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HNPEANCJIOBHUE

B 1942 1. B CILIA ObLI TOCTPOCH M BBE/ICH B AKCILTYATAIHIO MIEPBBIN B MUPE
simepHbIil peaktop. B 1940 r. B8 CCCP Obu1 BBelIeH B SKCIUTYaTalllIO MEePBhIiA
B EBpomne peaktop, a B 1954 B CCCP B 1. OOHMHCKe ObllIa BBEJICHA B 3KCILTya-
TalMIO TIepBasi B MUPE aTOMHAas JIEKTPOCcTaHIus. Jlo HACTOSIEro BpeMeHH B
MUpe ObUTH MOCTPOEHBI M BBEJCHBI B AKCIUTyaTallI0 COTHU CTAllMOHAPHBIX U
TPAHCHOPTHBIX SIEPHBIX YCTAaHOBOK KaK I'PaXKIAHCKOTO, TAK M BOCHHOTO Ha-
3HaueHUs. B MHAyCTpHaIbHBIX CTpaHax MHpPa c(HOPMHUPOBAIICS aTOMHEIA IPO-
MBIIIUIEHHBIH KOMIUIEKC, BKITFOYAOUINNA B ce0s THICSYM MpeanpusTuii, ooecre-
YUBAIOIIMX U TOAJEPKUBAIONIMX TaK Ha3blBAEMYH) aTOMHYIO OTpacib —
O00BEKTHI KCIOJNB30BaHUS ATOMHON JHEPruH, Hauboiee MacIITaOHBIMU U
CJIO’KHBIMH TIPEACTABUTEISIMI KOTOPBIX SIBISTIOTCSA aToMHBIE cTaHImd (AC).

B mepBrie rogpl pa3BUTHS OTPaciyd OCHOBHOE BHHMAaHHE YIEISUIOCH BO-
pocaM MPOEKTHUPOBAHUSA, COOPY>KEHHUS M IKCIUTyaTallil TaKUX OOBEKTOB U
MIPAKTUYECKH HE PACCMATPUBAIKCH BOMPOCHI MX BBIBOJA W3 AKCILTyaTallud
(B3) nmocne 3aBepieHs Ha3HAYCHHOT'O CPOKA CITYKOBI.

B Hacrosmiee Bpemst B mupe y 6osiee cotnu AC (u3 500 gelicTByrOmuUX)
3aKOHYWICS WM 3aKaHUYMBACTCS HA3HAUCHHBIM WU MPOIJICHHBIA CpOK
CIyKOBI, a B ONMMKaWIIMe NECATHIETHS 3aKOHUUTCS CPOK CIYXKObI y COTEH
AC. Takas e cuTyalus CKiajsiBaercs u B Poccun.

[ocneanue coObiTHs, cBsi3aHHBIE ¢ aBapuell Ha ADC dykycuma, caenaiu
npobiemy BD erre OoJiee akTyaIbHOM, TIOCKOJIBKY PSIT BEIYIIMX B 3TOH obac-
TH CTpaH NPHHSUI pelIeHre 00 0TKa3e OT UCIIONB30BAHMS aTOMHOM YHEPTeTHKH.

Crnenyer OTMETHTb, YTO HE3aBUCHMO OT TEHIEHIIMI Pa3BUTHUS aTOMHOMN
SHEPreTHKH, BBIBOJUTH M3 DKCIUTyaTallud OyJdeT HEeoOXOAMMO Kak JeicT-
BYIOIIUE, TAK U BHOBB IIPOCKTUPYEMBIC PEaKTOPHEBIC YCTAHOBKH.

BrBog u3 skcruryararmn AC, Kak MpaBHITo, TPOU3BOIUTCS ITOCIIE UCUep-
MaHWs HA3HAYCHHOTO WM MPOJUIEHHOTO CPOKA AKCILTYaTaluH (CITY>KObI) WH
B Cllydyae TEXHHYECKOW HEBO3MOXKHOCTH OOEcIleYeHHUs NajbHeuInen 06e30-
[IaCHOM 3KCILTyaTalluy, B TOM YUCIIE II0CIIE KPYITHOM aBapHu.

[pumenurensHo k 6mokam AC B nokymente OI1B-88/97 (O6mue momo-
KeHnst obecriedeHus] 0E30IacHOCTH aTOMHBIX CTaHIMI) JaHO CIemylomiee
omnpenencane: «BeBoa OI0Ka U3 IKCIUTyaTalluid — IPOLECC OCYIIECTBICHHUS
KOMIIJIEKCa MEPOMPUATUI TIocie yAaleHHs SAEPHOTO TOILTUBA, UCKIIFOYAI0-
HII/Iﬁ HCIIOJIBb30BaHHEC 6.]'[01(3 B Ka4€CTB€ HUCTOYHHKA SHCPTUU U OGCCHC‘II/I—
BaroInii 0€30MMACHOCTh TIEPCOHANA, HACCIICHHS M OKPYKAIOIIEH CPEabI».

Takum 00pa3om, BEIBOA W3 dKcIuryatanuu 010koB AC (M npyrux suep-
HBIX YCTAaHOBOK) CBSI3aH C TMOTCHIIMATBHON Yrpo30i Jis 0€30MmacHOCTH Tiep-
COHaJla, HaceJIeHUsl U OKpyxarolei cpenpl. KakoBa jxe npuunHa Takoi omnac-
HOCTH U B UYEM Cl'[eLlI/I(bI/IKa BBIBOJA U3 3KCILTyaTallUn SIACPHBIX yCTaHOBOK?

[pu BEIBOZIEC M3 DKCIDTyaTallK YCTAHOBOK (HanOOJee CIIOKHBIME TPEACTa-
BUTEISIMHA KOTOPBIX SBIBTIOTCS 010k ADC, aTOMHBIE CTalliH TETUIOCHA0KCHUSI
ACT, aromusie TermoueHtpanu ATIL, nccrenoBaTenbCcKue SAEPHBIE PEAKTO-
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pol MSIP) Bo3HuKaeT cnienmduueckas nmpodaeMa: paaroakTUBHOE 3arps3HEHUE
W aKTHBaIWs (HaBeJCHHAs aKTMBHOCTh) YacTH OOOPYIOBAHHUS, CTPOHTEIHLHBIX
3aIIUTHBIX KOHCTPYKIHI, OOKCOB 1 MOMEIICHHH, TaK Ha3bIBAEMasl OCTATOTHAS
PaIMOAKTHBHOCTh. XOTS TAKWX PAJMOAKTUBHBIX CHUCTEM U IOMCIICHUHA Ha
ADC ne 6onee 20 % ot obmiero konuuecTsa, UMeHHO 3T 20 % ompenenstor
MPUHIMITHATIBHOE OTIure BO moboro npoMeiieHHOTo MpeAnpustist ot AC.

VIMeHHO Hamu4re OCTaTOYHOW PaJMOaKTUBHOCTH (HABEICHHOH aKTHBHO-
CTH W PAJIMOAKTUBHOTO 3arpsA3HCHHUsS) MPUBOIUT K TOMY, YTO U HEpabOTaro-
IIKMe SJCPHBIC YCTAHOBKH SIBIIIOTCS NCTOYHUKAME PaJUAIlMOHHON OIacHO-
CTH JUTA TIepCOHaJIa, HaceJIeHHs M OKPY)KaIOIeH cpe/Ibl.

B mpemraraeMom ydeOHOM IOCOOMHM KpaTKO paccMaTpHBAaeTCs BECh
KOMIUICKC TIPOOJIeM, CBS3aHHBIX C BBIBOJOM W3 SKCIUTyaTallMd SAEPHBIX
ycTaHOBOK (Ha mpumMepe 610koB AC) ¢ 1eTbIo JaTh COBPEMEHHbBIE HAayYHbIE
U HMHXCHEPHBIC 3HAHUS, IOJXONbI, CIIOCOOBI W METOJbl IUIAHWPOBAHWS,
MOATOTOBKHM M OCYIIECTBIICHHS Iporecca B snepHbIX ycraHOBOK Oe3omac-
HBIM H IPHUEMIIEMBIM 00pa30M C TOUYKH 3pSHHUS OXPAaHbI OKPYKAIOMICH CPE/IBL.

OCHOBHOC BHUMAaHHUE YACISETCS 3TaHUSM, COOPYKEHHAIM 000pyIoBa-
HUIO, CTPOUTEIbHBIM MaTepuallaM U CTPOHTEIBHBIM 3AlIUTHBIM KOHCTPYK-
nusaM 61o0xoB AC.

Hacrosmee ywueOHOe mocoOue MOAroToBIeHO mpodeccopoM Kadeaps
CTPOUTENBCTBA SACPHBIX YCTAaHOBOK MOCKOBCKOTO TOCYIapCTBEHHOTO
CTpouTenbHOro yHuBepcuteTa (HalmoHaNBHBIA HCCICIOBATEIBCKUA YHH-
BEPCUTET CTPOUTEIBCTBA U apXUTeKTyphbl) M.A. EHroBaTOBBIM U JOKTOPOM
TEXHUYECKUX Hayk, mpogdeccopoMm b.K. BBUIKHHBIM, HaYaqbHHUKOM OT/AETA
WP HUL] «Kyp4aToBCKUil HHCTUTYT».

Marepuan H3JI0KeH B TATH INIABaX, OTPAKAIOMNX MPAKTHICCKH BCE HAYU-
HO-TCXHUYCCKNC, HOPMATUBHBLIC, OPTaHU3allUOHHBIC U COUAJIBHBIC BOIIPOCHI
KOMITJIEKCHOTO PEIIeHHsI TPpoOJIeMBl BBIBOJA U3 3KCILTyaTaruu 610koB AC.

Jts1 JTydimero MOHWMAaHUS M YCBOCHMSI MaTepHalia IMocie KaXXIOW TIIaBbI
JTAIOTCSI TECTOBBIC M KOHTPOJIEHBIE BOIIPOCHL.

CBeJIcHUS CITPaBOYHOT0 XapaKTepa JAaHbl B MPUIOKECHHUSIX.

YcBoenue matepuaina OysieT cnocoOCTBOBATh:

— TIOHMMaHHIO BCETO KOMIUIEKCAa MPOOIJIEM, CBS3aHHBIX C BEIBOAOM W3
skcIutyaranuu 6;10koB AC;

- HpI/IO6peTeHI/II-O 3HaHUsA COBPEMCHHBIX IIOAXOJ0B K KOMIUICKCHOMY
PELICHUIO TIPOOJIEMBI;

— YMCHHUIO ITOJIB30BATHCSI HOPMATHBHO-TEXHUUECKON 0a30i;

— TPHOOPETECHHUIO HABBIKOB WCIIONB30BAHUS COBPEMEHHBIX HAyIHO-
TEXHUYECKUX W OPTaHU3aLHOHHO-TEXHUYCCKUX IMPUEMOB IUIAHUPOBAHUS U
MPOBENCHHS pabOT MO BBIBOY M3 SKCILTyaTaIlHH.

IMocTpoeHue U U3JI0KEHUE MaTepHaa peaycMaTpuBaeT BO3MOXKHOCTb!

— HWHAUBUAYAJIBHOI'O CaMOCTOATCIIBHOTO U3YUCHUS,

— W3II0XKCHUS B paMKax JICKIIHOHHOTO Kypca;

— HCIOJB30BaHUSA IS JUCTAHIMOHHOTO 00YYAIOIIEero Kypcea.
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BBEJIEHUE

C myckom niepBbix sifepHbix peaktopoB B CIIIA u CCCP B HayuHO# nu-
TepaType MOSIBUJIOCH MOHATHE «SNEPHBIC YCTaHOBKM». C pa3BUTHEM aTOM-
HOW HAYKU W TEXHUKUA U B CBSI3U C (OPMHUPOBAHHUEM B HHIYCTPHATBHBIX
CTpaHaX aTOMHOTO IIPOMBIIIICHHOTO M aTOMHOTO JHEPTeTHYECKOrO KOM-
IUIEKCOB MO AACPHBIMH YCTAHOBKAMH CTAJIM IOHIMATh KJIACC COOPY)KEHHH C
SAIEPHBIMHA PEAKTOPaMU IPaXIaHCKOTO W BOGHHOro Ha3zHaueHUs. [Ipumepom
SEPHBIX YCTAHOBOK SIBITIOTCS ATOMHBIEC CTaHIIHH.

B cooTBeTCTBHU C COBpEMEHHBIMH NPEICTABICHISIMA )KU3HEHHBIA ITHKIT
TaKUX CIIOXKHBIX 00BEKTOB, Kak O1oku AC, BKIIIOYACT IOCICAOBATEIHLHOC
MPOXOKJIEHUE CIACTYIOIUX CTaANM:

«pasMelnieHne — sittingy, «npoekTupoBanne — designingy», «coopyxe-
HUE — constructiony, «3KCITyaTalus — operation» U «BBIBOJ U3 IKCILTya-
Tarmu — decommissioningy.

DKCIUTyaTalMOHHBIN Tiepron dHeproosioka ADC, KaK MpaBUIIO, COCTABIISACT
3040 ner. K xoHIry mpoekTHOTO cpoka ciyk0bs1 ADC nomkHa ObITh TiepeBeie-
Ha B siJIepHO 0€30TMacHOe COCTOSHHE, MO KOTOPBHIM MOHUMAETCs, TIPEXKIe BCe-
T0, yAaJICHHE SISPHOTO TOIUINBA C 00BEKTA U BHIBEICHUE M3 IKCIUTyaTaIlHH.

BrIBog w3 3KcIUTyaTanuy SACPHBIX YCTAHOBOK MPUHIMITHAIBHO OTIAYA-
€TCsl OT aHAJIOTUYHOTO TIpoliecca Ui MPEANPHUITAN MTPOMBIIIEHHOCTH U3-3a
HAJIMYHS TaK Ha3bIBAEMOM OCTATOYHON paloaKTUBHOCTH 000PYIOBaHMS, CHC-
TeM, 3IaHUH, COOPYKEHHIH U MPOMILIONIATKH 32 CUET 3arpsi3HEHUS paaHoaK-
TUBHBIMU BCIICCTBAMH U HaBeI[CHHOﬁ AKTUBHOCTHU IIOTOKaAMU HeﬁTpOHOB.

Hanndne HaBeneHHOW aKTHBHOCTH B 3aIllIUTHBIX KOHCTPYKIWMSIX U Pamuo-
AKTHBHOTO 3arpsi3HEHUS 00OpYHOBaHUs, OOKCOB M MOMEIICHHN B 3MAHUSIX,
coopyXeHusx U Ha momjanke AC MpUBOAMT K TOMY, 4To oOcienoBaHue,
JIC3aKTUBAI[OHHBIC M JEMOHTaXHBIE PAOOTHI OyIyT OCYILECTBISTHCS B
PAIUANMOHHO OMACHBIX YCIOBHSIX.

Kpome Toro, B pe3ynbTare paJlOaKTUBHOTO 3arpsS3HEHUS U aKTUBAIMH
Ipu JIeMOHTaxe o0opynoBanus u 3aanuii AC odpasyercst 00Jib1I0e KOJIU-
YecTBO paauoakTHBHBLIX 0TX010B (PAQO). O6vembr PAO mnpu BhIBOJIE M3
9KCIUTyaTallkd MOTYT MOCTHTaTh AECATKOB M Ooliee THIC. T, IpUYeM Oolee
90 % 00BEMOB COCTABJISIOT HU3KOAKTUBHBIE OTXOJIbl. Y CPEHEHHBIC OIICHKH
00beMOB 1is1 pa3nuaHbIX AC MOKa3bIBAalOT, YTO MPH JEMOHTAXKE OTHOH CO-
BpemenHoit AC obpasyercs 100000 T 6erona, 5000 T cramu u 500 T gpyrux
(mecropaembix) PAO.

B T0 ke BpemsI 3HAUHUTEIBHBIC 00BEMBI JKeIe300€TOHa M METANTOKOHCT-
PYKLUMHA, TOCTUTAIOLIME AECATKOB U COTEH ThIC. T, 00pa3yoluxcs B npoliec-
ce JIEMOHTaXa 3JJaHHii PEaKTOPHBIX YCTAHOBOK, MOKHO BEPHYTh B MOBTOP-
HO€e HCIOoJIb30BaHue. B MPOTHUBHOM CJIy4da€ BO3HUKAIOT 3HAYUTECIBbHBIC ITPO-

7



OJeMBI C 3aXOpOHEHHEM OIPOMHOIO KOJNWYECTBA HEPATHOAKTHBHBIX MU
HU3KOAKTUBHBIX OTXO/IO0B.

Nmerommiicst orpannyeHHbi MupoBoi onbiT B) AC moka3sbiBaeT, 4T0
3TOT MpoLecc MOKET ObITH OCYLIECTBJIEH BO BpeMEeHHOM HHTepBaJe /10
100 u OoJree JieT.

BeiBoa m3 skcmuryatauuu AC cBsi3aH ¢ 00JILIIMMH (PUHAHCOBBIMU
3aTpaTaMM, ITOCKOJIBKY TOCJIE OKOHYATEIIFHOTO OCTAHOBA PEAKTOpa CTAHIIHS
nepecTaeT BbIpabaThIBaTh AIIEKTPOIHEPTHIO U MPEBpaIIaeTcs B 00BEKT, Tpe-
Oyromuii mocTossHHOTO (hruHaHCHpoBaHUA. DUHAHCOBBIE 3aTPAThl BKIIIOYAIOT:
3aTpaThl Ha TONACP)KAaHHE OE30MACHOTO COXpaHEHWs O0BEKTa, 3apIuIaTy
MepCOHANIa, 3aTPaThl HA Pa3pabOTKy TEXHHYECKHX CPEICTB NEMOHTaXa; Ha
00paboTKy, TPaHCHOPTHUPOBKY M 3aXOPOHEHHE PaJUOAKTUBHBIX OTXOJIOB;
3aTpaThl HA JEMOHTaKHBIC PAOOTHI; HA PEKYIBTUBHPOBAHUE TPOMILIOIIAIKA
U IpyTHE.

B nacrosiee Bpems B Poccuiickoit @enepannu Ha 10 ADC HaxoauTcs B
skcutyatanuu 31 sHepro6iok. HasHaueHHbIN mpoekToM (mist 6i1okoB Poc-
cuiickux AC — 30 neT) cpok ciryk0b1 17 6;10k0B AC 3aKOHYMIICS HITU OJTH-
30K K OKOHYaHHWI0. Pemennem Munatoma Poccun ot 31.10.2002 r. u Ilpo-
rpaMMOii paboT MO MOATOTOBKE K MPOJICHHIO CPOKa KCIUTyaTalliu SHEPTo-
051okoB ADC TIPHUHATHI CIICIYIONUE CPOKU TPOJICHHS SKCIUTyaTalliy AeHCT-
BYIOIIHUX 3HEProO1I0KoB cBepx 30-IeTHEero nepuosa:

— gansa 6nokoB ADC ¢ peaktopamu PBMK u BBOP nepBoro nokonenus
Ha 15 rer;

— gansa 6mokoB ADC c¢ peaktopamu PEMK BTOporo mokonenust Ha 15
JeT;

— st 6imokxoB ADC ¢ peaktopamu BBOP Ha 25 rner.

Tem He MeHee k 2025 T. Ha MSITH TJIOUIAAKAX ATOMHBIX 3JIEKTPOCTAHIIUN
OyZIyT OCTAaHOBJEHBI U HAXOAWUTHCS HA PA3IMYHBIX ATAIaX MOJTOTOBKH K BBI-
BOAY M3 dKcIuryatanuu emie 11 6iokoB AC, KOTOpbIe J00aBITCS K YEThIpEM
ocraHoByieHHbIM paHee (Ne 1 u Ne 2 — HooBopoHexkckoit u Ne 1 u Ne 2
Benosipckoit ADC) 6mokam ADC. K sToMy BpeMeHH OymyT BBIBEICHBI U3
AKCIUTyaTallil TaKKe HECKONBKO coTeH AC B OCTaIbHBIX CTPAaHAX, HCIONb-
3YIOUIMX aTOMHYIO DHEPTHIO.

Takum oOpazom, mpodinema BD simepHBIX YCTaHOBOK MMEET OOMIEMHpPO-
BOE 3HAYEHHE U TpeOyeT OObEAMHEHHS YCIIUA YICHBIX W HHKCHEPOB, CIIe-
MUATH3APYIONMUXCA B O0JACTH MPOSKTUPOBAHUS, CTPOUTEIHCTBA, IKCILTya-
TaIMK U BBIBOJA U3 DKCIUTyaTalliy PEAKTOPHBIX YCTAHOBOK.

Bonee Toro, ¢ yBepeHHOCTHIO MOXKHO YTBEPXKIATh, YTO CYIIECTBOBAHUE U
pa3BHUTHE aTOMHOW SHEPTETUKHA HEBO3MOXKHO 0€3 penieHus mpoOieMbl BHIBO-
Jla U3 DKCIUTyaTalluu SACPHBIX YCTAHOBOK SKOHOMUYHBIM M 0€30TacCHBIM JIJIst
MIEPCOHAIIA, HACETICHUS W OKPYKAIOMIEeH CPEIBbI CIIOCOO0M.
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I'maBa 1

OCOBEHHOCTH BbIBOJA
N3 OKCINIYATAIIUM AAEPHBIX YCTAHOBOK

1.1. HazHayeHUsl M TUIIBI SA€PHBIX YCTAHOBOK
OTKYJA DOHEPI'UA?

Hekxomopbie céedenusn u3 puszuxu sadepusix peakmopos. CoBpeMeHHas

aTOMHas YHEPTETHKA OCHOBAHA HA MCIOJIb30BAHUH SHEPTHH, BBLIEIAIOIIEHCS
235
npu aenexun sgep ypama—235 (%, U), cymiecTByiomero B ImpUpoze, a
TAKXKE MCKYCCTBEHHO TONYYAaEMbIX JENSIIMXCS BEIIECTB ILUTYTOHMSA—239
239 233
s Pu) 1 ypana—233 (7, U). Jlenenue 3TUX siaep BO3MOXKHO IPU OIpe-

JENCHHBIX YCIOBUAX, UTO TpeOyeT CO3IaHhs KOMIUIEKCA MPHUCIOCOOICHUN
JUISL OCYILIECTBJICHUS PEAKLIUU JI€JICHUS — SIIEPHOTO peaKTopa.

TenoBast 3Heprus, BBIACISIOMAsCS MPU JEJICHUU SIEp, OTBOTUTCA U3
AJIEPHOTO PEaKTOpa MPOKAYKOH Yepe3 HEero >KUAKOT0 WM ra3o00pa3HOro
TETIOHOCUTENSI. DTa DHEPTHS MOXKET OBITh IpeoOpa3oBaHa B DJICKTpHUE-
CKYIO ITyTeM IOJIydeHUs Iapa, MpeJHa3HAueHHOTO JUIS BpalleHus Typboar-
peraToB, a TaKKe HCIOJIB30BAaHA JJIS MOJOrpeBa BOABI AJSL OBITOBBIX, IIPO-
MBIIUICHHBIX HYXXJ WM HEMOCPEACTBEHHO B JHEPrOEMKHX Ipolieccax,
HalnpuMep B XUMHUYECKOI NN METaJLTypTUYeCKOM MPOMBIIUICHHOCTH.

PaccmoTpuM peakiyro AeneHus Ha IpUMepe 23; U.

Jenenue saep 23; U nanbosnee BEpOATHO NMPH MOTIIOMEHNN HU3KOIHEPTe-
THUYECKHUX (TEIUIOBBIX) HEUTPOHOB. [Ipu MOromeHnn SapoM TEII0BOTO Hell-
TPOHA 71, 00pazyeTcst Aapo 232 U B BO30YXICHHOM COCTOSTHHH:

U+ R
B B030Y)XIEHHOM COCTOSIHHH HOBOE AP0 JIOIITO HAXOJUTECS HE MOXKET, H

MIPOUCXOAUT AEJICHUE 3TOrO sApa Ha JBa OCKOJIKa Z:F u Z;F C UCITyCKaHH-

€M JIBYX WU TPeX OBICTPHIX HEHTPOHOB Y U BBIACIICHUEM DHEPTUH £
236 4 A
U7 F+ 2 F +2,5n +E.
O6p330BaBH_H/IeC${ HeﬁTpOHLI IpH OMPEACTICHHBIX YCJIOBHUAX MOT'YT BbI3bI-

235
BATh JICJICHUE JPYTHX, YKE JABYX Alep o, U, onaTh ¢ 00pa3oBaHUEM OCKOJI-
KOB, KOTOpBIE MPEICTABISIOT COO0H PaJIMOAKTHBHBIC SApa XUMHUYCCKHUX dJie-
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MEHTOB CpellHell yacTu Tabmuipl MeHeneeBa, HEUTPOHOB W 3Hepruu. [Ipu

OTOM IMPOUCXOAUT CAaMOMMOAACPKUBAOIIAACA pCAKIUA ACICHUA HOBBIX U HO-

235
BBIX Azep 5, U. Ypapisemas caMONoOAepKUBAOIIAsAC PEAKIMS OCYLIECT-

BIISICTCSI B s0epHblX peakmopax. SIIepHBIA peakTop — 3TO YCTPOWCTBO, B
KOTOpPOM OCYILECTBIIACTCS yIpaBisieMas sepHas LeTHas peaklus, CONpo-
BOXKIAIOLIAACS BBIACICHUEM SHEPIHU. YCTAHOBKH, OCHOBHBIM 3JIEMEHTOM
KOTOPBIX ABISIETCS SACPHBINA PeakTop, MPUHATO HA3bIBATh PEAKTOPHBIMH yC-
TaHOBKaMH.

[epesiit B Mupe peaxtop 0611 moctpoeH B CLLIA (Chicago Pile-1), mymen
B aelictBue B 1942 r. B xadecTBe TOIIMBA B JTaHHOM PEAKTOPE UCIOIb30Ba-
Jach MPUPOJHAS CMECh U30TOIOB 38U u *°U. Mowmmsocts peakTopa cocTaB-
nsuta 200 Br.

B 1946 r. B Uncturyre JIMIIAH (ubiHe Poccuiickuil HaydHBIH HEHTp
«Kyp4aToBCKHI1 HHCTUTYT») ObLI BBEICH B JelcTBUC MepBblii B COBETCKOM
Coro3e (u iepBbIii B EBporie) peaktop (P-1). B maHHOM peakTope B KauecTBe
TOIUIMBA MCIOJNB30BAJICS €CTECTBEHHBIH ypaH B BHJE OJIOKOB JHAMETPOM
30—40 MM ¥ HEOOJIBIIOE KOJTHYSCTBO OPUKETOB M3 OKUCH ypaHa. 3aMeTH-
TEIeM M OTpakaTeleM ciyXwi rpa¢ur. MomHocTs peaktopa @-1 B um-
nynsce coctasinsiia 10 4000 xkBT.

ITo mapaMeTpam, KOHCTPYKIIHOHHOMY HCIIOJHEHUIO, HA3HAYCHUIO U Psy
IpYTHX MPHU3HAKOB SAEPHBIC PEAKTOPHI OYE€HB Pa3sHOOOpasHbl. OCHOBHBEIMH
OTIIMYUTEIIEHBIMH OCOOEHHOCTSIMH SJIEPHOTO PEaKTOpa SBISIOTCS:

— SHEeprusi HEUTPOHOB, MPU B3aUMOJEHCTBUU C KOTOPBIMHU MPOUCXOIUT
JIeJIEHUE sIIep;

— BHJ ¥ TAPaMETPhI TETIJIOHOCUTEIIS;

— KOHCTPYKLMOHHOE UCTIOJIHEHHUE;

— Ha3HauCHHE.

B 3aBHCHMMOCTH OT SHEPTrUM HEUTPOHOB, BBI3BIBAIOINWX JETICHUE SIED,
PEaKTOpBI KIACCH(DUIMPYIOTCS HAa PEaKTOPHI HA OBICTPHIX, TETUIOBBIX U MPO-
MEXXYTOUYHBIX HEMTPOHAX.

B kavectBe 3ameuTens npuMensiercs Jerkas Boaa (HyO), Tsokenas Boga
(D,0), rpadut (C), 6eprmnii (Be), opranmdeckue BemecTsa (IepeHUIT U T.11.)
U IpyrHe.

B xadecTBe TEIUIOHOCHUTENSI MOXKET MCIOIB30BaThCsl OOBIYHAS M TSKEast
BOJIa, OpraHUYecKHe BelecTBa, ra3sl (renuit — He, yraexucisiii raz — CO,
U 1p.), XKunkue Metawisl (Hatpuii — Na, xkamuit — K, mutuit — Li u ux
IBTEKTHYIECKUE CIUIABHI).

B nocnenyromye Tonsl B MHIYCTPUATBHO Pa3BUTHIX CTPaHAX MHpa OBLTH
MOCTPOEHBI U BBEJECHBI B IKCILTyaTallMI0 COTHH YCTaHOBOK, OCHOBHBIM 3Jie-
MEHTOM KOTOPBIX SIBJISICTCS SIICPHBIN pEaKTop.

[TosToMy B HacTosIIee BpeMsI IPUHATO TOBOPHUTH O A0EPHBIX YCIMAHOBKAX.
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CornacHo ompezeneHnto, npuBeneHHoMy B DenepanbHoM 3akoHe «O0
WCIIOJIb30BaHUM aTOMHOM 3HEeprum» ot 20 okTs6ps 1995 r., mog TepMuHOM
siiepHasi YCTAaHOBKA OHUMAIOTCSI «COOPYKEHHS U KOMIUIEKCH C SICPHBIMU
peaxkTopamMu, B TOM YHCIIC aTOMHBIC CTaHIIUH, Cy[a U APYTHE IUIaBCPEICTBa,
KOCMUYECKUE U JICTATENbHBIC allaparthl, JPyrue TPAHCIIOPTHBIC U TPAHCIIOP-
TaOeNBHBIC CPEICTBA; COOPYKEHHUS M KOMILIEKCHI C TIPOMBIIIIICHHBIMH, YKCIIe-
PHMEHTATBHBIMI H FCCIIEIOBATEIbCKUMH SIIEPHBIMUA PEaKTOPaMH, KpUTHIE-
CKUMU W TIONKPUTHICCKUMH SACPHBIME CTEHIAMU; COOPYKEHHSI, KOMILICKCHI,
MOJIUTOHBI, YCTAHOBKU M YCTPOWCTBA C SIACPHBIME 3apsIaMy JUTS UCTIOIB30-
BaHII B MHUPHBIX LEISIX; OPYTHE COAepKallne sIepHbIe MaTepHabl COOPY-
KCHUS, KOMIDIEKCHI, YCTAaHOBKH JJIsI IPOM3BOJCTBA, HMCIIOIB30BAHMS, ITIepe-
pabOTKH, TPAHCIIOPTHPOBAHHUS SACPHOTO TOIUTHBA U SACPHBIX MATCPHATIOBY.

B nanmpmelinreM Bce BOTIPOCHI, CBS3aHHBIE C BBIBOJOM U3 IKCIUIYaTaIlUH,
OyIyT paccMaTpUBaThCS Ha MpUMepe OJOKOB aTOMHBIX CTAHIIUH — HamOo-
Jiee MacIITaOHBIX U CIIOKHBIX MPEACTABUTENSAX SAAEPHBIX YCTAHOBOK.

YTO Y HAC B POCCHUN?

B Poccun cymmiecTByIoT pa3sHOOOpa3HBIE SIEPHBIE YCTAaHOBKH, KOTOPEIE, B
CBOIO Ouepeflb, KIACCU(PHUIMPYIOTCS MO TUIMY W HA3HAYEHHIO PEaKTOPOB.
SnepHble YCTaHOBKU UCIIONB3YIOTCS JIJIsl pa3HOOOPAa3HBIX IIeJeii: MPOU3BO/I-
CTBA AIIEKTPOSHEPTHU U TeIUla, HapabOTKH SACPHBIX MaTepPHaJOB, paJnoaK-
THUBHBIX W30TOIOB; JJIS HAyYHBIX WCCIEIOBAHUI; IUIS MEAUIMHBL, HA JIEHO-
KOJIax, MOJIBO/IHBIX JIOJKAX, KOCMUYECKUX aIllapaToB U T.II.

YTO TAKOE ATOMHBIE CTAHIIUN?

OmnpeneneHus TaHHBIX 0OBEKTOB MpHBeAcHH B [IpaBmiax obecriedeHust
Oe3onacHocTr aToMHbIX ctaniuii (OI1b 88/97).

ATOMHASA CTAHIUA (AC) — sgepHas yCTAHOBKa AJs NPOU3-
BOJICTBA JHEPTHH B 33JaHHBIX PEKMMAX U YCJOBUSIIX NPHMEHEHHs, pac-
noJiaraumasicss B npejaejiax onpeaejeHHO MPOEKTOM TePPUTOPUM, HA
KOTOPOIi 1J151 OCYIIeCTBJIEHUS 3TOH LeJM UCIOJIb3YyeTcs siIePHbIil peak-
TOp (pPeakTopsl) U KOMILIEKC HEOOXOUMbBIX CHCTEM, YCTPOICTB, 000py-
JOBAHUS U COOPY:KEHHMH ¢ HeOOXOIUMBIMU PAOOTHUKAMM (TIEPCOHATIOM).

ATOMHAS CTAHIUA TEINVIOCHABXEHUSA (ACT) — arom-
Hasl CTAHUUSI, NPeIHA3HAYEHHAs A/ NPOM3BOJACTBA TENJIOBOW IHEPIrUH
JJIs1 LeJiell OTONJIEHUSI ¥ TOPSiYero BOJI0CHADKeHUsI.

ATOMHAS SJIEKTPUYECKASA CTAHLUA (ADC) — artomHasi
CTAHL U, IPEeJHA3HAYEHHAS JJIS1 IPOM3BO/ICTBA 3JIEKTPUYECKOil SJHePrUuH.

ATOMHASA DHEPI'OTEXHOJIOT'MYECKAA CTAHLOUA —
aTOMHAsSl CTAHIMS, MPeIHA3ZHAYEHHAS JIJIs IPOM3BOJACTBA JJIEKTPO3HEP-
THM M JHEPIruu JJIs1 TEXHOJIOTHYEeCKHUX LeJleii.
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B nanprelimem Oynem ynorpebisate TepmuH AC, eciii 3170 0c000 HE OTo-
BapuBaeTCH.

ATOMHBIE CTaHIIMU Pa3INYaroTCs MO TUILY SIEPHOTO PeaKTopa, TOIUINBA,
BUAY TEIIOHOCUTENS, 3aMEIUTENS, 110 KOHCTPYKTUBHBIM PEIICHUSIM, TeX-
HOJIOTHYECKUM CXEMaM U IPYTUM XapaKTCPHCTHUKAM.

OcHoBHBIMH THNAMH peakTopoB AC B Poccuu SBISIIOTCSA KOPITyCHBIE
BOJI0-BOJIsTHBIE peakTops! THIa BBOP, kanansHbIe BogorpaduToBble peakTo-
pol Tina PBMK 1 peakTopbl Ha ObICTpPBIX HeWTpoHax Trma bH.

MacmraGHOCTh U CIOKHOCTh TaKMX OOBEKTOB, KaK aTOMHBIE CTAaHIIWH,
nokasassl Ha puc. 1.1 n 1.2.

Puc. 1.1. TIpoexTHas TpexMepHasi MOJIENb TeHIIIaHa [UIOMIAAKH
BTOpO# ouepenu Jlennnrpanckoit ADC

AN

Puc. 1.2. O6mwmit Bux 3Heprodnoka nmpoekra ADC-2006
12



1.2. Poab cTPOUTEJBHBIX MATEPUAJIOB U KOHCTPYKIUIA
IPU BBIBO/IE U3 IKCILUIYATALUM 3JaHUIN U COOPYKEHUI
SIZIEPHBIX YCTAHOBOK

[TpuBeneHHBIE B MpEABITYIIEM pa3elie MPUMEPHI IPOEKTOB HOBBIX OJI0-
KOB IOKa3bIBAIOT MACIITA0OHOCTh 33124, KOTOPbIE HAJI0 PELIUTh Ha 3aKIH0YU-
TETBHOW cTaguu >kxu3HeHHoro nukina AC, — cTaguu BBIBOJA M3 dKCILTyaTa-
nuu. Ha mnomanke coBpemennoit AC MOTYT HaAXOAUTHCS JAECATKU 3MaHUN U
COOPY)KEHHUH, BKIIOYAIOIIUX COTHU U THICSIUM €UHUIl CUCTEM U 000pyAoBa-
Hus. Kak y)xe orMedanocs, 4acTh U3 HUX CTAHOBHUTCS MCTOYHHUKOM HMOHHU3U-
PYIOIIETO M3IIyYeHHUS 32 CUET PaIHOAKTUBHOTO 3arPsI3HEHHUS  aKTHBALIUH.

Hanuuue octato4Hoi pagnoakTUBHOCTH MPUBOAMUT K TOMY, YTO 3JaHMS,
COOpYKEHHs, 000pYyZOBaHUE U CUCTEMbI OCTaHOBIEHHBIX OyIokoB AC mpen-
CTaBILIIOT PAIHAIOHHYIO OIIACHOCTH HE TOJBKO IS MIEPCOHANA, HO TOTECH-
[IMAJIBHO OTIACHBI JIJIsl HACENIEHUs U OKPYXKaroIel cpellbl. AHAIN3 CUTYyalluu
Kak B Poccum, Tak u 3a pyOexoM mokasall, 4To B CUITYy OOBEKTHUBHBIX IPUYHUH
MPOEKTHBIC penieHus BceX 0J0koB AC MepBbIX MOKOJICHUH BBHITIOIHEHBI 0e3
ydeTa dTama X Oymymiero BBIBOAA M3 AKCIUTyaTannu. Hambomee xapaxTep-
HBIMU HEJIOCTaTKaMH MPOEKTOB Takux 0J10k0B AC SBISIIOTCA:

— 00BEMHO-TUIAHUPOBOYHBIE PEIICHUS OOKCOB ¢ TEXHOJIOTHMIECKAM 000py-
JOBaHUEM, 3aTPYIHSIONINE €TO IEMOHTaK Ha TAIle BBIBOAA M3 IKCILTYaTAIlHH;

— BBINOJIHEHHUE 3alIUTHBIX KOHCTPYKIMH B MOHOJIMTHOM BapHaHTE, YTO
3aTpyJHsIET UX JEeMOHTAX, MPUBOJIUT K YBEIMUYEHHIO OOBEMOB PaliOAKTHUB-
HBIX OTXOZOB M K YBEIHUYCHUIO KOJUIEKTUBHEIX 103 IIEPCOHANA, BBITOIHSIO-
IIETO JIEMOHTAX;

— HCIOJIb30BAHUEC KOHCTPYKIIMOHHBIX W 3alIUTHBIX MAaTCpHAJIOB 663
MPEABAPUTEIFHOTO aHANIM3a WX AKTHBAIMOHHOM CIIOCOOHOCTH, YTO TPUBO-
JAUT K IOBBINICHUIO YPOBHA HaBe,Z[eHHOﬁ AKTHUBHOCTH,

— MPOEKTHPOBAHKUE M CTPOUTEIBCTBO 37aHuil U coopykeHuit 010k0B AC
0e3 ydera BO3MOKHOW IUTHTENFHOCTH TIPOIecca BHIBOJIA W3 JKCILTyaTallHH,
BKITIOYAs dTAll COXPaHEHUS IO HaOIIOICHIEM.

CymectBytromuii onbiT BD AC mokasai, 4To mociie JeMOHTaXa peakTopa
U BHYTPHUKOPITYCHBIX CHCTEM OCHOBHBIM HCTOYHHUKOM PaTUOAKTHBHOCTH, a
CJIEIOBATEIbHO, JO30BBIX HArpy30K Ha IEpPCOHANl U OOBEMOB PaJUOAKTHUB-
HBIX OTXOJIOB SIBIIIIOTCS TEXHOJIOTHMYECKOE OOOPYJOBaHUE M KeIe300€TOH-
HBbIC 3alIIUTHBIC KOHCTPYKIIHHU.

IHOYEMY?

Baoichas ponv mamepuanos u 3augumnsix KOHCMPYKYUll 30aHUll U COOpy-
arcenuti ADC coomHocumcesi ¢ OCHOBHbIMU CMAOUAMU HCUSHEHHO20 YUKIA
00bexkmos aTOMHOW HepreTuku. Ha cTaguu cTpouTenbCTBa OHM B 3HAYH-

13



TENBHOM Mepe ONPENeNsIOT CTOMMOCTE 00BeKTa. Tak, sl COOpyXEeHHs OJIoKa
ADC snexkrpuueckoit Mmomnoctbio 1000 MBT Tpebyetcs nopsinka 500 000 T
6erona. Ha cragmm sKkcIuryatanum >Kene300€TOHHBIE 3alIUTHBIE KOHCTPYK-
mun obecreynBaloT 0€30MacHOCTh IEepPCOHAa, HACENEHHSI W OKpY)Kalomen
Cpenpl.

OcCo0eHHO BeIHMKa POJIb CTPOUTEIBHBIX OCTOHHBIX 3aIIMTHBIX KOHCTPYK-
WA TpU BBIBOJC M3 SKCIDIyaTallMd aTOMHBIX CTAHIUH. DTO 00YCIOBICHO
MSATHIO OCHOBHBIMU (DAKTOPaMH.

Bo-nepeuix, KOHCTPYKIIMM U MaTepUalbl pajUalliOHHON 3allUThl JAr0T
6oxee 80 % oObeMa paaHoaKTUBHBIX 0TX0/10B Ipu BD AC.

Bo-emopuix, cTpoUTeNbHbIE KOHCTPYKLIUHM PaJAMallUOHHOW 3allUTHI, BBI-
MOJNHAS (PYHKIUHM HECYIIUX KOHCTPYKIMNA, ONPEAEISIOT JOITOBEYHOCTD 3/1a-
HUN pEaKTOPHBIX YCTAaHOBOK, BBIBEIEHHBIX M3 JKCIUTyaTallMM WJIM HaXons-
LIMXCA B CTAJUU JJIUTENBHON KOHCEpBALUH.

B mporecce sKCIUTyaTaluy U B MEPUOJ JIUTEIBHOIO COXPAHEHUS TOA
HaOJIOICHUEM 3aIllUTHBIE W CTPOHUTENbHBIE KOHCTPYKIHNU 3MAaHUH U COOpY-
xeHnid AC moJBepraroTcs pa3HOOOpa3HbIM BHIIAM BO3JICHCTBHIMA, BKIFOYAFO-
[IMX TWHAMHYECKUE, CTATUYECKHE, TeMIIepaTypHble, XUMHUUYECKUE, PaTUaIIH-
OHHBIE, KIUMaTn4eckue u ap. Ha stane BeiBoga u3 sxcmuryatanuud AC Moryt
BO3HUKATh JIONOJIHUTEIbHBIE HAIPY3KU U BO3IEHCTBUA, CBA3aHHBIE, HAIIPU-
Mep, C JEMOHTaXOM OOOPYAOBAaHHUS, YCTPOHCTBOM JOMOJIHUTEIBHBIX MOH-
TaXHBIX MPOEMOB, pa3MeEIIeHHEM HOBBIX JEMOHTAXHBIX KOMILUIEKCOB, HC-
MOJIF30BaHMEM arpeCCHBHBIX CPEI NPHU Je3aKTHBAIlMH W OOpaIleHHH C pa-
JIMOAKTUBHBIMU OTXOJIaMH, U3MEHEHHEM TeMIIEPaTypPHBIX apaMeTPOB BHYT-
U MIOMEIEHUH 1 ApyruMH (pakTopamu.

JoNroBeYHOCTh KeNE300€TOHHBIX M METALIHYECKUX KOHCTPYKIHH, KO-
TOpas B UTOTe U ONpeIesieT TEXHUUECKOe COCTOSHUE U OCTaTOYHBIA pecypc
3aHUI ¥ COOPY>KEHHI, 3aBUCUT OT COBOKYIHOCTH (DPMU3HMUECKUX U XUMHUE-
CKHUX CBOWCTB MaTE€pHaJIOB, OCHOBHBIMU M3 KOTOPBIX SBJISIOTCS: IMPOYHOCTH
Ha C)KaTMe M pacTHKEHHE, IUIOTHOCTb, BOAO- U Ta30HENPOHHUIIAEMOCTb,
MOpPO30CTOMKOCTD (cnenn¢uka kiauMata Poccun), KOoppo3uoHHas U pajua-
IIUOHHAsg CTOWKOCTh. KOMIUTeKCHOE BIMSHUE 3TUX (PAKTOPOB NMPHUBOIUT K
YMEHBIICHUIO TIPOYHOCTH, KOPPO3HH MeETalia W apMaTypbl, 0Opa3oBaHHIO
TPEelMH U JAPYTUM TOBPESKACHUAM, CIOCOOHBIM OTPHUIATEIHHO BJIHTH Ha
JIOJITOBEYHOCTh M YyCTOMUMBOCTD 37aHUN U coopykeHuil. IIpornos u oueHka
TEXHHYECKOTO COCTOSHHUS, HECYIIeH CIIOCOOHOCTH M OCTAaTOYHOTO pecypca
CTPOUTENBHBIX M 3aIUUTHBIX KOHCTpyKUud AC B mepuoj AJIUTEIBHOIO
COXpaHEHHUs MoJ HAOMIOACHUEM C yYETOM BCEX IMEPEUHCIICHHBIX (pakTOpoB
notpeOyeT 00s3aTeNbHON OpraHW3alMy TOCTOSHHOTO KOHTPOJIS W TIpO-
BEJICHUS KOMIUICKCHBIX TA0OPATOPHBIX U HATYPHBIX UCIIBITAHHH.
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Takum oOpazom, 3HeproOiok AC, HaAXOIAIIMKACSA B PEKUME COXPAHCHUS
noj; HaOmoaeHueM, OyIeT B TEUCHUE JIUTEIHFHOTO MEPHOAA MPEICTABIATH
cO0OH TpeANpPHUATHE CO CBOUM CHEIU(PHYECKHM TEXHOJIOTHIECKUM DPEXKH-
MOM, OOECIICeYMBAIOIINAM TOJJIEpKAHHE PaOOTOCIIOCOOHOCTH >KU3HEHHBIX
CHCTEM, TPOBEJCHUE HAA30pa, KOHTPOJS, PEMOHTOB M MPO(UIAKTUIECCKUX
pabor.

It oGecrieueHrst 0E30MACHOCTH HACENICHWSI M OKPYXKArolleld Cpelibl
MOTYT TOTPEOOBATHCS JOPOTOCTOSIINE MEPONPUATHS MO TOAICPKAHUIO B
OTIENbHBIX OOkcax u momerneHusx AC TMOHIKECHHOTO NMaBiieHUs (IO CPaB-
HEHHIO C aTMOC(EPHBIM), YCTPOMCTBY HOBBIX BEHTIIIIMOHHBIX CHCTEM MU
COOPYXCHHUIO TEPMETUIHON 0OOIOUKH IJIS JIOKAIU3AI[IH BO3MOXKHBIX BBIXO-
JIOB paJIMOAKTUBHEIX BEIIECTB B BUJE ra3oB, MBUIH U 30JIeH B OKPYKAIOIIYIO
cpeny.

OpmHako BCE TH MEPONPHUATHSA TPEOYIOT 3HAYUTENBHBIX MaTepUATbHBIX
3aTpar B TCUCHHE [UIUTEIHLHOTO BPEMEHH M BMECTE ¢ TeM HE 00ECICUMBAIOT
MOJTHOW Oe30MacHOCTH HaceJeHHsS W OKpyXKarolied cpenbl (MpUPOAHBIC W
TEXHOTCHHBIE KaTaCTPO(BI, TEPPOPUCTHICCKHE aKTHI U JIp.).

B-mpemoux, paboThl M0 0OCIICIOBAHUIO, IC3AKTHBAIMA U JIEMOHTAXKY
3aIUTHBIX KOHCTPYKUMU aatoT okono 40 % BkiIaga B J1030BbIE 3aTpaThl
mepcoHara.

B-uemeepmuix, 3HaUUTENBHBIE 00BEMBI KEJIE300€TOHA M METAJUIOKOHCT-
PYKIIU#, TOCTUTAIONIUE TECITKOB U COTEH THIC. T, 00pa3yroIuecs B MpoLec-
ce IEMOHTaXKa 3IaHUH PEaKTOPHBIX YCTAHOBOK, MOXHO BEPHYTH B IIOBTOD-
HOC HUCIOJIb30BaHHE. B MPOTUBHOM Cliyd4ae BO3HUKAIOT 3HAYMTEIILHBIE MPO-
OJIeMBI C 3aXOPOHEHHEM OTPOMHOTO KOJIMYECTBA HEPATUOAKTUBHBIX IIPO-
MBIIIICHHBIX WA HU3KOAKTHUBHBIX OTXOJIOB.

B-nameix, 3mamus u coopyxenust 6moka AC (WM WX 3HAYUTEIbHAS
9acTh) MOTYT OBITh BO3BPAIECHBI B TOBTOPHOE HCIIOIB30BAHUE, B TOM YHCIIEC
U U HY’KJ] aTOMHON SHEPTeTHKH.

1.3. UCTOYHNKHU PaAALIMOHHOMH ONIACHOCTH
IpH BbIBOJIE M3 3KcITyaTanuu 0710xk0B AJC

YEM 3ATPA3ZHNIN?

OrpaHuueHHBIA OMNBIT BBIBOJA M3 3KCIUTyaTallUd HCCIIEN0BATEIbCKUX
SJIEPHBIX PeakTopoB U O610koB ADC ToKa3all, 4To TOCHe BRITPY3KH TOILIHBA,
BHYTPUKOPITYCHBIX CHCTEM U JIEMOHTa)Ka PEaKkTOpa OCHOBHBIM HMCTOUYHHUKOM
PaZMOaKTUBHOCTH, a CJIEI0BaTEIbHO, OOBEMOB PAaJUOAKTUBHBIX OTXOJOB U
JI030BBIX HATPY30K Ha MEPCOHAN SBISIOTCS TEXHOIOTHIECKOE 000pyJ0BaHHE
U CTPOUTENbHBIE 3aTUTHBIE KOHCTPYKIIUH.

15



Paouoaxmuenoe 3azpaznenue nomeuienuili u ooopyooeanus. Ha ocra-
HOBJICHHBIX O5okax AC paauoaKkTUBHOE 3arpsi3HEHHE B OCHOBHOM OIpere-
JSIETCS paANOAKTUBHBIM KOHTYPOM TEIUIOHOCHTENS. TeIIOHOCHTENh, TPOX0-
ISl Yepe3 aKTUBHYIO 30HY PEaKTopa, aKTUBUPYETCS W CTAHOBHUTCS PaJNOAK-
TUBHBIM, TIpUOOpETasi HaBEJICHHYIO aKTUBHOCTh ¢ 00pa30BaHHUEM PaJAHOHYK-
JTUI0B IpU 0OJTYyYeHUN HEHTPOHAaMHU, IO peakuusm (n, y), (n,p) u (1, o) (cob-
CTBEHHAsI aKTHBHOCTH TCIUIOHOCHTENS). Tak Kak TEIUIOHOCHTENb CONEPKHUT
HEKOTOpOEe KOJIMYECTBO NPUMECEH, OHU TaKKe MPHOOPETAIOT HaBEJCHHYIO
aKTUBHOCTH (C OOpa3oBaHUEM DPAIUOHYKIMIOB) MPU MPOXOXKICHUU Uepe3
aKTHBHYIO 30HY. [Ipm HapymeHuN repMeTHIHOCTH 00OJIOYEK TBAJIOB B TEII-
JIOHOCHUTENb MOTYT MOIACTh MPOIYKTHI AeieHus (paaHOHYKIUABI, 00pa3yro-
yecs Ipy peakiuu JeieHus). B pe3ynpTare nmpoieccoB MaccoOMeHa 4acTh
PaIMOHYKIIUIOB, MEPEHOCHMBIX TEIUIOHOCHTENIEM, OCaKIAeTCs Ha CTEHKaX
000pYHOBaHHS TEXHOJIOTHIECKUX KOHTYPOB, 00pa3ysl IUICHKY OTIOXKCHHM.
BryTpeHHNEe MOBEPXHOCTH 000pyI0BaHUS — TPYOONPOBOJIOB, MaporeHepa-
TOPOB, CEMAPaTOPOB, 33IBUKEK CTAHOBATCS HCTOYHUKAMH H3ITyICHUS.

TaxuM 00pa3oM, OCHOBHBIMH MCTOYHHKAMHU aKTHBHOCTH TETIOHOCHUTEIIS
MOTYT OBITh: COOCTBEHHAs! aKTUBHOCTH TEIIJIOHOCUTENIS, aKTUBAIUS MIPHMe-
ceill, MOCTYNaIUX B TEXHOJIOTHUECKUI KOHTYP C TEIJIOHOCUTETIEM, aKTHBa-
U IPOAYKTOB KOPPO3HUH M SPO3UH, IIOCTYNUBIINX B TEIUIOHOCHUTEIND C I0-
BEPXHOCTH 000pYIOBaHUS TEXHOJIOTUYECKIX KOHTYPOB, IPOAYKTHI JEJICHUS,
MOCTYNUBIINE B TEIUIOHOCUTENb M3 TBAJIOB. MICTOYHMKAMU H3IIydeHHs Ha
MTOBEPXHOCTSIX 000PYIOBAaHUS MOTYT OBITh OCEBIIHE MPOXYKTHI KOPPO3HUH U
9PO3UH U OCKOJKH JAeneHus. [ng nByx- u TpeXKOoHTYpHBIX ADC BO3MOKHBI
MEPEeTEUKH TEIUIOHOCUTENS U3 PaJHOaKTUBHOTO KOHTYpa B HEPaJHOAKTHB-
HBeIe. KpoMe ToTO, B pe3ynbpTraTe HEKOHTPOIHUPYEMBIX MPOTEUEK TEIIOHOCH-
TEIsl, pasrepMeTH3alul 000PYAOBaHMs, aBAPUil, MUTPAIlH PAIHOHYKIIHIOB
MOJKET MPOUCXOJIUTH 3arpsA3HEHUE BHEIIHUX IMOBEPXHOCTEW 00OpYyJI0BaHUSA,
MTOMEIIEHNH, OOKCOB, CHCTEM CIICHBEHTIWILINH W CICNKaHAIN3aMu. B pe-
3yIbTaTe 3arpsA3HCHUS PATHOHYKINIAMA 3HAYNTEIbHAS YaCTh IOMEIICHUH 1
OOKCOB B 3/IaHUSIX BBIBEIIEHHBIX W3 JKcrutyatanuu AC, a Takke MHOTHE
CHUCTEMBI TEXHOJIOTHUYECKOTO OOOPYAOBaHUS CTAHOBSITCS MCTOUYHUKAMHU W3-
JTyYEHUsI ¥ TI03TOMY SIBIITIOTCSI OJHON M3 COCTABISIOIINX OOpa3oBaHHS pa-
JMOAKTUBHBIX OTXO/I0B HA MOMEHT BBIBOJIA U3 DKCILTyaTaI|H.

XapakTepUCTHKH HEKOTOPBIX BAXKHEUIINX PaJHMOHYKIIHIOB, OMPEIEISO-
LIMX PaJMOAaKTUBHOE 3arpsi3HEHNE Ha BBIBEJCHHBIX U3 AKCIUTyaTalluu OJ0Kax
AC, npuBenens! B Tabu. 1.1.

Hageoennaa axkmusenocmov 000py006anus, KOHCMPYKUUOHHBIX U
3augummublx mamepuanos. HaseneHHas akTHBHOCTH (aKTHBaIMs) 000pyI0-
BaHUS, MaTepuajoB W KOHCTPyKUuH B 3aHuAx AC sBisercs OJHUM U3
BaXXHBIX BOIPOCOB B 00IIeH mpoOiieMe BhIBOJIA U3 dKCIuTyaTanuu. [lon aeii-
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CTBHEM HEHUTPOHOB, TCHEPUPYEMBIX aKTHBHOM 30HOW peakTopa, 00opyaoBa-
HUE, KOHCTPYKLMOHHBIE U 3allUTHBIE CTPOUTENbHbBIE MaTepHUajIbl CTAHOBATCS
pamuoakTHBHEIMU. OOpa3oBaBIIMECS PATUOHYKIHIB HMEIOT pa3IddHbIC
MEepUoIBl TOJypaclana, CXEMBI paclafia, PasIH4YHBIA BBIXOI W SHEPTHUIO
MOHMU3HUPYIOLIETO U3ITy4eHHS.

Tabnuya 1.1
XapakTepUCTHKH BAKHEHIINX PaIUOHYKINI0B,
onpenesIIONINX PATHOAKTHBHOE 3arpsi3HEHHE
Ne Onpenensromuii BUA U3TydeHUs: Ilepuon
mn. | Pagunonykmua o, B, y-u3nydeHue, noxypacnana, Ty,
KX-xapakrepuctriyeckoe n3nydeHue
1 Co B,y 5,27 roga
2 **Mn KX, y 312,1 mast
3 P7Cs B, 30,21 rona
4 Sr+ 'Y B 29,12 rona
5 >Fe KX 2,73 roga
7 5Ni B 101,1 roga
8 “Ni KX 2,9-10° et
9 B4Cs B, KX, vy 2,065 roga
10 “TAm o, B,y 4322 rona
11 “Opy a, B,y 6537 ner
12 py a, B,y 24065 ner

K axTrBUpyeMbIM 000pYHIOBaHUIO, MaTEepUaliaM M KOHCTPYKIMSIM B 37JaHU-
sax AC OTHOCSTCS: KOPITYC PeakTopa M BHYTPHUKOPIYCHBIE ycTpoiictBa (BKY),
rpaduToBas KiajKa, *KeJIe300€TOHHAs IIaxTa peakTopa (ToimuHa 2-3 M),
BBITIOJHSONIAS TaKke (PYHKIUIO paJUallMOHHON 3alllUThI, «CyXas» 3alluTa,
BEIMTONHSIOMAsT (YHKIUIO PagrdalldOHHO-TEIUIOBOH 3aIlluTH, OOJHIIOBKH,
OTIOpHBIE YCTPOMCTBA, YacTh TPYOOIPOBOJOB U T.II., T.€. B OCHOBHOM 000OpY-
JIOBaHHEe, KOHCTPYKIIMM W D3JEMEHTHI, HEMOCPEJACTBEHHO HaXOJIAIIHMecs B
MPUPEaKTOPHOM TIPOCTpaHcTBe. HeoOX0MMMO OTMETHTD, YTO aKTUBHPYEMBIE
MaTepHAaIbl U KOHCTPYKIUH He 0e3aKMUBUPYIOMCS.

YCTaHOBIIEHO, YTO paJWalMOHHAs 3alllUTa aKTUBUPYETCS Ha TIyOMHY
0,9-1,9 M u, Takum obOpasom, 10 50 % oObeMa paJHaIMOHHOW 3allUTHI,
OOJIMIIOBOYHBIC U TEPMETH3HUPYIOIMINE MOKPBITHS, a TAaK)KE METaJUIOKOHCT-
PYKIIMM Ha MOMEHT BBIBOJIa U3 dKcIutyataiiud AC OyAayT OTHOCHUTBCS K pas-
pAAY paIuOaKTHBHBIX OTXOJOB, HE TOJBEPTAOIINXCS JAe3akTuBanun. Kpome
TOTO, B CBSI3M C TEM, YTO pPaAJMAIMOHHAS 3aIUTa BBIIOIHACTCS OOBIYHO B
MOHOJIUTHOM BapHaHTE M COBMEIAET B ceOe (PyHKITUH 3aIMUTHON U HEeCyIel
KOHCTPYKIIMH, TIpY JICMOHTaXE €€ MPAKTHYECKH He yIaeTcs pa3feiiuTh Ha
AKTUBHPOBAaHHYIO M HEaKTUBHPOBAaHHYIO YacTH. B pesymbrare Bo3pacract
00BEM paIMOAKTUBHBIX OTXOJIOB 33 CUYET HaBEICHHOW aKTHBHOCTH.
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AKTHBaIUs MaTepHaJiOB B PEaKTOpe OOYCIOBJICHA B3aMMOJCHCTBHEM
HEHUTpoHOB ¢ siapamu. [lepexon sapa u3 CTaOUIBHOIO COCTOSIHUA B aKTHB-
HOE, T.€. 00pa30BaHUE PaIHOAKTUBHOTO HYKJINAA, OOBICHICTCS N3MCHEHUEM
BEIMYMHBI OTHOIICHHS YUCIia IPOTOHOB M YHCJIa HEUTPOHOB (A-Z) B 3TOM
snpe. B pesynbraTe B3auMoeiiCTBUS HEUTPOHOB ¢ MaTepraiaMyd BO3ZMOKHBI
pasiuyuHbIe peaKkluu 00pa3oBaHUs PaIUOHYKIH/IOB.

B tab6m. 1.2 npuBeaeHbI MpUMEpPBl OCHOBHBIX PEAKIIUN aKTHBAIIHH.

Tabauya 1.2
IIpuMepbl 0CHOBHBIX peaKU Uil AKTUBALIUU
Bun B3anmopeiicteus YcnoBHas 3anuce [Ipumep
PannanuoHHsli 3axBart R,y R ¥Co (n,y) “Co
3axBar ¢ HCIIyCKaHHEM IPOTOHA zRA (n,p)z,lRA N (n,p) C
3axBar ¢ HCIYCKaHHEM OL.-4aCTHUIIbI zRA (n,0), R*? K (n,0) e
3axBar ¢ HCIyCKaHHEM JIBYX HEHTPOHOB RA (n, 2n), RM “Na (n,2n) “Na

B Tabn. 1.3 mpuBemeHbl XapaKTEPUCTUKH BaKHEHIINX PaTuOHYKIHIIOB,
OTIPENIEISTIOMNX HABEICHHYIO aKTHBHOCTb.

Tabnuya 1.3
XapaKkTepuCTHKH PAIHOHYKJIH/IO0B,
OHPEZ[eIlﬂlOHII/lX HaBe}IeHHyIO AKTUBHOCTH
No Ormpenensiromuii BU H3TYICHUS: Ilepuon
nn. | Paguonykmun o, B, y-u3nydeHue, nostypacnanaa Ty,
KX-xapakrepuctnieckoe n3nydeHne

1 ICa KX 1,03-10° ntet

3 "Ca B 163,8 asi

4 >Fe KX 2,73 roza

5 “Co B,y 527 roza

6 SNi B 101,1 roxa

7 *Ni KX 2,9-10° ner

9 BiCs B, KX, y 2,065 roma

10 2By B, KX,y 13,542 roga
11 Eu B, KX,y 8,592 rozma

3TO OITACHO?

Knaccugpuxayua ucmounuxos no cmenenu paouayuoHHO ORACHOCMU.
Paouoaxmusnoe 3azpazuenue ONpenenseTcs orpaHUuYeHHBIM YUCIOM PaIHo-
HYKJIMJIOB, UMEIOILIMX pa3IMyHble Teprobl nojypacnanga. B tabn. 1.4 mpu-
BEJICHbl Ba)KHEHMIIME HYKIWABI, BCE WIM YacTh U3 KOTOPHIX MOTYT OIpeje-
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JSTh TIOBEPXHOCTHOE PaJIMOAKTUBHOE 3arpsAi3HEHUE Ha pa3iauuHblx Thnax AC
B paziMyHbIe MEPUOBI IIOCIE OKOHYATEILHOIO OCTAHOBA PEAKTOPa, MPH MO-
BTOPHOM OIPAaHWYEHHOM WJIM HEOTPAaHUYEHHOM HCIIOJIb30BAHUU KOHCTPYK-
LIMOHHBIX U 3alUTHBIX MaTEpUaJIOB U IPU XPAaHEHUU U 3aXOPOHEHUU PaTHO-

AKTUBHBIX OTXO/IOB.
Tabnuya 1.4

Bakueiimue HYKJIMBI, ONpeaeasiloIne MOBEPXHOCTHOE PATHOAKTUBHOE
3arpsa3HeHre B Pa3/INYHbIC NEPUOAbI HA BBIBECICHHBIX U3 IKCILIyaTallUN AC

I—or 1roma no 25 ner | I — ot 25 no 100 ner | III— ot 100 mo 1000 net
6OCO 137CS 59Ni
137Cs 9OSr 241Am
90Sr 63Ni 240Pu
134CS 60C0 239Pu
54MIl 59Ni 238Pu
SSFe 24IAm
®Ni

BriOpanHble BpeMeHHBbIE HHTEpBalbl (cM. Tabn. 1.4) xapakTepu3yroT
CleyIoLee:

I — naubonee BepoOATHBIN HMHTEpBal IS MPOBEICHHUS HEOOXOIMMBIX
MEpOTPUATHH IO TOATOTOBKE K BBIBOY U3 KCIuTyTanmu 610ka AC;

Il — sTam pwUTeNEHOTO COXpaHeHMs oA HabmoaeHneM 6moka AC;

IIT — mnpouecc 3aXOpOHEHHS PAJUOAKTUBHBIX OTXOJOB U BO3MOXKHOE
MOBTOPHOE HCIIOJIB30BAHNE MAaTEPHAIIOB.

Hannuue TpaHCypaHOBBIX HYKIMAOB, TAKMX KaK 238Pu, 239Pu, 24OPu, 241Am,
ABJISIFOIUXCST anba-u3nmydarensmu, xapakrepHo aast ADC ¢ Boxorpadu-
TOBBIMH PEAKTOPAMH IIPHU BOSMOKHBIX aBapHsIX B MIEPUO/] SKCIUTyaTallHH.

Hagedennas axmuenocme. Tak ke, Kak M B CIlydae pagHOaKTUBHOTO
3arpsi3HEHMsI, HaBeICHHASI aKTUBHOCTh 00OPYIOBAaHMUS, KOHCTPYKIIMOHHBIX U
3aLIUTHBIX MAaTEPHAJIOB ONPEIEIISIETCS] OTPAaHUYCHHBIM YHCIIOM PaTHOHYKIH-
noB. IlockonbKy yKka3aHHbIE PaJUOHYKJIMIBl MMEIOT pa3iHYHble MEepUOBI
nojJypacnaja, BKIaJ KaXJOro U3 HUX B CyMMAapHYIO HABEJCHHYIO aKTHB-
HOCTh KOHCTPYKLHOHHBIX M 3aIIUTHBIX MAaTepHaloB B (YHKIMH BPEMEHHU
TI0CJIe OKOHYATEIbHOTO OCTaHOBA peakTopa m3MeHsercs. B tabm. 1.5 mpuse-
JeHBl HYKJIHUJIBI, Jaloliie HaunOOJIBIINH BKJIAJ B CyMMapHYIO HaBEJECHHYIO
AKTHBHOCTH 000PYI0BAaHUS, KOHCTPYKIMOHHBIX U 3aIIUTHBIX MaTEPHAJIOB.

BriOpanHble BpeMeHHBIE WHTEpBaIbI (CM. TaOm. 1.5) xapakTepusyroT Te
K€ CaMbl€ aCIEKThl, CBSI3aHHbIE C PA3JIMUYHBIMU CPOKAMH BBLAECPIKKHU, KaK U B
cllyyae pagroakTHBHOTO 3aTrPsI3HEHUSL.
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