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Pa3zButne  sAnepHON  SHEPreTMKM HAa OCHOBE MPUPOJHOTO  ypaHa,
00yCJIOBIEHHOE POCTOM SHEPTEeTHUYECKUX MOTPEOHOCTENH MUPOBOTO COOOIIIECTBA,
BEJIET HaC K HEMUHYEMOMY JAe(QUIMTY JaHHOW pecypcHOi 0a3bl. B cBs3u C
STUM, B TIOCJEAHEE BpeMsi BCE OOJNBIINM HHTEpPEC MPOSIBISETCS K BOMPOCY
BOBJICUEHHUS B AJCPHBIN TOTUIMBHBIN LUK TOPHS, MUPOBBIE 3aMachl KOTOPOTO
MPEBBILIAIOT 3anackl ypasa [1,2].

Cam no cebe Topuil He MOAIEPKUBAET LEMHYIO AJIEPHYIO PEAKIMI0, OJHAKO B
pesy/bTaTe 3axBaTa TEIUIOBONO HEHTPOHA ~MPUPOIHBIM H30TOIOM - -Th
00pa3yeTcsl TOIUIUBHBIN HYKJIH] 233U, CIIOCOOHBIN K JEJIIEHUIO I10[ AEHCTBUEM
HEUTPOHOB C XOPOILIHUM YHEPreTUUECKUM BBIXOAOM:
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N3oromn  Th wmmeer B 2,7 pa3a OOJbIlle CEUYCHHE 3aXBaTa TEIIOBBIX
238

HEHUTPOHOB, YEM €0 «ChIpbeBOU Komiera»  U. DTO MO3BOJISET B peakTope Ha

TOPUEBOM TOIUIMBE OOECHEYUTh MEHBIIYK [OTEP0 HEUTPOHOB 3a CYET
IIapa3UTHBIX 3aXBaTOB  Ha KOHCTPYKIMOHHBIX MAarepualiax, TEM CaMbIM

obecrednTh 0oJiee BBICOKUE MapaMeTphl BOCTIPOU3BOACTBa [2]. B To ke Bpems
233
ToruuBHBIA Hykiua ~ U wcmyckaeT Oojiee JBYX HEMTPOHOB HA OJMH 3axXBaT

MEPBUYHOTO HEUTPOHA JIJISl IIUPOKOTO HabOpa TEeIIOBBIX peakTopoB [ 1,3]. Takoit

BBICOKUH KO3(DPHUITUEHT OTAa4YM U TOJICPAHTHOCTH K BHIOOPY pEeaKTOpa BHITOTHO
233 235 239
ommyaeT - U or Apyrux TOImMBHBIX HyKiIuaoB — Uwn  Pu.

bonmee toro, Omaromaps  BBICOKOW  TeMmIeparype IUIaBJICHHS U
TEIUIONPOBOJHOCTH  OKCHJIa TOpPHS, €ro BBICOKOM KOPPO3MOHHOW |
palMallMOHHON CTOMKOCTH, CYIIECTBEHHO YBEJIUYMBAIOTCS JJIUTEIbHOCTH
00JTy4YCHUS U CTETICHb BHITOPAHMS TOPUEBOTO TOTUTHBA [1].

Enle oHO mpeuMyliiecTBO TOPUEBOTO IMKIIA 3aKJIIOYAETCS B TOM, UTO 3Ta
TEXHOJIOTHS HE TOJIbKO HE MPOU3BOJIUT IUIYTOHUS, HO U MO3BOJISIET IIJIAHOMEPHO
U BBITOJIHO YHHMUTOXAaTh €ro YK€ HAKOIUIEHHBIE OpYy>KeiHble 3amachl. Takum
00pa3oM OKHUJIA€TCS PEIIUTh MPOOIEMY HEPACTIPOCTPAHEHUS SIICPHOTO OPYKHUSI.

B03MOXHOCTh BOBJICUEHHUSI TOPHUS B COBPEMEHHYIO SIIEPHYIO DHEPIETHKY
OCYILIECTBUMA MpPU pealu3alyd OJHOTO W3 JIBYX HampaBiCHUN: YHUCTO
TOPHUEBOTO («UACATHLHOTOY») WIM CMEIIAHHOTO TOIJIMBHBIX ITUKJIOB [2].
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[Ipu ocymiecTBI€HUM YUCTO TOPUEBOTO IMKJIA IMEpPBOHAUYANIbHAS 3arpy3ka
232
peakTopa TpeOyeT, MOMHMO CBHIPbEBOTO HYKIHAA Th, B KauecTBe «3arajia»

BBICOKOOOOTAIIEHHbII ypaH WIH IUTyTOHUA (B TOM YHCIE OpPYXEHHBIM U U3
0JIaHKETOB OBICTPBIX peakTopoB). (OgHAKO B TMOCIEAYIOIMIMX KOMIAHUSIX

peaKTopa, IPH 3aMbIKAHMKW TOIUIMBHOTO IIWMKJIA, BO3MOXCH IICPCXOA Ha
233

TOIUTUBHBIE 3arpy3ku ¢ U, KOTOpBII MOKET HapabaThIBaThCs KaK B TEIIOBBIX
peakTopax, Tak U B O1aHKeTax OBICTPHIX PEaKTOPOB.

Hcnonb3oBaHuE YUCTO TOPUEBOTO LIMKJIA MTO3BOJIUT MOIYYUTh KOI(P(PUIIUEHT
BOCIIPOM3BOJICTBA TOIUIMBA Kk, OOJbIIE E€IWHUIBI, a TaKXe CYHIECTBEHHO

IIOBBICHUTD FJ'IY6I/IHy BBIT'OpaHUsA TOIIIINBA 3a CUcT HUCIIOJIBb30BaHHA
233

JOTIOJTHUTENIbHBIX HEUTPOHOB 0T U, KOTOPBIN CKHUTACTCS B TOM K€ PEaKkTope,
I7Ie ¥ TeHepUpyeTcs.

o v 232
CMeniaHHbBIN TOPUCBBIKM IIHMKJI, IIOMHMO

Th, mNO3BOJAET BKIIOYHTHL B
. 235233
peaKkTOpbl TpaIUIIMOHHON KOHCTpYKIuu TorumBo U, U, Pu, a Takxe cMmech

U u Pu (cMm. pucynok 1). OmHako mnpu 3TOM JOCTHXKeHHEe k, >1 He
MPEJICTABISAECTCS BO3MOXKHBIM [1,2].
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[IpakTryecku Kakablii TUIl PEAKTOpPa B TO WJIM HHOE BPEMS U3YyHalCs C TOUKU
3peHHs] IPUMEHEHUSI B HEM TOpHUeBOTo ToruiuBa [1,2,4]. B Oonbiieit creneHu
npoOsieMbl  HMCHOJB30BAHMS ~ TOPUEBOTO  TOIUIMBA  CETOAHS  W3YYEHBI
npuMeHuTesbHO K JierkoBoaHbIM (LWR), BeicokotemneparypusiM (HTR) u
TsxenoBogHbIM (PHWR) peakTtopam Ha TemoBbiX HeWTpoHaX. Pa3pa®oTku B
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JaHHOW oOnactu B paznuuHoe Bpemsi mnpoBoawmnch B Kaname (CANDU),
Poccuu (TRR), I'epmanuu (AVR, THTR-300), Uuauu (Kamini), CIIIA (Peach
Bottom, Fort St. Vrain, Shippingport), BenukoOputanuu (Dragon). Tak, B CIIIA
pa3paboTaHbl KOHIENTYaJbHbIE TPOEKTHl MCIOJIb30BAHUSI TOPHUS B COCTaBe
pacruiaBa coJsieil B kujkocosieBeix peakropax (MSR). Poccus, BeiOpaBiias myTh
[0 BHEJAPEHHUIO OBICTPHIX PEAKTOPOB, CETOJAHS JOCTUIJIAa 3HAYMTENbHBIX
yCHEeXoB, 00y4asi TOIUTMBHBIE COOPKH Ha OCHOBE TOpUsI B OJaHKETE OBICTPHIX
peakropoB (FRTh). B namm pgHM Ha cTagud TEXHUKO-dKOHOMHUYECKOTO
000CHOBaHUS HAXOAWUTCS  IIBEHIIAPCKO-OPUTAHCKUNA  TMPOEKT  TOPHUEBOTO
JOKPUTHYECKOTO peakTopa CHAa0XKEHHOTO HOHHBIM YyckoputeneM (ADTR).
Wunus, obmanas 3HaYNTEIHHBIME 3alacaMy TOPHsI, BEIET aKTUBHYIO PabOTy 110
BHEJIPEHUIO TOPUS B YCOBEPIICHCTBOBAHHBIN TsKeNOBOAHBIN peakTop (AWHR).

3a Bpems OSKCIUTyaTallid YpaH-TOPUEBOTO peakTopa OyaeT HapaboTaHO
MEHbIIIE MajbiX akTUHUAOB (MA), 4eM B aHaJOrMYHOM IO MOMIIHOCTH ypaH-
IIyToHUEBOM peakrtope. [loaTomy mpobiema oOpaliieHuss ¢ paiuOaKTUBHBIMU
OTXOJIaMH YK€ MEePEXOJIUT B MPAKTUUYECKYIO TUIOCKOCTh, TOCKOJIbKY ISl MaJIbIX
KoinuuectB MA ux MoxkHO nepepaborarb. Ho 3fech BO3HHMKAIOT BOIPOCHI,
CBSI3aHHBIE C OTCYTCTBMEM TEXHOJIOTUU NEPEpabOTKU OTPAOOTAHHOTO SAEPHOIO
toruBa (OST) TopueBoro nukia. [Ipu aTom, Hapaborka MA Hanpsmyro Oyaer
3aBUCETh OT TOIUIMBHON KOMIIO3UIIMU HA OCHOBE TOPHUA, KOTOPask UCIOJIb3YyETCA
B KOHKPETHOM THUIIE peakTopa [2].

NmMenHo 3a cyer MaiblXx O0BEMOB HApaOOTKU MIAAIMIUX AKTUHHUIIOB B
TOPUEBOM LIMKJIE, CyMMapHas paJUOTOKCUYHOCTh €r0 HECKOJIbKO MEHBIIIE, YeM
B ypanoBoMm nukie. Crnemuduueckoir ocodenHocteio OSAT TOpmeBoro mukia
SIBJISIETCA MPUCYTCTBUE 3HAYUTEIBHOTO KOJHWYECTBA B HEM JIOJTOXKUBYILETO
m3otorma > Pa. Ko Bcemy mpouemy OST Takke COZEPKHT 3HAUUTEIHHOE
KOJIMYECTBO JOJITOKUBYIIIETrO  M30TOMA By (T,,=68,9 ner), obmanmaroiiero
KECTKHM TraMMa-M3JIydeHHeM NpoaykToB pacmaza (2,6 MsB mis “*°TI). Dro
00CTOSATENBCTBO B 3HAUUTEIHLHON MEpE YCIOXKHSIET U YIOpOKaeT oOpalleHue ¢
OST TopueBoro uukia [1,2].

HecMoTtpst Ha psii mpo6iieM, BOSHUKAIOIIUMX MPU OCYIECTBIEHUN TOPUEBOTO
TOTUIMBHOT'O LIUKJIA, OH MPEICTABIIAET 3aMETHYIO MEPCIEKTUBY ISl YBEIUUYCHHUS
pPECypcoB SASPHOTO TOIUTMBA (32 cUeT HapaOOTKH 233U), MO3BOJISIET CHU3UTh
MOTPEOHOCTh B 0OOTAIICHHH 110 H30TONY U U PELINTh MPoOIeMbl, CBS3aHHBIC
C HEepacmpOCTPAHEHHEM SJIEPHBIX MaTepuasioB. OAHAKO CTOUT yUYHUTHIBaTh, YTO
BHenpeHnto topueBoro ATLl, momkeH mpenmecTBOBaTh TINATEIbHBIA AHAJIN3
pPa3IMYHBIX MPOLECCOB OT OOOrameHus 10 NepepadOTKM M HU3TOTOBJICHUS
TOIUIMBA, & TAK)KE HAJTMYHE COOTBETCTBYIOIINX TEXHOJIOTUNA U 000pYOBaHUS.
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[IpumeHeHue SAEpHBIX TEXHOJOTHA B SHEPreTUYECKOM OTPaciv HEeU30eKHO
COIIPOBOXK/IAETCS HapaOOTKOM PaaOaKTUBHBIX OTXOJOB (PAO).
PanuoakTrBHBIE OTXOIBI 00pa3ylOTCS Ha BCEX JTamax sAepHO-TOIUIMBHOTO
mukina (ATI), HO HaUOOMBIIYH0 OMACHOCTh B JOJTOCPOYHOM IEPCIICKTHUBE
IIPEJICTABISAIOT BBICOKOAKTHBHbIE JOJICOKUBYIITUE PaIMOHYKITUIBI,
oOpasytomuecs B otpadotasiiem sigmepHoM Toruuse (OAT).

Ha stane nonroBpemennoro xpaneHusi OST Oonbinue nepruoapl morypacmnaia
OTJEJIbHBIX MPOAYKTOB JIEJICHUS U MaJbIX aKTUHHUIOB, a TAKKE TOKCUYHOCTbH U
CHOCOOHOCTh MAaNbIX AaKTUHUAOB K CIOHTAHHOMY JIE€JICHHUIO, HaKJIaJbIBacT
CYIIIECTBEHHbIE OTpaHUUYCHUS Ha TexHosoruu obpamenus ¢ OSAT, u ctaBur nox
BONPOC 0€30MacHOCTh AAEPHON SHEPreTHKU B IENOM. B HacTosiee Bpemsi HU
OJlHA W3 CTpPaH HE MEPENUIa K HCIOJb30BAHUIO TEXHOJIOTHUW, MO3BOJSIOIINX
penth npodsemy OAT u PAO.

TpancmyTanus, Kak Ipouecc npespamieHus ponroxuBymux sanep OAT B
CTaOWJIbHBIE WM KOPOTKOXXUBYIIME B PE3yJbTAaTe SICPHON pPEaKIUU TMOJ]
NEUCTBUEM  BHEIIHUX  SJCPHBIX  M3Jy4EHUH, SBISAETCS  JICHCTBEHHBIM
MEXaHU3MOM CHHXKEHMSI JIOJITOCPOYHOM pamuorokcuuHoctu [1,2]. Takoit
MOAXOJ MOXET CTaTh BAXKHEHUIIMM 3TAaloOM 3aMbIKAHUS SIAEPHO-TOIJIMBHOIO
nukia (STL), rapanTom ero 6€30MaCHOCTH U YCTOMYMBOCTH.

Jonroxusyume PAO MoxHO mojpa3nenutb Ha npoayktsl genenus (I10),
Manbple akTtuHOuAbl (MA) ¥ THpPOAYKTH aAKTUBALMM KOHCTPYKIIMOHHBIX
MarepruanoB. Cpeau JOJT0KUBYIIUX IPOIAYKTOB JEIEHUS ITIaBHYIO ONIACHOCTBD C
TOUKH 3peHHsI GE30IACHOrO JOITOBPEMEHHOr0 XPAaHEHHs MPEACTABISIOT  Tc,
I u °Cs. K umcny npoGieMHBIX MabIX aKTHHOHMIOB OTHOCSATCS M30TOIBI
aMepUIIMs, KIOpUs, HENTYHUs, UMEIOIINE HEOONbIIYI0 OO 3ama3iblBatolInX
HEWUTPOHOB B CIIEKTPE ACICHUS.

[Iporecc TpaHCMyTallUU MOXKET OBITh OJTHOKPATHBIM (OJHOLIMKIIOBBIM), JIMOO
MHOTOKpPATHbIM (MHOTOIMKIIOBBIM) [2]. B omHOKpaTHOM HMKIE OOIYy4YEHHBIH





