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YcKOpHTENH MOTYT caenaTh SNCpHYI0 SHepreTHKy Gonee Ge3omacHoii

Pa6oTa nocasilieHa BCeCTOPOHHEMY OGCYXIEHHIO LIHPOKOIO KOMIUIEKCA Ipo-
611eM MHPOBOit 3HEpPreTHKH. AHUIU3HPYIOTCS pa3THYHbIE aCMEKThl BO3HHKHOBEHHS
W Pa3BUTHA aTOMHOH SHEPTETHKH, € IKOJIOTHYECKOM G€30MaCHOCTH U 3KOHOMHYE-
CKOH KOHKYPEHTOCHOCOOHOCTH. PaccMaTpHBAalOTCA OCHOBHBIE HayyHbIE HMIEH H
NpeIoXeHds MO CO3NaHHIO mpelenbHO GesonacHoi anepHoil sHepreTHkd XXI
BeKa (BKIIOYAs pellleHHe MPOGIeMb! TPAHCMYTALMH BbICOKOTOKCHYHBIX PajHOaK-
THBHBIX OTX0/10B), Ga3upylolieiicss Ha BIEKTPOSACPHOM criocobe monyueHHs 3Hep-
THH.

Pa6ota BuimonHeHa B JlabopaTopun BelCOKHX 3Hepruit OMSIH.

Coobienue O6beqHEHHOIO HHCTHTYTA SAEPHBIX HccaenoBanuit. [lybxa, 1999

Subbotin V.I. P1-99-97
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.

Communication of the Joint Institute for Nuclear Research. Dubna, 1999




«Bcez0a auwb 6yoywemy npedcmoum pewums,
U3Bpanu nu Mol OUHCMEEHHBILE 603MONCHBIL -
8b1X00 U ObLIO U HAUOEHO HAUNyuuiee
paspeuenue écex mpyoHocmeiiy.

A Siinuimerin.

YenoBeY€eCTBO BCEr/a OJKHO Gy/IeT CO3NaBaTh yCTAHOBKH, HECyLHe B cebe Bl
COKYIO NOTEHLHAILHYIO onacHocTh. Henb3s caenars kakoe-nubo coopyxkenue abco-
motHo Ge3onacHbiM. [ToHaTue «abcontoTHan Ge30MacHOCTE» HE MMeeT CMEIcna. Mo-
ryT GbITH CO3AAHBI YCTAHOBKH ¢ MaKCHMaJlbHoOl 6€3011acHOCTBIO, MpeAenbHOll Ges-
onacHocTs10. IToz 3THMHU TepMUHAMH MOKHO IIOHHMATBh, YTO IIPHHATHI BCE JOCTYIHEIE
Hay4HEIE ¥ HEDKEHEPHBIE peaibHBlE MEPhl 10 00ECIEYEHHIO BBICOKOMH 6€30M1acHOCTH.
Ipy campix HeGMAronpHATHEIX YCIOBHAX MOXET MPOHM30HTH aBapHs, HO HE MOXET
npou3oiiTy karactpoda. IToBsIIeHHe Ge30MaCHOCTH BCErAa CONPOBOXKAACTCS YIOpO-
XaHHUEM YCTAHOBKH. ' ' .

JUist NOCTHIKEHMS! KOHEYHOi! LIENH MOXKHO HafiTH Pa3NMYHEIE OCHOBOMOMNATAIOILHE
¢bu3nyeckue NpHHUMNEL Tak, B HacTOAllEE BpeMs Ul MONY4YEHHs 3JIEKTPOIHEPTHH
MOJKHO MCIIONIB30BATb JHEPTUIO: TEKYILEH BO/IbI, OKUCIIEHHS YIIIEBOIOPOAHOrO TOILIH-
Ba, J€NEHHS aKTHHOUJOB. YTJIEBOIOPOAHOE TOIUIHBO: KAMEHHBIH yrons, HedThb, IpH-
pOAHBIif ras. JleneHue akTHHOMIOB BO3MOXHO Ha TEILIOBBIX HWIH GBICTPEIX HEHTPOHAX.
EcTe 13 yero BuIOupats, HMes B CTpaHe BblCOKOIIpO(beCCHOHaJILHBIe KaJIpel U Goratele
TNPHPOAHEIE PECYPCHL

Ipoue Bcero Mmony4ats SHEPTUIO OT TeKyuleld BOABI M CKUTAHHS NPHPOHOrO
ra3sa; CloXHee BCEro MoMy4aTh SHEPTHIO NMPH Jel€HHH aKTHHOMAOB OBICTPHIMHU HEfi-
TpoHaMH. IToBrIeHHe 6€30MaCHOCTH peluaeTCs KapAHHAILHO, €CIIH MOXHO MpeuIo-
KMTb ipyrue Qusnyeckue MPUHLMNEL, obecreynBaiollue CyeCTBEHHbIH pocT Ge3-
ONAacHOCTH BCeil yCTaHOBKH. DTO JOPOroii, HO HauGoliee MPaBUIBHBII Ty Th NOBBILIE-
HusA ©e30MacHOCTH. ‘

IoBbieHns Ge30MacHOCTH, HE MEHSAS CYTH NMPOLIECCa, MOXKHO AOCTHYb BBOJS JI0-
nonHutebHsIe Gapbephl GesonacHocTH. HyKHO cO34aTs yNpaBICHYECKYIO CHCTEMY
YCTaHOBKH, CAMO3aLUHILEHHYIO OT oLK60K onepaTopa u auBepcuit. Takaa ynpasieH-
Yeckas CHCTEMa NEPECTAET OAYHHATECS ONEPATOPY, ECIH €ro AeHCTBHS IPOTHBOPE-
4YaT JIOTHKE YIIPaBICHHsA NPOLECCOM. s

Jpyroit noaxon — aBapu cqmaercx Hen30exHeIM 3110M. [IponsBoauTCs I3KOHO-
MMYECKas OLIEHKa, YTO BEITOJIHEE — TPATHTh CPEACTBA Ha OBHILIEHHE 6€30I1acCHOCTH
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3a CYeT BBEJEHHS B IPOLIECC HOBBIX, OoJiee JOPOrHX TEXHONOTU M YBETHUEHUS YHCIa

fapbepoB Ge30MacHOCTH, HIIH B Cllyyae aBapHH OIJIATHTb YUIEPO M XKEPTBLI, IOHECCH-

Hble HaceneHueM. [oaxox aMopanbHbIi 1 /171 COBpeMEHHOH KpYITHOH JHEpreTHKH He-

npuemMeMslii B npuHuune. Tak, HanpuMep, MOXHO JIH AJ1s1 THFAHTCKOH FTHAPOJJIEKTPO-

CTaHLMM CAENATh [EIeBE IIOTHHY, HO IPH 3TOM JONYyCKaTh, YTO B NPHHUHME 6e3

MPHUHYIUTENBHOTO pazpymeﬂuﬂ IUIOTHHA MOSKET aBapUiHO NaTh KPYMHYIO Tedb, H I10-
TOK BOJBI CMOCT HAaCCNCHHbIE MyHKTHL, PacIOIOKEHHBIE 38 TIOTHHOH?

Katactpodst Ha KDYMHBEIX ADC HMeT TpaHCHAUHOHANLHBIE MOCNCACTBHA 3a
CHEeT 3apaXKeHHs panuoam'msﬂbmu MpOAYKTaMi TEPPHTOPHIT Ha 60/BIIHX PACCTOAHU-
AX OT Mécra aBapuu. Besonacnocts AJC npuoGpena MexAyHapoAHOe 3HAaueHHeE.

Bce 3HEPrOMCTOYHHUKH NOC/IE MONYy4eHHA OT HUX 3HEPrHH HMEIOT OTXOIb!, KaK
HPABUIIO, OTPHLATENBHO AEiiCTBYIOLLNE HA OKPY Kawoulyto npupoay. Tak, HanpuMmep,
Ka3anock Ol caMas IKONOTHYECKH YHCTad THAPOIHEPreTHKA, BbI3bIBAET HETATUBHBIE
Bo3zeiicTHA: COOpyXeHHE THIPONEKTPOCTAHLMH H €€ KCIUTyaTauus BbI3bIBAIOT U3~
MEHEHHE YPOBHA MPYHTOBBIX BOJ, BIIHAET Ha PaCTHTEIbHBIH MHD BOKPYT JJIEKTPOCTaH-
uuH. JTII0TMHA HAapyIIAeT ecTeCTBEHHYIO MHUIPaLHIo pbi6. YacTk 3eMENBHBIX Yroauii
yxozurt oz Boxy. Iocne TypOHH NpOHCXOANT CHIBHOE THAPOAHHAMUYECKOE BO3MY-
LLieHHE OTOKA BOAb!. B 3MMHHX yCIIOBHAX 3TO MEILIAET 3aMEP3aHMUI0 BOABI Ha GONbIINX
paccroaHHsax oT mioTHHeL. Han pexoii crout nensHoii Tyman. Tenephb paccMoTpUM uc-
[ONb30BaHUE YIJIEBOJOPOAHBIX TOILIHB. _

a) HaunbGonee 3xonoruyeck YHCTHIM ABJAETCS MCTIONB30BaHHE NPHPOJIHOro rasa,
COCTOSALIEro B OCHOBHOM M3 METaHa, B TOMKAX SHEPreTHYECKHUX YCTAHOBOK Pa3HOro
Ha3HA4€HHA U pa3nu4Hoi MowHocTH. KoHeuHEMH NPOJYKTaMH FOPEHUs SBISIOTCS
HZO 1 CO,. B 6mikaitiune necATHIETHS CKUTaHUE NPUPOJHOro Ia3a He JOJKHO IpH-
BECTH K HELIONPaBUMBIM NOCNEACTBUAM B atMocdepe. B To e Bpems ras ua Gonbiuue
PacCTOAHHA TPAHCHIOPTHPYETCA N0 rasonposoaaM. Ilox ra3onpoBoab! H3LIMAIOTCA M3
obpamenns Gonbuime TeppuTopuu. [l0SBNAETCA BEPOSTHOCTH KPYNHBIX NIOTEPh ra3a u3
pa3spyLueHHbIX ra30IpOBOAOB, a TaKxe 3aropaHus rasa. Ilpupoausi ras, nonas B ar-
mocepy, okaspiBaeT GoJiee 3HAUMTENbHbIH BKIaJ B napHHKoBBI 3ddexT, yem CO,.
VYTeuxu rasza M3 ra3onpoBOJOB H OTOIMHTENbHBIX NPHOOPOB BbI3LIBAIOT B3PHIBLI H I10-
#aphbl. MeTaH — OCHOBHO€ ChIpbe JUIsl NPOU3BOACTBA Pa3NIHYHBIX YIJIEBOJOPOAHbIX
coemuHenuii. Ecu MBI Ha f1e)e, a He Ha clIoBaX 06eCIOKOEHB! COCTOSHHEM OKDYKalo-
1eH cpeanbl U 6e30yMHBIM HCIIOJIB:!OBaHHeM 3HepropecypcoB 3eMJIH, TO Hal0 COKpa-
IaTh HCMOJIb30BaHHE PUPOHOrO ra3a B KOTIAX KPYIHBIX 311e1<1poc~rauuuu OCTaBHB
€ro ma ObITOBBIX HYXA. :

6) Hedtr — ocHoBa 3HeprooGecreueHss aBTOMOOHILHOIO M aBHALMOHHOO
TPaHCIIOpTa. Jlyumero 3HeproucToyHHKa U1 STHX ueneli y yenoseuectsa Her. Ha
KPYNHBIX 37IEKTPOCTAHLHMAX Heqrrenponym'u MOKHO HCIIOJIb30BaTh TONLKO B aBAPHH-
HBIX CHTYaLHAX. :

B) Kamennsiit yroJb — caMblii KpYIHbIii yr/1IeBOAOPOAHBIT 3Hepropecypc 3emnu.
HICronb30BaHHe KAMEHHOIO YIJA Ha 3JEKTPOCTAHIUMAX 3HAUUTENBHO CIOXKHEE, YeM
MPUPOAHOrO ra3a u Masyra. TpaHcnopTHpoBKa GOJBIIMX MacC KaMEHHOIO yrid Ha

Gonbuune paccrosHua He peleda. KameHHbIA yronb Ha MecTe 100b1uM f0m%keH GbITh
MaKCHMaJbHO OCBOOOXK/EH OT MOPOJb!, €My COMyTCTBYIOLEH. IT0 HeoOX0aHMO cle-
AaTh JUIs YACIUEBNIEHHA H 3KOHOMHYECKOH 11eN1eco06pa3HOCTH ero TPaHCHOPTHPOBKH.
[lopona conepxUT NpHPOAHbIE paAHOAaKTHBHbIE H30TONbL. [Ipe10TBpaTHTL NONaaaKHe
YFOJbHOIA IILLIM, coAepiKallieiics B ILIMOBBLIX Ia3aX, B aTMOC(epy MPaKTHYECKH HEBO3-
MOXCHO. JTO CO3/1a€T CMePTebHYI0 ONAaCHOCTb NMONAAAHHA PaAHOAKTHBHBLIX YACTHIL B
JIETKHe. ,

TennoBas 3JeKTPOCTAHUHMA CYMMapHOH MOLIHOCTBIO 5-10° Br (3) Ha KaMEHHOM
yrile KanopHHHOCTBIO 5,5-108 kkaw/t npH ko3dPUuUMEHTE HCIOJIb30BaHHs MOLUHOCTH
0,9 u KII = 45% coxuraer B roj OKojo 14-10% Tomu xameHmoro yris.

Yy, faxe Xopoluo ocBoO0XAeHHbIE OT NOPOABI, BCE PABHO COAEPKAT Heopra-
HHYECKYI0 Maccy. JlonycTuM, 4To nocie OUHCTKH JBIMOBBIX ra30B B HHX GyneT coaep-
’KaTbCs IOPO/a B BUAE 30J1b] B KostHdecTBe 1% 10 Macce 0T COXOKEHHOrO TOIUIHBA. 3TO
3Ha4uT, yTo TOL{ Ha kaMeHHOM yriie B roJl BLIOpachIBaeT B BO3AYX NPUMEPHO 0,14-10°
TOHH 30iibl, MiH 380 ToHH B cyTkH. B BonoeMb! n atMocdepy B paiione Takoit TOL]
exxeroqHo  cOpacoiBaercs 1,7-1017 bk Tenna.

B cepennne XX Beka BO BceM Mupe HacTyNuia 3M0Xa CO3JaHus THIAHTCKHX [H-
ZPaBINYECKHX; TEIUIOBBIX H ATOMHBIX MEKTPOCTaHLUHi. OnbIT He NOATBEPAMI TeX Ha-
AEX[, KOTOPbIE 3aK/1a/IbIBAIHCh B 3TH FHraHThl. B KaXKA0M cityyae BaXKHa onTHMH3a-
1Ml CO3/1JaBAEMOr0 3HEPreTHUECKOro 00BbEKTa € yYETOM BCeX MapaMeTpoB, a He YUCTO
CHIOMMHYTHBIX 3KOHOMHUYecKHX. TakHe CTaHLUMH CTPOATCA Ha ACCATHWIETHA HX JKC-
miyatauuH. [Ipexae Bcero, Hafo yYHTHIBATh PealbHOE BO3AEHCTBHE HA YENOBEKa H
npupony. KpoMe Toro, nyxaaercs B cyumecrsenHo Gonee rinyGokoM HCciieq0BaHHH
TPaHCnopT GOMBIIMX MOTOKOB NMEKTPOIHEPTHH Ha GOJIbIIHE PacCTOAHHA [0 IMHUAM
3JIeKTponepeay.

YenoBeyecTBo 3a BCIO CBOKO MHOTOBEKOBYIO MCTOPHIO BOLIIIO B KOHTAKT C 3HEpr-
€l A11pa TONLKO B cepeiuHe ABaALaToro Beka. OCBOHB MU CBOUX HYK[ JHEPIHUIO rope-
HHA YIJIEBOJOPOAHOTO TOILUIHBA, BETPa, TEKYLUeH BOJbl, CONHILA, YENOBEYECTBO JI0 Ha-
IIMX JHEH HE 3HaNI0, YTO NpUpo/a o6nanaeT KojoccanbHo# JHeprueii Aenexns ypaua,
CHHTE3a H30TOIOB BOAOPOAA.

Hayka Tonbko B cepeamHe ABaILATOro BeKa CMOTJIA IPEACKa3aTh cymecTBoaaHue
AACPHOi 3HEPrHU U 0OBACHHTD, YTO HAJO0 CENATh, YTOOb! SepHas sHeprus Oblia Bbl-
JieJIEHa M. UCMOJIb30BaHa 1O BOJEe 4YesoBeka. :

VYpoBeHb XU3HN NH0Jeii Hepa3pbiBHO CBA3aH C KOJIHYECTBOM IHEPrOUCTOYHHKOB,
noTpebaaeMbIX CPeHECTATUCTHYECKUM YEIOBEKOM. )

SAnepHas 3HEprus —- 3T0 CErofiHg H Ha 0003puMoe Gyayllee eAMHCTBEHHBIH sHep-
TFOUCTOYHHK, KOTOPBI MOXET 00eCneYnTh MOOLIM KOJMYECTBOM 3NIEKTPOIHEPTHH H
Tena, Yike B HACTOALLEE BPEMs B JJIEKTPOIHEPreTHKE Ha JI0JIO AIEPHOH SHEPrHH NpH-
xoauTcsa: Bo ®panunu —75%, B Benbruu — 60%, B HOxuoit Kopee — 49%, B 111se-
uMH — 46%, B Ucnauun — 38%, B 'epManunn — 33%, B-Anounn — 26%, s CLIA —
21%, B Poccun — 14%. '



Hopasnatouiee 60abWHHCTBO aTOMHBIX JJIEKTPOCTaHLMI paboTaeT Ha KOpITycC-
HBIX BOJIO-BOJAHBIX ANEPHBIX PEAKTOPaX. ITH IHEPIeTHHECKHE YCTAHOBKHU SBMIAIOTCA
npsiMOi KOHBEPCHeli BOSHHBIX MporpaMM. Bee OHH MO CyillecTBY ABAAOTCA MOTHMH-
KalMel sIepHO-IHepPreTHYECKHX YCTAHOBOK U1 aTOMHBIX MOABOAHLIX 1040K. Anep-
HOE TOIUIMBO — NPUPOJIHBII ypaH, o6orawenHbIi ypaHoM-235. Be3 Hanuumsa pasaenu-
TEJbHbIX 33BO/IOB, CO3AaHHbIX Ul MOJY4YEeHHS BLICOKOOOOralleHHOro ypaHa A saep-
HOro opyxus, He Gbulo 6bl AnepHOit SHepreTukH, paboTatoleil Ha ypaH-ypaHOBOM
TOIUBE. ' :

Ecnu 661 ocBOEHHE AAEPHOI SHEPTHH HE NPOLIO Yepe3 OCBOCHHE AAECPHOIO OpY-
JKHSI, 4EIOBEUECTBO, BO3MOIKHO, EILE 110 CHX MOP HE UMENIO Gbl B CBOEM PaCOPIKEHHHU
ynpasiseMoii aaepHoii sHeprud. IIpu coznanun spepHoro opyskus 6sutH MoOHIIN30-
BaHbl THFAHTCKHE KOJUIEKTHBbI BHLAAOLINXCSA YUEHBIX, KOHCTPYKTOPOB, TEXHOJIOIOB,
HHXXeHepoB, pabounx, 3aTpayeHbl aCTPOHOMHYECKHE CyMMbI AeHer. COMHHTENBHO,
4yTOOb1 PaBUTENBCTBA CTPaH, CO3[ABILUHX CBOE HALMOHAIBHOE AAECPHOE OPYKHE, IO~
i Obl Ha TakHe 3aTpaThl IS JIOOBIX MHPHBIX CBepX3ajad.

Ecnu Bce 65010 NOAYHHEHO CO3AAHHUIO SEPHOIO OPYKHS, TO CO3AAHME AL EPHOI
3HEPreTHKH L0 [0 OCTATOYHOMY NPUHUMITY. SiIepHas SJHEpreTHKa He cTala CBepX3a-
naueil. K ee peantnsaunu He 66110 NPHBIIEYEHO TaKOe BHUMaHKE, KaK K CO3aHHIO Opy-
xus. Co3gaHHas AjepHan JHEPreTHKa Ha TEIUIOBbIX HEHTpOHaX, Ha ypaH-ypaHOBOM
TOIUINBE, C BOASHBIM OXJIAX/ICHHEM HE MOXKET MIPETEHAOBATh Ha NpejesHo 6e3onac-
HYIO AJCPHYIO 3HEPreTUKY C MUHUMAJIbHbLIMH PaJHOAKTUBHBIMH OTXOAaMH, 3KOHOMH-
yecki Liesnecoobpa3Hylo, Ha IJIABEHCTBO B JJIEKTPO3HEPTeTHKE ABAALATH MEPBOro
BEKa. . ‘
Jlia cosmanus npesenbHo Oe30MacHOd AAEPHOI 3HEPTeTHKH HAao BOCHONB30-
BaTbCA BCEM HAKOIUIEHHBIM OIBITOM CO3aHHA H 3KciutyaTauuu A3V, HO mpU 3TOM
KPHTHYECKH pacCMOTPETh BCE HBIHE CYLIECTBYIOLNE HayYHO-TEXHHYECKHE NOCTya-
Tbl. MBI 06513aHB! cka3aTh cebe, 4TO MPaBO Ha CyILECTBOBAHHE H NMEPCIEKTHBHOE pa3-
BUTHE HMeeT TOJILKO MpeaenbHo GesonacHas AfepHas HEpreTHKA, HCKIoYaollad
AJEPHBIE U paJHallMOHHbIE KaTacTpodbl.

YT0 Hy>KHO CAENaTb U MOXKHO JIH CAeNaTh, 4ToObl DY Gblia 3allMiLeHa MOIHO-
CTBIO OT TAXKEJBIX 10 CBOHM MOCEACTBHAM PEAKTHBHOCTHBIX aBapHii, OT aBapuii ¢ BbI-
6pocoM paaHOaKTHBHOCTH, OT B3PLIBOB, OT MOXKAapOB, OT OKHOOK oNeparopa, OT au-
Bepcuit? UTo HyKHO clienarhb, yToObl CBECTH K MUHHMYMY P3MOAKTHBHBIE OTXObI H
CO31aTh HEBO3MOXXHOCTb BBIXOJa HMX B OKDYXalOLLYI0 cpeay?

Be3ycnoBHO, KHIIOBATTHl YCTAHOBJICHHOH MOIHOCTH M KBT-uac npoussegeHHoi
3NEKTPOIHEPTHH HA NpeAenbHO Ge30MacHbIX 1AePHOIHEPTETHYECKHUX YCTaHOBKaX By-
AYT CTOUTb A0OPOXE, 4€M Ha HBIHE CyLIECTBYIOIMX. 3a 6€30MacHOCTb HAO IIATHUTS.
Aapu Tina YADC onpoKHABIBAIOT BCAKYIO 3KOHOMHKY. COrIacHTCA JIM 4esloBeye-
CTBO HMETh AJEPHbIE 3EKTPOCTAHUHMH, €C/IM MPOU3OIMIET elle OJHA aBapus THMa
YAIC? Ilpaso Ha cyiecTBOBaHHE UMeEET TOJBKO MpeAeibHO Ge3omacHas aaepHas
QHEpreTuKa.

B03MOXKHOCTb CO3JaHHA COBEPLIEHHO HOBOH yCTAHOBKH OIPEAENAETCA (B IPHO-
PHTETHOM MOPAJKE): :

HayKo#,

TEXHHKOH,

9KOHOMHKOI.

Hayka Jo/hkHa OTBETHTD Ha BOMpPOC: HE MPOTUBOPEYAT JIM HACH, 3AI0KEHHEIE B
MpPOEKT, Hay4HO-PH3HYECKHM OCHOBaM?

TexHuKa OTBEdaeT Ha BOMPOC: KaK KOHCTPYKTHBHO U TEXHOJIOTHYECKH CIEIaTh
JaHHYI0 YCTaHOBKy?

JIKOHOMUKA — HyKHO JIH CO3aBaTh JaHHYIO yCTAaHOBKY CErofiHs H B Gixaiiuiee
BpeMa?

B KOHLIe COPOKOBBIX M Hauasie nsTuaecaTbrx rogos B Coserckom Corose GbutH oT-
KPbITbl OFPOMHbIE 3aIeXH HeTH H NMPHPOLHOrO rasa. ,

Coopyxenmue nepsoii B Mupe AIC He HMEIO0 HHKaKoro 3KOHOMHYECKOr0 CMBICTIA.
ABTOPUTET HAayyHOro pyKoBoauTens ypaHosoii mporpammsl Coserckoro Coroza
11.B.KypuaToBa iasl BO3MOXHOCTb CO3/1aTh HEOOJIbLIYFO 10 MOIHOCTH NIEPBYIO B MUpe
ADC. Bo3moxHo, myck B 1954 I. nepBoii B Mmupe ASC onepe/ui BpeMs, Koraa saaep-
Has 3HepreTHKa ctana 61 HeoGxonuMoit. Hanbonee pelunTeNnbHbIE 3AIUMTHHKH K010~
MM CUHTAIOT, YTO sepHas JHepreTHka poollue He HyxkHa. Tak a1 3107

B konue XX Bexa Ha 3eMiie IPOXKHBAET 6,6-10° uenosek. B koHue XX Beka 406bI-
4ya yI71eBOJIOPO/IHbIX SHEPTOUCTOYHHKOB B MHPE He MpeBbiliana 5: 10° ToHH yci0BHOTO
tornuea (Tyt). [loTpe6ieHue yraeBo0poAHOro TOILIHBA B MHPE O4€HbL HEPABHOMED-
soe. B CIIIA Ha 1 yenosexa notpebasercs 11,0 Ty, B 3anaauoit Espone 8,0 TyT. B
SKOHOMMHECKH PA3BUTHIX CTpaHax npousaeT =~ 20% HaceNeHus, OHH MOTPebIAioT
~10-10° TYT, WIH = 7,6 TyT Ha OJHOrO Y€/I0BEKa, B OCTAILHAIX CTPaHax = 0,95 TyT Ha
OJIHOTO 4esIoBEKa. '

Jina xkoMQOpTHOro MPOXKHBaHHA BCETO 4€JIOBEYECTBA HYXKHO MMETh IPUMEPHO
3,0 T ycnoBHOro TOIUIMBA B IOJ Ha 4YEJNIOBEKa, T.€. HA = 5,3-109 uen. norpebyercs
~16-10° TyT. WiTOrO, M1 BCETO YENOBEECKOro poaa = 26-1 0’ tyT. ['e B341H f06GaBOY-
Ho ~ 11-10° TyT? HeBO3MOMXHO NOTy4HThb HX 32 CUET YITIEBOAOPOAHOrO TomlBa. He
obecreunTs BCE YEOBEYECTBO MUHHMAIIBHBIM KOJTHYECTBOM 3HEPrOHCTOYHHKOB —
3HAUMT o6peus 60MblyIO YaCTh HaceNeHUs 3EMIH XKUTb Y KOCTPOB, CXKUTATh CEIIBCKO-
XO35iCTBEHHBIE OTXOIBl H JEpPeBbs. :

ToJIbKO SepHAs SHEPTHS MOXKET OGECIEUHTh IHEPreTHIECKHE MOTPEGHOCTH ye-
noseudectBa B XXI Bexe.

['no6anbHas OLEHKa A AEPHbIX H TEPMOSAEPHBIX IHEPIOMCTOYHHKOB JIHTOCHEPHI H
ruapocdeps! 3eMiIy AaeT CleayiollHe BEaHYHHBI.

Macca 3eMHOil KOpbl NPUMEPHO paBHA 2,8-10%2 xr.

Macca ruapocdepsl — NpHMEPHO 1,4-1021 KT.

CpenHee copepskaHHe IPHPOJHOTO ypaHa B 3MHO# KOPE COCTaBIAeT 2,5:10 ge-
COBBIX TpPOLIEHTOB, WK NPHMEPHO 7,0-10'6 kr.



Cpeanee conepxanne Topusi — 1, 3-10° Becopbix npouenTos, win 36,0-10'6 xr.
IIpu nonxom nenernu 1 kr aneproro roproyero Boiaensercs 8-1013 Jx TennoBoit
JHEPrHH.

Ilpu nonHom nenenny ToasKo ypana-235 (npumepHo 4,9- 10" Kr) Oyner Beiaene-
HO okono 0,4-10° Jx temna. IIpu monHoM AeneHnn BCEro npupozmoro YpaHa Bblje-
nures 0,56- 103! Hbx Tenna. Tlpu nonHoM neneHuu Bcero Topua — 2,9- 103 Jx Terna.

DHeprus cunTesa. B NpHPOAIHOii Bofe Ha 5000-7000 aTomor BOJIOpPOAa cofep-
®utca 1 atom Aeiitepus. Takum 06pa3soM, B 1 Kr o6bI4HOI BOAbI conepXHTCA 102
A0ep, HIH MPHMEPHO 3,3-10% kr neidtepus.

B Bozmax MupoBoro okeana conepxutcs 4,57-10' kr Jeitepus (B 1 kr 12D1 —
MPHMEPHO 3.10% anep). [Ipu nonHom cunrese 1 kr 12D1 BhieNUTCA ~ 34,0-1013 Jox
TENNOBOIl 3Hepruu. CXKHraHHe BCETro 12D| Jact 1,55-103 1 JIx Termna.

Conepxxanne nutus B 3eMH6ﬁ'.1<ope oueuusaercii B 3,21073%:

6,65-10" kr Lis,

82,9-10" kr T Li,.

Peakuun cunresa:
ID1 +] Ty =7 Hep +4 my (2,81:1072 [,

2 3 -
1 Kr(1 D, +] T, ) conepaxur (0,4 kr 12Dl +0,6 kr 13 T,), 9to paer 33,8-1013 Jix Temo-
BOH 3HEpruu.
Jns cxuranms 6,65- 1016 6 Li3 HeobXxoauMo 2,22-1016 Kr lle’ I[IPH 3TOM BbI-

nenutes 2,39-103! Jx Tema.

OCBOMB 3HEPIHIO AENCHHS TAKENBIX AAEP, YENOBEUECTBO npuobpeno nouru Ges-
TPaHMYHBIA HCTOUHHK SHEPrUH. Y YEI0BEHECTBA €CTh B 3aMace BTOPOii Ge3rpaHHuHbIiL
HCTOYHHK PHEPTHH — OSHEPrus CHHTE3a JIETKHX sSJep. ‘

ITonseneM HeKOTOPBIE HTOTH IO JOCTOBEPHOI CTPYKTYPE MHPOBLIX 3HEPropecyp-
COB, NOCTYNHBIX JiIA AOOLIYH COBPEMEHHOMN TEXHHKO.

Kamennvie yznu

PasBefaHHble MECTOPOXIEHHA COCTABIAIOT (0,476-0,59)-10 Toun.
Ipu cpenneit kanopuiinoctu 5,5-10% kxan/t (2,3-1010 JIx/T) 310 5KBHBaNEHTHO
TEILIOBOii SHepruu (1,]—1,4)-1022 Jox.

Bo3moxkHbIE MECTOPOXIAEHHA OLECHUBAIOTCA B (3,2—7,6)-10I2 TOHH, HWJIH
(7,36—17,48)-1022 Jx TensoBoii 3Hepruu.

Tlpupoonvui zaz

Pa3zBenaHHble MECTOPOXKIACHHA COCTaBIAIOT (52—78)-I‘Olz M.

Tennosas 3Heprus, KOTOPYIO MOXHO HOJXY4HTh, paBHa (2,0 + 3,0)-1 02! Ix.

Bo3MokHbIe MECTOPOXIEHHSA OLEHUBAIOTCA B 330-10'% o3

TennoBass 3Heprus, KOTOPYIO MOXHO HOJYYHTb, COCTABHT 12,8-10%" JIx.

Ipu cxuranun 50-101% m3 npHpoaHoro rasa B atMocdepy Oyner BeIOpoleHo
180-10° Tonu CO,. B mHacrosuiee Bpems B aTMoctepe 3eMiH COAEPKHTCA
2400-10° Toun CO,. ComuuTensHO, 4T0661 KOraa-1160 ObLIH CO3AaHL] IKOHOMHUECKH
uenecoobpasHble ycTaHOBKH, npenotspaitaiomme seibpoc CO, B atMocdepy.

Hegpmas

Pa3BenanHble MecTopoxxaAeHHA HedTH B MUpe cocTansoT (90-100)-1 0° TonH.

Tennosas sueprus . — (3,4-3,8) 10° Jox (temnoBnix). Ilpu KIIJ 45% —
(1,5-1,7) 10%! Hx (3nekTpuueckux).

Bo3MojxHbIE MECTOPOX/IEHHA MOTYT ObITH OLICHEHDI B (200—350) 10° TOHH, HJIH
(7,6-13, 3)-102| Ik (Ternossix).

Hedtb HyxHO Hcnonb30BaTh, Npexae BCEro, Uil aBTOMOOWIBHOTO H aBUaLIHOH-
HOro TPAaHCHOPTa, a HE IS 3JEKTPOIHEPrHH.

Ypan

PaipenanHble  MECTODOXKAEHHMA  €CTECTBEHHOTO  YpaHa  COCTaBILAIOT
(1,75-2,36)-10° tomm.

Tennosass 3Heprua — (1,4—1,9)-1023 Jixk.

B peaxTopax Ha TenoBbIX HEHTPOHAX MOXHO Cxeyb 0ko0J10 1% npupoaHoro ypa-
na, uto gact (1,4-1,9)-10! [l temwossix. [pu KITJ = 33% — (0,46-0,63)-10%" Ix
3AEKTPHUCCKHUX.,

B peakTopax Ha GBICTpPHIX HEHTPOHAX B 3aMKHYTOM TOIUIHBHOM LMKJIE MOXKHO
cxeddb npaktHaecku 100% npupoasoro ypaua, npu KI1J[ = 45% MoxHO mony4uTh
(0,63-0,86)-10%3 lx anexTpuueckux.

Cosetckuit Coto3 i cBoeii BOeHHOH nporpamMMsl 10o6bU1 60JIb1LIOE KONTHUECTBO
npupoaHoro ypana. Ha pasgenntensHbix 3aBogax Obl1 nosyueH BbicokooOoraueH-
HbIH ypaH, Ha KOHBEPTOpax HapaboTaH opy>KeHHbIH ILUIYTOHHH, KOTOpBIH nocne pa-
JUOXMMHYECKOH nepepaboTKH BHITPYKEHHOrO TOIUIMBA UCIIOJIL30BANICS ATIA OPYKHAL.
B cBsi3u ¢ IM06AILHBIMH H3MEHEHHAMH, IPOMCUIEMMMH B POCCHH B IEBAHOCTBIX To-
Jlax, 10 OLEHKaM Cle{HaIIMCTOB, CTPaHa HMeET H3OHITOK ypaHa-235 u miyToHus-239,



KOTOPBIE MOIYT ObITh HCIIONB30BAHbI B AEPHOI 3HEPreTHKe, oueHouHo 100—200 ToHH
opyxeiiHoro rryronus, 1000-2000 ToHH ypaHa, BLICOKOOOOraLIEHHOrO H30TO-
nom 235. Jlnd nonydeHus OAHOro KMJIOrpaMMa ypaHa-235 HyHO MMeTh NPUMEPHO
200 kr npupomHoro ypaHa. CrneoBaTeNbHO, Ha CKJIafax Haxomutcs (200—
-400)-10> TonH o6eaneHHOr0 ypana, conepxaiero 0,2-0,3% ypana-235. T.e. 20% ot
pa3BeaHHBIX MECTOPOXKAEHHIT TPUPOJHOro ypaHa XpaHHTcs B Poccun Ha cknamax.

JTO MHHHMa/IbHAA OLEHKA N0 00eIHEHHOMY ypaHy, T.K. OCHOBHas Macca ypa-
Ha-235 u IIyTOHH:-239 HAXOAMTCA B OPYXHH. YpaH-235 Hcnons3yercs Ha oboraite-
HHe TOIUIMBA JUIA PEaKTOPOB HA TEIUIOBHX HEHTPOHAX ATOMHBLIX 3NEKTPOCTAHUHMH U
aTOMHBIX MOABOAHBIX J1of0K. [Ipn nonyyenun satoro ypana-235 Takike 0CTancsa HeMc-
Nosb3yeMblii 00eaHEHHbIH ypaH. '

Yto moryT math 1000-2000 TOHH BBICOKOOGOralEHHOrO ypana-235 B anexTpo-
3HEPreTHKe, €CNIM UCIO0NIB30BaTh ero Ais oboraiueHns 06eAHEHHOrO IPHPOAHOTO ypa-
Ha?

IIpu nony4yeHun BbICOKOOOOrallleHHOro ypaHa Gblla 3aTpayeHa 3/eKTPOIHEprus
Ha paboTy pa3aeneHHs.

B obennenHom ypane octaerca 0,2-0,3% ypaHa-235, niaun 2-3 rpamma Ha oaHH
KunorpaMM o6eHEHHOro ypaHa.

Hns oueHouHoro pacuera Oy/eM OPHEHTHPOBATLCA HA THMIOBOH BOZOOXIIAXAAE-
Mblii peaktop BBAP-1000. ITpumem cpenHee oborawenue saepuoro Tomwinsa 4,2%. B
I kr oGenHenHoro ypaHa Hago no6asuts 40 r ypana-235. U3 1 kr ypaHa -235 MOXHO
NOJNy4YHTs 25 KI' SAEPHOrO TOTUIHBA.

H3 1000-2000 ToHH ypaHa-235 MOXHO nonyq_pm, (25-50)-10° Tonn AJIEpPHOTO TO-
wiuBa ¢ oborauennem 4,2% no ypany-235.

Ipu 5ToM ocHOBHas Macca oGennentoro ypana — (175-350)-10° tonn — ue Oy-
JET HCIOJb30BaHa.

(25-50)-10° Tonn A1€PHOrO ToMMBa ¢ o6oramenuem 4,2% no ypaHy-235 MoxeT
obecneunts paboty 25-50 6okos BBIP-1000 B Teuenne 40-50 net. CyMMapHo B rox
Gyner BBIPaboTaHO (1,8-3,6)-10"" kBr uac 3NIEKTPO3HEPT HH.

Yro menats ¢ 100-200 TonH opyxeiioro mryronns? Iponapatk MiyToHmii —
NPECTYIIEHHE NEPE/l YEIOBEYECTBOM. YHHUTOXATE — HEIOMYCTHMO, IUTYTOHUH —
Jdyuiltee AfepHoe roproyee. [L1yToHHi — A0pOrocTOAWMI HCKYCCTREHHBIH XHMHYe-
CKHii 3nemeHT. CTpaHa BLIHYK/IEHa XPaHHTD €ro, IPUMEHsA BCe MEPBI SA/IEPHOH H pa-
AMAUHOHHOH 6€30MacHOCTH, 3aWMTHI XPAHWIHILA OT XHIUEHHI W JMBEPCHIA.

MokHO ruryToHm# HCNONBL30BATE KaK CTAPTOBOE AAEPHOE FOPIOYEE B ANEPHBIX pe-
aKTOpax Ha OLICTPRIX HEHTPOHAX C XKHAKOMETALIHYECKHM OXJ1aXaeHHeM. B atom cny-
uae oH Gy/eT NPON3BOKTL MATEPHANLHYIO LEHHOCTb — 3JIEKTPOIHEPrHio. Mcuesaer
HEOOXOAUMOCTL B CEUHANLHBIX XPaHHJIHILAX.

Koapdnuuent socnponssoactsa B peakrope Ha GLICTPLIX HEHTPOHAX MOXKHO Me-
wiTh 0T 1,0 10 1,3. MoxHO paboTath B pexume caMo0GeCeyeHHs: CKOILKO COXIIIH
IUTyTOHHS, CTOJIbKO H HapaboTanH. MoxHo paboTaTh B pexHMe pacIIHPEHHOTO BOC-

NPOH3BOACTBA — HapabaThiBaTh IUIYTOHHA Oojblie, yeM CkUrarh. M36BITOK ILTyTO-
HHs MOXeT ObITh HanpasJieH AJ1s CTapTOBO#H 3arpy3KH BHOBbL BBOJHMBIX sIEPHO-3HEP-
reTHYECKUX YCTaHOBOK. B ciyuae HeoOX0AMMOCTH A€pHBIE PEaKTOPbl MOI'YT BEPHYTh
KOHAMUHUOHHBIA ITYTOHHH UId HYA OGOPOHEI.

100-200 ToHH opyxkeiiHoro rwyToHus Moryt aath ctapt 100-200 snepHBIM peak-
Topam thna BH-600 nnu 60-120 spepHbiM peakropaM 37€KTPHYECKOH MOLIHOCTH
1000 MBT. CymmapHo B rop 6yaet BoipaboTaHo (4,2—8,4)-10“ KBT-4ac anekTposHep-
THH.

KugxoMmeranminyeckue TEMVIOHOCHTENH AAI0T BO3IMOXKHOCTh HMETh Ha BBIXOZE H3
aKTHBHOM 30HBI sAfiepHOro peaxropa Gonee .BbICOKle TeMIIEpaTypy TEIUIOHOCHTENH,
yeM B BOZOOXJI2X/IaEMBIX peaKTopax, a 3TO IPHBOANT K Dojiee BLICOKOMY K03(bHIIN-
€HTY MoJIe3HOTo AeHcTBHA. JU1a nolyyeHHs OJHOTO M TOTO JKE€ KOJIHYECTBA 3JIEKTPO-
3HEPrUH HAZl0 CXKeYb MEHbLIe AAEPHOTO TOTUIMBA, @ 3HAYHT — I10/1y4YHTh MEHBUIE Pa-
JHOAKTHBHBIX MPOAYKTOB [eNEHHA.

B nerkoBoaHEIX peakTopax cXKHraercs Joporoi ypaH-235, B GpHiaepax ropHr ae-
nieBblit ypan-238. O6eaHeHHbIH YPaH H BLITPYKEHHOE H3 JIETKOBOJHBIX PEAKTOPOB TO-
TIMBO MOXKHO CXK€Yb MPaKTHYECKH MTOJIHOCTHIO TOJLKO B pEaKTopax Ha OBICTPHIX Heil-
TPOHAX C JKMUIKOMETAJUIHYECKHM TETUIOHOCHUTEJIEM, MCIOb3Ys 3aMKHYTbIH TOIUIHB-
HBIi LMK C  paAHOXHMHYecKoH mNepepaboTKOH BLIFPYKEHHOTO TOIUIMBA H
MHOTOKpPaTHO# peuMpKyasuueit saepHoro Tomnuea. Cokuras (200—400)~103 TOHH
obeHEHHOro ypaHa, MOXHO BBIACIHTE ( 1,6—3,2)-1022 Jx Tenna, xoropoe MOXeET
OLIThL NPEBpallEHO B (4,4—8,8)-10lS kBT yac snexrposnepruu. na cpaBHeHHs — B
1985 r. Bce anexrpoctaniuu Coserckoro Coro3a BeIpaboTaiH 1,5-10'2 kBT uac snek-
TPOJHEPrHH.

Vsxe 1o0bITOrO, JIEXKALIEro Ha CKIaax ypaHa CTOJIbKO, YTO €ro XBaTHT Poccuu Ha
CTOJIETHA [PH [EPEBOAE BCEH IIEKTPOIHEPreTHKU Ha SAEPHOE roproyee.

Yro Beirognee? Homarnrbrnononnmenbﬂble cpeactsa ceryac u yepes 15-20 ner
HMeTh IpefieIbHO 0e30macHyo AAepHYI0 3HEPreTHKY Ha ObICTPBIX HEHTPOHAX C XKHJ-
KOMETAJIIMYECKHM OXJIAKAEHHEM AKTHBHOH 30HBI, HCIIOB3Ys [PH 3TOM HAKOIUIEH-
Hbl€ OTPOMHBIE 3anachl saepHoro Tonausa? Mnu, asonrounoHHo yny4dmas JIBP, npo-
[JO/DKATh MMETh HX OCHOBHBIMH paboTaroiliuMH AaepHbIMU peaktopamu ADC? Cre-
natb JIBP u3-3a cnenmuduky erkod Boawl npeienbHo 6e30MacHLIMH HEBO3MOXKHO.
VBenuuenHe KonuuecTBa 6aprepoB 6e30macHOCTH yBenuyHBaeT cTouMocth AJC H He
co3gaeT (u3nueckuX ocHOB GesonacHoctu. JIBP MoryT cxeus He Gonee 1% npupon-
Horo ypana. Hao nponomxats 106514y NpHpoaHOro ypaxa. JI0MKHbI IPOAOIKATE pa-
bortatrh oboraTtHTenbHble KOMOHHATHIL.

Poccus obnanaer yHuKanbHBIMH 3anacaMH pa3IH4HbIX YTJIEBOAOPOAHBIX SHEPIO-
HCTOYHHKOB, a TaK)xe ruApopecypcaMHi. Poccui HHKOraa He NPHAETCA EaTh CTaBKy
Ha OJHH 3HEPrOMCTOMHHK, KAKHM Obl XOpOIUMM OH HH OBbLIL 7

SlnepHble 3HEPreTHYECKHE YCTAHOBKH C HCII0JIb30BAaHHEM 3HEPTHH AENICHHs A1ep
aKTHHOHZIOB HEHTPOHAMH — OCHOBA COBpeMEHHOI AaepHoii 3HepreTHkH. B HacToa-



11ee BpEMs [OAABIAMLLAs MAcca AAEPHBIX PEAKTOPOB Pab0TaET Ha TEMUIOBBIX HEHTPO-
Hax. TeI10HOCHTENeM B TAKHX AIEPHO-IHEPIeTHUECKHUX YCTAHOBKAX MOXKET ObITh JIET-
Kas BO/A, FeHil, sHAKHE MeTaLlsl. FiMes orpoMHBIi ONBIT HCMO/L30BAHMSA JIErKOi
BOJb! B TEIUIOIHEPTETHKE, ECTECTBEHHO OBUIO HCIONB30BATL NPH CO3AAHUH NEPBBIX
3HEpreTHYECKHUX YCTAHOBOK JIErKYI0 BOly KaK TEIULIOHOCHTEb, IPH ITOM OHA ABIACTCA
M 3aMeUIHTeeM HEMTPOHOB, YTO JAeT €il olpele/ieHHble NPeHMYLIECTBa.

Vnes peakTopoB HA GLICTPHIX HEMTPOHAX MOABHIACH NPUOIM3UTENLHO B TO KE
BpeMs, YTO M M€ PEaKTOpOB Ha TEILIOBBIX HeifTpoHax. B CoserckoM Coto3e Hayuy-
HbIM PYKOBOJMTesIEM PaGoT sAfepHBIX PEaKTOPOB Ha GICTPBIX HEHTPOHAX C HaTpHe-
BbIM oxyaxaeHuem 6bin A M. JleitnyHekuit. B peakTopax Ha GbICTpbIX HEATPOHAX Jier-
Kas BoJa He MOIJIa GbITh MCIONB30BaHA B KauecTBe TemwloHocutens. Jna 6puaepos
HYKHO 6BLI10 C HYJ11 OCBOHTB COBEPILIEHHO HOBbIi TEIIOHOCHTEb — WHIKHIA MeTalll,
He 3aMeUTAIOLINI HEHTPOHDL, crIocoOHBIH 0XJIaX/aTh BbICOKOHANPAXKEHHYIO aKTHB-
HYIO 30HY. ’

. Jlenanuch NONBITKH MCIONB30BaTh B OpHaepax ra3oBble TEIIOHOCHTENH (renui,
CO,, N,0,). lpuHuHIHATLHBIM HENOCTATKOM a3oBbIX TEIUIOHOCHTENEH ABIAETCA
BLICOKOE JaBlieHHe. PasrepMeTH3alis NPUBEAET K-NOJHOH NOTEpE TEIIOHOCHTENS.
BepHYTh TEIUIOHOCHTEb CHOBA B aKTHBHYIO 30HY JUI aBapHITHOrO pacxoaHBaHHA
HEBO3IMOXHO. B aKTHBHOIA 30He GBICTPOrO PEaKTOpa HET MAcChl, KOTOpas Moria 6bl 3a
cyeT CBoel TeII0eMKOCTH B3STh Ha ce0s BbIAENCHHYIO IHEPruio. 32 CUET OCTATOMHOI0
TEIUIOBBLIAEIEHH PA3PYUIMTCs AaxXe 3arilyleHHas 30Ha. AKTHBHAA 30Ha Gpuaepos
HMeeT BhicoKoe oboralieHue, Paciuiapenne akTHBHON 30HbI MOKET NPHBECTH K 00pa-
30BaHHMIO HEKOHTPOJMPYEMOM KPUTHYECKOI MaCcChl CO BCEMH TAKEIEHILNMY N0CTEA-
CTBHAMH.

IMes BLICOKYIO TEMIIEPATypy KHIIEHHS, JKUAKOMETAIHYECKHE TEIUIOHOCHTEIIH
AT BO3MOXHOCTh CHUMAThL 3HEPTHIO IPH HHU3KHX JaBJICHHAX B KOpITYCE A/1epHOro
peakTopa. PemaeTcs 0/MH H3 BOKHEAIIMX BONPOCOB Ge3011aCHOCTH — NOTEps TEIo-
HOCHTENA [IpH pasrepMeTn3auuu. [TosBIAETCA BOSMOKHOCTb HCIONIB30BATL 6aKOBYIO
KOMIIOHOBKY, B KOTOPOii aKTHBHas 30HA BCEra HaXOAHTCA M10JL 3ATMBOM TEIUIOHOCH-
TENS. '

JUIs aTOMHBIX [0JIBOJIHBIX JIOAOK H, OCOGEHHO, /Ul KOCMHYECKHX Kopabiel, rae
BecorabapuTHble XapaKTEPUCTHKH UIPAIOT PELIAIOLLYIO POJlb, XHAKOMETAULINIECKHE
TEIJIOHOCHUTENHM OKa3bIBAIOTCA BHE KOHKYPEHLHH.

B HacTosliee BpeMs KHAKOMETAIIHYECKHE TEIUIOHOCHTENH B PEAKTOPOCTPOCHHH
HCIIONB3YIOTCA Malo.

Yero MOXHO OXHAATh B Oymyuiem?

Belna MCTOpUuecKas HeoGX0AMMOCTb, a He olHbKa, CO3aBaTh H yCOBEPILIEHCTBO-
BaTh [UIA KEJIE3HOJOPOXKHOr0 TPAHCIOPTA NapOBO3Hl, KOTOpbIE B HACTOsLIEES BpEMs
IPaKTHYECKHU MOJHOCTHIO 3aMeHeHbl Ha TEIUIOBO3bI H JNIEKTPOBO3bL. JTO €CTh eCTe-
CTBEHHBIil [POLECC PA3BUTHA HAyKH H TEXHHKH.

Hagio noHsTh, 4T0, HCHONb3ys JIETKYIO BOAY, Helb3s Co3faTh 60O anepHOi
axepreTukH. [IpH NPEEMCTBEHHOCTH BCEil HAKOIUIEHHOMN KYJBTYpPbI JIEFTKOBOJHBIX pe-
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aKTOPOB OHH JIOJIKHB! YCTYIIHTh MECTO PEAKTOPaM Ha GbICTPbIX HeHTpOHaX C KHIKO-
MeTaIHYECKUM oxJiaxaeHueM. Takas 3aMeHa JOJKHA NIPOHU3ONTH, Opex e BCEro, B
anextposHepreTike. Hemp3s cuuTaTh, YTO JIEFKOBOJHbIE PEAKTOPbI oM OHOKOH.
JIBP BLIMOJHMIH CBOIO 333y, OHH OTBEYAH CBOEMY YPOBHIO OHMMaHHA ANEPHO#H
snepreTkH. OpHako s Oynyuweil snepHOH HEPreTHKH HECPABHEHHO JyuIUHMH
ABNAIOTCA peaKTOpbl-Opuaepkl Ha OBICTPbIX HEHTPOHAX € KHAKOMETAUIHYCCKHM
OXJIAKACHHEM.

Bricoka poJib paMoXHMHH B 60O SAEPHOH IHEPreTHKE. Bech NOTOK AAEPHO-
ro Tonusa 6yxeT MHOIOKPATHO MPOXOAHTD Yepes paHOXHMHUECKY0 obpabotky. Pa-
JHOXHMHYECKHE IPOM3BOJACTBA MO/KHBI OTBEYATh CaMbIM JKECTKHM TpeboBaHUAM
AnepHoil Ge30MacHOCTH M HE JOMyCKaTh BLIX0Ja palHOAKTHBHOCTH B OKPYXKAlOLLIY10
cpeay. [l nocefyoHX ollepauHii ¢ mpoAyKTaMHu ACICHUs OHH NOJIAKHEI 6bITB II1Y-
6OKO OUMILEHBI OT aKTHHOHROB. B03MOKHO, MOHANOGUTCA palHOXMMHYECKOE pa3fe-
JIeHHE AaKTHHOWAOB H IPOAYKTOB [EJEHHA.

B 11epHOM OpYXHMM LENHAs AAEPHAA PEaKUMs AOJKHA MPOHTH TONBKO OAHH
pa3 — BO BpeMs a[iepHoro Bpsia. Bee Aenaerca i Toro, 4TOObI HE MPOH30LLJIA HE-
CaHKIIMOHHUPOBAaHHAs AlE€pHas peakuHs. ;

B akTHBHO#i 30H€E AAEPHOMN IHEPreTHUECKOH yCTaHOBKHM KOHTPOIHpYEMas uentas
a/lepHas peakuHs HAET HenpepbiBHO. ToMIHBO NpH 3TOM HAKAIUIMBAET H30TOIb! AKTH-
HOMIOB M NIPOJYKTBI Je/leHHA. MEeTaIOKOHCTPYKUHMH B 30He ANEPHOH peakuMH H B
6moxailleM OKPY)KeHHH CTaHOBATCS PajAHOaKTHBHBIMH.

OnacHOCTh AAEPHOIl IHEPreTHKH 3aKI0YAETCA B CICAYIOLIEM:

1. BbIXOJ H3-NOZ KOHTPOJIs! LEMHOH AAEPHOHN peakuHH, IpH KOTOPOM 3a KOPOTKOE
BpeMs BbIAEIAETCS TAKOE KOJIMUECTBO SHEPIHH, C KOTOPLIM HE MOXKET CIIPAaBHTHLCS CH-
cTeMa OXJIAXKIEHHA.

2. IMonagaHue BBLICOKOPAJHOAKTHBHBIX MPOAYKTOB B OKPYXKalouUlyio Cpeny.

TeIIOHOCHTENb — HEOThEMJIEMas 4acThb SIEPHBIX PEAKTOPOB GOMbLIOH eAnHIY-
HO# MOIHOCTH. TenIOHOCHTENb — IBHXKYLLAACA Cpela, nepemMeliaeMas Wil NpuHy-
JHTENBLHO, WK 33 CYET pA3HOCTH IUIOTHOCTEH, [Uia NepeayuH Temia ot fonee HarperTo-
ro Teja K MEHee Harperomy.

TemIoHOCHTENb — EIHHCTBEHHDIH JNIEMEHT B SAEPHO-IHEPreTHECKOiH YCTaHOB-
K€, KOTOpPBIil NOCTOSIHHO TIPHCYTICTBYET, KaK B 30HE AACPHBIX peaxkumuit — akTuBHOM
30He, TaK U BHE €€. :

TennoHOCHTENb He JOJKEH Nornolarh HelTpoHsl. JJia AnepHbIX PEaKTOpOB HA
ObICTPBIX HEMTPOHAX TEIUIOHOCHUTENb HE NO/DKEH 3aMENIATH HeiiTponsl. s peakto-
POB HA TEIUVIOBBIX HEHTPOHAX JKENATENbHO HMETH TEIUIOHOCHTE, KOTOPBIit GbLT OBl
XOpPOLUMM 3aMeIHTeIEM HEHTPOHOB. PeakTOpHOE U3y eHHE HE NOMIKHO 00pa3oBbl-
BaTh B TEIUIOHOCHTEJIE BLICOKOPAIHOAKTHBHBIX H30TONOB C AOCTATOYHO GOMBIINM ne-
pHOROM Ioaypaciiafa. PeakropHoe H3myueHHE HE IOJDKHO HIMCHATL ¢dusnueckue, Te-
wiou3MyeckHe, GU3UKO-XHMHYECKHE CBOHCTBA TEILIOHOCHTENA. Tennonocurens He
JI0JxeH GbITh HOBEPHKEH B PEXKUME HOPMATLHOI IKCIUTYaTalHH PaHONIN3Y . B pexu-
Me paboduX TEMMEPaTyp TEIIOHOCUTEND HE JOKEH H3MEHATD (dhH3MUECKHE, TEMIO-
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du3udeckue, GUINKO-XMMHUYECKHE CBOHCTBA. TerIoHOCHTENb He NO/DKEH ObITh OA-
BEPXKEH MHPONU3Y.

B cnyuyae aBapuu, CONMpPOBOXAAEMOIi PE3KUM YBENIHYEHHEM PAIMOAKTHBHOIO H3-
Jy4eHHUs Y TeMIIepaTyphbl, TEIUIOHOCHTENb He JOJIKEH YTSKENATh MOCACACTBHIH aBa-
pHH.

Kpaiine xenarensHo, 4To6bl TENIOHOCUTENb 001aaNn HU3KOH XMMHYECKOH aK-
THBHOCTBIO.

MpeanoureHue AOMKHO OBITH OTAAHO TAKOMY TENIOHOCHUTENIO SEPHO~3HEPIETH-
4eCKOi YCTaHOBKM, y KOTOPOro JyduIde TemnopH3ndeckHe mapaMeTpsl: a) BbICOKas
TeMmeparypa KuneHus, 6) Hu3Kas TeMnepaTypa IUaBjieHHs, B) Gonbluas TEnjaoTa na-
poobpa3oBaHHs, I) BEICOKAs TEIUIOEMKOCTb, 1) BLICOKas TEIUIONPOBOJHOCTS, €) HH3Kas
BA3KOCTb, ) HeOonblIas IIOTHOCTS.

XenarensHo, 4TOOBI TEMIOHOCHTENL: ) c1ab0 B3aHMOAEHCTBOBAN C pealbHbIMH
KOHCTPYKLIHOHHBLIMH MaTepHanamy, 6) cimabo B3aHMoeiicTBOBaN ¢ AAEPHLIM TOILIH-
BOM, B) ObL1 coBMeCTHM ¢ pabo4unM TestoM (dallle BCero ¢ JIerkoi BoJoH, pexe ¢ rasa-
MH) MJIH BELLIECTBAMH, KOTOPLIM HAaJl0 OTAATH TEMJIO, BOCMPHUHATOE TEIUIOHOCUTENIEM B
ANEPHOM peakTope.

IMpu pabounx TeMmepaTypax TEIUIOHOCUTENb, BOHAA B KOHTAKT C BO3LYXOM, HE
JIOJDKEH. 3aroperbes. TeIUIOHOCHTENL HE AOMKEH NMEPErpeBaThCcsi MO OTHOILEHHIO K
TeMIEpaType HACHILIEHHS, @ 3aTEM B3pbIBOOOPA3HO BCKUMNATH (NPH KOHTAKTE C aBa-
PHIHO NeperpeThIM, pa3pyIlLEHHBIM TOMITHBOM), @ TAKKE HE JI0JXKEH BCKUIIATH U MOKH-
AaTh AKTHBHYIO 30HY IPH Pa3repMETH3aLHMH ACPHOTO PEAKTOPA H, COOTBETCTBEHHO,
NajeHHN JaBJIEHHA. : '

Ha BrIOOp TEIIOHOCHTENA CYLIECTBEHHO BJIMSIOT MapaMeTpbl, NMPH KOTOPBIX
Npeanoiaraercs oCyuecTBUTh TEPMOAHHAMUYECKHH MK, TeIuloHOCHTEND, SBIs0-
wMiica BNONHE yJOBIETBOPHUTEIbHBIM MPH OJHHX MapaMeTpax, OKa3bIBAaeTCs COBEp-
IIEHHO HenpHeM/IeMbIM NIpH Boiiee BLICOKHX napaMerpax. EcTecTBeHHO cTpeMieHHe B
ANEPHO-3HEPTeTHYECKUX YCTAHOBKAaX HMETh MAaKCHMAJILHO BBICOKHIl TEPMOAHHAMM-
geckuit KITJ1. MakcuManbHO BBICOKas TEMITEpATypa TEILIOHOCHTENS Ha BLIXOAE U3 aK-
THBHOIA 30HbI peakTopa onpeaenseT KITJ Beeit aaepHo-3HepreTH4ecKol yCTaHOBKH.
TeMnepaTypHblii ypoBeHb TEITOHOCUTEIA ONpeaenseTcs paGoTocnocoOHOCTBIO KOH-
CTPYKUHMOHHBIX MATEPHAJIOB B JaHHOM TEIUIOHOCHTEJIE 32 3alaHHOE BpeMs. J11a TpaHc-
NOPTHBIX YCTAHOBOK, [l¢ HCKIIIOYMTENLHO BXXHBIMU SBIAIOTCS BeCOrabapuTHbIE Xa-
PAKTEPUCTHKH AJEPHO-IHEPreTHYECKOH yCTAHOBKH, BBICOKHIT TeMIepaTypHBIH ypo-
BEHb TEIUIOHOCHTENSA CTAHOBHUTCH PEILAIOLINM.

B pe3ynbraTe MHOrONETHUX MCCIIEOBaHHUIl B CTpaHaXx, ClIeLIHaTH3HPYIOLIMXCS B
PEaKTOPOCTPOEHHH, CRUCOK BEIECTB, MOTYLUHX OLITL TEMIOHOCHTENAMH, OKa3aics
BeCbMa OrpaHudeHHbIM. OXMIaTh Kakux-TH60 4pe3sbldaiiHo 3] heKTHBHBIX
OTKpHITHI He npuxoaurcs. UaeanbHoro, yHHBepcaIbHOrO TEIUIOHOCHTENA B IIPHPOAE
HeT. TennoHocuTenb NOMKEH COOTBETCTBOBATH INIABHOH MIee, 3aKia/blBaeMOH BO
BHOBb CO3[aBaEMYIO SICPHO-IHEPIETHYECKYIO YCTAHOBKY.
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TennoHocHTens MOXKET OBITH XUMHYECKHM 3JIEMEHTOM, CIUIABOM, CMECHIO XMMH-~
4eCKHX 3JIEMEHTOB, HO HE XHMHYECKHM COeAHHEHHEM. DTOMY TPeOOBaHHUIO HE YIOBIE-
TBOPSAET TEIIOHOCHTEL COBPEMEHHOI ANEpHOIl 3HepreTHkH — Boja. Jlerkas Boga —
OCHOBHO#1 TEINJIOHOCHTENDb H pabouee TeN0 B TPAAHLIMOHHOMN TeMo3HepreTHke. B te-
IUIOHEPreTHKE MallOBEPOATEH ITHPOJIM3 BOJb! M MOJHOCTLIO OTCYTCTBYET PAAMOIM3.
Co3pnaBas nepBble KOHBEPTOPL! U YHEPrETUYECKHE YCTAHOBKU U1 aTOMHBIX MOJBOJI-
HbIX JIOJIOK, SiIEPHAs 3HEPIeTHKA CTA/la MCIIONb30BaTh JIETKYIO BOY KaK TETUIOHOCH-
Telb, 3aMEUINTENL HEHTPOHOB H pabouee Teso. ’

Bona uMeer crienyioue npHHUMIHAILHBIE HENOCTATKHU.

1. Bona — xuMH4eckoe coelHHEHHE Ku.cnopona u Boaopoaa. B notoke peakrop-
HOT'O M3JTy4YeHHs MPOUCXOIUT PafnoIn3 BObL. UaCTHYHO BOAOPOA H KMCIOPO PEKOM-
6uHMpyIoTCA. YacTh KMCIIOpO/a OKHCIIAET METAIUIOKOHCTPYKLIMH peakTopa. YacTs Bo-
Jopoaa M KMCIopoaa B BHAE XMMHYECKHUX JJIEMEHTOB OCTAaeTCs B BOJE.

B aBapuiiHbIX CHTyauUsX NMpH JOCTHXKEHHH HeXJIAaMH TEIUIOBBIIENAIOIIHNX 3Jie-
MEHTOB Temrepatyps! Bbiltie §00°C BoasHOM nap cTaHOBUTCA OKHUCIIMTENEM, OT/aBas
KHCJ10poA Ha oxkucnenne. OKHUCIEHHbIE YEXIIbl TEMUIOBLIACIAIOIIHX JIEMEHTOB TEPAIOT
MEXaHHYECKYIO MPOYHOCTL. TOIUIHBO HE y[IEpXUBAETCA B 3aJIaHHOM IOJOKEHHH U
nerko Moxer 6b1Th 00py1ueHo. Obpasyercs cBoboaHblit Bogopoa. Bes xouTakTa ¢ Ku-
CIIOpOJIOM BO3/yXa Bonopon' MOXET CO3/JaTh [a30Bblii My3bIpb B aKTHBHOIi 30HE U TeM
CaMBIM YXyAUHTh TeMI0CkEM. B cinyuae BrIGpoca Bofopoaa B arMocdiepy MmodTH Ha-
BEpHAKA NPOHU30HAET XHMHYECKHIi B3pHIB.

2. Beicokoe naBienne (ty, = 374°C npu Py = 22,13 MIla).

Jns nojgydeHHs npUEeMIIEMBIX TEPMOAMHAMHYECKHX MapaMeTpoB 3HepreTude-
CKO#i yCTAHOBKH BOJ1a — TeIUIOHOCHTENb — NOJDKHA UMeTh Belcokoe AasneHue. [pu
pasrepMeTH3aLK KOpnyca peakTopa BoJa Mo/ JJaBJIeHHEM HCTEKAET B OKPYKAIOLIYIO
cpeny. IloTeps Boas! H3 A3 NpHUBOAHMT K OCyIIEHHIO A3, pe3xoMy yXyIIIeHHIO ChéMa
Tera. ’

H3-3a Hu3KO#H TEIUIONPOBOAHOCTH SJEPHOIO TOMJIHBA B HOMHHAJILHOM PEXHME
TEMIIEpaTypa TOIUIMBA BBICOKA. TOIMIMBO aKKYMYJIUPYET MHOTO Teruia. 310 TEMJIO MpH
OTCYTCTBHH TEIUIOCBEMA MOXET Pa3orpeTh YeXJIbl TEIUIOBBIIEIAIOIINX JNEMEHTOR 10
paspyuieHHs. B anepHoM ToniuBe, B KOTOPOM 3ariylleHa LieNHas SAepHas peakLus,
NpOJOIKAIOTCA AACPHBIE peakuH, yObIBasg co BpeMeHEM. DTO OCTATOYHOE TEIJIOBEI-
JeJIeHHE MIPH OTCYTCTBHH WIIM CHIILHOM HAapYILIEHHH ChEMa S3HEPTHH MOXKET pa3orpeThb
N ToruuBoO, M yexssl TB3JIoB N0 aBapHiiHBIX TeMneparyp.

3. Kpusuc xuneuus.

IIpu He oyeHb GONBIIMX YAENbHBIX TEMUIOBBIX MOTOKAX NPH HAPYLUIEHUH LUPKYJIA-
{HOHHOI'O PEXHMa TEMIOHOCHTENA 110 PACXOAY, TEMIIEPATY e, AaBICHHIO MOXKET NPO-
H30HTH 3aMeHa MHTEHCHBHOTIO ChEMa JHEPriuH MpH Ny3HIPLKOBOM KHIIGHHH Ha IIjie-
HOo4Hoe KurneHue. [IneHka co3naer QOMONMHUTENBHOE TEPMHYECKOE CONPOTUBIICHHE,
pe3ko Bo3pactaeT Temnepatypa TB3JIa. B yyactkax, MOKpBITHIX NapoBOii IUIEHKOI,
HA4YHYTCS OKMCIHTENBHBIE MPOLECCH — MAPOLMPKOHHEBAsk PeaKuis.
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4. IlapoBoii B3pbIB.

KOHTaKT BHICOKOPA30TPETOro TormMBa H3 paspyuienusix TBDJIos ¢ ocTaTkamu
BOJIbI HA JIHE KOPIyCa PEaKTOPa BbI30BET B3pbIBOOOPAa3HOE BCKUIAHHE BOALL, yaapHbli
pocT aaBjieHus napa. [1apoBoil B3peIB MOXKET pa3pyIUNTE KOPITYC peakTopa, Tpybonpo-
BOJIbl, HAPOr€HEPATOPhl, COPBATH KPBILIKY PEAKTOPA CO BCEMH OpraHaMH, ylpasiito-
MMM LIeMHO# saepHoi peakuMeii.

5. Huskuii KITJ.

JIBP umeer KI1J] npumepHo 33% npotue 45% U1 peakTopoB, OXJIAKAAEMbIX
xuIKuM MeTautoM. Bonee uuskuit KITJ JIBP BbI3bIBa€T HEOOXOAHMOCTE 714 110J1y e~
HHS OJ[HOTO H TOTO XK€ KOJMYECTBA 31eKTPOIHEPIHH CKeUb GOIbILE AEPHOrO roproye-
IO, [0Jly4HTh GONbILE NPORXYKTOB JCNEHHA, IPUBOAUT K Goslee CHIILHOMY TEIIOBOMY
3aCOpEHHI0 OKpYy:xalollleil cpesibl B paiioHe aTOMHOH CTaHIMH.

6. Boga — 3ameqnuresib HEHTPOHOB.

Ha TeIUIoBBIX HEHTPOHAX Henb3s Cxedb: a) Gonbwe 1% npupoaHOro ypaa;
6) o6eaHeHHBII NPHPOAHLIH YPaH, U3 KOTOPOTO H3BJ/IEHEHa HaCTh ypaHa-235 ans BoeH-
HBIX HYX, a TaKoke Ang oGoralenns aaepHoro Torusa pabotaomx JIBP wis A9C
M aTOMHBIX [10BOAHBIX JIOJOK; B) HapabaThIBaeMbI€ B A3 JIBP amepuuuii, KIOpHH, He-
NTYHHI. »

7. IponnasneHne 0OPYLIEHHBIM HEPrOBBIAC/AIOUIMM SACPHBIM TOILIHBOM 1HA
KOpIlyca SIEPHOTO PeaKTopa.

B cnyyae 10TepH BOISHOTO TEMIOHOCHTENA (4TO NPAKTHYECKH Hen30eXHO NpH
pasrepMeTH3aLHH NEPBOrO KOHTYpa H3-3a BBICOKOrO NaB/ICHHA BOJbl) U OGpYLLEHHS
A/IEPHOTO TOIUIMBA BCJIEACTBHE HENOMYCTHMOrO neperpesa u paspylieHus TB3JIos
3HEproBbleNAlIee AAEPHOE TOIUIMBO MOXKET MNPOIIABHTh AHO KOPIYyCa peaKTopa.
Temneparypa IU1aBJIeHIA HEPHKABEIOLIEH CTaIH COCTABIAET IPHMEPHO 1500°C. OpHa-
KO €CIIH [IpH B3aMMOEHCTBHH AIEPHOTO TOIUIHBA € KOPITYCHOH CTasIbIO obpasyercs 3B-
textnka U-Fe, nMetouas Temneparypy Iutanesus okono 600°C, To npornasieHue
JIHA KOpIyca PeaKTopa ¢ BhIGpocoM 3a Ipefiesibl KOpIyca BBICOKOAKTHBHBIX aKTHHOH-
JIOB M [POJIYKTOB JEJICHUs CTAHOBUTCA Goslee BEPOATHBIM, €CIM HE CKa3aTh — HEH3-
6exKHBIM.

Kak Mepy npenoTBpAlLEHHs Takoil KaTacTpodbl CeN0BAIO Obl UMETH BHYTPH
xopnycos JIBP B 1x JOHHO} YacTH aBapHiHbIC cOOPHUKHM 1101 aKTHBHOMH 30HOH, 4TO
1038010 GbI IPEOTBPATUTE MPAMO# KOHTAKT 0OPYILICHHOrO SAEPHOIO TOMIHBA H €
IHOM KOpIyca peakTopa. ‘ : §

JliofsiM HyXHa TOJBKO NpexebHo GesonacHas sHepreTka. Eciu nponsouaer
BTopoii YepHoGbutb B 1060 M3 CTpaH, BIAACIOIMX aTOMHBIMH JICKTPOCTAHLIHAMH,
TO sjepHas jHeprerHka OyneT Ha MHOTHE rojibl OCTaHOBJICHA.

Ha TennosHepreTHYeCKHX YCTAHOBKAX 33 MHOTHE rOJIbl HX CYLECTBOBAHHA 6bUTH
aBapuH, HO He OblIO KaTacTpod. ABapHH Ha TEIUIOBBIX /IEKTPOCTAHUMAX HOCAT,
BO-TIEPBbIX, JOKAIHN30BAHHBIH B NPOCTPAHCTBE, BO-BTOPbIX, pa3oBslil xapakrep 6e3
PACTAHYTOrO BO BPEMEHH BPENOHOCHOTO BO3JCHCTBHA HA Moaei U OKpyKaloulyio
npupomy. SIaepHast SHEprus NP BCeX CBOMX NPHHUMNHAIILHBIX NPEHMYILECTBAX I1e-
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pea ApyrMMH 3HEProOMCTOMHMKAMH HMEET JBa PUCYILHX el NPHHLHIHAIBHBIX HeJ0-
CTaTKa:

1. Bo3MOXHOCTb Ha AEHCTBYIOLIHX HEPreTHYECKHX YCTAHOBKAX BO3HHKHOBEHHS
HEKOHTPOIMPYEMO#i LIeNHOi saAepHON peakLu, IPU KOTOpO# B3pbIBOOOpPa3HO BbIae-
JIETCS TAKOE KOJIHMYECTBO IHEPIHH, YTO CaMO AAEPHOE ropioyee, BCe KOHCTPYKLUHH,
€ro OKpy’alouine, MOryT He NPOCTO Pa3pyIMThCS, 2 Henaputbed. [Ipu xumMuyecknx
B3pbIBaX BO3HHKAET TEMIIEPATYPA B HECKOJILKO ThICAY IPalyCOB, MPH sIIEPHOM B3pbIBE
B npefene — B MHIHOHBI rpagycoB. I'pa¢uToBad mbuib, 0OHAapYyXEHHas BOKPYr
YADC nocne aBapuH, TOBOPUT O TOM, YTO TEMIlEpaTypa B 30He aBapHH, N0 KpaiHei
Mepe, npesbimiana 4200°C — TteMneparypy cybaumauun rpadmura. '

2. Ilpu uenHoii aaepHoit peakuuu 0Opa3yloTca NOTOK HEHTPOHOB, hponyxrbl ne-
NEHHs aKTMHOMIOB, PAJIHOAKTHBHbIE aKTHHOM LI, IlepHoap! norypacnana BOSHUKIUNX
M30TOIOB COCTABIIAIOT OT 10/1€ii CEKYHBI 10 MHOTHX ThICAYENETHI1. PeakTopHoE H3ny-
4YEHHE CO3a€T HaBEeACHHYIO0 PaJHOAKTHBHOCTh B KOHCTPYKUHMOHHBIX MaTepHaiax pe-
axTopa W B TemnoHocuTene. [1pu HapyleHHaX perlaMeHTa IKCIUTyaTauldi U aBapusx
paaroaKTHBHBIE MPOLYKThI MOT'YT ONACTL B OKPYXaIOLLYI0 cpely. PagnoakTHBHOCTh
rubensHa UM BCETO KMBOIO, M MpExIe BCEro I YeNoBexa.

Oco6eHHOCTb PAIMOAKTHBHOCTH — €€ HEJb3d HH YHHUTOXKUTb, HH HeHTpann3o-
BATb XUMHYECKMMH METOJAMH. Y HHUTOXUTH PaHOAKTHBHOCTb MOXHO TOJIBKO saep-
HbIMH PEaKLMsAMH, [IEPEBOAA PAAHOAKTUBHBIE H3OTOIB! B CTAOHIIBHBIE, JONIOXKHBY-
LIIHE HIIH KOPOTKOXHMBYLUME H30TOMNbIL, TMGO paspyas aapo usorona. HekoTopbie pa-
JMOAKTHBHBIE NPOAYKThI 06pa3yloT JIErKOPacTBOPHMBIE B BOAE COEAHHEHHS, YTO
co3gaeT oco0yl0 OMacHOCTE. ,

MpenenpHo Oe3onacHoil saepHas 3HEPreTHKA MOKET ObITH TOJLKO B TOM Cy4ae,
€C/IM MOXHO B [PHHLMIIE HCKITIOYHTH Pa3roH LENHON AAEPHON peakuMu M peuiuTh
npobneMy, CBA3AHHYIO C HAKOIUICHHEM PagMOAKTHBHBIX OTXOAOB.

Hapo pasnuyaTe pannoakTHBHOE HacneaMe, MoNy4YeHHOE OT BOEHHOH nporpam-
MBI, H PaIOAKTUBHOCTb, HEMPEPHIBHO 06pa3yollyloca B 3HEPreTHYeCKUX AAepHBIX
peakTopax npH ux pabote. PaguoakTHBHbIE 0TXOAbI BOEHHOIT IPOrpaMMbl — 3TO [111a-
Ta 32 He3HaHHE M BBIHYXKAEHHYIO NOCHEUIHOCTh MPH CO3JaHUM SJEPHOro OpYKHA.
CTOJKHYBILHCH € YTPOKAIOLIMMH MacIuTabaMH HCKYCCTBEHHOH paJHOAKTHBHOCTH, HE
MMest HU JOCTAaTOYHBbIX 3HAHUI M OIbITA, HU BPEMEHH HA UX NPHOOPETEHHE, ANEPHbIE
AepxaBbl HOOHIMCH yclexa B CO3AAHMH AAEPHOro Opyxus OONBLIONH LEHOI.

Cospannas paguoxumuyeckas nepepaborka odnaydentoro tomnusa 6pla Hamnpa-
BJICHA HA H3BJICYEHHE OPYIKEIHHOrO 233 Pu, copepaxalliero Manoe KoJIHYECTBO POAYK-

TOB JACJICHHA W APYTHX H30TOIOB IUTYTOHHA.

Jlnst 60nb110ii SAEpHOI SHEPreTHKH NOTPEGOBAIOCH PellleHHe CIIENYIOUIMX [0~
OanbHBIX 3anau:

1. lepepaboTka 60JIBIIMX MACC BHIIPY>KaeMOro U3 AREPHBIX PEAKTOPOB A4EPHOr0
TOIUINBA, CoAepxauiero GONbIIOE KONHYECTBO PaJMOAKTHBHBIX H3OTOIOB.
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2. OtaeneHye akTHHOMIOB OT POAYKTOB JeNeHHA. AKTHHOMABI IIPEBPAILAIOTCA B
A/lepHOE TOIUIMBO W BHOBb IOCTYMAIOT B sJEPHbIE PEAaKTOPHI.

3. NpoayxTs! geneHus, KOTOphlE, KaK NPaBHIIQ, UMEIOT CPAaBHUTENBHO KOPOTKHE
nepHoAkbI Monypacnana, AOJDKHE! OBITE XOpPOLIO OYHIUEHE! OT aKTHHOWAOB, KOTOphLIE
nMeloT Gonbline nepHoas! nonypacnaaa. IIpoaykrs! aeneHus AOMKHBL ObITH Hampa-
BJIEHB! HA 33aXOpOHeHHE, XpaHeHHe HIIH TPaHCMYTaLHIO. 30HbI 3aXOPOHEHH S JOKHBI
ObITh rapaHTHPOBAHb! OT Pa3pylleHHs, KaK BCIEACTBHE [EOJIOrHYECKHX BO3AeHCTBHIH
M M3MEHEHUH, TAK U B pe3y/npTaTe HENpOAYMaHHBIX 00 yMBILIEHHbIX BMeLIa-
TeNbCTB JtoAei. TIpu XxpaHeHUH NpoAyKTOB AeneHus BO3ZHHKAIOT BONPOCHI, Tpebyro-
mue crenHalbHoi HayuHoi npopaboTKu: B 4eM XpaHHTh, KaK XpaHHTh, KaK B Cllyyae
HeobxoaumMocTH 00ecnednTh 3BaKyallUi0 XpaHUIIHILL.

4. HemanoBaxHblii BOIIpoc — 4TO genath ¢ GONbIIMMH MaccaMi KOHCTPYKLHOH-
HBIX MaTepHaJIOB U rpaduTOM C HaBeAEHHOH paau0aKTHBHOCTBIO? MoxeT GObITh, Liene-
co00pa3Ho NPOAYKTHI AEJIEHHA YI1aKOBBIBATh B KOHCTPYKIHOHHBIE CILIABb] C HABEJCH-
HOH PagMOaKTUBHOCTBLIO, U3BJIEKAEMBlE U3 aKTUBHBIX 30H BMecTe € OoTpaboTaBLIMM
SJEPHBIM TOIUIMBOM.

OcHoBononaraiwomuii BKi1aJ B CO3AaHKe NpeaesibHO 6e30MmacHbIX 1aepHo-IHepre-
THYECKHMX YCTAHOBOK U B YHHUTOXKEHHE pagHOAaKTHBHBIX OTXOHO0B JUIA 6OJIbLUOIH 3J1eK-
TPOSHEPreTHKU JBaJUATh NEPBOr0O BeKa MOXET BHECTH YCKOPHTENbHAs HAyKa H TeX-
HUKa.

B ocHoBy uaeH 351eKTposaAepHOi 3HEpreTHKH ¢ HCIIONBE30BaHHEM MOIIHBIX YCKO-
puTeNneH 3apsKeHHbBIX YaCTHL 3aKJlafblBaeTca clenyrouuii pusnueckuii npouecc. [pu
6oMOapaANpOBKE MULLIEHEH U3 TAXKENBIX 3JIEeMEHTOB (HanpuMep, U3 CBUHIA) My4YKaMH
PENATHBUCTCKUX 3apsKEHHBIX YacTHIL (B YaCTHOCTH, POTOHOB C dHeprueil mopsaaxa
1 I'3B) o6pasyetcs kackaa GpIcTpbIx HEHTPOHOB (10 50 1 Golee HEHTPOHOB Ha KaXAbIi
NpOTOH). DTO OTKPLIBAET NPHHUMIIHAILHO HOBBIE MEPCIEKTHBEl KaK B MCKIIOYEHHH
HEKOHTPOJIMPYEMEIX SACPHBIX POLECCOB B PeakTopax JejeHus (T.e. pa3roHa LenHoiH
peakuiy cO BCEMH €ro KaTacTpoHYECKUMH NOCAEACTBHAMM), TAK H B TPRHCMYTallHH
PaavOaKTHBHBIX H30TOINOB.

JU1s1 npakTHYeCKOTO NPUMEHEHHUs YCKOpHTeNel AN TpaHCMYTalMH JOJKHBI
OBITb NpOBEECHLI HAYUHBIE HCCIIEA0BAHMS H SKOHOMHUECKHE OLIEHKH, KOTOpBIE 103BO-
JIAT OTBETHTh Ha CJIEAYIOHE BOMPOCHI.

1. Kakas Hy»Ha SHEPTHs H IULIOTHOCTb HOHHOTO (IIPOTOHHOIO) My4Ka A/ TEX HIIH
HHBIX PaIMOAKTHBHEIX H30TOMNOB M CKOJIb PealbHO CO3aHHUE ycKopHTeneil TpeGyeMoit
MOILHOCTH (NpexJe BCEro no MHTEHCHBHOCTH My4yKOB)?

2. Bo3aMO3KHa JIM TPaHCMYTalUA CMECH paJHOaKTHBHBIX H30TOMOB HIIH HYXHO Ka-
MBI M30TON TPAHCMYTHPOBAaTb B CBOEM pexHMe?

3. Kakas Hy»Ha OYHMCTKA OT IOCTOPOHHHX XHMHUUECKHX 3IEMEHTOB JJ11 TPAHCMY-
TalMH JaHHOro n3orona?

4. DHeprerudeckuil U BpeMEHHOH pesxxUM TpaHcMyTauuu. [yGuHa TpaHcMyTa-
LHH.
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5. TexHonorusa ¥ MPUHUMIBI U3rOTOBIEHNS MUILEHH U3 BBICOKOPAAHOAKTHBHEBIX
H30TOMNOB. ,

6. Kaxopa Oyaer HaBeAeHHad PaAHOAKTHBHOCTb B 3JIEMEHTaX KOHCTPYKUHH MH-
LeHH?

7. "'apaHTHPOBaHHBII ChEM SHEPTHU C MUILEHH, YTOOHI MHILEHB HH B KOEM Cilydae
He ObL1a pacnnaseHa, 4To6b paquOaKTHBHOCTH He M0MNalla B OKPYXaloLlylo cpefy.

8. MueHH AOMKHEI 0OTBEYATh BCceM TpeGOBaHHUAM paqUallHOHHOI 6€301aCHOCTH.

9. IlyTH yTHnu3anuu 3Hepruu, BELASIAEMOH B MUIICHAX IPH TPAHCMYTaLIUH 60JIb-
IIHMX Macc NPOAYKTOB AEICHUA. .

10. Kak Beironsee yuuutoxxate Np, Am, Cm — B A3 saepHEIX peakToposB Ha Obl-
CTPBIX HeHTpoHax uinM 06Jyyas MX IMOTOKOM HOHOB (IIPOTOHOB)?

Jinsa GonbLuoit spepHoi 9HepreTukH ¢ GONLLIMMH MAaCCaMHU A/IEPHOTO TOIUIHBA, 3a-
IPY’aeMoro H BLIFPYXaeMOro M3 AAepHbIX PEaKTOpOB, HEOGXOJHMO CBECTH K MMHH-
MYMY PaJiHOaKTHBHBIEC MPOAYKTHI, MOAIEXKAIIHE XPAHEHHIO HIIH 3aXOpOHEHHI0. Xpa-
HEHHE M 3aXOPOHEHHE HE MOTYT MOJIHOCTLIO CHATE BOIIPOC aBapHIfHOT0 NonagaHMs pa-
AMOAKTHBHOCTH B OKpY>Xaloulylo cpely. TONBKO TpaHCMyTaLHUsd — YHHUTOXEHHE
panHOaKTHBHBIX MPOYKTOB — MOXET PELIMTh BONIPOC YHHUYTOXKEHUA paIHOAKTHBHEIX
OTXOO0B (ecnM He B MOJHOM 00ObeMe, TO XOTH Obl MONABJIAIOIUKX KOJIHYECTB).

Tenepe paccMOTpUM BTOpOit acnekT obecreueHus MpeneNbHOH 6€30MacHOCTH
AACPHON 3HEPreTHKH.

Jins BO3MOXKHOCTH BBIAENATL KOHTPOJIMPYEMYIO SHEPTHIO B TEMEHHE JOCTaTO4HO
JUTUTENIEHOTO BPEMEHH B COBPEMEHHBIX FE€TEPOreHHBIX SAEPHBIX PeakTopax H3Ha4aib-
HO 3arpy:xaerca U30BITOK A4SpHOT0 rOPIOYEro, KOTOPhIH KOMIEHCUPYETCS CTEPXKHS-
MH — MOTJIOTHTENAMH HEHTPoHOB. [Ipi Hapylennu HeliTpoHHOTrO 6aaHca aAepHbIi
PEAKTOP MOET WM 3arJOXHYTb, HIH NOHTH B pasroH.

Jina nomHo#H rapaHTHMH HEBO3MOXKHOCTH PEaKTUBHOCTHOM aBapud B A3 JIOJKHO
3arpy»KarTbcs MEHbLIE A€PHOrO FOpIOYero, 4eM TpeGyeTcs 11 BOSHHKHOBEHHA CaMo-
NOAREPXHBatOMIeiics uenHoi AaepHOi peakuud. A3 CTaHOBHUTCS KPUTHYHOH TONBLKO
3a CYET NIOTOKAa HEHTPOHOB, MOJyYaEMOro H3BHE OT MOCTOPOHHErO MCTOYHHKA.

TakuMH HCTOYHHKaMH HEHTPOHOB MOTYT OBITh:

1. Hmnynvcuvui peakmop Oenenus.

Tpeanonaraercs UMMyNbCHOE BBeJEHHE B MOAKPUTHUYECKYIO A3 noGaBounoro
KOJIHYECTBA JeNAilerocs MaTepHana, KOTOPOe CaMO TaKXKe MOAKPHTHYHO.

Brepsele B Mipe Takoit Hccaea0BaTenbCKHIt peakTop B 60-X rogax 6bU1 CO34aH B
Hy6ue nmon pykoeogcteom JI.H. Bnoxuuuesa.

2. Heyx3onnviii adepuviil peaxmop OereHus.

OcHoBHas yacte A3 — peakTOp Ha TeIUIOBbIX HEHTPOHAX — NMOAKPHTHYHA, [Toxa-
CBeTKa GBICTPBIMH HEHTPOHAMHU OCYILLECTBIIAETCA OT HeGOMBIIOrO AEPHOrO PeakTopa
Ha 6pICTpHIX HeHTPOHaX. Bce Mephbl peakTHBHOCTHO# 6€30MacHOCTH, BKIIIOYas caMora-
LIEHHNE NPU MOBLILIEHHH TEMIIEpaTyPhl TEIUIOHOCHTENA, OCYILECTBIIAIOTCA HA peaKkTo-
pe Ha GRICTpHIX HEHTpOHaX.
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3. [TodceemKa HelimpoHaMU, NOAYHEHHbIMU Om peakyuu cunmesa Ha TepMOsRED-
HOM pEaKTope C MHEPUHAIBHBIM YACPXAHHEM [L1a3Mbl. }

Takoii ru6puAHBIii ANEPHBIH PEAKTOP, 04EBHIHO, Hauﬁone:e peaibHblii MyTh K HC-
[10JIb30BAHMIO B JHEPreTHKE JHEPTHH CHHTe3a. HaKOIICHHBIH B pEaKTOpPOCTPOEHHH
OMbIT OGECNIEUHBAET CO3NAHHE TOAKPHTHYHOTO AIEPHOTO PeaxTopa ACICHHA.

4, [Todceemka HeUMPOHAMY, NOAYHEHHBIMU ON PEAKYUU 83aumodelicmsus UOHHO-

20 (NPOMOHHO20) NYHKA C MUMUEHDIO.
MouHbIi My4OK HY>XHO# 3HEPrHH YacTHLl H HHTEHCHBHOCTH MOJIy4YaloT HA YCKO-

pureie 3apAKEHHBIX yacTHL. 3 )
ﬂnepﬂo-aﬂepre'mqecxaﬂ YCT2HOBKA € HEUTPOHHOH [OJICBETKON OT YCKOPHTCIIA

COCTOUT H3: )

1) yckopuTeNs 3apsKCHHBIX 4aCTHLL, pabotarowiero B 3Hepr€TuqecK0M peXH

Me — THICAUM YaCOB HENPEpPbIBHOH paboThl € HIMEHEHHEM 3a/IaHHOH JHEprH HacTHU
(nopsiaka 1 I'sB and NpOTOHOB) B IIpenenax He Gonee 5-10% M € JOCTaTOYHO BHICOKOH
HHTEHCHBHOCTbIO MydKa (MCXOMs U3 KOMIUIEKCHBIX 3a/1a4 3Heqr3e1m§1:‘l H TpaHCMyTa-
UMK IUIOTHOCTb MPOTOHOB JOJDKHA COCTaBJATE HE menee 1071 E) p/c ).

2) MuLIEHH s NpeoGpa3oBaHHA YCKOPEHHBIX HAacTHU B HEHTpOHBIL.

3) NOAKPHUTHYHOI AKTHBHOH 30HBI M3 AENALLETOCH pewecrsa (HanpuMmep, ecTe-
CTBEHHOTO HWIH 0OEHEHHOrO ypaHa). o A3
4) cYCTEMBI LMPKYIAUMH TEITIOHOCHTESA, ocyuuicmnmomeu CHEM 3HEPTHH B
(B 3aaHHBIX TEMIIEPATYPHBIX PEXHMax) H OTAAIOUICH TEIUIO 11peobpa3oBaTeIlto IHEP-

THH. » y }

B s12epHO-HEPreTHUECKOH yCTaHOBKE C HEHTPOHHO NOACBETKOH NOABIAIOTCA
JIBa COBEPIIEHHO HOBbIX JIONOIHHTENIbHbIX arperata. ycxo?menb 3{1ememapﬂux ya-
CTULL M MUILEHB — [Ipeo0pa3oBaTe/ib HOHHOrO [IOTOKA B HeliTpoHHBIH. MupoBas 1IpaK-
THKa He HMEeT OlbITa CO3AaHHs TaKUX ACPHO-IHEPreTHYECKHX yCcTaHoBOK. B 1o e
BpeMs UCUE3aeT MEXAHHIECKas] CHCTEMA yIIpapJieHHs OpraHaMH peryMpoBaHia MOLL-
HOCTH M dBapHiiHOH OCTaHOBKH — MPOLECC YNPABIACTCH 1 KOHTPOJIUPYETCs BKIOYE-
HMEeM M OTKIIOYECHHEM 3JEKTPOMUTAHUA YCKOPHTEA.

PexuM paboThl yCKOPHTEN MOAYHHACTCHA CHIHAIAM, 110J1y4aeMbIM OT llaTllldKOBa,
YIpPaBJIsIOLINX IHEPrOBbIIEICHHCM B A3 1 cbEMOM JHEPTHH B A3. Hycx; 1; OCTaHOBK
YCKOpHTeJIs, JHEPTHS HOHHOIO My4Ka MOAYHHEHE! Rexu{My pabotbl A3. 5

Jomkua OuTh obecrnieyeHa rapanTs, 410 ABAPHIlHbIL CHIrHa FALICHHS LUCITHOH
AlepHOll PeaKUuH, MOTyHEHHbIH OT AaTYHKOB A3, Gyner 0[HO3HAYHO BBIMOJIHEH C
HYKHOH CKOpOCTBIO. : . 3

Henonyctumo, 4To6bt A3, Haxoaauancs B npefasapHiiHOM H aBAPHHHOM COCTOA-

HUM, NMPOAOIDKANa 110/1y4aTh HEHTPOHHYIO NOACBETKY.
ITyck Bcex 3BEHBEB 3HEpreTHUeCcKOil yCTAHOBKH JI0JDKEH GbITh MOAUHHEH CTPOro

MY pPCIJIAMEHTY H OCYyHIECTBIATHCA KaK oleparopoM BpYYHYIO, TdK H B aBTOoMaTH4eE-

CKOM peXXHUME oA KOHTpOJIEM oneparopa. DY
Pa6oTocnocobHOCTD KOHCTPYKLUHOHHBIX MarTepHanoB, U3 KOTOpBIX CAEIaHa s

JIMMHUTHpPYET TEMIIEPATyPHbiH yPOBEHD TEIIOHOCHTEIR Ha mbixone 3 A3. B cospe-
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MeHHBIX SIDY cyuiecTByeT yeTkas 3aBUCMMOCTb MeXAy BblllenseMoii B A3 3a cuer
LENHO AAePHO PEaKLINK SHEPTHH 1 HHTEHCHBHOCTBIO €& ChEMa TeruioHocuTenem. He
JIOITYCTHMO; NPEBLIIUEHHE 33aHHOIO YPOBHA BBIAEIAEMOH 3HEPruy; yMeHbleHUE
pacxojia TEMIOHOCHTEIA M MOBbILIEHHE €r0 TEMIEPATYphl Ha Bxoae B A3 npH 3adux-
CHpPOBaHHOH MOULIHOCTH. '

B o6brunpix 19V Me'xaﬂwgecxo'e nepeMmelleHie B A3 OpraHoB peryJHpoBaHHs
ofecrneuuBacT 3alaHHOE IHEProBoiaenenme. Hacochl 0CyIECTBAIOT UMPKYIALMIO Te-
TUIOHOCHTEJIS, 06€CTIEUHBAIOT HA 3alaHHOM TEMIIEPATYPHOM YPOBHE ChEM HEPTHH B
A3 n nepenady Tema npeoGpa3oBaTeNsM IHEPIHH. ' ‘

B 5DV ¢ HeiiTpoHHO# NOACBETKOH UMPKYNAUHA TENIOHOCHTENA OCTAETCS TAKOf
7€, KaK 1 B HblHE cymecTBytommx SIDY. A3 nomkna OBITb Ha POTAXKEHHMH Beeil pabo-
Thl, PH H3MEHEHHH H3OTOMHOrO COCTABA SNAEPHOrO TOMINBA, NOAKPUTHYHO. [apan-
THPOBAHHAas MOAKPUTHYHOCTL H HEBO3MOKHOCThH HECAHKUHOHUPOBAHHOIO yBesHYe-
HHsl SHEPTHM, NOAABaeMOi HEATPOHHBIM MOTOKOM B A3, co3ZaeT. rapaHTHIO HEBO3-
MOXHOCTH BO3HHKHOBEHMs CaMOil TAKEJIOH aBapHH —— pPeaKTHBHOCTHOM.

Mousocts SI3Y ¢ HelitpoHHOl NoAcBeTKON perynupyercs HeHTpOHHOH Noa-
CBETKOMH, MOCTyMNaroule - 0T MUINEHH. v . -

B Takoii ycTaHOBKe HeT HeO6XOAMMOCTH HMeTh B A3 CTEPXHH-IIOTIOTHTENH Heii-
TPOHOB UL PETYJIHPOBAHHA MOUIHOCTH H aBapHiiHON OCTaHOBKH, XOTA H3-32 OTCYT-
CTBHA OMBITA HA NMepBbIX 00pa3uax Takux DY Ha Beskuii cayyail MOXXKHO pesycMo-
TPETH aBapUilHbIE CTEPHKHM FallSHKS LENHOM A1epHOH peakuni ¢ MEXaHMYECKUM NPH-
BOJIOM. YIpaBieHHE LENHOH s1epHOi peakuueil He MEXaHHYECKUM [epeMeLIEHHEM
CTEPKHEH-IOTNOTHTENEH, @ TEKTPHYECKOH CXEeMOi J1aeT BO3MOXKHOCTb YBEIHYHTH
GbicTpoeiicTBHE, YTO OY€Hb BAXKHO IIPH aBapHIfHOM pa3roHe peakTopa. JeKTPoHHOe
ynpaBiieHHe AAEePHbIM pEaKTOpPOM CHMMAET BONPOCh! BO3MOXXHOIO Hapy1lEHH IeoMe-
TPHH CTEP>KHEH H HX 3aKIIHHUBAHU, @ TAKKE BO3ZMOXHOCTL HEACaHKLIHOHHUPOBAHHOIO
BBIBOAIA cTepskHeH-nornoTurenei u3 A3. Bmecte ¢ tem 519V ¢ HEATpOHHOIA MOJCBET-
KO/ CTAaHOBHTCs 0oJiee CIIOXKHOI 110 CPaBHEHHIO € TpaAMUHMOHHBIMH SJY.

Hu 1pu kakux 06cTOATENLCTBAX YCKOPHTEIb HE JOJKEH BIAEIHTH G0JibLIE SHED-
THY, YEM 3TO NPEAYCMOTPEHO PEMTIAMEHTOM, HE JOSKEH NPOAOIIKATD BblAaBaTh SHEp-
THIO, €CIH-B A3 aBapHiiHO HapylleH pacxo/l TEINIOHOCHTENS HIH TEMIIEPATYPHBIi pe-
HHM.

VYCKOPHTEND 31€MEHTapHBIX YacCTHLL JOJDKEH IUIABHO, € 331aHHOH CKOPOCTHIO,
OCYLIECTBIIATL Habop MowHOCTH S1DY MM M1aBHyIO OCTaHOBKY. B 3aBHCHMOCTH OT
CNEKTPA HEHTPOHOB PEaKTUBHOCTL MOKET YMEHBIIATHCA UMY yBeinuusathes. [loa-
CBETKA J0JKHA OTC/IEXKHBATh H3MEHEHHE peakTHBHOCTH. IIpH BCex pexnMax BbIpa-
60TKH 3HEprHH nenHas peaKuus He JAOKHA HH 3arlOXHYTh, HH NOIHTH B pasrod. B
MOAKPUTHYHON A3 3anac NOAKPUTHYHOCTH JOKeH ObITh ONTHMH3HPOBAH BO BpeMe-
HU. ‘

Honuelit yckopuTens ¥ MHILEeHb, Bxogaiue B 1Y, nosblaioT 6e30nacHoOCTS
A3Y. 3a 6e3onacHocTs HaRO MIATHTL. CTOMMOCTL KBT ycTaHOBIEHHOM MOILHOCTH 1
CTOMMOCTb KBT 4aca 3/1eKTpO3HEPIHH, KOHEYHO, HOBBICATCS 110 CPABHEHHIO C HBIHE CY-
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wecTsyomumu S1DY. PaGora yckoputens norpebyeT yBeJlHYEHHA 3aTPaT JJEKTPO-
JHEPIHMH «Ha COGCTBEHHBIE HYX b, HeM Gonbiie GyaeT NOAKPUTHYHOCTD, TEM GoJb-
111€ IPHAETCA TPATHTD AEKTPOIHEPrHH — GoJlee JOPOroii IHEPTHH, YEM TEILI0BAs.

MHuteHs — 3TO 110 CYTH MaJias 10 MOLUHOCTH, BCEeria NoAKpHTHYHAA JHEPreTH-
yeckas YCTAHOBKA CO BCeMH TPeGOBaHHAMH 10 ANEPHOI H PaIMaLHOHHOI Oe3onacHo-
cTH. Mu1IeHs Z0JDKHA UMeTh ChEM dHepruu. Temno, CHHMaeMoe ¢ MHILEHH, Heo0Xo-
JMMO yTHIIH30BaTh. B npouecce paGoTh! MHILIEHE CTAHOBHTCS BHICOKOPAAHOAKTHBHOH.
HeoGX0AMMO PEILHTL BONPOC — YTO AENaTh C OTPAaGOTAHHBIMH MHLICHAMH?

JlomkHa GbITh ONTHMH3UPOBAHA JHEPTHs HEHTPOHOB, MOJTY4aEMbIX B MHLIEHH.
ABapHs Ha MHLUEHH He 10JDKHA NPUBOJMTE K PaIHOaKTHBHBIM BLIGpOCaM. ABapHs MH-
[IEHH OJKHA TAcHTb LEMHYI0 ANEPHYI0 PEAKLMIO B HEKPHTHYeCKOi A3.

YcKopHTeNb H MHLLIEHb — [1Ba JIEMEHTA, HUKOT/Ia PAaHEee HE HCIIOIb30BABLIHECA B
SAEPHOI IHEPreTUKE.

Y CKOPHTENH, KaK IKCIIEPHMEHTAIbHBIE YCTAHOBKH, LUMPOKO HCIIONB3YOTCA B GH-
3HUYECKHMX HHCTUTYTaX JUls HAYYHBIX HCCIIEA0BAHHA. Y CKOPUTENH C CAMOTr0 Hayana 13-
y4eHHs AlepHOH 3Heprud M GH3HKH A1pa BHECAH OCHOBONONAralolMi BKJIaA.

1. ITepBble MUKpPOTPaMMbl HOBOTO XHMHYECKOIO 3JIEMEHTA, OTCYTCTBYIOWIErO B
npHpoJe, — IUyTOHU, CTABILEr0 OCHOBOI 1EPHOTO OPYKHS H A4EPHOH IHEPTETHKH,
ObUIM MOJIy4YEHBl M3 238 ,U C MOMOLWIBIO YCKOPHTENIS 3aPAKEHHBIX ACTHU.

2. C nomouibto ycxopmeneﬁ H3y4arTcs xnepﬂo-(bmuqecxue KOHCTaHTBI 3J/1e-
MEHTOB, HAXOAILUXCS B 30HE LENHON sAePHOH peakuuH.

3. YCKOpHTENH NPOU3BOAAT H30TOMbI, HY>KHBIE JUA HAyKH, MEAHLHHDL, TEXHHKH.

Jna JHEpreTMKH HyXKHBI YCKOPHTENH, HEMPEPLIBHO paGoTaiolue B pekHMax
A/IepHOIl JHEPTreTHKH H o0ecrneuHBalolne 3aJaHHbIe [1apaMeTpsl. — JHEPTHIO 3apA-
KEHHBIX YacTHI U MX IUIOTHOCTb — Ha BbIXOfe M3 yckopurens. Takoil yckopurens
ele HY>KHO CO3[aTh.

[/aBHbBIH CMBICT CO3JAHUSA AAEPHO-IHEPTETUUECKOH YCTAHOBKH C HEHTPOHHOH
MOACBETKOH — MOMHOCTBIO HCKJIHOYUThL CaMble OMAcHbIE Y COBPEMEHHOMH ffepHOH
JHEPreTHKH — PEaKTHBHOCTHBIE — aBapHH, KOTOPBIE M0 TAKECTH He HAYT HU B Kakoe
CPaBHEHHE C CaMbIMH TAXKENbIMHM aBapHAMH B TEIUIOIHEPreTHKE.

Hu3kue LeHEl Ha YI/IeBOAOPOJHOE TOILUIMBO B HACTOALLEE BpeMs — ABJIEHHE Bpe-
MmenHoe. Korna naunyt paGotats ADC ¢ HelTPOHHOI NOJCBETKOI, UEHDI Ha YIIIEBOJI0-
pOAHOE TOIUIMBO OYAYT 3HAUHTE]LHO BBILE HBIHE CYLIECTBYIOLIHMX.

Eciu 6yayT CO3/1aHbl YCKOPHTENH HyXHbIX apaMeTpoB, criocoGHble paboTaThk B
JHEPreTHYECKOM peXHME, TO OHH CMOTYT PellMTh 3 OuY€Hb BaXHLIX Borpoca.

1. HeliTpoHHas noaceeTka Bceraa MoAKpUTHYHOH A3.

B TakoM peakTope npH GHKCHPOBAHHON MOLIHOCTH HET H30BLITOYHOrO KOJIHYE-
CTBA HEHTPOHOB, KOTOPbIE HA0 YAANSTHL M3 LENHOI AAEPHOI peakuuu. YpasieHune
LENHOM 7ePHOIi peaKuHeii OCyLIECTBIIAETCS HE NEPEMELLICHHEM CTEPHKHEH, NoroLa-
FOLUMX H3GBITOUHBIE HEHTPOHBI, a OTOKOM HEHTPOHHOM MOJACBETKH BCEra MOAKPH-
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THYHO# A3. YnpasiieHUe OCYILEeCTBIAETCA AEKTPUUECKOH CXeMOii, 3HaYuTeIbHO Me-
Hee HHEPLHMOHHOH U Go/ee HaNexKHOM.

2. CxHraHHe IPOAYKTOB JENEHH, HCTIO/b3Ys YCKOPHTEIBHYIO TEXHUKY. 31'0 Mo-
XET CBECTH K MUHHHMYMY KOJIHYECTBO PaJIHOAKTHBHBIX OTXOJOB CO BCEMH HX npobiie-
MaMH. SIiepHas 3HepreTHKa ¢ MUHMMAIbHBIM KOJIHYECTBOM PaiHOaKTHBHEIX OTX00B
OKa3bIBAET MPHUHLHMIHANLHO Jpyroe BO3JeiiCTBHE Ha OKDPYXAIOIIYI0 Cpeay.

3. HauGonee KOPOTKHIi yTh K OCBOGHHIO YIPABIIAEMO TePMOAAEPHON SHEPrun
JIeXKUT, OYEBUIHO, Yepe3 ocymecTBieHne o6xxatus (D + T)-MuLIeHH TyYKOM HOHOB.

B BocbMuAECATHIX-AEBAHOCTHIX roax B Poccun  3a pyGesxxoM NpoBOAWIMCH HE B
o4eHb 60JIbILOM 00BEME HayYHO-HCCIER0BATENBCKHE PabOTHI TIO UCTIOJIL3OBAHHIO J1a-
3€pHBIX J1yueit, oOkuMaromux MuteHb U3 (D + T) a1 HHHIMHPOBaHHA TEPMOAAEPHO-
ro cuHTte3a. O1cyTcTBHE PHHAHCUPOBAaHHA H OpraHH3allMOHHAsM Hepa3Gepuxa B CTpaHe
He Jany BO3MOXKHOCTH CO3/IaTh JIa3€pHbIE YCTAHOBKH HYXKHEBIX NapaMeTpoB. PaboTs
110 CO3aHUIO UIOTHOM rHGPHIHOM 3HEPreTHYECKOH YCTAHOBKH GBLIH IPEKPALLIEHEL.

Hnes MHEpUHOHHOIO yaepKaHus TEPMOAREPHON IUIa3Mbl MOXeT OBITH OCylue-
CTBJIEHA HMCIIOJIL30BAHUEM JUI1 O6XKaTHA MHUILEHH NMyYKa UOHOB HYXXHOH 3HEPruu u
IUIOTHOCTH, MOJIyYaeMOro Ha YCKOPHTEJE 3apsAKeHHBIX 4acTull. [1yqok HOHOB Moxer
OBITH KaK POTOHHBII, TaK U U3 OoJiee TAXKENBIX HOHOB. 3TO JaeT BO3MOMHOCTD ONTH-
MH3HPOBATh NMPOLECC CKATHA IUIa3Mbl M €€ YAEPXKaHHA.

Tpu3HaTh, 4T MOXKHO CaenaTh 6oiee Ge3onacHyio, a B GyayiueM 6oee IKOHOMH-
4ecKH 1ienecooOpa3HyIo AAEPHYI0 SJHEPTeTHKY, TEM OPraHU3aLMAM H JIIOAAM, KOTOpbIe
MHOTO CAENAIH AJI1 HbIHE CYILECTBYIOILEH SHEPreTHKM, OYeHb He nipocto. Hago B apa-
AUATk [IEPBOM BEKE CO3/aTh APYIYIO AAEPHYIO 3EKTPOIHEPreTHKY, YYHTHIBAIOLLYIO
BCE IJIFOCHI U MMHYCBI HbIHE CYILIECTBYIOLLEH; CO34aTh HOBYIO AEPHYIO 3HEPIETHKY,
Gasupyromyrocs Ha ApYrux HayuHbIX, TEXHONOMHYECKHX, HHXKEHEPHBEIX H KOHCTPYK-
TOpCKHX npuHuMnax. CosgaHue npeaens-Ho 6e30NacHoil AAepHOi SJHEPreTHKH JO0JDKHO
CTaTh HAlMOHANILHOM 3aAayeil. OCHOBHBIE HayYHbIe IPUHIUNBI TAKOH IHEPreTHKHU:

l. Jlenenne axTHHOMIOB OCYLUECTBIAETCS OBICTPBIMH HEHTPOHaMHU.

2. AKTHBHas 30Ha BCErJa rapaHTHUPOBAHHO MOAKPUTHYHA. CnuukoM riybokas
noAKpHTHYHOCTh NMoHuxkaeT KIIJI anepHo-3HepreTHieckoil yCTaHOBKH, T.K. Honbiie
NpHJETCS TPATHTL EKTPOIHEPTHH Ha yckopuTese. CIMUIKOM Majas MOAKpHTHY-
HOCTb HE [OMYCTHMa B IPHHLHIIE, T.K. MOXKET HOABHTbLCA BO3MOXKHOCTH HEKOHTPOJIH-
pyeMoH LENMHOH AAepHOH peaKLHuH.

3. HeiiTpoHHas n0ACBETKa aKTHBHOI 30HbI OCYLLECTBIIAETCS OT [IOCTOPOHHETO UC-
ToyHHKa. HeobxoguMa onTHMH3aLHUA SHEPrMH HEHTPOHOB MOACBETKH.

4. MoLUHOCTb AAEPHOTO PEaKTOpa U3MEHAETCA He MepeMeILeHHEM CTEpXKHEii 1o~
[JIOTHTENEi HEHTPOHOB, a U3MEHEHUEM YHEPIMH HEATPOHHOTO IIOTOKA MOJCBETKH.

5. DHeprus NOACBETKH MEHAETCA C H3MEHEHHEM MOAKPHUTHYHOCTH aKTHBHOIA
30HEl B MpoOLECCE IKCIULyaTalUH.

6. HeifTpoHHas NO/ICBETKA OHO3HAYHO pea.mpyer Ha TEMIIEPATypy H pacxon Te-
IUTOHOCHTEJIA.
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7. ABapuitHoe yMEHBIIEHHE PAcX0/a TEMUIOHOCHTENS M POCT TEMIEPATYPhI TEII0~
HOCHUTEI JOJDKHBI IPUBOJHTE K aBAPUHHOMY OTKIIHOUEHHIO HETPOHHOI MOACBETKH.

8. ABapuiinad ocTaHOBKa OCYIECTBIAETCA HE BBEAEHHEM C KOHEYHOH CKOPOCTHIO
aBapUiHBIX CTep:KHEH MOrNoTHTeNeil, a MpeKpameHHeM HEATPOHHOH MOACBETKH.

9. ABapuH B cMcTeMe HEHTPOHHOI NOJCBETKH HE AOJKHBI NPHUBOAUTH K aBapuH
AIPHO-OHEPIeTHYECKOH YCTaHOBKU. B NpHHLUIE He A0MYCTUMO HEKOHTPONHPYEMOE
yBeJIHUEHHE HEITPOHHOI NOACBETKH OT 33laHHOM PEXXUMOM IKCIUTyaTallii IHEPreTH-
4eCKoH yCTaHOBKH.

10. /151 cpéMa S3HEPriy HCIIONb3YeTCs JKUAKOMETALTNYECKHUH TEMIIOHOCHTEND.

11. Mcnone3yrotcsa 6akoBas KOMIIOHOBKA AAEPHOr0 PeakTopa H TPEXKOHTYpHas
cXxema Nepeaayu Teria OT akTHBHOM 30HbI K Npeobpa3oBaTento 3nepruu. B 6ake nHaxo-
JOMTCA JOCTaTOYHAx Macca TEIUIOHOCHTENA [/ aBapUHHOrO pacXoNaKHMBaHHA.

12. Bo3MOXXHO HCIOJIb30BaHHE TEMIOBLIX TPYO Ha 1e3uH (f,, =670°C) anx aBa-
PHItHOrO pacxonaXkupaHus. B pexxuMe HOPManbHOM 3KCILUTyaTalMH TEIUIOBbIE TPYObI
He cbpacsiBaioT Terwno. [Ipu pocTuxerun 700°C OHH HAYHHAIOT HHTEHCHBHO paGo-
TaTh. , ,

13. SimepHoe TomIMBO o6oraumeHo BbICOKO(OHOBBIM IIYTOHHEM.

14. OcyluecTBNs€TCA ONTHMU3ALMA CKUTAHHA MANbIX aKTHHOMIOB C MCIONb-
30BaHHEM OBICTPHIX HEHTPOHOB AKTHBHOH 30HBI MM YCKODHTENbHOH TEXHHKH.

15. TIpOM3BOAMTCA TPAHCMYTalHs MAKCHMANBHOTO KOJMUECTBA IIPOAYKTOB Je/e-
HHA. ,

16. OcyuwiecTBnseTcs 3aMKHYTBIA TOIUIMBHBIA LIMKI.

17. O6ecnieunBaeTcs MAKCUMalbHOE COKPaIEHHE NI0TEPh PAAHMOAKTHBHBIX MPO-
JKTOB B 3aMKHYTOM TOIUIUBHOM LMKIE. '

18. OcylecTBIseTCA MHOTOKDATHOE HCTI0b30BAHME KHAKOMETALIHYECKOrO Te-
ILIOHOCHTENS B s1/1EPHO-3HEPreTHYECKUX YCTAHOBKAX CIEAYIOWIErO MOKONEHHS.

19. IIpopaGaThiBaeTcss MHOTOKPATHOE UCIIO/B30BAHHE KOHCTPYKUHOHHBIX Mate-
PHAIOB C BBICOKOH HaBeeHHOit PaOAKTHBHOCTBIO B META/IOKOHCTPYKLMAX AKTHB-
HOHl 30HBI AAEPHBIX PEAKTOPOB.

20. OGecneunBacTCa CaMO3AIUHILCHHOCTh CHCTEMBI YIIPABJIEHHA AAE€PHO-HEpre-
THYECKOH YCTAHOBKH OT KOMAaHJ, MPOTHBOpPEYAIHX JIOTHKE YIpaBIeHUA,

B Gyayiem BO3MOXKHBI TAKHE AEPHO-3HEPIETHIECKHE YCTAHOBKH C HEHTPOHHOH
M0/ICBETKOE, KOT/Ia MOHHbIE TY4KH GY/yT HANPaBIIeHb! IPAMO B aKTUBHYIO 30HY, €CITH
OHa OXJIAXK/AETCs IBTEKTHKOM CBHHell-BUCMYT. Mcue3sHeT Heo6X0aMMOCTL MMETL MH-
weHb. Eciin MoxHO GyeT HMETh OT YCKOPHTENS HECKOIBKO HOHHBIX ITy4YKOB pa3HOH
MOILHOCTH, TO MOXKHO Oy €T BHIDaBHHBATh 10 PaAHYCY SHEPrOBbIAEIECHHE B AKTHBHOH
30HE. : : :

IpoTuBHUKY A1epHOI HePreTHKN BUOAT B Hell TOJIBKO OTPHLATENLHOE, AOXOAT
10 TpeOOBaHMs OTKA3aThCs OT aTOMHOIH 3JIEKTPO3HEPreTHKH, 3aKpbITh Bee paboTalo-
we ADC. 3akpeITHe Beeit A1epHOIi 3HEPTETHKH BO BCEX CTPAHAX HEBO3MOXHO 0e3 He-
06XOAHMOCTH B TEUEHHME JUINTEILHOrO BPEMEHH OXPaHATh U Hab/I0AaTh 32 BLICPY>KEH~
HBIM AI€PHBIM TOIUIUBOM. SInepHas U paaMaliHOHHAsA ONACHOCTDb B BHITPYXXEHHOM TO-
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TUIMBE HE MCHE3AT B TEYCHHE IHTENLHOTO BpeMeHH. B 3ToM orpuuarenshas
cneumbu‘l(a AnepHOH suepruu. CoxpaHsorcs Gonblime MaTepuHabHbie 3aTparsl.
DHeprus He BhIpaGaThIBaeTC — OTCYTCTBYIOT NpHObLIH. BO3HHKHET SHEpreTHYECKHT
1 puHAHCOBBIH KPH3HC BO BCEX CTPaHaX, MMEIOLUX B HACTOMAlLee BPeMs aTOMHbIE
3NEKTPOCTaHLUHH. N I

YenoseuecTso B noroue 3a CEEPXOPYKHEM BOILIO B SAEPHBIH TYHHENb, U BRIXO
€CTb TOJBKO OMH — CHENaTh SAEPHYIO JHEPTETHKY MaKCHMMAIBHO Ge30nacHoi.

Pykonuce noctynuna B nanatensckuii otaen .
9 anpens 1999 roga.
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