ny'iOK H)')KHOH 3Hepmn 'iaCTHU H HHTeHCHBHOCTH nony'iaIOT Ha ycKO-

pnTene 3apJ1)KeHHblX qacTHU. 
.51AepHO-3HepreTH'ieCKaJI ycTaHOBKa C HeHTPOHHOH noACBeTKOH OT ycKOpHTeJIJI 

COCTOHT H3: 
1) ycKopnTeJI.8 3apJ1)KeHHblX 'iaCTHU, pa6orn10mero B 3HepreTH'ieCKOM pe)KH-

Me - TblCJl'iH 'iaCOB ttenpepbIBHOH pa60Tbl C H3MeHeHneM 3aAaHHOH 3Hepmn qaCTHU 

(nop.8AKa 1 r3B AJI.8 npOTOHOB) B npeAenax He 6onee 5-10% H C AOCTaTO'iHO Bb!COKOH 

HHTeHCHBHOCTblO nyqKa (HCXOA.8 H3 KOMnJieKCHblX 3aAa'i 3HepreTHKH H TPaHcMyTa

UHH nnoTHOCTb npOTOHOB AOJl)KHa COCTaBJIJITh He Mettee 10
13

-10
14 

p/c ). 

2) MHllleHH AJI.8 npeo6pa3oBaHHJI ycKopeHHhlX qaCTHU s HeHTPOHbl. 

3) nOAKPHTH'iHOH aKTHBHOH 3OHhl 113 AeJIJ11UerOCJI semecTBa (HanpnMep, ecTe-

CTBeHHOro HJIH o6eAHeHHOro ypaHa). 
4) CHCTeMbl UHPKYJIJIUHH TennoHOCHTeJIJI, ocymecTBJIJIIOIUeii CbeM 3Heprnn B A3 

(B 3aAaHHblX TeMnepaTypHhlX pe)KHMaX) H OTAaIOmeii Teano npeo6pa3oBaTeJIIO 3Hep-

rnn. 
B J1AepHo-3HepreTn'ieCKoii ycrnttosKe c HeiiTPOHHOii noACBeTKOii noJ1BJIJ1IOTCJ1 

A5a cosepIIIeHHO HOBhlX AOnOJIHHTeJihHhlX arperaTa: ycKopnTeJih 3neMeHTapHhlX qa

CTHU n MHllleHh - npeo6pa3oBaTeJih HOHHOro noToKa s HeiiTPOHHhlll. Mnposa.8 npaK

THKa He HMeeT onhITa CO3AaHll.8 TaKHX .8AepHO-3HepreTH'ieCKHX yc,aHOBOK. B TO )Ke 

speMJI ncqe3aeT Mexattn'ieCKa.8 cncTel\ta ynpasneHll.8 opraHaMn perynnposaHHJI Mom

HOCTH H asapniiHOH OCTaHOBKH - npouecc ynpaBJIJleTCJI H KOHTPOJIHpyeTCJI BKJIIO'ie

HHeM H OTKJIIO'ieHHeM 3JieKTPOnHTaHll.8 ycKopnTeJI.8. 
Pe)KHM pa60Thl ycKopnTeJIJI nOA'iHHJleTCJI cnrHaJiaM, nonyqaeMhIM OT AaT'iHKOB, 

ynpaBJIJIIOIUHX 3HeproBhIAeneHHeM B A3 H CbeMOM 3Heprnn B A3. TTycK H OCTaHOBKa 

ycKopnTeJIJI, 3Hepr11.8 HOHHoro nyqKa nOA'iHHeHhl pe)KHMY pa6oThl A3. 
lJ:oJI)KHa 6h1Th o6ecne'ieHa rapaHTll.8, 'ITO asapniiHhiii cnrHaJI raIIIeHHJI uenHoii 

JIAepHOH peaKUHH, nonyqeHHblll OT AaT'iHKOB A3, 6yAeT OAH03Ha'iHO Bh!IlOJIHeH C 

Hy)KHOH CKOpOCTblO. 
HeAonycTHMO, 'iT06hl A3, HaXOA.8IUa.8CJI B npeAaBapHHHOM H asapniiHOM COCTOJI-

HHH, npOAOJI)KaJia nonyqaTh HeHTPOHHYIO nOACBeTKy. 
TTycK BCeX 3BeHbeB 3HepreTH'ieCKOH ycTaHOBKH AOJI)KeH 6h1Tb noA'iHHeH CTPOro

MY pernaMeHry H rn;ymecTBJIJIThCJI KaK onepaTopOM spy'iHYIO, TaK H B aBTOMaTH'ie

CKOM pe)KHMe noA KOHTPOJieM onepaTopa. 
Pa6oTocnoco6HOCTh KOHCTPYKUHOHHhIX MaTepnaJIOB, H3 KOTOpbIX CAenaHa .513Y, 

JIHMHTHpyeT TeMnepaTYPHblll ypoBeHb TennOHOCHTeJIJI Ha BbIXOAe H3 A3. B cospe-
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MeHHblX .513Y cymecTByeT 'ieTKa.ff 3aBHCHMOCTb Me)l(Ay BhIAeJIJleMOH B A3 3a C'ieT 

uenHOH JIAepHoii peaKUHH 3Hepmn H HHTeHCHBHOCTblO ee CbeMa TenJIOHOCHTeneM. He 

AOnyCTHMO: npeBblllleHHe 3aAaHHOro ypOBHJI BbIAeJIJleMOH 3Hepmn; yMeHbIIIeHne 

paCXOAa TennoHOCHTeJIJI H nOBbIIIIeHHe ero TeMneparypbl Ha BXOAe B A3 npn 3aq>HK

cnpoBaHHOH MOIUHOCTH. 

B o6bI'iHbIX .513Y MexaHu~ecKoe nepeMemeHne B A3 opraHOB perynnposaHHJI 

o6ecne'iHBaeT 3aAaHHOe 3HeproBbIAeneHue. Hacochl ocymecTBJIJIIOT UHPKYJIJIUHIO Te

IlJIOHOCHTeJIJI, o6ecne'iHBaIOT Ha 3aAaHHOM TeMneparypHOM ypoBHe CbeM 3HeprHH B 

A3 n nepeAa'iy Terina npeo6pa3oBaTenHM 3Heprnu. 

B .513Y c Heii'rpOHHOH nOACBeTKOH UHPKYJI.8UHJI TennOHOCHTeJI.8 OCTaeTCJI TaKOH 

)Ke, KaK H B Hb!He cymecrny10mnx .513Y. A3 AOn:>Irna 6bITb Ha npOT.8)KeHHH BCeii pa6o

Tbl, npn H3MeHeHHH H3OTOnHoro COCTaBa JIAepttoro Tonnusa, nOAKPHTH'iHOH. rapaH

THposaHHaJI nOAKPHTH'iHOCTh H HeBO3MO)KHOCTb HeCaHKUHOHHpoBaHHoro ysenn'ie

HHJI 3Heprnn, noAaBaeMOH HeHTPOHHbIM nOTOKOM B A3, CO3AaeT rapaHTHIO HeB03-

MO)KHOCTH BO3HHKHOBeHHJI CaMOH T.8)Kenoii asapnn - peaKTHBHOCTHOH. 

MomttoCTh .513Y c HeiiTPOHHoii noACBeTKoii perynnpyeTCJI HeiiTPOHHoii noA

cseTKoii, nocryna10meii OT MniueHn. 

B TaKOH ycTaHOBKe HeT Heo6XOAHMOCTH HMeTh s A3 qep)KHH-nornOTHTeJIH Heii

TPOHOB AJI.8 perynnposaHHJI MOIUHOCTH H asapHHHOH OCTaHOBKH, XOT.8 H3-3a OTcyr

CTBll.8 onbITa Ha nepBbIX o6pa3uax TaKHX .513Y Ha BCJIKHH cnyqaii MO)KHO npeAyCMO

TPeTb asapHHHhle CTep)KHH raIIIeHll.8 uenHOH JIAepttoii peaKUHH C MeXaHH'ieCKHM npu

BOAOM. YnpasneHne uenHoii HAepHoii peaKUHeii He MexaHH'ieCKHM nepeMemeHneM 

CTep)KHeii-nornoTHTeneii, a 3JieKTPH'ieCKOH cxeMoii AaeT BO3MO)KHOCTb yseJIH'iHTb 

6blCTPOAeiicTBHe, 'ITO O'ieHh Ba)KHO npn asapniiHOM pa3roHe peaKTop~. 3neKTPOHHOe 

ynpasneHne J1AepHbIM peaKTopoM CHHMaeT sonpochI BO3MO)KHOro HapyrneHHJI reoMe

TPHH cTep)KHeii H HX 3aKJIHHHBamui, a TaK)Ke BO3MO)KHOCTb HeacaHKUHOHHpOBaHHOro 

BbIBOAa CTep)KHeii-nornoTnTeneii H3 A3. BMecTe c TeM .513Y c HeiiTPOHHoii noAcseT

Koii CTaHOBHTCJI 6onee CJIO)KHOH no cpastteHUIO c TPaAHUHOHHblMH .513Y. 

Hn npn KaKHX o6CTOJITenbCTBax ycKopnTeJib He AOJI)KeH BbIAeJIHTb 6onhllle 3Hep

rHH, 'ieM 3TO npeAyCMOTPeHO pernaMeHTOM, He AOJI)KeH npOAOJI)KaTh BbIAaBaTb 3Hep

rnIO, ecnn s A3 asapniiHo HapyIIIeH pacxoA TennoHocuTenJI nnn TeMneparyptthiii pe

)KHM. 

YcKopnTeJih 3JieMeHTapHblX 'iaCTHU AOJI)KeH nnaBHO, C 3aAaHHOH CKOpOCTbIO, 

ocymeCTBJIJITh Ha6op MOIUHOCTH .513Y HJIH nnaBHYIO OCTaHOBKy. B 3aBHCHMOCTH OT 

cneKTPa HeHTPOHOB peaKTHBHOCTh MO)KeT yMeHhIIIaTbCJI HJIH ysenH'iHBaTbCJI. ilOA

CBeTKa AOJI)KHa OTCJie)KHBaTb H3MeHeHne peaKTHBHOCTH. TTpn scex pe)KHMax Bbipa-

6oTKH 3Heprnn uenHa.a peaKUHJI He AOJI)KHa HH 3arnoxHyrh, HH nOHTH B pa3roH. B 

nOAKpHTH'iHOH A3 3anac nOAKpHTH'iHOCTH AOJI)KeH 6b!Tb onTHMH3HposaH BO speMe

HH. 

MoHHblH ycKopnTeJib H MHIIIeHh, BXOMIUHe B .513Y, nOBbIIIIaIOT 6e3onacHOCTb 

.513Y. 3a 6e3onacHOCTb HaAO nnaTHTh. CTOHMOCTh KBT ycTaHOBJieHHOH MOIUHOCTH H 

CTOHMOCTh KBT qaca 3JieKTPO3Heprnn, KOHe'iHO, nOBhlCJITCJI no cpaBHeHHIO C Hb!He cy-
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mecTBy1011mMn 513Y. Pa6ora ycKopnTem1 noTPe6yeT yaenw1eHnH JaTPaT 3JieKTPo-

3Heprnn <<Ha co6cTBeHHhie HY)K.lJ.bl». qeM 6oJibUie 6y.D.eT no,D.KpHTH'IHOCTb, TeM 6oJib

Uie npH.lleTCH TPaTHTh 3JieKTP03Heprnn - 6onee .uoporoii 3Heprnn, '!eM TeIIJIOBM. 

MnIIIeHh - 3TO no cyTn MaJiaH no MOlllHOCTH, BCer.ua no,D.KpHTH'!HaH 3HepreTn

qecKaH ycTaHOBKa co aceMn TPe6oaaHHHMH no H.D.epHoii n pa.11.naunoHHOii 6eJonacHo

CTH. MnIIIeHh ,D.OJI)l(Ha HMeTb CbeM 3Heprttn. TeIIJIO, CHHMaeMOe C MHUieHn, Heo6xo

,D.HMO yTHJIHJOBaTb. B npouecce pa60Tbl MHUieHb CTaHOBHTCH BbICOKOpa.uuoaKTHBHOH. 

Heo6XO,D.HMO peUIHTb BOIIpoc - 'ITO ,D.eJiaTb C OTPa60TaHHbIMH MttUieHJIMH? 

.D:oJI)l(Ha 6bITb onTHMHJnpoBaHa 3HeprHH HeHTPOHOB, nonyqaeMhlX B MHUieHH. 

AaapttH Ha MHUieHH He ,D.OJI)l(Ha npHBO,D.HTb K pa.uuoaKTHBHblM BbI6pocaM. AaapHH MH

UieHH ,D.OJI)l(Ha raCHTb uenHylO H,D.epHylO peaKUHIO B HeKpHTH'!eCKOH A3. 

Y CKopnTeJih H MHUieHh- ,D.Ba 3JieMeHTa, HHKor.ua paHee He HCIIOJibJOBaBUIHeCH B 

H.D.epHoii 3HepreTttKe. 

Y CKOpttTeJIH, KaK 3KCIIepnMeHTaJibHhie ycTaHOBKH, IIIHpOKO HCIIOJibJYIOTCH B qm
Jtt'{eCKHX HHCTHTYTaX ,D.JIH Hay'!HbIX HCCJie,D.OBaHHH. Y CKOpttTeJIH C caMOro Ha'!aJia HJ

yqemrn H,D.epHOH 3Heprtttt H q>HJHKH H,D.pa BHeCJIH OCHOBOIIOJiara!OlllHH BKJia,D.. 

I. IIepBble MHKporpaMMbl HOBOro XHMH'!eCKOro 3JieMeHTa, OTCyTCTBYIOlllero B 

npupo.ue, - IIJIYTOHHH, CTaBUiero OCHOBOH H,D.epttoro opy)KttH H H,D.epHOH 3HepreTHKH, 

6hIJIH IIOJiy'!eHbl HJ 
2i~ u C IIOMOlllblO ycKopttTeJIH JapH)KeHHblX '!aCTHU. 

2. C IIOMOlllblO ycKopttTeJieii HJy'!alOTCH H,D.epHO-q>HJH'!eCKHe KOHCTaHTbl 3Jie

MeHTOB, HaXO,D.HlllHXCH_ B JOHe uenHOH H,D.epHOH peaKUHH. 

3. y CKopnTeJIH npOHJBOMT HJOTOIIhl, HY)l(Hble_ ,D.JIH HayKn, Me,D.HUHHbl, TeXHHKH. 

.D:AA 3HepreTHKH HY)l(Hbl ycKopttTeJin, HenpepbIBHO pa6ora10mtte B pe)KttMaX 

H.D.epttoii 3HepreTnKtt n 06ecne'Ittaa10mne Ja,D.aHHbie napaM~hI - 3Heprn10 JapH

)KeHHhIX '!aCTHU n HX IIJIOTHOCTb - Ha BblXO,D.e HJ ycKOpttTeJIH. TaKOH ycKopttTeJih 

eme HY)KHO COJ,D.aTh. 

fnaBHblH CMblCJI COJ,D.aHHH H,D.epH0-3HepreTn'!eCKOH ycTaHOBKH C HeHTPOHHOH 

IIO,D.CBeTKOH - IIOJIHOCTblO HCKJIIO'IHTb caMbie onaCHbie y coapeMeHHOH H,D.epHOH 

3HepreTHKH - peaKTHBHOCTHbie - aaapnn, KOTOpbie IIO TH)KeCTH He H.D.YT HH B KaKoe 

cpaBHeHne C caMhIMH TH)KeJiblMH aaapHHMH B TeIIJI03HepreTHKe. 

HnJKHe ueHbl Ha yrneBO,D.OpO.D.HOe TOIIJIHBO B HaCTOHlllee BpeMH - HBJieHne Bpe

MeHHOe. Kor.ua Ha'!HYT pa6oTaTh A3C c tteiiTPOHHoii no.ucaeTKoii, ueHbI Ha yrneao.uo

po.uHoe TOIIJIHBO 6y.uyT JHa'!HTeJihHO BbIUie HbIHe cymeCTBYIOlllHX. 

Ecnn 6y.11,yT COJ,D.aHhl ycKopnTeJIH HY)l(HblX napaMeTPOB, cnoco6Hble pa60TaTb B 

3HepreTtt'!eCKOM pe)KHMe, TO OHM CMOrYT peUIHTb 3 O'!eHb Ba)l(HblX Bonpoca. 

I. HeiiTPOHHaH IIO.D.CBeTKa acer.ua IIO.D.KPHTH'!Hoii A3. 

B TaKOM peaKTOpe npn q>nKcnpoBaHHOH MOlllHOCTH HeT H36hITO'IHOrO KOJIH'!e

CTBa HeiiTPOHOB, KOTOph1e Ha.uo y.uanHTh HJ uenttoii H.11,epttoii peaKUHH. YnpaaneHtte 

uenHoii H.D.epHoii peaKuneii ocymecTBJIHeTCH He nepeMemeHneM cTep)l(Heii, nornoma-

10mux HJ6hITO'!Hbie HeHTPOHbl, a nOTOKOM HeiiTPOHHOH nO,D.CBeTKH Bcer.ua no,D.KpH-
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TH'!Hoii A3. Ynpaanettue ocymecTBJIHeTCH 3JieKTPH'!ecKoii cxeMoii, JHa'!nTeJihHO Me

ttee ttHepuuoHHoii n 6onee Ha,D.e)KHOii. 

2. C)KnraHne npo.uyKTOB ,D.eJieHHH, HCnOJibJYH ycKopnTeJibHYIO TeXHttKy. 3To MO

)KeT CBeCTH K MHHHMYMY KOJIH'!eCTBO pa.u«oaKTHBHhlX OTXO,D.OB co BCeMH nx npo6ne

MaMn. 51.uepHaH 3HepreTHKa C MHHHMaJibHbIM KOJIH'!eCTBOM pa.unoaKTHBHbIX OTXO,D.OB 

OKaJbIBaeT npHHUHIIHaJihHO .upyroe BOJ,D.eHCTBne Ha OKp~a10my10 cpe.uy. 

3. Han6onee KopoTKttii IIYTh K ocaoeHn10 ynpaam1eMoii TepMOH,D.epHoii :meprntt 

Jie)KHT, O'IeBH,D.HO, qepeJ ocymecTBJieHtte 06)KaTHH (D + T)-MHUieHH nyqKOM HOHOB. 

B BOChMH.lleCHTblX-,D.eBHHOCTblX ro.uax a·Poccntt "Ja py6e)KOM IIpOBO,D.HJIHCb He B 

O'!eHb 60JibllIOM o6beMe Hay'!HO-HCCJie,D.OBaTeJibCKHe pa60Tblno ncnOJibJOBaHHIO Jia

JepHblX nyqeii, 06)KHMa10m«x MHIIIeHh HJ (D + T) ,D.JUI HHHUHHpOBaHHH TepMOH,D.epHO

ro CHHTeJa. OTCYTCTBHe q>nHaHcnpoaaHHH n opraHHJaUHOHHM Hepa36epttxa a CTPaHe 

He ,D.aJIH BOJMO)KHOCTH COJ,D.aTb JiaJepHbie ycTaHOBKH HY)l(HbIX napaM~OB. Pa6oTbl 

no coJ,D.aHn10 IIHJIOTHoii rn6pH.llHOH 3HepreTtt'!ecKoii ycraHOBKH 6blJIH npeKpameHhI. 

H.ueH HHepUHOHHOro y.uep)KaHHH TepMOH,D.epHOH IIJiaJMbl MO)KeT 6bITb ocyme

CTBJieHa HCnOJibJOBaHneM ,D.JUI b6)KaTHH MHUieHn nyqKa HOHOB H~HOH 3HeprttH " 

IIJIOTHOCTH, nonyqaeMoro Ha ycKopnTeJie JapH)KeHHbIX '!aCTHU. Ily'!OK HOHOB MO)KeT 

6bITb KaK npOTOHHblH, TaK n HJ 6onee TH)KeJiblX HOHOB. 3To ,D.aeT BOJMO)KHOCTb OIITH

MH3HpOBaTb npouecc C)KaTHH IIJiaJMbl n ee y.uep)KaHHH. 

IlpH3HaTb, 'ITO MO)KHO C,D.eJiaTb 6onee 6eJOIIaCHYIO, a B 6y.uymeM 6onee 3KOHOMH

'!eCKH uenecoo6pa3HYIO .11.uepHyIO 3HepreTHKY' TeM opraHttJaUHHM n JIIOMM, KOTOpbie 

MHOrO C,D.eJiaJIH ,D.JIH HhIHe cymecTBy10meii 3HepreTHKH, 0'!eHb He IIpOCT0. Ha.uo B ,D.Ba

.uuaTb nepBOM BeKe COJ,D.aTb .upyry10 .11.uepHyIO 3JieKTP03Hepremey, Y'IHTb1Ba10my10 

ace IIJIIOCbl H MHHYCbl HbIHe cymeCTBYIOllleii; COJ,D.aTb H0BYIO H,D.epHyIO 3Hepremey, 

6aJnpy10my10c.11 Ha .upyrnx Hay'!HbIX, TeXHOJIOrtt'!eCKHX, HH)KeHepHbIX n K0HCTPYK

T0pCKHX npnHunnax. COJ,D.aHtte npe,D.eJibHO 6eJonaCHOH .11,D.epHOH 3HepreTHKH ,D.0JI)KHO 

CTaTb HaUHOHaJibHOH Ja,D.a'!eii. OcHOBHbie Hay'!Hble npttHUHIIbl TaKOH 3HepreTHKH: 

I . .D:eneHne aKTHHOH.llOB ocymecTBJIHeTc.11 6blCTPhlMH HeiiTPOHaMn. 

2. AKTHBHa.11 JOHa BCer.ua rapaHTttpoaaHHO IIO,D.KpHTH'!Ha. CJIHUIKOM rny60KM 

IIO,D.KpHTH'IHOCTb IIOHH)KaeT KII,n: .11.uepH0-3HepreTH'!eCKOH ycTaHOBKH, T.K. 60JibUie 

npH,D.eTC.11 TPaTHTb 3JieKTP03Heprnn Ha ycKopnTeJie. CJIHUIKOM MaJIM IIO,D.KpHTH'I

HOCTb He .D.OIIYCTHMa B npttHUHIIe, T.K. MO)KeT IIOHBHTbC.11 B0JM0)KHOCTb HeK0ffTPOJIH

pyeMOH uenHoii .11,nepHoii peaKUnn. 

3. HeiiTPOHHM IIO.D.CBeTKa aKTHBHOH JOHbl ocymecTBJIHeTC.11 OT II0CT0pOHHero HC

T0'IHHKa. Heo6xo,n«Ma 0IITHMH3aUHH 3Heprtttt HeiiTPOHOB II0.D.CBeTKH. 

4. MomHoCTh .11,nepHoro peaKTopa HJMeHJleTCH He nepeMemeHHeM CTep)l(Heii no

rnoTHTeneii HeHTPOHOB, a H3MeHeHHeM 3Heprtttt HeHTPOHHOro II0T0Ka II0.D.CBeTKH. 

5. 3Heprtt.ll II0.D.CBeTKH MeH.lleTCH C H3MeHeHtteM IIO.D.KpHTH'IH0CTH aKTHBHOH 

JOHhl a npouecce 3KcIIJiyaTaUHH. 

6. HeiiTPOHHM no,ncBeTKa 0.D.H03Ha'!H0 pearnpyeT Ha TeMnepaTYPY « pacxo.n Te

IIJI0H0CHTeJUI. 
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7. AaapHUHOe yMeHbllleHHe paCX0Aa Te1IJI0H0CHTem1 H poCT TeMnepaTypbi TeIIJI0-

H0CHTeJUI A0JiiKHbl npHB0AHTb K aaapHttHOMY 0TKJIIO'!eHHIO HettTPOHHOll II0ACBeTKH. 

8. AaapHttHlUI OCTaH0BKa ocymecTBJUleTCH He BBeAeHHeM c KOHe'IHOU CK0p0CTblO 

aaapHttHblX CTepiKHeu II0rJIOTHTeJieu, a npeKpameHHeM HettTPOHHOll II0ACBeTKH. 

9. AaapHH B CHCTeMe HeHTPOHHOll lI0ACBeTKH He A0JiiKHbl.IIpHB0AHTb K aaapHH 

HAepHo-:mepreTH'!eCKOll ycTaH0BKH. B IIpHHl.(HIIe He A0IIYCTHM0 HeK0HTP0JIHpyeMoe 

yaeJIH'leHHe HeHTPOHHOll II0ACBeTKH OT 3aAaHHOll peiKHM0M 3KCIIJiyaTaUHH 3HepreTH

'leCK0U ycTaH0BKH. 

10. ,lvul C'beMa 3HeprHH HCII0Jib3YeTCH iKHAKOMeTaJIJIH'leCKHll TeIIJI0H0CHTeJib. 

11. 11cnOJib3YIOTCH 6aKoBaH K0MII0H0BKa HAepHoro peaKT0pa H TPeXK0HrypHaH 

cxeMa nepeAa'IH TelIJla OT aKTHBHOll 30Hbl K npeo6pa30BaTeJIIO 3HeprHH. B 6aKe ttaxo

AHTCH A0CTaT0'IHaH Macca TelIJI0H0CHTeJUI AJUI aaapHttHoro pacxoJia)KHBaHHH. 

12. 803MO)KHO HCII0Jlb30BaHHe TeIIJI0BblX TPY6 Ha I.(e3HH (! Kim =670°C) AJIH aaa

pHHHOro pacxoJia)KHBaHHH. B pe)KHMe ttopManbHOtt JKC1IJ1yarnuuu TelIJI0Bbie TPY6b1 

He c6paCblBalOT TelIJI0. IlpH A0CTH)KeHHH 700°C 0HH. Ha'IHHalOT HHTeHCHBH0 pa6o

TaTb. 

13. 51AepHOe T0IIJIHB0 o6orametto BbICOKO<pOHOBblM IIJIYT0HHeM. 

14. OcymeCTBJIHeTCH 0IITHMH3aUHH CiKHraHHH MaJibIX aKTHH0HA0B C HCII0Jib-

30BaHHeM 6bICTPbIX HettTPOHOB aKTHBHOll 30Hbl HJIH ycKOpHTeJibHOH TeXHHKH. 

15. IlpomBOAHTCH TPaHCMYTaUHH MaKCHMaJibHoro K0JIH'lecrna np0AYKT0B Aene

HHH. 

16. OcymecTBJIHeTCH 3aMKHYTh1u · TOIIJIHBHbitt UHKJI. 

17. O6ecne'IHBaeTCH MaKCHMaJibH0e C0KpameHHe II0Tepb paAH0aKTHBHbIX npo

AYKT0B B 3aMKHyT0M T0IIJIHBH0M UHKJie. 

18. OcymeCTBJIHeTCH MH0roKpaTH0e HCII0Jib30BaHHe )K0AK0MeTaJIJIH'!eCK0r0 Te

lIJI0H0CHTeJUI B HAepH0-3HepreTH'leCKHX ycTaH0BKax CJieA}'IOIIIero II0K0JieHHH. 

19. Ilpopa6aTbIBaeTCH MH0roKpaTH0e HCII0Jib30BaHHe K0HCTPYKUH0HHhIX MaTe

pHaJI0B C BbICOKOll HaBeAeHHOll paAH0aKTHBH0CTblO B MeTaJIJI0K0HCTPYKUHHX aKTHB

HOll 30Hbl HAepHblX peaKTopoB. 

20. O6ec_ne'IHBaeTCH caM03aIIIHIIIeHH0CTb CHCTeMbl ynpaBJieHHH HAepH0-3Hepre

TH'!eCKOll ycTaH0BKH OT K0MaHA, np0THB0peqamux JI0rHKe ynpaBJieHHH. 

B 6yAymeM B03M0)KHbl TaKHe HAepH0-3HepreTH'leCKHe ycTaH0BKH C HeHTPOHHOll 

IIOACBeTK0H, K0rAa H0HHble IIY'IKH 6yAyT HanpaBJieHbl npHM0 B aKTHBHYIO 30HY, ecJIH 

Otta 0XJia*AaeTCH 3BTeKTHKOH CBHHel.(-BHCMYT. 11c'le3HeT He06XOAHMOCTb HMeTb MH

IlleHb. ECJIH M0)KHQ 6yAeT HMeTb OT ycK0pHTeJUI HeCK0JlhK0 H0HHblX IIY'IK0B pa3HOH 

M0IIIH0CTH, TO M0)KHQ 6yAeT BbipaBHHBaTb 110 paAHycy 3HeproBbIAeJieHHe B aKTHBHOll 

30He. 

IlpoTHBHHKH HAepHOH 3HepreTHKH BHAHT B Hett T0JlbK0 0TPHUaTeJibH0e, A0X0AHT 

AO TPe6oBaHHH 0TKa3aTbCH OT aTOMHOH 3JieKTP03HepreTHKH, 3aKpbITb ace pa6oTalO

IIIHe A3C. 3aKpbITHe BCett HAepHOll 3HepreTHKH BO BCeX CTPaHaX HeB03M0)KH0 6e3 He-

06XOAHMOCTH B Te'!eHue AJIHTeJibHoro apeMeHH oxpaHHTi. u Ha6n10AaTb 3a Bblrpy)KeH

HbIM HAepHbIM T0IIJIHB0M. 51AepHaH u paAHal.(H0HHaH 0IIaCH0CTb a Bbirpy)KeHH0M TO-
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IIJIHBe He HC'le3alOT B Te'!eHHe MHTeJibH0ro BpeMeHH. B )TOM 0TPHUaTeJibHaH 

cneumpttKa HAepHOH 3HeprHH. CoxpaHHIOTCH 60JibllIHe MaTepHaJibHbie 3aTPaTbl. 

3HeprHH He Bbipa6aThIBaeTCH - OTCYTCTBYIOT 1IpH6hIJIH. Bo3HHKHeT 3HepreTH'leCKHH 

H cpttHaHCOBhlll KpH3HC BO Bcex CTPattax, HMelOIIIHX B HaCTOHIIIee BpeMH aT0MHbie 
' \ I ; ' 

JJieKTP0CTaHUHH. 

qeJioBe'!eCTBO B II0roHe 3a csepxopy)KHeM B0ilIJI0 B HAepHblH TYHHeJib, H BbIX0A 

eCTb TOJibKO OAHH - CAeJiaTb HAeptty10 3HepreTHKY MaKCHMaJibH0 6e3011acHOH. 

PyKOIIHCb II0CTYIIHJia B H3AaTeJibCKHll 0TAeJI . 

9 anpenH 1999 roAa. 
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